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?V43>B>2:8 <03VAB@0 30;C7528< :20;VDV:0FV9=8< 28<>30< 4> 
?@>D5AV9=>W ?V43>B>2:8 28?CA:=8:0 28I>3> =02G0;P=>3> 70:;04C V7 
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?@0:B8G=8E ?@>1;5< C ?V49><=>-B@0=A?>@B=><C, 1C4V25;P=><C 
<0H8=>1C4C20==V. 
- �=0;V7C20B8 V=65=5@=V >1’є:B8, ?@>F5A8 V <5B>48 ?V49><=>-
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 #>OA=N20;P=0 70?8A:0 ?>28==0 <0B8 B25@4C >1:;048=:C 01> 
7=0E>48B8AP 2 A?5FV0;P=V9 ?0?FV. &8BC;P=89 ;8AB ?>OA=N20;P=>W 
70?8A:8 є ?5@H>N AB>@V=:>N V ?>28=5= <0B8 D>@<C, 70B25@465=C 
 V=VAB5@AB2>< >A2VB8 V =0C:8 ':@0W=8. 
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 �AV AB>@V=:8 70?8A:8 =C<5@CNBPAO. #@8 FP><C ?5@H>N 
AB>@V=:>N є B8BC;P=89 ;8AB, =0 =P><C =><5@ AB>@V=:8 =5 AB028BPAO. 
!C<5@0FVO 28:>=CєBPAO 0@01AP:8<8 F8D@0<8 C ?@02><C 25@E=P><C 
:CBV AB>@V=:8 =0 2V4AB0=V 2V4 ?5@H>3> @O4:0, @V2=V9 <V6@O4:>2><C 
V=B5@20;C 2 3>;>2=><C B5:ABV. 
 � B5:ABV ?>28==V 1CB8 ?@82545=V B5>@5B8G=V @>7@>1:8, 
0=0;VB8G=V 70;56=>ABV, @>7@0EC=:8 B0 >1ґ@C=BC20==O ?@89=OB8E 
@VH5=P 2 BV9 ?>A;V4>2=>ABV, 2 O:V9 2>=8 28:>=CNBPAO. �>=8 ?>28==V 
AC?@>2>46C20B8AP =5>1EV4=8<8 @8AC=:0<8, AE5<0<8, 3@0DV:0<8, 
B01;8FO<8, A2VB;8=0<8 B0 V=. 

(>@<C;8 A;V4 70?8AC20B8 2 >AB0B>G=><C 283;O4V. %8<2>;8 
D>@<C; ?>28==V 1CB8 AB0=40@B=8<8 01> 7030;P=>?@89=OB8<8 2 
<0H8=>1C4C20==V. #@8 =0O2=>ABV 45:V;P:>E D>@<C; WE =C<5@CNBP 
?>@O4:>28<8 =><5@0<8 2 <560E @>74V;C, O:89 @>73;O40єBPAO. !><5@ 
D>@<C;8 A:;040єBPAO 7 =><5@0 @>74V;C B0 G5@57 :@0?:C ?>@O4:>2>3> 
=><5@C FVєW D>@<C;8 2 40=><C @>74V;V. !><5@8 70?8ACNBP 2 :@C3;8E 
4C6:0E ?@02>@CG 2V4 D>@<C;8. 
 *8D@>289 <0B5@V0; @5:><5=4CєBPAO 72>48B8 4> B01;8FP, :>6=C 
7 O:8E A;V4 ?><VI0B8 ?VA;O ?5@H>3> 7304C20==O ?@> =5W  2 B5:ABV B0 
=C<5@C20B8 WE. !><5@ A:;040єBPAO 7 =><5@0 @>74V;C V =><5@0 B01;8FV 2 
FP><C @>74V;V. *8D@8 @>74V;ONBP :@0?:>N B0 @>7<VICNBP ?VA;O A;>20 
«&01;8FO». �0;V A;V4 ?>AB028B8 B8@5 V 7 25;8:>W ;VB5@8 40B8 =072C 
B01;8FV. 
 %E5<8, @8AC=:8, 7>1@065==O 28:>=CNBPAO ?> B5:ABC ?@8 
=5>1EV4=>ABV ?@>V;NAB@C20B8 7<VAB. �;NAB@0FVW =5 ?>28==V 4C1;N20B8 
3@0DVG=C G0AB8=C ?@>5:BC. #V4?8ACNBP WE 7=87C A;>2>< «$8AC=>:» 7 
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283>B>2;5==O B0 ?V41>@C E>4>2>W G0AB8=8 B0 V=. 
 2.4.3 �>A;V465==O B5<8 @>1>B8 

