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G. Slyn’ko, R. Sukhonos 

SMALL STRATIFIED-SCAVENGING TWO-STROKE INTERNAL 

COMBUSTION ENGINE  

To meet the efficiency and environmental requirements for small two-stroke 

engines, the authors propose using of stratified scavenging [1]. The working 

process of such an engine involves the use of air instead of the air/fuel mixture to 

clean the combustion chamber from exhaust gases. This addresses the main 

problem of two-stroke engines 3 the formation of a significant amounts of toxic 

combustion products, primarily burned hydrocarbons that enter the exhaust channel 

in the form of gasoline vapors. Engine efficiency also improves. 

Stratified scavenging has been implemented in the design of mass-produced 

single-cylinder two-stroke engines by engineers from Husqvarna (Figure 1) and 

Stihl. A crankcase scavenged two-stroke engine (1) comprises a cylinder (15) 

including scavenging ports (31) and at least one exhaust port, a piston (13), a 
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connecting rod (17), a crankshaft (18) and a generally sealed crankcase (16). The 

crankcase inducts a fuel/air mixture and is connected to the scavenging ports (31) 

through transfer ducts (3) which, as the piston (13) moves from a lower position 

towards a higher position, are inducting pure air let in from connecting ports (8) 

near the scavenging ports (31) in the cylinder (15). The transfer duct (3) volume is 

less than 20% of a volume swept by the piston (13) during an entire revolution of 

the crankshaft (18). Recesses (10) are formed in an outer periphery of the piston 

(13), said recesses (10) co-operating with the connecting ports (8) in the cylinder 

wall for controlling the filling of the transfer ducts (3) with air. An inlet tube (22) 

in the cylinder wall supplies the air/fuel mixture, said inlet tube (22) being 

connected to the crankcase (16) and covered by the piston (13) as the piston (13) is 

in the lower position, and open to the crankcase (16) as the piston (13) is in the 

higher position [2]. 

In principle, such a system operates by first a portion of air enters the 

combustion chamber, followed by the fuel/air mixture. As a result, some of the fuel 

previously lost during scavenging is retained. In addition, this allows to increase 

the overlap angle, that is, increase the time allocated for cleaning the cylinder, and 

the quality of cleaning increases. 

To assess the efficiency of two-stroke engines with the proposed stratified 

scavenging, the authors in [3] developed an algorithm for calculating the window 

cross-section per cycle and evaluated the performance of such systems. 

 

 
Figure 1 3 Scheme of stratified-scavenging two-stroke engine [2] 
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The thermodynamic cycle of a carburetor engine of a traditional design and a 

modernized engine (with a stratified scavenging) was calculated. Key performance 

indicators were calculated: maximum cylinder pressure increased by 11%, engine 

power by 17%, and torque by 15%. The fuel economy of the modernized engine is 

6% at nominal mode. The obtained data do not contradict the research [4]. 

Based on the comparative analysis of the obtained engine indicators, it can be 

assumed that the use of stratified scavenging of cylinders is effective for improving 

the characteristics of two-stroke engines. 

However, there are some disadvantages, including increased design 

complexity, higher cost, and tuning difficulties. However, stratified scavenging 

opens up new possibilities for two-stroke engines. 
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45B0;59, ?>B>G=89 AB0= 4283C=0, @V25=ь B8A:C 2 H8=0E, AB0= 0:C<C;OB>@=>W 
10B0@5W B0 V=HV ?0@0<5B@8 2 @568<V @50;ь=>3> G0AC. *5 4>72>;Oє =5 ;8H5 
?V428I8B8 5D5:B82=VABь >1A;C3>2C20==O, 0;5 9 70?>1V30B8 A5@9>7=8< 
?>;><:0<, I> 7=0G=> 7=86Cє 28B@0B8 =0 @5<>=B B0 ?V428ICє 157?5:C =0 
4>@>30E. 

"A=>2=V ?@8=F8?8 @>1>B8 IoT C B@0=A?>@BV. �=B5@=5B @5G59 (IoT) 3 F5 
<5@560 270є<>?>2’O70=8E ?@8AB@>W2, O:V 718@0NBь, >1<V=NNBьAO B0 
0=0;V7CNBь 40=V. ' B@0=A?>@B=V9 AD5@V IoT 28:>@8AB>2CєBьAO 4;O <>=VB>@8=3C 
AB0=C B@0=A?>@B=8E 70A>1V2 70 4>?><>3>N A5=A>@V2, O:V 2AB0=>2;NNBьAO =0 
:;NG>2V :><?>=5=B8 02B><>1V;O. *V A5=A>@8 718@0NBь 40=V ?@> B5<?5@0BC@C, 
B8A:, 2V1@0FVW, @V25=ь ?0;820, AB0= 0:C<C;OB>@0 B0 V=HV ?0@0<5B@8, O:V ?>BV< 
?5@540NBьAO =0 F5=B@0;ь=89 A5@25@ 4;O 0=0;V7C. 

�EAB6AV 9?9@9AF< IoT G FD4AECBDFV 
%5=A>@8. �AB0=>2;NNBьAO =0 :;NG>2V :><?>=5=B8 02B><>1V;O (4283C=, 

B@0=A<VAVO, 30;ь<V2=0 A8AB5<0 B>I>) 4;O 71>@C 40=8E. 
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 5@560 ?5@540GV 40=8E. �8:>@8AB>2CєBьAO 4;O ?5@540GV V=D>@<0FVW 7 
A5=A>@V2 =0 F5=B@0;ь=89 A5@25@. *5 <>65 1CB8 Wi-Fi, Bluetooth, 4G/5G 01> 
V=HV B5E=>;>3VW. 

)<0@=V ?;0BD>@<8. �0=V 715@V30NBьAO B0 0=0;V7CNBьAO =0 E<0@=8E 
?;0BD>@<0E, 45 28:>@8AB>2CNBьAO 0;3>@8B<8 <0H8==>3> =02G0==O 4;O 
28O2;5==O 0=><0;V9 B0 ?@>3=>7C20==O =5A?@02=>AB59. 

�9D9647< 6<>BD<EF4AAO IoT 8?O 8V47ABEF<>< F4 CDB7AB;G64AAO 
#@>3=>7C20==O =5A?@02=>AB59. "4=VєN 7 3>;>2=8E ?5@5203 IoT є 

<>6;82VABь ?@>3=>7C20==O =5A?@02=>AB59 I5 4> WE 28=8:=5==O. !0?@8:;04, 
A5=A>@8 <>6CBь 28O28B8 7=>A 45B0;59 4283C=0 01> B@0=A<VAVW =0 @0==VE 
5B0?0E, I> 4>72>;Oє ?@>25AB8 >1A;C3>2C20==O 4> B>3>, O: ?@>1;5<0 AB0=5 
:@8B8G=>N. *5 7=0G=> 7=86Cє 28B@0B8 =0 @5<>=B B0 70?>1V30є ?@>AB>N 
B@0=A?>@B=8E 70A>1V2. 

 >=VB>@8=3 AB0=C 2 @50;ь=><C G0AV. IoT 4>72>;Oє <>=VB>@8B8 AB0= 
02B><>1V;O 2 @50;ь=><C G0AV, I> >A>1;82> 206;82> 4;O 20=B06=8E :><?0=V9 
B0 ;>3VAB8G=8E >?5@0B>@V2. !0?@8:;04, :><?0=VO DHL 28:>@8AB>2Cє IoT 4;O 
<>=VB>@8=3C AB0=C A2>WE 20=B06=8E 02B><>1V;V2, I> 4>72>;Oє 7=0G=> 
7<5=H8B8 :V;ь:VABь =5A?@02=>AB59 =0 <0@H@CB0E. 

"?B8<V70FVO >1A;C3>2C20==O. �024O:8 IoT <>6=0 >?B8<V7C20B8 3@0DV:8 
>1A;C3>2C20==O B@0=A?>@B=8E 70A>1V2. !0?@8:;04, O:I> A5=A>@8 28O2;ONBь, 
I> AB0= 02B><>1V;O 70;8H0єBьAO AB01V;ь=8<, >1A;C3>2C20==O <>6=0 
2V4:;0AB8, I> 4>72>;Oє 75:>=><8B8 G0A B0 @5AC@A8. 

#V428I5==O 157?5:8. IoT 4>72>;Oє 28O2;OB8 ?>B5=FV9=V ?@>1;5<8, O:V 
<>6CBь ?@8725AB8 4> 020@V9. !0?@8:;04, A5=A>@8 <>6CBь 28O28B8 7=865==O 
B8A:C 2 H8=0E 01> ?5@53@V2 4283C=0, I> 4>72>;Oє 2>4Vє2V 2G0A=> 268B8 
70E>4V2 4;O 70?>1V30==O 020@VW. 

�D<>?48< ;4EFBEG64AAO IoT G FD4AECBDFV 
 >=VB>@8=3 AB0=C 20=B06=8E 02B><>1V;V2. �5;8:V ;>3VAB8G=V :><?0=VW, 

B0:V O: UPS B0 FedEx, 0:B82=> 28:>@8AB>2CNBь IoT 4;O <>=VB>@8=3C AB0=C 
A2>WE 20=B06=8E 02B><>1V;V2. %5=A>@8 2AB0=>2;NNBьAO =0 :;NG>2V 
:><?>=5=B8, B0:V O: 4283C=, B@0=A<VAVO B0 30;ь<V2=0 A8AB5<0, I> 4>72>;Oє 
28O2;OB8 ?>B5=FV9=V ?@>1;5<8 =0 @0==VE 5B0?0E. 

�V03=>AB8:0 ;53:>28E 02B><>1V;V2. �8@>1=8:8 02B><>1V;V2, B0:V O: 
BMW B0 Mercedes-Benz, 2?@>2046CNBь IoT C A2>W <>45;V 4;O 70157?5G5==O 
4V03=>AB8:8 2 @50;ь=><C G0AV. !0?@8:;04, A8AB5<0 BMW ConnectedDrive 
4>72>;Oє 2>4VO< >B@8<C20B8 V=D>@<0FVN ?@> AB0= 02B><>1V;O G5@57 
<>1V;ь=89 4>40B>:. 

 >=VB>@8=3 02B>?0@:V2. �><?0=VW, O:V <0NBь 25;8:V 02B>?0@:8, 
28:>@8AB>2CNBь IoT 4;O <>=VB>@8=3C AB0=C 2AVE B@0=A?>@B=8E 70A>1V2. 
!0?@8:;04, :><?0=VO Uber 28:>@8AB>2Cє IoT 4;O <>=VB>@8=3C AB0=C A2>WE 
02B><>1V;V2, I> 4>72>;Oє >?B8<V7C20B8 >1A;C3>2C20==O B0 7=878B8 28B@0B8. 
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&5E=>;>3VW <0H8==>3> =02G0==O 2 IoT.  0H8==5 =02G0==O 2V4V3@0є 
:;NG>2C @>;ь C 0=0;V7V 40=8E, 7V1@0=8E 70 4>?><>3>N IoT. �;3>@8B<8 
<0H8==>3> =02G0==O 4>72>;ONBь 28O2;OB8 70:>=><V@=>ABV 2 40=8E, I> 
4>72>;Oє ?@>3=>7C20B8 =5A?@02=>ABV B0 >?B8<V7C20B8 >1A;C3>2C20==O. 
!0?@8:;04, :><?0=VO Tesla 28:>@8AB>2Cє <0H8==5 =02G0==O 4;O 0=0;V7C 
40=8E 7 A5=A>@V2 A2>WE 02B><>1V;V2, I> 4>72>;Oє 28O2;OB8 ?>B5=FV9=V 
?@>1;5<8 =0 @0==VE 5B0?0E. 

