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%��*�/ «%�%�&� !�� �!���� &� "�+�%�.���Ь!� 
 �&� �&���» 

'��  536.24 

�5=8A5=:> ".�.1 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
�9A<E9A>B ".�. 

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

*���!�$�+!�) &�#�""� �!!���� � &'$�'����&"$� � 

� <5B>N ?V428I5==O 5D5:B82=>ABV >?0;N20;P=>3> >1;04=0==O 2 
B5?;>>1<V==V 5;5<5=B8 21C4>2CNBP @V7=>3> @>4C  BC@1C;V70B>@8. �@0E>2CNG8 
A:;04=C 35><5B@VN B0:8E ?@8AB@>W2 4>A;V465==O 05@>48=0<VG=8E B0 
B5?;>DV78G=8E ?@>F5AV2 4>2>48BPAO ?@>2>48B8 01> 5:A?5@8<5=B0;P=>, 01> 70 
4>?><>3>N G8A5;P=8E <5B>4V2.  �8:>@8AB0==O G8A5;P=8E <5B>4V2 B0 
<0B5<0B8G=>3> <>45;N20==O 4>72>;Oє 4>A;V46C20B8 E0@0:B5@8AB8:8 
B5?;>>1<V==8E 5;5<5=BV2 2 H8@>:><C 4V0?07>=V 35><5B@8G=8E B0 DV78G=8E 
?0@0<5B@V2 B0 75:>=><8B8 =0 ?@>2545=V :>HB>2=8E =0BC@=8E 5:A?5@8<5=BV2. 

� @>1>BV ?@>2>48;>AP 4>A;V465==O 05@>48=0<VG=8E E0@0:B5@8AB8: 
F8;V=4@8G=8E B5?;>>1<V==8:V2 7 21C4>20=8<8 BC@1C;V70B>@0<8 C 283;O4V 
>4=VєW, 42>E 01> B@P>E A:@CG5=8E AB@VG>:. +8A5;P=V 5:A?5@8<5=B8 
?@>2>48;8AP 70 4>?><>3>N ?@>3@0<=>3> :><?;5:AC COMSOL Multiphysics. � 
O:>ABV <0B5<0B8G=>W <>45;V 28:>@8AB>2C20;0AP B@828<V@=0 A8AB5<0 
48D5@5=FV9=8E @V2=O=P !029є-%B>:A0. +8A5;P=0 @50;V70FVO <>45;V 
28:>=C20;0AP <5B>4>< A:V=G5=8E 5;5<5=BV2. #>1C4>20 35><5B@VW B0 
B@80=3C;OFVO  @>7@0EC=:>2>W >1;0ABV 28:>=C20;8AP 70 4>?><>3>N 21C4>20=8E 
2 COMSOL Multiphysics V=A@C<5=BV2. 

/: ?>:07CNBP @>7@0EC=:8, 28:>@8AB0==O BC@1C;V70B>@V2 ACBBє2> 
?V428ICє 5D5:B82=VABP ?@>F5AV2 B5?;>>1<V=C, 0;5 ?@8 FP><C 71V;PHCє 
05@>48=0<VG=89 >?V@ 4;O B5?;>=>AVO. "A:V;P:8 @CE 307>?>2VB@O=>W AC<VHV 
G5@57 B5?;>>1<V==8:8  2 >?0;N20;P=><C >1;04=0=V G0ABVH5 2AP>3> 
2V41C20єBPAO 70 @0EC=>: 2V;P=>W :>=25:FVW, B> =5>1EV4=> 70157?5G8B8 10;0=A 
<V6 28:>@8AB0==O< =04<V@=>W IV;P=>ABV BC@1C;V70B>@V2 B0 05@>48=0<VG=8< 
>?>@>< B5?;>>1<V==8:V2, ?@8 O:><C 1 70157?5GC20;0AP 30@0=B>20=0 520:C0FVO 
?@>4C:BV2 3>@V==O 2 =5A?@8OB;828E 7>2=VH=VE C<>20E. 

#@>2545=> A5@VN G8A5;P=8E @>7@0EC=:V2 4;O @V7=8E 7=0G5=P 
35><5B@8G=8E ?0@0<5B@V2 B5?;>>1<V==8:V2 B0 DV78G=8E C<>2 @CEC 
307>?>2VB@O=>W AC<VHV. !0 @8A.1 =02545=>  @57C;PB0B8 @>7@0EC=:V2 H284:>ABV  
?>2VB@O 2 B5?;>>1<V==8:0E 4;O 28?04:V2 >4=VєW B0 B@P>E 21C4>20=8E 
A:@CG5=8E AB@VG>:. $>7@0EC=:8 4>72>;ONBP 2V7C0;V7C20B8 A:;04=C AB@C:BC@C 
70:@CG5=8E ?>B>:V2, 287=0G8B8 @>7?>4V; B8A:C B0 28B@0B=V E0@0:B5@8AB8:8 
307>?>2VB@O=>W AC<VHV. $>73;O40;8AP B0:>6 28?04:8 =5@V2=><V@=>W IV;P=>ABV 
70:@CB:8 AB@VG>: 7 <5B>N ?5@5@>7?>4V;C B5?;>>1<V=C ?> 28A>BV F8;V=4@0. 
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                                0                                                                 1 

0 – >4=0 AB@VG:0;    1 – B@8 AB@VG:8. 

$8AC=>: 1 – $>7?>4V; H284:>AB59 2 ?>?5@5G=8E ?5@5@V70E B5?;>>1<V==8:V2 7  
21C4>20=8<8 328=B>?>4V1=8<8 AB@VG:0<8 

� B01;8FV 1 =02545=V >1@0E>20=V A5@54=V H284:>ABV V B0 28B@0B8 ?>2VB@O 
Q 2 70;56=>ABV 2V4 :V;P:>ABV 21C4>20=8E AB@VG>: B0 IV;P=>ABV 70:@CB:8. 
 

&01;8FO 1 – �8B@0B=V E0@0:B5@8AB8:8 ?>2VB@O G5@57 B5?;>>1<V==8: 2 70;56=>ABV 2V4 
IV;P=>ABV 28B:V2 B0 :V;P:>ABV AB@VG>: BC@1C;V70B>@0 

�V;P:VABP 
28B:V2 

1 AB@VG:0 2 AB@VG:8 3 AB@VG:8 

V, m/c Q, m3/c V, m3/c Q, m3/c V, m/c Q, m3/c 

2 0,587 0,0011 0,2647 0,00051 0,264 0,00051 

3 0,416 0,0008 0,204 0,00039 0,197 0,00038 

4 0,305 0,00059 0,167 0,00032 0,153 0,00029 

5 0,241 0,00046 0,139 0,00026 0,126 0,00024 

6 0,186 0,00035 0,112 0,00021 0,102 0,00019 
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'�� 004.94 
�0:C@>20 �.�.1, �54<54є2 %.$. 2, &5@5I5=:> �.�. 3 

1 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�0>GDB60 �.�., �98@98є6 %.$., &9D9I9A>B �.�.  

$"�$"��� �" #�&�!&!"%!�) ��#$"%�� ��/  
"!&"�"��� HELIANTHUS 

!0 107V V=D>@<0FVW, =040=>W 5:A?5@B0<8 �=AB8BCB>< ";V9=8E :C;PBC@ 
!�! ':@0W=8 ?@>2545=> 287=0G5==O ?@54<5B=>W 30;C7V 7=0=P ?@> A>=OH=8: 
4;O AB2>@5==O >=B>;>3VW HELIANTHUS [1]. "=B>;>3VO 1C4CєBPAO 4;O 
?>40;PH>3> 70AB>AC20==O 2 A8AB5<0E ?V4B@8<:8 @VH5=P V ?>28==0 4>72>;8B8 
<VAB8B8 2:;045=V B0 D>@<C20B8 =>2V 7=0==O, I> 2V4?>2V40NBP 70?8B0< 
:>@8ABC20GV2. �;O 70157?5G5==O A5<0=B8G=>3> =0?>2=5==O <V6 A:;04>28<8 
>=B>;>3VW 7040NBPAO 2V4?>2V4=V 2V4=>H5==O, I> G0AB:>2> =02545=V 2 B01;. 1 
[2].' ?5@H><C AB>2?FV =02545=> =5D>@<0;P=5 5:A?5@B=5 ?>40==O 70?8BV2, C 
4@C3><C AB>2?FV – D>@<0;P=5 ?>40==O, I> ґ@C=BCєBPAO =0 70AB>AC20==V 
?@548:0B=>W ;>3V:8 ?5@H>3> ?>@O4:C =0 <=>68=V :;0AV2 >=B>;>3VW, 0 2 
>AB0==P><C – =02545=> ?5@5;V: 2V4=>H5=P <V6 :;0A0<8 C 70?8B0E. 

&01;8FO 1 – �><?5B5=B=VA=V 70?8B0==O: «-> 7@>18B8 I>1 >B@8<0B8  
=09:@0IV9 2@>609 A>=OH=8:C =0 <>є<C ?>;V?»  

#8B0==O 
:><?5B5=B=>ABV 
(=5D>@<0;P=>) 

#8B0==O :><?5B5=B=>ABV (D>@<0;P=V) #5@5;V: 2V4=>H5=P 

/: <>6=0 
287=0G8B8 AB0= 
@>4NG>ABV 
ґ@C=BC ?V4 
C@>609 
A>=OH=8:C? 

There exists Time t AND exists Soil Test 

y (1m–1.5m) for any Soil Sample x AND 

Chemical Composition  (NPK or minor 
elements (boron, zinc, magnesium, 

selenium, etc.)) and Water-holding 

Capacity (aggregate) state, colloidality) 
OR Living Component soil (bacteria, 

worms, symbionts, etc.) OR Mechanical 

Composition of soils (sand, clay, humus, 
etc.), then the decision is made Decision d 

about Application YES / NO and Time t 

isSoilTest(y,x); 

isTestedChemical_Composition 

(x,y); 
isTestedWater-

holding_Capacity(x,y);  

isTestedMechanical_Composition(x
, sand, clay, humus); 

isDecision(Application, Time t) 

%:V;P:8 V :>;8 
2=>A8B8 4>1@82 
=0 35:B0@ 
A>=OH=8:C? 

There exists Decision d AND exists 
Fertilizer f for any Sunflower s AND 

exists Soil Test y (1m–1.5m) for any Soil 

Sample x AND Chemical Composition  
(NPK or minor elements (boron, zinc, 

magnesium, selenium, etc.)) AND Living 

Component soil (bacteria, worms, 
symbionts, etc.), then the amount of litter 

or the amount of NPK or the amount of 

urea. 

isNitrogenRich(f, y);  
isBoronRich(f, y);  

isBacteriaRich(f, y);  

isMostlySuitableFor(f, y) 
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#@>4>265==O B01;8FV 1 
#8B0==O 

:><?5B5=B=>ABV 
(=5D>@<0;P=>) 

#8B0==O :><?5B5=B=>ABV (D>@<0;P=V) #5@5;V: 2V4=>H5=P 

+8 20@B> 
?>;820B8 
A>=OH=8:? 

There is Time t AND exists Soil Test y (1m–1.5m_ 

(y) AND Water-holding capacity (aggregate state, 

colloidality) OR Mechanical composition of soils 
(sand, clay, humus, etc.), then Irrigation Technology 

w 

isTypeOf_Soil(Loam ∨ 

Clay ∨ Sandy, x); 

isWater-holdingCapacity 
(aggregate_state,colloida

lity); 

isTechnology_Irrigation(
w,x) 

�>;8 V G8< 
>1@>1;OB8 2V4 
H:V4=8:V2? 

There is a pest z and there is a Genotype G and a 

pesticide p such that include pest z species x and 

Time t, as well as Pesticide treatment p and there is a 

technology Agricultural chemical treatment with 

pesticide p 

isPestInSoil(z,x); 

forGenotypeDependsOn(

G,z); 

isUsedForTreatmentOf(

G,p) 

�>;8 V O: 
;V:C20B8 
E2>@>18? 

There is disease w AND there is Genotype G AND 
Pesticide p including Disease w and TIME t and 

Pesticide treatment p and there is a technology 

Agricultural chemical treatment with Pesticide p then 
Pesticide p is used to treat Disease w. 

isDiseaseInSoil(w,x); 
forGenotypeDependsOn(

G,w); 

isUsedTechnology(G,p) 

/: ?>71CB8AO 
Orobanche 
cumana Wallr =0 
?>AV20E 
A>=OH=8:C? 

There is a parasite Orobanche cumana Wallr (OCW) 

and Genotype G with the trait resistant to Orobanche 
cumana Wallr, then do not process OR 

There is a parasite Orobanche cumana Wallr. AND 

Genotype G with trait resistant to Orobanche cumana 
Wallr AND resistant to Herbicide g and Time t AND 

there is a technology Agricultural chemical treatment 

with Herbicide g, then treat Herbicide g OR 
There is a parasite Orobanche cumana Wallr. AND 

Genotype G with the trait resistant to Orobanche 

cumana Wallr AND TIME t, then Technology 
CropRotation is resistant to Orobanche cumana Wallr 

isOrobancheCumanaWal

lrInSoil(OCW,x); 
forGenotypeDependsOn(

G,OCW); 

isUsedTechnology((G,g)
(G,Crop rotation)) 

 

"B@8<0=V @57C;PB0B8 1C;> 282G5=> B0 ?V4B25@465=> 5:A?5@B0<8 2 FV9 
>1;0ABV 7 �=AB8BCBC ";V9=8E :C;PBC@ !��! ':@0W=8. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �C4@V=0 �. %. (>@<C20==O ?@>4C:B82=>ABV A>=OH=8:C 70;56=> 2V4 
5;5<5=BV2 B5E=>;>3VW 28@>IC20==O 2 C<>20E ?V245==>3> AB5?C ':@0W=8 : 48A. 
& :0=4840B AV;PAP:>3>A?>40@AP:8E =0C: : A?5F. 06.01.09 – @>A;8==8FB2> 
(AV;PAP:>3>A?>40@AP:V =0C:8);  8:>;0W2AP:89 =0FV>=0;P=89 03@0@=89 
C=V25@A8B5B –  8:>;0W2, 2021. – 175 A. 

2. Aminu E. F. MaCOnto: A robust maize crop ontology based on soils, 

fertilizers and irrigation knowledge / E. F.Aminu I. O. Oyefolahan, M. B. 

Abdullahi, M. T. Salaudeen // Intelligent Systems with Applications. – 2022. –Vol. 

16. – P. 200125. 
 



13 

'�� 519.23 

 0=P:>2 �.�.1, �0E@CH8= �.Є. 2 

1 ABC4. 3@. �!&-812< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

 �!Ь�"� �.�., ��)$',�! �.Є. 

�!���� ��!��$!�) ��� �!!"%&�� $��'�Ь&�&�� ! & � 
'�$��!%Ь�"�  "�� 

+5@57 2>є==V 4VW 2 ':@0W=V, C 2022 @>FV 70<VABP �!" 4;O 2ABC?=8:V2 4> 
70:;04V2 28I>W >A2VB8 1C;> 2?@>20465=> V ?@>2545=> !0FV>=0;P=89 
<C;PB8?@54<5B=89 B5AB (! &), O:89 A:;0402AO 7 B@P>E 1;>:V2: C:@0W=AP:0 
<>20, <0B5<0B8:0 B0 VAB>@VO ':@0W=8 [1]. �>3> @57C;PB0B8 2V4>1@060NBP 
@V25=P ?V43>B>2:8 CG=V2 7 2V4?>2V4=8E ?@54<5BV2. �5=45@=V 2V4<V==>ABV C 
@57C;PB0B0E ! & <>6CBP 2?;8=CB8 =0 @V2=VABP 4>ABC?C 4> 28I>W >A2VB8 4;O 
G>;>2V:V2 V 6V=>:. 

 5B0 4>A;V465==O: 287=0G5==O =0O2=>ABV 01> 2V4ACB=>ABV VAB>B=8E 
2V4<V==>AB59 @57C;PB0BV2 ! & 7 C:@0W=AP:>W <>28 <V6 G>;>2V:0<8 B0 
6V=:0<8. 

�=0;V7 74V9A=N20;8 70 B01;8F5N @57C;PB0BV2 ! & 7 >DVFV9=>3> A09BC 
':@0W=AP:>3> F5=B@C >FV=N20==O O:>ABV >A2VB8. �;O 0=0;V7C 1C;8 @>7@0E>20=V 
B0:V ?>:07=8:8 >?8A>2>W AB0B8AB8:8 O: A5@54=є 7=0G5==O, <54V0=0, 48A?5@AVO, 
AB0=40@B=5 2V4E8;5==O, 0 B0:>6 28:>@8AB0=V AB0B8AB8G=V :@8B5@VW 
�V;;VєD>@A0, �>;<>3>@>20-%<8@=>20 B0 'V;:>:A>=0. 

"A=>2=V ?>:07=8:8 >?8A>2>W AB0B8AB8:8 @57C;PB0BV2 ! & =02545=> C 
B01;8FV: 

&01;8FO 1 – #>:07=8:8 >?8A>2>W AB0B8AB8:8 

#>:07=8:8 +>;>2V:8 �V=:8 

%5@54=є 7=0G5==O (4> 
?5@52545==O 2 H:0;C 100-
200) 

17,5 20,4 

 54V0=0 16 20 

%B0=40@B=5 2V4E8;5==O 7,2 7,6 

 >40 13 15 

�V;P:VABP CG0A=8:V2 101784 112290 

 

� B01;8FV 1 284=>, I> A5@54=V 10;8 ! & 7 C:@0W=AP:>W <>28 4;O E;>?FV2 
B0 4V2G0B <0NBP 2V4<V==>ABV (17,5 B0 20,4 10;V2 2V4?>2V4=>).  54V0=0 4;O F8E 
3@C? 4>@V2=Nє 16 B0 20 10;0< 2V4?>2V4=>. %B0=40@B=5 2V4E8;5==O C 6V=>: 
B@>E8 1V;PH5, =V6 C G>;>2V:V2, B>1B> @>7:84 @57C;PB0BV2 2 6V=>GV9 3@C?V 
H8@H89.  >40 4;O G>;>2V:V2 =0 @V2=V 13 10;V2, I> є =86G8< =0 2 10;8 =V6 C 
6V=>:. 
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�;O 281>@C :@8B5@VW2 ?5@52V@:8 >4=>@V4=>ABV 281V@>: A?>G0B:C 
?5@52V@O;8 WE 2V4?>2V4=VABP =>@<0;P=><C 70:>=C @>7?>4V;C. �;O ?5@52V@:8 
3V?>B57 ?@> 2V4?>2V4=VABP =>@<0;P=><C @>7?>4V;C B0 ?@> 2V4ACB=VABP 70 
4>?><>3>N :@8B5@VN �V;;VєD>@A0: 

�@8B5@V9 �V;;VєD>@A0: datm D = 0.12708, p-value < 2.2e-16; datw D = 

0.12543, p-value < 2.2e-16 

�@8B5@V9 �V;;VєD>@A0 ?>:07Cє, I> @>7?>4V;8 @57C;PB0BV2 ! & C 
G>;>2V:V2 B0 6V=>: =5 2V4?>2V40NBP =>@<0;P=><C 70:>=C. P-value 4;O >1>E 
28?04:V2 VAB>B=> <5=H5 70 0.05, I> A2V4G8BP ?@> AB0B8AB8G=C 7=0GCIVABP 
2V4E8;5=P 2V4 =>@<0;P=>3> @>7?>4V;C. &><C 4;O ?5@52V@:8 3V?>B578 ?@> 
>4=>@V4=VABP 281V@>: G>;>2V:V2 B0 6V=>: B@510 28:>@8AB>2C20B8 
=5?0@0<5B@8G=V :@8B5@VW, B0:V O: :@8B5@VW, �>;<>3>@>20-%<8@=>20 B0 
'V;:>:A>=0 [2, 3]: 

ks.test(datm,datw) # :@8B5@V9 �>;<>3>@>20-%<8@=>20 
wilcox.test(datm,datw) # :@8B5@V9 'V;:>:A>=0 
"B@8<0є<> @57C;PB0B8: 
�@8B5@V9 �>;<>3>@>20-%<8@=>20: datm and datw D = 0.013073, p-value = 

2.377e-08. 

�@8B5@V9 'V;:>:A>=0: W = 5.79e+09, p-value = 1.271e-07. 

�@8B5@VW �>;<>3>@>20-%<8@=>20 B0 'V;:>:A>=0 ?>:07CNBP, I> є 
AB0B8AB8G=> 7=0GCI0 @V7=8FO <V6 @57C;PB0B0<8 G>;>2V:V2 B0 6V=>:. P-value 

<5=H5 70 0,05, I> >7=0G0є, I> =C;P>20 3V?>B570 ?@> 2V4ACB=VABP @V7=8FV C 
@>7?>4V;0E <0є 1CB8 2V4E8;5=0. 

�<EAB6><: 0=0;V7 @57C;PB0BV2 ! & 7 C:@0W=AP:>W <>28 ?>:0702 @>7@82 
<V6 G>;>2V:0<8 B0 6V=:0<8 =0 @V2=V 2,9 «A8@8E» 10;V2 =0 :>@8ABP 6V=>:. #@8 
?5@52545==V @57C;PB0BV2 C H:0;C 100-200 2 A5@54=P><C G>;>2V:8 >B@8<0;8 
147 10;V2 ?@>B8 154 10;V2 C 6V=>:. &5ABC20==O 7 C:@0W=AP:>W <>28 є 
>1>29O7:>2>N C<>2>N 4;O 2ABC?C 4> 70:;04V2 28I>W >A2VB8 B0 4;O 1030BP>E 
A?5FV0;P=>AB59 ?@8 2ABC?V @57C;PB0B 7 FP>3> ?@54<5B0 <0є 2V4=>A=> 25;8:89 
203>289 :>5DVFVє=B, B><C <>6=0 >GV:C20B8, I> ?@8 2ABC?V =0 1N465B FO 
2V4<V==VABP <>65 1CB8 VAB>B=>N. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. ! &. �030;P=0 V=D>@<0FVO [�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C: 
https://testportal.gov.ua/tag/nmt 

2. �0E@CH8= �.Є.  5B>48 0=0;V7C 40=8E : =02G0;P=89 ?>AV1=8: 4;O 
ABC45=BV2 / �.Є. �0E@CH8=. – �0?>@V66O : �#', 2011. – 268 A. 

3. R Documentation [�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C: 
https://rdocumentation.org. 

https://rdocumentation.org/
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'�� 004.94 
$O15=:> �.Є.1 , �02@8H:> �...2, ,8@>:>@04 �.�.3, &5@5I5=:> �.�.1 

1 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

2 ABC4. 3@. �!&-819 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

$/��!�" �.Є., ���$�,�" �..., ,�$"�"$�� �.�., &�$�-�!�" �.�. 

$"�$"��� #$"�$� !"� �����"&��� ��/ "�’Є�&!"-

$��/*��!"�" ���"�$���!!/ ��� ��!�) 

' AB2>@5==V 251-4>40B:V2 VAB>B=C @>;P 2V4V3@0NBP 70A>18 4;O @>1>B8 7 
1070<8 40=8E, O: ?@028;>, WE @5;OFV9=8<8 2840<8. &0:0 B5E=>;>3VO O: ORM 
(Object-Relational Mapping) 4>72>;Oє 70AB>A>2C20B8 ?@8=F8?8 B0 ?V4E>48 
>19є:B=>->@Vє=B>20=>3> ?@>3@0<C20==O 4;O 270є<>4VW 7 1070<8 40=8E. /: 
2V4><>, >A=>2=>N ?@>3@0<=>N 28@07:>N 4;O AB2>@5==O 70?8BV2 4> 107 40=8E 
є SQL. ORM є =041C4>2>N 28I>3> @V2=O 01AB@0:FVW, ?@8 @50;V70FVW O:>W =5<0є 
=5>1EV4=>ABV ?8A0B8 @CB8==V 70?8B8 SQL, 70AB>A>2CNG8 70<VABP =8E 
2;0AB82>ABV B0 <5B>48 A?5FV0;P=8E :;0AV2, AB@C:BC@0 O:8E 2V4?>2V40є 
AB@C:BC@V B01;8FP B0 ?>;V2 1078 40=8E, 0 =01V@ DC=:FV9 4>72>;Oє 02B><0B8G=> 
35=5@C20B8 SQL 70?8B8 4;O AB2>@5==O, <>48DV:0FVW, 2840;5==O B0 G8B0==O 
40=8E. ORM 70AB>A>2CєBPAO, 7>:@5<0, C B0:8E 1V1;V>B5:0E Python 4;O 251-

@>7@>1:8 O: Django B0 Flask-SQLAlchemy. 

� @0<:0E FVєW @>1>B8 1C2 @>7@>1;5=89 ?@>3@0<=89 ?@>4C:B MagicSQL, 

I> @50;V7Cє 70A>10<8 <>28 ?@>3@0<C20==O Python 02B><0B870FVN 4V9 7 1070<8 
40=8E SQLite 2 >19є:B=>->@Vє=B>20=><C AB8;V. �>:@5<0 70AB>AC20==O FVєW 
B5E=>;>3VW 4>72>;Oє AB2>@8B8 <>45;P 40=8E C 283;O4V :;0AV2-A?04:>є<FV2 
:;0AC Table 7 1V1;V>B5:8. %B0B8G=V ?>;O :;0AV2 287=0G0NBP AB@C:BC@C B01;8FP 
1078 40=8E. #VA;O AB2>@5==O <>45;V <5B>4 DV78G=> create_all AB2>@Nє 107C 
40=8E B0 B01;8FV C =V9 2V4?>2V4=>W AB@C:BC@8. �@V< ?>;V2, 287=0G5=8E 
:>@8ABC20G5<, :>6=0 B01;8FO >B@8<Cє FV;89 ?5@28==89 :;NG (?>;5 id). #@8 
FP><C, O: V ?@8 28:>=0==V V=H8E 4V9, =5<0є =5>1EV4=>ABV AB2>@N20B8 
A0<>ABV9=> SQL 70?8B8, 2>=8 35=5@CNBPAO V 70?CA:0NBPAO 02B><0B8G=>, ?@8 
FP><C >4=0 7 =0;0HBC20=P 4>72>;Oє :>@8ABC20G52V 10G8B8 2 :>=A>;V 70?8B8, 
I> 28:>=CNBPAO. 

#VA;O AB2>@5==O 1078 40=8E B0 B01;8FP ?@8@>4=8< ?@>4>265==O< 1C45 
70?>2=5==O B01;8FP 40=8<8. &CB B0:>6 70AB>A>2CєBPAO ""# ?V4EV4, C O:>3> 
AB2>@5==O >19є:B0 :;0AC, I> ?@54AB02;Oє B01;8FN, >7=0G0є 02B><0B8G=5 
2=5A5==O @O4:0 40=8E C B01;8FN. !0?@8:;04, <8 <0є<> B01;8FN Language, 

I> 715@V30є 40=V ?@> <>28 ?@>3@0<C20==O 7 ?>;O<8 name, year, rating (=0720, 
@V: AB2>@5==O, @59B8=3). �;O 4>4020==O 70?8AC 4>AB0B=P> AB2>@8B8 >19є:B 
:;0AC Language B0 28:;8:0B8 9>3> <5B>4 add: 

 

 python = Language(name=8Python9, year=1991, rating=8.5) 
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 python.add() 

?@8 FP><C 35=5@CєBPAO B0 28:>=CєBPAO SQL-70?8B: 
 

 INSERT INTO Language (name, year, rating)  

 VALUES 

 (8Python9, 1991, 8.5); 

 

�V;PH A:;04=>N 7 ?@>3@0<=>W B>G:8 7>@C 1C;0 @5;V7 729O7:V2 «one-to many» 
<V6 B01;8FO<8. !0?@8:;04, O:I> B01;8FO 7 40=8<8 ?@> ?@>5:B8 Project 
?>29O70=0 70 7>2=VH=V< :;NG5< V7 B01;8F5N Language, B> =0 @V2=V >:@5<8E 
>19є:BV2 <0є 1CB8 <>6;82VABP 2AB0=>2;5==O 729O7:V2 70 4>?><>3>N <5B>4V2 
F8E >19є:BV2. &0:, O:I> <8 E>G5<> 2AB0=>28B8 729O7>: <V6 ?@>5:B>< «web-
site» B0 <>2>N Python, B> 2 :>4V =0< 4>AB0B=P> 28:;8:0B8 <5B>4 relate: 
 

 site = Project(name=8company web-site9) 
 site.relate(python) 

 

?@8 FP><C B01;8FV 02B><0B8G=> 2=>AOBPAO 2V4?>2V4=V 7=0G5==O 7>2=VH=VE 
:;NGV2 4;O @50;V70FVW 729O7:V2 <V6 @O4:0<8. 
 

 &0:>6 @50;V7>20=> 281V@:C 40=8E. !0?@8:;04, <5B>4 filter 4>72>;Oє 
G8B0B8 70?8A8 B01;8FV 7 C:70==8<8 >1<565==O<8. !0?@8:;04, O:I> =0< 
?>B@V1=V <>28 ?@>3@0<C20==O 7 @59B8=3>< =5 =86G5 8.0, F5 28:>=CєBPAO 
B0:8< G8=><: 
  

 Language.objects().filter(rating = 8>= 8.09) 
 

�;O 281V@:8 B0:>6 @50;V7>20=V <5B>48 all V order_by 4>72>;ONBP >B@8<0B8 
=5C?>@O4:>20=V 70?8A8 V 2?>@O4:>20=V 70 O:8<-=51C4P ?>;5< 01> 3@C?>N 
?>;V2 70?8A8 2V4?>2V4=>. /: ?>40;PH5 24>A:>=0;5==O ?@>5:BC 70?;0=>20=> 
@50;V70FVN 729O7:C «many-to-many». 
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'�� 004.94 

"<5;PO=5=:> �.".1 

1 ABC4. 3@. �!&-812< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
" ��Ь/!�!�" �.". 

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

' ACG0A=><C A2VBV DV=0=A>2V CAB0=>28 ?@>?>=CNBP ?@>4C:B8, I> <0NBP 
A:;04=C AB@C:BC@C, B0 H8@>:89 A?5:B@ ?>A;C3, I> =040NBPAO. $8=>: 
DV=0=A>28E ?>A;C3 =0?>2=NєBPAO DV=0=A>28<8 ?@>4C:B0<8 2V4 :@548B=8E 
:0@B>:, :@8?B>20;NB 4> V=25AB8FV9=8E ?>@BD5;V2. �;O :;Vє=BV2 7@>AB0є 
:V;P:VABP 20@V0=BV2 28:>@8AB0==O B0:8E ?@>4C:BV2, B><C 0=0;V7 B0 ?>@V2=O==O 
F8E 20@V0=BV2 AB0є 1V;PH A:;04=8<. 

%09B-03@530B>@ DV=0=A>28E ?>A;C3 Financer.com =040є 4>ABC? 4> =04V9=>W B0 
B>G=>W V=D>@<0FVW 2V4 >DVFV9=8E 10=:V2-?0@B=5@V2 2 26 :@0W=0E A2VBC. *5 є 
<V6=0@>4=>N A;C61>N ?>@V2=O==O FV= 2 A5:B>@V >A>18AB8E DV=0=AV2. �>;>2=0 
AB>@V=:0 <VAB8BP =02V30FV9=5 <5=N 7 :V;P:><0 >A=>2=8<8 :0B53>@VO<8, B0:8<8 O: 
«�@548B=V :0@B8», «�@548B8», «%B@0EC20==O», «�=25AB8FVW», «�@8?B>20;NB8», 
«�0=:V=3» B0 V=HV. !0 A09BV є @>74V; «!>28=8 B0 AB0BBV». %B@C:BC@0 A09BC B0:>6 
2:;NG0є @>74V; «$59B8=38 B0 ?>@V2=O==O», 45 :>@8ABC20GV <>6CBP ?>@V2=OB8 @V7=V 
DV=0=A>2V ?@>4C:B8 B0 ?>A;C38. Є @>74V; «#>@04=8:8 B0 :0;P:C;OB>@8», 45 
:>@8ABC20GV <>6CBP 7=09B8 V=AB@C<5=B8 4;O :5@C20==O A2>W<8 DV=0=A0<8. 
!040NBPAO :0;P:C;OB>@8 ?;0B56V2 ?> :@548BC, 2:;04V2 B0 V=25AB8FV9.  

�;O 1V;PH 045:20B=>W @>1>B8 A09BC 7 :;Vє=B>< B0 =040==O 
?5@A>=VDV:>20=>W 4>?><>38 @>7@>1;5=> 1;>: D>@<C20==O ?@>?>78FV9. �;O 
DC=:FVN20==O 1;>:C D>@<C20==O ?@>?>78FV9 718@0єBPAO V=D>@<0FVO 4;O 
?>40;PH>W 0=0;VB8:8 I>4> D>@<C20==O ?@>?>78FV9 4;O :>=:@5B=>3> :;Vє=B0 
=0 107V ?>?5@54=VE 70?8BV2 :>@8ABC20G0 4;O D>@<C20==O ?@>?>78FV9 ?> 
?>A;C30<. %09B 718@0є 7 4>72>;C :>@8ABC20G0 ?5@A>=VDV:>20=C V=D>@<0FVN 
B0:C, O: 2V:, AB0BP, ?@81;87=89 70@>1VB>: 70 @V:. !0 >A=>2V FVєW V=D>@<0FVW 
?V418@0NBPAO B5<8 4;O =0?>2=5==O A09BC. !0 >A=>2V G0AB>B8 2V42V4C20==O BVєW 
G8 V=H>W AB>@V=:8 :><?0=VW W9 ?@82;0A=NєBPAO 2=CB@VH=V9 @59B8=3, 70 O:8< 
@0=6CєBPAO G0AB>B0 ?>:07C WW 10=5@V2 2 ?>HC:C. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. A financial comparison website with presence in 26 markets 

[�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C: https://financer.com/. 

 

https://financer.com/
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%��*�/ «�" #’.&�$!� %�%&� � &�  �$���» 
 

'�� 658.872:004.056.5 
�@CH:> %.%.1, )>E;>2  . .2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�$',�" %.%. 

,&'+!�� �!&����& /� �!%&$' �!& %&�"$�!!/  
�"!&�!&' ��/ %"* �$�� 

%P>3>4=V HBCG=89 V=B5;5:B (,�) <>65 1CB8 28:>@8AB0=89 O: V=AB@C<5=B 
4;O AB2>@5==O :>=B5=BC 4;O A>FV0;P=8E <5@56 (% ). *O B5<0 є 4C65 
0:BC0;P=>N, >A:V;P:8 A>F<5@56V AB0;8 =52V49є<=>N G0AB8=>N =0H>3> 68BBO, 
0 WE 28:>@8AB0==O 7@>AB0є 7 :>6=8< 4=5<. ,BCG=89 V=B5;5:B <>65 4>?><>3B8 
28@VH8B8 1030B> ?@>1;5<, ?>29O70=8E 7V AB2>@5==O< :>=B5=BC 4;O % , B><C 
I> 2V= <>65 ?@0FN20B8 H284H5, 5D5:B82=VH5 B0 7 <5=H>N :V;P:VABN 
?><8;>:, =V6 ;N48. 

,BCG=89 V=B5;5:B – F5 30;C7P :><?9NB5@=>W =0C:8, I> 4>A;V46Cє, O: 
:><?9NB5@8 <>6CBP 2V4B2>@N20B8 V<VB0FVN ;N4AP:>3> @>7C<C B0 ?>254V=:8. 
�;O 4>AO3=5==O FVєW <5B8 28:>@8AB>2CNBPAO 0;3>@8B<8 B0 <>45;V, O:V <>6CBP 
=02G0B8AO B0 ?>:@0IC20B8 A2>W 2<V==O B0 =028G:8. 

,� <>65 1CB8 28:>@8AB0=89 4;O AB2>@5==O :>=B5=BC 4;O A>FV0;P=8E <5@56 
2 @V7=8E D>@<0B0E, B0:8E O: B5:AB>2V ?>2V4><;5==O, D>B>3@0DVW, 2V45> B0 0C4V>. 
!0?@8:;04, V=AB@C<5=B8 4;O AB2>@5==O :>=B5=BC =0 >A=>2V ,� <>6CBP 
AB2>@N20B8 B5:AB>2V ?>2V4><;5==O, O:V 1C4CBP ?@8201;828<8 4;O 0C48B>@VW B0 
>?B8<V7>20=V 4;O ?>HC:>28E A8AB5<. �>=8 B0:>6 <>6CBP 35=5@C20B8 >?8A8 4> 
D>B>3@0DV9 B0 2V45>, I> 7=0G=> ?>;53HCє ?@>F5A AB2>@5==O :>=B5=BC. 

"4=8< 7 =091V;PH 2@060NG8E ?@8:;04V2 28:>@8AB0==O HBCG=>3> 
V=B5;5:BC 4;O AB2>@5==O :>=B5=BC є 35=5@0FVO @50;VAB8G=8E 7>1@065=P. 

�0AB>AC20==O ,� 2 A>FV0;P=8E <54V0 AB0є 2A5 1V;PH ?>H8@5=8< V 
4>?><030є :><?0=VO< 5D5:B82=VH5 270є<>4VOB8 7V A2>W<8 :;Vє=B0<8 B0 
:>@8ABC20G0<8 % . "4=0:, 9>3> 28:>@8AB0==O 2 AB2>@5==V :>=B5=BC 4;O 
A>F<5@56 B0:>6 <0є 5B8G=V ?8B0==O. 

,BCG=89 V=B5;5:B <>65 1CB8 28:>@8AB0=89 4;O 02B><0B8G=>3> 
AB2>@5==O =>28=, AB0B59 B0 V=H8E 284V2 :>=B5=BC 4;O A>F<5@56. *5 4>72>;Oє 
:><?0=VO< H284:> AB2>@N20B8 25;8:C :V;P:VABP :>=B5=BC B0 ?C1;V:C20B8 9>3> 
2 % , I>1 70;CG0B8 1V;PH5 :>@8ABC20GV2 B0 ?V428IC20B8 A2>N ?>?C;O@=VABP. 
,BCG=89 V=B5;5:B <>65 B0:>6 4>?><>3B8 2 02B><0B870FVW ?@>F5AC 
?;0=C20==O B0 ?C1;V:0FVW :>=B5=BC, I> 7<5=HCє 7CA8;;O, =5>1EV4=V 4;O 
2545==O A>FV0;P=8E <54V0. 

"4=0:, 28:>@8AB0==O ,� 2 AB2>@5==V :>=B5=BC B0:>6 <0є A2>W =54>;V:8 
B0 5B8G=V ?8B0==O. !0?@8:;04, 2V= <>65 AB2>@N20B8 :>=B5=B, O:89 =5 є 
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4>AB0B=P> O:VA=8< 01> B>G=8<. �@V< B>3>, ,� <>65 AB2>@N20B8 :>=B5=B, O:89 
<VAB8BP ?><8;:8, V=D>@<0FVN 7V A?>B2>@5==O< 01> 7>2AV< =5?@0248289 
:>=B5=B. *5 <>65 ?@825AB8 4> @>7?>2AN465==O D59:>28E =>28= B0 V=H8E 
284V2 =54>AB>2V@=>W V=D>@<0FVW 2 <5@56V. 

�@V< B>3>, 28:>@8AB0==O HBCG=>3> V=B5;5:BC 2 AB2>@5==V :>=B5=BC <>65 
<0B8 =530B82=89 2?;82 =0 ;N459, O:V 709<0NBPAO AB2>@5==O< :>=B5=BC 
2@CG=C. *5 <>65 ?@8725AB8 4> 7<5=H5==O :V;P:>ABV @>1>G8E <VAFP B0 
7@>AB0==O 157@>1VBBO 2 40=V9 30;C7V. 

!0 AP>3>4=VH=V9 45=P ,� 265 7=09H>2 A2>є 70AB>AC20==O C 1030BP>E 
AD5@0E, 2:;NG0NG8 AB2>@5==O :>=B5=BC 4;O A>FV0;P=8E <5@56. )>G0 F59 
?@>F5A I5 =5 ?>2=VABN 02B><0B87>20=89, 0;5 70AB>AC20==O HBCG=>3> 
V=B5;5:BC 7=0G=> A?@>ICє V ?@8A:>@Nє ?@>F5A AB2>@5==O :>=B5=BC. 

