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!572060RG8 =0 A2>R 2V4=>A=C ?@>AB>BC, ACG0A=V B@0=AD>@<0B>@8 
28AC20RBP @S4 ?@>1;5<, 4>A8BP A:;04=8E, I>1 ?@8BS3=CB8 4> A515 C20-
3C V=65=5@=>-B5E=VG=8E ?@0FV2=8:V2, 709=SB8E C 28@>1=8FB2V, 28?@>1C-
20==SE V 5:A?;C0B0FVW B@0=AD>@<0B>@V2.  

#>;P>2V <5B>48 287=0G5==S 0:B82=8E V V=4C:B82=8E >?>@V2 >1<>-
B>: B@0=AD>@<0B>@0 =0 ?V4AB02V :0@B8=8 ?>;S 40RBP =5?>30=V @57C;PB0-
B8 ?@8 @>7@0EC=:C ?@>AB8E :>=F5=B@8G=8E >1<>B>:, 0 B0:>6 A8<5B@8G-
=8E >1<>B>:, I> G5@3CRBPAS.  

$50;P=V >1<>B:8 B@0=AD>@<0B>@V2 70728G09 A:;040RBPAS 7 45:V;P:>E 
4V;S=>:, I> 2V4@V7=SRBPAS 35><5B@8G=8<8 @>7<V@0<8 2 =0?@S<V, ?5@?5=48-
:C;S@=><C ?>B>:C @>7AVS==S, B>2I8=>R V7>;SFVW, IV;P=VABR AB@C<C V B0: 
40;V.  �;S 28@VH5==S F8E ?@>1;5< 70AB>A>2CRBP <5B>4, 70A=>20=89 =0 
B5>@VW 1030B>>1<>B:>2>3> B@0=AD>@<0B>@0, <5B>4 ?>BC6=>AB59. 

� >1<>B:0E V7 25;8:8< @04V0;P=8< @>7<V@><, 4;S ?>:@0I5==S 2V4-
2>4C B5?;0 ?5@5410G0RBP 25@B8:0;P=V :0=0;8, S:V @>71820RBP >1<>B:C 
=0 45:V;P:0 :>=F5=B@V2 (=0?@8:;04, =0 420 (@8A. 1)). #@8 FP><C  $% 
@V2=><V@=> @>7?>4V;SєBPAS ?> 28A>BV >1<>B:8. &0:0 :>=AB@C:FVS >1<>-
B>: ?@872>48BP 4> 7<V=8 270є<>V=4C:B82=>3> >?>@C @>7AVR20==S. 

 

$8AC=>: 1 – $>7B0HC20==S >1<>B>: 7 25@B8:0;P=8<8 :0=0;0<8 
B0 5?R@0 @>7?>4V;C  $% 

#@8 FP><C 2@0E>2CєBPAS, I> 5?R@0 @>7?>4V;C  $% 2 @04V0;P=><C 
?5@5@V7V A:;040єBPAS V7 A5<8 4V;S=>: 7 ;V=V9=8< @>7?>4V;><  $%. 

#@8 4>A;V465==V 4>FV;P=> 70AB>A>2C20B8 <5B>4 ?;0=C20==S 5:A-
?5@8<5=BC 4@C3>3> ?>@S4:C V A:;0AB8 <0B@8FR ?;0=C 5:A?5@8<5=BC 4;S 
G>B8@P>E D0:B>@V2 2 :>4>20=8E >48=8FSE.  

(C=:FVєR <5B8 >15@5<> V=4C:B82=89 >?V@ @>7AVR20==S ?> >AV Ă – þ�þ, D0:B>@0<8, I> 2?;820RBP =0 DC=:FVR <5B8, ?@89<5<> H8@8=C 
:0=0;V2 ÿ12, Ā12, B0 <VAF5 @>7B0HC20==S F8E :0=0;V2 2 @04V0;P=><C ?5@5-
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@V7V >1<>B>:, B>1B> 2V4=>H5==S @04V0;P=8E @>7<V@V2 :>=F5=B@V2, S:V 
?@>?>@FV9=V 2V4=>H5==S<  $% :>=F5=B@V2 !!1 – !!2  9  �!1 – �!2.  

&0:8< G8=><, >B@8<0є<> ?>;V=>< 70;56=>ABV DC=:FVW <5B8 2V4 G>-
B8@P>E D0:B>@V2 þ�þ = ÿ(ÿ12,  Ā12, ÿ1/ÿ2, Ā1/Ā2).  

#VA;S G>3> 7=0G5==S D0:B>@V2 ?5@5@0E>2Cє<> V7 :>4>20=8E C 01A>-
;RB=V B0 ?@>2>48<> @>7@0EC=>: V=4C:B82=>3> >?>@0 @>7AVR20==S 
274>26 >AV AB@86=S.  

�0 287=0G5=8<8 :>5DVFVє=B0<8 ?>;V=><0 ?@>2>48<> 9>3> 0=0;V7, 
I> 40є =0< 7<>3C 287=0G8B8 >?B8<0;P=V 7=0G5==S H8@8=8 25@B8:0;P-
=8E :0=0;V2 B0 <VAFS WE @>7B0HC20==S 70 C<>28, I> þ�þ→min. 

 
 

'�� 621.313 
�0;CH:> �.�. 
AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�0;CH:> І.�. 
#�$%#��&��� �#$"�����!!/  

%��$)#$"���!�) �����Ь!�) ��!�� 

�>A;V465==S B0 @>7@>1:8 @V7=8E B8?V2 5;5:B@>B5E=VG=8E ?@8AB@>-
W2 =0 >A=>2V 28A>:>B5<?5@0BC@=>W =04?@>2V4=>ABV (�&!#) 254CBPAS C 
2AP><C A2VBV. *8<8 ?@8AB@>S<8 <>6CBP 1CB8 5;5:B@8G=V <0H8=8, A8;>-
2V :015;V, AB@C<>>1<56C20GV, V=4C:B82=V =0:>?8GC20GV 5=5@3VW B0 V=. 
#@8G><C A0<5 A8;>2V =04?@>2V4=V :015;V є =091V;PH @>7@>1;5=8< B0 
?@>AC=CB8< 284>< 70AB>AC20==S =04?@>2V4=>ABV 2 5;5:B@>5=5@35B8FV. 

�> >A=>2=8E ?5@5203 =04?@>2V4=8E :015;V2 <>6=0 2V4=5AB8: 
– ;53:C 203C 70 @0EC=>: <5=H>W :V;P:>ABV 28:>@8AB>2C20=>3> <0-

B5@V0;C; 
– 2V4ACB=VABP 5;5:B@><03=VB=8E B0 B5?;>28E ?>;V2 @>7AVR20==S, 

5:>;>3VG=0 G8AB>B0 B0 ?>656=0 157?5:0; 
– =87P:V 2B@0B8 5=5@3VW C =04?@>2V4=V9 :015;P=V9 ;V=VW. 
!5 <5=H FV==8<8 є <>6;82>ABV 70<V=8 VA=CRG>3> :015;R =0 :0-

15;P 7 1V;PH>R ?5@540=>R ?>BC6=VABR 70 B8E 65 3010@8BV2 B0 ?5@540G0 
25;8:8E ?>B>:V2 5=5@3VW ?@8 ?>@V2=S=> =87P:V9 =0?@C7V. 

�8A>:>B5<?5@0BC@=V =04?@>2V4=V :015;P=V ;V=VW (�&!# ��) ?>A-
BV9=>3> B0 7<V==>3> AB@C<V2 є V==>20FV9=>R @>7@>1:>R, I> 4>72>;Sє 
28@VH8B8 7=0G=C G0AB8=C ?@>1;5<8 5;5:B@8G=8E <5@56. 

#@8 28:>@8AB0==V �&!# �� ?>ABV9=>3> AB@C<C =01C20єBPAS I5 9 
=>20 S:VABP ?5@540GV, B0: S: ;V=VS AB0є :5@>20=8< 5;5<5=B>< <5@56V, I> 
@53C;Rє ?>B>:8 ?5@540=>W 5=5@3VW 06 4> @525@AC ?5@540GV. �&!# �� 
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?>ABV9=>3> AB@C<C, <0RBP @S4 4>40B:>28E ?5@5203 C ?>@V2=S==V 7 ;V=VS-
<8 7<V==>3> AB@C<C, 0 A0<5: 

– >1<565==S AB@C<V2 :>@>B:>3> 70<8:0==S, I> 4>72>;Sє 79є4=0B8 
?> «=87P:V9 AB>@>=V» >:@5<V A5:B>@8 5=5@3>A8AB5<8 157 71V;PH5==S 
AB@C<V2 :>@>B:>3> 70<8:0==S; 

– 70?>1V30==S :0A:04=8< 2V4:;RG5==S< A?>6820GV2 B0 ?V428I5==S 
ABV9:>ABV <5@56V 70 @0EC=>: 270є<=>3> @575@2C20==S 5=5@35B8G=8E @09>=V2; 

– @53C;R20==S @>7?>4V;C ?>B>:V2 ?>BC6=>ABV C ?0@0;5;P=8E ;V=VSE; 
– ?5@540G0 ?>BC6=>ABV 7 <V=V<0;P=8<8 2B@0B0<8 2 :015;V B0, S: =0-

A;V4>:, 7=865==S 28<>3 4> :@V>35==>W A8AB5<8; 
– <>6;82VABP 729S7:C =5A8=E@>=V7>20=8E 5=5@3>A8AB5<. 
' 5;5:B@8G=8E <5@560E <>6;825 AB2>@5==S AE5<8 V7 70AB>AC20=-

=S< �&!# �� S: 7<V==>3>, B0: V ?>ABV9=>3> AB@C<V2. "1842V A8AB5<8 
<0RBP A2>W :@0IV AD5@8 70AB>AC20==S, V 2 :V=F52><C ?V4AC<:C 281V@ 
287=0G0єBPAS V B5E=VG=8<8, V 5:>=><VG=8<8 <V@:C20==S<8. 

 
 

'�� 669.04 
�C7P<5=:> �.�. 
AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�C7P<5=:> �.�. 
���"$�%&�!!/ !��Ь�"&� #�$�&'$!�) ���$�� 
&�#�"&� � %)� � �"&��Ь!� � &�#�"��  !�%"%"  

"A=>2=8<8 465@5;0<8 B5?;>B8 4;S 25;8:8E B5?;>=0A>A=8E CAB0-
=>2>:  A;V4 @0EC20B8 HBCG=V 465@5;0 – B5?;>2V 2V4E>48. ,284:89 7@VAB 
A?>6820==S 5=5@3>@5AC@AV2 28A=06Cє ?@8@>4=V 1030BAB20 V ?@872>48BP 
4> B5?;>2>3> 701@C4=5==S 1V>AD5@8. 

!0?@8:;04, B5?;>2V 5;5:B@>AB0=FVW, 2 B><C G8A;V 0B><=V 5;5:B@>A-
B0=FVW, 2B@0G0RBP 7 >E>;>46CRG>R 2>4>R (50&55) % 5=5@3VW ?0;820. 
#@><8A;>2V ?V4?@8є<AB20  A?>6820RBP 25;8G57=C :V;P:VABP 2>48 4;S 
>E>;>465==S <0H8= B0 @>1>G8E BV; 2 @V7=8E B5E=>;>3VG=8E ?@>F5A0E. 
"19є< 72>@>B=>W 2>48 A:;040є 61 % 2>48, I> 28:>@8AB>2CєBPAS 2AVєR 
?@><8A;>2VABR. *V B5?;>2V @V:8 FV;89 @V: <0RBP B5<?5@0BC@C   (20&40) 
>%, I> ?@0:B8G=> 40є <>6;82VABP 28:>@8AB>2C20B8 B5?;>BC 157?>A5@5-
4=P>. *S 25;8G57=0 :V;P:VABP 2>48 >E>;>46CєBPAS 2 3@048@=SE V 2 V=H8E 
28?0@=8E >E>;>46C20G0E, 2V440RG8 2 0B<>AD5@C @07>< 7 B5?;>B>R 
G0AB8=C 2>48 C 283;S4V ?0@8. 

/:I> >@Vє=B>2=> @0EC20B8, I> 2 7030;P=><C ?> ':@0W=V >19є<V 
72>@>B=>3> 2>4>?>AB0G0==S >E>;>46CєBPAS BV;P:8 75 % 2>48, B>1B> 120 
:<3 70 @V:, B5<?5@0BC@=89 ?5@5?04 S:>W 4>@V2=Rє 10 >%, B> >@Vє=B>2=5 
A:840==S =87P:>?>B5=FV9=>W B5?;>B8 ?@><8A;>2VABR A:;040є j 5 <;@4 
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��6 70 @V:. �>40, S:0 >48= @07 28:>@8AB>2CєBPAS ?@><8A;>28<8 ?V4?-
@8є<AB20<8 (j 40 % 2AP>3> >19є<C), 2 :V=FV :V=FV2 G5@57 :0=0;V70FVR 
?>B@0?;Sє 2 ?@8@>4=V 2>4>9<8. 

�=0G=5 5=5@3>715@565==S <>65 70157?5G8B8 A8AB5<0 :>B5;P=V 7 
B5?;>28< =0A>A>< ( @8A. 1), I> S2;Sє A>1>R A8AB5<C ?>AB0G0==S 30@SG>W 
2>48, 2 S:V9 28:>@8AB0==S B5?;>B8 2V41C20єBPAS 7 28A>:>R 5D5:B82=VA-
BR 7024S:8 AC<VA=><C >A=0I5==R :>B5;P=V B5?;>28< =0A>A>< V :>B5;P-
=>R CAB0=>2:>R. � 28A>:>B5<?5@0BC@=>W ?0@8 284>1C20єBPAS 5=5@3VS V 
B5?;>B0.  �024S:8 74>1CBV9 5=5@3VW B5?;>289 =0A>A ?@82>48BPAS 2 4VR, 
B5?;>B0 2V418@0єBPAS 7 0B<>AD5@=>W B5?;>B8 V =87P:>B5<?5@0BC@=>3> 
465@5;0 B5?;>B8, 28:>@8AB0==S S:8E @0=VH5 1C;> 206:8<. 

 

� – F8:; B5?;>2>3> =0A>AC; � – ?0@>289 F8:; B5?;>?>AB0G0==S; 

� – @535=5@0FV9=0 ?>BC6=VABP; �� – B@C1>?@>2V4  ?0@8;  ��� –B@C1>?@>2V4  30@SG>W 
2>48; 

1 – =87P:>B5<?5@0BC@=5 465@5;> B5?;>B8; 2 – 28?0@=8: 4;S 4>1C20==S B5?;>B8 7 
=87P:>B5<?5@0BC@=>3> 465@5;0; 3 – :><?@5A>@; 4 – :>=45=A0B>@ E>;>4>035=BC; 5 – 
45B0=45@; 6 – :>=45=A0B>@ 2>4S=>W ?0@8; 7 – :>B5;P=0 CAB0=>2:0;    8 – 2>4S=89 
=0A>A; 9 – ?0@>A8;>289 35=5@0B>@; 10 – >1;04=0==S 4;S CB8;V70FVW B5?;>B8 702>4C, 

E>;>48;P=5 V >?0;R20;P=5 >1;04=0==S 

$8AC=>: 1 – %E5<0 :>B5;P=V 7 B5?;>28< =0A>A>< 
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� @57C;PB0BV AC<VA=>3> 28:>@8AB0==S B5?;>B8, :V;P:VABP AC<0@=>W 
>45@60=>W B5?;>B8 71V;PHCєBPAS 70 @0EC=>: :>=45=A0FVW 2>4S=>W ?0@8, 0 
B5<?5@0BC@0 30@SG>W 2>48 4>AS30є (60&90) >%. ":@V< B>3>, 70<V=0 4@>-
A5;P=>3> 25=B8;S B5?;>2>3> =0A>A0 45B0=45@>< 328=B>2>3> B8?C 4>72>-
;Sє 74V9A=8B8 72>@>B=89 V7>5=B@>?=89 ?@>F5A, @50;V7C20B8 A8;>2C @5-
35=5@0FVR V ?V428I8B8 7030;P=89 ���. 

� @57C;PB0BV 74V9A=5==S 70?@>?>=>20=>W AE5<8 @50;V7CєBPAS 5:>-
=><VS ?0;820 (30&50) % ?>@V2=S=> 7 VA=CRG8<8 :>B5;P=8<8 0=0;>3VG-
=>W ?@>4C:B82=>ABV. �0=0 AE5<0 70AB>A>2CєBPAS 4;S >1;04=0==S <VAF5-
28E A8AB5< >E>;>465==S V >?0;5==S, 70157?5G5==S 30@SG>R 2>4>R 28-
@>1=8G8E ?V4?@8є<AB2 B0 V=H8E >19є:BV2.  

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. +C<0: �.�. )>;>48;P=V CAB0=>2:8: ?V4@CG=8: [&5:AB] / �.�. +C-
<0:, �.#. +5?C@=5=:>, %... �0@9S=>2AP:89. "45A0:$5D?@8=BV=D>,  
2006. – 550 A. 

2.  >@>7R: &.�.  &5>@VS E>;>48;P=8E <0H8= V B5?;>28E =0A>-
AV2:?V4@CG=8: [&5:AB] / &.�. >@>7R:. "45A0: %BC4VS «!53>F80=B», 2016. – 
712 A. 

 
 

'�� 621.3.013.1 
�0?:V=0 %. ". 
0A8AB. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�0?:і=0 %. ". 
 "���.��!!/  ��!�&!"�" �"�� #$"%&"$"�"� 
%� �&$�+!"�  ��!�&!"� %�%&� � &$�(��!"�" 

&$�!%("$ �&"$� 

#>@V2=S=> 7 B@048FV9=8< B@8D07=8< ?;>A:8< B@0=AD>@<0B>@>< 7 
1030B>H0@>28< A5@45G=8:><, B@828<V@=89 B@0=AD>@<0B>@ 7 >1<>B:>R 
<0є ?5@52038 A8<5B@VW <03=VB=>3> ;0=FR30, =87P:>3> @V2=S 2V1@0FVW B0 
HC<C V <>65 70AB>A>2C20B8AS 2 30;C7V A8;>2>3> ?5@5B2>@5==S 5=5@3VW. 
->1 ?>:@0I8B8 7030;P=C ?8B><C ?>BC6=VABP A8AB5<8, =5>1EV4=> <0:-
A8<0;P=> 71V;PH8B8 @>1>GC 0<?;VBC4C IV;P=>ABV <03=VB=>3> ?>B>:C 
>A5@4S B@0=AD>@<0B>@0, B><C =5>1EV4=> B>G=> >FV=8B8 @>1>GV E0@0:B5-
@8AB8:8 B@828<V@=>3> B@0=AD>@<0B>@0 7 =0<>B0=8< >A5@4S< 2 AB0=V 
=0A8G5==S. ' FV9 AB0BBV 2 >A=>2=><C 282G0єBPAS <>45;R20==S B@8D07-
=>3> B@0=AD>@<0B>@0 7 ?@>AB>@>28< >A5@4S< 7 C@0EC20==S< =5;V=V9=>-
ABV >A5@4S, AB2>@RєBPAS B@8D07=0 <>45;P <03=VB=>3> ;0=FR30. 
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%5@45G=8: B@0=AD>@<0B>@0 A:;040єBPAS 7 B@P>E :0@:0AV2, =0<>B0-
=8E 7V AB@VG:8 5;5:B@>B5E=VG=>W AB0;V, V >19є4=0=8E 2 7030;P=89 <03=V-
B>?@>2V4 S: ?>:070=> =0 @8A. 1. 

 

$8AC=>: 1 – !028B89 ?@>AB>@>289 <03=VB?@>2V4 

#>7=0G0є<> :>65= AB@865=P S: A, B, C, 2V4?>2V4=> :>65= :0@:0A 
<03=VB>?@>2V4 <0B8<5 ?>7=0G5==S ��, �%, %�.  03=VB=V ?>B>:8, I> 
?@>BV:0RBP C B@P>E >48=>G=8E :0@:0AV B@828<V@=>3> =0<>B0=>3> A5@45-
G=8:0, 4>@V2=RRBP §AB(t), §BC(t) V §CA(t), 0 A5@54=V <03=VB=V ?>B>:8 �-
D078 B-D078 B0 %-D078: §A(t), §B( t), §C(t). $V2=S==S 729S7:C <0B8<5 
283;S4: 

{$АВ(Ć)ý�ýþ(Ć) = ý1Āý(Ć) 2 ý1Āþ(Ć)$ВС(Ć)ý�þС(Ć) = ý1ĀВ(Ć) 2 ý1ĀС(Ć)$СА(Ć)ý�Сý(Ć) = ý1ĀС(Ć) 2 ý1ĀА(Ć) ,  (1) 

45 ý1 –:V;P:VABP 28B:V2 ?5@28==>W B0 >1<>B:8;ý�ýþ, ý�þС, ý�Сý – 
>?>@C :>6=>3> >:@5<>3> :0@:0AC; Āý, ĀВ, ĀС – AB@C<8 2 >1<>B:0E :>6=>W D078. 

 
� D>@<C;8 1 >B@8<0є<>: $АВ(Ć)ý�ýþ(Ć) + $ВС(Ć)ý�þС(Ć) + $СА(Ć)ý�Сý(Ć) = 0.       (2) 

�>;8 @>1>GV B>G:8 :>6=>3> >4=>@0<:>2>3> <03=VB>?@>2>4C @>7-
B0H>20=V =0 ;V=V9=V9 4V;S=FV :@82>W =0<03=VGC20==S, <03=VB=89 >?V@ 
:>6=>3> >48=>G=>3> :0@:0A0 2 >A=>2=><C >4=0:>2>, B>4V $АВ(Ć) + $ВС(Ć) + $СА(Ć) = 0.                                 (3) 

�3V4=> 7 =02545=8< 28I5 B5>@5B8G=8< 0=0;V7><, 5:2V20;5=B=89 <03-
=VB=89 ;0=FR3 B@0=AD>@<0B>@0 1C45 <0B8 283;S4, ?>:070=89 =0 @8A. 2.  
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$8AC=>: 2 –  03=VB=89 ;0=FR3 B0 25:B>@=0 4V03@0<0 ?>B>:V2 B@0=AD>@<0B>@0 

 >6=0 10G8B8, I> §AB, §BC V §CA CB2>@RRBP 70<:=CB89 :>=-
BC@, V VA=Cє H;SE ?>B>:C =C;P>2>W ?>A;V4>2=>ABV.  03=VB=89 ?>BV: >4=>-
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INCREASING THE RELIABILITY AND STABILITY OF 

OPERATION OF OPERATING OIL-FILLED ELECTRICAL 

EQUIPMENT 

Due to the fact that a large amount of electrical equipment, in 
particular power transformers, was put into operation in 1960s-1980s, the 
transformer oils used for the manufacture of this equipment are more than 30 
years old, and sometimes 50-60 years old. It is impossible to manufacture or 
import most brands of transformer oil used in domestic transformer 
production. Therefore, in order to support the sustainable production of 
electrical products, the further safe and reliable operation of transformers 
and all oil-filled electrical equipment the following issues have become 
topical, namely, finding and developing analogues to previously used types 
of transformer oils and the possibility of mixing existing types of oils with 
new ones without deteriorating their properties and reliability, and without 
compromising the safety of electrical equipment. 

The aim is to study the influence of the physicochemical and 
electrophysical properties of transformer oil on the reliability and stability of 
electrical equipment. 
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Research is carried out using the methods given in standards and 
regulations, mixing of transformer oils, determination of physicochemical 
and dielectric properties. According to the research results, an algorithm will 
be developed for testing and operation of transformer oil according to 
physicochemical and electrophysical properties and operating conditions, 
and for determination of changes in the dependence of physicochemical and 
electrophysical properties when mixing different types of transformer oils. 
There will also be a method and algorithm developed for evaluation of 
mixed transformer oils and their application in electrotechnical equipment. 

As a result, organizations that operate oil-filled electrical equipment 
will receive recommendations on methods of acceptance and application of 
new insulating fluid in new equipment, as well as application of new 
transformer oil in existing equipment. 
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B@C:FV9. 
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=>3> 70157?5G5==S 2V4:@820є =>2V <>6;82>ABV 4;S @>7@>1:8 ?V4E>4V2 4> 
AB2>@5==S =>28E :>=AB@C:FV9 70 4>?><>3>R <0B5<0B8G=>3> <>45;R20==S 
5;5:B@>B5?;>28E ?@>F5AV2 2 A8AB5<V «V=4C:B>@8 - <C=4HBC:». "4=0:, 4;S 
CA?VH=>W @50;V70FVW F8E <>6;82>AB59 =5>1EV4=> @>7@>18B8 B@828<V@=C 
<0B5<0B8G=C <>45;P, S:0 4>72>;8BP 287=0G0B8 :>=AB@C:B82=V ?0@0<5B@8 B0 
V 2V4B2>@8B8 @>1>GV @568<8 7 =5>1EV4=>R 4;S 28@>1=8FB20 B>G=VABR. 

 5B>R @>1>B8 1C;0 @>7@>1:0 B@828<V@=>W 5;5:B@><03=VB=>W <>45-
;V, S:0 2V4>1@060є A:;04=C 1030B>:><?>=5=B=C :>=AB@C:B82=C 1C4>2C 
V=4C:B>@V2, =5;V=V9=VABP DV78G=8E 2;0AB82>AB59 9>3> A:;04>28E B0 WW 
@50;V70FVS =0 >A=>2V <5B>4C A:V=G5==8E 5;5<5=BV2. 

�5><5B@8G=0 <>45;P <C=4HBC:0 ?@5AC V7 2AB0=>2;5=8<8 V=4C:B>-
@0<8 AB2>@RєBPAS C A5@54>28IV Comsol Multiphysics. �84V;SRBPAS 3@C-
?8 :>=AB@C:B82=8E 5;5<5=BV2, I> <0RBP >4=0:>2V <5E0=VG=V, 5;5:B@>DV-
78G=V B0 B5?;>DV78G=V 2;0AB82>ABV V E0@0:B5@8AB8:8. � A5@54>28IV Com-
sol Multiphysics AB2>@RєBPAS <>45;P 5;5:B@><03=VB=8E ?@>F5AV2, 7040-
RBPAS 7=0G5==S ?0@0<5B@V2 V :>5DVFVє=BV2 B0 DC=:FV>=0;P=V >?8A8 70;5-
6=>AB59 5;5:B@><03=VB=8E 2;0AB82>AB59. !0 ?>25@E=SE A?>;CG5==S 
:>=AB@C:B82=8E 5;5<5=BV2 >18@0RBP C<>28 A?@S65==S 7 C@0EC20==S< 
?8B><8E 7=0G5=P B5?;>28E V 5;5:B@8G=8E >?>@V2. �;S >?8AC 3VAB5@578A-
=8E E0@0:B5@8AB8:8 =0<03=VGC20==S <0A82=8E AB0;528E >A5@4P V=4C:-
B>@0 28:>@8AB>2CєBPAS <>45;P �609;A0-�B5@B>=0.  

#@>F5A0< 5;5:B@><03=VB=>3> ?5@5B2>@5==S 5;5:B@8G=>W 5=5@3VW 2 
V=4C:B>@0E <C=4HBC:0 ?@5A0 2V4?>2V40є A8AB5<0 48D5@5=FV9=0 @V2=S=P 
 0:A25;0 C D>@<C;R20==SE 4;S 5;5:B@8G=>3> V 25:B>@=>3> <03=VB=>3> 
?>B5=FV0;V2 S:0 4>?>2=RєBPAS 3@0=8G=8<8 C<>20<8 B0 C<>20<8 A?@S-
65==S. $50;V70FVS <>45;V 1C;0 74V9A=5=0 <5B>4>< A:V=G5=8E 5;5<5=BV2. 

�0AB>AC20==S B@828<V@=>W <0B5<0B8G=>W <>45;V 4>72>;8;> 287=0-
G8B8 B0 ?@>0=0;V7C20B8 :@09>2V 5D5:B8 C ;>1>28E G0AB8=0E >1<>B>: B0 
?@8;53;8E 4> =8E G0AB8=0E <0A82=8E V=4C:B>@V2. �0 @57C;PB0B0<8 <>-
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45;R20==S 1C;> 287=0G5=>, I> 4;S B@048FV9=>W :>=AB@C:B82=>W AE5<0 
@>7B0HC20==S V=4C:B>@V2 =0 7>2=VH=V9 ?>25@E=V <C=4HBC:0 ?@5AC E0@0-
:B5@=0 28A>:0 V=B5=A82=VABP B5?;>?5@540GV 2 >B>GCRG5 A5@54>28I5. 
�C;> 287=0G5=>, C ;>1>28E G0AB8=0E V=4C:B>@V2 B5?;>20 ?>BC6=VABP =0 
12&18% 1V;PH0 =V6 C F5=B@0;P=V9 G0AB8=V 70 @0EC=>: :@09>28E 5D5:BV2 
2 V=4C:B>@V ?@8 @>1>BV =0 ?@><8A;>2V9 G0AB>BV. �=0A;V4>: B5?;>28E 
2B@0B 5D5:B82=VABP V=4C:B>@V2 =5 4>72>;Sє ?V428I8B8 S:VABP ?V4B@8-
<0==S B5E=>;>3VG=>3> B5<?5@0BC@=>3> @V2=S @>1>G8E ?>25@E>=P <C=4-
HBC:0 ?@5AC =0 :V=F52><C 5B0?V F8:;C ?@5AC20==S 703>B>2>:. 

*5 ?>B@51Cє ?@>2545==S ?>40;PH8E 4>A;V465=P 7 ?>HC:C =>2>3> 
1V;PH 5D5:B82=>3> :>=AB@C:B82=>3> 28:>=0==S V=4C:B>@V2 B0 287=0-
G5==S <VAFP WE @>7B0HC20==S 4;S ?V428I5==S 5D5:B82=>ABV A8AB5<8 
V=4C:FV9=>3> =03@V20==S. &0:V 4>A;V465==S 4>FV;P=> 1C45 ?@>2>48B8 7 
28:>@8AB0==S< 70?@>?>=>20=>W B@828<V@=>W <0B5<0B8G=>W <>45;V, I> 
@50;V7CєBPAS <5B>4>< A:V=G5==8E 5;5<5=BV2 V 4>72>;Sє 2@0E>2C20B8 
A:;04=C 1030B>:><?>=5=B=C :>=AB@C:B82=C 1C4>2C V=4C:B>@V2, =5;V=V9-
=VABP DV78G=8E 2;0AB82>AB59 9>3> A:;04>28E. 
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"4=>D07=V B@0=AD>@<0B>@8 <0;>W ?>BC6=>ABV ("& #) >B@8<0;8 
H8@>:5 @>7?>2AR465==S 2 @V7=8E 5;5:B@>B5E=VG=8E CAB0=>2:0E, @V7=>-
<0=VB=8E ?@8AB@>SE 4;S ?5@540GV V ?5@5@>1:8 V=D>@<0FVW, A8AB5<0E 
02B><0B8:8. �0 A2>єR DV78G=>R ?@8@>4>R ?@>F5A @>1>B8 "& # ?> 
ACBV B0:89 65, S: 2 B@0=AD>@<0B>@0E A5@54=P>W V 25;8:>W ?>BC6=>ABV, 
0;5 45S:V ?0@0<5B@8 V 25;8G8=8, I> ?>29S70=V 7 ?>BC6=VABR B@0=AD>@-
<0B>@0, є 7=0G=> 2V4<V==8<8. �>:@5<0, AB@C< =5@>1>G>3> E>4C, S:89 
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3=VGC20==S 0:B82=>W AB0;V >A5@4S. �>=8 22060RBPAS ?>ABV9=>R A:;04>-
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82 

 

;PH5 C2038 ?@84V;SєBPAS A0<5 @V2=R 2B@0B =5@>1>G>3> E>4C, @V25=P S:8E 
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/:VABP :>=AB@C:B>@AP:>W ?V43>B>2:8 28@>1=8FB20 287=0G0єBPAS 
4>AB>2V@=VABR <0B5<0B8G=>3> >?8AC ?@>F5AV2, I> ?@>BV:0RBP ?@8 @>1>-
BV "& #, 0 A0<5 5;5:B@><03=VB=8E ?@>F5AV2 ?5@5B2>@5==S 5;5:B@8G=>W 
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0=0;VB8G=8E 01> A:V=G5=>-5;5<5=B=8E <>45;SE [1]-[5]. �=0;VB8G=V <>-
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=>3> ?@>3@0<=>3> 70157?5G5==S, ?>H8@5==S =01C;8 A:V=G5=>-5;5<5=B=V 
<>45;V. �>=8 4>72>;SRBP 2@0E>2C20B8 :>=AB@C:B82=V >A>1;82>ABV <03-
=VB=>W A8AB5<8 "& # V 2;0AB82>ABV <0B5@V0;V2 [4]. �E 3>;>2=89 =54>;V: 
?>29S70=89 7 =5>1EV4=VABR =0S2=>ABV 7=0G=8E >1G8A;R20;P=8E @5AC@-
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1>G>3> E>4C @>73;S40;0AS =0 ?@8:;04V >4=>D07=>3> B@0=AD>@<0B>@C 
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2V4@V7=SєBPAS ?@>AB>B>R 28:>@8AB0==S B0 B>G=VABR. "A=>2=V @>7<V@8 V 
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ll = 56 <<; 
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hl = 36 <<; 
d = 36 <<; 
lw = 50 <<; 

UHV = 380 �; 
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FV0;V70FVW ?@>F5AC ?@>5:BC20==S 2 40=V9 @>1>BV 70AB>A>2C20;>AP ?>є4-
=0==S ?@>3@0<=>3> 70157?5G5==S FEMM B0 Octave [5], [6]. &0:>6 F5 
?>є4=0==S 4>72>;8BP ?@8 48AB0=FV9=><C :5@C20==V FEMM 70 4>?><>-
3>R GNU Octave V450;P=> ?@>5:BC20B8 V >B@8<C20B8 5;5:B@><03=VB=V 
E0@0:B5@8AB8:8.  
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=89 @>7@0EC=>: 25:B>@C AB@C<C =5@>1>G>3> E>4C. $>7@0EC=>: 107CєBPAS =0 
28:>@8AB0==V <0B@8FV V<?540=AC B@0=AD>@<0B>@0 157 =020=B065==S (B>1B> 
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:>;0, 35><5B@8G=>W <>45;V B0 <>45;V 5;5:B@><03=VB=8E ?>;V2, 4>72>;8;0 7 
28A>:>R 4>AB>2V@=VABR >?8A0B8 ?@>F5A8 5;5:B@><03=VB=>3> ?5@5B2>@5==S 
5=5@3VW 2 B@0=AD>@<0B>@V. �024S:8 FP><C 1C;> 2@0E>20=> :><?;5:A=89 
2?;82 5D5:BV2 3VAB5@578AC, 28E@>28E AB@C<V2, :>=AB@C:B82=8E ?0@0<5B@V2 V 
?0@0<5B@V2 7>2=VH=P>W ;0=FR30 =0 ?@>F5A8 V ?0@0<5B@8 B@0=AD>@<0B>@0. 

#>@V2=S==S @57C;PB0BV2 <>45;R20==S 7 5:A?5@8<5=B0;P=8<8 40-
=8<8 ?>:070;> 28A>:C B>G=VABP :><?;5:A=>W <>45;V. #>E81:0 ?> 0<?;V-
BC4V AB@C<V2 =5@>1>G>3> E>4C =5 ?5@528ICє 0,38%, ?> D07V 0,45%. #>-
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P = D?@ / D, 

45 D?@ V  D - 28B@0B8 ?@>4C2=>W 2>48 B0 =><V=0;P=0 ?0@>?@>4C:B82=VABP 
:>B5;P=>W CAB0=>2:8, :3/3>4. 
 

�8B@0B0 ?>682=>W 2>48  D ?2, 70 =0S2=>ABV 157?5@5@2=>3> ?@>4C-
20==S, AB0=>28BP, :3/3>4 

 D?2 = D +D?@.  

�V;P:VABP 2>48, I> 2840;SєBPAS 157?5@5@2=8< ?@>4C20==S<, 2AB0-
=>2;RєBPAS 7 @V2=S==S A>;P>2>3> 10;0=AC :>B5;P=>W CAB0=>2:8, :3/3>4 

 D ?2S ?2 =D S ? +D ?@S ?@ +D S >B;  

45 S ?2  ;S ? ;S ?@ - A>;52<VAB8 ?>682=>W 2>48, ?0@8 B0 ?@>4C2=>W 2>48, 
<3/:3; 
S >B; - :V;P:VABP @5G>28=, I> 2V4:;040RBPAS =0 ?>25@E=SE =03@V20==S, 
2V4=5A5=5 4> 1 :3 ?0@8, I> >B@8<CєBPAS, <3/:3. 
 

� :>B5;P=8E CAB0=>2:0E A5@54=P>3> B8A:C B8?C � - 25 - 14 �  :V-
;P:VABP A>;59, I> 28=>ASBPAS ?0@>R, =57=0G=0, V G;5= D S ? <>6=0 ?@8-
@V2=SB8 4> =C;S. �V4:;045==S A>;59 =0 ?>25@E=V =03@V20==S ?@8 =>@<0-
;P=><C 2>4=><C @568<V :>B5;P=>W CAB0=>2:8 =5 4>?CA:0єBPAS, V G;5= D 

S >B; B0:>6 <0є 4>@V2=R20B8 =C;R. &>4V :V;P:VABP 2>48, I> 2840;SєBPAS 
7 ?@>4C20==S<, :3/3>4 

D?@= D ?2S ?2 /S ?@ = D S ?2 /(S ?@.- S ?2).  

&>1B>  

$ = S?2 100/(S?@.- S?2). 

�0AB>AC20==S 157?5@5@2=>3> ?@>4C20==S, I> є >A=>2=8< A?>A>1>< 
?V4B@8<:8 =5>1EV4=>W S:>ABV 2>48 10@010==>W :>B5;P=>W CAB0=>2:8, 
?>29S70=5 7V 71V;PH5==S< 28B@0B8 ?>682=>W 2>48 B0 B5?;>28<8 2B@0B0-
<8. !0 :>6=89 :V;>3@0< ?@>4C2=>W 2>48 28B@0G0єBPAS B5?;>B0, :�6/:3 

 q = (h?@ –h?2)/դ: ,  

45 h?@ V h?2 - 5=B0;P?VW ?@>4C2=>W B0 ?>682=>W 2>48, :�6/:3; 
դ: - ��� :>B5;P=>W CAB0=>2:8. 
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� <5B>R 7<5=H5==S 2B@0B B5?;>B8 7 ?@>4C20==S<, A;V4 ?@03=CB8 
4> 7<5=H5==S :V;P:>ABV 2>48, I> 282>48BPAS 7 :>B5;P=>W CAB0=>2:8. 
�D5:B82=8< <5B>4>< 7=865==S ?@>4C20==S є ABC?V=G0AB5 28?0@>2C-
20==S 2>48.  

� :>B5;P=V9 CAB0=>2FV � – 25 – 14 �  @50;V7>20=0 AE5<0 B@8ABC?V-
=G0AB>3> 28?0@>2C20==S 7 28=>A=8<8 F8:;>=0<8, S:V @07>< 7 2:;RG5-
=8<8 2 =8E 5:@0=0<8, CB2>@RRBP A>;P>2V 2V4AV:8 :>B5;P=>W CAB0=>2:8.  
%CB=VABP ABC?V=G0AB>3> 28?0@>2C20==S 01> ABC?V=G0AB>3> ?@>4C20==S 
?>;S30є 2 B><C, I> 28?0@=0 A8AB5<0 :>B5;P=>W CAB0=>2:8 ?>4V;SєBPAS 
=0 @S4 2V4AV:V2, 79є4=0=8E 70 ?0@>R B0 @>74V;5=8E ?> 2>4V. #>682=0 2>40 
?>40єBPAS ;8H5 C ?5@H89 2V4AV:. �;S 4@C3>3> 2V4AV:C ?>682=>R 2>4>R 
A;C68BP ?@>4C2=0 2>40 7 ?5@H>3> 2V4AV:C. #@>4C2=0 2>40 7 4@C3>3> 
2V4AV:C =04E>48BP C B@5BV9 2V4AV:.  

"A:V;P:8 :>=F5=B@0FVS A>;59 C 2>4V B@5BP>3> 2V4AV:C 7=0G=> 28I0, 
=V6 C 2>4V ?@8 >4=>- B0 42>ABC?V=G0AB><C 28?0@>2C20==V, 4;S 282545==S 
A>;59 7 :>B5;P=>W CAB0=>2:8 ?>B@V15= <5=H89 2V4A>B>: ?@>4C20==S, I> 
?V4=V<0є  ��� :>B5;P=>W CAB0=>2:8 B0 ?@82>48BP 4> 5:>=><VW ?0;820.  

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �8:>2 �.�. #0@>2V V 2>4>3@V9=V :>B;8 [&5:AB] / �.�. �8:>2. �8W2: 
�8I0 H:>;0, 2017. - 128 A. 

2. &:0G5=:> %.�. �>B5;P=V CAB0=>2:8: =02G.?>AV1.  [&5:AB] / %.�. 
&:0G5=:>, �.�. %B5?0=>2, �.�.  �>4=0@. �V==8FS: �!&', 2016. - 
185A. 

 
 

'�� 669.04 
�C7P<5=:> �.�.1,%0<A>=5=:> �.%. 2 

1 AB0@H. 28:;.  !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-250 A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�C7P<5=:> �.�., %0<A>=5=:> �.%. 
�!���� �!�$�"���$���.+�) ��)"��� �� � �!,�!!/ 
�&$�& &�#�"&� � ���)��!� � ���� � � �"&��Ь!�� 

'%&�!"�*�  �  - 35    

�=0;V7 ?@>2>48BPAS ?@8 A?0;R20==V 2 :>B5;P=V9 CAB0=>2FV �  – 
35  ?@8@>4=>3> 307C 7 307>?@>2>4C �0H020 - �8W2. �B@0B8 B5?;>B8 7 
2V4EV4=8<8 3070<8 709<0RBP >A=>2=5 <VAF5 A5@54 B5?;>28E 2B@0B :>B5-
;P=>W CAB0=>2:8 V AB0=>2;SBP (5...12) % B5?;>B8 ?0;820 (2 =0H><C 28?0-
4:C –7,2 % ). *59 284 2B@0B 28=8:0є G5@57 B5, I> DV78G=0 B5?;>B0 (5=B0-
;P?VS) 307V2 ICE, I> 28E>4SBP 7 :>B5;P=>W CAB0=>2:8 ?@8 B5<?5@0BC@V  υCE, 
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?5@528ICє DV78G=C B5?;>BC ?>2VB@S, I> =04E>48BP 2 :>B5;P=C CAB0=>2-
:C  B0  ?0;820. 

�B@0B8 B5?;>B8 7 2V4EV4=8<8 3070<8 287=0G0RBP 70 D>@<C;>R, % 

 q2 = (Q 2 / Qp
p ) 100,  

45 Q 2  – 01A>;RB=0 25;8G8=0 2B@0B,  :�6/<3; 
Qp

p    –  =0S2=0 B5?;>B0 ?0;820, :�6/<3. 
 

�5;8G8=0 2B@0B8 B5?;>B8 7 2V4EV4=8<8 3070<8 70;568BP 2V4 
>19є<C, 0 B0:>6 A:;04C ?@>4C:BV2 73>@S==S, V 2V4 B5<?5@0BC@8 2V4EV4=8E 
307V2, B>1B>  

 Q2 = f ( v30/ Q=A; ³CE, ; υCE).  

1. �V4=>H5==S  v30/ Q=A E0@0:B5@87Cє S:VABP ?0;820, ?>:07Cє 2V4=>-
A=89 28EV4 ?@>4C:BV2 73>@S==S (?@8 ³ =1) =0 >48=8FR B5?;>B8 73>@S==S 
?0;820 B0 70;568BP 2V4 2<VABC 2 =P><C 10;0AB>28E A:;04>28E (07>BC  N2, 
42>>:8AC 2C3;5FR %"2 B0 :8A=R O2 - 4;S 307>2>3> ?0;820). �V 71V;PH5=-
=S< 2<VABC 2 ?0;82V 10;0AB>28E A:;04>28E V, >B65, 25;8G8=8  v30/ Q=A , 
2B@0B0 B5?;>B8 7 2V4EV4=8<8 3070<8 7@>AB0є. 

2. "4=8< 7 <>6;828E =0?@S<V2 7=865==S 2B@0B8 B5?;>B8 7 2V4EV4-
=8<8  3070<8 є 7<5=H5==S :>5DVFVє=BC 28B@0B8 ?>2VB@S 2 2V4EV4=8E 
3070E ³CE. �5;8G8=0 ³CE 70;568BP 2V4 :>5DVFVє=BC 28B@0B8 ?>2VB@S 2 B>?FV 
³B B0 ?>2VB@S, I> ?@8A<>:B0;>AS 2 307>E>48 :>B5;P=>W CAB0=>2:8 &³ 

 ³ CE = ³B+ &³.  

�V 7<5=H5==S< ³B 2B@0B0 B5?;>B8 Q2 (q2) 7=86CєBPAS, ?@>B5 ?@8 
FP><C, C 729S7:C 7V 7<5=H5==S< :V;P:>ABV ?>2VB@S, I> ?>40єBPAS 2 B>?-
:C, <>6;820 ?>S20 V=H>W 2B@0B8 B5?;>B8 – 2V4 EV<VG=>W =5?>2=>B8 73>-
@S==S ?0;820 Q3 (q3). "?B8<0;P=0 25;8G8=0 ³B 2818@0єBPAS 7 C@0EC20=-
=S< 4>AS3=5==S <V=V<0;P=>3> AC<0@=>3> 7=0G5==S (q2 + q3). 

 >6;82VABP 7<5=H5==S ³B 70;568BP 2V4 @>4C ?0;820, I> A?0;RєBPAS, 
V B8?C B>?:>2>3> ?@8AB@>R. #@8 A?0;R20==V 307>2>3> ?0;820 :>5DVFVє=B 
28B@0B8 ?>2VB@S C B>?FV ?@89<0RBP ³B= (1,1&1,15) 2 70;56=>ABV 2V4 ?0@>?-
@>4C:B82=>ABV :>B5;P=>W CAB0=>2:8. �;S :>B5;P=>W CAB0=>2:8 �  – 35    
?@8 A?0;R20==V ?@8@>4=>3> 307C ³B=1,15. #@8A>A8 ?>2VB@S 307>28< B@0:-
B>< :>B5;P=>W CAB0=>2:8 (&³) ?@0:B8G=> ?@89<0RBP @V2=8<8 &³ = 
(0,15&0,3). �;S 40=>W :>B5;P=>W CAB0=>2:8 &³ =1,35 – 1,15 =0,2. 

3. !09206;82VH8< D0:B>@><, I> 2?;820є =0 Q2 , є B5<?5@0BC@0 
2V4EV4=8E 307V2 υCE. �=865==S υCE 4>AS30єBPAS CAB0=>2:>R 2 E2>AB>2V9 
G0AB8=V :>B5;P=>W CAB0=>2:8 B5?;>28:>@8AB>2CRG8E ?>25@E>=P 2>4S=>-
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3> 5:>=><0975@0 V ?>2VB@>?V4V3@V20G0, I> @50;V7>20=> 2 :>B5;P=V9 CAB0-
=>2FV �  – 35  . 

+8< =86G5 B5<?5@0BC@0 307V2 V, 2V4?>2V4=>, <5=H5 B5<?5@0BC@=89 
=0?V@ &t <V6 3070<8 V @>1>G8< BV;><, I> =03@V20єBPAS (?>682=0 2>40 
01> ?>2VB@S), B8< 1V;PH0 ?>25@E=S ?>B@V1=0 4;S >E>;>465==S 307C =0 
>4=C V BC 6 25;8G8=C. #V428I5==S 6 B5<?5@0BC@8 2V4EV4=8E  307V2 ?@87-
2>48BP 4> 71V;PH5==S 2B@0B 7 Q2 B0, >B65, 4> 4>40B:>28E 28B@0B ?0;820 
?@8 28@>1;5==V >4=VєW 9 BVєW :V;P:>ABV ?0@8. � @S4V 28?04:V2 7=865==S 
υCE >1<56CєBPAS <>6;82VABR 7>2=VH=P>W :>@>7VW E2>AB>28E ?>25@E>=P 
=03@V20==S G5@57 :>=45=A0FVR =8<8 2>4S=8E ?0@V2, S:V 7=0E>4SBPAS C 
?@>4C:B0E 73>@S==S. &5<?5@0BC@0 307V2 =5 ?>28==0 ?5@528IC20B8 B5<-
?5@0BC@C B>G:8 @>A8, 7=0G5==S S:>W 1030B> 2 G><C 287=0G0єBPAS 2<VAB>< 
2 48<>28E 3070E >:A84V2 AV@:8, B>1B> υCE< t@>A8. 

&5<?5@0BC@0 2V4EV4=8E 307V2 ?@><8A;>28E ?0@>28E :>B5;P=8E CAB0-
=>2>:, 70;56=> 2V4 WE ?0@>?@>4C:B82=>ABV, S:>ABV V 20@B>ABV ?0;820, B5<?5-
@0BC@8 ?>682=>W 2>48 V ?>2VB@S, I> =04E>48BP, ?@89<0єBPAS @V2=>R 
(110&170) º% V 28I5. &5<?5@0BC@0 307V2 <0є 28@VH0;P=89 2?;82 =0 B5?;>-
2C 5:>=><VG=VABP :>B5;P=>W CAB0=>2:8. �=865==S B5<?5@0BC@8 307V2 =0 
(12...16) °% ?V428ICє  ��� :>B5;P=>W CAB0=>2:8 ?@81;87=> =0 1 %. 

�<5=H5==S B5<?5@0BC@8 2V4EV4=8E 307V2 ?>29S70=> 7 =5>1EV4=VABR 
71V;PH5==S  :>=25:B82=8E ?>25@E>=P =03@V20==S V 7@>AB0==S< 28B@0B8 
5;5:B@>5=5@3VW =0 BS3C V 4CBBS. �>40B:>2V 28B@0B8, I> 28=8:0RBP ?@8 
FP><C, <>6CBP >:C?0B8AS 70 @0EC=>: 5:>=><VW ?0;820. 

� 7030;P=><C 28?04:C >?B8<0;P=0 B5<?5@0BC@0 2V4EV4=8E 307V2 7 
:>B5;P=>W CAB0=>2:8 287=0G0єBPAS =0 ?V4AB02V B5E=V:> – 5:>=><VG=8E 
@>7@0EC=:V2 70 <V=V<C<>< @>7@0EC=:>28E 28B@0B 70 40=>W FV=8 ?0;820. 
�;S :>B5;P=>W CAB0=>2:8 �  – 35   287=0G5=0 υCE = 160 0%. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �8A5;P>2 !.�.  �>B5;P=V CAB0=>2:8 [&5:AB] / !.�. �8A5;P>2. �8-
W2: �8I0 H:>;0, 2015. – 280 A. 

2.�>;>IC: �.�. �>B5;P=V CAB0=>2:8  ?@><8A;>28E ?V4?@8-
є<AB2: =02G.?>AV1. [&5:AB] / �.�. �>;>IC:, �.�. �5=VA>2, �.#. &@>-
D8<GC:. $V2=5:!'��#, 2013. – 277A. 
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'�� 669.04 
�C7P<5=:> �.�.1, +5@=5FP:89  .#. 2 

1 AB0@H. 28:;.  !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-251 A?  !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�C7P<5=:> �.�., +5@=5FP:89  .#. 
&�$ "��!� �+!� "%!"�� #$"*�%��  
�$����!!/ &� �� "$"�'��!!/ ����� 

T – S 4V03@0<0 ?@>F5AV2 ?5@52545==S 307C 2 @V4:89 B0 B25@489 AB0-
=8 7>1@065=0 =0 @8AC=:C 1. #>G0B:>289 AB0= 307C 2 B.1 – $=A  V &=A.  $>73-
;S=5<> 28?04:8, :>;8  & =.A > & :@ , >A:V;P:8 ?@8 & =.A < & :@  @V4:89 AB0= 
307C <>65 1CB8 4>AS3=CB> ;8H5 V7>B5@<VG=8< AB8A:0==S< 157 28:>@8A-
B0==S V=H8E ?@>F5AV2. /:I> >E>;>46C20B8 307 2V4 B. 1 ?@8 $ =.A = const, 
B> B5<?5@0BC@0 9>3> 1C45 7=86C20B8AS 4> B. 2, 0 ?>BV< C ?@>F5AV (2 – 3) 
2V42545==S B5?;>B8 1C45 AC?@>2>46C20B8AS  7<5=H5==S< ABC?5=V  
ACE>ABV 4> B8E ?V@, ?>:8 25AP 307 =5 ?5@5945 2 @V4:89 AB0=. &>1B> 307 
1C45 ?5@52545=> 2 @V4:89 AB0= ?@8 B><C 6 7=0G5==V  $=.A. �V;P:VABP 
B5?;>B8, I>  ?@8 FP><C =5>1EV4=> 2V425AB8 q7@= h1 – h2, 0 <V=V<0;P=0 
@>1>B0 4;S 72>@>B=>3> ?@>2545==S FP>3> ?@>F5AC 4>@V2=R20B8<5 @V7-
=8FV 5:A5@3V9 2 :V=F52><C B0 ?>G0B:>2><C AB0=0E l7@ = 53 – 51. 

�;S >B@8<0==S B25@4>W @5G>28=8 2V42545==S B5?;>B8 =5>1EV4=> 
?@>4>268B8. #@8 ?>40;PH><C 2V42545==V B5?;>B8 @5G>28=0 ?@8 & = &4 

= const ?5@5945 A?>G0B:C 2 @V4:89, 0 ?>BV< 2 B25@489 AB0= B. 5. 
�V;P:VABP B5?;>B8, I> 2V42>48BPAS ?@8 FP><C, 1C45 1V;PH5 q7@ V 

4>@V2=R20B8<5  q70<>@ = h1 – h5, 0 <V=V<0;P=0 @>1>B0  l70<>@ = 55 – 51 >  l7@. 
#5@52545==S 307C 2 @V4:89 V B25@489 AB0=8  <>65 1CB8 74V9A=5=> V ?@8 

$ > $=A, 4;S G>3> ?>B@V1=> AB8A=CB8 307 4> 2V4?>2V4=>3> B8A:C ?@8 &=A. /:-
I>  $ < $:@, B> ?@>F5A ?@>BV:0B8<5 0=0;>3VG=> 7 BVєR @V7=8F5R, I>  :>=45-
=A0FVS ?@>E>48B8<5 ?@8 1V;PH 28A>:V9  B5<?5@0BC@V, 0 ?8B><0 B5?;>B0 
?0@>CB2>@5==S  r  7<5=H8BPAS, ?>:8 ?@8 $ = $:@ =5 AB0=5 @V2=>R 0. 

#@8 =04:@8B8G=><C B8A:C $ > $:@ 307 ?5@5E>48BP 2 @V4:89 AB0=  
B0:>6  ?@8  & = &:@ (B. 7), 0;5 157 ?>ABC?>2>W :>=45=A0FVW. #>40;PH89 
?5@5EV4 C @V4:89 B0 B25@489 AB0=8 (7 – 8 – 9) 2V41C20єBPAS B0: A0<>, S: V 
?@8 V=H8E B8A:0E. +0AB8=0 B5?;>B8, I> 2V42>48BPAS ?@8 & = &=A, 70;56-
=> 2V4 B8A:C, <>65 7<V=R20B8AS 2V4 0 4> 1.  

&0:8< G8=><, ?@>F5A 7@V465==S B0 70<>@>6C20==S 307C <>65 1CB8 
?@>2545=89 B@P><0 A?>A>10<8: 

1. �V42545==S< B5?;>B8 ?@8 $=A = const V B5<?5@0BC@0E, I> 7<V-
=RRBPAS 2V4 &=A 4> B5<?5@0BC@8 D07>28E ?5@5E>4V2. 
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$8AC=>: 1 – T – S 4V03@0<0  ?@>F5AV2 7@V465==S B0 70<>@>6C20==S 307V2 

� B01;8FV 1  =02545=> 7=0G5==S <V=V<0;P=>W @>1>B8 B0 B5?;>B8 
?@>F5AV2 7@V465==S B0 70<>@>6C20==S 45S:8E :@V>035=BV2 ?@8 $=A = 0,1 
 #0; &=A = 293 �, 2 :�6/:3. 

&01;8FS 1 – $>1>B0 B0 B5?;>B0 ?@>F5AV2 7@V465==S  
B0 70<>@>6C20==S 

�@V>035=B �@V465==S �0<>@>6C20==S 
l7@ q 7@ l70<>@ q70<>@ 

�@3>= 462,5 270,0 547,2 302,5 

�7>B 740,5 421,0 1121,0 470,0 

�>45=P 15 500,0 3860,0 18800,0 4000,0 

#>2VB@S 710,0 421,0 ----- ----- 

�5;V9 6633,0 1527,0 ----- ----- 

 5B0= 1050,0 900,0 1320,0 1030,0 

!5>= 1572,0 361,0 1812,0 383,0 

%" 733,0 220,0 1538,0 658,0 

%"2 363,0 208,0 656,0 309,0 

�8A5=P 615,0 398,0 861,0 476,0 

 
2. �V42545==S< 2AVєW B5?;>B8 ?@8 &=A 2 ?@>F5AV V7>B5@<VG=>3> AB8A-

:0==S 7 ?>40;PH8< V7>10@=8< >E>;>465==S< ?@8 B5<?5@0BC@0E, I> 
7=86CRBPAS. 

3. �V42545==S< 2AVєW B5?;>B8 ?@8 &=A 7 ?>40;PH8< 04V010B=8< @>-
7H8@5==S< 4> :V=F52>3> B8A:C $ = $:@. 
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&@5BV9 A?>AV1 =5 7=09H>2 70AB>AC20==S, >A:V;P:8 4;S 9>3> 74V9A-
=5==S 307 =5>1EV4=> AB8A:0B8 4> B8A:C 2 45ASB:8 V A>B=V  #0. 

' 2AVE B@P>E 28?04:0E ?@8 72>@>B=><C ?@>2545==V ?@>F5AV2,  AC-
<0@=0 @>1>B0 ?>28==0 1CB8 >4=0:>2>R 70 >4=0:>28E ?>G0B:>28E V :V=-
F528E ?0@0<5B@0E V 4>@V2=R20B8  @V7=8FV 5:A5@3V9  l<і= = 5:і= – 5?>G. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �2>9=>A /.�. #@>F5A8 3;81>:>3> >E>;>465==S: B5>@VS V ?@0:B8-
G=V 70240==S: =02G.?>AV1 [&5:AB] / /.�. �2>9=>A. �8W2: �#�, 2019. – 67A. 

2.  0A;V:>2  . . �@V>35==0 B5E=V:0 V B5E=>;>3VS:=02G.?>AV1. 
[&5:AB] /  . .  0A;V:>2. �8W2: !')&,2010. – 98 A. 
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'�� 669.04 
#5B@8: ".�.1, #5B@8: �.�. 2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-250 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#5B@8: ".�., #5B@8: �.�. 
#�$%#��&��!�� $���  !��$��'  �&��' � 

!��$����Ь!�) �"�"�*/) 

%B2>@5=> V 4>A;V465=> >?B8<0;P=V, ?5@A?5:B82=V V 157?5G=V @568-
<8 =03@V2C <5B0;C 2 :>;>4FV, 7 24>A:>=0;5==S< B5E=>;>3VG=>3> ?@>F5-
AC, I> 1C45 74V9A=R20B8AS @>7@0EC=:>2>. !>289 @568< =03@V2C <5B0;C 
?@872545 4> 7=865==S B5<?5@0BC@, I> 2?;820RBP =0 <5B0; ?V4 G0A B@8-
20;>3> 7=0E>465==S C =03@V20;P=8E :>;>4S7SE, I> C A2>R G5@3C 4>72>-
;8BP 7=878B8 C30@ <5B0;C, 70 @0EC=>: A:>@>G5==S :V;P:>ABV H;0:C, I> 
79S2;SєBPAS B0 >B@8<0B8 7=0G=89 5:>=><VG=89 5D5:B =0 28@>1=8FB2V. 

�0240==S< =03@V20;P=8E :>;>4S7V2 є >B@8<0==S 4>2545=8E 4> B5<-
?5@0BC@8 ?@>:0B:8 B0 @V2=><V@=> ?@>3@VB8E ?> ?5@5@V7C 7;8B:V2 [1,2]. 
$>7@>1;5=89 @568< A?@S<>20=89 =0 7=865==S =04E>465==S <5B0;C 2 
7>=V 28A>:8E B5<?5@0BC@ 28I5 70 1300 >% (B><;5==S ?@>2>48BPAS BV;P-
:8 >48= @07), I> 4>72>;Sє 7=878B8 WE ?5@53@V2 C ?@>F5AV =03@V20==S V, S: 
=0A;V4>:, 7<5=H8B8 >?;02;5=VABP 7;8B:V2 B0 ?V428I5=5 >:0;8=>CB2>-
@5==S. 

&01;8FS 1 – #>@V2=S;P=V 40=V @>7@0EC=:C 7 40=8<8, I>  
>B@8<CRBPAS 70 :;0A8G=>R <5B>48:>R 

$>73;S=CB0 25;8G8=0 �>A;V4=89     
@568< 

�;0A8G=0    
<5B>48:0 2V4E8;5==S 

%5@54=S B5<?5@0BC@0 ?>25@E=V 
7;8B:C, >% 

1340 1320 +20 

&@820;VABP =03@V20==S, G0A 2 3>48-
=0E 3,33 2 +1,33 

&@820;VABP B><;5==S, G0A 2 3>48=0E 1,23 2,57 –1,34 

�>5DVFVє=B >:0;8=>CB2>@5==S, 
<</3>40,5 

2,646 2,445 +0,201 

�204@0B B>2I8=8 >:0;8=8, <<2 12,593 19,541 –6,948 

�8B@0B0 <5B0;C V7 H;0:><, :3/<2 11,214 13,969 –2,755 

 0A0 H;0:C, :3 112 139,52 –27,52 

�8B@0B0 H;0:C, :3/B 7,12 8,87 –1,75 

 
�3V4=> 7 =>28< @568<>< =03@V20==S, 7;8B:8, ?VA;S ?>A04:8 2 =0-

3@V20;P=V :>;>4S7V, =03@V20RBPAS 4> B5<?5@0BC@8 1200 >% (70<VABP 1320–
1340 >% 70 :;0A8G=>R AE5<>R =03@V20==S <5B0;C [3]). #>BV< =03@V20==S 
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?@8?8=SєBPAS B0 74V9A=RєBPAS ?V4B@8<:0 B5<?5@0BC@8 =0 7040=><C 
@V2=V 4> ?>G0B:C =03@V20==S 70 <V=V<0;P=> <>6;8289 G0A. 

