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ARTIFICIAL INTELLIGENCE AS A MECHANISM FOR CALCULATING 

THE COST OF CONSTRUCTION PROJECTS 

Developing a project estimate necessitates extensive knowledge and 

experience in the relevant field. The precision of the estimate improves as the 

project advances and additional information becomes available. The accuracy of 

the estimate is only established once the project is finalized, and the actual cost is 

known. 

In order to achieve optimal economic outcomes in construction project 

implementation, emphasis must be placed on cost management. Nevertheless, 

continuous cost management using human resources increases construction costs 

and impedes long-term enterprise development [1]. 

Artificial intelligence application in calculating construction project costs 

allows for rapid comprehension of the actual level of construction work and 

analysis of progress deviation. Advantages of utilizing artificial intelligence for 

cost estimation in construction include: 

Increased accuracy: AI algorithms can analyze large amounts of data to 

estimate costs more accurately than traditional methods. This can help prevent cost 

overruns and delays; 

Faster turnaround time: AI algorithms can quickly process large amounts of 

data, which can lead to faster turnaround times for cost estimates; 

Cost savings: Accurate cost estimates can help prevent unnecessary expenses 

and reduce overall construction costs; 

Improved risk management: AI algorithms can identify potential risks and 

predict cost variations, allowing construction companies to proactively manage 

risks and make informed decisions; 

Increased productivity: By automating the cost estimation process, 

construction companies can free up time and resources that can be used for other 

tasks, which can ultimately increase productivity. 

The Dubai Land Department (DLD) has been investigating the potential of 

artificial intelligence (AI) in the construction industry [2] to enhance and 

streamline various processes. Specifically, the DLD has been implementing AI in 

the acquisition of building permits and estimating the cost of construction work. 

The use of AI algorithms enables the DLD to analyze and process permit 

applications with greater speed and accuracy than traditional manual methods.  
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Furthermore, the AI system can identify any errors or inconsistencies in the 

application, thus reducing the likelihood of delays or rejections. Additionally, the 

DLD is exploring the use of AI-powered drones for building inspections and 

monitoring construction sites for compliance with safety regulations. These drones 

capture high-resolution images and videos that can be analyzed using AI 

algorithms to detect potential security breaches or hazards. Apart from building 

permit applications and inspections, the DLD is also exploring the use of AI in 

other areas of the construction industry such as project management, cost 

estimation, and resource allocation.  

By integrating AI into these processes, the DLD aims to enhance efficiency, 

minimize expenses, and improve the overall quality and safety of construction. An 

analysis of the obstacles and factors affecting the impossibility of integrating AI 

into Ukrainian construction companies is presented in Table 1. 

 

Table 1 – Obstacles to the integration of artificial intelligence in construction 

Obstacle/Disadvantage Difficulty of Implementation/Solution 

Lack of data and digitalization – The lack of standardized and digitized data 

for construction projects makes it difficult to 

implement AI. 

Resistance to change – The creation of a centralized database with 

standardized data would require significant 

effort and investment. 

Cost of implementation – There is a need to create standards for data 

collection and management. 

Limited availability of skilled 

professionals 

– Many companies and individuals in the 

construction industry may resist the adoption 

of AI technology due to fear of job loss or 

lack of understanding of the technology. 

Ethical and legal concerns – Education and training programs may be 

necessary to address these concerns and 

encourage adoption of AI. 

 

The table 1 outlines the disadvantages and obstacles to the integration of 

artificial intelligence for cost estimation in the construction industry in Ukraine. It 

highlights the main challenges that need to be addressed for successful 

implementation. From the analysis, it is evident that lack of data and insufficient 

knowledge about AI technology are the primary obstacles to the adoption of AI in 

the construction industry. Also, the high cost of AI systems and limited funding for 

research and development are other significant barriers that need to be addressed. 

Moreover, to ensure the successful implementation of AI in the construction 

industry, there is a need for collaboration between different stakeholders, including 
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the government, private sector, and academic institutions. This will help in sharing 

knowledge and resources and promoting innovation and development in the sector. 

The peculiarity of using artificial intelligence to calculate the cost of 

construction projects is that it allows for more accurate and efficient cost 

estimation, as well as improved decision-making. By analyzing vast amounts of 

data and using complex algorithms, AI can provide more accurate and detailed cost 

estimates for construction projects. This can help to reduce the risk of cost 

overruns and project delays, which are common problems in the construction 

industry [3]. 

Another advantage is that it can help to identify potential cost-saving 

opportunities. By analyzing data from past projects, AI algorithms can identify 

patterns and trends that can be used to optimize construction processes and reduce 

costs. This can include identifying the most cost-effective materials, suppliers, and 

construction methods, as well as predicting potential cost overruns or delays. 

Overall, the use of AI in construction cost estimation can help to improve 

efficiency, reduce costs, and increase the accuracy of project planning and 

execution. 

Artificial intelligence in construction may become an advanced technology, 

but only in the future. At the moment, the technology is in its infancy phase and is 

relevant for some operational purposes. It requires additional investment, scientific 

research and practical testing. But such an approach is possible only with the 

support of the state and the interest of construction company directors. 

In conclusion, despite the challenges, the integration of AI for cost estimation 

in the construction industry in Ukraine has enormous potential to enhance 

efficiency, reduce costs, and improve accuracy in estimating construction works. 

Therefore, it is essential to address the obstacles outlined above and create an 

enabling environment that promotes the adoption of AI technology in the industry. 
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>B@8<0=8E 2 @57C;PB0BV >?B8<V70FVW B5E=>;>3VG=>3> ?@>F5AC 720@R20==S 7 
<5B>R ?>;V?H5==S S:>ABV <5B0;C H20 2 720@=8E 7’є4=0==SE, I> ?@0FRRBP 70 
48=0<VG=8E, ?>2B>@=>-AB0B8G=8E B0 2V1@0FV9=8E =020=B065=P. *5 A2V4G8BP 
?@> 206;82VABP 2@0EC20==S 2?;82C 7>2=VH=VE V 2=CB@VH=VE 45D5:BV2 =0 
<VF=VABP 720@=8E 7’є4=0=P B0 :>=AB@C:FVW ?V4 G0A :>=B@>;R S:>ABV B0 >FV=:8 
?@840B=>ABV WE 4> 5:A?;C0B0FVW. 

#@0:B8G=0 :>@8ABP 0=0;V7C ?>;S30є C <>6;82>ABV 2 <091CB=P><C 
?>:@0I8B8 0;3>@8B< @>7@0EC=:C <5B0;528E :>=AB@C:FV9, ?VA;S 28:>=0==S 
2V4?>2V4=8E 5:A?5@8<5=BV2 B0 <>45;R20==S, I>1 28S28B8, S:8< G8=>< 
:><1V=0FVS 45D5:BV2 2?;820є =0 4>23>2VG=VABP B0 <VF=VABP. "4=8< V7 
<>6;828E ?V4E>4V2 4> 24>A:>=0;5==S :>5DVFVє=B0 <>65 1CB8 2:;RG5==S 
V<>2V@=VA=>W <>45;V, S:0 2@0E>2Cє AB0B8AB8G=89 @>7?>4V; @>7<V@V2 V 
@>7B0HC20==S 45D5:BV2 C 720@=8E 7’є4=0==SE. �=H8< ?V4E>4>< <>65 1CB8 
28:>@8AB0==S ACG0A=8E <5B>4V2 =5@C9=V2=>3> :>=B@>;R 4;S 28S2;5==S B0 
:V;P:VA=>W >FV=:8 45D5:BV2 C @50;P=><C G0AV ?V4 G0A 720@R20;P=>3> ?@>F5AC, 0 
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B0:>6 2V4?>2V4=5 :>@83C20==S :>5DVFVє=B0 =0 >A=>2V A5@9>7=>ABV B0 
@>7B0HC20==S 28S2;5=8E 45D5:BV2. 

�@V< FP>3>, @>7C<V==S 206;82>ABV @>73;S=CB>W B5<0B8:8 A?>=C:0B8<5 
@5B5;P=VH5 28:>=C20B8 ?5@52V@:C 7’є4=0=P. #>B@V1=> @>7C<VB8, I> 
=5<>6;82> 283>B>28B8 V450;P=> 720@5=C AB0;52C :>=AB@C:FVW, 0;5 =5>1EV4=> 
<V=V<V7C20B8 =0S2=VABP 45D5:BV2 4;S 7=865==S WE 2?;82C =0 ?>40;PHC 
5:A?;C0B0FVR. 

 

 

'�� 69.07 
�20=5=:> �.%.1, �V;>2 ..".2 
1 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

І20=5=:> �.%., �і;>2 ..". 
�!&��$�*�/ %�#$ TEKLA STRUCTURES � �!,� � 
#$"�$� !� � �!%&$' �!&� � ��/ "#&� ���*��  

$"�"+�) #$"*�%�� 

' 1C4V25;P=V9 30;C7V 5D5:B82=5 V B>G=5 C?@02;V==S ?@>5:B0<8 <0є 
206;825 7=0G5==S 4;S CA?VH=>W @50;V70FVW ?@>5:BC. %�#$ Tekla Structures є 
H8@>:> 28:>@8AB>2C20=8< V=AB@C<5=B>< 4;S AB@C:BC@=>3> ?@>5:BC20==S B0 
45B0;V70FVW 2 1C4V25;P=V9 30;C7V. "4=0:, 4;S >?B8<V70FVW @>1>G8E ?@>F5AV2 V 
?>;V?H5==S >@30=V70FV9=8E 5;5<5=BV2, V=B53@0FVS 7 V=H8<8 ?@>3@0<=8<8 
V=AB@C<5=B0<8 AB0є 2A5 1V;PH =5>1EV4=>R. &0:0 V=B53@0FVS 4>72>;Sє 
70157?5G8B8 157?5@51V9=89 ?>BV: V=D>@<0FVW <V6 @V7=8<8 ?@>3@0<=8<8 
V=AB@C<5=B0<8, 2?>@S4:C20B8 ?@>F5A ?@>5:BC20==S V 1C4V2=8FB20 B0 
?V428I8B8 ?@>4C:B82=VABP. � =02545=V9 V=D>@<0FVW 74V9A=5=> >3;S4 ?5@5203 
V=B53@0FVW %�#$ Tekla Structures 7 V=H8<8 ?@>3@0<=8<8 V=AB@C<5=B0<8 V 40=V 
45S:V ?@8:;048 B>3>, S: FS V=B53@0FVS <>65 ?>;V?H8B8 @>1>GV ?@>F5A8 V 
?V428I8B8 ?@>4C:B82=VABP 2 1C4V25;P=V9 30;C7V. 

' ACG0A=V9 1C4V25;P=V9 30;C7V V=B53@0FVS ?@>3@0<=>3> 70157?5G5==S 
AB0;0 :;RG>2>R 28<>3>R 4;S 5D5:B82=>W B0 @57C;PB0B82=>W 4VS;P=>ABV. 
�=B53@CRG8 @V7=V ?@>3@0<=V V=AB@C<5=B8, >@30=V70FVW <>6CBP >?B8<V7C20B8 
A2>W @>1>GV ?@>F5A8, ?>:@0I8B8 :><C=V:0FVR <V6 G;5=0<8 :><0=48. 

Tekla Structures – F5 H8@>:> 28:>@8AB>2C20=5 ?@>3@0<=5 70157?5G5==S 
4;S 02B><0B87>20=>3> ?@>5:BC20==S 2 1C4V25;P=V9 30;C7V. �=B53@CRG8 9>3> 7 
V=H8<8 ?@>3@0<=8<8 V=AB@C<5=B0<8, B0:8<8 S: ?@>3@0<=5 70157?5G5==S 4;S 
C?@02;V==S ?@>5:B0<8, BIM B0 :>HB>@8A=5 ?@>3@0<=5 70157?5G5==S, 
>@30=V70FVW <>6CBP ?>:@0I8B8 A2>W @>1>GV ?@>F5A8 B0 >B@8<0B8 :@0I89 
:>=B@>;P =04 A2>W<8 ?@>5:B0<8.  

�=B53@0FVS Tekla Structures CAD <>65 ?@8=5AB8 7=0G=C :>@8ABP 
1C4V25;P=8< ?@>5:B0<, >?B8<V7CRG8 @>1>GV ?@>F5A8, 7<5=HCRG8 :V;P:VABP 
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?><8;>: V ?V428ICRG8 5D5:B82=VABP. "4=VєR 7 =09?>H8@5=VH8E V=B53@0FV9 є 
V=B53@0FVS 7 ?@>3@0<=8< 70157?5G5==S< 4;S V=D>@<0FV9=>3> <>45;R20==S 
1C4V25;P (BIM), I> 4>72>;Sє ?>:@0I8B8 A?V2?@0FR B0 :>>@48=0FVR <V6 
@V7=8<8 :><0=40<8 B0 48AF8?;V=0<8, 70;CG5=8<8 4> ?@>5:BC. Tekla Structures 
B0:>6 <>65 1CB8 V=B53@>20=0 7 V=AB@C<5=B0<8 C?@02;V==S ?@>5:B0<8, 
:>HB>@8A=8< ?@>3@0<=8< 70157?5G5==S< V ?@>3@0<=8< 70157?5G5==S< 4;S 
28@>1=8FB20. 

!0?@8:;04, V=B53@0FVS 7 Autodesk Navisworks 4>72>;Sє :@0I5 
:>>@48=C20B8 V 2V7C0;V7C20B8 ?@>5:B, 0 B0:>6 28S2;SB8 V 28@VHC20B8 
:>=D;V:B8. �=B53@0FVS Tekla Structures 7 B0:8<8 V=AB@C<5=B0<8 C?@02;V==S 
?@>5:B0<8, S: Trimble Connect V Procore, 4>72>;Sє :@0I5 2V4AB56C20B8 ?@>5:B 
V A?V;:C20B8AS <V6 @V7=8<8 :><0=40<8. !0 @8A 1. 2V4>1@065=5 @>1>G5 
A5@54>28I5 =02545=>3> ?@>3@0<=>3> :><?;5:AC 4;S =0>G=>ABV. 

 

$8AC=>: 1 – $>1>G5 A5@54>28I5 Tekla Structures 

�=H8< ?@8:;04>< 270є<>4VS 7 ?@>3@0<0<8 4;S 28@>1=8FB20, B0:8< S: 
FabTrol V Peddinghaus, I> 4>72>;Sє ?V428I8B8 B>G=VABP V H284:VABP 
28@>1=8G8E ?@>F5AV2. �=B53@0FVS 4>72>;Sє 157?5@5H:>4=> ?5@54020B8 40=V 
<V6 @V7=8<8 A8AB5<0<8, 7<5=HCRG8 ?>B@51C 2 @CG=><C 22545==V 40=8E V 
<V=V<V7CRG8 ?><8;:8. 

"4=VєR 7 FV:028E B5=45=FV9 2 V=B53@0FVW %�#$ Tekla Structures 7 V=H8<8 
?@>3@0<=8<8 V=AB@C<5=B0<8 є 7@>AB0RG5 28:>@8AB0==S E<0@=8E ?;0BD>@<. 
)<0@=0 V=B53@0FVS 4>72>;Sє A?V2?@0FR20B8 2 @568<V @50;P=>3> G0AC, 
?>:@0I8B8 :><C=V:0FVR B0 >?B8<V7C20B8 @>1>GV ?@>F5A8. !0?@8:;04, 
V=B53@0FVS Tekla Structures 7 E<0@=8< ?@>3@0<=8< 70157?5G5==S< 4;S 
C?@02;V==S ?@>5:B0<8 <>65 4>72>;8B8 <5=5465@0< ?@>5:BV2 ?5@53;S40B8 V 
2V4AB56C20B8 EV4 ?@>5:BC, :>=B@>;R20B8 @5AC@A8 V C?@02;SB8 1R465B>< 2 
@568<V @50;P=>3> G0AC. 

�=H>R B5=45=FVєR є 270є<>4VS 7 #� 4;S V=D>@<0FV9=>3> <>45;R20==S 
1C4V25;P (BIM), B0:8< S: Autodesk Revit. *S V=B53@0FVS 4>72>;Sє 
157?5@5H:>4=> ?5@54020B8 V=D>@<0FVR <V6 42><0 ?@>3@0<=8<8 
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V=AB@C<5=B0<8, ?>:@0ICRG8 :>>@48=0FVR B0 :><C=V:0FVR <V6 :><0=40<8, 
I> ?@0FRRBP =04 @V7=8<8 0A?5:B0<8 ?@>5:BC. 

&0:8< G8=><, V=B53@0FVS CAD Tekla Structures 7 V=H8<8 ?@>3@0<=8<8 
V=AB@C<5=B0<8 <0є ?>B5=FV0; 4;S @52>;RFVW 2 1C4V25;P=V9 30;C7V 7024S:8 
>?B8<V70FVW @>1>G8E ?@>F5AV2, ?>:@0I5==R A?V2?@0FV B0 :><C=V:0FVW, 0 B0:>6 
?V428I5==R 5D5:B82=>ABV. #@89=S2H8 FR B5=45=FVR, 1C4V25;P=V :><?0=VW 
<>6CBP 28?5@5460B8 G0A V 70;8H0B8AS :>=:C@5=B>A?@><>6=8<8 =0 @8=:C, I> 
?>ABV9=> 7<V=RєBPAS. 

 

 

'�� 691.88 
�I5=:> ".%.1, �I5=:> %.%.2 

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

ІI5=:> ".%., ІI5=:> %.%. 
��� �!&� �$�#��!!/ ��/ #"$�%&�) %&�! � ���"��&"!' 

#@>1;5<0 =04V9=>3> :@V?;5==S >1’є:BV2 4> 307>15B>==8E :>=AB@C:FV9 
4>1@5 2V4><0 =5 ;8H5 1C4V25;P=8:0<. &@048FV9=V :@V?8;P=V 5;5<5=B8 =5 
?V4E>4SBP 4;S FP>3> 70240==S, >A:V;P:8 =5 <>6CBP 70157?5G8B8 4>AB0B=R 
=5ACGC 740B=VABP. "4=0: 0=:5@ 4;S 307>15B>=C <>65 2?>@0B8AS 7 F8< 
70240==S<.  

*V :@V?;5==S <>6CBP ?@0FR20B8 70 @V7=8<8 ?@8=F8?0<8, 0;5 2AV 2>=8 
2V4<V==> A?@02;SRBPAS 7V A2>W< >A=>2=8< 70240==S< – 70157?5G8B8 =04V9=5 V 
4>23>2VG=5 :@V?;5==S >1’є:BV2, =02VBP 206:8E, 4> 1C4V25;P=8E :>=AB@C:FV9 7 
307>15B>=C. #@8=F8? 4VW 0=:5@0 4;S 307>15B>=C <>65 1CB8 <5E0=VG=8< 01> 
EV<VG=8<, 70;56=> 2V4 @V7=8E D0:B>@V2, 2 B><C G8A;V 2V4 B8?C <0B5@V0;C 
>1’є:B0 1C4V2=8FB20.  

 5E0=VG=V 307>15B>==V 0=:5@8 S2;SRBP A>1>R <VF=V <5B0;52V AB@86=V, 
S:V 701820RBPAS 01> 2:@CGCRBPAS 2 ?>25@E=R >1’є:B0, I> :@V?8BPAS, V 
70157?5GCRBP =04V9=5 :@V?;5==S =02VBP 2 B0:8E ?>@8AB8E <0B5@V0;0E, S: 
307>15B>=. #@8 FP><C =020=B065==S @>7?>4V;SєBPAS <0965 @V2=><V@=> ?> 2AV9 
?;>IV 7>2=VH=P>W ?>25@E=V :@V?;5==S. 

'AB0=>2:0 4R15;V2 2 307>15B>= 

 5E0=VG=89 0=:5@, ?@87=0G5=89 4;S <>=B06C 2 307>15B>= B0 V=HV 
?>@8ABV <0B5@V0;8, 7024S:8 A2>W9 C=V:0;P=V9 AB@C:BC@V >B@8<02 =072C 
«<5B5;8:». #@8 2:@CGC20==V @V7P1>2>3> 5;5<5=B0 @>1>G89 :V=5FP FP>3> 
:@V?;5==S @>7?040єBPAS =0 >:@5<V ?5;RAB:8, =0304CRG8 <5B5;8:0, 
70157?5GCRG8 =04V9=C DV:A0FVR 2 70740;53V4P ?@>A25@4;5=><C >B2>@V. "4=0: 
28:>@8AB0==S 1>;B0 01> @V7P1>2>3> AB@86=S <>65 ?>H:>48B8 >B2V@ 2 
307>A8;V:0B=><C 01> ?V=>1;>FV, B><C <5E0=VG=89 0=:5@ 4;S 307>15B>=C 
>A=0I5=89 A?5FV0;P=>R 2BC;:>R 01> >1>4><, I>1 70?>1V3B8 FP><C. *59 B8? 
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0=:5@0 5D5:B82=89 4;S =04V9=>3> :@V?;5==S @V7=8E ?@54<5BV2 4> 307>15B>=C, 
307>A8;V:0B=8E 1;>:V2 B0 V=H8E ?>@8AB8E <0B5@V0;V2. 

