
L E S E S S E D E L L A G O D I I S E O 

FRANCESCO PERONACI 

P A R T E P R I M A 

S E S S E C H E I N T E R E S S A N O L ' I N T E R O L A G O 

La p r e f e r i t e r i c e r c a va i n q u a d r a t a ne l c o m p l e s s o di l a v o r i d i n a -

t u r a s i s t e m a t i c a c h e l ' I s t i t u t o N a z i o n a l e di G e o f i l i c a sta c o m p i e n d o 

a l l o s c o p o d i p o r t a r e u n c o n t r i b u t o a l l a c o n o s c e n z a d e i p r o b l e m i re -

l a t iv i a l l a l i m n o l o g i a i t a l i a n a . I n essa n o n si è r i t e n u t o n e c e s s a r i o 

r i c h i a m a r e le t e o r i e m a t e m a t i c h e su l l e scsse, i n q u a n t o esse s o n o s l a t e 

a m p l i a m e n t o s v i l u p p a t e in p r e c e d e n t i l a v o r i già p u b b l i c a l i d a l l ' I s t i t u t o . 

P r e m e t t i a m o a n z i t u t t o a l c u n e n o t i z i e sui p r i n c i p a l i d a t i m o r f o m e -

Iriei r e l a t i v i al lago d i L e o ( S e l l i n o ) : p o s t o t r a le p r o v i n c i e d i B e r -

g a m o e B r e s c i a si d i s t i n g u e p e r la sua f o r m a s i n u o s a , i n f a t t i il s|no 

asse , p a r t e n d o d a l l a f o c e d e l l ' O g l i o si d i r i g e p e r c a . 5 k m d a N N E 

a SSW , q u i n d i p e r u n t r a t t o d i c i r ca 1 1 k m si a l l i n e a d a N o r d a S u d 

e i n f i n e p e r a l t r i 9 k m p i e g a b r u s c a m e n t e v e r s o O v e s t . Il l ago h a 

t r e i so l e s o r g e n t i a l l ' e s t r e m o m e r i d i o n a l e d e l l a p a r t e m e d i a n a : la 

m a g g i o r e d i esse è M o n t i n o l a c o n u n a s u p e r f i c i e d i k m 2 4 , 2 8 , le a l t r e 

d u e s o n o p i c c o l o e t r a s c u r a b i l i ne l c a l co lo d e l l e a r c e . Q u e s t e i so l e 

e la r i v a s i n i s t r a , cu i s o n o p i ù v i c i n e , d e t e r m i n a n o il c a n a l e d i S a l e 

l a r g o in i n e d i a k m 0 .84 . I d a t i s e g u e n t i s o n o s la t i r i c a v a t i da u n a 

c a r t a b a t i m e t r i c a al 5 0 . 0 0 0 p u b b l i c a t a d a l l ' I s t i t u t o G e o g r a f i c o De 

Vgoslini : 

a l t e z z a sul l i ve l l o de l m a r e m 185 

s u p e r f i c i e ( e sc lu se le i -o le ) k m 2 60 .62 

p r o f o n d i l a m a s s i m a m 2 5 0 , 7 5 

l u n g h e z z a ( su l l a l i n e a di va l l e ) k m 2 3 . 9 5 

l a r g h e z z a m a s s i m a k m 4 , 4 6 

q u i - l i d a t i s o n o in o t t i m o a c c o r d o c o n q u e l l i o t t e n u t i da l S a l m o i r a g h i 

ne l 1897 in u n a s e r i e di 268 s c a n d a g l i . 

C o m e è n o t o lo s t u d i o d e l l e o s c i l l a z i o n i l i b e r e di u n l a g o , assi-

m i l a t o ad u n c a n a l e f m i l o di s e z i o n e v a r i a b i l e i n m o d o n o n b r u s c o , 

p u ò e s se re e s e g u i l o p a r t e n d o d a l l a e q u a z i o n e d i C h r y s t a l 
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d-u 4 ji2 

a(v) 1 uz 
dv~ g T" 

clic d e r i v a d i l e t t a m e n t e d a l l ' e q u a z i o n e f o n d a m e n t a l e d e l l ' i d r o d i n a m i -
ca , q u a l o r a si f a cc i ano o p p o r t u n e ipo te s i s empl i f i ca t r i c i . Ne l l a [ 1 ] 
sogget ta a l le cond iz ion i ai l imi t i 

i(o) = Il ( f i ) = o 

lal-

r 2 

v e s p r i m e l ' a r e a supe r f i c i a l e del lago da u n a e s t r e m i t à ad u 
siasi sez ione t rasversa le pO 50 40 30 £0 !0 
( e va r i a q u i n d i da [O ' " • 
e l ' a r ea a to ta le del ' 
lago) fi ( r ) rapprese l i - \ 
la il p r o d o t t o del l a- " \ 
rea .S (.v) del la sezio- • . . ' 
n e c o n s i d e r a t a , / / i l ; ! | 
v o l u m e del l i q u i d o clic ' 
a t t r a v e r s a la sez ione T3 

p e r u n o >pos | amci i to 2 
o r i z z o n t a l e 5, T il pe-
r iodo del la sessa, g l ' a cce l e r az ione d i g rav i t à . 