�EAB6AV C9D9647< @4L<AAB7B A46K4AAO 6 IoT 
#@>3=>7C20==O =5A?@02=>AB59. �;3>@8B<8 <0H8==>3> =02G0==O 

4>72>;ONBь ?@>3=>7C20B8 =5A?@02=>ABV =0 >A=>2V VAB>@8G=8E 40=8E. 
"?B8<V70FVO >1A;C3>2C20==O.  0H8==5 =02G0==O 4>72>;Oє >?B8<V7C20B8 

3@0DV:8 >1A;C3>2C20==O, I> 4>72>;Oє 75:>=><8B8 G0A B0 @5AC@A8. 
#V428I5==O B>G=>ABV 4V03=>AB8:8. �;3>@8B<8 <0H8==>3> =02G0==O 

4>72>;ONBь 28O2;OB8 =02VBь =57=0G=V 0=><0;VW, O:V <>6CBь 2:07C20B8 =0 
?>B5=FV9=V ?@>1;5<8. 

В<>?<>< 6CDB648:9AAO IoT G FD4AECBDFV 
�8A>:0 20@BVABь V=D@0AB@C:BC@8. �?@>20465==O IoT 28<030є 7=0G=8E 

V=25AB8FV9 C A5=A>@8, <5@56V ?5@540GV 40=8E B0 E<0@=V ?;0BD>@<8. *5 <>65 
1CB8 ?5@5H:>4>N 4;O <0;8E B0 A5@54=VE ?V4?@8є<AB2. 

�V15@157?5:0. IoT-A8AB5<8 є 2@07;828<8 4> :V15@0B0:, I> <>65 
?@8725AB8 4> 28B>:C 40=8E 01> =02VBь 4> 2B@CG0==O 2 @>1>BC B@0=A?>@B=8E 
70A>1V2. &><C 206;82> 70157?5G8B8 =04V9=89 70E8AB 40=8E. 

%:;04=VABь V=B53@0FVW. �=B53@0FVO IoT-A8AB5< 7 VA=CNG8<8 
B@0=A?>@B=8<8 70A>10<8 <>65 1CB8 A:;04=>N, >A>1;82> 4;O AB0@VH8E 
<>45;59 02B><>1V;V2. 

#5@A?5:B828 @>728B:C IoT C B@0=A?>@BV.  091CB=є IoT C 
B@0=A?>@B=V9 AD5@V ?>2’O70=5 7 @>728B:>< =>2VB=VE B5E=>;>3V9, B0:8E O: 5G, 
1;>:G59= B0 HBCG=89 V=B5;5:B. !0?@8:;04, 5G 4>72>;8Bь ?5@54020B8 40=V 7 
A5=A>@V2 =01030B> H284H5, I> 4>72>;8Bь ?>:@0I8B8 B>G=VABь 4V03=>AB8:8. 
�;>:G59= <>65 28:>@8AB>2C20B8AO 4;O 70157?5G5==O 157?5:8 40=8E, 0 
HBCG=89 V=B5;5:B 3 4;O 1V;ьH B>G=>3> ?@>3=>7C20==O =5A?@02=>AB59. 

&5E=>;>3VW IoT 2V4:@820NBь =>2V <>6;82>ABV 4;O 4V03=>AB8:8 B0 
?@>3=>7C20==O B5E=VG=>3> AB0=C B@0=A?>@B=8E 70A>1V2. �>=8 4>72>;ONBь 
?V428I8B8 5D5:B82=VABь >1A;C3>2C20==O, 70?>1V30B8 A5@9>7=8< ?>;><:0< B0 
?V428IC20B8 157?5:C =0 4>@>30E. !572060NG8 =0 28:;8:8, B0:V O: 28A>:0 
20@BVABь V=D@0AB@C:BC@8 B0 :V15@157?5:0, IoT <0є 25;8:89 ?>B5=FV0; 4;O 
@>728B:C 2 B@0=A?>@B=V9 AD5@V.  091CB=є IoT C B@0=A?>@BV ?>2’O70=5 7 
V=B53@0FVєN =>2VB=VE B5E=>;>3V9, B0:8E O: 5G, 1;>:G59= B0 HBCG=89 V=B5;5:B, 
I> 4>72>;8Bь AB2>@8B8 1V;ьH 5D5:B82=C, 157?5G=C B0 5:>;>3VG=> ABV9:C 
B@0=A?>@B=C A8AB5<C. 
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'�� 629.113 
�0;>O= �.�.1, �@BNE ". .2 
1 ABC4. 3@. &-114< !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

�.�. �0;>O=, ". . �@BNE 
$"���&"� �!($�%&$'�&'$� ��/ ��$/�!�) %&�!*�� 
����&$" "�����: �"%��� Є�$"#� &� '�$��!� 

$>728B>: V=D@0AB@C:BC@8 4;O 70@O4=8E AB0=FV9 5;5:B@><>1V;V2 є 
:;NG>28< D0:B>@>< 4;O 7@>AB0==O @8=:C 5;5:B@><>1V;ь=>3> B@0=A?>@BC. 
Є2@>?59Aь:V :@0W=8 265 4>AO3;8 7=0G=>3> ?@>3@5AC C AB2>@5==V @>730;C65=>W 
<5@56V 70@O4=8E AB0=FV9, 2:;NG0NG8 H284:VA=V 70@O4=V :><?;5:A8 B0 AB0=FVW 
4;O 4><0H=ь>3> 28:>@8AB0==O. � ':@0W=V @>728B>: 70@O4=>W V=D@0AB@C:BC@8 
I5 ?5@51C20є =0 5B0?V AB0=>2;5==O, 0;5 7@>AB0є :V;ь:VABь ?@820B=8E 
V=25AB>@V2, O:V 70FV:02;5=V C @>728B:C FVєW 30;C7V. 

�;O ?>40;ьH>3> @>728B:C =5>1EV4=> 2?@>2046C20B8 :><?;5:A=V 
?@>3@0<8, I> 2:;NG0NBь 45@602=5 AB8<C;N20==O, ?>40B:>2V ?V;ь38 4;O 
V=25AB>@V2, ?V4B@8<:C 1C4V2=8FB20 70@O4=8E :><?;5:AV2 =0 >A=>2=8E 
02B><03VAB@0;OE B0 2 <VAB0E, 0 B0:>6 @>728B>: B5E=>;>3V9 H284:VA=>3> 
70@O460==O. �>A2V4 Є2@>?8 <>65 1CB8 :>@8A=8< C AB2>@5==V V=B53@>20=8E 
A<0@B-<5@56, O:V 4>72>;OBь 10;0=AC20B8 =020=B065==O =0 5=5@3>A8AB5<C B0 
70157?5GC20B8 1V;ьH 5D5:B82=5 28:>@8AB0==O @5AC@AV2. 

В<>?<>< DB;6<F>G VAHD4EFDG>FGD< 6 '>D4WAV 
!54>AB0B=O :V;ь:VABь 70@O4=8E AB0=FV9. !0 2V4<V=C 2V4 :@0W= Є2@>?8, 

45 <5@560 70@O4=8E AB0=FV9 @>728=5=0 4>A8Bь 4>1@5, 2 ':@0W=V WE :V;ь:VABь 
70;8H0єBьAO >1<565=>N, >A>1;82> 2 @53V>=0E 70 <560<8 25;8:8E <VAB. *5 
AB2>@Nє =57@CG=>ABV 4;O 2;0A=8:V2 5;5:B@><>1V;V2, O:V AB8:0NBьAO 7 
?@>1;5<>N 70@O460==O ?V4 G0A B@820;8E ?>W74>:. 

�V4ACB=VABь 45@602=8E ?@>3@0< ?V4B@8<:8. !0 2V4<V=C 2V4 Є2@>?8, 45 
45@6020 0:B82=> ?V4B@8<Cє @>728B>: 70@O4=>W V=D@0AB@C:BC@8 G5@57 AC1A84VW 
B0 ?>40B:>2V ?V;ь38, 2 ':@0W=V ?>4V1=V ?@>3@0<8 I5 =5 >B@8<0;8 H8@>:>3> 
@>7?>2AN465==O. *5 >1<56Cє <>6;82>ABV 4;O V=25AB>@V2, O:V <>3;8 1 
2:;040B8 :>HB8 C 1C4V2=8FB2> 70@O4=8E AB0=FV9. 

#@>1;5<8 7 ?V4:;NG5==O< 4> 5;5:B@><5@56. �C4V2=8FB2> 70@O4=8E 
AB0=FV9 28<030є ?V4:;NG5==O 4> 5;5:B@><5@56, I> <>65 1CB8 A:;04=>N 
7040G5N, >A>1;82> 2 2V440;5=8E @53V>=0E. �@V< B>3>, VA=CNG0 5=5@35B8G=0 
V=D@0AB@C:BC@0 =5 702648 740B=0 28B@8<0B8 =020=B065==O 2V4 H284:VA=8E 
70@O4=8E AB0=FV9. 

�>A2V4 Є2@>?8 C @>728B:C 70@O4=>W V=D@0AB@C:BC@8. Є2@>?59Aь:V 
:@0W=8 265 4>AO3;8 7=0G=>3> ?@>3@5AC C @>728B:C V=D@0AB@C:BC@8 4;O 
5;5:B@><>1V;V2. !0?@8:;04, C !V<5GG8=V 4Vє 45@602=0 ?@>3@0<0 
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«Ladeinfrastrukturförderung», O:0 ?5@5410G0є 284V;5==O :>HBV2 =0 1C4V2=8FB2> 
70@O4=8E AB0=FV9. ' !>@253VW, 45 5;5:B@><>1V;V AB0=>2;OBь ?>=04 50% =>28E 
?@>406V2, 45@6020 0:B82=> ?V4B@8<Cє 2;0A=8:V2 5;5:B@><>1V;V2 G5@57 
?>40B:>2V ?V;ь38, 157:>HB>2=C ?0@:>2:C B0 4>ABC? 4> 284V;5=8E A<C3 4;O 
3@><04Aь:>3> B@0=A?>@BC. 

�EAB6AV 9?9@9AF< є6DBC9=Eь>B7B 8BE6V8G 
�5@602=0 ?V4B@8<:0. Є2@>?59Aь:V :@0W=8 0:B82=> ?V4B@8<CNBь 

@>728B>: 70@O4=>W V=D@0AB@C:BC@8 G5@57 AC1A84VW, ?>40B:>2V ?V;ь38 B0 V=HV 
70E>48. 

,284:VA=V 70@O4=V AB0=FVW. ' Є2@>?V 0:B82=> 1C4CNBьAO H284:VA=V 
70@O4=V AB0=FVW, O:V 4>72>;ONBь 70@O48B8 02B><>1V;ь 4> 80% 70 20330 E28;8=. 

І=B53@>20=V A<0@B-<5@56V. Є2@>?59Aь:V :@0W=8 @>72820NBь V=B53@>20=V 
A<0@B-<5@56V, O:V 4>72>;ONBь 10;0=AC20B8 =020=B065==O =0 5=5@3>A8AB5<C B0 
70157?5GC20B8 1V;ьH 5D5:B82=5 28:>@8AB0==O @5AC@AV2. 

�9DEC9>F<6< DB;6<F>G VAHD4EFDG>FGD< 6 '>D4WAV 
�5@602=0 ?V4B@8<:0. �;O ?>40;ьH>3> @>728B:C V=D@0AB@C:BC@8 

70@O4=8E AB0=FV9 2 ':@0W=V =5>1EV4=> 2?@>2046C20B8 :><?;5:A=V ?@>3@0<8, 
I> 2:;NG0NBь 45@602=5 AB8<C;N20==O, ?>40B:>2V ?V;ь38 4;O V=25AB>@V2, 
?V4B@8<:C 1C4V2=8FB20 70@O4=8E :><?;5:AV2 =0 >A=>2=8E 02B><03VAB@0;OE B0 
2 <VAB0E. !0?@8:;04, C 2021 @>FV 2 ':@0W=V 1C;> ?@89=OB> 70:>=, O:89 
?5@5410G0є 72V;ь=5==O 2V4 A?;0B8 #�� 4;O 5;5:B@><>1V;V2, I> AB8<C;N20;> 
WE V<?>@B. 