"4=8< 7 3>;>2=8E 70AB>AC20=P FVєW B5E=>;>3VW 2 A>FV0;P=8E <5@560E є 
02B><0B8G=5 AB2>@5==O 7>1@065=P B0 2V45>. !0?@8:;04, @V7=><0=VB=V 
0;3>@8B<8 <>6CBP 35=5@C20B8 D>B>3@0DVW B0 2V45>@>;8:8, I> 2V4?>2V40NBP 
:>=:@5B=8< 70?8B0< B0 B5<0B8FV. �024O:8 FP><C 7<5=HCєBPAO 70;56=VABP 2V4 
D>B>3@0DV2 B0 2V45><59:5@V2, 7<5=HCєBPAO G0A =0 AB2>@5==O :>=B5=BC B0 
?V428ICєBPAO 9>3> O:VABP. 

-5 >4=8< 70AB>AC20==O< ,� 2 %  є AB2>@5==O B5:AB>2>3> :>=B5=BC, 
B0:>3> O: 703>;>2:8 =>28=, >?8A8 B>20@V2, E5HB538 B>I>. %?5FV0;P=V 
0;3>@8B<8 <>6CBP 35=5@C20B8 B5:AB =0 >A=>2V 7040=8E ?0@0<5B@V2 B0 40=8E, 
I> ?V428ICє 5D5:B82=VABP B0 H284:VABP AB2>@5==O :>=B5=BC. 

&0:>6 HBCG=89 V=B5;5:B <>65 1CB8 28:>@8AB0=89 4;O ?5@A>=0;V70FVW 
:>=B5=BC, I> ?>:07CєBPAO :>@8ABC20G0< % . �;3>@8B<8 <>6CBP 0=0;V7C20B8 
?>254V=:C :>@8ABC20GV2, WE 2?>4>10==O, V=B5@5A8 B0 728G:8, I> 4>72>;Oє 
?>:07C20B8 W< :>=B5=B, O:89 =091V;PH5 2V4?>2V40є WE=V< ?>B@510<. 

!572060NG8 =0 H8@>:V <>6;82>ABV 28:>@8AB0==O, ,� <>65 1CB8 
?><8;:>28<, V O:I> 28:>@8AB>2C20B8 9>3> 4;O AB2>@5==O :>=B5=BC 157 
=0;56=>3> :>=B@>;N, <>6CBP 28=8:=CB8 A5@9>7=V ?@>1;5<8. !0?@8:;04, 
<>6CBP 28=8:=CB8 A8BC0FVW, :>;8 2V= AB2>@Nє :>=B5=B 7V 7<VAB><, O:89 <>65 
1CB8 >1@07;828<, @0A8ABAP:8< 01> =5?@028;P=8< 7 =0C:>2>W B>G:8 7>@C. &><C 
206;82> <0B8 :>=B@>;P =04 B8<, O: A0<5 HBCG=89 V=B5;5:B 28:>@8AB>2CєBPAO 
4;O AB2>@5==O :>=B5=BC. 

,BCG=89 V=B5;5:B <>65 AB0B8 ?>BC6=8< V=AB@C<5=B>< 4;O AB2>@5==O 
:>=B5=BC 2 A>F<5@560E, I> 4>72>;8BP ?>:@0I8B8 O:VABP V :V;P:VABP :>=B5=BC, 
O:89 <8 A?>6820є<>. "4=0:, <8 ?>28==V 1CB8 C206=V I>4> 5B8:8 
28:>@8AB0==O ,� 2 FP><C ?@>F5AV, 7>:@5<0, I>4> ?@>7>@>ABV, :>=B@>;N 
O:>ABV B0 4>B@8<0==O ?@02 :>@8ABC20GV2. /:I> <8 7<>65<> 28@VH8B8 FV 
?@>1;5<8, ,� <>65 4>?><>3B8 =0< AB2>@N20B8 1V;PH O:VA=89 B0 
@5;520=B=89 :>=B5=B, I> ?>:@0I8BP 4>A2V4 :>@8ABC20GV2 A>F<5@56. 
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'�� 004.054 
�POGC: &.%.1 

1AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
�Ь/+'� &.%. 

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

#@>F54C@=0 35=5@0FVO 70240=P - F5 ?@>F5A 02B><0B8G=>3> AB2>@5==O 
70240=P 01> B5ABV2 7 28:>@8AB0==O< 0;3>@8B<V2 B0 ?@>3@0<=>3> 70157?5G5==O. 
*59 ?V4EV4 28:>@8AB>2CєBPAO 2 1030BP>E 30;C7OE, 2:;NG0NG8 >A2VBC, =0C:>2V 
4>A;V465==O B0 V=65=5@VN ?@>3@0<=>3> 70157?5G5==O. ' =02G0;P=8E :C@A0E 7 
?@>3@0<C20==O 35=5@0FVO 70240=P <>65 1CB8 :>@8A=>N 4;O 02B><0B8G=>3> 
AB2>@5==O V=482V4C0;P=8E 70240=P =0 >A=>2V @V2=O 7=0=P :>6=>3> ABC45=B0. 
�024O:8 B0:><C ?V4E>4C, 28:;040GV <>6CBP 70>I048B8 G0A B0 7>A5@548B8AO =0 
=02G0==V B0 >FV=N20==V @57C;PB0BV2. *5 B0:>6 4>72>;Oє >B@8<0B8 1V;PH 
>19є:B82=C >FV=:C 7=0=P, >A:V;P:8 :>65= CG5=P >B@8<Cє C=V:0;P=5 70240==O. 
"4=0:, ?@8 ?@>F54C@=V9 35=5@0FVW 70240=P =5>1EV4=> 2@0E>2C20B8 
@V7=><0=VB=V D0:B>@8, B0:V O: @V25=P A:;04=>ABV, >1AO3 B0 O:VABP 735=5@>20=8E 
70240=P, 0 B0:>6 WE ?@840B=VABP 4;O >FV=N20==O 7=0=P CG=V2.  

�2B><0B8G=5 B5ABC20==O @>1VB ABC45=BV2 є 206;828< 5B0?>< 2 =02G0==V 
?@>3@0<C20==N, >A:V;P:8 F5 4>72>;Oє 28O2;OB8 B0 28?@02;OB8 ?><8;:8 
H284:> V 5D5:B82=> B0 5:>=><8BP G0A 28:;040G52V =0 ?5@52V@:C. #5@54 B8< O: 
ABC45=B8 ?>G8=0NBP ?8A0B8 :>4 ?>B@V1=> 287=0G8B8 :@8B5@VW >FV=N20==O. 
�2B><0B8G=V B5AB8 4;O ?5@52V@:8 ABC45=BAP:8E @>1VB 70157?5G0BP >19є:B82=C 
>FV=:C B0 7<5=H0BP @878: ;N4AP:8E ?><8;>:. &5AB8 ?>28==V 1CB8  ?@>7>@V, 
I>1 ABC45=B8 <>3;8 ?5@52V@8B8 @57C;PB0B8 A2>WE B5ABV2 B0 7@>7C<VB8, G><C WE 
:>4 =5 ?@>9H>2 B5AB. !5>1EV4=0 B0:>6 ?>ABV9=0 270є<>4VO 7V ABC45=B0<8, I>1 
2>=8 <0;8 <>6;82VABP 704020B8 ?8B0==O I>4> @57C;PB0BV2 WE B5ABV2 B0 :>4C.  

Git B0 GitHub є 4C65 ?>BC6=8<8 V=AB@C<5=B0<8 4;O :>=B@>;N 25@AV9 B0 
A?V;P=>W @>1>B8 =04 ?@>є:B0<8. �8:>@8AB0==O pull requests (PR) є 206;82>N 
G0AB8=>N ?@>F5AC @>1>B8 7 Git B0 GitHub, O:0 4>72>;Oє 1V;PH 5D5:B82=> 
A?V2?@0FN20B8 =04 ?@>є:B>< B0 74V9A=N20B8 2V7C0;P=C ?5@52V@:C :>4C. 
%BC45=B8 AB2>@NNBP PR 4;O :>6=>W =>2>W DC=:FVW 01> 7040GV, I>1 28:;040G 
<V3 ?5@53;O=CB8 B0 70;8H8B8 :><5=B0@. "48= 7 =09:@0I8E A?>A>1V2 
02B><0B87C20B8 ?@>F5A B5ABC20==O - F5 28:>@8AB0==O Continuous Integration 
A5@2VAV2, B0:8E O: GitHub Actions. /:89 4>72>;Oє 28:>@8AB>2C20B8 70A>18 
02B><0B8G=>3> B5ABC20==O ?VA;O 7<V= C :>4V, 70157?5GCNG8 2V4@07C 2V4?>2V4P 
ABC45=BC. 

&0:8< G8=>< A8AB5<C 02B><0B8G=>W 35=5@0FVW B0 ?5@52V@:8 70240=P 1C;> 
@>7@>1;5=>, 2?@>20465=> B0 0?@>1>20=> C @0<:0E 48AF8?;V=8 «"A=>28 
?@>3@0<C20==O =0 Kotlin». �>=0 107CєBPAO =0 <>6;82>ABOE GitHub, B0:8E O: 
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PR B0 GitHub Actions. �024O:8 G><C ABC45=B8 >?0=>2CNBP =>2V B5E=>;>3VW B0 
74>1C20NBP =028G:8 A?V;P=>W @>1>B8 C 25;8:8E ?@>є:B0E. 
'�� 004.4, 519.1 
%304>2 %. ". 1 

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

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

�0?@>?>=>20=0 1V1;V>B5:0 ?@87=0G5=0 4;O 715@V30==O 9 >1@>1:8 
V=D>@<0FVW 4;O ?@54AB02;5==O 3@0DV2 C 283;O4V A?8A:C AC<V6=>ABV. �V1;V>B5:0 
є >19є:B=>->@Vє=B>20=>W, =0?8A0=0 <>2>N Delphi XE10 V A:;040єBPAO 7 <>4C;V2 
AdjMatrix.pas, Cortege.pas, VertexEdge.pas V ?@87=0G5=0 4;O 28:>@8AB0==O 2 
?@8:;04=8E ?@>3@0<0E, O:V ?@0FNNBP, =0:HB0;PB,V7 3@0D0<8 5;5:B@VG=8E 
AE5<. 

*5 7@CG=>, =0?@8:;04, :>;8: 
– G8A;> 25@H8= 3@0D0 25;8:5; 
– G8A;> @515@ 3@0D0 2V4=>A=> =525;8:5; 
– 3@0D D>@<CєBPAO ?> O:V9-=51C4P <>45;V; 
– ?V4 G0A 4VW 0;3>@8B<C G0AB> ?>B@V1=> <>48DV:C20B8 3@0D; 
– 2 0;3>@8B<V G0AB> 28:>@8AB>2CNBPAO ;>:0;P=V 2;0AB82>ABV 25@H8=, 

=0?@8:;04,  >:>;8FV 25@H8=. 
&0:8< G8=><, 28E>48BP :>;5:FVO A?8A:V2 25@H8= B0:0, I> :>6=89 

5;5<5=B FVєW =C<5@>20=>W :>;5:FVW – A?8A>: 8=F845=B=VE 40=>W 25@H8=V 
25@H8=.  "A:V;P:8 =0< 7@CG=> =C<5@C20B8 25@H8=8 2V4 1, B5 9 5;5<5=B8 FVєW 
:>;5:FVW ?>28==V =C<5@C20B8AO B0:>6 7 1. 

'2>48BPAO =>289 B8? Tvertexcortege  = Tcustomintcortege – A?8A>: FV;8E 
G8A5; (<>4C;P Vertexedge.pas), 0 B0:>6 B8?, I> >?8ACє @51@> (V1,V2): 

TEdge=record 

             V1,V2:Tvertex; 

             constructor Create(const AV1,AV2:Tvertex); overload; 

             constructor Create(const Aedge:TEdge); overload; 

             class operator Equal( const a,  b: TEdge) : Boolean; 

             class operator Notequal( const a,  b: TEdge) : Boolean; 

            end; 

'2>4OBPAO 287=0G5==O class operator Equal V  class operator Notequal 
>7=0G0є, I> <V6 25;8G8=0<8 B8?C TEdge C2545=V A?V22V4=>H5==O @V2=>ABV 9 
=5@V2=>ABV ( C FP><C 28?04:C WE @50;V70FVO <0є =0 C207V =5=0?@02;5=V @51@0, 
B>1B> (V1,V2) = (V2,V1)). 

� B0:>6 C2545=89 B8? – A?8A>: @515@. 
       TEdgearray=TList<TEdge>; 
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�8:>@8AB>2CєBPAO AB0B8G=89 :;0A, O:8< C =>28E 25@AVOE Delphi, 

D0:B8G=> є B8? record.  

#D<>?08 #DBJ98GD0 K<F0AAO 7D0H0 ; H0=?G. 
procedure Readfromfile(const filename:string;var M:TAdjmatrix  ); 

var f:Textfile; 

begin 

  Assignfile(f,filename); 

  Reset(f); 

  M.Readfile(f); 

  Closefile(f); 

end; 

filename – V<9O D09;C, 2 M 70=>A8BPAO <0B@8FO AC<V6=>ABV. 
#@8 FP><C 40=V C D09;V ?>28==V 715@V30єBPAO C D>@<0BV: 
+<E?B 69DH<A 
№ 69DH<A< <AF<89AFAьBW 1   № 69DH<A< <AF<89AFAьBW 1 

&&&&&&&&&&&&&&&&&. 
№ 69DH<A< <AF<89AFAьBW N   № 69DH<A< <AF<89AFAьBW N 

 

#@>G8B0=89 3@0D M <>65 40B8 4>ABC? 4> A?8A:C 25@H8=, O:I> 
28:>@8AB>2C20B8 AB0=40@B=C V=45:A0FVN ?0A:0;O, B>1B> M[=><5@ 
25@H8=8][=><5@ 8=F845=B=P>W 25@H8=8 2 A?8A:C]. #5@5;V: <5B>4V2 :;0AC 
TAdjmatrix   =040= C &01;8FV 1. 

&01;8FO 1 – �2545==O <5B>4V2 V 2;0AB82>AB59 B8?C TAdjmatrix   

�<9O �><5=B0@ 
property Low:integer =86=V9 V=45:A @O4:0 : 702648 1 
property High:integer 25@E=V9 V=45:A @O4:0 – 

7<V=NєBPAO 48=0<VG=> 
constructor Create(Anvertexes:integer); @575@2C20==O <VAFO ?V4 

Anvertexes  

property Ms[Row:integer]:Tvertexcortege 

default; 

%?8A>: 25@H8= AC<V6=8E 
25@H8=V Row 

property Nvertexes: integer read Fnvertexes 

write Setnvertexes; 

:V;P:VABP 25@H8=  

property Sorted: boolean read Fsorted write 

Setsorted ; 

O:I> true  701>@>=Oє F8:;. 
?5@5AB0=>2:8, A>@BCє =>2V 

procedure Addvalue(Row: integer; const 

Value: integer); 

�>40є 25@H8=C Value C A?8A>: 
8=F845=B=VE Row  

function Addvertex:integer; 4>40є ?>@>6=V9 A?8A>: 25@H8= 
C :V=5FP 

procedure Addedge(Vert1, Vert2: integer); �AB02;Oє @51@> (Vert1, Vert2) 7V 
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�<9O �><5=B0@ 
715@565==O< A8<5B@8G=>ABV 
<0B@8FV AC<V6=>ABV 

 
#@>4>265==O B01;8FV 1 

�<9O �><5=B0@ 
procedure DeleteEdge(Vert1, Vert2: integer); �840;Oє @51@> (Vert1, Vert2) 7V 

715@565==O< A8<5B@8G=>ABV 
<0B@8FV AC<V6=>ABV 

procedure Free; �=8ICє 40=V, >1=C;Oє 4>268=C 
A?8A:C 

function Copy:TAdjmatrix ; �>=AB@C:B>@ :>?VN20==O – 
AB2>@Nє  9 ?>25@B0є =570;56=C 
:>?VN 5:75<?;O@0. 

procedure print; �@C: ?>AB@VG=> =0 5:@0= 

procedure Write2File(var f:Textfile); �@C: ?>AB@VG=> C D09; f 
constructor Readfile(var f:Textfile) +8B0є 40=V 7 D09;C f 
constructor Readfile(var f:Textfile;N:integer); +8B0є 40=V N 25@H8= 7 D09;C f 
class operator 

Implicit(M:Tmsarray):TAdjmatrix ; 

�>72>;Oє 74V9A=N20B8 
?@8A2>є==O 284C 
A:=[ [1,2,3], 

  [1,3], 

  [1,2]] 

class operator Add (A:TAdjmatrix 

;Vertexes:array of integer):  TAdjmatrix ; 

4>4020==O @51@0 C 283;O4V 
0@8D<5B8G=>W >?5@0FVW : 
A:=A+[1,2] 

class operator In (const Edge:TEdge; var 

A:TAdjmatrix ):Boolean; 

#5@5:@8BBO >?5@0B>@0 In. 
 >6=0 ?5@52V@OB8 VA=C20==O 
@51@0 Edge C 3@0D0 A. 
!0?@8:;04 
if Edge in A then &. 

function Isedge (const Fromvertex,Tovertex: 

integer):Boolean   

&5 6 0;5 70 4>?><>3>N 28:;8:C 
<5B>4C - ?5@52V@:0 G8 є @51@> 
(Fromvertex,Tovertex) 

function Makeedgelist:TEdgearray; (>@<C20==O A?8A:C @515@ 7 
<0B@8FV AC<V6=>ABV.  
Edge:TEdge); overload; 

class operator Equal( const a,  b: 

TEdge) : Boolean; 

end; 
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'�� 681.5 
&O3C=>20  ...1, )>E;>2  . .2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

&/�'!"��  ... 

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

"AB0==V @>:8 є 4C65 A:;04=8<8 =5 ;8H5 2 ':@0W=V, 0;5 V C A2VB>2><C 
ACA?V;PAB2V B0:>6. %?>G0B:C E28;O COVID-19, ?>BV< – 2V9=0. �;5 2AV FV 
=530B82=V ?>4VW 40NB ?>HB>2E 4;O @>728B:C =>28E =0?@O<V2 F8D@>2V70FVW. 

"4=VєN 7 B0:8E =0?@O<V2 є D0@<0F52B8G=0 AD5@0, 0 A0<5 AD5@0 
>1A;C3>2C20==O :;Vє=BV2 2 D0@<0F52B8G=8E CAB0=>20E [1, 2].  >6;82VABP 
:C?8B8 ;V:8 A0<>ABV9=>, 157 :>@8ABC20==O ?>A;C30<8 @>1VB=8:0 0?B5:8 G8 
V=H>W D0@<0F52B8G=>W CAB0=>28 C 1C4P-O:89 G0A 4>18 – F5 <091CB=є 2 AD5@V 
@>1>B870FVW D0@<0F52B8G=>W 30;C7V. 

�0@07 2 ':@0W=V 265 VA=CBP 02B><0B87>20=V 0?B5G=V :><?;5:A8, O:V 
4>AB02;ONBP ;V:8, 73V4=> AB2>@5=>3> 70<>2;5==O D0@<0F52B0 2 0?B5FV 70 
70?8B>< :;Vє=B0. �;5 ?>:8 I5 VA=Cє 4C65 <0;> 02B>=><=> ?@0FNNG8E 
A8AB5<, C O:8E :>@8ABC20G <>65 >1A;C3>2C20B8AO A0<>ABV9=> 157 4>?><>38 
D0@<0F52B0. 

&><C <5B>N 40=>W @>1>B8 є 70157?5G5==O 02B>=><=>ABV ?@8410==O 
<548:0<5=BV2 4;O :;Vє=BV2 70 @0EC=>: ?@>є:BC20==O 2V42>2V4=>W A8AB5<8. 

%8AB5<0, I> ?@>є:BCєBPAO C 40=V9 @>1>BV A:;040єBPAO 7 B@P>E ?V4A8AB5<: 
0?0@0B=0 ?V4A8AB5<0 :;Vє=BAP:>3> <>4C;O; 
?@>3@0<=0 ?V4A8AB5<0 :;Vє=BAP:>3> <>4C;O C 283;O4V 7@CG=>3> 
V=B5@D59AC 270є<>4VW :;Vє=B0 V7 A8AB5<>N; 
?V4A8AB5<0 02B><0B87>20=>W B0 @>1>B87>20=>W 4>AB02:8 ;V:V2 4> 
:;Vє=BAP:>3> <>4C;O. 

#5@52038 B0:>W A8AB5<8: 
<>6;82VABP ?@8410B8 ;V:8 C 7@CG=89 4;O A515 G0A; 
<V=V<0;P=0 270є<>4VO 7 V=H8<8 ;N4P<8 ?V4 G0A 5?V45<V9, 01>, O:I> 
B8 A0< E2>@89 V є 465@5;>< @>7?>2AN465==O V=D5:FVWW; 
7<5=H5==O 28B@0B :><?0=VW =0 >?;0BC ?@0FV D0@<0F52B0; 
A:>@>G5==O G0AC ?@8410==O ;V:V2 :;Vє=B><. 
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%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. &:0G5=:> ". �5O:V 0A?5:B8 @>1>B870FVW 02B>?>40GV ;V:V2 C 0?B5G=8E 
CAB0=>20E /". &:0G5=:>, �. #;VA5=:> // *8D@>20 ?;0BD>@<0: V=D>@<0FV9=V 
B5E=>;>3VW 2 A>FV>:C;PBC@=V9 AD5@V. –  2020. –  № 3. – &.1. – C. 33-46. 

2.  IDS-Infotechcentre Development Studio. �=D>@<0FV9=V $VH5==O 4;O 
�0H8E �459 [�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C: http://www.ids.te.ua/ 

 

'�� 004.4 
�C;8:>2AP:0 !.�.1, &V<5=:> �.�. 1, �070;V9 ".�.2 
1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&-612< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�'���"�%Ь�� !.�., &� �!�" �.�., ������� ".�. 

�$)�&��&'$�  �$��� 5G 

 >1V;P=0 <5@560 ?9OB>3> ?>:>;V==O – F5 =>289 3;>10;P=89 AB0=40@B 
1574@>B>2>3> 729O7:C ?VA;O <5@56 1G, 2G, 3G V 4G, I> 70157?5GCє ?V:>2C 
H284:VABP ?5@540GV 40=8E 4> 20 3V301VB =0 A5:C=4C (�1VB/A) V A5@54=N 
H284:VABP ?5@540GV 40=8E ?>=04 100 <5301VB =0 A5:C=4C ( 1VB/A). . 5G 
28:>@8AB>2C20B8<5 :>4C20==O 7 >@B>3>=0;P=8< G0AB>B=8< ?>4V;>< :0=0;V2 
(OFDM), ?@829O70=5 4> :0=0;V2 2V4 100 4> 800  �F. 

�2>;NFVO <>1V;P=>3> A2VBC – F5 I5 =5 2A5, G8< є 5G, B><C H8@>B0 5G 
28E>48BP 70 <56V <>1V;P=>3> 729O7:C B0 AB>ACєBPAO 2AVE D>@< :><C=V:0FV9=8E 
?>A;C3; D0:B8G=>, 2V= A?@024V ?V4B@8<Cє <091CB=є F8D@>2>3> A2VBC, 
70157?5GCNG8 2AV B8?8 ?>A;C3, 2:;NG0NG8 :@8B8G=V/=5:@8B8G=V, 
3>;>A>2V/=53>;>A>2V B0 IoT. %?@8O==O 5:>=><VG=8< 7<V=0< C 2AVE A5:B>@0E V 
28:>@8AB0==O @V7=><0=VB=8E B5E=>;>3V9 (Wi-Fi, 4G V =>28E @04V>B5E=>;>3V9).  

#>1C4>20 <5@56V 5G ?5@5410G0є A:;04=C 0@EVB5:BC@C, O:0 A:;040єBPAO 7 
:V;P:>E :;NG>28E :><?>=5=BV2 (@8A. 1). 

 
$8AC=>: 1 – �@EVB5:BC@0 <5@56V 5G [1]. 
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"1;04=0==O :>@8ABC20G0 (UE): *5 2V4=>A8BPAO 4> <>1V;P=8E ?@8AB@>W2, 
O:8<8 :>@8ABCNBPAO :V=F52V :>@8ABC20GV, 2:;NG0NG8 A<0@BD>=8, ?;0=H5B8, 
=>CB1C:8 B0 ?@8AB@>W �=B5@=5BC @5G59. 

 5@560 @04V>4>ABC?C (RAN): *59 :><?>=5=B 2V4?>2V40є 70 70157?5G5==O 
1574@>B>2>3> 729O7:C <V6 UE B0 107>2>N <5@565N. RAN 2:;NG0є 107>2V 
AB0=FVW, 0=B5=8 B0 V=H5 @04V>>1;04=0==O. 

"A=>2=0 <5@560 (CN): 2>=0 2V4?>2V40є 70 70157?5G5==O 79є4=0==O <V6 
@V7=8<8 <5@560<8 B0 A;C610<8. �:;NG0є B0:V 5;5<5=B8, O: H;N7, A5@25@8 
02B5=B8DV:0FVW B0 A8AB5<8 28AB02;5==O @0EC=:V2. 

�V@BC0;V70FVO <5@56528E DC=:FV9 (NFV): F5 AB>ACєBPAO 28:>@8AB0==O 
B5E=>;>3V9 2V@BC0;V70FVW 4;O 70<V=8 B@048FV9=>3> <5@5652>3> >1;04=0==O 
@VH5==O<8 =0 >A=>2V ?@>3@0<=>3> 70157?5G5==O. NFV 70157?5GCє 1V;PH5 
3=CG:>ABV B0 <0AHB01>20=>ABV 2 <5@56V 5G. 

#@>3@0<=>-287=0G5=0 <5@560 (SDN): <0єBPAO =0 C207V 28:>@8AB0==O 
?@>3@0<=>3> 70157?5G5==O 4;O :>=B@>;N B0 C?@02;V==O <5@5652>N 
V=D@0AB@C:BC@>N, 2:;NG0NG8 RAN V 107>2C <5@56C. SDN 70157?5GCє 1V;PHC 
02B><0B870FVN, 3=CG:VABP V 5D5:B82=VABP C <5@56V 5G. 

#5@52038 B0 =54>;V:8 28:>@8AB0==O <5@56V 5G =02545=V 2 B01;. 1, 2. 
&01;8FO 1 – #5@52038 28:>@8AB0==O <5@56V 5G 

(0:B>@ "?8A 
�8A>:0 ?5@540G0 40=8E 
(Fast Speed) 

 5@560  ?@>?>=Cє 28IV H284:>ABV ?5@540GV 40=8E, =V6 
WW ?>?5@54=8:8, I> <>65 70157?5G8B8 :@0I89 4>A2V4 
4;O :>@8ABC20GV2 V AB2>@8B8 =>2V 20@V0=B8 
28:>@8AB0==O, B0:V O: ?>B>:>25 2V45> =0428A>:>W 
GVB:>ABV, 2V@BC0;P=0 B0 4>?>2=5=0 @50;P=VABP B0 V3@8 2 
@50;P=><C G0AV. 

!87P:0 70B@8<:0 
(Lower Latency) 

 5@560 <0є 7=0G=> =86GC 70B@8<:C, I> <>65 
AB2>@8B8 =>2V 20@V0=B8 28:>@8AB0==O, B0:V O: 
48AB0=FV9=0 EV@C@3VO, 02B>=><=V B@0=A?>@B=V 70A>18 B0 
?@><8A;>20 02B><0B870FVO 2 @50;P=><C G0AV. 

�8A>:0 є<:VABP (Higher 

Capacity) 

 0є 1V;PHC є<=VABP <5@56V, O:0 <>65 ?V4B@8<C20B8 
1V;PH5 ?@8AB@>W2 V AB2>@N20B8 =>2V 20@V0=B8 
28:>@8AB0==O, B0:V O: �=B5@=5B @5G59 (IoT) V @>7C<=V 
<VAB0. 

#V428I5=0 
5D5:B82=VABP <5@56V 
(Improved Network 

Efficiency) 

 5@560 28:>@8AB>2Cє ?5@54>2V B5E=>;>3VW, B0:V O: 
=0@V7:0 <5@56V, ?5@8D5@V9=V >1G8A;5==O B0 ?@>3@0<=>-
287=0G5=V <5@56V, O:V <>6CBP ?V428I8B8 5D5:B82=VABP 
B0 7<5=H8B8 28B@0B8 4;O >?5@0B>@V2. 

�==>20FVO B0 
5:>=><VG=89 7@VAB 
(Innovation and 

Economic Growth) 

"GV:CєBPAO, I> <5@560 5G A?@8OB8<5 V==>20FVO< B0 
5:>=><VG=><C 7@>AB0==N, AB2>@NNG8 =>2V 20@V0=B8 
28:>@8AB0==O 4;O 1V7=5AC B0 AB8<C;NNG8 V=25AB8FVW 2 
V=D@0AB@C:BC@C B0 B5E=>;>3VW. 
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&01;8FO 2 – !54>;V:8 28:>@8AB0==O <5@56V 5G 

(0:B>@ "?8A 
"1<565=5 ?>:@8BBO 
(Limited Coverage) 

 5@560 28<030є IV;P=>W <5@56V =525;8:8E ABV;P=8:V2, 
O:V <>6CBP 1CB8 4>@>38<8 V A:;04=8<8 4;O 
@>73>@B0==O 2 AV;PAP:V9 <VAF52>ABV G8 2V440;5=8E 
@53V>=0E.  

�8IV 28B@0B8 

(Higher Costs) 

 5@560 28<030є 7=0G=8E V=25AB8FV9 2 V=D@0AB@C:BC@C 
B0 B5E=>;>3VW, I> <>65 71V;PH8B8 28B@0B8 4;O 
>?5@0B>@V2 V A?>6820GV2. 

#5@5H:>48 B0 
>1<565==O A?5:B@C 
(Interference and 

Spectrum Constraints) 

 5@560 5G ?@0FNє =0 28I8E G0AB>B0E, =V6 WW 
?>?5@54=8:8, I> <>65 ?@8725AB8 4> ?5@5H:>4 V 
>1<565=P A?5:B@C.  

#@>1;5<8 7 157?5:>N 
B0 :>=DV45=FV9=VABN 

(Security and Privacy 

Concerns) 

 5@560 AB2>@Nє =>2V @878:8 4;O 157?5:8 B0 
:>=DV45=FV9=>ABV, >A>1;82> B><C, I> 2>=0 40є 7<>3C 
28:>@8AB>2C20B8 =>2V 28?04:8, B0:V O: IoT B0 
02B>=><=V B@0=A?>@B=V 70A>18.  

�0=5?>:>є==O I>4> 
74>@>29O (Health 

Concerns) 

�A=Cє 74>304:0, I> 28IV G0AB>B8, O:V 28:>@8AB>2CNBPAO 
2 <5@56V 5G, <>6CBP =530B82=> 2?;8=CB8 =0 74>@>29O, 
E>G0 =0C:>2V 4>:078 =0 ?V4B@8<:C FP>3> B25@465==O 
>1<565=V. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. 5G Network Architecture [Electronic resource]. – Access mode: 

https://www.geeksforgeeks.org/5g-network-architecture/ 

2. Ahmadi S. 5G Network Architecture [Electronic resource] / Sassan 

Ahmadi // 5G NR. – [S. l.], 2019. – P. 1–194. – Mode of access: 

https://doi.org/10.1016/b978-0-08-102267-2.00001-4 

3. Larsson C. Network Modeling and Analysis [Electronic resource] / 

Christofer Larsson // 5G Networks. – [S. l.], 2018. – P. 17–35. – Mode of access: 

https://doi.org/10.1016/b978-0-12-812707-0.00007-3 

4. Li Z. 5G+4G: Creating High Quality Network Capability [Electronic 

resource] / Zhengmao Li, Xiaoyun Wang, Tongxu Zhang // 5G+. – Singapore, 

2020. – P. 57–62. – Mode of access: https://doi.org/10.1007/978-981-15-6819-0_5 
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'�� 004.42 
�>9:> $.�.1, &O3C=>20  ...2 
1 ABC4. 3@. �!&-612< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�"��" $.�., &/�'!"��  ... 

"%!"�!� ���"$�%&�!!/ FIREBASE 

Firebase - F5 V=AB@C<5=B 2V4 Google, O:89 =040є E<0@=V ?>A;C38 4;O 
@>7@>1:8 <>1V;P=8E B0 251-4>40B:V2. Firebase [1, 2] <0є 1030B> :>@8A=8E 
DC=:FV9, O:V <>6CBP 1CB8 28:>@8AB0=V C React JS ?@>5:B0E, I>1 ?>;53H8B8 
@>7@>1:C B0 ?>:@0I8B8 DC=:FV>=0;P=VABP 4>40B:V2. 

"4=8< 7 =091V;PH :>@8A=8E :><?>=5=BV2 Firebase 4;O ?@>5:BV2 React JS 
є Firebase Authentication. *O DC=:FVO 4>72>;Oє @>7@>1=8:0< 70157?5G8B8 
0CB5=B8DV:0FVN :>@8ABC20GV2, 28:>@8AB>2CNG8 7@CG=V B0 157?5G=V <5B>48, 
B0:V O: 5;5:B@>==0 ?>HB0 B0 ?0@>;P, Google, Facebook B0 V=HV A>FV0;P=V 
<5@56V. -5 >4=8< :>@8A=8< :><?>=5=B>< Firebase є Firebase Realtime 
Database, O:89 4>72>;Oє @>7@>1=8:0< AB2>@N20B8 @50;P=89 G0A>289 >1<V= 
40=8<8 <V6 4>40B:>< B0 A5@25@><, 157 =5>1EV4=>ABV 2 >=>2;5==V AB>@V=:8. 
Firebase B0:>6 <0є V=HV :>@8A=V :><?>=5=B8, B0:V O: Firebase Cloud Storage, 
O:89 4>72>;Oє 715@V30B8 D09;8 2 E<0@V, Firebase Cloud Messaging, O:89 
4>72>;Oє @>7@>1=8:0< 2V4?@02;OB8 A?>2VI5==O =0 <>1V;P=V ?@8AB@>W, B0 
Firebase Hosting, O:89 4>72>;Oє @>7<VIC20B8 251-4>40B:8 2 E<0@V B0 
70157?5GCє WE H284:C B0 157?5G=C 4>AB02:C. 

Firebase є ?>2=>FV==8< backend @VH5==O<, I> 4>72>;Oє 715@V30B8 B0 
>1@>1;OB8 40=V 2 @568<V @50;P=>3> G0AC, 0 B0:>6 70157?5GCє V=AB@C<5=B8 4;O 
0CB5=B8DV:0FVW :>@8ABC20GV2, @>1>B8 7 Push-A?>2VI5==O<8, 715@V30==O D09;V2 
C E<0@V B0 1030B> V=H>3>. Firebase є V450;P=8< @VH5==O< 4;O @>7@>1:8 React 
JS 4>40B:V2, >A:V;P:8 >18420 D@59<2>@:8 ;53:> V=B53@CNBPAO >48= 7 >4=8<. 

Firebase B0:>6 <0є SDK 4;O JavaScript, O:89 4>72>;Oє ;53:> 729O70B8 20H 
React JS 4>40B>: 7 Firebase. �024O:8 FP><C, @>7@>1=8:8 <>6CBP >B@8<0B8 
4>ABC? 4> 2AVE DC=:FV9 Firebase 157 =5>1EV4=>ABV AB2>@N20B8 2;0A=89 
backend. �@V< B>3>, Firebase є 157:>HB>2=8< 4;O ?>G0B:V2FV2 B0 <0;8E 
?@>5:BV2, I> @>18BP 9>3> ?@8201;828< 20@V0=B>< 4;O @>7@>1:8 React JS 
4>40B:V2. �030;><, 28:>@8AB0==O Firebase C ?@>5:BV 7 React JS 4>72>;Oє 
@>7@>1=8:0< H284:> B0 5D5:B82=> AB2>@N20B8 28A>:>O:VA=V B0 157?5G=V 251-
4>40B:8 7 25;8:>N :V;P:VABN :>@8A=8E DC=:FV9 B0 :><?>=5=BV2. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. "DVFV9=89 A09B Firebase [�;5:B@>==89 @5AC@A] – $568< 4>ABC?C: 
https://blog.back4app.com 

2.  Official google documentation [�;5:B@>==89 @5AC@A] – $568< 
4>ABC?C: https://firebase.google.com/ 
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'�� 004.75 
�@83>@O=  .%.1, �5;5=P>20 �./.2, &O3C=>20  ...2 
1 ABC4. 3@. �!&-612< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

���"$�%&�!!/ MESH- �$�� ' ����$(���+!�) %�%&� �) 

Mesh-<5@56V - F5 B5E=>;>3VO, 2 O:V9 :>65= 2C7>; (01> ?@8AB@V9) <>65 
28:>=C20B8 @>;P <0@H@CB870B>@0 V ?5@54020B8 40=V 4> V=H>3> 2C7;0 
157?>A5@54=P>, 157 ?>B@518 2 F5=B@0;V7>20=><C 2C7;V :5@C20==O. *5 
70157?5GCє 1V;PHC ABV9:VABP V 3=CG:VABP <5@56V, >A:V;P:8 2>=0 <>65 
?@0FN20B8, =02VBP O:I> 45O:V 2C7;8 2V4:;NG5=V 01> =5 ?@0FNNBP =0;56=8< 
G8=><. &><C <5B>N @>1>B8 AB0;> ?@>2545==O 0=0;V7C <>6;82>AB59 
28:>@8AB0==O mesh-<5@56 C :V15@DV78G=8E A8AB5<0E. 

� :V15@DV78G=8E A8AB5<0E mesh-<5@56V <>6CBP 28:>@8AB>2C20B8AO 4;O 
70157?5G5==O 729O7:C <V6 @V7=8<8 :><?>=5=B0<8 A8AB5<8, =0?@8:;04, <V6 
40BG8:0<8, :>=B@>;5@0<8 B0 ?@8AB@>O<8 28:>=0==O. *5 70157?5GCє 1V;PH 
5D5:B82=5 :5@C20==O A8AB5<>N, 0 B0:>6 4>72>;Oє H284:> 28O2;OB8 B0 
28@VHC20B8 ?@>1;5<8, I> 28=8:0NBP C A8AB5<V [1]. 

!0?@8:;04, C A8AB5<0E «@>7C<=89 4V<» mesh-<5@56V <>6CBP 
28:>@8AB>2C20B8AO 4;O 70157?5G5==O 729O7:C <V6 @V7=8<8 ?@8AB@>O<8, B0:8<8 O: 
B5@<>AB0B8, >A2VB;5==O, A8AB5<8 157?5:8 B0 V=HV, I>1 70157?5G8B8 1V;PH 
5D5:B82=5 :5@C20==O A8AB5<>N B0 ?V428I8B8 @V25=P :><D>@BC B0 157?5:8 4;O 
<5H:0=FV2. 

' :V15@DV78G=8E A8AB5<0E, B0:8E O: <5@56V @>7C<=8E A5=A>@V2, <5@56V 
�=B5@=5BC @5G59 (IoT) B0 A8AB5<8 :5@C20==O V=D@0AB@C:BC@>N, 28:>@8AB0==O 
mesh-<5@56 <>65 1CB8 :>@8A=8< 4;O 70157?5G5==O ?5@540GV V=D>@<0FVW <V6 
@V7=8<8 ?@8AB@>O<8. !0?@8:;04, 2 <5@560E @>7C<=8E A5=A>@V2, mesh-<5@56V 
<>6CBP 1CB8 28:>@8AB0=V 4;O 71>@C B0 ?5@540GV 40=8E <V6 A5=A>@0<8 B0 
?@8AB@>O<8 71>@C 40=8E. ' A8AB5<0E :5@C20==O V=D@0AB@C:BC@>N, mesh-
<5@56V <>6CBP 1CB8 28:>@8AB0=V 4;O ?5@540GV 40=8E <V6 @V7=8<8 ?@8AB@>O<8 
C A8AB5<V B0 4;O 70157?5G5==O 2V440;5=>3> :5@C20==O B0 <>=VB>@8=3C. 