$>7@0E>20=> 2?;82 =>2>3> @568<C =03@V20==S =0 ?8B><C 28B@0BC 
720@R20;P=>3> H;0:C. 

$>7@0EC=>: 28B@0B8 H;0:C ?@8 =03@V20==V 7;8B:V2 7 28B@8<:>R ?V-
A;S ?>A048 ?@8 B5<?5@0BC@V 1200 >% V >4=8< 7 =03@V20==S< C =03@V20;P-
=8E :>;>4S7SE 28:>=0=89 2V4?>2V4=> 4> <5B>48:8 [4]. $57C;PB0B8 725-
45=V 4> B01;8FV 1. 

&0:8< G8=><, ?@8 2?@>20465==V =>2>3> @568<C 7 28B@8<:>R ?@8 
B5<?5@0BC@V 1200 >% ?VA;S ?>A04:8 7;8B:V2 C =03@V20;P=89 :>;>4S7P V 7 
>4=8< =03@V20==S< 2V41C20єBPAS >GV:C20=5 7=865==S 28B@0B8 H;0:C, 
I> A:;045 – 1,75 :3/B. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �C1V=AP:89 �.�.  5B0;C@3V9=V ?5GV: !02G. #>AV1=8: [&5:AB] / �.�.  
�C1V=AP:89. �=V?@>: ! 5B�', 2006. – 85 A. 

2. �@515;P=89, �. . #V428I5==S 5D5:B82=>ABV @>1>B8 =03@V20;P-
=8E :>;>4S7V2 ?@>:0B=8E F5EV2 [&5:AB] / �. .  �@515;P=89, �. . #;>-
B8==89. �8W2: &5E=V:0, 2007. – 192A. 

3. �:A5;P@C4, �.�. %CG0A=V =03@V20;P=V :>;>4S7V. %B0;P №3 [&5:AB] 
/ �.�. �:A5;P@C4.  5B0;C@3, 2000. – 231A. 

4. �070=F52 �. �. #@><OH;5==O5 ?5G8. %?@02>G=>5 @C:>2>4AB2> 
4;S @0AG5B>2 8 ?@>5:B8@>20=8S. 2-5 8740=85, 4>?>;=5==>5 8 ?5@5@01>-
B0==>5 [&5:AB] / �. �. �070=F52  . « 5B0;;C@38S», 1975. – 368 A. 

 
 

'�� 662.614.2:661.975:669.18 
#5B@8: ".�.1, "AB0?5=:> ".�. 2, #5B@>2  .�. 2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-251A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#5B@8: ".�., "AB0?5=:> ".�., #5B@>2  .І. 
$"�$"��� �!�$�"�(��&��!�) $��� �� $"���$��' 

��%"�"&� #�$�&'$!�) ��$���&�� (#"���" ��!!/ 1) 

&5?;>B5E=>;>3VG=0 CAB0=>2:0 (?VG-03@530B), S2;Sє A>1>R AC:C?-
=VABP @>1>G>3> ?@>AB>@C, C <560E S:>3> 74V9A=RєBPAS 28A>:>B5<?5@0-
BC@=89 ?@>F5A, V CAB0B:C20==S, I> 70157?5GCє 9>3> @50;V70FVR.  

�5@E=S G0AB8=0 >3>@>465==S @50:B>@0 (@>1>G>3> ?@>AB>@C) =07820-
єBPAS A:;5?V==S<. %:;5?V==S – F5 5;5<5=B, I> 287=0G0є ABV9:VABP 03@530BC 
7030;>< V 2?;820є =0 B5E=V:>-5:>=><VG=V ?>:07=8:8 28@>1=8FB20.  
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!0 ?5G0E 7 V=B5=A82=8< ?@>4C20==S< 20==8 :8A=5< ABV9:VABP 
A:;5?V==S AB0=>28BP 1;87P:> 300 ?;02>:. ' ?@>F5AV ?;02:8 =0 A:;5?V==S 
?5GV 2?;820RBP B0:V D0:B>@8: 

– =5@V2=><V@=VABP =03@V2C 2=CB@VH=P>W ?>25@E=V A:;5?V==S ?> 
4>268=V B0 H8@8=V 2=0A;V4>: =5@V2=><V@=>ABV B5<?5@0BC@=>3> 
?>;S D0:5;0 ?@8 @>7V3@V20==V 03@530BC; 

– :>;820==S B5<?5@0BC@8 E>4C 70;56=> 2V4 B5E=>;>3VG=8E ?5@V-
>4V2; 

– 7<V=0 EV<VG=>3> B0 D07>2>3> A:;04V2 2>3=5B@82:>3> <0B5@V0;C 
A:;5?V==S 2 @57C;PB0BV 2?;82C 1@87>: H;0:C B0 <5B0;C, ?;028-
;P=>3> ?8;C B0 307>2>W 0B<>AD5@8 @>1>G>3> ?@>AB>@C ?5GV. 

�=B5=A8DV:0FVS B5?;>2>3> B0 B5E=>;>3VG=>3> @568<V2 A?@8Sє ?>A8-
;5==R B0 ?@8A:>@5==R 4VW 28I52:070=8E ?@>F5AV2. 

&><C ?8B0==R S:VA=>3> @>7V3@V20==S A:;5?V==S 03@530BC B@510 
?@84V;SB8 >A>1;82C C203C. 

$>73;S=5<> AE5<C ?>B>:V2 B5?;>B8 C 28A>:>B5<?5@0BC@=><C 03@5-
30BV ?@8 @>7V3@V2V 28A>:>B5<?5@0BC@=>3> 03@530B0 ($8A.1). 

&5?;>289 10;0=A 1C45 <0B8 283;S4: 

 МCD8х = М68FD4F (1) 

#@8EV4 B5?;>B8 @>7@0E>2CєBPAS ?> =0ABC?=V9 D>@<C;V: 

 МCD8х = М%і@.F + М$і7.F + М$і7.CB6 ,  (2) 

45 М%і@.F – EV<VG=0 B5?;>B0 ?0;820, ��6; М$і7.F. – DV78G=0 B5?;>B0 ?0;820, ��6; М$і7.CB6 –  DV78G=0 B5?;>B0 ?>2VB@S, S:5 =04V9H;> =0 3>@V==S, ��6. 

 

$8AC=>: 1 – #>B>:8 B5?;>B8 C 28A>:>B5<?5@0BC@=><C 03@530BV ?@8 @>7V3@V2V:  
1 – @>1>G89 ?@>ABV@ ?5GV; 2 – ?0;P=8:; 3 – A:;5?V==S; 4 – 48<>289 :0=0;;  

5 – 48<>20 B@C10; 6 – 25=B8;SB>@; 7 – 48<>289 H815@ 
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�8B@0B8 B5?;>B8 @>7@0E>2CRBPAS ?> =0ABC?=V9 D>@<C;V: 

 М68FD4F = МA47Dі6 + М6і8х + МBхB?.> + МBхB?.ш + МB> 

 +М68CDB@ + М685.7. + МCі8E@,  (3) 

45 МA47Dі6 – 28B@0B8 B5?;>B8 =0 =03@V2 A:;5?V==S, ��6; М6і8х– 28B@0B8 B5?;>B8 7 48<>28<8 3070<8, I> 2V4E>4SBP 7 ?5GV, ��6; МBхB?.>– 28B@0B8 B5?;>B8 =0 >E>;>465==S :@8H>: 7020;>G=8E 2V:>=, 
��6; МBхB?.ш– 28B@0B8 B5?;>B8 =0 >E>;>465==S H815@V2, ��6; МB>– 28B@0B8 B5?;>B8 G5@57 >3>@>46C20;P=V :>=AB@C:FVW, ��6; М68CDB@– 28B@0B8 B5?;>B8 28?@><V=R20==S< G5@57 2V4G8=5=V 2V:=0 9 
3;S4V;:8, ��6; М685.7.– 28B@0B8 B5?;>B8 7 3070<8, I> 281820RBPAS, ��6; МCі8E@– 28B@0B8 B5?;>B8 2V4 E>;>4=>3> ?>2VB@S, I> ?V4A<>:BCєBPAS 2 
?VG, ��6. 
 

$>7@0EC202H8 B5?;>289 10;0=A (&01;. 1) =03@V2C A:;5?V==S 2V4?>2V4-
=> 4> :;0A8G=>3> 3@0DV:C @07V3@V2C [1] V <5B>48:8 [2] 2V47=0G8<> ?@8ACB-
=VABP ?@>DVF8BC B5?;>B8. !0 ?V4AB02V >B@8<0=8E @57C;PB0BV2 V =0S2=>ABV 
=04;8H:C B5?;>B8 2 ?@81CB:>2V9 G0AB8=V @>7@0EC=:>28< H;SE>< 28:>=0є-
<> ?V41V@ B@820;>ABV 9 28B@0B ?0;820 4;S =>2>3> 3@0DV:C (=>2>3> B5?;>2>3> 
@568<C). $57C;PB0B8 @>7@0EC=:V2 72545=> 2 B01;. 1. 

%;V4 707=0G8B8, I> C ?VG=V9 A8AB5<V, 28B@0B8 B5?;>B8 7 48<>28<8 
3070<8, I> 2V4E>4SBP 7 ?5GV, A:;040RBPAS 7 DV78G=>W B5?;>B8 30@SG8E 
307V2, I> 2V4E>4SBP, B0 WE >19є<C [2]. #@8 FP><C =0 =8E <0є VAB>B=89 
2?;82 H284:VABP 307V2, I> 2V4E>4SBP. 

->1 <0B8 7<>3C 7=878B8 28B@0B8 ?0;820 ?@8 @>7V3@V20==V 28A>:>-
B5<?5@0BC@=>3> 03@530BC, B@510 7=878B8 2B@0B8 B5?;>B8 7 48<>28<8 
3070<8, I> 2V4E>4SBP. "4=8< V7 H;SEV2 є 7<5=H5==S H284:>ABV ?@>4C:-
BV2 73>@S==S H;SE>< 7<5=H5==S @>7@V465==S (=0 20-25%) 2 48<>2><C 
B@0:BV (307V2, I> 94CBP =0 48<>2C B@C1C), 70 4>?><>3>R :5@C20==S A8A-
B5<>R 48<>28E H815@V2.  

"FV=:0 =04;8H:C B5?;>B8 ?@>2>48BPAS ?> =0ABC?=V9 D>@<C;V: 

       &H = М68FD 2 (М68FD 2 МCD8х) ∗ 100%/МCD8х  (4) 

�0@B> 2V47=0G8B8, I> ?@8 &!>0 – є ?@8ACB=V9 =04;8H>: ?@81CB-
:>2>W G0AB8=8 B5?;>B8, B>1B> 2 03@530B 2=>A8BPAS 1V;PH5 B5?;>B8, =V6 
A?>6820єBPAS, I> C A2>R G5@3C 945 =0 71V;PH5==S 2B@0B; ?@8 &! < 0 - 2 
03@530B 2=>A8BPAS <5=H5 B5?;>B8, =V6 =5>1EV4=> 4;S 70157?5G5==S =>-
@<0;P=>W B5?;>2>W @>1>B8 03@530BC (03@530B ?@0FRє 7 =54>;V:>< B5?;>-
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B8), I> C A2>R G5@3C ?@872>48BP 4> =5S:VA=>3> ?@>3@V20==S A:;5?V==S. 
!091V;PH @0FV>=0;P=> 25AB8 B5?;>289 10;0=A ?;02:8 7 =04;8H:>< 
B5?;>B8 2 4V0?07>=V  4> 1 % [3]. 

&01;8FS 1 – $>7@0EC=:8 B5?;>2>3> 10;0=AC 

№ 
?
/
? 

#@8EV4 
B5?;>-
B8 

�;0A8G-
=89 
3@0DV: 
=03@V-
20==S 32 
3>4 

�0?@>-
?>=>20-
=89 
3@0DV: 
=03@V-
20==S 28 
3>4 

№ 
?
/
? 

�8B@0B0 B5?;0 
�;0A8G=89 
3@0DV: =03@V-
20==S 32 3>4 

�0?@>?>=>-
20=89 
3@0DV: 

=03@V20==S 
28 3>4 

��
6 

% 
��
6 

%   ��6 % 
��
6 

% 

1 

)V<VG-
=0 
B5?;>B0 
?0;820 

20
14,
9 

93,
7 

17
80 

93,
8 

1 
!0 =03@V2 
A:;5?V==S 

559,
3 

27,5
6 

559
,3 

29,4 

2 

(V78G-
=0 
B5?;>B0 
?0;820 

2,0 0,1 2,0 0,1 2 
� 3070<8, I> 
2V4E>4SBP 1079 

53,1
5 

866
,0 

45,6 

3 

(V78G-
=0 
B5?;>B0 
?>2VB-
@S, I> 
=04V9-
H;> =0 
3>@V==S 

13
2,7 

6,2 
11
6 

6,1 

3 

!0 >E>;>-
465==S :@8-
H>: 7020;>G-
=8E 2V:>= 

67,0 3,30 
58,
7 

3,09 

4 
!0 >E>;>-
465==S H815-
@V2 

24,1 1,19 
21,
1 

1,11 

5 
+5@57 >3>@>-
46C20;P=V 
:>=AB@C:FVW 

211,
3 

10,4
1 

189
,4 

9,98 

      6 

�8?@><V=R-
20==S< G5@57 
2V4:@8BV 2V:=0 
B0 3;S4V;:8 

7,1 0,35 6,9 0,36 

      7 
� 3070<8, I> 
281820RBPAS 60,4 2,98 

178
,0 

9,38 

      8 

2V4 E>;>4=>3> 
?>2VB@S, I> 
?V4A<>:BCєBPAS 
2 ?VG 

21,3 1,05 
18,
6 

0,98 

 

�030;P-
=89 
?@8EV4 
B5?;>-
B8 

21
49,
5 

10
0 

18
98 

10
0 

 
%C<0@=V B5?-
;>2V 28B@0B8 

2029
,4 

100 
189
8,0 

100 

=529S7:0 10;0=AC :;0A8G=89 3@0DV: 5,59% 

 0,0% 
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�8:>=0=89 ?>@V2=S;P=89 0=0;V7 @>7V3@V20==S 4>A;V4=>3> B0 107>-
2>3> 20@V0=BV2 @568<V2 @>7V3@V20==S. � 0=0;V7C 2AB0=>2;5=5 =0ABC?=5:  

• B@820;VABP @>7V3@V20==S 7=865=> =0 4 3>48=8 01> =0 12,5 % (7 
32 4> 28 3>48=8); 

• 28B@0B0 ?0;820 7=865=0 =0 234,9 ��6 01> 10,7 % (7 2014,9 4> 
1780,0 ��6);  

• 28B@0B0 B5?;>B8 7 3070<8, I> 2V4E>4SBP, 7=865=> =0 212,7 ��6 
01> 19,7 % (7 1079,0 4> 866,0 ��6).  

#@8 FP><C =529S7:C ?> 10;0=AC 7=865=> =0 5,59 % (7 5,59 4> 0 %). 
�0=V &01;8FV 1 A2V4G0BP ?@> VAB>B=5 ?>;V?H5==S ?>:07=8:V2 =03@V-

20==S 03@530BC, :>@8A=> 28:>@8AB>2C20=5 B5?;> 03@530BC 7@>AB0є, 0 
28B@0B8 ?0;820 7=86CRBPAS. 

"B@8<0=V @57C;PB0B8 4>72>;SRBP 2?@8BC; ?V4V9B8 4> ?8B0==S ?>-
1C4>28 =>2>3> @0FV>=0;P=>3> 3@0DV:0 @>7V3@V20==S A:;5?V==S 28A>:>B5-
<?5@0BC@=>3> 03@530BC. -> 4>72>;8BP 7=878B8 28B@0B8 ?0;820 =0 =03@V-
20==S, 0 B0:>6 ?V428I8B8 ?@>4C:B82=VABP 03@530BC 70 @0EC=>: A:>@VH>-
3> 28E>4C =0 @>1>G89 @568<. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1.%CHV==S B0 @>7V3@V2 ?5G59 
https://studfile.net/preview/9329465/page:3/ 

2.�C1V=AP:89 �.�.  5B0;C@3V9=V ?5GV: !02G. ?>AV1=8:. / �.�. �C18=-
A:89. �=V?@>: ! 5B�', 2006. –  85 A. 

3.%CI5=:> �. �. #>@V2=S;P=89 0=0;V7 <5B>48: @>7@0EC=:C <0B5@V0-
;P=>3> B0 B5?;>2>3> 10;0=AV2 :8A=52>-:>=25@B5@=>W ?;02:8 [&5:AB] / �. �. 
%CI5=:>// �VA=8: #@807>2AP:>3> 45@602=>3> B5E=VG=>3> C=V25@A8B5BC: 
71. =0C:>28E ?@0FP / #�&'. –   0@VC?>;P, 2013. –  �8?. 27. –  %. 17– 29. 

4. $52C=  .#.  0B5<0B8G5A:>5 <>45;8@>20=85 =03@520 <5B0;;0 2 
?5G8 (A>>1I5=85 2) [&5:AB] /  .#. $52C=, �.�. +5?@0A>2 //  5B0;C@3VS: 
=0C:>2V ?@0FV ����.- �0?>@V66S: ����, –  2011. – № 23. –  %. 163– 171. 

5. &O<G0: �. . $0AG5BO =03@520B5;P=OE 8 B5@<8G5A:8E ?5G59: 
A?@02>G=8: [&5:AB] /  �. . &O<G0:, �.�. �CA>2A:89. –  .:  5B0;;C@38S, 
1983. – 481 A. 

6. �C18=A:89 �.�. !03@520B5;P=O5 ?5G8 <5B0;;C@388 – A53>4=S 8 
702B@0 [&5:AB] / �.�. �C18=A:89 // &5>@8S 8 ?@0:B8:0 <5B0;;C@388, –
2004. – № 6. – %. 56-60. 
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'�� 662.614.2:661.975:669.18 
#5B@8: ".�.1, #07R: ..". 2 

1 :0=4. B5E=. =0C:,  4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-250A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#5B@8: ".�., #07N: ..". 
$"�$"��� �!�$�"�(��&��!�) $��� �� $"���$��' 

��%"�"&� #�$�&'$!�) ��$���&�� (#"���" ��!!/ 2) 

�3V4=> [1] @>7V3@V20==S AB0;5?;028;P=8E ?5G59 ?VA;S ?>2=>W 70<V=8 
A:;5?V==S 74V9A=RєBPAS 70 32 3>48==8<8 3@0DV:0<8. ,284:VABP @>7V3@V-
20==S ?@8 ?>ABV9=V9 ?>40GV ?0;820 A:;040є 55–75 °%/3>4. #V4V9<0==S 
B5<?5@0BC@8 A:;5?V==S 74V9A=RєBPAS 157?5@5@2=> B0 157 B5<?5@0BC@=8E 
28B@8<>:, I> =5 2@0E>2Cє 28=8:0RGV 2 ?@>F5AV @>7V3@V20==S 2=CB@VH=V 
<5E0=VG=V =0?@C65==S 2>3=5B@82:8E <0B5@V0;V2 ,I> 28=8:0RBP 2=0A;V-
4>: ?V428I5=>3> ;V=V9=>3> @>7H8@5==S ?@S<>729S70=8E ?5@8:;07>E-
@><B>28E 2>3=5B@82:8E 28@>1V2, ?>29S70=8E 7 WE ?5@5:@8AB0;V70FVєR 2 
V=B5@20;0E 300–350 °% V 800–850 °%, I> <>65 ?@8725AB8 4> CB2>@5==S 
B@VI8= V, S: =0A;V4>:, A:>;C A:;5?V=P 2 ?@>F5AV ?>40;PH>W 5:A?;C0B0FVW, 
7=865==S ABV9:>ABV 3>;>2=>3> A:;5?V==S. 

!0 >A=>2V @>7@0EC=:V2, 2 >A=>2V S:8E ;560BP @V2=S==S B5?;>2>3> 
10;0=AC 28A>:>B5<?5@0BC@=>3> 03@530BC [2] 28:>=0=8E C [?>2V4><;5==V 
1], 0 B0:>6 @5:><5=40FVW [3,4] I>4> @>7V3@V2C 2>3=5B@82:8E 28@>1V2, 
@>7@>1;5=> =>289 @0FV>=0;P=89 @568< @>7V3@V20==S. �@0DV:8 @>7V3@V-
20==S A:;5?V==S 28A>:>B5<?5@0BC@=>3> 03@530BC 70 :;0A8G=>R B5E=>;>-
3VєR [1] B0 70?@>?>=>20=89 ?@82545=> =0 @8A. 1. 

�3V4=> 70?@>?>=>20=>3> B5<?5@0BC@=>3> @568<C H284:VABP @>7V3-
@V20==S ?@8 48D5@5=FV0;P=V9 ?>40GV ?0;820 A:;040є: 7 1 ?> 6 3>48=C – 
43 °%/3>4, 28B@8<:0 ?@8 B5<?5@0BC@V 300°% (B@820;VABR 3 3>48=8), 7 9 
?> 17 3>48=C – 62 °%/3>4, 28B@8<:0 ?@8 B5<?5@0BC@V 800°% (B@820;VABR 
3 3>48=8), 7 20 4> 28 3>48=8 –100 °%/3>4.  

�0 @>7@0EC=:0<8 (?>2V4><;5==S 1), :V;P:VABP B5?;>B8, I> =5>1EV4-
=> ?V425AB8 4> A:;5?V==S, I>1 9>3> =03@VB8 A:;040є: 

70 :;0A8G=>R B5E=>;>3VєR – 13 ��6/<2,  
70 =>2>R B5E=>;>3VєR – 11,6 ��6/<2 (7=865==S =0 1,4 ��6/<2 01> 

10,7%). 
!>289 B5?;>289 @568< @>7V3@V2C A:;5?V==S ?5GV 4>72>;8BP 70157-

?5G8B8 @V2=><V@=89 B5<?5@0BC@=89 3@04Vє=B ?> 2AV9 ?>25@E=V A:;5?V=-
=S, 0 B0:>6 ?@>AB>@C ?5GV: 7 28B@8<:>R =0 300°% V 800°% 2 7>=0E ?V4-
28I5=>3> ;V=V9=>3> @>7H8@5==S ?@S<>729S70=8E ?5@8:;07>E@><VB>28E 
28@>1V2. #@8 FP><C 7=865==S ?0;820 A:;040є 10,7%.   
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$8AC=>: 1 – �@0DV: @>7V3@V20==S A:;5?V==S 28A>:>B5<?5@0BC@=>3>  
03@530BC 70 :;0A8G=>R B5E=>;>3VєR (1) B0 70?@>?>=>20=89 (2). 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1.%CHV==S B0 @>7V3@V2 ?5G59 
https://studfile.net/preview/9329465/page:3/ 

�C1V=AP:89 �.�.  5B0;C@3V9=V ?5GV: !02G. ?>AV1=8:. [&5:AB] / �.�. 
�C1V=AP:89. �=V?@>: ! 5B�', 2006. – 85 A. 

2.#0B. ':@08=0, № 20930. %?>A>1 C?@02;5=8S B5?;>2O< @568<>< 
AB0;5?;028;P=>9 ?5G8 [&5:AB] / �. !. $O65=:>2, �. #. �@8:C=>2, .. �. 
#5B@>2 8 4@. – "?C1;. 15.02.2007. �R;. № 2. 

3. &5@5I5=:>  .". �>3=5B@82:8E <0B5@V0;V2 ?@><8A;>2VABP /  .". 
&5@5I5=:>, �. . �>@AP:89 // �=F8:;>?54VS %CG0A=>W ':@0W=8 [�;5:B-
@>==89 @5AC@A] / $54:>;.: �.  . �7R10, �. �. �C:>2AP:89,  . �. �5;57-
=S: [B0 V=.]; !�! ':@0W=8, !&,. – �.: �=AB8BCB 5=F8:;>?548G=8E 4>A-
;V465=P !�! ':@0W=8, 2005. – $568< 4>ABC?C: https://esu.com.ua/article-
35277 
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'�� 621.3.01:519.876.5 
�0@G5=:> ".%.1, �40=>2 ..�.1, &8E>2>4 %. .2 

1 ABC4. 3@ �-222< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2  4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�0@G5=:> ".%., �40=>2 ..�., &8E>2>4 %. . 
 �&"� $"�$�)'!�' #�$�)��!�) #$"*�%�� � 
����&$�+!�) ��� !� "%!"�� ���"$�%&�!!/ 

#"��!" �� ����!�$� 

#@8 :><CB0FVSE 5;5:B@>B5E=VG=8E A8AB5<0E 28=8:0RBP ?5@5EV4=V 
5;5:B@><03=VB=V ?@>F5A8. *5 ?@872>48BP 4> =5157?5G=8E :84:V2 AB@C<C B0 
?5@5=0?@C3. 

' @>1>BV [1], 28:>@8AB0=> 0?@>:A8<0FVR @VH5==S 4;S DC=:FVW AB@C<C 
2 5;5:B@8G=><C :>;V @S40<8 ?> ?>;V=><0E +518H>20. � @57C;PB0BV >B@8<0-
=> <5B>4, I> 4>72>;Sє 7=0G=> ?V428I8B8 H284:VABP <>45;R20==S.  5B>4 
@>7:;040==S DC=:FV9 C @S48 ?> >@B>3>=0;P=8E ?>;V=>< =07820єBPAS A?5:B-
@0;P=8< <5B>4><. *5 є 0=0;>3VєR @>7:;040==S DC=:FV9 C @S4 (C@9є ?> 
B@83>=><5B@8G=8< DC=:FVS<, 45 AC:C?=VABP :>5DVFVє=BV2 @>7:;040==S є 
G0AB>B=8< A?5:B@><. Є 0:BC0;P=8< ?@>25AB8 4>A;V465==S 70AB>AC20==S 
V=H8E >@B>3>=0;P=8E ?>;V=><V2 4;S @>7@0EC=:C ?5@5EV4=8E ?@>F5AV2. �;S 
4>A;V465=P >1@0=> ?>?C;S@=V ?>;V=><8 �560=4@0. 

$>73;S=5<> 5;5:B@8G=5 :>;>, I> <VAB8BP ?>A;V4>2=> @578AB82=89 R, 
V=4C:B82=89 L V є<=VA=89 C 5;5<5=B8. �> :><CB0FVW :>=45=A0B>@ 22060є<> 
70@S465=8< 4> 7=0G5==S =0?@C38 uc(t0). /:I> <><5=B t=t0 ?V4:;RG8B8 
465@5;> 7<V==>W �$% e(t), B> C :>;V 2V41C20єBPAS ?5@5EV4=89 ?@>F5A. *59 
?@>F5A >?8ACєBPAS ;V=V9=8< V=B53@>-48D5@5=FV0;P=8< @V2=S==S< V7 ?>A-
BV9=8<8 :>5DVFVє=B0<8: 

  

)()0()(
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0

teudtti
C

Ri
dt

di
L C

t

=+++ 
 (1) 

#>AB028<> C<>2C, I>1 @V2=S==S (1), I> A:;045=5 70 70:>=>< =0-
?@C3 �V@E3>D0, 4>B@8<C20;>AS B>G=> 7040=><C @S4V N 2C7;>28E G0A>28E 
B>G>: t0, t1, ... tN-1 4;S DC=:FVW i (t). 

(C=:FVR 7<V=8 i(t), @>7:;045<> 2 @S4 70 ?>;V=><0<8 �560=4@0: 

  (2) 

45 0@3C<5=B t[a, b]. 
 

#>;V=><8 �560=4@0 <0RBP >1;0ABP 287=0G5==S 0@3C<5=BC. � FP><C 
28?04:C 4;S 7@CG=>ABV 0@3C<5=B t 70<V=8<> 157@>7<V@=8< 0@3C<5=B>< 

)()()()()( 111100 tPctPctPctpti NN −−++= 
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 ;  . 

&>4V @>7:;040==S 2 @S4 (2) =01C20є 283;S4C: 

   (3) 

$S48 ?> >@B>3>=0;P=8E ?>;V=><0E <>6=0 48D5@5=FVR20B8, 0 B0-
:>6 V=B53@C20B8: 

 , (4) 

             (5) 

(>@<C20==S <0B@8G=8E @V2=S=P. 
�84V;8<> =0 V=B5@20;V G0AC [a, b] @S4 B>G>: tm (m = 0, 1, 2, & N-1), 

I> 2V4?>2V40є B>G:0< xm 7<V==>W x =0 =>@<>20=><C V=B5@20;V. /:I> 
C<>2C (2) 70?8A0B8 4;S :>6=>W B>G:8, B> >B@8<0є<> A8AB5<C ;V=V9=8E 
@V2=S=P 0;351@8, S:0 2 <0B@8G=V9 D>@<V <0є 283;S4: 

 V% = I – I 0 ,   (6) 

45 C = [c1 c2& cN-1]T – 25:B>@ 7=0G5=P :>5DVFVє=BV2 ?>;V=><0 (3) 157 :>5-
DVFVє=B0 c0; 
I = [i(x1) i(x2)& i(xN-1)]T – 25:B>@ 7=0G5=P AB@C<C 2 B>G:0E 1, 2, & N-1. 
 

/:I> @V2=S==S (4) 4;S ?>EV4=8E 70?8A0B8 4;S :>6=>W 2C7;>2>W B>-
G:8 x1, x2, ... xN-1, B> >B@8<0є<> A8AB5<C ;V=V9=8E @V2=S=P, S:0 2 <0B@8G-
=V9 D>@<V <0є 283;S4: 

 I’ = D· C,      (7) 

�=B53@0;8 2V4 ?>;V=><V2 28@060RBPAS D>@<C;0<8 (5). �=B53@0; 7 
25@E=P>R <565R xm <0є 283;S4: 

 (8) 

�;S 2C7;>28E B>G>: 7V 7=0G5==S< =02545=>3> 0@3C<5=BC xm (m=1& 
N-1) 2V4?>2V40RBP 7=0G5==S DC=:FVW (8) S: @S4:0 <0B@8FV J:  

   (9) 

#>;і=><8 �560=4@0 >1G8A;NNBPAO 70 @5:C@5=B=8<8 D>@<C;0<8: 
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 ;  .(10) 

�8:>@8AB>2Cє<> 25:B>@ ?>;V=>< �560=4@0, S: DC=:FVR 2V4 x. &>4V 
@>7:;040==S DC=:FVW AB@C<C 2 @S4 (2) =01C20є 283;S4C: 

 . (11) 

�0?8A @V2=S==S AB0=C 5;5:B@8G=>3> :>;0 G5@57 ?>;V=><8. 
!0?8H5<> @V2=S==S (1) 4;S 2C7;>28E B>G>: 70 7<V=8 =><5@0 m= 1, 2,&, 
N-1. "B@8<0є<> A8AB5<C @V2=S=P, S:0 C <0B@8G=V9 D>@<V <0є 283;S4: 

 , (12) 

45 �=1/%, e – 25:B>@ 7=0G5=P �$% 465@5;0 C B>G:0E 1, 2, &, N-1 G0A>2>-
3> A53<5=B0; I, I’ , J – 25:B>@8 AB@C<C (6), ?>EV4=>W AB@C<C (11) B0 V=B53-
@0;0 AB@C<C (13) C 2C7;>28E B>G:0E, 
uC0 – 7=0G5==S =0?@C38 =0 :>=45=A0B>@V =0 <><5=B t0. 

/:I> ?V4AB028B8 C 28@07 (12) 25:B>@8 I (9), I9 (7), J (9), B> >B@8<0-
є<> 28@07 4@C3>3> 70:>=C �V@E3>D0 4;S 7>1@065==S C: 

 .  (13) 

� @57C;PB0BV @VH5==S (13) 287=0G0єBPAS 25:B>@ :>5DVFVє=BV2 C ?>;V-
=><V0;P=>W 0?@>:A8<0FVW AB@C<C. &>4V ?@8 2V4><><C ?>G0B:>2><C 7=0G5==V 
AB@C<C i0 B0 ?>G0B:>2><C 7=0G5==V =0?@C38 =0 :>=45=A0B>@V <>6=0 287=0G8-
B8 7=0G5==S AB@C<C C 2AVE 4>2V;P=8E B>G:0E G0A>2>3> A53<5=B0 73V4=> (2). 

�8A=>2:8 

1. �5:B>@8 ?>;V=><V0;P=8E :>5DVFVє=BV2 704>2>;P=SRBP 70:>=0< AB@C-
<V2 B0 =0?@C3 �V@E3>D0 4;S AE5<8 70<VI5==S B0 є @VH5==S<8 A8AB5<8 0;351-
@0WG=8E @V2=S=P. 

2. �;S <>45;P=>W 7040GV 2V47=0G5=> =09:@0IC H284:>4VR @>7@0EC=:C 
?>@V2=S=> 7 2V4><8<8 G8A;>28<8 <5B>40<8. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1.Tykhovod,  S. Calculation of Transients in Electrical Circuits at the 
Use of Solution Approximation by Tchebyshev9s Polynomials [Text] // S. 
Tykhovod, D. Patalakh / 2019 IEEE 20th International Conference on 
Computational Problems of Electrical Engineering (CPEE). Date Added to 
IEEE Xplore: 06 January 2020  ISBN Information: INSPEC Accession 
Number: 19247158 Retrieved from: 
https://ieeexplore.ieee.org/document/8949129 
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'�� 621.313.3 
�0BRI52 $.�.1, &5@5I5=:> �.�.1, %>;>4>2=V:>20 &.#.2 

1 ABC4. 3@. �-212 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�0BNI52 $.�., &5@5I5=:> �.�., %>;>4>2=і:>20 &.#. 
 "���.��!!/ &� #�$�&'$!"�" #"�/ 

�%�!)$"!!"�" ����'!� 

%B0;89 @>728B>: ?@><8A;>2>ABV 28<030є 28@VH5==S ?8B0=P ?V4-
28I5==S 5=5@3>5D5:B82=>ABV B0 =04V9=>ABV B5E=>;>3VG=8E ?@>F5AV2 B0 
:><?;5:AV2, 7>:@5<0 B8E, 2 A:;04V S:8E є 5;5:B@>?@82>48 7<V==>3> 
AB@C<C. ,8@>:>3> @>7?>2AR465==S >B@8<0;8 5;5:B@>?@82>48 7 0A8=E-
@>==8<8 4283C=0<8, 5D5:B82=VABP V =04V9=VABP @>1>B8 S:8E 287=0G0єBP-
AS ?0@0<5B@0<8 V E0@0:B5@8AB8:0<8 ��. !0 ?0@0<5B@8 V E0@0:B5@8AB8:8 
�� <0RBP 7=0G=89 2?;82 >A>1;82>ABV :>=AB@C:FVW B0 @568<8 @>1>B8, 
I> >1C<>2;RRBP WE B5<?5@0BC@=89 AB0=, 5D5:B82=VABP B0 =04V9=VABP 
@>1>B8. &><C ?@8 28@VH5==V ?8B0=P 5D5:B82=>ABV B0 =04V9=>ABV @>1>B8 
�� >A>1;82C C203C =5>1EV4=> ?@84V;SB8 4>A;V465==R B0 0=0;V7C B5?;>-
28E ?@>F5AV2, I> ?@>BV:0RBP ?@8 @V7=8E @568<0E @>1>B8 B0 287=0G5==R 
D0:B>@V2, I> =0 =8E 2?;820RBP. 

&5?;>289 @>7@0EC=>: ?@>2>4SBP 4;S 287=0G5==S @>7?>4V;V2 B5<-
?5@0BC@ A 5;5<5=B0E B0 2=CB@VH=P><C ?@>AB>@V 0A8=E@>==8E 4283C=V2 
?@8 @V7=8E @568<0E @>1>B8. �;S ?@>2545==S B0:8E @>7@0EC=:V2 70728-
G09 28:>@8AB>2CRBPAS B5?;>2V AE5<8 70<VI5==S, ?0@0<5B@8 S:8E 28-
7=0G0RBPAS =0 >A=>2V 0=0;VB8G=8E 28@07V2. �;S ?V428I5==S B>G=>ABV 
B0:>3> ?V4E>4C 4>A;V4=8:8 =0<030RBPAS 71V;PHC20B8 :V;P:VABP G8A;0 
2C7;V2 B5?;>28E AE5< 70<VI5==S, 0;5 F5 2 A2>R G5@3C ?@872>48BP 4> 
71V;PH5==S :V;P:>ABV 48D5@5=FV9=8E @V2=S=P C A8AB5<V B0 CA:;04=5==S 
WW @>729S7:C. � >:@5<8E ?@0:B8G=8E 28?04:0E <>6=0 >1<568B8AP 45:V-
;P:><0 2C7;0<8. !5 72060RG8 =0 F5, FV ?V4E>48 =5 >B@8<0;8 ?>40;PH>-
3> @>728B:C C ACG0A=V ?@0:B8FV, >A:V;P:8 =5 240;>AP ?>1>@>B8 A:;04=>-
IV, ?>29S70=V V7 :>@5:B=VABR 287=0G5==S B5?;>2>3> >?>@C 01> ?@>2V4=>-
ABV :>6=>W >1;0ABV �� G5@57. 

&><C 2A5 1V;PH>3> @>728B:C =01C20RBP ?V4E>48, I> 107CRBPAS =0 
<5B>40E G8A5;P=>-?>;P>2>3> <>45;R20==S B5<?5@0BC@=>3> AB0=C �� V7 
70AB>AC20==S< A?5FV0;V7>20=8E ?@>3@0<=8E :><?;5:AV2, =0?@8:;04 
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– 0=B8D5@>@57>=0=A=V 40BG8:8 AB@C<C B0 =0?@C38; 
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DEVELOPMENT OF A THERMAL SUBSTITUTION SCHEME OF 

AN INDUCTION MOTOR 

Currently, due to the widespread use of PCs, the use of temperature 
field method of thermal assessment has become possible both at the research 
stage and at the design stage of the induction motor. This allows to do with-
out traditional methods of calculation and method of thermal scheme of 
replacement of thermal state of induction motor, and to pass from tempera-
ture resistances, as parameters of the thermal scheme of substitution, to ge-
ometrical conductivity of the given scheme. 

Thus, the development of an adequate electro-thermal field mathemati-
cal model to obtain more accurate results of the calculation of the thermal 
state of induction motor is an urgent scientific and technical task. 

As a result of the research the peculiarities of simulating of thermal 
processes in the cross section of an induction motor are considered. A math-
ematical electrothermal field model has been developed, which allows to 
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take into account the peculiarities of interconnected electromagnetic and 
thermal processes in structural elements of an induction motor with a squir-
rel-cage rotor, nonlinear properties of materials, change of states of thermal 
conductivity coefficients of each units of the induction motor depending on 
change of its temperature. 

The results of field electro-thermal calculation were compared with 
empirical calculations for estimating the temperatures of the main and main 
components of the induction motor according to the methods of O.D Gold-
berg and I.P. Kopylova. The relative error in relation to the results of field 
calculation, according to the method of O.D Goldberg is 20.2%, according to 
the method of I.P Kopylova – 15,6%. 

Thus, given the fact that the field electro-thermal model has a very ac-
curate calculation, is a very important result and can be used at the design 
stage of induction motor, as an alternative way to assess the thermal state of 
induction motor. 
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DESIGN OPTIMIZATION OF THE ROTOR OF AN INDUCTION 

MOTOR BY FIELD METHOD 

The use of the field method of calculating the electromagnetic parame-
ters of an induction motor will reduce the error in determining the energy 
performance at the design stage of the induction motor and allows to do 
without traditional research methods based on alternate circuits. 

In this regard, the peculiarities of the calculation of electromagnetic pa-
rameters of induction motors were considered. The analysis and choice of 
mathematical methods for researches and optimization of geometrical di-
mensions of a rotor of induction motors is carried out.  

The general characteristic of the software for field calculation of induc-
tion motors is executed. An electromagnetic field model of an induction 
motor has been developed, which takes into account the geometric features 
of the design of the active part of the stator and rotor core, as well as the 
spatial location of the stator winding and squirrel-cage rotor winding.  

An approach to the construction of a spatial mathematical model of 
electromagnetic field distribution in the design of the active part of an induc-
tion motor with a squirrel-cage rotor is developed, which allows to deter-
mine the optimal dimensions of the core and squirrel-cage rotor winding to 
improve the energy performance of an induction motor.  

As a result of improving the design of the core and squirrel-cage of the 
rotor of an induction motor, an increase in net power by 0,91% and efficien-
cy by 1,03%, while the total losses remain approximately unchanged. 
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MODELING OF OLTC REGULATING TRANSFORMER IN 

MATLAB SOFTWARE 

Today9s advanced industrial processes are often sensitive to power 
supply interruptions and voltage distortions. On the other hand, the growing 
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use of non-linear loads generates interference and contributes to the in-
creased levels of voltage contamination in power networks. This situation 
can affect normal operation of other customers connected to those networks. 
Thus, in recent years the sensitivity towards power quality issues has been 
increasing mainly as a result of the demands posed by many consumers. 

Currently, the power systems use a large number of devices, which en-
sure the maintenance of the required voltage level. First of all, transformers 
with an adjustable transformation ratio under load, capacitors, secondary 
batteries, reactors, synchronous compensators, generators, power plants, and 
so on are used. [1, 2]. These devices are equipped with regulators that main-
tain the voltage at a predetermined level. The main means of regulating the 
voltage in electrical networks are power transformers with on-load tap 
changers (OLTC). 

To increase the regulation stability [3, 4] a model that allows take into 
account the sign of the derivative enveloping the regulated voltage is pro-
posed. It allows not to make additional transformer tap switch, if regulating 
my parameter is out of the deadband, but under the influence of external 
factors moves in this zone. 

It allows not making additional transformer tap switch, if regulating 
my parameter is out of the deadband, but under the influence of external 
factors moves in this zone. Assessment of the stability of the investigated 
automatic control systems (ACP) in [4] is combined with the assessment of 
the quality of its transient (the latter in case of stable system will damp over 
time). In turn, the transition process in the system is measured by its re-
sponse to the greatest possible jumps setting or exciting effects of voltage. 
Obviously, the synthesized system refers to the essentially nonlinear, and the 
investigation of its stability should be carried out by computer simulation. 
The mathematical model of the ACP-voltage power transformer with on-
load tap changer of RNTA – 60/630 (eight switching steps) can be imple-
mented by dependencies [3]: 

Simulation model of three-phase three-winding power transformer with 
on-load tap changer, as shown in figure 1, is created in the software package 
MATLab (Simulink 4) [4] to solve the provided dependencies. Since the 
voltage control channels in the direction of its decrease or increase work 
uniformly, only one channel was implemented in the model, which greatly 
simplifies the calculations. In addition, one can take into account that at 
significant deviations of voltage, regulation system provides switching of 
OLTC without delay (at least for two positions). Therefore, to simplify the 
model, it was assumed that the device has only two tap-changer section. A 
transformer with OLTC was simulated in MATLab package using controlled 
transmission system (FACTS) [4]. This was possible because the OLTC 
switch is used to switch the load and carry current in the windings of the 
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transformer without breaking the circuit. Since the real time of the windings 
switching (30 & 60 ms) is much smaller than the actual time of selection 
taps (3 ... 10 s), this block can be represented by vector model to investigate 
the stability of the power system in range from several seconds to several 
minutes.  

A 25 kV distribution network consisting of three 30km distribution 
feeders connected in parallel supplies power to a 36 MW/10Mvar load 
(0.964 PF lagging) from a 120 kV, 1000 MVA system and a 120kV/25 kV 
OLTC regulating transformer. Reactive power compensation is provided at 
load bus by a 15Mvar capacitor bank. The same circuit is duplicated in order 
to compare the performance of two different models of OLTC transformers: 

1. Model 1 is a detailed model where all OLTC switches and trans-
former characteristics are represented. This model can be used with either 
continuous or discrete solvers to get detailed wave shapes or with the phasor 
simulation method to observe variations of phasor voltages and currents. 

2. Model 2 is a simplified phasor model where the transformer and 
OLTC are simulated by current sources. This model can be used only with 
the phasor solution method. It is much faster to execute and it should be the 
preferred model for transient stability studies, when several such devices are 
used in the same system. 

 

Figure 1 – Model used 

Both OLTC transformer models implement a three-phase regulating 
transformer rated 47MVA, 120kV/25 kV, Wye/ Delta, with the OLTC con-
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nected on the high voltage side (120 kV). The OLTC transformers are used 
to regulate system voltage at 25 kV buses B 2 and B 4. 

Voltage regulation is performed by varying the transformer turn ratio. 
This is obtained by connecting on each phase, a tapped winding (regulation 
winding) in series with each 120/sqrt (3) kV winding. Nine (9) OLTC 
switches allow selection of 8 different taps (tap positions 1 to 8, plus tap 0 
which provides nominal 120 kV/25 kV ratio). A reversing switch included in 
the OLTC allows reversing connections of the regulation winding so that it 
is connected either additive (positive tap positions) or subtractive (negative tap 
positions). For a fixed 25 kV secondary voltage, each tap provides a voltage 
correction of +/-0.01875pu or +/-0.875% of nominal 120 kV voltage. Therefore, 
a total of 17 tap positions, including tap 0, allow a voltage variation from 0.85pu 
(102 kV) to 1.15pu (138 kV) by steps of 0.01875pu (2.25 kV). 

Start the simulation and observe OLTC operation on the Scope (look at 
fig. 2): 

– trace 1 shows the tap position; 
– trace 2 shows a superposition of positive-sequence voltages at 120 

kV bus B1 (yellow), at 25 kV bus B2 (magenta) and bus B4 (cyan); 
– traces 3 and 4 show the active and reactive powers measured on 120 

kV side (buses B1 and B3). 
These graphs allow estimating how quickly transient processes when 

exposed to step excitation are damped in the synthesized system of automat-
ic voltage regulation of power transformer with on-load tap changer RNTA 
– 60/630. More than that, whether additional tap switching of OLTC is re-
quired until the transition process ends.  

Simulation of control voltage in programming software MATLab 
(Simulink 4) can significantly improve not only the quality of delivered 
energy in energy-producing industries, but also the efficiency of production. 
The results obtained in the simulation and related calculations suggest how 
rapidly synthesized in the automatic voltage regulation in the power trans-
former on-load tap changer (in this example RNTA – 60/630) is damped 
transients-step winding, and whether such an additional tap-tap-changer until 
the transition process is ended. Prediction of the number and speed of the 
switching power transformer windings will optimize not only the regulation 
of the power consumption, but also ultimately provide the requested process. 

 



 

167 
 

 
Figure 2 – Waveforms of tap changing process 
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=S; ;0:>=VG=VABP, A?@89=SBBS B0 7@>7C<V;VABP A8=B0:A8AC; C73>465=VABP 
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?>B>G=>3> B5E=VG=>3> AB0=C. 



 

205 
 

� <5B>R 70?>1V30==S 020@V9=8E 28E>4V2 V7 ;04C ?>BC6=>3> B@0=A-
D>@<0B>@=>3> CAB0B:C20==S H;SE>< 02B><0B87>20=>3> 0=0;V7C 9>3>  
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<>6=0 2:070B8 45:V;P:0 @V7=8E 1V1;V>B5:, 2AV :0B53>@VW V :><?>=5=B8 7 
=8E AB0=CBP 4>ABC?=V 4;S @>1>B8 2 ?@>3@0<=><C A5@54>28IV sPlan. �;S 
?V4:;RG5==S I5 >4=VєW 1V1;V>B5:8 ?>B@V1=> =0B8A=CB8 / :=>?:C «%B2>-
@8B8», ?>BV< 2:070B8 H;SE 4> 1V1;V>B5:8 V WW =072C. �;S B>3> I>1 2AB0-
28B8 7>1@065==S V7 ?@>3@0<8 sPlan 2 4>:C<5=B B5:AB>2>3> @540:B>@0 
Word =5>1EV4=>: 

– 284V;8B8 7>1@065==S 2 sPlan ( 01> 9>3> G0AB:C );  
– 2 <5=R« (09;» >1@0B8 ?C=:B « �CD5@ >1<V=C»; 
– C 2V:=V  « �>?VR20==S 2 1CD5@ >1<V=C» 2AB0=>28B8 S:VABP 7>1@0-

65==S B0 S:V 5;5<5=B8 A:>?VR20B8 (2AV 01> BV, I> 284V;5=>) B0 =0B8A=C-
B8 "�; 

!0;0HBC20==S 715@V30RBPAS V ?@8 =0ABC?=><C 70?CA:C. &0:>6 2 
?@>3@0<V ?@8ACB=V 9 V=HV =0;0HBC20==S – A?@>1C9B5 V =0;0HBC9B5 2A5 
?V4 A515. 
#5@52038 2 @>1>BV V7 sPlan: 
– 21C4>20=89 :0;P:C;SB>@ V :0;5=40@; 
– =5 ?>B@51Cє ?V4:;RG5==S 4> �=B5@=5BC; 
– V=BCWB82=> 7@>7C<V;5 <5=R; 
– ?>:@>:>289 <09AB5@ 4;S :><D>@B=>3> >A2>є==S :5@C20==S; 
– 7@CG=5 =0;0HBC20==S 3>;>2=>3> 2V:=0 V DC=:FV>=0;P=8E ?0=5;59; 
– 70AV1 02B><0B8G=>3> C3@C?C20==S >19є:BV2 B0 7>1@065==S; 
– <0AHB01C20==S 4>72>;Sє =01;878B8 >19є:B C 1030B>:@0B=><C @>7<V@V. 
!54>;V:8: V=>4V B@0?;SRBPAS 71>W ?@8 4>4020==V 7<V= C D09; .lib. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1.  0;V=>2AP:89 %. . �030;P=0 5;5:B@>B5E=V:0: #V4@CG=8: – 
�P2V2: �8402=8FB2> «�5A:V4-�VB», 2003. 2 640 A. 

2. *8D@>20-AE5<>B5E=V:0: 251-A09B. URL: http://cxem.net (40B0 725-
@=5==S: 25.03.2023). 

3. Splan: 251-A09B. URL: http;//radiostorage.net (40B0 725@=5==S: 
25.03.2023). 
'�� 62-83:004.9 

http://cxem.net/
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"A04G89 �. �.1, !070@>20 ".%.1, $C4V< �...2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-310A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

"A04G89 �. �., !070@>20 ".%., $C4і< �... 
�!�)"���!!/ �"�(�*�Є!&�� #�-$��'�/&"$� � %�%&� � 

��&" �&�+!"�" ��$'��!!/ $��!�  $���!� 

#V4B@8<0==S 7040=>3> @V2=S @V48=8 є 206;82>R 7040G5R C 1030-
BP>E AD5@0E ?@><8A;>2>ABV, B0:8E S: 283>B>2;5==S 1C4V25;P=8E <0B5@V-
0;V2, E0@G>20 V EV<VG=0 ?@><8A;>2VABP, =0DB>?5@5@>1=89 A5:B>@ B0 V=HV.  

%B01V;P=89 @V25=P 4>72>;Sє 70157?5G8B8 157020@V9=VABP B5E=>;>3V-
G=>3> ?@>F5AC, 2 B>9 G0A S: ?5@528I5==S 4>?CAB8<8E 7=0G5=P <>65 
?@8725AB8 4> 2B@0B A8@>28=8, 7=865==S ?@>4C:B82=>ABV B0, 2V4?>2V4=>, 
4> 5:>=><VG=8E 2B@0B. �;S 7040G AB01V;V70FVW =01V;PH @>7?>2AR465=8-
<8 є #- B0 #�-@53C;SB>@8 [1-3]. �2060RG8 =0 =54>;V: #-@53C;SB>@0, 0 
A0<5, AB0B8G=0 ?>E81:0 ?@8 =0S2=>ABV 28B@0B8 @V48=8, 1V;PH ?@8201;8-
28< є 28:>@8AB0==S #�-@53C;SB>@0. � V=H>3> 1>:C B@0=A?>@B=5 70?V7-
=5==S, ?@872>48BP 4> 71V;PH5==S :>;820;P=>ABV ?5@5EV4=>3> ?@>F5AC 
2V4=>A=> A8AB5<8 157 70?V7=5==S.  

&><C 7=0E>465==S :>5DVFVє=BV2 #�-@53C;SB>@0 A8AB5<8 02B><0B8-
G=>3> :5@C20==S @V2=5< @V48=8 H;SE>< :><?9RB5@=>3> <>45;R20==S 7 
C@0EC20==S< B@0=A?>@B=>3> 70?V7=5==S, =5;V=V9=>ABV @53C;R20;P=>W 
E0@0:B5@8AB8:8 =0A>AC V =0S2=>ABV 7>=8 =5GCB;82>ABV,  є 0:BC0;P=>R 
7040G5R. 

 5B>R @>1>B8 є 7=0E>465==S :>5DVFVє=BV2 #�-@53C;SB>@0, S:V <0:-
A8<0;P=> =01;860RBP ?5@5EV4=89 ?@>F5A 2 A8AB5<V 7 B@0=A?>@B=8< 
70?V7=5==S< 4>  ?0@0<5B@V2 A8AB5<8 157 70?V7=5==S 7 C@0EC20==S< =5;V-
=V9=>ABV @53C;R20;P=>W E0@0:B5@8AB8:8 =0A>AC V =0S2=>ABV 7>=8 =5GCB-
;82>ABV. 

�>A;V465==S ?@>2>48;8AS 7 28:>@8AB0==S< :><?9RB5@=>W <>45;V 
;01>@0B>@=>3> AB5=4C [4].  #>HC: >?B8<0;P=8E :>5DVFVє=BV2 #�-
@53C;SB>@0, S:V 1 70157?5GC20;8 1060=V E0@0:B5@8AB8:8 ?5@5EV4=8E 
?@>F5AV2 [5, 6], ?@>2>482AS H;SE>< <V=V<V70FVW 2V4E8;5==S @50;P=>3> 
?5@5EV4=>3> ?@>F5AC 2V4 FV;P>2>3>. 

' S:>ABV :@8B5@VS >?B8<0;P=>ABV 28:>@8AB>2C202AS V=B53@0;P=89 
:204@0B8G=89 DC=:FV>=0;. #>HC: <V=V<C<C DC=:FV>=0;C ?@>2>482AS 
H;SE>< ?>A;V4>2=>3> 70?>2=5==S @57C;PB0B0<8 <>45;R20==S :><V@>: 
?9SB8 B01;8FP @>7<V@>< 5E5, 2 S:8E @S4:8 2V4?>2V40RBP 7=0G5==S< V=B5-
3@0;P=>W A:;04>2>W @53C;SB>@0 (

iK  ), 0 AB>2?G8:8 - 7=0G5==S< ?@>?>@-
FV9=>W A:;04>2>W @53C;SB>@0 (

pK ). �><V@:0 7 =09<5=H8< 7=0G5==S< 
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DC=:FV>=0;C ?>B>G=>W B01;8FV 287=0G0;0 :>5DVFVє=B0< �V, �@, 2 =0ABC-
?=V9 B01;8FV @>7B0H>2C20;0AP ?> F5=B@C.  

#@8 FP><C V=B5@20; <V6 ACAV4=V<8 7=0G5==S<8 :>5DVFVє=BV2 7<5=-
HC202AS 2 420 @078. � @57C;PB0BV 4>A;V465==S 2AB0=>2;5=>, I> B>G:8 
<V=V<C<8 DC=:FV>=0;C 4;S A83=0;C :5@C20==S V @V2=S @V48=8 =5 A?V2?0-
40RBP. #@8 FP><C C B>GFV <V=V<C<C DC=:FV>=0;0 4;S @V2=S @V48=8 A?>-
AB5@V30єBPAS 1V;PH0 0<?;VBC40 :>;820=P A83=0;C :5@C20==S, 0 C B>GFV 
<V=V<C<C DC=:FV>=0;0 4;S A83=0;C :5@C20==S – 71V;PH5==S B@820;>ABV 
?5@5EV4=>3> ?@>F5AC.  

"B65, 28:>@8AB0==S V=B53@0;P=>3> :204@0B8G=>3> DC=:FV>=0;C 
4>72>;Sє 74V9A=8B8 ?>HC: >?B8<0;P=8E 7=0G5=P :>5DVFVє=BV2 #�-
@53C;SB>@0, S:V <0:A8<0;P=> =01;860RBP @50;P=V ?5@5EV4=V ?@>F5A8 4> 
7040=8E 4;S A83=0;C :5@C20==S V @V2=S @V48=8.  

"AB0B>G=5 @VH5==S I>4> 281>@C :>5DVFVє=BV2 ?>28==> 107C20B8AS 
=0 2AB0=>2;5==V ?@V>@8B5BV2 <V6 H284:>4VєR V 7=>A>< >1;04=0==S, S:5 
>1C<>2;5=5 1V;PH>R 0<?;VBC4>R V :>;820;P=VABR A83=0;C :5@C20==S. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Rahmawati, T. A. A remedy design of PI controller for liquid level 
control, / Rahmawati, T. A., Fakhriy, N. A., Pratama, G. N. P., Cahyadi, A. 
I., Herdjunanto, S. // International Conference on Information and 
Communications Technology (ICOIACT), Yogyakarta, 2018. - P. 661-666. 
https://doi.org/10.1109/ICOIACT.2018.8350821  

2. William L.Luyben, Liquid level control: Simplicity and complexity / 
L.Luyben William // Journal of Process Control, 2020. - Vol. 86. - P. 57-64. 
https://doi.org/10.1016/j.jprocont.2019.12.008  

3.  Kouadria, S. Development of real time wind turbine emulator based 
on DC motor controlled by PI regulator / S. Kouadria, S. Belfedhal, E. M. 
Berkouk and Y. Meslem // 2013 Eighth International Conference and 
Exhibition on Ecological Vehicles and Renewable Energies (EVER), 2013. - 
P. 1-5. doi: 10.1109/EVER.2013.6521602. 

4. Osadchyy, V. Laboratory stand for investigation of liquid level mi-
croprocessor control systems / V. Osadchyy, O. Nazarova // 2020 IEEE 
Problems of Automated Electrodrive. Theory and Practice (PAEP), Kremen-
chuk, Ukraine, 2020. - P. 1-4, doi: 10.1109/PAEP49887.2020.9240868. 

5. Nazarova, O. Software and hardware complex for the study of 
electropneumatic mechatronic systems / O. Nazarova, V. Osadchyy, 
S. Shulzhenko, M. Olieinikov // 2022 IEEE 4th International Conference on 
Modern Electrical and Energy System (MEES), Kremenchuk, Ukraine, 
2022. - P. 1-6, doi: 10.1109/MEES58014.2022.10005698. 
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6. Osadchyy, V. Adjustable Vibration Exciter Based on Unbalanced 
Motors / V. Osadchyy, O. Nazarova, T. Hutsol, S. Glowacki, K. Mudryk, 
A. Bry´s, A. Rud, W. Tulej, M. Sojak // Sensors, 2023. – Vol. 23. – P. 2170. 
https://doi.org/10.3390/s23042170. 
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1 :0=4. B5E=. =0C:, 4>F.  !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-711 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

!070@>20 ".%., ,>:C@>2 �.$. 
���"$�%&�!!/ ��� ��!�) ' ����!"%&�*� 
����&$"�!�$��&�+!"�" "����!�!!/ 

�078 40=8E 28:>@8AB>2CRBPAS 2 @V7=8E 30;C7SE, B0:8E S: 1V7=5A, <5-
48F8=0, =0C:0, >A2VB0, 3@><04AP:89 A5:B>@ B0 V=HV, 45 ?>B@V1=> 718@0B8, 
>@30=V7>2C20B8 B0 28:>@8AB>2C20B8 25;8:V >1AS38 V=D>@<0FVW. �AB>@8G=> 
5;5:B@>5=5@35B8G=0 ?@><8A;>2VABP 28:>@8AB>2C20;0 :><?9RB5@=V A8AB5<8 
2 ?@><8A;>28E ;01>@0B>@VSE, F5E0E B0 F5=B@0E 4;S <>=VB>@8=3C B0 :5@C-
20==S ?@8AB@>S<8 5=5@3>A8AB5<8 [1]. &><C 0:BC0;P=8< є 4>A;V465==S 
H;SEV2 @>728B:C =0?@S<:C 28:>@8AB0==S 107 40=8E ?@8 ?>1C4>2V A8AB5< 
4V03=>AB8:8 5;5:B@>5=5@35B8G=>3> >1;04=0==S. 

 5B>R @>1>B8 є >3;S4 <>6;82>AB59 28:>@8AB0==S 107 40=8E 4;S 
4V03=>AB8:8 2 5;5:B@>5=5@35B8G=V9 AD5@V. 

�070 40=8E (��), C =097030;P=VH><C @>7C<V==V, F5 >@30=V7>20=89 
=01V@ 40=8E. �V;PH :>=:@5B=>, 1070 40=8E - F5 5;5:B@>==0 A8AB5<0, S:0 
4>72>;Sє ;53:> >B@8<C20B8 4>ABC? 4> 40=8E, <0=V?C;R20B8 =8<8 B0 
>=>2;R20B8 WE. �=H8<8 A;>20<8, 1070 40=8E 28:>@8AB>2CєBPAS >@30=V-
70FVєR S: <5B>4 715@V30==S, C?@02;V==S B0 ?>HC:C V=D>@<0FVW. '?@02-
;V==S ACG0A=8<8 1070<8 40=8E 74V9A=RєBPAS 70 4>?><>3>R A8AB5<8 
:5@C20==S 1070<8 40=8E (%���) [2].  