 #@O<>;V=V9=VABP, 01> 2V4?>2V4=VABP V450;P=><C @CEC, <>6=0 
>FV=8B8 25;8G8=0<8 2V4E8;5==O 35><5B@8G=>3> F5=B@0 <>AB0 2V4 2VAV 
?5@5AC20==O X , 0 B0:>6 :CB>< 70:@CGC20==O <>AB0   2V4=>A=> 
FP>3> 6 F5=B@0 2 :>6=C <8BP @CEC (@8A. 2.6). 

 
$8AC=>: 2.6 – %E5<0 2V4E8;5=P <>AB>2>3> :@0=0 2V4 V450;P=>W B@0є:B>@VW 2 ?@>F5AV 

?5@5AC20==O 
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 �>A;V465==O ?> >FV=FV 2?;82C B>G=>ABV 2AB0=>2;5==O E>4>28E 
:>;VA B0 WE D>@<8 =0 AB01V;V70FVN B@0є:B>@VW @CEC <>AB>28E :@0=V2 V =0 
1>:>2V 7CA8;;O, I> 4VNBP =0 @51>@48 :>;VA B0 =0 :V=F52V 10;:8 
<5B0;>:>=AB@C:FV9 ?@>2545=V =0 <>AB>2><C A?5FV0;P=><C :@0=V 702>4C 
«�=V?@>A?5FAB0;P» 20=B06>?V49><=VABN B5/20=Q , ?@>3>=C 

мL 5,16= . �;O FP>3> 1C;0 70?@>?>=>20=0 :>=AB@C:FVO ?@8AB@>N 
@53C;N20==O ?5@5:>AV2 :@0=>28E :>;VA (@8A. 2.7). 

 
$8AC=>: 2.7 – #@8AB@V9 @53C;N20==O ?5@5:>AV2 :@0=>28E E>4>28E :>;VA 

 

 #V4H8?=8: 3, O:89 є 4@C3>N >?>@>N 20;0 7 E>4>2>3> :>;5A0, 
<>=BCєBPAO 2 A?@O65=8E 5:AF5=B@8G=8E 2BC;:0E 1 (7>2=VH=O) B0 2 
(2=CB@VH=O), O:V @>7<VI5=V 2 ?>A04>G=><C >B2>@V 1C:A8 5. �BC;:8 

<0NBP 2V4?>2V4=89 5:AF5=B@8A8B5B 1e  B0 2e . !0 B>@FOE 2BC;>: 
=0@V70=> >4=0:>20 :V;P:VABP @V2=><V@=> @>7<VI5=8E @04V0;P=8E ?07V2 7 
<0@:C20==O<. �@8H:0 4 <0є 7C1 6, O:89 2E>48BP 2 ?078 2BC;>: B0 
DV:ACє WE >4=C 2V4=>A=> V=H>W B0 2V4=>A=> 1C:A8. ,;OE>< >15@B0==O 
2BC;>: <>6=0 7<VI0B8 F5=B@ 20;0 :>;5A0 2 1C4P O:C B>G:C ?>;O, I> 
287=0G0єBPAO 5:AF5=B@8A8B5B0<8 2BC;>:. #@8 FP><C 20; @07>< 7 
:>;5A>< @>725@B0єBPAO =02:>;> B>G:8 � 2 42>E :>>@48=0B0E, I> 
?@872>48BP 4> 7<V=8 ?5@5:>AC B0 @>720;C E>4>2>3> :>;5A0. 
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$8AC=>: 2.8 – %E5<0 287=0G5==O :>>@48=0B F5=B@0 :>;5A0 

