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 >728B>: V=D>@<0FV9=8E B5E=>;>3V9, 7>:@5<0, HBCG=>3> V=B5;5:BC, ?@872>48Bь 4> 
H8@>:>3> WE 70AB>AC20==O C 1030Bь>E AD5@0E =0H>3> 68BBO. �7 AB@V<:8< @>728B:>< 
HBCG=>3> V=B5;5:BC 7@>AB0є :V;ь:VABь 28?04:V2 9>3> 70AB>AC20==O 4;O 35=5@0FVW 
F8D@>28E 7>1@065=ь, 0C4V>, 2V45> B>I>. �V4@>1:0 F8D@>28E 0C4V> D09;V2 є 
=5157?5G=>N 7 B>G:8 7>@C 28:>@8AB0==O 7;>2<8A=8:0<8 4;O G8=5==O V=D>@<0FV9=>-

?A8E>;>3VG=>3> 2?;82C B0 <0=V?C;OFV9 ACA?V;ьAB2>< B0 >:@5<8<8 V=482V40<8. �A=CNBь 
ACG0A=V <5B>48 28O2;5==O 0C4V>-?V4@>1>:, 28:>=0=8E 70A>10<8 HBCG=>3> V=B5;5:BC. 
�>=8 <0NBь 28A>:C B>G=VABь, ?@8 Fь><C =5 ?>7102;5=V =54>;V:V2. �A=>2=8< =54>;V:>< 
є A:;04=0 0@EVB5:BC@0 B0 28A>:0 @5AC@A>є<=VABь. �5B>N 40=>N @>1>B8 є @>7@>1:0 
=59@>==>W <5@56V, O:0 4>72>;8;0 1 7 704>2V;ь=>N B>G=VABN 28O2;OB8 0C4V>-?V4@>1:C, 
B0 =02G0==O O:>W =5 28<030;> 1 7=0G=8E >1G8A;N20;ь=8E @5AC@AV2. �C;> >1@0=> <5B>4 
4;O <>48DV:0FVW, 0 A0<5 <5B>4 28O2;5==O 0C4V> ?V4@>1>: 7 28:>@8AB0==O< 73>@B:>2>W 
=59@>==>W <5@56V. �C;> <>48DV:>20=> <5B>4 28O2;5==O 0C4V> ?V4@>1>: H;OE>< 
?>1C4>28 <>45;V 7 =>2>N 0@EVB5:BC@>N 7 <5=H>N :V;ь:VABN H0@V2, I> 4>72>;8;> 
7=0G=> A:>@>B8B8 G0A>2V 28B@0B8 B0 ?>B@518 2 7=0G=8E >1G8A;N20;ь=8E @5AC@A0E 2 
?>@V2=O==V 7 0=0;>30<8. �B@8<0=V @57C;ьB0B8 5:A?5@8<5=BV2 V7 70AB>AC20==O< 
<>48DV:>20=>3> <5B>4C ?>:07CNBь 704>2V;ь=C 5D5:B82=VABь V B>G=VABь A8AB5<8. 
�><8;:8 1 @>4C A:;0;8 24%, ?><8;:8 4@C3>3> @>4C – 9%.  >7@>1;5=C <>48DV:0FVN 
@50;V7>20=> C ?@>3@0<=><C 4>40B:C V7 7@CG=8< V ?@>AB8< V=B5@D59A><. 
�?юч>ві A?>в0: HBCG=89 V=B5;5:B, =59@>==V <5@56V, 0C4V>-?V4@>1:0, 28O2;5==O 0C4V>-

D59:C. 
 

�ABC?. � @>728B:>< B5E=>;>3V9 ?>H8@5==O ?V4@>1;5=>3> :>=B5=BC 28:;8:0є 7=0G=5 
70=5?>:>є==O 2 @V7=8E AD5@0E. # B>9 G0A O: 2V7C0;ь=V ?V4@>1:8 ?@825@B0NBь 7=0G=C 
C203C, 0C4V> ?V4@>1:8 AB0;8 I5 >4=VєN AD5@>N, I> 28:;8:0є 70=5?>:>є==O.  

�C4V> ?V4@>1:8 <>6CBь 70240B8 7=0G=>W H:>48, 2:;NG0NG8 ?>H8@5==O 
457V=D>@<0FVW, 284020==O A515 70 V=HC >A>1C B0 <0=V?C;OFVW 7 0C4V> 4>:070<8. �V 
7@>AB0==O< ;53:>ABV AB2>@5==O ?5@5:>=;828E 0C4V> ?V4@>1>: ?>B@510 2 5D5:B82=8E 
<5E0=V7<0E WE 28O2;5==O AB0є ?5@H>G5@3>2>N. 

