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fj\di
_ejfbidi
`h
a_aifh�
fjddj
h_eg^gWidi�
fjddh
]dh"beheigf�
fjddRhcih�
fj\di
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KQIS�NTCSNTISPMQ�HPTMRNTQ��KTQ:�R�KHT�JTRIQ�EROQNS�-=�S�KQP�OR
@HROS�KQPCNQPMTRIQ�OR�-8.74/8547 JSOO>QFFSMMQ�KBS�EQFOTRIQ
ITLHNRNS

Oj
]cg]cijeP
^ib_chWidi bgfg
`jeej
V_a]YcRRc�Qd\d[Sc�
;bbj
bi
b_``i[i`gfg
if
�364-7))79(54-6.742618 j
�364-7))7
-738&627�
?jc
^ib_chcj
_f
g\\jeeg
`gWWih^g
baj\dijcj
_fh
W]d`-�Yd�Zd\W_a j
^ib_chcj
_fh
\chf`jZZh�
[_gd
`icj
behWidicj
V_hfej
_PTM;�JT�ITLHNR bgfg
agfejf_ej
hd
b_g
ifejcfg�
?a�Zd\W_a�Yd�W]a�V_a]YcRRa���\cZX_c�Ya`a�Ya�W]�Ia^b_c�]WZc_d[b�c�Ya�W]a�W]d`-�Yd�Zd\W_a
9c\U�Za\\a���6<�*V�$[Sd^bV_aZZd2+�a^`cRRa�TH6�Z�$Zc`_d28U

Oj
1>OA=N''N�5CA=OLNAEO?M
bgfg
if`i]jf`jfei
j
fgf
`jci[hfg
`h
hdecj
\chf`jZZj�

9

� .6.  <@2(A&&ACAC5B9#<A � .6+ =:@�?<@&B?2AC(A::AC
5B9#<ACAC7A?<B@C
(A::�A<<?<A

� =9A<8B&B

1_a]YcRRa�Qb]YaZc]`a^c 0]d`-�Yd�Zd\W_a KdZPb^b
O_f\XjZZh 8jecg ^
8hbbh HXidg\ch^^g ,\
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]jc
^jecg
a_Wg ,\
1
^I

HgfajfechZigfj ^gdj
]jc
^jecg
a_Wg ^gd
1
^I

4gcZh fj egf B
?cjbbigfj ]hbahd ?h

;fjc\ih�
dh[gcg
j
V_hfeieP
`i
ahdgcj �g_dj �

G_cQd\\b .a^b_c KdZPb^b AbZc
ejch 1012 T 9cidigfj
giga 109 G 8idihc`g
mega 106 M 8idigfj
kilo 103 k 8iddj
etto 102 h Hjfeg
deca 101 da 2ijai
deci 10-1 d 2jai^g
centi 10-2 c Hjfejbi^g
multi 10-3 m 8iddjbi^g
micro 10-6 µ 8idigfjbi^g
nano 10-9 n 8idihc`jbi^g
pico 10-12 p 8idi^idihc`jbi^g

)NSCTLLT�S�NSORMTET�LTIAQOT�TPJTKRPMT�T�IHOMTGOT�S�T�LQMMQIHOMTGOT�JSOOS�HPTM;�JT�ITLHNR�

Kg
chilogrammi

hg
ettogrammi

dag
decagrammi

g
grammi

dg
decigrammi

cg
centigrammi

mg
milligrammi

?hbbhf`g
 `h
 _fh
_fieP
 ]iK
 \chf`j
 h`
_fh
 ]iK
 ]iaagdh
Zb^`dX^d[b� Xc_� TFH
b]gbehf`g
 dh
 [ic\gdh
[jcbg
 `jbech
 `i
 _f
]gbeg

?hbbhf`g
 `h
 _fh
_fieP
 ]iK
 ]iaagdh
 h`
_fh
 ]iK
 \chf`j
YdIdYb� Xc_� TF�
b]gbehf`g
 dh
 [ic\gdh
[jcbg
 bifibech
 `i
 _f
]gbeg�

Km
chilometri

hm
ettometri

dam
decametri

m
metri

dm
decimetri

cm
centimetri

mm
millimetri

?hbbhf`g
 `h
 _fh
_fieP
 ]iK
 \chf`j
 h`
_fh
 ]iK
 ]iaagdh
Zb^`dX^d[b� Xc_� TFH
b]gbehf`g
 dh
 [ic\gdh
[jcbg
 `jbech
 `i
 _f
]gbeg

?hbbhf`g
 `h
 _fh
_fieP
 ]iK
 ]iaagdh
 h`
_fh
 ]iK
 \chf`j
YdIdYb� Xc_� TF�
b]gbehf`g
 dh
 [ic\gdh
[jcbg
 bifibech
 `i
 _f
]gbeg
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0]d`a7�Yd�Zd\W_a�Yc^�Ib^WZc

.b^WZc�Ycd�^d;WdYd�\Xc\\b�c\X_c\\b�d],�

1 m3 = 1000L 1 dm3 = 1L 1 cm3 = 1ml

.6.6$C0>-'4=C*>C 4;,*=!!=
Ab`aRdb]c�c\Xb]c]Rda^c�
0_hf`g
bi
`j[gfg
_eidiZZhcj
f_^jci
ecg]]g
\chf`i

jb�
dh
`ibehfZh
9jcch
Ggdj�
]hci
h
QFA
TTT
TTT
,^�
g
ecg]]g
]iaagdi

jb�
id
ch\\ig
`jddRheg^g
`i
i`cg\jfg�
]hci
h
T�TTTTTTTE�A
^^��
bi
[jf\gfg
h`
h[jcj
^gdei
Zjci�
aXj
ag^]diahfg
dh
djee_ch
j
dj
g]jchZigfi�

Hgf
dh
]b`aRdb]c�c\Xb]c]Rda^c g
\[dc]`dQd[aJ
V_hdbihbi
f_^jcg
bi
]_L
ch]]cjbjfehcj
ag^j
id
]cg`geeg
̀ i
_f
hdecg
f_^jcg
ag^]cjbg
Ych
Q
j
QT
]jc
_fh
]gejfZh
`i
QT
]gbiei[h
g
fj\hei[h�

T�TTTTTTTE�A
^^ �
E��A
:
QT �C ^^ �
E��A
f^^ 
]^ ]iag^jeci�<
QFA
TTT
TTT *^ �
Q�FA
:
QTC *^ �
QFA
8,^ 
9^ 9jch^jeci�

ORjb]gfjfej
`jddh
]gejfZh�
`jeeg
b_Yd]c�Yd�V_a]YcRRa `jd
f_^jcg�
S
`heg
`hd
f_^jcg
`i
]gbei
`i
a_i
S
beheh
b]gbeheh
dh
[ic\gdh
cib]jeeg
hd
f_^jcg
gci\ifhdj

CKKN>.O
Og
b]gbeh^jfeg
`jddh
[ic\gdh
[jcbg
`jbech
ag^]gceh
_f
jb]gfjfej
fj\hei[g�

T�TTTTTTTE�A
�
E��A
�
QT=C

Og
b]gbeh^jfeg
`jddh
[ic\gdh
[jcbg
bifibech
ag^]gceh
_f
jb]gfjfej
]gbiei[g
QFATTTTTT
�
Q�FA
�
QTC

G>C.O�E0, IFETTTTT<

I@CCTTTTTTTT<

T�TTTTTT�QE<

T�AA@

Ld\W_c�Yd�Yd\`a]RaH�\WXc_Qd[dcH�Ib^WZc�
8ib_ch
agf
Zc`bYb�Yd_c``bJ
dh
\chf`jZZh
`h
^ib_chcj
[ijfj
`icjeeh^jfej
^ib_cheh
agf
_fR_fieP
`i
^ib_ch
h]]cg]ciheh
hddj
b_j
`i^jfbigfi�

Oh
bajdeh
`jddg
bec_^jfeg
`i
^ib_ch
`i]jf`j
`hddh
@HRPMTM; `h
^ib_chcj
j
`hddh
GNSKTLTQPS ciaXijbeh�
&\fi
bec_^jfeg
`i
^ib_ch
S
ahcheejciZZheg
`h
_fh
Xb_`a`a�
aXj
agccib]gf`j
hddh
IRLLTIR�ITLHNR SLSFHTATOS KQP�OQ
LMNHISPMQ<
j
`h
_fh
\c]\dPd^d`-�
_\_hdj
hddh
ITPTIR�ITLHNR�OSFFTATOS�LHOOQ�LMNHISPMQ�LMSLLQ�

9T�JSCTPTLKS�.7235 OR�JTLMRPDR� MNR�JHS� MRKKBS� TPKTLS�LH�JT�HPR�LARNNR�ISMROOTKR�KQPLSNERMR
PSOO>�CCTKTQ�3PMSNPRDTQPROS�JST�)SLT�S�JSOOS�ITLHNS�JT�9:ENSL��GNSLLQ�)RNTFT�

2hd
QACI
id
^jecg
S
beheg
ci`jYifieg
ag^j
dh
`ibehfZh
]jcagcbh
`hddh
d_aj
fjd
[_geg
if
Q1�AA@A�FEC=
jbi^g
`i
bjagf`g
aicah�
V_hbi
_f
ecjajfeg^idigfjbi^g
`i
bjagf`g�

11

     

Km2 hm2 dam2 m2 dm2 cm2 mm2

?hbbhf`g
 `h
 _fh
_fieP
 ]iK
 \chf`j
 h`
_fh
 ]iK
 ]iaagdh
Zb^`dX^d[b� Xc_� TFF�
b]gbehf`g
 dh
 [ic\gdh
[jcbg
 `jbech
 `i
 `_j
]gbei


?hbbhf`g
 `h
 _fh
_fieP
 ]iK
 ]iaagdh
 h`
_fh
 ]iK
 \chf`j
YdIdYb� Xc_� TFF�
b]gbehf`g
 dh
 [ic\gdh
[jcbg
 bifibech
 `i
 `_j
]gbei

Km3 hm3 dam3 m3 dm3 cm3 mm3

?hbbhf`g
 `h
 _fh
_fieP
 ]iK
 \chf`j
 h`
_fh
 ]iK
 ]iaagdh
Zb^`dX^d[b�Xc_�TFFF�
b]gbehf`g
 dh
 [ic\gdh
[jcbg

?hbbhf`g
 `h
 _fh
_fieP
 ]iK
 ]iaagdh
 h`
_fh
 ]iK
 \chf`j
YdIdYb� Xc_� TFFF�
b]gbehf`g
 dh
 [ic\gdh
[jcbg
 bifibech
 `i
 ecj
]gbei

0]d`a7�Yd�Zd\W_a�Yc^^a��\WXc_Qd[d
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Scienze Integrate “Chimica” - primo anno

Ld\W_a�Yc^^a�\WXc_Qd[dcJ
bj
dRg\\jeeg
Xh
Ygc^h
cj\gdhcj�
bi
ciagccj
hddj
Ygc^_dj
`jddh
\jg^jecih<
bj
dRg\\jeeg
if[jaj
Xh
Ygc^h
iccj\gdhcj
bi
ciagccj
h
]hceiagdhci
^jeg`i
`icjeei
ag^j
h`
jb�
id
^jeg`g
`jddh
ahceh
^iddi^jecheh
Ld\W_a�Yc^�Ib^WZcJ
bj
dRg\\jeeg
S
_f
bgdi`g
cj\gdhcj�
bi
ciagccj
hd
^jeg`g
\jg^jeciag<
bj
dRg\\jeeg
S
_f
diV_i`g
bi
ciah[h
if[jaj
`hd
[gd_^j
`jd
cjai]ijfej
gaa_]heg�

Md
[gd_^j
`jd
diV_i`g
bi
dj\\j
hddRhdejZZh
`jd
di[jddg
ifYjcigcj
`jd
^jfibag�

BjddRjbj^]ig
3
�
�I
^d

Gj
id
bgdi`g
Xh
Ygc^h
iccj\gdhcj
id
[gd_^j
bi
^ib_ch
d]�ZbYb�d]Yd_c``b�Xc_�\Xb\`aZc]`b�Yd�^d;WdYbU

12
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'2B7�C.6+
=:@�?<@&B?2AC(A::AC5B9#<ACAC7A?<B@C(A::�A<<?<A
.6+6.C=4434>C*>C0>-'4;
0_hdbihbi
̂ ib_ch
S
bj^]cj
hYYjeeh
̀ h
jccgcj�
V_hd_fV_j
bih
dRg]jchegcj�
dh
bjfbiWidieP
̀ jddg
bec_^jfeg
g
id
̂ jeg`g
i^]ij\heg�
Oj
^ib_cj
fgf
bgfg
V_if`i
^hi
jbheej�
]gbbgfg
]jcL
jbbjcj
]iK
g
^jfg
]cjaibj h
bjagf`h
`jddh
]cgaj`_ch
j
`j\di
bec_^jfei
_eidiZZhei�
ORifajcejZZh `i
_fh
^ib_ch
`i]jf`j
`hddh
bjfbiWidieP
`jddg
bec_^jfeg
_bheg�
;YYjee_ih^g
h`
jbj^]ig�
_fh
bif\gdh
^ib_ch `i
_f
diWcg
agf
_f
ci\Xjddg
`i
bjfbiWidieP
Q
^^�
Oh
d_f\XjZZh
S
ag^]cjbh
ech
�@�Q
j
�@��
a^�
g[[jcg
�@�Q
�
O
�
�@��

Md
[hdgcj
ifYjcigcj
S
h]]cgbbi^heg
]jc
`iYjeeg

O`��
^jfecj
V_jddg
^h\\igcj
S
h]]cgbbi^heg
]jc
jaajbbg

Oj�
Md
[hdgcj
]iK
]cgWhWidj
`jddh
^ib_ch
agccib]gf`j
hddgch
hd
[hdgcj
^j`ig

O^�

Md
[hdgcj
]iK
]cgWhWidj `jddh
^ib_ch
agccib]gf`j
hddgch
hd
[hdgcj
^j`ig

O^�

.6+6+C=<<?<AC@99?:#7?C�A@99�
Bjd
ahbg
`i
_fh
^ib_ch
bif\gdh
dRjccgcj
hbbgd_eg
S
]hci
h
^jeP
`jddh
bjfbiWidieP
`jddg
bec_^jfeg
_eidiZZheg�

Bjd
ahbg
`i
]iK
^ib_cj
S
]hci
hddh
`iYYjcjfZh
ech
id
[hdgcj
^hbbi^g
^ib_cheg
j
V_jddg
^ififg
`i[ibg
]jc
`_j�
Md
[hdgcj
^j`ig
]cjbjfeh
_fRifajcejZZh
]hci
hd
b_g
jccgcj
hbbgd_eg�

Oh
^ib_ch
bi
if`iah
V_if`i
ag^jJ
O
�
O^
�
jhbb

Md
[hdgcj
cjhdj
`jddh
\chf`jZZh
S
ag^]cjbg
ech

O^
%
jhbb�
j

O^
=
jhbb��

ORjccgcj
hbbgd_eg
[h
jb]cjbbg
fjddh
bejbbh
_fieP
`i
^ib_ch
`jddh
\chf`jZZh
^ib_cheh�
Bjd
fgbecg
ahbg
h[cj^gJ
O
�

�@�QE
�
T�TE�
a^
ORjccgcj
hbbgd_eg
if`iah
1�84273&6115 if
a_i
]gbbg
ecg[hcj
[hdgci
[hdi`i�

.6+6$C=<<?<AC<A:@7B�?C�A<A:�
ORjccgcj
hbbgd_eg
fgf
S
b_YYiaijfej
]jc
[hd_ehcj
dh
]cjaibigfj
`i
_fh
^ib_ch�
if
V_hfeg
V_jbeh
`i]jf`j
hfaXj
`hddh
V_hfeieP
aXj
`j[j
jbbjcj
^ib_cheh�

�P�SNNQNS�RLLQOHMQ�JT�,�%�II�: RKKSMMRATOS GSN�OR�ITLHNR�JT�HP�OTANQ��S�MNRLKHNRATOS GSN�@HSOOR�JT�HPR�LMRPDR��:�TPRKKSMMRATOS
GSN�OR�ITLHNR�JT�HPR�ORITPR�ISMROOTKR?

9T�QMMTSPS�TPESKS�HPR�EROHMRDTQPS�@HRPMTMRMTER�JSOOR�GNSKTLTQPS�KQPLTJSNRPJQ�O�7335379371628&59�7371� JRMQ�JRO�NRGGQNMQ
MNR�O>SNNQNS�RLLQOHMQ�S�OR�FNRPJSDDR�JR�ITLHNRNS��Q�TO�LHQ�EROQNS�ISJTQ?

