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>>< 7V4D>45D47<6=>W EGE?5=7VW >5D>5?N64=>W ?>65DE=V. �V4D>45D47<6=4 EG-
E?5=7VO ?D>>4GGTFLEO G5D57 45F4?L 6 >5>E =4?DO<>4E, EF6>DNNG< E?DO<>64=G 
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L>DEF>VEFL. �FD<<4=4 L>DEF>VEFL 74?56<FL 6V4 D>7<VDG V >>=F5=FD4FVW 45D4-
7<6=<E 75D5= =4?>6=N64G4 EGE?5=7VW. 

�5D47<6=>-5>EFDG7V==4 >5D>5>4 >4=4?G ?>?O74T 6 5>EFDG7VW G74>66 >4=4-
?G D>5>G>7> E5D54>6<M4 7 ?>?V<5D=>W >E=>6<, =4?>6=5=>W 45D47<6=<<< 75D-
=4<<, O>V 744F=V 4> 6'O7>>?DG6=>7> 45D>D<G64==O. 

�=4?V7 F<E <5F>4V6 74 4>?><>7>N 6VDFG4?L=>W 7V4D>4<=4<VG=>W E<<G?OFVW 
?>>4746, M> ?D< F4>V= >5D>5FV >4=4?V6 7 >GF>6<<< 6<7<=4<< O>VEFL >5D>5?5-
=>W ?>65DE=V G4EF> =5>4=>DV4=4 G5D57 7=4G=V 7<V=< E4D4>F5DG F5GVW D>5>G>7> 
E5D54>6<M4. �5O>V <VEFO >5D>5?ONFLEO 74=44F> V=F5=E<6=>, M> T =54>?GEF<-
<<< G5D57 F>=>>EFV==VEFL >>=EFDG>FVW, 45O>V <VEFO ?D4>F<G=> =5 >5D>5?NNFL-
EO G5D57 ?44V==O F<E>G F4 ?>65DF4==O F5GVW 6 ?D>F<?56=><G =4?DO<>G. �?5 FV 
E<FG4FVW 7GEFDVG4NFLEO 7455V?LL 6 E6<?56>44E 7 >GF>6<<< 77<=4<<. &>5F> 4?O 
=<E 6<>>D<EF4==O F<E <5F>4V6 =5 T 4>FV?L=<<. 

�?O ??46=<E 6<7<=V6 E6<?56>4V6 ?DO<>>GF=>7> ?5D5DV7G <>6=4 ?V4V5D4-
F< D56<<< V 6?4EF<6>EFV E5D54>6<M4 F4 45D47<6=>7> =4?>6=N64G4 4?O ?D>4G-
>F<6=>W >5D>5>< >4=4?G. 

 
 

'�� 621.914.22 
�>?O>>64 �.%. 1, �>7?>64 �.�. 2 
1 EFG4. 7D. �7-110< �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�>?O>>64 �.%., �>7?>64 �.�. 
�%������%&� �����&$�� $����,��� '�%&��� ���&���% 

$$�� 

� EGG4E=><G V=EFDG<5=F4?L=><G 6<D>5=<FF6V, =4 EL>7>4=VL=V= 45=L, 
646>> G=<>=GF< ?5D54G4E=>7> E?<E4==O V=EFDG<5=FV6 6=4E?V4>> ?>7VDL5==O 
O>>EFV >5D>5><, ?>O6< 6V5D4FV= F4 6<FD4F =4 74>G?V6?N =>6<E [1]. 

&><G, 6 75><5FDVN >V=F56<E DD57 6V4 ?>G4F>G 74>?445=4 <>6?<6VEFL WE, 
O> <V=V<G<, FD<>D4F=>7> 74F>GG64==O, 4 F4>>6 7<5=L5==O 5<FFO. &5 3 EFDVG>4, 
O>4 T G4EF<=>N 744=L>W ?>65DE=V 7G54 V ?V444TFLEO L?VDG64==N ?D< 74F>GG-
64==V. �W =4O6=VEFL 6<>?NG4T <V>D>E>>?< DV74?L=<E >D><>> ?D< ?>?GF=><G F4 
7GEFDVG=><G DD575DG64==V ?D< D>5>FV V=EFDG<5=F>< 7 F65D4>7> E??46G [2] V 
VEF>F=> 6??<64T =4 6V5D>EFV=>VEFL ?D>F5EG DD575DG64==O [3, 4]. %4<5 6>=4 
?V444TFLEO >E=>6=><G 7=>EG V 74F>GGTFLEO ?D< >5D>5FV 744=L>W ?>65DE=V. $>7-
<VD EFDVG>< G<=<FL 4VN 65?<G<=V E<?< F5DFO <V6 DD57>N V >5D>5?N64=>N 
45F4??N, F><G, 6>=4 ?>6<==4 6<7>F>6?OF<EO F4 ?V4FD<<G64F<EO 6 ?56=><G 
4V4?47>=V [5]. 

� ?VF5D4FGD=<E 465D5?4E ?D>?>=>64=> 6<>>=4==O EFDVG>< DV7=>W L<D<-
=<. 
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�?O 7<5=L5==O 5<FFO DD57< =4 7G5V 74?<L4NFL F<?V=4D<G=G EFDVG>G 65-
?<G<=>N f = 0,0530,1 <<, V 744=V= >GF ?>G<=4TFLEO 665 74 FVTN EFDVG>< [6]. 
�=>4V 74?<L4NFL F<?V=4D<G=V EFDVG>< L<D<=>N f = 0,02&0,03 << [7]. � 
��%& 17026-71 747=4G5=>, M> >V=F56V DD57< 6<7>F>6?ONFL 6 46>E 6<>>=4=-
=OE: 7 F<?V=4D<G=>N EFDVG>>N =4 744=V= ?>65DE=V 7G54 (f  f 0,05 <<) F4 74F>-
G5=V =47>EFD>. �7V4=> [8] =4 744=V= ?>65DE=V 7G5V6 DD57 ?D< 74F>GG64==V 74?<-
L4NFL >DG7?>L?VD>64=G EFDVG>G L<D<=>N =5 5V?LL5 0,1 <<. 

 
 

³ 3 7>?>6=<= 744=V= >GF; ³1 3 4>?><V6=<= 744=V= >GF; f 3 EFDVG>4. 
 

$<EG=>> 1 3 �?5<5=F< 75><5FDVW 7G54 DD57<. 
 
�V4F4>, EFDVG>4 =4 744=V= ?>65DE=V 7G54 DD57<, O>4 T =56V4'T<=>N G4EF<-

=>N 75><5FDVW >V=F56<E DD57, 6??<64T =4 65EL ?D>F5E DD575D=>W >5D>5><. 
&><G, 4>FG4?L=<< T 6<6G5==O F4 6<7=4G5==O 74?56=>EFV =4=>D4M<E G<>6 
?D>F5EG DD575DG64==O, 4 E4<5 F>G=>EFV >5D>5><, ?4D4<5FDV6 O>>EFV F4 5D5>F<-
6=>EFV, 6V4 WW 75><5FD<G=>7> D>7<VDG. 

 
%��%�� ����$�%&���� ��&�$�&'$� 

1. $D574 >>=F564O [-?5>FD>==O= D5EGDE] // $4745?: �4GG=>-F5E=<G5E>4O 
EF4FLO. 3 $56<< 4>EFG?4: https://pitools.ru/articles/end-mills.html 

2 �4??4 �. �. �E>55==>EF< ?D>5>F<D>64=<O < <77>F>6?5=<O >>=F56OE 
DD57 E =4?4==O<< ??4EF<=>4<< F65D4OE E??46>6 6<=F>6>= D>D<O 4?O >5D4-
5>F>< 45F4?5= <7 46<4F<>==OE <4F5D<4?>6 / �. �. �4??4 // �5E=<> �D�&'. 3
2018. 3 &. 22, 7 11. 3 %. 10333. 

3. �6F>>>?554=<O ?D< DD575D>64=<< F>=>>EF5==OE M?5<5=F>6 45F4?5=: 
<>=>7D4D<O [-?5>FD>==O= D5EGDE] : <>=>7D4D<O / [�=G>>6 .. �., �O4O %. �., 
�>7?>64 �. � < 4D.] ; ?>4 D54. .. �. �=G>>64. 3 -?5>FD>=. 44==O5. 3 �4?>D>-
6L5 : ��&', 2017. 3 1 M?5>FD>=. >?F. 4<E> (DVD-ROM) 12 E<. 3 �4764=<5 E 
F<F. M>D4=4. 
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4. �G54D56 �. �. �?<O=<5 D4E>< =4 744=5= ?>65DE=>EF< >>=F56>7> <=EF-
DG<5=F4 =4 <=F5=E<6=>EFL 46F>>>?554=<= ?D< DD575D>64=<< / �. �. �G54D56, 
%. �. �O4O, �. �. �>7?>64, �. %. ,F4=>56<G // �>?>456L 6 46<4F<<: =>6O5 
D5L5=<O < ?5D54>6O5 F5E=>?>7<< : <564G=4D. =4GG.-F5E=. >>=D., 19321 FD46=O 
2015 D. : F57<EO 4>>?. 3 �4?>D>6L5, 2015. 3 %. 79381. 

5. �4F>G>4 >>=F56>= DD57O [-?5>FD>==O= D5EGDE] // $>74V?: �4GG=>-
F5E=<G5E>4O EF4FLO. 3 $56<< 4>EFG?4: 
https://www.rinscom.com/articles/zatochka-kontsevoy-frezy. 

6. �DL<=>6 �. �. $574=<5 <5F4??>6 < D56GM<= <=EFDG<5=F / 
�. �. �DL<=>6, �. �. �?5>E556. 3 2-5 <74., ?5D5D45. < 4>?. 3 �. : �4L<=>EF-
D>5=<5, 1967. 3 500 E. 

7. �>656=<>>6 �. �. �5F4??>D56GM<5 <=EFDG<5=FO : GG55=<> / 
�. �. �>656=<>>6, %. �. �<DE4=>6. 3 &><E> : �74-6>. &><. G=-F4, 2003. 3 392 E. 

8. �6DGF<= %. �. $D575D=>5 45?> : GG55=<> 4?O 7>D>4E><E ?D>D.-F5E=. 
GG<?<M / %. �. �6DGF<=.3 5-5 <74., ?5D5D45. < 4>?. 3 �. : �D>DF5E<744F, 
1963. 3 542 E. 

 
 

'�� 621.7 
%5D4N> �.�.1 , �GE4?LEL>4 �.�.2 
1EFG4. 7D. �-110< �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2>4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

%5D4N> �.�., �GE4?LEL>4 �.�. 
3D-�$'� � �����'�'����� 

�4 >EF4==V D>>< 3D-4DG> EF46 L6<4>> =45<D4F< ?>?G?OD=VEFL 6 45E>?N-
F=> DV7=<E ED5D4E. �>7> 6<>>D<EF>6GNFL 6 ?>5GFV, >G?V=4DVW, 46F><>5V?55G4G-
64==V, D4>5F>->>E<VG=V= ?D><<E?>6>EFV, <54<F<=V V 76VE=> 46V4>>=EFDG>F>D< 
=5 7<>7?< >5V=F< FN =>64F>DEL>G F5E=>?>7VN EF>D>=>N, ?>G46L< 4>F<6=> WW 
6<>>D<EF>6G64F< 6 D>7D>5FV =>6<E ?VF4>V6 F4 WE >><??5>FGNG<E. %4<4 EGFL 
FL>7> <5F>4G ?>?O74T G =47DV64==V <5F4?56>7> ?>D>L>G ?>FG6=<< ?475D>< 
M> V 74557?5GGT ?D>F5E E?V>4==O <4F5DV4?G V ?5D5F6>D5==N =>7> G 7>F>6<= 4> 
6<>>D<EF4==O 6<DV5. 

�4=>N V7 ?5DL<E >E6>W?4 F5E=>?>7VN >><?4=VO GE Aviation. �<D>5=<> 
46V4FV==<E 46<7G=V6 765D=G6 G647G =4 F5, M> 6<>>D<EF4==O DV7=<E E??46V6 6 
45F4?V VEF>F=> ?>>D4MGT WW DV7<>>-F5E=VG=V 6?4EF<6>EFV V 44T <>6?<6VEFL 6<65-
EF< ?L>F=V E4D4>F5D<EF<>< ?VF4>4 =>6<= DV65=L. �?5 FD44<FV==<= <5F>4 ?<FFO 
=5 4>76>?OT >5'T4=4F< DV7=V <4F5DV4?< G D4<>4E >4=>7> F5E=>?>7VG=>7> ?D>F5-
EG. &>4V G GE Aviation ?>G4?< ?D4FN64F< =44 G4>E>>=4?5==O< D>DEG=>>. �?O 
6<D>5=<FF64 >4=VTW 45F4?V =5>5EV4=> 5G?> >>D5<> 6<7>F>6<F< 20 5?5<5=FV6, 
?VE?O G>7> 7'T4=4F< WE 6 >4=V= 74?G4EF<=V. 3D ?D<=F5D ?> <5F4?G 446 <>6?<-
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6VEFL 6<7>F>6<F< 45F4?L V7 FV?L=>7> L<4F>4 <4F5DV4?G, 5>>=><?OG< G4E V 7D>-
LV. �>E?V4=V 7D47>< D>DEG=>> ?D>=L?< E5DF<DV>4FVN 6 2016 D>FV [1]. 

�V74=F< 46V45G4G64==O ?VL?< M5 44?V. &4> >><?4=VO Airbus EF6>D<?4 
557?V?>F=<= ?VF4?L=<= 4?4D4F «Thor», =44DG>>64=<= =4 3D ?D<=F5DV. �>64 
=45 ?D> <4=65 6EV 5?5<5=F< >>D?GEG, >DV< <>4G?O 4<EF4=FV==>7> >5DG64==O V 
5?5>FD>==<E ?D>?5?5DV6. '>F<D<<5FD>6<= ?VF4> GE?VL=> ?V4=O6EO 6 ?>6VFDO V 
?>4>?46 40 >V?><5FDV6, ?VE?O G>7> 74V=E=<6 644?G ?>E44>G =4 746>4V >><?4=VW. 
�D>5>F =>E<FL 5>E?5D<<5=F4?L=<= E4D4>F5D, 4 =4 =>7> 547V 7D>5?OFL ?VF4> 7 
FV?L=<< >>D?GE><, <4>E<<4?L=> =45?<65=<= 4> E5DV==<E <>45?5= [1]. 

3D 4DG> 6<>>D<EF>6GTFLEO V 6 E5DV==<E ?VF4>4E Airbus. ' L<D>>>DN75-
?O6=<E ?4==5D4E �350 6EF4=>6?NTFLEO =44DG>>64=<= 7 F<F4=>6>7> ?>D>L>G 
>D>=LF5== 6 E>?44V ?V?>=4 46<7G=4. � 5>E?5D<<5=F4?L=<E <>45?OE Airbus 
G65 74D47 F5EFGNFL 5V?LL5 1000 45F4?5=, 7D>5?5=<E <5F>4>< ?475D=>7> E?V-
>4==O. %5D54 =<E ?5D5646=> 5?5<5=F< V=F5D'TDG. � 6 F>= 65 G4E 6<D>5=<> 
46V446<7G=V6 Safran Helicopter Engines 6<DVL<6, M> =5 ?>FDV5=> >5<56G64F<EO 
?<L5 ?D54<5F4<< V=F5D'TDG V 6 2017 D>FV ?D54EF46<6 ?V=V=>G 747>FGD5V==<E 
46<7G=V6 Aneto. �6<7G=< EF4?< =4 30% ?>FG6=VLV, =V6 4=4?>7< ?D< FV= 65 
=44V==>EFV F4 5>>=><VG=>EFV. ' ?D>F5EV E>?444==O 6<>>D<EF>6GNFLEO >><?>-
=5=F<, 7D>5?5=V <5F>4>< FD<6<<VD=>7> 4DG>G 3 6?GE>=V =4?DO<=V ?>?4F>< V 
>55DF4TFLEO >4<5D4 77>DO==O. �><?4=VO =4?VF4?4 25 7>4<= 3 ?D>5?5< =5 6<O6-
?5=> [1]. 

� 4<5D<>4=EL>><G «�>W=7» =5 6V4EF4NFL 6V4 T6D>?5=EL><E >>?57. 3D-
4DG> 74EF>E>64=> ?D< EF6>D5==V ?VF4>4 Boeing 777X, 6 O>><G >5<464 46<7G=< 
GE9X =4?VGGNFL ?>=44 FD< E>F=V 3D-4DG>>64=<E 45F4?5=, 7 O><E 5?<7L>> 80% 
E>?444NFL F<F4=-4?N<V4=V ?>?4F>< 46<7G=4. &V 45F4?V 5G?< 6<7>F>6?5=V >>-
<4=44<< 7 General Electric 6 45D>>>E<VG=V= >><?4=VW Avio Aero V &5=FD>< 
�4<F<6=<E &5E=>?>7V= GE [2]. &4>>6 Boeing 74?4F5=FG646 3D-4DG> ?56VFGN-
G<E ?D54<5FV6. �>64 F5E=>?>7VO =5 EE>64 =V =4 M> V=L5 - =45FLEO ?D> >4=>G4-
E=5 6<>>D<EF4==O 45>V?L>>E 3D-?D<=F5DV6 4?O ?>44GV <4F5DV4?G 7 4V4<47=VF-
=<<< 6?4EF<6>EFO<<. �4<VEFL 4DG>>64=>W ??4FD>D<< F5E=>?>7VO Boeing <4T =4 
G647V EF6>D5==O <47=VF=<E ?>?V6, O>V GFD<<GNFL ?5DLG «?>DFVN» =44DG>>64-
=>7> <4F5DV4?G - ?>FV< 3D-?D<=F5D< 4>44NFL 4> =5W =>6<= <4F5DV4?. �E>V?L>< 
<4F5DV4? GFD<<GTFLEO <47=VF=<<< ?>?O<<, ?D<=F5D< <>6GFL 4DG>G64F< =4 
5G4L-O>V= EF>D>=V, =4 6V4<V=G 6V4 FD44<FV==<E ?D<EFD>W6, M> EF6>DNNFL 45F4-
?V 6V4 =<7G 4> 65DEG, 4 >55DF4==O ?D54<5FV6 6 5G4L-O><E =4?DO<>4E 4>76>?OT 
6<7>F>6?OF< =45474F> E>?44=VLV D>D<< [3]. 

&4>>6 74 4>?><>7>N 3D-?D<=F5DV6 <>6=4 4DG>G64F< 74?G4EF<=< =4 74-
<V=G 7?4<4=<E, ?DO<> =4 <VEFV >5E?G7>6G64==O ?VF4>V6, M> 7=4G=> E>>D>GGT 
G4E F4 7D>L>6V 6<FD4F<. �E>5?<6> F4>G <>6?<6VEFL >FV=OFL 6V=EL>>6V [4]. ' 
?V4EG<>G <>6=4 ?>54G<F<, M> 3D-4DG> 6E5 5V?LL5 74E>??NT 74?G7L 46V45G4G-
64==O, >E>V?L>< 45F4?V 6<7>F>6?5=V 74 FVTN F5E=>?>7VTN 7=4G=> ?57LV (M> T 
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>D<F<G=> 4?O 46V4FVW), L6<4L5 6<7>F>6?ONFLEO V 74?<L4NFL <4?> 6V4E>4V6 
6<D>5=<FF64. � 6E5 F5 7<5=LGT 64DFVEFL ?VF4>4 F4 =>7> >5E?G7>6G64==O. 

 
%��%�� ����$�%&���� ��&�$�&'$� 

1. 3D ?5G4FL 6 46<4EFD>5=<< [-?5>FD>==O= D5EGDE]. 3 $56<< 4>EFG?4: 
https://make-3d.ru/articles/3d-pechat-v-aviastroenii/ 

2. 3D-?5G4FL 6 E>744=<< E4<>?5F4 Boeing 777 [-?5>FD>==O= D5EGDE]. 3 
$56<< 4>EFG?4: https://3dtoday.ru/blogs/top3dshop/3d-pechat-v-sozdanii-
samoleta-boeing-777 

3. �><?4=<O Boeing 74?4F5=F>64?4 3D-?5G4FL ?56<F<DGNM<E ?D54<5F>6 
[-?5>FD>==O= D5EGDE]. 3 $56<< 4>EFG?4: 
https://www.3dpulse.ru/news/nauchnye-razrabotki-tehnologii/kompaniya-boeing-
zapatentovala-3d-pechat-levitiruyuschih-predmetov/ 

4. Boeing 4>F<6=> <E?>?L7G5F 3D ?5G4FL 6 ?D><76>4EF65 74?G4EF5= 4?O 
E6><E E4<>?5F>6 [-?5>FD>==O= D5EGDE]. 3 $56<< 4>EFG?4: 
https://jets.ru/lifestyle/boeing_aktivno_ispolzuet_3d_pechat_v_proizvodstve_zapc
hastey_dlya_svoikh_samoletov/ 

 
 

'�� 621.9 
�O4O %.�. 1, &5?N?4 �.�. 2 

1 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-118E? �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�O4O %.�., &5?N?4 �.�. 
����� '�%&�& ��&��������, &� ���%��% �������, 

��&��� �� /��%&, �� ����$%�� ��%�/ ���&����� 
$$���$'����/ 

�<<>7< M>4> 74>M4465==O <4F5DV4?L=<E D5EGDEV6 74664< 5G?< 4>FG4-
?L=<<< ?D< 6<7>F>6?5==V 5G4L O>>W ?D>4G>FVW, F><G M> ?56>64 G4EF>4 G E>5V-
64DF>EFV WW 6<7>F>6?5==O ?D<?444T E4<5 =4 <4F5DV4?<. ' F5?5DVL=V= G4E 6<>>-
D<EF4==O <5F>4G >V=F56<E 5?5<5=FV6 =4 5F4?V ?D>5>FG64==O 6<D>5V6 4>76>?OT 
6<7=4G4F< WE 75><5FD<G=V ?4D4<5FD<, 74 O><E ?D< <V=V<4?L=<E D>7<VD4E 5G-
4GFL 6<>>=G64F<EL 5>E??G4F4FV==V 6<<>7<. �D< FL><G G 5474FL>E 6<?44>4E 
45F4?V 6<D>5V6 F>=>>EFV==V, M> GE>?44=NT WE >5D>5>G =4 <5F4?>DV74?L=<E 
65DEF4F4E G5D57 6<=<>=5==O 6V5D4FV=. �D< FL><G >E>5?<6> =574F<6=> 6??<-
64NFL 46F>>>?<64==O. �>E?5D<<5=F4?L=> 4>6545=>, M> 6>=< D>D<GNFL E6<-
?OEFG ?>65DE=N DV74==O. &5 6??<64T =4 7<V=G F>6M<=< L4DG, M> 7DV74TFLEO F4 
E?44>>6VEFL G 6<7?O4V E6<?OEF>EFV =4 >5D>5?5=V= ?>65DE=V. �D>> E6<?OEF>EFV 
=4 =V= <>6=4 D>7D4EG64F< ?D< 7=4==V ?5DV>4G 46F>>>?<64=L F4 L6<4>>EFV 
DV74==O [1]. ,6<4>VEFL DV74==O 7444TFLEO, 4 G4EF>F4 46F>>>?<64=L (f��) 74?<-
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L4TFLEO =56V4><>N. &><G 4>FG4?L=<< T WW 6<7=4G5==O. �>E?5D<<5=F4?L=> 
6EF4=>6?5=>, M> 6>=4 74?56<FL 6V4 G4EF>F 6?4E=<E >>?<64=L V=EFDG<5=FG (fV=) 
F4 45F4?V (f45F), 7=4G5==O O><E <>6=4 6<<VDOF< 4> ?>G4F>G >5D>5>< 45F4?V. �?O 
D>7D4EG=>G G4EF>F< 46F>>>?<64=L ?D>?>=GTFLEO D>D<G?4: 

�D< DD575DG64==V 7 65?<><<< G4EF>F4<< >55DF4==O L?<=45?O, >>?< 46-
F>>>?<64==O =5 6EF<74NFL D>7?>G4F<EO, 6<7=4G4?L=<<< 4?O O>>EFV >5D>5>< T 
G4EF>F< 6?4E=<E >>?<64=L 45F4?V, G >D4F=>EFV 4> O><E D5>><5=4GTFLEO ?D<-
7=4G4F< G4EF>F< >55DF4==O L?<=45?O. 

 
%��%�� ����$�%&���� ��&�$�&'$� 

1. �O4O %. �. �?<O=<5 ?5D<>44 46F>>>?554=<= =4 D>D<<D>64=<5 ?D>D<-
?O >5D45>F4==>= ?>65DE=>EF< ?D< >>=F56>< F<?<=4D<G5E>>< DD575D>64=<< / 
%. �. �O4O, �. �. �>7?>64, �. �. �5D<4L56, �. �. �GGG7GD>6 // $V74==O F4 
V=EFDG<5=F 6 F5E=>?>7VG=<E E<EF5<4E :  75. =4G>. ?D4FL. 3 �<?. 91. 3 %4D>V6 : 
�&' «%��», 2019. 3 %. 24336. 

 
 

'�� 62-44 
$57544 �.�.1, �>=G4D �.�.2 

1 EFG4. 7D. �7-110< �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

$57544 �.�., �>=G4D �.�. 
��'�%&�� ����$�� �� ��%&$�% �$����% �'�'�%&��� 

���&/ ��%�/ �'��$$���$'����/ 

'EV 7G5G4EFV 6V=FV ?>6<==V <4F< 74>DG7?5=V >D4=>< =4 F>DFOE 7G5FV6. �4-
74?>< ?5D5454G4NFL D4E>< 45> D44VGE< 74>DG7?5==O =4 F>DFOE ?> >>=FGDG 
7G5FV6 7 <5F>N ?>?V?L5==O 5>E??G4F4FV==<E 6?4EF<6>EF5= 7G5G4EF<E 6<D>5V6 
F4 ?V46<M5==O WE 4>67>6VG=>EFV. 

�<44?5==O 744<D>> F4 74>DG7?5==O >D4=>> >>=FGDG 7G5G4EF<E >>?VE 746-
64< T ?D>5?5<>N, O>G 6<DVLGNFL E?5FV4?V7>64=V F5E< 7G5G4EF<E 6<D>5V6 =4 
46V446<7G=>5G4V6=<E ?V4?D<T<EF64E. �5F>4< 74G<EF>< <4NFL 5GF< =54>D>7<-
<<, ?D>4G>F<6=<<<, <4?>5=5D7>T<=<<< F4 74557?5GG64F< 6<E>>G O>VEFL >5D>-
5>< 45F4?5= 7 7G5G4EF<<< 5?5<5=F4<<. 

�4<= 7 F4><E <5F>4V6 74G<M4T 744<D>< 74 4>?><>7>N G?LFD476G>G. �D< 
FL><G E?>E>5V 4>44F>>6> 77?446GNFLEO 7>EFDV >D4=><, 4 D>5>GV ?>65DE=V 7G-
5FV6 7<V=4< =5 ?V444NFLEO. 

�DG7<= D>7?>6EN465=<= <5F>4 7=OFFO 744<D>> 3 7V4D>74?FG64==O 6 54-
D454=V, ?D<G><G, 6<5<D4NG< 6V4?>6V4=<= =4?>6=N64G V G4EF>FG >55DF4==O 
54D454=4, <>6=4 4>EO7F< O>VE=G >G<EF>G 7G5FV6 557 7<V=< WE ?D>DV?N. 
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�476<G4= ?D>F5E >G<M5==O ?>65DE=V ?>T4=GNFL V7 7<VF=5==O<. '?LFD4-
76G>>6G >5D>5>G ?>65DE=V 6<>>=GNFL 6 7V4D>45D47<6=><G E5D54>6<MV. �5D4-
7<6 66>4OFL 6 D>7G<= 6 >V?L>>EFV 10-15% 6V4 <4E< D>5>G>W DV4<=<. �5D>5?N-
64=V 45F4?V 746>4OFL 6 EGE?5=7VN, M> E>?444TFLEO 7 45D47<6=>7> =4?>6=N64G4, 
76465=>7> 6 DV4<=V. ' FV= EGE?5=7VW 75G46GNFLEO G?LFD476G>>6V >>?<64==O, V 
?V4 4VTN >46VF4FVW F4 7V4D>4<=4<VG=<E ?>F>>V6 6V45G64TFLEO 45>>D4F<6=5 L?V-
DG64==O V 7=OFFO 744<D>>. � 5474FL>E G<==<>V6, M> 6??<64NFL =4 5D5>F<6-
=VEFL G?LFD476G>>6>7> >G<M5==O, =4=5V?LL 646?<6<<< T: ?D46<?L=<= 6<5VD 
EV<VG=>7> E>?44G D>7G<=G F4 =4?>6=N64G4, =>7> F5<?5D4FGD<, ?>FG6=VEFL 
G?LFD476G>G V FD<64?VEFL >G<M5==O. 

�5D>5>4 6 74?F>6>G=><G 54D454=V 6>?NG4T 6 E555 D>7<VM5==O 45F4?5= 3 
L5EF5D5=L, 45D47<6=<E E5D54>6<M V >><?4G=4V6 6 54D454=V 7 6>4>N. �55DF4=-
=O 54D454=4 ?D<76>4<FL 4> ?5D565DF4==O <4E< =>EVO V 45F4?5=. &5 6<>?<>4T 
F5DFO, O>5 ?D<76>4<FL 4> EF<D4==O 45F4?5= 6 <4EV V L6<4>><G = 5D5>F<6=><G 
<5E4=VG=><G 6<44?5==N 744<D>> 7 ?>65DE>=L 45F4?5=. �44<D>< 7=V<4NFL 
L?OE>< 74?F>6>< 6 54D454=4E 74 4>?><>7>N F<DE< 45> L<4F>G>V6 ?<EFO=<E 
E>DFV6 45D56, >5DV7>V6 L>VD<, 74?L><, D57<=<, 5>N 45D47<6=<E >DG7V6 F>M>. 
�<4D>74?F>6>4 6 54D454=4E T FD<64?<< ?D>F5E>< V ?D< D4FV>=4?L=> >5D4=<E 
D56<<4E >5D>5>< 74?56<FL 6V4 6<EV4=<E D>7<VDV6 744<D>>. &D<64?VEFL 74?F>6-
>< 6V4=>E=> 65?<>4 3 6V4 45>V?L>>E 7>4<= 4> 45>V?L>>E 4V5. 

' 6<E=>6>G <>6=4 E>474F<, M> 67474?V <>6=4 6<>>D<EF>6G64F< >><??5-
>E=G >5D>5>G. %?>G4F>G 74 4>?><>7>N 7DG5>W 7V4D>74?F>6>< L6<4>> 6<44?<F< 
65?<>V 744<D>< ?VE?O 7G5>DD575DG64==O, ?VE?O G>7> 6<>>D<EF4F< G?LFD476G>>-
6G >5D>5>G 4?O DV=VL=>W >5D>5>< < 74>DG7?5==O 7>EFD<E >D4=>>. �VE?O 7G5>-
L?VDG64==O 4>EF4F=L> G?LFD476G>>6>W >5D>5><. 

 
 

'�� 621.91.01 
�>7><V=>6 �.�. 1, �5D<4L56 �.�. 1 

1 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
�>7><V=>6 �.�., �5D<4L56 �.�. 

��&����� ���'���� ����$�� %&���%&� �$�&�%' $�����/ 
�$� ���&����' $$���$'����� 

�D>7=>7G64==O EF4?>EFV ?D< DV74==V T 646?<6>N 7444G5N, DVL5==O O>>W 
=5>5EV4=> 4?O 6<5>DG >?F<<4?L=<E D56<<V6 >5D>5><, O>V 7 >4=>7> 5>>G 74-
557?5G4FL 6<E>>G ?D>4G>F<6=VEFL, 4 7 V=L>7> =5 ?D<654GFL 4> ?>O6< =5?D<?G-
EF<<<E 6V5D4FV=. �4 D57G?LF4F4<< 4=4?V7G 6V5D>EF4?>EFV >5D>5>< G4EF> 5G4G-
NFL ?5?NEF>>6G 4V47D4<G EF4?>EFV (4<6. D<E. 1). 

�E=GT >V?L>4 >E=>6=<E <5F>4V6 ?>5G4>6< 4V47D4< EF4?>EFV, >>65= 7 O><E 
<4T E6>W ?5D5647< V =54>?V><, 4 F4>>6 >5?4EFL 74EF>EG64==O. &V <5F>4< <>6=4 
?>4V?<F< =4: 4=4?VF<G=<= <5F>4, G<E5?L=V F4 5>E?5D<<5=F4?L=V <5F>4<. 
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�=4?VF<G=<= <5F>4 T =4=5V?LL L6<4><< <5F>4><. �4=4> 6V= =5 ?V4E>-
4<FL 4?O 4=4?V7G E>?44=<E 6<?44>V6 >5D>5><, 7>>D5<4 ?5D5D<6G4EF>7> DV74==O 
(=4?D<>?44, DD575DG64==O 7 <4?<< >GF>< >>=F4>FG) [1], [2]. 

%5D54 G<E5?L=<E <5F>4V6 ?>FDV5=> 6<4V?<F< =4EFG?=V <5F>4<. 
�5F>4 =4?V64<E>D5F<74FVW. �>76>?OT 4=4?V7G64F< 6V5D>EF4?VEFL ?5D5D<6-

G4EF>7> DV74==O. �?5 6<<474T 65?<>>7> G4EG 4?O D>7D4EG=>G, >E>V?L>< ?5?NE-
F>>64 4V47D4<4 EF4?>EFV 5G4GTFLEO L?OE>< ?5D55>DG 7=4G5=L L6<4>>EFV >55D-
F4==O L?<=45?O n 7 >D>>>< &n, V L<D<=< L4DG, M> 7DV74TFLEO (7?<5<=< DV74=-
=O) a, 7 >D>>>< &a [3]. 

 

 
$<EG=>> 1 3 �5?NEF>>64 4V47D4<4 EF4?>EFV [1]. 

 
�5F>4 ?>6=>W 4<E>D5F<74FVW [4]. �V= EE>6<= 7 <5F>4>< =4?V64<E>D5F<74-

FVW. �<<474T <5=L>W G4EG 4?O D>7D4EG=>G, =V6 <5F>4 =4?V64<E>D5F<74FVW, ?D>-
F5 =>7> F>G=VEFL FD>E< =<6G5, =V6 G <5F>4G =4?V64<E>D5F<74FVW. 