�81V@ 0=:5@0 70;568BP 2V4 =020=B065==S. 
)V<VG=V 0=:5@8 (04357V9=V 0=:5@8) 70AB>A>2CRBPAS, :>;8 >1’є:B, I> 

:@V?8BPAS 4> :>=AB@C:FVW 7 ?V=>15B>=C 01> 307>A8;V:0B=8E 1;>:V2, <0є 7=0G=C 
203C, S:C =5 <>6CBP 28B@8<0B8 <5E0=VG=V :@V?;5==S. �06;82> 2V47=0G8B8, I> 
B0:89 0=:5@ ?@0FRє 70 ?@8=F8?>< <5E0=VG=>3> 0=:5@0 V 2AB02;SєBPAS 2 
?V43>B>2;5=89 >B2V@ 70 4>?><>3>R A?5FV0;P=>3> :;59>2>3> A:;04C.  

$>7<VI5==S EV<VG=>3> 0=:5@0 2 307>15B>=V 
 >=B06 0=:5@=8E 1>;BV2 01> 4R15;V2 EV<VG=>3> B8?C, S:V D>@<CRBP 7 

1C4V25;P=8<8 :>=AB@C:FVS<8 ?@0:B8G=> =5@>7’є<=V 7’є4=0==S, A:;040єBPAS 7 
B0:8E 5B0?V2, S:: 

– ?V43>B>2:0 ?>A04:>2>3> >B2>@C (4;S FP>3> <>65 28:>@8AB>2C20B8AS  
728G09=89 5;5:B@8G=89 4@8;P); 
– >G8I5==S >B2>@C 2V4 1C4V25;P=>3> ?8;C B0 H<0B>G:V2 1C4V25;P=>3>  
<0B5@V0;C, I> 28:@8H82AS 2 9>3> 2=CB@VH=R ?>@>6=8=C (4;S 

28:>=0==S FVєW ?@>F54C@8 <>6=0 28:>@8AB0B8 728G09=C <548G=C 3@CHC 01> 
9>@68: 2V4?>2V4=>3> 4V0<5B@C); 

– 2AB0=>2;5==S 2 ?V43>B>2;5=89 >B2V@ A?5FV0;P=>W :0?AC;8 7 :;59:>R  
<0A>R 01> 70:0GC20==S :;5R 7 BC18; 
– 2AB0=>2;5==S 2 >B2V@ 4R15;S 7 @V7P1>28< 5;5<5=B>< 01> EV<VG=>3> 
0=:5@0; 
– ?>2=5 70AB830==S :;59>2>3> A:;04C, =0 I> <>65 7=04>18B8AS 4> 48 
3>48= (G0A, =5>1EV4=89 4;S ?>2=>3> 70AB830==S :;5R, 

28:>@8AB>2C20=>3> ?V4 G0A <>=B06C 0=:5@V2 C 307>15B>=V, 70;568BP =5 BV;P:8 
2V4 A:;04C :;59:>W <0A8, 0 9 B0:>6 2V4 B5<?5@0BC@8 =02:>;8H=P>3> ?>2VB@S V 
=87:8 V=H8E 7>2=VH=VE G8==8:V2). 

�848 V AD5@8 70AB>AC20==S 
/: <0AC, S:>R 70?>2=RRBP >B2V@ 4;S 0=:5@0 01> 4R15;S EV<VG=>3> B8?C, 

28:>@8AB>2CRBP @5G>28=8 =0 >A=>2V B0:8E B8?V2 A<>;: 
– 5?>:A84=>W; 
– 5?>:A80:@8;0B=>W; 
– ?>;V5AB5@>2>W; 
– 2V=V;5AB5@>2V9. 
�;59>2V :><?>78FVW, =0?@8:;04, =0 >A=>2V 2V=V;>2>3> 5DV@C ?V4E>4SBP 

4;S AB2>@5==S 0=:5@=8E 7’є4=0=P, S:V DC=:FV>=CRBP ?@8 =87P:8E 
B5<?5@0BC@0E, V <0RBP ?5@5203C 2 B><C, I> <>6CBP DV:AC20B8 0=:5@=V 1>;B8 C 
2>;>38E >B2>@0E, =5 AB2>@RRG8 2=CB@VH=VE =0?@C65=P 2 1C4V25;P=><C 
<0B5@V0;V. *V A<>;8 <>6=0 28:>@8AB>2C20B8 4;S CAB0=>2:8 @V7P1>28E V 
3;04:8E H?8;P>: 2 307>15B>=V, 0 B0:>6 2>=8 =5 <VABSBP AB8@>;C, S:89 є 
H:V4;828< 4;S 74>@>2’S ;R48=8. 
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#>@S4 7 CAV<0 ?5@52030<8 :;59>28E A:;04V2 ?5@5@0E>20=8E B8?V2, 
<0B5@V0;8 =0 >A=>2V 5?>:A80:@8;0B=8E A<>; 2V4@V7=Sє I5 9 28A>:0 <560 
2>3=5ABV9:>ABV – R120. *59 ?0@0<5B@ 2:07Cє =0 B5, I> =02VBP 70 C<>28 
?@S<>3> 2?;82C 2>3=R =0 70DV:A>20=89 70 4>?><>3>R B0:>3> :;5R 
:@V?8;P=89 5;5<5=B 7 =8< =VG>3> =5 AB0=5BPAS ?@>BS3>< 120 E28;8=. 

�;5W 2V4@V7=Sє V @V7=89 ?5@V>4, =5>1EV4=89 4;S WE=P>3> AE>?;R20==S V 
?>2=>3> 70B25@4V==S. &0:, G0A AE>?;R20==S / 70B25@4V==S AB0=>28BP 4;S 
A:;04V2: 

– 5?>:A84=8E – 7–180 E28;8= / 7–48 3>48=; 
– =0 >A=>2V ?>;V5AB5@>28E A<>; – 2–30 E28;8= / 25–180 E28;8=; 
– 2V=V;5AB5@>28E – 2–60 E28;8= / 15 E28;8= – 24 3>48=8; 
– 5?>:A80:@8;0B=8E – 2–24 E28;8=8 / 15–180 E28;8=. 
' :><?;5:B0FVW EV<VG=8E 0=:5@V2 4;S 307>15B>=C 28:>@8AB>2CRBP 

@V7P1>2V H?8;P:8, 4V0<5B@ S:8E <>65 AB0=>28B8 2V4 5 4> 30 <<, 4>268=0 
B0:8E @V7P1>28E 5;5<5=BV2 4>E>48BP 4> 380 <<. 

 

 

'�� 697.8 
!070@5=:> ". .1, �I5=:> %.%.2 

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

!070@5=:> ". ., ІI5=:> %.%. 
�"��%���Ь!�� ��)�� ���#$�*Ь"��!�) ����� 
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SUPPLY CHAIN MANAGEMENT IN WARTIME: IDENTIFYING KEY 

FACTORS FOR MAINTAINING EFFECTIVE SUPPLY CHAINS DURING 

CONFLICT 

Developing a project estimate necessitates extensive knowledge and 

experience in the relevant field. The precision of the estimate improves as the 

project advances and additional information becomes available. The accuracy of 

the estimate is only established once the project is finalized, and the actual cost is 

known. 

In order to achieve optimal economic outcomes in construction project 

implementation, emphasis must be placed on cost management. Nevertheless, 

continuous cost management using human resources increases construction costs 

and impedes long-term enterprise development [1]. 

Artificial intelligence application in calculating construction project costs 

allows for rapid comprehension of the actual level of construction work and 

analysis of progress deviation. Advantages of utilizing artificial intelligence for 

cost estimation in construction include: 

Increased accuracy: AI algorithms can analyze large amounts of data to 

estimate costs more accurately than traditional methods. This can help prevent cost 

overruns and delays; 

Faster turnaround time: AI algorithms can quickly process large amounts of 

data, which can lead to faster turnaround times for cost estimates; 

Cost savings: Accurate cost estimates can help prevent unnecessary expenses 

and reduce overall construction costs; 

https://dev.ua/news/ukrainskii-marketolog-1650276362
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Improved risk management: AI algorithms can identify potential risks and 

predict cost variations, allowing construction companies to proactively manage 

risks and make informed decisions; 

Increased productivity: By automating the cost estimation process, 

construction companies can free up time and resources that can be used for other 

tasks, which can ultimately increase productivity. 

The Dubai Land Department (DLD) has been investigating the potential of 

artificial intelligence (AI) in the construction industry [2] to enhance and 

streamline various processes. Specifically, the DLD has been implementing AI in 

the acquisition of building permits and estimating the cost of construction work. 

The use of AI algorithms enables the DLD to analyze and process permit 

applications with greater speed and accuracy than traditional manual methods.  

Furthermore, the AI system can identify any errors or inconsistencies in the 

application, thus reducing the likelihood of delays or rejections. Additionally, the 

DLD is exploring the use of AI-powered drones for building inspections and 

monitoring construction sites for compliance with safety regulations. These drones 

capture high-resolution images and videos that can be analyzed using AI 

algorithms to detect potential security breaches or hazards. Apart from building 

permit applications and inspections, the DLD is also exploring the use of AI in 

other areas of the construction industry such as project management, cost 

estimation, and resource allocation.  

Moreover, to ensure the successful implementation of AI in the construction 

industry, there is a need for collaboration between different stakeholders, including 

the government, private sector, and academic institutions. This will help in sharing 

knowledge and resources and promoting innovation and development in the sector. 

The peculiarity of using artificial intelligence to calculate the cost of 

construction projects is that it allows for more accurate and efficient cost 

estimation, as well as improved decision-making. By analyzing vast amounts of 

data and using complex algorithms, AI can provide more accurate and detailed cost 

estimates for construction projects. This can help to reduce the risk of cost 

overruns and project delays, which are common problems in the construction 

industry. 

Another advantage is that it can help to identify potential cost-saving 

opportunities. By analyzing data from past projects, AI algorithms can identify 

patterns and trends that can be used to optimize construction processes and reduce 

costs. This can include identifying the most cost-effective materials, suppliers, and 

construction methods, as well as predicting potential cost overruns or delays. 

Overall, the use of AI in construction cost estimation can help to improve 

efficiency, reduce costs, and increase the accuracy of project planning and 

execution. 
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By integrating AI into these processes, the DLD aims to enhance efficiency, 

minimize expenses, and improve the overall quality and safety of construction. An 

analysis of the obstacles and factors affecting the impossibility of integrating AI 

into Ukrainian construction companies is presented in Table 1. 

Table 1 - Obstacles to the integration of artificial intelligence in construction 

Obstacle/Disadvantage Difficulty of Implementation/Solution 

Lack of data and digitalization – The lack of standardized and digitized 

data for construction projects makes it 

difficult to implement AI. 

Resistance to change – The creation of a centralized database 

with standardized data would require 

significant effort and investment. 

Cost of implementation – There is a need to create standards for 

data collection and management. 

Limited availability of skilled 

professionals 

– Many companies and individuals in 

the construction industry may resist the 

adoption of AI technology due to fear of 

job loss or lack of understanding of the 

technology. 

Ethical and legal concerns – Education and training programs may 

be necessary to address these concerns 

and encourage adoption of AI. 

 

The table 1 outlines the disadvantages and obstacles to the integration of 

artificial intelligence for cost estimation in the construction industry in Ukraine. It 

highlights the main challenges that need to be addressed for successful 

implementation. From the analysis, it is evident that lack of data and insufficient 

knowledge about AI technology are the primary obstacles to the adoption of AI in 

the construction industry.  

Also, the high cost of AI systems and limited funding for research and 

development are other significant barriers that need to be addressed. 

In conclusion, despite the challenges, the integration of AI for cost estimation 

in the construction industry in Ukraine has enormous potential to enhance 

efficiency, reduce costs, and improve accuracy in estimating construction works. 

Therefore, it is essential to address the obstacles outlined above and create an 

enabling environment that promotes the adoption of AI technology in the industry. 
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70;56=> 2V4 AD5@, =0 S:V IoT <0B8<5 =091V;PH 157?>A5@54=V9 2?;82 
2V4?>2V4=> 4> WE=VE C=V:0;P=8E 28<>3. 

 

 

'�� 692 
"<5;PG5=:> ".%.1, );5?VBP:> �. .2 
1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-112A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

"<5;ьG5=:> ".%., );5?іBь:> �. . 
�!!"��*��!� #$"Є�&'��!!/ ��/ ����'�"��  

��&�"��) �'��!��� 

�C4V2;V B0 A?>@C48, :>B@V 1C;8 72545==V H;SE>< 28:>@8AB0==S =>2VB=VE 
B5E=>;>3V9, AB0RBP =52V4’є<=8< 5;5<5=B>< <VAP:>3> A5@54>28I0 ?@>2V4=8E 
:@0W= A2VBC. �>=8 C>A>1;RRBP B5E=VG=V <>6;82>ABV B0 5AB5B8G=V V450;8 
ACG0A=>W 4>18. *5 40є 7<>3C AB2>@8B8 :><D>@B=5 A5@54>28I5 



61 

68BBє4VS;P=>ABV 4;S 3@><04S=. "A>1;82>ABV AB2>@5==S V==>20FV9=8E 
0@EVB5:BC@=> <VAB>1C4V2=8E >1’є:BV2 ?>;S30є 2 =>287=V B0 5D5:BC 2V4 WE 
2BV;5==S. 

 5B>R @>1>B8 є >3;S4 =0S2=8E 2 1C4V25;P=V9 AD5@V ACG0A=8E B5E=>;>3V9 
4;S <>6;82>ABV WE V=B53@0FVW 2 C:@0W=AP:V :><?0=VW 4;S ?>40;PH>W 2V41C4>28 
=0H>W :@0W=8. �8:>@8AB0==S є2@>?59AP:>3> 4>A2V4C B0 =>2VB=VE 4>AS3=5=P – 
:>@8A=0 =03>40 AB2>@8B8 :><D>@B=5 <091CB=є 4;S 3@><04S= ':@0W=8 B0 
H284:> 2V41C4C20B8 7@C9=>20=V <VAP:V B5@8B>@VW. 

' 1C4V25;P=V9 AD5@V <>6;825 28:>@8AB0==S =0ABC?=8E 284V2 V==>20FV9: 
– 2?@>20465==S =>28E @VH5=P 2 ?8B0==SE ?;0=C20==S B0 0@EVB5:BC@=>3> 

283;S4C >1’є:BC, I> 1C4CєBPAS; 
– 28:>@8AB0==S ACG0A=8E 1C4V25;P=8E <0H8= V CAB0B:C20==S; 

24>A:>=0;5==S B5E=>;>3VW 28@>1=8FB20 B5?;>V7>;SFV9=8E <0B5@V0;V2; 
– 70AB>AC20==S =>28E V 28A>:>S:VA=8E 1C4V25;P=>->74>1;R20;P=8E 

<0B5@V0;V2; 
– 70AB>AC20==S =>28E >@30=V70FV9=8E D>@< 28:>=0==S @>1VB. 
�AV 2848 V==>20FV9 VA=CRBP 2 BVA=><C 270є<>72’S7:C V 48:BCRBP ?52=V 

28<>38 4> V==>20FV9=>W 4VS;P=>ABV ?V4?@8є<AB2. &5E=VG=V B0 B5E=>;>3VG=V 
V==>20FVW D>@<CRBP C<>28 4;S C?@02;V=AP:8E V==>20FV9.  

#>2AR4=5 2?@>20465==S B5E=>;>3VG=8E V==>20FV9 2 1C4V2=8FB2V 
>1<56CєBPAS =0ABC?=8<8 D0:B>@0<8: 

– 28A>:V 28B@0B8 22545==S 2 5:A?;C0B0FVR >1’є:BV2; 
– =54>2V@0 4> V==>20FV9 7 1>:C ?>:C?FV2; 
– =5AB0G0 DV=0=A>28E @5AC@AV2, I> 284V;SRBPAS =0 V==>20FV9=V 

4>A;V465==S; 
– F8:;VG=89 E0@0:B5@ 1C4V2=8FB20 V >A>1;82>ABV :;V<0B8G=8E C<>2; 
– =87P:89 ABC?V=P V=B53@0FVW V==>20FV9 2 1C4V25;P=V9 AD5@V;  
– 2V4ACB=VABP C=VDV:>20=>W A8AB5<8 0?@>10FVW B0 A5@B8DV:0FVW =>28E 

?@>4C:BV2;  
#@>?>=CєBPAS @>73;S=CB8 >A=>2=V V==>20FV9=V B5E=>;>3VW 2 1C4V25;P=><C 

28@>1=8FB2V, :>B@V 28:>@8AB>2CRBPAS =0 ?@0:B8FV: 
– �=D>@<0FV9=5 <>45;R20==S A?>@C4 (BIM) 

' ?@>F5AV ��  2V41C20єBPAS :>;5:B82=5 AB2>@5==S V 28:>@8AB0==S 
V=D>@<0FVW ?@> A?>@C465==S, I> D>@<CєBPAS =0 ?@>BS7V 68BBє2>3> F8:;C 
>1’є:B0 (2V4 ?;0=C20==S 4> 1C4V2=8FB20 V 5:A?;C0B0FVW). #@8=F8? @>1>B8 
A8AB5<8 - F5 718@0==S 2AVєW V=D>@<0FVW 7 1C4V2=8FB20, ?@>5:BC20==S 

– #@5D01@V:0FVS 
�1V@:0 7 3>B>28E 5;5<5=BV2-<>4C;V2 AB0є 2A5 1V;PH ?>?C;S@=0 70 @0EC=>: 

A2>єW H284:>ABV V 5:>=><VG=>ABV. �C4V25;P=V 1;>:8 V :>=AB@C:FVW 3>BCRBP 2 
F5EC, 0 =0 >1’є:BV ?@>AB> 718@0RBP. *5 4>?><030є 7=878B8 28B@0B8 V 



62 

?@8A:>@8B8 1C4V25;P=89 ?@>F5A. �>=8 E0@0:B5@87CRBPAS 28A>:>R <VF=VABR, 
B><C V 28:>@8AB>2CRBPAS ?@8 1C4V2=8FB2V 1030B>?>25@EV2>:.  

– �=B5@=5B @5G59 (Internet of Things, IoT) 
�>40B:8 Internet of Things, IoT AB2>@5=V, I>1 ?>;53H8B8 V A?@>AB8B8 

@>1>BC V=65=5@V2 V ?@>5:BC20;P=8:V2. � ?@>F5AV ?@>5:BC20==S >1’є:B0, 
D0EV25FP <>65 >B@8<C20B8 V=D>@<0FVR ?@> 2AV =>2V <0B5@V0;8 V <>65 
2?@>2046C20B8 WE 2 1C4V2=8FB2>. �AV =5>1EV4=V <0B5@V0;8 V :><?;5:BCRGV, 
4>AB02;SRBPAS 157?>A5@54=P> =0 AB@>W <0940=G8:. 

– 3D 4@C: 
&5E=>;>3VS, I> 4>72>;Sє 7 =59<>2V@=>R H284:VABP V B>G=VABR 

AB2>@R20B8 =5>1EV4=V 1C4V25;P=V 5;5<5=B8. �28G09=> 6, B5E=>;>3VW 3D 4@C:C 
:>@8ABCRBPAS H8@>:8< ?>?8B>< V =0 1C4V25;P=8E >1’є:B0E, 70@07 4@C:CRBP 
FV;V 1C48=:8. 

– �V@BC0;P=0 V 4>?>2=5=0 @50;P=VABP 
�0 4>?><>3>R A?5FV0;P=8E >:C;S@V2 :;Vє=B <>65 @>73;S40B8 

?@575=B0FV9=C <>45;P 2 >DVAV. � DC=:FVS 4>?>2=5=>W @50;P=>ABV 40є 
<>6;82VABP :;Vє=BC V V=65=5@C 2 >:C;S@0E 7’є4=0=8E 7 :><?’RB5@>< >FV=8B8 
?>2=><0AHB01=C <>45;P =0 ;0=4H0DBV 

�==>20FVW 2 1C4V25;P=V9 30;C7V 7<V=RRBP ?V4EV4 4> ?@>є:BC20==S B0 
72545==S 1C4V25;P. �V4 ?5@54>28E <0B5@V0;V2 V B5E=>;>3V9 4> =>28E <5B>4V2 
1C4V2=8FB20 B0 V==>20FV9=8E ?V4E>4V2 4> AB0;>3> @>728B:C – FV V==>20FVW 
2V4:@820RBP 70E>?;RRGV <>6;82>ABV 4;S <091CB=P>3> 30;C7V. �?@>2046CRG8 
FV =>2V V45W B0 <5B>48, <8 <>65<> ?V428I8B8 157?5:C, 4>23>2VG=VABP, 
5D5:B82=VABP B0 2?;82 =0 =02:>;8H=є A5@54>28I5 =0H8E 1C4V25;P B0 
V=D@0AB@C:BC@8, 7@5HB>R, AB2>@RRG8 :@0I89, 1V;PH AB0;89 A2VB 4;S 
=0ABC?=8E ?>:>;V=P.  

&0:>6 V=B53@0FVS V==>20FV9 40ABP 7<>3C 2V41C4>2C20B8 <VAB0 ':@0W=8 
A0<5 2 є2@>?59AP:><C =0?@S<V: 2?@>2046CRG8 ?@0:B8:8 75;5=>3> 
1C4V2=8FB20, 5=5@3>5D5:B82=V ?@>5:B8 B0 ACG0A=V 1C4V25;P=V <0B5@V0;8, 
C:@0W=AP:V <VAB0 <>6CBP AB0B8 ABV9:8<8, ?@8201;828<8 4;S V=25AB>@V2 V 
BC@8ABV2. �V41C4>20 C:@0W=AP:8E <VAB <>65 ?@>:;0AB8 H;SE 4> ?@>F2VB0RG>3> 
V B5E=>;>3VG=> @>728=5=>3> <091CB=P>3>. 