 

 �3V4=> AE5<8 (@8A.2.8), C 28?04:C, :>;8 eee == 21  ?>;>65==O 
F5=B@0 :>;5A0 2O  7 :>>@48=0B0<8 ZY ,  <>6=0 4>AO3B8 @>725@B0==O< 
42>E 5:AF5=B@8G=8E 2BC;>: =0 :CB8 
 

    .
2

arccos
22

2,1
e

ZY

Y

Z
arctg

+
=ñ  (2.2) 

 

 � C<>20E @50;P=>3> 5:A?5@8<5=BC 702>4C «�=V?@>A?5FAB0;P» 
2BC;:8 <0;8 ?> 40 ?07V2 7 >4=0:>28< 5:AF5=B@8A8B5B>< ммe 5,2= . � 
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<5B>N A?@>I5==O 28:>@8AB0==O 70?@>?>=>20=>3> <5B>4C 
@53C;N20==O E>4>28E :>;VA 1C;0 @>7@>1;5=0 =><>3@0<0 (@8A. 2.9) ?> 
@V2=O==N (2.2). 

 
$8AC=>: 2.9 – ¼ =><>3@0<8 4;O @53C;N20==O ?5@5:>AC B0 @>720;C E>4>28E :>;VA 

 

 2.4.4 �8A=>2:8 B0 @5:><5=40FVW 
  1. !0 AB01V;P=VABP B@0є:B>@VW @CEC <>AB>28E :@0=V2 7=0G=> 
2?;820NBP B>G=VABP <>=B06C B0 @53C;N20==O E>4>28E :>;VA V WE D>@<0. 
#@8 ?>@CH5==V AB01V;P=>ABV B@0є:B>@VW 4VNBP 7=0G=V 1>:>2V A8;8 71>:C 
@59>: =0 @51>@48 :>;VA. 
 2. $>7@>1;5=> <5B>4 B0 ?@8AB@V9 4;O @53C;N20==O ?5@5:>AV2 B0 
@>720;V2 :>;VA 70 4>?><>3>N 42>E 5:AF5=B@8G=8E 2BC;>:, I> 
<>=BCNBPAO 2 1C:A>28E 2C7;0E. 
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2.5 �>A;V465==O =87ь:>;53>20=8E AB0;59 =0 2B><C 
 

 2.5.1  5B0 @>1>B8 

 'B>G=5==O 40=8E ?@> 28B@820;VABP =87P:>;53>20=8E AB0;59 ?@8 
0A8<5B@8G=8E F8:;0E, >A>1;82> ?@8 A5@54=VE =0?@C65==OE AB8A:C. 
 2.5.2 �:BC0;ь=VABь B5<8 B0 ?>AB0=>2:0 7040G 4>A;V465==O 

  �V4><>, I> >A=>2=V 40=V ?@> >?V@ :>=AB@C:FV9=8E <0B5@V0;V2 
2B><V >B@8<0=> 5:A?5@8<5=B0;P=8< H;OE>< =0 <0H8=0E 
A8<5B@8G=>3> 738=0==O 7 >15@B0==O<, C B>9 G0A O: 5;5<5=B8 <0H8= 
=09G0ABVH5 ?@0FNNBP 7 V=H8<8 :>5DVFVє=B0<8 0A8<5B@VW F8:;C ?@8 
A5@54=VE =0?@C65==OE O: @>7BO30==O, B0: V AB8A:0==O. +5@57 
>1<565=VABP 5:A?5@8<5=B0;P=8E 40=8E ?@> 28B@820;VABP 
:>=AB@C:FV9=8E <0B5@V0;V2 ?@8 0A8<5B@8G=8E F8:;0E, >A>1;82> ?@8 
A5@54=VE =0?@C65==OE AB8A:C, :>=AB@C:B>@8 7<CH5=V 28:>@8AB>2C20B8 
@57C;PB0B8 5:A?5@8<5=B0;P=8E @>1VB ?@8 A8<5B@8G=><C 738=0==V 7 
=0ABC?=8< ?5@5@0EC20==O< WE =0 0A8<5B@8G=V F8:;8 70 4>?><>3>N 
0=0;VB8G=8E 70;56=>AB59, I> =5 702648 045:20B=> V ?@872>48BP 4> 
=54>AB0B=P>W <VF=>ABV 28@>1V2, 01> 7028I5=>W WE <0B5@V0;>є<=>ABV. 
 &><C 0?@>:A8<0FVO :@828E 4V03@0<8 3@0=8G=8E AB0=V2 0<?;VBC4 
=87P:>;53>20=8E AB0=V2 є 0:BC0;P=>N. 
 2.5.3 �>A;V465==O B5<8 @>1>B8 