%��� 4>72>;Sє :>@8ABC20G0< 28:>=C20B8 FV;C =87:C 70240=P. �8-
7=0G5==S 40=8E: 28:>@8AB>2CєBPAS 4;S AB2>@5==S, <>48DV:0FVW B0 @540-
3C20==S AB@C:BC@8 ��, S:0 287=0G0є >@30=V70FVR 40=8E C FV9 107V. "=>2-
;5==S 40=8E: 28:>@8AB>2CєBPAS 4;S 2AB02:8, <>48DV:0FVW B0 2840;5==S 
D0:B8G=8E 40=8E C 107V 40=8E. "B@8<0==S 40=8E: 28:>@8AB>2CєBPAS 4;S 
>B@8<0==S 40=8E V7 1078 40=8E, S:V <>6CBP 28:>@8AB>2C20B8AS ?@>3@0-
<0<8 4;S @V7=8E FV;59. �4<V=VAB@C20==S :>@8ABC20GV2: 28:>@8AB>2CєBP-
AS 4;S @5єAB@0FVW B0 <>=VB>@8=3C :>@8ABC20GV2, ?V4B@8<:8 FV;VA=>ABV 
40=8E, 70157?5G5==S 157?5:8 40=8E, C?@02;V==S ?0@0;5;P=8< ?@>F5A><, 
<>=VB>@8=3C ?@>4C:B82=>ABV B0 2V4=>2;5==S V=D>@<0FVW, ?>H:>465=>W 
G5@57 =5>GV:C20=89 71V9 [3]. 
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�078 40=8E 2 5;5:B@>5=5@35B8G=V9 AD5@V 28:>@8AB>2CRBPAS 4;S 
715@565==S B0 >1@>1:8 V=D>@<0FVW ?@> A?>6820==S 5=5@3VW, I> 4>72>;Sє 
5D5:B82=VH5 C?@02;SB8 5;5:B@><5@560<8 B0 7<5=H8B8 28B@0B8. �=D>-
@<0FVS 107 40=8E 28:>@8AB>2CєBPAS ?@8 @>7@>1FV @V7=8E F8D@>28E B5E-
=>;>3VG=8E ?@>є:BV2, B0:8E S: @>7C<=0 <5@560, <V:@><5@560, V=D@0-
AB@C:BC@0 70@S4:8 5;5:B@><>1V;V2 B0 1030B> V=H>3>. �0=V 28:>@8AB>2C-
RBPAS :;Vє=B0<8 4;S 24>A:>=0;5==S AB@0B53VW @>728B:C 1V7=5AC 4;S 5:A-
?0=AVW =0 @V7=V @8=:8 F8D@>2V70FVW 5;5:B@><5@56 [4].  

#5@5410G5=> <>6;82VABP 71>@C 40=8E 2 @50;P=><C G0AV ?@> A?>-
6820==S 5=5@3VW B0 0=0;V7C WE 4;S 28S2;5==S =5A?@02=>AB59, 71>W2 B0 
V=H8E ?@>1;5< C 5;5:B@><5@560E. �>?><030RBP 287=0G0B8 ?>B5=FV9=V 
?@>1;5<8 C 5;5:B@><5@560E B0 70157?5GC20B8 WE ?>?5@5465==S 70 4>-
?><>3>R A8AB5< <>=VB>@8=3C B0 4V03=>AB8:8. �8:>@8AB>2CRBPAS 4;S 
?@>3=>7C20==S A?>6820==S 5=5@3VW =0 >A=>2V VAB>@8G=8E 40=8E B0 40=8E 
?@> ?>3>4C, I> 4>72>;Sє ?;0=C20B8 @>1>BC 5;5:B@>AB0=FV9 B0 70157?5-
G8B8 =04V9=VABP 5=5@3>?>AB0G0==S; AB2>@R20B8 72VB8 ?@> A?>6820==S 
5=5@3VW B0 0=0;V7C20B8 WE 4;S 70157?5G5==S 5D5:B82=>ABV @>1>B8 5=5@3>-
A8AB5< B0 B5E=>;>3VG=8E :><?;5:AV2 [5-7]. 

"B65, 70AB>AC20==S 107 40=8E C 4V03=>AB8FV 4>72>;Sє ?>:@0I8B8 
S:VABP B0 5D5:B82=VABP ?@>F5AC 4V03=>AB8:8. �078 40=8E 70157?5GCRBP 
715@565==S B0 C?@02;V==S 25;8:8< >1AS3>< 40=8E, I> 4>72>;Sє H284:> 
B0 B>G=> 7=0E>48B8 2V4?>2V4=C V=D>@<0FVR ?@> <>6;82V ?@8G8=8 28=8-
:=5==S ?@>1;5< B0 H;SE8 WE 28@VH5==S. �030;><, 1078 40=8E є =5>1EV4-
=8< V=AB@C<5=B>< 4;S 5D5:B82=>W B0 B>G=>W 4V03=>AB8:8 B0 ?V4B@8<:8 
@VH5=P C @V7=8E 30;C7SE. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Database methods in power system control centres – $568< 4>ABC-
?C: 
https://www.sciencedirect.com/science/article/abs/pii/014206158390025X  

2. Database. – $568< 4>ABC?C: 
https://www.techopedia.com/definition/ 
24361/database 

3. DBMS Tutorial. – $568< 4>ABC?C: 
https://www.javatpoint.com/dbms-tutorial 

4. Power: Smart Grid Database. – $568< 4>ABC?C: 
https://www.globaldata.com/marketplace/power/power-smart-grid/ 

5. Rednikov, S. N. Experience in Using Combined Diagnostic Systems 
for Assessing State of Metallurgical Equipment / S. N. Rednikov, 

https://www.globaldata.com/marketplace/power/power-smart-grid/
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E. N. Akhmedyanova, D. M. Zakirov // 2018 Global Smart Industry 
Conference (GloSIC), 2018. - P. 1-6. doi: 10.1109/GloSIC.2018.8570148. 

6. !070@>20, �. %. � 2>?@>AC @07@01>B:8 A8AB5< 4803=>AB8@>20=8S 
Q;5:B@><5E0=8G5A:8E A8AB5< AB0=>2 E>;>4=>9 ?@>:0B:8 [&5:AB] / �. %. 
!070@>20 // �;5:B@>B5E=V:0 B0 5;5:B@>5=5@35B8:0. – 2013. – № 1. – %. 36-
41. DOI: https://doi.org/10.15588/1607-6761-2013-1-6 

7. Nazarova, O. S. Monitoring of electromechanical processes of the 
cold rolling mill taking into account the variation of the inertia moment / 
O.S. Nazarova, B.V. Vasiliev, M.S. Punda // International scientific 
conference «Interaction between science and technology in modern 
conditions» : conference proceedings (November 3–4, 2022. Riga, the 
Republic of Latvia). Riga, Latvia : <Baltija Publishing=, 2022. – P. 50-54. 
https://doi.org/10.30525/978-9934-26-264-7-12 
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%CG0A=0 02B><0B870FVS 107CєBPAS =0 H8@>:><C 28:>@8AB0==V :><-
?;5:A=8E 70A>1V2 02B><0B870FVW, S:V 2:;RG0RBP 2 A515 :><?9RB5@=V 
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70AB>A>2CєBPAS G0AB>B=5 :5@C20==S 4283C=><. 

�<VB0FV9=5 <>45;R20==S 28:>=C20;>AP 2 A8AB5<V  MatLab. �W <>6-
;82>ABV  4>72>;SRBP <>45;R20B8 ?@>F5A8 2 =0ABC?=8E <560E: C >1;0ABV 
?@>3@0<C20==S 21C4>20=8E <0B5<0B8G=8E DC=:FV9; ?@>3@0<, =0?8A0=8E 
=0 %V V ("$&$�!; 02B><0B8G=5 ?5@5:>4C20==S ?@>F54C@ MATLAB 2 
B5:ABV ?@>3@0< =0 <>20E %V V C++; C >1;0ABV 2V7C0;V70FVW V 3@0DV:8 (?0:5-
BV2 V=AB@C<5=BV2 - toolbox). �;S AB2>@5==S <>45;V 0A8=E@>==>3> 5;5:B-
@>?@82>40 28:>@8AB>2Cє<> AB0=40@B=V DC=:FVW Matlab B0 AB0=40@B=V 
1;>:8 SimPowerSystem. ' 40=V9 <>45;V =0?@C30 =0 ?@82>4 ?>40єBPAS 2V4 
465@5;0 7<V==>W =0?@C38 220 � 7 ?@><8A;>2>R G0AB>B>R 50 �F. �0240=-
=S =0 H284:VABP 7040є<> ABC?V=G0B8< A83=0;><. !0 2E>4V A8AB5<8 :5@C-
20==S @50;P=89 2EV4=89 A83=0; <0є B@0?5F5W40;P=C D>@<C. -> 70157?5-
GCє 2V4?@0FR20==S :>=BC@C H284:>ABV 2V4?>2V4=>  70240==R. 

$57C;PB0B8 <>45;R20==S ?@>V;RAB@>20=V 2V4?>2V4=8<8 3@0DVG=8-
<8 70;56=>ABS<8:  AB@C<C AB0B>@0 Is=f(t) (I> 704>2>;P=Sє C<>20< B5E-
=>;>3VG=>3> ?@>F5AC); >15@B>2>W G0AB>B8 @>B>@0 4283C=0 ns=f(t) (70-
240==S >15@B>2>W G0AB>B8 @>B>@0 4283C=0 B0 @50;P=0 G0AB>B0 >15@B0==S 
@>B>@0); <><5=BC =020=B065==S M=f(t) (2V4>1@060RBP @50;P=89 ?5@5EV-
4=89 ?@>F5A C A8AB5<V 5;5:B@>?@82>40); =0?@C38 ?>ABV9=>3> AB@C<C 
Udc=f(t). "B@8<0=V @57C;PB0B8 4>A;V465==S ?5@5EV4=8E ?@>F5AV2 5;5:B-
@><5E0=VG=>W A8AB5<8 C A:;04V 0A8=E@>==>3> 4283C=0, Simovert Master 
Drives Vector Control (Simovert VC) B0 <V:@>?@>F5A>@=8E V ?@>3@0<=8E 
70A>1V2 02B><0B870FVW ?V4B25@46CRBP 5D5:B82=VABP =0C:>2>-B5E=VG=>3> 
@VH5==S S:><C ?@8B0<0==V 5=5@3>70>I0465==S, A:>@>G5==S G0AC <V6 
B5E=>;>3VG=8<8 >?5@0FVS<8 B0 7=865==S 2B@0B 5;5:B@8G=>W 5=5@3VW, I> 
A?@8Sє 28@VH5==R ?>AB02;5=>W <5B8.   
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'�� 681.5: 004.5 
�0;C6=89  ...1, $C4V< �... 2 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-310A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�0;C6=89  ..., $C4і< �... 
$"�$"��� ����+� &� #�$�&'$� ��/ %�%&� � 

 "!�&"$�!�' 

 >=VB>@8=3 B5<?5@0BC@8 2 ?@8<VI5==SE є >4=VєR 7 =091V;PH G0A-
B8E B0 B8?>28E 7040G 2 ?@><8A;>2>ABV, ?>1CBV, B>@3V25;P=8E B0 >DVA=8E 
?@8<VI5==SE. �06;828< є 70157?5G5==S :><D>@B=8E C<>2 @>1>B8 B0 
=02G0==S, 45 B5<?5@0BC@0 ?>2VB@S ACBBє2> 2?;820є =0 5D5:B82=VABP 
@>1>B8. &0:>6 B5<?5@0BC@0 2 ?@8<VI5==SE ?>28==0 2V4?>2V40B8 A0=VB0-
@=8< =>@<0<. 

!0 :0D54@V «�;5:B@>?@82>4 B0 02B><0B870FVS ?@><8A;>28E CAB0-
=>2>:» 1C2 @>7@>1;5=V B0 AB2>@5=V 4020GV B5<?5@0BC@8 4;S A8AB5<8 
<>=VB>@8=3C B5<?5@0BC@8 ?>2VB@S. 3-D <>45;P 4020G0 B5<?5@0BC@8 =0-
2545=0 =0 @8AC=:C 1. !0 F59 G0A 4020GV B5<?5@0BC@8 2AB0=>2;5=V 2 42>E 
0C48B>@VSE :0D54@8.  

 

$8AC=>: 1 – 3-D <>45;P 4020G0 B5<?5@0BC@8. 

�020GV 28<V@RRBP B5<?5@0BC@C @07 =0 E28;8=C, 682;5==S 4020GV2 
2V4 <5@56V 220�. #0:5B 40=8E =04A8;0єBPAS 4> A5@25@C ?> 1574@>B>2><C 
729S7:C 70 4>?><>3>R ?@>B>:>;C LoRaWAN. 

LoRaWAN – F5 01@52V0BC@0 2V4 Long Range Wide Area Network. *5 
B8? <0;>?>BC6=>W 3;>10;P=>W <5@56V, S:0 28:>@8AB>2Cє B5E=>;>3VR 7 
2V4:@8B8< 28EV4=8< :>4>< V ?5@540є V=D>@<0FVR 70 4>?><>3>R @04V>-
A83=0;V2 C =5;VF5=7>20=><C 4V0?07>=C G0AB>B. $>7@>1;5=0 4;S �=B5@=5BC 
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@5G59 (IoT) B5E=>;>3VS LoRaWAN 70157?5GCє =01030B> 1V;PH89 @04VCA 4VW, 
=V6 79є4=0==S Wi-Fi 01> Bluetooth, 4>1@5 ?@0FRє 2A5@548=V ?@8<VI5=P.  

IoT Gateway 2AB0=>2;5=> 2 0C48B>@VW :0D54@8 B0 <0є ?>:@8BBS 
2AP>3> C=V25@A8B5BC. 

IoT Gateway – F5 <5@565289 :><?>=5=B, S:89 4Vє S: B@0=A;SB>@ 
<V6 ?@8AB@>S<8 IoT B0 V=H8<8 >19є:B0<8 <5@56V, B0:8<8 S: A5@25@8, 
?@>3@0<8 B0 V=HV ?@8AB@>W. "A=>2=>R DC=:FVєR H;R7C IoT є ?5@5:;04 
?0:5BV2 40=8E 7 >4=>3> ?@>B>:>;C 2 V=H89, I>1 ?5@540G0 1C;0 4>ABC?-
=>R 4;S G8B0==S >45@6C20G5<. �;5 ?@8AB@>W IoT G0AB> <0RBP >1<565-
=C ?@>?CA:=C 740B=VABP 40=8E V 70@S4 0:C<C;SB>@0, B><C H;R78 IoT 
2V4V3@0RBP V=HV 206;82V @>;V, 7>:@5<0 4>40RBP @V2=V 157?5:8, 7 S:8<8 
A0< ?@8AB@V9 =5 <>65 ?@0FR20B8. 

%B@C:BC@=0 AE5<0 A8AB5<8 <>=VB>@8=3C =02545=0 =0 @8AC=:C 2. 

 

$8AC=>: 2 – %B@C:BC@=0 AE5<0 A8AB5<8 <>=VB>@8=3C. 

LoraWAN B0 IoT Server AB2>@5=V =0 2V@BC0;P=><C :><?9RB5@V, F5 
4>72>;Sє <0B8 4>ABC? 4> =8E FV;>4>1>2> B0 7 1C4P-S:>W :@0W=8. 

�> IoT Server <>6;825 ?V49є4=0==S 7 1C4P-S:>3> ?@8AB@>R, S:89 
<0є web browser B0 =5 ?>B@V1Cє 4>40B:>2>3> ?@>3@0<=>3> 70157?5G5==S. 

IoT Server <0є A:;04=C Vє@0@EVR :>@8ABC20GV2. �0@5єAB@>20=V :>@8-
ABC20GV <>6CBP AB2>@R20B8 ?0=5;V ?@8;04V2 B0 ;0=FR38 ?@028;. �AV 
V=HV <>6CBP 709B8 70 ?C1;VG=8<8 ?>A8;0==S<8 B0 ?>10G8B8 ?0=5;P 
?@8;04V2.  

�0@07 2 ?C1;VG=><C 4>ABC?V є ?0=5;P ?@8;04V2 =0 S:V9 <>6=0 ?>-
4828B8AP ?>B>G=C B5<?5@0BC@C 2 0C48B>@VSE, 3@0DV: 7<V= B5<?5@0BC@8 
70 281@0=89 ?5@V>4, =0;0HBC20B8 <56V B5<?5@0BC@8 B0 =072C 4020GV2. 

'AV 7<V=8 =0 ?0=5;V ?@8;04V2 B0 28E>4C B5<?5@0BC@8 70 =0;0HB>-
20=V <56V 2V4>1@060RBPAS 2 Telegram :0=0;V. 

� ?>40;PH><C F59 ?@>є:B 1C45 <0B8 @>728B>: B0 C4>A:>=0;5==S 
S: =0 DV78G=><C @V2=V, B0: V ?@>3@0<=><C.  0B5@V0;8 1C4CBP 28:>@8AB0-
=V 2 48?;><=><C ?@>є:BC20==V B0 ?;0=CєBPAS AB2>@5==S =02G0;P=>3> 
:C@AC 4;S ABC45=BV2. 
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'�� 004.9:62-83 
!070@>20 ".%.1, %0;B8:>2 �.".2, #5B:>2 �.".2, )@0IC:  .�.2 
1 :0=4. B5E=. =0C:, 4>F.  !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-322< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

!070@>20 ".%., %0;B8:>2 �."., #5B:>2 �."., )@0IC:  .�. 
��%"��  "���.��!!/  �)�&$"!!�) � 

����&$" �)�!�+!�) %�%&�  

� >3;S4C =0 H284:89 @>728B>: ?@><8A;>2>ABV V @07>< 7 B8< 1V;PH 
AB@V<:5 28:>@8AB0==S 02B><0B87>20=>3> 28@>1=8FB20, 28=8:0є =5>1-
EV4=VABP, =0 5B0?V ?5@54?@>є:B=>W ?V43>B>2:8, <0B8 2 =0S2=>ABV V=AB@C-
<5=B0;P=89 70AV1, ?@840B=89 4;S H284:>W ?5@52V@:8 ?@0F5740B=>ABV V 
>B@8<0==S >A=>2=8E E0@0:B5@8AB8: A8AB5<8 [1]. 

 5E0B@>==V A8AB5<8, S: >48= 7 284V2 48=0<VG=8E A8AB5< [2] ?@87-
=0G5=V 4;S @50;V70FVW 7040=>3> @CEC 9 >A=>2C WE AB0=>28BP 45S:89 28:>-
=02G89 <5E0=V7< B0 ?@82>4 – 5;5:B@><5E0=VG=89, 3V4@02;VG=89 01> S:-
89AP V=H89. 

 5B>R є >3;S4 ?@>3@0< <>45;R20==S <5E0B@>==8E B0 5;5:B@><5E0-
=VG=8E A8AB5< 7 C@0EC20==S< WE >A>1;82>AB59, B0:8E S: >4=>G0A=0 @>1>B0 
28:>=02G8E ?@8AB@>W2, 7<V=0 5:A?;C0B0FV9=8E E0@0:B5@8AB8: 2?@>4>26 
@>1>G>3> F8:;C V B5@<V=C 5:A?;C0B0FVW, A?>A>1V2 @53C;R20==S B>I>. 

!0 40=89 <><5=B VA=Cє 1030B> ?@>3@0<, S:V 4>72>;SRBP <>45;R20-
B8 <5E0B@>==V B0 5;5:B@><5E0=VG=V A8AB5<8, ?@8G><C 45S:V є 2C7P:>A-
?5FV0;V7>20=8<8, 0 V=HV – 1V;PH C=V25@A0;P=8<8: Vensim, IThink, 
Dynamo, Stella, Powersim, MedModel, Arena, GPSS, Stratum, Scilab, 
Berkeley Madonna, NI MATRIXX, ACSLx,Modular Modeling System 
(MMS), Virtual Test Bed (VTB), JModelica.org, MATLAB/Simulink, 
Simscape, MapleSim, Dynast, Multisim, Dymola, PSIM, SamSim, SimApp, 
SimulationX, Simplorer, VisSim, SystemModeler, B>I>. 

�> @>73;S4C 27SB> :V;P:0 ?@>3@0<, ?@840B=8E 4;S ?@>5:BC20==S V 
?@>2545==S <>45;P=8E 5:A?5@8<5=BV2 7 1030B>?@82>4=8<8 F8:;>28<8 
A8AB5<0<8: FluidSim 4.0 B0 MatLab/SimuLink. 

#5@52030<8 ?@>3@0<8 FluidSim є <>6;82VABP =0>G=>3> 2V7C0;P=>3> 
2V4B2>@5==S, H8@>:89 281V@ 28:>=02G8E, :5@CRG8E ?@8AB@>W2 V 40BG8-
:V2, <>6;82VABP @50;V70FVW AE5< 7 28:>@8AB0==S< @5;5 B8A:C, @5;5 G0AC, 
3V4@>0:C<C;SB>@V2, :>@83C20==S ?0@0<5B@V2 ?@8AB@>R, V=B5@0:B82=>ABV, 
S:0 ?>;S30є 2 B><C, I> ?@8 <>45;R20==V @>1>B8 A8AB5<8 є <>6;82VABP 
2:;RG0B8 V 28<8:0B8 ?5@5<8:0GV, :=>?:8, ?5@5<8:0B8 @>7?>4V;P=8:8 V 
B.4. �> =54>;V:V2 FVєW ?@>3@0<8 <>6=0 2V4=5AB8 B5, I> 7=0G=0 G0AB8=0 
G0AC 28B@0G0єBPAS =0 B5E=VG=C @>1>BC, =5 ?>29S70=C 7 DC=:FV>=C20==S< 
A8AB5<8 V A:;04=VABR <>45;R20==S A8AB5< 7 25;8:>R :V;P:VABR 28:>-
=02G8E ?@8AB@>W2 [1,3]. 
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#5@52030<8 MatLab/SimuLink є <>6;82VABP ?@54AB028B8 4>A;V-
46C20=V A8AB5<8 157?>A5@54=P> 48D5@5=FV9=8<8 @V2=S==S<8, I> 7@CG-
=> 4;S ?@>3=>7C20==S WE ?>254V=:8 C G0AV. "A:V;P:8 :>6=0 <5E0B@>==0 
01> 5;5:B@><5E0=VG=0 A8AB5<0 <0є >19є:B B0 ?@8AB@V9 C?@02;V==S, A8A-
B5<0 4;S <>45;R20==S ?>28==0 2>;>4VB8 H8@>:8<8 <>6;82>ABS<8 
I>4> A8=B57C, 0=0;V7C B0 >?B8<V70FVW %�' [2,4]. 

"B65, ?@8 281>@V ?@>3@0<=>3> ?@>4C:BC 4;S <>45;R20==S <5E0-
B@>==8E G8 5;5:B@><5E0=VG=8E A8AB5< =5>1EV4=> ?;0=C20B8 5:A?5@8-
<5=B, ?@>2>48B8 0=0;V7 <>6;82>AB59 4>A;V46C20=8E >19є:BV2 B0 72060-
RG8 =0 F5 0=0;V7C20B8 <>6;82>ABV 70A>1V2 <>45;R20==S. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �52G5=:>, ".�. "A>1;82>ABV <>45;R20==S @>1>B8 <5E0B@>==8E 
A8AB5< 7 3V4@02;VG=8< V ?=52<0B8G=8< A8;>28<8 ?@82>40<8 / ".�. �52-
G5=:>, �.�. �C7=5F>2 // �VA=8: !&'' «�#�». %5@iS <0H8=>1C4C20==S. 
2016. - №1 (76). – C. 73-80. DOI: 
http://dx.doi.org/10.20535/2305‐9001.2016.76.67075 

2. �0A8;5=:>, ". �. �=0;V7 ?@>3@0< 4;S <>45;R20==S <5E0B@>=-
=8E A8AB5< / ". �. �0A8;5=:> // $04V>5;5:B@>=V:0, V=D>@<0B8:0, C?@02-
;V==S, 2015. – №3. - %.80-87. DOI 10.15588/1607-3274-2015-3-10 

3. Osadchyy, V. Adjustable Vibration Exciter Based on Unbalanced 
Motors / V. Osadchyy, O. Nazarova, T. Hutsol, S. Glowacki, K. Mudryk, 
A. Bry´s, A. Rud, W. Tulej, M. Sojak // Sensors, 2023. – Vol. 23. – P. 2170. 
https://doi.org/10.3390/s23042170. 

4. Nazarova, O. Software and hardware complex for the study of 
electropneumatic mechatronic systems / O. Nazarova, V. Osadchyy, 
S. Shulzhenko, M. Olieinikov // 2022 IEEE 4th International Conference on 
Modern Electrical and Energy System (MEES), Kremenchuk, Ukraine, 
2022. - P. 1-6, doi: 10.1109/MEES58014.2022.10005698. 
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'�� 004.9:62-83 
!070@>20 ".%.1,  8@>=5=:> ".".2, �;Rє2 ".".2, �C@30=>28G  .C.3 
1 :0=4. B5E=. =0C:, 4>F.  !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-312< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. �7-312< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

!070@>20 ".%.,  8@>=5=:> "."., �;Nє2 "."., �C@30=>28G  .C. 

$"�Ь �  �%*�  �&� �&�+!"�"  "���.��!!/ � 
�!("$ �*��!�) &�)!"�"��/) 

"A=>2=8< 465@5;>< A8AB5<8 718@0==S, ?5@54020==S, ?5@5B2>-
@5==S, 715@V30==S B0 ?>40==S 2 7@CG=><C 283;S4V @V7=>W V=D>@<0FVW є 
:><?9RB5@8. �=D>@<0FVS AB2>@RєBPAS 4;S 28:>@8AB0==S B0 =02G0==S 
;R459, S:V CE20;RRBP @VH5==S C @V7=8E AD5@0E ?@>D5AV9=>W 4VS;P=>ABV 
B0 2 ?>1CBV. "B65, 2?@>20465==S =>28E V=D>@<0FV9=8E B5E=>;>3V9 
>7=0G0є «?@>AC20==S» D>@<0;V7>20=8E <5B>4V2 C =>2V AD5@8 28:>@8A-
B0==S [1]. 

#>BC6=8< AB8<C;SB>@>< =0C:>2>3> <5B>4C ?V7=0==S є 28:>@8A-
B0==S A8AB5<=>3> <5B>4C, ?>є4=0==S 0=0;V7C B0 A8=B57C, 28:>@8AB0==S 
<5B>4V2 <0B5<0B8G=>3> <>45;R20==S. 

->4> :>=:@5B=>W <>45;P>20=>W A8AB5<8, @>7@>1=8:C <0B5<0B8G-
=>W <>45;V 4>?><030RBP ;8H5 BV <0B5<0B8G=V AE5<8, S:V ?@>9H;8 0?@>-
10FVR 4;S ?52=>3> :;0AC A8AB5< V ?>:070;8 5D5:B82=VABP C ?@8:;04=8E 
4>A;V465==SE =0 :><?9RB5@V. 

&8?>2C <0B5<0B8G=C AE5<C 287=0G0RBP S: ;0=:C ?@8 ?5@5E>4V 2V4 
7<VAB>2=>3> 4> D>@<0;P=>3> >?8AC ?@>F5AC DC=:FV>=C20==S B5E=VG=>W 
A8AB5<8 7 C@0EC20==S< 2?;82C =02:>;8H=P>3> A5@54>28I0. &>1B> ?@8 
D>@<0;V70FVW ?@>F5AC DC=:FV>=C20==S B5E=VG=8E A8AB5< =0S2=89 ;0=-
FR6>:: «>?8A>20 <>45;P – B8?>20 <0B5<0B8G=0 AE5<0 – <0B5<0B8G=0 
<>45;P» [1]. 

&8?>2V <0B5<0B8G=V AE5<8 <0RBP ?5@52038 2 =0>G=>ABV B0 ?@>AB>BV 
?@8 7=0G=><C 7<5=H5==V <>6;82>AB59 WE 70AB>AC20==S. &0:, S:I> ?@8 
4>A;V465==V B5E=VG=8E A8AB5< =5 2@0E>2CRBPAS 28?04:>2V D0:B>@8 
(45B5@<V=>20=V <>45;V), B> 2 <0B5<0B8G=><C <>45;R20==V 70AB>A>2C-
RBPAS 48D5@5=FV0;P=V, V=B53@0;P=V, V=B53@>48D5@5=FV0;P=V B0 V=HV @V2-
=S==S. �;S <>45;R20==S A8AB5<, S:V DC=:FV>=CRBP C 48A:@5B=><C G0AV, 
@5:><5=4CRBP 70AB>A>2C20B8 <0B5<0B8G=89 0?0@0B V B8?>2V <0B5<0B8G-
=V AE5<8 B5>@VW :V=F528E 02B><0BV2. #V4 G0A <>45;R20==S A8AB5< 7 C@0-
EC20==S< G0AC (48A:@5B=V <>45;V) B0 28?04:>28E D0:B>@V2 (AB>E0AB8G=V 
<>45;V) 70AB>A>2CRBP V<>2V@=VA=V 02B><0B8 [1-4]. 

' A2>W9 1V;PH>ABV 5;5:B@><5E0=VG=V, 5;5:B@>B5E=VG=V B0 5;5:B@>5-
=5@35B8G=V >19є:B8 ?@54AB02;SRBP A>1>R =5;V=V9=V B0 270є<>?>29S70=V 
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@5B2>@R20G0 ?>B@0?;Sє 2 :0=0; @53C;R20==S 28A>B8, I> ?>B@51Cє :>-



 

246 
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$8AC=>: 1 – %E5<0 AB@C:BC@8 A8AB5<8 02B><0B8G=>W AB01V;V70FVW. 

�8A=>2>:. $>7@>1;5=0 AB@C:BC@0 A8AB5<8 4>72>;Sє 70157?5G8B8 
AB01V;V70FVR ?>274>26=P>3> @CEC �#��. 
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� =0H G0A 2V41C20єBPAS V=B5=A82=5 28:>@8AB0==S 2V4=>2;R20=8E 
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=S 3;81>:>W 45:0@1>=V70FVW 2 5=5@35B8G=><C A5:B>@V. ,284:0 V=B53@0FVS 
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<>6CBP 157?>A5@54=P> 70157?5G8B8 =04V9=5 B0 AB01V;P=5 ?>AB0G0==S 
5;5:B@>5=5@3VW. 



 

247 
 

$V7=>284>< 2V4=>2;R20=>3> 465@5;0 є B5@<>5;5:B@8G=89 35=5@0-
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79є4=0=8E =0 WE=VE :V=FSE: =0?V2?@>2V4=8: B8?C n (7 =530B82=8<8 =>AVS-
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<V6 :V=FS<8 <0B5@V0;V2. �030;><, 25;8G8=0 AB@C<C ?@>?>@FV9=0 @V7=8FV 
B5<?5@0BC@:  
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45: Ã – ;>:0;P=0 5;5:B@>?@>2V4=VABP; S – :>5DVFVє=B %V15:0; ΔT– 3@04V-
є=B B5<?5@0BC@8. 
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A5;5=V4 :04<VR. �>6=0 ?;0AB8=:0 <VAB8BP 42V G0AB8=8 – «30@SGC» V «E>-
;>4=C».  

!01V@ B0:8E ?;0AB8= – >A=>2=0 A:;04>20 &��. �0@SGV G0AB8=8 ?;0-
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5DVFVє=B ?5@5B2>@5==S B5?;>2>W 5=5@3VW =0 5;5:B@8G=C. *5 >7=0G0є, I> 
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&5@<>5;5:B@8G=V 35=5@0B>@8 2A5 I5 @>72820RBPAS V 4>A;V46CRBP-
AS 4;S 28:>@8AB0==S 2 @V7=8E 30;C7SE, B0:8E S: B@0=A?>@B, ?@><8A;>-



 

248 
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1. Thermoelectric generator for utilizing cold energy of cryogen liquids 
Y. Lobunets, Journal of Electronic Materials, 48. 2019. 
 
 
'�� 623.3.072.3 
$><0=VG5=:> �. .1, +5@=є2 �.�.2 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �(-411 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

$><0=іG5=:> �. ., +5@=є2 �.�. 
�!��$&"$!� ����'!� ��/ #$��Ь!�)  �,�! 

!0 AP>3>4=VH=V9 G0A 28@>1=8:8 70AB>A>2CRBP B@8 2848 
5;5:B@>4283C=V2 4;S ?@0;P=8E <0H8=: 

– :>;5:B>@=89 4283C= (IVB:8 B0 @5<5==89 ?@82>4); 
– 0A8=E@>==89 4283C= (157 IVB>:); 
– V=25@B>@=89 4283C= (?@S<89 ?@82>4). 
*5 4>A;V465==S AB>ACєBPAS V=25@B>@=8E 4283C=V2, S:V ?@87=0G5=> 

28:>@8AB>2C20B8 4;S ?@0;P=8E <0H8=. �>;>2=V 45B0;V :>=AB@C:FVW: 



 

249 
 

<>E>28: (@>B>@) 7 ?>ABV9=8<8 <03=VB0<8, =5@CE><89 AB0B>@ 7 
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5;5:B@>AB0=FVSE, 28=8:0RBP 020@V9=V A8BC0FVW =0 @V7=8E 4V;S=:0E 5;5:B-
@8G=>W <5@56V, S:V 2 BV9 G8 V=HV9 <V@V 2?;820RBP =0 @V2=V =0?@C38. &><C 
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HOW HYDROELECTRIC UNITS WORK AT THE DNIEPER 

HYDROELECTRIC POWER PLANT 

The basic concept behind a hydroelectric power plant is simple: water flow-
ing through a turbine generates mechanical energy, which is then converted into 
electrical energy. However, the process of generating electricity from water in-
volves many complex steps and requires a lot of engineering and infrastructure. 

 

Figure 1 - Cross section of the hydroelectric building 

 

Figure 2 - Section of the DHPP-1 hydraulic unit 
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Nine vertical hydro units with a capacity of 72 MW and an auxiliary 
unit of 2.6 MW are installed in the engine room of HPP-1. Each of the main 
hydraulic units is connected to three single-phase transformers with a capaci-
ty of 3x30 MVA, with a voltage of 13.8/154 kV, except for hydraulic units 
4,6,7,8,9, where three-phase transformers with a capacity of 95 MVA and 
125 MVA were installed during the reconstruction. 

Let9s take a closer look at how it works: 
1. Water is collected in a dam or reservoir, which creates a large body 

of water. 
2. When the water is needed, it is released from the dam through large 

pipes called penstocks. The penstocks direct the water to a turbine in the 
impeller. 

3. As the water flows through the blades, it causes the shaft to spin, 
with which the rotor also begins to rotate. 

4. The rotor together with the starter is a generator, which converts the 
mechanical energy of the spinning turbine into electrical energy. 

5. The electrical energy produced by the generator is then sent to a 
transformer, which increases the voltage of the electricity so that it can be 
transmitted over long distances. 

6. The electricity is then transmitted over power lines to homes, busi-
nesses, and other customers. 

7. After the water passes through the impeller, it is released into a river 
downstream. 

In conclusion, hydroelectric power plants are an important source of 
renewable energy that harnesses the power of flowing water to generate 
electricity. While the process of generating electricity from water is com-
plex, the benefits of hydroelectric power - including its reliability, cleanli-
ness, and renewability - make it an attractive option for countries looking to 
reduce their reliance on fossil fuels. 
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HOW SOLAR ENERGY CONVERTS INTO ELECTRICITY  

Solar energy can be converted into electricity in two main ways: ther-
modynamic and photovoltaic. With the thermodynamic method, electricity 
can be generated from solar energy using traditional schemes in thermal 
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plants, in which the heat from fuel combustion is replaced by a stream of 
concentrated solar radiation. 

Solar photovoltaics is the direct conversion of solar radiation into elec-
trical energy. The principle of operation of a photovoltaic converter is based 
on the use of the internal photoelectric effect in semiconductors and the 
effect of separation of photogenerated charge carriers (electrons and holes) 
by an electron-hole junction or a potential barrier such as a metal-dielectric-
semiconductor. 

The photoelectric effect occurs when a photon (light beam) falls on an 
element made of two materials with different types of electrical conductivity 
(hole or electronic). Once in such a material, the photon knocks an electron 
out of its environment, forming a free negative charge and a "hole". As a 
result, the equilibrium of the so-called p-n junction is disturbed and an elec-
tric current is generated in the circuit. 

To improve the efficiency of photovoltaic conversion of solar energy, 
gallium arsenide is used as a starting material, whose photovoltaic losses at 
high temperatures are much lower than those of silicon. 

Two three-stage cells with high efficiency at a concentration level of 
1000 or more were created on the basis of gallium arsenide. Laboratory 
samples of solar cells with an area of 0.5 cm2 with k = 500 and efficiency 
40%. 

Experts in the field of photovoltaic conversion of solar radiation show 
that the most promising will be concentrators with k = 1000, which work 
with multi-stage arsenidgalium solar cells of a new generation. Solar cells 
are usually used as converters of solar energy into electricity, which are 
connected together to form solar panels. 

The average annual amount of total solar energy received annually in 
Ukraine is in the range of 1,070 kWh/m² in the northern time zone. 

Photovoltaic equipment can be operated quite efficiently throughout 
the year however, it is most effective during 7 months of the year (from 
April to October). 

The conversion of solar energy into electricity in Ukraine should be fo-
cused primarily on the use of photovoltaic devices. The availability of signif-
icant reserves of raw materials, industrial and scientific and technical base 
for the manufacture of photovoltaic devices can fully meet not only the 
needs of domestic consumers, but also export more than two-thirds of the 
products. 
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COMMISSIONING OF AIR LINES 

The construction of new or reconstruction of existing overhead power 
line (PL), as a rule, is performed by a specialized construction and installa-
tion organization. All works are performed according to the project. Before 
the start of work, the project is considered by the operational organization, 
which will then have to accept the finished power line (PL) into operation. 

During the construction of PL, operational staff conducts technical super-
vision over the performance of construction and installation works. The task of 
operational personnel is to provide assistance to builders and installers during the 
detection of defects, omissions and deviations from the project.  

After the completion of the work, the construction and installation or-
ganization notifies the operating organization on the need to accept the line 
into operation. For this, an acceptance commission is appointed, to which the 
necessary design and technical documentation of the PL is transferred (line 
project, passport and inventory description, three-line scheme with phase 
coloring and transposition of drives, route plan and profile, land allocation 
documentation, acts for hidden works, etc.). To assist the reception commit-
tee, working committees are created with the participation of electricians-
linemen. Members of the working commissions perform a detailed inspec-
tion of the submarine (climbing onto each support) and draw up reports 
listing the defects and deficiencies found. 

After the construction and assembly organization eliminates all defi-
ciencies and inconsistencies with the project, the line is re-inspected and an 
additional act is drawn up. On the basis of the acts of the working commis-
sions and a review of the documentation, the acceptance commission deter-
mines the readiness of PL to be put into operation. 

Switching on the PL under voltage is performed by the operational 
staff of the power system upon application and with the permission of the 
head of the acceptance commission. The voltage on the line is supplied by a 
pulse at the minimum current and time settings on the protection relay. Be-
fore closing under the load, overhead line is phasing. 

Under load, the PL is tested during the day. Upon positive test results, 
an act on the transfer of PL into operation is drawn up. 

The damage of overhead power line causes harm to the national econ-
omy, therefore protection of PL from damage is an important state matter. 
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The "Rules for the protection of high-voltage electrical networks" were 
approved by a special government resolution. 

For the normal maintenance of PL, security zones have been estab-
lished along line, which pass through populated areas. They are limited by 
parallel lines located from the extreme wires at distances. The distances of 
the location of the outermost wires are given in the next table. 

Table 1 – Distances of location of the extreme wires depending on  
the voltage of a power line 

Voltage, kV 20 35 110 150-220 330 

Distance, m 10 15 20 25 30 

 
The width of the glade in forest areas and green plantations must be at 

least the distance between the outermost wires plus 3 m in each direction 
from the outermost wires for planting heights of up to 4 m and not less than 
the length of the support traverse plus a distance equaled to the height of the 
main forest area in each direction from extreme wires, for the height of 
plantings over 4 m. 

It is forbidden to build cut-in structures, perform earthworks, construc-
tion and installation works, put haystacks, etc. within the boundaries of pro-
tection zones and passages. 

It should be noted that the land area, which is under the PL, is not tak-
en from the land users, and it is usually cultivated for sowing and planting.  

Only the areas under the line supports are withdrawn from land users. 
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DEVELOPMENT OF FLEXIBLE SUPERCAPACITOR 

Scientists from Lviv Polytechnic National University, in collaboration 
with the Taiwan Textile Research Institute, have come up with a flexible 
fabric supercapacitor that runs on a solar battery. The device is a compact 
energy saving system that bends and attaches to most surfaces. 

Work on the invention began back in the 1990s in the laboratory of 
Korniy Tovstyuk, a correspondent of Academy of Sciences of Ukraine, in 
Chernivtsi. In 1993, LLP "Acer" was created specifically for the develop-
ment of the supercapacitor and systems that use it, which carried out several 
projects with partners from the USA, Japan, and Germany. Since the first 
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half of the 2000s Lviv Polytechnic National University has been working in 
this direction. 

The invention is an autonomous power supply system for household 
appliances. The principle of its operation is that the solar cell generates an 
electrical signal, which subsequently enters a supercapacitor with a large 
capacity. It accumulates energy, and then optimally distributes it with the 
help of a special electronic manager.  

Flexible part, where solar energy is converted into electricity, has al-
ready been developed in the world. But Lviv scientists created a flexible 
supercapacitor, which would allow the implementation of an autonomous 
system. 

First embodiment of the technology was a bag in which you can charge 
just a mobile phone, because its power is only 2 watts. Now they are work-
ing on creating more powerful systems that can charge a tablet or laptop and 
are also working to create a flexible light-emitting device based on it. De-
velopers say that there can be many modifications of the autonomous power 
source. If you increase the power of the installation, you can supply energy 
to the whole house. If used on surface of tourist tents it can be a permanent 
accumulator of solar energy and make it possible to heat the tent or cook 
food on electrical appliances without lighting a fire. In addition, the system 
works even in diffused sunlight. 

The flexible fabric supercapacitor was included in the top 100 research 
and development projects in the world according to the influential scientific 
journal "Research & Development". This proves that flexible fabric superca-
pacitors will be in high demand once they reach the stage of mass produc-
tion. 
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2:;RG5=> :0A:04><. #@8 70157?5G5==V C73>465=>3> @568<C @>1>B8 2AVE 
;0=>: AE5<8 :>5DVFVє=B 7030A0==S B0:>3> DV;PB@0 7@>AB0є, I> =01;860є 
DV;PB@ 4> V450;P=>3>. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. "A=>28 B5>@VW ;0=FR3V2: !02G. 4;S 2C7V2 / �. �. �525:5, #. �. 
�>=:V=, �. �. !5BCHV;, %. �. %B@0E>2. -5-5 284., #5@5@01. - .: �8I0 H:., 
1989. 528 A. 

2. &5>@5B8G=V >A=>28 5;5:B@>B5E=V:8. / �0?;S=AP:89 �. �. B0 V=. 
�84. 2-35. !02G. ?>AV1=8: 4;S 5;5:B@>B5E=VG=8E B0 5=5@35B8G=8E A?5FV-
0;P=>AB59 2C7V2. - .: �8I. H:., 1972. 448 A. 
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'�� 621.392 
�D0=0APє20 �.".1, #V4>?@83>@0 �.". 2 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-312A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�D0=0APє20 І."., #і4>?@83>@0 �.". 
%��!�� &� �"�" "%!"�!� )�$��&�$�%&��� 

%83=0; – F5 A?>AV1 ?5@54020B8 V=D>@<0FVR 2V4 >4=VєW B>G:8 4> 
V=H>W. $>73;S40B8<5<> <5B>4 ?5@540GV 70 4>?><>3>R 5;5:B@><03=VB=8E 
A83=0;V2, B>1B> 5;5:B@>729S7>:. &0:89 A?>AV1 729S7:C ?5@5410G0є ?5@5-
40GV V=D>@<0FVW 70 @0EC=>: 7<V=8 1C4P-S:>3> ?0@0<5B@0 5;5:B@8G=>3> 
A83=0;C. *59 ?@>F5A >B@8<02 =072C <>4C;SFVW. ' =09?@>ABVH><C 28?04-
:C =5ACG8< A83=0;>< 28ABC?0є A8=CA>W40. %83=0; <0є B@8 >A=>2=V ?0-
@0<5B@8: 0<?;VBC4C, G0AB>BC B0 ?>G0B:>2C D07C. 

�<?;VBC40 – F5 <0:A8<0;P=5 2V4E8;5==S =0?@C38 A83=0;C 2V4 =C-
;P>2>3> ?>@>3C, >1;0ABP ?>78B82=8E G8 =530B82=8E 7=0G5=P. /2;Sє A>-
1>R <56V, 2 S:8E 7<V=RєBPAS A83=0;.  

+0AB>B0 – :V;P:VABP :>;820=P A83=0;C 2 >48=8FR G0AC. �;S AB0=-
40@B870FVW ?@89=SB> S: >48=8FS G0AC 28:>@8AB>2CєBPAS >4=0 A5:C=40. 
"48=8F5R 28<V@C G0AB>B8 A;C68BP �5@F (�F). �5;8G8=0, S:0 є 72>@>B-
=>R 4> G0AB>B8 2 ?5@V>4, S:89 ?>:07Cє @V7=8FR 2 G0AV <V6 ACAV4=V<8 
7=0G5==S<8 A83=0;C @V2=>W 25;8G8=8 (=0?@8:;04, <0:A8<0;P=8<8 7=0-
G5==S<8). 

(070 ?>:07Cє, 7 S:>3> ?>G0B:>2>3> 7=0G5==S 7<V=RєBPAS A83=0;. 
(070 28<V@RєBPAS C 3@04CA0E G8 @04V0=0E.  

�;S ?5@540GV A83=0;V2 28:>@8AB>2CRBP :0=0;8 729S7:C. �0=0; 
729S7:C – F5 AC:C?=VABP B5E=VG=8E 70A>1V2, S:V A?@8SRBP ?@>E>465==R 
A83=0;C. �0=0; 729S7:C >@30=V7>2CєBPAS 2 1C4P-S:V9 ;V=VW 729S7:C: C <5-
B0;52><C 01> >?B8G=><C :015;V, @04V>@5;59=0, AC?CB=8:>20 01> S:0AP 
V=H0 ;V=VS 729S7:C. 

�;5:B@>729S7>: 107CєBPAS =0 B><C, I> A83=0;8 =5 <0RBP 2;0A=>W 
V=D>@<0FV9=>W 740B=>ABV. �>=8 ?5@540RBP V=D>@<0FVR BV;P:8 7024S:8 
?>?5@54=V9 4><>2;5=>ABV <V6 465@5;>< B0 ?@89<0G5< ?@> 7=0G5==S 
7<V=8 1C4P-S:>3> ?0@0<5B@0 A83=0;C, I> ?5@540єBPAS. � FP>3> 28?;820є, 
I> 3>;>2=0 ?@>1;5<0 ?@>F5AC ?5@540GV V=D>@<0FVW ?>;S30є 2 <>6;82>-
<C 7>2=VH=P><C 2B@CG0==V (C<8A=><C 01> =5=02<8A=><C), S:5 ?5@5H-
:>460є ?5@540GV A83=0;C C A5@54>28IV. &0:8< 2B@CG0==S< <>6CBP 1CB8 
5;5:B@><03=VB=V =02545==S V=H8E ;V=V9 729S7:C, 2?;828 2V4 ?@><8A;>2>-
3> B0 ?>1CB>2>3> >1;04=0==S, 7;>2<8A=5 4VS B@5BVE >AV1. ->1 70E8AB8B8 
A83=0;8 28:>@8AB>2CRBP @>7<0WB8 70A>18: H8D@C20==S, :>4C20==S, 
A?5FV0;P=V <5B>48 <>4C;SFVW, 5:@0=C20==S ;V=V9 729S7:C i B.?. "4=0G5 
?>2=>3> CAC=5==S ?5@5H:>4, S: ?@028;>, =5 4>AS30RBPAS, B><C @>73;S-



 

266 

 

40RBP @V7=V ?>:07=8:8 S:>ABV ?5@540GV: :V;P:VABP ?><8;>: 70 A5:C=4C, 
<0:A8<0;P=5 G8A;> ?>A;V4>2=8E ?><8;>: i B.?.. 

�06;828<8 2;0AB82>ABS<8 A83=0;C є: H8@8=0 A?5:B@C A83=0;C 
(ΔF), 9>3> 48=0<VG=89 4V0?07>= (Dc) B@820;VABP A83=0;C (&A). 

,8@8=0 A?5:B@C – F5 @V7=8FS <V6 =0928I>R V =09=86G>R G0AB>-
B0<8 A?5:B@C A83=0;C, S:V 740B5= 70157?5G8B8 :0=0; 729S7:C 4;S S:VA=>W 
?5@540GV V=D>@<0FVW.  

�8=0<VG=89 4V0?07>= – F5 2V4=>H5==S <0:A8<0;P=>W <8BBє2>W ?>-
BC6=>ABV A83=0;C 4> <V=V<0;P=>W. �0728G09 9>3> 28<V@RRBP 2 ;>30@8D-
<VG=8E >48=8FSE – 45F815;0E: Dc= 10·lg(Pmax/Pmin). �8=0<VG=89 4V0?0-
7>= 70157?5GCє 7040=C S:VABP ?5@540GV V=D>@<0FVW.   

#@><V6>: G0AC, ?@>BS3>< S:>3> ?5@540єBPAS A83=0;, =07820RBP 
B@820;VABR A83=0;C.  

�>1CB>: F8E ?0@0<5B@V2 287=0G0є 9>3> >1′є< A83=0;C:  Vc = 

ΔFc·Dc·Tc . 

�V;P:VA=> V=D>@<0FVR 28@060RBP 2 A?5FV0;P=8E >48=8FSE – 1VB0E. 
"48= 1VB – F5 :V;P:VABP V=D>@<0FVW, S:C <VAB8BP >48= @>7@S4 42V9:>2>3> 
F8D@>2>3> :>4C. ,284:VABP ?5@540GV V=D>@<0FVW 28@060RBP 2 1VB0E 70 
A5:C=4C (1VB/A) V ?>7=0G0RBP ;VB5@>R %. "B65, >1′є< A83=0;C:  Vc = %·Tc . 

%83=0;8 :;0A8DV:CRBP ?> G>B8@P>< B8?0<:  
- �=0;>3>2V – =5?5@5@2=V 2 G0AV V =0 <=>68=V 7=0G5=P; 
- �8A:@5B87>20=V – 48A:@5B=V 2 G0AV B0 =5?5@5@2=V =0 <=>68=V 

7=0G5=P; 
- �20=B>20=V – =5?5@5@2=V 2 G0AV B0 48A:@5B=V =0 <=>68=V 7=0-

G5=P; 
- *8D@>2V –48A:@5B=V >4=>G0A=> 2 G0AV B0 =0 <=>68=V 7=0G5=P. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. +0AB>B=V )0@0:B5@8AB8:8 �8=0<VG=8E �0=>: � *V;><C: 251-
A09B. URL:  https://elib.lntu.edu.ua/sites/default/files/elib_upload/1 (40B0 
725@=5==S: 23.03.2023). 

2.  0=47V9 �.�., �5;57=S: $.�. "A=>28 B5>@VW A83=0;V2: =02G. ?>AV1. 
�P2V2AP:0 ?>;VB5E=V:0. 2022. 240 A. 

https://elib.lntu.edu.ua/sites/default/files/elib_upload/1%20%D0%9F%D0%B0%D1%81%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D0%BA%20%20%D0%B7%20%D1%82%D0%B5%D1%81%D1%82%D0%B0%D0%BC%D0%B8%20%D0%B3%D0%BE%D1%82%D0%BE%D0%B2%D0%B8%D0%B9/page16.html
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'�� 620.9:662.61.004.1 
Є@H>2 �.�.1, �5;5=V=0 ".�.2 
1 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. ;01. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

Є@H>2 �.�., �5;5=і=0 ".�. 
&�#�"��� ����!% "#��.���Ь!"� �� !�&� 

�5DVF8B ?0;820 B0 9>3> ?>4>@>6G0==S 2 CAP><C A2VBV >AB0==V<8 
@>:0<8 A?@8Sє ?>HC:C H;SEV2 5:>=><VW B5?;0 C 68B;>28E ?@8<VI5=-
=SE. �;S >B@8<0==S ?@0:B8G=8E @5:><5=40FV9 1060=> <0B8 @>7@0EC=:8 
A:;04>28E B5?;>2>3> 10;0=AC, S:89 2V41C20єBPAS <V6 68B;>28< ?@8<V-
I5==S< B0 7>2=VH=V< A5@54>28I5< C E>;>4=C ?>@C @>:C. &><C =0720=C 
B5<C 4>A;V465==S A;V4 22060B8 0:BC0;P=>R. 

$>73;S=5<> B5?;>289 AB0= :V<=0B8 1030B>:20@B8@=>3> 1C48=:C. 
�C45<> 22060B8, I> B5?;>289 ?>BV: ?V42>48BPAS 42>?;0AB8=G0AB8< 
@04V0B>@>< >?0;5==S B0 A>=SG=8< 28?@><V=R20==S<, 0 2V42>48BPAS 
;8H5 G5@57 7>2=VH=R ABV=C 7 2V:=>< B0 25=B8;SFV9=89 :0=0;. �0;0=A 
5=5@3VW <0є 283;S4 

 Qp+Qc=QcB+Q2+Q:,  (1) 

45 Qp B0 Qc – ?>BC6=VABP @04V0B>@0 >?0;5==S B0 A>=SG=>3> 28?@><V=R-
20==S, S:5 =04E>48BP G5@57 2V:=>; QcB+Q2+Q: – 28B@0B8 5=5@3VW G5@57 
7>2=VH=R ABV=C, 2V:=> B0 25=B8;SFV9=89 :0=0;. �87=0G8<> :>6=C A:;0-
4>2C 10;0=AC 5=5@3VW, 2@0E>2CRG8, I> 28<V@S=V B5<?5@0BC@8 :V<=0B8 B0 
@04V0B>@0 A:;040;8 20 >% B0 45>%, 2V4?>2V4=>. 

 

#>BC6=VABь @04V0B>@0 >?0;5==S 287=0G0;0AS 7 C@0EC20==S< :>=-
25:B82=>3> B0 @04V0FV9=>3> B5?;>?5@5=5A5==S 7 =03@VB>W ?>25@E=V 70 
D>@<C;>R: 

 Qp=³S(tp-t)+0,5¸SÃ(T4p-T4)=390+119=509 �B,  (2) 

45 ³=5,6+4V=7,6 �B/<2 � – :>5DVFVє=B B5?;>2V440GV ?@8 28AEV4=V9 H28-
4:>ABV ?>2VB@S V=0,5 </A; S=2 <2 – 7030;P=0 =03@V20RG0 ?>25@E=S 42>?-
;0AB8=G0AB>3> @04V0B>@0; tp=45 >% – 28<V@S=0 B5<?5@0BC@0 @04V0B>@0; 
t=20 >% – B5<?5@0BC@0 :V<=0B8; ¸=0,78 – ABC?V=P G>@=>B8 @04V0B>@0, 
?>:@8B>3> <0A;S=>R D0@1>R; Ã – AB0;0 %B5D0=0-�>;PF<0=0. �@0E>20-
=>, I> 7>2=VH=S 28?@><V=R20;P=0 ?>25@E=S 42>?;0AB8=G0AB>3> @04V0-
B>@0 C42VGV <5=H0 70 9>3> 7030;P=C =03@V20;P=C ?>25@E=R. 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiI6rySm-38AhUHgosKHXTjBv4QFnoECCEQAQ&url=https%3A%2F%2Fknutd.edu.ua%2Fpublications%2Fpdf%2FVisnyk%2F2013-6%2F146_149.pdf&usg=AOvVaw09jCSGfP83NrUrvABVGW4O
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiI6rySm-38AhUHgosKHXTjBv4QFnoECCEQAQ&url=https%3A%2F%2Fknutd.edu.ua%2Fpublications%2Fpdf%2FVisnyk%2F2013-6%2F146_149.pdf&usg=AOvVaw09jCSGfP83NrUrvABVGW4O


 

268 

 

�8B@0B8 B5?;0 G5@57 :>=4C:B82=C B5?;>?@>2V4=VABP 7>2=VH=P>W 
ABV=8:  

 QcB=ScB·λ·Δt/Δb=150 �B, (3) 

45 ScB=8 <2 – ?;>I0 ?>25@E=V 7>2=VH=P>W ABV=8; λ=0,75 �B/<·� – B5?;>-
?@>2V4=VABP ABV=8 7 F53;8; Δt/Δb=25 �/< – 3@04Vє=B B5<?5@0BC@8 C ABV=V 
B>2I8=>R 0,8 < ?@8 @V7=8FV B5<?5@0BC@ Δt=20 >%. �2060;>AS, I> 7>2-
=VH=S B5<?5@0BC@0 A:;040;0 0 >%. 

 
�8B@0B8 B5?;0 G5@57 2V:=> ?;>I5R S2=3 <2 2@0E>2C20;8 ?>BV: B5-

?;>?5@540GV B0 ?@><5=52C A:;04>2C: 

 Q2=S2·[�·Δto +¸Ã(T4:-T47)]=198+109=307 �B,  (4) 

45 �=3,3 �B/<2·� – :>5DVFVє=B B5?;>?5@540GV 4;S ?>42V9=>3> A:;0 2V:=0; 
Δto=20 >%; &: V &7 – B5<?5@0BC@8 :V<=0B8 B0 7>2=VH=P>3> A5@54>28I0 2 
�; ¸=0,3 – ?@82545=0 ABC?V=P G>@=>B8 2V:=0: 

 ¸=(1/¸1+1/¸2-1)-1,  (5) 

45 ¸1=0,5 B0 ¸2=0,5 – ABC?5=V G>@=>B8 :V<=0B8 B0 7>2=VH=P>3> A5@54>28-
I0. 

 
#@89<0є<>, I> =03@V2 :V<=0B8 A>=OG=8< 28?@><V=N20==O< 2V4-

1C20єBPAS >48= 45=P =0 B8645=P ?@>BS3>< ?5@V>4C &A=3 3>4 V A>=SG=V 
?@><5=V ?040RBP ?V4 A5@54=V< :CB>< 4> =>@<0;V 2V:=0 ³=60>. &>4V A5@5-
4=S ?>BC6=VABP A>=SG=>3> =03@V2C :V<=0B8 287=0G8BPAS G5@57 A>=SG=C 
AB0;C Rc=1,4 :�B/<2 =0ABC?=8< G8=><: 

 Qc=(T/24·7)·Rc·S2·cos³=50,3 �B.  (6) 

�8B@0B8 B5?;0 G5@57 25=B8;OFV9=89 >B2V@, I> ?@8?040RBP =0 
>4=C :V<=0BC, A:;040;8 G5B25@BC G0AB8=C 7030;P=8E 28B@0B B0 287=0G0-
;8AS 70 D>@<C;>R: 

 Q:=ρVS2%@(&:-&7)/4=69 �B,  (7) 

45 ρ=1,25 :�/<2 – 3CAB8=0 ?>2VB@S; V=1,1 </A – H284:VABP ?>2VB@S C :@8-
B8G=><C ?5@5@V7V 25=B8;SFV9=>W @5HVB:8 ?;>I5R S:=10-2 <2; 
%@=103 �6/:�ˑ� – B5?;>є<=VABP ?>2VB@S; &:-&7=20 >% – @V7=8FS B5<?5-
@0BC@ :V<=0B8 B0 7>2=VH=P>3> A5@54>28I0. 

 
�=B53@0;P=89 10;0=A 5=5@3VW 4;S =03@V2C :V<=0B8: 

 Qp+Qc=509+50,3=559,3 �B.  (8) 
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�8B@0B8 5=5@3VW, I> ?@872>4SBP 4> >E>;>465==S :V<=0B8: 

 Qo=QcB+Q2+Q:=150+307+69=526 �B.  (9) 

�0;0=A 5=5@3VW <V6 =03@V2>< B0 >E>;>465==S< :V<=0B8 AE>48BPAS.  
�8A=>2:8. 
1. �0 @57C;PB0B0<8 @>7@0EC=:V2 >B@8<0=> ?@0:B8G=> 206;82V A:;0-

4>2V B5?;>2>3> 10;0=AC. �87=0G5=>, I> 28B@0B8 5=5@3VW G5@57 2V:=> C 
420 @078 ?5@528ICRBP 28B@0B8 G5@57 ABV=C :V<=0B8, I> @>18BP 0:BC0;P-
=8< 4>40B:>2C B5?;>V7>;SFVR 2V:=0. 

2. �=5@3VS 28?@><V=R20==S G5@57 2V:=> A:;040є 1V;S 50% 5=5@3VW 
?>B>:C B5?;>?5@540GV. �8:>@8AB0==S 2V:>==8E HB>@ 7<5=HCє B5?;>25 
28?@><V=R20==S 2V:=0 7024S:8 5:@0=C20==R.  

 
 

'�� 620.9:662.61.004.1 
Є@H>2 �.�.1, �5;5=V=0 ".�.2 
1 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. ;01. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

Є@H>2 �.�., �5;5=і=0 ".�. 
$"�$�)'!�"�� "*�!�� �#���' �"��&�"�"� 

&�#�"��"�/*�� �� !�&� 

&5?;>289 >?V@ :V<=0B8 Ro 287=0G0єBPAS S: 2V4=>H5==S @V7=8FV B5-
<?5@0BC@ :V<=0B8 B0 7>2=VH=P>3> A5@54>28I0 Δt=20 ºC 4> B5?;>2>3> 
?>B>:C V7 :V<=0B8 (Qo=526 �B): 

 Ro=20/526=0,038 >%/�B. (1) 

#;V2:0 «B@5Bє A:;>» ?@8 IV;P=><C ?@8;S30==V 70 ?5@8<5B@>< @0-
<8 7<5=HCє ?>BV: B5?;>?5@540GV Q2 =0 B@5B8=C, I> A:;045 ΔQ=66 �B. 
�<V=0 B5<?5@0BC@8 C :V<=0BV 287=0G0єBPAS S: ?>EV4=0 7<V=8 B5?;>2>3> 
?>B>:C =0 B5?;>289 >?V@ :V<=0B8 

 Δ&2:=ΔQ·Ro=66·0,038=2,5 ºC.  (2) 

�2>1VG=0 ?;V2:0 ?@8 ?@8;S30==V 70 ?5@8<5B@>< @0<8 7<5=HCє ?>-
BV: B5?;>?5@540GV =0?>;>28=C (ΔQ=99 �B), I> 40є 

 Δ&2:=99·0,038=3,8 ºC.  (3) 

#V2?@>7>@0 ?;V2:0 «&5?;>25 475@:0;>» 2 >4=>:0<5@=><C A:;>?0-
:5BV 70B@8<Cє B5?;>25 28?@><V=R20==S V7 :V<=0B8 =0 90%, I> 4;S =0-
H>3> 28?04:C AB0=>28BP 100 �B. %E5<0 2V:=0 «&5?;>25 475@:0;>» 2 
>4=>:0<5@=><C A:;>?0:5BV ?>:070=0 =0 @8A. 1. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiI6rySm-38AhUHgosKHXTjBv4QFnoECCEQAQ&url=https%3A%2F%2Fknutd.edu.ua%2Fpublications%2Fpdf%2FVisnyk%2F2013-6%2F146_149.pdf&usg=AOvVaw09jCSGfP83NrUrvABVGW4O
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiI6rySm-38AhUHgosKHXTjBv4QFnoECCEQAQ&url=https%3A%2F%2Fknutd.edu.ua%2Fpublications%2Fpdf%2FVisnyk%2F2013-6%2F146_149.pdf&usg=AOvVaw09jCSGfP83NrUrvABVGW4O
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$8A.1 – %E5<0 2V:=0 «&5?;>25 475@:0;>». 

