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SISTEMI COMPLESSI





S
IS

TE
M

I 
C

O
M

P
L

E
S

S
I

213

TEMA 1

TEMA 1
IL CANDIDATO, PARTENDO DAL CONCETTO DI «FORZA», IM-
POSTI LA LEZIONE SULLE MACCHINE SEMPLICI E SUI RE-
LATIVI PRINCIPI DI FUNZIONAMENTO. NELL’ESPOSIZIONE, 
IL CANDIDATO AVRÀ CURA DI PRECISARE GLI OBIETTIVI 
E I CONCETTI CHE INTENDE METTERE IN LUCE, ANCHE RI-
CORRENDO ALL’AUSILIO DI FORMULE E IMMAGINI ESEM-
PLIFICATIVE


+(1/%1"225%#"*%(&,1-02($#*"--02(CE# *"#/%),*%(&,1+#*"#1)"%(110)%"#)(11%*%&("#*,&'0#*"#:,"*(#*"#50)<"#1(&-(#"#5")#4,02()(#%*#30)6/0FE# %*#0,)-(1+#%*#.(&.0#&(*#:,"*(#"'%.3(#*"#50)<"FE# %*#23&+(1/%1"225%#"*%(&,1+#%*#/,&10#%&#3,%#*"#50)<"#2%(&(#(.()3%1"1"#.,#,&#30)/07!"#50)<"#+#,&"#6)"&/,**"10,++()%"5,#G&(*#-%.('&0#"#=%"&30#&(#)%/0)1%"40#*"#)"//)(.(&1"<%0&(H$#3?(#2%(6&(#)"//)(.(&1"1"#30&#,&"#5)(33%"#"2(&1(C153&6$,*4
*"#/)0/0)<%0&"*(#"**9%&1(&.%1B#-(**"#50)<"F#/%),*%(4


/,&10#-%#"//*%3"<%0&( 2().0
-%)(<%0&(%&1(&.%1B
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SEZIONE IV 10#')"15"1'()*"1"225%#"+"1,15"1/%-+"&*"1')"1%5123&+(1/%1"225%#"*%(&,1,1%5123&+(1/%10%&#(4
5(1/,51#()2(7!"#-%.1"&<"#5)"#%*#/,&10#-%#"//*%3"<%0&(#-(**"#50)<"#(#%*#/,&10#-%#2%&30*0#+#-(11"$#"#.,"#20*1"$#
7)"##%(1/,55"1'()*"7A*#!(!,&+(1/%13&"1'()*"1+#:,%&-%#-"10#-"*#2)(/(++(1/,558%&+,&-%+.1/,55"1'()*"12,)1%51-3(1
7)"##%(7M%N#/0.10$#"#:,(.10#/,&10#+#/0..%;%*(#/"..")(#"**9(."4(#-(**(#4"33?%&($#/)(&-(&-0#304(#/,&10#-%#/")1(&<"#%*#.%.1(4"#-(**"#4"33?%&(#.(4/*%3%7A&#)("*1B$# 1,11(# *(#4"33?%&(#3?(#,1%*%<<%"40$#"&3?(#:,(**(#/%@#304/*(..($#/0..0&0#(..()(#.304/0.1(#=%&0#"-#"))%2")(#"#-(**(#4"33?%&(#&0&#/%@#.304/0&%;%*%$#3?(#.0&0#-(11(#!"##$%4
&,1-,!25%#%7!(#4"33?%&(#.(4/*%3%#50&-"4(&1"*%#.0&0#-,(C#*"#5,0"1(#%*#2%"&(1%&#5%&"+(7K"*#/)%&3%/%0#-%#5,&<%0&"4(&10#-(**"#*(2"#-()%2"&0#"*1)(#1)(#4"33?%&(#.(4/*%3%C#*"##"))3#(4

9#(#:#*"#50)<"#401)%3(#(#*"#50)<"#)(.%.1(&1($#30&#2#(#)#%*#;)"33%0#-(**"#50)<"#401)%3(#(#-(*6*"#50)<"#)(.%.1(&1(#.%#?"#3?(C

;21<121=19
;)1<1)1=1:L,%&-%$#.(#%*#404(&10#-(**"#50)<"#-(**9,0640#+#4"''%0)(#-(*#404(&10#-(*#/(.0#-(*#;",*($#*9,040#)%,.3%)B#"#.0**(2")(#%*#;",*(7#J(#%*#404(&10#-(*#/(.0#-(*#;",*(#+#4"''%0)(#-(*#404(&10#-(**"#50)<"#-(**9,040$#*"#*(2"#.%#";;"..()B#,*1()%0)4(&1(7#J(#%#-,(#404(&1%#.0&0#,',"*%$#*"#*(2"#)(.1()B#%&#(:,%*%;)%07>()1"&10$#*"#5,0"1+#%&1,>3%5%7)%(1:,"&-0#%*#404(&10#-(**"#50)<"#401)%3(#+#,',"*(#"*#404(&610#-(**"#50)<"#)(.%.1(&1($#(#3%0+#:,"&-0C

21=191<1)1=1:A&#1(0)%"#+#/0..%;%*(#.0**(2")(#30&#,&"#*(2"#,&#30)/0#/(."&1%..%40#30&#,&#4%&%40#.50)<0$#;".1"#3?(#%*#;)"33%0#-(**"#*(2"#.,#3,%#.%#5"#50)<"#.%"#.,5=%3%(&1(4(&1(#*,&'0#-"#3)(")(#,&#4064(&10#,',"*(#(-#0//0.10#"#:,(**0#-(*#/(.0#-(*#30)/07#8)3?%4(-(#5(3(#/)0/)%0#:,(.10#)"'%06&"4(&10#:,"&-0#/)0&,&3%N#*"#.,"#3(*(;)(#5)".(#P!"#$%&'()"'*$+"'$'+&',-**$+$./'&*'%-)0-1Q7