�5F>4< V<VF4FV==>7> <>45?N64==O G G4E>6><G ?D>EF>DV [1]. �>76>?ONFL 
6D4EG64F< D54?L=G >V=5<4F<>G ?D>F5EG, <5E4=V>G DV74==O, 75><5FDVN V=EFDG-
<5=FG, D44V4?L=5 5<FFO, 6=GFDVL=N V 7>6=VL=N E6<?OEFVEFL =4 ?>65DE=V DV-
74==O F4 V=LV =5?V=V==>EFV. �4=4> 6<FD4F< G4EG 74=44F> 65?<>V 4?O ?>5G4>6< 
?>6=>W 4V47D4<< EF4?>EFV. 
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�>E?5D<<5=F4?L=V <5F>4< [1], [5] T =4=5V?LL 6<FD4F=<<< 74 G4E>< V 64D-
FVEFN. �DV< F>7>, 4=4?V7 EF4?>EFV <>6=4 ?D>65EF< FV?L>< 4?O >>=>D5F=>W 747>-
F>6><, V=EFDG<5=FG V 65DEF4F4. 

�5F>4< =4?V64<E>D5F<74FVW V ?>6=>W 4<E>D5F<74FVW G4EFVL5 6<>>D<EF>-
6GNFLEO 4?O 4=4?V7G ?D>F5EV6 ?5D5D<6G4EF>7> DD575DG64==O >E>V?L>< 44NFL 
D>7G<=<= >><?D><VE <V6 F>G=VEFN F4 64DFVEFN D>7D4EG=>V6. 

 
%��%�� ����$�%&���� ��&�$�&'$� 

1. Altintas Y. Chatter stability of metal cutting and grinding / Y. Altintas, 
M. Weck // CIRP Annals - Manufacturing Technology. 3 2004. 3 Vol. 53, 7 2. 3 
P. 6193642. 

2. Altintas Y. Manufacturing automation: metal cutting mechanics, machine 
tool vibrations, and cnc design / Y. Altintas. 3 Cambridge University Press, 2012. 3 
381 p. 

3. Insperger T. Semi-discretization for time-delay systems 3 stability and 
engineering applications / T. Insperger, G. Stépán. 3 Springer, 2011. 3 174 p. 

4. Ding Y. A full-discretization method for prediction of milling stability / Y. 
Ding, L. Zhu, X. Zhang, H. Ding // International Journal of Machine Tools and 
Manufacture. 3 2010. 3 Vol. 50, 7 5. 4 P. 5023509. 

5. Tlusty J. Beispiele der behandlung der selbsterregten schwingung der 
werkzeugmaschinen / J. Tlusty, H. Polacek. 3 Munich : Fo Ko Ma, Hanser Verlag, 
1957. 

 
 

'�� 111 
�GDV=4 �.�. 1, �<L=5?>?LEL><= �.�. 2 

1 4E<EF. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EF4DL. 6<>?. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�GDV=4 �.�., �<L=5?>?LEL><= �.�. 
������ $��&�$��, -� ��$�,�����.&, 

$�����%.�����. FDM �$'�' 

� 44=<= G4E ?D< 6<D>5=<FF6V =>6<E 6<D>5V6 6 46V45G4G64==V, <4L<=>- V 
?D<?44>5G4G64==V ?>DO4 7 FD44<FV==<<< <5F>44<< ?5D5D>5>< F5D<>??4EFV6, 
F4><<< O> ?<FFO ?V4 F<E>><, L6<4><<< F5<?4<< D>76<64NFLEO 44<F<6=V F5E-
=>?>7VW, M> 74557?5GGNFL E>>D>G5==O FD<64?>EFV F5E=>?>7VG=>W ?V47>F>6>< 
6<D>5=<FF64. 

FDM (Fused Deposition Modelling) 3 F5E=>?>7VO FD<6<<VD=>7> 4DG>G, ?D< 
O>V= ?>5G4>64 >5'T>F4 =45 74 D4EG=>> D>7??46?5==O =<F>< ??4EF<>4, O>4 G5D57 
5>EFDG45D ?>44TFLEO =4 D>5>GG ?>65DE=N. �V4?>6V4=> 4> >?4E<DV>4FVW 4<5D<-
>4=EL>>W 4E>FV4FVW ?> D>7D>5FV F5E=VG=<E EF4=44DFV6 (ASTM), FO F5E=>?>7VO 
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6V4=>E<FLEO 4> >4=VTW 65?<>>W 7DG?< 3 Material extrusion, M> ?5D5>?444TFLEO O> 
«6<446?N64==O <4F5DV4?G», 4 E4<4 45D56V4FGD4 FDM >7=4G4T «>E4465==O 
D>7??46?5=>7> <4F5DV4?G» [1]. 

�464O>< =<7L>V= 64DF>EFV V 6<E>>><G DV6=N DG=>FV>=4?L=<E <>6?<6>E-
F5= FDM-?D<=F5D< V 6<FD4F=V <4F5DV4?< 4?O =<E 6 44=<= G4E T =4=5V?LL 74-
FD55G64=<<< =4 D<=>G 44<F<6=<E F5E=>?>7V=, 4?5 VE=GT DO4 ?D>5?5<, O>V ?>-
FD55GNFL 6<DVL5==O: 

3 ?>DV6=O=> =565?<><= «6V>» F5E=>?>7VW >5G<>6?NT 6V4EGF=VEFL 7474?L-
=>?D<==OF<E ?D46<?, ��%&V6 F4 <5F>4<> 6<?D>5G64==O O> <4F5DV4?V6, F4> V 
7D47>V6; 

3 6EV 6<D>5<, >FD<<4=V 74 4>?><>7>N 3�-4DG>G, T >DF>FD>?=<<<, F4> O> 
6<D>5?ONFLEO ?>L4D>6>. �476<G4= 4>?GEF<<4 =4?DG74 ?> =>D<4?O< 4> ??>-
M<= XZ V XY 7=4G=> =<6G5, =V6 ?> =>D<4?V 4> ??>M<=< XY; 

3 ?D< FDM 4DGFV <>6?<64 7=4G=4 7<V=4 D>7<VDV6 6<D>5G ?VE?O =>7> ?>6-
=>7> >EF<74==O. �4?D<>?44, 4?O ABS-??4EF<>4 (4>D<?>=VFD<? 5GF44VT= EF<-
D>?) GE44>4 <>65 4>E>4<F< 4> 8%; 

3 >><?4=VW-6<D>5=<>< DV?4<5=F4 7476<G4= 74<>6?ONFL E<D>6<=G G 6<-
7?O4V ?>D>L>V6 45> 7D4=G? V =5 ?D>6>4OFL 4V47=>EF<>G =>7> E>?44G, M> ?D<-
76>4<FL 4> 6V4<V==>EF5= 6 <5E4=VG=<E F4 F5E=VG=<E 6?4EF<6>EFOE >4=>7> V 
F>7> 6 <4F5DV4?G; 

3 =56<E>>4 L6<4>VEFL D>5>F< (4?O ?>5G4>6< 65?<><E V E>?44=<E <>45?5= 
?>FDV5=V 5474F> 7>4<= V =46VFL 45EOF>< 7>4<=); 

3 =565?<>4 D>74V?L=4 744F=VEFL O> ?> 7>D<7>=F4?V, F4> V ?> 65DF<>4?V, M> 
?D<76>4<FL 4> 5V?LL-<5=L ?><VF=>W L4DG64F>EFV ?>65DE=V 6<7>F>6?5=>W <>-
45?V; 

3 4?O 5?5<5=FV6, M> =46<E4NFL, ?>FDV5=5 EF6>D5==O 4>?><V6=<E EFDG>-
FGD, O>V ?VE?O 4DG>G 4>6>4<FLEO 6<44?OF<, 4?5 =46VFL 7 GD4EG64==O< FL>7> 
45O>V <>45?V ?D>EF> =5<>6?<6> 7D>5<F< =4 FDM-?D<=F5DV 74 >4<= F<>?, V 
4>6>4<FLEO D>75<64F< WE =4 45F4?V 7 ?>44?LL<< E>?5N64==O<. 

�<DVL5==O F<E >E=>6=<E ?D>5?5< 4>76>?<FL ?5D5=F< 6V4 ?D>F>F<?G64=-
=O, O>5 5G?> >E=>6=>N <5F>N D>7D>5>< FDM F5E=>?>7VW, 4> 6<7>F>6?5==O 
D54?L=<E 45F4?5=, >>=>D5F=<E ?D<EFD>W6 V >>=EFDG>FV=. 

 
%��%�� ����$�%&���� ��&�$�&'$� 

1. �O?>>6 �. �. �>?<<5D=O5 444<F<6=O5 F5E=>?>7<<: GG55. ?>E>5<5 / 
�. �. �O?>>6. 3 &><E>: <74-6> &><E>>7> ?>?<F5E=<G5E>>7> G=<65DE<F5F4, 
2016. 3 114 E. 
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%��&�/ «&�%������� ��$����&&�� ����&����% ����'��� 
&� ���$��&�'��% '%&������» 

 
'�� 621.452.007 
�E4G5=>> �.�.1 

1 EFG4. 7D. �-610< �' «�4?>DV7L>4 ?>?VF5E=V>4» 
�E4G5=>> �.�. 

��&��� �&� �� �������&����% ��&�$����� �� 
��%&�%'����/� ����&�%������� 

�4=646?<6VL5 74644==O EGG4E=>7> ?VF4>>5G4G64==O 3 ?>?57L5==O >>=E-
FDG>FVW ?VF4?L=>7> 4?4D4FG V =4=>F5E=>?>7VW F4 =4=><4F5DV4?< 4>?><474NFL G 
D>76'O74==O FVTW ?D>5?5<<. 

&5 6E5 4>EO74TFLEO 7464O>< F4><< 6<44< =4=><4F5DV4?V6: 
1) �4=>EFDG>FGD=V >>=EFDG>FV==V <4F5DV4?<. �GEF<=4 >4=>L4D>6<E 6G7-

?5F56<E =4=>FDG5>> 6 5 D47V6 <5=L5 7GEF<=< EF4?<, 4 <VF=VEFL 5V?LL5, =V6 6 
20 D47V6 6<M5, ?<F><4 <VF=VEFL =4=>FDG5>> <>65 5V?LL, =V6 6 EF> D47V6 ?5D5-
6<MG64F< 4=4?>7VG=<= ?4D4<5FD 4?O EF4?<. &5 6V4>D<64T L<D>>V ?5DE?5>F<6< 
4?O 6<>>D<EF4==O 44=>7> <4F5DV4?G 6 46V4FVW, >>E<VG=V= F5E=VFV, 5G4V6=<FF6V V 
F.4. 

2) �4=>>><?>7<F<. �4=>>><?>7<F=V <4F5DV4?< G5D57 4G65 <4?>7> 
(< 10 =<) D>7<VDG 75D5= V 7=4G=G D>?L 7D4=<G=<E >5?4EF5=, M> >F>GGNFL 
>>D5<V 75D=4, ?>6>4OFLEO V=4>L5 6 ?>DV6=O==V 7V 76<G4==<<< <4F5DV4?4<<. 
&><G 6>=< <4NFL 45E>?NF=> =>6V 6?4EF<6>EFV. 

3) �4=>EFDG>FGD=V ?>>D<FFO. �464O>< 74EF>EG64==N 6<E>>> F65D4<E =4-
=>>D<EF4??<G5E><E 7=>E>EFV=><E ?>>D<FFV6 =4 >E=>6V =VFD<4V6, >4D5V4V6, 5>-
D<4V6 646>>F>?=<E <5F4?V6, 5474F>L4D>6<E =4=>EFDG>FGD=<E ?>>D<FFV6 E>?4-
4=>7> E>?44G <>65 5GF< VEF>F=> ?V46<M5=4 EFV=>VEFL 45F4?5=, M> ?D4FNNFL 
=4 F5DFO V 7=>E. 

4) �4=>EFDG>FGD=4 >5D4<V>4. �4=>>5D4<V>4 <4T =<7>G ?5D5647 ?5D54 <5-
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=4=>?>D>L><, =4=>?D>6>?>><, =4=>EF5D6=V, =4=>?5=F<, =4=>FDG5><, 6>?N-
G4NG< 6G7?5F56V =4=>FDG5>< (��&) V =4=>FDG5>< =VFD<4G 5>DG (���&); =4=>-
E>>D<=<, =4=><5<5D4=<, =4=>?>>D<FFO, =4=>>><?>7<F=V F4 =4=>EFDG>FGD>64-
=V <4F5DV4?< (DV4<=< 7 4<E?5D7>64=<<< =4=>G4EF<=>4<<); =4=><>F>D< F4 V=LV. 

�4=>>?F<>4 3 F5 D>74V? >?F<>< =4=>F5E=>?>7VW, M> 6<6G4T >E>5?<6>EFV 
674T<>4VW 6<?D><V=N64==O (E6VF?4) 7 G4EF<=>4<<, D>7<VD O><E <5=L5 4>66<=< 
E6<?V. &5E=>?>7VW 6 >5?4EFV =4=>>?F<>< 6>?NG4NFL E>4=GNGG >?F<G=G <V>D>-
E>>?VN 5?<6=L>7> ?>?O D>F>?>E<?5=G E>4=GNGG FG=5?L=G <V>D>E>>?VN V 
E?5>FD>E>>?VN ?>65DE=56>7> ??47<>6>7> D57>=4=EG FV <V>D>EG?GF=<><. 

�4=>5?5>FD>=V>4 3 >5?4EFL =4G>< V F5E=V><, M> 74=<4TFLEO EF6>D5==O<, 
4>E?V465==O< V 74EF>EG64==O< 5?5>FD>==<E ?D<?44V6 7 =4=><5FD>6<<< D>7<V-
D4<< 5?5<5=FV6, 6 >E=>6V DG=>FV>=G64==O O><E ?564FL >64=F>6V 5D5>F<. 

�4EF>EG64==O =4=>5?5FD>=V>4 7=4=L?4 G F4>><G =4?DO<>G O> =4=>5?5>F-
D><5E4=VG=V E<EF5<< (���%) 3 >?4E ?D<EFD>W6, O>V >5'T4=GNFL 6 E>5V 5?5>F-
D>==V V <5E4=VG=V >><?>=5=F< 6 =4=><5FD>6><G <4ELF45V (4> 100 =4=><5FDV6). 
���% 6<>>D<EF>6GNFLEO 6 O>>EFV 6<E>>>G4EF>F=<E >EF<?OF>DV6 (4> 10 ��F), 
=4=><>F>DV6 V <>4G?OF>DV6. &4>>6 =4=>5?>>FD>=V>4 <>65 6<>>D<EF>6G64F<EL 
6 74?G7V 74?<EG F4 755DV74==O V=D>D<4FVW. /> ?D<>?44 <>65 5GF< ?D54EF46?5=> 
6<>>D<EF4==O =4=>D>7<VD=<E <47=VF=>-F65D4<E ??V6>>. 
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�F65 <>6?<6>EFV 6<>>D<EF4==O =4=>F5E=>?>7V= V =4=><4F5DV4?V6 ?D4>-
F<G=> =56<G5D?=V 3 ?>G<=4NG< 6V4 <V>D>E>>?VG=<E >><?'NF5DV6, V 74>V=GGNG< 
46F><>5V?L=<<< 46<7G=4<<, O>V =5 74E<VGGNFL =46>>?<L=T E5D54>6<M5. �4-
=>F5E=>?>7VW V =4=><4F5DV4?< =4 EL>7>4=VL=V= 45=L 7=4E>4OFLEO 6 4<FOG><G 
6VFV, ?D<E>6GNG< 6 E>5V 65?<><= ?>F5=FV4?. � ?>44?LL><G 6G5=<< =4?56<FL 
D>7L<D<F< 557?VG 74?<F4=L, ?>6'O74=<E 7 =4=>=4G>>N V >EO7=GF< WW =4=7?<5LV 
F4T<=<FV. �?5, =576464NG< =4 F5, =4=>F5E=>?>7VW 665 =444NFL 4G65 E5D=>7-
=<= 6??<6 =4 6<FFO EGG4E=>7> ?N4EF64. 
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�=4?V7 7474?L=<E F5=45=FV= D>76<F>G 46V4FV==<E 46<7G=V6 V >E=>6=<E 
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5<VEVW %�2; 7<5=L5==O 646VGV DV6=O E?D<=<4=>7> LG<G; 74557?5G5==O 74?4EG 
75-80% ?> 5<VEVW NOx M>4> =>D< ���� 2008 D>>G. 

�47=4G5=V FV?L>6V ?>>47=<>< <>6GFL 5GF< 4>EO7=GFV FV?L>< ?D< >><??5>-
E=><G 64>E>>=4?5==V ??4=5D4 V E<?>6>W GEF4=>6><. �4=5 74644==O GE>?44=N-
TFLEO F<<, M> =4 EL>7>4=VL=V= 45=L 7464O>< =4>>?<G5==N 65?<G57=>7> 5>E-
?5D<<5=F4?L=>7> <4F5DV4?G V D>76<F>G 4=4?VF<G=<E <5F>4V6 DV65=L 45D>4<=4-
<VG=>W 4>E>>=4?>EFV >E=>6=<E 5?5<5=FV6 46<7G=4 ?D4>F<G=> 4>EO7 E6>7> 7D4-
=<G=>7> 7=4G5==O. &5 6 E4<5 <>6=4 E>474F< V ?D> DV6=V ?4D4<5FDV6 F<>?G 3 
EFG?5=O ?V46<M5==O ?>6=>7> F<E>G V F5<?5D4FGDV 747G ?5D54 FGD5V=>N. 

%4<5 F><G 6?D>4>66 DO4G D>>V6 6 D4<>4E DV7=<E 45D646=<E ?D>7D4< 4>-
F<6=> 6545FLEO ?>LG> 4?LF5D=4F<6=<E DVL5=L. �4=<< 7 F4><E =4?DO<V6 T 
D>7D>5>4 >>=F5?FV= 5?5>FD<G=<E V 7V5D<4=<E 46V4FV==<E 46<7G=V6. 

�4=4> ?D>7D5E G EF6>D5==V =>6<E 5?5>FD<G=<E <4L<=, M> 6<>>D<EF>-
6GNFL 6 F><G G<E?V 5D5>F< 6<E>>>F5<?5D4FGD=>W =44?D>6V4=>EFV, 4 F4>>6 
?>O64 ?57><E ?VFV=-?>?V<5D=<E 4>G<G?OF>DV6 665 4>76>?ONFL D>77?O44F< 
>>=F5?FVW 5?5>FD<G=<E V 7V5D<4=<E E<?>6<E GEF4=>6>> 4?O <4?>W 46V4FVW =4 
?5DL><G 5F4?V, 4 6 ?5DE?5>F<6V V 4?O 65?<><E ?4E46<DEL><E ?VF4>V6. 

� 6V4>D<FFO< =>6<E ?5DE?5>F<6 74EF>EG64==O 4?LF5D=4F<6=<E 46V4FV==<E 
46<7G=V6, 6 D47< ?V46<M<?<EO 6<<>7< 4> 4>G<G?OF>D=<E 54F4D5=. %GG4E=V 
4>G<G?OF>D< =5 FV?L>< =5 6>?>4VNFL =5>5EV4=>N T<=VEFN, 4?5 V =5 4>76>?O-
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NFL L6<4>> 6V44464F< =5>5EV4=G >V?L>VEFL 5=5D7VW, O>4 5G45 ?>FDV5=4 4?O 
>?F<<4?L=>W D>5>F<. 

� 44=<= G4E D>7D>5=<>< 7V5D<4=<E EE5< >DVT=FGNFLEO =4 ?VFV=-V>==V V ?V-
FV=-?>?V<5D=V 54F4D5W. �D>F5, 4?O F4><E E<EF5< ?>FDV5=V 54F4D5W 7 5V?LL>N 
T<=VEFN V 6V444G5N EFDG<G. 

�45O EF6>D5==O 4>G<G?OF>D4, >4=<< 7 >E=>6=<E >><?>=5=FV6 O>>7> T ?>-
6VFDO, 3 7'O6<?4EO 4>E<FL 446=>, 4?5 =5 5G?4 4> E<E ?VD D54?V7>64=4. %FDV<>V 
F5=45=FVW D>76<F>G 46V4FV==>W 74?G7V E?D>6>>G64?< 65?<><= V=F5D5E 4> D>7D>-
5>< F4>>7> F<?G 4>G<G?OF>D4, O><= >5G<>6?5=<= WW D5>>D4=<< ?>F5=FV4?><: 
F5>D5F<G=>, MV?L=VEFL 74DO4G =4 >4<=<FN >5'T<G, ?VFV= ?>6VFDO=>7> 4>G<G?O-
F>D4, 3 6 45EOFL D47V6 5V?LL5, =V6 G EGG4E=>7> ?VFV=-V>==>7> 4>G<G?OF>D4. 
�E=GNFL DV7=V ?D>F>F<?< ?VFV=-?>6VFDO=<E 4>G<G?OF>DV6, 4?5 6EV 6>=< M5 44-
?5>V 6V4 E5DV==>7> 6<D>5=<FF64. 

�>=F5?FVO ?VFV= ?>6VFDO=>7> 4>G<G?OF>D4 ?>?O74T 6 F><G, M> 74<VEFL 
5?5>FD>?VFG, O><= 6<EFG?4T 6 O>>EFV >4F4?V74F>D4 EV<VG=<E D54>FV= V D>5>G>7> 
E5D54>6<M4, 45 FV D54>FVW ?D>FV>4NFL 3 54F4D5O 6<>>D<EF>6GT >><E?N64G 77>-
6=V, V F5 5G45 ><E5=L 7 =46>>?<L=L>7> =4E ?>6VFDO. �4 D4EG=>> FL>7>, 4>G<G-
?OF>D V 5G45 =45474F> ?57L5 V 45L56L5 ?VFV= ?>?V<5D=<E 4>G<G?OF>D=<E 54F4-
D5=. �D< FL><G, 74?4E E>4G 557?V?>F=>7> ?VF4?L=>7> 4?4D4FG, >5?44=4=>7> 
?VFV= ?>6VFDO=>W 54F4D5TN, 6V4 >4=VTW 74DO4><, 5G45 646VGV-6FD<GV 5V?LL5, =V6 
74D47. 

�5?<G57=4, 6 ?>DV6=O==V 7 ?VFV= V>==<<< 4>G<G?OF>D4<<, MV?L=VEFL 74DO-
4G ?VFV= ?>6VFDO=<E 4>G<G?OF>DV6, ?>EF46<FL WE >4<= DO4 7 F4><<< 5=5D7>=>EV-
O<<, O> 55=7<=, 4 WE 45L56<7=4 (?5D5454G4TFLEO, M> F4><= 4>G<G?OF>D 5G45 
>>LFG64F< 6 5 D47V6 45L56L5 ?VFV= ?>?V<5D=>7> 4>G<G?OF>D4) 4>76>?<FL 74-
EF>E>6G64F< WE 6 5G4L-O><= ED5DV, 45 =5>5EV4=V ?>FG6=V 465D5?4 5=5D7VW 3 6V4 
4><4L=VE 46F>=><=<E 5?5>FD>EF4=FV= V 5?5>FD>FD4=E?>DFG, 3 4> <>5V?L=>W 
5?5>FD>=V><. 
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%6>TN =476>N FV E?>?G>< 7>5>69O74=V V=65=5DG F4 4<74==5DG $VG4D4G 
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� <>?5>G?4E DG?5D5=V6 4F><< 6G7?5FN D>7F4L>64=V 6 65DL<=4E ?D46<-
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�5>5EV4=>N G<>6>N E>?44G DG?5D5=V6 T =4O6=VEFL DV6=> 12 ?9OF<>GF=<E 
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FD<64?5=V= D>D<V. 

�4D47V T4<=<< E?>E>5>< >FD<<4==O DG?5D5=V6 T LFGG=<= E<=F57. �4=<< 
7 64DV4=FV6 F4>>7> E<=F57G T 6<>>D<EF4==O 4G7>6>7> D>7DO4G =4 7D4DVF>6<E 
5?5>FD>44E, 6 D57G?LF4FV G>7> <4T<> 6G7?5F56G E46G. &4>4 E464 <VEF<FL G<<4-
?> 6<?44>>6<E D>D< DV7=<E 4?>FD>?=<E D>D< 6G7?5FN, 6 F><G G<E?V V DG?5-
D5=V6. 

�=F5D>4?L>64=V DG?5D<F<, 6 5V?LL L<D>>><G E5=EV 3 E>?V (>><??5>E< 7 
?5D5=>E>< 74DO4G), 4=V>=4<< 6 O><E T DG?5D5=<. �464O>< ?>DV6=O=> 65?<><< 
D>7<VD4< <>?5>G? DG?5D5=V6, 6 WE F65D4<E D474E, DG?5D<F4E, =4O6=V ?>DV6=O=> 
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<>65 5GF< 74E=>64=> =4 557?>E5D54=V= 674T<>4VW DG?5D<F4 (G< D>7G<=G DG?5-
D<FV6) V7 ?G6=<<< <5F4?4<<, G4EF> 3 ?V4 F<E>><, 5?5>FD>EV<VG=><G 4>?VDG-
64==V DG?5D<FV6, E>>E4465==V 6<?4DO5<<E <5F4?V6 F4 DG??5D5=4 V7 747>6>W 
D47< V F.?. �4?V, 4?O >FD<<4==O DV6=>646=<E D47, <>6GFL 5GF< 6<>>D<EF4=V 
DV7=V D56<<< F5<?5D4FGD=>W >5D>5>< (6V4?4?G). 

�?4EF<6>EFV DG?5D5=V6: 
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>FVW O> E<?L=V >><E?N64GV 
$G?5D5= 3 6<=OF>>6> EFV=>4 E?>?G>4; 
�D<T4=4==O 4> %60 D44<>4?V6, M> <VEFOFL <5F4?< ??4F<=>6>W 7DG?<, 4>-

76>?OT >FD<<4F< D5D><47=VF=V 6?4EF<6>EFV =4 DG?5D5=; 
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$G?5D5=< <4NFL 6<E>>G <5E4=VG=G <VF=VEFL. 
� 46V45G4V6=<FF6V DG?5D5=< <>6GFL 5GF< 6<>>D<EF4=V 4?O 45>V?L>>E FV-
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�<E>>4 ??>M4 ?>65DE=V F4 <>6?<6VEFL 6>?NG4F< 6 E6V= E>?44 V=LV <4F5-
DV4?< 4>76>?OT 6<>>D<EF>6G64F< E?>?G>< DG?5D5=G (DG?5D<F< F4 V=LV) 4?O 
>4F4?V7G D54>FV= ?D< 6<D>5=<FF6V G4EF<= ?VF4>4 (=4?D<>?44, 4?O EV<VG=>7> 
L?VDG64==O 45F4?5= 46<7G=G G< >5L<6><), 45> O> G4EF<=4 E<EF5<< E?4?N-
64==O ?4?<64. 
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29 
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4G64==O F>M>. 

$>76<F>> =4G>< V F5E=V>< 7G<>6<6 GE>?44=5==O <4L<=>5G4G64==O, 
D>76<F>> 6<D>5=<G>W E?5FV4?V74FVW F4 <V6=4D>4=>W >>>?5D4FVW. 
�?O <4L<=>5G4G64==O D>76<=5=<E >D4W= E4D4>F5D=V: FV?VE=4 EFDG>FGD4 

6<D>5=<FF64, 7=4G=4 G4EF>4 G 6<D>5=<FF6V F>G=>7> <4L<=>5G4G64==O, 6<E>>4 
O>VEFL V >>=>GD5=F>E?D><>6=VEFL ?D>4G>FVW, >DVT=F4FVO =4 5>E?>DF. 

%GG4E=V 46V446<7G=< 6 F<6V?L=V= 46V4FVW 7D>5?5=V 74 45D>7V4D>4<=4<VG-
=<<< V F5E=>?>7VG=<<< ?4D4<5FD4<<. �6V446<7G=< EL>7>4=V 665 ?5D5EFG?<?< 
?'OF45EOF< F>==<= DG5V6 FO7<. �4 DV6=5< =4?DG65=L V F5??>6<< EF4=>< 45F4-
?5= 46V446<7G=V6 ?D4>F<G=> =5<4T 4=4?>7V6 E5D54 6<D>5V6 6 <4L<=>5G4G64==V. 
&><G 4?O 46V446<7G=V6 =4=5?<6G>7> <4=5GF=L>7> 74??4=>64=> 6 >E=>6=><G 
>V?L>VE=5 64>E>>=4?5==O. 

�=4G=4 D>?L FGF =4?56<FL V=D>D<4FV==<< F5E=>?>7VO<. �>=< 4>76>?<?< 
EF6>D<F< >><??5>E=V 5474F>4<EF<??V=4D=V D>7D4EG=>>6V <>45?V 4?O 4>E?V-
465==O ?4D4<5FDV6 F5GVW D>5>G>7> 747G, 4=4?V7G F5??>6>7> EF4=G >>=EFDG>FVW V 
D>7D4EG=>G WW =4?DG65=>-45D>D<>64=>7> EF4=G, =4>>?<G5==O GL>>465=L F4 
V=. �45 <4E>65 6?D>64465==O F5E=>?>7V= >><?'NF5D=>7> >>=EFDGN64==O V 
?>5G4>6< EE5< 46<7G=4, =>7> 5?5<5=FV6 V 6G7?V6. �D< FL><G =4=5V?LL 646><< 
T >?<E ?D>F5EV6, 6 O><E VEF>F=V 5D5>F< =5EF4FV>=4D=>EFV, FGD5G?5=F=>EFV, 
EV<VG=>7> D547G64==O, F<>?VG=<E =464=F465=L V >>?<64=L. � =5EF4FV>=4D=VEFN 
V FGD5G?5=F=VEFN ?>6'O74=V ?D>5?5<< LG<G V L>V4?<6<E 6<><4V6, 4 E4<5 WE V =5 
4>76>?ONFL 7 4>EF4F=L>N F>G=VEFN 6<DVLG64F< VE=GNGV 6 44=<= G4E ?D>7D4-
<<. �>>< M5 =5 6<EF4G4T V=F57D4?L=<E <4F5<4F<G=<E <>45?5= DV7<G=<E, 74-
7>4<=4<VG=<E F4 4>GEF<G=<E ?D>F5EV6. />VE=V «?D>D<6<» 6 F<6V?L=V= 46V4FVW 
=4=5?<6G>7> G4EG ?>6'O7GNFLEO 7 ?D>4>665==O< D>5VF =44 >DV>75==<<< 46<-
7G=4<<. 

&4>>6 ?5DE?5>F<6>N D>76<F>G 46V446<7G=>5G4G64==O T E?D>54 EF6>D5=-
=O EV<5=EF64 46<7G=V6 =>6>7> ?>>>?V==O FO7>N 9-18 F>==, O>4 ?>>?<>4=4 EF4F< 
«EFD<6=5<» >>=E>?V44FVW 6>D4= >5<565=<E 74?G756<E =4G>>6>-
>>=EFDG>F>DEL><E D5EGDEV6. 

�464O>< <>6?<6>EFO< ?D><<E?>6>7> V=F5D=5FG 6<D>5=<>< 46V4FV==<E 
46<7G=V6 5G4GFL 5?<7L>V 4> 6?D>64465==O =4 E6>WE ?V4?D<T<EF64E «$45D<> 
<4=5GF=L>7>». 

$>76<F>> 46V446<7G=>5G4G64==O <4T 65?<>5 7=4G5==O 4?O D>76<F>G 45D>-
>>E<VG=>W 74?G7V 6 FV?><G. �6V4FV==4 F4 >>E<VG=4 74?G7V 5G?< V 5474F> 6 G><G 
74?<L4FLEO 646?<6<< =4FV>=4?L=<< =4454==O<, O>V ?>EF46?ONFL F5E=>?>7VW G 
F<6V?L=<= E5>F>D 6<D>5=<FF64. �?O 74557?5G5==O D>76<F>G 74?G7V 46V446<7G-
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=>5G4G64==O =5>5EV4=> <4F< ?D>D5EV==> ?V47>F>6?5=<=, =44V==<=, ?>O?L=<= V 
?>7<F<6=> 6<>F<6>64=<= ?5DE>=4?. �?O ?>44?LL>7> D>76<F>G 74?G7V =5>5EV4-
=4 ?<?L=4 G6474 V 4>?><>74 7 5>>G 45D646<. �D< D>7G<=><G >5DV6=<FF6V V 
6VD=V= <4D>5F<=7>6V= ?>?VF<FV 44=4 74?G7L <4T 6EV <>6?<6>EFV 4?O ?>44?LL>-
7> D>76<F>G. 
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%��&�/ «��&���$����,�� ��$%&�&� &� %�%&���» 
 

'�� 621.891:669 
&<74=>6 �.�.1 

1 ?D>D. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
&<74=>6 �.�. 

��$%���&��� ����$�%&���/ ��%���%���'��% /��- ��/ 
�����-���/ ���%�%&����%&� &$����9�����, 

%GG4E=V F5=45=FVW ?V46<M5==O 7=>E>EFV=>>EFV FD<5>7'T4=4=L ?D<?GE>4-
NFL L<D>>5 74EF>EG64==O DV7=<E 6<4V6 <4EF<?L=>->E>?>46G64?L=<E DV4<= 
(��$). �D>F5 M5 =5 EF6>D5=4 7474?L=>6<7=4=4 F5>DVO, M> ?>OE=NT <5E4=V7< 
4VW E5D54>6<M4 =4 >>=F4>F=V ?>65DE=V, >E>5?<6> G D47V 5>E??G4F4FVW FD<5>7'T4-
=4=L ?D< E>?44=><G 5474F>>><?>=5=F=><G =464=F465==V, G F><G G<E?V ?D< 
>5D>5FV <5F4?V6 DV74==O<. �>>D5<4, G DO4V D>5VF 6V47=4G4TFLEO, M> ��$ <>-
6GFL D>5<F< =5 ?<L5 ?>7<F<6=G, 4?5 V =574F<6=G 4VN =4 ?D>F5E DV74==O. &5 =5 
4>76>?OT D>7D>5<F< >E=>6< E<=F57G 5D5>F<6=<E ��$. 