La curva r a p | ) r e s e n t a t a da l l a f u n z i o n e n {/ ) e d e t t a da Chrys t a l 
cu rva n o r m a l e del b a c i n o d ' a c q u a : essa h a p e r o r d i n a t e i va lor i d i 

X 

S(.vl b(x I e p e r ascisse i va lor i di vix) — j b (x)rfx. La i n t eg raz ione 

d e l l a [ 1 ] a iene esegui ta d a 
Cl i rys ta l s u p p o n e n d o clic la 
fi (/ ') sia e s p r i m i b i l e in u n a 
f o r m a ana l i t i ca p i u t t o s t o 
s e m p l i c e e che u sia r a p -
p r e s e n t a b i l e m e d i a n t e una 
ser ie d i f u n z i o n i s inus 

/ = ^ iii(v) sen — (/ 
i 1, 

Fig. 3 

Ne l nos t ro caso, u s a n d o 
la su c i ta ta ca r ta b a t i m e t r i -
ca , f u r o n o t racc ia te , a p a r t i -
r e d a l l ' e s t r e m o n o r d d e l la-
go. 37 sezioni o r izzon ta l i 
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D i s t a n z e 
b ( x ) V ( x ) 

o (x ) = 
S ( x ) b ( x ) V ( x ) v l x ) 

o (x ) = 

Sen. X S ( x ) . b ( x ) 

10 ; tni IO'Ili- 1 0 2 n i 1 0 3 m - 1 0 ' i n - 10''m" 

0 0 li 0 0 0 (l 

1 1 ,00 314-00 30 .85 3 5 8 7 . 5 3 5 8 7 . 5 9 6 8 . 6 9 
2 2 ,00 2 9 1 . 0 0 2 1 . 9 0 2 5 6 7 . 5 6 1 5 5 . 0 6 3 7 , 2 9 
3 3 , 0 0 3 5 0 , 2 5 23 .15 2182-5 8 3 3 7 , 5 8 1 0 , 8 3 
4 3 , 5 0 3 0 2 . 5 0 1 6 , 5 0 1182 ,5 9 5 2 0 , 0 4 9 9 , 1 3 
5 4 , 0 0 2 8 2 , 5 0 15 ,50 1 0 3 7 , 5 10557-5 4 3 7 , 8 8 
6 5 , 0 0 3 5 9 . 5 0 18 ,50 1 7 3 7 . 5 1 2 2 9 5 , 0 6 6 5 , 0 8 
7 6 ,00 6 0 8 , 5 0 29 ,35 2750.(1 1 5 0 4 5 , 0 1 7 7 3 , 7 8 
8 7 .00 651-25 2 9 , 2 0 3 1 0 0 . 0 1 8 1 4 5 , 0 1 9 0 1 , 6 5 
9 8 ,00 6 0 4 . 5 0 2 7 , 7 0 2 7 2 5 . 0 2 0 8 7 0 , 0 1 6 4 4 , 2 4 

10 9 ,00 663 .00 30-85 3 2 9 0 . 0 2 4 1 6 0 , 0 2 0 4 5 , 3 6 
11 10 ,00 5 7 9 , 5 0 33 .15 3025-0 2 7 1 8 5 , 0 1 9 2 1 , 0 4 
12 10 ,25 6 0 9 . 0 0 36 .00 937 .5 2 8 1 2 2 . 5 2 1 9 2 , 4 0 
13 10 .50 6 8 2 . 5 0 4 2 . 4 5 9 6 2 . 5 29085-0 2 8 9 7 , 2 1 
14 1 0 , 7 5 6 1 6 . 2 5 4 4 , 7 5 1112 .5 3 0 1 9 7 . 5 2 7 5 7 , 7 2 
15 11 .00 5 7 1 . 5 0 4 6 . 6 0 1 0 3 7 , 5 3 1 2 3 5 , 0 2 6 6 3 , 1 9 
16 11 ,25 517-50 34 .80 1 0 1 7 . 5 3 2 2 5 2 , 5 1 8 0 0 - 9 0 
17 11 ,50 491-25 32-60 8 9 0 . 0 3 3 1 1 2 , 5 1 6 0 1 , 4 8 
18 12,00 4 7 4 . 3 5 33 .05 1 8 2 5 . 0 3 4 9 6 7 . 5 1 5 6 7 , 7 3 
19 1 2 , 5 0 4 1 5 . 7 5 2 9 . 3 0 1 7 3 7 . 5 3 6 7 0 5 , 0 1 2 1 8 . 1 5 
20 13 ,00 345 .25 23 .85 1 4 8 7 , 5 3 8 1 9 2 , 5 8 2 3 , 4 2 
21 13 ,25 262 .25 27 .95 4 3 7 . 5 38630-0 7 3 2 , 9 9 
22 13 ,50 332 .50 37 .60 1 1 8 7 . 5 3 9 8 1 7 , 5 1 2 5 0 , 2 0 
23 13 ,75 312.011 3 4 . 0 0 6 2 5 , 0 •10442,5 1060 ,80 
2 4 1 4 , 0 0 324-00 3 4 , 0 0 6 2 5 , 0 4 1 0 6 7 , 5 1 1 0 1 - 6 0 
25 1 4 , 5 0 398 .50 32-10 1 0 6 2 , 5 4 2 1 3 0 , 0 1 2 7 9 , 1 9 
26 14 ,75 3 6 7 , 5 0 2 9 , 9 5 8 9 2 . 5 4 3 0 2 2 , 5 1 1 0 0 , 6 6 
27 15 ,00 2 7 5 . 7 5 2 9 , 2 0 737-5 4 3 7 6 0 , 0 8 0 5 . 1 9 
28 15 ,25 2 5 8 . 2 5 19 .15 8 1 2 , 5 4 1572,5 4 9 4 , 5 5 
2 9 15 ,50 2 0 1 . 2 5 2 0 . 9 5 4 7 5 , 0 4 5 0 4 7 . 5 4 2 1 . 6 2 
30 16 ,00 1 9 4 . 7 5 22 .95 1 2 2 5 . 0 4 6 2 7 2 , 5 4 4 6 , 9 5 
31 17-00 183 .25 21 .85 2 3 2 5 . 0 4 8 5 9 7 , 0 4 0 0 . 4 0 
32 18 ,00 141 .37 2 4 , 7 0 2 6 0 0 , 0 5 1 1 9 7 . 5 3 1 9 1 8 
33 19 ,00 114 .75 23 .65 2 6 2 5 . 0 5 3 8 2 2 . 5 2 7 1 , 3 8 
3 4 2 0 . 0 0 4 4 . 3 7 23 .75 2 8 1 2 , 5 5 6 6 3 5 . 0 1 0 5 , 3 8 
35 21 ,00 14 .00 12 .20 1700-0 5 8 3 3 5 , 0 1 7 . 0 8 
3 6 22 ,00 1 3 . 0 0 1 0 . 5 0 1 1 2 5 . 0 5 9 4 6 0 . 0 1 3 , 6 5 
37 2 3 . 0 0 12.00 10 .25 1 1 5 7 , 5 60617-5 1 2 . 3 0 
38 23 .95 0 9 5 0 , 0 0 
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( c o m e è i n d i c a t o da l l a fig. 1) con d i r e z i o n e n o r m a l e al la l i n e a clic 
tocca i p u n i i di m a s s i m a p r o f o n d i t à ( l i nea di v a l l e ) ; c o s t r u i t e q u i n d i 
le c o r r i s p o n d e n t i sezioni ve r t i ca l i f u r o n o ca lco la le con un p l a n i m e t r o 
le a r e e V(x) ed S( .r) de l l e sezioni o r izzon ta l i e ve r t i ca l i (i r i su l t a t i 
sono r i p o r t a l i ne l l a t abe l l a 1) e, m e d i a n t e essi , -i è c o s t r u i t a p e r 
p u n t i la c u r v a n o r m a l e (tifi. 2). D e t t a c u r v a n o n si p r e s t a ad e s s e r e 
r i d o t t a in f o r m a ana l i t i c a e q u i n d i -i è r i t e n u t o o p p o r t u n o n o n a p -
p l i c a r e d i r e t t a m e n t e il m e t o d o di C.brystal , e servirs i i nvece d i d u e 
m e t o d i dovu t i a d H i d a k a e a Del mi clic f u r o n o a p p l i c a l i c o n t e m -
p o r a n e a m e n t e o n d e p o t e r c o n f r o n t a r e tra lo ro i da t i o t t e n u t i . 

