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GERMAN EXPERIENCE IN INTEGRATING BIM TECHNOLOGY INTO 

THE CONSTRUCTION INDUSTRY 

Germany began implementing BIM in 2015 through the Federal Ministry of 

Transport and Digital Infrastructure (BMVI), developing a phased plan. This plan 

included three stages: the preparatory phase (201532017), the extended pilot phase 

(201732020), and implementation starting in 2020. Since January 2021, BIM has 

been mandatory for public infrastructure contracts, and by the end of 2022, it be-

came required for building construction. 

 

 
Figure 1 3 The concept of BIM implementation based on German experience 

 

As of 2025, BIM is mandatory for projects exceeding certain thresholds: in-

frastructure projects from €25 million and building projects from €10 million. BIM 
Deutschland launched its second phase after August 2023, focusing on support, 

digital twins, and adaptation for various stakeholders. However, challenges remain: 

a shortage of experts, software compatibility issues, and resistance to change with-

in the industry [1]. 

The BIM Deutschland initiative, launched in 2019 jointly by the Federal 

Ministry of Transport and Digital Infrastructure (BMDV) and the Federal Ministry 
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of Housing, Urban Development and Building (BMWSB), entered its second phase 

after August 2023. As reported in the article [2] press release BIM Deutschland 

started in Phase 2, this phase focuses on: 

• Revising and expanding informational resources about the BIM method-

ology. 

• Creating tailored content for engineers, architects, planners; 

• Planning specialized informational offerings for federal states and munic-

ipalities. 

• Promoting digital twins for buildings and infrastructure; 

• Conducting social media activities and dialogue events for experts. 

• BIM brings significant advantages, as highlighted in the article [3]: 

• 38% of engineering companies reported increased efficiency in construc-

tion work, 30% noted improved preparation, and 23% saw optimized calculations. 

Additionally, 22% of construction companies reported cost reductions. 

• BIM consolidates all information into a single digital twin, providing ac-

cess to all project participants, which saves time and reduces errors. 

• BIM supports climate goals by enabling the assessment of environmental 

impact, CO2 footprint, and recyclability at early stages, reducing resource use. 

The German experience in integrating BIM demonstrates a systematic ap-

proach, starting from pilot projects to mandatory implementation for public con-

tracts. As of 2025, progress is significant, but challenges such as a shortage of ex-

perts and compatibility issues require further efforts. BIM Deutschland and gov-

ernment support, particularly through digital twins and tailored resources, position 

Germany as a leader in the digitization of the construction industry, offering a 

model for other countries.  

The future will likely involve broader adoption of BIM in the private sector 

and further standardization. 
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?@81CBBO ?0@BV9 20=B06V2, <VAFOE WE 715@V30==O, D>@<C20==O, ?5@5D>@<C20=-

=O, @>7D>@<C20==O, ?5@520;:8 7 >4=>3> 284C B@0=A?>@BC =0 V=H89, A0<5 B0:V 
2C7;8 4>72>;ONBP ?>3;818B8 270є<>4VN <V6 @V7=8<8 2840<8 B@0=A?>@BC B0 
:>=A>;V4C20B8 20=B06>?>B>:8 O: B5E=VG=><C B0: V =0 V=D>@<0FV9=><C @V2=V.  

 C;PB8<>40;P=89 B@0=A?>@B=89 2C7>; <>65 >1’є4=C20B8 2 A>1V 70;V7-
=8G=V AB0=FVW V :>;VW, I> 72’O7CNBP FV AB0=FVW, <>@AP:V B0 @VG:>2V ?>@B8, 05@>-
?>@B8, 2>:70;8, 02B><>1V;P=V 4>@>38, :V=F52V B0 ?@><V6=V >1’є:B8 <03VAB@0;P-
=8E B@C1>?@>2>4V2. &0:V 2C7;8, O: ?@028;>, D>@<CNBPAO =0 <VAFOE @>7D>@<C-
20==O 20=B06>?>B>:V2 B0 2 <VAFOE ?5@520;:8 20=B06V2. 

�<V=0 B@0=A?>@B=8E ?>B>:V2 B0 є2@>V=B53@0FVO ':@0W=8 AB8<C;Nє @>728-
B>: B@0=A?>@B=>-A:;04AP:>W A8AB5<8 70EV4=>W B0 ?V245==>-70EV4=>W G0AB8=8 
:@0W=8. !0 <VAFOE 265 VA=CNG8E =525;8:8E ?5@520=B06C20;P=8E 2C7;V2 AB2>-
@NNBPAO 25;8:V <C;PB8<>40;P=V B@0=A?>@B=V 2C7;8 (@8A. 1).  

 

 
$8AC=>: 1 3 $>71C4>20 B@0=A?>@B=>3> 2C7;0 
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!0 @8A. 1 =02545=V =0ABC?=V C<>2=V ?>7=0G5==O: 0 3 2C7>; 4> @>71C4>28, 
1 3 2C7>; ?VA;O @>71C4>28; 1 3 :>;VW H8@8=>N 1435 <<, 2 3 :>;VO H8@8=>N 
1520 <<, 3 3 ?@89<0;P=>-2V4?@02=89 ?0@:, 4 3 02B><>1V;P=89 ?V4’W74; 5 3 
A:;04AP:5 ?@8<VI5==O 01> =020=B06C20;P=89 <0940=G8:; 6 3 =020=B06C20;P-
=>-@>720=B06C20;P=V <5E0=V7<8; 7 3 =>2V A:;04AP:V ?@8<VI5==O. 

$>71C4>20 2C7;V2 2:;NG0є 2 A515: @>71C4>2C :>;V9=>3> @>728B:C 7 >4=>-
G0A=8< 71V;PH5==O< 270є<>4VW :>;V9 @V7=>W H8@8=8; 1C4V2=8FB2> =>28E 
A:;04AP:8E ?@8<VI5=P 01> <0940=G8:V2; 1C4V2=8FB2> =>28E 02B><>1V;P=8E 
?V4’W74V2; 28:>@8AB0==O =>28E 1V;PH ?>BC6=8E <5E0=V7<V2 ?5@520=B065==O 
20=B06V2. 

#@8 @>71C4>2V ?@>є:BC20;P=8:8 AB8:0NBPAO 7 25;8:>N :V;P:VABN ?@>-
1;5<: @>71C4>20 28:>=CNBPAO =0 265 701C4>20=8E B5@8B>@VO; ?@8 1C4V2=8FB2V 
?>2=VABN 01> G0AB:>2> ?@8?8=ONBP =020=B06C20;P=>-@>720=B06C20;P=C @>-
1>BC =0 265 VA=CNG><C >1’є:BV; 7@>AB0є ?>B@510 2 5=5@3>@5AC@A0E; 71V;PHC-
єBPAO =530B82=89 2?;82 =0 =02:>;8H=є A5@54>28I5. 

"B65, 4;O @>71C4>28 2C7;V2 =5>1EV4=> ?@>2>48B8 0=0;V7 B5@8B>@VW 7 28-
:>@8AB0==O< =>2VB=VE <5B>4V2 0=0;V7C B0 <>45;N20==O ?@>AB>@>28E 40=8E. 
�1V;PH5==O <0940=G8:V2 4;O 20=B06C <>6CBP 71V;PH8B8 =020=B065==O =0 
ґ@C=B, 0 >B65 ?5@H>G5@3>2> ?5@54 @>71C4>2>N =5>1EV4=> ?@>25AB8 V=65=5@-
=>-35>;>3VG=V 4>A;V465==O V, 70 ?>B@51>N, ?@>25AB8 @>1>B8 ?> ?>A8;5==N 
ґ@C=BC. 

#>B@510 C 4>40B:>28E 5=5@3>@5AC@A0E <>65 28@VHC20B8AP 70 45:V;P:><0 
=0?@O<0<8: 70<V=0 AB0@8E =020=B06C20;P=>-@>720=B06C20;P=8E <0H8= B0 
<5E0=V7<V2 =0 1V;PH ACG0A=V B0 5=5@3>5D5:B82=V; 28:>@8AB0==O 2V;P=8E ?;>I 
01> 40EV2 A:;04V2 4;O 2AB0=>2;5==O A>=OG=8E ?0=5;59, I> B0:>6 ?>78B82=> 
2?;820є =0 5:>;>3VG=89 AB0=; 28:>@8AB0==O C 1C4V2=8FB2V ACG0A=8E 5=5@3>5-
D5:B82=8E B0 5:>;>3VG=8E <0B5@V0;V2. 

�06;828< 5;5<5=B>< @>71C4>28 є 30@<>=V9=5 ?>є4=0==O B@0=A?>@B=8E 
?>B>:V2 @V7=>3> 284C B@0=A?>@BC B0 7@CG=89 4>ABC? 4> A:;04V2 B0 =020=B06C-
20;P=8E <0940=G8:V2. �0;V7=8G=V :>;VW B0 02B><>1V;P=V 4>@>38 1C4CNBPAO 7 
4>B@8<0==O< =>@<0B82=8E =>@< 7 <V=V<0;P=8<8 3010@8B=8<8 =>@<0<8 4;O 
B@0=A?>@BC. 

$>71C4>20 4>72>;Oє 71V;PH8B8 >1AO38 ?5@520=B065==O 20=B06V2 2 @078 
B0 7<5=H8B8 28B@0B8 2 ?5@5@0EC=:C =0 1 B>==C 20=B06C.  

' 4>23>AB@>:>2V9 ?5@A?5:B82V AB@0B53VG=0 <>45@=V70FVO V=D@0AB@C:BC@8 
B0 @>71C4>20 B@0=A?>@B=8E 2C7;V2 4>72>;8BP ?@8H284H8B8 5:>=><VG=89 @>7-
28B>:, 4825@A8DV:C20B8 ;>3VAB8G=V <5@56V, ?>71CB8AO AB0@8E B5E=>;>3VG=8E 
10@'є@V2, ?V428I8B8 157?5:>289 B0 5:>=><VG=89 DC=40<5=B8 ?V4?@8є<AB2. 
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'�� 69.051:004 
-5@18=0 %.". 
ABC4. 3@. ���-112_2 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

)5@18=0 %.". 
#�$%#��&��� �#$"�����!!/ $"�"&"&�)!��� � 

�'�����Ь!' ���'�Ь 

$>1>B>B5E=V:0 2 1C4V2=8FB2V AB@V<:> 7<V=Nє 30;C7P, ?@>?>=CNG8 =>2V 
<>6;82>ABV 4;O ?V428I5==O 5D5:B82=>ABV, 157?5:8 B0 7=865==O 28B@0B. 
�?@>20465==O @>1>BV2 4>72>;Oє 02B><0B87C20B8 B@C4><VAB:V ?@>F5A8, 7<5=-
HC20B8 :V;P:VABP 28@>1=8G8E B@02< V >?B8<V7C20B8 @>1>GV ?@>F5A8. "4=0:, 
?>@O4 V7 >G5284=8<8 ?5@52030<8, VA=CNBP V ACBBє2V 28:;8:8: 28A>:V ?>G0B:>2V 
V=25AB8FVW B0 ?>B5=FV9=5 A:>@>G5==O @>1>G8E <VAFP. #@>?>=CєBPAO @>73;O=C-
B8, O: @>1>-B8 B@0=AD>@<CNBP 1C4V25;P=C V=4CAB@VN, O:V ?5@52038 2>=8 ?@8-
=>AOBP, O:V B@C4=>IV 28=8:0NBP =0 H;OEC WE=P>3> 2?@>20465==O B0 I> G5:0є 
=0 FN AD5@C 2 <091CB=P><C. 

"4=VєN 7 :;NG>28E ?5@5203 @>1>B>B5E=V:8 є 02B><0B870FVO A:;04=8E V 
?>2B>@N20=8E 70240=P (@8A. 1). !0?@8:;04, @>1>B Hadrian X [1] C:;040є 4> 
1000 F53;8= =0 3>48=C, ?5@525@HCNG8 ;N48=C (300-500 F53;8= 70 45=P). 3D-

?@8=B5@ ICON Vulcan [2] 4@C:Cє 1C48=>: ?;>I5N 60 <² 70 24 3>48=8, 30@0=-
BCNG8 B>G=VABP V H284:VABP. 

 

 
$8AC=>: 1 3 �8:>@8AB0==O 1C4V25;P=>W @>1>B>B5E=V:8 =0 <0940=G8:C 

 

�C4V2=8FB2> B@048FV9=> 22060єBPAO >4=VєN 7 =09=5157?5G=VH8E 30;C759 
G5@57 @878: B@02<, ?>2’O70=8E V7 206:>N DV78G=>N ?@0F5N G8 @>1>B>N =0 
28A>BV. $>1>B8 15@CBP =0 A515 =09@878:>20=VHV 70240==O, 7<5=HCNG8 9<>2V@-
=VABP =5I0A=8E 28?04:V2: 4@>=8 B0 @>1>B8 4;O :>=B@>;N O:>ABV <>6CBP ?5@5-
2V@OB8 AB0= 1C4V25;P=8E <0940=G8:V2 157 70;CG5==O ;N459 C =5157?5G=V 7>=8. 

!572060NG8 =0 G8A;5==V ?5@52038, 2?@>20465==O @>1>B>B5E=V:8 AB8:0-
єBPAO 7 =87:>N B@C4=>IV2. #5@H 70 2A5, F5 28A>:V ?>G0B:>2V 28B@0B8. �0:C?V2-
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;O, =0;0HBC20==O B0 >1A;C3>2C20==O @>1>B87>20=8E A8AB5< 28<030NBP 7=0G-
=8E V=25AB8FV9, I> <>65 1CB8 =5?>A8;P=8< 4;O <0;8E V A5@54=VE >@30=V70FV9. 

$>1>B>B5E=V:0 @53C;O@=>3> B5E=VG=>3> AC?@>2>4C B0 >=>2;5==O ?@>3@0-
<=>3> 70157?5G5==O, I> B0:>6 4>40є 28B@0B. �@C389 28:;8: 4 ?>B5=FV9=5 
A:>@>G5==O @>1>G8E <VAFP. �2B><0B870FVO <>65 70<V=8B8 ;N4AP:C ?@0FN 2 
1030BP>E AD5@0E, I> 28:;8:0є 70=5?>:>є==O I>4> 709=OB>ABV. )>G0 @>1>B8 
?V428ICNBP ?@>4C:B82=VABP, 2>=8 =5 702648 740B=V 040?BC20B8AO 4> =5AB0=-
40@B=8E 70240=P, 45 ;N4AP:0 V=BCWFVO B0 3=CG:VABP 70;8H0NBPAO =570<V==8<8.  

!0C:>2V 4>A;V465==O [1-4] ?@0FNNBP =04 AB2>@5==O< <>4C;P=8E A8A-
B5<, O:V 1C4CBP 1V;PH 040?B82=8<8 B0 5:>=><VG=> 283V4=8<8. $>728B>: 0;3>-
@8B<V2 :>>@48=0FVW 4>72>;8BP :V;P:>< @>1>B0< ?@0FN20B8 @07><, ?>4V1=> 4> 
7;03>465=>W :><0=48, I> 7=0G=> ?@8A:>@8BP 1C4V25;P=V ?@>F5A8. ' <091CB-
=P><C <8 <>65<> >GV:C20B8 ?>O28 @>1>BV2, O:V =5 ;8H5 28:>=C20B8<CBP DV-
78G=C @>1>BC, 0;5 9 1@0B8<CBP CG0ABP C ?;0=C20==V B0 C?@02;V==V ?@>є:B0<8. 
$>1>B>B5E=V:0 B0:>6 A?@8Oє AB0;><C @>728B:C [3]. �024O:8 B>G=><C 28:>@8A-
B0==N <0B5@V0;V2 V 7<5=H5==N 2V4E>4V2 1C4V2=8FB2> AB0є 1V;PH 5:>;>3VG=8<. 
' ?>є4=0==V 7 V==>20FV9=8<8 B5E=>;>3VO<8, B0:8<8 O: HBCG=89 V=B5;5:B V 
<0H8==5 =02G0==O, @>1>B8 <>6CBP 7@>18B8 30;C7P =5 ;8H5 5D5:B82=VH>N, 
0;5 9 A>FV0;P=> 2V4?>2V40;P=>N. 

$>1>B>B5E=V:0 2 1C4V2=8FB2V 3 A?@026=V9 B5E=>;>3VG=89 ?@>@82, O:89 
>1VFOє @52>;NFV>=V7C20B8 30;C7P. �>=0 ?@8=>A8BP 7=0G=V ?5@52038, B0:V O: 
?V428I5==O ?@>4C:B82=>ABV, 157?5:8 B0 O:>ABV, 0;5 2>4=>G0A 28<030є 28@V-
H5==O A:;04=8E ?8B0=P, ?>2’O70=8E V7 20@BVABN B0 709=OBVABN.  ' <091CB=P>-
<C, 7024O:8 @>728B:C 3=CG:8E A8AB5< V =>28E 0;3>@8B<V2, @>1>B8 AB0=CBP =5-
2V4’є<=>N G0AB8=>N 1C4V25;P=8E <0940=G8:V2, @>1;OG8 ?@>F5A8 H284H8<8, 
157?5G=VH8<8 B0 1V;PH V==>20FV9=8<8. &@0=AD>@<0FVO 30;C7V 265 ?>G0;0AO, V 
1C4V25;P=0 V=4CAB@VO AB>WBP =0 ?>@>7V =>2>W 5@8 02B><0B870FVW. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Dakhli, Zakaria & Lafhaj, Zoubeir. (2017). Robotic mechanical design for 

brick-laying automation. Cogent Engineering. 4. 

10.1080/23311916.2017.1361600. 

2. Palmer, Chris. (2020). 3D Printing Advances on Multiple Fronts. 

Engineering. 6. 10.1016/j.eng.2020.04.005. 

3.  >@75 !. �., �0@G5=:>-&@>F5=:> �. "., �;04C=  . �. "A=>28 @>1>B>-
B5E=V:8. Fundamentals of robotics : =02G. ?>AV1. �8W2. C=-B V<. �>@8A0 �@V=G5=-

:0. �0<'O=5FP-#>4V;PAP:89 ()<5;P=8F. >1;.): �C9=8FP:89 ". �., 2016. 183 A. 
4. Wen Pan. A methodological approach to implement on-site construction 

robotics and automation: a case of Hong Kong. 35th International Symposium on 

Automation and Robotics in Construction (ISARC 2018). Berlin, Germany, 2018. 

$@. 3622369.  
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'�� 004.9:69.009 
�20= �.�.1, �>;5=:> �...2 
1 :0=4. B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-111 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�20= �.�., �>;5=:> �... 
�#��� *�($"��) ����!���� !� #$"*�%� �����!!/ 

�'�����Ь 

�C4V25;P=0 V=4CAB@VO є DC=40<5=B>< @>728B:C V=D@0AB@C:BC@8 B0 C@10-
=V70FVW, 287=0G0NG8 :>=BC@8 <VAP:8E ?@>AB>@V2 V A>FV0;P=8E A8AB5<, C O:8E 
VA=Cє ACG0A=5 ACA?V;PAB2>. #@>B5, ?>?@8 A2>N =570<V==C @>;P, FO 30;C7P 7VH-
B>2ECєBPAO 7 G8A;5==8<8 B@C4=>I0<8, 2:;NG0NG8 A:;04=>IV 2 C?@02;V==V 
?@>є:B0<8, >1<565==O 70 G0A>< V =5>1EV4=VABP >?B8<0;P=>3> 28:>@8AB0==O 
@5AC@AV2. ' :>=B5:ABV F8E 28:;8:V2 V=B53@0FVO V==>20FV9=8E B5E=>;>3V9 2V4:-
@820є =>2V 3>@87>=B8 4;O B@0=AD>@<0FVW 1C4V25;P=>3> A5:B>@C. 

"4=VєN 7 B5E=>;>3V9, I> ?@8A:>@NNBP F8D@>2C @52>;NFVN 2 FV9 AD5@V, 
є :>=F5?FVO F8D@>2>3> 42V9=8:0 [1]. !>20B>@AP:0 V45O :0@48=0;P=> 7<V=Nє 
?V4E>48 4> @50;V70FVW 1C4V25;P=8E ?@>є:BV2 =0 2AVE WE=VE 5B0?0E, A?@8ONG8 
AB2>@5==N 1V;PH @57C;PB0B82=>W B0 ?@>4C:B82=>W A8AB5<8 2 30;C7V (@8A. 1). 

 

 
$8AC=>: 1 3 #@8:;04 @>1>B8 «F8D@>2>3> 42V9=8:0» C 1C4V2=8FB2V 

 

*8D@>289 42V9=8: O2;Oє A>1>N 2V@BC0;P=C <>45;P, I> 2V4>1@060є ?@>-
F5A8, >1’є:B8 G8 ?>A;C38 2 @50;P=><C G0AV. �V= >1’є4=Cє V=D>@<0FVN 7 @V7=>-
<0=VB=8E 465@5;, B0:8E O: A5=A>@8 B0 ?@>3@0<=V ?;0BD>@<8, 4;O AB2>@5==O 
B>G=>W :>?VW DV78G=>3> >1’є:B0 01> A8AB5<8.  )>G0 FO B5E=>;>3VO <>65 74020-
B8AO ?5@A?5:B82>N 40;5:>3> <091CB=P>3>, 2>=0 AB@V<:> =01C20є AB0BCAC =5-
2V4’є<=>3> 5;5<5=B0 ACG0A=>3> 1C4V2=8FB20. 

(0:B8G=>, F8D@>289 42V9=8: DC=:FV>=Cє O: F8D@>25 alter ego 1C4V25;P-
=>3> ?@>є:BC, 4>72>;ONG8 D0EV2FO< ?@>2>48B8 2V@BC0;P=V 5:A?5@8<5=B8 B0 
<>45;N20==O I5 4> AB0@BC @50;P=8E @>1VB =0 <0940=G8:C [2]. 
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!572060NG8 =0 7=0G=89 ?>B5=FV0;, B5E=>;>3VO F8D@>28E 42V9=8:V2 AB8-
:0єBPAO 7 =87:>N ?5@5H:>4, O:V ?>B@51CNBP 28@VH5==O: 

1. "1@>1:0 25;8G57=8E >1AO3V2 V=D>@<0FVW, =5>1EV4=8E 4;O DC=:FV>=C-
20==O F8D@>2>3> 42V9=8:0, ?>@>46Cє A5@9>7=V ?8B0==O I>4> :V15@157?5:8. 
�0157?5G5==O :>=DV45=FV9=>ABV, FV;VA=>ABV B0 4>ABC?=>ABV 40=8E 28<030є 
2?@>20465==O A:;04=8E 70E8A=8E <5E0=V7<V2, I>, C A2>N G5@3C, ?5@5410G0є 
7=0G=V DV=0=A>2V B0 AB@0B53VG=V 2:;045==O 4;O 70E8ABC GCB;82>W V=D>@<0FVW 2 
F8D@>2><C A5@54>28IV. 

2. &>G=VABP F8D@>2>3> 42V9=8:0 70;568BP 2V4 157?5@5@2=>3> ?>B>:C 40-
=8E V7 @V7=><0=VB=8E 465@5; V A8AB5<, I> 28<030є 28A>:>3> @V2=O AC<VA=>ABV 
<V6 ?@>3@0<=8<8 ?;0BD>@<0<8 B0 D>@<0B0<8 40=8E, I> G0AB> AB0є =5?@>A-
B8< 70240==O< G5@57 WE=N =5>4=>@V4=VABP. 

3. $>73>@B0==O B5E=>;>3VW F8D@>2>3> 42V9=8:0 ?>B@51Cє 7=0G=8E 28B@0B 
=0 >1;04=0==O, ?@>3@0<=5 70157?5G5==O B0 :20;VDV:>20=89 ?5@A>=0;. �;O =5-
25;8:8E 1C4V25;P=8E :><?0=V9 FV 28B@0B8 <>6CBP AB0B8 10@’є@>< 4;O 2E>4C.  

#>?@8 =0O2=V >1<565==O, B5E=>;>3VO F8D@>28E 42V9=8:V2 <0є ?>B5=FV0; 
7<V=8B8 <091CB=є 1C4V25;P=>W 30;C7V. %5@54 >GV:C20=8E V==>20FV9 4 V=B53@0-
FVO 0;3>@8B<V2 HBCG=>3> V=B5;5:BC 4;O ?@>3=>7C20==O ?>B@51 C B5E=VG=><C 
>1A;C3>2C20==V, @>7@>1:0 7@CG=8E <>1V;P=8E 70AB>AC=:V2 4;O >=>2;5==O <>-
45;59 C @50;P=><C G0AV, 0 B0:>6 70AB>AC20==O F8D@>28E 42V9=8:V2 C AB2>@5==V 
V=D@0AB@C:BC@8 @>7C<=8E <VAB [3]. 

!02545=89 ?5@5;V: ?5@5203 <>6;8289 ;8H5 C 28?04:C :><?;5:A=>3> 
?V4E>4C 4> @>728B:C B0 V=B53@0FVW 707=0G5=>W B5E=>;>3VW. 

&5E=>;>3VO F8D@>28E 42V9=8:V2 28E>48BP 70 @0<:8 ?@>AB>3> 2V4B2>@5==O 
DV78G=8E >1’є:BV2 C F8D@>2><C 283;O4V, ?@>?>=CNG8 @52>;NFV9=V <>6;82>A-
BV 4;O 1C4V25;P=>W AD5@8. �;O =0C:>2FV2 2 30;C7V =0AB02 <><5=B 4;O 0:B82=>3> 
4>A;V465==O B0 2?@>20465==O FVєW B5E=>;>3VW C A2>W ?@>є:B8. &0:89 :@>: =5 
;8H5 70157?5G8BP 040?B0FVN 4> <091CB=VE @50;V9, 0;5 9 2V4:@8є H;OE 4> =>-
2>W 5@8 ?@>4C:B82=>ABV B0 O:>ABV 2 1C4V2=8FB2V. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. -53;>2 �. $.,  >@>7>20 ". �.  5B>48 B0 B5E=>;>3VW @>7@>1;5==O F8D-
@>28E 42V9=8:V2 4;O 30@0=B>740B=8E A8AB5< V=4CAB@V0;P=>3> V=B5@=5BC @5G59. 
%8AB5<8 C?@02;V==O, =02V30FVW B0 72'O7:C. 2022. №4. %. 127-134. 

2. �>1>40 #. #. �8:>@8AB0==O F8D@>28E 42V9=8:V2 4;O C?@02;V==O A:;0-
4=8<8 B5E=VG=8<8 A8AB5<0<8. �VA=8: �!&'. 2021. �8?. 1(72). %. 50-58. 

3. Hu W., Liu Z., Li H. Digital twin: A state-of-the-art review of its enabling 

technologies, applications, and challenges. Telematics and Informatics. 2021. Vol. 

61. DOI: 10.1016/j.aei.2021.101332. 
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'�� 338.4:69.003 
�I5=:> ".�.1,  0@VG520 �.�.2 
1 AB. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-113A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

ІI5=:> ".�.,  0@іG520 �.�. 
�!���� #�$��"�"�" �"%���' #$"Є�&'��!!/ «!'�Ь"��)» 

�'�����Ь (NEARLY-ZERO ENERGY) 

' :>=B5:ABV 3;>10;P=8E 5:>;>3VG=8E 28:;8:V2, :>;8 7@>AB0==O FV= =0 
5=5@3>@5AC@A8 B0 ?>A8;5==O 28<>3 4> AB0;>3> @>728B:C AB0NBP 287=0G0;P=8-
<8 D0:B>@0<8 ACG0A=>3> 1C4V2=8FB20, :>=F5?FVO «=C;P>28E» 1C4V25;P (Net 

Zero Energy Buildings, NZEB), O:V ?@>BO3>< @>:C A?>6820NBP ABV;P:8 6 5=5@-
3VW, A:V;P:8 28@>1;ONBP 70 4>?><>3>N 2V4=>2;N20=8E 465@5;, B0:8E O: A>=O-
G=V ?0=5;V, 2VB@>2V BC@1V=8 G8 35>B5@<0;P=V A8AB5<8, =01C20є AB@0B53VG=>3> 
7=0G5==O 4;O D0EV2FV2 A?5FV0;P=>ABV 192 «�C4V2=8FB2> B0 F82V;P=0 V=65=5-
@VO», 0465 4>72>;Oє =5 ;8H5 <V=V<V7C20B8 5=5@35B8G=C 70;56=VABP, 0 9 :0@48-
=0;P=> 7=878B8 2C3;5F5289 A;V4 C@10=VAB8G=8E A5@54>28I.  

$>7C<=V @0==V @VH5==O =0 5B0?V ?@>5:BC20==O 1C4V2=8FB20, 2:;NG0NG8 
281V@ <0B5@V0;V2 V A8AB5< 7 =87P:8< 5=5@3>A?>6820==O<, є G0AB8=>N =5 BV;P-
:8 7<5=H5==O 2:;045=>3> 5=5@35B8G=>3> 2<VABC 1C4V2;V (:>=AB@C:FVW), 0;5 9 
@>1;OBP 1C4V2;V 1V;PH ABV9:8<8. %CBP NZEB ?>;O30є 2 V=B53@0FVW ?5@54>28E 
B5E=>;>3V9, A5@54 O:8E 28A>:>5D5:B82=0 B5?;>V7>;OFVO, 35@<5B8G=VABP :>=A-
B@C:FV9, @5:C?5@0FVO B5?;0 B0 V=B5;5:BC0;P=V A8AB5<8 C?@02;V==O 5=5@3VєN, 
I> 107CNBPAO =0 B5E=>;>3VOE �=B5@=5BC @5G59 (IoT) V HBCG=>3> V=B5;5:BC, 70-
24O:8 G><C 1C4V2;V 4>AO30NBP «=C;P>2>3>» 10;0=AC, 040?BCNG8AP 4> 7>2=VH-
=VE :;V<0B8G=8E C<>2 V ?>B@51 :>@8ABC20GV2, I> >4=>G0A=> ?V428ICє :><-
D>@B <5H:0=FV2 V 7=86Cє 5:A?;C0B0FV9=V 28B@0B8. 