�>@V2=O=> 7 2V7C0;ь=8<8 ?V4@>1:0<8, :V;ь:VABь 7030;ь=>4>ABC?=8E =01>@V2 40=8E 
?@> 0C4V> ?V4@>1:8 є 2V4=>A=> >1<565=>N. "0:89 45DVF8B 40=8E AB2>@Nє ?@>1;5<8 4;O 
=02G0==O B0 >FV=:8 <>45;59 3;81>:>3> =02G0==O, A?5FV0;ь=> @>7@>1;5=8E 4;O 28O2;5==O 
0C4V> ?V4@>1>:. �8@VH5==O FVєW ?@>1;5<8 28<030є A?V;ь=8E 7CA8;ь C AB2>@5==V B0 
?>H8@5==V @V7=><0=VB=8E =01>@V2 40=8E ?@> 0C4V> ?V4@>1:8.  

�>45;V 3;81>:>3> =02G0==O <>6CBь 28<030B8 7=0G=>W >1G8A;N20;ь=>W 
?>BC6=>ABV, I> >1<56Cє WE=є @>73>@B0==O =0 ?@8AB@>OE 7 >1<565=8<8 @5AC@A0<8 01> 
?;0BD>@<0E ?>B>:>2>3> <>2;5==O 2 @50;ь=><C G0AV. �?B8<V70FVO <>45;59 4;O 
?V428I5==O 5D5:B82=>ABV 157 2B@0B8 B>G=>ABV є :;NG>28< =0?@O<:>< 4>A;V465=ь.  

�=B5@?@5B>20=VABь <>45;59 28O2;5==O 0C4V> ?V4@>1>: є :@8B8G=> 206;82>N 
?@>1;5<>N.  >7C<V==O B0 ?>OA=5==O ?@>F5AC ?@89=OBBO @VH5=ь, I> ;568Bь 2 >A=>2V F8E 
<>45;59, є 206;828<, >A>1;82> 2 N@848G=><C 01> AC4>2><C :>=B5:ABV, 45 ?@>7>@VABь V 
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4>2V@0 <0NBь ?5@H>@O4=5 7=0G5==O.  >7@>1:0 7@>7C<V;8E <5B>4V2 28O2;5==O 3;81>:8E 
?V4@>1>: є AD5@>N 0:B82=8E 4>A;V465=ь. 

�D5:B82=8<8 ACG0A=8<8 <5B>40<8 28O2;5==O 0C4V> ?V4@>1>: є =0ABC?=V.  
DeepSpectrum – F5 <>45;ь 3;81>:>3> =02G0==O, A?5FV0;ь=> @>7@>1;5=0 4;O 

0=0;V7C B0 :;0A8DV:0FVW A?5:B@>A:>?VG=8E 40=8E. 
DeepSpectrum 28:>@8AB>2Cє <>6;82>ABV 0;3>@8B<V2 3;81>:>3> =02G0==O 4;O 

02B><0B8G=>3> 28;CG5==O 7=0GCI8E E0@0:B5@8AB8: 7V A?5:B@>A:>?VG=8E 40=8E V 
AB2>@5==O B>G=8E ?@>3=>7V2 01> :;0A8DV:0FV9. �02G0NG8Aь =0 25;8:8E <0A820E 40=8E 
<VG5=8E A?5:B@V2, DeepSpectrum <>65 282G0B8 A:;04=V 70:>=><V@=>ABV B0 270є<>72'O7:8 
2 40=8E, I> 4>72>;Oє 9><C 28:>=C20B8 B0:V 70240==O, O: V45=B8DV:0FVO <0B5@V0;V2, 
:>=B@>;ь O:>ABV 01> 28O2;5==O 0=><0;V9 [5]. 

�4=VєN 7 :;NG>28E ?5@5203 DeepSpectrum є 9>3> 740B=VABь >1@>1;OB8 
28A>:>@>7<V@=V A?5:B@>A:>?VG=V 40=V, O:V G0AB> <VABOBь G8A;5==V A?5:B@0;ь=V A<C38 01> 
:0=0;8. �>45;ь <>65 5D5:B82=> DV:AC20B8 V ?@54AB02;OB8 A:;04=V A?5:B@0;ь=V 
>A>1;82>ABV, I> 4>72>;Oє ?@>2>48B8 =04V9=89 0=0;V7 V :;0A8DV:0FVN.  

�4=0:, O: V 1C4ь-O:0 <>45;ь <0H8==>3> =02G0==O, DeepSpectrum B0:>6 <0є ?52=V 
>1<565==O. �;O 4>AO3=5==O >?B8<0;ь=>W ?@>4C:B82=>ABV W9 ?>B@V1=0 7=0G=0 :V;ь:VABь 
<0@:>20=8E =02G0;ь=8E 40=8E, I> <>65 1CB8 ?@>1;5<>N 4;O >1;0AB59 7 >1<565=8<8 
01> 45DVF8B=8<8 40=8<8. �02G0==O <>45;V DeepSpectrum =0 =01>@V 40=8E 7 3000 281V@>: 
?>B5=FV9=> <>65 709=OB8 3>48=C =0 5?>EC 01> =02VBь 1V;ьH5. 

