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E>4>< @CEC B@0=A?>@B=8E 70A>1V2 =0 1;86=V9 <56V ?VH>EV4=>3> ?5@5E>4C, 0 
7=0: 5.35.2 3 =0 4V;L=V9 <56V ;V2>@CG 2V4 ?@>W7=>W G0AB8=8.  

&0:V >A>1;82>ABV 2AB0=>2;5==O 40NBL <>6;82VABL 4;O @V7=>3> B;C<0G5==O 
28<>3 I>4> 4C1;N20==O 2:070=8E 4>@>6=V9 7=0:V2. "18420 7=0:8 <0NBL 
>4=0:>2C =072C, 0, 7=0G8BL, 7 >4=>3> 1>:C, 7=0: 5.35.2 4C1;Nє 7=0: 5.35.1. 
#@>B5, FV 7=0:8 =5 <>6CBL 2AB0=>2;N20B8AO 2 >4=><C ?5@5@V7V ?@>W7=>W 
G0AB8=8, 0, 7=0G8BL, 6>45= 7 =8E =5 4C1;Nє V=H89. &><C, 70 4@C3>N 
:>=F5?FVєN, ?@8 :V;L:>ABV A<C3 ?@>W7=>W G0AB8=8 2 B0 1V;LH5, :>65= 7V 2:070=8E 
7=0:V2 A;V4 4C1;N20B8, B><C WE :V;L:VABL AB0=>28B8<5 8 HBC: =0 >48= ?5@5EV4. 

�V4?>2V4=> 4> 28<>3 AB0=40@BC, ?>7=0G5==O< F8<8 7=0:0<8 ?V4;O30NBL 
O: @53C;L>20=V, B0: V =5@53C;L>20=V ?VH>EV4=V ?5@5E>4C, :@V< 28?04:V2, :>;8 =0 
@53C;L>20=C ?VH>EV4=><C ?5@5E>4V A2VB;>D>@=89 >1’є:B =V:>;8 =5 ?5@5E>48BL 
=0 @568< <83>BV==O 6>2B>3> A83=0;C.  

&0:5 70AB>AC20==O 2:070=8E 7=0:V2 71V;LHCє WE :V;L:VABL =02VBL =0 
?@>AB><C ?5@5E@5ABV, I> ?@872>48BL 4> 4>40B:>2>3> V=D>@<0FV9=>3> 
=020=B065==O =0 2>4VO. %0<5 2 B>9 G0A, :>;8, 28:>=CNG8 ?>2>@>B, 2>4V9 
283;O40є ?VH>E>4V2, I> ?5@5E>4OBL ?@>W7=C G0AB8=C, =0 O:C 2V= ?>25@B0є, 2V= 
?>28=5= A?@89=OB8 7=0: 5.35.1.  

�@V< >?8A0=8E 28?04:V2, A:;04=VABL V7 70AB>AC20==O< B0:8E 7=0:V2 
B@0?;OєBLAO =0 ?5@5E@5ABOE V7 :><1V=>20=>N AE5<>N >@30=V70FVW 4>@>6=L>3> 
@CEC, 45 =5@53C;L>20=V ?5@5E>48 7=0E>4OBLAO 2 <560E @53C;L>20=8E 
?5@5E@5ABL. 

&0:8< G8=><, =54>;V:V2 ?>2AN4=>3> 70AB>AC20==O 2:070=8E 7=0:V2 =0 
@53C;L>20=8E ?5@5E@5ABOE =01030B> 1V;LH5, =V6 ?5@5203, є48=0 7 O:8E ?>;O30є 
C B><C, I>, C @07V 28<:=5==O A2VB;>D>@V2 G5@57 2V4:;NG5==O 5;5:B@>5=5@3VW, 
?5@5E>48 ?>7=0G0NBLAO 2V4?>2V4=8<8 7=0:0<8. 

#@>?>=CєBLAO 70AB>A>2C20B8 4>@>6=V 7=0:8 5.35.1 B0 5.35.2 ;8H5 4;O 
?>7=0G5==O =5@53C;L>20=8E ?VH>EV4=8E ?5@5E>4V2.  
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'�� 111 
�0?;C=>2AL:0 �. .1 , *>:C@5=:> �.".2  
1AB.28:;. �!&' 
2 ABC4. 3@. &-314 �!&' 

�0?;C=>2AL:0 �. .  *>:C@5=:> �.".  
#’/&0 $��!�� �"��%&�+!"�" "�%�'�"�'��!!/ 

�06;82>N ?@8G8=>N ?>H8@5==O 0CBA>@A8=3C 2 ;>3VAB8FV V ?>O2C 
;>3VAB8G=8E ?@>20945@V2 є 71V;LH5==O ;0=FN3V2 ?>AB02>: V CA:;04=5==O 
A8AB5<8 270є<>72'O7:V2 <V6 5;5<5=B0<8 F8E ;0=FN3V2. &><C 28=8:;0 
=5>1EV4=VABL 2 =570;56=8E ?>A5@54=8:0E 3 ?@>20945@0E, O:V 5D5:B82=> 
:>>@48=C20;8 4VO;L=VABL ;0=FN3V2 ?>AB02>: H;OE>< =040==O ;>3VAB8G=8E 
?>A;C3, 74V9A=N20;8 V=D>@<0FV9=5 70157?5G5==O V ?>ABV9=5 2V4AB56C20==O 
?@>F5AV2 2 ;>3VAB8G=><C ;0=FN7V [3]. 

'  V6=0@>4=V9 :;0A8DV:0FVW ;>3VAB8G=>W 4VO;L=>ABV 2V4>:@5<;NNBL ?'OBL 
@V2=V2 ;>3VAB8G=>3> A5@2VAC, O:V 2V4@V7=ONBLAO 70 A?5:B@>< ?>A;C3 V 
B5E=>;>3VG=><C @V2=N [2].  

1$L (first @03tC logistic) 3 02B>=><=0 ;>3VAB8:0, 01> ;>3VAB8G=89 
0CBA>@A8=3. 2$L (second @03tC logistic) 3 B@048FV9=0 ;>3VAB8:0, 01> «G0AB:>289 
;>3VAB8G=89 0CBA>@A8=3. 3PL (third @03tC logistic) 3 :><?;5:A=89 ;>3VAB8G=89 
0CBA>@A8=3, 01> 3PL3?@>20945@. 4$L (fourth @03tC logistic) 3 V=B53@>20=89 
;>3VAB8G=89 0CBA>@A8=3. 5PL (fifth @03tC logistic) 3 «2V@BC0;L=0» ;>3VAB8:0, 01> 
0CBA>@A5@ ;>3VAB8G=>W AD5@8, O:89, 28:>@8AB>2CNG8 3;>10;L=5 V=D>@<0FV9=>3
B5E=>;>3VG=89 ?@>ABV@, 740B=89 =04020B8 25AL A?5:B@ ?>A;C3 [2]. 

5PL ?@>20945@ 3 ;>3VAB8G=89 >?5@0B>@, 4VO;L=VABL O:>3> 70A=>20=0 =0 
28:>@8AB0==V :><?;5:AC ACG0A=8E V=D>@<0FV9=>3:><C=V:0FV9=8E B5E=>;>3V9, 
O:V 4>72>;ONBL 25AB8 2 V=B5@0:B82=><C @568<V 107C 40=8E 
20=B06>2V4?@02=8:V2, 20=B06>>45@6C20GV2 V B@0=A?>@B=8E :><?0=V9, 
74V9A=N20B8 ?;0=C20==O ?5@52575=L, 48A?5BG5@870FVN B0 <>=VB>@8=3 
28:>=0==O 70<>2;5=L 2 A8AB5<V 2V@BC0;L=>W ;>3VAB8:8 [1]. 

�AV ?>A;C38, I> =040NBLAO 5PL3?@>20945@>< <>6=0 @>74V;8B8 =0 HVABL 
:0B5-3>@V9: 4>2V4:>2>-V=D>@<0FV9=V ?>A;C38, ?>A;C38 7 C?@02;V==O 
70<>2;5==O<8, @5AC@A0<8, ?@>F5A0<8, :><C=V:0FV9=V B0 :>=A0;B8=3>2V ?>A;C38 
[5]. 

�VO;L=VABL >?5@0B>@0 5PL ?@872>48BL 4> ?>O28 =0ABC?=8E B5=45=FV9 2 
C?@02;V==V B@0=A?>@B=8<8 @5AC@A0<8: 

3 :>>?5@0FVO ?V4?@8є<AB2; 
3 ?5@5206=> V=D>@<0FV9=C 270є<>4VN 70<>2=8:V2 V 28:>=02FV2, O:0 

?@872>48BL 4> ?@8A:>@5==O ?@>F5AC ?@89=OBBO @VH5=L V <>6;82>ABV @50;V70FVW 
A:;04=8E :><1V=0FV9; 
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3 ?V4B@8<:0 <>45;V SAAS (Software as a service) =0 B5E=VG=><C V 
5:>=><VG=><C @V2=OE, I> A?@>ICє 70;CG5==O =>28E :>=B@035=BV2 V 70157?5GCє 
2V4=>A=C A2>1>4C 281>@C 70<>2;5=L 28:>=02FO<8; 

3 6>@AB:89 :>=B@>;L 28:>=0==O 70<>2;5=L 70 @0EC=>: <>=VB>@8=3C 
?>B>G=>3> AB0=C; 

3 @>7?>4V; V 45F5=B@0;V70FVO ?@>F5AC ?@89=OBBO @VH5=L [6]. 
�3V4=> 7 4>A;V465==O<8, 28:>@8AB0==O V=B5;5:BC0;L=8E V=D>@<0FV9=8E 

B5E=>;>3V9 (�&) =0 @50;L=8E 1V7=5A-AC1'є:B0E ?@825;> 4> 7<5=H5==O 
;>3VAB8G=8E 28B@0B 2 V=B5@20;V 5&14 % 2V4 ?>G0B:>28E; >?B8<V70FVO 
?>G0B:>2>3> ?;0=C @>1VB 70A>10<8 C?@02;V==O ?@>5:B0<8 40;> @57C;LB0B 2 
4V0?07>=V 537 % 7<5=H5==O ?>G0B:>2>W AC<8 28B@0B 70 2AV<0 2840<8 @5AC@AV2; 
B>G=VABL :>@>B:>AB@>:>2>3> ?@>3=>7C20==O >A=>2=8E DV=0=A>28E ?>:07=8:V2 
1V7=5A-AC1'є:BV2 <5B>4>< 3@C?>2>3> >1;V:C 0@3C<5=BV2 =59@>A5B52>W 
<>48DV:0FVW <0є 4V0?07>= 2V4E8;5=L 0,78&4,9 %, I> є ?@8 =0O2=>ABV 
«70HC<;5=8E» 28EV4=89 40=8E E>@>H8< @57C;LB0B>< [4]. 
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'�� 656.01 
�C7L:V= ".(.1 
 >=V= $.%.2 
1 :0=4. B5E=. =0C:, 4>F. �!&' 
2 ABC4. 3@. &-316 �!&' 

�C7L:V= ".(.  >=V= $.%. 
�"%�����!!/ � �!.��!"%&� %�$��!"� ���%&�!� #"����� 

#�%���$� !�  �%0��)  �$,$'&�) �����0!"�" 

�"$�%&'��!!/  �%&� ��#"$���/ 

�5;8G8=0 A5@54=L>W 2V4AB0=V ?>W74:8 ?0A068@0 =0 <VAL:><C <0@H@CBV 
7030;L=>3> :>@8ABC20==O є 206;828< ?>:07=8:><, I> 2V41820є O: >A>1;82>ABV 
D>@<C20==O ?0A068@AL:8E :>@5A?>=45=FV9 =0 =L><C, B0: V 5:>=><VG=C 
5D5:B82=VABL DC=:FV>=C20==O <0@H@CBC 2 FV;><C. �V4=>H5==O A5@54=L>W 
2V4AB0=V ?>W74:8 ?0A068@0 4> 48=0<VG=>3> :>5DVFVє=BC 28:>@8AB0==O 
?0A068@><VAB:>ABV @CE><>3> A:;04C 287=0G0є 20@BVABL ?@>W74C =0 <0@H@CBV, 0 
2V4=>H5==O 4>268=8 <0@H@CBC 4> A5@54=L>W 2V4AB0=V ?>W74:8 ?0A068@0 є 
>B9HіJієAFB@ ;@іAABEFі C4E4:<Dі6 =0 <0@H@CBV, I> 287=0G0є 4>EV4 
?5@52V7=8:0 [1]. 

