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?>G8=0є ?@>S2;SB8AS ?@8 25;8:8E H284:>ABSE @CEC. 
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2 ABC4. 3@. &-418A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%;8=ь:> �.І., �і;89 $... 
#"$��!/�Ь!�� �!���� ����'!�� HARLEY DAVIDSON 

�0728G09 28@>1=8:8 <>B>B@0=A?>@BC 283>B>2;SRBP :>@>B:>E>4>2V 
4283C=8, S:V <0RBP <>6;82VABP @>72820B8 28A>:V >15@B8, <0RBP 7<5=H5=C 203C 
<0E>28:0 B0 V=H8E 45B0;59. *5 70157?5GCє 1V;PH H284:89 @>73V= B0 2V43C:. 

�283C=8 Harley Davidson 3 4>23>EV4=V. &0:V 4283C=8 <0RBP <>6;82VABP 
28:>@8AB>2C20B8 A8;C V=5@FVW 2V4=>A=> 25;8:8E <0E>28:V2 V 2=0A;V4>: G>3> 
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Evolution 883 

«Evo» (1980-1990 @@.) 
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(4> 2006 @.) 
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?>?5@54=8:>< AB02 1V;PH ?>BC6=8< 2 ;VB@>2><C 4V0?07>=V =0 5,58 % ?@8 
7<5=H5=8E <0:A8<0;P=8E >15@B0E B0 >15@B0E <0:A8<0;P=>3> :@CB=>3> 
<><5=BC, 70 @0EC=>: 7<5=H5==S 4>23>EV4=>ABV (?>:07=8: S/D 7=865=> =0 
15,79 %). &0:8< G8=><, 28E>4SG8 7 0=0;V7C 4>A;V465=8E ?>:07=8:V2 B0 
B5=45=FV9 ACG0A=>3> 4283C=>1C4C20==S @>18<> 28A=>2>:, I> :>@>B:>E>4>2V 
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2B><=>3> 28:@8HC20==S ?>25@E>=P 7C1V2, @>7@0EC=:>25 4VRG5 :>=B0:B=5 
=0?@C65==S 7 C@0EC20==S< :>5DVFVє=BC 70?0AC <VF=>ABV ?>28==5 1CB8 <5=H5 
01> 4>@V2=R20B8 4>?CAB8<><C :>=B0:B=><C =0?@C65==R. #@>B5, 2B><=5 
:>=B0:B=5 28:@8HC20==S  @>1>G>W ?>25@E=V 7C1V2 G0AB> 7CAB@VG0єBPAS ?@8 
5:A?;C0B0FVW 70:@8B8E 4>1@5 7<0IC20;P=8E ?5@540G0E. � 02V0FV9=8E 4283C=0E 
?@8 @5<>=BV V7 7030;P=>W :V;P:>ABV 701@0:>20=8E 7C1G0AB8E :>;VA 4> 85 % 

1@0:CєBPAS ?> ?@8G8=V 2B><=>3> 28:@8HC20==S [1], B>1B> 45B0;V =5 
28?@0FP>2CRBP ?@87=0G5=89 @5AC@A. 

�3V4=> 7 VA=CRG>R <5B>48:>R @>7@0EC=:C =0 <VF=VABP [2], 4VRG5 
<0:A8<0;P=5 =>@<0;P=5 :>=B0:B=5 =0?@C65==S @>7@0E>2CRBP 4;S ?>;RAC 
7G5?;5==S. #@>B5, ?>-?5@H5, 28:@8HC20==S, S: ?@028;>, 28=8:0є =5 2 ?>;RAV 
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7>=V :>=B0:BC, G8< 4;S 28A>:>=020=B065=8E, 0   G0AB> V 28A>:>H284:VA=8E, 
?5@540G 307>BC@1V==8E 4283C=V2 7=5EBC20B8 =5<>6=0.   

� @>7@0EC=:0E 70<VABP <0:A8<0;P=8E =>@<0;P=8E =0?@C65=P  
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4>40B:>28< C@0EC20==S< 4>B8G=8E =020=B065=P 2V4 B5@BS. 

$>73;S=CB> F8;V=4@8G=C 7C1G0ABC ?5@540GC 4283C=0 7 =0ABC?=8<8 
35><5B@8G=8<8 E0@0:B5@8AB8:0<8: z1 = 32, z2 = 65, m = 2, α = 20 °, ha = 1, 

c = 0,25, x1 = 0,17, x2 = -0,17,  = 1,71. 
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B0:0 ?@>1;5<0, S:I> =03@V20RBPAS B5@<VG=> <0A82=V BV;0 7 4>AB0B=P> 25;8:8< 
2=CB@VH=V< B5@<VG=8< >?>@>< (Bi > 0,5). 
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Δt = t|x/L=1 3 t|x/L=0 , °%; B@820;VABP ?@>F5AC =03@V20==S Ä , A; AC<0@=0 :V;P:VABP 
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S:89 7<V=R20;8 2V4 αΣ (min) = 180 �B/(<2∙�) 4> αΣ (max) = 230 �B/(<2∙�), I> 
2V4?>2V40;> 4V0?07>=C 7=0G5=P :@8B5@VR �V> 2V4 0,519 4> 0,737. 
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THE STRESS-STRAIN STATE OF THE REACTORS IN THE PROCESS 

OF TITANIUM TETRACHLORIDE REDUCTION 

This article is devoted to the numerical simulation by finite element method of 

stress-strain state of the reactors in the process of titanium tetrachloride reduction. 

The report examines the deformation mechanisms that lead to a change in shape of 

the lateral wall of the reactor under the influence of an inhomogeneous temperature 

field and the possible technological solutions to eliminate them. 

Global titanium sponge manufacturers face a serious problem 3 distortion of 

reactors during the process of producing titanium sponge by magnesium-thermal 

method. Under the influence of such process reactors are early removed from service 

and production costs are increased. Solving this problem can significantly improve 

the efficiency of the titanium industry enterprises.  

Analysis of reactors in stress-strained state was carried out with regard to 

operating conditions and physical and mechanical properties of materials. 

Deformation of reactors is caused by variety of negative factors: uneven heating of 

reactors in furnace; effect of gauge argon steam pressure po = 0,03 MPa on a side 

wall in reduction reaction zone; act of axial strain on flange by reactor vessel and 

reacting mass P = 104&105 N depending on the type of reactor. 
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The character of strain and hogging of reactors shows the necessity of 

consideration of nonlinear processes (plastic flow and fluidity) when constructing 

their physical-mathematical model. 

The solution was carried out by finite element method. For this purpose, based 

on drawings of actual retorts, its axially symmetric geometric model using CAD 

module of Comsol Multiphysics  application suite. For calculation was used 

Nonlinear Structural Materials module, which allows to simulate deformation 

behavior of model, to determine elastic and plastic deformation zones, to predict 

collapse of reactors during recovery period producing titanium sponge. Based on 

find dependence, at & > Tcrit = 60 ° C, reactor walls in the process of titanium 

tetrachloride reduction undergo plastic deformation, maximum value of which can 

reach
pl

max = 5,5 %. 

Conclusions 

1. Simulation of the process showed, that reactor wall deformation is caused 

mainly by thermal expansion of the material under the effect of an inhomogeneous 

temperature field. 

2. Minimum overheating temperature Tcrit = 60 ° C of reactor walls in 

reaction zone, which leads to plastic deformation, was determined. 

3. The fundamental capability to control plastic deformation by controlling and 

changing temperature gradient ∂T/∂z was shown. 
4. Following materials requirements for reactors, that eliminate plastic 

deformation at operating temperature of 950 ° % were determined: linear expansion 
coefficient ³ f 2010-6 K-1, yield strength 0.2 g 120 MPa, tensile strength � g 
210 MPa. 
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ALTERNATIVE METHODS OF ENERGY PRODUCTION (HEAT PUMPS) 

A heat pump is a device that transfers heat energy from a source of heat to 

what is called a thermal reservoir. In this use, heat pumps generally draw heat from 

the cooler external air or from the ground. Heat pumps can also be used in 

district heating and are a main element of cold district heating systems. 

Heat pumps have rapidly has been popular, as they are marketed to be used in 

any building whether it is an industrial or residential building. 

Heat Pumps are the most efficient alternative way to heat any building; 

supplying with hot water, running at over 300 % efficiency. This means that they 

produce around 3 times more heat than the energy they use. Heat Pumps require a 

small amount of electricity to run, which can be produced by solar power, further 

reducing your environmental impact and increasing the sustainability. 

Types of heating pumps: 

1. Air-to-Water 

Air to water heat pumps take heat from the outside air and transfer it to a water-

based system. The created heat can be used for space heating or as a hot water supply 

for the house. Air to water heat pumps are among one of the most efficient air source 

heat pumps nowadays.  

This type of heat pump works best in moderate climates. The efficiency of an 

air to water heat pump is most optimal at 7 ° C, as opposed to dry and cold locations, 

where outside temperatures is less than -20 ° C. Keeping the working principles of 

an air to water heat pump in mind, the decline in temperatures will affect in the 

operating efficiency. 

In climates with very low temperatures in winter, ground source heat 

pumps may seem a more suitable choice, as they extract heat from the ground and 

perform well in freezing cold temperatures. The technology developments for cold 

climate heat pumps using the air to water principle are used to cover heating needs 

even with a low temperature set point of below -25 ° C. 

Choosing the right heat pump depends on the needs of the house. Airs to water 

heat pumps are more common in the market, though they are also very well-suited 

to new-builds. 

2. Water source 

A water source heat pump is a device that can produce a big amount of low-

grade heat that cannot be used directly, then convert it into heat energy that can be 
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used directly. The working principle of water source heat pump unit is transferring 

heat from the building to the water source during the summer. In winter, the energy 

is extracted from the water source of the relative constant temperature, using the heat 

pump principle to be sent to the building after the air or water is used as the coolant 

to raise the temperature. Usually the water source heat pump consumes 1kW energy, 

and the user can get more than 4kW of heat or cold. Water source heat pump 

overcomes the deficiency of air source heat pump winter outdoor heat exchanger 

frosting, and the operation reliability and thermal efficiency are high, which has been 

widely used in recent years. 

3. Geothermal 

A geothermal heat pump (GHP) is also known as ground source heat 

pump (GSHP) is a central heating and/or cooling system that could transfers heat to 

or from the ground, mainly through a vapour-compression refrigeration cycle. They 

are also known by other names, including geoexchange, earth-coupled, earth 

energy systems. The geothermal heat pump, also known as the ground source heat 

pump, is one of the highly efficient renewable energy technology that is achieving 

wide acceptance in both residential and commercial buildings. Geothermal heat 

pumps are used for space heating and cooling, as well as water heating. The benefit 

of ground source heat pumps is they concentrate naturally existing heat, rather than 

by producing heat from the combustion of fossil fuels. 

The efficiency of GHP units are described by the Coefficient of Performance 

(COP) in the heating mode and the Energy Efficiency Ratio (EER) in the cooling 

mode (COPh and COPc, respectively in Europe) which is the ratio of the output 

energy divided by the input energy (electricity for the compressor) and varies from 

3 to 6 with present equipment (the higher the number the better the efficiency). Thus, 

a COP of 4 would indicate that the unit produced four units of heating energy for 

every unit of electrical energy input. In comparison, an air-source heat pump has a 

COP of around 2 and is dependent upon backup electrical energy to meet peak 

heating and cooling requirements. In Europe, this ratio is sometimes referred to as 

the <Seasonal Performance Factor= (<Jahresarbeitszahl= in German) and is the 
average COP over the heating and cooling season, respectively, and takes into 

account system properties. 

Ground-source heat pumps (GSHP) can offer both heating and cooling at any 

location, with a very good flexibility to meet any demands needed. In central and 

western European countries, the direct usage of geothermal energy to supply heat 

from district heating to a larger number of buildings. 
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'�� 621.43 
%CE>=>A $.(.1 

�>:0@P>2 �.�.2 

"3;C74V= %...3 
1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. &-438A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%CE>=>A $.(., �>:0@ь>2 �.І., "3;C74і= %... 
$"���/� "%"����"%&�� �"!%&$'�*�� ����'!�� ��/ 

FORMULA 1 !� #$������ ��� FERRARI TYPE 048 

�283C= Ferrari Type 048 (@8A. 1) 3 @>7@>1:0 VB0;V9AP:>3> 28@>1=8:0 
A?>@B82=8E B0 3>=>G=8E 02B><>1V;V2  Ferrari. 

�283C= G>B8@8B0:B=89, 10-F8;V=4@>289, 15=78=>289, 157 =044C2C, 
?>BC6=VABR 592 :�B (805 :.A.) ?@8 G0AB>BV >15@B0==S 17300  E2-1; @>1>G89 >1’є< 
4283C=0 3 2996,62 A<3; <0A0 4283C=0 3 112 :3. 
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$8AC=>: 1 3 �283C= Ferrari 048 3.0 V10 

 

�283C= ?@87=0G5=89 4;S 2AB0=>2;5==S =0 3>=>G=V 02B><>1V;V :><0=48  
Scuderia Ferrari 4;S CG0ABV 2 ?5@53>=0E Formula 1 (F1). 

�>;>2=>R >A>1;82VABR 4283C=V2 F1 є 4C65 28A>:0 B>G=VABP 283>B>2;5==S 
45B0;59, 28:>@8AB0==S ;53:8E 60@>ABV9:8E A?;02V2 7 28A>:>R <565R <VF=>ABV; 
7=>A>ABV9:8E 0=B8D@8:FV9=8E <0B5@V0;V2 (2 B><C G8A;V :5@0<V:8); <0AB8;P=8E 
<0B5@V0;V2, A?@><>6=8E 70157?5GC20B8 5D5:B82=VABP @>1>B8 ?@8 28A>:8E 
B5<?5@0BC@0E; 28A>:>B5E=>;>3VG=8E 5;5:B@>==8E A8AB5< :>=B@>;R B0 
:5@C20==S ?@>F5A0<8. 

