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�> =54>;V:V2 @040@V2 B0 @040@=8E :><?;5:AV2 <>6=0 2V4=5AB8 B5, I> 
WE=N @>1>BC <>6=0 28O28B8 70 4>?><>3>N @040@-45B5:B>@V2. �45BPAO ?@> 
@040@-45B5:B>@8 Crunch, Stinger, Sound Quest, Star B0 V=H8, O:V 28O2;ONBP 
@040@8 =0 48AB0=FVW 4> 5 :<, C B>9 65 G0A, O: 4V0?07>= =09?>BC6=VH>3> @040@0 
AB0=>28BP 4> 700 <. 
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'�� 621.396.62:621.396.96 

+>@=>1>@>4>20 !.#.1, +>@=>1>@>4>2  .#.2,  575=>: %.�.3 

1 V=6. &"� !�( «%2540, �B4» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. $&-911 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
+"$!"�"$"�"�� !.#., +"$!"�"$"�"�  .#.,  ���!"� %.�. 
(��"�� #"%���"�!"%&� �  �!� ��Ь!�  $��!�  ��+!�) 

#��.%&"� ��&"�"$��/*��!"� ('!�*�� 

(07><0=V?C;P>20=89 (( ) A83=0; 3 F5 ?>A;V4>2=VABP N ?@O<>:CB=8E 
@04V>V<?C;PAV2 >4=0:>2>W B@820;>ABV 9 0<?;VBC48. �0:>= 7<V=8 ?>G0B:>2>W 
D078 φ :>6=>3> ?0@FV0;P=>3> @04V>V<?C;PAC 287=0G0є D>@<C 

02B>:>@5;OFV9=>W DC=:FVW (��() ( -A83=0;C V AB@C:BC@C DV;PB@0 9>3> 
AB8A=5==O. �<V=0 φ 70 :>4>< �0@:5@0 =0 180º 70157?5GCє >?B8<0;P=C ��( 70 
?@>AB>W AB@C:BC@8 C73>465=>3> DV;PB@C. �;5 :>48 �0@:5@0 2V4><V ;8H5 4;O 
C=V:0;P=8E D07>28E ?>A;V4>2=>AB59 =0 3, 4, 5, 7, 11 9 13 V<?C;PAV2. �;O @5HB8 
7=0G5=P N =5 1C;> 7=0945=> AB@C:BC@8 A83=0;C, O:0 1 1C;0 C73>465=>N V7 
AB@C:BC@>N DV;PB@0 �0@:5@0. 

�;PB5@=0B82>N ?>HC:C ?A524>HC<>28E ?>A;V4>2=>AB59 7 >?B8<0;P=>N 
��( є ?5@5EV4 4> V=H8E 7=0G5=P 7AC2C ?>G0B:>28E D07. �0 FP>3>, :>35@5=B=5 
=0:>?8G5==O 3>;>2=>W ?5;NAB:8 AB8A=CB>3> A83=0;C AB0=5 <>6;828< ;8H5 
H;OE>< CA:;04=5==O C73>465=>3> DV;PB@0, C O:><C 203>2V :>5DVFVє=B8 
AB0=>28B8<CBP =5 ±1, 0 :><?;5:A=> A?@O65=C 30@<>=V9=C DC=:FVN. 

' B01;. 1 =02545=> =>2V D07>2V ?>A;V4>2=>ABV φi V @V2=V ?5;NAB>: ��( yi. 
&CB =5 =02545=> 2V4><V 180º-D07>2V ?>A;V4>2=>ABV �0@:5@0, O:V B56 <>6CBP 
1CB8 AB8A=5=V 70 4>?><>38 CA:;04=5=>3> C73>465=>3> DV;PB@0. 

&01;8FO 1 3 (07>2V ?>A;V4>2=>ABV φi V @V2=V ?5;NAB>: ��( yi 

�>4 
No 

N φ1 φ2 φ3 φ4 φ5 φ6 φ7  y1 y2 y3 y4 y5 y6 y7 y8 y9 y10 y11 y12 y13 

3-2-1 3 120 0 0      -1 1 3 1 -1         

3-3-1 3 0 60 0      1 1 3 1 1         

3-3-2 3 0 90 0      1 0 3 0 1         

3-3-3 3 0 120 0      1 1 3 1 1         

4-3-1 4 0 120 0 0     1 1 0 4 0 1 1       

4-6-1 4 0 90 90 0     1 0 1 4 1 0 1       

4-6-2 4 0 120 120 0     1 1 0 4 0 1 1       

5-10-1 5 0 120 120 120 0    1 1 0 1 5 1 0 1 1     

7-23 7 0 120 0 120 120 0 0  1 1 0 1 1 0 7 0 1 1 0 1 1 
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!0 @8A. 1 9 @8A. 2 =02545=> @>48=8 E0@0:B5@8AB8: 28O2;5==O :>@8A=>3> 
A83=0;C =0 B;V HC<V2 70 V<>2V@=>ABV E81=8E B@82>3 10-3 4;O :>4>28E 
?>A;V4>2=>AB59 4>268=8 N=5..7 9 N=4, 2V4?>2V4=>, C 28?04:C >1@>1:8 
>48=>G=>3> V<?C;PAC 7>=4C20==O (0 =5 ?0G:8 V<?C;PAV2). /: V >GV:C20;>AP, 
:@82V 28O2;5==O 1V;PH 4>238E ?>A;V4>2=>AB59 (N=7) ?@>E>4OBP ;V2VH5, 1V;PH 
:>@>B:8E (N=5) 3 ?@02VH5, I5 :>@>BH8E (N=4) 3 I5 ?@02VH5, =0 :>>@48=0B=V9 
?;>I8=V. 
 

 
?>A;V4>2=>ABV: ▲ - 7-14 (:>4 �0@:5@0), 
- -●- 7-23 (120º), 4 - 5-3 (:>4 �0@:5@0),  

- - - 5-9 (120º), 4■4 - 6-13 (138º) 
$8AC=>: 1 3 )0@0:B5@8AB8:8 28O2;5=-
=O :>@8A=>3> A83=0;C =0 B;V HC<V2 70 
V<>2V@=>ABV E81=8E B@82>3 10-3 4;O 

N=5..7 

 
?>A;V4>2=>ABV: 4 - 4-2(:>4 �0@:5@0), 

- - 4-3-1 (120º), ■  - 4-3-2 (:>4 �0@:5@0), 
- -●- - - 4-6-1 (90º), 3▲3 - 4-6-2 (120º) 
$8AC=>: 2 3 )0@0:B5@8AB8:8 28O2;5=-
=O :>@8A=>3> A83=0;C =0 B;V HC<V2 70 
V<>2V@=>ABV E81=8E B@82>3 10-3 4;O 

N=4 

�;O ?>@V2=O==O, =0 @8A. 2 B0:>6 =02545=> E0@0:B5@8AB8:C 28O2;5==O 4;O 
=09;V?H>W (70 :@8B5@Vє< <V=V<C<C $�#) V7 7=0945=8E :>4>28E ?>A;V4>2=>AB59 
4>268=8 N=6 6-13: {1; 0; 1; 1; 0; 0}. �W D07>20 ?>A;V4>2=VABP - {138°; 0°;138°; 
138°; 0°; 0°}, 0 ��( <0є 283;O4 {1; 0,71; 1,41; 1,41; 0,71; 6; 0,71; 1,41; 1,41; 
0,71; 1}. "A:V;P:8 :>4>20 ?>A;V4>2=VABP 6-13 <0є @V25=P 1VG=>W ?5;NAB:8 
1,41/6 (70<VABP 1/6 O: C :>4V2 �0@:5@0), B><C E0@0:B5@8AB8:0 28O2;5==O 
@>7B0H>2CєBPAO =5 ?>A5@548=V <V6 E0@0:B5@8AB8:0<8 4;O N=7 9 N=5, 0 <0;> 
2V4@V7=OєBPAO 2V4 E0@0:B5@8AB8: 4;O N=5. 

!0 ?V4AB02V 4>A;V465==O AB0B8AB8G=8E ?0@0<5B@V2 9 E0@0:B5@8AB8: 
28O2;5==O A8=B57>20=8E D07>28E ?>A;V4>2=>AB59 7@>1;5=> 28A=>2>: ?@> 
<>6;82VABP @>7H8@5==O 0=A0<1;N ( -A83=0;V2 7 >?B8<0;P=>N ��( 7 7 HB. 
(:>4V2 �0@:5@0) 4> 16 HB. (482. B01;.1). 

$>7H8@5==O 0=A0<1;N D07>:>4><0=V?C;P>20=8E A83=0;V2 AB0;> <>6;828< 
7024O:8 ?5@5E>4C 4> 28:>@8AB0==O 7<V=8 D078 7 0º =0 :CB, I> AB0=>28BP 25;8G8=C 
60º, 90º, 120º 01> 180º 2 70;56=>ABV 2V4 ?>A;V4>2=>ABV (482. B01;. 1). 
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'�� 621.391 
�Cє2 �.�.1,  >@>7 �.�. 2  
1 ABC4. 3@. $&-912< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

!0;0HBC20==O 157?5:8 є =52V49є<=>N G0AB8=>N ?@8 ?;0=C20==V 
:><?9NB5@=>W <5@56V  4;O 70E8ABC 2V4 =5A0=:FV>=>20=>3> 4>ABC?C, :@04V6:8 
40=8E, 0B0:, 2V@CAV2 B0 V=H8E 703@>7. 

!0;0HB>2CNG8 157?5:C =0 <5@56528E ?@8AB@>OE <>6=0 70?>1V3B8 
=5A0=:FV>=>20=><C 4>ABC?C 4> <5@56528E @5AC@AV2, B0:8E O: A5@25@8, 
@>CB5@8, :><CB0B>@8 01> 1078 40=8E, I> 7=0E>4OBPAO =0 =8E. !0?@8:;04, 
<>6=0 2AB0=>28B8 ?0@>;V =0 4>ABC? 4> ?@8AB@>N, =0;0HBC20B8 >1<565==O 
4>ABC?C 70 IP-04@5A0<8 01> =0;0HBC20B8 VPN-79є4=0==O 4;O 70E8ABC 40=8E 
?@8 2V440;5=><C 4>ABC?V 4> <5@56V. &0:>6 =0;0HBC20==O 157?5:8 <>65 
4>?><>3B8 C 70?>1V30==V 0B0:0< B8?C DDoS V DoS, O:V <>6CBP ?@8725AB8 4> 
2V4<>28 2 >1A;C3>2C20==V 01> ?>3V@H5==O ?@>4C:B82=>ABV A5@2VAC G8 <5@56V. 
$V7=V <5E0=V7<8 70E8ABC, B0:V O: <V6<5@56=V 5:@0=8 (firewalls), <0@H@CB870FVO 
B@0DV:C B0 :>=B@>;P 4>ABC?C, <>6CBP 4>?><>3B8 C 70?>1V30==V B0:8< 0B0:0<. 

�@V< B>3>, 157?5:0 =0 <5@56528E ?@8AB@>OE 206;820 4;O 70E8ABC 
:>=DV45=FV9=>W V=D>@<0FVW, B0:>W O: ?0@>;V, ;>3V=8, ?5@A>=0;P=V 40=V B0 
1V7=5A-40=V. !0;0HB>2CNG8 157?5:C =0 <5@56=8E ?@8AB@>OE, <>6=0 
70E8AB8B8 40=V 2V4 28B>:C B0 28:>@8AB0==O 2 =5AC<;V==8E FV;OE. 

' 70?@>?>=>20=V9 <5@56V :0D54@8 $&& (@8A.1) 4;O 70157?5G5==O 157?5:8 
1C4CBP 28:>@8AB>2C20B8AO =0ABC?=V B5E=>;>3VW B0 ?@>B>:>;8.  

�;O =0;0HBC20==O =0 CAVE <5@56528E ?@8AB@>OE: 
SSH :>B@89 ?@0FNє =0 ?>@BC 22 V ?V4B@8<Cє @V7=V <5B>48 0CB5=B8DV:0FVW, 

B0:V O: ?0@>;P, 2V4:@8B89 :;NG B0 V=HV. SNMPv3 70157?5GCє 157?5G=C 
?5@540GC :5@CNG>W V=D>@<0FVW <V6 ?@8AB@>O<8. VLAN <5B>4 @>718BBO 
;>:0;P=>W <5@56V =0 ;>3VG=V A53<5=B8 =0 @V2=V :><CB0B>@0 G8 
<0@H@CB870B>@0. MACsec 70157?5GCє H8D@C20==O B@0DV:C <V6 <5@56528<8 
?@8AB@>O<8 =0 :0=0;P=><C @V2=V. IEEE 802.1X  70157?5GCє 0CB5=B8DV:0FVN 
:>@8ABC20GV2 ?@8 ?V4:;NG5==V 4> <5@56V G5@57 :><CB0B>@. AAA 70157?5GCє 
0CB5=B8DV:0FVN :>@8ABC20GV2, C?@02;V==O 4>ABC?>< B0 >1;V: 28:>@8AB0==O 
@5AC@AV2.  
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$8AC=>: 1 3 �030;P=0 AE5<0 <5@56V 4;O :0D54@8 $&& 

!0 <V6<5@5652><C 5:@0=V, ?>3@0=8G=><C <0@H@CB870B>@V B0 L3 
:><<CB0B>@V 28:>@8AB>2CєBPAO ?@>B>:>; STP :>B@89 70157?5GCє 157?5:C 
<5@56V, 70?>1V30NG8 D>@<C20==N F8:;V2 C B>?>;>3VW <5@56V. STP 1C4Cє 
45@52>, 2 O:><C >48= :><CB0B>@ є :>@=528<, 0 2AV V=HV :><CB0B>@8 
?V4:;NG0NBPAO 4> =P>3>.  

*5 4>72>;Oє 287=0G8B8 :@0I89 H;OE 4;O ?5@540GV 40=8E V 701;>:C20B8 
=5?>B@V1=V H;OE8, O:V <>6CBP ?@8725AB8 4> 70F8:;N20==O. ACL 287=0G0є 
?@028;0 4>ABC?C 4;O B@0DV:C, I> ?@>E>48BP G5@57 ?@8AB@V9. VPN 70157?5GCє 
157?5G=5 79є4=0==O <V6 2V440;5=8<8 <5@560<8. IPsec H8D@Cє B@0DV: <V6 
?@8AB@>O<8 C 2V@BC0;P=V9 ?@820B=V9 <5@56V (VPN). IP Source Guard 3 
70157?5GCє :>=B@>;P ?V4@>1;5=8E IP-04@5A =0 <5@56528E ?>@B0E :><CB0B>@0. 
&0 NAT 70157?5GCє ?@8E>2C20==O IP-04@5A 2=CB@VH=P>W <5@56V 2V4 
7>2=VH=P>W <5@56V 2AB0=>2;5=0 =0 ?>3@0=8G=><C <0@H@CB870B>@V. DHCP 
Snooping  :>B@89 70157?5GCє 70E8AB 2V4 0B0: DHCP 2AB0=>2;5=0 =0 L3 
:><<CB0B>@V. 
 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Cisco CCNA ICND2 200-101 [�;5:B@>==89 @5AC@A]   
2. Cisco CCENT/CCNA ICND1 100-101 Cisco Press 800 East 96th Street 

lndianapolis, IN 46240 [�;5:B@>==89 @5AC@A] 
 



18 

 

'�� 621.396.67 
+5@54=VG5=:> ".%.1,  >@>7 �.�. 2, +>@=>1>@>4>2  .#.3  
1 ABC4. 3@. $&-210A? «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

+�$��!І+�!�" ".%.,  "$"� �.�., +"$!"�"$"�"�  .#. 
"�"#!�� #"%&�!"�!�� ����� ��/ �#�� 

!0 40=89 <><5=B, ?8B0==O ?>AB0=>2:8 70204 4;O 2>@>68E �#�� B0 
?@84CH5==O WE A83=0;V2 є 4C65 0:BC0;P=8<. !09G0ABVH5, ?@>B8 �%' 
28:>@8AB>2CNBPAO :><5@FV9=V �#�� B8?C DJI Mavic B0 Autel. "A=>2=V 
G0AB>B8, =0 O:8E ?@0FNNBP 40=V 4@>=8: 

3 4;O =02V30FVW 28:>@8AB>2CNBPAO G0AB>B8 1550..1620  �F (4V0?07>= 
@>1>B8 GPS B0 �;>=0AA) 9 1170..1260  �F 3 F5 4@C389 4V0?07>= GPS B0 
0;PB5@=0B82=8E A8AB5< =02V30FVW); 

3 :0=0;8 :5@C20==O B0 2V45> 28:>@8AB>2CNBP 850..940  �F; 
2400..2585  �F, 5150..5300  �F (C =>28E <>45;OE Autel) 9 5725..5850  �F. 

"4=8< 7 2V4><8E ?>AB0=>2=8:V2 70204 є «&09?0= 5G», C O:><C 4;O 
?V4A8;5==O A83=0;V2 28:>@8AB>2CNBPAO NPN 1V?>;O@=V B@0=78AB>@8. 
�1C@N20G ?>AB0=>2=8:0 A:;040єBPAO 7 10 >:@5<8E 35=5@0B>@V2, :>B@V 
?@0FNNBP 2 =0ABC?=8E G0AB>B=8E 4V0?07>=0E: Lojac 3 900  �F, GSM900 3 
925..960  �F, DCS1800 3 1790..1805  �F, GPSL1 3 1560..1590  �F, 
2.4/4G2300 3 2400..2485  �F, 4G800 3 773..915  �F, GPSL2/5 3 1160..1290 

 �F, 3G2100 3 2110..2170  �F, 4G2600 3 2620..2690  �F, WIFI5/2 3 
5125..5850  �F. �D5:B82=0 40;P=VABP 4VW ?>AB0=>2=8:0 - 50 <5B@V2. �>;>2=>N 
?@>1;5<>N B0:>3> B8?C ?@8AB@>W2 є FV=0. 

 5B>N @>1>B8 є @>7@>1:0 2;0A=>3> ?>AB0=>2=8:0 70204 7 A8AB5<>N 
:5@C20==O =0 107V <V:@>:>=B@>;5@0 Arduino Pro mini. $>1>G89 4V0?07>= 
?>AB0=>2=8:0 7040єBPAO 70 4>?><>38 :=>?>: :5@C20==O. 

�1C@N20G5< A83=0;V2 =>AV9=>W G0AB>B8 є 35=5@0B>@, 28:>=0=89 70 AE5<>N 
�>;?VBFO (@8A 1). &@0=78AB>@ Q1 281@0=89 7 <0:A8<0;P=>N G0AB>B>N @>1>B8 25 
��F. �>=45=A0B>@8 %1 B0 %3 28:>@8AB>2CNBPAO 4;O 35=5@C20==O =>AV9=>W 
G0AB>B8, 0 @07>< 7 @578AB>@>< R2 CB2>@NNBP :>;> 4>40B=P>3> 72>@>B=P>3> 
729O7:C 35=5@0B>@0. +0AB>BC 35=5@0B>@0 7040NBP :>=45=A0B>@ %4, V=4C:B82=VABP 
L1 9 20@8:0?8 D1 B0 D2. �0@8:0?8 28:>@8AB>2CNBPAO 4;O ?5@5;0HB>2C20==O 
G0AB>B8. !0 28E>4V 35=5@0B>@0 2AB0=>2;5=> 1;>:C20;P=V :>=45=A0B>@8 C2, C8, I> 
@>74V;5=V <V:@>A<C6:>2>N ;V=VєN 7 V<?540=A>< 50 "<. 

#V4A8;N20;P=89 :0A:04 28:>=0=> =0 <V:@>AE5<V SGA3563Z, O:0 
28:>@8AB>2Cє A8AB5<C B@V9=8:0 7<VI5==O. �>=0 ?>;O30є 2 B><C, I> =0 
?V4A8;N20;P=89 A83=0; ?>40єBPAO 7<VI5==O 7 465@5;0 682;5==O, O:5 
@>74V;5=5 є<=VABN 4;O ?V4A8;N20;P=>3> A83=0;C B0 V=4C:B82=VABN. &0:8< 
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G8=><, :>@8A=89 A83=0; ?@>E>48BP =0 28EV4 G5@57 є<=VABP, 2 B>9 G0A O: AB0;5 
7<VI5==O =5 2?;820є =0 ?>40;PHV 2C7;8, 0 V=4C:B82=VABP =5 ?@>?CA:0є 
:>@8A=89 A83=0; 4> 465@5;0 682;5==O. �AV :0A:048 ?V4A8;5==O @>74V;5=V <V6 
A>1>N <V:@>A<C6:>28<8 ;V=VO<8, 45 ?VA;O 4@C3>3> :0A:04C ?V4A8;5==O A83=0; 
?>40єBPAO =0 @>7=V< B8?C SMA, =0 O:89 2AB0=>2;NєBPAO 0=B5=0. 

�0@8:0?8 404CBP =0< <>6;82VABP ?5@5AB@>N20B8 G0AB>BC, ?>40NG8 @V7=V 
@V2=V =0?@C38 =0 =8E, B><C I> ?@8 @V7=8E @V2=OE =0?@C38, =0 ?5@5E>4V 
20@8:0?V2 <V=OєBPAO є<=VABP, B0:8< G8=>< F59 35=5@0B>@ є 35=5@0B>@>< 
:5@>20=8< =0?@C3>N 

 

$8AC=>: 1 3 %E5<0 5;5:B@8G=0 ?@8=F8?>20 ?@8AB@>N 

!0 28E>4V 35=5@0B>@0 2AB0=>2;5=V 1;>:CNGV :>=45=A0B>@8 C2, C8, I> 
@>74V;5=V <V:@>A<C6:>2>N ;V=VєN V<?540=A>< 50 "<. #V4A8;N20;P=89 :0A:04 
28:>=0=89 =0 <V:@>AE5<V SGA3563Z, O:0 28:>@8AB>2Cє A8AB5<C B@V9=8:0 
7<VI5==O. �>=0 ?>;O30є 2 B><C, I> =0 ?V4A8;N20;P=89 A83=0; ?>40єBPAO 
7<VI5==O 7 465@5;0 682;5==O, O:5 @>74V;5=5 є<=VABN 4;O ?V4A8;N20;P=>3> 
A83=0;C B0 V=4C:B82=VABN. &0:8< G8=>< :>@8A=89 A83=0; ?@>E>48BP =0 28EV4 
G5@57 є<=VABP 2 B>9 G0A O: ?>ABV9=5 7<VI5==O =5 2?;820є =0 ?>40;PHV 2C7;8, 0 
V=4C:B82=VABP =5 ?@>?CA:0є :>@8A=89 A83=0; 4> 465@5;0 682;5==O. �AV 
:0A:048 ?V4A8;5==O @>74V;5=V <V6 A>1>N <V:@>A<C6:>28<8 ;V=VO<8, 45 ?VA;O 
4@C3>3> :0A:04C ?V4A8;5==O A83=0; ?>40єBPAO =0 :>=5:B>@ B8?C SMA, =0 O:89 
2AB0=>2;NєBPAO 0=B5=0. &0:>6, =0 AE5<V <8 <>65<> 10G8B8 ?>@B8 
<V:@>:>=B@>;5@0, O:V 28:>=CNBP DC=:FVW, >?8A0=V 28I5. �E>48 6 B0 7 
<V:@>:>=B@>;5@0 >?8BCNBP AB0= :=>?>: SB1 B0 SB2, V, ?VA;O >1@>1:8, =0 
28E>4V 3 D>@<CєBPAO =5>1EV4=89 @V25=P =0?@C38 4;O :5@C20==O 20@V:0?0<8 D1 
B0 D2 35=5@0B>@0, 2=0A;V4>: G>3> 7<V=NєBPAO @>1>G0 G0AB>B0 ?>AB0=>2=8:0. 
�>=45=A0B>@ %18 ?@87=0G5=> 4;O 73;046C20==O V<?C;PAV2 7 28E>4C 3, 
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>A:V;P:8 2 40=>3> <V:@>:>=B@>;5@0 2V4ACB=V9 *�#. !0 28E>4V 4 D>@<CєBPAO 
?8;:>?>4V1=89 A83=0;C, 0 =0 28E>4V 5 3 A8=B57>20=89 C :>=B@>;5@V HC<. �0 
4>?><>38 @578AB>@V2 R9 B0 R10, HC< ?>G8=0є <>4C;N20B8AP ?8;:>?>4V1=8< 
A83=0;><, @>7H8@NNG8 A?5:B@ AB2>@5=>3> HC<C. �V>4 D3 CAC20є 2V49є<=C 
A:;04>2C A83=0;C. 

!0?@C30 682;5==O 9 � ?>40єBPAO =0 682;5==O 35=5@0B>@0 G5@57 
DV;PB@CNGC >129O7:C, =0 682;5==O ?V4A8;N20GV2 B0 =0 2EV4 RAW 
<V:@>:>=B@>;5@0, 45 70 4>?><>38 21C4>20=>3> AB01V;V70B>@0 =0?@C38, 
:>=B@>;5@ ?5@5B2>@Nє 9 � =0 5 �. 
 

 

'�� 621.396.96 
�>;>H8= �. .1, �>AB5=:> �.".2 

1 ABC4. 3@. $&-912< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

������&$�+!"� #$"!��!"%&� Ґ$'!&' 

#@8 @04V>;>:0FV9=><C A?>A>1V 287=0G5==O 2;0AB82>AB59 75<=8E 
?>:@82V2 206;82C @>;P 2V4V3@0є :><?;5:A=0 2V4=>A=0 4V5;5:B@8G=0 
?@>=8:=VABP ὲ=ɛˊ-jɛˊˊ, C D>@<C;V O:>W 7=0: <V=CA A2V4G8BP ?@> A8=D07=VABP 
AB@C<C 2B@0B 7 ?@8:;045=8< ?>;5< A83=0;C 7>=4C20==O. %83=0;, ?@89=OB89 
?@89<0G5<, O: 2V4><>, >?8ACєBPAO =0ABC?=>N D>@<C;>N: 

  (1) 

45 ɛˊ 3 4V9A=0  G0AB8=0 2V4=>A=>W :><?;5:A=>W 4V5;5:B@8G=>W ?@>=8:=>ABV 
A5@54>28I0 ( ?>G2>3@C=BC); 

ɛˊˊ3 CO2=0 A:;04>20 2V4=>A=>W :><?;5:A=>W 4V5;5:B@8G=>W ?@>=8:=>ABV 
A5@54>28I0 ( ?>G2>3@C=BC); 

 - <>4C;P :><?;5:A=>W 2V4=>A=>W 4V5;5:B@8G=>W ?@>=8:=>ABV. 

  ; (2)  

45   :>5DVFVє=B 2V418BBO  (@5=5;O ( ?> =0?@C65=>ABV ?>;O). 
� <0B5<0B8G=>W B>G:8 7>@C D>@<C;0 (1) є >4=8< @V2=O==O< 7 42><0 

=52V4><8<8. �@V< B>3>, 0?@V>@V 2V4><>, I>, ?>-?5@H5, 7=0<5==8: D>@<C;8 (1) 
=5 4>@V2=Nє 0, 0 A0<0 :@820 є ?;02=>N 5:A?>=5=B>N 4;O 1V;PH>ABV B8?V2 
ґ@C=BV2. �>6=V9 B>GFV =0 5:A?>=5=BV  2V4?>2V40є ?0@0 7=0G5=P ɛˊ B0 ɛˊˊ, 
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25;8G8=8 O:8E 70;560BP 2V4 2>;>3>2<VABC A5@54>28I0 2 <><5=B ?@>2545==O 
28<V@N20=P. 

