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A<C7V 703>@>465==O, ?5@5B2>@NNG8 =51060=C 5=5@3VN 2 B5?;>. 

 5B>N 4>A;V465==O є A8AB5<0B870FVO B0 0=0;V7 VA=CNG8E :>=AB@C:FV9 
?>3;8=0NG8E E28;52V4=8E DV;ьB@V2, >FV=:0 2?;82C 35><5B@8G=8E ?0@0<5B@V2 
B0 E0@0:B5@8AB8: 4V5;5:B@8G=8E ?>3;8=0GV2 =0 5D5:B82=VABь ?@84CH5==O 
28I8E <>4, 0 B0:>6 287=0G5==O >?B8<0;ь=8E AD5@ WE 70AB>AC20==O. 

� @0<:0E ?@>2545=>3> >3;O4C 02B>@0<8 @>73;O=CBV =0ABC?=V ?8B0==O: 
1. (V78G=V <5E0=V7<8 ?>3;8=0==O: 0=0;V7 @>7?>4V;C 5;5:B@><03=VB=>3> 

?>;O C E28;52>4V, G0AB:>2> 70?>2=5=>3> 4V5;5:B@8:>< 7 2B@0B0<8. � >A=>2V 
@>1>B8 B0:8E DV;ьB@V2 ;568Bь O28I5 48A8?0FVW 5;5:B@><03=VB=>W 5=5@3VW ?@8 
270є<>4VW 7 @5G>28=>N. 

2. &>?>;>3VW 70?>2=5==O: ?>@V2=O==O F5=B@0;ь=>3>, ?@8ABV==>3> B0 ABC-
?V=G0AB>3> @>7<VI5==O ?>3;8=0NG8E 2AB02>:. �5><5B@VO @>7<VI5==O 4V5;5:B-
@8:0 287=0G0є A5;5:B82=V 2;0AB82>ABV DV;ьB@0: 

− F5=B@0;ь=5 @>7<VI5==O (E-?;>I8=0): ?;0AB8=0 2AB0=>2;NєBьAO 2 <0-
:A8<C<V 25:B>@0 E. *5 70157?5GCє =0928I89 :>5DVFVє=B 730A0==O =0 >48=8FN 
4>268=8. #@>B5 B0:0 B>?>;>3VO <0є =093V@H89 2V42V4 B5?;0; 

− ?5@8<5B@0;ь=5 (?@8ABV==5) 70?>2=5==O: H0@ ?>3;8=0G0 =0=>A8BьAO =0 
2C7ь:V ABV=:8 E28;52>4C. *5 V450;ь=> 4;O DV;ьB@0FVW 28I8E <>4, >A:V;ь:8 
>A=>2=0 <>40 !10 <0є =C;ь>2C =0?@C65=VABь ?>;O 1V;O ABV=>: V ?@>E>48Bь 
<0965 157 2B@0B, B>4V O: 28IV 30@<>=V:8 V=B5=A82=> ?>3;8=0NBьAO; 

− 48A:@5B=V ?>3;8=0NGV 5;5<5=B8: 28:>@8AB0==O >:@5<8E F8;V=4@V2 
01> 1;>:V2, I> 4>72>;Oє AB2>@N20B8 @57>=0=A=V «?0AB:8» 4;O :>=:@5B=8E 
G0AB>B 703>@>465==O. 
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3. '73>465==O AB@C:BC@: 1C4ь-O:0 2AB02:0 C   E28;52>4V AB2>@Nє AB@8-
1>: E28;ь>2>3> >?>@C, I> ?@872>48Bь 4> 2V418BBO A83=0;C (71V;ьH5==O �%�). 
�;O <V=V<V70FVW Fь>3> 5D5:BC 28:>@8AB>2CNBь: 

− 35><5B@8G=V B@0=AD>@<0B>@8: ?>3;8=0G 283>B>2;OєBьAO C D>@<V :;8-
=C (>48=0@=>3> 01> ?>42V9=>3>). +8< 4>2H0 ?>E8;0 G0AB8=0 (70728G09 > 2λ ), 
B8< :@0I5 C73>465==O C H8@>:V9 A<C7V G0AB>B; 

− ABC?V=G0ABV ?5@5E>48: 4>268=0 :>6=>W AE>48=:8 4V5;5:B@8:0 AB0=>-
28Bь G25@Bь 4>268=8 E28;V (λ/4). �V418BBO 2V4 :>6=>W =0ABC?=>W AE>48=:8 
:><?5=ACє 2V418BBO 2V4 ?>?5@54=ь>W; 

− 3@04Vє=B=5 70?>2=5==O: 28:>@8AB0==O <0B5@V0;V2, 4V5;5:B@8G=0 ?@>-
=8:=VABь O:8E ?;02=> 7@>AB0є 274>26 >AV ?>H8@5==O E28;V (2V4 1.0 4> ?>B@V1-
=>3> 7=0G5==O). 

4.  0B5@V0;>7=02G89 0A?5:B: >3;O4 E0@0:B5@8AB8: !�+-?>3;8=0GV2 =0 
>A=>2V :0@1V4C :@5<=VN (SiC), D5@8BV2, :5@0<VG=8E :><?>78BV2 B0 ACG0A=8E 
<5B0<0B5@V0;V2. 

#>@V2=O==O 4>A;V465=8E B8?V2 DV;ьB@V2 =02545=> 2 B01;8FV 1. 
 

&01;8FO 1 3 #>@V2=O;ь=0 E0@0:B5@8AB8:0 B8?V2 DV;ьB@V2 

�@8B5@V9  
?>@V2=O==O 

(V;ьB@8 7 
F5=B@0;ь=>N 
2AB02:>N 

(V;ьB@8 7  
?@8ABV==8<8 
H0@0<8 

%B@C:BC@8 7  
28BV:0NG>N 
E28;5N 

�D5:B82=VABь 
?>3;8=0==O 

�C65 28A>:0 
(<0:A. ?>;5 E) 

%5@54=O (4;O 
>A=>2=>W <>48) 

�8A>:0 4;O 
28I8E 30@<>=V: 

#@>?CA:=0  
?>BC6=VABь 

!87ь:0 (@878: 
?5@53@V2C F5=B-
@C) 

�8A>:0 (2V42V4 
B5?;0 G5@57 
ABV=:8) 

!0928I0 (7>2-
=VH=V9 ?>3;8-
=0G) 

$V25=ь �%� 
�0;568Bь 2V4 
O:>ABV :;8=C 

%B01V;ь=> =87ь-
:89 

 V=V<0;ь=89 C 
H8@>:V9 A<C7V 

%:;04=VABь  
283>B>2;5==O 

!87ь:0 (?@>AB0 
2AB02:0) %5@54=O �8A>:0 (?>B@5-

1Cє ?5@D>@0FVW) 

�010@8B8  V=V<0;ь=V %5@54=V �=0G=V (7>2=VH-
=V :0<5@8) 

 

�0 @57C;ьB0B8 ?@>2545=>3> 4>A;V465==O <>6=0 7@>18B8 =0ABC?=V 28A=>-
2:8: 

− ?>3;8=0NGV DV;ьB@8 7 G0AB:>28< 70?>2=5==O< є 206;828<8 4;O E28-
;52V4=8E A8AB5<, 45 =5<>6;825 28:>@8AB0==O V7>;OB>@V2 01> F8@:C;OB>@V2 
28A>:>W ?>BC6=>ABV; 
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− 4;O 70157?5G5==O <0:A8<0;ь=>W ?>BC6=>ABV 4>FV;ь=> 28:>@8AB>2C20-
B8 ?@8ABV==V AB@C:BC@8 01> AE5<8 7 28BV:0NG>N E28;5N, =572060NG8 =0 WE=N 
:>=AB@C:B82=C A:;04=VABь; 

− ?>40;ьH89 @>728B>: =0?@O<:C ?>;O30є C 28:>@8AB0==V 048B82=8E B5-
E=>;>3V9 (3D-4@C:C) 4;O AB2>@5==O 4V5;5:B@8G=8E 2AB02>: 7V A:;04=8< 3@04V-
є=B>< ?@>=8:=>ABV, I> 4>72>;8Bь I5 1V;ьH5 7<5=H8B8 3010@8B8 ?@8AB@>W2. 
 

 

'�� 621.372.852.1 

�0@?C:>2 �. .1, �>A:>1>9=8: �.".2 

1 ?@>D. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

 �&"� $������*�� � #$"*��'$� %�!&��' (��Ь&$�� !� 
��'/��!�)  ��$"% '��"��) ��!�/)  

�. . �0@?C:>2, �.". �>A:>1>9=8:  

 V:@>A<C6:>2V DV;ьB@8 =0 72'O70=8E ;V=VOE (���) 7=0E>4OBь H8@>:5 70-
AB>AC20==O 2 <V:@>E28;ь>28E ?@8AB@>OE >1@>1:8 B0 70E8ABC V=D>@<0FVW 70-
24O:8 ?>є4=0==N 4>A8Bь 28A>:8E G0AB>B=>-281>@G8E E0@0:B5@8AB8: 7 :><?0-
:B=VABN :>=AB@C:FV9 B0 B5E=>;>3VG=VABN ?@8 <0A>2><C 28@>1=8FB2V. 

%B@C:BC@0 DV;ьB@0 =0 ��� =02545=0 =0 @8A. 1, 2>=0 A:;040єBьAO 7 :0A:0-
4=>3> 7'є4=0==O 2V4@V7:V2 42>E 72'O70=8E ;V=V9, 4>268=>N λ/4. 

 

 
$8AC=>: 1 3 %B@C:BC@0 DV;ьB@0 

 

�=65=5@=0 <5B>48:0 A8=B57C DV;ьB@V2 =0 ��� 70A=>20=0 =0 28:>@8AB0==V 
g ?0@0<5B@V2 LC-?@>B>B8?C V <>45;V 2V4@V7:0 ��� C 283;O4V V450;ь=>3> V=25@-
B>@0, 2:;NG5=>3> <V6 G25@BьE28;ь>28<8 2V4@V7:0<8 >48=>G=8E ;V=V9 7 E28-
;ь>28< >?>@>< Z0 [1]. (>@<C;8 4;O @>7@0EC=:C 70 <>45;;N E28;ь>28E >?>@V2 
?0@=>3> B0 =5?0@=>3> 284V2 :>;820=ь C <V:@>A<C6:>28E ��� <0NBь 283;O4: 

 

Z0 

Z0 

l2 l1 ln-1 ln 
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   (1)  

 

45  - ?0@0<5B@8 V=25@B>@0; gi 3 ?0@0<5B@8 LC-DV;ьB@0-
?@>B>B8?C,  - 3@0=8G=V B0 F5=B@0;ь=0  5;5:B@8G=V 4>268=8 
A<C38 ?@>?CA:0==O DV;ьB@0. 

 5B>48:0 A8=B57C =0 ?V4AB02V DV;ьB@0 ?@>B>B8?C B0 <>45;V (1) 40є ?@8-
9=OB=V E0@0:B5@8AB8:8 4;O 2C7ь:8E A<C3 ?@>?CA:0==O. �;O A5@54=VE B0 H8@>-
:8E A<C3 ?@>?CA:0==O ?>B@V1=0 :>@5:FVO @57C;ьB0BV2 A8=B57C. 

�0?@>?>=>20=0 2 @>1>BV :>@5:FVO @57C;ьB0BV2 A8=B57C ґ@C=BCєBьAO =0 >?-
B8<V70FVW 7=0G5=ь V=25@B>@V2 Ji,k 7 28:>@8AB0==O< FV;ь>2>W DC=:FVW 

 

 

45  - ?>B@V1=0 DC=:FVO DV;ьB@0FVW,  - DC=:FVO DV;ьB@0FVW DV;ьB@0. 
!0 @8A.2 4;O A<C38 ?@>?CA:0==O ?@54AB02;5=V @57C;ьB0B8 @>7@0EC=:C 

0<?;VBC4=>-G0AB>B=>W E0@0:B5@8AB8:8 (�+)) +518H>2Aь:>3> DV;ьB@0 ?@8 
αA=0,1 �1, ν=0,15, G8A;V ;0=>: n=6 V DC=:FVW 

 

 

�@820 1 2V4?>2V40є @>7@0EC=:C �+) 70 B@048FV9=8< <5B>4>< A8=B57C, 
:@820 2 3 ?VA;O :>@5:FVW 70 70?@>?>=>20=>N <5B>48:>N. 

#VA;O :>@5:FVW �+) DV;ьB@0 =01C;0 @V2=>E28;ь>2>W D>@<8 2 7040=V9 
A<C7V  ?@>?CA:0==O B0 1V;ьH :@CB8E AE8;V2. 
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$8AC=>: 2 3 �<?;VBC4=>-G0AB>B=0 E0@0:B5@8AB8:0 DV;ьB@0 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Edwards T. C., Steer M. B. Foundations for Microstrip Circuit Design. 

IEEE Press, Wiley, 2016. 688 p. URL: http://download.e-

bookshelf.de/download/0007/5437/39/L-G-0007543739-0013336502.pdf (40B0 
725@=5==O: 05.03.2026). 

 

 

'�� 004.772 

�5@5I0:0  .#.1, �V7C=>2 %.�.2 

1 0A?V@0=B 3@. �-172-12 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 4>F5=B !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

 "���.��!!/ #$"*�%�� ��/���!!/ ,������"�" 
&$�(��' !� "%!"�� #"����!�"�"�" �!����'  

 .#. �5@5I0:0, %.І. �V7C=>2  

' ACG0A=8E C<>20E AB@V<:>3> @>728B:C V=D>@<0FV9=8E B5E=>;>3V9 B0 
3;>10;V70FVW <5@56528E A5@2VAV2 7=0G=> 7@>AB0є :V;ь:VABь V A:;04=VABь :V15@70-
3@>7. &@048FV9=V A83=0BC@=V <5B>48 28O2;5==O 0B0: AB0NBь =54>AB0B=ь> 5D5:-
B82=8<8, >A:V;ь:8 2>=8 740B=V V45=B8DV:C20B8 ;8H5 2V4><V H01;>=8 0B0: V =5 
2@0E>2CNBь ?>O2C =>28E 01> <>48DV:>20=8E 703@>7. *5 >1<565==O 7C<>2;Nє 
=5>1EV4=VABь 28:>@8AB0==O ?>254V=:>28E ?V4E>4V2, O:V 107CNBьAO =0 <>45;N-
20==V =>@<0;ь=>W 0:B82=>ABV <5@56V B0 28O2;5==V 2V4E8;5=ь 2V4 =5W. 

#>254V=:>289 0=0;V7 C A8AB5<0E 28O2;5==O 2B>@3=5=ь (Intrusion 
Detection Systems, IDS) ?5@5410G0є D>@<C20==O <0B5<0B8G=>W <>45;V =>@<0-
;ь=>3> <5@5652>3> B@0DV:C. ' B0:V9 <>45;V :>65= <5@565289 A50=A >?8ACєBь-
AO 25:B>@>< >7=0:: 

X={x1,x2,...,xn} 

0,015 

0,01 

0 

S21, �1  

0,005 

1,4   θ1 
1,6 1,8 θ2 

θ 

1 

2 

http://download.e-bookshelf.de/download/0007/5437/39/L-G-0007543739-0013336502.pdf
http://download.e-bookshelf.de/download/0007/5437/39/L-G-0007543739-0013336502.pdf
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45 xn 4 ?0@0<5B@8 <5@5652>3> B@0DV:C (B@820;VABь A5AVW, :V;ь:VABь ?0:5BV2, 
A5@54=V9 @>7<V@ ?0:5B0, :V;ь:VABь 109BV2, G0AB>B0 70?8BV2 B>I>). �C4ь-O:5 
2V4E8;5==O 2V4 =>@<0;ь=>3> ?@>DV;N 287=0G0єBьAO O: 0=><0;VO B0 :;0A8DV:C-
єBьAO O: ?>B5=FV9=> H:V4;820 0:B82=VABь. 

' <560E 4>A;V465==O 70?@>?>=>20=> <>45;ь 28O2;5==O 0=><0;ь=>3> 
B@0DV:C =0 >A=>2V ?>254V=:>2>3> 0=0;V7C, O:0 2:;NG0є =0ABC?=V 5B0?8: 

1. �1V@ 40=8E. �;O =02G0==O B0 B5ABC20==O <>45;V 28:>@8AB>2CєBьAO =0-
1V@ 40=8E <5@5652>3> B@0DV:C, =0?@8:;04 CICIDS2017 [1], I> <VAB8Bь @50;VA-
B8G=V AF5=0@VW 0B0: (DDoS, brute-force, botnet, B>I>). �0=89 =01V@ 2:;NG0є 
45AOB:8 ?0@0<5B@V2, O:V >?8ACNBь ?>254V=:C <5@56528E ?>B>:V2. 

2. #>?5@54=O >1@>1:0 40=8E. !0 Fь><C 5B0?V 28:>=CєBьAO ?V43>B>2:0 40-
=8E 4> 0=0;V7C: 2840;5==O ?@>?CI5=8E B0 0=><0;ь=8E 7=0G5=ь; =>@<0;V70FVO 
>7=0: (Min-Max 01> Z-score); CAC=5==O 4C1;V:0BV2; 10;0=AC20==O :;0AV2 70 
4>?><>3>N <5B>4V2 oversampling (SMOTE) 01> undersampling. 

*59 5B0? є :@8B8G=> 206;828<, >A:V;ь:8 O:VABь 2EV4=8E 40=8E 157?>A5-
@54=ь> 2?;820є =0 B>G=VABь <>45;V. 

3. (>@<C20==O ?>254V=:>2>W <>45;V. �;O ?>1C4>28 <>45;V 28:>@8AB0=> 
:><1V=0FVN 0;3>@8B<V2 <0H8==>3> =02G0==O: 

Random Forest 4 4;O :;0A8DV:0FVW B@0DV:C =0 =>@<0;ь=89 B0 H:V4;8-
289; 

Autoencoder 4 4;O 28O2;5==O 0=><0;V9 H;OE>< @5:>=AB@C:FVW 2EV4=8E 
40=8E; 

(C=:FVO ?><8;:8 02B>5=:>45@0 287=0G0єBьAO O:: 
 

E=∣∣X2Ẋ∣∣, 
 

45 Ẋ 4 @5:>=AB@C9>20=89 25:B>@ >7=0:. /:I> 7=0G5==O ?><8;:8 ?5@528ICє 
7040=89 ?>@V3, B@0DV: :;0A8DV:CєBьAO O: 0=><0;ь=89. &0:89 ?V4EV4 4>72>;Oє 
28O2;OB8 =02VBь =52V4><V B8?8 0B0: 157 =5>1EV4=>ABV ?>?5@54=ь>3> 287=0G5=-
=O A83=0BC@ [2]. 

4. �8O2;5==O 0=><0;V9. !0 5B0?V 45B5:FVW 70AB>A>2CNBьAO O: :;0A8G=V 0;-
3>@8B<8, B0: V <5B>48 3;81>:>3> =02G0==O: @5:C@5=B=V =59@>==V <5@56V 
(LSTM) 4;O 0=0;V7C G0A>28E 70;56=>AB59; 73>@B:>2V =59@>==V <5@56V (CNN) 
4;O 28O2;5==O ?@8E>20=8E H01;>=V2 C B@0DV:C. 

*5 4>72>;Oє 5D5:B82=> 28O2;OB8 A:;04=V 1030B>AB04V9=V 0B0:8, O:V =5 
<>6CBь 1CB8 287=0G5=V 70 4>?><>3>N ?@>AB8E AB0B8AB8G=8E <5B>4V2 [3]. 

5. "FV=:0 5D5:B82=>ABV <>45;V. �;O >FV=:8 O:>ABV @>1>B8 <>45;V 28:>-
@8AB>2CNBьAO AB0=40@B=V <5B@8:8: 

Accuracy 4 7030;ь=0 B>G=VABь; 
Precision 4 B>G=VABь ?>78B82=8E ?5@5410G5=ь; 
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Recall 4 ?>2=>B0 28O2;5==O 0B0:; 
F1-score 4 30@<>=V9=5 A5@54=є B>G=>ABV B0 ?>2=>B8. 
 0B@8FO ?><8;>: 4>72>;Oє >FV=8B8 :V;ь:VABь: VAB8==> ?>78B82=8E (TP), 

E81=> ?>78B82=8E (FP), VAB8==> =530B82=8E (TN) B0 E81=> =530B82=8E (FN) 
@57C;ьB0BV2 

#@>2545=5 <>45;N20==O ?>:070;>, I> 28:>@8AB0==O ?>254V=:>2>3> 0=0-
;V7C 4>72>;Oє: 28O2;OB8 =52V4><V (zero-day) 0B0:8; ?V428I8B8 B>G=VABь 45B5:-
FVW 4> 90395%; 7<5=H8B8 70;56=VABь 2V4 A83=0BC@=8E 107; 040?BC20B8 A8AB5<C 
4> 7<V= C <5@5652><C A5@54>28IV. 

 >45;N20==O ?@>F5AV2 28O2;5==O H:V4;82>3> B@0DV:C =0 >A=>2V ?>254V-
=:>2>3> 0=0;V7C є 5D5:B82=8< ?V4E>4>< 4> ?>1C4>28 ACG0A=8E A8AB5< :V15@-
70E8ABC. �0?@>?>=>20=0 <>45;ь 4>72>;Oє @50;V7C20B8 ?@>0:B82=89 ?V4EV4 4> 
157?5:8, ?@8 O:><C 703@>78 28O2;ONBьAO =0 @0==VE 5B0?0E WE @>728B:C. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. CICIDS2017 Dataset [�;5:Bpo==89 @5AC@A]. URL: 

https://www.unb.ca/cic/datasets/ids-2017.html (40B0 725@=5==O: 08.03.2026). 

2. Evaluation of Machine Learning Techniques for Traffic Flow-Based Intru-

sion Detection. [�;5:Bpo==89 @5AC@A]. URL: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9740321 (40B0 725@=5==O: 08.03.2026). 

3. Anomaly-based intrusion detection on benchmark datasets for network se-

curity: a comprehensive evaluation. [�;5:Bpo==89 @5AC@A]. URL: 

https://www.nature.com/articles/s41598-026-38317-w (40B0 725@=5==O: 
08.03.2026). 

4. Anomaly-based intrusion detection system for IoT networks through deep 

learning model. [�;5:Bpo==89 @5AC@A].  URL: 

https://www.sciencedirect.com/science/article/abs/pii/S0045790622001100 (40B0 
725@=5==O: 08.03.2026). 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.unb.ca/cic/datasets/ids-2017.html.
https://pmc.ncbi.nlm.nih.gov/articles/PMC9740321/
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https://www.sciencedirect.com/science/article/abs/pii/S0045790622001100
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$>1>BC 28:>=0=> 70 45@61N465B=>N B5<>N «$>728B>: @>7?>4V;5=>W 
5=5@35B8:8 2 C<>20E @8=:C 5;5:B@8G=>W 5=5@3VW ':@0W=8 7 28:>@8AB0==O< 
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<8<8 <>;5:C;0<8 AB8:0єBьAO 7 ?@8=F8?>28<8 B@C4=>I0<8.  

*5 ?>29O70=5 7 B8<, I> >?B8G=0 A8;0, 0 >B65, 9 CB@8<CNG89 ?>B5=FV0; 
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�V4><>, I> ?V4A8;5==O 5;5:B@8G=8E ?>;V2 ?@8 71C465==V ?>25@E=528E 
?;07<>==8E @57>=0=AV2 ?@872>48Bь 4> 7@>AB0==O CB@8<CNG>W =0=>G0AB8=:C 
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;V46C20B8<5<> G0AB>B=C 70;56=VABь ?>74>26=ь>3> ?V4A8;5==O ?>;V2 C 707>@V 
<V6 =0=>G0AB8=:0<8. �8@07 4;O B0:>W 70;56=>ABV <0є 283;O4 [1] 
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2
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d

ö ö= ÷ ÷
ø ø

 ňG , (1) 

45 R  3 @04VCA =0=>G0AB8=>: (22060є<>, I> =0=>G0AB8=:8 <0NBь >4=0:>289 
@04VCA B0 283>B>2;5=V 7 >4=>3> <5B0;C); d  3 2V4AB0=ь <V6 =0=>G0AB8=:0<8; gň  

3 4V5;5:B@8G=0 ?@>=8:=VABь <0B5@V0;C 707>@C; ( )Q   3 G0AB>B=0 70;56=VABь 
4>1@>B=>ABV 707>@C, O:89 C @>73;O=CB><C 28?04:C <>6=0 22060B8 ?;07<>=-
=8< @57>=0B>@>< 3 ?0AB:>N 4;O 70E>?;5=8E >19є:BV2, @>7<V@ O:8E <5=H89 70 
25;8G8=C 707>@C (=0?@8:;04, >@30=VG=8E <>;5:C;). 

�0 @57C;ьB0B0<8 @>7@0EC=:V2 1C;> 2AB0=>2;5=>, I> ?V4A8;5==O ?>;V2 
ACBBє2> 7@>AB0є 7V 7<5=H5==O< @>7<V@C 707>@C, >A>1;82> 2 =0=><5B@>2><C 
4V0?07>=V. &0:5 ACBBє25 ?V4A8;5==O ;>:0;ь=8E 5;5:B@8G=8E ?>;V2 70157?5GCє 
25;8:89 2=5A>: 3@04Vє=B0 ?>;O 2 CB@8<CNGV A8;8. 
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?;07<>==V9 ;VB>3@0DVW, ?@8A:>@5==V EV<VG=8E @50:FV9, ?;07<>==><C 70E>?-
;5==V =0=>@>7<V@=8E >19є:BV2. ' 28?04:C, :>;8 <>;5:C;8 D;C>@>D>@0 7=0E>-
4OBьAO ?>1;87C <5B0;528E =0=>G0AB8=>:, <>65 ACBBє2> ?V4A8;8B8AO V=B5=A8-
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AO :CB>289 @>7?>4V; 28?@><V=N20==O B0 9>3> ?>;O@870FVO [1]. 

�A5 F5 A?@8Oє H8@>:><C 28:>@8AB0==N ?;07<>=-?V4A8;5=>W D;C>@5AF5-
=FVW 2 <548G=8E, 1V>;>3VG=8E B0 EV<VG=8E 4>A;V465==OE. ' 729O7:C 7 F8< AB2>-
@5==O @V7=8E <0B5<0B8G=8E <>45;59 4;O B5>@5B8G=>3> 4>A;V465==O ?V4A8;5-
=>W 70 @0EC=>: ?;07<>==8E @57>=0=AV2 D;C>@5AF5=FVW є 0:BC0;ь=>N 7040G5N. 

� @>1>BV ?>1C4>20=> <>45;ь 4;O 4>A;V465==O @>7<V@=8E V G0AB>B=8E 70-
;56=>AB59 V=B5=A82=>ABV D;C>@5AF5=FVW (G8A;0 28?@><V=5=8E <>;5:C;>N 
D>B>=V2 70 >48=8FN G0AC).  

�030;ь=89 28@07 4;O FVєW E0@0:B5@8AB8:8 D;C>@5AF5=FVW <0є 283;O4 

 

 sca

abs 0

abs sca

C
W N

C C
=

+
F , (1) 

45 0N  3 G8A;> ?040NG8E D>B>=V2; absC  V scaC  3 ?5@5@V78 ?>3;8=0==O V @>7AVN-
20==O ?;07<>==>W =0=>G0AB8=:8, 0 9<>2V@=VABь ?>3;8=0==O D>B>=V2 70 >48=8-
FN G0AC 
 abs abs 0W C I= , (2) 

 

0I  3 V=B5=A82=VABь ?040NG>3> A2VB;0 
#V4AB02;ONG8 28@07 (2) C D>@<C;C (1), <0B8<5<> 
 

 
abs sca

0 0

abs sca

C C
N I

C C
=

+
F . (3) 

 

�2>4OG8 5D5:B82=>ABV ?>3;8=0==O abs absQ C S=  V @>7AVN20==O 

sca scaQ C S=  ( S  3 35><5B@8G=89 ?5@5@V7 =0=>G0AB8=:8), >45@68<> 4;O 157@>-
7<V@=>W V=B5=A82=>ABV D;C>@5AF5=FVW =0ABC?=89 28@07 

 

 
abs sca

abs sca

Q Q

Q Q
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+
F . (4) 

 

#>B@V1=> 2V4<VB8B8, I> 28@07 (4) є A?@0254;828< 4;O =0=>G0AB8=>: 
1C4ь-O:>W D>@<8, 283>B>2;5=8E V7 1C4ь-O:>3> ?;07<>==>3> <0B5@V0;C V @>7B0-
H>20=8E C 4>2V;ь=><C ?0A82=><C 4V5;5:B@8G=><C A5@54>28IV.  
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=8E ?V4?@8є<AB20E 7 28@>1=8FB20 G>@=8E <5B0;V2.  

 5B0;, I> 28?CA:0NBь <0@B5=V2Aь:V ?5GV ?>B@0?;Oє 4> 2V44V;5==O @>7-
;82:8, 45 @>7;820єBьAO C 28;820;ь=8FV @V7=8E B8?V2 B0 @>7<V@V2.  

�0;V, <5B0; B@0=A?>@BCєBьAO 4> AB@V?5@=>3> 2V44V;5==O 45 ?52=0 ?;02:0 
@>74O30єBьAO B0 ?>ABC?0є 4> 2V44V;5==O =03@V20;ь=8E :>;>4O7V2.  

&CB 2V41C20єBьAO 4C65 206;8289 5B0? 28@>1=8FB20.  
"A:V;ь:8 <5B0; 70 G0A B@0=A?>@BC20==O 2B@0G0є A2>N B5<?5@0BC@C V 

?@>:0B0B8 9>3> AB0є =5<>6;828<. ' =03@V20;ь=8E :>;>4O7OE 2545BьAO ?@>F5A 
=03@V20==O 7;8B:V2, 7 >4=>G0A=8< :>=B@>;5< O:>ABV 2V4?>2V4=> 4> AB0=40@BV2 
=03@V2C 2V4?>2V4=>W ?;02:8.  

� 70;56=>ABV 2V4 E0@0:B5@8AB8: <5B0;C (@V7=V <0@:8 AB0;V; @V7=V B8?8 B0 
@>7<V@8; 7 70C2065==O<8 B0 157), ?V4 G0A 9>3> =03@V20==O ?>B@V1=> :>=B@>;N-
20B8 A0< ?@>F5A, :>@83C20B8 9>3>, 2V4AB56C20B8 ?>:078 7 :>=B@>;ь=>-

28<V@N20;ь=8E ?@8;04V2, A;V4:C20B8 70 2V4?>2V4=VABN ?52=>3> <5B0;C 7 =0-
3@V2><, :>@83C20B8 :0;>@V9=VABь 307>2>-?>2VB@O=>W AC<VHV B0 G0A A?@0FN20==O 
?5@5:84=8E :;0?0=V2 B0 1030B> V=H>3>.  

�465 O:I> ?@>F5A =03@V20==O 1C45 28:>=0=> =5O:VA=> (=5 2V4?>2V4=> 4> 
AB0=40@BV2), F5 <>65 ?@8725AB8 4> CB2>@5==O C <5B0;V B0:8E 45D5:BV2 O: ?5-
@5?0;, CB2>@5==O B@VI8=, 2=CB@VH=V =0?@C65==O, 2B@0B8 <5B0;C B0 V=.   
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'�� 535.3: 535.212 

%=V6=>9 �.�.1, %:;O@  .%.2, %=V6=0 �.�.3 
1 4-@. B5E=. =0C:, ?@>D. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ��-423 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ���-533 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

'�"%�"!���!!/  �&"�' !������!"� "*�!�� �!�$��� 
��&���*�� $��!�� �$�%&��� BI12SIO20 

�.�.%=V6=>9,  .%.%:;O@, �.�.%=V6=0  

�@8AB0; Bi12SiO20 є 0:B82=8< 4V5;5:B@8:><, I> @>18Bь 9>3> FV:028< 
>1'є:B>< 4;O DC=:FV>=0;ь=>W 5;5:B@>=V:8. �V= <0є 30@=V ?'є7>5;5:B@8G=V, 
5;5:B@>>?B8G=V B0 D>B>?@>2V4=V 2;0AB82>ABV. '=V:0;ь=0 :><1V=0FVO B0:8E 
@V7=8E DV78G=8E 2;0AB82>AB59 7C<>2;Nє 9>3> 70AB>AC20==O 2 >?B>5;5:B@>=VFV 
2 O:>ABV 0:B82=>3> >A5@54:C 4;O ?@>AB>@>2>-G0A>28E <>4C;OB>@V2 A2VB;0, 
0:CAB8G=8E ;V=V9 70B@8<:8, 48=0<VG=8E ?@8AB@>OE 70?8AC 3>;>3@0<8 2 @50;ь-
=><C G0AV, 7<VHC20==V E28;ь>2>3> A?>;CG5==O, >?B8G=8E :>@5;OB>@0E V >?B8-
G=8E ;075@=8E A8AB5<0E 4;O 040?B82=>W :>@5;OFVW. 

�;O V=B5@?@5B0FVW 707=0G5=8E 2;0AB82>AB59 28:>@8AB>2CєBьAO B5>@VO 0:-
B82=8E 5=5@35B8G=8E @V2=V2 (?0AB>:), O:V 28=8:0NBь C @07V ?>@CH5==O AB5EV>-
<5B@VW (45D5:B8), ;53C20==O @V7=8<8 5;5<5=B0<8 (=0?@8:;04 30;V9, 0;N<V=V9). 
�;O 287=0G5==O ?0@0<5B@V2 0:B82=8E 5=5@35B8G=8E @V2=V2 (3;818=0 70;O30=-
=O, ?5@5@V7 70E>?;5==O, :>=F5=B@0FVO F5=B@V2) 28:>@8AB>2CNBьAO @V7=V <5B>-
48, O:V 2:;NG0NBь @5;0:A0FV9=V B0 A?5:B@>A:>?VG=V ?V4E>48. *5 B5@<>0:B820-
FV9=0 B0 є<=VA=0 A?5:B@>A:>?VO, 28<V@N20==O D>B>?@>2V4=>ABV. $V7=>2840<8 
<5B>40 B5@<>0:B820FV9=>W A?5:B@>A:>?VW є <5B>48 B5@<>AB8<C;ь>20=>W ?@>-
2V4=>ABV, B5@<>AB8<C;ь>20=>W ?>;O@870FVW B0 B5@<>AB8<C;ь>20=>W 45?>;O@8-
70FVW (&%�).  

' 28?04:C &%� ?@>F5A <V3@0FVW 70@O4C 2V41C20єBьAO C 2=CB@VH=ь><C ?>-
;V, I> A0<>C73>465=> 7<V=NєBьAO ?@8 =03@V20==V.  5B>4 &%� ?5@5410G0є 
?@>2545==O =0ABC?=>3> 5:A?5@8<5=BC. �@07>: ?>;O@87CNBь 7>2=VH=V< 5;5:B-
@8G=8< ?>;5< 70 ?V428I5=>W B5<?5@0BC@8, ?>BV< >E>;>46CNBь 4> =87ь:>W 
B5<?5@0BC@8 V 2V4:;NG0NBь ?>;5. #@8 ?>40;ьH><C ?>2V;ь=><C =03@V20==V 
«70<>@>65=V» 48?>;V G8 70@O48 ?>25@B0NBьAO 2 @V2=>206=89 AB0=, AB2>@NN-
G8 A;01:89 AB@C<. �0;56=VABь AB@C<C 45?>;O@870FVW 2V4 B5<?5@0BC@8 є :@8-
2>N &%� 7 ?V:0<8 (<0:A8<C<0<8), AB0=>28I5 V D>@<0 O:8E 70;568Bь 2V4 5=5-
@3VW 0:B820FVW, 25;8G8=8 =0:>?8G5=>3> 70@O4C V 9>3> @5;0:A0FVW.  

�;O 287=0G5==O ?0@0<5B@V2 0:B82=8E 5=5@35B8G=8E @V2=V2 28:>@8AB>2C-
NBь @V7=V <5B>48: <5B>4 =01;865=>W >FV=:8 5=5@3VW 0:B820FVW, <5B>4 �0@;V:0-
�V1A>=0, <5B>4 #0@DV0=>28G0-�>3C=0-�CA0, <5B>4 �@>AA259=5@0 [1]. �0AB>AC-
20==O :>=:@5B=>3> <5B>4C 287=0G0єBьAO =01>@>< ?0@0<5B@V2, I> 2E>4OBь, 0 
B0:>6 5:A?5@8<5=B0;ь=> >B@8<0=8<8 7=0G5==O<8 AB@C<C &%�. �0;56=VABь 
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<>65 <VAB8B8 4>1@5 AB@C:BC@>20=V ?V:8 7 GVB:> 28@065=8<8 ?V49><>< B0 A?0-
4><. *5 V450;ь=0 A8BC0FVO I>4> @>7@0EC=:V2. !0 ?@0:B8FV A?5:B@8 <>6CBь 
<0B8 A;01> 28@065=C AB@C:BC@>20=C D>@<C. 

�8:>@8AB0==O 1V;ьH ?@>AB8E <5B>4V2 ?5@5410G0є 7=0==O 45O:8E ?>ABV9-
=8E 25;8G8= (:>=AB0=B), I> E0@0:B5@87CNBь ?@>F5A @5;0:A0FVW 70@O4C.  5B>N 
40=8E 4>A;V465=ь 1C;> 287=0G5==O B0:8E :>=AB0=B, I> >1C<>2;Nє <>6;8-
2VABь 28:>@8AB0==O 1V;ьH 7@CG=8E <5B>4V2 287=0G5==O 5=5@3VW 0:B820FVW.  

�:A?5@8<5=B0;ь=V 4>A;V465==O AB@C<V2 &%� :@8AB0;V2 Bi12SiO20 =025-
45=> =0 @8A. 1. 

 

 
 

$8AC=>: 1 3 �0;56=VABь AB@C<V2 &%� 2V4 C<>2 ?>;O@870FVW: Tp = 500 �, Ep = 6 

:�A<-1, 45 () >A2VB;5==O 75;5=8<, (3) A8=V<, (•) C;ьB@0DV>;5B>28< A2VB;><.  

 

"B@8<0=V <5B>4>< �0@;V:0-�V1A>=0 =0ABC?=V 7=0G5==O 5=5@3VW 0:B820FVW 
4;O >A2VB;5==O 75;5=8< A2VB;>< 3 0,77 5�, A8=V< 3 0,88 5�, C;ьB@0DV>;5B>28< 
3 1,17 5�. �0=89 <5B>4 є =091V;ьH C=V25@A0;ь=8< (=5 28<030є 7=0=ь :V=5B8:8 
?5@570E>?;5==O) B0 E0@0:B5@87CєBьAO <V=V<0;ь=>N ?>E81:>N. �VAB02;5==O 
<5B>4C �0@;8:0 3 �V1A>=0 B0 <5B>4C =01;865=>W >FV=:8 5=5@3VW 0:B820FVW 
?>:070;>, I> :>5DVFVє=B ?@>?>@FV9=>ABV � C <5B>4V =01;865=>W >FV=:8 1C45 
15,49 (4;O 75;5=>3> >A2VB;5==O), 16,51 (4;O A8=ь>3>) B0 25,88 4;O C;ьB@0DV>-
;5B>2>3> >A2VB;5==O :@8AB0;C Bi12SiO20. $0=VH5 28:>@8AB>2C20;8 �=20, I>, 
O: ?>:070=>, ?@872>48;> 4> 1V;ьH>W =5287=0G5=>ABV >45@60=8E 7=0G5=ь 5=5@-
3VW 0:B820FVW. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. %=V6=>9 �. �.  5B>48G=V 2:07V2:8 4> 28:>=0==O :C@A>2>W @>1>B8 7 
48AF8?;V=8 < 5B>48 B0 70A>18 28<V@N20=ь, 28?@>1C20=ь B0 :>=B@>;N= 4;O 
ABC45=BV2 A?5FV0;ь=>ABV 152 « 5B@>;>3VO B0 i=D>@<0Fi9=>-28<i@N20;ь=0 
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B5E=V:0» 45==>W V 70>G=>W D>@< =02G0==O. �0?>@V66O: !' «�0?>@V7ь:0 ?>;VB5-
E=V:0», 2022. 72 A. URL: http://eir.zp.edu.ua/handle/123456789/8395 (40B0 725@-
=5==O: 02.03.2026). 
 

