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INTRODUZIONE 
 
Nel presente documento sono raccolti i certificati di prove di laboratorio effettuate sui campioni prelevati 
nei sondaggi eseguiti per il Lotto 10 “Irminio”. 
 
Le indagini riguardano i sondaggi S29÷S44, S31bis, S40 bis, S40ter e sono state eseguite dal laboratorio 
Geotec – Palermo nel 2004: 
I certificati di prova sono preceduti da una tabella riassuntiva dei campioni sottoposti a prova e da una 
breve relazione introduttiva prodotta dall’esecutore delle prove. 
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PROGETTO 

Autostrada 19 - Siracusa - Gela 
Lotto 10 “Irminio” 

COMMITTENTE 
Consorzio per le Autostrade Siciliane 

 
LOCALITÀ 

Scicli (RG) - Ragusa 
DATA D’INGRESSO DEI 

CAMPIONI 
14/11/2003 
16/04/2004 

NO. 
CAMPIONI 

ANALIZZATI 
49 

NOTA: 
 I campioni indisturbati, in numero di 4, sono pervenuti in laboratorio all’interno di fustelle 

metalliche a bordo tagliente aventi le seguenti dimensioni: lunghezza 500-600 mm, diametro 
interno 84-86 mm e spessore 2 mm. All’esame visivo non si osservano particolari segni di 
disturbo. Pertanto, facendo riferimento alla Normativa BS 5930, 1981, i campioni  classificati 
“indisturbati” sono ascrivibili alla classe 1.  

I rimanenti 45 sono campioni classificabili rimaneggiati ed ascrivibili alla classe 4.  
Tutti i campioni erano individuabili mediante etichette identificative di prelievo. 
I campioni di roccia, asciutti, sono pervenuti avvolti e sigillati in sacchetti di plastica ed 

adeguatamente forniti di etichetta identificativa. 
I campioni relativi ai sondaggi 40 Bis, 40 Ter, 41 e 44 che sono stati analizzati 

successivamente alla prima consegna del 15/01/2004, sono riportati in un fascicolo 
“integrativo”. 

 
Le analisi e prove di cui alla presente sono state effettuate a seguito di apposito incarico 

conferito dall’Impresa LISTA APPALTI s.r.l. con sede in Valsinni (MT) aggiudicataria dei 
lavori di indagine di cui all’oggetto. La convenzione a suo tempo redatta è stata consegnata alla 
D.L. e risulta agli atti della Stazione Asppaltante. 

 

 

 

PREPARAZIONE DEI CAMPIONI 
 

Le tecniche di trattamento e di preparazione dei provini, tenuto conto della classe di 

appartenenza dei campioni prelevati in situ e pervenuti in laboratorio, hanno fatto riferimento 

alle Normative: AASHHTO T 2-84, T 86-81, T 87-86, T 146-86; ASTM D 75-82, D 420-79, D 

421-85; BS 812: Part.1, 1975, BS 5930: 1981, BS 1377: Part. 1, 1990.  

TERRENI COESIVI
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MODALITÀ D’ESECUZIONE DELLE PROVE 

Determinazione del contenuto d’acqua naturale 

Norme di riferimento  
ASTM D 2216-80, D 2974-87 

BS 1377:1975 Test 1 - CNR - UNI 10008 
 

La determinazione del contenuto d’acqua naturale è stata eseguita immediatamente 

dopo le operazioni di estrusione del campione indisturbato dalla fustella, adeguatamente 

confezionata e sigillata, e prima di qualsiasi altra prova. Dal campione in esame sono stati 

selezionati tre quantitativi e riposti in appositi contenitori, forniti di opportuni sistemi di 

chiusura onde evitare perdita o assorbimento di umidità nel corso delle operazioni di pesatura. 

Effettuate le operazioni di pesatura tramite bilancia elettronica di precisione (d = 0,01 g), il 

materiale è stato essiccato in forno alla temperatura di 110°C per un periodo minimo di 24 ore. 

Terminato il periodo d’essiccamento in forno, il materiale è stato posto in essiccatore, completo 

di gel di silice, per la fase di raffreddamento e quindi ripesato a temperatura ambiente. 

 
 

Determinazione del peso di volume 

Norme di riferimento 
BS 1377:1975 Test 15 - CNR Anno VII No.40-1973 

 
La determinazione del peso di volume è stata effettuata sui provini destinati alle prove 

di compressibilità e resistenza al taglio. I provini sono stati prelevati da campioni di terreno 

indisturbati (con umidità, struttura e caratteristiche meccaniche inalterate) di forma regolare, il 

cui volume è stato calcolato attraverso misure di lunghezza. 

