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(,#(-0& +(*980##(% )(*05"30*@#(% ,4,302$ -(72(>#(& 10"*47(-"3@ '-"& 203('"

(+10'0*0#4.& J0. A& +01-(2& 203('0& ,& +(2(/@D& +1(;1"22#(;(& +1('9)3"& SolidWorks

,(7'"03,.&2('0*@&4,+(*@7902(%&+19>4#$&U3<)<&(#"&42003&,*(>#9D&)(#L4;91":4DV&4 3"2&

>0&(+10'0*.03,.&00&>0,3)(,3@ CS*<&h"302&,&+(2(/@D&;0#01"3(1" #"+1.>0#4.&+01020##(;(

3()"&#"&'-4;"30*4&1"7;197)4 80107&)"#"*&ZC +('"03,.&;"12(#480,)4%&,4;#"*<&A&1079*@3"30&

+('& '0%,3-402& 2(20#3"& '-4;"30*0%& #"19>#".& 1"2"& #"84#"03& -$#9>'0##(& )(*05"3@,.<

[720#0#402& 8",3(3$&#"+1.>0#4.& ;0#01"3(1"& (+10'0*.03,.& 107(#"#,#".& 8",3(3"6& )(3(1".&

,(-+"'"03& ,& 8",3(3(% fc ,(5,3-0##$E&)(*05"#4% ,4,302$<&X14&47-0,3#$E&7#"80#4.E& fc 4

CS*, 2(20#3&4#01:44 J02(>#(&-$1"743@ 47&,((3#(_0#4.&UKVG

                               2789 = :;<=5*  ;                         (3)

A3(1(%&203('&+(7-(*.03&4750>"3@&-$84,*0#4.&>0,3)(,34&+19>4#$6&"6&7#"8436&4&(_45()6&

,-.7"##$E&,&#03(8#(,3.24&+(,31(0#4. 00&2('0*4< A&=3(2&,*98"0&+1(47-('43,.&472010#40&

107(#"#,#$E&8",3(3&'-9E&,4,302&,&1"7*48#$24&2(20#3"24&4#01:44< J"7#4:"&-&2(20#3"E&

4#01:44 (50,+084-"03,.&+01020/0#402&;197"&Q&U14,<&HV<&i,*4&'(&,20/0#4.&;197"&,4,302"&

420*"&2(20#3&4#01:44&J0 4&8",3(39& ,(5,3-0##$E&)(*05"#4%& fc16& "& +(,*0& ,20/0#4.& ;197"&

2(20#3& 4#01:44& J0+TJ U;'0& TJ 1"-0#& +1(47-0'0#4D& 2",,$& ;197"& m #"& )-"'1"3& 0;(&

,20/0#4. l
2
, 3<0<&TJ=ml

2
) 4&8",3(39&,(5,3-0##$E&)(*05"#4%& fc26&3(6&7"+4,$-".&-$1">0#40&

UKV&'*.&(504E&,4,302&4&-$1">".&47&#0;(&>0,3)(,3@&+19>4#$&CS*, +14E('42&)&-$1">0#4D&

UMV6&(3)9'"&2(>#(&#"%34&4,)(29D&-0*484#9&J0:

                               
5* + >55* =

89?@89@@  ;                         (4)

[,+(*@7(-"#40&(5(4E&203('(-&+(7-(*.03&(,9/0,3-43@ +1(-01)9&+(*980##$E&1079*@3"3(-<

P(20#3&4#01:44&M0 2(>#(&(+10'0*43@6& 7#".&)4#03480,)4%&2(20#3&H ;41(,)(+"&4&

-0*484#9&#93":4(##(;(&51(,)"&AB.C. -&1079*@3"30 +14*(>0#4.&#0)(3(1(;(&2(20#3"&+DB )&
#"19>#(%&1"20&;41(,3"54*47"3(1"6&47&,((3#(_0#4.&UNVG

                          AB.C. =
+DB ! 6*&@ ! (12)*  ;                      (5)

B'0&)*- 9;(*&(3)*(#0#4.&(,4&,(5,3-0##(;(&-1"/0#4.&;41(,)(+"&(3&(,46&+01+0#'4)9*.1#(%&

+*(,)(,34&#"19>#(%&1"2$<

!"*00&,*0'903&(+10'0*0#40&-0*484#$&)(=LL4:40#3"&9,4*0#4.&K/! (51"3#(%&,-.74&

;41(,3"54*47"3(1"<& F"& '"##$%& 2(20#3& #"2080#(& '-"& +934& 0;(& (+10'0*0#4.< A& +01-(2&
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,*98"0 7"'"03,. #0)(3(1(0 ,20/0#40& ;197"& Q& U14,<& HV6& 83( &+14-('43& )& -(7#4)#(-0#4D&