 

'�� 004.056.5 
%=V6=>9 �.�. 1, �@01>20  .$. 2 
1 ?@>D. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ��-713 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
$"�Ь "(�*�$� � �!("$ �*��!"� ���#��� ' �����#�+�!!� 

��)�%&' �!("$ �*��  
�.�. %=V6=>9,  .$. �@01>20 

"DVF5@ 7 V=D>@<0FV9=>W 157?5:8 (Information Security Officer, ISO) 4 F5 
D0EV25Fь, O:89 2V4?>2V40є 70 @>7@>1:C B0 2?@>20465==O ?>;VB8: 70E8ABC 40-
=8E, C?@02;V==O< @878:0<8, <>=VB>@8=3>< V=D@0AB@C:BC@8, @503C20==O< =0 
:V15@V=F845=B8 B0 ?V428I5==O< @V2=O >1V7=0=>ABV A?V2@>1VB=8:V2 [1]. "A=>2=0 
<5B0 FVєW ?>A048 − 70157?5G5==O :>=DV45=FV9=>ABV, FV;VA=>ABV B0 4>ABC?=>ABV 
V=D>@<0FVW.  

' A2>W9 @>1>BV 2V= =5 ;8H5 D>@<Cє ?@028;0 B0 ?@>F54C@8 ?>2>465==O 7 
40=8<8, 0 9 A8AB5<0B8G=> 040?BCє WE 4> 0:BC0;ь=8E 28:;8:V2 V 703@>7. �=0G=0 
C2030 ?@84V;OєBьAO 0=0;V7C <>6;828E @878:V2 B0 2=CB@VH=ь><C 0C48BC 4 F5 
4>?><030є 2G0A=> 7=0E>48B8 A;01:V <VAFO 9 @>7C<VB8, =0A:V;ь:8 4Vє28<8 є 
2AB0=>2;5=V 10@9є@8 70E8ABC. *5 4>72>;Oє H284H5 @503C20B8 =0 ?>B5=FV9=V 
703@>78. #0@0;5;ь=> 70157?5GCєBьAO B5E=VG=0 157?5:0: =0;0HB>2CNBьAO A8A-
B5<8 70E8ABC, :>=B@>;NєBьAO @575@2=5 :>?VN20==O, 0 B0:>6 2V4AB56CєBьAO 
?V4>7@V;0 0:B82=VABь C <5@56V. 

#V4 G0A V=F845=BV2 >DVF5@ :>>@48=Cє 4VW I>4> WE CAC=5==O, <V=V<V7Cє =0-
A;V4:8 B0 70?>1V30є ?>2B>@=8< 0B0:0<. ":@5<89 0:F5=B 2V= @>18Bь =0 C?@02-
;V==V ?@020<8 4>ABC?C B0 =02G0==V :><0=48, >A:V;ь:8 A0<5 ;N4Aь:V ?><8;:8 
=09G0ABVH5 AB0NBь =091V;ьH C@07;828< 5;5<5=B><. 'AO 4VO;ь=VABь 74V9A=N-
єBьAO 7 4>B@8<0==O< ?@02>28E =>@< V 70:>=>402G8E 28<>3, I> @53C;NNBь 
157?5:C B0 :>=DV45=FV9=VABь 40=8E. 

' B>9 A0<89 G0A >1>29O7:8 >DVF5@0 7 V=D>@<0FV9=>W 157?5:8 =5 >1<56C-
NBьAO ;8H5 B5E=VG=8<8 70240==O<8. � C<>20E 0:B82=>3> @>728B:C F8D@>2>3> 
A5@54>28I0 2V= B0:>6 4>;CG0єBьAO 4> ?@>B84VW :V15@1C;V=3C, >A>1;82> :>;8 
945BьAO ?@> 70E8AB 4VB59 [2, 3]. �:A?5@B8 4>?><030NBь 2G0A=> ?><VG0B8 ?@>-
O28 >=;09=-Fь:C20==O, >?5@0B82=> @503CNBь =0 ?>O2C >1@07;828E G8 =5157-
?5G=8E <0B5@V0;V2, A?V2?@0FNNBь V7 ?@>DV;ь=8<8 A;C610<8 B0 >=;09=-

?;0BD>@<0<8, 0 B0:>6 ?@>2>4OBь @>79OA=N20;ь=C @>1>BC [4, 5]. 

http://eir.zp.edu.ua/handle/123456789/8395


23 

 

�0728G09 :V15@1C;V=3 ?@>O2;OєBьAO G5@57 ?>ABV9=V >1@078, ?>3@>78 G8 
@>7?>2AN465==O 283040=8E V ?@8=87;828E 2V4><>AB59, 28:>@8AB0==O GC68E 
D>B> 157 4>72>;C G8 AB2>@5==O D59:>28E 0:0C=BV2 4;O B8A:C. ' ?>4V1=8E 
28?04:0E :@8B8G=> 206;82> =5 ?@>AB> ?@8?8=8B8 Fь:C20==O, 0 9 70157?5G8B8 
70E8AB ?>AB@0640;8E, 7>:@5<0 WE=VE ?5@A>=0;ь=8E 40=8E. &><C Aь>3>4=V V=-
D>@<0FV9=0 157?5:0 AB>ACєBьAO =5 BV;ь:8 B5E=>;>3V9, 0 9 AB2>@5==O 157?5G=>-
3> A5@54>28I0 4;O A?V;:C20==O B0 @>728B:C, 7>:@5<0 4;O <>;>4V. 

�;O 1V;ьH 3;81>:>3> @>7C<V==O ?@>1;5<8 206;82> B0:>6 725@=CB8 C20-
3C =0 >7=0:8 :V15@1C;V=3C B0 A?>A>18 @503C20==O =0 =ь>3>.  

"7=0:8 :V15@1C;V=3C =5 702648 є >G5284=8<8, >4=0: VA=Cє @O4 ?>254V=-
:>28E 7<V=, O:V <>6CBь A2V4G8B8 ?@> B5, I> 48B8=0 707=0є >=;09=-Fь:C20==O. 
�>:@5<0, F5 <>65 ?@>O2;OB8AO C 7<5=H5==V A?V;:C20==O 7 >4=>;VB:0<8 B0 
@>48=>N, =51060==V 2V42V4C20B8 =02G0;ь=V 70:;048 01> V=HV <VAFO, 45 є @>25-
A=8:8, 0 B0:>6 C @V7:8E 7<V=0E =0AB@>N. �8B8=0 <>65 AB020B8 1V;ьH 70<:=C-
B>N, B@82>6=>N, 2B@0G0B8 V=B5@5A 4> 728G=8E 70=OBь V E>1V. �=>4V A?>AB5@V30-
NBьAO 9 DV78G=V ?@>O28, B0:V O: 3>;>2=89 1V;ь, ?>@CH5==O A=C G8 7030;ь=0 
=5@2>7=VABь. 

' B0:8E A8BC0FVOE 206;82> A2>єG0A=> B0 ?@028;ь=> @503C20B8. #5@54C-
AV< =5>1EV4=> ?V4B@8<0B8 48B8=C, 28A;CE0B8 WW 157 >AC4C B0 AB2>@8B8 0B<>A-
D5@C 4>2V@8.  

�06;82> B0:>6 715@V30B8 4>:078 28?04:V2 :V15@1C;V=3C, 7>:@5<0 A:@V=-
H>B8 ?>2V4><;5=ь G8 :><5=B0@V2.  

�>FV;ь=8< є 1;>:C20==O :@824=8:0 B0 725@=5==O 4> 04<V=VAB@0FVW >=-
;09=-?;0BD>@< V7 2V4?>2V4=>N A:0@3>N [6, 7]. ' @07V ?>B@518 20@B> 7<V=8B8 
:>=B0:B=V 40=V B0 =0;0HBC20==O :>=DV45=FV9=>ABV, 0 B0:>6 =02G0B8 48B8=C 
?@028;0< 157?5G=>W ?>254V=:8 2 V=B5@=5BV, 7>:@5<0 70E8ABC >A>18AB>W V=D>@-
<0FVW. 

&0:8< G8=><, @>1>B0 >DVF5@0 7 V=D>@<0FV9=>W 157?5:8 >E>?;Nє H8@>-
:89 A?5:B@ =0?@O<V2: 2>=0 ?>є4=Cє B5E=VG=89 70E8AB, >@30=V70FV9=V 70E>48 B0 
>A2VB=N @>1>BC, A?@O<>20=C =0 D>@<C20==O :C;ьBC@8 157?5G=>W ?>254V=:8 2 
F8D@>2><C ?@>AB>@V, I> ґ@C=BCєBьAO =0 270є<=V9 ?>207V, 4>B@8<0==V >A>18A-
B8E <56 V =54>?CI5==V 70240==O H:>48 V=H8<. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �V15@?>;VFVO ':@0W=8. "DVFV9=89 A09B [�;5:B@>==89 @5AC@A]. URL: 

https://cyberpolice.gov.ua (40B0 725@=5==O: 02.03.2026). 
2.  V=VAB5@AB2> >A2VB8 V =0C:8 ':@0W=8. #@>B84VO 1C;V=3C. [�;5:B@>==89 

@5AC@A]. URL: https://mon.gov.ua (40B0 725@=5==O: 02.03.2026). 
3. �5@602=0 A;C610 A?5FV0;ь=>3> 729O7:C B0 70E8ABC V=D>@<0FVW ':@0W=8. 

[�;5:B@>==89 @5AC@A]. URL: https://dsszzi.gov.ua (40B0 725@=5==O: 02.03.2026). 

https://cyberpolice.gov.ua/
https://mon.gov.ua/
https://dsszzi.gov.ua/
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4. !0FV>=0;ь=0 30@OG0 ;V=VO «�0 %B@040 4 ':@0W=0» [�;5:B@>==89 @5-
AC@A]. URL: https://la-strada.org.ua (40B0 725@=5==O: 02.03.2026). 

5. StopBullying. �=D>@<0FV9=0 ?;0BD>@<0 7 ?@>B84VW 1C;V=3C [�;5:B@>=-
=89 @5AC@A]. URL: https://stopbullying.com.ua (40B0 725@=5==O: 02.03.2026). 

6. UNICEF ':@0W=0. �V15@1C;V=3: O: @>7?V7=0B8 B0 I> @>18B8 [�;5:B-
@>==89 @5AC@A]. URL: https://www.unicef.org/ukraine (40B0 725@=5==O: 
02.03.2026). 

7. "A2VB=V9 ?@>є:B «�VO.*8D@>20 >A2VB0». �57?5:0 4VB59 2 V=B5@=5BV [�;5-
:B@>==89 @5AC@A]. URL: https://osvita.diia.gov.ua (40B0 725@=5==O: 02.03.2026). 
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DEFENSE SYSTEM FOR SENSOR NODES OF CYBER-PHYSICAL 

SYSTEMS  

O.V.Kyrychenko, O.V.Vasylenko 

The rapid development of the Industry 4.0 paradigm and the massive imple-

mentation of Internet of Things (IoT) technologies have led to the formation of 

complex cyber-physical systems (CPS) [1]. Today, CPS are the foundation of criti-

cal infrastructure: from smart grids and automated production lines to life support 

systems and autonomous transport. The main feature of such systems is the deep 

integration of computational (cybernetic) processes with the physical environment. 

However, this integration generates fundamentally new vectors of cyber threats 

aimed not at stealing information, but at destabilizing or destroying physical ob-

jects. Traditional information security methods (firewalls, antivirus software, clas-

sical cryptography) focus on protecting data in transit (in the communication chan-

nel) and preventing unauthorized access to higher-level IT infrastructure.  

However, they prove vulnerable to intelligent attacks at the lowest, hardware 

level 3 the level of sensor nodes [2]. If an attacker gains the ability to manipulate 

the analog signal in the physical environment or replace the measuring sensor itself 

(False Data Injection, Stealthy, Replay attacks), the microcontroller's cryptographic 

mechanisms will encrypt the compromised data, and the control system will accept 

them as legitimate. 

Analysis of real incidents (e.g., the Stuxnet virus) [3] proves the critical need 

to transition to end-to-end verification systems that confirm not only the crypto-

graphic integrity of packets but also the physical authenticity of the measurements 

themselves [4]. That is why the development of comprehensive, multi-level securi-
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ty systems based on a hardware "root of trust" and semantic analysis using AI 

methods is a highly relevant scientific and practical task. 

The aim of the work is the development and software modeling of a concep-

tual multi-level cyber defense architecture for sensor nodes of cyber-physical sys-

tems, which provides comprehensive verification of measurement data using hard-

ware key generation, active sensing methods, and semantic analysis based on adap-

tive filters and recurrent neural networks.  

To achieve this aim, the following research tasks were formulated and 

solved: to analyze the specifics of data collection in information and measurement 

systems and classify modern vectors of intelligent attacks on the hardware level of 

CPS (FDI, Stealthy, Replay); to investigate existing practical approaches to ensur-

ing the hardware integrity of end nodes, in particular the use of Physical Unclona-

ble Functions (PUF); to consider the mathematical apparatus of anomaly detection 

based on the physics of processes (Physics-based Detection) and methods of active 

watermarking of analog signals; to design a conceptual multi-level security archi-

tecture combining isolated execution of cryptographic operations (TrustZone) with 

dynamic semantic analysis; to develop and justify a mathematical model of an 

adaptive residual detection threshold for the classical Kalman filter and an extend-

ed digital twin based on an LSTM neural network; to perform a software simula-

tion of the developed architecture to confirm its effectiveness under conditions of 

non-stationary noise and stealthy cyberattacks. 

The object of the research is the processes of collection, primary processing, 

cryptographic protection, and transmission of measurement information from end 

sensor nodes to control controllers within cyber-physical systems.  

The subject of the research is the methods, algorithms, and comprehensive 

engineering solutions for ensuring data integrity, reliability, and hardware authen-

ticity based on PUF technologies, Kalman filters, and Long Short-Term Memory 

(LSTM) neural networks.  

Research methods. In the process of performing the work, the following were 

applied: methods of system analysis (to form a multi-level security architecture); 

automatic control theory (to describe the dynamics of CPS in the state space); 

mathematical statistics (to calculate residuals and adaptive detection thresholds); 

machine learning (to approximate non-linear physical processes using LSTM); 

cryptographic information protection methods; and computer modeling methods 

(for software simulation of the developed monitoring algorithms).  

Practical significance of the obtained results.  

The proposed architectural model and adaptive detection algorithms can be 

used as a theoretical and algorithmic foundation for developing real security moni-

toring systems at critical infrastructure facilities, which will significantly increase 

their cyber resilience against intelligent physical-layer attacks. 
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DEVELOPMENT OF MONITORING AND CONTROL SYSTEMS FOR 

PRIVATE PV PLANTS 

A.O. Savchenko, N.O Savchenko, O.V Vasylenko. 

Over the past five years, system modeling and automated design have under-

gone a radical transformation, shifting from the separate design of components to 

the creation of integrated cyber-physical systems.  

The main academic trend has been the introduction of the concept of Digital 

Twins, which ensure continuous data exchange between a virtual model and a real 

physical object at all stages of its life cycle. In parallel with this, the MBSE [1] 

(Model-Based Systems Engineering) approach has gained traction, allowing for the 

integration of mechanical, electronic, and software components within a single 

modeling environment, thereby minimizing compatibility risks as early as the ar-

chitecture development stage. 

Modeling principles have been significantly updated thanks to the develop-

ment of cloud platforms and real-time tools. Platforms such as NVIDIA Omniverse 

and the updated MATLAB/Simulink [2] and Autodesk Fusion 360 suites have 

shifted the focus toward multiphysics modeling and photorealistic simulation of 

robotics.  

A key milestone was the widespread adoption of open-source environments 

and the integration of specialized software into educational and research processes. 

These tools enable high-precision calculations of semiconductor structures and 
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digital automata, capabilities previously available only in highly specialized la-

boratory packages. 

Artificial intelligence has become a defining factor in development, evolving 

from a supporting tool to the core of the design process. The introduction of gener-

ative design based on neural networks has made it possible to automatically create 

optimal part topologies that cannot be developed using traditional methods.  

In addition, AI has radically impacted control systems through the use of re-

inforcement learning, which ensures the adaptability of mechatronic modules to 

changing environments. New approaches have also extended to the field of Edge 

AI, where data processing algorithms are integrated directly into microcontrollers, 

allowing systems to make autonomous decisions in real time without delays caused 

by data transmission to the cloud. 

Let9s examine the development of the modeling industry using Siemens as an 
example [3]. The effect of Siemens monopoly is reinforced by a phenomenon 

known as vendor lock-in. Thanks to proprietary data exchange standards and 

unique functional objects (Technology Objects), Siemens modules work perfectly 

within the ecosystem but require significant adaptation costs when attempting to 

integrate with third-party systems. 

Siemens strategy to dominate the software module market, particularly 

through the Integrated Development Architecture (IDA) concept and the TIA Por-

tal ecosystem, is viewed as the creation of a closed, self-contained infrastructure. 

The main mechanism of <monopolization= is based on the principle of vertical 
integration, where software (PLM, TIA Portal) is inextricably linked to hardware 

(S7-1500 controllers, drives).  

Recently, Siemens has been transforming its dominant position as an Industry 

4.0 leader in the field of digital manufacturing through the Xcelerator platform, 

which is formally positioned as open but effectively cements the company9s lead-

ership through control over critical interfaces (APIs).  

Academic case studies highlight that the company9s strategy has shifted from 
protecting physical media to dominating the Industrial Edge and cloud computing 

sectors.  

By controlling the software layer where modules are developed and integrat-

ed, Siemens dictates automation standards for entire industries, effectively turning 

its architecture into an industry standard-the highest form of market dominance. 

Siemens is acquiring software developers specializing in simulation (such as 

Altair Engineering, Mentor Graphics, or CD-adapco) to build a complete Digital 

Twin of a product that bridges the virtual and physical worlds, enabling engineers 

to design, test, and run a factory or component in a simulation before any materials 

are used; create a closed-loop cycle (Digital Thread) where the design and produc-

tion stages are linked (if something changes in the model, the data is automatically 

transferred to Siemens machines at the factory and vice versa).  
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Siemens recently acquired Altair, gaining access to the world9s best artificial 

intelligence for simulations, which allows for the prediction of equipment failures 

as early as the design phase. 
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THE DEVELOPMENT OF MODELING IN THE INDUSTRY 4.0 

CONCEPT 

O.S. Goldysh, O.V. Vasylenko  

Over the past five years, system modeling and automated design have under-

gone a radical transformation, shifting from the separate design of components to 

the creation of integrated cyber-physical systems. The main academic trend has 

been the introduction of the concept of Digital Twins, which ensure continuous 

data exchange between a virtual model and a real physical object at all stages of its 

life cycle.  

In parallel with this, the MBSE [1] (Model-Based Systems Engineering) ap-

proach has gained traction, allowing for the integration of mechanical, electronic, 

and software components within a single modeling environment, thereby minimiz-

ing compatibility risks as early as the architecture development stage. 

Modeling principles have been significantly updated thanks to the develop-

ment of cloud platforms and real-time tools. Platforms such as NVIDIA Omniverse 

and the updated MATLAB/Simulink [2] and Autodesk Fusion 360 suites have 
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shifted the focus toward multiphysics modeling and photorealistic simulation of 

robotics.  

A key milestone was the widespread adoption of open-source environments 

and the integration of specialized software into educational and research processes. 

These tools enable high-precision calculations of semiconductor structures and 

digital automata, capabilities previously available only in highly specialized la-

boratory packages. 

Artificial intelligence has become a defining factor in development, evolving 

from a supporting tool to the core of the design process.  

The introduction of generative design based on neural networks has made it 

possible to automatically create optimal part topologies that cannot be developed 

using traditional methods. In addition, AI has radically impacted control systems 

through the use of reinforcement learning, which ensures the adaptability of mech-

atronic modules to changing environments.  

New approaches have also extended to the field of Edge AI, where data pro-

cessing algorithms are integrated directly into microcontrollers, allowing systems 

to make autonomous decisions in real time without delays caused by data transmis-

sion to the cloud. 

Let9s examine the development of the modeling industry using Siemens as an 
example [3]. The effect of Siemens monopoly is reinforced by a phenomenon 

known as vendor lock-in. Thanks to proprietary data exchange standards and 

unique functional objects (Technology Objects), Siemens modules work perfectly 

within the ecosystem but require significant adaptation costs when attempting to 

integrate with third-party systems. 

Siemens strategy to dominate the software module market, particularly 

through the Integrated Development Architecture (IDA) concept and the TIA Por-

tal ecosystem, is viewed as the creation of a closed, self-contained infrastructure. 

The main mechanism of <monopolization= is based on the principle of vertical 
integration, where software (PLM, TIA Portal) is inextricably linked to hardware 

(S7-1500 controllers, drives).  

Recently, Siemens has been transforming its dominant position as an Industry 

4.0 leader in the field of digital manufacturing through the Xcelerator platform, 

which is formally positioned as open but effectively cements the company9s lead-

ership through control over critical interfaces (APIs). Academic case studies high-

light that the company9s strategy has shifted from protecting physical media to 
dominating the Industrial Edge and cloud computing sectors.  

By controlling the software layer where modules are developed and integrat-

ed, Siemens dictates automation standards for entire industries, effectively turning 

its architecture into an industry standard-the highest form of market dominance. 

Siemens is acquiring software developers specializing in simulation (such as 

Altair Engineering, Mentor Graphics, or CD-adapco) to build a complete Digital 
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Twin of a product that bridges the virtual and physical worlds, enabling engineers 

to design, test, and run a factory or component in a simulation before any materials 

are used; create a closed-loop cycle (Digital Thread) where the design and produc-

tion stages are linked (if something changes in the model, the data is automatically 

transferred to Siemens machines at the factory and vice versa). Siemens recently 

acquired Altair, gaining access to the world9s best artificial intelligence for simula-

tions, which allows for the prediction of equipment failures as early as the design 

phase. 
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DEVELOPMENT OF MECHATRONIC SYSTEMS IN INDUSTRY 4.0 

M.D. Avramenko, O.V.Vasylenko 

The fundamental reorientation of modern industrial production is character-

ized by a transition from the design of isolated mechanical assemblies toward the 

realization of holistic, intelligent integrated ecosystems that operate beyond tradi-

tional engineering boundaries. Mechatronics is a synergy of devices from the fields 

of mechanics, electrical engineering (both analog power for motor drivers and 

digital and nanoelectronics used for automatic control systems) and information 

technology, which makes mechanical movement "smart". Mechatronics, as the 

primary vehicle for this evolution, functions as a synergistic amalgamation of me-

chanical engineering, electronics, computer science, and control theory, specifical-

ly targeted at a radical improvement of product functionality and performance.  
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This multidisciplinary framework dictates a deep level of integration where 

each constituent discipline informs and determines the architecture of the others, 

ensuring that electronic intelligence is not merely appended to a frame but is inher-

ently woven into the system's logic. By merging these traditionally disparate fields, 

engineers gain the capacity to develop systems that are significantly more compact, 

energy-efficient, and capable of autonomous decision-making within highly dy-

namic and unpredictable environments.  

This synthesis establishes the structural and logical foundation for «smart» 
manufacturing, acting as the essential catalyst for innovations in sustainability and 

high-level human-machine collaboration [1]. 

The mechanical layer acts as the system's primary physical interface, provid-

ing optimized rigidity and kinematic paths refined through computer-aided engi-

neering (CAE) to minimize mass and inertia via high-strength materials.  

This physical foundation is seamlessly integrated with a sophisticated senso-

ry level that serves as a digital nervous system, utilizing Micro-Electro-Mechanical 

Systems (MEMS) to translate environmental parameters into high-fidelity feedback 

loops.  

By merging optimized structural integrity with real-time signal conditioning, 

mechatronic assemblies evolve into cyber-physical systems capable of autono-

mously adapting to dynamic operational disturbances. This technical synthesis 

marks a decisive transition from reactive control toward proactive intelligence, 

allowing the system to anticipate future states and maintain peak efficiency within 

autonomous industrial ecosystems [2, 3]. 

The software control level represents the «brain» of the system, where the in-

telligence of the mechatronic assembly is concentrated and true synergy is mani-

fested through complex computational logic. This layer consists of embedded mi-

crocontrollers or digital signal processors (DSPs) that execute sophisticated algo-

rithms ranging from classical PID regulation to advanced fuzzy logic and neural 

network processing. Software intervention allows for the compensation of mechan-

ical imperfections, such as friction, hysteresis, or structural resonance, effectively 

substituting complex hardware components with sophisticated intelligent code.  

In the Industry 4.0 context, this is augmented by AI and IoT technologies, in-

troducing dimensions of self-optimization and predictive maintenance. Machines 

within these autonomous ecosystems are capable of collaborating with one another, 

exchanging data via high-speed communication interfaces to optimize throughput 

and adapt to fluctuating production requirements without direct human intervention 

[1, 3]. 

The most profound expression of mechatronic synergy is found in the process 

of concurrent design, where mechanical, electronic, and software constraints are 

addressed simultaneously to exceed the individual limits of constituent parts. Un-

like traditional engineering, where a mechanical mechanism was finalized before 
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electronics were added, mechatronics requires these elements to be co-designed to 

exploit mutual benefits, such as using active damping algorithms to stabilize light-

er, more flexible mechanical structures.  

This interdisciplinary approach stimulates the development of «smart» com-

ponents with built-in computational power, which reduces physical cabling and 

increases overall system reliability. The successful fusion of high-performance 

hardware and digital intelligence remains the central principle for the next genera-

tion of industrial robotics systems. 
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=0BC@=89 0=0;V7, 52@8AB8:0, HIPS), =09?>H8@5=VH5 @VH5==O 2 �%�� ':@0W=8. 
Bitdefender (GravityZone): �8A>:0 5D5:B82=VABь 45B5:FVW 7024O:8 <0H8=-

=><C =02G0==N, 70E8AB 2V@BC0;ь=8E B0 E<0@=8E A5@54>28I. 
Trellix (McAfee Endpoint Security): �>=B@>;ь ?>254V=:8 ?@>F5AV2, 70E8AB 

2V4 5:A?;>9BV2, F5=B@0;V7>20=5 04<V=VAB@C20==O. 
Trend Micro (Apex One/Worry-Free): ?>254V=:>289 0=0;V7, @5?CB0FV9=V 

A5@2VA8 B0 E<0@=0 0=0;VB8:0, 28A>:89 @V25=ь AC<VA=>ABV 7 V=H8<8 A8AB5<0<8 
:V15@70E8ABC. 

Cisco Secure Endpoint: �=B53@0FVO DC=:FV9 :;0A8G=>3> 0=B82V@CAC B0 
EDR 4;O @>7H8@5=>3> <>=VB>@8=3C ?>4V9. 

CrowdStrike Falcon: $VH5==O =>2>3> ?>:>;V==O, I> 107CєBьAO =0 0=0;V7V 
?>254V=:8 B0 HBCG=><C V=B5;5:BV. 



38 

 

Zillya! (�=B82V@CA 4;O 1V7=5AC / Enterprise): #>2=0 2V4?>2V4=VABь 28<>30< 
&��, 2V4ACB=VABь @878:V2 V=>75<=>3> #�, >?B8<V70FVO ?V4 45@602=89 A5:B>@. 

Avast / AVG Business: "?B8<0;ь=89 10;0=A A83=0BC@=>3> B0 ?>254V=:>-
2>3> 0=0;V7C 4;O <0;>3> B0 A5@54=ь>3> 1V7=5AC. 

#@>2545=> ?>@V2=O;ь=89 0=0;V7 0=B82V@CA=8E @VH5=ь 70 :@8B5@VO<8: 
5D5:B82=VABь 28O2;5==O 703@>7, ?@>4C:B82=VABь, DC=:FV>=0;ь=VABь, @V25=ь 
02B><0B870FVW, 040?B82=VABь 4> ACG0A=8E 703@>7, ?@>DV;ь 70AB>AC20==O. 

!02545=0 ?>@V2=O;ь=0 B01;8FO 0=B82V@CA=8E @VH5=ь. 
�@>1;5=> >3;O4>2>-?>@V2=O;ь=V 28A=>2:8: 
ESET 45<>=AB@Cє 710;0=A>20=5 ?>є4=0==O ?@>4C:B82=>ABV, AB01V;ь=>ABV 

B0 DC=:FV>=0;ь=>ABV, I> @>18Bь 9>3> C=V25@A0;ь=8< @VH5==O< 

Bitdefender V Trend Micro ?>є4=CNBь :;0A8G=V B0 ACG0A=V ?V4E>48, 70157-
?5GCNG8 5D5:B82=89 70E8AB C :>@?>@0B82=><C A5@54>28IV. 

$VH5==O CrowdStrike, Cisco B0 Trellix 70157?5GCNBь =0928I89 @V25=ь 70-
E8ABC 7024O:8 28:>@8AB0==N EDR, ?>254V=:>2>W 0=0;VB8:8 B0 02B><0B87>20-
=>3> @503C20==O. 

Zillya! >@Vє=B>20=89 =0 45@602=89 A5:B>@, 70157?5GCNG8 4>AB0B=V9 @V-
25=ь 70E8ABC ?@8 28A>:V9 :>=B@>;ь>20=>ABV B0 2V4?>2V4=>ABV 28<>30< 

$VH5==O 2V4 Avast 5D5:B82=V 4;O ?@820B=>3> 28:>@8AB0==O B0 <0;>3> 1V-
7=5AC, 70157?5GCNG8 107>289 @V25=ь 70E8ABC 7 <V=V<0;ь=8< =020=B065==O<. 

�;O 7=865==O @878:C 28:>@8AB0==O 2@07;82>AB59 V ?V428I5==O 7030;ь-
=>3> @V2=O 157?5:8 @5:><5=4CNBьAO @53C;O@=V >=>2;5==O V=D>@<0FV9=>W A8A-
B5<8, 2840;5==O 70AB0@V;>3> #�, 28:>@8AB0==O ;8H5 >4=>3> >A=>2=>3> 0=B8-
2V@CAC. 
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%��*�/ «&����" '!���*�� &� $���"&�)!���» 
 

'�� 621.396.677 

�C3@>20 &.�.1, +>@=>1>@>4>2  .#.2, �8:>2 �.�.3 

1,2 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ��-232 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

�$"&"�� �!&�!� /� #$"%&"$"�"-+�%&"&!� (��Ь&$� 

&.І. �C3@>20,  .#. +>@=>1>@>4>2, І.�. �8:>2 

�@>B>20 0=B5=0 5:2V20;5=B=0 >4=>28<V@=><C ?@>AB>@>2>-G0AB>B=><C DV-
;ьB@C. �W 4V03@0<0 A?@O<>20=>ABV є (C@9є->1@07>< @>7?>4V;C AB@C<C 274>26 
?@>2V4=8:0, B><C 0=B5=0 281V@:>2> ?V4A8;Nє 01> ?@83=VGCє A:;04>2V :CB>2>3> 
A?5:B@0 5;5:B@><03=VB=>3> ?>;O. �@>B>2V 0=B5=8 C ACG0A=8E @04V>A8AB5<0E  
4540;V G0ABVH5 @>73;O40NBьAO =5 ;8H5 O: 28?@><V=N20G/?@89<0G, 0 V O: 
?5@28==89 A5;5:B82=89 5;5<5=B B@0:BC. �@>B>2V 0=B5=8 7024O:8 
@>7?>4V;5=8< AB@C<0<, 35><5B@8G=V9 3=CG:>ABV B0 @57>=0=A=V9 ?@8@>4V 740B=V 
@50;V7>2C20B8 281V@:>2VABь >4=>G0A=> 2 G0AB>B=V9 B0 ?@>AB>@>2V9 >1;0ABOE, 
28:>=CNG8 DC=:FVW ?@>AB>@>2>-G0AB>B=>3> DV;ьB@0 I5 4> 5B0?V2 ?V4A8;5==O V 
>1@>1:8 A83=0;C. �A5 F5  ?@8725;> 4> 28=8:=5==O A?5FV0;ь=>3> B5@<V=C 4;O 
B0:8E 0=B5= 3 filtenna [1]. 

� 4>A;V465==V >1ґ@C=B>20=> ?V4EV4 4> 0=0;V7C B0 A8=B57C 4@>B>28E 0=B5= 
O: ?@>AB>@>2>-G0AB>B=8E DV;ьB@V2 V ?>:070=> =0 ?@8:;04V ;>3>?5@V>48G=>W 
0=B5=8, O: 35><5B@VO, 4>268=0 ?@>2V4=8:V2 B0 A?>AV1 682;5==O 287=0G0NBь WE 
G0AB>B=>-?@>AB>@>2V A5;5:B82=V 2;0AB82>ABV. $>7?>4V; AB@C<V2 C74>26 4@>BC 
D>@<Cє G0AB>B=>70;56=V C<>28 @57>=0=AC, 0 D07>2V A?V22V4=>H5==O <V6 
5;5<5=B0<8 - :CB>2C 281V@:>2VABь. *5 5:2V20;5=B=> 4> 4VW DV;ьB@0, 45 G0AB>B=0 
E0@0:B5@8AB8:0 ?>29O70=0 7 4>268=>N ?@>2V4=8:0, 0 ?@>AB>@>20 - 7 
V=B5@D5@5=FVєN ?>;V2. !0 @8A.1, 0 ?>:070=> <C;ьB8A<C3>2C G0AB>B=C 70;56-
=VABь :>5DVFVє=B0 2V418BBO ;>3>?5@V>48G=>W 0=B5=8 7 @V7=>N 35><5B@VєN 2 
O:>ABV ?@8:;04C G0AB>B=>3> DV;ьB@0, 0 =0 @8A.1, 1 3 5:A?5@8<5=B0;ь=C 4V03@0-
<C A?@O<>20=>ABV FVєW 0=B5=8 =0 G0AB>BV 3 ��F 2 O:>ABV ?@8:;04C ?@>AB>@>2>-
3> DV;ьB@0. (V78G=0 ?@8@>40 A5;5:B82=>ABV 4@>B>28E 0=B5= ?>OA=NєBьAO ?@>-
AB>. �;O :;0A8G=8E 28?@><V=N20GV2, B0:8E O: 48?>;ь, <>=>?>;ь B0 @0<:0, 
@57>=0=A=V 4>268=8 287=0G0NBь A<C3C ?@>?CA:0==O. �V4E8;5==O 2V4 
@57>=0=AC ?@872>48Bь 4> 7<5=H5==O 5D5:B82=>ABV B0 7@>AB0==O @50:B82=>W 
A:;04>2>W V<?540=AC, I> 5:2V20;5=B=> 7030A0==N ?>70A<C3>28E A:;04>28E C 
:;0A8G=8E DV;ьB@0E (@8A.1, 0). ' A?@O<>20=8E AB@C:BC@0E, 7>:@5<0 B0:8E, O: 
0=B5=8 '40-/3V B0 ;>3>?5@V>48G=V, 270є<>4VO 0:B82=8E V ?0A82=8E 2V1@0B>@V2 
D>@<Cє :CB>2C «A<C3C ?@>?CA:0==O» - 3>;>2=C ?5;NAB:C 4V03@0<8 
A?@O<>20=>ABV B0 70157?5GCє 5D5:B82=5 ?@83=VG5==O 1VG=8E/704=VE =0?@O<:V2 
(@8A.1, 1). � :>=B5:ABV D>@<C;N20==O <5B8 4>A;V465==O 206;82C @>;ь 2V4V3-



40 

 

@0є 0=0;>3VO 0=B5= 7 ?@>AB>@>2>-G0AB>B=8<8 DV;ьB@0<8. �>268=0 ?@>2V4=8:0 
=0?@O<C 70240є @57>=0=A=C G0AB>BC, 0 2V4AB0=V <V6 5;5<5=B0<8 287=0G0є 
D07>2V 7AC28. !020=B065==O B0 C73>465==O 70157?5GCNBь ?52=C 25;8G8=C 
4>1@>B=>ABV V H8@8=C A<C38 ?@>?CA:0==O. &0:8< G8=><, 4@>B>2C 0=B5=C 
<>6=0 V=B5@?@5BC20B8 O: @>7?>4V;5=89 DV;ьB@ V7 ?@>AB>@>28< 2E>4><.  

�AV FV ?0@0<5B@8 ?V440NBьAO @53C;N20==N 70 4>?><>3>N 35><5B@VW 0=B5-
=8. �>A;V46C20;0Aь 7<V=0 D>@<8 C 283;O4V 4>4020==O 2838=V2, ?5B5;ь B0 >:-
@5<8E D@0:B0;ь=8E A53<5=BV2. �0@V0FVO :V;ь:VABN 5;5<5=BV2, 7<V=0 WE 
270є<=>3> @>7B0HC20==O C ?@>AB>@V 40є 7<>3C :5@C20B8 2>4=>G0A O: 
G0AB>B=>N, B0: V :CB>2>N E0@0:B5@8AB8:0<8 157 70AB>AC20==O B@048FV9=8E 
DV;ьB@C20;ь=8E :0A:04V2 C ?@89<0GV.  

 

 
0 3 :>5DVFVє=B 2V418BBO                                      1 3 4V03@0<0 A?@O<>20=>ABV 

$8AC=>: 1 3 )0@0:B5@8AB8:8 ;>3>?5@V>48G=>W 0=B5=8 O: ?@>AB>@>2>-G0AB>B=>3> 
DV;ьB@C 

 

� ?@0:B8G=>W B>G:8 7>@C @50;V70FVO ?@>AB>@>2>-G0AB>B=>W DV;ьB@0FVW =0 
@V2=V 0=B5=8 7<5=HCє 28<>38 4> ?>40;ьH>W A5;5:FVW 2 ?@89<0;ь=><C B@0:BV, 
?V428ICє 70204>ABV9:VABь B0 5=5@35B8G=C 5D5:B82=VABь A8AB5<8, >A:V;ь:8 
74V9A=Nє ?@84CH5==O 70204 I5 4> <><5=BC ?>?040==O WE =0 2EV4 ?@89<0G0.  

&0:8< G8=><, ?@>?>=CєBьAO @>73;O40B8 A8=B57 4@>B>28E 0=B5= :@V7ь 
?@87<C B5>@VW DV;ьB@V2, 45 4V03@0<0 A?@O<>20=>ABV B@0:BCєBьAO O: ?@>AB>@>20 
0<?;VBC4=>-G0AB>B=0 E0@0:B5@8AB8:0, 0 V<?540=A=V 2;0AB82>ABV - O: G0AB>B=0 
?5@54020;ь=0 DC=:FVO. "A:V;ь:8 4@>B>2V 0=B5=8 <0NBь ?@8@>4=V 2;0AB82>ABV 
?@>AB>@>2>-G0AB>B=>W A5;5:B82=>ABV, F5 4>72>;Oє B@0:BC20B8 WE O: V=B53@>20=V 
DV;ьB@8 5;5:B@><03=VB=>3> ?>;O. &0:89 ?V4EV4 2V4:@820є <>6;82>ABV 4;O 
FV;5A?@O<>20=>3> A8=B57C 0=B5= V7 7040=8<8 DV;ьB@C20;ь=8<8 
E0@0:B5@8AB8:0<8 4;O @04V>729O7:C, @04V>;>:0FVW B0 A8AB5< @04V>5;5:B@>==>W 
1>@>Bь18. 
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%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Caicedo Mejillones S., Oldoni M., D9Amico M. Synthesis of Filters and 

Filtering Antennas for Micro and Millimeter Waves Applications // Special Topics 

in Information Technology / 70 @54. F. Amigoni. Cham:  Springer, 2024. URL:   

https://doi.org/10.1007/978-3-031-51500-2_11 (40B0 725@=5==O: 30.03.2026). 
 

 

'�� 621.3.052.63.4 
�C3@>20 &.�.1,  %<5B0=V= �. .2,  C;V= ".%.3 

1 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 AB.28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ��-233_2 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
�"%�����!!/ �#���' ���Ь�"%&� #��.%&"� � �!&�!� 

CLOVERLEAF !� )�$��&�$�%&��� �!&�!� 

&.І. �C3@>20, І. . %<5B0=V=, ".%.  C;V=  

�;>10;ь=V AC?CB=8:>2V A8AB5<8 =02V30FVW (GPS, Galileo B>I>) AB0;8 =5-
2V49є<=>N G0AB8=>N ?>2AO:45==>3> 68BBO ;N48=8. "4=VєN 7 =091V;ьH8E 
?@>1;5<, I> >1<56CNBь 70AB>AC20==O F8E A8AB5< є 70;56=VABь 2V4 ?>:@8BBO. 
"4=8< 7 <>6;828E @VH5=ь є ?@028;ь=89 281V@ 0=B5=8 4;O ?@8AB@>N. *V:028< 
@VH5==O< B0:>W 7040GV є 28:>@8AB0==O 4;O 729O7:C 0=B5=8 «�>=NH8=0» 
(Cloverleaf). �024O:8 A2>W< 2;0AB82>ABO< V 2V4=>A=V9 ?@>AB>BV 283>B>2;5==O FV 
0=B5=8 :>@8ABCNBьAO 25;8:8< ?>?8B><. � B>9 65 G0A, @>1>B8 ?> 24>A:>=0-
;5==N :>=AB@C:FVW V E0@0:B5@8AB8: 0=B5=8 =5 ?@8?8=ONBьAO [1]. 