8LLSPJQ�TO�NRGGQNMQ�MNR�JHS�@HRPMTM;�KQP�OR�LMSLLR�HPTM;�JT�ITLHNR��O>SNNQNS�NSORMTEQ�:�HP�PHISNQ
GHNQ��QEESNQ�HPR�FNRPJSDDR�RJTISPLTQPROS

6ROKQOTRIQ�RJSLLQ�O>SNNQNS�NSORMTEQ�KBS�QMMSPTRIQ�ITLHNRPJQ�TO�OTANQ�OHPFQ�0$�-%�KI�KQP�HP�SNNQNS�RLLQOHMQ�JT�,�,%�KI�

13

     

7S�7J��������0$�-�KI���0$�0�KI

0
7I�&�����������������&���������������������������������&�0$�-%�KI

0

Errore assoluto
eass = 0,05 cm

Errore assoluto
eass = 0,05 cm

27,1 cm
misura per
difetto (Ld)

27,15 cm
valore medio

(Ld)

27,2 cm
misura per

eccesso (Ld)

8RLL
7I

SNSO &

  
               = 0,00007  

  

  

     

               = 0,2
2   

27,15 cm
 

 
 

Lm  
eass 0,05 cmerel =            =                  = 0,0018

 

         

      
                                           = 7,35 metri

30_AIE201C1_chimica_rev5 parte 1.qxp_Layout 1  29/06/20  11:59  Pagina 13

an
tep

rim
a 5

0 p
ag

ine



     

   

Scienze Integrate “Chimica” - primo anno

6ROKQOTRIQ�GQT�O>SNNQNS�NSORMTEQ�KQIGTHMQ�ITLHNRPJQ��KQO�ISJSLTIQ�SNNQNS�RLLQOHMQ��HP>RHOR�OHPFR�$I��$,,�KI=

Md
[hdgcj
geejf_eg
S
�E
[gdej
ifYjcigcj
hd
]cjaj`jfej

Md
[hdgcj
geejf_eg
S
]iK
`i
QTT
[gdej
b_]jcigcj
h
V_jddg
`jd
diWcg

?giaX/
dRjccgcj
cjdhei[g
S
bj^]cj
_f
f_^jcg
^gdeg
]iaagdg
S
]iK
ag^g`g
agfbi`jchcj
dRjccgcj
]jcajfe_hdj

j���
aXj
bi
geeijfj IQOMTGOTKRPJQ�GSN�-,,�O>SNNQNS�NSORMTEQ�JSOOR�LMSLLR�ITLHNR�

Bji
ecj
ahbi
]ci^h
agfbi`jchei
h[cj^g
`_fV_jJ

ORjccgcj
cjdhei[g
j
V_jddg
]jcajfe_hdj
if`iahfg
V_hfeg
id
^ig
jccgcj
bih
bi\fiYiahei[g
if
cjdhZigfj
hd
]cgWdj^h
aXj
beg
echeehf`g�
Oh
]cjaibigfj `i
_fh
^ib_ch
`j[j
jbbjcj
[hd_eheh
if
cjdhZigfj
h\di
bag]i
`jddh
^ib_ch
bejbbh�
if
Whbj
hi
V_hdi
bi
bajd\gfg
\di
bec_^jfei
j
dj
]cgaj`_cj
]jc
jYYjee_hcdh�
if
V_hfeg
]iK
dh
^ib_ch
S
]cjaibh
j
]iK
S
agbegbg
cjhdiZZhcdh�

Ge_`ih^g
gch
i
]cifai]hdi
ei]i
`i
jccgci
aXj
g]jchei[h^jfej
bi
ag^^jeegfg
fjddRjbja_Zigfj
`i
_fh
^ib_ch�
[hd_ehf`gfj
dj
]cgaj`_cj
`i
ciagfgbai^jfeg�
`i
]cj[jfZigfj
j
`i
agccjZigfj�

.6+6�C=<<?<BC�@2@:B
!SOOS�ITLHNS�JTNSMMS LQPQ�JQEHMT�RJ�SNNQNT�SCCSMMHRMT�JHNRPMS�OS�QGSNRDTQPT�JT�ITLHNR��GSN�JTLMNRDTQPS��OSMMHNR�Q�MNRLKNTDTQPS
LARFOTRMR?�!SO�KRLQ�TPESKS�JT�ITLHNR�TPJTNSMMR LQPQ�JQEHMT�RJ�SNNQNT�PST�KROKQOT?
;bbi
bgfg
ciagfgbaiWidi
if
V_hfeg
`hffg
[hdgci
^gdeg
dgfehfi
`h\di
hdeci ^ib_chei
g
heejbi�

O_f\XjZZh
`i
_fRh_dhJ
h�
@�IF^<
W�
@�I@^<
a�
:BH<Z<
`�
@�I>^<
j�
@�IF^�

.6+6�C=<<?<BC9B97A5@7B8B
9T�NTGNSLSPMRPQ�NSFQORNISPMS MHMMS�OS�EQOMS�KBS�LT�SLSFHS�HPR�ITLHNR�S�LQPQ�JQEHMT�R�OTITMRDTQPT Q�JTCSMMT JSOOQ�LMNHISPMQ
HMTOTDDRMQ Q�JSOO>QGSNRDTQPS�JT�ITLHNR?

.6+6
C=<<?<BC8@9#@:B
9QPQ�JQEHMT�R�KRHLS�LKQPQLKTHMS Q�R�CSPQISPT�JT�KHT�:�TIGQLLTATOS�GNSESJSNS�FOT�SCCSMMT S�PQP�LT�GQLLQPQ�@HTPJT�IRT
SOTITPRNS?

?jc
ci`_ccj
dRifai`jfZh
`i
ehdi
jccgci
bi
jYYjee_hfg
^ib_cj
ci]je_ej
`jddh
bejbbh
\chf`jZZh
j
bj
fj
Yh
]gi
dh
^j`ih
hcie^jeiah�
ag^]jfbhf`g
agb7
dj
^ib_cj
jcchej
]jc
jaajbbg
agf
V_jddj
jcchej
]jc
`iYjeeg�

7R�ISJTR�PQP�KQLMTMHTLKS�TO�EROQNS�NSROS�JSOOR�ITLHNR��IR�LQOQ�@HSOOQ�KBS�GQLLTRIQ�NTMSPSNS�LTR�TO�GT �GNQARATOS?

Bjd
ahbg
`jddRh_dh
hWWih^gJ

14

0,05 cm erel =               = 0,00007  
700 cm 

  

     

               = 0,2
2   

 
 

 
 

 
 

                               = 0
 

         

      
                                           = 7,35 metri

  
               = 0,00007  

  

0,05 cm erel

     

=               = 0,2
2,5 cm 

 
 

 
 

 
 

                               = 0
 

         

      
                                           = 7,35 metri

  
               = 0,00007  

  

  

     

               = 0,2
2   

 
 

 
 

 
 

                               = 0
 

         

(7,34 + 7,37 + 7,36 + 7,34)

4
Lm =                                           = 7,35 metri

  
               = 0,00007  

  

  

e% = erel • 100 

               = 0,2
2   

 
 

 
 

 
 

                               = 0
 

         

      
                                           = 7,35 metri

  
               = 0,00007  

  

  

     

               = 0,2
2   

 
 

 
 

 
 

                               = 0
 

e% (quaderno) = 0,18% e% (lamina) = 20%e% (aula) ~ 0,01%

      
                                           = 7,35 metri
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.6$C4>-'/1;1>CC*=//=C0>-'4=

.6$6.C,#5A<BC@%%<?99B5@7B
Gi
`iaj
aXj
_f
f_^jcg
S
RGGNQLLTIRMQ�R�ISPQ `jddR_dei^h
aiYch
agfbi`jcheh�

?giaX/
g\fi
^ib_ch
S
hYYjeeh
`h
jccgcj�
i
cib_dehei
`jddj
^ib_cj
[hffg
jb]cjbbi
`h
f_^jci
ag^]heiWidi
agf
dRjccgcj
bejbbg�

D
ehd
Yifj
i
f_^jci
b]jbbg
`jWWgfg
SLLSNS�RGGNQLLTIRMT Yifg
h`
_fh
ajceh
aiYch
`jai^hdj

?jc
h]]cgbbi^hcj
_f
f_^jcg
`gWWih^g
echba_chcj
hda_fj
b_j
aiYcj�
bjagf`g
dh
bj\_jfej
cj\gdhJ
7>HOMTIR�KTCNR�KQPLTJSNRMR�NTIRPS�TPERNTRMR�LS�OR�GNTIR�KTCNR�MNRLKHNRMR�:�ITPQNS�JT�%��RGGNQLLTIRDTQPS�GSN�JTCSMMQ=?