"A=>2=8<8 <0B5@V0;0<8, I> 28:>@8AB>2CRBPAS 2 4283C=V Ferrari Type 
048, є 0;R<V=Vє2V, <03=Vє2V, B8B0=>2V A?;028 V AB0;V, E>G0 2 >:@5<8E 28?04:0E 
<>6CBP 70AB>A>2C20B8AS V V=HV, =0?@8:;04, :5@0<V:0 V 2C3;5-2>;>:=>. 

�;R<V=Vє2V A?;028 3 =091V;PH ?>H8@5=89 <0B5@V0; 7024S:8 9>3> 
<VF=>ABV B0 2V4=>A=> =528A>:V9 IV;P=>ABV. &><C 7 =P>3> 283>B>2;SRBP 107>2V 
B0 >A=>2=V 45B0;V 4283C=0 (1;>: F8;V=4@V2, 3>;>2:8 F8;V=4@V2, ?>@H=V, :0@B5@ 
4283C=0). $S4 45B0;59 283>B>2;SєBPAS V7 A?5FV0;P=8E 0;R<V=Vє28E A?;02V2, 
7>:@5<0, 7 ?5@A?5:B82=>3> Metal Matrix Composite (MMC). �>40B:>28< 
?5@5203>R C 28:>@8AB0==S 0;R<V=Vє28E A?;02V2 є WE 28A>:0 B5?;>?@>2V4=VABP.  

�;0?0=8 B0 H0BC=8 283>B>2;5=V 7V A?;02V2 B8B0=C. *8;V=4@8 283>B>2;5=V 
7V AB0;V 7 =0=5A5=8< H0@>< :5@0<VG=>3> =0?8;5==S. �>;V=G0AB89 20;, =091V;PH 
=020=B065=0 45B0;P 4283C=0, 283>B>2;SєBPAS 7V AB0;V, ;53>20=>W E@><>< B0 
=V:5;5<, @>7?>4V;PG89 20; AB0;5289. �5S:V 28@>1=8:8 70AB>A>2CRBP :5@0<VG=5 
?>:@8BBS 4;S :;0?0=V2, I>1 7<5=H8B8 B5?;>?5@540GC 2V4 2V4?@0FP>20=8E 307V2 
4> 3>;>2>: F8;V=4@V2. %0<0 A8AB5<0 28?CA:C 283>B>2;5=0 7 V=:>=5;R 3 
A?5FV0;P=>3> 60@>ABV9:>3> A?;02C =V:5;R, F8=:C V E@><C. *5 ;53:89 <0B5@V0;, 
I> 28B@8<Cє 28A>:V B5<?5@0BC@8. 
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�0 25AP G0A VA=C20==S 3>=>: F1, :>=DV3C@0FV9 ?>@H=528E 3@C? E>G V 1C;0 
=57;VG5==0 :V;P:VABP, >1’є4=Cє WE >4=0 2;0AB82VABP 3 <0;89 EV4 V 25;8:89 
4V0<5B@ ?>@H=S, =5 @0ECRG8, 728G09=>, 740B=>ABV 28B@8<C20B8 25;8:V B5?;>2V 
B0 C40@=V =020=B065==S. 

"A=>2=8< <0B5@V0;>< 4;S 28@>1=8FB20 28A>:>B5E=>;>3VG=8E ?>@H=V2 
4;S 4283C=V2 F1 є 0;R<V=Vє2>-15@8;Vє289 A?;02. �;R<V=Vє2V ?>@H=V 7 
4>4020==S< 15@8;VS <0RBP =0 30 % <5=HC 203C V 1V;PH 28A>:V ?>:07=8:8 
B5?;>?@>2V4=>ABV, ?@>B5 28:>@8AB0==S 15@8;VS 1C;> 701>@>=5=> G5@57 28A>:C 
H:V4;82VABP <5B0;C. "48= 7 =09?>H8@5=VH8E A?;02V2 4;S ?>@H=V2 F1 (2V4><89 
?V4 <0@:>R 2618) @>7@>1;5=89 I5 2 1930-E @>:0E 4;S 02V0FV9=>3> 4283C=0 Rolls 
Royce. �8A>:0 B25@4VABP V ABV9:VABP 4> 28A>:8E B5<?5@0BC@ 7@>18;8 A?;02 2618 
?>?C;S@=8< 2 05@>:>A<VG=V9 V=4CAB@VW V F1. 

�283C=8 4;S 02B><>1V;V2 F1 <0RBP =04B>=:V ?>@H=52V :V;PFS. �V4><V 
:><?@5AV9=V :V;PFS B>2I8=>R 2AP>3> 0,5 <<.  0;0 B>2I8=0 4>72>;Sє 
7<5=H8B8 A8;C B5@BS <V6 :V;PF5< B0 F8;V=4@>< V ?@8 FP><C ?>A8;Rє ?8B><5 
?@8B8A:=5 7CA8;;S. +8< 1V;PH5 ?8B><89 B8A: :V;PFS =0 ABV=:8 F8;V=4@0, B8< 
<5=H0 :V;P:VABP 307V2 ?>B@0?8BP 2 :0@B5@ 4283C=0 V 2V4?>2V4=> 71V;PH8BPAS 
:>@8A=0 @>1>B0 4283C=0. ->1 7@>18B8 :V;PFS 1V;PH ?@C6=8<8 ?@8 =0ABV;P:8 
<0;V9 B>2I8=V, 4>2>48B8AS A8;P=> 703;81;R20B8 WE 2 ?>@H=V V @>18B8 1V;PH 
H8@>:8<8. 

�07>@>7?>4V;PG89 <5E0=V7< (�$ ) 4283C=0 Ferrari Type 048 =5 <0є 
A?V@0;P=8E ?@C68=, I> ?>25@B0RBP :;0?0=8 2 ?>G0B:>25 ?>;>65==S. �;0?0= 
6>@AB:> A?>;CG5=89 7V A?5FV0;P=8< ?>@H=5<, S:89 7 V=H>3> 1>:C <0є HB>:, =0 
S:89 V B8A=5 :C;0G>: @>7?>4V;PG>3> 20;C. #>@H5=P 70:@820є A?5FV0;P=C 
?>@>6=8=C-F8;V=4@, 2 S:V9 ?V4 28A>:8< B8A:>< 7=0E>48BPAS 307 3 07>B. #@8 

=0B8A=5==V :C;0G:0 @>7?>4V;P=>3> 20;C =0 HB>: :;0?0= @CE0єBPAS 2=87 C 
2V4@8B5 ?>;>65==S. #VA;S B>3>, S: :C;0G>: ?@8?8=Sє B8A: =0 HB>: :;0?0==>3> 
?>@H=S, 07>B, I> 7=0E>48BPAS ?V4 B8A:><, ?>25@B0є :;0?0= 2 70:@8B5 
?>;>65==S. *S B5E=>;>3VS 4>72>;Sє C=8:=CB8 7028A0==S :;0?0=V2, 70:@8BBS 
:;0?0=0 74V9A=RєBPAS H284H5, =V6 2 :;0A8G=8E AE5<0E �$ . #@C68=8 2 
B@048FV9=8E 4283C=0E ?@>AB> =5 2AB83;8 1 70:@8B8 :;0?0=8 B0: H284:>, I>1 
C=8:=CB8 WE :>=B0:BC 7 ?>@H=5< ?@8 >15@B0E 17000&20000 E2-1. � A8AB5<C 
B0:>3> <5E0=V7<C B0:>6 2E>4SBP >4=>AB>@>==V :;0?0=8 4;S 
?V4:0GC20==S/2V4:0GC20==S 07>BC V ?V4B@8<:8 9>3> B8A:C, A8AB5<0 A5?0@0FVW 
>;828, @575@2=0 є<=VABP 7V AB8A=5=8< 307><. 
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'�� 621.43.044:62-224.3 

%CE>=>A $.(.1 

 "3;C74V= �...2 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. &-429A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%CE>=>A $.(., "3;C74і= �... 
("$�� �$!"-(����Ь!� %�%&� � ��#��.��!!/ MAHLE 

JET  IGNITION 

!0 AP>3>4=VH=V9 45=P VA=CRBP @V7=V A?>A>18 ?>:@0I8B8 B5E=V:>-
5:>=><VG=V ?>:07=8:8 4283C=0, >48= 7 =8E 3 @>1>B0 =0 71V4=5=8E AC<VH0E. 
#@>B5 ?>AB0є ?@>1;5<0 3 71V4=5=V AC<VHV ?>30=> 70?0;RRBPAS. 

�><?0=VS Mahle Powertrain ?@54AB028;0 <>45@=V7>20=C A8AB5<C 
2?>@A:C20==S B0 70?0;R20==S 4;S 15=78=>28E ���, S:0 4>72>;Sє ?V428I8B8 WE 
5D5:B82=VABP. �283C=8, >A=0I5=V A8AB5<>R Mahle Jet Ignition (MJI), <>6CBP 
?@0FR20B8 =0 A8;P=> 71V4=5=V9 ?0;82=V9 AC<VHV, I> 4>72>;Sє ?V428I8B8 WE 
��� V 5:>;>3VG=VABP. 

$>7@>1;5=0 A8AB5<0 D>@:0<5@=>-D0:5;P=>3> 70?0;R20==S <>65 
28:>@8AB>2C20B8AP =0 ��� 25;8:>3> ;VB@>2>3> >1’є<C, B><C I> C =8E, ?>-
?5@H5, CA:;04=5=5 2?>@A:C20==S, B>1B> 5D5:B82=5 70?>2=5==S >1’є<C :0<5@8 
73>@0==S ?0;82=>-?>2VB@S=>R AC<VHHR V, ?>-4@C35, є ?@>ABV@ 4;S 
@>7B0HC20==S 5;5<5=BV2 MJI. 

 � A8AB5<V MJI (482. @8A. 1) 5;5:B@>4 A2VG:8 70?0;R20==S (1) B0 
@>7?8;R20G D>@AC=:8 (2) 28E>4SBP 2 ?@>ABV@ :0<5@8 =525;8:>3> >1’є<C 3 
D>@:0<5@C (3). *S :0<5@0 ?>2’S70=0 2C7P:8< :0=0;>< 7 >A=>2=>R :0<5@>R 
73>@S==S F8;V=4@0.  

' <><5=B ?5@H>3> B0:BC 4283C=0 3 2?CA:C 3 =525;8:0 ?>@FVS ?0;820 
D>@AC=:>R (2) 2?>@A:CєBPAS 2 :0<5@C 73>@0==S (4), 2 @57C;PB0BV 2 :0<5@V 
73>@0==S CB2>@RєBPAS 71V4=5=0 AC<VH. #VA;S FP>3> =525;8:89 >1’є< 
D>@:0<5@8 70?>2=RєBPAS 71030G5=>W AC<VHHR, 4>AB0B=P>R 4;S 709<0==S 
A2VG:>R 70?0;R20==S 3 157?>A5@54=P> ?5@54 B0:B0<8 AB8A=5==S V @>1>G>3> 
E>4C 2 F8;V=4@V. %0<5 70?0;R20==S, S: 265 7@>7C<V;>, 2V41C20єBPAS =5 2 
>A=>2=V9 :0<5@V, 0 2 4>?><V6=V9 D>@:0<5@V. *R 71030G5=C AC<VH 7024S:8 WW 
E0@0:B5@8AB8:0< ?V4?0;8B8 =5 B0: A:;04=>. � @57C;PB0BV FVєW @50:FVW 
CB2>@RRBPAS S78:8 ?>;C<’S (72V4A8 V «D0:5;» 2 =072V), S:V ?@>=8:0RBP G5@57 
>B2V@ 2 >A=>2=C :0<5@C V ?V4?0;RRBP 71V4=5=C AC<VH.  

*5 <>6=0 ?>@V2=SB8 7 5D5:B>< 709<0==S 71V4=5=>W AC<VHV 70 4>?><>3>R 
2V4@07C 45:V;P:>E A2VG>: 70?0;R20==S. �06;82> B0:>6 V B5, I> ?@8 B0:><C 
<5B>4V 70?0;R20==S ?0;82=0 AC<VH 2 >A=>2=><C F8;V=4@V 73>@0є H284H5 B0 
S:VA=VH5, 71V;PHCRG8 7030;P=89 ��� 4283C=0. 
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1 3 A2VG:0 70?0;R20==S; 2 3 D>@AC=:0; 3 3 D>@:0<5@0; 4 3 :0<5@0 73>@0==S; 5 3 

?>@H5=P 
$8AC=>: 1 3 (>@:0<5@=>-D0:5;P=0 A8AB5<0 70?0;R20==S Mahle Jet Ignition 

 

&0:8< G8=><, D>@:0<5@=>-D0:5;P=0 A8AB5<0 70?0;R20==S 4>72>;Sє 
4283C=C ?@0FR20B8 =0 71V4=5=V9 ?0;82=>-?>2VB@S=V9 AC<VHV.  

$>7@>1=8: MJI 70?52=Sє, I> B0:0 A8AB5<0 =040є <>6;82VABP 71V;PH8B8 
ABC?V=P AB8A:C 4>  = 14 (2 B><C G8A;V 7 BC@1>=044C2><), 1V;PH 5D5:B82=> 
A?0;R20B8 3>@RGC AC<VH V S: @57C;PB0B 7<5=H8B8 B>:A8G=VABP 2V4?@0FP>20=8E 
307V2 =0 15 %. 