� 40=V9 @>1>BV @>73;O40єBьAO 2?;82 :V;ь:>ABV ?5;NAB>: 2 0=B5=V 
«Cloverleaf» =0 E0@0:B5@8AB8:8 ?5@540GV A83=0;C. #@8 Fь><C ?>@V2=N20;8AO 
B0:V ?>:07=8:8: :>5DVFVє=B AB>OG>W E28;V (SWR), 4V03@0<8 A?@O<>20=>ABV, 
:>5DVFVє=B8 ?V4A8;5==O. �>A;V465==O ?@>2>48;>AO H;OE>< %�D <>45;N-
20==O. 

�A=CNGV <>45;V 0=B5= «Cloverleaf» 01> 70=04B> A?@>I5=V, 01> =5 2:;N-
G0NBь @50;ь=V E0@0:B5@8AB8:8 :>=AB@C:FVW. �06;82>, I>1 <>45;ь 1C;0 O:>-
<>30 1;86G0 4> @50;ь=>ABV. &><C 4>A;V465==O ?@>2>48;>AO 70 4>?><>3>N 
?0:5BC ?@>3@0<=>3> 70157?5G5==O «4nec2». 

�;O 4>A;V465==O 1C;> >1@0=> G>B8@8 20@V0=B8 7 @V7=>N :V;ь:VABN ?5;N-
AB>:: B@ь>E?5;NAB:>2C, G>B8@ь>E?5;NAB:>2C, ?9OB8?5;NAB:>2C V H5AB8?5;N-
AB:>2C 0=B5=8.  >45;N20==O ?@>2>48;>AO 2 >4=0:>28E C<>20E 4;O 2AVE B8?V2 
0=B5=. #@8 Fь><C 22060;>AO, I> 0=B5=8 7=0E>4OBьAO 2 =5@CE><><C ?>;>65=-
=V V 2 A5@54>28IV 7 ?>ABV9=8<8 ?0@0<5B@0<8. � O:>ABV <0B5@V0;C 0=B5=8 1C;> 
>1@0=> <V4=89 4@VB 4V0<5B@>< 1,5 <<.  >45;N20==O @>1>B8 0=B5= 74V9A=N20-
;>AO =0 G0AB>BV 1575  �F. 

 

https://doi.org/10.1007/978-3-031-51500-2_11
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&01;8FO 1 3 $57C;ьB0B8 4>A;V465==O 0=B5= «Cloverleaf»  
"A=>2=V ?>:07=8:8 3-E ?5;NAB:. 4-E ?5;NAB:. 5-8 ?5;NAB:. 6-8 ?5;NAB:. 

�>єD. AB>OG. E28;V(SWR) 1,06775 1,12903 1,23774 1,01346 

�>єD. ?V4A8;. 25@B8:0-
;ь=>W ?>;O@870FVW, 4�V -127,0÷-0,14 -999,0÷-0,4 -144,0÷-0,4 -124,0÷-0,7 

�>єD. ?V4A8;. 3>@87>=-
B0;ь=>W ?>;O@870FVW, 4�V -129,0÷-2,1 -999,0÷-1,9 -123,0÷-1,6 -123,0÷-1 

 

 
0 3 3 ?5;NAB:>20; 1 3 4 ?5;NAB:>20;  2 3 5 ?5;NAB:>20; 3 3 6 ?5;NAB:>20. 
$8AC=>: 1 3 $57C;ьB0B8 <>45;N20==O 2 ?@>3@0<=><C ?0:5BV 4nec2 

 

� @57C;ьB0BV2 <>45;N20==O 284=>, I> :>5DVFVє=B ?V4A8;5==O 4;O 25@B8-
:0;ь=>W ?>;O@870FVW 1V;ьH89, =V6 4;O 3>@87>=B0;ь=>W ?>;O@870FVW. �>5DVFVє=B 
AB>OG>W E28;V 7<V=NєBьAO 2 <560E 1,01 3 1,2 V 7<5=HCєBьAO 7V 71V;ьH5==O< 
:V;ь:>ABV ?5;NAB>:. �030;><, FO 0=B5=0 ?>:07Cє 28A>:89 ABC?V=ь C73>465==O 7 
:>0:AV0;ь=>N ;V=VєN 682;5==O 50 "<. �=B5=8 Fь>3> B8?C <0NBь AB01V;ь=C 70 
D>@<>N, H8@>:C 4V03@0<C A?@O<>20=>ABV, O:0 A;01> 7<V=NєBьAO 2V4 :V;ь:>ABV 
?5;NAB>:. 
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*5 4>2>48Bь <>6;82VABь 28:>@8AB0==O 0=B5= B8?C «Cloverleaf» 7 @V7=>N 
:V;ь:VABN ?5;NAB>: 2 0?0@0BC@V 729O7:C B0 $��.  � ?>40;ьH><C ?;0=CєBьAO 
?@>25AB8 4>A;V465==O G0AB>B=>W 70;56=>ABV E0@0:B5@8AB8: A?@O<>20=>ABV 
F8E 0=B5=. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Yuan W., Zhang S., Bigagli N., Warner C., Stevenson I., Will S. A planar 

cloverleaf antenna for the creation of circularly polarized microwave fields // Re-

viev of Scientific Instruments. 2023. Vol. 94. No. 12. Art. 123201. URL:  

https://doi.org/10.1063/5.016757 (40B0 725@=5==O: 25.03.2026). 
 

 

'�� 621.396.677 
+>@=>1>@>4>2  . #.1, �C3@>20 &. �.2, �>30G>20 �.  .3,  "B@>I5=:> �. %.4, 
%5;57=ь>20 ".�.5 
1,2 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 AB0@H. 28:;04. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
4 ABC4. 3@. ��-915< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
5 ABC4. 3@.  -613 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
����$� � %#$/ "��!"%&� "�’Є !�) %#�$��Ь!�) �!&�! 

 .#. +>@=>1>@>4>2, &.І. �C3@>20, �. . �>30G>20, І.%. "B@>I5=:>, 
".�.%5;57=ь>20  

�;O 70E8ABC 2V4 @04V>:5@>20=8E 157?V;>B=8E ;VB0;ь=8E 0?0@0BV2 28:>@8-
AB>2CNBьAO 1>@B>2V 9 >:>?=V ?>AB0=>2=8:8 0:B82=8E HC<>28E 70204. +8< 
H8@H0 4V03@0<0 A?@O<>20=>ABV (�%) 0=B5=8 ?>AB0=>2=8:0, B8< 1V;ьHC G0AB8-
=C :CB><VAF52>W ?;>I8=8 1C45 ?5@5:@8B> A?@O<>20=8< 28?@><V=N20==O< 
?>AB0=>2=8:0. "4=8< V7 A?>A>1V2 @>7H8@5==O 4V03@0<8 A?@O<>20=>ABV є 28:>-
@8AB0==O A?V@0;ь=8E 0=B5=. 

�C;> 4>A;V465=> E0@0:B5@8AB8:8 A?@O<>20=>ABV >4=>28B:>2>W B0 B@828-
B:>2>W >19є<=8E A?V@0;ь=8E 0=B5= :>;>2>W ?>;O@870FVW [1] B0 WE=VE <>45;59 C 
A5@54>28IV ?@>5:BC20==O ?@8AB@>W2 !�+ HFSS 2 4V0?07>=V G0AB>B 3..6 ��F. ' 
HFSS 1C;> 74V9A=5=> >?B8<V70FVN 35><5B@VW B@828B:>2>W A?V@0;ь=>W 0=B5=8 70 
:@8B5@Vє< <0:A8<C<C H8@8=8 4V03@0<8 A?@O<>20=>ABV B0 <V=V<C<C :>5DVFVє-
=B0 AB>OG>W E28;V. 

�;O ?>@V2=O==O @57C;ьB0BV2 <>45;N20==O 9 5:A?5@8<5=BC 1C;> 283>B>2-
;5=> 4>A;V4=89 7@07>: >4=>28B:>2>W B0 B@828B:>2>W 0=B5= 70 @>7<V@0<8 <>45-
;59 HFSS V 5:A?5@8<5=B0;ь=> 28<V@O=> H8@8=8 WE 4V03@0< A?@O<>20=>ABV B0 
E0@0:B5@8AB8: C73>465==O 7 ;V=VєN 682;5==O C 283;O4V 50-><=>3> :>0:AV0;ь-
=>3> :015;N.  
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$57C;ьB0B8 <>45;N20=ь B0 28<V@N20=ь C A<C7V G0AB>B 3..6 ��F =02545=> 
=0 @8A. 1..2: 4V03@0<0 A?@O<>20=>ABV (482. @8A. 1) 9 :>5DVFVє=B AB>OG>W E28;V 
(482. @8A. 2).  >6=0 ?>10G8B8, I> ?V4AC<:8 :><?9NB5@=>3> <>45;N20==O 
C73>46CNBьAO 7 B5>@VєN: G8< 1V;ьH0 :V;ь:VABь 28B:V2 (4>268=0 0=B5=8) - B8< 
;V?HV WW A?@O<>20=V 2;0AB82>ABV (482. @8A. 1, 0)) 9 B8< H8@H89 4V0?07>= C73>-
465=>ABV (482. @8A. 2, 0)), I> ?>OA=NєBьAO 1V;ьH>N AB01V;ь=VABN 7=0G5==O 
>?>@C 0=B5=8 =02:>;> 50 "<. 

#>@V2=NNG8 4V03@0<8 A?@O<>20=>ABV >4=>28B:>2>W A?V@0;ь=>W 0=B5=8 
4;O 28?04:C :><?9NB5@=>3> <>45;N20==O (482. @8A. 1, 0)) 7 28?04:>< DV78G-
=>3> 2BV;5==O (482. @8A. 1, 1)), <>6=0 ?><VB8B8 VAB>B=C @>71V6=VABь C H8@8-
=0E 3>;>2=8E ?5;NAB>:: 70° ?@>B8 35°. &>1B>, ?@0:B8G=>, H8@8=0 4V03@0<8 
28O2;OєBьAO 242VGV 2C6G>N, =V6 B5>@5B8G=> 2V4><> [1, A. 146]. 

' 28?04:C B@828B:>2>W A?V@0;ь=>W 0=B5=8 A?>AB5@V30;0Aь 1030B>?5;NA-
B:>2VABь 4V03@0<8 A?@O<>20=>ABV 2 4V0?07>=V G0AB>B 2V4 4,9 ��F 4> 5,6 ��F, 45 
0=B5=C B@510 22060B8 =5?@0F5740B=>N. � 4V0?07>=V 5,6..6,0 ��F WW H8@8=0 
4V03@0<8 A?@O<>20=>ABV AB0=>28;0 ;8H5 20°, 0 2 4V0?07>=V 2,8..3,3 ��F - 35° 
(0;5 BCB �%)>2 - 482. @8A. 2, 1)). 

 

  
          ▬▬▬▬ N=1, 333333 N=3        ▬▬▬▬ N=1, ▬▬▬▬ N=3 

 0 3 @>7@0E>20=0 �%;   1 3 28<V@O=0 �% 

$8AC=>: 1 3 �V03@0<8 A?@O<>20=>ABV A?V@0;ь=8E 0=B5= =0 G0AB>BV f=5,25  �F 
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▬▬▬▬ N=1, 333333 N=3  ▬▬▬▬ N=1, 333333 N=3 

 0 3 @>7@0E>20=0 �%;   1 3 28<V@O=0 �% 

$8AC=>: 2 3 �>5DVFVє=B AB>OG>W E28;V 
�8O2;5=V @>71V6=>ABV 28:;8:0NBь =5>1EV4=VABь ?@>2545==O 4>:;04=8E 

4>A;V465=ь I>4> AB0;>ABV H8@8=8 4V03@0<8 A?@O<>20=>ABV A?V@0;ь=8E 0=B5= 
7 <0;>N (N<3) :V;ь:VABN 28B:V2 B0 WW @>7H8@5==O, >A:V;ь:8 F5 ?8B0==O є 4C65 
206;828< 4;O 70A>1V2 @04V>5;5:B@>==>W ?@>B84VW V <0;> 4>A;V465=> C ;VB5@0-
BC@V. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �;ьW=>2  . �., �C@Aь:89 &. �., �>@8A>2 �. �., �@8F5=>: �.  . �V=VW @0-
4V>729O7:C B0 0=B5==V ?@8AB@>W: =02G0;ь=89 ?>AV1=8:. �8W2: �84. 4V< «%��(», 
2023. 250 A. 

 

 

'�� 621.791.5 
 �>AB5=:> �.".1 , %<5B0=V= �. .2,  �C?V= �.�. 3  
1 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 AB. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ��-235 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

 "���.��!!/ #"�"�!�) ' "� ��/ ��’/��' �  �$��� 5G 

�.". �>AB5=:>, І.  %<5B0=V=., �.�. �C?V=. 

(>@<C;0 ?5@540GV )0@0;ь40 (@VVA0 1C;0 >?C1;V:>20=0 2 1945 @>FV, 0;5 
2>=0 =5 2B@0B8;0 A2>єW 0:BC0;ь=>ABV 4> Fь>3> 4=O. *O D>@<C;0 287=0G0є ?>-
BC6=VABь, >45@6C20=C >4=VєN 0=B5=>N 70 V450;ь=8E C<>2 2V4 V=H>W 0=B5=8, 
I> 7=0E>48BьAO =0 ?52=V9 2V4AB0=V V ?5@540є 2V4><C ?>BC6=VABь:  

 

Pr/Pt=Gt*Gr*(λ/(4*Ã*R)2),     (1) 

45 Gt 3 :>5DVFVє=B ?>A8;5==O ?5@54020;ь=>W 0=B5=8; Gr 3 :>5DVFVє=B ?>A8;5=-
=O ?@89<0;ь=>W 0=B5=8; Pt 3 ?>BC6=VABь ?5@54020;ь=>W 0=B5=8 (�B) (157 C@0-
EC20==O 2B@0B); Pr 3 ?>BC6=VABь, I> ?@89<0єBьAO 0=B5=>N (�B) (157 C@0EC-
20==O 2B@0B); R 3 2V4AB0=ь <V6 0=B5=0<8 2 <5B@0E; λ 3 4>268=0 E28;V 2 <5B-
@0E, I> 2V4?>2V40є G0AB>BV ?5@540GV. 

�>=0 =02545=0 4;O V450;ь=8E C<>2, :>;8 2V4ACB=V ?5@5H:>48, 2V4>1@0-
65==O, =0O2=VABь :V;ь:>E <>6;828E B@0є:B>@V9 ?5@540GV B>I>. #5@5410G0єBь-
AO, I> 0=B5=8 =0;0HB>20=V =0 >4=0:>2C ?>;O@870FVN. 

' =>2V9 B5E=>;>3VW B5;5:><C=V:0FV9 ( 5G ), :>;8 28:>@8AB>2CNBьAO =8-
7ь:>>@1VB0;ь=V AC?CB=8:8, O:V 3@0NBь B5?5@ @>;ь 107>28E AB0=FV9 V ?@>;VB0-
NBь =04 01>=5=B>< =0 28A>BV 2V4 300 4> 500 :<, A83=0; 42VGV 4>;0є FN 2V4A-
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B0=ь G5@57 0B<>AD5@C :>=:@5B=>W  4V;O=FV �5<;V. #@8@>4=>,  2 F8E C<>20E 
D>@<C;0 (@VVA0 <0є :>@83C20B8AO B0:>6  V 2=0A;V4>:  4VW 0B<>AD5@=>3> 730-
A0==O B0 48D@0:FVW 2V4 28?04:>28E ?5@5H:>4. &0:8< G8=><, ?@>ABC D>@<C;C 
@V2=O==O A;V4 @>73;O40B8 O: «=09:@0I89 20@V0=B». �2'O7>: ?5@5@25BьAO, O:I> 
?>BC6=VABь A83=0;C 2?045 =86G5 @V2=O, =5>1EV4=>3> 4;O :>@5:B=>W 45<>4C;O-
FVW (720=>3> ?>@>3>< GCB;82>ABV). 

�V4?>2V4=> 4> @5:><5=40FVW ITU-R P.837 (O:0 28:>@8AB>2CєBьAO 4;O 
@>7@0EC=:C 730A0==O A83=0;V2 C @04V>;V=VOE G5@57 >?048), B5@8B>@VO A2VBC ?>-
4V;5=0 =0 :;V<0B8G=V 7>=8 V=B5=A82=>ABV 4>IV2. � =0ABC?=V9 B01;8FV =02545=> 
@>7?>4V;C Є2@>?8 =0 7>=8  ?> V=B5=A82=>ABV >?04V2 73V4=> 7 :0@B0<8 ITU-R: 

 

&01;8FO 1 3 �>=8 V=B5=A82=>ABV >?04V2 2 Є2@>?V 

�>=0 
�=B5=A82=VABь 

R 0,01 (<</3>4) 
)0@0:B5@8AB8:0 

Zone E 22 #><V@=0 V=B5=A82=VABь 

Zone H 32 %C1Bpo?VG=0/%epe475<=><opAь:0 

Zone K 42 �8A>:0 V=B5=A82=VABь (B8?>20 4;O ':@0W=8) 

 

�V;ьH0 G0AB8=0 B5@8B>@VW ':@0W=8 (*5=B@, #V2=VG, �0EV4 B0 %EV4) =0;5-
68Bь 4> 7>=8 K. #V245==V @53V>=8 (7>:@5<0 �@8< B0 ?@815@56=V 7>=8) V=>4V 
2V4=>AOBь 4> 7>=8 H 01> ?5@5EV4=>W 7>=8 <V6 K B0 E (70;56=> 2V4 :>=:@5B=>W 
25@AVW B0 45B0;V70FVW :0@B8). 

�;O :><?9NB5@=>3> <>45;N20==O 2?;82C 0B<>AD5@=8E O28I =0 ?@>-
E>465==O A83=0;V2 2 :0=0;V 729O7:C 73V4=> ITU-R P.618 1C;> >1@0=> ?@>3@0<-
=5 A5@54>28I5 MATLAB R2025a 7 ?0:5B>< @>7H8@5==O Satellite 
Communications Toolbox B0 4V0?07>= 28 ��F, O: =091V;ьH 70B@51C20=89 =8=V. 
�5;8G8=0 @V2=O >A;01;5==O @04V>A83=0;C 2 70;56=>ABV 2V4 V=B5=A82=>ABV >?0-
4V2 ?@54AB02;5=0 =0 =0ABC?=><C @8AC=:C: 

#@8 :CBV ?V4=5A5==O 20° V=B5=A82=VABь >?04V2 2 25 <</3>4 2V4?>2V40є 
B8?>2><C 7=0G5==N 4;O A8;ь=>W 3@>78 2 ':@0W=V. �@0DV: ?>:07Cє, I> 4>40B:>-
25 70BCE0==O G5@57 4>I ?@8725;> 4> 7=865==O @V2=O A83=0;C =0 12 4�. 0 =0 
:@0OE 7>=8 >1A;C3>2C20==O @V25=ь A83=0;C ?040є =86G5 ?>@>3C GCB;82>ABV 
?@89<0G0 (-110 4�<). 

�28G09=>, D0:B8G=0 ;V=V9=VABь >45@60=>3> 3@0DV:C 4>72>;Oє, =0 ?>3;O4 
02B>@V2 4>:;04C, >@30=V7C20B8 :>;> 72>@>B=>3> 729O7:C <V6 28<V@N20==O<8 
V=B5=A82=>ABV >?04V2 7 ?>BC6=VABN 28?@><V=N20==O 7 C@0EC20==O< :CB0 ?V4-
=5A5==O AC?CB=8:0 =04 3>@87>=B><. 
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2. Starlink. Specifications [�;5:Bpo==89 @5AC@A]. URL:  

https://www.starlink.com/ua/specifications (40B0 725@=5==O: 02.03.2026). 

3. �@5<5=5Fь:0 /. �. B0 V=. �030BopV2=520 <>45;ь =075<=8E V =5=075<-
=8E B5;5:><C=V:0FV9 V7 70AB>AC20==O< B5E=>;>3V9 >?B8G=>3> 157?po2>4>2>3> 
729O7:C. �2'O7>:. 2021. 73 (151). %. 3-11. URL: https://doi.org/10.31673/2412-

9070.2021.030311 (40B0 725@=5==O: 02.03.2026). 
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1 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ��-914 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

#$" ��"�.*�. )�!�"��$' � 5G  �$��� 
�.". �>AB5=:>, �.". (>:V=  

#@8 @CAV ;N48=8 01> 02B><>1V;O <VAF52VABN 2V41C20єBьAO ?5@5<8:0==O 
<>1V;ь=>3> B5;5D>=C 7 >4=VєW 107>2>W AB0=FVW (�%) =0 V=HC, 72'O7>: 7 O:>N AB02 
1V;ьH O:VA=8<. &0:5 ?5@5<8:0==O >1A;C3>2C20==O 01>=5=B0 7 >4=VєW :><V@:8  
4> V=H>W =07820єBьAO E5=4>25@><. �4V9A=NєBьAO 2V= =0 ?V4AB02V 72VBV2 ?@> 
28<V@N20==O, O:V =04A8;0є :>@8ABC20Fь:89 ?@8AB@V9.  � <5@56V 4G, O:0 ?>:8 
70;8H0єBьAO 3>;>2=>N 2 ':@0W=V, 2V4AB0=ь <56 �% A:;040є 2V4 42>E 4> 420-

https://www.starlink.com/ua/specifications
https://doi.org/10.31673/2412-9070.2021.030311
https://doi.org/10.31673/2412-9070.2021.030311
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4FOB8 :V;><5B@V2. 0  28<>38 4> 71V;ьH5==O ?>B>:V2 V=D>@<0FVW  ?@8725;8 4> 
28:>@8AB0==O 2 <5@560E 5G  =0 ?>@O4>: 1V;ьH 28A>:8E G0AB>B, 45 :>;>A0;ь=5 
7030A0==O A83=0;C C ?@>AB>@V. �B@0B8 AB0NBь =0ABV;ь:8 25;8:8<8,  I> ?>:-
@8BBO >4=VєW AB0=FVW >1<56CєBьAO ;8H5 300-500 <5B@0<8. �28G09=>,  ?>:@820-
B8 2AN ':@0W=C B0:>N 3CAB>N <5@565N =5 <0є A5=AC. &><C 0?0@0BC@=5 B0 
?@>3@0<=5 70157?5G5==O E5=4>25@C 2 B5E=>;>3VW 5G ?5@5=5A5=> =0 =87ь:>>@-
1VB=V AC?CB=8:8 (LEO). /:I> C =075<=8E <5@560E :>@8ABC20Fь:89 ?@8AB@V9 
@CE0єBьAO, 0 �% 70;8H0NBьAO =5@CE><8<8, B> C AC?CB=8:>28E <5@560E A8BC-
0FVO ?@>B8;56=0: �% (=0 AC?CB=8:0E) @CE0NBьAO 7 25;8G57=>N H284:VABN 
(~7,56 :</A 01> 27000 :</3>4 4;O 28A>B8 600 :<), B>4V O: :>@8ABC20Fь:89 
?@8AB@V9 2V4=>A=> AB0B8G=89. *5 :0@48=0;ь=> 7<V=Nє ;>3V:C po1>B8 0;3>@8B-
<V2 2AVєW 0?0@0BC@8.. 

%C?CB=8: ?po;VB0є =04 :>@8ABC20G5< 70 8-10 E28;8=. #poB5 ?po<V=ь 
AC?CB=8:0 >E>?;Nє :>=:@5B=C 7>=C ;8H5 ?@>BO3>< 10-20 A5:C=4 (70;56=> 2V4 
H8@8=8 ?@><5=O). *5 >7=0G0є, I> :>@8ABC20Fь:89 ?@8AB@V9 7<CH5=89 28:>-
=C20B8 ?5@54020==O :>6=V 15-30 A5:C=4. #5@54020==O <V6 AC?CB=8:0<8 V=V-
FVNєBьAO, :>;8 A83=0; 2V4 AC?CB=8:0, I> =01;860єBьAO, AB0є AB01V;ь=> A8;ь-
=VH8< 70 A83=0; AC?CB=8:0, I> 2V440;OєBьAO, =0 25;8G8=C 7<VI5==O (Off) 
?@>BO3>< ?52=>3> G0A>2>3> V=B5@20;C TVmeToTrVgger (&&&). ->1 C=8:=CB8 
70928E ?5@5:;NG5=ь G5@57 :>@>B:>G0A=V :>;820==O A83=0;C, A8AB5<0 G5:0є, 
?>:8 =>289 AC?CB=8: 1C45 AB01V;ь=> :@0I8< ?@>BO3>< &&& (=0?@8:;04, 1-2 

A5:C=48). &V;ь:8 ?VA;O Fь>3> 2V41C20єBьAO ?epe:;NG5==O. 
�06;828< D0:B>@>< 4;O 287=0G5==O <><5=BC ?5@5:;NG5==O є 2@0EC-

20==O 5D5:BC �>?;5@0. #@8 H284:>ABV 7,6 :</A V G0AB>BV 28 ��F 7AC2 G0AB>B8 
4>@V2=Nє ?@81;87=> 710 :�F. �;5 C B5E=>;>3VW 5G 2V4AB0=ь <V6 :0=0;0<8 
2Aь>3> 15-120 :�F. /: F5 283;O40є 2 G0AV (S-?>4V1=0 :@820): 
- AC?CB=8: =01;860єBьAO → G0AB>B0 28I0 (+710 :�F); 
- AC?CB=8: =04 3>;>2>N → G0AB>B0 =>@<0;ь=0 (0 :�F); 
- AC?CB=8: 2V440;OєBьAO → G0AB>B0 =86G0 (2710 :�F).  

!0 @8A.1 ?>:070=0 70;56=VABь G0AB>B=>3> 7AC2C ?@8 ?@81;865==V AC?C-
B=8:0 4> :>@8ABC20G0 B0  2V440;5==V 2V4 =ь>3>. 

�;O 4>A;V465==O ?@>F5AC E5=4>25@0 H;OE>< <>45;N20==O =0 
:><?9NB5@V C A5@54>28IV MATLAB  1C;0 28:>@8AB0=0 V<VB0FV9=0 <>45;ь 
?@>;ь>BC 42>E AC?CB=8:V2, I> @CE0NBьAO 2 >4=V9 >@1VB0;ь=V9 ?;>I8=V 7 G0A>-
28< V=B5@20;><. �;3>@8B< 107C202AO =0 ?>4Vє2V9 <>45;V "Event A3" (AB0=40@B 
3GPP). !0 @8A.2 2V4>1@065=> ?@>F5A @50;V70FVW 157H>2=>W ?@>F54C@8 ?5@5<8-
:0==O ?>B>:V2 40=8E =0 =>289 AC?CB=8:, <V=V<V7CNG8 G0A ?5@5@820==O  
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$8AC=>: 1  3  S-:@820 4>?;5@V2Aь:>3> 7AC2C G0AB>B8 4;O =87ь:>>@1V-

B0;ь=>3> AC?CB=8:0 
 

!0 @8AC=:C: 
- A8=O ;V=VO 3 F5 A83=0; 2V4 AC?CB=8:0, I> 2V440;OєBьAO; 
- 75;5=0 ;V=VO 3 F5 A83=0; 2V4 AC?CB=8:0, I> =01;860єBьAO; 
- ?C=:B8@=0 A8=O ;V=VO - F5 10@'є@ 3VABepe78AC (@V25=ь 1-3> AC?CB=8:0 + 3 4�). 
�8 ?>10G8B5, I> ?5@5<8:0==O 2V41C20єBьAO =5 2 B>GFV ?5@5B8=C A8=ь>W B0 
75;5=>W ;V=V9, 0 B@>E8 ?V7=VH5 3 :>;8 75;5=0 ;V=VO ?5@5B8=0є A0<5 ?C=:B8@=C. 
*5 V<VBCє 70E8AB 2V4 28?04:>28E ?5@5<8:0=ь ("?V=3-?>=3C"); 
- D>=>20 70;82:0: 
- 1;0:8B=0 7>=0 3 G0A po1>B8 ?5@H>3> AC?CB=8:0; 
- 75;5=0 7>=0 3 G0A po1>B8 4@C3>3> AC?CB=8:0. 

�0?@>?>=>20=0 <>45;ь 2 A5@54>28IV MATLAB 4>72>;Oє >FV=8B8 2?;82 
@O4C D0:B>@V2 =0 ?@>F54C@C E5=4>25@C 2 <5@560E 729O7:C 5-3> ?>:>;V==O. 
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' B@048FV9=8E <5@560E DC=:FVW @50;V7CNBьAO 0?0@0B=>, I> 28<030є =>-
2>3> >1;04=0==O B0 70928E 28B@0B ?@8 7<V=0E. %:;04=VABь C?@02;V==O B0 ?@>-
1;5<8 AC<VA=>ABV 28=8:0NBь G5@57 @50;V70FVN ?;>I8= :5@C20==O B0 ?5@540GV 
40=8E C <560E >4=>3> ?@8AB@>N. SDN 28@VHCє FV ?@>1;5<8 H;OE>< @>74V-
;5==O :5@C20==O 2V4 ?5@5A8;0==O ?0:5BV2 B0 4>72>;Oє ?@>3@0<C20B8 <5@56C 
[1]. � B0:>6, 10G8B8 WW O: >48= ;>3VG=89 :><CB0B>@. 

�>A;V465==O 7>A5@5465=> =0 0=0;V7V ?>254V=:8 @V7=8E B8?V2 <5@56528E 
?0:5BV2, 2?@>20465==V B5E=>;>3VW SDN C :0<?CA=V9 <5@56V H;OE>< =0;0HBC-
20==O ?>;VB8: NAC, 0 B0:>6 ?V4AC<:>2V9 >FV=FV >B@8<0=8E @57C;ьB0BV2; 
>19є:B>< 4>A;V465==O 1C;0 :>@?>@0B82=0 <5@560 !0FV>=0;ь=>3> C=V25@A8B5-
BC «�0?>@V7ь:0 ?>;VB5E=V:0». 

 >45;N20==O ?@>2>48;>AO 2 Mininet 7 28:>@8AB0==O< 2V@BC0;ь=8E :>-
<CB0B>@V2 Open vSwitch ?V4 C?@02;V==O< :>=B@>;5@0 Ryu [2], [3]. "FV=:0 ?@>-
?CA:=>W 740B=>ABV B0 70B@8<>: ?5@540GV 40=8E ?@>2>48;0AO 7 28:>@8AB0==O< 
<5@5652>W CB8;VB8 iPerf. iPerf 3 F5 AB0=40@B=89 30;C75289 V=AB@C<5=B 4;O 
0:B82=>3> 28<V@N20==O <0:A8<0;ь=>W ?@>?CA:=>W 740B=>ABV 2 IP-<5@560E. 
�>=0 ?@0FNє 70 :;Vє=B-A5@25@=>N <>45;;N, 4>72>;ONG8 AB2>@N20B8 :>=B@>-
;ь>20=V ?>B>:8 B@0DV:C 4;O B>G=>W >FV=:8 70B@8<>: B0 2V4A>B:0 2B@0G5=8E 
?0:5BV2 ?V4 =020=B065==O<. �>3VG=0 B>?>;>3VO <5@56V 107CєBьAO =0 ?;0=V 
@>7B0HC20==O :>@?CAV2 C=V25@A8B5BC. �;O 157?5:8 1C;> @>7@>1;5=> 0;3>@8B< 
>1<565==O H284:>ABV >1@>1:8 70?8BV2, I> =04V9=> 70E8I0є 2V4 DoS-0B0:. 
%B@C:BC@=0 AE5<0 <5@56V ?@54AB02;5=0 =0 @8AC=:C 1. 
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$8AC=>: 1 3 %B@C:BC@=0 AE5<0 SDN-<5@56V :0<?CAC 

 

&5ABC20==O ?>:070;> <0:A8<0;ь=C ?@>?CA:=C 740B=VABь 19.4 �1VB/A B0 
70B@8<:C 0.053 <A. *5 30@0=BCє AB01V;ь=C @>1>BC A5@2VAV2 B0 V7>;OFVN B@0DV:C 
@V7=8E 3@C? :>@8ABC20GV2. "B@8<0=V @57C;ьB0B8 ?V4B25@46CNBь 4>FV;ь=VABь 
<>45@=V70FVW :>@?>@0B82=8E <5@56 70 4>?><>3>N B5E=>;>3VW SDN. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Kreutz D. Software-defined networking. Proceedings of the IEEE. 2015. 

Vol. 103. P. 14-76. 

2. OpenFlow Switch Specification. Version 1.3.0. ONF, 2012. 106 p. 

3. Ryu SDN Framework [�;5:B@>==89 @5AC@A]. URL: 

https://ryu.readthedocs.io/ (40B0 725@=5==O: 28.03.2026). 
 

 

'�� 621.39:004.7:621.311.1 

 575=>: %.�.1, %0<>9;8: %.%.2 

1 ABC4. 3@. ��-915< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. DV7.-<0B. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
#�$�)�� !� 5G &�)!"�"��. #�� +�% �����'&�� � '�$��!� 

%.�.  575=>:, %.%. %0<>9;8: 

� C<>20E 1;5:0CBV2 2 ':@0W=V AB01V;ь=VABь <>1V;ь=>3> 729O7:C є :@8B8G-
=> 206;82>N 4;O =0A5;5==O B0 :@8B8G=>W V=D@0AB@C:BC@8. #5@5EV4 =0 5G 

https://ryu.readthedocs.io/
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B5E=>;>3VN @>73;O40єBьAO O: ?5@A?5:B82=89 =0?@O< @>728B:C B5;5:><C=V:0-
FV9, >4=0: 9>3> 2?@>20465==O ?>29O70=5 7 =87:>N 5=5@35B8G=8E, V=D@0AB@C:-
BC@=8E B0 G0AB>B=8E >1<565=ь. 

5G 70157?5GCє 4> 90% 28IC 5=5@3>5D5:B82=VABь =0 >48=8FN B@0DV:C 
?>@V2=O=> 7 4G, I> ?>B5=FV9=> 4>72>;Oє 1V;ьH @0FV>=0;ь=> 28:>@8AB>2C20B8 
>1<565=V 5=5@3>@5AC@A8 ?V4 G0A 1;5:0CBV2 [1],[2]. 

�>4=>G0A 7030;ь=5 5=5@3>A?>6820==O 7@>AB0є G5@57 IV;ь=VHC V=D@0-
AB@C:BC@C, 28:>@8AB0==O Massive MIMO B0 =5>1EV4=VABь 25;8:>W :V;ь:>ABV 
107>28E AB0=FV9 [3]. ' @57C;ьB0BV =020=B065==O =0 A8AB5<8 @575@2=>3> 682-
;5==O 7=0G=> 71V;ьHCєBьAO.   5@56V 5G ?>B@51CNBь 7=0G=> 1V;ьH>W :V;ь:>ABV 
<0;8E A>B G5@57 >1<565=89 @04VCA 4VW 28A>:>G0AB>B=8E A83=0;V2. *5 CA:;04-
=Nє 70157?5G5==O 02B>=><=>W @>1>B8 ?V4 G0A 2V4:;NG5=ь 5;5:B@>5=5@3VW. �0-
7>2V AB0=FVW 5G A?>6820NBь C 233 @078 1V;ьH5 5=5@3VW, =V6 4G, I> A:>@>GCє 
G0A WE @>1>B8 2V4 0:C<C;OB>@V2 V ?V428ICє 70;56=VABь 2V4 35=5@0B>@V2 B0 0;ь-
B5@=0B82=8E 465@5; 682;5==O.  

�;O 70157?5G5==O O:VA=>3> ?>:@8BBO 5G =5>1EV4=0 :><1V=0FVO =87ь:8E V 
28A>:8E G0AB>B: 

700  �F 4 4;O H8@>:>3> ?>:@8BBO B0 ?@>=8:=5==O A83=0;C B0 3500 
 �F 4 4;O 28A>:>H284:VA=>W ?5@540GV 40=8E. � ':@0W=V 2 4V0?07>=V 700  �F 
=0@07V 4>ABC?=> ;8H5 1;87ь:> 20  �F, I> є =54>AB0B=V< 4;O ?>2=>FV==>3> 
28:>@8AB0==O 2AV<0 >?5@0B>@0<8. �;O 70157?5G5==O 5D5:B82=>3> @>73>@B0==O 
5G 45@602V =5>1EV4=> 4>40B:>2> 282V;ь=8B8 I>=09<5=H5 10  �F C Fь><C 
4V0?07>=V [4]. $50;V70FVO Fь>3> 70E>4C є <>6;82>N ?VA;O 7025@H5==O 2>є==>3> 
AB0=C. 

&5E=>;>3VG=V @VH5==O 4;O ?V428I5==O ABV9:>ABV <>1V;ь=8E <5@56 5G : 
5=5@3>715@V30NGV @568<8 107>28E AB0=FV9 (sleep mode); self-organizing 

networks (SON) B0 AI->?B8<V70FVO; network slicing 4;O ?@V>@8B570FVW :@8B8G=>-
3> B@0DV:C; mobile edge computing 4;O 7<5=H5==O =020=B065==O =0 O4@> <5-
@56V; 28:>@8AB0==O 2V4=>2;N20=8E 465@5; 5=5@3VW; A?V;ь=5 28:>@8AB0==O 
V=D@0AB@C:BC@8 >?5@0B>@0<8 (network sharing)[5]. 

#>?@8 28IC 5D5:B82=VABь ?5@540GV 40=8E, 5G є 1V;ьH GCB;828< 4> 5=5-
@35B8G=8E >1<565=ь G5@57 A:;04=C V=D@0AB@C:BC@C B0 28A>:C IV;ь=VABь 107>-
28E AB0=FV9. 4G C B0:8E C<>20E 70;8H0єBьAO 1V;ьH AB01V;ь=8< 7024O:8 =86-
G><C 5=5@3>A?>6820==N B0 1V;ьH><C @04VCAC ?>:@8BBO. 

#5@5EV4 =0 5G 2 ':@0W=V 2 C<>20E 1;5:0CBV2 є ?5@A?5:B82=8<, 0;5 A:;04-
=8< 7 B>G:8 7>@C 5=5@35B8G=>W ABV9:>ABV B0 G0AB>B=>3> 70157?5G5==O. �;NG>-
28<8 D0:B>@0<8 CA?VH=>3> 2?@>20465==O є <>45@=V70FVO V=D@0AB@C:BC@8, 
70157?5G5==O @575@2=>3> 682;5==O B0 @>7H8@5==O G0AB>B=>3> @5AC@AC, 7>:-
@5<0 2 4V0?07>=V 700  �F. �8H5 ?VA;O 28@VH5==O F8E ?8B0=ь <>6;82> ?>2-
=>FV==5 @>73>@B0==O 5G-<5@56 =0 =0FV>=0;ь=><C @V2=V. 
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'�� 621.395 
#;5BV=ь �... 1, �@0Aь:> �.�. 2, &@>E8<5=:> �.�. 3,  >@>7 �.�. 4 
1 ABC4. 3@. ��-913 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ��-914 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ��-313A? !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
4 AB. 28:;040G :0D $&& 

�"%�����!!/ #��!'��!!/ $���" �$��� 5G NR ��/ *�!&$' 
 �%&� �Ь�"�� 

�... #;5BV=ь, �.�. �@0Aь:>, �.�. &@>E8<5=:>, �.�.  >@>7 

 5B>N @>1>B8 є @>7@>1:0 B0 4>A;V465==O 5D5:B82=>W :>=DV3C@0FVW 
@04V><5@56V 5G NR 4;O C<>2 IV;ь=>W <VAь:>W 701C4>28 7 C@0EC20==O< 70157-
?5G5==O AB01V;ь=>3> ?>:@8BBO, 28A>:>W ?@>?CA:=>W 740B=>ABV B0 O:VA=>3> >1-
A;C3>2C20==O 25;8:>W :V;ь:>ABV :>@8ABC20GV2. 

' @>1>BV @>73;O=CB> ?@>F5A ?;0=C20==O @04V><5@56V 5G NR 4;O F5=-
B@0;ь=>W G0AB8=8 <VAB0 �ь2>20 (@8A.1) ?;>I5N 1,1 :<² 7 =0A5;5==O< 1;87ь:> 
20 000 >AV1. �0=0 B5@8B>@VO E0@0:B5@87CєBьAO IV;ь=>N 701C4>2>N B0 28A>:8< 
@V2=5< <5@5652>3> =020=B065==O.  