Metodo ili 11ideila. 

v 
L a [ f ] con l ' i n i r o d u z i o n c de l la v a r i a b i l e a u - i l i a r i a s = a s s u m e 

ti 

la f o r m a 

d"u /. 
• » = 0 [ 2 ] 

ove 

= [ 3 ] T-g 

è sogget ta a l l e cond iz ion i ai l i m i t i 

( / (o) = i< ( f ) = o [ 4 ] 

de t t a e q u a z i o n e è sodd i s f a t t a ^olo p e r o p p o r t u n i va lo r i di / . H i d a k a 
d i m o s t r a c h e la i n t e g r a z i o n e de l l a [ - ] e q u i v a l e a l la r i ce rca del m i -
n i m o v a l o r e dcll"intc<irale 

ò 

ove u p u ò scr iver- i ne l l a f o r m a 

m 
u = = [6] 

i 

c o s t i t u e n d o le [ 6 ] ne l la [ 5 ] o t t e n g o n o m + 1 e q u a z i o n i 
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S e z . a 

M -
- , i 1 1 ) 

a ( = ) 

Mz Mz- Mz* i l / : 1 

0 0 0 0 0 0 0 

1 0 , 0 5 8 2 7 0 . 1 8 1 0 6 2 0 , 0 1 0 5 5 0 0 , 0 0 0 6 1 6 0 . 0 0 0 0 3 6 0 , 0 0 0 0 0 2 
2 0 , 0 9 9 9 7 0 , 5 2 9 7 4 8 0 . 0 5 2 9 5 9 0 . 0 0 5 2 9 2 0 , 0 0 0 5 2 9 0 , 0 0 0 0 5 3 

3 0 , 1 3 5 4 2 0 , 5 9 9 3 6 6 0 , 0 8 1 1 6 6 0 , 0 1 0 9 9 2 0 . 0 0 1 4 8 6 0 , 0 0 0 2 0 1 

4 0 , 1 5 4 6 3 0 , 6 5 7 6 6 5 0 , 1 0 1 6 9 5 0 , 0 1 5 7 2 5 0 . 0 0 2 4 3 3 0 , 0 0 0 3 7 6 

5 0 , 1 7 1 4 8 0 . 7 7 6 7 7 5 0 . 1 3 3 2 0 1 0 , 0 2 2 8 4 5 0 , 0 0 3 9 1 5 0 , 0 0 0 6 7 1 

6 0 - 1 9 9 7 0 1 . 0 8 3 8 1 5 0 . 2 1 6 4 4 9 0 , 0 4 3 2 2 3 0 , 0 0 8 6 2 7 0 , 0 0 1 7 2 3 

7 0 , 2 4 4 3 7 0 , 8 5 8 6 8 2 0 . 2 0 9 8 3 6 0 . 0 5 1 2 8 0 0 . 0 1 2 5 2 8 0 , 0 0 3 0 6 1 

8 0 , 2 9 4 7 2 1 , 1 4 3 9 6 6 0 . 3 3 7 1 5 0 0 . 0 9 9 3 6 5 0 - 0 2 9 2 8 6 0 , 0 0 8 6 3 1 