50)<"#401)%3(>/;)"33%0#-%#>

5,*3)0#R50)<"#)(.%.1(&1(

;)"33%0#-%#S)
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TEMA 1A&#30&-%<%0&%#-%#(:,%*%;)%0$#.(#*"#50)<"#401)%3(#+#4%&0)(#-(**"#50)<"#)(.%.1(&1(#5"15,0"1?1/,+4
+"10"&+"66%(-"F#.(#%&2(3(#*"#50)<"#401)%3(#+#4"''%0)(#-(**"#50)<"#)(.%.1(&1(#5"15,0"1?1/,+4
+"1-0"&+"66%(-"78#.(30&-"#-(**"#/0.%<%0&(#-(*#5,*3)0#*"#*(2"#/,N#(..()(CE# -%#2)%!(16,&,),FE# -%#-,#(&/(16,&,),FE# -%#+,)*(16,&,),7O(**"#*(2"#-%#/)%40#'(&()(#%*#5,*3)0#.%#1)02"#5)"#%*#/,&10#-%#"//*%3"<%0&(#-(**"#)(.%.1(&<"#(#%*#/,&10#-%#"//*%3"<%0&(#-(**"#/01(&<"78#.(30&-"#-(**"#*,&'?(<<"#-(*#;)"33%0#-(**"#/01(&<"#(#-(*#;)"33%0#-(**"#)(.%.1(&<"#*"#*(2"#-%#/)%40#'(&()(#/,N#(..()(#2"&1"''%0."$#.2"&1"''%0."#0#%&-%55()(&1(7
@"15,0"1?10"&+"66%(-"1.(#%*#;)"33%0#-(**"#/01(&<"#+#4"''%0)(#-(*#;)"33%0#-(**"#)(.%.1(&<"7
@"15,0"1?1-0"&+"66%(-"#.(#%*#;)"33%0#-(**"#/01(&<"#+#4%&0)(#-(*#;)"33%0#-(**"#)(.%.1(&<"7

5"1A%--"1-%1#(!2()+"1#(!,13&"15,0"1/%12)%!(16,&,),#%&#3,%#%*#5,*3)0#+#*9"..(#-(**"#),01"$#*"#)(.%.1(&<"#+#%*#/(.0$#*"#/01(&<"#+#*"#50)<"#3?(#*0#.0**(2"7O(**"##"))3#(5"1!(7%5,$1*9"..(#-(**"#/,*(''%"#+#40;%*(#%&#40-0#.0*%-"*(#30&#%*#3")%30#.0**(2"107!9(.1)(4%1B#-(**"#5,&(#0//0.1"#"#:,(**"#-%#*"20)0#+#2%&30*"1"#"-#,&#/,&10#=%..0#)%./(110#"*#.%.1(4"7A&#30&-%<%0&%#-%#(:,%*%;)%0#*"#50)<"#"//*%3"1"#"**"#5,&(#+#/")%#"**"#4(1B#-(**"#50)<"#/(.0#"'(&61(#.,**"#3")),30*"7
@"1#"))3#(5"1!(7%5,1-%1#(!2()+"1#(!,13&"15,0"1/%1-,#(&/(16,&,),1(-#+$#:,%&-%$#,&"#4"363?%&"#0"&+"66%(-"7T&"##"))3#(5"1#(!2(-+"#0#2")"&#(1+#,&#%&.%(4(#-%#-,(#0#/%@#3")),30*($#%&#/")1(#=%..(#(-#%&#/")1(#40;%*%7#A*#2"&1"''%0#-%#:,(.10#.%.1(4"#+#-%#"2()(#,&#)"//0)10#-%#50)<(#/")%#"*#&,4(6)0#-%#3")),30*(#/)(.(&1%7



PA
R

TE
 I

I 
- 

TE
M

I 
P

ER
 L

A
 P

R
O

VA
 P

R
A

TI
CA

216




50)<"# 3?(# 1(&-(# "# 5")# .3%20*")(#*90''(110#*,&'0#%*#/%"&0#%&3*%&"10

50)<"#3?(#1(&-(#"#.3?%"33%")(%*#/%"&0#%&3*%&"10





S
IS

TE
M

I 
C

O
M

P
L

E
S

S
I

217





PA
R

TE
 I

I 
- 

TE
M

I 
P

ER
 L

A
 P

R
O

VA
 P

R
A

TI
CA

218

SEZIONE IV

TEMA 2
IL CANDIDATO IMPOSTI UNA LEZIONE SULL’EVOLUZIONE 
DELLE MACCHINE MOTRICI, ILLUSTRANDO IL PASSAGGIO 
DALLA MACCHINA A VAPORE AI MODERNI MOTORI A SCOP-
PIO E CONCLUDENDO L’ESPOSIZIONE CON UNA CONCISA 
DISAMINA DEI MOTORI ELETTRICI

!(#4"33?%&(#401)%3%$#-(11(#"&3?(#!(+()%$#.0&0#4"33?%&(#%&#')"-0#-%#+)"-'()!"),13&"1>3"54

