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&5E=>;>3VW @>7?>4V;5=8E @5єAB@V2 70 ?'OB=04FOBь @>:V2 A2>3> VA=C20==O 7=09H;8 
H8@>:5 70AB>AC20==O C AD5@V DV=0=A>2>3> >1>@>BC, :@8?B>20;NB=8E 4>40B:0E, 
A8AB5<0E 70E8I5=>3> 4>:C<5=B>>1V3C. !091V;ьH ?>?C;O@=8<8 =0 Aь>3>4=VH=V9 
45=ь є 1;>:G59= A8AB5<8 Bitcoin B0 Etherium. !572060NG8 =0 WE ?5@52038 

(=57<V==VABь 2V4?@0Fь>20=8E B@0=70:FV9, 45F5=B@0;V7>20=VABь, ?@>7>@VABь), 2>=8 
<0NBь A5@9>7=V =54>;V:8 – =528A>:C H284:VABь >1@>1:8 B@0=70:FV9 V >1<565=C 
<0AHB01>20=VABь. ' Fь><C ?;0=V W< A:;04=> :>=:C@C20B8 7 F5=B@0;V7>20=8<8 
DV=0=A>28<8 ?;0BD>@<0<8, I> <0NBь H284:VABь >1@>1:8 B@0=70:FV9 =0 
?>@O4:8 28I5.  5B0 FVєW @>1>B8 – @>7@>1:0 ?;0BD>@<8, =0 >A=>2V B5E=>;>3VW 
45F5=B@0;V7>20=>3> @5єAB@C 7 ?>:@0I5=8<8 E0@0:B5@8AB8:0<8 <0AHB01>20=>ABV 
B0 H284:>ABV >1@>1:8 B@0=70:FV9. � >A=>2C ?>1C4>28 A8AB5<8 ?>:;045=> 
0@EVB5:BC@C, 70A=>20=C =0 A?@O<>20=><C 0F8:;VG=><C 3@0DV – BlockDAG, O:0 
283V4=> 2V4@V7=OєBьAO 2V4 Blockchain 0A8=E@>==VABN DC=:FV>=C20==O. 
'?>@O4:C20==O 1;>:V2 C =V9 74V9A=NєBьAO H;OE>< B>?>;>3VG=>3> ;V=V9=>3> 
A>@BC20==O A?@O<>20=>3> 3@0D0. �@V< B>3>, H284:VABь >1@>1:8 C BlockDAG 
7@>AB0є 7V 71V;ьH5==O< G8A;0 :>@8ABC20GV2. #@8 ?>1C4>2V ?;0BD>@<8 

70?@>?>=>20=> 28:>@8AB>2C20B8 42>H0@>2C AE5<C, O:0 A:;040єBьAO 7 42>E 
<5@56 – >A=>2=>W BlockDAG <5@56V B0 :>>@48=0FV9=>W <5@56V, ?>1C4>20=>W =0 
>A=>2V Blockchain. � >A=>2=V9 <5@56V 2V41C20єBьAO AB2>@5==O 1;>:V2 B0 
@>7?>2AN465==O WE ?> <5@56V. �>>@48=0FV9=0 <5@560 28:>=Cє DC=:FVW 0B5AB0FVW 
1;>:V2 B0 9>3> DV=0;V70FVW. �0AB>A>20=> ?@>B>:>; :>=A5=ACAC Proof of Stake. 

#@>2545=> @50;V70FVN 70?@>?>=>20=>W AE5<8 C 283;O4V 5:A?5@8<5=B0;ь=>W 
?;0BD>@<8 Waterfall, O:0 ?@87=0G5=0 4;O >1A;C3>2C20==O B@0=70:FV9 7 @V7=8<8 
B>:5=0<8, 2:;NG0NG8 NFT, >1A;C3>2C20==O A<0@B-:>=B@0:BV2 V @>7@>1:8 
@>7?>4V;5=8E 4>40B:V2. &5ABC20==O ?>:070;> 28A>:C H284:VABь >1@>1:8 
B@0=70:FVW C ?>є4=0==V 7 =5>1EV4=>N <0AHB01>20=VABN. 
�;Nч>6і A;>64: B5E=>;>3VW @>7?>4V;5=8E @5єAB@V2, >1@>1:0 B@0=70:FV9, 