%8AB5<8 D>@:0<5@=>-D0:5;P=>3> 70?0;R20==S 28:>@8AB>2CRBPAS =0 
4283C=0E 4;S 02B><>1V;V2 (>@<C;0 1 V 2 307>28E 35=5@0B>@0E. 
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'�� 621.313:621.43 
%CE>=>A $.(.1 

 V@>H=8G5=:> ..".2 

�CH=V@ ".�.2 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. &-417 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%CE>=>A $.(.,  і@>H=8G5=:> .."., �CH=і@ ".�. 
$"�$"��� !���!&��'���Ь!"�" %&�!�' ��/ 
��#$"�'��!!/ �����Ь!"�" ����'!� � $�!!�  

�#"$%�'��!!/  #����� 

%BC?V=P AB8A=5==S 2?;820є =0 4C65 206;8289 ?0@0<5B@ 2 @>1>BV 4875;S 3 
70B@8<:C A0<>709<0==S. �;S 4>AS3=5==S 28A>:>3> V=48:0B>@=>3> ��� 1060=>, 
I>1 AC<VH ?>G0;0 3>@VB8 <0:A8<0;P=> 1;87P:> 4> 25@E=P>W <5@B2>W B>G:8 
?>@H=S (� &). � 2?>@A:C20==S ?0;820 =5>1EV4=> @>18B8 702G0A=>. &>4V 2AR 
5=5@3VR @>7H8@5==S 307V2 ?@8 73>@S==V 1C45 =091V;PH 5D5:B82=> 28:>@8AB0=> 
=0 ?5@5<VI5==S ?>@H=S 2=87. 

' BC@1>4875;S Skyactiv-D 7=0G5==S ABC?5=S AB8A=5==S 7=865=5 (¸ = 14,0) 

C ?>@V2=S==S V7 0B<>AD5@=8<8 4875;S<8 (¸ = 16&25). *5 4>72>;Sє @>18B8 
1V;PH @0==є 2?>@A:C20==S. �=0A;V4>: FP>3> 73>@S==S AC<VHV 2V41C20єBPAS 
B@820;VH5 V 5D5:B82=> =02VBP ?>1;87C 4> � &. $57C;PB0B: 1V;PH 28A>:89 
V=48:0B>@=89 ��� V ?>:07=8:8 5:>;>3VG=>ABV 4283C=0. �;S 287=0G5==S 
5D5:B82=8E ?>:07=8:V2 4283C=0 =0 @V7=8E @568<0E @>1>B8 @>7@>1;5=> AE5<C 
=020=B06C20;P=>3> 28?@>1C20;P=>3> AB5=4C. #V4V1@0=> 30;P<V2=C A8AB5<C, 
=5>1EV4=C V 4>AB0B=R 4;S ?>2=>3> =020=B065==S 4283C=0. �@0E>2CRG8 
?0A?>@B=V E0@0:B5@8AB8:8, 70S2;5=V 702>4><-28@>1=8:>< (482. B01;. 1), 
28:>=0=> ?>HC: B0 ?V41V@ 70 ?0@0<5B@0<8 30;P<V2=>3> ?@8AB@>R.  

 

&01;8FS 1 3 #>:07=8:8 4283C=0 Mazda Skyactiv-D 2.2 

#>:07=8: �5;8G8=0 
�V;P:VABP F8;V=4@V2 4 

"1’є< 4283C=0, A<3 2188 

�V0<5B@ F8;V=4@0, << 86 

)V4 ?>@H=S, << 94,2 

#>BC6=VABP, :�B (:.A.) 110 (150) 

+0AB>B0 >15@B0==S ?@8 <0:A8<0;P=V9 ?>BC6=>ABV, E2-1 4500 

�@CB=89 <><5=B, !∙< 380 

+0AB>B0 >15@B0==S ?@8 <0:A8<0;P=><C :@CB=><C <><5=BV, 
E2-1 

1800&2600 

#@87=0G5=89 @5AC@A, :< 250 000 

$>7B0HC20==S F8;V=4@V2 @S4=5 
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�>;>2=0 28<>30 ?@8 C73>465==V ?0@0<5B@V2 4283C=0 V 30;P<0 3 ?>B@V1=> 
1C;> ?V4V1@0B8 B0:5 30;P<>, I> 1C45 <0B8 <><5=B B0 ?>BC6=VABP 1V;PHC, =V6 
2V4?>2V4=V ?>:07=8:8 4283C=0. 

�0;P<V2=0 A8AB5<0 ?V418@0;0AP 2@0E>2CRG8 ?@>?>78FVR @8=:C, 
@>73;S=CB> 30;P<0 70 ?@8=F8?>< 4VW: 3V4@02;VG=V, ?=52<0B8G=V, V=4C:B82=V, 
5;5:B@8G=V (4;S 3V1@84=8E 4283C=V2 7 ?5@5E>4>< =0 5;5:B@>@5AC@A), 
<03=VB>?>@>H:>2V, <5E0=VG=V. 

�;S 4283C=0 Skyactiv-D 2.2 @>7@>1;5=> AE5<C 28?@>1C20;P=>3> AB5=4C 7 
V=4C:B82=8< 48=0<><5B@>< Magtrol 4WB 15. �8=0<><5B@8 A5@VW WB <0RBP 
:;0A B>G=>ABV 2V4 ±0,3 % 4> ±0,5 %. 

!0 @8AC=:C 1 ?>:070=> C73>465==S 7>2=VH=VE E0@0:B5@8AB8: 4283C=0 
(H284:VA=0 E0@0:B5@8AB8:0) B0 30;P<V2=>3> ?@8AB@>R. � CAP><C 4V0?07>=V 
>15@BV2 4283C=0 70157?5GCєBPAS ?5@5:@8BBS 9>3> E0@0:B5@8AB8: (?>BC6=VABP, 
:@CB=89 <><5=B) 30;P<V2=8<8 E0@0:B5@8AB8:0<8 (?>BC6=VABP, 30;P<V2=89 
<><5=B) 30;P<0. 

  
1 3 30;P<V2=89 <><5=B; 2 3 :@CB=89 <><5=B 4283C=0; 3 3 ?>BC6=VABP 30;P<0; 4 

3 5D5:B82=0 ?>BC6=VABP 4283C=0 
$8AC=>: 1 3 �@0DVG=5 C73>465==S 7>2=VH=VE E0@0:B5@8AB8: 4283C=0 Skyactiv-

D 2.2 V 30;P<0 Magtrol 4WB 15 
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�0=89 28?@>1C20;P=89 AB5=4 4>72>;Sє 287=0G8B8 7>2=VH=R H284:VA=C 
E0@0:B5@8AB8:C, =020=B06C20;P=V B0 @53C;R20;P=V E0@0:B5@8AB8:8 4283C=0 
Skyactiv-D 2.2  7 <>6;82VABR ?>40;PH>3> 9>3> D>@AC20==S. #> :@CB=><C 
<><5=BC є 70?0A 15&25 % (2 4V0?07>=V >15@BV2 4283C=0 1000&2000 E2-1) V 
35&44 % (2 4V0?07>=V >15@BV2 4283C=0 2000&5500 E2-1). #> ?>BC6=>ABV 
70157?5G5=> 70?0A g30 % 2 CAP><C 4V0?07>=V >15@BV2 4283C=0. 

�> =54>;V:V2 AB5=4C =5>1EV4=> 2V4=5AB8 =5>1EV4=VABP 28B@0B8 2>48, I> 
28:>@8AB>2CєBPAS 4;S >E>;>465==S 30;P<0, V7 @>7@0EC=:C 30 ;/(:�B∙3>4). 

 

 

'�� 624.078.5:621.43 
%CE>=>A $.(.1 

 !5A<0H=89  ...2 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. &-418 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%CE>=>A $.(., !5A<0H=89  ... 
�"!%&$'�*�� "#"$ ��� � #"�$�-�!� � ���%&��"%&/ � 

"?>@0 4283C=0 3 F5 45B0;P, S:0 ?>є4=Cє :C7>2 01> H0AV B0 4283C=, :>@>1:C 
?5@540G B0 V=HV 03@530B8 02B><>1V;S. "?>@0 >4=>G0A=> ?V4B@8<Cє 4283C=, 
7=86Cє 2V1@0FVW =0 :C7>2 B0 @V25=P HC<C 2V4 03@530BV2. 

"?>@0 4283C=0 ?@54AB02;Sє A>1>R <5B0;52V ?;0AB8=8 7 :@V?;5==S<, 
?>2’S70=V <V6 A>1>R 3C<>R. /: ?@028;>, 4;S :@V?;5==S A8;>2>W CAB0=>2:8 
=5>1EV4=> 3 01> 4 >?>@8. &@P>EB>G:>20 DV:A0FVS є =091V;PH ?>H8@5=>R 
?@0:B8G=> C 2AVE 02B>28@>1=8:V2. !572060RG8 =0 @V7=89 A?>AV1 @>7B0HC20==S 
V <5B>4 WE :@V?;5==S, DV:A0FVS ?>28==0 1CB8 =0ABV;P:8 =04V9=>R, I>1 2 ?@>F5AV 
5:A?;C0B0FVW 02B><>1V;S =5 1C;> 7=0G=8E 7AC2V2 4283C=0. #>@S4 7 3C<>28<8 
5;5<5=B0<8, 1030BP<0 28@>1=8:0<8 ?@>?>=CєBPAS V ?>;VC@5B0=>289 0=0;>3, 
S:89 2V4@V7=SєBPAS 1V;PH>R 7=>A>ABV9:VABR, 2 B>9 G0A S: 3C<0 =040є 
2V1@CRG><C 4283C=C 2V4=>A=C A2>1>4C @CEV2, V B0:8< G8=><, :@0I5 30A8BP 
:>;820==S. #>;VC@5B0=>2V >?>@8 <>6CBP 1CB8 =5@>71V@=8<8 01> @>71V@=8<8.  

�>=AB@C:FVS >?>@ =5 7<V=R20;0AP ?@>BS3>< 45ASB8;VBP, ?@>B5 2 >AB0==V 
@>:8 7’S28;8AS ?5@A?5:B82=V :>=AB@C:FVW 7 ?>;V?H5=8<8 S:>ABS<8 3 B0: 720=V 
0:B82=V >?>@8. � >3;S4C =0C:>2>-B5E=VG=>W ;VB5@0BC@8 2V4><V 45:V;P:0 
@V7=>284V2 0:B82=8E >?>@. 

1. �;5:B@><03=VB=0 >?>@0 4283C=0 S2;Sє A>1>R 3V4@02;VG=C :0<5@C, 
V7>;P>20=C @CE><>R 4V0D@03<>R. �> 4V0D@03<8 6>@AB:> :@V?8B8AS 
5;5:B@><03=VB=0 :>BCH:0, :@0W S:>W 2E>4SBP 2 ?>ABV9=89 <03=VB. #@8 ?>40GV 
=0?@C38 :>BCH:0 ?5@5<VICєBPAS 23>@C, 70E>?;RRG8 70 A>1>R 4V0D@03<C. #@8 
7=SBBV =0?@C38 :>BCH:0 >?CA:0єBPAS. $CE8 4V0D@03<8 23>@C-2=87 7<CHCRBP 
>?>@C 2V1@C20B8. �5@C20==S @>1>B>R >?>@8 74V9A=Rє 5;5:B@>==0 A8AB5<0. 



85 

 

$>7B0H>20=89 2 >?>@V 0:A5;5@><5B@ DV:ACє 2V1@0FVW 4283C=0, S:V ?5@540RBPAS 
=0 :C7>2. %83=0; 2V4 40BG8:0 ?5@540єBPAS 4> 5;5:B@>==>3> 1;>:C :5@C20==S 
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?@>B8D07V 4> 2V1@0FV9 4283C=0. �V41C20єBPAS =0:;045==S :>;820=P, V 2V1@0FVW 
4283C=0 =0 E>;>AB><C E>4C 7<5=HCRBPAS. � ?>G0B:>< @CEC 02B><>1V;S 
5;5:B@><03=VB=89 :;0?0= ?5@5:@820є 20:CC<=89 :0=0;, 0:B82=0 >?>@0 4283C=0 
?>G8=0є ?@0FR20B8 S: 728G09=0 3V4@02;VG=0 >?>@0. �8:>@8AB>2CRBPAS =0 
02B><>1V;SE Toyota V Lexus.  

3.  03=VB>@5>;>3VG=0 >?>@0 (Porsche Dynamic Engine Mount System) 
28:>@8AB>2Cє 2;0AB82VABP <03=VB>@5>;>3VG=>ABV @V48=8 7<V=R20B8 IV;P=VABP 
?V4 2?;82>< <03=VB=>3> ?>;S. +8< A8;P=VH5 <03=VB=5 ?>;5, B8< 28I5 >?V@ 
@V48=8 V, 2V4?>2V4=>, 28I0 6>@AB:VABP >?>@8. �;S ?>;V?H5==S 48=0<V:8 
02B><>1V;S >?>@0 2 ?>B@V1=89 <><5=B AB0є <0:A8<0;P=> 6>@AB:>R, 4;S 30AV==S 
HC<C V 2V1@0FV9 28:>@8AB>2CєBPAS <’S:5 :@V?;5==S 4283C=0 4> :C7>20. 
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,0;><єє2 �.�.1 

�C:’S=5=:> ".%.2 
�9:V=  .�.3 

14-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
20A?V@0=B :0D54@8 ( , !' «�0?>@V7P:0 ?>;VB5E=V:0» 
30A8AB5=B :0D54@8 ( , !' «�0?>@V7P:0 ?>;VB5E=V:0» 

,0;><єє2 �.�., �C:’O=5=:> ".%., �9:і=  .�. 
"#&� ���*�/ )� �+!"�" %����'  ��!�Є�"�" %#���' ��/ 

��"���$��'.+�) � #��!&�&�� 

� ACG0A=V9 <548F8=V 2 S:>ABV V<?;0=B0BV2 ?@8 >AB5A8=B57V H8@>:> 
70AB>A>2CRBP 1V>@>7G8==V <0B5@V0;8. %5@54 =8E =091V;PH ?5@A?5:B82=8<8 є 
<03=Vє2V A?;028 A8AB5<8 Mg - Zr - Nd. #@>2545=V 4>A;V465==S ?>:070;8, I> 
EV<VG=V 5;5<5=B8 A?;02C є 1V>;>3VG=> V=5@B=8<8, =5 B>:A8G=V, =5 28:;8:0RBP 
:0=F5@>35==8E @50:FV9 V =5 ?@872>4SBP 4> <5B0;>7C. �@V< FP>3>, 25;8:>R 
?5@5203>R B0:8E A?;02V2 є WE <5E0=VG=V E0@0:B5@8AB8:8: σ� g 230  #0, E = 43 
3 45 �#0, · g 2 %, S:V є 1;87P:8<8 4> E0@0:B5@8AB8: :VAB>: (σ� = 120 3 150 

 #0, E = 17 3 20 �#0, · = 1,4 3 3,1 %), I> 70?>1V30є «AB@5A-5:@0=C20==R». 
"4=0:, <5E0=VG=V 2;0AB82>ABV A?;02V2 A8AB5<8 Mg - Zr - Nd 7=86CRBPAS 

?@8 B@820;><C 2?;82V 1V>:>@>7VW. �8B@8<:0 7@07:V2 2 HBCG=><C 70<V==8:C 
:@>2V (35;>DC78=V) ?>:070;>, I> 265 ?VA;S 3-E <VASFV2 28:>@8AB0==S (A5@54=V9 
G0A :>=A>;V40FVW ?5@5;><C) E0@0:B5@8AB8:8 V<?;0=B0BC 7=86CRBPAS 1V;PH =V6 
=0 50%. &0:8< G8=><, @>7@>1:0 =>2>3> A?;02C A8AB5<8 Mg - Zr - Nd 7 
?V428I5=8< @V2=5< <5E0=VG=8E 2;0AB82>AB59 є 0:BC0;P=8< 70240==S<. 