#> @57C;LB0B0E :><?;5:A=>3> >1AB565==O ?0A068@AL:8E ?>B>:V2 =0 
<VAL:8E <0@H@CB0E 7030;L=>3> :>@8ABC20==O C <VABV �0?>@V66O, ?@>2545=>3> 
C 2017 @>FV, 2AB0=>2;5=>, I> A5@54=O 2V4AB0=L <0@H@CB=>W ?>W74:8 ?0A068@0 2 
FV;><C ?> <5@56V A:;040є 5,75 :<, ?@8 FL><C =0 02B>1CA=8E <0@H@CB0E 
6,48 :<, =0 B@>;591CA=8E <0@H@CB0E 3,65 :<, =0 B@0<209=8E <0@H@CB0E 
3,38 :<. �>5DVFVє=B 7<V==>ABV =0 02B>1CA=8E <0@H@CB0E :>;820єBLAO C <560E 
1,05&6,7, =0 B@>;591CA=8E <0@H@CB0E 2,86&5,56, =0 B@0<209=8E <0@H@CB0E 
2,59&6,42. 

�A=CNG0 A8AB5<0 B0@8D>CB2>@5==O =0 <VAL:8E <0@H@CB0E 7030;L=>3> 
:>@8ABC20==O 107CєBLAO =0 2AB0=>2;5==V є48=>W 20@B>ABV ?@>W74C =0 <0@H@CBV 
?@>BO3>< 4>18, 2 @>7@0EC=:C =0 A5@54=N 2V4AB0=L ?>W74:8 ?0A068@0 ?@>BO3>< 
4>18. �BV<, 2?@>20465==O A8AB5<8 5;5:B@>==>3> :28B:0 <>65 =040B8 
<>6;82VABL 48D5@5=FVN20B8 20@BVABL ?@>W74C ?0A068@0 2 70;56=>ABV 2V4 
D0:B8G=>W 2V4AB0=V, O:C ?@>WE02 ?0A068@. #@8 FL><C A5@54=O 2V4AB0=L ?>W74:8 
?0A068@0 =0 <0@H@CBV <>65 :>;820B8AO ?> 3>48=0E 4>18, =0?@O<:0E @CEC, 
4>268=V <0@H@CBC. 

�040G5N 4>A;V465==O 1C2 AB0B8AB8G=89 0=0;V7 :>;820=L A5@54=L>W 
2V4AB0=V ?>W74:8 ?0A068@0 ?> 3>48=0E 4>18 4;O =87:8 02B>1CA=8E B0 CAVE 
B@>;591CA=8E V B@0<209=8E <0@H@CBV2. �;O 0=0;V7C 28:>@8AB0=> @57C;LB0B8 
:><?;5:A=>3> >1AB565==O ?0A068@>?>B>:V2 =0 <VAL:8E <0@H@CB0E 7030;L=>3> 
:>@8ABC20==O C <VABV �0?>@V66O 2017 @>:C.  
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�;O :>6=>3> 7 4>A;V46C20=8E <0@H@CBV2 @>7@0E>2C20;0AL A5@54=O 
2V4AB0=L ?>W74:8 ?0A068@0 C :>6=><C 7 B@L>E E0@0:B5@=8E ?@><V6:V2 G0AC 
?@>BO3>< 4>18: 06:00&09:00 (@0=:>289 «?V:», $#), 9:00&15:00 (<V6?V:>2V 
3>48=8,  #) B0 15:00&19:00 (25GV@=V9 «?V:», �#). !040;V @>7@0E>2C20;8AL 
7=0G5==O A5@54=L>W 2V4AB0=V ?>W74:8 ?0A068@0 ?> 3>48=0E, I> =0;560BL 
:>6=><C 7 ?@><V6:V2 G0AC B0 2AB0=>2;N20;8AL WE >A=>2=V AB0B8AB8G=V 
E0@0:B5@8AB8:8 3 <0B5<0B8G=5 >GV:C20==O B0 AB0=40@B=5 2V4E8;5==O. 
"B@8<0=V AB0B8AB8G=V 281V@:8 ?5@52V@O;8AL =0 >4=>@V4=VABL O: =570;56=V =0 
@V2=V 7=0G8<>ABV 0,05. 

� @57C;LB0BV ?@>2545=8E 70 4>?><>3>N AB0B8AB8G=>3> ?0:5BC 
STATISTICA @>7@0EC=:V2 2AB0=>2;5=>: 

1) :>;820==O A5@54=L>W 2V4AB0=V ?>W74:8 ?0A068@0 ?> G0A>28E ?5@V>40E 
4>18 є =5ACBBє28<8 4;O ?5@5206=>W 1V;LH>ABV 02B>1CA=8E <0@H@CBV2. %CBBє2V 
@>71V6=>ABV A5@54=L>W 2V4AB0=V ?>W74:8 ?0A068@0 28O28;8AO ;8H5 4;O 45O:8E 
?5@8D5@V9=8E B0 B0=35=FV0;L=8E 02B>1CA=8E <0@H@CBV2 (№ 20, № 42, № 90, 
№ 95). #@8 FL><C 7030;L=0 B5=45=FVO =0 CAVE 4>A;V46C20=8E <0@H@CB0E 
28O2;OєBLAO C <5=H8E 7=0G5==OE A5@54=L>W 2V4AB0=V ?>W74:8 ?0A068@0 C 
<V6?V:>2V 3>48=8 4>18 C ?>@V2=O==V 7 ?V:>28<8 3>48=0<8 4>18 B0 45I> 1V;LHV 
7=0G5==O A5@54=L>W 2V4AB0=V ?>W74:8 ?0A068@0 C ?5@V>4 25GV@=VE ?V:>28E 3>48= 
C ?>@V2=O==V 7 @0=:>28<8 ?V:>28<8 3>48=0<8; 

2) :>;820==O A5@54=L>W 2V4AB0=V ?>W74:8 ?0A068@0 ?> G0A>28E ?5@V>40E 
4>18 є =5ACBBє28<8 4;O CAVE B@>;591CA=8E <0@H@CBV2 <VAB0; 

3) 4;O CAVE B@0<209=8E <0@H@CBV2 28O2;5=> ACBBє2V 2V4<V==>ABV A5@54=L>W 
2V4AB0=V ?>W74:8 ?@>BO3>< 4>18. #@0:B8G=> =0 CAVE B@0<209=8E <0@H@CB0E 
A5@54=O 2V4AB0=L ?>W74:8 ?0A068@0 C @0=:>2V 3>48=8 «?V:» є ACBBє2> 28I>N, 
=V6 0=0;>3VG=0 C <V6?V:>2V 3>48=8 4>18. !0 B@0<209=8E <0@H@CB0E № 12 B0 
№ 8 A5@54=O 2V4AB0=L ?>W74:8 ?0A068@0 C 25GV@=V 3>48=8 «?V:» є ACBBє2> 
28I>N, =V6 C <V6?V:>2V 3>48=8 4>18, 0 =0 B@0<209=><C <0@H@CBV № 15 
ACBBє28< є 2V4<V==VABL A5@54=L>W 2V4AB0=V ?>W74:8 C 25GV@=V9 «?V:» 7 
0=0;>3VG=>N C @0=:>289 «?V:». 

�030;L=C B5=45=FVN :>;820=L A5@54=L>W 2V4AB0=V ?>W74:8 ?0A068@V2 
?@>BO3>< 4>18 <>6=0 ?>OA=8B8 B8<, I> C @0=:>2V 3>48=8 4>18 28:>=CєBLAO 
?5@5206=0 G0AB:0 ?>W74>: 7 B@C4>2>N B0 =02G0;L=>N <5B>N, C B>9 G0A O: 
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Slynko G. Sukhonos R. Ivanov P. 
COMPUTER PROGRAM FOR CALCULATION OF THE OPERATING 

CYCLE OF INTERNAL COMBUSTION ENGINE 

Students and scientists of some Engineering specialties carry out the thermal 
calculations of internal combustion engines (ICE) of different types. For performing 
this calculation faster and more accurately, has decided to create new software. DVS 
Program Engine Calculation in Alpha Version is designed for thermal calculation of 
2-stroke and 4-stroke piston engines. During the process of development the 
program was fitted with the possibility of expansion the functional. The tools, used 
for creating the program are C ++ programming language and Qt framework. 

 

 
Figure 1 3 The input window of initial data of the program DVS Engine 

Calculation 
 
The physical-mathematical model of thermal calculation of second-level ICE 

is realized in the program algorythm: 
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 This model is developed on the basis of differential balance equations, that take 
into account the masses m and energy Q, the kinematic equations, as well as the 

equation of the working body state (pressure P and volume V) and its composition. 
The system consists of nonlinear differential equations with variable coefficients 
and is solved numerically using the modified Euler’s method. After solving a 

system of equations with a step φ = 1° (angle of rotation of the crankshaft of the 
engine φ = 0 ... 720 °), we obtain the table dependences V (φ); m (φ); T (φ); p (φ). 

The developed program allows to significantly accelerate the process of 
thermal calculation of the engine and this contributes to the improvement of the 
quality of educational and scientific projects of students and researchers of the 
Internal Combustion Engines Department of Zaporozhye National Technical 
University. 
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B0:8E 02B><>1V;V2 709<0NBL 2 @078 <5=H5 G0AC 2 ?>@V2=O==V 7 02B> 7 ���, B0: 
O: ?> ACBV >1A;C3>2CєBLAO BV;L:8 ?V42VA:0 V 70;820NBLAO @V48=8. �;5 B0:>6 є V 
@O4 =54>;V:V2: 20@BVABL A0<>3> 02B>, 20@BVABL 70<V=8 10B0@5W (@5AC@A 5&7 @>:V2), 
4>2389 G0A 70@O4:8 (A8BC0FVN <>65 ?>;V?H8B8 H284:0 70@O4:0), 25;8:0 2B@0B0 
70@O4C 10B0@5W ?@8 @V7:8E AB0@B0E B0 =5?>ABV9=V9 H284:>ABV. #@>2545=> 
?>@V2=O;L=89 0=0;V7 5;5:B@><>1V;V2 @V7=8E B8?V2, 2 B01;. 1 =02545=> 
E0@0:B5@8AB8:8 =091V;LH ?>?C;O@=8E 2 ':@0W=V <>45;59. 

