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EHBD@G?ьB64AB CD4>F<KAV D9>B@9A84JVW MB8B ;4EFBEG64AAO ;4CDBCBAB64A<I 
DVL9Aь 6 G@B64I H9D@9DEь><I 7BECB84DEF6, 4 F4>B: 6>4;4AB A4CDO@< 
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%FGCVAь B5ґDGAFB64ABEFV A4G>B6<I CB?B:9Aь, 6<EAB6>V6 V 
D9>B@9A84JV=, WI 8BEFB6VDAVEFь 

!4G>B6V CB?B:9AAO, EHBD@G?ьB64AV G 8<E9DF4JV=AV= DB5BFV, @4NFь 



8BEF4FAV= EFGCVAь B5ґDGAFB64ABEFV, MB 54;GєFьEO A4 ґDGAFB6AB@G 4A4?V;V 
EGK4EAB7B EF4AG F9IAVKAB7B ;459;C9K9AAO IV@VKAB7B ;4I<EFG DBE?<A, 
;4EFBEG64AAV EGK4EA<I @9FB8V6 F9BD9F<KAB7B @B89?N64AAO, K<E9?ьA<I 
DB;D4IGA>4I V; 6<>BD<EF4AAO@ EC9JV4?V;B64AB7B CDB7D4@AB7B ;459;C9K9AAO F4 
D9;G?ьF4F4I 9>EC9D<@9AF4?ьA<I 8BE?V8:9Aь. 

"5ґDGAFG64AAO >BAEFDG>F<6A<I C4D4@9FDV6 @4?B7454D<FAB7B 
E4@BIV8AB7B B5CD<E>G64K4 EGCDB6B8:GєFьEO @4F9@4F<KA<@< @B89?O@<, O>V 
BC<EGNFь 8<A4@V>G >B?<64Aь LF4A7< G @4OFA<>B6V= CV86VEJV F4 A4CDG:9AB-
89HBD@B64A<= EF4A 54>4. �BEFB6VDAVEFь F9BD9F<KA<I D9;G?ьF4FV6 
CV8F69D8:GєFьEO WI CBDV6AOAAO@ ; 84A<@< 9>EC9D<@9AFV6, CDB6989A<I G 
D94?ьA<I CB?ьB6<I G@B64I, ; CBI<5>BN 6 @9:4I 8BCGEF<@<I ;A4K9Aь (8B 8–
10%). �B84F>B69 CV8F69D8:9AAO 489>64FABEFV @B89?9= BFD<@4AB L?OIB@ 
K<E9?ьAB7B @B89?N64AAO 6 E9D98B6<MV SolidWorks Simulation, 89 ;5V:AVEFь 
D9;G?ьF4FV6 EF4AB6<Fь CBA48 99%. 

'EV 6<EAB6><, A46989AV 6 8<E9DF4JVW, ?B7VKAB 6<C?<64NFь V; 6<>?489AB7B 
@4F9DV4?G, CV8F69D8:9AV D9;G?ьF4F4@< 5474FBH4>FBDAB7B 9>EC9D<@9AFG F4 
4A4?VF<KA<@< ;4?9:ABEFO@<. #D4>F<KAV D9>B@9A84JVW, MB EFBEGNFьEO 
CDBє>FG64AAO F4 9>EC?G4F4JVW @4?B7454D<FAB7B B5CD<E>G64K4, є 
B5ґDGAFB64A<@<, 4CDB5B64A<@< G 6<DB5A<K<I G@B64I V @B:GFь 5GF< 
6<>BD<EF4AV CD< 6CDB648:9AAV AB6BW F9IAV>< 6 H9D@9DEь><I 7BECB84DEF64I. 

%FGCVAь 8BEFB6VDABEFV F4 B5ґDGAFB64ABEFV D9;G?ьF4FV6 8BE?V8:9AAO є 
6<EB><@, MB CV8F69D8:Gє A4G>B6G JVAAVEFь V CD<>?48AG ;A4KGMVEFь 6<>BA4ABW 
DB5BF<. 