42>H0@>20 <5@560, BlockDAG , ?;0BD>@<0 Waterfall 
 

�ABC?. &5E=>;>3VW @>7?>4V;5=8E @5єAB@V2 (Distrsbuted Ledger Technology, DLT) [1] є 
281CE>2>N V =091V;ьH AB@V<:> @>72820NG>NAO  3V;:>N V=D>@<0FV9=8E B5E=>;>3V9 
21-3> AB>;VBBO. #5@H8< ?>:>;V==O< ?@0:B8G=>3> 70AB>AC20==O DLT AB02 :;0A8G=89 
1;>:G59=, >?8A0=89 C 2008 @>FV, O:89 є >4=>@0=3>2>N ?V@8=3>2>N 

45F5=B@0;V7>20=>N A8AB5<>N >1@>1:8 B@0=70:FV9. �;0A8G=89 1;>:G59= AB02 
>A=>2>N 45F5=B@0;V7>20=>3> DV=0=A>2>3> >1>@>BC V ?5@H>W :@8?B>20;NB8 – 
1VB:>9=. !0ABC?=8< ?>:>;V==O< DLT AB0;0 Etherium – ?;0BD>@<0 4;O AB2>@5==O 
45F5=B@0;V7>20=8E >=;09=-A5@2VAV2 =0 107V 1;>:G59=0, O:V ?@0FNNBь =0 107V A<0@B 
:>=B@0:BV2, B0 2V4?>2V4=0 :@8?B>20;NB0 [2]. �0 15 @>:V2 V=B5=A82=>3> @>728B:C 
A8AB5<, 70A=>20=8E =0 DLT, B0 WE ?@0:B8G=>3> 70AB>AC20==O, 28O28;8AO O: WE=V 
?5@52038, B0: V 2;0AB82V W< =54>;V:8. !0 CAC=5==O F8E =54>;V:V2 A?@O<>20=> 
@>7@>1:C B0 AB2>@5==O G8A;5==8E DLT ?;0BD>@<. ' Fь><C 0A?5:BV B5<0 40=>W 
@>1>B8, ?@8A2OG5=>W @>7@>1FV B0 B5AB>28< 28?@>1C20==O< H284:>4VNG>W B0 
28A>:><0AHB01>20=>W 45F5=B@0;V7>20=>W A8AB5<8 >1@>1:8 B@0=70:FV9 є 4>A8Bь 
0:BC0;ь=>N. 
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�=4;і7 іA=CNч8х B9х=>;>7і9 ?>5C8>68 @>7?>8і;9=8х @9єAB@і6. DLT, I> 70A=>20=V 
O: =0 :;0A8G=><C 1;>:G59=V, B0: V =0 ?;0BD>@<0E Etherium, H8@>:> 
28:>@8AB>2CNBьAO 2 @V7=8E ?@0:B8G=8E 4>40B:0E [3]: DV=0=A>28E ?>A;C30E, 
2:;NG0NG8 ?;0BV6=V A8AB5<8 [4,5], <548F8=V B0 >E>@>=V 74>@>2'O [6,7] , A5:B>@V 
=5@CE><>ABV [8], ?V4B@8<FV І=B5@=5BC @5G59 ( IoT ) [9,10], C?@02;V==V ;>3VAB8:>N 
[11], 5=5@35B8FV [12,13], ?>A;C30E, I> 70A2V4GCNBь >A>1C (ID) [14] B0 V=. � ?@>F5AV 
H8@>:>3> 2?@>20465==O DLT 3>AB@> ?@>O28;0AO ?5@5410G5=0 @0=VH5 �CB5@V=8< 
B@8;5<0 1;>:G59=0 [15]. &@8;5<0 1;>:G59=0 є :>=F5?FVєN, O:0 >?8ACє B@8 >A=>2=V 
0A?5:B8 1;>:G59=-B5E=>;>3VW: 45F5=B@0;V70FVN, <0AHB01>20=VABь B0 157?5:C. *O 
:>=F5?FVO AB25@46Cє, I> =5<>6;82> >4=>G0A=> 4>AO3B8 ?>2=>W 45F5=B@0;V70FVW, 
28A>:>W <0AHB01>20=>ABV B0 157?5:8 2 1;>:G59=V . �><?>=5=B8 B@8;5<8 
@>7C<VNBьAO B0:8< G8=><.  