�=0;VB8G=> 70 4>?><>3>N ?0:5B0 ?@>3@0< Mathcad 0=0;VB8G=> 7 
D>@<C;8 (1) <>6=0 287=0G8B8, I> 

 = +  (3) 

�=09B8 6 70;56=VABP  ɛˊˊ  V7 D>@<C;8 (1) 70 4>?><>3>N ?0:5B0 Mathcad 
=5 240єBPAO. 

&><C @V2=O==O (1) ?>40є<> C 283;O4V =0ABC?=>3> =5;V=V9=>3> @V2=O==O: 

 F  .  (4) 

/:I> 2 @V2=O==O (4) ?V4AB028B8 ?>A;V4>2=> 45:V;P:0 7=0G5=P ɛˊ 7 
2V4><>3> 4V0?07>=C 7<V= ɛˊ, B> :>65= @07 1C45<> >B@8<C20B8 @V2=O==O 
?5@H>3> ABC?5=O, O:5 <>6=0 G8A5;P=> 28@VHC20B8 7 4>?><>3>N DC=:FVW 
A8AB5<8 Mathcad--root 01> given-find. +5@57 <=>68=C >B@8<0=8E @VH5=P 
<>6=0 ?@>25AB8 :@82C @VH5=P 4;O DV:A>20=>3>  . �8:>@8AB0є<> 4;O 
0?@>:A8<0FVW <5B>4 =09<5=H8E :204@0BV2 V ?>;V=>< 4@C3>3> ABC?5=O, O:V 
704>2V;P=> 70157?5GCNBP =09<5=HV 2V4E8;5==O 2V4 5:A?5@8<5=B0;P=8E 40=8E, 
7040=8E B01;8G=>.  
 

0 10 20 30
10−

0

10

20

30

40

mõ õ1( )

õ1  

$8AC=>: 1 3 �@0DV: 70;56=>ABV  2V4 , 4;O O:>W 28:>=CєBPAO C<>20  

F  

&0:8< G8=><, 4;O 287=0G5==O ?0@0<5B@0 ɛˊˊ 75<=>3> ?>:@82C <>6=0 70 
3@0DV:><, O:89 ?@54AB02;5=89 =0 @8AC=:C, 7=09B8 , 0 ?>BV< V7 
A?V22V4=>H5==O (2) 28G8A;8B8 7=0G5==O ɛˊˊ. 

#>AB0=>2:C 7040GV 74V9A=82 A?5FV0;VAB 7 48AB0=FV9=>3> 7>=4C20==O 75<;V 
)>E;0G>2. 
 

&.�.". 702. :0D54@8    %5@3V9 %� "���� 

 

�V4?>2V40;P=89 =0 D0:C;PB5BV   ";5:A0=4@ #�$"��!�" 



22 

 

 %��*�/ «!�!"����&$"!��� &�  
�!("$ �*��!"-�� �$.���Ь!� &�)!"�"���» 

 

 

'�� 519.3 
!03>@=0 !. .1 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
!��"$!� !. . 

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

 0B5<0B8G=8<8 <>45;O<8 >19є:BV2 <>45;N20==O =0 <0:@>@V2=V є 48-
D5@5=FV0;P=V @V2=O==O 2 G0AB8==8E ?>EV4=8E 01> V=B53@0;P=V @V2=O==O, I> 
>?8ACNBP ?>;O DV78G=8E 25;8G8=. 

�;O @>729O70==O 2:070=8E @V2=O=P 28:>@8AB>2CNBPAO <5B>48, O:V ґ@C=-
BCNBPAO =0 48A:@5B870FVW =570;56=8E 7<V==8E 3 WE ?@54AB02;5==V :V=F52>N 
<=>68=>N 7=0G5=P C 281@0=8E 2C7;>28E B>G:0E 4>A;V46C20=>3> ?@>AB>@C. 

!09?>H8@5=VH8< B0:8< <5B>4>< є <5B>4 A:V=G5==8E 5;5<5=BV2, O:89 
>A=>20=89 =0 0?@>:A8<0FVW HC:0=>3> 25:B>@0 D07>28E 7<V==8E. �?@>:A8<0-
FVO 28:>=CєBPAO C <560E <0;8E 70 @>7<V@>< A:V=G5==8E 5;5<5=BV2. �078A=V 
(0?@>:A8<CNGV) DC=:FVW 4;O =8E >4=>B8?=V. 

' A8AB5<C  atlab 2E>48BP ?0:5B PDE Toolbox, ?@87=0G5=89 4;O 
@>729O70==O 48D5@5=FV0;P=8E @V2=O=P C G0AB8==8E ?>EV4=8E B0 A8AB5< 7 2:0-
70=8<8 @V2=O==O<8. ' PDE Toolbox 28:>@8AB>2CNBPAO =09?@>ABVHV B@82C7-
;>2V A:V=G5==V 5;5<5=B8. 

' 4>?>2V4V @>73;O40єBPAO ;V=V9=5 48D5@5=FV0;P=5 @V2=O==O 2 G0AB8==8E 
?>EV4=8E 4@C3>3> ?>@O4:C C ?;>A:V9 >1<565=V9 >1;0ABV   =0ABC?=>3> 283;O4C: 

 
( ) ,c u b u au f x−  +  + = 

, (1) 

45 c , a , f  3 7040=V A:0;O@=V 4>AB0B=P> 3;04:V DC=:FVW 7<V==>W 

1 2( , )x x x=  , ?@8G><C ( ) 0c x þ  C >1;0ABV  ; 1 2( , )b b b=  3 7040=0 4>AB0-
B=P> 3;04:0 25:B>@-DC=:FVO; ( )u u x=  3 DC=:FVO, O:0 ?V4;O30є 287=0G5==N. 

�;O ?@8:;04C ?@82545=89 ;VAB8=3 ?@>3@0<8, 2 O:V9 <5B>4>< A:V=G5=-
=8E 5;5<5=BV2 7 28:>@8AB0==O< DC=:FV9 7 ?0:5BC PDE Toolbox @>729O7CєBPAO 
=0ABC?=0 :@09>20 7040G0 C :@C7V   >48=8G=>3> @04VCA0 7 F5=B@>< =0 ?>G0B:C 
:>>@48=0B: 

 
( ) 1, , ( ) 0u x x u x− =  =

 =0 <56V :@C30. (2) 
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$V2=O==O (2) 2V4?>2V40є @V2=O==N (1) ?@8 1c ú ; 0a ú ; 0b ú ; 1f ú ; 

0Du =  3 7040=0 DC=:FVO =0 <56V >1;0ABV  . 

"A:V;P:8 @V2=O==O, I> @>73;O40єBPAO, @>729O7CєBPAO 0=0;VB8G=>, B> C 
?@>3@0<V 287=0G0NBPAO ?>E81:8 4;O :>6=>3> A:V=G5==>3> 5;5<5=B0, O:V 4>-
?CI5=V ?@8 G8A5;P=><C @>729O70==V @V2=O==O (@8A. 2). 

�VAB8=3 ?@>3@0<8: 
g=8circleg9 ;  
bc=8circleb19;  
c=1; a=0; b=0; f =1;  

[p, e, t]= initmesh(g , 8Hmax9,  0.05) ;  

% e x a c t s o l u t i o n u = 

2(x_1^2+x_2^2 - 1)/4 

u= - (p (1, :).^2+(p ( 2, :).^2)-1)/4; 

uh=assempde ( bc , p , e , t , c , a , f ) ; 

figure ;  

pdemesh ( p, e, t ), axis equal 

xlabel (8x_19) , ylabel(8x_29) 
figure ;  

pdesurf (p , t , uh), axis equal 

colormap (8hsv9) 
xlabel (8x_19) , ylabel(8x_29) , 
zlabel(8uh9) 
figure ;  

pdesurf (p , t , u9-uh), axis equal 

colormap (8hsv9) 
xlabel (8x_19) , ylabel(8x_29) , 
zlabel(8Error9) 

 

!0 @8AC=:C 1 ?@82545=V @57C;PB0B8 @>1>B8 ?@>3@0<8. 
 

  
0     1 
$8AC=>: 1 3 $57C;PB0B8 @>1>B8 ?@>3@0<8 

0 3 >1;0ABP  , O:0 @>718B0 =0 3199 A:V=G5==8E 5;5<5=BV2 B@8:CB=>W D>@<8; 
1 3 3@0DV: 287=0G5=>W 25:B>@-DC=:FVW u . 
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$8AC=>: 2 3 #>E81:8 @>729O7:C @V2=O==O (2) <5B>4>< A:V=G5==8E 5;5<5=BV2 

#>E81:8 <5B>4C A:V=G5==8E 5;5<5=BV2 28=8:0NBP 2=0A;V4>: 0?@>:A8-
<0FVW @>7HC:C20=8E DC=:FV9 =01;865=8<8 28@070<8. &><C <5B>48G=V ?>E81-
:8 70;560BP O: 2V4 O:VA=>W 2V4?>2V4=>ABV 0?@>:A8<CNG8E DC=:FV9 @>7HC:C20-
=><C @>729O7:C, B0: V 2V4 @>7<V@V2 A:V=G5==8E 5;5<5=BV2.  0:A8<0;P=0 ?>E81-
:0 =01;865=>3> @VH5==O 70 ?@>3@0<>N =5 ?5@528I8;0 10‒5. 
 

 

'�� 539.21 

+VG5@V= �. �.1, #>3>A>2 �.�.2 

1 ABC4. 3@. $&-319 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 4-@ DV7.-<0B. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

+І+�$І! �. �., #"�"%"� �.�. 
#$" ��%&"%'��!!/ &�"$� � ��'%%� �"  �&����"� 

#"��$)!� � ������&$�+!�  #"�$�&&/  

�0 B5>@5<>N �0CA0, ?>;5 Ε  2 >4=>@V4=><C 4V5;5:B@8G=><C A5@54>28IV 
7 :>=AB0=B>N õ  287=0G0єBPAO ?>B>:>< 25:B>@0 5;5:B@8G=>3> 7<VI5==O 

õ=D Ε  G5@57 70<:=CBC ?>25@E=N S  V 2V;P=8< 5;5:B@8G=8< 70@O4>< Q 2 
>19є<V , 70<:=5=8< ?V4 FVєN ?>25@E=5N: 

 
4

S
d Q = =D
D S 

, (1) 

�0AB>ACє<> (1) 4;O 28@VH5==O 5;5:B@>AB0B8G=>W G0AB8=8 70240==O I>4> 
7=0E>465==O @>1>B8 28E>4C 5;5:B@>=0 7 <5B0;52>3> 7@07:0, ?>25@E=O O:>3> 
:>=B0:BCє 7 i 4V5;5:B@8:0<8, 2 B><C G8A;V, V 7 20:CC<>< (i = 1, 2, &). 

'O28<>, I> S @>718B0 =0 i ?;>A:8E 4V;O=>: ?;>I8=>N i iS Sñ= B0:, 
I> 

 1ii
ñ =õ .  
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�;O =59B@0;P=>3> 7@07:0 AC<0@=89 70@O4 ?V4A8AB5<8 5;5:B@>=V2 ?@>2V4-
=>ABV B0 :@8AB0;VG=>W ґ@0B:8 el ion 0Q Q Q= + = , 

 el ( )Q e n d


= −  r r , ion ( )Q e d


= +  r r .  

#>BV: ?>;O G5@57 ?>25@E=N є :V;P:VABN A8;>28E ;V=V9, I> ?@>=87CNBP 
FN ?>25@E=N. &><C, ?>;5 40;5:> 2V4 =59B@0;P=>3> 7@07:0 3 2V4ACB=є. #>;5 
2V4<V==5 2V4 =C;O BV;P:8 ?>1;87C ?>25@E=V, 45 @>7?>4V; 5;5:B@>=V2 ( )n r  7<V-
=NєBPAO 2V4 >19є<=>3> 7=0G5==O n =  4> =C;O 70 <565N ґ@0B:8 2 B>=:><C 
?@8?>25@E=52><C H0@V. 

$>1>BC 28E>4C 5;5:B@>=0 <>6=0 287=0G8B8 <5B>4>< �>=0-,5<0 G8 $8-
BF0 [1,2]: 

eff FW v g n e= − − = −  −õ ö , 
xc

eff effv e vö= + , ( )( )2/32 2

F 2 3m nõ = , (2) 

45 effv  3 4=> 7>=8 ?@>2V4=>ABV 2 <5B0;V; g  3 >19є<=0 IV;P=VABP 5=5@3VW 5;5:B-

@>=V2 2 >19є<V 7@07:0; Fõ 5=5@3VO (5@<V; eff, ,W vö  ‒ 70;560BP 2V4 ?;>I8=8 
:>=B0:BV2 <56V ґ@0B:8 7 V7>;OB>@0<8. 

�818@0NG8 S  2 O:>ABV 5:2V?>B5=FV9=>W ?>25@E=V, 2@0E>2CNG8, I> ?>;5 
ö=E , <0є<> @V2=O==O #C0AA>=0 

 
2 ( )

, ( ) ( ) ( )
( )

e n
є

 = − = −
r

r r r
r

ö   , (3) 

2 O:><C B@828<V@=0 DC=:FVO 

 ( ); ,i i i i iє = r r Sñ õ ñ õ  (4) 

DV:ACє ?;>IV :>=B0:BV2 7 4V5;5:B@8:>< B0 20:CC<><. � >1;0ABV ?@>AB>@C, 
709=OB>N ґ@0B:>N, 1є =  (V>=8 B0 5;5:B@>=8 7=0E>4OBPAO C 20:CC<V). 

�818@0NG8 2V4;V: ?>B5=FV0;C 2V4 9>3> 7=0G5==O ( 0)ö = =0 25;8:V9 2V4A-
B0=V 2V4 7@07:0 ?@8 7040=><C @>7?>4V;V ?>78B82=8E 70@O4V2 V>=V2 ґ@0B:8 ( ) r , 

@>729O7>: @V2=O==O (3) 40є @>7?>4V; 5;5:B@>=V2 V ?>B5=FV0;C ?>1;87C ?>25@E=V, 
O:V D>@<CNBP <0:A25;;V2AP:89 B5=7>@ =0BO3C. &0:8< G8=><, 4;O 2AP>3> A:;0-
4=>3> 4V5;5:B@8G=>3> A5@54>28I0 ?>70 ґ@0B:>N, <>6=0 225AB8 72065=C :>=A-
B0=BC 

 i ii
=õõ ñ õ .  
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&5?5@ ?@>1;5<0 >1G8A;5==O ö  C (2) 7=0G=> A?@>ICєBPAO. *5 4>1@5 45-
<>=AB@CNBP @VH5==O 2 [1,2] >4=>28<V@=>W 7040GV 4;O <5B0;52>W ?;V2:8 2 @V7-
=8E 4V5;5:B@8G=8E >1:;04:0E (@8A. 1). 

 

$8AC=>: 1 3 �>1@065==O 0A8<5B@8G=>3> <5B0;-4V5;5:B@8G=>3> A0=42VG0 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. A.V. Babich, V.V. Pogosov, Phys. Solid State 55, 196‒204 (2013). 
2. �.�. #>3>A>2, (V78:0 B25@4>3> BV;0, 64, 125‒133 (2022). 

 

 

'�� 004.75 

+5@2>=5=:> �.".1, �>@>BC= �.�.2 

1 ABC4. 3@. $&-312< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. DV7.-<0B. =0C:., ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

+�$�"!�!�" �."., �"$"&'! �.�. 
���"$�%&�!!/ SMART-&�)!"�"��� ' �����Ь!�*&�� 

 54>=>A=V 146>;8 2V4V3@0NBP 25;8:C @>;P C 68BBV ?;0=5B8, B0 7>:@5<0 є 
>4=8<8 7 =09206;82VH8E 70?8;N20GV2 C AV;PAP:><C 3>A?>40@AB2V, I> є =5-
2V49є<=>N G0AB8=>N 03@0@=>W ?@><8A;>2>ABV. �8BBє740B=VABP 146V;P=8FB20 
?@O<> 70;568BP 2V4 @5=B015;P=>ABV B0:>3> 284C 3>A?>40@AB20, O:0 2 A2>N 
G5@3C 70;568BP 2V4 2B@0B ?@8 2545==V B0:>W 4VO;P=>ABV. &><C <5B0 =0H>3> 
?@>є:BC 3 @>7@>18B8 4>ABC?=89, 4;O 146V;P=8FB20, ?@>4C:B V7 28-

:>@8AB0==O< B5E=>;>3VW IoT, I>1 <V=V<V7C20B8 2B@0B8 2 FV9 4VO;P=>ABV. 
�C;> ?@>2545=> 1030B> 4>A;V465=P =0 B5<C B>3>, O: 70 4>?><>3>N 5;5:B-
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"LEKSANDR KAREV, GENNADY SNIZHNOI. 
MODELING OF THE QUALITY MANAGEMENT  

SYSTEM IN MICROELECTRONICS 

The quality management system (QMS) contains three interrelated 

processes: ensuring the required quality, quality control, and quality management. 

Currently, QMS models for simple technological processes are considered quite 

fully. The model for managing a complex technological process also assumes the 

presence of an input X (equipment, people, materials, technical documentation) and 

a manufacturing process Y in order to obtain a given output Z (product, service) 

based on the information obtained from each operation. Such a model allows you 
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to observe the <input=, <process= and <output=, remember various combinations of 
their deviations and, based on the accumulated statistical data (or specially planned 

experiments), establish the <measure= of the influence of the input and the process 

on the result. According to the received data, information is issued to the 

<management= of the process (to the head of the site, shop, to the chief engineer) 
about what and where to change. For quality control at the stages of development 

and production of microelectronic products (on the example of integrated 

microcircuits), a model is proposed, which is shown in Fig. 1. The model consists 

of three main subsystems. The basis of the system is the quality assurance 

subsystem V, which includes input X, process Y, and output Z. The subsystem 

V(X, Y, Z) performs work Y, consumes everything necessary for the production 

process X, and produces products Z. We denote the controlling subsystem by W(X, 

Y, Z), and the controlling one through U(X, Y, Z). All three subsystems are 

autonomous. They process, accumulate and transfer X, Y, Z information in order to 

maintain a stable state of the entire QMS. 

 

Figure 1 3 Model of the quality management system in microelectronics 
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20, I> 2?;820NBP =0 7=865==O A>1V20@B>ABV ?@>4C:FVW, =5 ?>28==V ?>7=0G8B8-
AO =0 WW O:>ABV, 10 1V;PH5, =5>1EV4=> ?@03=CB8 2825AB8 WW =0 =>289, 28I89 
@V25=P. !0 ?V4?@8є<AB2V �& « >B>@ %VG» ?@>F5A :>=B@>;N O:>ABV B0 <5B@>;>-
3VG=>3> AC?@>2>4C 2?@>20465=> =0 2AVE 5B0?0E 28@>1=8FB20, ?>G8=0NG8 2V4 
283>B>2;5==O :><?;5:BCNG8E, WE=P>3> A:;040==O B0 28?@>1C20==O 265 3>B>-
2>W ?@>4C:FVW. 

"@30=V70FV9=>N >A=>2>N <5B@>;>3VG=>3> 70157?5G5==O є <5B@>;>3VG=0 
A;C610 ?V4?@8є<AB20 3 2V44V; 3>;>2=>3> <5B@>;>30. �V44V; 74V9A=Nє >@30=V-
70FV9=>-<5B>48G=5 :5@V2=8FB2> @>1>B>N ?V4@>74V;V2 7 <5B@>;>3VG=>3> 70157-
?5G5==O V =5A5 2V4?>2V40;P=VABP 70 >@30=V70FVN B0 :>>@48=0FVN 2V4?>2V4=8E 
70E>4V2. �0240==O 7 <5B@>;>3VG=>3> 70157?5G5==O 2:;NG0NBPAO 2 @VG=89 ?;0= 
?V428I5==O O:>ABV ?@>4C:FVW, I> 28?CA:0єBPAO, B0 :>=B@>;P 70 <5B@>;>3VG=8< 
70157?5G5==O< 28@>1=8FB20. 

�V4?>2V4=> 4> 28<>3 :><?;5:AC =>@<0B82=8E 4>:C<5=BV2, A8AB5<>N @>-
7@>1;5==O B0 ?>AB0=>2:8 =0 28@>1=8FB2> 02V0FV9=8E 4283C=V2 >4=8< 7 5B0?V2 
68BBє2>3> F8:;C є 5B0? 28?@>1C20==O ?5@54 740G5N 2 5:A?;C0B0FVN. �8?@>-
1C20==O 02V0FV9=8E 4283C=V2 3 5:A?5@8<5=B0;P=5 287=0G5==O E0@0:B5@8AB8: V 
2;0AB82>AB59 02V0FV9=8E 4283C=V2, WE=VE A8AB5<, 2C7;V2 V 03@530BV2 4;O 28O2-
;5==O 2V4?>2V4=>ABV WE=V< B5E=VG=8< 28<>30< 01> 4;O 4>A;V4=>3> 282G5==O 
?@>F5AV2, O:V 2V41C20NBPAO 2 4283C=0E, WE=VE =0BC@=8E 01> <>45;P=8E 2C7;0E 
B0 5;5<5=B0E. %:;04>2>N G0AB8=>N 7030;P=>3> :><?;5:AC 70E>4V2 V7 28?@>1C-
20==O 02V0FV9=8E 4283C=V2, O: AC:C?=>ABV B5E=VG=8E A8AB5< V >19є:BV2, є <5B-
@>;>3VG=5 70157?5G5==O F8E 28?@>1C20=P. 

� >3;O4C =0 B5, I> @57C;PB0B8 28<V@N20=P V :>=B@>;N AB0=>2;OBP >A=>2-
=C V=D>@<0FV9=C >A=>2C 4;O CE20;5==O @VH5=P I>4> 5D5:B82=>ABV 28?@>1C-
20=P, 4> 4>AB>2V@=>ABV F8E @57C;PB0BV2 702648 28AC20NBPAO 4C65 28A>:V 28-
<>38, I> 287=0G0NBPAO 281>@>< 28<V@N20;P=8E E0@0:B5@8AB8: V ?0@0<5B@V2, 
I> 2V4?>2V40NBP 28<>30< "%& 1 01021-93 [1], 70A>1V2 28<V@N20=P V :>=B@>-
;N. ' ?@>F5AV ?V43>B>2:8 B0 ?@>2545==O 28?@>1C20=P ?@>2>4OBP >FV=N20==O 
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?0@0<5B@V2 V E0@0:B5@8AB8: 28@>1C, I> ?V4;O30є 28?@>1C20==N, C<>2 ?@>25-
45==O 28?@>1C20=P, <5B@>;>3VG=8E E0@0:B5@8AB8: 70A>1V2 28<V@N20=P V :>=B-
@>;N, 28?@>1C20;P=>3> >1;04=0==O. 

�;O 4>AB>2V@=>W >FV=:8 28<V@N20=8E ?0@0<5B@V2 V E0@0:B5@8AB8: =0 28-
?@>1C20;P=8E AB5=40E 70AB>A>2CNBPAO @V7=V 70A>18 28<V@N20=P V :>=B@>;N. 

' ?@>F5AV 28?@>1C20=P 02V0FV9=8E �&� 28<V@NєBPAO 25;8:0 :V;P:VABP 
?0@0<5B@V2. �=0;V7 @57C;PB0BV2 28<V@N20=P 40є 7<>3C >FV=8B8 @>1>G89 ?@>-
F5A 4283C=0, 287=0G8B8 B5?;>289 AB0= V =0?@C3C 2 5;5<5=B0E :>=AB@C:FVW, ?V4 
G0A 702>4AP:8E 28?@>1C20=P A5@V9=8E 4283C=V2 3 287=0G8B8 2V4?>2V4=VABP 
4283C=0 7040=8< B5E=VG=8< C<>20<. 

�;O 5:>=><VW @5AC@AV2 V 7=865==O A>1V20@B>ABV ?@>4C:FVW ?5@H>G5@3>28< 
70240==O< є A:>@>G5==O 7030;P=>3> >1AO3C 28?@>1C20=P, ?5@54CAV< 7V 2AB0=>-
2;5==O @5AC@AC B0 28O2;5==O :@8B8G=8E 5;5<5=BV2 4283C=0, H;OE>< 70AB>AC-
20==O 5:2V20;5=B=>-F8:;VG=8E 28?@>1C20=P 4283C=0; >19є4=0==O @V7=8E 5:A-
?5@8<5=B0;P=8E 70240=P, >45@60==O 2 >4=><C 28?@>1C20==V O:><>30 @V7=>-
<0=VB=VH>W V=D>@<0FVW; :><?;5:A=0 02B><0B870FVO 28?@>1C20=P (:5@C20==O 
@568<0<8 @>1>B8 4283C=0 B0 AB5=40, 28<V@0<8, >?@0FN20==O< 9 0=0;V7>< 
@57C;PB0BV2 28?@>1C20=P V7 28:>@8AB0==O< <0B5<0B8:8); C?@02;V==O @568<0-
<8 @>1>B8 4283C=0 V AB5=40; C?@02;V==O @568<0<8 @>1>B8 AB5=40. 

�;O 4>AO3=5==O F8E FV;59 =0 28?@>1C20;P=8E AB5=40E H8@>:> 70AB>A>-
2CNBP 02B><0B8G=V A8AB5<8 C?@02;V==O (�%' &#). "A=>2=>N <5B>N <5B@>-
;>3VG=>3> 70157?5G5==O AB5=4>28E 28?@>1C20=P 4283C=V2 є @>729O70==O B0:8E 
70240=P: 

3 @>7@>18B8 <5B>48:C 28?@>1C20==O ?@>3@0<=>-B5E=VG=>3> :><?;5:AC; 
3 @>7@>18B8 ?0:5B ?@>3@0< V ?@>25AB8 <5B@>;>3VG=C 0B5AB0FVN ?@>3@0<8 

28?@>1C20=P; 
3 ?@>25AB8 <5B@>;>3VG=C 0B5AB0FVN V=D>@<0FV9=>->1G8A;N20;P=>3> 

:><?;5:AC. 
 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. "%& 1 01021-93 «%B5=48 28?@>1C20;P=V 02V0FV9=8E 307>BC@1V==8E 
4283C=V2. �030;P=V 28<>38». 
 

 

�02. :0D54@8     �5==04V9 %!��!"� 

 

�V4?>2V40;P=89 =0 D0:C;PB5BV   ";5:A0=4@ #�$"��!�" 
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 %��*�/ «�!("$ �*��!� &�)!"�"��� ����&$"!!�) ��%"���» 
 

 

'�� 622.23.05: 528.716.1.021.6: 004.932.7291 

(0@0D>=>2 "...1,  0;89 "...1, (C@<0=>20 !.�.1, "=8I5=:> �.(.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. DV7.-<0B. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
(�$�("!"� "...,  ���� "..., ('$ �!"�� !.І., "!�-�!�" �.(. 
 �&"� ���!�+�!!/  �%*��!�)"���!!/ ��/ #"�'�"�� 
!�����*��!�) !��� !�) %�%&�   "���Ь!�) $"�"&�� ' 

��$!�+"�"�'�!�� #$" �%�"�"%&� 

' A2VBV A?>AB5@V30єBPAO B5=45=FVO H8@>:>3> 28:>@8AB0==O 5;5:B@><>1V-
;V2. �;5:B@><>1V;V ?@>=8:;8 C 20=B06=89 A53<5=B V =02VBP C 3V@=8G>4>1C2=C 
?@><8A;>2VABP. �=H>N ?0@0;5;P=>N B5=45=FVєN є @>7@>1:0 02B>=><=8E A8A-
B5<. !091V;PH>3> ?>H8@5==O =01C;8 UAV (Unmanned aerial vehicle). #@>B5 
CA?VH=8<8 є 9 @>7@>1:8 =075<=>3> A53<5=B0: Tesla, Waymo. !01030B> 3V@HV 
A?@028 C =075<=>3> 02B>=><=>3> 20=B06=>3> B@0=A?>@BC 2 3V@=8G>4>1C2=V9 
30;C7V. Є48=8< ?@>5:B><, 3>B>28< 4> 5:A?;C0B0FVW, ?>78FV>=CєBPAO 02B>=><=0 
:0@9є@=0 20=B06V2:0 :><?0=VW Volvo. 