&5E=>;>3VW H284:VA=>3> 70@O460==O. "4=8< V7 :;NG>28E =0?@O<:V2 
@>728B:C 5;5:B@><>1V;ь=>ABV є 2?@>20465==O B5E=>;>3V9 H284:VA=>3> 
70@O460==O. !0?@8:;04, :><?0=VO Tesla 0:B82=> @>72820є <5@56C H284:VA=8E 
70@O4=8E AB0=FV9 Supercharger, O:V 4>72>;ONBь 70@O48B8 02B><>1V;ь 4> 80% 70 
20330 E28;8=. � ':@0W=V B0:V B5E=>;>3VW <>3;8 1 7=0G=> ?V428I8B8 
?@8201;82VABь 5;5:B@><>1V;V2 4;O A?>6820GV2. 

�8:>@8AB0==O 2V4=>2;N20=8E 465@5; 5=5@3VW. �;O 70157?5G5==O 
5:>;>3VG=>W ABV9:>ABV 5;5:B@><>1V;ь=>ABV 206;82> 28:>@8AB>2C20B8 
2V4=>2;N20=V 465@5;0 5=5@3VW 4;O 682;5==O 70@O4=8E AB0=FV9. !0?@8:;04, C 
!V45@;0=40E 1030B> 70@O4=8E AB0=FV9 ?@0FNNBь 70 @0EC=>: A>=OG=>W 5=5@3VW, 
I> 4>72>;Oє 7<5=H8B8 2?;82 =0 =02:>;8H=є A5@54>28I5. � ':@0W=V, 7 WW 
7=0G=8< ?>B5=FV0;>< A>=OG=>W B0 2VB@>2>W 5=5@35B8:8, F5 <>65 AB0B8 
206;828< =0?@O<:>< @>728B:C. 

%?V2?@0FO 7 є2@>?59Aь:8<8 ?0@B=5@0<8. ':@0W=0 <>65 28:>@8AB>2C20B8 
4>A2V4 є2@>?59Aь:8E :@0W= 4;O @>728B:C 5;5:B@><>1V;ь=>ABV. !0?@8:;04, C 
!>@253VW, 45 5;5:B@><>1V;V AB0=>2;OBь ?>=04 50% =>28E ?@>406V2, 45@6020 
0:B82=> ?V4B@8<Cє 2;0A=8:V2 5;5:B@><>1V;V2 G5@57 ?>40B:>2V ?V;ь38, 
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02B><>1V;V2 V7 4283C=0<8 2=CB@VH=ь>3> 73>@0==O. �;O 28@VH5==O FVєW 
?@>1;5<8 2A5 1V;ьH5 :@0W= ?5@5E>4OBь =0 5:>;>3VG=> G8ABV 2848 B@0=A?>@BC, 
B0:V O: 5;5:B@8G=V B0 3V1@84=V 02B><>1V;V. 

!0?@8:;04, C !>@253VW ?>=04 70% =>28E 02B><>1V;V2, ?@>40=8E C 2022 
@>FV, 1C;8 5;5:B@8G=8<8. *5 AB0;> <>6;828< 7024O:8 45@602=8< AB8<C;0<, 
B0:8< O: ?>40B:>2V ?V;ь38, 157:>HB>2=0 ?0@:>2:0 B0 4>ABC? 4> 70@O4=8E 
AB0=FV9. #>4V1=V V=VFV0B828 2?@>2046CNBьAO 2 V=H8E :@0W=0E Є2@>?8, B0:8E 
O: !V<5GG8=0 B0 !V45@;0=48, I> A?@8Oє 7<5=H5==N 28:84V2 CO2 B0 
?>:@0I5==N O:>ABV ?>2VB@O 2 <VAB0E. 

�@V< 5;5:B@8G=8E 02B><>1V;V2, 206;828< =0?@O<:>< є @>728B>: 
2>4=528E B5E=>;>3V9. �>45=ь, O:89 28:>@8AB>2CєBьAO 2 ?0;82=8E 5;5<5=B0E, 
=5 28@>1;Oє H:V4;828E 28:84V2, 0 ;8H5 2>4C. �@0W=8, B0:V O: /?>=VO B0 
#V245==0 �>@5O, 0:B82=> V=25ABCNBь C @>728B>: 2>4=52>W V=D@0AB@C:BC@8. 
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!0?@8:;04, :><?0=VO Toyota 265 28?CAB8;0 2>4=5289 02B><>1V;ь Mirai, O:89 
45<>=AB@Cє 28A>:C 5D5:B82=VABь B0 5:>;>3VG=C 157?5:C. 

�:>=><VG=V 0A?5:B8 AB0;>3> B@0=A?>@BC. %B0;89 @>728B>: 
B@0=A?>@B=8E A8AB5< B0:>6 ?5@5410G0є >?B8<V70FVN 5:>=><VG=8E 28B@0B. *5 
2:;NG0є 7<5=H5==O 28B@0B =0 ?0;82>, 5=5@3VN B0 >1A;C3>2C20==O 
B@0=A?>@B=8E 70A>1V2. �;5:B@8G=V 02B><>1V;V, =0?@8:;04, <0NBь =86GV 
5:A?;C0B0FV9=V 28B@0B8 ?>@V2=O=> 7 B@048FV9=8<8 02B><>1V;O<8, >A:V;ь:8 
5;5:B@>5=5@3VO 45H52H0 70 15=78= 01> 4875;ь. �@V< B>3>, 5;5:B@8G=V 4283C=8 
<0NBь <5=H5 @CE><8E G0AB8=, I> 7<5=HCє 28B@0B8 =0 B5E=VG=5 
>1A;C3>2C20==O. �=25AB8FVW 2 =>2VB=V B5E=>;>3VW, B0:V O: 02B>=><=V 
B@0=A?>@B=V 70A>18 B0 V=B5;5:BC0;ь=V B@0=A?>@B=V A8AB5<8, B0:>6 A?@8ONBь 
5:>=><VG=V9 5D5:B82=>ABV. !0?@8:;04, 02B>=><=V 20=B06V2:8 <>6CBь 
7<5=H8B8 28B@0B8 =0 ;>3VAB8:C 70 @0EC=>: >?B8<V70FVW <0@H@CBV2 B0 
7=865==O 28B@0B =0 >?;0BC ?@0FV 2>4VW2. �><?0=VO Tesla 265 B5ABCє 02B>=><=V 
20=B06V2:8 Semi, O:V >1VFONBь 7<5=H8B8 28B@0B8 =0 ?5@52575==O =0 20330%. 

�=B5;5:BC0;ь=V B@0=A?>@B=V A8AB5<8 (ITS) B0:>6 2V4V3@0NBь 206;82C 
@>;ь C 5:>=><VG=><C @>728B:C. �>=8 4>72>;ONBь >?B8<V7C20B8 @CE 
B@0=A?>@BC, 7<5=HCNG8 70B>@8 B0 28B@0B8 ?0;820. !0?@8:;04, C <VABV 
%V=30?C@ 28:>@8AB>2CєBьAO A8AB5<0 ERP (Electronic Road Pricing), O:0 
02B><0B8G=> ABO3Cє ?;0BC 70 ?@>W74 ?> 7020=B065=8E 4>@>30E. *5 AB8<C;Nє 
2>4VW2 C=8:0B8 3>48= ?V: V 28:>@8AB>2C20B8 0;ьB5@=0B82=V <0@H@CB8, I> 
7<5=HCє 70B>@8 B0 28:848 701@C4=NNG8E @5G>28=. 

�=D@0AB@C:BC@=V @VH5==O 4;O AB0;>3> B@0=A?>@BC. $>728B>: AB0;8E 
B@0=A?>@B=8E A8AB5< 28<030є AB2>@5==O 2V4?>2V4=>W V=D@0AB@C:BC@8. *5 
2:;NG0є 1C4V2=8FB2> 70@O4=8E AB0=FV9 4;O 5;5:B@><>1V;V2, @>728B>: 
3@><04Aь:>3> B@0=A?>@BC B0 AB2>@5==O C<>2 4;O 28:>@8AB0==O 25;>A8?54V2 B0 
?VH>EV4=8E 7>=. 

�0@O4=V AB0=FVW є :;NG>28< 5;5<5=B>< V=D@0AB@C:BC@8 4;O 
5;5:B@><>1V;V2. ' Є2@>?V 0:B82=> @>72820єBьAO <5@560 H284:VA=8E 70@O4=8E 
AB0=FV9, B0:8E O: Ionity, O:0 =0;568Bь :>=A>@FVC<C 02B>28@>1=8:V2, 
2:;NG0NG8 BMW, Mercedes-Benz B0 Ford. *V AB0=FVW 4>72>;ONBь 70@O48B8 
02B><>1V;ь 4> 80% 70 20330 E28;8=, I> @>18Bь 5;5:B@8G=V 02B><>1V;V 1V;ьH 
7@CG=8<8 4;O 4>238E ?>W74>:. 

�@><04Aь:89 B@0=A?>@B B0:>6 2V4V3@0є 206;82C @>;ь C AB0;><C 
@>728B:C. �;5:B@8G=V 02B>1CA8, B@0<20W B0 ?>BO38 AB0NBь 2A5 1V;ьH 
?>?C;O@=8<8 2 <VAB0E ?> 2Aь><C A2VBC. !0?@8:;04, C �8B0W ?>=04 99% 
02B>1CA=>3> ?0@:C 2 <VABV ,5=ьG65=ь є 5;5:B@8G=8<8. *5 4>72>;Oє 7=0G=> 
7<5=H8B8 28:848 701@C4=NNG8E @5G>28= B0 ?>:@0I8B8 O:VABь ?>2VB@O 2 
<VABV. 

&5E=>;>3VW 4;O 5D5:B82=>3> C?@02;V==O @CE><. �=B5;5:BC0;ь=V 
B@0=A?>@B=V A8AB5<8 (ITS) є 206;828< V=AB@C<5=B>< 4;O 70157?5G5==O 
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AB0;>3> @>728B:C. �>=8 4>72>;ONBь >?B8<V7C20B8 @CE B@0=A?>@BC, 
7<5=HCNG8 70B>@8, 28B@0B8 ?0;820 B0 28:848 CO2. !0?@8:;04, A8AB5<0 
SCOOT (Split Cycle Offset Optimization Technique), O:0 28:>@8AB>2CєBьAO C 
�5;8:V9 �@8B0=VW, 02B><0B8G=> @53C;Nє B@820;VABь A2VB;>D>@V2 70;56=> 2V4 
V=B5=A82=>ABV @CEC. *5 4>72>;Oє 7<5=H8B8 G0A >GV:C20==O =0 ?5@5E@5ABOE B0 
7=878B8 28:848 701@C4=NNG8E @5G>28=. 

�=HV B5E=>;>3VW, B0:V O: V2X (Vehicle-to-Everything), 4>72>;ONBь 
B@0=A?>@B=8< 70A>10< >1<V=N20B8AO 40=8<8 7 V=D@0AB@C:BC@>N B0 V=H8<8 
02B><>1V;O<8. *5 4>72>;Oє ?>?5@5460B8 2>4VW2 ?@> =5157?5G=V A8BC0FVW, B0:V 
O: 020@VW 01> ?5@5H:>48 =0 4>@>7V, I> 7<5=HCє :V;ь:VABь �&# B0 ?>:@0ICє 
157?5:C 4>@>6=ь>3> @CEC. 

%>FV0;ь=V 0A?5:B8 AB0;>3> B@0=A?>@BC. %B0;89 @>728B>: 
B@0=A?>@B=8E A8AB5< B0:>6 2:;NG0є A>FV0;ь=V 0A?5:B8, B0:V O: 4>ABC?=VABь 
B@0=A?>@BC 4;O 2AVE 25@AB2 =0A5;5==O. *5 >A>1;82> 206;82> 2 <VAB0E, 45 
1030B> ;N459 =5 <0NBь 4>ABC?C 4> >A>18AB>3> 02B><>1V;O. $>728B>: 
3@><04Aь:>3> B@0=A?>@BC, 25;>A8?54=8E 4>@V6>: B0 ?VH>EV4=8E 7>= 4>72>;Oє 
70157?5G8B8 @V2=89 4>ABC? 4> B@0=A?>@B=8E ?>A;C3. 