Mesh-<5@56V B0:>6 <>6CBP 28:>@8AB>2C20B8AO 2 V=H8E :V15@DV78G=8E 
A8AB5<0E, =0?@8:;04, 2 V=4CAB@V0;P=><C V=B5@=5BV @5G59 (IIoT) 4;O 70157?5G5==O 
729O7:C <V6 @V7=8<8 :><?>=5=B0<8 28@>1=8G>3> ?@>F5AC B0 <>=VB>@8=3C AB0=C 
>1;04=0==O, 0 B0:>6 2 A8AB5<0E C?@02;V==O B@0=A?>@B>< 4;O 70157?5G5==O 
:><C=V:0FVW <V6 @V7=8<8 B@0=A?>@B=8<8 70A>10<8 B0 V=D@0AB@C:BC@>N. 

�@V< B>3>, mesh-<5@56V B0:>6 <>6CBP 1CB8 28:>@8AB0=V 2 A8AB5<0E 
5=5@35B8:8 4;O 70157?5G5==O 729O7:C <V6 @V7=8<8 465@5;0<8 5=5@3VW, I>1 
70157?5G8B8 1V;PH 5D5:B82=5 :5@C20==O B0 <>=VB>@8=3 A8AB5<8. !0?@8:;04, C 
A>=OG=8E 5;5:B@>AB0=FVOE mesh-<5@56V <>6CBP 1CB8 28:>@8AB0=V 4;O 
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70157?5G5==O 729O7:C <V6 A>=OG=8<8 ?0=5;O<8, V=25@B>@0<8 B0 A8AB5<0<8 
715@V30==O 5=5@3VW [2]. 

Mesh-<5@56V ?>@V2=NNBP 7 V=H8<8 B8?0<8 <5@56, B0:8<8 O: 7V@:>2V, 
45@52>?>4V1=V B0 ;V=V9=V <5@56V. "A=>2=V 2V4<V==>ABV <V6 mesh-<5@560<8 B0 
V=H8<8 B8?0<8 <5@56 ?>;O30NBP 2 WE=V9 AB@C:BC@V B0 ?>254V=FV. 

"4=VєN 7 >A=>2=8E ?5@5203 mesh-<5@56 C :V15@DV78G=8E A8AB5<0E є B5, 
I> 2>=8 70157?5GCNBP 1V;PHC 3=CG:VABP B0 ABV9:VABP <5@56V. *5 >7=0G0є, I> 
O:I> 45O:V 2C7;8 2V4:;NG0NBPAO 01> =5 ?@0FNNBP =0;56=8< G8=><, B> 
<5@560 2A5 I5 <>65 ?@>4>26C20B8 ?@0FN20B8, 28:>@8AB>2CNG8 V=HV 
4>ABC?=V <0@H@CB8. 

�@V< B>3>, mesh-<5@56V <>6CBP <0B8 1V;PH 28A>:C ?@>?CA:=C 740B=VABP 
B0 <5=H89 G0A 70B@8<:8, >A:V;P:8 2>=8 4>72>;ONBP 2C7;0< <V6 A>1>N 
>1<V=N20B8AO 40=8<8 157?>A5@54=P>, 157 =5>1EV4=>ABV ?@>E>465==O G5@57 
3>;>2=89 2C7>;. *5 @>18BP mesh-<5@56V 1V;PH 5D5:B82=8<8 4;O ?5@540GV 
25;8:8E >19є<0E 40=8E B0 25;8:8E 2V4AB0=OE [3]. 

"B65, mesh-<5@56V <>6CBP 1CB8 28:>@8AB0=V 2 H8@>:><C A?5:B@V 
:V15@DV78G=8E A8AB5<, 45 206;82> 70157?5G8B8 =04V9=C B0 5D5:B82=C 
:><C=V:0FVN <V6 @V7=8<8 :><?>=5=B0<8 A8AB5<8. �024O:8 A2>W< ?5@52030<, 
mesh-<5@56V AB0NBP 2A5 1V;PH ?>?C;O@=8<8 2 ACG0A=8E B5E=>;>3VG=8E 
@VH5==OE B0 28@>1=8G8E ?@>F5A0E [1]. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Yevseiev, S., Ponomarenko, V., Laptiev, O., Milov, O., Korol, O., 

Milevskyi, S. et. al.; Yevseiev, S., Ponomarenko, V., Laptiev, O., Milov, O. (Eds.) 

(2021). Synergy of building cybersecurity systems. Kharkiv: $% &�%HNOLOGY 
%�NT�R, 188. doi: http://doi.org/10.15587/978-617-7319-31-2 

2.  8E09;> �>3CB. – IoT-@VH5==O =0 107V Wirepas Mesh: >A>1;82>ABV: 
AB0BBO [�;5:B@>==89 @5AC@A] - $568< 4>ABC?C: 
https://dou.ua/forums/topic/36507/ 

3. -> B0:5 Mesh A8AB5<0: 9 ?5@5203 B0 2 =54>;V:8 :><V@G0AB>W 
4><0H=P>W <5@56V: AB0BBO [�;5:B@>==89 @5AC@A] - $568< 4>ABC?C: 
https://www.moyo.ua/ua/news/chto_takoe_mesh_sistema_9_preimushchestv_i_2_

nedostatka_yacheistoy_domashney_seti.html 
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'�� 004.4 

�C;8:>2AP:0 !.�.1, �20=>2 �.�.2 
1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&-512< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�'���"�%Ь�� !.�., ���!"� �.�. 

���'�����*�/ ��!�) 

�V7C0;V70FVO 40=8E (��) є :@8B8G=> 206;828< 0A?5:B>< ACG0A=>3> 
0=0;V7C 40=8E, O:89 4>72>;Oє :>@8ABC20G0< :@0I5 @>7C<VB8 B0 0=0;V7C20B8 
A:;04=V =01>@8 40=8E [1]. �8A>:>O:VA=5 ?@54AB02;5==O 40=8E є 0:BC0;P=8< 
=0?@O<>< @>728B:C, >A:V;P:8 2>=> 40є 7<>3C ;N4O< H284:> 287=0G0B8 
70:>=><V@=>ABV, B5=45=FVW B0 0=><0;VW C 25;8:8E >1AO30E 40=8E, I> 40є 7<>3C 
?@89<0B8 1V;PH >1ґ@C=B>20=V @VH5==O [2]. 

�024O:8 H284:><C @>728B:C B5E=>;>3V9 �� є 4>A8BP 48=0<VG=>N 
AD5@>N 4;O 282G5==O. "A:V;P:8 B5E=>;>3VW <0H8==>3> =02G0==O B0 HBCG=>3> 
V=B5;5:BC ?@>4>26CNBP C4>A:>=0;N20B8AO, V=AB@C<5=B8 ?@54AB02;5==O 40=8E 
AB0NBP I5 1V;PH 45B0;P=8<8. "4=VєN 7 ?5@5203 �� 4;O ABC45=BV2 є B5, I> 
2>=0 4>72>;Oє W< >B@8<0B8 3;81H5 @>7C<V==O A:;04=8E =01>@V2 40=8E. 
#@54AB02;ONG8 40=V C 2V7C0;P=><C D>@<0BV, 2>=8 <>6CBP H284:> 
V45=B8DV:C20B8 70:>=><V@=>ABV B0 729O7:8, O:V 1C;> 1 206:> @>7@V7=8B8 ;8H5 7 
=5>1@>1;5=>W V=D>@<0FVW. *59 =028: >A>1;82> FV==89 2 B0:8E AD5@0E, O: 
=0C:0 ?@> 40=V B0 1V7=5A-0=0;VB8:0. 

#>40G0 V=D>@<0FVW 2V4V3@0є 28@VH0;P=C @>;P C B><C, O: 2>=0 
A?@89<0єBPAO. !0 5D5:B82=VABP �� 2?;820є :V;P:0 D0:B>@V2, 7>:@5<0 281V@ 
B8?C 2V7C0;V70FVW, :>;P>@C, <0@:C20==O B0 <0AHB01C. !0?@8:;04, AB>2?G0ABV 
4V03@0<8 V450;P=> ?V4E>4OBP 4;O ?>:07C >:@5<8E ?>@V2=O=P <V6 :0B53>@VO<8, 
B>4V O: ;V=V9=V 3@0DV:8 1V;PH 5D5:B82=V 4;O ?>:07C B5=45=FV9 C G0AV. 

�A=Cє :V;P:0 B8?V2 ��, 2:;NG0NG8 4V03@0<8, 3@0DV:8, :0@B8 B0 
V=D>3@0DV:C. �V03@0<8 28:>@8AB>2CNBPAO 4;O 2V4>1@065==O G8A;>28E 40=8E, 
B>4V O: 3@0DV:8 V450;P=> ?V4E>4OBP 4;O 2V4>1@065==O 729O7:V2 V B5=45=FV9. 
�0@B8 V450;P=> ?V4E>4OBP 4;O 2V7C0;V70FVW 35>3@0DVG=8E 40=8E, 0 V=D>3@0DV:0 
:>@8A=0 4;O ?@54AB02;5==O A:;04=>W V=D>@<0FVW 2 ?@>AB><C B0 FV:02><C 
D>@<0BV. 

!040=89 G0A @>7@>1;5=> 1030B> ?@>3@0<=8E V=AB@C<5=BV2 4;O AB2>@5==O 
4V03@0<, V=D>3@0DV:8 B0 ?@575=B0FV9. Microsoft Excel V Google Sheets є 
?>?C;O@=8<8 20@V0=B0<8 4;O AB2>@5==O 107>28E 4V03@0< V 3@0DV:V2 [3, 4]. 

Tableau B0 Power BI, ?@>?>=CNBP 1V;PH A:;04=V ?0@0<5B@8 2V7C0;V70FVW, 
2:;NG0NG8 V=B5@0:B82=V V=D>@<0FV9=V ?0=5;V B0 35>?@>AB>@>25 2V4>1@065==O 
[5, 6]. Adobe Illustrator V Canva G0ABVH5 28:>@8AB>2CNBPAO 4;O AB2>@5==O 
V=D>3@0DV:8, 0 Microsoft PowerPoint V Google Slides - 4;O AB2>@5==O 
?@575=B0FV9 [7, 8]. #>@V2=NNG8 FV V=AB@C<5=B8, 206;82> 2@0E>2C20B8 B0:V 
D0:B>@8, O: ?@>AB>B0 28:>@8AB0==O, 3=CG:VABP V 20@BVABP.  
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ACG0A=>3> 0=0;V7C 40=8E V <0є G8A;5==V ?5@52038 2 28:>@8AB0==O. 
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practitioners-at-openvisconf-a4a3a5b96fcd/ 

3. The Power of Data Visualization: How it Can Transform Your Business / 

Julia McInnis [Electronic resource]. – 2021. – Access mode: 
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4. Data Visualization in the Age of Big Data / Jon Schwabish [Electronic 

resource]. – 2021. – Access mode: https://www.linkedin.com/pulse/data-
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'�� 004.77 
�070=AP:89 ".�.1, �8@8G5: �.�.2 
1 ABC4. 3@. �!&-519 !' «�0?>@V7P:0 #>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 #>;VB5E=V:0» 

����!%Ь��� ".�., ��$�+�� �.�. 

WI-FI, %&�!��$&� � �"��&�"�� "����!�!!/ 

�7 28A>:8< ?>?8B>< =0 1574@>B>289 B@0DV: 40=8E <5@56V WiFi 4C65 
H284:> @>72820NBPAO, 1> 2>=8 70157?5GCNBP 28A>:C ?@>?CA:=C 740B=VABP V WE 
;53:> @>73>@B0B8. ->1 :@0I5 7@>7C<VB8 VA=CNGV B5E=>;>3VW WiFi V <091CB=V 
B5=45=FVW ?@>2545<> >3;O4 WW >A=>2=8E AB0=40@BV2 [1]. 

 5B>N 4>A;V465==O є ?@>2545==O 0=0;V7C B0 ?>@V2=O==O 
=09?>H8@5=VH8E AB0=40@BV2 B5E=>;>3VW 1574@>B>2>3> 729O7:C Wi-Fi. "19є:B>< 
4>A;V465==O є =01V@ DC=:FV9 40=>W B5E=>;>3VW. #@54<5B>< є <5B>48, 
0;3>@8B<8 B0 B5E=VG=V V ?@>3@0<=V 70A>18 @50;V70FVW WW AB0=40@BV2. 

"B>6,Wi-Fi є =01>@>< AB0=40@BV2 =0 >A=>2V IEEE 802.11 
H8@>:>A<C3>2>W 1574@>B>2>W <5@56V. *O B5E=>;>3VO 70 >AB0==V B@84FOBP @>:V2 
AB@V<:> @>728=C;0AO, =01C;0 =>28E E0@0:B5@8AB8: V AB0;0 >4=8< V7 >A=>2=8E 
70A>1V2 :><C=V:0FVW 2 =0HV 4=V. Wi-Fi =040є <>6;82VABP ?V4:;NG5==O 4> 
<5@56V V=B5@=5B 2 7>=V 4VW 1574@>B>2>W <5@56V. "A=>2=8<8 4V0?07>=0<8 Wi-Fi 

є 2,4 ��F, 5 ��F B0 6 ��F 0;5 70AB>A>2CNBPAO V V=HV [2]. �AB>@8G=8< 0A?5:B0< 
?>O28 B0 @>728B:C AB0=40@BV2 FVєW B5E=>;>3VW ?@8A2OG5=> 1030B> AB0B59. Є 

:V;P:0 ?>:>;V=P AB0=40@BV2 B0 1030B> 7 =8E 72>@>B=P> AC<VA=V >48= 7 >4=8< 
(@8A.1). 

 

$8AC=>: 1 – #>:>;V==O AB0=40@BV2 Wi Fi 

� :>6=><C =>2><C AB0=40@BV B5E=>;>3VW Wi-Fi 7<V=N20;8AP: 4V0?07>=8 
G0AB>B; H8@8=0 :0=0;C; <5B>48 :>4C20==O B0 <>4C;OFVW A83=0;C; 70AB>A>20=V 
=>2V B5E=>;>3VW, B0:V O: OFDMA (Orthogonal Frequency Division Multiple 

Access), MIMO (MU-MIMO, Multiple User Multiple Input Multiple Output). �A5 
F5 ?@8725;> 4> 71V;PH5==O A?5:B@0;P=>W 5D5:B82=>ABV B0 ?@>?CA:=>W 
740B=>ABV :0=0;V2 729O7:C, 0 B0:>6 H284:>ABV ?5@540GV 40=8E V7 2 1/A C 
?5@H8E AB0=40@B0E B5E=>;>3VW Wi-Fi 4> 30�1/A C =>28E [2,3]. $>73;O40NG8 
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A?V;P=C @>1>BC MU-MIMO V OFDMA <>6=0 ?>@V2=OB8 Wi-Fi 5 B0 Wi-Fi 6. ' 
?5@H><C 28?04:C B5E=>;>3VO MIMO 4>72>;O;0 ?5@54020B8 40=V G>B8@P>< 
:;Vє=B0< 70 4>?><>3>N @V7=8E ?V4=5ACG8E, 0 C 4@C3><C G8A;> ?V4:;NG5=P 
?@8AB@>W2 71V;PH8;8 4> 8 B0 1C;> 70O2;5=>, I> MU-MIMO @07>< 7 OFDMA 
4>?><>6CBP >@30=V7>2C20B8 :>@8ABC20G0< ?5@540GC 40=8E 7V H284:VABN 4> 11 
�1VB/A (@8A.2) [4]. 

 

$8AC=>: 2 – #>@V2=O==O AB0=40@BV2 ax B0 ac 

%?5FV0;P=8<8 ?@8AB@>O<8 є ?>A8;N20GV ?>:@8BBO 7>= 4VW B5E=>;>3VW Wi-
Fi @V7=8E AB0=40@BV2. �>=8 @>7H8@NNBP >1;0ABP 4VW A83=0;C 1574@>B>2>W 
<5@56V, AB01V;V7CNBP H284:VABP V 40NBP <>6;82VABP ?>71CB8AO «<5@B28E 7>=». 
#@8?CAB8<>, I> AB2>@5=0 B0 =0;0HB>20=0 <5@560 V7 ?52=>N =072>N B0 
?0@>;5<. %8AB5<0 <>=VB>@8=3C A:>?VNє WW @07>< V7 CAVєN V=D>@<0FVєN, O:0 
=04A8;0єBPAO 4> FVєW <5@56V, V ?@>AB> @>7H8@8BP <5@56C. �<9O B0 ?0@>;P 
70;8H0NBPAO =57<V==8<8, B>1B> C A0<><C ?@8AB@>W =>20 <5@560 =5 
AB2>@NєBPAO. #@8 FP><C ?V4:;NG5==O 2V41C20єBPAO 02B><0B8G=> V ?@8AB@V9 
702648 270є<>4Vє V7 <5@565N 7 =09A8;P=VH8< A83=0;><. 

$>CB5@ Wi-Fi є <5@56528< ?@8AB@>є<, O:89 28:>=Cє DC=:FVW V 
<0@H@CB870B>@0 V 1574@>B>2>W B>G:8 4>ABC?C, >:@V< B>3> 2>=8 >A=0ICNBPAO 
Wi-Fi 040?B5@0<8 V 4>72>;ONBP :>@8ABC20G0< H284:> =0;0HBC20B8 4><0H=N 
<5@56C 157 4>40B:>2>3> >1;04=0==O. ,284:VABP ?V4:;NG5==O 4> 1574@>B>2>W 
<5@56V 70;568BP 2V4 B8?C >1;04=0==O B0 AB0=40@BC IEEE 802.11. 

�> ?5@5203 Wi-Fi <>65<> 2V4=5AB8: H8@>:89 4V0?07>= @04V>A83=0;V2, O:89 
4>72>;Oє 7<V=N20B8 <VAF5 @>7B0HC20==O 157 2V4:;NG5==O 2V4 <5@56V; 
28:>@8AB0==O 729O7:C 157 ?@>:;040==O :015;V2; ?@>AB5 ?V4:;NG5==O ?@8AB@>W2, 
O:V ?@89<0NBP A83=0;8 WiFi @V7=8E AB0=40@BV2 B0 <>6;82VABP >4=>G0A=>3> 
28:>@8AB0==O �=B5@=5B V ?V4:;NG5==O 4> <5@56528E @5AC@AV2. �> =54>;V:V2 Wi-Fi 

2V4=>A8<>: @>1>BC 1V;PH>ABV ?@8AB@>W2 C 4V0?07>=V 2,4 ��F, I> AB2>@Nє 
?5@5H:>48 4;O A83=0;C B0 O:VABP ?5@540GV 40=8E; 7=865==O H284:>ABV ?5@540GV 
40=8E G5@57 DV78G=V ?5@5H:>48, 1574@>B>2V ?@8AB@>W B0 5;5:B@>>1;04=0==O. 

%B0= $>728B>: Wi-Fi ?>ABV9=> @CE0єBPAO 2?5@54. Wi-Fi 7 (01> IEEE 
802.11be) =0 40=89 G0A є =>2>N 25@AVєN B5E=>;>3VW 1574@>B>2>3> 729O7:C 2 
<5@56V �=B5@=5B, O:C 28@>1=8:8 718@0NBPAO 28?CAB8B8 =0 70<V=C Wi-Fi 6 
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(IEEE 802.11ax). �V= ?@0FN20B8<5 70 B5E=>;>3VєN CMU-MIMO (Coordinated 

Multi-User Multiple Input Multiple Output) V7 ?V4B@8<:>N 16 ?@>AB>@>28E 
?>B>:V2, B@P>E G0AB>B=8E 4V0?07>=V2 2,4 ��F, 5 ��F B0 6 ��F, :0=0;V2 
H8@8=>N 320  �F B0 AE5<>N <>4C;OFVW 4096-QAM. �0@07 945 ?@>F5A 
?V43>B>2:8 4> 28?CA:C @>CB5@V2, =>CB1C:V2 B0 V=H8E ?@8AB@>W2 7 ?V4B@8<:>N 
Wi-Fi 7. ' 2023 @>FV 70?;0=>20=> >B@8<0==O A5@B8DV:0FVW =0 FV9 AB0=40@B, 0 
?>O20 =0 @8=:C ?@8AB@>W2, O:V ?V4B@8<CNBP FN B5E=>;>3VN, >GV:CєBPAO 265 C 
4@C3V9 ?>;>28=V 2023 @>:C. 

�<EAB6B>. �2B>@0<8 ?@>2545=> 4>A;V465==O, 0=0;V7 B0 ?>@V2=O==O 
=09?>H8@5=VH8E AB0=40@BV2 B5E=>;>3VW 1574@>B>2>3> 729O7:C Wi-Fi, 28O2;5=V 
WE ?5@52038, =54>;V:8 B0 <5B>48 70AB>AC20==O B0 @50;V70FVW 2 ?>2AO:45==><C 
68BBV. �@>1;5=> 28A=>2>:, I> 7 @>7@>1:>N B0 @>73>@B0==O< =>28E B5E=>;>3V9 
Wi-Fi 79O28BPAO 1V;PH5 <>6;82>AB59 28:>@8AB0==O WiFi. Є B@8 <091CB=V 
B5=45=FVW 287=0G5==O WiFi: V=B53@0FVO <V6@V2=52>W <5@5652>W V=D>@<0FVW, 
270є<>4VO :V;P:>E ?@8AB@>W2 V 7;8BBO @V7=8E 40BG8:V2 4;O ?>:@0I5==O 
VA=CNG8E <>6;82>AB59 @>1>B8 WiFi V AB2>@5==O =>28E <>6;82>AB59 
?V428I5==O DC=:FV>=0;P=>ABV WiFi 45 FV;V <>6CBP 28E>48B8 70 <56V ;N459, 
27030;V 4> =02:>;8H=P>3> A5@54>28I0, B20@8= V >19є:BV2.  
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1. IEEE 802.11 working group C.S. et al. IEEE draft standard for 

information technology-telecommunications and information exchange between 

systems local and metropolitan area networks-specific requirements part 11: 

Wireless LAN medium access control (MAC) and physical layer (PHY) 

specifications-amendment: Enhanced throughput for operation in license-exempt 

bands above 45 GHz //IEEE P802. 11ay D. – 2019. – &. 3. – %. 0. 
2. López-Pérez D. IEEE 802.11 be extremely high throughput: The next 

generation of Wi-Fi technology beyond 802.11 ax / D.López-Pérez, A.Garcia-
Rodriguez, L.Galati-Giordano, M.Kasslin, K.Doppler //IEEE Communications 

Magazine. – 2019. – &. 57. – №. 9. – %. 113-119. 

3. Quadrature Amplitude Modulation (QAM). [�;5:B@>==89 @5AC@A]. – 
$568< 4>ABC?C: http://www.ni.com/white-paper/3896/en/ (�0B0 725@=5==O: 
01.03.23). 

4. !0@8B=8: &.  . #>@V2=O;P=0 E0@0:B5@8AB8:0 157?@>2>4>28E A8AB5< 

AB0=40@BV2 802.11 70 ?@>?CA:=>N 740B=VABN B0 ?@>4C:B82=VABN /&. . 

!0@8B=8:., #.�. �:>?O=, �.�. %09:>, �. �>@AC=, %. %0@0?C;>2 //�VA=8: 
'=V25@A8B5BC «':@0W=0» %5@VO �=D>@<0B8:0, >1G8A;N20;P=0 B5E=V:0 B0 
:V15@=5B8:0. – 2019. – &. 2. – №. 23. – %.75-87. 
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V=AB@C<5=BV2 AB02 Moodle – A8AB5<0 C?@02;V==O =02G0==O< 7 2V4:@8B8< 
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�8AB0=FV9=5 =02G0==O 40є ABC45=B0< <>6;82VABP =02G0B8AO C 7@CG=89 
4;O =8E G0A V <VAF5. �>=8 <>6CBP 282G0B8 <0B5@V0;8 =0 A2>є<C 2;0A=><C 
B5<?V, I> 40є 1V;PHC 3=CG:VABP C ?;0=C20==V A2>3> G0AC. �>=> B0:>6 40є 
<>6;82VABP =02G0B8AO 7 1C4P-O:>W B>G:8 A2VBC, 45 є 4>ABC? 4> �=B5@=5BC. *5 
>A>1;82> 0:BC0;P=> 4;O B8E, EB> 6825 C 2V440;5=8E @53V>=0E 01> =5 <>65 
2V42V4C20B8 70=OBBO 7 O:8E>AP ?@8G8=. �V4?>2V4=>, 48AB0=FV9=5 =02G0==O є 
1V;PH 5:>=><VG=8<, =V6 B@048FV9=5 =02G0==O. %BC45=B8 =5 28B@0G0NBP 3@>HV 
=0 ?@>W74, ?@>6820==O, E0@GC20==O B>I>. �@V< B>3>, 1030B> 48AB0=FV9=8E 
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28>:@5<8B8 B0:V ?5@52038 48AB0=FV9=>3> =02G0==O, O: 3=CG:VABP, 4>ABC?=VABP 
B0 A:>@>G5==O 28B@0B. %0<5 B><C <5B>N 40=>W @>1>B8 є ?>;V?H5==O ?@>F5AC 
=02G0==O B0 ?V428I5==O 5D5:B82=>ABV @>1>B8 28:;040GV2 70 @0EC=>: 
@>7@>1;5==O =>2>W A8AB5<8 48AB0=FV9=>W >A2VB8, O:0 1C45 0;PB5@=0B82>N 
A8AB5<V Moodle. �>AO3=CB8 F5 <>6;82> 70 4>?><>3>N 0=0;V7C VA=CNG>3> 
0=0;>3C B0 28:>@8AB0==O :@0I8E B5E=>;>3V9 [1, 2], 4> O:8E C <091CB=P><C 
<>6=0 1C45 ;53:> V=B53@C20B8 =>2V DC=:FVW B0 <>6;82>ABV =0 A09BV. 

' 40=V9 @>1>BV @>73;O=CB> >A>1;82>ABV @>7@>1;5=>W =>2>W A8AB5<8 
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=87:C ?5@5203, O:V <>6CBP ?@825@=CB8 C203C H8@>:>W 0C48B>@VW ABC45=BV2 V 
28:;040GV2. �>;>2=>N ?5@5203>N @>7@>1;N20;P=>W A8AB5<8 є B5, I> 2>=0 
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?@0FNє 70 ?@8=F8?>< 35=5@0FVW =0 AB>@>=V A5@25@C. !02545<> ?>@V2=O==O F8E 
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KULYKOVSKA N.A., OSTAKH P.O. 

COMPARISON OF BIG DATA TECHNOLOGIES 

The popularity of big data technologies can be attributed to several reasons, 

including the explosion of data, the need for competitive advantage, and the 

potential for innovation. As a result, many companies have developed various 

technologies for handling big data, including Hadoop, Spark, NoSQL databases, and 

data warehousing solutions such as Amazon Redshift and Google BigQuery. Apache 

Software Foundation, Cloudera, Hortonworks, IBM, Google, Amazon Web Services, 

and Oracle are among the leading companies developing big data technologies. 

With the growth of the internet and the proliferation of smart devices, the 

amount of data being generated has exploded. Big data technologies help 

organizations to process and analyze this data to gain insights and make informed 

decisions. Big data technologies enable faster processing of large amounts of data, 

allowing organizations to analyze data in real-time and respond quickly to changes 

in their business. Big data technologies enable the processing of complex data 

types, such as unstructured data, which was previously difficult or impossible to 

analyze. This allows organizations to gain a more comprehensive understanding of 

their data and make more accurate decisions. With the emergence of cloud 

computing and open-source technologies, big data technologies have become more 

accessible and cost-effective for organizations of all sizes. 

There are many software options for working with big data. Hadoop is a 

distributed computing framework designed to handle large data sets, while Spark is 

an open-source data processing engine that provides fast and flexible data 

processing capabilities. NoSQL databases like Cassandra and MongoDB are 
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designed to handle large amounts of unstructured data. Amazon Redshift and 

Google BigQuery provide cloud-based data warehousing solutions that can handle 

large data sets. Apache Flink and Apache Storm are other open-source data 

processing frameworks that can be used for real-time data processing. 

When it comes to programming languages, Java is widely used in the 

development of big data technologies like Hadoop and Spark due to its performance 

and scalability. Python is also a popular choice for big data analytics due to its ease of 

use and support for a wide range of data processing libraries. R is a statistical 

programming language that is commonly used for data analysis and machine learning 

(tabl.1). 

The potential benefits of big data technologies make them an increasingly 

popular choice for businesses and organizations looking to gain a competitive edge 

and drive innovation. 

 

Table 1 – Comparison of big data technologies 

Main technologies: 

Hadoop Developed by Apache Software Foundation, Hadoop is a 

distributed computing framework designed to handle large data 

sets. 

Spark Developed by Apache Software Foundation, Spark is an open-

source data processing engine that provides fast and flexible data 

processing capabilities. 

NoSQL These databases are designed to handle large amounts of 

unstructured data and can be used in conjunction with big data 

processing frameworks like Hadoop and Spark. 

Data warehousing Technologies like Amazon Redshift and Google BigQuery provide 

cloud-based data warehousing solutions that can handle large data 

sets. 

Programming languages 

Java Java is widely used in the development of big data technologies 

like Hadoop and Spark. 

Python Python is a popular choice for big data analytics due to its ease of 

use and support for a wide range of data processing libraries. 

R R is a statistical programming language that is commonly used for 

data analysis and machine learning. 

Advantages of big data 

Scalability Big data technologies are designed to handle large amounts of data 

and can scale to meet the needs of businesses of all sizes. 

Flexibility Big data technologies provide a flexible and agile approach to data 

processing and analysis, allowing businesses to quickly adapt to 

changing business needs. 

Improved decision-

making 

Big data technologies can provide businesses with insights into 

customer behavior, market trends. 
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Disadvantages of big data 

Complexity Big data technologies can be complex to set up and manage, 

requiring specialized expertise and resources. 

Security Managing and securing large data sets can be challenging, and 

there are risks associated with data breaches and other security 

threats. 

Cost The cost of implementing and maintaining big data technologies 

can be high, particularly for small businesses with limited 

resources. 
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F8E <5@56. 

�0728G09 70AB>A>2CNBPAO 42V <5@56V, >4=0 =59@>==0 <5@560 є 
35=5@0B>@>< B0 35=5@Cє =>2V 5:75<?;O@8 40=8E, 0 V=H0 є 48A:@8<V=0B>@><, 
2>=0 >FV=Nє WE =0 A?@026=VABP (@8A.1). &>1B>. 48A:@8<V=0B>@ ?5@52V@Oє :>65= 
5:75<?;O@ 40=8E =0 2V4=>H5==O 9>3> 4> =01>@C 7040=8E «A?@026=VE» 40=8E. 
�>3> <5B>N є @>7?V7=020==O A?@026=VE 5:75<?;O@V2 V7 =01>@C A?@026=VE 
40=8E. 

 

$8AC=>: 1 – �;3>@8B< @>1>B8 GAN =0 ?@8:;04V @C:>?8A=8E G8A5; 

�0 AB2>@5==O =>28E 7>1@065=P 2V4?>2V40є 35=5@0B>@. �V= ?5@540є FV 
7>1@065==O 48A:@8<V=0B>@C A?>4V20NG8AP, I> B>9 WE ?@89<5 A?@026=V<8. 
 5B0 35=5@0B>@0, =0?@8:;04, 735=5@C20B8 @C:>?8A=V F8D@8, O:V 1C4CBP 
?@>?CI5=V 48A:@8<V=0B>@><. � <5B>N 48A:@8<V=0B>@0 є 287=0G5==O, G8 є F5 
7>1@065==O A?@026=V<. GAN 70728G09 A:;04=0 B0 28<>3;820 4> 
>1G8A;N20;P=8E @5AC@AV2 B0 28<030є @5B5;P=>3> =0;0HBC20==O ?0@0<5B@V2 
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DC=:FV>=0;P=VABP ?@8 AB2>@5==V @50;VAB8G=8E 7>1@065=P B0 2V4=>2;5==O 
V=H8E B8?V2 40=8E [2]. 

GAN ?@0FNє 70 =0ABC?=>N AE5<>N: 35=5@0B>@ >B@8<Cє 28?04:>25 G8A;> 
B0 D>@<Cє 7>1@065==O; 735=5@>20=5 7>1@065==O =04A8;0єBPAO C 
48A:@8<V=0B>@ V7 ?>B>:>< 7>1@065=P, 27OB8E V7 D0:B8G=>3> =01>@C 40=8E; 
48A:@8<V=0B>@ ?@89<0є O: @50;P=V, B0: V ?V4@>1;5=V 7>1@065==O V ?>25@B0є 
9<>2V@=>ABV G8A;0 2V4 0 4> 1 (1 V45=B8DV:Cє A?@026=є 7>1@065==O, 0 0 =V) 
(@8A.2). 

 

$8AC=>: 2 – '=V25@A0;P=89 0;3>@8B< @>1>B8 GAN 

&0:8< G8=>< <0є<> ?>42V9=89 F8:; 72>@>B=>3> 729O7:C: 48A:@8<V=0B>@ 
?5@51C20є C F8:;V V7 4>AB>2V@=8<8 7>1@065==O<8; 35=5@0B>@ ?5@51C20є C 
F8:;V @07>< V7 48A:@8<V=0B>@><. �0;V =02545=> ?@8:;04 <5@56V GAN, O:0 
28:>@8AB>2Cє 48A:@8<V=0B>@ B0 35=5@0B>@: 

import pandas as pd 
import os 
from keras.optimizers import Adam 
df_celeb = pd.read_csv(8list_attr_celeba.csv9) 
TOTAL_SAMPLES = df_celeb.shape[0] 
SPATIAL_DIM = 64  
LATENT_DIM_GAN = 100  
FILTER_SIZE = 5 
NET_CAPACITY = 16 
BATCH_SIZE_GAN = 32 
PROGRESS_INTERVAL = 80  
ROOT_DIR = 8visualization9 
if not os.path.isdir(ROOT_DIR): os.mkdir(ROOT_DIR) 
def construct_models(verbose=False): 
discriminator = build_discriminator(NET_CAPACITY, SPATIAL_DIM, 

FILTER_SIZE) 
discriminator.compile(loss=8binary_crossentropy9, 

optimizer=Adam(lr=0.0002), metrics=[8mae9]) 
generator = build_generator(NET_CAPACITY, FILTER_SIZE, 

LATENT_DIM_GAN) 
### DCGAN  
    gan = Sequenti al() 
    gan.add(generator) 
    gan.add(discriminator) 
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discriminator.trainable = False  
gan.compile(loss=8binary_crossentropy9, 

optimizer=Adam(lr=0.0002), metrics=[8mae9]) 
if verbose:  
   generator.summary() 
   discriminator.summary() 
   gan.summary() 
return generator, discriminator, gan 
generator_celeb, discriminator_celeb, gan_celeb = 

construct_models(verbose=True) 
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'�� 004.4 

�@CH:> %.%.1, )V;P:> �.�.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&7-512< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�$',�" %.%., )��Ь�" �.�. 

CHROMA - ���� ��!�) � ����$�&�  ��)��!�  �"�"  

)>G0 HBCG=89 V=B5;5:B <0є 4>23C VAB>@VN, 70@07 ?5@56820є<> 1C< 
HBCG=>3> V=B5;5:BC, O:89 @>7?>G02AO 7 ?5@5E>4>< 4> 3;81>:>3> =02G0==O C 
2010 @>FV. � B>3> G0AC 1C;> ?5@568B> B@8 5B0?8 @>728B:C V=D@0AB@C:BC@8 
HBCG=>3> V=B5;5:BC. #5@H0 E28;O V=D@0AB@C:BC@8 HBCG=>3> V=B5;5:BC 7 2010 
?> 2015 @V: 1C;0 70@575@2>20=0 4;O >1@0=8E 2 0:045<VG=8E :>;0E V 25;8:8E 
B5E=>;>3VG=8E :><?0=V9, I> ?C1;VG=> B>@3CNBPAO =0 1V@6V. �@C30 E28;O 
V=D@0AB@C:BC@8 HBCG=>3> V=B5;5:BC, ?@81;87=> 7 2016 ?> 2020 @V:, ?@8725;0 
4> ?>O28 ?>AB0G0;P=8:V2 V=D@0AB@C:BC@8 HBCG=>3> V=B5;5:BC, O:V 
45<>:@0B87C20;8 4>ABC? 4> V=AB@C<5=B0@VN 70 4>?><>3>N ?@>4C:BV2, 
>B@8<0=8E =0 >A=>2V 3V?5@A:0;5@V2. 

�0@07 ACA?V;PAB2> ?5@51C20є C B@5BV9 E28;V @>728B:C V=D@0AB@C:BC@8 
HBCG=>3> V=B5;5:BC. �=65=5@8-?@>3@0<VAB8 AB0;8 B2>@FO<8 HBCG=>3> 
V=B5;5:BC, <0A>2> 71V;PHCNG8 :V;P:VABP ?@0:B8:V2, 0 DC=40<5=B0;P=V <>45;V 
7=0G=> 7=878;8 10@9є@ 4;O 2?@>20465==O HBCG=>3> V=B5;5:BC. �5=5@0B82=89 
HBCG=89 V=B5;5:B, 740B=89 AB2>@N20B8 :>=B5=B =0 :HB0;B ChatGPT, 70E>?82 
A2VB. 

�@8B8G=> 206;828< H0@>< C AB5:C HBCG=>3> V=B5;5:BC є 1070 40=8E 
21C4>2C20=P - 1070 40=8E, AB2>@5=0 7 =C;O =0 >A=>2V @>1>G>3> ?@>F5AC 
HBCG=>3> V=B5;5:BC 7 21C4>2C20==O<8. �1C4>2C20==O - F5 IV;P=5 G8A;>25 
?@54AB02;5==O >19є:BV2 V 729O7:V2, O:5 28@060єBPAO C 283;O4V 25:B>@0. 
�5:B>@=89 ?@>ABV@ :V;P:VA=> 287=0G0є A5<0=B8G=C AE>6VABP <V6 :0B53>@VO<8. 
�5:B>@8 2:;NG5=P, O:V є 1;87P:8<8 >48= 4> >4=>3>, 22060NBPAO AE>68<8. 
�1C4>2C20==O <>6=0 28:>@8AB>2C20B8 4;O B>G=>3> ?@54AB02;5==O 
=5AB@C:BC@>20=8E 40=8E (=0?@8:;04, 7>1@065=P, 2V45> B0 ?@8@>4=>W <>28) 
01> AB@C:BC@>20=8E 40=8E (=0?@8:;04, ?>B>:V2 :;V:V2 V ?>:C?>: 2 5;5:B@>==V9 
:><5@FVW). 

�1C4>20=V 1078 40=8E A?>G0B:C 28=8:;8 4;O ?V4B@8<:8 B0:8E 20@V0=BV2 
28:>@8AB0==O, O: ?5@A>=0;V70FVO, @5:><5=40FVW, A5<0=B8G=89 ?>HC: V 
:><?9NB5@=89 7V@, 0;5 35=5@0B82=89 HBCG=89 V=B5;5:B є 25;8G57=8< 
?>?CB=8< 2VB@><. �5=5@0B82=V <>45;V є D0=B0AB8G=8<8, 0;5 2>=8 >1<565=V 
F5=B@0;V7>20=>N B0 7030;P=>N 107>N 7=0=P, I> CA:;04=Nє O:VA=5 28:>=0==O 
A?5F8DVG=8E 4;O 4><5=C 01> :>=:@5B=>3> 70240==O 28A=>2:V2. �1C4>2C20==O 
107 40=8E 4>72>;Oє :><0=40< 28:>@8AB>2C20B8 35=5@0B82=V <>45;V 7 
2;0A=8<8 40=8<8 70 4>?><>3>N 35=5@0FVW, 4>?>2=5=>W ?>HC:><, 4;O 
AB2>@5==O V=482V4C0;P=8E, @>7H8@5=8E 4>40B:V2 HBCG=>3> V=B5;5:BC. 
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�2060єBPAO, I> ?V4 G0A B@5BP>W E28;V HBCG=>3> V=B5;5:BC 79O28BPAO 
=>289 AB5: HBCG=>3> V=B5;5:BC, >@Vє=B>20=89 =0 @>7@>1=8:V2, O:89 4>72>;8BP 
AB2>@N20B8 4>40B:8, I> 2@060NBP CO2C. #5@5<>6=V @VH5==O HBCG=>3> 
V=B5;5:BC 1C4CBP 7>A5@5465=V =0 >?B8<V70FVW 270є<>4VW 7 :V=F528< 
:>@8ABC20G5<, 2@0E>2CNG8 ?@>AB>BC 28:>@8AB0==O, 5@3>=><VG=VABP B0 
?@>4C:B82=VABP. Chroma - 1070 40=8E 4;O 21C4>2C20==O 7 2V4:@8B8< 28EV4=8< 
:>4>< =0 >A=>2V HBCG=>3> V=B5;5:BC. 