 
 

Determinazione del peso specifico 

Norme di riferimento 
ASTM D 854 – BS 1377 Test 6B 

 
Previa essiccazione in forno per 24 ore alla temperatura di 110°C, il campione è stato 

inserito nel picnometro da 500 cm3 e di peso noto. La determinazione è proseguita con il 

metodo del picnometro per ebollizione. 
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Analisi granulometrica 

Norme di riferimento  
ASTM D 421-85, D 422-63, D 1140-71 

 
L’obiettivo della prova è quello di raggruppare in diverse classi di grandezza le 

particelle costituenti il campione e di determinare quindi le percentuali in peso di ciascuna 

classe, riferendole al peso secco del campione iniziale. Allo scopo, dopo aver provveduto alla 

preparazione del campione di terreno con procedura a secco, si è proceduto alla vagliatura per 

mezzo di una serie di setacci di apertura vieppiù decrescente, giustapposti, e fatti vibrare per 

consentire la separazione dei granuli in frazioni di dimensioni pressoché uguali, ognuna delle 

quali è rappresentata dal trattenuto del corrispondente setaccio. I setacci adottati sono quelli 

consigliati dalle norme ASTM (D 422), integrando (Serie Tyler), per una migliore 

ottimizzazione della curva granulometrica, quelli previsti dalle specifiche del Capitolato 

Speciale d’Appalto relativo alla “Campagna di indagini geognostiche e geotecniche” con la 

seguente serie decrescente: 

 

No. SETACCIO APERTURA MAGLIA (mm) 

3/8” 9,500 

1/4” 6,350 

4 4,750 

6 3,350 

10 2,000 

14 1,400 

18 1,000 

25 0,710 

40 0,425 

45 0,355 

80 0,180 

170 0,090 

200 0,075 

 

Nel corso della vagliatura a secco del materiale si è preso nota di ogni singola frazione 

trattenuta dalla serie di setacci utilizzati fino al setaccio No. 200 (0,075 mm). Relativamente 
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alla distribuzione granulometrica delle frazioni di terreno passante al setaccio No. 200 

(particelle con diametro inferiore a 0,075 mm) si è adottato il metodo del densimetro, facendo 

riferimento alla legge di Stokes (1881). I risultati dell’analisi granulometrica sono stati esposti 

in appositi diagrammi. 

Apparecchiatura di prova 
 

 densimetro tipo 151H ASTM, con scala tarata in modo tale che il densimetro, posto 
in acqua distillata a 20°C, misuri una densità di 1,000 g/cm3. La suddivisione minima 
della scala graduata è di 0,0005 g/cm3; 

 
 apparecchiatura per la dispersione del terreno, costituita da un motore elettrico 

capace di imprimere una velocità di rotazione di 10.000 giri/min, a cui è collegato un 
alberino d’acciaio, dal diametro di circa 6,0 mm, portante all’estremità inferiore 
un’elica, la cui rotazione consente il frullaggio della miscela terreno-acqua posta 
all’interno di una coppa metallica, dotata al suo interno di un cestello ad alette per 
facilitare la dispersione del materiale limoso-argilloso; 

 
 serie di cilindri di sedimentazione da 1000 cm3 (uno per ogni prova) di altezza pari a 

circa 440 mm e di diametro di 60 mm; 
 

 termometro per la misurazione di temperature da 0°C a 61°C con precisione di 
lettura di 0,5°C; 

 
 bilancia elettronica, “Orma Electronic – Model BC”, con sensibilità di 0,01 g; 

 
 bagno termostatico per il mantenimento della temperatura uniforme e costante a 

20°C circa, in cui sistemare i cilindri di sedimentazione; 
 

 orologio contasecondi; 
 

 beakers da 250 cm3; 
 

 bacchetta di vetro; 
 

 spruzzetta in plastica 
 

 acqua distillata; 
 

 soluzione antiflocculante di esametafosfato di sodio, diluendo 40 g di antiflocculante 
in acqua distillata in un litro di soluzione. 

 

Al termine della prova si sono calcolate le singole frazioni trattenute come percentuale 

del peso totale del campione. 
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Determinazione dei limiti di Atterberg 

Norme di riferimento 
ASTM D 427-83, D 4318-84 

AASHTO T 89, T 90, T 92 - BS 1377: Part 2, 1990 - CNR-UNI 10014 

 
• Limite liquido: minimo contenuto d’acqua per il quale il terreno scorre per effetto di 

una piccola pressione (dell’ordine di 2 ÷ 3 kPa) e si comporta come un fluido viscoso. 