�D4>F<KA9 ;A4K9AAя BFD<@4A<I D9;G?ьF4FV6 

#D4>F<KA9 ;A4K9AAO D9;G?ьF4FV6 8<E9DF4JV=ABW DB5BF< CB?O74є G 
DB;DB5?9AAV, B5ґDGAFG64AAV F4 6CDB648:9AAV F9IAVKA<I DVL9Aь, O>V 
ECDO@B64AV A4 CV86<M9AAO 9H9>F<6ABEFV IV@VKAB7B ;4I<EFG DBE?<A G @4?<I 
H9D@9DEь><I F4 CV8EB5A<I 7BECB84DEF64I. З4CDBCBAB64AV >BAEFDG>F<6AB-
F9IAB?B7VKAV C4D4@9FD< E4@BIV8AB7B @4?B7454D<FAB7B LF4A7B6B7B 
B5CD<E>G64K4 ; @4OFA<>B6BN CV86VE>BN LF4A7< 8B;6B?ONFь ;459;C9K<F< 
DV6AB@VDA9 A4A9E9AAO DB5BKB7B CD9C4D4FG, ;@9AL<F< 6C?<6 8<A4@VKA<I 
A464AF4:9Aь F4 CV86<M<F< EFV=>VEFь @4L<A< CD< DB5BFV A4 E>?48AB@G 
D9?ьєHV. 

!4 BEAB6V CDB6989A<I F9BD9F<KA<I 8BE?V8:9Aь V 9>EC9D<@9AF4?ьABW 
C9D96VD>< 6<7BFB6?9AB 8VNK<= 8BE?V8A<= ;D4;B> B5CD<E>G64K4, 
I4D4>F9D<EF<>< O>B7B CV8F69D8:GNFь 8BJV?ьAVEFь ;4EFBEG64AAO 
;4CDBCBAB64A<I F9IAVKA<I DVL9Aь. �H9>F<6AVEFь @4OFA<>B6BW CV86VE>< ; 
8B84ABN @4EBN LF4A7< 8B6989AB O> 4A4?VF<KAB, F4> V 9>EC9D<@9AF4?ьAB – WW 
6<>BD<EF4AAO 8B;6B?Oє ;@9AL<F< >B?<64AAO LF4A7<, MB, G E6BN K9D7G, 
CB;<F<6AB 6C?<64є A4 O>VEFь B5DB5>< DBE?<A. 

">D9@G CD4>F<KAG JVAAVEFь EF4AB6?OFь @9FB8<>< BJVAN64AAO 
A4CDG:9AB-89HBD@B64AB7B EF4AG 54>4 B5CD<E>G64K4, DB;DB5?9AV 46FBDB@, 4 
F4>B: 6CDB648:9AAO 9?9@9AFV6 3D-@B89?N64AAO F4 V@VF4JV=AB7B 
@B89?N64AAO G SolidWorks. "FD<@4AV 4A4?VF<KAV ;4?9:ABEFV = @B89?V @B:GFь 



5GF< 6<>BD<EF4AV CD< CDBє>FG64AAV AB6<I F4 @B89DAV;4JVW VEAGNK<I @4L<A 
8?O B5DB5>< CBEV6V6. 

$9;G?ьF4F< 8<E9DF4JV=ABW DB5BF< 6CDB648:9AB G 6<DB5A<KG 8VO?ьAVEFь 
&"� «#?BF<K4 �7DB» F4 G A46K4?ьA<= CDBJ9E &9DABCV?ьEь>B7B A4JVBA4?ьAB7B 
F9IAVKAB7B GAV69DE<F9FG V@9AV �64A4 #G?NO, MB E6V8K<Fь CDB WI CD<>?48AG 
ECDO@B64AVEFь V 4>FG4?ьAVEFь 8?O 47DBVA:9A9DABW 74?G;V. 

З474?B@, A4CD4JN64AAO 46FBD4 @4NFь 647B@9 ;A4K9AAO 8?O 
68BE>BA4?9AAO >BAEFDG>JV= @4?B7454D<FA<I EV?ьEь>B7BECB84DEь><I @4L<A, 
CV86<M9AAO F9IAB?B7VKABW 9H9>F<6ABEFV B5CD<E>G64AAO F4 ;A<:9AAO 
FDG8B@VEF>BEFV 6<>BA4AAO 47DBF9IAVKA<I BC9D4JV=. 