"A=>2=>N ?@>1;5<>N B0:8E A8AB5< є 28:>@8AB0==O GPS O: >A=>2=>W A8A-
B5<8 4;O =02V30FVW. )>G0 B0:V A8AB5<8 28:>@8AB>2CNBP ?>2=89 =02V30FV9=89 =01V@ 
<>1V;P=8E @>1>BV2: :0<5@8, ;V40@8, @040@8, GNSS (Global navigation satellite 
system) 7 RTK (Real Time Kinematic) 3 2 C<>20E :0@9є@=8E @>7@>1>: =02V30FVO 
AB0є =5=04V9=>N. &><C є :V;P:0 ?@8G8=. "A=>2=>N ?@8G8=>N є 35><5B@VO 
:0@9є@C, O:0 <>65 ?@872>48B8 4> =5?@8?CAB8<>3> 7=865==O B>G=>ABV GPS A83=0-
;C. �0728G09 02B>=><=V @>1>B8 ?V4B@8<CNBP A2>N =02V30FVN 70AB>AC20==O< >4>-
<5B@VW B0 ?>:070=P IMU (Inertial measurement unit). "4=0: :>;VA=0 >4><5B@VO =5=0-
4V9=0 2 B0:8E C<>20E G5@57 >A>1;82>ABV ґ@C=B>28E 4>@V3. � 2V7C0;P=0 >4><5B@VO 
=5 702648 4>ABC?=0 V =0;568BP 4> A:;04=8E A8AB5<. �2B>=><=V @>1>B8, O:V ?@0-
FNNBP =0 4>@>30E 7030;P=>3> :>@8ABC20==O, 28:>@8AB>2CNBP 0;3>@8B<8 @>7?V-
7=020==O 4>@>6=P>3> ?>;>B=0, 4>@>6=P>W @>7<VB:8, 7=0:V2, B@0=A?>@B=8E 70A>1V2 
4;O CB>G=5==O A2>єW ;>:0;V70FVW.  >1V;P=V @>1>B8, I> 70AB>A>2CNBPAO 2 70:@8B8E 
?@8<VI5==OE, 702648 >1<565=V ABV=0<8 ?@8<VI5==O V 28:>@8AB>2CNBP <0?C 
?@8<VI5==O 4;O ;>:0;V70FVW. 

#@>1;5<>N 4;O 02B>=><=8E @>1>BV2 2 C<>20E :0@9є@C AB0NBP 25;8:V 2V4:-
@8BV ?@>AB>@8 70 <560<8 7>=8 4VW 40BG8:V2 02B><>1V;O V 2V4ACB=VABP HBCG=>W V=-
D@0AB@C:BC@8 4;O @>7?V7=020==O 7 28:>@8AB0==O< =02G5=8E =59@>==8E <5@56. 

�@C3>N ?@8G8=>N ?><8;>: A8AB5< GPS =02V30FVW є @04V>?5@5H:>48 O: 
V=4CAB@V0;P=>3> ?>E>465==O, B0: V HBCG=> CB2>@5=V (jamming and GPS 
spoofing) [1, 2]. &0:5 2B@CG0==O C @>1>BC =02V30FV9=8E A8AB5< AB0є 45-40;V 
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?>H8@5=8<. &><C 28:>@8AB>2C20B8 A8AB5<8 GPS 157 4>40B:>28E @575@2=8E 
A8AB5< =02V30FVW =5 <>6=0. 

�0@=8< @VH5==O< ?@8 :>@>B:>G0A=>W 2B@0BV 729O7:C 1C;> 1 28:>@8AB0==O 
V=5@FV9=8E =02V30FV9=8E A8AB5< 28A>:>W B>G=>ABV 3 B0:8E O: 02V0FV9=V A8AB5-
<8. !0 60;P B0:V A8AB5<8 4C65 4>@>3V, 0 B>G=VABP WE 4;O =075<=>3> 28:>@8A-
B0==O <0є 1CB8 I5 28I>N, =V6 4;O 28:>@8AB0==O 2 02V0FVW [1]. -5 >4=8< @V-
H5==O< 1C;> 28:>@8AB0==O @04V><0O:V2. "4=0: 4;O =02V30FVW 2 C<>20E 3V@=8-
G>4>1C2=>W ?@><8A;>2>ABV F5 G0AB> 1C20є =5?@89=OB=8< G5@57 D>@<C :0@9є@C 
01> HBCG=V 701>@>=8 B0 =51060==O 70<>2=8:0. &><C >A=>2=V 7CA8;;O @>7@>1-
=8:V2 A?@O<>20=> 4> 24>A:>=0;5==O A8AB5< 2V7C0;P=>W =02V30FVW. "A=>2>N 4;O 
@>1>B8 2V7C0;P=8E A8AB5< =02V30FVW є A:0=8 3D ;V40@V2 B0 RGBD :0<5@ (70728-
G09, 4;O 2V4:@8B8E ?@>AB>@V2 B0 A>=OG=>3> A2VB;0, 28:>@8AB>2CNBPAO AB5@5>-
:0<5@8, 0 =5 :0<5@8 7 V=D@0G5@2>=8< ?V4A2VGC20==O<). #@8 FP><C ?>40;PH0 
@>1>B0 7 E<0@>N B>G>: ?@872>48BP 4> ?>1C4>28 <0?8 B0 A?@>1 @>7?V7=020==O 
>19є:BV2 =0 <0?V. 

"A=>2>N 4;O @>1>B8 2V7C0;P=8E A8AB5< =02V30FVW є A:0=8 3D ;V40@V2 B0 
RGBD :0<5@ (70728G09, 4;O 2V4:@8B8E ?@>AB>@V2 B0 A>=OG=>3> A2VB;0, 28:>@8-
AB>2CNBPAO AB5@5>:0<5@8, 0 =5 :0<5@8 7 V=D@0G5@2>=8< ?V4A2VGC20==O<) [4]. 
#@8 FP><C ?>40;PH0 @>1>B0 7 E<0@>N B>G>: ?@872>48BP 4> ?>1C4>28 <0?8 B0 
A?@>1 @>7?V7=0==O >19є:BV2 =0 <0?V [4]. 

#>1C4>20 :0@B8 ?>29O70=V 7 287=0G5==O< ;>:0;P=8E 45A:@8?B>@V2 V 0;3>-
@8B<C A?V2AB02;5==O RANSAC. � ?>40;PH0 ;>:0;V70FVO @>1>B0 70;568BP 2V4 
287=0G5==O 3;>10;P=8E 35><5B@8G=8E 45A:@8?B>@V2 B0 @>1>B8 =59@>==8E 
<5@56 4;O @>7?V7=0==O >19є:BV2 =0 :0@BV. "AP BCB V :@8єBPAO 3>;>2=0 ?@>1;5<0 
=02V30FVW 2 B0:8E ?@8@>4=8E C<>20E, ?>29O70=0 7 <0;8< 4V0?07>=>< 4VW 40BG8-
:V2 28<V@N20==O 2V4AB0=V B0 <>=>B>==>N 7>2=VH=P>N 35><5B@VєN :0@9є@C. 
#@8 FP><C, =0?@8:;04, O:I> 35><5B@VO A:5;P=8E ?>;8FP 3@0=VB=>3> :0@9є@C 
?@0:B8G=> =57<V==0, B> 35><5B@VO ?>;8FP 4;O @C4=>3> 01> 2C3V;P=>3> :0@9є@C 
G0AB> 7<V=NєBPAO G5@57 >A8?8. &><C AB0є 206-:> 287=0G8B8 ?>ABV9=V 3;>10;P-
=V 35><5B@8G=V 45A:@8?B>@8 C <560E 4VW 40BG8:V2. �0;P=VABP 4VW ;V40@V2 4;O 
=02V30FVW 70728G09 =5 ?5@528ICє 200 <. � 4V0?07>= 28<V@C 40;P=>AB59 AB5@5>-
:0<5@>N >1<565=89 <0:A8<C< 40 <5B@0<8. 

' <0@:H5945@AP:>W A?@02V =01C;0 ?>?C;O@=>ABV ?>1C4>20 ?>2=>W 3D <>-
45;V :0@9є@C 7 28:>@8AB0==O< ;075@=>3> A:0=C20==O B0 :204@>:>?B5@V2. #@8 
FP><C <>6;820 ?>1C4>20 =5 ;8H5 <0?8 70 40=8<8 ;V40@0, 0 9 >B@8<0==O ?0-
=>@0<=>3> 7>1@065==O :0@9є@C 7 28:>@8AB0==O< :0<5@. &0:C 45B0;V7>20=C 
?0=>@0<C :0@9є@C B0 B>G=V 40=V <>45;V =0 >A=>2V ;V40@=8E 40=8E <>6=0 28:>-
@8AB>2C20B8 4;O =02V30FVW <>1V;P=8E @>1>BV2. 

�45O =02V30FVW ?>;O30є 2 28:>@8AB0==V AB0@>402=P>3> <5B>4C B@V0=3C;OFVW 
4;O 287=0G5==O <VAF57=0E>465==O. �;O FP>3> C 283;O4V <0O:V2 28:>@8AB>2C-
NBPAO 3;>10;P=V 35><5B@8G=V 45A:@8?B>@8 3 4V;O=:8 ?>25@E=V :0@9є@C 7=0G=>W 
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?;>IV (=0?@8:;04 10 =0 10 <5B@V2), O:V 265 4>A8BP =5<>=>B>==V, I>1 <VAB8B8 
B>G:8 4;O ;>:0;P=8E 0;3>@8B<V2 284V;5==O >A>1;828E B>G>: (SURF, SIFT 01> 
V=HV). &0:V 4V;O=:8 287=0G0NBPAO H;OE>< ?>@V2=O==O 7030;P=>W ?0=>@0<8 
:0@9є@C B0 40=8E AB5@5>:0<5@, I> >B@8<CNBPAO 7 2V45>?>B>:C. 

#@8 A?V2AB02;5==V 3;>10;P=8E 35><5B@8G=8E 45A:@8?B>@V2 287=0G0єBPAO 
=0?@O<>: I>4> A8AB5<8 :>>@48=0B @>1>B0. #V4 G0A @CEC @>1>B0 =0 ?V49>< 01> 
A?CA: 4V;O=:8, I> <VABOBP 3;>10;P=V 45A:@8?B>@8, @>7B0H>20=V =0 2V4AB0=V 
300-800 <5B@V2 2V4 @>1>B0 3 40;5:> 70 <560<8 4VW 9>3> =02V30FV9=8E ;V45@V2. 
�0?@>?>=>20=89 <5B>4 CB>G=5==O @>7B0HC20==O =5 ?>28=5= ?@0FN20B8 V7 
G0AB>B>N 4VW ;V40@0 (10-20 �F). 'B>G=N20B8 ;>:0;V70FVN 4>A8BP 1 @07 =0 :V;P-
:0 A5:C=4 01> =02VBP @V4H5. �;O >4=>7=0G=>3> 287=0G5==O <VAFO @>7B0HC20=-
=O @>1>B0, :@V< =0?@02;5==O =0 <0O:8, =5>1EV4=> 4>40B8 2V4AB0=P 4> =8E. *5 
4>72>;8BP =01;878B8 B>G=VABP =02V30FVW 4> 7=0G5==O ±1 <. �V4AB0=P 4> ABV=>: 
:0@9є@C ?@>?>=CєBPAO 28<V@N20B8 ;075@=8<8 40;5:><V@0<8 =0 >A=>2V 7AC2C 
D078 A83=0;C [5], O:V NAB>20=V 7 >?B8G=>N 2VAAN :0<5@ RGBD. �1> 28:>@8A-
B>2C20B8 1V;PH 20@BVA=V @VH5==O [6]. #@8 FP><C ;>:0;V70FVN @>1>B0 ?> 28A>BV 
<>6=0 7=0G=> CB>G=8B8, 28:>@8AB>2CNG8 10@><5B@ B0 VAB>@VN ?5@5<VI5==O 
(2V4;V: ?@>945=8E @V2=V2 :0@9є@C 3 :V;P:VABP ?>;8FP). 

&>G=VABP V 28A>:0 40;P=VABP ACG0A=8E ;075@=8E 40;5:><V@V2 7V 7AC2>< 
D07, 28A>:0 @>74V;P=0 740B=VABP ACG0A=8E F8D@>28E :0<5@ V ACG0A=0 ?>BC6-
=VABP ;>:0;P=8E >1G8A;N20;P=8E A8AB5< C 70240==OE @>7?V7=020==O 2 @50;P-
=><C G0AV, 4>72>;ONBP 28:>@8AB>2C20B8 ?5@52V@5=V G0A>< 35><5B@8G=V <5B>48 
=02V30FVW B0 AB2>@N20B8 @575@2=V =02V30FV9=V A8AB5<8 4;O ?V428I5==O =04V9-
=>ABV @>1>B8 02B>=><=8E <>1V;P=8E @>1>BV2 2  C<>20E HBCG=>3> 3V@=8G>3> 
@5;PєDC. 
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serial module. Retrieved from https://www.alibaba.com/product-detail/long-

distance-1000m-1m-measurement-

resolution_60526994002.html,%20https://www.alibaba.com/product-

detail/1000m-mini-laser-distance-meter-metal_1600239078927.html 

6. LS30MVA Long-range Visually Adjustable Laser RangingSystem. 

Retrieved from https://www.leishenlidar.com/wp-

content/uploads/2022/03/LS30MVA.pdf 
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GAME APPROACH IN TEACHING WHEN USING ENGLISH AS A 

MEDIUM OF INSTRUCTION 

The use of English as a means of teaching academic subjects is becoming 

more and more significant in Ukrainian universities [1]. 

English as a medium of instruction (EMI) can have several advantages. Eng-

lish is one of the most widely spoken languages in the world, and using it as a 

medium of instruction can facilitate communication and collaboration among peo-

ple from different countries and cultures. Much of the world9s academic and scien-

tific literature is written in English, so using it as a medium of instruction can give 

students access to a wealth of resources and information that they might not other-

wise have. English is often used as a language of business and commerce, so being 

proficient in it can open up a wide range of career opportunities in international 

settings. For students who are not native English speakers, using EMI can help 

them improve their language proficiency and become more comfortable communi-

cating in English. 

But there are several potential problems that can arise when EMI is used for 

non-native speakers. Non-native speakers may have difficulty understanding and 

expressing themselves in English, which can impact their ability to learn and par-

ticipate in class. They may struggle with vocabulary, grammar, and pronunciation, 

which can make it challenging to comprehend lectures and communicate with 

peers and teachers. Even if students have a basic grasp of English, they may not 

fully understand complex academic concepts and ideas when they are presented in 

English. This can lead to confusion and misunderstandings, which can hinder their 

https://www.alibaba.com/product-detail/long-distance-1000m-1m-measurement-resolution_60526994002.html,%20https:/www.alibaba.com/product-detail/1000m-mini-laser-distance-meter-metal_1600239078927.html
https://www.alibaba.com/product-detail/long-distance-1000m-1m-measurement-resolution_60526994002.html,%20https:/www.alibaba.com/product-detail/1000m-mini-laser-distance-meter-metal_1600239078927.html
https://www.alibaba.com/product-detail/long-distance-1000m-1m-measurement-resolution_60526994002.html,%20https:/www.alibaba.com/product-detail/1000m-mini-laser-distance-meter-metal_1600239078927.html
https://www.alibaba.com/product-detail/long-distance-1000m-1m-measurement-resolution_60526994002.html,%20https:/www.alibaba.com/product-detail/1000m-mini-laser-distance-meter-metal_1600239078927.html
https://www.leishenlidar.com/wp-content/uploads/2022/03/LS30MVA.pdf
https://www.leishenlidar.com/wp-content/uploads/2022/03/LS30MVA.pdf
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learning. Non-native speakers may also struggle to understand cultural references 

and norms that are embedded in the English language. This can make it difficult 

for them to fully engage with the material and feel comfortable in the classroom. 

Teachers who are not native English speakers themselves may also struggle with 

using EMI. They may have difficulty communicating complex ideas, explaining 

concepts clearly, and providing feedback to students. The use of EMI can create 

inequalities in the classroom, as students who are not proficient in English may 

struggle to keep up with their peers. This can lead to feelings of frustration and 

disengagement, and may ultimately impact their academic success. 

Vice versa, positive emotions improve the assimilation of knowledge. Posi-

tive learning emotions include interest, curiosity, wonder, passion, creativity, en-

gagement and joy [2]. When one experiences positive emotions during the learning 

process, it can activate the brain9s reward system, leading to a desirable experience 

while enhancing focus and attention. Such emotional states can also broaden a 

student9s perspective, allowing them to see alternatives, persist through challenges, 

and effectively respond to criticism and failure. 

Gamification can be a useful tool for supporting English language learning 

when it is used as a medium of instruction. Here are a few ways that gamification 

can help. 

Games can be highly engaging and motivating, which can help students stay 

interested and invested in their language learning [3]. By incorporating game ele-

ments like points, levels, and rewards, students can feel a sense of progress and 

achievement as they improve their English skills. 

Games often require active participation and problem-solving, which can 

help students practice and reinforce their English language skills in a fun and inter-

active way. This can be especially beneficial for students who may struggle with 

more passive learning approaches like lectures and reading. 

Games can provide a rich and immersive context for language learning, 

which can help students better understand and remember English vocabulary and 

grammar. By incorporating English language learning into game scenarios and 

narratives, students can practice using English in context and develop their lan-

guage skills in a more natural and meaningful way. 

Games can promote collaboration and competition among students, which 

can encourage them to work together and support each other9s learning. By playing 

games together, students can practice communicating in English and develop their 

teamwork and social skills. 

We want to share our experiences of teaching disciplines as <Web-design=, 
<Fundamentals of technologies= and <Computing equipment and microcontrollers= 
in the EMI-format. 
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Such games as puzzles, crosswords and grouping of synonyms help to con-

solidate terminology. The "find a pair" task is well suited for memorizing equip-

ment and technological processes. 

Working in randomly created groups improves communication skills. 

The task of listening to the material and then affirming or denying certain 

statements increases students9 attention. 

The game approach in classes does not replace classical learning, but it helps 

to get positive emotions and reduce the anxiety of students studying according to 

the EMI-format. 
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Digital Twins <VAB8BP 0?0@0B=V B0 ?@>3@0<=V :><?>=5=B8 7 ?@><V6=8< ?@>-
3@0<=8< 70157?5G5==O< 4;O C?@02;V==O 40=8<8 <V6 =8<8. �AV FV =0?@0FN20==O 
<>6=0 C7030;P=8B8 4> 45:V;P:>E 0@EVB5:BC@[2]: 2V4:;NG5=89 Digital Twin, ?V4:-
;NG5=89 Digital Twin, 21C4>20=89 Digital Twin, 03@53>20=89 Digital Twin.  

$>73;O=5<> 45B0;P=VH5 >A>1;82>ABV =02545=8E 0@EVB5:BC@.  
�V4:;NG5=89 Digital Twin O2;Oє A>1>N B0:89 Digital Twin, O:89 =5 <0є 

?@O<>3> 79є4=0==O 7V A2>єN DV78G=>N :>?VєN, B>1B> <>65 >B@8<C20B8 V=D>@-
<0FVN ;8H5 70 4>?><>3>N 01> 7>2=VH=VE 70A>1V2, O:V 7=V<0NBP ?>:070==O 7 
DV78G=>3> >19є:B0, :>;8 F5 <>6;82>, 01> WE 2=>A8BP ;N48=0, ?VA;O B>3> O: A0< 
>B@8<0є CAV =5>1EV4=V 40=V. &0:89 A?>AV1 ?>1C4>28 Digital Twin E0@0:B5@=89 
4;O B0:8E ?@8AB@>W2, O:V =5 <0NBP A2>3> >1G8A;N20;P=>3> ?@8AB@>N, B0 :>;8 
=02VBP CAB0=>2:0 >:@5<>3> >1G8A;N20;P=>3> ?@8AB@>N =5 є 4>FV;P=>N, B>1B> 
A0< ?@8AB@V9 @>7@0E>20=89 =0 ?@0FN C ?>30=8E :;V<0B8G=8E 01> =02:>;8H-
=VE C<>20E, O:V C =09?5@HC G5@3C 1C4CBP ?>30=> 2?;820B8 =0 A0<V >1G8A;N20-
;P=V ?@8AB@>W, 01> 2 7030;V 702060B8 =>@<0;P=><C 28:>@8AB0==N ?@8AB@>N. 

#V4:;NG5=89 Digital Twin F5 B0:89 Digital Twin, O:89 ?>28=5= <0B8, O: 
=09<5=H5, >4=5 ?V4:;NG5==O, 729O7:>289 :0=0;, G5@57 O:89 V 1C45 >1<V=N20-
B8AO V=D>@<0FVєN 7V A2>N DV78G=>N :>?VєN. ' B0:><C 284V ?>1C4>28 Digital 
Twin, >1G8A;N20;P=89 ?@8AB@V9 є >:@5<>N A8AB5<>N.  

�1C4>20=89 Digital Twin, O: V A;V4Cє 7 9>3> =0728, <>65 28:>@8AB>2C20-
B8AO BV;P:8 C B8E ?@8AB@>OE, O:V 265 <0NBP >1G8A;N20;P=89 ?@8AB@V9, O:89 C 
<091CB=P><C V 1C45 28:>@8AB>2C20B8AO 4;O CAVE =5>1EV4=8E @>7@0EC=:0E. 
 V=CA>< FVєW 0@EVB5:BC@8 є B5 I>, 2 ?5@HC G5@3C 4;O @>1>B8 Digital Twin 
1C4CBP 28:>@8AB>2C20B8AO @5AC@A8 A0<>3> ?@8AB@>N, I> <>65 ?>30=> 2?;8-
=CB8 =0 9>3> @>1>BC, O:I> 70740;53V4P, I5 ?@8 ?>1C4>2V A0<>3> ?@8AB@>N, =5 
2@0E>2C20B8 F59 <><5=B. �8:>@8AB>2C20B8AO 40=0 0@EVB5:BC@0 <>65 4;O B>3> 
I>1 70740;53V4P ?5@5410G8B8 <>6;82V 71>W, B0 <V=V<V7C20B8 2B@0B8 O: C 3@>-
H0E 2 7030;V, B0: V C G0AV, =0 O:89 <>65 7C?8=8AO @>1>B0 ?@8AB@>N, 4;O 9>3> 
@5<>=BC B0 >1A;C3>2C20==O.  

�3@53>20=89 Digital Twin, C FV9 0@EVB5:BC@V, Digital Twin A:;040єBPAO A 
V=H8E Digital Twin, B>1B> 4>GV@=VE 5;5<5=BV2, O:V A0<V ?> A>1V <>6CBP O2;OB8-
AO Digital Twin ?>1C4>20=8<8 =0 4> FP>3> ?5@5@0E>20=8E 0@EVB5:B>@0E. *59 
A?>AV1 ?>1C4>28 4>72>;Oє @>7H8@N20B8 B0 1C4C20B8 Digital Twin <0965 1C4P 
O:>W A:;04=>ABV, B0: O: 70 =5>1EV4=VABN, G8 ?@8 =5 4>AB0B:C >1G8A;N20;P=>W 
?>BC6=>ABV Digital Twin <>6=0 @>74V;8B8 4> 1C4P O:8E 5;5<5=BV2, 7 O:8<8 
265 є <>6;82VABN ?@0FN20B8 =0 40;V. !091V;PH5 FO 0@EVB5:BC@0 ?V4E>48BP 
4;O ?>1C4>28 Digital Twin A:;04=8E, <0A82=8E >19є:BV2, 01> FV;8E 28@>1=8-
G8E A8AB5<, B0:8E O: ?@><8A;>289 F5E, 01> =02VBP FV;89 702>4. 

�0;V =02545=> 0@EVB5:BC@C ?V4:;NG5=>3> Digital Twin, O:C 1C45<> 28:>-
@8AB>2C20B8 4;O @50;V70FVW @>1>B0-@OBV2=8:0, AE5<0B8G=5 7>1@065==O 0@EVB5:-
BC@8 =02545=> =0 @8A. 1. 
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$8AC=>: 1 3 �@EVB5:BC@0 ?V4:;NG5=>3> Digital Twin 

� @>1>BV 28:>=0=> >3;O4 B0 4>A;V465==O 0@EVB5:BC@ Digital Twins: 2V4:-
;NG5=89 Digital Twin, ?V4:;NG5=89 Digital Twin, 21C4>20=89 Digital Twin B0 
03@53>20=89 Digital Twin. �;O @50;V70FVW @>1>B0-@OBV2=8:0 1C;> >1@0=> 0@EV-
B5:BC@C ?V4:;NG5=>3> Digital Twin. 
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?>@V7P:0 ?>;VB5E=V:0» ?@0FNє 70 7<VH0=>N D>@<>N =02G0==O. !060;P, 1V;P-
HC G0AB8=C ?@0:B8G=8E @>1VB 4>2>48BPAO 28:>=C20B8, 28:>@8AB>2CNG8 48A-
B0=FV9=V <5B>48 =02G0==O, 2 >A=>2V O:8E ;568BP :>=B@>;P>20=0 B0 FV;5A?@O-
<>20=0, V=B5=A82=0 A0<>ABV9=0 @>1>B0 ABC45=B0, O:89 <>65 =02G0B8AO C 1C4P-
O:><C <VAFV, 70 C73>465=8< 7 28:;040G0<8 @>7:;04>< (157 2V42V4C20==O =02-
G0;P=>3> 70:;04C).  

#V4 G0A 48AB0=FV9=>3> 28:>=0==O ?@0:B8G=8E @>1VB 7 48AF8?;V=8 
«#@>є:BC20==O <V:@>:>=B@>;5@=8E ?@8AB@>W2» B0 «#@0:B8:8 =02G0;P=>W 7 
?@>є:BC20==O <V:@>:>=B@>;5@=8E ?@8AB@>W2» 4;O ABC45=BV2 ��� :C@AC A?5FV0-
;P=>AB59 «�2B><0B870FVO B0 :><?9NB5@=>-V=B53@>20=V B5E=>;>3VW» V 
«�><?9NB5@=0 V=65=5@VO» C 2022-<C @>FV ?>G0;0 28:>@8AB>2C20B8AO online-
?;0BD>@<0 TinkerCAD, O:0 70@07 =0;568BP =092V4><VHV9 :><?0=VW A2VBC CAD-

A8AB5< 3 Autodesk. 

$0=VH5 ?V4 G0A 48AB0=FV9=>3> =02G0==O 7 40=8E 48AF8?;V= 28:>@8AB>2C-
202AO ?@>3@0<=89 ?0:5B 4;O ?@>є:BC20==O 02B><0B87>20=8E 5;5:B@>==8E 
AE5<  Proteus VSM. 

!54>;V:>< 28:>@8AB0==O Proteus ISIS ?V4 G0A 48AB0=FV9=>3> =02G0==O є 
B5, I> ?0:5B є :><5@FV9=8<, 0 157:>HB>2=0 25@AVO 4;O >7=09><;5==O E>G0 V 
E0@0:B5@87CєBPAO ?>2=>N DC=:FV>=0;P=VABN, 0;5 =5 <0є <>6;82>ABV 715@5-
65==O D09;V2. 