In base alle modalità di esecuzione, il limite liquido viene definito come il contenuto 

d’acqua per cui un campione di argilla, posto in una coppa di ottone di dimensioni 

normalizzate, ivi suddiviso in due parti da un utensile solcatore e fatto rimbalzare da 

un’altezza costante di 10 mm per 25 volte, determina la chiusura del solco per una 

lunghezza di 13 mm. La difficoltà, però, di pervenire alla chiusura del solco in 

corrispondenza dei 25 colpi, la determinazione è stata effettuata su quattro provini, i cui 

contenuti d’acqua variabili ed i corrispondenti colpi di chiusura dei rispettivi solchi, 

posti in un diagramma semilogaritmico, consentono di ottenere indirettamente il 

contenuto d’acqua corrispondente ai 25 colpi mediante la retta interpolatrice. I limiti di 

Atterberg (liquido, plastico e di ritiro) sono stati determinati sulla frazione 

granulometrica passante al setaccio No. 40 (0,425 mm), previo essiccamento in forno, 

alla temperatura di 60°, del materiale. Si sono utilizzati il cucchiaio di Casagrande e 

l’utensile solcatore, nel rispetto delle Norme ASTM D 4318. In particolare, la base dello 

strumento, munito di un contagiri (contacolpi), è di ebanite con durezza pari a 80-90 

Shore D; la rotazione della camma è realizzata manualmente mediante manovella. La 

taratura dell’altezza di caduta è determinata da un apposito blocchetto, separato 

dall’attrezzo formatore (Norme BS). La prova viene eseguita utilizzando 250 g circa di 

materiale passante al setaccio da 0,425 mm. 

• Limite plastico: in base alle modalità di prova, il limite plastico corrisponde al 

contenuto d’aqua per il quale un bastoncino di argilla, portato al diametro di 3 mm per 

rotolamento manuale su di una superficie liscia (vetro), non perviene alla disgregazione 

e sbriciolamento per riduzione dell’umidità. 

Viene determinato su materiale messo da parte durante le operazioni di rimescolamento 

per la determinazione del limite liquido. Il limite plastico si determina dalla media 

aritmetica di due contenuti in acqua, ripetendo la prova se questi ultimi si differenziano 

per più dello 0,5%. 
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• Limite di ritiro: contenuto d’acqua al di sotto del quale il terreno non subisce più 

riduzione di volume se viene essiccato. 

Viene determinato con attrezzatura RMU, utilizzando materiale passante al 

setaccio da 0,425 mm. 

 
 

Determinazione del contenuto in % del CaCO3 
 

Norme di riferimento 
Metodo Ufficiale No. V.1, Supplemento Ordinario G.U. No. 248 del 21.10.1999 

ISO 10693 
 

Il contenuto di “calcare totale” è stato ottenuto utilizzando un metodo gas-volumetrico 

che si è basata sull’impiego del “calcimetro” di Dietrich-Fruehling. 

La procedura consiste nel misurare il volume di anidride carbonica che si sviluppa in 

seguito alla reazione tra il carbonato di calcio del campione ed una soluzione di acido cloridrico 

diluito 1:1 v/v (circa 6 M). La determinazione di tale volume consente di quantificare la 

frazione calcarea del terreno (metodo ufficiale No. V.1, supplemento ordinario G.U.R.I. No. 

248 del 21.10.1999; posizione internazionale: ISO 10693). 

L’analisi è stata effettuata su campioni di terra fine passante al setaccio No. 40 (apertura 

maglie pari 0,425 mm) della serie ASTM D 422, precedentemente seccati in stufa a 105°C per 

24 ore. 

Preso nota della temperatura e pressione atmosferica alle quali è stata eseguita l’analisi, 

il volume di CO2 sviluppatasi è stato normalizzato riferendolo alla temperatura di 0°C e 760 

mm Hg, mediante l’espressione: 

 

)273(760
273)(

760,0 t
PV

V tt

+×
×−×

=
ϕ

 

dove: 

 
V0, 760 = volume della CO2 svolta corretto a 0°C e alla pressione di 760 mm Hg, 

espresso in millilitri; 
 
Vt = volume della CO2 svolta alla temperatura ed alla pressione atmosferica alle quali è 

stata eseguita l’analisi, espressa in millilitri; 
 
Pt = pressione atmosferica alla quale è stata eseguita l’analisi, espressa in mm di Hg; 
t = temperatura alla quale è stata eseguita l’analisi, espressa in °C; 
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ϕ = tensione di vapore dell’acqua alla temperatura t, espressa in mm di Hg. 

 
Per il calcolo del contenuto del “calcare totale” è stata utilizzata l’espressione: 

 

m
V

C
)10000044655,0(0 ××

=  

dove: 

C = contenuto di “calcare totale”, espresso in g x kg-1; 

V0, 760 = volume della CO2 svolta corretto a 0°C e alla pressione di 760 mm Hg, 
espresso in millilitri; 

 
0,0044655 = equivalente gas-volumetrico; 

m = massa del campione di terra fina utilizzato per l’analisi, espresso in grammi. 

 
 
Prova di compressione non confinata (prova ad E.L.L.) 