+"$#%*#:,"*(#&(*#BFGF11)02N#,&#4(10-0#/()#(.1)"))(#-(**9"3:,"#-"#,&#30&1(&%10)(#30&#*"#.0*"#50)<"#-(*#2"/0)(7#A*#5,030#5"3(2"#(2"/0)")(#*9"3:,"7#A*#2"/0)(#/)0-0110#(&1)"2"#&(*#)(3%/%(&61(#(#30&#*"#.,"#50)<"#5"3(2"#,.3%)(#*9"3:,"#"11)"2().0#%*#1,;07T&#"*1)0#/().0&"''%0#(.1)(4"4(&1(#%4/0)1"&1(#&(**"#.10)%"#-(**(#4"33?%&(#"#2"/0)(#+#9"4
2%&$#5"40.0#/()#"2()#1)02"10#%*#4(10-0#30&#3,%#5")#!3(0,),13&12%-+(&,1"558%&+,)&(1/%13&1
#%5%&/)(1-')3++"&/(1%51#"5(),7#!"#4"33?%&"#%&2(&1"1"#-"#>"/%&#()"#30.1%1,%1"#-"#,&#3%*%&-)0#3?%,.0#&(**"#/")1(#%&5()%0)(#30&1(&(&1(#-(**9"3:,"$#"**9%&1()&0#-(*#:,"*(#()"#%&.()%10#,&#/%6.10&(#-(**0#.1(..0#-%"4(1)07J0110#%*#3%*%&-)0#2(&%2"#/0.1"#,&"#.0)'(&1(#-%#3"*0)(7#A*#3"*0)(#1)".50)4"2"#*9"3:,"#%&#2"/0)($#%*#:,"*(#(./"&-(&-0.%#./%&'(2"#%*#/%.10&(#2().0#*9"*10#=%&0#"#)"''%,&'()(#,&#/,&10#-%#"))(.107
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&"+(),Q#30&#*"#:,"*(#)%,.3W#"#/04/")(#*9"3:,"#"**9(.1()&0#-(**(#4%&%()(#.5),11"&-0#%*#2"/06)(#"3:,(07#^,11"2%"$#30&#:,(.10#.%.1(4"#*"#/)050&-%1B#4"..%4"#-"#3,%#.%#/01(2"#"./%)")(#"36:,"#()"#-%#_#4(1)%7T&"#(20*,<%0&(#-(**"#4"33?%&"#-%#J"2()`#.%#(;;(#30&#*"1!"##$%&"1/%1M,N#(!,&$#3?(#5"0(4
)"0"1-')3++"&/(15"12),--%(&,1"+!(-',)%#"7Y"4(.#Z"11$#304,&:,($#+#)%30)-"10#304(#%*#2()0#P/"-)(Q#-(**"#4"33?%&"#"#2"/0)(7#!9%&&02"<%0&(#/%@#)"-%3"*(#%&1)0-011"#-"#Z"11$#)%./(110#"**"#4"33?%&"#-%#O(a304(&$#5,#3?(#&(**"#.,"#4"33?%&"#%*#*"20)0#,1%*(#&0&#()"#304/%,10#-"**"#/)(..%0&(#"140.5()%3"#4"#-"**"#/)(..%0&(#-(*#2"/0)(7#!"#4"''%0)(#-%55()(&<"#-"#,&#/,&10#-%#2%.1"#/)"1%30#.1"2"#&(*#5"110#3?($#4(&1)(#30&#*"#4"33?%&"#-%#O(ab(",#-(#S03?".$#%#1(-(.3?%#U110#(#!"&'(&#(#/%@#1")-%#S,-0*5#K%(.(*#(#[011*%(;#K"%4*()$#*9%&'*(.(#M*()c#(#*0#.1"1,&%1(&.(#b)"`10&7>03?%#/()N#."&&0#3?(#%&#)("*1B#'*%#%&2(&10)%#-(*#4010)(#"#.30//%0#.0&0#-,(#%1"*%"&%C#%*#/"-)(#.30*0/%0#I,'(&%0#b")."&1%#-%#>%(1)"."&1"#(#*9%&'('&()(#R(*%3(#d
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b(",#-(#S03?".$#+#,&#3%3*0#3?(#2%(&(#%4/%('"10#"&30)"#0''%#&(**"#:,".%#101"*%1B#-(%#4010)%#"#;(&<%&"7#A#4010)%#"#3%3*0#U110#.0&0#30.W#3?%"4"1%#%&#0&0)(#-(**9%&'('&()(#1(-(.30#8,',.1#U110#%*#:,"6*($#3%)3"#-%(3%#"&&%#-0/0#*9%&2(&<%0&(#-(*#4010)(#G"22(&,1"#&(*#Vef]#-"#/")1(#-%#b")."&1%#(#-%#d"11(,33%H#)%/)0-,..(#%*#40-(**0#-(%#-,(#.3%(&<%"1%#%1"*%"&%7T&"#4%.3(*"#-%#")%"#(#;(&<%&"$#011(&,1"#&(*##")73)"+(),$#2%(&(#5"11"#%&3(&-%")(#"**9%&1()&0#-(**"#3"4()"#-%#304;,.1%0&(#30&#,&"#.3%&1%**"#/)0-011"#1)"#'*%#(*(11)0-%#-%#,&"#3"&-(*"#=%.6."1"#.,**"#/")1(#.,/()%0)(#-(*#3%*%&-)078#.(30&-"#-(**(#30).(#304/%,1(#-"*#/%.10&(#%&#,&#3%3*0$#%*#4010)(#"#3%3*0#U110#/,N#(..()(#"1
>3"++)(1+,!2%1(1"1/3,1+,!2%7A*#4010)(#"#:,"11)0#1(4/%#304/0)1"#/()#0'&%#3%3*0#:,"11)0#30).(#-(*#/%.10&(#(#-,(#'%)%#-(**9"*6;()0#4010)(7T&#3%3*0#.%#304/0&(#-(**(#.(',(&1%#5".%C
BP1'"-,1Q1R-2%)"*%(&,A*#/%.10&(#.3(&-(#2().0#%*#;"..07#811)"2().0#*"#2"*20*"#-%#"./%)"<%0&(#2%(&(#%&1)0-011"#&(*#3%6*%&-)0#*"#4%.3(*"#")%"6;(&<%&"#/)02(&%(&1(#-"*#3");,)"10)(7
CP1'"-,141S(!2),--%(&,K0/0#(..()(#.3(.0#=%&0#"*#/,&10#40)10#%&5()%0)($#%*#/%.10&(#)%/)(&-(#"#."*%)(7#J%"#*"#2"*20*"#-%#"./%)"<%0&(#3?(#*"#2"*20*"#-%#.3")%30#.0&0#3?%,.(#(#%*#/%.10&(#."*(&-0#304/)%4(#*"#4%.3(6*"#&(**"#3"4()"#-%#304;,.1%0&(7