 �0=V ?@> 28B@820;VABP :>=AB@C:FV9=8E <0B5@V0;V2 ?@8 
0A8<5B@8G=8E =020=B065==OE 40NBPAO 2 ;VB5@0BC@=8E 465@5;0E B0 
4>2V4=8:0E. 
 �=0;V7 :@828E 70 D>@<C;0<8 �C@<0=0, %<VB0 B0 �>45@P5@30 
?>:07Cє, I> 25;8G8=8 

a  є 70=865=8<8 ?@8 A5@54=VE =0?@C65==OE 
@>7BO30==O V 7=0G=> 7028I5=V ?@8 AB8A:0NG8E 

m . �@820 "4V=30 40є 
70=865=V >FV=:8 

a  O: ?@8 @>7BO3C20==V, B0: V AB8A:0NG8E A5@54=VE 
=0?@C65==OE F8:;C. #0@01>;0 �5@15@0 7028ICє >FV=:8 3@0=8G=8E 
0<?;VBC4 ?@8 0þm  V 7=0G=> WE 70=86Cє ?@8 0üm . 

 #0@01>;8 �5@15@0 V "4V=30 ?5@5410G0NBP >4=0:>289 >?V@ 2B><V V 
AB8A:0==V, I>, O: ?@028;>, =5 ?V4B25@46CєBPAO ACG0A=8< 4>A2V4><. ' 
1V;PH>ABV <5B0;V2 ?@8 71V;PH5==V A5@54=VE =0?@C65=P AB8A:C 3@0=8G=V 
0<?;VBC48 A?>G0B:C 7@>AB0NBP, ?@81;87=> 4> 3@0=8FV B5:CG>ABV, 0 40;V 
7=0G5==O a  <0NBP B5=45=FVN 4> 7<5=H5==O. 
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 �<>2V@=>, A;V4 22060B8, I> 7V 71V;PH5==O< AB8A:0NG8E B0 
7<5=H5==O< @>7BO3CNG8 =0?@C65=P F8:;C 7<V=NNBPAO V C<>28 
2B><=>3> @C9=C20==O. #@8G><C, C 28?04:C 7=0G=>3> A5@54=P>3> 
=0?@C65==O AB8A:C 7 <0;>N @>7BO3CNG>N A:;04>2>N FV C<>28 1C4CBP 
70;560B8, 2 ?5@HC G5@3C, 2V4 2;0AB82>AB59 <VF=>ABV <0B5@V0;C ?@8 
AB8A:C. "AB0==є 4>FV;P=> 2@0E>2C20B8 ?@8 A:;040==V 4V03@0<8 
3@0=8G=8E 0<?;VBC4. �>4=0 7 @>73;O=CB8E D>@<C; =5 2@0E>2Cє 
<5E0=VG=8E E0@0:B5@8AB8: :>=AB@C:FV9=8E <0B5@V0;V2 ?@8 AB8A:C, I> 
>1<56Cє WE 045:20B=VABP. 
 �B><=V 28?@>1C20==O ?@>2545=V =0 ?C;PA0B>@V :0D54@8 «�5B0;V 
<0H8= V #& », 2 �0?>@V7P:><C =0FV>=0;P=><C B5E=VG=><C 
C=V25@A8B5BV =0 7@07:0E AB0;V 09�2%, O:0 28:>@8AB>2CєBPAO 4;O 
28@>1=8FB20 <5B0;>:>=AB@C:FV9 :@0=V2 702>4>< «�0?>@V6:@0=». 
�8?@>1C20==O 7@07:V2 B8?C ��� V7 ;8AB0 ?@><8A;>2>W ?>AB02:8 
B>2I8=>N 5 << C 2V4?>2V4=>ABV 4> ISO 1099:2017 28:>=0=> =0 
CAB0=>2FV >AP>2>3> F8:;VG=>3> =020=B065==O. 
 ' 28?@>1C20==OE 28:>@8AB>2C20;8AP 7@07:8 7 5D5:B82=8< 
:>5DVFVє=B>< :>=F5=B@0FVW =0?@C65=P 1=K . "A:V;P:8 1V;PH 
7@CG=8< 4;O :>=AB@C:B>@V2 є ?@54AB02;5==O @57C;PB0BV2 4>A;V465=P =0 
2B><C C 283;O4V 4V03@0<8 3@0=8G=8E 0<?;VBC4 01> 4V03@0< 3@0=8G=8E 
=0?@C65=P, 28?@>1C20==O 28:>=0==V ?@8 A5@54=VE =0?@C65==OE F8:;C 
0, +200, +300, -100, -150  #0 4> 4>23>2VG=>ABV 6