 

https://doi.org/10.19044/esj.2021.v17n3p315
https://doi.org/10.3390/computers15010050
https://thedigital.gov.ua/news/zviazok-ta-internet/5g-vze-v-ukrayini-vse-pro-shvydkist-taryfy-ta-robotu-bez-svitla
https://thedigital.gov.ua/news/zviazok-ta-internet/5g-vze-v-ukrayini-vse-pro-shvydkist-taryfy-ta-robotu-bez-svitla
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$8AC=>: 1 3 �>=0 ?;0=C20==O 

 

�C;> 28:>=0=> 0=0;V7 >A>1;82>AB59 <VAь:>3> A5@54>28I0 B0 287=0G5-
=> >A=>2=V 28<>38 4> <5@56V: 70157?5G5==O @V2=><V@=>3> ?>:@8BBO O: C ?@8-
<VI5==OE, B0: V =0 2V4:@8BV9 <VAF52>ABV.  

' @0<:0E @>1>B8 74V9A=5=> ?;0=C20==O >A=>2=8E ?0@0<5B@V2 <5@56V, 
7>:@5<0 @>7?>4V; V45=B8DV:0B>@V2 PCI. �;O 287=0G5==O 7=0G5=ь PCI 1C;> 
28:>@8AB0=> O: A?5FV0;V7>20=5 ?@>3@0<=5 70157?5G5==O Atoll, B0: V AB0=40@B=0 
D>@<C;0(1), I> 70AB>A>2CєBьAO 2 <5@560E LTE B0 5G (@8A. 2)[1]. 

PCI = 3 × SSS ID + PSS ID   (1) 

 

 
$8AC=>: 2 3 $57C;ьB0B8 ?;0=C20==O $%� 2 Atoll 
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%?>G0B:C 7=0G5==O PCI 1C;8 735=5@>20=V 2 ?@>3@0<=><C 70157?5G5==V 
Atoll, 0 ?VA;O 1C;8 ?V4B25@465==V AB0=40@B=>N D>@<C;>N @>7@0EC=:C PCI 2 
ACG0A=8E <5@560E. "B@8<0=V @57C;ьB0B8 ?>2=VABN A?V2?0;8, I> ?V4B25@46Cє 
2V4ACB=VABь :>=D;V:BV2 <V6 ACAV4=V<8 A>B0<8. 

"1@0=> G0AB>B=89 4V0?07>= n78 7 F5=B@0;ь=>N G0AB>B>N 3600  �F B0 
H8@8=>N :0=0;C 100  �F, I> 4>72>;Oє 4>AO3B8 4>AB0B=ь>3> @V2=O ?>:@8BBO 
B0 ?@>?CA:=>W 740B=>ABV. �;O ?5@540GV 40=8E 28:>@8AB0=> TDD-:>=DV3C@0FVN 
:04@C 7:3, O:0 70157?5GCє 5D5:B82=89 @>7?>4V; B@0DV:C <V6 :0=0;0<8 ?5@540-
GV B0 ?@89><C 40=8E[2]. 

&0:>6 C @>1>BV @>73;O=CB> ?5@A?5:B82=V =0?@O<8 70AB>AC20==O B5E-
=>;>3VW 5G, B0:8E O:: @>728B>: «@>7C<=8E <VAB», �=B5@=5BC @5G59, 02B>=><=>-
3> B@0=A?>@BC B0 B5E=>;>3V9 4>?>2=5=>W @50;ь=>ABVp[3].  

' @57C;ьB0BV 28:>=0=>W @>1>B8 1C;> @>7@>1;5=> 5D5:B82=C <>45;ь 
@04V><5@56V 5G NR, O:0 70157?5GCє ?>2=5 ?>:@8BBO 4>A;V46C20=>W B5@8B>@VW, 
28A>:C O:VABь >1A;C3>2C20==O :>@8ABC20GV2.  
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1. Dahlman E., Parkvall S., Sköld J. 5G NR: The Next Generation 

Wireless Access Technology. Academic Press, 2018. 

2. 3GPP TS 38.300: NR; Overall description; Stage 2 (Release 17). 3rd 

Generation Partnership Project, 2023. 

3. Atoll Radio Planning User Manual v.22.1. Forsk S.A.S., 2023. 

 

 

'�� 621.395 
#;5BV=ь �... 1,  >@>7 �.�. 2, %<5B0=V= �.  3, �>AB5=:> �." 4 

1 ABC4. 3@. ��-913 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2,3 AB.28:;040G :0D $&& 
4 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

 �&"� �"$"&Ь�� � #�$�,�"�� � � ��!��� #$��" ' LI-FI 

�... #;5BV=ь, �.�.  >@>7, І. . %<5B0=V=, �.". �>AB5=:> 

' ?>?5@54=V9 @>1>BV 1C;> @>73;O=CB> ?@8=F8? @>1>B8 B0 70AB>AC20=-
=O A8AB5<8 729O7:C Li-Fi =0 >A=>2V OFDMA. �0=5 4>A;V465==O є WW ?@>4>2-
65==O< V ?@8A2OG5=5 1>@>Bь1V 7 ?5@5H:>40<8 2 :0=0;V ?@89><C [1]. 

�> >A=>2=8E 465@5; ?5@5H:>4 =0;560Bь ?@8@>4=V B0 HBCG=V 465@5;0 
A2VB;0: A>=OG=5 A2VB;>, ;0<?8 ?>1CB>2>3> :>@8ABC20==O, B0 2V418BBO A83=0;C 
2V4 @V7=8E ?>25@E>=ь. *5 ?@872>48Bь 4> A?>B2>@5==O ?@89=OB>3> A83=0;C B0 
7=865==O O:>ABV ?5@540GV V=D>@<0FVW. 
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�;O 28@VH5==O 40=>W ?@>1;5<8 2 @>1>BV ?@89=OB> @VH5==O 4>?>2=8B8 
VA=CNGC A8AB5<C 040?B82=8< ?@>AB>@>28< DV;ьB@>< (@8A.1) V7 22545==O< 
>4=>3> 01> 45:V;ь:>E :><?5=A0FV9=8E :0=0;V2 C ?@89<0;ь=><C B@0:BV.  

 

 
$8AC=>: 1 3 %B@C:BC@=0 AE5<0 040?B82=>3> ?@>AB>@>2>3> DV;ьB@0 

 

#@8=F8? WW @>1>B8 ?>;O30є C D>@<C20==V @V7=8FV <V6 A83=0;>< >A=>-
2=>3> :0=0;C B0 72065=8< A83=0;>< :><?5=A0FV9=>3> :0=0;C. �03>2V :>5DVFV-
є=B8 287=0G0NBьAO 040?B82=> =0 >A=>2V :>@5;OFV9=>3> 0=0;V7C, I> 70157?5GCє 
<V=V<V70FVN 2?;82C 70204 . 

�0 C<>28 4>AB0B=ь> 25;8:>3> :>5DVFVє=B0 ?V4A8;5==O B0 28A>:>W :>-
@5;OFVW 70204 C :0=0;0E 4>AO30єBьAO ?@0:B8G=> ?>2=0 WE :><?5=A0FVO. 

$57C;ьB0B8 <>45;N20==O 2 A5@54>28IV Matlab Simulink (@8A.2)  ?V4B-
25@46CNBь 5D5:B82=VABь 70?@>?>=>20=>3> ?V4E>4C: A?>AB5@V30єBьAO 7<5=-
H5==O @V2=O ?5@5H:>4 B0 ?>:@0I5==O O:>ABV A83=0;C ?VA;O 9>3> >1@>1:8 [2]. 

 

 
$8AC=>: 2 3 %83=0; 4> B0 ?VA;O 7=5HC<;5==O 

 

&0:8< G8=><, 70?@>?>=>20=89 <5B>4 040?B82=>W 02B>:><?5=A0FVW 70-
204 є 5D5:B82=8< 4>?>2=5==O< 4> 107>2>W <>45;V A8AB5<8 Li-Fi B0 4>72>;Oє 
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7=0G=> ?V428I8B8 WW =04V9=VABь V O:VABь @>1>B8 2 C<>20E =0O2=>ABV 7>2=VH=VE 
?5@5H:>4. 
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B0 5;5:B@>==8E :><C=V:0FV9: 71. B57 4>?. =0C:.-?@0:B8G. :>=D. (<. �0?>@V66O, 
14318 :2VB=O 2025 @.) �0?>@V66O, 2025. URL: https://zp.edu.ua/wp-

content/uploads/2025/11/tn_fibek-2025.pdf (40B0 725@=5==O: 30.03.2026). 
2. MathWorks. Simulink Documentation [�;5:B@>==89 @5AC@A]. URL: 

https://www.mathworks.com/help/simulink (40B0 725@=5==O: 30.03.2026). 

https://zp.edu.ua/wp-content/uploads/2025/11/tn_fibek-2025.pdf
https://zp.edu.ua/wp-content/uploads/2025/11/tn_fibek-2025.pdf
https://www.mathworks.com/help/simulink/
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%��*�/ «�!("$ �*��!� &�)!"�"��� ����&$"!!�) ��%"���» 
 

'�� 004.93:621.384 

 0;89 "...1, (C@<0=>20 !.�.1, (0@0D>=>2 "...1 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

 �&"�� ��&" �&��"��!"�" ���!�+�!!/ "�’Є�&�� !� 
�"�$���!!/) &� ����" � ���"$�%&�!!/  "#&��"-

����&$"!!"� %�%&� � 

"...  0;89, !.І. (C@<0=>20, "... (0@0D>=>2 

%CG0A=89 @>728B>: A8AB5< C?@02;V==O @>1>B>B5E=VG=8<8 ?;0BD>@<0<8 
28<030є 2?@>20465==O 02B><0B87>20=>3> ?>HC:C >19є:BV2, ?0=>@0<=>3> 
>3;O4C B0 B@828<V@=>W 4V03=>AB8:8.  

#@>B5 VA=CNGV A8AB5<8 28O2;5==O >19є:BV2 <0NBь ACBBє289 =54>;V: 3 
28:>@8AB0==O ;075@=8E 40;5:><V@V2, I> ?@0FNNBь 70 0:B82=8< ?@8=F8?><. 
�;NG>2V =54>;V:8 0:B82=8E A8AB5<: 

- 45<0A:C20==O: �8?@><V=N20==O ;075@=8E 40;5:><V@V2 DV:ACєBьAO 45-
B5:B>@0<8 ;075@=>3> >?@><V=5==O (LWR); 

- >1<565==O 1030B>FV;ь>2>ABV: A8AB5<0 ?>HC:C <>65 28<V@N20B8 40;ь-
=VABь ;8H5 4> >4=>3> >19є:BC 70 @07, I> 7=86Cє 48=0<V:C @>1>B8; 

- 2?;82 0B<>AD5@8: B>G=VABь ;075@=>W 40;ь=><5B@VW ACBBє2> ?040є 2 C<>-
20E 4>IC, BC<0=C, ?8;>28E 1C@ 01> 28:>@8AB0==O 05@>7>;ь=8E 702VA; 

%:;04=VABь 45B5:FVW <0;8E >19є:BV2: ;075@=V 40;ь=><V@8 206:> DV:ACNBь 
>19є:B8 7 =87ь:8< :>5DVFVє=B>< 2V418BBO 01> <0;8< :CB>28< @>7<V@>< (0=B5-
=8, 4@>B8). 

�8@VH5==O< F8E ?@>1;5< є @>7@>1:0 ?0A82=8E >?B8:>-5;5:B@>==8E A8A-
B5< ("�%) =0 107V B5E=VG=>3> 7>@C (@8A. 1), I> 4>72>;ONBь 287=0G0B8 :>>@48-
=0B8, 40;ь=VABь B0 H284:VABь >19є:BV2, =5 28?@><V=NNG8 5=5@3VW. 

 

 
$8AC=>: 1 3 �2'O7>: %� :0<5@8, A2VB>2>W %� B0 :>>@48=0B >1'є:B0 $ 
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�;O ?0A82=>3> 287=0G5==O ?0@0<5B@V2 FV;59 @>73;O=CB> B@8 >A=>2=V <5-
B>48: 

- :CB><V@=>-:CB><V@=89 A?>AV1: 107CєBьAO =0 ?@O<V9 70AVGFV 7 42>E B>G>: 
7 2V4><8<8 :>>@48=0B0<8. !54>;V:>< є A:;04=VABь 02B><0B870FVW V45=B8DV:0-
FVW >19є:B0, O:89 10G8BьAO ?V4 @V7=8<8 @0:C@A0<8; 

- @V7=8F52>-40;5:><V@=89 A?>AV1: 28:>@8AB>2CєBьAO ?5@5206=> C 72C:>-
2V9 @>72V4FV. �8<030є =04B>G=>W A8=E@>=V70FVW G0AC <V6 @>1>B>B5E=VG=8<8 
?;0BD>@<0<8 B0 A:;04=>W V45=B8DV:0FVW 465@5;0 «?C;ьACNG>W» 5=5@3VW (A?0;0-
EC); 

- :CB><V@=>-40;5:><V@=89 A?>AV1: =091V;ьH ?5@A?5:B82=89 4;O @50;V70-
FVW =0 >4=V9 @>1>B>B5E=VG=V9 ?;0BD>@<V. �0;ь=VABь ?@8 Fь><C <>65 287=0G0-
B8AO ?0A82=> G5@57 ;V=V9=V @>7<V@8 FV;V (<0є =87ь:C B>G=VABь 3 ?>E81:0 10-
20%). 

�;0A8G=V <>45;V :0<5@ (=0 >A=>2V 0DV==>W ?@>5:FVW) =5 2@0E>2CNBь A?5-
F8DV:C 2V9Aь:>2>W B5E=V:8. ' @>1>BV 70?@>?>=>20=> @>7H8@5=C <>45;ь, O:0 
2:;NG0є: 

- 270є<>729O7>: <V6 ?V:A5;ь=8<8 B0 <5B@8G=8<8 :>>@48=0B0<8 7 C@0EC-
20==O< <56?V:A5;ь=8E V=B5@20;V2 D>B><0B@8FV; 

- :>@5:FVN 48AB>@AVW: =5 ;8H5 @04V0;ь=>W, 0 9 B0=35=FV0;ь=>W, I> 28=8-
:0є G5@57 =54>A:>=0;VABь ;V=7 01> ?5@5:>A8 ?@8 <>=B06V <0B@8FV; 

- 2?;82 70E8A=>3> A:;0: 2@0E>20=> 70;><;5==O ?@><5=V2 C B>2AB><C 70-
E8A=><C A:;V ?@8FV;V2, I> :@8B8G=> 4;O B>G=>ABV =0 25;8:8E 2V4AB0=OE. 

 0B5<0B8G=> <>45;ь 729O7Cє :>>@48=0B8 >19є:B0 C A2VB>2V9 A8AB5<V :>-
>@48=0B 7 9>3> ?@>5:FVєN =0 <0B@8FN G5@57 <0B@8FV 2=CB@VH=ь>W :0;V1@>2:8 
(?0@0<5B@8 ?V:A5;O, D>:CA=0 2V4AB0=ь) B0 7>2=VH=ь>W :0;V1@>2:8 (>@Vє=B0FVO 
:0<5@8 2 ?@>AB>@V). 

!0 >A=>2V <>45;V :0<5@8 @>7@>1;5=> <>45;V 28<V@N20;ь=8E A8AB5< C @V-
7=8E :>=DV3C@0FVOE: 

- A8AB5<0 7 42>E =>@<0;ь=> @>7B0H>20=8E :0<5@: :;0A8G=0 AB5@5>?0@0 7 
?0@0;5;ь=8<8 >AO<8; 

- A8AB5<0 7 70E8A=8< A:;><: 2@0E>2Cє B>2I8=C B0 :>5DVFVє=B 70;><;5=-
=O <0B5@V0;C; 

- 4>2V;ь=> @>7B0H>20=V :0<5@8: <>45;ь 4>72>;Oє 28:>@8AB>2C20B8 :0<5-
@8 7 @V7=8<8 B5E=VG=8<8 E0@0:B5@8AB8:0<8, @>7B0H>20=V ?V4 28?04:>28<8 
:CB0<8, I> 206;82> 4;O <>45@=V70FVW B5E=V:8, 45 <VAF5 4;O 2AB0=>2;5==O 
"�% >1<565=5 :>=AB@C:FVєN. 

!0 @8AC=:C 2 ?@82545=89 0;3>@8B< 28O2;5==O >19є:BV2. 
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$8AC=>: 2 - �;>:-AE5<0 0;3>@8B<C ?>HC:C 

 

�;NG>28< 70240==O< є @>1>B0 2 @50;ь=><C G0AV =0 <0;>?>BC6=8E >1G8-
A;N20;ь=8E 70A>10E @>1>B87>20=8E ?;>BD>@<.  

�0?@>?>=>20=0 ?0A82=0 "�% 4>72>;Oє: 
- 70157?5G8B8 A:@8B=VABь @>1>B8 A8AB5< 28O2;5==O >19є:BV2, C=5<>6;82-

;NNG8 45B5:FVN 70A>10<8 LWR; 
- 74V9A=N20B8 1030B>FV;ь>289 AC?@>2V4 B0 02B><0B8G=5 FV;5@>7?>4V;5==O 

2 @50;ь=><C G0AV; 
- ?@0FN20B8 2 C<>20E @04V>5;5:B@>==8E B0 >?B8G=8E 70204, 45 ;075@=V 

A8AB5<8 28E>4OBь 7 ;04C; 
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- AB2>@N20B8 5D5:B82=V @>1>B87>20=V :><?;5:A8, 45 B5E=VG=89 7V@ є >A-
=>2=8< 465@5;>< V=D>@<0FVW ?@> A5@54>28I5. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Zaidi S. A., Ansari M. S., Aslam A., Kanwal N., Asghar M., Lee B. A 

Survey of Modern Object Detection Algorithms. IEEE Access. 2022. Vol. 10. P. 

31613-31635. DOI: https://doi.org/10.1109/ACCESS.2022.3160329. 

2. Zou Z., Chen K., Shi Z., Guo Y., Ye J. Object Detection in 20 Years: A 

Survey. Proceedings of the IEEE. 2023. Vol. 111. No. 3. P. 257-276. DOI: 

https://doi.org/10.1109/JPROC.2023.3242224. 

3. Li H., et al. RT-DETR: Real-Time Detection Transformer for Optoelec-

tronic Tracking Systems. Journal of Real-Time Image Processing. 2025. Vol. 20. 

No. 1. P. 45-62. 

 

 

'�� 004.384 

 0;89 "...1, "=8I5=:> �.(.2, #>A?5є20 �.Є.3 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. DV7.-<0B. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
$"�$"��� %�%&� � ��&" �&�+!"�" ��$'��!!/ $"�"&" -

 �!�#'�/&"$"  &�#' SCARA ��/ "#�$�*�� «PICK-AND-

PLACE» 
"...  0;89, �.(. "=8I5=:>, І.Є. #>A?5є20  

%CG0A=0 @>1>B>B5E=V:0 AB@V<:> @>72820єBьAO 7024O:8 4>ABC?=>ABV =54>-
@>38E <V:@>:>=B@>;5@V2, B5E=>;>3V9 3D-4@C:C B0 2V4:@8B8E ?@>3@0<=8E @V-
H5=ь. *5 2V4:@820є <>6;82>ABV 4;O AB2>@5==O A?5FV0;V7>20=8E <0=V?C;OB>@V2 
=5 ;8H5 2 ?@><8A;>28E <0AHB010E, 0 9 C =0C:>2>-4>A;V4=8E B0 0<0B>@Aь:8E 
?@>5:B0E [1-2]. 

 5B>N 40=>W @>1>B8 є ?@>5:BC20==O, 0=0;V7 B0 DV78G=0 :>=AB@C:FVO @>-
1>B87>20=>3> <0=V?C;OB>@0 7 :V=5<0B8G=>N B>?>;>3VєN SCARA (Selective 
Compliance Assembly Robot Arm), ?>1C4>20=>3> 28:;NG=> =0 4>ABC?=8E 
:><5@FV9=8E (off-the-shelf) :><?>=5=B0E (@8A. 1). 

"A=>2=8<8 <>4C;O<8 <0=V?C;OB>@0 є: 
- >A=>20 - =5A5 =020=B065==O 2AVєW :>=AB@C:FVW; 
- ;0=:8 (Links): 6>@AB:V G0AB8=8, I> 79є4=CNBь AC3;>18; 

- AC3;>18 (Joints): @CE><V 79є4=0==O, >A=0I5=V 0:BC0B>@0<8; 

- :V=F5289 5D5:B>@: V=AB@C<5=B (70E20B, 5;5:B@><03=VB), I> 270є<>4Vє 7 
>B>G5==O<. 

https://doi.org/10.1109/ACCESS.2022.3160329
https://doi.org/10.1109/JPROC.2023.3242224
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$8AC=>: 1 -  >45;ь @>7@>1;5=>3> <0=V?C;OB>@0 

 

�;O :5@C20==O @CE>< 28:>@8AB>2CєBьAO <0B5<0B8G=5 <>45;N20==O: 
#@O<0 :V=5<0B8:0: @>7@0EC=>: ?>78FVW 5D5:B>@0 =0 >A=>2V 7040=8E :CBV2 AC3-
;>1V2 70 4>?><>3>N <0B@8Fь B@0=AD>@<0FVW (<>45;ь �5=02VB0-)0@B5=15@30). 

�=25@A=0 :V=5<0B8:0: >1G8A;5==O =5>1EV4=8E :CBV2 AC3;>1V2 4;O 4>AO3-
=5==O FV;ь>2>W B>G:8 C ?@>AB>@V. �;O A:;04=8E A8AB5< 70AB>A>2CNBьAO G8A5-
;ь=V VB5@0FV9=V <5B>48, 4;O ?@>ABVH8E (O: SCARA) 3 0=0;VB8G=V <5B>48 7 
70:@8B8<8 D>@<C;0<8. 

#>@V2=O=> 7 45:0@B>28<8 B0 0=B@>?><>@D=8<8 <0=V?C;OB>@0<8, 
SCARA 70157?5GCє 28A>:C H284:VABь B0 B>G=VABь ?@8 >?5@0FVOE B8?C «pick-

and-place». �>=0 ?>є4=Cє >15@B0;ь=V @CE8 2 3>@87>=B0;ь=V9 ?;>I8=V (2 ABC-
?5=V 2V;ь=>ABV) 7 ;V=V9=8< ?5@5<VI5==O< ?> 25@B8:0;ь=V9 >AV Z. 

�;O @50;V70FVW ?@>5:BC (@8A. 2) 1C;> ?@>0=0;V7>20=> @8=>: 4>ABC?=8E 
:><?>=5=BV2: 

- 4283C=8: >1@0=> 3V1@84=V :@>:>2V 4283C=8 NEMA 17 (17HS3401) 4;O 
>A=>2=8E >A59 G5@57 WE 740B=VABь 4> B>G=>3> ?>78FV>=C20==O 157 ?>B@518 2 
5=:>45@0E (:@>: 1.8°); 

- :5@CNG89 ?@8AB@V9: Raspberry Pi 5. �81V@ >1C<>2;5=89 =0O2=VABN ?>2-
=>FV==>W "% Linux, 25;8:8< >19є<>< ?0<9OBV B0 >1G8A;N20;ь=>N ?>BC6=VABN 
4;O <091CB=VE 7040G (=0?@8:;04, :><?'NB5@=>3> 7>@C), I> ?5@525@HCє <>6-
;82>ABV Arduino G8 ESP32; 
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- :V=F5289 5D5:B>@: 5;5:B@><03=VB KK-P20/15 4;O <0=V?C;OFV9 7 <5B0;5-
28<8 >19є:B0<8 203>N 4> 100 3; 

- 25@B8:0;ь=0 2VAь: <V:@>A5@2>?@82V4 SG90, 79є4=0=89 7 @59:>28< <5E0-
=V7<>< 4;O 70157?5G5==O ;V=V9=>3> E>4C 120 <<. 

 

 
$8AC=>: 2 3 %?@>I5=0 AE5<0 ?V4:;NG5==O 

 

%8AB5<0 :5@C20==O @>74V;5=0 =0 420 @V2=V: 
!87ь:89 @V25=ь (%5@25@): %:@8?B =0 Python, 70?CI5=89 =0 Raspberry Pi, 

I> 28:>@8AB>2Cє 1V1;V>B5:C pigpio 4;O 35=5@0FVW V<?C;ьAV2 C @50;ь=><C G0AV 
B0 :5@C20==O 4@0925@0<8 4283C=V2 (Waveshare Stepper Motor HAT). 

�8A>:89 @V25=ь (GUI): �5A:B>?=89 4>40B>: =0 107V PyQt6, I> 4>72>;Oє 
>?5@0B>@C 22>48B8 :><0=48. �29O7>: <V6 #� B0 <0=V?C;OB>@>< 74V9A=NєBьAO 
G5@57 ?@>B>:>; WebSocket 7 28:>@8AB0==O< JSON-?>2V4><;5=ь. 

�>@?CA B0 ;0=:8 <0=V?C;OB>@0 283>B>2;5=V 7 PLA-?;0AB8:C. �;O 70157-
?5G5==O 6>@AB:>ABV ?@8 <V=V<0;ь=V9 207V 2=CB@VH=O AB@C:BC@0 ;0=>: 1C;0 
?>A8;5=0 A?5FV0;ь=8< «XX»-?0B5@=>< (raster). !0 @8AC=:C 3 ?@82545=5 7>-
1@065==O <0=V?C;OB>@0 C 7V1@0=><C 283;O4V. 
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$8AC=>: 3 3  0=V?C;OB>@ 2 7V1@0=><C 283;O4V 

 

#5@540G0 <><5=BC: �8:>@8AB0=> A8AB5<C GT2 ?0AV2 B0 H:V2V2 7 2V4=>-
H5==O< 1:3, I> ?V428I8;> @>74V;ь=C 740B=VABь :@>:>28E 4283C=V2 B0 :@CB=89 
<><5=B. 

"?>@8: �0;8 2AB0=>2;5=V =0 ?V4H8?=8:0E F608ZZ (D;0=F52V) B0 608ZZ 
4;O ?>3;8=0==O >Aь>28E B0 @04V0;ь=8E =020=B065=ь. 

�82;5==O: �2>@V2=520 0@EVB5:BC@0. �;>: 682;5==O 12V/6A (Mean Well 
LRS-75-12) 6828Bь 4283C=8 B0 5;5:B@><03=VB, 0 G5@57 step-down :>=25@B5@ 3 
A5@2>?@82V4. Raspberry Pi <0є >:@5<5 682;5==O 4;O AB01V;ь=>ABV "%. 

� @57C;ьB0BV @>1>B8 1C;> AB2>@5=> DC=:FV>=0;ь=89 ?@>B>B8? <0=V?C;O-
B>@0 SCARA 7 B@ь><0 ABC?5=O<8 2>;ь>=>ABV (RRP). 

�>AO3=CBV ?0@0<5B@8:  0:A8<0;ь=89 28;VB 3 338 <<, 25@B8:0;ь=89 EV4 3 
120 <<. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Kumar V. et al. Design and Implementation of a 4-DOF SCARA Robot for 

Educational Purposes. Journal of Robotics and Control (JRC). 2025. Vol. 6. No. 2. 

P. 1123125 

2. Craig J. J. Introduction to Robotics: Mechanics and Control. 4th ed. Pear-

son, 2017. 400 p. 

'�� 004.94:004.318 
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 0;89 ". ..1, "=8I5=:> �.(.2, #V@>65=:> ".".3 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. DV7.-<0B. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
���-%� '�/&"$  ��$"�"!&$"��$� RASPBERRY PI PICO 2 !� 

���� �$)�&��&'$� RISC-V 

". ..  0;89, �.(. "=8I5=:>, ".". #V@>65=:> 

 V:@>:>=B@>;5@ RP2350 2V4 Raspberry Pi Foundation 206;8289 2 V=4CAB-
@VW 21C4>20=8E A8AB5< 7024O:8 9>3> C=V:0;ь=V9 «42>O45@=V9 B0 42>0@EVB5:BC@-
=V9» :>=F5?FVW.  >6;82VABь ?5@5<8:0==O <V6 O4@0<8 ARM Cortex-M33 B0 
RISC-V (Hazard3) 2V4:@820є 25;8:V 3>@87>=B8 4;O @>7@>1=8:V2. #@>B5 2V4ACB-
=VABь DV78G=>3> >1;04=0==O 01> A:;04=VABь =0;03>465==O =0 @50;ь=8E G8?0E 
AB2>@Nє ?>?8B =0 4>ABC?=V V=AB@C<5=B8 <>45;N20==O. �0=0 @>1>B0 ?@8A2O-
G5=0 @>7@>1FV :@>A?;0BD>@<=>3> 251A8<C;OB>@0, I> 4>72>;Oє 28:>=C20B8 B0 
2V4;03>46C20B8 :>4 4;O RISC-V O4@0 RP2350 157?>A5@54=ь> C 1@0C75@V [1]. 

+8? RP2350 ?@0FNє =0 G0AB>BV 4> 150  �F V 2:;NG0є A:;04=C A8AB5<C 
H8= (AHB5 Crossbar), 520 �� SRAM, @>74V;5=>W =0 10 10=:V2, B0 ?V4B@8<:C 
7>2=VH=ь>W Flash-?0<'OBV >1'є<>< 4> 4  �. "A>1;82C C203C 2 A8<C;OB>@V ?@8-
4V;5=> O4@C Hazard3 3 B@8AB04V9=><C :>=25є@=><C ?@>F5A>@C RISC-V.  �V= 
@50;V7Cє =01V@ V=AB@C:FV9 RV32I 7 @>7H8@5==O<8 M, A, C, Zicsr B0 A?5F8DVG-
=8<8 4;O Bitmanip (Zba, Zbb, Zbs) V AB8A=5==O (Zcmp) :><0=40<8 [2]. 

�>6=0 V=AB@C:FVO 2 107>2><C ISA RISC-V <0є H8@8=C 32 1VB8 B0 A:;040-
єBьAO 7 :V;ь:>E ?>;V2, O:V 28:>@8AB>2CNBьAO 4;O 45:>4C20==O B0 28:>=0==O. 
&>G=89 ?5@5;V: ?>;V2, I> 2E>4OBь 4> A:;04C V=AB@C:FVW, 70;568Bь 2V4 WW :>4C-
20==O, O: >?8A0=> 2 A?5F8DV:0FVW RISC-V. *V ?>;O 70728G09 2:;NG0NBь: 

- OPCODE : :>4 >?5@0FVW, I> 287=0G0є B8? V=AB@C:FVW; 
- Rd : @53VAB@ ?@87=0G5==O; 
- Rs1 : @53VAB@ ?5@H>3> 465@5;0; 
- Rs2: 4@C389 @53VAB@ 465@5;0; 
- func3, func7: :>48 DC=:FV9, I> CB>G=NNBь 7=0G5==O V=AB@C:FVW. 
"A:V;ь:8 :V;ь:0 V=AB@C:FV9 <>6CBь 28:>@8AB>2C20B8 >48= V B>9 A0<89 

:>4 >?5@0FVW, FV ?>;O 28:>@8AB>2CNBьAO 4;O WE @>7@V7=5==O. !0?@8:;04, O: 
4>4020==O, B0: V 2V4=V<0==O 28:>@8AB>2CNBь >48= V B>9 A0<89 107>289 :>4 
>?5@0FVW , 0;5 2V4@V7=ONBьAO 7=0G5==O< func7. 

' B01;8FV 1 ?@82545=V AB8A=CBV 1V=0@=V >?5@0FV9=V :>48 4;O 45O:8E V=-
AB@C:FVW.  

!0 @8AC=:C 1 =02545=> :><?>=5=B8 H8=8 <V:@>:>=B@>;5@0 RP2350 4;O 
>1<V=C B0 >1@>1:8 V=D>@<0FVW. 

 

&01;8FO 1 3 %B8A=CBV V=AB@C:FVW >?5@0FV9=8E :>4V2 RISC-V 
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�V=0@=89 
>?5@0FV9-
=89 :>4 

&8? V=AB@C:FVW 

0b1110011 

0b0000011 

0b0100011 

0b0010011 

0b0110011 

0b1100011 

0b0101111 

0b0001011 

%8AB5<=V V=AB@C:FVW (=0?@8:;04, ecall , ebreak , 4>ABC? 4> CSR) 
�=AB@C:FVW 7020=B065==O (=0?@8:;04, lb , lh , lw) 
�=AB@C:FVW 715@V30==O (=0?@8:;04, sb , sh , sw) 
�@8D<5B8G=V 4VW 7 1CD5@><(=0?@8:;04, addi , xori , andi) 
�@8D<5B8G=V 4VW 7 @53VAB@0<8 (4>4020==O, 2V4=V<0==O) 
�=AB@C:FVW @>730;C65==O (=0?@8:;04, beq , bne , blt) 
"?5@0FVW 7 ?0<'OBBN (=0?@8:;04, amoadd , amoswap ) 
�>@8ABC20Fь:V V=AB@C:FVW (4;O @>7H8@5=ь, 287=0G5=8E :>@8ABC-
20G5<) 

 

$>7H8@5==O C 4;O RISC-V 22>48Bь =01V@ 16-1VB=8E V=AB@C:FV9, 2V4><8E 
O: AB8A=CBV V=AB@C:FVW. *5 :><?0:B=V :>4C20==O G0AB> 28:>@8AB>2C20=8E 32-

1VB=8E V=AB@C:FV9, @>7@>1;5=V 4;O 7<5=H5==O 28:>@8AB0==O ?0<'OBV B0 ?V428-
I5==O IV;ь=>ABV :>4C. �>6=0 AB8A=CB0 V=AB@C:FVO <0є >4=>7=0G=5 2V4>1@0-
65==O 7 2V4?>2V4=>N AB0=40@B=>N 32-1VB=>N V=AB@C:FVєN, I> @>18Bь WE ?@8-
40B=8<8 4;O 45:><?@5AVW ?V4 G0A 28:>=0==O. 

 

 
$8AC=>: 1 3 %E5<0 :><?>=5=BV2 H8=8 2 RP2350 

 

' <V:@>:>=B@>;5@V RP2350 04@5A0 :>6=>3> ?5@8D5@V9=>3> ?@8AB@>N 
?>4V;5=0 =0 B@8 G0AB8=8: 107>2C 04@5AC, 7<VI5==O @53VAB@0 (01> ?5@8D5@V9=89 
04@5A=89 ?@>ABV@) B0 0B><0@=V >?5@0FV9=V 1VB8. �<VI5==O @53VAB@0, 28:>@8A-
B>2CNG8 12-1VB=89 ?@>ABV@, ?V4B@8<Cє 4> 4096 @53VAB@V2 (7<VI5==O 2V4 0x000 
4> 0xFFF). �VB 0B><0@=>W >?5@0FVW 4>72>;Oє ?@O<5 <0=V?C;N20==O 1VB0<8, B0:5 
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O: 2AB0=>2;5==O, >G8I5==O 01> ?5@5<8:0==O, 2 ?5@8D5@V9=8E @53VAB@0E 157 
=5>1EV4=>ABV O2=>3> 1;>:C20==O. ' =0ABC?=8E ?V4@>74V;0E =02545=> 7030;ь-
=89 >3;O4 :;NG>28E ?5@8D5@V9=8E ?@8AB@>W2, 0 45B0;ь=0 V=D>@<0FVO =02545-
=0 2 B5E=VG=><C >?8AV RP2350. 

�;O ?@>5:BC >1@0=> <>45;ь 48A:@5B=>-?>4V9=>W A8<C;OFVW (Discrete-
event simulation). �>65= :@>: A8<C;OFVW 2V4?>2V40є >4=><C B0:BC ?@>F5A>@0 
(~6.67 =A ?@8 150  �F). *5 4>72>;Oє B>G=> <>45;N20B8 @>1>BC :>=25є@0, 
70B@8<:8 H8=8 (=0?@8:;04, 3-4 F8:;8 4;O ?5@8D5@VW APB) B0 <5E0=V7<8 ?5@5-
@820=ь. 

Rust >1@0=> O: >A=>2=C <>2C 7024O:8 157?5FV ?0<9OBV, 28A>:V9 ?@>4C:B8-
2=>ABV B0 GC4>2V9 ?V4B@8<FV :><?V;OFVW C WebAssembly. WebAssembly (Wasm) 
4>72>;Oє 70?CA:0B8 A8<C;OFVN 7V H284:VABN, 1;87ь:>N 4> =0B82=>W, 70157?5-
GCNG8 4>ABC?=VABь V=AB@C<5=BC G5@57 728G09=C URL-04@5AC. Egui 28:>@8AB0-
=> 4;O AB2>@5==O V=B5@D59AC :>@8ABC20G0. *5 1V1;V>B5:0 =5309=>3> @568<C 
(immediate mode), I> A?@>ICє 2V4>1@065==O 48=0<VG=8E AB0=V2 ?@>F5A>@0 2 
@50;ь=><C G0AV. !0 @8AC=:C 2 ?@82545=5 1;>: AE5<0 A8AB5<8. 

 

 
$8AC=>: 2 3 �;>:-AE5<0 A8AB5<8 

 

%B@C:BC@0 A8<C;OB>@0 (Backend). 
%8AB5<0 @>74V;5=0 =0 :V;ь:0 :;NG>28E <>4C;V2: 
/4@> RP2350:  >45;Nє 420 ?@>F5A>@8, A8AB5<C H8= B0 :>=B@>;5@ ?5@5-

@820=ь. 
 >45;ь ?0<'OBV: $50;V7Cє Boot ROM, SRAM B0 ;>3V:C ?@O<>3> G8B0==O 7 

Flash (<8=0NG8 XIP Cache 4;O A?@>I5==O ?>B>G=>W VB5@0FVW)  
"1@>1:0 V=AB@C:FV9: �8:>=0==O :><0=4 @50;V7>20=> G5@57 <0A82=89 

>?5@0B>@ match C Rust, I> >19є4=Cє 45:>4C20==O B0 ;>3V:C 2 >48= ?@>EV4 4;O 
>?B8<V70FVW H284:>ABV. !0 @8AC=:C 3 ?@82545=V :;0A8 <>45;V ?@>F5A>@0. 
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$8AC=>: 3 3 �V03@0<0 :;0AV2 <>45;V ?@>F5A>@0 

 

(@>=B5=4 A8<C;OB>@0 @50;V7>20=> O: >4=>AB>@V=:>289 70AB>AC=>: =0 
Rust 7 1V1;V>B5:0<8 eframe B0 egui . �>@8ABC20Fь:89 V=B5@D59A @>7@>1;5=> =0 
>A=>2V 48=0<VG=>W A8AB5<8 <0:5B0 =0 >A=>2V ?;8B>:, I> =040єBьAO egui_dock.2 

[3]. 

#VA;O 70?CA:C 702648 2V4>1@060NBьAO 42V DV:A>20=V 2:;04:8: @540:B>@ 
28EV4=>3> :>4C B0 ?0=5;ь, I> ?>:07Cє ?>B>G=89 AB0= :>=B0:BV2 GPIO 
Raspberry Pi Pico 2. !0 @8AC=:C 4 =02545=89 <0:5B ?@>3@0<8. 
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$8AC=>: 4 3  0:5B ?@>3@0<8 70 70<>2GC20==O< 

 

*O @>1>B0 <0;0 =0 <5BV AB2>@8B8 A8<C;OB>@ 4;O ?@>F5A>@0 RISC-V =0 
<V:@>:>=B@>;5@V Raspberry Pi Pico 2. %?>G0B:C ?;0=C202AO ?V4B@8<C20B8 ;8-
H5 :V;ь:0 107>28E ?5@8D5@V9=8E ?@8AB@>W2, 0;5 =57010@>< AB0;> >G5284=8<, 
I> 4;O @50;V70FVW @50;VAB8G=8E 28?04:V2 28:>@8AB0==O WE ?>B@V1=> 1V;ьH5. 
�@5HB>N, 4;O 4>AO3=5==O AC<VA=>ABV 7 VA=CNG8< ?@>3@0<=8< 70157?5G5==O< 
RP2350 1C;> @50;V7>20=> ?>=04 ?'OB=04FOBь ?5@8D5@V9=8E ?@8AB@>W2. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Raspberry Pi Foundation. Raspberry Pi Pico 2 datasheet: RP2350-based 

microcontroller board. 2024. URL: https://www.raspberrypi.com (40B0 
725@=5==O: 06.04.2026). 

2. Gay W. Raspberry Pi Pico 2 System-on-Chip: Architecture and Program-

ming. Leanpub. 2024. 

3. Modeling and Simulation of ARM Cortex-M33 in RP2350 Microcontrol-

lers. Journal of Embedded Systems. 2025. Vol. 12. No. 2. P. 45358. 