�8A=>2>:: ?@>0=0;V7C202H8 40=V B01;. 1, <>6=0 7@>18B8 28A=>2>:, I> 
=091V;LH >?B8<0;L=8< 5;5:B@><>1V;5< 4;O ':@0W=8 є Nissan Leaf, B0: O: <0є 
2V4=>A=> ?><V@=C 20@BVABL, 70?0A E>4C, G0A 70@O4:8. � FV;><C 3 F5 :><D>@B=5 
B0 ?@0:B8G=5 02B> =0 :>65= 45=L (2 C<>20E <VAB0), 7024O:8 9>3> ?>?C;O@=>ABV 
?@>1;5<0 >1A;C3>2C20==O 7<5=HCєBLAO, B0:>6 2 :@C?=8E <VAB0E 2 25;8:V9 
:V;L:>ABV є =0O2=VABL 70@O4=8E AB0=FV9. 
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1 2 3 4 5 6 7 8 9 10 
#>BC6=VABL, 
:�B 49 80 83 107 81 85 125 

225- 
568 

524- 
762 

�@CB=89 
<><5=B, !< 

180 280 199 250 285 270 250 
430- 
931 

525- 
967 

�0?0A E>4C, 
:< 

120- 
160 

117 140 
120- 
140 

150- 
200 

130- 
190 

130 
335- 
435 

355- 
413 

+0A 70@O4:8 
?@8 
220�/380�, 
3>4. 

5-6 
7-8 / 

3 
9 / 
3-4 

7-8 / 
3-4 

6-8 / 
4-5 

7-8 / 
4-5 

8 / 3 
20-
30 / 
3-4 

20-
30 / 

3 

,284:VABL 
<0:A8<0;L=0, 
:</3>4 

130 145 137 136 145 140 150 
193- 
250 

225- 
250 

�<=VABL 
10B0@5W, 
:�B/3>4 

16 24 24 23 27 24,2 22 
60 - 
90 

70 - 
90 

 0A0 
02B><>1V;O, 
:3 

108
0 

152
1 

133
8 

165
0 

156
5 

158
5 

119
5 

196
1 - 
223
9 

246
8 

$>73V= 4> 100 
:</3>4, A 15,9 11,9 8,7 9,7 11,2 10,4 7,2 

3,2 - 
5,9 

3,2 - 
6,2 

*V=0 
<V=V<0;L=0, 
B8A. 4>;. 

~40 ~30 20 30 31,5 42 42,3 67,8 94 
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'�� 621.432.3 
%;8=L:> �.�.1, �>:0@L>2 �.�.2 

1 4-@ B5E=. =0C:, ?@>D. �!&' 
2 0A?. �!&' 

%;8=L:> �.�. �>:0@L>2 �.�. 
 "���.��!!/ $"�"+"�" *���' ��� � "���%&� $��� �� 
!���!&���!!/ %�$&�(���*��!"�" ���"�"�" *���' NEDC  

%CG0A=V 5:>;>3VG=V 28?@>1C20==O B@0=A?>@B=8E 70A>1V2 7 ��� 107CNBLAO 
=0 28:>@8AB0==V 28?@>1C20;L=8E F8:;V2 4;O =020=B065==O WE=VE A8;>28E 
CAB0=>2>:. ' 2V4?>2V4=>ABV 7 ?@028;0<8 Є�� ""! №83, 73V4=> 7 O:8<8 
2V41C20єBLAO ?@>F5A A5@B8DV:0FVW 2 ':@0W=V B0 :@0W=0E Є2@>?8, 28?@>1C20==O 
?@>2>48BLAO =0 :>;VA=><C =020=B06C20;L=><C AB5=4V. "A=>2>N 28?@>1C20==O 
є !>289 є2@>?59AL:89 W74>289 F8:; (NEDC).  

�0=89 28<V@N20;L=89 F8:; ?>G02 28:>@8AB>2C20B8AL 7 1 AVG=O 2000 @>:C, 
B0 >?8ACє @CE C <VAL:8E C<>20E B0 ?> H>A5. � FV;><C F59 F8:; @>7@0E>20=> =0 
?@>E>465==O 48AB0=FVW 2 11 :< ?@81;87=> 70 20 E2. %5@54=O H284:VABL @CEC 
A:;040є 33,6 :</3>4; ?@>BO3>< 2AL>3> F8:;C 28:>=CєBLAO 12 7C?8=>: V @>73>=V2. 

�<VB0FVO @CEC 2 <VABV (Urban Driving Cycle) A:;040єBLAO 7 G>B8@L>E 
>:@5<8E 1;>:V2: :>6=89 B@820;VABN 195 A5:C=4 V 2V4AB0==N 1;87L:> 1 :<. 
#@>BO3>< F8E B5AB>28E 1;>:V2 02B><>1V;L @>730=OєBLAO 4> H284:>AB59 18&32-
35-50 :</3>4; A5@54=O H284:VABL @CEC 18,7 :</3>4. 

�0<VAL:89 @CE V<VBCєBLAO >4=8< >:@5<8< 1;>:>< (Extra Urban Driving 
Cycle): 400 A5:C=4; 1;87L:> 7 :<; A5@54=O H284:VABL @CEC 62,6 :</3>4; 
28?@>1C20;L=V H284:>ABV 50-70-100-120 :</3>4. 

&0:V 28?@>1C20==O 28<030NBL 7=0G=8E 28B@0B G0AC V :>HBV2, B><C 
28@>1=8:8 ?@>2>4OBL ?>?5@54=V =0;0HBC20==O A8AB5< :5@C20==O 70 
4>?><>3>N <>B>@=8E AB5=4V2. #@8 FL><C =5>1EV4=> <0B8 40=V 4;O E0@0:B5@=8E 
@568<V2 @>1>B8 4283C=0 ?V4 G0A 5:>;>3VG=8E 28?@>1C20=L. !0 5B0?0E @>7@>1:8 
B0 4>2>4:8 :>=AB@C:FVW є =5>1EV4=8< 281V@ ?52=8E :>=AB@C:B82=8E @VH5=L. 
 >45;N20==O @>1>G8E ?@>F5AV2 ��� 4;O 40=8E @568<V2 <>65 4>72>;8B8 
7=0G=> A:>@>B8B8 ?@>3@0<C ?V43>B>2:8 4> A5@B8DV:0FVW. 

� @0<:0E 4>A;V465==O 70?@>?>=>20=> <5B>48:C B0 ?@>2545=V ?>?5@54=V 
@>7@0EC=:8 E0@0:B5@=8E @568<V2 @>1>B8 ���, >B@8<0=V 15 7=0G5=L :@CB=>3> 
<><5=BC B0 2V4?>2V4=8E G0AB>B >15@B0==O :>;V=G0AB>3> 20;C ���. �2060NG8 
=0 =528A>:V H284:>ABV B0 25;8G8=8 ?@8A:>@5=L B@0=A?>@B=>3> 70A>1C, ?V4 G0A 
28?@>1C20=L 70 F8:;>< NEDC, 4283C= ?@0FNє 28:;NG=> 2 C<>20E G0AB:>28E 
=020=B065=L.  

�8:>@8AB0==O DV78:>-<0B5<0B8G=8E <>45;59 ((  ) @>1>G>3> F8:;C 
��� I B0 II @V2=V2 4;O @568<V2 2V4<V==8E 2V4 =><V=0;L=>3> 28<030є =0O2=>ABV 
7=0G=>W :V;L:>ABV 5<?V@8G=8E 40=8E. +0AB8=0 28EV4=8E 40=8E 4;O @>7@0EC=:C 



 

80 
 

2 7=0G=V9 <V@V 70;560BL V 2V4 G0AB>B8 >15@B0==O :>;V=G0AB>3> 20;C, V 2V4 
=020=B065==O 4283C=0. &0:V 70;56=>ABV ?@54AB02;5=V ;8H5 4;O >:@5<8E 
<>45;59 ���, 0 7030;>< 4>2V4:>2V 40=V =0O2=V 4;O =><V=0;L=>3> @568<C 
@>1>B8, @V4H5 4;O @568<C <0:A8<0;L=>3> <><5=BC.  

�<5=H8B8 =5>1EV4=C :V;L:VABL 5<?V@8G=8E 40=8E <>6;82> 70 @0EC=>: 
?V428I5==O @V2=O 28:>@8AB>2C20=>W (  . &0: 70 C<>28 <>45;N20==O 
?@>F5AV2 307>>1<V=C 4;O G>B8@8B0:B=>3> ��� <>6;82> 7=0G=> A:>@>B8B8 
?@>3@0<C =0BC@=8E 4>A;V465=L 4;O >B@8<0==O =5>1EV4=8E 28EV4=8E 40=8E. 
#@8 FL><C 4;O 70157?5G5==O 4>AB0B=L>W B>G=>ABV @>7@0EC=:C @>1>G8E ?@>F5AV2 
��� 4>AB0B=L> >B@8<0B8 7=0G5==O <5E0=VG=8E 2B@0B =0 2V4?>2V4=8E @568<0E 
B0 ?0@0<5B@V2 4;O @>7@0EC=:C ?@>F5AV2 307>>1<V=C. "AB0==V <>6CBL 1CB8 
>B@8<0=V 70 4>?><>3>N ?@>4C2:8 >:@5<8E 45B0;59 01> <>45;N20==O< V7 
28:>@8AB0==O< <5B>4C :V=F528E 5;5<5=BV2. 

!0 107V @>7@0EC=:V2 @>1>G>3> F8:;C ��� 4;O :>6=>3> 7 @568<V2 @>1>B8 
2 @0<:0E 28?@>1C20;L=>3> F8:;C 70?@>?>=>20=0 <5B>48:0 =01;865=>3> 
287=0G5==O 28B@0B8 ?0;820 02B><>1V;O C <VAL:><C, 70<VAL:><C B0 7<VH0=><C 
@568<0E @CEC. �8B@0B0 ?0;820 @>7@0E>2CєBLAO 28E>4OG8 7 >B@8<0=>W 3>48==>W 
28B@0B8 ?0;820 B0 G0AC 4;O :>6=>3> 7 @568<V2 @>1>B8 ���.  

&0:8< G8=><, @>7@>1;5=0 <5B>48:0 4>72>;Oє 4>A;V46C20B8 B0 
>?B8<V7C20B8 @>1>GV ?@>F5A8 2 ��� 2 C<>20E H284:VA=8E 4V0?07>=V2 B0 
=020=B065=L 28?@>1C20;L=>3> F8:;C NEDC B0 287=0G0B8 >@Vє=B>2=5 7=0G5==O 
28B@0B8 ?0;820 02B><>1V;O >1;04=0=>3> 4>A;V46C20=8< 4283C=><. � 
?>40;LH><C =5>1EV4=> 28:>=0B8 ?>@V2=O==O @57C;LB0BV2 B5>@5B8G=8E 
@>7@0EC=:V2 7 5:A?5@8<5=B0;L=8<8 40=8<8; 4>>?@0FN20B8 B0 ?@>25AB8 
?>40;LHC 0?@>10FVN (   @>1>G>3> F8:;C ���. $57C;LB0B8 @>1>B8 <>6CBL 
1CB8 28:>@8AB0=V C =02G0;L=><C ?@>F5AV 4;O ABC45=BV2 >A2VB=L>W ?@>3@0<8 
(A?5FV0;V70FVW) «�283C=8 2=CB@VH=L>3> 73>@0==O». 

