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GD�FXL�T ��H�S ����
�
���� ,SRWHVL�GL�LQWUXVLRQH��

6H� VL� LQGLFD�FRQ�4� OD�SRUWDWD� IXRULXVFHQWH�GDOO
RULIL]LR� H� FRQ�4� OD�SRUWDWD�GHO�JHWWR�
QHOOD�JHQHULFD�VH]LRQH�WUDVYHUVDOH�GL�FRRUGLQDWD�[��q�QRWR��SHU�TXDQWR�JLj�GHWWR�D�SURSRVLWR�GHL�
JHWWL�SLDQL��FKH�LO�UDSSRUWR�4�[��4� q PDJJLRUH�GHOO
XQLWj�H�DXPHQWD�FRQ�[��4XHVWR�VLJQLILFD�
FKH�LO�JHWWR�q�LQWHUHVVDWR�GD�XQ�SURFHVVR�GL�LQWUXVLRQH�GHO�IOXLGR�DPELHQWH�FLUFRVWDQWH���
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GRYH�%�q� LO�YDORUH�GL�U� LQ�FRUULVSRQGHQ]D�GHO�TXDOH�VL�SXz�FRQVLGHUDUH�X�PROWR�SLFFROR�H��
TXLQGL� WUDVFXUDELOH�� PHQWUH� YH q OD� YHORFLWj� GL� LQWUXVLRQH�� 'D� FRQVLGHUD]LRQL� SURSULH�
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GHOO
DQDOLVL�GLPHQVLRQDOH�q�SRVVLELOH�VFULYHUH�
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PHQWUH��SRLFKp�%�q�XQ
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XOWLPD�UHOD]LRQH�FRPSRUWD�FKH�

p + 2q - 1- q - p = 0 

RVVLD�T ���6L�q�RWWHQXWR��SHU�DOWUD�YLD��OD�UHOD]LRQH�JLj�YLVWD�LQ�SUHFHGHQ]D��
�
���� &RQVLGHUD]LRQL�GDOO
DQDOLVL�GLPHQVLRQDOH��

6L q� JLj� GLPRVWUDWR� FKH�SHU� XQ�JHWWR� FLUFRODUH� FRQ�JUDGLHQWH� GL� SUHVVLRQH�QXOOR�� LO�
IOXVVR GL� TXDQWLWj� GL� PRWR� VL� FRQVHUYD�� &Lz� VLJQLILFD� FKH�0�� GHILQLWR� FRPH� LO� IOXVVR� GL�
TXDQWLWj�GL�PRWR�QHOOD�VH]LRQH�GL�XVFLWD�GHO�JHWWR��q�XQ�SDUDPHWUR�GL�SDUWLFRODUH�LQWHUHVVH��

$ JUDQGH�GLVWDQ]D�GDOOD�VH]LRQH�GL�XVFLWD�VL�SXz�ULWHQHUH�FKH�LO�JHWWR�QRQ�ULVHQWD�GHOOD�
IRUPD�GHOO
XJHOOR��3HUWDQWR�VL�SXz�VFULYHUH�FKH�

m 1 0u = f (M , ,x).ρ
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QXPHUR�GL�5H\QROGV�GHO�JHWWR�QHOOD�VH]LRQH�GL�XVFLWD�VLD�SL��JUDQGH�GL�DOFXQH�PLJOLDLD��6L�
SXz�ULWHQHUH��)LVKHU�HW�DO��������FKH�LO�JHWWR�VLD�WXUEROHQWR�VH�LO�QXPHUR�LQGLFH�GL�5H\QROGV�
QHOOD�VH]LRQH�GL�HIIOXVVR�q�PDJJLRUH�GL�������7XWWDYLD��/DEXV�H�6\PRQV���������ULWHQJRQR�
FKH XQ�IOXVVR�WXUEROHQWR�QRQ�q�FRPSOHWDPHQWH�VYLOXSSDWR�VH�5H�������
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FRQ�&� FRVWDQWH�GD�GHWHUPLQDUVL�VSHULPHQWDOPHQWH��
3HU TXDQWR�DWWLHQH�OD�VFDOD�GHOOH�OXQJKH]]H��GDOO
DQDOLVL�GLPHQVLRQDOH��DQDORJDPHQWH�

DL�JHWWL�SLDQL��VL�GLPRVWUD�FKH�

b = C x.2

�����6ROX]LRQL�SURSRVWH�LQ�OHWWHUDWXUD��
3HU� OD� ULVROX]LRQH� GHO� SUREOHPD� LGURGLQDPLFR� GL� XQ� JHWWR� FLUFRODUH� WXUEROHQWR� VL�

KDQQR�D�GLVSRVL]LRQH�O
HTXD]LRQH�GHO�PRWR���������H�O
HTXD]LRQH�GL�FRQWLQXLWj�D�IURQWH�GHOOH�
WUH� LQFRJQLWH� X�� Y� H� τW� 7ROOPLHQ� SURSRVH� GL� FRVWUXLUH� OD� WHU]D� HTXD]LRQH� XVDQGR� O
LSRWHVL�
GHOOD�OXQJKH]]D�GL�PHVFRODPHQWR�GL�3UDQGWO��SRQHQGR�

(2.6.1)
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HVVHQGR�D�XQD�FRVWDQWH�GD�ULFDYDUVL�VSHULPHQWDOPHQWH��
*RHUWOHU� SURSRVH� GL� FKLXGHUH� LO� VLVWHPD� GL� HTXD]LRQL� DOOD� EDVH� GHO� SUREOHPD�

LGURGLQDPLFR�GHO�JHWWR�IDFHQGR�XVR�GHOO
LSRWHVL�GHOOD�YLVFRVLWj�WXUEROHQWD��HGG\�YLVFRVLW\� GL�
3UDQGWO��SRQHQGR�
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, ULVXOWDWL� VSHULPHQWDOL� GL� 7UXSHO� ������� �VL� YHGD� $EUDPRYLFK�� ������� FRQ�
GLVWULEX]LRQH� XQLIRUPH� GL� YHORFLWj� DOO
RULIL]LR�� SRVVRQR� HVVHUH� LQWHUSUHWDWL� SRQHQGR� OD�
FRVWDQWH�D��GHOOD�VROX]LRQH�VHFRQGR�7ROOPLHQ��XJXDOH�D��������3HU�GLVWULEX]LRQL�GL�YHORFLWj�
DOO
RULIL]LR� QRQ� XQLIRUPL� L� YDORUL� GL� D� VHPEUDQR� HVVHUH� SL�� JUDQGL� GHO� SUHFHGHQWH�� FRPH�
PRVWUDQR� L� ULVXOWDWL� VSHULPHQWDOL� GL� 7XUNXV� H� 6\UNLQ� �$EUDPRYLFK�� ������� SHU� L� TXDOL�
D ������� $EUDPRYLFK�� SHU� LO� FDVR� GL� GLVWULEX]LRQH� XQLIRUPH� GL� YHORFLWj� DOO
RULIL]LR��
SURSRVH�D �������LQ�WDO�FDVR�OD�UHOD]LRQH���������GLYLHQH�

(2.7.1)
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RULJLQH� YLUWXDOH� GL� XQ� JHWWR� DVVLOVLPPHWULFR�� VHFRQGR� L� ULVXOWDWL� VSHULPHQWDOL� GL�
+LQ]H�H�=LMQHQ�q� ORFDOL]]DWD�D����G�GLHWUR�O
RULIL]LR��$EUDPRYLFK��������LQGLFD�XQ
RULJLQH�
YLUWXDOH� ORFDOL]]DWD� D����G�GLHWUR� O
RULIL]LR��$�FDXVD�GL�TXHVWD� LQFHUWH]]D�QHOOD�YDOXWD]LRQH�
GHOO
RULJLQH� YLUWXDOH��5DMDUDWQDP� �������� FRPH� SHU� L� JHWWL� SLDQL�� VXJJHULVFH� GL� ORFDOL]]DUH�
WDOH�RULJLQH�LQ�FRUULVSRQGHQ]D�GHOO
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LQWHUPLWWHQ]D��I���VL�YHGD�LO�SDU������������ 



0LFKHOH�0RVVD��'LIIXVLRQH�GL�XQ�JHWWR�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�TXLHWH�R�LQ�PRWR�RQGRVR�� &DS�����

��

3HU� TXDQWR� DWWLHQH� OD� FRVWDQWH� &� GHOOD� ��������� 7ROOPLHQ� ������� WURYD�&� �������
&RUUVLQ� ������� SURSRQH� &� ������� $EUDPRYLFK� ������� VXJJHULVFH� &� ������� FKH� q� XQ�
YDORUH�PROWR� YLFLQR� D� ������� SURSRVWR� GD�$OEHUWVRQ� HW� DO�� ������� H� D� ������SURSRVWR� GD�
+LQ]H H�=LMQHQ���������3HU�VFRSL�SUDWLFL�5DMDUDWQDP�SURSRQH�

b = 0.10x

DQDORJDPHQWH�DO�FDVR�GL�JHWWR�SLDQR��
/H PLVXUD]LRQL� GL� DOFXQH� JUDQGH]]H� FLQHPDWLFKH� GHL� JHWWL� WXUEROHQWL� VRQR� VWDWH�

FRQGRWWH�GD�PROWL�DXWRUL��VL�ULFRUGDQR�&RUUVLQ���������:\JQDQVNL�H�)LHGOHU���������/H�ILJJ��
������D�I� ULSRUWDQR� L� YDORUL� GHOOH� YHORFLWj�PHGLH� LQ� DVVH� H� JOL� DQGDPHQWL� GL� DOFXQH� WLSLFKH�
YDULDELOL� WXUEROHQWH�� VHFRQGR�:\JQDQVNL�H�)LHGOHU��FKH�FRQGXVVHUR�HVSHULHQ]H�VX�XQ�JHWWR�
VXEVRQLFR�GL� DULD� IXRULXVFHQWH�GD�XQ�RULIL]LR�GHO�GLDPHWUR�GL�FLUFD�����FP�FRQ�QXPHUR�GL�
5H\QROGV�GL�����

3HU TXDQWR�DWWLHQH�LO�FRHIILFLHQWH�GL�LQWUXVLRQH�αH� GHILQLWR�GDOOD����������LQ�OHWWHUDWXUD�
VL SRQH�αH �������
 