�E=GT 45>V?L>4 7V?>F57 V F5>DV= ?D> <5E4=V7< 4VW E5D54>6<M4, 74E=>64=<E 
=4 45D>D<4FVW V DG==G64==V <5F4?G 6=4E?V4>> 4VW 44E>D5FV==<E 5D5>FV6 =4 
??4EF<DV>4FVN ?>65DE=56<E L4DV6. ' 44=<= G4E 4?O ?>OE=5==O 4VW <4EF<? ?D< 
F5DFV 45F4?5= <4L<= V ?D< >5D>5FV DV74==O< L<D>>> 6<>>D<EF>6GNFLEO V45W 
DV7<>>-EV<VG=>W <5E4=V>< <4F5DV4?V6 V FD<5>EV<VW. �D< FL><G 65?<>G D>?L 
6V46>4OFL ?D>4G>F4< 45EFDG>FVW 6<E>>><>?5>G?OD=<E 7'T4=4=L ��$ 7 >FD<-
<4==O< 6V?L=<E <4>D>D44<>4?V6, O>V ?D< 674T<>4VW 7 ><E=5< EF45V?V7GNFLEO =4 
?>65DE=V F65D4>7> FV?4 45> 6<>?<>4NFL ?4=FN7>6V D54>FVW. &5= ?D>F5E ?D<-
E>>DNTFLEO ?V4 6??<6>< 4VW 6<E>><E F5<?5D4FGD V DV7=>E?DO<>64=<E 7<V==<E 
4<=4<VG=<E =464=F465=L G 7>=V >>=F4>FG. 

�D4E>6GNG<, M> 6<DVL4?L=<= 6??<6 =4 5D5>F<6=VEFL 4VW ��$ D>5?OFL 
D>7<VD< 4F><V6 V <>?5>G? E5D54>6<M4, WE 74V5=>EFV ?V44464F<EO F5D<><5E4=VG-
=V= 4<E>FV4FVW V 44E>D5FVW =4 ?>65DE=OE, M> FDGFLEO, ?5DE?5>F<6=<< T 74EF>-
EG64==O ?>?V<5D=<E ?D<E44>>. �=4?V7 D57G?LF4FV6 6?D>64465==O ��$ 7 ?>?V-
<5D=<<< ?D<E44>4<< ?>>47GT, M> WE 5D5>F<6=VEFL VEF>F=> ?5D56<MGT 5D5>F<-
6=VEFL ��$ =4 =<7L>><>?5>G?OD=V= >E=>6V. �D< FL><G <4>E<<4?L=G 744F=VEFL 
4> 75=5D4FVW 6V?L=<E 4F><V6 V D44<>4?V6 <4NFL D5G>6<=<, M> E4D4>F5D<7GNFL-
EO =5<VF=<< 76'O7>>< <V6 4F><4<< 6 <>?5>G?V, 6 44=><G 6<?44>G F5 ?>?V<5D<, 
M> <4NFL G E6>W= 5G4>6V 5VG=V ?4=FN7<. 

�D>6545=V 5>E?5D<<5=F4?L=V 4>E?V465==O E6V4G4FL ?D> F5, M> 6?D>64-
465==O 6 7>=G >>=F4>FG ?>?V<5F<?<5F4>D<?4FG 74557?5GGT <>6?<6VEFL =4G>>-
6> >5�DG=FG64F< <5F>4< V=65=5DVW ?>65DE=V 4?O >5DG64==O >4=>DV4=VEFN 
EFDG>FGD=>7> EF4=G ?>65DE=56>7> L4DG FD<5>7'T4=4=L V =>7> 7=>E>EFV=>VEFN  
?D< 5474F>>><?>=5=F=V= F5D<>>>=F4>F=V= 4VW. ' F><G G<E?V 6V4<VG5=5 ?V46<-
M5==O 5D5>F<6=>EFV F>>4D=>W V DV=VL=>W 45D47<6=>W >5D>5>< <5F4?V6. �D>F5 
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65?<>4 G4EF<=4 ?D>F5EV6 =>E<FL D5=><5=>?>7VG=<= E4D4>F5D G 76'O7>G V7 E>?4-
4=VEFN 5474F>??4=>6>EFV V 5>EFD5<4?L=>EFV G<>6 >>=F4>FG. 

 
 

'�� 519.248:621.9.02 
$D>?>6 �.�.1, �?GL>> �.�.2 
1 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EF4DL. 6<>?. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

$D>?>6 �.�., �?GL>> �.�. 
�� ��&���/ �����%&$�&����% ���$��'���, � 

�'�,����� ��������� ��&���$����,���� ��%&$'���&' 
�$� ����%&�&��%&� %&�&�%&�'��% ����% 

�E=GNFL 46V >>D5<V 7DG?< 6<?D>5G64=L 6 <564E ?D>F5EG >FV=>< =44V==>-
EFV F5E=VG=<E >59T>FV6: 6<?D>5G64==O 4?O 74557?5G5==O =44V==>EFV F4 6<?D>-
5G64==O 4?O 45<>=EFD4FVW =44V==>EFV. �<?D>5G64==O 4?O 45<>=EFD4FVW =44V=-
=>EFV ?>?O74NFL 6 ?5D56VDFV, G< 6V4?>6V44T >59T>F <V=V<4?L=>-6EF4=>6?5=<< 
6<<>74< 4> =44V==>EFV [1]. 

�4=<< 7 6<4V6 45<>=EFD4FV==<E  6<?D>5G64=L T 6<?D>5G64==O 7 =G?L>-
6<<< 6V4<>64<<, M> 6 4=7?><>6=V= ?VF5D4FGDV <4NFL =476G <No Failure Tests= 
G< <Zero Failure Tests= 74 O><<< ?D>FO7>< ?56=>7> G4EG =5 ?>6<=5= 6V4<>6<F< 
6>4=<= 7 n 7D47>V6 [1]. �D< ??4=G64==V 45<>=EFD4FV==<E 6<?D>5G64=L ?5DL 
74 6E5 ?>EF4T ?<F4==O 6<7=4G5==O >V?L>>EFV 7D47>V6 F4 G4EG 6<?D>5>6G64==O 
O>V <V6 E>5>N ?>69O74=V F4 6<5VD <V6 O><<< ?>EF4T G4EFVL5 7 EGF> 5>>=><VG-
=<E ?<F4=L, >>?< FD554 E?V6EF46?OF< 64DFVEFL >4<=<FV G4EG 6<?D>5G64=L F4 
64DFVEFL 7D47>4 3 5V?LL5 7D47>V6 6<?D>5>6G64F< <5=L5 G4EG G< <5=L5 7D47-
>V6 3 5V?LL5 G4EG. �D< >FV=FV =44V==>EFV <5F4?>DV74?L=>7> V=EFDG<5=FG >E>5-
?<65 <VEF5 74=<4T D>7?>4V?5==O �5=5G??4 7464O>< E6>W= G=V65DE4?L=>EFV 
[2, 3, 4]. �D< FL><G >E=>6=<< DV6=O==O<, 7 O>>7> <>6GFL 5GF< O> 6<7=4G5=V 
?4D4<5FD< 45<>=EFD4FV==<E 6<?D>5G64=L F4> V >FV=5=V ?4D4<5FD< D>7?>4V-
?5==O, T =4EFG?=5 [1]: 

 ( )nq
t 1

1exp 2g
ú
ú
û

ù

ÿ
ÿ
ø

þ
ÿÿ
ø

þ
üü
ý

û
³
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³

 (1) 

45: t 3 G4E 6<?D>5G64==O; ³ 3 ?4D4<5FD <4ELF45G 45> E4D4>F5D<EF<G=<= G4E; 
³ 3 ?4D4<5FD D>D<<; n 3 >V?L>VEFL 7D47>V6; q 3 4>6VDG4 V<>6VD=VEFL 45> D<E> 
E?>6<64G4. 

�?O ??4=G64==O 45<>=EFD4FV==<E 6<?D>5G64=L, O> 6<4=> 7 DV6=O==O (1) 
FD554 7=4F< ?4D4<5FD< D>7?>4V?5==O. �?O >FV=>< ?4D4<5FDG D>D<< <>65 5GF< 
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6<>>D<EF4=> ?D>EF5 DV6=O==O, M> ?>69O7GT F5= ?4D4<5FD 7 >>5DVFVT=F>< 64DV-
4FVW V [4]: 

 V1=³  (2) 

�=4?V7GNG< 7=4G5==O >>5DVFVT=F4 64DV4FVW EFV=>>EFV <5F4?>DV74?L=>7> 
V=EFDG<5=FG 6 =>D<4?L=<E G<>64E 5>E??G4F4FVW [2, 3], <>6=4 ?D<=F< 4> 6<-
E=>6>G, M> 6V= 6 ?5D5646=V= 5V?LL>EFV 6<?44>V6 5G45 7=4E>4<F<EO 6 <564E 
0,2 & 0,35. �5=LV 7=4G5==O 5G4GFL E?>EF5DV74F<EO ?D< D>5>FV V=EFDG<5=FG 6 
5>EFD5<4?L=<E G<>64E, 4 5V?LLV 3 ?D< =>7> =5744>6V?L=V= O>>EFV. &>5F> 74 
DV6=O==O< (2) ?4D4<5FD D>D<< 5G45 <4F< >DVT=F>6=V 7=4G5==O 6V4 3 4> 5. &V 
7=4G5==O 6V4>5D464NFL DV7<G=G EGF=VEFL 6V4<>6 <5F4?>DV74?L=>7> V=EFDG<5=-
FG V 6V4=>EOFLEO 4> F4><E, M> E?D<G<=ONFLEO 6F><=<< DG==G64==O<, 4 F4>>6 
DG==G64==O< 6=4E?V4>> L6<4>>7> 7=>EG [5]. 

� 4=4?V7G DV6=O==O (1) 6V4=>E=> 4>6VDG>W V<>6VD=>EFV, 7 GD4EG64==O< 74-
7=4G5=<E 6<M5 E?>EF5D565=L, 5G?> >FD<<4=5 5<?VD<G=5 DV6=O==O (3) 4?O 
6<7=4G5==O G4EG 6<?D>5>6G64==O n 7D47>V6, ?D< O>><G 5G45 74557?5G5=4 <V=V-
<4?L=4 4>6VDG4 V<>6VD=VEFL 0,8: 

 
3 )1(

2.1

n
Lt

³2
g ³  (3) 

45: L³ 3 G4E D>5>F< V=EFDG<5=FG 7 V<>6VD=VEFN 5576V4<>6=>W D>5>F< ³, M> <4T 
5GF< ?D>45<>=EFD>64=<= ?D>FO7>< 6<?D>5G64=L.  

&D554 747=4G<F<, M> 74 DV6=O==O< (3) >V?L>VEFL 7D47>V6 <>65 5GF< ?D<-
==OF> 6 74?56=>EFV 6V4 ³. &4> ?D< ³ = 0,95 3  n f 40; ?D< ³ = 0,90 3 n f 20, 4 ?D< 
³ = 0,7 3 n f 10. 

&4><< G<=>< DV6=O==O (3) <>6=4 6<>>D<EF>6G64F< 4?O ?>?5D54=L>7> 
??4=G64==O 45<>=EFD4FV==<E 6<?D>5G64=L <5F4?>DV74?L=>7> V=EFDG<5=FG 7 
=G?L>6<<< 6V4<>64<< ?D< =54>EF4F=>EFV EF4F<EF<G=<E 44=<E 4?O 5V?LL F>G-
=>W >FV=><. 

 
%��%�� ����$�%&���� ��&�$�&'$�: 

1. Luko, S. N. Weibull analysis with assumed Weibull slope where no 
failures are observed: SAE technical paper series [Text] / S. N. Luko. 3 
Milwaukee, WI: SAE International, 1998. 3 9 p. 

2. &<6<D56, �. �. �D<F5D<< >F5=>< M>E??G4F4F<>==>7> D5EGDE4 <=EFDG-
<5=F4 [&5>EF] / �. �. &<6<D56, �. �. �4=<?5=>> // �5EF=<> ��&' 
<<. �.-.�4G<4=4. %5D. �4L<=>EFD>5=<5. 3 2017. 3 7 4. 3 %. 1123120. 

3. �=F56, �. �. �F5=>4 EF>=>>EF=>= 746<E<<>EF< <5F>4>< <4>E<<4?L=>-
7> ?D464>?>4>5<O [&5>EF] / �. �. �=F56, �. �. �4EL>> // �765EF<O &G?�. &5E-
=<G5E><5 =4G><. 3 2017. 3 &. 2, 7 8. 3 %. 1293138. 
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4. Frolov, M. Variation Coefficient and Some Distribution Laws in the 
Context of Cutting Tools and Other Technical Objects Reliability Modeling 
[Text] / M. Frolov // Advances in Design, Simulation and Manufacturing. DSMIE 
2018. Lecture Notes in Mechanical Engineering. 3 Cham: Springer, 2018. 3 P. 133
22. 

5. Abernethy R. B. Weibull analysis handbook [Text] / R. B. Abernethy, 
J. E. Breneman, C. H. Medlin, G. L. Reinman. 3 West Palm Beach, FL : Pratt & 
Whitney Aircraft, 1983. 3 228 p. 

 
 

'�� 621.9.06 
%>?>E4 �.�.1 

1 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
%>?>E4 �.�. 

����� %%��� ���$������/ ,������,��� ����� 
&���$���� ��$%&�&� �� &����$�&'$�� ��$�$��&�� �%� 

,������/ 

&5<?5D4FGD=V 45D>D<4FVW L?<=45?L=>7> 6G7?4 F>>4D=>7> 65DEF4F4 <>-
6GFL O6<F<EO F<< G<==<>><, M> >5<56GT >FD<<4==O =4?56=>W F>G=>EFV >5D>-
5><, >E>5?<6> 4?O 65DEF4FV6, M> ?D4FNNFL 74 ?>?5D54=L> =4?4LF>64=<<< 
D>7<VD4<<, F4><<< O> 65DEF4F< 7 '�� F4 65DEF4F< 46F><4F<. 

%4D4>F5D F5<?5D4FGD=<E 45D>D<4FV= L?<=45?L=>W 545>< <>65 6??<64-
F< =4 F>G=VEFL D>7<VDV6, M> >FD<<GNFLEO 6 E>4V >5D>5>< F4 =4 F>G=VEFL D>D<< 
>5D>5?5=>W ?>65DE=V. �>DGL5==O F>G=>EFV D>D<< E?>EF5DV74TFLEO 6 D47V 6<-
>D<6?5==O 45> ?5D5>>EG >EV L?<=45?O, M> 6V45G64TFLEO 6=4E?V4>> =5DV6=><V-
D=>7> D>7?>4V?G F5<?5D4FGD< ?> FV?G L?<=45?L=>W 545>< F4 G<>6 74>DV??5==O 
545>< =4 EF4=<=V. 

� ?D>F5EV <>=F46G L?<=45?L=>W 545>< =4 EF4=<=V 6>=4 DV>EGTFLEO LF<-
DF4<< 4?O 74557?5G5==O 6VD=>7> ?>?>65==O >EV L?<=45?O V 74>DV??NTFLEO 
76<=F4<<. �V?L>VEFL F4 EE5<4 D>7F4LG64==O LF<DFV6 <>65 EGFFT6> 6??<64F< 
=4 E4D4>F5D F5<?5D4FGD=<E 45D>D<4FV= L?<=45?L=>W 545>< V ?>?>65==O >EV 
L?<=45?O [1]. $>7<VM5==O LF<DFV6 >5<56GT F5<?5D4FGD=V 7EG6< 6 ??>M<=V 
EF<>G64==O L?<=45?L=>W 545>< V EF4=<=<. 

�>E?V465==O E4D4>F5DG F5<?5D4FGD=<E 45D>D<4FV= L?<=45?L=>W 545><, 
D>7<VD< V D>D<4 O>>W >?F<<V7>64=V 7 ?>7?O4G F5D<>E<<5FDVW, 4?O DV7=<E G<>6 
74>DV??5==O =4 EF4=<=V 6<>>=G64?>EO 74 4>?><>7>N <5F>4G E>V=G5=<E 5?5<5-
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>>=EFDG>F<6=V 5?5<5=F< O>V E?G7GNFL 4?O 6EF4=>6?5==O F4 74F<E>G 747>F>6><, 
=4?D46?5==O V=EFDG<5=FG F4 6<>>=4==O V=L<E DG=>FV= 6??<64NFL =4 547G-
64==O 45F4?V, M> 6 E6>N G5D7G 6??<64T =4 F>G=VEFL >5D>5?N64=>W 45F4?V. 

� D>7D>5?5=><G 65DEF4F=><G ?D<EF>EG64==V 4?O E65D4?V==O 7 ?V46<M5-
=>N F>G=VEFN 45F4?L 547GTFLEO =4 7<V==><G ?4?LFV 7 G?>D>< =4 6<E>>>F>G=G 
?>65DE=N, O>4 74557?5GGT 754?4=E>64=5 D>7F4LG64==O 747>F>6><. �D< ?>44GV 
EF<E?>7> ?>6VFDO 6 =<6=N ?>D>6=<=G ?=56<>F<?V=4DG LF>> ?5D5<VMGTFLEO 6 
7>DG F4 D>7>DV??OT 45F4?L, 7=V<4TFLEO L6<4>> 7<V==4 L4=54. �464O>< FL><G T 
<>6?<6VEFL L6<4>> 74<V=<F< 45F4?L. �?O 74>DV??5==O 45F4?V ?>6VFDO ?>44TFL-
EO 6 65DE=N ?>D>6=<==G ?=56<>>4<5D<. $>7D>5?5=<= ?D<EFDV= 74 4>?><>7>N 
L?>=>> 6EF4=>6?NTFLEO =4 EF>?V 65DEF4F4 F4 74>DV??NTFLEO =4 G>F<D< 5>6F<. 

�4EF>E>64=5 F5E=VG=5 DVL5==O 4>76>?OT 6 G<>64E 6<D>5=<FF64 =5 6<>>-
D<EF>6G64F< >>=4G>F>D=V 6FG?><, M> E?D>MGT >>=EFDG>FVN ?D<EF>EG64==O F4 
6<5VD V=EFDG<5=FG 4?O >5D>5>< 45F4?V. �464O>< FL><G =4 >4=><G ?D<EF>EG-
64==V <>6?<6> 6<>>=4F< 45>V?L>4 >?5D4FV= 557 7<V=< 547G64==O 45F4?V. 
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%��&�/ «��������-&$��%��$&��, ��$����, �'�����,��, 
�����$�&���� ��,��� � ���������/» 

 
'�� 621.874: 539.3 
�OFGD<=EL><= �.�.1, �7=4F5=>> �.�.2 

1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �7-310< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�OFGD<=EL><= �.�., �7=4F5=>> �.�. 
&�%������'�� ���$'����/ � ���$��% ��$��'�%&�% 

�����% 

�64D=V 54?>< >>D>5G4EF>7> ?5D5F<=G =4 EL>7>4=V T =4=5V?LL ?>L<D5=<< 
F<?>< ?D>?L>F=<E 5G4>6 >D4=>6<E <5F4?>>>=EFDG>FV= (��). ' D>7D4EG=>4E 
44=<E 54?>> =4O6=VEFL V D>7F4LG64==O 4V4DD47< =5 6D4E>6GTFLEO. �6F>D< [1 F4 
V=.] �D>6>4<?< 4>E?V465==O 7 6<7=4G5==O 45D>D<4FV= V 74?<L>>6<E =4?DG-
65=L (��) >>D>5G4EF<E 54?>> (��) 6V4 =4>?445==O ?>OE=<E L6V6. %G<4D=<= 
6??<6 6V4 =4>?445==O L64 ?D<64D>< 4V4DD47<< V ?>OE=>7> L64 D4=VL5 =5 D>7-
7?O446EO. �5>5EV4=V =4G>>6>->5�DG=F>64=V D5>><5=44FVW 7 ?D<64D>< 4V4DD47< 
��. 

' 4>E?V465==V 6<>>D<EF>6G646EO G<E?>6<= <5F>4 >V=F56<E 5?5<5=FV6 
(��). �>45?N64==O ?D>6>4<F<EO 6 464 5F4?<: F5D<VG=<= V <5E4=VG=<=. �5F4-
?L=> 6<>>D<EF>6G64=4 <5F>4<>4 <>45?N64==O 5G?4 >?<E4=4 46F>D4<< 6 [2], 
>45D6G64=V D57G?LF4F< 4>5D5 >>D5?NNFL 7 D57G?LF4F4<< 5>E?5D<<5=FV6, M> 
5G?> ?>>474=> 6 [2]. 

�?O 4>E?V465==O 5G?> EF6>D5=> >V?L>4 >>=DV7GD4FV= �� <>45?5= �� 
(D<E. 1). �G?< >FD<<4=V >4DF<=< =4?DG65=L 4?O 45>V?L>>E D>7D4EG=>>6<E 
6<?44>V6 (F45?. 1). 

 

 
$<EG=>> 1 3 $>7<VD< >>D>5G4EF>W 54?><, M> D>7D4E>6G64?4EO. 
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&45?<FO 1 3 $>7D4E>64=V <>45?V 54?>< 

7
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 <
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=>
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2,
 <
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�9T4=4=VEFL 
4V4DD47<< V 
?>OEG 

�>E?V4>6=VEFL 
764DN64==O (? 
3 ?>OE=<= L>6, 
4 3 L>6 4V4DD4-
7<<) 

'4E <V6 =4-
>?444==O< 
L6V6, E 

       
1 =<6=. 0 0 + 4, ? 1300 
2 =<6=. 12 10 + 4, ? 1300 
3 =<6=. 20 0 + 4, ? 1300 
4 =<6=. 35 10 + 4, ? 1300 
5 =<6=. 50 10 + 4, ? 1300 
6 65DE=. 10 0 + 4, ? 1300 
7 65DE=. 10 7 + 4, ? 1300 
8 65DE=. 10 20 + 4, ? 1300 
9 65DE=. 10 7 - ?, 4 1300 
10 65DE=. 10 7 + ?, 4 1300 
11 65DE=. 10 7 - 4, ? 1300 
12 =<6=. 20 10 + 4, ? 0 
13 =<6=. 20 10 + 4, ? 250 
14 =<6=. 20 10 + 4, ? 600 

 
� D57G?LF4FV 4>E?V465==O 5G?> 6EF4=>6?5=>: 
1. �5?<G<=4 747>DG <V6 4V4DD47<>N V =<6=V< ?>OE>< 7=4G=> 6??<64T =4 

�� 6 ?>>4?L=V= 7>=V EFV=>< ?V4 4V4DD47<>N. &GF T 6<E>>V =5E?D<OF?<6V 4?O FVTW 
4V?O=>< ?>74>66=V �� D>7FO7G. �?O ?>4V5=<E �� <>6=4 D5>><5=4G64F< 747>D 
?V4 4V4DD47<>N =5 <5=L5 35 <<. 

2. �4F5F 65DE=VE ?V4DV7V6 4V4DD47<< 6??<64T =4 �� ?>4V5=> =<6=L><G 74-
7>DG. �6'O74=VEFL 4V4DD47<< 7 65DE=V< ?>OE>< 7=4G=> D>764=F46GT EFV=>G 6 
65DF<>4?L=><G =4?DO<>G. ->5 G=<>=GF< =44<VD=<E =4?DG65=L V ??4EF<G=<E 
45D>D<4FV= >4F5F L2 (D<E. 1) ?>6<=5= 5GF< 5V?LL5 18 <<. 

3. �EF4=>6?5=> ?5D56464NG<= 6??<6 >EF4==L>7> 7 =4>?445=<E L6V6 =4 
7474?L=G >4DF<=G ��. �?O >D4=>6<E �� <>6=4 D5>><5=4G64F< =4>?445==O 
65DE=L>7> ?>OE=>7> L64 >EF4==V<. 

4. �5DV>4 >E>?>465==O >>=EFDG>FVW <V6 ?>E?V4>6=<< =4>?445==O< L6V6 
VEF>F=> 6??<64T =4 >4DF<=G ��, 4 F4>>6 =4 65?<G<=G ??4EF<G=<E 45D>D<4FV=. 
�EF4=>6?5=>, M> >4=>G4E=5 =4>?445==O ?>OE=>7> L64 V L64 4V4DD47<< E?D<OT 
2-E >D4F=>7> 7=<65==O <4>E<<4?L=<E �� V 1,5 >D4F=>7> 7=<65==O DV6=O ??4E-
F<G=<E 45D>D<4FV= 6 =5557?5G=V= 7>=V 46>E 5?<7L>> D>7F4L>64=<E L6V6 EFV=-
>< ��. 
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5. �65D5?> F5??>6>W 5=5D7VW [3] ?>>474?> E6>N 6<E>>G 5D5>F<6=VEFL 4?O 
<>45?N64==O 764DN64==O <5F>4>< ��. �>EF4F=V< >D<F5DVT< 4?O >>D<7G64==O 
D>7?>4V?G 5=5D7VW 44=>7> 465D5?4 <>6=4 6<7=4F< D>7<VD V D>D<G D57G?LFGN-
G>W 764DN64?L=>W 64==< 6 <>45?V. 

 
%��%�� ����$�%&���� ��&�$�&'$� 

1. �5DL<=E><= �. �. &5E=>?>7<G=>EFL < =5EGM4O E?>E>5=>EFL >D4=>6OE 
<5F4??>>>=EFDG>F<= / �. �. �5DL<=E><=. 3 �. : �4L<=>EFD>5=<5, 1984. 3 
167 E. 

2. �OFGD<=E><= �. �. �>45?<D>64=<5 ?>E?5E64D>G=>7> =4?DO6U==>-
45D>D<<D>64==>7> E>EF>O=<O >>D>5G4FOE >D4=>6OE 54?>> E >D<6>?<=5==O<< 
L64<< / �. �. �OFGD<=E><=, �. �. %<4>D5=>> // �>6V <4F5DV4?< V F5E=>?>7VW 6 
<5F4?GD7VW F4 <4L<=>5G4G64==V. 3 2013. 3 7 2. 3 %. 1303138. 

3. Goldak J. A new finite element model for welding heat sources / J. Goldak, 
A. Chakvanati, M. Birbby // Metallurgical transaction B. 3 1986. 3 Vol. 15b. 3 
P. 2993305. 

 
 

'�� 631.3 
�4DF>6<FL><= �.�.1, �?GL>> �.�. 1, �>EFN> �.%.2 

1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-317 �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�4DF>6<FL><= �.�., �?GL>> �.�., �>EFN> �.%. 
�$��$�$� � �����&�� ��/ ��$������ ��&������� 

%�$��' 

�5D564?>4 =4E<?=<E 64=F46V6 6 E6VFV, >E>5?<6> 646><E (DG4<, <5F4?>-
?><, 7VDEL>V ?>D>4< F4 V=.), =45G64NFL 6E5 5V?LL>7> ?>L<D5==O. �D5=D5D< 3 
F5 46F><4F<G=V 64=F46>74E>??NNGV ?D<EFD>W, O>V <>6GFL ?D4FN64F< V7 E?5FV-
4?L=<< 64=F46>?V4=><=<< >D4=>< 557 GG4EFV ?N4<=<. 

�>=EFDG>FVW 7D5=D5DV6 G4>E>>=4?NNFLEO 6 =4?DO<>G ?D>4G>F<6=>EFV, 
E?5FV4?V74FVW, 557?5G=>EFV. �5 76464NG< =4 6G7L>5 ?D<7=4G5==O 7D5=D5DV6 4?O 
D>5>F< 7 >>=>D5F=<<< 64=F464<<, 65?<>V D>5>F< 654GFLEO 6 =4?DO<G G=V65D-
E4?V74FVW F4 D>7L<D5==O DG=>FV= 7D5=D5DV6. �4=<< V7 =4?DO<>V6 D>7L<D5==O 
<>6?<6>EF5= 7D5=D5DV6, 7 <5F>N ?V46<M5==O 74G5D?GNG>W E?D><>6=>EFV 
7DG?< E<?><E <4F5DV4?V6, T 74EF>EG64==O V=F5?5>FG4?L=>W F5E=>?>7VW 74?>6-
=5==O 7D5=D5D4. �=F5?5>FG4?L=4 E<EF5<4 >?F<<V7GT EFG?V=L =4?>6=5==O 7D5=-
D5D4, ?D<G><G 6>?>4VT 6?4EF<6VEFN 4> E4<>=46G4==O. �O>GNG< FL><G 74?>6-
=5==O 7D5=D5D4 6 ?D>F5EV D>5>F< 75V?LLGTFLEO, F4 6 F>= 65 G4E 6<>?NG4NFLEO 
?5D564=F465==O. �476<G4= >59T< 7D5=D5D4 74?>6=5=<= 6EL>7> =4 70% V7-74 
=5>?F<<4?L=<E >GFV6 74E>??5==O 64=F46G F4 DV7=>W MV?L=>EFV <4F5DV4?G. 
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�D4>F<G=> 6EV >D4=>6M<>< ?>74=> D>7G<VNFL, O> FD554 >5DG64F< 7D5=D5D>< 7 
GD4EG64==O< F<E 46>E ?4D4<5FDV6, 7 FL>7> ?D<6>4G 6<<GL5=V 74EF>E>6G64F< 
7D5=D5D< DV7=>7> F<?G 4?O D>5>F< 7 DV7=<<< <4F5DV4?4<<. &><G D>7D>5?5=> 
5?5>FD>==<= ?D>4G>F 3 <>45?L V454?L=>7> =4?>6=5==O 7D5=D5D4 DV7=<<< 74 
MV?L=VEFN <4F5DV4?4<<. �D>7D4<4 6>?>4VT 744F=VEFN 4> E4<>=46G4==O. 

�=L<< =4?DO<>< D>7L<D5==O DG=>FV>=4?L=<E <>6?<6>EF5= F4 ?D>4G>-
F<6=>EFV 7D5=D5D4 T =>7> >E=4M5==O <47=VF><. �D<EFDV= O6?OT E>5>N 5474-
F>M5?5?=<= 7D5=D5D, 6 E5D54<=V O>>7> D>7<VM5=> >DG7?<= 5?5>FD><47=VF. 
&4><= 7D5=D5D ?D4FNT =45474F> 5D5>F<6=VL5 76<G4==>7> 7D5=D5D4 45> 5?5>-
FD><47=VF4 >>D5<>. 

� >4=><G ?D<EFD>W ?>T4=4=V 464 >>D5<<E 5?5<5=F<  - 5?5>FD><47=VF F4 
5474F>M5?5?=<= 7D5=D5D. �>474=5 ?>T4=4==O >E>5?<6> 5D5>F<6=5 ?D< D>5>FV 
7 D5D><47=VF=<<< <4F5DV4?4<<, <5F4?56<< ?><><, G>D=<< E>D4?><. 

�D>4G>F<6=VEFL 7D5=D5DV6 7 <47=VF>< =4 30% 6<M4, 557?5G=VEFL D>5>F< 
?D< ?5D564?FV E>D4?4 EGFFT6> 75V?LLGTFLEO. 

 
 

'�� 621.867.32 
$G4=T6 �.�.1, �>4>?O> %.�.2 
1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-310< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

$G4=T6 �.�., �>4>?O> %.�. 
��%�������/ ���$'������ %&��' ���,�� ���,����� 

������$� �� %���'��% ����$���%&��% 

�>6L>6V >>=65TD< =45G?< L<D>>>7> ?>L<D5==O G5D57 <>6?<6VEFL ?5D5-
<VM4F< 64=F46 O> 65DF<>4?L=> F4> V 7>D<7>=F4?L=>, >4=4> ?D< D>5>FV =4 EV<V-
G=<E ?V4?D<T<EF64E =4 >>6LV 6??<64T O> F<>?VG=5 F5??>65 =464=F465==O F4> V 
>>=F4>F 7 EV<VG=<<< D5G>6<=4<<, 44=<<< D4>F>D4<< =5 <>6=4 =5EFG64F< ?D< 
?D>5>FG64==V >>6LV6. 

�64D=5 79T4=4==O EGFFT6> 6??<64T =4 <VF=VEFL V 4>67>6VG=VEFL >>6LV6. 
�D< 764DN64==V G4EF<=4 <5F4?G, O>4 7=4E>4<FLEO 6 7>=V F5D<VG=>7> 6??<6G, 
74>5G64T 7474DF>64=V EFDG>FGD<, F5 EF6>DNT ?D54=4?DG65==<= EF4= 6 
79T4=4==V F4 7=<6GT 7474?L=<= 74?4E ??4EF<G=>EFV, M> 6 EG>G?=>EFV 7 7D44VT=-
F>< F5<?5D4FGD <>65 ?D<765EF< 4> 74D>46G64==O F4 D>7>D<FFO FDVM<=. �DG-
7<< =54>?V>>< 764D=<E 79T4=4=L T GG6>DV4=V  6>?NG5==O F4 ?>D<. &4> O> <5-
F4? F4 GG6>DV4=V 6>?NG5==O <4NFL DV7=<= >>5DVFVT=F F5??>6>7> D>7L<D5==O, 
F5 ?D<76>4<FL 4> 4>44F>>6<E =4?DG65=L, F4 ?V46<MGT 7474?L=G ?>D<EFVEFL G 
764D=><G 79T4=4==V. �>D< F4>>6 ?>7VDLGNFL 7474?L=G E<FG4FVN, F4> O> 6>=< T 
>>=F5=FD4F>D4<< =4?DG65=L, V E4<5 7 =<E D>7?>G<=4TFLEO 74D>465==O FDVM<-
=<. 
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�D< ?V46<M5==V F5<?5D4FGD< EV<VG=4 >>D>7VO ?D<E>>DNTFLEO, F5 >E?45-
?NT >>=EFDG>FVW M> 6 EG>G?=>EFV 7 F<>?VG=<<< >>?<64==O< >>6L4 ?D< DGEV V 
G44D4<< ?D< D>764=F465==V ?D<76>4<FL 4> DG==G64==O.  