VGGish – F5 <>45;ь 3;81>:>3> =02G0==O, @>7@>1;5=0 4>A;V4=8Fь:>N 3@C?>N 
Google 7V HBCG=>3> V=B5;5:BC, A?5FV0;ь=> ?@87=0G5=0 4;O 70240=ь 0=0;V7C 0C4V>. �>=0 2 
?5@HC G5@3C 28:>@8AB>2CєBьAO 4;O 28;CG5==O 0C4V>-2:;045=ь 01> >7=0: 7V A?5:B@>3@0<, 
O:V ?>BV< <>6CBь 1CB8 28:>@8AB0=V 4;O @V7=8E 70240=ь, ?>2'O70=8E 7 0C4V>, B0:8E O: 
:;0A8DV:0FVO 0C4V>, 7VAB02;5==O AE>6>ABV 0C4V> 01> 28O2;5==O 0C4V>-?>4V9 [6]. 

�4=VєN 7 3>;>2=8E ?5@5203 VGGish є 9>3> 740B=VABь =02G0B8AO 1030B8< V 
48A:@8<V=0B82=8< @5?@575=B0FVO< 7 0C4V> 40=8E. �8:>@8AB>2CNG8 A2>N 3;81>:C 
0@EVB5:BC@C B0 25;8:C :V;ь:VABь ?0@0<5B@V2, I> =02G0NBьAO, VGGish <>65 70E>?;N20B8 
O: =87ь:>@V2=52V, B0: V 28A>:>@V2=52V E0@0:B5@8AB8:8 72C:C, I> @>18Bь 9>3> ?@840B=8< 
4;O H8@>:>3> A?5:B@C 70240=ь 0C4V>0=0;V7C. 

�@V< B>3>, VGGish =02G5=89 =0 25;8:><C =01>@V 0C4V>40=8E, I> 4>72>;Oє 9><C 
4>1@5 C7030;ь=N20B8 @V7=V 0C4V>4><5=8. �>?5@54=ь> =02G5=C <>45;ь VGGish, O:0 є 
7030;ь=>4>ABC?=>N, <>6=0 28:>@8AB>2C20B8 O: 5:AB@0:B>@ >7=0:, 45 28EV4=V 40=V 
?@><V6=8E H0@V2 <>45;V <>6CBь 1CB8 28:>@8AB0=V O: 21C4>2C20==O 0C4V> 4;O ?>40;ьH8E 
70240=ь. &5 4>72>;Oє :>@8ABC20G0< A:>@8AB0B8AO ?5@52030<8 282G5=8E @5?@575=B0FV9 
157 =5>1EV4=>ABV B@820;>3> =02G0==O =0 2;0A=8E =01>@0E 0C4V>40=8E.  

)5 >4=VєN ?5@5203>N VGGish є ?@>AB>B0 28:>@8AB0==O B0 V=B53@0FVW. �>45;ь 
4>ABC?=0 O: @50;V70FVO TensorFlow, I> @>18Bь WW AC<VA=>N 7 @V7=8<8 D@59<2>@:0<8 
3;81>:>3> =02G0==O V 4>72>;Oє ;53:> V=B53@C20B8 2 VA=CNGV @>1>GV ?@>F5A8.  

�4=0: VA=Cє @878: =04<V@=>W 040?B0FVW, >A>1;82> ?@8 @>1>BV 7 >1<565=>N 
:V;ь:VABN <VG5=8E 40=8E. /:I> =02G0;ь=89 =01V@ 40=8E 2V4=>A=> =525;8:89, <>45;ь 
<>65 ?>30=> C7030;ь=N20B8 =52848<V 0C4V>-7@07:8, I> ?@872545 4> 7=865==O 
?@>4C:B82=>ABV. 

�02G0==O B0 28:>@8AB0==O <>45;V <>65 28<030B8 7=0G=8E >1G8A;N20;ь=8E 
@5AC@AV2, 2:;NG0NG8 ?0<'OBь B0 >1G8A;N20;ь=C ?>BC6=VABь. �02G0==O <>45;V =0 
=87ь:>?@>4C:B82=8E 01> >1<565=8E 2 @5AC@A0E ?@8AB@>OE <>65 1CB8 A:;04=8<, 0 
28A=>2>: 2 @50;ь=><C G0AV =0 B0:8E ?@8AB@>OE B0:>6 <>65 1CB8 A:;04=8< 2 
>1G8A;N20;ь=><C ?;0=V. �02G0==O <>45;V VGGish =0 =01>@V 40=8E 7 3000 281V@>: 
?>B5=FV9=> <>65 709=OB8 :V;ь:0 3>48= =0 5?>EC 01> =02VBь 1V;ьH5.  
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�07=0G5=V <>45;V 4>72>;ONBь 7 28A>:>N B>G=VABN 28O2;OB8 0C4V>-?V4@>1:8, >4=0: 
F5 28<030є 7=0G=8E >1G8A;N20;ь=8E @5AC@AV2, I> CA:;04=Nє WE 28:>@8AB0==O 2 ?>1CBV 
01> 2 C<>20E =5<>6;82>ABV 4>ABC?C 4> V=B5@=5BC 01> E<0@=8E A5@2VAV2.  