7>HOMTIR�KTCNR�KQPLTJSNRMR�RHISPMR�JT�HPR�HPTM;�LS�OR�GNTIR�KTCNR�MNRLKHNRMR�:�IRFFTQNS�Q�HFHROS�R�%��RGGNQLLTIRDTQPS
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Kb\`a]Ra N^cZc]`b JbZXb\`b LU�CZbVc]cb L�c`c_bVc]cb C\\c_IaRdb]d
Aria
Rame 
Vino
Sabbia
Latte
Azoto
Fumo
Nebbia
Maionese
Olio
Vetro
Acciaio
Bronzo
Argento
Oro
Succo di Pera
Birra
Acqua distillata
Ossigeno
Aranciata
Acqua e Olio
Plastica
Profumo
Grappa
Acqua di mare
Acqua e sciroppo
Crema cosmetica
Granito
Coca Cola chiusa
Sale da cucina
Dentifricio
Sapone liquido
Vernice
Pittura per i muri
Bagnoschiuma
Coca Cola aperta
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distillazione

cromatografia su carta

cromatografia su colonna

centrifuga

decantazione

 

filtrazione

 

estrazione con solvente

 

  

  

Metodi
 fisici 

Metodi
 chimici  Miscugli

(omogenei o eterogenei)
Sostanze pure

(composte)
Elementi
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Oh
ej^]jche_ch
S
dh
^ib_ch
`jd
echbYjci^jfeg
`jd
ahdgcj�
Oh
ej^]jche_ch
S
_fh
[hcihWidj
ifejfbi[h�
Og
bec_^jfeg
`i
^ib_ch
`jddh
ej^]jche_ch
S
id
ejc^g^jecg�
Oj
]iK
_bhej
_fieP
`i
^ib_ch
`jddh
ej^]jche_ch
bgfg
i
\ch`i
*jd[if�i
\ch`i
Hjdbi_b
j
i
\ch`i
4hXcjfXjie�

�,/8547979/518-8(806)8547 Xhffg
if
ag^_fj
id
]_feg
`i
Y_bigfj�
aigS
dh
`cZXc_a`W_a hddh
V_hdj
_f
bgdi`g
ifiZih
h
Ygf`jcj�
aigS
`i[jfehcj
diV_i`g
bj
cibahd`heg
j
dh
ej^]jche_ch
hddh
V_hdj
_f
diV_i`g
ifiZih
h
bgdi`iYiahcj
bj
chYYcj``heg�
?jc
jbj^]ig
id
]_feg
̀ i
Y_bigfj
̀ jddNhaV_h
S
T'H�
Md
]_feg
̀ i
Y_bigfj
̀ i]jf`j
̀ hddh
]cjbbigfj�
M
]heeifhegci
bai[gdhfg
b_d
\Xihaaig
]jcaX/
dh
Ygceibbi^h
]cjbbigfj
jbjcaieheh
`hddh
dh^h
b_d
\Xihaaig
Yh
bi
aXj
id
]_feg
`i
Y_bigfj
`jddh
ag]]ih
\Xihaaig1haV_h
bi
hWWhbbi
j
`i
agfbj\_jfZh
id
\Xihaaig
Ygf`j
Ygc^hf`g
_fh
]jddiagdh
`i
haV_h
b_ddh
V_hdj
bi
bai[gdh�

#54-74/6)854797-97$5118)8547 Xhffg
hfhdg\h^jfej
if
ag^_fj
id
]_feg
`i
jWgddiZigfj�
0_jbeg
S
Ygcej^jfej
`i]jf`jfej
`hddh
]cjbbigfj
h^Wijfehdj
hddh
V_hdj
bi
jbj\_j
id
]cgajbbg�
?jc
jbj^]ig
if
̂ gfeh\fh
dh
]cjbbigfj
he^gbYjciah
S
ifYjcigcj
j
]jc
V_jbeg
hfaXj
id
]_feg
`i
jWgddiZigfj
S
ifYjcigcj�
2_fV_j�
jbbjf`g
]iK
Whbbh
dh
ej^]jche_ch
`jddRhaV_h
aXj
Wgddj�
ai
[_gdj
]iK
ej^]g
]jc
a_gajcj
\di
b]h\Xjeei����
j
e_eei
\di
hdeci
hdi^jfei��
+f
a_cigbg
Yjfg^jfg
Yibiag
=
\hbecgfg^iag
`g[_eg
hddh
]cjbbigfj
S
]jc
jbj^]ig
V_jddg
aXj
ci\_hc`h
dj
_g[hJ
if
ai^h
hd
8gfej
5ihfag
fgf
bi
]gbbgfg
Yhcj
dj
_g[h
bg`j�
MfYheei
]jc
geejfjcdj
gaagccj
_fh
ej^]jche_ch
`i
QTT'H
j
if[jaj
dNhaV_h
dhbbK
Wgddj
h
aicah
CT
'H�
fgf
b_YYiaijfej
h
]cg`_ccj
dh
echbYgc^hZigfj
aXi^iah
aXj
fgi
aXih^ih^g
#Yhcj
dj
_g[h
bg`j#�

�,$18.6)8547 S
V_jd
]cgajbbg
aXj
echbYgc^h
`icjeeh^jfej
_f
bgdi`g
if
_f
\hb�
D
di[jddg
if`_becihdj
S
i^]gcehfeibbi^h�
Oh
digYidiZZhZigfj
fgf
S
fijfeNhdecg
aXj
_f
^jeg`g
aXj
]cj[j`j
]ci^h
id
agf\jdh^jfeg
`jddRhdi^jfeg
j
b_aajbbi[h^jfej
dh
b_Wdi^hZigfj�
MfYheei
]jc
ci^_g[jcj
dNhaV_h
agfejf_eh
bi
]cgaj`j
`h]]ci^h
h
agf\jdhcj
\di
hdi^jfei�
V_if`i
agf\jdhcj
dRhaV_h
if
jbbi
agfejf_eh
j
b_aajbbi[h^jfej
Yhc
b_Wdi^hcj
dRhaV_h
agf\jdheh
dh[gchf`g
bgeeg
[_geg�
Ddecg
jbj^]ig
`i
b_Wdi^hZigfj
S
dh
echbYgc^hZigfj
`jddj
]hddifj
`i
fhYehdifh

hddg
beheg
bgdi`g��
aXj
[jf\gfg
]gbej
fji
[jbeiei
]jc
]cj[jficj
dj
ehc^j<
jbbj
b_Wibagfg
agf
id
ahdgcj
`jddh
behfZh
dh
echbYgc^hZigfj
`icjeeh
if
[h]gcj
bjfZh
]hbbhcj
`hddg
beheg
diV_i`g





3846.7425 S
V_jd
Yjfg^jfg
aXj
bi
gbbjc[h
`Nif[jcfg
V_hf`g
dNhaV_h
hjciYgc^j
agfejf_eh
fjddNhcih
h
agfeheeg
agf
b_]jcYiai
aXj
Xhffg
_fh
ej^]jche_ch
ifYjcigcj
h
T'
bi
echbYgc^h
if
\Xihaaig

Wcifh��
Deejfei
h
`ibeif\_jcj
dh
Wcifh
Ygc^heh
]jc
Wcifh^jfeg

\Xihaaig
]gd[jcgbg�
fj[j��
`hd
\Xihaaig
Ygc^heg
]jc
bgdi`iYiahZigfj
`jddNhaV_h�
aXj
Xh
_fh
agfbibejfZh
^gdeg
`i[jcbh

dhbech
\Xihaaiheh��

! �++35(54-8.7425� Mf
dhWgchegcig
]gechi
[jciYiahcj
aXj

dh
ej^]jche_ch
hddh
V_hdj
h[[jf\gfg
i
]hbbh\\i
`i
beheg
ci^hfj
agbehfej
Yif
V_hf`g
e_eeh
dh
bgbehfZh
fgf
Xh
ah^Wiheg
beheg
̀ i
h\\cj\hZigfj�
Md
ahdgcj
aXj
[ijfj
Ygcfieg
g
bgeecheeg
bjc[j
h
if`jWgdicj
g
chYYgcZhcj
i
dj\h^i
ech
dj
^gdjagdj
j
bi
aXih^h
ahdgcj
dhejfej�

Md
]hbbh\\ig
`i
beheg
4_bigfj

Oh
a_c[h
`i
Y_bigfj
`jd
\Xihaaig

a_c[h
`i
cibahd`h^jfeg
`i
_f
bgdi`g�

Tem
peratura (°C

) 

tempo di riscaldamento (min) 

Tf  (0°C a  P=1 atm) 

  

ghiaccio 

ghiaccio + acqua 

  

SOSTA TERMICA 

ghiaccio  ghiaccio + acqua acqua 

2TJSQOSDTQPS5�OS
GNQGNTSM;�CTLTKBS
JSOOR�IRMSNTR

8LGSNTSPDR�JT
ORAQNRMQNTQ5�OR
LHAOTIRDTQPS
JSOOQ�TQJTQ
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+6+6+C14;-�340;!>3,>C)�>0>)�=
Oj
236/(53.6)854890*8.80*7 bgfg
V_jddj
if
a_i
dh
bgbehfZh
ah^Wih
dh
]cg]cih
ag^]gbiZigfj�

ehdi
echbYgc^hZigfi�
aXih^hej
cjhZigfi
aXi^iaXj�
ag^]gcehfg
_fh
[hcihZigfj
`jddh
ag^]gbiZigfj
aXi^iah
`jddj
bgbehfZj
gci\ifhcij
9>caVc]`d8�
agf
dh
Ygc^hZigfj
`i
f_g[j
bgbehfZj
9G_bYb``d8J