$5>><5=44FVW 4?O ?V46<M5==O 4>67>6VG=>EFV D>5>F< >>6LV6: 
1. �V46<M<F< O>VEFL 764D=<E 79T4=4=L. 
2. �?O 6<7>F>6?5==O >>6LV6 6<>>D<EF>6G64F< EF4?V 7 65?<><< 6V4=>E=<< 

?>4>665==O<. 
3. �D>6>4<F< D5>D<EF4?V74FV==<= 6V4?4?. 
�4 4>67>6VG=VEFL F4 ?D4F5744F=VEFL >>6LV6 6??<64NFL 5474F> G<==<>V6, 4 

E4<5 F5D<>-F<>?VG=5 =464=F465==O, F<>?VG=5 V G44D=5 =464=F465==O, >>D>7VO, 
O>VEFL <5F4?G F4 764D=<E 79T4=4=L. &5 ?D<76>4<FL 4> 65?<><E ?>E<5>> G D>7-
D4EG=>G =4 4>67>6VG=VEFL. &4> O> >>6L>6V >>=65TD< =4 EV<VG=<E ?V4?D<T<EF-
64E T G4EF<=>N F5E=>?>7VG=>7> ?D>F5EG, 4?O 7<5=L5==O ?D>EF>W6 FD554 75<-
D4F< EF4F<EF<G=V 44==V, F4 GF>G=N64F< F5D<V=< F5E=VG=<E >7?O4V6 >>=65TD4. 

 
 

'�� 678.02:621.365 
�44>O �.�.1, �D<L>> �.�.2 
1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-317 �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�44>O �.�., �D<L>> �.�. 
&�%������/ $�$�'����/ �����,��� ���%&$'�&�� 

���&�..'�� �������� ���� ���$$�������� 

$>5>F4 ?D<E6OG5=4 V=F5=E<DV>4FVW ?D>F5EV6 F65D4V==O F4 ?V46<M5==N DV-
7<>>-<5E4=VG=<E 6?4EF<6>EF5= F>=>>EFV==<E >D74=>??4EF<>V6 >>=EFDG>FV==>-
7> ?D<7=4G5==O 7 6<>>D<EF4==O< D44V4FV==<E <5F>4V6 F65D4V==O. �EF4=>6?5-
=>, M> D44V4FV==4 >5D>5>4 ?D<E>>D5=<<< 5?5>FD>=4<< T =4=5V?LL L6<4><< 
E?>E>5>< F65D4V==O >><?>7<FV6, O><= =5 EF6>DNT F5E=VG=<E FDG4=>MV6. 

' D>5>FV ?D>6545=> 5>E?5D<<5=F4?L=5 4>E?V465==O ?D>F5EV6 D44V4FV=-
=>7> F65D4V==O, O>5 ?>>474?>, M> DV7<>>-<5E4=VG=V E4D4>F5D<EF<>< >D74=>-
??4EF<>G =4 E?>?GG=><G ��&-10 ?V46<MGNFLEO 4> 15% ?D< >5D>5FV ?D<E>>-
D5=<<< 5?5>FD>=4<< V7 4>7>N >?D><V=5==O 80 �D44. ' D>5>FV F4>>6 D>7D>5-
?5=4 F5E=>?>7VO >><5V=>64=>7> F65D4V==O >D74=>?4EF<>G, M> ?>T4=GT ?>?5D5-
4=V= V=DD4G5D6>=<= =47DV6 F4 4>>F65D4V==O >><?>7<F4 ?D<E>>D5=<<< 5?5>F-
D>=4<<. �D< FL><G ?>>47=<>< <VF=>EFV 75V?LL<?<EO 4> 20% ?D< E>>D>G5==V 
FD<64?>EFV ?D>F5EG F65D4V==O 7 8 7>4<= 4> 16 E6<?<=. 

�EF4=>6?5=>, M> =4=<5=L4 >V?L>VEFL ?>D 6 >D74=>??4EF<>G E?>EF5DV74-
TFLEO ?D< F65D4V==V <4F5DV4?G >><5V=>64=<< E?>E>5><. �4?D>?>=>64=> <5E4-
=V7<< 6??<6G D44V4FV==>W >5D>5>< =4 ?D>F5E< D>D<G64==O ?>?V<5DG. $57G?L-
F4F< ?D>6545=<E 4>E?V465=L ?>>474?<, M> 74EF>EG64==O D44V4FV==<E <5F>4V6 
F65D4V==O E?D<OT ?V46<M5==N DV7<>>-<5E4=VG=<E E4D4>F5D<EF<> V 7=4G=> 
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>>=65>F<6=<< =47DV64==O< E?>?GG=>7> ��%-4, DV4>>7> E?>?GG=>7> ��&-10. 
%?5>FD>7D4<< ?>>47GNFL, M> 6EV 747=4G5=V <4F5DV4?< 4>5D5 ?>7?<=4NFL V=-
DD4G5D6>=5 6<?D><V=N64==O 6 4V4?47>=V 4>66<= E6<?L (2,7-4)ç10-6 F4 (5,1-
9,4)ç10-6 <. �> 674T<>4VW 6<?D><V=N64==O-D5G>6<=4 6EF4=>6?5=>, M> E?>EF5DV-
74TFLEO D57>=4=E=4 674T<>4VO <V6 5?5<5=F4<< EFDG>FGD< F4 465D5?>< 6<?D>-
<V=N64==O. 

�?O ?V4F65D465==O 5D5>F<6=>EFV 44=>7> DVL5==O 7=V<4?< �' E?5>FD< 
?D>?GM5==O E>?>??4EF<>G �&-11-&��+��%-4, O><= 5G6 >F65D465=<= >>=65-
>F<6=<< =47DV64==O<, ?D<E>>D5=<<< 5?5>FD>=4<< V >><5V=>64=<< E?>E>5>< 
(V=DD4G5D6>=<= =47DV6 F4 4>>F65D465==O ?D<E>>D5=<<< 5?5>FD>=4<<). $5-
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7G?LF4F< ?D>6545=>7> 4=4?V7G ?>>474?<, M> O> V E?>?GG=5 ��%-4 >>D5<>, 
E>?>??4EF<>< =4 =>7> >E=>6V, M> 5G?< >F65D465=V >>=65>F<6=<< =47DV64==O<, 
?D<E>>D5=<<< 5?5>FD>=4<< = >><5V=>64=<< E?>E>5>< 4>5D5 ?>7?<=4NFL 
V=DD4G5D6>=5 6<?D><V=N64==O 6 F<E 65 4V4?47>=4E 4>66<= E6<?L. &5 6<4=> 
G5D57 7<V=G E4D4>F5D<EF<> 4>66<= E6<?L G 4V4?47>=4E (2,7-4)ç10-6 V (5,1-
9,4)ç10-6 <. 

$57G?LF4F< 4>E?V465=L E6V4G4FL, M> D44V4FV==4 >5D>5>4 T 5D5>F<6=<< 
E?>E>5>< E?DO<>64=>W 7<V=< EFDG>FGD< F4 6?4EF<6>EF5= ?>?V<5DV6 V V=F5=E<-
DV>4FVW ?D>F5EV6 F65D4V==O >><?>7<FV6. �D>6545=V 4>E?V465==O ?>>474?< <>-
6?<6VEFL 74EF>EG64==O D44V4FV==<E <5F>4V6 >5D>5>< 6 F5E=>?>7VW >45D64==O 
E>?>??4EF<>V6 F5??>74E<E=>7> = >>=EFDG>FV==>7> ?D<7=4G5==O ?D< 7=4G=V= 
V=F5=E<DV>4FVW ?D>F5EG F65D4V==O. 

 
 

'�� 620.178.32 
%>G464 �.�.1, �>74> �.%.2 

1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-310< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

%>G464 �.�., �>74> �.%. 
��&����� ��%�������/ �� ���$ �&��� � '����% 

�%���&$�� &���' 

�>E?V465==O =4 >?VD 6F><V 6 G<>64E 4E<<5FDVW F<>?G ?>?O74T 6 F><G, M> 
=4 E<<5FD<G=<= F<>? =4>?444TFLEO ?>EFV==5 E5D54=T =464=F465==O mÃ [1]: 

 
$<EG=>> 1 3 &<>?< =464=F465==O: 

mÃ  3 E5D54=T =464=F465==O F<>?G aÃ  3 4<??VFG44 F<>?G ; maxÃ  3 <4>E<<4?L-

=5 =464=F465==O F<>?G; minÃ  3 <V=V<4?L=5 =464=F465==O F<>?G. 
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�<?D>5G64==O <4F5DV4?V6 =4 >?VD 6F><V 74V=E=NTFLEO 5>E?5D<<5=F4?L-
=<< L?OE>< =4 7D47>4E, =4 <4L<=4E ?>6F>D>7<V==>7> =464=F465==O [2]. 

� 44=><G 6<?44>G 4>E?V465==O ?D>6>4OFLEO =4 GEF4=>6FV ?>5G4>64=V= 6 
�4FV>=4?L=><G '=V65DE<F5FV «�4?>DV7L>4 �>?VF5E=V>4», O>4 4>76>?OT 74V=E-
=N64F< =464=F465==O 7 5G4LO><< >>5DVFVT=F>< 4E<<5FDVW F<>?4 [3]. 

�4V=E=NTFLEO 6<?D>5G64==O 7 <5F>N >FD<<4==O 4>67>6VG=>EFV ?D< 44=-
=<E ?4D4<5FD4E F<>?G. 

�>E?5D<<5=F4?L=V 4>E?V465==O  =4 6<FD<64?VEFL <4NFL =4 <5FV ?>5G4G-
64F< >D<6G 6F><< ?D< ?>EFV==><G E5D54=L><G =464=F465==V =4 O>5 =4>?444-
TFLEO 4<??VFG44. 

 
%��%�� ����$�%&���� ��&�$�&'$� 

1. �46<45=>>6 �. �. 'EF4?>EFL <5F4??>6 / �. �. �46<45=>>. 3 �. : �4-
L<=>EFD>5=<5, 1949. 3 64 E. 

2. ,>>?L=<> �. �. �5F>4<>4 GEF4?>EF=OE <E?OF4=<= / �. �. ,>>?L-
=<>. 3 �. : �5F4??GD7<O, 1978. 3 301 E. 

3. %F5=4 4?O <E?OF4=<O <5F4??>6 ?D< >E56OE =47DG7>4E 6 GE?>6<OE 4E-
E<<5FD<< F<>?4 : $5D5D4F<6=4O <=D>D<4F<O > 74>>==OE =4GG=>-
<EE?54>64F5?LE><E D45>F4E 6 6G74E '%%$ / �. �. �<E4=?>6, �. �. %>G464. 3 
�. : �<M4 L>>?4, 1974. 3 �O?. 13. 

 
 

'�� 621.762.4 
�>E5=>> �.�.1 
1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�>E5=>> �.�. 
��%�������/ %������� $����' &� '-��,����/ �$� 

��$/'��' ,&���'����� ��$�,������ &�&��' 

�=4G5==O F<E>G 74DOG>7> LF4<?G64==O 6<7=4G4T MV?L=VEFL ?>D>L>>6<E 
6<D>5V6, EFV=>VEFL V D>5>F>744F=VEFL LF4<?>6>7> >E=4M5==O, 5=5D7>6<FD4F< 
?D>F5EG F4 =><V=4?L=5 7GE<??O >>64?LEL>>-?D5E>6>7> >5?44=4==O. $4FV>=4?L-
=<= 6<5VD >5?44=4==O =5>5EV4=> ?D>6>4<F< 7 GD4EG64==O< 7<V=< F<E>G 45D>-
D<4FVW ?D>FO7>< ?D>F5EG LF4<?G64==O. &><G GMV?L=5==O F4 7=4G5==O F<E>G 
4>E?V46G64?< =4 EF44VOE ?D>F5EG. 

�>E?V465==O ?D>6>4<?< =4 E>?>4=>?D5E>64=<E 747>F>6>4E ?>D>L>>6>7> 
F<F4=G �&�%-1, �&��-1 7 6V4=>E=>N MV?L=VEFN %90700 2=» . %5D54>6<M5 

=47DV6G 3 4D7>=. 
�4=5V?LL V=F5=E<6=> GMV?L=5==O 6V45G64TFLEO =4 ?5DLV= EF44VW LF4<-

?G64==O (6V?L=4 >E44>4 747>F>6>< 6 ?>D>6=<=V <4FD<FV) ?D< 45D>D<4FVW =4 
DV6=V F5E=>?>7VG=>W ??4EF<G=>EFV. �D<DVEF MV?L=>EFV E>?444T 6 3 17% 6V4?>6V-
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4=> 4?O 747>F>6>> 7 6V4=>E=>N MV?L=VEFN %70900 2=» . &<E> 45D>D<4FVW 

<V=V<4?L=<= V 4?O F5<?5D4FGD =47DV6G 747>F>6>> 900 3 950°% E>?444T 13.6 3 
5% 6V4 <4>E<<4?L=>7> ?D< LF4<?G64==V 6 74>D<F><G LF4<?V F4 17 3 6.8% 3 
?D< LF4<?G64==V 7 5?5<5=F4<< 6<FV>4==O. �5V?LL5==O F5<?5D4FGD< 7 900 4> 
950°% 4>76>?OT 7<5=L<F< F<E> 45D>D<4FVW =4 27 3 15 ��4. 

�DG74 EF44VO LF4<?G64==O (74?>6=5==O ?>D>6=<=< <4FD<FV) 6V45G64TFL-
EO ?D< 7=4G=><G 7<5=L5==V V=F5=E<6=>EFV GMV?L=5==O 7 D>EF>< F<E>G 45D>D-
<4FVW. �V=V<4?L=4 V=F5=E<6=VEFL GMV?L=5==O F4 <4>E<<4?L=<= F<E> 45D>D<4-
FVW E4D4>F5D=V 4?O FD5FL>W EF44VW (4>?D5EG64==O <5F4?G 6 ?>D>6=<=V <4FD<FV), 
>>FD4 T 74>?NG=>N ?D< LF4<?G64==V 6 74>D<F><G LF4<?V. �D<DVEF MV?L=>EFV 
E>?444T 37.3 3 26.9% 6V4 <4>E<<4?L=>7> ?D< LF4<?G64==V 6 74>D<F><G LF4<-
?V F4 46.7 3 34.7% 3 ?D< LF4<?G64==V 7 5?5<5=F4<< 6<FV>4==O. �5V?LL5==O 
F5<?5D4FGD< =47DV6G 747>F>6>>, G 6>474=><G V=F5D64?V, 7<5=LGT F<E> 45D>D-
<4FVW =4 4DG7V= V FD5FV= EF44VW, 6V4?>6V4=>, =4 35 3 25 ��4 F4 50 3 40 ��4. 

�4 74>?NG=<E EF44VOE LF4<?G64==O 7 5?5<5=F4<< 6<FV>4==O (FD5FO EF4-
4VO V G5F65DF4 EF44VO 3 6<FV>4==O <5F4?G 6 >><?5=E4F>D<) ?D< 5V?LL V=F5=E<6-
=><G GMV?L=5==V (?D<DVEF MV?L=>EFV E>?444T 2.5 3 6.7%) 74557?5GGTFLEO >FD<-
<4==O ?D4>F<G=> 557?>D<EF>7> <4F5DV4?G. �D< FL><G F<E> 45D>D<4FVW, ?>DV6-
=O=> 7V LF4<?G64==O< G 74>D<F><G LF4<?V, 7<5=LGTFLEO =4 150 3 140 ��4 
6V4?>6V4=> 4?O F5<?5D4FGD =47DV6G 747>F>6>> 900 - 950°%. 

&4><< G<=><, 6EF4=>6?5=> E4D4>F5D 7<V=< GMV?L=5==O V F<E>G 6 ?D>F5EV 
45D>D<4FVW 6 74>D<F><G LF4<?V ( %5.9898max 2=» ; 800700max 2=p  ��4 ) 

F4 7 5?5<5=F4<< 6<FV>4==O ( %1008.99max 2=» ; 650560max 2=p  ��4). 

 
 

'�� 621.865.8 
�>?>>6 �.�.1 
1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�>?>>6 �.�. 
$��$���� &� ����$�%&���/ �$���%����% ����%����&�� 

�576464NG< =4 7D>EF4==O 46F><4F<74FVW F4 <5E4=V74FVW 6 EGG4E=><G 6<-
D>5=<FF6V, 65?<>4 >V?L>VEFL >?5D4FV= 6 F><G G<E?V 6 L>V4?<6<E G<>64E =5 
>5E>4OFLEO 557 6<>>D<EF4==O DGG=>W ?D4FV. �6F><4F<7G64F< WE =5 644TFLEO, 4 
74?GG5==O 4?O F<E FV?5= <4?>>64?VDV>>64=<E ?D4FV6=<>V6 557?5DE?5>F<6=>. 
�46>4 DV7<G=4 ?D4FO 6<>?<>4T G ?D4FNNG<E L6<4>G EF><?N64=VEFL V 4<E>>-
<D>DF. /> D57G?LF4F, F5 =<7L>4 ?D>4G>F<6=VEFL V O>VEFL ?D4FV, 7D>EF4==O 6<-
D>5=<G<E 74E6>DN64=L, FD46<4F<7< =4 6<D>5=<FF6V, 65?<>4 ??<==VEFL >44DV6. 

�4?5>> =5 74664< 644TFLEO 6<DVL<F< FN ?D>5?5<G L?OE><  64>E>>=4-
?5==O< F5E=>?>7VW 6<D>5=<FF64, 6?D>64465==O <5E4=V74FVW >>D5<<E F5E=>?>-
7VG=<E >?5D4FV=, 45> ?V46<M5==O< 557?5>< ?D>6545==O D>5VF. �4 EL>7>4=VL-
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=V= 45=L, 4?O 7=<65==O 6??<6G FO6>>EFV 6<D>5=<G<E >?5D4FV= =4 ?D4FNNG<E, 
D>77?O44NFLEO F5E=>?>7VW 7 74EF>EG64==O< ?D><<E?>6<E 5>7>E>5?5FV6 (��). &V 
?D<EFD>W ?D<7=4G5=V 4?O ?>E<?5==O ?D<D>4=<E <>6?<6>EF5= ?N4<=< L?OE>< 
74E<EFG =>7> >?>D=>-DGE>6>7> 4?4D4FG 74 D4EG=>> 7>6=VL=L>7> >4D>4E4. ��, 
O> ?D46<?>, ?>6F>DNNFL 5V><5E4=V>G ?N4<=< 4?O ?D>?>DFV==>7> 75V?LL5==O 
7GE<?L ?V4 G4E DGEV6 V ?V46<MGNFL 74E<M5=VEFL ?D4FV6=<>4 6V4 6??<6G DV7<G-
=<E =464=F465=L. 

%6VF>6<= D<=>> 5>7>E>5?5F=<E F5E=>?>7V= EFDV<>> 7D>EF4T, V EL>7>4=V 5V-
?LL5 80 >><?4=V= ?> 6EL><G E6VFG 74EF>E>6GNFL. �� GE?VL=> ?D>EG64NFLEO 
=4 F5E=>?>7VG=<E <4=44=G<>4E V 6 6<D>5=<G<E ?D>F5E4E 5474FL>E 6V4><<E 
DVD< (=4?D<>?44 $>D4, &>=>F4, �>D=V>5?L V V=.). �4 >E=>6V 44=<E 4>E?V465=L 
Global Markets Insight V Markets & Markets >5EO7 ?>EF46>> �� 4> 2024 D>>G 
?5D56<M<FL 86000 >4<=<FL. �>6=4 >GV>G64F<, M> 6 =544?5>><G <4=5GF=L><G 
?V4?D<T<EF64 O>V =5 6?D>6446GNFL �� 6 6<D>5=<G<E ?D>F5E4E 5G4GFL 66464-
F<EO ?V4?D<T<EF64<< 7 =<7L>>N >G?LFGD>N ?D4FV V 6V4EF4?<<< F5E=>?>7VO<<. 
$>7<VD D<=>G <>5V?L=<E �� >FV=N646EO 5V?LL =V6 6 $ 70 <?= 6 2016 D>FV V 74 
=4EFG?=<= ?5DV>4 <4T ?>>47=<> CAGR 51%. 

�>E?V4=<FL>V D>5>F< 6 FL><G =4?DO<>G ?D>6>4OFLEO 7 <5F>N D54?V74FVW 
F4 6?D>64465==O V==>64FV= 6 >5?4EFV EF6>D5==O V=F57D>64=<E ?N4<=>-
<4L<==<E >><??5>EV6. �V45D4<< 74 >V?L>VEFN ?4F5=FV6 FGF T %,�, �<F4= V 
$5E?G5?V>4 �>D5O. �4 64?L =576464NG< =4 =474?L=G ?D>5?5<G 6 '>D4W=V FVTW 
F5<4F<>< =5 ?D<4V?OTFLEO =4?56=>W G647<. /> 665 EF4?> ?>74=>N FD44<FVTN, 
=4< 7=>6G 4>6545FLEO >G?G64F< 665 74EF4DV?V D>7D>5>< �� V >>?VN64FL GG6V. 

�4G>>6<= ?>F5=FV4? V =4?56=V F5E=>?>7VW 4?O 6?4E=<E D>7D>5>> 6 >D4W=V 
M5 ?<L<?<EO. �4 ?>G4F>>6V= EF44VW 6?D>64465==O �� 6 6<D>5=<FF6> G6V=F< G 
FN 74?G7L ?57L5. � E>4V 4=4?V7G VE=GNG<E >>=EFDG>F<6=<E  EE5< �� 6EF4=>6-
?5=>, M> ?5DE?5>F<6=<< 6 VW D>76<F>G T >><??5>E 4>F<6=<E 46F>=><=<E 5>7>-
E>V?5FV6 =<6=VE >V=FV6>> ?N4<=<. �4=5V?LL<= V=F5D5E ?D54EF46?ONFL >>=E-
FDG>FVW 7 ?=56<><9O74<<, >E>V?L>< 6>=< 74557?5GGNFL 5V?LL ?V=V==V 6 ?>DV6-
=O==V 7 ?=56<>F<?V=4D4<< E<?>6V E4D4>F5D<EF<>< V 6V4DV7=ONFLEO <4?>N 
<4E>N V 7454D<F4<<.. �E>V?L>< F5= =4?DO<>> T ?>DV6=O=> =>6<<, 4>?GG<FLEO 
4> D>7D>5>< �� <>6=4 O> =4 EF44VW D>7D>5>< 7>F>6<E >>=EFDG>FV=, F4> V WE 
E>?44>6<E G4EF<=. �4?D<>?44: >4D>4E 5>7>E>V?5F4 (>V=5<4F<>4 V =5EGGV 5?5<5-
=F< >>=EFDG>FVW, <4F5DV4?<), E<EF5<< G?D46?V==O (5?5>FD>-, ?=56<>-, 7V4D>- 
>5DG64==O), E<EF5<< 5=5D7>74557?5G5==O 4?O 46F>=><=<E 5>7>E>V?5F>6 (4>G-
<G?OF>D<, ?4?<6=V 5?5<5=F<, =5FD44<FV==V 5=5D75F<G=V 5?5<5=F<), L4D=VD=V 
6G7?< V DGE><V 7'T4=4==O, 6<>>=46GV ?D<EFD>W (74E64F<, <4=V?G?OF>D< , 7V4D>-
?=56<>F<?V=4D<, 5?5>FD>46<7G=<, LFGG=V <'O7<). �G56<4=>, M> =4 FL><G 
5F4?V, <>6=4 6<>>D<EF>6G64F< =4?D4FN64==O ?> >>=EFDGN64==N ?D><<E?>-
6<E D>5>FV6. 
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'�� 621.874 
$G4=T6 �.�.1, �>?>6 �.�.2 
1>4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
24>44. �&��' 

$G4=T6 �.�., �>?>6 �.�. 
�$������ �&���� ���$'����-��$�$�������� %&��' 
��&������%&$'�&�� ���&�����������,��% �$���� � 

����&�$��� ��$���&$�� ��%��$&�� �����&���� 
���&$��. �� %''�%��% ��$����&&��% 

�FV=>4 =4?DG65=>-45D>D<>64=>7> EF4=G 764D=<E <5F4?>>>=EFDG>FV= 6 
?D>F5EV ?D>6545==O F5E=VG=>W 4V47=>EF<>< 64=F46>?V4V=<4?L=<E >D4=V6 EF4T 
4>FG4?L=VL>N, F><G M> F5<?< EF4DV==O ?4D>G >D4=V6 '>D4W=< 7=4G=> 6<?5D5-
464NFL F5<?< F5E=VG=>7> ?5D5>75D>T==O. �E>5?<6> FO F5=45=FVO ?D>7?O44-
TFLEO =4 ?D<>?44V <>EF>6<E >D4=V6. 

� O>>EFV >4=>7> 7 =4?DO<>V6 6<DVL5==O FVTW ?D>5?5<< =45G?4 ?>L<D5==O 
?D4>F<>4 <47=VF=>W 4V47=>EF<>< <5F4?>>>=EFDG>FV= ?V4=><=<E E?>DG4 =4 
>E=>6V 6<<VDN64==O <47=VF=>W E4D4>F5D<EF<>< <5F4?G - >>5DF<F<6=>W E<?<. � 
>E=>6G 44=>7> <5F>4G =5DG==V6=>7> >>=FD>?N ?>>?445=> >>D5?OFV==V 74?56-
=>EFV <V6 <5E4=VG=<<< 6?4EF<6>EFO<< <5F4?G V >4=<< 7 >E=>6=<E DV7<G=<E 
?4D4<5FDV6 ?5F?V <47=VF=>7> 7VEF5D57<EG 3 >>5DF<F<6=>W E<?>N, (� / E<), O> 
=4=5V?LL GGF?<6>W 4> 7<V=< MV?L=>EFV 4<E?>>4FV= EFDG>FGD< EF4?<. 

$57G?LF4F< D>5VF 4>E?V4=<>V6 V ?D4>F<>4 74EF>EG64==O <47=VF=>W EFDG>-
FGD>E>>?VW ?D< >FV=FV =4?DG65=>-45D>D<>64=>7> EF4=G <5F4?>>>=EFDG>FV= 
?D< <4?>F<>?>6>= 6F><V 4>76>?<?4 6EF4=>6<F< GE5D54=5=V 7<V=< L6<4>>EFV 
D>EFG (� / E< * DV>) ?D< DV7=<E D56<<4E =464=F465==O. 

�<E>>V 7=4G5==O >>5DF<F<6=>W E<?< 3 F5 FD<6>6=<= E<7=4? 4?O 5>E?5D-
FV6, 74644==O O><E V ?>?O74T 6 F><G, M>5 6<7=4G<F< ?D<G<=< «FO6>>7> EF4=G» 
<5F4?>>>=EFDG>FVW. 

�D>7=>7G64==O 74?<L>>6>7> D5EGDEG 64=F46>?V4=><=>W <4L<=< 74?5-
6<FL 6V4 >><??5>E=>7> ?V4E>4G 4> >FV=>< =4?DG65=>-45D>D<>64=>7> EF4=G WW 
<5F4?>>>=EFDG>FVW ?D< =4O6=>EFV 6 5>E?5DF=V= >D74=V74FVW EGG4E=>7> 4V47=>E-
F<G=>7> >5?44=4==O F4 ?D<?44V6, 4 F4>>6 7>F>6=>EFV ?5DE>=4?G 74EF>E>6G64F< 
?D>7D5E<6=V F5E=>?>7VW ?D< ?D>6545==V D>5VF 6 ?D>F5EV 5>E?5DF=>7> >5EF5-
65==O F4 4=4?V7V >FD<<4=<E D57G?LF4FV6. 

�5D6<==V 7=4G5==O >>5DF<F<6=>W E<?< 0
CH  F4> E4<>, O> V <5E4=VG=V 6?4E-

F<6>EFV, 74?564FL 6V4 5474FL>E D4>F>DV6: EV<VG=>7> E>?44G EF4?<, 65?<G<=< 
75D=4, =4O6=>EFV EFDG>FGD=>W =5>4=>DV4=>EFV, EF4=G ?>EF46>< <5F4?>?D>>4FG 
(74DOG5>4F4=<= 45> E>?>4=>>4F4=<= ?D>>4F, 6 6V4?4?5=><G 45> =>D<4?V7>64-
=><G EF4=V). 
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&><G 6 2002 D. 5G?4 6<E?>6?5=4 4G<>4: ?D< 6<7>F>6?5==V >D4=>6<E <5-
F4?>>>=EFDG>FV= =5>5EV4=> 6<<VDN64F< ?>G4F>>6V 7=4G5==O >>5DF<F<6=>W 
E<?< CH , M>5 6 ?>44?LL><G EF56<F< 74 7<V=>N 7=4G5=L 4?O E6>TG4E=>7> 

74?>5V74==O 464DV==<E E<FG4FV=. &O V45O 6 ?>44?LL><G 5G?4 FD4=ED>D<>64=4 
6 ?4E?>DF <47=VF=>7> >>=FD>?N. �D>FO7>< 45>V?L>>E D>>V6 %4D>V6EL><= 746>4 
?V4=><=>-FD4=E?>DF=>7> GEF4F>G64==O ?D< ?>EF46>4E >><??5>FG646 EG?D>6V-
4=G 4>>G<5=F4FVN ?4E?>DF4<<  <47=VF=>7> >>=FD>?N =4 >D4=< E?5FV4?L=V 
65?L<< 646>>7> V 646>>7> D56<<V6 D>5>F<. 

�4E?>DF <47=VF=>7> >>=FD>?N T ?V4F65D465==O< 74D4=FV= 746>4G-
6<7>F>6?N64G4 O>>EFV <5F4?>>>=EFDG>FV= 6 F><G E5=EV, M> ?5D6<==<= EF4= 
764D5=>W >>=EFDG>FVW 6V4?>6V44T 6<<>74< =44V==>W 5>E??G4F4FVW (?> �%� 4301) 
7 F>G>< 7>DG 764DN64?L=<E =4?DG65=L. 

%4D>V6EL><= 746>4 ?V4=><=>-FD4=E?>DF=>7> GEF4F>G64==O ?V47>FG646 
118 ?4E?>DFV6 <47=VF=>7> >>=FD>?N 4?O >D4=V6 O>V 5G?< ?5D544=V 74<>6=<>G. 
�4=4> <5F>4 �&�% ?D< 4V47=>EFG64==V >D4=>6<E >>=EFDG>FV= 4?O ?V4?D<-
T<EF6 EF46 4G65 74FD4F=<< V 7=<6GT >>=>GD5=F>744F=VEFL 6<D>5=<FF64 6 ?>DV-
6=O==V 7 F<<< ?V4?D<T<EF64<< O>V =5 6<>>D<EF>6GNFL FL>7> <5F>44.  

�4 44=<= G4E V7 118 >D4=V6 7 <47=VF=<<< ?4E?>DF4<< 44=V <>=VF>D<=7G 
?D<E>4OFL FV?L>< =4 26 >D4=V6. 

&5 E6V4G<FL ?D> «?D>E>?>4=5» 6V4=>L5==O O> 6?4E=<>V6 >D4=>6>7> >5-
?44=4==O F4> V =574?56=<E 5>E?5DF=<E >D74=V74FV= 4> FL>7> <5F>4G. �?O 7DG-
L5==O 7 <VEFO F4>>W ?D>5?5<< =5>5EV4=V T4<=V 45D646=V =>D<4F<6< V 6<<>7< V 
?>EF4=>6<. 

 
 

'�� 621.873 
$D>?>6 $.�.1, %<4>D5=>> �.�.2 
1 EF4DL. 6<>?. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

$D>?>6 $.�., %<4>D5=>> �.�. 
�$����� ������� �������% �$���� �$�&..'�% �� ����� 

����� 

�D< D>5>FV 46>E V 5V?LL5 >D4=V6 =4 >4=V= >>?VW, 6<=<>4T =5557?5>4 WE 7V-
F>=5==O. /> ?D46<?>, FN ?D>5?5<G 6<DVLGNFL 6EF4=>6?5==O< >D4=>6>7> 
5GD5D4. �?5 74EF>EG64==O 5GD5DV6 F4 G?>DV6 =5 74557?5GGT ?>FDV5=>7> DV6=O 
557?5><, F4> O> =5 74?>5V74T 7VF>=5==N >D4=V6, 4 ?<L5 ?>7?<=4T 5=5D7VN G44-
DG. 

�V=F56V 6<<<>4GV 74EF>E>6GNFL 4?O 7<5=L5==O L6<4>>EFV F4 46F><4F<G-
=>7> 6V4>?NG5==O ?D<6>4G ?5D5EG64==O 6V7>4 V >D4=4 ?D< =>7> =45?<65==V 4> 
FG?<>>6<E G?>DV6 45> 75?<65==V 46>E >>7?>6<E >D4=V6 ?D4FNNG<E =4 >4=V= 
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>>?VW. �VE?O E?D4FL>6G64==O F4><= >V=F56<= 6<<<>4G =5 ?>6<=5= 745>D>=OF< 
DGE G 76>D>F=L><G =4?DO<>G. 

�>=F4>F=V <5F>4< 74?>5V74==O 7VF>=5==N 6E5 G4EFVL5 74<V=NNFLEO 557-
>>=F4>F=<<<. �4?D<>?44 4?O >>7?>6<E 6E5 G4EFVL5 6<>>D<EF>6GNFLEO 44FG<-
>< D444D=>7> F<?G 2D-LIDAR/2MS5XX, 7 6<E>><< 4V4?47>=>< >E64FG 4> 80 <. 
�V4?47>= E>4=G64==O >59T>FV6 4> 10% D5<VEVW 40 <. F4 6<E>>>N L<D<=>N E>4-
=G64==O ??>MV 190°. �<E>><= 4V4?47>= >E64FG F4 6<E>>4 F>G=VEFL 4>76>?OT 
>FD<<G64F< 4>EF>6VD=G V=D>D<4FVN ?D> <VEF5 7=4E>465==O >>6=>7> >D4=G F4 
E6>TG4E=> 7=<6G64F< L6<4>VEFL. �E>5?<6> 4>FG4?L=5 7=4G5==O 6EF4=>6?5==O 
44=<E E<EF5< =45G64T G F><G 6<?44>G >>?< >5DG64==O >D4=G 6V45G64TFLEO =5 7 
>45V=< 4 7 «?V4?>7<», 45> 6V444?5=>7> ?G=>FG >5DG64==O V EF4= 74 <4=44=G<-
>>< >5E?G7>6G64==O >>=FD>?NTFLEO 74 4>?><>7>N E<EF5<< 6V45>E?>EF5D5-
65==O. 
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%��&�/ «���������/ &� &�%������� ���%&�'���� 
$�$�'����/ ���%&$'�&�� ��,����'�'����/» 

 
'�� 621.771 
,<D>>>5>>>6 �.�.1, �4>>6EL><= /.$.2 
1>4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-810< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

,<D>>>5>>>6 �.�., �4>>6EL><= /.$. 
��%�������/ &�%������� ����&������/ ��$���� 

��&�$$��&������ �$����'���/ ��&����� ��$�,����� 
��&��'$��� 

�>D>L>>64 <5F4?GD7VO 3 F5 F5E=>?>7VO >FD<<4==O <5F4?56<E ?>D>L>V6 V 
6<7>F>6?5==O 6<D>5V6 7 =<E, 4 F4>>6 7 >><?>7<FV= <5F4?V6 7 =5<5F4?4<<. 