�5B>N 40=>N @>1>B8 є @>7@>1:0 =59@>==>W <5@56V, O:0 4>72>;8;0 1 7 704>2V;ь=>N 
B>G=VABN 28O2;OB8 0C4V>-?V4@>1:C, B0 =02G0==O O:>W =5 28<030;> 1 7=0G=8E 
>1G8A;N20;ь=8E @5AC@AV2. 
 0B5@і0?8 B0 @5B>48. /: 0;ьB5@=0B82C 707=0G5=8< <5B>40<, >A=>2=8< =54>;V:>< O:8E 
є ?>B@510 C 25;8:8E >1G8A;N20;ь=8E ?>BC6=>ABOE, 2 40=V9 @>1>BV 70?@>?>=>20=> 
=0ABC?=C <>45;ь =59@>==>W <5@56V. 

�>45;ь, ?>1C4>20=0 70 4>?><>3>N Sequential API, <0є H0@C20BC AB@C:BC@C, O:0 
?>є4=Cє H0@8 Conv2D, MaxPooling2D, Flatten B0 Dense.  >73;O=5<> :>65= :><?>=5=B 
1V;ьH 45B0;ь=>: 

(0@8 Conv2D: �8:>@8AB>2CNBьAO 420 H0@8 Conv2D 7 16 DV;ьB@0<8 :>65=. &V 
H0@8 28:>=CNBь >?5@0FVW 73>@B:8 =04 2EV4=>N 0C4V> A?5:B@>3@0<>N, O:0 ?@54AB02;Oє 
72C: C 2V7C0;ь=><C D>@<0BV. �0AB>A>2CNG8 DV;ьB@8 3×3, <>45;ь <>65 28>:@5<;N20B8 
;>:0;ь=V >A>1;82>ABV 7V A?5:B@>3@0<8, DV:ACNG8 >A=>2=V ?0B5@=8, ?>2'O70=V 7 0C4V> 
A83=0;><. �01V@ DV;ьB@V2, B0:>6 2V4><8E O: O4@0, C 73>@B:>2><C H0@V 73>@B:>2>W 
=59@>==>W <5@56V – F5 =01V@ <0B@8Fь, O:V 28:>@8AB>2CNBьAO 4;O 73>@B:8 7 2EV4=8<8 
40=8<8 [1]. 

�>6=5 O4@> 28:>=Cє >?5@0FVN 73>@B:8 2EV4=8E 40=8E. �V4 G0A >?5@0FVW 73>@B:8 
O4@> :>270є ?> 2EV4=8< 40=8< (=0?@8:;04, ?> 7>1@065==N) V >1G8A;Nє A:0;O@=89 
4>1CB>: <V6 5;5<5=B0<8 O4@0 V 2V4?>2V4=8<8 2EV4=8<8 5;5<5=B0<8.  57C;ьB0B>< Fь>3> 
>1G8A;5==O є =>20 <0B@8FO, O:0 =07820єBьAO :0@B>N >7=0: 01> :0@B>N 73>@B:8.  

�01V@ DV;ьB@V2 C H0@V 73>@B:8 4>72>;Oє 28O2;OB8 @V7=V ;>:0;ь=V >A>1;82>ABV 
2EV4=8E 40=8E. �>65= DV;ьB@ <>65 A?5FV0;V7C20B8AO =0 28O2;5==V ?52=8E >A>1;82>AB59, 
B0:8E O: :>=BC@8, B5:ABC@8 01> D>@<8. �V;ь:0 DV;ьB@V2 <>6=0 28:>@8AB>2C20B8 4;O 
28O2;5==O @V7=8E >A>1;82>AB59 C @V7=8E G0AB8=0E 2EV4=8E 40=8E. �0?@8:;04, 45O:V 
DV;ьB@8 <>6CBь 28O2;OB8 25@B8:0;ь=V :>=BC@8, V=HV – 3>@87>=B0;ь=V, 0 B@5BV – 

>A>1;82>ABV B5:ABC@8. 
"0:8< G8=><, =01V@ DV;ьB@V2 C 73>@B:>2><C H0@V 4>?><030є <>45;V 28O2;OB8 V 

@>7?V7=020B8 @V7=V >A>1;82>ABV C 2EV4=8E 40=8E, D>@<CNG8 :0@BC >A>1;82>AB59, O:0 
?5@540єBьAO =0 =0ABC?=89 @V25=ь <5@56V 4;O ?>40;ьH>3> 0=0;V7C V 28:>=0==O 70240=ь, 
B0:8E O: :;0A8DV:0FVO 01> 28O2;5==O >1'є:BV2. 