!0?@8:;04, C �>?5=3035=V (�0=VO) ?>=04 60% <5H:0=FV2 I>4=O W74OBь 
=0 @>1>BC =0 25;>A8?54V. *5 AB0;> <>6;828< 7024O:8 @>728=CBV9 
V=D@0AB@C:BC@V, O:0 2:;NG0є 25;>A8?54=V 4>@V6:8, ?0@:>2:8 B0 A5@2VA8 7 
?@>:0BC 25;>A8?54V2. *5 =5 ;8H5 7<5=HCє 28:848 CO2, 0;5 9 ?>:@0ICє 
74>@>2’O <5H:0=FV2. 

�?;82 F8D@>28E B5E=>;>3V9 =0 AB0;89 B@0=A?>@B. *8D@>2V 
B5E=>;>3VW, B0:V O: 1;>:G59=, V=B5@=5B @5G59 (IoT) B0 HBCG=89 V=B5;5:B (,�), 
B0:>6 2V4V3@0NBь 206;82C @>;ь C AB0;><C @>728B:C B@0=A?>@B=8E A8AB5<. *5 
4>72>;Oє 7<5=H8B8 28B@0B8 B0 ?V428I8B8 ?@>7>@VABь ?@>F5AV2. �=B5@=5B 
@5G59 (IoT) 4>72>;Oє ?V4:;NG0B8 B@0=A?>@B=V 70A>18 4> V=B5@=5BC, I> 
4>72>;Oє 2V4AB56C20B8 WE=V9 AB0= C @50;ь=><C G0AV. !0?@8:;04, :><?0=VO 
Volvo 28:>@8AB>2Cє IoT 4;O <>=VB>@8=3C AB0=C A2>WE 20=B06V2>:, I> 4>72>;Oє 
7<5=H8B8 28B@0B8 =0 >1A;C3>2C20==O B0 70?>1V3B8 ?>;><:0<. ,BCG=89 
V=B5;5:B (,�) 28:>@8AB>2CєBьAO 4;O >?B8<V70FVW <0@H@CBV2, ?@>3=>7C20==O 
?>?8BC =0 B@0=A?>@B=V ?>A;C38 B0 C?@02;V==O V=D@0AB@C:BC@>N. !0?@8:;04, 
:><?0=VO Uber 28:>@8AB>2Cє ,� 4;O ?@>3=>7C20==O ?>?8BC =0 ?>W74:8, I> 
4>72>;Oє 5D5:B82=> @>7?>4V;OB8 2>4VW2 B0 7<5=HC20B8 G0A >GV:C20==O 4;O 
?0A068@V2. 

#@02>2V B0 @53C;OB>@=V 0A?5:B8. �;O 70157?5G5==O AB0;>3> @>728B:C 
B@0=A?>@B=8E A8AB5< =5>1EV4=V GVB:V ?@02>2V B0 @53C;OB>@=V @0<:8. *5 
2:;NG0є 70E8AB :>=DV45=FV9=>ABV :>@8ABC20GV2 B0 70?>1V30==O :V15@0B0:0<, 
O:V <>6CBь ?>@CH8B8 @>1>BC B@0=A?>@B=8E A8AB5<. 
 

 



86 

 

'�� 539.4.015:539.43 
#0=G5=:>  . .1, �565=>2 %.".2 

1 ABC4. 3@. ���-212 !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

 . . #0=G5=:>, %.". �565=>2 
�!���� �(��&��!"%&� #$"*�%�� !��$���!!/ &�$ �+!" 
 �%��!�) ��$"��� $��!"� ("$ � � )$" �%&�) %&���� 

� ACG0A=><C <0H8=>1C4C20==V H8@>:>3> @>7?>2AN465==O 7=09H;8 
E@><8ABV AB0;V 4;O 283>B>2;5==O 45B0;59, I> 5:A?;C0BCNBьAO 2 03@5A82=8E 
A5@54>28I0E. !091V;ьH89 5D5:B ?V428I5==O 2;0AB82>AB59 B0:8E <0B5@V0;V2 
A?>AB5@V30єBьAO C B5@<VG=> >1@>1;5=><C AB0=V (30@BC20==O 7 ?>40;ьH8< 
2V4?CI5==O<). #@>B5 @V2=><V@=VABь DV78G=8E 2;0AB82>AB59 C74>26 ?5@5@V7C 
28@>1C C 7=0G=V9 <V@V 70;568Bь 2V4 @V2=><V@=>ABV B5<?5@0BC@=>3> ?>;O, I> 
CB2>@NєBьAO 2 ?@>F5AV =03@V20==O 28@>1C 4> 7040=8E B5<?5@0BC@, >A>1;82>, 
O:I> =03@V20NBьAO B5@<VG=> <0A82=V BV;0 7 4>AB0B=ь> 25;8:8< 2=CB@VH=V< 
B5@<VG=8< >?>@>< (Bi > 0,5). 

 5B>N 4>A;V465==O є 0=0;V7 ?0@0<5B@V2 5D5:B82=>ABV @V7=8E @568<V2 
?@>F5AC =03@V20==O B5@<VG=> <0A82=8E 28@>1V2 @V7=>W D>@<8 7 E@><8AB8E 
AB0;59 7 C@0EC20==O< :V=F52>W =5@V2=><V@=>ABV B5<?5@0BC@=>3> ?>;O C74>26 
?5@5@V7C 28@>1V2, 0 B0:>6 5=5@3>28B@0B B0 28B@0B G0AC =0 74V9A=5==O 
B5E=>;>3VG=>W >?5@0FVW =03@V20==O. 

�>A;V46C20;8 ?@>F5A =03@V20==O B5@<VG=> <0A82=8E 28@>1V2 
F8;V=4@8G=>W B0 ?;0AB8=G0AB>W D>@<8 7V AB0;59 7 2<VAB>< E@><C 2V4 11% 4> 
13% 2V4 ?>G0B:>2>W B5<?5@0BC@8 t0 = 20°% 4> B5<?5@0BC@ 30@BC20==O (t|x/L=1 = 

1050°%) 7 @V7=8<8 @568<0<8 B5?;>>1<V=C. $>73;O40;8 ?@>F5A ?5@5=5A5==O 
B5?;>B8 B5?;>?@>2V4=VABN 2V4 ?>25@E=V 28@>1C =5>1<565=>W 4>268=8 4> 9>3> 
F5=B@C 70 =57<V==8E C<>2 7>2=VH=ь>3> B5?;>>1<V=C, I> є =5AB0FV>=0@=>N 
>4=><V@=>N 7040G5N 7 3@0=8G=8<8 C<>20<8 ���-3> @>4C. 

�0@VN20;8 V=B5=A82=VABь ?@>F5AC ?V42545==O B5?;>2>W 5=5@3VW 4> 
?>25@E=V 28@>1V2, I> E0@0:B5@87CєBьAO 7=0G5==O< AC<0@=>3> :>5DVFVє=B0 
B5?;>2V440GV αΣ, B0 25;8G8=C B5<?5@0BC@=>3> =0?>@C =0 ?>25@E=N 28@>1C, I> 
E0@0:B5@87CєBьAO 7=0G5==O< 157@>7<V@=>3> B5<?5@0BC@=>3> :@8B5@VN Θ|x/L=1 = 

(th 3 t|x/L=1) / (th 3 t0), 45 th 3 B5<?5@0BC@0 7>2=VH=ь>3> B5?;>=>AVO. 
�D5:B82=VABь ?@>F5AC A8<5B@8G=>3> =03@V20==O >FV=N20;8 70 B0:8<8 

?0@0<5B@0<8: =5@V2=><V@=VABь @>7?>4V;C B5<?5@0BC@ C74>26 ?5@5@V7C 28@>1V2 
Δt = t|x/L=1 3 t|x/L=0, °%; B@820;VABь ?@>F5AC =03@V20==O Ä, A; AC<0@=0 :V;ь:VABь 
B5?;>2>W 5=5@3VW, O:C 70B@0G5=> =0 =03@V20==O >48=8FV ?;>IV ?>25@E=V 28@>1C 
4> 7040=>W B5<?5@0BC@8, Q, �:0;./<2. 

$57C;ьB0B8 4>A;V465==O ?@54AB02;5=> =0 @8AC=:C 1 C 283;O4V 
70;56=>AB59 ?0@0<5B@V2 5D5:B82=>ABV 2V4 2V4=>A=>3> B5<?5@0BC@=>3> =0?>@C 
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4;O @V7=8E A?>A>1V2 =03@V20==O, 0 B0:>6 4;O @V7=8E 7=0G5=ь :>5DVFVє=B0 
B5?;>2V440GV αΣ, O:89 7<V=N20;8 2V4 αΣ (min) = 150 �B/(<2∙�) 4> αΣ (max) = 200 

�B/(<2∙�), I> 2V4?>2V40;> 4V0?07>=C 7=0G5=ь :@8B5@VN �V> 2V4 0,534 4> 0,717. 
�0 @57C;ьB0B0<8 4>A;V465=ь 2AB0=>2;5=>, I> =091V;ьH VAB>B=89 2?;82 

=0 2AV ?0@0<5B@8 5D5:B82=>ABV ?@>F5AC =03@V20==O E@><8AB8E AB0;59 4> 
B5<?5@0BC@ 30@BC20==O <0є 25;8G8=0 2V4=>A=>3> B5<?5@0BC@=>3> =0?>@C, ?@8 
71V;ьH5==V O:>3> 2 <560E 2V4 0,5% 4> 4,5%: =5@V2=><V@=VABь B5<?5@0BC@ 
C74>26 ?5@5@V7C 28@>1V2 7@>AB0є <0965 =0 ?>@O4>:. #@8 Fь><C D>@<0 28@>1C 
=0 @>7?>4V; B5<?5@0BC@ C74>26 ?5@5@V7C =5 2?;820є. +0A ?@>F5AC =03@V20==O 
B0 A?>6820==O B5?;>2>W 5=5@3VW 7<5=HCNBьAO ?@81;87=> >4=0:>2> =0 30% O: 
4;O 28@>1V2 F8;V=4@8G=>W D>@<8, B0: V C D>@<V ?;0AB8=. #@>B5 F8;V=4@8G=V 
28@>18 ?>B@51CNBь <0965 242VGV <5=H>W :V;ь:>ABV B5?;>2>W 5=5@3VW V G0AC 4;O 
=03@V20==O. 

 

 
$8AC=>: 1 3 �0;56=>ABV 5D5:B82=8E ?0@0<5B@V2 ?@>F5AC =03@V20==O 28@>1V2 
@V7=8E D>@< 7 E@><8AB8E AB0;59 2V4 2V4=>A=>3> B5<?5@0BC@=>3> =0?>@C 

 

�1V;ьH5==O :>5DVFVє=B0 B5?;>2V440GV <0965 =5 2?;820є =0 :V;ь:VABь 
A?>68B>W B5?;>2>W 5=5@3VW (1;87ь:> 2% 4;O ?;0AB8= V 1,5% 4;O F8;V=4@V2), 
?@>B5 4C65 ACBBє2> A:>@>GCє O: 4;O ?;0AB8=, B0: V 4;O F8;V=4@V2 (1;87ь:> 
24%) G0A ?@>F5AC =03@V20==O 7 2V4=>A=> =57=0G=8< 71V;ьH5==O< 
=5@V2=><V@=>ABV ?>;O B5<?5@0BC@. 
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'�� 621.43.03 
%;8=ь:> �.�.1, �09F52  .#.2 
1 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. 3@. &-412A? !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

�.�. %;8=ь:>,  .#. �09F52 
("$%'!�� �!���&"$!�) %�%&�  ����'!�� ��&" "����� 

��$"�!�*&�� «��&"���» 

%8AB5<8 2?>@A:C20==O ?0;820, O: @>7?>4V;5=V, B0: V 157?>A5@54=ь>3> 
2?>@A:C20==O, 265 AB0;8 :;0A8G=8<8 4;O ACG0A=8E 02B><>1V;ь=8E 4-B0:B=8E 
4283C=V2 2=CB@VH=ь>3> 73>@0==O 7 VA:@>28< 70?0;N20==O<. !0 2V4<V=C 2V4 
:0@1N@0B>@=>W A8AB5<8, 2 V=65:B>@=V9 ?0;82> 4>7CєBьAO 1V;ьH B>G=>, V 
2?>@A:CєBьAO C 2?CA:=89 :>;5:B>@ 01> 157?>A5@54=ь> 2 F8;V=4@ 70 
4>?><>3>N >4=VєW 01> :V;ь:>E D>@AC=>:. 