 
 

'�� 539.4.015:539.43 
!015@56=89 �.�.1, �565=>2 %.".2 

1 ABC4. 3@. �(-216 �!&' 
2 :0=4. B5E=. =0C:, 4>F. �!&' 

!015@56=89 �.�. �565=>2 %.". 
�!���� (��&"$��, -" �#����.&0 !� �(��&��!"%&0 
#$"*�%' !��$���!!/ &�$ �+!"  �%��!�) ��$"��� � 

 ��"���"��!�)  �!��!"��) %&����  

$>7?>2AN465==O, O:5 >45@60;8 <0;>;53>20=V <0=30=>20=V AB0;V 
(1,2&1,8 % Mn), ?>2’O70=5 7 2V4=>A=> =528A>:>N 20@BVABN B0 4>ABC?=VABN 
D5@@>- B0 AV;V:>-<0@30=FN 3 >A=>2=8E D5@>A?;02V2, O:8<8 C2>48BLAO 2 AB0;L 
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<0@30=5FL, 0 B0:>6 B8< G8==8:><, I> <0@30=5FL 25;L<8 ?>78B82=> 2?;820є =0 
@O4 2;0AB82>AB59 AB0;V.  0@30=5FL ?>4@V1=Nє AB@C:BC@C AB0;V ?@8 2B>@8==V9 
:@8AB0;V70FVW, 70 @0EC=>: G>3> ?V428ICNBLAO WW ?;0AB8G=V 2;0AB82>ABV, <0;> 
2?;820є =0 ?;0AB8G=V 2;0AB82>ABV AB0;V ?@8 45D>@<C20==V, 7=86Cє B5<?5@0BC@C 
D07>28E ?5@5B2>@5=L B0 7<5=HCє H284:VABL CB2>@5==O :0@1V4V2 7 0CAB5=VBC, I> 
?>:@0ICє WW 740B=VABL 4> ?@>:0;N20==O.  0=30=>2V AB0;V 2 =0H G0A є ?@0:B8G=> 
є48=8< B8?>< AB0;V >48=0@=>3> ;53C20==O. )>G0 7=>A>ABV9:VABL <0=30=>28E 
AB0;59 2 ;8B><C AB0=V B0 ?VA;O 30@BC20==O є <0965 >4=0:>2>N, ?@>B5 =0O2=VABL 
:0@1V4=>W AVB:8 2V4;82=>W AB0;V G5@57 ?V428I5=C :>=F5=B@0FVN 2=CB@VH=VE 
=0?@C65=L 7=0G=> ?V428ICє WW :@8E:VABL. &><C 7 <5B>N 70157?5G5==O 
<0:A8<0;L=>W =04V9=>ABV 2 5:A?;C0B0FVW 2V4;82>: 7 <0=30=>28E AB0;59 WE 
=5>1EV4=> ?V44020B8 30@BC20==N. #@>B5 @V2=><V@=VABL DV78G=8E 2;0AB82>AB59 
C74>26 ?5@5@V7C 28@>1C C 7=0G=V9 <V@V 70;568BL 2V4 @V2=><V@=>ABV 
B5<?5@0BC@=>3> ?>;O, I> CB2>@NєBLAO 2 ?@>F5AV =03@V20==O 28@>1C 4> 7040=8E 
B5<?5@0BC@. �>AB@>N AB0є B0:0 ?@>1;5<0, O:I> =03@V20NBLAO B5@<VG=> <0A82=V 
BV;0 7 4>AB0B=L> 25;8:8< 2=CB@VH=V< B5@<VG=8< >?>@>< (Bi > 0,5). 

 5B>N 4>A;V465==O є 0=0;V7 D0:B>@V2, I> 2?;820NBL =0 5D5:B82=VABL 
@V7=8E @568<V2 ?@>F5AC =03@V20==O B5@<VG=> <0A82=8E 28@>1V2 7 
<0;>;53>20=8E <0=30=>28E AB0;59 7 C@0EC20==O< :V=F52>W =5@V2=><V@=>ABV 
B5<?5@0BC@=>3> ?>;O C74>26 ?5@5@V7C 28@>1V2, 5=5@3>28B@0B B0 28B@0B G0AC =0 
74V9A=5==O B5E=>;>3VG=>W >?5@0FVW =03@V20==O. 

�8:>@8AB>2C20;8 2V4><C DV78:>-<0B5<0B8G=C <>45;L [1], O:0 O2;Oє 
A>1>N =5AB0FV>=0@=C >4=><V@=C 7040GC ?5@5=5A5==O B5?;>B8 
B5?;>?@>2V4=VABN 2V4 ?>25@E=V 28@>1C =5>1<565=>W 4>268=8 4> 9>3> F5=B@C 
70 =57<V==8E C<>2 7>2=VH=L>3> B5?;>>1<V=C (3@0=8G=8<8 C<>20<8 III-3> 
@>4C). �>A;V46C20;8 ?@>F5A =03@V20==O B5@<VG=> <0A82=8E 28@>1V2 2V4 
?>G0B:>2>W B5<?5@0BC@8 t0 = 20 °% 4> B5<?5@0BC@8 30@BC20==O AB0;59 B0:>3> 
:;0AC (t|x/L=1 = 1000 °%) 7 @V7=8<8 @568<0<8 B5?;>>1<V=C.  

�0@VN20;8 V=B5=A82=VABL ?@>F5AC ?V42545==O B5?;>2>W 5=5@3VW 4> 
?>25@E=V 28@>1V2, I> E0@0:B5@87CєBLAO 7=0G5==O< AC<0@=>3> :>5DVFVє=B0 
B5?;>2V440GV αΣ, B0 25;8G8=C B5<?5@0BC@=>3> =0?>@C =0 ?>25@E=N 28@>1C, I> 
E0@0:B5@87CєBLAO 7=0G5==O< 157@>7<V@=>3> B5<?5@0BC@=>3> :@8B5@VN Θ|x/L=1 = 
(th 3 t|x/L=1) / (th 3 t0) , 45 th 3 B5<?5@0BC@0 7>2=VH=L>3> B5?;>=>AVO. �0@V0FVW 
B5?;>28E @568<V2 0=0;V7C20;8 70 =091V;LH 5D5:B82=>3> [2] A8<5B@8G=>3> 
A?>A>1C ?V42545==O B5?;>2>W 5=5@3VW 4> ?>25@E=V 28@>1V2 @V7=>W D>@<8 
(?;0AB8=0 B0 F8;V=4@). 

�D5:B82=VABL ?@>F5AC =03@V20==O >FV=N20;8 70 B0:8<8 ?0@0<5B@0<8: 
=5@V2=><V@=VABL @>7?>4V;C B5<?5@0BC@ C74>26 ?5@5@V7C 28@>1V2 Δt = t|x/L=1 3 
t|x/L=0 , °% ; B@820;VABL ?@>F5AC =03@V20==O Ç , A ; AC<0@=0 :V;L:VABL B5?;>2>W 
5=5@3VW, O:C 70B@0G5=> =0 =03@V20==O >48=8FV ?;>IV ?>25@E=V 28@>1C 4> 7040=>W 
B5<?5@0BC@8 Q , �:0;./<2 .  
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"45@60=> 70;56=>ABV ?0@0<5B@V2 5D5:B82=>ABV 2V4 2V4=>A=>3> 
B5<?5@0BC@=>3> =0?>@C 4;O @V7=8E 7=0G5=L :>5DVFVє=B0 B5?;>2V440GV αΣ , O:89 
7<V=N20;8 2V4 αΣ (min) = 150 �B/(<2∙�) 4> αΣ (max) = 200 �B/(<2∙�), I> 2V4?>2V40;> 
4V0?07>=C 7=0G5=L :@8B5@VN �V> 2V4 0,503 4> 0,758. 

�0 @57C;LB0B0<8 4>A;V465=L 2AB0=>2;5=>, I> D>@<0 28@>1C =5 2?;820є 
=0 =5@V2=><V@=VABL @>7?>4V;C B5<?5@0BC@ C74>26 ?5@5@V7C. �> 7=0G=>3> 
71V;LH5==O =5@V2=><V@=>ABV B5<?5@0BC@=>3> ?>;O C74>26 ?5@5@V7C 28@>1V2 
?@872>48BL 7@>AB0==O B5<?5@0BC@=>3> =0?>@C. �1V;LH5==O :>5DVFVє=B0 
B5?;>2V440GV 2 <5=HV9 AB5?5=V 4>40є =5@V2=><V@=>ABV @>7?>4V;C B5<?5@0BC@ V 
AB0є ACBBє28< D0:B>@>< BV;L:8 ?@8 7=0G5==OE 2V4=>A=>3> B5<?5@0BC@=>3> =0?>@C, 
O:V ?5@51V;LHCNBL 5 %. 

(>@<0 28@>1C ACBBє2> 2?;820є =0 G0A ?@>F5AC =03@V20==O B0 
5=5@3>28B@0B8, O:V 4;O B5@<VG=> <0A82=8E F8;V=4@8G=8E 28@>1V2 є 242VGV 
<5=H8<8 70 2V4?>2V4=V ?0@0<5B@8 ?@>F5AC =03@V20==O ?;0AB8= B0:>W A0<>W 
<0A82=>ABV. 

�1V;LH5==O :>5DVFVє=B0 B5?;>2V440GV <0965 =5 2?;820є =0 :V;L:VABL 
A?>68B>W B5?;>2>W 5=5@3VW, ?@>B5 4C65 ACBBє2> A:>@>GCє G0A ?@>F5AC 
=03@V20==O. 

 
%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. $C1F>2 �. �. �>A;V465==O ?0@0<5B@V2 ?@>F5AC =03@V20==O B5@<VG=> 
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1C48=:0E, :>B5460E. &><C I> 2>4>?V43>B>2:0 2 F5=B@0;L=8E A8AB5<0E 
>?0;5==O, O: ?@028;>, 70;8H0є 1060B8 :@0I>3>, 0 B0:>6 <>6;82V A5@9>7=V 
3V4@02;VG=V C40@8 2 <><5=B8 ?CA:C A8AB5<8 ?VA;O ?@>DV;0:B8G=>3> 
>1A;C3>2C20==O. � AB0;52V @04V0B>@8 =5 28B@8<CNBL 3V4@>C40@V2 V ?V428I5=>3> 
4> 25 0B<>AD5@ B8A:C. �AV 4 20@V0=B0 @04V0B>@V2 <0NBL 4>1@C B5?;>2V440GC. ' 
2AVE >:@V< G02C==8E ?@8є<=89 48709=, O:89 ?V4E>48BL 4> 1C4L O:>3> V=B5@’є@C. 
"4=0:, =0 AL>3>4=VH=V9 G0A, 265 @>7@>1;5=89 =>289 ACG0A=89 48709= 
G02C==8E @04V0B>@V2. &5@<V= A;C618 V 2AVE @04V0B>@V2 1;87L:> 20 @>:V2. � 
0;N<V=Vє28E, AB0;528E V 1V<5B0;VG=8E @04V0B>@0E =87L:0 V=5@B=VABL, I> 
4>72>;8BL 70AB>A>2C20B8 WE A?V;L=> 7 A8AB5<>N B5@<>@53C;OFVW, =0 2V4<V=C 2V4 
G02C==>3>, C O:>3> 28A>:0 V=5@B=VABL. 