' 76<G4==V= E?>EV5 <5F4?56V 6<D>5< >FD<<GNFL 74 4>?><>7>N ?<FFO, >G-
64==O, LF4<?G64==O V ?D5EG64==O. 

� ?>D>L>>6V= <5F4?GD7VW 6<D>5< 6<7>F>6?ONFL 7 ?>D>L>V6 7 D>7<VD4<< 
G4EF>> 6V4 0,1 <>< 4> 0,5 << 74 4>?><>7>N E>?>4=>7> ?D5EG64==O V =4EFG?-
=>N 6<E>>>F5<?5D4FGD=>N >5D>5>>N (E?V>4==O<).  

�>D>L>>64 <5F4?GD7VO 5>>=><VG=4 M>4> <4F5DV4?V6. /> V FD44<FV==V <5-
F>4< <5F4?>>5D>5><, 4>76>?OT >FD<<G64F< 45F4?V 7 =5>5EV4=<<< <5E4=VG=<-
<<, 5?5>FD<G=<<< V <47=VF=<<< 6?4EF<6>EFO<<. 

� 44=<= G4E G 6EVE FD4=E?>DF=<E V <5E4=VG=<E <4L<=4E 6<>>D<EF>6G-
NFLEO ?V4L<?=<>< >4G4==O V >>674==O. �?O WE 6<7>F>6?5==O 74EF>E>6GNFL 
DV7=V 4=F<DD<>FV==V <4F5DV4?<. 

%GG4E=<= EF4= D>76<F>G 5>>=><V>< 6<<474T 75V?LL5==O ?D>4G>F<6=>EFV 
6<D>5=<FF64, 7=<65==O E>5V64DF>EFV, 74EF>EG64==O =>6<E <4F5DV4?V6 V F5E=>-
?>7V=. �E5 F5 ?>69O74=> 7 6?D>64465==O< =>6<E 5>>=><VG=<E E?>E>5V6 6<7>-
F>6?5==O 4=F<DD<>FV==<E 6<D>5V6. 

�4=<< 7 ?5DE?5>F<6=<E =4?DO<>V6 6 EF6>D5==V 4=F<DD<>FV==<E 6<D>5V6 
T ?>D>L>>64 <5F4?GD7VO. 

�4 4>?><>7>N ?>D>L>>6>W <5F4?GD7VW T <>6?<6VEFL 6<7>F>6?OF< 6<D>5< 
7 6<E>><< >>5DVFVT=F>< 6<>>D<EF4==O <4F5DV4?G 4> 95%. 

�<6G5==O ?VF5D4FGD<, ?D<E6OG5=>W F5>D5F<G=><G V 5>E?5D<<5=F4?L=><G 
4>E?V465==N 5=5D7>T<=>EFV ?D< EF6>D5==V 4=F<DD<>FV==<E 6<D>5V6 4>76>?OT 
7D>5<F< =4EFG?=V 6<E=>6><: 

1. � <>6?<6VEFL 7=<65==O 6<FD4F =4 ?>44?LLG <5E4=VG=G >5D>5>G, O>4 
<>65 5GF< 6<>?NG5=4 45> VEF>F=> 7<5=L5=4; 

2. � <>6?<6VEFL >FD<<4==O 7>F>6<E 6<D>5V6, F>G=<E 74 D>D<>N V D>7<V-
D4<<;  

3. �4557?5GGTFLEO 6<E>>4 O>VEFL ?>65DE=V 6<D>5G; 
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4. � <>6?<6VEFL 7<5=L5==O >V?L>>EFV >?5D4FV= 6 F5E=>?>7VG=><G ?4=FN-
7G 6<7>F>6?5==O 45F4?V; 

�<>>D<EF>6GTFLEO 5V?LL =V6 95% E<D>6<=<;  
5. � <>6?<6VEFL >FD<<4F< 6<D>5< 7 G=V>4?L=<<< 6?4EF<6>EFO<< 7464O>< 

6<>>D<EF4==N 5474F>->><?>=5=F=<E EG<VL5= ?D< >5'T4=4==V <5F4?56<E V 
=5<5F4?56<E >><?>=5=FV6; 

6. � <>6?<6VEFL >FD<<4==O 5V?LL 6<E>>>-5>>=><VG=<E, F5E=VG=<E V 5>E-
??G4F4FV==<E E4D4>F5D<EF<> 6<D>5V6 6 ?>DV6=O==V 7 FD44<FV==<<< F5E=>?>7V-
O<<; 

7. �EF>F=> E?D>MGTFLEO 6<7>F>6?5==O 6<D>5V6 E>?44=>W D>D<<. 
� ?D>F5EV D>5>F< 5G?4 4>E?V465=4 F5E=>?>7VO 6<7>F>6?5==O 4=F<DD<>-

FV==<E 6<D>5V6 74 4>?><>7>N ?>D>L>>6<E <4F5DV4?V6. �D>5?5=> 4=4?V7 <4F5-
DV4?V6 V >><?>7<FV= O>V 6<>>D<EF>6GNFLEO ?D< 6<7>F>6?5==V 4=F<DD<>FV==<E 
6<D>5V6. 

 
 

'�� 621.771 
�4FNEV= �... 1, $45<FL><= �.�.2 
1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-810< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�4FNEV= �..., $45<FL><= �.�.  
&�%������� ��$/'��� ,&���'����/ ��%���/��%��% 

������� ��/ ��&���� ����&����% ����'��� 

�4 E6>TN EGF=VEFN 46V4FV==<= 46<7G= T =44E>?44=>N 5=5D75F<G=>N <4-
L<=>N 7 =446<E>><< DV6=5< 6V4?>6V44?L=>EFV 4> O>>EFV 45F4?5= F4 <5E4=V7-
<V6. &><G =4 46V446<7G=>5G4V6=<E ?V4?D<T<EF64E 74EF>E>6GTFLEO FDL>EEFG?V-
=G4F<= <5F>4 >>=FD>?N GEVE 75VD=<E >4<=<FL. �4DOG5 LF4<?G64==O 45F4?5= 
<4L<= F4 V=L<E <5F4?>6<D>5V6 T 547>6<< F4 ?5DL>G5D7>6<< 7 ?D>F5EV6 <5F4-
?>>5D>5>< V 74D47 =4=5V?LL ?>L<D5=5 G5D57 6<E>>G ?D>4G>F<6=>EFV, 5>>=><V-
G=>EFV V O>>EFV ?D>4G>FVW. �6464?>EO, M> 6<7>F>6?5==O 45F4?5= >5D>5>>N 
<5F4?V6 DV74==O< <4T 557?5D5G=G ?5D5647G ?5D54 6<7>F>6?5==O< 45F4?5= >5-
D>5>>N <5F4?V6 F<E>>< ?> F>G=>EFV D>7<VDV6 V G<EF>F< ?>65DE=V. �4=4>, 5>>-
=><=5 6<FD4G4==O <5F4?G ?D< 6<7>F>6?5==V ?>>>6>> 74>?445=> 6 E4<V= V45W 
??4EF<G=>7> D>D<G64==O ?D< >5D>5FV <5F4?V6 F<E>><, O>4 E>?444TFLEO 6 ?5-
D5F6>D5==V 747>F>6>< ?D>EF>W D>D<< 6 ?>>>6>< E>?44=VL>W D>D<< F>7> 6 
>59T<G. �>6?<6VEFL 6<>>D<EF4==O 6<E>><E L6<4>>EF5= 45D>D<G64==O, 
L6<4>>EV4=V >>64?LEL><E <4L<= V =565?<>5 G<E?> =5>5EV4=<E, M>4> =5E>?4-
4=<E, F5E=>?>7VG=<E >?5D4FV= 7G<>6?NT >>D>F>>G4E=VEFL D>5>G>7> F<>?G V 
6<E>>G ?D>4G>F<6=VEFL >>64?LEL>>-LF4<?G64?L=>7> 6<D>5=<FF64. ,F4<?>-
64=V 6<D>5< 6V4DV7=ONFLEO 6<E>><<< <5E4=VG=<<< 6?4EF<6>EFO<<, O>V F4> 
=5>5EV4=V 4?O 45F4?5= 46V4FV==<E 46<7G=V6. 
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'�� 621.7 
�5=L �.�.1, �?VL>V= �.�.2 

1 EF4DL. 6<>?. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-810< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�5=L �.�., �?VL>V= �.�. 
�%������%&� ����$�%&���/ �������%�� ��$&'��,���� 

������$���' �� �$������ QFORM 

QForm 3 F5 >><??5>E V=6<=VD<=7>6>7> ?D>7D4<=>7> 74557?5G5==O 4?O 
D>7D>5><, 4=4?V7G F4 >?F<<V74FVW F5E=>?>7V= >5D>5>< <5F4?V6 F<E>><. �>44F-
>>6>, 7464O>< E?5FV4?L=> D>7D>5?5=<< <>4G?O< QForm Heat Treatment V 
QForm Microstructure, <>6?<6> <>45?N64==O D47>6<E ?5D5F6>D5=L ?D< F5D-
<>>5D>5FV, D>769O7>> ?DG6=L>??4EF<G=>7> 74644==O ?D< =47DV64==V V >E>?>-
465==V, D>7D4EG=>> <V>D>EFDG>FGD< ?D< 45D>D<4FVW. 

�D>7D4<=5 74557?5G5==O 74EF>E>6GTFLEO 6 <4L<=>5G4V6=V=, 46V45G4V6-
=V=, 46F><>5V?55G4V6=V=, 7VD=<G>4>5G6=V=, 5=5D75F<G=V=, <5F4?>>5D>5=V= F4 
V=L<E 74?G7OE ?D><<E?>6>EFV. 

�5F>N 6<>>D<EF4==O ?D>7D4<=>7> 74557?5G5==O QForm T 7=<65==O 6<-
D>5=<G<E 6<FD4F, M> 4>EO74TFLEO L?OE>< >?F<<V74FVW F5E=>?>7VW, 7=<65==O 
>V?L>>EFV 6<>>D<EF>6G64=>7> 6<EV4=>7> <4F5DV4?G, 4 F4>>6 >V?L>>EFV ?D>5=<E 
LF4<?>6>> V (45>) >>D<7G64==O >E=4M5==O. �5G4>64=> <>4G?L QShape ?D<-
7=4G5=<= 4?O ?V47>F>6>< 3D 75><5FDVW 4?O ?>44?LL>7> <>45?N64==O 6 QForm. 
$G=>FVO<< QShape T >>D<7G64==O 75><5FD<G=<E <>45?5= V 46F><4F<G=5 EF6>-
D5==O >?F<<V74FVO >V=F56>-5?5<5=F=>W EVF><. �V47>F>6>4 2D 75><5FDVW <>6?<-
6> 74V=E=N64F< 6 E4<V= ?D>7D4<V QForm =4 5F4?V 7464=F465==O 75><5FD<G=<E 
>5'T>FV6. 

�D>7D4<=5 74557?5G5==O QForm 4>76>?OT <>45?N64F< =4=DV7=><4=VF=V-
LV E>?>4=V V 74DOGV ?D>F5E< >5D>5>< <5F4?V6 F<E>><: 

3 LF4<?G64==O; 
3 6V?L=5 >G64==O; 
3 6<446?N64==O; 
3 ?>4>66=N ?D>>4F>G; 
3 ?>?5D5G=>->?<=>6G ?D>>4F>G; 
3 76<=F>6G ?D>>4F>G; 
3 5>EFDG7VN ?D>DV?V6; 
3 ?D>F5E< 7=GFFO; 
3 D>7>>GG64==O >V?5FL V >>?VE; 
3 D>F4FV==5 6<FO7G64==O; 
3 LF4<?G64==O 6<E>><< F<E>><; 
3 ?<EF>65 F4 >5'T<=5 LF4<?G64==O; 
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3 >D5VF4?L=5 LF4<?G64==O; 
3 LF4<?G64==O E?5G5=<E ?>D>L>V6; 
3 E?V?L=G 45D>D<4FVN >V?L>>E 747>F>6>> 7 DV7=<E <4F5DV4?V6; 
3 F4 V=LV E?5FV4?L=V ?D>F5E<. 
%F4=44DF=4 5474 44=<E, M> ?>EF46?OTFLEO 7 ?D>7D4<>N, <VEF<FL E4D4>-

F5D<EF<>< =4=5V?LL G4EF> 6<>>D<EF>6G64=<E <4F5DV4?V6, <4EF<? F4 ?D<6>4V6 V 
?>EFV==> D>7L<DNTFLEO. ' D47V, O>M> 4?O <>45?N64==O =5>5EV4=V E4D4>F5D<-
EF<>< 5G4L-O>>7> <4F5DV4?G 45> <4EF<?4, 6V4EGF=VE 6 EF4=44DF=V= 547V 44=<E, 
>>D<EFG64G <>65 7444F< WE E4<>EFV==>. �5O>V ?4D4<5FD< V 6?4EF<6>EFV <4F5DV-
4?V6 V V=EFDG<5=FV6 <>6GFL 5GF< V<?>DF>64=V 7V EF>D>==VE ?D>7D4<. 

�>?> D>76'O7G64=<E 74644=L VEF>F=> D>7L<DNTFLEO 7464O>< 6<>>D<EF4=-
=N >>D<EFG64?L=<FL><E ?V4?D>7D4< V <>6?<6>EFV V<?>DFG 44=<E 7 ?D>7D4< 
<>45?N64==O ?D>F5EV6 ?<FFO. 

 
 

'�� 621.771 
�4FNEV= �. .. 1, �4>4D>6 �.%.2 
1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-810< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�4FNEV= �. .., �4>4D>6 �.%. 
&�%������� %&��$���/ �����$�%��% ��&���� � 

&�&������� ��$�,�' 

� 44=<= G4E ?5D5646=4 5V?LLVEFL 45F4?5= V 6<D>5V6 7 F<F4=G V =>7> E??4-
6V6 =4 7465DL4?L=<E EF44VOE 6<D>5=<FF64 ?V444TFLEO <5E4=VG=V= >5D>5FV. 
&DG4><VEF>VEFL FVTW >?5D4FVW 4>E<FL 65?<>4, F4> O> >>5DVFVT=F 6<>>D<EF4==O 
<5F4?G 6V4 LF4<?G64==O 4> 7>F>6>W 45F4?V EF4=>6<FL 0,20 ... 0,35, F>5F> 5?<-
7L>> >4=VTW G5F65DF>W. ' D47V 6<7>F>6?5==O 6<D>5V6 7 ?>>>6>> >>5DVFVT=F 6<-
>>D<EF4==O M5 <5=L5, 4 FDG4><VEF>VEFL 6<M5. 7476<G4= ?D<==OF> 66464F<, M> 
FDG4><VEF>VEFL <5E4=VG=>W >5D>5>< F<F4=>6<E E??46V6 DV74==O< 6 2 - 2,5 D47< 
5V?LL5, =V6 FDG4><VEF>VEFL >5D>5>< 76<G4==<E 6G7?5F56<E EF4?5=. �?O >5D>-
5>< DV74==O< D5>><5=4GTFLEO 74EF>E>6G64F< V=EFDG<5=F >E=4M5=<= F65D4>-
E??46=<<< ??4EF<=4<< [1]. �<EV4 6<D>5V6 ?> 6V4=>L5==N 4> L<EFV 4?O 6<-
??46>< 7?<F>V6 EF4=>6<FL: 4?O 45F4?5=, 6<7>F>6?5=<E 7 ?<EF4 27%, 7 FDG5 
24%, 7 ?>>>6>> 18%, 557?>6>D>F=V 6FD4F< EF4=>6?OFL 5 - 10%. �F65, 5?<7L>> 
75 - 80% <5F4?G M> =44V=L>6 =4 6<??46>G 7?<F>V6, ?>FD4??OT G 6V4E>4< V 
?V4?O74T D575=5D4FVW [2]. 

�=4?V7 VE=GNG<E <5F>4V6 6<7>F>6?5==O >>=EFDG>FV==<E 45F4?5= 7 F<F4=G 
V =>7> E??46V6 ?>>4746, M> 6EV< W< ?D<F4<4==V 65?<>V 6FD4F< 4>D>7>7> <5F4?G V 
65?<><= >5EO7 >5D>5>< DV74==O<. &4><< G<=><, D>7D>5>4 F5E=>?>7VW 6<7>F>6-
?5==O 45F4?5= V7 74EF>EG64==O< D5EGDE>755DV74NG>W F5E=>?>7VW, 4 E4<5 ?>D>L-
>>6>W <5F4?GD7VW, T 4>FG4?L=>N 7444G5N. �D>F5 4?O EF6>D5==O E4<5 557>>D<E-
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=<E 45F4?5=, =5>5EV4=> 66>4<F< 6 F5E=>?>7VG=<= ?D>F5E >?5D4FVN 74DOG>7> 
?D5EG64==O. 

 
%��%�� ����$�%&���� ��&�$�&'$� 

1. �?47G=>6 %. �. &<F4=>6O5 E??46O. �>=EFDG>F<>==O5 F<F4=>6O5 E??4-
6O / %. �. �?47G=>6, �. �. �><E556. 3 �. : �5F4??GD7<O, 1974. 3 368 E. 

2. �4?LL<= �. .. �>D>L>>6>5 <5F4??>6545=<5 / �. .. �4?LL<=. 3 
�. : �5F4??GD7<744F, 1948. 3 332 E. 
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�4FNEV= �. .. 1, �4E?4DV4V �.�.2 
1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-810< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�4FNEV= �. .., �4E?4DV4V �.�. 
�����'���/ �%�����% ���$��-%�����% ��$���&$�� 

�$���&'����/ �� �����$�$����' %&��� 

�D<5?<7=> 90% 6EL>7> EF>??5=>7> <5F4?G ?V444TFLEO ?D>>4FFV, >G64=-
=N, LF4<?G64==N F4 V=L<< 6<44< ??4EF<G=>W >5D>5><. �5D>5>4 <5F4?G F<E-
>>< F5 >V=F564 ?4=>4 G <5F4?GD7V==><G F<>?V. 

�5D>5>4 <5F4?G F<E>>< (��&) 6 7474?L=><G 6<7?O4V GO6?OT E>5>N ?D>-
F5E E<?>6>7> F<E>G =4 <5F4?56G 747>FV6>G G 6V4?>6V4=<E F5<?5D4FGD=<E G<>-
64E V =444T 747>FV6FV =4?56=>W D>D<<. �>DO4 7 F<< EGFFT6<< =4E?V4>>< D4FV>-
=4?L=> 75G4>64=>7> ?D>F5EG T ?>7<F<6=4 7<V=4 EFDG>FGD< F4 45O><E 6?4EF<-
6>EF5= <5F4?G. �> DV7<G=V= EGF=>EFV ��& T ?D>F5E>< ??4EF<G=>W 45D>D<4FVW 
?V4 O><< FD554 D>7G<VF< 557?>6>D>F=V 7<V=< 6V4=>E=> ?>?>65==O G4EF<= 
F65D4>7> FV?4, O>V 769O74=V 7 WE ?5D5<VM5==O<< 557 7DG==G64==O FV?4. 

� >EF4==V D>>< 6E5 5V?LL>7> ?>L<D5==O >45D64?> 6<7>F>6?5==O 74DOG5-
>4F4=<E LF45. �>4>66=O ?D>>4F>4 O6?OTFLEO L<D>>> D>7?>6EN465=<< 74E>-
5>< >5D>5>< <5F4?G F<E>>< (��&). �D< ?>4>66=V= ?D>>4FFV G<=<FLEO ?D>-
F5E 45D>D<4FVW <5F4?G <V6 46><4 64?>4<<, O>V >55DF4NFLEO G DV7=<E =4?DO<-
>4E. �D< FL><G 7<5=LGTFLEO F>6M<=4, 75V?LLGNFLEO 4>66<=4 V L<D<=4 ?D>-
>4FGT<>W LF45<. 

�V?LL5 70% LF45 ?D>>4F4=V =4 557?5D5D6=<E EF4=4E 74DOG>W ?D>>4F><. 
�GDE?<6<= D>76<F>> 6<D>5=<FF64 LF45 ?>OE=NTFLEO F5E=V>>-5>>=><VG=<<< 
?>>47=<>4<<. � ?>DV6=O==V 7 V=L<<< F<?4<< 47D574FV6 557?5D5D6=V EF4=< 
74DOG>W ?D>>4F>< =4=6<7V4=VLV ?> 5>E??G4F4FV==<< 6<FD4G4?L=<< >>5DVFVT=-
F4< V E4D4>F5D<7GNFLEO 6<E>>>N ?D>4G>F<6=VEFN V 5>>=><VG=VEFN. &><G G4E-
F>4 LF45>6>7> ?D>>4FG 6 45O><E >D4W=4E 6 7474?L=><G >5EO7V 6<D>5=<FF64 
E>?444T 60-70 %. 
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�5F>N ?>44?LL>W =4G>>6>W D>5>F< T 6<7=4G5==O >?F<<4?L=<E 5=5D7>E<-
?>6<E ?4D4<5FDV6, F5<?5D4FGD=>7> F4 L6<4>VE=>7> D56<<G 6<7>F>6?5==O 
LF45 4?O 7=<65==O E>5V64DF>EFV ?D>4G>FVW. 

 
 

'�� 621.777.4 
�5=L �.�.1, �5?V>>6 �.�.2 

1 EF4DL. 6<>?. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-810< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�5=L �.�., �5?V>>6 �.�. 
&�%������/ �$�%'����/ &�&�����% %������ 

&<F4= T >4=<< 7 =4=5V?LL ?>L<D5=<E 5?5<5=FV6 75<=>W >>D< 3 6V= EF>WFL 
=4 10 <VEFV V 5V?LL ?>L<D5=<=, =V6 6G7?5FL, E?>D, DF>D, EVD>4 V D>ED>D. ' 
?>DV6=O==V 7 V=L<<< >>=EFDG>FV==<<< <4F5DV4?4<< F<F4= 74=<4T 4-5 <VEF5 
(0,63%) ?VE?O 4?N<V=VN (8,3%), 74?V74 (5%) V <47=VN (2,1%). �=4G=5 E>G?G5==O 
F<F4=G 6 75<=V= >>DV 7GEFDVG4TFLEO 7>?>6=<< G<=>< G 6<7?O4V <V=5D4?V6: DG-
F<?4 &iO2 V V?L<5=VFG F5�&iO2. $GF<? 7476<G4= <VEF<FLEO 6 DVG>>6<E ?VE>4E, 4 
V?L<5=VF - ?5D5646=> 6 F65D4<E ?>D>44E. 

�5D>D<G64==O F<F4=>6<E E??46V6, O> ?D46<?>, E4D4>F5D<7GTFLEO 6<E>-
><< 7=4G5==O< >>5DVFVT=F4 F5DFO <V6 <5F4?>< V V=EFDG<5=F><, 4 =5DV4>> V 
EE>??N64==O< 7 >EF4==V<. ' F>= 65 G4E =<7L>4 F5??>?D>6V4=VEFL F<F4=G 
E?D<OT GF6>D5==N DV7>> =5>4=>DV4=>7> F5<?5D4FGD=>7> ?>?O 747>F>6><, 6<-
EF<74NG>W 6=4E?V4>> >>=F4>FG 7 V=EFDG<5=F><. � D57G?LF4FV >?VD 45D>D<4FVW 
F5=FD4?L=>W 7>=< 747>F>6>< 6<O6?OTFLEO =45474F> =<6G<<, =V6 6 ?D<?57?V= 4> 
>>=F5==5D4 V <4FD<FV >V?LF56V= 7>=V, M>, 6 E6>N G5D7G, ?D<76>4<FL 4> =5DV6-
=><VD=>7> ??<=G <5F4?G. 

�D< 6<446?N64==V F<F4=G V =>7> E??46V6 <>65 6<=<>4F< 65?<>4 F5=FD4-
?L=4 ?D5E-GFO6<=4 =4 747>F>6>4E. � >>D5<<E 6<?44>4E 7?<5<=4 ?D5E-GFO6<=< 
4>EO74T ?>?>6<=< 4>66<=< ?D5E>64=>7> 6<D>5G. �<?5D5465==O ?5D<D5DV==<E 
L4DV6 747>F>6>< 6=GFDVL=V<< ?D<76>4<FL 4> ?>O6< D>7FO7GNG<E =4?DG65=L 6 
>59T<V 45D>D<>64=>7> <5F4?G, M> ?D< =54>EF4F=V= ??4EF<G=>EFV <>65 6<>?<-
>4F< ?>DGL5==O FV?VE=>EFV ?D>DV?N. 

�DV< F>7>, =5DV6=><VD=4 45D>D<4FVO ?D< 6<446?N64==V 7<5=LGT >4=>DV-
4=VEFL EFDG>FGD< V 6?4EF<6>EF5= F<F4=>6<E E??46V6. �D< D>7D>5FV F5D<><5E4-
=VG=>7> D56<<G 6<446?N64==O F<F4=>6<E E??46V6 =5>5EV4=> ?D47=GF< 4> 
EF6>D5==O G<>6, M> 74557?5GGNFL 74 <>6?<6VEFN DV6=><VD=<= E4D4>F5D ??<-
=G <5F4?G. �4 E4D4>F5D ??<=G F<F4=G V =>7> E??46V6 65?<><= 6??<6 <4NFL 
<4EF<?> V F5<?5D4FGD4 =47DV64==O 747>F>6><. 

�5V?LL5==O =5DV6=><VD=>EFV ??<=G <5F4?G ?D< ?V46<M5==V F5<?5D4FGD< 
T E4D4>F5D=<< 4?O 74DOG>7> 6<446?N64==O 5V?LL>EFV E??46V6 V, <45GFL, ?>6'O-
74=5 7V 7<V=>N E?V66V4=>L5==O >?>DG 45D>D<4FVW 6=GFDVL=VE V 7>6=VL=VE L4-
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DV6 747>F>6>< ?D< 75V?LL5==V DV7=<FV 6 F5<?5D4FGD4E 747>F>6>< F4 >>=F5==5-
D4. 

�5DV6=><VD=VEFL ??<=G E??46V6 =4 >E=>6V F<F4=G GE>?44=NTFLEO =4EFG?-
=<<< >5EF46<=4<<. �E>?>465==O >>=F4>FGNG<E 7 V=EFDG<5=F>< L4DV6 747>-
F>6><, =47DVF>W 4> 6<E>>>W F5<?5D4FGD< (6 ³->5?4EFV), ?D<76>4<FL 4> F>7>, M> 
6 747>F>6FV 7'O6?ONFLEO 4V?O=>< 7 DV7=<< D47>6<< E>?44><, M> M5 5V?LL 75V-
?LLGT =5>4=>DV4=VEFL <VF=>EFV <5F4?G. �DV< F>7>, ?D< ?V46<M5==V F5<?5D4-
FGD< 7=<6GTFLEO F5??>?D>6V4=VEFL F<F4=>6<E E??46V6. 

&4><< G<=><, ?V46<M5==N DV6=><VD=>EFV ??<=G F<F4=G V =>7> E??46V6 
?D< 74DOG><G 6<446?N64==V <4T E?D<OF<: 

3 7=<65==O F5<?5D4FGD< =47DV64==O 747>F>6>< ?5D54 6<446?N64==O< V, 
=46?4><, ?V46<M5==O F5<?5D4FGD< =47DV64==O V=EFDG<5=FG; 

3 74EF>EG64==O 5D5>F<6=>7> <4EF<?4, M> 74557?5GGT 7<5=L5==O >>5DVFV-
T=F4 >>=F4>F=>7> F5DFO <V6 <5F4?>< V V=EFDG<5=F>< V 6>?>4VT 4>EF4F=V<< 
F5??>V7>?OFV==<<< 6?4EF<6>EFO<<; 

3 75V?LL5==O L6<4>>EFV ?D5EG64==O, F>5F> E>>D>G5==O G4EG >>=F4>FG 
747>F>6>< 7 V=EFDG<5=F><. 
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1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-810< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�54G? �.�., '5D5=>>6 �.�. 
�����-���/ ��%��' ������� �$� �'����� ���&��� �� 

������ &�� «����$��$�% %&��,» 

�V?L=5 >G64==O 7?<F>V6 7V E?5FV4?L=<E 6<E>>>?57>64=<E, >>D>7V==>-
EFV=><E, 64D><VF=<E EF4?5= F4 E??46V6 =4 ?D5E4E T 547>6>N ?4=>>N F5E=>?>-
7VG=>7> ?D>F5EG >FD<<4==O 747>F>6>> 45F4?5= <4L<= F4 >>=EFDG>FV= 4?O 
5=5D7><4L<=>5G4G64==O, EG4=>5G4V6=>W ?D><<E?>6>EFV, EV<VG=>W ?D><<E?>-
6>EFV, <5F4?GD7VW F4 V=L<E 74?G75=. 

�E=>6=<<< F<?4<< ?>>>6>> ?D< 6V?L=><G >G64==V =4 ?D5E4E T: 
- �>>>6>< >DG7?>7> ?D>DV?N; 
- �>>>6>< ?DO<>>GF=>7> F4 >644D4F=>7> ?D>DV?N; 
- �>>>6>< 7<V==>7> ?D>DV?N; 
- �<E><; 
- �V?LFO, <GDF<. 
�>65= F<? ?>>>6>< <4T ?D< FL><G L<D>><= D>7<VD=V= DO4 6 DV7=<E 64DV-

4=F4E <4D>G=>7> E>DF4<5=FG EF4?5= F4 E??46V6. 
�5D>D<4FV==V ?>FG6=>EFV ?D5E>6>W 4V?O=>< >G64?LEL>>-F5D<VG=>7> F5EG 

&�� <�=V?D>?D5E %F4?L= (?D5E 6V?L=>7> >G64==O 7GE<??O< 4000 FE) 4>76>?O-
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NFL 6<7>F>6?OF< O> <4?>7454D<F=V, F4> < 65?<>>7454D<F=V ?>>>6>< DV7=>W 
F>=46=>EFV. 

� 74?56=>EFV 6V4 <4D>< EF4?V, D>D<< F4 7454D<FV6, 4 F4>>6 6V4 6<<>7 4> 
<5E4=VG=<E F4 V=L<E 6?4EF<6>EF5= >>64=>W 747>F>6><, D>7D>5>4 EE5<< 45D>D-
<4FV==<E >?5D4FV= ?>G<=4TFLEO 7 6<5>DG >?F<<4?L=>7> D>D<4FG 7?<F>4. 

�?<F>> ?>6<=5= ?>6=VEFN 6V4?>6V44F< 6<<>74< F>=46=>EFV, <VD=>EFV 
(>D4F=>EFV) D>7<VDG 747>F>6><, 4 F4>>6 EFG?5=N G>>6G EF4?V (E??46G) 4?O 74-
557?5G5==O <5E4=VG=<E 6?4EF<6>EF5= F4 EFDG>FGD< 747>F>6><. 

�D< FL><G 7?<F>> ?>6<=5= 74557?5GG64F< 6<<>7< F5E=>?>7VG=>EFV ?D< 
?D>6545=V >?5D4FV= >E44><, ?D>FO6><, ?D>L<6><, DG5><. 

&4> O> 6 7?<F>> 74>?444TFLEO 64DFVEFL =4=5V?LL 6<FD4F=>W EF44VW F5E=>-
?>7VG=>7> ?D>F5EG 3 6<??46>< F4 >5D>5>< DV4>>7> <5F4?G, >FD<<4==O V7 7?<F>4 
O>><>74 5V?LL>W <4E< 7>F>6>W 747>F>6>< T >4=<< V7 7>?>6=<E =4?DO<>V6 7<5=-
L5==O E>5V64DF>EFV ?>>>6>< V ?V46<M5==O >>=>GD5=F>744F=>EFV ?V4?D<T<EF64 
=4 D<=>G 6<E>>>O>VE=<E ?>>>6>> E?5FV4?L=<E <4D>> EF4?5= V E??46V6. 

� 44=<= G4E ?D5E>64 4V?O=>4 >G64?LEL>>-F5D<VG=>7> F5EG 
&�� <�=V?D>?D5E %F4?L= ?D>6>4<FL >G64==O 7?<F>V6 =4EFG?=<E D>D<4FV6: 

3 �?<F>< >644D4F=>7> ?5D5F<=G:1) 2,8 F; 2) 3,6 F; 3) 4,5 F; 4) 6,5 F. 
3 �>?V7>=4?L=V 7?<F><: 1) 12 F; 2) 15-16 F. 
3 �4=5V?LL 66<64=<<< T 7?<F>< D>D<4FG 4,5 F F4 6,5 F >644D4F=>7> ?5-

D5DV7G. 
�4=4 ?V=V=>4 D>D<4FV6 7?<F>V6 <4T D>7<VD ?D<5GF>>6>W G4EF<=< (M> ?D< 

>G64==V D>D<GT 7>?>6=G >5DV7L) 7=4G=> 5V?LLG 10%, M> =5 4>76>?OT ?V46<M<-
F< F5E=V>>-5>>=><VG=V ?>>47=<>< >G64==O. 

�5F>N ?D>6545==O 4>E?V465==O T ?>LG> <>6?<6>EF5= 7<5=L5==O 6V4-
=>E=>W 65?<G<=< ?D<5GF>>6>W G4EF<=< V F<< E4<<< 75V?LL5==O 6<E>4G 7>4=>-
7> ?D< >G64==V 7?<F>V6 ?D< 74557?5G5==V O>>EFV ?>>>6>>. 