� 70;56=>ABV 2V4 ?@8=F8?C @>1>B8 @>7@V7=ONBь D>@AC=:8: 
3 <5E0=VG=V; 
3 5;5:B@><03=VB=V; 
3 5;5:B@>3V4@02;VG=V; 
3 ?’є7>5;5:B@8G=V. 
�> >A=>2=8E E0@0:B5@8AB8: D>@AC=>: 2V4=>AOBьAO: 
3 F8:;>20 ?>40G0 ?0;820 3 =09206;82VH89 ?0@0<5B@, I> E0@0:B5@87Cє 

>1’є<=C (A<3) :V;ь:VABь ?0;820, 2?>@A:C20=C 70 1 E2 G0AC; 
3 @>1>G89 B8A: ?0;820,  #0; 
3 5;5:B@8G=89 >?V@, "<; 
3 H284:VABь A?@0Fь>2C20==O, <∙A-1; 

3 :CB @>7?8;C, 3@04; 
3 :V;ь:VABь >B2>@V2 2 @>7?8;N20GV; 
3 40;5:>1V9=VABь D0:5;C @>7?8;C. 
/:I> E>G0 1 >48= 7 ?5@5@0E>20=8E ?0@0<5B@V2 28945 70 4>?CAB8<V <56V, 

A8AB5<0 ?0;82>?>40GV 1C45 ?@0FN20B8 =5:>@5:B=>, V CB2>@N20B8 
?0;82>?>2VB@O=C AC<VH =5?@028;ь=>3> A:;04C. � F5, 2 A2>N G5@3C, =530B82=> 
?>7=0G8BьAO =0 @>1>BV 4283C=0 3 7<5=H5==O ?>BC6=>ABV, 71V;ьH5==O 28B@0B8 
?0;820, ?>3V@H5==O 5:>;>3VG=8E ?>:07=8:V2 2V4?@0Fь>20=8E 307V2. 

� >3;O4C =0 A:;04=VABь B5E=>;>3VW 283>B>2;5==O D>@AC=>:, WE 28@>1;Oє 
>1<565=0 :V;ь:VABь ?V4?@8є<AB2. $V7=V 28@>1=8:8 D>@AC=>: <0NBь 2;0A=V 
?>7=0G5==O <>45;59. 

$>73;O=5<> ?0@0<5B@8 D>@AC=>:, I> 28:>@8AB>2CNBьAO =0 4283C=0E 
;53:>28E 02B><>1V;V2 28@>1=8FB20 702>4C �2B>��� (B01;. 1). 
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&01;8FO 1 3 �283C=8 ;53:>28E 02B><>1V;V2 28@>1=8FB20 702>4C �2B>��� B0 
28:>@8AB>2C20=V =0 =8E ?0;82=V D>@AC=:8 

 >45;ь 4283C=0 / 
@>1>G89 >1’є<, A<3 / 

5D5:B82=0 
?>BC6=VABь, :�B 

 >45;ь 
?0;82=>W 
D>@AC=:8 

�8B@0B0 
?0;820, 
A<3∙A-1 

*8:;>20 
?>40G0 
?0;820, 
<;/F8:; 

�V;ь:VABь 
>B2>@V2 
@>7?8;N-

20G0 

 5 �-247/1197/46 
Bosch 

EV1 
4,17 3,5&4,0 4 

 5 �-307/1299/51 Bosch 

0280158110 
3,67&4,0 3,5&4,0 4  5 �-3071/1299/49 

A14SMS/1349/54 
PMC 

HCFIC-005 
3,17&3,67 3,5&4,0 2 

 � � 317/1386/56 Siemens 

VAZ-6238 
3,67 4,0 4 

Acteco 

SQR477F/1497/80 

Bosch 

F 01R 00M 014 
4,17 4,0 4 

A15SMS/1498/63 GM 96334808 4,17 4,0 2 

A15DMS/1498/74 
Delphi 

96334808 DP 
4,17 4,0 2 

A16DMS/1598/78 
Bosch 

0280158107 
3,67 4,0 4 

%20NED/1998/85 GM 17120683 3,4 4,0 6 

X20SED/1998/89 
Libron 

01LB0389 
3,4 4,0 6 

X22SE/2198/100 GM 12569091 4,0 4,0 2 

 

�AV D>@AC=:8 =02545=V 2 B01;8FV 1 AE>6V :>=AB@C:B82=>: 
5;5:B@><03=VB=V, 7 :5@C20==O< 2V4 5;5:B@>==>3> 1;>:C C?@02;V==O 4283C=><, 
7 2, 4 01> 6 >B2>@0<8 2 @>7?8;N20GV. 

� 0=0;V7C B01;8FV 1 28?;820є, I> D>@AC=:8, O:V 28:>@8AB>2CNBьAO =0 
4283C=0E 7 @>1>G8< >1’є<>< 2V4 1,2 ; 4> 1,6 ;, <0NBь ?@0:B8G=> >4=0:>2V 
E0@0:B5@8AB8:8. !5>1EV4=VABь 28:>@8AB0==O @V7=8E D>@AC=>: 28:;8:0=0, 
3>;>2=8< G8=><, >A>1;82>ABO<8 :><?>=C20==O 5;5<5=BV2 A8AB5<8 682;5==O 
=0 4283C=V. 
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'�� 533.1 
*>:>BC= #.�.1, �09F52  .#.2 
1 AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. 3@. &-412A? !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

#.�. *>:>BC=,  .#. �09F52 
���"$�%&�!!/ ���"��!� �+!�) ('!�*�� #$� 

$"�$�)'!�' $')' ���"��) #"&"��� 

' ACG0A=><C A2VBV ?@8 @>7@0EC=:C, ?@>є:BC20==O 45B0;59 V 2C7;V2, 
?>2’O70=8E 7 @CE>< ?0;82=8E V ?>2VB@O=8E ?>B>:V2 ?> :0=0;0E, 25;8:5 
7=0G5==O ?@84V;OєBьAO B0: 720=8< 307>48=0<VG=8< DC=:FVO<, O:V 
4>?><030NBь :@0I5 282G0B8 ?>B>:8, B5?;>2V @568<8 @CEC, 0 B0:>6 WE 
E0@0:B5@8AB8:8. 

"B@8<0=> @V2=O==O 307>48=0<VG=8E DC=:FV9, I> ?>7=0G0NBьAO O: Ä(λ), 
Ã(λ), ·(λ), 0 B0:>6 2<VAB B5?;0 2 ?>B>:0E ?0;820 01> ?>2VB@O 2 A8AB5<V 
682;5==O 4283C=V2 2=CB@VH=ь>3> 73>@0==O. �;O Fь>3> A:>@8AB0є<>AO 
@V2=VABN A?V22V4=>H5==O B5<?5@0BC@ 2 5=5@35B8G=> V7>;ь>20=><C ?0;82=><C 
01> ?>2VB@O=><C ?>B>FV, B>1B>: 

 

2

0

1
1

1

T >
T >

−
= − 

+
 ,                                         (1) 

 

45 & 3 B5<?5@0BC@0 30;ь<C20==O 2 1C4ь-O:V9 B>GFV ?>B>:C, �; &0 = 300 K 3 
B5<?5@0BC@0 30;ь<C20==O ?>B>:C; λ 3 2V4=>H5==O H284:>ABV ?>B>:C 4> 
:@8B8G=>W H284:>ABV, 1C45<> =07820B8 :>5DVFVє=B>< H284:>ABV 
 

;
2

1

>
RT

>

÷ =

+

                                               (2) 

 

45 : = 1,4 3 ?>:07=8: 04V010B8 4;O ?>2VB@O, V=HV 7=0G5==O 4;O 
?0;82>?>2VB@O=>W AC<VHV; R 3 307>20 AB0;0. 

 

/:I> <8 ?>7=0G8<> 
 

21
1 ( ),

1

>
>

 ô −
−  =

+
                                         (3) 
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7 28@07C 28?;820є, I> 7=0G5==O DC=:FVW Ä(λ) <>=>B>==> 7<5=HCєBьAO 2V4 1 4> 
0, 7V 71V;ьH5==O< λ 2V4 0 4> λmax, O:0 є 3@0=8G=8< 7=0G5==O< 

 

λmax к + 1к − 1. 
 

�2545<> ?>=OBBO 307>48=0<VG=8E DC=:FV9 Ã(λ), ·(λ), Ä(λ), I> ?>2’O7CNBь 
2V4=>H5==O B8A:C V 3CAB8=8 2 ?>B>FV 4> B8A:C V 3CAB8=8 7030;ь<>20=>3> 
?>B>:C. 

�2545<> ?>7=0G5==O 307>48=0<VG=8E DC=:FV9: 
3 B8A: 

1 1
21

( ) 1
1

> >
> >

> >

Р Т >
Р Т >

  
− −ö ö −ö ö= = = − ÷ ÷ ÷ ÷+ø øø ø

 ;                      (4) 

 

3 B5<?5@0BC@0 

21
( ) 1

1>

Т >
Т >

ô  −
= = − 

+
 ;                                    (5) 

 

3 3CAB8=0 
1 1

1 1
21

( ) 1
1

> >

> >

Т >
Т >

ò  
ò

− −ö ö −ö ö= = = − ÷ ÷ ÷ ÷+ø øø ø
 ;                      (6) 

 

"B@8<0є<> 72’O7>: <V6 307>48=0<VG=8<8 DC=:FVO<8, 4;O Fь>3> 
=0?8H5<> @V2=O==O AB0=C @5G>28=8 

 

PV = RT,                                                    (7) 

 

70AB>ACє<> ?0@0<5B@8 30;ь<C20==O $>, &>, V>, @>74V;8<> @V2=O==O AB0=C =0 
?0@0<5B@8 30;ь<C20==O, >B@8<0є<> 
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> > >

PV Т
R

PV Т
=  ,                                               (8) 

 

40;V ?V4AB028<> 307>48=0<VG=V DC=:FVW 
 

( );
>

P

P
 =  

1
1
;

1 ( )

o

>
o

V

V

òò
ò  ò

= = =  ( ),
>

T

T
ô =                 (9) 

 

>B@8<0є<> 70;56=VABь <V6 307>48=0<VG=8<8 DC=:FVO<8 B8A:C, 3CAB8=8 

 

1
( ) ( );

( )
  ô 

 
 =  

( )
( ) .

( )

  
ô 

=                                    (10) 

 

"B@8<0=V 307>48=0<VG=V DC=:FVW Ã(λ), ·(λ), Ä(λ), O:V >1G8A;NNBьAO ?@8 
@V7=8E ?>B>:0E, є C 2V4?>2V4=8E A?5FV0;ь=8E B01;8FOE, 2 O:8E =02545=V 
7=0G5==O 307>48=0<VG=8E DC=:FV9 4;O :>6=>3> 7=0G5==O λ. 

�V 7=0G5=ь B01;8FV <>6=0 H284:> @>7@0EC20B8 307>48=0<VG=V DC=:FVW, 0 
70 =8<8 3 ?0@0<5B@8 30;ь<C20==O C 2?CA:=><C V 28?CA:=><C :0=0;0E 
02B><>1V;ь=8E V B@0:B>@=8E 4283C=V2, 4;O @V7=8E 7=0G5=ь DC=:FVW, I> 
E0@0:B5@87Cє B5@<>48=0<VG=89 AB0= ?>B>:C. 
 