Norme di riferimento 
ASTM D 2166-85, AASHO T 208-70, BS 1377: Part 7, 1990 

 
La prova rappresenta un metodo semplice per valutare la resistenza dei terreni coesivi, 

allorquando un provino indisturbato di terreno viene sottoposto ad un carico assiale mantenuto 

costante fino a rottura. La coesione cu, in termini di tensioni totali, corrisponde alla metà del 

carico di rottura determinato σr. Le prove sono state eseguite con pressa RMU (serial 550589) 

utilizzando anelli dinamometrici da 5, 20 e 40 KN, a seconda della consistenza del materiale 

sottoposto a prova. Il rapporto altezza-diametro è compreso tra 1,5 e 2,0. La fase di 

compressione è effettuata a velocità di deformazione costante. Premesso che nel campione non 

si manifesta nessuna variazione del contenuto d’acqua, l’espansione laterale libera può essere 

indicata come prova veloce non drenata (QU) e considerata prova triassiale UU semplificata, 

con tensione principale minore uguale a zero. La misura del carico assiale è stata effettuata ogni 

0,5 mm di deformazione del provino, mentre la velocità di deformazione adottata è stata di 1,27 

mm/min. La prova si è ritenuta conclusa dopo l’avvenuta rottura del provino. 

I risultati della prova sono stati esposti in appositi diagrammi, procedendo, altresì, al 

calcolo dei moduli di Young. 
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Prova di taglio diretto “CD” 

Norme di riferimento 
ASTM D 3080-72 

 
È stata effettuata applicando un carico verticale assiale sulla sezione di un provino a 

sezione circolare, contenuto in una scatola di taglio (scatola di Casagrande) costituita da due 

parti sovrapposte, separate lungo un piano orizzontale e fatte scorrere tra loro. Durante la prova 

si applica una forza crescente in direzione orizzontale alla parte inferiore della scatola, mentre 

quella superiore è contrastata da un anello dinamometrico. Si determina così una forza 

orizzontale sopportata dalla sezione del provino (superficie di taglio). La prova è stata eseguita 

in condizioni consolidate e drenate (CD), imponendo una velocità di deformazione costante 

pari a 0,005 mm/min. Per ogni tipo di terreno le prove di taglio sono state eseguite su tre 

provini, con diversi valori della tensione normale applicata: 98,07 – 294,2 – 496,3 kPa.  

I provini sono stati sottoposti a consolidazione per 24 ore. I parametri determinati sono 

stati riportati in appositi grafici. 

 
 

Prova di compressione confinata (prova edometrica) 

Norme di riferimento 
ASTM D 2435-80, ASTM D 4186-82, ASTM D 4546-85 

AASHTO T 213-83 - BS 1377: Part 5: 1990 
 

La prova è stata condotta ad incrementi di carico (IL) applicati ad un provino cilindrico 

di terreno confinato in un anello rigido e compreso tra due pietre porose, in modo da permettere 

il drenaggio in direzione verticale. Per la conduzione della prova si sono utilizzati provini 

aventi spessore di 20 mm e diametro di 50,5 mm. Tenendo conto della saturazione del provino 

e trascurando la compressibilità dello scheletro solido e dell’acqua, la variazione di volume 

registrata durante la fase di compressione dipende esclusivamente dall’espulsione dell’acqua 

intergranulare. 

Il metodo adottato è stato quello ad incremento di carico costante, prevedendo 

l’applicazione di una serie di gradini di carico mantenuti costanti per un periodo di 24 ore, 

all’interno del quale si è rilevato il cedimento per consolidazione del provino in funzione del 

tempo. I parametri determinati sono stati: mv, Cv, k (rispettivamente coefficiente di 

compressibilità, coefficiente di consolidazione primaria e coefficiente di permeabilità). I 

risultati sono stati riportati in grafici “e-log σ’v” e “cedimenti-log t”. 
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Prova triassiale “CIU” 

Norme di riferimento 
ASTM D 2850-87 - ASTM D 4767 

Raccomandazioni AGI 1994 
 

Con la prova triassiale, condotta saturando i provini, è stato possibile riprodurre uno 

stato tensionale su ciascun provino e, al contempo, di seguire, attraverso la misura delle 

pressioni interstiziali, l’evoluzione delle tensioni efficaci fino alle condizioni di rottura. 

Applicando stati tensionali diversi, è stato possibile correlare la resistenza al taglio con le 

tensioni efficaci applicate e ottenere, così, il diagramma di inviluppo di resistenza al taglio, che 

ha consentito di definire i parametri c’ e ϕ’ (rispettivamente coesione e angolo di resistenza al 

taglio) in termini di tensioni efficaci. Inoltre, esprimendo i risultati della prova in termini di 

tensioni totali, è stato possibile ricavare la resistenza non drenata in termini dei parametri di 

resistenza al taglio cu e ϕu. Al termine della consolidazione la cella triassiale è stata posta sotto 

la pressa senza apportare variazioni nella disposizione di prova, chiudendo la valvola di 

drenaggio al fine di impedire le variazioni di volume durante la compressione assiale. Alla 

pressa è stata assegnata una velocità di avanzamento costante pari al doppio di quella relativa 

per una prova CD. 