TP1'"-,1Q1K#(22%(1,/1,-2"&-%(&,>()#4(<<0#-%#,&"#.3%&1%**"#3?(#.3033"#1)"#'*%#(*(11)0-%#-%#,&"#3"&-(*"$#.%#?"#*9"33(&.%0&(#-(*6*"#4%.3(*"7#8,4(&1"#*"#1(4/()"1,)"#(#*"#/)(..%0&(#-(%#'".$#(-#%*#/%.10&(#2%(&(#./%&10#2%0*(&61(4(&1(#2().0#%*#;"..07
UP1'"-,1Q1K#")%#(K0/0#"2()#&,02"4(&1(#)"''%,&10#%*#/,&10#40)10#%&5()%0)($#%*#/%.10&(#)%/)(&-(#"#."*%)(7#!"#2"*620*"#-%#.3")%30#+#"/()1"#(#%#'".#;),3%"1%#2(&'0&0#30.W#(./,*.%7#A*#3%3*0#2%(&(#304/*(1"10#:,"&6-0#%*#/%.10&(#)"''%,&'(#%*#/,&10#40)10#.,/()%0)(78//(&"#30&3*,.0#,&#3%3*0#&(#%&%<%"#.,;%10#,&#"*1)07O(*#4010)(#"#-,(#1(4/%$#%&2(3($#&0&#.0&0#/)(.(&1%#*(#2"*20*(#%&#:,"&10#%*#/%.10&(#.1(..0#2%(6&(#.5),11"10#304(#2"*20*"7
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TEMA 2A*#/".."''%0#-(*#304;,.1%;%*(#"22%(&(#1)"4%1(#-(**(#"/()1,)(#&(**"#/")(1(#-(*#3%*%&-)0#3?(#2(&'0&0#"/()1(#0#3?%,.(#"*#/".."''%0#-(*#/%.10&(7A&#)("*1B#%*#4010)(#"#-,(#1(4/%#-02)(;;(#(..()(#3?%"4"10#P4010)(#"#-,(#30).(Q$#/()3?X#%#1(4/%#.0&0#.(4/)(#:,"11)0#4"#"330//%"1%#"#-,(#"#-,($#30.W#-"#"2()(#,&9"33(&.%0&(#"-#0'&%#'%)0#-(*#4010)(7A*#30&-0110#-%#"./%)"<%0&(#.503%"#&(**"#/")1(#%&5()%0)(#-(*#3%*%&-)0$#-(11"#3")1()7
BV1+,!2(1 A*#/%.10&(#."*(#(#3)("#,&"#-(/)(..%0&(#3?(#"./%)"#*"#4%.3(*"#'"..0."#/)02(&%(&61(#-"*#3");,)"10)(#&(**"#/")1(#%&5()%0)(#-(*#3%*%&-)07#M0&1(4/0)"&("4(&1($#%*#/%.10&(#3046/)%4(#&(**"#/")1(#.,/()%0)(#-(*#3%*%&-)0#%#'".#"./%)"1%#&(*#3%3*0#/)(3(-(&1(#($#:,"&-0#"))%62"#%&#/)0..%4%1B#-(*#/,&10#40)10#.,/()%0)($#1)"#'*%#(*(11)0-%#-(**"#3"&-(*"#.3033"#*"#.3%&1%**"#3?(#/)0203"#*9"33(&.%0&(#-(*#'".#(#*"#)(*"1%2"#(./"&.%0&(#3?(#./%&'(#%*#/%.10&(#2().0#%*#;"..07
CV1+,!2(1 A*#/%.10&(#.3(&-(&-0#*%;()"#%*#3"&"*(#-%#.3")%30#(#%&2%"#*"#4%.3(*"#&(**"#3"4()"#-%#304/)(..%0&(#/()#/0%#)%."*%)(#&,02"4(&1(7d
BP1'"-,1Q1R-2%)"*%(&,# A*#/%.10&(#.3(&-(F#"11)"2().0#*"#2"*20*"#-%#"./%)"<%0&(#2%(&(#%&1)06-011"#&(*#3%*%&-)0#-(**9")%"#G"11(&<%0&(C#&0&#-(**"#4%.3(*"gH7
CP1'"-,1Q1S(!2),--%(&,# J%"#*"#2"*20*"#-%#"./%)"<%0&(#3?(#*"#2"*20*"#-%#.3")%30#.0&0#3?%,.(7#A*#/%.10&(#."*(#304/)%4(&-0#*9")%"#&(**"#3"4()"#-%#304;,.1%0&(7#L,"&-0#%*#/%.10&(#?"#:,"6.%#)"''%,&10#%*#/,&10#40)10#.,/()%0)(#"11)"2().0#*9%&%(110)(#2%(&(#%&%(11"10#%*#'".0*%0#/0*2(6)%<<"10#&(**"#3"4()"#-%#304;,.1%0&(7
TP1'"-,1Q1S(!73-+%(&,1,/1,-2"&-%(&,1 A*#3"*0)(#-(**9")%"#/)0203"#*9"33(&.%0&(#./0&1"&("#-(*#'".0*%07#A*#'".#.%#(./"&-(#(-#%*#/%.10&(#2%(&(#./%&10#2%0*(&1(4(&1(#2().0#%*#;"..07
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h7M0&#,&#%&1()),110)(#.%#/,N#%&2()1%)(#%*#2().0#-(**"#30)6)(&1(7J(#*"#30))(&1(#.30))(#-"#.%&%.1)"#2().0#-(.1)"#*9(*(11)03"6*"4%1"#.%#/0*")%<<()B#(#*"#;"))(11"#"**9%&1()&0#.%#-%./0)6)B#304(#&(*#K%.('&0#i7J(#.%#%&2()1(#%*#2().0#-(**"#30))(&1($#.%#%&2()10&0#%#/0*%#-(**9(*(11)03"*"4%1"#(#:,%&-%#*"#;")6)(11"#"**9%&1()&0#),01()B#-%#4(<<0#'%)0#GK%.('&0#fH7M0&1%&,"&-0#"-#%&2()1%)(#%*#2().0#-(**"#30))(&1(#.%#30&1%&,()B#"#5")#),01")(#*"#;"))"#4"'&(1%3"7A&2(3(#-%#%&2()1%)(#30.1"&1(4(&1(#%*#2().0#-(**"#30))(&1(#30&1%&,"$#.%#/,N#,1%*%<<")(#*"##()4
),&+,1"5+,)&"+"$#011(&(&-0#*0#.1(..0#)%.,*1"107A&#:,(.10#40-0#+#/0..%;%*(#1)".50)4")(#*9(&()'%"#(*(11)%3"#-(*#.%.1(4"#%&#(&()'%"#4(33"&%3"#-%#)01"<%0&(7#>)0/)%0#.,#:,(.10#/)%&3%/%0#.%#;"."&0#%#4010)%#(*(11)%3%7
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TEMA 3