 

'�� 621.43 
�09F52  .#.1, %CE>=>A $.(.2 
1 ABC4. 3@. &-412A? !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 0A?., AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

 .#. �09F52, $.(. %CE>=>A 
����'! FERRARI V12 � "���Ь!� � #"$,!/ � 

' 25@5A=V 2024 @. @>:C VB0;V9Aь:89 28@>1=8: AC?5@:0@V2 Ferrari S.p.A. 
?>402 4> є2@>?59Aь:>3> ?0B5=B=>3> 2V4><AB20 (Є$") 70O2:C =0 02B><>1V;ь=89 
4283C= 7 >20;ь=8<8 ?>@H=O<8. ' 15@57=V 2025 @. >@30=V70FVO 2840;0 
2V4?>2V4=89 ?0B5=B [1] =0 28=0EV4 (@8A. 1). 
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$8AC=>: 1 3 %E5<0 4283C=0 7 >20;ь=8<8 ?>@H=O<8 Ferrari [1] 

 

 
$8AC=>: 2 3 %E5<0 4283C=0 7 >20;ь=8<8 ?>@H=O<8 Honda NR [2] 

 

!0 2V4<V=C 2V4 >20;ь=8E ?>@H=V2 2 <>B>F8:;0E Honda NR (@8A. 2), O:V 
@>7B0H>2C20;8AO ?>74>26=ь> 3 WE 4>230 AB>@>=0 1C;0 ?0@0;5;ь=0 
:>;V=G0AB><C 20;C, V 28:>@8AB>2C20;8 ?> 420 H0BC=0 =0 :>65= ?>@H5=ь 3 2 
Ferrari @>7B0HC20;8 4>23C AB>@>=C ?>@H=O ?5@?5=48:C;O@=> :@82>H8?C. *5 
4>72>;Oє 7@>18B8 4283C= 1V;ьH :><?0:B=8< [2]. 

"A:V;ь:8 ?>@H=V ��� B@048FV9=>W :>=AB@C:FVW <0NBь ?@0:B8G=> 
F8;V=4@8G=C D>@<C, >4=8< 7 =54>;V:V2 B0:>W :>=AB@C:FVW є 25;8:0 ?;>I0 
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:>=B0:BC ?>@H=O 7 475@:0;>< F8;V=4@0. � >20;ь=8E ?>@H=OE Ferrari ?;>I0 
:>=B0:BC 7<5=HCєBьAO. 

�=65=5@8 Ferrari <>6CBь 7=0G=> A:>@>B8B8 7030;ь=C 4>268=C 4283C=0 
V12, I> 4>72>;8Bь AB2>@8B8 1V;ьH :><?0:B=C :>=AB@C:FVN 157 =5>1EV4=>ABV 
2B@0G0B8 ?;>IC ?>25@E=V ?>@H=N 01> @>1>G>3> >1’є<C. � O:>ABV 4>40B:>2>W 
?5@52038 ?5@54 :;0A8G=8< 4283C=>< 7 >:@C3;8<8 2 ?5@5B8=V ?>@H=O<8  
V=65=5@8 <0NBь <>6;82VABь 71V;ьH8B8 ?;>IC ?>25@E=V :;0?0=0 01> 70 
@0EC=>: 1V;ьH 25;8:8E :;0?0=V2, 01> 70 @0EC=>: 71V;ьH5==O :V;ь:>ABV 
:;0?0=V2 =0 F8;V=4@V. 

/:I> 28<V@OB8 35><5B@VN ?>@H=O (@8A. 3), B> <>6=0 28O28B8, I> 9>3> 
@>7<V@8 B0 D>@<0 C @V7=8E G0AB8=0E 2V4@V7=OєBьAO. �>:@5<0, 2V= =0304Cє B@>E8 
7402;5=C 7 1>:V2 A:;O=:C, ?@8G><C 4=> ?>@H=O, 725@=5=5 4> :0<5@8 73>@0==O, 
<5=H5, =V6 :>;> 2 =86=V9 G0AB8=V A?V4=8FV. *5 7@>1;5=> 4;O B>3>, I>1 ?@8 
@>1>BV, :>;8 4=> A8;ь=> =03@V20єBьAO B0 @>7H8@NєBьAO, ?>@H5=ь =5 
70:;8=8;>. � B@>E8 A?;NI5=0 D>@<0 7 1>:V2 4>72>;Oє ?@>B8AB>OB8 
=020=B065==O<, I> 28=8:0NBь 7 1>:C H0BC=0. �8:>@8AB0==O 1C4ь-O:>W V=H>W 
D>@<8 G5@57 =5@V2=><V@=5 =03@V20==O B0 @>7H8@5==O ABV=>: F8;V=4@0 <>65 
28:;8:0B8 45D>@<0FVN ?>@H=O V ?@8725AB8 4> 28E>4C <>B>@0 7 ;04C. 

 

 
$8AC=>: 3 3 %E5<0 >20;ь=>3> ?>@H=O Ferrari [1] 

 

 5B>N Fь>3> 28=0E>4C є AB2>@5==O 4283C=0 4;O B@0=A?>@B=8E 70A>1V2 
157 =54>;V:V2, 28:;045=8E 28I5, O:89 є :><?0:B=8< B0 1V;ьH ?>BC6=8< 
7024O:8 1V;ьHV9 :0<5@V 73>@0==O B0/01> 1V;ьHV9 :V;ь:>ABV :;0?0=V2. �>;>2=8< 
=54>;V:>< є 20@BVABь 283>B>2;5==O 2=0A;V4>: A:;04=>ABV :>=AB@C:FVW B0 
=5>1EV4=>ABV 28A>:>B5E=>;>3VG=>3> >1;04=0==O. 
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%:;04=> ?@>3=>7C20B8 G8 AB0=5 F59 28=0EV4 =>28< B@5=4>< 2 
4283C=>1C4V2=V9 ?@><8A;>2>ABV, 0465 :><?0=VO =5@V4:> ?@54AB02;Oє B5E=VG=V 
?@>є:B8, O:V B0: V 70;8H0NBьAO =5@50;V7>20=8<8 [3]. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Driving engine for vehicles : european patent EP4517043A1 : F01B9/02 

(EP) / M. Di Sacco. 3 Published 05.03.2025 ; Filed 02.09.2024, Bulletin 2025/10. 3 
13 p. 

2. ,?8@0 �. Ferrari ?0B5=BCє V==>20FV9=89 V12 V7 >20;ь=8<8 ?>@H=O<8 
((>B>) / MMR motor media review : site. URL: 
https://mmr.net.ua/autoworld/koncept/225313 

3. %;8=ь:> �. �., �09F52  . #., %CE>=>A $. (. �>4=5289 3V1@84=89 
4283C= Ferrari // &8645=ь =0C:8-2024. &@0=A?>@B=89 D0:C;ьB5B : &578 
4>?>2V459 =0C:>2>-?@0:B8G=>W :>=D@5=FVW, �0?>@V66O, 15319 :2VB=O 2024 @. 
�0?>@V66O : !' «�0?>@V7ь:0 ?>;VB5E=V:0», 2024. %. 78381. 

https://mmr.net.ua/autoworld/koncept/225313
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%��*�/ «&$�!%#"$&!� &�)!"�"���» 
 

'�� 656.13 
�>9:> %. .1, �>9:> ".%.2, $5CB0 �.�.2 
1 :0=4.B5E=.=0C:., 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 ABC4. �@5<5=GCFь:89 ;ь>B=89 :>;546 )!'�% 

%. . �>9:>, ".%. �>9:>, �.�. $5CB0 
"%"����"%&� ��%&"%'��!!/ %'+�%!�) ���#��"&!�) 

��&��Ь!�) �" #���%�� 

�57?V;>B=V ;VB0;ь=V :><?;5:A8 =0 Aь>3>4=VH=V9 45=ь CA?VH=> 
70AB>A>2CNBьAO 2 B0:8E AD5@0E O: 0@E5>;>3VO, 0@EVB5:BC@0, AV;ьAь:5 
3>A?>40@AB2>, <VAB>1C4C20==O, 05@>B0:AV, :0@B>3@0DVO, :V=>79><:0, 
<>=VB>@8=3 =02:>;8H=ь>3> A5@54>28I0, B0 0:B82=> 9 5D5:B82=> 
28:>@8AB>2CNBьAO ?V4@>74V;0<8 71@>9=8E A8;, =04728G09=8E A8BC0FV9, 
?@8:>@4>==>W A;C618, >E>@>=8 B0 ?@02>?>@O4:C O: ':@0W=8 B0: V V=H8E :@0W= 
A2VBC [1]. 

�57?V;>B=V ;VB0;ь=V :><?;5:A8 (�?��) 4540;V 0:B82=VH5 V=B53@CNBьAO 2 
?@>F5A8 ?@><8A;>28E ?V4?@8є<AB2, 70157?5GCNG8 5D5:B82=VABь, B>G=VABь V 
157?5:C 28:>=0==O 1030Bь>E 70240=ь. �024O:8 A2>W< <>6;82>ABO< �?�� AB0;8 
=570<V==8< V=AB@C<5=B>< C @V7=8E 30;C7OE ?@><8A;>2>ABV [1]. 

%5@54 707=0G5=8E 20@V0=BV2 70AB>AC20==O �?�� A;V4 2:070B8 V WE 
=570<V==VABь B0 5D5:B82=VABь 70AB>AC20==O C 5=5@35B8G=V9 30;C7V, O: ?@8:;04 
?@8 <>=VB>@8=3C AB0=C 28A>:>2>;ьB=8E ;V=V9 5;5:B@>?5@540G. 

�57C<>2=>, <0NG8 @O4 ?5@5203, B0:8E O: 5:>=><VO G0AC B0 @5AC@AV2, 
157?5:0 ?@0FV2=8:V2 ?V4 G0A 28:>=0==O 70240=ь, B>G=VABь B0 5D5:B82=VABь 
28:>=0==O 70240=ь, 4>ABC?=VABь 4> 206:>4>ABC?=8E <VAFь B0 2 C<>20E 7 
?V428I5=>N =5157?5:>N B0 H:V4;828<8 C<>20<8 ?@0FV, є V @O4 >1<565=ь. 
&0:, 4> >1<565=ь  C 28:>@8AB0==V �?�� A;V4 2V4=5AB8 =5>1EV4=VABь 
>B@8<0==O 4>72>;V2 =0 28:>@8AB0==O �?�� 2 ?52=8E 7>=0E, >1<565=0 
B@820;VABь ?>;ь>BC 70;56=> 2V4 є<=>ABV 0:C<C;OB>@V2, 2@07;82VABь 4> 
=5A?@8OB;828E ?>3>4=8E C<>2, =5>1EV4=VABь =0;0HBC20==O ?@>3@0<=>3> 
70157?5G5==O 4;O V=B53@0FVW 7 ?V4?@8є<=8Fь:8<8 A8AB5<0<8, =5>1EV4=VABь C 
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RATIONAL CHOICE OF FLYWHEEL MATERIAL 

Flywheel energy storage devices are mechanical systems that store kinetic 

energy through the inertia of a rotating solid body. For many decades, they have 

proven to be a reliable means of energy storage and of smoothing out energy 
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fluctuations due to their structural simplicity and high reliability. The undeniable 

advantages of flywheels over other types of energy storage devices include 

technological simplicity, high durability, high efficiency, the ability to rapidly store 

and release energy, insensitivity to the number of charge-discharge cycles, and 

environmental safety. 

However, with the advent of modern chemical energy sources, flywheels 

have become inferior in terms of specific energy capacity (53150 Wh/kg vs. 1003
265 Wh/kg) [1]. Practical implementation of flywheels is often limited by the 

technological constraints of most materials: specific strength (strength-to-density 

ratio) [2-3]. These factors significantly narrow the scope for effective design 

solutions. 

The authors’ analysis of the rationality of using high-strength steels, 

aluminum and titanium alloys revealed that some of these materials demonstrate a 

promising balance of specific strength (σ/ρ) and cost. Consideration of economic 
aspects confirmed that the materials can be technologically and economically 

justified depending on the target parameters of the device. 
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COMPARATIVE ANALYSIS OF APPROACHES 

 TO LOW-CYCLE FATIGUE 

Determining the service life of a component subjected to cyclic mechanical 

loads under significant temperature fluctuations, and therefore exposed to thermal, 

thermomechanical, and mechanical fatigue combined with creep, is a complex 

engineering task. In attempts to address this non-trivial problem, over a hundred 

theories of thermomechanical fatigue have been developed. These theories can be 
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classified into the following categories: Damage Summation (DS) (linear or 

nonlinear accumulation of damage from individual load cycles); Frequency 

Separation (FS) (considers differences in the time scales of thermal and mechanical 

loading); Ductility Exhaustion (DE) (analyzes the accumulation of plastic strain 

until a critical threshold is reached); Strain Range Partitioning (SRP) (divides total 

strain into elastic and plastic components to assess fatigue damage); Total Strain-

Based SRP (TS-SRP) (takes into account the full strain range, including 

temperature effects, to predict failure); Strain Energy Partitioning (SEP) (evaluates 

fatigue damage based on the dissipated strain energy within the material) [1]. 