 

 
$8AC=>: 1 3 �>A;V4=0 1C4V2;O 7 =C;P>28< A?>6820==O< 5=5@3VW 2 &0;;V==V, 

�AB>=VO. &0;;V==AP:89 B5E=VG=89 C=V25@A8B5B, 2013 @V:. 
 

%CG0A=V ?V4E>48 4> ?@>є:BC20==O NZEB ?5@5410G0NBP 28:>@8AB0==O 
A:;04=8E V=65=5@=8E @VH5=P, B0:8E O: >?B8<V70FVO A8AB5< >?0;5==O, 25=B8-
;OFVW B0 :>=48FV>=C20==O (HVAC) 70 4>?><>3>N B5?;>28E =0A>AV2 V A<0@B-

https://uk.wikipedia.org/wiki/%D0%A2%D0%B0%D0%BB%D0%BB%D1%96%D0%BD%D0%BD%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D1%82%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%83%D0%BD%D1%96%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82
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A8AB5<, O:V 02B><0B8G=> @53C;NNBP <V:@>:;V<0B, 0 B0:>6 70AB>AC20==O ?@8=-
F8?V2 1V>:;V<0B8G=>W 0@EVB5:BC@8, I> 70157?5GCNBP 30@<>=V9=C V=B53@0FVN 
A?>@C48 2 ?@8@>4=5 A5@54>28I5, 28:>@8AB>2CNG8 5:>;>3VG=> G8ABV <0B5@V0;8 
B0 ?0A82=V <5B>48 5=5@3>715@565==O, =0?@8:;04, >@Vє=B0FVN 1C4V2;V 4;O <0:-
A8<0;P=>3> 28:>@8AB0==O A>=OG=>3> A2VB;0.  

!0 3;>10;P=><C @V2=V :@0W=8 Є%, 45 48@5:B820 2010/31/Є% 7>1>2’O7Cє 
=>2V 1C4V2;V 2V4?>2V40B8 AB0=40@B0< NZEB, 45<>=AB@CNBP CA?VH=V ?@8:;048, 
B0:V O: >DVA=0 1C4V2;O The Edge C !V45@;0=40E, O:0 7024O:8 IoT-B5E=>;>3VO< 
=5 ;8H5 4>AO30є «=C;P>2>3>» A?>6820==O, 0;5 9 35=5@Cє =04;8H>: 5=5@3VW, 
01> Bullitt Center C %,�, I> ?@0FNє 02B>=><=> =0 2V4=>2;N20=8E 465@5;0E, 
>B@8<02H8 A5@B8DV:0FVN Living Building Challenge, I> ?V4:@5A;Nє WW 5:>;>3V-
G=C ABV9:VABP, &0;;V==AP:89 B5E=VG=89 C=V25@A8B5B (@8A. 1). 

� ':@0W=V 0:BC0;P=0 B5<0 CB5?;5==O B0 @5:C?5@0FVW B5?;0, :>B@0 45<>=A-
B@Cє 7=0G=5 7=865==O 5=5@3>A?>6820==O, >4=0: <0A>25 2?@>20465==O B0:8E 
1C4V25;P CA:;04=5=5 28A>:>N ?>G0B:>2>N 20@BVABN, =54>AB0B=P>N 70:>=>40-
2G>N ?V4B@8<:>N B0 1@0:>< :20;VDV:>20=8E A?5FV0;VABV2, 740B=8E ?@>є:BC20-
B8 A:;04=V A8AB5<8, I> 2V4?>2V40NBP <V6=0@>4=8< AB0=40@B0<.  

#>?@8 FV 28:;8:8, 3;>10;P=V B5=45=FVW, 7>:@5<0 7@>AB0==O 4>ABC?=>ABV 
2V4=>2;N20=8E 465@5; 5=5@3VW B0 24>A:>=0;5==O A<0@B-B5E=>;>3V9, AB2>@N-
NBP ?5@54C<>28 4;O ?>ABC?>2>3> ?>H8@5==O NZEB, 0465 7=865==O 28B@0B 
=0 1C4V2=8FB2> B0 5:A?;C0B0FVN, O:5 >1VFONBP FV V==>20FVW, @>18BP WE 5:>=>-
<VG=> ?@8201;828<8 =02VBP C :@0W=0E V7 >1<565=8<8 @5AC@A0<8, B0:8E O: ':-
@0W=0, 45 0:B82=0 CG0ABP 45@6028 C D>@<C20==V A?@8OB;82>3> @53C;OB>@=>3> 
A5@54>28I0, =040==O DV=0=A>28E AB8<C;V2 V @>7H8@5==O >A2VB=VE ?@>3@0< 4;O 
0@EVB5:B>@V2 V 1C4V25;P=8:V2 <>65 ?@8A:>@8B8 F59 ?@>F5A.  

&0:8< G8=><, NZEB, ?>є4=CNG8 5=5@3>5D5:B82=VABP, 2V4=>2;N20=V 
465@5;0 B0 @>7C<=V A8AB5<8, 2V4:@820NBP =>2V 3>@87>=B8 4;O AB0;>3> 1C4V2-
=8FB20, 28<030NG8 2V4 D0EV2FV2 A?5FV0;P=>ABV 192 3;81>:>3> @>7C<V==O B5E-
=>;>3V9 V 3>B>2=>ABV 040?BC20B8AO 4> 28:;8:V2 <091CB=P>3>. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �5H:> �.�. �A?5:B8 28:>@8AB0==O nZEB :>=F5?FVW 4;O 1C4V25;P C 
F5=B@0;P=V9 B0 AEV4=V9 Є2@>?V. &5E=>;>3VW B0 V=68=V@8=3. 2023. № 1 (12). %. 
41-51. 

2. +0;0 �.%., "@;>2AP:0 ..�., �;CI5=:> �.�. Є2@>?59AP:V ?@0:B8:8 
V=25ABC20==O 75;5=>3> 1C4V2=8FB20: #V4@CG=8: �.: #����. 2023. 3 148 A. 

3. %0=8FP:89  . �., �>BC@ �. $. #@8=F8?8 ?@>є:BC20==O 1C48=:V2 7 
=C;P>28< A?>6820==O< 5=5@3VW. �=5@3>5D5:B82=5 <VAB>. ))� AB>;VBBO. 2022. 
3 %. 45-48. 

4. Khassan �, Donenko VI, Ischenko OL. The use of BIM to achieve zero 
energy building. Metal Sci Heat Treat Metals. 2021; 1: 59-65. 
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'�� 69.05:658.5.012.2 
+5G5;P  .�.1, );5?VBP:> �. .2 
1 AB. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-112A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

'5G5;ь  .�., %;5?іBь:> �. . 
"�Ґ$'!&'��!!/ ���"$�%&�!!/ &�)!"�"��� 4D BIM ��/ 

'#$����!!/ �'�����Ь!� � #$"*�%� � 

(>@<0B>< V=D>@<0FV9=>W <>45;V 1C4V25;P (BIM) є :><?'NB5@=V D09;8 
(G0AB>, 0;5 =5 702648, C 70:@8B8E D>@<0B0E V <VABOBP 70:@8BV 40=V), O:V <>6=0 
28;CG0B8, >1<V=N20B8 01> >1'є4=C20B8 2 <5@56C 4;O ?V4B@8<:8 ?@89=OBBO 
@VH5=P I>4> ?>1C4>20=>3> 0:B82C (@8A. 1). #@>3@0<=5 70157?5G5==O BIM 
28:>@8AB>2CєBPAO ?@820B=8<8 >A>10<8, ?V4?@8є<AB20<8 B0 45@602=8<8 CA-
B0=>20<8, O:V ?;0=CNBP, ?@>5:BCNBP, 1C4CNBP, 5:A?;C0BCNBP B0 >1A;C3>2C-
NBP 1C4V2;V B0 @V7=V DV78G=V V=D@0AB@C:BC@8, B0:V O: 2>40, A<VBBO, 5;5:B@8:0, 
307, :><C=V:0FVW, 4>@>38, 70;V7=8FV, <>AB8, ?>@B8 B0 BC=5;V [1]. 

 

 
$8AC=>: 1 3 #@8:;04 1C4V2;V 2 V=D>@<0FV9=><C A5@54>28IV 

 

%CG0A=5 ?@54AB02;5==O C 283;O4V 4D BIM є 48=0<VG=8< ?@>F5A><, O:89 
V=B53@Cє 3D-<>45;V 7 V=D>@<0FVєN, ?@82'O70=>N 4> G0AC, =0?@8:;04, 3@0DV:0-
<8 ?@>5:BV2 B0 ;>3VAB8G=8<8 ?;0=0<8 4;O AB2>@5==O V<VB>20=>W ?>A;V4>2=>ABV 
1C4V2=8FB20. �;0A=5, 4D BIM 4>?>2=Nє 3D-<>45;V 4>40B:>28< «28<V@N20=-
=O<», I> ?V428ICє WW FV==VABP 4;O ?@>5:B=8E 3@C?, A:>@>GCNG8 @>7@82 <V6 
5B0?0<8 ?@>5:BC20==O B0 1C4V2=8FB20 [2]. 

#@>B5 =0;56=5 2?@>20465==O =02545=>W B5E=>;>3VW 3 =5?@>AB5 70240==O. 
"A:V;P:8 2 ':@0W=V 1C4V25;P=V >@30=V70FVW <>6CBP 7CAB@VB8AP 7 @O4>< 28:;8-
:V2: =5>1EV4=VABP =02G0==O ?5@A>=0;C, ?5@52030 B@048FV9=8< <5B>40< 28:>-
=0==O @>1VB, 4>@>3>20@BVA=5 ?@>3@0<=5 70157?5G5==O, B> ?V4EV4 4> V=B53@0FVW 
B0 >=>2;5==O =>@<0B82=>W 4>:C<5=B0FVW <0є 1CB8 :><?;5:A=8< 7 B5E=V:>-

5:>=><VG=8< >1ґ@C=BC20==O<. 
#@8 5D5:B82=><C 2?@>20465==V 4D BIM 7’O2;OBPAO <>6;82VABP 28O28B8 

?>B5=FV9=V :>=D;V:B8 D09;>28E D>@<0BV2, <V=V<V7CNG8 28B@0B8 G0AC =0 WE 
28?@02;5==O. 
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�?@>20465==O 40=8E ?;0=C20==O 2 VA=CNGC <>45;P BIM 40є 4>A8BP 7=0-
G=89 @O4 ?5@5203, C B><C G8A;V: 

 >=VB>@8=3 ?@>5:BC. 
&@048FV9=V <5B>48 <>=VB>@8=3C ?@>5:BC, B0:V O: >?>@0 =0 @CG=V 70?8A8 

=0 ?0?5@V, <>6CBP 7@>18B8 F59 ?@>F5A I5 A:;04=VH8<. �@0DVG=5 2V4>1@065=-
=O ?>A;V4>2=>ABV 1C4V2=8FB20 AB0є FV==8< V=AB@C<5=B>< FP>3>. �0E>?;NNG8 
B0 70?8ACNG8 2AV 4VW =0 <VAFV B0 ?5@5<VI5==O <0B5@V0;V2 C OA=V9 B0 ;0:>=VG=V9 
<0=5@V, <>=VB>@8=3 70157?5GCє 2A51VG=89 70?8A E>4C ?@>5:BC.  

�57?5:0 =0 1C4V25;P=><C <0940=G8:C; 
$>7C<VNG8 B>G=5 @>7B0HC20==O <0B5@V0;V2, >1;04=0==O B0 @>1VB=8:V2 C 

1C4P-O:89 G0A, C?@02;V=AP:V :><0=48 <>6CBP 70740;53V4P 28O2;OB8 ?>B5=FV9=V 
=5157?5:8 B0 2?@>2046C20B8 5D5:B82=V 70E>48 157?5:8. 

�8@VH5==O :>=D;V:BV2. 
�024O:8 A?V;P=><C 28:>@8AB0==N V=D>@<0FVN, ?@>7>@>ABV B0 ?V472VB=>A-

BV ?@>BO3>< 68BBє2>3> F8:;C ?@>є:BC 28:;NG0єBPAO <>6;82VABP 157?V4AB02-
=8E AC?5@5G>:, :>B@V є 4>@>3>N ?5@5H:>4>N 4;O 1C4V25;P=>W 30;C7V. 

#;0=C20==O. 
$>7C<VNG8 <091CB=V 70240==O B0 ?5@5410G0NG8 =5<8=CGV ?>B@518, ?@0-

FV2=8: <>65 1CB8 2?52=5=89, I> ?@>BO3>< 1C4V25;P=>3> ?@>F5AC 2V= 1C45 
70157?5G5=89 =5>1EV4=8<8 <0B5@V0;0<8 B0 V=AB@C<5=B0<8, I> 2V4?>2V40є >?-
B8<0;P=><C 28:>@8AB0==N @5AC@AV2 =0 1C4V2=8FB2V. 

#>;53H5=5 2?@>20465==O 4D B5E=>;>3V9. 
/: V 1C4P-O:0 V=H0 B5E=>;>3VO, 4D BIM =5 є 482>-B5E=>;>3VєN, O:0 <>65 

7@>18B8 2A5 :@0I5 ?@>AB> A2>W< VA=C20==O<. �?@>20465==O BIM, >A>1;82> 2 
C<>20E =5287=0G5=>ABV, є B@820;8< ?@>F5A>< [3], =02VBP 7 >3;O4C =0 >=>2;5=V 
=>@<0B82=V 4>:C<5=B8. #@8:;048 ?>B5=FV9=8E ?5@5203, B0:V O: <>6;82VABP 
28:>@8AB0==O =>2>3> B5E=VG=>3> >1;04=0==O, <>=VB>@8=3 @5AC@A>70157?5G5=-
=O B0 157?5:8 1C4V25;P=>3> <0940=G8:C <0NBP 1CB8 4>=5A5=V 4> :5@V2=8:V2 
1C4V25;P=8E >@30=V70FV9, 0 2?@>20465==O <0є AC?@>2>46C20B8AP O: <V=V<C< 
=0 <C=VF8?0;P=><C @V2=V. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �CB>@>2 ".%. BIM O: 70AV1 28@VH5==O ?@>1;5< ?@>5:BC20==O.  >;>-
489 2G5=89. 2021. № 6 (94). %. 88391. 

2. Ocean J. 4D BIM: Definition & Benefits Revizto. URL: 

https://revizto.com/en/4d-bim-definition-benefits/ (40B0 725@=5==O: 12.03.2025). 
3. Hu W., Liu Z., Li H. Digital twin: A state-of-the-art review of its enabling 

technologies, applications, and challenges. Telematics and Informatics. 2021. Vol. 

61. 3 DOI: 10.1016/j.aei.2021.101332. 
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'�� 658.5:69+334 
�>1@0:>2 �.�.1,  >VAєє2 �.$.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-113A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�>1@0:>2 �.�.,  >іAєє2 �.$. 
"#&� ���*�/ �"��%&�+!�) #$"*�%�� � �'�����Ь!" ' 

��$"�!�*&�� ' �"!&��%&� %&�!��$&�� ISO 

 V6=0@>4=89 4>A2V4 >?B8<V70FVW ;>3VAB8G=8E ?@>F5AV2 C AD5@V 1C4V2=8-
FB20 A?8@0єBPAO =0 ?@8=F8?8 F8D@>2V70FVW, AB0=40@B870FVW B0 5:>;>3VG=>W 
ABV9:>ABV 7 <5B>N ?V428I5==O ?@>4C:B82=>ABV, 7=865==N <0B5@V0;P=8E V G0-
A>28E 2B@0B, 0 B0:>6 28:>=0==O AB0=40@BV2 O:>ABV B0 157?5:8. 

%B0=40@B8 ISO 287=0=V 2 CAP><C A2VBV V 28:>@8AB>2CNBPAO O: =0AB0=>28 
4;O ?>:@0I5==O O:>ABV, 5D5:B82=>ABV B0 157?5:8. �?@>20465==O ISO 
23354:2020, AB0=40@BC, O:89 4>?><030є >@30=V70FVO< 24>A:>=0;N20B8 A8AB5<C 
C?@02;V==O O:VABN 2 ;>3VAB8FV, ?>G8=0єBPAO 7 GVB:>3> 287=0G5==O 1V7=5A-FV;59. 
*V;V <0NBP 1CB8 :>=:@5B=8<8, 28<V@N20=8<8 B0 ?>2’O70=8<8 7V AB@0B53VG=8-
<8 ?@V>@8B5B0<8 :><?0=VW, =0?@8:;04, A:>@>G5==O G0AC 4>AB02:8 G8 ?V428-
I5==O @V2=O 704>2>;5=>ABV :;Vє=BV2, I>1 =0?@02;OB8 ?@>F5A V >FV=N20B8 9>3> 
CA?VE. #VA;O FP>3> >@30=V70FVO 287=0G0є 2AVE 70FV:02;5=8E AB>@V=, 70;CG5=8E C 
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2=8FB20. 
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7<5=H5==O 2V4E>4V2. �06;828<8 є B0:>6 AB0=40@B87>20=V ?@>F54C@8 C?@02-
;V==O ;>3VAB8:>N, 28:>@8AB0==O ACG0A=8E B5E=>;>3V9 4;O <>=VB>@8=3C B0 >?-
B8<V70FVW <0@H@CBV2 4>AB02:8.  

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1.  0I0: !.  ., �5;5=N: �. $. "?B8<V70FVO A:;04AP:>W 4VO;P=>ABV ?V4?-
@8є<AB20 =0 70A040E ;>3VAB8:8. �:>=><V:0 B0 ACA?V;ьAB2>. 2022. 3 �8?. 43. 3 
%. 186-192. 

2. �C1@>2 %.  .,  >;G0=>2 ". �. �D5:B82=89 ;>3VAB8G=89 <5=546<5=B 2 
C<>20E 3;>10;P=8E @878:V2 B0 B@0=AD>@<0FV9 4;O ':@0W=8. �:>=><V:0 B0 @5-
3V>=. 2024. 3 №3. 3 %. 104-112. 



22 

'�� 69:004.9 
+5G5;P  .�.1,  >VAєє2 �.$.2 
1 AB. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-113A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

'5G5;ь  .�.,  >іAєє2 �.$. 
�#$"�����!!/ IOT (�!&�$!�&' $�+��) '  "!�&"$�!� 

�'�����Ь!�) #$"*�%�� 

�=B5@=5B @5G59 (IoT) 2 1C4V2=8FB2V ?5@5410G0є 70AB>AC20==O A5=A>@V2, 
?@8AB@>W2 V B5E=>;>3V9 4;O 02B><0B870FVW, :>=B@>;N B0 C?@02;V==O @V7=8<8 
5B0?0<8 1C4V25;P=>3> ?@>F5AC. %5=A ?>;O30є C 718@0==V 40=8E ?@> AB0= 1C4V-
25;P=8E >1’є:BV2 2 @50;P=><C G0AV B0 WE ?>40;PH><C 28:>@8AB0==V 4;O ?V428-
I5==O 5D5:B82=>ABV, 157?5:8 B0 O:>ABV @>1>B8.   

�> ?@8:;04C 2?@>20465==O B5E=>;>3VW <>6=0 2V4=5AB8 GPS-B@5:5@8, O:V 
AB560BP 70 <VAF57=0E>465==O< 1C4V25;P=>W B5E=V:8, I> 2 A2>N G5@3C 4>72>;Oє 
?@028;P=> A:>@53C20B8 ?;0= @>1>B8 =0 1C4V25;P=><C <0940=G8:C. 

 

 

 
$8AC=>: 1 3 #@8=F8? 2V4A;V4:>2C20==O B5E=V:8 70 4>?><>3>N GPS-B@5:5@V2.  

 

�1> 40BG8:8 2V1@0FVW, I> 4>72>;ONBP 2 @568<V @50;P=>3> G0AC 2V4AB5-
6C20B8 B0 :>=B@>;N20B8 AB0= 1C4V25;P=>W :>=AB@C:FVW, ?>?5@5460NBP ?@> 
<>6;82V 45D>@<0FVW [1]. 

#5@52038 C FVєW B5E=>;>3VW =0ABC?=V: 
• �?@>20465==O IoT-A5=A>@V2 4;O 2V440;5=>3> <>=VB>@8=3C AB0=C >1-
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=V @53V>=8 �5<;V, 0:BC0;P=8< є ?>4>;0==O =530B82=>3> 2?;82C =87P:>3> 0B<>-
AD5@=>3> B8A:C B0 @04V0FVW =0 AB@C:BC@C 15B>=C. %V@:>289 15B>= є ?5@A?5:B8-
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4=V AB0=40@B8 ?@>?>=CNBP H8@HV <>6;82>ABV, O:V 20@B> V=B53@C20B8 2 C:@0W=-
AP:C ?@0:B8:C 4;O ?V428I5==O 157?5:8 B0 5D5:B82=>ABV ?@>є:BC20==O. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. ��! �.1.1-12:2014. �C4V2=8FB2> C A59A<VG=8E @09>=0E ':@0W=8. 3 �8-
W2:  V=@53V>= ':@0W=8, 2014. 

2. ASCE 7-22: Minimum Design Loads and Associated Criteria for 

Buildings. 3 ASCE, 2022. 

3. EN 1998-1: Eurocode 8 3 Design of Structures for Earthquake Resistance. 

3 CEN, 2004. 

4. Building Standard Law of Japan (BSL). 3 Japan, 2019. 

 

 

'�� 528.48:004.9 
�C;V:  .�.1, �>;N: %.�.2, �>;>20BN: �.%.3 
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@. ���-114< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�C;і:  .�., �>;N: %.�., �>;>20BN: �.%. 
%'+�%!� &�)!"�"��� ��"����+!"� #���"&"��� 
�'�����Ь!�)  ����!+����: �!&��$�*�/ � BIM &� 

#"$��!/!!/ #��)"��� 

�5>4578G=0 ?V43>B>2:0 1C4V25;P=>3> <0940=G8:0 є 206;828< 5B0?><, I> 
287=0G0є B>G=VABP @50;V70FVW ?@>є:BC B0 157?5:C A?>@C48. #@>1;5<0B8:0 ?>;O-
30є 2 =5>1EV4=>ABV 040?B0FVW B@048FV9=8E <5B>4V2 4> ACG0A=8E B5E=>;>3V9, 
B0:8E O: 4@>=8 B0 BIM, 2@0E>2CNG8 A?5F8DV:C <VAF528E C<>2. �:BC0;P=VABP 
B5<8 7C<>2;5=0 7@>AB0==O< A:;04=>ABV 1C4V25;P=8E >1’є:BV2 V ?>B@51>N 2 
B>G=8E 40=8E 4;O F8D@>2>3> <>45;N20==O. ' @>1>BV 0=0;V7CNBPAO ACG0A=V 



31 

<5B>48 35>4578G=>W ?V43>B>2:8, WE V=B53@0FVO 7 BIM B0 ?>@V2=O==O C:@0W=AP-
:8E =>@< (��! �.1.3-2:2010) V7 є2@>?59AP:8<8 ?V4E>40<8. %CG0A=V B5E=>;>-
3VW, B0:V O: GNSS V LiDAR, 4>72>;ONBP ?V428I8B8 B>G=VABP 28<V@N20=P. "A-
=>2=0 C2030 ?@84V;OєBPAO =>28< B@5=40<, WE ?5@52030< V 28:;8:0<. 

�5>4578G=0 ?V43>B>2:0 2:;NG0є AB2>@5==O @>7<VGC20;P=8E <5@56, <0@-
:C20==O >A59 V :>=B@>;P B>G=>ABV. ' ��! �.1.3-2:2010 45B0;P=> >?8A0=> ?@>-
F5A8 AB2>@5==O 7>2=VH=VE V 2=CB@VH=VE <5@56, O:V ?@82’O7CNBPAO 4> >?>@=8E 
35>4578G=8E ?C=:BV2. *V =>@<8 70157?5GCNBP 107>2C B>G=VABP, 0;5 <5=H 040?-
B>20=V 4> V==>20FV9, B0:8E O: ;075@=5 A:0=C20==O. %CG0A=V <5B>48, =02?0:8, 
28:>@8AB>2CNBP 4@>=8 4;O 05@>D>B>79><:8 B0 GNSS 4;O ?>78FV>=C20==O 7 
B>G=VABN 4> A0=B8<5B@V2, I> 7=0G=> ?@8A:>@Nє ?V43>B>2:C <0940=G8:0. 
&5:AB 40;V @>7:@820є, O: FV B5E=>;>3VW V=B53@CNBPAO 7 BIM, AB2>@NNG8 F8D-
@>2V <>45;V 4;O ?;0=C20==O B0 <>=VB>@8=3C. 

�=B53@0FVO 35>4578G=8E 40=8E V7 BIM 4>72>;Oє 2 @50;P=><C G0AV >=>2;N-
20B8 ?@>є:B=V <>45;V, I> 7<5=HCє ?><8;:8 ?V4 G0A 1C4V2=8FB20. !0?@8:;04, 
40=V 7 LiDAR V<?>@BCNBPAO 2 BIM 4;O AB2>@5==O 3D-<>45;59 @5;PєDC, I> 
?>;53HCє 0=0;V7 V :>>@48=0FVN <V6 :><0=40<8. ' Є2@>?V ?>4V1=V ?V4E>48 
H8@>:> 70AB>A>2CNBPAO, =0?@8:;04, C AB0=40@B0E RICS, 45 0:F5=B @>18BPAO 
=0 02B><0B870FVN B0 F8D@>2V @VH5==O. ':@0W=AP:V =>@<8, E>G V 45B0;V7>20=V, 
2V4AB0NBP C 2?@>20465==V B0:8E B5E=>;>3V9, I> <>65 CA:;04=8B8 @>1>BC 7 
25;8:8<8 ?@>є:B0<8. 

#>@V2=O==O ?>:07Cє, I> є2@>?59AP:V <5B>48:8 ?@>?>=CNBP 3=CG:VABP C 
28:>@8AB0==V =>28E V=AB@C<5=BV2, B>4V O: ��! 1V;PH5 7>A5@5465=V =0 B@048-
FV9=8E ?@>F54C@0E. !0?@8:;04, C �5;8:V9 �@8B0=VW 4@>=8 B0 AI 0:B82=> 70-
AB>A>2CNBPAO 4;O ?@>3=>7C20==O 45D>@<0FV9, 0 2 ':@0W=V FV B5E=>;>3VW ;8H5 
=018@0NBP >15@BV2. &5:AB 40;V 0=0;V7Cє, O: FV 2V4<V==>ABV 2?;820NBP =0 ?V43>-
B>2:C <0940=G8:0, 2@0E>2CNG8 ;>:0;P=V C<>28, B0:V O: @5;PєD G8 IV;P=VABP 
701C4>28 [1]. 

%CG0A=V B5E=>;>3VW 35>4578G=>W ?V43>B>2:8, B0:V O: <>1V;P=V A8AB5<8 :0-
@B>3@0DC20==O B0 @>1>B87>20=V B>B0;P=V AB0=FVW, 4>72>;ONBP 02B><0B87C20B8 
?@>F5A8 B0 7<5=H8B8 ;N4AP:89 D0:B>@. �@>=8 7 :0<5@0<8 28A>:>W @>74V;P=>W 
740B=>ABV AB2>@NNBP 45B0;P=V :0@B8 70 3>48=8, 0 =5 4=V, I> :@8B8G=> 4;O 25-
;8:8E V=D@0AB@C:BC@=8E ?@>є:BV2. LiDAR, V=B53@>20=89 V7 BIM, 70157?5GCє 
B>G=V <>45;V =5 ;8H5 @5;PєDC, 0 9 VA=CNG8E <5@56, I> 7<5=HCє @878: ?>H-
:>465==O ?V475<=8E :><C=V:0FV9. ' Є2@>?V, =0?@8:;04, GNSS ?>є4=CєBPAO 7 
EUREF 4;O 28A>:>B>G=>3> ?>78FV>=C20==O, B>4V O: 2 ':@0W=V >?>@=V <5@56V 
G0AB> 107CNBPAO =0 70AB0@V;8E 40=8E. �=0;V7 ��! �.1.3-2:2010 ?>:07Cє, I> 
4>:C<5=B GVB:> @53;0<5=BCє <0@:C20==O >A59 V :>=B@>;P, 0;5 =5 2@0E>2Cє ?>-
B5=FV0; E<0@=8E >1G8A;5=P G8 AR/VR 4;O 2V7C0;V70FVW. #>@V2=O=> 7 є2@>?59-
AP:8<8 ?V4E>40<8, 45 5:>;>3VG=VABP V 02B><0B870FVO є ?@V>@8B5B0<8, C:@0W=AP-
:V =>@<8 ?>B@51CNBP >=>2;5==O 4;O 2V4?>2V4=>ABV ACG0A=8< B@5=40<. 



32 

!54>;V:8 C FVєW B5E=>;>3VW =0ABC?=V: B@048FV9=V <5B>48 ��! ?>2V;P=VHV 
B0 <5=H B>G=V ?>@V2=O=> 7 4@>=0<8 G8 LiDAR. #5@52038 ?>;O30NBP C GVB:V9 
@53;0<5=B0FVW B0 4>ABC?=>ABV 4;O =525;8:8E ?@>є:BV2. ,;OE8 @VH5==O 2:;N-
G0NBP >=>2;5==O =>@< V7 C@0EC20==O< =>28E B5E=>;>3V9. &0:8< G8=><, [2] 
040?B0FVO ��! ?V428I8BP 5D5:B82=VABP ?V43>B>2:8. 

�?@>20465==O GNSS ?>B@51Cє 4>@>3>3> >1;04=0==O B0 :20;VDV:>20=8E 
A?5FV0;VABV2. #5@52038 3 28A>:0 B>G=VABP V H284:VABP. ,;OE8 @VH5==O ?5@54-
10G0NBP =02G0==O ?5@A>=0;C B0 AC1A84C20==O B5E=V:8. 

�@>=8 GCB;82V 4> ?>3>4=8E C<>2 V ?>B@51CNBP 4>72>;V2 =0 ?>;P>B8. #5-
@52038 3 H284:5 :0@B>3@0DC20==O 25;8:8E ?;>I. ,;OE8 @VH5==O 2:;NG0NBP 
@>7@>1:C ABV9:VH8E <>45;59 V A?@>I5==O @53C;OFV9. 