�8:>@8AB0==O ?;0BD>@<8 TinkerCAD >1C<>2;5=5 <>6;82VABN AB2>-
@5==O 5;5:B@>==8E AE5< V ?V4:;NG5==O WE 4> A8<C;OB>@0 2V@BC0;P=>W ?;0B8 
Arduino, O:0 <VAB8BP <V:@>:>=B@>;5@8 AV<59AB20 AVR. *V 2:@09 206;82V B0 
?>BC6=V  V=AB@C<5=B8 4>72>;ONBP VAB>B=> ?>;53H8B8 ABC45=B0< ?@>F5A =02-
G0==O, ?@>5:BC20==O B0 ?@>3@0<C20==O =>28E AE5<. 

TinkerCAD (@8A. 1) <0є ACBBє2V ?5@52038 C 28:>@8AB0==V ?5@54 V=H8<8 
?;0BD>@<0<8 B0 A8<C;OB>@0<8. �>;>2=5, I> 4;O @>1>B8 online-?;0BD>@<8 =5 
?>B@V1=> =VG>3>, :@V< 1@0C75@0 B0 AB0;>3> V=B5@=5BC, ?@0FN20B8 <>6=0 O: 7 
:><?9NB5@0, ?;0=H5B0, B0: V 7V A<0@BD>=C. !5<0є =5>1EV4=>ABV 7020=B06C20B8 

?@>3@0<=5 70157?5G5==O, 0465 4;O @>1>B8 C A8<C;OB>@V 4>AB0B=P> 70@5єAB@C-
20B8AO =0 ?;0BD>@<V, 28:>@8AB>2CNG8 A2V9 Google-0:0C=B (O:89 є C :>6=>3> 
ABC45=B0 B0 28:;040G0 =0H>3> :>;546C). #;0BD>@<0 є ?>2=VABN 157:>HB>2-
=>N C :>@8ABC20==V. 
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$8AC=>: 1 3 �@0DVG=89 @540:B>@ TinkerCAD 

#@0FN20B8 C TinkerCAD 7@CG=>, B><C I> 2 =0O2=>ABV є 7@CG=89 3@0DVG-
=89 @540:B>@ 4;O 2V7C0;P=>W ?>1C4>28 5;5:B@>==8E AE5< B0 2AB0=>2;5=89 
=01V@ <>45;59 1V;PH>ABV ?>?C;O@=8E 5;5:B@>==8E :><?>=5=BV2, 2V4A>@B>20-
=8E 70 B8?0<8 :><?>=5=BV2. #@>AB> V 7@CG=> ?@>2>48B8 A8<C;OFVN 7024O:8 
A8<C;OB>@C 5;5:B@>==8E AE5<, 70 4>?><>3>N O:>3> <>6=0 ?V4:;NG8B8 AB2>-
@5=89 2V@BC0;P=89 ?@8AB@V9 4> 2V@BC0;P=>3> 465@5;0 682;5==O B0 ?@>AB568-
B8, O: 2V= ?@0FN20B8<5; 0 B0:>6 2 =0O2=>ABV ?@8ACB=V A8<C;OB>@8 40BG8:V2 B0 
V=AB@C<5=BV2 7>2=VH=P>3> 2?;82C, <>6;82> 7<V=N20B8 ?>:078 40BG8:V2, AB5-
60G8 70 B8<, O: =0 =8E @503Cє A8AB5<0. 

�8:>=C20B8 ?@0:B8G=V @>1>B8 7 28I5?5@5@0E>20=8E ?@54<5BV2 ?@>AB>, 
7@>7C<V;> V ;53:>, B><C I> C TinkerCAD є 21C4>20=89 @540:B>@ Arduino 7 
<>=VB>@>< ?>@BC B0 <>6;82VABN ?>:@>:>2>3> =0;03>465==O; 0 B0:>6 3>B>2V 
4;O @>73>@B0==O ?@>5:B8 Arduino 7V AE5<0<8 B0 :>4><; ?@8ACB=V9 2V7C0;P=89 
@540:B>@ :>4C Arduino. �>40B:>2> C ?;0BD>@<V VA=CNBP 21C4>20=V ?V4@CG=8:8 
B0 25;8G57=0 A?V;P=>B0 7 :>;5:FVєN 3>B>28E ?@>5:BV2.  

�;O 28:;040GV2 є <>6;82VABP AB2>@5==O 2V@BC0;P=8E :;0AV2, 45 4C65 
7@CG=> A?>AB5@V30B8 70 ?>5B0?=>N V=482V4C0;P=>N @>1>B>N ABC45=BV2 =04 
?@>є:B0<8. 
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'�� 004.896: 621.37/.39 
�>E0= ".�.1, ЄD8<5=:>  .�.2 

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

�")�! ".�., Є(� �!�"  .�. 
�#$"�����!!/ ��� �!&�� ,&'+!"�" �!&����&' ' 
&�)!"�"��. $"�$"��� �!&�$��&��!�) ����&$"!!�) 

&�)!�+!�) ��$��!�*&� $���"&�)!�+!�) &�  �)�&$"!!�) 
%�%&�  � �"#"�!�!". $���Ь!�%&.  

�?@>20465==O 5;5<5=BV2 HBCG=>3> V=B5;5:BC (,�) C B5E=>;>3VN @>7@>-
1:8 V=B5@0:B82=8E 5;5:B@>==8E B5E=VG=8E :5@V2=8FB2 (��&�) @04V>B5E=VG=8E 
B0 <5E0B@>==8E A8AB5< 7 4>?>2=5=>N @50;P=VABN (�$) - 0:BC0;P=0 ?@>1;5<0 2 
ACG0A=V9 B5E=VG=V9 =0CFV. ,� 3 >@30=V7>20=0 AC:C?=VABP V=D>@<0FV9=8E B5E-
=>;>3V9, V7 70AB>AC20==O< O:>W <>6;82> 28:>=C20B8 A:;04=V :><?;5:A=V 70-
240==O H;OE>< 28:>@8AB0==O A8AB5<8 =0C:>28E <5B>4V2 4>A;V465=P V 0;3>@8-
B<V2 >1@>1:8 V=D>@<0FVW, >B@8<0=>W 01> A0<>ABV9=> AB2>@5=>W ?V4 G0A @>1>B8, 
0 B0:>6 AB2>@N20B8 B0 28:>@8AB>2C20B8 2;0A=V 1078 7=0=P, <>45;V ?@89=OBBO 
@VH5=P, 0;3>@8B<8 @>1>B8 7 V=D>@<0FVєN B0 287=0G0B8 A?>A>18 4>AO3=5==O 
?>AB02;5=8E 70240=P [1]. ,� <>6=0 28:>@8AB>2C20B8 4;O 02B><0B870FVW ?@>-
F5AC AB2>@5==O, >=>2;5==O B0 ?V4B@8<:8 ��&�, I> @>18BP WE 1V;PH 5D5:B82-
=8<8 B0 7@CG=8<8 4;O :>@8ABC20G0.  

&5E=>;>3VO 28:>@8AB>2Cє ?>є4=0==O, ?@>3@0<=>3> 70157?5G5==O 7V HBC-
G=8< V=B5;5:B><, V=B5@=5B>< @5G59 B0 4>?>2=5=>W @50;P=>ABV, I> =040є <>6-
;82VABP AB2>@N20B8 V=482V4C0;P=V V=B5;5:BC0;P=V @VH5==O 4;O >?B8<V70FVW B0 
?>:@0I5==O >?5@0FV9 7 >1A;C3>2C20==O >1;04=0==O. "4=VєN V7 ?5@5203 28:>-
@8AB0==O ,� є 740B=VABP 040?BC20B8AO 4> ?>B@51 :>@8ABC20G0, I> 4>72>;Oє 
70157?5G8B8 <0:A8<0;P=> :><D>@B=V C<>28 28:>@8AB0==O ��&�. ,� 28@VHCє 
7040GV: 0=0;V7 70?8BV2 :>@8ABC20G0 B0 28O2;Oє ?><8;:8 2 =8E, I> 4>72>;Oє 
70?@>?>=C20B8 :>@8ABC20G52V ?@028;P=5 28:>=0==O 4VW.  

�030;>< ,� <>65 1CB8 ?>BC6=8< V=AB@C<5=B>< 4;O >?B8<V70FVW ?@>F5-
AV2 C ?@>AB>@>28E >1G8A;5==OE. #@>B5, 2?@>20465==O ,� 2 ��&� B0:>6 28<0-
30є 28@VH5==O ?8B0=P 70157?5G5==O 157?5:8 B0 :>=DV45=FV9=>ABV 40=8E :>@8-
ABC20G0. #@8 FP><C =5>1EV4=> @>7@>18B8 5D5:B82=V <5B>48 70E8ABC V=D>@<0-
FVW 2V4 =5A0=:FV>=>20=>3> 4>ABC?C 4> 40=8E :>@8ABC20G0. 

� >AB0==V9 G0A FP><C <5B>4C ?@84V;OєBPAO 7=0G=0 C2030 2 1030BP>E ?@>є:-
B0E, A5@54 O:8E <>6=0 284V;8B8 B0:V, O: @>7@>1:0 A8AB5<8 02B><0B8G=>3> AB2>-
@5==O ��&� 7 28:>@8AB0==O< <5B>4V2 <0H8==>3> =02G0==O [2] B0 @>7@>1:0 <5B>-
4V2 70E8ABC 2V4 =5A0=:FV>=>20=>3> 4>ABC?C 4> 40=8E :>@8ABC20G0 2 ��&� [3]. 

#>B5=FV0; 28:>@8AB0==O @VH5=P =0 >A=>2V ,� BV;P:8 ?>G8=0є @50;V7>2C-
20B8AO. "A:V;P:8 B5E=>;>3VO ?@>4>26Cє @>72820B8AO, 2>=0 2V4:@8є =>2V <>6-
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;82>ABV 4;O 4>A;V465=P. �030;>< 70AB>AC20==O B5E=>;>3V9 ,� =040є 157?@5F5-
45=B=V <>6;82>ABV >45@6C20B8 FV==C V=D>@<0FVN 7V A2>WE 40=8E. %:>@>GCNG8 
G0A V 7CA8;;O, =5>1EV4=V 4;O 0=0;V7C B0 V=B5@?@5B0FVW 40=8E, A?@8ONG8 :@0I>-
<C ?@89=OBBN @VH5=P V ?V428ICNG8 B>G=VABP ?@>3=>7V2. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. $>7?>@O465==O �01V=5BC  V=VAB@V2 ':@0W=8 «#@> AE20;5==O �>=F5?-
FVW @>728B:C HBCG=>3> V=B5;5:BC 2 ':@0W=V», �>=F5?FVO 2V4 02.12.2020 № 
1556-@., ?>B>G=0 @540:FVO 3 $540:FVO 2V4 29.12.2021. 

2. Gholami M, Rezazadeh J, Moosavi A. An intelligent e-learning platform 

for medical education using machine learning techniques. Journal of Biomedical 

Informatics. 2018; 88:71-80. 

3. D. V. Kuts, S. V. Porshnev, The features of mandatory access control 

model in modern unauthorized access data protection tools, January 2020, 

doi:10.14529/secur200303. 

 

 

'�� 003.26.09 
 0;89 "...1, #V@>65=:> ".". 2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A8AB. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

 ���� "..., #І$"��!�" ".". 
 �&"� �"�'��!!/ %��!��' ��/ ��)�%&' ��� 

#�$�)"#��!!/ ��$'��!!/ �#�� 

' ACG0A=><C A2VBV H284:> @>72820NBPAO B5E=>;>3VW 157?V;>B=8E ;VB0;P-
=8E 0?0@0BV2 (�#��). �>=8 7=0E>4OBP 70AB>AC20==O C AV;PAP:><C 3>A?>40@AB-
2V, 3V@=8G>4>1C2=>W ?@><8A;>2>ABV, 1C4V2=8FB2V, ;VA=8G><C A5:B>@V, AD5@V 
@>7203, 4;O =0C:>28E 4>A;V465=P B0 4;O 2V9AP:>28E FV;59. 

'AV 0?0@0B8 :5@CNBPAO 7 45O:>3> 2V440;5=>3> ?C;PB0 C?@02;V==O - F5 40є 
<>6;82VABP ?5@5E>?8B8 :5@C20==O, O:5 74V9A=NєBPAO ?> @04V>:0=0;C V 7<CA8-
B8 157?V;>B=89 ;VB0;P=89 0?0@0B 28:>=C20B8 A?>B2>@5=5 70240==O. �06;82>N 
?@>1;5<>N 28:>@8AB0==O 157?V;>B=8E ;VB0;P=8E 0?0@0BV2 є 70E8AB 40=8E. 

' �#�� 2V9AP:>2>3> ?@87=0G5==O 0:BC0;P=VABP 70E8ABC V=D>@<0FVW <0є 
=0928I5 7=0G5==O. %;01> 70E8I5=V A8AB5<8 є 25;8:>N 703@>7>N 4;O 2AVєW 
:@0W=8. �>=8 <>6CBP 1CB8 7;0<0=V B0 ?5@5?@>DV;P>20=V 4;O H?83C=AB20, =0-
40==O =54>AB>2V@=>W V=D>@<0FVW 01> =02VBP =0=5A5==N C40@V2 ?> A2>W< 
>19є:B0< 2V9AP:>2>W 01> F82V;P=>W V=D@0AB@C:BC@8. 

#@8:;04>< ?5@5E>?;5==O :5@C20==O �#�� є GPS-A?CDV=3. #@8=F8?>< 
4VW GPS-A?CDV=3C є 2V4?@02:0 =0 GPS 40BG8: 702V4><0 A?>B2>@5=8E 40=8E 4;O 
287=0G5==O E81=>3> <VAF5?>;>65==O. 
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�#�� 28:>@8AB>2Cє GPS-A8AB5<C =0 >A=>2V ;>:0;V70FVW B0 A8=E@>=V7C-
єBPAO V7 AC?CB=8:0<8. �;>2<8A=8: ?>G8=0є ?>A8;0B8 2;0A=V A83=0;8, I> 7<C-
HCNBP 65@B2C A8=E@>=V7C20B8AO 7 =>28<8, E81=8<8 A83=0;0<8. �;>2<8A=8: 
<>65 70B@8<0B8 A83=0;8 01> =04VA;0B8 WE ?5@54G0A=>. +5@57 2V4ACB=VABP <5-
E0=V7<V2 02B5=B8DV:0FVW 2V= <>65 7<V=8B8 7<VAB A83=0;V2 GPS, I> ?@89<0NBP-
AO, 01> 4>2V;P=> 35=5@C20B8 V<VBCNGV A83=0;8 7 28:>@8AB0==O< ?0@0<5B@V2 
?C1;VG=8E GPS. �;>2<8A=8: =5 <>65 35=5@C20B8 4VNGV A83=0;8 GPS, 0;5 <>-
65 70E>?;N20B8 B0 ?5@54020B8 VA=CNGV. 

 5E0=V7<8 A?CDV=3C B0 0=B8A?CDV=3C @>73;O40NBPAO 2 ACG0A=8E 4>40B-
:0E GPS O: =09206;82VHV 0A?5:B8. 

�0E>48 70E8ABC, 2AB0=>2;5=V C ?@>3@0<=><C 70157?5G5==V =0 GPS ?@89-
<0G0E, <>6CBP 1CB8 73@C?>20=V 70 B0:8<8 :0B53>@VO<8: 

3 0<?;VBC4=0 =52V4?>2V4=VABP; 
3 =52V4?>2V4=VABP G0AC >B@8<0==O A83=0;C; 
3 ?5@5E@5A=0 ?5@52V@:0 2<VABC V=5@FV9=>3> 28<V@N20;P=>3> ?@8AB@>N 

(IMU); 

3 ?>;O@870FV9=0 ?5@52V@:0; 
3 ?5@52V@:0 :CB0 ?@8E>4C A83=0;C; 
3 :@8?B>3@0DVG=0 02B5=B8DV:0FVO. 
�;O ?V428I5==O 70E8ABC 2V4 =5A0=:FV>=>20=>3> ?5@5E>?;5==O 70 @0EC-

=>: 2V4:@8B>3> :0=0;C 729O7:C �#�� 7 ?C;PB0 C?@02;V==O, @>73;O40єBPAO 70-
AB>AC20==O <5B>4C ?5@5AB0=>2>G=>3> 45:>4C20==O 2 :0=0;V 729O7:C. 

#@>?>=CєBPAO <5B>4 AE>689 =0 <5B>4 45:>45@0, :>;8 2 1;>FV ?@89><C 
?5@H89 28EV4 O:>3> G5@57 ?>A;V4>2=> 2:;NG5=V 1;>: <9O:8E @VH5=P A8<2>;V2, 
=0:>?8GC20G >FV=>: V 1;>: C?>@O4:C20==O >FV=>: ?V4:;NG5=89 4> ?5@H>3> 
2E>4C 1;>:C 5:2V20;5=B=>3> :>4C, 4@C389 28EV4 O:>3> ?V4:;NG5=89 4> V=H>3> 
2E>4C 1;>:C ?>@V2=O==O B0 72>@>B=8E ?5@5AB0=>2>:, 28EV4 O:>3> ?V4:;NG5=89 
4> 4@C3>3> 2E>4C 1;>:C 28?@02;5==O AB8@0==O, ?@8 FP><C 4@C389 28EV4 1;>:C 
?@89><C ?V4:;NG5=89 4> ?5@H>3> 2E>4C 28?@02;5==O 1;>:C AB8@0==O. 

$>73;O=5<> =0 ?@8:;04V :>4C )5<<V=30 (7, 4, 3) 7 VAB8=>N <0B@8F5N, I> 
?>@>46Cє G 284C: 

   

%B>2?FV VAB8=>N <0B@8FV G =C<5@CNBPAO 2V4 1 4> 7 7;V20 =0?@02>. !5E09 
?5@54020G ?5@540є V=D>@<0FV9=89 25:B>@ VV=D = 1010, B>4V :0=0; 729O7:C 
1C45 2V4?@02;5=89 25:B>@ V:0= = VV=D × G =1010011. !5E09 25:B>@ ?><8;>: 
V5 <0є 283;O4 V5 =1100100. ' E>4V DV:A0FVW 25:B>@0 ?@89><C V?@ 2 1;>FV 
?@89><C 1 V 28@>1;5==O 4;O :>6=>3> 1VB0 FP>3> 25:B>@0 <9O:8E @VH5=P 2 
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1;>FV <9O:8E @VH5=P A8<2>;V2 2 2 =0:>?8GC20GV >FV=>: 3 DV:ACєBPAO ?>A;V4>-
2=VABP 6>@AB:8E @VH5=P A8<2>;V2 V 2V4?>2V4=8E FV;8E  $% 284C: 

   

#>A;V4>2=VABP  $% C 1;>FV 2 D>@<CєBPAO 70 ?@028;>< ,  

45 p 3 V=B5@20; AB8@0==O; E2 3 5=5@3VO A83=0;C, I> ?@8?040є >4=VєN 
V=D>@<0FV9=89 1VB; Z 3 @V25=P ?@89=OB>3> <>4C;P>20=>3> ?0@0<5B@0 
(A83=0;C); λmax 3 DV:A>20=0 >FV=:0  $% 7 <0:A8<0;P=8< 7=0G5==O<, O: 
?@028;>, I> 287=0G0єBPAO :>=AB@C:B>@>< 45:>45@0. 

#VA;O FP>3> 2V41C20єBPAO >19є4=0==O =><5@V2 =530B82=8E B0 ?>78B82=8E 
@VH5=P, I> @0=6CNBPAO. #>@V2=NNG8 7=0G5==O 7 @0=68@>20==O<8 ?>78B82-
=8<8 @VH5==O<8, 45:>45@ 7=0E>48BP 0=0;>3VG=C :><1V=0FVN 2 ?0<9OBV V ?@8A-
BC?0є 4> D>@<C20==O <0B@8FV ?>@>46C20;P=>W <0B@8FV 5:2V20;5=B=>3> :>4C. 

�0?@>?>=>20=89 <5B>4 ?>2=>N <V@>N 28:>@8AB>2Cє 2;0AB82VABP ;V=V9-
=8E ?5@5B2>@5=P <0B@8FP V A:>@>GCє >1AO3 ?0<9OBV 4;O 715@V30==O 5B0;>==8E 
<0B@8FP 2  @07V2. #@8 FP><C <0:A8<0;P=> 28:>@8AB>2CєBPAO 225-
45=0 2 :>4 =04<V@=VABP V 28:;NG0NBPAO B0:V <0B@8G=V >?5@0FVW O: >1G8A;5==O 
287=0G=8:V2 V ?>40;PH89 ?>HC: <0B@8FP 5:2V20;5=B=8E :>4V2, I> ?>@>46C-
NBP, V ?>40;PH>3> ?@82545==O WE 4> A8AB5<0B8G=>W D>@<8. 

�0AB>AC20==O FP>3> ?@8=F8?0 4>72>;Oє AB2>@8B8 2 ?0<9OBV 45:>45@0 
>19є:B82=89 >1@07 @50;P=8E :><0=4, 7<VAB O:8E 28<030B8<5 4>40B:>28E 7C-
A8;P 4;O @>7:@8BBO ACBV :><0=48. 

' @57C;PB0BV >B@8<Cє<> 70H8D@>20=89 :0=0; 729O7:C, O:89 70157?5GC20-
B8<5 157?5G=C @>1>BC �#�� 2V4 GPS-A?CDV=3C. 
 

 

'�� 681.5 
�>9:> �.".1 
1 ABC4. 3@. $&-612< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

�;5:B@><>1V;P 3 F5 02B><>1V;P, O:89 @CE0єBPAO 70 4>?><>3>N >4=>3> 
01> 45:V;P:>E 5;5:B@>4283C=V2 7 682;5==O< 2V4 02B>=><=>3> 465@5;0 
5;5:B@>5=5@3VW, 0 =5 4283C=0 2=CB@VH=P>3> 73>@0==O.  

#>H8@5==N 5;5:B@>B@0=A?>@BC A?@8Oє @>71C4>20 >@30=V70FV9=>-
B5E=VG=>W V=D@0AB@C:BC@8. �0;CG5==O 5;5:B@><>1V;V2 4> 0:B82=>W CG0ABV 2 
@8=:C 5;5:B@>5=5@3VW AB2>@Nє >A=>2C 4;O O:VA=>W B@0=AD>@<0FVW @8=:C B0 
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?5@5E>4C 4> =>2>W 5=5@35B8G=>W <>45;V 3 @>7?>4V;5=>W 01> 45F5=B@0;V7>20=>W 
5=5@35B8:8. &><C <5B>N @>1>B8 AB0;> ?@>2545==O 0=0;V7C >A>1;82>AB59 
5;5:B@><5E0=VG=>3>  :><?;5:AC 5;5:B@><>1V;O 4;O 28O2;5==O 28<>3 4> 
C4>A:>=0;5=>W B0:>W A8AB5<8. 

%0< D0:B 157?5@5@2=>ABV 28@>1=8FB20 5;5:B@>5=5@3VW B0 ?>ABV9=V 
:>;820==O ?>BC6=>ABV 2 A8AB5<V AB2>@NNBP ?>B@51C 2 70?@>20465==V 
45F5=B@0;V7>20=8E B5E=>;>3V9 4;O 02B><0B87>20=>3> 10;0=AC20==O ?@>?>78FVW 
B0 ?>?8BC 3 B0: 720=8E V=B5;5:BC0;P=8E <5@56 (smart grids). *5 2 ?>40;PH><C 
=040ABP <>6;82VABP A?>6820G0<, O:V <0NBP <>6;82VABP =0:>?8GC20B8 
5=5@3VN, 7>:@5<0 2 0:C<C;OB>@0E 5;5:B@>:0@V2, 1@0B8 V=:;N782=C CG0ABP 2 
@8=:C 5;5:B@8G=>W 5=5@3VW (:C?;OB8 B0 ?@>4020B8 5;5:B@8G=C 5=5@3VN 2 
F5=B@0;V7>20=><C @8=:C 5;5:B@8G=>W 5=5@3VW, 70;56=> 2V4 @8=:>2>W FV=8, I> 
A:;040B8<5BPAO, =0 ?>3>48==V9 >A=>2V) [1]. !091V;PH ?5@A?5:B82=8< 
=0?@O<:>< C @>728B:C 30;C7V 5;5:B@>:0@V2 є 24>A:>=0;5==O B0 @>7@>1:0 
B5E=>;>3VW 0:C<C;OB>@V2, I>1 7<5=H8B8 28B@0B8 5;5:B@>5=5@3VW =0 ?>W74:C B0 
71V;PH8B8 >19є< 0:C<C;OB>@V2, =5 ?@81V30NG8 4> 71V;PH5==O @>7<V@V2 
5;5:B@><>1V;O; 7<5=H5==O 2V4A>B:C 453@040FVW 10B0@5W ?@8 :>6=><C F8:;V 
@>7@O4C 8 70@O4C; AB2>@5==O 10B0@59, O:V <>6CBP 5D5:B82=> ?@0FN20B8 =02VBP 
?@8 <V=CA>2V9 B5<?5@0BC@V, =5 7<5=HCNG8 A2>3> >19є<C.  

&0:8< G8=>< C4>A:>=0;5=0 A8AB5<0 ?>28==0 70157?5G8B8 ;53:89 
<>=VB>@8=3 40BG8:V2 5;5:B@>:0@0 B0 28:>=0==O 4V03=>AB8:8 A8AB5<8 <0H8=8 
?5@54 ?>G0B:>< 5:A?;C0B0FVW 01> 4;O  ?@>2545==O @5<>=B=8E @>1VB, <8=CNG8 
28:>@8AB0==O root-?@02 B0 @568<C @>7@>1=8:0, I> 4>72>;Oє =02VBP 728G09=8< 
:>@8ABC20G0< >B@8<C20B8 =5>1EV4=C V=D>@<0FVN. �;O FP>3> =5>1EV4=> 
AB2>@8B8 ?@>3@0<C, I> >1@>1;OB8<5 40=V 7 40BG8:V2 5;5:B@>:0@C, 
?@>2>48B8<5 4V03=>AB8:C 02B><>1V;O, >7=09><;5==O 7 B5E=VG=8<8 
E0@0:B5@8AB8:0<8 <0H8=8, B0 282>48B8<5 2AN V=D>@<0FVN =0 5:@0= 
?@8AB@>N :>@8ABC20G0. �@V< FP>3>, B0:5 ?@>3@0<=5 70157?5G5==O ?>28==5 
H284:> B0 :>@5:B=> >1@>1;OB8 B0 282>48 40=V 40BG8:V2 C @50;P=><C G0AV. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. %CG0A=89 AB0= V ?5@A?5:B828 @>728B:C @8=:C 5;5:@><>1V;V2. 3 URL: 

https://www.business-inform.net/export_pdf/business-inform-2020-2_0-pages-

480_485.pdf (40B0 725@=5==O: 17.04.2023). 
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'�� 004.9 
(C@<0=>20 !.�.1, "=8I5=:> �.(.2,  0@G5=:> �.�.3 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. DV7.-<0B. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. $&-610A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

('$ �!"�� !.І., "!�-�!�" �.(.,  �$+�!�" �.�. 
$"�$"���  "���Ь!"�" �!&�$(��%' ��/  
%&$�&���+!"� �$� � #$��!/&&/ $�,�!Ь 

�>A2V4 @>7@>1:8 B0 5:A?;C0B0FVW :><?9NB5@=8E >1G8A;N20;P=8E A8AB5< 
@V7=>3> ?@87=0G5==O ?>:0702, I> WE 5D5:B82=VABP 287=0G0єBPAO =5 ;8H5 O:VA-
BN 70:;045=8E 0;3>@8B<V2, 0;5 9 >1AO3>< 7=0=P, O:V 2>=8 28:>@8AB>2CNBP ?V4 
G0A A2>3> DC=:FV>=C20==O. $50;V70FVO 40=>W :>=F5?FVW ?@825;0 4> @>728B:C 
A?5FV0;V7>20=8E ?@>3@0<=8E A8AB5<, O:V є, A2>3> @>4C, «5:A?5@B0<8» C ?52=V9 
?@54<5B=V9 30;C7V 3 5:A?5@B=8E A8AB5< [1]. 

