
69

Carlo Cosmelli

&+,�+$�3$85$�'(/�&$26"
Il caos deterministico dalla nascita del cosmo alle reti neuronali

ABSTRACT: Who’s Afraid of Chaos? Deterministic Chaos from the Birth of the Cosmos to Neu-
ronal Networks

,Q�WKLV�EULHI�HVVD\�ZH�ZLOO�VHH�KRZ�WKH�ZRUG�³FKDRV´��IURP�WKH�XVXDO�PHDQLQJ�RI�FRQIXVLRQ��XQFHU-
tainty or similar meanings it had in the eighteenth century came to be used to mathematically describe 
±�WURXJK�WKH�GH¿QLWLRQ�RI�³GHWHUPLQLVWLF�FKDRV´�±�VRPH�RI�WKH�EDVLF�VWUXFWXUHV�RI�WKH�ZRUOG�ZKLFK�DUH�
QHFHVVDULO\�SUHVHQW�LQ�DOO�FRPSOH[�RU�HPHUJLQJ�SKHQRPHQD�OLQNHG�WR�IUDFWDOV�DQG�RU�QHWZRUNV��ZKHWKHU�
WKH\�DUH�QDWXUDO��VXFK�DV�WKH�VWUXFWXUH�RI�WKH�EUDLQ��RU�DUWL¿FLDO��DV�WKH�VWUXFWXUH�RI�WKH�,QWHUQHW�

Key words: &KDRV��'HWHUPLQLVWLF�&KDRV��)UDFWDOV��&RPSOH[�1HWZRUNV

�� Introduzione

,O� VLJQL¿FDWR� GHOOH� SDUROH�� LQ� DPELWR� VFLHQWL¿FR�� VHJXH� UHJROH� GLYHUVH� GD� TXHOOH� VSHVVR�
XWLOL]]DWH� LQ�DOWUH�GLVFLSOLQH��6H�� LQIDWWL�� LQ�DPELWR�XPDQLVWLFR��V¶LQFRQWUDQR�VSHVVR�WHUPLQL�
FKH�SRVVRQR�DVVXPHUH�YDUL�VLJQL¿FDWL�VHFRQGR�O¶DXWRUH�FKH�OL�XWLOL]]D��WDOYROWD�FRQWUDGGLWRUL�
PD�QRQ�SHU�TXHVWR�³VEDJOLDWL´��QHO�PRQGR�GHOOD�VFLHQ]D�FLz�FKH�ID�WHVWR�q�O¶XOWLPD�GH¿QL]LRQH�
e/o l’ultima teoria validata su un certo argomento���/D�FRVWUX]LRQH�VFLHQWL¿FD�FKH�GHVFULYH�
OD�QDWXUD�H�LO�PRQGR�FKH�FL�FLUFRQGD�q��LQIDWWL��LO�ULVXOWDWR�GL�XQD�VHULH�GL�WHRULH�HODERUDWH�H�GL�
HVSHULPHQWL�FRQGRWWL�HVVHQ]LDOPHQWH�QHJOL�XOWLPL�TXDWWUR�VHFROL��FRQ�XQ�JUDQ�VDOWR�FRQFHWWXDOH�
RSHUDWR�GDL�¿VLFL�QHOOD�SULPD�PHWj�GHO�YHQWHVLPR�VHFROR��FRQ�OD�5HODWLYLWj�H�OD�0HFFDQLFD�
4XDQWLVWLFD��'D�TXHVWR�LQVLHPH�GL�WHRULH��H�GD�HVSHULPHQWL�HG�RVVHUYD]LRQL�FRQGRWWH�VXO�PL-
croscopico (dalle molecole in giù), sul macroscopico (la scala umana) e sui corpi celesti, 
SUHQGH�IRUPD�OD�VFLHQ]D�PRGHUQD�FRQ�XQD�ULGH¿QL]LRQH�GHL�WHUPLQL�H�GHOOH�UHOD]LRQL�FKH�VL�
GHYRQR�XWLOL]]DUH�SHU�XQD�FRUUHWWD�GHVFUL]LRQH�GHL�IHQRPHQL�QDWXUDOL��4XHVWH�GH¿QL]LRQL�VRQR�
VWDWH�FDPELDWH�HG�DI¿QDWH�SL��YROWH�PDQ�PDQR�FKH�SURFHGHYD�OD�FRQRVFHQ]D�GHOOD�QDWXUD��RJQL�
QXRYD�GH¿QL]LRQH�FRQJOREDQGR�H�R�PRGL¿FDQGR�TXHOOH�SUHFHGHQWL�
8Q�FDVR�WLSLFR�q�TXHOOR�GHO�WHUPLQH�³HQHUJLD´��FKH�DSSDUH�SHU�OD�SULPD�YROWD�QHO�OLQJXDJJLR�

VFLHQWL¿FR�DL�SULPL�GHO�;,;�VHFROR���FRQ�LO�VLJQL¿FDWR�GL�HQHUJLD�³PHFFDQLFD´��TXHOOD�FLRq�
DVVRFLDWD�D�XQ�FRUSR�FKH�VL�PXRYH�R�FKH�VL�SXz�PXRYHUH��PD�FL�YROOHUR�FLUFD�FLQTXDQWD�DQQL�
SHUFKp�VL�ULFRQRVFHVVH�FKH�DQFKH�LO�³FDORUH´�HUD�XQD�IRUPD�GL�HQHUJLD��H�FKH�VL�SRWHYD�VFULYHUH�

�� 7UDODVFLDPR�TXL�JOL�VWXGL�VWUHWWDPHQWH�VWRULFL�R�GL�LQWHUSUHWD]LRQH�GL�WHVWL�DQWLFKL�
�� 1HO�PRQGR�HOOHQLVWLFR�OD�SDUROD�ਥȞȑȡȖİȚĮ��HQHUJHLD��DYHYD�XQ�VLJQL¿FDWR�OHJDWR�DOO¶D]LRQH�HI¿FDFH�HG�

DOOD�IRU]D��QHOOH�DFFH]LRQL�DQFRUD�DPELJXH�GL�TXHVWR�WHUPLQH��H�IX�FRVu�XWLOL]]DWR�¿QR�DO�������
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XQD�OHJJH�GL�FRQVHUYD]LRQH�GHOOH�³HQHUJLH´�GL�XQ�VLVWHPD��QHOOH�SL��VYDULDWH�IRUPH�FKH�SRWH-
YD�DVVXPHUH��(��GL�QXRYR��OD�GH¿QL]LRQH�GRYHWWH�HVVHUH�DJJLRUQDWD�QHO������TXDQGR�$OEHUW�
(LQVWHLQ��FRQ�OD�VXD�UHODWLYLWj�VSHFLDOH��ULGH¿Qu�O¶HQHUJLD�DVVHJQDQGROD�DQFKH�DOOD�³TXDQWLWj�
GL�PDWHULD´��H�VWDELOHQGR�FKH�HVVD�VWHVVD�HUD�XQD�JUDQGH]]D�UHODWLYD��TXLQGL�QRQ�FRQVHUYDWD��
$O�JLRUQR�G¶RJJL��SRL��WURYLDPR�XVL�SHUYHUVL�GHOOD�SDUROD�³HQHUJLD´��QHL�JLRUQDOL��QHL�OLEUL��

QHOOH�GLFKLDUD]LRQL�R�OH]LRQL�GL�SVHXGR�HVSHUWL�V¶LQFRQWUDQR�VSHVVR�WHUPLQL�FRPH�HQHUJLH�³SR-
VLWLYH´�R�³QHJDWLYH´��HQHUJLH�ROLVWLFKH��TXDQWLVWLFKH�R�FRQ�DWWULEXWL�GL�IDQWDVLD�FKH�VRQR�SURSULH�
più dei ciarlatani che degli uomini di scienza, trattandosi di termini che non hanno nessun 
VLJQL¿FDWR�¿VLFR�Qp�GHVFULWWLYR��H�FKH�QRQ�KDQQR�QHVVXQ�ULVFRQWUR�FRQ�OD�UHDOWj��QHDQFKH�FRQ�
TXHOOD�GHOOD�PHQWH��GRYH�SHU�UHDOWj�V¶LQWHQGH�TXHOOD�GHOOH�³VHQVDWH�HVSHULHQ]H´�JDOLOHLDQH��FLRq�
TXHOOD�FKH�HVLVWH�H�GL�FXL�SRVVR�SUHYHGHUH�JOL�HIIHWWL��
(�YHQLDPR�DO�FDRV��H�DO�VLJQL¿FDWR�FKH�KD�DVVXQWR�TXHVWD�SDUROD�QHO�PRQGR�PRGHUQR��/D�

SDUROD�³FDRV´�SXz�HVVHUH�SUHVD�D�SDUDGLJPD�SHU�PRVWUDUH�FRPH�SRVVDQR�FDPELDUH��QRQ�VROR�
JOL�DWWHJJLDPHQWL��PD�OH�DWWULEX]LRQL�GHL�VLJQL¿FDWL�GDWL�DG�XQD�SDUROD�FRQ�O¶DYDQ]DUH�GHOOD�
FRQRVFHQ]D�VFLHQWL¿FD�H�OD�VFRSHUWD�GL�QXRYH�UHJROH�SHU�LO�QRVWUR�XQLYHUVR��,Q�TXHVWR�EUHYH�
VDJJLR�YHGUHPR�FRPH�OD�SDUROD�³FDRV´��GDO�VLJQL¿FDWR�XVXDOH�GL�FRQIXVLRQH��LQGHWHUPLQDWH]-
]D�R�VLJQL¿FDWL�VLPLOL�FKH�DYHYD�QHO�;9,,,�VHFROR��JLXQJH�DG�HVVHUH�XWLOL]]DWD�SHU�GHVFULYHUH�
PDWHPDWLFDPHQWH�DOFXQH�GHOOH�VWUXWWXUH�IRQGDPHQWDOL�GHO�PRQGR�FKH�FL�FLUFRQGD�FKH�VL�WUR-
YDQR�QHFHVVDULDPHQWH�LQ�WXWWL�L�IHQRPHQL�FRPSOHVVL�R�HPHUJHQWL�OHJDWL�DL�IUDWWDOL�H�DOOH�UHWL��
VLDQR�HVVL�QDWXUDOL��FRPH�OD�VWUXWWXUD�GHO�FHUYHOOR��R�DUWL¿FLDOL��FRPH�OD�VWUXWWXUD�GL�,QWHUQHW�

���Il Passato Remoto. Le certezze

6LDPR�QHO�;9,,,�VHFROR��/H�OHJJL�GL�1HZWRQ�GHOOD�PHFFDQLFD�VRQR�RUDPDL�EHQ�FRQRVFLX-
WH��FRVu�FRPH�OH�OH]LRQL�GL�*DOLOHR�H�GL�.HSOHUR��,�VLJQL¿FDWL�GHL�WHUPLQL�SRVL]LRQH��YHORFLWj��
DFFHOHUD]LRQH�H�IRU]D�VRQR�EHQ�GH¿QLWL��FRVu�FRPH�OH�OHJJL�FKH�GHVFULYRQR�LO�FRPSRUWDPHQWR�
GHL�FRUSL��GD�TXHOOL�SL��SLFFROL�¿QR�DJOL�DVWUL�GHOO¶XQLYHUVR��,O�3ULQFLSLR�GL�FDXVD�HIIHWWR�q�EHQ�
DVVRGDWR��H�TXHVWR�SRUWD�3LHUUH�6LPRQ�GH�/DSODFH�DG�DIIHUPDUH�QHO������ 

>���@�SRVVLDPR�FRQVLGHUDUH�OR�VWDWR�DWWXDOH�GHOO¶XQLYHUVR�FRPH�O¶HIIHWWR�GHO�VXR�SDVVDWR�H�OD�FDXVD�GHO�
VXR�IXWXUR��8Q�LQWHOOHWWR�FKH�DG�XQ�GHWHUPLQDWR�LVWDQWH�GRYHVVH�FRQRVFHUH�WXWWH�OH�IRU]H�FKH�PHWWRQR�
LQ�PRWR�OD�QDWXUD��H�WXWWH�OH�SRVL]LRQL�GL�WXWWL�JOL�RJJHWWL�GL�FXL�OD�QDWXUD�q�FRPSRVWD��VH�TXHVWR�LQWHO-
OHWWR�IRVVH�LQROWUH�VXI¿FLHQWHPHQWH�DPSLR�GD�VRWWRSRUUH�TXHVWL�GDWL�DG�DQDOLVL��HVVR�UDFFKLXGHUHEEH�
LQ�XQ¶XQLFD�IRUPXOD�L�PRYLPHQWL�GHL�FRUSL�SL��JUDQGL�GHOO’XQLYHUVR�H�TXHOOL�GHJOL�DWRPL�SL��SLFFROL��
SHU�XQ�WDOH�LQWHOOHWWR�QXOOD�VDUHEEH�LQFHUWR�HG�LO�IXWXUR�SURSULR�FRPH�LO�SDVVDWR�VDUHEEH�HYLGHQWH�
davanti ai suoi occhi���

Ê� LO�PRQGR� GHOOH� FHUWH]]H�� O¶LPSRVVLELOLWj� GL� FRQRVFHUH� JOL� DYYHQLPHQWL� IXWXUL� q� OHJDWD�

�� /D�IDPRVD�UHOD]LRQH�(� �PF��
�� 6L�SDUOD�GL�³SUHYHGHUH´�QRQ�QHFHVVDULDPHQWH�GL�³YHGHUH´��,Q�DPELWR�VFLHQWL¿FR�FL�VRQR�GHFLQH�GL�FDVL�LQ�

FXL�VL�q�SUHYLVWR�TXDOFRVD�GL�QRQ�LPPHGLDWDPHQWH�YLVLELOH�R�VSHULPHQWDELOH��PD�FRHUHQWH�FRQ�L�SULQFLSL�
GL�FDXVD�HIIHWWR�

�� 3�6��/DSODFH��(VVDL�SKLORVRSKLTXH�VXU�OHV�SUREDELOLWpV��*DXWKLHU�9LOODUV�HW�&��(G���3DULV�������YRO��,��S��
��
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Chi ha paura del caos?

solo ad una pratica impossibilità di calcolo, ma in linea di principio tutto è esattamente 
FDOFRODELOH��DQFKH� LO� IXWXUR��HVVHQGR�OHJDWR�QHFHVVDULDPHQWH�DO�SDVVDWR��*OL�RYYL�SUREOHPL�
legati all’esistenza del libero arbitrio sono per il momento latenti sotto la cenere, torneranno 
SUHSRWHQWHPHQWH�QHO�;;�VHFROR��,O�FDRV�q�GLVRUGLQH��PD��LQ�OLQHD�GL�SULQFLSLR��KD�OD�VWHVVD�
GLJQLWj�GHOOD�UHDOWj�SL��UHJRODUH��HQWUDPEL�VRQR�VHPSOLFHPHQWH�FDXVDWL�GDJOL�VWDWL�SUHFHGHQWL�
VHFRQGR�UHJROH�SUHFLVH�

�� Il Passato. Le incertezze

)UD� OD� ¿QH� GHOO¶���� HG� L� SULPL� GHO� µ���� DOFXQH� OHJJL�RVVHUYD]LRQL�SULQFLSL� VWUDYROJRQR�
OD�YLVLRQH�GHOOD� UHDOWj��1DVFH� OD�7HUPRGLQDPLFD�� VL� VFRSUH� FKH�PROWL� FRUSL�QHFHVVLWDQR�GL�
XQD�GHVFUL]LRQH�SUREDELOLVWLFD�GHL�IHQRPHQL�FKH�OL�FRLQYROJRQR��H�FKH�GD�TXHVWD�GHVFUL]LRQH�
QDVFRQR�QXRYH�OHJJL��9LHQH�GH¿QLWD�OD�IUHFFLD�GHO�WHPSR��FLRq�OD�GLUH]LRQH�WHPSRUDOH�GHL�IH-
QRPHQL�QDWXUDOL��6L�VWDELOLVFH�FKH�XQ�VLVWHPD�RUGLQDWR�HYROYHUj�VHPSUH�LQ�XQ�VLVWHPD�GLVRUGL-
nato, caotico���XQD�FRORQQD�FRULQ]LD�GL�PDUPR�GRSR��������DQQL�VDUj�VROR�SROYHUH�H�VDEELD���
/XGZLJ�%ROW]PDQQ��QHO�������GRSR�DYHUFL�GDWR�OD�GHVFUL]LRQH�TXDQWLWDWLYD�GHOO¶HYROX]LRQH�
FKH�OHJD�O¶HQWURSLD�DOOD�SUREDELOLWj�±�FRQ�OD�IRUPXOD�6� �N�OQ�:�±�VFULYHUj��

6H�SHU�VSLHJD]LRQH�PHFFDQLFD�GHOOD�QDWXUD�LQWHQGLDPR�TXHOOD�FKH�SRJJLD�VXOOH�OHJJL�GHOOD�PHFFDQL-
FD�XVXDOH��GREELDPR�DOORUD�GLFKLDUDUH�FKH�q�GHO�WXWWR�LQFHUWD�OD�SRVVLELOLWj�FKH�O¶DWRPLVPR�GHO�IXWXUR�
continui ad essere una spiegazione meccanica della natura���

2UDPDL�OD�GHVFUL]LRQH�FHUWD�GHOOD�QDWXUD��IRUQLWD�GDOOD�PHFFDQLFD��q�FUROODWD��QRQ�UHVWD�FKH�
DI¿GDUVL� DOOD� SUREDELOLWj��PROWL� VFLHQ]LDWL� QRQ� OR� DFFHWWHUDQQR��PD� VDUj� VROR� XQD� TXHVWLRQH�
GL� WHPSR��/D�GHVFUL]LRQH� WHUPRGLQDPLFD�� WXWWDYLD��q�DQFRUD�GHWHUPLQLVWLFD��QHO�VHQVR�FKH�q�
solo legata all’enorme numero di particelle coinvolte di cui non conosciamo la posizione e 
la velocità (si pensi al numero di particelle che si trovano nella stanza di chi legge, con un 
WDYROR��XQD�VHGLD�H�O¶DULD��VL�WUDWWD�GL�TXDOFRVD�FRPH������SDUWLFHOOH��WURSSH�SHU�TXDOXQTXH�FDO-
FROR���4XLQGL�GL�EDVH�UHVWD�XQ�SULQFLSLR�GL�FDXVD�HIIHWWR�OLQHDUH��FLRq�VHPSOLFH��FKH�JRYHUQD�
O¶HYROX]LRQH�GHOOD�UHDOWj��0D�QHO������-XOHV�+HQUL�3RLQFDUp�ID�XQ¶RVVHUYD]LRQH�FKH�JHWWD�OH�
EDVL�SHU�OD�PRGHUQD�WHRULD�GHO�FDRV�H�SHU�OD�FRPSUHQVLRQH�GL�WXWWD�XQD�VHULH�GL�IHQRPHQL�DOORUD�
LQFRPSUHQVLELOL��

8QD�FDXVD�SLFFROLVVLPD�FKH�VIXJJD�DOOD�QRVWUD�DWWHQ]LRQH�GHWHUPLQD�XQ�HIIHWWR�FRQVLGHUHYROH�FKH�
QRQ�SRVVLDPR�PDQFDUH�GL�YHGHUH��H�DOORUD�GLFLDPR�FKH�O¶HIIHWWR�q�GRYXWR�DO�FDVR��6H�FRQRVFHVVLPR�
esattamente le leggi della natura e la situazione dell’universo all’istante iniziale, potremmo prevede-
UH�HVDWWDPHQWH�OD�VLWXD]LRQH�GHOOR�VWHVVR�XQLYHUVR�LQ�XQ�LVWDQWH�VXFFHVVLYR��0D�VH�SXUH�DFFDGHVVH�FKH�
OH�OHJJL�QDWXUDOL�QRQ�DYHVVHUR�SL��DOFXQ�VHJUHWR�SHU�QRL��DQFKH�LQ�TXHVWR�FDVR�SRWUHPPR�FRQRVFHUH�
OD�VLWXD]LRQH�LQL]LDOH�VROR�DSSURVVLPDWLYDPHQWH��6H�TXHVWR�FL�SHUPHWWHVVH�GL�SUHYHGHUH�OD�VLWXD]LRQH�
VXFFHVVLYD�FRQ�OD�VWHVVD�DSSURVVLPD]LRQH��QRQ�FL�RFFRUUHUHEEH�GL�SL��H�GRYUHPPR�GLUH�FKH�LO�IHQR-

�� 6L�QRWL�FKH�TXL�VWR�FKLDPDQGR�³FDRWLFR´�XQ�VLVWHPD�GLVRUGLQDWR��XWLOL]]DQGR�OD�WHUPLQRORJLD�GHO�VHQVR�
FRPXQH��,Q�UHDOWj�QHOOD�WHUPLQRORJLD�GHOOD�VWDWLVWLFD�q�GLVRUGLQDWR�XQ�PD]]R�GL�FDUWH�PHVVH�LQ�RUGLQH�GL�
VHPH�H�YDORUH��PHQWUH�q�RUGLQDWR�XQ�PD]]R�GL�FDUWH�PLVFKLDWR�H�FRQ�OH�FDUWH�LQ�RUGLQH�FDVXDOH�

�� /��%ROW]PDQQ��9RUOHVXQJHQ��EHU�GLH�3ULQ]LSLHQ�GHU�0HFKDQLN��YRO��,��-�$��%DUWK��/HLS]LJ������
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PHQR�q�VWDWR�SUHYLVWR��FKH�q�JRYHUQDWR�GD�OHJJL��0D�QRQ�q�FRVu��SXz�DFFDGHUH�FKH�SLFFROH�GLIIHUHQ]H�
QHOOH�FRQGL]LRQL�LQL]LDOL�QH�SURGXFDQR�GL�JUDQGLVVLPH�QHL�IHQRPHQL�¿QDOL��8Q�SLFFROR�HUURUH�QHOOH�
SULPH�SURGXFH�XQ�HUURUH�HQRUPH�QHL�VHFRQGL��/D�SUHYLVLRQH�GLYHQWD�LPSRVVLELOH�H�VL�KD�XQ�IHQRPHQR�
IRUWXLWR���

4XHVWR�q�LO�SXQWR�GL�VYROWD�QHOOD�FRPSUHQVLRQH�GL�IHQRPHQL�TXDOL�OD�IRUPD�GHOOH�QXYROH��
LO�PLVFKLDUVL� GHOO¶LQFKLRVWUR�QHOO¶DFTXD�� LO�PRPHQWR� LQ� FXL� XQ�RJJHWWR� FUROOD� H� FRVu� YLD��
FDXVH�LQ¿QLWHVLPH��TXLQGL�QRQ�FRQWUROODELOL��SRVVRQR�SRUWDUH�DG�HIIHWWL�PDFURVFRSLFL��1RL�
VLDPR�FLUFRQGDWL�GD�IHQRPHQL�FKH�SUHVHQWDQR�TXHVWH�FDUDWWHULVWLFKH��GL�TXL�O¶LQFHUWH]]D�GL�
EDVH�FKH�JRYHUQD�PROWL�DVSHWWL�GHOOD�QRVWUD�YLWD��IRUWXQDWDPHQWH�QRQ�WXWWL��VH�JLUR�OD�FKLDYH�
GL�DFFHQVLRQH�GHOOD�PDFFKLQD��VR�FKH��LQ�JHQHUH��LO�PRWRUH�GHOOD�PDFFKLQD�VL�DFFHQGHUj���
Ê� O¶DEEDQGRQR�GH¿QLWLYR�GL�XQD� ULJLGD�FDXVDOLWj�H�SUHYHGLELOLWj�� LQ� OLQHD�GL�SULQFLSLR��

GHL�IHQRPHQL�QDWXUDOL��8QD�JUDQ�SDUWH�GHL�IHQRPHQL�FKH�FL�FLUFRQGDQR�VRQR�LQFHUWL�QHOOD�
ORUR�HYROX]LRQH��VL�WRUQD�DG�XQD�YLVLRQH�³FDRWLFD´�GHO�PRQGR�FKH�FL�FLUFRQGD��LQWHQGHQGR�
FRQ�HVVD�TXDOFRVD�FKH�YD�ROWUH�OH�QRVWUH�SRVVLELOLWj�GL�SUHYLVLRQH�R�GL�GHVFUL]LRQH��5LWRUQD�
LO�WHUPLQH�FDRV��SHU�GHVFULYHUH�RUD�O¶HYROX]LRQH�LPSUHYHGLELOH�GL�PROWL�VLVWHPL��IHQRPHQL��
QDWXUDOL�
,Q�TXHVWR�SDQRUDPD�GL�XQD�UHDOWj�WDOYROWD�LQFHUWD�HQWUD�QHJOL�DQQL����GHO�;;�VHFROR�OD�

0HFFDQLFD�4XDQWLVWLFD�FRQ� LO�VXR�3ULQFLSLR�GL� ,QGHWHUPLQD]LRQH��3G,���4XHVWR�SULQFLSLR�
YLHQH�VSHVVR�LQYRFDWR�SHU�JLXVWL¿FDUH�O¶LQGHWHUPLQD]LRQH�DVVRFLDWD�DL�IHQRPHQL�QDWXUDOL��
QXOOD�GL�SL��HUUDWR��,O�3ULQFLSLR�GL�,QGHWHUPLQD]LRQH�ULJXDUGD��FLRq�IRUQLVFH�HIIHWWL�VHQVLELOL��
VROR�VH�ULIHULWR�DG�DOFXQH�FRSSLH�GL�YDULDELOL�UHODWLYH�D�SDUWLFHOOH�XOWUD�PLFURVFRSLFKH�LVR-
ODWH��4XLQGL�VH�YRJOLR�GHVFULYHUH�OR�VWDWR�GL�XQ�VLQJROR�HOHWWURQH�R�GL�XQ�SURWRQH�R�GL�DOWUH�
SDUWLFHOOH� ³HOHPHQWDUL´�� GRYUz� WHQHU� FRQWR� GHO� 3ULQFLSLR� GL� ,QGHWHUPLQD]LRQH��PD� DQFKH�
VROR�SHU�GHVFULYHUH�XQ�YLUXV��GL�GLPHQVLRQL�WLSLFKH�LQIHULRUL�DO�PLOLRQHVLPR�GL�PHWUR��QRQ�
DYUz�QHVVXQ�HIIHWWR�GRYXWR�DO�3G,���4XLQGL�LQ�TXHVWD�GLVFXVVLRQH��FRPH�LQ�PROWH�DOWUH��LO�
3G,�YD�ODVFLDWR�SHUGHUH�

�� L’altro ieri. Il caos deterministico

,O�;;�VHFROR�q�FDUDWWHUL]]DWR��IUD�O¶DOWUR��GDOO¶DYYHQWR�GL�VLVWHPL�GL�FDOFROR�VHPSUH�SL��
SRWHQWL��,�FDOFRODWRUL�SHUPHWWRQR�GL�HVHJXLUH�FDOFROL�VX�VLVWHPL�FRPSOLFDWL�FKH�SULPD�QRQ�
HUDQR�QHPPHQR�SHQVDELOL��(SSXUH�O¶LQWULQVHFD�LPSRVVLELOLWj�GL�GHVFULYHUH�DOFXQL�IHQRPHQL�
ULPDQH�¿QR�DO�������TXDQGR�(GZDUG�1��/RUHQ]���UL�VFRSUH�H�GHVFULYH�LO�caos deterministi-

co
����

�� -��+��3RLQFDUp, Scienza e metodo, in 2SHUH�HSLVWHPRORJLFKH��D�FXUD�GL�*��%RQLROR��3LRYDQ�(G���$EDQR�
7HUPH�������YRO��,,��S�����

�� /D�UDJLRQH�ULVLHGH�QHO�IDWWR�FKH�JOL�HIIHWWL�GHO�3ULQFLSLR�GL�,QGHWHUPLQD]LRQH�VRQR�LQYHUVDPHQWH�SUR-
SRU]LRQDOL��IUD�O¶DOWUR��DOOD�PDVVD�GHOO¶RJJHWWR�LQ�HVDPH��&RQ�XQ�SURWRQH�VL�SRVVRQR�DSSUH]]DUH��FRQ�
XQ�YLUXV��FKH�KD�XQD�PDVVD������PLOLDUGL�GL�YROWH�SL��JUDQGH�GL�TXHOOD�GHO�SURWRQH��O¶HIIHWWR�VDUj������
PLOLDUGL� YROWH� SL��SLFFROR�� TXLQGL� DVVROXWDPHQWH� WUDVFXUDELOH��$�PDJJLRU� UDJLRQH� VDUj�SUDWLFDPHQWH�
]HUR�O¶HIIHWWR�SHU�XQ�¿RUH��XQD�IDUIDOOD��XQ�XRPR��HWF�

�� (�1��/RUHQ]��'HWHUPLQLVWLF�1RQSHULRGLF�)ORZ��LQ�©-RXUQDO�RI�WKH�$WPRVSKHULF�6FLHQFHVª�������������
SS���������
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>«@�PHQWUH�VWDYD�SUHSDUDQGR�XQD�SUHYLVLRQH�PHWHRURORJLFD�FKH�DYHYD�LQL]LDWR�LQWURGXFHQGR�QHO�
FRPSXWHU�YDUL�SDUDPHWUL�TXDQWL¿FDWL�LQ�QXPHUL�FRQ�VHL�FLIUH�GHFLPDOL��5LSUHQGHQGR�SRL�LO�ODYRUR�
GRSR�XQ¶LQWHUUX]LRQH�SHQVz�EHQH�GL�DEEUHYLDUH�LO�FRPSLWR�GHO�FRPSXWHU�ULGXFHQGR�D�WUH�OH�FLIUH�
GHFLPDOL�GHL�SDUDPHWUL��FRQVLGHUDWR�FKH�HVVH�HUDQR�SL��FKH�VXI¿FLHQWL�SHU�DVVLFXUDUH�OD�SUHFLVLRQH�
VFLHQWL¿FD�GHL�ULVXOWDWL��PD�TXDQGR�OL�HEEH�GDYDQWL�DJOL�RFFKL�QRQ�SRWp�FKH�VWUDELOLDUH�FRQVWDWDQGR�
O¶DELVVDOH�GLIIRUPLWj�ULVFRQWUDWD�WUD�TXHVWL�H�TXHOOL�FKH�VL�VDUHEEH�UDJLRQHYROPHQWH�DVSHWWDWR�LQ�
EDVH�DL�SDUDPHWUL�LPSRVWDWL��/RUHQ]�VL�UHVH�DOORUD�FRQWR�FKH�LO�WHPSR�DWPRVIHULFR�FRVWLWXLVFH�XQ�
HVHPSLR�GL�VLVWHPD�QRQ�OLQHDUH�PROWR�FRPSOHVVR�H�FKH�TXHOOD�LQ¿QLWHVLPD�PRGL¿FD�DSSRUWDWD�DL�
SDUDPHWUL�PHWHRURORJLFL�VL�HUD�LQJLJDQWLWD�D�GLVPLVXUD�QHO�FRUVR�GHO�VXFFHVVLYR�VYLOXSSR�¿QR�D�
VIRFLDUH�LQ�XQ�ULVXOWDWR�¿QDOH�GHO�WXWWR�GLYHUVR�HG�LPSUHYHGLELOH����

/¶RVVHUYD]LRQH�GL�/RUHQ]�q�TXLQGL�O¶HVLVWHQ]D�GL�VLVWHPL�LQ�FXL�D�XQD�PLQLPD�YDULD]LRQH�GL�
XQD�JUDQGH]]D�LQL]LDOH�FRUULVSRQGH�XQ¶HQRUPH�GLIIHUHQ]D�QHO�ULVXOWDWR�¿QDOH��SXU�PXRYHQGR-
FL�LQ�XQ�DPELWR�GHWHUPLQLVWLFR�
,O�WHUPLQH�caos deterministico SXz�VHPEUDUH�XQ�FRQWURVHQVR��HSSXUH�LQ�TXHVWD�GH¿QL]LRQH�

VWD�LO�QRFFLROR�GHOO¶LQWXL]LRQH�GL�/RUHQ]�FKH�SRUWHUj�D�XQD�GHVFUL]LRQH�TXDQWLWDWLYD�GHO�FDRV��
9HGLDPR�GL�GDUQH�XQD�VSLHJD]LRQH�QRQ�WURSSR�WHFQLFD��,�IHQRPHQL�QDWXUDOL�VRQR�GHVFULWWL�GD�
XQD�VHULH�GL�UHOD]LRQL�PDWHPDWLFKH�GHULYDELOL�GDL�JUDQGL�SULQFLSL�GHOOD�¿VLFD��OH�OHJJL�GL�1HZ-
WRQ��GHOOD�WHUPRGLQDPLFD��GHOO¶HOHWWURPDJQHWLVPR�H�FRVu�YLD���4XHVWH�UHOD]LRQL�SRVVRQR�HVVH-
UH�GLYLVH��GDO�SXQWR�GL�YLVWD�IRUPDOH��LQ�GXH�JUDQGL�FODVVL��TXHOOH�lineari�H�TXHOOH�non lineari. 

/H�UHOD]LRQL�OLQHDUL�VRQR�TXHOOH�³VHPSOLFL´�LQ�FXL�XQD�SLFFROD�PRGL¿FD�GHOOR�VWDWR�LQL]LDOH�GL�
XQ�SURFHVVR�SRUWD�DG�XQD�SLFFROD�PRGL¿FD�GHOOR�VWDWR�¿QDOH��8Q�HVHPSLR�SXz�HVVHUH�TXHOOR�
GL�XQ�DUFLHUH�FKH�ODQFLD�XQD�IUHFFLD��VH�q�PROWR�EUDYR�WURYHUj�XQR�VWDWR��XQD�SRVL]LRQH��GD�FXL�
ODQFLDUH�OD�IUHFFLD�FKH�OD�SRUWHUj�D�FROSLUH�LO�FHQWUR�GHO�EHUVDJOLR��6H�SHU�FDVR�O¶DUFLHUH�FDP-
ELDVVH�OD�VXD�SRVL]LRQH�GL�SRFKLVVLPR��TXHOOR�FKH�VXFFHGHUHEEH�q�FKH�OD�IUHFFLD�QRQ�FROSLUHE-
EH�LO�EHUVDJOLR��PD�DQGUHEEH�VHPSUH�PROWR�YLFLQR�DO�FHQWUR��2UD�VXSSRQLDPR��SHU�DVVXUGR��
FKH�OD�UHOD]LRQH�IUD�OD�SRVL]LRQH�LQL]LDOH�GHOO¶DUFLHUH�H�LO�PRWR�GHOOD�IUHFFLD�QHOO¶DULD�VLD�GL�WLSR�
QRQ�OLQHDUH��FDRWLFD��TXHOOR�FKH�SRWUHEEH�VXFFHGHUH�q�FKH�OD�IUHFFLD��LQ�VHJXLWR�DG�XQ�PLQLPR�
spostamento dell’arciere, potrebbe prendere una direzione completamente diversa, per esem-
SLR�GLULJHQGRVL�YHUVR�O¶DOWR��IDFHQGR�XQ�JLUR��H�FROSHQGR�O¶DUFLHUH�GD�GLHWUR��3HU�XQD�IUHFFLD�
UHDOH�FLz�q�LPSRVVLELOH��PD�VHUYH�D�GDUH�XQ¶LGHD�GL�TXHOOR�FKH�SXz�HVVHUH�XQ�FRPSRUWDPHQWR�
FDRWLFR��Ê�OR�VWHVVR�WLSR�GL�FRPSRUWDPHQWR�FKH�UHQGH�PROWR�GLI¿FLOH��DO�OLPLWH�LPSRVVLELOH��
IDUH� SUHYLVLRQL�PHWHRURORJLFKH� D� OXQJR� WHUPLQH��8QD� YDULD]LRQH� LQ¿QLWHVLPD� GHOOH� FRQGL-
]LRQL�LQL]LDOL�GHWHUPLQD�XQD�YDULD]LRQH�PDFURVFRSLFD�GHO�ULVXOWDWR�¿QDOH�GL�XQ�SURFHVVR�SHU�
cui situazioni iniziali quasi�LGHQWLFKH�SRVVRQR�SRUWDUH�DOOD�SLRJJLD�FRPH�DO�6ROH��4XDOFXQR�
SRWUHEEH�RELHWWDUH��PD�DOORUD�WXWWR�VL�ULGXFH�VHPSOLFHPHQWH�DO�IDWWR�GL�QRQ�SRWHU�GHWHUPLQDUH�
HVDWWDPHQWH�OH�FRQGL]LRQL�LQL]LDOL��LQ�WHRULD��VH�OH�FRQRVFHVVL��SRWUHL�GHWHUPLQDUH��PDJDUL�FRQ�
FDOFROL�PROWR�FRPSOLFDWL��WXWWR�LO�UHVWR��/D�ULVSRVWD�q�QR��(�OD�UDJLRQH�VWD�QHOOD�WHUPRGLQDPLFD�
H�QHOOD�IUDVH�GL�%ROW]PDQQ�FKH�DEELDPR�FLWDWR�DOO¶LQL]LR��1RL�YLYLDPR�LQ�XQ�XQLYHUVR�FKH�KD�
XQD�WHPSHUDWXUD�PDJJLRUH�GHOOR�]HUR�DVVROXWR�����������&���&L�VRQR�SRVWL�SL��IUHGGL�R�SL��
FDOGL��OR�VSD]LR�D�������&��O¶$QWDUWLGH�D������&��LO�QRVWUR�FRUSR�D�����&��OD�VXSHU¿FLH�GHO�6ROH�

�� 6��*ULHFR��/D�FRQRVFHQ]D� VFLHQWL¿FD�� �������� QHOO¶LSHUWHVWR�(QWURSRORJLD // (YHQWL // Conoscenza e 

Caos� ��� GL� )UDQFR� %RVFKHWWR� HW� DO��� ZZZ�IPERVFKHWWR�LW�GLGDWWLFD�HQWURSRORJLD�FRQRVFHQ]DBHBFDRV�
html��������
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D��������C, l’interno delle stelle a milioni di gradi), ma sempre maggiori dello zero assoluto, 
TXHVWR� SRUWD� DG� DYHUH� ³ÀXWWXD]LRQL´� LQWULQVHFKH� FDVXDOL� HG� LPSUHYHGLELOL� D� OLYHOOR�PLFUR-
VFRSLFR�FKH�VL�ULSRUWDQR�D�OLYHOOR�PDFURVFRSLFR��SHU�FXL�³QRQ�SRWUz�PDL�IDUH�XQD�SUHYLVLRQH�
HVDWWD�H�FRPSOHWD�GL�XQR�VWDWR�¿VLFR�FRPSOHVVR´��H�QRQ�VHUYH�QHSSXUH�IDUH�XQD�PLVXUD�GHOOR�
VWDWR��GDWR�FKH�GRSR�OD�PLVXUD�O¶RJJHWWR�FDPELHUj�FRQ�XQD�QXRYD�ÀXWWXD]LRQH�LPSUHYHGLELOH��
4XHVWD�LQGHWHUPLQD]LRQH�FDXVHUj�QHL�VLVWHPL�OLQHDUL�SLFFROH�GLIIHUHQ]H�QHL�ULVXOWDWL��PHQWUH�
LQ�DOFXQL�VLVWHPL�QRQ�OLQHDUL�SRUWHUj�DG�XQD�FRPSOHWD�LPSUHGLFLELOLWj�GHO�ULVXOWDWR�¿QDOH��0D��
DWWHQ]LRQH��LO�WHUPLQH�XVDWR�q�³FDRV�GHWHUPLQLVWLFR´� dove sta allora il determinismo?
,O�GHWHUPLQLVPR�VL� ULWURYD�DQDOL]]DQGR� WHRULFDPHQWH�� FLRq�FRQ� VLPXOD]LRQL� DO� FDOFRODWRUH�� H�

FRQ�HVSHULPHQWL��L�SRVVLELOL�ULVXOWDWL�GL�TXHVWL�HYHQWL�FDRWLFL��4XHOOR�FKH�VL�WURYD�q�FKH�HVLVWH�WXWWD�
XQD�FODVVH�GL�IHQRPHQL�LQ�FXL�LO�FRPSRUWDPHQWR�q�FDRWLFR��FLRq�LPSUHYHGLELOH��PD�L�³ULVXOWDWL´�
SRVVLELOL��VRQR�SRFKL�H�EHQ�FRQRVFLXWL��8Q�HVHPSLR��OHJDWR�DOOD�WHRULD�GHOOH�FDWDVWUR¿��q�TXHOOR�GHO�
FRPSRUWDPHQWR�GL�XQ�FDQH�GL�IURQWH�DG�XQ�HVVHUH�XPDQR�VFRQRVFLXWR��FKH�PRVWUD�L�GHQWL��LO�FDQH��
QRQ�O¶XRPR����4XHVWD�q�XQD�WLSLFD�VLWXD]LRQH�FKH�SXz�HYROYHUH�YHUVR�GXH�FRPSRUWDPHQWL�PROWR�
GLYHUVL��LQ�VHJXLWR�D�PLQLPH�YDULD]LRQL�GHOOH�FRQGL]LRQL�LQL]LDOL��,O�FDQH�GHFLGH�GL�DWWDFFDUH��RSSXUH�
GHFLGH�GL�VFDSSDUH��,O�GHWHUPLQLVPR�VWD�QHOOH�SRVVLELOL�VROX]LRQL�H�QHO�IDWWR�FKH�VL�SRVVRQR�SURYDUH�
DG�LQGLYLGXDUH�DOFXQH�FDXVH�FKH�DLXWDQR�D�ULVROYHUH�O¶LQGHWHUPLQD]LRQH��
3HU�FDSLUH�PHJOLR�FRVD�YXRO�GLUH�XQ�FRPSRUWDPHQWR�FDRWLFR�SXz�HVVHUH�XWLOH�YHGHUH�XQ¶HODER-

UD]LRQH�JUD¿FD�GL�XQ¶HYROX]LRQH�FDRWLFD��

0DSSD�GHOOH�SRSROD]LRQL�DO�YDULDUH�GHO�WDVVR�GL�FUHVFLWD�7�GDO�YDORUH�����¿QR�D����6L�SXz�YHGHUH�FRPH�
DOO¶LQL]LR�SRVVD�HVLVWHUH�XQD�VROD�SRSROD]LRQH���3���SRL�GXH���3���TXDWWUR���3���RWWR��H�GRSR�LQL]LD�OD�
]RQD�FDRWLFD�LQ�FXL�SHU�SLFFROLVVLPH�GLIIHUHQ]H�GHOOD�YDULDELOH�7�VL�KDQQR�YDORUL�FRPSOHWDPHQWH�GLYHU-
VL�GL�3��1HOO¶LQVHUWR�q�PRVWUDWR�XQ�LQJUDQGLPHQWR�GHOOD�]RQD�FDRWLFD�UHWWDQJRODUH��FKH�PRVWUD�LO�IHQR-
PHQR�GHOO¶DXWRVRPLJOLDQ]D��FLRq�OD�IRUPD�SLFFROD�ULSURGXFH�OD�IRUPD�JUDQGH��VL�WUDWWD�GL�XQ�IUDWWDOH��
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possibili in cui può evolvere una popolazione di individui����,Q�TXHVWR�FDVR�FLz�FKH�VL�YD�D�
GLVHJQDUH�VXO�JUD¿FR�q�LO�QXPHUR�GL�LQGLYLGXL�GL�XQD�SRSROD]LRQH�D�SDUWLUH�GD�DOFXQL�GDWL�LQL-
]LDOL�>LO�YDORUH�GL�3�q�QRUPDOL]]DWR�DG����FLRq�LO�PDVVLPR�SXz�HVVHUH�XQ�TXDOXQTXH�PXOWLSOR�
GL����TXLQGL������������������������PLOLRQL«@��LO�QXPHUR�LQL]LDOH�GL�LQGLYLGXL��LQ�TXHVWR�FDVR�
�������XQ�FHUWR�WDVVR�GL�FUHVFLWD��O¶DXPHQWR�R�OD�GLPLQX]LRQH�SHUFHQWXDOH�GHO�QXPHUR�GL�LQGL-
YLGXL�SHU�RJQL�DQQR���H�XQD�FHUWD�TXDQWLWj�GL�ULVRUVH��LO�FLER�GLVSRQLELOH��SHU�HVHPSLR���4XHOOR�
FKH�VL�YHGH�QHO�JUD¿FR�q�FKH��DO�YDULDUH�GHL�SDUDPHWUL��OD�SRSROD]LRQH�QRQ�FUHVFH�DOO¶LQ¿QLWR��
PD�VL�VWDELOL]]D�VX�DOFXQL�YDORUL�EHQ�GH¿QLWL�FKH�ULPDQJRQR�DOO¶LQFLUFD�FRVWDQWL��TXHVWR�DY-
YLHQH�SHU�XQ�IHQRPHQR�GL�FRQWURUHD]LRQH��IHHGEDFN) per cui ad un aumento eccessivo della 
SRSROD]LRQH�FRUULVSRQGH�XQD�GLPLQX]LRQH�GHOOH�ULVRUVH�GLVSRQLELOL�SHU�RJQL�LQGLYLGXR��TXHVWD�
GLPLQX]LRQH�SRUWD�DOOD�ULGX]LRQH�GHO�QXPHUR�GL�LQGLYLGXL�¿Q�TXDQGR�QRQ�VL�FUHD�XQ�HTXLOL-
EULR�IUD�LO�QXPHUR�LQGLYLGXL�H�OD�TXDQWLWj�GL�ULVRUVH�GLVSRQLELOL��1HOOD�¿JXUD�DG�RJQL�SXQWR�
corrisponde un possibile valore della popolazione, al variare del tasso di crescita che è posto 
VXOO¶DVVH�RUL]]RQWDOH��4XHOOR�FKH�VL�YHGH�q�FKH�SHU�DOFXQL�YDORUL�VL�KD�XQ�QXPHUR�GL�SRSROD-
]LRQL�EHQ�GHWHUPLQDWR���������������PHQWUH�GD�XQ�FHUWR�YDORUH�LQ�SRL�LO�QXPHUR�GL�SRSROD]LRQL�
HVSORGH�LQ�PDQLHUD�LQFRQWUROODELOH��Ê�TXHVWD�OD�SDUWH�FDRWLFD��XQD�PLQLPD�YDULD]LRQH�GL�XQR�
dei parametri del sistema può portare a popolazioni molto numerose, o addirittura alla di-
VWUX]LRQH�GHOOD�SRSROD]LRQH����LQGLYLGXL���,O�JUD¿FR��H�TXLQGL�OD�IXQ]LRQH�FKH�YLHQH�GHVFULWWD��
SUHVHQWD�LQROWUH�XQ¶DOWUD�FDUDWWHULVWLFD�IRQGDPHQWDOH��O¶DXWRVRPLJOLDQ]D��6H�VL�YHGH�O¶LQVHUWR�
SLFFROR�QHOOD�¿JXUD��LQJUDQGLPHQWR�GHOOD�]RQD�UHWWDQJRODUH�LQ�PH]]R�DO�FDRV��VL�SXz�QRWDUH�
come la forma geometrica�GHO�JUD¿FR�SLFFROR�ULSURGXFD�OD�IRUPD�GL�TXHOOR�JUDQGH��Ê�TXHOOR�
FKH�VL�GLFH�XQ�IUDWWDOH��
8Q�³IUDWWDOH´�q�XQ�RJJHWWR�³PRGHUQR´��QHO�VHQVR�FKH��GDO�SXQWR�GL�YLVWD�PDWHPDWLFR�QRQ�

HVLVWHYD��Qp�SRWHYD�HVVHUH�GHVFULWWR�FRQ�L�PH]]L�PDWHPDWLFL�HVLVWHQWL�SULPD�GHO�;;�VHFROR��
7RUQLDPR�XQ�PRPHQWR�DO�;9,,�VHFROR��*DOLOHR�*DOLOHL�DIIHUPD�QHO�Saggiatore�

 
/D�¿ORVR¿D��QDWXUDOH��q�VFULWWD�LQ�TXHVWR�JUDQGLVVLPR�OLEUR�FKH�FRQWLQXDPHQWH�FL�VWD�DSHUWR�LQQDQ]L�
a gli occhi (io dico l’universo), ma non si può intendere se prima non s’impara a intender la lingua, 
H�FRQRVFHU�L�FDUDWWHUL��QH¶�TXDOL�q�VFULWWR��(JOL�q�VFULWWR�LQ�OLQJXD�PDWHPDWLFD��H�L�FDUDWWHUL�VRQ�WULDQ-
JROL��FHUFKL�HG�DOWUH�¿JXUH�JHRPHWULFKH��VHQ]D�L�TXDOL�PH]]L�q�LPSRVVLELOH�D�LQWHQGHUQH�XPDQDPHQWH�
SDUROD��VHQ]D�TXHVWL�q�XQ�DJJLUDUVL�YDQDPHQWH�SHU�XQ�RVFXUR�ODELULQWR����

/¶DIIHUPD]LRQH�GL�*DOLOHL�q�FKLDUD��LO�PRQGR�q�GHVFULWWR�GDOOD�JHRPHWULD�HXFOLGHD��VHQ]D�
GL�HVVD�QRQ�SRVVR�WUDWWDUH��TXLQGL�FDOFRODUH��TXHOOR�FKH�VXFFHGH�LQ�QDWXUD��)LQR�DO�;;�VHFROR�
VL�DVVXQVH�FKH�TXHVW¶DIIHUPD]LRQH�YDOHVVH�DQFKH�LQ�VHQVR�LQYHUVR��VH�XWLOL]]R�OD�JHRPHWULD�
HXFOLGHD�SRWUz�GHVFULYHUH�TXDOXQTXH�IHQRPHQR�QDWXUDOH��PDJDUL�VDUj�WURSSR�FRPSOLFDWR�GD�
FDOFRODUH��PD� OH� ³HTXD]LRQL´� GHO�PRWR� SRWUz� LQ� RJQL� FDVR� VFULYHUOH��0D� QHO� �����%HQRvW�
Mandelbrot, nel libro /HV�2EMHFWV�)UDFWDOV��)RUPH��+D]DUG�HW�'LPHQVLRQ, conia un nuovo 
WHUPLQH��LO�IUDWWDOH��XQ�RJJHWWR�JHRPHWULFR�FRQ�XQD�GLPHQVLRQH�IUD]LRQDULD��FLRq�QRQ�LQWHUD��

�� 4XHVWR�HVHPSLR�LQ�UHDOWj�ULVDOH�DO�������TXDQGR�3LHUUH�)��9HUKXOVW�VFULVVH�SHU�SULPR�O¶HTXD]LRQH�FKH�
GHVFULYHYD�OH�DXWR�OLPLWD]LRQL�GL�FUHVFLWD�GL�XQD�SRSROD]LRQH�ELRORJLFD��6ROR�LQ�VHJXLWR�VL�VFRSULUDQQR�
OH�SURSULHWj�FROOHJDWH�

�� *��*DOLOHL, Il Saggiatore��)HOWULQHOOL��0LODQR�������FDS��9,�
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8QD�OLQHD�KD�GLPHQVLRQH����XQD�VXSHU¿FLH�KD�GLPHQVLRQH����XQ�YROXPH�KD�GLPHQVLRQH����
8QD�OLQHD�FRVWLHUD�LQYHFH�KD�XQD�GLPHQVLRQH�LQWHUPHGLD�IUD���H����SHU�HVHPSLR�������6HQ]D�
DGGHQWUDUFL�LQ�GHWWDJOL�IRUPDOL��q�VXI¿FLHQWH�GLUH�FKH�TXHVWL�³RJJHWWL´�IUDWWDOL�QRQ�VHJXRQR�OD�
geometria di Euclide, eppure sono la descrizione matematica di una miriade di oggetti reali 
FKH�WURYLDPR�LQ�QDWXUD��SULPD�³LQGHVFULYLELOL´�H�FKH�RUD�SRVVLDPR�SURYDUH�D�GHVFULYHUH��)UD�
TXHVWL�FL�VRQR�WXWWL�JOL�RJJHWWL�HG�L�IHQRPHQL�FKH�SRUWDQR�DO�FDRV��0DQGHOEURW�QRQ�³VFRSUH´�L�
IUDWWDOL��FKH�JLj�DYHYDPR�VRWWR�JOL�RFFKL��PD�WURYD�LO�PRGR�GL�GHVFULYHUOL�H�GL�WUDWWDUOL�LQ�IRUPD�
PDWHPDWLFD�
�/D�WHRULD�GHO�FDRV��TXLQGL��SRUWD�D�VROX]LRQL�IUDWWDOL�QHL�IHQRPHQL�QDWXUDOL��4XHVWH�VWUXWWXUH�

IUDWWDOL�VL�ULWURYDQR�QHOOD�VWUXWWXUD�GHOOH�UDPL¿FD]LRQL�GHL�YDVL�SROPRQDUL��FRPH�QHO�EDWWLWR�
FDUGLDFR��SXz�VHPEUDUH�XQ�FRQWURVHQVR��PD�XQD�SHUVRQD�FRQ�XQ�EDWWLWR�FDUGLDFR�WURSSR�UH-
JRODUH�q�PROWR�SL��D�ULVFKLR�GL�LQIDUWR�FKH�XQD�SHUVRQD�FRQ�XQ�FRPSRUWDPHQWR�OHJJHUPHQWH�
FDRWLFR�GHO�EDWWLWR�FDUGLDFR�LQ�IXQ]LRQH�GHO�WHPSR��/D�QDWXUD�DPD�LO�FDRV�
1HO������� DSSHQD�XQ�DQQR�GRSR� O¶RVVHUYD]LRQH�GL�/RUHQ]�H� VROR�DSSDUHQWHPHQWH� VFRO-

legata, un’altra osservazione stravolgeva la nostra concezione, non solo del mondo in cui 
YLYLDPR��PD�GL�WXWWR�O¶XQLYHUVR��JHWWDQGR�XQD�SULPD�OXFH�VXOO¶RULJLQH�GHO�FRVPR��6L�WUDWWDYD�
GHOO¶RVVHUYD]LRQH�GHOOD�UDGLD]LRQH�FRVPLFD�GL�IRQGR�PLVXUDWD�GD�3HQ]LDV�H�:LOVRQ����,Q�FRVD�
FRQVLVWHYD�O¶HVSHULPHQWR"�,O�FLHOR�q�SLHQR�GL�VWHOOH��GL�JDODVVLH��GL�DPPDVVL�GL�JDODVVLH��,Q�
JHQHUH�TXDQGR�VL�RVVHUYD� LO�FLHOR�� VL�SXQWD� LO� WHOHVFRSLR�YHUVR�TXDOFRVD�FKH�VL�YHGH�R�FKH�
F¶q��3HQ]LDV�H�:LOVRQ�LQYHFH�GHFLVHUR�GL�IDUH�O¶RSSRVWR��GL�SXQWDUH�LO�WHOHVFRSLR�LQ�XQD�]RQD�
³EXLD´��XQD�]RQD��FLRq��GD�FXL�QRQ�SURYHQLYDQR�VHJQDOL�GL�QHVVXQ�WLSR��IRVVHUR�HVVL�OXFH�YLVL-
ELOH��RQGH�UDGLR�R�DOWUR�
/D�VFRSHUWD�FKH�IHFHUR�q�FKH�LO�³IRQGR´�GHOO¶8QLYHUVR�LQ�UHDOWj�HPHWWHYD�UDGLD]LRQL�GH-