  

$8AC=>: 1 – %E5<0B8G=5 7>1@065==O Chroma 

�65DD )C15@ V �=B>= &@>9=V:>2, O:V <0NBP 157?>A5@54=V9 4>A2V4 
@>1>B8 7V HBCG=8< V=B5;5:B>< C Facebook, Nuro V Standard Cyborg, 70A=C20;8 
Chroma 7 4C<:>N ?@> @>7@>1=8:0. �8:>@8AB>2CNG8 21C4>2C20==O, Chroma 
4>72>;Oє @>7@>1=8:0< 4>4020B8 AB0= V ?0<9OBP 4> A2>WE 4>40B:V2 7V HBCG=8< 
V=B5;5:B><. Chroma ?>AB02;OєBPAO «2 :><?;5:BV» 7 CAV< =5>1EV4=8< 4;O 
715@V30==O, 21C4>2C20==O B0 70?8BC 40=8E 7 ?>BC6=8<8 DC=:FVO<8, B0:8<8 O: 
21C4>20=0 DV;PB@0FVO, 0 =57010@>< 79O28BPAO I5 1V;PH5 DC=:FV9, B0:8E O: 
02B><0B8G=0 :;0AB5@870FVO B0 @5;520=B=VABP 70?8BV2. �V= <0є @50;V70FVN O: 
python, B0: V typescript API, 0 B0:>6 21C4>20=C ?V4B@8<:C OpenAI B0 
LangChain. �06;82>, I> 2V= ?@0FNє O: C 21C4>20=V9 :>=DV3C@0FVW 2 ?0<9OBV 
(O: DuckDB), B0: V 2 :;Vє=B-A5@25@=V9 25@AVW. !57010@>< 79O28BPAO ?>2=VABN 
:5@>20=0 E>AB8=3>20 25@AVO. 

�0?CI5=0 2 ;NB><C 2023 @>:C, Chroma 1C;0 7020=B065=0 35 B8AOG @07V2 
70 >AB0==V9 <VAOFP. �>3> 4C65 ;53:> 2AB0=>28B8. #@>AB> 2AB0=>28B8 chromadb 
70 4>?><>3>N pip, I>1 ?>G0B8. %P>3>4=V >3>;>H5=>, I> Quiet Capital >G>;82 
?>AV2=89 @0C=4 Chroma =0 AC<C $18 <;=.  
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�>18@ �. .1, &O3C=>20  ...2 
1 ABC4. 3@. �!&-512< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�"��$ �. ., &/�'!"��  ... 

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

!0 AP>3>4=VH=V9 45=P 25;8:>W ?>?C;O@=>ABV 2 A2VBV =01C;0 B0:0 30;C7P 
HBCG=>3> V=B5;5:BC O: =59@>==V <5@56V. !59@>==V <5@56V VA=CNBP C 25;8:V9 
:V;P:>ABV 284V2 B0 28:>@8AB>2CNBPAO C H8@>:><C A?5:B@V 7040G, 2 B><C G8A;V V 2 
AD5@V 157?5:8 B0 0=0;V7V 2V4:@8B8E 465@5; OSINT, A?@>ICNG8 ?>HC: B0 
A?V2AB02;5==O 40=8E, 0 B0:>6  28O2;5==O ?>B5=FV9=8E =5157?5: 2 ;N4=8E <VAFOE. 

"A=>2=0 <5B0 @>1>B8 ?>;O30є 2 @>7@>1FV A5@2VAC 284V;5==O >1;8GGO B0 
V45=B8DV:0FVW =0 =P><C ;N48=8 2 ?>B>:>2><C 2V45> 01> C 265 70?8A0=><C 
2V45>. �C;> @>73;O=CB> <5B>48 284V;5==O >1;8GGO B0 >A=>2=8E :;NG>28E 
B>G>: =0 =P><C, 4>?><V6=8E D0:B>@V2, B0 >?B8<0;P=V <5B>48 715@V30==O B0 
?>HC:C 4;O V45=B8DV:0FVW ?5@A>=8 2 @50;P=><C G0AV. 

"A=>2=>N B5E=>;>3VєN, O:0 1C;0 28:>@8AB0=0 2 @>1>BV AB0;0 B5E=>;>3VO 
@>7@>1:8 =59@>==8E <5@56 B8?C Tensorflow/PyTorch, 2V4><0 A2>W< 4C65 
240;8< B0 ?@>AB8< V=B5@D59A>< 270є<>4VW, V 2 B>9 65 G0A 28A>:>N 
5D5:B82=VABN B0 ?V4B@8<:>N @V7=><0=VB=8E GPU/NPU, O:V 7=0G=> 
?@8H284HCNBP @>1>BC =59@>==8E <5@56. 

' @>1>BV B0:>6 @>73;O=CB> 5D5:B82=VABP @>1>B8 =59@>==8E <5@56 =0 
@V7=8E ?;0BD>@<0E B0 =0 @V7=8E B8?0E >1G8A;N20;P=8E N=VB0E CPU/GPU/NPU 
4;O 284V;5==O 5D5:B82=>3>, B0, I> =093>;>2=VH5, =54>@>3> <5B>4C >1@>1:8 
40=8E. � O:>ABV NPU 1C;> 28:>@8AB0=> A>?@>F5AA>@ Google Edge TPU - ASIC, 

@>7@>1;5=89 Google, O:89 70157?5GCє 28A>:C ?@>4C:B82=VABP <0H8==>3> 
;>3VG=>3> 282>4C 4;O  >45;V TensorFlow Lite [3], =0 @V2=V 4 B@8;P9>=8 >?5@0FV9 2 
A5:C=4C (TOPS) 2 D>@< D0:B>@V >:@5<>3> <V:@>:><?9NB5@C Google Coral. 

$>7@>1;5=0 A8AB5<0 C<>2=> ?>4V;OєBPAO =0 B0:V G0AB8=8: 1070 40=8E 7V 
715@565=8<8 :;NG>28<8 E0@0:B5@8AB8:0<8, API – A5@25@ 7 0;3>@8B<>< 
V45=B8DV:0FVW B0 V=B5@D59A 270є<>4VW. '7030;P=5=89 0;3>@8B< <0є B0:V >A=>2=V 
5B0?8: 

– H284:5 284V;5==O >1;8GGO ;N48=8 =0 7>1@065==V; 
– =>@<0;V70FVO 7=0945=>3> @53V>=C 70FV:02;5==O; 
– 28@0EC20==O :;NG>28E B>G>:(>GV, =VA, 3C18); 
– ?>HC: B0 V45=B8DV:0FVO ?> :;NG>28< B>G:0< B0 4>4020==O =>2>W 

?5@A>=8, O:I> B0:0 =5 7=0945=0 01> 7=0945=0 7 =87P:>N 2V@>3V4=VABN. 
&0:8< G8=><, 1C;> @>7@>1;5=> A8AB5<C 28O2;5==O B0 V45=B8DV:0FVW 

;N48=8 =0 2V45> 70 4>?><>3>N =59@>==8E <5@56, @>73;O=CB> 4>ABC?=V 
?V4E>48 B0 B5E=>;>3VW. 
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1. "DV9FV9=89 A09B OpenCV [�;5:B@>==89 @5AC@A] / OpenCV. – $568< 
4>ABC?C: https://opencv.org/ 

2. Bishop, C. Neural Networks for Pattern Recognition. – London: Oxford 

University Press, 1995. – 576 c. 

3. "DV9FV9=89 A09B TensorFlow [�;5:B@>==89 @5AC@A] / TensorFlow. – 
$568< 4>ABC?C:  https://www.tensorflow.org/guide 
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1 ABC4. 3@. �!&-612< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�"��" $.�., &/�'!"��  ... 

"%!"�!� ���"$�%&�!!/ REACT JS 

React JS – F5 JavaScript 1V1;V>B5:0, O:0 28:>@8AB>2CєBPAO 4;O @>7@>1:8 
:>@8ABC20FP:>3> V=B5@D59AC 251-4>40B:V2. React 1C2 AB2>@5=89 Facebook V 
28?CI5=89 2 2013 @>FV. �V= 4>72>;Oє @>7@>1=8:0< AB2>@N20B8 1030B>@07>2V 
:><?>=5=B8 V 28:>@8AB>2C20B8 WE 4;O ?>1C4>28 A:;04=8E V=B5@D59AV2. 

"A=>2=V ?5@52038 28:>@8AB0==O React JS. 
�><?>=5=B=89 ?V4EV4 – React 4>72>;Oє @>7@>1=8:0< AB2>@N20B8 

1030B>@07>2V :><?>=5=B8, O:V <>6=0 28:>@8AB>2C20B8 2 @V7=8E G0AB8=0E 
4>40B:C, I> 70157?5GCє H284:VABP @>7@>1:8 B0 ?V4B@8<:C :>4C. 

�8A>:0 ?@>4C:B82=VABP – React 70157?5GCє H284:VABP 2V4>1@065==O 7<V= 
=0 AB>@V=FV, 7024O:8 28:>@8AB0==N 2V@BC0;P=>3> DOM B0 5D5:B82=><C 
<5E0=V7<C >=>2;5==O :><?>=5=BV2. 

 0AHB01>20=VABP – React 4>72>;Oє @>7@>1=8:0< 7@CG=> <0AHB01C20B8 
4>40B:8, I> 4>72>;Oє ;53:> 4>4020B8 =>2V DC=:FVW B0 7<V=N20B8 VA=CNGV 157 
=5>1EV4=>ABV 2 ?>2=V9 ?5@5@>1FV :>4C. 

�>:C<5=B0FVO B0 ?V4B@8<:0 – React <0є 4C65 H8@>:C 4>:C<5=B0FVN B0 
A?V;P=>BC @>7@>1=8:V2, I> 4>?><030є @>7@>1=8:0< 7=09B8 2V4?>2V4V =0 1C4P-
O:V ?8B0==O, O:V 28=8:0NBP ?V4 G0A @>7@>1:8. 

'7030;P=NNG8, 28:>@8AB0==O React JS 4>72>;Oє @>7@>1=8:0< 
AB2>@N20B8 5D5:B82=V, <0AHB01>20=V B0 H284:V 251-4>40B:8, I> 70157?5GCє 
1V;PH 7@CG=89 B0 ?@>4C:B82=89 ?@>F5A @>7@>1:8. 

�2060NG8 =0 H8@>:5 ?>H8@5==O React JS C AD5@V 251-@>7@>1:8, VA=Cє 
157;VG @V7=><0=VB=8E 4>40B:V2 B0 V=AB@C<5=BV2, O:V 4>?><030NBP @>7@>1=8:0< 
?@8A:>@8B8 B0 ?>;53H8B8 @>1>BC 7 React. "4=8< 7 =09?>?C;O@=VH8E 70A>1V2 є 
Redux - 1V1;V>B5:0 4;O :5@C20==O AB0=>< 4>40B:C, O:0 4>72>;Oє 715@V30B8 AB0= 
4>40B:C 2 >4=><C <VAFV B0 @>18B8 9>3> 4>ABC?=8< 4;O 2AVE :><?>=5=BV2. 
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&0:>6, React <0є @>7H8@5==O 4;O @>7@>1:8 <>1V;P=8E 4>40B:V2 - React 

Native. *5 4>72>;Oє @>7@>1=8:0< 28:>@8AB>2C20B8 React 4;O AB2>@5==O 
=0B82=8E <>1V;P=8E 4>40B:V2 4;O Android B0 iOS, I> 70157?5GCє H284:VABP B0 
5D5:B82=VABP @>7@>1:8.  

�@V< B>3>, React ?V4B@8<CєBPAO 1030BP<0 2V4><8<8 :><?0=VO<8, B0:8<8 
O: Facebook, Instagram, Netflix B0 Airbnb, I> A2V4G8BP ?@> 9>3> =04V9=VABP B0 
?>?C;O@=VABP. 

"B65, 28:>@8AB0==O React JS 4>72>;Oє @>7@>1=8:0< AB2>@N20B8 
5D5:B82=V B0 ?@>4C:B82=V 251-4>40B:8, 7 25;8:>N :V;P:VABN 7@CG=8E 
V=AB@C<5=BV2 B0 4>40B:V2. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. "DVFV9=2 AB>@V=:0 React [�;5:B@>==89 @5AC@A] - $568< 4>ABC?C: 
https://react.dev 

2.  Getting started with React [�;5:B@>==89 @5AC@A] - $568< 4>ABC?C: 
https://developer.mozilla.org/enS/docs/Learn/Tools_and_testing/Client-

side_JavaScript_frameworks/React_getting_started 
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2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�'%"� �.%., �"�'� &.�. 

�!���� ��)�-�!�) !"%��� ��.+"�"� �!("$ �*�� 

+5@57 B5, I> >AB0==V< G0A>< 2A5 1V;PH5 >@30=V70FV9 ?@0FNNBP 
48AB0=FV9=> B0 @50;V7CNBP >1<V= V=D>@<0FVєN G5@57 @V7=V <5@56V 729O7:C, 
70E8AB V=D>@<0FVW AB0є 2A5 1V;PH 0:BC0;P=>N 7040G5N. "A>1;82> 206;8289 
70E8AB V=D>@<0FVW C DV=0=A>2V9 AD5@V, 45 =5>1EV4=> 715@V30B8 WW 
:>=DV45=FV9=VABP B0 =5 4>?CA:0B8 :><?@><5B0FVW. &><C <5B>N @>1>B8 є >3;O4 
=09@>7?>2AN465=VH8E 284V2 70E8I5=8E =>AVW2 :;NG>2>W V=D>@<0FVW 2V4 
@V7=8E :><?0=V9-28@>1=8:V2 V 0=0;V7 WE ?5@5203 B0 =54>;V:V2 I>4> 7@CG=>ABV B0 
?@0:B8G=>ABV WE :>@8ABC20==O. 

� @>1>BV 4;O 0=0;V7C >1@0=> 45:V;P:0 284V2 70E8I5=8E =>AVW2 :;NG>2>W 
V=D>@<0FVW (�!��), O:8<8 :>@8ABCNBPAO 7451V;PH>3> ?V4?@8є<AB20 B0 
>@30=V70FVW, I> DV=0=ACNBPAO 7 45@602=>3> B0 <VAF52>3> 1N465BV2 B0 
>1A;C3>2CNBPAO 2 �5@602=><C �07=0G59AB2V [1]. 

�;O ?@>2545==O 4>A;V465==O V ?>@V2=O==O WE E0@0:B5@8AB8: B0 
>A>1;82>AB59 1C;> >1@0=> B0:V <>45;V �!��: 

– SecureToken-338M :><?0=VW «��&"$»; 
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– SecureToken-337KF :><?0=VW «��&"$»; 
– 5;5:B@>==89 :;NG «�;<07-1�» :><?0=VW ��& (�=AB8BCB �=D>@<0FV9=8E 

&5E=>;>3V9). 
'AV >1@0=V 4;O >3;O4C B>:5=8 <0NBP <0965 >4=0:>2V E0@0:B5@8AB8:8 70 

=0ABC?=8<8 ?0@0<5B@0<8: G0A 715@V30==O 40=8E, AB0=40@B8 35=5@0FVW B0 
715@V30==O :;NG>2>W V=D>@<0FVW, 21C4>20=V :@8?B>0;3>@8B<8 B0 WE H284:VABP, 
V=B5@D59A, ?V4B@8<:0 @>1>B8 2 @V7=8E >?5@0FV9=8E A8AB5<0E. 

�>;>2=8<8 2V4<V==8<8 >A>1;82>ABO<8 SecureToken-337KF є B5, I> FO 
<>45;P <0є 21C4>20=C FLASH ?0<9OBP >19є<>< 4> 1 &� 4;O V=D>@<0FVW 
:>@8ABC20G0 B0 1V;PH =04V9=89 :>@?CA V7 70;V7=8< USB 28E>4><, <0є 7@CG=5 
?@>3@0<=5 70157?5G5==O 4;O 70?8BC A5@B8DV:0B0. SecureToken-338M B0:>6 
<0є 7@CG=5 ?@>3@0<=5 70157?5G5==O 4;O 70?8BC A5@B8DV:0B0, 0;5 =5 <0є 
FLASH ?0<9OBV, B0 283>B>2;OєBPAO C 1V;PH :><?0:B=><C :>@?CAV, O:89 FV;:>< 
A:;040єBPAO 7 ?;0AB8:C [2]. �;5:B@>==89 :;NG «�;<07-1�» =5 <0є FLASH 
?0<9OBV, ?@0FNє 7 <5=H 7@CG=8< ?@>3@0<=8< 70157?5G5==O<, =V6 ?>?5@54=V 
20@V0=B8, B0:>6 =5 <0є <>6;82>ABV 70?8A0B8 A5@B8DV:0B =0 A0< B>:5=, =0 
=P><C <VAB8BPAO BV;P:8 :;NG>20 V=D>@<0FVO 4;O 9>3> 28:>@8AB0==O [3]. 

&0:8< G8=><, =091V;PH 4>FV;P=> 28:>@8AB>2C20B8 B>:5= SecureToken-

337KF, O:89 ?@0FNє 7V 7@CG=8< ?@>3@0<=8< 70157?5G5==O<, <0є <VF=89 
:>@?CA B0 E0@0:B5@87CєBPAO <>6;82VABN 715@V30B8 =0 =P><C 1C4P-O:C 
V=D>@<0FVN, O:0 1C45 H8D@C20B8AO 70 4>?><>3>N :@8?B>0;3>@8B<0. �0?8A 
A5@B8DV:0BC 157?>A5@54=P> =0 B>:5= 4>72>;Oє 7=0G=> ?V428I8B8 7@CG=VABP 
9>3> 28:>@8AB0==O. 
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1. %8AB5<0 ?>HC:C, 0=0;V7C B0 <>=VB>@8=3C =>@<0B82=>-?@02>2>W 1078 
[�;5:B@>==89 @5AC@A] – $568< 4>ABC?C: https://ips.ligazakon.net 

2. "DVFV9=0 AB>@V=:0 28@>1=8:0 B>:5=V2 «��&"$». [�;5:B@>==89 
@5AC@A]  – $568< 4>ABC?C: https://avtor.ua 

3. "DVFV9=89 A09B :><?0=VW «��&» [�;5:B@>==89 @5AC@A] – $568< 
4>ABC?C: https://iit.com.ua 
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'�� 004.49 
�V=VG5=:> �.�.1, &O3C=>20  ...2, �>;C1 &.�.2 
1 ABC4. 3@. �!&-612< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

��!�+�!�" �.�., &/�'!"��  ..., �"�'� &.�. 

����$ "#&� ��Ь!"� %�D-%�%&� � ��/ $"�$"��� � 
#$"Є�&'��!!/ �!�"#$"&���� 

�=4>?@>B57C20==O AC3;>1V2 є 5D5:B82=8< V G0AB> є48=8< A?>A>1>< 
2V4=>2;5==O 2B@0G5=>W DC=:FVW :V=FV2:8. %B0B8AB8:0 @V7=8E :@0W= A2VBC 
A2V4G8BP, I> 2 A5@54=P><C I>@VG=> 2 ?@>B57C20==V ?>B@51CNBP 500-1000 

E2>@8E V B@02<>20=8E =0 1 <;=. =0A5;5==O. �V;PH =V6 ?V2<V;P9>=0 >?5@0FV9 
?>2=>W 70<V=8 :C;PH>2>3> AC3;>10 I>@VG=> CA?VH=> 28:>=CєBPAO 2 #V2=VG=V9 
�<5@8FV. -5 1V;PH89 2V4A>B>: >?5@>20=8E 2 @>728=5=8E :@0W=0E Є2@>?8. 
!0?@8:;04, 2 4529OB8<V;P9>==V9 ,25FVW ?@>2>48BPAO 1V;PH5 10000 >?5@0FV9 
B>B0;P=>W 70<V=8 AC3;>1V2 =0 @V:. �07=0G5=0 AB0B8AB8:0 ?@>>?5@>20=8E 
28?04:V2 =0 7030;P=C G8A5;P=VABP =0A5;5==O 40є ?V4AB028 22060B8, I> 
I>@VG=> 2 =0HV9 :@0W=V ?>B@51CNBP ?@>B57C20==O 25-40 B8AOG E2>@8E.  

!0 AP>3>4=V 2 ':@0W=V 28:>=CєBPAO 2 10 @07V2 <5=H5 2V4 =5>1EV4=>3> 
:V;P:>ABV >?5@0FV9 70<V=8 AC3;>1V2, I> >1C<>2;5=>, 2 B><C G8A;V, V 
=54>AB0B=V< @>728B:>< 28@>1=8FB20 O:VA=8E 2VBG87=O=8E 5=4>?@>B57V2. � 
A8;C 0=0B><>-1V><5E0=VG=8E >A>1;82>AB59 :C;PH>2>3> AC3;>10, 9>3> 
CH:>465==O 2V4=>AOBPAO 4> =091V;PH A:;04=>W ?0B>;>3VW >?>@=>-@CE>2>3> 
0?0@0BC.  

' 729O7:C 7 B8<, I> 70@07 =0 B5@8B>@VW ':@0W=V 2545BPAO BO6:0 1>@>BP10 
?@>B8 @>AV9AP:>3> >:C?0=B0, B> 5=4>?@>B57C20==O 0:BC0;P=5, O: =V:>;8. 
�57;VG 2>W=V2 - 70E8A=8:V2, =060;P, >B@8<CNBP BO6:V ?>@0=5==O 25@E=VE B0 
=86=VE :V=FV2>:. ' 729O7:C 7 @>7H8@5==O< ?>:070=P 4> B0:8E >?5@0FV9 2A5 
1V;PH 206;828< є 24>A:>=0;5==O :>=AB@C:FV9 HBCG=8E AC3;>1V2.  

� >AB0==V 25 @>:V2 4;O @>7@>1:8 B0 24>A:>=0;5==O 5=4>?@>B57V2 
V=65=5@8 – :>=AB@C:B>@8 28:>@8AB>2CNBP @V7=><0=VB=V ?@>3@0<8 4;O 3D-

<>45;N20==O. !091V;PH ?>H8@5==V B0:V %�D-A8AB5<8: T-FLEX CAD, 

�" #�%-3D, AutoCad, SolidWorks, NX, %ATIA, FreeCAD, Corel draw. &><C 
<5B>N 40=>W @>1>B8 AB0;> ?>;53H8B8 D0EV2FO<, I> 70;CG0NBPAO 4> FVєW 
30;C7V, 7@>18B8 281V@ >?B8<0;P=>W A8AB5<8 02B><0B87>20=>3> ?@>є:BC20==O 
4;O @>7@>1:8 V ?@>є:BC20==O 5=4>?@>B57V2. �;O FP>3> >3;O=5<> =091V;PH 
?>?C;O@=V %�D-A8AB5<8 B0 WE 2V4<V==V @8A8. 

T-FLEX CAD – F5 >4=0 V7 =09?>BC6=VH8E %�#$ A5@54=P>3> @V2=O, 
?>1C4>20=0 =0 >A=>2V ;VF5=7V9=>3> B@828<V@=>3> O4@0 Parasolid. �024O:8 FV9 
>A>1;82>ABV T-FLEX CAD є =091V;PH 240;8< 281>@>< 4;O B8E, EB> ?@0FN202 
V7 A8AB5<0<8 NX, SolidWorks B0 SolidEdge, O:V 28:>@8AB>2CNBP F5 A0<5 O4@>. 
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T-FLEX CAD <VAB8BP ?@>D5AV9=V V=AB@C<5=B8 4;O AB2>@5==O ?0@0<5B@8G=8E 
<>45;59 B0 :@5A;5=P, >?B8<V70FVW, 0=0;V7C 28@>1V2 B0 AB2>@5==O ?0:5BC ��. 

�V4<V==V @8A8 A8AB5<8: 
– =09?>BC6=VHV V=AB@C<5=B8 ?0@0<5B@870FVW 5A:V7V2, 45B0;59 B0 

A:;040==O, 1030B> 7 O:8E є C=V:0;P=8<8 =02VBP 4;O 70:>@4>==8E %�#$, 
>A:V;P:8 =5 ?>B@51CNBP =028G>: ?@>3@0<C20==O; 

– ?@>AC=CBV 70A>18 B@828<V@=>3> <>45;N20==O, I> ?V4B@8<CNBP 
AB01V;P=C @>1>BC =02VBP 7V A:;04=8<8 71>@:0<8 V7 A>B5=P B8AOG :><?>=5=BV2; 

– V=B5;5:BC0;P=V V=AB@C<5=B8 4;O @>7@0EC=:C B0 >?B8<V70FVW 
:>=AB@C:FV9; 

– 25;8G57=89 =01V@ 157:>HB>2=8E 1V1;V>B5: B8?>28E B0 AB0=40@B=8E 
5;5<5=BV2, I> ?@8A:>@NNBP ?@>F5A ?@>є:BC20==O; 

– ?@>AB89 <5E0=V7< AB2>@5==O ?@>3@0< 4;O 02B><0B870FVW :>=:@5B=8E 
70240=P ?V4?@8є<AB20 157 28:>@8AB0==O ?@>3@0<C20==O; 

– <>6;82VABP A?V;P=>W @>1>B8 =04 ?@>є:B>< 1030BP>E D0EV2FV2, 
A2>єG0A=5 2=5A5==O B0 6C@=0;C20==O 7<V= 4>:C<5=BV2; 

– V=B53@0FVO V7 ?@>3@0<0<8 :><?;5:AC T-FLEX PLM. 

T-FLEX CAD 28:>@8AB>2CNBP 2 >A=>2=><C 25;8:V ?V4?@8є<AB20 
02V01C4V2=>W 30;C7V, I> 3>2>@8BP ?@> 9>3> ?@>4C:B82=VABP B0 
DC=:FV>=0;P=VABP. 

�" #�%-3D – F5 I5 >4=0 A8AB5<0 ?0@0<5B@8G=>3> <>45;N20==O 
45B0;59 B0 A:;040==O, O:0 28:>@8AB>2CєBPAO C AD5@V <0H8=>1C4C20==O, 
?@8;04>1C4C20==O B0 1C4V2=8FB20. %�#$ =0;568BP :><?0=VW �%�"!. 

�> ?5@5203 A8AB5<8 �" #�%-3D =0;560BP: 
– ?@>AB89 B0 7@>7C<V;89 V=B5@D59A, I> 4>72>;Oє <0:A8<0;P=> H284:> 

282G8B8 ?@>4C:B; 
– 28:>@8AB0==O 2 >A=>2V B@828<V@=>3> O4@0 B0 B5E=>;>3V9 

?0@0<5B@870FVW 2;0A=>W @>7@>1:8; 
– ?>2=0 ?V4B@8<:0 �%&', �%��, %#�% B0 V=H8E A2VB>28E AB0=40@BV2 

?@8 ?@>є:BC20==V B0 >D>@<;5==V 4>:C<5=B0FVW, 0 B0:>6 <>6;82VABP 
02B><0B8G=>W ?5@52V@:8 ?@>є:BC =0 2V4?>2V4=VABP W<; 

– @>7H8@5==O 7V A?5FV0;P=8<8 V=AB@C<5=B0<8 B0 =01>@0<8 AB0=40@B=8E 
:><?>=5=BV2 4;O <0H8=>1C4C20==O, 1C4V2=8FB20 B0 ?@8;04>1C4C20==O, I> 
7=0G=> ?@8A:>@NNBP ?@>є:BC20==O; 

– 25;8:89 281V@ ?@>3@0< 4;O @V7=8E @>74V;V2 ?@>є:BC, I> 4>72>;ONBP 
7V1@0B8 V=482V4C0;P=C :>=DV3C@0FVN @VH5==O :>6=>W :><?0=VW; 

– ?@>AB0 V=B53@0FVO 7 1C4P-O:8<8 PLM-A8AB5<0<8, I> є =0 @8=:C. 
AutoCAD – F5 107>20 %�#$, I> @>7@>1;OєBPAO V ?>AB0G0єBPAO 

:><?0=VєN Autodesk. AutoCAD – =09?>H8@5=VH0 CAD-A8AB5<0 C A2VBV, I> 
4>72>;Oє ?@>є:BC20B8 O: C 42>28<V@=><C, B0: V B@828<V@=><C A5@54>28IV. �0 
4>?><>3>N AutoCAD <>6=0 1C4C20B8 3D-<>45;V, AB2>@N20B8 B0 
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>D>@<;N20B8 :@5A;5==O B0 1030B> V=H>3>. AutoCAD є ?;0BD>@<=>N %�#$, 
B>1B> FO A8AB5<0 =5 <0є GVB:>W >@Vє=B0FVW =0 ?52=C ?@>є:B=C >1;0ABP, 2 =V9 
<>6=0 28:>=C20B8 1C4V25;P=V, <0H8=>1C4V2=V ?@>5:B8, ?@0FN20B8 7 
4>A;V465==O<8, 5;5:B@8:>N B0 1030BP>< V=H8<. 

AutoCAD <0є B0:V 2V4<V==V @8A8: 
– 45-D0:B> AB0=40@B C A2VBV %�#$; 
– H8@>:V <>6;82>ABV =0;0HBC20==O B0 040?B0FVW; 
– 70A>18 AB2>@5==O ?@>3@0< =0 21C4>20=8E <>20E (AutoLISP B>I>) B0 V7 

70AB>AC20==O< API; 
– 25;8:0 :V;P:VABP 4>40B:V2 2V4 AB>@>==VE @>7@>1=8:V2. 
SolidWorks – B@828<V@=89 ?@>3@0<=89 :><?;5:A 4;O 02B><0B870FVW 

:>=AB@C:B>@AP:8E @>1VB ?@><8A;>2>3> ?V4?@8є<AB20. $>7@>1=8: – :><?0=VO 
Dassault Systemes. 

$8A8 A8AB5<8, I> 283V4=> 2V4@V7=ONBP WW 2V4 V=H8E CAD: 
– ?@>4C<0=89 V=B5@D59A :>@8ABC20G0, I> AB02 7@07:>< 4;O 

=0A;V4C20==O; 
– 25;8:0 :V;P:VABP =041C4>2 4;O 28@VH5==O 2C7P:>A?5FV0;V7>20=8E 

70240=P; 
– >@Vє=B0FVO =0 :>=AB@C:B>@AP:C V B5E=>;>3VG=C ?V43>B>2:C 28@>1=8FB20; 
– 1V1;V>B5:8 AB0=40@B=8E 5;5<5=BV2; 
– @>7?V7=020==O B0 ?0@0<5B@870FVO V<?>@B>20=>W 35><5B@VW; 
– V=B53@0FVO V7 A8AB5<>N SolidWorks PDM. 

NX – D;03<0=AP:0 A8AB5<0 %�#$ 28@>1=8FB20 :><?0=VW Siemens PLM 
Software, O:0 28:>@8AB>2CєBPAO 4;O @>7@>1:8 A:;04=8E 28@>1V2, I> 
2:;NG0NBP 5;5<5=B8 7V A:;04=>N D>@<>N B0 IV;P=8< :><?>=C20==O< 
25;8:>W :V;P:>ABV A:;04>28E G0AB8=. 

�;NG>2V >A>1;82>ABV NX: 
– ?V4B@8<:0 @V7=8E >?5@0FV9=8E A8AB5<, 2:;NG0NG8 UNIX, Linux, Mac 

OS X B0 Windows; 
– >4=>G0A=0 @>1>B0 25;8:>W :V;P:>ABV :>@8ABC20GV2 C @0<:0E >4=>3> 

?@>є:BC; 
– ?>2=>DC=:FV>=0;P=5 @VH5==O 4;O <>45;N20==O; 
– ?5@54>2V V=AB@C<5=B8 ?@><8A;>2>3> 48709=C (2V;P=V D>@<8, 

?0@0<5B@8G=V ?>25@E=V, 48=0<VG=89 @5=45@8=3); 
– V=AB@C<5=B8 <>45;N20==O ?>254V=:8 <5E0B@>==8E A8AB5<; 
– 3;81>:0 V=B53@0FVO V7 PLM–A8AB5<>N Teamcenter. 
%<EF9@0 06FB@0F<;B60AB7B CDB9>FG60AAO CATIA 2V4 :><?0=VW 

Dassault Systemes, >@Vє=B>20=0 =0 ?@>є:BC20==O A:;04=8E :><?;5:A=8E 
28@>1V2, =0A0<?5@54 C 30;C7V 02V01C4C20==O B0 :>@01;51C4C20==O. 

�V4<V==V >A>1;82>ABV: 
– 45–D0:B> AB0=40@B 2 02V01C4C20==V; 
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– >@Vє=B0FVO ?@0FN20B8 7 <>45;O<8 A:;04=8E D>@<; 
– 3;81>:0 V=B53@0FVO 7 @>7@0EC=:>28<8 B0 B5E=>;>3VG=8<8 A8AB5<0<8; 
– <>6;82>ABV 4;O :>;5:B82=>W @>1>B8 B8AOG :>@8ABC20GV2 =04 >4=8< 

?@>є:B><; 
– ?V4B@8<:0 <V648AF8?;V=0@=>W @>7@>1:8 A8AB5<. 
&0:8< G8=><, ?@>0=0;V7C202H8 157;VG A8AB5< 02B><0B87>20=>3> 

?@>є:BC20==O 28O28;8, I> =091V;PH >?B8<0;P=8<8 4;O ?@>є:BC20==O B0 
@>7@>1:8 5=4>?@>B57V2 є A8AB5<0 SolidWorks, 1> <0є ?@>4C<0=89 V=B5@D59A 
:>@8ABC20G0 B0 є 4>AB0B=P> ?@>AB>N B0 7@CG=>N 4;O >?0=C20==O. �>=0 
>@Vє=B>20=0 O: =0 :>=AB@C:B>@AP:C, B0: V =0 B5E=>;>3VG=C ?V43>B>2:C 
28@>1=8FB20. %8AB5<0 <0є @>7?V7=020==O B0 ?0@0<5B@870FVN V<?>@B>20=>W 
35><5B@VW, B0:>6 2 40=V9 A8AB5<V 2V4ACB=V >1<565==O ?> :V;P:>ABV :><?>=5=BV2 
A:;04=8E :@5A;5=P. SolidWorks <0є <>6;82VABP 28?@>1C20=P =0 <VF=VABP 
A?@>є:B>20=8E <>45;59 2 ?@81;865=8E @50;P=8E C<>20E 28?@>1C20=P B0 <0є 
<>6;82VABP ?@>2545==O 0=0;V7C :V=5<0B8:8 B0 ?@>F5AC 48=0<V:8. 
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1 ABC4. 3@. �!&-622< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

���-�!�" �.$., %�$'#%Ь��� %... 

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

' ACG0A=><C A2VBV 0:BC0;P=VABP 40=8E =0 5;5:B@>==>-:0@B>3@0DVG=8E 
<0?0E 75<;V - F5 25;8:0 ?@>1;5<0, 1> 79O2;ONBPAO =>2V 1C48=:8, 1C4CNBPAO 
=>2V 4>@>38, 79O2;ONBPAO =>2V @09>=8, B>I>.  

&@048FV9=5 F8D@>25 :0@B>3@0DC20==O 28<030є 25;8:>3> >1AO3C @>1>B8 V 
FV;>W 0@<VW :0@B>3@0DV2, I>1 7@>18B8 <0?C =02VBP >4=>3> <VAB0. #@>F5A 
4>A8BP ?@>AB89, 0;5 B@C4>є<=VABP B0:>W @>1>B8 @>18BP 9>3> 4C65 4>@>38<. 
"B65, 7@>AB0є V=B5@5A 4> V45W :0@B>3@0DC20==O 70 4>?><>3>N HBCG=>3> 
V=B5;5:BC, 70A=>20=>3> =0 0;3>@8B<0E @>7?V7=020==O 7>1@065=P 7 3;81>:8< 
=02G0==O<. &><C <5B>N @>1>B8 AB0;> 4>A;V465==O 4>FV;P=>ABV 28:>@8AB0==O 
HBCG=>3> V=B5;5:BC ?@8 ?@>5:BC20==V 5;5:B@>==8E :0@B>3@0DVG=8E <0?. 
#@>0=0;V7Cє<> >A=>2=V 7 B0:8E ?@8G8= =86G5.  

#V428I5=0 B>G=VABP: HBCG=89 V=B5;5:B (,�) <>65 4>?><>3B8 ?V428I8B8 
B>G=VABP 5;5:B@>==8E :0@B>3@0DVG=8E <0?, 0=0;V7CNG8 25;8:V >1AO38 40=8E V 
28O2;ONG8 70:>=><V@=>ABV B0 0=><0;VW, O:V <>6CBP 1CB8 ?@>?CI5=V 
@>7@>1=8:0<8-;N4P<8. 
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,284H0 >1@>1:0: 0;3>@8B<8 ,� <>6CBP H284:> >1@>1;OB8 25;8:V 
>1AO38 40=8E, I> 4>72>;Oє 5D5:B82=VH5 AB2>@N20B8 B0 >=>2;N20B8 <0?8. 

#5@A>=0;V70FVO: HBCG=89 V=B5;5:B B0:>6 4>72>;Oє AB2>@N20B8 
?5@A>=0;V7>20=V :0@B8, I> 2V4?>2V40NBP :>=:@5B=8< ?>B@510< >:@5<8E 
:>@8ABC20GV2 70;56=> 2V4 WE ?5@5203, V=B5@5AV2 B0 @>7B0HC20==O. 

"4=0: VA=CNBP B0:>6 ?>B5=FV9=V >1<565==O B0 5B8G=V <V@:C20==O 
28:>@8AB0==O ,� 2 :0@B>3@0DC20==V. !0?@8:;04, 0;3>@8B<8 ,� <>6CBP <0B8 
C?5@5465==O, O:V C2VG=NNBP 01> ?>A8;NNBP VA=CNGC A>FV0;P=C =5@V2=VABP. 
�@V< B>3>, =04<V@=5 28:>@8AB0==O ,� <>65 ?@8725AB8 4> 2V4ACB=>ABV 
;N4AP:>3> :>=B@>;N B0 2V4?>2V40;P=>ABV 70 ?><8;:8 G8 =5B>G=>ABV =0 <0?0E. 
&><C >A=>2=>N B5E=>;>3VєN, O:0 <>65 4>?><>3B8 :0@B>3@0D0< ?@8A:>@8B8 
A2>N @>1>BC є A5<0=B8G=89 0=0;V7.  

#@8 ?@>5:BC20==V <0?8 @>7@>1=8: <>65 28:>@8AB>2C20B8 ,� O: 
V=AB@C<5=B 4;O 28O2;5==O 1C4V25;P, ,� <>65 284V;OB8 40E8 1C4V25;P =0 
AC?CB=8:>28E 7=V<:0E C 28A>:><C 4>72>;V, B><C 4;O FP>3> ?>B@V1=> 
@>7@>18B8 <>45;P ,� 4;O >:@5<=8E 284V2 >19є:BV2. 

 >45;P 4;O :;0A8DV:0FVO 70 B8?0<8 1C4V25;P - B0:0 B>?>;>3VO 
?@54AB02;5=0 >A=>2=8<8 :;0A0<8: 1030B>:20@B8@=V 1C48=:8; ?@820B=89; 
?@><8A;>289. �8A>B0 1C4V2;V – >FV=:0 28A>B8 1C4V2;V 70 4>268=>N BV=V B0 
2848<>W G0AB8=8 ABV=8. �8O2;5==O 1C4V2=8FB20 70 :;0A8DV:0FVєN ?;8B>: =0 
AC?CB=8:>28E 7=V<:0E 28A>:>W @>74V;P=>W 740B=>ABV. #@8:;04 7025@H5=>3> 
@>7?V7=0==O 1C48=:V2 =0 @8A 1.  