!525;8:C FV=C <0NBL G02C==V, 0;N<V=Vє2V B0 AB0;52V @04V0B>@8, I> @>18BL 
WE FV;:>< 4>ABC?=8<8 4;O :>6=>3>. � 1V<5B0;VG=V @04V0B>@8 - =5 :@0I89 
20@V0=B 10B0@5W 4;O >?0;5==O, O:C <>6=0 281@0B8 4;O :20@B8@8, B0: O: <0є 
28A>:C 20@BVABL. �0 28@>1=8:>< GC4>28E >FV=>: 70A;C3>2CNBL 5AB5B8G=V 
E0@0:B5@8AB8:8 <>45;59 2V4 B>@3>28E <0@>: SAKURA, GLOBAL, Alltermo, 
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Radiatori, Tiberis, Fondital, Kermi, ECA, Korad, Energy, Viadrus, Demrad, Adarad 
8 Carron.  

#V4AC<>: ?>@V2=O;L=V9 E0@0:B5@8AB8FV. �;O F5=B@0;V7>20=>W 2V4:@8B>N 
B5?;>2>W <5@56V, O:0 ?@8ACB=O 2 1030B>?>25@EV2:0E, O: V 1030B> @>:V2 B><C, 
=09:@0I8< 20@V0=B>< 70;8H0єBLAO G02C==89 @04V0B>@. !5?>30=0 0;LB5@=0B820 
G02C==>W 10B0@5W 2 C<>20E 1030B>:20@B8@=8E 1C48=:V2 - 1V<5B0;VG=89 @04V0B>@ 
>?0;5==O =0 >A=>2V AB0;8 7 0;N<V=Vє< 01> <V44N. �;O 70:@8B8E A8AB5< 
>?0;5==O, ?@8ACB=VE 2 ?@820B=8E 1C48=:0E, >?B8<0;L=89 284 >?0;N20;L=>3> 
?@8;04C - 0;N<V=Vє289. � 0;LB5@=0B820 0;N<V=Vє28< @04V0B>@0< 2 C<>20E 
02B>=><=>3> B5?;>?>AB0G0==O - AB0;52V @04V0B>@8. 

 
 

'�� 621.311.243 
Є2Aєє20 !."1, #02;>2 ".�.2 

1 :0=4. B5E=. =0C:, 4>F. �!&'  
2 ABC4. 3@. ���-116 

Є2Aєє20 !.".  #02;>2 ".�. 
%"!/+!� +�$�#�*/ &�%�� 

�AV <8 728:;8 28:>@8AB>2C20B8 2 O:>ABV 465@5; 5=5@3VW >@30=VG=5 ?0;82> 
- 2C3V;;O, 307, =0DB0. "4=0: WE 70?0A8 2 ?@8@>4V, O: 2V4><>, >1<565=V. � @0=> G8 
?V7=> =0AB0=5 45=L, :>;8 2>=8 28G5@?0NBLAO. !0 ?8B0==O «I> @>18B8 
=0?5@54>4=V 5=5@35B8G=>W :@878?» 265 402=> 7=0945=0 2V4?>2V4L: B@510 HC:0B8 
V=HV 465@5;0 5=5@3VW - 0;LB5@=0B82=V, =5B@048FV9=V, 2V4=>2;N20;L=V. 

%>=OG=0 G5@5?8FO - F5 2AV< 2V4><V A>=OG=V 10B0@5W (?5@5B2>@N20GV 5=5@3VW 
A>=FO 2 V=HV 2848 5=5@3VW), 0;5 28:>=CNBL >4=>G0A=> DC=:FVW 70E8A=>W 
:>=AB@C:FVW - ?>:@V25;L=>3> <0B5@V0;C. �A=Cє 4 2848 A:;O=8E ?0=5;59, 
@>7@0E>20=8E 4;O @V7=8E C?>4>10=L 701C4>2=8:V2 V 0@EVB5:B>@V2. #@>?>=CєBLAO 
3;04:0 ?;8B:0, :5@0<VG=0 G5@5?8FO VB0;V9AL:>3> AB8;N, A;0=5FL, B5:ABC@>20=0. 

�>6=0 G5@5?8FO A:;040єBLAO 7 B@L>E H0@V2: 
1. �5@E=V9 H0@ - =04<VF=5 V C40@>ABV9:5 7030@B>20=5 A:;>; 
2. �8A>:>5D5:B82=0 A>=OG=0 10B0@5O; 
3. ,0@ 7 :>;L>@>2>N ?;V2:>N 01> B5:ABC@>N, I> V<VBCє ?>?C;O@=V 2848 

?>:@V2;V: :5@0<V:C, A;0=5FL 01> 4@0=:C. 
%8AB5<0 ?>є4=Cє A>=OG=V 5;5<5=B8 C 283;O4V :0A:04C 70 4>?><>3>N 

?@>2V4=>3> 5;5:B@8:C :;5N, O:89 0:B82CєBLAO ?@8 =03@V20==V. *5 4>72>;Oє O: 
:@V?8B8 G5@5?8FV >48= 4> >4=>3>, B0: V 7'є4=C20B8 WE 2 є48=C <5@56C, =5 
28:>@8AB>2CNG8 4@>B8. #>4V1=89 A?>AV1 7'є4=0==O 4C65 =04V9=89, I> 
4>72>;Oє :><?0=VW >1VFOB8 :;Vє=B0< «157;V<VB=89 30@0=BVN», 0 B0:>6 
?@8A:>@Nє <>=B06 V 7=86Cє 20@BVABL. 
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#>:@V2;O ?@0FNє 2 ?0@V 7 A8AB5<>N Powerwall 2, O:0 :>=25@BCє A>=OG=C 
5=5@3VN 2 5;5:B@8G=C. �>3> 20@BVABL AB0=>28BL 1;87L:> $ 5,5 B8A. 

&5E=VG=V E0@0:B5@8AB8:8 : 
3 3010@8B8 1150 × 755 × 155 <<; 
3 <0A0 122 :3; 
3 4V0?07>= B5<?5@0BC@ 4;O @>1>B8 ?@8AB@>N 3 2V4 -20 °% 4> + 50 °%; 
3 ?>B@518 2 5;5:B@>5=5@3VW 14 :�B.3>4; 
3 157?5@5@2=0 ?>BC6=VABL 5 :�B, <0:A. 7 :�B; 
3 30@0=BV9=89 B5@<V= 10 @>:V2. 
�> A:;04C Powerwall 2 B0:>6 2E>48BL V=25@B>@ =0?@C38. 
#V4:;NG5==O ?0=5;59 &5A;0 =VG8< =5 2V4@V7=OєBLAO 2V4 B@048FV9=>W AE5<8 

A>=OG=8E 10B0@59. !0?@C30 ?>ABV9=>3> AB@C<C 7 40EC ?>B@0?;Oє 2 0:C<C;OB>@ 
Powerwall, O:89 ?5@540є 9>3> 2 V=25@B>@ 4;O ?5@5B2>@5==O 2 7<V==89 AB@C<. 

' A:;04V G5@5?8FV <VAB8BLAO :20@F, I> @>18BL WW 7=>A>ABV9:>3>. ->1 F5 
4>25AB8, :><?0=VO A:840;0 38@V =0 @V7=V 2848 G5@5?8G=>3> ?>:@8BBO, 2 B><C 
G8A;V =0 3;8=O=C G5@5?8FN V H8D5@, V 28B@8<0B8 C40@ 7<>3;0 BV;L:8 A>=OG=0 
?>:@V2;O. Tesla >1VFOє, I> G5@5?8FO ?@>A;C68BL =5A:V=G5==> 4>23>, ?@>B5 
35=5@C20B8 5;5:B@8:C 2>=0 1C45 30@0=B>20=> BV;L:8 ?@>BO3>< 30 @>:V2. 

�0 70<>2GC20==O< CAB0=>2:0 Solar Roof <0є =0 C207V, I> BV;L:8 B@5B8=0 
?;8B>: (35 2V4A>B:V2) 1C4CBL 7 A>=OG=8<8 10B0@5O<8 - ?@54AB02=8:8 Tesla 
22060NBL, I> FL>3> 4>AB0B=L> 4;O >:C?=>ABV 40EC ?@>BO3>< 30 @>:V2. #@8 
=0O2=>ABV 4>40B:>28E 5=5@3>A?>6820GV2 V 70 1060==O< ?>:C?FO G0AB:C 
0:B82=8E ?;8B>: <>6=0 71V;LH8B8. 

"48= :204@0B=89 <5B@ ?>:@V2;V >1V945BLAO 2 $ 235. !0?@8:;04, ?>:@8BBO 
40EC 1C48=:C ?;>I5N 200 <2 >1V945BLAO 2V4 $ 33000 4> $ 37000. -5 5500 
4>;0@V2 4>2545BLAO 4>?;0B8B8 70 0:C<C;OB>@ Powerwall. ' FN 20@BVABL 
2:;NG5=> <0B5@V0;8, CAB0=>2:0, 0 B0:>6 45<>=B06 AB0@>W ?>:@V2;V. ' 
4>23>AB@>:>2V9 ?5@A?5:B82V A>=OG=0 G5@5?8FO >:C?8BLAO - 70 30 @>:V2 2>=0 
4>72>;8BL 70>I048B8 4> $ 64000 =0 >?;0BC @0EC=:V2 70 5;5:B@>5=5@3VN. 

' 2840==V Bloomberg 7@>18;8 @>7@0EC=:8, O:V ?>:070;8, I> 40E Solar Roof 
>1V945BLAO 4>@>6G5 40EC, ?>:@8B>N 1VBC<=>N G5@5?8F5N. �;5 2A5 >4=> F5 
1C45 45H52H5, =V6 7<>=BC20B8 40E 7V 728G09=8<8 ?>:@V25;L=8<8 <0B5@V0;0<8 
B0 >1;04=0B8 WW AB0=40@B=8<8 A>=OG=8<8 10B0@5O<8 V 0:C<C;OB>@0<8 (7 B8E, I> 
70@07 ?@>?>=CNBLAO =0 @8=:C). %>=OG=V ?0=5;V 28@>1;ONBLAO =0 702>4V 2 
�CDD0;> (HB0B !LN-�>@:). 
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'�� 621.431.74-714 
Є2Aєє20 !.".1, %<5B0=:> ".�.2 
1 :0=4. B5E=. =0C:, 4>F. �!&'  
2 ABC4. 3@. &-414< �!&' 

Є2Aєє20 !.". %<5B0=:> ".�. 
"%"����"%&� $"�$�)'!�' %�%&� � ")"�"���!!/ 

����'!� �� ��-740 

� 0=0;V7C ;VB5@0BC@=8E 465@5; 2AB0=>2;5=>, I> 2 ACG0A=8E 4283C=0E 
2=CB@VH=L>3> 73>@0==O (���) =0 :>@8A=C @>1>BC ?5@5B2>@NєBLAO 1;87L:> 
20&45 % 5=5@3VW ?0;820. � 2V4?@0FL>20=8<8 3070<8 B0 28?@><V=N20==O< 
2B@0G0єBLAO 30&40% 5=5@3VW, 0 I5 25&28 % 2V42>48BLAO 2 A8AB5<C 
>E>;>465==O. &><C ?8B0==O ?V428I5==O 5D5:B82=>ABV @>1>B8 A8AB5<8 
>E>;>465==O ��� є 0:BC0;L=8<, >A>1;82> F5 AB>ACєBLAO 4283C=V2 25;8:>W 
?>BC6=>ABV. �5;8:C C203C ?@8 FL><C 4>A;V4=8:8 ?@84V;ONBL @>7@0EC=:>28< 
<5B>48:0<, 70 4>?><>3>N O:8E <>6=0 287=0G8B8 B5?;>289 10;0=A ��� B0 
A?@>5:BC20B8 A8AB5<C >E>;>465==O. 