�;O @>729O70==O 7040G 5:A?5@B=0 A8AB5<0 28:>@8AB>2Cє 7=0==O 5:A?5@-
BV2, 7>A5@5465=V 2 1070E 7=0=P. �=0==O 715@V30NBPAO >:@5<> 2V4 ?@>3@0<=>3> 
:>4C, I> 4>72>;Oє 1C4C20B8 3=CG:V 5:A?5@B=V A8AB5<8, =5 ?@829O70=V 4> :>=:-
@5B=8E ?@8:;04=8E 7040G.  

�0728G09 5:A?5@B=0 A8AB5<0 ?@89=OBBO @VH5=P <0є B0:V A:;04>2V G0AB8=8: 
3 1070 7=0=P 3 F5 :>;5:FVO 7=0=P 2 ?52=V9 >1;0ABV, O:C A8AB5<0 28:>@8A-

B>2Cє 4;O ?@89=OBBO @VH5=P; 
3 V=B5@D59A :>@8ABC20G0 3 F5 70AV1, O:89 4>72>;Oє :>@8ABC20GC 270є<>-

4VOB8 7 A8AB5<>N B0 40є 7<>3C 22>48B8 40==V B0 >B@8<C20B8 @5:><5=40FVW; 
3 <5E0=V7< V=B5@D5@5=FVW 3 F5 ?@>3@0<0, I> 28:>@8AB>2Cє 7=0==O 7 1078 

7=0=P 4;O ?@89=OBBO @VH5=P. 
�:A?5@B=V A8AB5<8 ?@89=OBBO @VH5=P <>6CBP 28:>@8AB>2C20B8AP C @V7-

=8E >1;0ABOE, =0?@8:;04, 2 DV=0=A0E, <548F8=V B0 V=. 
�;O 4>A;V465==O DC=:FV>=C20==O 5:A?5@B=8E A8AB5< 1C;> 28@VH5=> @>-

7@>18B8 70AB>AC=>:, I> 4>?><>65 =02G8B8AP ?@89<0B8 @VH5==O C 5:>;>3VG-
=><C =0?@O<:C, O:89 15@5 4> C2038 5:>=><VG=V =0 A>FV0;P=V >1<565==O. #8-
B0==O >E>@>=8 =02:>;8H=P>3> A5@54>28I0 є 4C65 206;828< [2]. 

�;O @>7@>1:8 1C;0 >1@0=0 ?@>3@0<0 Unity, O:0 40є 7<>3C AB2>@N20B8 
?@>3@0<8 4;O @V7=8E ?;0BD>@<, O: <>1V;P=8E B0: V AB0FV>=0@=8E, 0 B0:>6 
<VAB8BP 25;8:89 =01V@ V=AB@C<5=BV2 4;O @>7@>1:8 ?@>3@0<.  >2>N, =0 O:V9 
1C;> 28@VH5=> 7@>18B8 ?@>є:B, 1C2 >1@0=89 C#. 

%?5@HC 1C;> 28@VH5=> 7@>18B8 ?@>AB89 3@0DVG=89 V=B5@D59A, O:89 4>-
72>;O2 18 B5ABC20B8 :>4. �=B5@D59A 2:;NG0є 3@0DVG=5 2V4>1@065==O AB0B8A-
B8:8 281>@C :>@8ABC20G0, 0 B0: A0<> 5;5<5=B, O:89 40ABP 7<>3C :>@8ABC20G52V 
@>18B8 281V@ C @07V ?5@5<VI5==O FP>3> 5;5<5=B0 ?@02>@CG 01> ;V2>@CG. 
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#VA;O FP>3> @>7?>G02AO ?@>F5A @>7@>1:8 :>4C. %?>G0B:C 1C;> 28@VH5=> 
AB2>@8B8 A:@8?B, O:89 CA?04:>2Cє A2>W 2;0AB82>ABV 7 :;0AC Scriptable Object, 
O:89 4>72>;Oє AB2>@N20B8 >19є:B8 40=8E, 0 B0:>6 715@V30B8 WE C 283;O4V @5AC-
@AV2, I> =040є 7<>3C 715@53B8 2 A>1V 2AV =0;0HBC20==O 5;5<5=B0 281>@C V 
7@>18B8 @V7=V 20@V0=B8. 

�0;V 1C2 AB2>@5=89 A:@8?B, O:89 @50;V7>2C202 C?@02;V==O 5;5<5=B>< 
281>@C, B0:V O: ?5@5<VI5==O, 0 B0:>6 287=0G5==O AB>@>=8, 2 O:C 2V= 1C2 ?5-
@5<VI5=89. !0 4>40B>: 4> FP>3> A:@8?BC 1C;> AB2>@5=> :V;P:0 4>40B:>28E. 
"48= 7V A:@8?BV2 70 4>?><>3>N :>@CB8= 4>72>;Oє AB2>@N20B8 ?;02=5 730A0==O 
B0 ?>O20 B0:8E 5;5<5=BV2, O: B5:AB B0 5;5<5=B 281>@C. 

&0:>6 1C;> 28@VH5=> 2=5AB8 7<V=C 4> V=B5@D59AC, I> A?@>AB8BP 270є-
<>4VN :>@8ABC20G0 7 4>40B:><, V @07>< V7 F8< V=B5@D59A AB02 040?B82=8< ?V4 
@V7=V @>7<V@8 ?@8AB@>W2. 

#VA;O ?>2=>W ?5@5@>1:8 V=B5@D59AC 1C;> 28@VH5=> 4>40B8 ?V4B@8<:C :V-
;P:>E <>2, B0:8E O: C:@0W=AP:0 B0 0=3;V9AP:0 (@8A.1). �;O FP>3> 4>25;>AO 
A:>@8AB0B8AO Unity Package, 0 A0<5 Localization. #VA;O ?V4:;NG5==O FP>3> 
?;03V=0 1C;> =5>1EV4=> AB2>@8B8 D09;8 ;>:0;V70FVW, 0 B0:>6 B01;8FV, 2 O:8E 
2:070=V D@078 @V7=8<8 <>20<8. #5@5<8:0==O <>28 <>6=0 74V9A=8B8, =0B8A-
=C2H8 =0 2V4?>2V4=89 ?@0?>@ C <5=N =0;0HBC20=P.  >2>N 70 70<>2GC20==O< 
є C:@0W=AP:0. 
 

   
0    1 

$8AC=>: 1 3 �V:=> 3CG=>ABV <C78G=>3> AC?@>2>4C 3@8 ?@8 281>@V @V7=8E <>2 

0 3 0=3;V9AP:89 20@V0=B; 1 3 C:@0W=AP:89 20@V0=B. 
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$07>< V7 ;>:0;V70FVєN B0:>6 1C;> 4>40=> :V;P:0 <V=>@=8E 2V7C0;P=8E 
7<V=, B0:8E O: =525;8:89 ?>2>@>B 5;5<5=B0 281>@C 2 B>9 1V:, C O:89 2V= 1C2 
?5@5<VI5=89, 0 B0:>6 ?>25@=5==O 5;5<5=B0 2 AB0@B>2C B>G:C, O:I> 2V= 1C2 
?5@5<VI5=89 23>@C 01> 2=87 (@8A.2). 

   
0    1 

$8AC=>: 2 3 #@8:;048 70?8B0=P 4;O :>@8ABC20GV2 

0 3 :0@B:0 C:@0W=AP:>N <>2>N; 1 3 :0@B:0 0=3;V9AP:>N <>2>N. 

$VH5==O, >1@0=5 :>@8ABC20G5<, ?@872>48BP 4> @V7=8E =0A;V4:V2. 
�0=: ?8B0=P 4;O B0:>3> 70AB>AC=:C <>65 107C20B8AP =0 0=0;V7V @VH5=P 

5:A?5@BV2. 
%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �:A?5@B=V A8AB5<8 ?@89=OBBO @VH5=P 2 5=5@35B8FV: =02G.?>AV1. / 

&.�.�0F0475. 3 �.: �"�"%, 2014. 3 173 A. 
2. Furmanova, N., Shilo, G., Kalynychenko, A., & Kostianoi, P. (2018). The 

Mobile Environment Monitoring System with a Web Interface. International 

Conference "Advanced Computer Information Technologies", pp.183-186. 
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'�� 622.23.05: 528.716.1.021.6: 004.932.7291 

(0@0D>=>2 "...1, �0:BV>=>2 Є.�.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. $&-510A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

(�$�("!"� "..., ���&І"!"� Є.І. 
$"�$"��� #$�%&$". ��&" �&�+!"�" �� �$.��!!/ 

#�$� �&$�� $���"��� �!&�� 

&5AB5@ @04V>:><?>=5=BV2, B0:>6 2V4><89 O: B5AB5@ :><?>=5=BV2, 3 F5 
?@8AB@V9, O:89 28:>@8AB>2CєBPAO 4;O ?5@52V@:8 5;5:B@8G=>W ?>254V=:8 0:B82-
=8E V ?0A82=8E :><?>=5=BV2 AE5<8. !091V;PH G0AB> ?5@52V@ONBPAO 0:B82=V 
:><?>=5=B8, B@0=78AB>@8, 4V>48 B0 :>=45=A0B>@8. 

�><?>=5=B8 7<V=NNBP A2>W E0@0:B5@8AB8:8 7 G0A>< V ?V4 G0A @>1>B8, V 
70728G09 7<V=0 5;5:B@8G=8E ?0@0<5B@V2 =5 7<V=Nє 7>2=VH=P>3> 283;O4C @0-
4V>45B0;V. *V D0:B>@8 @>1;OBP 2V7C0;P=89 >3;O4 5;5:B@>==8E ?;0B =55D5:B82-
=8<, >A>1;82> B><C, I> :>=45=A0B>@8 G0AB> AB@0640NBP 2V4 ?@8E>20=8E 
71>W2 7 G0A><, WE є<=VABP 7<V=NєBPAO 2V4=>A=> =><V=0;P=>3> 7=0G5==O, 0 WE=V9 
2=CB@VH=V9 >?V@ 71V;PHCєBPAO, I> <>65 =530B82=> 2?;8=CB8 =0 ?@>4C:B82-
=VABP AE5<8. 45 ?@0FNє F59 5;5<5=B AE5<8. [1] 

#;0B0 Arduino Uno 3 >4=0 7 =09?>H8@5=VH8E ?;0B C AV<59AB2V Arduino, 
O:0 >A=0I5=0 <V:@>:>=B@>;5@>< Atmega328P 2V4 :><?0=VW Atmel.  0@:0 ?;0-
B8 3 Arduino Uno. �8EV4=89 AB@C< =0 :>6=><C 28A=>2:C 70;568BP 2V4 B5E=VG-
=8E 7040G0 I> >B@8<02 <V:@>:>=B@>;5@. �EV4=89 AB@C< =0 >4=><C 28E>4V =5 
?>28=5= ?5@528IC20B8 40 <�, 0 <0:A8<0;P=89 AB@C<, O:89 <>6=0 >B@8<0B8 7 
CAVE 28A=>2:V2 AC<0@=> 3 200 <�. !0?@C30 682;5==O Arduino Uno <>65 20@V-
N20B8AO 2V4 7 4> 20 �>;PB, ?@8 FP><C O:>N 6828BPAO B5AB5@  - 9 �>;PB. �82-
;5==O <>65 74V9A=N20B8AO G5@57 USB-?>@B 01> G5@57 @>79є< 682;5==O, 
?V49є4=0=89 4> 5;5<5=BC 682;5==O. &>G=VABP >F8D@C20==O 0=0;>3>2>3> A83-
=0;C =0 ?;0BV Arduino Uno AB0=>28BP 10 1VB, I> >7=0G0є, I> A83=0; <>65 1CB8 
@>74V;5=89 =0 1024 @V7=8E @V2=O. #V4 G0A ?@>F5AC  28<V@N20==O =0 ?;0BV >:-
@V< :>=B@>;5@0 Atmega, C 157?>A5@54=P> 28<V@N20==V ?@89<0NBP CG0ABP 16-

1VB=89 0?0@0B=89 ;VG8;P=8:, O:89 28:>@8AB>2CєBPAO 4;O 28<V@N20==O G0AC 
?V4 G0A B5ABV2, C?@02;V==O ,� -A83=0;0<8. Arduino Uno ;VG8;P=8: ?@0FNє =0 
G0AB>BV 16  �F V <>65 1CB8 =0;0HB>20=89 =0 @V7=V G0AB>B8 @>1>B8. &0:>6, 
?V4 G0A B5ABV2 =5>1EV4=> <0=V?C;N20B8 7 @V7=8<8 B8?0<8 A83=0;V2, 4;O FP>3> 
28:>@8AB>2CєBPAO 10-1VB=89 �*# (0=0;>3>-F8D@>28< ?5@5B2>@N20G5<) 7 
@>74V;P=>N 740B=VABN 1024 @V2=O. �*# <0є 6 0=0;>3>28E 2E>4V2, ?><VG5=8E 
O: A0 4> A5 O:V <>6CBP 1CB8 28:>@8AB0=V 4;O G8B0==O 0=0;>3>28E A83=0;V2. 
�V0?07>= =0?@C38 =0 2E>4V <0є 1CB8 2 <560E 0-5 2>;PB. Є <0є <>6;82VABP 
2AB0=>2;5==O 7>2=VH=P>W >?>@=>W =0?@C38 4;O �*#. [2] 
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&5?5@ 4;O ?@8:;04C @>715@5<> 0;3>@8B< 28<V@N20==O є<=>ABV :>=45=-
A0B>@0, =0?@8:;04 2V7P<5<> :5@0<VG=89 :>=45=A0B>@ 7 70O2;5=8< 7=0G5==O< 
є<=>ABV 22?(. #VA;O ?V49є4=0==O @04V>45B0;V 4> B5AB5@0, ?>G8=0єBPAO ?@>F5A 
B5ABC20==O. ' ?@>4>26 10 <A =0 5;5<5=B =04E>4OBP V<?C;PAV2 AB@C<C, 2V41C-
20єBPAO 28<V@ =0?@C38 =0 :>=45=A0B>@V. /:I> 7=0G5==O =0?@C38 =5 4>AO3;> 
<V=V<0;P=> 2AB0=>2;5=>3> 7=0G5==O 2 300 <�, ?@>F5A V<?C;PA=>W 70@O4:8 
1C45 ?>2B>@5=> 4> 500 @07V2. /:I> ?V4 G0A ?5@H8E 10<A, V<?C;PA8 70@O4:8 
?5@570@O48;8 :>=45=A0B>@, 28ABC?0є 2 A8;C 4@C389 0;3>@8B< 28<V@N20==O. ' 
<V:@>:>=B@>;5@0 ATmega328P є 21C4>20=89 16-1VB=89 B09<5@, O:89 <>65 
?@0FN20B8 =0 B0:B>2V9 G0AB>BV (1  �F 01> 8  �F). *59 ;VG8;P=8: B0:>6 <0є 
<>6;82VABP 715@V30B8 ?V4@0E>20=5 7=0G5==O. *59 A83=0; AB0=5 A83=0;>< 28-
E>4C :><?0@0B>@0. �><?0@0B>@ <>65 ?@0FN20B8 7 1C4P-O:8< A83=0;>< 7024O-
:8 0=0;>3>-F8D@>2><C ?5@5B2>@N20GC (�*#).  

#@>E>48BP ?@>F5A @>7@O4:8 :>=45=A0B>@0, ?VA;O G>3> ?V4:;NG0NBPAO 
:><?0@0B>@ 4> 2E>4C, ?>BV<  ;VG8;P=8: G0AC A:840єBPAO 4> 0 V 2V4@07C ?>G8=0-
єBPAO ?@>F5A 70@O4:8 :>=45=A0B>@0, ?@8є4=0=>3> >4=VєN AB>@>=>N 4> GND 0 
V=H>N AB>@>=>N, G5@57 @578AB>@>< 470 :"<, 4> B5AB5@0. #>BV< 2V41C20єBPAO 
?5@52V@:0 ?5@5?>2=5==O ;VG8;P=8:0 G8 A83=0; 70E>?;5==O ?> 2E>4C. �VG8;P-
=8: @0ECє ?>4VW ?5@5?>2=5==O, 4>:8 =5 28O2;OєBPAO 2EV4=89 A83=0; 70E>?;5=-
=O. #@8 28O2;5==V A83=0;C 70E>?;5==O ;VG8;P=8: 7C?8=OєBPAO B0 ?5@52V@OєBP-
AO, G8 =5 ?>B@V1=> ?V4@0EC20B8 4>40B:>25 ?5@5?>2=5==O, O:5 28=8:;>, 4>:8 
;VG8;P=8: =5 1C2 7C?8=5=89 2EV4=8< A83=0;>< 70E>?;5==O. 

�VG8;P=8: 70E>?;5==O B0 ;VG8;P=8: ?5@5?>2=5=P >4=>G0A=> 287=0G0NBP 
?>2=89 G0A, 70 O:8< <>6;82> @>7@0EC20B8 D0:B8G=C є<=VABP :>=45=A0B>@0. 
#@>3@0<=89 :>4 28:>@8AB>2Cє B01;8FN 7 B5>@5B8G=>N 70;56=VABN 70@O-
460==O G0AC 2V4 40=8E, I> =04E>4OBP, 7 :><?0@0B>@0. �;O =03;O4=>ABV, =86G5 
=040=> 3@0DV: 7 28<V@N20==O< є<=>ABV :>=45=A0B>@0, =0 3@0DV:C (@8A. 1) OA:-
@02> 284=> ?V: ?5@570@O4:8, 2V= 2V4<VG5==89 G5@2>=8< :>;P>@><, ?VA;O G>3> 
28<V@N20==O ?@>E>48BP 70 28I5 2:070=8< 0;3>@8B<><. 
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$8AC=>: 1 3 #@>F5A 28<V@C ?0@0<5B@V2 :>=45=A0B>@0 7 =><V=0;>< 22 ?( 

�@0=8G=89 4V0?07>= 28<V@C є<=>ABV :>=45=A0B>@V2 A:;045 ?@81;87=> 10 
?(, =0 7=0G5==OE =86G5 70 10 ?(, =0 B5AB5@ ?>G8=0NBP 2?;820B8 @V7=V D0:B>-
@8, >A>1;82> ?0@078B=V є<=>ABV ?@>2V4=8:V2, O: A0<8E IC?V2 B0: V 4@>BV2 I> 
70157?5GCNBP 5;5:B@8G=89 :>=B0:B <V6 A:;04>28<8 B5AB5@, 7 >?>@>< AE>60 
:0@B8=0, 7=0G5==O =86G5 5 "<, <0NBP ACBBє2C ?>E81:C, B0 =5 є 4C65 B>G=8<8. 
�5@E=V9 4V0?07>= 28<V@C є >1H8@=8< B0 4;O :>=45=A0B>@V2 A:;040є 2000 <:(, 
?VA;O ?>G8=0NBPAO ?@>1;5<8 7 45B5:BC20==O< 5;5<5=B0, O: :>=45=A0B>@. �;O 
@578AB>@V2 25@E=O 3@0=8FO 4V0?07>=C AO30є B5>@5B8G=> 7=0G5==O 2  ><. 

�A=Cє :V;P:0 A?>A>1V2 ?>:@0I5==O B>G=>ABV 28<V@N20==O ?0@0<5B@V2 
5;5<5=BV2: 

3 28:>@8AB0==O B>G=>3> 2=CB@VH=P>3> 465@5;0 >?>@=>3> =0?@C38 4;O 
�*# (Analog-to-Digital Converter), =0?@8:;04, 21C4>20=>3> >?>@=>3> =0?@C-
3>3> 465@5;0 1.1 � =0 ?;0BV Arduino Uno. *5 7<5=H8BP 2?;82 7<V= 7>2=VH=VE 
D0:B>@V2, B0:8E O: B5<?5@0BC@0, =0 B>G=VABP 28<V@N20==O; 

3 28:>@8AB0==O B>G=8E, ?@5F5=7V9=8E @578AB>@V2 7 =87P:>N ?>E81:>N 
4;O ?>1C4>28 2=CB@VH=VE >?>@V2 B5AB5@0. *5 4>72>;8BP >B@8<C20B8 1V;PH 

B>G=V 28<V@N20==O >?>@C V 4V0?07>=V2 =0?@C38; 
3 28:>@8AB0==O DV;PB@V2, O:V 4>72>;ONBP 7<5=H8B8 2?;82 HC<V2 =0 28-

<V@N20==O. (V;PB@8 <>6CBP 1CB8 @50;V7>20=V O: 0?0@0B=V (=0?@8:;04, DV;PB@ 
=87P:8E G0AB>B) 01> ?@>3@0<=V (=0?@8:;04, A5@54=є 7=0G5==O); 

3 28:>@8AB0==O 28A>:>O:VA=8E 45B0;59 ?@8 <>=B06V B5AB5@0, B0:8E O: 
:015;V 7 =87P:>N є<=VABN, 4;O 7<5=H5==O 7>2=VH=VE ?5@5H:>4 B0 HC<V2; 

�030;><, :><1V=0FVO F8E <5B>4V2 4>?><>3B8 ?>:@0I8B8 B>G=VABP 28<V-
@N20==O 5;5<5=BV2 70 4>?><>3>N B5AB5@0 =0 107V Arduino. [3] 
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��%&"%'��!!/ ��%/&�"�"�  �&$�*� #",'�' ��/ 
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0FVO, V=B53@0FVO, V=25@AVO, V<?C;PA0FVO, 48=0<V70FVO, 0=0;>3VO, V450;V70FVO. 

"A=>2=V ?>:07=8:8, O:V 2@0E>2CNBPAO ?@8 ?@>є:BC20==V B5E=V:8: 35><5B-
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https://en.wikipedia.org/wiki/Electronic_test_equipment
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#: 3. �8:>@8AB0==O C O:>ABV 465@5;0 5=5@3VW C A?;OG><C @568<V. 
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G>3> A5@54>28I0 (7<V=0 OA:@02>ABV ?@8 7<V=V >A2VB;5==O, 3CG=>ABV ?@8 ?V428-
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#: 2. �0AB>AC20==O DV78G=8E 5D5:BV2, 709<0=8E C 682>W B0 =5682>W 
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#: 6. %B@C:BC@=5 D>@<C20==O :>;P>@C 70 4>?><>3>N =0=>AB@C:BC@ 
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#: 10. &5;52V7>@, I> A0< >18@0є, O:V ?@>3@0<8 01> DV;P<8 ?>B@V1=V 

:>@8ABC20GC. 
� @57C;PB0BV 4>A;V465==O 1C;0 ?V4B25@465=0 4>FV;P=VABP 28:>@8A-
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0) ?9є7>5;5:B@8G=89 40BG8: ?@8A:>@5==O; 1) ?@8=F8? 35=5@0FVW 

�0BG8: A:;040єBPAO 7 ?9є7>5;5<5=BC, @>7B0H>20=><C 2 :>@?CAV <V6 V=5@-
FV9=>N <0A>N (40;V � ) V ?9OB>N. 

�> ?5@5203 ?9є7>5;5:B@8G=8E 0:A5;5@><5B@V2 <>6=0 2V4=5AB8 28A>:C GC-
B;82VABP B0 H284:VABP @50:FVW, H8@>:89 4V0?07>= @>1>G8E G0AB>B, 2V4ACB=VABP 
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?@C68=0E �  (@8A. 2), :@0W O:>W <0NBP 283;O4 42>E 3@51V=>:. 
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=5<>6;82VABP >4=>G0A=> 28<V@N20B8 2V1@>H284:VABP, 2V1@>?@8A:>@5==O B0 
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=CB8 =5?>;04:8 C 157?5@5@2=><C, 48A:@5B=><C 01> ?0:5B=><C 28@>1=8G><C 
?@>F5AV H;OE>< 0=0;V7C =0O2=8E 40=8E 40BG8:V2 B0 28@>1=8FB20. *O B5E=>;>-
3VO, O:0 28:>@8AB>2Cє ?@>3=>AB8G=C 0=0;VB8:C, 4>72>;Oє :>@8ABC20G0< 0=0;V-
7C20B8 AF5=0@VW @>1>B8, 287=0G0NG8 2?;82 >?5@0FV9=8E 7<V= =0 :;NG>2V ?>:0-
7=8:8 ?@>4C:B82=>ABV B0 28O2;ONG8 ?@8G8=8 7<V=8 5D5:B82=>ABV. !0@07V 
A?>AB5@V30єBPAO 71V;PH5==O 28:>@8AB0==O HBCG=>3> V=B5;5:BC B0 <0H8==>3> 
=02G0==O 4;O ?@8A:>@5==O DV=0=A>28E ?@>F5AV2, >?B8<V70FVW 70?0AV2, ?>:@0-
I5==O V :0AB><V70FVW >1A;C3>2C20==O B>I>. ,� <0є 1CB8 21C4>20=89 V 3>B>289 
4> @>1>B8 7 V=H8<8 A8AB5<0<8, V=0:H5 ?V4?@8є<AB20 7VB:=CBPAO 7 206:8< V 
4>@>38< ?@>є:B>< V=B53@0FVW. 

%CG0A=89 ,� ?>1C4>20=89 =0 107V =59@><5@56 @V7=>W 0@EVB5:BC@8, O:V 
O2;ONBP A>1>N ?@>ABC <0B5<0B8G=C <>45;P, I> A:;040є 2EV4=V 40==V 2V4 ?>-
?5@54=VE =59@>=V2 ?><=>65=V =0 :>5DVFVє=B8 729O7:V2 B0 ?5@540є @57C;PB0B 
=0ABC?=8< =59@>=0<. %CG0A=V =59@>==V <5@56V A:;040NBPAO 7 1030BP>E H0@V2 
V 4;O 28:>=0==O 7040G ?>B@51CNBP =02G0==O (7 2G8B5;5<, 157 2G8B5;O 01> 
=02G0==O 7 ?V4:@V?;5==O<) 4;O ?V41>@C :>5DVFVє=BV2 729O7:V2. 

!0@07V @>7@>1;5=89 ;8H5 ,�, O:89 =5 є C=V25@A0;P=8<, 0 28@VHCє ;8H5 
?52=V 7040GV. +5@57 F5 4;O C?@02;V==O A:;04=8<8 V<VB0FV9=8<8 <>45;O<8 
<>6CBP 1CB8 28:>@8AB0=V 45:V;P:0 ,� 7 @>7?>4V;>< >1>29O7:V2. 

�<VB0FV9=V <>45;V =040NBP ?>BC6=5, @50;VAB8G=5 A5@54>28I5, I> 4>72>-
;Oє ?@>2>48B8 157?5G=5 =02G0==O V B@5=C20==O ,�. #@8 FP><C V<VB0FV9=V 
<>45;V 35=5@CNBP =5>1<565=C :V;P:VABP 2EV4=8E 40=8E. �;O =02G0==O ,� 
70AB>A>2CєBPAO =02G0==O 7 ?V4:@V?;5==O<, ACBP O:>3> ?>;O30є 2 02B><0B8G=>-
<C >B@8<0==V >FV=:8 @57C;PB0BC @>1>B8 ,�. !0?@8:;04, G8< H284H5 ?@>E>-
48BP 7<>45;P>20=89 28@>1=8G89 ?@>F5A, B8< 28IC >FV=:C >B@8<Cє ,�, ?@8 
FP><C :>@53CNBPAO 2038 =59@>==8E 729O7:V2. 