9 0 , 3 3 8 9 8 1 . 3 5 1 5 3 7 0 , 4 5 8 1 4 4 0 , 1 5 5 3 0 5 0 . 0 5 2 6 4 2 0 , 0 1 7 8 4 5 

i n 0 , 3 9 2 4 2 1 , 4 8 5 3 1 8 0 , 5 8 2 8 6 8 0 , 2 2 8 7 2 4 0 . 0 8 9 7 5 8 0 , 0 3 5 2 2 3 

i l 0 , 4 4 1 5 5 1 , 5 5 5 0 6 9 0 , 6 8 6 6 4 1 0 , 3 0 3 1 9 2 0 . 1 3 3 8 2 9 0 . 0 5 9 0 9 2 

1 2 0 , 4 5 6 7 8 0 . 4 2 7 7 0 3 0 , 1 9 5 3 6 6 0 , 0 8 9 2 4 1 ) 0 . 0 1 0 7 6 4 0 , 0 1 8 6 2 0 

13 0 , 4 7 2 4 1 0 . 3 3 5 1 3 9 0 . 1 5 8 3 2 3 0 , 0 7 4 7 9 3 0 , 0 3 5 3 3 4 0 . 0 1 6 6 9 2 

1 4 0 , 4 9 0 4 8 0 . 4 0 9 2 5 7 0 . 2 0 0 7 3 2 0 , 0 9 8 4 5 5 0 . 0 4 8 2 8 8 0 , 0 2 3 6 8 4 
15 0 , 5 0 7 3 3 0 . 3 9 5 2 7 9 0 , 2 0 0 5 3 7 (1 .101721 0 . 0 5 1 6 1 6 0 , 0 2 6 1 8 6 

1 6 0 , 5 2 3 8 6 0 . 5 7 1 0 6 5 0 . 2 9 9 1 5 8 0 . 1 1 6 7 1 7 0 , 0 8 2 0 9 6 0 , 0 1 3 0 0 7 

17 0 , 5 3 8 3 1 0 , 5 5 7 3 3 6 0 . 3 0 0 0 2 0 0 , 1 6 1 5 0 5 0 , 0 8 6 9 3 9 0 , 0 4 6 8 0 0 

1 8 0 , 5 6 7 9 6 1 . 1 3 8 7 8 9 0 , 6 4 6 7 8 7 0 , 3 6 7 3 5 1 0 , 2 0 8 6 3 6 0 , 1 1 8 4 9 7 

1 9 0 , 5 9 6 1 8 1 , 3 4 2 0 3 9 0 , 8 0 0 0 9 7 0 , 4 7 7 0 0 1 0 , 2 8 4 3 7 8 0 , 1 6 9 5 4 0 

2(1 0 , 6 2 0 3 4 1 . 6 2 7 6 3 6 1 , 0 0 9 6 8 8 0 , 6 2 6 3 4 7 0 . 3 8 8 5 4 9 0 . 2 4 1 0 3 2 

2 1 0 , 6 2 7 4 4 0 . 5 2 9 3 3 0 0 . 3 3 2 1 2 3 0 , 2 0 8 3 8 7 0 . 1 3 0 7 5 0 0 , 0 8 2 0 3 8 

2 2 0 - 6 4 6 7 3 0 . 8 0 5 3 4 4 0 , 5 2 0 8 4 0 0 , 3 3 6 8 4 3 0 . 2 1 7 8 4 6 0 , 1 4 0 8 8 8 

2 3 0 , 6 5 6 8 8 0 . 4 8 6 1 0 5 0 , 3 1 9 3 1 3 0 . 2 0 9 7 4 9 0 . 1 3 7 7 8 2 0 , 0 9 0 5 0 6 

2 4 0 , 6 6 7 0 3 0 , 4 5 4 5 1 1 0 . 3 0 3 1 7 2 0 . 2 0 2 2 2 6 ( 1 . 1 3 4 8 9 0 0 . 0 8 9 9 7 6 

2 5 0 , 6 8 4 2 9 0 . 6 2 9 7 9 5 0 , 4 3 0 9 6 2 0 , 2 9 4 9 0 2 0 . 2 0 1 7 9 9 0 . 1 3 8 0 8 9 

2 6 0 , 6 9 8 7 9 0 , 5 8 3 6 7 0 0 . 4 0 7 8 6 3 0 , 2 8 5 0 1 2 0 , 1 9 9 1 6 0 0 , 1 3 9 1 7 1 

2 7 0 , 7 1 0 7 7 0 . 6 2 8 8 3 9 0 , 4 4 6 9 6 0 0 , 3 1 7 6 8 3 0 , 2 2 5 7 9 7 0 , 1 6 0 4 9 0 

2 8 0 . 7 2 3 9 6 1 - 0 6 5 0 4 1 0 , 7 7 1 0 4 7 0 , 5 5 8 2 0 9 0 , 4 0 4 1 1 9 0 , 2 9 2 5 6 6 

2 9 0 , 7 3 1 6 8 0 . 7 0 5 6 8 0 0 . 5 1 6 3 3 2 0 , 3 7 7 7 9 3 0 , 2 7 6 4 2 2 0 , 2 0 2 2 5 2 