LiDAR 4>@>389 V A:;04=89 2 >1@>1FV 40=8E. #5@52038 3 45B0;P=V 3D-

<>45;V 4;O BIM. ,;OE8 @VH5==O 3 28:>@8AB0==O E<0@=8E ?;0BD>@< 4;O >1-
@>1:8. 

BIM ?>B@51Cє 7=0G=8E ?>G0B:>28E V=25AB8FV9 V :>>@48=0FVW. #5@52038 3 
7<5=H5==O ?><8;>: V ?V428I5==O 5D5:B82=>ABV. ,;OE8 @VH5==O 3 ?>ABC?>25 
2?@>20465==O B0 AB0=40@B870FVO. 

%CG0A=V B@5=48, O:->B AI 4;O 0=0;V7C 45D>@<0FV9 G8 E<0@=V >1G8A;5==O, 
<>6CBP 7=0G=> ?>:@0I8B8 35>4578G=C ?V43>B>2:C 2 ':@0W=V. !0?@8:;04, ?@>-
3=>7C20==O 45D>@<0FV9 70 4>?><>3>N <0H8==>3> =02G0==O, O: >?8A0=> 2 
;VB5@0BC@V, ?V428ICє 157?5:C A?>@C4. �=B53@0FVO 7 BIM 70157?5GCє є48=C ?;0-
BD>@<C 4;O 2AVE 5B0?V2 1C4V2=8FB20, I> 5:>=><8BP @5AC@A8 B0 G0A. 

�8A=>2:8. %CG0A=V B5E=>;>3VW 35>4578G=>W ?V43>B>2:8, B0:V O: GNSS, 
4@>=8 B0 LiDAR, @07>< V7 BIM, B@0=AD>@<CNBP ?@>F5A8 ?V43>B>2:8 <0940=-
G8:V2. ':@0W=AP:V ��! ?>B@51CNBP <>45@=V70FVW 4;O V=B53@0FVW F8E V==>20FV9, 
B>4V O: є2@>?59AP:V ?V4E>48 265 45<>=AB@CNBP WE ?5@52038. �40?B0FVO =>@< 
?V428I8BP B>G=VABP V 5D5:B82=VABP 1C4V2=8FB20. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. . ��! �.1.3-2:2010. �5>4578G=V @>1>B8 C 1C4V2=8FB2V. 3 �8W2:  V=@53V-
>= ':@0W=8, 2018. 

2. RICS. Surveying Practice Guidelines. 3 London: Royal Institution of 

Chartered Surveyors, 2020. 

3. SierraSoft. BIM for Land Surveying and Infrastructures. 3 2023. 

4. TS2 Space. AI in Geodesy: How Deep Learning is Changing Surveying. 3 
2023. 

 

 



33 

'�� 004.9:69.009 
/:V<F>2 ..�.1, �VBC;O@ �.�.2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-114< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

/:і<F>2 ..�., �іBC;O@ �.�. 
�!�$�"�(��&��!�%&Ь &� ����!� &�)!"�"��� � 
�'�����Ь!" ' �!("$ �*��!" '  "���.��!!� 

BIM-B5E=>;>3VW ?@54AB02;ONBP A>1>N ?@>F5A >?B8<V70FVW ?;0=C20==O, 
?@>є:BC20==O, 1C4V2=8FB20, 5:A?;C0B0FVW B0 >1A;C3>2C20==O A?>@C4 B0 1C4V-
25;P, 2 >A=>2V O:>3> 3 AB2>@5==O F8D@>28E 2V4>1@065=P DV78G=8E B0 DC=:FV>-
=0;P=8E E0@0:B5@8AB8: >1’є:BV2 B0 :5@C20==O F8<8 7>1@065==O<8 [1].  >45;V 
2 ?5@A?5:B82V 7<5=HCNBP 701@C4=5==O =02:>;8H=P>3> A5@54>28I0 B0 <0B5@V-
0;P=V 2B@0B8, A?@8G8=5=V 1C4V25;P=8<8 <0B5@V0;0<8 2 ?@>F5AV B@0=A?>@BC-
20==O =0 25;8:V 2V4AB0=V. 

$V7=8FO <V6 75;5=8<8 1C4V2;O<8, 70A=>20=8<8 =0 B5E=>;>3VW V=D>@<0-
FV9=>3> <>45;N20==O, V B@048FV9=8<8 1C4V2;O<8 ?>;O30є 2 B><C, I> 2 75;5-
=8E 1C4V2;OE 28:>@8AB>2CNBPAO 5:>;>3VG=> G8ABV <0B5@V0;8, C=8:0NG8 =530-
B82=>3> 2?;82C =02:>;8H=P>3> A5@54>28I0 =0 1C4V2;V [2]. 

!0 ?V43>B>2G><C 5B0?V ?@>є:BC20==O 75;5=8E 1C4V25;P �� -B5E=>;>3VW 
?5@540NBP @>1VB=8:0< <>45;P A?>@C48 B0 =5>1EV4=C ?@>є:B=C V=D>@<0FVN. �0 
4>?><>3>N ��  <>45;NNBPAO =0A;V4:8 B0 2?;82 =0 =02:>;8H=є A5@54>28I5, 
?>@V2=NNBPAO AB2>@5=V ?@>є:B8 B0 >18@0NBPAO =091V;PH 5=5@3>- B0 @5AC@A>-
715@V30NGV 7-?><V6 CAVE. !0 >A=>2V ?;0=C20==O ?@>є:BC 75;5=>3> 1C4V2=8FB20, 
C<>2 1C4V25;P=>3> <0940=G8:0 B0 2V43C:V2 AC1?V4@O4=8:V2 BIM <0є <>6;8-
2VABP 02B><0B8G=> @>7@0EC20B8 >@Vє=B>2=C ?>B@51C 2 @>1>GV9 A8;V, <0B5@V0;V2 
V >1;04=0==O, D>@<C;Nє <0@H@CB8 ;>3VAB8:8 B0 B@0=A?>@BC20==O. 

�;5, O: V 1C4P-O:5 @VH5==O, V=B53@0FVO ��  B5E=>;>3V9 C ?@>є:BC20==O 
75;5=8E 1C4V25;P =5 >1E>48BPAO 157 A2>WE =54>;V:V2. #V4 G0A >1<V=C V=D>@<0-
FVєN <V6 70<>2=8:0<8 B0 ?V4@O4=8:0<8 <>6CBP 28=8:0B8 ?@>1;5<8 V7 D>@-
<0B><, C O:><C ?5@51C20є V=D>@<0FVO. #>H8@5=>N ?@>1;5<>N є 2V4<>20 
:><?0=V9 2V4 28:>@8AB0==O ��  B5E=>;>3V9 C 72’O7:C 7 =5>1EV4=VABN =02G0==O 
?5@A>=0;C V ?@>1;5<0 2V4ACB=>ABV =028G>: :>@8ABC20==O �� . 

!0 5B0?V 72545==O 1C4V2;V 2V7C0;V70FVO BIM <>65 4>?><>3B8 C 2V7C0;P-
=><C 28O2;5==V ?>B5=FV9=8E @878:V2, I>1 70157?5G8B8 2V4?>2V4=V 7<V=8 ?@>є-
:BC, C=8:=CB8 70B@8<>:. �=D>@<0FV9=5 <>45;N20==O 70157?5GCє 71V@, 715@V-
30==O B0 :5@C20==O V=D>@<0FVєN B0 7=0==O<8 2 CAP><C ?@>F5AV 1C4V2=8FB20 
75;5=8E 1C4V25;P, 0 B0:>6 V=B53@Cє D@03<5=B>20=C V=D>@<0FVN 2 є48=89 D>-
@<0B C 2V4?>2V4=89 D09;. !0O2=0 21C4>20=0 <>6;82VABP 02B><0B8G=> 35=5@C-
20B8 @>7@0EC=:8 4;O >FV=:8 28B@0B <0B5@V0;V2 V ?@81;87=>W 20@B>ABV ?@>є:BC, 
70157?5G8B8 5D5:B82=C ?;0BD>@<C A?V2?@0FV 4;O 70FV:02;5=8E AB>@V= 4;O A?V-
;:C20==O B0 A?V2?@0FV 2 ?@>F5AV 1C4V2=8FB20 75;5=8E 1C4V25;P. 'AV 7<V=8 2 



34 

?@>є:BV 2V4>1@065=V 2G0A=>, 0 @VH5==O, =5309=> 7020=B06CNBPAO =0 ?;0BD>@-
<C BIM V ?>2V4><;ONBPAO V=H8< 70FV:02;5=8< AB>@>=0<. 

!0 5B0?V 74020==O 1C4V2;V 2 5:A?;C0B0FVN 2AN V=D>@<0FVN, ?>2’O70=C 7 
1C4V2;5N, <>6=0 715@V30B8, :;0A8DV:C20B8 B0 28BO3C20B8 2 BIM. *O V=D>@<0-
FVO >1’є4=CєBPAO 2 >48= D09; C 7040=><C D>@<0BV, I> 40є 7<>3C ?@>45<>=-
AB@C20B8 2AN 3D-<>45;P 75;5=8E 1C4V25;P 4;O ?5@52V@:8 ?5@A>=0;>< >AB0B>-
G=>3> ?@89<0==O [3]. 

 

 
$8AC=>: 1 3 #@54AB02;5==O 1C4V2;V 2 3D-283;O4V 

 

&5E=>;>3VO BIM 70157?5GCє 107C ?V4B@8<:8 ?@89=OBBO @VH5=P 4;O >FV=-
:8 28:84V2 2C3;5FN ?@>BO3>< 68BBє2>3> F8:;C 1C4V25;P V 282G5==O 5:>;>3VG-
=> ABV9:VH8E 70E>4V2 4;O >?B8<V70FVW ?@>F5AC @>7@>1:8 ?@>є:B=>W 4>:C<5=B0-
FVW. 

�A=CNBP 10@'є@8, O:V 702060NBP 28:>@8AB0==N BIM. ' ?@>F5AV ?5@540GV 
V=D>@<0FVW <V6 1C4V25;P=8<8 >@30=V70FVO<8 «75;5=>3>» 1C4V2=8FB20 B0 >@30-
=V70FVO<8 7 C?@02;V==O >1’є:B0<8 «75;5=>3>» 1C4V2=8FB20 ?@>?CA:8 V=D>@<0-
FVW B0 =52V4?>2V4=VABP D>@<0BV2 2A5 I5 70;8H0NBPAO 3>;>2=8<8 ?@>1;5<0<8 
4;O >1>E AB>@V=. �@0E>2CNG8 28A>:V 28B@0B8 =0 =02G0==O BIM, >@30=V70FVO< 
<>65 =5 28AB0G0B8 4>AB0B=P>W :V;P:>ABV >?5@0B>@V2 BIM, I> ?>B@51Cє ?V4B-
@8<:8 7 1>:C <C=VF8?0;VB5BC. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Building information modeling. Wikipedia - [�;5:B@>==89 @5AC@A], URL: 
https://en.wikipedia.org/wiki/Building_information_modeling#International_devel

opments 

2. Mohammed Alhammad, Matt Eames, Raffaele Vinai. Enhancing Building 

Energy Efficiency Through Building Information Modeling and Building Energy 

Modeling Integration: A Systematic Review. Buildings 2024, 14, 581. 

https://doi.org/10.3390/buildings14030581 

3. Jiang L. Environmental benefits of green buildings with BIM technology. 

Ecol Chem Eng S. 2023; 30(2):191-9. DOI: 10.2478/eces-2023-0023. 

https://en.wikipedia.org/wiki/Building_information_modeling#International_developments
https://en.wikipedia.org/wiki/Building_information_modeling#International_developments
https://doi.org/10.3390/buildings14030581


35 

'�� 69.059.3 
�VBC;O@ �.�.1, �5;515@45=:> &.�.2 
1 ABC4. 3@. ���-114< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-113 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�іBC;O@ �.�., �5;515@45=:> &.�. 
,�/)� �!&��$�*�� �!("$ �*��!"�"  "���.��!!/ ' 

�"!&��%&� #$��&�� «����!"�" �'���!�*&��»  

#V4 ?>=OBBO< «75;5=5 1C4V2=8FB2>» @>7C<VNBP ?@0:B8:C 1C4V2=8FB20 B0 
5:A?;C0B0FVW 1C4V25;P, I> <0є =0 <5BV 7=865==O @V2=O A?>6820==O 5=5@35B8G-
=8E V <0B5@V0;P=8E @5AC@AV2 ?@>BO3>< 2AP>3> 68BBє2>3> F8:;C 1C4V2;V. �=H>N 
<5B>N 75;5=>3> 1C4V2=8FB20 є 715@565==O 01> ?V428I5==O O:>ABV 1C4V25;P V 
:><D>@BC WE 2=CB@VH=P>3> A5@54>28I0. 

� 72’O7:C 7 ?>;VB8:>N 715@565==O 4>ABC?=8E @5AC@AV2 VA=Cє ?>B@510 2 
V=B53@0FVW BIM 7 5=5@35B8G=8< <>45;N20==O< 1C4V25;P (BEM), I> 40є V==>-
20FV9=C <>6;82VABP ?@>45<>=AB@C20B8 ?>B5=FV0; BIM 4;O <V=V<V70FVW A?>68-
20==O 5=5@3VW H;OE>< V=B53@0FVW ?@>3@0<=>3> 70157?5G5==O 4;O 71>@C V=D>@-
<0FVW ?@> 5=5@3>A?>6820==O 1C4V25;P B0 WE ?>40;PH>W 5:A?;C0B0FVW. 

#@>3@0<8 BEM ?@89<0NBP O: 2EV4=V 40=V >?8A 1C4V2;V, 2:;NG0NG8 35>-
<5B@VN, 1C4V25;P=V <0B5@V0;8 B0 >A2VB;5==O, >?0;5==O, 25=B8;OFVN, :>=48FV>-
=C20==O, >E>;>465==O, =03@V20==O 2>48 B0 :>=DV3C@0FVW A8AB5< 2V4=>2;N20-
=>W 35=5@0FVW, 5D5:B82=VABP :><?>=5=BV2 V AB@0B53VW :5@C20==O. ' <>45;V 715@V-
30NBPAO >?8A8 28:>@8AB0==O B0 @568<8 @>1>B8 1C4V2;V: 3@0DV:8 70?>2=N20-
=>ABV, >A2VB;5==O, =020=B065=P V =0;0HBC20=P B5@<>AB0B0. �� -B5E=>;>3VW 
?>є4=CNBP FV 2EV4=V 40=V 7 V=D>@<0FVєN ?@> <VAF52V :;V<0B8G=V C<>28, 28:>-
@8AB>2CNBP DV78G=V @V2=O==O 4;O @>7@0EC=:C B5?;>28E =020=B065=P, @50:FVW 
A8AB5<8 =0 FV =020=B065==O B0 :V=F52>3> 28:>@8AB0==O 5=5@3VW @07>< V7 2V4-
?>2V4=8<8 ?>:07=8:0<8, B0:8<8 O: :><D>@B <5H:0=FV2 V 28B@0B8 =0 5=5@3VN. 
�� -B5E=>;>3VW 28:>=CNBP ?>2=89 @V: >1G8A;5=P V 2@0E>2CNBP A8AB5<=C 270-
є<>4VN, =0?@8:;04, <V6 >A2VB;5==O< V >?0;5==O</>E>;>465==O< [1]. 

�0=0 V=B53@0FVO <0є ?52=V =54>;V:8.  #>-?5@H5, B@820;89 G0A <>45;N-
20==O 0=0;VB8G=>W <>45;V B0 V=HV G0A>2V >1<565==O. #@>є:BC20;P=8:8 <>6CBP 
=5 <0B8 4>AB0B=P> G0AC, I>1 >FV=8B8 B0 281@0B8 7 157;VGV 20@V0=BV2 48709=C. 

#>-4@C35, ?>30=0 :>>@48=0FVO 28EV4=8E/2EV4=8E 40=8E 0=0;VB8G=>W <>-
45;V. #@>1;5<0 28=8:0є G5@57 =52V4?>2V4=VABP <V6 2EV4=8<8 40=8<8 B0 @5-
7C;PB0B0<8 ?@>є:BC. 

�04;O 4>AO3=5==O 5=5@3>5D5:B82=>ABV 1C4V2=8FB20 ?@>?>=CєBPAO @>73-
;O40B8 :;V<0B8G=V AF5=0@VW <091CB=P>3>, B>1B> ?@>є:BC20B8 B0:8< G8=><, 018 
<0B8 A?@02C 7 <091CB=V<8 7<V==8<8 :;V<0B8G=8<8 @568<0<8, 2:;NG0NG8 
70E>48 7 040?B0FVW. 

$>73;O=5<> 45:V;P:0 ?@8:;04V2 ?@>3@0<=>3> 70157?5G5==O, O:8< <>6=0 
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�@EVB5:B>@8, V=65=5@8 B0 48709=5@8 <>6CBP 28:>@8AB>2C20B8 5D5:B82-
=89 V=AB@C<5=B Autodesk Insight, I>1 ?@89<0B8 @VH5==O =0 >A=>2V 40=8E 4;O 
?>:@0I5==O 5D5:B82=>ABV 1C4V2;V. Autodesk Insight =040є :>@8ABC20G0< ?;0B-
D>@<C, @>7@>1;5=C 4;O 0=0;V7C A?>6820==O 5=5@3VW, 2?;82C =0 =02:>;8H=є 
A5@54>28I5 B0 :><D>@BC <5H:0=FV2. 

�=H8< ?@>3@0<=8< 70157?5G5==O<, O:5 ?@>?>=Cє Autodesk, є Autodesk 
Green Building Studio (AGBS) 3 3=CG:5 E<0@=5 ?@>3@0<=5 70157?5G5==O 4;O 
>FV=:8 5=5@3>A?>6820==O. &CB H8@H89 A?5:B@ 0=0;V7C ?@>4C:B82=>ABV, O:89 
<>6=0 =0;0HBC20B8. �8:>@8AB0==O 6 B0:>W ?@>3@0<8 O: Revit O: <>45;V 4;O 
:>=F5?BC0;V70FVW 40ABP 7<>3C ?@>0=0;V7C20B8 5=5@3VN B0 B5, O: 1C4V2;O WW 28-
:>@8AB>2Cє [2]. 

 

 
$8AC=>: 1 3 Autodesk Revit 0=0;V7Cє 28:>@8AB0==O 5=5@3VW 1C4V2;5N 

 

 0965 40% A?>6820==O 5=5@3VW ?@8?040є =0 72545==O B0 5:?;C0B0FVN 
1C4V25;P B0 A?>@C4. &><C VA=Cє ?>B@510 2 V=B53@0FVW BIM 7 5=5@35B8G=8< <>-
45;N20==O< 1C4V25;P (BEM). �=B53@0FVO 1C4V25;P=>3> 5=5@35B8G=>3> <>45-
;N20==O V7 V=D>@<0FV9=8< 4>72>;Oє 4>AO3=CB8 7<5=H5==O A?>6820==O 5=5@-
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#5@52030<8 V=B53@0FVW є 107C 40=8E H284:>3> AB2>@5==O B0 ?V428I5=0 
B>G=VABP 2 ?>@V2=O==V @V7=8E @5AC@A>715@56;828E ?@>є:BV2. !54>;V:0<8 3 
B@820;89 G0A AB2>@5==O 0=0;VB8G=>W <>45;V B0 ?>30=0 :>>@48=0FVO 28EV4-
=8E/2EV4=8E 40=8E. !09G0ABVH5 28:>@8AB>2CNBPAO B0:V ?@>3@0<8 O: Autodesk 
Insight, Autodesk Green Building Studio B0 Revit. 
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2. Cao, Yu, Syahrul Nizam Kamaruzzaman, and Nur Mardhiyah Aziz. 

«Green building construction: a systematic review of BIM utilization». J. Buildings 

12.8,1205 (2022) https://doi.org/10.3390/buildings12081205 

https://www.energy.gov/eere/buildings/about-building-energy-modeling
https://doi.org/10.3390/buildings12081205
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zastosuvannya-3d-tehnologiy-u-budivnyitstvi.html 3 �0B0 725@=5==O: 13.04.2025. 



39 

'�� 658.51:004.453  
�03@51V= �.�.1, %:0G:>2 $.".2 

1 ABC4. 3@. ���-112A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-114< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�03@51і= �.�., %:0G:>2 $.". 
$"���&"� ���#&��!"�" '#$����!!/ �'�����Ь!� � 

$����� � !� "%!"�� BIG DATA &� �!���&��� 
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%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1.  0:CE0 $. %. '?@02;V==O @878:0<8 1C4V25;P=>W 30;C7V 2 ':@0W=V. #@>-
1;5<8 B5>@VW B0 <5B>4>;>3VW 1CE30;B5@AP:>3> >1;V:C, :>=B@>;N V 0=0;V7C. 2024. 
3 �8?. 2(58). 3 %. 39-44. 

2. /:CH52 ". �. "A>1;82>ABV C?@02;V==O 4VO;P=VABN 1C4V25;P=8E ?V4?-
@8є<AB2 2 C<>20E ?>AB:>=D;V:B=>W 5:>=><V:8. �:>=><V:0 V >@30=V70FVO C?@02-
;V==O. 2024. 3 №2(54). 3 %. 134-140. 

3. Erfani A. Data-Driven Risk Modeling for Infrastructure Projects Using 

Artificial Intelligence Techniques. arXiv preprint arXiv:2311.14203. 2023. 

 

 



41 

'�� 69.05:658.5.012.2 
�5@57>2AP:0 �.".1, !5A:>@>4>20 ".�.2, ,:010@=O �.�.3 

1 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 702. ;01. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ���-114 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�5@57>2Aь:0 �."., !5A:>@>4>20 ".�., (:010@=O �.�. 
 "����"%&� ���"$�%&�!!/ #�$� �&$�+!"�" 

#$"��&'��!!/ � �'�����Ь!�� ���'�� 

#0@0<5B@8G=5 ?@>5:BC20==O 3 ACG0A=89 ?V4EV4 4> 0@EVB5:BC@=>3> 48-
709=C, O:89 28:>@8AB>2Cє 0;3>@8B<8 B0 <0B5<0B8G=V <>45;V 4;O AB2>@5==O 
3=CG:8E, 7<V==8E V 040?B82=8E ?@>є:BV2.  5B>4 4>72>;Oє H284:> @503C20B8 
=0 @V7=><0=VB=V C<>28 3 :;V<0B8G=V, DC=:FV>=0;P=V G8 5AB5B8G=V 3 V AB2>@N20-
B8 C=V:0;P=V @VH5==O, I> 28E>4OBP 70 <56V <>6;82>AB59 B@048FV9=>3> ?@>є:-
BC20==O.  

#0@0<5B@8G=5 ?@>5:BC20==O 107CєBPAO =0 <0B5<0B8G=8E 70;56=>ABOE, 
O:V 287=0G0NBP D>@<C, AB@C:BC@C B0 270є<>72’O7>: <V6 5;5<5=B0<8 0@EVB5:-
BC@=>3> ?@>є:BC. ' F5=B@V FP>3> ?V4E>4C ;560BP ?0@0<5B@8 4 7<V==V 25;8G8-
=8, O:V 0@EVB5:B>@ <>65 =0;0HB>2C20B8 4;O 040?B0FVW ?@>є:BC. !0?@8:;04, 
7<V=0 ?0@0<5B@V2, B0:8E O: :CB =0E8;C D0A04C, @>7<V@ 2V:>= G8 B>2I8=0 :>=A-
B@C:B82=8E 5;5<5=BV2, 4>72>;Oє <8BBє2> ?5@51C4C20B8 <>45;P 157 =5>1EV4=>-
ABV ?5@5@>1;OB8 WW 2@CG=C.  

%CBP <5B>4C ?>;O30є 2 B><C, I> 0@EVB5:B>@ 7040є ?@028;0 (0;3>@8B<8), 0 
=5 DV:A>20=V D>@<8. !0?@8:;04, O:I> ?>B@V1=> >?B8<V7C20B8 1C4V2;N 4;O 
<0:A8<0;P=>3> 28:>@8AB0==O A>=OG=>3> A2VB;0, ?0@0<5B@8G=0 <>45;P 02B>-
<0B8G=> ?V4;0HBCє >@Vє=B0FVN 2V:>= G8 D>@<C 40EC 2V4?>2V4=> 4> 22545=8E 
40=8E. �=AB@C<5=B8, I> 28:>@8AB>2CNBPAO 2 ?0@0<5B@8G=><C ?@>є:BC20==V: 

Autodesk Dynamo. �=B53@Cє ?0@0<5B@8G=5 ?@>є:BC20==O 7 BIM. �>72>;Oє 
=5 ;8H5 AB2>@N20B8 040?B82=V <>45;V, 0 9 C?@02;OB8 2AVєN V=D>@<0FVєN ?@> 
1C4V2;N 4 2V4 <0B5@V0;V2 4> :>HB>@8AV2 4 =0 @V7=8E 5B0?0E ?@>є:BC. 

CATIA. $>7@>1;5=0 4;O 05@>:>A<VG=>W B0 02B><>1V;P=>W ?@><8A;>2>ABV, 
?@>3@0<0 7=09H;0 70AB>AC20==O 2 0@EVB5:BC@V 7024O:8 A2>W9 740B=>ABV ?@>є:-
BC20B8 A:;04=V :@82>;V=V9=V D>@<8.  

#0@0<5B@8G=5 ?@>5:BC20==O 2V4:@820є =>2V <>6;82>ABV 2 @V7=8E 30;C7OE 
0@EVB5:BC@8 B0 AC<V6=8E 48AF8?;V=0E.  

1. �@EVB5:BC@=89 48709=.  5B>4 4>72>;Oє AB2>@N20B8 A:;04=V, >@30=VG=V 
B0 =5;V=V9=V D>@<8, O:V 206:> @50;V7C20B8 B@048FV9=8<8 70A>10<8. !0?@8-
:;04, ?0@0<5B@8G=V 0;3>@8B<8 >?B8<V7CNBP D0A048 1C4V25;P, 040?BCNG8 WE 4> 
A>=OG=>3> >A2VB;5==O G8 :;V<0B8G=8E C<>2.  

2. #;0=C20==O <VAB B0 V=D@0AB@C:BC@8. #0@0<5B@8G=V <>45;V 0=0;V7CNBP 
B@0=A?>@B=V B0 ?VH>EV4=V ?>B>:8, 4>?><030NG8 >?B8<0;P=> @>7<VIC20B8 1C-
4V2;V, 2C;8FV B0 3@><04AP:V ?@>AB>@8. �;3>@8B<8 <>6CBP 02B><0B8G=> 35=5-
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@C20B8 45AOB:8 20@V0=BV2 ?;0=C20==O <VAB0, 2@0E>2CNG8 IV;P=VABP =0A5;5==O, 
4>ABC?=VABP V=D@0AB@C:BC@8 G8 5:>;>3VG=V D0:B>@8. 

3. �0=4H0DB=0 0@EVB5:BC@0. #0@0<5B@8G=89 ?V4EV4 V=B53@Cє ?@8@>4=V 
?@>F5A8 7 F8D@>28<8 B5E=>;>3VO<8. !0?@8:;04, <>45;V <>6CBP >?B8<V7C20B8 
@>7<VI5==O 75;5=8E 7>= 4;O 7<5=H5==O 5D5:BC «<VAP:>3> >AB@>20 B5?;0» 01> 
?@>є:BC20B8 A8AB5<8 71>@C 4>I>2>W 2>48, O:V 2@0E>2CNBP @5;PєD V :;V<0B8G=V 
C<>28. 

#0@0<5B@8G=5 ?@>5:BC20==O =5 ?>7102;5=5 B@C4=>IV2. �>=> 28<030є 2V4 
0@EVB5:B>@V2 =>28E =028G>: 3 7=0==O ?@>3@0<C20==O, 0;3>@8B<VG=>3> <8A-
;5==O B0 @>1>B8 7 F8D@>28<8 ?;0BD>@<0<8. �@V< B>3>, A:;04=VABP <>45;59 
V=>4V CA:;04=Nє WE V=B53@0FVN 7 B@048FV9=8<8 1C4V25;P=8<8 ?@>F5A0<8, 45 
?5@52060NBP AB0=40@B=V B5E=>;>3VW B0 <0B5@V0;8.  

#@>B5 ?5@A?5:B828 FP>3> <5B>4C 2@060NBP. ' =091;86G><C <091CB-
=P><C HBCG=89 V=B5;5:B 7<>65 02B><0B8G=> >?B8<V7C20B8 ?0@0<5B@8 ?@>є:-
BV2 =0 >A=>2V 25;8:8E 40=8E 3 =0?@8:;04, ?@>3=>7V2 ?>3>48 G8 ?>254V=:8 :>-
@8ABC20GV2. $>1>B87>20=V A8AB5<8, A2>єN G5@3>N, 2BV;N20B8<CBP FV V45W 7 157-
?@5F545=B=>N B>G=VABN. '65 70@07 ?0@0<5B@8G=5 ?@>5:BC20==O 70AB>A>2C-
єBPAO 2 5:A?5@8<5=B0;P=8E ?@>є:B0E, B0:8E O: A0<>@53C;N20;P=V «682V» 1C-
4V2;V, O:V 040?BCNBPAO 4> 7>2=VH=P>3> A5@54>28I0 2 @50;P=><C G0AV. 

#0@0<5B@8G=5 ?@>5:BC20==O 3 F5 @52>;NFV9=89 ?V4EV4, O:89 7<V=Nє 0@-
EVB5:BC@C, @>1;OG8 WW 1V;PH 040?B82=>N, 5D5:B82=>N B0 V==>20FV9=>N. �0-
24O:8 28A>:V9 B>G=>ABV, 02B><0B870FVW B0 V=B53@0FVW 7 ?5@54>28<8 B5E=>;>3VO-
<8 <5B>4 2V4:@820є =>2V 3>@87>=B8 4;O AB2>@5==O 1C4V25;P V <VAP:8E ?@>AB>-
@V2. ' <091CB=P><C ?0@0<5B@8G=5 ?@>5:BC20==O AB0=5 >A=>2>N 4;O "@>7C<-
=>W" 0@EVB5:BC@8, O:0 =5 ;8H5 2V4?>2V40є ACG0A=8< 28:;8:0<, 0 9 ?5@5410G0є 
?>B@518 702B@0H=P>3> 4=O. *5 =5 ?@>AB> V=AB@C<5=B 4 F5 =>20 DV;>A>DVO 
?@>є:BC20==O, I> ?>є4=Cє B2>@GVABP V7 B5E=>;>3VO<8. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. TarasVuk V., & Belokon, O. (2018). #0@0<5B@8G=89 <5B>4 =>@<C20==O C 
1C4V2=8FB2V. !0C:0 B0 1C4V2=8FB2>, 18(4), 13-17. 