$>5>FG ??4=GTFLEO D>77>D=GF< 6 =4EFG?=<E =4?DO<>4E: 
1) �<V=4 >>=EFDG>FVW 7?<F>V6 3,6 F; 4,5 F; F4 6,5 F 6 <564E 7454D<FV6 VE=G-

NG<E 6<?<6=<FL L?OE>< 75V?LL5==O E?V66V4=>L5==O H/D (7474?L=>W 6<E>F< 
7?<F>4 4> ?D<6545=>7> 4V4<5FDG) ?D< 74557?5G5=V 7>?>6=>W >5DV7V =5 5V?LL5 
10,5%, GF>G=5==O F5E=>?>7VW DG5>< ?D<5GF>>6>W G4EF<=<, 4=4?V7 O>>EFV <5F4?G 
6 G4EF<=V 74557?5G5==O <4>D>EFDG>FGD< F4 ?D<==OF=<E D57G?LF4FV6 '��, 6<-
>?NG5==O 6??<6G 7<V=< 75><5FDVW F4 G<>6 D>D<G64==O ?5D5E>4G <FV?> 7?<F-
>4 3 ?D<5GF>>64 G4EF<=4 (?>OE>>)= ?> 7D4=O< F4 D55D4< =4 GF6>D5==O FDVM<= 
?D< ?D>FO6FV F4 >E44FV. 

2) �<5=L5==O <4E<, D>D<< F4 G<>6 D>D<G64==O 7>?>6=>W G4EF<=V ?>?V-
7>=4?L=<E 7?<F>V6 <4E>N 12 F4 15 F, GF>G=5==O F5E=>?>7VW 74>>6G F4?D< F4 
4=4?V7 D<7<>V6 GF6>D5==O ?V47>?>6=<E FDVM<= ?D< =47DV64==V F4 >G64==V 7?<F-
>V6. 
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3) $>7D>5>4 F4 ?V45VD =>6<E D>D<4FV6 7?<F>V6 (7>>D5<4 4,8 F4 5,0 F) 7 74-
D4=F>64=<< 74557?5G5==O< 65?<G<=< 7>?>6=>W >5DV7V F4 D>7D>5>4 WE EE5< >G-
64==O. 
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1 EF4DL. 6<>?. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-810< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�5=>> �.�., �>=>6EL><= �.�. 
��%��$����&��,�� ��&��� ��%�������/ ���$'����-

��$�$�������� %&��' ��&��' �$� ��'&&� &$'���� 
����&���� 

�D>6545==O 5>E?5D<<5=F4?L=<E 4>E?V465=L 4?O 6<7=4G5==O F4 4=4?V7G 
=4?DG65=>-45D>D<>64=>7> EF4=G FDG5=>W 747>F>6>< 6 ?D>F5EV 7=GFFO 6 5V?L-
L>EFV 6<?44>4E 6<>>=GTFLEO 74 4>?><>7>N <5F>4G 4V?<?L=<E EVF>>. 

�>E?5D<<5=F4?L=V <5F>4< 4>E?V465==O ?D>F5EV6 ??4EF<G=>W D>D<>7<V=< 
FDG5=>W 747>F>6>< 74E=>64=V =4 E?>F6>D5==V ?>?5D54=L> =4=5E5=>W 45D>D<4-
FV==>W EVF><. �V4><> FD< >E=>6=V 7DG?< 5>E?5D<<5=F4?L=<E <5F>4V6 4>E?V-
465==O: 

1. �5F>4<, O>V 547GNFLEO =4 >E=>6=<E ?>?>65==OE F5>DVW >V=F56<E 45-
D>D<4FV= (���). �E=>6=V ?4D4<5FD< 45D>D<>64=>7> EF4=G 6 <564E, >5<565-
=<E >><VD>>N 4V?<?L=>W EVF><, 6<7=4G4NFLEO L?OE>< E?V6EF46?5==O >V=F56>W 
D>D<< 7 D>7<VD4<< >><VD><. � >E=>6V ��� ?56<FL F5>D5<4 ?D> ?5D5F6>D5==O 
5?5<5=F4D=>W ED5D< 6 D57G?LF4FV ?D>F5EG >V=F56>W D>D<>7<V=< 6 5?V?E>W4. �> 
��� 6V4=>EOFL: 

3 <5F>4 �. �V55?O (6<EV4=4 >><VD>4 4V?<?L=>W EVF>< >644D4F=>W D>D<<); 
3 <5F>4 �. �. �4L>>64 (6<EV4=4 >><VD>4 4V?<?L=>W EVF>< >644D4F=>W D>-

D<<); 
3 <5F>4 �. �. $5==5 (6<EV4=4 >><VD>4 4V?<?L=>W EVF>< G D>D<V ?4D4?5?>7-

D4<G); 
3 <5F>4 �. �. %<<D=>64-�?OT64 V �. �. $>75=55D74 (?5D5F6>D5==O ED5-

D<G=>W D>D<< 6<EV4=>W >><VD>< 4V?<?L=>W EVF>< 6 5?V?E>W4). 
2. �>5F4?=V <5F>4< 4>E?V465==O (��), O>V 547GNFLEO =4 45D>D<4FV==V= 

F5>DVW. �4 >>6=><G 5F4?V 4>E?V465==O 6EV E4D4>F5D<EF<>< ?D>F5EG D>D<>7<V-
=< 6<7=4G4NFLEO F4><< 65 G<=><, O> V G 6<?44>G >V=F56<E 45D>D<4FV=. �E=>-
6=4 7444G4 �� 3 >FD<<4==O ?>>4?L=>W E4D4>F5D<EF<>< EFG?5=N 45D>D<4FVW 6 
D57G?LF4FV =5<>=>F>==>W D>D<>7<V=< 6 G<>64E E>?44=>7> =464=F465==O. �> 
�� <>6=4 6V4=5EF<: 

3 <5F>4 %. �. �G5>V=4 (=4 >>6=><G 5F4?V 6<7=4G4NFLEO 7>?>6=V 45D>D<4-
FVW L?OE>< E?V6EF46?5==O 7>?>6=<E >E5= 5?V?E4 7 4V4<5FD>< 6<EV4=>7> >>?4, 
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?D<G><G ?VE?O >>6=>7> 5F4?G 5?V?E< 6<44?ONFLEO V 7=>6G =4=>E<FLEO >>?>64 
EVF>4, F5=FD< >><VD>> O>>W ?>6<==V E?V6?444F< 7 F5=FD4<< 6<44?5=<E 5?V?EV6); 

3 <5F>4 6V7V>??4EF<G=>EFV �. &><?E>=4 (6 ??>M<=V E<<5FDVW 45D>D<>64-
=>7> FV?4 =4=>E<FLEO 4V?<?L=4 EVF>4 >644D4F=>W D>D<<; 6<7=4G5==O ?V4EG<>>-
6>W 45D>D<4FVW 6V45G64TFLEO ?>4V5=<< L?OE><, O> G <5F>4V %. �. �G5>V=4). 

3. �5F>4<, O>V 547GNFLEO =4 F5>DVW F5GVW (�&). �& 74E=>64=V =4 557?5D5-
D6=><G E?>EF5D565==V 74 D>D<>7<V=>N F4 7<V=>N D>7<VDV6 >><VD>< 4V?<?L=>W 
EVF><, O>V D>77?O44NFLEO O> 557?5D5D6=V DG=>FVW 45O>>7> ?4D4<5FDG (G4EG, 
75><5FD<G=<E D4>F>DV6 ?D>F5EG V F.4.). �> �& 6V4=>EOFL: 

3 <5F>4 �. �V55?O (6<EV4=4 >><VD>4 4V?<?L=>W EVF>< >644D4F=>W D>D<<); 
3 <5F>4 �. �. $5==5 (6<EV4=4 >><VD>4 4V?<?L=>W EVF>< G D>D<V ?4D4?5?>7-

D4<G). 
�E=>6=4 6V4<V==VEFL 5>E?5D<<5=F4?L=<E <5F>4V6 4>E?V465==O 3 E?>EV5 

>5D>5>< D57G?LF4FV6 E?>F6>D5=>W 4V?<?L=>W EVF><. %?V?L=<< 4?O =<E O6?ONFL-
EO 4>?GM5==O ?D> F5, M> 6 <564E >59T<G, >5<565=>7> >><VD>>N 4V?<?L=>W 
EVF><: FV?> 66464TFLEO V7>FD>?=<<, 4 45D>D<4FVO >4=>DV4=>N. 

 
 

'�� 621.751 
/6FGL5=>> �.�.1, &4D4= �.�.2, �4?5FL �.&.2 
1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-810< �' «�4?>DV7L>4 ?>?VF5E=V>4» 

/6FGL5=>> �.�., &4D4= �.�., �4?5FL �.&. 
��%�������/ ��&���� $���$�. ��%&���% ����&���� 

%�������� ���&'$' 

�>>=><VO <4F5DV4?G 74664< 5G?4 >4=>N 7 =4=646?<6VL<E 7444G ?D><<E-
?>6>EFV, >E>5?<6> 6 G<>64E E5DV==>7> F4 <4E>6>7> 6<D>5=<FF64.  

� ?<EF>LF4<?G64?L=><G 6<D>5=<FF6V 5>>=><VO <4F5DV4?G 6<7=4G4TFLEO 
=4E4<?5D54 D4FV>=4?L=<< D>7>D>T< ?>G4F>>6>7> <4F5DV4?G. $>7D4EG=>> D>7-
>D>N E4D4>F5D<7GTFLEO 65?<>>N >V?L>VEFN <>6?<6<E EE5< D>7>D>N F4 4>E<FL 
E>?44=<<< D>7D4EG=>4<< >E>5?<6> 4?O E?5FV4?L=<E EE5<. 

� 74?56=>EFV 6V4 6<4G ?>G4F>>6>7> F4 >V=F56>7> ?D>4G>FG D>7DV74==O 
<4F5DV4?G VE=GT ?56=4 >V?L>VEFL 6<4V6 D>7>D>N, O>V E4D4>F5D<7GNFLEO DV7=>-
<4=VF=<<< E?>E>54<< D>7D4EG=>G. 

$>7>DV= DG?>=V6 =4 ?>?>E< (EFDVG><) F4 D>7>DV= ?<EFV6 =4 ?DO<>>GF=V 74-
7>F>6>< L?OE>< D>7DV74==O =4 =>6<FOE (7V?L=>F<==<= D>7>DV=) 6<DVLGNFLEO 
E?5FV4?L=<<< <5F>44<< <4F5<4F<><, 7>?>6=<< G<=>< <5F>44<< ?V=V==>7> 
?D>7D4<G64==O. 

�>DV6=O=> ?D>EF> 6<>>=GTFLEO D>7D4EG=>> D>7>D>N ?<EFV6 =4 ?>?>E< F4 
?>?>E ?D< D57G?OD=><G D>74D4FG64==V >DG7?<E 747>F>6>>. � 74?56=>EFV 6V4 
>V?L>>EFV DO4V6, WE D>7F4LG64==O 6 ?>?>EV (?4D4?5?L=5 G< L4E<4F=5) 5D5>F<6-
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=VEFL D>7>D>N >5G<E?NTFLEO 74 6V4><<<< 4=4?VF<G=<<< 74?56=>EFO<<. �>?>-
6=<< ?>>47=<>>< D>7>D>N T >>5DVFVT=F 6<>>D<EF4==O <4F5DV4?G (���). �>?>-
6=4 E>?44=VEFL F4>>7> D>7>D>N ?>?O74T 6 65?<>V= >V?L>>EFV 64DV4=FV6 (O> ?D4-
6<?> 6-20 64DV4=FV6). 

�45474F> E>?44=VL5 6<>>=GTFLEO D>7D4EG=>> D>7>D>N 747>F>6>> E>?44-
=>W D>D<<. �?O F4><E 45F4?5= G4EF> T <>6?<6<< 6<>>=G64F< DV7=5 D>7F4LG-
64==O 747>F>6>> =4 ?>?>EV. �D5>F<6=VEFL D>7>D>N 74?56<FL 6V4 674T<=>7> 
D>7F4LG64==O EGEV4=VE 747>F>6>> (?4D4?5?L=5 D>7F4LG64==O, >><5V=>64=5), 
>GF4 ?>6>D>FG >>=FGDG 6V4=>E=> =4?DO<G ?>44GV F4 V=L5. 

�?O F4><E E>?44=<E 747>F>6>> VE=GT 45>V?L>4 <5F>4V6 D>7D4EG=>G, O>V 
6V4DV7=ONFLEO F5E=VG=<<< <>6?<6>EFO<<, E>?44=VEFN <4F5<4F<G=>7> 4?4D4-
FG. 

�4?D<>?44, ?D>EF<= <5F>4, 74?D>?>=>64=<= �454T6<< ?>?O74T 6 ?>G4F-
>>6><G 7<VM5=V EGEV4=L>7> >>=FGDG =4 >D>>, DV6=<= <4>E<<4?L=V= L<D<=V 
747>F>6><. �VE?O FL>7> >>=FGD 7<VMGTFLEO =4744 4> F<E ?VD, ?>>< =5 =4EF4=5 
4>F>D>G64==O ?>G4F>7> F4 7<VM5=>7> >>=FGDV6. &4><= <5F>4 =44F> ?D<<VF<6-
=<= F4 6<<474T 65?<>>W >V?L>>EFV D>7D4EG=>V6. �>DV< F>7>, 6<7=4G5==O >>5DV-
FVT=FG 6<>>D<EF4==O <4F5DV4?G ?D< 4<E>D5F=<E 7=4G5==OE >GF4 ?>6>D>FG 
>>=FGDG <>65 ?D<65EF< 4> F>7>, M> >?F<<4?L=5 7=4G5==O ��� 5G45 7=4E>4<-
F<EO =5 ?D< D>7D4EG=>>6<E 7=4G5==OE >GFV6, F>5F> 747G5?5=5. 

�4 EL>7>4=VL=V= 45=L =4=5V?LL G=V65DE4?L=<< <5F>4>< 6<7=4G5==O 
���G T <5F>4 F4> =4764=>7> 7>4>7D4DG DG=>FVW FVE=>7> D>7F4LG64==O 
(�$�$), 74?D>?>=>64=<= >>?5>F<6>< 6G5=<E ?V4 >5DV6=<FF6>< %F>O=4. �?O 
46>E EGEV4=VE >>=FGDV6 5G4GTFLEO 7>4>7D4D, O><= ?D54EF46?OT E>5>N FD4T>F>-
DVN ?5D5<VM5==O >V=FO 65>F>D4, O><= 79T4=GN ?>?NE< EGEV4=VE >>=FGDV6. 
�>?>6=>N ?5D5647>N FL>7> <5F>4G T F5, M> D>7D4E>6GTFLEO =5?5D5D6=4 DG=>-
FVO, O>4 6<7=4G4T 7>4>7D4D, F>5F> D>7D4EG=>> 6<>>=GTFLEO 4?O 5G4L-O>>7> 
7=4G5==O >GF4 ?>6>D>FG. �4D4<5FD< 7>4>7D4DG 6<7=4G4NFL >E=>6=V ?4D4<5FD< 
D>7F4LG64==O 747>F>6>< 3 L<D<=G ?>?>E< F4 >D>> ?>44GV. �>?>6=4 FDG4=VEFL 
6<>>D<EF4==O F4>>7> <5F>4G ?>?O74T 6 65?<>V= E>?44=>EFV D>7D4EG=>V6. 

�4=<< 7 6V4=>E=> ?D>EF<E <5F>4V6 T <5F>4 EVG=<E, D>7D>5?5=<= >>?5>-
F<6>< >4D54D< ��& =4L>7> G=V65DE<F5FG. %GFL <5F>4G ?>?O74T 6 6<7=4G5==V 
?4D4<5FDV6 D>7>D>N, F>5F> L<D<=< ?>?>E< F4 >D>>G ?>44GV L?OE>< 4<E>D5F-
=>7> D>7D4EG=>G 4?O 7444=>7> >GF4 ?>6>D>FG >>=FGDG 6V4=>E=> >>>D4<=4F=<E 
>E5= =4=5V?LL>W EVG=>W >>=FGDG. �?O FL>7> 6<>>=GTFLEO D>7D4EG=>> 4>66<=< 
E>D4<, O>4 79T4=GT >>6=G F>G>G >>=FGDG 7 F>G>>N ?5D5F<=G 6 =4?DO<G ?>44GV. 
&O =4=5V?LL4 EVG=4 (E>D44) ?D<=<4TFLEO O> =4=<5=L<= >D>> ?>44GV, 4 =4=-
<5=L4 L<D<=4 ?>?>E< 6<7=4G4TFLEO O> DV7=<FO =4=5V?LL>W F4 =4=<5=L>W 
>>>D4<=4F< >>=FGDG 6 =4?DO<G 6VEV '. �VE?O D>7D4EG=>G >4=>7> ?>?>65==O 
>>=FGDG 6<>>=GTFLEO ?>6>D>F >>=FGDG =4 7444=<= >GF V D>7D4EG=>> ?>6F>DN-
TFLEO. 
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�VE?O 6<7=4G5==O =4=<5=L>W L<D<=< ?>?>E< 6 74?56=>EFV 6V4 F<?G 
LF4<?G (557 ?D<F<E>G G< 7 ?D<F<E>><, 7 5VG=<<< =>64<< G< 557 =<E) 6<7=4-
G4TFLEO =><V=4?L=4 L<D<=4 ?>?>E<. �D>> ?>44GV 6<7=4G4TFLEO O> =4=5V?LL4 
E>D44 7 4>546>>N 65?<G<=< <V6 45F4?L=>W ?5D5<<G><. �VE?O FL>7> D>7D4E>6G-
TFLEO ���. 

�54>?V>>< F4>>7> <5F>4G T 665 6>474=4 4<E>D5F=VEFL >GF4 ?>6>D>FG, 4?5 
6 F5= <>6?<6> 7<5=L<F< L?OE>< 76G65==O 4V4?47>=G 7<V=< >GF4 ?>6>D>FG. 
�>DV< FL>7> D>7D4EG=>> <>6?<6<= FV?L>< ?D< >4=>DO4=><G D>7F4LG64==O 
747>F>6>> 6 ?>?>EV. %>G4 L?OE>< <>4<DV>G64==O <>6?<6> 6<>>=G64F< D>7D4-
EG=>> V 5474F>DO4=>7> D>7>D>N. 

�D4E>6GNG< 4>E<FL G<E5?L=V D>7D4EG=>< 64DV4=FV6 D>7>D>N ?D< =4O6=>-
EFV ?56=<E <>6?<6>EF5= 4?O ?>?57L5==O D>7D4EG=>V6, 75V?LL5==O F>G=>EFV F4 
?V46<M5==O ?D>4G>F<6=>EFV D>7D>5?5=> E<EF5<G 46F><4F<G=>7> D>7D4EG=>G 
D>7>D>N ?<EFV6 F4 ?>?>E ?D< D57G?OD=><G D>7F4LG64==V 747>F>6>>. 

�4E4<?5D54 D>7D>5?5=> <5F>4 66545==O G<E?>6>W V=D>D<4FVW ?D> 75><5-
FDVN >>=FGDG, O><= ?>?O74T 6 ?D54EF46?5=V >>=FGDG O> EG>G?=>EFV =4=?D>EFV-
L<E 75><5FD<G=<E ?D<<VF<6V6 F4><E O> 6V4DV7>> F4 4G74, D>74V?5=<E E4D4>F5-
D<EF<G=<<< F>G>4<<. �>>D4<=4F< F<E F>G>> F4 F<? ?D<<VF<6G V 74=>EOFLEO 6 
?D>7D4<G D>7D4EG=>G. 

�?O D>7D4EG=>G ?4D4<5FDV6 D>7>D>N =5 >DG7?<E 747>F>6>> D>7D>5?5=> 
DO4 ?D>F54GD 4?O 6<>>=4==O <4F5<4F<G=<E D>7D4EG=>V6: ?5D5F<=G 46>E 65>-
F>DV6, ?5D5F<=G 65>F>DG F4 >>?4, ?>LG>G =4=5V?LL>W E>D4<, ?5D5=>EG F4 ?>6>-
D>FG >>=FGDG, F>M>. 
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%��&�/ «��-� ��&���&���» 
 

'�� 517.9 
�=GDDVT=>> �.�.  
4-D DV7.-<4F. =4G>, ?D>D. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�=GDDVT=>> �.�. 
��%/�����/ $�����-��&���&�'��� ,���� ��$��$� 

��-�� ��&���&��� (�� 90-� $�'��&� � ��/ ��%�'����/) 

�4D54D4 6<M>W <4F5<4F<><, O> >4=4 7 547>6<E 7474?L=>>E6VF=VE >4D54D 6 
F5E=VG=><G 6G7V, 5G?4 EF6>D5=4 G 1944 D. 6>4=>G4E 7 6V4>D<FFO< 46F><5E4=VG-
=>7> V=EF<FGFG, 4?5 >4D54D4 <4F5<4F<>< VE=G64?4 M5 ?D<=4=<=V 7 1930 D., 
>>?<, >>DV< <4F5<4F<G=<E ?D54<5FV6, 6<>?444GV 5G?< 744VO=V G 6<>?444==V 
DV7<><, <5E4=V>< F4 EV<VW. �46V4G64G5< >4D54D< 6 FV D>>< 5G6 4>F5=F 
�.%. �4>4?OT6. &5 5G6 ?5DV>4 EF4=>6?5==O >4D54D<, >E=>6=4 D>5>F4 6<>?444-
GV6 5G?4 E?DO<>64=4 =4 D>7D>5>G =46G4?L=>-<5F>4<G=>W 547< >4D54D<. �>DO4 
7 <5F>4<G=>N 65?4EO V =4G>>64 D>5>F4. &4>, EF. 6<>?. �.�. �=VEV<>6 74E<EF<6 
>4=4<44FEL>G 4<E5DF4FVN 74 D57G?LF4F4<< =4G>>6<E 4>E?V465=L G 74?G7V ?D<-
>?44=>W <4F5<4F<><. 

 � ?>G4F>>< D>5>F< =4 >4D54DV >4=4<44F4 DV7<>>-<4F5<4F<G=<E =4G> 
%.�. �4E9O=N>4 G 1957 D. V=F5=E<DV>G64?4EL =4G>>64 D>5>F4, 74?D4FN646 
=4G>>6<= E5<V=4D. ' F>= ?5DV>4 >?G5?V>>64=> ?>=44 30 =4G>>6<E ?D4FL. �4 
F5<4F<>>N E5<V=4DG ?V7=VL5 74E<EF<?< >4=4<44FEL>V 4<E5DF4FVW �.�. &>4GG>, 
�.%. �>E5=>>, �.$. �>FGD. �>F<6=> ?D4FN646 EFG45=FEL><= =4G>>6<= 7GDF>> 
7 >V55D=5F<>< ?V4 >5DV6=<FF6>< 4>F5=F4 %.�. �4E9O=N>4. 

' 1960-1963 DD. =4 >4D54DG 74 >>=>GDE>< ?D<==OFV: 4>F5=F< 
�.�. �D<64?>64, �.�. �>EFN>, �.�. �474=F56, �.�. %>>D>4G<>6, 
$.�. &><4L56<G, %.�. �465?O. ' 1964 D>FV >4D54DG D>74V?5=> =4 46V >4D54D<  
(6<M>W <4F5<4F<>< (746. >4D54D>N EF. 6<>?. �.%. �>E5=>>) V >5G<E?N64?L=>W 
<4F5<4F<>< (746. >4D54D>N 4>F. %.�. �465?O). 

� 1975 D>>G =4 >4D54DV ?D4FN64?< 4>F5=F4<<: ..�. �47>D=<=, 
�.�. 'G<4G5=>>, �.�. �=GDDVT=>>, �.�. �4E>65=>>, �.�. �G75<>>, 
�.�. �=GDDVT=>>, �.�. �<?<<=<>, %.�. %V7<E, �.�. �9O=>>6, �.�. ,4=V=4, 
�.�. �4?LG5=>>, �.�. �D4?V6=<=, �.�. �4E>65=>>, �.�. �5?<G>>. 

' 1970-2018 DD. E?V6D>5VF=<>4<< >4D54D< 74E<M5=> 18 >4=4<44FEL><E 
4<E5DF4FV= (�.�. �D<64D=<>>6, �.�. �56<FL><=, ..�. �47>D=<=, �.%. �>E5=>>, 
�.$. �>FGD, �.�. %4D4=, �.�. �=GDDVT=>>, %.�. %V7<E, �.�. �5L5=>>64, 
�.�. �4E>65=>>, �.�. �=GDDVT=>>, �.�. �9O=>>6, �.�. �<?<<=<>, 
�.�. �D4?V6=<=, &.�. �56<FL>4, �.�. �4E>65=>>, �.�. �4L>64, �.�.�=F>=5=>>, 
�.�. $4E>?O>) F4 3 4>>F>DEL>V 4<E5DF4FVW (�.�. 'G<4G5=>>, %.$. ,<L>4=>64, 
�.�. �=GDDVT=>>). 
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' 1988 D>FV >4D54DG >G>?<6 4>>F>D DV7<>>-<4F5<4F<G=<E =4G> ?D>D5-
E>D �.�. 'G<4G5=>>, G FV D>>< D>D<G64?4EL L>>?4 EFD>7>7> <5F>4G G4EF<=-
=<E >5?4EF5= 4?O D>769O7G64==O 5?5>FD>4<=4<VG=<E 7444G [133]. &5= <5F>4 
6<>>D<EF>6GTFLEO 4?O 4>E?V465==O EFDG>FGD, 75><5FDVO O><E 4>76>?OT 6<>>-
=4F< D>75<FFO =4 46V F4 5V?LL5 ?D>EFV >5?4EFV, M> >58T4=GNFLEO. �56V4><5 
?>?5 G >>6=V= F4>V= >5?4EFV ?>44TFLEO G 6<7?O4V D>76<=5==O 74 ?>6=>N E<EF5-
<>N 6?4E=<E DG=>FV= 6V4?>6V4=>W G4EF<==>W >5?4EFV 7 =56V4><<<< >>5DVFVT=-
F4<<, 7=4G5==O O><E 6<7=4G4NFLEO 74 4>?><>7>N 7D4=<G=<E G<>6 =4 E?V?L=<E 
7D4=<FOE G4EF>>6<E >5?4EF5=. 

�<>>D<EF4==O 4?4D4FG DG=>FV= �DV=4 4>76>?OT 765EF< 4<DD4>FV==G 74-
44GG 4?O E6<?56>4=>7> FD4=ED>D<4F>D4 4> V=F57D4?L=>7> DV6=O==O, M> 
769O7GT D>7?>4V? 465D5? ?>?O V7 ?>?5< 4<DD4>FVW 45> 6<?D><V=N64==O. $>D-
<G?< �DV=4 4>76>?ONFL ?5D5=F< 6V4 V=F57DG64==O >59T<V6 45> ?>65DE>=L 4> 
V=F57DG64==O 6V4?>6V4=> ?>65DE>=L V >>=FGDV6. 

' <4F5<4F<G=V= ?>EF4=>6FV 4>?GE>4TFLEO, M>  6 ??>M<=V E�G VE=GNFL 
>5?4EFV B1 V B2, M> ?5D5F<=4NFL >4=4 >4=G 74 =4O6=>EFV E?V?L=>W G4EF<=< F<E 
>5?4EF5= B', 66464TFLEO 6V4><<<< D>769O7>< 7444GV �VDVE?5 4?O >>6=>W 7 >5?4-
EF5= 74 5G4L-O><E 7D4=<G=<E G<>6. �?O >5?4EF5= B1 V B2 6V4><V DG=>FVW �DV=4 
G1(x,y;¿,·) V G2(x,y;¿,·). �D4=<G=V G<>6< 4?O F<E DG=>FV= =4 7D4=<FOE 6V4?>6V-
4=<E >5?4EF5= B1 V B2 74 6<>>D<EF4==O< V=F57D4?L=<E D>D<G? �DV=4 =444NFL 
<>6?<6VEFL 7=4=F< D>768O7>> 7444GV ?D> ?>?5 E6<?56>4=>7> FD4=ED>D<4F>D4. 

� D4<>4E <5F>4G 4>5GF>G >5?4EF5= ?D>D. 'G<4G5=>> �.�. D>76<64T <5-
F>4 4?O >5?4EFV ' , M> >5<565=4 >?G>?<< 2N >GF=<>><  V <>65 5GF< ?>?5-
D5G=<< ?5D5DV7>< E6<?56>4G, ?>D>6=<=>N =4 ?D>6V4=V= ?>65DE=V, 
79T4=G64?L=>N ?>D>6=<=>N 5474F>??5G>7> 79T4=4==O E6<?56>4V6 F>M>. �5-
>>>D4<=4F=4 6 7474?L=><G 6<?44>G >5?4EFL '  D>77?O44?4EL 6 O>>EFV E?V?L=>W 
G4EF<=< ?V6??>M<=, M> ?5D5F<=4NFLEO, 4 DG=>FVO u  6E5D54<=V '  7>5D46G-
64?4EL EG?5D?>7<FVTN D>76<=5=L 45O><E 4>?><V6=<E DG=>FV=, >7=4G5=<E 6 
?V6??>M<=4E, 45 6 ?>>4?L=<E >>>D4<=4F4E <>6?<65 6V4>>D5<?N64==O 7<V=-
=<E. 

� 1995 D. ?D< >4D54DV 6V4>D<F4 4E?VD4=FGD4 74 D4E>< «$44V>DV7<>4». �5-
DG646 (4> 2015 D.) 4E?VD4=FGD>N ?D>D. �.�. 'G<4G5=>> (74E<M5=> 4 >4=4<-
44FEL>V 4<E5DF4FVW). �VE?O 74E<EFG 4<E5DF4FVW =4 74>5GFFO =4G>>6>7> EFG?5=O 
4>>F>D4 DV7<>>-<4F5<4F<G=<E =4G> G 2005 D. ?D>D5E>D �.�. �=GDDVT=>> 
>5DGT =4G>>6>N D>5>F>N 4E?VD4=FV6 V <47VEFDV6. 

�>?>6=<= =4?DO<>> =4G>>6>W D>5>F< 6<>?444GV6 >4D54D< - <4F5<4F<G=5 
<>45?N64==O DV7<G=<E ?D>F5EV6 G D44V>F5E=VG=<E V <5E4=VG=<E ?D<EFD>OE F4 
WE 5?5<5=F4E. 

' 769O7>G 7 D5EFG>FGD<74FVTN D4>G?LF5FG 4>6G7V6EL>>W ?V47>F>6>< 
31.08.2015 D. 6V45G?>EO >58T4=4==O >4D54D< 6<M>W <4F5<4F<>< 7 >4D54D>N 
7474?L=>W <4F5<4F<><. �46V4GNG<< >59T4=4=>W >4D54D< 6<M>W F4 7474?L=>W 
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<4F5<4F<>< >5D4=> 4-D4 DV7.-<4F. =4G>, ?D>D. �=GDDVT=>4 �.�. �4>47>< D5>-
F>D4 7 97 6V4 10.03.2017 D. >59T4=4=G >4D54DG ?5D5=<5=>64=> 6 >4D54DG 
6<M>W <4F5<4F<><. 

� 1998 D>>G V ?G5?V>4FVW ?D>D.�=GDDVT=>4 �.�. [4] ?D> ?>EF4=>6>G 7444G  
5?5>FD>4<=4<V>< G DD4>F4?L=> >>=DV7GD>64=<E E6<?56>4=<E FD4=ED>D<4F>-
D4E 4>E?V46GNFLEO <4F5<4F<G=V 4E?5>F< 5>6V64?5=F=>EFV 7444GV ?D> D>7?>4V? 

74DO4G(EFDG<G) 7 DD4>F4?L=>N 7GEF<=>N sµ  =4 ?V4<=>6<=V F  7 66545==O< 

s - <VD< %4GE4>DD4 )(FH s  F4 7444GV ?D> D>7?>4V?  74DO4G(EFDG<G) 7 DD4>F4-

?L=>N 7GEF<=>N  sµ  =4 6V4>5D465==V )(Ff  ?V4<=>6<=< F  7 66545==O< s -

<VD< %4GE4>DD4 ))(( FfH s . �>6545=> <>6?<6VEFL V=F57D>4<D5D5=-

FV4?L=>7> 6<7=4G5==O <VD< %4GE4>DD4 DD4>F4?L=>7> =>EVO 74DO4G(EFDG<G) 
G5D57 74EF>EG64==O 6V4>5D465==O G 6<7?O4V >DF>7>=4?L=>7> ?D>5>FG64==O ³ - 

6<<VD=>7>  DD4>F4?G, =464=F465=>7> 74DO4><(EFDG<><) =4 nR  7 7GEF<=>N 
)(³q , =4 4V4<5FD D>77?O4G64=>W <=>6<=<, M> T 5V?V?L<F56<< ?5D5F6>D5==O<, 

O>5 755DV74T E4GE4>DD>6G D>7<VD=VEFL V ?D<  4<D5DV=F57D4?L=><G 6V4>5D465=-
=V. $>77?O4>< V=F57D>4<D5D5=FV4?L=>7> >7=4G5==O  ?>F5=FV4?G G7474?L=5=> 
?D>5>FV==G F5>D5<G ?D> E?V66V4=>L5==O <V6 D>7<VD=>EFO<< =464=F465=>W 
7ODO4>< (EFDG<><) <=>6<=< F4 WW ?D>5>FVW =4 45O><= >GF>6<= =4?DO<>>. 

�<<VDN64==O ?D>FO6=>EFV DD4>F4?L=>W G4EF<=< >>=FGDG, M> ?D>5>FG-
TFLEO =4 6V4DV7>> >EV, ?>>474?>, M> 769O7>> <V6 >V?L>VEFN 5?5<5=FV6 ?>>D<FFO 
F4 WE D>7<VD>< >?<EGTFLEO DG=>FV>=4?L=<< DV6=O==O< G E4D4>F5D<EF<>4E 
�>LV, 4 4>66<=4 ?4=>< ?4<4=>W ?V=VW 6<7=4G4TFLEO 74 4>?><>7>N 74E>5V6 V=F5-
7D>-4<D5D5=FV4?L=>7> 4D>5>6>7> G<E?5==O. 