L’apparecchiatura adottata della RMU è dotata di sistema olio-acqua delle pressioni 

costanti e sistema aria-acqua. I risultati della prova sono stati esposti in appositi diagrammi. 

 
 

Prova triassiale “UU” 

Norme di riferimento 
ASTM D 2850-87  

Raccomandazioni AGI 1994 
 

Con la prova triassiale, condotta saturando i provini, è stato possibile riprodurre uno 

stato tensionale su ciascun provino e,quindi, seguire l’evoluzione delle tensioni totali fino alle 

condizioni di rottura. Nella prova UU, eseguita su tre provini, la fase di rottura è stata condotta 

in maniera veloce e senza consolidare il provino prima della fase di rottura. Applicando stati 

tensionali diversi, è stato possibile correlare la resistenza al taglio non drenata con le tensioni 

totali applicate e ottenere, così, il diagramma di inviluppo di resistenza al taglio, che ha 

consentito di definire il parametro cu. Il parametro ϕu è prossimo allo zero in quanto i provini 

non vengono consolidati preventivamente. Al termine della saturazione la cella triassiale è stata 
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posta sotto la pressa senza apportare variazioni nella disposizione di prova, chiudendo la 

valvola di drenaggio al fine di impedire le variazioni di volume durante la compressione 

assiale. Alla pressa è stata assegnata una velocità di avanzamento costante pari 0,07 mm/min. 

L’apparecchiatura adottata della RMU è dotata di sistema olio-acqua delle pressioni 

costanti e sistema aria-acqua. I risultati della prova sono stati esposti in appositi diagrammi. 

 
 
 
 
 
 

Prova di taglio diretto 
 

La prova è stata condotta, come richiesto, su tre provini ricavati da campioni di roccia, 

di forma cilindrica, provenienti dal materiale di carotaggio ottenuto nel corso delle prospezioni 

geognostiche. I tre provini sono stati sottoposti ad un differente livello di tensione normale 

mantenuto costante per tutta la durata della prova. Il carico normale applicato a ciascun provino 

è stato ottenuto mediante un sistema pneumatico. La superficie da sottoporre a prova di taglio 

diretto è stata prodotta artificialmente in laboratorio. Il campione contenente la discontinuità è 

stata immerso in malta cementizia e, quindi, trascorse 24 ore, è stato inserito nella scatola di 

taglio costituita da due valve, di cui quella inferiore è fissa con due tenditori per l’eventuale 

azione reversibile del taglio, mentre sulla superiore un tenditore si oppone al martinetto che 

trasmette la forza normale. Due pompe manuali hanno provveduto all’applicazione dei carichi, 

controllati attraverso due manometri indipendenti di precisione tipo Bourdon. Lo scorrimento 

viene apprezzato mediante un comparatore meccanico. 

I risultati delle prove vengono riportati in un diagramma tensioni-deformazioni dando 

come risultato i valori di angolo di attrito di base caratteristico della matrice rocciosa. 

Per le superfici di discontinuità naturali vengono riportati i profili di rugosità ottenuti 

mediante “pettine di Burton”. Per i provini, invece, in cui la discontinuità è stata creata 

artificialmente mediante sega circolare di laboratorio non si è proceduto al rilevamento della 

superficie di rugosità. Il peso specifico dei campioni è stato determinato mediante bilancia 

idrostatica. 

 

 

MATERIALI A CONSISTENZA LAPIDEA 
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 29 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 1,00 a mt. 1,35

Tipo Campione

Indisturbato Altezza 31,00 cm
Dist. Parziale Diametro 8,20 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di Compressione su Roccia DL;

___________________________________________________________

___________________________________________________________

___________________________________________________________

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Dimesioni Campione

Consorzio per le autostrade Siciliane
Autostrada Siracusa-Gela - Lotto 9

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

Vane Test T  (Kg/cmq)=

Scicli (RG)
51 21/11/2003

SCHEDA DI IDENTIFICAZIONE

____________________________________________________

____________________________________________________

DESCRIZIONE LITOLOGICA

Note:

pag. 280 / 286

Tipi di prove

Provino A: -

Provino B: -

Calcare bianco, cristallino e compatto.-

(Fm. Ragusa)

____________________________________________________

Q  (Kg)    =Poket Penetrometrico

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 29 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 1,00 a mt. 1,35

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

98,40

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

2,349

n.d.

n.d.