 

 

https://www.raspberrypi.com/
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'�� 004.384 

 0;89 ". ..1, �0@0GC: %.�.2, ,52G5=:> ".%.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
%�%&� � ��$'��!!/ ����&$"#$��"�� �  "���Ь!"�" 
�"��%!"�" $"�"&� #�� ��$'��!!/  RASPBERRY PI 

". ..  0;89, %.�. �0@0GC:, ".%. ,52G5=:> 

� @>728B:>< HBCG=>3> V=B5;5:BC B0 02B><0B870FVW 7@>AB0є ?>?8B =0 D0EV-
2FV2, O:V @>7C<VNBьAO =0 ?@>3@0<C20==V B0 ?@8=F8?0E @>1>B8 @>1>BV2. "4=0: 
2?@>20465==O @>1>B>B5E=V:8 2 >A2VBC G0AB> >1<56CєBьAO 28A>:>N 20@BVABN 
:><5@FV9=8E :>=AB@C:B>@V2 01> A:;04=VABN WE =0;0HBC20==O. 

 5B>N 40=>W @>1>B8 1C;> ?@>5:BC20==O B0 @50;V70FVO <>4C;ь=>3> @>1>-
B87>20=>3> B@0=A?>@B=>3> 70A>1C MoRVE (Modular Robotic Vehicle for 
Education). #@>5:B 107CєBьAO =0 ?@8=F8?0E 2V4:@8B>ABV, ;53:>W @5?;V:0FVW 70 
4>?><>3>N 3D-4@C:C B0 28:>@8AB0==O 4>ABC?=8E :><?>=5=BV2 ?V4 :5@C20=-
=O< D@59<2>@:C ROS 2 [1-2]. 

' @>1>BV ?@>2545=> @5H5@C VA=CNG8E =02G0;ь=8E ?;0BD>@<, B0:8E O: 
Adeept AWR, Tortoisebot B0 Rosbot 3. �C;> 28O2;5=>, I> 1030B> 7 =8E 01> 
<0NBь 70:@8BC :>=AB@C:FVN, 01> =5 4>72>;ONBь ;53:> 7<V=N20B8 B8?8 40BG8-
:V2 B0 H0AV (@8A. 1). 

�;O MoRVE >1@0=> ?@028;0 Open Robotic Platform (ORP), O:V ?5@5410-
G0NBь 28:>@8AB0==O AB0=40@B=>W AVB:8 >B2>@V2 (20×20 <<) 4;O :@V?;5==O 
<>4C;V2, I> 4>72>;Oє ;53:> <0AHB01C20B8 A8AB5<C. 

�>=AB@C:FVO @>1>B0 ?>2=VABN @>7@>1;5=0 2 A5@54>28IV Fusion 360 V 040-
?B>20=0 4;O 3D-4@C:C (<0B5@V0;8 PLA B0 PETG). 

,0AV: �8:>@8AB0=> G>B8@8 Mecanum-:>;5A0, I> 4>72>;Oє @>1>BC @50;V-
7>2C20B8 O: 48D5@5=FV0;ь=5 :5@C20==O, B0: V 2A5A?@O<>20=89 @CE 
(omnidirectional) (pp. 10, 28).�283C=8: 4 DC-4283C=8 7 V=:@5<5=B0;ь=8<8 
5=:>45@0<8 (265 V<?C;ьAV2 =0 >15@B) 4;O 70157?5G5==O 72>@>B=>3> 72'O7:C 70 
H284:VABN. 

�5@C20==O 4283C=0<8: Adafruit DC & Stepper Motor HAT =0 107V GV?0 
PCA9685 (I2C-V=B5@D59A), I> 4>72>;Oє :5@C20B8 4 4283C=0<8 G5@57 2 0?0@0B-
=V PWM-:0=0;8 Raspberry Pi. 

%5=A>@8: ';ьB@072C:>2V A>=0@8 HC-SR04 4;O 28O2;5==O ?5@5H:>4 B0 
40BG8: INA219 4;O <>=VB>@8=3C =0?@C38 0:C<C;OB>@0. 

�82;5==O: �VBVє2V 5;5<5=B8 18650 (:>=DV3C@0FVO 2S2P, 7.4V) 7V step-

down :>=25@B5@>< 4;O 682;5==O <V:@>:><?'NB5@0. 
�;O :5@C20==O >1@0=> middleware ROS 2 (25@AVO Jazzy) G5@57 9>3> <>4C-

;ь=VABь B0 ?V4B@8<:C @>7?>4V;5=8E A8AB5<. 
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$8AC=>: 1 - �A5A?@O<>20=5 H0AV 

 

"1G8A;N20;ь=89 1;>:: Raspberry Pi 4B ?V4 :5@C20==O< Ubuntu 24.04 
LTS. 

 

 
$8AC=>: 2 3 �;>:-AE5<0 70<:=CB>W A8AB5<8 :5@C20==O 7 #��-@53C;OB>@>< 

 

�;NG>2>N >A>1;82VABN ?@>5:BC є 28:>@8AB0==O D@59<2>@:C 
ros2_control, O:89 @>74V;Oє :5@C20==O =0 ;>3VG=V @V2=V: 

Hardware Component: !0?8A0=> ?;03V= motor_interface =0 C++, O:89 G5-
@57 1V1;V>B5:C WiringPi 157?>A5@54=ь> 270є<>4Vє 7 GPIO B0 H8=>N I2C 4;O 
G8B0==O 5=:>45@V2 B0 70?8AC :><0=4 =0 4283C=8. 

�5@V2=V 2C7;8: $50;V7>20=> AB0=40@B=V 2C7;8 4;O B5;5>?5@0FVW 
(teleop_twist_keyboard) B0 <>=VB>@8=3C AB0=C 10B0@5W. 

"4=8< V7 =0C:>28E 2=5A:V2 @>1>B8 є @50;V70FVO 2;0A=>3> PID-:>=B@>;5@0 
4 PwmPidController. �;0A8G=V PID-0;3>@8B<8 =5:>@5:B=> ?@0FNNBь 7 45H5-
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28<8 DC-4283C=0<8 G5@57 =0O2=VABь «<5@B2>W 7>=8» (<V=V<0;ь=>W =0?@C38, 
=5>1EV4=>W 4;O AB0@BC).$>7@>1;5=89 :>=B@>;5@ 2@0E>2Cє ?>@V3 B5@BO: 

#@8 AB0@BV: 4> V=B53@0;ь=>W A:;04>2>W 2V4@07C 4>40єBьAO 7=0G5==O, I> 
2V4?>2V40є <56V <5@B2>W 7>=8. 

#@8 7<V=V =0?@O<:C: <8BBє25 ?5@5<8:0==O V=B53@0;ь=>W AC<8 4;O ?>4>-
;0==O V=5@FVW. 

#@8 7C?8=FV: >1=C;V==O A:;04>28E 4;O CAC=5==O 28A>:>G0AB>B=>3> «?8-
A:C» 4283C=V2 ?V4 =0?@C3>N, O:>W =54>AB0B=ь> 4;O @CEC. 

 

 
$8AC=>: 3 - �>2=VH=V9 283;O4 @>1>B0 

 

�=0;V7 A8AB5<8 ?@>2>482AO 70 4>?><>3>N V=AB@C<5=BC PlotJuggler. 
&5AB8 ?>:070;8, I> ?@8 ?@028;ь=><C =0;0HBC20==V ?0@0<5B@0 <5@B2>W 7>=8 
(7=0G5==O effort = 500) 2V43C: A8AB5<8 =0 :><0=4C 7<V=8 H284:>ABV AB0є <09-
65 <8BBє28<, =0 2V4<V=C 2V4 AB0=40@B=8E 7=0G5=ь (effort = 270), 45 A?>AB5@V30-
;0AO 7=0G=0 70B@8<:0 G5@57 =0:>?8G5==O V=B53@0;ь=>W ?><8;:8. 

&0:>6 1C;> ?@>45<>=AB@>20=> @>1>BC <>45;V 2 2V7C0;V70B>@V RViz, 45 
2V4>1@060єBьAO URDF-<>45;ь @>1>B0 2 @50;ь=><C G0AV. 

$57C;ьB0B>< @>1>B8 є ?>2=>FV==0 =02G0;ь=0 ?;0BD>@<0 MoRVE, O:0 ?>-
є4=Cє =87ь:C 20@BVABь :><?>=5=BV2 7 28A>:8<8 <>6;82>ABO<8 ?@>3@0<=>3> 
=0;0HBC20==O. �024O:8 28:>@8AB0==N ROS 2 B0 <>4C;ь=>W :>=AB@C:FVW, @>1>B 
<>65 1CB8 28:>@8AB0=89 4;O 282G5==O 0;3>@8B<V2 =02V30FVW, >1E>4C ?5@5H-
:>4 B0 B5>@VW 02B><0B8G=>3> :5@C20==O. 
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%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Bartnik N. Open Robotic Platform: Design Rules (Electronic resource). 

2023. URL: https://openroboticplatform.com (40B0 725@=5==O: 26.03.2026).. 

2. Li Y., Ibanez-Guzman J. Lidar for Autonomous Driving: The Principles, 

Challenges, and Trends. IEEE Signal Processing Magazine. 2020. Vol. 37. No. 4. 

P. 50361. 

 

 

'�� 681.5:004.384 

 0;89 "...1, (C@<0=>20 !.�.1, (0@0D>=>2 "...1 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

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

��%���!�) PID-$��'�/&"$�� 

"...  0;89, !.І. (C@<0=>20, "... (0@0D>=>2 

�0;0=ACNGV @>1>B8 є A?5F8DVG=8< B8?>< <>1V;ь=8E A8AB5<, 740B=8E 
CB@8<C20B8 25@B8:0;ь=5 ?>;>65==O, I> є ?@8@>4=> =5AB01V;ь=8<. �024O:8 
28A>:V9 <0=52@5=>ABV B0 :><?0:B=>ABV, B0:V @>1>B8 5D5:B82=> DC=:FV>=CNBь 
C >1<565=><C ?@>AB>@V. �0=0 @>1>B0 ?@8A2OG5=0 AB2>@5==N @>1>B0, :5@>20-
=>3> ?;0BD>@<>N Raspberry Pi 4B 7 28:>@8AB0==O< D@59<2>@:C Robot 
Operating System 2 (ROS2), I> 70157?5GCє <>4C;ь=VABь B0 <0AHB01>20=VABь 
A8AB5<8. 

� >A=>2V DC=:FV>=C20==O ;568Bь DV78G=89 ?@8=F8? V=25@A=>3> <0OB=8-
:0. !0 2V4<V=C 2V4 :;0A8G=>3> <0OB=8:0, F5=B@ <0A @>1>B0 7=0E>48BьAO 28I5 
B>G:8 >?>@8. %B01V;V70FVO 4>AO30єBьAO H;OE>< ?>ABV9=>3> ?5@5<VI5==O :>;VA 
C =0?@O<:C =0E8;C. 

�;O :5@C20==O >1@0=> PID-@53C;OB>@8, >@30=V7>20=V C :0A:04=C A8AB5<C: 
�=CB@VH=V9 :>=BC@: AB01V;V7Cє :CB =0E8;C, 28:>@8AB>2CNG8 40=V 7 0:A5;5@>-
<5B@0 B0 3V@>A:>?0 (IMU). �>3> 28E>4>< є A83=0; ,�  (PWM) 4;O 4283C=V2. 

�>2=VH=V9 :>=BC@: 107CєBьAO =0 40=8E 7 5=:>45@V2 :>;VA. �V= :>@83Cє =0-
E8; B0:, I>1 @>1>B ?>25@B02AO C 28EV4=C ?>78FVN, 70?>1V30NG8 ?>ABV9=><C 
4@59DC. 

!0?@O<=89 :>=BC@: :><?5=ACє @V7=8FN 2 >?>@V 4283C=V2, 70157?5GCNG8 
?@O<>;V=V9=89 @CE B0 B>G=V ?>2>@>B8 =0 7040=89 :CB (pp. 34, 37). 

�>=AB@C:FVO @>1>B0 28:>=0=0 70 4>?><>3>N 3D-4@C:C 7 <0B5@V0;C PLA.  
�;NG>2V :><?>=5=B8 A8AB5<8 2:;NG0NBь: 
- >1G8A;N20;ь=89 <>4C;ь: Raspberry Pi 4B (4GB RAM); 
- A5=A>@8: <>4C;ь MPU6050 (GY-521) 4;O 287=0G5==O >@Vє=B0FVW B0 C;ь-

B@072C:>289 40BG8: HC-SR04 4;O 28O2;5==O ?5@5H:>4; 

https://openroboticplatform.com/
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- ?@82V4: 420 12� IVB:>28E 4283C=8 ?>ABV9=>3> AB@C<C 7 5=:>45@0<8 =0 
5D5:BV )>;;0 (B>G=VABь 734 PPR); 

- :5@C20==O 4283C=0<8: 4@0925@ Cytron MDD20A, I> 28B@8<Cє ?V:>2V 
=020=B065==O 4> 60�. 

- 682;5==O: �1V@:0 3S2P 7 H5AB8 Li-Ion 0:C<C;OB>@V2 18650 (є<=VABь 
5000 <�3, =0?@C30 4> 12.6�), 4>?>2=5=0 <>4C;5< 70@O4:8 USB-C 7 ?V4B@8<-
:>N Power Delivery. 

 

 
$8AC=>: 1 3 �>2=VH=V9 283;O4 @>1>BC 

�8:>@8AB0==O "% Ubuntu Server 22.04 V7 O4@>< @50;ь=>3> G0AC 
(PREEMPT_RT) 4>72>;8;> <V=V<V7C20B8 70B@8<:8 ?;0=C20;ь=8:0, I> :@8B8-
G=> 4;O A8AB5< 10;0=AC20==O. �;O 70157?5G5==O AB01V;ь=>3> 7G8BC20==O 40-
=8E 7 5=:>45@V2 =0 28A>:8E H284:>ABOE, 2V4?>2V4=><C ROS2-2C7;C 1C;> 284V-
;5=> 5:A:;N782=5 O4@> ?@>F5A>@0. 

#@>5:B @>74V;5=> =0 G>B8@8 >A=>2=V ?0:5B8: 
- Sensors_pkg: 7G8BC20==O B0 DV;ьB@0FVO 40=8E (DV;ьB@ �0;<0=0 4;O 

IMU); 

- Control_pkg: @50;V70FVO :0A:04=8E PID-@53C;OB>@V2; 
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- Bluetooth_pkg: 48AB0=FV9=5 :5@C20==O G5@57 <>1V;ь=89 4>40B>: Blue 
Dot; 

- Robot_bringup: 70?CA: B0 :>>@48=0FVO 2AVE 2C7;V2. 
� E>4V 5:A?5@8<5=BV2 1C;> 28O2;5=> "<5@B2C 7>=C" 4283C=V2 (4> 12.2% 

4V0?07>=C ,� ), I> A?@8G8=O;> =87ь:>G0AB>B=V >AF8;OFVW (?5@V>4 ~2.5 A). 
#@>B5 2?@>20465==O :0A:04=>3> @53C;OB>@0 4>72>;8;> 4>AO3B8 AB01V;ь=>3> 
10;0=AC20==O =02VBь ?@8 4>40B:>2><C =020=B065==V 1.1 :3. 

�8=0<V:0 42>:>;VA=>3> @>1>B0 107CєBьAO =0 A?@>I5=V9 <>45;V V=25@A=>-
3> <0OB=8:0 =0 2V7:C. "A=>2=>N <5B>N є @>7@0EC=>: :5@CNG>3> 2?;82C u(t), 
O:89 <V=V<V7Cє ?><8;:C 2V4E8;5==O 2V4 25@B8:0;V. 

�;O >?8AC @CEC A8AB5<8 28:>@8AB>2CNBьAO :>>@48=0B8 :CB0 =0E8;C θ B0 
?>;>65==O 2V7:0 x. '7030;ь=5=5 @V2=O==O @CEC 4;O :CB0 =0E8;C (157 C@0EC-
20==O B5@BO) <0є 283;O4: 

 

 
45: 
m 3 <0A0 :>@?CAC @>1>B0; 
g 3 ?@8A:>@5==O 2V;ь=>3> ?04V==O; 
l 3 2V4AB0=ь 2V4 >AV :>;VA 4> F5=B@C <0A; 
f 3 A8;0, I> ?@8:;045=0 4> :>;VA; 
I 3 <><5=B V=5@FVW :>@?CAC. 
 

"A:V;ь:8 4;O 10;0=AC20==O :CB θ 70728G09 4C65 <0;89, 28:>@8AB>2CєBь-
AO ;V=50@870FVO (sinθ≈θ, cosθ≈1), I> 4>72>;Oє 70AB>A>2C20B8 :;0A8G=V <5B>48 
;V=V9=>3> :5@C20==O. 

� @>1>BV @50;V7>20=> F8D@>2C D>@<C PID-@53C;OB>@0 4;O D>@<C20==O 
A83=0;C ,�  (PWM): 

 

 
"A>1;82>ABV <0B5<0B8G=>W >1@>1:8 2 40=V9 A8AB5<V: 
#@>?>@FV9=0 A:;04>20 (P): �;O ?V428I5==O GCB;82>ABV ?@8 <0;8E 2V4E8-

;5==OE B0 6>@AB:>ABV ?@8 25;8:8E, ?><8;:0 ?V4=>A8BьAO 4> AB5?5=O 1.13: 
P=|e(t)+0.5|^1.13 

�=B53@0;ь=0 A:;04>20 (I): ->1 C=8:=CB8 5D5:BC "=0A8G5==O" (integral 
windup), =0:>?8G5==O ?><8;:8 7C?8=OєBьAO 01> 7<5=HCєBьAO (<=>65==O =0 
:>5DVFVє=B 0.85-0.98), O:I> @>1>B 7<V=Nє =0?@O<>: @CEC 01> :CB>20 H284-
:VABь 7<5=HCєBьAO. 



87 

 

�8D5@5=FV0;ь=0 A:;04>20 (D): �0<VABь >1G8A;5==O ?>EV4=>W 2V4 ?><8;:8 
:CB0, 28:>@8AB>2CєBьAO ?@O<5 7=0G5==O :CB>2>W H284:>ABV 7 3V@>A:>?0, I> 
7=0G=> 7<5=HCє HC< C A83=0;V :5@C20==O. 

�;O B>G=>3> <0=52@C20==O =0 <VAFV 28:>@8AB>2CєBьAO <0B5<0B8G=89 
72'O7>: <V6 35><5B@VєN @>1>B0 B0 ?>:070==O<8 5=:>45@V2. �V;ь:VABь V<?C;ьAV2 
(pulses), =5>1EV4=0 4;O ?>2>@>BC =0 :CB ϕ (C 3@04CA0E), >1G8A;NєBьAO 70 D>@-
<C;>N: 

 

 
 

*O D>@<C;0 282545=0 =0 >A=>2V: 
- @>74V;ь=>W 740B=>ABV 5=:>45@0 (PPR = 734); 
- @04VCA0 :>;5A0 (r = 67 <<); 
- 2V4AB0=V <V6 :>;5A0<8 (L = 270 <<). 

!0?@8:;04, 4;O @>72>@>BC =0 90> A8AB5<0 HBCG=> AB2>@Nє ?><8;:C 2 
370 V<?C;ьAV2 <V6 ;V28< B0 ?@028< :>;5A><, O:C =0?@O<=89 PID-@53C;OB>@ 
:><?5=ACє, ?>25@B0NG8 @>1>B0. 

"A:V;ь:8 0:A5;5@><5B@ GCB;8289 4> 2V1@0FV9, 0 3V@>A:>? AE8;ь=89 4> 
4@59DC, DV=0;ь=89 :CB =0E8;C >1G8A;NєBьAO 70 4>?><>3>N DV;ьB@0 �0;<0=0, 
O:89 48=0<VG=> >FV=Nє AB0= A8AB5<8, <V=V<V7CNG8 48A?5@AVN ?>E81:8 28<V-
@N20==O. 

%B2>@5=0 A8AB5<0 45<>=AB@Cє 5D5:B82=VABь 28:>@8AB0==O ROS2 B0 "% 
@50;ь=>3> G0AC 4;O :5@C20==O A:;04=8<8 <5E0B@>==8<8 >1'є:B0<8. #>40;ь-
H89 @>728B>: ?@>5:BC <>6;8289 G5@57 70<V=C 4283C=V2 =0 <>45;V 7 <5=H8< 
AB0B8G=8< >?>@>< B0 V=B53@0FVN LIDAR 4;O B>G=>W =02V30FVW. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Macenski S., Foote T., Gerkey B., Lalancette L., Woodall, W. Robot Op-

erating System 2: Design, architecture, and uses in the wild. Science Robot-

ics.2022. 

2. Nomura S. Implementation of PID Control for Self-Balancing Robot with 

Real-Time OS. Journal of Robotics and Mechatronics. 2021 
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'�� 004.7:004.94 

 0;89 "...1, #>A?5є20 �.Є.2, �0@0GC: %.�.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

%�%&� �  "!�&"$�!�' &� ���'�����*�� %&�!' 
����$"&"�"� �!($�%&$'�&'$� "�'Є�&�� 

". ..  0;89, І.Є. #>A?5є20, %.�. �0@0GC: 

' ACG0A=8E C<>20E 1574@>B>2V <5@56V AB0;8 :@8B8G=> 206;82>N V=D@0-
AB@C:BC@>N. �=0==O B>G=>3> <VAF57=0E>465==O B>G>: 4>ABC?C (AP) є =5>1-
EV4=8< 4;O >?B8<V70FVW ?>:@8BBO, 157?5:>2>3> <>=VB>@8=3C (28O2;5==O =502-
B>@87>20=8E ?@8AB@>W2) B0 =02V30FVW 2A5@548=V ?@8<VI5=ь, 45 A83=0; GPS є 
=5AB01V;ь=8< 01> =54>ABC?=8<.  

�0=0 @>1>B0 ?@8A2OG5=0 @>7@>1FV B0 4>A;V465==N A8AB5<8 ;>:0;V70FVW 
AP, O:0 28:>@8AB>2Cє 4>ABC?=V 40=V ?@> A8;C A83=0;C (RSSI) B0 35>3@0DVG=V 
:>>@48=0B8 <VAFь 70<V@V2. 

�A=Cє 45:V;ь:0 DC=40<5=B0;ь=8E ?V4E>4V2 4> 287=0G5==O :>>@48=0B 
465@5;0 A83=0;C: 

- B@V;0B5@0FVO: 107CєBьAO =0 7=0==V 2V4AB0=59 4> >1'є:B0 <V=V<C< 7 B@ь>E 
@5D5@5=B=8E B>G>:. �V4AB0=ь >1G8A;NєBьAO G5@57 <>45;ь 730A0==O A83=0;C; 

- B@V0=3C;OFVO: 28:>@8AB>2Cє :CB8 ?@8E>4C A83=0;C (azimult, elevation). 

�8<030є A?5FV0;V7>20=>3> >1;04=0==O (0=B5==8E @5HVB>:); 
- G0A>2V <5B>48 (ToF, TDoA): 107CNBьAO =0 28<V@N20==V G0AC ?@>E>-

465==O A83=0;C. �0157?5GCNBь =0928IC B>G=VABь, 0;5 ?>B@51CNBь ?@5F87V9-
=>W A8=E@>=V70FVW 3>48==8:V2 ?@89<0G0 B0 ?5@54020G0. 

�;O ?@0:B8G=>W @50;V70FVW 1C;> >1@0=> <5B>4 =0 >A=>2V RSSI, >A:V;ь:8 
2V= =5 ?>B@51Cє A?5FV0;V7>20=>3> 0?0@0B=>3> 70157?5G5==O V ?V4B@8<CєBьAO 
1V;ьHVABN A?>682G8E ?@8AB@>W2. 

� >A=>2V @>7@0EC=:V2 ;568Bь <>45;ь 2B@0B =0 B@0AV (path-loss model), I> 
>?8ACє 70;56=VABь A8;8 A83=0;C 2V4 2V4AB0=V: 

 

 
45:A 3 ?>BC6=VABь A83=0;C =0 5B0;>==V9 2V4AB0=V (1 <5B@); 

n 3 :>5DVFVє=B 730A0==O (70;568Bь 2V4 A5@54>28I0, 70728G09 2≤n≤6; 
d 3 2V4AB0=ь <V6 B>G:>N 28<V@N20==O B0 AP; 
X 3 28?04:>20 25;8G8=0, I> >?8ACє HC< B0 702048. 
�;O 287=0G5==O :>>@48=0B (x0, y0) B0 ?0@0<5B@V2 A5@54>28I0 θ = [x0, y0, 

n, A] 28:>@8AB>2CєBьAO VB5@0B82=0 >?B8<V70FVO �0CA0-!ьNB>=0. �>=0 <V=V<V-
7Cє AC<C :204@0BV2 =52'O7>: (@V7=8FV <V6 28<V@O=8< B0 <>45;ь>20=8< A83=0-
;><): 
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�;O ?V428I5==O AB01V;ь=>ABV 2 @>1>BV 70AB>A>20=> 203>2C <0B@8FN W =0 
>A=>2V DC=:FVW �C15@0, I> 4>72>;Oє 7<5=H8B8 2?;82 0=><0;ь=8E 28<V@V2 
(outliers), A?@8G8=5=8E 1030B>?@><5=528< ?>H8@5==O< A83=0;C. 

' 28?04:0E, :>;8 40=8E =54>AB0B=ь> 4;O 71V6=>ABV =5;V=V9=>W <>45;V, 
70AB>A>2CєBьAO 0;3>@8B< 72065=>3> F5=B@C BO6V==O (VT): 

 

 
45 ωi 3 2030, I> 5:A?>=5=FV9=> 7@>AB0є V7 ?>A8;5==O< A83=0;C Si. 
 

%8AB5<0 @50;V7>20=0 O: :;Vє=B-A5@25@=0 251-0?;V:0FVO:Backend: 
ASP.NET Core (C#). �8:>@8AB>2Cє Entity Framework Core 4;O @>1>B8 7 107>N 
40=8E PostgreSQL.  

�;O >1@>1:8 25;8:8E <0A82V2 40=8E (CSV-D09;V2) @50;V7>20=> D>=>289 
A5@2VA (BackgroundService), I> ?@0FNє ?0@0;5;ь=> 7 >A=>2=8< API. 

Frontend: Blazor WebAssembly. �0157?5GCє V=B5@0:B82=C 2V7C0;V70FVN 
B>G>: =0 <0?V 70 4>?><>3>N 1V1;V>B5:8 Leaflet.js. 

�1V@ 40=8E: 74V9A=N202AO 70 4>?><>3>N 70AB>AC=:C WiGLE WiFi 
Wardriving. #0@0<5B@8 :>6=>3> 70?8AC 2:;NG0NBь BSSID, SSID, @V25=ь A83-
=0;C 2 dBm B0 GPS-:>>@48=0B8. 

#5@54 @>7@0EC=:0<8 40=V ?@>E>4OBь 45:V;ь:0 5B0?V2 ?V43>B>2:8: 
(V;ьB@0FVO: 2840;5==O 4C1;V:0BV2 B0 70?8AV2 7 =87ь:>N B>G=VABN GPS 

(>50 <) 01> 70=04B> A;01:8< A83=0;>< (<-85 dBm). 

�;0AB5@870FVO (DBSCAN): 4>72>;Oє V45=B8DV:C20B8 3@C?8 B>G>:. *5 
:@8B8G=> 206;82> 4;O 28O2;5==O 28?04:V2, :>;8 B>G:C 4>ABC?C 1C;> ?5@525-
75=> 2 V=H5 <VAB> 3 A8AB5<0 >18@0є =09=>2VH89 70 G0A>< :;0AB5@. 

"FV=:0 =5?52=>ABV: @>7@0E>2CєBьAO @04VCA ?><8;:8 =0 >A=>2V 35><5B@8-
G=>3> @>7:;04C B>G>: (?>:07=8: DOP 3 Dilution of Precision). 

�D5:B82=VABь 0;3>@8B<V2 ?5@52V@O;0AO H;OE>< ?>@V2=O==O 7 107>N 40-
=8E WiGLE.net B0 :>=B@>;ь=8<8 70<V@0<8 >19є:BV2 V7 2V4><8<8 :>>@48=0B0-
<8. 
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$8AC=>: 1 3 %CB=>ABV @>7@>1;5=>3> #�, WE=V 0B@81CB8 B0 72'O7:8 <V6 =8<8 

 

#@8 ?>@V2=O==V =0 >4=0:>28E 2EV4=8E 40=8E (124 B>G:8) <54V0==0 2V4-
E8;5==O A:;0;0 16,78 <, I> ?V4B25@46Cє :>@5:B=VABь <0B5<0B8G=>3> 0?0@0BC. 

&5ABC20==O 2 C<>20E IV;ь=>W <VAь:>W 701C4>28 (:>@?CA8 !' «�0?>@V7ь:0 
?>;VB5E=V:0») ?@>45<>=AB@C20;> <54V0==C ?><8;:C 19,47 <. 

�C;> 28O2;5=>, I> :;NG>28< D0:B>@>< B>G=>ABV є =5 :V;ь:VABь 28<V@V2, 
0 WE 35><5B@VO: @V2=><V@=5 >E>?;5==O AP 7 @V7=8E AB>@V= 7=0G=> ?V428ICє 
B>G=VABь ?>@V2=O=> 7 ;V=V9=8< 71>@>< 40=8E 274>26 >4=VєW 2C;8FV. 

$>7@>1;5=0 A8AB5<0 45<>=AB@Cє 28A>:C 02B>=><=VABь, =5 ?>B@51CNG8 
?>?5@54=ь>3> :0;V1@C20==O ?@8<VI5=ь G8 7=0==O ?0@0<5B@V2 ?5@54020GV2. 
�8:>@8AB0==O VB5@0B82=>W 0?@>:A8<0FVW @07>< V7 =04V9=8<8 <5B>40<8 :;0AB5-
@870FVW 4>72>;Oє ;>:0;V7C20B8 Wi-Fi B>G:8 7 B>G=VABN 4> 20 <5B@V2 C @50;ь=8E 
C<>20E, I> є 4>AB0B=V< 4;O 1V;ьH>ABV ?@8:;04=8E 70240=ь. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Matin M. A. (ed.). Handbook of Research on Wireless Sensor Network 

Trends, Technologies, and Applications. IGI Global, 2016. 589 p. 

2. Conti G. et al. Improving Network Monitoring and Security via Visualiza-

tion. IEEE Computer Graphics and Applications. 2016. Vol. 26. No. 6. P. 18325. 
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'�� 621.865.8:681.5 

 8@>=>20 !.".1, ,0?B0;0 %.�.2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
$"�$"��� !��+��Ь!"-�"%���!"�" #$"&"&�#' $"�"&�-

 �!�#'�/&"$� 

!.".  8@>=>20, %.�. ,0?B0;0 

%CG0A=89 @>728B>: @>1>B>B5E=V:8, <5E0B@>=V:8 B0 02B><0B87>20=8E A8-
AB5< :5@C20==O ?>29O70=89 V7 ?5@5E>4>< 4> :V15@DV78G=8E ?V4E>4V2, C <560E 
O:8E B5E=VG=89 >19є:B @>73;O40єBьAO @07>< V7 9>3> F8D@>28< ?@54AB02;5=-
=O<. �;O @>1>B87>20=8E <0=V?C;OB>@V2 B0:89 ?V4EV4 є ?5@A?5:B82=8<, >A:V;ь-
:8 40є 7<>3C ?>є4=0B8 ?@>є:BC20==O, =0;03>465==O, 0=0;V7 @568<V2 @>1>B8 B0 
?>40;ьHC >?B8<V70FVN :>=AB@C:FVW 2 <560E є48=>3> V=D>@<0FV9=>3> A5@54>-
28I0.  5B>N @>1>B8 є @>7@>1:0 =02G0;ь=>-4>A;V4=>3> ?@>B>B8?C @>1>B0-
<0=V?C;OB>@0 (@8A. 1) O: DV78G=>W >A=>28 4;O ?>40;ьH>W ?>1C4>28 F8D@>2>3> 
42V9=8:0. 

' <560E @>1>B8 AD>@<>20=> 107>2C AB@C:BC@C <0=V?C;OB>@0 , >1ґ@C=B>-
20=> 281V@ 28:>=02G8E ?@82>4V2 V 287=0G5=> 0?0@0B=C ?;0BD>@<C :5@C20==O. 
$>7@>1;5=89 ?@>B>B8? <0є G>B8@8 ABC?5=V @CE><>ABV, 7 O:8E B@8 70157?5GC-
NBь ?5@5<VI5==O ;0=>: <0=V?C;OB>@0, 0 >4=0 2V4?>2V40є 70 @>1>BC 70E20BC. 
�;O @50;V70FVW F8E @CEV2 28:>@8AB0=> ?9OBь <>B>@=8E :0=0;V2 :5@C20==O. 
!091V;ьH =020=B065=C 2VAь @50;V7>20=> 42><0 A8=E@>=V7>20=8<8 :@>:>28<8 
4283C=0<8, I> ?V428ICє BO3>2V <>6;82>ABV ?@82>4C B0 =04V9=VABь @>1>B8 
2V4?>2V4=>3> 2C7;0. 

 

 
$8AC=>: 1 3 �030;ь=89 283;O4 5:A?5@8<5=B0;ь=>3> ?@>B>B8?C @>1>B0-

<0=V?C;OB>@0 
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�?0@0B=C >A=>2C ?@>B>B8?C A:;040є <V:@>:>=B@>;5@=0 ?;0BD>@<0 
Wemos D1 R32. �;O :5@C20==O 42><0 :@>:>28<8 4283C=0<8 NEMA23 28:>-
@8AB0=> 4@0925@8 TB6560, 0 4;O 42>E :@>:>28E 4283C=V2 NEMA17 3 4@0925@8 
DRV8825. #@82V4 70E20BC @50;V7>20=> =0 107V A5@2>?@82>40 Tower Pro 
MG995. �0?@>?>=>20=0 :>=DV3C@0FVO 70157?5GCє C73>465==O ?@82>4V2 @V7=>W 
?>BC6=>ABV 7 =020=B065==O< >:@5<8E 2C7;V2 <0=V?C;OB>@0 B0 <5E0=V7<C 70-
E20BC. 

(C=:FV>=C20==O A8AB5<8 107CєBьAO =0 D>@<C20==V :5@CNG8E A83=0;V2 
<V:@>:>=B@>;5@>< V WE ?>40;ьHV9 ?5@540GV =0 4@0925@8 28:>=02G8E 4283C=V2. 
' FV9 0@EVB5:BC@V (@8A. 2) @>74V;5=> ;>3VG=C G0AB8=C :5@C20==O B0 A8;>2C 
G0AB8=C 682;5==O ?@82>4V2, I> A?@>ICє ?>40;ьHC <>45@=V70FVN A8AB5<8 B0 
AB2>@Nє >A=>2C 4;O ?V4:;NG5==O 4>40B:>28E 5;5<5=BV2, 7>:@5<0 :V=F528E 
28<8:0GV2, 40BG8:V2 =C;ь>2>3> ?>;>65==O B0 V=H8E 70A>1V2 71>@C 40=8E ?@> 
AB0= <0=V?C;OB>@0. 

$>7@>1;5=89 ?@>B>B8? @>1>B0-<0=V?C;OB>@0 D>@<Cє DV78G=C >A=>2C 4;O 
?>40;ьH>W ?>1C4>28 F8D@>2>3> 42V9=8:0 (@8A. 2). !0ABC?=89 5B0? 4>A;V-
465==O ?>29O70=89 V7 D>@<C20==O< 2V@BC0;ь=>W <>45;V, V=B53@0FVєN 70A>1V2 
71>@C 40=8E B0 70157?5G5==O< C73>465=>W 270є<>4VW <V6 DV78G=>N V F8D@>-
2>N A:;04>28<8 A8AB5<8. 

 

 
$8AC=>: 2 3 �>=F5?BC0;ь=0 AE5<0 ?>1C4>28 F8D@>2>3> 42V9=8:0 @>1>B0-

<0=V?C;OB>@0 
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'�� 681.5:004.9 

 0;89 "...1, (C@<0=>20 !.�.1, �>@4N3 �.�.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ��-612 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

$"�$"��� �" #’.&�$!"-�!&��$"��!"� %�%&� � 
��%&�!*��!"�" �"!&$"�. #�$� �&$�� 3� �$'�' 

"...  0;89, !.І. (C@<0=>20, �.�. �>@4N3 

&5E=>;>3VO 3D-4@C:C (0448B82=5 28@>1=8FB2>) AB0;0 :;NG>28< V=AB@C-
<5=B>< C ?@>B>B8?C20==V B0 ?@><8A;>2>ABV. "4=0: >4=VєN 7 3>;>2=8E ?@>-
1;5< 70;8H0єBьAO AB01V;ь=VABь O:>ABV 4@C:C. #><8;:8, B0:V O: 2V4H0@C20==O 
>1'є:B0, CB2>@5==O «A?035BV» 01> =04<V@=5 =8B:>CB2>@5==O (stringing), ?@87-
2>4OBь 4> 7=0G=8E 2B@0B <0B5@V0;C B0 G0AC. "A:V;ь:8 ?@>F5A 4@C:C <>65 B@8-
20B8 :V;ь:0 4=V2, 157?5@5@2=89 ;N4Aь:89 :>=B@>;ь є =5<>6;828<. 

 5B>N @>1>B8 є @>7@>1:0 A8AB5<8 02B><0B87>20=>3> <>=VB>@8=3C =0 
>A=>2V :><?9NB5@=>3> 10G5==O, O:0 740B=0 2 @50;ь=><C G0AV 28O2;OB8 45D5:B8 
4@C:C B0 26820B8 2V4?>2V4=8E 70E>4V2 (A?>2VI5==O :>@8ABC20G0 01> 7C?8=:0 
4@C:C). 

� @>1>BV 284V;5=> >A=>2=V B8?8 2V7C0;ь=8E 45D5:BV2: 
- A?035BV (Spaghetti) - 4@C: «C ?>2VB@V» G5@57 2V4H0@C20==O <>45;V 2V4 

?;0BD>@<8; 
- =8B:>CB2>@5==O (Stringing) - CB2>@5==O B>=:8E 2>;>:>= ?;0AB8:C <V6 

G0AB8=0<8 <>45;V; 
- Overextrusion/Underextrusion - =04<V@=5 01> =54>AB0B=є ?>4020==O ?;0-

AB8:C. 
 

 
$8AC=>: 1 3 #@8:;048 1@0:C 3� 4@C:C 
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#@>1;5<8 ?5@H>3> H0@C: #>30=0 04357VO 01> =5?@028;ь=0 28A>B0 A>?;0 
(Z-offset). 

#@>0=0;V7>20=> :><5@FV9=V B0 open-source @VH5==O: 
- Obico (Spaghetti Detective): �8:>@8AB>2Cє E<0@=V >1G8A;5==O, I> AB2>@Nє 
?8B0==O :>=DV45=FV9=>ABV; 
- OctoEverywhere (Gadget): #@>AB5 2 V=B53@0FVW, 0;5 G0AB> =040є >1<565=C 
V=D>@<0FVN ?@> B8? ?><8;:8; 
- CAXTON: !0C:>289 ?@>5:B 7 28:>@8AB0==O< =59@><5@56 7 :V;ь:><0 «3>;>-
20<8» 4;O :>@5:FVW ?0@0<5B@V2 C @50;ь=><C G0AV. 
�0?@>?>=>20=0 A8AB5<0 A:;040єBьAO 7 B@ь>E >A=>2=8E <>4C;V2: 
- ?;03V= 4;O OctoPrint - >A=>2=5 A5@54>28I5 V=B53@0FVW 7 ?@8=B5@><; 
- <>4C;ь :><?9NB5@=>3> 10G5==O - >:@5<89 ?@>F5A 4;O 0=0;V7C 7>1@065=ь; 
- 251-4>40B>: - V=B5@D59A 4;O <>=VB>@8=3C 45:V;ь:>E ?@8=B5@V2 >4=>G0A=>. 

�;O 70157?5G5==O AB01V;ь=>ABV 4@C:C >1@>1:0 7>1@065=ь 28=5A5=0 2 >:-
@5<89 ?@>F5A (multiprocessing). *5 4>72>;Oє C=8:=CB8 2?;82C Global 
Interpreter Lock (GIL) C Python, O:89 ?@8 1030B>?>B>:>2>ABV <V3 A?@8G8=OB8 
<V:@>70B@8<:8 C @CAV 4@C:CNG>W 3>;>2:8, I> =530B82=> 2?;820;> =0 O:VABь 
28@>1C. 