3 0 0 , 7 5 1 5 8 1 . 5 2 2 2 8 5 1 . 1 6 6 6 6 6 0 , 8 7 6 8 4 3 0 . 6 5 9 0 1 8 0 , 4 9 5 3 0 5 
3 1 0 , 7 8 9 3 4 2 , 6 0 7 7 4 1 2 , 0 5 8 3 9 4 1 . 6 2 4 7 7 9 1 , 2 8 2 5 1 3 1 , 0 1 2 3 3 9 
3 2 0 . 8 3 1 5 7 2 , 2 5 1 7 9 1 1 . 8 7 2 5 2 2 1 , 5 5 7 1 3 6 1 , 2 9 4 8 7 0 1 , 0 7 6 7 7 5 
33 0 , 8 7 4 2 1 1 .9011872 1 , 6 6 1 7 6 1 1 . 4 5 2 7 2 2 1 , 2 6 9 9 9 2 1 . 1 1 0 2 4 0 
3 4 0 , 9 1 9 8 9 2 , 3 5 5 0 9 0 2 , 1 6 6 4 2 4 1 , 9 9 2 8 7 7 1 . 8 3 3 2 2 6 1 , 6 8 6 3 6 6 
3 5 0 . 9 4 7 5 0 4 , 0 0 5 7 1 0 3 . 7 9 5 4 1 0 3 , 5 9 6 1 6 6 3 . 4 0 7 3 3 7 3 , 2 2 8 4 5 2 

3 6 0 . 9 6 5 7 7 1 . 4 7 2 3 0 8 1 , 4 2 1 9 1 1 1 , 3 7 3 2 3 6 1 , 3 2 6 2 4 0 1 , 2 8 0 8 1 3 
37 0 - 9 8 4 5 7 0 . 3 5 6 1 3 0 0 . 3 5 0 6 3 5 0 . 3 4 5 2 2 5 0 , 3 3 9 8 9 8 0 , 3 3 4 6 5 3 

3 9 , 4 1 7 4 9 8 2 5 . 2 2 3 7 0 2 1 8 . 6 9 9 4 7 7 1 4 , 9 0 3 3 1 8 1 2 . 3 9 1 8 8 5 
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i L f =° 
6 1 ) y 1 6 

- « K + -

L< 
ov e 

1 s s ( l — a 3 ) 2 s» 
I - ' " cfc r e i 
' 0(=) 

0 

c clic p e r m e t t o n o l ' e l i m i n a z i o n e de l l a .-/„, . / , , . . . I ,„ e ci f a n n o g i u n -

g e r e ali e q u a z i o n e de i p e r i o d i cl ic, l i i i i i l a l a m c i i l e al caso di ni = 2 è 

— v< — — Li 
3 6 IO 

I 2 1 
V - — V'- - / - (I [ 9 ] 

6 15 10 

1 , , 1 r - 3 , -

10 * 10 3 5 

1 coef f ic ien t i /„ l u r o n o ca lco la l i m e d i a n t e u n a i n t e g r a z i o n e n u m e r i c a 
( T a b e l l a I I ) clic d i e d e luogo ai v a l o r i 

,/„ 39 .417498 : ./, = 2 5 , 2 2 3 7 0 2 : [ , = 18,609477 
l 11.903318 ; / , 12.391885 

e l ' e q u a z i o n e I 9 | d i v i e n e 

I 1.998195 /:' — 1,151593 /.- + 0 ,021801 À— 0 .00009524 = 0 

c l ic r i so l t a f o r n i s c e le r ad ic i 

^ = 0 .00628330 : l . , = 0.0200200:1 ; À3 = 0 ,0504707 

cui c o r r i s p o n d o n o i p e r i o d i 

T , 25'",97 T2 = 14" : ,55 T 3 = 9 m . 6 0 

re la t iv i a l le sesse u n i n o d a l e , b i n o d a l e , t r i n o d a l e . 
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S e z i o n i 

u n i — hi - t r i — 

S e z i o n i —• n o d a l e 
— 

S e z i o n i 

t 1 ?o t ( 

— 

0 100.00 100 ,00 100 ,00 

1 
2 

+ 69 .8148 + 110,3566 + 50 ,0008 1 
2 54,6732 100,4360 22 .1380 

3 45 ,4999 105 .3213 3 .2292 

4 41 ,7588 101 .2878 — 5 ,3411 

5 39 ,1615 096-9296 11 ,8457 

6 36 ,0216 88 .1825 21 ,0942 

7 33 .7916 71.0586 31 .2827 

8 34 .3451 48 .1213 37 ,1445 

9 36 .6330 25 .7863 38-0733 

10 40 ,3862 — 02 ,3028 34 ,9407 

11 43 .6739 27 ,8811 28 .8336 

12 4 4 . 4 6 9 1 35 .5307 26 .4704 

13 -15.2614 43.1774 23 .8572 

14 45 .6304 51 ,7205 20.6224 

15 45-7111 59 ,2013 17,5589 

16 45 ,6410 66 ,3560 14-2881 

17 -15.2101 72 ,1590 11.3772 

18 43 .3419 82 .8669 5 .4046 

19 4 0 , 1 4 2 6 91-3272 + 0 .2302 

20 36,1464 97 ,0402 4 .8921 

21 34 ,7340 98 .4294 6 ,2206 

22 30.2967 101 .4753 9-6884 

23 27 ,5870 102 ,6224 11 ,4110 

24 24 ,6287 103 ,4675 13 ,0746 

25 18.9392 104 .1012 15 ,6869 

26 13.5309 103-8758 17 ,6915 

27 8 .5721 103 ,0922 19,1598 

2 8 2 .6104 101 .6198 20 .6051 

29 — 1,1349 100.4476 21-1775 

30 11.7212 96 .2953 22 .8917 

31 35 .6069 83 ,8099 24 ,2465 

32 68.7975 61 ,9940 22 .8290 

33 109 ,9514 30 ,7039 17,7001 

34 163.3631 + 13 ,5959 7 ,4552 

35 200.6907 47 ,3024 1 .4204 

36 227-6343 71.9847 8-5314 

37 257.2296 99 .6476 16-8719 
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La d e t e r m i n a z i o n e de l l a p o s i z i o n e d e l l e l i n e e noda l i si e segue 
du 

p a r t e n d o la c o n d i z i o n e = 0 c o r r i s p o n d e n t e a l l ' a n n u l l a r s i n e l n o d o 
dz 

d e l l a c o m p o n e n t e v e r t i c a l e de l l o s p o s t a m e n t o . A p p l i c a n d o de t t a con-
d i z i o n e a l la [ 6 ] si o t t i e n e . 