�5DE?5>F<6=VEFL 74?D>?>=>64=>7> V D54?V7>64=>7> EFD>7>7> ?V4E>4G, M> 
547GTFLEO =4 6<7=4G5==V 4<D5DV=F57D4?L=>W 2³ D>D<< ?D>6V4=<E 5?5<5=FV6, 
5?5>FD><47=VF=<E <4F5DV4?L=<E ?4D4<5FDV6 F4 74DO4V6 V EFDG<V6 G LFGG=><G 
E5D54>6<MV, ?D>O6?OTFLEO G <>6?<6>EFV EFD>7>7> 4=4?V7G >><?>=5=F 5?5>FD>-
<47=VF=>7> ?>?O V 6EF4=>6?5==O 74>>=><VD=>EF5= F4 >E>5?<6>EF5= ?>654V=>< 

2³ E4D4>F5D<EF<> ?>?O. 
&5 6V4>D<64T =>6V <>6?<6>EFV 4?O D>768O7G64==O E>?44=<E 7444G 4<DD4-

>FVW 5?5>FD><47=VF=<E E6<?L =4 DD4>F4?L=> EFDG>FGD>64=<E LFGG=<E 
>58T>F4E V 4?O D>768O7G64==O 7444G ?D> 674T<>4VN F4 ?>L<D5==O 5?5>FD><47-
=VF=<E E6<?L G E6<?56>4=<E V D57>=4F>D=<E E<EF5<4E V7 DD4>F4?L=<<< <564-
<< F4 LFGG=<<< <5F4<4F5DV4?4<<. 

' ?D<>?44=><G 4E?5>FV D57G?LF4F< D>5>F< 6<>>D<EF>6GNFLEO 4?O ?D>5>-
FG64==O E6<?56>4=<E F4 4=F5==<E FD4=ED>D<4F>DV6 <V?V<5FD>6>7>, EG5<V?V-
<5FD>6>7> F4 >?F<G=>7> 4V4?47>=V6 E6<?L [5]. 
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�4EF>EG64==O ?>=OFFO DD4>F4?4 6 <4F5<4F<G=><G <>45?N64==V 4<=4<V-
G=<E E<EF5< =44V?OT WE 6?4EF<6>EFO<<, M> T ?D<F4<4==<<< E>?44=<< =5?V-
=V==<< E<EF5<4<, =4?D<>?44, 4?O 5D5>FV6 ?D>EF>D>6>7> 7VEF5D57<EG F4 G4E>6>W 
5D54<F4D=>EFV, 6 O><E 6D4E>6GTFLEO =5 FV?L>< F5?5DVL=V= EF4= E<EF5<< 45> 
=4=5?<6G<= ?>?5D54=V= EF4= (F>5F> ?>G4F>>6V 7=4G5==O ?4D4<5FDV6 EF4=G 
E<EF5<<, 45O>V ?>EV4=V 74 G4E>< F4 ?D>EF>D>6<<< >>>D4<=4F4<<), 4?5 F4>>6 V 
6EV ?>?5D54=V EF4=<, 6 O><E ?5D55G64?4 44=4 E<EF5<4. 

�VEF5D57<E O6<M4, ?D>F5EG T 5<?VD<G=>-F5>D5F<G=>N >>=F5?FVTN, M> 
?D<=<4TFLEO V =45G64T D>76<F>G G ?D<D>4=<G<E (4 >EF4==V< G4E>< V 6 VEF>D<G-
=<E, E>FV>>G?LFGD=<E) =4G>4E, 74EF>E>6GTFLEO 4?O >?<EG =5?V=V==<E <5E4=V7-
<V6 D>77?O4G64=<E ?D>F5EV6 7 7V?>F5F<G=> <>6?<6<<< DV7=><4=VF=<<< FD4T>-
F>DVO<< D>76<F>G E<EF5<< F4 ?D>EF>D>6<<<  ?>?>65==O<< DV6=>647<, =4E<G5-
=>EFV F>M>. 

�?O 6<O6?5==O 5>7>F<G=<E 5D5>FV6 [6], M> <>6GFL 6<=<>4F< G ?D<?444E 
7 6V48T<=<<< T<=>EFO<< F4 V=4G>F<6=>EFO<<, D>77?O44TFLEO DD4>F4?L=4 <>-
45?L V<VF4FVW 4?O  V=F5D?D5F4FVW ?>O6< 6V48T<=>W ?D>6V4=>EFV =4=>L4DG 6 5?5>-
FD>==<E ?D<EFD>OE, M> DG=>FV>=GNFL =4 6V4=>E=> =<7L><E G4EF>F4E [7]. 
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sistor / V. M. Onufrienko, T. I. Slyusarova, L. M. Onufriyenko // 15th Intern. Conf. 
Int.Conf. TCSET92018 Proceedings. February 25-29, 2020. 3 Lviv-Slavske, 
Ukraine. 3 P. 5863589. 

 
 

'�� 517.9 
�=GDDVT=>> �.�. 1, �=GDDVT=>> �.�.2 
1 4-D DV7.-<4F. =4G>, ?D>D. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 >4=4. DV7.-<4F. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�=GDDVT=>> �.�., �=GDDVT=>> �.�. 
$$��&��,�� �����, ��&���� �$������%&� �$�$������� 

&$����%&�$� 

�?O <>45?N64==O =576>D>F=>7> ?D>F5EG ?D>6V4=>EFV DD4>F4?L=> >>=DV-
7GD>64=>7> 7D4D5=>6>7> FD4=7<EF>D4 =5>5EV4=<< 5F4?>< T 6<<VDN64==O 75>-
<5FD<G=>W ?D>FO6=>EFV 4>E?V46G64=>W <=>6<=<, M> ?>44TFLEO F>G>4<<, 6V4-
DV7>4<<, ??>E><<< F4 >58T<=<<< >><?4>F4<<. �6>4<<> G D>77?O4 WE ?>>D<FFO 
?DO<>?V=V==<<< ?4=>4<< )(kil  ( 2i =><5D ?4=>< G 2k <G ?>>>?V==V ?>>D<F-

FO), ?D< FL><G 4>66<=4 ?4=>> 2+ )1(k 7> ?>>D<FFO <5=L5 4>66<=< ?4=>> 

2)(k 7> ?>>D<FFO: )()1( kiki ll <+ . �V?L>VEFL N  ?4=>>  )()1( kiki ll <+  ?>>D<F-

FO, M> 6>?444NFLEO =4 )(kil  T 45O>>N DG=>FVTN WE 6V4=>L5==O: 
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>F4?L=>W <=>6<=<. ' 7474?L=><G 6<?44>G <>6=4 ?5D5454G<F< ?>5G4>6G ?>-
>D<FFO 4V4<5FD4 L  DD4>F4?L=> >>=DV7GD>64=>W <=>6<=< 7 >V=F56>W F>G>< 
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7>6<< ?>>47=<>>< ³ , G<E?>6<< 7=4G5==O< O>>7> (4>44F=<<, 6V48T<=<<, 
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>><??5>E=<<, 74?56=<< 6V4 ?D>EF>D>6>W F4 G4E>6>W >>>D4<=4F<) GD4E>6GNFL-
EO >E>5?<6>EFV =576>D>F=>EFV DD4>F4?L=<E ?D>F5EV6. 

�4?D>?>=>64=<= DV7<>>-<4F5<4F<G=<= ?V4EV4 4> >?<EG DD4>F4?L=>W 
>>=DV7GD4FVW 7D4D5=>6>7> <4F5DV4?G E5D54>6<M4 =444T <>6?<6VEFL <>45?N-
64F< E>4?OD=V >><?>=5=F< ?>?OD<74FVW F4 EFDG<G G 6<7?O4V D>76<=5==O 6 DO4 
74 EF5?5=O<< 5?5>FD<G=>W =4?DG65=>EFV [2]. 

� 4=4?V7G <4F5<4F<G=>W <>45?V 6<??<64T 6<E=>6>> ?D> F5, M> 6?D>64-
465==O< G LFGG=5 4V5?5>FD<G=5, <5F4?565 45> =4?V6?D>6V4=<>>65 7 =5>4=>DV-
4=>N EFDG>FGD>N E5D54>6<M5 EF>D>==VE 465D5? 5=5D7VW 7 DD4>F4?L=<< 45?L-
F4-?>4V5=<< ?> ?>?N D>7?>4V?>< 74DO4V6 (EFDG<V6) <>6=4 EF6>D<F< LFGG=G 
<E?>=F4==G= =5?V=V==G 5?5>FD<G=G ?>?OD<74FVN F4 5?5>FD>?D>6V4=VEFL, M> 
V<VFGNFL 6V48T<=V T<=>EFV F4 V=4G>F<6=>EFV. 

�?O E4D4>F5D<EF<>< DD4>F4?L=> >>=DV7GD>64=>7> E5D54>6<M4 7 D>7?>-
4V?5=<<< ?4D4<5FD4<< D>77?O44T<> >><??5>E=<= E6<?L>6<= >?VD [3]. 

�4 D4EG=>> DD4>F4?L=>W 5G4>6< 4><5==<E EFDG>FGD V7 7>E5D5465=<<< 
?4D4<5FD4<< <5F4<4F5DV4?G 7 >><??5>E=<< E6<?L>6<< >?>D>< ?D>O6?OTFLEO 
?D>EF>D>6<= 7VEF5D57<E G 6<7?O4V E>5=?V=7>6<E 74?56=>EF5= 4?O >>5DVFVT=FV6 
6V45<FFO = ?D>E>465==O. �D>F5E 7D>EF4==O ?>FG6=>EFV E6<?L 6D4E>6GT<> 
66>4>< 45O>>7> E>5=?V=7>6>7> ?>>47=<>4 1³ , 4 E?444==O 3 7=4G5==O< 2³ . �4 

D>7D>5?5=>N EE5<>N ?V4D4E>64=> ?<F><G ?D>6V4=VEFL 7D4D5=>6>7> FD4=7<E-
F>D4 V7 7444=>N L<D<=>N >4=4?G. $V6=O==O 4?O =>D<>64=>W ?D>6V4=>EFV >4=4-
?G 7 DD4>F4?L=> ?D>6V4=<< L4D>< (7=4G5==O EF4?>7> E>5=?V=7G 1=³  ?5D5-
F6>DNT <>45?L 6 >?4E<G=G) 45<>=EFDGT F5>D5F<G=G <>6?<6VEFL >5DG64==O 
?5F?5N ?D>EF>D>6>7> 7VEF5D57<EG. 

�7 7474?L=<E F5>D5F<G=<E <VD>G64=L =4 ?D<>?444E 7=4E>465==O ?D>6V4-
=>EFV F4 >?>DG E5D54>6<M 7 D>7?>4V?5=<<< F4 7>E5D5465=<<< ?4D4<5FD4<< 
6<O6?5=> =4O6=VEFL 768O7>G >><??5>E=<E 7=4G5=L E>5=?V=7>6>7> ?>>47=<>4 7 
5>6V64?5=F=<<< <4F5DV4?L=<<< ?4D4<5FD4<<, M> ?>OE=NT 7VEF5D57<E=VEFL 
E57=5F>5?5>FD<G=>7> F4 <47=VF>4V5?5>FD<G=>7> E5D54>6<M. &5 ?>68O74=> 7 
=4O6=VEFN E?>=F4==>W 5?5>FD<G=>W ?>?OD<74FVW, 6<=<>=5==O< DD4>F4?L=> 
>>=DV7GD>64=<E 5?5>FD<G=<E 4><5=V6 F4 ?5D55G4>6>N DD4>F4?L=>W 4><5==>W 
EFDG>FGD<, M> 6??<64T =4 ?5D55V7 7VEF5D57<E=>7> 5D5>FG. �DV< FL>7>, 6<O6?5-
=>, M> 64DV4FVTN E>5=?V=7G F5>D5F<G=> <>6=4 >5DG64F< 4V5?5>FD<G=<<< V 
<47=VF=<<< 6FD4F4<< G DD4>F4?L=> >>=DV7GD>64=><G, 7>>D5<4, =5D>EFDV6EL-
>><G 5?5<5=FV. 
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1. �=GDDVT=>> �. �. �<D5DV=F57D4?L=V 4?LD4-D>D<< G E4GE4>DD>6V= <5-
FD<FV =4 DD4>F4?L=<E <=>6<=4E / �. �. �=GDDVT=>> // $44V>5?5>FD>=V>4. �=-
D>D<4F<>4. '?D46?V==O. 3 2002. 3 7 2 (8). 3 %. 31339. 



 

76 

2. �=GDDVT=>> �. �. �>?OD<7>64=VEFL F4 =4<47=VG5=VEFL =5EGFV?L=>7> 
DD4>F4?L=>7> E5D54>6<M4 / �. �. �=GDDVT=>>, �. �. �VEND4 // $44V>5?5>FD>-
=V>4. �=D>D<4F<>4. '?D46?V==O. 3 2006. 3 7 1 (15). 3 %. 14320. 

3. Onufrienko V. M. Modeling characteristics of field-effect fractal 
nanotransistor / V. M. Onufrienko, T. I. Slyusarova, L. M. Onufriyenko // 15th 
Intern. Conf. on advanced Trends in Radioelectronics, Telecommunications and 
Computer Engineering Proceedings. February 25-29, 2020. 3 Lviv-Slavske, 
Ukraine. 3 P. 5863589. 

 
 

'�� 517.9:621.382.323 
�=GDDVT=>> �.�.1, %?NE4D>64 &.�.2 
1 4-D DV7.-<4F. =4G>, ?D>D. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 4E<EF. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�=GDDVT=>> �.�., %?NE4D>64 &.�. 
��%&�$���% $���'��% �$�&�%�� ' ��&���&�$���,���' 

%�$�����-� 

�VEF5D57<E 3 E>?44=5 O6<M5, ?>69O74=5 7 =576>D>F=<<< ?D>F5E4<< V F><G 
=>7> 646>> <>45?N64F<. �D>5?5<4 6 F><G, M> 6 5G4L-O><= <><5=F G4EG EF4= 
<4F5DV4?G 74?56<FL V 6V4 =>7> 6=GFDVL=VE 6?4EF<6>EF5=, V 6V4 =>7> VEF>DVW. 
%FDG>FGD4 <4F5DV4?G 4><5=V6, M> 6<7=4G4T D54>FVN <4F5DV4?G =4 7<V=G 5?5>F-
D<G=<E, <5E4=VG=<E, >?F<G=<E ?4D4<5FDV6, T D57G?LF4F>< E>?44=<E ?D>EF>D>-
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4 F4>>6 74?56<FL 6V4 G4E>6>W >5?4EFV D>76<F>G O6<M4, ?D>F5EG. 
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64==O ?D>FV>4==O ?D>F5EV6 G F4><E E5D54>6<M4E. 

%GG4E=<= =4G>>6<= ?V4EV4 ?>?O74T 6 F><G, M> 7VEF5D57<E DV7<G=>7> 
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=45G64T D>76<F>G G ?D<D>4=<G<E =4G>4E (F4>>6 V 6 VEF>D<G=<E, E>FV>>G?LFGD-
=<E), 7 D>7L<D5==O< 74EF>EG64==O 4?O >?<EG =5?V=V==<E <5E4=V7<V6 D>77?O-
4G64=<E ?D>F5EV6 7 7V?>F5F<G=> <>6?<6<<< DV7=><4=VF=<<< FD4T>F>DVO<< 
D>76<F>G E<EF5<< F4 ?D>EF>D>6<<< ?>?>65==O<< DV6=>647<, =4E<G5=>EFV 
F>M>. 

�<=4<VG=G E<EF5<G 66464T<> 7VEF5D57<E=>N, O>M> ?D>EF>D>6>-G4E>6V 
FD4T>F>DVW 45O><E 45> 6EVE 7<V==<E 6<O6?ONFL 769O7>> G 74?56=>EFV 6V4 L6<4-
>>EFV ?D>EF>D>6>7> ?5D55V7G O6<M4. 
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D>7?>4V?5=<<< ?4D4<5FD4<<. �E>5?<64 G6474 6<=<>4T 4> ?<F4==O ?D> D54?V-
74FVN 6V49T<=>W T<=>EFV O> 6<4G ?D54EF46?5==O 6V49T<=>W D54>F<6=>W ?D>6V4-
=>EFV, M> T 5>6V64?5=F=>N V=4G>F<6=VEFN. 

�?O 6<O6?5==O 5>7>F<G=<E 5D5>FV6 ?D>EF>D>6>7> ?5D55V7G, M> <>6GFL 
6<=<>4F< G ?D<?444E 7 6V49T<=<<< T<=>EFO<< F4 V=4G>F<6=>EFO<<, D>77?O44-
T<> DD4>F4?L=G <>45?L V<VF4FVW ?>O6< 6V49T<=>W ?D>6V4=>EFV =4=>L4DG [1]. 
�<D5DV=F57D4?L=4 <>45?L EFDG<>?D>6V4=<E DD4>F4?L=<E 5?5<5=FV6 D>76<64-
TFLEO =4 >E=>6V 66>4G E4GE4>DD>6>W <5FD<>< F4 <VD< DD4>F4?L=<E F>G>>6<E 
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4>G 74<>=GF<E <V6 E>5>N 74F6>DV6 7 DD4>F4?L=> >>=DV7GD>64=<<< <564<<, 
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=5?V=V==G 5?5>FD<G=G ?>?OD<74FVN F4 5?5>FD>?D>6V4=VEFL, M> V<VFGNFL 
6V49T<=V T<=>EFV F4 V=4G>F<6=>EFV [3]. 

�VEF5D57<E=4 ?5F?O F5>D5F<G=> <>65 5GF< 7<>45?L>64=>N =444==O< DV7-
=<E 7=4G5=L E>5=?V=7>6>W >>=DV7GD4FVW <5F4<4F5DV4?G (M> DV7<G=> 6V4?>6V44T 
DD4>F4?L=V= 7<V=V >DVT=F4FVW >><?>=5=F ?>?O G 4><5=4E), =4?D<>?44, ?D< 
75V?LL5==V 4> 45O>>7> 7=4G5==O 5?5>FD<G=>W (<47=VF=>W) =4?DG65=>EFV ?>?O 
F4 ?>44?LL<< WE 7<5=L5==O< (E?>EF5D565==O =4 ?D4>F<FV). �45D64=4 D>D-
<G?4 =>D<>64=>W ?D>6V4=>EFV >4=4?G 7 DD4>F4?L=> ?D>6V4=<< L4D>< 45<>=-
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EF4T <>6?<6<< G5D57 7<V=G 65?<G<= ?D>6V4=>EFV 6 L<D>><E <564E F4 74 7=4-
>>< (D54?V74FVO 6V49T<=<E E4D4>F5D<EF<> =4=>FD4=7<EF>D4), M> 4>?GE>4T 
G?D46?V==O =4?DG7>N. 

�<7=4G5=> 45O>V G<>6< >5DG64==O E4D4>F5D<EF<>4<< FD4=7<EF>D4 74 
G<>6< =G?L>6>W =4?DG7< «EFV>-6<FV>». �<V=>N 65?<G<=< E>5=?V=7G ³   DD4>-
F4?L=>7> L4DG (4?O 1=³  <4T<> >?4E<G=V (7 =5DD4>F4?L=>N >>=DV7GD4FVTN 
<56 FD4=7<EF>D4) D57G?LF4F< [4]) 4>EO74NFLEO 5D5>F<, M> ?D>O6?ONFLEO ?D< 
7<V==V= F>6M<=V >4=4?G ?D>6V4=>EFV =4=>FD4=7<EF>D4, 4 F5, O> 6V4><>, V=>>?< 
E?DO65=5 7V 7=4G=<<< F5E=>?>7VG=<<< FDG4=>M4<< V 6<<474T 7<V=< V >>=FD>-
?N F>6M<=< =4=>?>>D<FFO. 
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7D4D5=>6<E FD4=7<EF>D4E, 45 >5?4EFL DG=>FV>=G64==O LFGG=> EF6>DNTFLEO 
7D4D5=>6<<< 4><5=4<<, M> D>7<VM5=V =4 ?>65DE=V =4?V6?D>6V4=<>4. �?O 
F4><E ?D<EFD>W6 EF4T <>6?<6<< <>45?N64==O 5?5>FD<G=<E 6?4EF<6>EF5= 4?O 
46>E DV7=>6<4=>EF5= 7VEF5D57<EG: 4>44F=>7> V 6V49T<=>7>, M> F4>>6 ?>69O74=V 
74?56=VEFN ?D>6V4=>EFV 6V4 >>=DV7GD4FVW F4 F5<?5D4FGD< DD4>F4?L=<E 4><5=-
=<E L4DV6. 

'=V>4?L=4 GGF?<6VEFL 4> E5D54>6<M4 >F>G5==O V DD4>F4?L=>W >>=DV7GD4-
FVW 7D4D5=>6<E FD4=7<EF>DV6, M> F5>D5F<G=> ?D>7=>7GTFLEO D57G?LF4F4<< 
G<E?>6<E D>7D4EG=>V6 4?O D>77?O4G64=>7> >?4EG ?D<EFD>W6, 74E?G7>6GT ?>44-
?LL>7> 6<6G5==O 4?O 6<O6?5==O G<>6 6<=<>=5==O F4 75V?LL5==O 5=5D7>=574-
?56=>W ?4<9OFV [5]. 
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� <4F5<4F<G=><G <>45?N64==V 4<=4<VG=<E E<EF5< 74EF>EG64==O DD4>-
F4?L=<E GO6?5=L ?D> EFDG>FGDG 4>76>?OT =44V?OF< WE 6?4EF<6>EFO<<, O>V E4D4-
>F5D=V 4?O E>?44=<E =5?V=V==<E E<EF5<, =4?D<>?44, 5D5>F4<< ?D>EF>D>6>7> 
7VEF5D57<EG F4 G4E>6>W 5D54<F4D=>EFV. � F4><E E<EF5<4E 6D4E>6GTFLEO =5 FV?L-
>< F5?5DVL=V= WE EF4= 45> =4=5?<6G<= ?>?5D54=V= EF4=, 4?5 F4>>6 V 6EV ?>?5-
D54=V EF4=<, 6 O><E 6>=4 ?5D55G64?4. �<=4<VG=G E<EF5<G <>6=4 66464F< 7VE-
F5D57<E=>N, >>?< ?D>EF>D>6>-G4E>6V FD4T>F>DVW 45O><E 45> 6EVE 7<V==<E 6<O6-
?ONFL 769O7>> G 74?56=>EFV 6V4 L6<4>>EFV ?5D55V7G O6<M4 7 <>6?<6<<< ?5-
D5454G5==O<< =4O6=>EFV =55D7>4<G=>EFV. 

�4=646?<6VL5, M> 6<??<64T 7 <>45?V, T 5D5>F< 7VEF5D57<EG V ?4<9OFV, O>V 
=46>4OFL =4 6<E=>6>> ?D> F5, M>, =4?D<>?44, 6V49T<=V T<=VE=V (V=4G>F<6=V) 
>><?4>F< <4NFL ?4<9OFL, >5DG64F< O>>N <>6=4 74 4>?><>7>N G4E>6>-
G4EF>F=>W F4 ?D>EF>D>6>W DD4>F4?V74FVW. �>>D5<4, 4?O 6<O6?5==O 5D5>FV6 ?D>E-
F>D>6>7> 7VEF5D57<EG F4 G4E>6>W 5D<4<F4D=>EFV DD4>F4?L=>7> >><?4>FG 74 
EE5<>N ?>5G4>6< DV6=O=L 7 D>7D<64<< 74DO4V6 (EFDG<V6) ?D>?>=GT<> <>45?N-
64F< 74DO4 <5F4<4F5DV4?L=>7> E5D54>6<M4 74 4>?><>7>N 4D>5>6<E ?>EV4=<E. 
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7=4E>4OFL E6>T E4<>EFV==5 74EF>EG64==O 6 5474FL>E >5?4EFOE DV7<>>-
<4F5<4F<G=>W = F5E=VG=>W =4G><. �4?D<>?44, 7444G4 ?D> 6<7=4G5==O ?>F5=FV4-
?G ?> 74?56=>EFV ?5DV>4G >>?<64=L 6V4 5=5D7VW, 45> >55D=5=4 7444G4 F5>DVW 
D>7EVN64==O, DGEG FV?4 G 69O7>><G E5D54>6<MV F>M>. &4>V 4<D5D5=FV4?L=V 
DV6=O==O =47<64NFLEO, 74 F5D<V=>?>7VTN �. �>?LF5DD4, 5D54<F4D=<<< [1] V 
<>6GFL 6<=<>4F< E4<V ?> E>5V G ?D>F5EV 45> G D57G?LF4FV D>769O7G64==O. 

&5>DVO DD4>F4?L=>7> L4DG [2] =4 <56V D>74V?G 46>E E5D54>6<M 547GTFLEO 
=4 6<7=4G5==V 4D>5>6>7> 4<D5D5=FV4?G F4 =>7> 768O7>G 7 4D>5>6>N ?>EV4=>N 
G D>D<V $V<4=4-�VG6V??O. �47=4G5=4 <>45?L  6<>>D<EF>6GTFLEO 44?V 4?O >7=4-
G5==O DD4>F4?L=>7> L4DG �5?L<7>?LFO F4 6<7=4G5==O =>7> 5D54<F4D=<E 6?4E-
F<6>EF5=. �>=F5?FVO DD4>F4?L=>EFV ?D>F5EV6 =4>>?<G5==O 74DO4G G ?D>EF>DV V 
G4EV 45<>=EFDGT <>6?<6V =5<<=GGV 7<V=< 5V?LL>EFV D57G?LF4FV6, >FD<<4=<E 
4> FL>7> G4EG 76<G4==<<< <5F>44<<. � <>45?V DD4>F4?L=>EFV 6<??<64NFL 
45>V?L>4 5D5>FV6, O>V =5<>6?<6> ?>OE=<F< F<<< <5F>44<<. �4=646?<6VL<< 7 
=<E T 5D5>F ?4<9OFV, M> =46>4<FL =4 6<E=>6>> ?D> F5, M> 6V49T<=V T<=VE=V 
(V=4G>F<6=V) >><?4>F< <4NFL ?4<9OFL, >5DG64F< O>>N <>6=4 74 4>?><>7>N 
G4E>6>-G4EF>F=>W F4 ?D>EF>D>6>W DD4>F4?V74FVW. 
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7 5?5>FD>?VF><, 5>E?5D<<5=F4?L=> 4>EF4F=L> ?57>> 6<7=4G4TFLEO 7GEF<=4 
EFDG<G =4 ?>65DE=V. �6V4>< =4O6=VEFL 6 4>E?V46G64=><G ?D>F5EV 5D5>FG 
?4<9OFV 45> =5?>>4?L=>EFV 74 G4E><, M> <VEF<FLEO 6 O4DV V=F57D4?L=>7> >?5D4-
F>D4 6<EV4=>7> DV6=O==O, ?>7<FV>=GT<> O> DG=>FVN ?4<9OFV, O>4 >?<EGT ?D>O6 
5D54<F4D=>EFV O6<M4 >>=F5=FD4FVW 5?5>FD>4>F<6=<E 5?5<5=FV6 =4 ?>65DE=V 
5?5>FD>44. />M> DG=>FVO ?4<9OFV T EF5?5=56>N (O> G =4L<E 7444G4E 7 DD4>F4-
?L=>N 75><5FDVTN >>=F4>FV6 V =5?5D5D6=<< D>7?>4V?>< DV7<G=<E ?4D4<5FDV6 
=4 =<E F4 6 7444G4E 7 DD4>F4?L=<<< D>7?>4V?4<< 74DO4V6 V EFDG<V6 =4 7?44><E 
>><?4>F4E), F> 6<=<>4T ?D<D>4=V= ?5D5EV4 4> DV6=O=L 7 4D>5>6<<< ?>EV4=<-
<<. &D554 6V4<VF<F<, M> G 6<?44>G 75V7G DG=>FVW ?4<9OFV 7 6<D47>< 4?O DG=>-
FVW %56VE4=44, D>77?O4G64=<= ?D>F5E <4T ?>6=G ?4<9OFL, 4 4?O 75V7G 7 DG=>FV-
TN �VD4>4 ?4<9OFL G ?D>F5EV 6V4EGF=O. 

�7=4G5=<= ?V4EV4 4>76>?OT D>77?O44F< 5D5>F<, M> EF6>DNNFLEO F5??>-
6<< DGE>< V>=V6 ?>5?<7G 74DO465=>W ?>65DE=V 7 GD4EG64==O< 4<DG7V==>7> 
?>46V==>7> L4DG �G=-'4?<4=4 [3] V <>45?NNFLEO 4<D5D5=FV4?L=<< DV6=O=-
=O< �G4EE>=4-�>?LF<4=4. '7474?L=5==N 4> DD4>F4?L=>W <>45?V <>65 ?V4?O-
74F< V D>76<=5=<= ,F5D=>< ?V4EV4, 45 ?>T4=GNFLEO 46V ?>?5D54=V >?4E<G=V 
<>45?V F4 6D4E>6GTFLEO F>= D4>F, M> V>=< <4NFL >V=F56<= D>7<VD V ?D>FO6-
=VEFL L4DG 4> 5?5>FD>44 5G45 7<V=N64F<EO 6 74?56=>EFV 6V4 V>==>7> D44VGE4. 

�=4?V7 D>7?>4V?G DG=>FVW ?4<9OFV 45<>=EFDGT F4>>6 75V7 D57G?LF4FV6 =4-
L>7> <>45?N64==O 4?O >>D5<>7> 6<?44>G 0=³  7 D57G?LF4F4<< =4?V6V=F57-
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D4?L=>7> (=4?V64<D5D5=FV4?L=>7>) <5F>4G, D>76<=GF>7> 6 70-E D>>4E %% EF>-
?VFFO. 
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1. �>?LF5DD4 �. &5>D<O DG=>F<>=4?>6, <=F57D4?L=OE < <=F57D>4<DD5-
D5=F<4?L=OE GD46=5=<= / �. �>?LF5D4. 3 �. : �4G>4, 1982. 3 304 E. 

2. Westerlund S. Dead matter has memkry / S. Westerlund // Physica 
Scripta. 3 1991. 3 Vol. 43, 7 2. 3 P. 1743179. 

3. Onufrienko V. M. Modeling characteristics of field-effect fractal 
nanotransistor / V. M. Onufrienko, T. I. Slyusarova, L. M. Onufriyenko // 15th 
Intern. Conf. on advanced Trends in Radioelectronics, Telecommunications and 
Computer Engineering Proceedings. February 25-29, 2020. 3 Lviv-Slavske, 
Ukraine. 3 P. 5863589. 

 
 

'�� 539.3 
�4E>65=>> �.�.1 
1 >4=4. F5E=. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�4E>65=>> �.�. 
�����.����/ ������'��� ��������� �'/������%&�'��� 

����� ��� ���. '��$���� �����&�����/ 

�>E?V465==O D>7?>6EN465==O E6<?L 6 >>=EFDG>FVOE ?D< =5EF4FV>=4D=<E 
=464=F465==OE, <4T 646?<65 7=4G5==O, F><G M> W< ?V444NFLEO ?D4>F<G=> 6EV 
>>=EFDG>FVW =4 DV7=<E 5F4?4E 6<FFT6>7> F<>?G: ?D< 6<7>F>6?5==V V <>=F46G, 
?D< 5>E??G4F4FVW 6 =>D<4?L=<E V 5>EFD5<4?L=<E G<>64E. �4=<< 7 =4=5V?LL 
E>?44=<E 4<=4<VG=<E 5D5>FV6, O><= ?D54EF46?OT >E>5?<6<= V=F5D5E 4?O D4EV-
6FV6 6 >5?4EFV D>7D4EG=>G V ?D>5>FG64==O DV7=<E 5?5<5=FV6 >>=EFDG>FV= - F5 
G44D=4 674T<>4VO FV?. �>E?V465==O FL>7> EF4T 6E5 5V?LL 646?<6<< 4?O EGG4E-
=<E V=65=5DV6 G5D57 =5>5EV4=VEFL 6<>>D<EF4==O EGG4E=<E ?57><E <4F5DV4?V6 
4?O 6<7>F>6?5==O F>=>>EFV==<E 5?5<5=FV6 >>=EFDG>FV=. 

�<=4<VG=V =464=F465==O =5FD<64?>W V 6<E>>>W V=F5=E<6=>EFV; <>6GFL =>-
E<F< ?>F5=FV==> >4F4EFD>DVG=<= E4D4>F5D, ?D< FL><G, =5 4<6?OG<EL =4 >>D>-
F>>G4E=G 4VN, 6>=< =46VFL G 6<?44>4E =<7L>>W L6<4>>EFV G44DG G4EF> ?D<76>-
4OFL 4> =57=4G=<E 6=GFDVL=VE ?>L>>465=L E?>DG4, O>V =5 6<O6?ONFLEO ?D< 
6V7G4?L=><G >7?O4V. &5, 6 E6>N G5D7G, <>65 5GF< ?D<G<=>N E5D=>7=<E ?>-
L>>465=L >>=EFDG>FV= V =46VFL ?D<6>4<F< 4> 7=4G=<E ?>DGL5=L 6 WE DG=>FV-
>=G64==V. 

�D>FO7>< 45EOF<?VFL 6G5=V F4 V=65=5D< ?D<4V?O?< 65?<>G G647G 6<DV-
L5==N ?D>5?5<, M> EF>EGNFLEO G44D=>W 674T<>4VW FV?. �7?O4< 4>E?V465=L 6 
FV= >5?4EFV ?D<6545=V 6 D>5>F4E [1, 2], 6 O><E =47>?>LGTFLEO, M> 5V?LLVEFL 
D>5VF ?D<E6OG5=> 4=4?V7G 4?O ?DG6=<E FV?. 
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�E>V?L>< 54?>< 6<>>D<EF>6GNFLEO 6 O>>EFV >>=EFDG>F<6=<E 5?5<5=FV6 6 
5474FL>E 74?G7OE ?D><<E?>6>EFV V F5E=V><, F> 6<6G5==O WE 4<=4<VG=>W ?>654V=-
>< ?D< G44D=<E 6??<64E T 65?L<< 4>FG4?L=<<, >E>5?<6> 6 F<E 6<?44>4E, >>?< 
6?4EF<6>EFV F<E FV?, 6 ?D>F5EV G44D=>W 674T<>4VW, 7<V=NNFLEO 6 >5?4EFV >>=F4-
>FG. 