TEMA 3
ESAMINI IL CANDIDATO IL FUNZIONAMENTO DEI PRINCI-
PALI MECCANISMI DI TRASMISSIONE DEL MOTO, SOFFER-
MANDOSI, IN PARTICOLARE, SUI MECCANISMI DI TRASFOR-
MAZIONE DEL MOVIMENTO



&,1+#30.1%1,%10#-"#-,(#),01(#3?(#/)(40&0#,&"#30&1)0#*9"*1)"#*,&'0#*"#*0)0#.,/()=%3%(#*"1()"*(7A*#402%4(&10#2%(&(#1)".5()%10#/()#"11)%10#-"#,&"#),01"#"**9"*1)"7
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SEZIONE IV O(**(#),01(#-%#5)%<%0&(#%51)"22()+(1+)"1%51&3!,)(1/%16%)%1#(!2%3+%1+#.(4/)(#%&0,)-"!,&4
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TEMA 3A&#:,(.10#40-0#%*#402%4(&10#/,N#(..()(#1)".5()%10#-"#,&#"*;()0#"**9"*1)0#%&-%/(&-(&1(4(&61(#-"**90)%(&1"4(&10#-(%#-,(#"*;()%7>()#:,"&10$#)%',")-"$#%&=%&($#*"#1)".50)4"<%0&(#-(*#402%4(&10$#%#4(33"&%.4%#3?(#;%.0'&"#)%30)-")(#.0&0#%#.(',(&1%7#A&&"&<%1,110$#*9,##,&+)%#(1"1#"!!,C#.%#1)"11"#-%#,&#4(33"&%.40#3?(#.()2(#"#1)".50)4")(#%*#402%4(&10#)01"10)%0#%&#402%4(&10#)(11%*%&(0#"*1()&"1%207#A&#/)"61%3"$#.20*'(#*"#5,&<%0&(#0//0.1"#-(*#4(33"&%.40#;%(**"64"&02(**"7!"#3"44"$#-(11"#"&3?(#(33(&1)%30$#+#,&#0)'"&0#"2(&1(#*"#.(<%0&(#1)".2()."*(#(#*"#50)4"#-%#,&#,0207!"##"!!"12%(&(#."'04"1"#"#.(30&-"#-(*#402%4(&10#"*1()&"1%20#)(11%*%&(0#3?(#-(2(#/)06-,))(7#O(%#4010)%#*(#3"44(#2(&'0&0#=%.."1(#.,#,&#"*;()0#),01"&1($#-(110#"*;()0#"#3"44(#($#),01"&-0$#-(1()4%&"&0#*"#3?%,.,)"#0#*9"/()1,)"#-(**(#2"*20*(#-(%#3%*%&-)%7L,"&10#"*#4(33"&%.40#)(##$,++(4#),!"65%,)"$#(..0#+#50)4"10#-"#,&"#),01"#-(&1"1"#G)(#4
#$,++(H#(#-"#,&9".1"#-(&1"1"#G#),!"65%,)"H7#J(#%*#)033?(110#.%#4,02(#.,**"#3)(4"'*%()"#%*#4062%4(&10#)01"10)%0#-(*#)033?(110#2%(&(#1)".50)4"10#%&#402%4(&10#*%&(")(7J(#*"#3)(4"'*%()"#.%#4,02(#.,*#)033?(110$#%*#402%4(&10#*%&(")(#-(**"#3)(4"'*%()"#2%(&(#1)"6.50)4"10#%&#4010#)01"10)%0#-(*#)033?(1107T&"#1%/%3"#"//*%3"<%0&(#-(*#.%.1(4"#)033?(11063)(4"'*%()"#+#)"//)(.(&1"1"#-"**(#',))(0%,1
"1#),!"65%,)"1%&#3,%#%#-(&1%#-(**(#),01(#-(*#1)(&0#.%#"''"&3%"&0#"%#-(&1%#-(%#;%&")%#5"3(&-0#30.W#./0.1")(#%*#1)(&07