$C=:FVO 0:B820FVW: $C=:FVO 0:B820FVW Rectified Linear Unit (ReLU) 
28:>@8AB>2CєBьAO ?VA;O :>6=>3> H0@C Conv2D. $C=:FVO ReLU (Rectified Linear Unit) є 
0:B820FV9=>N DC=:FVєN, G0AB> 28:>@8AB>2C20=>N 2 =59@>==8E <5@560E. �>=0 ?@89<0є 
2EV4=5 7=0G5==O V ?>25@B0є <0:A8<C< <V6 =C;5< V 2EV4=8< 7=0G5==O<. ReLU 2=>A8Bь 
=5;V=V9=VABь C <>45;ь, 4>72>;ONG8 W9 282G0B8 A:;04=V 270є<>72'O7:8 <V6 284V;5=8<8 
>7=0:0<8. &O =5;V=V9=0 0:B820FVO ?>;53HCє 740B=VABь <>45;V 2;>2;N20B8 A:;04=V 45B0;V 
B0 48A:@8<V=0FV9=V E0@0:B5@8AB8:8, ?@8ACB=V 2 0C4V> 40=8E. �0B5<0B8G=5 
?@54AB02;5==O ReLu DC=:FVW =0ABC?=5 �(�)  =  ���(0, �).    

(0@8 MaxPooling2D: �20 H0@8 MaxPooling2D A;V4CNBь 70 H0@0<8 Conv2D. &V 
H0@8 28:>=CNBь 40C=A5<?;V=3, 2818@0NG8 <0:A8<0;ь=V 7=0G5==O C 2V:=V >1'є4=0==O. 
�<5=HCNG8 ?@>AB>@>2V @>7<V@8 2EV4=8E 40=8E, MaxPooling2D 4>?><030є 715@53B8 
=091V;ьH 206;82C V=D>@<0FVN, 7<5=HCNG8 ?@8 Fь><C >1G8A;N20;ь=C A:;04=VABь [2]. 

 (0@ <0:A8<0;ь=>3> ?C;V=3C 70AB>A>2CєBьAO 70728G09 ?VA;O 73>@B:>28E H0@V2 C 
73>@B:>28E =59@>==8E <5@560E. �>3> >A=>2=0 <5B0 – 7<5=H8B8 ?@>AB>@>2V @>7<V@8 :0@B 
>7=0:, CIV;ь=NNG8 V=D>@<0FVN V 28BO3CNG8 =09206;82VHV >7=0:8. 
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&5 4>?><030є 7=878B8 :V;ь:VABь ?0@0<5B@V2 C <>45;V, A:>@>B8B8 >1G8A;N20;ь=C 
A:;04=VABь V 7@>18B8 <>45;ь ABV9:VH>N 4> =525;8:8E ?5@5:;040Fь:8E A?>B2>@5=ь 
2EV4=8E 40=8E. 

�0728G09 H0@8 <0:A8<0;ь=>3> ?C;V=3C 70AB>A>2CNBьAO ?>A;V4>2=> V7 
73>@B:>28<8 H0@0<8 4;O 7<5=H5==O ?@>AB>@>28E @>7<V@V2 :0@B >7=0:. &5 40є 7<>3C 
<>45;V 7>A5@548B8AO =0 =091V;ьH 7=0GCI8E >7=0:0E V ?>:@0ICє V=20@V0=B=VABь 4> 
<0AHB01C20==O B0 ?5@5<VI5=ь >1'є:BV2 =0 7>1@065==V. 

(0@ Flatten: (0@ Flatten ?@87=0G5=89 4;O ?5@5B2>@5==O 1030B>28<V@=8E 40=8E, 
>B@8<0=8E =0 ?>?5@54=VE H0@0E, 2 >4=>28<V@=89 25:B>@. &5 ?5@5B2>@5==O 3>BCє 40=V 4;O 
=0ABC?=8E ?>2=VABN 7'є4=0=8E H0@V2, 4>72>;ONG8 <>45;V 282G0B8 3;>10;ь=V >A>1;82>ABV 
72C:C [3].  

�VA;O 70AB>AC20==O 73>@B:>28E H0@V2 C 73>@B:>28E =59@>==8E <5@560E, 28EV4=V 
40=V <>6CBь <0B8 D>@<C B@828<V@=>3> B5=7>@0, =0?@8:;04, (batch_size, height, width, 
channels), 45 batch_size – @>7<V@ ?0:5B0 (batch), height V width – @>7<V@8 28A>B8 V H8@8=8, 
0 channels – :V;ь:VABь :0=0;V2. 

�?5@0FVO Flatten() ?5@5B2>@Nє FV B@828<V@=V 40=V 2 >4=>28<V@=89 25:B>@, 
>1'є4=CNG8 2AV 5;5<5=B8 2 ?>A;V4>2=VABь. "0:8< G8=><, :>65= 5;5<5=B B@828<V@=>3> 
B5=7>@0 AB0є >:@5<8< 5;5<5=B>< >4=>28<V@=>3> 25:B>@0. 