 



63 

'�� 004.94:69 
�C;V:  .�.1, �>;R: %.�.2, !5AB5@>20 Є.�.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@. ���-112A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�C;і:  .�., �>;N: %.�., !5AB5@>20 Є.�. 
#$"��� � ���"$�%&�!!/ #� AUTODESK REVIT � 

�'�����Ь!�) "$��!���*�/) '�$��!� 

�?@>20465==S B5E=>;>3VW V=D>@<0FV9=>3> <>45;R20==S 1C4V25;P – F5 
157?5@5@2=89 ?@>F5A, S:89 B@0=AD>@<Cє A2VB>2C V=4CAB@VR ?@>є:BC20==S B0 
1C4V2=8FB20, @>7H8@RRG8 <56V B0 7<V=RRG8 D>@<8 WW 70AB>AC20==S. +5@57 
A2>R ?@8@>4C, I> ?>ABV9=> @>72820єBPAS, 2?@>20465==S BIM є A:;04=8< 
70240==S<, V BV, EB> 15@5BPAS 70 =P>3>, G0AB> AB0RBP ?5@H>?@>EV4FS<8, 
AE8;P=8<8 4> =5<8=CG8E ?><8;>:. &><C :@8B8G=> 206;828< 70240==S< C 
?@>F5AV 2?@>20465==S BIM є 28S2;5==S B0 28?@02;5==S ?><8;>: S:><>30 
@0=VH5, I>1 70157?5G8B8 157?5@51V9=5 2?@>20465==S. 

Autodesk Revit - F5 ?@>3@0<0 4;S V=D>@<0FV9=>3> <>45;R20==S 1C4V25;P 
(BIM), S:0 28:>@8AB>2CєBPAS 0@EVB5:B>@0<8, V=65=5@0<8, 48709=5@0<8 B0 
?V4@S4=8:0<8 ?> 2AP><C A2VBC. *59 ?@>3@0<=89 :><?;5:A 4>72>;Sє 
:>@8ABC20G0< AB2>@R20B8 V=B5;5:BC0;P=V 3D-<>45;V, S:V 2:;RG0RBP B0:V 
:><?>=5=B8 1C4V2;V, S: ABV=8, 425@V, 2V:=0 B>I>, I> 40є 7<>3C 2V7C0;V7C20B8 B0 
<>45;R20B8 283;S4 9 DC=:FV>=C20==S 1C4V2;V 4> ?>G0B:C 1C4V2=8FB20. 

 

$8AC=>: 1 – %B2>@5=0 <>45;P :>B546C 2 Autodesk Revit 

� ':@0W=V Autodesk Revit H8@>:> 28:>@8AB>2CєBPAS ?@>D5AV>=0;0<8 2 
30;C7V 0@EVB5:BC@8, V=65=5@VW B0 1C4V2=8FB20. �V= 4>72>;Sє :>@8ABC20G0< 
A?V;P=> ?@0FR20B8 =04 >4=8< ?@>5:B><, >1<V=R20B8AS 40=8<8 2 @568<V 
@50;P=>3> G0AC, 0 B0:>6 7<5=H8B8 :V;P:VABP ?><8;>: V ?5@5@>1>: ?V4 G0A 
?@>5:BC20==S B0 1C4V2=8FB20.  

 >6;82>ABV, S:V =040є Autodesk Revit, H8@>:V, >A:V;P:8 2V= 4>72>;Sє 
AB2>@R20B8 A:;04=V ?@>5:B8, ?>:@0IC20B8 A?V2?@0FR B0 B>G=VH5 >FV=R20B8 
28B@0B8. &0:>6 =040є @>7H8@5=V V=AB@C<5=B8 4;S 5=5@35B8G=>3> 0=0;V7C, 
AB@C:BC@=>3> 0=0;V7C B0 4>:C<5=B0FVW, S:V <>6CBP 4>?><>3B8 >?B8<V7C20B8 



64 

5:A?;C0B0FV9=V E0@0:B5@8AB8:8 1C4V2;V, ?V428I8B8 5D5:B82=VABP B0 7<5=H8B8 
28B@0B8. �;5 4;S WE @50;V70FVW =5>1EV4=> ?@>25AB8 0=0;V7 ?5@5H:>4, I> 
702060RBP ?>2=>FV==><C 2BV;5==R B0 28:>@8AB0==R ?@>3@0<8: 

– !5AB0G0 :20;VDV:>20=8E D0EV2FV2: �8:>@8AB0==S Autodesk Revit 
28<030є :20;VDV:>20=8E D0EV2FV2, S:V <0RBP 4>A2V4 @>1>B8 7 ?@>3@0<=8< 
70157?5G5==S<. � =0HV9 :@0W=V <>65 2V4GC20B8AS =5AB0G0 B0:8E D0EV2FV2, I> 
<>65 A?>2V;P=8B8 2?@>20465==S B5E=>;>3VW; 

– �8A>:0 20@BVABP ?@>3@0<=>3> 70157?5G5==S: �0@BVABP ?@8410==S B0 
;VF5=7C20==S ?@>3@0<=>3> 70157?5G5==S Autodesk Revit <>65 1CB8 28A>:>R 
4;S 1C4V25;P=8E :><?0=V9, >A>1;82> 4;S <0;8E B0 A5@54=VE ?V4?@8є<AB2; 

– %C?@>B82 7<V=0<: 1030B> 1C4V25;P=8E :><?0=V9 =0 B5@8B>@VW ':@0W=8 
<>6CBP G8=8B8 >?V@ 2?@>20465==R =>28E B5E=>;>3V9 V ?@>F5AV2 G5@57 
?5@5410GC20=V @878:8 B0 28B@0B8, ?>2’S70=V 7 ?5@5E>4><, 0 B0:>6 B@048FV9=89 
?V4EV4; 

– �V4ACB=VABP A?V2?@0FV <V6 AB59:E>;45@0<8: 2?@>20465==S BIM 
28<030є BVA=>W A?V2?@0FV <V6 CAV<0 70FV:02;5=8<8 AB>@>=0<8, 70;CG5=8<8 4> 
1C4V25;P=>3> ?@>є:BC, 7>:@5<0 0@EVB5:B>@0<8, V=65=5@0<8, ?V4@S4=8:0<8 B0 
2;0A=8:0<8; 

– "1<565=0 45@602=0 ?V4B@8<:0: C@S4 <>65 =5 =04020B8 4>AB0B=P>W 
?V4B@8<:8 01> AB8<C;V2 4;S 2?@>20465==S BIM B0 Autodesk Revit, I> <>65 
A?>2V;P=8B8 V=B53@0FVR B5E=>;>3VW 2 1C4V25;P=89 A5:B>@. 

�0?@>20465==S 1C4P-S:>W V==>20FVW ?>2’S70=5 7 28B@0B0<8, 0 ?@8410==S 
=>2>3> ?@>3@0<=>3> 70157?5G5==S є 28A>:>R 20@BVABR. �@V< B>3>, @>1>B0 7 
=>28< ?@>3@0<=8< :><?;5:A>< 28<030є 4>40B:>28E 28B@0B =0 ?@8410==S 01> 
<>45@=V70FVR :><?’RB5@=>W B5E=V:8, >A:V;P:8 B5E=VG=V 28<>38 4> ACG0A=8E 
?@>3@0<=8E ?@>4C:BV2 7=0G=> 2V4@V7=SRBPAS 2V4 B8E, I> 28<030RBP 728G09=V 
?@>3@0<=V :><?;5:A8 02B><0B87>20=>3> ?@>5:BC20==S. �=B53@0FVS B5E=>;>3VW 
BIM ?5@5410G0є 28:>@8AB0==S =>2>3> ?@>3@0<=>3> 70157?5G5==S, I> 28<030є 
=02G0==S ?@0FV2=8:V2, S:V <>6CBP =5 <0B8 =5>1EV4=8E =028G>: 4;S @>1>B8 7 
?@>3@0<=8< 70157?5G5==S<. &0:5 =02G0==S 2V42>;V:0B8<5 ?@0FV2=8:V2 2V4 
WE=VE 728G09=8E @>1>G8E DC=:FV9 V <>65 ?@8725AB8 4> 4>40B:>28E 28B@0B.  

#>2=>FV==5 2?@>20465==S B5E=>;>3VW ?>B@51Cє @>7@>1:8 є48=8E 
AB0=40@BV2 V ?@028;, 2:;RG0RG8 ?@028;0 <>45;R20==S, 2545==S :0B0;>3V2 V 
107 40=8E, V=D>@<0FV9=>W 157?5:8 B0 1030BP>E V=H8E ?8B0=P =0 2AVE 5B0?0E 
?@>5:BC20==S – 2V4 ?@>5:BC20==S 4> 45<>=B06C >1’є:B0.  �==>20FV9=5 
?@>5:BC20==S 4;S 72545==S 1C4V25;P є 206;828< 5;5<5=B>< 1C4V25;P=>W 
V=4CAB@VW, I> 4>72>;Sє ?>:@0I8B8 5D5:B82=VABP B0 S:VABP 1C4V2=8FB20, 0 
B0:>6 7<5=H8B8 9>3> 2?;82 =0 =02:>;8H=є A5@54>28I5. �024S:8 
24>A:>=0;5=8< V=AB@C<5=B0< BIM, :>@8ABC20GV <>6CBP AB2>@R20B8 ABV9:V B0 
5=5@3>5D5:B82=V 1C4V2;V, 0=0;V7C20B8 AB@C:BC@=C FV;VA=VABP A2>WE ?@>5:BV2, 0 
B0:>6 5D5:B82=VH5 A?V;:C20B8AS 7 :;Vє=B0<8 B0 70FV:02;5=8<8 AB>@>=0<8 



65 

'�� 667.613.3 
#><070=  .�.1, �>;5=:> �...2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-111 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#><070=  .�., �>;5=:> �... 
�!����  "����"%&�� 4D  "���.��!!/ � �'���!�*&�� 

' =0H G0A 1C4V25;P=V ?@>5:B8 AB0RBP =01030B> A:;04=VH8<8. !0S2=0 
V=D>@<0FVS ?@> ?>H8@5=V ?@>1;5<8 I>4> 1C4V25;P=8E ?@>5:BV2, :>B@V 
28=8:0RBP G5@57 A;01:89 V =54>AB0B=V9 72’S7>: <V6 5B0?0<8 ?@>5:BC20==S B0 
1C4V2=8FB20 G5@57 =55D5:B82=C ?5@540GC V=D>@<0FVW B0 40=8E.  

�=D>@<0FV9=5 <>45;R20==S 1C4V25;P  – F5 F8D@>25 ?@54AB02;5==S 
DC=:FV>=0;P=8E V DV78G=8E E0@0:B5@8AB8: ?@>5:BC, S:5 @>73;S40єBPAS S: 
?>B5=FV9=5 @VH5==S ?@>1;5< =0 5B0?0E ?@>5:BC20==S B0 1C4V2=8FB20. ->1 
AB2>@8B8 4D-<>45;P, BIM S: ?>BC6=89 V=AB@C<5=B ?;0=C20==S B0 3D-

<>45;R20==S ?>B@V1=> 4>?>2=8B8 A?5FV0;P=8< ?0:5B>< ?@>3@0<=>3> 
70157?5G5==S. 4D-<>45;P ?@>5:BC <>65 1CB8 @>7@>1;5=0 4;S <>45;R20==S 
3@0DVG=>W ?>A;V4>2=>ABV 70240=P 28:>=0==S B0 1C4V25;P=8E >?5@0FV9, 

70157?5GCRG8 B8< A0<8< 2V7C0;P=5 B0 2V@BC0;P=5 @>7C<V==S ?@>F5AC 
1C4V2=8FB20. 4D-BIM 28:>@8AB>2C202AS 48709=5@0<8, V=65=5@0<8 B0 
?;0=C20;P=8:0<8 4;S >?B8<V70FVW 48709=C, 0 B0:>6 4;S 0=0;V7C <>6;82>AB59 
?>1C4>28 ?;0=C ?@>5:BC B0 C?@02;V==S 28<>30<8 4> @5AC@AV2. 

/:V <>6;82>ABV 2V4:@820RBPAS ?@8 28:>@8AB0==V 4D <>45;R20==S 2 
1C4V25;P=V9 30;C7V ':@0W=8? *59 5;5<5=B 2:;RG0є @5>@30=V70FVR @>;59, 
@>1>GV ?@>F5A8 B0 ?@0:B8:8, =040є V=AB@C<5=B 4;S <>=VB>@8=3C =0 <VAFV B0 
0=0;V7C :>=AB@C:B82=>ABV ?@>3@5AC 1C4V2=8FB20.  

4D-BIM <>6=0 @>7@>18B8 ;8H5 H;SE>< ?>є4=0==S B@P>E >A=>2=8E 
<>6;82>AB59:  

1) 2V7C0;V70FVS ?@>AB>@>28E V G0A>28E 270є<>72’S7:V2 ?@>є:BC,  
2) 0=0;V7 1C4V25;P=>W ?@>3@0<8 4;S >FV=:8 @50;V70FV9; 
3) 7<5=H5==S 2V4A>B:C ?><8;>: G5@57 ?5@52V@:C 3@0DV:0 1C4V2=8FB20 

4;S ?>:@0I5==S FV;VA=>ABV 72’S7:C B0 A?V2?@0FV <V6 :><0=4>R ?@>5:BC.  
 >6;82>ABV 4D-BIM <>6=0 @>74V;8B8 =0 42V :0B53>@VW:  
1) ?;0=C20==S 1C4V2=8FB20 B0 2) ?;0=C20==S <0940=G8:0.  
 5B>4 ?5@52V@:8 ?@028; – F5 ?;0BD>@<0 4D-BIM V7 A8AB5<>R ?@028;, 

S:0 =040є <>6;82VABP 287=0G0B8 5D5:B82=V ?@028;0 A5@54>28I0 4;S 
?V4B@8<:8 <5B>4C ?5@52V@:8 ?@028;. ' FP><C <5B>4V G0A>2>-?@>AB>@>25 
28S2;5==S 02B><0B8G=> @>7?V7=0є =5157?5G=V B>G:8 =02:>;8H=P>3> 
A5@54>28I0 B0 ?>:@0I8BP ?@>4C:B82=VABP <>=VB>@8=3C.  

�83>48 2V4 G0AC B0 28B@0B 4;S 2;0A=8:0 1C;8 206;828<8, 0 =52V4><V 
28B@0B8 1C;8 7<5=H5=V 70 4>?><>3>R 2V7C0;V70FVW, :>>@48=0FVW, @50;V70FVW B0 
28S2;5==S 7VB:=5=P V :>=D;V:BV2. �5S:V A5@9>7=V =530B82=V ?@>1;5<8 01> 



66 

@878:8, ?>2’S70=V 7 5B0?>< ?;0=C20==S ?@>5:BC, <>6=0 :>=B@>;R20B8 01> 
?><’S:H8B8 70 4>?><>3>R B5E=>;>3VW BIM, =0?@8:;04 1) =5?>2=V 4>:C<5=B8 
B0 ?@>5:B 2) G8A;5==V =5C73>465=V :>=AC;PB0=B8 3) 1C4V2=8FB2> =0 <VAFV 
?5@54 ?@>5:BC20==S< 4) G0ABV 7<V=8 2;0A=8:0 2 ?@>5:BV/B5E=VG=><C ?;0=V B0 
?>ABV9=89 @>728B>: 48709=C.  

"4=VєR 7 =09206;82VH8E ?5@5203 V=B53@0FVW BIM C 71V@=V :>=AB@C:FVW є 
7<5=H5==S @>71V6=>AB59 C :V=F52V9 <>45;V <V6 28@>1=8:0<8 B0 48709=5@0<8. 
�@C3>R 206;82>R ?5@5203>R є A?@>I5==S ?;0=C 70:C?V25;P, >A:V;P:8 є48=0 
A8AB5<0 BIM <>65 ?>;53H8B8 :>>@48=0FVR ?@>5:BC20==S 7 A0<>3> ?>G0B:C 
?@>5:BC. $0==є 28S2;5==S B@820;>3> G0AC 7025@H5==S, 282G5==S ?@>5:B=8E 
>1<565=P 4;S 71V@=8E :>=AB@C:FV9, A:>@>G5==S G0AC F8:;C 283>B>2;5==S B0 
?><8;>: :>>@48=0FVW B0:>6 ?5@5@0E>20=V S: ?5@52038 V=B53@0FVW BIM C 
?@><8A;>2VABP 71V@=8E :>=AB@C:FV9. %:>@>G5==S B@820;>ABV ?@>5:BC B0 
71V;PH5==S <0A>2>W 7<V=8 48709=C є V=H8<8 ?5@52030<8 V=B53@0FVW BIM =0 
5B0?0E ?@>5:BC20==S B0 1C4V2=8FB20 ?@>5:BV2 71V@=8E 1C4V25;P 

' S:>ABV 28A=>2:C =5>1EV4=> 2V4<VB8B8, I> A:>@>G5==S B0 >?B8<V70FVS 
B@820;>ABV B0 ?@>F5AC 70:C?V25;P, ?@>5:BC20==S, 71V@=>3> 28@>1=8FB20 B0 
1C4V2=8FB20 2 3@0DV:C ?@>5:BC є 7=0G=8<8 ?5@52030<8 V=B53@0FVW 4D-BIM C 
1C4V25;P=V9 30;C7V. �8:>@8AB0==S BIM/4D-BIM <>65 7<5=H8B8 @878:8 
:>>@48=0FVW, B@820;VABP F8:;C 283>B>2;5==S B0 @878:8 ?@>3@0<C20==S 2 
1C4V25;P=V9 30;C7V. 4D-BIM 4>72>;Sє 70;CG0B8 @V7=V ?@>5:B=V 3@C?8 =0 @0==VE 
5B0?0E ?@>5:BC20==S B0 ?@>F5AC 283>B>2;5==S/1C4V2=8FB20, I>1 28S2;SB8 
VA=CRGV :>=D;V:B8 B0 ?><8;:8 ?@>5:BC20==S. �;S 2AB0=>2;5==S 1V;PH 
@50;VAB8G=>W FV;V 4D-BIM A?@8Sє 2V7C0;V70FVW ?;0=C 1C4V2=8FB20 B0 ;>3VAB8:8. 
�?@>20465==S BIM/4D-BIM 28<030є 4>AB0B=P>W :V;P:>ABV =0FV>=0;P=8E V 
<V6=0@>4=8E AB0=40@BV2, :><?;5:A=8E ?@0:B8G=8E V B5E=VG=8E 7=0=P C 
1C4V25;P=V9 30;C7V. �;5 7024S:8 02B><0B870FVW ?@>F5AC @>7@>1:0 4D-<>45;V 
?>B@51Cє <5=H5 G0AC B0 28B@0B, 0 B0:>6 <5=H5 B5E=VG=8E 7=0=P, =5>1EV4=8E 
4;S 2?@>20465==S <>45;V, I> <>65 ?@8725AB8 4> ?>40;PH>3> @>728B:C B0 
2?@>20465==S 4D-BIM. 

4D ?@>є:BC20==S 2 1C4V2=8FB2V 40є 7<>3C 28@VH8B8 7040GV, :>B@V @0=VH5 
=5<>6;82> 1C;> CS28B8. �024S:8 BIM 7’S2;SєBPAS B5=45=FVS 1V;PH 
5D5:B82=>3>, S:VA=>3> B0 B>G=>3> :5@V2=8FB20 1C4V25;P=8<8 ?@>є:B0<8, 
0=0;V7C :>HB>@8A=>W 4>:C<5=B0FVW G8 C?@02;V==S @878:0<8. �C4V25;P=V 
>@30=V70FVW <0RBP @>7C<VB8, I> 73>4>< G0AB8=0 :>=:C@5=BV2 1C45 709<0B8 
;V48@CRGV ?>78FVW 2 30;C7V H;SE>< ?5@5E>4C =0 V=D>@<0FV9=5 <>45;R20==S. 
&><C =5>1EV4=> ?>4>;0B8 107>2V ?5@5H:>48 2?@>20465==S BIM 2 1C4V25;P=C 
AD5@C ':@0W=8 4;S 70157?5G5==S =04V9=>3> <091CB=P>3> B0 AB@V<:>3> 
@>728B:C. 

 

 



67 

'�� 721.021 
"<5;PG5=:> ".%.1, �8A5;P>2 �. .2 
1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-111 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

"<5;ьG5=:> ".%., �8A5;ь>2 �. . 
"��/� %��&"�"�" �"%���' ���"$�%&�!!/ 

�!("$ �*��!"�"  "���.��!!/ 

!0 60;P, =5 2AV D0EV2FV 2 ':@0W=V 7=09><V 7 V=D>@<0FV9=8< 
<>45;R20==S< 1C4V25;P (Building Information Modeling, BIM), 0 BV, EB> 
7=09><V, G0AB> A?@89<0RBP 9>3> ?@>AB> S: V=AB@C<5=B 4;S B@828<V@=>3> 
?@>5:BC20==S 1C4V25;P=8E ?@>5:BV2. "4=0: C @>728=5=8E :@0W=0E A2VBC BIM 
H284:> ?>H8@RєBPAS V @>73;S40єBPAS S: 25;8:0 @52>;RFVS 2 C?@02;V==V 
1C4V2=8FB2><. 