SEZIONE IV
SISTEMI COMPLESSI
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QUESITI

QUESITI A RISPOSTA APERTA



%2$2$(#//27
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`.*#5*#'%+./.#.11.&+5*.#/,#3./,A,3(S,.*%a/%3./,A,3(DS,.*%#%&(#3.-@#1.--,P,0%#&,-(0,&%#(0#'%--()),.#.&,),*(&,.7R%0#!KW^#I.&-%#,*<%*+F#5*#3./,3%#1%&#,*<,(&%#'%--()),6#;.&'(+.#/(#5*(#3.'P,*(S,.*%#/,#-%)*(0,#05*)4,#E0,*%%"#%#P&%<,#E15*+,"6#3.*#35,#-,#&(11&%-%*+(*.#+5++,#,#*5'%&,#%#+5++%#0%#0%++%&%#/%00?(0;(P%+.7Q%#,0#+(-+.#&%-+(<(#(PP(--(+.#1%&#5*#+%'1.#1,b#05*).#<%*,<(#+&(33,(+(#5*(#0,*%(U#-%#,0#+(-+.#&%-+(D<(#(PP(--(+.#1%&#5*#,*+%&<(00.#/,#+%'1.#1,b#P&%<%#<%*,<(#+&(33,(+.#5*#15*+.7:*#P&%<%#+%'1.#,0#+%0%)&(;.#,*3.',*3,F#(#/,;;.*/%&-,#,*#.)*,#3.*+,*%*+%#;.&'(*/.#5*(#A,++(#&%+%#/,#1(0,6#+&(0,33,#%#3(<,#+%0%)&(A,3,7>?,*3&.3,.#+&(#/5%#A,0,#+%0%)&(A,3,#%&(#/%++.#*./.#%#,*#3.&&,-1.*/%*S(#/,#.)*,#*./.#-,#+&.<(<(#5*#5;A,3,.#+%0%)&(A,3.#(00?,*+%&*.#/%0#=5(0%#/%)0,#.1%&(+.&,#-1%3,(0,SS(+,#%&(*.#,*#)&(/.#/,#,*<,(&%#(*D34%#KMD!MM#3(&(++%&,#(0#',*5+.7c5++.#3,F#<%*,<(#;(++.#(#'(*.U#,0#'%--()),.#(&&,<(<(#(00?.1%&(+.&%#/%00(#-+(S,.*%#+%0%)&(A,3(#,*-,%D'%#(00?,*/,&,SS.6#0?.1%&(+.&%#/%3./,A,3(<(#-,(#,0#'%--()),.#34%#0?,*/,&,SS.#%#&,+&(-'%++%<(#,0#'%-D-()),.#-500(#0,*%(#1,b#.11.&+5*(7>%#&%+,#+%0%)&(A,34%#,*,S,(0'%*+%#3.1&,<(*.#-.0+(*+.#0(#+%&&(;%&'(#'%*+&%#0(#3.'5*,3(S,.*%#+&(#,#3.*+,*%*+,#(<<%*,<(#(*3.&(#3.*#0%#*(<,7#:0#'%--()),.#(&&,<(<(#(00?5;A,3,.#+%0%)&(A,3.#1,b#<,3,*.#(0#1.&+.6#<%*,<(#1.,#+&(-3&,++.#-5#3(&+(#%#,'P(&3(+.#-500(#*(<%7#8*(#<.0+(#(&&,<(+.#(0#1.&+.#/,#/%-+,D*(S,.*%#<%*,<(#1.&+(+.#(00?5;A,3,.#+%0%)&(A,3.#1,b#<,3,*.#%#&,*<,(+.7#Q533%--,<('%*+%#<%**%#,'10%D'%*+(+(#5*(#&%+%#/,#3(<,#-.++.'(&,*,7d"# >92,&$%+'+$3,&$#,#1#'(&$*"#$*+1.+'3+'+$&,$(#,#7+'+5c&(#)0,#(11(&%334,#/.'%-+,3,#34%#5+,0,SS,('.#(P,+5(0'%*+%#,0#+%0%;.*.#9#;.&-%#=5%00.#34%#*%0#3.&-.#/%)0,#(**,6#/(#=5(*/.#<%**%#,*<%*+(+.#/(#I%533,#*%0#!KK!6#4(#-5P,+.#'%*.#<(&,(S,.*,7
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QUESITI8*#+%0%;.*.#9#%--%*S,(0'%*+%#3.'1.-+.#/(Be# 5*#/&*#:&(+/#$1%&#1.+%&#-%*+,&%Ue# 5*#1&*/+7+'+$1%&#1.+%&#1(&0(&%Ue
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ge# 0($,9'3"#662$)-+')2B#9#0(#/,-+(*S(#*%00.#-1(S,.#;&(#/5%#15*+,#%-+&%',#%#3.*-%35+,<,#/%00?.*D/(U#%--(#15F#<(&,(&%#/(#!#''#(#=5(034%#34,0.'%+&.Ue# 0?21.&#662B#9#,0#<(0.&%#'(--,'.#/%00?.*/(#%#*%#/%+%&',*(#0(#1.+%*S(Ue# 0(#7/#D9#'62B#9#,0#*5'%&.#/,#.-3,00(S,.*,#3.'10%+%#3.'1,5+%#/(00?.*/(#*%00?5*,+2#/,#+%'1.7Q,33.'%#'()),.&%#9#0(#/,-+(*S(#1%&3.&-(#+&(#/5%#1,334,#/?.*/(#%#',*.&%#9#,0#*5'%&.#/,#.-3,00(DS,.*,#34%#%--(#&,%-3%#(#3.'1,%&%#,*#5*#3%&+.#1%&,./.#/,#+%'1.6#0(#,9'3"#662$)-+')2$8$./+.+/=