�@V< B>3>, ?;V2:0 7<5=HCє ?>BV: B5?;>?@>2V4=>ABV =0 66 �B. �030-
;>< ΔQ=166 �B, I> 40є  

 Δ&2:=166·0,038=6,3 ºC.  (4) 

'B5?;5==S ABV=8 ?V=>?;5:A>< 5 A< 7<5=HCє ?>BV: B5?;>?5@540GV 
C42VGV – ΔQ=75 �B, I> 0=0;>3VG=> 40є Δ&AB=2,8 ºC. 

&5?;>289 5:@0= 70 @04V0B>@>< (D>;P30+B5?;>V7>;SFVS) ?>25@B0є 4> 
:V<=0B8 =5 1V;PH5 B@5B8=8 B5?;>2>3> 28?@><V=R20==S @04V0B>@0, >A:V-
;P:8 7=0G=0 G0AB8=0 28?@><V=R20==S ?>3;8=0єBPAS A0<8< @04V0B>@><. 
' FP><C 28?04:C 28?@><V=R20==S B5?;>2>3> 5:@0=C 4> :V<=0B8 AB0=>-
28BP 40 �B, I> 40є ?V428I5==S B5<?5@0BC@8 C :V<=0BV =0 1,5 >%. 

' @07V CB5?;5==S 2V:=0 ?V=>?;5:A>< @>73;S40RBPAS 420 28?04:8: 
1) =5?@>7>@5 FV;>4>1>25 ?V=>?;5:A>25 CB5?;5==S 2V:=0 C 283;S4V 

2V:>==8FP 01> @>;5BV2, ?@8 S:><C B5?;>289 ?>BV: G5@57 =P>3> A:;045: 

 Q2=S(λ/·)Δt=54 �B,  (5) 

45 λ=0,046 �B/<·� – B5?;>?@>2V4=VABP ?V=>?;5:AC; ·=0,05 < – B>2I8=0 
?V=>?;5:AC.  

 
/:I> 2V:>==8FV =5 2V4:@820B8 =0 45=P, B> <0є<> ΔQ2=307-

54=253 �B, I> 40є ?V428I5==S B5<?5@0BC@8 C :V<=0BV =0 

 Δ&2:=253·0,038=9,8 ºC.  (6) 

2) ?@8 12-B8 3>48==><C 70:@8BBV 2V:>==8FV A5@54=P>4>1>289 ?>BV: Q2 
A:;045 180 �B, 0 ΔQ2=127 �B, I> ?V428I8BP B5<?5@0BC@C C :V<=0BV =0 

 Δ&2:=127·0,038=4,8 ºC.  (7) 

3) B0:C 6 5D5:B82=VABP B5?;>V7>;SFVW <>6=0 >B@8<0B8 V ?@8 70-
:@8BBV 2V:>==8F5R ?>;>28=8 2V:=0.  

/:I> 70<VABP ?V=>?;5:AC ?>AB028B8 ?;8B8 �%#, S:V <0RBP 
·=0,05 <, λ=0,128 �B/<·�, B> ΔQ2=150 �B, B> ?V428I5==S B5<?5@0BC@8 
AB0=>28B8<5 

 Δ&2:=150·0,038=5,7 ºC.  (8) 
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#;8B8 �%# 28:>@8AB>2CRBP 4;S 70E8ABC 2V:>= 2V4 C40@C, 0 B0:>6 
4;S CB5?;5==S 70 2V4ACB=>ABV A:;0. &><C 4;S A?@>I5==S BCB =5 2@0E>20-
=> B5?;>289 >?V@ A:;>?0:5BC, G0AB:0 S:>3> 1;87P:> 40% 2V4 >?>@C ?;8-
B8 �%#. 

$>7@0EC=:>2V >FV=:8 ?>:07CRBP, I> >:@5<V 20@V0=B8 4>40B:>2>3> 
?V428I5==S B5?;>2>3> >?>@C ?@872>4SBP 4> ?V428I5==S B5<?5@0BC@8 
:V<=0B8 =0 25;8G8=C: 

?@>7>@0 ?;V2:0 ?@8 ?@8;S30==V 70 ?5@8<5B@>< @0<8..&.2,5 >%; 
42>1VG=0 ?@>7>@0 ?;V2:0 70 ?5@8<5B@>< @0<8&&&......3,8 >%; 
?V2?@>7>@0 ?;V2:0 «&5?;>25 475@:0;>» C A:;>?0:5BV&...6,3 >%; 
CB5?;5==S ABV=8 ?V=>?;5:A>< 5 A<&&&&&&&&&.2,8 >%; 
B5?;>289 5:@0= 70 10B0@5єR (D>;P30+B5?;>V7>;SFVS).&.1,5 >%; 
?V=>?;5:A>2V ?;8B8, 2V:>==8FV (@>;5B8) FV;>4>1>2> &.. 9,8 >%; 
?;8B8 �%# FV;>4>1>2>&&&&&.&&&&&&.&&..5,7 >%; 
?V=>?;5:A>2V 2V:>==8FV 2=>GV =0 12 3>48= &&&&&&4,8 >%. 
�8A=>2:8. 
1. #>:070=0 5D5:B82=VABP 28:>@8AB0==S ?V=>?;5:A>28E 2V:>=-

=8Fь C =VG=89 G0A, >A:V;P:8 5:>=><VS 28B@0B B5?;>2>3> ?>B>:C V7 :V<=0-
B8 AB0=>28BP 1;87P:> 25%, I> C42VGV ?5@528ICє 5D5:B82=VABP CB5?;5=-
=S 7>2=VH=P>W ABV=8 ?V=>?;5:A><. 

2. #@8 12-B8 3>48==><C 28:>@8AB0==V 2V:>==8FP C =VG=89 G0A A5-
@54=P>4>1>20 B5<?5@0BC@0 :V<=0B8 ?V428ICєBPAS =0 4,8 >%. 

 
 

'�� 629.735.33.016 
Є@H>2 �.�. 
4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

Є@H>2 �.�. 
"#&� ��Ь!� ,�����%&Ь �"��'�"�"�" #"�Ь"&' 

#�%���$%Ь�"�" ��&��� � &$� 

�8B@0B8 02V0FV9=>3> ?0;820 4;S ?0A068@AP:8E ;VB0:V2 AB0=>2;SBP 
4&6 B =0 B8ASGC :V;><5B@V2 ?>;P>BC B0 A:;040RBP 1;87P:> 30% 2V4 CAVE 
28B@0B 02V0:><?0=V9. !0 5:>=><VR ?0;820 7=0G=> 2?;820є 281V@ >?B8-
<0;P=8E ?0@0<5B@V2 ?>;P>BC – 28A>B8 V H284:>ABV. �=D>@<0FVW 2 >?C1;V-
:>20=8E @>1>B0E I5 =54>AB0B=P> 4;S 0=0;V7C B0 287=0G5==S C<>2 5:>-
=><VW ?0;820. 

 5B>4 >?B8<V70FVW ?0@0<5B@V2 ?>;ь>BC. �8:>=0=> @>7@0EC=:8 
>?B8<0;P=8E E0@0:B5@8AB8: :@59A5@AP:>3> ?>;P>BC ;VB0:0 B8?C �>V=3 
737. !091V;PH0 40;P=VABP ?>;P>BC ;VB0:0 70;568BP 2V4 :V;><5B@>2>W 
28B@0B8 ?0;820 – %L, S:0 287=0G0єBPAS 70 D>@<C;>R 

 %L=%/V=%?·q·mg/V,  (1) 
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45 %,:3/3>4 – 3>48==0 28B@0B0 ?0;820 ;VB0:0; %п, :3/!·3>4 – ?8B><0 3>-
48==0 28B@0B0 ?0;820 =0 1 !PRB>= BS38 4283C=0; V – H284:VABP; q – 
BS3>>71@>є=VABP ;VB0:0, S:0 287=0G0єBPAS S: 2V4=>H5==S BS38 4283C=V2 
4> 2038 ;VB0:0 mg. 

 
"?B8<0;P=0 BS3>>71@>є=VABP 70;568BP 2V4 28A>B=>W E0@0:B5@8AB8-

:8 4283C=0 V 287=0G0є >?B8<0;P=C 28A>BC ?>;P>BC. �;S 28@VH5==S ?>A-
B02;5=>W ?@>1;5<8 28:>@8AB0=> A8AB5<C @V2=S=P 4;S A8; >?>@C Fx B0 
?V49><=>W A8;8 Fy 

 Fx=%E·ρSV2/2, (2) 

 Fy=%y·ρSV2/2, (3) 

45 %E B0 %C – :>5DVFVє=B8 >?>@C B0 ?V49><=>W A8;8 ;VB0:0; S – ?;>I0 
:@8;0; ρ – 3CAB8=0 ?>2VB@S. 

 
�;S 3>@87>=B0;P=>3> ?>;P>BC =0 <0:A8<0;P=V9 28A>BV BS3>>71@>є-

=VABP 4>@V2=Rє 2V4=>H5==R %E/%C V є 72>@>B=>R 2V4 <0:A8<0;P=>3> 
:>5DVFVє=B0 05@>48=0<VG=>W S:>ABV ;VB0:0. &>4V D>@<C;0 (1) =01C20є 
283;S4C 

 %L=%?8B·mg·%E/%C·³·M, (4) 

45 ³ – H284:VABP 72C:C;   – G8A;>  0E0.  
 
�<V==>R 25;8G8=>R C (4) є A?V22V4=>H5==S 

 %E/%C·M, (5) 

S:5 є 72>@>B=>R 25;8G8=>R 2V4 <0:A8<0;P=>3> :>5DVFVє=B0 05@>48=0-
<VG=>W S:>ABV ;VB0:0 B0 G8A;0  0E0. 

�;S ?@>2545==S @>7@0EC=:V2 28:>@8AB0=> ?>;S@C ;VB0:0, S:>R є 
70;56=VABP 05@>48=0<VG=>3> :>5DVFVє=B0 ?V49><=>W A8;8 %C 2V4 :>5DVFV-
є=B0 >?>@C %E ?@8 7040=8E G8A;0E  0E0, S:C =02545=> =0 @8A.1. 

 0RG8 ?>;S@C ;VB0:0 4;S @V7=8E G8A5;  0E0, 1C;> 287=0G5=> 70-
;56=VABP (5) B0 H284:VABP ;VB0:0 2V4  , I> ?@82545=V C B01;8FV 1. �@0-
E>20=>, I> H284:VABP 72C:C =0 28A>BV 11 :< A:;040є 1040 :</3>4. 

&01;8FS 1 – �0;56=VABP %E/%C·M B0 H284:VABP ;VB0:0 

  0,55 0,60 0,65 0,70 0,75 0,8 0,85 0,90 

%E/%C·M 0,135 0,124 0,113 0,105 0,104 0,105 0,111 0,123 

V, :</3>4 570 625 680 730 780 840 890 940 
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$8A. 1 – �<V=0 05@>48=0<VG=8E :>5DVFVє=BV2 >?>@C %E B0 ?V49><=>W A8;8 %C 70;56=> 
2V4 G8A;0  0E0 ;VB0:0 B8?C �>V=3 737. 

/: 284=> 7 B01;8FV 1, <V=V<0;P=0 25;8G8=0 70;56=>ABV %E/%C·M, S:0 
є ?@>?>@FV9=>R 28B@0BV ?0;820, 2V4?>2V40є H284:>ABV 730&840 :</3>4. 
#@8 ?V428I5==V H284:>ABV 4> 890 :</3>4 28B@0B8 ?0;820 71V;PHCRBPAS 
265 =0 5% 2=0A;V4>: 71V;PH5==S E28;P>2>3> >?>@C ;VB0:0. 

�8A=>2:8. 
1. �AB0=>2;5=>, I> >?B8<0;P=0 H284:VABP :@59A5@AP:>3> ?>;P>BC 

;VB0:0 B8?C �>V=3 737 AB0=>28BP 730&840 :</3>4 =0 <0:A8<0;P=V9 28-
A>BV ?>;P>BC 11 :<. #@8 ?>40;PH><C 71V;PH5==V H284:>ABV ?><VB=> 
7@>AB0є E28;P>289 >?V@ ;VB0:0, I> ?@82>48BP 4> ?V428I5==S 28B@0B8 
?0;820. 

2. #>:070=>, I> >?B8<0;P=89 @568< :V;><5B@>2>W 5:>=><VW ?0;820 
=0 <0:A8<0;P=V9 28A>BV ?>;P>BC 2V4?>2V40є C<>2V ?>;P>BC 7 <0:A8<0;P-
=>R 05@>48=0<VG=>R S:VABR ;VB0:0. 
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'�� 53.098 
%5940<5B>2 %.�.1, #02;5=:> �.�.2, -5BV=V=0  .".3, �>A:CB>2 %.�.4 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 702. ;01. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
4 4-@ DV7.-<0B. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
%5940<5B>2 %.�., #02;5=:> �.�., -5Bі=і=0  ."., �>A:CB>2 %.�. 
$����%�*�/ ����,�"��) !�#$'��!Ь ' %#���� �#-

718�� #�� ��Є.  ��!�&!"�" #"�/ 

�0;V7>=V:5;52V A?;028 H8@>:> 28:>@8AB>2CRBPAS 2 02V0FV9=V9 30-
;C7V 7024S:8 28A>:V9 <VF=>ABV, ABV9:>ABV 4> 28A>:8E B5<?5@0BC@, >:8A-
;5==S B0 :>@>7VW, 0 B0:>6 4>1@V9 >1@>1;R20=>ABV. �0;8H:>2V @>7BS3CRGV 
=0?@C65==S, I> 28=8:0RBP C 45B0;SE ?V4 G0A WE 283>B>2;5==S B0 5:A-
?;C0B0FVW, 0 B0:>6 B5?;>2>W V <5E0=VG=>W >1@>1>:, є 206;828< D0:B>@><, 
S:89 2?;820є =0 <VF=VABP B0 4>23>2VG=VABP :>=AB@C:FV9, >A:V;P:8 WE 
28A>:0 :>=F5=B@0FVS ?@872>48BP 4> CB2>@5==S 2B><=8E B@VI8=. � <5-
B>R WE CAC=5==S 28:>@8AB>2CRBP B5@<VG=89, <5E0=VG=89, C;PB@072C:>-
289 2?;82 =0 28@>18. !09?>H8@5=VH8< A?>A>1>< 7=SBBS 70;8H:>28E 
=0?@C65=P є B5@<VG=0 >1@>1:0 [1, 2], S:0 @07>< 7 =87:>R ?5@5203 <0є V 
ACBBє2V =54>;V:8 – 25;8:V 5=5@3>28B@0B8 =0 =03@V20==S B0 7<V=0 AB@C:-
BC@8, I> 2545 4> 2B@0B E0@0:B5@8AB8: <VF=>ABV 45B0;V. #5@A?5:B82=8< 7 
FVєW B>G:8 7>@C є 28:>@8AB0==S <03=VB=>3> ?>;S. 

�@07:8 7V A?;02C �#-718�� ()!45 �&.�$) ?@87<0B8G=>W D>@<8 
@>7<V@>< 59×10×1,9 << 1C;8 28@V70=V 7 ;8AB0, >B@8<0=>3> 70 B@048FV9-
=>R B5E=>;>3VєR (�"%& 19903-74). �0;V7>=V:5;5289 60@><VF=89 A?;02 
=0;568BP 4> 0CAB5=VB=>3> :;0AC, 0, >B65, ?@8 :V<=0B=V9 B5<?5@0BC@V є 
?0@0<03=VB=8<. 

$>7BS3CRGV 70;8H:>2V =0?@C65==S =0 ?>25@E=V 7@07:V2 D>@<C20-
;8AP H;SE>< H;VDC20==S =0 ?;>A:>H;VDC20;P=><C 25@AB0BV 3�71, 0 
287=0G0;8AP <5B>4>< ?>A;V4>2=>3> 7=SBBS B>=:8E H0@V2 <5B0;C 5;5:B-
@>;VB8G=8< ?>;V@C20==S< 70 4>?><>3>R ?@8;04C #�"!-2. �;5:B@>;VB 
<02 =0ABC?=89 A:;04: ?;028:>20 :8A;>B0 – 2%; 07>B=0 :8A;>B0 – 30%; 
@5HB0 – 2>40. �0?8A ?@>38=C 7@07:0 74V9A=R202AS A0<>?8A><.  0A0 
7@07:0 4> V ?VA;S 5;5:B@>?>;V@C20==S 287=0G0;0AP 70 4>?><>3>R 0=0;V-
B8G=8E B5@57V2 B8?C ���-200 7 B>G=VABR 0,001 3. 

�;S >B@8<0==S V<?C;PA=>3> <03=VB=>3> ?>;S 28:>@8AB>2C20;8 @>-
7@S4 :>=45=A0B>@=>W 10B0@5W 5;5:B@>3V4@>V<?C;PA=>3> ?@5A0 <>45;V 
&1220 G5@57 <V4=89 A>;5=>W4.  

"1@>1:0 7@07:V2 V<?C;PA=8< <03=VB=8< ?>;5< ?@>2>48;0AS 1030-
B>@07>2> (10 V<?C;PAV2) C @568<V 70@S4:8 :>=45=A0B>@=>W 10B0@5W 4> 
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U=5 :�. #@8 FP><C B5<?5@0BC@0 7@07:V2, I> 28<V@R20;0AP 70 4>?><>-
3>R B5@<>?0@8 E@><5;P-:>?5;P, =5 7<V=R20;0AP. 

 

$8AC=>: 1 – $>7?>4V; 70;8H:>28E =0?@C65=P C ?>25@E=52><C H0@V 7@07:V2 

$57C;PB0B8 4>A;V465=P (@8A. 1) @>7?>4V;C 70;8H:>28E =0?@C65=P 
C ?>25@E=52><C H0@V 7@07:V2 ?>:07CRBP, I> >1@>1:0 V<?C;PA=8< <03=V-
B=8< ?>;5< 7<5=HCє 25;8G8=C 70;8H:>28E =0?@C65=P =0 3;818=V 4> 
20 <:< <0965 =0 40%. 

�=865==S 70;8H:>28E =0?@C65=P C ?0@0<03=VB=><C 70;V7>=V:5;5-
2><C A?;02V ?>29S70=> 7 ?5@51C4>2>R 48A;>:0FV9=>W AB@C:BC@8 ?V4 4VєR 
<03=VB=>3> ?>;S, B.7. <03=VB>?;0AB8G=8< 5D5:B><. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Evolution of microstructure, mechanical properties and residual 
stress of a cold rolled invar sheet due to heat treatment / S.J. Park, S.-H. Jo, 
J.G. Kim and others // Metals. – 2022. – № 12: 110. 

2. In situ study of the stress relaxation during aging of nickel-base 
superalloy forgings / P.E. Aba-Perea, P.J. Withers, T. Pirling and others // 
Metallurgical and materials transactions. – 2019. – Vol. 50A: 3555. 
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'�� 531.2 
 0=P:> �.�. 
:0=4. DV7.-<0B. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0»  

 0=P:> �.�. 
��&" �&�+!� � ���!!/ #�%��!"� %�%&� � #"���' 

�>;>2=>R ?@>1;5<>R 40G=8:V2 є =5 BV;P:8 =0S2=VABP ?>;82=>W 
2>48, 0 V 2G0A=89 ?>;82 @>A;8=. "?B8<0;P=8< є ?>;82 C 28EV4=V V >48= 
@07 A5@54 B86=S, =0?@8:;04, C A5@54C. �;5 >AB0==є є ?@>1;5<0B8G=8<. 
/: ?@028;>, 2>40 A5@54 B86=S =5 ?>40єBPAS C 1V;PH>ABV B>20@8AB2. 
":@V< FP>3>, ?@8WE0B8 =0 4V;S=:C I5 V A5@54 B86=S <0RBP <>6;82VABP 
=5 2AV. �V;PHVABP 40G=8:V2 ?@0FRRBP, 45:><C 206:> 70 AB0=>< 74>@>2׳S 
01> 10=0;P=> 4>@>3>. &><C A8AB5<0 02B><0B8G=>3> ?>;82C 70 
2V4ACB=>ABV 3>A?>40@S є 0:BC0;P=>R. #@8G><C 7@CG=> <0B8 
5=5@3>=570;56=C A8AB5<C, S:0 1 =5 ?>B@51C20;0 1C4P-S:>3> 465@5;0 
682;5==S – =V 5;5:B@><5@56V (=5 C 2AVE 2>=0 є, =5 702648 DC=:FV>=Cє, 
B0 V =5157?5G=> 70;8H0B8 WW C2V<:=5=>R 157 =03;S4C), =V 0:C<C;SB>@V2, 
S:V ?>B@V1=> I5 :C?8B8 V @53C;S@=> 70@S460B8, =V A>=SG=8E 10B0@59, B0: 
S: 2>=8 4>@>3V. %0<5 B0:0 A8AB5<0 V ?@>?>=CєBPAS 2 40=V9 @>1>BV. 
Є48=>R 28<>3>R є =0S2=VABP 4>AB0B=P>W є<=>ABV 4;S 2>48, S:0, 4> @5GV, 
<0є 1CB8 =0 :>6=V9 A04>2V9 4V;S=FV 70 28<>30<8 ?>656=>W 157?5:8. 
&0:0 A8AB5<0 ?>:070=0 =0 @8AC=:C 1. 

�> WW A:;04C 2E>4OBь: 10: 1 7 2>4>R, ?V4=SB89 =04 ?>25@E=5R 75-
<;V; :@0= 2; ?>;82=89 H;0=3 3; :@0?5;P=0 A8AB5<0 4 (<>6=0 :C?8B8 2 
0?B5FV); 2V4:@8B0 ?>AC48=0 5 =0 2, 3 G8 5 ;VB@V2, ?V42VH5=0 =0 <>BC7FV 4> 
<CDB8 6, S:C <>6=0 ?5@5<VIC20B8 ?> =0?@02;SRGV9 7 V DV:AC20B8 328=-
B>< 8; ?;0AB8=0 10, S:0 <>65 ?>25@B0B8AP 2V4=>A=> 3>@87>=B0;P=>W >AV 
9. #>2>@>B ?;0AB8=8 >1<565=89 C?>@>< 11. !0 ?;0AB8=V @>7<VI5=0 
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USAGE OF IGBT-TRANSISTORS IN POWER ELECTRONICS 

In modern engineering different types of switching devices are used: 
electromagnetic and electronic. The electromagnetic contactor has positive 
aspects: low price, ease of installation and repair. But it has a number of 
problems: burning of contacts, electric arc, weakening of the return spring, 
due to which the power contacts are de-energized with a delay or remain 
under high current at all, large weight and dimensions of the contactor, the 
inability to work at high switching frequencies. 

Modern electronic switches based on IGBT- transistors do not have 
these problems. The IGBT-transistor is a three-electrode power semiconduc-
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tor device that combines two transistors in one semiconductor structure: 
bipolar (forms a power channel) and field (forms a control channel). This 
device has absorbed the positive properties of a bipolar transistor (high volt-
age between the collector and the emitter) and a field-effect transistor (con-
trol occurs with the help of an electric field, and not with a current, as in a 
bipolar transistor). 

The IGBT- transistor has a number of positive properties: light weight, 
not large size, power, high switching frequency, absence of physical wear, 
longer storage life. Disadvantages include: price, a more complicated instal-
lation and setup process, passive cooling is required for heat removal, power 
is lost at high switching frequencies (approximately 20&50 kHz).  

On the basis of IGBT-transistors, frequency converters for electric 
drives, transformer less converters and inverters, welding equipment, and 
current regulators of powerful drives are produced. In the frequency range of 
10&20 kHz switches on IGBT- transistors significantly outperform semi-
conductor devices of other types. IGBT- transistors are used in networks 
with a voltage rating from 1 kW to 10 kW, while ensuring safe and reliable 
operation of electrical equipment. They are used in powerful control drives 
of trolleybuses, electric locomotives, and modern electric cars. Their use 
allows increasing the efficiency, ensuring the maximum possible smoothness 
of the technique. 

Scientists from CREE have invented Cree Mosfet-Transtor, which is 
analogous to the IGBT mentioned above, works with voltages above 
1700 V, calmly switch with frequency over 100 kHz, and lower switching 
losses, therefore more efficiency. 
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HIGH EFFICIENCY PHOTOCELLS FOR SOLAR BATTERIES 

The operation of a solar photovoltaic cell is based on the photovoltaic 
effect, which consists in the emergence of an electromotive force at the 
boundary of the p-n junction under the influence of solar radiation.The main 
part of a classic panel consists of an interconnected closely spaced photovol-
taic cells, usually made of silicon.The use of silicon is dominant in the solar 
energy market, with an estimated 80% share. Monocrystalline and polycrys-
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talline silicon are used in the manufacturing technology of photocells. In 
such panels, the efficiency ratio is 15&22%. 

In 2022, the Fraunhofer Institute for Solar Energy Systems developed a 
panel with a record 47,6% efficiency as one of the steps of its <50 percent= 
project. The upper tandem solar cell is made of gallium - indium phosphide 
(GaInP) and aluminum - gallium arsenide (AlGaAs), which were connected 
by company «Soitec» to the lower tandem solar cellmade of arsenide - galli-
um - indium phosphide (GaInAsP) and gallium - indium arsenide (GaInAs). 
With such combination of substances, the solar panel cells are able to absorb 
light in a wide range from 300 to 1780 nm. This range includes both visible 
and infrared light.Conventional solar cells made of silicon absorb sunlight 
with wavelengths up to 1200 nm [1]. 

Using four different layers of III-V complex semiconductors deposited 
on a silicon panel, improving the contact of the layers and applying a 4-layer 
anti-reflective coating, which reduced resistance losses and reflections on the 
front side of the device, made it possible to obtain 47,6% efficiency. Exper-
imentally this percentage is achieved when concentrated sunlight of 665 
solar powers is directed on miniature solar batteries with an area of only a 
few square millimeters [1]. 

Thus, the development of the technology for the production of multi-
layer photovoltaic cells can be considered the most promising for the devel-
opment of solar batteries. 
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USAGE OF MODERN MAGNETIC ALLOYS IN ELECTRICAL 

DEVICES  

Today, one of the most promising magnetic alloys for electrical devic-
es is neodymium magnets. A neodymium magnet is a powerful permanent 
magnet consisting of an alloy of the rare earth element neodymium, boron, 
and iron (NdFeB). It shows high pulling power and high resistance to de-
magnetization. Neodymium magnets lose no more than 1&2% of their mag-
netization in 10 years. They are used in relays and sensors, rotors of electric 
motors and generators at industrial hydroelectric power stations and wind 
turbines. They are used instead of excitation winding that enables large cur-
rents through the rotor windings, and also allows you to do without sparking 
brushes. The use of neodymium magnets in the rotors of brushless synchronous 
generators and multi-turn brushless DC motors is easy to control and does not 
require special maintenance. 

Powerful neodymium magnets on the motor rotor allow you to achieve a 
greater torque on the shaft. Such an engine heats up much less than a collector 
engine. As a result, the engine efficiency is higher, power indicators per kilo-
gram of weight are higher, a wide range of adjustment of the speed of rotation of 
the rotor and almost complete absence of generated radio interference. Structur-
ally, engines of this type are easily adapted for operation in water and in aggres-
sive environments. 

The use of neodymium magnets in electric motors and generators is de-
termined by the operating temperature, so it is essential to operate them in the 
permitted temperature regime. When heated above the Curie temperature, they 
demagnetize and lose their magnetic properties. That is, excessive operation of 
an electric motor or generator can lead to its overheating, which will cause its 
further inoperability. We have analyzed existing magnetic alloys according 
to operating temperature, residual magnetic induction, coercive force, and 
magnetic energy. Neodymium magnets of class 38EN have the best perfor-
mance characteristics: operating temperature T = 200 oC, residual magnetic 
induction 1220&1250 mT, coercive force ≥ 2388 kA, magnetic energy 
287&310 kJ [1]. 
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ANALYSIS OF THE EFFICIENCY OF VOLTAGE STABILIZERS 

A significant increase in the use of stabilized energy sources over the 
last year requires an analysis of their efficiency for successful use in condi-
tions of unstable operation of electrical networks. The voltage stabilizer is 
electrical equipment, which designed to normalize the voltage in the network 
when loaded in a narrow range. The main purpose is ensuring voltage supply 
to all consumers within 220 V ±10%, that is, in the range of 198&242 V [1]. 

The following main types of voltage stabilizers are distinguished: re-
lay, electronic, electromechanical, ferroresonant, inverter [2]. 

Relay stabilizers are electronic devices, which the principle of opera-
tion is built on the basis of stepwise regulation of electricity with using the 
control unit. Regulation is provided by a series of relays that automatically 
connect the necessary winding of the autotransformer. The output voltage is 
measured and compared with the reference voltage of the control unit. If 
there is a deviation, the control processor gives a command to turn on the 
corresponding relay, adjusting the additional voltage so that the output volt-
age acquires the reference value. The value of the additional voltage, de-
pending on the oscillation of the input, is either added or subtracted from the 
distorted voltage. 

Advantages of relay stabilizers: satisfactory voltage regulation voltage 
– 40 ms on average; resistance to voltage drops; protection against overvolt-
age and short circuit; stability to minus temperatures – can work in free-
standing unheated rooms; do not require additional cooling. 

Relay voltage stabilizers have several significant disadvantages: lack 
of power reserve – it is not recommended to use them for powerful motor 
equipment, it is worth using a device with a significant power reserve 
(30&40%); relays wear out over time, which reduces stabilization accuracy 
and increases the probability of repair operations; the stepped control system 
does not provide high accuracy at the voltage output, which is necessary for 
the operation of modern electronics; errors can reach up to 20 V [2]. 

The basic principle of operation of electronic stabilizers is similar to 
that of relay stabilizers. They consist of the following elements: automatic 
transformer, control circuit, measuring sensors, frequency filters. 

Advantages of electronic stabilizers: stabilization of the input current 
over a wide voltage range; high accuracy and response; compact dimensions 
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due to the absence of mechanical parts; functioning at low temperatures 
(some models). 

Disadvantages of electronic stabilizers: increased reaction time with a 
large number of steps; high sensitivity to interference in the network; the 
complexity of the construction; step voltage equalization; under heavy loads, 
the simistors and thyristors may burn out [3]. 

Electromechanical voltage stabilizers function thanks to the movement 
of the carbon electrode along the windings of the autotransformer with the 
help of an electric drive. As a positive moment are low cost, smooth voltage 
regulation and small dimensions. 

Such devices also have small disadvantages – high noise during opera-
tion, low trigger speed, do not like the cold.  

Inverter voltage stabilizers are considered the best. The scheme of this 
device is based on an inverter in double voltage conversion. First, the alter-
nating voltage becomes constant, and then it is converted back into an alter-
nating output voltage. As a result, we have perfectly uniform and accurate 
voltage: without drops and almost without deviations. The main advantage is 
accuracy and speed of operation. Another positive point is that it works 
without a transformer. It also has compact dimensions, does not make noise 
during operation and has additional functionality. As for the latter, inverter-
type voltage stabilizers can protect household appliances from overvoltage 
and other external interference in the electrical network. The scheme of such 
a model is stepless, so voltage surges and overloads are not important for it. 
As for the minuses, only their cost can be attributed [4]. 

Thus, inverter voltage stabilizers are the most effective and promising 
type in terms of performance characteristics of all existing ones. 
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DEVELOPING ACTIVE LISTENING SKILLS 

IN ESP CLASSES FOR THE STUDENTS OF  

THE FACULTY OF COMPUTER SCIENCES AND IT 

Active listening (AL) is considered a key communication skill that im-
plies absorbing the information someone shares with you, and responding to 
that person trying to take into account not only the verbal message, but the 
meaning and intent behind it. AL is the basis for a successful conversation in 
different contexts, be it study, work, home, or social interactions in general.  

AL is listed among the valuable workplace skills because it leads to 
more efficient communication, networking and more meaningful relation-
ships with colleagues, managers, and clients. 

AL techniques include: 
1. Using encouraging verbal cues, 
2.Asking (open-ended) questions, 
3.Paraphrasing and summarizing, 
4.Listening to understand without planning meanwhile what to say 

next, 
5.Paying attention to and using body language, 
6.Being non-judgemental and withholding your advice. 
7.Benefits of AL can be seen both in personal, academic, and profes-

sional settings. They are as follows, but not limited to: 
a) It contributes to psychological safety (makes people feel heard and 

valued, fosters trust and empathy); 
b) It helps to manage emotions; 
c) It empowers people to provide support and show empathy; 
d) It also works for better retention of information; 
e) It helps to maintain a spirit of collaboration, be clear about mutual 

responsibilities, and solve problems or even resolve conflicts;  
f) It makes people more productive. 
AL is a life skill, particularly relevant now when the Ukrainians have 

been going through such difficult times of the war. It should be cultivated for 
our students to become more supportive better engage with their leaning, and 
enjoy the other benefits of AL listed above. 

Special attention should be paid to the verbal signs of AL and specific 
strategies for developing and honing their AL skills are to be implemented.  
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The syllabi for ELT to the students of the Faculty of Computer Scienc-
es and IT at NU <Zaporizhzhia Polytechnic= include the modules which 
provide enough opportunities for the focus on developing AL. The classes 
are designed with the view to practise paraphrasing, summarizing, asking 
questions among other skills. 
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TEACHING LISTENING AT ESP LESSONS, BLENDED LEARNING 

The role of English as one of the world9s international languages leads 
to efforts to find more effective ways to teach it as a foreign language for 
special purposes. When teaching English, none of the types of speech activi-
ty should be excluded from the educational process. In other words, while 
teaching listening, we simultaneously teach productive types of speech activ-
ity, form the cognitive activity of students and develop mental processes 
such as memory, thinking and, consequently, speech. 

 
It should be noted that listening is one of the most difficult tasks for 

teaching a foreign language for special purposes, while being the first to 
comprehend and, therefore, considered to be a key language skill. A lot of 
scientists have studied this skill, the peculiarities of its obtaining, ways and 
means of improving the process. 

Listening is a process involving a list of activities such as the differen-
tiation of language sound, intonation, visual characteristics, interpretations, 
value, and reaction for the content of meaning.  

It should be noted that in the process of teaching ESP, with the domi-
nant of reading as the most accessible way of obtaining professionally sig-
nificant information, other types of speech activity should be recognized as 
equally important. 

 
Listening is defined as a receptive type of speech activity, which is the 

simultaneous perception and understanding of speech by ear. This is one of 
the most difficult types for mastering, since it is an active process, during 
which the hard work of all mental mechanisms takes place, the received 
information is perceived in the form of a sound form, its processing, recogni-
tion and understanding of the meaning. 
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The goal of teaching listening at a technical university is to form strat-
egies for percepting and understanding information by ear with the subse-
quent use of the information obtained in oral or written communication in a 
foreign language. 

 
In other words, the student must learn to extract the information he 

needs not only from a printed source, but also from audio or video resources 
in order to use these materials in further work for analysis, systematization, 
comparison, selection of the main one, etc. 

 
When teaching a foreign language for special purposes, the implemen-

tation of a blended learning system allows you to pay more attention to lis-
tening as a goal and as a learning tool in which teaching in the classroom is 
carried out in turn and independent work, monitored and managed through 
educational social networks. 

 
The model of blended learning of foreign languages for professional 

purposes is a combination of classroom work together with a teacher and 
extracurricular independent in proportions that are optimal for the specific 
conditions in which the educational process takes place, the organization of 
listening training should provide students with the need and opportunity to 
use audio and video materials. 

 
Note that when organizing listening training for professional purposes 

within the framework of blended learning of a foreign language, it is advisa-
ble to rely on video materials rather than audio. 
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EFFECTIVE LISTENING SKILLS IN PROFESSIONAL 

COMMUNICATION 

For truly effective communication, business people must hone their lis-
tening skills to ensure they fully understand the whole message: not just the 
content, but the motivation behind what9s being said, the circumstances 
around which they9re conversing, even what gets left out of the conversa-
tion. Colleagues must listen with ears and eyes, picking up on voice tone and 
physical cues to take in the whole message. 

Hearing. Quite literally, you can9t listen if you can9t receive audible 
input. To make it easy to hear, find a place with no interruptions or back-
ground noise – space that may be difficult to find on an assembly line or 
sales floor. Reduce background noise, phone calls, pinging email notices 
or any other stimuli that might tempt you to multi-task. Stop work, look at 
the colleague and focus on what he is saying. 

Attending. With physical distractions minimized, concentrate on the 
speaker, filtering out extraneous ideas. Wait until the coworker has fin-
ished a thought, allowing for pauses between sentences. Even if you agree 
with what she says, interrupting the thought can distract her or make her 
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feel too uncomfortable to flesh out the thought further. Important facts or 
ideas go off-course this way, sometimes permanently. 

Understanding. Once you take in the message, follow up to ensure 
comprehension. Ask questions to clarify parts you feel unsure about, pref-
erably by repeating the particular point that is an issue and asking your 
colleague to elaborate or even rephrase until you gain clarity. 

Responding. Throughout the conversation, but particularly toward the 
end, provide feedback. Maintain eye contact, with the body squarely facing 
the speaker, and nod or give encouragement with <yes= or <I see.= Then 
recap or paraphrase key points, summarizing in your own words what you 
heard and giving the speaker time to confirm or correct these summaries. 

Remembering. The most important way to make the speaker feel con-
fident that he has been heard is to remember the conversation. During the 
conversation, write down points or phrases to jog your memory later. 
These notes can include nonverbal cues, like <seemed very agitated= or 
<was enthusiastic= to help recall the intensity or tone of the message. Look 
for specifics to act on, then get back to your coworker and show how these 
actions made a difference. This reinforces confidence and trust that you 
really do listen, and encourages colleagues to speak up more often. 

Repeating the Message. Another listening technique that is very use-
ful is distilling what you just heard and repeating it back to the speaker in 
short form to clarify your understanding of the message. Preface this with 
"So, what you are saying is..." and recap what he just told you. This truly 
shows that you were listening and paying attention. It also signifies that 
you care about the message the speaker is trying to impart and that you 
want to make sure you heard them correctly. 

Ask questions to ensure you understand the message. Don9t jump to 
conclusions - allow the speaker to deliver the whole communication before 
you respond. Reflect the speaker9s message back to him at appropriate 
points during the conversation by summarizing, clarifying or expanding on 
a critical piece of the message. Sentences such as "So you9re saying that 
..." or "I understand you want to ..." confirm you have heard and processed 
what the speaker has said. Practice reflecting with a trusted colleague to 
become more comfortable with the technique and avoid sounding forced 
and insincere. 

Continue listening as the speaker responds to your questions or 
comments. A conversation with an employee might involve asking ques-
tions to get additional information. As you ask careful questions, you gain 
understanding, which can enable you to offer advice, if appropriate. A 
conversation with an unhappy customer may include paraphrasing what 
you think you understand so you can help solve a problem. When you 
paraphrase what the customer stated, you help the customer feel validated 
and understood. This often diffuses a situation. 



 

297 
 

'�� 372.881.111.1 
Olena Syvachuk 

senior teacher NU <Zaporizhzhia Polytechnic= 
Syvachuk O. 

REAL LIFE LISTENING SKILLS YOUR STUDENTS NEED AND 

HOW TO IMPROVE THEM 

Whether it is in their first language or second, people are constantly 
hearing and processing language. But what exactly do we do when we pro-
cess it? And what do we do to teach our students to listen? 

What we need to understand is that teaching listening skills presents a 
series of challenges as it is the most complicated task to tackle, hard to un-
derstand, teach and assess. And we often, being English teachers, know how 
to listen. But not many of us have taken listening classes. How then do we 
teach listening when we have never had a listening class of our own and 
have no model to follow? 

We do listen in English, but those skills come instinctually. Therefore 
here are a few real life listening skills which are the keys our students need 
to learn to help them understand what they hear every day. Firstly, they need 
to define what they hear. Is it a lecture, a conversation, an argument, or a 
small talk? In other words, the type of speech determines what listening 
skills they will need to engage. 

Once they know what they are listening to, they need to figure out 
what exactly they are hearing. Students should focus on phrases, patterns of 
speech, and ideas. It is a good idea to encourage them to make notes in Eng-
lish rather than translate what they hear. When students understand and re-
member chunks of language or ideas, their comprehension increases. 

When students know what type of speech they hear and understand the 
message, they should try and guess what is coming next whether it is a lec-
ture, a conversation, or a negotiation. When they can make mental predic-
tions, they will be better able to understand and process the language that is 
to come. 

Another thing that can help students in improving their listening skills 
is their previous knowledge. They need to remember what they already 
know about the subject matter of the piece of information they are listening 
to and make connections. If it is possible, get your students thinking about 
the subject before the listening exercise with discussion questions or a chart. 
In real life, however, your students will not always get a heads up on a con-
versational topic. 

Another real life listening skill is deciding what the speaker means. 
Sometimes meaning goes deeper than the words that are said. Sometimes a 
speaker9s meaning is implied, that is, the speaker means something deeper 
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than the words on the surface. Students need to be able to determine the 
intended meaning of the speakers and decide whether words are used literari-
ly or figuratively. 

Once students acquire these listening skills, they will begin to enjoy 
listening more as they can comprehend better. But real life listening skills 
taught in class are not always authentic which often leads to a few issues that 
students need to handle. Among them are intonation, the rate of speech, 
pronunciation. Differences in syntax may cause another problem. In authen-
tic speech, speakers more often speak in incomplete sentences and lengthy, 
sometimes ungrammatical sentences. There are also vocabulary differences 
between fabricated and authentic listening texts. And, finally, the back-
ground noise is often absent in classroom listening tasks while we are dis-
tracted by ambient noises all the time in real life. 

So, our next task is to help our students improve their listening skills 
and get them to listen and understand everyday authentic English. Here are a 
few ways to achieve this. If there is such an opportunity and you can invite a 
guest speaker, it will be of benefit to your students. They might find it diffi-
cult to communicate with the person at first, but if you ask your guest to 
discuss the topic you are teaching at the moment, the students will be ready 
to talk and they will appreciate the chance to communicate with an English-
speaking person. It is not always easy to find an English-speaking person in 
the neighbourhood, so your guest speaker could be a colleague of yours, 
which might also do the trick. 

Other sources for real life listening practice include TV commercial, 
weather reports, movies and television, radio, audio books, YouTube videos, 
video lectures, webinars, recorded conversations, etc. There are always lots 
of ways to practice and improve one9s listening skills. However, the main 
message is that perfection lies in regular and persistent practice. 
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WE 4C65 15=B568BP D0:B =5@>7C<V==S ?@>A;CE0=>3>. !0 FP><C 5B0?V 
22>4SBPAS =>2V ;5:A8G=V >48=8FV, ?5@52V@SєBPAS @>7C<V==S 282G5=>3> 
@0=VH5 ;5:A8G=>3> B0 3@0<0B8G=>3> <0B5@V0;C, 0=0;V7CRBPAS =57=09><V 
02B5=B8G=V @>7<>2=V D>@<C;8 4;S ?>40;PH>3> A?@89=SBBS D>@<8 V 
7<VABC 2V45>DV;P<C. %5@54 70240=P, S:V 4>@5G=> 28:>@8AB>2C20B8 =0 
FP><C 5B0?V <>6=0 707=0G8B8 B0:V: 1)>7=09><;5==S ABC45=BV2 V7 =>2>R 
;5:A8:>R B0 7=SBBS <>2=8E B@C4=>IV2; 2)70:@V?;5==S =>2>W ;5:A8:8 7 
B5<8 2V45><0B5@V0;C; 3)0:BC0;V70FVR ;5:A8:8 7 B5<8 2V45><0B5@V0;C; 
4)?5@5410G5==S 7<VABC 2V45> AR65BC. #@>B5 206;82>, I>1 =0 FP><C 
5B0?V 28:;040G ;8H5 ?V43>BC202 ABC45=BV2 4> ?5@53;S4C, 0 =5 @>7:@82 
25AP 7<VAB 2V45><0B5@V0;C, >A:V;P:8 2 B0:><C 28?04:C <>65 A?>AB5@V30-
B8AS 7=865==S V=B5@5AC 4> ?5@53;S4C. 
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 5B0 45<>=AB@0FV9=>3> 5B0?C - D>@<C20==S =028G>: 0C4VR20==S, 
@>728B>: <5E0=V7<V2 0C4VR20==S, 70157?5G5==S ?>40;PH>3> @>728B:C 
<>2=>W, <>2;5==є2>W B0 A>FV>:C;PBC@=>W :><?5B5=FVW ABC45=BV2. #5@H89 
?5@53;S4 74V9A=RєBPAS 4;S >B@8<0==S 7030;P=>3> CS2;5==S, 0 4@C389 
?5@53;S4(?@8 ?>B@51V, 7 7C?8=:0<8)- 4;S >B@8<0==S 45B0;P=VH>W V=D>@-
<0FVW. �>=B@>;P 70 28:>=0==S< 70240=P 45<>=AB@0FV9=>3> 5B0?C 74V9A-
=RєBPAS >4@07C ?> WE 7025@H5==V. �8:>=0==S 70240=P =0 FP><C 5B0?V 
A?@8SB8<5 :@0I><C @>7C<V==R ?>10G5=>3> B0 @>728B:C :><C=V:0B82-
=8E 2<V=P ABC45=BV2. 

#>AB45<>=AB@0FV9=89 5B0? A?@S<>20=89 =0 >13>2>@5==S B5<8 B0 
@>728B>: =028G>: <>=>;>3VG=>3> B0 4V0;>3VG=>3> <>2;5==S V =028G>: 
?8AP<0. �>@5G=> 70?@>?>=C20B8 =0?8A0B8 ?5@5:07 G8 B2V@ 70 7<VAB>< 
AR65BC, A:;0AB8 4V0;>3 <V6 35@>S<8 2V45>AR65BC, ?@>25AB8 48A:CAVR 
G8 4510B8, >@30=V7C20B8 @>;P>2C 3@C, 2 >A=>2C S:>W ?>:;045=> AR65B 
01> A8BC0FVR 7 2V45><0B5@V0;C, ?5@5?8A0B8 ?52=C AF5=C 7 DV;P<C, 7=09-
B8 4>40B:>2C V=D>@<0FVR 7 B5<8 2V45><0B5@V0;C, =0?8A0B8 >3;S4 DV;P-
<C, @>74C< =0 B5<C ?5@53;S=CB>3> 2V45>AR65BC B>I>. �?@028, I> 28-
:>=CRBPAS ?VA;S ?5@53;S4C, @>7@0E>20=V =5 ;8H5 =0 0:B82V70FVR <>2=>-
3> <0B5@V0;C 70 4>?><>3>R 2?@02 =0 70:@V?;5==S, 0;5 9 =0 @>7H8@5==S 
7<VABC <0B5@V0;C. !0 FP><C 5B0?V 0:B82V7CєBPAS :><C=V:0B82=0 B0 B2>@G0 
4VS;P=VABP ABC45=BV2, 0 B0:>6 @>7H8@RRBPAS 7=0==S 7 ?52=>W B5<8 70 
D0E><, 7<VF=RRBPAS 7=0==S 7 V=>75<=>W <>28, 70:@V?;RRBPAS A;>20 
H;SE>< WE 28:>@8AB0==S 4;S AB2>@5==S 2;0A=>3> ?@>4C:BC. 

 
 

'�� 811.111 
�=?V;>3>20 Є.�. 
28:;. !' "�0?>@V7P:0 ?>;VB5E=V:0" 

�=?і;>3>20 Є.�. 
��!���%&�+!� "%"����"%&� &�)!�+!"�" ��%�'$%' 

#V7=0==S ACG0A=>3> A2VBC 2V41C20єBPAS G5@57 ?@87<C B5E=VG=8E 4>-
AS3=5=P. "B65, 28=8:0є ?>B@510 C 282G5==V B5E=VG=>3> 48A:C@AC, S:89 
?@8B0<0==89 D0EV2FS< V=65=5@=>W 30;C7V. ' 729S7:C 7 F8< =5>1EV4=> 
2@0E>2C20B8 >A>1;82>ABV B5E=VG=>3> 48A:C@AC, 0 A0<5 V=65=5@=>3> 48A-
:C@AC [1], S:89 4>?><>65 5D5:B82=> ?@0FR20B8 A?5FV0;VAB0< C A2>W9 
AD5@V 4VS;P=>ABV, 0 728G09=8< ;R4S< – CA?VH=> 270є<>4VSB8 7 B5E=>;>-
3VS<8. 

� @57C;PB0BV 0=0;V7C B5E=VG=>W ;VB5@0BC@8 1C;8 284V;5=V ;V=32VAB8-
G=V >A>1;82>ABV B5E=VG=>3> 48A:C@AC.  

1. �=D>@<0B82=VABP, ;>3VG=0 ?>A;V4>2=VABP. #5@H5, I> A;V4 284V-
;8B8 S: 2V4<V==C @8AC B5E=VG=>3> 48A:C@AC, – F5 9>3> V=D>@<0B82=VABP, 
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729S7=VABP B5:ABC, AC2>@0 ?>A;V4>2=VABP 28:;04C, B>G=VABP. �06;82> 
707=0G8B8, I> 2 B5E=VG=><C 48A:C@AV 28:>@8AB0==S >1@07=8E 70A>1V2 
72545=> 4> <V=V<C<C.  

2. �1@52V0BC@8. %:>@>G5==S A;V2 70157?5GCє H284:5 =0?8A0==S, 
715@V30є G0A V ?@>ABV@, B>1B> 40=V ?5@540RBPAS 2 AB8A;><C 283;S4V. #@8-
:;04 01@52V0BC@8: HRSA – head resistant super alloys (60@><VF=V AC?5@A-
?;028). #@8:;048 <VH0=8E 01@52V0BC@: X-ray (X-radiation), H-bomb 
(hydrogen bomb). �1@52V0BC@8-A:>@>G5==S 70 :V;P:><0 ;VB5@0<8: NOM – 
nominal, MIN – minimum, MAX – maximum, HOR 01> HORIZ – 
horizontal, ELEC – electrical, TEMP – temperature, DWG – drawing, CTR 
– centre. �1@52V0BC@8-0:@>=V<8: CAD – Computer Aided Design, CAM – 
Computer-Aided Manufacturing, IQC – Internal Quality Control, OQC – 
Outgoing Quality Control. %:>@>G5=V (CAVG5=V) A;>20: prof 70<VABP 
professional, lab 70<VABP laboratory, engr 70<VABP engineer, cab 70<VABP 
cabin B>I>. *V :>@>B:V A;>20 >4=0:>2> 28:>@8AB>2CRBPAS 2 =5>DVFV9-
=><C A?V;:C20==V G8 =5>DVFV9=><C 4V;>2><C ;8ABC20==V, 0 B0:>6 C B8-
?>28E 4>:C<5=B0E: :@5A;5==S, B5E=>;>3VG=V/<0@H@CB=V :0@B8, ?>AV1=8-
:8 B0 V=. �>A8BP G0AB> 2 ?8AP<>2><C <>2;5==V <>6=0 7CAB@VB8 A:>@>-
G5==S >48=8FP DV78G=8E 25;8G8= (m, km, kg, gr, t, s B>I>).  

3.  0;R=:8, B01;8FV, @8AC=:8, D>@<C;8, @>7@0EC=:8. *V 40=V 7C-
AB@VG0RBPAS C B5E=VG=V9 4>:C<5=B0FVW V 40RBP =5>1EV4=C 4;S D0EV2FV2 
V=D>@<0FVR. 

4. &5@<V=>;>3VS. �>=0 є >4=8< V7 =09206;82VH8E ?0@0<5B@V2 1C4P-
S:>3> B8?C 48A:C@AC. &5E=VG=0 B5@<V=>;>3VS A:;040єBPAS 7V A;V2 01> 
A;>2>A?>;CG5=P, I> ?>7=0G0RBP ?>=SBBS ?@8;04V2, V=AB@C<5=BV2, <5E0-
=V7<V2, G0AB8=, @>1>G8E >?5@0FV9 B>I>. ' B5E=VG=><C 48A:C@AV A?5F8-
DVG=0 B5@<V=>;>3VS =5A5 7=0G=5 A<8A;>25 =020=B065==S V є 4>A8BP ?>-
H8@5=>R.  

5. !5>;>3V7<8. �E ?>S20 ?>29S70=0 7V H284:8< @>728B:>< =0C:8 V 
B5E=V:8. #@8:;048 =5>;>3V7<V2: to version (AB2>@8B8 =>2C 25@AVR G>-
3>AP), to science (@>729S70B8 ?@>1;5<C, 28:>@8AB>2CRG8 =0C:>289 ?V4-
EV4); de-risk (7<5=H8B8 @878:); upgrade (>=>2;5==S, <>45@=V70FVS ?@>-
3@0<=>3> 70157?5G5==S, >1;04=0==S); building biology (5:>-
1C4V2=8FB2>); three-dimensional/2-D modeling (AB2>@5==S <0:5BV2 =0 
:><?9RB5@V 2 B@828<V@=><C G8 42>28<V@=><C ?@>AB>@V) B>I>.  

6.  >2;5==є2V :;VH5. )0@0:B5@=8< є =0S2=VABP H01;>==8E D@07, 
:;VH5: for the purpose of, in most cases, it is stressed that, summing it up, 
for a small/big amount of, with the aid of, be divided into, as a method of, 
include the following, be necessary to limit, an example is shown 
opposite/below/above, depends on, the reason for this is B>I>. 
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7.  >40;P=V 4VєA;>20. �8:>@8AB>2CRBPAS 2 V=AB@C:FVSE 7 B5E=V:8 
157?5:8, 5:A?;C0B0FVW, ?>A04>28E V=AB@C:FVSE. )0@0:B5@=8< є 28:>@8A-
B0==S <>40;P=8E 4VєA;V2 should, may, can, must, need.  

8. #0A82=89 AB0=. -5 >4=VєR >A>1;82VABR B5E=VG=>3> 48A:C@AC є 
V=B5=A82=5 28:>@8AB0==S ?0A82=>3> AB0=C. #0A82=89 AB0= =09G0ABVH5 
7CAB@VG0єBPAS 2 V=AB@C:FVSE, ?>AV1=8:0E, 45 G0AB> 28:>=025FP 4VW >G528-
4=89 01> =5 B0:89 7=0GCI89, S: @57C;PB0B FVєW 4VW. 

9. "19є4=0==S A8=B0:A8G=8E 3@C?. �=H>R 3@0<0B8G=>R >A>1;82VA-
BR B5E=VG=>3> 48A:C@AC є 28:>@8AB0==S A;V2, I> ?>E>4SBP 2V4 7;8BBS 
FV;8E A8=B0:A8G=8E 3@C?: work-related injuries and diseases (70<VABP 
injuries and diseases related by work); noise-induced hearing loss (70<VABP 
hearing loss induced by noise); carbide-reinforced steel (70<VABP steel 
reinforced by carbide); air-powered tools (70<VABP tools powered by air). 
�8:>@8AB0==S F8E :>=AB@C:FV9 0:F5=BCє C203C 04@5A0B0 =0 3>;>2=V9 
D@07V, I> =5A5 >A=>2=5 A<8A;>25 =020=B065==S. %:;04=V A;>20 2 V=65-
=5@=><C 48A:C@AV є 728G09=8< S28I5<, 2>=8 4>?><030RBP 7@>18B8 
48A:C@A 1V;PH <VAB:8<, =5 2B@0G0RG8 ?>2=>B8 :0@B8=8. 

10. %?>=C:0;P=V @5G5==S. �>=8 28:>@8AB>2CRBPAS 2 V=AB@C:FVSE 
?> 70AB>AC20==R, 45 <>6CBP ?>:070B8 ?>A;V4>2=VABP 4V9 (V=AB@C:FVW), 
701>@>=C 01> =5>1EV4=VABP S:>WAP 4VW. ' =8E 70728G09 =5<0є B5<8 @5G5=P, 
>A:V;P:8 2 FP><C =5<0є ?>B@518. &0:V V=AB@C:FVW 04@5A>20=V 4@C3V9 >A>-
1V: keep, use, do not allow, do not change, never check, remove, do not use. 
&0:>6 <>6;825 28:>@8AB0==S V=H8E =0:07>28E @5G5=P, 4> A:;04C S:8E 
2E>4SBP B0:V ?@8AC4:8: take care, remove, replace, don9t attempt, don9t 
drop, report, turn on/off, clean, B>I>.  

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �0@010=, �. �. #5@5:;04 0=3;V9AP:>W =0C:>2>W V B5E=VG=>W ;VB5-
@0BC@8: 2 G. �5:A8G=V, B5@<V=>;>3VG=V B0 60=@>2>-AB8;VAB8G=V B@C4-
=>IV [&5:AB] / �.�. �0@010=. – �V==8FS: !>20 :=830, 2001. – 303 A. 
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BILYI V., Voitenko S. 

MODERN METHODS OF WEB-SERVICES DESIGN AND 

DEVELOPING 

Modern web-services operate according to the principles of "client-
server" architecture, where the browser acts as the client, and the web-server 
acts as the server. The peculiarity of such approach is that the application 
itself is located and executed on the server - the client receives only the re-
sults of the work. The main task of the client is correct displaying of the 
received information, as well as sending requests and user data to the server. 
Transfering of the requests and results of their processing are going through 
the Internet. 

According to the development methods, web-services are divided into 
two main types: single-page (SPA) and multi-page (MPA). Let9s consider 
the differences between them. 

"Single-page" services allow you to imitate the work of desktop pro-
grams, as they respond to user actions without delay. The concept of SPA is 
that all resources which are required for work (CSS elements, scripts, etc.) 
are located on one page and loaded during initialization. With such ap-
proach, there is no need to reload or load additional pages - the content is 
updated dynamically using JavaScript (AJAX requests). 

"Multi-page" services work according to the traditional scheme. This 
means that when the data changes slightly or when you go to another page, 
the browser makes a new request to the server and re-loads all resources, 
even those components that are repeated on every page (header, footer, etc.). 
Thus, performance is wasted loading the same elements. 

Summing up, we can conclude that each architecture has its advantages 
for certain types of projects. So, the MPA approach is well suited for those 
cases when you need to display a large amount of content, for example, 
when creating an online store, business site, catalog. However, due to the 
higher work speed, the SPA concept is gradually replacing the traditional 
approach, in which the page is reloaded after each user action. 

Developing of the web-services from scratch requires a lot of work. At 
the same time, in most cases, you have to spend time reproducing functions 
that have already been performed thousands of times. Frameworks help to 
deal with this problem by providing a kind of skeleton for the future applica-
tion and a set of additional tools designed to speed up the product creation. 
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When developing a web-service based on the SPA concept, which in-
volves a clear separation of responsibilities between the external presenta-
tion (front-end) and internal implementation (back-end), you will need to 
choose an individual framework for both the server and client parts. 

The most popular frameworks for the server side at the moment are: 
Django, Laravel, Ruby on Rails. For the client side: Vue.js, React, Angular. 

In web-services built on the SPA architecture, the server side is limited 
to the backend through some API (Application Programming Interface) 
entry points. The client sends requests to these endpoints and the server 
returns a response. The most common approach of API interfaces design is 
REST (Representational State Transfer). It is not a standard, but it defines 
limitations such as statelessness, client-server communication, and a unified 
interface. With such approach, the body of the request and response from the 
server is represented as JSON object. 

According to the architectural principles of the REST, there are at least 
4 HTTP methods corresponding to basic operations on entities: loading data 
(GET), saving (POST), editing (PUT/PATCH) and deleting (DELETE). This 
list is also accompanied by such operations as handling errors in the request, 
delimiting access and validating input data. 

In any web-service the database has the key role. Therefore, you 
should spend enough time designing its structure, especially if there is a 
need to work with large amounts of information. When working with rela-
tional databases, normalization mechanisms can help you with it. 

Normalization consists in transformation of the data storage structure 
to normal forms. Normal form is a set of requirements for the structure of 
tables to ensure the database integrity and eliminate excessive functional 
dependencies. Usually, when designing a database, it is sufficient to trans-
form it to the first three normal forms: first normal form: each table must 
have a primary key; each attribute should consist only of elementary (indi-
visible) values and not contain repeating groups (atomicity); the second 
normal form: data that repeatedly appear in several rows should be stored in 
separate tables; third normal form: data should not be stored in a table if it 
can be obtained from non-key fields. 
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Vedmedev S., Voitenko S. 

DEVELOPMENT OF THE PHENOTYPING SYSTEM OF 

SUNFLOWER SEEDS FOR SELECTION  

Phenotyping is a digital determination of an object phenotype. The ob-
ject of our research was sunflower seeds. Phenotyping includes obtaining 
reliable information on the size and color of seeds. The development is in-
tended for selective breeding of individual samples or plants. Special tech-
niques have been developed to describe the phenotype of seeds. The state 
method of Ukraine is called "Methodology for determining homogeneity and 
stability (VOS)". The European method is called: "INTERNATIONAL 
UNION FOR THE PROTECTION OF NEW VARIETIES OF PLANTS 
(UPOV)". The European method has one gradation more. The physical di-
mensions of the seeds hesitate from 5 to 25 mm in length and from 3 to 7 
mm in width. 

The thickness of the seed is less than the width. In the description doc-
uments, there are four gradations of seed shape. The color of sunflower 
seeds is described using 4 or five signs with gradations. In cultivated sun-
flower, which is used for breeding, the general color of the seeds is quite 
dark, even with stripes.  