� O:>ABV ?@8:;04C @>73;O=5<> =02G5=89 ,� :><?0=VєN Anylogyc, I> 
:5@Cє ?>A;V4>2=VABN ?5@5AC20=P HBCG=8E 28@>1V2 (206:V D5@8B>2V >A5@4O 4;O 
B@0=AD>@<0B>@V2) C F5EC [1]. +5@57 A:;04=C ;>3VAB8:C C <0;><C ?@8<VI5==V, 
@V7=C ?>A;V4>2=VABP >1@>1:8 B0 ?@8 :5@C20==V ?5@5<VI5=P ;N48=>N G0AB> 
CB2>@NNBPAO 70B>@8. !02G5=89 ,� 28@VH82 40=C ?@>1;5<C =0 <>45;V V 70AB>-
A>2CєBPAO C @50;P=><C 28@>1=8FB2V (@8A. 1). 
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$8AC=>: 1 3 �<VB0FV9=0 <>45;P F5EC 28@>1=8FB20 D5@8B>28E >A5@4P 

"B65, H284:0 52>;NFVO HBCG=>3> V=B5;5:BC 40є ?>B5=FV0; 4;O @>728B:C 
F8D@>2>3> 28@>1=8FB20. �0<V=NNG8 B@C4>2C 4VO;P=VABP H284H>N V B>G=V-
H>N V=B5;5:BC0;P=>N 02B><0B870FVєN, 71V;PHCNG8 :V;P:VABP ?@0FV2=8:V2, O:V 
28:>=CNBP 70240==O 7 1V;PH>N 20@BVABN, @>1;OG8 70?0A8 1V;PH ?@>4C:B82-
=8<8, ,�, 157C<>2=>, ?@8=5A5 =>25 7@>AB0==O FV9 30;C7V. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. #@>3@0<=5 70157?5G5==O 4;O <>45;N20==O AnyLogic 

https:/anylogic.com/ 

 

 

'�� 004.94:681.5 
#@89<0: �.�.1,  8@>=>20 !.".2, ,0?B0;0 %.�.3 

1 ABC4. 3@. $&-611A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 0A8AB. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#$�� �� �.І.,  �$"!"�� !."., ,�#&��� %.�. 
�"%�����!!/ �!%&$' �!&��Ь!�) ��%"��� %�%&� � 

%� '�/*�� $"�"&�� WEBOTS ��/ $"�$"��� CUSTOM ROBOT 

!0 AP>3>4=VH=V9 45=P A8AB5<8 A8<C;OFVW @>1>BV2 є =52V49є<=>N 
A:;04>2>N =0 28@>1=8FB2V. #@>3@0<=5 70157?5G5==O 4;O <>45;N20==O 
@>1>BV2 <V=V<V7Cє @878:8, ?>29O70=V 7 02B><0B870FVєN. !0 40=89 G0A VA=Cє 
1030B> A8AB5< A8<C;OFVW @>1>BV2, =091V;PH ?>H8@5=VH>N 7 =8E є ?@>3@0<=0 
A8AB5<0 Webots, 2 O:V9 <>6=0 AB2>@N20B8 @V7=><0=VB=V <>45;N20==O @>1>BV2, 
=0;0HBC20B8 V=B5@0:B82=V A5@54>28I0 2 ?@8<VI5==V 01> =0 2C;8FV, 
AB2>@N20B8 ?@>B>B8?V2 @>1>BV2, 28:>=C20B8 @>7@>1:C, B5ABC20==O B0 
?5@52V@:C @>7@>1;5=8E 0;3>@8B<V2 HBCG=>3> V=B5;5:BC B0 0;3>@8B<V2 
:5@C20==O. 

Webots ‒ F5 1030B>?;0BD>@<=0 =0ABV;P=0 ?@>3@0<0 7 2V4:@8B8< :>4><, 
O:0 28:>@8AB>2CєBPAO 4;O <>45;N20==O @>1>BV2. �>=0 70157?5GCє ?>2=5 

https://www.anylogic.com/
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A5@54>28I5 @>7@>1:8 4;O <>45;N20==O, ?@>3@0<C20==O B0 V<VB0FVW @>1>BV2. 
�>=0 1C;0 @>7@>1;5=0 4;O ?@>D5AV9=>3> 28:>@8AB0==O B0 H8@>:> 
28:>@8AB>2CєBPAO 2 ?@><8A;>2>ABV, >A2VBV B0 4>A;V465==OE.  

Webots <0є 25;8:C 1V1;V>B5:C 0:B82V2 Webots, O:0 2:;NG0є @>1>BV2, 
40BG8:8, ?@82>48, >19є:B8 B0 <0B5@V0;8. &0:>6 є <>6;82VABP V<?>@BC20B8 =0O2=V 
<>45;V CAD (7 Blender 01> 7 URDF) B0 :0@B8 OpenStreeMap. Webots <0є ACG0A=89 
3@0DVG=89 V=B5@D59A 4;O @5403C20==O A8<C;OFVW B0 :>=B@>;5@V2 @>1>BV2. 

 5B0 @>1>B8 ‒ @>7@>18B8 :0AB><=>3> @>1>B0 (custom robot) 70 
4>?><>3>N V=AB@C<5=B0;P=8E 70A>1V2 A8AB5<8 A8<C;OFVW @>1>BV2 Webots.  

�;O 4>AO3=5==O ?>AB02;5=>W <5B8 =5>1EV4=> 28@VH8B8 =0ABC?=V 7040GV:  
‒ 28:>=0B8 V=B53@0FVN 40BG8:0 2V4AB0=V 4;O custom robot;  
‒ 28:>=0B8 @50;V70FVN :>=B@>;5@C C=8:=5==O ?5@5H:>4 B0 48AB0=FV9=>W 

@>1>B8 7 :;02V0BC@>N 4;O custom robot;  
‒ 28:>=0B8 V=B53@0FVN GPS, IMU B0 :0<5@8; 
‒ 28:>=0B8 @50;V70FVN ;V=V9=>3> B0 ?>2>@>B=8E ?@82>4V2 4;O custom 

robot. 

�0AB><=89 @>1>B 1C45 A:;040B8AO 7 :>@?CAC, G>B8@P>E :>;VA, 42>E 
40BG8:V2 2V4AB0=V DistanceSensor; 0:BC0B>@V2 LinearMotor B0 RotationalMotor; 
Camera B0 GPS.  

�>2=VH=V9 283;O4 @>7@>1;5=>3> :0AB><=>3> @>1>B0 (custom robot) 

=02545=> =0 @8A. 1. 

 

$8AC=>: 1 3 $>7@>1;5=89 :0AB><=89 @>1>B(custom robot) 

�0BG8: 2V4AB0=V DistanceSensor 28:>@8AB>2CєBPAO 4;O <>45;N20==O 
7030;P=>3> 40BG8:0, V=D@0G5@2>=>3> 40BG8:0, A>=0@0 01> ;075@=>3> 
40;5:><V@0. *5 <>45;N20==O ?@8AB@>N 28:>=CєBPAO H;OE>< 28O2;5==O 
7VB:=5=P <V6 >4=8< 01> :V;P:><0 A5=A>@=8<8 ?@><5=O<8 B0 >19є:B0<8 2 
=02:>;8H=P><C A5@54>28IV.  
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�:BC0B>@ LinearMotor 28:>@8AB>2CєBPAO 4;O 682;5==O SliderJoint B0 Track. 
�:BC0B>@ RotationalMotor 28:>@8AB>2CєBPAO 4;O 682;5==O HingeJoint 01> 
Hinge2Joint 4;O 74V9A=5==O >15@B0;P=>3> @CEC =02:>;> 281@0=>W 2VAV. HingeJoint 
28:>@8AB>2CєBPAO 4;O V<VB0FVW >15@B>2>3> @CEC.  >6=0 2:070B8 E0@0:B5@8AB8:C 
?@C68=8 B0 0<>@B870FVW. ' HingeJoint 2AB0=>2;Nє<> ?0@0<5B@8 B0 2AB0=>2;Nє<> 
C device rotational motor, endPoint 2AB0=>2;Nє<> 2C7>; Solid. �C7>; Solid <>6=0 
28:>@8AB>2C20B8 4;O ?@54AB02;5==O >19є:BV2 7<>45;P>20=>3> A5@54>28I0, O:V =5 
є @>1>B0<8 (=0?@8:;04, ?5@5H:>48, ABV=8, 75<;O B>I>). 

Camera 28:>@8AB>2CєBPAO 4;O <>45;N20==O 1>@B>2>W :0<5@8 @>1>B0. 
"B@8<0=5 7>1@065==O <>6=0 2825AB8 =0 3D 2V:=>. �0;56=> 2V4 =0;0HBC20=P, 
2C7>; Camera <>65 <>45;N20B8 ;V=V9=C :0<5@C, B8?>2C RGB:0<5@C 01> 
=02VBP «@819OG5 >:>» 7V AD5@8G=8<8 A?>B2>@5==O<.  

GPS 28:>@8AB>2CєBPAO 4;O <>45;N20==O 40BG8:0 3;>10;P=>3> 
?>78FV>=C20==O, O:89 <>65 >B@8<C20B8 V=D>@<0FVN ?@> A2>є 01A>;NB=5 
?>;>65==O 2V4 ?@>3@0<8 :>=B@>;5@0. 

�;O @>7@>1:8 :>=B@>;5@0 obstacle_avoidanse C=8:=5==O ?5@5H:>4 4;O 
@>1>B0 =5>1EV4=> ?5@52V@8B8, I>1 C jointParametrs HingeJointParameters 
?0@0<5B@8 anchor A?V2?040;8 7 translation ?5@H>3> :>;5A0.  

� @57C;PB0BV @>1>B8 1C;> AB2>@5=> :0AB><=89 @>1>B 7 A5=A>@0<8 B0 
0:BC0B>@0<8, B0 4;O C=8:=5==O ?5@5H:>4 1C2 @>7@>1;5=89 :>=B@>;5@ 
obstacle_avoidanse 7 28:>@8AB0==O< <>28 ?@>3@0<C20==O %++.  

 

 

'�� 004.94:681.5 
!5<C4@89 �.�.1,  8@>=>20 !.".2, ,0?B0;0 %.�.3 

1 ABC4. 3@. $&-610 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 0A8AB. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

!� '�$�� �.І.,  �$"!"�� !."., ,�#&��� %.�. 
�"%�����!!/ �!%&$' �!&��Ь!�) ��%"���  
%�%&� � %� '�/*�� $"�"&�� WEBOTS ��/  

$"�$"��� LINE FOLLOWER ROBOT 

$>1>B-A;V4>?8B є 4C65 ?>?C;O@=8< ?@>є:B><, O:89 <>6=0 
28:>@8AB>2C20B8 O: 4;O =02G0==O, V 4;O 7<030=P. %0<5 70 4>?><>3>N FP>3> 
@>1>B0 <>6=0 282G8B8 >A=>28 ?@>3@0<C20==O 02B>=><=8E A8AB5<. %CBP 
@>1>B8 A;V4>?8BC 72>48BPAO 4> @CEC 45O:8< <0@H@CB><, ?>7=0G5=8< 
:>=B@0AB=>N ;V=VєN. #@8 FP><C ;V=VO <0є 1CB8 70<:=5=>N. �>?CA:0єBPAO 
=0O2=VABP =5>1<565=>W :V;P:>ABV ?;02=8E ?>2>@>BV2. �>=B@0AB=VABP ;V=VW 
>7=0G0є, I> WW 740B=VABP, I> 2V4>1@060є, ?>28==0 A8;P=> 2V4@V7=OB8AO 2V4 
D>=C. *5 =5>1EV4=> 4;O B>3>, I>1 V=D@0G5@2>=V 40BG8:8 2V4>1@065==O 7<>3;8 
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«10G8B8» ;V=VN. !0 @8A. 1 7>1@065=> V450;P=89 28?04>:: G>@=0 ;V=VO =0 
1V;><C D>=V, 0;5 =0 ?@0:B8FV <>6=0 >1V9B8AO, =0?@8:;04, B5<=>N ?V4;>3>N 
(01> AB>;><) B0 =0=5A5=>N =0 =P>3> ;V=VєN 7 1V;>3> 1C4V25;P=>3> A:>BGC. 
�V;PH A:;04=V <>48DV:0FVW @>1>B0 A;V4>?8BC 28:>@8AB>2CNBP 4;O 28O2;5==O 
;V=VW 2V45>:0<5@C @07>< V7 0;3>@8B<0<8 <0H8==>3> 7>@C. 

 

$8AC=>: 1 3 &@0є:B>@VO @CEC @>1>B0-A;V4>?8B0 

 5B>N @>1>B8 є 4>A;V465==O V=AB@C<5=B0;P=8E 70A>1V2 A8AB5<8 
A8<C;OFVW @>1>BV2 C A5@54>28IV Webots B0 @>7@>1:0 ?@>3@0<=>3> 70AB>AC=:C 
4;O @CEC @>1>B0-A;V4>?8B0 Line Follower Robot 70 ?52=>N 7040=>N 
B@0є:B>@VєN.  

Webots 3 F5 A8<C;OB>@ @>1>B>B5E=V:8 7 2V4:@8B8< 28EV4=8< :>4><, O:89 
28:>@8AB>2CєBPAO 2 ?@><8A;>2>ABV, 4>A;V465==OE B0 >A2VBV [1].  

Webots 28:>@8AB>2Cє 1V1;V>B5:C ODE (Open Dynamics Engine) 4;O 
28O2;5==O 7VB:=5=P B0 <>45;N20==O 48=0<V:8 B25@48E BV; B0 @V48= [1]. 

�V1;V>B5:0 ODE 4>72>;Oє B>G=> <>45;N20B8 DV78G=V 2;0AB82>ABV >19є:BV2, B0:V 
O: H284:VABP, V=5@FVO B0 B5@BO. ' ?@>3@0<=><C 70157?5G5==V 4>ABC?=0 25;8:0 
:>;5:FVO <>45;59 @>1>BV2, I> 2V;P=> 7<V=NNBPAO. �@V< B>3>, B0:>6 <>6;825 
AB2>@5==O =>28E <>45;59 @>1>BV2 7 =C;O. #@8 ?@>є:BC20==V <>45;V @>1>B0 
:>@8ABC20G 2:07Cє O: 3@0DVG=V 2;0AB82>ABV, B0: V DV78G=V 2;0AB82>ABV >19є:BV2. 
�@0DVG=V 2;0AB82>ABV 2:;NG0NBP D>@<C, @>7<V@8, ?>;>65==O B0 >@Vє=B0FVN, 
:>;P>@8 B0 B5:ABC@C >19є:B0. (V78G=V 2;0AB82>ABV 2:;NG0NBP <0AC, :>5DVFVє=B 
B5@BO, 0 B0:>6 :>=AB0=B8 ?@C68=8 B0 45<?DC20==O. 

Line-Following Robot ‒ @>7C<=89 @>1>B, O:89 2<Vє W748B8 ?> 
=0<0;P>20=V9 ;V=VW ‒ <>6=0 AB2>@8B8 2;0A=89 <0@H@CB 4;O B0:>3> B8?C 
@>1>B0.  

 �C;> @>7@>1;5=> ?@>3@0<C A8<C;OFVW @CEC @>1>B0 Line-Following Robot 

274>26 ?52=>W ;V=VW. $>7@>1;5=0 ?@>3@0<0 @>1>B0 2;0HB>20=0 B0:, I> @>1>B 
10G8BP 1V;89 D>= V G>@=89 :>;V@ >4=>G0A=> V W45 <V6 =8<8, :>;8 50% G>@=>3> 
V 50% 1V;>3> D>=C, :>;8 1V;>W A<C38 AB0є 1V;PH5 2V= W45 2?@02>, ?>:8 =5 AB0=5 
?>@V2=C. &0: A0<> :>;8 G>@=>3> D>=C AB020B8<5 1V;PH5, B> @>1>B W45 2;V2> 4> 
B8E ?V@, ?>:8 =5 AB0=5 ?>@V2=C. #@>3@0<0 A:;040є @V2=O==O, O:5 28@V2=Nє 
@>1>B0 ?> F5=B@C <V6 D>=>< V ;V=VєN, O:I> 2 @V2=O==V @V7=0 ?>78B82=0 - B> 
?>2>@>B 945 =0?@02>, O:I> =530B82=0 - B> =0;V2>.  

�;O @50;V70FVW ?@>3@0<=>3> 70AB>AC=:C 28:>@8AB>2C20;0AO <>20 
?@>3@0<C20==O C B0 A5@54>28I5 @>7@>1:8 Visual Studio.  
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� @>1>BV 1C;> 28:>=0=> 4>A;V465==O V=AB@C<5=B0;P=8E 70A>1V2 A8AB5<8 
A8<C;OFVW @>1>BV2 C A5@54>28IV Webots B0 @50;V70FVN ?@>3@0<8 @>1>B0 
A;V4>?8B0 4;O @CEC 274>26 B@5:C 157 ?><8;>:, O:89 <>65 7<030B8AO 2 3>=:0E. 

�:BC0;P=VABP @>7@>1:8 ?>;O30є C B><C, I> @>1>B <>65 1CB8 :>@8A=8< C 
3V;:8 02B>=><=>ABV, 70 4>?><>3>N FP>3> @>1>B0 <>6=0 @>7@>18B8 <5E0=V7< 
O:89 1C45 4>?><030B8 V=20;V40<, 0 B0:>6 A;01> 7@OG8< ;N4O< ?5@5E>48B8 
?VH>EV4=89 ?5@5EV4. &0:>6 <>6=0 28:>@8AB>2C20B8 4;O 02B>=><=>3> 
2:;NG5==O A2VB;0 C 1C48=:C, <0H8=V ?@8 ?>B5<=V==V, 4;O 02B>=><=>3> 
2V4:@8BBO 425@59, :>;8 ?V4E>48BP ;N48=0 B0 V=. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Webots. 3 URL:https://cyberbotics.com/ (40B0 725@=5==O: 17.04.2023). 

2. Vision-Based Line Following Robot in Webots . 3 URL: 

https://www.researchgate.net/publication/346311568_Vision-

Based_Line_Following_Robot_in_Webots (40B0 725@=5==O: 17.04.2023). 
 

 

'�� 004.4 
)>E;>2 �.%.1,  8@>=>20 !.".2 
1 ABC4. 3@. $&-611 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

��+��Ь!���� �'��!�' 

$>7@>1:0 1078 40=8E є 206;828< 5B0?>< 2 @>7@>1FV ?@>3@0<=>3> 
70157?5G5==O B0 V=D>@<0FV9=8E A8AB5<. �070 40=8E є F5=B@0;P=8< 5;5<5=B>< 
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:@>:><V@, 40BG8:8 =01;865==O B0 40BG8: >A2VB;5=>ABV, 40:B8;>A:>?VG=89 
A5=A>@ B>I>. 

� @>1>B8 1C;8 @>7@>1;5=V 0;3>@8B<8 :@>:><V@C B0 ?C;PA><5B@C. 
#@8=F8? @>1>B8 0;3>@8B<C :@>:><V@C ?>;O30є C =0ABC?=><C. 

�:A5;5@><5B@ (40BG8:), 21C4>20=89 C B5;5D>= 01> A0< :@>:><V@, 287=0G0є 
<VAF57=0E>465==O ;N48=8 2 ?@>AB>@V. �N48=0 @>18BP :@>: V 9>3> AB0=>28I5 
7<V=NєBPAO. #5@5<VI5==O (7<V=0 <VAF57=0E>465==O) DV:ACєBPAO 40BG8:><. 
�0BG8: 2V4<VG0є @8B<VG=V :>;820==O, I> 1C;8 7@>1;5=V ?V4 G0A @CEC. 
�;5:B@>==89 V<?C;PA, I> 28=8: ?@8 7<V=V AB0=>28I0 BV;0, 2@0E>2CєBPAO 
?@>3@0<>N. �<?C;PA8 ?5@5B2>@NNBPAO =0 G8A;>289 ?>:07=8:, O:89 
282>48BPAO =0 5:@0= <>1V;P=>3> ?@8AB@>N, O: :V;P:VABP 7@>1;5=8E :@>:V2. 
 >1V;P=89 ?@8AB@V9 70 4>?><>3>N A?5FV0;P=>3> 40BG8:0 2;>2;Nє :>;820==O, 
I> 28=8:0NBP ?V4 G0A ?5@5<VI5==O B0 A?@89<0є WE O: :@>:8. &>G=VABP 
287=0G5==O :@>:V2 70;568BP 2V4 ?>;>65==O ?@8AB@>N I>4> BV;0. &0:>6 =0 
B>G=VABP 2?;820є O:VABP A0<>3> 40BG8:0. 

�;3>@8B<C @>1>B8 ?C;PA><5B@C ?>;O30є C =0ABC?=><C. � ?C;PA><5B@V 
28:>@8AB>2CєBPAO 0=0;V7 V=B5=A82=>ABV >A2VB;5==O, I> 28<V@NєBPAO :0<5@>N. 
/:I> 70?8A0B8 2V45>, 284V;8B8 O:8<-=51C4P 2V45>@540:B>@>< ;8H5 :0=0; 
V=B5=A82=>ABV B0 «@>7BO3=CB8» 9>3> 48=0<VG=89 4V0?07>= 4> <0:A8<C<C, 
<>6=0 >B@8<0B8 ?C;PACNGC :0@B8=:C. #>@0EC202H8 ?5@V>4 ?C;PA0FV9 ‒ 
<>6=0 287=0G8B8 G0AB>BC A5@F518BBO. �;O ?@8A:>@5==O >1@>1:8 
28:>@8AB>2CєBPAO 4C65 =87P:0 @>74V;P=0 740B=VABP 7>1@065=P, I> 7=V<0NBPAO 
7 :0<5@8, 70 O:8<8 22060єBPAO <><5=B0;P=5 7=0G5==O V=B5=A82=>ABV, 
CA5@54=5=5 ?> 2AP><C :04@C 0 B0:>6 0=0;V7 70 B8?>< 2V:=0, I> ?;825, I> 
287=0G0є :>=:@5B=89 ?>B>G=89 <V=V<C< V <0:A8<C< @V2=O. �0;V 22060єBPAO 
V=B5@20; <V6 <0:A8<0;P=8<8 7<V=0<8 @V2=O 3 2V= V 1C45 G0AB>B>N A5@F518BBO 
7 4>A8BP ?@8AB>9=>N B>G=VABN.  V:@>D>=>< 7=OB8 HC< A5@F528E A:>@>G5=P 
?@0:B8G=> =5<>6;82> (70=04B> 1030B> 7>2=VH=VE ?5@5H:>4). �:A5;5@><5B@ 
B56 =02@O4 G8 7<>65 =0ABV;P:8 B>G=> 2V4AB56C20B8 ?5@5<VI5==O. 

 >1V;P=89 70AB>AC=>: 28@VH5=> @>7@>18B8 7 28:>@8AB0==O< <>28 
?@>3@0<C20==O Dart C D@59<2>@:C Flutter C A5@54>28IV @>7@>1:8 Visual Studio 
Code. �;O 715@V30==O 40=8E 1C;> >1@0=> C'�� SQLite. � @>1>BV 1C;8 
28:>@8AB0=V =0ABC?=V 1V1;V>B5:8: Camera 3 4;O 270є<>4VW 4>40B:C 7 :0<5@>N 
B0 A?0;0E>< <>1V;P=>3> ?@8AB@>N; Sensors Plus 3 4;O 4>ABC?C 4> 40BG8:V2 
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0:A5;5@><5B@0, 3V@>A:>?0 B0 <03=VB><5B@0; Nepali Utils 3 4;O 4>ABC?C 4> 
?>B>G=>3> G0AC B0 40B8 B0 WW D>@<0BC20==O; Animations 3 ?0:5B 0=V<0FV9, 
28:>@8AB>2CєBPAO 4;O 0=V<>20=>3> ?5@5<8:0==O 2:;04>:. 

#@8 @>7@>1FV V=B5@D59AC <>1V;P=>3> 70AB>AC=:C 1C;8 28:>@8AB0=V B0:V 
2V7C0;P=V :><?>=5=B8 D@59<2>@:C Flutter: PageTransitionSwitcher, 

BottomNavigationBar, Text, ElevatedButton, FutureBuilder, Card. 

�C;8 @>7@>1;5=V =0ABC?=V :;0A8: FadeThroughPage 3 :;0A, O:89 @50;V7Cє 
?5@53>@B0==O AB>@V=>: 70 4>?><>3>N 2V465BC PageTransitionSwitcher; 1C;> 
28:>@8AB0=> 0=V<0FVN FadeThroughTransition, B0:>6 2 FP><C :;0AV 
>1G8A;NєBPAO :V;P:VABP :@>:V2, F5 1C;> 7@>1;5=> 4;O B>3>, I>1 :@>:8 
>1G8A;N20;8AO =5 ;8H5, :>;8 2V4:@8B> AB>@V=:C :@>:><V@C, 0 ?V4 G0A 2AP>3> 
28:>=0==O ?@>3@0<8; 4;O @>1>B8 =5>1EV4=V 1V1;V>B5:8 «math», 
«shared_preferences», «sensors_plus»; FootCounterPage 3 @50;V7Cє AB>@V=:C 
V=B5@D59AC :@>:><V@0; HeartBPMDialog 3 :;0A, O:89 @50;V7Cє 2V465B 
28<V@N20==O ?C;PAC; BPMPage 3 2V7C0;V7Cє AB>@V=:C V=B5@D59AC 270є<>4VW 7 
?C;PA><5B@><, ?VA;O >1G8A;5==O 02B><0B8G=> 4>40є @57C;PB0B 4> AB0B8AB8:8; 
StatisticsPage 3 2V4?>2V40є 70 2V4>1@065==O AB0B8AB8G=8E 40=8E C 283;O4V 
AB>2?G8:0, 40=V >B@8<CNBPAO 7 1078 40=8E; DatabaseHelper 3 :;0A, O:89 
2V4?>2V40є 70 AB2>@5==O B0 270є<>4VN 7 107>N 40=8E, @50;V7Cє DC=:FVW 
>B@8<0==O B0 4>4020==O 70?8AV2, 2840;5==O, B0 WE >=>2;5==O; Note 3 :;0A, 
O:89 <VAB8BP :>=AB@C:B>@ 70?8AC, I> 70=>A8BPAO 4> 1078 40=8E, @50;V7Cє 
DC=:FVW FromJSON B0 ToJSON; NoteWidget 3 :;0A, O:89 @50;V7Cє 2V465B, O:89 
<VAB8BP 2 A>1V AB0B8AB8G=V 40=V. 

� @57C;PB0BV @>1>B8 1C;> @>7@>1;5=> <>1V;P=89 70AB>AC=>: 4;O 
287=0G5==O 1V><548G=8E 40=8E ;N48=8: ?V4@0EC=:C :V;P:>ABV @CEV2 B0 ?C;PAC 
;N48=8. 

 

 

'�� 004.942:681.5 

,52G5=:> &.�.1,  8@>=>20 !.".2 

1 ABC4. 3@. $&-610A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

 "!�&"$�!�' #"�"�!�) ��!�) 

!0 40=89 <><5=B >B@8<0==O A2>єG0A=>W V=D>@<0FVW ?@> ?>3>4=V C<>28 
B0 <>=VB>@8=3 ?>3>4=8E 40=8E є 0:BC0;P=8< 70240==O<. 