%B2>@5=> :><1V=>20=89 =01V@ 40=8E, I> 2:;NG0є: 
- 2;0A=V 7=V<:8 7 ;01>@0B>@V9 :0D54@8 �&��; 
- 40=V 7 2V4:@8B8E 465@5; (Kaggle, Roboflow). �=V<:8 7 ?@>DV;ь=8E D>-

@C<V2 (Reddit). 
�030;>< =01V@ <VAB8Bь A>B=V 0=>B>20=8E 7>1@065=ь 4;O :;0AV2 Spaghetti, 

Stringing, Over/Under-extrusion B0 PrintOk. �;O ?@8A:>@5==O 0=>BC20==O 28:>-
@8AB0=> <>45;ь SAM (Segment Anything Model) 2V4 Meta. 

#>@V2=N20;8AO <>45;V AV<59AB2 YOLOv11 B0 YOLOv12. �;O DV=0;ь=>W 
@50;V70FVW >1@0=> YOLOv11s G5@57 >?B8<0;ь=89 10;0=A <V6 B>G=VABN B0 
H284:VABN @>1>B8 =0 >1<565=><C 70 ?>BC6=VABN >1;04=0==V. 

 

&01;8FO 1 3 #>@V2=O==O >:@5<8E <>45;59 7 B>G:8 7>@C B>G=>ABV 20;V40-
FVW B0 B5ABC20==O B0 G0AC >1@>1:8 >4=>3> 7=V<:C 

 >45;ь �0;V40FVO &5ABC20==O +0A >1@>1:8 

Yolo11n 60% 48% 101 <A 
Yolo11s 67% 58% 252 <A 
Yolo11m 61% 56% 701 <A 
Yolo11n-seg 63% 49% 135 <A 
Yolo11s-seg 61% 49% 327 <A 
Yolo12n 58% 49% 151 <A 
Yolo12s 47% 47% 359 <A 
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&@5=C20==O ?@>2>48;>AO 2 E<0@V (Kaggle GPU) 7 28:>@8AB0==O< B5E=V: 
Transfer Learning B0 0C3<5=B0FVW 40=8E (7<V=0 OA:@02>ABV, :@>?V=3, 4>4020==O 
HC<C 4;O V<VB0FVW =87ь:>W O:>ABV 251-:0<5@). 

Framework: �;O V=D5@5=AC >1@0=> MNN (Mobile Neural Network) 2V4 
Alibaba, I> ?>:0702 :@0IC AB01V;ь=VABь =0 Raspberry Pi 5 ?>@V2=O=> 7 V=H8<8 
D@59<2>@:0<8. 

 

&01;8FO 2 3 $57C;ьB0B8 ?>@V2=O==O D@59<2>@:V2 =0 >A=>2V G0AC, =5>1EV-
4=>3> 4;O >1@>1:8 >4=>3> :04@C, B0 <0:A8<0;ь=> 4>AO6=>W G0AB>B8 :04@V2 

(FPS) 

$0<:0 +0A >1@>1:8 
(<A/7>1@065==O) 

�04@V2 C A5:C=4C 

TorchScript 

PyTorch 

PaddlePaddle 

ONNX 

 !! 

NCNN 

OpenWINO 

1172,88 

1108,43 

1086,38 

454,07 

253,26 

185,93 

185,29 

0,85 

0,9 

0,92 

2.2 

3.95 

5.38 

5.4 

 

�2'O7>:: $57C;ьB0B8 0=0;V7C ?5@540NBьAO G5@57 A?V;ь=C G5@3C. /:I> A8A-
B5<0 DV:ACє ?><8;:C C 42>E ?>A;V4>2=8E :04@0E, A?@0Fь>2Cє ;>3V:0 A?>2V-
I5==O. 

%?>2VI5==O: Telegram (G5@57 G0B-1>BV2). #>2V4><;5==O <VAB8Bь B8? ?>-
<8;:8, 2?52=5=VABь <>45;V B0 0:BC0;ь=89 7=V<>:. 

$>7@>1;5=> 70 4>?><>3>N Next.js (Frontend) B0 Fastify (Backend). %8AB5-
<0 ?V4B@8<Cє 1030B>@V2=52C 02B>@870FVN (Creator, Admin, User) B0 4>72>;Oє 
F5=B@0;V7>20=> :5@C20B8 =0;0HBC20==O<8 45B5:FVW 4;O 2Aь>3> ?0@:C 3D-

?@8=B5@V2. 
#@>2545=> 0=0;V7 @>7@>1;5=>3> ?;03V=0 7 A8AB5<0<8 Obico B0 

OctoEverywhere =0 ?@8=B5@V Creality Ender 3 V3. 
�5B5:FVO «H?035BV»: %8AB5<0 28O2;O;0 ?><8;:C =0 1-9 G8 2-9 E28;8=V 7 

2?52=5=VABN ?>=04 70%, I> =0 @V2=V 01> H284H5 70 :><5@FV9=V 0=0;>38. 
�5B5:FVO =8B:>CB2>@5==O: !09:@0IV @57C;ьB0B8 ?@8 1>:>2><C @0:C@AV 

:0<5@8. #@8 D@>=B0;ь=><C @0:C@AV B>G=VABь ?040є G5@57 G0AB:>25 ?5@5:@8BBO 
<>45;V 4@C:CNG>N 3>;>2:>N. 

(0;ьH82V A?@0FN20==O: #@8 B5ABC20==V =0 G8AB><C 4@CFV 70DV:A>20=> 5 

D0;ьH828E A?@0FN20=ь 70 10 3>48= @>1>B8 (?5@5206=> :;0A stringing). *5 
2:07Cє =0 ?>B@51C ?>40;ьH>W >?B8<V70FVW ?>@>3V2 2?52=5=>ABV. 

$>7@>1;5=0 A8AB5<0 ?V4B25@48;0 <>6;82VABь 5D5:B82=>3> 28O2;5==O 
?><8;>: 3D-4@C:C 2 @50;ь=><C G0AV =0 107V 4>ABC?=>3> >1;04=0==O 
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(Raspberry Pi 5). �8:>@8AB0==O ACG0A=8E <>45;59 YOLO B0 >?B8<V7>20=8E 
D@59<2>@:V2 4>72>;8;> AB2>@8B8 02B>=><=5 @VH5==O, O:5 =5 ?>B@51Cє ?5@5-
40GV 40=8E C E<0@C, 70157?5GCNG8 ?@820B=VABь :>@8ABC20G0. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. ISO/ASTM 52902:2019. Additive manufacturing 3 Test artifacts 3 Geo-

metric capability assessment of additive manufacturing systems. (>DVFV9=5 
840==O). Geneva : ISO/ASTM International, 2019. 42 p. 

2. Baumann F., Roller D. Vision based error detection for 3D printing pro-

cesses. MATEC Web of Conferences. 2017. Vol. 108. Art. 06006. DOI: doi.org. 

3. Tlegenov Y., Hong G. S., Pang C. K. Investigation of nozzle clogging in 

FDM 3D printing through motor current monitoring. Robotics and Computer-

Integrated Manufacturing. 2024. Vol. 85. 

 

 

'�� 614.84:681.5 

 0;89 ". ..1, #V@>65=:> ".".2, �0DB0= �.�.3 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ��-612 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

$"�$"���  "�'�/ %�%&� � #$"&�#"���!"�" ��)�%&' � 
('!�*�Є. ��&" �&�+!"�" %#"��-�!!/ #$" 

��!��!�!!/ ���$��� �"�!. 

". ..  0;89, ".". #V@>65=:>, �.�. �0DB0= 

�0E8AB ;N4Aь:>3> 68BBO B0 <09=0 2V4 ?>656 є :@8B8G=> 206;828< 70-
240==O<. &@048FV9=V B>G:>2V 45B5:B>@8 48<C <0NBь ACBBє2V >1<565==O: 2>=8 
28<030NBь DV78G=>3> :>=B0:BC G0AB8=>: 48<C 7 A5=A>@><, I> @>18Bь WE =55-
D5:B82=8<8 C 25;8:8E 2V4:@8B8E ?@>AB>@0E (0=30@8, 0B@VC<8) B0 AE8;ь=8<8 
4> ?><8;:>28E A?@0FN20=ь G5@57 ?8; 01> ?0@C. 

 5B>N @>1>B8 є @>7@>1:0 B0 V<?;5<5=B0FVO 2V45>45B5:B>@0, O:89 28:>-
@8AB>2Cє AB0=40@B=C F8D@>2C :0<5@C 4;O 28O2;5==O >7=0: 2V4:@8B>3> 2>3=N 
=0 @0==VE AB04VOE, 0=0;V7CNG8 2V7C0;ь=V E0@0:B5@8AB8:8 ?>;C<'O. 

�;O 02B><0B87>20=>W 45B5:FVW 2>3>=ь @>73;O40єBьAO O: >19є:B V7 =01>@>< 
A?5F8DVG=8E AB0B8G=8E B0 48=0<VG=8E >7=0:: 

�>;V@=0 <>45;ь: #>;C<9O ?5@5206=> <0є A?5:B@ 2V4 G5@2>=>3> 4> 6>2-
B>3>. �81V@ ?@028;ь=>W :>;V@=>W <>45;V (RGB, HSV, YCbCr) є 107>28< :@>:>< 
4;O DV;ьB@0FVW ?V:A5;V2. 

 5@5EBV==O (Flickering): �>3>=ь ?>ABV9=> 7<V=Nє A2>N D>@<C B0 OA:@0-
2VABь. *5 48=0<VG=0 >7=0:0, O:C <>6=0 70DV:AC20B8 G5@57 0=0;V7 @CEC ?V:A5;V2. 
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%0BC@0FVO (!0A8G5=VABь): "A5@54:8 V=B5=A82=>3> 3>@V==O G0AB> 283;O-
40NBь O: 01A>;NB=> 1V;V ?;O<8 (R=G=B=255) G5@57 >1<565==O 48=0<VG=>3> 
4V0?07>=C :0<5@. 

#C;ьA0FVO V=B5=A82=>ABV: /A:@02VABь ?>;C<'O :>;820єBьAO 7 E0@0:B5@=>N 
G0AB>B>N 1310 �F. *O >7=0:0 4>72>;Oє 2V4@V7=8B8 2>3>=ь 2V4 AB0B8G=8E >@0=-
6528E >1'є:BV2. 

#@>AB>@>20 2?>@O4:>20=VABь: %B@C:BC@0 2>3=N G0AB> A:;040єBьAO 7 
2:;045=8E :V;5Fь: 1V;5 O4@>, 6>2B0 A5@548=0 B0 G5@2>=V :@0W. 

� @>1>BV 4>2545=>, I> <>45;ь HSV (Hue, Saturation, Value) є 1V;ьH 5D5-
:B82=>N 4;O 45B5:FVW 2>3=N, =V6 RGB. ' ?@>AB>@V HSV ;53H5 V=BCWB82=> 
287=0G8B8 <56V 4;O 2V4BV=:V2 ?>;C<'O: B>= (Hue) C <560E 0360°, 28A>:0 A2VB-
;VABь (Value) B0 A5@54=O =0A8G5=VABь (Saturation). 

�;O >?B8<V70FVW >1G8A;5=ь 28:>@8AB0=> ?V4EV4 ?>4V;C :04@C =0 B09;8 
(4;0648FV) @>7<V@>< 32x32 ?V:A5;V. *5 4>72>;Oє 0=0;V7C20B8 :>6=C >1;0ABь 
>:@5<>, 70AB>A>2CNG8 ?@028;0 45B5:FVW ;>:0;ь=>. �;ьB5@=0B82=89 <5B>4 
A53<5=B0FVW =0 >A=>2V :>=BC@V2 @CEC 28O282AO <5=H =04V9=8< C 28?04:0E, 
:>;8 2>3>=ь 7;820єBьAO 7 V=H8<8 @CE><8<8 >1'є:B0<8. 

 

 
$8AC=>: 1 3 �;3>@8B<VG=0 AB@C:BC@0 A8AB5<8 

 
%8AB5<0 ?>1C4>20=0 =0 :0A:04V ?@028;. %F5=0 22060єBьAO ?>656>=5-

157?5G=>N, O:I> ?52=89 A53<5=B :04@C >4=>G0A=> 704>2>;ь=Oє =0ABC?=V C<>-
28: 

�5B5:FVO @CEC: #>@V2=O==O ?>B>G=>3> :04@C 7 48=0<VG=8< @5D5@5=B=8< 
:04@><. /:I> @V7=8FO V=B5=A82=>ABV ?V:A5;V2 ?5@528ICє ?>@V3 3 70DV:A>20=> 
@CE. 

(V;ьB@0FVO 70 :>;ь>@><: #V4@0EC=>: 2V4A>B:0 ?V:A5;V2 C A53<5=BV, I> 2V-
4?>2V40NBь <>45;V HSV 2>3=N. 

#>HC: A0BC@>20=8E B>G>:: �8O2;5==O 1V;8E F5=B@V2 ?>;C<'O. 
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�=0;V7 G0AB>B8 (FFT): �0AB>AC20==O H284:>3> ?5@5B2>@5==O (C@'є 4> VA-
B>@VW V=B5=A82=>ABV A53<5=B0. /:I> 4><V=CNG0 G0AB>B0 ;568Bь C 4V0?07>=V 13
10 �F, F5 ?V4B25@46Cє ?C;ьA0FVN ?>;C<'O. 

#@>3@0<=0 G0AB8=0 @50;V7>20=0 =0 <>2V C++ 7 28:>@8AB0==O< 1V1;V>B5:8 
:><?'NB5@=>3> 10G5==O OpenCV. �;O C=8:=5==O <8BBє28E ?><8;:>28E A?@0-
FN20=ь 4>40=> G0A>289 DV;ьB@: B@82>30 («HORI») 0:B82CєBьAO ;8H5 O:I> 
2>3>=ь 45B5:BCєBьAO C B@ь>E ?>A;V4>2=8E :04@0E. 

#@>2545=> ?>@V2=O==O H284:>ABV 45B5:FVW A8AB5<8 B0 ;N48=8. ' 1V;ь-
H>ABV 28?04:V2 A8AB5<0 @503Cє ;8H5 =0 A>B=V <V;VA5:C=4 ?V7=VH5 70 ;N4Aь:5 
>:>, 0 70 C<>2 =87ь:>3> :>=B@0ABC (=0?@8:;04, 2>3>=ь =0 2C;8FV 245=ь) 45B5:-
B>@ <>65 A?@0FN20B8 =02VBь H284H5 70 ;N48=C. 

 

&01;8FO 1 3 #>@V2=O==O H284:>ABV @50:FVW ;N48=8 B0 45B5:B>@0 (G0A 
2:070=89 C <V;VA5:C=40E) 

�V45> �5B5:B>@ �N48=0 
#5@H5 28O2;5==O &@82>30 

1 11760 11920 11480 

2 7680 7760 7600 

3 4920 5640 5000 

4 200 760 240 

5 7400 9040 13520 

 

(0;ьH82V 45B5:FVW: �8:;8:0NBьAO 2V41;8A:0<8 A2VB;0 2V4 1;8A:CG8E ?>-
25@E>=ь (=0?@8:;04, ?;0AB8:>289 ?0:5B, >A2VB;5=89 ;VEB0@8:><) 01> @CE><8-
<8 >1'є:B0<8, I> <0NBь :>;V@ ?>;C<'O (>@0=65289 >4O3). 

 

 
$8AC=>: 2 3 #>@V2=O==O ?@>AB>@>2>W 20@V0FVW :>;ь>@C 2 >19є:BV, I> >E>?;Nє 

2>3>=ь, B0 >19є:BV, I> =5 >E>?;Nє 2>3>=ь 
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!528O2;5==O 2>3=N: &@0?;OєBьAO, O:I> O4@> 2>3=N (A0BC@>20=V ?V:A5;V) 
70:@8B5 ?5@5H:>4>N. ' B0:8E 28?04:0E A8AB5<0 10G8Bь ;8H5 :>;V@, 0;5 =5 
?V4B25@46Cє 2AV ?@028;0 :0A:04C. 

$>7@>1;5=89 2V45>45B5:B>@ 45<>=AB@Cє 28A>:C 5D5:B82=VABь C 28O2;5=-
=V 2V4:@8B>3> ?>;C<'O =0 @0==VE AB04VOE. �8:>@8AB0==O G0AB>B=>3> 0=0;V7C B0 
<>45;V HSV 4>72>;Oє 7=0G=> 7=878B8 2V4A>B>: ?><8;>: C ?>@V2=O==V 7 ?@>A-
B8<8 :>;V@=8<8 DV;ьB@0<8. #5@A?5:B82>N @>728B:C є 2?@>20465==O ?@>AB>-
@>2>3> 25;ь25B 0=0;V7C (wavelet analysis) B0 0=0;V7C AB@C:BC@8 ?>;C<'O 4;O I5 
1V;ьH>W =04V9=>ABV 2 A:;04=8E C<>20E >A2VB;5==O. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Sharma S. et al. Real-time fire detection using deep learning models. Jour-

nal of Real-Time Image Processing. 2024. Vol. 21. P. 1103125. 

2. Muhammad K. et al. Fire and Smoke Detection in Video Sequences based 

on Spatial-Temporal Analysis. IEEE Access. 2025. Vol. 13. P. 450034515. 

 

 

'�� 621.396 

-C:V= �.�.1, (548H5= �.�.2 

1 28:;. �%# «�0?>@V7ь:89 D0E>289 :>;546 :><?'NB5@=8E B5E=>;>3V9 !' 
«�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. 3@. &�22-1 �%# «�0?>@V7ь:89 D0E>289 :>;546 :><?'NB5@=8E B5E=>;>-
3V9 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

�!���� �(��&��!"%&� ���"$�%&�!!/ #$"�$� !"-

���!�+�!�) $���"%�%&�  (SDR) ' %'+�%!�) 
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1V@FV, I> =0 11% ?5@528ICє ?>:07=8:8 :;0A8G=8E <5B>4V2 =0 >A=>2V 0;3>@8B-
<V2 :><?'NB5@=>3> 7>@C 157 3;81>:>3> =02G0==O. "A>1;82> ?><VB=5 ?>:@0-
I5==O A?>AB5@V30єBьAO 4;O <0;>@>7<V@=8E �#�� B0 >1'є:BV2 7V A:;04=8< D>-
=><.  >45;ь 45<>=AB@Cє AB01V;ь=C ?@>4C:B82=VABь ?@8 >1@>1FV 2V45>?>B>:C 2 
@50;ь=><C G0AV =0 21C4>20=8E >1G8A;N20;ь=8E ?;0BD>@<0E, I> 2V4:@820є 
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<>6;82>ABV 4;O ?@0:B8G=>3> 2?@>20465==O 2 1>@B>28E A8AB5<0E A?>AB5@5-
65==O. 

&0:8< G8=><, 70AB>AC20==O <5B>4V2 3;81>:>3> =02G0==O 7 B@0=AD5@=8< 
?V4E>4>< B0 0C3<5=B0FVєN 40=8E є 5D5:B82=8< @VH5==O< 4;O 7040GV @>7?V7=0-
20==O ;5B0;ь=8E 0?0@0BV2. �0?@>?>=>20=0 A8AB5<0 740B=0 :;0A8DV:C20B8 >1'є-
:B8 70 B8?>< B0 <>45;;N 2 C<>20E @50;ь=>3> G0AC, 70157?5GCNG8 =04V9=C 
@>1>BC 2 @V7=><0=VB=8E >?5@0FV9=8E AF5=0@VOE. #5@A?5:B82=8< =0?@O<>< 
?>40;ьH8E 4>A;V465=ь є V=B53@0FVO <C;ьB8<>40;ь=8E A5=A>@=8E 40=8E - 

?>є4=0==O >?B8G=>3> 4V0?07>=C 7 @04V>;>:0FV9=>N B0 0:CAB8G=>N V=D>@<0FV-
єN - 4;O ?V428I5==O B>G=>ABV 28O2;5==O 2 C<>20E >1<565=>W 2848<>ABV. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Redmon J., Farhadi A. (2018) YOLOv3: An Incremental Improvement. 

arXiv:1804.02767. 2018. URL: https://arxiv.org/abs/1804.02767 (40B0 725@=5==O: 
06.04.2026) 

2. Tan M., Le Q. V. EfficientNet: Rethinking Model Scaling for 

Convolutional Neural Networks. Proceedings of ICML 2019. 2019. DOI: 

https://doi.org/10.48550/arXiv.1905.11946 
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".�. -C:V=,  .Є.  >38;ь=0, ".�.  0F:528G 

' ACG0A=V9 0@EVB5:BC@V A8AB5< >?>2VI5==O A?>AB5@V30єBьAO :@8B8G=0 
?@>1;5<0 - 2B><0 2V4 A?>2VI5=ь. +5@57 28A>:C IV;ь=VABь ?>2VB@O=8E 703@>7 B0 
?@525=B82=89 E0@0:B5@ 7030;ь=>=0FV>=0;ь=8E A8AB5<, :>@8ABC20GV >B@8<C-
NBь =04<V@=C :V;ь:VABь =5FV;ь>2V A83=0;8, I> ?@872>48Bь 4> V3=>@C20==O 
?@>B>:>;V2 157?5:8. � B>G:8 7>@C UX, F5 AB2>@Nє 10@'є@ <V6 :@8B8G=>N V=-
D>@<0FVєN B0 @50:FVєN AC1'є:B0. #>B@V1=0 V=B5;5:BC0;ь=0 ?@>A;>9:0, O:0 
740B=0 48D5@5=FVN20B8 7030;ь=89 AB0= B@82>38 2V4 ;>:0;ь=>3> V=F845=BC, 
107CNG8Aь =0 0=0;V7V 25:B>@C FV;V 2 @50;ь=><C G0AV. 
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 5B>N ?@>є:BC є @>7@>1:0 02B><0B87>20=>W A8AB5<8 ?@548:B82=>W 2V7C-
0;V70FVW 25:B>@V2 703@>7 V7 DC=:FVєN 72C:>2>W A83=0;V70FVW 28A>:>W V=B5=A82=>-
ABV. %8AB5<0 28:>=Cє @>;ь V=B5;5:BC0;ь=>3> H;N7C, O:89 DV;ьB@Cє 2EV4=89 
?>BV: =5AB@C:BC@>20=8E 40=8E B0 :>=25@BCє WE C AB@C:BC@>20=V A?>2VI5==O 7 
28A>:8< ?@V>@8B5B><. "A=>2=89 D>:CA 7<VICєBьAO 7 ?0A82=>3> <>=VB>@8=3C 
=0 0:B82=5 A?>2VI5==O ?@> 703@>7C 7 28A>:>N 9<>2V@=VABN C@065==O :>=:@5-
B=>3> A5:B>@0. *5 4>72>;Oє >?B8<V7C20B8 G0A ?@89=OBBO @VH5==O 4;O :V=F52>-
3> :>@8ABC20G0, 70157?5GCNG8 <0:A8<0;ь=89 @V25=ь ?5@A>=0;V7>20=>W 157?5-
:8. 

�;O >1@>1:8 2EV4=8E ?>2V4><;5=ь 28:>@8AB>2CєBьAO AB5: B5E=>;>3V9 
Natural Language Processing (NLP). "A:V;ь:8 04<V=8 <>=VB>@8=3>28E :0=0;V2 
28:>@8AB>2CNBь ?@8@>4=C <>2C 7 28A>:8< ABC?5=5< 20@V0B82=>ABV (A;5=3, 
01@52V0BC@8, 35>3@0DVG=V =0728 157 AC2>@>3> D>@<0BC20==O), A8AB5<0 V=B53@Cє 
LLM-<>45;V 4;O 28>:@5<;5==O >1'є:BV2. ,� V45=B8DV:Cє B8? >1'є:B0, 9>3> 
?>B>G=V :>>@48=0B8 B0 48=0<V:C @CEC, I> 4>72>;Oє 0;3>@8B<C ?>1C4C20B8 
9<>2V@=C B@0є:B>@VN. #>@V2=O==O <5B>4V2 >1@>1:8 ?@82545=> C B01;8FV 1. 

 

&01;8FO 1 - �=0;V7 5D5:B82=>ABV 
(C=:FVO �;0A8G=89 0;3>@8B< �=B5;5:BC0;ь=89 ,�-

<>4C;ь 
$>7?V7=020==O B5:ABC �8H5 6>@AB:> 7040=V 

:;NG>2V A;>20 
�>=B5:AB=89 0=0;V7 
(A;5=3, ?><8;:8) 

�=0;V7 =0?@O<:C #>B@51Cє B>G=8E =072 
<VAB 

$>7C<Vє >@Vє=B8@8 
(«:C@A =0 #=-�E 2V4...») 

)81=V A?@0Fь>2C20==O �8A>:V (G5@57 7304:8 
V=H8E <VAB C B5:ABV) 

!87ь:V (@>7C<Vє ;>3V:C 
?>;ь>BC) 

,284:VABь >1@>1:8  8BBє2> �0;568Bь 2V4 70B@8<:8 
API (<V=V<V7CєBьAO) 

 

&5E=VG=0 @50;V70FVO 107CєBьAO =0 ?@8=F8?0E Geofencing. �>@8ABC20G 28-
7=0G0є «@04VCA V=B5@5AC», V A8AB5<0 0:B82Cє B@835@8 ;8H5 ?@8 2E>465==V >1'є-
:B0 2 F59 2V@BC0;ь=89 ?5@8<5B@. #@>3@0<=0 G0AB8=0 1>B0 28:>@8AB>2Cє API 
4;O ?>40GV :0AB><=8E 72C:>28E A83=0;V2, O:V <0NBь 28I89 ?@V>@8B5B C A8AB5<V 
A?>2VI5=ь A<0@BD>=0, =V6 AB0=40@B=V push-?>2V4><;5==O. *5 30@0=BCє 4>AB0-
2:C A83=0;C =02VBь 2 C<>20E 0:B82>20=>3> @568<C «!5 BC@1C20B8». �>6=5 
B0:5 A?>2VI5==O AC?@>2>46CєBьAO 25@8DV:>20=8< 465@5;>< 4;O ?V4B25@-
465==O FV;VA=>ABV 40=8E. #@8:;04 @>1>B8 =02545=89 =0 @8AC=:C 1. 
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$8AC=>: 1 3 �5<>=AB@0FVO @>1>B8 Telegram-1>B0 

 

�@EVB5:BC@0 A8AB5<8 ?>1C4>20=0 70 ?>4Vє2>->@Vє=B>20=>N <>45;;N. !0 
2EV4 =04E>4OBь ?>B>:8 ?>2V4><;5=ь, O:V ?@>E>4OBь G5@57 AB04VN =>@<0;V70FVW, 
?VA;O G>3> ?>B@0?;ONBь C 1;>: ,�-0=0;V7C. %8AB5<0 ?@0FNє 7 =87ь:>N 70B@8-
<:>N, I> :@8B8G=> 4;O >1@>1:8 H284:VA=8E FV;59. �5Aь ?@>F5A ;>3CєBьAO, 
I> 4>72>;Oє 2 <091CB=ь><C 4>=02G0B8 <>45;ь =0 A?5F8DVG=8E ?0B5@=0E @CEC 
>1'є:BV2. �;O 70157?5G5==O ?@548:B82=>ABV A8AB5<0 @>7@0E>2Cє AB0= 0:B820FVW 
B@835@0 A O: DC=:FVN 2V4 ?>B>G=>W 2V4AB0=V 4> >1'є:B0 B0 9>3> 25:B>@C H284-
:>ABV. '<>20 A?@0FN20==O B@82>38 >?8ACєBьAO =0ABC?=8< 28@07><: 

 

 
45: 

 - 25:B>@ ?>B>G=8E :>>@48=0B FV;V, V45=B8DV:>20=89 ,�-<>4C;5<; 

 - :>>@48=0B8 «@04VCA0 V=B5@5AC» (Home Location), 7040=V :>@8ABC20G5<; 
R -  2AB0=>2;5=89 @04VCA 35>D5=A8=3C; 

 - :>A8=CA :CB0 <V6 25:B>@>< @CEC >1'є:B0 B0 25:B>@>< =0?@O<:C =0 :>-
@8ABC20G0. 

 

' B01;8FV 2 ?@82545=0 7<V=0 ;>3V:8 >?>2VI5==O 2 70;56=>ABV 2V4 287=0-
G5=>3> @V2=O 703@>78. 
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$V25=ь 703@>78 %B0= A8AB5<8 �VO 1>B0 
Low ( >=VB>@8=3) "1'є:B C ACAV4=V9 >1;0A-

BV 
&8E5 >=>2;5==O AB0BCAC 
2 <5=N 

Medium ('2030) �<V=0 :C@AC 2 1V: >1;0A-
BV :>@8ABC20G0 

%B0=40@B=5 A?>2VI5==O 
(B5:AB) 

High (�@8B8G=>) �5:B>@ @CEC 157?>A5@5-
4=ь> =0 <VAB> 

�2C:>289 A83=0; ?V4-
28I5=>W 3CG=>ABV 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. AI and NLP in Social Good: Enhancing Emergency Response and Crisis 

Handling via Text Analytics. 2026 [�;5:Bpo==89 @5AC@A]. URL: 

https://www.researchgate.net/publication/400525403_AI_and_NLP_in_Social_Go

od_Enhancing_Emergency_Response_and_Crisis_Handling_via_Text_Analytics 

(40B0 725@=5==O: 05.04.2026). 
2. Critical-Threat-Alert Detection using Online Machine Learning (IEEE 

Xplore) [�;5:Bpo==89 @5AC@A]. URL: 

https://ieeexplore.ieee.org/document/10021115 (40B0 725@=5==O: 05.04.2026). 
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2 ABC4. 3@. ���&22-1 �%# «�0?>@V7ь:89 D0E>289 :>;546 :><?'NB5@=8E B5E-
=>;>3V9 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

 �&"�� ��&��*�� ��&��Ь!�) �#�$�&�� �� �"#" "�". 
,&'+!"�" �!&����&' 

�.�. -C:V=, І.#. �>;V: 

,284:89 @>728B>: 157?V;>B=8E ;VB0;ь=8E 0?0@0BV2 (�#��) B0 70A>1V2 
?>2VB@O=>3> =0?04C 7C<>2;Nє =5>1EV4=VABь AB2>@5==O 28A>:>5D5:B82=8E 
A8AB5< <>=VB>@8=3C B0 70E8ABC ?>2VB@O=>3> ?@>AB>@C. &@048FV9=V <5B>48 
@04V>;>:0FVW B0 0:CAB8G=>3> <>=VB>@8=3C G0AB> <0NBь >1<565==O C 28O2;5==V 
<0;>@>7<V@=8E >19є:BV2 01> ?@0FNNBь 7 =87ь:>N B>G=VABN 2 C<>20E V=B5=A8-
2=8E 70204. �;O 28@VH5==O F8E ?@>1;5< :@8B8G=> 206;828< AB0є 2?@>20-
465==O 0;3>@8B<V2 HBCG=>3> V=B5;5:BC (,�), O:V 740B=V >1@>1;OB8 25;8:V 
<0A828 40=8E C @568<V @50;ь=>3> G0AC. 

https://www.researchgate.net/publication/400525403_AI_and_NLP_in_Social_Good_Enhancing_Emergency_Response_and_Crisis_Handling_via_Text_Analytics
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�:BC0;ь=VABь 4>A;V465==O. �V;ьHVABь VA=CNG8E A8AB5< AB8:0NBьAO 7 
B@C4=>I0<8 ?@8 V45=B8DV:0FVW >19є:BV2 =0 D>=V A:;04=>3> @5;ьєDC, E<0@=>ABV 
01> ?@8 7<V=V >A2VB;5==O. !0H5 4>A;V465==O 7>A5@5465=> =0 0=0;V7V B0 @>7@>-
1FV <5B>4V2 45B5:FVW =0 >A=>2V 3;81>:>3> =02G0==O, I> 4>72>;ONBь ?V428I8B8 
=04V9=VABь 02B>=><=>3> @>7?V7=020==O ;VB0;ь=8E 0?0@0BV2 [1]. 

"3;O4 <5B>4V2 45B5:FVW. "A=>2=8< V=AB@C<5=B>< C ACG0A=8E A8AB5<0E 
:><?9NB5@=>3> 7>@C 4;O 28O2;5==O >19є:BV2 є 73>@B:>2V =59@>==V <5@56V 
(CNN). !0 2V4<V=C 2V4 :;0A8G=8E 0;3>@8B<V2, 0@EVB5:BC@8 B8?C YOLO (You 
Only Look Once) B0 SSD (Single Shot Multibox Detector) 4>72>;ONBь 74V9A=N-
20B8 :;0A8DV:0FVN B0 ;>:0;V70FVN >19є:BV2 70 >48= ?@>EV4 <5@56V, I> 70157-
?5GCє 28A>:C H284:VABь >1@>1:8 :04@V2 2V45>?>B>:C. 

"A>1;82>ABV 0@EVB5:BC@8 B0 =02G0==O. �;O =02G0==O <>45;59 28:>@8A-
B>2CєBьAO =01V@ 40=8E, I> 2:;NG0є 7>1@065==O ;VB0;ь=8E 0?0@0BV2 @V7=8E 
B8?V2 C H8@>:><C 4V0?07>=V @0:C@AV2 B0 ?>3>4=8E C<>2. �>A;V465==O D>:CAC-
єBьAO =0: 

- 28:>@8AB0==V 0@EVB5:BC@, 040?B>20=8E 4> >1<565=8E >1G8A;N20;ь=8E 
@5AC@AV2 <>1V;ь=8E A8AB5< A?>AB5@565==O; 

- V=B53@0FVW <5E0=V7<V2 C2038 (Attention mechanisms) 4;O 284V;5==O 
>19є:BV2 =0 A:;04=><C D>=V; 

- 70AB>AC20==V <5B>4V2 0C3<5=B0FVW 40=8E 4;O ?>:@0I5==O 740B=>ABV <>-
45;V 4> C7030;ь=5==O. 

�:A?5@8<5=B0;ь=V 40=V A2V4G0Bь, I> 28:>@8AB0==O =59@><5@56528E ?V4-
E>4V2 45<>=AB@Cє 7=0G=5 ?>:@0I5==O B>G=>ABV (Precision) B0 ?>2=>B8 (Recall) 
28O2;5==O ?>@V2=O=> 7 :;0A8G=8<8 <5B>40<8 :><?9NB5@=>3> 7>@C. %8AB5<8 
=0 >A=>2V ,� ?>:07CNBь AB01V;ь=C @>1>BC =02VBь C @0=VH5 =52V4><8E AF5=0@V-
OE, I> 7<5=HCє ?>B@51C 2 ?>ABV9=><C 2B@CG0==V >?5@0B>@0 [2]. 

#5@A?5:B82=8< =0?@O<:>< ?>40;ьH8E 4>A;V465=ь є ?5@5EV4 4> <C;ьB8-
<>40;ь=8E A8AB5<, I> ?>є4=CNBь >?B8G=V 40=V 7 B5?;>2V7V9=8<8 B0 0:CAB8G-
=8<8 A83=0;0<8 4;O ?V428I5==O 682CG>ABV A8AB5< 45B5:FVW 2 C<>20E @04V>5-
;5:B@>==>W 1>@>Bь18. 
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1. Ait Saadi A., Bhuyan B. P., Ramdane-Cherif A. Power consumption model 

for Unmanned Aerial Vehicles using Recurrent Neural Network techniques. 

Aerospace Science and Technology. 2025. Vol. 157. Art. 108191. DOI: 

https://doi.org/10.1016/j.ast.2024.108191. 

2. Wu D. Predictor-based neural network control for unmanned aerial 

vehicles with input quantization: Design and application. Artificial Intelligence 

Review. 2025. Vol. 58. Art. 47. DOI: https://doi.org/10.1007/s10462-024-11054-0. 
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"4=8< V7 B0:8E ?@8AB@>W2 є HLK-LD2410, O:89 ?@0FNє 2 4V0?07>=V 24 ��F V 
4>72>;Oє 28O2;OB8 O: @CE >19є:BV2, B0: V WE=N AB0B8G=C ?@8ACB=VABь =0 >A=>2V 
<V:@>@CEV2. 

#@8=F8? @>1>B8 <>4C;O 107CєBьAO =0 28?@><V=N20==V 157?5@5@2=>3> 
<V:@>E28;ь>2>3> A83=0;C B0 0=0;V7V 7<V= C 2V418B><C A83=0;V. �024O:8 5D5:BC 
�>?;5@0 A8AB5<0 287=0G0є =0O2=VABь @CE><8E >19є:BV2, 0 B0:>6 <>65 DV:AC20-
B8 =57=0G=V :>;820==O, ?>29O70=V 7 48E0==O< 01> <V:@>@CE0<8 ;N48=8. *5 
ACBBє2> ?V428ICє GCB;82VABь C ?>@V2=O==V 7 V=D@0G5@2>=8<8 PIR-40BG8:0<8. 

"4=VєN 7 :;NG>28E >A>1;82>AB59 HLK-LD2410 (@8A. 1) є <>6;82VABь 
?@>AB>@>2>W A53<5=B0FVW 7>=8 28O2;5==O. #@>ABV@ ?5@54 A5=A>@>< ?>4V;OєBьAO 
=0 45:V;ь:0 48AB0=FV9=8E «2V:>=» (gates), I> 4>72>;Oє =5 ;8H5 DV:AC20B8 
D0:B ?>O28 >19є:B0, 0;5 9 >@Vє=B>2=> 287=0G0B8 2V4AB0=ь 4> =ь>3>. *5 @>18Bь 
<>6;828< ?>1C4>2C 1030B>@V2=52>W A8AB5<8 :>=B@>;N =01;865==O. 

 

 
$8AC=>: 1 -  >4C;ь HLK-LD2410 4;O 28O2;5==O =01;865==O >19є:B0 
 

' ?@0:B8G=><C 70AB>AC20==V A5=A>@ <>65 28:>@8AB>2C20B8AO 4;O <>=V-
B>@8=3C ?5@8<5B@0 01> 2E>4V2 4> ?@8<VI5=ь V C:@8BBV2. �>3> 5D5:B82=VABь 
>A>1;82> 28A>:0 2 C<>20E =87ь:>W 2848<>ABV 4 C B5<=89 G0A 4>18, BC<0=, 
4>I 01> 7048<;5==O, 45 >?B8G=V A8AB5<8 A?>AB5@565==O 2B@0G0NBь B>G=VABь. 

�>40B:>2>N ?5@5203>N є AB01V;ь=VABь @>1>B8 2 A5@54>28I0E V7 =57=0G-
=8<8 ?5@5H:>40<8. $04V>E28;V 24 ��F 740B=V ?@>E>48B8 G5@57 =5<5B0;52V 
<0B5@V0;8, B0:V O: ?;0AB8:, B:0=8=0 01> B>=:V ?5@53>@>4:8, I> 4>72>;Oє ?@8-
E>20=5 2AB0=>2;5==O A5=A>@0 157 2B@0B8 DC=:FV>=0;ь=>ABV. 
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�=B5@D59A UART 70157?5GCє 3=CG:5 =0;0HBC20==O ?0@0<5B@V2 @>1>B8, 
2:;NG0NG8 GCB;82VABь, <56V 7>= 28O2;5==O B0 0;3>@8B<8 DV;ьB@0FVW HC<C. 
�>40B:>2> F8D@>289 28EV4 OUT <>65 28:>@8AB>2C20B8Aь 4;O D>@<C20==O 
A83=0;C B@82>38 01> V=B53@0FVW 7 <V:@>:>=B@>;5@0<8 B0 A8AB5<0<8 A83=0;V70-
FVW. 

�06;828< 0A?5:B>< є ?@028;ь=5 @>7<VI5==O A5=A>@0 C ?@>AB>@V. �0728-
G09 @5:><5=4CєBьAO 2AB0=>2;5==O =0 28A>BV 1;87ь:> 0,831,2 <5B@V2 7 =525;8-
:8< =0E8;>< C 1V: :>=B@>;ь>20=>W >1;0ABV. *5 4>72>;Oє >?B8<V7C20B8 :CB 
>3;O4C B0 7<5=H8B8 :V;ь:VABь E81=8E A?@0FN20=ь 2V4 28?04:>28E @CEV2 C 
=5:>=B@>;ь>20=8E 7>=0E. 

&0:8< G8=><, <>4C;ь HLK-LD2410 є 5D5:B82=8< 5;5<5=B>< A8AB5< 
<>=VB>@8=3C =01;865==O >19є:BV2 V <>65 28:>@8AB>2C20B8AO O: A:;04>20 
G0AB8=0 02B><0B87>20=8E A8AB5< 28O2;5==O ?@8ACB=>ABV 2 @V7=8E B5E=VG=8E 
B0 157?5:>28E 70AB>AC20==OE. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. AI and NLP in Social Good: Enhancing Emergency Response and Crisis 

Handling via Text Analytics. 2026. [�;5:Bpo==89 @5AC@A]. URL: 

https://www.researchgate.net/publication/400525403_AI_and_NLP_in_Social_Go

od_Enhancing_Emergency_Response_and_Crisis_Handling_via_Text_Analytics 

(40B0 725@=5==O: 27.03.2026). 
2. Critical-Threat-Alert Detection using Online Machine Learning. IEEE 

Xplore. [�;5:Bpo==89 @5AC@A]. URL: 

https://ieeexplore.ieee.org/document/10021115 (40B0 725@=5==O: 27.03.2026). 
 