The inheritance of coloration of different layers of seed fertilization 
was studied at the Institute of Oil Crops of the National Academy of Scienc-
es of Ukraine. As a result, a collection was created, which is divided into 12 
groups by color. Breeders need to evaluate individual seeds and individual 
plants by size and color and make these analyzes more accurate. Our task is 
to create a fully automated algorithm and program for collecting a seed data-
base with a description of its size and color. 

As a research material, a part of the automatic phenotyping device of 
seeds developed at the IOC of the National Academy of Sciences of the 
Russian Academy of Sciences by Aliev E. B. was used, namely a device for 
photographing seeds. The device is connected to a laptop and transmits in-
formation directly. Sunflower seeds from the collection of the Institute of Oil 
Crops also served as research material. 

 As a result of the work, a program was developed for the analysis of 
the seed image, which will be able to create a database of sizes based on the 
color of the seed. A photographic image of the seed from a stationary device 
is used. Information is transferred in the form of a table that can be pro-
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cessed in the Excel program. Measurement of sizes and configuration is 
performed using software developed in the Python environment. 

Program algorithm. We load a seed photo file into the program input 
using the directory = 8images9 function. We turn the photo into a matrix of 
ones and zeros. According to the program code, we make the matrix square 
so that the number of rows is equal to the number of columns. We create an 
array in which we will store the sum of units of diagonals parallel to the 
main one. Similarly for the auxiliary diagonal. We carry out a consistent 
comparison of the amount received from the assembly of the mattress with 
the subsequent one. As a result, we are going to get the maximum value of 
the diagonal. The obtained maximum among diagonals is the parameters of 
the length and width of the seed. The thickness is measured by the second 
photo, in which the seed is on the rib. This is how data is processed for one 
seed or for counting the number of pixels of the pattern. We can use it to 
convert dimensions from the number of pixels to metric dimensions, such as 
millimeters. 

The next step of work was to determine the color of the seeds. To do 
this, we add the function of to determine colors and output their general table 
in Excel format to the program. The result of the work is a table that can be 
opened in the Excel program. 
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Matiukhina &., Voitenko S.  

OVERVIEW OF MODERN SHEET METAL STAMPING 

TECHNOLOGIES 

At the current stage of development of the machine-building industry, 
the share of large-scale and mass production is gradually decreasing. As a 
rule, consumers demand a greater variety of goods with a small batch pro-
duction. Under such conditions, the competitiveness of production will be 
determined by the ability to launch new products in the shortest possible 
time at the lowest cost. 

In one-off and small batch production, when manufacturing axially 
symmetrical parts and semi-finished products without thinning, roller rolling 
or rotary drawing is traditionally used with universal or special pressing 
equipment. However, the use of rotary methods is limited by the need for 
expensive power tracking hydraulic drives, electro-hydraulic copying devic-
es and numerical control systems, or the involvement of highly skilled la-
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bour when using universal equipment. With the increase in series produc-
tion, the traditional multi-stage die drawing becomes more efficient. 

It is possible to increase the efficiency of the technology of obtaining 
parts by stamping (especially in serial production) only by optimization, that 
is, by forming the product with the minimum possible number of main and 
auxiliary operations using the most simple in design stamping equipment 
and universal press equipment. 

That is why the authors of propose to use computer modelling pro-
grammes for axisymmetric stretching processes in the DEFORM environ-
ment to predict the loss of stability of a thin sheet billet during deformation. 
According to the results of the study, it was found that modelling the process 
of pulling a thin sheet in the DEFORM 3D environment allows visualising 
the process of corrugation formation with a high degree of probability and 
thus predicting the loss of stability of the workpiece in real deformation 
processes, provided that deformation occurs with a relatively simple geome-
try of the initial workpiece and deforming tool. 

Under more complicated deformation conditions, the results of a full-
scale experiment and computer modelling may differ. This somewhat com-
plicates the prediction of corrugation formation, but the problem is solved by 
an extended analysis of the stress-strain state and behaviour of the billet 
metal in the deformation zone. The appearance of areas in the workpiece 
where there is an unpredictable and uncontrolled loss of contact between the 
workpiece material and the deforming tool or areas with significant uneven-
ness in the speed of movement of the workpiece points clearly indicates 
problem areas with an increased probability of corrugation formation in the 
actual drawing process. The use of computer modelling programmes can 
help to improve production efficiency. 

In addition to the use of modelling programmes in modern conditions 
to increase productivity and reduce labour intensity and cost, elements of 
stamping equipment made of polyurethane are used. The authors of  con-
ducted a number of studies and found that polyurethane can be used to man-
ufacture moulding tools, individual parts of the units for pushing finished 
products out of moulding cavities and units for pressing the workpiece dur-
ing extraction, as well as damping devices to compensate for impulse loads. 
Equipment that uses an elastic medium is often ten times cheaper than spe-
cial or universal rigid dies. Replacing the rigid metal parts of the dies with 
elastic polyurethanes has provided a number of advantages of the new poly-
urethane stamping process, but also revealed its disadvantages. The main 
disadvantage is a significant increase in the stamping force due to the need 
to deform both the workpiece and the polyurethane itself. The paper points 
out that polyurethane stretching of parts of complex configurations requires 
a force that is almost an order of magnitude higher than the stretching force 
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in rigid dies. The equipment produced for polyurethane stamping is designed 
for a rated force that is at least three times higher than the deformation force 
of the same range of parts in rigid dies. 

The use of the pneumatic impact method of stamping with moving me-
dia is also relevant for sheet metal stamping production, according to the 
authors of . The advantages of this method are environmental friendliness, 
safety, wide technological capabilities, low energy and material costs, high 
versatility and mobility. The authors also drew attention to the degree of 
influence of manufacturing errors on the accuracy parameters of stamped 
parts.  

Production errors are inherently random variables, subject to the gen-
eral laws of probability theory and mathematical statistics, which is why the 
study of production errors should be carried out using statistical methods of 
analysing experimental data, with the following stages of research: identify-
ing the impact of the main factors (geometric dimensions of parts, shape, 
material thickness, tool wear) on the accuracy of the process. 

The authors of drew attention to magnetic-elasto-pulse stamping, 
which makes it possible to produce parts on magnetic-pulse machines re-
gardless of the conductivity of the workpiece material. This is a modern 
method. High-speed pulse action leads to a new quality in the behaviour of 
the metal being processed. This new quality is called hyperplasticity. The 
practical use of the hyperplasticity effect makes it possible to deform with-
out breaking and to stamp products that are impossible to produce using 
known methods. 

Thus, in the modern world, the use of sheet metal stamping technolo-
gies remains important and is developing through the use of new technolo-
gies, equipment and materials. Modelling software is becoming more widely 
used. 
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OPTIMUM PROVISION OF NATIONAL INTERESTS OF STATES 

THROUGH SANCTIONS POLICY 

Russia9s unprovoked military aggression against Ukraine back in 2014 
with the subsequent occupation and annexation of the Crimean peninsula, 
subversive and subversive activities of Russian special services in the south-
east of Ukraine confirm the relevance of the study. 
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The policy of sanctions is an instrument of influence on countries 
whose military deterrence threatens to turn into a world war with the use of 
weapons of mass effect. The choice by the United States and EU member 
states of a policy of sanctions to curb the aggression of the Russian Federa-
tion against Ukraine and de-escalate the Ukrainian crisis as a whole convinc-
ingly proves the expediency of conducting a comprehensive study of the 
mechanism of the application of sanctions policy. 

Optimum provision of the national interests of states through the policy 
of sanctions is determined by the following circumstances: broad interna-
tional political support for sanctions by major powers at all stages of their 
implementation, which is ensured by the coincidence of their national inter-
ests in the target country; foreign policy involvement of the states of the 
target country9s geopolitical environment in the implementation of sanctions 
measures; the formed regulatory and legal framework, which defines the 
principles and regulates the specifics of the implementation of the policy of 
sanctions against the target state; institutional support for the implementation 
of sanction measures; export-import dependence of the target country on the 
sanctioning state, which is often ensured by previous positive political rela-
tions between the sanctioning country and the target state; the moderation of 
political goals pursued by the policy of sanctions, which are in the realm of 
adjusting the foreign policy activity of the target country, but are not directly 
aimed at changing the political regime in the target state; the presence of 
formed political forces/opposition in the target country, which are foreign-
policy-oriented towards the state implementing the sanctions policy, demon-
strate readiness to meet its goals in the presence of mechanisms of public 
influence on political decision-making. 

Ways to optimize the use of sanctions policy in modern international 
realities can be the intensification of cooperation between international insti-
tutions and states during the implementation of sanctions measures through 
the formation of appropriate coordinating institutional mechanisms; devel-
opment of the concept of information support for the implementation of the 
sanctions policy in accordance with the target country; final rejection of the 
concept of comprehensive sanctions in favor of the application of the doc-
trine of targeted sanctions; involvement of highly qualified specialists in the 
development of sanctions policy on an ongoing basis. 
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EXPLORING THE POSSIBILITIES AND CHALLENGES OF 

INTEGRATING ARTIFICIAL INTELLIGENCE INTO 

CONSTRUCTION 

Despite the fact that construction is a major sector of the global econ-
omy, the pace of its development lags behind other sectors, as the total eco-
nomic output per employee remains at the same level. The urgency of the 
problem stems from the fact that the construction industry is one of the most 
under-digitalized in the world and is slow to integrate innovative technolo-
gies. 

Of course, integrating new technology is a difficult task, but it can be 
simplified by using machine learning and artificial intelligence, which will 
help create efficient workforces and save money on their training. Artificial 
intelligence solutions that have proven effective in other industries are be-
ginning to show themselves in the construction process. 

Artificial intelligence (AI) is a general term for factors where a ma-
chine imitates human cognitive functions, such as problem solving, key 
factor recognition, learning, etc. It has the ability to process a large amount 
of input data in a short period of time, which indicates the potential for use 
in construction production. Let9s analyze the main advantages of using AI in 
construction: 

1. Optimization of the building design process. Information modeling 
of buildings and structures is based on a 3D model, which allows construc-
tion and civil engineering professionals to increase the efficiency of design 
and manage the process. In order to plan and design construction, 3D models 
must take into account architectural plans, structural features, engineering 
systems, and the sequence of workflows. The challenge is to ensure that 
different models do not conflict with each other. The industry should use 
machine learning in the form of generative design to identify and eliminate 
conflicts between different models that are likely to be created by different 
organizations during the planning stages to minimize rework. 

2. Risk reduction. The risk of each construction project manifests itself 
in many forms: quality, safety, and excessive time and money costs. Large 
projects can be the riskiest because a large number of contractors interact at 
construction sites. Today, there are artificial intelligence solutions that gen-
eral contractors can use to monitor and prioritize risks during the workflow. 
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AI is used to automatically prioritize and make a value judgment, so that 
construction managers can work together to minimize risk. 

3. Prevent unnecessary spending. It is known that most projects go be-
yond their budget, even though they have the best "players" among the con-
tractors. Artificial neural networks are used in construction to make predic-
tions about cost overruns based on the following factors: project size, project 
managers9 competence, workers9 qualifications, and contract type. In addi-
tion, AI allows workers to familiarize themselves with real-time training 
materials related to a particular project. This reduces the time required to 
attract new resources. 

4. Solving the problem with labor force. Construction companies can 
increase their productivity by analyzing data in real time. Machine learning 
and AI allow for better planning of the distribution of personnel and equip-
ment between jobs. Project managers will be able to instantly assess the 
progress of work and the location of machinery. This means that it will be 
possible to immediately decide where there is a need to hire additional labor, 
which will eliminate the possibility of falling behind schedule. Construction 
works will increase their level of autonomy. 

The problem lies in the fact that, along with a conservative view of in-
novation, artificial intelligence in construction has too little data to work 
properly, so there is a lack of materials to support the machine9s deep learn-
ing process. Creating such "safe databases" requires a lot of time and money, 
at least for the AI to be able to analyze photos and learn to distinguish be-
tween "damage" and "no damage." There is also no possibility of conducting 
research on generative design (in terms of visuals). For civil engineers, this 
topic is unlikely to remain relevant due to the need to manually check some 
of the results of structural calculations. 

The biggest obstacle to integration remains the low level of readiness 
of the construction industry to fully utilize digital technologies. The lack of 
an understandable interface and a certain degree of transparency in the entire 
planning and production chain is impossible to achieve with digital tools 
alone. 

Thus, the involvement of artificial intelligence in the construction in-
dustry can bring significant benefits to construction companies, reducing 
costs and the number of problems related to human resources policy, risks, 
and process optimization. However, these benefits become available only 
after a number of problematic issues are resolved. 
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IMPROVEMENT FEATURES OF ACTIVE SOUND REDUCTION  

An active sound reduction system (ASR) improved effectiveness due 
to the consideration of the difference in propagation velocities between 
acoustic and electric signals. This system has increased speed due to im-
proved synchronization of the reduction signal with the sound source. 

Further improvement of the active sound reduction method is possible 
by taking into account the acoustic characteristics of the room. If all the 
significant technical channels of acoustic information leakage are consid-
ered, as well as the acoustic characteristics of the room between the point of 
the sound source being reduced (speaker) and the points of acoustic infor-
mation leakage channels at the boundaries of the controlled zone: time-based 
(time of acoustic wave propagation); amplitude-frequency characteristics 
(AFC) and phase-frequency characteristics (PFC); reverberation-based (re-
flection of sound waves from obstacles, echoes, etc.). 

This makes it possible to dispense with the use of additional micro-
phones near each channel of speech information leakage. This simplifies the 
hardware part of the system and the installation process. The above charac-
teristics for each specific room can be taken in advance and entered into 
electronic control units, which will generate suppression signals. With this 
approach to protecting acoustic information, the following advantages can be 
achieved: 

1.  Each unit is prepared in advance to convert the electrical signal re-
ceived from the microphone in order to produce the most effective suppres-
sion signal without significant time delays. This is provided by the action 
algorithm (program) entered in advance in the processor. 

2. In such a system, only sounds that exist near the main microphone 
(acoustic information that needs to be protected) will be suppressed, without 
disrupting the rest of the non-critical part of the sound "picture" (ambient 
noise both within and beyond the controlled area). In addition, these ambient 
sounds will also complicate the task of capturing hidden information by 
intruders. 

3. Since the natural sound background is not disturbed, the fact and lo-
cation of the conversation will be disguised. Intruders will hear only natural 
sounds of the surrounding environment outside the controlled area. In other 
similar systems, ideally, there would be absolute silence. This would indi-
cate the presence of secret conversations to some extent. 
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4. The system resources will not be wasted on suppressing these "ex-
tra" (non-relevant) sounds, which will allow the processor to be unloaded 
from unnecessary work, thus potentially increasing its speed and reliability 
(less heat generated). 

5. The requirements for the maximum power of acoustic transducers 
can also be reduced since the sound vibrations that need to be suppressed at 
the boundaries of the controlled zone are often much lower in power (vol-
ume) than the extraneous sounds that other systems suppress unnecessarily. 
This reduces the cost of such hardware kits and reduces their weight and 
size. As a result, sound transducers (speakers) will have smaller dimensions 
and can be placed in information leakage channels (air ducts, conditioning 
systems, etc.) with smaller dimensions. 

6. As a result of the above, power consumption will decrease. This 
property becomes particularly important when powering such systems from 
an autonomous energy source with limited energy resources (batteries, ac-
cumulators, etc.). 

7. Since the system will only react to the speaker9s speech (as stated in 
point 2 of this list), which naturally has pauses between words and phrases, 
the advantages mentioned in points 4-6 of this list will be more evident. 
During such pauses, the system "rests". 

The procedure for setting up the system can be simplified by using au-
tomatic tuning with test signals. 
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IMPLEMENTATION OF ALGORITHMS FOR MANAGING 

COMMUNICATION CHANNELS OF AN INTELLIGENT AGENT IN 

A COMPLEX TELECOMMUNICATION NETWORK 

With the development of telecommunications technologies, the in-
crease in speed and volume of information transmission, and the emergence 
of resource-intensive network applications, the management of data trans-
mission networks has become an important issue. In the case of communica-
tion networks, management is reduced to processes of monitoring and con-
trolling the state of nodes, lines, and interactions between nodes. 

In modern technologies and hardware implementation of communica-
tion networks, multi-agent systems are widely used as distributed (decentral-
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ized) management systems. The basic element of this system is a managing 
agent (MA) which is responsible for a certain area of the network and ex-
changes service information with the nearest agents. The MA can be built on 
the basis of an intelligent network device, such as a managed switch, router, 
or server with specialized software that contains algorithms for managing the 
network area for which the agent is responsible. 

Cameras with a wide dynamic range, which are capable of recognizing 
necessary objects in poor lighting conditions, are becoming increasingly 
widespread when building telecommunications systems. If a DSP processor 
is used as a camera data processing device, then the problem arises that the 
bandwidth of the DSP processor is insufficient for processing signals from 
cameras with a wide dynamic range. In addition, these devices do not pro-
vide additional video surveillance functions, such as video analytics. 

The solution to this problem may be the use of programmable logic in-
tegrated circuits (PLCs), which have sufficient bandwidth to be used as a 
coprocessor for performing image processing from the video signal sensor 
and transmitting video streams to the DSP processor for video encoding, for 
example, in H.264 format, as well as implementing communication channel 
control algorithms. For example, Intel FPGA PLCs allow adapting the cam-
era to different image sensors and specific interfaces. In addition, as analog 
cameras are replaced by intelligent IP cameras and video analytics processes 
are improved based on deep learning algorithms, PLCs are becoming in-
creasingly in demand in such systems. The Cyclone and Arria PLC families 
are capable of parallel processing large volumes of data, and they can be 
used as a video processing accelerator on the edge computing platform for 
video data analysis. 

A decentralized telecommunications network management system 
based on managing agents has been chosen for research. This paper consid-
ers the implementation of MA algorithms, which are designed to select the 
optimal channel or set of channels with minimal bandwidth and cost for 
transmitting the output information flow in a decentralized agent-based 
management system. The entire control algorithm can be divided into two 
components: the bandwidth determination algorithm that belongs to the 
communication channel agent, and the algorithm for selecting the appropri-
ate transmission paths for information based on QoS criteria. 

As known from node power consumption analyses, for example, in a 
wireless sensor network, the main part of the power source9s energy is spent 
by the node on receiving and transmitting data, rather than processing it. 
Creating a buffer of collected information is a justified solution from the 
point of view of reducing the energy consumption of the telecommunications 
system node. 
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After analyzing the advantages and disadvantages of possible hardware 
implementations of the aforementioned management algorithms, the authors 
propose the implementation of a system of controlling algorithms and a 
buffer of received information on a programmable logic microchip, which 
will help increase the speed of information processing through process paral-
lelization, reduce the energy consumption of network nodes by using a buff-
er, and reduce the number and length of connections in the scheme by using 
a single microchip. 
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"HYPERELLIPTIC CURVES ISOGENIES IN CRYPTOGRAPHY" 

Isogenies between hyperelliptic curves have recently emerged as a 
powerful tool in cryptography, enabling new and efficient constructions of 
cryptographic primitives. This paper presents a review of the underlying 
mathematical theory and the recent advancements in the practical use of 
hyperelliptic curve isogenies in cryptography. 

Hyperelliptic curve isogenies are mappings between two hyperelliptic 
curves that preserve certain algebraic structures, such as the group structure. 
Isogenies can be used in cryptography for various purposes, including key 
exchange, digital signatures, and hash functions. 

The computation of hyperelliptic curve isogenies involves several 
steps. The following is a brief overview of the process: 

Given two hyperelliptic curves E and E9, the first step is to choose a ra-
tional function φ that defines the isogeny between E and E9. The function φ 
should satisfy certain properties, including being a group homomorphism. 

The next step is to compute the kernel of the isogeny. The kernel is the 
set of points on E that map to the identity element on E9. The kernel can be 
computed by solving a system of polynomial equations that involve the 
coefficients of the defining equation of E and the function φ. 

Once the kernel is computed, the isogeny can be defined explicitly. 
The points on E that do not belong to the kernel can be mapped to their im-
age on E9 using the function φ. The points in the kernel can be mapped to the 
identity element on E9. 

The final step is to compute the degree of the isogeny. The degree is a 
measure of the size of the isogeny and is defined as the number of points in 
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the kernel. The degree can be computed by counting the number of solutions 
to the system of polynomial equations used to compute the kernel. 

The computation of hyperelliptic curve isogenies can be computation-
ally intensive, especially for large degrees. However, there are algorithms 
that have been developed to speed up the computation, such as the Schoof-
Elkies-Atkin algorithm and the SEA (Schoof-Elkies-Atkin) algorithm. These 
algorithms use techniques from algebraic geometry and number theory to 
compute the isogenies efficiently. 

Overall, this paper provides a comprehensive overview of the use of 
hyperelliptic curve isogenies in cryptography, from the underlying mathe-
matical theory to the practical implementations. It is intended for researchers 
and practitioners interested in the field of post-quantum cryptography and its 
applications. 
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IMPROVEMENT OF THE STRUCTURE AND PROPERTIES OF 

THE RESPONSIBLE CASTINGS FROM HEAT-RESISTANT 

NICKEL ALLOYS USING THE HOT ISOSTATIC PRESSING 

METHOD 

Responsible cast parts of aviation and power engineering power units 
are made of heat-resistant nickel alloys by methods of equiaxial and direc-
tional crystallization. As is known, all types of casting are characterized by 
the presence of such defects as the micropores and other structural imperfec-
tions, liquation, inconsistency of the phase composition, which significantly 
affects the reliability, physical-mechanical, heat-resistant and operational 
properties of the finished products. 

One of the effective methods of correcting casting defects in responsi-
ble castings, and therefore improving the structure and increasing the level 
of properties, is hot isostatic pressing (HIP). The essence of this process is 
the comprehensive compression of castings in a special liquid or gas envi-
ronment at high temperatures. For the process the highest possible tempera-
ture of the castings is chosen in order to prevent melting of the material 
structure. 

In the process of HIP, the cavities internal surfaces are first brought in-
to contact by the mechanisms of creep and plastic deformation, and then 
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connect by diffusion welding. At the same time, barometric processing does 
not remove defects connected to the surface of the casting. 

A number of studies were conducted on the basis of JSC "Motor Sich", 
which revealed the peculiarities of the structure and properties of turbine 
blades made of highly alloyed foundry heat-resistant alloys, obtained in the 
process of both equiaxial and directional crystallization, after conducting 
HIP. 

We studied the material quality of working blades and samples cast 
from the heat-resistant nickel alloy ZhS3DK-VI of various experimental 
variants that underwent the HIP operation and heat treatment according to 
the standard regime. Thus, the structure and properties of castings obtained 
with 50% returns in the charge (after preliminary remelting) as well as alloy 
modified with nickel-yttrium ligature and ultradispersed titanium carboni-
tride powders were studied. 

It was established that in the process of hot isostatic pressing of the ex-
perimental castings at a temperature of 1210 °C and a pressure of 160 MPa, 
micropores and loose particles that do not reach the surface of the parts (lo-
cated in the internal volumes of the metal) heal. Micropores are practically 
absent in the structure of the studied turbines working blades and cast sam-
ples after HIP, which contributes to the stabilization of the structure and 
properties of the material. The size of the single micropores detected after 
HIP is more than 40 times smaller compared to the pores found in the cast-
ings before the HIP operation. 

Thus, the conducted research shows the positive influence of hot iso-
static pressing (HIP) and standard heat treatment on the structure, physical-
mechanical and operational properties of responsible cast products from 
heat-resistant nickel alloys for aviation and energy power plants. 
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IMPACT OF TURBULANT ENVIRONMENT ON INNOVATIVE 

PROJECTS 

In today9s fast-paced business environment, innovation has become a 
key driver of organizational success. However, the ability to innovate can be 
significantly affected by the turbulent environment in which organizations 
operate. This thesis aims to explore the impact of a turbulent environment on 
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innovative projects, specifically focusing on the relationship between envi-
ronmental factors and innovation performance. 

To achieve this objective, a mixed-methods approach will be em-
ployed, combining both qualitative and quantitative data collection tech-
niques. The study will start with an extensive literature review to identify the 
relevant theoretical frameworks and empirical studies related to the impact 
of environmental factors on innovation. Then, a survey questionnaire will be 
developed and administered to a sample of firms operating in various indus-
tries to collect quantitative data on the level of environmental turbulence, 
innovation capability, and performance. 

Furthermore, to provide a deeper understanding of the relationship be-
tween environmental factors and innovation performance, semi-structured 
interviews will be conducted with key informants within these firms. The 
interview data will be analyzed using a thematic analysis technique to identi-
fy the themes and patterns that emerge from the data. 

The findings of this study are expected to contribute to the existing 
body of knowledge by providing insights into the complex relationship be-
tween environmental factors and innovation performance. The study will 
also help organizations to better understand the impact of environmental 
turbulence on innovative projects and provide practical recommendations on 
how to manage such projects in a turbulent environment. 

Overall, this research will shed light on the factors that facilitate or hinder 
innovation in a turbulent environment and provide valuable insights for firms 
looking to improve their innovation performance in such environments. 
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USE OF ART THERAPY METHODS IN FAMILY COUNSELING 

Art therapy is one of the softest and at the same time profound methods 
in the arsenal of psychologists. By drawing, sculpting or describing their 
problem or mood in literary form, customers receive a coded message from 
themselves, from their own subconscious. Shape, color, size and many other 
characteristics of creative products can reveal real, deep desires, fears, 
hopes, true attitude towards someone or something. In addition to giving the 
customers the opportunity to understand themselves, art therapy can help 
change something in life in the direction of harmonization, development of 
deep self-confidence, and increased flexibility of thinking and perception. 
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Art therapy is a specialized form of psychotherapy based on art, pri-
marily on visual and creative activities. The main goal of art therapy is to 
harmonize personality development through the development of self-
expression and self-knowledge. The most important technique of art thera-
peutic interaction is the technique of active imagination, aimed at bringing 
the conscious and unconscious face to face and reconciling them with each 
other through effective interaction. Art therapy can be used both as the main 
method and as one of the auxiliary methods. 

In foreign psychotherapy, there are four main directions in the applica-
tion of art therapy:- use for correction of an already existing work of art 
through analysis and interpretation (passive art therapy);- encouragement of 
participants to independent creativity, while the creative act is considered as 
the main corrective factor (active art therapy);- simultaneous use of the first 
and second principles;- emphasizing the role of the psychotherapist himself, 
his relationship with the participant in the process of teaching his creativity. 

Advantages of art therapy in family counseling:- creates a positive 
emotional mood during the consultation process;- facilitates the process of 
communication with family members, promotes the creation of relationships 
of mutual acceptance, empathy;- strengthens the child9s cultural identity;- 
allows you to address those real problems or fantasies that for some reason 
are difficult to discuss verbally;- gives an opportunity on a symbolic level to 
experiment with different feelings, explore and express them in a socially 
acceptable form;- develops a sense of internal control;- create conditions for 
experimentation with kinesthetic and visual sensations, stimulate the devel-
opment of sensor motor skills;- promotes creative self-expression, develop-
ment of imagination, aesthetic experience;- increases a person9s adaptability 
to everyday life;- reduces fatigue, negative emotional states and their mani-
festations;- effective in correcting various deviations and violations of per-
sonal development, relying on the healthy potential of the individual, inter-
nal mechanisms of self-regulation and healing;- allows you to build a rela-
tionship with the child based on love and mutual affection and thereby com-
pensate for their possible absence from the parental home. 

Modern art therapy has no limitations and contraindications, it is al-
ways resourceful and ecological in terms of its application. Today it is suc-
cessfully used in family counseling. The method of art therapy is based on 
the conviction that the inner "I" of a person is transformed into visual mate-
rialized symbolic images or specific constructs of artistic creativity whenev-
er it is spontaneous, especially without thinking about what should be the 
final result, paints pictures , draws, sculpts, creates sculpture, etc. There is an 
opinion that the images of artistic creativity reflect the content of subcon-
scious processes, including internal conflicts, fears, obsessive thoughts, 
childhood memories, dreams, etc. 
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Art therapy is a means of free self-expression and self-discovery. Artis-
tic creativity helps to understand and evaluate one9s feelings, memories, 
images of the future, to find time to restore vitality and a way to communi-
cate with oneself. Relying on symbolism and one9s own creative potential, a 
person is able to achieve self-healing 
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THE IMPORTANCE AND ALGORITHM OF THE CONSTRUCTING 

BOMB SHELTERS IN UKRAINE 

Unfortunately, in certain situations today, people require special protection 
from environmental factors. Safety and protection from weapons of mass de-
struction have become highly relevant topics nowadays. That is why protective 
structures are being built. These engineering constructions are designed to pro-
vide temporary shelter and protection for people, equipment, and property from 
dangers that may arise as a result of emergencies in peacetime or from the im-
pact of weapons of destruction during special periods. 

When constructing underground facilities, the partial loss of the walls9 and 
floors9 load-bearing capacity during operation should be taken into account 
when making decisions regarding their reconstruction. Therefore, during the 
design phase, reinforced load-bearing elements of the building structures 
should be considered as a promising direction. 
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FEATURES OF SOCIAL WORK WITH INTERNALLY  

DISPLACED PERSONS 

Social work must be flexible and timely respond to today9s challenges. 
One of these challenges was the emergence of such a new vulnerable catego-
ry of people as internally displaced persons. The emergence of "internal 
refugees" has challenged many social services. 

In work with this category, social workers use short-term and long-term 
intervention strategies. 
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Short-term may include: crisis intervention; outreach work is a task-
oriented model of social work. 

Crisis intervention includes the following techniques: providing infor-
mation and instructions, using booklets, identifying possible help from relatives. 

Much attention is paid to the verbalization of the emotional states of inter-
nal-ly displaced persons. The client is helped in recognizing the problem and 
forming a plan for further actions. 

In the course of work, there is a constant review of the work process. The 
main feature of the crisis intervention strategy is that the social worker does not 
influence the crisis itself. The specialist works only with the consequences of a 
crisis or psycho-traumatic situation. The social worker takes a directive position 
and takes responsibility. 

Outreach work consists in providing services outside the social institution. 
As a rule, a social worker provides assistance in places of compact residence of 
internally displaced persons. This model is task oriented. The basis is the "small 
steps" tactic. Thus, the tasks are performed gradually. Steps aimed at restoring 
the social functioning of a person. Tasks are determined during meetings with a 
social worker. 

The long-term care strategy is based on multi-levels. It is focused on re-
storing social ties between people and social systems. An important factor is the 
construction of a support system and the involvement of community resources 
and volunteers. 

Building a new philosophy of the system of social integration of IDPs has 
become a real challenge for social workers. This category is characterized by a 
consumerist approach. They have specific value orientations and a narrow "vi-
sion of the future". 

Social integration and adaptation should not be focused on the planned sat-
isfaction of needs. This can lead to dependence on the help of social workers and 
volunteers. Modern social workers must move away from the paternalistic para-
digm of soviet social security. After all, today many institutions of social protec-
tion of the population and social service institutions have inherited this practice. 

The work of a social worker should become an impetus for active actions: 
finding a job, affordable housing, social and cultural development, participation 
in public life. 

As part of such an approach to solving the problems of IDPs, a new idea of 
modern professional social work is being formed. The ideal of modern social 
work is the expansion of opportunities. Empowerment is activation and freeing 
them from the need for a social worker. 

Therefore, social work with internally displaced persons should be aimed 
at overcoming dependence on humanitarian aid. The main tasks of a social 
worker are based on the restoration of labor potential and socio-cultural ties. 
Ukrainian social services should take into account the experience of international 
social work. 
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ESTIMATION PECULIARITIES OF EXTERNAL POLYMER 

INSULATION RELIABILITY OF GAS-FILLED INSTRUMENT 

TRANSFORMERS 

The method for estimating the parameters of theoretical distributions 
for calculating the indicators of operational reliability is proposed. The au-
thors propose a method for estimating the parameters of theoretical distribu-
tions for calculating the indicators of the operational reliability of a solid 
insulating structure of high-voltage devices, which is a supporting insulating 
cover for high voltage instrument transformers filled with gas as an insulat-
ing liquid. This technique makes it possible to estimate the parameters of a 
new distribution law, which is chosen on the condition that it does not con-
tradict the existing distribution law with its known parameters. The devel-
oped technique makes it possible to obtain the values of the indicators of the 
operational reliability of high-voltage equipment by determining the parame-
ters of theoretical distributions, if the developer is the data of experimental 
studies or statistical information as a result of monitoring the operation of 
insulating structures, taking into account the actual operating conditions of 
such high-voltage devices. This makes it possible to take into account the 
influence of external factors and performance characteristics inherent in 
instrument transformers, both current and voltage. In the proposed method-
ology, as an example, a supporting insulating casing is considered, which is 
during operation in the most unfavorable conditions, such as external pollu-
tion, humidification, overvoltage, etc. The theoretical conclusions are con-
firmed by the results of calculations using the example of the design of a 
current transformer of the &"�-362 series. A more accurate determination of 
the effectiveness of the proposed method for predicting the parameters of 
theoretical distribution laws can be achieved by performing an additional 
series of calculations and experimental tests of specific insulating structures. 
Thus, it was concluded that it is possible to use the results obtained to assess 
the operational reliability of both gas-filled instrument transformers and 
similar high-voltage equipment. 
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ACTIVITIES OF THE SOCIAL WORKER IN THE SOCIAL 

SECURITY SYSTEM 

The problems of social protection of the population are among the 
most discussed in the world. 

Social work is an activity aimed at helping people who find themselves 
in difficult life circumstances, at providing social support for the least pro-
tected sections of society. The main function of a social worker is to help 
people adapt to a complex, specialized, technologically oriented society, a 
part of which is the immediate environment - family, work team, neighbors, 
peers. 

A feature of modern professional social work is that it aims not only to 
support a person, but also to return him to a full independent active life. 

Today, employment and labor centers operate in the social sphere of 
Ukraine; social services for youth and services for minors; crisis centers and 
shelters for children and adults; territorial centers for work with the popula-
tion, boarding houses and boarding houses; rehabilitation centers for people 
with special needs, as well as those suffering from serious diseases; socio-
psychological departments at enterprises, educational institutions, military 
units, internal affairs institutions, places of punishment. Also, public organi-
zations that provide social services, protect rights, and carry out work on the 
prevention of social and personal problems. 

Organizations engaged in social work have the active support of both 
the state and national and international charitable foundations. 

The nature of the activity requires the social worker to have knowledge 
of a wide range of issues. He must know the organization of the social pro-
tection system as a whole, relevant legislation, elements of sociology and 
economics, and the peculiarities of individual work with people. That is, it 
implies the need for knowledge about a person in applied psychology. 

The most promising areas of social work are the prevention of negative 
phenomena and the formation of a healthy lifestyle; organization of work of 
private centers of social services; organization of the market of social ser-
vices; work in communities aimed at uniting and activating internal reserves; 
implementation of alternative forms of social services for orphans, people 
with disabilities, alternative forms of rehabilitation of persons with behav-
ioral abnormalities; socio-psychological work at enterprises and organiza-
tions. 
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The task of a modern social worker is to ensure that the person he 
helps is able to do without this help in the future, which is an indicator of 
professional success. 

The main task of social work is to restore the client9s ability to act in-
dependently under certain social conditions. 

Therefore, a social worker must be able to identify a social problem, 
establish its causes, and then contribute to its solution. He helps people who 
find themselves in a difficult life situation to feel like full-fledged members 
of society. At the same time, social work has certain features. The nature of 
the problems it faces does not allow us to offer unequivocal methods of their 
effective solution. 

Effective work of social protection institutions is impossible without 
highly qualified employees who perfectly possess all necessary professional 
skills and abilities. Therefore, one of the most important directions of work 
in this area is the preparatory, educational stage, the stage of professional 
orientation and professional selection of personnel for social services. 
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APPLICATIONS AND PROSPECTS FOR THE DEVELOPMENT OF 

UNMANNED AERIAL VEHICLES (UAVS) 

UAVs in the aviation sector are among the most promising types of 
equipment, new designs are shown at exhibitions, development trends are 
discussed at international symposiums and conferences.  

UAVs are used to solve a variety of tasks: in agriculture (for monitor-
ing crop areas); infrastructure (inspection of bridges, buildings); energy (in 
hard-to-reach places, high towers or deep-sea places); the video market; 
military sphere; nature conservation (animal population monitoring, forest 
restoration), etc. One of their main advantages is the safety of the pilot (in 
case of UAVs, the operator), in the event of a breakdown and destruction of 
the aircraft. 

With such a wide range of possibilities, frequent use of UAVs "for 
other purposes" (for crimes) is possible, creating a number of disadvantages: 
interference with the privacy of citizens and commercial companies; use of 
UAVs for theft and smuggling, etc. It is these acts of breaking the law with 
the help of drones that point to the fine line between the use of UAVs for 
peaceful purposes and a deliberate offense. To solve these issues, a legal and 
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regulatory framework is being developed to regulate the use of drones in the 
airspace and responsibility for any violations. In Europe, only in 2019, a set 
of rules was developed to regulate the operation of drones and technical 
requirements for them, their registration and identification.  

It would be logical to study the experience of implementing regulatory 
documents for drones, to ensure the protection of citizens with the help of 
European regulations regarding UAVs.  

As a result, the use and development of UAVs within Ukraine, with its 
agricultural potential, rich natural resources and extensive infrastructure, will 
continue to grow and develop. After all, monitoring, forecasting and control 
is a prospect and an unambiguous strengthening of the manufacturability of 
the economy. 
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FEATURES OF TITANIUM POWDERS FOR ADDITIVE 

MANUFACTURING 

Titanium alloys are widely used in the aerospace and medical indus-
tries due to their improved resistance to oxidation, high stiffness, low densi-
ty, and biocompatibility [1]. Additive manufacturing (AM) of titanium al-
loys offers numerous advantages over traditional manufacturing methods. It 
is possible to create highly complex designs and geometries that are not 
achievable with conventional manufacturing techniques. Furthermore, AM 
facilitates the easy customization of products to meet individual customer 
needs. Also, it is a highly efficient process that minimizes material waste. 
One of the key advantages of AM is its ability to fabricate parts quickly, 
without the need for costly moulding and tooling. But the success of this 
technology relies on the careful selection and preparation of the powders 
used in the process. The powder properties, such as particle size and its dis-
tribution, particle shape and oxygen content have significant effect on the 
surface roughness, volumetric defect content and mechanical behavior of 
printed parts. 

Particle size is a critical factor in the AM of titanium powders. Pow-
ders with median particle sizes, typically in the range of 20-60 µm are used. 
Fine particles are beneficial for packing behavior, especially in powders with 
a broad particle size distribution, as they provide high bulk density and pro-
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duce high-quality finished components with minimal flaws. However, finer 
particles have poor flowability due to increased forces of attraction between 
particles resulting from their decreased size. Parts manufactured from the 
coarse powder have slightly higher ductility and fatigue resistance. Though 
they contain more defects due to the inferior packing state and lower heat 
absorptivity of coarser particles but the maximum defect size is still larger in 
the fine powder parts [2]. However, it is important to note that using pow-
ders with extremely small particle sizes can also result in an increase in 
oxygen contamination, which can negatively affect the mechanical proper-
ties of the printed parts. 

In addition to particle size, the shape of the titanium powder can also 
affect the properties of the printed parts. By manipulating particle shape, it is 
possible to offset the low flowability associated with fine powders to en-
hance AM process efficiency. Furthermore, smooth spherical particles also 
tend to pack efficiently and so can be additionally advantageous from the 
perspective of achieving high bulk densities. The utilization of powder com-
posed of highly spherical particles can enhance powder flowability, spreada-
bility, and packing state by reducing interparticle friction [3]. 

The particle size distribution of titanium powder used in AM has a sig-
nificant effect on the microstructure, mechanical properties and surface qual-
ity of the printed parts. A narrow size distribution can improve the flowabil-
ity, mechanical resistance and hardness of printed parts by reducing the 
formation of voids and defects [4]. 

The effect of oxygen content in titanium powder is particularly signifi-
cant in additive manufacturing processes, such as selective laser melting and 
electron beam melting, which use powdered titanium alloys to build up parts 
layer by layer. High oxygen content in the powder can lead to an increase in 
porosity and decrease in mechanical properties due to the formation of TiO2 
oxide inclusions [5]. 

The high cost of titanium powders makes it necessary to search for 
suitable powder recycling strategies. The powder after recycling has larger 
average particle size because small particles and satellites are removed. 
Additionally, particles contain a higher concentration of oxygen. Parts made 
with recycled powder show a noticeable increase in surface roughness, so 
their fatigue strength is lower compared to ones made with new powder [6]. 

Controlling and optimizing particle properties (such as finding a bal-
ance between particle size and oxygen content) is crucial for achieving high-
quality and reliable AM processes and products. Powder recycling should be 
closely controlled and studied because excessive reuse could imply changes 
in the morphology of the powder and alterations in the mechanical properties 
of the obtained parts.  
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GLOBAL TRENDS IN THE USE OF INDUSTRY 4.0 

TECHNOLOGIES IN THE AIRCRAFT INDUSTRY 

The term 8Industry 4.09 (hereinafter �.4.0) was first presented at the Han-
nover Exhibition in Germany in 2011 to describe a strategic approach to produc-
tion, which is based on computerization and digitalization of production. 

At the present, the aviation industry sector has undergone a powerful 
influence both from the side of globalization trends, which have led to in-
creased competition and standards in the industry, the introduction of chang-
es in the product life cycle and the digitalization of production processes, 
and the COVID-19 pandemic and tensions in the Taiwan region, which in-
fluenced not only the situation of demand for aviation products, but also 
changed the usual approach to the introduction of new technologies. 
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In view of the new challenges, I.4.0 is an important direction for the 
development of the aviation industry and includes the use of the latest tech-
nologies that can improve the efficiency and quality of production, reduce 
costs and increase competitiveness. 

However, in the aircraft industry, the costs associated with the devel-
opment and implementation of new technologies are extremely high com-
pared to other sub-industries of �.4.0 which makes the introduction of such 
technologies unprofitable in the short term. This situation necessitates a 
balanced approach to the selection of new technologies for implementation 
in the production process. 

The result is that, for further use in production, only I.4.0 technologies 
with significant level of maturity are used, which can significantly reduce 
the cost of implementation and reduce the time of return on investment. 

Global trends indicate a fairly wide range of possibilities for using �.4.0 
technologies in the industry. Technologies for automation of production 
processes, which are used to reduce the human factor in production, improve 
accuracy and reduce the time of production. Artificial intelligence and data 
analytics, which are used to analyze large amounts of production data, col-
lect and process information about products that are in operation. 

The Internet of Things (IoT) and sensor network are being implemented in 
industries to ensure a continuous production cycle and prevent the occurrence of 
defects. In the aviation industry, there is a tendency to introduce IoT to collect 
and analyze data on the state of aircraft and their operation in real time. Howev-
er, today the greatest use of �.4.0 technologies is observed in the design work of 
aircraft manufacturers, namely the use of VR and AR and the use of additive 
technologies. It should be noted that AR technology was introduced in 1997 and 
is the most mature �.4.0 technology. 

VR and AR can significantly reduce time and costs when creating new 
prototypes, provide an opportunity to analyze design features and identify signif-
icant shortcomings at the design stage. In addition, VR and AR allows you to 
increase the efficiency of communication between the design bureau, production 
and the customer. Additive technologies allow you to quickly create and test 
new prototypes compared to making prototypes in a classical way, which in turn 
can significantly reduce the final cost of the product. 

Thus, at present, the degree of involvement of I.4.0 technologies in the air-
craft industry is low, but the introduction of such technologies has a great poten-
tial to increase production efficiency and competitiveness of the final product, to 
ensure even higher standards of quality and safety in the industry. 

The introduction of �.4.0 technologies requires significant efforts and in-
vestments at all stages without exception, as well as the development and im-
plementation of new standards and protocols for the exchange of data between 
different systems and devices. 
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EMERGING TRENDS IN TRANSPORTATION: FROM SMART 

CITIES TO AUTONOMOUS VEHICLES 

Improving transportation and traffic management is one of the crucial 
steps towards enhancing the quality of life in urban areas. A common trend 
in this field is the integration of modern technologies such as machine learn-
ing, wireless sensor networks (WSNs), Internet of Things (IoT), and Artifi-
cial Intelligence (AI) in developing intelligent transportation systems. 

One common approach is the use of simulation models to test and op-
timize traffic flow in smart cities. Simulations can help in designing and 
evaluating new road layouts, traffic signals, and other transportation infra-
structure. Another trend is the use of machine learning algorithms in predict-
ing traffic patterns and reducing congestion. We can also highlight the im-
portance of communication and coordination between vehicles, infrastruc-
ture, and traffic management centers. 

Also, one of the most prominent aspirations is the use of technology in 
improving traffic safety and management. For these purposes there are vari-
ous technologies such as wireless sensor networks, surveillance cameras, 
and automated vehicles that can be used to collect and analyze data on traffic 
patterns and road conditions. The data collected can then be used to develop 
intelligent traffic management systems, improve the efficiency of traffic 
flow, and reduce the risk of accidents. 

Another important aspect that undoubtedly needs to be taken into ac-
count is safety and the impact of the human factor on it. At the moment, 
urban scientists are actively discussing the attitudes, behaviors, and skills of 
drivers, which can have a significant impact on road safety. For example, the 
relationship between driver characteristics, such as age, gender, and driving 
experience, and their risk-taking behavior was examined. Another research 
explores how factors such as traffic climate, locus of control, and driving 
skills influence driver9s preferences for automated vehicles. Finally, we have 
reports on a pilot study that assessed participants9 acceptance, trust, and 
perceived safety of automated vehicles, as well as their emotional responses 
to riding in such vehicles. 

The fourth common trend in modern research is the growing im-
portance of interdisciplinary approaches in transportation research. We need 
to focus on the collaboration between researchers from different fields such 
as engineering, psychology, and computer science to find comprehensive 
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solutions to transportation problems. This includes developing standardized 
methods for assessing driver9s behavior and attitudes, improving the reliabil-
ity and validity of measures, and using multi-methodological designs to 
capture different aspects of transportation-related phenomena. 

Overall, the common trend in modern research is the application of 
technological solutions to address traffic-related problems, such as reducing 
speeding, managing traffic flow, and increasing safety. The studies also 
highlight the importance of human factors, such as personality traits, driving 
skills, and user attitudes, in the successful implementation of these solutions. 
Surveys, experimental designs, and statistical analysis, demonstrate the im-
portance of empirical research in transportation and traffic management. 
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SURGE PROTECTION IN CENTRIFUGAL COMPRESSORS 

Centrifugal compressors are equipment that belongs to the group of 
dynamic type compressors with a radial design. The main advantage of 
compressors of this type is their high productivity, which many times ex-
ceeds the indicators of compressors of other types. Thereby centrifugal air 
compressors, the composition of which allows them to be used during inten-
sive operation, are widely used on an industrial scale. 

The device and principle of operation of centrifugal compressors are 
based on the dynamic compression of a gaseous medium. The main element 
of this equipment is a rotor equipped with a shaft with working wheels, the 
arrangement of which is symmetrical. During the operation of the equip-
ment, the gas particles are acted upon by the force of inertia, which arises 
due to the presence of rotational motion carried out by the wheel blades. At 
the same time, the gas moves from the center of the compressor to the edge 
of the impeller, and as a result, the gas is compressed and gains speed. One 
of the main features of installations of this type depends on the power con-
sumed by the equipment, the pressure of the compressed gas and its efficien-
cy, and the level of compressor performance. 

The range of adjustment of the compressor at low flows is limited to 
the limit of the surge zone. At a given injection pressure, it is not possible to 
reduce the air flow through the compressor below the critical value at which 
surge occurs. However, the position of the boundary of the surge zone can 
change significantly depending on the state of the atmospheric air (pressure, 
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temperature, humidity) and the technical condition of the compressor (com-
pression ratio). 

Knowing the current position of the surge zone and the operating point 
of the compressor, it is possible to adjust the performance of the compressor 
in such a way that during the movement of the operating point to the low 
flow zone, the operating point is brought as close as possible to the limit of 
the surge zone without opening the surge valve. The margin of performance 
relative to the limit of the surge zone defines a new lower control limit and is 
selected depending on the speed of movement of the operating point in the 
direction of decreasing flow. 

To ensure the expansion of the operating point, it is necessary to meas-
ure the parameters of the atmospheric air, periodically calculate the position 
of the limit of the surge zone, the speed and direction of movement of the 
compressor operating point, adjust the performance of the compressor to 
maintain the specified pressure (or flow) within the extended operating zone 
by changing the position of the throttle valve, and in if the working point 
goes beyond the lower limit of the working zone, adjust it by changing the 
position of the surge valve. 

At the same time, reliable surge protection is required, which is trig-
gered, for example, when characteristic fluctuations in the load on the main 
drive motor appear, as well as fast-acting electric drives of the throttle valve 
and surge valve. This guarantees that the implementation of the control sys-
tem will not reduce the safety and trouble-free operation of the units. 
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TYPES OF HEAT-RESISTANT COATINGS USED IN THE 

AVIATION INDUSTRY 

The exploitation process of gas turbines features various damage to 
their elements with various effects on their usability. The overheating of the 
blade material, especially of uncooled blades constitutes damage that is very 
difficult to identify and a failure hazard that is very difficult to classify. 

The article presents the results of testing of selected factors on the con-
dition and degradation of heat-resistant coatings (insulation and protective 
layers) of gas turbine blades from jet motors for manoeuvring aircraft drive 
units. 
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The deliberations were focused on determining the impact of tempera-
ture and exhaust fumes on the condition of heat-resistant coatings. The la-
boratory experiment demonstrated a negative impact of high temperature 
exceeding the blade9s operating range and its duration on the technical con-
dition of the heat-resistant coating. The article9s main context regards the 
assessment of the technical condition of the exploited blade9s coatings. The 
study took into account the chemical and high-temperature impact of the 
operating factor. The conducted testing allowed determining the changes in 
the structure and properties of the heat-resistant coatings after long-term 
impact of exhaust fumes during exploitation. 

Each heat-resistant covering and technology of its drawing is devel-
oped depending on conditions of its use, temperature modes of operation, 
ergonomic efficiency. The main method of increasing the operating tempera-
ture of the ceramic coating layer is to change the chemical composition of 
the ceramic by introducing an additional number of alloying rare earth ele-
ments. An important method of improving the quality of heat-resistant coat-
ings is to optimize the thickness of the ceramic layer and the formation of a 
barrier microlayer at the interface. 

It was demonstrated that the impact of exhaust fumes with a higher 
temperature than the operating temperature causes the coating9s degradation 
throughout a longer period of time. It has been found that during the exploi-
tation the quality of coatings decreases non-linearly, which results in deterio-
ration of their protective properties, and, consequently, the durability of gas 
turbine blades. 

 
 

'�� 004.4 
Oleg Pozdnyakov1, Natallia Zhukova2, 
1PhD student, CST Dpt., NU <Zaporizhzhia Polytechnic= 
2PhD (Philology), associate professor NU <Zaporizhzhia Polytechnic= 

Pozdnyakov "., Zhukova N. 

ANALYSIS OF CLOUD SOLUTIONS FOR DEVELOPMENT AND 

OPERATION OF SOFTWARE 

SAP Business Technology Platform is an enterprise cloud platform that 
allows companies to develop their applications, extensions, or add-ons for 
existing SAP products or create a hybrid IT landscape by integrating cloud 
solutions. The analysis of the limitations and services of SAP Business 
Technology Platform is performed in this work. The method of business 
application development in the Cloud Foundry environment of SAP Busi-
ness Technology Platform is presented [1]. 
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Extensive data management, the Internet of Things (IoT), analytics, 
machine learning, robotics of routine operations are modern technologies 
that can be used by enterprises and companies to implement innovative sce-
narios in business. Ready-made cloud platforms, assembled by large suppli-
ers of software and services provided by subscription, help in building mod-
ern digital enterprise-scale solution.  

Infrastructure-as-a-Service (IaaS), Platform-as-a-Service (PaaS), and 
Software-as-a-Service (SaaS) are existing cloud service delivery models [2]. 

Studies have shown that SaaS is the most understandable and conven-
ient model of providing cloud service from the end user9s point of view. It is 
often more comfortable and more efficient to use the ready-made SaaS that 
is already configured for specific requirements. Nevertheless, ready-made 
solutions don9t always exist, and in this case, PaaS and IaaS models are 
recommended. There is no universal approach for introducing cloud tech-
nologies to improve the enterprise9s IT landscape. The selection of a model 
and the process of migrating to the cloud are non-trivial tasks. 

German company SAP is one of the world9s market leaders in enter-
prise applications. The company helps organizations of all sizes and special-
izations to increase the efficiency of their business management. 

The company offers the whole line of solutions for the IoT, which are 
included into the digital innovation system SAP Leonardo [3]. 

Significantly, SAP Leonardo platform combines various software ca-
pabilities: machine learning, the IoT, Big Data, analytics, and blockchain on 
SAP Business Technology Platform (BTP) together with the design thinking 
methodology. 

SAP cloud technologies open up endless opportunities to develop the 
company9s resources. They also give the green light to the usage of different 
innovative technologies. BTP provides the ability to connect people, objects, 
and businesses, as well as technologies for implementing the Internet of 
Things and Industry 4.0 in digital logistics, manufacturing, and asset man-
agement. 

BTP offers tools based on the PaaS model, designed to develop and run 
cloud applications. BTP is a cloud solution that works on the principle of 
IaaS. 

SAP HANA Enterprise Cloud can be used as a IaaS and PaaS services. 
SAP Business Technology Platform is based on open-source standards 

and gives the developers flexibility and control over clouds, applications and 
environments deploying. BTP uses different development environments, 
including Neo and Cloud Foundry, and provides several programming lan-
guages. 

Thus, the two main tasks that the BTP platform solves are development 
and operation of IT solutions (hosting, monitoring, scaling, etc.). 
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BTP provides a full range of service directories, including database, 
data storage, and backup, report service, and transaction-level for cross-
platform software development. BTP clients can use this cloud environment 
to control software development or they can also use a hybrid model based 
on the cloud environment and in their own development environment. 

The BTP can be integrated with SAP applications, third-party applica-
tions, or internal company solutions for data receiving and software devel-
opment. The platform provides creation, integration, and expansion of cloud 
applications without spending time and financial costs for IT infrastructure 
maintenance. 

CALMS framework allows assessment of transition to DevOps readi-
ness and can be used as a model to identify possible improvements in the 
software development, implementation and maintenance processes. Also, an 
important feature of BTP is the support of BYOL (Bring Your Own Lan-
guage) model, which provides the usage of any programming language, such 
as PHP, Python, and others [4]. 

Analysis of related works, in which examples of development in BTP 
environment for different tasks are provided, made it possible to form a 
generalized method for business application developing. It is based on the 
usage of global standard for cloud application development Cloud Foundry 
(CF), which allows developers to concentrate more on the tasks and facili-
tates the process of application deployment and management [5]. 
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IMPROVING THE PERFORMANCE CHARACTERISTICS OF 

AIRCRAFT ENGINE TRANSMISSION PARTS 

In modern aviation turbojet engines, the design of parts and units of 
highly loaded transmissions is based on the principles of increasing the 
physical and mechanical properties of the main parts of the units drive boxes 
through the use of advanced processing methods based on chemical-thermal 
and electroplating processes. 

The main parts of transmissions are stator case parts made of light al-
loys based on magnesium and aluminium, as well as parts of the rotor group 
gears made of structural heat-resistant and wear-resistant steels. 

One of the most promising methods of hardening the working surfaces of the 
gear wheels of aircraft engines is the technology of ionic nitriding in a hydrogen-free 
saturating gas medium, which eliminates the metal hardening by hydrogen and en-
sures considerable saving of energy and gases. The ion-plasma surface modification 
in a non-hydrogen environment opens up new possibilities for improving the strength 
and durability of gears. This process has a number of advantages in comparison to 
hydrogen media, such as the elimination of the harmful effects of hydrogen on the 
metal (hydrogen embrittlement and hydrogen corrosion), improved plasticity of the 
nitrided layer and reduced consumption of electricity and gas, as well as improved 
working conditions and environmental protection. 

In its turn, micro-arc oxidation (MAO) is one of the newest methods to 
increase wear and corrosion resistance of aircraft engine body parts made of 
valve-type materials. The peculiarity of this method is transmitting high 
anodic currents through the electrolyte in which the metal object is im-
mersed. Such currents cause local micro-plasma discharges on the surface of 
the oxidized metal which lead to dissolution of its surface and active interac-
tion with oxygen to form oxide layers. The temperature in these discharges 
rises to 7000&10000 °C, which causes melting of the created oxide coat-
ings, endowing them with unique physical and chemical properties. Thus, 
the oxide layer, despite its relatively high porosity, effectively protects the 
oxidized metal from corrosion due to the fact that it is in the pores where the 
most intensive growth of oxides occurs. In addition to this there is a surface 
increase in hardness. 

Scientific research, as well as development of processing and coating 
technologies in the above methods to improve the properties of parts and 
components of modern aircraft engines transmissions will lead to a signifi-
cant increase in the operating life of products to ensure the ability to with-
stand operational hazards. 
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DC MICROGRIDS. EFFICIENCY AND ADVANTAGES OF USE 

DC microgrids are an emerging technology for electrical power distri-
bution that have the potential to provide numerous benefits over traditional 
AC grids. One of the primary advantages of DC microgrids is their higher 
efficiency compared to AC grids. This is because AC power must be con-
verted to DC power for most modern electronics to function, and this con-
version process results in energy losses. DC microgrids, on the other hand, 
distribute power in its native DC form, reducing the need for these conver-
sions and resulting in less energy loss. 

There are several advantages of using DC microgrids, including: 
1. Higher Efficiency: DC microgrids have higher efficiency compared 

to traditional AC power systems. This is because DC power transmission 
and distribution result in lower power losses due to reduced power conver-
sion stages and lower line losses. 

2. Integration of Renewable Energy Sources: DC microgrids can effi-
ciently integrate renewable energy sources such as solar panels and wind 
turbines, which generate DC power. This makes them a promising technolo-
gy for sustainable and efficient power distribution. 

3. Modularity: DC microgrids are modular, which means that they can 
be easily expanded or downsized according to the power needs of a particu-
lar application. 

4. Reduced Infrastructure Costs: Since DC microgrids require fewer 
conversion stages and fewer transmission lines, they can be installed at a 
lower cost compared to traditional AC power systems. 

5. Improved Power Quality: DC microgrids have better power quality 
and stability compared to AC power systems. This is because DC power is 
less susceptible to voltage drops and fluctuations. 

6. Improved Energy Security: DC microgrids can provide backup pow-
er during grid outages, which can improve energy security in remote or rural 
areas. 

The efficiency of DC microgrids can vary depending on various factors 
such as the type and size of the system, the components used, and the operat-
ing conditions. However, in general, DC microgrids have the potential to 
achieve higher efficiencies compared to AC systems due to the elimination 
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of AC-to-DC conversions and associated losses. Studies have shown that the 
efficiency of DC microgrids can range from 80% to 95%. 

Overall, the efficient and advantages of using DC microgrids make 
them a promising technology for a wide range of applications, from residen-
tial homes to industrial facilities and remote communities. 
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INCREASING THE EFFICIENCY OF AIR PURIFICATION BY THE 

ENGINE AIR PARTICLE SEPARATOR OF THE HELICOPTER 

The helicopter is a type of aircraft in which lift and thrust are supplied 
by horizontally spinning rotors. This allows the helicopter to take off and 
land vertically on unprepared sites outside airfields and also hovering over 
the ground. 

These operating conditions are characterized by a high degree of dust 
content in the air. Such conditions are formed due to the action of a jet of air 
thrown by the rotor blades towards the ground. In certain areas of operation, 
the dry and dusty conditions are found at high altitudes, where the air is less 
dense and sometime hotter. 

Dust, sand and small stones are composed of silicon dioxide, which has 
high hardness and strength. Getting into the helicopter engine at high speed, 
these particles cause abrasive wear of the compressor blades. In the process 
of wear, the geometry of the blade feather changes. This phenomenon causes 
a decrease in the gas-dynamic stability of the engine, which leads to power 
loss, stall and surge. In addition, the blade can collapse and cause engine 
failure. 

Currently, in order to reduce the influence of the above conditions and 
increase the life of the engine, engine air particle separators (EAPS) are used 
on helicopters. In the global helicopter industry, the following types of 
EAPS have found the widest application: vortex tube separators (VTS), 
integrated inlet particle separators (IPS) and inlet barrier filters (IBF). 

All EAPS have a common drawback - the loss of engine power due to 
the air pressure drop on the separator, and the complication of servicing the 
helicopter on the ground. Until recently, the most common separators were 
IPS, that rely on rapid change in curvature of the inlet geometry. Such sepa-
rators have small dimensions, simple design and low weight, but they have a 
low efficiency of air purification. 
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Today, VTS separators are very promising. That rely on centrifugal 
forces created by large amount of small cyclone-like systems. Compared to 
other types, they are larger, heavier and take up more space on a helicopter. 
The use of composite materials made it possible to reduce the weight of the 
device. 

Such separators have a higher degree of air purification and a lower 
pressure drop. The study of how the materials, design and geometric pa-
rameters of the cyclone system affect the efficiency of air purification will 
further optimize the design of the EAPS and improve its performance. 
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APPLICATION OF SELECTIVE LASER SINTERING METHODS IN 

DENTISTRY 

Additive technologies are widely used in medicine, in particular for the 

production of serial and individual implants from biocompatible metal alloys. 

3D metal printing opens up wide possibilities for manufacturing medical prod-

ucts. This technology is successfully used in traumatology, orthopedics, oncolo-

gy, maxillofacial surgery and veterinary medicine, and is also practically indis-

pensable for individual prosthetics or operations in dentistry.  

Selective laser sintering (SLS) technology, which has a wide selection of 

metal alloys in the form of powder materials, has the greatest prospects for use in 

dentistry. This technique was developed and put into practice in the middle of 

1989 at the University of Texas. The developers of this technology are Carl 

Deckard and Joe Beeman. 