 5B>N @>1>B8 є AB2>@8B8 <>1V;P=89 70AB>AC=>:, I> 4>72>;8BP 
>B@8<C20B8 B0 <>=VB>@8B8 ?>3>4=V 40=V 7 7>2=VH=VE API, >1@>1;OB8 B0 
282>48B8 40=V =0 5:@0= <>1V;P=>3> ?@8AB@>N. 
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� @>1>BV 1C;> 4>A;V465=> ?>=OBBO API (Application Programming 
Interface), ?@8:;04=>3> ?@>3@0<=>3> V=B5@D59AC B0 ?@8=F8? @>1>B8 API. �;O 
725@=5==O 4> 251 API 28:>@8AB>2CNBPAO 70?8B8 HTTP. �C;> =02545=> 
=091V;PH ?>H8@5=V AB0=40@B=V <5B>48, O:V <>6CBP <VAB8B8AO 2 HTTP 70?8BV. 
API 4>72>;Oє @>7@>1=8:C 7@>18B8 ?52=89 «70?8B» 4;O 2V4?@02:8 01> 
>B@8<0==O V=D>@<0FVW, 7 28:>@8AB0==O< B5:AB>2>3> D>@<0BC >1<V=C 40=8<8 
JSON. �;O >B@8<0==O B0 <>=VB>@8=3C ?>3>4=8E 40=8E 1C;> 28:>@8AB0=> 
2V;P=5 API 3 http://api.openweathermap.org/. 

�;O @50;V70FVW 70AB>AC=:C 1C;> >1@0=C <>2C ?@>3@0<C20==O Dart, 
D@59<2>@: Flutter B0 A5@54>28I5 @>7@>1:8 Visual Studio Code AC<VA=> 7 
5<C;OB>@0<8, O:V AB2>@NNBPAO 70 4>?><>3>N A5@54>28I0 @>7@>1:8 Android 
Studio. #5@54 @>1>B>N 7 �$� =5>1EV4=> 1C;> 4>40B8 70;56=>ABV 4;O @>1>B8 7 
?>A8;0==O<8 (http) B0 45:>45@ 40=8E JSON-D09;V2 (json_annotation). &0:>6 
=5>1EV4=> 1C;> AB2>@8B8 ?0@A5@ (45@52> :;0AV2, Vє@0@EVO O:>3> <0B8<5 
AB@C:BC@C O: JSON-D09;V), C O:><C 1C;8 =040=V =5>1EV4=V <5B>48 4;O @>1>B8 
7 40=8<8. �C;8 28:>@8AB0=V :;0A8 http, I> <VAB8BP <5B>48 4;O @>1>B8 7 
?>A8;0==O<8, B0 convert, I> <VAB8BP <5B>48 4;O ?5@5B2>@5==O 40=8E 7 D09;V2 
@V7=8E @>7H8@5=P C 107>2V.  

�;O @>7@>1:8 <>1V;P=>3> 70AB>AC=:C 1C2 28:>@8AB0=89 H01;>= 
?@>5:BC20==O MVP, A:;040єBPAO 7 B@P>E >A=>2=8E G0AB8=: <>45;P 40=8E, 
?@54AB02;5==O B0 <>4C;P >1@>1:8 40=8E.  

%B@C:BC@0 ?@>3@0<8 ?@54AB02;Oє A>1>N >A=>2=C AB>@V=:C 3 main.dart, B0 
4>?><V6=89 D09; 7V AB@C:BC@>N ?0@A5@C 3 data_api.dart, O:89 28:;8:0єBPAO 
?@8 AB2>@5==V A?8A:C 7 40=8<8, B0:5 @>74V;5==O =5>1EV4=5 4;O A?@>I5==O 
@>7<V@C :>4C ?@>3@0<8 V ?@8A:>@Nє ?>HC: V 28?@02;5==O ?><8;>:. �=B5@D59A 
:>@8ABC20G0 <>1V;P=>3> 70AB>AC=:C =02545=> =0 @8A. 1. 

#@8 70?CA:C 70AB>AC=:C D>@<CєBPAO 7>2=VH=V9 283;O4: 703>;>2>: 7 
=072>N <VAB0, 4;O O:>3> 1C;8 A?0@A5=V ?>3>4=V 40=V. "A=>2=8< 1C4V25;P=8:>< 
є 2V465B FutureBuilder, O:89 ?@54AB02;Oє A>1>N H01;>= MVP, 45 «Model» 3 
A?8A>: ?0@A5@C <Api>; «View» 3 2<VAB ?0@0<5B@C builder; «Presenter» 3 
DC=:FVO ?0@0<5B@C future (getForecast()). &>1B> <>4C;P >1@>1:8 40=8E 
7020=B06Cє JSON-D09; B0 45:>4Cє 9>3>, AB2>@NNG8 ;>:0;P=C 107C 40=8E, 
>1<V= 40=8<8 74V9A=NєBPAO G5@57 <>4C;P, ?>A8;0==O =0 45@52> O:>3> C 
:>@8ABC20FP:><C V=B5@D59AV 4>72>;Oє 7020=B06C20B8 C =P>3> 40=V 7 ;>:0;P=>W 
1078 40=8E.  

'?@02;V==O 70AB>AC=:>< 74V9A=NєBPAO 70 4>?><>3>N >4=VєW :=>?:8 C 
?@02V9 G0AB8=V H0?:8 70AB>AC=:C, 2>=0 2V4?>2V40є 70 >=>2;5==O ?>3>4=8E 
40=8E. �W DC=:FV>=0; 4C65 ?@>AB89: ?@8 =0O2=>ABV ?V4:;NG5==O 74V9A=NєBPAO 
70?8B 4> DC=:FVW getForecast(), O:0 ?>25@B0є A?0@A5=89 JSON-D09;; 0 >A:V;P:8 
FutureBuilder 2 O:>ABV <>4C;O >1@>1:8 40=8E 28:>@8AB>2Cє D09; 7 B0:8< 65 
V<5=5< (B0: O: 725@B0єBPAO B> BVєW 6 DC=:FVW), B> 2V4?>2V4=>, C 70AB>AC=:C F59 
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D09; 70<V=NєBPAO, V ?@8 F8E 7<V=0E FutureBuilder 7=>2C 28:>=Cє >=>2;5==O 
7<VABC. 

 

$8AC=>: 1 3 �=B5@D59A :>@8ABC20G0 <>1V;P=>3> 70AB>AC=:C 

� @57C;PB0BV @>1>B8 1C;> @>7@>1;5=> <>1V;P=89 70AB>AC=>: 4;O 
287=0G5==O B0 <>=VB>@8=3C ?>3>4=8E 40=8E 7 7>2=VH=P>3> API. 

 

 

'�� 004.942:681.5 

 5@7;O: �.�.1,  8@>=>20 !.".2 

1 ABC4. 3@. $&-610A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

 �$��/� �.�.,  �$"!"�� !.". 
$"�$"���!!/ ���"$�& �� $')' �' �!"��!"� 
$"�"&"&�)!�+!"� #��&("$ � ROBOTIS OP2 

!0 AP>3>4=VH=V9 45=P A8AB5<0 <>45;N20==O Webots є 4C65 ?>?C;O@=>N 
?;0BD>@<>N 4;O =02G0==O ?@>3@0<C20==N @>1>BV2. 

Webots 3 F5 157:>HB>2=89 3D-A8<C;OB>@ @>1>BV2 7 2V4:@8B8< 28EV4=8< 
:>4><, O:89 28:>@8AB>2CєBPAO 2 ?@><8A;>2>ABV, >A2VBV B0 =0C:>28E 
4>A;V465==OE. �> >A=>2=8E DC=:FV>=0;P=8E <>6;82>AB59 Webots <>6=0 
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2V4=5AB8 <>45;N20==O @>1>BV2, A8<C;OFVO @>1>BV2, =0O2=VABP @>1>B8G=>3> 
D@59<2>@:C, =0O2=VABP 25;8:>W :V;P:>ABV A5=A>@V2 B0 0:BC0B>@V2 B0 V=.  

�;O @>7@>1:8 0;3>@8B<V2 @CEC 3C<0=>W4=>W @>1>B>B5E=VG=>W ?;0BD>@<8 
Robotis OP2 1C;> 28:>@8AB0=> A8AB5<C A8<C;OFVW Webots =0 <>2V 
?@>3@0<C20==O %++.  

�;O @CEC @>1>B>B5E=VG=>W ?;0BD>@<8 1C;> 28:>@8AB0=> 1V1;V>B5:C 
RobotisOp2GaitManager B0 WW DC=:FVN setAAmplitude, I> 4>72>;Oє 28:>=C20B8 
:@>:8 @>1>B0 O: ?>:070=> =0 @8AC=:C 1. 

 

$8AC=>: 1 3 �>2=VH=V9 283;O4 B0 =02545==O ?@8:;04C :@>:C 3C<0=>W4=>W  
@>1>B>B5E=VG=>W ?;0BD>@<8 Robotis OP2 

&0:>6 1C;> @50;V7>20=> DC=:FVN, I> 4>72>;Oє ?5@52V@8B8 G8 =5 2?02 
@>1>B, 7024O:8 40BG8:C 0:A5;5@><5B@C, V C 28?04:C O:I> 2V= 2?02, B> 70 4>?>-
<>3>N 1V1;V>B5:8 RobotisOp2MotionManager B0 WW 2V4?>2V4=>W DC=:FVW 
playPage 70?CA:0єBPAO 0=V<0FVO ?V49><C @>1>B0, 2 70;56=>ABV 2V4 B>3> 2?02 2V= 
=0 A?8=C (@8A. 2) G8 =0 682VB (@8A. 3). 

 

$8AC=>: 2 3 #@8:;04 ?V49><C @>1>BC 4;O 28?04:C, O:I> 2V= 2?02 =0 682VB 
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$8AC=>: 3 3 #@8:;04 ?V49><C @>1>BC 4;O 28?04:C, O:I> 2V= 2?02 =0 A?8=C 

� @57C;PB0BV @>1>B8 1C;> @50;V7>20=> >A=>2=V :@>:8 3C<0=>W4=>W 
@>1>B>B5E=VG=>W ?;0BD>@<8 Robotis OP2 B0 0=V<0FVN ?V49><C @>1>B0, 2 
70;56=>ABV 2V4 B>3> 2?02 2V= =0 A?8=C G8 =0 682VB.  

 

 

'�� 004.942:681.5 

�>@>=0 %.%.1,  8@>=>20 !.".2 

1 ABC4. 3@. $&-610A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

�0 AB0B8AB8:>N, 2 ':@0W=V 2V4 4V015BC ?>B5@?0є 1,5 <V;P9>=0 >AV1, I5 3 3 
4 <V;P9>=8 <0NBP AE8;P=VABP 4> FP>3> 70E2>@N20==O, 0 ?>@CH5==O 
<5B01>;V7<C 3;N:>78 @07>< 7V ABV9:8< ?V428I5==O< 0@B5@V0;P=>3> B8A:C 
70;8H0єBPAO >4=8< V7 :;NG>28E D0:B>@V2 @878:C E2>@>1 A8AB5<8 
:@>2>>1V3C [1]. &><C 0:BC0;P=8< 70240==O< є @>7@>1:0 A8AB5<8 :>=B@>;N 
@V2=O 3;N:>78 ;N48=8.  

 5B>N @>1>B8 є @>7@>1:0 25170AB>AC=:C, I> 4>72>;8BP >B@8<C20B8 
V=D>@<0FVN ?@> @V25=P 3;N:>78 ;N48=8.  

�C;> 28@VH5=> @>7@>18B8 25170AB>AC=>: 70 4>?><>3>N 28A>:>@V2=52>3> 
2V4:@8B>3> D@59<2>@:C Django [2], ?@87=0G5=>3> 4;O @>7@>1:8 251A8AB5< =0 
<>2V ?@>3@0<C20==O Python.  

�>2=VH=V9 283;O4 @>7@>1;5=>3> 25170AB>AC=:C =02545=> =0 @8A. 1. 
�;O A?>2VI5==O ;V:0@O ?@> 28A>:89/=87P:89 @V25=P V=AC;V=C C ?0FVє=B0 

1C;> @>7@>1;5=> 1>B0 2 B5;53@0<V. %?8A>: :>@8ABC20GV2, C O:8E 70?CI5=89 
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1>B, >B@8<CєBPAO G5@57 D09; D>@<0BC json. #VA;O B>3>, O: D09; 1C;> 7G8B0=>, 
04<V=VAB@0B>@ >B@8<Cє A?8A>: :>@8ABC20GV2, O:V 0:B82C20;8 1>B0 8 265 70 
4>?><>3>N =P>3> <>6=0 2V4?@02;OB8 A?>2VI5==O C ?>B@V1=V G0B8 (@8A. 2). 

 

 

$8AC=>: 1 3 �=B5@D59A :>@8ABC20G0 @>7@>1;5=>3> 25170AB>AC=:C 

 

$8AC=>: 2 3 �>2=VH=V9 283;O4 1>B0 2 B5;53@0<V 
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�C;> @>7@>1;5=> 107C 40=8E 7 28:>@8AB0==O< PostgreSQL, >19є:B=>-
@5;OFV9=>W A8AB5<8 :5@C20==O 1070<8 40=8E [3]. � 107V 40=8E AB2>@5=> B@8 
B01;8FV. "4=0 B01;8FO <VAB8BP V=D>@<0FVN 7 G0A>< >AB0==P>3> 7=OBBO @V2=O 
V=AC;V=C C ?0FVє=B0 id ?0FVє=B0 (?@8?CAB8<>, I> 2 ;V:0@=V є id ?0FVє=BV2) �2V 
V=HV B01;8FV <VABOBP 40=V ?0FVє=BV2 (V<9O, @V25=P V=AC;V=C, G0A 7=OBBO, =><5@ 
B5;5D>=C, V45=B8DV:0B>@) ?@> @V25=P 3;N:>78 =0 ?52=89 G0A.  

� @57C;PB0BV @>1>B8 1C;> @50;V7>20=> 25170AB>AC=>:, I> 4>72>;8BP 
>B@8<C20B8 V=D>@<0FVN ?@> @V25=P 3;N:>78 B0 :>=B@>;N20B8 ?>:07=8:8 FC:-
@C 2 :@>2V ;N48=8 ;V:0@5<. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. $V25=P 3;N:>78 C :@>2V: =>@<0 V 2V4E8;5==O 2V4 =5W. 3 URL: 

https://korisno.24tv.ua/normi-tsukru-krovi-zhinok-cholovikiv-ditey-porivnyalna-

ostanni-novini_n1632066 (40B0 725@=5==O: 17.04.2023). 
2. Django. 3 URL: https://www.djangoproject.com/ (40B0 725@=5==O: 

17.04.2023). 

3. PostgreSQL: The World9s Most Advanced Open Source Relational 

Database. 3 URL:  https://www.postgresql.org/ (40B0 725@=5==O: 17.04.2023). 
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�0B8?>2 ".�.1,  8@>=>20 !.".2 

1 ABC4. 3@. $&-619 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

��&�#"� ".�.,  �$"!"�� !.". 
$"�$"���!!/ �" #’.&�$!"�  "���� &� ���"$�& �� 

%� '�/*�� $')' ��/ $"�"&�- �!",'��+' 

!0 AP>3>4=VH=V9 45=P 28:>@8AB0==O @>1>BV2-<V=>HC:0GV2 4;O 
@>7<V=C20==O B5@8B>@VW B0 75<5;P=8E 4V;O=>: 2 ':@0W=V є 0:BC0;P=8< 
70240==O<. 

 5B>N @>1>B8 є @>7@>1;5==O :><?9NB5@=>W <>45;V @>1>B0-<V=>HC:0GC 
70 4>?><>3>N A8AB5< B@828<V@=>W :><?9NB5@=>W 3@0DV:8 B0 @50;V70FVO 
0;3>@8B<V2 A8<C;OFVW @CEC 40=>3> @>1>BC 7 28:>@8AB0==O< 1V1;V>B5:8 
Robotics Toolbox =0 <>2V ?@>3@0<C20==O Python. 

� @>1>BV 1C;0 @>7@>1;5=0 3D <>45;P :0BCH:8(0=B5=8) <5B0;>HC:0GC 2 
?0:5BV B@828<V@=>W :><?9NB5@=>W 3@0DV:8 Blender (@8A. 1). 



90 

 

 

$8AC=>: 1 3 �>2=VH=V9 283;O4 3D <>45;P 0=B5=8 <5B0;>HC:0GC 

� O:>ABV ?@>B>B8?C @>1>BC-<V=>HC:0GC 1C;> >1@0=> @>1>B0 
<0=V?C;OB>@0 =0 :>;5A0E 7 1V1;V>B5:8 Robotics Toolbox for Python [1] (@8A. 2).  

 

$8AC=>: 2 3 �>2=VH=V9 283;O4 @>1>B0  

#>40;PH>N @>728B:>< @>1>B8 є <>45;N20==O, ?@>3@0<C20==O B0 
A8<C;OFVO @CEV2 @>1>B0-<V=>HC:0GC 70 4>?><>3>N 70A>1V2 1V1;V>B5:8 
Robotics Toolbox for Python. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Introduction to Robotics Toolbox for Python. 3 
URL: https://petercorke.github.io/robotics-toolbox-python/intro.html (40B0 
725@=5==O: 17.04.2023). 
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'�� 004.942:681.5 

�09>;0 ..%.1,  8@>=>20 !.".2 

1 ABC4. 3@. $&-610A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

���"�� ..%.,  �$"!"�� !.". 
�"%�����!!/ �!%&$' �!&��Ь!�) ��%"��� %�%&� � 

%� '�/*�� #$" �%�"��) $"�"&�� ROBODK 

#@><8A;>289 @>1>B 3 1030B>FV;P>289 <0=V?C;OFV9=89 @>1>B, I> 
A:;040єBPAO 7 <5E0=VG=>3> <0=V?C;OB>@0 V ?5@5?@>3@0<>20=>W A8AB5<8 
:5@C20==O, O:89 70AB>A>2CєBPAO 4;O ?5@5<VI5==O >19є:BV2 2 ?@>AB>@V B@P>E V 
1V;PH5 :>>@48=0B B0 4;O 28:>=0==O @V7=><0=VB=8E 28@>1=8G8E ?@>F5AV2 [1].  

�8:>@8AB0==O ?@><8A;>28E @>1>BV2 ?@87=0G5=5 4;O 02B><0B870FVW B0 
>?B8<V70FVW ?@><8A;>28E ?@>F5AV2, 4;O :5@C20==O 28@>1=8G8< >1;04=0==O< 
B0 <0H8=0<8, I> 4>72>;Oє ?V428I8B8 ?@>4C:B82=VABP B0 O:VABP 28@>1=8FB20. 

#@><8A;>2V @>1>B8 <>6CBP 28:>@8AB>2C20B8AO 2 @V7=8E 30;C7OE ?@><8-
A;>2>ABV, B0:8E O: 02B><>1V;51C4C20==O, 5;5:B@>=V:0 B0 E0@G>20 ?@><8A;>-
2VABP B>I>. �>=8 <>6CBP 1CB8 ?>1C4>20=V =0 @V7=8E ?@>3@0<=8E ?;0BD>@<0E, 
B0:8E O: MATLAB, LabVIEW, Simulink, C++ B0 Python. 

 5B>N @>1>B8 є 4>A;V465==O DC=:FV>=0;P=8E <>6;82>AB59 A8AB5<8 
A8<C;OFVW ?@><8A;>28E @>1>BV RoboDK, >?8A 1V1;V>B5:8 ?@><8A;>28E @>1>-
BV2 2 RoboDK, >?8A API RoboDK B0 @50;V70FVO ?@>3@0<8 4;O A8<C;OFVW DC=:-
FV>=C20==O ?@><8A;>2>3> @>1>BC.  

RoboDK 3 F5 ?@>3@0<=5 70157?5G5==O 4;O A8<C;OFVW B0 ?@>3@0<C20==O 
?@><8A;>28E @>1>BV2, O:5 <>6=0 28:>@8AB>2C20B8 7 @V7=8<8 <0@:0<8 @>1>-
BV2. "A=>2=8<8 DC=:FV>=0;P=8<8 <>6;82>ABO<8 A8AB5<8 A8<C;OFVW ?@><8A-
;>28E @>1>BV RoboDK є [2]: 

3 A8<C;OFVO @>1>BV2: RoboDK =040є <>6;82VABP 2V7C0;P=>W A8<C;OFVW 
@CEC @>1>B0, I>1 ?5@52V@8B8 B0 >?B8<V7C20B8 ?@>3@0<C @>1>B0 4> WW 28:>=0=-
=O =0 @50;P=><C @>1>BV; 

3 >DD;09= ?@>3@0<C20==O: RoboDK 4>72>;Oє ?@>3@0<C20B8 @>1>B0 157-
?>A5@54=P> 7 :><?9NB5@0, =570;56=> 2V4 B>3>, G8 7=0E>48BPAO @>1>B 2 @>1>-
G><C A5@54>28IV, G8 =V, F5 4>72>;Oє 7<5=H8B8 G0A 7C?8=:8 @>1>B0 B0 5:>=>-
<8B8 G0A; 

3 :>=25@BC20==O D>@<0BV2: RoboDK <>65 :>=25@BC20B8 D09;8 CAD B0 
CAM 2 ?@>3@0<8 @>1>B0 157?>A5@54=P>; B0:8< G8=><, :>@8ABC20G <>65 5:>-
=><8B8 G0A =0 2@CG=C ?@>3@0<C20==O @>1>B0; 

3 @CG=5 :5@C20==O @>1>B><: RoboDK =040є <>6;82VABP 2@CG=C ?5@5<V-
IC20B8 @>1>B0 7 :;02V0BC@8 01> <8HV, I>1 ;53:> =0;0HBC20B8 B0 ?5@52V@8B8 
?@>3@0<C @>1>B0; 
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3 V<?>@B B0 5:A?>@B ?@>3@0<: RoboDK ?V4B@8<Cє 1030B> @V7=8E D>@<0BV2 
?@>3@0< 4;O @>1>BV2, I> 4>72>;Oє ;53:> V<?>@BC20B8 B0 5:A?>@BC20B8 ?@>-
3@0<8 <V6 @V7=8<8 ?@>3@0<=8<8 70A>10<8; 

3 AB2>@5==O >1@>1>:: RoboDK =040є <>6;82VABP AB2>@N20B8 =>2V >1@>-
1:8 7 =C;O 01> <>48DV:C20B8 VA=CNGV >1@>1:8. "1@>1:8 2:;NG0NBP ?>78FVN-
20==O B0 >@Vє=B0FVN @>1>B0, H284:VABP @CEC B0 ?>A;V4>2=VABP >?5@0FV9; 

3 V=B53@0FVO 7 V=H8<8 ?@>3@0<0<8: RoboDK <>65 V=B53@C20B8AO 7 V=H8-
<8 ?@>3@0<0<8, B0:8<8 O: MATLAB, Python, C ++ B0 Visual Basic. 

� @>1>BV @>73;O=CB> >A=>2=V DC=:FV>=0;P=V <>6;82>ABV A8AB5<8 A8<C-
;OFVW ?@><8A;>28E @>1>BV RoboDK. #>40;PH8<8 =0?@O<:0<8 @>1>B8 є >?8A 
1V1;V>B5:8 ?@><8A;>28E @>1>BV2 2 RoboDK, >?8A API RoboDK B0 @50;V70FVO 
?@>3@0<8 4;O A8<C;OFVW DC=:FV>=C20==O ?@><8A;>2>3> @>1>BC. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. #@><8A;>289 @>1>B. 3 URL: https://uk.wikipedia.org/wiki/ 

#@><8A;>289 @>1>B (40B0 725@=5==O: 18.04.2023). 

2. RoboDK . 3 URL: https://robodk.com/ (40B0 725@=5==O: 18.04.2023). 

 

 

'�� 004.942:681.5 

�>=4@0B5=:> �...1,  8@>=>20 !.".2 

1 ABC4. 3@. $&-619 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�"!�$�&�!�" �...,  �$"!"�� !.". 
$"�$"���!!/ ���"$�& �� $')' �� #��!". &$�Є�&"$�Є. 

&� '!��!�!!/ #�$�,�"� ��/ $"�"&�  

$>7@>1;5==O @CEC 70 ?52=>N B@0є:B>@VєN B0 C=8:=5==O ?5@5H:>4 
@>1>B0 є 4C65 0:BC0;P=8< 70240==O< 2 >1;0ABV @>1>B>B5E=V:8 B0 
02B><0B870FVW 28@>1=8FB20. "A>1;82> 206;82> F5 2 :>=B5:ABV @>728B:C 
?@><8A;>28E @>1>BV2 B0 <>1V;P=8E @>1>BV2, O:V 28:>@8AB>2CNBPAO C A:;04=8E 
A5@54>28I0E, =0?@8:;04, =0 28@>1=8G8E ;V=VOE, C A:;040E, =0 1C4V25;P=8E 
<0940=G8:0E, C <VAP:8E 2C;8FOE B0 V=H8E <VAFOE. 

$CE @>1>B0 70 ?52=>N B@0є:B>@VєN 4>72>;Oє 4>AO3=CB8 B>G=>ABV B0 
?>2B>@N20=>ABV 28:>=0==O 70240=P, I> є 206;828< 4;O 1030BP>E 284V2 
28@>1=8FB20. '=8:=5==O ?5@5H:>4 4>72>;Oє 7<5=H8B8 @878: ?>H:>465==O 
@>1>B0 01> 4>2:V;;O, 0 B0:>6 71V;PH8B8 5D5:B82=VABP 9>3> @>1>B8. 

 5B>N @>1>B8 є @>7@>1;5==O 0;3>@8B<V2 @CEC 4;O @>1>B0, I> 4>72>;OBP 
28:>=C20B8 ?5@5AC20==O @>1>BC 70 ?52=>N B@0є:B>@VєN B0 C=8:0B8 
?5@5H:>48. �;O @>7@>1;5==O 0;3>@8B<V2 @CEC >1@0=0 A8AB5<0 A8<C;OFVW 
Webots =0 <>2V ?@>3@0<C20==O C++ B0/01> Python. 
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� @>1>BV @>7@>1;5=> <>45;P @>1>B0, O:89 A;V4Cє ?> ?52=V9 B@0є:B>@VW, 
><8=0NG8 ?5@5H:>48. � O:>ABV ?@>B>B8?C 1C;> >1@0=> @>1>B0 =0 :>;5A0E 
Distance-sensor 7 1V1;V>B5:8 Webots (@8A. 1). 

 

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

#>40;PH>N @>728B:>< @>1>B8 є ?@>3@0<=0 @50;V70FVO 0;3>@8B<V2 @CEC 
70 ?52=>N B@0є:B>@VєN B0 C=8:0==O ?5@5H:>4 2 A8AB5<V A8<C;OFVW Webots. 

 

 

'�� 004.942:681.5 

�C7>2V= �.%.1,  8@>=>20 !.".2 

1 ABC4. 3@. $&-619 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�'�"�І! �.%.,  �$"!"�� !.". 
#$�%&$�� ��/ ��$'��!!/ "%��&��!!/  !� "%!"�� 

"�!"#��&!"�"  ��$"�"!&$"��$' 

$>7@>1:0 ?@8AB@>N 4;O :5@C20==O >A2VB;5==O< =0 >A=>2V >4=>?;0B=>3> <V-
:@>:>=B@>;5@C є 0:BC0;P=>N 70240==O<, >A:V;P:8 A?@8Oє 7=865==N 5=5@3>A?>-
6820==O B0 ?V428I5==N :><D>@BC 2 68B;>28E B0 :><5@FV9=8E ?@8<VI5==OE, I> 
2V4?>2V40NBP ACG0A=8< B5=45=FVO< C @>728B:C «@>7C<=>3>» 1C4V2=8FB20. 