 

'�� 004.8:629.7 
-C:V= �.�.1, +C2VG:V= Є.�.2 

1 28:;. �%# «�0?>@V7ь:89 D0E>289 :>;546 :><?'NB5@=8E B5E=>;>3V9 !' 
«�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. 3@. &�22-1 �%# «�0?>@V7ь:89 D0E>289 :>;546 :><?'NB5@=8E B5E=>-
;>3V9 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

 �&"�� $"�#��!���!!/ �#�� � !�+!�� +�% 

�.�. -C:V=, Є.�. +C2VG:V= 

%CG0A=V 157?V;>B=V ;VB0;ь=V 0?0@0B8 (�#��) 2V4V3@0NBь 206;82C @>;ь C 
2V9Aь:>28E, F82V;ь=8E B0 >E>@>==8E A8AB5<0E. "4=VєN 7 0:BC0;ь=8E 7040G є WE 
A2>єG0A=5 28O2;5==O B0 @>7?V7=020==O, >A>1;82> 2 C<>20E >1<565=>W 2848<>-
ABV, 7>:@5<0 2 =VG=89 G0A. &@048FV9=V <5B>48 28O2;5==O, I> 107CNBьAO =0 

https://www.researchgate.net/publication/400525403_AI_and_NLP_in_Social_Good_Enhancing_Emergency_Response_and_Crisis_Handling_via_Text_Analytics
https://www.researchgate.net/publication/400525403_AI_and_NLP_in_Social_Good_Enhancing_Emergency_Response_and_Crisis_Handling_via_Text_Analytics
https://ieeexplore.ieee.org/document/10021115
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>?B8G=8E A5=A>@0E, 7=0G=> 2B@0G0NBь 5D5:B82=VABь C B5<@O2V, I> >1C<>2;Nє 
=5>1EV4=VABь @>7@>1:8 =>28E ?V4E>4V2 4> @>7?V7=020==O �#�� [1]. 

' 40=V9 @>1>BV @>73;O40NBьAO >A=>2=V <5B>48 @>7?V7=020==O �#�� 2 =V-
G=89 G0A, A5@54 O:8E V=D@0G5@2>=0 (�+) 2V7C0;V70FVO, @04V>;>:0FV9=V A8AB5<8, 
0:CAB8G=V A5=A>@8 B0 <5B>48 =0 >A=>2V <0H8==>3> =02G0==O. �=D@0G5@2>=V 
:0<5@8 4>72>;ONBь 28O2;OB8 B5?;>25 28?@><V=N20==O 4283C=V2 V :>@?CAC 
�#��, I> @>18Bь WE 5D5:B82=8<8 =02VBь 70 ?>2=>W 2V4ACB=>ABV >A2VB;5==O. 
$04V>;>:0FV9=V A8AB5<8 70157?5GCNBь 28O2;5==O >1'є:BV2 =570;56=> 2V4 >A2V-
B;5==O B0 ?>3>4=8E C<>2, >4=0: <>6CBь <0B8 >1<565==O I>4> <0;>@>7<V@-
=8E FV;59 [2]. 

"A>1;82C C203C ?@84V;5=> 70AB>AC20==N 0;3>@8B<V2 :><?9NB5@=>3> 7>-
@C B0 =59@>==8E <5@56 4;O >1@>1:8 40=8E 7 �+-:0<5@. �>:@5<0, 73>@B:>2V 
=59@>==V <5@56V (CNN) 45<>=AB@CNBь 28A>:C B>G=VABь C :;0A8DV:0FVW 
>19є:BV2 =02VBь 70 C<>2 =87ь:>W :>=B@0AB=>ABV 7>1@065==O. �;O ?V428I5==O 
5D5:B82=>ABV @>7?V7=020==O 70AB>A>2CNBьAO <5B>48 ?>?5@54=ь>W >1@>1:8 
A83=0;V2, B0:V O: HC<>703;CH5==O, ?V428I5==O :>=B@0ABC B0 A53<5=B0FVO 
7>1@065==O. 

&0:>6 @>73;O40єBьAO <>6;82VABь V=B53@0FVW 40=8E 7 @V7=8E A5=A>@V2 
(sensor fusion), I> 4>72>;Oє ?V428I8B8 =04V9=VABь A8AB5<8. �><1V=C20==O �+-

40=8E, @040@=>W V=D>@<0FVW B0 0:CAB8G=8E A83=0;V2 40є 7<>3C :><?5=AC20B8 
=54>;V:8 >:@5<8E <5B>4V2 B0 ?>:@0I8B8 B>G=VABь 28O2;5==O �#�� 2 A:;04-
=8E C<>20E. 

$57C;ьB0B8 4>A;V465==O ?>:07CNBь, I> =091V;ьH 5D5:B82=8< ?V4E>4>< 
є 28:>@8AB0==O :><?;5:A=8E A8AB5<, O:V ?>є4=CNBь 45:V;ь:0 <5B>4V2 @>7?V-
7=020==O 7 28:>@8AB0==O< 0;3>@8B<V2 HBCG=>3> V=B5;5:BC. *5 4>72>;Oє 7=0G-
=> ?V428I8B8 B>G=VABь V H284:VABь 28O2;5==O �#�� 2 =VG=89 G0A. 

&0:8< G8=><, @>728B>: <5B>4V2 @>7?V7=020==O �#�� 2 C<>20E =87ь:>W 
>A2VB;5=>ABV є ?5@A?5:B82=8< =0?@O<:>< 4>A;V465=ь, I> <0є 206;825 7=0-
G5==O 4;O ?V428I5==O @V2=O 157?5:8 B0 5D5:B82=>ABV ACG0A=8E B5E=VG=8E 
A8AB5<. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Ait Saadi A., Bhuyan B. P., Ramdane-Cherif A. Power consumption model 

for Unmanned Aerial Vehicles using Recurrent Neural Network techniques. 

Aerospace Science and Technology. 2025. Vol. 157. Art. 108191. DOI: 

https://doi.org/10.1016/j.ast.2024.108191. 

2. Wu D. Predictor-based neural network control for unmanned aerial 

vehicles with input quantization: Design and application. Artificial Intelligence 

Review. 2025. Vol. 58. Art. 47. DOI: https://doi.org/10.1007/s10462-024-11054-0. 

'�� 004.94 
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�>15Fь  .�.1,  8@>=>20 !.".2 

1 ABC4. 3@. ��-614< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

$"�$"��� #$"�$� !"-�#�$�&!"�" �" #���%' 
��%&�!*��!"�" ��$'��!!/ ���#��"&!". !��� !". 

#��&("$ ". !� ���� MAVLINK 

 .�. �>15Fь, !.".  8@>=>20 

�:BC0;ь=VABь @>1>B8 >1C<>2;5=0 AB@V<:8< @>728B:>< 157?V;>B=8E =0-
75<=8E B@0=A?>@B=8E A8AB5< (UGV), O:V H8@>:> 70AB>A>2CNBьAO 2 ;>3VAB8FV, 
2V9Aь:>2V9 AD5@V, 03@0@=V9 V=4CAB@VW B0 7040G0E <>=VB>@8=3C. "A>1;825 7=0-
G5==O <0є AB2>@5==O =04V9=8E A8AB5< B5;5>?5@0FVW, 740B=8E 70157?5GC20B8 
AB01V;ь=89 >1<V= 40=8<8 <V6 =075<=>N AB0=FVєN :5@C20==O B0 @>1>B87>20-
=>N ?;0BD>@<>N 2 @568<V @50;ь=>3> G0AC. �8:>@8AB0==O ?@>B>:>;C 
MAVLink 4>72>;Oє AB0=40@B87C20B8 270є<>4VN <V6 GCS-A8AB5<0<8 B0 1>@B>-
28<8 :>=B@>;5@0<8, I> @>18Bь 9>3> 0:BC0;ь=8< 4;O ?>1C4>28 ACG0A=8E 02-
B>=><=8E B0 =0?V202B>=><=8E A8AB5< :5@C20==O.  

 5B0 @>1>B8 3 4>A;V48B8 ?@8=F8?8 @>1>B8 ?@>B>:>;C MAVLink B0 @>7-
@>18B8 ?@>3@0<=>-0?0@0B=89 <VAB 4;O 42>=0?@02;5=>3> >1<V=C 40=8<8 <V6 
=075<=>N AB0=FVєN :5@C20==O Mission Planner B0 157?V;>B=>N =075<=>N ?;0-
BD>@<>N =0 107V Raspberry Pi 3 Model B 7 <>6;82VABN :5@C20==O @CE>< C 
@568<V @50;ь=>3> G0AC. 

' <560E ?@>є:BC20==O A8AB5<8 1C;> ?@>2545=> 0=0;V7 VA=CNG8E ?V4E>-
4V2 4> @50;V70FVW B5;5>?5@0FV9=8E A8AB5< 4;O UGV. $>73;O=CB> 0@EVB5:BC@8 7 
28:>@8AB0==O< ROS, ?@O<>W V=B53@0FVW UDP-A>:5BV2, 0 B0:>6 3>B>28E 02B>?V-
;>B=8E @VH5=ь (ArduPilot/PX4). "A>1;82C C203C ?@84V;5=> <5E0=V7<0< ?5@5-
40GV :><0=4 G5@57 MAVLink-?>2V4><;5==O, 7>:@5<0 HEARTBEAT (4;O ?V4B-
@8<:8 79є4=0==O 7 GCS), MANUAL_CONTROL B0 
RC_CHANNELS_OVERRIDE, O:V 70157?5GCNBь @CG=5 :5@C20==O ?;0BD>@-
<>N.  

�;O @50;V70FVW A8AB5<8 1C;> >1@0=> 0@EVB5:BC@C =0 107V 1030B>?>B>:>2>-
3> C++ 70AB>AC=:C, I> 28:>=Cє >4=>G0A=> >1@>1:C UDP-?0:5BV2 MAVLink B0 
:5@C20==O 0?0@0B=8< @V2=5<. &0:89 ?V4EV4 4>72>;Oє @>74V;8B8 <5@5652C ;>-
3V:C B0 ;>3V:C :5@C20==O @CE><, 70157?5GCNG8 AB01V;ь=VABь B0 <V=V<0;ь=V 
70B@8<:8 ?@8 ?5@540GV :><0=4.  

�?0@0B=0 G0AB8=0 A8AB5<8 107CєBьAO =0 Raspberry Pi 3 Model B, O:0 28-
:>=Cє @>;ь F5=B@0;ь=>3> >1G8A;N20;ь=>3> 2C7;0. �5@C20==O 4283C=0<8 ?>A-
BV9=>3> AB@C<C 74V9A=NєBьAO G5@57 4@0925@8 ,� , V=B53@>20=V 7 1V1;V>B5:>N 
pigpio, I> 4>72>;Oє D>@<C20B8 B>G=V 0?0@0B=> A8=E@>=V7>20=V A83=0;8 :5@C-
20==O H284:VABN B0 =0?@O<:>< @CEC :>;VA=>W ?;0BD>@<8. 
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#@>3@0<=0 G0AB8=0 @50;V7>20=0 =0 C++ 7 28:>@8AB0==O< UDP-A>:5BV2 
4;O ?@89><C B0 ?5@540GV MAVLink-?0:5BV2 C @568<V @50;ь=>3> G0AC. "1@>1:0 
:><0=4 2V4 Mission Planner 74V9A=NєBьAO 7 ?>40;ьH8< WE ?5@5B2>@5==O< C 
A83=0;8 :5@C20==O 4283C=0<8. ":@5<C C203C ?@84V;5=> 1030B>?>B>:>2V9 0@EV-
B5:BC@V, O:0 70157?5GCє ?0@0;5;ь=C @>1>BC <5@5652>3> V=B5@D59AC B0 A8AB5<8 
:5@C20==O @CE><.  

' ?@>F5AV B5ABC20==O 1C;> ?@>2545=> A5@VN 5:A?5@8<5=BV2 C @50;ь=8E 
C<>20E, ?V4 G0A O:8E >FV=N20;8AO 70B@8<:0 ?5@540GV :><0=4, AB01V;ь=VABь 
UDP-79є4=0==O, :>@5:B=VABь >1@>1:8 MAVLink-?>2V4><;5=ь B0 @50:FVO :>;V-
A=>W 1078 =0 22545==O 7 46>9AB8:0 G5@57 Mission Planner. "B@8<0=V @57C;ьB0-
B8 ?V4B25@48;8 ?@0F5740B=VABь A8AB5<8 B0 WW ?@840B=VABь 4> B5;5>?5@0FV9=>3> 
:5@C20==O.  

' @57C;ьB0BV @>1>B8 1C;> <>45@=V7>20=> @0=VH5 AB2>@5=C 48AB0=FV9=> 
:5@>20=C ?;0BD>@<C 4> ?>2=>DC=:FV>=0;ь=>3> 157?V;>B=>3> =075<=>3> :><-
?;5:AC, 740B=>3> ?@89<0B8 :><0=48 G5@57 ?@>B>:>; MAVLink C @568<V @50-
;ь=>3> G0AC. $50;V7>20=5 @VH5==O 70157?5GCє ?@0:B8G=89 4>A2V4 C AD5@V <5-
@5652>3> ?@>3@0<C20==O, @>1>B>B5E=V:8 B0 V=B53@0FVW 21C4>20=8E A8AB5<, 0 
B0:>6 <>65 1CB8 28:>@8AB0=5 O: >A=>20 4;O ?>40;ьH>W @>7@>1:8 02B>=><=8E 
UGV-A8AB5< 

 

 

'�� 004.94 
�V;:0 �.".1,  8@>=>20 !.".2,  >;>G:>2 �.Є.3 
1 ABC4. 3@. ��-614< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 4-@ DV;>A>D., AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
%�%&� � $"�#��!���!!/ "�’Є�&�� ��/ �"���"$�&��!"�" 

$"�"&� !� #$������ ,�)"�"� �",�� 

�.". �V;:0, !.".  8@>=>20, �.Є.  >;>G:>2 

�:BC0;ь=VABь @>1>B8 >1C<>2;5=0 7@>AB0NG8< 2?@>20465==O< :>;01>@0-
B82=8E @>1>BV2 (cobots) C ?@><8A;>2VABь, 4>A;V4=8Fь:V ;01>@0B>@VW B0 =02G0-
;ь=V A5@54>28I0. "4=8< V7 :;NG>28E 70240=ь B0:8E A8AB5< є =04V9=5 @>7?V-
7=020==O >1'є:BV2 C @>1>GV9 7>=V B0 ?>40;ьH5 <0=V?C;N20==O =8<8 2 @568<V 
@50;ь=>3> G0AC. �;O Fь>3> =5>1EV4=0 V=B53@0FVO 0;3>@8B<V2 :><?9NB5@=>3> 
7>@C 7 @>1>B87>20=8<8 ?;0BD>@<0<8, 7>:@5<0 7 :>;01>@0B82=8< @>1>B>< 
FANUC CRX-10iA, O:89 H8@>:> 28:>@8AB>2CєBьAO 4;O 7040G pick-and-place 

B0 040?B82=>W 02B><0B870FVW.  
�8:>@8AB0==O H0E>2>W AF5=8 O: B5AB>2>3> A5@54>28I0 4>72>;Oє AB2>@8-

B8 AB@C:BC@>20=C, :>=B@>;ь>20=C B0 2V4B2>@N20=C 7040GC @>7?V7=020==O, 45 
:>6=0 DV3C@0 <0є GVB:> 287=0G5=89 B8? B0 :>>@48=0B8. *5 70157?5GCє <>6;8-
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2VABь >19є:B82=>3> ?>@V2=O==O @V7=8E 0;3>@8B<V2 45B5:FVW B0 :;0A8DV:0FVW 
>1'є:BV2. 

 5B0 @>1>B8 3 @>7@>18B8 A8<C;OFV9=C A8AB5<C :5@C20==O :>;01>@0B82-
=8< @>1>B>< FANUC CRX-10iA B0 ?@>25AB8 ?>@V2=O;ь=89 0=0;V7 0;3>@8B<V2 
@>7?V7=020==O H0E>28E DV3C@ C Python-A5@54>28IV.  

' <560E @>1>B8 1C;> 28:>@8AB0=> 1V1;V>B5:C python-chess 4;O 35=5@0FVW 
B0 :>=B@>;N AB0=V2 H0E>2>W 4>H:8. ,0EV2=8FO <>45;NєBьAO O: @>1>G0 7>=0 
@>1>B0, 0 H0E>2V DV3C@8 28ABC?0NBь >1'є:B0<8 <0=V?C;OFVW. *5 4>72>;Oє D>@-
<0;V7C20B8 7040GC O: ?@>1;5<C 45B5:FVW B0 :;0A8DV:0FVW >19є:BV2 C 48A:@5B=>-
<C ?@>AB>@V 7 DV:A>20=8<8 :>>@48=0B0<8.  

$>1>B FANUC CRX-10iA C @>1>BV @>73;O40єBьAO O: :>;01>@0B82=89 <0-
=V?C;OB>@, O:89 28:>=Cє >?5@0FVW 70E>?;5==O B0 ?5@5<VI5==O >19є:BV2 C A8-
<C;ь>20=><C A5@54>28IV =0 >A=>2V @57C;ьB0BV2 0;3>@8B<V2 @>7?V7=020==O. 

' <560E 4>A;V465==O @50;V7>20=> B0 ?>@V2=O=> B0:V ?V4E>48 4> 
:><?9NB5@=>3> 7>@C:  

3 :;0A8G=V <5B>48 >1@>1:8 7>1@065=ь (OpenCV: :>=BC@8, A53<5=B0FVO 70 
:>;ь>@><);  

3 feature-based <5B>48 (ORB, SIFT);  
3 =59@><5@5652V ?V4E>48 (YOLO, Faster R-CNN);  

3 ;53:V 3V1@84=V <5B>48 4;O @>1>B8 2 @50;ь=><C G0AV.  
#@>3@0<=0 @50;V70FVO 28:>=0=0 =0 Python V7 28:>@8AB0==O< 1V1;V>B5: 

OpenCV, NumPy, PyTorch 01> TensorFlow, 0 B0:>6 python-chess 4;O 35=5@0FVW 
V :>=B@>;N V3@>28E AB0=V2. %8AB5<0 70157?5GCє: 35=5@0FVN H0E>2>W AF5=8; 
@>7?V7=020==O DV3C@ =0 7>1@065==V; 287=0G5==O WE :;0AC B0 :>>@48=0B; ?5@5-
40GC 40=8E C <>4C;ь :5@C20==O @>1>B><; A8<C;OFVN @CEV2 :>1>B0 FANUC 
CRX-10iA.  

"FV=N20==O 0;3>@8B<V2 74V9A=NєBьAO 70 :@8B5@VO<8: B>G=VABь @>7?V7=0-
20==O >19є:BV2; H284:VABь >1@>1:8 :04@C; AB01V;ь=VABь ?@8 7<V=V >A2VB;5==O B0 
?5@A?5:B828; ?@840B=VABь 4;O @>1>B8 2 @50;ь=><C G0AV =0 @>1>B87>20=V9 ?;0-
BD>@<V.  

$57C;ьB0B>< @>1>B8 є AB2>@5=89 A8<C;OFV9=89 ?@>B>B8? A8AB5<8 :5@C-
20==O :>;01>@0B82=8< @>1>B>< FANUC CRX-10iA, I> 4>72>;Oє 28:>=C20B8 
?>@V2=O;ь=89 0=0;V7 0;3>@8B<V2 @>7?V7=020==O >19є:BV2 C AB0=40@B87>20=><C 
H0E>2><C A5@54>28IV. "B@8<0=V @57C;ьB0B8 <>6CBь 1CB8 28:>@8AB0=V 4;O 
?>40;ьH>3> 2?@>20465==O 2 A8AB5<0E ?@><8A;>2>W 02B><0B870FVW, @>1>B87>-
20=8E =02G0;ь=8E AB5=40E B0 4>A;V4=8Fь:8E ?;0BD>@<0E :><?9NB5@=>3> 
7>@C. 
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'�� 004.94 
�>32V=5=:>  .�.1, ЄD8<5=:>  .�.2,  8@>=>20 !.".3 

1 ABC4. 3@. ��-614< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 4-@. B5E=. =0C:, ?@>D. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

$"�$"��� %�%&� �  "!�&"$�!�' %&�!' $"%��! ' 
���$�&" ' Ґ$'!&� !� ���� &�)!"�"��� �!&�$!�&' $�+�� 

 .�. �>32V=5=:>,  .�. ЄD8<5=:>, !.".  8@>=>20 

�:BC0;ь=VABь @>1>B8 7C<>2;5=0 =5>1EV4=VABN 02B><0B870FVW ?@>F5AV2 
28@>IC20==O AV;ьAь:>3>A?>40@Aь:8E :C;ьBC@ C 70:@8B><C ґ@C=BV 4;O ?V428-
I5==O 2@>609=>ABV B0 <V=V<V70FVW @5AC@A=8E 28B@0B. %CG0A=V 03@>A8AB5<8 
?>B@51CNBь =5 ;8H5 :>=B@>;N <V:@>:;V<0BC, 0 9 >?5@0B82=>3> 28O2;5==O 
?0B>;>3V9 =0 @0==VE AB04VOE. �=B53@0FVO B5E=>;>3V9 �=B5@=5BC @5G59 (IoT) B0 
=59@><5@56528E 0;3>@8B<V2 4>72>;Oє AB2>@8B8 02B>=><=5 A5@54>28I5, 740B-
=5 4> A0<>4V03=>AB8:8 B0 040?B82=>3> :5@C20==O 2 @50;ь=><C G0AV.  

 5B0 @>1>B8 ?>;O30є C @>7@>1FV B0 @50;V70FVW A8AB5<8 <>=VB>@8=3C 74>-
@>2'O @>A;8=, I> 70157?5GCє 71V@ ?0@0<5B@V2 A5@54>28I0 B0 02B><0B8G=C V45=-
B8DV:0FVN 70E2>@N20=ь 70 4>?><>3>N <5B>4V2 :><?'NB5@=>3> 7>@C. 

' @0<:0E 4>A;V465==O 1C;> ?@>0=0;V7>20=> 0@EVB5:BC@=V @VH5==O 4;O 
IoT-A8AB5<. "1ґ@C=B>20=> 4>FV;ь=VABь 28:>@8AB0==O <>45;V BC<0==8E >1G8A-
;5=ь (Fog Computing), I> 4>72>;Oє >1@>1;OB8 G0AB8=C 40=8E 157?>A5@54=ь> 
=0 ?5@8D5@V9=8E ?@8AB@>OE, 7<5=HCNG8 =020=B065==O =0 <5@56C B0 ?V428-
ICNG8 H284:VABь @50:FVW A8AB5<8.  

�?0@0B=0 G0AB8=0 ?@>B>B8?C @50;V7>20=0 =0 107V 5=5@3>5D5:B82=>3> <V-
:@>:>=B@>;5@0 ESP32. $>7@>1;5=89 <>4C;ь 2:;NG0є :0=0;8 7 ?V428I5=>N 
70204>ABV9:VABN 4;O 7G8BC20==O ?>:07=8:V2 2>;>3>ABV, B5<?5@0BC@8 B0 >A2VB-
;5=>ABV. #@>3@0<=5 70157?5G5==O ?@8AB@>N ?V4B@8<Cє 0A8=E@>==89 71V@ 40-
=8E B0 ?5@540GC V=D>@<0FVW 70 ?@>B>:>;>< MQTT, I> 30@0=BCє FV;VA=VABь 
40=8E =02VBь ?@8 =5AB01V;ь=><C 79є4=0==V.  

�;O 02B><0B8G=>W 4V03=>AB8:8 AB0=C @>A;8= 1C;> 70AB>A>20=> <5B>48 
3;81>:>3> =02G0==O. �>:@5<0, 040?B>20=> B0 =02G5=> 73>@B:>2C =59@>==C 
<5@56C 0@EVB5:BC@8 YOLOv8. �8:>@8AB0==O B@0=AD5@=>3> =02G0==O 4>72>-
;8;> 4>AO3B8 B>G=>ABV @>7?V7=020==O E2>@>1 (mAP@50) ?>=04 85%. %8AB5<0 
740B=0 V45=B8DV:C20B8 2V7C0;ь=V >7=0:8 70E2>@N20=ь =0 ;8ABV, I> 4>72>;Oє 
2G0A=> 268B8 70E>4V2 4;O 70E8ABC 2@>60N.  

' @57C;ьB0BV AB2>@5=> DC=:FV>=0;ь=89 ?@>B>B8? @>7?>4V;5=>W A8AB5<8, 
O:89 V=B53@Cє 71V@ B5;5<5B@VW B0 V=B5;5:BC0;ь=89 2V45>0=0;V7. #@0:B8G=5 7=0-
G5==O @>7@>1:8 ?>;O30є C <>6;82>ABV WW 2?@>20465==O 2 02B><0B87>20=V B5?-
;8FV B0 <0;V D5@<5@Aь:V 3>A?>40@AB20. �0AB>AC20==O A8AB5<8 A?@8Oє 7=865=-
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=N 28B@0B 2>48 B0 5;5:B@>5=5@3VW, 0 B0:>6 ACBBє2> 7<5=HCє G0AB:C @CG=>W 
?@0FV ?@8 :>=B@>;V DV7V>;>3VG=>3> AB0=C @>A;8=. 

 

 

'�� 004.94 
#@>A:C@0 ".%.1, ЄD8<5=:>  .�.2,  8@>=>20 !.".3 

1 ABC4. 3@. ��-614< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 4-@. B5E=. =0C:, ?@>D. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

$"�$"��� &�  "���.��!!/ ���"$�& ' ��&"!" !"� 
!�����*�� $"�"&� ' %�$��"��-� WEBOTS 

".%. #@>A:C@0,  .�. ЄD8<5=:>, !.".  8@>=>20 

�:BC0;ь=VABь @>1>B8 7C<>2;5=0 @>728B:>< 02B>=><=8E @>1>B>B5E=VG=8E 
A8AB5<, 740B=8E A0<>ABV9=> ?5@5<VI0B8AO C A:;04=8E B0 70740;53V4ь =52V4>-
<8E A5@54>28I0E. ' ACG0A=V9 @>1>B>B5E=VFV 7040GV =02V30FVW є :;NG>28<8 4;O 
70AB>AC20=ь C ?@><8A;>2>ABV, ;>3VAB8FV, A:;04Aь:8E :><?;5:A0E B0 A5@2VA=8E 
A8AB5<0E. �8:>@8AB0==O 0;3>@8B<V2 ?;0=C20==O <0@H@CBC 4>72>;Oє 70157?5-
G8B8 5D5:B82=5 B0 157?5G=5 ?5@5<VI5==O @>1>B0 7 C@0EC20==O< ?5@5H:>4.  

 5B0 @>1>B8 3 @>7@>18B8 B0 7<>45;N20B8 0;3>@8B< 02B>=><=>W =02V30FVW 
<>1V;ь=>3> @>1>B0 C A5@54>28IV Webots V7 28:>@8AB0==O< 0;3>@8B<C ?>HC:C 
>?B8<0;ь=>3> H;OEC A*. 

' ?@>F5AV 4>A;V465==O 1C;> ?@>0=0;V7>20=> >A=>2=V ?V4E>48 4> ?;0=C-
20==O B@0є:B>@VW @CEC @>1>BV2, 7>:@5<0 0;3>@8B<8 Dijkstra, A* B0 <5B>4 ?>B5-
=FV9=8E ?>;V2. �AB0=>2;5=>, I> 0;3>@8B< A* є =091V;ьH 5D5:B82=8< 4;O 
7040G ?>HC:C >?B8<0;ь=>3> H;OEC C AB0B8G=8E A5@54>28I0E 7024O:8 ?>є4-
=0==N B>G=>ABV B0 >1G8A;N20;ь=>W 5D5:B82=>ABV.  

�;O @50;V70FVW <>45;V 28:>@8AB0=> A5@54>28I5 Webots, C O:><C AB2>@5-
=> 2V@BC0;ь=C 3D-AF5=C 7 <>1V;ь=8< @>1>B>< 48D5@5=FV9=>3> B8?C B0 =01>-
@>< ?5@5H:>4. !0;0HB>20=> A5=A>@=C A8AB5<C 4;O 287=0G5==O ?>;>65==O 
@>1>B0 B0 270є<>4VW 7 >B>G5==O<. #@>3@0<=0 @50;V70FVO 28:>=0=0 <>2>N 
Python V7 28:>@8AB0==O< API Webots 4;O :5@C20==O @CE>< B0 >1@>1:8 40=8E.  

�;3>@8B< A* 70AB>A>20=> 4;O ?>1C4>28 >?B8<0;ь=>3> <0@H@CBC <V6 
?>G0B:>2>N B0 FV;ь>2>N B>G:0<8 7 C@0EC20==O< ?5@5H:>4 C A5@54>28IV. 
$50;V7>20=> <5E0=V7< A;V4C20==O 7=0945=V9 B@0є:B>@VW B0 :>=B@>;ь :>@5:B=>A-
BV @CEC @>1>B0 ?V4 G0A A8<C;OFVW.  

' @57C;ьB0BV @>1>B8 AB2>@5=> <>45;ь 02B>=><=>W =02V30FV9=>W A8AB5<8 
<>1V;ь=>3> @>1>B0, O:0 70157?5GCє ?>1C4>2C >?B8<0;ь=>3> <0@H@CBC, 157?5-
G=5 ?5@5AC20==O C A5@54>28IV 7 ?5@5H:>40<8 B0 4>AO3=5==O 7040=>W FV;V. 
#@>2545=V 5:A?5@8<5=B8 C Webots ?V4B25@48;8 :>@5:B=VABь @>1>B8 0;3>@8B<C 
A* B0 9>3> 5D5:B82=VABь C 7040G0E =02V30FVW.  
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"B@8<0=V @57C;ьB0B8 A2V4G0Bь, I> 0;3>@8B< A* є 5D5:B82=8< @VH5==O< 
4;O ?;0=C20==O @CEC 2 AB0B8G=8E A5@54>28I0E V <>65 1CB8 28:>@8AB0=89 C 
@50;ь=8E @>1>B>B5E=VG=8E A8AB5<0E. �;O ?V428I5==O 040?B82=>ABV C 48=0<V-
G=8E C<>20E 4>FV;ь=8< є 9>3> ?>є4=0==O 7 ;>:0;ь=8<8 0;3>@8B<0<8 C=8:-
=5==O ?5@5H:>4. 

 

 

'�� 004.94 
#@89<0: �.�.1,  8@>=>20 !.".2 

1 ABC4. 3@. ��-614< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

$"�$"��� *�($"�"�" ����!���  "���Ь!"�" $"�"&� � 
%� '�/*��!" ' %�$��"��-� 

�.І. #@89<0:, !.".  8@>=>20 

' ACG0A=8E C<>20E @>728B:C @>1>B>B5E=V:8 >A>1;82>3> 7=0G5==O =01C-
20є :>=F5?FVO F8D@>28E 42V9=8:V2, O:0 70157?5GCє V=B53@0FVN DV78G=8E 
>19є:BV2 V7 WE 2V@BC0;ь=8<8 <>45;O<8. *5 4>72>;Oє 74V9A=N20B8 4>A;V465==O, 
<>45;N20==O B0 >?B8<V70FVN ?>254V=:8 @>1>B>B5E=VG=8E A8AB5< C :>=B@>-
;ь>20=><C A5@54>28IV 157 @878:C 4;O @50;ь=8E >19є:BV2.  

"A>1;82> 0:BC0;ь=8< є 70AB>AC20==O F8D@>28E 42V9=8:V2 4;O <>1V;ь=8E 
@>1>BV2, O:V DC=:FV>=CNBь C 48=0<VG=8E A5@54>28I0E V ?>B@51CNBь 28A>:>3> 
@V2=O 02B>=><=>ABV. �06;82C @>;ь C Fь><C 2V4V3@0NBь <5B>48 :><?9NB5@=>3> 
7>@C, I> 70157?5GCNBь A?@89=OBBO =02:>;8H=ь>3> A5@54>28I0, @>7?V7=020=-
=O >19є:BV2 B0 ?V4B@8<:C ?@>F5AV2 ?@89=OBBO @VH5=ь. 

 5B>N @>1>B8 є 4>A;V465==O B0 @>7@>1:0 V=B5;5:BC0;ь=>3> F8D@>2>3> 
42V9=8:0 <>1V;ь=>3> @>1>B0 7 28:>@8AB0==O< A8<C;OFV9=>3> A5@54>28I0 B0 
0;3>@8B<V2 :><?9NB5@=>3> 7>@C.  

' @>1>BV 70?@>?>=>20=> 0@EVB5:BC@C F8D@>2>3> 42V9=8:0, O:0 ?>є4=Cє 
A8<C;OFV9=5 A5@54>28I5, ?;0BD>@<C >1<V=C 40=8<8 B0 <>4C;V >1@>1:8 2V7C-
0;ь=>W V=D>@<0FVW. /: B5E=>;>3VG=C >A=>2C 28:>@8AB0=> A5@54>28I5 <>45;N-
20==O, @>1>B>B5E=VG=C ?;0BD>@<C >1<V=C ?>2V4><;5==O<8 B0 ACG0A=V 0;3>@8-
B<8 45B5:FVW >19є:BV2.  

$50;V7>20=> V=B53@0FVN :><?>=5=BV2 A8AB5<8, I> 70157?5GCє C73>465=C 
270є<>4VN <V6 <>45;;N @>1>B0, A5=A>@=8<8 40=8<8 B0 ?>254V=:>2>N ;>3V-
:>N. $>7@>1;5=> <>4C;ь 7>@>2>3> A?@89=OBBO, O:89 4>72>;Oє 28:>=C20B8 
45B5:FVN >19є:BV2 C @50;ь=><C G0AV, 0 B0:>6 @50;V7>20=> ?>254V=:>2C <>45;ь 
<>1V;ь=>3> @>1>B0 =0 >A=>2V ?@8=F8?V2 A:V=G5==>3> 02B><0B0.  

":@5<C C203C ?@84V;5=> D>@<C20==N F8D@>2>3> 42V9=8:0 O: =570;56-
=>3> ?@>3@0<=>3> :><?>=5=B0, I> 70157?5GCє ?@54AB02;5==O AB0=C A8AB5<8 C 
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AB@C:BC@>20=><C 283;O4V B0 <>6;82VABь 9>3> 2V7C0;V70FVW C 7>2=VH=VE :;Vє=B-
Aь:8E 70AB>AC=:0E.  

"B@8<0=V @57C;ьB0B8 ?V4B25@46CNBь 5D5:B82=VABь 70?@>?>=>20=>3> 
?V4E>4C 4> ?>1C4>28 V=B5;5:BC0;ь=>3> F8D@>2>3> 42V9=8:0 <>1V;ь=>3> @>1>-
B0 B0 AB2>@NNBь >A=>2C 4;O ?>40;ьH>3> @>728B:C A8AB5<8, 7>:@5<0 V=B53@0FVW 
7 @50;ь=8<8 @>1>B>B5E=VG=8<8 ?;0BD>@<0<8 B0 @>7H8@5==O DC=:FV>=0;ь=8E 
<>6;82>AB59. 

 

 

'�� 004.94 
&:0G>2 �. .1,  8@>=>20 !.".2, �C;O10-)0@8B>=>20 &.�.3 

1 ABC4. 3@. ��-614< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

�!��.���!�� �!&�$(��% '#$����!!/  "���Ь!� � 
#$�%&$"/ � !� ���� ESP32 

І. . &:0G>2, !.".  8@>=>20, &.І. �C;O10-)0@8B>=>20 

�:BC0;ь=VABь @>1>B8 >1C<>2;5=0 7@>AB0NG>N ?>B@51>N C AB2>@5==V 4>-
ABC?=8E B5E=>;>3V9 4;O ;N459 7 >1<565=8<8 DV78G=8<8 <>6;82>ABO<8. ' 
ACG0A=><C A2VBV <>1V;ь=V ?@8AB@>W є >A=>2=8< 70A>1>< :><C=V:0FVW, >B@8<0=-
=O V=D>@<0FVW B0 A>FV0;ь=>W 270є<>4VW, ?@>B5 AB0=40@B=V A?>A>18 C?@02;V==O 
(A5=A>@=V 5:@0=8, 65AB8) =5 702648 є 7@CG=8<8 01> 4>ABC?=8<8 4;O 2AVE :>-
@8ABC20GV2. $>7@>1:0 V=:;N782=8E V=B5@D59AV2 C?@02;V==O 4>72>;Oє @>7H8-
@8B8 <>6;82>ABV 270є<>4VW 7V A<0@BD>=0<8, ?V428I8B8 @V25=ь 02B>=><=>ABV 
:>@8ABC20GV2 B0 WE V=B53@0FVN 2 F8D@>25 A5@54>28I5. �8:>@8AB0==O 4>ABC?-
=8E <V:@>:>=B@>;5@V2 B0 1574@>B>28E B5E=>;>3V9 @>18Bь B0:V @VH5==O 5:>=>-
<VG=> 4>FV;ь=8<8 B0 <0AHB01>20=8<8. 

 5B0 @>1>B8 3 @>7@>18B8 ?@>B>B8? V=:;N782=>3> V=B5@D59AC C?@02;V=-
=O <>1V;ь=8<8 ?@8AB@>O<8 4;O :>@8ABC20GV2 7 >1<565=8<8 DV78G=8<8 <>6-
;82>ABO<8 =0 107V <V:@>:>=B@>;5@0 ESP32 V7 28:>@8AB0==O< Bluetooth-

79є4=0==O.  
' <560E 4>A;V465==O 1C;> ?@>0=0;V7>20=> VA=CNGV @VH5==O 4>?><V6-

=8E ?@8AB@>W2 22545==O, 2:;NG0NG8 A?5FV0;V7>20=V :=>?:>2V :>=B@>;5@8, 
A5=A>@=V ?0=5;V, 3>;>A>2V V=B5@D59A8 B0 ?@8AB@>W =0 107V 65AB>2>3> :5@C20=-
=O. "A=>2=8<8 :@8B5@VO<8 281>@C AB0;8 ?@>AB>B0 28:>@8AB0==O, 4>ABC?=VABь, 
5=5@3>5D5:B82=VABь B0 AC<VA=VABь V7 <>1V;ь=8<8 ?;0BD>@<0<8. 

�;O @50;V70FVW ?@>B>B8?C 1C;> >1@0=> <V:@>:>=B@>;5@ ESP32, O:89 70-
157?5GCє 21C4>20=C ?V4B@8<:C Bluetooth B0 4>AB0B=N >1G8A;N20;ь=C ?>BC6-
=VABь 4;O >1@>1:8 A83=0;V2 :5@C20==O. �?0@0B=0 G0AB8=0 ?@8AB@>N 2:;NG0є:  

3 5=:>45@ (:>;VI0B:>) 4;O ?@>:@CB:8 :>=B5=BC;  
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3 :=>?:C 7 ?V4B@8<:>N @V7=8E B8?V2 =0B8A:0=ь (>48=0@=5, ?>42V9=5);  
3 0:C<C;OB>@ B8?C Li-Pol; 

 3 <>4C;ь 70@O4:8 TP4056 V7 @>79є<>< Type-C.  

#@>3@0<=0 G0AB8=0 @50;V7>20=0 7 28:>@8AB0==O< A5@54>28I0 Arduino 
IDE B0 1V1;V>B5: 4;O @>1>B8 7 Bluetooth HID-?@>DV;5<. �C;> 2?@>20465=> 
0;3>@8B< >1@>1:8 A83=0;V2, I> 2:;NG0є:  

3 7G8BC20==O V<?C;ьAV2 5=:>45@0 4;O 287=0G5==O =0?@O<:C B0 H284:>ABV 
?@>:@CB:8;  

3 >1@>1:C =0B8A:0=ь :=>?:8 7 @>7?V7=020==O< ?>42V9=>3> :;V:C; 3 D>@-
<C20==O HID-:><0=4 4;O 5<C;OFVW 4V9 :>@8ABC20G0 (A:@>;V=3, =0B8A:0==O);  

3 ?5@540GC 40=8E =0 <>1V;ь=89 ?@8AB@V9 G5@57 Bluetooth. #@8AB@V9 70-
157?5GCє AC<VA=VABь V7 >?5@0FV9=>N A8AB5<>N Android, I> 4>72>;Oє 28:>@8A-
B>2C20B8 9>3> O: 0;ьB5@=0B82=89 70AV1 22545==O 4;O =02V30FVW 2 V=B5@D59AV, 
?5@53;O4C :>=B5=BC B0 270є<>4VW 7 4>40B:0<8.  