105ô  F8:;V2. 
 $57C;PB0B8 5:A?5@8<5=BC ?>40=> =0 @8A. 2.10 C 283;O4V :@828E 
2B><8. �7 @8AC=:C 284=>, I> 71V;PH5==O @>7BO3CNG8 A5@54=VE 
=0?@C65=P F8:;C AB8<C;Nє 7<5=H5==O a , ?@8 G><C ?><VG0єBPAO 
2V4E8;5==O :@828E 2B><8 2V4 ?@O<>;V=V9=>ABV. #@8 71V;PH5==V 

m  

AB8A:0==O A?>AB5@V30єBPAO A?>G0B:C 7@>AB0==O a , O:5 ?>BV< 70BCE0є 
?@8 ?>40;PH><C 71V;PH5==V AB8A:0NG8E 

m . 
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1 – ?@8 0=m ; 2 – ?@8 МПаm 200+= ; 3 – ?@8 МПаm 300+= ; 4 – ?@8 

МПаm 100−= ; 5 – ?@8 МПаm 150−= ; 6 – 0?@V>@=0 :@820 ?@8 0=m  

=87P:>;53>20=>W AB0;V МПав 520= ; 7 – ?@8 МПаm 200−=  

$8AC=>: 2.10 – �@82V 2B><8 AB0;V 09�2% 

 

 2.5.4 �8A=>2:8 B0 @5:><5=40FVW 
  $57C;PB0B8 @>1>B8 <>6CBP 1CB8 :>@8A=8<8 :>=AB@C:B>@0< 4;O 
1V;PH 5D5:B82=>3> B0 5:>=><VG=>3> 28:>@8AB0==O A;C61>28E 
E0@0:B5@8AB8: :>=AB@C:FV9=8E <0B5@V0;V2, 0 B0:>6 4>A;V4=8:0< 7 
<5B>N 5:>=><VW 70B@0B ?@8 28?@>1C20==OE =0 >?V@ 2B><V. 
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2.6 �>A;V465==O =0ABV==>-AB@V;>2>3> :@0=0-
B@0=AD>@<5@0 V7 7<V==>N 35><5B@VєN B0 AB@C:BC@>N 

 

 2.6.1  5B0 @>1>B8 

 $>7@>1:0 B0 4>A;V465==O ACG0A=>3> =0ABV==>-AB@V;>2>3> :@0=C, 
O:89 18 2V4?>2V402 :@8B5@VO< B@0=AD>@<5@V70FVW, <>4C;P=>ABV, 
3=CG:>ABV AB@C:BC@8 B0 7<V==>ABV 35><5B@VW. 
 2.6.2 �:BC0;ь=VABь B5<8 B0 ?>AB0=>2:0 7040G 4>A;V465==O 