6&+'2,#$2,,-&':#/%+$)#,,2$%92$7/#D9#'6278*?.*/(#%0%++&.'()*%+,3(#-,#1&.1()(#*%00.#-1(S,.#(00(#<%0.3,+2#/%00(#053%#EWMM7MMM#h'a-"7>%#.*/%#%0%++&.'()*%+,34%#<%*).*.#30(--,A,3(+%#(#-%3.*/(#/%00(#0.&.#05*)4%SS(#/?.*/(#E,*#=5%D-+.#3(-.#0?5*,+2#/,#',-5&(#5+,0,SS(+(#9#,0#'%+&."#.115&%#(#-%3.*/(#/%00(#0.&.#;&%=5%*S(6#%#,*#=5%D-+.#3(-.#0?5*,+2#/,#',-5&(#5+,0,SS(+(#9#0?4%&+S7>%#.*/%#&(/,.6#,*#1(&+,3.0(&%6#4(**.#5*(#;&%=5%*S(#34%#<(&,(#/(,#W#hiS#(,#WMM#CiS6#%#,*#=5%-+(#)(''(#/,#;&%=5%*S(#-.*.#50+%&,.&'%*+%#-5//,<,-%#,*#P(*/%7!L"# A'$*"#$1+)+$%+'+$/#2,&662(#$,#$(/2%1&%%&+'&$/2)&+7+'&*"#5$%&#&%(0,SS(&%#5*(#+&(-',--,.*%#&(/,.;.*,3(#9#*%3%--(&,.#(<%&%Be# 5*(#%(26&+'#$(/2%1&((#'(#$E3.-+,+5,+(#/(#5*#',3&.;.*.6#5*#('10,A,3(+.&%6#5*#.-3,00(+.&%6#5*#'./50(+.&%6#%#5*?(*+%**(#+&(-',++%*+%"Ue# 5*(#%(26&+'#$/&*#:#'(#$/.+(+(#/,#5*?(*+%**(#&,3%<%*+%6#5*#-,*+.*,SS(+.&%6#5*#&,0%<(+.&%6#5*#('10,A,3(+.&%#%#5*#(0+.1(&0(*+%7Y)*,#-+(S,.*%#+&(-',++%*+%#4(#5*(#P%*#/%+%&',*(+(#7/#D9#'62$(#35,#15F#+&(-'%++%&%7#T5%-+(#;&%D=5%*S(#<,%*%#(--%)*(+(#/(#5*#.&)(*,-'.#3.'1%+%*+%#1%&#%<,+(&%#34%#-,#3&%,*.#%<%*+5(0,#,*+%&;%D&%*S%#/5&(*+%#0%#+&(-',--,.*,#/%,#-%)*(0,7X5&(*+%#5*(#+&(-',--,.*%#&(/,.6#,*#)%*%&%6#5*#(**5*3,(+.&%#1(&0(#(#5*#',3&.;.*.7#R%0#',3&.;.D*.#e#3.'%#*%0#+%0%;.*.#e#0%#.*/%#-.*.&%#<%*).*.#+&(-;.&'(+%#,*#,'150-,#%0%++&,3,7#I%*+&%#*%0#3(-.#/%0#+%0%;.*.#)0,#,'150-,#%0%++&,3,#1.+%<(*.6#1%&F6#%--%&%#/,&%++('%*+%#,*<,(+,#+&(',+%#,#3(<,#+%0%;.*,3,#(0#+%0%;.*.#&,3%<,+.&%6#*%0#3(-.#/%00%#+&(-',--,.*,#&(/,.#=5%-+,#,'150-,#*.*#1.--.*.#%-D-%&%#,*<,(+,#<,(#%+%&%#1%&#/,<%&-%#&(),.*,Be# 0?,*+%*-,+2#/%00(#3.&&%*+%#1&./.++(#*.*#9#-5;A,3,%*+%#1%&#1.+%&#3&%(&%#.*/%#%0%++&.'()*%+,34%#3(1+(P,0,#(#)&(*/,#/,-+(*S%#.#*%00%#-+(S,.*,#&,3%<%*+,#1,b#/%P.0,U
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QUESITIe# 0(#<.3%#5'(*(#*.*#-51%&(#0(#;&%=5%*S(#/,#]#jiS#(#35,#3.&&,-1.*/%#5*(#05*)4%SS(#/?.*/(#/,#^M#h'6#%#=5,*/,6#1%&#1.+%&#+&(-'%++%&%#5*#-%)*(0%#3.*#=5%-+(#05*)4%SS(#/?.*/(6#0%#(*+%**%#/.<&%PP%&.#%--%&%#(0+%#/(,#!]#(,#WM#j'Ue# -511.*%*/.#/,#&,5-3,&%#(#3.-+&5,&%#(*+%**%#/,#=5%-+(#05*)4%SS(6#1%&#(0,'%*+(&0%#-,#(<&%PP%#P,D-.)*.#/,#5*(#1.+%*S(#%*.&'%#3.*#,0#&,-50+(+.#34%#,0#+&(-'%++,+.&%#-(&%PP%#<.05',*.-.#%#1%-(*+%Ue# 0(#;&%=5%*S(#/,#+&(-',--,.*%#-(&%PP%#5*(#-.0(#1%&#+5++,#)0,#5+%*+,6#%#=5%-+.#-,)*,A,3(#34%#+5++,#-%*+,&%PP%&.#+5++,#&%*/%*/.#,'1.--,P,0%#=5(0-,(-,#+&(-',--,.*%7$%&#&%*/%&%#1.--,P,0%#0(#+&(-',--,.*%#<,(#%+%&%#/%00(#<.3%#5'(*(#9#*%3%--(&,.#21.,&B&*2/#$%#1+=