' @57C;ьB0BV 1C;> AB2>@5=> DC=:FV>=0;ь=89 ?@>B>B8? V=:;N782=>3> V=-
B5@D59AC C?@02;V==O, O:89 4>72>;Oє :>@8ABC20G0< 7 >1<565=8<8 DV78G=8<8 
<>6;82>ABO<8 5D5:B82=> 270є<>4VOB8 7 <>1V;ь=8<8 ?@8AB@>O<8 70 4>?><>-
3>N ?@>AB8E 0?0@0B=8E 5;5<5=BV2. �0?@>?>=>20=5 @VH5==O <>65 1CB8 28:>-
@8AB0=5 O: >A=>20 4;O @>7@>1:8 4>ABC?=8E assistive-B5E=>;>3V9 B0 2?@>20-
465==O C AD5@V @501V;VB0FVW, A>FV0;ь=>W 040?B0FVW B0 ?>2AO:45==>3> 28:>@8A-
B0==O. 

 

 

'�� 004.942 
!5<C4@89 �.�1,  8@>=>20 !.".2, �C;O10-)0@8B>=>20 &.�.3 

1 ABC4. 3@. ��-614< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
$"�$"��� #$"&"&�#' %�%&� � $"�' !"�" "#���!!/ !� 
����  ��$"�"!&$"��$� ESP32 ��/ ��&" �&��"��!"�" 

��$'��!!/  ��$"��� �&"  #$� �-�!!/ 

�.І. !5<C4@89, !.".  8@>=>20, &.І. �C;O10-)0@8B>=>20 

�:BC0;ь=VABь @>1>B8 >1C<>2;5=0 7@>AB0NG>N ?>B@51>N 2 5=5@3>5D5:-
B82=8E B0 02B><0B87>20=8E A8AB5<0E :5@C20==O <V:@>:;V<0B>< C 68B;>28E 
?@8<VI5==OE. ' ACG0A=8E C<>20E ?V428I5==O 20@B>ABV 5=5@3>@5AC@AV2 B0 
@>728B:C :>=F5?FVW «@>7C<=>3> 1C48=:C» 206;828< є AB2>@5==O 4>ABC?=8E 
@VH5=ь, I> 4>72>;ONBь 02B><0B8G=> ?V4B@8<C20B8 :><D>@B=V C<>28 ?@>68-
20==O. �A=CNGV :><5@FV9=V A8AB5<8 G0AB> <0NBь 28A>:C 20@BVABь 01> >1<565-
=89 DC=:FV>=0;, I> @>18Bь 0:BC0;ь=8< @>7@>1:C C=V25@A0;ь=>3> B0 1N465B-
=>3> ?@>B>B8?C A8AB5<8 @>7C<=>3> >?0;5==O.  
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 5B0 @>1>B8 3 @>7@>18B8 B0 @50;V7C20B8 ?@>B>B8? 02B><0B87>20=>W A8A-
B5<8 :5@C20==O B5<?5@0BC@=8< @568<>< C ?@8<VI5==V =0 107V <V:@>:>=B@>-
;5@0, I> 70157?5GCє ?V4B@8<0==O :><D>@B=>3> <V:@>:;V<0BC 7 C@0EC20==O< 
5=5@3>5D5:B82=>ABV.  

' <560E 4>A;V465==O 1C;> ?@>2545=> 0=0;V7 ACG0A=8E A8AB5< 02B><0B8-
70FVW <V:@>:;V<0BC B0 VA=CNG8E :><5@FV9=8E @VH5=ь, B0:8E O: V=B5;5:BC0;ь=V 
B5@<>AB0B8 B0 A8AB5<8 48AB0=FV9=>3> :5@C20==O :;V<0B8G=>N B5E=V:>N. �8-
7=0G5=> WE=V ?5@52038 B0 =54>;V:8, I> 4>72>;8;> AD>@<C20B8 28<>38 4> @>7-
@>1;N20=>3> ?@>B>B8?C. 

�;O @50;V70FVW A8AB5<8 1C;> >1@0=> <V:@>:>=B@>;5@ ESP32, O:89 70157-
?5GCє 4>AB0B=N ?@>4C:B82=VABь, =0O2=VABь 1574@>B>28E V=B5@D59AV2 Wi-Fi B0 
Bluetooth, 0 B0:>6 =87ь:C 20@BVABь. ' O:>ABV A5=A>@0 28:>@8AB0=> 40BG8: B5<-
?5@0BC@8 B0 2>;>3>ABV DHT22, I> 4>72>;Oє >B@8<C20B8 B>G=V ?0@0<5B@8 <V:-
@>:;V<0BC. �;O :5@C20==O 28:>=02G8<8 ?@8AB@>O<8 70AB>A>20=> <>4C;ь @5;5 
(4;O >1V3@V20G0) B0 V=D@0G5@2>=89 ?5@54020G (4;O :>=48FV>=5@0).  

#@>3@0<=0 G0AB8=0 @50;V7>20=0 2 A5@54>28IV Arduino IDE 7 28:>@8AB0=-
=O< 2V4?>2V4=8E 1V1;V>B5: 4;O @>1>B8 7 40BG8:0<8 B0 �+-A83=0;0<8. $>7@>1-
;5=> 0;3>@8B< 02B><0B8G=>3> :5@C20==O, O:89 107CєBьAO =0 ?@8=F8?V B5<?5-
@0BC@=>3> 3VAB5@578AC B0 ?5@5410G0є B@8 @568<8 @>1>B8:  

3 >1V3@V2 ?@8 7=865==V B5<?5@0BC@8 =86G5 7040=>3> ?>@>3C;  
3 >E>;>465==O ?@8 ?5@528I5==V 25@E=ь>3> ?>@>3C;  
3 @568< >GV:C20==O C 7>=V :><D>@BC.  
' ?@>F5AV @>1>B8 1C;> AB2>@5=> DV78G=89 ?@>B>B8? A8AB5<8 B0 ?@>25-

45=> 9>3> B5ABC20==O. $57C;ьB0B8 5:A?5@8<5=BV2 ?V4B25@48;8 :>@5:B=VABь 
DC=:FV>=C20==O 0;3>@8B<C B0 740B=VABь A8AB5<8 AB01V;ь=> ?V4B@8<C20B8 
7040=89 B5<?5@0BC@=89 @568< 157 G0AB8E ?5@5<8:0=ь >1;04=0==O.  

' @57C;ьB0BV 28:>=0==O @>1>B8 @>7@>1;5=> A8AB5<C @>7C<=>3> >?0;5=-
=O, O:0 <>65 1CB8 28:>@8AB0=0 4;O 02B><0B870FVW :;V<0B-:>=B@>;N 2 68B;>-
28E ?@8<VI5==OE. �0?@>?>=>20=5 @VH5==O <0є =87ь:C A>1V20@BVABь B0 <>65 
1CB8 @>7H8@5=5 4;O V=B53@0FVW 2 A8AB5<8 «@>7C<=>3> 1C48=:C». 
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'�� 004.94 
#5B@>2 �.�.1, ЄD8<5=:>  .�.2 

1 ABC4. 3@. ��-614< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 4-@. B5E=. =0C:, ?@>D. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

�"%�����!!/ &"+!"%&� #"��*�"!'��!!/ &� 
#"�&"$.��!"%&� ��"�""$��!�&!"�" 

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

�.�. #5B@>2,  .�. ЄD8<5=:> 

' ACG0A=8E A8AB5<0E 02B><0B870FVW, :><?'NB5@=>-V=B53@>20=8E B5E=>;>-
3VOE B0 @>1>B>B5E=VFV 70240==O B>G=>3> ?@>AB>@>2>3> >@Vє=BC20==O >1'є:BV2 
=01C20є :@8B8G=>3> 7=0G5==O. �2>:>>@48=0B=V >?>@=>-?>2>@>B=V ?@8AB@>W є 
107>28< 5;5<5=B>< 4;O A8AB5< >?B8G=>3> AB565==O, 157:>=B0:B=>3> 3D-

A:0=C20==O, 2V45>=03;O4C B0 A?@O<C20==O 0=B5==8E :><?;5:AV2. �@>AB0NGV 
28<>38 4> H284:>4VW B0 ?;02=>ABV @CEC B0:8E ?;0BD>@< 7C<>2;NNBь =5>1-
EV4=VABь ?>ABV9=>3> 24>A:>=0;5==O 5;5:B@><5E0=VG=8E <>4C;V2 B0 0;3>@8B<V2 
WE @>1>B8.  

 5B>N @>1>B8 є 4>A;V465==O B0 ?@>AB>@>2>3> ?>78FV>=C20==O 42CE:>-
>@48=0B=>3> 5;5:B@><5E0=VG=>3> <>4C;O H;OE>< @>7@>1:8 B0 2?@>20465==O 
02B><0B87>20=>W A8AB5<8 :5@C20==O =0 107V ACG0A=8E <V:@>?@>F5A>@=8E ?;0-
BD>@<.  

�;O 4>AO3=5==O ?>AB02;5=>W <5B8 @>1>BV ?>B@V1=> 28@VH8B8 =0ABC?=V 
7040GV:  

3 ?@>25AB8 0=0;V7 :V=5<0B8:8 42CE:>>@48=0B=>3> >?>@=>-?>2>@>B=>3> 
?@8AB@>N B0 287=0G8B8 465@5;0 28=8:=5==O ?>E81>: C ?0A>2V9 ?5@540GV; 

3 @>7@>18B8 0?0@0B=>-?@>3@0<=89 :><?;5:A :5@C20==O :@>:>28< 5;5:B-
@>?@82>4>< V7 ?V4B@8<:>N @568<V2 02B><0B8G=>3> =02545==O 70 :>>@48=0B0-
<8 B0 @CG=>3> :5@C20==O 70 4>?><>3>N 7>2=VH=ь>3> USB-<0=V?C;OB>@0;  

3 @>7@>18B8 ?@>3@0<=V 0;3>@8B<8 :5@C20==O @CE>< B0 >1@>1:8 A83=0;V2 
=0 107V 28A>:>@V2=528E >1G8A;N20;ь=8E ?;0BD>@<;  

3 ?@>25AB8 5:A?5@8<5=B0;ь=V 4>A;V465==O @>7@>1;5=>W A8AB5<8, 287=0-
G8B8 @50;ь=V ?>:07=8:8 B>G=>ABV ?>78FV>=C20==O, ?>2B>@N20=>ABV B0 ?@>0=0-
;V7C20B8 >B@8<0=V @57C;ьB0B8. 

' @57C;ьB0BV 28:>=0==O @>1>B8 1C45 ?@>2545=> 4>A;V465==O 42>:>>@-
48=0B=>3> 5;5:B@><5E0=VG=>3> <>4C;O >?>@=>-?>2>@>B=>3> B8?C B0 @>7@>1-
;5=> 02B><0B87>20=C A8AB5<C 9>3> :5@C20==O; ?@>0=0;V7>20=> :V=5<0B8G=V 
>A>1;82>ABV ?@8AB@>N B0 28O2;5=> >A=>2=V 465@5;0 ?>E81>:, 7>:@5<0 C ?0A>-
2V9 ?5@540GV, I> 4>72>;8Bь 2@0EC20B8 WE ?@8 ?>1C4>2V 0;3>@8B<V2 :5@C20==O. 
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'�� 004.94 
�CH<0= �.%.1,  8@>=>20 !.".2,  >;>G:>2 �.Є.3 

1 ABC4. 3@. ��-612 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 4-@ DV;>A>D., AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

�!����  �&"��� ��/���!!/ "�'Є�&�� ' %�%&� �) 
�" #'.&�$!"�" �"$' 

І.%. �CH<0=, !.".  8@>=>20, �.Є.  >;>G:>2 

�:BC0;ь=VABь ?@>1;5<8 28O2;5==O >19є:BV2 C A8AB5<0E :><?9NB5@=>3> 
7>@C 7C<>2;5=0 AB@V<:8< @>728B:>< 02B><0B87>20=8E B0 V=B5;5:BC0;ь=8E 
A8AB5<, I> 0:B82=> 2?@>2046CNBьAO C ?@><8A;>2VABь, @>1>B>B5E=V:C, B@0=A-
?>@B=V A8AB5<8, <548F8=C B0 V=HV 30;C7V. %CG0A=V B5E=>;>3VW ?>B@51CNBь =0-
4V9=8E V 5D5:B82=8E <5B>4V2 0=0;V7C 2V7C0;ь=>W V=D>@<0FVW, 740B=8E C @50;ь-
=><C G0AV 287=0G0B8 =0O2=VABь, ?>;>65==O B0 E0@0:B5@8AB8:8 >19є:BV2 C A:;0-
4=8E C<>20E A5@54>28I0. 'A?VH=VABь DC=:FV>=C20==O B0:8E A8AB5<, 0 B0:>6 
WE H284:>4VO V B>G=VABь 7=0G=>N <V@>N 70;560Bь 2V4 ?@028;ь=>3> 281>@C 
<5B>4C 28O2;5==O >19є:BV2 4;O BVєW G8 V=H>W 7040GV. 

 5B0 @>1>B8 3 ?@>25AB8 0=0;V7 <5B>4V2 28O2;5==O >19є:BV2 C A8AB5<0E 
:><?9NB5@=>3> 7>@C B0 287=0G5==O WE 5D5:B82=>ABV, ?5@5203 V >1<565=ь 70;5-
6=> 2V4 C<>2 70AB>AC20==O. 

 5B>48 28O2;5==O >19є:BV2 107CNBьAO =0 28:>@8AB0==V 70740;53V4ь 28-
7=0G5=8E >7=0: B0 B@048FV9=8E 0;3>@8B<V2 >1@>1:8 7>1@065=ь. �>=8 ?5@54-
10G0NBь ?>A;V4>2=5 28:>=0==O 5B0?V2 ?>?5@54=ь>W >1@>1:8 7>1@065==O, 284V-
;5==O V=D>@<0B82=8E >7=0:, V45=B8DV:0FVW B0 ;>:0;V70FVW >19є:BV2. "A=>2=>N 
?5@5203>N B0:8E ?V4E>4V2 є 2V4=>A=> =87ь:0 >1G8A;N20;ь=0 A:;04=VABь V <>-
6;82VABь WE 70AB>AC20==O C A8AB5<0E @50;ь=>3> G0AC. 

�0;56=> 2V4 B8?C 28:>@8AB>2C20=8E >7=0:, :;0A8G=V <5B>48 <>6=0 ?>-
4V;8B8 =0 45:V;ь:0 >A=>2=8E 3@C?:  

3 3@04Vє=B=V B0 :>=BC@=V;  
3 B5:ABC@=V;  
3 :>;V@=V;  
3 35><5B@8G=V B0 H01;>==V; 
3 :><1V=>20=V.  
' E>4V 0=0;V7C <5B>4V2 28O2;5==O >19є:BV2 2AB0=>2;5=>, I> 3@04Vє=B=V B0 

:>=BC@=V <5B>48 107CNBьAO =0 0=0;V7V 7<V= V=B5=A82=>ABV ?V:A5;V2 C 7>1@0-
65==V B0 4>72>;ONBь 284V;OB8 <56V >19є:BV2. �E =091V;ьH ?>H8@5=8<8 ?@8:-
;040<8 є >?5@0B>@8 %>15;O, #@NVBB0 B0 �5==V, O:V 70157?5GCNBь 5D5:B82=5 
28O2;5==O :>=BC@V2 C 28?04:0E 28A>:>3> :>=B@0ABC <V6 >19є:B>< V D>=><. 
"A=>2=8< =54>;V:>< 40=>3> ?V4E>4C є GCB;82VABь 4> HC<V2 B0 70;56=VABь 2V4 
C<>2 >A2VB;5==O. 
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&5:ABC@=V <5B>48 ґ@C=BCNBьAO =0 0=0;V7V ?@>AB>@>28E 70:>=><V@=>AB59 
@>7?>4V;C V=B5=A82=>ABV ?V:A5;V2 V 4>72>;ONBь @>7@V7=OB8 >19є:B8 7V AE>68<8 
:>;ь>@0<8, 0;5 @V7=>N AB@C:BC@>N ?>25@E=V. #@8:;040<8 ?>4V1=8E ?V4E>4V2 є 
<0B@8FV AC<V6=>ABV @V2=V2 AV@>3> (GLCM), DV;ьB@8 �01>@0, 2592;5B-
?5@5B2>@5==O B0 V=HV. �E >A=>2=>N ?5@5203>N є 28A>:0 V=D>@<0B82=VABь B5:A-
BC@=8E >7=0:, >4=0: =54>;V:>< 28ABC?0є 7=0G=0 >1G8A;N20;ь=0 A:;04=VABь B0 
GCB;82VABь 4> 7<V=8 <0AHB01C 9 ?>2>@>BC >19є:BV2. 

�>;V@=V <5B>48 28:>@8AB>2CNBь V=D>@<0FVN ?@> @>7?>4V; :>;ь>@V2 C 
7>1@065==V B0 107CNBьAO =0 0=0;V7V :>;ь>@>28E <>45;59, B0:8E O: RGB, HSV 
01> CIELAB. �>=8 є 5D5:B82=8<8 C 7040G0E, 45 >19є:B8 <0NBь GVB:> 28@065=V 
:>;V@=V E0@0:B5@8AB8:8, I> 4>72>;ONBь WE 2V4>:@5<8B8 2V4 D>=C. $07>< V7 
B8<, B0:V <5B>48 є GCB;828<8 4> 7<V= >A2VB;5==O, ?>O28 BV=59 B0 2V41;8A:V2, 
I> <>65 ACBBє2> 7=86C20B8 B>G=VABь 28O2;5==O. 

�5><5B@8G=V B0 H01;>==V <5B>48 ?5@5410G0NBь ?>HC: >19є:BV2 70 WE D>-
@<>N 01> 2V4?>2V4=VABN 70740;53V4ь 7040=8< 5B0;>=0<. �> =8E =0;560Bь :>-
@5;OFVO H01;>=V2, 0;3>@8B< )0D0 4;O 28O2;5==O ;V=V9 V :V;, 0 B0:>6 @V7=V 
<5B>48 0=0;V7C :>=BC@V2. #5@5203>N 40=>3> ?V4E>4C є 28A>:0 B>G=VABь ;>:0;V-
70FVW >19є:BV2 V7 AB01V;ь=>N 35><5B@VєN, >4=0: ?@8 Fь><C 5D5:B82=VABь 28O2-
;5==O 7=86CєBьAO ?@8 7<V=V <0AHB01C, @0:C@AC 01> 45D>@<0FVOE >19є:B0. 

�><1V=>20=V <5B>48 ?>є4=CNBь :V;ь:0 ?V4E>4V2 >4=>G0A=>, =0?@8:;04, 
28:>@8AB0==O 3@04Vє=B=8E >7=0: @07>< V7 :;0A8DV:0B>@0<8 <0H8==>3> =02-
G0==O, B0:8<8 O: SVM, 01> ?>є4=0==O :>;V@=8E <0A>: V7 35><5B@8G=8<8 <5-
B>40<8. &0:0 ?@0:B8:0 4>72>;Oє ?V428I8B8 B>G=VABь V ABV9:VABь A8AB5<8 4> 
7<V= C<>2 A5@54>28I0, >4=0: ?@872>48Bь 4> 71V;ьH5==O >1G8A;N20;ь=>W 
A:;04=>ABV B0 A:;04=>ABV @50;V70FVW. 

' @57C;ьB0BV ?@>2545=>3> 0=0;V7C 2AB0=>2;5=>, I> <5B>48 28O2;5==O 
>19є:BV2 70;8H0NBьAO 5D5:B82=8<8 4;O H8@>:>3> :>;0 7040G :><?9NB5@=>3> 
7>@C, >A>1;82> 2 C<>20E :>=B@>;ь>20=>3> A5@54>28I0 B0 >1<565=8E >1G8A-
;N20;ь=8E @5AC@AV2, ?@>B5 WE 281V@ B0 70AB>AC20==O ?>28==V 74V9A=N20B8AO 7 
C@0EC20==O< A?5F8DV:8 2EV4=8E 40=8E, 28<>3 4> B>G=>ABV B0 H284:>4VW A8A-
B5<8. 
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'�� 004.94 
�@83>@ьє20 �.Є.1, �C;O10-)0@8B>=>20 &.�.2 

1 ABC4. 3@. ��-612 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
��&" �&��"��!� ) �$!� SCADA-%�%&� �  "!�&"$�!�' 
&� ����!"%&��� %&�!' &$�!%("$ �&"$!�) #��%&�!*�� 

�.Є. �@83>@ьє20, &.І. �C;O10-)0@8B>=>20 

�:BC0;ь=VABь ?@>1;5<8 <>=VB>@8=3C B0 4V03=>AB8:8 AB0=C B@0=AD>@<0-
B>@=8E ?V4AB0=FV9 7C<>2;5=0 B8<, I> =04V9=0 B0 157?5@51V9=0 @>1>B0 B@0=A-
D>@<0B>@=8E ?V4AB0=FV9 є :@8B8G=> 206;82>N A:;04>2>N 5;5:B@>5=5@35B8G-
=>W V=D@0AB@C:BC@8. %CG0A=V B5E=>;>3VW ?>B@51CNBь =04V9=8E V 5D5:B82=8E 
70A>1V2 0=0;V7C AB0=C >1'є:BV2, 740B=8E C @568<V @50;ь=>3> G0AC 2V4AB56C20B8 
:;NG>2V 5;5:B@8G=V ?0@0<5B@8 B0 02B><0B8G=> 28O2;OB8 020@V9=V @568<8. 
'A?VH=VABь DC=:FV>=C20==O B0:8E A8AB5<, 0 B0:>6 WE H284:>4VO V B>G=VABь 
7=0G=>N <V@>N 70;560Bь 2V4 2?@>20465==O ACG0A=8E E<0@=8E SCADA-A8AB5< 
4;O F5=B@0;V7>20=>3> 71>@C B5;5<5B@VW.  

 5B0 @>1>B8 3 ?@>є:BC20==O B0 @50;V70FVO 02B><0B87>20=>W E<0@=>W 
SCADA-A8AB5<8 <>=VB>@8=3C B0 4V03=>AB8:8 AB0=C B@0=AD>@<0B>@=8E ?V4A-
B0=FV9, I> 70157?5GCє 71V@ B5;5<5B@8G=8E 40=8E C @568<V @50;ь=>3> G0AC, 
28O2;5==O AB@81:V2 =0?@C38 9 020@V9=8E @568<V2 B0 A2>єG0A=5 A?>2VI5==O 
2V4?>2V40;ь=8E >AV1.  

 5B>48 <>=VB>@8=3C 107CNBьAO =0 28:>@8AB0==V E<0@=8E ?;0BD>@< �=-
B5@=5BC @5G59 (IoT) C ?>є4=0==V 7 ;53:8<8 ?@>B>:>;0<8 ?5@540GV 40=8E. �>=8 
?5@5410G0NBь ?>A;V4>2=5 28:>=0==O 5B0?V2 71>@C B5;5<5B@VW, ?5@540GV 40=8E 
C E<0@=C IoT-?;0BD>@<C ThingsBoard 70 ?@>B>:>;>< MQTT, 28O2;5==O 0=>-
<0;ь=8E @568<V2 B0 2V4>1@065==O AB0=C ?V4AB0=FV9 =0 ?0=5;OE 2V7C0;V70FVW. 
"A=>2=>N ?5@5203>N B0:8E ?V4E>4V2 є 5:>=><VG=0 5D5:B82=VABь V <>6;82VABь 
<0AHB01C20==O 157 7=0G=8E :0?VB0;ь=8E 28B@0B =0 0?0@0B=C V=D@0AB@C:BC@C.  

�0;56=> 2V4 0@EVB5:BC@=8E 70240=ь >1@>1:8 40=8E, :><?>=5=B8 A8AB5<8 
<>6=0 ?>4V;8B8 =0 45:V;ь:0 >A=>2=8E 3@C?:  

3 V<VB0B>@ 35=5@0FVW B5;5<5B@VW ?V4AB0=FV9;  
3 ?V4A8AB5<0 ?@89><C 40=8E (MQTT);  
3 ?0=5;V 2V7C0;V70FVW (dashboards);  
3 ?@028;0 >1@>1:8 40=8E (Rule Engine) B0 35=5@0FVW B@82>3.  
' E>4V 0=0;V7C <5B>4V2 <>=VB>@8=3C 2AB0=>2;5=>, I> V<VB0FV9=V <5B>48 

107CNBьAO =0 35=5@0FVW A8=B5B8G=8E G0A>28E @O4V2 ?0@0<5B@V2 ?V4AB0=FV9 
<>2>N Python. �E =091V;ьH ?>H8@5=8<8 V=AB@C<5=B0<8 є 1V1;V>B5:8 paho-

mqtt B0 numpy, O:V 70157?5GCNBь 2V4B2>@5==O @50;VAB8G=8E AF5=0@VW2 =>@<0-
;ь=8E V 020@V9=8E @568<V2. "A=>2=8< =54>;V:>< 40=>3> ?V4E>4C є B5, I> 2V= 
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28ABC?0є ?@>3@0<=8< V<VB0B>@>< V 4;O @50;ь=>3> ?@><8A;>2>3> 70AB>AC20==O 
?>B@51Cє 70<V=8 =0 DV78G=V 2C7;8 71>@C 40=8E.  

#;0BD>@<=V <5B>48 ґ@C=BCNBьAO =0 28:>@8AB0==V ThingsBoard, I> 4>-
72>;Oє @>73>@=CB8 E<0@=C G0AB8=C 7 ?>2=>DC=:FV>=0;ь=8< 251-V=B5@D59A>< V 
<>1V;ь=8< 70AB>AC=:><. �E >A=>2=>N ?5@5203>N є =0O2=VABь <5E0=V7<C Rule 
Chain, I> 70157?5GCє 28O2;5==O AB@81:V2 =0?@C38 V7 70B@8<:>N @503C20==O =5 
1V;ьH5 2 A5:C=4 B0 02B><0B8G=5 >G8I5==O B@82>3 ?@8 ?>25@=5==V ?0@0<5B@V2 
4> =>@<8.  

' @57C;ьB0BV ?@>2545=>3> 0=0;V7C 2AB0=>2;5=>, I> @>7@>1;5=0 <0AHB0-
1>20=0 E<0@=0 SCADA-A8AB5<0 70;8H0єBьAO 5D5:B82=>N 4;O <>=VB>@8=3C 
4>2V;ь=>W :V;ь:>ABV B@0=AD>@<0B>@=8E ?V4AB0=FV9. �W 70AB>AC20==O 4>72>;Oє 
02B><0B87C20B8 ?@>F5A8 71>@C, >1@>1:8 B0 2V4>1@065==O B5;5<5B@VW, 0 B0:>6 
70157?5GCє A2>єG0A=C 4V03=>AB8:C 020@V9=8E A8BC0FV9, I> 4>72>;Oє 040?BC20-
B8 WW 4> @50;ь=>3> ?@><8A;>2>3> 70AB>AC20==O 2 C<>20E ':@0W=8. 

 

 

'�� 004.94 
#02;>2 Є.�.1,  8@>=>20 !.".2, �C;O10-)0@8B>=>20 &.�.3 

1 ABC4. 3@. ��-612 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
3 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

$"�$"���!!/ #$"�$� !"�" �!&�$(��%' ���Є "��� 
#$" �%�"�"�" $"�"&� � PLC-�"!&$"��$"  !� "%!"�� 

#$"&"�"�' OPC UA 

Є.�. #02;>2, !.".  8@>=>20, &.І. �C;O10-)0@8B>=>20 

�:BC0;ь=VABь @>1>B8 >1C<>2;5=0 7@>AB0NG8<8 28<>30<8 4> V=B53@0FVW 
@>1>B87>20=8E A8AB5< C ACG0A=8E 02B><0B87>20=8E 28@>1=8FB20E. ' ?@><8A-
;>2>ABV 206;82C @>;ь 2V4V3@0є 5D5:B82=0 270є<>4VO <V6 ?@><8A;>28<8 @>1>-
B0<8 B0 ?@>3@0<>20=8<8 ;>3VG=8<8 :>=B@>;5@0<8 (PLC), I> 70157?5GCє C7-
3>465=C @>1>BC >1;04=0==O, ?V428I5==O ?@>4C:B82=>ABV B0 7=865==O :V;ь:>-
ABV ?><8;>:. �8:>@8AB0==O ACG0A=8E ?@><8A;>28E ?@>B>:>;V2, B0:8E O: OPC 
UA B0 Modbus, 4>72>;Oє AB2>@N20B8 3=CG:V B0 <0AHB01>20=V A8AB5<8 >1<V=C 
40=8<8 <V6 @V7=8<8 :><?>=5=B0<8 28@>1=8G8E ;V=V9. $>7@>1:0 ?@>3@0<=>3> 
V=B5@D59AC 270є<>4VW <V6 @>1>B0<8 B0 PLC A?@8Oє ?V428I5==N @V2=O 02B><0-
B870FVW, A?@>I5==N <>=VB>@8=3C B0 :5@C20==O B5E=>;>3VG=8<8 ?@>F5A0<8. 

 5B0 @>1>B8 3 @>7@>18B8 ?@>B>B8? ?@>3@0<=>W A8AB5<8 B8?C Robot-to-

PLC Bridge, I> 70157?5GCє >1<V= 40=8<8 <V6 @>1>B87>20=>N A8AB5<>N B0 
PLC-:>=B@>;5@>< V7 28:>@8AB0==O< ?@>B>:>;V2 OPC UA 01> Modbus, 0 B0:>6 
@50;V7Cє DC=:FVW <>=VB>@8=3C B0 :5@C20==O C 283;O4V 70AB>AC=:C.  
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' <560E ?@>є:BC20==O A8AB5<8 1C;> ?@>2545=> 0=0;V7 VA=CNG8E ?V4E>-
4V2 4> V=B53@0FVW @>1>BV2 V :>=B@>;5@V2, 7>:@5<0 G5@57 ?@><8A;>2V <5@56V B0 
?@>B>:>;8 >1<V=C 40=8<8. $>73;O=CB> 0@EVB5:BC@8 270є<>4VW <V6 @>1>B0<8, 
PLC B0 ?@>3@0<=8<8 :;Vє=B0<8, 2:;NG0NG8 28:>@8AB0==O OPC UA A5@25@V2, 
?@><V6=8E H;N7V2 B0 ?@O<>3> ?V4:;NG5==O G5@57 Modbus TCP. �81V@ @VH5=-
=O 287=0G02AO 28<>30<8 4> =04V9=>ABV, <0AHB01>20=>ABV, H284:>4VW B0 AC<VA-
=>ABV 7 ?@><8A;>28< >1;04=0==O<.  

�;O @50;V70FVW ?@>B>B8?C 1C;> >1@0=> 0@EVB5:BC@C 7 28:>@8AB0==O< OPC 
UA O: C=V25@A0;ь=>3> ?@>B>:>;C >1<V=C 40=8<8 <V6 PLC B0 :;Vє=BAь:8< 
70AB>AC=:><. *5 4>72>;Oє >B@8<C20B8 4>ABC? 4> B5E=>;>3VG=8E 7<V==8E C 
@50;ь=><C G0AV, 0 B0:>6 74V9A=N20B8 70?8A :5@CNG8E :><0=4. ' O:>ABV :;Vє-
=BAь:>3> 70AB>AC=:C 28:>@8AB0=> 45A:B>?=89 V=B5@D59A, @>7@>1;5=89 V7 70-
AB>AC20==O< B5E=>;>3VW Windows Presentation Foundation 7 28:>@8AB0==O< 
0@EVB5:BC@=>3> H01;>=C MVVM.  

#@>3@0<=0 G0AB8=0 A8AB5<8 @50;V7>20=0 <>2>N C# V7 28:>@8AB0==O< 1V-
1;V>B5: OPC UA 4;O .NET. �C;> 2?@>20465=> DC=:FV>=0;ь=V <>4C;V, I> 70-
157?5GCNBь:  

3 2AB0=>2;5==O 79є4=0==O 7 OPC UA A5@25@><;  
3 7G8BC20==O 7=0G5=ь B5E=>;>3VG=8E 7<V==8E (40BG8:V2, AB0=V2);  
3 70?8A :5@CNG8E A83=0;V2 (:><0=48 70?CA:C/7C?8=:8);  
3 2V4>1@065==O AB0=C A8AB5<8 C 3@0DVG=><C V=B5@D59AV;  
3 ;>3C20==O >1<V=C 40=8<8 B0 ?>4V9 A8AB5<8.  
�>40B:>2> ?5@5410G5=0 <>6;82VABь @>7H8@5==O A8AB5<8 H;OE>< V=B53-

@0FVW 7 1070<8 40=8E 4;O 715@565==O VAB>@VW ?0@0<5B@V2, 0 B0:>6 @50;V70FVW 
0=0;VB8G=8E DC=:FV9 4;O >FV=:8 5D5:B82=>ABV @>1>B8 >1;04=0==O.  

' @57C;ьB0BV 1C;> AB2>@5=> DC=:FV>=0;ь=89 ?@>B>B8? ?@>3@0<=>W A8A-
B5<8 270є<>4VW <V6 @>1>B87>20=>N A8AB5<>N B0 PLC-:>=B@>;5@><, O:89 70-
157?5GCє >1<V= 40=8<8 2 @50;ь=><C G0AV, <>=VB>@8=3 AB0=C B0 107>25 :5@C-
20==O >1;04=0==O<. $>7@>1;5=0 A8AB5<0 <>65 1CB8 28:>@8AB0=0 O: >A=>20 
4;O ?>1C4>28 SCADA-A8AB5< 01> V=B53@0FVW C A:;04=V 02B><0B87>20=V 28@>1-
=8GV :><?;5:A8. 
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'�� 004.94 
�8H=525Fь:0 �.%.1,  8@>=>20 !.".2 

1 ABC4. 3@. ��-613A? !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

$"�$"���!!/ %�%&� �  "!�&"$�!�' �&" � %����&!�) 
 ’/��� 

�.%. �8H=525Fь:0, !.".  8@>=>20 

�:BC0;ь=VABь @>1>B8 >1C<>2;5=0 7@>AB0NG>N ?>B@51>N C :>=B@>;V DV-
7V>;>3VG=>3> AB0=C ;N48=8 2 C<>20E ?V428I5=8E =020=B065=ь, 7>:@5<0 C 
A?>@BV, <548F8=V B0 @501V;VB0FVW. "4=VєN 7 :;NG>28E 7040G є 287=0G5==O @V2=O 
2B><8 A:5;5B=8E <9O7V2, >A:V;ь:8 WW =0:>?8G5==O ?@872>48Bь 4> 7=865==O 
?@0F5740B=>ABV, ?V428I5==O @878:C B@02< B0 ?>3V@H5==O 5D5:B82=>ABV DV78G-
=>W 4VO;ь=>ABV. �8:>@8AB0==O ACG0A=8E <5B>4V2 0=0;V7C 1V>5;5:B@8G=8E A83-
=0;V2 4>72>;Oє 02B><0B87C20B8 ?@>F5A >FV=:8 AB0=C <9O7V2 B0 70157?5G8B8 
>19є:B82=89 :>=B@>;ь C @50;ь=><C G0AV. 

 5B0 @>1>B8 3 @>7@>18B8 ?@>3@0<=C A8AB5<C <>=VB>@8=3C 2B><8 A:5;5-
B=8E <9O7V2 =0 >A=>2V 0=0;V7C 1V>5;5:B@8G=8E A83=0;V2 V7 28:>@8AB0==O< <5-
B>4V2 A?5:B@0;ь=>3> 0=0;V7C.  

' <560E @>1>B8 1C;> ?@>0=0;V7>20=> <5B>48 4>A;V465==O <9O7>2>W 0:-
B82=>ABV, 7>:@5<0 Electromyography, I> 4>72>;Oє @5єAB@C20B8 5;5:B@8G=V 
A83=0;8 <9O7V2 B0 >FV=N20B8 WE DC=:FV>=0;ь=89 AB0=. $>73;O=CB> >A>1;82>ABV 
� �-A83=0;V2, 465@5;0 HC<V2 B0 =5>1EV4=VABь WE ?>?5@54=ь>W >1@>1:8 ?5@54 
0=0;V7><.  

�;O 287=0G5==O AB0=C 2B><8 1C;> >1@0=> A?5:B@0;ь=89 ?V4EV4 V7 70AB>-
AC20==O< Fourier Transform, I> 4>72>;Oє 4>A;V46C20B8 G0AB>B=V E0@0:B5@8A-
B8:8 A83=0;C. "A=>2=8<8 V=D>@<0B82=8<8 ?0@0<5B@0<8 є A5@54=O G0AB>B0 
(MNF) B0 <54V0==0 G0AB>B0 (MDF), 7<V=0 O:8E C ?@>F5AV =020=B065==O A2V4-
G8Bь ?@> @>728B>: <9O7>2>W 2B><8. 

#@>3@0<=0 G0AB8=0 @50;V7>20=0 7 28:>@8AB0==O< <>28 Python B0 1V1;V>-
B5: NumPy, SciPy V Matplotlib. �C;> @>7@>1;5=> 0;3>@8B< >1@>1:8 A83=0;V2, 
O:89 2:;NG0є:  

3 35=5@0FVN 01> 7020=B065==O � �-A83=0;V2;  
3 ?>?5@54=N >1@>1:C B0 DV;ьB@0FVN;  
3 >1G8A;5==O A?5:B@0 A83=0;C 70 4>?><>3>N H284:>3> ?5@5B2>@5==O 

(C@9є (FFT);  
3 @>7@0EC=>: A?5:B@0;ь=8E E0@0:B5@8AB8: (MNF, MDF);  
3 2V7C0;V70FVN A83=0;V2 B0 @57C;ьB0BV2 0=0;V7C.  
' ?@>F5AV 4>A;V465==O B0:>6 @>73;O=CB> 0?0@0B=V 70A>18 71>@C � �-

A83=0;V2, 2:;NG0NG8 5;5:B@>48, ?V4A8;N20GV B0 0=0;>3>-F8D@>2V ?5@5B2>@N-
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20GV, I> 70157?5GCNBь >B@8<0==O 40=8E 4;O ?>40;ьH>W >1@>1:8 C ?@>3@0<=V9 
G0AB8=V A8AB5<8.  

' @57C;ьB0BV 1C;> AB2>@5=> DC=:FV>=0;ь=89 ?@>3@0<=89 ?@>B>B8? A8A-
B5<8 <>=VB>@8=3C 2B><8 A:5;5B=8E <9O7V2, O:89 4>72>;Oє 0=0;V7C20B8 1V>5;5-
:B@8G=V A83=0;8, 287=0G0B8 >7=0:8 2B><8 B0 2V4>1@060B8 @57C;ьB0B8 C 7@CG-
=V9 3@0DVG=V9 D>@<V. $>7@>1;5=0 A8AB5<0 <>65 1CB8 28:>@8AB0=0 C A?>@B82-
=V9 <548F8=V, @501V;VB0FV9=8E ?@>3@0<0E B0 4>A;V465==OE DV7V>;>3VG=>3> 
AB0=C ;N48=8, 0 B0:>6 V=B53@>20=0 2 02B><0B87>20=V A8AB5<8 <>=VB>@8=3C. 
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!0C:>25 5;5:B@>==5 2840==O 
 >6=0 28:>@8AB>2C20B8 2 ;>:0;ь=><C B0 

<5@56=><C @568<0E 
 

 

 

 

 

 

 

&����!Ь !�'��-2026 
(0:C;ьB5B V=D>@<0FV9=>W 157?5:8 B0 5;5:B@>==8E :><C=V:0FV9 

 

 

 

�1V@=8: B57 4>?>2V459 I>@VG=>W 
=0C:>2>-?@0:B8G=>W :>=D5@5=FVW A5@54 ABC45=BV2, 
28:;040GV2, =0C:>2FV2, <>;>48E 2G5=8E B0 0A?V@0=BV2 

 

13–17 :2VB=O 2026 @>:C 
 

 

 

 

 

 

 

"48= 5;5:B@>==89 >?B8G=89 48A: (DVD-ROM); AC?@>2V4=0 4>:C<5=B0FVO. 
&8@06 100 ?@8<. �0<. 7699 

 

�84025Fь V 283>B>2;N20G 
!0FV>=0;ь=89 C=V25@A8B5B «�0?>@V7ь:0 ?>;VB5E=V:0» 

':@0W=0, 69063, <. �0?>@V66O, 2C;. '=V25@A8B5BAь:0, 64  

&5;.: (061) 769382396, 220312314 

 

%2V4>FB2> AC19є:B0 28402=8G>W A?@028 �� 7 6952 2V4 22.10.2019. 