 "4=8< V7 >A=>2=8E 70240=P @>728B:C ACG0A=>3> 3>A?>40@AB20 є 
02B><0B870FVO B0 :><?;5:A=0 <5E0=V70FVO 28@>1=8G8E ?@>F5AV2 C 2AVE 
30;C7OE 28@>1=8FB20. 
 "A>1;825 7=0G5==O <0є ?8B0==O <5E0=V70FVW B@C4><VAB:8E B0 
206:8E =020=B06C20;P=>-@>720=B06C20;P=8E V <>=B06=8E @>1VB, 45 
>A>1;82> 206;828< є CAC=5==O @CG=>W ?@0FV O: =0 >A=>2=8E, B0: V =0 
4>?><V6=8E >?5@0FVOE. ' FP><C ?;0=V AB@V;>2V :@0=8 <0NBP 
?5@H>G5@3>25 7=0G5==O O: =570<V==89 <5E0=V7< ?@8 28:>=0==V 
=020=B06C20;P=>-@>720=B06C20;P=8E @>1VB. 
 %FG0A=V 28@>1=8FB20 7 28A>:8<8 B5E=>;>3VO<8 ?>B@51CNBP 
>1;04=0==O 7 3=CG:8<8 70A>10<8 ?5@5=0;03>465==O, =0AB@>N20==O B0 
?5@5?@>3@0<C20==O. !0 >4=V9 V BV9 65 4V;O=FV F5EC <>65 28=8:=CB8 
?>B@510 C 20=B06>?V49><=8E 70A>10E 7 @V7=>N 35><5B@8G=>N 
:>=DV3C@0FVєN B0 7 @V7=>N =5ACG>N 740B=VABN. !0O2=VABP C F5EC 
20=B06>?V49><=>3> :@0=C, O:89 2V4?>2V40є F8< 28<>30< 4>72>;8BP 
7=0G=> @>7H8@8B8 B5E=>;>3VG=V <>6;82>ABV 28@>1=8FB20 B0 1V;PH 
@0FV>=0;P=> 28:>@8AB>2C20B8 @>1>G89 ?@>ABV@ F5EC. �@V< B>3>, 
=0O2=VABP B0:>3> 20=B06>?V49><=>3> ?@8AB@>N 4>72>;8BP H284:> 
?5@5=0;03>46C20B8 28@>1=8G89 ?@>F5A 4;O 28:>=0==O @V7=8E 
>?5@0FV9 7 @V7=8<8 20=B060<8. ,284:5 ?5@5=0;03>465==O, C A2>N 
G5@3C, 7<5=HCє G0A B5E=>;>3VG=8E ?@>AB>W2, 0 F5 70157?5GCє 
71V;PH5==O ?@>4C:B82=>ABV ?@0FV. 
 ' FN :>=F5?FVN 4>1@5 :>@5A?>=4CNBPAO 20=B06>?V49><=V 
A8AB5<8 7V 7<V==>N AB@C:BC@>N B0 35><5B@VєN. 
 �040G0<8 @>1>B8 є:  

- @>7@>18B8 :>=F5?FVN V AB@C:BC@C :@0=0-B@0=AD>@<5@0; 
- 4>A;V48B8 2?;82 =>2>W :>=AB@C:FVW =0ABV==>3> :@0=C =0 B>G=VABP 

?>78FV>=C20==O @>1>G>3> >@30=C; 
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- 7@>18B8 28A=>2:8 ?@> 2?;82 B>G=>ABV ?>78FV>=C20==O =0 
?@>4C:B82=VABP @>1>B8 :@0=C; 

- @>7@>18B8 <0B5<0B8G=C <>45;P :@0=0 V7 7<V==>N 35><5B@VєN 
=5ACG>W :>=AB@C:FVW 70 4>?><>3>N ?@>3@0<8 Solidworks; 

- 70 4>?><>3>N 70?@>?>=>20=>W <>45;V ?@>0=0;V7C20B8 
20=B06>?V49><=VABP :@0=0 C @V7=8E B>G:0E 7>=8 >1A;C3>2C20==O B0 
?>@V2=OB8 WW 7 20=B06>?V49><=VABN >4=>-AB@V;>2>3> =0ABV==>3> :@0=0; 