The SEP approach, among other, may be applied for estimating the service 

life of a component made of heat-resistant austenitic steel and subjected to cyclic 

creep and thermomechanical fatigue loading. This method provides a 

comprehensive assessment of all energy-related components of the deformation 

process, including the contribution of plastic deformation and creep. It also enables 

an accurate description of the behavior of austenitic steels under high-temperature 

conditions, where damage mechanisms become energetically interrelated. The SEP 

approach further allows for consideration of the nonlinear nature of damage 

accumulation, which is typical of thermomechanical fatigue in heat-resistant steels 

operating under cyclic thermal and mechanical loading. 
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COMPARATIVE ESTIMATION OF AUTONOMOUS ENERGY SUPPLY 

METHODS FOR INDIVIDUAL USERS 

 

A comparative analysis of autonomous energy supply systems for individual 

users was conducted. There were examined key devices for energy supply: 

generation systems (fuel generators, solar panels, wind turbines) and energy 

storage systems (electrochemical, mechanical, and thermal devices). Estimation 
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criteria included efficiency, environmental friendliness, capability of installation 

and safety of usage. The advantages and disadvantages of each energy generation 

and storage method were identified. 

Comparative calculations were performed, using commercially available 

devices as the baseline option. 

The results of the study showed that the use of fuel-powered generators is the 

most rational solution for individual users where applicable. Electrochemical 

energy storage systems can also be used, although their cost remains high. 

Promising directions include mechanical kinetic energy storage systems and 

thermal energy storage solutions. 

 

REFERENCES 

1. �5=5@0B>@. �C4>20 35=5@0B>@0 V ?@8=F8? 4VW. URL: 
http://gpl.co.ua/index.php?option=com_content&view=article&id=130:generator-

thestructure-and-principle-of-the-generator&catid=34:special-

subjects&Itemid=169 (40B0 725@=5==O: 27.09.2024). 
2. #>@V2=O;ь=0 E0@0:B5@8AB8:0 45O:8E 284V2 ?0;820. 

URL: https://bioopt.com.ua/ua/a240346-sravnitelnaya-harakteristika-

nekotoryh.html (40B0 725@=5==O: 27.09.2024). 
3. %:V;ь:8 28@>1;Oє A>=OG=0 ?0=5;ь. URL: https://sun-

energy.com.ua/articles/skilky-vyroblyaye-sonyachna-panel (40B0 725@=5==O: 
27.09.2024). 

4.  8@CB5=:>, #.#. !0:>?8GC20GV 5=5@3VW. "A=>2=V B8?8 B0 ?5@A?5:B828 
28:>@8AB0==O / #.#. 8@CB5=:>, �.�.�VAB>2I8:. 3 �8W2: �#� V<. �3>@O 
%V:>@Aь:>3>, 2022. 3 10 A. 

 

 

'�� 534.1 
(C@AV=0 �.�. 
:0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

�.�. (C@AV=0  
#�$%#��&��� &� ��%&"%'��!!/ #$�%�"$�!�) 

��#$"�'��!Ь 

' ACG0A=8E C<>20E =0C:>2>-B5E=VG=>3> ?@>3@5AC 7=0G=C @>;ь 2V4V3@0NBь 
?@8A:>@5=V 28?@>1C20==O, I> 4>72>;ONBь >FV=8B8 =04V9=VABь V 4>23>2VG=VABь 
28@>1V2 C AB8A;89 B5@<V=. ' FV9 @>1>BV @>73;O=CB> >A=>2=V <5B>48 
?@8A:>@5=8E 28?@>1C20=ь, ACG0A=V B5=45=FVW B0 ?5@A?5:B828 @>728B:C.  

#@8A:>@5=V 28?@>1C20==O 4>72>;ONBь V<VBC20B8 2?;82 4>23>B@820;8E 
=020=B065=ь C A:>@>G5=V B5@<V=8, I> є :@8B8G=> 206;828< 4;O 28@>1=8G>W 



132 

 

B0 =0C:>2>-4>A;V4=>W 4VO;ь=>ABV. &0:V 28?@>1C20==O 40NBь 7<>3C 287=0G8B8 
3@0=8G=V ?>:07=8:8 =04V9=>ABV ?@>4C:FVW, B0 >?B8<V7C20B8 WW 24>A:>=0;5==O. 
�>A;V46C20=8< >1’є:B>< є @0<0 @CE><>3> B@0?C &&-1, =020=B065==O O:>W 
287=0G0;8 2 5:A?;C0B0FV9=8E B0 ;01>@0B>@=8E C<>20E. 
 

 
$8AC=>: 1 3 %E5<0 @>7B0HC20==O B5=7>40BG8:V2 

 

�0 B5=7>3@0<0<8 >B@8<0=8<8 ?@8 5:A?;C0B0FV9=8E B0 AB5=4>28E 
28?@>1C20=ь 1C;> >1G8A;5=> @5AC@A 4;O =091V;ьH =020=B065=>3> 5;5<5=B0 
@0<8 70 D>@<C;>N 

1

1 .

0

,
1 1

2

m

m

a ?@ i ii

T
n

n P
N t

ó

ó

−

−

=
õ

 

45 n 3 :>5DVFVє=B 70?0AC 2B><;N20=>W <VF=>ABV 4>@V2=Nє 

1

1

?@

n
ó
ó

−
− = . 

� :>5DVFVє=B 4>23>2VG=>ABV 287=0G0єBьAO 7 28@07C 

( )1 1

m
K n− −= . 

� B01;8FV 1 ?>:070=V @57C;ьB0B8 >1G8A;5==O @5AC@AC B0 :>5DVFVє=B0 
?@8A:>@5==O 28?@>1C20=ь 4;O ;V<VBCNG>3> 5;5<5=B0 3 48H;0, 45 2 =091V;ьH 
=5157?5G=><C ?5@5@V7V 1C2 @>7B0H>20=89 40BG8: №1. 



133 

 

&01;8FO 1- $57C;ьB0B8 >1G8A;5==O @5AC@AC B0 :>5DVFVє=B0 ?@8A:>@5==O 
28?@>1C20=ь 4;O ;V<VBCNG>3> 5;5<5=B0 3 48H;0 
'<>28 28?@>1C20=ь &, 3>48=8 ?@ó ,  #0 ?@иA>K  

#>;ь>2V C<>28 1338 27.03 1 

%B5=4>2V 28?@>1C20==O: h1= h2=20 << 
(20@V0=B 1) 678 38.23 1.97 

%B5=4>2V 28?@>1C20==O: h1= 0, h2=40 << 
(20@V0=B 2) 301 48.22 4.45 

 

�>5DVFVє=B ?5@5E>4C 2V4 AB5=4>28E 28?@>1C20=ь 4> 5:A?;C0B0FV9=8E 
287=0G02AO V7 A?V22V4=>H5==O 

?>?
?@иA>

AB5=4

T
K

T
= , 

45 &?>; 3 @5AC@A 45B0;V ?@8 5:A?;C0B0FV9=8E 28?@>1C20==OE; 
&AB5=4 3 @5AC@A 45B0;V ?@8 AB5=4>28E 28?@>1C20==OE. 

$5AC@A 4;O 48H;0 2 5:A?;C0B0FV9=8E C<>20E AB0=>28Bь 1400 3>48=. 
$57C;ьB0B8 >1G8A;5=ь ?>:07CNBь, I> 70<V=0 5:A?;C0B0FV9=8E 

28?@>1C20=ь ;01>@0B>@=8<8 4>72>;Oє A:>@>B8B8 G0A 4>A;V465=ь 2 2&4 @078 
70 @0EC=>: 1V;ьH  28A>:>G0AB>B=>3> =020=B065==O. �3V4=> 7 >1G8A;5==O<8, 
@5AC@A 48H;0 2 5:A?;C0B0FV9=8E C<>20E AB0=>28Bь 1400 3>48=. 

�8A=>2:8. 
#@8A:>@5=V 28?@>1C20==O є =570<V==8< V=AB@C<5=B>< 4;O >FV=:8 

=04V9=>ABV 28@>1V2. �>=8 4>72>;ONBь A:>@>B8B8 G0A @>7@>1:8 =>28E 28@>1V2, 
7=878B8 28B@0B8 B0 ?V428I8B8 @V25=ь 157?5:8 B0 5D5:B82=>ABV 5:A?;C0B0FVW.  
 

 

'�� 539.3 
�@C6=>20 %...1 
1AB0@H. 28:;. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

%... �@C6=>20  
�#��� &$����"%&� � #'�Ь%' &�%�' !� "�!"$��!' 
��("$ �*�. �"��"� *���!�$�+!"� "�"�"!�� 

$>73;O40єBьAO 4>230  F8;V=4@8G=0 >1>;>=:0 157 :@09>28E =020=B065=ь 
G8 >1<565=ь, @V2=><V@=> =020=B065=0 ?@O<>:CB=8< (C G0AV) V<?C;ьA>< 
7>2=VH=ь>3> B8A:C.  0B5@V0; >1>;>=:8 ?5@5410G0єBьAO ?@C6=8< B0 V450;ь=> 
?;0AB8G=8<. #5@5410G0єBьAO B0:>6, I> <0B5@V0;ь=V B>G:8 2 >1>;>=FV 



134 

 

?5@5<VICNBьAO BV;ь:8 2 @04V0;ь=><C =0?@O<:C V I> B>G:8 A5@548==>W 
?>25@E=V @CE0NBьAO >4=0:>2> 2 G0AV. 

�>A;V465==O A?@O<>20=5 =0 287=0G5==O V<?C;ьAC, O:89 <0є 1CB8 
4>40=89 4> >1>;>=:8, I>1 A?@8G8=8B8 WW @C9=C20==O.  >6=0 22060B8, I> 
>1>;>=:0 7@C9=C20;0AO, O:I> 157@>7<V@=5 @04V0;ь=5 ?5@5<VI5==O ÷  4>AO3;> 
7040=>3> 7=0G5==O f÷ . #5@5<VI5==O f÷ <>65 1CB8 4>AO3=CB> 2 @57C;ьB0BV 
70AB>AC20==O 4> >1>;>=:8 157@>7<V@=>3> B8A:C 

0p ?@>BO3>< 157@>7<V@=>3> 
G0AC T , I> 40є ?>2=89 157@>7<V@=89 V<?C;ьA 0fI p T= . �;O DV:A>20=8E 
7=0G5=ь f÷  V T @C9=CNG89 V<?C;ьA fI O2;OєBьAO B0:8< V<?C;ьA><, 4;O O:>3> 

0÷ þ  ?@8 0 ft tü ü  B0 0÷ =  ?@8 ft t= . � ?>40;ьH><C FV C<>28 1C45<> 
22060B8 287=0G5==O< fI . $>73;O40єBьAO B5>@VO, 045:20B=0 ?@8 2AVE 
=52V4’є<=8E 7=0G5==OE T , O:V =01030B> <5=H5 G25@BV ?5@V>4C >A=>2=>W 
738=0;ь=>W (157 @>7BO3C20==O) D>@<8 :>;820=ь. 