( % )

( % )

(g/cmc)

(g/cmc)

( % )

(g/cmc)

(g/cmc)

(g/cmc)

n

e

γsat

γ'

Ws

Sr

Wn

γ

γs

γd

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Classifica CNR - UNI 10006

Coefficiente di permeabilità

Classifica in base all'indice di Consistenza

Indice di plasticità

Indice di consistenza

Indice di gruppo

Indice di attività

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Coefficiente di uniformità

Coefficiente di gradazione

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

GEOLOGIA  –   GEOGNOSTICA

Peso saturo dell'unità di volume

Peso di volume sommerso

Umidità di saturazione

Grado di saturazione

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

L’ANALISTA

Peso secco dell'unità di volume

Porosità

Indice dei vuoti

Contenuto di CaCO3

Consorzio per le autostrade Siciliane
Autostrada Siracusa-Gela - Lotto 9
Scicli (RG)

pag. 281 / 286

51 21/11/2003

RIEPILOGO DELLE CARATTERISTICHE FISICHE

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 29 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 1,00 a mt. 1,35

cm
2,349 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei

Consorzio per le autostrade Siciliane
Autostrada Siracusa-Gela - Lotto 9
Scicli (RG)

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

51 21/11/2003

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO DIMENSIONI PROVINO

Diametro 8,20

21,776 (N/mmq)  = 941,691

Peso dell'unità di Volume Altezza 11,60
Superfice Base 52,81

(N/mmq)  = 1189,796

Tipo Provino sezione Volume Provino 612,60

M
o
d
u
l
i
 
d
i
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g

(N/mmq)  = 902,153
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 29 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 9,40 a mt. 9,80

Tipo Campione

Indisturbato Altezza 43,00 cm
Dist. Parziale Diametro 8,20 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di Compressione su Roccia DL;

Prova di taglio assiale su roccia;

___________________________________________________________

___________________________________________________________

___________________________________________________________

Q  (Kg)    =

Note:

Provino C: -

Tipi di prove

Provino A: -

Provino B: -

____________________________________________________

DESCRIZIONE LITOLOGICA

____________________________________________________

Poket Penetrometrico

Vane Test T  (Kg/cmq)=

Scicli (RG)
51 21/11/2003

SCHEDA DI IDENTIFICAZIONE

Consorzio per le autostrade Siciliane
Autostrada Siracusa-Gela - Lotto 9

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®
pag. 283 / 286

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Dimesioni Campione

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

Calcare bianco, cristallino e compatto.-

(Fm. Ragusa)

____________________________________________________

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 29 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 9,40 a mt. 9,80

51 21/11/2003

RIEPILOGO DELLE CARATTERISTICHE FISICHE

CONTROLLI NON DISTRUTTIVI

Consorzio per le autostrade Siciliane
Autostrada Siracusa-Gela - Lotto 9
Scicli (RG)

Coefficiente di permeabilità n.d.

Peso secco dell'unità di volume

Porosità

Indice dei vuoti

Classifica CNR - UNI 10006

(geom. Antonio Cortigiani)
L’ANALISTA IL DIRETTORE DEL LABORATORIO

(dott. Geol. Roberto Prisco)

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Peso saturo dell'unità di volume

Peso di volume sommerso

Umidità di saturazione

Grado di saturazione

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Coefficiente di uniformità

Coefficiente di gradazione

Indice di plasticità

Indice di consistenza

Indice di gruppo

Indice di attività

Classifica in base all'indice di Consistenza

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Wn

γ

γs

γd

γsat

γ'

Ws

Sr

n

e

( % )

(g/cmc)

(g/cmc)

(g/cmc)

n.d.

2,463

n.d.

n.d.

n.d.

n.d.

n.d.

( % )

( % )

(g/cmc)

(g/cmc)

n.d.

96,90

n.d.

n.d.

n.d.

n.d.

n.d.
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n.d.

n.d.

n.d.



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 29 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 9,40 a mt. 9,80

cm
2,463 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei (N/mmq)  = 2400,106

Tipo Provino sezione Volume Provino 617,88

M
o
d
u
l
i
 
d
i
 

Y
o
u
n
g

(N/mmq)  = 2123,170

(N/mmq)  =

Peso dell'unità di Volume Altezza 11,70
Superfice Base 52,81

DIMENSIONI PROVINO

Diametro 8,20

21,776 (N/mmq)  = 2180,777

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

51 21/11/2003

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 29 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 9,40 a mt. 9,80

Prov. 2 Prov. 3
KN/mq 970,31 1940,62
mmq 51,530 51,530

mm/min 0,10 0,10
mm 1,800 1,800

KN/mq 739,29 1441,61

PROVA DI TAGLIO SU ROCCIA

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

51 21/11/2003

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it
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Tensione Assiale 485,15
Superficie di Taglio 51,530
Velocità di deformazione 0,10
Spostamento a rottura 1,500
Resistenza di Base 388,13

Coesione di Base  [KN/mq] c' b = 36,96

Angolo d'attrito di Base ϕ' b = 36°
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 31b Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 4,20 a mt. 4,70

Tipo Campione

Indisturbato X Altezza 58,50 cm
Dist. Parziale Diametro 8,50 cm
Rimaneggiato

N.D.