�HBD@?9AAя 8<E9DF4JVW, 8BFD<@4AAя 6<@B7 4>489@VKABW 
8B5DBK9EABEFV F4 CB6ABF4 6<>?48G A4G>B6<I CB?B:9Aь F4 D9;G?ьF4FV6 6 
BCG5?V>B64A<I CD4JяI 

�<E9DF4JV=A4 DB5BF4 �96<Jь>B7B �.�. 6<>BA4A4 A4 A4?9:AB@G A4G>B6B-

F9IAVKAB@G DV6AV F4 7D4@BFAB BHBD@?9A4 6V8CB6V8AB 8B 6<@B7, 6EF4AB6?9A<I 
8B >64?VHV>4JV=A<I 8BE?V8:9Aь A4 ;8B5GFFO EFGC9AO 8B>FBD4 HV?BEBHVW. &9>EF 
8<E9DF4JVW 6V8;A4K4єFьEO CBE?V8B6AVEFN 6<>?489AAO, KVF>BN EFDG>FGDBN, 
?B7VKABN CB5G8B6BN DB;8V?V6, 4D7G@9AFB64AVEFN C9D9IB8V6 6V8 CBEF4AB6>< 
CDB5?9@< 8B CD4>F<KA<I 6<EAB6>V6. 'EV CB?B:9AAO ґDGAFGNFьEO A4 89F4?ьAB 
CDB6989A<I F9BD9F<KA<I V 9>EC9D<@9AF4?ьA<I 8BE?V8:9AAOI, MB CB84AV G 
;DGKAV= 8?O ECD<=AOFFO HBD@V ; 6<>BD<EF4AAO@ 7D4HVKAB7B @4F9DV4?G. 

�A4?V; ;@VEFG 8<E9DF4JVW 8B;6B?Oє EF69D8:G64F<, MB 46FBD 
8BFD<@G646EO 6<@B7 4>489@VKABW 8B5DBK9EABEFV. 'EV 6<>BD<EF4AV ?VF9D4FGDAV 
F4 A4G>B6V 8:9D9?4 >BD9>FAB BHBD@?9AV, A46989AV CBE<?4AAO A4 D9;G?ьF4F< 
VAL<I 8BE?V8A<>V6. �<>BD<EF4AAO KG:<I A4G>B6<I V89= K< F9>EFV6 59; 
A4?9:AB7B J<FG64AAO A9 6<O6?9AB. "EB5<EF<= 6A9EB> ;8B5G64K4 KVF>B 
B>D9E?9AB, MB CV8F69D8:GєFьEO F4>B: 6 BC<EV >B?9>F<6A<I CG5?V>4JV=. 

"EAB6AV A4G>B6V D9;G?ьF4F<, 6<>?489AV G 8<E9DF4JVW, A4?9:A<@ K<AB@ 
4CDB5B64AV F4 BCD<?N8A9AV. �I CD98EF46?9AB G 13 A4G>B6<I CG5?V>4JVOI, E9D98 
O><I є EF4FFV G H4IB6<I G>D4WAEь><I 6<84AAOI, @4F9DV4?< @V:A4DB8A<I 
>BAH9D9AJV=, 4 F4>B: B8A4 EF4FFO G :GDA4?V, VA89>EB64AB@G 6 Scopus, MB 
E6V8K<Fь CDB A4?9:AG @V:A4DB8AG >B@GAV>4JVN D9;G?ьF4FV6. "FD<@4AB F4>B: 
89>?4D4JV=A<= C4F9AF '>D4WA< A4 >BD<EAG @B89?ь, MB CV8F69D8:Gє 
CD<>?48AG JVAAVEFь CDB6989A<I 8BE?V8:9Aь. 

�B64 F4 EF<?ь 8<E9DF4JV=ABW DB5BF< 

�<E9DF4JV=A4 DB5BF4 6<>?489A4 89D:46ABN @B6BN ; 8BFD<@4AAO@ ABD@ 
EGK4EABW G>D4WAEь>BW A4G>B6B-F9IAVKABW F9D@VAB?B7VW.  B64 DB5BF< ;474?B@ є 
7D4@4F<KAB CD46<?ьABN, EF<?VEF<KAB 6<64:9ABN F4 6V8CB6V84є 6<@B74@ 8B 
A4G>B6<I F9>EFV6. &9D@VAB?B7VO 6<>BD<EFB6GєFьEO FBKAB, 59; 86B;A4KABEF9=, 4 
6EV CBAOFFO F4 CB;A4K9AAO 66B8OFьEO >BD9>FAB = G;7B8:9AB 6 @9:4I 
8BE?V8:9AAO. 