 
$8AC=>: 1 – #@>0=0;V7>20=0 <0?0 <VAB0 

�8;CG5==O :;0AV2 ;VA>2>W @>A;8==>ABV 7 7>1@065=P RGB 28A>:>W 
@>74V;P=>W 740B=>ABV 7 :;0A8DV:0FVєN 70 B8?><, IV;P=VABN B0 28A>B>N. &0:0 
<>45;P <>65 1CB8 28:>@8AB0=0 O: ?V4B@8<:0 ?@89=OBBO @VH5=P 4;O 
@>7G8I5==O ;VA>28E ?>@>A;V2. #@8:;04 ?@>0=0;V7>20=>W <VAF52>ABV 7 
4V;O=:>N ;VAC ?>:070=0 =0 @8A 2. 
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$8AC=>: 2 – #@>0=0;V7>20=0 <VAF52VABP ;VAC 

�8O2;5==O 4>@V3 – <>45;P, O:0 28BO3Cє 4>@>6=N <0A:C V7 AC?CB=8:>28E 
7=V<:V2 28A>:>3> ?@>AB>@>2>3> 4>72>;C. &0:0 <>45;P 4>72>;8BP H284:> 
>=>2;N20B8 4>@>38, O:V 1C4CNBPAO C A2VBV. #@8:;04 ?@>0=0;V7>20=8E 4>@V3 
7>1@065=> =0 @8A 3. 

 
$8AC=>: 3 – #@>0=0;V7>20=V 4>@>38 C <VABV 

&0:8< G8=><, ?@>2545=89 0=0;V7 4>2>48BP, I> 28:>@8AB0==O ,� 4;O 
AC?CB=8:>28E 7=V<:V2 <>65 4C65 H284:> ?@8A:>@8B8 @>1>BC ?@0FV2=8:V2 
:0@B>3@0DVG=>W AD5@8, 0 B0:>6 70>I048B8 25;8:V 3@>HV. �@V< B>3> 
:0@B>3@0DVG=V A5@2VA8 7 <0?0<8 <>6CBP H284H5 =04020B8 1V;PH ACG0A=V 40=V. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �>=>=N: �.�., �@C:  .  . �2B><0B870FVO AB2>@5==O ACG0A=8E :0@B // 
� �A5C:@0W=AP:0 =0C:>2>-?@0:B8G=0 V=B5@=5B-:>=D5@5=FVO «!0C:0 ��� 
B8AOG>;VBBO: ?>HC:8, ?@>1;5<8, ?5@A?5:B828 @>728B:C» 20-21 :2VB=O 2017. – 
�5@4O=AP:: 2017 – %. 259. 

2. Mapflow Ai [�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C: 
https://mapflow.ai/#blog. 
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&O3C=>20  ...1, �0@=0CE �. .2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&-512< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

&/�'!"��  ..., ��$!�') �. . 

�!���� �!&����&'��Ь!�) %�%&�  $��'�.��!!/  
$')' !� #�$�)$�%&/) 

%B2>@5==O =5>1EV4=8E C<>2 4;O >@30=V70FVW 7@CG=>3> B0 157?5G=>3> 
4>@>6=P>3> @CEC 2 <VAB0E 702648 1C;> 206;828< A>FV0;P=8< B0 5:>=><VG=8< 
70240==O<. � AB2>@5==O <>45;59 C?@02;V==O, O:V 7<>6CBP V=B5;5:BC0;P=> 
@53C;N20B8 4>@>6=V9 @CE =0 ?5@5E@5ABOE, 70@07 є <5B>N 1030BP>E =0C:>28E 
4>A;V465=P. 

"19є:B>< 4>A;V465==O 40=>W @>1>B8 є V=B5;5:BC0;P=V A8AB5<8 
@53C;N20==O @CEC =0 ?5@5E@5BOE. #@54<5B>< 4>A;V465==O є 0=0;V7 VA=CNG8E 
A8AB5< @53C;N20==O @CEC, WE >1<565==O, =54>;V:8, 0 B0:>6 ?>B5=FV0; 
@>728B:C =>28E B8?V2 V=B5;5:BC0;P=8E A8AB5< V7 28:>@8AB0==O< =59@>==8E 
<5@56, I> 4>72>;8BP >?B8<V7C20B8 B0 A?@>AB8B8 C?@02;V==O 4>@>6=V< @CE>< 
C 25;8:8E B0 <0;8E <VAB0E. 

 5B>N @>1>B8 є @>7@>1:0 <>45;V =59@>==>W <5@56V 4;O A2VB;>D>@0, O:0 
?@>3=>7Cє >?B8<0;P=89 G0A B0 B@820;VABP 2:;NG5==O 75;5=>3> A83=0;C 
A2VB;>D>@0 4;O ?VH>E>4V2, I>1 =5 AB2>@N20B8 70B>@8 ?>B>:C 02B><>1V;V2 B0 
=5 4>?CA:0B8 B@820;>3> >GV:C20==O 4;O ?VH>E>4V2. 

#8B0==O ?@>5:BC20==O B0 5:A?;C0B0FVW V=B5;5:BC0;P=8E A2VB;>D>@V2 
?V4=V<0NBPAO B0 282G0NBPAO ?@>BO3>< B@820;>3> G0AC. �C65 ?@8201;82> <0B8 
A8AB5<C @53C;N20==O 4>@>6=P>3> @CEC, I> A0<>ABV9=> 0=0;V7Cє ?>BV: 
02B><>1V;V2 B0 ?VH>E>4V2, 2@0E>2Cє AB0B8AB8:C 70 ?>?5@54=V9 G0A B0 ?V418@0є 
>?B8<0;P=V V=B5@20;8 ?@>?CA:C 02B><>1V;V2 B0 ?VH>E>4V2. �29O702H8 
<>4C;P=> B0:V A8AB5<8 C <56V <VAB0, <>6=0 7=0G=> 71V;PH8B8 ?@>?CA:=V 
74V1=>ABV 02B><>1V;P=8E 4>@V3, =5 71V;PHCNG8 H8@8=C 4>@>6=P>3> ?>;>B=0 
(I> 40;5:> =5 702648 <>6;82> DV78G=> B0 DV=0=A>2>), 0 B0:>6 ?V428I8B8 
157?5:C =0 4>@>30E 4;O 2AVE CG0A=8:V2 @CEC – 2>4VW2 B0 ?VH>E>4V2. 

*5 ?8B0==O 1C;> B5>@5B8G=> 4>A;V465=> 1030B> @07V2, C A2VBV 1C;> 1030B> 
3CG=8E 70O2, I> >AP->AP 2 @50;P=C 5:A?;C0B0FVN 7 C?@02;V==O @53C;N20==O 
4>@>6=VE ?>B>:V2 ?>2AN4=> 1C4CBP 2:;NG5=V A8AB5<8 HBCG=>3> V=B5;5:BC V 
F5 ?5@5B2>@8BP 2AN A8AB5<C C?@02;V==O 4>@>6=V< @CE>< C <VAB0E. "4=0:, =0 
?@0:B8FV C A2VBV ?@0FNNBP 2 >A=>2=><C «040?B82=V A2VB;>D>@8», O:V ?@>AB> 
<>6CBP 7<V=N20B8 B@820;VABP A83=0;V2 70;56=> 2V4 40BG8:V2 =0 4>@>6=P><C 
?>;>B=V 01> 2@0E>2CNG8 70?>2=5=VABP 02B><>1V;O<8 H8@8=8 4>@>6=P>3> 
?>;>B=0. �>=8 ?@0FNNBP 45:V;P:0 45AOB8;VBP C %,�, Є2@>?V, 0;5 =VO: =5 
28:>@8AB>2CNBP ?@8=F8?8 HBCG=>3> V=B5;5:BC 9 FV A8AB5<8 <0NBP 1030B> 
=0@V:0=P I>4> =04V9=>ABV B0 :>@5:B=>ABV 287=0G5==O AB0=C B@0DV:C. 
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!0?@8:;04, :>@?>@0FVO IBM 265 402=> ?@0FNє 2 FP><C =0?@O<:C V 2 
2018 @>FV 2>=8 70O28;8, I> 70?0B5=BC20;8 B0:C A8AB5<C [1]. #@>B5 I5 =5 1C;> 
=>28= 01> ?C1;V:0FV9, I> B0:V 2C7;8 4>@>6=P>3> @CEC @50;P=> ?@0FNNBP. 

Fraunhofer-Gesellschaft C !V<5GG8=V A?V;P=> 7 C@O4>< B0 ?@820B=8<8 
A?>=A>@0<8 =0<030NBPAO 28@VH8B8 FN ?@>1;5<C [2]. �>=8 =0<030NBPAO 
@>18B8 >:@5<> A8AB5<C 4;O ?VH>EV4=8E A2VB;>D>@V2 B0 02B><>1V;P=8E. ' 
!V<5GG8=V є ?52=V N@848G=V >1<565==O 4;O 79><>: ;N459 =0 2V45>:0<5@8 7 WE 
@>7?V7=020==O< V B><C B0< 28@VH8;8 4;O ?VH>E>4V2 28:>@8AB>2C20B8 =5 
2V45>:0<5@8, 0 ;V40@8, I>1 287=0G0B8 :V;P:VABP ?VH>E>4V2 B0 2V4AB0=V 4> 
>19є:BV2, H284:VABP ?5@5<VI5==O 157 DV:A0FVW ;N459 =0 2V45>. � >:@5<> 
27OB><C <VAB5G:C =0 :>=:@5B=><C ?5@5E@5ABV 2>=8 7=V<0;8 ?>B>:8 B@0=A?>@BC 
B0 ?VH>E>4V2, ?@>5:BC20;8 A8AB5<C B0 =02G0;8 WW. �> ;VB0 2022 @>:C 2>=8 
>1VFO;8 7025@H8B8 V ?@54AB028B8 3>B>2C A8AB5<C, I>1 2>=0 ?@0FN20;0 2 
02B><0B8G=><C @568<V =0 B><C 6 ?5@5E@5ABV. "4=0: =0 70@07 2V4><>, I> 2 
@50;P=C 5:A?;C0B0FVN FV 28@>18 I5 =5 ?VH;8. �:A?5@8<5=B0;P=V 4>A;V465==O 
B0 @50;P=0 5:A?;C0B0FVO A8AB5< C?@02;V==O 4>@>6=V< @CE>< <>6CBP 4C65 
2V4@V7=OB8AO. 

&0:8< G8=><, ?8B0==O 0=0;V7C 9 @>7@>1:8 V=B5;5:BC0;P=8E A8AB5< 
@53C;N20==O @CEC =0 ?5@5E@5AB:0E =0@07V =5 <>6=0 22060B8 28G5@?0=8<8, 
2>=8 3>AB@> 0:BC0;P=V B0 28<030NBP ?>HC:C H;OEV2 >?B8<0;P=>3> @VH5==O. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. COGNITIVE TRAFFIC SIGNAL CONTROL: ?0B. US9965951B1 %,� 
/  John B. Gallagher, Bibra Lake, Bradley M. Gorman, Clarkson, Cody S. Gough, 

Harrisdale, Stephen J. Hobson, Hampton, Mohammad B. Zanjani, Perth. -  

№15/412153; 70O2;. 23.01.2017; >?C1;. 08.05.2018 
2. Möhlmann R., Gutknecht-Stöhr M. [�;5:B@>==89 @5AC@A] / Fraunhofer 

Research News. – 2022. – �NB89. – %. 1-4. - $568< 4>ABC?C: 
https://www.fraunhofer.de/content/dam/zv/en/press-media/2022/february/iosb-ina-

traffic-lights-controlled-using-artificial-intelligence.pdf 
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1 :0=4. B5E=.=0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&-510A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 
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' ACG0A=><C A2VBV V3@>2V 4283C=8 є 206;82>N A:;04>2>N @>7@>1:8 
2V45>V3>@. �3@>289 4283C= 287=0G0є 1030B> 0A?5:BV2, ?>29O70=8E 7 ?@>F5A>< 
@>7@>1:8 B0 DC=:FV>=0;P=VABN 3>B>2>W 3@8. ' 729O7:C 7 F8< 281V@ V3@>2>3> 
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4283C=0 є 206;828< 5B0?>< 2 @>7@>1FV 1C4P-O:>W 2V45>3@8. $>73;O=5<> 
=091V;PH ?>?C;O@=V: Unity, Unreal Engine, CryEngine B0 Godot. 

Unity: >48= 7 =09?>?C;O@=VH8E V3@>28E 4286:V2, I> 28:>@8AB>2CєBPAO 4;O 
@>7@>1:8 V3>@ =0 @V7=8E ?;0BD>@<0E. �>3> ?5@52038 2:;NG0NBP 2 A515: 25;8:C 
:V;P:VABP 4>ABC?=8E @5AC@AV2 B0 4>:C<5=B0FVW, <>6;82VABP AB2>@5==O 2D B0 3D 
V3>@, ?V4B@8<:0 @V7=8E ?;0BD>@<, B0:8E O: Android, iOS, Windows, Mac B0 V=HV. 
#@8 ?5@A>=0;P=V9 ;VF5=7VW ?;0B8B8 @>7@>1=8:0< 4283C=0 =5 ?>B@V1=> O:I> 
>1>@>B 01> >1AO3 70;CG5=8E V=25AB8FV9 =5 28I5 100 BOA. $ 70 >AB0==V 12 <VAOFV2. 
!54>;V:8 2:;NG0NBP 2 A515: 28A>:V 28<>38 4> @5AC@AV2 :><?9NB5@0, 4>2389 G0A 
7020=B065==O ?@>5:BC, 45O:C A:;04=VABP C 28:>@8AB0==V.  

' Unity 4C65 ?@>AB89 V=B5@D59A, 7024O:8 O:><C 1030B> >19є:BV2 <>6=0 
«28:840B8» 2 @>1>GC 7>=C 70 4>?><>3>N :C@A>@0. 'AV ?@>5:B8 2 Unity 
A:;040NBPAO V7 «AF5=», :>6=C 7 O:8E 240ABPAO @5403C20B8 >:@5<>, I> 
@>7H8@Nє ?@>ABV@ 4;O B2>@G>ABV. $CHV9 ?V4B@8<Cє =0?8A0==O A:@8?BV2 =0 C#, 
0 4;O =>20G:V2 ?V4V945 A5@54>28I5 2V7C0;P=>3> ?@>3@0<C20==O Bolt [1]. 

%5@54 V=H8E ?>?C;O@=8E V3@>28E 4283C=V2 є Unreal Engine, AB2>@5=89 
:><?0=VєN Epic Games. Unreal Engine 28:>@8AB>2CєBPAO 4;O @>7@>1:8 
25;8:8E B0 A:;04=8E V3>@ 7 2V4:@8B8< A2VB><. ' 1030BP>E 28?04:0E @>7@>1:0 
V3>@ B0:>6 157:>HB>2=0 – 5% @>O;BV =0@0E>2CєBPAO ;8H5 B>4V, :>;8 20H0 3@0 
70@>1;Oє ?>=04 1 <V;P9>= 4>;0@V2 %,�. �>3> ?5@52038 2:;NG0NBP 2 A515: 
H8@>:V <>6;82>ABV =0;0HBC20==O, 45B0;V7>20=C 3@0DV:C, ?V4B@8<:C 
2V@BC0;P=>W @50;P=>ABV B0 @V7=8E ?;0BD>@<. !54>;V:8 2:;NG0NBP 2 A515: 
4>A8BP 25;8:V 28<>38 4> @5AC@AV2 :><?9NB5@0, A:;04=VABP C 28:>@8AB0==V.  

�BV<, =>20G:0< B0:>6 BCB 7=0945BPAO <VAF5. �A5 7024O:8 A5@54>28IC 
2V7C0;P=>3> ?@>3@0<C20==O Blueprints, O:5 22060єBPAO =09?>BC6=VH8< 70 
<>6;82>ABO<8. � 9>3> 4>?><>3>N <>6=0 AB2>@8B8 ?>2=>FV==C 3@C, =5 
=0?8A02H8 6>4=>3> @O4:0 :>4C. /: 4>:07 Epic Games 7@>18;0 B0: >A=>2C 
=04?>?C;O@=>W :>@>;V2AP:>W 18B28 Fortnite. �BV<, 4;O >E>G8E 
?>5:A?5@8<5=BC20B8 є A:@8?B8 =0 %++ [1]. 

CryEngine – F5 V3@>289 4283C=, AB2>@5=89 :><?0=VєN Crytek. �>3> 
?5@52038 2:;NG0NBP 2 A515: 28A>:C O:VABP 2V7C0;V70FVW, 45B0;V7>20=C 3@0DV:C, 
H8@>:V <>6;82>ABV =0;0HBC20==O. $>O;BV 5% – 20HV ?5@HV 5 000 €/$ @VG=>3> 
4>E>4C 70 ?@>5:B =5 >?>40B:>2CNBPAO @>O;BV. !54>;V:8 2:;NG0NBP 2 A515: 
A:;04=VABP C 28:>@8AB0==V, 28<>38 4> @5AC@AV2 :><?9NB5@0. "A=>2=V <>28 
=0?8A0==O :>4C %++, LUA. 

Godot – F5 157:>HB>2=89, 2V4:@8B89 V3@>289 4286>: 7 2V7C0;P=>N 
A8AB5<>N @5403C20==O V A:@8?B>2>N <>2>N ?@>3@0<C20==O, I> 107CєBPAO =0 
Python-?>4V1=V9 <>2V 7 =072>N GDScript. �283C= 70157?5GCє 1030B> @V7=8E 
<>6;82>AB59 4;O AB2>@5==O 2D B0 3D V3>@, 2:;NG0NG8 DV78:C, 0=V<0FVN, 72C: 
B0 2V45>. "A=>2=V <>28 =0?8A0==O :>4C %++, GDScript, %#.  
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Godot є ?>2=VABN 157?;0B=8<, 7 2V4:@8B8< :>4>< ?V4 ;VF5=7VєN MIT. �57 
1C4P-O:8E ?;0B56V2, 2V4@0EC20=P, V B><C ?>4V1=>3>. �3@8 :>@8ABC20GV2 є 
WE=V<8, 4> >AB0==P>3> @O4:0 :>4C @CHVO. $>728B>: Godot є FV;:>< =570;56=8< 
V :5@>20=8< A?V;P=>B>N, I> 4>72>;Oє :>@8ABC20G0< D>@<C20B8 A2V9 @CHV9 
2V4?>2V4=> 4> WE=VE >GV:C20=P. *5 ?V4B@8<CєBPAO =5:><5@FV9=>N >@30=V70FVєN 
Software Freedom Conservancy [2]. 

$57C;PB0B8 ?@>2545=>3> 0=0;V7C 4>72>;ONBP 7@>18B8 28A=>2>:: O:I> 28 
=>20G>:, B> <>6;82> AB0=5 :@0I5 ?>G0B8 7 1V;PH ?@>AB8E V3@>28E 4283C=V2, 
B0:8E O: Godot. /:I> 28 <0єB5 4>A2V4 C ?@>3@0<C20==V, B> 28 <>65B5 725@=C- 

B8 C203C =0 Unreal Engine 01> Unity. /:I> 3@0 ?>B@51Cє 25;8:>W :V;P:>ABV 
@50;VAB8G=8E 3@0DVG=8E 5D5:BV2, B> CryEngine. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �>1V@:0 V3@>28E @CHVW2 4;O @>7@>1=8:V2 [�;5:B@>==89 @5AC@A] – 
$568< 4>ABC?C: https://dev.ua/news/game-engines-list-1657124713 

2. �>:C<5=B0FVO Godot @>7@>1=8:V2 [�;5:B@>==89 @5AC@A] – $568< 
4>ABC?C: https://docs.godotengine.org/uk/stable/about /introduction.html 
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���"$�%&�!!/ ,&'+!"�" �!&����&' '  ���*�!� 

� >AB0==V @>:8 HBCG=89 V=B5;5:B (,�) AB02 2A5 1V;PH ?>?C;O@=8< C 
1030BP>E AD5@0E ;N4AP:>W 4VO;P=>ABV, 2:;NG0NG8 <548F8=C. �8:>@8A-B0==O 
,� C <548F8=V <>65 ?>:@0I8B8 B>G=VABP 4V03=>AB8:8, 70157?5G8B8 
5D5:B82=VH5 ;V:C20==O B0 7<5=H8B8 28B@0B8 =0 >E>@>=C 74>@>29O. 

,BCG=89 V=B5;5:B – F5 30;C7P :><?9NB5@=8E =0C:, O:0 709<0єBPAO 
AB2>@5==O< V<VB0FVW V=B5;5:BC0;P=>W ?>254V=:8 ;N48=8 =0 107V 0;3>@8B<V2 
<0H8==>3> =02G0==O B0 V=H8E <5B>4V2 >1@>1:8 40=8E. 

"4=8< V7 =0?@O<:V2 28:>@8AB0==O ,� C <548F8=V є AB2>@5==O V=-

D>@<0FV9=8E A8AB5< 4;O ?0FV5=BV2. *V A8AB5<8 <0NBP =0 <5BV ?>;53H8B8 
4>ABC? 4> <548G=>W V=D>@<0FVW, A?@8OB8 A0<>4V03=>AB8FV B0 A0<>;V:C20=-=N, 
0 B0:>6 ?>;53H8B8 :><C=V:0FVN 7 <548G=8< ?5@A>=0;><. 

�8:>@8AB0==O ,� C V=D>@<0FV9=8E A8AB5<0E 4;O ?0FV5=BV2 <>65 <0B8 
45:V;P:0 ?5@5203. #>-?5@H5, 2>=8 <>6CBP ?>;53H8B8 4>ABC? 4> <5-48G=>W 
V=D>@<0FVW B0 4>?><>3B8 ?0FVє=B0< 7@>7C<VB8 WW 7<VAB. !0?@8:;04, A8AB5<0 
<>65 =04020B8 V=D>@<0FVN ?@> @V7=V A8<?B><8, ?@8G8=8 B0 <5B>-48 
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;V:C20==O, B0 B0:8< G8=>< 4>?><030B8 ?0FVє=B0< ?@89<0B8 1V;PH >1-

ґ@C=B>20=V @VH5==O ?@> A2>є 74>@>29O [1]. 
#>-4@C35, V=D>@<0FV9=V A8AB5<8 4;O ?0FVє=BV2, I> 28:>@8AB>2CNBP ,�, 

<>6CBP 4>?><>3B8 C A0<>4V03=>AB8FV B0 A0<>;V:C20==V. !0?@8:;04, A8AB5<0 
<>65 70?@>?>=C20B8 ?0FVє=BC 225AB8 A2>W A8<?B><8 B0 =0 ?V4AB0-2V FVєW 
V=D>@<0FVW 70?@>?>=C20B8 <>6;82V 4V03=>78 B0 <5B>48 ;V:C20==O [2]. 

#>-B@5Bє, V=D>@<0FV9=V A8AB5<8 4;O ?0FVє=BV2 <>6CBP ?>;53H8B8 
:><C=V:0FVN <V6 ?0FVє=B>< B0 <548G=8< ?5@A>=0;><. %8AB5<0 <>65 4>-
?><>3B8 ?0FVє=BC 70?8A0B8AO =0 ?@89>< 4> ;V:0@O, 2V4?@028B8 70?8B0==O 4> 

;V:0@O B0 >B@8<0B8 2V4?>2V4V =0 =8E, 0 B0:>6 >B@8<0B8 @5:><5=40FVW I>4> 
74>@>2>3> A?>A>1C 68BBO [3]. 

"4=0:, 28:>@8AB0==O ,� C <548F8=V B0 V=D>@<0FV9=8E A8AB5<0E 4;O 
?0FVє=BV2 B0:>6 <>65 <0B8 A2>W =54>;V:8. #>-?5@H5, A8AB5<0 <>65 =04020B8 
=5B>G=C B0 =5?>2=C V=D>@<0FVN, I> <>65 ?@8725AB8 4> =5?@0-28;P=>W 
4V03=>AB8:8 B0 ;V:C20==O. #>-4@C35, A8AB5<0 <>65 70<V=8B8 @50-;P=89 
:>=B0:B 7 <548G=8< ?5@A>=0;>< B0 7=878B8 O:VABP <548G=>3> >1A;C-

3>2C20==O. #>-B@5Bє, A8AB5<0 <>65 ?>@CHC20B8 :>=DV45=FV9=VABP <548G-=>W 
V=D>@<0FVW B0 AB0B8 >19є:B>< :V15@0B0: [4]. 

"B65, 28:>@8AB0==O ,� C <548F8=V B0 V=D>@<0FV9=8E A8AB5<0E 4;O 
?0FVє=BV2 є ?5@A?5:B82=8< =0?@O<:>< @>728B:C <548G=>W 30;C7V. *5 4>72>;Oє 
71V;PH8B8 5D5:B82=VABP 4V03=>AB8:8 B0 ;V:C20==O, ?>;53H8B8 :><C=V:0FVN 
<V6 ?0FVє=B0<8 B0 <548G=8< ?5@A>=0;>< B0 70157?5G8B8 1V;PH 4>ABC?=C 
<548G=C 4>?><>3C. "4=0:, 28:>@8AB0==O ,� ?>B@51Cє 2@0EC20==O 9>3> 
=54>;V:V2 B0 70157?5G5==O O:>ABV B0 157?5:8 A8AB5<. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Beam A. L. Big Data and Machine Learning in Health Care [�;5:B@>==89 
@5AC@A] / Andrew L. Beam, Isaac S. Kohane // JAMA. – 2018. – &. 319, № 13. – 
%. 1317. – $568< 4>ABC?C: https://doi.org/10.1001/jama.2017.18391  

2. Opportunities and obstacles for deep learning in biology and medicine 

[�;5:B@>==89 @5AC@A] / Travers Ching [B0 V=.] // Journal of The Royal Society 

Interface. – 2018. – &. 15, № 141. – %. 20170387. – $568< 4>-ABC?C: 
https://doi.org/10.1098/rsif.2017.0387  

3. Rajkomar A. Machine Learning in Medicine [�;5:B@>==89 @5AC@A] / 
Alvin Rajkomar, Jeffrey Dean, Isaac Kohane // New England Journal of Medicine. 

– 2019. – &. 380, № 14. – %. 1347–1358. – $568< 4>ABC?C: 
https://doi.org/10.1056/nejmra1814259  

4. Topol E. J. High-performance medicine: the convergence of human and 

artificial intelligence [�;5:B@>==89 @5AC@A] / Eric J. Topol // Nature Medicine. – 
2019. – &. 25, № 1. – %. 44–56. – $568< 4>ABC?C: 
https://doi.org/10.1038/s41591-018-0300-7 
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 >@>7 �.$.1, &O3C=>20  . ..2, %:@C?AP:89 %...2 

1 ABC4. 3@. �!&-622< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

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

�:A?5@B=V A8AB5<8 – F5 V=D>@<0FV9=V B5E=>;>3VW, O:V 4>72>;ONBP <>-
45;N20B8 5:A?5@B=89 4>A2V4 B0 7=0==O C ?52=V9 30;C7V 7 <5B>N ?@89=OBBO 
>1ґ@C=B>20=8E @VH5=P. *V A8AB5<8 <>6CBP 1CB8 28:>@8AB0=V 2 @V7=8E 30;C-
7OE, B0:8E O: <548F8=0, DV=0=A8, ?@02>, 28@>1=8FB2> B0 V=HV. 

�:BC0;P=VABP 5:A?5@B=8E A8AB5< ?>;O30є 2 B><C, I> 2>=8 4>72>;ONBP 
715@53B8 B0 ?5@540B8 5:A?5@B=89 4>A2V4 C ?52=V9 30;C7V, I> 7<5=HCє @878: 
?><8;:>28E @VH5=P, ?>:@0ICє O:VABP ?@>4C:BV2 B0 ?>A;C3 B0 7<5=HCє 70B@0B8 
=0 =02G0==O B0 ?V428I5==O :20;VDV:0FVW ?@0FV2=8:V2. �@V< B>3>, 28:>@8AB0==O 
5:A?5@B=8E A8AB5< 4>72>;Oє ?>:@0I8B8 5D5:B82=VABP 1V7=5AC B0 7<5=H8B8 
@878: =5240G. 

"4=8< 7 ?@8:;04V2 28:>@8AB0==O 5:A?5@B=8E A8AB5< є A8AB5<0 ?;0-=C20==O 
?>4>@>659. �=4CAB@VO BC@87<C 70728G09 <0є 25;8:C :V;P:VABP V=-D>@<0FVW, I> 
<>65 1CB8 A:;04=> >1@>18B8 B0 7@>7C<VB8 4;O :;Vє=BV2. ->1 7@>18B8 ?@>F5A 
?;0=C20==O 1V;PH 5D5:B82=8< B0 ?@8є<=8< 4;O :;Vє=BV2, <>6=0 
28:>@8AB>2C20B8 5:A?5@B=C A8AB5<C, O:0 4>?><>65 :;Vє=B0< 281@0B8 <0@H@CB, 
3>B5;P, @5AB>@0=8 B0 V=HV ?>A;C38 =0 >A=>2V WE=VE 28<>3 B0 ?>1060=P. 

' @>1>BV 70?@>?>=>20=0 A8AB5<0, O:0 4>?><030є :>@8ABC20G52V A0-
<>ABV9=> 7=09B8 =09:@0I5 <VAF5 4;O ?>4>@>6V. &0:0 A8AB5<0 є =570<V==>N 
4;O ;N459, O:V E>GCBP ?>4>@>6C20B8, 0;5 =5 <0NBP 4>AB0B=P> G0AC B0 @5AC@AV2 
=0 ?;0=C20==O ?>W74:8. 

%8AB5<0 <0є 42><>2=89 V=B5@D59A, O:89 70?8BCє :>@8ABC20G0 ?@> 9>3> 
2?>4>10==O B0 ?>1060==O I>4> ?>4>@>6V. #VA;O FP>3> A8AB5<0 35=5@Cє 
?@>?>78FVW <VAFP 4;O ?>4>@>6V, 2@0E>2CNG8 2V4?>2V4V :>@8ABC20G0. 

#@8 @50;V70FVW B0:>W A8AB5<8 28:>@8AB0=> 0?0@0B =59@>==8E <5@56. 
!59@>==V <5@56V – F5 <0B5<0B8G=V <>45;V, O:V ?>1C4>20=V =0 ?@8=F8-?0E 
@>1>B8 ;N4AP:>3> <>7:C. �>=8 <>6CBP =02G0B8AO =0 >A=>2V 40=8E B0 740B=V 
28:>=C20B8 A:;04=V 70240==O, B0:V O: :;0A8DV:0FVO >19є:BV2 G8 ?@>3=>7C20==O 
?>4V9. ' :>=B5:ABV 40=>W A8AB5<8 =59@>==V <5@56V 28:>@8AB>2CNBPAO 4;O 
0=0;V7C 2V4?>2V459 :>@8ABC20G0 B0 74V9A=5==O @5:><5=40FV9 I>4> <VAFP 4;O 
?>4>@>6V. 

&0:8< G8=><, @>7@>1;5=0 A8AB5<0 7=0G=> A?@>ICє ?;0=C20==O ?>-

4>@>659 4;O :>@8ABC20GV2, 70157?5GCNG8 W< ?5@A>=0;V7>20=V @5:><5=40FVW 
I>4> 281>@C <VAFP 4;O 2V42V48=. 
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1. Alsrehin N. O. Intelligent transportation and control systems using data 

mining and machine learning techniques: a comprehensive study [�;5:B@>==89 
@5AC@A] / Nawaf O. Alsrehin, Ahmad F. Klaib, Aws Magableh // IEEE access. – 
2019. – &. 7. – %. 49830–49857. – $568< 4>ABC?C: 
https://doi.org/10.1109/access.2019.2909114. 

2. Buhalis D. ETourism: information technology for strategic tourism 

management / Dimitrios Buhalis. – [�. <.] : Prentice Hall, 2003. – 408 A. 
3. Burke R. / Robin Burke // User modeling and user-adapted interaction. – 

2002. – &. 12, № 4. – %. 331–370. – $568< 4>ABC?C: 
https://doi.org/10.1023/a:1021240730564. 

4. Douglas A. Mobile business travel application usage [�;5:B@>==89 
@5AC@A] / Anneli Douglas // Journal of hospitality and tourism technology. – 2019. 

– &. 10, № 3. – %. 269–285. – $568< 4>ABC-?C: https://doi.org/10.1108/jhtt-01-

2018-0002. 

5. Hybrid user clustering-based travel planning system for personalized point 

of interest recommendation [�;5:B@>==89 @5AC@A] / Logesh Ravi [B0 V=.] // 
Advances in intelligent systems and computing. – Singapore, 2021. – %. 311–321. 

– $568< 4>ABC?C: https://doi.org/10.1007/978-981-15-9953-8_27. 

6. Park S. Ontology mapping between heterogeneous product taxonomies in 

an electronic commerce environment [�;5:B@>==89 @5AC@A] / Sangun Park, 
Wooju Kim // International journal of electronic commerce. – 2007. – &. 12, № 2. 
– %. 69–87. – $568< 4>ABC?C: https://doi.org/10.2753/jec1086-4415120203. 
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�����%&Ь #�$�)"�' �"$�%&'��+� � "�!"�" #$�%&$". !� 
�!,�� �� �"#" "�". #$"�$� � #�$�!"%' ��!�) 

,284:89 B5E=>;>3VG=89 @>728B>: ?@872V2 4> B>3>, I> ;N48 2A5 G0ABVH5 
:>@8ABCNBPAO @V7=8<8 5;5:B@>==8<8 ?@8AB@>O<8, B0:8<8 O: :><?9NB5@8, 
A<0@BD>=8, ?;0=H5B8 B0 V=HV. *5 4>72>;Oє ;N4O< 1CB8 729O70=8<8 7V A2VB>< V 
74V9A=N20B8 @V7=><0=VB=V 7040GV 2 1C4P-O:89 G0A B0 7 1C4P-O:>3> <VAFO. #@>B5, 
?@8 ?5@5E>4V 7 >4=>3> ?@8AB@>N =0 V=H89 <>65 28=8:=CB8 ?@>1;5<0 7 ?5@5-
=5A5==O< 40=8E. ->1 28@VH8B8 FN ?@>1;5<C, 1C;8 AB2>@5=V ?@>3@0<8 4;O 
?5@5=>AC 40=8E, O:V 70157?5GCNBP ;53:89 B0 H284:89 ?5@5EV4 :>@8ABC20G0 7 
>4=>3> ?@8AB@>N =0 V=H89.  
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� @57C;PB0BV 28:>@8AB0==O B0:8E ?@>3@0< 1C;8 28O2;5=V =0ABC?=V ?5@5-
2038 B0 <>6;82>ABV: 

– O: ?@>3@0<0 ?5@5=>AC 40=8E 4>72>;Oє ;53:> ?5@5<VAB8B8 V=D>@<0FVN 
7 >4=>3> ?@8AB@>N =0 V=H89 157 70928E 7CA8;P :>@8ABC20G0; 

– 5:>=><VO G0AC B0 7CA8;;O, O:V 1C;8 1 28B@0G5=V =0 @CG=89 ?5@5=>A 40=8E; 
– O: ;53:> 715@53B8 A2>W >A>18ABV =0;0HBC20==O B0 =0;0HBC20==O ?@>–

3@0< <V6 @V7=8<8 ?@8AB@>O<8; 
– O: 40=V <>6CBP 1CB8 ?5@5=5A5=V <V6 @V7=8<8 >?5@0FV9=8<8 A8AB5<0<8 B0 

B8?0<8 ?@8AB@>W2, I> 70157?5GCє <0:A8<0;P=C 3=CG:VABP 4;O :>@8ABC20G0; 
– 70 4>?><>3>N ?V4:;NG5==O ?@8AB@>W2 4> >4=VєW <5@56V 01> 70 4>?>-

<>3>N E<0@=8E B5E=>;>3V9, I> 70157?5GCє <0:A8<0;P=C 4>ABC?=VABP 4;O 
:>@8ABC20G0, 28:>=0==O 40=>3> ?@>F5AC; 

– 7<5=H5==O @878:C 2B@0B8 40=8E ?V4 G0A ?5@5=5A5==O, >A:V;P:8 2>=0 
02B><0B8G=> 70157?5GCє 715@565==O 2AVєW =5>1EV4=>W V=D>@<0FVW; 

– O: ;53:VABP ?5@5=5A5==O 40=8E 7 >4=>3> ?@8AB@>N =0 V=H89 <>65 
7@>18B8 :>@8ABC20==O B5E=V:>N 1V;PH :><D>@B=8< B0 7@CG=8< 4;O :>@8ABC20G0. 

"B65, 1C;> @>73;O=CB> <>6;82>ABV ?@>3@0<8 ?5@5=>AC 40=8E 4;O ;53:>-

3> ?5@5E>4C :>@8ABC20G0 7 >4=>3> ?@8AB@>N =0 V=H89. &5E=>;>3VW 4>72>;O-
NBP ?5@5=>A8B8 @V7=V 40=V, 2:;NG0NG8 D09;8, 70<VB:8, :0;5=40@V, :>=B0:B8, 
V=D>@<0FVN ?@> Wi-Fi B0 V=H5. *O ?@>3@0<0 4>72>;Oє 715@53B8 G0A :>@8ABC20-
G0 B0 7<5=H8B8 9>3> 7CA8;;O 2 =0;0HBC20==V =>2>3> ?@8AB@>N. �06;82> 
707=0G8B8, I> ?@>3@0<0 ?5@5=>AC 40=8E є :>@8A=8< V=AB@C<5=B>< 4;O B8E, 
EB> 7<V=Nє A2V9 ?@8AB@V9 G0AB>, 0 B0:>6 4;O B8E, EB> ?5@5E>48BP =0 =>289 
?@8AB@V9 7V AB0@>3>. �0AB>AC20==O ?@>3@0<8 ?5@5=>AC 40=8E 4>72>;Oє 75:>-

=><8B8 G0A B0 7CA8;;O, I> 4>72>;Oє :>@8ABC20G0< 1V;PH ?@>4C:B82=> 28:>-

@8AB>2C20B8 A2V9 G0A B0 7>A5@548B8AO =0 A2>W9 @>1>BV. 
 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. EaseUS Todo PCTrans – ?5@5=5A5==O 40=8E B0 4>40B:V2 <V6 
:><?9NB5@0<8 7 >?5@0FV9=>N A8AB5<>N Windows. [�;5:B@>==89 @5AC@A]. - 
$568< 4>ABC?C: https://www.easeus.com/pc-transfer-software/ 

2. AOMEI Backupper – @575@2=5 :>?VN20==O B0 2V4=>2;5==O 40=8E, 0 
B0:>6 4;O :;>=C20==O 48A:V2 B0 @>74V;V2 =0 :><?9NB5@0E 7 >?5@0FV9=>N 
A8AB5<>N Windows. [�;5:B@>==89 @5AC@A]. - $568< 4>ABC?C: 
https://www.aomeitech.com/backupper/ 
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�C;8:>2AP:0 !.�.1, &V<5=:> �.�. 1, !094P>=>2  ...2 
1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&-522<, !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�'���"�%Ь�� !.�., &� �!�" �.�., !���Ь"!"�  ... 

#$"��� � $"���&�' &�)!"�"��� ��"�"��+!�)  

"�+�%��!Ь � '�$��!� 

�:>;>3VG=V >1G8A;5==O (Green Computing), B0:>6 2V4><V O: 75;5=V �&, 
AB>ACNBPAO ?@0:B8:8 ?@>5:BC20==O, @>7@>1:8 B0 28:>@8AB0==O 
>1G8A;N20;P=8E @5AC@AV2 C 5:>;>3VG=> G8AB89 A?>AV1. "A=>2=0 <5B0 
«75;5=8E» :><?9NB5@V2 – 7<5=H8B8 =530B82=89 2?;82 :><?9NB5@V2 =0 
=02:>;8H=є A5@54>28I5 H;OE>< A?@8O==O ABV9:>ABV, 5=5@3>5D5:B82=>ABV B0 
2V4?>2V40;P=V9 CB8;V70FVW 5;5:B@>==8E 2V4E>4V2 [1]. 