�>A;V46C20;8 2?;82 ;53C20;P=8E 5;5<5=BV2 2 V=B5@20;0E 0,4&1,5% Zr, 
2,2&3,36% Nd, 0,1&0,7% Zn =0 3@0=8FR <VF=>ABV (σ�) B0 2V4=>A=5 284>265==S 
(·) 7 28:>@8AB0==S< <0B5<0B8G=>3> ?;0=C20==S 5:A?5@8<5=BC 70 ?;0=>< 23. 

' ?@>F5AV @>7@0EC=:C @V2=S==S @53@5AVW 4;S 3@0=8FV <VF=>ABV 1C;8 
>B@8<0=V =0ABC?=V 7=0G5==S :>5DVFVє=BV2 @53@5AVW: �0 = 251,62;  

�1 = -4,125; �2 = 15,875; �3 = 1,125; �12 = -8,875; �13 = -0,125;  

�23 = -0,625; �123 = -0,875. 

$V2=S==S @53@5AVW ?VA;S @>7@0EC=:C :>5DVFVє=BV2 @53@5AVW 1C45 <0B8 284: 

 σ2 = 251,63 3 4,125x1 + 15,875x2 + 1,125x3 3 8,875x1x2 3 0,125x1x3 3
0,625x2x3 3 0,875x1x2x3;  (1) 



 

90 

 

�87=0G8;8 203><VABP @>7@0E>20=8E :>5DVFVє=BV2 @53@5AVW, 
28:>@8AB>2CRG8 :@8B5@V9 %B’R45=B0 V B0:8< G8=>< @V2=S==S @53@5AVW ?VA;S 
28:;RG5==S =5203><8E :>5DVFVє=BV2 <0;> 283;S4: 

 σ�= 251,63 3 4,125x1+ 15,875x2 3 8,875x1x2 (2) 

�=0;V7 @V2=S==S @53@5AVW 4;S <VF=>ABV ?>:07Cє, I> ?V428I5==S 2<VABC 
=5>48<C VAB>B=> 71V;PHCє @V25=P <VF=>ABV A?;02C. #V428I5==S 2<VABC 
F8@:>=VR, 0 B0:>6 A?V;P=89 2?;82 =5>48<C B0 F8@:>=VR =0 7=0G5==S 3@0=8FV 
<VF=>ABV <0є =530B82=89 5D5:B. �?;82 F8=:C 1C2 =5203><8<. 

� >B@8<0=8E @57C;PB0BV2 ?;0=C 5:A?5@8<5=BC, 284=>, I> =091V;PHV 
7=0G5==S 3@0=8FV <VF=>ABV (σ2) >B@8<CєBPAS ?@8 <0:A8<0;P=><C 2<VABV 
=5>48<C B0 <V=V<0;P=><C 2<VABV F8@:>=VR. 

�=0;>3VG=V @>7@0EC=:8 1C;8 ?@>2545=V 4;S 2V4=>A=>3> 284>265==S. 
�C;8 >B@8<0=V =0ABC?=V 7=0G5==S :>5DVFVє=BV2 @53@5AVW:  

�0 = 3,85; �1 = 0,75; �2 = - 0,225; �3 = 0,025; �12 = - 0,625; �13 = -0,025;  

�23 = - 0,05; �123 = 0.  

$V2=S==S @53@5AVW ?VA;S @>7@0EC=:C :>5DVFVє=BV2 @53@5AVW <0;> 284: 

· = 3,85 + 0,75x1 3 0,225x2 + 0,025x3 3 0,625x1x2 3 0,025x1x33 0,05x2x3 (3) 

&0:8< G8=>< @V2=S==S @53@5AVW ?VA;S 28:;RG5==S =5203><8E :>5DVFVє=BV2 
<0;8 283;S4: 

 · = 3,85 + 0,75x1 3 0,225x2 3 0,625x1x2 (4) 

� @57C;PB0BV 0=0;V7C @V2=S=P @53@5AVW 287=0G5=>, I> ?V428I5==S 2<VABC 
=5>48<C 71V;PHC20;> 3@0=8FR <VF=>ABV, 0;5 ?@8 FP><C 9>3> <0:A8<0;P=0 
:>=F5=B@0FVS 7=86C20;0 2V4=>A=5 284>265==S. �?;82 F8@:>=VR <02 72>@>B=89 
5D5:B.  0:A8<0;P=0 :>=F5=B@0FVS F8@:>=VR VAB>B=> 71V;PHC20;0 ?;0AB8G=VABP 
?@8 >4=>G0A=><C 7=865==V <VF=>ABV. %?V;P=89 2?;82 =5>48<C B0 F8@:>=VR 
<02 =530B82=89 E0@0:B5@. �?;82 F8=:C =0 2;0AB82>ABV <5B0;C 1C2 =57=0G=8<. 

 

 

'�� 669.715 

�RB>20 ". �. 
:0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�NB>20 ". �. 
!�$�%!� ��" �&$�/, �!��!�$!� &� �" #’.&�$!� �$�(��� 

(��%&�!*��!�� ("$ �&) 

�8:;8:8 G0AC C 283;S4V :>@>=0 2V@CA=>W V=D5:FVW 28<030RBP 2V4 
ACA?V;PAB20 045:20B=>W 2V4?>2V4V. �<V=8, I> ?>ABC?>2> =07@V20;8 C AD5@V 
>A2VB8, AB0;8 3V4=>R 2V4?>2V44R, 0 2V@CA AB02 ;8H5 :0B0;V70B>@><. 
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%CG0A=89 A2VB 4C65 <V=;8289, H284:>7<V==89 V 3>;>2=5 70240==S 
28:;040G0 ?>;S30є C B><C, I>1 =02G8B8 ABC45=B0 H284:> 040?BC20B8AS 4> F8E 
7<V=, I> 1C45 A2V4G8B8 ?@> =0S2=VABP C 74>1C20G0 >A2VB8 <>3CB=P>3> V=B5;5:BC.  

�8AF8?;V=0 «!0@8A=0 35><5B@VS, V=65=5@=0 B0 :><?’RB5@=0 3@0DV:0» 70 
B@048FV9=>W D>@<8 =02G0==S <0;0 ?>4V; =0 ;5:FVW, ?@0:B8G=V 70=SBBS B0 
;01>@0B>@=V 7 :><?’RB5@=>W 3@0DV:8. � C<>20E :0@0=B8=C 715@565==S FVєW 
AB@C:BC@8 7 ?@>2545==S< 70=SBP ;8H5 C D>@<0BV 2V45> :>=D5@5=FV9 є 
=54>FV;P=8<. �8AB0=FV9=0 D>@<0 3 F5 ACBP V=H0 D>@<0 =02G0==S, 2 =V9 =5<0є 
728G=8E ;5:FV9  B0 ?@0:B8G=8E 70=SBP, 0 @>1>BC ABC45=B0 A?@S<>20=> 
7451V;PH>3> =0 A0<>ABV9=5 >?@0FR20==S <0B5@V0;C, ?@8 FP><C :>65= <0є 
7<>3C >1@0B8  A2V9 B5<? @>1>B8, 0 28:;040G 28ABC?0є C @>;V =0AB02=8:0 3 
?@0FRє 7V ABC45=B0<8 V=482V4C0;P=>, =0 :>=AC;PB0FVSE. 

�C@A «!0@8A=0 35><5B@VS, V=65=5@=0 B0 :><?’RB5@=0 3@0DV:0» 
A:;040єBPAS 7 G>B8@P>E <>4C;V2, C :>6=><C 7 S:8E є B5>@5B8G=89 <0B5@V0;, 
2V45> 70=SBBS, ?5@53;S4 S:8E =040є 7<>3C 28:>=0B8 V=482V4C0;P=5 3@0DVG=5 
70240==S, 4;S :>=B@>;R 7=0=P 3 B5AB8 4;S A0<>?5@52V@:8 (ACG0A=89 D>@<0B C 
google forms). 

�=0;V7 B5ABC №1 7 ?5@H>3> <>4C;S ?>:0702, I> 7 15 @5A?>=45=BV2 (>48= 
?>B>: ABC45=BV2) 51 % 2V4?>2V;8 2V@=> =0 5 V7 9 ?8B0=P, ?@8 FP><C ?8B0==S, I> 
<0;8 ?@S<V 2V4?>2V4V C :>=A?5:BV  ;5:FV9 (78 % 2V4 7030;P=>W :V;P:>ABV ?8B0=P) 
=5 28:;8:0;8 B@C4=>IV2. !0 ?8B0==S «7 @>478=:>R»  ;8H5 7 % ABC45=BV2 40;8 
?@028;P=V 2V4?>2V4V. � V=482V4C0;P=8<8 3@0DVG=8<8 70240==S<8 2?>@0;8AP 
90 % ABC45=BV2. 

 >6=0 22060B8, I> ?@8 48AB0=FV9=V9 D>@<V =02G0==S 70 =0;56=>W 
>@30=V70FVW AB@C:BC@8 :C@AC B0 ?@8 =0S2=>ABV C 74>1C20GV2 >A2VB8 70A>1V2 4;S 
>=;09= :><C=VFVR20==S, :><?’RB5@=>W B5E=V:8 7 <>6;82VABR 28:>@8AB0==S 
3@0DVG=8E A8AB5<, S:VABP 7=0=P 715@V30єBPAS =0 =0;56=><C, 704>2V;P=><C @V2=V. 

 

 

'�� 621.791 
�5@56=89 %.#.1 

 #8A0@AP:89 �.".2 
1 :0=4. B5E=. =0C:, 4>F. «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�5@56=89 %.#., #8A0@Aь:89 �.". 
�"%�����!!/ %&$'�&'$� ���&��� (�$"&�&�!' $��!�) 

%#"%"��� ��$"�!�*&�� 

� @>1>BV ?@82>48BPAS ?>@V2=S;P=89 0=0;V7 AB@C:BC@ 7;8B:V2 D5@>B8B0=C 
@V7=8E <5B>4V2 28@>1=8FB20 4;S 283>B>2;5==S ?>:@8B8E 720@R20;P=8E 
5;5:B@>4V2. 
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' D5@>B8B0=V (&V35� 0;R<>B5@<VG=>3> A?>A>1C 28@>1=8FB20, S:89 
2E>48BP 4> A:;04C ?>:@8BBS 720@R20;P=8E 5;5:B@>4V2, >1'є<=0 G0AB:0 
2:;RG5=P AS30є 0,3 %. #@8 FP><C, 1V;PH0 G0AB8=0 (4> 70 %) є BC3>?;02:8<8 70 
@0EC=>: >:A84V2 0;R<V=VR. �>;>2=0 G0AB8=0 7;8B:0 <VAB8BP 25;8:C :V;P:VABP 
2:;RG5=P H;0:C =0ABC?=>3> A:;04C: 68...74 % Al2O3, 8...12 % CaO, 8...12 % 

(TiO2 + TiO) B0 V=HV >:A848. &C3>?;02:V G0AB8=:8 B0:>3> H;0:C 2 ?>40;PH><C, 
?@8 28:>@8AB0==V FP>3> D5@>A?;02C 2 ?>:@8BBV 720@R20;P=8E 5;5:B@>4V2 
<>6CBP A;C68B8 =5<5B0;VG=8<8 2:;RG5==S<8 2 =0?;02;5=>3> <5B0;V. &><C 
4;S 28@>1=8FB20 720@R20;P=8E 5;5:B@>4V2 28:>@8AB>2CєBPAS BV;P:8 4>==0 
G0AB8=0 7;8B:V2 ?VA;S @CG=>3> A>@BC20==S.  

�>A;V46C20=89 A?;02 (&V30� A:;04C Ti 3 30±2 %, Al 3 9...10 %, Si 3 
2,0...2,5 %, Cu 3 0,32 %, C 3 0,11 %, >B@8<0=89 0;R<>B5@<VG=8< A?>A>1><, <0є 
4>A8BP =5>4=>@V4=C <V:@>AB@C:BC@C 7 25;8:>R :V;P:VABR =5>4=>@V4=>AB59, I> 
4>AS30RBP 30 % ?;>IV H;VD0. "A=>2=5 ?>;5 S2;Sє A>1>R A2VB;V 4V;S=:8 (@8A. 
1,0), I> <0RBP B25@4VABP !=16000...17700  #0. *S D070 2V4?>2V40є 
V=B5@<5B0;V4C TiFe2 [1]. 'A5@548=V F8E ?>;V2 @>7B0H>20=V SA:@02> 1V;V 4V;S=:8 
28BS3=CB>W D>@<8, 2<VAB 5;5<5=BV2 2 FV9 D07V AB0=>28BP Ti330...34 %, Al3
8,0...10 %, Si31 %. I> S2;Sє A>1>R B25@489 @>7G8= Al V Si 2 TiFe2.  