%F<?ь 6<>?489AAO KVF><=, ?B7VKA<= V CBE?V8B6A<=. �6FBD 8BFD<@GєFьEO 
A4G>B6BW B5’є>F<6ABEFV, CB84є @4F9DV4? ; CB;<JV= 4A4?VF<KAB7B CV8IB8G F4 
4D7G@9AFB64ABEFV. �<>?48 BEAB6AB7B F9>EFG EGCDB6B8:GєFьEO 8BEF4FAьBN 



>V?ь>VEFN V?NEFD4JV=, 7D4HV>V6, F45?<Jь, MB CB?97LGNFь ECD<=AOFFO E>?48ABW 
F9IAVKABW VAHBD@4JVW. 

">D9@V A9;A4KAV A98B?V>< EF<?VEF<KAB7B K< BDHB7D4HVKAB7B I4D4>F9DG 
A9 6C?<64NFь A4 ;474?ьA9 CB;<F<6A9 6D4:9AAO 6V8 BHBD@?9AAO F4 6<>?48G 
@4F9DV4?G, 6BA< @4NFь F9IAVKA<= I4D4>F9D. 

';474?ьANNK<, E?V8 ;4;A4K<F<, MB @B64 V EF<?ь 8<E9DF4JV=ABW DB5BF< 
6V8CB6V84NFь 6<@B74@ 8B A4G>B6<I >64?VHV>4JV=A<I CD4Jь V ECD<ONFь 
A4?9:AB@G ECD<=AOFFN WW ;@VEFG. 

 

З4G64:9AAя 8B 8<E9DF4JV=ABW DB5BF< 

1. ' DB5BFV 64DFB 5G?B 8B84F< B>D9@<= CV8DB;8V?, G O>B@G ;DB5?9AB 4A4?V; 
9>B?B7VKA<I A4E?V8>V6 ;4EFBEG64AAO @4?B7454D<FA<I B5CD<E>G64KV6, 
;B>D9@4 6C?<6G A4 8B6>V??O CD< 6<>BD<EF4AAV IV@VKA<I CD9C4D4FV6 G 
@4?<I H9D@9DEь><I 7BECB84DEF64I. 

2. !9 CB6AVEFN DB;>D<FB B5ґDGAFG64AAO 6<5BDG >BAEFDG>F<6A<I 
C4D4@9FDV6 54>4 (HBD@4, @4F9DV4?), O>V 6C?<64NFь A4 =B7B @VJAVEFь V 
A48V=AVEFь 6 G@B64I ;@VAAB7B A464AF4:9AAO. 

3. $9;G?ьF4F< K<E9?ьAB7B @B89?N64AAO, 6<>BA4AB7B 6 SolidWorks, 
A46989AB 59; 4A4?V;G KGF?<6BEFV @B89?V 8B ;@VA 6IV8A<I C4D4@9FDV6, MB 
B5@9:Gє @B:?<6VEFь BJVA>< WW GAV69DE4?ьABEFV. 

4. ' CV8DB;8V?V, CD<E6OK9AB@G 8<A4@VJV LF4A7<, E?V8 5G?B 5 A469EF< 
CBDV6AOAAO ; 4?ьF9DA4F<6A<@< ECBEB54@< EF45V?V;4JVW (A4CD<>?48, 
CDG:<AAB-89@CH9DA<@< 45B 9?9>FDBAA<@< E<EF9@4@<) 8?O L<DLBW 
VA:9A9DABW BJVA><. 

5. �9O>V HBD@G?<, A46989AV 6 F9BD9F<KAB@G DB;8V?V, CBFD95GNFь 
GFBKA9AAO G@B6 WI ;4EFBEG64AAO (A4CD<>?48, 7D4A<KAV G@B6< @B89?V 
B5B?BA>< 54>4 A9 ;46:8< 6>4;4AV KVF>B). 

6.  B6ABEF<?VEF<KA9 BHBD@?9AAO 6 B>D9@<I DB;8V?4I (;B>D9@4, 4.1 F4 5.1) 
64DFB C9D97?OAGF< ; @9FBN GEGA9AAO CB6FBDV6 V GAVHV>4JVW F9D@VAV6, MB 
CV86<M<Fь ;474?ьAG O>VEFь A4G>B6B7B 6<>?48G; BHBD@?9AAO 
?VF9D4FGDA<I 8:9D9? 64DFB 5G?B 6<FD<@4F< 6 B8AB@G EF<?V F4 V; 
8BFD<@4AAO@ �%&' 8302:2015. 
 