1. �5F5=B@0;V70FVO. �C4ь-O:0 DLT A?@O<>20=0 =0 45F5=B@0;V70FVN, B>1B> 
@V2=><V@=89 @>7?>4V; :>=B@>;N B0 CG0ABV <V6 2C7;0<8 <5@56V. *5 30@0=BCє 
ABV9:VABь <5@56V B0 ?V428ICє 4>2V@C CG0A=8:V2. "4=0: ?>2=0 45F5=B@0;V70FVO <>65 
?@8725AB8 4> =87ь:>W ?@>?CA:=>W 740B=>ABV <5@56V B0 B@820;>3> ?V4B25@465==O 
B@0=70:FV9.  
2.  0AHB01>20=VABь.  0AHB01>20=VABь 2V4=>A8BьAO 4> 740B=>ABV 
45F5=B@0;V7>20=>3> @5єAB@C >1@>1;OB8 25;8:C :V;ь:VABь B@0=70:FV9 V ?V4B@8<C20B8 
<5@56C, I> @>AB5. �8A>:0 <0AHB01>20=VABь 4>72>;Oє H284:> B0 5D5:B82=> 
>1@>1;OB8 B@0=70:FVW. "4=0: @50;V70FVO 28A>:>W <0AHB01>20=>ABV <>65 ?@8725AB8 
4> 7<5=H5==O 45F5=B@0;V70FVW B0 2@07;82>ABV 157?5:8. $>7?>4V;5=0 A8AB5<0 ?>28==0 
<0B8 <5E0=V7< <0AHB01C20==O 4;O 040?B0FVW 4> 7<V=8 @>1>G>3> =020=B065==O C 
4C65 H8@>:8E <560E. "4=0:, =0?@8:;04, H284:VABь >1@>1:8 40=8E C 2V4><8E 
?>?C;O@=8E A8AB5<0E Bitcoin B0 Etherium =528A>:0 – FV A8AB5<8 >1@>1;ONBь 
?@81;87=> 7 B0 20 B@0=70:FV9 70 A5:C=4C (tps) 2V4?>2V4=>. *V ?>:07=8:8 =57@V2=O==V 
7 B@048FV9=8<8 F5=B@0;V7>20=8<8 A8AB5<0<8, I> >1@>1;ONBь B8AOGV B@0=70:FV9 70 
A5:C=4C [16].  
3. �57?5:0. �;>:G59= 70157?5GCє 157?5:C H;OE>< 28:>@8AB0==O 2V4?>2V4=8E 
5;5<5=BV2 :@8?B>3@0DVW B0 73>48 1V;ьH>ABV CG0A=8:V2 <5@56V. �8A>:89 @V25=ь 
157?5:8 2 1;>:G59=V 28<030є 28A>:>W >1G8A;N20;ь=>W ?>BC6=>ABV B0 4>AB0B=ь>W 
:V;ь:>ABV 2C7;V2 C <5@56V 4;O ?V4B25@465==O B0 ?V4B@8<:8 =04V9=>ABV B@0=70:FV9. 
"4=0: ?V428I5==O 157?5:8 <>65 ?@8725AB8 4> 71V;ьH5==O G0AC B0 @5AC@AV2, 
=5>1EV4=8E 4;O >1@>1:8 B@0=70:FV9. &@8;5<0 1;>:G59=0 2:07Cє =0 =5>1EV4=VABь 
10;0=AC20==O F8E B@ь>E 0A?5:BV2 B0 281>@C ?@V>@8B5BV2 C @>7@>1FV B0 @50;V70FVW 
1;>:G59=-@VH5=ь. �><?@><VA <V6 45F5=B@0;V70FVєN, <0AHB01>20=VABN B0 157?5:>N 
є :;NG>28< D0:B>@>< ?@8 ?@>5:BC20==V B0 2?@>20465==V 1;>:G59=-A8AB5<. &0:8< 
G8=><, VA=Cє 3>AB@0 =5>1EV4=VABь C @>7@>1FV B0 AB2>@5==V 28A>:><0AHB01>20=>W 
@>7?>4V;5=>W A8AB5<8 7 28A>:>N H284:VABN >1@>1:8 B@0=70:FV9. 