�;O 287=0G5==O >A>1;82>AB59 B5?;>>1<V=C 4875;L=>3> 4283C=0 �0<��-
740 28:>=0=> 3V4@02;VG=89 @>7@0EC=>: A8AB5<8 >E>;>465==O, =0 >A=>2V 
@V2=O==O �5@=C;;V C @>73>@=CBV9 D>@<V: 

   (1) 

 �> A:;04C A8AB5<8 >E>;>465==O 2E>4OBL B@C1>?@>2>48 25;8:>3> B0 
<0;>3> :V; F8@:C;OFVW, B@C1>?@>2>48 1;>:C F8;V=4@V2, @04V0B>@, B5@<>AB0B, 
=0A>A. �;O B@C1>?@>2>4V2 287=0G5=> E0@0:B5@=V 4V0<5B@8 di B0 4>268=8 li, 
2V4?>2V4=V 2B@0B8 =0 B5@BO V 2B@0B8 C <VAF528E >?>@0E Σhi. 

� @57C;LB0BV @>7@0EC=:C 287=0G5=> 270є<>72’O7>: <V6 :V;L:VABN B@C1>: 
@04V0B>@0 n, WE 4V0<5B@>< d3, G8A;>< $59=>;L4A0 Rei B0 2V4?>2V4=8E W< 
:>5DVFVє=BV2 3V4@02;VG=>3> B5@BO »i, H284:>ABV B5GVW w (482. B01;. 1). 

 
&01;8FO 1 3 $57C;LB0B8 3V4@02;VG=>3> @>7@0EC=:C A8AB5<8 >E>;>465==O 

4283C=0 �0<��-740 
n, HB. d�, << Re »@ w, </A 

10 3,5 2278,7 0,028 22,619 
50 2,4 455,7 0,140 8,612 

100 2,0 227,9 0,281 5,682 
200 1,7 113,9 0,562 3,749 
400 1,5 57 1,123 2,473 
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"B@8<0=V 40=V <>6CBL 1CB8 28:>@8AB0=V ?@8 ?>40;LH><C 4>A;V465==V 
A8AB5<8 >E>;>465==O 4283C=0 �0<��-740. 
 
 
'�� 504.064.4 
$O1>H0?:0 !.Є. 
AB0@H. 28:;. �!&' 

$O1>H0?:0 !.Є. 
#"%&�!"��� &� ���"$�&  ��$�,�!!/ ����+� 

�"�!�,!0"�" &�#�""� �!' � #$"*�%� !��$���!!/ 
�'����$�(�&"��) ���"&"�"� � "�#��.���0!�) #�+�) 

 5B>N 28@VH5==O 7040GV 7>2=VH=L>3> B5?;>>1<V=C є 287=0G5==O 3CAB8= 
@57C;LBCNG8E B5?;>28E ?>B>:V2 =0 ?>25@E=OE @>1>G>W :0<5@8 7 703>B>2:0<8 B0 
WW DCB5@>2:8 ?@8 7040=8E 7=0G5==OE B5<?5@0BC@8 =0 F8E ?>25@E=OE. 

 
13 ?>25@E=O :0<5@8 (7>=0 1); 2 3 ?>25@E=O :@8H:8 B0 G0AB8=8 25@B8:0;L=>W 

:;04:8 ?5GV (7>=0 2); 3 3 C<>2=0 ?>25@E=O (7>=0 3);  
4 3 ?>25@E=O 25@B8:0;L=>W :;04:8 @>1>G>W :0<5@8 (7>=0 4);  

5 3 ?>25@E=O ?>4C ?5GV (7>=0 5) 
$8AC=>: 1 3 %E5<0 4> @>7@0EC=:C 7>2=VH=L>3> B5?;>>1<V=C 

 
� 0=0;V7C 5:A?5@8<5=B0;L=8E 40=8E 2V4><>, I> @>7?>4V; B5<?5@0BC@8 2 

:0<5@V 7 70A8?:>N ?@0:B8G=> A8<5B@8G=89 9>3> 2VAV. &><C ?@8 @>7@0EC=:C 

"1?0EFP � 

3 

 
" 

1 
? 
0 
E 
F 
P 
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#0?PA<> 
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�0@5D0 

1 
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7>2=VH=L>3> B5?;>>1<V=C 2 ?@>F5AV =03@V20==O 703>B>2>: ?@>ABV@ @>1>G>W 
:0<5@8 ?5GV @>74V;5=> =0 42V >1;0ABV (@8AC=>: 1): 

- >1;0ABL � @>7B0H>20=0 2 ?@>AB>@V ?V4 A:;5?V==O< ?5GV =04 :0<5@>N B0 
>1<565=0 @50;L=8<8 ?>25@E=O<8 A:;5?V==O ?5GV, G0AB8=>N 1>:>2>W ?>25@E=V 
:;04:8 ?5GV, 25@E=5N ?>25@E=5N :0<5@8 B0 3>@87>=B0;L=>N C<>2=>N 
?>25@E=5N, O:0 2V4>:@5<;Nє ?@>ABV@ ?V4 A:;5?V==O< 2V4 ?@>AB>@C <V6 :0<5@>N 
B0 25@B8:0;L=>N :;04:>N ?5GV. � FV9 >1;0ABV 2V41C20єBLAO 284V;5==O B5?;>B8, 
I> >1C<>2;5=> @>1>B>N ?0;L=8:0. "1;0ABL 70?>2=5=0 2V4=>A=> 
28A>:>B5<?5@0BC@=8<8 ?@>4C:B0<8 73>@0==O; 

- >1;0ABL � >1<565=0 @50;L=8<8 ?>25@E=O<8 25@B8:0;L=>W :;04:8 ?5GV, 
1>:>2>N ?>25@E=5N :0<5@8, ?>25@E=5N ?>4C ?5GV B0 C<>2=>N 28I5>?8A0=>N 
?>25@E=5N. "1;0ABL 70?>2=5=0 2V4=>A=> =87L:>B5<?5@0BC@=8<8 ?@>4C:B0<8 
73>@0==O, O:V =04E>4OBL 7 >1;0ABV �. 

�V<VBCNG8< ;0=FN3>< ?5@5=5A5==O B5?;>B8 2V4 7>=8 35=5@0FVW B5?;>B8 
4> 7>=8 B5E=>;>3VG=>3> ?@>F5AC є ?5@5=5A5==O B5?;>B8 :@V7L H0@ 70A8?:8. 
&><C 4;O 28@VH5==O 7040GV 7>2=VH=L>3> B5?;>>1<V=C 2 A8AB5<V 307-:;04:0-
?>25@E=O 70AB>A>20=> A?@>I5=89 7>=0;L=89 <5B>4 @04V0FV9=>3> B5?;>>1<V=C 
2 ?>3;8=0NG><C B0 28?@><V=NNG><C A5@54>28IV. 

�8EV4=0 A8AB5<0 ?>25@E=528E B0 >1'є<=8E 7>= 70<V=5=0 AC:C?=VABN 
?V4A8AB5<. �>6=0 B0:0 ?V4A8AB5<0 CB2>@5=0 >1'є<=>N 7>=>N B0 >1<56CNG8<8 
WW @50;L=8<8 B0 C<>2=8<8 01A>;NB=> G>@=8<8 ?>25@E=O<8, O:V AB8:0NBLAO 7 
40=>N >1'є<=>N 7>=>N (?>25@E=V, I> @>74V;NNBL >1;0ABV � B0 �). 
&5<?5@0BC@0< F8E C<>2=8E 7>= ?@8?8ACNBL B0:V 5D5:B82=V 7=0G5==O, ?@8 O:8E 
3CAB8=8 @57C;LBCNG8E ?>B>:V2 28?@><V=N20==O =0 <560E ?V4A8AB5< 
715@V30NBL A2>W 4V9A=V 7=0G5==O. 

&0:89 <5B>4 4>72>;Oє 157 ACBBє2>3> 7<5=H5==O ?>E81>: @>7@0EC=:C 
7=0G=> A?@>AB8B8 7040GC 287=0G5==O 7=0G5=L C7030;L=5=8E :CB>28E 
:>5DVFVє=BV2 28?@><V=N20==O. 

�87=0G5==O 5D5:B82=8E B5<?5@0BC@ A?@>I5=8< <5B>4>< 28:>=CєBLAO 
H;OE>< @>7@0EC=:C @04V0FV9=>3> B5?;>>1<V=C 2 >:@5<8E ?V4A8AB5<0E B0 
270є<=>3> ?>3>465==O @57C;LB0BV2 @>7@0EC=:C <5B>4>< VB5@0FV9. �V4=>A=0 
?>E81:0 @>7@0EC=:V2 ?>@V2=O=> 7 B@048FV9=8< <5B>4>< 4;O ?@>AB8E 
35><5B@8G=8E A8AB5< =5 ?5@528ICє 2 %. 

� <560E @57>;L25=B=>3> 7>=0;L=>3> <5B>40 A8AB5<0 7>=0;L=8E @V2=O=L 
D>@<CєBLAO H;OE>< ?V4AB0=>2:8 28@07V2 4;O ?>B>:V2 @57C;LBCNG>3> 
28?@><V=N20==O B0 :>=25:B82=>W B5?;>2V440GV 2 @V2=O==O B5?;>2>3> 10;0=A0 
:>6=>W 7 7>=. 

 0QQQ s
i

k
i

p
i  ,  (1) 

 45 4;O >1;0ABV � 3 V = 0, 1, 2, 3; 4;O >1;0ABV � 3 V = 0, 1, 2, 3, 4; 
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?@54'O2;ONBLAO 4> =8E, ?>ABV9=> 7@>AB0NBL. &><C ?V428I5==O DV78:>-
<5E0=VG=8E 2;0AB82>AB59 <03=Vє28E A?;02V2, O:V =5 <VABOBL 45DVF8B=8E V 
4>@>38E :><?>=5=BV2, є 0:BC0;L=8< 70240==O<. 