%B@C:BC@0 A?;02C D5@>B8B0=C 5;5:B@>H;0:>2>W 28?;02:8 (�,�) 7 
2<VAB>< 45 % Ti ((&,45) A:;040єBPAS 7 42>E V=B5@<5B0;V4V2 TiFe2 B0 TiFe, 
75@=0 S:8E GVB:> 284=> =0 @8A. 1, 1. �'є4=0==S TiFe 2 ;8B><C AB0=V <0є 
?;0AB8=G0ABC 1C4>2C. #5@28==> 70:@8AB0;V7>20=V A2VB;V 75@=0 7'є4=0==S TiFe2, 

>B>G5=V 75@=0<8 TiFe ?;0AB8=G0AB>W 1C4>28. ' F5=B@V A2VB;8E 75@5= TiFe2 

A?>AB5@V30RBPAS ?>B5<=V==S, 2V4?>2V4=V D07V TiFe. �AB0=>2;5=>, I> ?@8 
:>=F5=B@0FVW 36...46 % Ti ?5@28==V 75@=0 TiFe2 <>6CBP <0B8 G0AB:>289 @>7?04 
7 CB2>@5==S< TiFe, :V;P:VABP S:>3> 7@>AB0є 7V 71V;PH5==S< :>=F5=B@0FVW Ti. �V 
7=865==S< B5<?5@0BC@8 >1;0ABP 3><>35==>ABV A?>;C:8 TiFe2 72C6CєBPAS. *5 
28:;8:0є G0AB:>289 @>7?04 TiFe2 7 CB2>@5==S< TiFe, I> 2V4?>2V40є ?5@5E>4C 
4> 1V;PH @V2=>206=>3> AB0=C. 

!5<5B0;52V 2:;RG5==S 2 A?;02V (&,45 7CAB@VG0RBPAS 7=0G=> @V4H5 V 
?@54AB02;5=V 2 >A=>2=><C :0@1>=VB@84>< B8B0=C @>7<V@>< 10...15 <:<. V 
>48=8G=8<8 2:;RG5==S<8 BV0;VBC, 4> 16 <:<. "1'є<=0 G0AB:0 >:A84=8E 
2:;RG5=P =5 ?5@528ICє 0,12 %.  

�;8B:8 D5@>B8B0=C �,� <0RBP >4=>@V4=89 A:;04, IV;P=C AB@C:BC@C 
A?@S<>20=>W :@8AB0;V70FVW ?@8 2V4ACB=>ABV H;0:>28E 2:;RG5=P. � ?>@V2=S==V 7 
0;R<>B5@<VG=8< D5@>B8B0=><, <0A>20 G0AB:0 >:A84=8E 2:;RG5=P 7=865=0 2 
3...4 @078 B0 =5 ?5@528ICє 0,12 %. 
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0   1 

0 3 A?;02 (&V30�, 0;R<>B5@<VG=>3> A?>A>1C 28@>1=8FB20; 1 3 A?;02 (&,45. 
$8AC=>: 1 3  V:@>AB@C:BC@0 A?;02V2 D5@>B8B0=C ×300 

 

�87=0G5=>, I> G0AB:>289 @>7?04 ?5@28==8E 75@5= TiFe2 7 CB2>@5==S< 
TiFe C AB@C:BC@V 7;82:V2 D5@>B8B0=C �,� ?@8 :>=F5=B@0FVW &i 38...48 % 

?>:@0ICє 740B=VABP 4> ?>4@V1=5==S. 
 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �803@0<<O A>AB>S=8S 42>9=OE 8 <=>3>:><?>=5=B=OE A8AB5< =0 
>A=>25 65;570: %?@02>G=8: / ?>4 @54. ".�. �0==OE. 3  .:  5B0;;C@38S, 1986. 
3 436 A. 

 

 

'�� 378.147.091.315.7 

�06<V=0 �.�. 1 

 0B2Vє=:> �.�.2  

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. &-310 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�06<і=0 �.�.,  0B2іє=:> �.�. 
 �!&��Ь!� ��$&�: ��%�� �$��&��!"�"  �%��!!/ 

 5=B0;P=0 :0@B0 (mind map 7 0=3;.) 3 F5 B5E=V:0 2V7C0;V70FVW <8A;5==S, 
S:0 40є 7<>3C DV:AC20B8 9 >1@>1;SB8 V=D>@<0FVR. �W 28=09H>2 :0=045FP &>=V 
�PR75= C 60-E @>:0E XX AB>;VBBS. �0AB>AC20==S FP>3> <5B>4C 4>?><>3;> 9><C 
2 ABC45=BAP:V @>:8 >B@8<0B8 ?>42V9=89 48?;>< V7 2V47=0:>R 7 0=3;V9AP:>W 
<>28, ?A8E>;>3VW, <0B5<0B8:8 B0 7030;P=8< =0C:0<. 

*5 >48= V7 =09:@0I8E <5B>4V2 :>=A?5:BC20==S AP>3>4=V, S:89 4>?><030є 
=0>G=> :><?0:B=> ?@54AB028B8 25;8:89 >1AS3 V=D>@<0FVW =0 >4=><C 0@:CHV 3 
:;0A8DV:C20B8 ?>=SBBS @07>< V7 7=0:>28<8 A8<2>;0<8 (@8AC=:0<8, 
?>A8;0==S<8 B>I>). *5 40є 7<>3C 70?0<’SB0B8 25;8:89 >1AS3 40=8E 157 
70CGC20==S. "A=>2=0 4C<:0 01> V45S 7>1@06CєBPAS 2 F5=B@V <5=B0;P=>W :0@B8, 
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0 2AV 4>40B:>2V 3 =02:>;>, C 283;S4V 3V;>:, I> @>7E>4SBPAS 2V4 F5=B@C. �;5 
<09=4<5?V=3 28<030є =5 BV;P:8 ;>3VG=>3> B0 0=0;VB8G=>3> <8A;5==S, 0 9 
:@50B82=>3>, V B><C BCB =5<0є GVB:8E ?@028; V D>@<0;P=>AB59.  >6=0 
AB2>@R20B8 B0:V :0@B8 7;V20 =0?@02>, 725@EC 2=87, «45@52><» 01> «7V@>G:>R». 
!5 B@510 >1<56C20B8 D0=B07VR! �>;>2=5 3 DV:AC20B8 EV4 4C<>: C 7@>7C<V;V9 
4;S A515 D>@<V. 

#@8G8==>-=0A;V4:>289 72’S7>: 2;0A=8E 4C<>: 2 V=B5;5:B-:0@BV <>6;82> 
V;RAB@C20B8 =5 BV;P:8 3V;:0<8, 0 I5 9 V=H8<8 5;5<5=B0<8. !0?@8:;04, 
F8D@0<8 3 40B8 =><5@ :>6=><C ?>=SBBR 9 B><C, I> 4> =P>3> 2V4=>A8BPAS. &0:, 
;>3V:0 4C<>: 1C45 715@565=0 157 AB@V;>: V ;V=V9, S:V V=>4V <>6CBP A8;P=> 
?5@5>1BS6C20B8 :0@BC. &0:>6 =5 B@510 701C20B8, I> <5=B0;P=0 :0@B0 <0є 1CB8 
SA:@02>R. �;S FP>3> =5>1EV4=> 28>:@5<;R20B8 :>6=C B5<C ?52=8< :>;P>@><, 
?8A0B8 :;RG>2V A;>20 @V7=8< H@8DB>< 70 28A>B>R 3 B0: 7’S28BPAS 0A>FV0FVS 
:;0A8DV:0FV9=>W ?V4?>@S4:>20=>ABV B0 C=5<>6;828BPAS ?;CB0=8=0 ?V4 G0A 
?>2B>@5==S <0B5@V0;C. #@>B5 :0@B0 =5 <0є 1CB8 70=04B> :>;P>@>2>R 3 :@0I5 
27SB8 70 >A=>2C :V;P:0 :>;P>@V2, S:V 30@<>=CRBP >48= 7 >4=8<. 

 !0H G0A є 157;VG ?;0BD>@< V 251A5@2VAV2 4;S AB2>@5==S <5=B0;P=8E :0@B, 
S:V <>6=0 28:>@8AB>2C20B8 =0 @V2=V 7V AB2>@5==S< mind map 2;0A=>@CG. 

!0 @8A. 1 ?@54AB02;5=0 V=B5;5:BC0;P=0 :0@B0 70 B5<>R «$>7@V78» 7 :C@AC 
«�=65=5@=0 B0 :><?’RB5@=0 3@0DV:0» 2 !0FV>=0;P=><C C=V25@A8B5BV 
«�0?>@V7P:0 ?>;VB5E=V:0». 

 

 
$8AC=>: 1 3 І=B5;5:B-:0@B0 «$>7@V78» 
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�>;>2=0 V45S ?@575=B>20=0 «E<0@>R» 7 =072>R «$"�$���». �V4 =5W 
@>7@V78 @>730;C6CRBPAS 1;8A:02:0<8 =0 ?@>ABV B0 A:;04=V 70 :V;P:VABR AVG=8E 
?;>I8=. �V;S =0728 :>6=>3> 284C @>7@V7C 7>1@065=> :@5A;5=8:, I> 40є =0>G=5 
?@54AB02;5==S ?52=>3> @>7@V7C.  5=B0;P=0 :0@B0 AB2>@5=0 2 ?@>3@0<V 
«Microsoft Word», 0;5 B0:C :0@BC <>6=0 =0<0;R20B8 =0 728G09=><C 0@:CHV 70 
4>?><>3>R D;><0AB5@V2 B0/G8 :>;P>@>28E >;V2FV2. 

 5=B0;P=V :0@B8 3 F5 GC4>289 V=AB@C<5=B, 70 4>?><>3>R S:>3> 1C4P-S:5 
?8B0==S, I> @>73;S40єBPAS, AB0є 7@>7C<V;8<. �>=8 >@83V=0;P=V B0 A?@8SRBP 
:@50B82=>ABV 2 ?@>F5AV AB2>@5==S. 

� V=B5;5:BC0;P=8E :0@B0E 02B>@>< ?>40єBPAS =09206;82VH0 V=D>@<0FVS, 
S:0 ;53:> A?@89<0єBPAS B0 70?0<’SB>2CєBPAS, 2=0A;V4>: GVB:>3> C?>@S4:C20==S 
V=D>@<0FVW. 

 

 

'�� 378.147.091.322.7 

�06<V=0 �.�.1  

�V=P:>2 !.�.2 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. &-110 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�06<і=0 �.�., �і=ь:>2 !.�. 
���"$�%&�!!/  �&"��� �"!%#��&'��!!/ 

� "%��&!Ь" ' #$"*�%� 

%P>3>4=V, S: =V:>;8, 2 G0A V=B5@=5BC B0 F8D@>28E 30465BV2, :>;8 
V=D>@<0FVS ?>B@0?;Sє 4> =0A 25;8:8<8 >1AS30<8 7 1C4P-S:8E ?@8AB@>W2, C<VB8 
0=0;V7C20B8, >1@>1;SB8 V=D>@<0FVR B0 70=>B>2C20B8 WW є ACBBє2>R =028G:>R 
ACG0A=>W ;R48=8, 0 >A>1;82>, 74>1C20G0 28I>W >A2VB8. �0 4>?><>3>R 

A:;045=8E :>=A?5:BV2 <>6=0 H284:> 70:@V?8B8 2 ?0<’SBV B0 ?@83040B8, 70 
=5>1EV4=>ABV, 206;82C V=D>@<0FVR. �>=A?5:B є AB8A;8< 7<VAB>< :C@AC 
=02G0;P=>W 48AF8?;V=8, >D>@<;5=8< C ?8AP<>2><C 283;S4V. 

$>73;S=5<> 45:V;P:0 A?>A>1V2 :>=A?5:BC20==S 70 B5<>R «�@V?8;P=V 
F8;V=4@8G=V @V7P18» 7 :C@AC «!0@8A=0 35><5B@VS, V=65=5@=0 B0 :><?’RB5@=0 
3@0DV:0». 

 5B>4 1>:Aі2. &5<0 @>71820єBPAS =0 >:@5<V 1;>:8 V :>65= 1;>: 
>1<56CєBPAS ?@S<>:CB=8:><. &0: ;53H5 A?@89<0єBPAS V=D>@<0FVS, >A:V;P:8 
2>=0 ?@54AB02;SєBPAS >A=>2=8<8 ?>;>65==S<8 I>4> 40=>3> B5@<V=0, 40B8 B0 
V=. *59 A?>AV1 1C45 :>@8A=8< ?@8 282G5==V V=>75<=8E A;V2, 40B, 1V>3@0DV9 
VAB>@8G=8E >A>18AB>AB59 B>I> (@8A. 1). 
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$8AC=>: 1 3  5B>4 1>:AV2 

 

 5B>4 �>@=5;;0. �@:CH ?0?5@C 4V;8BPAS =0 42V G0AB8=8. ' ?@02V9 
G0AB8=V, 1V;PH>R 70 @>7<V@><, V=D>@<0FVS ?@54AB02;SєBPAS :;RG>28<8 B570<8. 
' ;V2V9 G0AB8=V 70?8ACєBPAS >A=>2=0 4C<:0 F8E B57. �>;>2=5 ?@028;> <5B>4C: 
«<5=H5 3 :@0I5». �=87C >1>2’S7:>2> 70?8ACєBPAS 28A=>2>: (B01;. 1). 