SLS can include multiple techniques, like selective laser melting (SLM) or di-

rect metal laser sintering (DMLS). These all share the same principles but are brand-

ed differently for patenting reasons and often vary slightly. SLS is often reserved for 

the processing of ceramics and nylons, while SLM is mostly for metal alloys. 
The name of this technology is self-explanatory: a laser targets loose, 

powdered material (e.g. metal) which sinters or 8melts9 it into the pre-
programmed shape. This type of 3D printing is also called powder bed fu-
sion because it uses a bed of powder to support the design and no additional 
supports are necessary, which keeps the post-processing minimal. This pro-
cess used to result in a porous and fragile product but this has been improved 
by using a vacuum and other advancements. Nowadays, the final products 
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are much denser and stronger and also very accurate (50 - 100 µm). This 
makes them great for processing metal frameworks such as CoCr or titani-
um, which are notorious for putting strain on milling machines and burs. 

In the process of manufacturing dentures by the method of laser sinter-
ing, alloys or compounds with a low melting point are used, such as stainless 
steel, cobalt-chromium alloys, titanium, aluminium alloys. The SLS process 
uses a laser beam and a platform that descends with a certain step. The sin-
tering powder is supplied from the feeder and is distributed over the surface 
of the platform in a thin layer using a special roller. The laser beam first 
circles the contour of the layer of the future product, and then scans the en-
tire surface inside this contour. As a result, as a result of the thermal effect of 
laser radiation, the powder particles melt and harden, forming a solid mass 
of a certain thickness, the shape and dimensions of which correspond to the 
layer of the 3D model of the prototype product. The generation of the entire 
product takes place from bottom to top, layer by layer. At the same time, it is 
constantly immersed in a bath of the initial source powder, which is a sup-
porting support 3D imaging and modelling, and CAD technologies are huge-
ly impacting on all aspects of dentistry.  

3D printing makes it possible to accurately make one-off, complex ge-
ometrical forms from this digital data, in a variety of materials, locally or in 
industrial centres. Even now, nearly everything we make for our patients can 
be made by a 3D printer, but no single technology is sufficient for all our 
patient9s needs.  

The technology is already widely used in orthodontics, where high-
resolution printing in resin is already an entirely practical proposition, and 
similar technology is being used to print models for restorative dentistry and 
patterns for the lost wax process which is becoming increasingly important 
with the rise of intraoral scanning systems. In maxillofacial and implant 
surgery, it is becoming commonplace and prerequisite to use anatomical 
models made by any number of different 3D printing techniques to assist 
with the planning of complex treatments.  

It is widely acknowledged that surgery may be less invasive and more 
predictable with the use of surgical guides printed in resins (commonly) or 
autoclavable nylon. For many, the real excitement will be in the direct pro-
duction of metal-based restorations for implants and teeth, but this is yet to 
become routine in the dental laboratory in the UK. 

Although 3D printers are becoming more affordable, the cost of run-
ning, materials, maintenance, and the need for skilled operators must also be 
carefully considered, as well as the need for post-processing and adherence 
to strict health and safety protocols. Despite these concerns it is clear that 3D 
printing will have an increasingly important role to play in dentistry. The 
congruence of scanning, visualisation, CAD, milling and 3D printing tech-
nologies, along with the professions innate curiosity and creativity makes 
this an exceptionally exciting time to be in dentistry. 
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THE RAPID DEVELOPMENT OF ELECTRIC VEHICLES, ITS 

IMPACT ON THE POWER GRID AND THE ENVIRONMENT, AND 

HOW TO DEAL WITH IT 

While we are looking for our sustainable future the two major trends 
are starting to appear – the increasing demand for renewable sources of en-
ergy to power our home and a popularization of electric vehicles (EV) to 
transport us elsewhere. But what does this mean in terms of the electric 
power grid? 

For a first look it sounds rather normal and self-sufficient. We have 
large volumes of new electricity generation and a lot of new electricity con-
sumers, ideal balanced situation, right? But considering that the bigger part 
of this generation are solar power stations that work during the day and most 
of EVs will charge during the night it seems already disturbing. Thereby 
we9ll have a lot of unwanted generation at the one part of the day and a big 
demand for it at another, what is critical for our energy system (critical 
enough to force us to burn even more coal or gas just to cope these <green= 
changes). 

So what can (and should) we do? First thing that comes to mind is as 
simple as this: charge your EV at day! Locally optimized controls and high 
home charging can strain the grid while shifting to uncontrolled, daytime 
charging can reduce storage requirements, excess non-fossil fuel generation 
and emissions. But for that we must create appropriate power infrastructure 
that will be capable to charge your EV while you are working, shopping or 
just relaxing in a park. Careful planning of charging station placement could 
lessen or eliminate the need for new power plants too. And as a bonus it will 
even allow us to use regular EV as a portable power accumulation unit. Elec-
tric vehicle batteries alone could satisfy short-term grid storage demand by 
as early as 2030 making unprofitable accumulation stations unnecessary. 
That all could make our power grid more efficient and thus more ecological. 

But talking about ecology, did you know that electric car of yours 
could be bigger pollutant than a car with a combustion engine? It all goes 
from a complicated manufacturing process which makes breath-taking quan-
tity of emissions to let you drive your new EV without them. And while 
that9s true, the bigger lifespan of an EV is, the better. We have two solutions 
for that problem: redesigning procurement incentive programs in a manner 
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that (re)distributes incentives towards the second-hand EV market and popu-
larization of shared electric vehicles (SEV). 

While the last are capable not to just increase average lifespan of a car, 
but to decrease the load on a transport network by minimizing the quantity 
of cars (or rather to say EVs manufactured) on a road. If one shared vehicle 
replaces ten individually owned vehicles and under an appropriate pricing 
strategy, it could decrease the carbon footprint by about 41% in 2050, PM 
2.5 emission by 56–64% and energy consumption by 53–61%. With the 
further introduction of vehicle electrification, the last two indexes can rise 
further to 76% and 74% respectively. 

As a result, we can achieve rapid growth in electric transportation and 
get the most effective electric transportation system so that it will be not a 
burden but a benefit to both our environment and our power grid. We just 
need to make it right. 
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INCREASING THE ENERGY EFFICIENCY OF INDUCTION 

HEATING COMPLEXES FOR ELECTRODE PRODUCTS 

MANUFACTURING 

The modern development of the ferrous and non-ferrous metallurgical 
industry is characterized by increasing requirements for the quality of elec-
trode products with a simultaneous decrease in their cost price. 

To a large extent, the quality of carbon and bottom blocks is deter-
mined at the stage of production of blanks by the method of pressing with 
simultaneous electrothermal treatment, primarily due to the stabilization of 
the temperature field of massive mouthpieces and the formation of the ap-
propriate surface temperature distribution of the block blanks. 

The efficiency of the electric heating of the mouthpiece can be in-
creased on the basis of theoretical and experimental studies of temperature 
fields, characteristics and new constructive solutions of inductors installed 
on the mouthpieces, taking into account the peculiarities of the temperature 
control system during the pressing of blanks.  

These theoretical and experimental studies require the development of 
connected mathematical models of the complex interaction of electromag-
netic and thermal fields, methods of their calculation, algorithms and com-
puter programs, which will allow to optimize the design parameters of in-
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ductors and temperature regimes of pressing, to ensure the improvement of 
the quality of blanks of blast furnace and floor blocks with simultaneous 
reduction of energy consumption.  

The use of research results in engineering practice at enterprises of the 
electrode industry will allow to increase the efficiency of operation of 
unique equipment for the manufacture of furnace and furnace blocks, to 
ensure the introduction of energy-saving technological modes and to reduce 
the cost of production, which is relevant for modern electrode production. 

The development and implementation into production of an improved 
system for controlling the modes of induction electric heating of the mouth-
piece of the press for the production of carbon and bottom blocks will ensure 
the stabilization of temperature modes of pressing, the reduction of the inter-
val of temperature run-up in the mouthpiece and the uniform distribution of 
the temperature field on the surface of the blanks of the blocks, will allow to 
improve the quality of products and reduce energy costs by 15...18%. 
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ANALYSIS OF EXISTING METHODS AND TOOLS FOR 

DESIGNING COMPUTER SYSTEM INTERFACES 

Interface design is one of the most important factors affecting the satis-
faction and efficiency of users when using CS interfaces. 

Currently, there are many interface design methods and tools that help 
provide users with a convenient and efficient interface for interacting with 
the system. 

With the large number of design methods and tools, there is also a 
problem when choosing them, so it is necessary to analyze the methods and 
tools to understand which and when methods and tools are used in the design 
of the CS interface, and how they can be improved, for example, using AI, 
which is now very actively developing, so this topic is relevant today. 

As the research has shown, there are several main methods and tools of 
CS interface design that designers use to design CS interfaces. 

One of the approaches to designing a computer system interface is to 
use the concept of a 8smart9 or 8adaptive9 interface. This approach involves 
creating an interface that can adapt to the needs of users and provide a more 
personalized user experience. 
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Another popular method of interface design is the use of Google9s Ma-
terial Design. This approach involves the use of visual effects such as shad-
ow and relief to create a feeling of three-dimensionality and realism. Materi-
al Design also recommends the use of animations to enhance the user expe-
rience. 

Another example of an existing method is Apple Human Interface 
Guidelines. It is mainly used for mobile applications for IOS and MacOS 
operating systems. 

Unfortunately, there is no single, best method and tool for designing 
CS interfaces, so the designer needs to be thoughtful when choosing them. 
When designing an interface, designers can use only one of the above meth-
ods, or use concepts from all methods at once, depending on many factors. 
For example, the device and OS for which the interface is being designed, 
and the choice of method can also be influenced by the programming lan-
guage that will be used for the program or application. 

Artificial intelligence, which has been developing very rapidly recent-
ly, is already being used by more and more specialists, and even very large 
corporations such as Google or Microsoft have already started to implement 
it in their products. That9s why design methods are already starting to 
change with the help of AI.  

To summarize, we can say that design methods and tools, on the one 
hand, exist to unify some solutions for the design of CS interfaces, but on the 
other hand, their choice and use form new problems that can be solved by 
improving methods and tools with the help of AI, which is now actively 
happening. 
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DEVELOPMENT OF INTELLIGENT METHODS AND TOOLS OF 

PREVENTIVE MAINTENANCE OF TECHNICAL OBJECTS 

The realities of any production, as well as individual business sectors, 
are based on the high requirements to the quality. Quality is an essential 
requirement for any kind of objects (entities of different subject areas) such 
as equipment for large factories, household items, or simply services provid-
ed to consumers in various service industries. Quality assurance is often the 
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most expensive item for various businesses, and it determines the reputa-
tional dividends in the long-term perspective. 

The ability to proactively prevent equipment breakdowns, to detect 
calculation issues or simply identify which process is causing quality degra-
dation is a huge advantage for any business, which provides possibilities of 
minimizing resource costs (manufacturing defects), production downtime 
and efficient competitive fight [1]. 

Modern technologies for collecting and processing Big Data make it 
possible to achieve previously inaccessible opportunities in the field of pre-
ventive detection of failures in production or other business processes [2]. At 
the moment, there are a large number of methodologies, models and meth-
ods that are used in a particular industry, but none of them gives correct 
predictability without a preliminary analysis of a specific subject area. It is 
the adaptation of solutions to specific requirements that is the first critical 
step in building systems for proactive problem detection and maintenance. 

An analysis of literary sources shows that in most modern solutions 
there is a storage of information for analysis, known as Big Data. The num-
ber of sources from which data comes, the reliability and variability of in-
coming data, the speed of data delivery and analysis, and the ability to ag-
gregate data from different sources are key requirements for incoming data 
processing and decision-making systems. 

One of the most effective methods of processing Big Data is based on 
machine learning and in some cases uses artificial intelligence systems [3]. 
Additionally High-Performance Computing cloud technologies became the 
gold standard for most modern solutions [2][4]. 
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MODELING OF INFORMATION SECURITY PROCESSES IN 

TECHNICAL SYSTEMS 

Antiviruses are one of the most effective means of protection against 
information security threats. If an operating system is not protected by an 
antivirus program, it can become infected with malicious software objects, 
which can ultimately lead to a threat to information security. 

When analyzing suspicious files, VirusTotal provides diagnostics pro-
vided by the world9s leading commercial antivirus products. When it comes 
to suspicious web servers, VirusTotal uses a database that is responsible for 
detecting virtual addresses using malicious methods. 

VirusTotal has an Application Programming Interface (API) that al-
lows programmers to query the platform automatically without using a 
graphical web interface.[1] This document has two APIs that VirusTotal 
hopes for. The first requests for uploading files to the platform server. The 
second API is to make commercial anti-virus diagnostics available for files 
uploaded to the platform by the first API. 

As for the first possibility of VirusTotal, the antivirus detects the mali-
ciousness of the suspicious file. In the proposed experimental environment, 
all sent executable files are malware. Therefore, in the proposed study, the 
antivirus is triggered when it detects the maliciousness of the file under in-
vestigation, which is being executed. The detection of malicious programs 
indicates that the antivirus provides reliable protection against cyber-
intrusions. The larger the blacklist database is, the better the antivirus protec-
tion is. 

In the second possibility, the antivirus confirms the benign quality of 
the file under investigation. Therefore, in the proposed study, when the anti-

https://ieeexplore.ieee.org/document/10053513
https://www.weka.io/learn/machine-learning-gpu/big-data-machine-learning
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virus confirms that the file is benign, it is a case of false negative because all 
samples are malicious. That is, the examined file is malicious software. 
However, the antivirus incorrectly indicates benignity. 

In the third possibility, the antivirus does not report a suspicious file 
being executed. An oversight indicates that the examined file has never been 
evaluated by an antivirus and does not have sufficient reliability to be evalu-
ated in real time. The lack of antivirus diagnostics indicates its limitations in 
large-scale services. 

Not all modern antiviruses are able to resist even currently known in-
formation security threats nor are they able to resist them at a sufficient 
level. In order to develop the competitiveness of antiviruses with a lower 
level of protection, it is necessary to develop a greater number of protective 
components, as well as to regularly monitor and respond to the emergence of 
new modern information security threats, so the protection of the infor-
mation system must be comprehensive and include software and hardware 
firewalls, antiviruses, and proper operating system settings. 
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FORMATION OF INVESTMENT ATTRACTIVENESS OF THE 

ENTERPRISE IN THE CONTEXT OF UNCERTAINTY AND RISK 

The ongoing war in Ukraine has created a challenging environment for 
Ukrainian enterprises to attract investment. The high level of uncertainty and 
risk associated with the war has led to a decrease in investment attractive-
ness. This is because investors perceive Ukraine as a high-risk country due 
to the conflict, which affects the overall stability of the country. In addition, 
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the war has resulted in a deterioration of infrastructure and weakened institu-
tions, which further compounds the risks associated with investing in 
Ukraine. 

Despite these challenges, some sectors of the Ukrainian economy have 
demonstrated resilience to the effects of the war and provide opportunities 
for investment. For example, the agriculture sector has remained stable due 
to Ukraine9s fertile soil and favorable climate, which makes it an attractive 
investment opportunity. Similarly, the IT sector has grown rapidly in recent 
years, thanks to the country9s large pool of skilled IT professionals and fa-
vorable tax policies for IT companies. 

However, corruption remains a significant obstacle to attracting in-
vestment in Ukraine. The level of corruption increases the level of risk and 
uncertainty for investors, as it affects the transparency and predictability of 
the investment climate. Therefore, addressing corruption is a key priority for 
policymakers and business leaders to improve the investment climate in 
Ukraine. 

To assess the investment attractiveness of Ukrainian enterprises, sever-
al approaches have been proposed in the literature. One commonly used 
method is the calculation of the investment attractiveness index (IAI), which 
considers a range of factors that affect investment attractiveness. These fac-
tors include financial performance, market position, management quality, 
innovation, and strategic planning. By evaluating these factors, the IAI pro-
vides a comprehensive assessment of the investment potential of an enter-
prise. 

Another approach to assess investment attractiveness is the use of risk 
assessment models. These models evaluate a range of risks and uncertainties, 
including political, economic, social, and environmental risks, which can 
impact the success of an investment. The models allow investors to evaluate 
the level of risk associated with investing in a particular enterprise and make 
informed investment decisions. 

To improve the investment attractiveness of Ukrainian enterprises, pol-
icymakers and business leaders need to focus on several key areas. Firstly, 
addressing corruption is critical to improve the transparency and predictabil-
ity of the investment climate. This can be achieved through the implementa-
tion of anti-corruption measures, such as strengthening regulatory oversight, 
increasing transparency in procurement processes, and improving corporate 
governance standards. 

Secondly, adopting best practices in corporate governance and man-
agement is essential to attract investment. This includes improving financial 
reporting standards, enhancing risk management practices, and adopting 
ethical business practices. Investors need to have confidence that their in-
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vestments will be managed effectively and that they will receive a return on 
their investment. 

Finally, focusing on innovation and strategic planning can help to cre-
ate a competitive advantage for Ukrainian enterprises. This involves invest-
ing in research and development, developing new products and services, and 
expanding into new markets. By doing so, Ukrainian enterprises can differ-
entiate themselves from their competitors and attract investment from both 
domestic and international investors. 

In conclusion, the formation of investment attractiveness of Ukrainian 
enterprises in conditions of uncertainty and risk, taking into account the war 
in Ukraine, is a complex and pressing issue. While the war has created chal-
lenges for Ukrainian enterprises to attract investment, some sectors have 
demonstrated resilience to the effects of the conflict and provide opportuni-
ties for investment. However, addressing corruption, adopting best practices 
in corporate governance and management, and focusing on innovation and 
strategic planning are essential to improve the investment attractiveness of 
Ukrainian enterprises. The proposed methods of assessment of investment 
attractiveness, such as the IAI and risk assessment models, provide investors 
with useful tools to evaluate the investment potential of Ukrainian enterpris-
es. 
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EVALUATION OF NO-LOAD LOSSES IN DRY THREE-PHASE 

TRANSFORMERS 

Electric energy normally passes on the way from generation to con-
sumer several transformers. Although individual transformers mostly do 
have high energy efficiency, in total the transformers nevertheless cause a 
few percent of energy losses in the T&D chain [1]. 

Distribution transformers play an important role in achieving the ambi-
tious energy efficiency targets set by many countries in the world. Distribu-
tion transformers are of high value in terms of energy efficiency because of 
the number of installed units. In this context, energy efficiency metrics have 
been introduced and programs are on-going dealing with transformer losses 
[2]. 

Dry-type transformers do not contain any inflammable liquids, they are 
safe and reliable and expected to strongly increase their market penetration, 
as distribution transformers. 
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The energy efficiency requirements for transformers are either maxi-
mum load loss and no-load loss or a minimum <Peak Efficiency Index= 
(PEI) [1,4]. 

The use of PEI provides scope for further reduction in losses as it al-
lows the transformer to be designed to match the load, either minimizing 
copper or iron losses as appropriate. This is typically achieved by specifying 
the minimum PEI with load and no-load loss capitalization values. Using 
PEI method, peak efficiency for all the designs is the same, whereas the load 
at which the peak efficiency occurs can be adjusted according to the loss 
capitalization values. 

The no-load loss of a power transformer is the active power loss in the 
power transformer when it is energized but not supplying a load. It consists 
primarily of a core loss. These losses can represent a significant operating 
expense for a utility, especially if its energy costs are high [3]. 

The distribution transformer efficiencies steadily increased with the in-
troduction of improved materials and manufacturing methods [5]. 

Of the various materials required to build a transformer, the electrical 
steel comprises the largest investment. But also important is the design of 
the magnetic core and the methods and quality of assembly of this design 
[6]. The disadvantage of reduced transformer loss is the need for an in-
creased amount of material or the usage of more expensive materials. The 
no-load loss of a transformer can be reduced by either increasing the core 
cross-section, reducing the magnetic flux density, or by using electrical steel 
of a higher, more expensive grade. 

In today9s realities, where the price of a dry-type transformer is one of 
the key factors, while energy efficiency remains the same, it is the search for 
new solutions in the design of the magnetic circuit that is central to further 
research. 
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INFLUENCE OF RETENTIONS IN LOADING CYCLES ON HOT 

PARTS OF GTE IN SERVICE LIFE MONITORING 

Calculation of the strength of gas turbine engine (GTE) main parts is 
an important and difficult task. The failure of these GTE main parts could 
lead to dramatic consequences. Increased safety factors lead to a decrease in 
GTE efficiency on the whole, and their reduction may not provide the re-
quired level of engine safety. Therefore, when assigning the safety factors, it 
is necessary to take into consideration the complex loading acting on the 
part. It becomes critical for calculating the residual lifetime of engine parts 
in service. 

Currently, the calculations of GTE main parts for long-term strength 
and low-cycle fatigue are carried out separately [1]. So, their mutual influ-
ence, which, as experiments show, is of great importance, is not factored in. 
Taking into account the combined effect of two-component loading, it is 
advisable to consider a trapezoidal loading cycle [2], with retentions at max-
imum stresses (and temperatures), which reflects the actual operation of the 
gas turbine engine. 

Using the method of linear summation of damage from long-term 
strength and low-cycle fatigue, the equation may be as follows: 
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where ÄΣ is total time of all retentions, 
NΣ is the number of cycles to failure on a trapezoidal cycle, 
tf is time to failure under continuous loading, 
Nf is the number of cycles to failure under a triangular loading cycle. 

 
The solution of this damage summation equation makes it possible to 

determine the durability (lifetime) of the material. However, as shown by 
numerous studies [3, 4, 5], the direct use of formula (1) does not make it 
possible to obtain high accuracy in determining the lifetime of GTE hot 
parts. 

Therefore, it is proposed to use the loading interruption factor as Kz, 
then formula (1) will be as follows: 
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where m is the index of the long-term strength curve, and: 
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where Ã(tf) is material long-term strength limit, determined at a given tem-
perature T and time to failure tf under a single (z=1) loading according to the 
generally accepted model of long-term strength, 
Ã[(tf(z))] is material long-term strength limit under the temperature & and 
time to failure tf(z). 

 
Model (3) gives good results when performing verification on some 

materials that are currently used to manufacture parts of the hot part of air-
craft engines, in particular, for blades and disks. Therefore the accuracy of 
their residual lifetime calculation can be improved using this equation. 
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IMPROVING THE QUALITY OF MANUFACTURING AND 

REPAIRING BLADES OF GAS TURBINE ENGINE 

Manufacturing of rotor parts of gas turbine engines is an expensive and 
complex progress of achieving a high reliability product at a minimum cost. 
It includes high precision 5-axis machining; a huge variety of non-
destructive examination methods such as ultrasonic, magnetic and penetrant 
inspection, logistics and assembling, long and thorough testing and repeating 
until the final products meets the customer demands. 

In mass production, one of the main problems is still a huge waste of 
metals in machining such as Ti or Ni-based alloys. To reduce the tendency 
worldwide, manufacturers use different and sometimes experimental meth-
ods in technical processes, which allow them not only to produce faster but 
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also to increase an overall quality and quantity of a newly made or repaired 
part. 

A relatively new method of manufacturing by laser brazing-joining 
was proposed by Rolls-Royce Deutschland Ltd & Co KG (patent #8242406) 
to produce BLISK turbine engine components. Using brazing powder that is 
jetted into the laser beam and shields the blade ensures that only the brazing 
metal is heated and melted. The disk material is molten in the joining area 
and alloys with the similar brazing metal; the blade material is not melted 
and connects to the solidifying, dissimilar brazing metal by adhesion. De-
spite the fact that this is a relatively new method with a small number of 
real-life operations, it may apply mainly in repairing separate parts or mod-
ules that are not considered to be replaced by newly made ones and therefore 
be the one to repair the fastest. 

Another method that is widely used in production is electro chemical 
method (E.C.M.). The machining process done by electrolysis where voltage 
is applied between a form electrode (cathode) and the part to be manufac-
tured (anode) through an electrolytic liquid. For both production and repair, 
this may optimize parameters and allow for a better accuracy to be obtained. 
Moreover, for BLISK-type parts this can be one of a few solutions because 
of complex geometry and material of a part itself: the machining process is 
performed without thermal and mechanical stresses, thus material properties 
are not disturbed, so there is no presence of white layer. Still there are a few 
other disadvantages presented by this process such as a higher machine in-
vestment and lower cutting feeds (~0.5 mm/min). 

Besides, a new method has appeared ‒ additive manufacturing (AM) ‒ 
which has become a competitive alternative or compliment technology in 
such exact sectors as aeronautical and automotive. The main challenges 
reside on good heat dissipation generated during the process and reduction 
of distortions. On the contrary, AM offers advantages as the good powder 
utilization reduces material waste and increases the possibility of generating 
complex geometries, which are impossible to other technologies. It achieves 
tolerance for Ti and Ni-based super alloys with material components to the 
order of 100 µm or higher. One of the methods of AM that may be applied in 
repairing or even manufacturing from the blank is 3D laser method deposi-
tion (LMD). Its main applications are direct blades fabrication for small 
blisks and repair for damaged areas. For repairing operations, LMD process 
requires following stages: component damaged area inspection, repairing 
tool-path strategy definition, studying repairing necessities and feasibility 
and, finally, a measuring and control stage for the final obtained geometry 
and the material properties. In both, directed blade manufacturing and dam-
aged component repair through LMD, a posterior stage of machining is re-
quired to achieve the final desired geometry accomplishing tolerance re-
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quirements. Hence, this additive manufacturing process provides an initial 
geometry closer to the final geometry, so it is embedded inside the <Near-
Net-Shape= concept. Unfortunately, one of the main disadvantages of most 
of AM methods is that the process still doesn9t have the capability of achiev-
ing the tough finishing dimensional requirements, the finishing stage is 
needed for a material removing manufacturing process. 
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VIBRATION ANALYSIS DURING ROOT MILLING OF PARTS 

In the process of machining the parts by cutting, vibrations occur that 
degrade the quality of the machined surface, increase tool and machine wear, 
and lead to misalignment of joints in the machine and devices. Vibrations 
accompany any physical process. But attention is paid to them only when 
their intensity leads to undesirable results. Strong vibrations cause a decrease 
in the productivity of the cutting process, and sometimes work on the ma-
chine becomes impossible at all. 

Vibrations arise under the condition that the oscillatory system is given 
energy when it is removed from the equilibrium position. 

Vibrations occurring due to the internal forces of the system are called 
free vibrations. Vibrations, as a result of the impact of a periodic perturbing 
force on the system, cause forced vibrations. 

When processing, self-oscillations may occur ‒ vibrations without a 
periodic action of a driving force. That is, these are vibrations in which en-
ergy losses are replenished due to a periodic influx of energy from a source 
that does not have oscillatory properties. This type of vibration is the most 
complex and its intensity is influenced by the type of metal being processed 
and its mechanical properties, cutting modes, geometric elements of the 
cutting part of the tool, and the rigidity of the machine-tool-part system. 

A distinctive feature of milling is the interrupted cutting process. In the 
tool-part system, vibrations that are excited are observed in various ele-
ments: free vibrations, forced vibrations due to the periodic nature of the 
change in cutting forces that are associated with the cutter tooth getting 
in/out of the allowance, as well as self-oscillations. Self-oscillations during 
milling arise due to excitation during cutting of the surface formed during 
the previous pass of the cutting edge of the tool. The system oscillations 
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occur at a frequency different from the frequency of pass of the cutting edges 
and tending to one of the natural frequencies of the system. Vibration ampli-
tudes turn out to be significant, so vibrations lead to a significant increase in 
cutting forces and a decrease in the quality of processing. 

Currently, milling of parts from various types of materials is performed 
at cutting modes, which are usually selected experimentally, taking into 
account the level of emerging vibrations and their effect on productivity, tool 
life, dimensional accuracy and surface quality. There are known traditional 
means to reduce these vibrations. However, there are many unresolved is-
sues that are currently important and require additional consideration and 
research. 
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POWER SUPPLY OF AN INDUSTRIAL ENTERPRISE 

The power supply system is a complex production complex, all ele-
ments of which participate in a single production process. 

Power supply factors include: 
1. rapid flow of phenomena when the simultaneous generation of elec-

tricity and its consumption takes place; 
2. a change in the power supply regime, which will lead to a deficit or 

excess of active and reactive power, and as a result ‒ to a change in such 
parameters as voltage, frequency, load on the elements of the power supply 
system. 

The use of the automation system in the power supply systems of in-
dustrial enterprises allows reducing the total number of accidents, preventing 
their development, reducing the time of shutdowns of electrical installations 
and downtime of mechanisms. Besides, a significant part of electrical instal-
lations of substations can be transferred to work without constant mainte-
nance. 

The purpose of this study is to analyze the most common and promis-
ing models and schemes for replacing the power supply system. A large 
amount of electrical equipment at lower levels depends on a single electrical 
apparatus at higher levels. The use of a model of the power supply system in 
the form of a finite state machine allows you to check the reliability of pow-
er supply to consumers, simplify the design of the power supply system of 
an industrial enterprise. 
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Power supply with alternating current with a frequency of 50 Hz is 
usually carried out from a three-phase industrial network of 110 kV through 
a step-down three-phase transformer. Power supply systems are displayed in 
the form of diagrams. 

The indicators of the effectiveness of the system9s functioning are reli-
ability and fault tolerance. To simplify the analysis of the operation of the 
power supply scheme, we will divide them into levels: power source, switch-
ing devices and elements of electric energy transportation, power receivers. 
The main indicator of the effectiveness of the automated control system of 
the power supply of industrial enterprises in combination with the automa-
tion of substations is the improvement of the reliability and uninterrupted 
power supply of industrial enterprises, which contributes to the rhythmic 
work of enterprises, reducing the number of defective products, and improv-
ing its quality. 

The main economic indicator of the effectiveness of the automatic 
power consumption management system is the reduction of electricity con-
sumption due to the automated hourly and daily electricity accounting for 
each connection of commercial and technical accounting, the reduction of 
the cost of unmaintained substations, the optimal distribution of reactive 
power thanks to centralized operational management. 

Electric energy is used by a wide variety of consumers: from industrial, 
smaller, but with a large capacity, to household, characterized by a small 
capacity, but very numerous, which are used both in the city and in the coun-
tryside. When supplying electricity, it is necessary to observe two main 
aspects. On the one hand, it is product quality (refers to technical parameters 
such as voltage amplitude, frequency, harmonic content and symmetry of 
three-phase systems), and on the other hand, service quality (refers to conti-
nuity of supply and refers to short/long interruptions and safety in supply). 

Much of the equipment in use today, especially electronic devices and 
computers, requires a good PQ. However, due to its non-linearity, the same 
equipment often distorts the power supply voltage of installations, i.e. leads 
to the occurrence of a non-sinusoidal current when a sinusoidal voltage is 
supplied. Thus, maintaining a satisfactory quality of electricity is a joint 
responsibility of the supplier and consumer of electricity. 
  



 

357 
 

'�� 338.246.87 
Dmytro Shchegolevatykh1, Olena Syvachuk2 

1 PhD student, CAD Dpt, NU <Zaporizhzhia Polytechnic= 
2 senior teacher NU <Zaporizhzhia Polytechnic= 

Shchegolevatykh D., Syvachuk O. 

ANTI-CRISIS MANAGEMENT UNDER CONDITIONS OF 

UNCERTAINTY AND RISK 

Today, anti-crisis management has become increasingly important in 
conditions of a crisis, and it involves preventing the development of crisis 
situations, a realistic evaluation of a company9s activities and its develop-
ment prospects. It is worth noting that there are issues related to anti-crisis 
financial management that have not yet been fully researched. Resolving 
these issues will help improve the system of anti-crisis financial manage-
ment for enterprises. 

In the current crisis conditions, the economy of Ukraine faces signifi-
cant uncertainty, which is caused the dynamic development of the global and 
national economies, unpredictable market trends, constant legislative ad-
justments to the regulatory framework, fast product life cycles, rapid scien-
tific and technological progress, and a revolution in the entire system of 
production forces and scientific and technological progress. 

In such conditions, weaknesses in economic stability indicators of en-
terprises signal about the development of crisis processes. The crisis situa-
tion in Ukrainian enterprises is related to the COVID-19 pandemic and Rus-
sian armed aggression, leading to a reduction in production volumes, a de-
crease in investment and innovation activity, a lack of working capital, im-
balanced financial flows, suboptimal capital structure, and unsatisfactory 
changes in economic stability indicators. 

In light of the armed aggression by Russia, significant losses in pro-
duction capacity of many enterprises, deterioration of the logistics supply 
system, and instability of the national currency exchange rate, all enterprises 
should focus on active crisis management based on the established company 
development strategy. 

Anti-crisis management at the enterprise is necessary and possible for 
several reasons. Crisis phenomena can be predictable, accelerated and miti-
gated, so it is necessary to prepare for them. Crisis management requires 
special approaches, specialized knowledge and experience. Crisis processes 
can be managed to some extent, and crisis management can contribute to 
their acceleration and minimization of consequences. 

Enterprise anti-crisis management is a comprehensive system consist-
ing of external and internal anti-crisis management. It includes methods and 
techniques applied at the enterprise to overcome crisis situations, minimize 
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negative consequences, effectively manage internal and external policies, 
and restore or increase economic stability. 

In Ukraine, the application of anti-crisis management systems is com-
plicated by several reasons. Among them are uncertainty in society, social 
and political contradictions, the absence of unified social and economic 
standards in reproduction, as well as significant subjectivity in assessing the 
functioning of especially complex socio-economic systems. These factors 
complicate the development of a clear system of objectives and actions for 
the development of different management objects and coordinated activities 
between them. 

The conditions of a crisis situation require compromise decisions from 
anti-crisis management that may be less optimal than those made in normal 
management conditions. In such circumstances, anti-crisis management aims 
to urgently mobilize financial resources, suspend investment activities in 
favour of investing in promising projects, ensure the functioning of the en-
terprise in conditions of resource scarcity instead of rational resource use, 
and suspend the implementation of social programs. In such circumstances, 
the decisions made are compromise solutions that may be less optimal than 
those made in normal management conditions, but they are the best among 
the proposed alternatives. Such decisions may be of poorer quality and fewer 
in number than during uninterrupted enterprise operation. 

Therefore, it is important to use the mechanism of anti-crisis manage-
ment, which aims to create management decisions with minimal risk and 
negative consequences in order to achieve the set goals. First, it is necessary 
to diagnose the crisis situation, identify deviations of parameters from the 
norm, establish cause-and-effect relationships, and forecast possible direc-
tions of crisis development. The second stage is the development of a crisis 
management concept, the creation of situational plans or scenarios, and the 
implementation of strategic directions in practice. 
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MULTILEVEL DIAGNOSTICS AND AUTOMATION ANALYSIS OF 

THE CURRENT CONDITION OF THE TRANSFORMERS FOR 

SPECIFIC PURPOSE 

The ASSOCIATION AGREEMENT between Ukraine, on the one 
hand, and the European Union, the European Atomic Energy Community 
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and their member states, on the other hand, predicts gradual adaptation of 
Ukrainian legislation to EU norms, including in the field of energy. 

These changes provide for control over the quality of electricity, the in-
troduction of norms for the restoration of electricity supply to consumers, 
and so on. This, in turn, requires the transition of the energy system to digital 
standards, remote control of equipment, etc. 

In this article, we will separately consider the situation with monitoring 
the condition of a transformer filled with power oil. Life cycle of the trans-
formers is about 25-30 years. According to accepted practice, the first over-
haul of power transformers should be carried out no later than 12 years after 
the transformer is put into operation. However, transformer producers in 
their <struggle= for tenders, by reducing the cost of the goods, optimize the 
cost of the materials used, which leads to the fact that there is sometimes a 
small margin of safety in modern transformers. Statistics for SERGI Trans-
former Protector (France) show that the largest percentage of safety system 
activation occurs in the first 3 years of a new transformer operation.  

That is why control of transformer parameters is very important, both 
new and those that have been in operation for a long time. The evaluation of 
these data offers the possibility of detecting oncoming faults early. For this 
purpose, off- and online diagnostic methods and systems for power trans-
formers have been developed in recent years [1].  

Equipping the transformer with an online condition monitoring system 
will allow switching to the transformer maintenance program based on their 
current condition. 

KEMA ((Keuring van Elektrotechnische Materialen te Arnhem) NV, 
established in 1927, is a global energy consultancy company headquartered 
in Arnhem, Netherlands) studies have shown that the implementation of 
post-condition maintenance programs for the existing power infrastructure in 
North America and Europe during the first 10 years will save more than 3 
billion USD through maintenance costs and capital investment postpone-
ment. This statement is based on the fact that several power supply compa-
nies around the world have implemented, for the purpose of testing, condi-
tion-based maintenance, and maintenance costs have decreased by 14-18%. 
In support of this claim several utilities around the world that have used 
condition-based maintenance programs are achieving as much as 14-18% 
reduction in maintenance costs [2]. 

Such issues are particularly actual in the networks that feed electro-
metallurgical industries, including arc steel furnaces, rolling mill drives, gas 
and oil refining industry, electrolysis, inverting and rectifying devices of 
direct current power transmission lines, modules for converting energy from 
50Hz to 60Hz, etc. [3-4]. This is explained by the fact that such technologies 
lead to a deterioration of the quality indicators of electrical energy, as a re-
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sult of which the equipment operates in modes whose indicators exceed 
those set by state standards and other regulatory and technical documenta-
tion. Such regimes are called "variable" [4-5]. 
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INCREASING THE RESOURCE AND SERVICE LIFE OF GAS 

TURBINE ENGINES 

Aircraft are evolving towards higher speeds, higher altitudes, higher 
payloads, lower fuel consumption, and lower emissions. Improvement of 
these indicators, first of all, is achieved by improvement of the main engine 
indicators. Let9s consider modern changes in the main GTE parameters by 
way of example of developments made by the world leaders in the engine 
industry: 

1. PRATT & WHITNEY company creates GTF# engines. 
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<At the heart of aviation9s transformation and drive to net zero emis-
sions is a revolutionary concept: a geared fan that fundamentally changed 
how more sustainable propulsion works. This gear system has quickly be-
come the foundation of our industry9s future and re-set the bar on the good 
that all other advanced technologies can deliver – from advanced materials 
to hybrid-electric systems to sustainable aviation fuels. 

The GTF engine is the only geared propulsion system in service that is 
delivering industry-leading sustainability benefits, mature dispatch reliability 
and world-class operating costs. Simply put, is the quietest, greenest and 
most efficient family of engines for single-aisle aircraft. With more than 
1,400 aircraft and more than 18 million engine flight hours of service expe-
rience, the dependable path to growing your business and improving your 
environmental stewardship is here=. [1] 

2. The ROLLS-ROYCE company creates the UltraFan engine. 
<UltraFan is a demonstrator aero engine – the largest in the world – 

containing a suite of new technologies that deliver greater fuel efficiency, 
which in turn means lower emissions and greater sustainability. 

Those technologies are scalable, capable of being developed to create 
an engine with a thrust range of 25,000lb to more than 100,000lb, for nar-
rowbody or widebody aircraft that may be developed from the 2030s= [2]. 

3. GENERAL ELECTRIC Aviation and Safran company are working 
on the CFM International RISE (Revolutionary Innovations for Green En-
gines) technology demonstration program. 

<The CFM International RISE (Revolutionary Innovation for Sustaina-
ble Engines) Technology Demonstration Program was launched on June 14, 
2021. Program goals include reducing fuel consumption and carbon dioxide 
(CO2) emissions by more than 20% compared to today9s most efficient 
engines, as well as ensuring compatibility with alternative energy sources 
like Sustainable Aviation Fuels (SAF) and hydrogen to provide more sus-
tainability benefits= [3]. 

The modern world is unthinkable without modern GTEs, as the abso-
lute majority of passenger and military aircrafts operate exclusively on gas 
turbine engines. 

Analyzing the modern development of engines, we can conclude that 
the future development of GTEs must be more than 20% more efficient than 
current generation engines, they must reduce carbon dioxide emissions by 
80-100%, operate on a new generation of aviation fuel ‒ Sustainable Avia-
tion Fuel# (SAF). 
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FUTURE OF 5G IMPACT ON MOBILE TECHNOLOGY AND IOT  

The introduction of 5G networks is poised to have a significant impact 
on the future of mobile technology and the Internet of Things (IoT). 5G 
networks are the fifth generation of mobile networks and offer much higher 
speeds and lower latency than previous generations. This increasing perfor-
mance will enable a wide range of new use cases and applications, particu-
larly in the areas of mobile technology and IoT. 

One of the key areas where 5G networks will have a vital impact is in 
the field of mobile technology. The increasing speeds and lower latency of 
5G networks will enable faster download and upload speeds for mobile de-
vices. This will make it possible for users to stream high-definition video, 
play online games, and use virtual and augmented reality applications with 
minimal lag. Additionally, 5G networks will also permit faster connections 
between devices, allowing for better coordination and collaboration between 
them. 

The impact of 5G networks on IoT is even more profound. IoT refers 
to the interconnection of everyday devices, allowing them to collect and 
share data. The increasing speeds and lower latency of 5G networks will 
allow for larger number of devices to be connected, and will also enable 
them to communicate with each other faster and more efficiently. This will 
open up a wide range of new possibilities for IoT applications such as smart 
cities, industrial automation, and autonomous vehicles. 

In addition to the improved performance, 5G networks also provide 
better security and reliability than previous generations. 5G networks have 
been designed to support a large number of connections and to handle large 
amounts of data traffic. This will enable them to support a wide range of 



 

363 
 

new use cases that were not possible with previous generations of mobile 
networks. 

One of the key challenges of IoT is the sheer volume of data that needs 
to be transmitted and processed. 5G networks will allow for faster data trans-
fer rates and lower latency, which will allow large amounts of data to be 
transmitted and processed in real-time. This will permit for a more efficient 
use of IoT devices and will also enable new use cases that were not possible 
before. 

In conclusion, 5G networks will have a substantial impact on the future 
of mobile technology and the Internet of Things. The increasing speeds and 
lower latency of 5G networks will enable faster download and upload speeds 
for mobile devices, open up new possibilities for IoT applications such as 
smart cities, industrial automation, and autonomous vehicles and will also 
improve security and reliability. These capabilities will bring new opportuni-
ties for innovation and growth in different industries, but also it will bring 
new challenges for security, privacy and regulation. As these networks con-
tinue to be deployed, it9s important for individuals, businesses, and govern-
ments to be aware of the potential risks and benefits and to take appropriate 
actions to take advantage of the capabilities that 5G networks offer. 
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USING ARTIFICIAL INTELLIGENCE IN SOLVING BUSINESS 

PROBLEMS 

Artificial intelligence (AI) is transforming the way business is work-
ing, making it more efficient and cost-effective. AI is not just future, but a 
present reality, as it grows and improves areas like machine learning and 
decision-making that used to belong only to humans. Computers can now 
learn, adapt and think with algorithms that automate tasks and generate use-
ful data. Businesses have different kinds of projects, from software and lo-
gistics to finance, and they all need planning, management and control. AI 
can help businesses with these aspects by providing them with tools and 
solutions that can optimize processes, reduce errors, improve quality, and 
save time and money. 

Artificial intelligence (AI) offers many advantages for businesses in 
different sectors:  

1.Higher productivity; 
2.Better customer service;  
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3.Smarter decision-making;  
4.Greater accuracy; 
5.Cost reduction; 
6.Improved risk management;  
7.Increased innovation; 
8.Competitive edge 
Businesses today are working in a changing and complex environment, 

so they face challenges when evaluating data. That9s why many businesses 
use artificial intelligence in business analytics to get valuable and useful 
information from data. This information helps improve marketing effective-
ness, understand customers better, create business strategies for corporate 
decision-making, and use AI for recommendations that can raise customer 
satisfaction, loyalty, improve decision-making quality and speed, identify 
opportunities and risks, and contribute to innovation and creativity. 

AI has many advantages, but it also has problems with its implementa-
tion. One big challenge is the cost of creating and applying AI solutions, but 
AI need a lot of investment, which can be an obstacle for smaller businesses. 
Moreover, there is a lack of skilled AI professionals, which makes it hard for 
businesses to find and keep qualified staff. There are also worries about the 
ethical consequences of AI, especially in relation to privacy and security. AI 
can pose risks to the privacy and security of data and users, as it can collect, 
process, and share sensitive information without consent or oversight. AI can 
also raise ethical dilemmas about the responsibility and accountability of its 
actions and outcomes, as well as the potential bias and discrimination that it 
can introduce or amplify. 

AI is a new force in the market and businesses can benefit from this 
powerful technology. However, a lot of people worry that they will be re-
placed by machines and businesses will cut jobs. While AI will reduce the 
number of jobs that humans do now, the benefit is that humans will be free 
to do more important functions that a machine cannot. AI can enable humans 
to focus on more creative, strategic and complex tasks that require human 
skills and judgment, such as problem-solving, communication, collaboration 
and innovation. AI can also enhance human capabilities and productivity by 
providing assistance, guidance and feedback.  
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CONTINUOUS EVOLUTION OF PROGRAMMING LANGUAGES 

A long history of programming languages and their diversity. 
The devices we use in our daily lives work and perform their tasks us-

ing code specified by one of most programming languages. So, by using 
code, people can communicate with devices and give commands to the de-
vice itself to execute. 

The total number of programming languages is estimated to be be-
tween 250 and 9,000. Why such a number and variety of programming lan-
guages when it was possible to create one language and modify it for all 
needs and tasks, and improve it year by year by adding new functions? Pro-
grammers went the other way, creating highly specialized languages suitable 
for one or several tasks, but not for all at once. To create a functional pro-
gram, 3 to a dozen languages are needed to perform various functions and 
tasks from linking to databases to displaying visual effects and animations 
on the screen.  

Programming languages and their types 
In general, all programming languages, both new and old, can be di-

vided into two main categories: low-level languages and high-level lan-
guages. 

Low-level languages are used to record computer instructions in binary 
code, that is, machine code consisting of the digits 0 and 1. Examples of 
low-level languages are machine language and assembly language. Machine 
language is the first generation of computer programming that uses instruc-
tions in binary form that can be directly interpreted by a central processor 
without the need for translation. Assembler language is the second genera-
tion of low-level computer programming. This type of language allows pro-
grammers to write computer instructions using symbolic code rather than 
binary code consisting only of zeros and ones. 

High-level languages are programming languages that allow software 
developers to write computer instructions using commands written in natural 
languages such as English. Each high-level language has its own set of rules 
and grammar for writing instructions for programming any digital device. 
These unique sets of rules are commonly referred to as the "syntax" of a 
particular programming language. Each high-level programming language 
uses its own built-in translation program, called a compiler. 

The reasons for this variety of programming languages 
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Technology is constantly evolving and this is the first and perhaps 
most important reason why we have so many programming languages. As 
new technologies emerge and evolve, we need more and more tools that can 
create software for those technologies. A problem can be so unique that 
there are no existing solutions to handle it, so people or companies decide to 
create a new language themselves. 

The second reason is that different kinds of developer work require dif-
ferent languages. As there are different kinds of software and platforms, each 
requiring different tools and capabilities, programmers can specialize in one 
or some of them. For example, game developers use C++ or C# to create 
video games for PCs and consoles, while web developers use HTML, CSS, 
JavaScript and PHP to create websites and web applications. Software de-
velopers use C++, C#, and Java to create desktop applications, business 
applications, and system software. These are not the only languages you can 
use to accomplish these tasks. These are just examples of some of the most 
commonly used. 

The third reason why there are so many programming languages is that 
not all of them are suitable for developer9s or company9s goals. Different 
developers have different goals and priorities, and some programming lan-
guages are better for certain types of tasks than others. Some developers 
need a super-fast and productive programming language. They want Go or 
C++. These languages provide very fine-grained control over system re-
sources such as memory and threads. Other developers want a programming 
language in which a program can be written in days, not weeks. That9s for 
JavaScript. It9s hard to find a more versatile language. JS can be used eve-
rywhere from the backend to web and mobile applications. 

To sum up, the main reason why there are so many programming lan-
guages is because you need different tools for different tasks. Each pro-
gramming language has certain features and characteristics that make it 
suitable for specific tasks. 
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WINDOWS AS THE OPERATING SYSTEM OF OUR LIVES 

It is rather difficult to give a precise definition of an operating system. 
It can be said that it is a software that runs in a kernel mode, but this state-
ment will not always correspond to the true state of affairs. Part of the prob-
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lem here is that operating systems implement two very different functions: 
provide application programmers with a completely understandable abstract 
set of resources instead of an unordered set of hardware and manage these 
resources.  

Operating system as an extended machine 

A program that hides all the realities of the hardware from a program-
mer and provides the ability to simply, conveniently view the specified files, 
read or write - this is an operating system. In each case, the abstract, imagi-
nary machine that the user can now deal with, thanks to the operating sys-
tem, is much simpler and easier to handle with than the actual hardware that 
underlies this abstract machine. 

Operating system as a resource management system 

Another view gives an idea of the OS as some kind of mechanism that 
controls all parts of a complex system. The second approach is the function 
of the OS to allocate processors, memory, devices and data among processes 
that compete these resources. The OS must manage all the resources of the 
computer in such a way to ensure maximum efficiency of its functioning.  

Operationg system classification 

Operating systems can differ in the implementation of internal algo-
rithms for managing the main computer resources (processors, memory, 
devices), the features of the design methods used, the types of hardware 
platforms, areas of use, and many other properties. 

Windows 

Microsoft9s Windows operating system, in all its forms, is by far the 
most widely used PC operating system today, with over 150 million IBM 
PC-compatible computers in the world, and 100 million of them have Win-
dows installed. Knowledge of the Windows system is a necessary brick in 
the wall of PC knowledge. 

Advantages and disadvantages of Windows 

Advantages: 

Convenience and device support. The main difference between pro-
grams for DOS and for Windows is that a DOS program can work with 
computer hardware directly bypassing DOS, while a Windows program must 
access external devices only through Windows.  

Unified user interface. Windows provides programmers with all the 
tools they need to create a user interface, so programmers use them instead 
of inventing similar tools of their own.  

Opportunities for developers. All of the Windows features listed are 
also useful for software developers. For example, Windows9 standard user 
interface tools make it unnecessary to invent your own tools.  
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Disadvantages: 

The main disadvantage of Windows for users is that the described ad-
vantages of Windows are achieved at the expense of a significant increase in 
the load on the computer hardware. The GUI, support for scalable fonts, 
support for multitasking, etc. require a lot of CPU power, a lot of RAM and 
disk space. There are some downsides to Windows programming as well. 

The fact is that Windows forces programmers to use the Windows Pro-
gramming Interface (API) - more than 600 functions. In addition, the pro-
grammer must be fluent in very complex conceptual concepts of object-
oriented programming, operate with objects, messages, shared resourcesand 
so on. 

Windows is the most common operating system, and for most users, it 
is the most suitable due to its simplicity, good interface, acceptable perfor-
mance, and a huge number of applications for it.  
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"PLANNING ON THE LEFT SIDE AND MANAGING ON THE 

RIGHT" 

Planning and managing are two critical functions of management that 
require different skill sets. Planning focuses on setting goals for the future 
and relies on analytical and logical thinking, whereas managing involves 
executing these plans and requires intuition, creativity, and emotional intel-
ligence. In his book "Mintzberg on Management," Mintzberg suggests that 
planning occurs on the left side of the brain, whereas managing occurs on 
the right side. Effective managers possess both sets of skills and balance 
them to achieve organizational objectives and lead teams effectively. Bal-
ancing analytical and intuitive approaches is crucial for effective decision-
making, particularly in today9s fast-paced and constantly changing business 
environment. 

While some individuals may emphasize a rational approach to the ex-
clusion of intuition, many contemporary management experts emphasize the 
importance of a more balanced approach that takes into account both rational 
and intuitive processes in decision-making. Herbert A. Simon emphasized 
the importance of bounded rationality, suggesting that individuals make 
decisions within the limits of their cognitive abilities and available infor-
mation. Gary Klein, on the other hand, believed that intuition is not im-
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portant at all in decision-making, as rational analysis is often a more effec-
tive approach. However, both Simon and Klein agreed that decision-making 
should be based on careful analysis of data, with intuition used in conjunc-
tion with rational analysis. 

Effective management requires a balance between analytical and intui-
tive approaches. Managers must develop their interpersonal skills and emo-
tional intelligence to be successful leaders, while also relying on rational 
analysis and careful evaluation of alternative options. By balancing analyti-
cal and intuitive skills, managers can make informed decisions, respond to 
challenges, and achieve organizational goals. 
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WATER TREATMENT FOR ALL INDUSTRIES IN UKRAINE 

The quality of natural water sources in Ukraine is often not sufficient 
for industrial use, so water treatment is crucial for all industries to ensure the 
quality of water used in industrial processes, which can directly impact the 
quality of the final product. The process of water treatment involves remov-
ing contaminants from water through physical and chemical treatments, and 
other methods of water treatment can be used to remove specific contami-
nants. Reverse osmosis is one of the most efficient and cost-effective ways of 
water purification and is commonly used for desalination, treating wastewater, 
and producing purified drinking water. The materials used to make membranes 
must be semi-permeable, resistant to chemical attack and mechanical damage to 
ensure the longevity and efficiency of the reverse osmosis system. Water treat-
ment companies in Ukraine offer a range of services, including water analysis, 
system design, installation, and maintenance. 

Water treatment is essential for all industries in Ukraine, including ag-
riculture, food and beverage production, pharmaceuticals, and manufactur-
ing. There are several methods of water treatment available, and the type of 
treatment used depends on the quality of the water source and the intended 
use of the water. In addition to reverse osmosis, other methods of water 
treatment such as ion exchange and electrochemical treatment are used to 
treat industrial water. Each method has its own advantages and disad-
vantages and may be more suitable for certain industries or types of water. 
Companies specializing in water treatment in Ukraine offer a range of ser-
vices to ensure the quality of water used in industrial processes. 
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ELECTRICITY AND AVIATION 

Tod0y, 0vi0tion is on5 of th5 m0in sourc5s of c0rbon dioxid50nd oth5r 
h0rmful subst0nc5s in th50tmosph5r5. This pos5s 0 s5rious thr50t to our 5nvi-
ronm5nt 0nd n0tur0l r5sourc5s. Th5r5for5, th5 solution to th5 probl5m of 
r5ducing 5missions d5p5nds on how w5 c0n ch0ng5 th5 w0y w5 d5sign 0nd 
op5r0t50vi0tion syst5ms. 

On5 possibl5 solution is th5 us5 of 5l5ctricity in 0vi0tion. El5ctric 
5ngin5s c0n r5pl0c5 tr0dition0l 5ngin5s th0t us5 oil 0nd g0s to g5n5r0t5 
pow5r.5l5ctric 0ircr0ft c0n 0chi5v5 much gr50t5r 5conomic 5ffici5ncy 0nd 
5nvironm5nt0l s0f5ty, 0s th5y do not 5mit h0rmful subst0nc5s into th50tmos-
ph5r5. 

On5 of th50dv0nt0g5s of 5l5ctric 0vi0tion is th5 r5duction in op5r0ting 
0nd fu5l costs. 0ccording to offici0l r5ports, th5 cost of op5r0ting 0n 5l5ctric 
0ircr0ft is r5duc5d by 10 tim5s comp0r5d to 0 tr0dition0l 0ircr0ft th0t us5s oil 
0nd g0s. In 0ddition, 5l5ctric 0ircr0ft c0n fly much qui5t5r, which r5duc5s th5 
h0rmful imp0ct on th55nvironm5nt 0nd r5duc5s nois5 pollution in th5 vicini-
ty of 0irports. 

El5ctric 0vi0tion c0n 0lso signific0ntly r5duc5 5missions of c0rbon di-
oxid5 0nd oth5r h0rmful subst0nc5s into th5 0tmosph5r5. This r5duc5s th5 
5nvironm5nt0l imp0ct of 0vi0tion 0nd h5lps to pr5s5rv5 n0tur0l r5sourc5s. 

How5v5r, tod0y, 5l5ctric 0vi0tion is 0 r5l0tiv5ly n5w t5chnologic0l so-
lution th0t is not y5t fully d5v5lop5d. On5 of th5 m0in ch0ll5ng5s is th5 
limit5d r0ng5 of 5l5ctric 0ircr0ft, 0s curr5nt b0tt5ri5s c0nnot provid55nough 
5n5rgy for long flights. Th5r5 is 0lso th5 probl5m of ch0rging b0tt5ri5s, 
which c0n t0k50 signific0nt 0mount of tim5. 

N5v5rth5l5ss, d5v5lop5rs continu5 to work on solving th5s5 probl5ms, 
0nd w5ll-known 0irlin5s h0v50lr50dy r5l50s5d th5 first 5l5ctric 0ircr0ft us5d 
for short r5gion0l flights. Ov5r tim5, 5l5ctric 0vi0tion t5chnologi5s will im-
prov5, 0llowing th5m to b5 us5d for long5r flights. 

All of th50bov5 f0ctors, tog5th5r with th5 v0ri5ty of b5n5fits of 5l5ctric 
0vi0tion, m0k5 it cl50r th0t this is th5 futur5 of 0vi0tion 0nd th50nsw5r to 
th55nvironm5nt0l ch0ll5ng5s of our tim5. 5l5ctric 0vi0tion will b5com5 on5 
of th5 most import0nt innov0tions in th5 tr0nsport s5ctor, r5ducing CO2 
5missions 0nd 5nsuring s0f5r 0nd mor55ffici5nt us5 of 0ircr0ft. 

Th5 d5v5lopm5nt of 5l5ctric 0vi0tion r5quir5s furth5r support 0nd 
inv5stm5nt from th5 gov5rnm5nt 0nd th5 priv0t5 s5ctor. This will 0llow 
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d5v5lop5rs to 0cc5l5r0t5 th5 d5v5lopm5nt of n5w t5chnologi5s 0nd r5duc5 th5 
cost of producing 5l5ctric 0ircr0ft. In 0ddition, th5 gov5rnm5nt c0n h5lp 
support th5 d5v5lopm5nt of ch0rging infr0structur5 for 5l5ctric 0ircr0ft, 
which will h5lp 5nsur5 th0t th5y 0r5 us5d to th5ir full pot5nti0l. 

Th5 n55d to d5v5lop 5l5ctric 0vi0tion 0nd r5duc5 th55nvironm5nt0l 
imp0ct of 0vi0tion is 0 hot topic tod0y. Incr50sing 0ir tr0ffic 0nd th5 c0rbon 
dioxid55missions th0t 0ccomp0ny it h0v50 n5g0tiv5 imp0ct on th5 clim0t50nd 
hum0n h50lth.5l5ctric 0vi0tion c0n b50n import0nt st5p in comb0ting th5s5 
probl5ms 0nd provid50 s0f5r 0nd mor55nvironm5nt0lly fri5ndly w0y of 
tr0v5lling. I b5li5v5 th0t in th5 futur5, 5l5ctric 0vi0tion will b5com5 th5 
st0nd0rd to h5lp 5nsur5 th5 sust0in0bl50nd s0f5 d5v5lopm5nt of th50vi0tion 
industry. 
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FOREIGN EXPERIENCE IN THE USE OF ALTERNATIVE 

ENERGY ON THE EXAMPLE OF CHINA 

China is one of the largest energy consumers in the world, and the 
country has been actively promoting the use of alternative energy sources in 
recent years to reduce its reliance on fossil fuels and address the issue of air 
pollution. The country has made significant progress in the development and 
deployment of renewable energy sources, becoming a global leader. Here are 
some examples of China9s experience with alternative energy sources: 

1. Solar Power. China is the world9s largest producer of solar panels, 
and the country has been investing heavily in solar power infrastructure in 
recent years. The Chinese government has set a target of generating 110 GW 
of solar power by 2020, and as of 2021, China has installed more than 253 
GW of solar capacity, more than any other country in the world. This has 
been achieved through significant investments in research and development, 
as well as policy incentives, such as feed-in tariffs and subsidies for solar 
power generation. 

2. Wind Power: China is also the world9s largest producer of wind tur-
bines and has the largest installed capacity of wind power in the world. The 
Chinese government has set a target of generating 210 GW of wind power 
by 2020, and as of 2021, China has installed more than 281 GW of wind 
capacity. The country has also implemented policies to promote the devel-
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opment of wind power, such as a national feed-in tariff for wind power gen-
eration and tax incentives for wind energy companies. 

3. Hydro Power: China has a long history of using hydropower, and it 
is the world9s largest producer of hydroelectricity. As of 2021, China has an 
installed capacity of more than 370 GW of hydropower, which accounts for 
around 17% of the country9s total energy generation. The development of 
hydropower has been driven by the country9s vast rivers and mountainous 
terrain, making it a reliable and low-cost energy source.  

4. Nuclear Power: China has also been investing in nuclear power, and 
it is the world9s third-largest producer of nuclear energy after the United 
States and France. As of 2021, China has 50 nuclear power plants in opera-
tion, with a total installed capacity of 51 GW. While nuclear power is a con-
troversial source of energy, China has put in place strict safety rules and 
procedures to ensure the safe operation of its nuclear power plants. 

In conclusion, China has made significant progress in the development 
and deployment of renewable energy sources. The continued growth of re-
newable energy in China is essential for the country9s future economic 
growth and environmental sustainability. And Ukraine, in turn, could learn 
from China9s experience in integrating renewable energy sources, which will 
provide great potential for lower prices and dependence on fossil fuels in the 
short and long term. 
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CURRENT STATE OF THE CHERNOBYL NPP 

The Chernobyl nuclear power plant disaster of 1986 remains one of the 
worst nuclear accidents in history. The explosion and subsequent fire at the 
plant released large amounts of radioactive materials into the environment, 
causing severe health and environmental consequences. 

 
In the years since the disaster, much has been done to contain the 

radiation and mitigate the effects of the accident. The area around the plant, 
known as the Chernobyl Exclusion Zone, remains largely uninhabitable, but 
efforts have been made to make it safer for workers and visitors. A massive 
containment structure, called the New Safe Confinement, was completed in 
2019 to contain the damaged reactor and prevent further releases of 
radiation. 
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Despite these efforts, concerns remain about the safety of the plant and 

the surrounding area. The damaged reactor remains highly radioactive and is 
a potential source of further contamination if not properly maintained. In 
addition, the Chernobyl Exclusion Zone is home to numerous abandoned 
buildings and structures that pose a risk of collapse, potentially releasing 
more radioactive materials into the environment. 

 
There have also been reports of illegal logging and poaching in the 

area, which could disturb the soil and release radioactive materials into the 
air. However, efforts are being made to combat these activities and protect 
the environment. 