4 di. a : l - f -3 ( : Ì L - M s + 2 i ! . _ M z — l — o 
•4o U AJ \ A j 

e d e t e r m i n a n d o i v a l o r i de i coeff ic ient i in b a s e a l le [T ] si p u ò s c r i v e r e 
l ' e q u a z i o n e d e l l e l i nee n o d a l i c h e p e r l ' u n i n o d o è 

15 ,6788 a ' — 18,0274 a2 + 6 .1788 a — 1 = 0 

la cui sola r a d i c e m i n o r e d e l l ' u n i t à è 

s = 0 ,72937 

L ' u n i n o d o v i ene q u i n d i a c a d e r e a k m .15,425 d a l l ' e s t r e m o N o r d del 
lago. P e r la b i n o d a l e l ' e q u a z i o n e è 

18 ,9286 a ' — 2 1 , 6 6 7 6 a2 + 9 ,9807 z+1 = 0 

c h e c o n d u c e a l l e r a d i c i m i n o r i d e l l ' u n i t à 

a , = 0 , 3 8 8 0 4 8 a , = 0 .906791 

cu i c o r r i s p o n d o n o r i s p e t t i v a m e n t e le d i s t a n z e d a l l ' e s t r e m o N o r d 

k m 8 ,918 k m 19.713 

P e r la t r i n o d a l e in f ine si è t r o v a t o 

12,5136 a ' — 2 1 , 0 3 3 2 a 2 + 9 .7653 a — I = 0 

le cui r a d i c i ? o n o 

a, = 0 , 1 4 2 3 7 3 : = 0 . 5 9 3 0 1 1 : a 3 = 0 ,94344 

e d i c o n s e g u e n z a le d i s t a n z e de i I r i nod i d a l l ' e s t r e m o N o r d sono ri-
s p e t t i v a m e n t e k m 3 . 1 8 1 ; k m 12,479; k m 20 .853 . 

L ' a n d a m e n t o d e l l e a m p i e z z e p e r le t r e ses-e c o n s i d e r a t e si ot-
t i e n e d a l l a r e l a z i o n e 

du 

du 
c h e nel c a s o di rn=2, s o s t i t u e n d o a la sua e s p r e s s i o n e , e t e n e n d o dz 1 

c o n t o de i ca lco l i p r e c e d e n t i , ci f o rn i s ce l e s e g u e n t i r e l az ion i r e l a t i v e 

a l l e t r e se-se s t u d i a t e : 
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T A B E L L A I V 

U n i n o d a l e T = 2 5 , 7 0 ; a — 

S e z i o n i 
a A .v 

IO ' 6 

'/ - 2 i i „ r ( . x ) 

IO 1 " c m 3 

9 --

IO3 c u i 

2 A 11o 

c m c m 

0 100 ,00 

1 1692,48 358.75 — 1.1425 - - 1 ,93 + 98-07 
2 1692 ,48 610 ,54 2 .0981 3 ,55 94,52 
3 1692 ,48 816-83 2 .3321 3 ,95 90 ,57 
4 846,24 923.93 3 .0543 2 .58 87 ,99 
5 846 ,24 1015,22 3 .5937 3 ,04 84 ,95 
6 1692 ,48 1162.82 3 ,2345 5 .47 79 .48 
7 1692 ,48 1381.39 2-2702 3-84 75,6 1 
8 1692,48 1615,87 2 ,4812 4 ,20 71.44 
9 1692 ,48 1810,54 2 ,9951 5 ,07 66 ,37 

10 1692 .48 2028 ,90 3 .0602 5 .18 61 ,19 
11 1692 ,48 2214,00 3 ,8205 6 .47 54,72 
12 123.12 2265-30 3 .7197 1 ,57 53 .15 
13 123.12 2316 ,46 3 ,3941 1 .14 51.71 
14 •123,12 2373 ,99 3 .8523 1.63 50 ,08 
15 423 ,12 2425 .95 4 .2449 1-80 4 8 , 2 8 
16 423 .12 2175.07 4 .7827 2.112 46 .26 
17 423 .12 2516 .24 5 .1221 2 .17 44 ,09 
Ili 846 ,24 2596 .70 5 .1742 4 ,63 39 ,45 
19 846-24 2665 ,26 6 .4107 5 .42 34-04 
20 8-16,24 2715-89 7,8664 6 ,66 27 ,38 
21 123,12 2727.87 111.1018 4 .40 22 .98 
22 423 ,12 2755,16 8 .2862 3 ,51 19.47 
23 123,12 2767 .33 8-8696 3 .75 15.72 
24 123.12 2777 .16 8 ,5715 3 .63 12,09 
25 846 ,24 2790 .01 7 ,0013 5 ,92 6.17 
26 423 .12 2795.52 7 .6069 3.22 2 .95 
27 423 ,12 2797.7(1 1(1.1 158 4 .29 — 1,34 
28 123,12 2 7 9 6 , 1 6 10 ,8291 4 ,58 5 ,92 
29 423 ,12 2793.35 13 .8800 5 .87 11 .79 
30 846 ,24 2778-91 14 ,2691 12.08 23 ,87 
31 1692,48 2723.-11 14-8617 25-15 49 .02 
32 1692 ,48 2595,96 18 ,3629 31 .08 80 .10 
33 1692,48 2385 ,70 20 .7904 35 ,19 115 ,29 
34 1692 ,48 2061 ,45 46 .4600 78 ,63 193,92 
35 1692.18 1731 .79 123 ,6993 209 ,36 103-28 
36 1692 ,48 1278.10 98 .3154 166 ,40 5 6 9 , 6 8 
37 1692,48 618,70 51 .5583 87 ,26 656 ,94 
38 5 .39 
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T A B E L L A V 