 

&01;8FS 1 3  5B>4 �>@=5;;0 
"A=>2=0 4C<:0 �0<VB:8 
$V7P10  �&$�+!� 

#@>DV;P 
�5@H8=8 
�0?048=8 
 

#>7=0G5==S 

@V2=>AB>@>==V9 B@8:CB=8: 7 :CB>< ?@8 25@H8=V 
60 ° 
?;>A:>7@V70=V 
?;>A:>7@V70=V 01> 70>:@C3;5=V 4;S ?V428I5==S 
<VF=>ABV @V7P18 

 24 (25;8:89 :@>:),  24E1 (4@V1=89 :@>:) 
$V7P10 �.� "�� 

#@>DV;P 
�5@H8=8 B0 70?048=8 
!><V=0;P=89 4V0<5B@ 
#>7=0G5==S 

@V2=>AB>@>==V9 B@8:CB=8: 7 :CB>< ?@8 25@H8=V 
55 ° 
7@V70=V 
28@060єBPAS 2 4R9<0E (1" = 25,4 <<) 
1/2" 

$і7ь10 &$'�!� 

#@>DV;P 
�5@H8=8 B0 70?048=8 

!><V=0;P=89 4V0<5B@ 
#>7=0G5==S 

@V2=>AB>@>==V9 B@8:CB=8: 7 :CB>< ?@8 25@H8=V 55 ° 
70>:@C3;5=V 
28@060єBPAS 2 4R9<0E 
G 3/4 

�@V?8;P=V F8;V=4@8G=V @V7P18 <0RBP ?@>DV;P C 283;S4V B@8:CB=8:0. 
�8:>@8AB>2CRBP 4;S 70157?5G5==S @>7’є<=8E 7’є4=0=P. 

 �&$�+!� 
• #@>Dі;ь @V2=>AB>-
@>==V9 B@8:CB=8: 7 
:CB>< ?@8 25@H8=V 60 ° 
• �5@H8=8 ?@>DV;R 
?;>A:>7@V70=V 
• З0?048=8 ?;>A:>-
7@V70=V 01> 70>:@C3;5=V 
• #>7=0G5==O  
 24 (25;8:89 :@>:), 
 24E1 (4@V1=89 :@>:) 

&$'�!� 

• #@>Dі;ь @V2=>-
154@5=89 7 :CB>< 
?@8 25@H8=V 55 ° 
• �5@H8=8 і 
70?048=8 
70>:@C3;5=V 
• �8<V@RRBP 2 
4R9<0E 
• #>7=0G5==O 
G 3/4 

�.� "�� 

• #@>Dі;ь @V2=>-
154@5=89 B@8:CB-
=8: 7 :CB>< ?@8 
25@H8=V 55 ° 
• �5@H8=8 і 
70?048=8 7@V70=V 
• !><V=0;P=89 
4V0<5B@ 28@060-
єBPAS 2 4R9<0E 
• #>7=0G5==O  1/2" 
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 5B>4 <5=B0;ь=8E :0@B. #>A5@548=V 25;8:8<8 ;VB5@0<8 
?@54AB02;SєBPAS 3>;>2=0 B5<0. �V4 FP>3> :;RG>2>3> ?>=SBBS 945 @>730;C65==S 
2 @V7=V 1>:8 =0 ?V4B5<8, V 4> :>6=>3> 2V430;C65==S ?@8:@V?;SRBPAS A;>20, 
7>1@065==S, ?>A8;0==S B>I> (@8A. 2). 

 

 
$8AC=>: 2 3 І=B5;5:B-:0@B0 

 

"B65, :>=A?5:BC20==S 3 F5 ?@>F5A, S:89 A:;040єBPAS 7 ?@>4C:B82=>W 
4VS;P=>ABV ABC45=B0, 0 A0<5: G8B0==S B5:ABC (?@>A;CE>2C20==S 0C4V>, 
?5@53;S4C 2V45>), 284V;5==S >A=>2=8E ?>;>65=P, @>73;S4C ?@8:;04V2, 
0=0;V7C20==S B0 A8=B57C20==S V=D>@<0FVW, D>@<C20==S :>=A?5:BC. 

 

 

'�� 742 
�>2:C= %.�.1 

�@0AR:>20 �.�. 2 
1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ��� 539 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�>2:C= %.�., �@0AN:>20 �.�. 
�"!&$"�Ь �!�!Ь �$�(�+!"� ��%*�#��!� «�!��!�$!� 
�$�(���» � ' "��) ��%&�!*��!"�" !��+�!!/ 

"4=8< 7 206;828E 5;5<5=BV2 48AB0=FV9=>3> =02G0==S 3@0DVG=>W 
48AF8?;V=8 є :>=B@>;P 7=0=P. 

�8AB0=FV9=5 =02G0==S 40є 7<>3C ABC45=B0< FV;>4>1>2>3> 4>ABC?C 4> 
=02G0;P=8E <0B5@V0;V2, ?>ABV9=C ?V4B@8<:C V :>=AC;PB0FVW 28:;040GV2, >=-

;09=>2V 2V45> ;5:FVW B0 V=HV B5E=>;>3VG=V @VH5==S 4;S 70157?5G5==S 
5D5:B82=>3> B0 S:VA=>3> ?@>F5AC =02G0==S. �><?'RB5@=V B5E=>;>3VW 
28:>@8AB>2CRBPAS 2 S:>ABV 5;5:B@>==8E ?V4@CG=8:V2 B0 4>40B:>2>W <>6;82>ABV 
>B@8<0==S 7=0=P. 

�V;PHVABP @>1VB 28:>=CRBPAS ABC45=B>< G5@57 �=B5@=5B, B><C ?8B0==S 
?@> :>=B@>;P 7=0=P ?@8 48AB0=FV9=><C =02G0==V AB>WBP 3>AB@>. �>=B@>;P є 
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206;828< G8==8:>< C?@02;V==S =02G0;P=>-28E>2=8< ?@>F5A><, >4=8< 7 
4Vє28E 70A>1V2 ?V428I5==S 5D5:B82=>ABV ?V7=020;P=>W 4VS;P=>ABV. 

"FV=:0 74V9A=RєBPAS 70 @57C;PB0B0<8 282G5==S =02G0;P=>3> <0B5@V0;C 
:>6=>W B5<8, <>4C;S =02G0;P=>W 48AF8?;V=8. 

 5B>48 :>=B@>;R 3 F5 A?>A>18 4VS;P=>ABV 28:;040G0 V ABC45=BV2, C E>4V 
S:8E 2V41C20єBPAS 70A2>є==S =02G0;P=>3> <0B5@V0;C B0 >2>;>4V==S ABC45=B0<8 
7=0==S<8, C<V==S<8 V =028G:0<8. "A=>2=8<8 <5B>40<8 :>=B@>;R є B5AB>289 
:>=B@>;P, ?8AP<>20 V ?@0:B8G=0 ?5@52V@:0. 

�030;P=5 7=0G5==S <5B>4V2 ?>;S30є 2 B><C, I>1 =09;V?H8< G8=>< 
70157?5G8B8 A2>єG0A=89 V 2A51VG=89 72>@>B=89 72'S7>: <V6 ABC45=B0<8 V 
28:;040G0<8, =0 >A=>2V S:>3> 2AB0=>2;RєBPAS, S: ABC45=B8 A?@89<0RBP B0 
70A2>RRBP <0B5@V0;. 

#@8 48AB0=FV9=><C =02G0==V 28:>@8AB>2CRBPAS @V7=V 2848 :>=B@>;R: 
?>B>G=89 :>=B@>;P, B5<0B8G=89 :>=B@>;P, ?V4AC<:>289 :>=B@>;P. 

#>B>G=89 B0 B5<0B8G=89 :>=B@>;P >B@8<0=8E 7=0=P 2V41C20єBPAS H;SE>< 
B5ABC20==S B0 28:>=0==S 3@0DVG=8E @>1VB. 

&5AB8 є 7@CG=8< B0 >1’є:B82=8< V=AB@C<5=B>< 4V03=>AB8:8 7=0=P. �AV 
B5AB>2V 70240==S <0RBP >4=0:>2C AB@C:BC@C V ?>1C4>20=V 2 7@CG=V9 D>@<V. 

�;S ?V428I5==S >1’є:B82=>ABV >FV=:8 S:>ABV ?V43>B>2:8 ABC45=BV2 2 
@0<:0E ?>B>G=>3> :>=B@>;R B0:>6 ?5@5410G5=V 3@0DVG=V @>1>B8. �>=8 
28:>=CRBPAS 2@CG=C 2 728G09=><C ?0?5@>2>-:0@0=40H=>< 20@V0=BV 7 
?>40;PH8< A:0=C20==S< 01> D>B>3@0DC20==S< WE V ?5@5A8;0==S< >B@8<0=>3> 
3@0DVG=>3> D09;C =0 ?5@52V@:C 28:;040GC. 

�;S ?V428I5==S 5D5:B82=>ABV :>=B@>;R 7=0=P B0 C<V=P ABC45=BV2 C 
48AB0=FV9=><C =02G0==V ?>B@V1=> 28:>@8AB>2C20B8 AC:C?=VABP @V7=8E 284V2 B0 
<5B>4V2 ?5403>3VG=>3> :>=B@>;R. 

 

 

'�� 378.01:744 

%:>@>1>30B0  .�. 1 

 0:0@>20 %.Є. 2 
1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ��� 810 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

%:>@>1>30B0  .�.,  0:0@>20 %.Є.  
("$ '��!!/ ��*������!"%&� ' %&'��!&��  
#$� ���+�!!� �$�(�+!�) ��%*�#��! 

!0@8A=0 35><5B@VS, V=65=5@=0 3@0DV:0 3 DC=40<5=B0;P=V 48AF8?;V=8 4;S 
V=65=5@0 1C4P-S:>3> ?@>DV;R, 702648 22060;8AS A:;04=8<8, B0:8<8, I> 
206:> 70A2>RєBPAS, S:V 28<030RBP G8<0;8E 28B@0B A8; V G0AC.  
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�:B82V70FVS ?V7=020;P=>W 4VS;P=>ABV ABC45=BV2 1C;0 V 70;8H0єBPAS 
>A=>2=>R ?@>1;5<>R ?5403>3V:8 ?@>D5AV9=>3> =02G0==S, 0 ?@028;P=0 
>@30=V70FVS FVєW 4VS;P=>ABV є ?@V>@8B5B>< 4;S 28:;040GV2. 

"A=>2=8< 5;5<5=B>< @>728B:C 70FV:02;5=>ABV C ABC45=BV2 є 9>3> CG0ABP 2 
=02G0;P=>-?V7=020;P=>W 4VS;P=>ABV. #@>F5A 282G5==S 3@0DVG=8E 48AF8?;V= 
2:;RG0є =09@V7=><0=VB=VHV 2848 4VS;P=>ABV, S:V <>6CBP 70FV:028B8 :>6=>3>, 
=570;56=> 2V4 9>3> A?>G0B:C VA=CRG8E V=B5@5AV2 B0 AE8;P=>AB59. �E 282G5==S 
4>?><030є @>7:@8B8AS A0<8< @V7=8< 74V1=>ABS< - <0B5<0B8G=8<, B5E=VG=8<, 
:>=AB@C:B>@AP:8<, >@30=V70B>@AP:8<, :><C=V:0B82=8<, 4>A;V4=8FP:8< B0 
1030BP>< V=H8<. 

#52=5 7=0G5==S C D>@<C20==S 70FV:02;5=>ABV ABC45=BV2 4> 282G5==S 
3@0DVG=8E 48AF8?;V= <>65 AB0B8 70;CG5==S WE 4> =0C:>2>W @>1>B8 :0D54@8. � 
B0:V9 AB@C:BC@V S: ABC45=BAP:89 =0C:>289 3C@B>:, WE CG0A=8: <>6CBP 1V;PH 
?>3;81;5=> 282G0B8, 70AB>AC20B8 >:@5<V ?8B0==S =02G0;P=8E 48AF8?;V=, 
28ABC?0B8 7 2V4?>2V4=8<8 4>?>2V4S<8 =0 A8<?>7VC<0E V :>=D5@5=FVSE.  

-5 >4=8< V7 <5B>4V2 0:B82V70FVW ?V7=020;P=>W 4VS;P=>ABV ABC45=BV2 є 
?@>2545==S >;V<?V04 ?> 3@0DVG=8< 48AF8?;V=0< 4;S ABC45=BV2 CAVE B5E=VG=8E 
A?5FV0;P=>AB59. 

#V43>B>2:0 ABC45=BV2 4> >;V<?V048 ?>G8=0єBPAS =0 ?5@H8E 70=SBBSE, 45 WE 
V=D>@<CRBP ?@> <091CB=V9 70EV4. !0 ?5@H><C 5B0?V 74V9A=RєBPAS 7=09><AB2> 
7 >;V<?V04=8<V 70240==S<8 <8=C;8E @>:V2. �0;V 7 B8<8 ABC45=B0<8, S:V 
28S2;SBP A2>R 70FV:02;5=VABP 4> >;V<?V048, 2545BPAS V=482V4C0;P=0 @>1>B0. 

'G0A=8:8 >;V<?V048 >18@0RBPAS H;SE>< A?>AB5@565==S 70 ABC45=B0<8 2 
E>4V >A=>2=8E 70=SBP V ?V4 G0A 4>40B:>28E :>=AC;PB0FV9 7 ?@54<5BC. ' 
?5@5206=>W G0AB8=8 ?>B5=FV9=8E CG0A=8:V2 є 25;8:5 1060==S ?5@52V@8B8 A2>W 
A8;8, B2>@G89 ?>B5=FV0;, 2<V==S 28@VHC20B8 =5AB0=40@B=V 70240==S, 0 B0:>6 
70@>18B8 70B25@465=89 28:;040G5< 1>=CA 4> VA?8BC G8 70;V:C. &0:8< 1>=CA>< 
<>65 AB0B8 72V;P=5==S 2V4 ?52=>W G0AB8=8 =0 VA?8BV G8 70;V:C =02G0;P=>3> 
<0B5@V0;C, 70 S:8< =0 >;V<?V04V 1C;8 ?@>45<>=AB@>20=V E>@>HV 7=0==S. 

"A>1;82VABR 3@0DVG=8E 48AF8?;V= є B5, I> 2 ?@>F5AV =02G0==S ABC45=B0<  
=5>1EV4=> A0<>ABV9=> 28:>=C20B8 25;8:89 >1AS3 3@0DVG=8E 70240=P. *S @>1>B0 
28<030є 7=0G=8E 28B@0B G0AC V 1030B> 2 G><C 70;568BP 2V4 >@30=V70FVW WE ?@0FV, 
9>3> ?;0=><V@=>ABV V @53C;S@=>ABV. /A:@0289 ?@8:;04 CA?VH=8E ABC45=BV2, S:V  
265 @>7@0EC20;8AS 70 A2>W<8 V=482V4C0;P=8<8 3@0DVG=8<8 70240==S<8 V 
70@>18;8 70;V:>2C >FV=:C, є 4;S V=H8E AB8<C;><. �8:;040G0<8 :0D54@8 
?@0:B8:CєBPAS "28AB02;5==S 02B><0B><" A5<5AB@>28E >FV=>: 70 28AB02;5=8<8 
>FV=:0<8 3@0DVG=8E 70240=P ABC45=B0<, S:V 740;8 A2>W @>1>B8 @0=VH5 
?@87=0G5=>3> B5@<V=C. 