-#0_#0;( 2(20#3" +DBEF6& '0%,3-9D/0;( #"& +*"3L(129& 4 1"-#(;( +1(47-0'0#4D& -0,"&
;197" P #"& -0*484#9& 0;(& ,20/0#4. L<& X('& '0%,3-402& =3(;(& 2(20#3"& ;41(,)(+ #"84#"03

+10:0,,41(-"3@ -()19;&(,4&-#9310##0%&1"2$<&C4;#"*6&+1(+(1:4(#"*@#$%&9;*9&+(-(1(3" R

;41(,)(+"6& 80107& )"#"*& ZC& +('"03,.& #" +14-('& 1"7;197)46& )(3(1$% +14& (+10'0*0##(2&

7#"80#44& =3(;(& 9;*"& 91"-#(-0_4-"03 2(20#36& ,(7'"-"02$%& ;197(2& Q6& -& 1079*@3"30& 80;(&

+10:0,,4.& ;41(,)(+"& +10)1"/"03,.< h#". )(#08#$% 9;(*& +(-(1(3"& )3 ;41(,)(+"& -()19;&
-#9310##0%&(,4&4&2(20#3&+G6&1"7-4-"02$% +14-('(2&1"7;197)4&+14&'"##(2&7#"80#44&9;*"&
)3, 2(>#(&(+10'0*43@&7#"80#40&K/! 47&,((3#(_0#4.&U^VG

                          HI9 =
+G
)3 =

+DBEF
)3 =

J ! K)3  ;                      (6)

A3(1(%&203('&(,#(-$-"03,.&#"&(+10'0*0#44 8",3(3&E"1")301#$E&3(80)&"2+*439'#(-

8",3(3#(%&E"1")3014,34)4 UefgV ;41(,3"54*47"3(1"&U14,<&MV<

J4,<&M. e2+*439'#(-8",3(3#".&E"1")3014,34)"&;41(,3"54*47"3(1"

h'0,@&L– )19;(-".& 8",3(3"& -#0_#0;(& ;"12(#480,)4& 4720#.D/0;(,.& 2(20#3"6 AM–
'4#"2480,)".& (_45)"& ;41(,3"54*47"3(1"& +(& 9;*9& +(-(1(3"& +*"3L(12$& -()19;& (,4&

,3"54*47":446& AB.C.– 7#"80#40 9;*"& #93":4(##(;(& 51(,)"& ;41(,)(+"6& HI9 &/ – 8",3(3"&

-$E('"&efg&#"&;(147(#3"*@#$%&98",3()6&0*– #93":4(##".&8",3(3"&;41(,3"54*47"3(1"<

W(1241(-"#40& -#0_#0;(& -(729/0#4.& (,9/0,3-*.03,.& +('"80%& ;"12(#480,)(;(&

,4;#"*"& -& )"#"*& ZC& U"#"*(;48#(& +01-(29& 203('9& (+10'0*0#4.& 2(20#3"& 4#01:44& J0). 

[#L(12":4.&(5&9;*0&+(-(1(3"&1"2)4&-()19;&(,4&,3"54*47":44&,#42"03,.&,&!O&HT&U14,<&HV&

,& +(2(/@D& (,:4**(;1"L"<&X9302& 4720#0#4.& 8",3(3$& ,4;#"*"6& +('"-"02(;(& -& )"#"*&ZC6&

(+10'0*.03,.& 8",3(3"& L3 #"8"*"& ;(147(#3"*@#(;(& 98",3)"& efg<& [7& 30(103480,)4E&

1",803(- ,*0'9036& 83(& '"##".& 8",3(3"& 1"-#"& (3#(_0#4D& HI9 &/ <& a(;'"6& 7#".& L3 4&
)4#03480,)4%&2(20#3&;41(,)(+"&&6&2(>#(&#"%34&7#"80#40&HI9 47&1"-0#,3-"&UQVG

                              L3 =
HI9 &N  ;                      (7)
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X(,31(0##".& #"& (,#(-"#44& 1079*@3"3(- -$_0(+4,"##$E& (+$3(-& 8",3(3#".&

E"1")3014,34)"& 59'03& .-*.3@,.& 5"74,(2 '*.& +1(-0'0#4.& '"*@#0%_4E& 1"5(3& ,& '"##(%&
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<=64/*$-6,+0),309

1. [7(3(-&e<i<&\P")03&('#((,#(;(&,4*(-(;(&;41(,3"54*47"3(1"]<&C39'0#80,)4%&#"98#$%&

-0,3#4)<& C5(1#4)& ,3"30%& '()*"'(-& 98",3#4)(-& (5/09#4-01,4303,)(%& #"98#(-
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