2. Malik T., Yemets O. (2022) Use of parametric design in public interiors. 

Theory and practice of design. Culture and art. 2(26). P. 167-172, 

3. �5@3C=>2 %. �. &@828<V@=5 <>45;N20==O C ?@><8A;>2><C 48709=V 
':@0W=8 :V=FO )) 3 ?>G0B:C ))� AB.: 02B>@5D. 48A. :0=4. <8AB5FB2>7=02AB20. / 
)0@:V2Aь:0 45@602=0 0:045<VO 48709=C V <8AB5FB2. )0@:V2, 2010. 23 A. 

4.  0A;>20 %.�., &8I5=:> ".�. #0@0<5B@8G=0 0@EVB5:BC@0 O: >:@5<89 
AB8;P ACG0A=>W 0@EVB5:BC@8. �@EVB5:BC@=89 @8AC=>: C :>=B5:ABV ?@>D5AV9=>W 
>A2VB8, 2018. № 3. %. 81-82. 

5. Autodesk Dynamo 3 >DVFV9=0 4>:C<5=B0FVO [�;5:B@>==89 @5AC@A]. 4 

$568< 4>ABC?C: https://dynamobim.org 4 �0B0 725@=5==O: 25.03.2025. 
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'�� 721.01:004.9 
!070@5=:> ". .1 &5A;5=:> Є.O.2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0»  
2 ABC4. 3@. ���-114 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

!070@5=:> ". ., &5A;5=:> Є.". 
$"�$�)'!"� �'�����Ь!�) �"!%&$'�*�� � ���"$�%&�!!/  
ROBOT STRUCTURAL ANALYSIS: �!!"��*��!�� #��)�� �" 

�!��!�$!"�"  "���.��!!/ 

Autodesk Robot Structural Analysis є ?>BC6=8< ?@>3@0<=8< 70157?5G5=-
=O< 4;O V=65=5@V2-1C4V25;P=8:V2, O:5 ?@87=0G5=5 4;O B>G=>3> @>7@0EC=:C B0 
0=0;V7C 1C4V25;P=8E :>=AB@C:FV9. �>=> ?V4E>48BP 4;O @>1>B8 7V AB0;528<8, 
70;V7>15B>==8<8 B0 45@52’O=8<8 5;5<5=B0<8, 2@0E>2CNG8 =020=B065==O: 
AB0B8G=V, 48=0<VG=V, B5<?5@0BC@=V, A59A<VG=V B>I>. #@>3@0<0 AC<VA=0 7 =0FV-
>=0;P=8<8 AB0=40@B0<8, 7>:@5<0 7 ��! ':@0W=8, I> @>18BP WW 7@CG=>N 4;O 
28:>@8AB0==O 2 <VAF528E ?@>є:B0E. 

Robot Structural Analysis 4>72>;Oє AB2>@N20B8 45B0;V7>20=V B@828<V@=V 
<>45;V :>=AB@C:FV9, B0:8E O: D5@<8, :>;>=8, @0<8, ?;8B8 B0 >1>;>=:8. #@>-
3@0<0 ?V4B@8<Cє O: ;V=V9=89, B0: V =5;V=V9=89 0=0;V7, I> 40є 7<>3C 2@0E>2C-
20B8 A:;04=V ?@>F5A8, =0?@8:;04, ?;0AB8G=V 45D>@<0FVW G8 25;8:V ?5@5<VI5=-
=O. �;O >FV=:8 48=0<VG=8E 2?;82V2 4>ABC?=V V=AB@C<5=B8 0=0;V7C 2;0A=8E 
G0AB>B, 30@<>=VG=>3> 2?;82C B0 A59A<VG=8E =020=B065=P 70 A?5:B@0;P=8< 
<5B>4><. �06;82>N ?5@5203>N є V=B53@0FVO 7 BIM-?;0BD>@<0<8, 7>:@5<0 7 
Autodesk Revit. 

 

 
$8AC=>: 1 3 %B2>@5==O B@828<V@=8E <>45;59 4;O @>7@0EC=:C 

 

' 1C4V25;P=V9 ?@0:B8FV Robot Structural Analysis 70AB>A>2CєBPAO 4;O @>7-
@0EC=:C :0@:0AV2 1C4V25;P, <>ABV2, 256 B0 V=H8E A?>@C4. #@>3@0<0 <>45;Nє 
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@50;P=V C<>28 5:A?;C0B0FVW, 2@0E>2CNG8 A=V3>2V, 2VB@>2V, B5<?5@0BC@=V B0 A59-
A<VG=V =020=B065==O. !0?@8:;04, ?@8 ?@>є:BC20==V AB0;528E :>=AB@C:FV9 
2>=0 02B><0B8G=> 287=0G0є >?B8<0;P=V ?5@5@V78 5;5<5=BV2, I> A?@8Oє 5:>=>-
<VW <0B5@V0;V2. 

"A>1;82C C203C ?@84V;5=> 0=0;V7C 7’є4=0=P. #@>3@0<0 <>45;Nє 720@=V, 
1>;B>2V B0 :;59>2V 2C7;8, 0 B0:>6 >FV=Nє WE=N ABV9:VABP 4> 2>3=528E 2?;82V2. 
*5 :@8B8G=> 4;O >1’є:BV2, 45 157?5:0 є ?@V>@8B5B><, =0?@8:;04, C ?@><8A;>-
28E G8 3@><04AP:8E 1C4V2;OE. 

!0 2V4<V=C 2V4 @CG=8E @>7@0EC=:V2, Robot Structural Analysis 70157?5GCє 
H284:VABP V B>G=VABP. �2B><0B870FVO 72V;P=Oє V=65=5@V2 2V4 @CB8==>W @>1>B8, 
4>72>;ONG8 7>A5@548B8AO =0 >?B8<V70FVW ?@>є:BV2. #@>3@0<0 35=5@Cє 45B0;P=V 
72VB8 B0 2V7C0;V70FVW, I> A?@>ICє ?@575=B0FVN @57C;PB0BV2 4;O 70<>2=8:V2 V 
?V4@O4=8:V2. 

#@>3@0<=5 70157?5G5==O 2V4:@820є =>2V 3>@87>=B8 4;O V=65=5@=>3> 0=0-
;V7C 7024O:8 A2>W< @>7H8@5=8< <>6;82>ABO< <>45;N20==O A:;04=8E :>=A-
B@C:B82=8E A8AB5<. !0?@8:;04, ?@>3@0<0 70157?5GCє B>G=5 ?@>3=>7C20==O 
?>254V=:8 :>=AB@C:FV9 ?V4 4VєN :><1V=>20=8E =020=B065=P, 2:;NG=> 7 48=0-
<VG=8<8 2?;820<8 B0 5D5:B0<8 B@820;>W 5:A?;C0B0FVW. '=V:0;P=>N є WW 740B-
=VABP 4> 02B><0B87>20=>3> :0;V1@C20==O <>45;59 70 4>?><>3>N ?0@0<5B@8G-
=8E 0;3>@8B<V2, I> 4>72>;Oє V=65=5@0< 4>A;V46C20B8 G8A;5==V AF5=0@VW 157 
7=0G=8E 28B@0B G0AC. � A2>N G5@3C, 21C4>20=V V=AB@C<5=B8 4;O 0=0;V7C B@V-
I8=>ABV9:>ABV B0 2B><8 <0B5@V0;V2 A?@8ONBP @>7@>1FV 4>23>2VG=8E A?>@C4, 
I> 2V4?>2V40NBP =0928I8< AB0=40@B0< 157?5:8 B0 5D5:B82=>ABV.  >6;82VABP 
?@>2545==O <>45;N20=P @>18BP ?@>3@0<C 206;82>N 4;O 0:045<VG=8E 4>A;V-
465=P V ?@0:B8G=>3> ?@>є:BC20==O. 

Autodesk Robot Structural Analysis 3 ACG0A=89 V=AB@C<5=B, O:89 >?B8<V-
7Cє ?@>F5A8 V=65=5@=>3> <>45;N20==O. �>3> 28:>@8AB0==O ?V428ICє B>G-
=VABP 1C4V25;P=8E :@5A;5=P, 7=86Cє 28B@0B8 B0 A?@8Oє 2?@>20465==N F8D@>-
28E B5E=>;>3V9 2 1C4V25;P=V9 30;C7V ':@0W=8. 
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=8E ?@>3@0<=8E 70A>1V2 V7 282G5==O A8AB5< 02B><0B87>20=>3> ?@>є:BC20==O 
<091CB=V<8 D0EV2FO<8 B5E=VG=>W 30;C7V. �==>20FV9=0 ?5403>3V:0. 2019. �8?. 14 
(1). %. 80386. 
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'�� 691:405.8 

�C1@8G52 ".%.1, ,52G5=:> �.�.2 

1 :0=4. 0@E., 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB. 3@. ���-114A? !' «�0?>@V7P:0 ?>;VB5E=V:0»  

�C1@8G52 ".%., (52G5=:> �.І. 
#�$%#��&��� &�  "����"%&� ��%&"%'��!!/ 

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

� @>728B:>< B5E=>;>3V9 >AB0==V<8 @>:0<8 =0 1C4V25;P=V <0940=G8:8 0:-
B82=> 2?@>2046CNBPAO =>2V @VH5==O, O:V 7=0G=> A?@>ICNBP B0 ?@8A:>@NNBP 
?@>F5A8, 0 B0:>6 ?V428ICNBP 157?5:C. "4=VєN 7 B0:8E B5E=>;>3V9 є 4@>=8 01> 
157?V;>B=8:8, O:V 2A5 G0ABVH5 28:>@8AB>2CNBPAO 4;O 28:>=0==O @V7=8E 70-
240=P. 

�?�� 4>72>;ONBP >B@8<0B8 H8@>:89 A?5:B@ ?5@5203 4 2V4 70157?5G5=-
=O 157?5:8 =0 <0940=G8:C 4> 74V9A=5==O 48AB0=FV9=>3> <>=VB>@8=3C 70 E>4>< 
1C4V2=8FB20 (@8A. 1). �8:>@8AB0==O B0:8E 70A>1V2 4>?><030є 28O2;OB8 2V4E8-
;5==O 2V4 ?@>є:B=8E @VH5=P, ?>:@0IC20B8 C?@02;V==O @5AC@A0<8 B0 7=86C20-
B8 28B@0B8 G0AC V :>HBV2. 

 

 
$8AC=>: 1 3 �5@><>=VB>@8=3 >1’є:B0 2 @568<V @50;P=>3> G0AC 

 

$>73;O=5<> 1V;PH 45B0;P=> <>6;82>ABV B0 ?5@52038 28:>@8AB0==O 4@>-
=V2. "?5@0B82=VABP є 25;8:>N ?5@5203>N �?��, 7 O:>N 2>=8 >1AB56CNBP 4V-
;O=:8 B0 >1'є:B8 =0 =8E. �@>=8 740B=V <5=H, =V6 70 4204FOBP E28;8= ?@>25AB8 
B>?>3@0DVG=C 79><:C 4V;O=:8 ?;>I5N 4> 10 35:B0@V2 (@8A. 2), I> @0=VH5 
709<0;> :V;P:0 4=V2. �024O:8 B>G=>ABV 3D-<>45;N20==O 4> 132 A<, <>6=0 
>B@8<C20B8 45B0;P=V B0 28A>:>B>G=V F8D@>2V <>45;V @5;PєDC B0 74V9A=8B8 
@>7@0EC=:8 >1'є<V2 75<;O=8E @>1VB, 7024O:8 G><C :>5DVFVє=B 5D5:B82=>ABV 
7=0G=> ?V428ICєBPAO. �?@>20465==O 4@>=V2 7=86Cє 28B@0B8 =0 1C4V2=8FB2>. 
�:>=><VO 4>AO30єBPAO 7024O:8 A:>@>G5=><C G0AC =0 ?@>2545==O 35>4578G=8E 
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@>1VB, 7<5=H5==N G0AC ?@>AB>N B5E=V:8 B0 >?B8<V70FVW 28B@0B =0 1C4V25;P=V 
<0B5@V0;8.  

 >6;82VABP 74V9A=N20B8 05@>D>B>79><:C 7 >3;O4>< =0 360° =0 28A>BV 
45AOB:V2 B0 A>B5=P <5B@V2, 4>?><030є 1C4V25;P=8:0< 7=0E>48B8 ?>B5=FV9=V 
@878:8 =0 1C4V25;P=><C <0940=G8:C B0 26820B8 70E>4V2, I>1 2>=8 =5 AB0;8 
703@>7>N 157?5FV ?@0FV2=8:V2. &0:>6 =5<0є =5>1EV4=>ABV @878:C20B8, I>1 
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INNOVATIVE APPROACHES TO IMPROVING THE QUALIFICATIONS 

OF PERSONNEL IN THE CONSTRUCTION INDUSTRY UNDER 

DIGITAL TRANSFORMATION CONDITIONS 

The construction industry is undergoing a significant stage of digital trans-

formation, which requires personnel to acquire new skills in order to work with 

modern technologies. Digital transformation is crucial for economic growth, as the 

construction sector provides employment and is expected to remain one of the most 

relevant industries in the coming years [1]. Upskilling is essential to increase 

productivity, reduce costs, and improve safety, but it requires a strategic approach 

to employee training. 

Let’s explore the main modern methods of upskilling workers in construction 

1. Online courses on platforms such as Coursera, Digital Construction Skills, 

etc., help workers learn building information modeling (BIM), data analytics, and 

project management software; 

2. Virtual and augmented reality technologies allow for the simulation of 

construction scenarios for safe hands-on training; 

3. Integration of training into daily work, for example, using BIM during pro-

ject planning, helps develop practical skills in real time; 

4. Seminars and webinars by industry associations support continuous learn-

ing and provide updates on the latest technologies. 

 

 
Figure 1 3 Overcoming digital transformation challenges in construction 

 

Based on the analysis of current publications [133], it is evident that up-

skilling construction personnel in the context of digital development is a relevant 

and timely issue. 
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This trend is associated with improved efficiency and productivity (e.g., daily 

output per worker), enables better use of available resources through forecasting, 

and allows for monitoring and analysis of working conditions to identify risks and 

enhance safety on construction sites [2]. 

Construction company leaders face several challenges in integrating modern 

technologies into the construction industry: 

1. Traditional work methods hinder the adoption of new technologies, espe-

cially among older employees; 

2. Significant investments in software, equipment, and training are required, 

which can be a challenge for small companies; 

3. The complexity of new technologies may lead to difficulties, particularly 

for those with limited technological experience; 

4. A lack of workers with the necessary skills requires substantial efforts in 

training or hiring; 

To overcome the challenges of digital transformation in the construction sec-

tor, a comprehensive approach is essential. Leaders must actively promote the ben-

efits of new technologies through communication. Companies should invest in 

training, collaborating with educational institutions, and begin implementation 

through pilot projects (such as testing BIM on small-scale sites). 

Collaboration through industry forums, such as CITB, fosters knowledge ex-

change, helping staff effectively adapt to new conditions. 

Digital transformation brings significant opportunities to the construction in-

dustry, but it requires innovative approaches to workforce training. Investments in 

digital platforms, VR/AR simulations [3], and continuous learning programs will 

help overcome challenges such as resistance to change and skills shortages. Strate-

gic planning, strong leadership, and collaboration will ensure successful adapta-

tion, unlocking the potential of digitalization to enhance efficiency, safety, and 

sustainable development. 
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"A=>2=V 2848 B0 28EV4=V 2V4><>ABV», ?@>?>=CєBPAO B0:5 B;C<0G5==O ?>=OBBO 
«V=B5@0:B82=0 :=830». «�=B5@0:B82=5 (=545B5@<V=>20=5) 5;5:B@>==5 2840==O 
4 ?0@0<5B@8, 7<VAB V A?>AV1 270є<>4VW 7 O:8< 287=0G0є A0< :>@8ABC20G 70 0;-
3>@8B<><, 7040=8< 28402F5<» («�=D>@<0FVO B0 4>:C<5=B0FVO», 2010). «�=B5@-
0:B82=0 :=830 (0=3;. Interactive book) 4 ?5@5410G0є 28EV4 2 0;PB5@=0B82=C 
@50;P=VABP 7 <>6;82VABN 270є<>4VW 7 3>;>2=8<8 35@>O<8, @50;P=> VA=CNG8<8 
70 4>?><>3>N email, QR-:>4V2, A09BV2 B>I>» («�=B5@0:B82=0 :=830») [1]. 

":@V< AB0=40@B=8E 5;5:B@>==8E :=83, VA=CNBP <C;PB8<54V9=V 2840==O, I> 
?>є4=CNBP B5:AB, 0C4V>, 2V45> 9 0=V<0FVN, 0 B0:>6 V=B5@0:B82=V :=838 7 4>40B-
:0<8. �024O:8 3=CG:8< D>@<0B0< 2>=8 <>6CBP 1CB8 O: ?@>AB8<8 B5:AB>28<8 
4>:C<5=B0<8, B0: V A:;04=8<8 48709=5@AP:8<8 2840==O<8, 040?B>20=8<8 4> 
@V7=8E ?@8AB@>W2 V <>2=8E =0;0HBC20=P, I> ?V428ICє 4>ABC?=VABP V :><D>@B 
G8B0==O. 

�;O @>7@>1:8 V=B5@0:B82=8E 5;5:B@>==8E :=83 VA=CNBP @V7=V V=AB@C<5=-
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B8 9 ?;0BD>@<8, I> ?>4V;ONBPAO =0 >=;09=-A5@2VA8, :><?V;OB>@8 B0 ?@>3@0<-
=V @540:B>@8. %5@54 >=;09=-A5@2VAV2 ?>?C;O@=8<8 є FlipSnack, O:89 4>72>;Oє 
AB2>@N20B8 B0 ?C1;V:C20B8 5;5:B@>==V :=838, Yudu, I> ?V4B@8<Cє V<?>@B 
PDF-D09;V2 B0 4>:C<5=BV2 Microsoft Office, Bookemon 3 2V7C0;P=89 @540:B>@ 
4;O AB2>@5==O :=83, PressBooks 3 A5@2VA =0 107V WordPress, O:89 4>72>;Oє 
D>@<0BC20B8 B5:AB8 B0 5;5<5=B8 :=83, 0 B0:>6 Creatavist, I> V=B53@Cє B5:AB, 
7>1@065==O, A;094H>C, 0C4V>, 2V45> B0 V=B5@0:B82=V 5;5<5=B8. �> :><?V;O-
B>@V2 5;5:B@>==8E :=83 =0;560BP eBook Maestro, O:89 28:>@8AB>2CєBPAO 4;O 
AB2>@5==O 5;5:B@>==8E ?C1;V:0FV9, HTML Executable, I> :>=25@BCє HTML-

AB>@V=:8 C 28:>=C20=V D09;8, eBookGold, O:89 AB2>@Nє :=838 =0 >A=>2V 
HTML-D09;V2, Ebook Maker, I> ?@0FNє 7 HTML-4>:C<5=B0<8, O:V <VABOBP 
7>1@065==O, JavaScript, 0=V<0FVN B0 0C4V>, 0 B0:>6 eBook Compiler :><?0=VW 
Natata, I> 28:>@8AB>2CєBPAO 4;O AB2>@5==O 5;5:B@>==8E :=83, ?@575=B0FV9 B0 
4>2V4:>28E A8AB5<. %5@54 ?@>3@0<=8E @540:B>@V2 284V;ONBPAO SunRav 
BookEditor, NeoBook, Adobe InDesign, Apple iBooks Author, My Autoplay, O:V 
70157?5GCNBP @>7H8@5=V <>6;82>ABV 25@AB0==O B0 V=B53@0FVW <C;PB8<54V9=8E 
5;5<5=BV2. �;O ?C1;V:0FVW B0 ?@>406C 5;5:B@>==8E :=83 28:>@8AB>2CNBPAO 
?;0BD>@<8 Kindle Direct Publishing, O:0 4>72>;Oє A0<>ABV9=> 284020B8 :=838 
4;O Kindle, Blurb 3 A5@2VA 4;O AB2>@5==O B0 ?@>406C 5;5:B@>==8E V 4@C:>20-
=8E :=83, PayLoadz 3 ?;0BD>@<0 5;5:B@>==>W :><5@FVW 4;O ?@>406C F8D@>28E 
B>20@V2, 0 B0:>6 Ourboox, I> 40є 7<>3C AB2>@N20B8 V=B5@0:B82=V :=838 7 B5:-
AB><, 7>1@065==O<8, 2V45>, V3@0<8, :0@B0<8 B0 3D-<>45;O<8 [2]. �8:>@8AB0=-
=O F8E V=AB@C<5=BV2 4>72>;Oє 02B>@0< V 28402FO< AB2>@N20B8 ACG0A=V 5;5:-
B@>==V :=838 7 @>7H8@5=8<8 <>6;82>ABO<8, @>1;OG8 WE 4>ABC?=VH8<8 4;O 
G8B0GV2. 

�=B5@0:B82=V 5;5:B@>==V :=838 ?>є4=CNBP B5:AB, <C;PB8<54V0 B0 V=B5@-
0:B82=V DC=:FVW, 7<V=NNG8 B@048FV9=5 CO2;5==O ?@> G8B0==O. �8:>@8AB0==O 
@V7=8E D>@<0BV2 A?@8Oє 040?B0FVW 4> @V7=8E ?;0BD>@< V ?>B@51 :>@8ABC20GV2. 
#>?@8 2V4=>A=> =525;8:5 ?>H8@5==O V=B5@0:B82=8E :=83 2 ':@0W=V, WE=V9 
?>B5=FV0; 4;O @>728B:C 70;8H0єBPAO 7=0G=8<, >A>1;82> 2 :>=B5:ABV F8D-
@>2V70FVW ACA?V;PAB20 B0 7@>AB0==O ?>?8BC =0 V=B53@>20=V <C;PB8<54V9=V ?@>-
4C:B8. 
 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1.�%&' 7157:2010. �=D>@<0FVO B0 4>:C<5=B0FVO. �840==O 5;5:B@>==V. 
"A=>2=V 2848 B0 28EV4=V 2V4><>ABV: �84. >DVF. 3 �.: �5@6AB0=40@B ':@0W=8, 
2010. 3 7 A. ':@0W=8 (40B0 725@=5==O 26.03.2025). 

2.!070@:528G  ., %B>@>6 "., �;N9=8: �. "A>1;82>ABV @>7@>1;5==O V=-
B5@0:B82=8E 5;5:B@>==8E :=83 // !0FV>=0;P=89 C=V25@A8B5B «�P2V2AP:0 
?>;VB5E=V:0», Lviv Polytechnic National University Institutional Repository. %. 
3323347. URL: http://ena.lp.edu.ua (40B0 725@=5==O 26.03.2025). 
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%525@V= �.�.1 , �=B8?5=:> Є...2, �C1:>20 �.�.3 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ���-534< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%525@і= �.�., �=B8?5=:> Є..., �C1:>20 �.�. 
�#��� �����!' #�$%"!��' !� %#$��!/&&/ �"$�%&'��+� 

�V7C0;P=89 48709= ?5@A>=060 - F5 ?>BC6=89 V=AB@C<5=B :><C=V:0FVW, 
O:89 4>72>;Oє ?5@540B8 E0@0:B5@, 5<>FVW, @>;P C AN65BV B0 =02VBP 2=CB@VH=V 
:>=D;V:B8 35@>O I5 4> B>3>, O: 2V= 7@>18BP I>AP. *5 >A>1;82> 206;82> 2 V3-
@0E, 0=V<0FVOE B0 :><V:A0E, 45 ?5@H5 2@065==O D>@<CєBPAO <8BBє2>. 

�0@=89 ?@8:;04 2V7C0;P=>3> 48709=C C <C;PBDV;P< «Nimona». (>@<0 =5 
?@>AB> @>15 ?5@A>=06V2, 0 @>7?>2V40є ?@> =8E. �>=B@0AB <V6 42><0 F5=B@0;P-
=8<8 ;8F0@O<8: �0;;VAB5@>< �;5:E0@B>< V �<1@>7Vє< �>;45=;>9=><.  

�0;;VAB5@ 2V7C0;P=> 28@V7=OєBPAO B5<=>N ?0;VB@>N: 9>3> >1;04C=>: - AV-
@89, 7 G>@=8<8 0:F5=B0<8. *5 2V4@07C 2V44V;Oє 9>3> 2V4 V=H8E ;8F0@V2. �>3> 
D>@<8 7 GVB:8<8 35><5B@8G=8<8 ;V=VO<8. �06;82>N 45B0;;N є ?@>B57 70<VABP 
@C:8, O:89 2V7C0;P=> ?V4:@5A;Nє <8=C;C B@02<C. �C65 30@=> A8<2>;V7Cє 
2B@0BC =5 BV;P:8 @C:8, 0 9 4>2V@8. �>3> :>@>B:5 2>;>AAO 9 1>@>40 ?V4:@VA;N-
NBP 703>AB@5=V D>@<8. 'A5 F5 AB2>@Nє >1@07 ?5@A>=060, O:>3> ;53:> ?><8;-
:>2> ?@89=OB8 70 "0=B835@>O", I> V є G0AB8=>N 3>;>2=>3> ?>A;0==O DV;P<C: 
=5 2A5 7;5 283;O40є 7;><. 

�<1@>7V9 - ;8F0@-AC?5@7V@:0, 7 OA:@02>-7>;>B8< 2>;>AAO<, V450;P=>N 
?>AB02>N, 1V;>A=V6=8<8 >1;04C=:0<8 B0 7>;>B8<8 2AB02:0<8. �>3> DV3C@0 
<V450;P=0=, 0 >1;8GGO <0965 ?>ABV9=> CA<VE=5=5. �V= 2BV;Nє :;0A8G=89 >1@07 
"35@>O A2VB;0". ' 9>3> 2V7C0;P=><C >1@07V є I>AP <0965 @5:;0<=5 - 1;8A:CG5, 
282V@5=5, 7>2=VH=P> 4>A:>=0;5, CAV<0 C;N1;5=5. �;5 A0<5 FO 4>A:>=0;VABP, 7 
G0A>< ?>G8=0є 28:;8:0B8 ?V4>7@C: � A?@024V, =5 2A5 4>1@5 @>18BP A0<5 ?@028-
;P=V 281>@8. 

 
0 3 D>@<8 48709=C ?5@A>=06V2; 1 3 ?@8:;04 :>=B@0ABC 42CE ?5@A>=06V2; 
$8AC=>: 1 3 @>7@>1:0 2V7C0;P=>3> 48709=C ?5@A>=06V2 «Nimona». 

 

/:I> :070B8 ?@> 48709= ?5@A>=06V2 2 V3@0E, B> B0:>6 30@=8< ?@8:;04>< 
1C45 «Left 4 Dead 2» - :>>?5@0B82=89 HCB5@ ?@> 286820==O C A2VBV 7><1V-
0?>:0;V?A8AC. "4=8< V7 :;NG>28E D0:B>@V2, є OA:@0289, DC=:FV>=0;P=89 V 
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2?V7=020=89 2V7C0;P=89 48709= ?5@A>=06V2. �V= 28:>=Cє =5 ;8H5 5AB5B8G=C 
@>;P, 0 9 :@8B8G=> 206;82C 359<?;59=C DC=:FVN 3 :>65= V7 =8E <0є C=V:0;P-
=89 A8;C5B, :>;P>@>2C ?0;VB@C V 45B0;V >4O3C, O:V 4>?><030NBP H284:> 2V4@V7-
=8B8 ?5@A>=06V2 >48= 2V4 >4=>3>, =02VBP C E0>AV 18B28, >AP ?@8:;04 :><0=48. 

!V: 3 28A>:89 G>;>2V: C 1V;><C :>ABN<V B0 @>7AB51=CBV9 A>@>GFV. �>3> 
7>2=VH=V9 283;O4 >4@07C 28:;8:0є 0A>FV0FVW 7 3@02F5< 01> H0E@0є<. �V= 28-
3;O40є =5 =0 A2>є<C <VAFV 2 0?>:0;V?A8AV, I> ?V4:@5A;Nє 9>3> A:5?B8G=89 V 
F8=VG=89 E0@0:B5@. 

�;;VA 3 <>;>489 E;>?5FP C 159A1>;FV, DCB1>;FV B0 702'O70=89 =0 ?>OAV 
:><1V=57>= <5E0=V:0. �>3> >1@07 <0:A8<0;P=> ?@>AB89 V =0@>4=89. /A:@0289 
:>;V@ DCB1>;:8 @>18BP 9>3> ?><VB=8< C B5<=8E :>@84>@0E 3@8. �V7C0;P=> 2V= 
?@54AB02;Oє "728G09=>3> E;>?FO <5E0=V:0". 

$>H5;P - 6V=:0 2 OA:@02V9 DCB1>;FV. �>=0 0:B82=0, @VHCG0, <0є 6C@=0;V-
ABAP:5 <8=C;5. �W >1@07 1V;PH ?@0:B8G=89, 0;5 2>4=>G0A 2V7C0;P=> B5?;89 3 A 
?5@H>3> ?>3;O4C 40є =0BO:, I> 2>=0 :@V?:0 B0 @VHCG0 6V=:0. 

&@5=5@ - :@5<57=89 G>;>2V: C A?>@B82=><C ?>;>. �>3> <0A82=0 DV3C@0 V 
B5?;V :>;P>@8 :>ABN<0 =0BO:0NBP =0 A8;C, =04V9=VABP, 0;5 9 ?52=C 2@07;8-
2VABP. �83;O40є O: A?@026=V9 <B0B>-:><0=48@=. 