#>@V2=RRG8 BIM 7 =8=VH=V<8 @50;VS<8 2 ':@0W=V, <>6=0 ?>10G8B8 
?>B5=FV9=V 5:>=><VG=V 283>48 2V4 2?@>20465==S BIM S: A?>A>1C 
B@0=AD>@<0FVW 2AP>3> V=25AB8FV9=>-1C4V25;P=>3> :><?;5:AC, 2:;RG0RG8 
V=B53@0FVR >?5@0FV9=8E A:;04>28E. �=0;V7 B>3>, S: V=HV :@0W=8 
2?@>2046C20;8 BIM, <>65 40B8 CS2;5==S ?@> V==>20FV9=V V=AB8BCFV9=V 
?V4E>48, S:V <>6CBP 1CB8 0:BC0;P=8<8 4;S A8BC0FVW 2 ':@0W=V, =572060RG8 =0 
2V4<V==>ABV 2 V=D@0AB@C:BC@V V=D>@<0FV9=8E B5E=>;>3V9. 

BIM - F5 A8AB5<0 :><?’RB5@=>3> <>45;R20==S, S:0 2V4@V7=SєBPAS 2V4 
B@048FV9=8E CAD-A8AB5< B8<, I> =040є :><?;5:A=C <>45;P >1’є:B0 B0 
?@>F5AC 1C4V2=8FB20. BIM >1’є4=Cє 2AR V=D>@<0FVR ?@> >1’є:B C 107C 40=8E, 
I> 4>72>;Sє 2 1C4P-S:89 <><5=B >B@8<0B8 0:BC0;P=C 4>:C<5=B0FVR B0 
2V7C0;V70FVR 4;S 0=0;V7C.  

%5@54>28I5 BIM ?>;53HCє :><0=4=C @>1>BC, 70157?5GCRG8 5D5:B82=5 
28:>@8AB0==S V=D>@<0FVW ?@>BS3>< CAP>3> 68BBє2>3> F8:;C 1C4V2;V 157 
AC?5@5G=>AB59 V 2B@0B8 40=8E. �0 4>?><>3>R BIM 0@EVB5:B>@8, 48709=5@8, 
V=65=5@8 B0 V=HV A?5FV0;VAB8 ?@>є:BC <>6CBP ?@0FR20B8 ?0@0;5;P=>, 
A:>@>GCRG8 G0A ?@>є:BC =0 20-50%, 73V4=> 7 V=>75<=8<8 465@5;0<8. 
�:>=><VS G0AC <>65 1CB8 I5 1V;PH>R ?@8 2=5A5==V 7<V= 4> ?@>є:BC: 
A?5FV0;V7>20=V DV@<8 ?>2V4><;SRBP ?@> 5:>=><VR 4> 90%. )>G0 =0 ?>G0B:C 
2?@>20465==S <>65 7=04>18B8AS ?52=89 G0A 4;S =02G0==S, 4>23>AB@>:>2V 
?5@52038 28:>@8AB0==S BIM C 1C4V2=8FB2V є 7=0G=8<8. 

�=D>@<0FV9=5 <>45;R20==S 1C4V25;P @52>;RFV>=V7C20;> ?@8=F8?8 
C?@02;V==S 1C4V2=8FB2><, =040RG8 =>25 465@5;> 5D5:BC, 2V4<V==5 2V4 
@8=:>2>3> <5E0=V7<C. �;S 0:B820FVW FP>3> 465@5;0 =5>1EV4=> @>7:@8B8 
2=CB@VH=R V=D>@<0FVR CG0A=8:V2 ?@>5:BC B0 >@30=V7C20B8 :><0=4=C @>1>BC 
=0 >A=>2V 1030B>AB>@>==VE :>=B@0:BV2 4;S A?V;P=>W @50;V70FVW ?@>5:BC. �@V< 
B>3>, A;V4 2?@>2046C20B8 20@V0=B=5 ?@>5:BC20==S, ?>G8=0RG8 7 =091V;PH 
@0==VE AB04V9, C=8:0B8 ?@>5:B=8E ?><8;>:, FV=>CB2>@5==S ?>28==> 



68 

107C20B8AS =0 @8=:>28E 2V4:@8B8E AB0=40@B0E, 0 B0:>6 70157?5GC20B8 
5D5:B82=C 5:A?;C0B0FVR 1C4V25;P C ?@>є:B0E.  

�?@>20465==S BIM 2 ':@0W=V, 9<>2V@=>, 7@>AB0B8<5 7024S:8 2V;P=><C 
:>=:C@5=B=><C A5@54>28IC B0 71;865==R 7 1V;PH @>728=5=8< @8=:>< Є%. 
/: =0A;V4>:, V=D>@<0FV9=V <>45;V 1C4V25;P 4540;V H8@H5 
28:>@8AB>2C20B8<CBPAS 2 ?@><8A;>2><C, :><5@FV9=><C B0 68B;>2><C 
1C4V2=8FB2V. 

�;5 2?@>20465==S BIM 2 45S:V9 <V@V є ?@>1;5<>R 4;S  VA=CRG>W 
A8AB5<8  ?@>5:BC20==S V FV=>CB2>@5==S 2 1C4V2=8FB2V.  "GV:CRBPAS =0ABC?=V 
?5@5H:>48 2?@>20465==R BIM: 

– 28A>:0 20@BVABP ?@>3@0<=>3> B0 0?0@0B=>3> 70157?5G5==S; 
– ?5@5=02G0==S ?5@A>=0;C; 
– B@C4><VAB:5 D>@<C20==S V=D>@<0FV9=8E 107 40=8E B>I>. 
 &0 G5@57 45S:89 G0A 2  1C4V25;P=V9 30;C7V =0H>W :@0W=8 ?>AB0=5 ?8B0==S 

3>B>2=>ABV ?V4@S4=8E 1C4V25;P=8E >@30=V70FV9 4> ?@89><C ?@>5:B=>-

:>HB>@8A=>W 4>:C<5=B0FVW C =>2><C D>@<0BV. &><C 4;S 0:B82=>3> 
70AB>AC20==S BIM-B5E=>;>3V9 2 ':@0W=V =5>1EV4=> 7<V=R20B8 ?A8E>;>3VR 
70<>2=8:V2 V ?@>5:B0=BV2,  ?@825AB8 A8AB5<C 2VBG87=S=>3> 70:>=>402AB20 C 
2V4?>2V4=VABP 4> :@0I8E <V6=0@>4=8E ?@0:B8:. 

$>7@>1:0 B0 2?@>20465==S V=D>@<0FV9=>3> <>45;R20==S 1C4V25;P 
(Building Information Modeling, BIM) 2 C?@02;V==V 1C4V2=8FB2>< - F5 =5 ;8H5 
B5E=>;>3VG=89 ?@>3@5A, 0 9 7<V=0 ?0@0483<8 ?V4E>4C 4> 1C4V25;P=8E ?@>5:BV2. 
BIM =040є :><?;5:A=C :><?’RB5@=C <>45;P, S:0 >?8ACє S: >1’є:B, B0: V 
?@>F5A 9>3> 1C4V2=8FB20, I> 4>72>;Sє 5D5:B82=> A?V2?@0FR20B8, 7<5=H8B8 
:V;P:VABP ?><8;>: V 70>I048B8 G0A. �?@>20465==S BIM 28<030є =0:>?8G5==S 
B0 @>7:@8BBS 2=CB@VH=P>W V=D>@<0FVW CG0A=8:V2 ?@>є:BC, :><0=4=>W @>1>B8 =0 
>A=>2V 1030B>AB>@>==VE :>=B@0:BV2 B0 5D5:B82=>W 5:A?;C0B0FVW 1C4V25;P C 
?@>є:B0E. "GV:CєBPAS, I> 2?@>20465==S BIM 2 ':@0W=V 7@>AB0B8<5, >A:V;P:8 
@8=>: AB0є 1V;PH :>=:C@5=B=8< V 71;86CєBPAS 7 1V;PH @>728=5=8< @8=:>< 
Є%.  091CB=є BIM 283;S40є 1030B>>1VFSRG8<, >A>1;82> 2 A53<5=B0E 
?@><8A;>2>3>, :><5@FV9=>3> B0 68B;>2>3> 1C4V2=8FB20. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Aish, R. (1986). Building Modelling: The Key to Integrated Construction 

CAD, CIB 5th International Symposium on the Use of Computers for 

Environmental Engineering Related to Buildings, 7-9 July. 

2. C. Eastman, C.M. Eastman, P. Teicholz, R. Sacks (2011). BIM handbook: 

A guide to building information modeling for owners, managers, designers, 

engineers and contractors. John. Wiley & Sons. – 626 p. 

 

 



69 

'�� 338.5 
�20=5=:> �.%.1 ,(V;V?5=:> �.�.2 
1 0A?., 0A8AB. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-120A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

І20=5=:> �.%., (і;і?5=:> І.І. 
BIM &�)!"�"��� � *�!"'&�"$�!!� &� �",&"$�%!�� %#$��� 

#@>BS3>< >AB0==VE @>:V2 02B><0B870FVS 28@>1=8G8E ?@>F5AV2 2 
?@>5:BC20==V >1’є:BV2 :0?VB0;P=>3> 1C4V2=8FB20 ?><VB=> ?@>3@5ACє V 709<0є 
;V48@CRGV ?>78FVW 2 ?8B0==SE 24>A:>=0;5==S 2=CB@VH=P>->@30=V70FV9=>W 
A8AB5<8 >1<V=C V=D>@<0FVєR. � ?5@HC G5@3C F5 ?>2’S70=> 7 @>728B:>< 
?@>3@0<=8E 70A>1V2, I> 4>72>;SRBP 74V9A=R20B8 2V7C0;V70FVR B5E=VG=8E 
@VH5=P 2 3D D>@<0BV2 40=89 G0A 3@0DVG=5 7>1@065==S B@828<V@=8E >1’є:BV2 є 
?@>945=8< 5B0?>< 2 1C4V2=8FB2V, 28<>38 @8=:C 48:BCRBP ?>B@51C 2 5D 
D>@<0B=><C ?@>5:BC20==V. �>;8 >1’є:B 1C4V2=8FB20 @>73;S40єBPAS =5 BV;P:8 
2 ?@>AB>@V, 0;5 V 2 G0AV - «3D ?;RA G0A» - C 283;S4V :0;5=40@=>-<5@5652>3> 
?;0=C20==S, I> G0AB> =07820RBP 4D, 0 «4D ?;RA (=535><5B@8G=0) 
V=D>@<0FVS», B0:0 S: 20@BVABP, ?@89=SB> ?>7=0G0B8 265 5D. 4> 2?@>20465==S 
BIM-B5E=>;>3V9 (Building Information Model) 02B><0B870FVS ?@>F5AV2 
@>7@>1:8 :>HB>@8A=>W 4>:C<5=B0FVW @>72820;0AS 2V4>:@5<;5=>R, =5 <0RG8 
?@S<8E 72’S7:V2 V7 70A>10<8 3D ?@>5:BC20==S.  �>=0 >1<56C20;0AS 2 
>A=>2=><C ?V4@0EC=:>< >1AS3V2 @>1VB 01> D>@<C20==S< AB0=40@B=8E 
D@03<5=BV2 ;>:0;P=>3> :>HB>@8AC, V ?@54AB02;S;0 A>1>R ?>A;V4>2=VABP 
@>7FV=>: 7 >4=VєR 7<V==>R C 283;S4V >1AS3C @>1VB. 

�=D>@<0FV9=5 <>45;R20==S >1’є:BV2 є =0ABC?=8< :@>:>< C @>728B:C 
A8AB5< 02B><0B870FVW. ":@V< 3D-<>45;V, <>45;P <VAB8BP 1030B> DC=:FV9 
>1’є:B0 ?@>5:BC20==S.  VAB8BP =0S2=V 40=V ?@> B5E=VG=V, 0@EVB5:BC@=V, 
5:A?;C0B0FV9=V, 1C4V25;P=V B0 :>HB>@8A=V E0@0:B5@8AB8:8 >1’є:B0. 
�=D>@<0FV9=V <>45;V 2:;RG0RBP 2 A515 @V7=V V=AB@C<5=B8 C?@02;V==S 
20@BVABR >1’є:B0, B5@<V=0<8 28:>=0==S @>1VB, @V7=8<8 20@V0=B0<8 28:>=0==S 
?@>5:BV2. BIM B5E=>;>3VW 4>72>;SRBP 2V7C0;V7C20B8 2 3D-D>@<0BV 1C4P-S:V 
5;5<5=B8 V A8AB5<8 1C4V2;V, @>7@0EC20B8 20@V0=B8 WE D>@<C20==S V ?@>25AB8 
0=0;V7 5:A?;C0B0FV9=8E E0@0:B5@8AB8: <091CB=P>3> >1’є:B0 =0 25AP ?5@V>4 
9>3> 68BBє2>3> F8:;C, B8< A0<8< 4>72>;SRG8 74V9A=8B8 281V@ >?B8<0;P=>3> 
@VH5==S. 

BIM B5E=>;>3VW <>6CBP B>G=> @>7@0E>2C20B8 20@BVABP <091CB=P>3> 
1C4V2=8FB20. �C4P-S:V 7<V=8 2 ?@>5:BV 1C4CBP 2V4>1@065=V 2 :>HB>@8AV - F5 
1C45 ?>:070=> G5@57 V=D>@<0FV9=C <>45;P. !528?@0240=> ?5@5>FV=8B8 
20@BVABP ?@>5:BC ?@0:B8G=> =5<>6;82>. �0 4>?><>3>R B5E=>;>3VW BIM 28 
<>65B5 02B><0B8G=> AB2>@R20B8 :>HB>@8A8 B0 ?5@52V@SB8 =><5=:;0BC@C 
@5AC@AV2, I> 2E>4SBP 4> =8E, =0 1C4P-S:><C 5B0?V 20H>3> ?@>5:BC. &0:>6 
;53H5 ?5@52V@8B8 ?@>5:B=>-:>HB>@8A=C 4>:C<5=B0FVR. 



70 

!0 AP>3>4=VH=V9 45=P C AD5@V FV=>CB2>@5==S ?@>2>48BPAS @5D>@<0, 
@57C;PB0B>< S:>W 1C45 ?5@5EV4 =0 @5AC@A=89 <5B>4 @>7@0EC=:C 20@B>ABV @>1VB. 
� @57C;PB0BV I5 =0 5B0?V ?@>5:BC <>6=0 1C45 ?@>@0EC20B8 �>HB>@8A 7 
<V=V<0;P=8<8 ?>E81:0<8 V =040;V >FV=R20B8, =0A:V;P:8 28?@0240=> B5 G8 
V=H5 @VH5==S ?@>5:BC20;P=8:0 2 ?@>5:BV V G8 =5 BS3=5 2>=> 70 A>1>R 
=5>13@C=B>20=5 71V;PH5==S :>HB>@8AC. 

#5@5EV4 7 3D <>45;V 2 :>HB>@8A 
�0240==S 1C4P-S:>3> :>HB>@8AC - AD>@<C20B8 <0:A8<0;P=> B>G=89 

:>HB>@8A 20@B>ABV 1C4V2=8FB20. �;S FP>3>, ?5@H 70 2A5, =5>1EV4=> >FV=8B8 
:V;P:VABP <0B5@V0;V2 V @5AC@AV2, =5>1EV4=8E 4;S 28:>=0==S BVєW G8 V=H>W 
@>1>B8. �V;P:VA=V ?>:07=8:8 F8E <0B5@V0;V2 «70E>20=V» 2 ?@>5:B=V9 
4>:C<5=B0FVW >1’є:B0. 

�=D>@<0FV9=0 <>45;P 1C4V2;V 4>72>;Sє DV:AC20B8 1C4P-S:V =5>1EV4=V 
E0@0:B5@8AB8:8 <0B5@V0;V2 =5>1<565=C :V;P:VABP @07V2, I> 30@0=BCє ?>ABV9=C 
0:BC0;P=VABP 40=8E. 

$5D>@<0 A8AB5<8 FV=>CB2>@5==S, S:C ?@>2>48BP AP>3>4=V  V=VAB5@AB2> 
1C4V2=8FB20 V 68B;>2>-:><C=0;P=>3> 3>A?>40@AB20 ':@0W=8, A?@S<>20=0 =0 
>?B8<V70FVR 1R465B=8E 28B@0B, 71V;PH5==S V=25AB8FV9=>W 5D5:B82=>ABV 
DV=0=AC20==S >1’є:BV2 :0?VB0;P=>3> 1C4V2=8FB20, 5:>=><VR G0AC, ?@0FV, 
28B@0B8 <0B5@V0;V2 V <5E0=V7<V2 ?@8 28@>1=8FB2V 1C4V25;P=8E @>1VB, 
28:>@8AB0==S ACG0A=8E V 5=5@3>5D5:B82=8E 1C4V25;P=8E @5AC@AV2. 

 �V4?@02=>R B>G:>R ?@>2545==S @5D>@<8 FV=>CB2>@5==S 2 1C4V2=8FB2V 
AB0;> 28=8:=5==S =0 @8=:C 1C4V25;P=>W V=4CAB@VW «?5@5:>AC» 2V4?CA:=8E V 
:>HB>@8A=8E FV= 1C4V25;P=8E @5AC@AV2, I> 287=0G0RBPAS 1078A=>-V=45:A=8< 
<5B>4><, 7 @50;P=8<8 FV=0<8 0=0;>3VG=8E @5AC@AV2. �02=> 70AB0@V;V 
:>HB>@8A=V =>@<0B828 4>AV 70AB>A>2CRBPAS ?@8 A:;040==V :>HB>@8A=>3> 
@>7@0EC=:C, I> 2:07Cє =0 ?@>B8@VGGS 7 @50;P=8< 1C4V25;P=8< 28@>1=8FB2><. 
�?@>20465==S B5E=>;>3V9 V=D>@<0FV9=>3> <>45;R20==S @5D>@<8 S: >4=>3> 7 
=0?@S<:V2 24>A:>=0;5==S A8AB5<8 FV=>CB2>@5==S 2 1C4V2=8FB2V 4>72>;8BP 
>B@8<0B8 <0:A8<0;P=89 A8=5@35B8G=89 5:>=><VG=89 5D5:B. 

�;S FP>3>, 2 ?5@HC G5@3C, =5>1EV4=> 28:>@8AB>2C20B8 V=D>@<0FV9=C 
<>45;P 1C4V2;V 4;S 28;CG5==S 4>AB>2V@=>W =><5=:;0BC@8 28:>@8AB>2C20=8E 
<0B5@V0;V2, 28@>1V2, :>=AB@C:FV9 B0 >1;04=0==S. #@8G><C B0:V A?5F8DV:0FVW 2 
?@>F5AV ?@>5:BC20==S V 1C4V2=8FB20 <>6=0 >B@8<C20B8 =5>1<565=C :V;P:VABP 
@07V2, I> 30@0=BCє @53C;S@=5 >B@8<0==S 0:BC0;P=8E 2V4><>AB59. 

&5E=>;>3VW V=D>@<0FV9=>3> <>45;R20==S 740B=V V ?@8=F8?>2> 
?>;V?H8B8 02B><0B870FVR D>@<C20==S :>HB>@8A=8E @>7@0EC=:V2. !57010@>< 
70AB>AC20==S F8E B5E=>;>3V9 ?@8 ?@>5:BC20==V 2AVE >1’є:BV2, S:V 
DV=0=ACRBPAS 70 @0EC=>: :>HBV2 1R465BV2 1R465B=>W A8AB5<8 ':@0W=8, <>65 
AB0B8 >1>2’S7:>28<. 



71 

�0157?5G5==S 270є<>72’S7:C 70A>1V2 3D <>45;R20==S, 70 4>?><>3>R 
BIM-B5E=>;>3V9, 7 A8AB5<>R :>HB>@8A=>3> =>@<C20==S є >4=8< 7 
:>=:C@5=B=8E ?5@5203 4V;S=>: @8=:C ?@>5:BC20==S >1’є:BV2 :0?VB0;P=>3> 
1C4V2=8FB20, =5 BV;P:8 7 B>G:8 7>@C 7=865==S B@C4>28B@0B, 0 9 ?V428I5==S 
S:>ABV 28?CA:0єBPAS ?@>5:B=>-:>HB>@8A=>W 4>:C<5=B0FVW, 70157?5GCRG8 B8< 
A0<8< ?@>7>@VABP 287=0G5==S :>HB>@8A=>W 20@B>ABV >1’є:BV2 :0?VB0;P=>3> 
1C4V2=8FB20. 