 9B4 @>5>B8.  5B0 @>1>B8 – @>7@>1:0 ?;0BD>@<8 45F5=B@0;V7>20=>3> @5єAB@C 7 
?>:@0I5=8<8 E0@0:B5@8AB8:0<8 <0AHB01>20=>ABV B0 H284:>ABV >1@>1:8 
B@0=70:FV9. 
"A=>6=4 ч4AB8=4. !0ABC?=8< ?>:>;V==O< B5E=>;>3VW ?>1C4>28 @>7?>4V;5=8E 
@5єAB@V2 A;V4 22060B8 ?>40==O ?>A;V4>2=>ABV B@0=70:FV9 O: A?@O<>20=>3> 
0F8:;VG=>3> 3@0D0  
(directed acyclic graph , DAG) [18]. &5E=>;>3VO =0 >A=>2V DAG ?>1C4>20=0 =0 
?>40==V 2AVєW <=>68=8 B@0=70:FV9 C 283;O4V =0?@02;5=>3> 3@0D0. �5@H8=0<8 3@0D0 
є B@0=70:FVW (0@EVB5:BC@0 TxDAG ) 01> 1;>:8 B@0=70:FV9 (0@EVB5:BC@0 BlokDAG ). 
$51@0 3@0D0 7'є4=CNBь :>6=C 25@H8=C 7 CAV<0 @0=VH5 CB2>@5=8<8 (10Bь:V2Aь:8<8) 
1;>:0<8, O:V I5 =5 <0NBь ?>A8;0=ь. &0:8< G8=><, 2AO <=>68=0 B@0=70:FV9 
?@54AB02;OєBьAO C 283;O4V A?@O<>20=>3> 45@520. �0;V 28@VHCєBьAO 2V4><0 2 B5>@VW 
3@0DV2 7040G0 ;V=V9=>3> B>?>;>3VG=>3> 2?>@O4:C20==O 3@0D0 [19]. ' @57C;ьB0BV 
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45@52> B@0=70:FV9 ?5@5B2>@NєBьAO =0 ;V=V9=> 2?>@O4:>20=C ?>A;V4>2=VABь 1;>:V2 7 
>4=0:>28< =0?@O<>< @515@ – 2V4 >AB0==VE 70 G0A>< CB2>@5==O 4> @0=VH5 CB2>@5=8E. 
*5 AB2>@Nє <>6;82VABь 70AB>AC20==O ?@028;0 :>=A5=ACAC 4;O ?V4B25@465==O V 
25@8DV:0FVW 1;>:V2. �@EVB5:BC@0 BlokDAG 1C;0 >1@0=0 O: >A=>2=0 4;O ?>1C4>28 
A8AB5<8 @>7?>4V;5=>3> @5єAB@C 7 ?V428I5=>N H284:VABN >1@>1:8 B@0=70:FV9 ?@8 
28A>:V9 <0AHB01>20=>ABV. *V ?5@52038 BlokDAG C ?>@V2=O==V 7 B@048FV9=8< 
1;>:G59=>< 4>AO30NBьAO 70 @0EC=>: 0A8=E@>==>ABV CB2>@5==O =>28E 1;>:V2 C 
BlokDAG. �;>:G59= ?>1C4>20=> =0 >GV:C20=V CB2>@5==O =>2>3> 1;>:C ?VA;O 
25@8DV:0FVW ?>?5@54=ь>3> 5;5<5=BC ;0=FN6:0. ' BlokDAG 1;>:8 CB2>@NNBьAO 
=570;56=> 2V4 25@8DV:0FVW ?>?5@54=VE, 0 2;0A=5 ;0=FN6>: D>@<CєBьAO 2=0A;V4>: 
B>?>;>3VG=>3> 2?>@O4:C20==O. �@V< B>3>, BlokDAG 0@EVB5:BC@0 <0є ?0@04>:A0;ь=C, 
=0 ?5@H89 ?>3;O4, 0;5 4>2545=C 2;0AB82VABь [18] – 7V 71V;ьH5==O< G8A;0 
:>@8ABC20GV2 A8AB5<8 H284:VABь >1@>1:8 1;>:V2 / B@0=70:FV9 7<5=HCєBьAO.  