%B0=>28BL V=B5@5A ?@0:B8G=> =5 282G5=5 2?;82 ;53C20==O <03=Vє2>3> 
A?;02C  �5 ;53:>?;02:8<8 <5B0;0<8 4 3@C?8 ?5@V>48G=>W A8AB5<8 
 є=4є;єє20 (Sn V Pb). *V <5B0;8 <0NBL A?@8OB;82V D0:B>@8 ?> 2V4=>H5==N 4> 
<03=VN (=57=0G=0 @V7=8FO 0B><=8E 4V0<5B@V2 V 5;5:B@>=530B82=VABL) V, >B65, 
<>6CBL CB2>@N20B8 B25@4V @>7G8=8, 7<VF=NNG8 <5B0;52C <0B@8FN. �=0;V7 
4V03@0< AB0=C Mg-Sn V Mg-Pb ?>:0702, I> 2>=8 2V4=>AOBLAO 4> 4V03@0< 
52B5:B8G=>3> B8?C 7 >1<565=>N @>7G8==VABN F8E 5;5<5=BV2 2 B25@4><C <03=VW 
V CB2>@NNBL ?5@5A8G5=V B25@4V @>7G8=8. �AV FV D0:B>@8 @>1;OBL >;>2> V 
A28=5FL 5;5<5=B0<8, 740B=8<8 ?>78B82=> 2?;820B8 =0 2;0AB82>ABV <03=Vє28E 
A?;02V2. 

' 40=V9 @>1>BV 282G0;8 2?;82 >;>20 V A28=FN =0 AB@C:BC@C V 2;0AB82>ABV 
28;82:V2 7 <03=Vє2>3> A?;02C  �5. 

%?;02  �5 28?;02;O;8 2 V=4C:FV9=V9 B835;L=>W ?5GV B8?C �# -500 70 
A5@V9=>N B5E=>;>3VєN. $>7?;02 @0DV=C20;8 D;NA>< ��-2 2 @>74020;L=>W ?5GV 
?@8 B5<?5@0BC@V 740 °% V ?>@FV9=> 2V418@0;8 :>2H5< @>7?;02. ' =L>3> 22>48;8 
7@>AB0NGV ?@8A04:8 >;>20 <0@:8 01?G �"%& 860-75 (0; 0,05; 0,1; 1,0% Sn - 70 
@>7@0EC=:><) V A28=5FL <0@:8 %3 �"%& 3778-77 (0; 0,05; 0,1 ; 1,0% Pb - 70 
@>7@0EC=:><), 28B@8<C20;8, 70;820;8 ?@8 B5<?5@0BC@V 710 °% 2 ?VI0=>-
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3;8=8ABV D>@<8 V >B@8<C20;8 AB0=40@B=V 7@07:8 4;O <5E0=VG=8E 28?@>1C20=L 7 
@>1>G8< 4V0<5B@>< 12 <<. �@07:8 ?@>E>48;8 B5@<VG=C >1@>1:C 2 ?5G0E B8?C 
�5;L2'N V #�#-4  ?> @568<C: 3><>35=V70FVO ?@8 B5<?5@0BC@V 415°% (28B@8<:0 
24 3>48=8), >E>;>465==O =0 ?>2VB@V + AB0@V==O ?@8 B5<?5@0BC@V 215°% 
(28B@8<:0 10 3>48=), >E>;>465==O =0 ?>2VB@V. 

)V<VG=89 A:;04 A?;02C >4=VєW ?;02:8, D@0:FV9=> ;53>20=>W Sn V Pb, 
704>2>;L=O2 28<>30< �"%& 2856-79 (8,5% Al, 0,40% Mn, 0,38% Zn, 0,01% Fe, 
0,017% Cu, 0,06 % Si, >A=. Mg). 

 0:@>D@0:B>3@0DVG=5 4>A;V465==O ?>25@E=V @C9=C20==O 7@07:V2 
?>:070;>, I> 7 ?V428I5==O< :>=F5=B@0FVW >;>20 V A28=FN 2 A?;02V 
<0:@>AB@C:BC@0 ?>4@V1=N20;0AO, E0@0:B5@ WW 7<V=N202AO 2V4 
:@C?=>:@8AB0;52>W 4> <0B>2>9 4@V1=>:@8AB0;52>W. 

 V:@>AB@C:BC@0 B5@<>>1@>1;5=>3> A?;02C  �5, 2V4;8B>3> 157 ;53C20==O 
Sn V Pb, ?@54AB02;O;0 A>1>N ·-B25@489 @>7G8= 7 =0O2=VABN 52B5:B8:8 B8?C · + 
´(Mg4Al3), V=B5@<5B0;V4V2 ´(Mg4Al3) V 4@V1=>48A?5@A=8E G0AB8=>: 
<0@30=F>28AB>W D078. �2545==O A28=FN V >;>20 2 4>A;V46C20=89 A?;02 
?>4@V1=N20;> <V:@>75@=0 V 7<5=HC20;> 2V4AB0=V <V6 >AO<8 45=4@8BV2 4@C3>3> 
?>@O4:C. 

� ?V428I5==O< :>=F5=B@0FVW >;>20 V A28=FN 2 A?;02V @>7<V@8 52B5:B8:8 · 
+ ´ (Mg4Al3) ?><VB=> 7<5=HC20;8AO, 0 :V;L:VABL V=B5@<5B0;V4=8E 284V;5=L 
71V;LHC20;0AO, I> ?>2'O70=> 7 CB2>@N20==O< ?52=>W :V;L:>ABV V=B5@<5B0;V4=>W 
D078. #@8A04:8 ;53CNG8E 5;5<5=BV2 4> 1,0 % :>6=>3> 7<5=HC20;8 25;8G8=C 
75@=0 2 ~ 1,5 ... 1,8 @078 V ?V428IC20;8 <V:@>B25@4VABL <0B@8FV 2 ?>@V2=O==V 7 
28EV4=8< A?;02><. 

' AB@C:BC@V A?;02C  �5 1C;8 ?@8ACB=V =5<5B0;52V 2:;NG5==O 42>E B8?V2: 
1;0:8B=>-AV@>3> :>;L>@C =5287=0G5=>W D>@<8 V @>652>3> - 3;>1C;O@=>W. #5@HV 
- @>7B0H>2C20;8AO ?> <560E, 4@C3V - 2 F5=B@V 75@5=0. �2545==O 2 A?;02 >;>20 V 
A28=FN 2 :V;L:>ABV 1,0 % ?><VB=> ?>4@V1=N20;> =5<5B0;52V 2:;NG5==O, O:V 
=01C20;8 2 >A=>2=><C 3;>1C;O@=CN D>@<C. 

�@>AB0NGV ?@8A04:8 >;>20 V A28=FN ?V428IC20;8 <VF=VABL A?;02C V 
?@0:B8G=> =5 2?;820;8 =0 9>3> ?;0AB8G=VABL. �=0G5==O B@820;>W <VF=>ABV 
A?;02C ?@8 ?V428I5=8E B5<?5@0BC@0E 7<5=HC20;8AO 7V 71V;LH5==O< 2<VABC 
>;>20 V A28=FN, ?@8G><C, 4;O A28=FN 7=865==O FL>3> ?>:07=8:0 1C;> 
28@065=> =01030B> ?><VB=VH5. &0:8< G8=><, ;53C20==O <03=Vє2>3> A?;02C 
>;>2>< B0 A2V=F5< <>65 1CB8 @5:><5=4>20=> 4;O 7<VF=5==O <03=Vє28E A?;02V2, 
I> 5:A?;C0BCNBLAO ?@8 B5<?5@0BC@0E 4> 150 ° %. 
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'�� 378.018.43:004 
�06<V=0 �.�.1  

1 AB0@H. 28:;. �!&' 
�06<V=0 �.�. 

�%�!)$"!!� !��+�!!/: �!�����'��0!� &$�Є�&"$�/ 
!��+�!!/ 

�V4><8<8 ?@8:;040<8 0A8=E@>==>W D>@<8 =02G0==O <>6=0 =0720B8 
70>G=5 =02G0==O, O:5 7’O28;>AO =0 ?>G0B:C XIX AB>;VBBO, V 48AB0=FV9=5 
=02G0==O, 2 20-B8E @>:0E XX AB>;VBBO. !0 ACG0A=><C 5B0?V, 7024O:8 
V=D>@<0FV9=8< B5E=>;>3VO<, 0A8=E@>==0 D>@<0 >@30=V70FVW 28:>@8AB>2CєBLAO 
2 70:;040E 28I>W >A2VB8 B0 4;O A0<>>A2VB8 V @>7@0E>20=0 =0 ?@>D5AV9=89 
@>728B>: >A>18AB>ABV, I> A?@8Oє D>@<C20==N V=482V4C0;L=>W B@0є:B>@VW 
=02G0==O. "A>18ABVA=>->@Vє=B>20=89 ?V4EV4 0A8=E@>==>3> =02G0==O, ?@8 
O:><C 2 F5=B@V =02G0==O 7=0E>48BLAO ABC45=B 3 9>3> <>B828, FV;V, C=V:0;L=89 
?A8E>;>3VG=89 A:;04, ?5@5410G0є >@30=V70FVN =02G0;L=>-?V7=020;L=>W 
4VO;L=>ABV ABC45=BV2 V D>@<C20==O >A>18ABVA=8E O:>AB59: ?V428I5==O 
<>B820FVW, 2V4?>2V40;L=VABL 70 =02G0==O, 2?52=5=VABL 2 A>1V, A0<>:>=B@>;L, 
A0<>ABV9=VABL, 2<V==O >@30=V7>2C20B8 A2V9 @>1>G89 G0A V G0A 4;O 2V4?>G8=:C. 
"4=>G0A=> 7 F8<8 O:>ABO<8 D>@<CNBLAO 4>40B:>2V 2<V==O 3 F5 >2>;>4V==O 
B5E=>;>3VєN, O:0 28:>@8AB>2CєBLAO ?@8 282G5==V :C@AC, =02G8B8AO 
28:>@8AB>2C20B8 =>2V A?>A>18 :><C=V:0FVW 7 >4=>:C@A=8:0<8 V 28:;040G0<8, 
>A2>WB8 =>2V <>6;82>ABV @>1>B8 7 >=;09= 4>:C<5=B0<8; 7<VF=8B8 7=0==O ?@> 
:V15@157?5:C 2 V=B5@=5BV. 

�A8=E@>==5 =02G0==O ?@54AB02;Oє A>1>N 3C<0=VAB8G=89 B8? =02G0==O, 
?@8 O:><C >1<V= V=D>@<0FVєN <V6 9>3> CG0A=8:0<8 3 28:;040G0<8 B0 
ABC45=B0<8, ABC45=BV2 <V6 A>1>N G8 7 5;5:B@>==8<8 70A>10<8 =02G0==O 3 
2V41C20єBLAO V7 70B@8<:>N 2 G0AV. #@8 FV9 <>45;V =02G0==O 28:>@8AB>2CNBLAO 
B0:V 5;5:B@>==V @5AC@A8, O: 5;5:B@>==0 ?>HB0, 5;5:B@>==V :C@A8, <0A>2V 
2V4:@8BV >=;09= :C@A8, 5;5:B@>==V =>AVW B0 7G8BC20GV V=D>@<0FVW, A8AB5<8 
2V@BC0;L=>3> B@5=V=3C, V=B5@=5B-D>@C<8, 1;>38 B>I>. 