 

 
0 3 48709= ?5@A>=06V2 ?5@H>W 3@8; 1 3 48709= ?5@A>=06V2 4@C3>W 3@8; 
$8AC=>: 2 3 @>7@>1:0 48709=C ?5@A>=06V2 A5@VW V3@ «Left 4 Dead» 

 

�V7C0;P=89 48709= ?5@A>=06V2 2V4V3@0є :;NG>2C @>;P C A?@89=OBBV :>-
@8ABC20G5< - G5@57 D>@<C, :>;V@ B0 A8;C5B 48709=. *5 D>@<Cє ?5@H5 2@065=-
=O, ?V4A8;Nє AN65B V 2?;820є =0 5<>FV9=5 A?@89=OBBO :>@8ABC20G0.  

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �5<0:V=0 &. �. %B8;V70FVO O: 70AV1 AB2>@5==O ?5@A>=06V2 C 359<-

48709=V [�;5:B@>==89 @5AC@A]3 $568< 4>ABC?C: 
https://er.knutd.edu.ua/handle/123456789/18497 (40B0 725@=5==O: 14.04.2025). 3 
!0720 7 5:@0=C. 

2. �CB>: [�;5:B@>==89 @5AC@A]: !>B0B:0 4;O @>74C<V2: G><C 206;8289 
A8;C5B ?5@A>=060 3 $568< 4>ABC?C: 
https://kutok.io/lillymist/notatka_dlya_rozdumiv_chomu_vazhlyvyi_syluet_person

azha-2o2 (40B0 725@=5==O: 14.04.2025). 3 !0720 7 5:@0=C. 
'�� 111 
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%525@V= �.�.1 , �=B8?5=:> Є...2, �C;V:>20 �.".3 

1 AB. 28:;040G :0D54@8 48709=C !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ���-534< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%525@і= �.�., �=B8?5=:> Є..., �C;і:>20 �.". 

�#��� �"�Ь"$' ' ��� �����!� !� �"%��� �"$�%&'��+� 

�V45>V3@8 3 A2>3> @>4C :><?;5:A=89 =0?@O< <8AB5FB20. �V= ?>є4=Cє C 
A>1V <C78:C, @568AC@C, AF5=0@=C <09AB5@=VABP B0 157?>A5@54=P> 48709=. �8-
:>@8AB>2CєBPAO 45:V;P:0 9>3> 284V2, 0;5 >4=8< 7 :;NG>28E, O:89 =0 ?@O<C 
2?;820є =0 4>A2V4 3@02FO є 359<48709=. "A=>2=0 7040G0 359<48709=C 4 AB2>-
@5==O V3@>2>3> 4>A2V4C, O:89 1C45 FV:028<, 710;0=A>20=8< V 70E>?;828< 4;O 
3@02FO. *5 2:;NG0є @>7@>1:C <5E0=V:, @V2=V2, ?@028;, 10;0=AC V 270є<>4VW 7 
:>@8ABC20G5<. "4=8< 7 B0:8E 5;5<5=BV2 є :>;V@. 

�>;V@ 709<0є 2 359<48709=V. �< <>6CBP ?>7=0G0B8 H;OE, 206;82V 01> V=-
B5@0:B82=V 5;5<5=B8. � 70;56=>ABV 2V4 AB8;VAB8G=8E >A>1;82>AB59 3@8 F59 
:>;V@ <>65 7<V=N20B8AO, 0;5 G0ABVH 70 2A5 4;O FP>3> >18@0NBP OA:@0289 :>-
;V@, 3@0<>B=> V=B53@CNG8 9>3> C 3@C. �0 40=8<8 @V7=8E 5:A?5@8<5=BV2 G5@2>-
=89 28O282AO =09?@>4C:B82=VH8< :>;P>@><, O:89 71C46C202 B0 A?>=C:02 4> 
4VW 3@02FV2. /A:@028<8 :>;P>@0<8 <>6=0 ?>7=0G8B8 ?@> =5157?5:C 01> 725@-
=CB8 C203C, I> B0:>6 0:B82=> 28:>@8AB>2CNBP 2 359<48709=V. 

�>2>@OG8 ?@> G5@2>=5, <>6=0 73040B8 O: ?@8:;04 «Call of Juarez: 
Gunslinger» 2V4 Techland, O:0 AB0;0 B@5BP>N 2 A5@VW «Call of Juarez». %0<0 3@0 є 
AB@V;O=:>N 2V4 ?5@H>W >A>18 2 60=@V 25AB5@=. �;O ?@>ABVH>W B0 :><D>@B=>W 
=02V30FVW 3@02FO =0 @V2=V =5>1EV4=V ?><VB=V ?><VB:8. #@028;P=89 H;OE ?>7=0-
G0єBPAO 5;5<5=B0<8, ?>D0@1>20=8<8 2 G5@2>=89 :>;V@. �=B5@0:B82=V >1’є:B8 
B56 A:;040NBPAO 7 G5@2>=8E 2V4BV=:V2. �>@>38 <0NBP =0 A>1V OA:@02V G5@2>=V 
?>2’O7:8 B0 V=HV 5;5<5=B8 30@45@>1C. �A5 206;825 AB0є ?><VB=8< =0 B;V AB8-
;VAB8:8 =01;865=>W 4> @50;V7<C, ?@8 FP><C =5 281820єBPAO 7 >B>G5==O. 

 

 
0 3 ?>7=0G5==O H;OEC 7024O:8 4>H:0<; 1 3 ?>7=0G5==O 2>@>3V2; 2 3 284V;5==O 

V=B5@0:B82=>3> >1’є:B0. 
$8AC=>: 1 3 �84V;5==O 206;828E 5;5<5=BV2 C 3@V «Call of Juarez:Gunslinger». 
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*5 =5 702648 ?>28=5= 1CB8 OA:@0289 :>;V@. � @50;VAB8G=8E ;>:0FVOE F5 
<>6CBP 1CB8 >1’є:B8, I> 284V;5=V B>=0;P=>, 01> BV;P:8 A2VB;><. %5@54 B0:8E 
V3>@ O: ?@8:;04 <>6=0 =025AB8 «Uncharted 4: A Thief’s End» 2V4 Naughty Dog 

7 A5@VW «Uncharted». $>7@>1=8:8 =5=02’O7;82> 4>40;8 B>=0;P=89 ?>4V; 4;O 
V=B5@0:B82=8E 5;5<5=BV2. !0?@8:;04, 28ABC?8 70 O:V <>6=0 GV?;OB8AO 284V;5-
=V =5 BV;P:8 70 D>@<>N, 0 9 70 B>=>< 2>=8 є A2VB;VH8<8 70 >B>G5==O. "1’є:B8, 
I> <>6=0 ?5@5<VI0B8 ?>7=0G5=V B>=>< OA:@02VH8< 70 >1’є:B8 =02:>;>. +0A-
B8=0 ABV=8, ?V4 O:>N <>6=0 ?@>9B8, ?>7=0G0єBPAO 1V;8<8 ?>;>A0<8 274>26 
7>=8, 45 <>6=0 E>48B8. 

 

 
0 3 284V;5==O B>=>< 28ABC?V2, 70 O:V <>6=0 G8?;OB8AO; 1 3 @CE><89 

>1’є:B, OA:@02VH89 70 B>=><; 2 3 1V;V ?>;>A8 =0 ABV=0E, ?V4 O:8<8 <>6=0 
?@>9B8 

$8AC=>: 2 3 �84V;5==O 206;828E 5;5<5=BV2 C 3@V «Uncharted 4: A Thief’s 

End» 
 

�0 2V43C:0<8 3@02FV2, >A>1;82> ?>G0B:V2FV2, <>6=0 ?>10G8B8, I> B0:V 
?>7=0G5==O 4V9A=> A?@>ICNBP B0 @>1;OBP ?@8є<=VH8< 2V45>V3@>289 4>A2V4. 
*5 5:>=><8BP G0A, A?@>ICє @>7C<V==O @V2=O, 7=86Cє @878: ?><8;>: ?@8 ?@>-
E>465==V 3@8 B0 AB2>@Nє B>G:8 D>:CAC. �AV FV D0:B>@8 ?>:@0ICNBP 2V45>V3-
@>289 4>A2V4, AB2>@NNG8 ?@8є<=V 2@065==O 2V4 A0<>W 3@8, :>;8 3@02FN =5 
?>B@V1=> 2304C20B8, :C48 9><C 9B8 B0 G>3> A0<5 2V4 =P>3> E>BV2 @>7@>1=8:. 
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:0;P=8E ;V=V9 2V4 ?V4;>38 4> AB5;V =0 ABV=0E B0 3>@87>=B0;P=8E ;V=V9 =0 AB5;V 
B0 ?V4;>7V, I> ?@>4>26CNBPAO 2V4 ABV=, =0 @8AC=:0E 1 B0 2 240;>AP 2V7C0;P=> 
@>7H8@8B8 C 28A>BC B0 2 H8@8=C 2C7P:89 B0 4>2389 ?@>ABV@ :>@84>@C. 

!09?>H8@5=VH8< ?@89><>< 4;O 2V7C0;P=>3> @>7H8@5==O ?@>AB>@C є 70-
AB>AC20==O 475@:0; B0 3;O=F528E ?>25@E>=P. $>7<VI5==O 475@:0; =0 ABV=0E 
01> 28:>@8AB0==O <51;V2 7 3;O=F528<8 ?>25@E=O<8 2V41820є A2VB;> B0 AB2>@Nє 
V;N7VN 3;818=8. *5 >A>1;82> :>@8A=> 2 :V<=0B0E 7 >1<565=8< ?@8@>4=8< 
>A2VB;5==O< [3]. 

%CG0A=8< 70A>1>< 4;O 2V7C0;P=>W B@0=AD>@<0FVW ?@>AB>@C є 
<V=V<0;VAB8G=89 ?V4EV4 4> WE <51;N20==O. �V= ?5@5410G0є 28:>@8AB0==O ?@>-
AB8E D>@< B0 >1<565=>W :V;P:>ABV ?@54<5BV2 V=B5@’є@C.  51;V 7 2V4:@8B8<8 
=V6:0<8 01> ?@>7>@8<8 5;5<5=B0<8, =0?@8:;04, A:;O=V AB>;8, AB2>@NNBP 
2V4GCBBO ;53:>ABV B0 ?@>AB>@C. &0:89 ?V4EV4 4>72>;Oє C=8:=CB8 ?5@520=B0-
65==O ?@8<VI5==O B0 A?@8Oє 2V7C0;P=><C @>7H8@5==N [4]. !0 @8AC=:0E 1, 2 
28:>@8AB0=V ?@>ABV ;02>G:8, >1@0<;5=V 7 >1>E :@0W2 45:>@0B82=8<8 ?5@53>-
@>4:0<8 7 <5B0;C. �024O:8 28@V70=8< C ?52=V9 ?>A;V4>2=>ABV 2V75@C=:0< 2>=8, 
=5 482;OG8AP =0 A2V9 @>7<V@, 740NBPAO ;53:8<8 B0 <0;>?><VB=8<8, 0;5 @>7-
AVNNBP A2VB;> B0 G0AB:>2> ?@8E>2CNBP ;02>G:C, B0:8< G8=>< AB2>@NNG8 70-
B8H=89 :CB>G>:, 45 <>6=0 ?>A84VB8. 

"A2VB;5==O є =5 <0;>206=8< V=AB@C<5=B @>7H8@5==O 2V7C0;P=>3>  ?@>-
AB>@C. #@028;P=5 >A2VB;5==O 2V4V3@0є :;NG>2C @>;P C A?@89=OBBV ?@>AB>@C. 
$V2=><V@=5 @>7?>4V;5==O A2VB;0, 28:>@8AB0==O B>G:>28E A2VB8;P=8:V2 B0 <0:-
A8<0;P=5 28:>@8AB0==O ?@8@>4=>3> >A2VB;5==O 4>?><030NBP AB2>@8B8 2V4-
GCBBO 2V4:@8B>ABV B0 ?@>AB>@C. �;O=F52V ?>25@E=V B0 A2VB;V :>;P>@8 2 ?>є4=0==V 
7 >A2VB;5==O< ?V4A8;NNBP F59 5D5:B [5]. !0 @8AC=:0E 1 B0 2 45:>@0B82=0 ?V4-
A2VB:0 ?V4:@5A;Nє 3>@87>=B0;P=V B0 25@B8:0;P=V ;V=VW =0 ABV=0E B0 AB5;V, 2V7C-
0;P=> ?V4:@5A;NNG8 @>7H8@5==O ?@>AB>@C. &0:>6 FO ?V4A2VB:0 >:@5A;Nє 
?>G0B>: B0 :V=5FP 2EV4=>W 7>=8 2 :V<=0BC ?52=>3> =><5@C. 
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�;5 107>28< ?@89><>< є :>;V@. �>3> ?A8E>;>3VG=89 2?;82 =0 5<>FV9=89 

AB0= ;N48=8 402=> 2V4><89 V ?V4B25@465=89 =0C:>N D0:B. !0?@8:;04, A8=V B0 
75;5=V 2V4BV=:8 A?@8ONBP @>7A;01;5==N, B>4V O: B5?;V :>;P>@8, B0:V O: 6>2B89 
01> ?><0@0=G5289, 4>40NBP 5=5@3VW. /: ?@8:;04, =0 @8AC=:0E 1 B0 2 4;O :>;P-
>@>2>3> >1@0<;5==O :V<=0B 28:>@8AB0=> A0<5 75;5=89 B0 75;5=>-6>2B89 :>-
;P>@8, I>1 ?@>ABV@ 740202AO 6202VH8<, 68BBє@04VA=8<, 4>40202 5=5@3VW B0 
A8;. �81V@ :>;P>@>2>W 30<8 ?>28=5= 2V4?>2V40B8 DC=:FV>=0;P=><C ?@87=0-
G5==N ?@8<VI5==O B0 1060=><C =0AB@>N [6]. !0 @8AC=:C 1 B0 2 =0>G=> 284-
=> O: 7<V=NєBPAO 2V7C0;P=5 A?@89=OBBO >4=>3> V B>3> 6 A0<>3> ?@>AB>@C, 7 
>4=0:>28<8 5;5<5=B0<8 B0 :>;P>@0<8 ABV= V AB5;V, 2V4 7<V=8 :>;P>@C ?V4;>38 7 
B5<=>-AV@>3> 4> A2VB;>- AV@>3>. !0 @8AC=:C 1 7030;P=89 ?@>ABV@ 283;O40є 
A2VB;VH8<, :>;V@ ABV= AB0є B5?;>3> 2V4BV=:C, 0 7030;P=0 :0@B8=0 @>18BP V=-
B5@`є@ 1V;PH 25A5;8< B0 68BBє@04VA=8<. !0 @8AC=:C 2 B@>E8 V=0:H0 :0@B8=0 - 
:>;V@ ?V4;>38 B5<=>-AV@89 V G5@57 F5 2V4BV=>: ABV= 740єBPAO E>;>4=8<, 7030;>< 
:>@84>@ 283;O40є 1V;PH ?>E<C@> B0 ?@875<;5=>. (0@1C20==O AB5;V 2 A2VB;V 
B>=8 01> 28:>@8AB0==O >4=0:>2>3> :>;P>@C 4;O ABV= V AB5;V AB2>@Nє 5D5:B 
157?5@5@2=>ABV, I> B0:>6 A?@8Oє 2V7C0;P=><C @>7H8@5==N ?@>AB>@C [7], [5]. 

 

 
$8AC=>: 1 3 �>@84>@ 3 ?>25@EC 7V A2VB;>N ?V4;>3>N 

 

 
$8AC=>: 2 3 �>@84>@ 3 ?>25@EC 7 B5<=>N ?V4;>3>N 
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�0AB>AC20==O F8E ?@89><V2 4>72>;Oє 5D5:B82=> B@0=AD>@<C20B8 ?@>A-
BV@, @>1;OG8 9>3> 1V;PH :><D>@B=8< B0 DC=:FV>=0;P=8<. �@0EC20==O :>-
;P>@C, 3@0DVG=8E 5;5<5=BV2, >A2VB;5==O B0 <51;N20==O 2 :><?;5:AV 70157?5-
GCє 4>AO3=5==O 1060=>3> 5D5:BC 2V7C0;P=>3> @>7H8@5==O V=B5@’є@C. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �8709=5@AP:V ?@89><8 4;O 2V7C0;P=>3> @>7H8@5==O ?@>AB>@C - $568< 
4>ABC?C: https://vash-master.com.ua/dizajnerski-prijomi-dlya-vizualnogo-

rozshirennya-prostoru 

2. �?;82 :>;P>@C =0 A?@89=OBBO ?@>AB>@C-$568< 4>ABC?C: 
https://studopedia.com.ua/1_54329_vpliv-koloru-na-spriynyattya-prostoru.html 

3. �8709=5@AP:V B@N:8 4;O 2V7C0;P=>3> 71V;PH5==O ?@>AB>@C 2 V=B5@’є@V 
- $568< 4>ABC?C: https://vash-master.com.ua/dizajnerski-tryuki-dlya-vizualnogo-

zbilshennya- prostoru-krashij-sposib-stvoriti-vidchuttya-prostoru-v-intereri 

4. �8709=5@AP:V ?@89><8 4;O 2V7C0;P=>3> @>7H8@5==O ?@>AB>@C - $5-
68< 4>ABC?C: https://vash-master.com.ua/dizajnerski-prijomi-dlya-vizualnogo-

rozshirennya-  prostoru 

5. �@0 :>;P>@>< B0 A2VB;>< 4;O 2V7C0;P=>3> 71V;PH5==O ?@>AB>@C - $5-
68< 4>ABC?C: https://blog.mehbud.com.ua/uk/ceilings/gra-kolorom-ta-svitlom-dlja-

vizualnogo- zbilshennja-prostoru 

6. �>;V@=V @VH5==O C 48709=V V=B5@'є@C B0 WE 2?;82 =0 0B<>AD5@C 2 
?@8<VI5==V - 

$568< 4>ABC?C: https://artstroydom.com/blog/cvetovye-resheniya-dizajne-

interera 

7. �?;82 :>;P>@C ?V4;>38 =0 2V7C0;P=5 A?@89=OBBO ?@>AB>@C - $5-
68< 4>ABC?C: https://zavod-parketu.ua/vplyv-koloru-pidlohy-na-vizualne-

spryiniattia-prostoru 

 

https://vash-master.com.ua/dizajnerski-prijomi-dlya-vizualnogo-rozshirennya-prostoru/?utm_source=chatgpt.com
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68 

%��*�/ «�" #"��*��!�  �&�$����, )� �/ &� &�)!"�"���» 
 

'�� 620.1-419.8 

 VBOє2 ".�.1, �>20;5=:>  .�.2,  542є4є2 ".�.2 
1 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

 іBOє2 ".�., �>20;5=:>  .�.,  542є4є2 ".�. 
%'+�%!�� %&�! &� #�$%#��&��� ��$"�!�*&��  

% %-�" #"��&�� 

)V<VG=89 3V30=B Solvay (3>;>2=89 >DVA 7=0E>48BPAO C �5;P3VW) 2 40=89 
G0A є ;V45@>< C ?>AB02FV ;53:8E <0B5@V0;V2 4;O 05@>:>A<VG=>W 30;C7V B0 ?>A-
BV9=> @>7H8@Nє ?>BC6=>ABV 7 28@>1=8FB20 :><?>78FV9=8E <0B5@V0;V2.  

� @0<:0E 40=>W ?@>3@0<8, Solvay 22>48BP 4> AB@>N =>2C G5@3C 7 28@>1-
=8FB20 A<>; V 70?CA:0є C4>A:>=0;5=89 28@>1=8G89 :><?;5:A 2 <. �AB@8=35= 
(!V<5GG8=0). !0 FP><C ?V4?@8є<AB2V :><?0=VO Solvay ?;0=Cє 28?CA:0B8 C=V-
:0;P=V ?@>A>GC20;P=V A<>;8 (infusion resins), 0 B0:>6 A<>;8 4;O 0@<C20==O 
:><?>78FV9=8E <0B5@V0;V2. "1’є< V=25AB8FV9 2 ?@>є:B 2 <. �AB@8=35= A:;02 
?@81;87=> 50 <;=. є2@>. &0:>6 Solvay 28?CA:0є A<>;8 4;O ?@>A>GC20==O 
(?@>F5AC V=DC7VW) 2 <. �=0E59< (Anaheim, HB0B �0;VD>@=VO, %,�) B0 2 <. $5-
:A5< (Wrexham, �5;8:>1@8B0=VO). 

#>AB0G0;P=8: 2C3;5F52>3> 2>;>:=0 Hexcel Composites 3>BCєBPAO 4> ?@>-
3=>7>20=>3> 7@>AB0==O ?>?8BC =0 :><?>78B8 7 C@0EC20==O< ?@8A:>@5==O B5-
<?V2 28@>1=8FB20 2 @0<:0E @50;V70FVW ?@>3@0<, I> VA=CNBP B0 4VNBP, 0 B0:>6 
71V;PH5==O :V;P:>ABV 45B0;59 7 :><?>78BV2 C ?5@A?5:B82=8E :><5@FV9=8E 
02V0;09=5@0E. 

!>289 28@>1=8G>-B5E=>;>3VG=89 F5=B@ :><?0=VW Hexcel 2 <. �0A01;0=FV 
(2V;P=0 5:>=><VG=0 7>=0 Midparc,  0@>::>) ?;0=Cє 283>B>2;5==O V7 A>B>28E 
<0B5@V0;V2 HexWeb 45B0;59 A?5FV0;P=>3> ?@87=0G5==O 4;O ?V428I5==O <VF-
=>ABV :>=AB@C:FV9 B0 7=865==O 2038 C 28@>10E 05@>:>A<VG=>3> ?@87=0G5==O: 
:>=AB@C:FVOE ?;0=5@V2 ;VB0;P=8E 0?0@0BV2, <>B>3>=4>;0E V ;>?0BOE =5ACG>3> 
328=B0 35;V:>?B5@V2. 

Hexcel ?>AB0G0є ?>?5@54=P> ?@>A>G5=V B:0=8=8 7 2C3;5F52>3> 2>;>:=0 
4;O 28@>1=8FB20 <>B>3>=4>; BC@1>328=B>28E 4283C=V2 4;O ;VB0:0 A350 XWB 
V 4283C=0 CFM Leap. �V4?>2V4=> 4> ?@>3@0<8 A350 XWB, ?>AB0G0;P=8:8 
AIRBUS 283>B>2;ONBP 90 % A8;>2>3> =01>@C DN75;O6C B0 CAV AB@8=35@8 7 
2C3;5F52>3> 2>;>:=0 28@>1=8FB20 Hexcel. Hexcel AB028BP ?5@54 A>1>N <5BC 
1C4V2=8FB20 4> 2030 @>:C 2C7P:>DN75;O6=>3> ;VB0:0 C O:><C 4>;O 28:>@8A-
B0==O :><?>78FV9=8E <0B5@V0;V2 4>AO3=5 70&75 % 2V4 7030;P=>W 2038 ;VB0:0, 
I> ?5@528I8BP 4>;N :><?>78BV2 C :>=AB@C:FVW =>2VB=P>3> 02V0;09=5@0 �350 
(53%). �030;P=0 4>;O :><?>78B=8E 45B0;59 2 :>=AB@C:FVW �380 =0 AP>3>4=V 
AB0=>28BP 23 %. 
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�><?0=VO General Electric (GE) Aviation 7@>18;0 25;8:C AB02:C =0 % %-

:><?>78B8, O: <0B5@V0;8 7 =87P:>N ?8B><>N 203>N B0 28A>:>N B5<?5@0BC@-
=>N ABV9:VABN. �><?0=VO GE Aviation V=25ABCє 1V;PH =V6 $200 <;=. C 1C4V2-
=8FB2> 42>E D01@8: =0 ?;>IV 100 0:@V2 C <. )0=AB28;P (HB0B �;010<0, 
%,�). (01@8:8 ?@87=0G5=V 4;O <0A>2>3> 28@>1=8FB20 <0B5@V0;V2 =0 >A=>2V 
:0@1V4C :@5<=VN (SiC), O:V 28:>@8AB>2CNBP 4;O 283>B>2;5==O 45B0;59 7 :><-
?>78BV2 V7 :5@0<VG=>N <0B@8F5N (% %S) 4;O @50:B82=8E 4283C=V2 V =075<=8E 
307>28E BC@1V= 5=5@3>35=5@C20;P=8E CAB0=>2>:.  

�2V D01@8:8 GE Aviation, I> 1C4CNBPAO, 704VO=V 2 >:@5<8E >?5@0FVOE 
B5E=>;>3VG=>3> ?@>F5AC 3 28@>1=8FB2V SiC-:5@0<VG=8E 2>;>:>= B0 283>B>2-
;5==V :5@0<VG=>W AB@VG:8 V7 SiC. (01@8:0 7 283>B>2;5==O :5@0<VG=8E 2>;>:>= 
DV=0=ACєBPAO 4>A;V4=8FP:8< F5=B@>< �#% %,� 2 >1AO7V $21,9 <;=. &5<?5-
@0BC@=0 ABV9:VABP SiC :5@0<VG=>3> 2>;>:=0 AO30є 2400 °F.  

�8:>@8AB0==O ;53:>203>28E B5?;>ABV9:8E :><?>78BV2 7 :5@0<VG=>N <0B-
@8F5N C 30@OGV9 G0AB8=V @50:B82=8E 4283C=V2 28@>1=8FB20 GE Aviation є ?@>-
@82>< 2 V=4CAB@VW @50:B82=>3> @CEC. % %-:><?>78B8 A:;040NBPAO 7 SiC-

:5@0<VG=8E 2>;>:>= 2 <0B@8FV, 2;0AB82>ABV O:8E ?V428ICNBP H;OE>< =0=5-
A5==O ?0B5=B>20=8E ?>:@8BBV2. 

Rolls-Royce >DVFV9=> 2V4:@8;0 (27.10.2016 @.) =>289 F5=B@ 7 4>A;V465=P 
28A>:>B5<?5@0BC@=8E :><?>78BV2 2 Cypress (=0 ?V245=P 2V4 �>A-�=65;5AC, 
%,�). � F5=B@V 265 283>B>2;ONBP ?5@HV 4>A;V4=V ;8AB8 % %-:><?>78BC 7 
SiC-<0B@8F5N, I> 7<VF=5=0 2>;>:=>< V7 :0@1V4C :@5<=VN (SiC/SiC). �0=89 
<0B5@V0; A:;040є >A=>2C 45B0;59 =0ABC?=>3> ?>:>;V==O, O:V 1C4CBP 45<>=-
AB@C20B8AO C A:;04V B5E=>;>3V9 Rolls-Royce. Rolls-Royce ?;0=Cє 28:>@8AB0==O 
% %-:><?>78BV2 C ?@>AB02:0E AB0B>@0 BC@1V=8 B0 A>?;>28E ;>?0B:0E. ' ?5@-
A?5:B82V ?;0=CєBPAO @>7H8@5==O =><5=:;0BC@8 45B0;59 7 ?>ABC?>28< CA:;0-
4=5==O< C<>2 5:A?;C0B0FVW. 

#@>BO3>< 1030BP>E @>:V2 :><?0=VO Israel Aerospase Industries (IAI) 70157-
?5GCє 28:>=0==O ?@>3@0< 70:07V2 Boeing =0 ?>AB0G0==O A:;04=8E 2C7;V2 ;VB0-
:V2 Boeing 787 B0 Boeing 777. IAI <0є 7=0G=89 4>A2V4 C 28@>1=8FB2V :><?>78-
FV9=8E <0B5@V0;V2 4;O H8@>:>3> A?5:B@C 02V0FV9=8E 28@>1V2 V B5E=>;>3V9: 

- C4>A:>=0;5=V H0@C20BV ?@5?@538; 
- :>=AB@C:FVW 7 <>=>;VB=8< ?V4:@V?;5==O<, 70?>2=N20G5< C 283;O4V ?V=8 

(Integrally Stiffened, Foam-core Structures);  

- =0@V7=V A>B>2V :>=AB@C:FVW (Fulldepth Honeycomb Structures); 
- V=DC7VO @V4:>W A<>;8 (Liquid Resin Infusion (LRI)); 
- 7:;5N20==O <5B0;C 7 <5B0;>< (Metal-to-metal Bonding). 

!0 AP>3>4=V, є48=8< 25;8:8< 28@>1=8:>< :5@0<VG=>3> 2>;>:=0 C A2VBV 
22060єBPAO: NGS Advanced Fibers (/?>=VO) 3 AC<VA=5 ?V4?@8є<AB2> Nippon 
Carbon, General Electric B0 Safran ((@0=FVO). 
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'�� 620.1-419.8 

 VBOє2 ".�.1,  542є4є2 ".�.2, �>20;5=:>  .�.2 
1 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

 іBOє2 ".�.,  542є4є2 ".�., �>20;5=:>  .�. 
��%&"%'��!!/ % %-�" #"��&�� 

!0 AP>3>4=V 28@>1=8:8 02V0FV9=8E 4283C=V2 25;8:>W ?>BC6=>ABV General 
Electric B0 Rolls-Royce 45<>=AB@CNBP VAB>@8G=5 7@>AB0==O >1’є<V2 28@>1=8F-
B20 =0 D>=V @5:>@4=8E B5<?V2 1C4V2=8FB20 H8@>:>DN75;O6=8E 02V0;09=5@V2. 