O  4� " J  =
>caVc]`d " G_bYb``d

Oh
Ycjaaih
j[i`jfZih
dRhf`h^jfeg
`jddh
cjhZigfj
j
if`iah
aXj
i
cjh\jfei
bi
echbYgc^hfg
if
]cg`geei�


N\c_[dRdb
;bj\_i
i
bj\_jfei
jb]jci^jfei�
adhbbiYiahdi
if
echbYgc^hZigfi
YibiaXj
j
aXi^iaXj
j
ci]gceh
dj
gbbjc[hZigfi
if
ehWjddh�
Hgbh
haah`j(
4gc^i
f_g[j
bgbehfZj(
;R
_f
]cgajbbg
cj[jcbiWidj(
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N\Xc_dZc]`b E_a\Qb_ZaRdb]c�Qd\d[a E_a\Qb_ZaRdb]c�[SdZd[a C\\c_IaRdb]d

Versare dell’aceto sul
bicarbonato

Mettere del sale
nell’acqua

Ebollizione dell’acqua

Combustione di un gas ai
fornelli

Tagliare una pera

Succo di limone nel tè

Un cucchiaio di
bicarbonato nel vino rosso 

Cuocere un uovo
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=9A<8B&B
& Ga\\aVVd�Yd�\`a`b
1LLQKTR�OS�GRNQOS�JT�JSLMNR�KQP�@HSOOS�JT�LTPTLMNR

bgdi`g # diV_i`g
hjciYgc^j # bgdi`g
diV_i`g # hjciYgc^j
bgdi`g # hjciYgc^j
hjciYgc^j # diV_i`g

b_Wdi^hZigfj�
agf`jfbhZigfj�
j[h]gchZigfj1jWgddiZigfj�
Wcifh^jfeg
Y_bigfj


& JbZc���Qa``a�^a�Za`c_da
(TSIGT�FOT�LGRDT�EHQMT�KQP�OR�GRNQOR�FTHLMR

Q� M
agc]i
aXj
Xhffg
_f
[gd_^j
]cg]cig
^h
fgf
Ygc^h
]cg]cih
bgfgUUUUUUUUUUUUUU

�� M
agc]iUUUUUUUUUUUUUUXhffg
Ygc^h
j
[gd_^j
]cg]cig

I� 9_eeg
aiL
aXj
Xh
_fh
^hbbh
j`
gaa_]h
_f
ajceg
[gd_^j
bi
`jYifibajUUUUUUUUUUUUUU

F� 0_hf`g
_f
agc]g
]hbbh
`hddg
beheg
bgdi`g
h
V_jddg
hjciYgc^j

ag^j
h`
jbj^]ig
dh
fhYehdifh�
bi
Xh
_f
]hbbh\\ig
`i
beheg
`jeegUUUUUUUUUUUUUU

E� OhUUUUUUUUUUUUUUS
id
]hbbh\\ig
`hddg
beheg
hjciYgc^j
h
V_jddg
diV_i`g

>� M
^hejcihdi
]_ci
[jf\gfg
aXih^hei
`hi
aXi^iai
agf
id
fg^j
`iUUUUUUUUUUUUUU

@� Oh
di^he_ch
`i
Yjccg
j
dg
ZgdYg
if
]gd[jcj
agbeie_ibagfg
_f
^iba_\digUUUUUUUUUUUUUU

& Ld\[WV^d�c`c_bVc]cdH�Zd\[WV^d�bZbVc]cdH�\b\`a]Rc�XW_c,
TPJTKR�GSN�KTRLKHP�IRMSNTROS�JT�KQLR�LT�MNRMMR�KQP�OR�OSMMSNR�NSORMTER

O 8iba_\dig
jejcg\jfjg 4�8iba_\dig
g^g\jfjg J�GgbehfZh
]_ch

Q� BjWWih

�� 6Xihaaig

I� G]cj^_eh
`i
hchfaih

F� &bbi\jfg

E� DaV_h
`ibeiddheh

>� &eegfj


dj\h
ch^j=Zifag�

@� 8hc^g

C� Hgah
Hgdh

A� Oheej

QT� GaXi_^h

QQ� 2ih^hfej
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&�Ld\[WV^d�c`c_bVc]cd�c�Zd\[WV^d�bZbVc]cd
TPJTKR�GSN�KTRLKHPR�KRNRMMSNTLMTKR�LS�LT�NTCSNTLKS�RJ�SMSNQFSPSQ�QGGHNS�QIQFSPSQ�HP�ITLKHFOTQ�

Q� M
ag^]gfjfei
bi
^jbagdhfg
agb7
Wjfj
aXj
fgf
bi
`ibeif\_gfg
]iK
D�
jejcg\jfji
5�
g^g\jfji


�� $hffg
dj
bejbbj
]cg]cijeP
if
V_hdbihbi
]_feg
D�
jejcg\jfji
5�
g^g\jfji

I� M
ag^]gfjfei
]gbbgfg
jbbjcj
bj]hchei
bj
bi
ah^Wih
dg
beheg
`i
h\\cj\hZigfj
g
bi
bYc_eeh
dh
dgcg
`i[jcbh
bgd_WidieP
D�
jejcg\jfji
5�
g^g\jfji


&�Ld\[WV^d�c�\b\`a]Rc
TPJTKR�LS�OS�RCCSNIRDTQPT�LQPQ�ESNS�Q�CROLS�

Q� Oh
acg^heg\chYih
S
_f
^jeg`g
]jc
bj]hchcj
i
`i[jcbi
bgd_ei
]cjbjfei
if
_f
^iba_\dig
g^g\jfjg 3
$ 4
$
�� Md
]hbbh\\ig
`i
beheg
bgdi`g
=hjciYgc^j
bi
aXih^h
b_Wdi^hZigfj 3
$ 4
$
I� ONhcih
aXj
cjb]icih^g
S
_f
^iba_\dig
g^g\jfjg 3
$ 4
$
F� ?jc
cjf`jcj
di^]i`g
id
[ifg
bi
]_L
Yhc
ciagcbg
hddh
`jahfehZigfj 3
$ 4
$
E� Md
Y_^g
S
^hejcih�
dNhcih
fgf
dg
S 3
$ 4
$
>� M
^iba_\di
jejcg\jfji
diV_i`g=bgdi`g
]gbbgfg
jbbjcj
bj]hchei
]jc
YidechZigfj 3
$ 4
$
@� Oh
^ibajdh
`jd
^gegcifg
S
_fh
bgd_Zigfj
diV_i`g=diV_i`g 3
$ 4
$
C� Md
b_gfg
fgf
S
^hejcih 3
$ 4
$
A� Bji
^iba_\di
g^g\jfji
i
ag^]gfjfei
bi
^jbagdhfg
agb7
Wjfj
aXj
]jc`gfg
hda_fj
`jddj
dgcg
]cg]cijeP 3
$ 4
$

&�KcXa_aRdb]c�Ycd�Zd\[WV^d
7S�RCCSNIRDTQPT�LHOOR�LTPTLMNR�LT�NTCSNTLKQPQ�KTRLKHPR�RJ�HP�ISMQJQ�JT�LSGRNRDTQPS�MNR�@HSOOT�SOSPKRMT�LHOOR�JSLMNR?
8CCSMMHR�FOT�QGGQNMHPT�KQOOSFRISPMT

28

F� M
ag^]gfjfei
]gbbgfg
jbbjcj
bj]hchei
^hfejfjf`g
i^^_ehej
dj
dgcg
]cg]cijeP
D�
jejcg\jfji
5�
g^g\jfji


E� ag^]gfjfei
^hfejf\gfg
dj
]cg]cij
ahcheejcibeiaXj
j
bi
]gbbgfg
if`i[i`_hcj

D�
jejcg\jfji
5�
g^g\jfji

i
[h]gci
aXj
bi
Ygc^hfg
[jf\gfg
agf[g\dihei
fjd
agf`jfbhegcj
`g[j
id
chYYcj``h^jfeg
di
echbYgc^h
f_g[h^jfej
if
diV_i`g
aXj
bi
chaag\dij
\gaaih
h
\gaaih