EROLVVLPH��PD�QRQ�XQD�UDGLD]LRQH�TXDOXQTXH��XQD�UDGLD]LRQH�DG�XQD�IUHTXHQ]D�EHQ�SUHFLVD�
FKH�FRUULVSRQGHYD�DG�XQ�FRUSR�DG�XQD�WHPSHUDWXUD�GL�FLUFD�������&� ���.��FLRq�VROR���JUDGL�
VRSUD�OR�]HUR�DVVROXWR��4XHVWD�UDGLD]LRQH��VWXGLDWD�HG�DQDOL]]DWD�QHL�VXFFHVVLYL����DQQL��FKH�
permea tutto l’universo, non è altro che il residuo della radiazione iniziale che costitutiva il 
nostro universo nei primi attimi della sua nascita, il big bang��DYYHQXWR������PLOLDUGL�GL�DQQL�
ID��&L�VL�SRWUHEEH�FKLHGHUH�FKH�OHJDPH�FL�VLD�IUD�O¶HYROX]LRQH�GHO�QRVWUR�XQLYHUVR�HG�LO�FDRV��
,�OHJDPL�VRQR�PROWHSOLFL��LQWDQWR�O¶HYROX]LRQH�VWHVVD�GHL�FRUSL�FHOHVWL�VHJXH�OHJJL�LQ�DOFXQL�
FDVL�DOWDPHQWH�QRQ�OLQHDUL��TXLQGL�UHJRODWH�GDO�FDRV�GHWHUPLQLVWLFR��8QR�GHL�SUREOHPL�LQVROXWL�
ULJXDUGDQWL�OD�VWUXWWXUD�GHO�QRVWUR�XQLYHUVR�HUD��LQIDWWL��OD�ULVSRVWD�DO�SHUFKp�FL�IRVVHUR�DOFXQH�
]RQH�GHO�FLHOR�SLHQH�GL�³PDWHULD´�FLRq�GL�JDODVVLH�HG�DPPDVVL�GL�JDODVVLH��FLUFRQGDWL�GD�HQRU-
PL�]RQH�GHOO¶XQLYHUVR�LQ�FXL�QRQ�F¶q�QXOOD��4XHVWD�DVLPPHWULD�QHOOD�GLVWULEX]LRQH�GHL�FRUSL�
VHPEUDYD�GLI¿FLOH�GD�SUHYHGHUH�VXSSRQHQGR�FKH�QHOOR�VWDWR�LQL]LDOH��LO�%LJ�%DQJ��O¶XQLYHUVR�
IRVVH�FRPSRVWR�GL�XQ�SLFFROR�YROXPH�GL�HQHUJLD�GLVWULEXLWD�XQLIRUPHPHQWH��(EEHQH�OD�WHRULD�
GHO�FDRV�KD�PRVWUDWR�FRPH�OD�QDVFLWD�H�O¶DJJUHJD]LRQH�GL�PDWHULD�¿QR�D�IRUPDUH�O¶XQLYHUVR�
DWWXDOH��q�XQ�SURFHVVR�QDWXUDOH�XQD�YROWD�FKH�VL�DVVXPDQR�GHOOH�UHJROH�³FDRWLFKH´�QHOO¶DJJUH-
JD]LRQH�GL�VLVWHPL�FHOHVWL�

Tornando alla scala umana è stato recentemente accertato che la maggior parte dei proces-
VL�³FRPSOHVVL´��TXHOOL�FKH�GDQQR�RULJLQH�D�VWUXWWXUH�FRPSOHVVH��DOOD�YLWD��DL�IUDWWDOL��DOOH�UHWL�

�� $�$��3HQ]LDV / 5�:��:LOVRQ��$�0HDVXUHPHQW�RI�([FHVV�$QWHQQD�7HPSHUDWXUH�DW������0F�V, in «The 
$VWURSK\VLFDO�-RXUQDOª�������������SS�����������
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Il
QDWXUDOL��TXHOOH�QHXURQDOL�GHO�FHUYHOOR��R�DOOH�UHWL�DUWL¿FLDOL��,QWHUQHW���KDQQR�DOOD�EDVH�OHJJL�
che portano ad uno sviluppo talvolta caotico, cioè non prevedibile e incredibilmente vario 
D�SDUWLUH�GD�FRQGL]LRQL�FKH�DSSDLRQR�VLPLOL��/D�FDUDWWHULVWLFD�FRPXQH�GL�WXWWL�TXHVWL�SURFHVVL�
q�OD�FDSDFLWj�GL�XQ¶HYROX]LRQH�QRQ�GHWHUPLQLVWLFD�GHL�OHJDPL�LQWHUQL��L�QHXURQL�IUD�GL�ORUR��R�
FRQ�LO�PRQGR�³HVWHUQR´��OH�UHWL�GL�DPLFL��L�FROOHJDPHQWL�LQ�,QWHUQHW���/¶HYROX]LRQH�FKH�SRUWD�
D�FUHDUH�OHJDPL�QXRYL�H�QRQ�SUHYHGLELOL�q�DQDORJD�D�TXHOOD�FKH�UHJROD�OD�FUHVFLWD�H�OD�PRUWH�
GHL�OHJDPL�QHXURQDOL��L�QHXURQL�FUHDQR�OHJDPL�LQ�QXPHUR�VHPSUH�PDJJLRUH�PDQ�PDQR�FKH�
YHQJRQR�XWLOL]]DWL��ULSHWXWL��³ULFRUGDWL´��0HQWUH�SHU�HVHPSLR�FROOHJDPHQWL�QRQ�XWLOL]]DWL�GHFD-
GRQR�FRQ�LO�WHPSR�¿QR�DG�HVVHUH�³FDQFHOODWL´��4XHVWR�WLSR�GL�HYROX]LRQH�VYLOXSSR�q�DQDORJD�D�
TXHOOD�FKH�UHJROD�OD�VWUXWWXUD�GL�,QWHUQHW��7XWWL�TXHVWL�IHQRPHQL�VRQR�GHVFULWWL�GD�LQQXPHUHYROL�
YDULDELOL��FKH�GLSHQGRQR�GDO�VLQJROR�IHQRPHQR��WXWWDYLD�HVLVWH�XQD�YDULDELOH�FRPXQH�VHPSUH�
SUHVHQWH��FKH�³FRPDQGD´�TXDOXQTXH�DYYHQLPHQWR��DWWR�R�SHQVLHUR��VL�WUDWWD�GHO�WHPSR��FKH�
GHVFULYH��FRQ�VFDOH�GLYHUVH��O¶HYROX]LRQH�GHO�QRVWUR�XQLYHUVR�TXDQGR�DQFRUD�HUD�VROR�HQHUJLD��
la nascita degli atomi, delle molecole, delle stelle, dei pianeti, degli animali, dell’uomo e dei 
suoi pensieri, siano essi un’indagine sull’essenza dell’essere, la capacità di comporre una 
PHORGLD�PDL�VHQWLWD�SULPD�R�GL�LQQDPRUDUVL�
,O�WHPSR��XQD�GHOOH�JUDQGH]]H�¿VLFKH�IRUVH�PHQR�FKLDULWH�GDO�SXQWR�GL�YLVWD�VWUHWWDPHQWH�

RQWRORJLFR��q�OD�YDULDELOH�D�FXL�q�SRVVLELOH�ULGXUUH�TXDOXQTXH�³PLVXUD´�GL�TXDOXQTXH�RJJHWWR�
R�JUDQGH]]D�QDWXUDOH��6L�SXz�GLPRVWUDUH��OD�FRVD�QRQ�q�HOHPHQWDUH��FKH�q�SRVVLELOH�ULSRUWDUH�
OH�OXQJKH]]H��OH�PDVVH��OH�FDULFKH�HOHWWULFKH��OH�WHPSHUDWXUH�LQ�VHFRQGL��,Q�TXHVWR�PRQGR��LQ�
SDUWH� FDRWLFR�H� LQFRPSUHQVLELOH�� DOOD�¿QH� O¶XQLFD�YDULDELOH�³LQGLSHQGHQWH´�FKH� ULPDUUHEEH�
VDUHEEH�LO�WHPSR�

Carlo Cosmelli
Chi ha paura del caos?