�<EAB6B> MB8B 8<E9DF4JVW 6 JV?B@G 

�<E9DF4JV=A4 DB5BF4 �96<Jь>B7B �B784A4 �B784AB6<K4 є ;469DL9A<@ 
E4@BEFV=A<@ A4G>B6<@ 8BE?V8:9AAO@, G O>B@G 6<DVL9AB 4>FG4?ьA9 A4G>B6B-
F9IAVKA9 ;4684AAO MB8B B5ґDGAFG64AAO >BAEFDG>F<6AB-F9IAB?B7VKA<I 
C4D4@9FDV6 @4?B7454D<FAB7B E4@BIV8AB7B LF4A7B6B7B B5CD<E>G64K4. ' DB5BFV 
A4 A4?9:AB@G F9BD9F<KAB@G F4 CD<>?48AB@G DV6AV DB;DB5?9AB @4F9@4F<KAV 
@B89?V, 6<>BA4AB DB;D4IGA>< @VJABEFV 9?9@9AFV6 >BAEFDG>JVW, 8BE?V8:9AB 
8<A4@V>G DB5BF< LF4A7< ; @4OFA<>B6BN CV86VE>BN F4 CDB6989AB 
9>EC9D<@9AF4?ьAG C9D96VD>G CD4J9;84FABEFV ;4CDBCBAB64A<I DVL9Aь. 

!4G>B6V CB?B:9AAO, 6<EAB6>< F4 D9>B@9A84JVW @4NFь 8BEF4FAV= DV69Aь 
B5ґDGAFB64ABEFV = 8BEFB6VDABEFV, CV8F69D8:9AV K<E?B6<@< DB;D4IGA>4@<, 
@B89?N64AAO@ F4 D9;G?ьF4F4@< A4FGDA<I 6<CDB5G64Aь. $9;G?ьF4F< DB5BF< 



@4NFь CD4>F<KA9 ;A4K9AAO, 6CDB648:9AV G 6<DB5A<JF6B F4 BE6VFAV= CDBJ9E, 
MB ;4E6V8KGє WIAN CD<>?48AG JVAAVEFь. 

З@VEF 8<E9DF4JVW CB6ABN @VDBN 6V8CB6V84є WW F9@V, 4 BHBD@?9AAO – 
K<AA<@ 6<@B74@ 8B >64?VHV>4JV=A<I A4G>B6<I CD4Jь. �6FBD 8BFD<@46EO 
CD<AJ<CV6 4>489@VKABW 8B5DBK9EABEFV, 4 BEAB6AV D9;G?ьF4F< BCD<?N8A9AB G 
8BEF4FAV= >V?ь>BEFV A4G>B6<I CD4Jь, G FB@G K<E?V – G 6<84AAOI, MB 
VA89>EGNFьEO G @V:A4DB8A<I A4G>B@9FD<KA<I 54;4I. 

З GD4IG64AAO@ 6<M96<>?489AB7B, 664:4N, MB 8<E9DF4JV=A4 DB5BF4 
�96<Jь>B7B �B784A4 �B784AB6<K4 6V8CB6V84є 6<@B74@ C. 6, 7, 8 F4 9 
«#BDO8>G CD<EG8:9AAO EFGC9AO 8B>FBD4 HV?BEBHVW F4 E>4EG64AAO DVL9AAO 
D4;B6BW EC9JV4?V;B64ABW 6K9ABW D48< ;4>?48G 6<MBW BE6VF<», ;4F69D8:9AB7B 
#BEF4AB6BN �45VA9FG  VAVEFDV6 '>D4WA< 6V8 12 EVKAO 2022 D. №44, 4 WW 46FBD – 
�96<Jь><= �B784A �B784AB6<K ;4E?G7B6Gє A4 CD<EG8:9AAя EFGC9AO 8B>FBD4 
HV?BEBHVW ; 74?G;V ;A4Aь 13 « 9I4AVKA4 VA:9A9DVO» ;4 EC9JV4?ьAVEFN 133 
«�4?G;969 @4L<AB5G8G64AAO». 

 

 

 
 

 

 