 
1/2

0

0

(15)

6

R
T

h
    

$V2=O==O, I> >?8ACNBь 48=0<VG=C ?>254V=:C 4>23>W F8;V=4@8G=>W >1>;>=:8 
?@8 :V=F528E @>7BO3C20==OE, 45I> A?@>ICєBьAO, O:I> @>73;O40B8 <0B5@V0; 
>1>;>=:8 O: =5AB8A;8289 B0 =5EBC20B8 25;8G8=>N 2V4=>A=>3> >Aь>2>3> 

@>7BO3=5==O 2 ?>@V2=O==V 7 >48=8F5N. #@8 F8E C<>20E @V2=O==O 2 @>7<V@=><C 
283;O4V 1C45: 

 
2

0

0 0 2 1

hd
R h p R

dt

ó÷ò
÷

úú
ú

ú = −
−

 (1) 

       #5@5E>4OG8 4> 157@>7<V@=8E 25;8G8= V 28:>@8AB>2CNG8 A?V22V4=>H5==O 
0 (1 )R R ÷= − =02>48<> @V2=O==O (1) 4> 284C 

 

 
1(1 ) (1 )p÷ ÷ ó ÷ −= − − −  (2) 

$>73;O=5<> @V2=O==O (2) 2 V=B5@20;V 0 ft tü ü ?@8 C<>20E 

( ) ( )0 0 0÷ ÷= = , ( ) 0t÷ þ 4;O 0 ft tü ü , ( )f ft÷ ÷ , ( ) 0ft÷ =  

&>4V 28@VH5==O ?>AB02;5=>3> 70240==O <0є 704>2>;ь=8B8 =0ABC?=5 
@V2=O==O  



135 

 

 ( ) ( ) ( )2 11
1 1

2

d
p

dt
÷ ÷ ó ÷ ÷−ù ù= − − −û û   

�=B53@CNG8 F5 @V2=O==O 2V4 0 4> ft , 28:>@8AB>2CNG8 ?>G0B:>2V C<>28, 
@V2=O==O (2) B0 ?VA;O ?52=8E ?5@5B2>@5=ь >B@8<Cє<> A?V22V4=>H5==O, I> 
287=0G0є ?>2=89 V<?C;ьA fI : 

0

ft

fI pdt=  (3) 

 

#@8 DV:A>20=8E 7=0G5==OE f÷ =09<5=H5 7=0G5==O fI  28E>48Bь  
1/2

0

2
1

f

fiI d

÷
ó ÷
÷

ù ù
= ú ú

−ú úû û
  

 

 

'�� 62-233.3/.9 
,52G5=:> �.�.1, #>?>28G ".�.2 

1 :0=4. B5E=. =0C:, 4>F., 702. :0D. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7ь:0 ?>;VB5E=V:0» 

�.�.,52G5=:>, ".�. #>?>28G 
�#��� � �-�!Ь &��$!"�" �"!&'$' !� �!",'��!!/ �'��� 

#�$� *���!�$�+!�) #$/ "�'��) �"��% 

' 7C1G0AB8E ?5@540G, I> 5:A?;C0BCNBьAO 2 C<>20E, 70 O:8E <>6;825 
?>B@0?;O==O 01@0782=8E G0AB>: C 7>=C 70G5?;5==O, 7C18 :>;VA <0NBь 1CB8 
4>AB0B=ь> ABV9:8<8 4> 7=>HC20==O ?>25@E=52>3> H0@C. 

!0 ?V4AB02V D>@<C;, 2V4><8E 7 B@81>;>3VW B0 7 <5E0=V:8 :>=B0:B=>W 
270є<>4VW ?@C6=8E BV;, 70AB>AC202H8 D>@<C;8 7 B5>@VW 52>;ь25=B=8E 
7C1G0AB8E ?5@540G [1], <8 C @>1>BV [2] AB2>@8;8 @>7@0EC=:>2C <>45;ь 4;O 
287=0G5==O B>2I8= 7=>H5=>3> H0@C 2 >:>;V E0@0:B5@=8E B>G>: =0 
52>;ь25=B=8E ?@>DV;OE 7C1V2 ?0@8 F8;V=4@8G=8E ?@O<>7C18E :>;VA V7 
7>2=VH=V< 70G5?;5==O<. ' :><?0:B=><C 283;O4V >B@8<0=V =0<8 D>@<C;8 4;O 
B>2I8=8 7=>H5=>3> H0@C =0 ?@>DV;OE 7C1V2 254CG>3> B0 2545=>3> 
?@O<>7C18E :>;VA 2 >:>;V :@09=VE 0:B82=8E B>G>: B0 2 >:>;V 3@0=8G=8E B>G>: 
>4=>?0@=>3> 70G5?;5==O (=0 AB04VW CAB0;5=>3> ?@>F5AC 7=>HC20==O) <>6=0 
70?8A0B8 B0:: 

 ded dedh U t ø=   ,   add addh U t ø=   , (1) 

 
aver

low lowh U t ø=   ,   aver

high highh U t ø=   , (2) 



136 

 

45 t  3 B@820;VABь @>1>B8 ?5@540GV 2V4 ?>G0B:C AB04VW CAB0;5=>3> 
7=>HC20==O.  

$>7@0EC=:>2V D>@<C;8, O:V <8 2825;8 4;O 25;8G8=8 U  7 @>7<V@=VABN 
H284:>ABV B0 4;O 157@>7<V@=8E A?V2<=>6=8:V2 

dedø  V 
addø , 

lowø  V highø , 

=02545=> C =0HV9 AB0BBV [2]. 
%8<2>;   2 =86=ь><C V=45:AV 25;8G8=8 ?>7=0G0є 7C1G0AB5 :>;5A>, 4> 

O:>3> 2>=0 =0;568Bь ( 1 =  3 254CG5, 2 =  3 2545=5 :>;5A>). #>7=0G:8 
" "ded  01> " "add  C =86=ь><C V=45:AV 25;8G8=8 2:07CNBь =0 WW =0;56=VABь 4> 
=86=ь>W 0:B82=>W B>G:8 52>;ь25=B=>3> ?@>DV;N 7C10 01> 4> B>G:8 Fь>3> 
?@>DV;N 1V;O :>;0 25@H8=. #>7=0G:8 " "low  01> " "high  C =86=ь><C V=45:AV 
25;8G8=8 2:07CNBь =0 WW =0;56=VABь 4> =86=ь>W 3@0=8G=>W 01> 4> 25@E=ь>W 
3@0=8G=>W B>G:8 >4=>?0@=>3> 70G5?;5==O. 

�>1CB:8 ( )ded Uø  , ( )low Uø  , ( )high Uø  , ( )add Uø   C D>@<C;0E (1) V (2) 
O2;ONBь A>1>N H284:>ABV 7=>HC20==O ?>25@E=52>3> H0@C 2 >:>;V 
2V4?>2V4=8E E0@0:B5@=8E B>G>: =0 52>;ь25=B=8E ?@>DV;OE 7C1V2 ?0@8 
?@O<>7C18E :>;VA. #@8 282545==V D>@<C; (1) V (2) <8 2@0EC20;8 2?;82 =0 FV 
H284:>ABV 7=>HC20==O =0ABC?=8E 25;8G8= B0 G8==8:V2: G8A5; 7C1V2 :>;VA B0 
B25@4>AB59 WE=ь>3> ?>25@E=52>3> H0@C; H284:>ABV :>270==O <V6 
52>;ь25=B=8<8 ?@>DV;O<8 7C1V2 F8E :>;VA B0 H284:>AB59 ?5@5<VI5==O 
?;>I04:8 :>=B0:BC ?> ?>25@E=OE 7C1V2 ?V4 G0A WE=ь>3> 70G5?;5==O; @>7?>4V; 
?>2=>W A8;8, O:0 4Vє 7 1>:C >4=>3> :>;5A0 =0 V=H5, <V6 42><0 7C10<8 >4=>3> 
:>;5A0 ?@8 42>?0@=><C 70G5?;5==V, 0 B0:>6 7<V=C A8;8, O:C ?5@540є >4=0 ?0@0 
7C1V2, ?@8 WW 2E>4V 2 >4=>?0@=5 70G5?;5==O B0 28E>4V 7 =ь>3>. 

/:I> ?0@0 F8;V=4@8G=8E ?@O<>7C18E :>;VA V7 287=0G5=8<8 G8A;0<8 
7C1V2 ( 1z  V 2z ), H8@8=>N 7C1G0AB8E 2V=FV2 ( wb ) V <>4C;5< 70G5?;5==O (m ) <0є 
?@89=OBC 7V AB0=40@B=>3> @O4C <V6>Aь>2C 2V4AB0=ь ( wa ), B> :>5DVFVє=B8 
7<VI5==O 1x  B0 2x  B2V@=>3> :>=BC@C 254CG>3> B0 2545=>3> :>;VA ?>2’O70=V 
D>@<C;>N 2 1x x x= − , ?@8G><C 7=0G5==O x  >1G8A;NєBьAO G5@57 7=0G5==O 

wa , m , 1z  V 2z .  ' =0HV9 AB0BBV [2] ?>:070=>, I> 4;O B0:>W ?0@8 ?@O<>7C18E 
:>;VA, 70 2V4><>3> A?V22V4=>H5==O B25@4>AB59 ?>25@E=52>3> H0@C WE=VE 7C1V2, 
=091V;ьH0 A5@54 H284:>AB59 7=>HC20==O 0:B82=8E ?>25@E>=ь 7C1V2 F8E :>;VA 
=01C20є A2>3> <V=V<C<C ?@8 B0:><C :>5DVFVє=BV 7<VI5==O 1Rx , 70 O:>3> 
4>AO30є <V=V<0;ь=>3> 7=0G5==O 157@>7<V@=0 DC=:FVO 1( )F x , 45  

1 1 1 1 2 2 2 2max( ; ; ; ; ; ; ; )ded low high add ded low high addF ø ø ø ø ø ø ø ø= .  "B65, ?@8 
@0FV>=0;ь=8E 7=0G5==OE 1Rx  B0 2Rx  :>5DVFVє=BV2 7<VI5==O B2V@=>3> :>=BC@C 
1C45 <0:A8<0;ь=>N B@820;VABь @>1>B8 @>73;O4C20=>W ?0@8 ?@O<>7C18E :>;VA 



137 

 

4> B>3>, :>;8 =091V;ьH0 B>2I8=0 7=>H5=>3> H0@C =0 0:B82=8E ?>25@E=OE 
7C1V2 4>AO3=5 3@0=8G=> 4>?CAB8<>W 25;8G8=8. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Linke, H. Cylindrical Gears. Calculation, Materials, Manufacturing /  

H. Linke, J. Borner, R. Heb. 3 Munich: Carl Hanser Verlag, 2016. 3 848 p.  

2. #>?>28G ".�. $0FV>=0;ь=V 7<VI5==O B2V@=>3> :>=BC@C :>;VA 
F8;V=4@8G=>W ?@O<>7C1>W ?5@540GV 4;O 7<5=H5==O 7=>HC20==O 7C1V2 /  
".�. #>?>28G, �.�. ,52G5=:> // !>2V <0B5@V0;8 V B5E=>;>3VW 2 <5B0;C@3VW B0 
<0H8=>1C4C20==V. 3 2024. 3 № 3. 3 %. 48-57. 

 

 

 

 

 

 

 

 



138 

 

!0C:>25 5;5:B@>==5 2840==O 
 >6=0 28:>@8AB>2C20B8 2 ;>:0;ь=><C B0 

<5@56=><C @568<0E 
 

 

 

 

 

 

&����!Ь !�'��-2025 
&@0=A?>@B=89 D0:C;ьB5B 

 

 

 

�1V@=8: B57 4>?>2V459 I>@VG=>W 
=0C:>2>-B5E=VG=>W :>=D5@5=FVW A5@54 ABC45=BV2, 

28:;040GV2, =0C:>2FV2, <>;>48E 2G5=8E B0 0A?V@0=BV2 
 

14–18 :2VB=O 2025 @>:C 
 

 

 

 

 

 

 

 

 

"48= 5;5:B@>==89 >?B8G=89 48A: (DVD-ROM); AC?@>2V4=0 4>:C<5=B0FVO. 
&8@06 100 ?@8<. �0<. №496. 

 

�84025Fь V 283>B>2;N20G 
!0FV>=0;ь=89 C=V25@A8B5B «�0?>@V7ь:0 ?>;VB5E=V:0» 

':@0W=0, 69063, <. �0?>@V66O, 2C;. '=V25@A8B5BAь:0, 64  

&5;.: (061) 769382396, 220312314 

 

%2V4>FB2> AC1’є:B0 28402=8G>W A?@028 �� № 6952 2V4 22.10.2019. 