N.D.

Prove Fisico-Volumetriche, Chimiche e di riconoscimento;

Prova di consolidazione edometrica;

Prova di Espansione laterale Libera;

Prova di Taglio diretto tipo CD;

e determinazione della Resistenza Residua;

Prova Triassiale CIU;

Nella prova del Vane Test, non si è potuto rilevare

il risultato perché ricaente oltre la soglia massima

consentita dallo strumento.

DESCRIZIONE LITOLOGICA

Argille sabbiose, alterate, di colore giallo-ocra,

Autostrada Siracusa  Gela - Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033 55 23/06/2004

Dimesioni Campione

Scicli (RG) / Ragusa

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

Consorzio per le Autostrade Siciliane

pag. 48 / 174

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

Tipi di prove

E-mail: geo.tec@tin.it

geotec S.n.c®

(Fm. Tellaro)

SCHEDA DI IDENTIFICAZIONE

CONTROLLI NON DISTRUTTIVI

Note:

Provino C: -

Provino E: -

Provino D: -

____________________________________________________

Provino A: -

Provino B: -

con venature grigio-verdi, poco umide, plastiche.

____________________________________________________

Q  (Kg)    =Poket Penetrometrico

Vane Test T  (Kg/cmq)=

A

B

C
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 31b Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 4,20 a mt. 4,70

Pr. H φ Wo γ γs Sr P.C. B.P. σ3 ∆V/V0 ∆H/H0
nr cm cm % g/cmc g/cmc % Kg/cmq Kg/cmq Kg/cmq % %
1 7,00 3,50 25,8 1,976 99,6 0,784 4,08 2,04 8,79 97,06994
2 7,00 3,45 25,0 2,025 96,2 0,730 6,12 4,08 9,47 96,84177
3 7,00 3,46 26,4 2,027 99,1 0,747 8,16 6,12 10,18 96,60677

Pr. H φ Wf γ σ1 - σ3 δ f u 0 u f

nr cm cm % g/cmc Kg/cmq % Kg/cmq Kg/cmq Af B

1 6,20 3,81 30,9 1,961 3,70 12,80 2,035 2,459 0,114 0,98
2 6,55 3,65 28,7 1,990 5,45 9,51 2,035 2,955 0,169 0,99
3 6,00 3,80 28,7 1,996 6,27 4,88 2,035 4,247 0,353 0,97

2,801 2,04

Valori Finali o a Rottura

Coeff. Skempton
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IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA TRIASSIALE CONSOLIDATA NON DRENATA (CIU)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

00.05.42

Consorzio per le Autostrade Siciliane
Autostrada Siracusa  Gela - Lotto 10
Scicli (RG) / Ragusa

Durata Prova

gg.hh.mm.

00.14.56
00.11.06

Dimensioni Caratteristiche fisiche Consolidazione

e

Coesione c' [Kg/cmq] = 0,65

Angolo d'attrito ϕ' = 21°

Velocità di 
deformazione (mm/min) 0,0100

Coesione cu [Kg/cmq] = 1,03

Angolo d'attrito ϕu = 14°
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 31b Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 14,00 a mt. 14,50

Tipo Campione

Indisturbato X Altezza 51,00 cm
Dist. Parziale Diametro 8,60 cm
Rimaneggiato

N.D.

N.D.

Prove Fisico-Volumetriche, Chimiche e di riconoscimento;

Prova di Espansione laterale Libera;

Prova di Taglio diretto tipo CD;

e determinazione della Resistenza Residua;

Prova Triassiale UU;

La prova Triassiale UU è stata interrotta al 20% della

deformazione verticale.-

___________________________________________________________

Q  (Kg)    =

Note:

Provino C: -

Provino D: -

Tipi di prove

Provino A: -

Provino B: -

(Fm. Tellaro)

DESCRIZIONE LITOLOGICA

____________________________________________________

Poket Penetrometrico

Vane Test T  (Kg/cmq)=

Scicli (RG) / Ragusa
55 23/06/2004

SCHEDA DI IDENTIFICAZIONE

Consorzio per le Autostrade Siciliane
Autostrada Siracusa  Gela - Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®
pag. 55 / 174

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Dimesioni Campione

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

Argille marose, di colore grigio-verdastre,

poco umide, dure, con abbondanti inclusi

fossiliferi.