�;O ?>40;ьH>3> ?@8A:>@5==O >1@>1:8 B@0=70:FV9 70?@>?>=>20=> 
42>H0@>2C <>45;ь ?>1C4>28 A8AB5<8. "A=>2=0 <5@560, ?@87=0G5=0 4;O 
D>@<C20==O B0 @>7?>2AN465==O 1;>:V2, 28:>=0=0 70 B5E=>;>3VєN BlokDAG (H0@ 
1). "?5@0FVW, ?>2'O70=V 7 25@8DV:0FVєN 1;>:V2 =0 ?V4AB02V ?@>B>:>;C :>=A5=ACAC, 
28=5A5=V 4> :>>@48=0FV9=>W <5@56V, I> ?@0FNє 70 B5E=>;>3VєN B@048FV9=>3> 
:>=A5=ACAC (H0@ 2). 

/: V 2 A8AB5<V Etherium [2] 4;O >1@>1:8 B@0=70:FV9 70AB>A>20=0 48A:@5B=0 
G0A>20 H:0;0.  V=V<0;ь=8< V=B5@20;>< G0AC є A;>B B@820;VABN 4 A ?@>BO3>< O:>3> 
4VW H0@V2 A8=E@>=V7CNBьAO. �>@8ABC20GV ?>28==V AB2>@8B8 B0 @>7?>4V;8B8 ?> <5@56V 
A2V9 1;>: ?V4 G0A A;>B0. %;>B8 ?>є4=CNBьAO 2 5?>E8. �?>E8 ?@87=0G5=V 4;O ?V418BBO 
?@><V6=8E @57C;ьB0BV2 <5@56V. ' 70?@>?>=>20=V9 <>45;V 5?>E0 A:;040єBьAO V7 32 
A;>BV2. 

"A=>2=8< B5E=>;>3VG=8< AB@C:BC@=8< 5;5<5=B>< <5@56V є 2C7>; (node, 
=>40). �C7;>< є 70@5єAB@>20=89 A5@25@ 2 <5@56V, I> 715@V30є 2AV 2V4?>2V4=V 70?8A8 
C 283;O4V @5єAB@C. !0 :>6=><C 2C7;V <>65 1CB8 @>73>@=CB> ?52=C :V;ь:VABь 
;>3VG=8E AB@C:BC@=8E 5;5<5=BV2, O:V C<>2=> =07820B8<5<> Workers (#@0FV2=8:8), 
WE >1;V:>2V 70?8A8 <0NBь =5>1EV4=V 40=V 4;O CG0ABV C ?@>B>:>;V :>=A5=ACAC PoS [20]. 
�>65= Worker ?VA;O 2:;NG5==O 4> A8AB5<8 A:;040єBьAO 7 42>E :><?>=5=BV2 7  
=570;56=8<8 04@5A0<8 – 'B2>@N20G 1;>:V2 (Creator) B0 �>>@48=0B>@ (Coordinator) 
(@8A.1). 

К>>D48=4Fі9=4 
<5D564

ОE=>6=4 <5D564

Blockchain

DAGchain

Р>;ь: УF6>Dю64G 
5;>:і6

Р>;ь: К>>D48=4F>D
ВG7>;, щ> 74E>48Fь 

6 <5D56G

Worker

Ш4D 2

Ш4D 2
 

$8A. 1. �2>H0@>20 <>45;ь A8AB5<8 @>7?>4V;5=>3> @5єAB@C 

(C=:FVW >1@>1:8 B@0=70:FV9 @>7?>4V;5=V <V6 H0@0<8 A8AB5<8 2 ?52=89 

A?>AV1.  
� >A=>2=V9 <5@56V 28:>=CNBьAO B0:V >A=>2=V >?5@0FVW. 