Mi. .odale 7 = 16,2 « = — 

S e z i o n i 
« A x 

11) I 0 J " r m ; I 

2 'f ^ so 

10'' cui 

2 A Ì 1 o 

(•in 

2 

cu i 

0 100 ,00 

1 1259.5155 358 .75 - 1 .1425 — 4 .87 + 95 .13 
2 1259.5155 603 ,00 241722 8 ,83 86 ,30 
3 1259.5155 791,35 2 .2594 9 .62 76.68 
4 2129 .7577 882 .02 2 ,9158 6 . 2 1 70.47 
5 2129 .7577 955 ,13 3 ,3810 7.20 63 ,27 
6 1259.5155 1065 ,06 2 .9626 12 ,65 50 ,65 
7 1259,5155 1204 .35 1.9792 8 .13 •12-22 
o 4259 .5155 1335-23 2 ,0503 8 .73 33 .49 
9 1259.5155 1426 ,49 2 , 3 5 9 8 10 ,05 23 ,44 

111 1259,5155 1503.61 2 .2679 9 .66 13 ,78 
11 4259.5155 1545,29 2 .6665 11.36 2 ,42 
12 1064 .8789 1547.56 2.5411 2.81 — 0 ,39 
13 1064.8789 1547,18 2 ,2669 2.11 io

 
co

 
o 

1 ! 1 Ufi 1.8789 1545.06 2 .5072 2.67 5 ,47 
IT) lllfi 1.8789 1539.38 2 .6936 2.87 8 ,34 
lfi 1064.8789 1530-89 2 ,9582 3.15 11 .49 
17 lllfi 1.8789 1520.66 3-0955 3 ,30 14.79 
l i ! 2129.7577 1 193.67 3 .1189 6.71 21.50 
19 212 ') .7577 1456,31 3 .5029 7.46 28 .96 
20 2129 .7577 1413.23 4 .0934 8 7 ' 37 .68 
21 l l l f i l .8789 1396.74 5 .3260 5-67 43 ,35 
99 lllfi 1.8789 1345,26 1.0459 4 .31 47 ,66 
23 1064.8789 1315.47 4 .2163 4 .49 52 .15 
24 1064 .8789 1282.88 3 .9595 1.22 56 ,37 
25 2129 .7577 1222,99 3 .0690 6.54 62.91 
2 fi 1061 .8789 1166.84 3.1751 3.38 fi fi. 2 9 
27 1064 .8789 1117.95 4 .0542 4 ,32 70.61 

l l l f i l . 8789 1060.58 1.1068 4 .37 74,98 
29 1064 .8789 1024,96 5 .0930 5.42 80 .40 
3(1 2129 ,7577 926 .47 4 .7572 10.13 90.53 
31 4259 ,5155 715,99 3 ,9072 16.64 107 .17 
32 4259 ,5155 437-35 3 .0937 13 .18 120 ,35 
33 4259 ,5155 121 .43 1 .0582 1.51 124 .86 
34 1259,5155 229.71 ; 5 .1778 - 22 .05 102.81 
35 4259 .5155 104.52 28 .8912 123 .08 - 20 .27 
3 fi 4259 .5155 381.72 29 ,3631 125.07 145 .34 
37 4259.5155 213.49 17 .7908 75.78 221.12 
38 3 .43 
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T A B E L L A AL 
4 ji" 

I r i n o d a l e 7 = 1 0 , 7 5 a = - — 
8 

« \ .V <7 = 2 - •?!) 2 A i | , 2'ln; 
S e z i o n i 

IO'1 C111 10 - « 1 0 u ) cnv1 IO'1 C111 c m c m 

0 + 100.00 

1 9673 .270 358.75 1,1425 — 11.05 88 ,95 
2 9673.270 587 .13 2 .0776 19.52 69 ,43 
3 9673-270 738,66 2 ,1090 20 ,40 49 .03 
4 1836.635 796.64 2 .6335 12,74 36 ,29 
5 4836 ,635 834 .29 2 ,9532 14 .28 22.01 
6 9673 .270 872 .53 2.-1271 23 .48 — 1.47 
7 9673 .270 868-49 1 ,4273 13.80 15-27 
8 9673 .270 821 .15 1 .2609 12 .20 27 ,47 
9 9673 .270 746.29 1 .2346 11 .94 39.41 