%B2>@5==S :0B0;>3C ?@>4C:FVW, ?@8 4>A8BP @>73>@=CB><C ?>40==V 
V=D>@<0FVW ?@> 20@BVABP, 4>72>;8BP 74V9A=8B8 ?>@V2=S==S 20@V0=BV2 B5E=VG=8E 
@VH5=P =0 ?@54<5B 5:>=><VG=> >1ґ@C=B>20=8E (=0?@8:;04, 70AB>AC20==S 
>4=>B8?=>W B@C1>?@>2V4=>W 0@<0BC@8 @V7=8E 28@>1=8:V2), :@V< B>3>, 
4>72>;8BP 2V4>1@060B8 C 20@BVA=><C 28@065==V (1C4V25;P=>-<>=B06=V 
@>1>B8) 7<V=8 B5E=VG=8E @VH5=P 2 @568<V @50;P=>3> G0AC. � <>6;82VABP 
7<V=8 ?>A8;0=P =0 :>HB>@8A=>-=>@<0B82=C 107C 4>72>;8BP 70157?5G8B8 
3=CG:VABP 2 ?8B0==SE FV=>CB2>@5==S. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Wetzel EM, Thabet WY. The use of a BIM-based framework to support 

safe facility management processes. Automation in Construction 2015; pp. 12–24. 

2. Khaddaj M, Srour I. Using BIM to retrofit existing buildings. Procedia 

Engineering 2016; pp. 26 –33. 

3. Azhar S, Khalfan M, Maqsood T. Building Information Modelling (BIM): 

now and beyond. Constr Econ Build 2015; pp. 15–28. 

 

 

'�� 004.94:69 

�C;V:  .�.1, �>7>289 ..Є.2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-112< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�C;і:  .�., �>7>289 ..Є. 
#"&�!*��� BIM ��/ %&��"�" #$"��&'��!!/ &� 
�'���!�*&�� � �!&$"#"��!!" ' %�$��"��-� 

� 40=89 G0A ;R4AB2> ?5@56820є ?5@V>4 7<V=8 :;V<0BC B0 5:>;>3VG=>W 
:@878. !5>14C<0=89 =530B82=89 0=B@>?>35==89 2?;82 =0 4>2:V;;S ?@872V2 4> 
B>3> I>, =0@07V 2AV :@0W=8 709=SBV ?>HC:0<8 B0 2?@>20465==S< <5B>4V2 B0 
A?>A>1V2 7<5=H5==S FP>3> 2?;82C V CAC=5==S 9>3> =0A;V4:V2. �C65 
0:BC0;P=>R AB0є =5>1EV4=VABP B5>@5B8G=>3> >A<8A;5==S ?@>1;5<0B8:8 
>@30=V70FVW B0 D>@<C20==S A>FV0;P=>3> B0 A8AB5<=>3> A5@54>28I0 
68BBє4VS;P=>ABV ;R48=8[1]. 



72 

&><C 5:>;>3VG=5 ?@>5:BC20==S 1C4V25;P, I> 2V4B5?5@ AB0;> 1V;PH =V6 
:>=F5?FVєR. %B0;89 @>728B>: 1V;PH5 =5 є =>28< <>4=8< A;>2><, ?@8=F8? 
S:>3> 70AB>A>2CєBPAS 2 @V7=8E AD5@0E, 2V4 >A2VB8 4> 5=5@35B8:8 B0 5:>=><V:8. 
�V4B5?5@ 1V;PHVABP DV@< 2:;RG0RBP 5:>;>3VG=V 5;5<5=B8 48709=C C A2>W 
?@>5:B8.  

�:>;>3VG=5 ?@>5:BC20==S, I5 =07820RBP AB0;8< ?@>5:BC20==S<, I> є 
DV;>A>DVєR ?@>5:BC20==S, AB2>@5==S< DV78G=8E >1’є:BV2, HBCG=>3> 
A5@54>28I0 VA=C20==S, 0 B0:>6 ?>A;C3 C 2V4?>2V4=>ABV 7 ?@8=F8?0<8 
A>FV0;P=>W, 5:>=><VG=>W B0 5:>;>3VG=>W AB0;>ABV 4>2:V;;S.[2] 

�D5:B82=> @50;V7>2C20B8 5:>;>3VG=5 ?@>5:BC20==S <>65 4>?><>38 
A8AB5<0 BIM.  

BIM (V=D>@<0FV9=5 <>45;R20==S 1C4V25;P) – F5 =5 ?@>3@0<=5 
70157?5G5==S, 0 <5B>4>;>3VG=0 A8AB5<0, S:0 <>65 1CB8 70AB>A>20=0 =0 1C4P-
S:><C 5B0?V ?@>5:BC, 2V4 ?@>5:BC20==S 4> 1C4V2=8FB20 4> >?5@0FV9 V 
>1A;C3>2C20==S ?VA;S 1C4V2=8FB20.  

"1’є:B8 B0 <>45;V BIM <>6CBP <VAB8B8 @V7=><0=VB=C V=D>@<0FVR ?@> 
40=V 2V4 @V7=8E 70FV:02;5=8E AB>@V=. *V 40=V <VABSBP @50;P=C V=D>@<0FVR ?@> 
?@>4C:B, =0 4>40B>: 4> <5B>4V2, B@820;>ABV B0 20@B>ABV 70?@>?>=>20=8E 
<0B5@V0;V2 V 1C4V25;P=>W A8AB5<8. &><C 40=0 B5E=>;>3VS є 28A>:>5D5:B82=>R V 
AB0є 2A5 1V;PH ?>?C;S@=>R.  

�;S AB0;>3> ?@>5:BC20==S B0 1C4V2=8FB20 2 0=B@>?>35==><C A5@54>28IV 
��  <>65 2V4V3@020B8 287=0G0;P=C @>;P.  

#5@52038 70AB>AC20==S ��  ?@8 5:>;>3VG=><C ?@>5:BC20==V: 
1. �8:>@8AB0==S V=AB@C<5=BV2 BIM :>@8A=> 4;S 5=5@3>5D5:B82=>ABV. 

3D-<>45;R20==S BIM 30@0=BCє, I> 1C4P-S:V D0:B>@8 =02:>;8H=P>3> 
A5@54>28I0 <>6CBP 1CB8 ?@>0=0;V7>20=V ?5@54 7025@H5==S< @>7@>1:8 
?@>5:BC. �=AB@C<5=B8, 2:;RG5=V 2 BIM, 4>72>;SRBP 0=0;V7C20B8 5=5@3VR, 
B5<?5@0BC@C B0 >A2VB;5==S B>I>. �0 4>?><>3>R 0=0;V7C 5=5@35B8G=>W <>45;V 
<>6=0 >FV=8B8 5=5@3>A?>6820==S :>=AB@C:FVW. &0:>6 <>6=0 >FV=8B8 
2C3;5F5289 A;V4 V 2?;82 ?@>5:BC =0 =02:>;8H=є A5@54>28I5. *5 є 4C65 
FV==8<, >A:V;P:8 5=5@3>5D5:B82=VABP <0є 25;8G57=5 7=0G5==S, :>;8 <8 
3>2>@8<> ?@> 5:>;>3VG=89 48709= 1C4V25;P. 

2. &5E=>;>3VS 4>?><030є 4>AS3B8 >?5@0FV9=>W 5D5:B82=>ABV B0 7<5=H8B8 
2?;82 =0 =02:>;8H=є A5@54>28I5, 7024S:8 =040==R ?@>7>@>W V=D>@<0FVW, I>, 
2 A2>R G5@3C, 4>72>;Sє 2AP><C 2V4?>2V4=><C ?5@A>=0;C 5D5:B82=> ?;0=C20B8 
1C4V2=8FB2> B0 =0ABC?=V >?5@0FVW S: 70 G0A><, B0: V 70 5:>=><VG=8<8 
<5B>40<8. � FP>3> <><5=BC 2=5A>: BIM C 5:>;>3VG=5 ?@>5:BC20==S 1C4V25;P 
>G5284=89. �D5:B82=5 ?;0=C20==S =5 ?>B@51Cє 4>40B:>2>3> B0 =5?>B@V1=>3> 
G0AC, <0B5@V0;V2 G8 ?>40;PH8E 28B@0B. �<5=H5==S :V;P:>ABV ?><8;>:, 0 B0:>6 
>?>A5@54:>20=> <0B5@V0;V2 V 20@B>ABV B0:>6 <V=V<V7Cє 2?;82 =0 =02:>;8H=є 
A5@54>28I5. 



73 

3. '<>6;82;5==S 71V@=>3> 283>B>2;5==S 70 4>?><>3>R BIM.  0RG8 
2AR =5>1EV4=C V=D>@<0FVR 2 >4=><C <VAFV, F5 AB0є 4C65 7@CG=8< 4;S 
?>?5@54=P>3> 283>B>2;5==S 70 4>?><>3>R BIM. �1V@=5 283>B>2;5==S – F5 
?@>F5A, ?V4 G0A S:>3> 2AV G0AB8=8 1C4V2;V 1C4CRBPAS 45AP 70 <560<8 >1’є:B0, 
V=>4V G0AB:>2> 2AB0=>2;RRBPAS B0 4>AB02;SRBPAS =0 1C4V25;P=89 <0940=G8: 
4;S >AB0B>G=>3> 2AB0=>2;5==S.  

*59 <5B>4 ?5@525@HCє 1V;PH B@048FV9=89 A?>AV1, >A:V;P:8 :>=AB@C:FVS, 
H284:VABP V =02VBP 20@BVABP 28:>=CRBPAS 7 B>G=VABR. *5 @>18BP 206;8289 
2=5A>: 4;S AB0;>3> ?@>5:BC20==S, H;SE>< 7<5=H5==S 2V4E>4V2 =0 <VAFV B0 
?>B@51 C ?@0FV. �1V@=V ?@>5:B8 70@07 1V;PH ?>H8@5=V, =V6 1C4P-:>;8, 7024S:8 
B0:8< B5E=>;>3VS<, S: BIM, V 28:>@8AB>2CRBPAS S: 4;S B8<G0A>2>3>, B0: V 4;S 
?>ABV9=>3> 68B;0. 

4. �57C<>2=0 :>@8A=VABP 40=8E BIM 4;S ABV9:8E ?@>F5AV2 ?VA;S 
1C4V2=8FB20. #VA;S 7025@H5==S 1C4V2=8FB20 <>45;V B0 :@5A;5==S, AB2>@5=V 70 
4>?><>3>R BIM, 21C4>2CRBPAS 2 40=V 7 A0<>3> ?>G0B:C ?@>5:BC, B0:8< G8=>< 
AB0RG8 5B0;>=>< 4;S 5:A?;C0B0FVW B0 >1A;C3>2C20==S 1C4V2;V ?VA;S FP>3>. 
�:>;>3VG=5 ?@>5:BC20==S 1C4V2;V =5 ?>28==> 7025@HC20B8AS ?@>5:BC20==S< V 
1C4V2=8FB2><, 0 ?>28==> ?>H8@R20B8AS =0 5:A?;C0B0FVR ?VA;S 1C4V2=8FB20 
B0 <091CB=є >1A;C3>2C20==S. 

&0:8< G8=><, BIM AB0;> ?@840B=>R @>1>G>R A8AB5<>R, S:C <>6=0 
70AB>A>2C20B8 =0 2AVE 5B0?0E ?@>5:BC. !0A?@024V, G8< @0=VH5, B8< :@0I5. 
%0<5 2?@>20465==S BIM, ?>G8=0RG8 7 5B0?C :>=F5?BC0;V70FVW, <0є 
=091V;PH89 2?;82 =0 ?@>4C:B82=VABP, 48709= V DC=:FVW ?@>5:BC.  

!5<0є AC<=V2C, I> ?>?8B =0 BIM ?@>4>26C20B8<5 7@>AB0B8, >A>1;82> 
B><C, I> :><?0=VW 2 CAP><C A2VBV ?@03=CBP 4> 5D5:B82=>ABV B0 AB0;>3> 
?@>5:BC20==S 1C4V25;P. BIM ?>ABC?>2> 28:>@8AB>2CєBPAS :><?0=VS<8 ?> 
2AP><C A2VBC. !0A?@024V, 1030B> :@0W= 265 225;8 BIM, >A>1;82> 4;S 
45@602=8E V 3@><04AP:8E ?@>5:BV2, V 1030B> V=H8E =0A;V4CRBP F59 ?@8:;04. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1.  830;P %.#. �����! %�$��"��-�: #$"��� � &� 
#�$%#��&��� �;5:B@>=. 40=. URL: 
https://oldena.lpnu.ua/bitstream/ntb/15725/1/32-197-202.pdf (40B0 725@=5==S: 
20.03.2023). - !0720 7 5:@0=C. 

2. McLennan, J. F. (2004), The Philosophy of Sustainable Design 

3. How Can Sustainable Building Design Be Improved With BIM? 

�;5:B@>=. 40=. URL: https://www.oneistox.com/blog/bim-sustainable-design. 

(40B0 725@=5==S: 10.03.2023). - !0720 7 5:@0=C. 
 

https://oldena.lpnu.ua/bitstream/ntb/15725/1/32-197-202.pdf
https://www.oneistox.com/blog/bim-sustainable-design


74 

'�� 721.021 
�>1@0:>2 �.�.1, �>7>289 ..Є2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-112< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�>1@0:>2 �.�., �>7>289 ..Є. 
$"�Ь BIM � #$"*�%� '#$����!!/ ���#��".  
�'�����Ь!"�" ��$"�!�*&�� � '�$��!� 

 V;P9>=8 ?@0FV2=8:V2 ?> 2AP><C A2VBC 704VS=V 2 1C4V25;P=V9 30;C7V[1]. *59 
A5:B>@ є 25;8:8< V 48=0<VG=8<, 0;5 G0AB>B0 =5I0A=8E 28?04:V2 ?V4@820є 9>3> 
@5?CB0FVR, I> 28<030є >A>1;82>W C2038 4> ?@>1;5< 157?5:8 B0 WE=VE =0A;V4:V2. *S 
B5<0 є 4>A8BP 0:BC0;P=>R =0 40=89 G0A V �5@602=0 V=A?5:FVS 0@EVB5:BC@8 B0 
<VAB>1C4C20==S B0 �5@602=>W A;C618 A ?8B0=P ?@0FV 2 ':@0W=V, =0<030єBPAS 
@>7@>18B8 ?>;VB8:C 157?5:8 B0 70157?5G8B8 4>B@8<0==S ?@028; [2].  

!572060RG8 =0 FV 7CA8;;S, AB0= 157?5:8 2 1C4V25;P=V9 30;C7V 2A5 I5 
28:;8:0є B@82>3C. � ':@0W=V <0965 15% 2V4 B@02< =0 28@>1=8FB2V 7V 
A<5@B5;P=8<8 =0A;V4:0<8 ?@8?040є =0 1C4V2=8FB2>. �0 40=8<8 �5@602=>W 
A;C618 ':@0W=8 7 ?8B0=P ?@0FV, 70 9 <VASFV2 2021 @. 1C;> B@02<>20=> 164 
;R48=8 (7 =8E 45 7038=C;8), 0 70 0=0;>3VG=89 ?5@V>4 2020@. – 144 V 32 ;R48=8 
2V4?>2V4=>. &@510 =03>;>A8B8, I> F5 >DVFV9=V F8D@8, =5>DVFV9=V 7=0G=> 28IV, 
0;5 B>G=8E 40=8E ?> =8E =5<0є. #>?5@54=V 4>A;V465==S 28S28;8 1030B> 
D0:B>@V2, I> 7C<>2;RRBP B0:89 AC<=89 AB0=, 7>:@5<0 4>?CA: 4> @>1>B8 
;R459, S:V =5 2>;>4VRBP =5>1EV4=8<8 7=0==S<8 B5E=V:8 157?5:8, 

=54>B@8<0==S ?@028; B5E=V:8 157?5:8, =528:>=0==S ?>A04>28E >1>2’S7:V2, 
=54>AB0B=S :V;P:VABP B0 S:VABP 70A>1V2 70E8ABC, =5A?@02=VABP 28@>1=8G>3> 
>1;04=0==S 2V4ACB=VABP A2>єG0A=>3> B5E=VG=>3> >3;S4C B0 @5<>=BC 
>1;04=0==S, =54>AB0B=є >A2VB;5==S, =5S:VA=0 25=B8;SFVS @>1>G8E ?@8<VI5=P, 
=5=0;56=0 V45=B8DV:0FVS B0 :>=B@>;P =5157?5: V B.V=. [3]. +5@57 C=V:0;P=C B0 
48=0<VG=C ?@8@>4C 1C4V25;P=8E ?@>є:BV2 @CG=5 70AB>AC20==S ?@>F5AV2 
157?5:8 AB0є =04B> >1BS6;828<, >A:V;P:8 ?5@5410G0є =04<V@=5 ?;0=C20==S, 
<>=VB>@8=3 B0 28:>@8AB0==S @5AC@AV2. &><C 1060=> <0B8 B5E=>;>3VG=C 
?V4B@8<:C, S:0 <>65 4>?><>3B8 2 02B><0B8G=><C 0=0;V7V ?8B0=P 157?5:8 B0 
=040==V ?>B5=FV9=> 68BBє740B=8E @VH5=P. &0:8< G8=><, B0:5 B5E=>;>3VG=5 
2B@CG0==S 02B><0B87Cє C?@02;V==S 157?5:>R 2 1C4V25;P=8E ?@>5:B0E [4]. 

':@0W=0 265 @>18BP ?52=V :@>:8 4> 2?@>20465==S B5E=>;>3VW �� , 
7>:@5<0 265 @>7@>1;5=0 :>=F5?FVS 2?@>20465==S �� -B5E=>;>3V9 2 ':@0W=V, 
S:0 AE20;5=0 @>7?>@S465==S< �01V=5BC  V=VAB@V2 ':@0W=8 2V4 17 ;RB>3> 2021 
@>:C № 152-@. &0:>6 265 2=5A5=> �0:>=>?@>5:B № 6383, S:89, S:I> AB0=5 
70:>=><, AB2>@8BP ?@02>2V C<>28 4;S A?V;P=>3> 28:>@8AB0==S 2 ':@0W=V BIM-

B5E=>;>3V9 CAV<0 AC1’є:B0<8, 70;CG5=8<8 2 ?@>F5A ?@>є:BC20==S, 72545==S, 
22545==S 2 5:A?;C0B0FVR, ?>40;PH>3> 28:>@8AB0==S >1’є:BV2 1C4V2=8FB20 7 
<>6;82VABR WE =0C:>2>-B5E=VG=>3> AC?@>2>4C =0 2AVE 5B0?0E 68BBє2>3> F8:;C 
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F8E >1’є:BV2 [5]. �;5 I5 VA=Cє 1030B> 10@’є@V2 =0 H;SEC 2?@>20465==S BIM, 
7>:@5<0 ?@02>2V B0 4>3>2V@=V >1<565==S, =5:><?5B5=B=VABP :><0=48, 28A>:0 
20@BVABP 2?@>20465==S, =51060==S 2?@>2046C20B8 =>2V B5E=>;>3VW B0 
B@0=AD>@<0FVS @878:V2. +5@57 FV =52V4’є<=V >1<565==S VA=CRBP @53V>=0;P=V 
2V4<V==>ABV C 2?@>20465==V B0 @V2=SE 7@V;>ABV BIM. 

'?@02;V==S 157?5:>R 22060єBPAS 206;828< ?8B0==S< C 1C4V25;P=V9 
30;C7V, V 4>A;V465==S 2AB0=>28;8 ?5@52038 BIM 4;S C?@02;V==S 157?5:>R [6]: 

1. �57?5:C <>6=0 5D5:B82=> ?V428I8B8 70 4>?><>3>R 02B><0B870FVW =0 
>A=>2V BIM C 283;S4V V=D>@<0FV9=>3> <>45;R20==S 157?5:8. 

2. (C=:FVW �� , B0:V S: 3D-<>45;R20==S B0 2V7C0;V70FVS, 4D-A8<C;SFVS 
203><89 2:;04 @>1;SBP 2 C?@02;S==S 157?5:>R =0 1C4V2=8FB2V. 

3. ��  <0є =5>1EV4=V V=AB@C<5=B8 4;S 282G5==S @878:V2 B0 157?5:8 
?@>є:BV2 1C4V2=8FB20. 

4. �03><89 2=5A>: є B5, I> 70 4>?><>3>R ��  2V41C20єBPAS A2>єG0A=89 
>1<V= 40=8<8. 

5. !09206;82VHV 70AB>AC20==S �� , ?>2’S70=V 7 157?5:>R є 
V45=B8DV:0FVS B0 <V=V<V70FVS =5157?5:, 0 B0:>6 =02G0==S B0 B@5=V=38 7 
157?5:8. 

#@>5:BC20==S B0 ?;0=C20==S 157?5:8 2:;RG0є V45=B8DV:0FVR =5157?5: 
B0 <5B>48 WE 70?>1V30==S. �8:>@8AB>2CRG8 @V7=V DC=:FVW BIM, B0:V S: 3D-

<>45;R20==S, 2V7C0;V70FVS, 28S2;5==S 7VB:=5=P, >1EV4=V H;SE8 B0 4D-

A8<C;SFVW, <>6;82> A8=B57C20B8 AB@0B53VW 4;S ?;0=C20==S 157?5:8. #VA;S 
@>7@>1:8 BIM-<>45;V <>6=0 2V7C0;P=> V45=B8DV:C20B8 =5157?5:8 B0 
@>7@>18B8 2V4?>2V4=V <5E0=V7<8 :>=B@>;R. �@V< B>3>, <>6=0 AB2>@8B8 4D-

A8<C;SFVW 7 0:F5=B>< =0 ?@>F54C@0E 157?5:8, I>1 ?>:070B8 ?5@5EV4 
B8<G0A>28E 5;5<5=BV2 V 7>= ?V428I5=>3> @878:C. *5 <>65 1CB8 4>40B:>2> 
24>A:>=0;5=> 4;S CAC=5==S :>=D;V:BV2 C 3@0DV:C 28:>=0==S @>1VB, >A:V;P:8 
1V;PHVABP :>=D;V:BV2 C @>1>G><C ?@>AB>@V, I> ?@872>4SBP 4> B@02< V 
=5I0A=8E 28?04:V2, 28=8:0RBP G5@57 >1<565=89 ?@>ABV@ 28:>=0==S @>1VB.  