�?5@0FVO Flatten() 28:>@8AB>2CєBьAO 4;O ?5@5E>4C 2V4 73>@B:>28E H0@V2 4> 
?>2=>72'O70=8E H0@V2 =59@>==>W <5@56V. �VA;O FVєW >?5@0FVW 40=V <>6CBь 1CB8 ?>40=V =0 
H0@8 7 ?>2=>72'O7=8<8 =59@>=0<8, O:V >GV:CNBь >4=>28<V@=V 2E>48. &5 40є 7<>3C 
=59@>==V9 <5@56V <>45;N20B8 A:;04=V 70;56=>ABV <V6 >7=0:0<8 V 7@>18B8 ?@>3=>78 01> 
:;0A8DV:0FVN =0 >A=>2V F8E 40=8E. 

(0@ Dense:: �>2=>72'O7=V H0@8 (Dense Layers) C =59@>==8E <5@560E 2V4V3@0NBь 
@>;ь >1'є4=0==O >7=0:, >B@8<0=8E V7 ?>?5@54=VE H0@V2, V <>45;N20==O A:;04=VH8E 
70;56=>AB59 C 40=8E [4]. 

�>=8 2AB0=>2;NNBь 72'O7:8 <V6 :>6=8< =59@>=>< C ?>B>G=><C H0@V B0 :>6=8< 
=59@>=>< C ?>?5@54=ь><C H0@V. &5 >7=0G0є, I> :>65= 28EV4=89 A83=0; V7 ?>?5@54=ь>3> 
H0@C 2?;820є =0 :>65= =59@>= C ?>2=>72'O7=><C H0@V. 

�>65= =59@>= C ?>2=>72'O7=><C H0@V >B@8<Cє 72065=C AC<C 2EV4=8E A83=0;V2, 45 
:>65= 2EV4=89 A83=0; <=>68BьAO =0 A2>N 2V4?>2V4=C 203C. �038 287=0G0NBьAO ?V4 G0A 
=02G0==O <>45;V V O2;ONBь A>1>N ?0@0<5B@8, O:V <>45;ь =0<030єBьAO >?B8<V7C20B8.  

�VA;O >1G8A;5==O 72065=>W AC<8, =59@>=8 ?>2=>72'O7=>3> H0@C 70AB>A>2CNBь 
DC=:FVN 0:B820FVW 4> @57C;ьB0BC. $C=:FVO 0:B820FVW 4>40є =5;V=V9=VABь C <>45;ь, 40NG8 
7<>3C <>45;V 0?@>:A8<C20B8 A:;04=V =5;V=V9=V 70;56=>ABV 2 40=8E.  

�8EV4=89 A83=0; :>6=>3> =59@>=0 2 ?>2=>72'O7=><C H0@V O2;Oє A>1>N @57C;ьB0B 
70AB>AC20==O DC=:FVW 0:B820FVW 4> 72065=>W AC<8 2EV4=8E A83=0;V2. &V 28E>48 <>6CBь 
?5@54020B8AO =0ABC?=><C H0@C 2 =59@>==V9 <5@56V 01> 28:>@8AB>2C20B8AO 4;O 7@>18B8 
?@>3=>78, =0?@8:;04, C 70240==V :;0A8DV:0FVW. 

�>2=>72'O7=V H0@8 40NBь 7<>3C <>45;N20B8 A:;04=VHV 70;56=>ABV <V6 >7=0:0<8 
B0 AB2>@N20B8 1V;ьH 3=CG:V B0 28@07=V <>45;V. �E G0AB> 28:>@8AB>2CNBь =0?@8:V=FV 
=59@>==>W <5@56V 4;O CE20;5==O @VH5=ь 01> 2840GV >AB0B>G=8E 28E>4V2 <>45;V.  

�> <>45;V 2:;NG5=> 420 ?>2=>72'O7=V H0@8. �5@H89 IV;ь=89 H0@ A:;040єBьAO 7 
128 >48=8Fь V 28:>@8AB>2Cє DC=:FVN 0:B820FVW ReLU. &59 H0@ 28:>=Cє =5;V=V9=V 
?5@5B2>@5==O 2EV4=8E 40=8E, 284V;ONG8 >7=0:8 28I>3> @V2=O. �AB0==V9 IV;ь=89 H0@ 
A:;040єBьAO 7 >4=>3> 5;5<5=B0 7 A83<>W4=>N DC=:FVєN 0:B820FVW, I> 40є 9<>2V@=VA=89 
28EV4 4;O 7040G 1V=0@=>W :;0A8DV:0FVW. 