�><?0=VW Boeing B0 General Electric 3>BCNBP 4> 28?@>1C20=P =091V;PH89 
C A2VBV BC@1>25=B8;OB>@=89 4283C= GE9X 4;O H8@>:>DN75;O6=>3> ;VB0:0 
Boeing 777). � FP><C 4283C=V >1;8FP>2C20;P=89 <0B5@V0; :0<5@8 73>@O==O 
B0 A5:B>@V2 AB0B>@C � ABC?5=V BC@1V=8 28A>:>3> B8A:C (&�&), 0 B0:>6 ;>?0B:8 
A>?;>28E 0?0@0BV2 � V �� ABC?5=V2 &�& 283>B>2;5=V 7 :><?>78BV2 7 :5@0<VG=>N 
<0B@8F5N. !0 AP>3>4=V @>7<VI5=> 70:07V2 =0 1V;PH =V6 700 4283C=V2 GE9X, 
?>G0B>: :><5@FV9=>W 5:A?;C0B0FVW 70?;0=>20=> =0 2020 @V:. �0AB>AC20==O 
% %-:><?>78BV2 C 30@OGV9 G0AB8=V 4283C=0 ?@>48:B>20=> =5>1EV4=VABN 7=8-
78B8 28B@0B8 ?0;820, ?>:@0I8B8 A?V22V4=>H5==O «?>BC6=VABP-<0A0» B0 A:>-
@>B8B8 5:A?;C0B0FV9=V 28B@0B8. 

!0 28@>1=8G8E ?>BC6=>ABOE General Electric Aviation 2 <. �H2V;P (HB0B 
#V2=VG=0 �0@>;V=0, %,�) 283>B>2;ONBPAO 10=406=V ?@>AB02:8 V7 % %-

:><?>78BC 4;O BC@1V=8 28A>:>3> B8A:C 4283C=0 LEAP. � <. �@8=2V;P (HB0B 
#V245==0 �0@>;V=0, %,�) 283>B>2;ONBP 45B0;V V7 % %-:><?>78BV2, I> ?@87-
=0G5=V 4;O 70<V=8 AC?5@A?;02V2 2 307>28E BC@1V=0E 25;8:>W ?>BC6=>ABV. 

�>65= 4283C= LEAP =0@0E>2Cє 18 10=406=8E ?@>AB02>: BC@1V=8 7 % %-

:><?>78BC, O:V 2V4=>AOBPAO 4> AB0B>@=8E 45B0;59 &�&. �2V04283C= LEAP 
2AB0=>2;NNBP =0 ?0A068@AP:V ;VB0:8 Airbus A319neo, A320neo B0 A321neo. 
!0 AP>3>4=V 2V= 2V4@V7=OєBPAO 28:>@8AB0==O< =091V;PH ?@>3@5A82=8E B5E=>-
;>3V9: 

- :><?>78B=V ;>?0B:8 B0 :>@?CA 25=B8;OB>@0 7 2C3;5F52>3> 2>;>:=0 7 
B@828<V@=8< ?;5BV==O<; 

- A5:B>@8 10=406C AB0B>@0 &�& V7 :><?>78BV2 7 :5@0<VG=>N <0B@8F5N; 
- @>1>GV ;>?0B:8 BC@1V= =87P:>3> B8A:C (&!&) V7 0;N<V=V4C B8B0=C; 
- C=V:0;P=0 A8AB5<0 ?>?5@5465==O ?>?040==O 2 307>?>2VB@O=89 B@0:B 

AB>@>==VE ?@54<5BV2; 
- <0;>5<VAV9=0 :0<5@0 73>@O==O NAPS 7 D>@AC=:0<8 4;O ?0;820, O:V 28-

3>B>2;5=V <5B>4>< 048B82=>3> 28@>1=8FB20.  
�><?0=VO Rolls-Royce. !0 AP>3>4=V Rolls-Royce 0:B82=> ?@>2>48BP 28-

?@>1C20==O 7 <5B>N 45<>=AB@0FVW ?@>3@5A82=8E B5E=>;>3V9 C �5;8:>1@8B0=VW, 
!V<5GG8=V B0 %,�. �>;>2=0 :>=F5?FVO Rolls-Royce, C ?8B0==V ACBBє2>3> ?V4-
28I5==O 5:A?;C0B0FV9=8E E0@0:B5@8AB8: 02V04283C=V2, ?>;O30є C 7=865==V 
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28B@0B ?0;820 B0 <0A8 45B0;59 C ?>@V2=O==V 7 <5B0;528<8 45B0;O<8. %B02:0 
@>18BPAO =0 H8@>:5 28:>@8AB0==O % %-:><?>78BV2, I> 70157?5GCє: 

- 7=865==O 28B@0B ?0;820 C 02V04283C=0E =0ABC?=>3> ?>:>;V==O; 
- 7=865==O 28B@0B ?>2VB@O =0 >E>;>465==O C @>1>G8E F8:;0E V <0A8 45-

B0;59 A5@V9=8E 4283C=V2; 
- <>6;82VABP ?5@5E>4C 4> 4283C=V2 7 1V;PH C4>A:>=0;5=8< @>1>G8< F8-

:;><. 
' 2013 @>FV C @0<:0E ?@>3@0<8 �5;8:>1@8B0=VW Environmentalle Friendly 

(EFE) 7 CA?VE>< 70:V=G5=> 2AV B5@<><5E0=VG=V 0B5AB0FV9=V 28?@>1C20==O CIV-
;P=N20;P=8E A5:B>@V2 AB0B>@C BC@1V=8 28A>:>3> B8A:C V7 SiC/SiC % %-

:><?>78BC. 
"A>1;820 C2030 ?@84V;OєBPAO ;53:>206=V9 A8AB5<V =87P:>3> B8A:C. ' 

@0<:0E ?@>3@0<8 Advanced Low Pressure System 2 2016 @>FV 70:V=G5=> 28?@>-
1C20==O 25=B8;OB>@0 A8AB5<8 «%-:><?>78B + Ti». �8?@>1C20==O 7 <5B>N >FV-
=N20==O ?@>2>4OBP =0 4283C=V Trent 1000. 

� 4283C=V Advance 3 4;O 70157?5G5==O =87P:>3> @V2=O 28:84C H:V4;828E 
@5G>28= ?@8 73>@O==V ?0;820 2?@>20465=V CIV;P=N20;P=V A5:B>@8 AB0B>@C 
&�& � ABC?5=V V7 :><?>78BC 7 :5@0<VG=>N <0B@8F5N B0 A>?;>2V ;>?0B:8 � ABC-
?5=V &��, I> 283>B>2;5=V 70 Cast-Bond B5E=>;>3VO<8. 

� @0<:0E ?@>3@0<8 Joint Strike Fighter (Є48=89 '40@=89 �8=8IC20G) є 
2:;NG5==O 4> :>=AB@C:FVW 3>;>2=8E ?V4H8?=8:V2 3V1@84=>3> ?V4E>4C, 70 O:8< 
@>;8:>2V 5;5<5=B8 283>B>2;ONBP :5@0<VG=8<8. !5>1EV4=VABP 70AB>AC20==O 
B0:8E ?V4H8?=8:V2 C ?5@A?5:B82=8E :>=AB@C:FVOE 4283C=V2 >1C<>2;5=0 28-
@VH5==O< ?@>1;5<8 >?>@C 28A>:8< =020=B065==O<, O:V 4VNBP 2A5@548=V 307>-
35=5@0B>@V2. 

�;O ?V428I5==O B5<?5@0BC@=>3> ��� 45B0;V 25=B8;OB>@0 4283C=0 Trent 
7000 7 2020-E @>:V2 ?;0=CєBPAO 283>B>2;OB8 7 1V;PH :>HB>2=8E :><?>78BV2 =0 
:5@0<VG=V9 >A=>2V, I> 4>72>;8BP ?V428I8B8 @>1>GV B5<?5@0BC@8. 

�><?0=VO Pratt & Whitney. �283C=8 ?>ABV9=>3> F8:;C, I> 5:A?;C0BC-
NBPAO =0 AP>3>4=V, >?B8<V7>20=V =0 4>AO3=5==O 01> <0:A8<0;P=>W ?>BC6=>ABV, 
01> 5:>=><VW ?0;820. 

� @0<:0E ?@>3@0<8 Adaptive Engine Technology Development (AETD) 
28:>=0=> ?CA:8 4283C=0 F414, C O:>3> @O4 45B0;59 283>B>2;5=V V7 % %-

:><?>78BV2. �> =8E 2V4=>AOBPAO: 
- @>1>GV ;>?0B:8 �� ABC?5=V BC@1V=8 =87P:>3> B8A:C (&!&); 
- C4>A:>=0;5=89 B5?;>>1<V==8:; 
- AB0B>@=0 G0AB8=0 25=B8;OB>@0; 
- AB2>@8 B0 CIV;P=5==O 7 >:A84->:A84=>3> :><?>78FV9=>3> <0B5@V0;C 7 

:5@0<VG=>N <0B@8F5N. 
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'�� 62-144:669.715.004.15 

 VBOє2 ".�.1, �>=>20;5=:> ..�.2 

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

 іBOє2 ".�., �>=>20;5=:> ..�. 
#����-�!!/ ���%&��"%&�� #"$,!���) %#����� 

!�!" "��(��'��!!/  

' 72’O7:C 7V 7@>AB0NG8< 2 >AB0==V @>:8 28?CA:>< <0;>?>BC6=8E 4283C-
=V2 2=CB@VH=P>3> 73>@O==O 4;O 157?V;>B=8E ;VB0;P=8E 0?0@0BV2, G>2=>28E <>-
B>@V2, 15=7>?8;, 307>=>:>A0@>:, 0 B0:>6 C 72’O7:C 7 2V4ACB=VABN 2 ':@0W=V 2;0-
A=>3> 28@>1=8FB20 ?5@28==>3> 0;N<V=VN 703>AB@8;0AO ?@>1;5<0 O:>ABV ?>@-
H=528E A?;02V2 V, 2V4?>2V4=>, =04V9=>ABV V 4>23>2VG=>ABV <0;>?>BC6=8E 428-
3C=V2 2=CB@VH=P>3> 73>@O==O.  

 5B>N @>1>B8 1C;> 28@VH5==O 7040GV ?V428I5==O O:>ABV ?>@H=528E 
0;N<V=Vє28E A?;02V2 B0 282G5==O :><?;5:A=>3> 2?;82C =0 AB@C:BC@C B0 <5E0-
=VG=V 2;0AB82>ABV A?;02C ��25 (��12 2 3!) <>48DV:C20;P=>3> :><?;5:AC 
 �-1 [1, 2] V DC;5@5=>2>W G5@=V, :>B@0 =0 100% A:;040;0AO V7 A068AB>3> 2C3-
;5FN V <0;0 @>7<V@8 G0AB8=>: 40&50 =<.  

$57C;PB0B8 4>A;V465=P 70A2V4G8;8 =0ABC?=V D0:B8.  
1. �>40B:>2> ?V4B25@465=> ?>78B82=89 2?;82 <>48DV:C20;P=>3> :><-

?;5:AC  �-1 [1] =0 @V25=P <5E0=VG=8E 2;0AB82>AB59 2B>@8==>3> ?>@H=52>3> 
A?;02C ��12 2 3! (��25) ?@8 B5<?5@0BC@0E 20 V 300°%.  

2. �AB0=>2;5=> ?>78B82=89 2?;82 DC;5@5=>2>W G5@=V 2 O:>ABV =0=><>-
48DV:0B>@0 =0 <5E0=VG=V 2;0AB82>ABV A?;02C ��12 2 3! (��25) ?@8 :V<=0-
B=V9 (20°%) B0 @>1>G8E (300°%) B5<?5@0BC@0E. !040=> 0@3C<5=B>20=5 ?>OA-
=5==O FP><C O28IC.  

3. �AB0=>2;5=> D0:B =87P:>3> @V2=O 70A2>є==O DC;5@5=>2>W G5@=V B0 =0O-
2=>ABV ?52=8E B@C4=>IV2 ?@8 WW 22545==V 4> @>7?;02V2, I> ?>B@51Cє ?>40;P-
H>3> 282G5==O B0 2V4?@0FN20==O.  

4. �V4<VG5=>, I> A?>AV1 22545==O DC;5@5=>2>W G5@=V 4> @>7?;02C, 2?;8-
20є =0 @V25=P <5E0=VG=8E 2;0AB82>AB59 <>48DV:>20=>3> A?;02C.  

5. $57C;PB0B8 28:>=0=8E 4>A;V465=P 4>1@5 C73>46CNBPAO 7 40=8<8 @>1VB 
[3, 4] B0 <0NBP ?@0:B8G=C FV==VABP B0 @>7H8@NNBP <>6;82>ABV ?V428I5==O 
O:>ABV 2B>@8==8E A8;C<V=V2 H;OE>< WE <V:@>- B0 =0=><>48DV:C20==O. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. #0B. 46094 ':@0W=0,  #� (2009) %%22%1/00.  >48DV:C20;P=89 :><-
?;5:A 4;O 0;N<V=Vє28E A?;02V2 / �>70 �. .,  VBOє2 ".�., �>;G>: �.#. 
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(':@0W=0); 70O2=8: B0 ?0B5=B>2;0AB8: �0?>@V7P:89 =0F. B5E=. C=-B, - 

№u200905914; 70O2;. 09.06.2009, >?C1;. 10.12.2009, �N;. №23. 3 4A.  
2. �>70 �. . �?;82 <>48DV:C20==O B0 B5@<VG=>W >1@>1:8 =0 D>@<C20==O 

AB@C:BC@8 V 2;0AB82>AB59 2B>@8==>3> ?>@H=52>3> A?;02C ��25: 02B>@5D. 48A. 
=0 74>1CBBO =0C:. ABC?5=O :0=4. B5E=. =0C:: A?5F. 05.02.01 « 0B5@V0;>7=02AB-
2>» / �. . �>70. 3 �0?>@V66O, 2012. 3 16A.  

3. �0;V=V=0 !.Є. %B@C:BC@0, 2;0AB82>ABV B0 28:>@8AB0==O :>=AB@C:FV9-
=8E =0=><0B5@V0;V2 /!.Є. �0;V=V=0, �. . !8:8D>@G8=, ".�. �0;V=V=, �.�.  0-
@CE0, �.�. �8@8;V2. 3 �P2V2: #@>ABV@ 3  , 2017. 3 304A.  

4. D. Kuis, A. Volchko, A. Shegidevich, N. Svidunovich / Research on ob-

taining of composite materials based on aluminum matrix // Journal of Chemical 

Technology and Metallurgy, 51, 4, University of Chemical Technology and Metal-

lurgy, Sofia, Bulgaria. 2016. 3 P. 427-436. 

 

 

'�� 621.9:669.295 
�8@8;0E0 %.�.1 

1 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
�8@8;0E0 %.�. 

#����-�!!/  �)�!�+!�) ���%&��"%&�� &�&�!"��) 

%#����� TI–6AL–4V, "&$� �!�)  �&"�� � ���&��!�) 

&�)!"�"��� 

%CG0A=V 048B82=V B5E=>;>3VW (�&), O:V 107CNBPAO =0 ?>5B0?=><C D>@<C-
20==V <0B5@V0;C 4;O AB2>@5==O B@828<V@=8E >1'є:BV2, 4>72>;ONBP 7=0G=> @>7-
H8@8B8 <>6;82>ABV 28@>1=8FB20, 70157?5GCNG8 28A>:C B>G=VABP, A:;04=VABP 
35><5B@VW B0 5D5:B82=VABP 28:>@8AB0==O <0B5@V0;V2. �:BC0;P=VABP �& 7C<>2-
;5=0 WE 740B=VABN 70157?5GC20B8 5D5:B82=5 B0 @5AC@A>715@V30NG5 283>B>2;5=-
=O 45B0;59 A:;04=>W 35><5B@VW 157 ?>B@518 C B@C4><VAB:V9 <5E0=VG=V9 >1@>1FV. 

�48B82=89 <5B>4 ACBBє2> A:>@>GCє :V;P:VABP >?5@0FV9 (C ?>=04 2 @078), 
7=86Cє 5=5@3>A?>6820==O B0 ?V428ICє ��  7 8310 % 4> 90 %. !0 2V4<V=C 2V4 
B@048FV9=>3> 28@>1=8FB20, 45 <5B0; ?;028BPAO ;8H5 ?V4 G0A 28?;02:8 7;8B:0, 
2 048B82=8E ?@>F5A0E F5 2V41C20єBPAO 42VGV (?@8 >B@8<0==V ?>@>H:C B0 D>@-
<C20==V 45B0;V), I> 2?;820є =0 WW AB@C:BC@C B0 2;0AB82>ABV. �;O 4>AO3=5==O 
28A>:8E <5E0=VG=8E 2;0AB82>AB59 B8B0=>28E A?;02V2 =5>1EV4=> 2@0E>2C20B8 
B0:V D0:B>@8, O: O:VABP 3@0=C;, WE @>7<V@, 307>2<VAB, ?>BC6=VABP ;075@=>3> 
?@><5=O, @>7<V@ ?;O<8 V @V4:>W 20==8, H284:VABP A:0=C20==O B0 B5<? :@8AB0-
;V70FVW. �AV FV 0A?5:B8 270є<>?>2'O70=V B0 287=0G0NBP >?B8<0;P=V E0@0:B5@8A-
B8:8 <0B5@V0;C, I> є :;NG>28< 4;O 70157?5G5==O 9>3> 28A>:>O:VA=8E <5E0=V-
G=8E 2;0AB82>AB59. [1]. 

' @>1>BV [2] =02545=> =0ABC?=V 40=V: :><?0=VO ARCAM AB, H254AP:89 
;V45@ C 30;C7V �&, >B@8<0;0 7@07:8 A?;02C Ti36Al34V, O:V ?VA;O ?@>2545==O 
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30@OG>3> V7>AB0B8G=>3> ?@5AC20==O (��#) ?@>45<>=AB@C20;8 4>A8BP E>@>HV 
<5E0=VG=V 2;0AB82>ABV (B01;. 1). 

 

&01;8FO 1 3  5E0=VG=V 2;0AB82>ABV A?;02V2 Ti36Al34V B0 Ti36Al34V ELI 

2 ?>G0B:>2><C AB0=V B0 ?VA;O ��# 

%?;02/AB0= 
σ0,2, 

 #0 
σ2, 
 #0 

·, 
% 

ψ, 
% 

Ti36Al34V/ 28EV4=5 879 953 14 46 

Ti36Al34V/ ?VA;5 ��# 868 942 13 44 

Ti36Al34V Eli / 28EV4=5 802 904 14 47 

Ti36Al34V Eli HIP /?VA;5 ��# 807 902 15 47 

 

&0:, 2;0AB82>ABV =0 @>7@82 7@07:V2 A?;02V2 Ti36Al34V B0 Ti36Al34V ELI 

2 ?>G0B:>2><C AB0=V B0 ?VA;O ��# ?>2=VABN 2V4?>2V40NBP 2;0AB82>ABO<, 2:0-
70=8< C <V6=0@>4=8E AB0=40@B0E. #@8 FP><C 70;8H0єBPAO ?V4B25@465=>N 
VAB8=>N, I> ��# <0B5@V0;C, >B@8<0=>3> 70 4>?><>3>N 048B82=>W B5E=>;>3VW, 
CAC20є <V:@>G0AB:8 7 ?>@0<8, I>, 2 ?5@HC G5@3C, 2V4>1@060єBPAO =0 2B><=8E 
2;0AB82>ABOE 7@07:V2 (@8A. 1) [2]. 
 

 
$8AC=>: 1 3 �B><=V 2;0AB82>ABV 7@07:V2 A?;02V2 Ti36Al34V B0 Ti36Al34V ELI 

2 ?>G0B:>2><C AB0=V B0 ?VA;O ��# (=0 >A=>2V 107 F8:;V2). 
 

"A=>2=>N E0@0:B5@8AB8:>N, I> 287=0G0є =04V9=VABP <0B5@V0;V2, >B@8-
<0=8E 70 ?>@>H:>28<8 B5E=>;>3VO<8, є 2B><=V 2;0AB82>ABV, 70 28A>:89 @V25=P 
O:8E C B8B0=>28E A?;020E, 2 ?5@HC G5@3C, 2V4?>2V40є AB@C:BC@=89 D0:B>@. 
�B><=V E0@0:B5@8AB8:8 <0B5@V0;V2, 283>B>2;5=8E 70 4>?><>3>N 048B82=8E 
B5E=>;>3V9, =040=V @V7=8<8 02B>@0<8, <0NBP @>71V6=>ABV. �><?0=VO 
Honeywell, 7>:@5<0, =02>48BP >FV=:C [3], 73V4=> 7 O:>N <0;>F8:;VG=0 2B><0 
7@07:V2, >B@8<0=8E 70 4>?><>3>N 048B82=>W B5E=>;>3VW, є B0:>N 6, O: C 45D>-
@<>20=>3> <0B5@V0;C, V 7=0G=> ?5@528ICє 2;0AB82>ABV 7@07:V2 C ;8B><C AB0=V. 
�0 40=8<8 C=V25@A8B5BC RMIT, <0B5@V0;, >B@8<0=89 70 4>?><>3>N �&, <0є 
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2B><=V 2;0AB82>ABV, I> 709<0NBP ?@><V6=5 ?>;>65==O <V6 45D>@<>20=8< 
<0B5@V0;>< B0 ;8B8<, I> ?@>9H>2 ��# [4]. 

$V7=8FO 2 @57C;PB0B0E 2:07Cє =0 ?>B@51C ?>40;PH8E 4>A;V465=P 4;O >?-
B8<V70FVW B5E=>;>3V9. "AB0==V @57C;PB0B8 =01;860NBPAO 4> @50;P=>ABV, I> 
4>72>;Oє ?V428I8B8 2;0AB82>ABV B0 ?>:@0I8B8 O:VABP AB@C:BC@8 7@07:V2. 
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20==O :><?>=5=BV2 =0 0B><=><C @V2=V =5 2V41C20єBPAO. %:;04>2V :><?>=5=B8 
=5 @>7G8=ONBPAO >48= 2 >4=><C =V 2 B25@4><C, =V 2 @V4:><C AB0=V. 

�><?>=5=B8, 7 O:8E 283>B>2;ONBP ?A524>A?;028, @V7:> 2V4@V7=ONBPAO 70 
A2>W<8 DV78:>-<5E0=VG=8<8 E0@0:B5@8AB8:0<8, 0;5 C B>9 65 G0A <0NBP 206-
;82V DV78G=V, <5E0=VG=V G8 B5E=>;>3VG=V 2;0AB82>ABV 3 =0?@8:;04, 28A>:C ABV9-
:VABP I>4> 4VW V=B5=A82=8E B5?;>28E ?>B>:V2, 45<?DCNGC 740B=VABP ?@8 7=0-
:>7<V==8E =020=B065==OE, A0<>7<0IC20==O 70 C<>2 ACE>3> B5@BO, 28A>:C 
5;5:B@>5@>7V9=C ABV9:VABP B0 1030B> V=H8E 206;828E 2;0AB82>AB59. 
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&8?>20 AB@C:BC@0 ?A524>A?;02C A:;040єBPAO 7 ?>@8AB>3> :0@:0A0 B0 ;53-
:>?;02:>3> <0B5@V0;C-=0?>2=N20G0. �0@:0A 283>B>2;OєBPAO <5B>40<8 ?>@>H-
:>2>W <5B0;C@3VW, O: ?@028;>, 7 ?>@>H:V2 <5B0;V2, O:V <0NBP 01> 28A>:C B5<-
?5@0BC@C ?;02;5==O, 01> 28A>:V ?>:07=8:8 <VF=>ABV, 01> O:VAP V=HV 2;0AB82>A-
BV, =5>1EV4=V A0<5 4;O 40=>3> 28@>1C. 

�8@>1=8FB2> 28@>1V2 7V ?A524>A?;02V2 ?>G8=0єBPAO 7 283>B>2;5==O A?5-
G5=>W 01> =5A?5G5=>W ?@5A>2:8 7 <0B5@V0;C :0@:0AC. "A:V;P:8 =09G0ABVH5 :0@-
:0A 283>B>2;OєBPAO 7 BC3>2;02:8E <5B0;V2 (=0?@8:;04, 2>;PD@0<C), B>, O: ?@0-
28;>, 9>3> D>@<C20==O 74V9A=NєBPAO 30@OG8< ?@5AC20==O< 7 ?>?5@54=V< A?V-
:0==O< =0 A?5FV0;P=8E ?@5A0E (@8A. 1). 

�83>B>2;5==O ?>G8=0єBPAO V7 7020=B06C20==O H8EB8 C <0B@8FN. �020=-
B06C20==O ?@>2>48BPAO 45:V;P:><0 ?>@FVO<8. �>6=C 70A8?0=C ?>@FVN CIV;P-
=NNBP =525;8:8< ?>?5@54=V< B8A:><. #VA;O 7020=B065==O =5>1EV4=>W :V;P:>-
ABV ?>@>H:C C 707>@ <V6 <0B@8F5N V AB0;528< F8;V=4@>< 70A8?0NBP A8;V:0B-
=89 01> F8@:>=Vє289 ?VA>: O: 70AV1 V B5?;>V7>;OFVW, V 70?>1V30==O 45D>@<C20=-
=O <0B@8FV.  

#@8 :V<=0B=V9 B5<?5@0BC@V AB2>@NєBPAO =525;8:89 B8A: C 1,5&3  #0 V 
?>G8=0єBPAO ?>ABC?>25 =03@V20==O ?>@>H:C 4> B5<?5@0BC@8 ?>@O4:C 
1100&12000% 7 ?>40;PH>N 28B@8<:>N 2V4 30 4> 60 E2. �V41C20єBPAO ?>?5@5-
4=є A?V:0==O.  

 
1 3 ?C0=A>= ?@5A0; 2 3 3@0DVB>289 ?C=A>= ?@5A-D>@<8; 3 3 3@0DVB>20 <0B@8FO; 
4 3 28@V1; 5 3 3@0DVB>289 AB@865=P; 6 3 3@0DVB>20 ?V4:;04:0; 7 3 B5?;>V7>;O-
FVO; 8 3 AB0=8=0 ?@5A0; 9 3 B5?;>V7>;OFV9=0 70A8?:0; 10 3 AB0;5289 F8;V=4@;  

11 3 B5?;>V7>;OFVO F8;V=4@0; 12 - V=4C:B>@ 
$8AC=>: 1 3 %E5<0 30@OG>3> ?@5AC20==O. 

 

"B@8<0=89 B0:8< G8=>< 28@V1 ?V440NBP >AB0B>G=><C A?V:0==N C ?@8-
ACB=>ABV @V4:>W D078 3 @>7?;02;5=>3> ;53:>?;02:>3> :><?>=5=B0. #@>F5A A?V-
:0==O 2 @V4:V9 D07V 70 @0EC=>: 1V;PH>W H284:>ABV ?5@5=5A5==O @5G>28=8 ?@>-
BV:0є 7=0G=> V=B5=A82=VH5, =V6 C B25@4V9, V B@820є <5=H89 G0A. 

,8@>:5 ?@><8A;>25 70AB>AC20==O 7=09H;8 ?A524>A?;028 A8AB5<8 Fe-
Cu. �0;V7> B0 <V4P >1<565=> 270є<=> @>7G8==V.  0:A8<0;P=0 @>7G8==VABP <V4V 
C B25@4><C 70;V7V ?@8 B5<?5@0BC@V 12000% AB0=>28BP 8...8,5% (70 <0A>N). 
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' ?A524>A?;020E A8AB5<8 Fe-Mg 70;V7> 7 <03=Vє< =5 CB2>@Nє @>7G8=V2 
G8 A?>;C: C B25@4><C B0 @V4:><C AB0=V. #A524>A?;028 >B@8<CNBP ?@>A>G5=-
=O< ?>@8AB8E 70;V7=8E B0 AB0;528E :0@:0AV2 @>7?;02;5=8< <03=Vє< B0 9>3> 
A?;020<8. $V25=P <VF=>ABV ?A524>A?;02V2 Fe-Mg 45I> =86G89, =V6 Fe-Cu. 

#A524>A?;028 <0NBP =87P:C :>@>7V9=C ABV9:VABP C 3%-=><C @>7G8=V NaCI. 
#A524>A?;028 A8AB5< W-Cu, W-Ag H8@>:> 70AB>A>2CNBP 2 5;5:B@>B5E-

=VFV O: 5;5:B@>:>=B0:B=V <0B5@V0;8. �70є<>4VO 2>;PD@0<0 7 <V44N V A@V1;>< 
2V4ACB=O. #A524>A?;028 7 >1'є<=>N G0AB:>N 2>;PD@0<C 4> 50% >B@8<CNBP 
?5@5206=> H;OE>< A?V:0==O AC<VHV :><?>=5=BV2 C B25@4V9 01> @V4:V9 D07V, 0 
?@8 28A>:V9 >1'є<=V9 G0ABFV 2>;PD@0<C (?>=04 50%) - H;OE>< ?@>A>G5==O. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. %B5?0=GC: �.  . &5>@VO V B5E=>;>3VO ?@5AC20==O ?>@>H:>28E <0-
B5@V0;V2: =02G. ?>AV1=8:. �.: *5=B@ CG1>2>W ;VB5@0BC@8, 2017. 336 A. 

2. ,8@>:>2 �.�., );>?8: ".#. &@81>;>3VG=V 2;0AB82>ABV B0 AB@C:BC@=V 
>A>1;82>ABV ?A524>A?;02V2 A8AB5<8 0;N<V=V9->;>2>. (V78:>-EV<VG=0 <5E0=V:0 
<0B5@V0;V2. 2010. &. 46, № 3. %. 80-84. 

3.  0B2VWH8= Є. . &@81>B5E=VG=V 2;0AB82>ABV 5;5:B@>4C3>28E <5B0;V70-
FV9=8E ?>:@8BBV2 V7 ?A524>A?;02V2 B8?C Fe-Cu-Al. #@>1;5<8 B@81>;>3VW. 2013. 

№ 3. %. 50-53. 