- ?V4V1@0B8 =091V;PH @0FV>=0;P=89 ?5@5B8= AB@V;8 =0ABV==>3> 
:@0=0; 

- @>7@>18B8 ?@82>48 <5E0=V7<V2 =>2>3> :@0=0 =0ABV==>3> 7V 
7<V==>N 35><5B@VєN =5ACG>W :>=AB@C:FVW. 
 2.6.3 $>7@>1:0 B0 4>A;V465==O AB@C:BC@=>W AE5<8 :@0=0-
B@0=AD>@<5@0  

 �@0= =0ABV==897V 7<V==>N 35><5B@VєN =5ACG>W :>=AB@C:FVW, O:89 
4>A;V46CєBPAO C 40=V9 @>1>BV, @0=VH5 C ;VB5@0BC@V =5 @>73;O402AO. 
 � 40=V9 @>1>BV 2?5@H5 70?@>?>=>20=0 :>=AB@C:FVO :>=A>;P=>3> 
=0ABV==>3> :@0=0-B@0=AD>@<5@0, B>1B> :@0=0, O:89 <>65 ?@0FN20B8 C 
42>E 7>2AV< @V7=8E @568<0E 7 @V7=8<8 B5E=VG=8<8 E0@0:B5@8AB8:0<8 V 
7>=0<8 >1A;C3>2C20==O. #@>?>=CєBPAO :>=AB@C:FVO =0ABV==>3> :@0=0 
7V 7<V==>N 35><5B@VєN =5ACG>W :>=AB@C:FVW. 
 !>20 :>=AB@C:FVO A:;040єBPAO 7 42>E :>=A>;P=8E 10;>:, 
H0@=V@=> 70:@V?;5=8E =0 ABV=V, :>6=0 7 >:@5<8< ?@82>4>< >15@B0==O. 
�0;:8 <>6CBP ?@0FN20B8 A0<>ABV9=> O: 420 :;0A8G=V =0ABV==>-
?>2>@>B=V :@0=8, B>1B> 420 >:@5<8E :>=A>;P=8E =0ABV==>-?>2>@>B=8E 
:@0=0. � FP><C 28?04:C =5ACG0 740B=VABP :>6=>W 10;:8 70;568BP 2V4 
28;P>BC 20=B06C. 
 � V=H><C @568<V 42V 10;:8 B@0=AD>@<CNBPAO 2 B@8:CB=C 
:>=A>;P=C =5ACGC :>=AB@C:FVN, 35><5B@VO O:>W 7<V=NєBPAO 70 @0EC=>: 
C73>465==O @>1>B8 ?@82>4V2 ?>25@B0==O :>6=>W 10;:8 B0 
>@83V=0;P=>3> ?@82>4C ?5@5AC20==O >1’є4=0=>3> 2V7:0 ?> 42>< 10;:0< 
>4=>G0A=>. 
 �?5@H5 @>7@>1;5=0 :>=AB@C:FVO =0ABV==>3> :@0=C, O:0 4>72>;Oє 
>B@8<0B8 28A>:C B>G=VABP ?>78FV>=C20==O @>1>G>3> >@30=C 7024O:8 
71V;PH5==N AB0B8G=>W V 48=0<VG=>W 6>@AB:>ABV <5B0;>:>=AB@C:FVW. 
 C @568<V @>1>B8 :@0=C, :>;8 2V= B@0=AD>@<CєBPAO C B@8:CB=8:C 
:>=A>;P=C =5ACGC :>=AB@C:FVN, A?>AB5@V30єBPAO @O4 ?>78B82=8E 
2V4<V==>AB59 2V4 VA=CNG8E :>=AB@C:FV9 :>=A>;P=8E :@0=V2. #>-?5@H5, 
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#>-B@5Bє, ?5@V>4 2;0A=8E :>;820=P A8AB5<8 7=86CєBPAO, 0 G0A WE 
70BCE0==O 7<5=HCєBPAO. *5 A2V4G8BP ?@> ?V428I5==O 48=0<VG=>W 
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2.7 �>A;V465==O =5ACG>W 740B=>ABV 3>;>2=8E :@0=>28E 10;>: 7 
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?V42V7:>28E E>4>28E :>;VA. #@8 4VW <><5=BC 738=C 2 ABV=FV <>65 
28=8:=CB8 ?>74>26=O E28;O 2B@0B8 ABV9:>ABV 70?>1V30NBP O:V9 H;OE>< 
2AB0=>2;5==O =0 28A>BV 0,25 ! 2V4 25@E=P>3> ?>OAC ?>74>26=P>3> 
@51@0 6>@AB:>ABV. �;O 206:8E 10;>: 70AB>A>2CNBP 45:V;P:0 
?>74>26=VE @515@. �3V4=> є2@>=>@< C 206:8E 10;:0E ?>74>26=V @51@0 
2AB0=>2;NNBP ?> 2AV9 28A>BV ABV=:8 7 ?>2=8< :@>:><. 
 #@8 4VW ?5@5@V7CNG8E A8; 2 ABV=FV 10;:8 28=8:0є 4V03>=0;P=0 
E28;O 2B@0B8 <VAF52>W ABV9:>ABV, 70?>1V30NBP O:V9 2AB0=>2;5==O< 
?>?5@5G=8E 4>238E 4V0D@03< ?> 2AV9 4>268=V 10;:8 7 :@>:>< 