)9,2/#$)0,#,'150-,#1&./.++,#/(0#',3&.;.*.7$%&#;(&#3,F#-,#5+,0,SS(#5*#21.,&B&*2(+/#7#8*(#<.0+(#('10,A,3(+.6#,0#-%)*(0%#<,%*%#'./50(+.6#3,.9#<,%D*%#(/(++(+.#(00%#3(&(++%&,-+,34%#/%0#'%SS.#/,#+&(-',--,.*%#(0S(*/.*%#0(#;&%=5%*S(7H5'%*+(&%#0(#;&%=5%*S(#/,#5*#-%)*(0%#-,)*,A,3(#&,/5&*%#0(#05*)4%SS(#/?.*/(#%#=5%-+.#,'10,3(#5*(#&,/5S,.*%#/%00(#05*)4%SS(#/%00%#(*+%**%#-,(#/%0#+&(-'%++,+.&%#34%#/%0#&,3%<,+.&%7#$%&#%-%'1,.6#1%&#+&(-'%++%&%#.#&,3%<%&%#5*?.*/(#/,#!MM#IiS#P(-+%&%PP%#5*?(*+%**(#(0+(#db#0.*+(*%6#%#=5%-+.#3.'1.&+(#0(#3.-+&5S,.*%#/,#5*#1.+%*+%#-,-+%'(#+&(-',--,<.#%#&,3%++,<.7:0#3.01.#/,#)%*,.#/,#34,#4(#,*<%*+(+.#,#3%0050(&,#9#-+(+.#=5%00.#/,#(<%&#/,<,-.#,0#+%&&,+.&,.#,*#1,33.0%#3%00%6#3,(-35*(#3.*#5*?(*+%**(#-5;A,3,%*+%'%*+%#1.+%*+%#E/%++(#QVk#.#Q+(S,.*%#V(/,.#k(-%"#1%&#3.1&,&%#-.0.#0(#3%00(#/,#1%&+,*%*S(7`.-@6#=5(*/.#(&&,<(#5*(#+%0%;.*(+(6#,0#)%-+.&%#3%&3(#0(#3%00(#/.<%#-,#+&.<(#,0#+%0%;.*.#(#35,#9#/%-+,*(D+(6#,*<,(#5*(#34,('(+(#%#,*-,%'%6#+&(',+%#0(#;&%=5%*S(#/,#3.*+&.00.6#0?,*/,3(S,.*%#/%00(#;&%=5%*S(#/(#5+,0,SS(&%#1%&#1(&0(&%7#H#=5%0#15*+.#0(#3.'5*,3(S,.*%#9#(++,<(#%#,0#+%0%;.*,*.#-,#3.'1.&+(#%-(+D+('%*+%#3.'%#5*(#&(/,.#(#/.11,(#;&%=5%*S(6#5*(#1%&#1(&0(&%#%#5*(#1%&#(-3.0+(&%7#I(*#'(*.#34%#-,#(<<,3,*(#,0#3.*A,*%#+&(#/5%#3%00%6#,0#)%-+.&%#-,#(33.&)%#34%#,0#-%)*(0%#/%0#3%0050(&%#-,#,*/%P.0,-3%#%6#3.*+%'1.&(*%('%*+%6#-,#&(;;.&S(#,0#-%)*(0%#/%00(#3%00(#<%&-.#35,#-+(#(*/(*/.7#>(#3.'1()*,(#1%&D3,F#,*<,(#(0#+%0%;.*.#,0#3.'(*/.#/,#3('P,(&%#;&%=5%*S(#,*/,3(*/.*%#5*(#0,P%&(#-500(#*5.<(#3%00(7!Z"# !"&$8$*+'%&)#/2(+$&,$0.2)/#4$)#,,2$(#,#:&%&+'#5:0#[1(/&%\#/%00(#+%0%<,-,.*%#9#3.*-,/%&(+.#l.4*#>.),%#k(,&/7>(#-+.&,(#/%00(#+%0%<,-,.*%6#+5++(<,(6#9#3.-+%00(+(#/(#5*?,*A,*,+2#/,#,*<%*S,.*,#-+&(*%6#/,#1%&-.*()),#)%*,(0,6#/,#0,+,#-5,#P&%<%++,#%6#-.1&(++5++.6#/,#,/%%7c5++.#%PP%#,*,S,.#=5(*/.#0.#-<%/%-%#lm*-#k%&S%0,5-#-3.1&@#34%#(035*,#'(+%&,(0,#/,',*5,-3.*.#0(#0.&.#&%-,-+%*S(#%0%++&,3(#=5(*/.#<%*).*.#%-1.-+,#(00(#053%7#c&(#=5%-+,#'(+%&,(0,#+&.<,('.#,0#;.D-;.&.6#,0#-%0%*,.#%#,0#-,0,3,.7#:#0(<.&,#/,#k%&S%0,5-#<%**%&.#&,1&%-,#/(#5*#),.<(*%#+%0%)&(A,-+(#,&0(*D/%-%6#`b#.#'%*.#,005',*(+%#(#-%3.*/(#/%00(#053%#1&.<%*,%*+%#/(00?.))%++.#-+%--.6#%#=5,*/,#.)*,#1,(-+&,*(#)%*%&(<(#
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