 

 

'�� 620.197.3:[669.71:544.362] 
#5B@CH0 ....1, �=B8?>2 �.�.2 

1 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-214 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#5B@CH0 ...., �=B8?>2 І.�. 
«����!�» �!����&"$� �"$"��� ��. �!�. � �'�!" ' 

%�$��"��-� 

' 72’O7:C 7 V=B5=A82=8< @>728B:>< @V7=8E 30;C759 ?@><8A;>2>ABV ?>AB0є 
?8B0==O ?>AB0G0==O A?>6820G0< 25;8G57=>3> A?5:B@C @V7=><0=VB=8E 284V2 
?@>4C:FVW <5B0;C@3V9=>3> :><?;5:AC 157 :>@>7V9=8E CH:>465=P. � FVєN <5-
B>N 70AB>A>2CNBPAO B@048FV9=V 2848 ?>:@8BBV2, O:V =0=>AOBP =0 <5B0;52C ?>-
25@E=N. �;5 4;O 70E8ABC 4@V1=8E 45B0;59 >1;04=0==O, <5B0;528E =0?V2D01-
@8:0BV2 28:>@8AB0==O B0:8E 70A>1V2 =5 є 5:>=><VG=> 28?@0240=8< B0 4>FV;P-
=8<. �=0;V7 =0C:>2>W ;VB5@0BC@8 A2V4G8BP ?@> B5, I> AP>3>4=V 4;O 0=B8:>@>-
7V9=>3> 70E8ABC <5B0;528E ?>25@E>=P G0AB> 28:>@8AB>2CNBP V=3V1VB>@8 =0 
>A=>2V @>A;8==>W A8@>28=8. )V<VG=89 A:;04 @>A;8==>W A8@>28=8 4>72>;Oє 
FV;5A?@O<>20=> >B@8<C20B8 ?@>4C:B8 V7 7040=8<8 2;0AB82>ABO<8. &5=45=FVO 



87 

4> 28:>@8AB0==O ?@>4C:BV2 ?@8@>4=>3> ?>E>465==O 4;O @>7@>1:8 =>28E 0=-
B8:>@>7V9=8E ?@5?0@0BV2 A?>AB5@V30єBPAO V 2 ':@0W=V, V 70 :>@4>=>< [1]. 

�;N<V=V9 B0 9>3> A?;028 є 206;828<8 ?@><8A;>28<8 <0B5@V0;0<8 4;O 
1030BP>E 30;C759 ?@><8A;>2>ABV, 7>:@5<0, 4;O 5;5:B@>B5E=V:8, 1C4V2=8FB20, 
05@>:>A<VG=>W 30;C7V, 28@>1=8FB20 B>20@V2 ?>1CB>2>3> 268B:C B>I>. )>G0 
22060єBPAO, I> 0;N<V=V9 <0є ABV9:VABP 4> :>@>7VW 70 @0EC=>: D>@<C20==O >:-
A84=>W ?;V2:8 =0 9>3> ?>25@E=V, :>@>7VO 0;N<V=VN 2 :8A;><C V ;C6=><C A5@5-
4>28I0E є ?@54<5B>< 1030BP>E =0C:>28E ?C1;V:0FV9 B0 ?5@A?5:B82=8< =0-
?@O<:>< 4>A;V465=P. �82G0NG8 ;VB5@0BC@C, 284=>, I> 4>A;V465==O V=3V1C20-
;P=>W 4VW @>A;8==8E 5:AB@0:BV2 =0 :>@>7VN 0;N<V=VN 2 ;C6=><C A5@54>28IV 
>?8A0=V 7=0G=> <5=H5, =V6 4>A;V465==O :>@>7VW 2 :8A;><C A5@54>28IV.  

%P>3>4=V 2V4><V B0:V @57C;PB0B8 7 ?>HC:C B0 AB2>@5==O 5:>;>3VG=> G8A-
B8E V=3V1VB>@V2 :>@>7VW 0;N<V=VN 2 ;C6=><C A5@54>28IV. �C;> 4>A;V465=> 
V=3V1C20;P=V 2;0AB82>ABV ;8ABO E=8 2 @>7G8=V NaOH (0&1 <>;P/;).  0:A8<0-
;P=0 5D5:B82=VABP V=3V1C20==O 1C;0 70@5єAB@>20=0 4;O 5:AB@0:BV2, ?@83>B>20-
=8E 7 203 ?>@>H:C ;8ABO =0 ;VB@. �=3V1C20==O :>@>7VW AB0=>28;> 4> 99,8%. 
�D5:B82=VABP V=3V1C20==O 7=86C20;0AO 7V 71V;PH5==O< :>=F5=B@0FVW ;C3C, B0 
7@>AB0;0 7V 71V;PH5==O< :>=F5=B@0FVW 5:AB@0:BC. �=865==O 5D5:B82=>ABV <>-
6=0 ?>OA=8B8 @50:FVєN NaOH 7 45O:8<8 A?>;C:0<8 2 A:;04V 5:AB@0:BC [2].  

/: V=3V1VB>@ :>@>7VW 0;N<V=VN 2 0,5  B0 1  @>7G8=0E NaOH 1C;> 4>A;V-
465=> 5:AB@0:B AB51;0 10:>?8  >=Pє. $57C;PB0B8 ?>:070;8 7=865==O H284-
:>ABV :>@>7VW 7V 71V;PH5==O< :>=F5=B@0FVW 5:AB@0:BC, >4=0: FV 7=0G5==O 7@>A-
B0;8 7 ?V428I5==O< B5<?5@0BC@8. �D5:B82=VABP V=3V1C20==O AB0=>28;0 94%. 
"?8A0=> V=3V1C20==O ?@>F5AC :>@>7VW 0;N<V=VN 5:AB@0:B>< ?;>4V2 ?5@FN 4>-
23>3>, O:89 ?@>45<>=AB@C202 5D5:B82=VABP 4> 95%. "18420 5:AB@0:B8 7<5=-
HCNBP :>@>7VN 0;N<V=VN 70 @0EC=>: <5E0=V7<C 04A>@1FVW. 

�>A;V465=> 0=B8:>@>7V9=89 2?;82 2 1  @>7G8=V NaOH 5:AB@0:BV2 B0:8E 
@>A;8=: ;8ABO <575<1@V0=B5<C<C 2C7;>:2VB:>2>3> (<0:A8<0;P=0 5D5:B82=VABP 
V=3V1C20==O 95,1%), V?><5W, ;N?8=C AB@>:0B>3>, ;8ABO ?0A;P>=C, 7878DCAC 
728G09=>3>, :;5><8, A5==8 2CH=>W, :CI>2>3> V=68@C, :;5=C OA5=5;8AB>3>, 
«25@1;N6>W ;0?:8», 45@@VAC, <V<>78 A>@><;82>W, =0AV==O 01@CAC <>;8B>2=>3> 
B>I> [2]. 

&0:>6 7CAB@VG0NBPAO 4>A;V465==O 2?;82C «75;5=8E» V=3V1VB>@V2 :>@>7VW 
0;N<V=VN V 70 V=H8E :>=F5=B@0FV9 :>@>7V9=>3> A5@54>28I0. �>:@5<0, >?8A0=>  
0=B8:>@>7V9=89 5D5:B ;8ABO B@V40:AC ;560G>3> B0 5:AB@0:BC :>@V0=4@C (5D5:-
B82=VABP V=3V1C20==O 99,6%) 2 0,5  @>7G8=V NaOH, 2?;82 5:AB@0:BC 7 ;8ABO 
A0?>B8 2 3M @>7G8=V NaOH 9 5:AB@0:BC A>;><8 ;P>=C C 5  @>7G8=V KOH. 

":@5<V 4>A;V465==O ?@8A2OG5=> 282G5==N :>@>7VW 0;N<V=VN 2 2  @>7-
G8=V NaOH. �0 FVєW :>=F5=B@0FVW 1C;> ?@>0=0;V7>20=> 2?;82 5:AB@0:BC ;8ABO 
DV;;0=BCAC 3V@:>3>, 0<1@>7VW ?@8<>@AP:>W B0 102>2=8:0 728G09=>3> (5D5:B82-
=VABP V=3V1C20==O 97%) [2]. #@>B8:>@>7V9=V 5D5:B8 5:AB@0:BC 46CBC 4>23>?;V-
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4=>3>, 5DV@=>W >;VW <’OB8 1;>H8=>W B0 >;VW @8F8=8 728G09=>W =0C:>2FV 4>A;V-
46C20;8 2 0,1  @>7G8=V Na2CO3. 

�;O 2?;82C 2AVE 28I5?5@5@0E>20=8E 5:AB@0:BV2 7 @>A;8==>W A8@>28=8 
1C;> 2AB0=>2;5=>, I> 5D5:B82=VABP V=3V1C20==O 7@>AB0є 7V 71V;PH5==O< :>=-
F5=B@0FVW 5:AB@0:BC B0 7=86CєBPAO 7 ?V428I5==O< B5<?5@0BC@8 [2]. 

*V:028< є 282G5==O 5D5:B82=>ABV 2>4=>3> 5:AB@0:BC 3V1VA:CA0 @>652>3> 
?@8 @! = 12 70 2V4ACB=>ABV B0 ?@8ACB=>ABV V>=V2 Zn+2. �><?>78FVO, I> A:;040-
;0AO 7 8<; :2VB:>2>3> 5:AB@0:BC B0 50 ppm Zn+2, <0;0 5D5:B82=VABP 98%. $5-
7C;PB0B8 ?>3;81;5=8E 4>A;V465=P 28O28;8 =0O2=VABP 70E8A=>W ?;V2:8 =0 ?>-
25@E=V <5B0;C, I> A:;040єBPAO 7 :><?;5:AC <V6 >A=>2=8<8 :><?>=5=B0<8 
5:AB@0:BC B0 V>=0<8 Al+3 [2]. 

&0:8< G8=><, 0=0;V7 =0C:>2>-B5E=VG=>W ;VB5@0BC@8 45<>=AB@Cє ?5@A?5:-
B82=VABP B0 0:BC0;P=VABP ?>40;PH>3> ?>HC:C B0 4>A;V465==O «75;5=8E» V=3V-
1VB>@V2 :>@>7VW 0;N<V=VN B0 9>3> A?;02V2. 
 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. +838@8=5FP ". �., �>@>19>20 �. �. �87=0G5==O ?@>B8:>@>7V9=>W 5D5:-
B82=>ABV @>A;8==8E 5:AB@0:BV2 // !0C:>2V 2VABV !&'' «�#�». 3 2010. 3 № 6. 3
%. 152-156. 

2. Bilgiç S. Plant extracts as corrosion inhibitors for aluminum in alkaline 
and in both acidic and alkaline environments - Review II // Commun. Fac. Sci. 

Univ. Ank. Ser. B. Chemistry and Chemical Engineering. 3 2023. 3 V. 65, № 1. 3 
@. 1-28.  

 

 

'�� 620.197.3:631.547 
%>E@O:>20 �. .1, !54@O /.�.2 

1 702. =02G. ;01. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-214A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%>E@O:>20 І. ., !54@O /.�. 
�!����&"$� �"$"���  �&���� $"%��!!"�" #")"���!!/ 

�=3V1VB>@ 3 F5 @5G>28=0, O:0 ?@8 2=5A5==V 2 :>@>7V9=5 A5@54>28I5 C <0-
;8E :V;P:>ABOE 740B=0 C?>2V;P=8B8 H284:VABP :>@>7VW <5B0;C, I> ?V440єBPAO 
2?;82C =02:>;8H=P>3> A5@54>28I0. +5@57 <5E0=V7< WE=P>W 4VW V=3V1VB>@8 =0-
7820NBP I5 A?>2V;P=N20G0<8. 

�=0G=0 B>:A8G=VABP V 701@C4=N20;P=89 2?;82 EV<VG=8E V=3V1VB>@V2 :>@>-
7VW AB8<C;N20;8 25;8:89 V=B5@5A 4> @>A;8==8E V=3V1VB>@V2 :>@>7VW, O:V є 157-
?5G=8<8 V =5 <0NBP =530B82=8E =0A;V4:V2 =0 =02:>;8H=є A5@54>28I5 [1]. �> 
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=8E 2V4=>AOBP: @>A;8==V 5:AB@0:B8, ;V:8, 2C3;52>48, 0<V=>:8A;>B8, 1V>?>;V<5-
@8, 1V>?>25@E=52>-0:B82=V @5G>28=8, =0BC@0;P=V 3C<8, >;VW. 

"4=8<8 7 =09?>H8@5=VH8E DVB>EV<VG=8E @5G>28= 7 5D5:B>< V=3V1C20==O 
:>@>7VW є D;02>=>W48, 0;:0;>W48, 3;V:>7848 B0 4C18;P=V @5G>28=8. %?>;C:8 
:><?>=5=BV2 @>A;8==8E 5:AB@0:BV2 1030BV ?>;O@=8<8 DC=:FV>=0;P=8<8 3@C-
?0<8, O:V <>6CBP 04A>@1C20B8AP =0 ?>25@E=V <5B0;C, CB2>@NNG8 ?@8 FP><C 
70E8A=C ?;V2:C. 

!0 5D5:B82=VABP V=3V1C20==O :>@>7VW @>A;8==8<8 5:AB@0:B0<8 2?;820є 
@O4 D0:B>@V2, B0:8E O: :>=F5=B@0FVO, A:;04, G0A 2?;82C B0 B5<?5@0BC@0. �1V-
;PH5==O :>=F5=B@0FVW 4> >?B8<0;P=>3> @V2=O ?@872>48BP 4> 7=865==O H284-
:>ABV :>@>7VW. #@8 ?V428I5==V B5<?5@0BC@8 5D5:B82=VABP 70E8A=>W 4VW @>A;8=-
=>3> 5:AB@0:BC 7<5=HCєBPAO.  

+5@57 =87:C 4>A;V4V2 70 >AB0==V 45AOB8;VBBO 2AB0=>2;5=>, I> 90% @>A-
;8==8E 5:AB@0:BV2 <0NBP 5D5:B82=VABP 70E8ABC G>@=8E <5B0;V2 C :>@>7V9=8E 
A5@54>28I0E. �>ABC?=VABP @>A;8= C :>6=V9 <VAF52>ABV є 287=0G0;P=8< D0:-
B>@>< C 281>@V 5:>=><VG=> 68BBє740B=>3> 75;5=>3> V=3V1VB>@0 :>@>7VW.  

� E>4V =0H>3>4>A;V465==O 1C;> 28O2;5=> ?>78B82=89 2?;82 2>4=8E 
5:AB@0:BV2 7 H8@>:> @>7?>2AN465=8E C �0?>@V7P:><C @53V>=V @>A;8=: :C;P10-
18 ;V:0@AP:>W (Taraxacum officinale), A>=OH=8:0 728G09=>3> (Helianthus 
annuus) B0 :0@0=B8==>3> 1C@’O=C 0<1@>7VW ?>;8=>;8AB>W (Ambrosia 
artemisiifolia) =0 AB0;P %B1?A C cipGa=o:8c;o<C cepe4o28Ii. %BC?V=P V=3V1VB>-
@=>3> 70E8ABC :>;8202AO 2 <560E 90&93% (482. @8A. 1). !091V;PH89 5D5:B 
<0;8 5:AB@0:B8 7 AC<VHV 0<1@>7VW B0 :C;P1018 (2:1). 

!0 60;P, B0:>3> ?>78B82=>3> 2?;82C O: C AV@G0=>:8A;><C A5@54>28IV, 
4>A;V46C20=V 5:AB@0:B8 7 @>A;8==>W A8@>28=8 C @>7G8=V =0B@V9 E;>@84C =5 
<0;8. �:AB@0:B8 7 A>=OH=8:C B0 0<1@>7VW 28O28;8 =87P:89 ABC?V=P 70E8ABC 2 
<560E 18&27%. &0:V ?>B5=FV9=V V=3V1VB>@8, O: 0<1@>7VO B0 :C;P1010 =5 ?@>-
O28;8 70E8A=>W 4VW V 28ABC?8;8 2 @>;V 0:B820B>@V2 (@8A. 1). 

�>A;V46C20=V 5:AB@0:B8 7 @>A;8==>W A8@>28=8 C AV@G0=>:8A;><C A5@5-
4>28IV <0;8 :>5DVFVє=B 30;P<C20==O 2 <560E 9,56&15,12, 0 C =0B@V9 E;>@84V 
2 <560E 0,7&1,38. ' ?>@V2=O==V 7 5:AB@0:B0<8 @>A;8= 7 28A>:8< 2<VAB>< 4C-
18;P=8E @5G>28= (=0?@8:;04, 5:AB@0:B 4C1C V G>@=8FV 1:1), :>5DVFVє=B 30;P-
<C20==O O:8E C 3%-<C @>7G8=V NaCl AB0=>282 48,2 3 C ?@>2545=><C 4>A;V-
465==V 7 5:AB@0:B0<8 :C;P1018, A>=OH=8:0 B0 0<1@>7VW ?>;8=>;8AB>W, =87P-
:8<8 =0 2<VAB 4C18;P=8E @5G>28=, 2V= є 4C65 =57=0G=8< [2]. 

&0:8< G8=><, 4>A;V465==O<8 2AB0=>2;5=>, I> 1V>@>7:;04=V V =5B>:A8G-
=V @>A;8==V 5:AB@0:B8 є 2V4<V==>N 0;PB5@=0B82>N B@048FV9=8< H:V4;828< V 
4>@>38< V=3V1VB>@0< :>@>7VW. ":@V< FP>3>, @>A;8==V 5:AB@0:B8, <0NG8 ?@8@>-
4=5 ?>E>465==O, 4>ABC?=V C 25;8:V9 :V;P:>ABV.  
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$8AC=>: 1 3 %BC?V=P i=3i1iBop=o3o 7ax8cBC 4;O AB0;V %B1?A C 10%-<C @>7G8=V 

H2SO4 B0 3%-<C @>7G8=V NaCl. 
 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �>@>H5=:> &.(. #5@A?5:B82=VABP AB2>@5==O 5D5:B82=8E V=3V1VB>@V2 
:>@>7VW =0 >A=>2V @>A;8==>W A8@>28=8. / &.(. �>@>H5=:>, ..�. %:@8?=8:, 
".". �>@10=P // (V78:>>@30=VG=0 EV<VO, D0@<0:>;>3VO B0 D0@<0F52B8G=0 B5E-
=>;>3VO 1V>;>3VG=> 0:B82=8E @5G>28=: 71V@=8: =0C:>28E ?@0FP. - �8W2: 
�!'&�, 2021. - �8?. 3. - %. 45-57.  

2. #CH:0@P>20 Є.$. �>A;V465==O ?@>B8:>@>7V9=8E 2;0AB82>AB59 @>A-
;8==8E 5:AB@0:BV2 / Є.$. #CH:0@P>20 3 �0?>@V66O: !' «�0?>@V7P:0 ?>;VB5E=V-
:0», 2023. 3 52 A. 
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'�� 621.791.35 
#5B@0H>2 ".%.1, #5B@0H>20 ".�.2, (VA09 ..".3 
1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���7-212 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. ���7-212 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#5B@0H>2 ".%., #5B@0H>20 ".�., $іA09 ..". 
�"%�����!!/  �*!"%&� #�/!�) �’Є�!�!Ь ��. �!�. 

#>25@E=O 0;N<V=VN B0 9>3> A?;02V2, G5@57 ;53:C >:8A;N20=VABP, 2:@8B0 
<VF=>N >:A84=>N ?;V2:>N Al2O3, O:0 <0є 28A>:C B5<?5@0BC@C ?;02;5==O 
2050 %, I> CA:;04=Nє ?@>F5A ?0O==O. �>40B:>20 A:;04=VABP ?>;O30є 2 B><C, 
I> <VAFO ?0O==O AE8;P=V 4> :>@>7VW. #0O==O <>6=0 ?>;53H8B8, O:I> 30;P20-
=VG=8< A?>A>1>< 70740;53V4P >A048B8 =0 0;N<V=VW <V4P 01> =V:5;P.  VAFO ?0-
O==O ?@>B@CNNBP AV@G0=>N :8A;>B>N, @>7G8=>< W4:>3> =0B@C, 7 ?>40;PH8< 
?@><820==O< C 2>4V, ?VA;O G>3> ?V440NBP =V:5;N20==N 01> <V4=5==N 2 30;P-
20=VG=V9 20==V. #>25@E=V, 2:@8BV ?;V2:>N =V:5;N 01> <V4V, ?0ONBPAO 728G09-
=8<8 <'O:8<8 ?@8?>O<8 [1]. 

&0:>6 4;O 7'є4=0==O C O:>ABV ?@8?>N V=>4V 70AB>A>2CNBP ?>@>H:>?>4V-
1=89 E;>@8AB89 F8=:. !0 70G8I5=C 4;O ?0O==O ?>25@E=N =0A8?0NBP ?>@>-
H>: ACE>3> E;>@8AB>3> F8=:C B0 ?V4V3@V20NBP. );>@8AB89 F8=: ?;028BPAO 7 
284V;5==O< W4:>3> 48<C. � @57C;PB0BV >1<V==>W @50:FVW 0;N<V=V9 7'є4=CєBPAO 7 
E;>@>< V 28?0@>2CєBPAO, 0 @>7?;02;5=89 F8=: A?;02;OєBPAO 7 0;N<V=Vє<, ?@>-
=8:0NG8 2 ?>25@E=5289 H0@. &0:8< G8=><, ?>25@E=O >1;C46CєBPAO F8=:><, V 
45B0;V 7'є4=CNBPAO A?;02>< F8=:C 7 0;N<V=Vє< [1]. "4=0: FV <5B>48 A:;04=V, 
B@C4><VAB:V V 4>A8BP 4>@>3V. 

�0728G09 ?@>AB> 70G8I0NBP :@09:8 ?5@54 ?0O==O< V 70AB>A>2CNBP A?5-
FV0;P=V ?@8?>W 4;O ?0O==O 0;N<V=Vє2>3> ?@>:0BC 3 =09G0ABVH5 B5E=VG=89 G8A-
B89 F8=:. #@8 ?0O==V 2V= <0є <VF=VABP ?0O=>3> 7’є4=0==O 1;87P:> 
60...85  #0, >4=0: B0:V 7’є4=0==O H284:> :>@>4CNBP. 

� 40=V9 @>1>BV 4>A;V46C20;8 <VF=VABP ?0O=8E 7’є4=0=P 7 70AB>AC20==O< 
=87P:>B5<?5@0BC@=8E ?@8?>W2 =0 >A=>2V >;>20 V 0;N<V=VN (482. B01;. 1). 
 

&01;8FO 1 3 )V<VG=89 A:;04 B0 B5<?5@0BC@0 ?;02;5==O ?@8?>W2 

№ 
?/? 

�<VAB EV<VG=>3> 5;5<5=B0, % &5<?5@0BC@0 
?;02;5==O, 

% 
Sn Zn Cd Al Si Cu 

1 40 25 20 15 - - 350 

2 63 36 - 1 - - 375 

3 45 50 - 5 - - 400 

4 69&78 20&25 2&6 - - - 430 

5 - - - 65&70 5&6 25&29 525 
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#@8 ?V43>B>2FV 4> ?0O==O 0;N<V=Vє28E 7@07:V2 2:070=8<8 ?@8?>O<8, ?>-
25@E=N ?V44020;8 EV<VG=><C <5B>4C 2840;5==O >:A84=>W ?;V2:8. �@07:8 7=5-
68@N20;8 2 15=78=V 01> 30@OG><C 10 % @>7G8=V :0CAB8G=>W A>48 V ?@>B@02;N-
20;8 2 25 % @>7G8=V A>;O=>W :8A;>B8. ' O:>ABV D;NAC 70AB>A>2C20;8 AC<VH 7 
10 % DB>@8AB>3> =0B@VN, 8 % E;>@8AB>3> F8=:C, 32 % E;>@8AB>3> ;VBVN V 50 % 
E;>@8AB>3> :0;VN.  VAF5 ?09:8 V ?@CB>: ?@8?>N ?V4V3@V20;8 4> B5<?5@0BC@8 
300 & 40 °%. #@8?V9 70=C@N20;8 2 ?>@>H:>?>4V1=89 D;NA, 0 <VAF5 ?0O==O 
4>40B:>2> ?V4V3@V20;8 4> B5<?5@0BC@8 45I> 1V;PH>W 70 B5<?5@0BC@C ?;02;5=-
=O ?@8?>N. #VA;O >AB830==O 7@07:V2, WE 28?@>1>2C20;8 =0 <VF=VABP <5B>4>< 
@>7BO3C20==O. 

�3V4=> B01;8FV 1 ?5@H89 V 4@C389 ?@8?>W <0;8 3@0=BFN <VF=>ABV =5 =8-
6G5 100  #0. #@8?V9 № 3 2V4@V7=O2AO >A>1;82>N 2’O7:VABN V 7=0G=8< 2V4=>A-
=8< ?>4>265==O<; 9>3> 3@0=8FO <VF=>ABV AB0=>28;0 1;87P:> 80  #0. #@8?V9 
№ 4 AE8;P=89 4> :@8E:>ABV, 0;5 40є <VF=VABP 200  #0. #@8 FP><C =5>1EV4=> 
70C2068B8, I> <VF=VABP ?0O=>3> 7’є4=0==O 7@>AB0є 7 ?V428I5==O< B5<?5@0BC-
@8 ?;02;5==O ?@8?>N. 

!091V;PHC <VF=VABP <02 ?’OB89 ?@8?V9 4> 230  #0. "4=0: 2 40=><C 28-
?04:C 4;O 4>AO3=5==O 30@=>3> @57C;PB0BC =5>1EV4=5 4>40B:>25 ?V4V3@V20==O, 
B0: O: B5<?5@0BC@0 ?;02;5==O =01;860єBPAO 4> B5<?5@0BC@8 ?;02;5==O 0;N-
<V=VN, I> ?>B@51Cє 4>40B:>28E 70B@0B. 

&0:8< G8=><, ?@>2V2H8 ?>@V2=O;P=89 0=0;V7 70AB>AC20==O =87P:>B5<?5-
@0BC@=8E ?@8?>W2, <>6=0 7@>18B8 28A=>2>:, I> @V25=P <VF=>A=8E 2;0AB82>A-
B59 7’є4=0=P =5 ?>ABC?0єBPAO @V2=N 728G09=8E F8=:>28E ?@8?>W2, 0 2 45O:8E 
28?04:0E =02VBP ?5@528ICє WE. 

 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. #0O==O <5B0;V2: ?V4@CG=8:/ �.�. Є@<>;0є2, �.�. �20A=8FP:89,�.(. 
�20A=8FP:89, �.�. +830@P>2; 70 7030;P=>N @540:FVєN �.(. )>@C=>20 V �.(. 
�20A=8FP:>3>, 3  8:>;0W2 : !'�, 2015. 3 340 A. 

2.  iF=iABP 720@=8E B0 A?0O=8E 7`є4=0=P: ?i4@CG=8: / �.�. �20A=8FP:89, 
�.�. Є3>@>2, �.�. Є@<>;0є2,  .�.  0B2iє=:> 70 7030;P=>N @540:FiєN 0:0-
45<i:0 !�! ':@0W=8, 4>:B>@0 B5E=iG=8E =0C:, ?@>D5A>@0 �. . �>10=>20. - 
 8:>;0W2: !'�, 2019. - 294 A. 
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'�� 678 
�>A:>1>9=V: "...1, �5<'O=5=:> �.�.2 

1 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-211 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�>A:>1>9=і: "..., �5<'O=5=:> �.�. 
&�)!"�"��/ ���"&"���!!/ #"�� �$!�) #���"� 

!�#"�!�!�) #")��!�  [1,2,4]&$����!"[2,3-C])�!��"��!' � 
�!&����&�$���Ь!� � ���%&��"%&/ �. 

�:BC0;P=VABP ?@>1;5<8. �=DV:C20==O @0= 70;8H0єBPAO >4=VєN 7 =09-
1V;PH 0:BC0;P=8E ?@>1;5< ACG0A=>W <548F8=8, I> A5@54 V=H>3> ?>2’O70=> 7 
?>O2>N HB0<V2 <V:@>>@30=V7<V2 =5GCB;828E 4> 7030;P=>26820=8E 0=B81V>B8-
:V2. "A>1;82>W 3>AB@>B8 ?@>1;5<0 70?>1V30==O V=DV:C20==N @0= =01C20є 2 
C<>20E 2V9AP:>2>3> G0AC >A:V;P:8 C 1>9>28E C<>20E =5 702648 <>6=0 2G0A=> 
>1@>18B8 2V4?>2V4=8< G8=>< C@065=C 4V;O=:C BV;0. "4=8< 7 ?5@A?5:B82=8E 
=0?@O<:V2 28@VH5==O ?@>1;5<8 70?>1V30==O V=DV:C20==N C@065=>W ?>25@E=V є 
28:>@8AB0==O ?5@52’O7C20;P=8E <0B5@V0;V2 =0 >A=>2V ?>;V<5@=8E ?;V2>: =0-
?>2=5=8E 28A>:>5D5:B82=8<8 A8=B5B8G=8<8 0=B810:B5@V0;P=8<8 035=B0<8, 
4> O:8E 2V4=>AOBPAO AV@:>2<VA=V ?>EV4=V [1,2,4]B@8078=>[2,3-c]EV=07>;V=C 4;O 
O:8E >?8A0=> 28@065=C @VAB-V=3V1CNGC 0:B82=VABP ?> 2V4=>H5==N 4> 
Staphylococcus aureus [1].  

 5B0 4>A;V465=P.  5B>N ?@54AB02;5=>3> 4>A;V465==O є >1ґ@C=BC20==O 
B5E=>;>3VW 283>B>2;5==O ?>;V<5@=8E ?;V2>: =0 >A=>2V ?>;V2V=V;>2>3> A?8@BC 
B0 EVB>70=C, I> =0?>2=5=V 6-(5B8;BV>)-3-<5B8;-2H-[1,2,4]B@8078=>[2,3-
c]EV=07>;V=-2->=>< 4;O <>6;82>3> 28:>@8AB0==O 2 <548G=V9 ?@0:B8FV. 

�8:;04 >A=>2=>3> <0B5@V0;C. 6-(EB8;BV>)-3-<5B8;-2H-

[1,2,4]B@8078=>[2,3-c]EV=07>;V=-2->= (1) ($8A. 1) O2;Oє A>1>N >@83V=0;P=C 35-
B5@>F8:;VG=C A?>;C:C 4;O O:>W 1C;0 >?8A0=0 28@065=0 0=B8<V:@>1=0 4VO ?> 
2V4=>H5==N 4> Staphylococcus aureus (MIC=6.25 <:3/<;) [1]. � O:>ABV ?>;V<5-
@=>W >A=>28 ?;V2>: >1@0=V ?>;V2V=V;>289 A?8@B B0 EVB>70= [2]. 