�8I573040=0 0@EVB5:BC@0 <>45;V, ?@54AB02;5=0 =0 @8AC=:C 1, ?@>?>=Cє :V;ь:0 
?><VB=8E ?5@5203 4;O 7040G :;0A8DV:0FVW 0C4V>: 
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1) 284V;5==O ;>:0;ь=8E >A>1;82>AB59 – H0@8 Conv2D 4C65 5D5:B82=> 
284V;ONBь ;>:0;ь=V >A>1;82>ABV 2 0C4V> A?5:B@>3@0<V. �3>@B0NG8 DV;ьB@8 =04 
=525;8:8<8 A?@89=OB;828<8 ?>;O<8, <>45;ь <>65 282G0B8 7=0GCIV ?@54AB02;5==O 
;>:0;ь=8E ?0B5@=V2, 2:;NG0NG8 G0A>2V B0 A?5:B@0;ь=V E0@0:B5@8AB8:8. &O 740B=VABь 
2;>2;N20B8 4@V1=V 45B0;V ?V428ICє 48A:@8<V=0FV9=C 740B=VABь <>45;V;  

2) Vє@0@EVG=5 ?@54AB02;5==O – H0@8 Conv2D V MaxPooling2D, I> =0:;040NBьAO 
>48= =0 >4=>3>, ?>;53HCNBь AB2>@5==O Vє@0@EVG=>3> ?@54AB02;5==O 72C:>28E 
E0@0:B5@8AB8:. �>G0B:>2V H0@8 70E>?;NNBь =87ь:>@V2=52V 5;5<5=B8, B0:V O: :@0W, 
B5:ABC@8 B0 >A=>2=V :><?>=5=B8 72C:C. �>;8 V=D>@<0FVO ?@>E>48Bь G5@57 =0ABC?=V H0@8, 
282G0NBьAO 1V;ьH A:;04=V B0 01AB@0:B=V ?@54AB02;5==O. &O Vє@0@EVG=0 AB@C:BC@0 
4>72>;Oє <>45;V 28>:@5<;N20B8 O: =87ь:>@V2=52V, B0: V 28A>:>@V2=52V >7=0:8 7 2EV4=>W 
A?5:B@>3@0<8; 

 
$8A. 1. �@EVB5:BC@0 <>45;V 
 

3) =5;V=V9=VABь V DC=:FVW 0:B820FVW – 2:;NG5==O DC=:FV9 0:B820FVW ReLU 2=>A8Bь 
2 <>45;ь =5;V=V9=VABь. &O =5;V=V9=VABь є 68BBє2> 206;82>N 4;O 2V4>1@065==O A:;04=8E 
270є<>72'O7:V2, ?@8ACB=VE 2 0C4V>40=8E, O:V G0AB> 45<>=AB@CNBь =5;V=V9=V ?0B5@=8 V 
70;56=>ABV. $V=0;ь=0 A83<>W4=0 DC=:FVO 0:B820FVW 4>72>;Oє <>45;V 28@>1;OB8 
9<>2V@=VA=89 28EV4, I> @>18Bь WW ?@840B=>N 4;O 7040G 1V=0@=>W :;0A8DV:0FVW;  

4) 5D5:B82=VABь ?0@0<5B@V2: 0@EVB5:BC@0 <>45;V 70157?5GCє 10;0=A <V6 71>@>< 
@5;520=B=>W V=D>@<0FVW B0 C=8:=5==O< =04<V@=>3> =0;0HBC20==O. �8:>@8AB>2CNG8 
?><V@=C :V;ь:VABь DV;ьB@V2 B0 >?5@0FV9 >1'є4=0==O, <>45;ь 7<5=HCє :V;ь:VABь ?0@0<5B@V2 
?>@V2=O=> 7 1V;ьH 3;81>:8<8 0@EVB5:BC@0<8. "0:0 5D5:B82=VABь ?0@0<5B@V2 @>18Bь 
<>45;ь >1G8A;N20;ь=> 5D5:B82=>N, 4>72>;ONG8 W9 >1@>1;OB8 1V;ьHV =01>@8 40=8E V 
7<5=HCNG8 @878: ?5@5=02G0==O, >A>1;82> ?@8 @>1>BV 7 >1<565=>N =02G0;ь=>N 
281V@:>N. 
$57C?ьB0B8. "@5=C20==O <>45;V =0 40B0A5BV 2 3000 5:75<?;O@V2 709=O;> AC<0@=89 G0A 2 
?V23>48=8, 1C;> ?@>2545=> 5 5?>E B@5=C20==O. �8:>=0=> <>48DV:0FVN <5B>4C 28O2;5==O 
0C4V> ?V4@>1>: 7 28:>@8AB0==O< =59@>==>W <5@56V. �0 ?>?5@54=V< @57C;ьB0B>< 
B@5=C20==O 2?52=5=VABь A:;0;0 1;87ь:> 90%. �>@V2=O=> 7 0=0;>30<8 F5 3V@H5 2V4=>A=> 
B>G=>ABV <>45;V, 0;5 :@0I5 2 28:>@8AB0==V >1<565=>W :V;ь:>ABV @5AC@AV2. �0 @8A.2  

G5@2>=8< ?>7=0G5=> @57C;ьB0B, >B@8<0=89 =0 =02G0;ь=><C 40B0A5BV, A8=V< – =0 40=8E 
B5ABC20==O.  
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            0.                                                                    1. 