9ch^iej
_f
g]]gce_fg
bgd[jfej
bi
bj]hch
g
cja_]jch
_fg
`ji
ag^]gfjfei
`jd
^iba_\dig

agf
V_jbeg
^jeg`g
bi
]cj]hch
]jc
jb�
id
ahYYS
`jahYYjifheg�

Oj
]hceiajddj
bgdi`j
bi
`j]gbiehfg
djfeh^jfej
j
b]gfehfjh^jfej
b_d
Ygf`g

Oj
]hceiajddj
bgdi`j
bgd_eg�
[jf\gfg
echeejf_ej
^jfecj
id
bgd[jfej

Md
ag^]gfjfej
h
`jfbieP
^h\\igcj
bi
ciecg[h
if
Ygf`g
hddh
]cg[jeeh

Hgf
V_jbeg
^jeg`g
bi
hfhdiZZhfg

bj]hchfg�
i
ag^]gfjfei
ifV_ifhfei`jddNhcih

8j`ihfej
dRhZigfj
`i
_f
Yd_bbg
`i
hcih
g
haV_h
S
]gbbiWidj
bj]hchcj
]jc
jbj^]ig
dj
]j]iej
`Ngcg
`hddh
bhWWih

Mf
_f
^iba_\dig
Yifj^jfej
]gd[jciZZheg
i
ag^]gfjfei
[jf\gfg
bj]hchei
if
Whbj
hddj
dgcg
]cg]cijeP
i`cgYidj
g
i`cgYgWj

\hbacg^heg\chYih

`jahfehZigfj

jbechZigfj
agf
bgd[jfej

`ibeiddhZigfj

YidechZigfj

YdgeehZigfj

j[i\hZigfj

ajfeciY_\hZigfj
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&�G_bX_dc`-�c\`c]\dIc�cY�d]`c]\dIc�Yc^^a�Za`c_da�
3PJTKR�LS�OS�GNQGNTSM;�LQMMQ�JSLKNTMMS�LQPQ�SLMSPLTES�QGGHNS�TPMSPLTES

O jbejfbi[h 4�ifejfbi[h

Q� `jfbieP

�� agfajfechZigfj
`i
_fh
bgd_Zigfj

I� [gd_^j

F� ]jbg

E� ej^]jche_ch


>� ]jbg
b]jaiYiag

@� ^hbbh

C� ahdgcj


jfjc\ih
ejc^iah
]gbbj`_eh
`h
_f
agc]g�

&�5c]bZc]d�[SdZd[d�c�Qd\d[d�
3PJTKR�MNRT�T�LQMMQLMRPMT�CSPQISPT�@HROT�LQPQ�NSRDTQPT�KBTITKBS�S�@HROT�PQP�OQ�LQPQ

O�4jfg^jfg
aXi^iag J�4jfg^jfg
Yibiag

Q� dRhcc_\\ifi^jfeg
`i
_f
aXig`g


�� dg
bWciaigdh^jfeg
`i
_f
bhbbg

I� dj
Wheejcij
`jd
 hd,^hf
aXj
bi
agfb_^hfg

F� dh
dj\fh
aXj
Wc_aih

E� dRhcagWhdjfg
`g]g
dh
]ig\\ih

>� dh
echbYgc^hZigfj
`jd
[ifg
if
hajeg

@� dj
f_Wi
aXj
bi
echbYgc^hfg
if
]ig\\ih

C� dh
b_Wdi^hZigfj
`jddh
fhYehdifh

A� dh
`i\jbeigfj
`i
_f
]hfifg

QT� dh
]cg`_Zigfj
`jd
bhdj
`hddRhaV_h
`i
^hcj

QQ� dh
Yjc^jfehZigfj
`jd
^gbeg
fjddh
]cg`_Zigfj
`jd
[ifg
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& >caRdb]d�[SdZd[Sc
1LLQKTR�OS�LTFOS�JT�JSLMNR�KQP�OS�GRNQOS�JT�LTPTLMNR

bgbehfZh
hjciYgc^j 
hV�

bgbehfZh
if
bgd_Zigfj
V_hdbihbi 
d�

bgbehfZh
if
bgd_Zigfj
haV_gbh 
b�

bgbehfZh
diV_i`h 
\�

bgbehfZh
bgdi`h 
bgd�

& M^�^d]VWaVVdb�Yc^^a�[SdZd[a,�c^cZc]`d�c�[bZXb\`d
�ROCRASMQ�/�RMQIQ�/�KQIATPRDTQPS�/�KQIGQLTDTQPS�/�KQIGQLMT�/�SOSISPMT�/�CQNIHOR�/�PHKOSRNT�/�LTIAQOQ=

Oj
bgbehfZj
aXj
bgfg
bag^]gfiWidi
 if
hdecj
bgbehfZj
bi
aXih^hfgUUUUUUUUUUUUUUUUUU�
V_jddj
aXj
fgf
bgfg

bag^]gfiWidi
if
hdecj
bgbehfZj
bgfg
aXih^hejUUUUUUUUUUUUUUUUUU�

6diUUUUUUUUUUUUUUUUUUbgfg
]gag
]iK
`i
_f
ajfeifhig<
ech
V_jbei
bgdg
CA
bgfg
]cjbjfei
if
fhe_ch�
\di
hdeci
bgfg

]cg`geei
hceiYiaihd^jfej
heech[jcbg
]hceiagdhci
echbYgc^hZigfi
`jeej
cjhZigfiUUUUUUUUUUUUUUUUUU

6di
jdj^jfei
agbeie_ibagfg
_fh
b]jaij
`iUUUUUUUUUUUUUUUUUU`jddh
^hejcih�
`hddh
dgcgUUUUUUUUUUUUUUUUUUbi
bgfg

Ygc^hei
e_eei
i
^idigfi
`i
ag^]gbei
]cjbjfei
if
fhe_ch
g
YhWWciahei
`hddN_g^g�


D`
g\fi
bgbehfZh

jdj^jfeg
g
ag^]gbeg�
S
beheh
hbbj\fheh
_fhUUUUUUUUUUUUUUUUUUaXi^iah
aXj
fj
ch]]cjbjfeh

dhUUUUUUUUUUUUUUUUUUaXi^iah
h
di[jddg
jdj^jfehcj

if`iah
aigS
`h
V_hdi
jdj^jfei
aXi^iai
S
ag^]gbeh��

0_hf`g
dh
]iK
]iaagdh
]hceiajddh
aXj
i`jfeiYiah
_f
jdj^jfeg
S
dRUUUUUUUUUUUUUUUUUU�
dh
Ygc^_dh
aXi^iah
agifai`j

agf
idUUUUUUUUUUUUUUUUUUbejbbg
`jddNjdj^jfeg�


& .c^b[d`-�Yd�W]a�_caRdb]c
+SMMT�TP�QNJTPS�OS�NSRDTQPT�KBTITKBS�JROOR�GT �OSPMR�ROOR�GT �ESOQKS

D� ag^W_beigfj
`i
_f
Yg\dig
`i
ahceh
5� hcc_\\ifi^jfeg
`i
_fh
Wiaiadjeeh
H� Ygc^hZigfj
`ji
\ihai^jfei
`i
]jecgdig
2� beh\igfhe_ch
`i
_f
]cgbai_eeg
;� `i\jbeigfj
`i
_fh
]iheeg
`i
dhbh\fj
4� agccgbigfj
`ji
^gf_^jfei
h
ah_bh
`jddj
]ig\\j
hai`j
6� bag]]ig
`i
_f
]jehc`g
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�3�C4>;--',1>�3C*=>C1=40>,>C)�>;�=

);/34= id
ahdgcj
S
_fh
Ygc^h
`i
c]c_Vda aXj
bi
]_L
echbYjcicj
b]gfehfjh^jfej
`h
_f
agc]g
]iK
ahd`g
h`
_fg
]iK
Ycj``g�
Oh
b_h
_fieP
`i
^ib_ch
bjagf`g
id
G�M�
S
id
)bW^c�


=,=4 >; S
dh
ah]haieP
`i
_f
agc]g
`i
ag^]ijcj
_f
^aIb_b g
`i
]cg`_ccj
[a^b_c�

/;�343 bi
`jYifibaj
.dh[gcg-
_fh
YgcZh
hbbgaiheh
h`
_fg
\Xb\`aZc]`b�
Oh
b_h
_fieP
`i
^ib_ch
bjagf`g
id
bibej^h
ifejcfhZigfhdj
S
id
�g_dj�

0;--; S
dh
V_hfeieP
`i
Za`c_da `i
a_i
S
agbeie_ieg
_f
agc]g�


�=-3 S
V_jddh
Qb_Ra aXj
heechj
i
agc]i
[jcbg
id
ajfecg
`jddh
ejcch�

4=;11>�>1;�
]jc
cjheei[ieP
bi
ifejf`j
dh
ejf`jfZh
̀ i
_fh
b]jaij
aXi^iah
h
cjh\icj
agf
_fRhdech
b]jaij
aXi^iah�
Gi
echeeh
V_if`i
`i
_f
agfajeeg
cjdhei[g
h`
_fh
bgbehfZh
fji
agfYcgfei
`i
_fRhdech
bgbehfZh

cjh\jfei��


-1;1>C*>
;  4= ;!>3,=

\di
behei
`i
h\\cj\hZigfj
`jddh
^hejcih
ciYdjeegfg
id
\ch`g
`i
ifejchZigfj
Ych
dj
]hceiajddj�
;bbi
bgfg
ecjJ
beheg
\b^dYb�
^d;WdYb�c�ac_dQb_Zc�
&\\i
bi
agfgbaj
hfaXj
id
X^a\Za
aXj
]gbbih^g
`jYificj
ag^j
_f
\hb
h`
hdeibbi^h
ej^]jche_ch