&0:8< G8=><, 4;S D>@<C20==S 70FV:02;5=>ABV ABC45=BV2 ?@8 282G5==V 
3@0DVG=8E 48AF8?;V= A;V4 H8@>:> 28:>@8AB>2C20B8 ACG0A=V B5E=>;>3VW 
=02G0==S, S:V 40RBP <>6;82VABP 28:;040GC >B@8<C20B8 =091V;PH ?>2=5 
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CS2;5==S ?@> V=482V4C0;P=V 74V1=>ABV :>6=>3> ABC45=B0, =02G82H8 9>3> 
?@0FR20B8 A0<>ABV9=>, :>@8ABC20B8AS =02G0;P=>R V =0C:>2>R ;VB5@0BC@>R, 
>@Vє=BC20B8AS 2 V=D>@<0FV9=><C ?@>AB>@V 4;S D>@<C20==S 9>3> >A>18AB>ABV S: 
<091CB=P>3> D0EV2FS. 

 

 УДК 744.4 

�>@=Vє=:> ".�.1 

%5@4R:  .�.2 

1 AB0@H.28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ��� 3 539 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�>@=іє=:> ".�., %5@4N:  .І. 
,�$"��� %#��&$  "����"%&�� #$"�$� � BLENDER 

!0 AP>3>4=V VA=Cє 1030B> ?@>3@0<, I> <>6CBP 70157?5G8B8 S:VA=C B0 
FV:02C ?@0FR 7 H8@>:8< 281>@>< DC=:FV>=0;C 4;S 48709=5@V2, 0@EVB5:B>@V2 G8 
D@8;0=A5@V2. �;S AB2>@5==S 3D <>45;59, 0=V<0FVW, 8;RAB@0FVW B0 @5=45@8=3C 
28:>@8AB>2CRBP 70728G09 B0:V ?@>3@0<8 S::  Adobe Fotoshop, Adobe Illustrator, 
3D max, Blender, Cinema 4d. 

/: =0 <5=5, 1V;PH 7@CG=>R 70 48709=>< B0 V=B5@D59A>< 4;S 28:>@8AB0==S 
є A0<5 �;5=45@, I> 2 72'S7:C 7 >AB0==V< >=>2;5==S< S:5 =5 ?>ABC?0єBPAS =02VBP 
3D <0:AC, 0 4;S 45:>3> 740єBPAS 1V;PH 7@CG=8< B0 ?@>3@5A82=8<. � 40=89 G0A 
:>@8ABCєBPAS 25;8:>R ?>?C;S@=VABR A5@54 157:>HB>2=8E 3D- @540:B>@V2 2 
72'S7:C 7 9>3> H284:8< AB01V;P=8< @>728B:>< V B5E=VG=>R ?V4B@8<:>R. 

#C1;VG=0 :><?0=VS !5BD;V:A C 2018 @. 28?CAB8;0 48BSG89 =0C:>289 
<C;PBDV;P<, I> <0965 ?>2=VABR 1C2 AB2>@5=89 157?>A5@54=P> 2 ?@>3@0<V 
�;5=45@ ($8A.1). 

 

$8AC=>: 1 3 #@>F5A AB2>@5==S @8AC=:C C ?@>3@0<V �;5=45@. 
 

*S ?@>3@0<0 B0:>6 4>?><>65 @>7@>18B8 <0:5B V3@0H:8, D>@<8 4;S 
FC:5@:8 G8 5;5<5=B 1V6CB5@VW, S:89 40;V <>6=0 @>74@C:C20B8 =0 34 ?@8=B5@V ( 
$8A.2). 
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$8AC=>: 2 3  0:5B V3@0H:8. 

 
�;5=45@ <>6=0 28:>@8AB>2C20B8 4;S AB2>@5==S 34 <>45;V ?;0=0 4><0 7 

28:>@8AB0==S< :@5A;5==S, B5:ABC@C20B8 ABV=8 B0 ?V4;>3C =0 =P><C. *S 
?@>3@0<0 B0:>6 ?V4E>48BP 4;S 2V7C0;V70FVW @5<>=BC :V<=0B8 G8 ?@>5:BC20==S 
>A5;V 7030;><, 2:;RG0RG8, =02VBP, @5=45@8=3 >:@5<8E 5;5<5=BV2 45:>@C. 
(V=0;P=0 @>1>B0 <09AB@0 1C45 AE>60 =0 D>B>:0@B:C, 0=V6 =0 :@>?VB;82> 
28AB@>є=V =0 ?>;V3>=0;P=><C @V2=V 34 >1’є:B8. &0:>6 ?@>3@0<0 �;5=45@ 40є 
<>6;82VABP 7@>18B8 2V45>-?@575=B0FVR AB2>@5=>3> ?@>5:BC, I> 40є 7<>3C  
?>10G8B8 B>9 65 A0<89 1C48=>: S: 7>2=V, B0: V 2A5@548=V (@8A3).  

 
 

 

 

 

 

 

$8AC=>: 3 - �>1@065==S D@03<5=BC 2V45>?@875=B0FVW 
"B65, �;5=45@ A?5FV0;V7CєBPAS =0 AB2>@5==V ?>;V3>=0;P=>3> 

<>45;R20==S, A:C;P?B8=30, 0=V<0FVW, A8<C;SFVW, @5=45@8=30, ?>AB>1@>1:8 V 
<>=B06C 2V45> 7V 72C:><, :><?>=C20==S 70 4>?><>3>R «2C7;V2» (Node 
Compositing), 0 B0:>6 AB2>@5==S 2D-0=V<0FVW. 
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'�� 673 
�C:’S=5=:> ".%. 1 
,0;><єє2 �.�. 2 
�9:V=  .�.3 
1 0A?V@0=B :0D54@8 ( , !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 0A8AB5=B :0D54@8 ( , !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�C:’O=5=:> ".%., ,0;><єє2 �.�., �9:і=  .�. 
"#&� ���*�/  ��!�Є�"�" %#���' ��/  ���+!"�" 

��%&"%'��!!/ 

' =0H G0A 2 S:>ABV <0B5@V0;V2 4;S >AB5>A8=B57C 28:>@8AB>2CRBP 
@V7=><0=VB=V <0B5@V0;8. �V;PHVABP 7 =8E ?VA;S :>=A>;V40FVW ?5@5;><8 
?>B@51CRBP 2840;5==S 7 >@30=V7<C.  �2060RG8 =0 F5, ?5@A?5:B82=8<8 
V<?;0=B0B0<8 4;S >AB5>A8=B57C є B0:V, I> 283>B>2;5=V 7 1V>@>7G8==8E 
<0B5@V0;V2. 

 03=Vє2V A?;028 2V4=>ASBPAS A0<5 4> FP>3> B8?C <0B5@V0;V2. �>;>2=>R WE 
?5@5203>R, I> 283V4=> 284V;Sє WE A5@54 V=H8E є ?>78B82=89 2?;82 <03=VR =0 
>@30=V7< ;R48=8.  03=V9 <VAB8BPAS 2 :VAB:>2V9 B0 <'S7>2V9 B:0=8=0E, 15@5 
CG0ABP 2 >1<V==8E ?@>F5A0E >@30=V7<C B0 V=H5. �@V< B>3>, <03=V9 B0 ?@>4C:B8 
9>3> :>@>7VW <0RBP 2V4<V==C 1V>AC<VA=VABP. �030B> 4>A;V465=P ?>:07CRBP 
?>78B82=89 2?;82 ?@>4C:BV2 1V>453@040FVW <03=VR =0 >AB5>35=57. 

#@>B5, 7=0G=8< =54>;V:><, I> >1<56Cє H8@>:5 28:>@8AB0==S <03=Vє28E 
A0;0BV2, є =87P:0 :>@>7V9=0 ABV9:VABP. �1V;PH5==S 28B@8<:8 V<?;0=B0BV2 2 
HBCG=8E 70<V==8:0E :@>2V ?@872>48BP 4> 7=865==R WE <5E0=VG=8E 
2;0AB82>AB59, I> ?>B@51Cє :>@53C20==S EV<VG=>3> A:;04C <5B>4>< 
<0B5<0B8G=>W >?B8<V70FVW. 

�;S FP>3>, @V2=S==S @53@5AVW (1, 2), I> 1C;8 >B@8<0=V <5B>4>< 
<0B5<0B8G=>3> ?;0=C20==S 5:A?5@8<5=BC =5>1EV4=> @>7:>4C20B8. 

 σ�= 251,63 3 4,125x1+ 15,875x2 3 8,875x1x2 (1) 

 · = 3,85 + 0,75x1 3 0,225x2 3 0,625x1x2 (2) 

*5 @>18BPAS H;SE>< ?V4AB0=>2:8 70<VABP E1 V E2 =0ABC?=8E 7=0G5=P: 

 E1 = 
��,% − 0,951,1 ;      E2 = 

��,%− 2,781,16  (3) 

� @57C;PB0BV @>7:>4C20==S >B@8<0;8 =0ABC?=V 70;56=>ABV <VF=>ABV (4) V 
?;0AB8G=>ABV (5) 2V4 2<VABC ;53C20;P=8E 5;5<5=BV2: 
 

σ�= 198,77821+ 15,58582*Zr,% + 20,2929*Nd,% - 6,9533*Zr,%*Nd,% ( #0) (4) 



103 

 

·= 2,44789+ 2,0435*Zr,% + 0,27135*Nd,% - 0,48981*Zr,%*Nd,% (%) (5) 

$V2=S==S 70;56=>ABV <5E0=VG=8E 2;0AB82>AB59 2V4 EV<VG=>3> A:;04C 
A?;02C є @V2=S==S<8 ?;>I8=, I> 4>72>;Sє ?@54AB028B8 FV 70;56=>ABV C 283;S4V 
3@0DV:V2 (@8A 1). 

 

 
$8AC=>: 1 3 �@0DVG=0 >?B8<V70FVS EV<VG=>3> A:;04C A?;02C A8AB5<8 Mg-Zr-Nd 

 
' B@828<V@=><C ?@>AB>@V 1C;8 ?>1C4>20=V 3@0DV:8 70;56=>ABV <VF=>ABV V 

?;0AB8G=>ABV 2V4 EV<VG=>3> A:;04C A?;02C. #> >AV X 1C;> 2V4:;045=> 2<VAB Zr, 
%, 0 ?> >AV Y 3 2<VAB Nd, %. #> >AS< Z 1C;8 2V4:;045=V 2V4?>2V4=> G8A5;P=V 
7=0G5==S <56V <VF=>ABV V ?;0AB8G=>ABV. #>є4=0==S 42>E 3@0DV:V2 ?>:070;>, I> 
2>=8 ?5@5B8=0RBPAS ?> :@82V9 ;V=VW. #@>2>4SG8 =>@<0;V 2V4 =0928I>W B>G:8 
:@82>W 4> 2V4?>2V4=8E ?;>I8=, I> A:;040RBP A8AB5<C :>>@48=0B, <>6=0 
287=0G8B8 >?B8<0;P=89 2<VAB ;53CRG8E 5;5<5=BV2, I> 70157?5GCє 
<0:A8<0;P=89 @V25=P <5E0=VG=8E 2;0AB82>AB59. 

� @57C;PB0BV >?B8<V70FVW 1C;> >B@8<0=> <0:A8<0;P=89 :><?;5:A 
<5E0=VG=8E 2;0AB82>AB59 (σ2 = 255  #0; · = 4,1 %), I> 2V4?>2V40є =0ABC?=><C 
2<VABC ;53C20;P=8E 5;5<5=BV2: Zr = 1,1 3 1,2%, Nd = 2,9 3 3,0%. 

�8?@>1C20==S 7@07:V2 7 @>7@>1;5=>3> A?;02C 2 35;>DC78=V ?>:070;>, I> 
2V= <0є =5>1EV4=89 @V25=P DV78:>-<5E0=VG=8E 2;0AB82>AB59 ?VA;S 3-E <VASFV2 
1V>:>@>7VW. �<?;0=B0B8, 283>B>2;5=V 7 40=>3> A?;02C, ?>:070;8 A2>R 
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=5B>:A8G=VABP 2 5:A?5@8<5=BV =0 B20@8=0E V @5:><5=4>20=V 4;S ?>40;PH8E 
4>A;V465=P. 

 

 

'�� 669.187.56 
(5BVA>2 $... 1 

�5@56=89 %.#. 2 
1 ABC4. 3@. �(-310< !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. «�0?>@V7P:0 ?>;VB5E=V:0» 

(5BіA>2 $..., �5@56=89 %.#. 
"#&� ���*�/ %&$'�&'$� ��&"�" �!%&$' �!&' �� %&$'��� 

%&��� $18 

� @>1>BV 4>2545=0 <>6;82VABP ?V428I5==S ?@0F5740B=>ABV ;8B>3> 
V=AB@C<5=BC A25@4;0 ?5@>2>3> (@8A.1), >B@8<0=>3> 5;5:B@>H;0:>28< 
?5@5?;02>< 2V4E>4V2 AB0;V $18 [1] C 283;S4V AB@C6:8 70 @0EC=>: <>48DV:C20==S 
AB@C:BC@8 =03@VB>R AB@C6:>R $18 B0 >?B8<V70FV9 ?0@0<5B@V2 283>B>2;5==S 
7;8B:V2. 