 
Overall, the Chernobyl nuclear power plant remains a potent reminder 

of the dangers of nuclear energy and the importance of safety measures to 
prevent accidents. While much has been done to contain the damage and 
mitigate the effects of the disaster, ongoing vigilance and maintenance are 
necessary to ensure the safety of the area and prevent further releases of 
radiation. 
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THE TECHNOLOGICAL PROCESS OF ASSEMBLING THE PANEL 

There are 4 different types of electrical panels – the main breaker pan-
el, fuse boxes, main lug panels, and subpanels. The electrical panel typically 
consists of a main breaker, circuit breakers and bus bars. The main breaker: 
is the large two-pole circuit breaker that limits the amount of electricity 
coming in from outside to protect the circuits it feeds. It also identifies your 
breaker panel9s amperage capacity. 

There are some signs when you  should replace electrical panels, they 
are: you panel is more than 25 years old, it is warm or smells burnt,  breakers 
trip all the time, see rust in your electrical panel, etc 

The technological process of assembling the panel includes the follow-
ing operations: 1) electrical installation; 2)assembly of the panel; 3) mark-
ing;4) control. 

At the first electrical installation operation, the harness is laid out on 
the assembly table according to the template in accordance with the electri-
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cal connection diagram. After all the actions of making jumpers, stripping 
the wires with pliers, bending the ends of the wires and lengthening them, 
you need to make sure that the wiring is correct and fill in the accompanying 
label with the drawing number and the name, attach it to the harness with 
wire waste. 

The second operation of assembling the panel, a metal structure is in-
stalled on the work table, on which the surface of the nuts for grounding is 
cleaned, after which they are lubricated with grease and screws with washers 
are installed to connect the grounding conductor. Install and fasten the angle 
to fix the panel in the open position. Panel brackets are attached with a 
screwdriver. We insert and fix the harnesses with strips and fingers on the 
metal structure of the panel. Then we install relays and blocks according to 
the electrical connection diagram. Install intermediate relays, current relays, 
and time relays in accordance with the specifications. Connect the ends of 
the wires to the relay and blocks according to the diagram. At the end of the 
operation, fill in and attach the accompanying label to the panel. 

To start with, you need to have a label on the outside of the box indi-
cating that it is a high voltage area to warn people not to open it unless they 
are qualified. In most cases, you also need to ensure nothing is placed any-
where within 3 feet of the box. Although most home owners may not have to 
operate circuit breakers in the electric panel too often, it is important to have 
proper labeling so that the circuit breakers in the panel can be easily identi-
fied in the case of emergency, or if electrical repairs or upgrades are being 
made. Always mark the panel schedule with an ink pen or marker. A sharpie 
is an ideal choice. If you simply write the information down with a pencil. 
When marking, the markings of relay blocks are applied with white enamel. 

During the control operation, the presence of grounding of the devices 
and the panel and the absence of breaks are checked. This is done by touch-
ing the current-carrying wires of relay contacts,in order to see the  installed 
equipment integrity, the presence of grease in the grounding places. 
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THE RELIGIOUS BASIS OF HRYHORII SKOVORODA’S 

PHILOSOPHY 

A lot of time and works have been devoted to the philosophy of Hry-
horii Skovoroda, but the philosopher9s religious world remains unknown. D. 
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Chyzhevsky writes in his works: "Religiosity is in a sense a living source of 
Skovoroda9s philosophy. The world, nature for Skovoroda is in God."  

Therefore, we can say that Skovoroda9s philosophy is religious. The 
spiritual source of the artist is the Bible. To understand the unusual religiosi-
ty of the prominent thinker, one should carefully read at least one of his 
works: "The Ring," "The Initial Door to Christian Goodness," "Narcis-
sus,"and others. And to feel his bold religiosity, one must spend many years 
thoughtfully re-reading his works.  

In his works, the artist convinces the reader that all our being depends 
on the being of God. This is his main idea, which he sees and presents quite 
clearly. The image that is constantly present in the artist9s mind is the image 
of the God-Man-Christ.  

Skovoroda moves from understanding God and his being to under-
standing man and the world. God always cares about the world in general 
and maintains its existence and harmony. Therefore, according to the philos-
opher, the existence of the world is the result of God9s actions. 

It can also be said that H. Skovoroda9s religiosity is a secret and mysti-
cal thing, in which everything intimate is revealed to a person. The spiritual 
life itself is also mystical, hidden from everyone. Religious truth is revealed 
in it in an unusual and mysterious language of signs and symbols, which at 
first seems strange and unusual, but if you get to know it better, the rich 
world of God9s truth will open up. 

As a result, we can say that religiosity is the permanent basis of H. 
Skovoroda9s worldview and philosophy. The artist9s religiosity can be char-
acterized by such features as mysticism, Christology, and theocentrism. The 
belief in God9s work, which is confirmed by the mystical experience itself, 
makes it possible to assert a certain teleological predisposition of the tempo-
rary existence of the world. The artist compares this existence of the world 
to a theater, which shows human existence, all the important moments, emo-
tions and experiences. And the director of this play is God. This should not 
be overlooked in the study of his work, because one can lose the meaning of 
his activity, the distortion of his figure in the history of Ukraine. 
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REPAIR OF A LOW-OIL SWITCH 

In design and construction of thermal power stations, nuclear power 
plants and hydro power plants, as well as transformer substations of energy 
systems, industrial enterprises, switchgear of internal and external installa-
tions are widely used. Low-oil switches are used in switchgear and designed 
for operational switching on and off of individual electrical circuits. 

Switches in which oil is used only as a gas-generating substance for 
extinguishing the arc when currents are turned off are called low-volume oil 
or low-oil switches. These switches are used in both closed and open 
switchgear. Low-oil switches have smaller dimensions, mass and oil content 
than tank oil switches, which facilitates repair and maintenance, as well as 
reduces the risk of oil explosion and ignition. 

Switches repair and maintenance can be preventive or capital. Preven-
tive maintenance is performed according to the following operations: pre-
paratory; external inspection, checking the condition of structural elements; 
electrical measurements; taking and checking an oil sample; verification of 
commutations. During capital repairs, maintenance is performed according 
to preventive repair operations, and the following operations are also added: 
dismantling of switch poles; repair of switch elements; electrical strength 
test; adjustment and installation of the switch; oil filling; painting of switch 
elements. 

After preventive repair and maintenance operations are performed, the 
low-oil switch is turned off during capital repairs. Repair of switch elements 
includes: repair of insulators, contacts, arc extinguishing device of each pole, 
drive mechanism; repair or replacement of worn parts. It is carried out using 
locksmith tools. 

Next, the switch is tested for electrical strength using an electrical 
stand. Electrical strength of the insulation is checked between conductive 
and grounded elements. Test is carried out three times in a row for each set 
of elements.  

After the tests, the frame with the switch is installed on the trolley of 
the cabinet; the switch is turned on together with the drive. Oil is poured into 
the poles of the switch, current-conducting and grounding busbars on which 
the coatings were damaged are painted. 
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ALTERNATIVE METHODS OF OBTAINING ELECTRICITY  

Today, mankind has developed many ways to obtain electric current 
due to natural phenomena. Alternative energy is a set of promising ways of 
obtaining, storing, transmitting and using energy from sources that are not 
used as widely as traditional ones, but are of interest because of the profita-
bility of their use with, as a rule, a low risk of causing harm to the environ-
ment. There are 5 ways of generating electricity, which are considered unu-
sual for the reason that they have not gained enough popularity. Sometimes 
it is said that they are economically costly and ineffective, but this does not 
mean that humanity will abandon them. These innovative methods will soon 
be able to be used by humans as new sources of electric current. Even with 
the advent of oil, mankind considered this natural resource ineffective and 
unknown, but today it is used in many areas of our activities.  

So the first one is seawater -salt water reserves on the planet are simply 
huge, so scientists decided to develop a power plant that will work on this 
resource. The only power plant was built in Europe by Starkraft. Electrical 
energy is obtained using the technology of osmosis. In simple terms, the 
mixing of salt and fresh water takes place, which leads to the generation of 
energy due to the increase in the entropy of the liquids. This energy is neces-
sary to activate hydro turbines of electric generators. This method is not as 
efficient as nuclear power plants, but it does not cause much damage to the 
environment. 

The second one - fuel cells - today, a power plant that operates on fuel-
type cells with a capacity of up to 0.5 GW has also been developed. It works 
by burning fuel in an element that converts heat energy into electric current. 
In essence, this is a diesel generator that does not use diesel fuel. The power 
plant does not pollute the environment, as it does not emit combustion prod-
ucts into the atmosphere. Also, this source of electrical energy has a high 
efficiency. 

The third, thermal generators - in order to obtain an electric current, 
you can use heat energy. This theory is more than 100 years old, but today it 
has become popular due to the wide application of energy saving technolo-
gies. Today, this method is also used on an industrial scale. For example, in 
communal heating systems, they receive heat and electricity for their needs. 

The next is piezoelectric generator - the law of conservation of kinetic 
energy became the basis of works to obtain electricity in experimental instal-
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lations - piezoelectric generators. They are used as an experiment in high 
traffic areas, dance floors, railway stations and subways. There is even an 
idea to create "green" fitness centers and gyms, in which visitors will be able 
to produce up to 3.6 megawatts of electricity per year through their actions. 

And finally, nanogenerators - did you know that there are micro-
oscillations in the human body that can be converted into electrical energy? 
A nanogenerator is used to convert small fluctuations in the human body into 
electric current. Such technologies can be used to charge mobile devices. 
Any human movement can be used to generate electrical energy. Today, 
there are many developments that combine the use of nanogenerators and 
solar batteries. 

Further development of energy in the world will shift towards the de-
velopment of alternative energy sources and the so-called small-scale ener-
gy. And this is caused, first of all, by a shortage of energy and limited fuel 
resources. Alternative energy sources are environmentally friendly, renewa-
ble, and distributed relatively evenly, so regions with a skilled workforce, 
susceptibility to innovation and strategic foresight will win the leadership in 
their use. 
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TYPES OF VOLTAGE STABILIZERS 

The voltage stabilizer is electrical equipment, which designed to nor-
malize the voltage in the network when loaded in a narrow range.  

There are the following main types of voltage stabilizers: relay, elec-
tronic, electromechanical, inverter. 

Relay stabilizers are electronic devices, which the principle of opera-
tion is built on the basis of stepwise regulation of electricity with using the 
control unit. Regulation is provided by a series of relays that automatically 
connect the necessary winding of the autotransformer. Advantages of relay 
stabilizers: satisfactory voltage regulation voltage - 40 ms on average; re-
sistance to voltage drops; protection against overvoltage and short circuit; 
stability to minus temperatures - can work in free-standing unheated rooms; 
do not require additional cooling. Relay voltage stabilizers have several 
significant disadvantages: lack of power reserve - it is not recommended to 
use them for powerful motor equipment. The basic principle of operation of 
electronic stabilizers is similar to that of relay stabilizers. They consist of the 
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following elements: automatic transformer, control circuit, measuring sen-
sors, frequency filters. 

Advantages of electronic stabilizers: stabilization of the input current 
over a wide voltage range; high accuracy and response; compact dimensions 
due to the absence of mechanical parts; functioning at low temperatures 
(some models). Disadvantages of electronic stabilizers: increased reaction 
time with a large number of steps; high sensitivity to interference in the 
network; the complexity of the construction; step voltage equalization; under 
heavy loads, the simistors and thyristors may burn out. 

Electromechanical voltage stabilizers function thanks to the movement 
of the carbon electrode along the windings of the autotransformer with the 
help of an electric drive. As a positive moment are low cost, smooth voltage 
regulation and small dimensions.Such devices also have small disadvantages 
– high noise during operation, low trigger speed, do not like the cold.  

Inverter voltage stabilizers are considered the best. The scheme of this 
device is based on an inverter in double voltage conversion. First, the alter-
nating voltage becomes constant, and then it is converted back into an alter-
nating output voltage. As a result, we have perfectly uniform and accurate 
voltage: without drops and almost without deviations. The main advantage is 
accuracy and speed of operation. Another positive point is that it works 
without a transformer. It also has compact dimensions, does not make noise 
during operation and has additional functionality. As for the latter, inverter-
type voltage stabilizers can protect household appliances from overvoltage 
and other external interference in the electrical network. The scheme of such 
a model is stepless, so voltage surges and overloads are not important for it. 
As for the minuses, only their cost can be attributed. 

Thus, inverter voltage stabilizers are the most effective and promising 
type in terms of performance characteristics of all existing ones. 

 
 

'�� 62.9 
Sofiia Hrianysta1, Nataliia Zhukova2 
1student of group E-410a NU <Zaporizhzhia Polytechnic= 
2PhD (Philology), associate professor NU <Zaporizhzhia Polytechnic= 

Hrianysta S., Zhukova N. 

AIR CHARGING 

One of the features of the top smartphones of recent years is the ability 
to charge wirelessly. It is enough to put the device on a special contact pad 
to restore the energy reserve of the battery. The charging process ends auto-
matically when the charge level reaches 100%. 
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Xiaomi has unveiled Mi Air Charge, a new next-generation wireless 
charging technology that allows you to charge multiple devices simultane-
ously without the need for cables or a wireless charging cradle. 

The patented Mi Air Charge technology uses a special tower/box-
shaped device that uses beam-forming technology to send millimeter waves 
directly to the device. These waves are converted into electrical energy that 
charges the device. 

The tower has 5 phase antennas to help locate a smartphone in a room 
in milliseconds. It has 144 additional antennas that transmit millimeter 
waves. 

The compatible phone has two antenna units, similar to those in the 
charger, but much smaller in size. The first is a radio beacon that communi-
cates with the charging station, and the second is a receiving antenna array 
consisting of 14 antennas that receive millimeter waves converted into elec-
trical energy. 

The technology supports simultaneous charging of multiple devices 
over long distances, with a maximum power of 5 watts per device. 

According to Adam Zeng Xuezhong, head of Xiaomi9s mobile divi-
sion, the plan is to charge wearable devices like smartwatches and fitness 
bracelets using Mi Air Charge Technology. 

The main goal is to make 8apartments truly wireless9 where speakers, 
lamps and smart home devices will work from one remote system. However, 
a spokesman said that the technology will not be used in commercial prod-
ucts this year. 

The core technology is about positioning in space and transmitting en-
ergy. Charging is carried out through the influence of the induction field on 
the phone battery within its boundaries. Smartphones that do not support this 
type of charging require a special receiver-receiver, which can be hidden 
under the case, but the latest generation of phones has the technology initial-
ly installed. 

The power standard for wireless charging of mobile devices is called 
Qi. The name reads 8Qi9 because the standard was named after Qi energy, a 
key concept in Chinese philosophy denoting life energy. 

The benefits of wireless charging are as follows. 
It removes unnecessary wires from the space. 
It is an extension of the ability to charge phones. It will be especially 

useful for forgetful people, as the charging radius is about 5 meters, which is 
enough to work fully in a modern apartment. 

Security of the device. 
With wireless charging, the phone is less susceptible to power surges 

than when it is plugged into an outlet. So, the battery will last longer. 
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You do not have to plug the cable into the charging jack all the time. 
This will save you from unnecessary scratches on the case and prolong the 
performance of the connector. 

Disadvantages. 
The environmental impact of wireless chargers has yet to be studied 

because of the newness of the technology. 
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TRANSPARENT SOLAR CELLS WITH MULTI-EXCITONS 

<Transparent multi-exciton solar cells= is a new type of solar cell that 
has been developed by scientists at the University of Oxford and the Califor-
nia Institute of Technology (Caltech). The results of the study were pub-
lished in the journal Nature Photonics in 2021. 

These transparent solar cells have a unique structure that allows them 
to convert solar energy into electricity while maintaining their transparency. 
The structure of the elements is based on the use of multi-excitons, which 
are electron-hole pairs formed during the absorption of photons of light. 

Multi-excitons tend to decay into electrons and holes, which move in 
different directions and cannot be effectively used to generate electricity. In 
a new type of solar cell, multi-excitons are captured and stored inside the 
cell thanks to special quantum wells that ensure their stability. 

This approach allows for a high light-to-electricity conversion rate, 
making these solar cells more efficient than traditional transparent solar 
panels. In addition, the new elements can be used in building windows with-
out losing transparency, making them more attractive for commercial use. 

It should be noted that at present the efficiency of these cells is still 
lower than that of traditional solar panels, and further work is required to 
improve them. However, the development of new transparent multi-exciton 
solar cells represents an important step towards more efficient use of solar 
energy. 
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REVOLUTIONARY FUSION REACTOR 

For more than 20 years, various researchers have been experimenting 
with processes in which interactions between elementary particles lead to the 
release of energy in the form of heat. Such processes can already be initiated 
at relatively low temperatures. 

For modern science, the realization of cold fusion would be the equiva-
lent of the philosopher9s stone for the ancient alchemists, or rather the tool 
thanks to which they claimed to be able to transform poor metals into gold 
and silver. Nowadays, the real challenge is to fuse two atoms and get a big-
ger one, thus realizing nuclear fusion. 

Atomic nuclei usually only fuse at temperatures of several million de-
grees Celsius, such as inside the sun. A certain proportion of the mass is 
converted into energy and released as heat. At room temperature, however, 
atomic nuclei repel each other and fusion is not possible. Nuclear fusion 
requires heat and extreme pressure. Andrea Rossi, inventor of the Energy 
Catalyzer (E-cat) claims to have succeeded and promises, thanks to his de-
vice, to wipe out all the energy problems of humanity in one fell swoop. 

Rossi demonstrated his E-cat to scientists from the Royal Institute of 
Technology in Stockholm and the University of Bologna a few years ago. 

Although they were not allowed to disassemble the reactor, they were 
allowed to carry out their own measurements. Their final report confirms 
that Rossi9s reactor appears to have 8produced energy in significantly greater 
quantities than would have been possible from any other conventional 
source.9 And much more energy than is achievable with any known chemical 
reaction. 

With the launch of the E-cat, <cold fusion= is currently experiencing a 
renaissance. In scientific circles one speaks of Low Energy Nuclear Reac-
tions – i.e. nuclear reactions that take place at comparatively low tempera-
tures. The E-Cat generates large amounts of thermal energy by fusing small 
amounts of hydrogen and nickel powder with the addition of a catalyst. 

E-Cat uses the so-called 8Rossi effect9, in which helium is ultimately 
formed with the help of nickel in a long reaction chain from lithium and 
hydrogen – at (comparatively) low temperatures of 1,300. In this process, 
which Rossi called transmutation, excess heat is released. 



 

383 
 

About 50g of nickel are enough to generate a constant amount of ener-
gy of 10kW for six months. Around 1% of annual nickel production would 
be sufficient to meet the energy needs of the entire world population. 

Such high efficiency come from the nuclear forces involved in the fu-
sion process, which can release far more energy than chemical reactions. 

The difference to conventional nuclear power is that E-Cat reactors are 
completely environmentally friendly, requiring neither the use of radioactive 
materials nor producing radioactive nuclear waste. Small amounts of result-
ing gamma rays can be easily shielded. In addition, the operation of the E-
cat does not release any carbon dioxide or other environmentally harmful 
greenhouse gases. 

The E-Cat will change the world – how we live, how we live together 
and how we treat our environment. For the nearest future, the E-Cat may be 
our last chance to find our way back to the harmony between man and na-
ture. The unlimited availability of inexpensive energy opens up possibilities 
that we don9t even dare to dream of today. E-Cat is a symbol of a better 
future. 
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COMPUTER SYSTEM SECURITY AND DATA PROTECTION IN 

THE FACE OF THREATS FROM HACKERS AND VIRUSES 

The widespread use of information technology in all spheres of society 
makes the issue of information protection, its users, information resources, 
and data transmission channels from criminal attacks of cybercriminals quite 
relevant. The concentration of information in computers forces some people 
to intensify their search for ways to access information, while others intensi-
fy control over it for the purpose of protection. The complexity of creating 
an information security system is determined by the fact that data can be 
stolen from a computer (copied), while remaining in place. Objects of at-
tacks can be both material technical means (computers and peripherals) and 
software and databases. It is important to preserve such properties of infor-
mation as availability, integrity, and confidentiality. 

The threat to the security of a computer system is an event (impact) 
that, if realized, will cause a violation of the integrity of information, its loss, 
or replacement. Threats can be accidental or intentional. Accidental threats 
include errors of service personnel and users; loss of information due to 
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incorrect storage of archival data; accidental destruction or alteration of data; 
equipment and power supply failures; accidental disclosure of confidential 
information to third parties. 

Intentional threats created by malicious actors lead to serious conse-
quences. Intentional threats include unauthorized access to information and 
network resources, disclosure and modification of data and programs, copy-
ing of data, development and dissemination of computer viruses, theft of 
magnetic media and financial documents, destruction of archival infor-
mation, and falsification of messages. Depending on their motives, goals, 
and methods, the actions of information security violators can be divided 
into four categories: thrill-seekers, ideological hackers, professional hackers, 
and unreliable (disgruntled) employees. 

To properly build a protection system, it is necessary to determine the 
types of actions taken against information, what an automated system is, the 
security threats to automated systems, measures to counter security threats, 
and the principles of building protection systems.  

Encryption mechanisms involve the cryptographic protection of infor-
mation. These protection methods are increasingly being used in the pro-
cessing and storage of information on magnetic media. This method is the 
only reliable one for transmitting information over long communication 
channels. Counteracting attacks by malicious programs involves a complex 
of various organizational measures and the use of antivirus programs. The 
goals of these measures are to detect instances of system infection, reduce 
the consequences of information infections, localize or destroy viruses, and 
restore information in the information system. 

Currently in the USA, there is a developed standard for assessing the 
security of computer systems - the criteria for evaluating suitability. It takes 
into account four types of requirements for computer systems: security poli-
cy requirements, accounting requirements, trust in computer systems, and 
documentation requirements. 

Protection of data and programs from unauthorized access, copying, 
and modification is implemented using software-hardware methods and 
technological techniques. Passwords, electronic keys, electronic identifiers, 
electronic signatures, data encryption and decoding tools are classified as 
software-hardware protection tools. Cryptographic methods are used for data 
encryption, decoding, programs, and electronic signatures. 
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INFORMATION TECHNOLOGY IN THE AEROSPACE 

INDUSTRY: SOFTWARE AND WORKFLOW AUTOMATION 

The role of Information Sciences and Technology in the practice of 
Aerospace Engineering is very important. Aerospace systems rely heavily on 
computers, software, and digital information; for control, sensors, and other 
onboard systems. The aerospace industry is one of the most complex, chal-
lenging and regulated industries, where safety, quality and reliability are of 
the highest priority. The industry faces many challenges, such as the need for 
improved and automated technology, more accurate and reliable calcula-
tions, and achieving the most efficiency in the least amount of time and at 
the lowest cost. To solve these problems, the aerospace industry turns to 
information technology. 

The role of software in the practice of aerospace engineering is critical 
and continues to grow rapidly. The effective design, development, and man-
ufacturing of aerospace systems rely heavily on computers, software, and 
digital information. Some aircraft cannot fly without their onboard comput-
ers, and many future aerospace vehicles will be unmanned, resulting in even 
greater software challenges Software can be used to develop, test, and test 
various components of air and space vehicles, as well as perform various 
computational tasks.  

However, efficient work requires the automation of workflows (e.g. 
project planning and management process, the quality control process, the 
production process, and the material supply process).  

The use of information technology and software can reduce the time it 
takes to complete tasks, improve the accuracy and quality of work, and en-
sure better coordination of workflows across departments and teams. 

In addition, information technology helps ensure the efficient and safe 
operation of air and space vehicles. Special programs can be used to monitor 
and analyze various flight parameters, such as temperature, pressure, speed, 
altitude, and the status of various components and systems. Information 
technology in the aerospace industry is also used to ensure flight safety. 

Software tools can be used to analyze various scenarios, develop strat-
egies and action plans in extreme situations, and train pilots and other spe-
cialists. 

It is worth mentioning how much NASA9s moon landing programming 
has changed since it was first launched.  
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The agency uses HAL/S (High-order Assembly Language/Shuttle), a 
language designed for real-time aerospace systems. It has been used in many 
US space projects since 1973, most famously in the Space Shuttle program 
(approximately 85% of the Shuttle software is written in HAL/S). Although 
the language is designed primarily for programming onboard computers, it is 
general enough to meet almost all the needs of producing, verifying, and 
maintaining aerospace and other real-time applications. The three key prin-
ciples in developing the language were reliability, efficiency, and machine 
independence. HAL/S was designed not to include some constructs that were 
considered error-prone. For example, there is no support for dynamic 
memory allocation. 

United Space Alliance, one of NASA9s main shuttle support contrac-
tors, has developed a workflow automation system (WAS) in Python. 

Here are some specific examples of the use of IT and software in space 
missions:  

1. Curiosity mission on Mars. To control the rover9s actions on the sur-
face of Mars, software is used to remotely control the vehicle9s movement 
and monitor the status of its various systems.  

2. Juno mission to Jupiter. To collect and process data received from 
the Juno spacecraft, special software was developed that allows scientists to 
analyze data and visualize geometric objects based on this data.  

3. Apollo mission to the Moon. To calculate the trajectory and naviga-
tion of spacecraft during the Apollo mission, special computer programs 
were used to ensure the accuracy and safety of the flight. 

4. Hubble mission in space. To ensure the high quality of the received 
photos and data from space, special software tools are used to correct tech-
nical deficiencies and ensure optimal shooting parameters. 

Thus, the use of information technology and software in the aerospace 
industry helps to ensure high quality and safety of production, improve 
productivity and efficiency of work processes, and ensure safe and efficient 
operation of air and space vehicles. Therefore, the use of these technologies 
is an important factor in the development of the aerospace industry in 
Ukraine and globally. 
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AI: FROM THE ORIGINS TO NEW ACHIEVEMENTS AND 

TRENDS 

Artificial Intelligence (AI) has become an increasingly popular topic in 
recent years, with its potential to revolutionize various industries and solve 
global challenges. AI refers to the ability of machines to learn from data, 
adapt to new situations, and perform tasks that typically require human intel-
ligence, such as language processing, image recognition, and decision-
making. The rapid advancements in machine learning, deep learning, and 
other AI techniques have enabled AI to make significant progress, creating 
new opportunities and challenges.  

The origins of AI can be traced back to the 1950s, but it was not until 
the last decade that AI has shown significant progress, thanks to advances in 
machine learning and deep learning algorithms. In 2020, OpenAI9s GPT-3 
model gained significant attention due to its ability to generate coherent text 
and mimic human-like language. 

AI9s potential to transform various industries has been the subject of 
much research and discussion.  

Artificial Intelligence has already shown its potential in transforming 
the healthcare industry by enabling faster and more accurate diagnoses, 
predicting treatment outcomes, and developing personalized treatment plans. 
It can analyze vast amounts of medical data, including patient records, imag-
es, and genomic data, and identify patterns and insights that can help doctors 
make better decisions. AI-powered medical devices, such as wearables and 
remote monitoring systems, can also improve patient care by enabling con-
tinuous monitoring and early detection of health issues.  

In the production industry, AI can optimize manufacturing processes, 
improve supply chain management, and reduce downtime and maintenance 
costs. Emerging trends such as the Internet of Things, big data analytics, and 
quantum computing are likely to shape the future of AI in healthcare and 
production.  

In recent years, AI has also been used to tackle global challenges such 
as climate change. A 2021 paper by Nature Communications demonstrates 
the potential for AI to improve the accuracy of climate models, which could 
help policymakers make more informed decisions. 

However, the growing power and complexity of AI systems raise con-
cerns about their accountability, transparency, and potential misuse. There is 
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the need for AI developers to prioritize ethical considerations in their design, 
development, and deployment of AI systems. 

Federated learning is another emerging trend that involves training AI 
models on distributed data without centralizing it, thus preserving privacy 
and security. Edge computing, on the other hand, enables AI to be processed 
on devices such as smartphones and IoT devices, reducing latency and in-
creasing efficiency. 

Neural networks, a subset of AI, have been increasingly used by de-
signers and professionals in the creative industries. They offer various bene-
fits, such as generating novel and unique ideas, enhancing creativity, and 
saving time and effort. For instance, neural networks can be used to generate 
original design ideas, which designers can then build upon to create a final 
product. Additionally, neural networks can be trained to generate persuasive 
and engaging marketing copy, making professional copywriting more acces-
sible to everyone.  

AI-powered design tools can help designers automate repetitive tasks 
and speed up the design process, allowing them to focus on more creative 
aspects of their work. As such, neural networks are becoming an indispensa-
ble tool in the creative industries, enabling professionals and amateurs alike 
to produce high-quality work efficiently and effectively. 

The history and recent advancements of AI demonstrate the potential for 
the technology to create value and solve global challenges. However, as AI 
continues to evolve, it is critical to address its ethical and social implications and 
promote transparency and accountability in its development and use. 
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UNCHAINING THE FUTURE: EXPLORING THE POWER OF 

BLOCKCHAIN TECHNOLOGY 

Blockchain technology has been making waves since it was first intro-
duced in 2008 as the underlying technology behind Bitcoin, a decentralized 
digital currency. Since then, blockchain technology has evolved to offer 
many more use cases beyond cryptocurrencies, including supply chain man-
agement, voting systems, and smart contracts. 

One of the key benefits of blockchain technology is its ability to create 
a tamper-proof and transparent record of transactions. This is achieved 
through a network of computers, or nodes, that work together to verify and 
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validate each transaction on the network. Once a transaction is validated, it is 
added to a block, which is then added to the blockchain in a permanent and 
unalterable way. This ensures that all parties involved in a transaction can 
trust that it has taken place, and that the records of that transaction cannot be 
changed or manipulated. 

Another benefit of blockchain technology is its potential to remove in-
termediaries from transactions. In traditional transactions, intermediaries 
such as banks or payment processors are needed to facilitate and validate the 
transaction. With blockchain technology, transactions can be completed 
directly between parties, reducing the need for intermediaries and potentially 
lowering transaction costs. 

One industry that has already started to embrace blockchain technology 
is finance. Blockchain technology can enable faster, cheaper, and more se-
cure cross-border payments. Traditional payment systems can take several 
days to complete a cross-border payment, and can be expensive due to fees 
charged by intermediaries. With blockchain technology, cross-border pay-
ments can be completed in a matter of minutes, and at a lower cost than 
traditional payment systems. This has the potential to revolutionize the way 
we think about cross-border commerce. 

In healthcare, blockchain technology can help to securely share patient 
data and streamline medical record keeping. Medical records are currently 
stored in silos, making it difficult for healthcare providers to access patient 
data when needed. By using blockchain technology, medical records can be 
stored in a secure and decentralized way, allowing healthcare providers to 
access patient data quickly and easily. This has the potential to improve 
patient outcomes and reduce medical errors. 

In supply chain management, blockchain technology can improve 
transparency and traceability, helping to reduce fraud and improve efficien-
cy. By using blockchain technology, supply chain stakeholders can track 
goods and materials as they move through the supply chain, ensuring that 
they are authentic and have not been tampered with. This can help to reduce 
the risk of fraud and improve efficiency by reducing the need for intermedi-
aries in the supply chain. 

However, there are also challenges to the widespread adoption of 
blockchain technology. One of the biggest challenges is scalability, as cur-
rent blockchain networks can struggle to handle large volumes of transac-
tions. Additionally, there are concerns around the environmental impact of 
blockchain technology, as the energy consumption required for mining and 
maintaining the network can be significant. 

Despite these challenges, the power of blockchain technology lies in its 
ability to create a secure, transparent, and decentralized system for recording 
transactions and data. As the technology continues to evolve, it has the po-
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tential to transform many industries and change the way we think about trust 
and accountability in our digital world. From finance to healthcare to supply 
chain management, blockchain technology is poised to unchain the future 
and unlock a world of new possibilities. 
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USE OF INFORMATION TECHNOLOGIES IN THE  

MEDICAL FIELD 

Information technologies have a huge potential field assisting the im-
provement of patient outcomes and reduction of healthcare costs. 

The use of electronic health records (EHRs) has greatly improved pa-
tient care and healthcare delivery. EHRs enable healthcare professionals to 
access and share patient information quickly and easily, making it possible 
to deliver care that is more timely, effective, and coordinated. 

Telemedicine, which involves the use of digital communication tech-
nologies to provide remote healthcare services, became popular during the 
COVID-19 pandemic and has the potential to improve patient outcomes, 
reduce healthcare costs, and expand access to care. 

Artificial intelligence (AI) in healthcare can improve diagnostic accu-
racy, personalize treatment plans, and automate administrative tasks, among 
other benefits. However, there are also challenges associated with AI, such 
as concerns about privacy and ethical issues. 

Wearable devices, e.g. smartwatches and fitness trackers, can be used 
to monitor vital signs, track physical activity, and detect health conditions.  

Big data can be used to identify patterns and trends in healthcare data, 
improve population health management, and develop personalized treatment 
plans. 

There are also some concerns about data privacy and security. 
Blockchain technology has the potential to revolutionize the healthcare 

industry. It can be used to secure and share patient health data, streamline 
administrative processes, and reduce healthcare costs. 

The challenges associated with blockchain are regulatory and interop-
erability issues. 

Mobile health (mHealth) technologies, such as smartphone apps and 
text messaging platforms, are becoming increasingly popular. mHealth can 
be used to monitor patients remotely, provide health education and coaching, 
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and improve patient engagement. However, there are also concerns about the 
quality and accuracy of mHealth apps. 

Virtual and augmented reality technologies can be used for medical educa-
tion, surgical planning, and patient rehabilitation, among other applications. 

Robots can be used for surgical procedures, rehabilitation, and administra-
tive tasks, among other applications. Automation can be used to improve 
healthcare workflows, reduce administrative burdens, and increase efficiency. 

3D printing can be used to create personalized medical devices and 
implants, and to produce anatomical models for surgical planning.  
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QUANTUM COMPUTING: THEORY AND APPLICATIONS 

Quantum computing is a revolutionary approach to computing that us-
es quantum mechanics principles to perform calculations. Unlike classical 
models of computers that use the most fundamental building block, the bit, 
which can only exist in one of two distinct states, 809 or a 819 quantum com-
puters use 8quantum bit9, usually referred to as a 8qubit9.  

A quantum computer could perform many operations simultaneously 
using a single processor. This enables quantum computers to perform certain 
calculations exponentially faster than classical computers.  

Quantum computing is based on a set of principles that differ from 
classical computing. Some of these principles are as follows. 

1. Superposition: Qubits can exist in multiple states at once, allowing 
for parallel processing of information. 

2. Entanglement: Qubits can be linked together so that the state of one 
qubit is dependent on the state of another qubit, regardless of the distance 
between them. 

3. Parallelism: The ability of a quantum computer to encode multiple 
computational results into a quantum state in a single quantum computation-
al step. 

Quantum algorithms are designed to take advantage of these principles to 
perform calculations that are difficult or impossible for classical computers. 

One example is Shor9s algorithm, which can factor large numbers ex-
ponentially faster than classical algorithms. This has implications for cryp-
tography, as many encryption algorithms rely on the difficulty of factoring 
large numbers. 
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While quantum computing is still in its early stages, it has the potential 
to impact a wide range of industries. Here are some examples: 

Chemistry. Quantum computers can simulate complex chemical reac-
tions, which could lead to the development of new materials and drugs. 

Finance. Quantum computers can optimize investment portfolios and 
perform risk analysis faster than classical computers. 

Cryptography. Quantum computers can break some encryption algo-
rithms, which has implications for data security. 

Machine learning. Quantum computers can be used to train machine 
learning models faster than classical computers. 

Cybersecurity. With the help of quantum communication both receiver 
and sender are alerted when an eavesdropper tries to catch the signal. 

Artificial Intelligence. Increasing the speed of operation will help 
computers to learn faster even using one of the simplest methods - the mis-
take-bound model for learning. 

While there are still challenges that need to be addressed, researchers 
are making progress in developing quantum computers and quantum algo-
rithms. It will be exciting to see how quantum computing develops in the 
coming years and the impact it will have on our lives. 
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TECHNOLOGIES OF VIRTUAL AND AUGMENTED REALITY IN 

THE GAMING INDUSTRIES 

The video game industry is ripe for augmented reality (AR) and virtual 
reality (VR) applications. For the first time, the VR and AR market have 
added an entirely new dimension to the games sector, bringing in more than 
$7.5 billion in revenue in 2020, as demonstrated through hardware sales and 
software investment. 

VR and AR have reached a level of sophistication to truly engage the 
gamer. Manufacturers have introduced an innovation that goes beyond imag-
ination to offer its users a smooth and fun experience with the right hard-
ware. 

Virtual and augmented reality are technologies that enable the creation 
of immersive and interactive experiences for users. In the gaming world, the 
use of these technologies can provide more immersive and realistic game-
play, allowing players to feel part of the virtual world. 
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VR technologies see an illusory world that is difficult to distinguish 
from the real world. The owner of the VR headset can interact with objects 
in the surrounding world, as well as with other involved people. 

AR is a technology that overlays digital information, such as images, 
videos, or 3D models, onto the real world. AR is achieved by using a device 
such as a smartphone or tablet, which has a camera and a screen, and soft-
ware that can recognize and track the environment. 

AR technology is well-known for bringing together the virtual and the 
real, creating a dreamlike middle-path for users. Game manufacturers will be 
able to use real-time digital interaction to enhance their products. Real-time 
interaction with gamers around the globe will enhance their perception and 
allow for better levels of engagement. 

One of the benefits of using virtual and augmented reality in the gam-
ing industry is the ability to provide greater immersion and interactivity to 
players. 

With these technologies, players can feel part of the virtual world and 
manipulate it through body movements and gestures. 

The release of the Pokemon GO game in 2016 was a watershed mo-
ment that demonstrated the potential of AR in the gaming industry. The 
game quickly became a global phenomenon, with millions of people playing 
it on their smartphones. The success of the first AR mobile games has led to 
a renewed interest in AR technology from the gaming industry. Several 
major game companies, including Nintendo, Microsoft, and Sony, are in-
vesting heavily in AR technology. 

Compared to flat-screen games, VR games allow players to be more 
involved with the help of a number of tools. VR offers players a gaming 
experience where they feel directly involved in every event and are solely 
responsible for the outcomes of the scenes. In addition, 3D games take the 
user one step forward by placing them within the game environment, making 
them feel as if they are holding the weapons themselves and firing or are 
being attacked by the opposition. 

In addition, virtual and augmented reality can provide new opportuni-
ties for game retailers to create unique and innovative products.  
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MICROSERVICE ARCHITECTURE: ADVANTAGES AND 

CHALLENGES 

Microservice architecture presents both advantages and challenges to soft-
ware development. Its ability to quickly develop and implement new features and 
distribute the load between servers makes it an attractive approach. However, 
managing many services and their interactions, as well as requiring more resources 
to run and maintain many individual services, can present difficulties.  

Effective design and monitoring of the API, as well as developing mecha-
nisms for automatic scaling and disaster recovery, are crucial to successfully im-
plementing a microservice architecture. Careful attention should be given to log 
collection and error analysis to quickly identify and fix problems that may arise. 
By considering these factors, a microservice architecture can improve development 
speed and scalability of applications. 

Furthermore, the microservice architecture can also promote better team col-
laboration and autonomy in software development. Since each service can be 
developed and released separately, different teams can work on different parts of 
the application at the same time, allowing for faster development and improved 
time-to-market.  

In addition, the use of microservices can enable better fault tolerance and re-
silience in applications. If one service fails, it does not necessarily affect the entire 
system, which allows for faster recovery and improved system uptime. This is 
particularly important for applications that require high availability and reliability.  

Despite the benefits, the use of a microservice architecture can also introduce 
new security risks that need to be carefully addressed. Since each service is inde-
pendent and communicates with other services through APIs, it is important to 
ensure that each service is properly authenticated and authorized to access other 
services. 

Additionally, it is essential to protect the API endpoints against malicious at-
tacks and ensure the security of sensitive data that is transmitted between services. In 
conclusion, microservice architecture presents significant advantages in terms of 
faster development, improved scalability, better fault tolerance, and team autonomy.  

However, it also brings its own challenges and complexities, particularly in 
terms of management, monitoring, and security. By carefully considering these 
factors, and implementing appropriate measures, organizations can fully realize the 
benefits of a microservice architecture while mitigating potential risks and chal-
lenges. 
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DEVELOPMENT OF INTERACTIVE VIRTUAL ENVIRONMENTS 

FOR LEARNING AND RESEARCH 

With the advancement of technology, we are now able to create virtual 
worlds that can simulate real-life situations and provide an immersive expe-
rience for users. 

Virtual reality technology is at the forefront of this development, and it 
has the potential to revolutionize the way we learn and conduct research. By 
creating virtual environments, we can explore complex concepts in a way 
that was not previously possible. For example, medical students can use 
virtual reality to practice surgical procedures without the risk of harming 
patients. Similarly, architects and engineers can use virtual environments to 
test designs and simulate potential construction challenges. 

To create these virtual environments, we need to rely on cutting-edge 
computer graphics and software. The graphics need to be realistic and im-
mersive, while the software must be able to simulate interactions and re-
spond to user input. This requires a high level of expertise in computer sci-
ence, as well as an understanding of the specific applications for the virtual 
environments. 

There are also challenges associated with developing these virtual en-
vironments. For example, creating realistic graphics requires a significant 
amount of computing power, which can be expensive. Additionally, there is 
a risk of users becoming disoriented or experiencing motion sickness while 
using the virtual environments, which must be carefully managed. 

Despite these challenges, the development of interactive virtual envi-
ronments has the potential to transform the way we learn and conduct re-
search. With the right technology and expertise, we can create virtual worlds 
that are not only engaging and immersive, but also practical and informative. 
As we continue to explore the possibilities of virtual reality, we are sure to 
uncover new and exciting ways to use this technology to benefit society. 

One of the key advantages of virtual environments is that they provide 
a safe space for learning and experimentation. For example, flight simulators 
have been used for years to train pilots without putting them in danger. With 
virtual environments, we can create simulations for a wide range of activi-
ties, from emergency response training to hazardous material handling. 

Another advantage is that virtual environments can provide a more en-
gaging learning experience. Traditional classroom lectures and textbooks 
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can be dry and unengaging, which can make it difficult for students to retain 
information. Virtual environments, on the other hand, provide a more im-
mersive experience that can make learning more enjoyable and memorable. 

Virtual environments can also provide opportunities for collaboration 
and teamwork. In a traditional classroom, students may be limited by their 
physical proximity to one another. However, in a virtual environment, stu-
dents can work together regardless of their location. This can be particularly 
useful for students in remote areas or for research teams that are spread out 
across the globe. 

There are also challenges associated with developing virtual environ-
ments. One of the main challenges is ensuring that the environments are 
realistic and accurate. For example, a virtual environment for medical train-
ing needs to accurately simulate the human body and its functions. Another 
challenge is ensuring that the software is user-friendly and easy to navigate. 

In conclusion, the development of interactive virtual environments has 
the potential to transform the way we learn and conduct research. By creat-
ing safe and engaging environments that are accessible to students and re-
searchers around the world, we can increase the accessibility of education 
and improve the quality of research. As technology continues to evolve, in 
the future developers will uncover new and exciting applications for virtual 
environments. 
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COMPARATIVE ANALYSIS OF THE PERFORMANCE OF 

NEURAL NETWORKS IN C++ AND PYTHON PROGRAMMING 

LANGUAGES 

Neural networks are complex mathematical models used to solve vari-
ous problems in different fields such as machine learning, natural language 
processing, intelligent data analysis, and others. Different programming 
languages are used to implement neural networks, but the most popular ones 
are C++ and Python.  

It should be noted that the performance of neural networks depends not 
only on the programming language but also on hardware resources, algo-
rithms, optimization methods, and data volume. However, the choice of 
programming language has a significant impact on the performance of the 
neural network, development efficiency, and training.  
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Comparing the performance of neural networks in C++ and Python 
programming languages depends on many factors, such as the size and com-
plexity of the network, the size of the data processed by the network, as well 
as code optimization. 

C++ is a low-level programming language that allows for optimizing 
code for memory and computation. It is considered faster and more efficient 
for computations involving neural networks. 

However, Python is a simple and convenient programming language 
for developing and debugging neural networks, which often leads to faster 
development and debugging of software.  

The memory consumption evaluation when executing neural networks 
on C++ and Python depends on several factors, such as the network architec-
ture, the size of the data processed by the network, the data types used, and 
the optimization method and framework being used. C++ provides more 
control over memory and program execution. Therefore, it results in lower 
memory consumption compared to executing on Python. However, most 
neural network frameworks, such as TensorFlow and PyTorch, provide im-
plementations on both languages, so the language choice depends on the 
specific needs and requirements of the project. 

There are also several libraries for neural programming in C++. How-
ever, their number and functionality are not as extensive as those available in 
Python. Some of these include Caffe2, TensorFlow C++ API, Torch C++ 
API, DeepDetect, OpenCV. 

C++ is a faster programming language compared to Python since it 
compiles to machine code. This is especially important for implementing 
complex algorithms that require a large number of floating-point operations. 
Python is a language with a higher level of abstraction, which allows reduc-
ing the amount of code, which is important when writing a neural network. 

Python is a highly popular programming language in the field of ma-
chine learning and neural networks, thanks to its simplicity, wide selection 
of libraries and frameworks, and ease of data visualization and analysis. 

However, if program execution speed is a critical factor, for example, 
if there is a need to process large volumes of data in real-time mode and if 
the project implies writing complex code that requires highly efficient 
memory usage, C++ may be a better choice. 
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VIRTUAL ENVIRONMENTS FOR SMART  

HOUSE SYSTEM STUDY 

These days, virtual, augmented and cross-reality technologies are used 
not only in the gaming industry. They also allow organizing 3D learning 
environments that provide the effect of immersion and user interaction with 
the objects and processes being studied. 

In particular, various applications have been created to study Internet 
of Things (IoT) technologies as well as Smart House (SH) systems. This 
area of study is interesting and useful for people, as it allows us to make our 
lives more comfortable, safer and provide resource saving [1, 2]. 

Various virtual environments have been developed for virtual reality 
(VR) helmets and personal computers. They are Multi-purpose SH simula-
tion system, OpenSHS, Electronic House, Live Home, PlanerVR etc. [3]. 

For instance, a virtual reality environment (VRE) allows a person in the 
Oculus Go VR helmet to gain experience with a virtual model of SH, both out-
side and inside the building, and interact with sensors and devices [1]. 

The application runs on the Android mobile platform and provides the 
functions of character control, helmet calibration, and interaction with the inter-
face using a controller. The developed VRE allows studying such subsystems as 
Lighting control, Security control, Climate control, Irrigation control, etc. This 
enables students to gain knowledge about the structural and functional features 
of the SH system, as well as the principles of its control [3]. 

An interactive virtual model for Smart House & IoT remote laboratory 
was developed on the WebGL platform with HTML5 and JavaScript. Unity 
5 game engine and Autodesk 3ds Max 3D environments were also used 
during the design process. Users can interact with the proposed virtual model 
and receive data from the model components such as temperature, humidity, 
soil moisture sensor, solar panel, etc. using control panels of a remote labor-
atory [4]. 

The developed virtual model allows: obtaining useful information 
about the components of SH system; running simulation of various SH sub-
systems. Thus, it motivates users to create their own home automation sys-
tem based on the rewarding experience with this remote laboratory and its 
virtual model. The practical value lies in the fact that the created virtual 
model allows studying the behavioural characteristics of residents to build 
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patterns of their activities, on the basis of which it is possible to develop 
scenarios for efficient consumption of resources in SH [4]. 

Smart House Virtual Environment (SHVE) is a project that expands 
the basic functionality of hybrid (remote and virtual) laboratory GOLDi [5]. 
The developed system consists of two parts. They are the server and the 
graphical representation of the simulation process. The server can be consid-
ered as a message router connecting the users9 clients to the SHVE. Com-
munication between the server and SHVE/clients occurs via sockets using 
the MQTT data transfer protocol [5]. 

The presented SHVE is a new educational tool, with interesting possi-
bilities of moving a character around the house and interacting with equip-
ment in order to study the basics of control and design of home automation 
systems. This VR environment provides students with the ability to create 
scenarios of working with the main subsystems of SH such as lighting and 
climate control, based on the activities of the SHVE character [5]. 

The usage of SHVE, which is similar to the role-play game, is of inter-
est to students, as they know the mechanics of computer games well. This 
environment is intended to train students in developing software (clients) for 
SH system control. However, students have the opportunity to use the free 
MQTT client to work with the developed SHVE without programming. 

The usage of SHVE allows lecturers to create different realistic tasks 
related to the functioning of SH systems based on human behavior. Students 
have the opportunity to solve these tasks and gain practical skills in the de-
velopment of home automation systems and technologies [5]. 

In such a way, the development and practical usage of virtual environ-
ments opens wide opportunities for experiments in various fields of learning 
and improves the results of the educational process. 

The implementation of virtual experiments in the field of home auto-
mation systems provides an interactive learning environment that allows 
students to participate in the active learning process and increases their mo-
tivation to study modern information technologies and processes. 
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GAME DEVELOPMENT USING VIRTUAL REALITY AND 

AUGMENTED REALITY 

Game development using virtual reality and augmented reality is an 
exciting field that is rapidly gaining popularity. Virtual reality (VR) and 
augmented reality (AR) technologies are increasingly being used in the gam-
ing industry to create immersive experiences for players. The use of VR and 
AR in game development has the potential to make a revolution in the gam-
ing industry, creating more interactive games. 

There are interesting scenarios in which VR and AR are being used in 
game development. VR allows players to enter a completely new world, 
where they can interact with objects and characters in a way that was not 
possible before. Some games provide even superhuman abilities, so that it 
creates an experience we can9t feel in real world. AR, on the other hand, 
overlays digital content onto the real world, creating a mixed reality experi-
ence. These technologies are being used to create a variety of games, from 
action-packed shooters to puzzle games. 
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One of the main advantages of using VR and AR in game development 
is the level of immersion that it provides. Players can become fully im-
mersed in the game world, interacting with objects and characters as if they 
were actually there. This creates a more engaging and interactive experience 
for players, increasing their enjoyment of the game. When you 8enter9 VR, 
you can experience wonderful events and get a feel of completely new ad-
ventures in your life. Of course, level of the immersion depends on quality 
of your headset, because each of them has different viewing angles, screen 
type, refresh rate and resolution. So, some of them can lower the level of 
immersion, that can lead to not so interesting experience. However, through 
time you get used to it quickly and start to enjoy the adventure. 

Another advantage of using VR and AR in game development is the 
potential for increased interactivity. VR and AR technologies allow for a 
greater level of player interaction, enabling players to control objects and 
characters in new and exciting ways. This can lead to more creative and 
innovative gameplay mechanics, enhancing the overall player experience. 
For example, some headsets have finger tracking on their controllers, that 
drastically improves level of the immersion. If you want to pick something 
up, instead of holding the button, you just have to close your palm and the 
item is in your hand. It depends not only on headset, but on the game itself 
too. Some old games do not give such level of interactivity and may seem 
too simple for modern standards. That is, sometimes you cannot even pick 
up a thing which not important for the main story. These cases ruin the level 
of immersion and can lead to bad experience with a game. 

However, there are also challenges associated with using VR and AR 
in game development. One of the main challenges is the cost of developing 
games that use these technologies. Developing games for VR and AR re-
quires specialized hardware and software, which can be expensive. Addi-
tionally, the level of complexity involved in developing these games can be 
challenging for game developers who are not familiar with these technolo-
gies. Through time quality of VR and AR games increases, as well as level 
of effort needed to create a game with up-to-date technologies. 

As for the software, some game engines have limitations, that can 
make VR and AR game development much harder. Developers must keep up 
with the latest VR gamedev innovations to overcome these challenges. It is 
important to be aware of the limitations of VR and tailor ideas to its specific 
strengths.  

During the first wave of VR games, a lot of developers just took popu-
lar existing concepts and translated them for VR. But time has proven that 
VR needs ideas tailored for its specific strengths, because the differences 
between gameplay in VR and on a regular PC or console are night and day. 
However, situation is constantly changing and the most bleeding edge game 
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engines like Unreal Engine 5 only help with development of unique games 
with complex technologies, and don9t get in the way. 

Despite these challenges, the future of game development using VR 
and AR is bright. As the technology becomes more widely available and 
affordable, more developers are likely to start using these technologies in 
their games. The future of game development using VR and AR is promis-
ing, offering players immersive and innovative experiences. 

Furthermore, the technology used in VR and AR hardware is constant-
ly evolving, which, on one hand, can pose a challenge for game developers, 
but on the other hand, greatly improves the possibilities and breaks technol-
ogy borders, which allows developers to create nearly anything they can 
imagine. New hardware innovations, such as eye-tracking technology, haptic 
feedback, and improved motion tracking, are continually being developed 
and integrated into VR and AR headsets. For example, all of these mind-
blowing traits are present in a brand-new PlayStation VR2 headset for the 
PlayStation 5. While these advancements can enhance the player experience, 
they also require game developers to keep up with the latest technology and 
develop games that are optimized for these new features. 
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ARTIFICIAL INTELLIGENCE AND MODERN ART 

AI is radically changing the nature of not only technical professions, 
but also penetrated into the artistic environment, affect creative processes, 
and even a phenomenon called digital art has emerged. Without the use of 
digital processing and computer effects, it is impossible to imagine either 
modern cinema or music. <Computer= has literally become a canvas, a 
brush, and a musical instrument these days. 

AI-generated artwork has captured the public and even a few collec-
tors9 imagination. Apparently, we are already on the threshold of a new era 
of creativity, when AI and the artist become co-authors, complementing each 
other in those areas and <skills= where they are strongest.  

The new field of digital art pushes the boundaries of creativity and de-
stroys the way art is created. Artists create autonomous robots for collabora-
tion, supply algorithms with data, and train machines to create new visual 
works. They work with computer programs that mimic human intelligence, 
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creating an endless stream of unique works of art. AI has become a desirable 
partner in artistic creativity. 

Artists working with AI understand the relationship between random-
ness and control and use AI to find a balance between them when develop-
ing new concepts and visual effects. For example, AI assistants can help 
restorers recreate Long-Lost Masterpieces of art history by analyzing works 
of art and learning the unique style of any artist who has ever lived. 

Neural style transfer is the simplest and most popular form of using AI 
in creativity. The model is based on image stylization and is based on convo-
lutional neural networks (CNN). It is embedded in such popular mobile 
applications as DeepArt and Prisma. There are two images at the input of the 
model – the template-style and the original.  

The technology allows you to successfully imitate the style of Van 
Gogh, Monet from the template library. Each template corresponds to a set 
of parameters of a pre-trained neural network. The technology allows the use 
of character images in advertising and product promotion. If a photo of a real 
object is submitted to the input of the model, then it is difficult to distinguish 
the result from the work of the artist – the technology passes the Turing test. 

Sculptures created by AI are not as popular as paintings yet, but there 
is still development in this direction.  AI is mainly used to develop a three-
dimensional model. Scott Ethan9s sculpture debuted at the exhibition 8Artist 
+ AI: figures and forms9 and it was created in collaboration with AI. In this 
case, AI translates the drawings into a three-dimensional form. 

People concluded that human/ML complementarity in the arts is a rich 
and ongoing process, with contemporary artists continuously exploring and 
expanding technological capabilities to make artworks. Although ML-based 
processes raise challenges around skills, a common language, resources, and 
inclusion, what is clear is that the future of ML arts will belong to those with 
both technical and artistic skills.  
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EDGE COMPUTING 

Edge computing is a distributed IT architecture which moves compu-
ting resources from clouds and data centers as close as possible to the origi-
nating source. Rather than sending all data to a central server or cloud for 
processing, edge computing allows for the processing to occur at the 8edge9 
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of the network, closer to where the data is generated. This approach can offer 
several benefits, including reduced latency, reduced congestion, and lower 
network bandwidth requirements. 

One of the primary advantages of edge computing is its ability to re-
duce latency. By processing data closer to the source, edge computing can 
minimize the time it takes for data to travel back and forth between devices 
and a central server. This is particularly important for real-time applications 
like autonomous vehicles, where even a few milliseconds of delay could 
have serious consequences. 

Another benefit of edge computing is reduced congestion. Despite the 
advancements in the internet infrastructure, the massive amount of data 
generated daily by billions of devices can still cause significant congestion.  

With edge computing, there is the availability of local storage and 
servers, which can conduct crucial edge analytics even during network dis-
ruptions. 

In addition to these benefits, edge computing can also help to reduce 
network bandwidth requirements. This is because only relevant data needs to 
be transmitted to a central server, rather than all data generated by devices 
and sensors. This can result in significant cost savings for organizations that 
need to transmit large amounts of data over a network. 

However, there are also some challenges associated with edge compu-
ting. One of the main challenges is the security. The level of physical securi-
ty at edge sites is typically lower compared to that of core sites. Therefore, 
an edge strategy needs to consider a higher possibility of both intentional 
and unintentional occurrences.  

Overall, edge computing is a promising technology that can offer sev-
eral benefits for organizations looking to process and analyze data closer to 
the source. With continued advancements in hardware and software, edge 
computing is likely to become an increasingly important component of many 
industries in the years to come. 
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THE FUTURE OF URBAN LIVING: HOW AI AND IOT ARE 

SHAPING MODERN CITIES 

The Future of Urban Living is an exciting topic that explores the inte-
gration of artificial intelligence (AI) and the Internet of Things (IoT) in 
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modern cities. As urban areas around the world continue to grow, govern-
ments and city planners are looking for ways to use technology to make 
positive changes within their municipalities. Smart cities use modern tech-
nology like IoT and AI to improve living environments and promote sustain-
able urban development. The IoT is regarded as the most important interface 
for smart cities and involves a network of intricately connected devices de-
signed to communicate and exchange data. 

The main aim of smart cities is to use technology to improve the quali-
ty of life for their residents. This can be achieved in several ways, such as 
using IoT to optimize traffic flow and make roads a safer place both for 
drivers and pedestrians. Some smart traffic control systems use sensors to 
detect the number of cars on the road at a given time and adjust the timing of 
traffic lights to ease congestion. IoT also facilitates smart parking, helping 
drivers to navigate parking lots, find parking spaces, and use digital payment 
methods. Smart toll roads are equipped with sensors that detect when a car 
drives through a toll plaza and simply deduct the fees from a linked account. 

London is currently the most advanced smart city in the world, with an 
estimated population of 10 million people within a 1,500 km2 area by 2030. 
The local government has invested heavily in technologies like AI, IoT, and 
6G solutions to provide convenience and enhance interconnectedness be-
tween residents. The city mayor has implemented a roadmap as well as sev-
eral initiatives to ensure London becomes the <smartest city in the world.= 

IoT is the core technology upon which the future city is built. These in-
telligent, interconnected cities, rely on data collection for everything. IoT 
sensors collect data and feed it into a platform so it can be analyzed. In the 
city of the future, devices must be able to communicate between each other, 
so decisions can be made. Authorities and city officials must work hand in 
hand with network operators to position several connectivity points through-
out the city to ensure proper communication. 

Smart city innovations involving IoT may be more exciting to the av-
erage citizen, but blockchain holds massive potential to improve some of the 
most fundamental services powering urban areas, while also supporting IoT 
innovations. Blockchain technology can be used to reduce administrative 
burdens, increase trust, and ensure accountability between governments and 
citizens. Innovative city, state, and country governments are already deploy-
ing the technology to improve public records management, peer-to-peer 
payments, and digital identity. 

Cities around the world are becoming smarter, and with these devel-
opments will come new challenges and opportunities. Smart city projects are 
happening so fast that many people may already live in ones without even 
knowing it. Electric vehicles, remote heating and camera systems, and even 
smart roads all contribute to the evolution of cities as we know them. Smart 
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cities also have their part to play in the reduction of emissions. As our cities 
currently use 78% of the world9s energy, experts hope that smart cities will 
help to control the negative impact of climate change and carbon emissions 
on our environment. 
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ROBOTICS OF THE FUTURE: BOSTON DYNAMICS 

Boston Dynamics is a robotics company founded in 1992 that develops 
and manufactures advanced robots with high speed, maneuverability, and 
flexibility. The company9s robots are known for their ability to move over 
uneven terrain, climb stairs, open doors, lift heavy loads, and detect and 
identify objects. Boston Dynamics has made significant strides in the field of 
robotics, and its products have many potential applications in various indus-
tries, from manufacturing and construction to healthcare and logistics.  

One of Boston Dynamics9 most famous robots is Spot, a quadrupedal 
robot that looks like a robot dog. Spot can move on uneven ground, climb 
stairs, open doors, and even dance. The robot is equipped with cameras and 
sensors that allow it to create 3D maps of construction sites, troubleshoot 
machines on offshore oil rigs, and perform surveillance and inspection tasks. 
During the outbreak of the COVID-19 pandemic in 2020, Spot helped hospi-
tals sort patient tests by delivering samples from the testing area to the la-
boratory. Spot9s agility and versatility make it a valuable asset in various 
industries, from construction and mining to law enforcement and security. 

Another well-known robot developed by Boston Dynamics is Atlas; a 
humanoid robot with its impressive jumping and flipping abilities, Atlas has 
captured the attention of the public and demonstrated the incredible ad-
vancements that have been made in the field of robotics. But Atlas is more 
than just a showpiece. It is equipped with a range of sensors and cameras 
that enable it to perceive its surroundings in real-time and interact with ob-
jects with remarkable precision. This makes it an ideal tool for complex 
industrial tasks that require a high degree of accuracy and dexterity. 

In 2021, Boston Dynamics announced a new robot called Stretch. Un-
like Spot and Atlas, Stretch is not modeled after a human or animal but is 
designed to be as practical as possible. The robot has a large robotic arm that 
can grab and move boxes weighing up to 23 kilograms (50 pounds). It is also 
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designed to be integrated into any existing workstation, making it a versatile 
tool for loading or unloading goods. Stretch9s simple design and practical 
capabilities make it an ideal choice for logistics companies that need to 
move heavy loads quickly and efficiently. 

Another robot used for logistics purposes is Handle. Handle can lift 
loads up to 45 kilograms and has two legs with wheels. The wheels can be 
used on flat surfaces, and the legs can be used to move up and down stairs or 
to jump over obstacles. Handle9s mobility and flexibility make it an excel-
lent choice for warehouse and factory environments, where heavy loads need 
to be moved quickly and efficiently. Handle9s design is also modular, allow-
ing companies to customize the robot to fit their specific needs. 