 

 
$8AC=>: 1 3 �><?>=5=B8 =0?>2=5=8E ?>;V<5@=8E ?;V2>: 7 0=B810:B5@V0;P=8-

<8 2;0AB82>ABO<8. 
 

�0?@>?>=>20=0 B5E=>;>3VO >45@60==O ?>;V<5@=>W ?;V2:8 2:;NG0є =0ABC-
?=V 5B0?8: ?@83>BC20==O 2>4=>3> @>7G8=C ?>;V2V=V;>2>3> A?8@BC, ?@83>BC20=-
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=O @>7G8=V2 EVB>70=C B0 0:B82=>W A?>;C:8 1 2 >FB>2V9 :8A;>BV, 7<VHC20==O 
@>7G8=V2, @>7;820==O =0 A:;O=V є<=>ABV B0 28ACHC20==O, I> є <>48DV:0FVєN 
@0=VH5 >?8A0=>3> ?V4E>4C [2]. 
 

 
$8AC=>: 2 3  5B>4 283>B>2;5==O =0?>2=5=8E ?>;V<5@=8E ?;V2>:. 

 

$>7G8= ?>;V2V=V;>2>3> A?8@BC 7 :>=F5=B@0FVєN 5% 3>BCєBPAO ?@8 B5-
<?5@0BC@V 80>%, @>7G8= EVB>70=C (2.5%) B0 A?>;C:8 1 (2%) 3>BCNBPAO ?@8 B5-
<?5@0BC@V 50>%, 7<VHC20==O >45@60=8E @>7G8=V2 ?@>2>4OBP ?@8 50>% 2 C<>-
20E V=B5=A82=>3> ?5@5<VHC20==O C >1’є<=><C A?V22V4=>H5==V 1:2:0.1 (@>7G8-
=8 ?>;V2V=V;>2>3> A?8@BC, EVB>70=C B0 A?>;C:8 1 2V4?>2V4=>).  

 

�8A=>2:8. �0?@>?>=>20=> B5E=>;>3VN >45@60==O ?>;V<5@=8E ?;V2>: 
=0?>2=5=8E A8=B5B8G=8< 0=B810:B5@V0;P=8< ?@5?0@0B>< - 6-(5B8;BV>)-3-

<5B8;-2H-[1,2,4]B@8078=>[2,3-c]EV=07>;V=-2->=><, I> <>6CBP AB0B8 >A=>2>N 
ACG0A=8E ?5@52’O7C20;P=8E <0B5@V0;V2. 
 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Voskoboynik O.Y. Synthesis, physicochemical and biological properties 

of 6-S- And 6-N-substituted 3-R-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones. 

Pytannia khimii ta khimichnoi tekhnolohii. 2015. 4. 9 3 16. 

2. Samprasit W., Chamsai B., Settharaksa S., Opanasopit P. Synergistic 

antibacterial activity of alpha mangostin and resveratrol loaded polymer-based 

films against bacteria infected wound. Journal of Drug Delivery Science and 

Technology. 2020. 57. 101629. doi:10.1016/j.jddst.2020.101629 
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'�� 621.7.01 

,8@>:>1>:>20 !.�.1, !070@5=:> ".�.2 

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

(8@>:>1>:>20 !.�.1, !070@5=:> ".І. 
���!"���!!/ ��$"���  �&"�"  !�#�����!!/ 

' ACG0A=><C ?@><8A;>2><C A2VBV ?8B0==O ?>4>265==O B5@<V=C A;C618 
>1;04=0==O B0 7<5=H5==O 28B@0B =0 ?@8410==O =>28E 45B0;59 =01C20є >A>1-
;82>W 0:BC0;P=>ABV. "4=8< 7 5D5:B82=8E A?>A>1V2 28@VH5==O FVєW ?@>1;5<8 є 
2V4=>2;5==O 7=>H5=8E 01> ?>H:>465=8E 28@>1V2 <5B>4>< =0?;02;5==O. *59 
?@>F5A 4>72>;Oє =5 ;8H5 ?>25@=CB8 45B0;P 4> ?@0F5740B=>3> AB0=C, 0;5 9 
G0AB> ?>:@0I8B8 WW 5:A?;C0B0FV9=V E0@0:B5@8AB8:8 7024O:8 28:>@8AB0==N 
A?5FV0;P=8E 7=>A>ABV9:8E <0B5@V0;V2. #@>BO3>< >AB0==P>3> 45AOB8;VBBO B5E-
=>;>3VO =0?;02;5==O 707=0;0 7=0G=>3> @>728B:C, I> ?@8725;> 4> ?>O28 =>28E 
<5B>4V2, @>7H8@5==O A?5:B@C 70AB>A>2C20=8E <0B5@V0;V2 B0 ?V428I5==O O:>ABV 
2V4=>2;5=8E 28@>1V2. 

%5@54 =091V;PH ?>H8@5=8E B0 ?@>3@5A82=8E <5B>4V2 <>6=0 284V;8B8: 
�07>?>@>ш:>25 =0?;02;5==я (�#!): *59 <5B>4 E0@0:B5@87CєBPAO 28-

A>:>N B>G=VABN =0=5A5==O <0B5@V0;C B0 <>6;82VABN D>@<C20==O A:;04=8E 
35><5B@8G=8E ?>25@E>=P. �0AB>AC20==O ACG0A=8E A8AB5< :5@C20==O 4>72>;Oє 
:>=B@>;N20B8 ?@>F5A =0?;02;5==O 7 28A>:>N B>G=VABN, <V=V<V7CNG8 ?@8?CA-
:8 =0 ?>40;PHC <5E0=VG=C >1@>1:C. �#! 7=0E>48BP H8@>:5 70AB>AC20==O ?@8 
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=8< 4;O 70AB>AC20=P, 45 ?>B@V1=0 ABV9:VABP 4> 28A>:8E @>1>G8E B5<?5@0BC@. 
#@8?>W =0 >A=>2V A28=FN (Sn-Pb) B@048FV9=> H8@>:> 28:>@8AB>2C20;8AO 70-
24O:8 =87P:V9 B5<?5@0BC@V ?;02;5==O (52B5:B8G=89 A?;02 63% Sn V 37% Pb 
?;028BPAO ?@8 183 °C), I> ?>;53HC20;> ?@>F5A ?0O==O B0 7<5=HC20;> @878: 
?>H:>465==O :><?>=5=BV2. %?;028 7 @V7=8< A?V22V4=>H5==O< Sn/Pb <0NBP 
@V7=V B5<?5@0BC@=V 4V0?07>=8 ?;02;5==O, I> 4>72>;O;> @>7H8@8B8 30;C7P WE 
28:>@8AB0==O. 

� V=H>3> 1>:C, ?@8?>W 7 28A>:>N B5<?5@0BC@>N ?;02;5==O 70157?5GCNBP 
<VF=VHV 7'є4=0==O, 740B=V 28B@8<C20B8 7=0G=V B5?;>2V =020=B065==O, 0;5 28-
<030NBP 1V;PH 5=5@3>є<=>3> ?@>F5AC ?0O==O. �57A28=F52V ?@8?>W (=0 >A=>2V 
Sn, Cu, Ag, Bi, In, Zn, Sb) 70728G09 <0NBP 28IC B5<?5@0BC@C ?;02;5==O (=0-
?@8:;04, SAC A?;028 - Sn-Ag-Cu - ?;02;OBPAO ?@8 217-221 °C). 

�>4020==O ?52=8E 5;5<5=BV2, B0:8E O: A@V1;> (Ag) B0 <V4P (Cu) 4> 157-
A28=F528E ?@8?>W2, <>65 7=0G=> ?V428I8B8 <VF=VABP =0 @>7@82 B0 ABV9:VABP 
4> B5@<VG=>W 2B><8 ?0O=8E 7'є4=0=P. !0?@8:;04, SAC A?;028 45<>=AB@CNBP 
:@0IV <5E0=VG=V E0@0:B5@8AB8:8 ?>@V2=O=> 7 B@048FV9=8<8 Sn-Pb ?@8?>O<8 2 
45O:8E 70AB>AC20==OE. �5O:V 5;5<5=B8, =0?@8:;04, 2VA<CB (Bi), <>6CBP 7=8-
6C20B8 ?;0AB8G=VABP V ?V428IC20B8 :@8E:VABP 7'є4=0=P, >A>1;82> ?@8 B5@<>-
F8:;N20==V. &><C 2<VAB B0:8E 5;5<5=BV2 @5B5;P=> :>=B@>;NєBPAO 70;56=> 2V4 
C<>2 5:A?;C0B0FVW. %:;04 ?@8?>N B0:>6 2?;820є =0 740B=VABP ?0O=>3> 7'є4-
=0==O 28B@8<C20B8 <5E0=VG=V =020=B065==O. !0?@8:;04, ?@8?>W 7 4>4020==O< 
:04<VN (Cd-Zn) <>6CBP 70157?5GC20B8 28A>:C ABV9:VABP 4> 2V1@0FVW B0 =0?@C-
65=P. 

�>4020==O A@V1;0 (Ag) 4> ?@8?>W2 <>65 ?>:@0I8B8 WE 5;5:B@>?@>2V4-
=VABP B0 7<5=H8B8 5;5:B@8G=89 >?V@ 7'є4=0==O, I> є 206;828< 4;O 5;5:B@>=-
=8E 70AB>AC20=P. &0:>6 C ?@8?>OE 4;O 5;5:B@>?@><8A;>2>ABV 206;82> :>=B-
@>;N20B8 ?@>F5A CB2>@5==O V=B5@<5B0;VG=8E A?>;C: =0 <56V <V6 ?@8?>є< B0 
>A=>2=8< <5B0;><, O:89 B0:>6 2?;820є =0 5;5:B@8G=V 2;0AB82>ABV B0 =04V9-
=VABP 7'є4=0==O.  

!0 AP>3>4=V H8@>:5 28:>@8AB0==O ?@8?>W 7=0E>4OBP 2 =0ABC?=8E 30;C-
7OE: 

1. �;5:B@>=V:0: �;O ?0O==O GCB;828E 5;5:B@>==8E :><?>=5=BV2 28:>@8-
AB>2CNBPAO ?@8?>W 7 =87P:>N B5<?5@0BC@>N ?;02;5==O (E>G0 157A28=F52V 
20@V0=B8 7 ?>:@0I5=8<8 2;0AB82>ABO<8 AB0NBP 2A5 1V;PH ?>H8@5=8<8). �0-
6;828<8 є B0:>6 5;5:B@>?@>2V4=VABP B0 ABV9:VABP 4> CB2>@5==O 2VA:5@V2 >;>20 
(4;O ?@8?>W2 =0 >A=>2V >;>20).  

2. �5@>:>A<VG=0 30;C7P B0 02B><>1V;P=0 ?@><8A;>2VABP: �8<030NBP ?@8-
?>W2 7 28A>:>N <VF=VABN, ABV9:VABN 4> B5@<VG=>W 2B><8 B0 2V1@0FV9. &CB <>-
6CBP 28:>@8AB>2C20B8AO A?5FV0;P=V 157A28=F52V A?;028 7 4>4020==O< A@V1;0, 
<V4V B0 V=H8E 5;5<5=BV2. 
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3. %0=B5E=V:0: $0=VH5 H8@>:> 28:>@8AB>2C20;8AO ?@8?>W Sn-Pb (50/50), 

0;5 G5@57 B>:A8G=VABP A28=FN WE 70<V=NNBP 157A28=F528<8 A?;020<8 Sn-Sb 

01> Sn-Cu, O:V <0NBP 4>AB0B=N <VF=VABP B0 :>@>7V9=C ABV9:VABP 4;O @>1>B8 7 
2>4>N.  

!0 28:>=0==O 5:>;>3VG=8E 28<>3 =0C:>2FO< =5>1EV4=> >1<56C20B8 28-
:>@8AB0==O A28=FN (Pb) 2 A:;04V ?@8?>W2 V F5 ?@8725;> 4> 0:B82=>3> @>728B:C 
B0 2?@>20465==O 157A28=F528E ?@8?>W2. *5 A?@8G8=8;> 7=0G=V 7<V=8 2 EV<VG-
=><C A:;04V ?@8?>W2, I> 28:>@8AB>2CNBPAO 2 5;5:B@>=VFV, A0=B5E=VFV B0 V=-
H8E 30;C7OE.  

&><C 4>A;V465==O EV<VG=>3> A:;04C ?@8?>W2 =0 7<V=8 WE 2;0AB82>AB59 є 
0:BC0;P=8<8. 
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%��*�/ «*����Ь!� ���#���» 

 

'�� 504.61 
!5AB5@>2 ".�.1, $C10= �.&. 2 , #>;P=8:>20 �.%.3 

1 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A8AB.  !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@.  -714< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

!5AB5@>2 ".�., $C10= �.&., #>;ь=8:>20 І.%. 

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

�VNG0 A8AB5<0 C?@02;V==O >E>@>=>N ?@0FV (%'"#) [1] =0 2AVE @V2=OE 
AD>@<>20=0 70 ?@8=F8?>< «70?>1V6=8E 4V9», B>1B> ?@>DV;0:B8:8 =5157?5G-
=8E 28?04:V2 B0 A8BC0FV9. � ACG0A=8E C<>20E B0:89 ?V4EV4 ?>B@51Cє 70AB>AC-
20==O 5;5<5=BV2 ?> ?@8=F8?C «:>@83C20;P=8E 4V9», B>1B> @503C20==O =0 =5-
157?5G=V 28?04:8 B0 A8BC0FVW, I> ?>2’O70=> 7 >A>1;82>ABO<8 28@>1=8FB20 ?V4 
G0A 2>є==>3> AB0=C. 

' 2V4?>2V4=>ABV 4> AB0BBV 5 �0:>=C ':@0W=8 «#@> :@8B8G=C V=D@0AB@C:-
BC@C» 2V4  05.12.2022, 7V 7<V=0<8 2=5A5=8<8 73V4=> V7 �0:>=>< № 2684-IX 2V4 
18.10.2022 <5B>N 45@602=>W ?>;VB8:8 C AD5@V 70E8ABC :@8B8G=>W V=D@0AB@C:-
BC@8 є 70157?5G5==O 157?5:8 >1’є:BV2 :@8B8G=>W V=D@0AB@C:BC@8, 70?>1V30==O 
?@>O20< =5A0=:FV>=>20=>3> 2B@CG0==O 2 WE DC=:FV>=C20==O, ?@>3=>7C20==O B0 
70?>1V30==O :@87>28< A8BC0FVO< =0 >1’є:B0E :@8B8G=>W V=D@0AB@C:BC@8, I> 
=5 <>65 =5 2?;8=CB8 =0 70157?5G5==O 157?5G=8E C<>2 ?@0FV. 

�> >A=>2=8E 70240=P C AD5@V 70E8ABC :@8B8G=>W V=D@0AB@C:BC@8 =0;5-
60BP: 

- @>7@>1;5==O :><?;5:AC 70E>4V2 7 :>=B@>;N 70 @878:0<8 157?5:8, 28O2-
;5==O, 70?>1V30==O B0 ;V:2V40FVW =0A;V4:V2 V=F845=BV2 157?5:8 =0 >1’є:B0E :@8-
B8G=>W V=D@0AB@C:BC@8; 

- 0=0;V7 28:;8:V2 B0 703@>7, I> 2?;820NBP =0 ABV9:VABP :@8B8G=>W V=D@0-
AB@C:BC@8, >FV=:0 AB0=C WW 70E8I5=>ABV; 

- >1>2’O7:>25 28:>=0==O 70E>4V2 I>4> 715@565==O 68BBO B0 74>@>2’O ?5-
@A>=0;C. 

�0AB>AC20==O A8AB5< <5=546<5=BC 2 F8E C<>20E AB028BP 70 <5BC =5>1-
EV4=VABP >E>?;5==O CAVE 70E>4V2  2 30;C7V ?V428I5==O 157?5:8 ?@0FV =0 ?V4AB0-
2V O:8E D>@<CNBPAO =>2V FV;V V 70240==O B0 WE @50;V70FVO. 

 >=VB>@8=3 AB0=C 157?5:8 ?@0FV 74V9A=NєBPAO 2 1C4P O:89 G0A B0 ?@8 
28:>=0==V 1C4P O:8E 28@>1=8G8E ?@>F5AV2. *5 40є <>6;82VABP >?5@0B82=> 
@503C20B8 =0 ?>O2C ?>B5=FV9=8E 01> @50;P=8E 703@>7, 157?5G=>3> 28:>=0==O 
28@>1=8G8E ?@>F5AV2 B0 A2>єG0A=> 74V9A=N20B8 2V4?>2V4=V 70E>48. 
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�D5:B82=VABP 70157?5G5==O 157?5:8 28@>1=8G8E ?@>F5AV2 C 728G09=89 
?5@V>4 ґ@C=BC20;0AP =0 DC=:FV>=0;P=><C ?V4E>4V. %CB=VABP B0:>3> ?V4E>4C 
?>;O30є C ?@>2545==V 0=0;V7C ?>B5=FV9=8E =5157?5: 7 287=0G5==O< ?>B5=FV9-
=> =5157?5G=>3> 01> H:V4;82>3> 28@>1=8G>3> G8==8:0, ?>HC:C ?@8G8= 9>3> 
?@>O2C B0 7’OAC20==O <>6;828E =0A;V4:V2 =530B82=>3> 2?;82C =0 ;N48=C. !0 
>A=>2V 0=0;V7C ?;0=CNBP ?>;V?HC20;P=V (?>?5@546C20;P=V) 70E>48, A?@O<>20-
=V =0 28:;NG5==O 01> <V=V<V70FVN =530B82=>3> 2?;82C =5157?5G=8E 01> H:V4-
;828E G8==8:V2 28@>1=8G>3> ?@>F5AC. 

�8E>4OG8 7 ?@03=5==O ':@0W=8 AB0B8 G0AB8=>N <V6=0@>4=>W A?V;P=>B8 
?>AB0;0 =5>1EV4=VABP V<?;5<5=B0FVW <V6=0@>4=8E ?V4E>4V2 4> A8AB5< 70157?5-
G5==O 157?5:8 287=0G0є =5>1EV4=VABP 28:>@8AB0==O ?@>F5A=8E ?V4E>4V2, I> є 
107>28< ?>;>65==O< 4> ?>1C4>28 A8AB5< <5=546<5=BC ?V4?@8є<AB20, 73V4=> 
AB0=40@BC �%&' ISO 45001:2019 «%8AB5<8 C?@02;V==O >E>@>=>N 74>@>2’O B0 
157?5:>N ?@0FV. �8<>38 B0 =0AB0=>28 I>4> 70AB>AC20==O (ISO 45001:2018, 

IDT)» [2]. 
#@>F5A=89 ?V4EV4 2 C?@02;V==V >E>@>=>N ?@0FV =0 ?V4?@8є<AB20E 287=0-

G0є @>73;O4 1C4P-O:>3> B5E=>;>3VG=>3> ?@>F5AC O: AC:C?=VABP 270є<>-
?>2’O70=8E 5;5<5=BV2 (?V4?@>F5AV2) A?@O<>20=8E =0 4>AO3=5==O :V=F52>3> 
@57C;PB0BC. 

"A=>2=8<8 5B0?0<8 ?@8 @50;V70FVW ?@>F5A=>3> ?V4E>4C є: 
- A?@89=OBBO CAP>3> ?@>F5AC O: A8AB5<8;  
- 7’OAC20==O ?>A;V4>2=>ABV B0 270є<>72’O7:C ?V4?@>F5AV2; 
- @0=6C20==O 5;5<5=BV2 A8AB5<8 ?> ?>B5=FV9=8< =5157?5:0<; 
- ?@>2545==O 0=0;V7C :@8B8G=>ABV F8E =5157?5:; 
- ?>1C4>20 <>45;V O:0 1 28:;NG0;0 =530B82=89 2?;82 =091V;PH =5157?5-

G=8E 5;5<5=BV2 A8AB5<8. 
%CG0A=V <5B>48 >@30=V70FVW 28@>1=8FB20 28<030NBP =5>1EV4=VABP 70AB>-

AC20==O =>28E >@30=V70FV9=8E D>@< C?@02;V==O 7 <5B>N D>@<C20==O =>28E 
FV;59 B0 70240=P I>4> ?>78B82=8E 7<V= 28@>1=8G>3> A5@54>28I0 V, O: =0A;V-
4>:, ?V428I5==O 157?5:8 28@>1=8G8E ?@>F5AV2, @>7@>1:C B0 2?@>20465==O 
AB0=40@B87>20=8E A8AB5< C?@02;V==O >E>@>=>N ?@0FV C 2V4?>2V4=>ABV 
�%&' ISO 45001:2019 «%8AB5<8 C?@02;V==O >E>@>=>N 74>@>2’O B0 157?5:>N 
?@0FV. �8<>38 B0 =0AB0=>28 I>4> 70AB>AC20==O». 

#@V>@8B5B <V6=0@>4=8E ?V4E>4V2 4> A8AB5< 157?5:8, 2 F59 ?5@V>4, є =5-
>1EV4=VABN 7 >3;O4C =0 ?>3;81;5=C 270є<>4VN 7 є2@>?59AP:8<8 28@>1=8:0<8 
7 ?8B0=P 70157?5G5==O >1>@>=>740B=>ABV ':@0W=8, 2 B><C G8A;V ?5@5=5A5==O 
28@>1=8FB2 =0 B5@8B>@VN :@0W=8. 

&0:8< G8=><, 2?@>20465==O B0 70157?5G5==O DC=:FV>=C20==O A8AB5<8 
<5=546<5=BC >E>@>=8 74>@>2’O V 70157?5G5==O 157?5:8 ?@0FV ("�V��#) 4>72>-
;8BP ?>:@0I8B8 A2>W ?>:07=8:8 4VO;P=>ABV 2 157?5:>2V9 >1;0ABV. 
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#@8 B0:><C ?V4E>4V AB2>@NєBPAO ?@>F5A=0 AB@C:BC@0, O:0 ?>2'O7Cє 2AV 
5;5<5=B8 7030;P=>3> ?@>F5AC 28@>1=8FB20 <V6 A>1>N V >@Vє=BCє :>65= 7 =8E 
=0 4>AO3=5==O A?V;P=>W <5B8, O:>N є @V25=P ?V428I5==O 157?5:8. $50;V70FVO 
FP>3> ?@8=F8?C 2 >@30=V70FVW ?5@5410G0є =0ABC?=V 4VW: 

- 287=0G5==O AE5<8 ?@>F5AC, 7024O:8 O:><C 4>AO30єBPAO 1060=89  @5-
7C;PB0B; 

- 287=0G5==O A:;04>28E ?@>F5AC, O:V <0NBP =091V;PH89 @V25=P @878:C 
28=8:=5==O =5157?5:; 

- 2AB0=>2;5==O 28<>3 4> 28EV4=8E :><?>=5=BV2 ?@>F5AV2, WE 5B0?V2, 4V9, 
?>B>:V2, <5B>4V2 :>=B@>;N, ?>B@51 C =02G0==V, >1;04=0==O, B5E=>;>3V9, V=D>-
@<0FVW, <0B5@V0;V2 B0 V=H8E @5AC@AV2, =5>1EV4=8E 4;O 4>AO3=5==O 157?5:>2>W 
A:;04>2>W >B@8<0=>3> ?@>4C:BC; 

- @>7@>1:0 =>2VB=VE AE5< B5E=>;>3VG=8E ?@>F5AV2, :>=AB@C:FV9 B5E=>;>-
3VG=>3> >1;04=0==O, 70AB>AC20==O =091V;PH 5D5:B82=8E 70A>1V2 02B><0B8G=>-
3> C?@02;V==O ?@>F5A0<8 7 DC=:FVO<8 70?>1V30==O 020@V9=8E A8BC0FV9. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �%&' �"%& 12.0.230-2008 «%8AB5<0 AB0=40@BV2 157?5:8 ?@0FV. %8A-
B5<0 C?@02;V==O >E>@>=>N ?@0FV. �030;P=V 28<>38 ( �"%& 12.0.230-2007. 

IDT)» 
2. %8AB5<8 C?@02;V==O >E>@>=>N 74>@>2’O B0 157?5:>N ?@0FV. �8<>38 B0 

=0AB0=>28 I>4> 70AB>AC20==O. [&5:AB] : �%&' ISO 45001:2019. �D&. +8==89 7 
2011-01-01. 3 �. : �5@6A?>682AB0=40@B ':@0W=8, 2009. 3 114 A. 3 (!0FV>=0;P-
=89 AB0=40@B ':@0W=8) 
 

 

'�� 331.45 
,<8@:> �.�.1, /:V<F>2 �...2 

1 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. '(�%-123 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

(<8@:> �.І., /:і<F>2 �... 
!�����+��!� %�&'�*��, -" #$���"�/&Ь �" #�!��� 

"4=8< V7 ?@8:;04V2 =091V;PH @>7?>2AN465=8E =04728G09=8E A8BC0FV9 є 
?>6560. /: 2V4><>, ?>6560 <>65 28=8:=CB8 O: 2 >:@5<V9 1C4V2;V G8 A?>@C4V 
B0: V є, =060;P, 1030B> ?@8:;04V2, :>;8 2>3=5< >:CBV FV;V 68B;>2V :20@B0;8 01> 
?@><8A;>2V >1’є:B8. !091V;PH G0AB8<8 ?@8G8=0<8 ?>656 B0 281CEV2, I>  
<>6CBP AC?@>2>46C20B8 ?@>F5A 3>@V==O,  є: ?>@CH5==O ?@028; ?>656=>W 
157?5:8; ?><8;:8 ?@8 ?@>5:BC20==V A8AB5<8 5;5:B@>?>AB0G0==O B0 =04<V@=V 
AB@C<>2V =020=B065==O ?@>2V4=8:V2, AB0@V==O V7>;OFVW, :>@>B:V 70<8:0==O; 
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=5A?@02=VABP >1;04=0==O, ?>@CH5==O @568<C B5E=>;>3VG=>3> ?@>F5AC B0 ?@0-
28; 5:A?;C0B0FVW >1;04=0==O. [1]. 

#V4 G0A 2V9=8, I> B@820є 2 ':@0W=V 265 G5B25@B89 @V:, >A=>2=>N ?@8G8-
=>N ?>656V є 281CE8. !0?@8:;04, BV;P:8 70 15@575=P 2025 @. ?>2VB@O=V A8;8 
>1>@>=8 ':@0W=8 7=8I8;8 ?>=04 4000 ?>2VB@O=8E FV;59: 3208 C40@=8E 4@>=V2 
�?��, 800 @>72V4C20;P=8E 4@>=V2, 45:V;P:0 10;VAB8G=8E, :@8;0B8E B0 :5@>20-
=8E 02V0FV9=8E @0:5B. "AB0==V ?V2 @>:C 157?5:>20 A8BC0FVO 2 )0@:>2V, "45AV, 
�=V?@V B0 �0?>@V66V ACBBє2> ?>3V@H8;0AP. �1V;PH8;0AP :V;P:VABP @0:5B=8E 
2;CG0=P ?> 68B;>2V9 701C4>2V B0 ?@><8A;>2V9 V=D@0AB@C:BC@V, є ?@8;P>B8 ?> 
=02G0;P=8E B0 ;V:C20;P=8E 70:;040E, B>@3V25;P=>-@>72060;P=8E F5=B@0E, 3>-
B5;OE B0 >DVA0E. !0A;V4:>< B0:8E 1><10@4C20=P є @C9=C20==O 1C4V25;P, 703>-
@0==O 7=0G=8E B5@8B>@V9 , є ?>AB@0640;V B0 70381;V A5@54 <8@=>3> =0A5;5==O. 
�1V;PH5==O 70381;8E V ?>@0=5=8E ?@872>48BP B5 BV;P:8  4> @>7C<V==O, I> 
01A>;NB=> 157?5G=8E <VAFP =5 VA=Cє, 0 V 4> ?0=VG=8E ?@>O2V2, 2 <><5=B8, :>;8 
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RESEARCH OF THE FEATURES OF THE PROBLEM OF SAFETY, 

HEALTH AND LABOR PROTECTION AT INDUSTRIAL ENTERPRISES 

IN THE CONTEXT OF THE IMPLEMENTATION OF THE WORK OF 

VENTILATION AND AIR CONDITIONING SYSTEMS 

It should be noted such harmful factors of the production environment in re-

lation to microclimatic conditions as increased amount of industrial dust, humidity, 

noise, vibration and ultrasound, mechanical and electrical factors etc. The rele-

vance of the study is to determine the relationship between negative factors of in-

dustrial production and the consequences of such factors for workers. The problem 

was determined by the need to systematize and logically present the impact of pro-

duction factors on the human body. An analysis of the specifics and difficulties of 

ensuring occupational safety and hygiene at an industrial enterprise was performed. 

A list of hazards to which workers are exposed, whose professional activities are 

associated with the influence of dust, elevated temperatures, aggressive environ-

ments and other air pollution in the working area, was identified. For more stable 
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and comfortable working conditions, the use of axial high-pressure fans with rela-

tively higher power was proposed. Some steps to optimize the system with central 

air conditioners consisted in providing additional equipment with air filtration and 

dehumidification systems. The list of the latest trends in improving meteorological 

conditions in the room includes equipping air conditioners with antibacterial sys-

tems that inhibit the appearance and development of bacteria. This will significant-

ly reduce the risk of unpleasant odors from the ventilation system and possible 

allergic reactions in workers who will be in the room. A relative reduction in the 

noise level can be achieved by equipping the ventilation ducts with a layer of 

noise-absorbing material. At the same time, an additional reduction in the vibration 

level can be achieved by equipping the motor with a fan to the central air condi-

tioner housing with rubber or spring vibration isolators. To ensure a higher level of 

heat and energy efficiency for the equipment of the premises, an air recovery sys-

tem was proposed. Such a system uses heat exchangers, the task of which is to re-

turn the thermal energy lost through the ventilation system. That is, in the warm 

season, heated air does not enter the room, and in the cold season, cooled air does 

not enter. Such a solution, in turn, will allow significant savings on heating costs 

and will lead to a reduction in heat losses. 
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