( )Ha 5,1...1= . �V4 <VAF52>3> B8A:C ?V42V7:>28E :>;VA 2 ABV=FV 28=8:0є 
<VAF525 28?CGC20==O, 70?>1V30NBP O:><C 2AB0=>2;5==O< :>@>B:8E 
?>?5@5G=8E 4V0D@03<-@515@ 7 :@>:>< aa 25,01 = . 

 �>=AB@C:B82=V 70E>48 ?> CAC=5==N <VAF52>W 2B@0B8 ABV9:>ABV 
ABV=>: 3>;>2=8E 10;>: 4;O <>AB>28E :@0=V2 ?@872>48BP 4> 25;8:>W 
:V;P:>ABV B5E=>;>3VG=8E >?5@0FV9, >A>1;82> 720@N20;P=8E. �A5 F5 
74>@>6GCє 283>B>2;5==O 10;:8, 0 25;8:0 :V;P:VABP 720@N20;P=8E H2V2 
4> ?V428I5=>W :>=F5=B@0FVW =0?@C65=P, I> ACBBє2> 7=86Cє 2B><=C 
4>23>2VG=VABP <5B0;>:>=AB@C:FVW. 
 $>7@>1:0 B0 4>A;V465==O :>=AB@C:B82=8E 70A>1V2, O:V 1 
4>72>;8;8 7<5=H8B8 :V;P:VABP 4V0D@03<, @515@, 720@=8E H2V2 157 
7=865==O =5ACG>W 740B=>ABV 3>;>2=8E 10;>: є 0:BC0;P=>N =0C:>2>N 
B5<>N. 
 �040G0<8 4>A;V465=P є: 
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28:>@8AB0==O 3>D@>20=>3> ?@>DV;N ABV=:8 3>;>2=>W 10;:8 <>AB>2>3> 
:@0=C 4>72>;8BP ACBBє2> 71V;PH8B8 <VAF52C ABV9:VABP V >B65 ?>71028B8 
=5>1EV4=>ABV 28:>@8AB0==O 4V0D@03<. *5, 2 A2>N G5@3C, 7<5=HCє 
<0B5@V0;>є<=VABP B0 ?V428ICє B5E=>;>3VG=VABP 283>B>2;5==O 10;:8 ?@8 
715@565==V WW =5ACG>W 740B=>ABV. �V4ACB=VABP 4V0D@03< >1C<>2;Nє 
<5=HC :V;P:VABP 720@=8E H2V2, I> 71V;PHCє =04V9=VABP :>=AB@C:FVW. 
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740B=>ABV 10;:8, 28:>=0=V 2 ?@>3@0<=><C ?@>4C:BV SolidWorks (@8A. 
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