As Boston Dynamics continues to develop new robots and technolo-
gies, the possibilities for their applications are virtually limitless. The acqui-
sition of Boston Dynamics by Hyundai Motor Group in 2021 opens up great 
opportunities for creating new products and technologies that will be useful 
in many areas of people9s lives. For example, using robotics and mobility 
technologies developed by Boston Dynamics, Hyundai plans to develop a 
new platform for autonomous electric cars that can be used to move around 
in bad weather conditions, help people with disabilities, and provide emer-
gency medical care.  

The combination of robotics and mobility technologies has the poten-
tial to revolutionize transportation and mobility, making it safer, more effi-
cient, and more accessible for everyone. 
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LOW-CODE AND NO-CODE DEVELOPMENT 

Low-code/no-code development platforms are types of visual software 
development environments that allow enterprise developers and citizen de-
velopers to drag and drop application components, connect them together 
and create mobile or web apps. 

Modular, low-code and no-code approaches allow professional devel-
opers to build applications effortlessly without writing code line by line. 
However, the growth in the number of low-code/no-code platforms is driven 
by a shortage of skilled software developers and the need to solve business 
problems quickly. 
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People can create applications with little or no knowledge of pro-
gramming languages using the platform configurable components. Users see 
a user-friendly graphical user interface (GUI) that enables them to combine 
components and third-party application program interfaces (APIs). 

Low-code is a method of designing and developing applications using 
intuitive graphical tools and built-in functions that reduce the size of pro-
gram code. Low-code development platforms require users to have basic 
coding skills to develop, while no-code development platforms require no 
programming knowledge at all. 

No-code is also a RAD approach and is part of a modular, low-code, 
plug-and-play development approach. No-code has a completely hands-off 
approach, with complete dependence on visual tools, while low-code has 
some developer involvement in the form of scripting or manual coding. 

Low-code/no-code applications can provide close alignment with busi-
ness requirements, can be implemented quickly, and are generally less ex-
pensive than in-house developed systems. These programs do not achieve 
these benefits by magic, they outsource development to users rather than 
professional system developers. 

Advantages of Low-code/no-code approaches are as follows: they are 
easy to understand; their increased agility; customer experience. 

Disadvantages of Low-code/no-code approaches are reduced flexibil-
ity; security and risk; vendor lock-in. 
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USING AI IN SOFTWARE DEVELOPMENT: GITHUB COPILOT 

SYSTEM 

GitHub Copilot is an AI pair programmer that offers autocomplete-
style suggestions as you code. You can receive suggestions from GitHub 
Copilot either by starting to write the code you want to use, or by writing a 
natural language comment describing what you want the code to do. GitHub 
Copilot analyzes the context in the file you are editing, as well as related 
files, and offers suggestions from within your text editor. GitHub Copilot is 
powered by OpenAI Codex, a new AI system created by OpenAI.GitHub 
Copilot is available as an extension in Visual Studio Code, Visual Studio, 
Neovim and the JetBrains suite of IDEs. 
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This is certainly not the first <AI powered= program synthesis tool. 
GitHub9s Natural Language Semantic Code Search in 2018 demonstrated 
finding code examples using plain English descriptions. Tabnine has provid-
ed <AI powered= code completion for a few years now. Where Copilot dif-
fers is that it can generate entire multi-line functions and even documenta-
tion and tests, based on the full context of a file of code. 

There are few different ways to use Copilot. 
You can start to type a signature of a function and Copilot will suggest 

a continuation of this function. 
For example you can write: 
int CalculateDaysBetweenDates( 
Copilot will suggest you the whole function to add. To accept it you need 

to press the tab. If alternative suggestions are available, you can see these alter-
natives by pressing Alt+] or Alt+[. To reject all suggestions, press Esc. 

Another way to work with Copilot is to simply write a prompt in a 
comment. 

For example, type the following comment. GitHub Copilot will sug-
gest an implementation of the function. 

using System.Xml.Linq; 

var doc = XDocument.Load("index.xhtml"); 

// find all images 

2. To accept the suggestion, press Tab. 
In a recent evaluation, GitHub found that users accepted on average 

26% of all completions shown by GitHub Copilot. They also found that on 
average more than 27% of developers9 code files were generated by GitHub 
Copilot, and in certain languages like Python that goes up to 40%. However, 
GitHub Copilot does not write perfect code. It is designed to generate the 
best code possible given the context it has access to, but it doesn9t test the 
code it suggests so the code may not always work, or even make sense. 
GitHub Copilot can only hold a very limited context, so it may not make use 
of helpful functions defined elsewhere in your project or even in the same 
file. And it may suggest old or deprecated uses of libraries and languages. 
When converting comments written in non-English to code, there may be 
performance disparities when compared to English. For suggested code, 
certain languages like Python, JavaScript, TypeScript, and Go might perform 
better compared to other programming languages. 

Copilot was created using the open source code from GitHub, therefore 
the code which Copilot gives you may be borrowed from someone else9s 
project. 

Copilot raises a number of important questions around who has actual-
ly authored a piece of software. <Open source= doesn9t mean a complete 
free-for-all, and there are still license requirements to fulfill and attributions 

https://github.blog/2018-09-18-towards-natural-language-semantic-code-search/
https://www.tabnine.com/
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to include, so if Copilot <borrows= code from one project and suggests it to 
the author of another project, will this open the floodgates to copyright in-
fringement lawsuits? There has also been a whole heap of discussions 
around what constitutes fair-use, as well as lack-of-transparency questions 
that Copilot raises, with Software Freedom Conservancy9s Bradley M. Kuhn 
penning an in-depth piece last year titled <If Software is My Copilot, Who 
Programmed My Software?=. 

Another problem that people see in Copilot is that it uses Open-Source 
code but at the same time it has a price. Some people see this as a betrayal of 
the open-source spirit. Also, this led the Software Freedom Conservancy 
(supported by a lot of big tech companies) to end its own use of GitHub 
internally, and introduce a program to help its member projects transition 
away from GitHub. On top of that, it said that it won9t accept new members 
that don9t have a clear plan to migrate their open source projects away from 
GitHub. 

On March 22, 2023 GitHub announced Copilot X. This is a new ver-
sion of Copilot, now based on ChatGPT-4. Copilot X will be embedded 
much deeper into the IDE, which will give it more vision about the context 
of your code, warning messages and other information. Also, Copilot X will 
have a chat window, so that will be a new way to work with it. A developer 
can get in-depth analysis and explanations of what code blocks are intended 
to do, generate unit tests, and get proposed fixes to bugs. And another huge 
new function is voice-to-code AI technology where developers can verbally 
give natural language prompts. 

In conclusion, we can see that the name <Copilot= fits this project real-
ly well. It does not write a perfect code, it can use someone else9s code, and 
you still need to verify everything it does. But at the same time, it still can 
give a lot of help, and give you a possibility to focus more on software archi-
tecture, debugging and optimization, than writing each function and thinking 
about how to implement them and what algorithm to use. 
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VIRTUAL REALITY: ANOTHER WORLD WITHIN SIGHT 

Virtual reality is a kind of semblance of the world around us, artificial-
ly created with the help of technical means and presented in digital form. 
The created effects are projected onto the human consciousness and allow us 

https://en.wikipedia.org/wiki/Bradley_M._Kuhn
https://sfconservancy.org/blog/2022/feb/03/github-copilot-copyleft-gpl/
https://sfconservancy.org/blog/2022/feb/03/github-copilot-copyleft-gpl/
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to experience sensations as close as possible to real ones. This technology 
changed the vision of humanity and made a vital contribution to the devel-
opment of many fields. 

The most common means of immersion in virtual reality are special-
ized helmets or glasses that are worn on a person9s head. The principle of 
operation of such a helmet is quite simple. The display in front of your eyes 
displays video in 3D. Attached to the body, a gyroscope and accelerometer 
track head movements and transmit data to a computing system, which 
changes the image on the display depending on the readings of the sensors. 
As a result, the user has the ability to <look around= inside virtual reality and 
feel in it as in the real world. For the image to have high definition and al-
ways fall into focus, special plastic lenses are used. 

The active use of virtual (VR) and augmented (AR) realities in a varie-
ty of areas forms a <merged reality=, in which the boundaries between aug-
mented, virtual and physical worlds are blurred. 7 out of 10 users expect VR 
/ AR technology to revolutionize 6 areas: media, education, work, social, 
travel and retail.  

In mid-October 2020, surgical planning software developer Immer-
siveTouch unveiled its VR digital surgery platform. It is intended for dentists 
and maxillofacial surgeons. In mid-August 2021, a new module for training 
hip and knee operations in VR was launched on the Osso VR platform. In 
the face of the pandemic, developers are prioritizing the expansion of the 
curriculum across multiple majors to provide ongoing training for medical 
students and residents. 

In mid-September 2020, as part of a study, one of the Oxford nursing 
homes began to implement VR technologies to help patients with dementia. 
At the same time, VR pictures are created individually for each patient. The 
pilot project team negotiated with nursing home workers and created a pano-
rama of pictures from the past for dementia patients. Several patients were 
sent back to their youthful memories: to rock and roll dance halls from the 
1950s, to the church where they got married, on trips abroad. Patients de-
scribed the experienced sensations as <amazing= and added that after such a 
shake-up they feel much more invigorated. Scientists report that the use of 
VR technology improved communication and cognitive abilities in more 
than half of the patients with dementia who participated in the study. 

VR projects can not only create conceptually new markets, but also 
expand existing ones. According to Goldman Sachs analysts, VR in the 
cinema industry is one of three notable growing market segments, along with 
the gaming industry and online streaming services. According to analysts, 
the use of virtual reality technologies will bring the film industry $ 3.2 bil-
lion by 2025 and will have an audience of at least 72 million users. 
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To summarize, the market for virtual reality technologies mainly influ-
ences the human vision of the world. According to experts, the main cata-
lysts for the growth of the AR market have become the availability of tech-
nology and the simplicity of smart devices. In addition, the COVID-19 coro-
navirus pandemic when people had limited physical contact and increasingly 
used technology for distance communication, education and work, contribut-
ed to its growth. 

 
 

'�� 004.8 
Anastasiia Nikitina¹, Nataliia Zhukova² 
¹student of group CST -112 NU <Zaporizhzhia Polytechnic= 
²PhD (Philology), associate professor NU <Zaporizhzhia Polytechnic= 

Nikitina �., Zhukova N. 

DEVELOPMENT AND APPLICATION OF MACHINE LEARNING 

FOR PATTERN RECOGNITION AND IMAGE PROCESSING 

The development and application of machine learning for pattern 
recognition and image processing is a very important topic in modern science 
and technology. To succeed in this area, it is necessary to use special machine 
learning methods and algorithms, such as neural networks and decision trees. 

Machine learning is a branch of artificial intelligence that researches and 
develops algorithms and techniques that enable computers to learn from data and 
perform tasks without direct programming [4]. 

One of the most important applications of machine learning for pattern 
recognition is computer vision. It is applied in various fields such as medicine, 
industry, automated production line, facial recognition, and biometrics, helping 
to automate many processes that require processing visual information [5]. 

Another application of such training is virtual reality. It can be used to rec-
ognize gestures and movements that a user makes in a virtual space to control 
the process of interacting with the virtual environment. 

Machine learning applications can also be used to create autonomous sys-
tems, such as robots and unmanned aerial vehicles. These systems can use ma-
chine learning to recognize patterns and environmental objects, which will help 
them adapt to changes in the environment and make autonomous decisions [3]. 

Currently, some of the most common examples of machine learning appli-
cations for pattern recognition and image processing are the following: 

1. Face recognition. Machine learning can be used to identify specific fea-
tures in images and compare them with known samples, allowing you to accu-
rately identify people in the images. 
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2. Detection of objects in images. For example, machine learning algo-
rithms can be used to detect vehicles in images from city streets, or to detect 
cancerous tumors in medical images. 

3.  Automatic processing of photos and videos. For example, these tech-
nologies can be used to automatically remove noise in images and automatically 
improve video quality [2]. 

Based on what has been pointed out, machine learning is a very important 
field of information technology used for pattern recognition and image pro-
cessing. Thanks to it, new opportunities in image processing have become avail-
able, in particular in the field of computer vision, where accurate and fast object 
recognition is important. 

Applications of this technology include areas such as medical diagnostics, 
production quality control, face and voice recognition, unmanned vehicles, and 
many others. All of these applications have significant advantages in that they 
can significantly improve the efficiency and accuracy of processing large 
amounts of data in a short time. 

At the same time, the use of machine learning poses some issues, such as 
the need for large amounts of data to train models, the complexity of managing 
the reliability and security of systems, and the need for constant updating of 
models [1]. 

Therefore, machine learning for pattern recognition and image processing 
is an important technology that has significant potential for the development of 
many industries, but its use should be justified and carefully planned. 
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ANALYSIS OF METHODS FOR STUDYING THE STATIC 

STABILITY OF A GENERATOR WITHOUT AUTOMATIC 

EXCITATION CONTROL 

The study of electromechanical transients in electrical systems allows 
us to predict the occurrence of any transient process, preventing possible 
negative consequences [1, 2]. The following methods are used to study the 
static stability of power systems: numerical methods, computer simulation 
methods, and algebraic methods. 

Numerical methods such as finite element analysis and finite difference 
methods can be used to solve complex mathematical equations and simulate 
the behavior of energy systems under different conditions. These methods 
can be computationally intensive but can provide highly accurate results [3]. 

Computer simulation methods can also be used to model and simulate 
the behavior of energy systems. These methods involve the use of computer 
programs to model the system9s components, inputs, and outputs. By simu-
lating the behavior of the system under different conditions, these methods 
can provide insights into potential stability issues and ways to optimize sys-
tem performance [2, 4]. 

Algebraic methods such as power-flow analysis and load-flow analysis 
are widely used in the energy industry to study the static stability of power 
systems. These methods involve the use of algebraic equations and mathe-
matical relationships to model the system9s behavior and determine its sta-
bility under different conditions [1, 5].  

The choice of method will depend on the specific problem being ad-
dressed and the resources available. For instance, algebraic methods may be 
more suitable for studying the steady-state behavior of large power systems, 
while numerical and simulation methods may be more appropriate for ana-
lyzing the dynamic behavior of smaller systems or for simulating the effects 
of extreme events such as storms or blackouts. 

Static stability is the ability of a given steady-state mode to self-
establish after the end of the action of small disturbances in the parameters 
of this mode, and not to <slip= from them, as well as to withstand small dis-
turbances during the gradual deterioration of the mode close to the limit. 
Small disturbances always accompany the operation of the system and are 
mainly associated with changes in load, as well as with the reaction of regu-
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lating devices to this; with the switching on and off of individual generators 
or changes in their power; with changes in normal operating schemes during 
switching, etc. 

The task of analyzing the static stability of the system is solved by de-
termining the dependencies that characterize the change in the parameters of 
a given output mode over time under small disturbances of this mode. In 
most cases, it is sufficient to determine the change in the rotor runout angle 
of the SG rotor over time. To do this, it is necessary to solve the nonlinear 
differential equation (1) (or a system of differential equations) that describes 
this mode. It is impossible to find a solution to equation (1) in general. 
Therefore, the stability study is carried out either by integrating the linear-
ized differential equation using the method of small oscillations or by direct 
integration of the original nonlinear differential equation using numerical 
methods. 

  (1) 

where Tj is the rotor inertia constant, s; 
Pd is the damping coefficient, d.u; 
P0 is the power of the turbine at the initial steady-state mode, units; 
· is the generator rotor runout angle, rad; 
ω0 is the synchronous rotor speed, rad/c, 
Eq is the transverse synchronous EMF of the generator, in units of time; 
Uc is the voltage on the buses of the receiving system, voltages; 
Xc is the sum of the resistances of the transmission elements from the point 
of application of the EMF Eq to the busbars of the receiving system with a 
voltage Uc, voltages. 

 
The simulation model of the synchronous generator movement with 

measurement circuits developed in this paper is shown in Fig. 1. 
As a result of the studies, the problem of analyzing the static stability 

of a synchronous generator without automatic excitation control in a wide 
range of changes in output parameters was solved. Dependences of the rotor 
runaway angle of a synchronous generator in time were obtained. 

The developed software system is used in the educational process of 
the Department of Power Supply of Industrial Enterprises of the National 
University "Zaporizhzhia Polytechnic" in the study of the discipline "Elec-
tromechanical Transients" for students of specialty 141 "Electric Power 
Engineering, Electrical Engineering and Electromechanics". 



 

416 

 

 

Figure 1 – Simulation model of synchronous generator movement 
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ENERGY EFFICIENCY OF RESIDENTIAL BUILDINGS IN 

UKRAINE: MODERNIZATION OR NEW DESIGN 

Today, the issues of using renewable energy sources and reducing the 
impact on the natural environment are the most pressing around the world. 
Improving the energy efficiency of residential buildings is one of the ways to 
reduce the consumption of heat and electricity. 

Improving the energy efficiency of residential buildings can achieve 
various goals. The first is to reduce operating costs for the building owner. 
This can save up to 60% on electricity and heat bills. Over a long period of 
time, it will produce incredible savings. The second goal, which is achieved 
by improving energy efficiency, is to save natural resources. An energy-
efficient building maintains a comfortable temperature inside, at different 
temperatures outside, without significant heating or cooling costs.  

A negative aspect of an energy efficient building is its higher price 
compared to a conventional building. Depending on the materials used in 
construction, the price can increase by up to 13%. 

In Ukraine, the majority of the housing stock is represented by old 
buildings. Their design was based on mass production and low cost. As a 
result, the energy efficiency of buildings constructed before the 2000s is 10 
to 20 times worse than that of residential buildings built in the EU countries 
of similar years. In our country, the construction of energy efficient build-
ings is just beginning to develop compared to European countries, where the 
construction of such buildings has been popular for decades. The main rea-
son why the construction of energy efficient houses is not developed in 
Ukraine is that a unit of living space in an energy efficient house is 8-13% 
more expensive than in a house of traditional construction. In this regard, 
many organizations find it more profitable to invest in the construction of 
<energy wasteful= residential buildings, thereby generating higher income. 

Modern energy efficiency programs in Ukraine and Europe involve the 
use and development of new construction materials for residential construc-
tion. The use of energy-efficient materials for residential construction helps 
to save raw materials and reduce the subsequent costs of heating and 
maintenance of the buildings themselves. The selection of energy-efficient 
building materials and modern technologies for their installation allows for a 
building that requires less energy to heat than a conventional building. 
Sometimes these savings amount to 60-80%. 
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In Ukraine, panoramic windows have recently gained popularity. They 
look spectacular when viewed from the outside, but we must not forget that 
any windows are unnecessary heat losses, and panoramic windows are not 
particularly effective for energy saving.  

However, there are ways to compensate for these losses. For example, 
it is possible to use more expensive facade materials that have better thermal 
insulation characteristics. This increases the cost and operating costs of the 
building9s occupants, and also complicates the design. The most effective 
solution is to use double-glazed windows with a small area. They have low 
thermal conductivity characteristics and a relatively low cost compared to 
panoramic windows with similar parameters. Efficient glazing allows you to 
save on other building systems such as heating and ventilation and reduce 
operating costs. 

In summary, the greatest savings in electricity and heat can be 
achieved in buildings that were planned as energy efficient at the design 
stage and use modern energy efficient materials in their construction. Mod-
ernization of already constructed buildings will be costly and will not bring 
significant savings. 
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CHAT GENERATIVE PRE-TRAINED TRANSFORMER AND ITS 

ADVANTAGES 

ChatGPT is a machine learning model that has been pre-trained on a 
large amount of textual data and can generate human-like text. It is a type of 
chatbot that uses natural language processing (NLP) and deep learning 
techniques to understand and respond to user input. 

ChatGPT works using a combination of neural networks and 
transformer architecture. It learns from a large corpus of textual data using 
unsupervised learning techniques, which allows it to learn natural language 
patterns and structures. When a user enters a "what was shown above" text 
message, ChatGPT uses its pre-trained knowledge to generate a relevant and 
consistent response. 

To use ChatGPT effectively, it is important to provide it with high-
quality training data that is relevant to the domain or application in which 
you are using it. It9s also important to fine-tune the model for specific use 
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cases and evaluate its performance regularly to make sure it9s producing 
accurate and useful responses. 

Advantages of ChatGPTover other AIs: 
ChatGPT has several advantages over other AI models. First, it has 

been pre-trained on a large amount of textual data, which allows it to 
generate more consistent and human-like responses. In addition, it can be 
fine-tuned for specific use cases, which increases its accuracy and relevance 
to specific domains. Finally, it can generate answers to open-ended 
questions, a feature not found in many other chatbot models. 

Language comprehension: ChatGPT is trained on vast amounts of text 
data and can understand and interpret human language in a way that other AI 
models may not be able to. This allows ChatGPT to engage in more natural 
and human-like conversations with users. 

Large knowledge base: ChatGPT has access to a vast amount of 
information and can provide answers to a wide range of questions on various 
topics, from science and technology to history and entertainment. 

Continual learning: ChatGPT is continually learning from new text 
data and user interactions, which helps to improve its accuracy and relevance 
over time. 

Flexibility: ChatGPT can be used in a variety of applications, such as 
chatbots, virtual assistants, and recommendation systems, making it a 
versatile AI model. 

Open source: ChatGPT is open source, meaning that its code and models 
are publicly available for use and modification by anyone. This allows 
developers to customize and adapt ChatGPT to suit their specific needs. 
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RESEARCH OF ORGANIZATION OF USER INTERACTION WITH 

VIRTUAL ENVIRONMENT 

User interaction with virtual environmentinvolves designing and de-
veloping interfaces that allow interact with virtual reality(VR) in a natural 
and intuitive way, often using various input devices such as controllers, 
gesture recognition. 

One of aspects of user interaction in VR is the design of user interfaces 
(UIs) that are optimized for virtual environments. This includes considera-
tions such as the placement and layout of UI elements, the use of color and 
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contrast, and the use of animations and other visual cues to guide user inter-
actions. Researchers also explore the use of natural language processing and 
voice recognition technologies to enable users to interact with virtual envi-
ronments through speech. 

In recent years, there has been a growing interest in the use of haptic 
feedback and other forms of sensory feedback to enhance user interactions in 
virtual environments. Haptic feedback can help create a more realistic sense 
of touch and can be used to simulate physical interactions with virtual ob-
jects. 

Also important thing of user interaction in VR is the concept of pres-
ence, which refers to the feeling of being fully immersed in a virtual envi-
ronment. Achieving presence is critical for creating a sense of immersion 
and enhancing the user experience. To achieve presence, researchers often 
explore the use of advanced technologies such as 3D modeling, graphics 
rendering, and spatial audio. 

Overall, the research on the organization of user interaction with virtu-
al environments is an important and rapidly evolving area that is critical to 
the development of high-quality virtual reality experiences. As technology 
continues to advance, it9s likely that researchers will continue to explore new 
approaches and techniques for designing and developing interfaces that 
enable more immersive and intuitive interactions with virtual environments. 
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PROGRAMMING IN DIFFERENT INDUSTRIES 

Application of Information Technology in Medical Recordkeeping can 
offer numerous advantages, such as electronic database of patients with a 
complete history of visits and a list of provided medical services with de-
tailed descriptions, starting from the date of the first visit, fast contextual 
search of any information in the database, high level of protection for medi-
cal data, electronic document flow, keeping records in compliance with 
current departmental standards and requirements of the Ministry of Health, 
management of electronic queues and electronic appointments with special-
ists. It is worth noting that the use of information technology in medical 
recordkeeping not only improves the efficiency of medical institutions but 
also enhances the quality of medical care provided to patients. By using 
electronic records, medical professionals can quickly and accurately access 
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patient information, which can lead to better diagnoses and treatment plans. 
Additionally, electronic records can be easily shared between different med-
ical institutions, which can be particularly beneficial in emergency situations 
or when a patient seeks care in a different city or country. Additionally, 
programming can be used to develop apps that help patients manage their 
health, such as fitness tracking apps, medication reminder apps, and symp-
tom tracking apps. 

Moving on to finance, programming is used to develop algorithms that 
perform financial analysis, risk management, and fraud detection. These 
algorithms can be used to analyse vast amounts of financial data, identify 
patterns and trends, and make informed investment decisions. Furthermore, 
programming is used to develop trading bots that can automatically execute 
trades based on predefined rules and strategies. This technology has made 
the process more efficient and reduces the risk of human error. 

Programming is also essential in the manufacturing industry, where it 
is used to automate processes, monitor quality control, and optimize supply 
chain management. For example, programming is used to develop robotics 
systems that can perform repetitive and dangerous tasks. This technology 
can help reduce the risk of accidents and improve production efficiency. 

In the education industry, programming is used to develop educational 
software that helps students learn more effectively. For instance, Duolingo is 
a language-learning platform that uses gamification to make language learn-
ing more engaging and fun. The software adapts to the learner9s skill level, 
providing a personalized learning experience. Another example is Scratch, a 
programming language developed by MIT that teaches children how to code 
through a visual programming interface. 

Programming can also be used in the transportation industry to develop 
autonomous vehicles. These vehicles use sensors and machine learning algo-
rithms to navigate roads and transport passengers or cargo without human 
intervention. This technology has the potential to revolutionize the transpor-
tation industry, making it safer, more efficient and more sustainable. 
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ENSURING INDUSTRIAL ENTERPRISES’ POWER SUPPLY 

RELIABILITY 

A reliable power supply is vital for industrial enterprises since it guar-
antees the smooth operation of their processes. The power supply acts as the 
foundation of most industrial operations, and any interruption can lead to 
significant losses for the enterprise. 

A consistent power supply guarantees efficient performance of equip-
ment and machinery, enhancing production output while minimizing down-
time. Furthermore, a stable power supply safeguards equipment against any 
harm resulting from power supply disruptions. 

It also ensures that all necessary safety systems and lighting are opera-
tional, reducing the possibility of accidents and injuries. Moreover, it guar-
antees that industrial enterprises meet customer deadlines and demands, thus 
enhancing customer satisfaction and loyalty. 

Overall, a reliable power supply is critical for industrial enterprises to 
ensure effectiveness, equipment protection, safety, product quality, and cus-
tomer satisfaction. Investing in alternative power solutions such as genera-
tors or uninterruptible power supplies (UPS) guarantees the continuous and 
smooth operation of the enterprise9s processes in case of power outages or 
disruptions. 

Ensuring power supply reliability requires a combination of proactive 
measures, such as backup power solutions, power quality monitoring, and 
reactive measures, like maintenance and power resilience plans. 

By implementing these measures, enterprises can minimize the impact 
of power supply disruptions on their operations and maintain productivity 
and profitability. 

To ensure power supply reliability, enterprises can install backup pow-
er solutions like generators, uninterruptible power supplies, or battery stor-
age systems. Power quality monitoring can also help prevent disruptions and 
optimize energy usage. Regular maintenance and upgrades of the power 
supply infrastructure can identify issues and improve efficiency. 

Diversifying power sources, such as using renewables or multiple pro-
viders, can reduce dependence on a single source. Developing power resili-
ence plans can minimize downtime by outlining procedures for outages, 
including backup power and equipment shutdown/startup. 
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In conclusion, a reliable power supply is a crucial element for the 
smooth operation of industrial enterprises, ensuring effectiveness, equipment 
protection, safety, product quality, and customer satisfaction. 

Proactive and reactive measures such as backup power solutions, pow-
er quality monitoring, maintenance, diversifying power sources, and power 
resilience plans are necessary to guarantee power supply reliability. 

By implementing these measures, enterprises can minimize the impact 
of power supply disruptions on their operations and maintain productivity 
and profitability. 
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INVERTER GENERATORS 

Inverters are devices with a gasoline, diesel or gas fuel system that al-
low converting the input alternating current of the network (220 V) into 
direct current (12 V) by means of a semiconductor rectifier and, after 
smoothing its pulsations with capacitive filters, transform the DC voltage 
current back into alternating current with the specified parameters on the 
load. Due to this method of conversion, it is possible to obtain an output 
electrical signal characterized by high accuracy of voltage and current. 

These devices are generators of periodic voltage, which is most often 
as close as possible to a regular sine wave in shape. Theoretically, they allow 
you to get a current at the output that has any necessary parameters that do 
not depend on the incoming voltage. In this case, it is possible to obtain not 
static current parameters, but adjustable ones of different frequencies and 
voltages. A constant voltage of 12 V is generated by the included batteries. 
The switches are available with thermal, electromagnetic and combined 
(thermal and electromagnetic) disconnectors with a different number of 
poles ‒ one, two and three. In single-phase circuits, one and two-pole cir-
cuits are used, and in three-phase circuits, three-pole circuits are used. 

One of the most popular ways of using an inverter is its operation as an 
emergency or backup power source for powering household appliances and 
appliances consuming 220 V AC. Most often they are used to connect kitch-
en and office equipment, TV, refrigerator, as well as high-frequency equip-
ment in the country or in a country house when the light is suddenly turned 
off. Depending on the total power of the load connected to it, this technique 
will be able to work autonomously for at least several hours. Also, with the 
help of inverter stations, power tools (electric saws, drills, planes) are con-
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nected to carry out repair and construction work in places where there is no 
supply voltage of 220 V. Such units are no less in demand among anglers 
and hunters. 

Basically, inverter stations are designed for episodic operation in case 
of spontaneous power outage. They are purchased once and serve for many 
years. The longer service life is explained by the reliability of the mecha-
nism of these devices, provided by the following factors: 

1. the presence of a special ignition system at the heart of these devic-
es, which guarantees a quick start of the inverter; 

2. control of the devices by means of an automatic control system that 
contributes to economical fuel consumption, the indicators of which are 
reduced by 40%.  

Depending on the form of the output signal, these devices are divided 
into two groups that differ in cost. The first includes units with a pure sinus-
oidal output voltage, the second group consists of devices that provide a 
simplified output signal (trapezoidal sine). 

Most modern electrical equipment can operate normally from inverter 
generators whose output signal is a modified sine wave. Therefore, if you are 
faced with the task of providing autonomous power supply to standard house-
hold electrical appliances, such as a refrigerator, TV, lighting lamps, etc., then 
the most optimal and economical solution will be an inverter generating a modi-
fied sine wave, and models with a "pure sine" are better to be chosen for more 
sensitive equipment.  

The main modes of operation of inverters are: 
1. long-term operation mode which provides for the operation of the in-

verter at rated power. 
2. overload mode: most of these units allow operation for no more than 30 

minutes at the maximum power, the value of which can be 1.5 times higher than 
the nominal. Such large, but short-term overload can occur when the refrig-
erator is turned on. 

3. start-up mode: the power plant is in the process of powering up 
within a few milliseconds of increased instantaneous power necessary to 
ensure a normal start of the device and overcome capacitive loads. 

The most important advantages of inverters are the wide possibilities 
expressed in the conversion of electric current, as well as their high speed. 
Due to this, they are rightfully considered the best sources of independent 
power for welding equipment. In addition, they are perfectly compatible 
with a wide range of electrical appliances. These devices are equally suitable 
for household appliances, electrical tools and electronic equipment. 

The features and advantages of generators with an inverter circuit 
listed in this article allow us to confidently declare high functional, tech-
nical, as well as operational characteristics and indicators of this equipment. 
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ADVANTAGES AND DISADVANTAGES OF 

AUTOTRANSFORMERS 

Although the advantages of autotransformers have long been known, 
for a long time they were used only as auxiliary devices for starting asyn-
chronous motors, voltage regulation in laboratory conditions, etc. However, 
last century, autotransformers were produced as high power and high voltage 
units and even in some cases replaces transformers in their traditional posi-
tions. This is explained by the fact that with the growth of the produced 
electrical energy and the increase in the voltage of power lines, the use of 
autotransformers has become more desirable, and sometimes simply neces-
sary, since with the same throughput power, the autotransformer has smaller 
dimensions and higher efficiency than the transformer. At very high powers 
and ultra-high voltages this becomes especially important, since only the 
autotransformer connection allows the construction of transportable units.  

The use of autotransformers became possible because ways were found 
to overcome or, in any case, mitigate the shortcomings of autotransformers 
that previously blocked their path to large-scale energy. In some cases, how-
ever, the disadvantages of autotransformers outweigh their advantages and 
then transformers are used. Now let us consider the advantages and disad-
vantages of autotransformers. 

For advantages it is a good idea to compare units of the same through-
put power. 

The production of an autotransformer requires fewer materials (copper, 
steel, insulating materials, etc.) and is therefore cheaper.  

Losses in the autotransformer are lower and therefore its efficiency is 
higher. 

The change in voltage in the autotransformer is less because the short 
circuit voltage is less. 

With the same steel grade and rated induction, the magnetizing current 
in the autotransformer is less. 

The overall dimensions of the autotransformer are smaller, which al-
lows the production of transportable units of higher power throughput.  

All these advantages of autotransformers become more apparent, the 
smaller the difference between the primary and secondary voltages is. Usual-
ly in power autotransformers transformation ratio is k<2.  
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Along with the advantages listed above, autotransformers have several 
disadvantages that limit their use. 

The electrical connection between the high and low voltage sides leads 
to the fact that any violation of the regime or an accident on one side leads to 
a violation of the regime on the other. When one of the high voltage lines is 
shorted to ground, the low voltage line voltage receives the potential U2, 
with respect to ground. As a result, not only the low voltage winding of the 
autotransformer, but also all the equipment on this side, including the gener-
ator, are under increased voltage with respect to ground. The more this volt-
age exceeds the nominal voltage, the greater the ratio of secondary to prima-
ry voltage is (U2/U1). 

Of greatest interest are the issues of overvoltage in three-phase auto-
transformers. These issues will be discussed in detail below. The second 
disadvantage of the autotransformer is the low short-circuit voltage and 
associated high short-circuit currents and mechanical forces. Since power 
transformers are usually designed without a large margin of mechanical 
safety, and the forces acting on their windings at given line-to-line voltages 
are inversely proportional to the square of the short-circuit voltage, an auto-
transformer designed like a transformer can be destroyed during a short 
circuit. An autotransformer with a transformation ratio close to 1 may not be 
mechanically strong enough if the short circuit currents of the autotrans-
former are not limited by the resistance of other elements of the system. This 
must be considered when calculating the mechanical strength of autotrans-
formers. In some cases, it is necessary to increase the leakage resistance of 
an autotransformer by increasing its stray fields, for example, by reducing 
the diameter of the rod, increasing the width of the gap between the wind-
ings, etc. An increase in stray fields in an autotransformer is, of course, un-
desirable, since it leads to an increase in losses, local overheating, and in-
creased voltage fluctuations. 

Some complications are encountered in solving the problem of voltage 
regulation under load of power autotransformers. 

An autotransformer is a convenient and economical way to transform 
voltage, but due to its shortcomings, it cannot completely replace simple 
transformers. But it has firmly occupied its niche, and it has a future. To 
date, every third product of a transformer is an autotransformer. 
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THE DIFFERENCE BETWEEN A CONTACTOR AND A 

MAGNETIC STARTER 

Since the magnetic starter and contactor are very similar in appearance 
and have similar functions, it is very easy to mistakenly think that there is no 
difference between them. However, it is not the case! 

Contactor and magnetic starter are two types of electric switches used 
to control electric motors. While they serve similar functions, there are some 
key differences between the two. 

A contactor is an electrically controlled switch used for switching an 
electrical power circuit. It typically consists of a coil that, when energized, 
creates a magnetic field that pulls in a set of contacts, thus closing the cir-
cuit. Contactors are often used in applications where high-current switching 
is required, such as control of electric motors, lighting systems, or heating 
systems. 

On the other hand, a magnetic starter is a specialized type of contactor 
used for starting and stopping electric motors. It includes a contactor as well 
as an overload relay, which is used to protect the motor from damage due to 
overloading. When the start button is pressed, the magnetic starter energizes 
the contactor coil, which closes the contacts and starts the motor. 

The overload relay works by measuring the current that flows through 
the motor. If the current exceeds a preset level for a specified amount of 
time, the overload relay will trip and open the circuit. The preset level is 
typically set slightly above the motor9s full load current, which is the maxi-
mum current the motor is designed to draw under normal operating condi-
tions. By tripping the overload relay, the magnetic starter protects the motor 
from damage due to overloading, which can lead to overheating, insulation 
breakdown, and other problems. 

In addition to overload protection, magnetic starters may also include 
other safety features, such as interlocks, which prevent the motor from being 
started accidentally or without proper safety precautions. For example, a 
magnetic starter may include a door interlock switch that prevents the starter 
from being energized unless the door to the motor control panel is closed. 
Other interlocks may be used to prevent the starter from being energized 
unless certain safety devices, such as emergency stop buttons or safety 
switches, are in the proper position. 
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Overall, magnetic starters provide a comprehensive solution for motor 
control applications, offering both the switching capability of a contactor 
and the protection of an overload relay. This makes them an ideal choice for 
applications where motor protection is critical, such as industrial environ-
ments where motors are subject to heavy loads and frequent start-stop cy-
cles. 

The main difference between a contactor and a magnetic starter is that 
the latter includes overload protection. While a contactor can be used to 
control a motor, it does not provide any protection against overloading. On 
the other hand, a magnetic starter includes an overload relay that is designed 
to protect the motor from damage due to overloading. Additionally, magnet-
ic starters are often equipped with other safety features, such as interlocks, to 
ensure that the motor cannot be started accidentally or without proper safety 
precautions. 

In summary, both contactors and magnetic starters are electric switches 
used to control electric motors, but magnetic starters include overload pro-
tection, making them more suitable for motor control applications where 
protection of the motor from damage due to overloading is important. 
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GUERRILLA MARKETING 

Guerrilla marketing is an advertising technique in which the company 
use surprise and unconventional interactions to market a product or service. 
The methods are mostly low- or no-cost and include the widespread use of 
more personal interactions or viral social media messages. 

The term "guerrilla marketing" entered the daily life of specialists after 
Jay Conrad Levinson9s book "Guerrilla Marketing" and the book "Marketing 
Wars" by Jack Trout appeared. Guerrilla marketing has many variations and 
techniques that help to solve the following goals and objectives. For exam-
ple, it can help draw attention to products with creativity; popularize the 
product among different groups of consumers; increase sales at minimum 
costs; form a positive image of company. Guerrilla marketing takes place in 
public places that offer the largest possible audience, such as streets, con-
certs, public parks, sporting events, festivals, beaches, and shopping malls. A 
key element of guerrilla marketing is choosing the right time and place to 
run a campaign to avoid potential legal trouble.  
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There are many kinds of guerrilla marketing, you can choose whatever 
you want. It could be a viral or buzz marketing when you can focus on word-
of-mouth distribution. Or it could be grassroots marketing when you rather 
highlight a personal connection between the consumer and the brand, and 
builds a lasting relationship with the brand. Most companies have adopted 
this guerrilla marketing strategy. For example, Duracell has taken this tactic 
and made their bus lights look like a Duracell torch. They didn9t spend a lot 
of money or time on it, but it looks effective. McDonald9s used a zebra as a 
means of advertising. Yellow lines drawn on the ground indicate that the 
fries are coming out of the box and people really love that creativity. 

Therefore, guerrilla marketing9s advantages and disadvantages. When 
compared to other marketing campaign strategies, it is frequently a less ex-
pensive alternative that typically allows for more innovation. But the great-
est downside of guerrilla marketing is its unpredictability. Since there is less 
structure, marketing professionals may not be able to collect metrics to 
gauge whether the campaign is successful or not. Besides, guerrilla market-
ing can use such unconventional methods whose success the company can-
not be sure of. 

Guerrilla marketing works because it is often a rather memorable and 
unconventional approach to marketing. A guerrilla marketing campaign9s 
main objective is to leave a positive impression on a customer, and this strat-
egy may be more effective than more straightforward ones. 
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WORD-FORMATION AS A FUNDAMENT OF THE ENGLISH 

LANGUAGE 

The English language only seems difficult and quite different from 
other languages, but actually it works the same way as Ukrainian ‒ by add-
ing affixes (an addition to the base form or stem of a word in order to modify 
its meaning or create a new word) to different parts of a word in order to 
make new meanings and even new parts of speech. For instance, adding a 
prefix neo- gives an adjective meaning <new= or <modern=: neoculture = 
new culture, neologism = new word etc. 

Affixes, mentioned below, are used the most, when we need to add 
some meaning, negative or positive. They are usually divided into prefixes 
and suffixes. Their difference is that prefixes are put before the root word 
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and suffixes ‒ after it. They also can be together in the same word: multicul-
tural, for example, has a prefix multi- (meaning <many/much=) and a suffix -
al that is used to make adjectives. 

Below you can see a short list of the most popular prefixes and their 
meanings. 

a) qualitative:  
1) mono- = one: monolid = one lid,  
2) multi- = many: multicultural = a lot of cultures, multifruit = a lot of 

fruits; 
3) over- = too much: overcharged = too charged; 
b) time:  
1) pre- = before (pre-war = before war); 
2) post- = after (post-war = after war)  
c) place:  
1) extra- = outside of/beyond: extraterrestial 
2) sub- = under: submarine 
3) trans- = across: transatlantic = across the Atlantic Ocean; 
d) negative meaning:  
1) dis- = remove, not (disagree = not agree, disqualify = remove from a 

game);  
2) down- = reduce (downgrade = reduce to a lower grade); 
3) il-/im-/in-/ir- = not: illegal, impossible, insecure, irregular; 
4) mis- = incorrect: misuse = the wrong use of something 
5) un = not, remove, reverse or opposite to: unusual = not usual, unable 

= not able, undo = reverse the effects a previous action, unhappy = non hap-
py; 

e) others: 
1) auto- = self: autobiography = a biography written by myself; 
2) re- = again: repeat, redo; 
3) pro- = in favour of: pro-communist = suppoting communism and its 

ideas; 
4) semi- = half. 
And so on. There are a lot of prefixes, that have different meanings. So 

many, that you can make a dictionary special for them. 
As for suffixes, we classify them not by meaning, but by the part of 

speech: adjectives have completely different suffixes than nouns, as follows: 
1. noun suffixes: -age, -dom, -ee, -er(-or), -hood, -ism and -ist, -ship, -

sion/-tion/-xion etc; 
2. adjective suffixes: -able(-ible), -al, -en, -ish, -ive, -y, -ous and so on;  
3. verb suffixes: -ate, -ife, -ise (-ise); 
4. adverb suffixes: -ly, -ward(s), -wise. 
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But not only affixes are used for word formation. We can also use 
compounding words, converse them from one part of speech to another, 
even remove parts of a word.  

 Compounding is linking together two or more words to create a new 
one: back + ache = backache, cruelty + free = cruelty-free (products, made 
without experiments on animals), heart + break + suffix -ing = heartbreaking 
and so on.  

There is a problem when you don9t know where to put hyphens. For 
example, is it correct to write <sugarfree= or should we use a hyphen (<sug-
ar-free=)? Even English-speaking people make mistakes while writing com-
pound words, so all we can recommend is to check unknown words in a 
good actual dictionary. 

Conversion is changing a word from one class to another. For example, 
email (write an email) as a letter typed on a computer and to email.  

Back-formation is the opposite of word formation, where we do not 
add any new parts to an existing word but rather remove them. It occurs 
rarely, but we should know about it. Examples are: intuition - to intuit (- 
suffix -ion), enthusiasm - to enthuse (-iasm). As we can understand, it is 
usually used for making new verbs from nouns.  

So, there are a lot of methods of making words: you can add and delete 
parts, combine them to get new words (or neologisms. Moreover, this word 
is also made with prefix neo-.) or even move a word from one class to an-
other. The English language is fluid and has a unique and complex form, 
despite the seeming simplicity. 
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THE IMPACT OF SOCIAL NETWORKS ON CONSUMERS 

Social media has a significant influence on consumers. There are sev-
eral different aspects to consider. 

Social media provide consumers with the opportunity to obtain infor-
mation about products and services, as well as the opinions and recommen-
dations of other consumers. This can have a considerable impact on their 
purchasing decisions, as well as their behaviour when using the product or 
service. 

Social media can also help consumers understand brands, their values 
and differentiate them from other brands. Brands can use social media to 
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create virtual communities where consumers can discuss products and ser-
vices, which increases brand awareness and support for the product. 

In addition, social media can help brands capture the attention of con-
sumers and increase their audience. Advertising companies can use social 
media to advertise their existing products and services, as well as to promote 
new products. 

Social media can be an important tool for customer support. Businesses 
can use social media to respond to customer questions and complaints, 
which increases customer satisfaction and maintains loyalty. 

Social media has a huge effect on consumers when they are trying to 
raise awareness of a particular product. When people face a problem in their 
lives, they start looking for a solution, most likely on the Internet. But people 
do not understand which product exactly can solve their problems. Social 
media has the greatest impact on the consumer at this point.  

In real life, a consumer can take a long time to choose and weigh up, 
but on the Internet, a person is very prone to change their opinion and atti-
tude towards a particular product in accordance with the opinion of society 
on social media. 

Satisfied customers are usually very active in sharing their positive 
shopping experience by posting comments and reviews on social media. 
Sellers, on the other hand, actively publish these positive reviews on their 
social media pages. This, of course, has a huge influence on potential new 
customers. 

Unfortunately, some marketers are engaged in dishonest marketing. 
They post fake reviews, demonstrate non-existent benefits of their products, 
and use other tricks to deceive consumers. 

Summing up, social media have a profound impact on consumer be-
haviour. Companies and brands should not ignore the effect of social media, 
as it is not only a tool to help promote their own brand, but also a space 
where competitors can crush you without your involvement. 
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THE ZOO AND ITS BENEFITS: CONSERVATION, EDUCATION 

AND RESEARCH 

Visiting a zoo is a wonderful way of spending time. Both children and 
adults like going to the zoo. Nowadays zoos in big cities have become real 
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places of interest with lots of tourists. Many people think that zoos are a bad 
place to keep animals locked up, but they have a number of benefits of their 
own. 

Only establishments accredited by the Association of Zoos and Aquar-
iums (AZA) can be considered real zoos. They demand the high standards 
regarding animal welfare. Zoos help conserve animal species. Sometimes 
they become the reason for the existence of species on the planet. There are 
almost no northern white rhinos left on the planet. The main reasons are 
poaching and the destruction of their natural habitat. The last male named 
Sudan died of old age. A female rhino became pregnant thanks to modern 
technology. On July 28, 2018, a baby was born ‒ the first artificially con-
ceived white rhino in North America. If necessary, the reintroduction of 
animals under human care back into the nature is very possible. Thanks to 
the Phoenix Zoo, Oryx returned to the wild, which by 1972 was completely 
exterminated due to its beautiful skin and tasty meat. And now about 1000 
individuals live in the wild. Herbivores animals must constantly be wary of 
predators in nature. They never go hungry and are always safe in zoo. Zebras 
and antelopes may not be afraid of big cats. People learn to exist with ani-
mals every day and properly equip nature reserves. They try to organize their 
lives without harming nature. Zoos also help veterinarians. Because veteri-
narians are being trained to treat wild animals. Australian centres help hun-
dreds of animals recover after wildfires. They also help sick and injured 
marine animals in bays and oceans. People rehabilitate them in zoos. 

Zoos are not just a place to see exotic animals. Preservation and re-
search of biodiversity on our planet is very important and complex work. 
The more zoos will aim to protect the environment, the more chances we 
have to save our planet. 
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USING MECANUM WHEEL IN MOVING CARGO 

A mover in a certain sense is a device that converts energy, force from 
an external source or engine into a certain movement. At the same time, it 
interacts with the environment in such a way that the platform on which the 
driver and the engine are located moves in space. Thus, the engine is one of 
the main parts of land transport, because it is a part in the combination of the 
engine and the mover that leads to the translational movement of the vehicle. 
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Very often, not only wheels, and not only types of wheels, but also 
other types can act as a driving force. The main types are wheel; caterpillar; 
semi-tracked platform, with wheels; semi-tracked platform, with skis; auger. 

Due to its design, the wheel consumes much less energy to move on 
the main types of roads and surfaces. When using a wheel, work occurs 
against the force of rolling friction, which in artificial road conditions is 
significantly less than the force of sliding friction. 

An ordinary round wheel is the most primitive type of drive, which in 
its essence is the founder of other types of wheels that are currently used on 
transport platforms. There are four main types of wheels (Fig. 1): 

(a) Standard wheel: two degrees of freedom. It rotates around the 
wheel axis (motorized) and the point of contact with the surface. 

(1) Turning wheel: two degrees of freedom. Rotates around a displaced 
wheel joint. 

(2, 3) Swedish wheel: three degrees of freedom. Rotates around the 
(motorized) wheel axle, around the roller axles and around the point of con-
tact. Rollers can be placed in two different ways. The 90° variant is shown in 
the figure (Fig. 1, 2) and the 45° variant is shown in the figure (Fig. 1, 3). 

(4) Ball or spherical wheel: technically difficult to implement. 
 

 

Figure 1 ‒ Scheme of the main types of wheels 

 Mobility is one of the main problems of robotics and motor vehicles, 
when the platform has to move in a small and narrow space and avoid obsta-
cles. The omnidirectional drive mechanism is very attractive because it guar-
antees very good mobility in such cases where conventional wheels are inef-
fective. This possibility mainly depends on the construction of the wheel and 
its design. 

One type of omnidirectional wheel is the Mecanum wheel, also known 
as Elon9s wheel or, as it is sometimes called, the Swedish wheel. It is a roller 
bearing wheel with several rollers attached to its circumference, these rollers 
have an axis of rotation at 45° to the plane of the wheel in a plane parallel to 
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the axis of rotation of the wheel, and this allows the vehicle to move in any 
direction. Depending on each individual direction of motion and speed, the 
resulting combination of all these forces produces a total force vector in any 
desired direction, allowing the platform to move freely in the direction of the 
resulting force vector without changing the position of the wheels them-
selves. Mecanum wheels are widely used in cases where very good platform 
or robot mobility is required and are ideal for narrow spaces. The advantages 
are its compact size and high load capacity. 

Typical Mecanum wheeled vehicles usually have a square or rectangu-
lar platform on which the wheels are mounted (Fig. 2), two wheels on each 
side of the chassis. Using four of these wheels provides all directionality of 
movement for the vehicle without using a conventional steering system. 

 

Figure 2 ‒ Mecanum wheeled vehicle 

Omni-directional vehicles have great advantages over conventional 
car-steering platforms for convenient mobility. They can crawl (sideways), 
turn in place, and follow complex trajectories. These platforms can perform 
tasks easily in environments with static and dynamic environments, obsta-
cles and narrow passages. Such environments are usually found in factory 
workshops, offices, warehouses, and hospitals. The omnidirectional vehicle 
development aims to further prove the effectiveness of this type of architec-
ture and add a capable ground vehicle platform of exceptional maneuverabil-
ity when moving cargo. 
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PROSPECTS FOR ELECTRIC VEHICLES IN UKRAINE 

We are gradually moving towards the widespread use of more ecologi-
cal and modern types of transport on electric motors. Electric cars have al-
ready become an integral part of our lives, and in the future, this direction 
will only develop. 

The subject area can be divided into three functional groups: electric 
vehicles (together with hybrids), electric motor vehicles and still exotics 
such as gyroboards, unicycles, electric skates and gyroscooters. 

Electric cars. Electric cars and hybrids were represented both by offi-
cial importers of car brands offering new equipment, and by grey importers, 
more specialized in cheaper but used copies. The former include Kia, Hyun-
dai, and BMW importers, while the latter include sellers of old Nissans and 
Teslas that are not officially delivered to Ukraine. At the same time, the 
stands of the official Koreans were primarily decorated with hybrid Niro and 
Ioniq, but the latter was also presented in a fully electric modification, the 
import of which will begin in our country closer to the end of the year. The 
i3 displayed at the BMW stand looked beautiful, but it seems that the devel-
opment and launch of this particular model became one of the main reasons 
for the decrease in the concern9s profit in 2016, recorded against the back-
ground of record sales of cars. Even tens of thousands left the showrooms of 
expensive Bavarian electric cars until they recoup the four-billion-dollar 
investment in their development. 

However, the vast majority of companies that have established their se-
rial production show sales figures for electric cars that are much lower than 
expected. Despite the powerful PR campaigns that tell about the tenfold 
increase in sales of cars with electric motors, subsidies and tax breaks, their 
share of the world market barely exceeded 1 % (!). The reason lies partly in 
the high cost of such equipment, which makes its purchase economically 
unattractive. 

More than that, the problem of electric cars is not only in the high 
price: the ideal scenario of their use involves the owner living in a private 
house, in the yard of which the vehicle can stand all night charging. Resi-
dents of high-rise buildings are deprived of the opportunity to charge electric 
cars at night for obvious reasons. Everyone agrees that the construction of a 
wide network of charging stations is necessary to create conditions for the 
normal daily operation of electric cars. Nevertheless, who will pay for this 
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entire feast and how to compensate these costs for end users is still not very 
clear. Do not forget that fast charging reduces the problem of traveling long 
distances, but does not remove it completely. 

Electric motor engineering. Against the background of the weak prac-
tical appeal of electric cars, electric scooters look like a very promising 
product. Their assets include a simple design (battery plus motor-wheel), 
decent enough mileage for local trips on a single charge (50-70 km), silence, 
especially compared to gasoline counterparts, and a relatively reasonable 
price (on average from $600 to $1200). All this makes them a better alterna-
tive to conventional scooters for people living in the private sector. 

The downside is that the charging time is quite long – 6-8 hours. With 
sufficient efforts and resources spent on popularization, electric scooters 
have every chance of becoming a very popular product and a justified pur-
chase. They will be more convenient for residents of high-rise buildings 
equipped with wide elevators. 

Other electric transport. With electric scooters and electric bicycles, 
everything is more or less clear: they are controlled, like their non-self-
propelled ancestors, and set in motion, like electric scooters, by a motor-
wheel. The batteries are either suspended from the bicycle frame and the 
scooter platform, or integrated into them. Owners of electric bicycles can 
move by turning the pedals, electric scooters ‒ by pushing off the ground 
with their feet. Paradoxically, electric bicycles are often more expensive than 
electric scooters: those who want to can find the device a little cheaper than 
$5,000. Electric skates are also controlled like regular skates, but thanks to 
the electric drive, they are able to ride on a flat surface without the effort of a 
skateboarder and even climb a mountain. 

Gyroscooters and gyroboards are often confused. What they have in 
common is a horizontal platform with two wheels on the sides, the stability 
of which is ensured by gyroscopes controlling electric motors. However, in 
gyroscooters, this platform is solid, and in gyroboards, it consists of two 
parts and a bridge between them. Forward-backward movement in both 
cases is carried out by tilting the body, but turns take place differently. In a 
gyroscooter, by tilting the control handle to the right or left (there are modi-
fications in which you can tilt this "big joystick" not with your hands, but 
with your knees, which is very convenient). In addition, in order to turn a 
gyroboard on, it is enough to transfer the weight of the body to one leg, as in 
alpine skiing. The most difficult thing is to control the unicycle, but it will 
take a maximum of a few days to master it. The main thing is not to try to 
stand still as on a gyroboard or a gyroscooter, you need to go immediately. 

The battery capacity of most of these devices is designed for 1.5–3 
hours of operation. Speed, as a rule, is limited to 18-30 km/h solely for safe-
ty reasons. 
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The practical application of all these devices is limited. In practice, 
such a scenario is difficult to implement in Ukraine for many reasons. It is 
possible at production and warehouse complexes or large objects of transport 
infrastructure, where personnel have to move over long distances during the 
working day, as well as at exhibitions and during mass events. For everyone 
else, this personal electric vehicle remains an attraction and a means of ac-
tive leisure time. 

 
 

'�� 004.9 
Mykyta Kuzmin1, Nataliia Rudenko2 

1 student of group MA-51-22 KhNAHU 
2 PhD (Pedagogy), associate professor KhNAHU 

Kuzmin M., Rudenko N. 

MODERN AUTOMATION TRENDS IN THE CONTEXT OF 

REMOTE WORK OF ENTERPRISES 

We are all living in a new reality – an anxious, fragile, non-linear and 
incomprehensible world. However, almost half of the companies (45%) at 
the beginning of 2022 claim to have managed to cope with the challenges. 
Another 15% said they had seen stable business performance despite the 
difficult conditions. Companies are becoming more flexible, and businesses 
are massively introducing hybrid or remote working. According to grc.ua, 
only 59% of job seekers agree to work full-time in the office. 

Switching to remote work requires preparation, and in practice, it is not 
that easy. The transition of offices to remote work is a global trend that is 
growing every year. The process of a company9s transition to remote work 
includes several mandatory steps. 

1. Think over the mechanism of work. If the company does not have 
described and worked out business processes, it is time to do it. In a remote-
ly operated office, you will not be able to ask, delegate, clarify, or request at 
any time. You need to know exactly who is doing what and which employ-
ees are responsible for which part of the task. Otherwise, confusion will 
quickly ensue in the company. In addition, business processes will be needed 
to automate the business and transfer it to online applications. 

2. Choose tools for remote work. To work remotely, you will need a 
number of online services and programs: file sharing, communication, ac-
counting, customer service and task management software. The services you 
will use for remote work should be selected and tested in advance to make 
sure they are convenient and functional enough. In addition, it is important 
to take care of data security on employees9 home computers in advance. 
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3. Prepare your staff. You need to think about how to control work, com-
municate with the team, and motivate employees. Remote work requires people 
with a high level of self-discipline and responsibility, who are interested in the 
result and able to work in the absence of constant communication.  

Tools for remote work. When working remotely, almost all tasks have 
to be performed using online services. Tools for remote work are selected in 
accordance with the company9s objectives. 

CRM is the most important programme you should choose when pre-
paring for remote work. Firstly, it will carry out all the main work processes. 
Secondly, choosing and implementing a CRM is a rather labour-intensive 
and responsible task. 

1. CRM is a "central control panel" for managing a remote company. It 
contains a unified customer database, all tasks and information on the pro-
gress of their implementation, accounting data, documents, and analytics. 
CRM eliminates the need to send files within the company, as all employees 
can access the same information online. 

2. The CRM system can integrate with other services you use. Thus, 
you can work with Gmail and GSuite services, social networks, instant mes-
sengers, etc. CRM functionality can replace some app. For example, you can 
stop using email-marketing services, as the CRM system allows sending 
mass emails via Gmail. 

3. CRM simplifies work by automating a number of functions (for ex-
ample, letter and document templates). 

4. In a CRM system, you can carry out qualitative control of the effec-
tiveness of each employee individually, as well as of the department and the 
company. In addition, CRM has convenient tools for self-management. 

Tools for communication. In remote work, most communication takes 
place in correspondence. The problem with chats is that it is extremely diffi-
cult to find the information you need among thousands of messages. There-
fore, for practical purposes, it is better to use chats that offer search capabili-
ties, easy file navigation, and the ability to create a conversation structure. 
One of the most popular corporate chats is Slack. 

The second communication app is, of course, a video calling service. 
Here, it all depends on the required functionality, price, and personal prefer-
ences. The most popular video calling apps are Viber, Skype, and Zoom. 

File hosting. It is hard to find a team that does not still share docu-
ments in the cloud. However, it is worth remembering that you no longer 
need to download, edit, and send spreadsheets and text files. Services like 
Google Drive allow multiple users to edit documents and see changes online 
at the same time. 
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Time trackers. If you need to control the time each employee spends on 
work, use one of the time tracking tools: for example, Toggl, Tick, Time-
sheets, Yaware Time Tracker. 

Remote administration. Do not forget that employees who work re-
motely may need help with their computers. In addition, the system adminis-
trator will need to access to home PCs to ensure that work data is protected. 
Therefore, TeamViewer or a similar service should also be included in the 
list of software required for remote work. 

In conclusion, we can say that well-established business processes, 
clear work and motivation schemes, as well as useful software, including a 
CRM system, will definitely be necessary for any company - regardless of 
whether it works remotely or not. 
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CAR OF THE YEAR 2022 

The European Car of the Year ("ECOTY") award is an international 
award established in 1964, by a collective of automobile magazines from 
different countries in Europe. The current organising companies of the 
award are Auto (Italy), Autocar (United Kingdom), Autopista (Spain), Auto-
visie (Netherlands), L9Automobile Magazine (France), Stern (Germany) and 
Vi Bilägare (Sweden). 

The voting jury consists of motoring journalists from publications 
throughout Europe. Representation from each country is based on the size of 
the country9s car market, and car manufacturing industry. There are no cate-
gories or class winners – the stated objective is to find a "single, decisive 
winner" among all competing cars. 

The EV6 has won Kia9s first ever Car of the Year award. The innovative South 
Korean SUV achieved the accolade at a ceremony held in Geneva on 28 
February 2022. 
It scored 279 points and beat out the Renault Mégane E-Tech Electric (second 
place 265 points) and Hyundai Ioniq 5 (third place 261 points). 
The Kia brand reinvented itself at the beginning of 2021 with a new name, logo 
and a new design philosophy called "Uniting Opposites". The EV6 was the first 
vehicle launched in this new direction, and Kia9s first dedicated battery electric 
vehicle based on the latest Electric-Global Modular Platform (E-GMP). 
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The EV platform also delivers the pleasing performance of the Kia EV6, with 
all-wheel drive capability and ultra-fast charging times. The car offers a range of 
up to 482 kilometres on all-electric power. The Kia EV6 offers an unprecedent-
ed level of safety, advanced driver assistance systems, and a flat-floor interior 
with environmentally friendly materials. 
At the heart of the Kia EV6 is an energy-intensive nickel-cobalt-manganese 
battery, available in two sizes (58.0 kWh and 77.4 kWh). This low-mounted, 
underfloor battery supplies power to both mono- and all-wheel drive electric 
motors with different outputs on the front and rear axles. The EV6 offers 
between 167 and 576 horsepower (GT version). 
Excerpts from the judges9 assessments: 
"The EV6 stands out for its combination of energy efficiency, high-capacity 
battery and ultra-fast charging." 
"More sporty driving, stiffer suspension, great range and excellent fast charging 
via the 800-volt system. Huge interior space, good equipment, nice interior 
details such as dual-mode navigation and climate control switches." 
"The spacious and well-finished interior features technological innovations that 
enhance the quality of life on board. And behind the wheel, the EV6 offers a 
smooth and enjoyable driving experience." 
"The best electric car of all the finalists. It has the same advantages as the Ioniq 
5, but it is even more balanced, more refined in set-up, more attractive in design, 
with better quality finishes... And we have 585 hp to back it up. GT, developed 
together with Rimac." 
"An excellent electric car thanks to fast charging and a good range. The most 
attractive price. Compared to the Hyundai, the EV6 offers less body roll, 
quicker handling and tighter steering. In general, it is a little more sporty." 
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