&5@<V= «75;5=5 >1G8A;5==O» 2?5@H5 1C;> 22545=> �35=BAB2>< V7 
70E8ABC =02:>;8H=P>3> A5@54>28I0 (Environmental Protection Agency – EPA) 

C %?>;CG5=8E ,B0B0E C 1992 @>FV. EPA 70?CAB8;> ?@>3@0<C Energy Star 4;O 
?@>AC20==O 5=5@3>5D5:B82=8E >1G8A;N20;P=8E ?@8AB@>W2, B0:8E O: <>=VB>@8, 
?@8=B5@8 B0 ?5@A>=0;P=V :><?9NB5@8. #V7=VH5 FO ?@>3@0<0 1C;0 ?@89=OB0 
V=H8<8 :@0W=0<8 V AB0;0 <V6=0@>4=8< AB0=40@B>< 5=5@3>5D5:B82=>3> 
>1G8A;5==O [2]. 

�>=F5?FVO 5:>;>3VG=8E >1G8A;5=P =01@0;0 >15@BV2 =0 ?>G0B:C 2000-E 
@>:V2 V7 7@>AB0==O< 70=5?>:>є==O I>4> 2?;82C :><?9NB5@V2 =0 =02:>;8H=є 
A5@54>28I5 [3]. �>;>2=V FV;V 5:>;>3VG=8E >1G8A;5=P 2:;NG0NBP 7<5=H5==O 
A?>6820==O 5=5@3VW, <V=V<V70FVN 5;5:B@>==8E 2V4E>4V2, A?@8O==O ABV9:>ABV B0 
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#@8 ?@>5:BC20==V 25170AB>AC=:C 1C;8 28:>@8AB0=V ?@8=F8?8 >19є:B=>-
>@Vє=B>20=>3> ?@>5:BC20==O SOLID. �0=V ?@8=F8?8 4>72>;ONBP @>7@>1=8:0< 
@>7@>1;OB8 ?@>3@0<8, O:V ;53:> @>7H8@N20B8, ?V4B@8<C20B8 B0 40NBP 
30@0=BVW, I> ?@>3@0<8 <>6CBP ;53:> 040?BC20B8AO 4> <V=;828E 28<>3. 

#V4 G0A @>7@>1:8 25170AB>AC=:C 4;O 270є<>4VW 7 107>N 40=8E 1C2 
28:>@8AB0=89 D@59<2>@: 4;O @>1>B8 7 40=8<8 Entity Framework Core. 
(@59<2>@: 4>72>;Oє @>7@>1=8:0< ?@0FN20B8 7 @5;OFV9=>N 107>N 40=8E. 
Entity Framework Core @50;V7>2Cє ?V4EV4 ?5@5B2>@5==O 01AB@0:B=8E >19є:BV2 C 
D>@<C 715@V30==O 40=8E, ?@89=OBV9 2 @5;OFV9=V9 <>45;V, 0 A0<5: @O4:8, 
B01;8FV B0 70?8B8 4> =8E. $50;V70FVO ?V4E>4C, 7024O:8 O:><C Entity Framework 
Core >B@8<Cє 40=V 7 1078 40=8E O2;Oє A>1>N @50;V70FVN SQL-:><0=4, O:V 
AB2>@NNBP 70?8B8 4> A5@25@0 1078 40=8E B0 >B@8<CNBP 40=V, I> 
?@54AB02;ONBP A>1>N >19є:B8 .NET. 

�030;P=8< ?V4E>4>< 4> ?@>5:BC20==O 1078 40=8E A8AB5<8 є ?>4V; =0 B@8 
G0AB8=8: :>=F5?BC0;P=C, ;>3VG=C B0 DV78G=C <>45;P. �>=F5?BC0;P=0 <>45;P 
287=0G0є ACB=>ABV B0 729O7:8 2 A8AB5<V, I> <>45;NєBPAO. �>3VG=0 <>45;P 4;O 
@5;OFV9=>W 1078 40=8E =>@<0;V7Cє ACB=>ABV B0 729O7:8 2 B01;8FV 7 
>1<565==O<8 7>2=VH=P>3> :;NG0. (V78G=0 <>45;P 2@0E>2Cє <>6;82>ABV 
:>=:@5B=>3> <5E0=V7<C >1@>1:8 40=8E, 2:07CNG8 45B0;V 715@V30==O. (V78G=0 
<>45;P CB>G=NєBPAO 04<V=VAB@0B>@0<8 107 40=8E 4;O ?V428I5==O 
?@>4C:B82=>ABV. $>7@>1=8:8 ?5@5206=> >1<56CNBPAO @>1>B>N 7 ;>3VG=>N 
<>45;;N, ?8HCG8 SQL-70?8B8 B0 28:;8:0NG8 715@565=V ?@>F54C@8. 

"B65, 70AB>AC20==O @>7@>1;5=>3> 25170AB>AC=:C ?>;53HCє @>1>BC 
:><0=48 @5:@CB5@V2 B0 4>72>;Oє A:>@>B8B8 G0A =0 I>45==V >?5@0FVW. 
�5170AB>AC=>: =040є DC=:FV>=0;P=V <>6;82>ABV 2 70;56=>ABV 2V4 @>;V 
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:>@8ABC20G0. $>7@>1;5=89 25170AB>AC=>: 4>72>;Oє ?@89<0B8 @VH5==O ?@> 
AC<VA=VABP :0=4840BV2 4> 28<>3 ?>A048 B0 02B><0B87C20B8 >A=>2=V 70240==O 
D0EV2FV2 7 ?V41>@C ?5@A>=0;C. �C;> @>73;O=CB> =0O2=V A8AB5<8, ?@>2545=> 
?>@V2=O==O 70 A?V;P=8<8 :@8B5@VO<8, @50;V7>20=> >A=>2=V DC=:FVW =0 >A=>2V 
>3;O4C ?@54<5B=>W >1;0ABV, >1@0=> 70A>18 4;O @>7@>1:8, 28>:@5<;5=> >A=>2=V 
ACB=>ABV ?@54<5B=>W >1;0ABV 4;O AB@C:BC@8 1078 40=8E B0 ?@>2545=> 
B5ABC20==O 25170AB>AC=:C.  

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Recruiting system or ATS – Recruitment Automation [Electronic 

resource]. – Access mode : https://hurma.work/en/capabilities/recruiting/. 

2. Applicant Tracking System, ATS [Electronic resource]. – Access mode : 

https://www.it.ua/knowledge-base/technology-innovation/applicant-tracking-

system-ats. 

 

 

'�� 004.4 
!V:C;V=0 �.%.1, �5>I5=:> %.�.2, ";V9=8: �.".3 
1 ABC4. 3@. �!&-130 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A8AB. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

!��'��!� �.%., ��"-�!�" %.�., "���!�� �.". 

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

�>;>2=>N 7040G5N є AB2>@5==O 70AB>AC=:C 4;O B09<-<5=546<5=BC, 018 
2V4V9B8 2V4 157;VGV >:@5<8E B0 >19є4=0B8 =5>1EV4=89 DC=:FV>=0; 2 >4=><C 
<VAFV. 

!8=V 2A5 1V;PH5 ;N459 ?>G8=0NBP :>@8ABC20B8AP ACG0A=8<8 
A<0@BD>=0<8. +5@57 B5 I> C 45O:8E ;N459 68BBO ?@>E>48BP C FP><C 
?@8AB@>W, 79O2;OєBPAO =5>1EV4=VABP ?;0=C20==O C A<0@BD>=V. �;O ?5@5E>4C 2V4 
?;0=C20==O =0 ?0?5@V (C @V7=><0=VB=8E 1;>:=>B0E B0 7>H8B0E) 4> >@30=V70FVW 
G0AC 2 A<0@BD>=V 1C45 28@VH5=> 1030B> ?@>1;5<, B0:V O:: 

- ?@>?CA: 70?;0=>20=>3> 70E>4C; 
- 2B@0B0 70?8AV2 V7 206;82>N V=D>@<0FVєN; 
- A:;045=89 A?8A>: ?@>4C:BV2, 70;8H82AO 24><0; 
- 701C2 ?@> ?0@C V ?@>?CAB82 WW; 
- =5 2@0EC202 I> =0:;040NBPAO 45:V;P:0 70E>4V2; 
- B0 I5 157;VG @CB8==8E ?@>1;5<.  
&0:, є 1030B> 265 AB2>@5=8E 70AB>AC=:V2, 0;5 C =8E є A2>W =54>;V:8, 

=0?@8:;04 C 1V;PH>ABV 4>A8BP >1@V70=0 107>20 (157:>HB>2=0) 25@AVO, V 
=5>1EV4=> ?;0B8B8 =5<0;5=P:C AC<C 3@>H59, 018 >B@8<0B8 =>@<0;P=89 
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DC=:FV>=0;. �5O:V 7 =8E <0NBP =5 7>2AV< 7@CG=89 V=B5@D59A. �;O :>6=>W 
?@>1;5<8, =5>1EV4=89 >:@5<89 70AB>AC=>: (?;0=C20;P=8:, =>B0B=8:, 
I>45==8:). 

&><C, 018 28@VH8B8 40=C ?@>1;5<C, 1C;> ?@89=OB> @VH5==O AB2>@8B8 
70AB>AC=>: Planify, 7 ?@>AB8< B0 V=BCWB82=> 7@>7C<V;8< V=B5@D59A><, O:89 
1C45 715@V30B8 2AN =5>1EV4=C V=D>@<0FVN 2 >4=><C <VAFV, =5 B@510 1V30B8 ?> 
>:@5<8< 70AB>AC=:0<. 

&>6 1C45 @>7@>1;5=> ?@>3@0<C, O:0 1C45 ?>є4=C20B8 28I5 707=0G5=89 
DC=:FV>=0;, 4;O ?@>ABVH>3> @>7C<V==O 1C;> AB2>@5=> V=B5;5:BC0;P=C :0@BC 
mindmap, I> =02545=> =0 @8AC=:C 1. 

 

 
$8AC=>: 1 – �0@B0 4>40B:C 

 

&CB =02545=> I> ?@>3@0<0 1C45 <0B8 25AP =5>1EV4=89 DC=:FV>=0; 2 
>4=><C <VAFV. �>@8ABC20G <0є 7<>3C =0;0HBC20B8 ?V4 A515 A?>2VI5==O B0 
=0304C20==O ?@> ?>4VW. #V4 @C:>N 1C4CBP V =>B0B:8, V @>7:;04, V 70?;0=>20=V 
?>4VW. 

"B65, 1C;> 28@VH5=>, I> =5>1EV4=> @>7@>18B8 A2V9 70AB>AC=>:, 4;O 
7@CG=>3> >19є4=0==O DC=:FV>=0;C 2 >4=V9 ?@>3@0<V, I> 1C45 107C20B8AP =0 
265 VA=CNG8E 70AB>AC=:0E G8 A8AB5<0E B09<-<5=546<5=BC, =0?@8:;04 1C45 
27OB> V45N ?;0=C20==O C 1;>:=>B0E-?;0=C20;P=8:0E, V7 ?@54AB02;5==O< ?>4V9 
C 283;O4V A?8A:C G8 :0;5=40@O, A8AB5<=89 70AB>AC=>: =>B0B=8:, B0 I>45==8:, 
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B><C AB2>@5=89 4>40B>: ?>28=5= 1CB8 0:BC0;P=8<, 0465 1C45 7@CG=> 
>@30=V7>2C20B8 2AV A2>W ?;0=8 B0 70E>48. 

 

 

 

 

 

 

 

 

 

 

'�� 004.9  
+5@=O2AP:89 �.Є.1, �0?;Vє=:> &.�.2 
1 ABC4. 3@. �!&-139 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

+�$!/�%Ь��� �.Є., ��#��Є!�" &.�. 

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

!0 40=89 <><5=B <0965 :>65= <0є 02B><>1V;P, 01> E>G O:>AP 
7VHB>2EC202AO 7 ?8B0==O<8 =0 02B><>1V;P=C B5<0B8:C. � @>AB>< :V;P:>ABV 
02B><>1V;V2 71V;PHCєBPAO :V;P:VABP ?8B0=P 4> =8E.  

 0965 2AV >A=>2=V ?8B0==O, O:V <>6CBP 1CB8 :>@8A=8<8 – F5 ?8B0==O 
O:V 4>2>;V @>7?>2AN465=V. #@8 22>4V 70?8BC C <5@56C, ?>HC: 2V4?>2V4V =0 
?8B0==O <>65 709=OB8 25;8:89 G0A G5@57 7=0G=C :V;P:VABP =5?>B@V1=>W 
V=D>@<0FVW, O:0 A;C68BP =0?>2=N20=>W G0AB8=>N. �024O:8 D>@C<C >B@8<0==O 
2V4?>2V4V =0 1C4P-O:5 ?8B0==O 7 FVєW <=>68=8 709<0є 2V4 5 4> 10 E28;8=, O:I> 
2V4?>2V4P =0 ?8B0==O 70740;53V4P 2V4><0 [1].  

#5@54 >1@0==O< B5E=>;>3V9 B0 70A>1V2 @>7@>1;5==O 206;82> @>7C<VB8 
?5@5;V: =5>1EV4=>3> DC=:FV>=0;C <091CB=P>3> ?@>3@0<=>3> ?@>4C:BC. �>;8 
AD>@<>20=> <5BC @>7@>1;5==O, 20@B> B0:>6 2@0EC20B8 B5E=VG=V >A>1;82>ABV 
:>@8ABC20G0. �;O @50;V70FVW ?@>3@0<=>3> ?@>4C:BC 4>FV;P=> 28:>@8AB>2C20B8 
728G=V ?5@5AVG=><C :>@8ABC20GC 70A>18 270є<>4VW. �450;P=> ?V4E>48BP 20@V0=B 
251D>@C<C, >A:V;P:8 <0965 2AV <0NBP 4>ABC? 4> <5@56V [2]. 

#VA;O 0=0;V7C 70A>1V2 @>7@>1;5==O, 1C;> ?@89=OB> @VH5==O ?@> 
?@>3@0<=C @50;V70FVN <>2>N ?@>3@0<C20==O PHP, >A:V;P:8 VA=Cє H8@>:89 
281V@ 1V1;V>B5: 4;O 7@CG=>W @50;V70FVW =5>1EV4=8E DC=:FV9. &0:>6 1C;> 
?@89=OB> @VH5==O ?@> @50;V70FVN V=D>@<0FV9=>W DC=:FVW D>@C<C =0ABC?=8< 
G8=><: =040==O V=D>@<0FVW ?@> >A=>2=V ?>?C;O@=V @C1@8:8, B5<8 2 @C1@8:0E 
B0 2V4?>2V4V 4> =8E [3].  
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� B>G:8 7>@C G8B0G0 D>@C<C, >A=>2=89 DC=:FV>=0; ?>;O30є 2 4>ABC?V 4> 
V=D>@<0FVW B0 <>6;82>ABV >1<V=C 4C<:0<8 7 V=H8<8 :>@8ABC20G0<8. "A=>2=V 
<>6;82>ABV, O:V G8B0G <>65 <0B8 =0 D>@C<V, 2:;NG0NBP: 

– ?5@53;O4 V=D>@<0FVW-G8B0G <>65 ?5@53;O40B8 @V7=><0=VB=C 
V=D>@<0FVN, O:0 @>7<VI5=0 =0 D>@C<V. *5 <>65 1CB8 B5:AB>289 <0B5@V0;, 
D>B>, 2V45> 01> V=HV D>@<0B8 :>=B5=BC; 

– :><5=BC20==O – :>@8ABC20G <>65 4>4020B8 A2>W :><5=B0@V 4> B5<, O:V 
9>3> FV:02;OBP. *5 4>72>;Oє >1<V=N20B8AO 4C<:0<8 B0 V45O<8 7 V=H8<8 
;N4P<8; 

– AB2>@5==O =>28E B5< – G8B0G <>65 AB2>@N20B8 =>2V B5<8 4;O 
>13>2>@5==O. *5 40є <>6;82VABP 28A;>2;N20B8 A2>W 4C<:8 B0 V45W 7 V=H8<8 
:>@8ABC20G0<8 D>@C<C; 

– ?>HC: V=D>@<0FVW – =0 D>@C<V 70728G09 є DC=:FVO ?>HC:C, O:0 
4>72>;Oє 7=09B8 ?>B@V1=C V=D>@<0FVN. *5 <>65 1CB8 :>@8A=8< 4;O 
:>@8ABC20GV2, O:V HC:0NBP 2V4?>2V4V =0 A2>W 70?8B0==O 01> ?>B@51CNBP 
4>?><>38 7 @V7=8<8 ?8B0==O<8 [3]. 

� B>G:8 7>@C B8E, EB> =0?>2=Nє D>@C<, >A=>2=89 DC=:FV>=0; ?>;O30є 2 
AB2>@5==V :>=B5=BC B0 270є<>4VW 7 V=H8<8 :>@8ABC20G0<8. "A=>2=V 
<>6;82>ABV, O:V =040є D>@C< 4;O FVєW :0B53>@VW :>@8ABC20GV2, 2:;NG0NBP: 

– AB2>@5==O =>28E @C1@8: B0 B5< – 04<V=VAB@0B>@8 <>6CBP AB2>@N20B8 
=>2V B5<8 4;O >13>2>@5==O. *5 4>72>;Oє 28A;>2;N20B8 A2>W 4C<:8 B0 V45W 7 
V=H8<8 :>@8ABC20G0<8 D>@C<C; 

– 2840;5==O :>=B5=BC – 04<V=VAB@0B>@8 <>6CBP 2840;OB8 =5?>B@V1=89 
:>=B5=B =0 D>@C<V; 

– @>728B>: A?V;P=>B8 – D>@C< 4>72>;Oє :>@8ABC20G0< 270є<>4VOB8 7 
V=H8<8 ;N4P<8, O:V <0NBP A?V;P=V V=B5@5A8 B0 FV==>ABV. *5 <>65 A?@8OB8 
@>728B:C A?V;P=>B8, >19є4=0==N ;N459 70 A?V;P=8<8 FV;O<8 B0 ?V4B@8<FV 
A?V;P=>3> 4V0;>3C [3]. 

�8A=>2:8.  
� @>1>BV 1C;> @>73;O=CB> >A=>2=V ?@>1;5<8, I> <>6CBP 79O28B8AO ?@8 

28=8:=5==V ?8B0=P =0 02B><>1V;P=C B5<0B8:C.  
�C;> 70?@>?>=>20=> @VH5==O I>4> ?>;53H5==O 7=0E>465==O 2V4?>2V459.  
!0 40=89 <><5=B 2V4?>2V4=89 ?@>3@0<=89 70AB>AC=>: 7=0E>48BPAO 2 

?@>F5AV @>7@>1;5==O B0 =091;86G8< G0A>< <>65 1CB8 2?@>20465=89 2 
5:A?;C0B0FVN. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. -> B0:5 251D>@C< V 4;O G>3> 2V= ?>B@V15=? [Electronic resource]. – 
Access mode : https://www.adindex.ua/forumy-kak-instrument-kommunikacii-

sekret-nestarejushhej-jeffektivnosti/ 

https://www.adindex.ua/forumy-kak-instrument-kommunikacii-sekret-nestarejushhej-jeffektivnosti/
https://www.adindex.ua/forumy-kak-instrument-kommunikacii-sekret-nestarejushhej-jeffektivnosti/
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2. Basic PHP coding [Electronic resource]. – Access mode : https://school-

php.com/blog/24 

3. Create a phpsql powered forum [Electronic resource]. – Access mode : 

https://code.tutsplus.com/tutorials/how-to-create-a-phpmysql-powered-forum-

from-scratch--net-10188 
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'�� 004.77 
�0?;Vє=:> &.�.1, *8<<5@<0= ".�. 2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&-222< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

��#��Є!�" &.�., *�  �$ �! ".�.  

$"�$"��� ���%��&' ��/ ��&/+"-.!�*Ь�"�" !�'�"�"�" 
'!���$%�&�&' «��#"$��Ь�� #"��&�)!���» 

�=D>@<0FVO, 2 H8@>:><C @>7C<V==V, >7=0G0є 1C4P-O:V 40=V ?@> >19є:B8, 
?@>F5A8 01> O28I0. � C7P:><C @>7C<V==V, F5 >1@>1;5=V 40=V, O:V <0NBP ?52=89 
V=B5@5A 4;O :>@8ABC20GV2 [1]. �0@07 =091V;PH 7@CG=8< A?>A>1>< >B@8<0==O 
V=D>@<0FVW є 28:>@8AB0==O V=D>@<0FV9=8E B5E=>;>3V9 B0 :><?9NB5@=8E 
<5@56. �><?9NB5@=0 <5@560 – F5 A8AB5<0 729O7:C, O:0 >19є4=Cє :><?9NB5@8, 
@>7B0H>20=V =0 2V4AB0=V, 2 @V7=8E <VAB0E 01> :@0W=0E [2]."48= 7 =091V;PH 
?>?C;O@=8E A?>A>1V2 71>@C B0 =040==O V=D>@<0FVW G5@57 :><?9NB5@=V <5@56V 
– F5 251A09B8. �;O >A2VB8 251A09B8 є 4C65 206;828< 70A>1>< 70157?5G5==O 
4>ABC?C 4> V=D>@<0FVW. ' :>6=V9 H:>;V, :>;546V B0 C=V25@A8B5BV є 251A09B8, 
O:V <VABOBP 0:BC0;P=C V=D>@<0FVN ?@> 4VO;P=VABP F8E 70:;04V2.  

' @0<:0E =0C:>2>-4>A;V4=8FP:>W @>1>B8 1C;> AB2>@5=> 251A09B 4;O 
48BOG>-N=0FP:>3> =0C:>2>3> C=V25@A8B5BC (�.!') «�0?>@V7P:0 
?>;VB5E=V:0». "A=>2=8<8 70240==O<8 A09BC є 71V@ B0 >?C1;V:C20==O 
V=D>@<0FVW, O:0 ?>29O70=0 7 4VO;P=VABN 70:;04C >A2VB8, 48AB0=FV9=0 
>@30=V70FVO 270є<>4VW A?V;P=>B8 <>;>48E 4>A;V4=8:V2. #@8 @>7@>1FV ?@>є:BC 
@>73;O40;8AO B@8 B@048FV9=V ?V4E>48 4> AB2>@5==O 251A09BV2:  

– 28:>@8AB0==O :>=AB@C:B>@V2 251A09BV2, =0?@8:;04, uKit 01> Wix; 
– 28:>@8AB0==O CMS (A8AB5< :5@C20==O 2<VAB><), =0?@8:;04, 

WordPress; 

– 28:>@8AB0==O «<>70WG=>W» B5E=>;>3VW, :>;8 28:>@8AB>2CєBPAO <>20 
@>7<VB:8 AB>@V=>: HTML, <>20 4;O AB8;V70FVW AB>@V=>: CSS B0 ?52=0 A5@25@=0 
<>20 ?@>3@0<C20==O, =0?@8:;04, Python 01> PHP. 

� @57C;PB0BV 0=0;V7C 4;O AB2>@5==O 251A09BC 1C;> >1@0=> «<>70WG=C» 
B5E=>;>3VN @>7@>1:8. �;O @>7@>1:8 :;Vє=BAP:>W G0AB8=8 251A09BC 1C;> 
>1@0=> <>2C @>7<VB:8 4>:C<5=BV2 HTML, <>2C AB8;N AB>@V=>: CSS,  <>2C 
?@>3@0<C20==O Java Script B0 157:>HB>2=89 :;Vє=BAP:89 D@59<2>@: Bootstrap. 
Bootstrap 1C;> 28:>@8AB0=> 704;O ?@8H284H5==O B0 A?@>I5==O @>7@>1:8 
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https://www.niddk.nih.gov/health-information/health-statistics/overweight-obesity 

2. Best Free Food Tracking Apps in 2023 [Electronic resource]. – Access 

mode : https://blog.gitnux.com/best-free-food-tracking-apps/ 

3. The 12 Best Apps to Help You Meet Your Weight Loss Goals in 2023 

[Electronic resource]. – Access mode : https://www.healthline.com/nutrition/best-

weight-loss-apps 

4. FatSecret Diet Review [Electronic resource]. – Access mode : 

https://dietsinreview.com/diet_column/12/fatsecret-diet-review/ 

5. Lifesum Review [Electronic resource]. – Access mode : 

https://www.pcmag.com/reviews/lifesum 

6. MyNetDiary Review [Electronic resource]. – Access mode : 

https://feastgood.com/mynetdiary-review/ 

7. Cronometer Review [Electronic resource]. – Access mode : 

https://www.fithealthymomma.com/cronometer-review/ 

8. Cronometer vs MyFitnessPal: Expert Verdict [Electronic resource]. – 
Access mode : https://www.healthyperformers.com/cronometer-vs-myfitnesspal/ 
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?@54<5B=>W >1;0ABV «�8A;>B8». �;O @>7@>1:8 1C;> >1@0=> <>2C ;>3VG=>3> 
?@>3@0<C20==O SWI-Prolog. 

%?>G0B:C 1C;> 28:>=0=> D>@<0;V70FVN 40=8E 4;O 5:A?5@B=>W A8AB5<8, 
B>1B> 1C;> AB2>@5=> 107C 7=0=P ?@> :8A;>B8 B0 WE=V 2;0AB82>ABV, @50:FVW V 
EV<VG=V @5G>28=8, O:V 270є<>4VNBP 7 :8A;>B0<8.  

#@8 @>7@>1FV A8AB5<8 1C;8 @50;V7>20=V =0ABC?=V DC=:FVW:  
0) 7030;P=V ?@028;0 EV<VW: 
1) A:;040==O D>@<C; @5G>28= 7 V=45:A0<8 (28:>@8AB0==O 

20;5=B=>AB59 5;5<5=BV2, 0;3>@8B<V2 7=0E>465==O =091V;PH>3> A?V;P=>3> 
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«↑» V «↓» C @07V 284V;5==O 307C 01> CB2>@5==O >A04C); 

1) ?@028;0 4;O :8A;>B: 
1) 7=0E>465==O :8A;>B=>3> >:A84C, O:89 CB2>@Nє :8A;>BC ?V4 G0A 

@50:FVW 7 2>4>N (28:>@8AB>2CєBPAO 2 ?@028;0E D>@<C20==O B0 @>7:;040==O 
:8A;>B); 

2) ?@028;0 @50:FV9: 
1) D>@<C20==O :8A;>B; 
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#@8:;048 ?@028; 4;O A:;040==O @50:FV9 <V6 :8A;>B0<8 B0 >:A840<8 
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$8AC=>: 1 – #@028;0 4;O A:;040==O @50:FV9 <V6 :8A;>B0<8 B0 >:A840<8. 

#@8:;04 @57C;PB0BV2 @>1>B8 ?@>3@0<8 4;O @50:FV9 <V6 :8A;>B0<8 9 
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B>@3V2;O F8D@>28<8 0:B820<8, I> A?5FV0;V7CєBPAO =0 :@8?B>20;NBV. 
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&0:8< G8=><, :;Vє=B8 A5@2VAV2 >1<V=C :@8?B>20;NB <>6CBP 2V4GCB8 
@50;P=V C<>28 B>@3V2;V 157 @878:C 2B@0B8 @50;P=8E :>HBV2, 28:>@8AB>2CNG8 
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>?8AC20B8 A8AB5<C =0 :>=F5?BC0;P=><C @V2=V.  

 

$8AC=>: 1 – �V03@0<0 ?@5F545=BV2 (Use Case) 

�0=0 4V03@0<0 2V4>1@060є B8?>2C 270є<>4VN :>@8ABC20G0 7 A8AB5<>N, 
>:@V< ?@>AB8E ?5@52V@>:, =09206;82VH8< 20@V0=B>< є «#5@53;O4 ?>@BD>;V>» 
B0 «�=0;V7 @>7?>4V;C 2:;045=8E 3@>H59». "B65, A8AB5<0B870FVO 7=0=P B0 
?@89=OB8E @VH5=P є :;NG>2>N >A>1;82VABN 40=>3> 70AB>AC=:C. 

!0 2V4<V=C 2V4 2V4><8E 0=0;>3V2, :@8?B>20;NB=8E 1V@6 «Binance», 
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successful-traders-use-demo-accounts-to-improve-trading-performance  
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1.  

https://www.atfx.com/en/analysis/trading-strategies/how-successful-traders-use-demo-accounts-to-improve-trading-performance
https://www.atfx.com/en/analysis/trading-strategies/how-successful-traders-use-demo-accounts-to-improve-trading-performance
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�=B5@D59A ?@>3@0<=5 70157?5G5==O A:;040єBPAO 7 G>B8@P>E D>@<. #5@H0 
D>@<0 4>?><030є C 281>@V 70<>2;5==O 7 =0O2=8E B>20@V2. �@C30 D>@<0 - F5 
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>1@>1;5=V 40=V ?5@52V@Oє ?@0FV2=8:, I> @>18BP F59 AB8;P 1V;PH =04V9=8<, 
E>G V =5 є ?>2=VABN 02B><0B87>20=8<. 

%?V2VA=C20==O, =0 2V4<V=C 2V4 ?>?5@54=VE 42>E, >=>2;Nє O: AE>28I5, B0: 
V A8AB5<8 7 O:8E =04E>48BP V=D>@<0FVO. *5 70157?5GCє A8=E@>=V70FVN 2 
@50;P=><C G0AV <V6 42><0 >19є:B0<8, I> I5 1V;PH5 ?V428ICє 7030;P=C 
5D5:B82=VABP A8AB5<8. 

*5=B@0;V7>20=89 AB8;P є =094>A:>=0;VH8< 7 CAVE, B><C I> >A=>2=8< 
465@5;>< 40=8E є F5=B@0;P=5 AE>28I5 V CAV A8AB5<8 ?>:;040NBPAO A0<5 =0 =P>3>. 
#@>B5 F59 AB8;P є =094>@>6G8< C @50;V70FVW G5@57 =5>1EV4=VABP ?@>3@0<=>-
0?0@0B=8< 70A>10< F5=B@0;P=>3> AE>28I0 28B@8<C20B8 25;8:5 =020=B065==O.  

"B65, 28@VH5==O< ?@>1;5<8 :5@C20==O 4>:C<5=B>>1V3>< =0 ?V4?@8є<AB20E 
<>6CBP 1CB8 ?@>3@0<=V 70A>18 2V4 2V4><8E :><?0=V9, B0:8E O: IBM (IBM 
InfoSphere Master Data Management), ORACLE (Oracle Enterprise Data 

Management Cloud), Microsoft (Microsoft Cloud Data Management). �5O:V A8AB5<8 
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?V4B@8<CNBP ;8H5 >4=C, 0 45O:V 45:V;P:0 AB@0B53VW :5@C20==O 40=8<8, B><C 
>18@0B8 @VH5==O 4;O 2;0A=>3> 1V7=5AC =5>1EV4=> 28E>4OG8 7 :V;P:>ABV B0 
?@V>@8B5B=>ABV ?V4A8AB5<, :V;P:>ABV ?@0FV2=8:V2, 0 B0:>6 ?>B@51?V4?@8є<AB20. 
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'�� 681.5.01 
 >38;P=0  . �.1, �09:> &. �.2 
1 ABC4. 3@. �!&-132< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

 "���Ь!�  . �., ����" &. �. 

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

#>є4=0==O @V2=V2 28@>1=8G>3> ?@>F5AC є 28@VH0;P=8< :@>:>< C 
?>1C4>2V 5D5:B82=>W A8AB5<8 :5@C20==O B0 02B><0B870FVW. �8>:@5<;NNBP B@8 
=09206;82VHV @V2=V 28@>1=8G>3> ?@>F5AC. 

#5@H8< V =0928I8< @V2=5< V=D>@<0FV9=8E B5E=>;>3V9, I> 
70AB>A>2CNBPAO 4> 28@>1=8G8E :><?0=V9, є ERP (Enterprise Resourcing 

Planning). ERP – F5 V=D>@<0FV9=89 V=AB@C<5=B, O:89 >19є4=Cє 2AV ?@>F5A8 
?V4?@8є<AB20. &0:0 A8AB5<0 70157?5GCє F5=B@0;V70FVN B0 C73>465=VABP 
V=D>@<0FVW. 

(C=:FV>=0;P=V <>6;82>ABV ERP 2:;NG0NBP >?5@0FV9=V ?@>F5A8 B0 
?@>F5A8 ?;0=C20==O  !0?@8:;04, ?;0=C20==O @5AC@AV2 ?V4?@8є<AB20, 
C?@02;V==O DV=0=A0<8, C?@02;V==O ?5@A>=0;><, C?@02;V==O >?5@0FVO<8 
(;>3VAB8:0, ?>AB0G0==O B0 71CB). 

ERP 70728G09 28:>@8AB>2CєBPAO :><?0=VO<8, O:V ?@0FNNBP 2 ;0=FN3C 
?>AB0G0==O, I>1 4>?><>3B8 2V4AB56C20B8 2AV @CE><V G0AB8=8 28@>1=8FB20 V 
@>7?>4V;C. "4=0: ERP B0:>6 <>65 28:>@8AB>2C20B8AO 2 1030BP>E 30;C7OE 
?@><8A;>2>ABV, 2:;NG0NG8 >E>@>=C 74>@>29O, =5:><5@FV9=V >@30=V70FVW, 
1C4V2=8FB2> B0 3>B5;P=89 1V7=5A. "@30=V70FVW, O:8< ?>B@V1=> :5@C20B8 A2>W< 
?5@A>=0;><, :;Vє=B0<8 B0 70?0A0<8, <>6CBP 28:>@8AB>2C20B8 4;O FP>3> ERP. 

�> 4@C3>3> @V2=O =0;568BP MES (Manufacturing Execution System) –
=01V@ DC=:FV9, 7>A5@5465=8E =0 ?@>F5AV 28@>1=8FB20. MES =040є 
V=D>@<0FVN, O:0 4>72>;Oє >?B8<V7C20B8 4VO;P=VABP, 2V4 70<>2;5==O 4> 
3>B>2>3> ?@>4C:BC. �;O FP>3> W9 ?>B@V1=0 B>G=0 B0 0:BC0;P=0 V=D>@<0FVO ?@> 
F5E.  0NG8 FN V=D>@<0FVN, MES <>65 @>7?>G8=0B8, =0?@02;OB8, @503C20B8 
B0 72VBC20B8 ?@> 28@>1=8GV >?5@0FVW ?V4 G0A 28:>=0==O. MES HC:0є 
V=D>@<0FVN ?@> AB0= 702>4C-28@>1=8:0, I>1 =040B8 FN V=D>@<0FVN V=H8< 
A8AB5<0<. 

"A=>2=8<8 70240==O<8 MESє >?5@0B82=5 :5@C20==O 28@>1=8FB2><: 
70<>2;5==O<8, 70?0A0<8 B0 =57025@H5=8< 28@>1=8FB2><, B5E=>;>3VG=8<8 
<0@H@CB0<8, >?5@0FVO<8, A5@B8DV:0B0<8, A?5F8DV:0FVO<8, @5F5?B0<8, 
B@C4>28<8 @5AC@A0<8, 4>:C<5=B0<8, 2V4AB565==O 28@>1=8G8E ?>4V9 B0 
?@>4C:FVW, 0 B0:>6 28:>=0==O 0=0;V7C 5D5:B82=>ABV B5E=>;>3VG=>3> 
>1;04=0==O B0 :5@C20==O O:VABN ?@>4C:FVW. 

MES 28:>@8AB>2CєBPAO 2 @V7=8E 30;C7OE ?@><8A;>2>ABV B0 2 @O4V 30;C759 
28@>1=8FB20 7 48A:@5B=8<8, A5@V9=8<8 B0 157?5@5@2=8<8 ?@>F5A0<8. 
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!0?@8:;04, C 28@>1=8FB2V =0?V2?@>2V4=8:V2, 5;5:B@>=V:8, <548G=8E ?@8;04V2, 
02B><>1V;V2, ?;0AB8:C, C 05@>:>A<VG=V9, D0@<0F52B8G=V9 V <5B0;C@3V9=V9 
30;C7OE. 

&@5BV< @V2=5< є SCADA (Supervisory Control And Data Aquisition) –
?@>3@0<=5 70157?5G5==O, @>7B0H>20=5 =04 0?0@0B=8< @V2=5<, O:89 <>65 
?@54AB02;5=89 PLC(Programmable Logic Controller), <V:@>-:>=B@>;5@>< 01> 
V=H8< 28@>1=8G8< 0?0@0B=8< @VH5==O<. SCADA =5 є ?>2=>N A8AB5<>N 
:>=B@>;N; 2>=0 :>=F5=B@CєBPAO =0 @V2=V =03;O4C.  

�> DC=:FV9 SCADA =0;560BP: :>=B@>;P 4>ABC?C, ;N48=>-<0H8==89 
V=B5@D59A, 0=0;V7 B@5=4V2, 70?8A B0 @5єAB@0FVO =0304C20=P, 02B><0B870FVO 72VBV2 B0 
70240=P. &0:8< G8=><, SCADA 2V4?>2V40є 70 ?@>2545==O <>=VB>@8=3>2>W 
4VO;P=>ABV =0 28@>1=8G><C 702>4V; >4=0:, 2>=0 =5 28:>=Cє :>=B@>;P=>W 
4VO;P=>ABV. 

�> 45O:8E 30;C759 ?@><8A;>2>ABV, O:V 28:>@8AB>2CNBP SCADA C A2>W9 
?>2AO:45==V9 4VO;P=>ABV, =0;560BP A8AB5<8 2>4>?>AB0G0==O B0 
2>4>2V42545==O, A8AB5<8 28@>1=8FB20, ?5@540GV B0 @>7?>4V;C 5;5:B@>5=5@3VW, 
0 B0:>6 =0DB>307>2V A8AB5<8. �8@>1=8GV ?V4?@8є<AB20, E0@G>2V ?V4?@8є<AB20 
B0 A8AB5<8 <0A>2>3> B@0=A?>@BC B0:>6 7=0G=>N <V@>N 70;560BP 2V4 SCADA. 

"A=>2=0 @V7=8FO B@P>E 28I8E @V2=V2 02B><0B870FVW  ?>;O30є C B><C, I> 
SCADA ?@87=0G5=0 4;O :>=B@>;N 28@>1=8FB20 2 @568<V @50;P=>3> G0AC, 
ERP – 4;O C?@02;V==O 1V7=5A-?@>F5A0<8 :><?0=VW, 0 MES – 4;O 2V4AB565==O B0 
71>@C V=D>@<0FVW ?@> :>65= ?@>4C:B (=0?V2?@>4C:B) =0 2AVE 5B0?0E 
28@>1=8G>3> ?@>F5AC. 

 >6=0 7@>18B8 28A=>2>:, I> c?V;P=5 28:>@8AB0==O ERP, MES B0 
SCADA-A8AB5< 4>72>;Oє 281C4>2C20B8 є48=C A8AB5<C :5@C20==O 
28@>1=8FB2><, 2 O:V9 :>65= @V25=P 28:>=Cє GVB:> 7040=C DC=:FVN: 
D>@<C20==O 0=0;VB8G=>W 72VB=>ABV, 2545==O ?;0=C20==O, @>7@0EC=>: 
>?B8<0;P=>3> 28@>1=8G>3> @>7:;04C V 74V9A=5==O :>=B@>;N B5E=>;>3VG=8E 
?@>F5AV2. &0:>6 2>=> 7=0G=> ?>;53HCє :5@C20==O >?5@0FV9=8< F8:;><. 
/:VABP >1A;C3>2C20==O B0 A2>єG0A=VABP 28:>=0==O 70<>2;5=P ?>:@0ICєBPAO =0 
50-90%, ?@>4C:B82=VABP ?@0FV B0 :0?VB0;C 7@>AB0є =0 15-20%, 28@>1=8GV 
70?0A8 =0 A:;040E 7<5=HCNBPAO =0 40-50%, G0A 28@>1=8FB20 ?@>4C:FVW 
7<5=HCєBPAO =0 40-50%. 

 

 

 

 

 

 



139 

'�� 004 

�09:> &.�.1, +010= I.%.2 
1:0=4. B5E=. =0C:, 4>F. !' «�0?>@V6:0 ?>;8B5E=V:0» 
2ABC4. 3@. �!&-132< !' «�0?>@V6:0 ?>;8B5E=V:0» 

����" &.�., +���! I.%. 