 5B>N @>7@>1:8 ?@8AB@>N 4;O :5@C20==O >A2VB;5==O< =0 >A=>2V >4=>?-
;0B=>3> <V:@>:>=B@>;5@C є AB2>@5==O 5D5:B82=>3> B0 7@CG=>3> 70A>1C :5@C-
20==O >A2VB;5==O<, O:89 4>72>;8BP 7=878B8 28B@0B8 5;5:B@>5=5@3VW B0 ?V428-
I8B8 :><D>@B C ?@8<VI5==OE. *59 ?@8AB@V9 <0є ?>B5=FV0; 70157?5GC20B8 
02B><0B870FVN >A2VB;5==O B0 >?B8<0;P=5 28:>@8AB0==O 5=5@3>@5AC@AV2, I> 
A?@8OB8<5 715@565==N ?@8@>4=8E @5AC@AV2 B0 7=865==N =530B82=>3> 2?;82C 
=0 =02:>;8H=є A5@54>28I5. 

� @>1>BV @>7@>1;5=> <>45;P ?@8AB@>N, I> ?@89<0є A83=0; 7 V=D@0G5@2>=>-
3>-40BG8:0 B0 7<V=Nє @568<8 ?V4:;NG5=>3> ?@8;04C 4;O >A2VB;5==O (@8A. 1). 
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$8AC=>: 1 3 �>2=VH=V9 283;O4 ?@8AB@>N  

�;O @>7@>1:8 28:>@8AB0=> A5@54>28I5 @>7@>1:8 Arduino IDE, 1V1;V>B5-
:C IRremote, @50;V70FVN 0;3>@8B<V2 28:>=0=> =0 <>2V ?@>3@0<C20==O C++.  

 

 

'�� 681.865.8 

ЄD8<5=:>  .�.1, �>9:> �.".2 
1 4-@ B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. $&-612< !' «�0?>@V7P:0 ?>;VB5E=V:0»  

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

�"% �+!"�" �#�$�&' 

� 40=89 G0A =091V;PH 5D5:B82=8< A?>A>1>< >B@8<0==O 40=8E ?@> ?>-
25@E=N �5<;V є AC?CB=8:>20 79><:0. �;O >B@8<0==O 28A>:>O:VA=8E 7>1@0-
65=P 75<=>W ?>25@E=V A8AB5<0 :5@C20==O AC?CB=8:0 <0є 70157?5GC20B8 ?V4 G0A 
79><:8 28A>:V B>G=VA=V E0@0:B5@8AB8:8. �0:>=8 C?@02;V==O, I> 70157?5GCNBP 
28A>:V B>G=VA=V E0@0:B5@8AB8:8 A8AB5<8 C?@02;V==O, ґ@C=BCNBPAO =0 ?@8?C-
I5==V, I> 2V4><V 2AV ?0@0<5B@8 :CB>2>3> @CEC :>A<VG=>3> 0?0@0BC (��). #@8 
FP><C =09G0ABVH5 2 O:>ABV ?0@0<5B@V2 :CB>2>3> @CEC 15@CBP :20B5@=V>= >@Vє=-
B0FVW B0 25:B>@ 01A>;NB=>W :CB>2>W H284:>ABV. �5:B>@ :CB>2>W H284:>ABV <>-
6=0 28<V@OB8 70 4>?><>3>N 28<V@N20G0 :CB>2>W H284:>ABV, 0;5 :20B5@=V>= 
157?>A5@54=P> 28<V@OB8 =5<>6;82>. #@0:B8G=> C 2AVE A8AB5<0E >@Vє=B0FVW 
?5@28==V 40=V ?@> :20B5@=V>= >@Vє=B0FVW ?@54AB02;5=V C 283;O4V 25:B>@V2. �5:-
B>@=V 28<V@N20==O є =5?@O<8<8 28<V@N20==O<8 V 2 O2=><C 283;O4V =5 <VA-
BOBP ?0@0<5B@V2 >@Vє=B0FVW. �;O 287=0G5==O ?0@0<5B@V2 >@Vє=B0FVW 25:B>@=V 
28<V@N20==O ?V440NBPAO <0B5<0B8G=V9 >1@>1FV 70 A?5FV0;P=8<8 0;3>@8B<0<8. 
"A=>2=8< =54>;V:>< 2AVE 2V4><8E 0;3>@8B<V2 287=0G5==O >@Vє=B0FVW 70 25:B>@-
=8<8 28<V@0<8 є B5, I> 2>=8 28<030NBP 70AB>AC20==O G8A5;P=8E <5B>4V2, I> 
CA:;04=Nє WE=є 70AB>AC20==O =0 1>@BC ��. ' 729O7:C 7 F8< FV:028BP 7040G0 ?>1C-
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4>28 7040=>W >@Vє=B0FVW �� 157?>A5@54=P> 70 25:B>@=8<8 28<V@N20==O<8 157 
287=0G5==O :20B5@=V>=C >@Vє=B0FVW. *8< ?8B0==O< V ?@8A2OG5=> FN @>1>BC. 

� @>1>BV >B@8<0=> <0B5<0B8G=C <>45;P @CEC 25:B>@0 C 283;O4V :20B5@-
=V>==>3> 48D5@5=FV0;P=>3> @V2=O==O , 45  3 4>2V;P=89 ?0@0-
<5B@, O:89 <>6=0 2818@0B8, 28E>4OG8 7 >A>1;82>AB59 7040GV :5@C20==O. 

"B@8<0=0 <>45;P 0=0;>3VG=0 :20B5@=V>=V9 <>45;V [1] !0 >A=>2V >B@8<0-
=>W <>45;V 4>2545=0 =0ABC?=0 B5>@5<0. 

&еорем0 1. !5E09 >15@B0;ь=89 @CE :>A<VG=>3> 0?0@0BC 7040=> @V2=O=-
=O< . #>7=0G8<> G5@57  B0  =5@CE><V >@B8 2 
V=5@FV9=V9 A8AB5<V :>>@48=0B I B0 72’O70=V9 A8AB5<V :>>@48=0B B 2V4?>2V4-
=>. �C45<> 22060B8, I> =0 1>@BC �� є V=D>@<0FVO ?@> 25:B>@ 01A>;NB=>W 
:CB>2>W H284:>ABV  V ?@>5:FVW 25:B>@0  =0 >AV 1078AC B  2 283;O4V 25:B>-
@0 , 25:B>@ 

Be  ?>ABV9=89 V 7040=V 9>3> :>>@48=0B8.  
&>4V 70:>= C?@02;V==O, 45 

, , 

, 

, ,   ,  

70157?5GCє 0A8<?B>B8G=C ABV9:VABь >4=>2VA=>W >@Vє=B0FVW  .  

!0 >A=>2V 4>2545=>W B5>@5<8 70?@>?>=>20=> 0;3>@8B<8 >4=>2VA=>W >@Vє-
=B0FVW �� 157?>A5@54=P> 70 25:B>@=8<8 28<V@N20==O<8 157 287=0G5==O :20-
B5@=V>=C >@Vє=B0FVW. 

#@8 FP><C, =0 2V4<V=C 2V4 2V4><8E @>1VB [2], 2 O:8E 4;O @>729O70==O 70-
40GV >4=>2VA=>W >@Vє=B0FVW 28:>@8AB>2C202AO ?@O<89 <5B>4 �O?C=>20, 2?5@H5 
240;>AO 725AB8 7040GC 7=0E>465==O C?@02;V==O 4> B@82V0;P=>W 7040GV 7=0E>-
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B0 <5B>48 WE 70?>1V30==O, <5B>48 5D5:B82=>3> 28:>@8AB0==O =04<V@=>ABV. 

�>6=0 7 F8E <>45;59 107CєBPAO =0 45O:8E ?@8?CI5==OE V >@Vє=B>20=0 
?52=89 :;0A ?@>3@0<. 

%5@54 707=0G5=8E 284V2 ?><8;>:, I> 7=86CNBP =04V9=VABP ?@>3@0<, 
>A>1;825 <VAF5 ?>AV40NBP ?5@28==V ?><8;:8, I> є A?>B2>@5==O<8 C 
28EV4=><C B5:ABV ?@>3@0<8.  

&0: O: ?5@28==V ?><8;:8 2 ?@>3@0<0E 2=>AOBPAO 2 WE 28EV4=V B5:AB8, 
>A>1;825 <VAF5 4;O >FV=:8 =04V9=>ABV ?@>3@0<=>3> 70157?5G5==O 
?@84V;OєBPAO <5B>4C, 70A=>20=><C =0 0=0;V7V B0 :>=B@>;V AB0B8AB8G=8E 
E0@0:B5@8AB8: 28EV4=8E B5:ABV2 ?@>3@0<. 

�8:>@8AB0==O AB@C:BC@=>3> ?V4E>4C O: >A=>28 @53;0<5=B0FVW 
B5E=>;>3VG=>3> ?@>F5AC :>=AB@C:B82=>W >@30=V70FVW ?@>3@0< <0є 42>O:89 
E0@0:B5@.  

� >4=>3> 1>:C, AB@C:BC@C20==O ?@872>48BP 4> ?V428I5==O =04V9=>ABV 
?@>3@0<.  

� V=H>3> 1>:C, AB@C:BC@C20==O ?@872>48BP 4> 71V;PH5==O 28B@0B V 
?>29O70=5 7 ?52=8<8 2B@0B0<8 2 E0@0:B5@8AB8:0E ?@>3@0<, I> =530B82=> 
2?;820є =0 WE =04V9=VABP.  

�;O ?>@V2=O;P=>W >FV=:8 B0 7VAB02;5==O 42>E =0?@O<V2 4VW AB@C:BC@870FVW 
?@>?>=CєBPAO A?@>I5=0 <>45;P 270є<>729O7:C AB@C:BC@870FVW ?@>3@0< B0 WE 
=04V9=>ABV, I> 4>72>;Oє =0 O:VA=><C @V2=V 7@>18B8 28A=>2>: ?@> E0@0:B5@ FVєW 
70;56=>ABV.  

�AB0=>2;5=>, I> 2AV ?><8;:8 <>6CBP 1CB8 2V4=5A5=V 4> G>B8@P>E :;0AV2 
?@>3@0<, I> є 2 :><?;5:A0E. *5, =0A0<?5@54, WE 2V4A>B:>25 A?V22V4=>H5==O, 0 
B0:>6 707=0G5=V >A=>2=V 3@C?8 ?><8;>:, I> 70?>1V30NBP 70 @0EC=>: 
<5B>4>;>3VW AB@C:BC@C20==O.  

'AV B5E=>;>3VW B0 70A>18 02B><0B870FVW, I> ?V4B@8<CNBP ?@>F5A 
AB2>@5==O ?@>3@0<=>3> 70157?5G5==O V=D>@<0FV9=8E A8AB5<, <0NBP 
>@Vє=BC20B8AO =0 28@VH5==O ?@>1;5<8 ?V428I5==O =04V9=>ABV 
DC=:FV>=C20==O.  

� 40=89 G0A 4>AO3=CB> 7=0G=8E @57C;PB0BV2 C 4>A;V465==V F8E ?@>1;5<, 
O:V 4>72>;ONBP 284V;8B8 H;OE8 ?V428I5==O =04V9=>ABV ?@>3@0< 707=0G5=>3> 
:;0AC: @>7@>1:0 <5B>4>;>3VG=>W B5>@VW =04V9=>ABV ?@>3@0<=>3> 70157?5G5==O, 
I> 2:;NG0є 4>A;V465==O <5B>4V2 0=0;V7C =04V9=>ABV ?@>3@0<, 281V@ B0 
>1ґ@C=BC20==O :@8B5@VW2, 4>A;V465==O 284V2 ?><8;>:, ?@8G8= WE ?>O28 B0 
70:>=V2 @>7?>4V;C; @>7@>1:0 B0 2?@>20465==O ?@>3@0<=8E <5B>4V2 
?@>5:BC20==O A:;04=8E ?@>3@0<; @>7@>1:0 <5B>4V2 >FV=:8 B0 ?@>3=>7C20==O 
E0@0:B5@8AB8: =04V9=>ABV, >A>1;82> =0 @0==VE AB04VOE AB2>@5==O ?@>3@0<=>3> 
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70157?5G5==O, <5B>4V2 A2>єG0A=>3> ?>?5@5465==O B0 ;>:0;V70FVW ?><8;>:, 
<5B>4V2 28<V@N20==O AB0B8AB8G=8E E0@0:B5@8AB8:, I> 287=0G0NBP ABV9:VABP 
DC=:FV>=C20==O B0 =04V9=VABP ?@>3@0<; @>7@>1:0 <5B>4V2 AC?@>2>4C ?@>3@0< 
B0 WE <>45@=V70FVW 2 C<>20E B@820;>W 5:A?;C0B0FVW. 

� @57C;PB0BV AB@C:BC@=>3> ?V4E>4C 4> ?@>5:BC20==O 287=0G5=> 
V=B53@>20=89 ?>:07=8: O:>ABV ?@>3@0<=>3> 70157?5G5==O B0 AD>@<C;P>20=> 
<5BC B5E=>;>3VG=>3> ?@>F5AC, O:V ?>;O30NBP 2 >?B8<V70FVW 70 45O:8< 
70740;53V4P 7040=8< :@8B5@Vє< 7=0G5==O V=B53@0;P=>3> ?>:07=8:0 O:>ABV. 

%D>@<>20=> >A=>2=V 70A048, O:V 28:>@8AB>2CNBPAO ?@8 4>A;V465==V 
?>:07=8:V2 B0 ?0@0<5B@V2 =04V9=>ABV ?@>3@0<=>3> 70157?5G5==O 
V=D>@<0FV9=8E A8AB5<. $>7@>1;5=> B0 4>A;V465=> <5B>4>;>3VN ?@>5:BC20==O 
B0 AB@C:BC@=>W ?>1C4>28 A:;04=8E :><?;5:AV2 ?@>3@0<, I> A?@8ONBP 
?V428I5==N =04V9=>ABV WE DC=:FV>=C20==O. �87=0G5=> AB@C:BC@=C =04V9=VABP 
O: ABC?V=P 4>AO3=5==O 9<>2V@=>ABV 1572V4<>2=>W @>1>B8 ?@>3@0<, I> 
70157?5GCєBPAO =0 B5E=>;>3VG=8E 5B0?0E, I> ?V4B@8<CNBP AB@C:BC@=89 ?V4EV4 
4> AB2>@5==O ?@>3@0<. 

�0?@>?>=>2V ?V4E>48 <C6CBP 1CB8 28:>@8AB0=V ?@8 @>7@>1FV A:;04=8E 
:><?;5:AV2 ?@>3@0<=>3> 70157?5G5==O V=D>@<0FV9=8E A8AB5<. !040=V 2 B570E 
?@>?>78FVW AB@C:BC@=>3> ?@>5:BC20==O A:;04=>3> :><?;5:AC ?@>3@0<=8E 
70A>1V2 =0 AB04VW ?@>5:BC20==O 4>72>;ONBP 70?>1V3B8 7=0G=>W :V;P:>ABV 
?><8;>: 70 4>?><>3>N 45B0;V70FVW B5E=>;>3VG=8E >?5@0FV9 ?>:07=8:V2 
=04V9=>ABV. 
 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
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B82=>W A8AB5<8 C?@02;V==O ?V4?@8є<AB2>< / �. �. �CB>@>2, %. �. &8=G5=:>, $. 
.. *0@P>2 // (C=40<5=B0;P=V 4>A;V465==O. - 2015. - № 5-3. - C. 488-492. 
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'�� 004.056, 004.491   
�V7C=>2 %.�.1, �>@>;P:>2 $...2, �;5:Aєє2 �.�.3 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C: ,AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. $&-819 !' «�0?>@V7P:0 ?>;VB5E=V:0»  

�І�'!"� %.І., �"$"�Ь�"� $..., ����%ЄЄ� �.�. 
�!���� ��)�-�!"%&� �" #’.&�$!�) %�%&�   

��%"�� � METASPLOIT FRAMEWORK 

"AB0==V< G0A>< 2A5 1V;PH5 :>=DV45=FV9=>W V=D>@<0FVW 715@V30єBPAO 2 
5;5:B@>==><C 283;O4V 2 :><?9NB5@=8E A8AB5<0E, O:V =09G0ABVH5 ?V4:;NG5=V 
4> :><?9NB5@=8E <5@56. *5 AB028BP =>2V 70240==O I>4> 70157?5G5==O 
<0:A8<0;P=>W 157?5:8 B0:8E A8AB5< 7 <5B>N =54>?CI5==O @>7:@8BBO 
:>=DV45=FV9=>W V=D>@<0FVW. �;O 287=0G5==O @V2=O 157?5:8 :><?9NB5@=>W 
A8AB5<8 ?@>2>4OBP 0=0;V7 70E8I5=>ABV. �D5:B82=8< A?>A>1>< 0=0;V7C є 
B5ABC20==O =0 ?@>=8:=5==O (?5=B5AB). &5ABC20==O =0 ?@>=8:=5==O 740B=5 
28O2;OB8 7030;P=>2V4><V ?@>1;5<8 157?5:8, O:V 1C;8 28O2;5=V B0 >?C1;V:>20=V 
@0=VH5 [1].  

�A=Cє 1030B> <5B>4V2 B5ABC20==O [2] =0 ?@>=8:=5==O, :>65= 7 O:8E 
?V4E>48BP 4;O @V7=8E 284V2 B5ABV2, 0 B0:>6 G0AB> ?V4:07Cє O: AB@C:BC@C20B8 
B5AB =0 ?@>=8:=5==O. �V;PH B>3>, 2>=8 G0AB> ?@>?>=CNBP @>74V;8B8 B5AB =0 
D078, 45 28EV4=V 40=V :>6=>W D078 є 2EV4=8<8 40=8<8 4;O =0ABC?=>W. 
!0A;V4:>< B0:>3> ?V4E>4C є B5, I> 4;O @V7=8E 5B0?V2 ?5=B5ABC ?V4E>4OBP @V7=V 
2848 V=AB@C<5=BV2. 

#5@H8< :@>:>< :>6=>3> ?5=B5ABC є ?>HC: :><?9NB5@=>W A8AB5<8 C 
<5@56V, FV:02>W, 7 ?>3;O4C B5ABC20;P=8:0, =0 ?>40;PH8E 5B0?0E B5ABC =0 
?@>=8:=5==O. *5 <>6=0 7@>18B8 70 4>?><>3>N <5@56=>3> A:0=5@0, B0:>3> O: 
Nmap. !091V;PH FV==0 V=D>@<0FVO, O:C =040є Nmap B5ABC20;P=8:C 3 F5, O: 
?@028;>, 25@AVO B0 B8? >?5@0FV9=>W A8AB5<8, AB0= <5@56=8E ?>@BV2, B8?8 B0 
25@AVW A;C61, I> ?@0FNNBP C :>=:@5B=V9 A8AB5<V. !0ABC?=8<8 :@>:0<8 є 
?>HC: V 28:>@8AB0==O 2@07;82>AB59 (01> A0<>W >?5@0FV9=>W A8AB5<8, 01> 
1C4P-O:>3> 2AB0=>2;5=>3> ?@>3@0<=>3> 70157?5G5==O). #>HC: =0 =0O2=VABP 
2@07;82>AB59 <>6=0 28:>=0B8 70 4>?><>3>N B0:8E V=AB@C<5=BV2 O: Nessus 
01> OpenVAS, 0 A?@>1C20B8 28:>@8AB0B8 7=0945=V 2@07;82>ABV 70 4>?><>3>N 
5:A?;>9BC. � @57C;PB0BV CA?VH=>W 5:A?;C0B0FVW 2@07;82>ABV B5ABC20;P=8: 
G0AB> >B@8<Cє 4>72V; =0 28:>=0==O 4>2V;P=8E :><0=4 FV;P>2>W A8AB5<8. 

&0:V 70240==O, O: 5:A?;C0B0FVO 2@07;82>AB59 01> 4>A;V465==O FV;P>2>W 
A8AB5<8 ?VA;O 5:A?;C0B0FVW, <>6CBP 1CB8 ?52=>N <V@>N 02B><0B87>20=V. �;O 
F8E FV;59 4>ABC?=89 V=AB@C<5=B0@V9 Metasploit Project [3], 0 A0<5 Metasploit 

Framework, O:89 A:;040єBPAO 7 @V7=8E :><?>=5=BV2, B0:8E O: 206;82V 
1V1;V>B5:8, <>4C;V, ?;03V=8 B0 V=AB@C<5=B8, @8A.1.  
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#5@52030 28:>@8AB0==O Metasploit Framework ?>;O30є 2 5D5:B82=><C 
:5@C20==V 5:A?;>9B0<8 (?>HC:, >=>2;5==O, 4>:C<5=B0FVO) B0 157;VGV 
:>@8A=8E =020=B065=P (70240=P, O:V 28:>=CNBPAO ?VA;O CA?VH=>W 5:A?;C0B0FVW 
FV;P>2>W A8AB5<8). 

 

 

$8AC=>: 1 3 �@EVB5:BC@0 Metasploit $8AC=>: 2 3 �AB0=>2;5==O 
79є4=0==O Metasploit 

 

�>@8A=V =020=B065==O <>6CBP 01> 28:>=C20B8 >4=C :>=:@5B=C 7040GC 
(=0?@8:;04, AB2>@5==O :>@8ABC20G0), 01> <>6CBP 1CB8 A:;04=VH8<8 V 
?@>?>=C20B8 1V;PH ?@>AC=CBC DC=:FV>=0;P=VABP (=0?@8:;04 Meterpreter). !0 
@8A.2 ?>:070=> ?>A;V4>2=VABP :@>:V2, =5>1EV4=8E 4;O 2AB0=>2;5==O 
42>AB>@>==P>3> :0=0;C 729O7:C, I>1 <0B8 <>6;82VABP 48AB0=FV9=> :5@C20B8 
FV;P>2>N A8AB5<>N. �0 4>?><>3>N Metasploit Framework <>6=0 
<0=V?C;N20B8 D09;0<8, ?@>F5A0<8 B0 A;C610<8 =0 FV;P>2V9 <0H8=V; >1V9B8 
0=B82V@CA=5 ?@>3@0<=5 70157?5G5==O V 2AB0=>28B8 15:4>@; <0=V?C;N20B8 
B01;8FO<8 <0@H@CB870FVW E>ABV2 (I> <>65 ?@8725AB8 4> 0B0:8 ;N48=8 
?>A5@548=V); <>6=0 2840;8B8 6C@=0;8 ?>4V9 (I> CA:;04=Nє 4V03=>AB8:C B0 
@>7A;V4C20==O ?>@CH5==O 157?5:8) B0 1030B> V=H>3>. 

� @>1>BV @>73;O=CB> <>6;82>ABV 28:>@8AB0==O Metasploit Framework 4;O 
0=0;V7C 157?5:8 ?@>3@0<=>3> 70157?5G5==O ACG0A=8E :><?9NB5@=8E A8AB5< B0 
2V47=0G0єBPAO, I> A5@54 157;VGV =01>@V2 V=AB@C<5=BV2 B0 CB8;VB 4;O B5ABC20==O 
=0 ?@>=8:=5==O, Metasploit Framework ?@>?>=Cє =01030B> 1V;PH5 
<>6;82>AB59 4;O <0=V?C;N20==O FV;P>2>N A8AB5<>N B0 02B><0B870FVW 
3@><V74:8E 70240=P. 
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'�� 004.056 
�V7C=>2 %. �.1, (V;>1>: Є.�.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�І�'!"� %. І., (І�"�"� Є.�. 
�!����  "����"%&�� ���"$�%&�!!/ ,&'+!"�" 
�!&����&' ' %(�$� ��)�%&'  "�!"� �!("$ �*�� 

�040G0 70E8ABC <>2=>W V=D>@<0FVW 2:;NG0є 1030B> A:;04=8E 70240=P, 
A5@54 O:8E 02B><0B8G=5 @>7?V7=020==O <>28, DV;PB@0FVO HC<C, V45=B8DV:0FVO 
:>@8ABC20G0 =0 >A=>2V 3>;>AC, 0=0;V7 B>=0;P=>ABV, 2@0EC20==V 4V0;5:BC, 
A?5F8DVG=8E A;>2>A?>;CG5=P  B0 1030B> V=H>3>. 

�;O ?>:@0I5==O 5D5:B82=>ABV B0 B>G=>ABV @>1>B8 7 <>2=>N 
V=D>@<0FVєN, 0 B0:>6 4;O @>7@>1:8 =>28E B5E=>;>3V9 B0 <5B>4V2 70E8ABC 
<>2;5==O <>65 1CB8 28:>@8AB0=89 HBCG=89 V=B5;5:B (,�). 

"4=VєN 7 =091V;PH ?>?C;O@=8E 7040G C @>1>BV 7 <>2=>N V=D>@<0FVєN є 
02B><0B8G=5 @>7?V7=020==O <>28. *5 70240==O ?>;O30є C ?5@5B2>@5==V 
<>2;5==O =0 B5:AB>2C V=D>@<0FVN, I> 70157?5GCє 1V;PH 7@CG=5 B0 5D5:B82=5 
>1@>1;5==O <>2;5==O. �0AB>AC20==O ,� 4;O @>7?V7=020==O <>28 ?V428ICє 
B>G=VABP B0 H284:VABP FP>3> ?@>F5AC. &0:>6 25;8:89 ?>B5=FV0; 70:;045=89 C 
70AB>AC20==V ,� 2 ?@>F5A0E @>7@0EC=:C @>71V@;82>ABV <>28 7 <5B>N 
?V428I5==O H284:>4VW 265 VA=CNG8E <5B>4V2 [1]. 

(V;PB@0FVO HC<C є 4C65 206;82>N A:;04>2>N C 7040G0E @>7?V7=020==O 
<>28. ,C< <>65 CB2>@N20B8AO 2V4 1030BP>E 465@5;, B0:8E O: HC<>2V D>=8, 
702048, 5D5:B 2V4;C==O B0 V=HV. �?;82 F8E G8==8:V2 7=86Cє B>G=VABP 
@>7?V7=020==O B0 @>71V@;82>ABV <>28. ,� <>65 1CB8 28:>@8AB0=89 4;O 
DV;PB@0FVW HC<C, I> 4>?><030є 70157?5G8B8 1V;PH 28A>:C @>71V@;82VABP 
<>28. �;O DV;PB@0FVW HC<C <>6=0 28:>@8AB>2C20B8 @V7=V <5B>48, 2:;NG0NG8 
:0;V1@C20==O <V:@>D>=C, ?@84CH5==O HC<C B0 7=865==O 2V4;C==O. *V <5B>48 
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<>6CBP 1CB8 @50;V7>20=V 7 28:>@8AB0==O< 0;3>@8B<V2 <0H8==>3> =02G0==O, 
O:V =02G0NBPAO =0 40=8E 7 <>2;5==O< B0 HC<>< [2]. !0 4C<:C 02B>@V2, 
?5@A?5:B82=8< є 70AB>AC20==O <5B>4C 0:B82=>3> ?@84CH5==O 72C:C [3]. 

,� B0:>6 <>65 1CB8 70AB>A>20=89 4;O @>7?V7=020==O B0 V45=B8DV:0FVW 
3>;>AC :>@8ABC20G0, I> 4>?><030є 70157?5G8B8 1V;PH 157?5G=89 B0 7@CG=89 
4>ABC? 4> A8AB5<8. �;O FP>3> <>6CBP 70;CG0B8AO =59@>==V <5@56V, O:V 
=02G0NBPAO =0 40=8E 7 <>2;5==O< :>@8ABC20G0 B0 9>3> C=V:0;P=8E E0@0:B5@8AB8: 
3>;>AC, B0:8E O: 28A>B0 3>;>AC B0 A?5F8DVG=V E0@0:B5@8AB8:8 <>2;5==O. 

�=0;V7 B>=0;P=>ABV є V=H>N 206;82>N 7040G5N C @>1>BV 7 <>2;5==O<. ,� 
<>65 1CB8 28:>@8AB0=89 4;O 0=0;V7C B>=0;P=>ABV <>2;5==O B0 287=0G5==O 
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