 

 
$8AC=>: 1 3 %E5<0 2V41>@C ?@>1 A25@4;0 ?5@>2>3> 

 

CB@C:BC@0 <5B0;C, >B@8<0=>3> 157 22545==S B0 V7 <5B0;528<8 
2:;RG5==S<8 2 AB@C:BC@V (V=>:C;SB>@V2) (@8A. 2) ?>4V1=0, 4@V1=0, 2V4ACB=S 
ACFV;P=0 ;5451C@8B=0 B0 :0@1V4=0 AVB:0, I> 206;82> 4;S C<>2 @V70==S. 
!0S2=VABP ACFV;P=>W 70<:=CB>W :0@1V4=>W AVB:8 71V;PHCє :@8E:VABP, I> 
?@82>48BP 4> 28:@8HC20==S :@09>: ;57>2>3> V=AB@C<5=BC ?V4 G0A @V70==S. 

!0 2V4AB0=V 40 << (@8A. 3, 0) A?>AB5@V30єBPAS 1V;PH 3@C15 75@=> 
=0?@02;5=>W :@8AB0;V70FVW, 0 C F5=B@0;P=V9 G0AB8=V (@8A. 3, 1) 457>@Vє=B>20=V 
75@=0 >B>G5=V :0@1V4=>R AVB:>R. 

!0 ?@><V6:C 4> ~30 << 2V4 @>1>G>W :@><:8 A25@4;0 2V4AB0=P <V6 2VAS<8 
45=4@8BV2 �� ?>@S4:C, ?@8 28:>@8AB0=V V=>:C;SB>@V2, B@>E8 <5=H0,G8< ?@8 
28?;02;5=V 157 V=>:C;SB>@V2. !0 2V4AB0=V 7 40 << 2V4 @>1>G>W :@><:8 A25@4;0 
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@>7<V@ <V6 2VAS<8 45=4@8BV2 �� ?>@S4:C 7<5=HCRBPAS 1V;PH ACBBє2> (B01;8FS). 
*5 <>6=0 ?>SA=8B8 <5=H8< 2V42545==S< B5?;0 C ABV=:C :>:V;R. 

 

0 1 2 3 

ґ 4 5 є 
0 3 3 <<; 1 3 10 <<; 2 3 15 <<; 3 3 20 << 

ґ 3 3 <<; 4 3 10 <<; 5 3 15 <<; є 3 20 << 

$8AC=>: 2 3  V:@>AB@C:BC@0 7;82:0: 157 V=>:C-@V2 (0 - 3), 7 V=>:C-<8 (ґ - є) 
 

0 1 2 3 
0 3 2V4AB0=P 2V4 :@0R 40 <<; 1 3 F5=B@ 7;82:0 
2 3 2V4AB0=P 2V4 :@0R 40 <<; 3 3 F5=B@ 7;82:0 

$8AC=>: 3 3  V:@>AB@C:BC@0 F5=B@0;P=>W G0AB8=8 7;82:0:  
157 V=>:C;SB>@V2 (0, 1), V7 22545==S< V=>:C;SB>@V2 (2, 3) 

 

&01;8FS 3 �V4AB0=P <V6 2VAS<8 45=4@8BV2 �� ?>@S4:C 
%?>AV1 
28?;02;5==S 
5;5:B@>H;0:>2>3> 
<5B0;C 

�V4AB0=P <V6 2VAS<8 45=4@8BV2 �� ?>@S4:C, C 
70;56=>ABV 2V4 2V440;5=>ABV >4:@0R 7;82:0, <:< 

3 << 10 << 15 << 20 << 
40 

<< 

*5=B@ 
7;82:0 

�57 V=>:C;SB>@V2 4 7 9,5 10,7 35 25 

� V=>:C;SB>@0<8 3,75 6,4 8,5 8 20 15 
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'�� 669.187.56 
�0@0=>2 ".#. 1  

�06<V=0 �.�. 2  

1 ABC4. 3@. &-110 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�0@0=>2 ".#., �06<і=0 �.�.  
%&�"$�!!/ �$�%��!��� � #$"�$� � SOLIDWORKS 

' =0H G0A <091CB=V9 D0EV25FP, I> =02G0єBPAS =0 V=65=5@=V9 
A?5FV0;P=>ABV 70:;04C 28I>W >A2VB8, 2G8BPAS AB2>@R20B8 :@5A;5=8:8 2 CAD-

A8AB5<0E (computer-aided design). *V A8AB5<8 є ?@>3@0<=8< 70157?5G5==S<, S:5 
02B><0B87Cє ?@0FR V=65=5@0-:>=AB@C:B>@0 B0 4>?><030є ?@>є:BC20B8 28@>18 
7 >D>@<;5==S< B5E=VG=>W 4>:C<5=B0FVW. #@>>1@07>< 3@0DVG=8E ?@>3@0< є 
:><?’RB5@=0 ?@>3@0<0 Sketchpad (7 0=3;V9AP:>W 3 0;P1>< 4;S 5A:V7V2), AB2>@5=0 
�920=>< %075@;5=4>< C 1963 @>FV (%,�). 

#@>3@5A B5E=V:8 V B5E=>;>3V9 ?@872>48BP 4> ?>:@0I5==S B0 71V;PH5==S 
:V;P:>ABV ?@>3@0<, 0 B0:>6 =0 2V4<V=C 2V4 Sketchpad ?@>3@0<8 4;S 3D 
<>45;R20==S AB0;8 1V;PH @>7?>2AR465=8<8 B0 ;53:8<8 C 28:>@8AB0==V. &0:, 
AP>3>4=V є 157;VG ?@>3@0< 4;S AB2>@5==S 3D <>45;59, 0 A0<5: SolidWorks, 

3Ds MAX, AutoCAD, Inventor, Cinema 4D, ARCHICAD, SketchUP, Blender 3D, 

Wings 3D, Paint 3D B0 V=. 
' 3@0DVG=V9 A8AB5<V AB2>@5==S :@5A;5=8:0 45B0;V 2V41C20єBPAS 7 3D 

<>45;V, I> 7=0G=> A?@>ICє ?@>F5A ?@>є:BC20==S 28@>1C. 
#@54AB028<> 0;3>@8B< AB2>@5==S :@5A;5=8:0 2 02B><0B87>20=V9 

?@>3@0<V SolidWorks (2V4 0=3;. solid 3 B25@45 BV;>, works 3 ?@0FR20B8), ?5@H0 
25@AVS S:>W 1C;0 AB2>@5=0 :><?0=VєR SolidWorks Corporation 2 1995 @>FV. 

1. �;S AB2>@5==S D>@<0BC 7 >A=>2=8< =0?8A>< B@510 281@0B8 :><0=4C 
«%B2>@8B8 :@5A;5=8: 7 45B0;V» 7 ?0=5;V H284:>3> 4>ABC?C, 7=09B8 ?>B@V1=89 
D>@<0B V7 70?@>?>=>20=8E. /:I> ?>B@V1=>3> D>@<0BC =5<0є, =0B8A:0є<> 
«"3;S4», ?>BV< 3 «�V4>1@078B8 >A=>2=89 =04?8A» V «"�». 

2. #5@54 =0<8 7’S28BPAS >A=>2=89 =0?8A. �8=>A8<> ?>B@V1=V 2848 7 3D 

<>45;V. !0 3>;>2=><C 284V ?@8 =0B8A:0==V ?@02>W :=>?:8 <8HV 2818@0є<> 2 
?@8<VB:0E «"AP>20 ;V=VS», ?>BV< «�2B>-2AB02:0» (@8A. 1). 
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'�� 004.43 

�B>@>2 $... 1 

�06<V=0 �.�. 2 

1 ABC4. 3@. &-110 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�B>@>2 $..., �06<і=0 �.�. 
SOLIDWORKS – #$"�$� � ��/  ���'&!Ь"�" �!��!�$� 

' ACG0A=V9 V=65=5@VW 25;8:C @>;P 2V4V3@0RBP 02B><0B87>20=V 3@0DVG=V 
?@>3@0<8. &0:V :><?’RB5@=V ?@>3@0<8 ?@>ABV C 28:>@8AB0==V B0 <VABSBP 157;VG 
DC=:FV9, ?>B@V1=8E 4;S B>G=>3> 2V4B2>@5==S @V7=><0=VB=8E 45B0;59 B0 
<5E0=V7<V2. �024S:8 B0:8< ?@>3@0<0<, S: SolidWorks, ACG0A=V V=65=5@8 VAB>B=> 
5:>=><;SBP @>1>G89 G0A. 

SolidWorks 3 F5 :><?’RB5@=0 ?@>3@0<0, A?5FV0;P=> @>7@>1;5=0 4;S 
H284:>3> B0 ;53:>3> ?@>є:BC20==S B@828<V@=8E <>45;59 45B0;59, I> 7=0G=> 
?@8H284HCє 28EV4 28@>1V2 =0 @8=>:. #@>3@0<0 ?V4 C?@02;V==S< >?5@0FV9=>W 
A8AB5<8 Windows @>7@0E>20=0 =0 H8@>:5 :>;> :>@8ABC20GV2, S: V=65=5@V2-
?>G0B:V2FV2, B0: V 4>A2V4G5=8E ?@0FV2=8:V2. �0 4>?><>3>R 2;0AB82>AB59 
?@>3@0<8 <>6=0 ?@>є:BC20B8 45B0;V 1C4P-S:>W A:;04=>ABV, 2V4B2>@R20B8 
@V7=><0=VB=V :><C=V:0FVW C 3D D>@<0BV, 28:>=C20B8 V=65=5@=89 0=0;V7 
AB2>@5=8E 45B0;59. � F5 BV;P:8 <0;0 G0AB8=0 7 WW 4>ABC?=8E >?FV9. "?0=C20==S 
?@>3@0<8 =5 ?>B@51Cє 1030B> G0AC. �;S ?@>4C:B82=>W @>1>B8 =5>1EV4=> 
=0;0HB>2C20B8 ?@>3@0<C ?V4 V=482V4C0;P=V ?>B@518. 

"A=>2=8<8 70240==S<8 ?@>3@0<8 є: 
:>=AB@C:B>@AP:0 ?V43>B>2:0 28@>1=8FB20 (3D ?@>є:BC20==S 28@>1V2, 

?@>є:BC20==S :><C=V:0FV9, V=65=5@=89 0=0;V7); 
B5E=>;>3VG=0 ?V43>B>2:0 28@>1=8FB20 (0=0;V7 B5E=>;>3VG=>ABV 

:>=AB@C:FVW 28@>1C, C?@02;V==S 40=8<8 B0 ?@>F5A0<8, @>7@>1:0 B5E=>;>3VG=8E 
?@>F5AV2); 

C?@02;V==S 40=8<8 B0 ?@>F5A0<8 (?@>є:B=5 C?@02;V==S, @>1>B0 7 є48=>R 
F8D@>2>R <>45;;R 28@>1C, 70E8AB 40=8E). 

%5@54 ?5@A?5:B82 @>1>B8 2 SolidWorks <>6=0 284V;8B8 B0:V: 
4>ABC?=VABP 4;S :>6=>3>; 
?@>AB>B0 C 28:>@8AB0==V; 
H284:VABP ?@>є:BC20==S <>45;59; 
H8@>:89 DC=:FV>=0;. 
#>?@8 WW ?@>AB>BC, ?@>3@0<0 ?>B@51Cє 2V4 :>@8ABC20G0 C206=>ABV B0 

7>A5@5465=>ABV. #@0FRRG8 2 SolidWorks, 28 >B@8<0єB5 4>A2V4, S:89 є 
157FV==8< 4;S <091CB=P>3> D0EV2FS. 
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'�� 378.018.43:744 

�@8=P �.�. 1 

%:>@>1>30B0  .�. 2 

1 ABC4. 3@. ��� 810 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�@8=ь �.�., %:>@>1>30B0  .�. 
"$��!���*�/ ��%&�!*��!"�" !��+�!!/ #$� ���+�!!� 

�$�(�+!�) ��%*�#��! 

"A=>2=8< 70240==S< 28I>3> =02G0;P=>3> 70:;04C є 28A>:89 @V25=P 
?V43>B>2:8 D0EV2FV2, D>@<C20==S C ABC45=BV2 <VF=8E 7=0=P, C<V=P V =028G>:. 
#@028;P=0 >@30=V70FVS =02G0;P=>3> ?@>F5AC B0 A8AB5<0B8G=0 V=482V4C0;P=0 
@>1>B0 ABC45=BV2 4>72>;8BP 2 @0<:0E VA=CRG>3> =02G0;P=>3> ?@>F5AC 
?V428I8B8 S:VABP =02G0==S. 

#0@0;5;P=> 7 B@048FV9=8<8 D>@<0<8 =02G0==S, 45==>W B0 70>G=>W, є I5 
>4=0 - 48AB0=FV9=0, S:0 <0є @S4 ?5@5203, I> 70157?5GCє WW 70B@51C20=VABP. *S 
D>@<0 =02G0==S 48:BCє =>2V ?V4E>48 4> 282G5==S @V7=8E 48AF8?;V=, 2 B><C 
G8A;V V 3@0DVG=8E. 

� >A=>2V A8AB5<8 48AB0=FV9=>3> =02G0==S ;560BP 5;5:B@>==V =02G0;P=>-
<5B>48G=V A8AB5<8, 70 4>?><>3>R S:8E 2AB0=>2;RєBPAS 3=CG:89 3@0DV: 
282G5==S B5>@5B8G=>3> <0B5@V0;C V 28:>=0==S ?@0:B8G=>W G0AB8=8 V7 
707=0G5==S< :V=F528E 40B ?> :>6=V9 @>1>BV. 

 >4C;P=89 ?@8=F8? ?>1C4>28 =02G0;P=>W 48AF8?;V=8 4>72>;Sє 
>@30=V7C20B8 :>=B@>;P 70 E>4>< 282G5==S <0B5@V0;C ;5:FV9 V 28:>=0==S 
V=482V4C0;P=8E 70240=P 7 C@0EC20==S< 2AB0=>2;5=>3> 3@0DV:0. !02G0;P=89 
<0B5@V0; <0є AB@C:BC@C, 0=0;>3VG=C BV9, S:C 28:>@8AB>2Cє 28:;040G ?@8 
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