1(1 9673 .270 616 .63 0 ,9301 9 .00 48.41 
11 9673 ,270 470 .19 0 ,8111 7,85 56,26 
12 2418 .318 417 .45 0 ,6855 1 .66 57.92 
13 2418 .318 361,70 0 .5300 1 .28 59 .20 
11 2418 .318 295 .81 0 .4801 1,16 60 ,36 
15 2418 .318 233-22 0 .4081 0 .99 61 .35 
16 2418 .318 170 .80 0 ,3300 0 .80 62 ,15 
17 2418 .318 115,49 0 .2351 0 .57 62 .72 
18 4836 .635 1 .03 0 .0022 0 .01 62 .73 
19 4836 .635 107.96 + 0 ,2597 + 1 .26 61,47 
20 4836 .635 199 ,40 0 .5776 2 . 7 9 58 ,68 
21 2418 .318 225 .07 0 .8568 2 .07 56.61 
22 2418 .318 292 ,29 0 .8791 2 .13 54 ,48 
23 2418 .318 326-34 1 ,0460 2 ,53 51.95 
24 2418 ,318 358.81 1.1074 2 .68 49 .27 
25 4836 .635 411 .16 1.0318 4 . 9 9 4 4 . 2 8 
26 2118 .318 450 .68 1,2263 2 .97 41.31 
27 2418 .318 481 .15 1 .7449 4 ,22 37 ,09 
28 2418 .318 511 ,29 1 .9798 4-78 32.31 
29 2418 .318 526.64 2 .6168 6 .33 25 .98 
30 4836 .635 558 .47 2 8676 13.87 12.11 
31 9673.270 586 .63 3 .2013 30.97 + 18-86 
32 9673 ,270 537 .59 3 .8027 36 ,78 55 ,64 
33 9673 .270 391 .53 3 .4120 33 .01 88 .65 
34 9673 .270 142.20 3 .2049 31 ,00 119.65 
35 9673 ,270 4- 61.21 — 4 .3721 - 42 .29 77 .36 
36 9673 .270 148.24 11 .4031 110.11 — 32.95 
37 9673 ,270 110.10 9-1750 88-75 121.70 
38 — 5.52 
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= — — = — ( 15,6788 z '" 
a Aa 

U -

U = 

>1 

a A0 

i) 

( 18,9285 z'' 

• ( 12 ,5136 s ' 

•18 .0274 =- + 6 .1788 1) 

21 ,6675 z- + 2 ,9807 z + 1) 

- 2 1 , 0 3 3 2 z2 + 9 ,7653 a — 1 ) 

24 Km 

1 v a l o r i ti e 11 e a m p i e z z e 
si o t t e n g o n o f a c e n d o v a r i a r e 
z n e l l e r e l a z i o n i su sc r i t t e , 
i r i s u l t a t i d e l c a l co lo s o n o 
r i p o r t a t i ne l l a t a b e l l a I I I . 

Metodo di Dcfunt. 

I n d i c a t e con 2 | „ e 2 i | 0 

le a m p i e z z e de i m o t i or iz-
z o n t a l e e v e r t i c a l e eli u n a 
sessa g e n e r i c a e a s s u m e n d o 
l ' a s s e d e l l e x l u n g o la l inea 
<li v a l l e con l ' o r i g i n e in u n e s t r e m o (ne l n o s t r o caso 1 e s t r e m o N o r d ) 
de l lago , il m e t o d o di D c f a n l -i r ea l i zza con le s e g u e n t i f o r m u l e : 

4 i r ' 

F i g . 4 

2 \>1„ 
r-

2 ?» A A-

[10] 

S ( .V) 

I 2 i 0 b(xj dx 

r e l a z i o n i c h e -i o t t e n g o n o d i r e t t a m e n t e d a l l e e q u a z i o n i d i f f e r e n z i a l i 

del m o v i m e n t o e d e l l a c o n t i n u i t à d e l l ' i d r o d i n a m i c a . II m e t o d o pe r -

m e t t e di d e t e r m i n a r e con-

t e m p o r a n e a m e n t e il pe r io -

d o , l ' e n t i t à degl i s p o s t a m e n -

ti ve r t i ca l i e la pos iz ione 

de i n o d i p e r la ses- ; l consi - ) 0 

d e r a t a . 

N o t i a m o c h e n e l caso di -IOO 

u n l ago gli ( spos tament i or iz-

zon ta l i agl i e s t r e m i di esso d e v o n o a n n u l l a r - i , p e r cui si a v r a p e r 

e n t r a m b e le e s t r e m i t à ? = 0. 
Mi sono l i m i t a t o a r i p o r t a r e i calcoli ( ved i t a b e l l e 4 . 5, 6) r e l a -

Fig 
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t i \ i a l l e Sesse u n i - b i - t r i n o d a l c r i m a n d a n d o il l e t t o r e a l l a n o i a « S u l l e 

Se - -e de l l ago M a g g i o r e » p e r q u a n t o r i g u a r d a il p r o c e d i m e n t o d a 

e s e g u i r e in p r a t i c a p e r l ' a p p l i c a z i o n e de l m e t o d o s o p r a a c c e n n a l o . 

Ne l le f i g u r e 3 , 4 , ó s o n o r a p p r e s e n t a t i g r a f i c a m e n t e i v a l o r i re-

la t iv i ali a n d a m e n t o deg l i s p o s t a m e n t i v e r t i c a l i d e l l e sesse u n i - b i - l r i -

n o d a l e s e c o n d o i d u e m e t o d i a d o p e r a t i : in esse l e c u r v e I r a l t e g g i a l c 

r i f e r i s c o n o al m e t o d o d i D e f a n t . 

I l c o n f r o n t o t r a i d a t i o t t e n u t i ci m o s t r a u n b u o n a c c o r d o t r a i 

v a l o r i de l l u n i n o d a l e e d e l l a t r i n o d a ì c m e n t r e p e r la b i u o d a l e n o t a 

u n a d i f f e r e n z a s u p e r i o r e al m i n u t o : m i p r o p o n g o d i r i p r e n d e r e la 

q u e s t i o n e in u n a n o t a s e g u e n t e in cui r e n d e r ò c o n t o in u n a s e r i e d i 

m i s u r e e s e g u i l e in l a b o r a t o r i o - u u n m o d e l l o de l S e l l i n o . 

Roma — [slittilo \azionale di Geofisica — Dicembre 1948. 

RIASSUNTO 

Si determinano con i metodi di Defant e di Iliduhu i periodi, i 
nodi c l andamento delle ampiezze per le Sesse uni-bi-trinodalc ilei 
lasso di Iseo. 
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