1. #>HC: V=H8E 2C7;V2 B0 ?V4:;NG5==O 4> =8E. 
2. #@89>< B@0=70:FV9 2V4 :>@8ABC20GV2, @>7<VI5==O 2 ?C; B@0=70:FV9 B0 
?5@5A8;0==O B@0=70:FV9 40;V ?> <5@56V. 
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3. �87=0G5==O =0 ?V4AB02V <5B>4C ?5@5<VHC20==O, EB> V7 B2>@FV2 AB2>@Nє 1;>: C 
:>6=><C A;>BV. 
4. �8;CG5==O B@0=70:FV9 7 ?C;C, 4>4020==O 2 1;>:, 2V4?@02;5==O 40=>3> 1;>:C 
V=H8< CG0A=8:0< <5@56V. 
5. #5@540G0 A2>є<C :>>@48=CNG><C 2C7;C ?>@O4:C 1;>:V2, I> 2E>4OBь 2 F59 2C7>;.  
6. "B@8<0==O 2V4 A2>3> :>>@48=CNG>3> 2C7;0 ?>@O4:C 1;>:V2 4;O DV=0;V70FVW. #V4 
DV=0;V70FVєN (01> >AB0B>G=VABN) @>7C<VєBьAO ?@>F5A, ?VA;O 7025@H5==O O:>3> 
B@0=70:FVO 2 <5@56V <>65 22060B8AO >AB0B>G=>N V =5 VA=Cє @878:C D0;ьA8DV:0FVW 
(7<V=8) B@0=70:FVW 01> 1;>:C 2 C?>@O4:>20=><C ;0=FN6:C. 
7. �15@565==O VAB>@VW 1;>:V2 B0 B@0=70:FV9 C 2C7;0E @5єAB@C. 
8.'G0ABь C A8=E@>=V70FVW 1;>:V2 B0 B@0=70:FV9. 

"A=>2=V >?5@0FVW, O:V 28:>=CNBьAO 2 :>>@48=0FV9=V9 <5@56V B0:V.  
1. �87=0G5==O 2 :>6=><C A;>BV 5?>E8 A:;04C :><VB5BV2 Proof of Stake B0 @>;59 
:>>@48=0B>@V2 C =8E (B2>@5Fь, 0B5AB0B>@, 03@530B>@). 
2. #@89>< @57C;ьB0BV2 0B5AB0FVW 2V4 V=H8E 2C7;V2 B0 ?5@540G0 WW 40;V G5@57 <5@56C.  
3. �>4020==O  CB2>@N20G5< 2 1;>: 0B5AB0FV9, @0=VH5 =5 4>40=8E 2 1;>:. 
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Over the fifteen years of its existence, distributed ledger technologies have found wide application in the 

field of financial turnover, cryptocurrency applications, and secure document management systems. The 
most popular today are the blockchain systems of Bitcoin and Etherium. Despite of their advantages – the 

immutability of processed transactions, decentralization, transparency – they have a serious drawback: low 

transaction processing speed and limited scalability. In this regard, it is difficult for them to compete with 

decentralized financial platforms that have transaction processing speeds orders of magnitude higher. The 

purpose of this work is to develop a decentralized ledger platform with improved scalability and transaction 

processing speed. The system was built on an architecture based on a directed acyclic graph – BlockDAG. 

BlockDAG architecture compares favorably with Blockchain in asynchronous operation. The ordering of 

blocks in it is carried out by topological linear sorting of the directed graph. In addition, the processing 

speed in BlockDAG increases with the increase in the number of users. The platform is built on a two-layer 

scheme and consists of two networks – the main BlockDAG network and the coordination network built 

on the basis of Blockchain. In the main network, blocks are created and distributed over the network. The 

coordination network performs the functions of block certification and their finalization. Proof of Stake 

consensus protocol applied. The system is implemented as an experimental Waterfall platform. The 

platform is designed to serve transactions with various tokens, including NFT, to serve smart contracts and 

develop distributed applications. System testing showed a high transaction processing speed combined with 

the required scalability. 

Keywords: distributed ledger technologies , two-layer network , BlockDAG , Waterfall platform 
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