�?@>20465==S BIM 2V41C20єBPAS ?>-@V7=><C =0 @V2=V :@0W=, >@30=V70FV9 V 
=02VBP 70FV:02;5=8E AB>@V=. &><C, I>1 70AB>AC20B8 B5E=>;>3VG=V 4>AS3=5==S 
BIM 2 ':@0W=V, 9>3> ?>28==V ?@89=SB8 >@30=V70FVW, S:V 1060RBP ?@89=SB8 
B5E=>;>3VG=V V==>20FVW. �0@’є@0<8 =0 H;SEC 4> 2?@>20465==S BIM 2 ':@0W=V 
<>6CBP 1CB8 20@BVABP 2?@>20465==S B0 4>3>2V@=V 9 R@848G=V ?8B0==S.  

&0:8< G8=><, BIM <0є 4>AB0B=P> <>6;82>AB59 4;S 28@VH5==S 2AVE 
>A=>2=8E ?@>1;5< 157?5:8, 7 S:8<8 AB8:0RBPAS 1C4V25;P=8:8-?@0:B8:8. 
$>728B>: B5E=>;>3V9 ?>AB0282 BIM =0 F5=B@0;P=5 <VAF5 4;S 5D5:B82=>3> 
C?@02;V==S 157?5:>R 2 1C4V25;P=><C A5:B>@V. "4=0: B5, S: FV DC=:FVW 1C4CBP 
@50;V7>20=V 2 <0AHB01V 68BBє2>3> F8:;C 1C4V25;P=>3> ?@>є:BC, I5 =5 4> :V=FS 
282G5=>. 
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$5E<0= !0AV@ B0 �EA5=  0:AC< �>A;V465==S @>;V BIM C 157?5FV 1C4V2=8FB20 
2 :@0W=0E, I> @>72820RBPAS: =0 H;SEC 4> 02B><0B87>20=>3> 0=0;V7C =5157?5: 
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5. �?@>20465==S BIM-B5E=>;>3V9 2 ':@0W=V – 0=0;V7 70:>=>?@>є:BC 
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�C;V:  .�.1, %0є=:> Є.�.2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-122< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�C;і:  .�., %0є=:> Є.�. 
%'+�%!� &�!��!*�� !��$" �$��"�"�" ("$ '��!!/ 

�$)�&��&'$!�) %&���� 

%CG0A=89 A2VB 7<V=RєBPAS V :0B0;V70B>@0<8 9>3> 7<V= є 5:A?>=5=FV0;P=5 
7@>AB0==S >1G8A;R20;P=>W ?>BC6=>ABV :><?’RB5@V2, 71V;PH5==S >1AS3C 
2V@BC0;P=>W ?0<’SBV, @>728B:C 2V@BC0;P=8E 02B><0B87>20=8E ?@>3@0< B0 <>2 
?@>3@0<C20==S, I> 2 A2>R G5@3C ?@8725;> 4> AB@V<:>3> @>728B:C HBCG=>3> 
V=B5;5:BC. 

,BCG=8< V=B5;5:B>< C 1030BP>E 70@C1V6=8E @>1>B0E =07820RBP 
=59@>==V <5@56V (! ), 1030B> 4>A;V4=8:V2 2V47=0G0RBP [1-3], I> 2>=8 <0RBP 
?>B5=FV0; 4;S @52>;RFVW 2 30;C7V 1C4V2=8FB20 B0 0@EVB5:BC@8, 70157?5GCRG8 
H284HV, 5D5:B82=VHV B0 B>G=VHV ?@>F5A8 7V AB2>@5==S V459 0@EVB5:BC@=8E 

https://diam.gov.ua/
https://midot.com/ukraine/%D0%B1%D1%83%D0%B4%D1%96%D0%B2%D0%BD%D0%B8%D1%86%D1%82%D0%B2o/
https://midot.com/ukraine/%D0%B1%D1%83%D0%B4%D1%96%D0%B2%D0%BD%D0%B8%D1%86%D1%82%D0%B2o/
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5;5<5=BV2 1C4V25;P, :>=F5?B-0@BV2, 157?>A5@54=P> 4;S >?B8<V70FVW 48709= 
?@>?>78FV9, 7030;>< ?@>5:BC20==S, ?;0=C20==S B0 1C4V2=8FB20 H;SE>< 
0=0;V7C 25;8G57=8E >1AS3V2 40=8E V 287=0G5==S =091V;PH 5D5:B82=8E V 
5:>=><VG=> 4>FV;P=8E 48709=5@AP:8E @VH5=P. �8:>@8AB0==S =59@>==8E 
<5@56 <>65 ?@8725AB8 4> ?>:@0I5==S ?@>4C:B82=>ABV 1C4V25;P=>3> 
28@>1=8FB20. 

�>:@5<0 =09?>BC6=VH>R ACG0A=>R B5=45=FVєR є ?0@0<5B@8G=0 
0@EVB5:BC@0, S:0 28=8:;0 157?>A5@54=P> 2 @57C;PB0BV =040==S 48709=5@0< 
?@>3@0<=>3> 70157?5G5==S 4;S <>45;R20==S, AB2>@5==S ?@>B>B8?V2 B0 
>?B8<V70FVW AB@C:BC@, =57010@>< <>65 ?>ABC?8B8AS <VAF5< =>2V9, I> є 
@57C;PB0B>< V=H>W 02B><0B870FVW – 2 @57C;PB0BV 2?@>20465==S 2 B2>@G89 
?@>F5A V=AB@C<5=BV2 =0 >A=>2V @>7H8@5=8E 35=5@0B82=8E AF5=0@VW2, 
?V4B@8<0=8E B5E=>;>3VєR HBCG=>3> V=B5;5:BC, 01> ! .  

&5E=>;>3VW !  D>@<0;P=>3> AB2>@5==S 0@EVB5:BC@=8E D>@< B0 
5;5<5=BV2 7030;>< 265 70@07 VAB>B=> 2?;820є =0 ?@8@>4C B2>@G8E ?@>F5AV2, V 
!  265 2V4V3@0RBP :;RG>2C @>;P C =57;VG5==8E 30;C7SE =0C:8 B0 <8AB5FB20, 
2:;RG0RG8 0@EVB5:BC@C [1]. 

!  MidJourney =0 AP>3>4=V є 4>AB0B=P> 4>ABC?=>R =0 107V A>FV0;P=>W 
?;0BD>@<8 Discord. #VA;S 5B0?C B5ABC20==S 70 CG0ABR 2>;>=B5@V2, 
7025@H5=>3> 2 15@57=V 2022 @>:C, !  MidJourney AB0;0 4>ABC?=>R 4;S 
:><5@FV9=>3> 28:>@8AB0==S 2 G5@2=V 2022 @>:C. '2V9H>2H8 2 A8AB5<C B0 
281@02H8 >48= V7 20@V0=BV2 ?V4?8A:8, :>@8ABC20G >B@8<Cє 4>ABC? 4> 
V=AB@C<5=BC 1>B0, 740B=>3> @503C20B8 =0 22545=V :><0=48 B0 D@078 - 

<>6;82VABP WE >1@>1:8 107CєBPAS =0 B5E=>;>3VW HBCG=>3> V=B5;5:BC. #VA;S 
22545==S :><0=48 /imagine, I>1 ?>G0B8 ?@>F5A AB2>@5==S, :>@8ABC20G 
?>28=5= 225AB8 @S4>: :;RG>28E A;V2, S:V є >A=>2>R 4;S AF5=0@VR 4;S 
AB2>@5==S G>B8@P>E F8D@>28E 7>1@065=P V7 =87P:>R @>74V;P=>R 740B=VABR, 
S:V є ?@>?>78FVєR 4;S WE 2V7C0;P=>W V=B5@?@5B0FVW.  

�;S 4>A;V465==S @>1>B8 B0 0=0;V7C !  D>@<0;P=>3> D>@<C20==S 
0@EVB5:BC@=8E AB8;V2 2V4=>A=> 1C4V25;P B0 WE 5;5<5=BV2 1C;> 70?@>?>=>20=> 
AB2>@8B8 D>B>7>1@065==S C 0@EVB5:BC@=8E =0?@S<:0E: 

 – 020=03@04C, 9>3> 2V4<V==VABR є <0:A8<0;P=> B5E=>;>3VG=5 B0 
5@3>=><VG=5 HBCG=5 <VAF5 VA=C20==S ;R48=8;  

– <>45@=V7<C, 4> >A=>2=8E ?@8=F8?V2 FP>3> =0?@S<:C <>6=0 2V4=5AB8 
?@S<>;V=V9=V D>@<8, G8ABV ?>25@E=V, ?>7102;5=V 45:>@C, 2V;P=89 2=CB@VH=V9 
?@>ABV@, =02VA=V D0A048, :>B@V ?@8E>2CRBP =5ACGV :>=AB@C:FVW B0 72V;P=SRBP 
?@>ABV@ =0 @V2=V 75<;V.  

&0 2V4?>2V4=8E 4> =0?@S<:V2 020=30@4C B0 <>45@=V7<C 0@EVB5:BC@=8E 
AB8;SE:  
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– :>=AB@C:B82V7<C, S:89 C A2>є<C 283;S4V ?V4:@5A;5=> <0є V=4CAB@V0;P=V 
@8A8, C?>4V1=RRG8AP 4> B5E=VG=>3> 28@>1C 01> =02VBP H284H5 70 1@CB0;P=C 
702>4AP:C 703>BV2:C 4;S B0:>3> 28@>1C; 

– =5>5:A?@5AV>=V7<C, S:89 AD>@<C202AS S: @50:FVS =0 7=5>A>1;5=C, 
3@0=8G=> @0FV>=0;P=C B0 DC=:FV>=0;P=C ?>2>є==C 0@EVB5:BC@C <V6=0@>4=>3> 
AB8;R. �0<VABP ?@S<>:CB=8E AB2>@RRBPAS 1C4V2;V 7 D>@<0<8, 70?>78G5=8<8 C 
682V9 ?@8@>4V B0 A2VBV @5G59. �;5 =5 157?>A5@54=P>, =5 1C:20;P=>, 0, =02?0:8, 
?V440=V C7030;P=5==R V @><0=B87>20=V. 

&0:, ?VA;S 22545==S :><0=48 /imagine C MidJourney 1C;> 7040=> 
?>A;V4>2=VABP :;RG>28E A;V2 4;S B@P>E 20@V0=BV2 4;S 1C4V25;P:  

1. photoshot, architectural style constructivism, office building; 

2. photoshot, architectural style Neo-expressionism, office building; 

3. photoshot, architectural style constructivism and neo-expressionism, office 

building; 

4. photoshot, architectural style neo-expressionism and constructivism, office 

building. 

$57C;PB0B8 2V4>1@065=V =0 @8A. 1–4 ?> :>6=><C 7 20@V0=BV2. 

 

$8AC=>: 1 – $57C;PB0B8 >1@>1:8 7>1@065==S !  MidJourney ?VA;S  
22545==S ?5@H>3> 20@V0=BC 

 

$8AC=>: 2 – $57C;PB0B8 >1@>1:8 7>1@065==S !  MidJourney ?VA;S  
22545==S 4@C3>3> 20@V0=BC 

 

$8AC=>: 3 – $57C;PB0B8 >1@>1:8 7>1@065==S !  MidJourney ?VA;S  
22545==S B@5BP>3> 20@V0=BC 
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$8AC=>: 4 – $57C;PB0B8 >1@>1:8 7>1@065==S !  MidJourney  
?VA;S 22545==S G5B25@B>3> 20@V0=BC 

�0 70<>2GC20==S< AF5=0@V9 35=5@Cє 7>1@065==S 7V A?V22V4=>H5==S< 
AB>@V= 1:1, 0;5 4;S =0H8E ?@8:;04V2 1C;> 28:>@8AB0=> A?V22V4=>H5==S 16:9. 

' :>=B5:ABV 4>A;V465==S B2>@G>3> ?@>F5AC V7 @>1>B8 C !  MidJourney 
V7 AB2>@5==S 0@EVB5:BC@=8E D>@< 4;S >DVA=8E 1C4V25;P V7 7040=8E AB8;V2 
<>6=0 7@>18B8 B0:V ?>?5@54=V 28A=>2:8, S:V ?>B@51CRBP ?>40;PH>3> 
CB>G=5==S B0 ?>40;PH8E 4>A;V465=P: 

 – !  MidJourney 740B=0 AB2>@R20B8 2V7C0;P=> ?@8201;82V F8D@>2V 
7>1@065==S =0 >A=>2V ;8H5 @S4:0 :;RG>28E A;V2, 22545=8E :>@8ABC20G5<.  

– ?@028;P=VABP ?V4V1@0=8E A;V2, <>65 7<CA8B8 735=5@C20B8 !  5A:V7 
0@EVB5:BC@=>W :>=F5?FVW 2 :>=:@5B=><C AB8;V, 01> 9>3> @V7=>2840E.  

– @5=45@8=3 7>1@065=P =0 >A=>2V D@07 709<0є 2AP>3> :V;P:0 A5:C=4, 0 
2848<0 =0 =8E 1C4V2;S <>65 1CB8 265 3>B>28< :>=F5?B><.  

– @57C;PB0B @>1>B8, 2848<89 C 2V7C0;V70FVSE, >?C1;V:>20=8E @07>< V7 
22545=8< @S4:>< :;RG>28E A;V2, 4>72>;Sє :@0I5 7@>7C<VB8 ?@8=F8? 4VW. 
�=0;V7 AD>@<>20=8E F8D@>28E 7>1@065=P є >A=>2>R 4;S <V@:C20=P I>4> 
?5@A?5:B82 2?@>20465==S V=AB@C<5=BC 2 0@EVB5:BC@=C ?@0:B8:C 
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CONSIDERATION OF THE HELICOPTER ROTOR WAKE IN THE 

DESIGN OF A BUILDING 

The vortex loads generated by a helicopter are a consequence of the 

movement of air around the helicopter’s blades. When a helicopter approaches or 

flies over a building, the airflow that forms around the blades can interact with the 

building and cause vibrations in the structure of the building. 

These oscillations can have different frequencies and amplitudes, depending 

on the speed and altitude of the helicopter, the shape of the building and its 

structure, as well as the characteristics of the helicopter itself, such as its weight, 

speed and type of blades. 

To reduce the impact of vortex loads, buildings can be designed to 

accommodate these loads and reinforced with additional structural elements. These 

elements may include strengthening the foundation of the building, installing anti-
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wind shields on the roof of the building, changing the shape and geometry of the 

building, and other measures. 

However, despite all precautions, vortex loads can have a significant impact 

on a building if the building design does not adequately consider these loads or if 

the helicopter landing procedure is not correct. Therefore, it is important to strictly 

follow the rules and recommendations for the safe operation of helicopters near 

buildings and design buildings taking into account vortex loads.  

The use of modern computational fluid dynamics (CFD) methods can be 

useful in the design of buildings, especially if they are intended for use near 

helipads or in areas with a high concentration of helicopter traffic. 

Computational fluid dynamics methods make it possible to simulate the 

movement of air around a building and evaluate the effect of vortex loads on the 

building structure. These techniques can be used to identify critical points on a 

building that are most exposed to eddy loads and also to pre-determine the 

reinforcement measures that may be required to protect the building from these 

loads. One example of such methods is the numerical solution of the Navier-Stokes 

equations, which can be applied to simulate the movement of air around a building 

and estimate eddy loads.  

Another example is the finite element method, which can be used to model 

the mechanical behavior of a building when subjected to vortex loads. 

However, it should be noted that the use of modern CFD methods can be 

expensive and require specialized knowledge and skills to apply them. In addition, 

the results of calculations may have limited accuracy and require additional checks 

and tests on mock-ups or full-scale models of buildings. 

Thus, the use of modern methods of computational aerodynamics can be 

useful in the design of buildings, but should be considered as an additional tool 

within the framework of an integrated approach to the design of building 

structures. 

For example, let’s consider the consideration of vortex loads on a typical 9-

storey panel building from an EC-135 helicopter (which are in the service of the 

Ministry of Emergency Situations of Ukraine. 

 

0 – Visualization of the vortex wake near the building; 1 – Static pressure contour of the 

helicopter and the building; 
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c – Velocity contour in plane of the building and helicopter. 

Figure 1 – Visualization of the vortex wake  

 

A brief calculation algorithm can be summarized as follows. To import loads 

obtained in the Ansys Fluent software package into LIRA CAD, you must perform 

several steps: 

1) Export of loads in .csv format from the Ansys Fluent software package 

2) Loading exported data into LIRA CAD 

3) Assignment to the exported data of the corresponding elements of the 

building structure in LIRA CAD (columns, walls, beams, etc.) 

4) Check the correctness of the assigned loads, check whether the limits are 

exceeded 

5) Make calculations in LIRA CAD. 
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=57=0G=5 7<5=H5==S 2V4AB0=V <V6 :@828<8 C ?@>F5AV 71V;PH5==S G8A;0 F8:;V2 
7=0:>7<V==>3> 2838=C. �V 71V;PH5==S< 2<VABC 70;V70 2 A?;02V C 2AP><C 
4V0?07>=V 107 28?@>1C20=P <0;> <VAF5 7=865==S 3@0=8FV 28B@820;>ABV Ã-1 

(@8A. 1). #@8 7@>AB0==V :>=F5=B@0FVW 70;V70 7 0,49 % 4> 1,59 % 7=865==S 4;S 
107 28?@>1C20=P 106 V 107 F8:;V2 1C;> ?@0:B8G=> >4=0:>28< B0 AB0=>28;> 
26&28 %. 
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1. �>;G>: �. #. #V428I5==S S:>ABV 2B>@8==8E A8;C<V=V2 2 C<>20E 
ACG0A=>3> 28@>1=8FB20 / �. #. �>;G>:, ". �.  VBSє2, $. ". (@>;>2 B0 V=HV // 
�VA=8: )!��', 28?. 91. - 2020. - %.105-110. 

2. #0B. 57584� ':@0W=0,  �� %22% 1/06.  >48DV:0B>@ 4;S 
0;R<V=Vє28E A?;02V2 [&5:AB] / �>;G>: �. #.,  VBSє2 ". �.; 70S2=8: B0 
?0B5=B>CB@8<C20G �0?>@V7P:89 =0F. B5E=. C=-B. - №2002108343: 70S2;. 
21.10.2002; >?C1;. 16.06.2003, �R;. №6. – 3 A. 
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'�� 621.791.72 
�8@8;0E0 %.�. 
0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�8@8;0E0 %.�. 
#�$%#��&��� ���"$�%&�!!/ ���&��!�) ����&$"!!"-

#$" �!���) &�)!"�"��� 

�48B82=V B5E=>;>3VW (�&) >B@8<0;8 H8@>:5 ?@><8A;>25 ?>H8@5==S 4;S 
283>B>2;5==S 28A>:><VF=8E >1’є<=8E 28@>1V2 V7 <5B0;528E ?>@>H:V2. �;S 
F8E FV;59 70AB>A>2CRBP B5E=>;>3VW 281V@:>2>3> ;075@=>3> ?;02;5==S 
(Selective Laser Melting – SLM), I> 70157?5GCRBP D>@<C20==S 28@>1C 
H;SE>< A?;02;5==S ?>@>H:C <5B0;V2 ;075@=8< ?@><5=5< C A5@54>28IV 
70E8A=>3> 307C B0 B5E=>;>3VW 5;5:B@>==>-?@><5=52>3> ?;02;5==S (Electron 
Beam Melting – EBM) D>@<C20==S 28@>1V2 H;SE>< A?;02;5==S ?>@>H:C 
<5B0;V2 5;5:B@>==8< ?@><5=5< C 20:CC<=V9 :0<5@V.  

�5;8:89 V=B5@5A 40=V B5E=>;>3VW AB0=>2;SBP 4;S 28@>1=8FB20 A:;04=8E 
45B0;59, I> 70AB>A>2CRBPAS 2 02V04283C=>1C4C20==V. � >AB0==V @>:8 
=0<VB8;0AS ABV9:0 B5=45=FVS 2?@>20465==S �& C ?@>2V4=8E 
02V04283C=>1C4V2=8E :><?0=VSE [1]. �;S ?@><8A;>28E ?V4?@8є<AB2 
2VBG87=S=>3> <0H8=>1C4C20==S (�& « >B>@ %VG», �# !��� «�>@S» - 

« 0H?@>5:B», �# �$� « >B>@» ?@8 283>B>2;5==V B0 @5<>=BV 45B0;59 
307>BC@1V==8E 4283C=V2 (�&�) 0:BC0;P=8< є 28@>IC20==S 28@>1V2 V7 
70AB>AC20==S< ?>@>H:>28E <0B5@V0;V2 V7 B8B0=>28E A?;02V2, >A:V;P:8 7 F8E 
A?;02V2 283>B>2;SєBPAS 25;8:0 :V;P:VABP 5;5<5=BV2 �&�. ->4> 28@>1=8FB20 
02V0FV9=8E 45B0;59 7 B8B0=>28E A?;02V2 ?5@5206=> 70AB>A>2C20B8 3D 
=0?;02;5==S =0 >A=>2V 5;5:B@>==>-?@><5=528E B5E=>;>3V9, I> 4>72>;Sє 
283>B>2;SB8 ?@0:B8G=> 1C4P-S:V :><?>=5=B8 �&� V7 70157?5G5==S< 
28A>:>5D5:B82=>3> 20:CC<=>3> 70E8ABC @>7?;02;5=>3> <5B0;C 720@R20;P=>W 
20==8. !0 AP>3>4=V VA=Cє =87:0 B5E=VG=8E @VH5=P [2], S:V ?>:07CRBP 
<>6;82VABP 283>B>2;5==S B8B0=>28E 28@>1V2 V7 70AB>AC20==S< �#�. "4=0: 
<0є <VAF5 ?@>1;5<0 V<?>@B>70<VI5==S B0 A8@>28==>3> 70157?5G5==S 
>1;04=0==S 4;S 048B82=>3> 28@>1=8FB20. 