�D>5>6V >?5D4F>D< [3] 744F=V <>45?N64F< 5D5>F E?44>>6>W ?4<'OFV, >E>V-
?L>< =>7> 56>?NFVO 6 G4EV >D4M5 >?<EGTFLEO 4D>5>6<<< 4<D5D5=FV4?L=<<< 
DV6=O==O<<, 6 F>= G4E O> EF4=44DF=V <4F5<4F<G=V <>45?V 7 ?>EV4=>N FV?>7> 
?>DO4>G, 6 F><G G<E?V =5?V=V==V <>45?V, =5 ?D4FNNFL =4?56=<< G<=>< G 54-
74FL>E 6<?44>4E. '7474?L=5==O EVF>>6>-E4D4>F5D<EF<G=>7> <5F>4G F4 VF5D4-
FV==>7> ?V4E>4G [4, 5] D47>< 7 4D>5>6<<< >?5D4F>D4<< 4>76>?OT D>77?O44F< 
7444GV 4?O 69O7>>-??4EF<G=<E <4F5DV4?V6 7 DV7=<<< >D4=>6<<< G<>64<<, =464-
=F465==O<< V <>45?O<< D>7D4EG=>G 557 7<V=< D>7D4EG=>>6>W EE5<<. �<V=4 6 
G4EV, M> >?<EGTFLEO 4D>5>6<< ?4D4<5FD><, 4>76>?OT 64DVN64F< 6'O7>VEFN. 

� ?D>F5EV G44DG 6V45G64TFLEO DG==G64==O <>?5>G?OD=<E 76'O7>V6 6 <5-
64E >>=F4>F=>W 7>=<, 6 D57G?LF4FV G>7> <>?5>G?< ?>G<=4NFL 6V?L=VL5 ?5D5-
<VM4F<EO ?> 6V4=>L5==N >4<= 4> >4=>7>. � D57G?LF4FV 6V45G64TFLEO 7<5=-
L5==O 6'O7>>EFV <4F5DV4?G 54?>< 6 7>=V >>=F4>FG. &O >5EF46<=4 4>76>?OT >?<-
E4F< ?>654V=>G <4F5DV4?G 54?>< 6 >5?4EFV >>=F4>FG 7 4>?><>7>N <>45?V EF4=-
44DF=>7> ?V=V==>7> F65D4>7> FV?4 7 4D>5>6<<< ?>EV4=<<<, >E>V?L>< 7<V=4 
?4D4<5FDG 4D>5>6>W ?>EV4=>W 4>76>?OT D57G?N64F< 6'O7>VEFL <4F5DV4?G 54?>< 
6V4 WW ?>G4F>>6>7> 7=4G5==O 4> ?>6=>W WW 6V4EGF=>EFV. 
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2. $>EE<E<= .. �. '44D G?DG7>7> L4D4 ?> 54?>5 &<<>L5=>> < ??4EF<=-
>5 'D?O=44-�<=4?<=4 E GG5F>< D4EFO65=<O ED54<==>= ?>65DE=>EF< / 
.. �. $>EE<E<=, �. �. ,<F<>>64 // �765EF<O 6G7>6. %FD><F5?LEF6>. 3 1996. 3
7 6. 3 %. 28334. 
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4. �4EF<=>6E><= .. �. �5EF4F<>=4D=>5 45D>D<<D>64=<5 G?DG7>-
6O7>>??4EF<G5E>>= 54?>< / .. �. �4EF<=>6E><=, � .�. �4E>65=>> // XVI <56-
4G=4D>4=O= =4GG=>-F5E=<G5E><= E5<<=4D «�OE>><5 F5E=>?>7<< 6 <4L<=>EF-
D>5=<<» INTERPARTNER 3 2007, [<4F5D<4?O E5<<=4D4]. 3 �5EF=<> 46<74F5-
?5EFD>5=<O 3 �4?>DV66O. 3 2008. 3 7 1. 3 %. 1473150. 
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APPROXIMATION OF FUNCTIONS OF TWO VARIABLES ON THE 

UNIT BICIRCLE 

The approximative properties of interpolational Lagrange polynomials, Fou-
rier series of functions of two variables which are defined on the unit bicircle, is 
stated. For functions from generalized Hölder spaces ËH  the estimations are con-

ducted for norms of 1>p,L,H,C pË  spaces [1]. 

Let 01³  and 02³  denote the unit circles with centers in the origin; 4nd 

02010 ³³³ ×=  is the unit bicircle. Let ( )21 ··Ë ,  be the some modulus of continuity, 

and ( )·'1 , ( )·'2  are the simple moduli of continuity, which respect to that one; 

11,Ë  denotes the mixed modulus of continuity of the second order [2]. Let ËH  

denotes the space of continuous functions ),t(x Ç  at 0³ , which satisfy the condi-

tions: 
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In the space ËH  the norm is defined as: 
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denotes interpolational Lagrange polynomial of the function ( )Ç,tx  with respect to 

the system of equidistant points at 0³ : 
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( )
þ
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= mp
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expt p 12
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, 12 2=i , m,...,p 20= ; 
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þ
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û
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2
+

= nq
n

i
expq 12

2Ã
Ç , 12 2=i , n,...,q 20= . 

Let operator mn§  assignes to any function ( ) ËÇ H,tx *  the mn -th partial 

sum of its Fourier series, that is, 
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&heorem 1. For any function ( ) ËÇ H,tx *  and for arbitrary natural m , n  the 

unequality is fulfilled: 
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&heorem 2. Let ( ) ( )1ËÇ H,tx * ; ( )( )21
2 ··Ë ,  is such that ( ) ( )21 ËË HH ¢  and 

( )( ) ( )( )·'·' 2
1

1
1 , ( )( ) ( )( )·'·' 2

2
1

2  are increasing functions [3].Then: 
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&heorem 3. Let ( ) ËÇ H,tx * . Then the estimation is fulfilled ( 1>p ): 
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where ( )pcL
pLCmn f

³
. 
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'�� 371.31 
%=V6>> �.�.1 

1 >4=4. DV7.-<4F. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
%=V6>> �.�. 

��$����� &� �������� ��%&��&������ ���'���/ 

�<=<>=5==O 4<EF4=FV==>7> =46G4==O E?D<G<=<?> ?>FD55G D>7D>5>< V 
6?D>64465==O 4<EF4=FV==<E >E6VF=VE F5E=>?>7V=, F>5F> F4><E F5E=>?>7V=, O>V 
D54?V7>64=V 6 >E=>6=><G V7 74EF>EG64==O< V=D>D<4FV==<E V F5?5>><G=V>4FV=-
=<E F5E=>?>7V= ?D< >?>E5D54>>64=V= (=4 6V4EF4=V) 45> =5 FV?>>< >?>E5D54>>-
64=V= 674T<>4VW EFG45=F4 V ?5447>7VG=>7> ?D4FV6=<>4. 

�<EF4=FV==5 =46G4==O <4T F4>V ?5D5647<: 
" 7=GG>VEFL 3 EFG45=F< 6 >E=>6=><G =5 6V46V4GNFL D57G?OD=<E 74=OFL G 

6<7?O4V ?5>FV=, E5<V=4DV6. �>65= <>65 6G<F<EO EFV?L><, E>V?L>< =><G >E>5<E-
F> =5>5EV4=> 4?O 74E6>T==O >GDEG V >FD<<4==O =5>5EV4=<E 7=4=L; 

" ?4D4?5?L=VEFL 3 =46G4==O <>65 ?D>644<F<EL ?D< ?>T4=4==V >E=>6=>W 
?D>D5EV==>W 4VO?L=>EFV 7 =46G4==O<, F>5F> «557 6V4D<6G 6V4 6<D>5=<FF64»; 

" 44?L=>4VO 3 6V4EF4=L 6V4 <VEF57=4E>465==O EFG45=F4 4> >E6VF=L>W GEF4-
=>6< (74 G<>6< O>VE=>W D>5>F< 76'O7>G) =5 T ?5D5L>>4>N 4?O 5D5>F<6=>7> 
>E6VF=L>7> ?D>F5EG; 

" 4E<=ED>==VEFL 3 6 ?D>F5EV =46G4==O EFG45=F V 6<>?444G <>6GFL D54?V-
7>6G64F< F5E=>?>7VN =46G4==O =574?56=> 6 G4EV, F>5F> 74 7DGG=<< 4?O >>6=>-
7> D>7>?44>< V 6 7DGG=><G F5<?V; 

" >E>??5==O («<4E>6VEFL») 3 G<E5?L=VEFL EFG45=FV6 =5 T >D<F<G=<< ?4D4-
<5FD><. �>=< <4NFL 4>EFG? 4> 5474FL>E 465D5? =46G4?L=>W V=D>D<4FVW (5?5>-
FD>==<E 5V5?V>F5>, ?>LG>>6<E E<EF5<, 547 44=<E), 4 F4>>6 <>6GFL E?V?>G64-
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F<EO >4<= 7 >4=<< V 7 6<>?444G5< G5D57 <5D56V 76'O7>G 45> 74 4>?><>7>N V=-
L<E 74E>5V6 V=D>D<4FV==<E F5E=>?>7V=; 

" =>64 D>?L 6<>?444G4 (6 E<EF5<V 4<EF4=FV==>7> =46G4==O 3 FLNF>D4), 
>>?< =4 =L>7> ?>>?444NFLEO F4>V DG=>FVW, O> >>>D4<=G64==O ?V7=464?L=>7> 
?D>F5EG, >>D<7G64==O >GDEG, >>=EG?LFG64==O, >5DV6=<FF6> =46G4?L=<<< ?D>-
5>F4<< V F.4. �74T<>4VO 7V EFG45=F4<< 74V=E=NTFLEO 6 >E=>6=><G 4E<=ED>==> 
74 4>?><>7>N ?>LF< 45> E<EF5< 76'O7>G. �>?GE>4NFLEO (V 74>E>GGNFLEO) F4-
>>6 V >G=V >>=F4>F<; 

" =>6V V=D>D<4FV==V F5E=>?>7VW 3 6 EGG4E=><G 4<EF4=FV==><G =46G4==V 
6<>>D<EF>6GNFLEO ?5D5646=> >><?'NF5D<, E<4DFD>=<, 4G4V>- V 6V45>F5E=V>4, 
E<EF5<< V 74E>5< F5?5>><G=V>4FV= F4 V=. 

�D< 4<EF4=FV==><G =46G4==V L<D>>> 6<>>D<EF>6GTFLEO V=F5D4>F<6=4 
674T<>4VO, O>5 ?5D5454G4T 4V4?>7 5G4L-O><E EG5'T>FV6 >4<= 7 >4=<< V7 6<>>D<E-
F4==O< 4>EFG?=<E W< 74E>5V6 V <5F>4V6. �D< FL><G ?5D5454G4TFLEO 4>F<6=4 
GG4EFL 6 4V4?>7V >5>E EF>DV= 3 >5<V= ?<F4==O<< V 6V4?>6V4O<<, G?D46?V==O 
E>4>< 4V4?>7G, >>=FD>?L 74 6<>>=4==O< ?D<==OF<E DVL5=L V F.?. &5?5>><G=V-
>4FV==5 E5D54>6<M5, ?D<7=4G5=5 4?O E?V?>G64==O <V?L=>=V6 ?N45= >4<= 7 
>4=<<, 4?DV>DV T V=F5D4>F<6=<< E5D54>6<M5<. �D< 4<EF4=FV==><G =46G4==V 
EG5'T>F4<< 6 V=F5D4>F<6=V= 674T<>4VW T 6<>?444GV F4 EFG45=F<, 4 74E>54<< 
74V=E=5==O ?>4V5=>W 674T<>4VW 3 5?5>FD>==4 ?>LF4, F5?5>>=D5D5=FVW, 4V4?>7< 6 
D56<<V D54?L=>7> G4EG V F.4. 

�> G<E?4 =54>?V>V6 4<EF4=FV==>7> =46G4==O 6V4=>EOFLEO: 
" 6V4EGF=VEFL ?DO<>7> >G=>7> E?V?>G64==O <V6 EFG45=F4<< F4 6<>?444-

G5<. �>?< ?>DGG =5<4T ?N4<=<, O>4 <>7?4 5 5<>FV==> 7454D6<F< 7=4==O, 3 F5 
7=4G=<= <V=GE 4?O ?D>F5EG =46G4==O. %>?44=> EF6>D<F< F6>DGG, 4>F<6=G D>-
5>GG 4F<>ED5DG 6 7DG?V EFG45=FV6; 

" =5>5EV4=VEFL 6 ?5DE>=4?L=><G >><?'NF5DV F4 4>EFG?V 6 �=F5D=5F; =5>5-
EV4=VEFL ?>EFV==>7> 4>EFG?G 4> 465D5? V=D>D<4FVW. �>FDV5=4 E>D>L4 F5E=VG=4 
>E=4M5=VEFL, 4?5 =5 6EV EFG45=F< <4NFL >><?'NF5D V 6<EV4 6 �=F5D=5F; ?>FDV5-
=4 F5E=VG=4 7>F>6=VEFL 4> 6<>>D<EF4==O 74E>5V6 4<EF4=FV==>7> =46G4==O; 

" 6<E>>V 6<<>7< 4> ?>EF4=>6>< 74644==O =4 =46G4==O, 44<V=VEFDG64==O 
?D>F5EG, E>?44=VEFL <>F<64FVW E?GE4GV6; 

" ?D>5?5<4 4GF5=F<DV>4FVW >>D<EFG64G4 ?D< ?5D56VDFV 7=4=L. �5<>6?<6> 
E>474F<, EF> =4 V=L><G >V=FV 4D>FG; 

" =5>5EV4=VEFL =4O6=>EFV FV?>W =<7>< V=4<6V4G4?L=>-?E<E>?>7VG=<E G<>6; 
" EFG45=F, M>5 ?D>=F< 4<EF4=FV==5 =46G4==O, ?>6<=5= <4F< 6<=OF>>6G 

E4<>>D74=V74FVN, ?D4FL>6<FVEFL V ?56=<= EF4DF>6<= DV65=L >E6VF<; 
" 6<E>>4 64DFVEFL ?>5G4>6< E<EF5<< 4<EF4=FV==>7> =46G4==O =4 ?>G4F-

>>6><G 5F4?V EF6>D5==O E<EF5<<, 7=4G=V 6<FD4F< =4 EF6>D5==O E<EF5<< 4<EF4-
=FV==>7> =46G4==O, E4<<E >GDEV6 4<EF4=FV==>7> =46G4==O V >G?V6?N F5E=VG=>-
7> 74557?5G5==O; 
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�4D47V 4<EF4=FV==5 =46G4==O 747=4T F<<G4E>6<E FDG4=>MV6, F4><E O>: 
1) =54>EF4F=O >><?'NF5D=4 7D4<>F=VEFL EFG45=FV6 V 6<>?444GV6, 6V4EGF-

=VEFL 4>E6V4G 4<EF4=FV==>7> =46G4==O; 5474F> 6<>?444GV6 V EFG45=FV6 M5 =5 
7>F>6V 4> F4>>7> <5F>4G 6<>?444==O, 6V444NG< ?5D5647G >?4E<G=V= >E6VFV; 

2) =54>EF4F=O D>76<=5=VEFL V=D>D<4FV==>->><G=V>4FV==<E V=DD4EFDG>-
FGD; 

3) =46G4?L=V 4<EF4=FV==V >GDE< =54>EF4F=L> 4>5D5 D>7D>5?5=V G5D57 F5, 
M> F5 ?>FD55GT (>>DV< >64?VDV>>64=<E D4EV6FV6) 7=4G=<E 74FD4F G4EG; 

4) E?45>5 6<>>D<EF4==O EF4=44DFV6 6 4<EF4=FV==><G =46G4==V; 
5) ?D>5?5<4 ?>LG>G D4EV6FV6. �>FDV5=4 6<E>>4 >64?VDV>4FVO D>7D>5=<-

>V6; 4?O EF6>D5==O O>VE=<E <G?LF<<54V==<E >GDEV6 ?>FDV5=4 >><4=44 7 D4EV6-
FO ?D54<5F=>W >5?4EFV, EG4>6=<>4, ?D>7D4<VEF4 V F.4. 

�?5 =5 4<6?OG<EL =4 ?5D5?VG5=V E>?44=>MV F4 45O>V =4O6=V ?D>F<DVGGO 
<V6 4<EF4=FV==>N F4 >G=>N D>D<4<< =46G4==O, 6 G<>64E 7?>54?V74FVW F4 
?4=45<VW 4<EF4=FV==V F5E=>?>7VW 746>=>6GNFL E6>T <VEF5 6 >E6VF=L><G ?D>F5-
EV. 

 
 

'�� 621 
�9O=>>6 �.�.1, �V=5=>> �.�.2 
1 >4=4. DV7.-<4F. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 4E<EF. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�9O=>>6 �.�., �V=5=>> �.�. 
���$����.����/ �� %��&�$���,���� $'��$� � 
��'������. ��&������%&��'�&�. �����. 

�5F4 44=>W D>5>F< 3 D>7D4EG=>> E4D4>F5D<EF<> 6<?D><V=N64==O F4 ?4-
D4<5FDV6 G77>465==O 7 75G46GNG<< E6<?56>4>< >><?4>F=>W 4=F5==>W E<<5F-
D<G=>W EFDG>FGD<, O>4 E>?444TFLEO V7 �-??>M<==>7> DG?>D4 7 65G4>64=>N  
<5F4?>??4EF<=G4F>N ?V=7>N (D<E. 1), D>7<VD< O><E 4>DV6=NNFL 45>V?L>>< 
>4<=<FO< 4>66<=<  E6<?V ». �?O 4=4?V7G F4><E EFDG>FGD <5F>4< 75><5FD<G=>W 
>?F<>< F4 �VDE7>D4-�N=75=E4 =5?D<==OF=V. ' 44=V= D>5>FV 4?O D>7D4EG=>V6 
6<>>D<EF>6GTFLEO F>G=<= 5?5>FD>4<=4<VG=<= <5F>4 4>5GF>G >5?4EF5= [1], 
O><= G D>5>FV [2] 5G6 74EF>E>64=<= 4?O G<E5?L=>7> 4=4?V7G 6<?D><V=N64==O V7 
46><VD=>7> �-??>M<==>7> DG?>D4 7V E>?44=<< >GE>>6>-?V=V==<< >>=FGD><. 

�4 D<E. 1 ?>7=4G5=V: 4 3 L<D<=4 75G46GNG>7> E6<?56>4G, R 3 4>66<=4 
EFV=>> DG?>D4, 2³ 3 >GF =>7> D>7>D<6G, D 3 L<D<=4 D>7>D<6G DG?>D4 F4 ?V=7<, 
� 3 F>G>4, 6 O>V= D>7F4L>64=<= D>>GE 5?V?F<G=>7> ?D>DV?N ?V=7<, f 3 D>>GE=4 
6V4EF4=L, b 3 6V4EF4=L <V6 ??4EF<=4<< ?V=7<. &>G>4 � 6<5D4=4, O> F>G>4 6V4?V-
>G. �?4EF<=< ?V=7<, EFV=>< DG?>D4 F4 E6<?56>4G 66464?<EL =5E>V=G5==>  F>=-
><<< F4 V454?L=> ?D>6V4=<<<. 
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$<EG=>> 1 3 �>=FGD DG?>D4 7 65G4>64=>N <5F4?>??4EF<=G4F>N ?V=7>N. 

 
�4 D<E. 2 ?D<6545=V D>7D4E>64=V =>D<>64=V 4<??VFG4=V 4V47D4<< E?DO<>-

64=>EFV (�%) 6<?D><V=N64==O G 44?L=V= 7>=V 4?O 46>E EFDG>FGD 7 D>7<VD4<<: 
1 3 »= 807,2R ; °=³ 88,24 ; »= 125,3D ; »= 381,3f ; 2 3 »= 920,4R ; 

°=³ 77,29 ; »= 625,5D ; »= 085,6f . �4=4>>6V 44==V: »= 71,0a ; »= 5,0l ; 

»= 625,0b . �?V?F<G=<= ?D>DV?L D>7D4E>6G646EO ?D< >>5DVFVT=FV 74?><?5=-
=O 3 0,6. 
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$<EG=>> 2 3 �>D<>64=V 4<??VFG4=V �% 6<?D><V=N64==O G 44?L=V= 7>=V. 

 
�G?< D>7D4E>64=V F4>>6: �  3 <>4G?L >>5DVFVT=F4 6V45<FFO, 1,0×  3 ?>?>-

6<=4 L<D<=< 7>?>6=>W ?5?NEF>< �% =4 DV6=V 0,1 ?>FG6=>EFV, $�� 3 DV65=L 
5VG=<E ?5?NEF>> (DV65=L <4>E<<G<G =4=5V?LL>W 5VG=>W ?5?NEF><). �?O ?5D-

D 

l f 

b R 

a O 
Ç 

³ 
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L>W EFDG>FGD< 5G?> >FD<<4=>: 226,0=� ; °= 0,171,0× ; $��=320,9 4�; 4?O 

4DG7>W EFDG>FGD<: 201,0=� ; °=» 9,81,0 ;$��= 315,7 4�. 

�4 7465DL5==O 6V47=4G<<>, M> EFDG>FGD< "DG?>D 7 65G4>64=>N <5F4?>-
??4EF<=G4F>N ?V=7>N" <4T ?D<5?<7=> F4>5 6 7=4G5==O � , O> V EFDG>FGD< 

"DG?>D 7 =565G4>64=>N ?V=7>N" 7 <5=L<<< EFV=>4<< DG?>D4 F4 6>474=<<< 
D>7<VD4<< ?V=7, 4?5 7=4G=> <5=L5 744=T 6<?D><V=N64==O, O>M> ?>DV6=N64F< 
7  D57G?LF4F4<< D>5>F< [3]. 

 
%��%�� ����$�%&���� ��&�$�&'$� 

1. 'G<4G5=>> �. �. $5L5=<5 7444G< 4<DD4>F<< 6>?= =4 <=>7>G7>?L=>= 
F<?<=4D<G5E>>= ?>65DE=>EF< <5F>4>< ?D><76545=<O >5?4EF5= / 
�. �. 'G<4G5=>> // �>>?44O �� '%%$. 3 1989. 3 7 7. 3 %. 73376. 

2. �LO=>>6 �. �. $5L5=<5 �-??>E>>EF=>= 7444G< <7?GG5=<O <7 46G<5D-
=>7> DG?>D4 E> E?>6=O< >GE>G=>-?<=5==O< >>=FGD>< / �. �. �LO=>>6, 
�. �. 'G<4G5=>> // �76. �G7>6. $44<>D<7<>4. 3 1990. 3 &. 33, 7 5. 3 %. 6043
610. 

3. �LO=>>6 �. �. %4D4>F5D<EF<>< <7?GG5=<O �-??>E>>EF=>7> DG?>D4 E 
<5F4??>??4EF<=G4F>= ?<=7>= / �. �. �LO=>>6, �. �. 'G<4G5=>> // $44<>F5E-
=<>4. 3 1991. 3 7 3. 3 %. 70372. 

 
 
 

'�� 539.312 
$4E>?O> �.�. 
>4=4. DV7.-<4F. =4G>, EF4DL. 6<>?. �' «�4?>DV7L>4 ?>?VF5E=V>4» 

$4E>?O> �.�. 
��%&�%'����/ �����/$��� %�%&��� ���$����& �� 

��&���&�'���� �����.����/ �������� 
&�����$�'��% �������� ' �$'����' %�$�����-� 

$>77?O44TFLEO ?DG6=5 >4=>DV4=5 E5D54>6<M5 7 6V?L=>N ?>65DE=5N, O>4 
7444TFLEO ??>M<=>N. �5E4= E5D54>6<M5 <VEF<FL F<?V=4D<G=G ?>D>6=<=G, 
O>4 ?V4>DV??5=4 F>=>>N ?DG6=>N >5>?>=>>N. �D<?GE>4TFLEO, M> 6VEL F<?V=-
4D<G=>W ?>D>6=<=< F4 ??>M<=4 ?>65DE=V 3 ?4D4?5?L=V, 4 6V4EF4=L <V6 =<<< 6 
<564E 6V4 >4=>7> 4> L5EF< D44VGEV6 ?>D>6=<=<. $>77?O44TFLEO 6<?44>>, G 
O>><G 4> 6=GFDVL=L>W ?>65DE=V >5>?>=>< ?D<>?445=5 4<=4<VG=5 =464=F465=-
=O, O>5 74?56<FL 6V4 G4EG O> >4<=<G=4 DG=>FVO %56VE4=44. &4>>6 6<>>D<EF>-
6GTFLEO ?D<?GM5==O, M> =464=F465==O =5 74?56<FL 6V4 >EL>6>W >>>D4<=4F<, 
F>5F> 7444G4 76>4<FLEO 4> ??>E>>W 7444GV F5>DVW ?DG6=>EFV. 
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�?O >FD<<4==O D>769O7>G, 6<>>D<EF>6GTFLEO 5V?>?OD=4 E<EF5<4 >>>D4<-
=4F (�%�) [1]: 

 22
0

00 ,
cos

,
cos

sin
RLa

ch

sha
y

ch

a
x 2=

+
2=

+
=

³³
³

³³
³

, (1) 

45 RL,  3 7?<5<=4 74?O74==O F4 D44VGE ?>D>6=<=< 6V4?>6V4=>; { }yx,  3 45>4D-

F>64 E<EF5<4 >>>D4<=4F, F5=FD O>>W ?56<FL =4 >EV ?>D>6=<=<, 4 6VEL �G  3 

?5D?5=4<>G?OD=4 6V?L=V= ?>65DE=V E5D54>6<M4; { }³³ ,  3 �%�. �4 >E=>6V DV6-

=O=L F5>DVW ?DG6=>EFV G >DF>7>=4?L=V= E<EF5<V >>>D4<=4F [2] V7 74EF>EG64=-
=O< E?V66V4=>L5=L (1) >FD<<4=> DV6=O==O F5>DVW ?DG6=>EFV G �%�. $GE >?<EG-
646EO =45?<65=<<< DV6=O==O<< F5>DVW >5>?>=>>, M> 744>6>?L=ONFL 7V?>F57V 
�VDE7>D4-�O64, F4 G �%� >FD<<GNFLEO =4 >E=>6V 6V4?>6V4=<E DV6=O=L G >DF>-
7>=4?L=V= E<EF5<V >>>D4<=4F [3]. 

� 75><5FD<G=>W F>G>< 7>DG, >5?4EFL, M> D>77?O44TFLEO 6 7444GV T ?V6??>-
M<=>N 7 >DG7>6<< >F6>D><. �4EF>EG64==O �%� 4>76>?OT 6V4>5D47<F< FN 
=5E>V=G5==G >5?4EFL G 45>4DF>6V= E<EF5<V >>>D4<=4F G ?DO<>>GF=<> E>V=G5=-
=<E D>7<VDV6. 

�?O >FD<<4==O D>769O7>G 74 ?D>EF>D>6<<< >>>D4<=4F4<< 6<>>D<EF>6G-
TFLEO <5F>4 E>V=G5==<E DV7=<FL, 4 74 G4E>6>N >>>D4<=4F>N 3 VF5D4FV==<= 
?D>F5E (»-<5F>4 �V?LE>=4) [4]. 

�FD<<4=V D57G?LF4F< ?>DV6=O=> 7 6V4?>6V4=<<< D57G?LF4F4<< 4=4?>7VG-
=>W 7444GV D>769O74==>W <5F>4>< E>V=G5==<E 5?5<5=FV6 [4]. 
 

%��%�� ����$�%&���� ��&�$�&'$� 

1. 'D?O=4 /. %. �<?>?OD=O5 >>>D4<=4FO 6 F5>D<< G?DG7>E-
F< / /. %. 'D?O=4. 3 �. : �>E. <74-6> F5E=<>>-F5>D5F<G5E>>= ?<F5D4FGDO, 
1950. 3 232 E. 

2. �>64F><= �. &5>D<O G?DG7>EF< / �. �>64F><=. 3 �. : �<D, 1975. 3 
872 E. 

3. $<?<??>6 �. �. �>?554=<O 45D>D<<DG5<OE E<EF5< / 
�. �. $<?<??>6. 3 �. : �4L<=>EFD>5=<5, 1970. 3 736 E. 

4. �>6GT6 �. �. �5EF4FV>=4D=4 45D>D<4FVO F<?V=4D<G=>W >5>?>=>< G 
?DG6=><G ?V6?D>EF>DV 7 6V?L=>N ?>65DE=5N / �. �. �>6GT6, �. �. �>6GT6, 
�. �. $4E>?O> // �>6V <4F5DV4?< V F5E=>?>7VW 6 <5F4?GD7VW F4 <4L<=>5G4G64=-
=V. 3 2016. 3 7 1. 3 %. 1193126. 
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'�� 539.3 
�=F>=5=>> �.�.1, %4D<F>=>6 �.�.2, ,56G5=>> �.�.2 

1 >4=4. DV7.-<4F. =4G>, 4>F. �' «�4?>DV7L>4 ?>?VF5E=V>4» 
2 EFG4. 7D. �-410 �' «�4?>DV7L>4 ?>?VF5E=V>4» 

�=F>=5=>> �.�., %4D<F>=>6 �.�., ,56G5=>> �.�. 
�$� ���� ���%�� �� $���9/����/ �%�%���&$�'��� ����'� 
&�����$������%&� ��/ ,�$'��&�� ���&� � �������,��� 

&������� ���&��&�� ��� ,�$��� 

$>77?O=5<> L4DG64FG ??<FG, M> E>?444TFLEO 7 n  ?DG6=<E, >4=>DV4=<E 
F4 =5647><<E L4DV6. �4 E?V?L=<E <564E L4DV6 6<>>=GNFLEO G<>6< =5V454?L-
=>7> F5??>6>7> >>=F4>FG. �4 65DE=V= F4 =<6=V= <564E ??<F< 7444=> F5<?5D4-
FGDG. �5>5EV4=> 7=4=F< D>7?>4V?< F5<?5D4FGD< 6 F>G>4E ??<F<. 

,4D< =G<5DG64F<<5<> 765DEG 6=<7. ' >>6=><G L4DV 66545<> ?>>4?L=G 
F<?V=4D<G=G E<EF5<G >>>D4<=4F F4>, O> ?>>474=> =4 D<E. 1. 

 
 

1O  1Ã  

2Ã  

3Ã  

1n+Ã  

2O  

3O  

1nz +  

1z  

2z  

1nO +  

3z  

 
$<EG=>> 1 3 ,4DG64F4 ??<F4. 

 
�D4=>6V G<>6< 7444GV: 

( ) ( )Ã=Ã fT 0,1 , ( ) ( )Ã=Ã fhT nn

~
, , 

45 ( )Ãf , ( )Ãf
~

 3 6V4><V DG=>FVW. 

'<>6< =4 E?V?L=<E <564E L4DV6 ??<F<: 

( ) ( ) ( )[ ]kkk
k

k
k

kT hTT
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h
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T
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( ) ( )k
k

kT
k

kT h
z

T
k

z

T
k ,0,1

1 Ã
"

"
=Ã

"

" +
+ , 1,1 2= nk , 

45 kR  3 >>5DVFVT=F F5??>6>7> >?>DG, kTk 3 >>5DVFVT=F< F5??>?D>6V4=>EFV 

L4DV6. 
' ?D>EF>DV FD4=ED>D<4=F �4=>5?O 6<D47 4?O 6<7=4G5==O F5<?5D4FGD< 6 

F>G>4E k -7> L4DG <>6=4 ?D54EF46<F< G 6<7?O4V ?V=V==>W >><5V=4FVW 4>?><V6-

=<E DG=>FV= [1] )0,( pTkk =· , )0,(
1

p
dz

Td

p
k

k =· : 

( ) kkk pzpzzT ·+·=¿ shch, . '6V6L< 4>?><V6=<= L4D 7 =><5D>< ( )1+n ,

66464NG<, M> =4 E?V?L=V= <56V n -7> F4 ( )1+n -7> L4DV6 6<>>=GNFLEO G<>6<

V454?L=>7> F5??>6>7> >>=F4>FG, >FD<<4=> D5>GD5=F=V D>D<G?< 4?O 7=4E>-
465==O 4>?><V6=<E DG=>FV=: 

1+·+·2=· nkkkk Fr , 

( )( ) ( ) 11 ++ ·++·+2+=· nkkkkkkkkkkkk pCLSpCLSrpSLC , 

45 
1+

=&
kT

kT
k k

k
, kk pS sh= , kk pC ch= , kk php = , kTkk kRL = ,

nn pr cth= , 
n

n S
F

1
= , 

( )
( )kkkkkk

kkkkkk
k pCLSrC

pSLCrS
r

++&
++&

=
+

+

1

1 , 

( )kkkkkk

k
k pCLSrC

F
F

++&
=

+

+

1

1 , 1,1 2= nk . 

$G=>FVW 1·  F4 1+·n  7=4E>4OFL 7 >D4=>6<E G<>6 7444GV, 4 D5LFG DG=>FV=

7=4E>4OFL 74 =46545=<<< 6<M5 D>D<G?4<<. �VE?O ?V4EF4=>6>< >FD<<4=<E 
4>?><V6=<E DG=>FV= G 6<D47< 4?O FD4=ED>D<4=F F5<?5D4FGD< F4 74EF>EG64=-
=O 4> =<E >55D=5=>7> ?5D5F6>D5==O �4=>5?O, >FD<<4T<> LG>4=V D>7?>4V?< 
F5<?5D4FGD< 6 F>G>4E L4DV6 ??<F<. 

%��%�� ����$�%&���� ��&�$�&'$� 

1. �5?<G>> �. �. �E5E<<5FD<G=4 <VL4=4 7444G4 F5D<>?DG6=>EFV 4?O 5474-
F>L4D>6>W >E=>6< / �. �. �5?<G>>, �. �. &>4G5=>> // �<=4<<G5E><5 E<EF5<O. 3 
2009. 3 �O?. 26. 3 %. 3312. 



�4G>>65 5?5>FD>==5 6<44==O 

�>6=4 6<>>D<EF>6G64F< 6 ?>>4?L=><G F4 
<5D56=><G D56<<4E 
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