#@8 0A8=E@>==><C =02G0==V ABC45=B8 >B@8<CNBL V=D>@<0FVN, ?@0FNNBL 
7 =5N A0<>ABV9=> 01> 2 3@C?0E, >13>2>@NNBL WW 7 V=H8<8 CG0A=8:0<8 B0 
28:;040G0<8. &><C 22060NBL, I> 0A8=E@>==V D>@<8 =02G0==O V=>4V 
4>?>2=NNBLAO A8=E@>==8<8 :><?>=5=B0<8, B0:8<8, O: 3>;>A>289 G0B, 
B5;5D>==0 @>7<>20, 251V=0@8, 2V45>:>=D5@5=FVO, 7CAB@VG 2 2V@BC0;L=><C 
?@>AB>@V, 3@C?>2V ABC45=BAL:V 48A:CAVW. %8=E@>==5 =02G0==O 2V4@V7=OєBLAO 2V4 
0A8=E@>==>3> B8<, I> 2V41C20єBLAO C @50;L=><C G0AV. 

(>@<>N 270є<>4VW ABC45=BV2 V 28:;040G0 ?@8 0A8=E@>==V9 <>45;V, 70 
=0O2=>ABV ?V4:;NG5==O 4> V=B5@=5BC, є A2>1>40 4>ABC?C 4> 5;5:B@>==>3> :C@AC 
V 9>3> =02G0;L=8E <0B5@V0;V2: 



111 
 

2 1C4L-O:89 7@CG=89 G0A; 
7 1C4L-O:>W 35>3@0DVG=>W B>G:8; 
28:>@8AB>2CNG8 A2V9 B5<? V 3@0DV: =02G0==O. 
$>73;O=5<> ?5@52038 V =54>;V:8 0A8=E@>==>W <>45;V =02G0==O. #5@52038:  
1.  >45;L 0A8=E@>==0 1V;LH 3=CG:0, =V6 A8=E@>==0. 
2. �@0I5 @>72820є :>3=VB82=V =028G:8 C ?>@V2=O==V 7 A8=E@>==>N, 

>A:V;L:8 C ABC45=BV2 є 1V;LH5 G0AC =0 >14C<C20==O B0 ?5@5@>1:C V=D>@<0FVW 
(S.R.Hiltz, Sh. Hrastinski). 

3. #>78B82=> 2?;820є =0 ?@>D5AV9=>->A>18ABVA=5 D>@<C20==O ABC45=B0, 
7024O:8 9>3> 0:B82=V9 270є<>4VW 7 V=H8<8 AC1’є:B0<8 ?@>F5AC =02G0==O, 
<>6;82>ABV ?@575=B0FVW V459 V=H8< :>;530< V ?>40;LH>3> WE @>728B:C 2 ?@>F5AV 
>13>2>@5==O. 

4. �0є <>6;82VABL 2818@0B8 48AF8?;V=8 V ?>A;V4>2=VABL WE 282G5==O. 
5. �40B=VABL 70;CG8B8 4> =02G0==O =01030B> 1V;LH5 ABC45=BV2, =V6 C 

A8=E@>==V9.  
�> =54>;V:V2 <>6=0 2V4=5AB8: 
1. !0;0HBC20==O A8AB5<8 <>65 28O28B8AO 4>@>38< 4;O =02G0;L=8E 

70:;04V2 3 F5 20@BVABL AB2>@5==O <5@5652>W V=D@0AB@C:BC@8, 0 B0:>6 WW 
A8AB5<0B8G=0 B5E=VG=0 ?V4B@8<:0 A?5FV0;VAB0<8. 

2. �8:;040G ;8H5 <0є 7<>3C >FV=N20B8 7=0==O, V =5 <>65 A;V4:C20B8 70 
@50:FVєN ABC45=BV2, <8BBє2> @503CNG8 =0 ?@>1;5<8, I> 28=8:0NBL C =8E, 4;O 
=040==O 4>?><>38.  

3. !54>AB0B=V9 @V25=L 2>;>4V==O 28:;040GV2 V=D>@<0FV9=8<8 
B5E=>;>3VO<8. 

4. +0AB8=0 ABC45=BV2 =5 <0NBL =028G>: @>1>B8 7 :><?’NB5@>< V 7=0=L ?@8 
@>1>BV 7 >=;09= 4>:C<5=B0<8. 

5. #@8 =87L:V9 A0<>>@30=V70FVW ABC45=B 2818@0є ?>2V;L=89 B5<? =02G0==O 
V =5 2AB830є 70 ?@>3@0<>N :C@AC. 

� >A=>2V 0A8=E@>==>3> ?@8=F8?C >@30=V70FVW >A2VB=L>3> ?@>F5AC ;568BL 
:>=AB@C:B82VABAL:0 B5>@VO =02G0==O, I> =040є B><C :>3> =02G0NBL 1V;LHC 
A2>1>4C ?@8 281>@V 48AF8?;V= B0 ?@>4>265==O >A2VB8, ?@8 FL><C ?>:;040NG8 
=0 =L>3> 1V;LHC 2V4?>2V40;L=VABL 70 2;0A=5 =02G0==O B0 A0<>:>=B@>;L, =V6 ?@8 
A8=E@>==V9 >@30=V70FVW >A2VB=L>3> ?@>F5AC. 

"B65, 4>A;V482H8 B0 ?@>0=0;V7C202H8 0A8=E@>==C <>45;L =02G0==O, WW 
7=0GCIVABL ?>;O30є 2 A?@8O==V D>@<C20==N V=482V4C0;L=>W B@0є:B>@VW 
=02G0==O B0 A0<>>@30=V70FVW ?@>D5AV9=>3> @>728B:C >A>18AB>ABV.  >6;82>ABV 
V=D>@<0FV9=8E B5E=>;>3V9 ACG0A=>ABV A?>=C:0NBL 28:>@8AB>2C20B8 2 
>A2VB=L><C ?@>F5AV B5=45=FVW BYOD, 45 ?5@A>=0;L=V ?@8AB@>W ABC45=BV2 7 
V=B5@=5B-4>ABC?>< є ?>H8@5=8< V=AB@C<5=B>< >B@8<0==O 7=0=L. 
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'�� 514.181 
%:>@>1>30B0  .�. 1  
�V;>H0?:0 �.%.2 
1AB0@H. 28:;. �!&'  
2ABC4. 3@.  -616 �!&' 

%:>@>1>30B0  .�.  �V;>H0?:0 �.%. 
�������!!/ �$�(�+!�) ��%*�#��! � &�)!�+!" ' 

'!���$%�&�&� 

«!0@8A=0 35><5B@VO B0 V=65=5@=0 3@0DV:0» - F5 48AF8?;V=0 ?V43>B>2:8 
ABC45=BV2 B5E=VG=8E =02G0;L=8E 70:;04V2, 157 7=0==O O:>W =5 <>6;825 =V 
AB2>@5==O, =V @>7C<V==O :@5A;5=8:V2 45B0;59 <0H8= , 1C4V25;L=8E A?>@C4 B0 
V=HV. �82G5==O 3@0DVG=8E 48AF8?;V= B0:>6 =040є 7<>3C @>72820B8 ?@>AB>@>25 
B0 ;>3VG=5 <8A;5==O, 157 O:8E =5 <>6;825 >B@8<0B8 :20;VDV:>20=8E V=65=5@V2 
B0 :>=AB@C:B>@V2, 740B=8E ?@>5:BC20B8 ACG0A=V <0H8=8 V A?>@C48. %BC45=B 
?>28=5= @>7C<VB8 <5BC 282G5==O ?@54<5B0 V 9>3> 270є<>72’O7>: 7 ?>40;LH>N 
?@>D5AV9=>N 4VO;L=VABN.  

�@0DVG=0 ?V43>B>2:0 ABC45=BV2, O:0 ?>G8=0єBLAO 7 282G5==O =0@8A=>W 
35><5B@VW V =0ABC?=>3> :C@AC V=65=5@=0 3@0DV:0, 2 O:89 2E>4OBL ?@>5:FV9=5 
:@5A;5==O, <0H8=>1C4V2=5 01> 1C4V25;L=5 :@5A;5==O, :><?’NB5@=0 3@0DV:0, 
A:;04=V ?@8 282G5==V ?> @O4C ?@8G8=. �>;>2=8<8 7 =8E є , I> >1’є:B82=> =5 
:>6=89 ABC45=B <0є ?@8@>4=V <>6;82>ABV >AO3=5==O A0<>W >A=>28 48AF8?;V=8 
3 @>728B:C ?@>AB>@>2>3> <8A;5==O 35><5B@8G=8<8 >1@070<8 , O:5 =5>1EV4=5 
<091CB=L><C D0EV2FN. 

-5 >4=8< D0:B>@>< є 2V4ACB=VABL 3@0DVG=>W ?V43>B>2:8 2 
7030;L=>>A2VB=VE =02G0;L=8E 70:;040E. 

�=0G=>N ?@8G8=>N, I> 7=86Cє O:VABL 3@0DVG=>W ?V43>B>2:8 ABC45=BV2 2 
C<>20E 45DVF8BC =02G0;L=>3> G0AC є B@C4><VAB:VABL 48AF8?;V=8. &V;L:8 
28:>=0==O 25;8:>W :V;L:>ABV :@5A;5=8:V2 4>72>;8BL ?@8410B8 =028G:8 
?>1C4>28 ?@>5:FV9=8E 7>1@065=L B0 WE G8B0==O. 

%BC45=B, >B@8<02H8 7=0==O 7 :>6=>W B5<8, 28:>=Cє @V7=V 2848 
:@5A;5=8:V2 2 ?>ABV9=><C :>=B0:BV C 283;O4V :>=AC;LB0FV9 7 28:;040G5<. 

� C<>20E =54>AB0B=L>3> =02G0;L=>3> G0AC ?>B@V1=> C4>A:>=0;8B8 :C@A 
=0@8A=>W 35><5B@VW B0 V=65=5@=>W 3@0DV:8 V ?>;V?H8B8 <5B>48:C 9>3> 
28:;040==O. �;O 4>AO3=5==O ?@>D5AV9=>3> CA?VEC ABC45=B ?>28=5= H284:> 
=02G0B8AO, 1CB8 <>1V;L=8<, B><C =0 ?5@H89 ?;0= 28E>48BL A0<>ABV9=0 @>1>B0 
ABC45=BV2 2 O:>ABV 3>;>2=>W D>@<8 =02G0==O. #@8 FL><C 28:;040GC =5>1EV4=> 
74V9A=N20B8 ?>ABV9=89 :>=B@>;L A0<>ABV9=>W @>1>B8 ABC45=BV2. 

�06;82C @>;L 2 =02G0==V 2V4V3@0NBL 0:B82=V D>@<8, O:V A?8@0NBLAO =0 
@>728B>: ?0<’OBV, 0 I5 1V;LH5 =0 B2>@G5 V ?@>4C:B82=5 <8A;5==O ABC45=B0. �;O 
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FL>3> 28:>@8AB>2CNBLAO <C;LB8<54V9=V V=D>@<0FV9=V A8AB5<8, =02G0;L=V 
:><?’NB5@=V ?@>3@0<8, B5AB>2V 70240==O. 

�06;828< є 72>@>B=V9 72'O7>: , O:89 4>72>;Oє >1’є:B82=> >FV=8B8 7=0==O 
V 2<V==O ABC45=B0, I> 74V9A=NєBLAO 2EV4=8< B5ABC20==O<, ?>B>G=8<, 
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