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

� 40=89 G0A ?>ABV9=> 7@>AB0є V=B5@5A 4> ?@>1;5< 715@V30==O VAB>@8G=8E 
40=8E =0 ?@><8A;>28E ?V4?@8є<AB20E, I> 28:;8:0=> =5>1EV4=VABN ?@89=OBBO 
@VH5=P =0 >A=>2V =5 ;8H5 ?>B>G=>W V=D>@<0FVW, 0 9 V=D>@<0FVW 70 ?>?5@54=V 
?5@V>48 @>1>B8 ?V4?@8є<AB20. #V4A8AB5<0 0@EV20FVW є ?@>1;5<=8< <VAF5< 
1030BP>E SCADA-A8AB5< – 28<>38 4> WW ?@>4C:B82=>ABV G0AB> ?5@528ICNBP 
<>6;82>ABV A8AB5<8. 

&@048FV9=V 1078 40=8E (��) =5 702648 70AB>A>2=V C A8AB5<0E 
?@><8A;>2>W 02B><0B870FVW.  >6=0 284V;8B8 :V;P:0 >A=>2=8E >1<565=P: 

– 28@>1=8GV ?@>F5A8 35=5@CNBP 40=V 4C65 H284:>. ->1 715@V30B8 
28@>1=8G89 0@EV2 A8AB5<8, =0?@8:;04, 7 7500 @>1>G8<8 7<V==8<8, :>6=C 
A5:C=4C =5>1EV4=> @5єAB@C20B8 4> 1078 40=8E 7500 70?8AV2. �28G09=V �� 
=5A?@><>6=V 28B@8<0B8 ?>4V1=5 =020=B065==O; 

– 28@>1=8G0 V=D>@<0FVO =5 ?><VI0єBPAO. �030B><VAOG=89 0@EV2 702>4C 7 
7500 @>1>G8<8 7<V==8<8 28<030є ?V4 �� 48A:>2>W ?0<9OBV >1AO3>< 1;87P:> 1 
&5@0109B0 (19.44 �� 70 >48= <VAOFP ?@8 >?8BC20==V @07 =0 A5:C=4C); 

– SQL O: <>20 =5 ?V4E>48BP 4;O >1@>1:8 B8<G0A>28E 01> ?5@V>48G=8E 
40=8E, B8?>28E 4;O 28@>1=8G8E A8AB5<. �>:@5<0, =04728G09=> 206:> 2:070B8 
C 70?8BV ?5@V>48G=VABP 281V@:8 40=8E, I> ?>25@B0NBPAO [1]. 

�AV 40=V, I> 70?8ACNBPAO 2 0@EV2, <>6=0 @>74V;8B8 =0 B@8 3@C?8: 
– ?@>F5A=V 7<V==V (process values); 
– 020@V9=V A83=0;V70FVW (alarms); 
– 4VO >?5@0B>@V2-B5E=>;>3V2 (operator actions). 
!091V;PH ?@>1;5<=8<8 40=8<8 4;O 0@EV20FVW є ?@>F5A=V 7<V==V, I> 

7C<>2;5=> 25;8:8<8 V ?>ABV9=8<8 ?>B>:0<8 40=8E. 
#V4 ?@>F5A=8<8 7<V==8<8 @>7C<VNBPAO G8A5;P=V ?0@0<5B@8, I> 

287=0G0NBP ?>B>G=89 AB0= B5E=>;>3VG=>3> ?@>F5AC. �> ?@>F5A=8E 7<V==8E 
<>6=0 2V4=5AB8 A83=0;8 22545==O/282>4C, ?0@0<5B@8 DC=:FV>=0;P=8E 1;>:V2, 
;>:0;P=V B0 3;>10;P=V ?@0?>@8 (7<V==V), B538 B>I>. 

#@>F5A=V 7<V==V 4V;OBPAO =0 48A:@5B=V B0 0=0;>3>2V. �8A:@5B=0 7<V==0 
<>65 ?@89<0B8 :V=F525 G8A;> 7=0G5=P 4>A8BP 2C7P:>3> 4V0?07>=C. #V4 
48A:@5B=>N 7<V==>N =09G0ABVH5 <0NBP =0 C207V 25;8G8=C 1C;52AP:>3> B8?C, 
I> 2:07Cє =0 >4=5 7 42>E <>6;828E AB0=V2 >19є:B0 (01> :5@CNG>3> A83=0;C). 
�=0;>3>20 7<V==0 <>65 ?@89<0B8 1C4P-O:C 25;8G8=C >1<565=>3> 
157?5@5@2=>3> 4V0?07>=C 7=0G5=P. 
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�A=CNBP 42V B5E=V:8 @5єAB@0FVW 7=0G5=P ?@>F5A=8E 7<V==8E 2 0@EV2V: 
– F8:;VG=89 70?8A (cyclic archiving) <0є =0 C207V ?5@V>48G=89 70?8A 

?>B>G=>3> 7=0G5==O ?@>F5A=>W 7<V==>W G5@57 7040=V V=B5@20;8 G0AC =570;56=> 
2V4 25;8G8=8 B0 H284:>ABV 7<V=8 40=>W 7<V==>W. )>G0 FO B5E=V:0 =5 4C65 
5:>=><VG=0, 2>=0 G0AB> 28:>@8AB>2CєBPAO 4;O 0@EV20FVW 0=0;>3>28E 7<V==8E. 
#5@V>4 F8:;VG=>3> 70?8AC 4;O :>6=>W 7<V==>W =0;0HB>2CєBPAO V=482V4C0;P=> 
V, O: ?@028;>, ;568BP C 4V0?07>=V 2V4 0.5 4> 10 E2. /: 4;O 48A:@5B=8E 7<V==8E, 
B0: V 0=0;>3>28E 7<V==8E, I> H284:> 7<V=NNBPAO, ?>4V1=89 ?V4EV4 70?8AC 2 
0@EV2 =5 >?B8<0;P=89; 

– 0@EV20FVO 7V 7<V=8 7<V==>W (45;PB0-0@EV2C20==O, delta-archiving). *59 
?V4EV4 ?5@5410G0є 70?8A 7<V==>W 4> 0@EV2C ;8H5 B>4V, :>;8 2V41C;0AO 7<V=0 WW 
7=0G5==O 2 ?>@V2=O==V 7 ?>?5@54=V< 70?8A0=8< 7=0G5==O< 01> :>;8 
01A>;NB=0 @V7=8FO 4>AO30є ?52=>W 25;8G8=8. �5;PB0 =0;0HB>2CєBPAO V <>65 
1CB8 28@065=0 O: C 01A>;NB=8E >48=8FOE 28<V@C, V C 2V4A>B:0E 2V4 H:0;8. *O 
B5E=V:0 5:>=><VG=VH0, =V6 F8:;VG=89 70?8A, >A:V;P:8 2>=0 040?BCєBPAO 4> 
H284:>ABV 7<V=8 0@EV2>20=>W 25;8G8=8. �;O 48A:@5B=8E 25;8G8= F59 ?V4EV4 є 
=570<V==8<. *5 4>72>;Oє =5 0@EV2C20B8 48A:@5B=V 7<V==V, 7=0G5==O O:8E =5 
7<V=8;>AO, =01030B> 283V4=VH5 70?8AC20B8 7=0G5==O 7<V==>W 2 0@EV2 BV;P:8 2 BV 
<><5=B8, :>;8 F5 7=0G5==O ?5@5E>48BP 7 >4=>3> AB0=C 4> V=H>3> 01> =02?0:8 
[2]. 

#V4 G0A AB2>@5==O :>6=>W SCADA-A8AB5<8 @>7@>1=8:0< 4>2>48BPAO 
28@VHC20B8 ?@>1;5<C – O: 7<CA8B8 107C 40=8E 2V4?>2V40B8 28<>30<. 
�=0;V7CNG8 ?@>1;5<8 0@EV20FVW, <>6=0 284V;8B8 420 >A=>2=V H;OE8 
28@VH5==O FVєW ?@>1;5<8: 

– AB2>@5==O 2;0A=>W %'��. *59 H;OE є B@820;8< B0 B@C4><VAB:8<. �> 
B>3> 6 28=8:0є ?@>1;5<0 V=B53@C20==O AB2>@5=>W %'�� 7V AB0=40@B=8<8 
>DVA=8<8 4>40B:0<8; 

– 28:>@8AB0==O 1C4P-O:>W VA=CNG>W %'�� O: 107>2C, V AB2>@5==O ;8H5 
=041C4>28 =04 =5N, 4;O 70157?5G5==O @>1>B8 2 @50;P=><C G0AV. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. %8AB5<O 48A?5BG5@A:>3> C?@02;5=8O 8 A1>@0 40==OE (scada-A8AB5<O) 
[�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C : 
https://studfile.net/preview/9356938/page:29/. 

2. �@E828@>20=85 2 SCADA-A8AB5<0E. �@E8B5:BC@0 A8AB5<O 
0@E828@>20=8O [�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C : https://studall.org/all-
102351.html. 
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'�� 004.056.57 
�09:> &.�.1, *8<<5@<0= ".�. 2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V6:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&-222< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

����" &.�., *�  �$ �! ".�.  

����&$"!� ���� ���$"� ' SCADA-%�%&� �) 

SCADA-A8AB5<8 є :><?9NB5@87>20=8<8 A8AB5<0<8 C?@02;V==O, I> 
?@87=0G5=V 4;O <>=VB>@8=3C V :>=B@>;N ?@><8A;>28E ?@>F5AV2 B0 :@8B8G=>W 
V=D@0AB@C:BC@8, B0:>W O: 5;5:B@>AB0=FVW, 2>4>?@>2V4=V <5@56V B0 B@0=A?>@B=V 
A8AB5<8. $>728B>: SCADA-A8AB5< 7C<>2;5=89 ?>B@51>N C 1V;PH 5D5:B82=><C 
B0 V=B5;5:BC0;P=><C :5@C20==V B0 <>=VB>@8=3C ?@><8A;>28E ?@>F5AV2, 0 B0:>6 
7@>AB0NG8< ?>?8B>< =0 02B><0B870FVN B0 >?B8<V70FVN. "4=0: 70157?5G5==O 
157?5:8 SCADA AB0є 2A5 1V;PH 206;828<, >A:V;P:8 A8AB5<8 AB0NBP 1V;PH 
?V4:;NG5=8<8 B0 2@07;828<8 4> :V15@0B0: B0 V=H8E 5;5:B@>==8E 703@>7. 
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?@8:;04=V ?@>3@0<8 <>65 1CB8 2V4=>A=> ?@>AB8< V 5D5:B82=8< ?@>F5A><. ' 
B0:><C 28?04:C 7030;>< 28B@0G5=V @5AC@A8 <>6CBP 1CB8 >FV=5=V O: 4>AB0B=P> 
5D5:B82=V. �57?>A5@54=P> ?0:5B NLTK <VAB8BP V=AB@C<5=B8 D0:B8G=> 4;O 
:>6=>3> 5B0?C >1@>1;5==O B5:ABV2, 0 B0:>6 4;O AC?CB=VE 70240=P, O: 
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$50;V7CNG8 4>A;V465==O 2 <560E 40=>W @>1>B8, 1C;> 28:>=0=> 
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>1@>1;5==O B5:ABV2 C A:;04V 1V;PH H8@>:8E ?@>3@0<=8E A8AB5<, O:V 2 A2>N 
G5@3C <>6CBP AB>AC20B8AO <548G=>W 4V03=>AB8:8, 0=0;V7C A>FV0;P=8E <5@56, 
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70AB>A>2CєBPAO 2>=0 4;O 287=0G5==O 60=@C :V=>AB@VG:8 =0 >A=>2V A8=>?A8AC. 
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%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Natural Language Processing With Python9s NLTK Package 

[�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C : https://realpython.com/nltk-nlp-

python/. 

2. Vader Lexicon [�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C : 
https://www.kaggle.com/datasets/nltkdata/vader-lexicon. 

3. Pandas Guide [�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C : 
https://pandasguide.readthedocs.io/en/latest/. 

4. API Reference – scikit-learn 0.21.3 documentation [�;5:B@>==89 
@5AC@A]. – $568< 4>ABC?C : https://scikit-learn.org/0.21/modules/classes.html. 
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�A=Cє @O4 <5B>4V2 V 0;3>@8B<V2, O:V <>6CBP 28:>@8AB>2C20B8AO 4;O 
28@VH5==O FVєW 7040GV, 2:;NG0NG8 JPEG, 2592;5B-?5@5B2>@5==O, ?5@5B2>@5==O 
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�>;>2=0 ?5@52030 ?V4E>4C ?>;O30є C O:VA=><C 715@565==V :>=BC@V2 D@03<5=BV2 
7>1@065==O, I> 2 A2>N G5@3C =5 ?>7102;Oє D>B>3@0DVN V=D>@<0B82=>ABV. 
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AB8A=CB8<, 7<V=0 @>7<V@V2 7>1@065==O, ?V43>B>2:0 9>3> 4;O >1@>1:8, 
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28A>:>@V2=52>W <>28 ?@>3@0<C20==O, V45>;>3VO O:>W A?@O<>20=0 =0 H284:5 
@>729O70==O 7040G H8@>:>3> :>;0 7V 7=865=8<8 28<>30<8 4> @5AC@AV2 70 
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https://numpy.org/doc/stable/. 



149 
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3. Pillow documentation [Electronic resource]. – Access mode : 

https://pillow.readthedocs.io/en/stable/. 
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– ?5@53;O4 ?;0B56V2 2V4 A?>=A>@V2, O:V ?V4B@8<0;8 ?@>є:B; 
– 287=0G5==O ?5@V>4C 71>@C :>HBV2, ?@>BO3>< O:>3> :>@8ABC20GV <>6CBP 

?5@5@0E>2C20B8 :>HB8 =0 DV=0=AC20==O ?@>є:BC; 
– ?5@53;O4 D>B>3@0DV9 :>6=>3> CG0A=8:0 B2>@G>3> ?@>є:BC; 
– ?5@53;O4 2V45> ?@575=B0FVW :>6=>3> B2>@G>3> ?@>є:BC; 
– ?5@53;O4 0=0;VB8:8 70 2V4?@02;5=8<8 ?>65@B2C20==O<8; 
– 3@>H>25 DV=0=AC20==O ?52=>3> B2>@G>3> ?@>є:BC 70 4>?><>3>N 

?;0BV6=>W A8AB5<8 PayPal; 
– ?5@53;O4 VAB>@VW DV=0=AC20==O ?52=>3> B2>@G>3> ?@>є:BC; 
– ?5@53;O4 3@0DV:0 70 >B@8<0=8<8 ?>65@B20<8 70 :>6=89 <VAOFP. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �@0C4D0=48=3: I> B0:5 V O: 2V= ?@0FNє 2 ':@0W=V [�;5:B@>==89 
@5AC@A]. – $568< 4>ABC?C : https://buduysvoe.com/publications/ kraudfandyng-
shcho-ce-take-i-yak-vin-pracyuye-v-ukrayini. 
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2. �>;C1, �. 7 ?;0BD>@< 4;O 71>@C :>HBV2 =0 @>728B>: 20H>W >@30=V70FVW 
[�;5:B@>==89 @5AC@A] / �. �>;C1. – $568< 4>ABC?C : 
https://www.gurt.org.ua/news/recent/31173/. 

 

 

'�� 004.773.2 
�P>2:V= �. .1, �>@>15FP �.�.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&-119 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�Ь"���! �. ., �"$"��*Ь �.�. 

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

%CG0A=89 A2VB =5 AB028BP ?5@54 ;N4P<8 70240==O 7<5=H5==O 
0:BC0;P=>ABV ?>HC:C @>1>B8, 0 =02?0:8, 7 =04728G09=>N H284:VABN 
@>72820єBPAO B0 AB0є 2A5 1V;PH 28<>3;828<. �N48 72V;P=ONBPAO 7 @>1>B8 70 
2;0A=8< 1060==O<, =02?0:8 2V41C20NBPAO A:>@>G5==O, 45EB> 1060є 7<V=8B8 
A2>є <VAF5 @>1>B8 7 O:8E>AP ?@8G8=, 0 V=HV ?@>AB> E>GCBP 7=09B8 I>AP =>25 
B0 1V;PH FV:025. �0<VABP :;0A8G=>3> ?>HC:C @>1>B8 AP>3>4=V 
28:>@8AB>2CNBPAO A?5FV0;V7>20=V A09B8, 45 <>6=0 7=09B8 2V4?>2V4=C 
20:0=AVN B0 2V43C:=CB8AO =0 =5W01> 6 @>7<VAB8B8 @57N<5. 

"4=0:, 7 V=H>3> 1>:C, @>1>B>402FV B56 AB8:0NBPAO 7 28:;8:0<8, 
?>29O70=8<8 7V 7@>AB0NG8< G8A;>< :0=4840BV2 =0 @>1>BC. ->1 2V4V1@0B8 
=091V;PH ?@840B=8E ?@5B5=45=BV2, B@510 ?@84V;8B8 1030B> G0AC. *5 
4>40B:>2> CA:;04=NєBPAO 7 @>728B:>< HBCG=>3> V=B5;5:BC, :>;8 ?@>?>78FVW 
<>6CBP 35=5@C20B8AO 02B><0B8G=> V B0:8< G8=>< 01> A?>B2>@N20B8, 01> 2 
?52=8E A8BC0FVOE @>18B8 =5<>6;828< ?@>2545==O 2V41>@C A5@54 2AVE ?>40=8E 
0=:5B, @57N<5. &><C F59 B@C4><VAB:89 ?@>F5A =5>1EV4=> 24>A:>=02;N20B8: 
9>3> <>6=0 @50;V7C20B8 7 ?V4B@8<:>N ?5@28==>3> B5ABC20==O, O:5 4>72>;Oє 
2V4AVOB8 :0=4840BV2, O:V =5 2V4?>2V40NBP 28<>30< 20:0=AVW. *5 4>?><030є 
5D5:B82=> 28:>@8AB>2C20B8 G0A B0 7CA8;;O ?@8 =09<V =>28E ?@0FV2=8:V2. 

"4=8< V7 F5=B@0;P=8E 70240=P ?@8 @>7@>1FV 2514>40B:C 4;O ?>HC:C B0 
?C1;V:0FVW 20:0=AV9 4;O ?@0F52;0HBC20==O є ?5@28==5 B5ABC20==O :0=4840BV2 
=0 2V4?>2V4=VABP 1060=V9 ?>A04V: 20@B> 707=0G8B8, I> =0 AP>3>4=VH=V9 45=P 
1030B> 0=0;>3VG=8E 2514>40B:V2 =5 =040NBP ?>4V1=8E V=AB@C<5=BV2 4;O 
@>1>B>402FV2. 

�V4?>2V4=89 ?@>3@0<=89 ?@>є:B, O:89 @50;V7>2C202AO 2 @>1>BV,  1C;> 
28@VH5=> 1C4C20B8 =0 >A=>2V D@59<2>@:C Django [1] B><C, I> 2V= <0є  
21C4>20=V V=AB@C<5=B8 B0:V, O:: 

–Django ORM, I> 4>72>;Oє  ?@0FN20B8 7 1070<8 40=8E 2 7@CG=V9 
>19є:B=>->@Vє=B>20=V9 <>45;V <>28 Python; 
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– Django Template, I> ?@54AB02;Oє A8AB5<C H01;>=V2, O:0 4>72>;Oє  
2V4>:@5<;N20B8 283;O4 251AB>@V=>: 2V4 :>4C 4>40B:C; 

–Django Admin, I> є 21C4>20=8< V=B5@D59A><4;O 04<V=VAB@C20==O 
2514>40B:C. 

�;O @50;V70FVW ?@>є:BC 1C;> 28:>@8AB0=> H01;>= ?@>5:BC20==O 
MVC.*59 ?V4EV4 4> @>7@>1:8 ?@>3@0<=>3> 70157?5G5==O, 4>72>;Oє @>74V;8B8 
2V4?>2V40;P=VABP <V6 @V7=8<8 :><?>=5=B0<8 ?@>3@0<8 B0  7@>18B8 :>4 1V;PH 
7@>7C<V;8< B0 ;53:8< 4;O ?V4B@8<:8. �;O 70=5A5==O 40=8E ?@> @57C;PB0B8 
B5ABC20==O :0=4840BV2 1C;> 28:>@8AB0=> B5E=>;>3VN 725@=5==O 157 
?5@57020=B065==O AB>@V=:8 – AJAX. 

� E>4V @>7@>1:8 ?@>3@0<=>3> :><?>=5=BC 7 B5ABC20==O 1C;> @50;V7>20=> 
=0ABC?=V DC=:FVW: 

– AB2>@5==O B5ABV2 4;O 20:0=AV9 @>1>B>402F5<; 
–28AB02;5==O  G0A>28E >1<565==P  =0 ?@>E>465==O B5ABC; 
– <>6;82VABP ?@>E>465==O B5ABV2 :0=4840B0<8 (@8AC=>: 1); 
– 02B><0B8G=89 ?@>@0EC=>: 10;V2 70 A?@>1C; 
– 715@565==O @57C;PB0BV2 B5ABC20==O C 283;O4V B01;8FP (@8AC=>: 2); 
– <>6;82VABP 2840;5==O =5:>@5:B=8E @57C;PB0BV2 @>1>B>402F5<. 

 

$8AC=>: 1 – %B>@V=:0 B5ABC20==O :0=4840B0 

 

$8AC=>: 2 –%B>@V=:0 @57C;PB0BV2 
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%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. William, S. Vincent Django for Beginners [&5:AB] : Build websites with 
Python and Django / S. Vincent William. – WelcomeToCode, 2021. – 296 p. 
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'�� 004.9 

%B5?0=5=:> ".".1, �>@=Vє=:> %.�.1, (54>@G5=:> Є. .2,  
#02;5=:> �.Є 3, +C<0:  .�.4 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !'«�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. �!&-110 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
4 ABC4. 3@. �!&-219A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

%�%&� � #��&$� �� $"�,'�' ���'���!�) &��$�! 

�><0H=V C;N1;5=FV G0A>< 3C1;OBPAO 2 <VABV, V B>4V 4;O 3>A?>40@O 
?>G8=0єBPAO FV;5 28?@>1C20==O 4;O B>3>, I>1 7=09B8 703C1;5=C B20@8=C. !0 
40=89 <><5=B 2 ':@0W=V =09G0ABVH5 F5 28@VHCєBPAO G5@57 A>FV0;P=V <5@56V. �> 
B>3> 6 70@07, C 729O7:C 7 2V9=>N, ?@>1;5<0 703C1;5=8E B20@8= 7=0G=> 7@>A;0 [1].  

$>7@>1;5=5 #� ?@87=0G5=5 4;O @>7HC:C 703C1;5=8E B20@8=, :>;8 2;0A=8: 
703C182 4><0H=P>3> C;N1;5=FO B0 =0<030єBPAO 9>3> 7=09B8 01> :>;8 ;N48=0 
7=09H;0 GC6>3> C;N1;5=FO 9 =0<030єBPAO 79OAC20B8 9>3> 2;0A=8:0 [2]. � <5B>N 
70157?5G5==O 3=CG:>ABV ?@>F5AC @>7HC:C =040NBPAO V=AB@C<5=B8 ?>HC:C 70 
?0@0<5B@0<8, AB2>@5==O 70O2>: ?@> 2;0A=VABP, V=D>@<C20==O B@5BVE >AV1 ?@> 
?>4V1=VABP <V6 @>7HC:C20=8<8 B0 7=0945=8<8 B20@8=0<8 B>I> [2] - [4].  

"A=>2=8< @57C;PB0B>< @>1>B8 є AB2>@5==O ?@>3@0<8 70 4>?><>3>N <>2 
Python, JavaScript, HTML, CSS, 251D@59<2>@:0 Django, A8AB5<8 :5@C20==O 
1070<8 40=8E MySQL. 

�:A?;C0B0FVO ?@>3@0<8 2AV<0 :>@8ABC20G0<8, O: B> ?@54AB02=8:0<8 
?@8BC;:V2, B0: V 728G09=8<8 CG0A=8:0<8 ?@>3@0<8 B0 =502B>@87>20=8<8 
:>@8ABC20G0<8 2V41C20єBPAO 70 4>?><>3>N >4=>3> є48=>3> V=B5@D59AC, O:89 
79O2;OєBPAO ?5@54 :>@8ABC20G5< >4@07C ?VA;O ?5@H>3> 725@=5==O 4> 251A09BC, 70 
O:8< @>7B0H>20=> 25170AB>AC=>:. $>1>BC :>@8ABC20GV2 @50;V7>20=> =0 >A=>2V 
7030;P=>3> <5=N, I> 2:;NG0є B0:V ?C=:B8: HC:0N, 7=09H>2, >3>;>H5==O, 
?>2V4><;5==O, A?V;:C20==O, ?@8BC;>:. 

#C=:B <5=N «,C:0N» 4>72>;Oє ?@0FN20B8 7 >3>;>H5==O<8, 2 O:8E 
2;0A=8:8 B20@8= ?>2V4><;ONBP ?@> 703C1;5==O 2;0A=8E C;N1;5=FV2.  

%B>@V=:0 >3>;>H5=P ?@> 2B@0BC B20@8= >:@V< 7030;P=>W V=D>@<0FVW ?@> 
?@>3@0<C <VAB8BP B0:>6 :=>?:8 «,C:0B8 B20@8=C» B0 «,C:0B8 2;0A=8:0» 4;O 
28:>=0==O ?>HC:C 2V4?>2V4=8E >3>;>H5=P.  

#C=:B <5=N «�=09H>2» 4>72>;Oє 28:>=C20B8 2AV BV A0<V 4VW, 0;5 =04 
>3>;>H5==O<8 I>4> 7=0E>465==O B20@8=, 0 =5 703C1;5==O 

#C=:B <5=N «"3>;>H5==O» 2:;NG0є ?V4?C=:B8 «�=0945=V» B0  «�03C1;5=V», 
I> 4>72>;Oє ?@0FN20B8 7 2;0A=8<8 >3>;>H5==O<8, 2 B><C G8A;V @5403C20B8 WE, 
?5@53;O40B8, AB2>@N20B8 =>2V, AB>A>2=> 7=0945=8E B20@8= 01> 703C1;5=8E. #C=:B 
<5=N «#>2V4><;5==O» 2:;NG0є ?V4?C=:B8 «�;0A=V», I> 4>72>;Oє ?5@53;O40B8 
2;0A=V ?>2V4><;5==O ?@> 2V4?>2V4=VABP <V6 >3>;>H5==O<8, B0 «�4@5A>20=V», I> 
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4>72>;Oє ?5@53;O=CB8 28?04:8, :>;8 V=HV CG0A=8:8 ?>2V4><8;8 ?@> 2V4?>2V4=VABP 
2;0A=8E >3>;>H5=P 02B>@87>20=>3> CG0A=8:0 V=H8< >3>;>H5==O<. #C=:B <5=N 
«%?V;:C20==O» 4>72>;Oє ?5@53;O=CB8 A?V;:C20==O CG0A=8:0 7 V=H8<8 
CG0A=8:0<8 B0 AB2>@8B8 =>2V ?>2V4><;5==O >48= >4=><C. #C=:B <5=N 
«#@8BC;>:» 4>72>;Oє :5@C20B8 >3>;>H5==O<8, I> AB>ACNBPAO B20@8= C 
?@8BC;:C. %:>@8AB0B8AO F8< ?C=:B>< D0:B8G=> <>65 CG0A=8:, 0A>FV9>20=89 7 
?@8BC;:><. ":@V< B>3> 72V4B8 CG0A=8: <>65 0A>FVN20B8 V=H8E CG0A=8:V2 7 
?@8BC;:><. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Hamilton, M. US MissingPetEpidemicandEuthanasiaStatistics 

[Electronicresource] : Facts/Figures / M. Hamilton. – Access mode : 

https://peeva.co/blog/missing-pet-epidemic-facts-and-figures. 

2. �03C1;5=V B0 7=0945=V B20@8=8. �CFP: B0 �>;8=AP:0 >1;. Facebbok 
[�;5:B@>=. @5AC@A]. – $568< 4>ABC?C : https://uk-ua.facebook.com/groups/ 

1126808634017634/. 

3. Mele, A. Django 3 ByExample [Text] : 

BuildpowerfulandreliablePythonwebapplicationsfromscratch, 3rd Edition / A. 

Mele. – Birmingham : PacktPublishing, 2020. – 568 p. 

4. Lostanimals [Electronic resource]. – Access mode : 

https://www.mildura.vic.gov.au/Services/Animals-Pets/Lost-animals. 

 

 

'�� 004.9 
�>@=Vє=:> %.�.1, %B5?0=5=:> ".".1, (54>@G5=:> Є. .2,  
 VE09;>20  .%.3, �>4>G83>2 �. .4 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !'«�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. �!&-110 !'«�0?>@V7P:0 ?>;VB5E=V:0» 
4 ABC4. 3@. �!&-219< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

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

 "���Ь!�� ��%&"%'!"� ��/ #��!'��!!/  
�.���&' &� �"!&$"�. ��&$�& 

�>6=0 ;N48=0 I>4=O @>18BP 25;8:V 01> 4@V1=V ?>:C?:8 2 <03078=V, 2 
V=B5@=5BV. !0 40=89 <><5=B є 157;VG <VAFP, 45 <>6=0 28B@0B8B8 A2>W 3@>HV. 
"A>1;82> 2 B8E <VAFOE, 45 1C;0 ?@8:;045=0 @C:0 <0@:5B>;>30, O:89 7=0є, =0 I> 
A0<5 725@B0є C203C WE ?>B5=FV9=89 ?>:C?5FP, B8< A0<8< ?V428ICNG8 9<>2V@=VABP 
?>:C?:8 [1]. 

�;O 45O:8E ;N459 25AB8 :>=B@>;P =04 A2>W<8 ?>:C?:0<8 є 4V9A=> 
?@>1;5<>N. ' =0H5 AB>;VBBO, I>1 7@>18B8 ?>:C?:8, 4>A8BP ?0@C :;V:V2 01> 
?@8:;0AB8 4> 7G8BC20;P=>3> 0?0@0BC :0@BC – V B8 265 AB02 2;0A=8:>< ?52=>W @5GV. 
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�>6=0 ;N48=0 2 A2>є<C 68BBV AB8:0єBPAO 7 I>45==8<8 DV=0=A>28<8 
?8B0==O<8. #>;53H8B8 @CB8==5 70=OBBO 7 2545==O >1;V:C ?5@A>=0;P=8E 
3@>H>28E ?>B>:V2 ?>:;8:0=V ACG0A=V 7@CG=V B0 ?@0:B8G=V 70AB>AC=:8 >1;V:C 4>E>4V2 
V 28B@0B.  

$53C;O@=5 2545==O >1;V:C DV=0=AV2 – B5, I> E>GCBP 1030B>, 0;5 28E>48BP 
;8H5 C 45O:8E. #@8G8=8 – 70?8A8 2 @V7=8E <VAFOE (AP>3>4=V 2 7>H8BV, 702B@0 2 
�:A5;P, ?VA;O702B@0 2 B5;5D>=V) 01> 2V4ACB=VABP B0:>W 728G:8 2 ?@8=F8?V[1]. 

�;O 28@VH5==O FVєW ?@>1;5<8 ?@>?>=CєBPAO AB2>@5==O <>1V;P=>3> 
70AB>AC=:C, @50;V7>20=>3> 70 4>?><>3>N B8?V7>20=>W >19є:B=>->@Vє=B>20=>W <>28 
?@>3@0<C20==O Java. 

�0 4>?><>3>N MPAndroidChart 1V1;V>B5:8 1C;8 ?>1C4>20=V :@C3>2V 
4V03@0<8 2 4>40B:C. *O 1V1;V>B5:0 4;O ?>1C4>28 4V03@0< V 3@0DV:V2 7 2V4:@8B8< 
28EV4=8< :>4>< 4;O >?5@0FV9=>W A8AB5<8 Android [1]. �@0DV:8 FVєW 1V1;V>B5:8 
4C65 V=B5@0:B82=V V ;53:V 4;O AB2>@5==O.  

�;O ?>1C4>28 :@C3>28E 4V03@0< C 70AB>AC=:C 1C;0 28:>@8AB0=0 1V1;V>B5:0 7 
2V4:@8B8< 28EV4=8< :>4>< MPAndroidChart 4;O >?5@0FV9=>W A8AB5<8 Android [1]. 
�@0DV:8, AB2>@5=V 70 4>?><>3>N FVєW 1V1;V>B5:8, E0@0:B5@87CNBPAO 28A>:8< 
ABC?5=5< V=B5@0:B82=>ABV.  

AndroidStudio – F5 V=B53@>20=5 A5@54>28I5 @>7@>1:8 4;O AB2>@5==O 
<>1V;P=8E 70AB>AC=:V2, AB2>@5=0 :><?0=VєN Google 2 2013 @>FV [2].  

�>;>2=>N ?5@5203>N AndroidStudio 22060єBPAO 21C4>20=89 =01V@ 70A>1V2 
@>7@>1:8, :>B@89 4>72>;Oє AB2>@N20B8 4>40B:8 4;O ?52=>3> ?0:5BC ?@>3@0<, 
28:>@8AB>2CNG8 :><?>=5=B8, O:8E =5<0є 2 V=H8E 25@AVOE 70AB>AC=:0 – SDK [3].  

�;O AB2>@5==O 70AB>AC=:C 2 ?5@HC G5@3C 1C;0 A?@>5:B>20=0 4V03@0<0 :;0AV2 
7 <5B>N >?8AC AB@C:BC@8 ?@>5:BC, 45 :;0A8 ?> A2>W9 ACBV є 2V:=0<8 70AB>AC=:C, 2 
O:8E 1C4CBP @50;V7>2C20B8AO >?8A0=V DC=:FVW. 

�;O 70AB>AC=:C AB2>@5=> 107C 40=8E «Purse.db», O:0 A:;040єBPAO 7 G>B8@P>E 
B01;8FP: Income, Income_category, Outcome B0 Outcome_category. 

�8:>@8AB0==O 70AB>AC=:C 4>72>;8BP ?V428I8B8 4>AB>2V@=VABP >1;V:C, 
?@8A:>@8B8 ?@>F5A C?@02;V==O >A>18AB8<8 4>E>40<8 B0 28B@0B0<8 B0 7=878B8 
G0AB8=C ?><8;>:, O:V B@0?;ONBPAO ?V4 G0A F8E ?@>F5AV2. 

&0:8< G8=><, 2 E>4V ?@>2545=>W @>1>B8 1C;> @>7@>1;5=> <>1V;P=89 
70AB>AC=>: ?V4 Android 4;O C?@02;V==O >A>18AB8<8 4>E>40<8 V 28B@0B0<8, O:89 
?>2=VABN 2V4?>2V40є ?>AB02;5=><C 70240==N. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �81;8>B5:0MPAndroidChart [�;5:B@>==89 @5AC@A] - $568< 4>ABC?0: 
https://github.com/PhilJay/MPAndroidChart/   

2. %@540@07@01>B:8AndroidStudio [�;5:B@>==89 @5AC@A] - $568< 
4>ABC?0: https://developer.android.com/?hl=RU/ 

https://github.com/PhilJay/MPAndroidChart/
https://github.com/PhilJay/MPAndroidChart/
https://developer.android.com/?hl=RU/
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3. SoftwareDevelopmentKit [�;5:B@>==89 @5AC@A] - $568< 4>ABC?0: 
https://habr.com/ru/post/430940/. 
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1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !'«�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. �!&-110 !'«�0?>@V7P:0 ?>;VB5E=V:0» 
4 ABC4. 3@. �!&-210< !'«�0?>@V7P:0 ?>;VB5E=V:0» 

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

%�%&� � "#&� ��Ь!"�" #",'�'  
�����!�) ��&" "����� 

$8=>: 26820=8E 02B><>1V;V2 C ACG0A=><C A2VBV <0є 4>AB0B=P> 25;8:89 
>1AO3, I> ?>ABV9=> ?V4682;NєBPAO 28@>1=8FB2>< =>28E 02B><>1V;V2, O:V G5@57 
?52=89 G0A <0NBP >B@8<0B8 =0ABC?=>3> 2;0A=8:0. !0O2=VABP B0:>3> F8:;C 
?@872>48BP 4> ?>ABV9=>3> 71V;PH5==O >1AO3V2 @8=:C [1]-[2]. �040G0 ?>HC:C 
26820=8E 02B><>1V;V2 ?>;O30є C 287=0G5==V <0A82C 02B><>1V;V2, O:V 2V4?>2V40NBP 
?0@0<5B@0< ?>HC:C. *59 <0A82 є ?V4<=>68=>N <=>68=8 2AVE =0O2=8E 26820=8E 
02B><>1V;V2 C ?@>3@0<V. �;O B>3>, I>1 287=0G8B8 2V4?>2V4=C ?V4<=>68=C 
02B><>1V;V2, ?>B@V1=> @>74V;8B8 2AV =0O2=V 02B><>1V;V =0 3@C?8 V 287=0G8B8, O:0 
3@C?0 =09:@0I5 2V4?>2V40є 7040=><C >1@07C, I> D>@<CNBP ?0@0<5B@8 ?>HC:C. 

#0@0<5B@8 ?>HC:C <>6CBP 1CB8 287=0G5=V 42><0 A?>A>10<8: :>=:@5B=8< 
02B><>1V;5<, B>4V 2V41C20єBPAO ?>HC: ?>4V1=8E 02B><>1V;V2, B0 70 4>?><>3>N 
>?8BC20;P=8:0, B>4V 287=0G0NBPAO 7=0G5==O ?0@0<5B@V2 70 2V4?>2V4O<8 =0 
70?8B0==O. $>7@>1;5=89 ?@>3@0<=89 70AV1 @50;V7Cє <>48DV:>20=89 <5B>4 
:;0AB5@870FVW k-A5@54=VE 4;O ?>HC:C 26820=8E 02B><>1V;V2. 

!0 ?5@H><C 5B0?V @>1>B8 <5B>4C ?>HC:C 26820=8E 02B><>1V;V2 
D>@<CєBPAO >?8BC20;P=8:, O:89 A:;040єBPAO 7 70?8B0=P, :>6=5 7 O:8E =0?@02;5=> 
=0 287=0G5==O 7=0G5==O 2V4?>2V4=>3> ?0@0<5B@0 02B><>1V;O. *5 ?V43>B>2G89 
5B0?. �;O :>6=>3> 70?8B0==O 287=0G0єBPAO ?@028;>, O:5 ?5@5B2>@Nє 2V4?>2V4P =0 
70?8B0==O =0 7=0G5==O 01> =01V@ 4>?CAB8<8E 7=0G5=P >4=VєW 7 E0@0:B5@8AB8: 
02B><>1V;O. !01V@ ?@028; D>@<Cє <0A82 A.  

�;O FP>3> A?>G0B:C <0є 1CB8 7040=> 7=0G5==O k, 2:07CNG8 =0 :V;P:VABP 
:;0AB5@V2, 7 O:8<8 1C45 2V41C20B8AO @>1>B0, 0 B0:>6 287=0G5=> =01V@ >7=0:, 70 
O:8<8 :;0AB5@870FVO 1C45 2V41C20B8AO. 

#VA;O FP>3> ?>B@V1=> AB2>@8B8 281V@:C 2AVE 02B><>1V;V2, =0O2=8E 2 
?@>3@0<V. �>=8 28BO30NBPAO 7 1078 40=8E. �=0G5==O 70 2AV<0 ?0@0<5B@0<8 <0NBP 
1CB8 =>@<0;V7>20=V.  