$8A. 2. �@0DV:8 2?52=5=>ABV (0) V  ?>2=>B8 (1) <>45;V 
 

Precision (2?52=5=VABь) – F5 ?>:07=8: 5D5:B82=>ABV <>45;V 2 :>=B5:ABV 1V=0@=>W 
:;0A8DV:0FVW, O:89 28<V@Nє G0AB:C 2V@=> :;0A8DV:>20=8E ?>78B82=8E @57C;ьB0BV2 A5@54 
CAVE 5:75<?;O@V2, O:V <>45;ь ?5@5410G8;0 O: ?>78B82=V. �V= 40є 7<>3C >FV=8B8, =0A:V;ь:8 
B>G=> <>45;ь V45=B8DV:Cє VAB8==> ?>78B82=V 5:75<?;O@8. 

Recall (?>2=>B0) – F5 ?>:07=8: 5D5:B82=>ABV <>45;V, O:89 28<V@Nє 740B=VABь 
<>45;V ?@028;ь=> V45=B8DV:C20B8 ?>78B82=V 5:75<?;O@8 A5@54 7030;ь=>W :V;ь:>ABV 
4V9A=8E ?>78B82=8E 5:75<?;O@V2 C =01>@V 40=8E. �V= 40є CO2;5==O ?@> B5, =0A:V;ь:8 
<>45;ь 740B=0 28O2;OB8 2AV ?>78B82=V ?@8:;048 01> <V=V<V7C20B8 ?><8;:>2V =530B82=V 
@57C;ьB0B8. 

�VA;O ?@>2545==O B5ABC20==O 7V 100 @50;ь=8<8 B0 100 ?V4@>1;5=8<8 
5:75<?;O@0<8 1C;0 287=0G5=0 :V;ь:VABь ?><8;>: 1 B0 2 @>4C (@8A. 3). 

 
$8A.3. �><8;:8 1 B0 2 @>4C 

 

�><8;:8 1 @>4C A:;0;8 24%, 2 @>4C – 9% �030;>< ?@>3@0<0 ?@>45<>=AB@C20;0 
704>2V;ь=C @>1>BC B0 28A>:C 5D5:B82=VABь. 

�><8;:8 ?5@H>3> @>4C, 01> E81=V ?>78B82=V A?@0Fь>2C20==O, <>6CBь V=>4V 
28=8:0B8 2 ?@>F5AV 0=0;V7C 40=8E 01> ?@89=OBBO @VH5=ь. �>=8 <>6CBь 1CB8 A?@8G8=5=V 
@V7=8<8 D0:B>@0<8, B0:8<8 O: AB0B8AB8G=0 20@V0FVO 01> HC< C 40=8E. �4=0:, 
=572060NG8 =0 F5, 7030;ь=0 :V;ь:VABь B0:8E ?><8;>: 70;8H0єBьAO <0;>N V =5 ?5@528ICє 
?@89=OB=89 @V25=ь. �06;82> 707=0G8B8, I> ?@>3@0<0 2A5 >4=> 45<>=AB@Cє 28A>:C 
B>G=VABь V =04V9=VABь C 28:>=0==V A2>WE >A=>2=8E DC=:FV9. 
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�@V< B>3>, 206;82> CA2V4><;N20B8, I> ?V4 G0A >FV=N20==O 5D5:B82=>ABV 
?@>3@0<8 =5>1EV4=> 2@0E>2C20B8 9 V=HV ?0@0<5B@8, B0:V O: ?>:07=8:8 B>G=>ABV, ?>2=>B8 
B0 7030;ь=C 740B=VABь <>45;V ?5@5410G0B8 ?@028;ь=V @57C;ьB0B8. 
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The development of information technologies, including artificial intelligence, is leading to their widespread use 

in many areas of our lives. With the rapid development of artificial intelligence, the number of cases of its 

application to generate digital images, audio, video, etc. is growing. Counterfeiting digital audio files is dangerous 

from the point of view of being used by criminals to exert information and psychological influence and manipulate 
society and individuals. There are modern methods for detecting audio fakes made by artificial intelligence. They 

are highly accurate, but not without drawbacks. The main drawback is the complex architecture and high resource 

intensity. The aim of this paper is to develop a neural network that would allow detecting audio fakes with 

satisfactory accuracy and whose training would not require significant computing resources. A method was chosen 

for modification, namely, the method of detecting audio fakes using a convolutional neural network. The method 

for detecting audio fakes was modified by building a model with a new architecture with fewer layers, which 

significantly reduced the time and computational resources required compared to analogues. The experimental 

results obtained using the modified method show satisfactory efficiency and accuracy of the system. Errors of the 

first kind amounted to 24%, errors of the second kind - 9%. The developed modification is implemented in a 

software application with a convenient and simple interface. 

Keywords: artificial intelligence, neural networks, audio forgery, audio fake detection 
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