-14'11'4;
)�>0>);

dh
bec_ee_ch
aXi^iah
̀ i
_fh
^gdjagdh
S
ciYjciWidj
hddh
Yd\Xb\dRdb]c�\XaRda^c `j\di
heg^i
aXj
dh
ag^]gf\gfg�


1=0�=4;1'4; ch]]cjbjfeh
dh
^ib_ch
`jd
echbYjci^jfeg
`i
ahdgcj
`h
_f
agc]g
h
_f
hdecg�
Oh
b_h
_fieP
bjagf`g
id
G�M�
S
id
*jd[if

*��


1=0�=4;1'4;
)4>1>);

S
 V_jddh
 ej^]jche_ch
 gdecj
 dh
 V_hdj
 dRhjciYgc^j
 fgf
 S
 agf`jfbhWidj
 hfaXj
 bj
bgeeg]gbeg
h`
hdej
]cjbbigfi�

14;-�340;!>3,=
�4=;!>3,=�C)�>0>);

S
_fh
echbYgc^hZigfj
̀ jddh
̂ hejcih
aXj
h[[ijfj
V_hf`g
̀ _j
g
]iK
bgbehfZj

cjh\jfei�
^g`iYiahfg
 dh
 dgcg
ag^]gbiZigfj
gci\ifhcih
j
 dh
 dgcg
bec_ee_ch
]jc
`hcj
bgbehfZj
`i[jcbj

]cg`geei��
]_c
fgf
]cg`_ajf`g
_fh
[hcihZigfj
ag^]djbbi[h
`jddh
^hbbh�


14;-�340;!>3,=
�>->);

S
_fh
echbYgc^hZigfj
aXj
fgf
ah^Wih
dh
fhe_ch
`jddj
bgbehfZj
agif[gdej
^h
bgdg
id
dgcg
hb]jeeg
Yibiag�

�3/'0= S
dg
\XaRdb gaa_]heg
`h
_f
agc]g�
Gi
^ib_ch
if
^I 
G�M���
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03*'/3C$
%�625.5

�FPT�LKQGSNMR�LKTSPMTCTKR�REETR�O>HQIQ�ESNLQ�GSNKQNLT�TO�KHT�OTITMS�:�TIGNSESJTATOS5�R�OHT�OR�LKSOMR�MNR�TO�ASPS�S�TO�IROS

�<B5ACB%?7A9BC9#::@C8?97B7#&B?2AC(A::@C5@7A<B@C
)30=C=�C�;11;C/;C0;1=4>;
C

Oj
]ci^j
i]gejbi
b_ddh
ag^]gbiZigfj
`jddh
^hejcih
Y_cgfg
h[hfZhej
if
6cjaih�
dh
a_ddh
`jd
]jfbijcg
YidgbgYiag
j
[jcej[hfg
jbbjfZihd^jfej
b_
`_j
`g^hf`j
aXj
i
YidgbgYi
\cjai
bi
]gfj[hfgJ
h� OR�IRMSNTR�PSOOR�LHR�KQIGOSLLTM;�:�KQIGQLMR�JR�@HROKQLR�JT�LSIGOTKS"
W� OR�IRMSNTR�:�KQPMTPHR�Q�JTLKQPMTPHR"
Md
ejfehei[g
`i
ciagf`_ccj
dNjfgc^j
V_hfeieP
j
[hcijeP
`i
^hejcih
`i
a_i
hWWgf`h[h
dh
ejcch�
hddh
ag^WifhZigfj
`i
]gaXj
bgbehfZj
bj^]diai
jch
hddh
Whbj
̀ jddj
cib]gbej
]gbbiWidi
hddh
]ci^h
̀ g^hf`h
bg]ch
]cg]gbeh�
M
]ci^i
ejfehei[i
jYYjee_hei
bgfg
`h
hbaci[jcj
h
Ea^c`c 
>�F=EF>
h�H��
aXj
if`i[i`_L
fjddNRK@HR id
]cifai]ig
]ci^g
.SOSISPMQ-<
if
bj\_ieg
Y_
O]a\\dZc]c

EC>=E�C
h�H��
aXj
dg
i`jfeiYiaL
fjddNRNTR�
j`
ifYifj
dNi]gejbi
aXj
cjbbj
Yifg
hd
^j`igj[g�
Y_
V_jddh
`i
NZXcYb[^c 
FAT=FIT
h�H���
bjagf`g
dh
V_hdj
e_eeh
dh
^hejcih
jch
ag^]gbeh
`h
V_heecg
bgbehfZj
Ygf`h^jfehdi
j`
jdj^jfehci
.SOSISPMT-J
dN6386�
dN60 ,6�
dh
27336 j
id
(,505�

Dddh
bjagf`h
`g^hf`h�
bg]ch
]cg]gbeh�
`jeej
_fh
cib]gbeh
=cZb[_d`b�Yd�OPYc_a 
3
bja
h�H��
aXj
4NTMSPPS�OR�IRMSNTR
JTLKQPMTPHR�S�LQLMSPPS�O<SLTLMSPDR�JT�ITPHLKQOS�GRNMTKSOOS��KBTRIRMS�RMQIT.�
M^�[b][c``b�Yd�a`bZb�9Ya^�V_c[b�!a`bZ"\!H�!d]YdId\dPd^c!8 V_hdj
agbeie_jfej
`jddh
^hejcih
[jffj
i]geiZZheg
fjd
FET
h�H�
`h
7SHKTGGQ�
 Ygf`hegcj
`jddh
 ejgcih
 #heg^ibeiah# j
 ciWh`ieg
fjd
F�T
h�H�
`hd
b_g
hddij[g
*SIQKNTMQ�
aXj
\i_fbj
h`
hYYjc^hcjJ��49&7382�97/8/25459/5159625.8979819&,525� 
if
V_jbeg
bjfbg
dh
^hejcih
S
`ibagfeif_h��
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2j^gacieg
h[j[h
dh
Yh^h
`i
[gdjc
hbbj\fhcj
dj\\i
ahb_hdi
hddh
fhe_ch

4*SIQKNTMQ�KBS��O�IQPJQ�R�KRLQ�GQPS���.
2hfej
=
M3
ahfeg
`jddRMfYjcfg

*SIQKNTMQ�1AJSNR����,�R?6?�����,
?6?=�

Oj
i`jj
̀ i
2j^gacieg
bg]ch[[ibbjcg
fji
bjagdi
j
Y_cgfg
̀ i[_d\hej
fjd
̂ gf`g
dheifg�
fjd
�*S�(SNHI�!RMHNR��`h
Ed`b�?W[_cRdb
Ja_b 
AE=EE
h�H���
Hicah
_f
bjagdg
`g]g
;]ia_cg

Gh^g�
IFQ
=�@Q'�H��
haag\dij
j
cijdhWgch
dh
ejgcih
heg^ibeiah
aXj
bifejeiZZh
fjddh
b_h
b]djf`i`h
.Ojeejch
h`
;cg`geg-�


*@::�#9?C(A::@C<@"B?2AC@:C5A7?(?C98BA27B�B8?
Oh
ag^]hcbh
`i
_fh
a_de_ch
i^]cgfeheh
]jc
dh
]ci^h
[gdeh
hddN_bg
`jddh
dg\iah
bi
`j[j
h`
1NTLMQMSOS 
ICF=I��
h�a���






%75463-59-69�8408 
QFE�=QEQA�
bi
h]]cg]ciL
`jd
]jfbijcg
i]gejeiag
=
`j`_eei[g
\cjag
hcibegejdiag�
j
agfeciW_7

h
]gccj
dj
Whbi
`jd
^jeg`g
baijfeiYiag�
Ojgfhc`g
hYYjc^L
dNi^]gcehfZh
`i
`_j
YheegciJ

h� dh
b]jci^jfehZigfj�
]jcaX/
fgf
Whbeh
ch\igfhcj
j
Yhcj
_bg
`ji
agfajeei
bj
]gi
fgf
di
bi
^jeej
hddh
]cg[h<
W� dh
`i^gbechZigfj
^hej^heiah�
ag^j
\hchfZih
`i
ci\gcj
dg\iag�

Gjagf`g
Ojgfhc`g�
ifYheei�
g\fi
Yjfg^jfg
if
fhe_ch
h[[ijfj
bjagf`g
dj\\i
chZigfhdi
aXj
\g[jcfhfg
dj
b_j
̂ hfiYjbehZigfi
jbejcigci�

�!SLLHPR�HIRPR�TPESLMTFRDTQPS�LT�GH��JTIRPJRNS�ESNR�LKTSPDR��L<SLLR�PQP�GRLLR�GSN�OS�IRMSIRMTKBS�JTIQLMNRDTQPT?
�
%75463-59-69�8408

�6181759�618178 
QE>F=Q>F��
j[gd[jf`g
id
]jfbijcg
̀ i
Ojgfhc`g�
Y_
id
]ci^g
h`
ifecg`_ccj
Ygc^hd^jfej
id
̂ jeg`g
baijfeiYiag�
?jc
dg
baijfZiheg
]ibhfg
id
diWcg
̀ jddh
PRMHNR S
bacieeg
bjagf`g
OSFFT^hej^heiaXj
j
]jc
]gejcdj
ah]icj
S
fjajbbhcig
jbj\_icj
jb]jci^jfei
agf
\di
g\\jeei
aXj
jbbh�
ai
^jeej
h
`ib]gbiZigfj�
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'2B7�C$6.
/AC/A""BC(A::@C8�B5B8@CACB:C%<B5?C5?(A::?C(BC@7?5?C

$6.6.C�';/>C-3,3C/=C�4>0=C/=  >C*=//;C)�>0>);

Oj
]ci^j
`jYifiZigfi
^g`jcfj
`i
heg^i
j
`i
jdj^jfei
bi
`j[gfg
h
M�
Bj egf
j`
h
)�
5g"dj�

Gc_�>U4b�^c�9T6D:2T6@T8
4FOT�SOSISPMT�LQPQ�KQNGT�LSIGOTKT��TPFNSJTSPMT�JT�KHT�T�KQNGT�ITLMT�LQPQ�KQLMTMHTMT.

Gc_�MUAc�`b]�9T6/D2T:D:8
4FOT�RMQIT��KQPLTJSNRMT�KQIS�LCSNS�GTKKQOTLLTIS��JQITPRMS�LQOQ�JR�CQNDS�RMMNRMMTES�S�NSGHOLTES.

Oh
aXi^iah�
bjagf`g
id
]jfbijcg
baijfeiYiag�
Xh
ifiZig
[jcbg
dh
Yifj
`jd
�@TT

V_hf`g
fjddh
ba_gdh
Ychfajbj
[jf\gfg
jdhWgchej
dj
]ci^j
dj\\i
aXj
b]ij\h[hfg
hda_fi
ag^]gceh^jfei
cj\gdhci
`jddj
bgbehfZj
j`
if
]hceiagdhcj
bi
ci_ba7
h
ah]icj
id
bi\fiYiaheg
`ji
_aXXb_`d�Yd�[bZPd]aRdb]c ech
dj
bgbehfZj
aXj
cjh\ibagfg�

>:C<@%%?<7?C(BC8?5�B2@&B?2A 2?2C�C@:7<?C8�AC#2C<@%%?<7?C(BC%<?%?<&B?2@:B7�6C
0]a�X_bXb_Rdb]c���W]a�WVWaV^da]Ra�`_a�Q_aRdb]d,�TF�D���DF�/
Bjddh
V_gei`ihfieP
_bih^g
dj
]cg]gcZigfi
bjfZh
jbbjcfj
agfbh]j[gdi�
4haaih^g
_fh
egceh
]jc
F
]jcbgfjJ
�
_g[h
%
�TT\
`i
Yhcifh

Oj
]cg]gcZigfi
ech
if\cj`ijfei
fgf
ah^Wihfg

4haaih^g
_fh
egceh
]jc
C
]jcbgfjJ
F
_g[h
%
FTT\
`i
Yhcifh

Oj
cj\gdhcieP
gbbjc[hej
fjd
ag^]gceh^jfeg
`jddh
^hejcih
`_chfej
dj
b_j
echbYgc^hZigfi
Y_cgfg
jb]cjbbj
heech[jcbg
_fh
bjcij
̀ i
dj\\i
V_hfeiehei[j
aXj
agbeie_icgfg
i
]cjb_]]gbei
hddh
Ygc^_dhZigfj
̀ jddh

ejgcih
heg^iah
j
̀ jddh
]ci^h
̀ i^gbechZigfj
baijfeiYiah
`jddR
jbibejfZh
`jddRheg^g�

$6.6+C03*=//3C;130>)3C*>CC*;/13,
2_chfej
e_eeg
id
N@TT�
V_if`i�
dg
be_`ig
`jd
ag^]gceh^jfeg
`jddh
^hejcih
`h
]hcej
`i
baijfZihei
ag^j
Oh[gibijc�
?cg_be�
6h"
O_bbha�
D[g\h`cg
j
2hdegf�
]jc^ibj
`i
`jYificj
dj
i^]gcehfei
dj\\i
aXj
if`i[i`_h[hfg
i
ch]]gcei
V_hfeiehei[i
agf
a_i
dj
bgbehfZj
bi
echbYgc^hfg�
Mf
V_j\di
hffi
fhaV_j
dh
HXi^iah
ag^j
baijfZh
h_egfg^h�
fgf
bi
jch
hfagch
if
\ch`g
`i
`i^gbechcj
dNjbibejfZh
`j\di
heg^i�
^h
dg
b[id_]]g
`jddj
cjhZigfi
be_`ihej
]gej[h
jbbjcj
b]ij\heg
bgdg
bj
bi
haajeeh[h
id
^g`jddg
heg^iag�
]cg]gbeg
`h
=a^`b]�]c^�T3F3�
agb7
bifejeiZZhWidjJ

: 6di
heg^i
bgfg
]hceiajddj
if`i[ibiWidi
j
if`ibec_eeiWidi

: +f
heg^g
`i
_f
jdj^jfeg
fgf
bi
]_L
echbYgc^hcj
if
hdeci
jdj^jfei

: 9_eeh
dh
^hejcih
S
agbeie_ieh
`h
heg^i
]iaagdibbi^i
`i
`i[jcbi
jdj^jfei

: 6di
heg^i
fgf
bi
acjhfg
f/
bi
`ibec_\\gfg
^h
bi
echbYjcibagfg
`h
_f
ag^]gbeg
h`
_f
hdecg
agfbjc[hf`g
dh
]cg]cih
i`jfeieP


Hg^j
S
baXj^heiZZheg
if
Yi\_ch
[hci
heg^i
bi
ag^Wifhfg
ech
dgcg
]jc
Ygc^hcj
ag^]gbei
`i[jcbi
^h
fji
ag^]gbei
aXj
Ygc^hfg
agfbjc[hfg
bj^]cj
dh
dgcg
i`jfeieP�
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D[g\h`cg
 i]geiZZL
aXj
 ehdi
 ag^WifhZigfi
 Ygbbjcg
]gbbiWidi
 hfaXj
 ech
heg^i
`jddg
 bejbbh
fhe_ch
 Ygc^hf`g
^gdjagdj
jdj^jfehci�
Oh
b_h
i]gejbi
Y_
agfYjc^heh
V_hbi
ajfeg
hffi
`g]g�
fjd
QCEC�
`h
K`a]d\^ab�Ja]]dRRa_b _fg
baijfZiheg
iehdihfg
aXj�
fj
[jciYiaL
`jYifiei[h^jfej
dh
[hdi`ieP
heech[jcbg
_fh
bjcij
`i
jb]jci^jfei�
Oh
`cb_da�a`bZd[b2Zb^c[b^a_c�
ag^j
jch
beheh
]cg]gbeh
`h
D[g\h`cg�
h]c7
agb7
dh
bech`h
hddh
]gbbiWidieP
`i
]jbhcj
heg^i
j
^gdjagdj�
Ygcfjf`g
_dejcigci
agfYjc^j
hddNjbibejfZh
`j\di
heg^i�
ag^j
[j`cj^g
fji
]cgbbi^i
ah]iegdi�
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>C8?5%?2A27BCC(A::�@7?5?CACBC5?(A::BC@7?5B8BC8:@99B8BC

+fh
[gdeh
`i^gbecheh
dNjbibejfZh
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Nome simbolo massa in g Massa 

in u.m.a. 
Carica in C 

  (Coulomb) 
Carica 

Protone   p 1,673·10-24 1 1,602·10-19 +1 

Neutrone   n 1,675·10-24 1 0   0 

Elettrone   e -   9,11·10-28 trascurabile 1,602·10-19 -1 

 

                                                

 protoni,                                                  elettroni                                                  neutroni 
carichi positivamente                               carichi negativamente                            carica nulla 
mp = 1.67  10-24 gr                               me = 9.1  10-28 gr                         mn = 1.67  10-24 gr 
carica: +1,602   10 19 C                       carica: -1,602   10 19 C                carica: 0     
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