�0;V 2AV FV 02B><>1V;V ?>B@V1=> @>74V;8B8 =0 :;0AB5@8, 28:>@8AB>2CNG8 
<5B>4 k-A5@54=VE. !0 =0ABC?=><C 5B0?V 287=0G0NBPAO 7=0G5==O ?0@0<5B@V2 
?>HC:C 26820=8E 02B><>1V;V2. �;O FP>3> VA=CNBP 420 >:@5<V A?>A>18, :>65= 7 

https://habr.com/ru/post/430940/
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O:8E <>6=0 28:>@8AB>2C20B8 70 =0O2=>ABV 284V;5=8E :;0AB5@V2.�=0G5==O 
?0@0<5B@V2 ?>HC:C <>6CBP 287=0G0B8AO >?8BC20;P=8:>< 01> 7=0G5==O<8 
?0@0<5B@V2 >4=>3> 7 02B><>1V;V2. &>4V B0:89 02B><>1V;P ?@54AB02;Oє A>1>N 
?@8:;04 4;O ?>HC:C. !0 =0ABC?=><C 5B0?V 2V41C20єBPAO ?>HC: 02B><>1V;O, 
?>4V1=>3> 4> 40=>3>. /:I> 70?>2=NєBPAO >?8BC20;P=8:, B> >B@8<0=V 2V4?>2V4V =0 
70?8B0==O ?5@52>4OBPAO 70 4>?><>3>N <0A82C ?@028; A =0 7=0G5==O ?0@0<5B@V2. 
&>4V 2AV 7=0G5==O ?0@0<5B@V2 D>@<CNBP :@0?:C 2 ?@>AB>@V ?>HC:C. �V4?>2V4=> =0 
=0ABC?=><C 5B0?V @50;V7CєBPAO ?>HC: 02B><>1V;V2, O:V 2V4?>2V40NBP F8< 
?0@0<5B@0< ?>HC:C.!0 =0ABC?=><C 5B0?V >1G8A;NєBPAO 2V4AB0=P 2V4 287=0G5=>W 
:@0?:8 2 ?@>AB>@V 4> :>6=>3> 7 k :;0AB5@V2. �;0AB5@, O:89 <0є =09<5=HC 
2V4AB0=P, 287=0єBPAO ?5@5<>6F5<. ' @57C;PB0BV 5:75<?;O@8, O:V 287=0G0NBP 
0:B82=V >3>;>H5==O 7 40=>3> 284V;5=>3> :;0AB5@C, ?>25@B0NBPAO O: <0A82 
@57C;PB0BV2 ?>HC:C B. #VA;O FP>3> 5;5<5=B8 2 <0A82V @57C;PB0BV2 ?>HC:C B 
A>@BCNBPAO 70 71V;PH5==O< 2V4AB0=V 2V4 7040=>W :@0?:8 2 ?@>AB>@V 4> :>6=>3> 7 
5:75<?;O@V2 :;0AB5@0. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Used Vehicle Market Size, Trends. Forecast Report, 2021-2021 

[Electronic resource]. – Access mode : 

https://www.fortunebusinessinsights.com/used-vehicle-market-104665. 

2. Global Used Vehicle Market Size [2021-2028] to Reach USD 1,969.72 

Billion with a CAGR of 1.79% [Electronic resource]. – Access mode : 

https://finance.yahoo.com/news/global-used-vehicle-market-size-084200676.html. 
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%�%&� � #��&$� �� %#�����%!����  
����&"���$&�$!�) �'��!��� 

' ACG0A=><C A2VBV VA=Cє B5=45=FVO ?5@5E>4C 2AVE AD5@ 3>A?>40@N20==O C 
F8D@>2C ?;>I8=C. !5 ><8=C;> F5 9 AD5@C 68B;>2>-:><C=0;P=>3> 
3>A?>40@AB20 (���).  8 <>65<> 10G8B8 70@07, I> C 1V;PH>ABV =04020GV2 
:><C=0;P=8E ?>A;C3, C?@02;ONG8E :><?0=V9, є 2;0A=V A09B8 7 >A>18AB8<8 
:01V=5B0<8 4;O :>@8ABC20GV2. 

!0 AP>3>4=V >19є4=0==O A?V22;0A=8:V2 1030B>:20@B8@=>3> 1C48=:C 
("%��) – F5 ACG0A=89 B0 4C65 3=CG:89 A?>AV1 3>A?>40@N20==O. �> B>3> 6 2V= 
<0:A8<0;P=> 2V4?>2V40є 45@602=V9 ?>;VB8FV 45F5=B@0;V70FVW [1]-[2].  
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� <5B>N ?>:@0I5==O >1;V:C @>1>B8 "%�� 1C;> @>7@>1;5=> >=;09=-

A5@2VA=89 70AB>AC=>: 4;O A?V22;0A=8:V2 1030B>:20@B8@=>3> 1C48=:C, O:89 
CAC20є 1V;PHVABP =54>;V:V2 265 VA=CNG8E 3>B>28E ?@>3@0<=8E ?@>4C:BV2. 
$>7@>1;5=89 70AB>AC=>: ?@>AB89 B0 040?B>20=89 4> 28:>@8AB0==O =0 
?>@B0B82=8E ?@8AB@>OE.  

"A=>2=8<8 :><?>=5=B0<8 70AB>AC=:C є: 
– >A>18AB89 :01V=5B; 
– @>74V; 4;O 3>;>AC20==O B0 ?@>?>78FV9, >3>;>H5=P, ?>2V4><;5=P G8 

72VBV2 3>;>28, :5@CNG>3>, 1CE30;B5@0 B0 V=H>W <>6;82>W 04<V=VAB@0FVW.  
�0AB>AC=>: ?>1C4>20=89 70 0@EVB5:BC@>N REST, I> 3>2>@8BP ?@>B5, I> 

270є<>4VO <V6 :;Vє=BAP:>N B0 A5@25@=>N G0AB8=0<8 2V41C20єBPAO ?> 
?@>B>:>;C HTTP. /: :;Vє=BAP:0, B0: V A5@25@=0 G0AB8=8 1C;8 @>7@>1;5=V =0 
<>2V ?@>3@0<C20==O JavaScript. 

�;O @50;V70FVW :;Vє=BAP:>W G0AB8=8 70AB>AC=:0 1C;> 28:>@8AB0=> 
D@59<2>@: Vuejs. *5 ACG0A=89 D@59<2>@:, @>7@>1;5=89 4;O AB2>@5==O 
V=B5@D59AV2 :>@8ABC20G0. %5@25@=0 G0AB8=0 1C;0 @50;V7>20=0 70 4>?><>3>N 
D@59<2>@:0 Express 4;O 70AB>AC=:V2 Node.js. 

�;O =040==O B0 2V4A;V4:>2C20==O 4>ABC?C 2 70AB>AC=:C 28:>@8AB0=> 
?@8=F8? 02B5=B8DV:0FVW :>@8ABC20GV2 =0 >A=>2V 42>E B0: 720=8E «B>:5=V2». 

#VA;O 240;>3> ?@>E>465==O ?@>F5AC @5єAB@0FVW B0/01> 02B>@870FVW 
:>@8ABC20G >B@8<Cє 4>ABC? 4> >A>18AB>3> :01V=5BC, 45 <0є =0ABC?=V <>6;82>ABV: 

– ?5@53;O4 0:B82=8E >3>;>H5=P 2V4 04<V=VAB@0FVW; 
– ?5@53;O4 AB0B8AB8:8 A?>6820=P 5=5@3>@5AC@AV2; 
– 4>4020==O 40=8E 4;O D>@<C20==O AB0B8AB8:8; 
– AB2>@5==O B0 ?5@53;O4 0:B82=8E 3>;>AC20=P. 
�:BC0;P=VABP @>7@>1:8 >1C<>2;5=0 ACG0A=8<8 B5=45=FVO<8 4> 

F8D@>2V70FVW 2AVE D>@< 3>A?>40@N20==O, CA:;04=5=VABP :><C=V:0FVW <V6 
A?V22;0A=8:0<8 B0 04<V=VAB@0FVєN 2 C<>20E :0@0=B8==8E G8 V=H8E >1<565=P 
B0 28<>30< ?@>7>@>ABV >1V3C A?V;P=8E :>HBV2. �8I5=0720=V ?@>1;5<8 
28@VH5=V 70 4>?><>3>N AB2>@5==O V=AB@C<5=BV2 48AB0=FV9=>3> 
:><C=V:C20==O, 3>;>AC20=P, @V7=>3> @>4C >1;V:V2 40=8E B>I>. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �0:>= ':@0W=8 «#@> >19є4=0==O A?V22;0A=8:V2 1030B>:20@B8@=>3> 
1C48=:C» № 2866-III, 2V4 29.11.01 @. (7V 7<V=0<8 V 4>?>2=5==O<8) 
[�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C : 
http://zakon1.rada.gov.ua/laws/show/2866-14 

2. �0:>= ':@0W=8 «#@> 2=5A5==O 7<V= 4> 45O:8E 70:>=>402G8E 0:BV2 
I>4> ?V428I5==O O:>ABV C?@02;V==O 1030B>:20@B8@=8<8 1C48=:0<8 B0 
24>A:>=0;5==O 4VO;P=>ABV >19є4=0=P A?V22;0A=8:V2 1030B>:20@B8@=>3> 
1C48=:C» № 2606, 2V4 16.12.2019 @. [�;5:B@>==89 @5AC@A]. – $568< 4>ABC?C : 
http://search.ligazakon.ua/l_doc2.nsf/link1/JI00959A.html 
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3. �02@8;>2 %.�. %8AB5<0 «-:>B5;» – 2A5284OI89 
3;07:><?;5:A=>902B><0B878@>20==>9A8AB5<O ��) / %.�. �02@8;>2, �.�. 
�40=>28G // �8;8I=>5 8 :><<C=0;P=>5E>7O9AB2>. – 2008. – �O?. 10. – %. 27–
31. 
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� :>6=8< @>:>< ?@8A:>@NєBPAO @>728B>: =59@><5@56 V 71V;PHCєBPAO 
WE=V9 2?;82 =0 ACA?V;PAB2>, 7>:@5<0 70 @0EC=>: 2?@>20465==O  A8AB5< 
@>7?V7=020==O >1@07V2. 

!59@><5@560 (! ) – F5 <0B5<0B8G=0 <>45;P C 283;O4V ?@>3@0<=>3> B0 
0?0@0B=>3> 2BV;5==O, I> 1C4CєBPAO =0 ?@8=F8?0E DC=:FV>=C20==O 
1V>;>3VG=8E =59@><5@56. !  740B=V 4> =02G0==O, 7024O:8 G><C WE <>6=0 
>?B8<V7C20B8 B0 <0:A8<0;P=> 71V;PHC20B8 DC=:FV>=0;P=VABP. 

!>2V 2848 0@EVB5:BC@8 =59@>==8E <5@56 28=8:0NBP ?>ABV9=>, V 2 =8E 
AB0є A:;04=> >@Vє=BC20B8AP. )>G0 2AV 2>=8 ?@54AB02;5=V O: C=V:0;P=V, 
1V;PHVABP 7 =8E <0NBP 701030B> >4=0:>28E >7=0: 01> є 2V430;C65==O< V=H8E 
VA=CNG8E <5@56. 

�> H8@>:>W 0C48B>@VW 4>E>4OBP ;8H5 3CG=V 28?04:8 70AB>AC20==O 
=59@><5@56. !0A?@024V, =59@><5@56V I>4=O 28:>=CNBP 1V;PH 206;82V 
70240==O. !0?@8:;04, 0;3>@8B< Brain =0 >A=>2V =59@><5@56 I>4=O ?@0FNє 
=04 A8AB5<>N @5:><5=40FV9 YouTube. �@V< B>3>, VA=CNBP V 157;VG V=H8E 
?@87=0G5=P 4;O =59@><5@56. $>7?V7=020==O >AV1 =0 4>?><>3C ?>;VFVW, 
AB2>@5==O 1V;PH A?@>I5=8E V=AB@C<5=BV2 4;O ?>;53H5==O @V7=8E 284V2 
4VO;P=>ABV, 02B><0B870FVO @V7=8E B@C4>28E ?@>F5AV2.  

"48= V7 A?>A>1V2 @>7?V7=0B8 >1@07 – 7=09B8 :>=BC@ >19є:B0 B0 4>A;V48B8 
9>3> 2;0AB82>ABV. �0 F8< ?@8=F8?>< ?@0FNє <5B>4 �V>;0-�6>=A0 7 
28:>@8AB0==O< >7=0: )00@0. "7=0:8 – F5 =01V@ 35><5B@8G=8E DV3C@ V7 G>@=>-
1V;8< 2V75@C=:><, WE I5 =07820NBP <0A:8. �>=8 4>?><030NBP 7=09B8 <56V 
1C4P-O:>W D>@<8, =0?@8:;04, >1@8A8 >1;8GGO, ;V=VW 1@V2, =>A0 01> @>B0. 

� @>7@>1;5=><C 70AB>AC=:C 1C;> <>45@=V7>20=> <5B>4 >1@>1:8 
7>1@065==O, H;OE>< 70AB>AC20==O ?5@5@>1;5=>3> <5B>4C �V>;0-�6>=A0 70 
4>?><>3>N >7=0: )00@0. 

� @57C;PB0BV AB2>@5=> ?@>3@0<=89 45A:B>?=89 70AB>AC=>:, O:89 
>1@>1;Nє >B@8<0=5 7>1@065==O 01> 2V45>?>BV: B0 287=0G0є :V;P:VABP >AV1 =0 
=5W 70 4>?><>3>N 2V7C0;P=>3> 2V4>1@065==O @0<:>N. 
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'�� 004.492.2  
�59=530 �...1, -5@18=0".".2 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �!&-121 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

���!��� �..., -�$��!�".". 

"��/�  �&"��� �"$"&Ь�� � SQL-�!’Є�*�/ � 

SQL-V=9є:FVO – F5 2@07;82VABP, O:0 4>72>;Oє <0=V?C;N20B8 40=8<8 7 1078 
40=8E (G8B0B8, 4>4020B8, 7<V=N20B8, 70?8AC20B8) 70 4>?><>3>N <>28 SQL. �0=0 
V=9є:FVO <>65 ?@8725AB8 4> 28B>:C :>=DV45=FV9=>W V=D>@<0FVW, 2B@0B8 40=8E 01> 
:@04V6:8 3@>H59. !091V;PH 2@07;828<8 4> B0:8E SQL-V=9є:FV9 є 25170AB>AC=:8, 
0 B0:>6 V=HV ?@>3@0<8, O:V ?@0FNNBP 7 1070<8 40=8E [1]. 

#5@H0 704>:C<5=B>20=0 7304:0 ?@> SQL-V=9є:FVW 1C;0 70?8A0=0 2 1998 @>FV 
4>A;V4=8:>< :V15@157?5:8, �65DD>< (>@@VAB0;>< C 6C@=0;V Phrack [2].  ' 9>3> 
AB0BBV [3] >?8A0=> <5B>4 >B@8<0==O :>=DV45=FV9=>W V=D>@<0FVW 70 4>?><>3>N 
SQL-V=9є:FVW 7 107 40=8E =570E8I5=>3> 251A09BC. #@>1;5<0 ;8H0єBPAO 
0:BC0;P=>N V 70@07. �0 40=8<8 :><?0=VW OWASP, I> 709<0єBPAO 70E8AB>< 
25170AB>AC=:V2, >4=VєN 7 =09?>H8@5=VH8E 0B0: =0 ?@>3@0<=5 70157?5G5==O є 
SQL-V=9є:FVO [4]. *5 ?V4B25@46CєBPAO ?@8:;040<8 :><?0=V9, O:V 707=0;8 SQL-

0B0:8: 7-Eleven (2007 @V:), MySpace (2008), Equifax (2017), Vtech (2015) [2]. 

�;O 5D5:B82=>3> 70E8ABC 2V4 SQL-V=9є:FV9 VA=CNBP <5B>48, O:V =02545=V 
=86G5. "48= 7 7030;P=8E <5B>4V2 – F5 28:>@8AB0==O ?0@0<5B@87>20=8E 70?8BV2. 
#0@0<5B@87>20=89 70?8B - F5 70?8B 4> 1078 40=8E, 2 O:><C 40=V ?5@540NBPAO O: 
?0@0<5B@8, 0 =5 21C4>2CNBPAO 2 A0< 70?8B. #0@0<5B@8 70E8I0NBPAO 2V4 SQL-

V=9є:FVW, >A:V;P:8 1C4P-O:89 SQL-:>4, O:89 1C2 22545=89 2 O:>ABV ?0@0<5B@C, 1C45 
@>73;O40B8AO O: 40=V, 0 =5 O: G0AB8=0 70?8BC 4> 1078 40=8E [5]. 

' 28?04:C, O:I> =5 <>6=0 28:>@8AB>2C20B8 ?0@0<5B@87>20=V 70?8B8, B> 
=09:@0I8< ?V4E>4>< є 70157?5G5==O =0;56=>3> 5:@0=C20==O A?5FV0;P=8E 
A8<2>;V2 @O4:0 C 2EV4=8E ?0@0<5B@0E. �:@0=C20==O 2E>4V2 - F5 70E8A=89 
<5E0=V7<, O:89 4>72>;Oє 70?>1V3B8 SQL-V=9є:FVW, :>;8 7;>2<8A=8: 28:>@8AB>2Cє 
A?5FV0;P=> AD>@<>20=89 SQL-70?8B 7 <5B>N >B@8<0B8 =5A0=:FV>=>20=89 4>ABC? 
4> 1078 40=8E 01> 7<V=8B8 WW 2<VAB. ' ?@>F5AV 5:@0=C20==O 2E>4V2 2AV 2EV4=V 40=V, 
O:V<>6CBP <VAB8B8 H:V4;82V A8<2>;8, 1C4CBP 284>7<V=5=V. !0?@8:;04, O:I> 
?@>3@0<0 >B@8<Cє 2V4 :>@8ABC20G0 9>3> V<9O, B> ?5@54 B8<, O: 28:>@8AB>2C20B8 
9>3> 2 SQL-70?8BV, =5>1EV4=> ?@81@0B8 A?5FV0;P=V A8<2>;8, B0:V O: >48=0@=V 
;0?:8, O:V <>6CBP 1CB8 28:>@8AB0=V 4;O 22545==O H:V4;82>3> :>4C [5]. 

"4=8< 7 V=AB@C<5=BV2 70?>1V30==O SQL-V=9є:FVO<8 є ORM(>19є:B=>-
@5;OFV9=52V4>1@065==O/?5@5B2>@5==O). ORM – F5 V=AB@C<5=B, O:89 :>=25@BCє 
SQL-:><0=48 2 :>4 <>28 ?@>3@0<C20==O V =02?0:8, >4=0: 28:>@8AB0==O ORM=5 
@>18BP ?@>3@0<=89 ?@>4C:B 02B><0B8G=> 70E8I5=8< 2V4 SQL-V=9є:FVW [5]. 

 5B>4 Sanitizingin puts (A0=VB870FVO 2E>4V2) 70AB>A>2Cє ?@>F5A 20;V40FVW 
2EV4=8E 40=8E, I>1 ?5@5:>=0B8AO, I> 2>=8 2V4?>2V40NBP ?>B@V1=><C D>@<0BC 
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01> B8?C 40=8E. !0?@8:;04, ?5@52V@:0 ?>;O 5;5:B@>==>W 04@5A8 =0 =0O2=VABP 
>1>29O7:>28E 40=8E 01> 2840;5==O ?@>1V;V2 B0 A8<2>;V2 =>2>3> @O4:0, 45 2>=8 
=54>@5G=V. 

�B0:8 SQL-V=9є:FV9є A5@9>7=>N 703@>7>N :V15@157?5FV. &><C 70AB>AC20==O 
<5B>4V2 1>@>BP18 7 SQL-V=9є:FVO<8 4>72>;8BP ?@>3@0<VAB0< 7@>18B8 A2V9 
?@>4C:B 1V;PH 70E8I5=8< B0 5D5:B82=8<.&@510 707=0G8B8, I> 28:>@8AB0==O 
O:>3>AP ;8H5 >4=>3> <5B>4C =5 7<>65 ?>2=VABN 70E8AB8B8 ?@>3@0<=89 ?@>4C:B. 
�;O 1V;PH>W 5D5:B82=>ABV 20@B> :><1V=C20B8 =02545=V <5B>48. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. WhatIs SQL Injection? Identification & Prevention Tips [Electronic 

recourse]. – Access mode : https://www.varonis.com/blog/what-is-sql-injection. 

2. What is the history of SQL injections? [Electronic recourse]. – Access 

mode : https://www.malwarebytes.com/sql-

injection#:~:text=The%20SQL%20injection%20exploit%20was,researcher%20and

%20hacker%20Jeff%20Forristal. 

3. The Internet Explained, Part III: The SQL Tutorial [Electronic recourse]. – 
Access mode : http://phrack.org/issues/54/8.html#article  

4. OWASP Top 10:2021 [Electronic recourse]. - Access mode : 

https://owasp.org/Top10/  

5. Protecting against sqlinjection [Electronic recourse]. - Access mode : 

https://www.hacksplaining.com/prevention/sql-injection. 

 

 

'�� 004.02: 004.43 
�59=8: �.�.1, �59=530 �...2 
1 ABC4. 3@. �!&-121 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

���!�� �.�., ���!��� �... 

 "����"%&� #���&' SCIPY ��/ $"��’/��'  
%'+�%!�)  �&� �&�+!�) ����+ 

Python – ACG0A=0 ?>BC6=0 28A>:>@V2=520 :@>A?;0BD>@<=0 <>20 
?@>3@0<C20==O, O:0 AB0є 2A5 1V;PH ?>?C;O@=>N 7024O:8 ?@>7>@><C V ;>3VG=><C 
A8=B0:A8AC B0 =0O2=>ABV :@>A?;0BD>@<=8E 28A>:>5D5:B82=8E ?0:5BV2 
@>7H8@5==O. "4=8< 7 =8E є ?0:5B SciPy. *5 ?0:5B 7 2V4:@8B8< 28EV4=8< :>4><, 
?@87=0G5=89 4;O 28@VH5==O =0C:>28E B0 <0B5<0B8G=8E 7040G. �V= ?>1C4>20=89 
=0 107V NumPy (?0:5B 4;O 715@565==O 40=8E <0A82V2 B0 >?5@0FVW 7 =8<8) B0 
4>72>;Oє :5@C20B8 40=8<8, 0 B0:>6 2V7C0;V7C20B8 WE 70 4>?><>3>N @V7=8E 
28A>:>@V2=528E :><0=4.  

SciPy 28:>@8AB>2CєBPAO<0B5<0B8:0<8, D0EV2FO<8 7 Data Science, Big Data, 
HBCG=>3> V=B5;5:BC B0 0=0;VB8:0<8 40=8E 4;O: 
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– A:;04=8E <0B5<0B8G=8E @>7@0EC=:V2; 
– ?@>2545==O =0C:>28E 4>A;V465=P, 45 ?>B@V1=5 28:>@8AB0==O ?>3;81;5=>W 

<0B5<0B8:8; 
– 3;81>:>3> 0=0;V7C 40=8E, V=B5@?>;OFVW B0 V=H8E <5B>4V2 @>1>B8 7 

V=D>@<0FVєN; 
– <0H8==>3> =02G0==O B0 AB2>@5==O <>45;59 HBCG=>3> V=B5;5:BC, 

?@>3=>7C20==O B0 ?>1C4>28 <>45;59; 
– D>@<C20==O 42>28<V@=8E B0 B@828<V@=8E 3@0DV:V2, O:V <>6=0 ?>BV< 

2V7C0;V7C20B8 (70 4>?><>3>N V=H8E 1V1;V>B5:). 
 >6;82>ABV ?0:5BC @>7?>4V;5=V 70 :V;P:><0 <>4C;O<8 01> ?V4?0:5B0<8, O:V 

>19є4=0=V ?@87=0G5==O<. *5 40є <>6;82VABP 4;O 5:>=><VW @5AC@AV2 ?V4:;NG8B8 
?>B@V1=C G0AB8=C 70<VABP ?>2=>3> ?0:5BC. &0: :>4 1C45 5D5:B82=VH8<, 0 9>3> 
=0?8A0==O – 7@CG=VH8<. 

�0;V ?5@5;VG5=V >A=>2=V <>4C;V SciPy B0 <>6;82V 30;C7V WE 70AB>AC20==O. 
�;0AB5@=89 <>4C;P (scipy.cluster) <VAB8BP ?V4<>4C;V: 
– scipy.cluster.vq – 0;3>@8B<8 :;0AB5@870FVW, I> :>@8A=V 2 B5>@VW V=D>@<0FVW, 

28O2;5==V FV;59, 729O7:C, AB8A=5==V 40=8E B0 V=H8E >1;0ABOE; 
– scipy.cluster.hierarchy =040є DC=:FVW 4;O Vє@0@EVG=>W B0 03;><5@0B82=>W 

:;0AB5@870FVW. �>3> DC=:FVW 2:;NG0NBP AB2>@5==O Vє@0@EVG=8E :;0AB5@V2 7 
<0B@8FP 2V4AB0=V, >1G8A;5==O AB0B8AB8:8 :;0AB5@V2, @>7@V70==O 729O7:V2 4;O 
AB2>@5==O ?;0A:8E :;0AB5@V2 V 2V7C0;V70FVN :;0AB5@V2 70 4>?><>3>N 45=4@>3@0<. 

�є@0@EVG=0 :;0AB5@870FVO є <5B>4>< 0=0;V7C 40=8E, O:89 28:>@8AB>2CєBPAO 
4;O 3@C?C20==O >19є:BV2 2 :;0A8 =0 >A=>2V WE ?>4V1=>ABV. 

 >4C;P :>=AB0=B (scipy.constants) <VAB8BP C A>1V 157;VG DV78:>-
<0B5<0B8G=8E :>=AB0=B B0 >48=8FP, O:V 28:>@8AB>2CNBPAO 2 DV78G=8E B0 
<0B5<0B8G=8E @>7@0EC=:0E. 

 >4C;P =01>@V2 40=8E (scipy.datasets) 28:>@8AB>2Cє B0 70;568BP 2V4 Pooch, 
?0:5B0 Python, AB2>@5=>3> 4;O A?@>I5==O >B@8<0==O D09;V2 40=8E. Pooch 
28:>@8AB>2Cє FV AE>28I0 4;O >B@8<0==O 2V4?>2V4=8E D09;V2 =01>@C 40=8E ?V4 
G0A 28:;8:C DC=:FVW =01>@C 40=8E. 

 >4C;P >?B8<V70FVW B0 ?>HC:C :>@5=V2 (scipy.optimize) <VAB8BP DC=:FVW 4;O: 
<V=V<V70FVW (01> <0:A8<V70FVW) FV;P>28E DC=:FV9, <>6;82> 7 >1<565==O<8,  
@>729O7C20==O =5;V=V9=8E 7040G (7 ?V4B@8<:>N ;>:0;P=8E V 3;>10;P=8E 0;3>@8B<V2 
>?B8<V70FVW), @>729O7C20==O 7040G ;V=V9=>3> ?@>3@0<C20==O, @50;V70FVW ;V=V9=>3> B0 
=5;V=V9=>3> <5B>4V2 =09<5=H8E :204@0BV2, ?>HC:C :>@5=O @V2=O==O B0 ?V43>=:8 
:@82>W. �0AB>AC20==O FP>3> <>4C;N <>65 1CB8 :>@8A=8< 2 @V7=8E 30;C7OE, B0:8E 
O:: <0H8==5 =02G0==O, >?B8<V70FVO 28@>1=8G8E ?@>F5AV2, DV=0=A>289 0=0;V7. 

 >4C;P V=B5@?>;OFVW (scipy.interpolate) <VAB8BP A?;09=-DC=:FVW B0 :;0A8, 
>4=>28<V@=V B0 1030B>28<V@=V :;0A8 V=B5@?>;OFVW, ?>;V=><V0;P=V V=B5@?>;OB>@8 
�03@0=60 B0 &59;>@0 B0 >1>;>=:8 4;O DC=:FV9 FITPACK V DFITPACK. 
�=B5@?>;OFVO 28:>@8AB>2CєBPAO 2 @V7=8E 30;C7OE, B0:8E O:: =0C:0 B0 V=65=5@VO, 
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:0@B>3@0DVO B0 35>457VO, DV=0=A8 B0 5:>=><V:0, :><?9NB5@=0 3@0DV:0, <548G=0 
B5E=>;>3VO. �=B5@?>;OFVO є 206;828< V=AB@C<5=B>< 4;O 7=0E>465==O B>G=8E 
7=0G5=P B0<, 45 =5<0є 4>A8BP 40=8E, I> 4>72>;Oє 7<5=H8B8 ?>E81:C 2 >1@0EC=:0E 
B0 0=0;V7V 40=8E. 

"?8A0=89 ?5@5;V: <>6;82>AB59 ?0:5BC =5 є 28G5@?=8<. �8:>@8AB0==O 
SciPyє 4C65 :>@8A=8< V  4;O ?>3;81;5=>3> 282G5==O <0B5<0B8:8, V 4;O 
?@>2545==O A:;04=8E @>7@0EC=:V2. !0C:>2V ?@>3@0<8, O:V 28:>@8AB>2CNBP SciPy, 
>B@8<CNBP ?5@52038 2V4 @>7@>1:8 4>40B:>28E <>4C;V2 C 1030BP>E =VH0E 
?@>3@0<=>3> 70157?5G5==O @>7@>1=8:0<8 7 CAP>3> A2VBC. #@>3@0<VAB0< =0 Python 
4>ABC?=5 2A5, 2V4 ?0@0;5;P=>3> ?@>3@0<C20==O 4> 251-?@>3@0< V ?V4?@>3@0< V 
:;0AV2 107 40=8E. 'AO FO ?>BC6=VABP 4>ABC?=0 =0 4>40B>: 4> <0B5<0B8G=8E 
1V1;V>B5: C SciPy. 

 

 

'�� 004.81 
%5@4N: %. .1,2, (V;V??5=:>2 �...3 
1 :0=4. B5E=. =0C:, 4>F. '=V25@A8B5BC HB0BC #5=AV;P20=VO, %,� 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3ABC4. 3@. �!&-129 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%�$�.� %. ., (���##�!�"� �... 

$"�$"��� �!&�$��&��!"�" !��+��Ь!"�"  
��%&"%'!�' «STEM LEARNING» 

 8 6825<> C G0A, :>;8 =0C:0 V B5E=V:0 @>72820NBPAO 7 =59<>2V@=>N 
H284:VABN. �=D>@<0FV9=V B5E=>;>3VW, HBCG=89 V=B5;5:B, @>1>B>B5E=V:0 B0 
1V>B5E=>;>3VW - F5 40;5:> =5 ?>2=89 ?5@5;V: =0410=P =0C:8, O:V <8 A2V4><> G8 
=5A2V4><> 28:>@8AB>2Cє<> :>65= 45=P. 

� ':@0W=V 2 >AB0==V 45:V;P:0 @>:V2 4C65 ?>H8@5=0 ?@0:B8:0 2?@>20465==O 
=02G0;P=8E 48AF8?;V= «STEM» (Science, Technology, Engineering, Mathematics)  2 
>A2VB=V ?@>3@0<8 2AVE B8?V2 H:V;. � =0HV9 45@602V ?>A8;5==O @>;V STEM->A2VB8 є 
>4=8< V7 ?@V>@8B5BV2 <>45@=V70FVW >A2VB8, A:;04>2>N G0AB8=>N ?>;VB8:8 :@0W=8 7 
?V428I5==O @V2=O :>=:C@5=B>A?@><>6=>ABV =0FV>=0;P=>W 5:>=><V:8 B0 @>728B:C 
;N4AP:>3> :0?VB0;C, >4=8< 7 >A=>2=8E D0:B>@V2 V==>20FV9=>W 4VO;P=>ABV C AD5@V 
>A2VB8, I> 2V4?>2V40є 70?8B0< 5:>=><V:8 B0 ?>B@510< ACA?V;PAB20. 

%B2>@5==O V=B5@0:B82=>3> =02G0;P=>3> 70AB>AC=:C, O:89 1C45 4>?><030B8 
?V7=020B8 A2VB STEM =0C: є 0:BC0;P=>N V 4>AB0B=P> ?@V>@8B5B=>N 7040G5N 
AP>3>4=V.   

�;O ?>;53H5==O ?@>F5AC 282G5==O STEM 48AF8?;V= 1C;> AB2>@5=> 
70AB>AC=>: «STEM Learning». *V;P>2>N 0C48B>@VєN є CG=V AB0@H8E :;0AV2 
H:V;.�0AB>AC=>: O2;Oє A>1>N V=B5@0:B82=C =02G0;P=C A8AB5<C, O:0 7 B5E=VG=>W 
B>G:8 7>@C A:;040єBPAO 7 45:V;P:>E H0@V2: 

– :>@8ABC20FP:89 V=B5@D59A (Frontend, UI); 
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– 251-A5@25@ 7 1V7=5A ;>3V:>N B0 107>N 40=8E (Backend); 
– A8AB5<8 7=0=P >:@5<8E STEM 48AF8?;V=. 
�>@8ABC20FP:89 V=B5@D59A - F5 3@0DVG=0 >1>;>=:0 ?@>3@0<=>W A8AB5<8, O:0 

40є 7<>3C 270є<>4VOB8 7 =5N. ' =0H><C :>=:@5B=><C 28?04:C :>@8ABC20FP:89 
V=B5@D59A ?@54AB02;5=89 >:@5<8< ?@>3@0<=8< 70AB>AC=:><, =0?8A0=8< 7 
28:>@8AB0==O< @CHVO Unity V <>28 ?@>3@0<C20==O C#. �81V@ B0:>3> ?@>3@0<=>3> 
AB5:C A?@8O2 B><C, I> 1C;> >B@8<0=> 7@CG=89, B0 5@3>=><VG=89 V=B5@D59A. #@8 
?@>5:BC20==V 7>2=VH=P>3> 283;O4C 4C65 1030B> 7CA8;P B0:>6 1C;> 28B@0G5=> =0 
B5, I>1 7@>18B8 V=B5@D59A 040?B82=8<, B>1B> B0:8<, I> 283;O40є >4=0:>2> 
?@8201;82> =0 ?@8AB@>OE 7 1C4P-O:8<8 @>7<V@0<8 48A?;5W2 (B5;5D>=8, 
:><?9NB5@8, ?;0=H5B8 B>I>). &0:>6 1C;0 4>40=0 ?V4B@8<:0 45:V;P:>E 
;>:0;V70FVW (C:@0W=AP:>W B0 0=3;V9AP:>W), I>1 1V;PH5 ;N459 <>3;8 282G8B8 STEM 
48AF8?;V=8. $>7@>1;5=89 70AB>AC=>: є 01A>;NB=> :@>A?;0BD>@<5==8< V <>65 
1CB8 70?CI5=8< C 1C4P-O:V9 7@CG=V9 4;O :>@8ABC20G0 A5@54V.  

�51-A5@25@, C =0H><C 28?04:C, є A?>;CG=>N ;0=:>N <V6 V=B5@D59A><, 107>N 
40=8E B0 A8AB5<0<8 7=0=P 7V STEM 48AF8?;V=. �V= <VAB8BP 1V7=5A ;>3V:C ?@>3@0<8, 
?@87=0G5=C 4;O: 70157?5G5==O @>1>B8 7 :>@8ABC20G0<8 B0 WE 40=8<8; 71>@C 
AB0B8AB8:8 ?@> CA?VH=VABP CG=V2 B0 WE 4VW; 70?8BV2 4> 1078 40=8E B0 1078 7=0=P; 
03@53C20==O >B@8<0=>W V=D>@<0FVW B0 ?>25@=5==O WW 4> V=B5@D59AC :>@8ABC20G0. 
�51-A5@25@ 4;O 7>2=VH=P>3> A2VBC ?@54AB02;5=89 O: ?@>3@0<=89 V=B5@D59A REST 
API, =0 O:89 <>6=0 =04A8;0B8 HTTP 70?8B8 V >B@8<C20B8 2V4?>2V4V C D>@<0BV 
JSON. �51 A5@25@ @>7@>1;5=> 7 28:>@8AB0==O< D@59<2>@:C ASP.NET Core <>28 
?@>3@0<C20==O %#. �@EVB5:BC@0 251-A5@25@0 <>4C;P=0 V ?@028;P=> >@30=V7>20=0, 
I> 40є <>6;82VABP 4>4020B8 =>289 DC=:FV>=0; C A8AB5<C ;53:> V H284:>. 

!0 40=89 <><5=B C =0HV9 A8AB5<V ?@54AB02;5=0 BV;P:8 48AF8?;V=0 «)V<VO».  
�070 7=0=P 7 EV<VW >@30=V7>20=0 7 28:>@8AB0==O< SWI-Prolog. ' ?V4A8AB5<V 
48AF8?;V=8 «)V<VO» B0:>6 =0;0HB>20=V ?C1;VG=V @>CB8, B><C <8 <>65<> 
2V4?@02;OB8 HTTP 70?8B8 7 =0H>3> 251-A5@25@C 4> FVєW ?V4A8AB5<8. 

�0@07  70AB>AC=>: 7=0E>48BPAO =0 A2>є<C ?>G0B:>2><C 5B0?V: @50;V7>20=> 
107>289 DC=:FV>=0; B0 4>40=0 BV;P:8 >4=0 48AF8?;V=0 «)V<VO». �;5 0:B82=0 
?@0FO =04 9>3> ?>:@0I5==O< 945 :>65= 45=P.  

�;O 48AF8?;V=8 EV<VO =0 40=89 <><5=B 4>40=> 420 >A=>2=8E @>74V;8: 
<5B@8G=89 0=0;V7 B0 282G5==O B01;8FV EV<VG=8E 5;5<5=BV2. �;O >7=09><;5==O 7 
F8<8 @>74V;0<8 ?@54AB02;5=V CG1>2V <0B5@V0;8 V B@5=065@ C 284V 3@8. �AV 
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HUMAN MENTAL ACTIVITY MODELING 

Thinking is an essential feature of the human brain. It is the object of study of 

numerous organizations in the world, and the creation of certain model that can 

simulate human cognitive activity has been the goal of many scientists for a long time. 

The research object of this work is the process of human thinking. The 

research subject is the software that will allow modeling human thinking process. 

The goal of this work is development of software that will allow modeling 

the human thinking system based on p-adic trees. 

P-adic metric, constructed described by Kurt Hensel, is a sequence of 

numbers, which describes the distance between the ideas, which are processed by 

the brain, and defines associative thinking. It has been used before [1]. According 

to this model, the brain is divided into the areas of the consciousness and 

subconsciousness, which are controlled by the corresponding centers (CCC and 

CCS). 

The information J0, which is received from the external environment by the 

human analyzers, can be presented as a p-adic number. This information passes 

through CCC to the set of processors of thinking  located in the CCS, after which 

it is transformed into an idea-attractor J. 

Ideas that have become too interesting or too forbidden throughout existence 

of the individual and gaining experience by them are stored in the long-term 

memory (LM) in the database of the interesting ideas (Di) and in the database of 

the forbidden ideas (Df) respectively.  

Therefore, the obtained solution J is sent to the working memory (WM), 

specifically to the comparator (COMc), where the distance to Di and Df is 

measured by formula (1) [1]: 

 ( )
,

1
,

km
m

yx =  (1)  

where x, y − sequences of numbers with a base m > 1, k − position, which x and y 

have different numbers on. 

Further, the measures of interest I(J), countermeasure F(J), coherence T(J), 

and the strength of the idea S(J) are calculated according to formulas (2) - (5): 
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fDJ
JF

+
=  (3)  

 ( ) )(*)(* JFbJIaJT −=  (4) 

 ( ) )(*)(* JFdJIcJS += , (5) 

where a, b, c, d > 0 − are parameters of the thinking system [1]. 

Calculated parameters are compared to the appropriate thresholds, which are 

individual for each person and can be calculated with the passing certain 

psychological tests, and afterwards added to the model.  

The idea is either deleted or included in the area of doubts (Od) or to the 

accumulator of ideas awaiting implementation (Q) in accordance with the result of 

the calculations. In addition, it can be included in the LM (Di or Df respectively), 

where, in turn, can be deleted under the influence of time (formulas (6) – (8)): 

 ( ) memmem IJIttlJtI ü−= )(*)(, 0
 (6) 

 ( ) memmem FJFttlJtF ü−= )(*)(, 0
, (7) 

 ( ) memmem SJSttlJtS ü−= )(*)(, 0
, (8) 

where Imem, Fmem, Smem − thresholds of deleting from LM, lmem(0) = 1 and lmem 

decrease with the increase of t. 

The developed software should reflect the work of the described model of 

thinking, allow a user to set individual parameters with the user interface and 

explore reactions and choices based on the individual characteristics of subjects. 
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