�:BC0;P=8< 70240==S< є @>7@>1:0 CAB0=>2>: =0 107V �#� ?@>F5AV2 V7 
70AB>AC20==S< 2VBG87=S=8E ?>@>H:>28E <0B5@V0;V2.  5B>R FVєW @>1>B8 є 
282G5==S <>6;82>ABV 70AB>AC20==S ?>@>H:V2 B8B0=>28E A?;02V2 2VBG87=S=>3> 
28@>1=8FB20 4;S 283>B>2;5==S 28@>1V2 7040=>W D>@<8 <5B>4>< 048B82=>W 
5;5:B@>==>-?@><5=52>W ?;02:8. �;S 283>B>2;5==S 28@>1V2 70AB>A>2C202AS 
=5AD5@8G=89 ?>@>H>: B8B0=>2>3> A?;02C �&1-0. 

$>1>BC 28:>=C20;8 =0 <0;>3010@8B=V9 CAB0=>2FV 5;5:B@>==>-

?@><5=52>3> 720@R20==S B8?C %�-212M 7 V<?C;PA=8< 465@5;>< 682;5==S 
60:�/60:�B, 5;5:B@>==>-?@><5=52>R 30@<0B>R ���-60 V ?0:5B>< 
?@8:;04=8E ?@>3@0< 4;S �#�. 
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�;S @50;V70FVW 048B82=8E ?@>F5AV2 =0 AB0=40@B=V9 CAB0=>2FV 1C2 
@>7@>1;5=89 <>4C;P ?>H0@>2>W ?>40GV ?>@>H:>28E <0B5@V0;V2.  

$>7@>1;5=89 <>4C;P 40є <>6;82VABP 70AB>AC20==S S: B@048FV9=> 
28:>@8AB>2C20=>3> 2 <0H8=0E 3D 4@C:C AD5@8G=>3>, V 4>A2V4G5=>3> 
=5AD5@8G=>3> ?>@>H:C. �06;82>R >A>1;82VABR FP>3> ?@8AB@>R є 
<>6;82VABP CIV;P=5==S ?>@>H:V2, I> 4;S =5AD5@8G=8E ?>@>H:V2 4>72>;Sє 
?V428I8B8 3CAB8=C H0@C [3]. 

�>A;V465=> <>6;82VABP 70AB>AC20==S 3V4@>20=>-453V4@>20=8E (HDH) 
?>@>H:V2 B8B0=C 2VBG87=S=>3> 28@>1=8FB20 283>B>2;5==S 28@>1V2 <5B>4>< 
048B82=>W 5;5:B@>==>-?@><5=52>W ?;02:8 =0 CAB0=>2:0E B8?C %�-212<. 

�>A;V465=> S:VABP A?;02;5==S ?>@>H:V2 =5AD5@8G=>W D>@<8 ?@8 
5;5:B@>==>-?@><5=52V9 3D =0?;02FV. �82G5=> AB@C:BC@8 =0?;02;5=8E H0@V2. 
�AB0=>2;5=>, I> AB@C:BC@=V 2V4<V==>ABV 28S2;SRBPAS C @>7<V@0E, 
AB@C:BC@=8E A:;04>28E α-D078 B0 є =0A;V4:>< @V7=>W H284:>ABV >E>;>465==S 
H0@V2. �V47=0G5=> 2V4ACB=VABP ?>@8AB>ABV B0 =5A?;02;5=P 2 >45@60=8E 7@07:0E 
28@>1V2. #>:070=> <>6;82VABP AB2>@5==S 45B0;V 7040=>W D>@<8 V7 
70AB>AC20==S< <5B>4V2 048B82=>3> 5;5:B@>==>-?@><5=52>3> =0?;02;5==S 7 
28:>@8AB0==S< ?>@>H:C B8B0=>2>3> A?;02C �&1-0 2VBG87=S=>3> 28@>1=8FB20 
[4]. 

$>7@>1;5=> 5;5<5=B8 B5E=V:8 B0 @50;V7>20=> <>6;82VABP 283>B>2;5==S 
45B0;59 7040=>W D>@<8 V7 70AB>AC20==S< 048B82=8E ?@>F5AV2 <5B>4>< 
5;5:B@>==>-?@><5=52>3> ?>H0@>2>3> =0@>IC20==S 7 28:>@8AB0==S< HDH 
?>@>H:V2, S:V 4>72>;SRBP >B@8<0B8 IV;P=C ;8BC AB@C:BC@C =0?;02;5=>3> 
<5B0;C. 
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3. ";PH0=5F:89, �. �. '?;>B=S5<>ABP ?>@>H:>2OE <0B5@80;>2 c 
@07;8G=>9 D>@<>9 G0AB8F / �. �. ";PH0=5F:89 8 4@. // !>2O5 <0B5@80;O 8 
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B5E=>;>389 4;S 873>B>2;5=8S 45B0;59 87 ?>@>H:>2 B8B0=>2>3> A?;020 �&1-0 
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'�� 669.018-419.8 

 VBSє2 ".�.1,  VBSє2 ".".2 

1 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-212< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

 іBOє2 ".�.,  іBOє2 ".". 
#�$%#��&��� ��. "-%��!*���) (AL – PB) 

 �" #"��*��!�)  �&�$�����  

�V4><>, I> 0;R<V=Vє2V A?;028 E0@0:B5@87CRBPAS 4>2>;V 4>1@8<8 
>?>@>< 2B><V, :>@>7V9=>R ABV9:VABR 2 <0AB8;0E, =5?>30=8<8 ?>:07=8:0<8 
7048@>ABV9:>ABV, 30@=8<8 0=B8D@8:FV9=8<8 2;0AB82>ABS<8 B0 28A>:>R 
B5?;>?@>2V4=VABR. � ?>S2>R 206:>=020=B065=8E 4283C=V2 2 02B>- B0 
B@0:B>@>1C4C20==V, B@0=A?>@B=><C <0H8=>1C4C20==V, 5=5@35B8FV B0 V=H8E 
30;C7SE ?@><8A;>2>ABV 7’S28;0AS 3>AB@0 ?>B@510 C ?V4H8?=8:0E, I> <0RBP 
28A>:C 7048@>ABV9:VABP B0 E0@0:B5@87CRBPAS :><?;5:A>< 2;0AB82>AB59, :>B@V, 
7=0G=>R <V@>R, ?@8B0<0==V 0;R<V=Vє28< A?;020<. ' 72’S7:C 7 F8<, C 
?@><8A;>2>ABV 7’S28;0AP B5=45=FVS 4> 70<V=8 0=B8D@8:FV9=8E A?;02V2 =0 
A28=F52V9 B0 >;>2’S=V9 >A=>20E =0 0;R<V=Vє2V. 

!0 ?V4AB02V 28I5707=0G5=>3>, 4;S 283>B>2;5==S B0:8E ?V4H8?=8:V2, 
@>73;S40єBPAS <>6;82VABP 70AB>AC20==S :><?>78FV9=>3> <0B5@V0;C =0 >A=>2V 
A8AB5<8 Al – Pb. �>A;V4=8< H;SE>< 2AB0=>2;5=>, I> B0:V :><?>78B8 <0RBP 
740B=VABP 4>1@5 >?8@0B8AS 7048@0==R ?@8 =0S2=>ABV C;PB@0B>=:8E 
<0AB8;P=8E H0@V2 V FS 740B=VABP =091V;PH ?>2=> 4>AS30єBPAS B0 @50;V7CєBPAS 
?@8 2<VABV ≥ 14%Pb. %8AB5<0 Al – Pb 2V4=>A8BPAS 4> <>=>B5:B8G=8E V ?@8 
>E>;>465==V @>7?;02V2 A?>AB5@V30єBPAS H8@>:0 >1;0ABP C S:V9 =5 2V41C20єBPAS 
?@>F5A 7<VHC20==S 0;R<V=VR B0 A28=FR, I> =5 4>72>;Sє B@048FV9=8<8 
A?>A>10<8 283>B>2;SB8 ?V4H8?=8:8 :>270==S 7 F8E A?;02V2. 

!0 AP>3>4=V @>73;S40єBPAS A?>AV1 283>B>2;5==S 0;R<>-A28=F528E 
?V4H8?=8:V2 :>270==S ACB=VABP :>B@>3> ?>;S30є 2 ?>?5@54=P><C >B@8<0==V 
0;R<V=Vє2>W 703>B>2:8 7 287=0G5=8< @V2=5< 2V4:@8B>W ?>@8AB>ABV, I> 2 
?>40;PH><C, :@V7P ?>@8, 70?>2=RєBPAS @>7?;02>< A28=FR 01> A?;02V2 =0 9>3> 
>A=>2V. #>?5@54=V 4>A;V465==S ?@>F5AV2 D>@<C20==S :><?>78BC 
?@>45<>=AB@C20;8, I> 704>2V;P=5 70?>2=5==S ?V=>0;R<V=VR A28=F5< 01> 
101VB>< 157 =0S2=>ABV 2V7C0;P=8E 45D5:BV2 :><?>78FV9=>3> <0B5@V0;C 
A?>AB5@V30;>AS ?@8 B5<?5@0BC@V 70;820==S 450&500% V ?>?5@54=P><C 
=03@V20==V ?V=>0;R<V=VR 4> 200&350%. �CAB8=0 :><?>78FV9=>3> <0B5@V0;C 
Al – Pb AB0=>28;0 8,15&8,25 3/A<3, 0 :><?>78BC � 5 + �16 – 
6,10&6,45 3/A<3, I> =0 30% =86G5 70 3CAB8=C Pb V 101VBC �16 2V4?>2V4=>. 

�=0G5==S :>5DVFVє=BC B5@BS :>270==S 157 7<0I5==S :><?>78FV9=>3> 
<0B5@V0;C � 5 + �16 7=0E>48;8AP C <560E 0,155&0,287, I> 2V4?>2V40є 
7=0G5==S< :>5DVFVє=B0 B5@BS 101VBC �16. 
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'�� 621.762 
 VBSє2 ".�.1, $52C=>2 ".�. 2 

1 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-212< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

 іBOє2 ".�., $52C=>2 ".І. 
��%&"%'��!!/ #"$",�"��) #"�$�&&�� 

!0=5A5==S =0 ?>25@E=R @V7=8E ?@54<5BV2 D0@1C20;P=8E A:;04V2 
28:>@8AB>2CєBPAS 7402=0 2 CAP><C A2VBV, 0;5 ;8H5 2V4=>A=> =5402=> 
D0@1C20==S AB0;> 70AB>A>2C20B8AS =5 BV;P:8 4;S =040==S :>;P>@C 28@>10<, 
0;5 V 2 S:>ABV 70E8ABC 2V4 2?;82C @V7=8E @5G>28=. *5 4>?><030є 715@V30B8 
7>2=VH=V9 283;S4 @5G59 V ?@>4>26C20B8 B5@<V= WE=P>W A;C618. �A=Cє 157;VG 
B8?V2 70E8A=8E ?>:@8BBV2, 0;5 >4=8< 7 =091V;PH 70B@51C20=8E AP>3>4=V є 
?>:@8BBS, I> >B@8<0=> 70 4>?><>3>R ?>@>H:>2>3> D0@1C20==S. 

&5E=>;>3VS ?>@>H:>2>3> D0@1C20==S, S: <5B>4C =0=5A5==S ?>;V<5@=>3> 
?>:@8BBS, 1C;0 @>7@>1;5=0 I5 2 A5@548=V <8=C;>3> AB>;VBBS, V 7 B>3> G0AC F59 
A?>AV1 AB02 0:B82=> 70AB>A>2C20B8AS ?@8 D0@1C20==V 28@>1V2, I> 4>?CA:0RBP 
B0 ?@0FRRBP 2 C<>20E 7=0G=>3> =03@V20==S. �5AP ?@>F5A ?>4V;SєBPAS =0 
:V;P:0 5B0?V2: 

– >G8I5==S 2V4 701@C4=5=P 45B0;V 01> 2C7;0; 
– =0?8;5==S =0 ?>25@E=R ?>@>H:>?>4V1=>3> A:;04C, I> 70:@V?;RєBPAS 

=0 =V9 ?V4 4VєR A8;P=>3> 5;5:B@8G=>3> ?>;S; 
– ?5@5<VI5==S 28@>1C 4> A?5FV0;P=>W :0<5@8, 2 S:V9 ?@>2>48BPAS 

(?>;V<5@870FVS / 70?V:0==S) ?>@>H:>2>3> H0@C ?V4 4VєR 28A>:>W B5<?5@0BC@8. 
-V;P=5 >4=>@V4=5 ?>:@8BBS CB2>@RєBPAS 2 @57C;PB0BV >?;02;5==S 

D0@18, I> V =0:;040є 45S:V >1<565==S =0 70AB>AC20==S 40=>W B5E=>;>3VW. 
&0:89 A?>AV1 ?V4E>48BP 4;S D0@1C20==S =0ABC?=8E <0B5@V0;V2: 

– <5B0;528E 45B0;59, 0 B0:>6 2C7;V2 V 3>B>28E 28@>1V2, 740B=8E 
?5@5=5AB8 =03@V2 4> 200%; 

– :5@0<VG=8E 28@>1V2 V :0<V=V2; 
– A:;0 V  �(. 
�8A>:0 S:VABP ?>;V<5@=>3> H0@C 4>72>;Sє 7=0G=> @>7H8@8B8 AD5@C 

70AB>AC20==S ?>@>H:>2>3> D0@1C20==S. !0 AP>3>4=V F59 A?>AV1 
28:>@8AB>2CєBPAS 4;S D0@1C20==S 28@>1V2, I> ?V440RBPAS 7=0G=8< 
<5E0=VG=8< =020=B065==S<, :>;820==S< B5<?5@0BC@8 2 H8@>:><C 4V0?07>=V, 
:>@>7VW B0 V=H8< 2840< 03@5A82=>3> 2?;82C. 
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 VBSє2 ".�.1, �C7P<5=:> �.�.2 

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

 іBOє2 ".�., �C7ь<5=:> �.�. 
#�$%#��&��� ��%&"%'��!!/ !"��) ��. �!�Є��) 

%#����� ' ��&+��!/!�� �!�$��&�*� 

%B0= @>728B:C, S: A2VB>2>W, B0: V 2VBG87=S=>W 5;5:B@>5=5@35B8:8 7=0G=>R 
<V@>R 287=0G0єBPAS S:VABR 28A>:>2>;PB=8E ?>2VB@S=8E ;V=V9 5;5:B@>?>AB0G0==S 
(��#). #>B@510 25;8:>W :V;P:>ABV 4@>BV2 7 0;R<V=VR 4;S ;V=V9 5;5:B@>?>AB0G0==S 
28AC20є 7040GC 28HC:C20==S B0 @>7@>1:8 =>28E ?@>2V4=8:>28E A?;02V2 =0 
0;R<V=Vє2V9 >A=>2V 7 ?V428I5=>R <VF=VABR.  0;0 2030 4@>BV2 7 0;R<V=VR @07>< 7 
28A>:8< @V2=5< <5E0=VG=8E 2;0AB82>AB59 4>72>;Sє 4>?CAB8B8 1V;PHV 70 
4>268=>R ?@><V6:8 <V6 >?>@0<8 ;V=V9 5;5:B@>?>AB0G0==S, I> 70157?5GCє 
7=865==S WE :V;P:>ABV V, S: =0A;V4>:, 7<5=H5==S 28B@0B =0 5:A?;C0B0FVR. &0:>6 
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CONCEPTUAL PRINCIPLES OF AVOIDING THE OCCUPATIONAL 

RISK OF WORKERS AND DAMAGE TO THE ENVIRONMENT AND 

HEALTH OF THE POPULATION DURING CLEANING UP OF 

INDUSTRIAL EMISSIONS TO THE ATMOSPHERE 

The authors of the work [1] noted the global demand for energy, in particular 

for electricity, is constantly growing. Fossil fuels are currently the main source of 

energy in the world. Combustion of fossil fuels, especially in thermal power plants, 

produces products such as sulfur and nitrogen oxides, unburned hydrocarbons, fly 

ash and soot. Some are toxic, such as sulfur oxides, nitrogen oxides, hydrocarbons, 

carbon monoxide and fly ash. Sulfur dioxide is the most significant sulfur oxide 

produced during combustion and released into the atmosphere. Mixing with 

moisture in the air, combustion products create acid rain, which negatively affects 

the ecosystem. Due to the ever-increasing emissions of gases into the atmosphere 

and increasing strictness of air pollution regulations, worldwide efforts are being 

made to reduce sulfur dioxide emissions [1]. 

The authors of the work [2] noted that sulfur dioxide is one of the main air 

pollutants from the flue gases of non-ferrous metal smelting. Sulfur dioxide causes 

many environmental problems, such as photochemical smog and urban particulate 

pollution, and also affects human health. Flue gas pollution has attracted more and 

more attention in recent years, and there are many related studies on sulfur dioxide 

removal technology. A number of technologies have been applied to control sulfur 

dioxide emissions, such as wet flue gas desulfurization, circulating fluidized bed, 

and sludge desulfurization. Improving the removal efficiency and achieving joint 

control of many medium and low concentration pollutants have become the focus 

of recent research [2]. 

The authors of the work [3] noted that flue gas desulfurization, which uses 

calcium carbonate, can effectively remove sulfur dioxide emitted into the 

atmosphere from power plants, and the removal efficiency and reliability of this 

process have been greatly improved, and its cost has been greatly reduced. The 

process of removing sulfur dioxide from flue gas can be divided into two types of 

scrubbers such as dry scrubber and wet scrubber. A dry scrubber is a 

desulphurization plant in which an absorbent is injected into the combustion 

chamber at high power to absorb sulfur oxides. This scrubber can operate with low 

equipment cost and low energy consumption, but has low desulfurization 

efficiency due to its lower response rate than the wet scrubber. On the other hand, 

the wet scrubber is the most commonly used sulfur dioxide removal process. The 

wet scrubber is relatively easy to adapt to conventional plants already in operation, 
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and operating costs are driven by the low cost of limestone. The traditional sulfur 

dioxide removal process uses a wet scrubber that requires a constant supply of new 

adsorbents to maintain continuous operation [3]. 

The authors of the work [4] noted that the most common method of sulfur 

removal is flue gas desulfurization. The regenerative method of flue gas 

desulfurization has advantages over other methods due to the high efficiency of 

desulfurization, regeneration of the sorbent and reduction of the volume of waste 

processing. In addition to sulfur dioxide, the presence of other components in the 

flue gas, such as oxygen, carbon dioxide, nitrogen oxides, and water vapor, as well 

as the reaction temperature, critically affect the sorption capacity and regeneration 

of the sorbent. For optimum sulfur dioxide removal efficiency, other parameters 

such as pH, inlet sulfur dioxide concentration and additives must be adjusted 

accordingly [4]. 

From the above, it follows the relevance of further development of 

optimization of technological parameters of desulfurization of outgoing flue gases 

at industrial enterprises. 

The application of mathematical modelling with the use of production 

indicators opens up the possibility to predict with a certain probability the values of 

the target factors from changes in the parameters of the technological process and 

allows to determine the most profitable parameters. 

Achieving a reduction in flue gas pollution with sulfur dioxide will contribute 

to the prevention of occupational risks and the reduction of harmful effects on the 

health of workers, as well as increasing the level of environmental safety. 
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<03=VB=V 1C@V, G0ABVH0RBP 28?04:8 ?>@CH5==S 4VS;P=>ABV A5@F52>-AC48==>W B0 
=5@2>2>W A8AB5<, ?A8EV:8 9 ?>254V=:8. %?;5A:8 A>=SG=>W 0:B82=>ABV 
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B@02<, I> ?>2B>@RRBPAS, AR48 2E>4SBP AB0=8, S:V A?@>2>:>20=V 
=5?@028;P=8< ?;0=C20==S< @>1>G>3> ?@>AB>@C, =5?@028;P=>R ?>AB02>R 
?@0FV2=8:0, =5 7@CG=8<8 <51;S<8. 

"A=>2=V 70E2>@R20==S, S:V є ?@8B0<0==8<8 ?@0FV2=8:0< IT-AD5@8, 
2:;RG0RBP: 

– %8=4@>< :0@?0;P=>3> :0=0;C (BC=5;P=89 A8=4@><) – F5 AB8A=5==S 
=5@2C 2 70?’SABV, I> 2V4?>2V40є 70 2V4GCBBS B0 @CE8 2 ?0;PFSE. �8=8:0є 
2=0A;V4>: 4>23>B@820;>W @>1>B8 7 :;02V0BC@>R B0 <8H:>R. 

– %8=4@>< 45DVF8BC C2038 B0 3V?5@0:B82=>ABV – ?@0FV2=8:8 IT AD5@8 
2V4GC20RBP 25;8:C :V;P:VABP AB@5AC B0 <0RBP ?>ABV9=89 4>ABC? 4> V=D>@<0FVW, 
I> <>65 ?@8725AB8 4> @>7;04C C2038 B0 :>=F5=B@0FVW. 
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– �V;P C H8W B0 A?8=V – 28=8:0є 2=0A;V4>: B@820;>3> A84V==S 2 >4=><C 
?>;>65==V B0 =5?@028;P=>W ?>78FVW BV;0 ?V4 G0A @>1>B8 70 :><?’RB5@><. 

– %8=4@>< ACE>3> >:0 – 28=8:0є 2=0A;V4>: B@820;>3> @>1>B8 7 
:><?’RB5@>< B0 =54>AB0B=P>3> 72>;>65==S >G59. 

– �>;>2=V 1>;V – 28=8:0RBP 2=0A;V4>: =0?@C65==S >G59 B0 H8W ?V4 G0A 
@>1>B8 7 :><?’RB5@><. 

�;S ?@>DV;0:B8:8 B0 70?>1V30==S E2>@>10<, I> ?@8B0<0==V ?@0FV2=8:0< 
IT AD5@8, @5:><5=4CєBPAS: 

– #@028;P=> >@30=V7>2C20B8 @>1>G5 <VAF5: =0;0HBC20B8 ABV; B0 ABV;5FP 
=0 >?B8<0;P=C 28A>BC, I>1 C=8:=CB8 =0?@C65==S H8W B0 A?8=8, 0 B0:>6 
@>7<VAB8B8 <>=VB>@ =0 4>AB0B=V9 2V4AB0=V 2V4 >G59. 

– $53C;S@=> @>18B8 ?5@5@28: @5:><5=4CєBPAS @>18B8 ?5@5@28 =0 5–10 

E28;8= :>6=V 45–60 E28;8= @>1>B8, ?V4 G0A S:8E <>6=0 ?V4V9B8 4> 2V:=0, 
@>7BS3=CB8AS, 7@>18B8 45:V;P:0 ?@>AB8E 2?@02, I>1 ?>:@0I8B8 :@>2>>1V3 B0 
7=SB8 =0?@C65==S. 

– �0157?5G8B8 4>AB0B=є >A2VB;5==S: =0;56=5 >A2VB;5==S <>65 7<5=H8B8 
=0?@C65==S >G59 B0 70?>1V3B8 3>;>2=8< 1>;S<. 

– �2>;>6C20B8 >GV: @5:><5=4CєBPAS 28:>@8AB>2C20B8 A?5FV0;P=V :@0?;V 
4;S >G59, I>1 70?>1V3B8 A8=4@><C ACE>3> >:0. 

– �5AB8 74>@>289 A?>AV1 68BBS: @53C;S@=0 DV78G=0 0:B82=VABP, 
710;0=A>20=0 4VєB0 B0 4>AB0B=V9 A>= <>6CBP ?>:@0I8B8 7030;P=89 AB0= 
74>@>2’S B0 ?V428I8B8 ABV9:VABP 4> AB@5AC. 

– !02G8B8AS B5E=V:0< @5;0:A0FVW: ?@0:B8:C20==S <548B0FVW B0 V=H8E 
B5E=V: @5;0:A0FVW <>6CBP 4>?><>3B8 7=SB8 =0?@C65==S B0 AB@5A, S:V 
28=8:0RBP ?V4 G0A @>1>B8 7 :><?’RB5@><. 

� >3;S4C =0 B5, I> ?@0FV2=8:8 IT AD5@8 ?@>2>4SBP 1V;PHVABP A2>3> G0AC 
70 :><?’RB5@>< B0 >B@8<CRBP ?@>D5AV9=V E2>@>18, ?>28==V ?@84V;SB8 
4>AB0B=R C203C A2>є<C 74>@>2’R B0 2G0A=> 26820B8 ?@>DV;0:B8G=V 70E>48 
4;S 70?>1V30==S F8< E2>@>10<. "4=0:, C 28?04:C 4>23>B@820;8E 1>;V2 B0 
V=H8E A8<?B><V2, A;V4 725@=CB8AS 4> ;V:0@S 4;S 4V03=>AB8:8 B0 ;V:C20==S. 
�4>@>2’S ?@0FV2=8:V2 IT AD5@8 70;568BP =5 ;8H5 2V4 WE ?@>D5AV9=8E =028G>:, 
0;5 9 2V4 B>3>, S: 2>=8 4>3;S40RBP 70 A2>W< DV78G=8< V ?A8E>;>3VG=8< 
74>@>2’S<. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Computer-related injuries. [A09B]. – �;5:B@>=V 40=V. - $568< 4>ABC?C: 
https://www.betterhealth.vic.gov.au/health/healthyliving/computer-related-

injuries#posture-related-injuries-from-computer-use. 

2. /:V E2>@>18 @>72820RBPAS G5@57 @>1>BC 70 :><?’RB5@><. [A09B]. – 
�;5:B@>=V 40=V. - $568< 4>ABC?C: https://ukr.media/medicine/376451/. 
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�C@025;P  .".1, �C@025;P %. .2, �07CB:V=  .�.3, �>78@є20 Є.".4 

1,2 AB0@H. 28:;. !' «�0?>@V7P:0  ?>;VB5E=V:0» 
3 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
4 ABC4. 3@. (�'-612< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�C@025;ь  ."., �C@025;ь %. , �07CB:і=  .І., �>78@є20 Є.". 
�� "�� #$���� &�)!�+!"� ��%#�'�&�*�� 

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

#>656=0 157?5:0 5;5:B@>CAB0=>2>:, 0 B0:>6 1C4V25;P V A?>@C4, C S:8E 
2>=8 @>7<VICRBPAS, ?>28==0 2V4?>2V40B8 28<>30< «�>45:AC F82V;P=>3> 70E8ABC 
':@0W=8», !�#� �.01.001-2014 «#@028;0< ?>656=>W 157?5:8 2 ':@0W=V» B0 
@>7@>1;5=8< =0 WE >A=>2V 30;C7528< ?@028;0<, S:V 2@0E>2CRBP >A>1;82>ABV 
?>656=>W 157?5:8 >:@5<8E 28@>1=8FB2. 

%?>6820GV ?@8 5:A?;C0B0FVW A2>WE 5;5:B@>CAB0=>2>: 70 2V4ACB=>ABV 30;C7528E 
?@028; ?>656=>W 157?5:8 <>6CBP :5@C20B8AP «#@028;0<8 ?>656=>W 157?5:8 2 
:><?0=VSE, =0 ?V4?@8є<AB20E B0 2 >@30=V70FVSE 5=5@35B8G=>W 30;C7V ':@0W=8» B0 
%"'-! �� 40.1-21677681-88:2013 «#@028;0 1C4>28 5;5:B@>CAB0=>2>:. #>656=0 
157?5:0 5;5:B@>CAB0=>2>:. �=AB@C:FVS (!�#� �.01.056-2013/111)». 

' @07V ?@8G5B=>ABV 5;5:B@>CAB0=>2>: 4> ?@8G8= 28=8:=5==S ?>656 =0 
?V4?@8є<AB20E C :><VAVW 7 @>7A;V4C20==S 15@CBP CG0ABP ?@0FV2=8:8 >@30=V2 
�5@65=5@3>=03;S4C B0 �5@602=>W V=A?5:FVW B5E=>35==>W 157?5:8 ':@0W=8. 

�81V@ V 2AB0=>2;5==S 5;5:B@>>1;04=0==S, S:5 @>7<VI5=5 2 
?>656>=5157?5G=8E 7>=0E CA5@548=V V 7>2=V ?@8<VI5=P, =5>1EV4=> 28:>=C20B8 
2V4?>2V4=> 4> 28<>3 «#@028; C;0HBC20==S 5;5:B@>CAB0=>2>: (40;V – #'�). 

�C4V2;V, ?@8<VI5==S, A?>@C48 5;5:B@>CAB0=>2>: ?>28==V 1CB8 >A=0I5=V 
?5@28==8<8 70A>10<8 ?>656>30AV==S 7 C@0EC20==S< 28<>3 !�#� �.01.001-14 

«#@028; ?>656=>W 157?5:8 2 ':@0W=V» B0 «#@028; 5:A?;C0B0FVW B0 B8?>28E =>@< 
=0;56=>ABV 2>3=530A=8:V2». 

#@0FV2=8:8, S:V ?5@51C20RBP C F8E ?@8<VI5==SE, ?>28==V 1CB8 =02G5=V 
2V4?>2V4=8< 4VS< C @07V 28=8:=5==S ?>656V, ?@028;0< :>@8ABC20==S 
2>3=530A=8:0<8 B0 ?5@28==8<8 70A>10<8 ?>656>30AV==S. 

�C48=:8, ?@8<VI5==S B0 A?>@C48 5;5:B@>CAB0=>2>: ?>28==V >1;04=C20B8AP 
CAB0=>2:0<8 ?>656=>W 02B><0B8:8 2V4?>2V4=> 4> ��! �.2.5-56:2014 «%8AB5<8 
?@>B8?>656=>3> 70E8ABC», 0 B0:>6 1C4V25;P=8E =>@<, ?@028;, S:V 4VRBP C 
2V4?>2V4=V9 30;C7V.  VAFS @>7B0HC20==S CAB0=>2>: ?>656=>W 02B><0B8:8 2 
CAB0=>2;5=><C ?>@S4:C <0RBP 1CB8 C73>465=V 7 >@30=0<8 45@602=>3> ?>656=>3> 
=03;S4C. 
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'AV CAB0=>2:8 ?>656=>W 02B><0B8:8 <0RBP 1CB8 A?@02=8<8 V CB@8<C20B8AS 2 
?>ABV9=V9 3>B>2=>ABV 4;S 28:>=0==S 70240=P, I> AB>SBP ?5@54 =8<8. !5A?@02=>ABV, S:V 
2?;820RBP =0 WE ?@0F5740B=VABP, ?>28==V CAC20B8AS =5309=>, V=HV =5A?@02=>ABV 
CAC20RBPAS 2 ?5@5410G5=V @53;0<5=B>< B5@<V=8, ?@8 FP><C =5>1EV4=> @>18B8 70?8A8 
C 2V4?>2V4=8E 6C@=0;0E. "@30=V70FVW, I> 74V9A=RRBP B5E=VG=5 >1A;C3>2C20==S 
CAB0=>2>:, є 2V4?>2V40;P=8<8 C 28?04:C, S:I> CAB0=>2:8 =5 A?@0FR20;8 V =5 
28:>=0;8 A2>3> ?@87=0G5==S 7 28=8 FVєW >@30=V70FVW. "@30=V70FVW, S:V 74V9A=RRBP 
B5E=VG=5 >1A;C3>2C20==S, <>=B06 B0 =0;04:C CAB0=>2>:, ?>28==V <0B8 ;VF5=7VR =0 
?@02> 28:>=0==S F8E @>1VB. 

#V4 G0A 5:A?;C0B0FVW 5;5:B@>CAB0=>2>: ?>28==V 1CB8 268BV 70E>48 V7 
70?>1V30==S G8 >1<565==S ?@S<>W B0 =5?@S<>W 4VW =0 =02:>;8H=є ?@8@>4=5 
A5@54>28I5 28:84V2 701@C4=R20;P=8E @5G>28= 2 0B<>AD5@=5 ?>2VB@S V A:840==S 
ABVG=8E 2>4 C 2>4=V ?@8@>4=V >1’є:B8, 7=865==S 72C:>2>W ?>BC6=>ABV B0 7<5=H5==S 
=55:>=><=>3> 28:>@8AB0==S 2>48 7 ?@8@>4=8E 465@5;. 

�8:84 701@C4=R20;P=8E @5G>28= 2 0B<>AD5@=5 ?>2VB@S =5 ?>28=5= 
?5@528IC20B8: 

– 25;8G8= =>@<0B82V2 3@0=8G=>4>?CAB8<8E 28:84V2 701@C4=R20;P=8E @5G>28= 
AB0FV>=0@=8E 465@5;; 

– 25;8G8= B5E=>;>3VG=8E =>@<0B82V2 4>?CAB8<8E 28:84V2 701@C4=R20;P=8E 
@5G>28= 4;S >:@5<8E B8?V2 >1;04=0==S, A?>@C4. 

%:840==S 701@C4=R20;P=8E @5G>28= C 2>4=V >1’є:B8 =5 ?>28==> ?5@528IC20B8 
2AB0=>2;5=8E =>@<0B82V2 3@0=8G=>4>?CAB8<8E A:84V2 701@C4=R20;P=8E @5G>28=. 

!0?@C65=VABP 5;5:B@><03=VB=8E ?>;V2 =5 ?>28==0 ?5@528IC20B8 
3@0=8G=>4>?CAB8<8E @V2=V2 F8E D0:B>@V2 2V4?>2V4=> 4>  �%!V# 3.3.6.096-2002 

«�5@602=V A0=VB0@=V =>@<8 V ?@028;0 ?@8 @>1>BV 7 465@5;0<8 5;5:B@><03=VB=8E 
?>;V2». 

$V2=V HC<C =5 ?>28==V ?5@528IC20B8 =>@<, CAB0=>2;5=8E 2V4?>2V4=8<8 
A0=VB0@=8<8 =>@<0<8 B0 AB0=40@B0<8 2V4?>2V4=> 4> �%! 3.3.6.037-99 «%0=VB0@=V 
=>@<8 28@>1=8G>3> HC<C, C;PB@072C:C B0 V=D@072C:C». 

' A?>6820G0, I> 5:A?;C0BCє 5;5:B@>>1;04=0==S 7 25;8:8< >1’є<>< <0A;0 
(B@0=AD>@<0B>@8, <0A;S=V @50:B>@8, 28<8:0GV B>I>), ?>28==V 1CB8 @>7@>1;5=V 70E>48 
V7 70?>1V30==S 020@V9=8< B0 V=H8< 28:840< 9>3> 2 =02:>;8H=є A5@54>28I5. 

%?>6820G, C S:>3> ?V4 G0A 5:A?;C0B0FVW 5;5:B@>CAB0=>2>: CB2>@RRBPAS 
B>:A8G=V 2V4E>48, 7>1>2’S70=89 2 CAB0=>2;5=><C ?>@S4:C 70157?5G8B8 
A2>єG0A=C WE CB8;V70FVR, 7=5H:>465==S B0 70E>@>=5==S. 

�:A?;C0B0FVS 5;5:B@>CAB0=>2>: 157 ?@8AB@>W2, S:V 70157?5GCRBP 
4>B@8<0==S 2AB0=>2;5=8E A0=VB0@=8E =>@< V ?@8@>4>>E>@>==8E 28<>3, 01> 7 
=5A?@02=8<8 ?@8AB@>S<8, S:V =5 70157?5GCRBP 4>B@8<0==S F8E =>@< V 28<>3, 
701>@>=SєBPAS. 
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'�� 331.45+349.24 
/:V<F>2 ..�.1, �>7>289 ..Є.2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ���-112< !' «�0?>@V7P:0 ?>;VB5E=V:0» 

/�І *"� ..�., �"�"��� ..Є. 
�����#�+�!!/ ���#�+!�) ' "� #$�*� � ' "��) 

�"Є!!"�" %&�!' 

�0@07 ':@0W=V ?>B5@?0є 2V4 2V9=8. &8ASGV ?V4?@8є<AB2, =572060RG8 =0 
=04206:V C<>28, ?@>4>26CRBP ?@0FR20B8. �E=S @>1>B0 S: =V:>;8 206;820 V є 
>A=>2>R 5:>=><VG=>W AB01V;P=>ABV ':@0W=8. #@0FS ?V4 G0A 4VW 2>є==>3> AB0=C 
?>2’S70=0 7 25;8:>R :V;P:VABR =>28E, 7>:@5<0, A<5@B5;P=> =5157?5G=8E 
@878:V2. ':@0W=0 =5A5 25;8:V 2B@0B8 2 FV9 2V9=V V 2>=8 71V;PHCRBPAS, 7>:@5<0, 
2=0A;V4>: 703815;V ?@0FV2=8:V2 =0 @>1>G8E <VAFSE. ->4=S ?V4 G0A 28:>=0==S 
B@C4>28E >1>2’S7:V2 C =0HV9 :@0W=V 38=CBP ?@0FV2=8:8. #>;>28=0 V7 F8E 
28?04:V2 є =0A;V4:>< 1>9>28E 4V9 [1]. 

�65 =8=V, ?V4 G0A 2V9=8 C:@0W=AP:V D0EV2FV 7 >E>@>=8 ?@0FV 270є<>4VRBP 
7 Є2@>?59AP:>R 035=FVєR 7 ?8B0=P ?@>D5AV9=>W 157?5:8 B0 74>@>2’S (EU-

OSHA),  V6=0@>4=>R 0A>FV0FVR V=A?5:FV9 ?@0FV (IALI),  V6=0@>4=>R 
0A>FV0FVєR A>FV0;P=>3> 70157?5G5==S (ISSA),  V6=0@>4=>R <5@565R 
?@>D5AV9=8E 0A>FV0FV9 C AD5@V 157?5:8 B0 74>@>2’S (ENSHPO).[2] 

�@0E>2CRG8 4>A2V4 B0 @5:><5=40FVW <V6=0@>4=8E 0A>FV0FV9 B0 
�5@6?@0FV ':@0W=8 <>6=0 284V;8B8 =0ABC?=V 70E>48, S:V =5>1EV4=> 
2?@>2048B8 @>1>B>402FS< 7 <5B>R AB2>@5==S 157?5G=8E V 157020@V9=8E C<>2 
?@0FV C AC1’є:BV2 3>A?>40@R20==S B0 <V=V<V70FVW @878:V2 28=8:=5==S 
=5I0A=8E 28?04:V2 2 C<>20E 2>є==>3> AB0=C: 

&5E=VG=V 70E>48. 
1) $>7G8AB8B8 B0 B@8<0B8 2V;P=8<8 520:C0FV9=V H;SE8 B0 28E>48 7 

1C4V25;P, 45 7=0E>4SBPAS ?@0FV2=8:8. 
2) &@8<0B8 2 =0;56=><C AB0=V 1><1>AE>28I0, 70 2V4ACB=>ABV – 

71C4C20B8 =>2V.  >6=0, =0?@8:;04, @>7<VAB8B8 <>1V;P=5 1><1>AE>28I5. �;S 
?@8:;04C <>6=0 70<>28B8 1C=:5@ %)"� [3]. 

3) �;S C=8:=5==S B@02<C20==S ?@0FV2=8:V2 =0 @>1>G8E <VAFSE 
=5>1EV4=> 70:@V?8B8 AB5;06V B0 V=HV ?@54<5B8, S:V =5ACBP @878: =5I0A=8E 
28?04:V2 F @07V 1>9>28E 4V9, 1><10@4C20==S, >1AB@V;V2, B>I>. 

4) /:I> ?V4?@8є<AB2> DV78G=> ?>AB@0640;> 2V4 2>є==8E 4V9, B> 
=5>1EV4=> ?5@52V@8B8 B0 CAC=CB8: 

– ?>H:>465==S 5;5:B@8G=>3> B0 307>28:>@8ABC20;P=>3> >1;04=0==S B0 
5;5:B@><5@56; 

– ?>H:>465==S 2V:>= B0 425@59 =0 @>1>G8E <VAFSE; 
– ?>H:>465==S AB5;06V2 B0 <51;V2. 
"@30=V70FV9=V 70E>48. 
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68BBS B0 74>@>2’S ?@0FV2=8:V2. 
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3) $>7@>18B8 ?;0= 4V9 ?5@A>=0;C ?V4 G0A ?@>2545==S 1>9>28E 4V9, I> 
?5@5410G0є <V=V<0;P=89 <>6;8289 @V25=P 703@>78 68BBR B0 74>@>2’R 
?@0FV2=8:V2. 

4) #@>25AB8 >=;09= 01>, 70 <>6;82>ABV, >D;09= =02G0==S 4;S 
?@0FV2=8:V2: 

– ?>70?;0=>289 V=AB@C:B06, =02G0==S 7 ?8B0=P >E>@>=8 ?@0FV; 
– B@5=V=3, 7 =040==S ?5@H>W <548G=>W 4>?><>38 ?>B5@?V;8< 2V4 

=5I0A=8E 28?04:V2; 
– V=AB@C:B06 I>4> ?@028; ?>254V=:8 C 28?04:C 020@VW G8 >3>;>H5==S 

?>2VB@S=>W B@82>38. 
5) $5:><5=4CєBPAS 74V9A=R20B8 4>AB02:C :>@5A?>=45=FVW, <09=0, @5G59, 

B>20@V2 B>I> 4> <VAFP ?@87=0G5==S 73V4=> 7 @>7@>1;5=8<8 157?5G=8<8 
<0@H@CB0<8, 2V4><8<8 ?@0FV2=8:0<. 
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