A

B

C
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 31b Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 14,00 a mt. 14,50

Pr. H φ Wo γ γs Sr P.C. B.P. σ3
nr cm cm % g/cmc g/cmc % Kg/cmq Kg/cmq Kg/cmq
1 6,90 3,50 26,6 2,000 N.D. 0,763 4,59 2,04
2 6,90 3,43 22,8 2,091 100,0 0,636 6,63 4,08
3 7,00 3,45 26,4 2,028 100,0 0,736 8,67 6,12

Pr. H φ Wf γ σ1 - σ3 δ f u 0 u f

nr cm cm % g/cmc Kg/cmq % Kg/cmq Kg/cmq Af B

1 0,00 0,00 32,2 N.D. 2,30 19,93 N.D. N.D. N.D. 0,98
2 0,00 0,00 31,3 N.D. 2,62 19,93 N.D. N.D. N.D. 1,00
3 0,00 0,00 31,4 N.D. 2,84 18,57 N.D. N.D. N.D. 0,96

Velocità di 
deformazione (mm/min) 0,7000

Dimensioni Caratteristiche fisiche

e

Pressioni di Prova

00.19

2,55

Valori Finali o a Rottura

Coeff. Skempton

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA TRIASSIALE NON CONSOLIDATA NON DRENATA (UU)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

2,785

Consorzio per le Autostrade Siciliane
Autostrada Siracusa  Gela - Lotto 10
Scicli (RG) / Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

pag. 60b / 174

Durata Prova

hh.mm.

00.20
00.20

Angolo d'attrito ϕU = 3°

0,97Coesione cU [Kg/cmq] =

0,0

0,5

1,0

1,5

2,0

2,5

3,0

0,0 5,0 10,0 15,0 20,0 25,0
Deformazione   [%]

Te
ns

io
ne

 d
ev

ia
to

ric
a 
σ

1 
- σ

3 
 [k

g/
cm

q]

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

0,0 5,0 10,0 15,0 20,0 25,0
Deformazione   [%]

Pr
es

si
on

i N
eu

tr
e 
µ 

 [k
g/

cm
q]

0,0

1,0

2,0

3,0

4,0

5,0

0 1 2 3 4 5 6 7 8 9 10 11
Pressioni σv   [Kg/cmq]

Ta
gl

io
 τ

v 
   

[K
g/

cm
q]



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� ��E 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR ; $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�GL�ULFRQRVFLPHQWR�

3URYD�GL�(VSDQVLRQH�ODWHUDOH�/LEHUD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

3URYLQR�%���

$UJLOOH�YHUGDVWUH��OHJJHUPHQWH�XPLGH��GXUH

VWUHVVDWH�WHWWRQLFDPHQWH��SULFH�GL�LQFOXVL

OLWLFL��

�)P��7HOODUR�

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW

SDJ����������

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� ��E 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

������

������

Q�G�

Q�G�

�����

�����

������

Q�G�

Q�G�

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�� ��������

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

,/�',5(7725(�'(/�/$%25$725,2

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

,QGLFH�GL�FRQVLVWHQ]D

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

Q�G�

$����

Q�G�

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

1RUPDOL

6HPL�6ROLGR

�����

������

������

������

�����

�����

�����

�J�FPF�γ

�����

�����

�����

������

�����

�����

H

Q

6U

:V

SDJ����������

γ


γVDW

γG

γV �J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

:Q



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� ��E 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

SDJ����������JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

�������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�����

�������

�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

��3DVVDQWH

$1$/,6,�*5$18/20(75,&$�3(5�6(7$&&,$785$

�������

������

�������

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

1��6HWDFFLR�$�6�7�0� $SHUWXUD�PDJOLD��PP�

&RHIILFLHQWH�GL�JUDGD]LRQH�
1�'�
1�'�

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$

�����

�����

�����

&RHIILFLHQWH�GL�XQLIRUPLWj�

���

��

��

��

�����

�

��

��

��

��

��

��

��

��

��

���

����� ���� ��� � �� ���
;� �φ�JUDQL����PP�

<�
 �

SD
VV

DQ
WH

��
��

�

$UJLOOD /LPR 6DEELD *KLDLD &LRWWROL



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� ��E 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3HVR�+�2 FROSL
�JU� Q�
����� ��
����� ��
����� ��
����� ��
����� ��

3HVR�+�2 :Q����
�JU�
����� :/����
�����
����� :3����
�����
����� :5����

�� �
�� ���
�� ������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3HUFHQWXDOH

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�&RQVLVWHQ]D

3DVVDQWH6HWDFFL��PP�
0DJOLD

1�'�

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3HVR�%DJQDWR 8PLGLWj3URYLQR
D
E

������
������

/¶$1$/,67$

1��6HWDFFLR
6HULH�$670

������
������

�����

'HWHUPLQD]LRQH�/LPLWH�GL�3ODVWLFLWj��:3�

�JU�

������

������

8PLGLWj
�JU� �����

&21752//,�121�',675877,9,

������
E ������

3URYLQR
D

F

3HVR�%DJQDWR

*(2/2*,$��±���*(2*1267,&$

JHRWHF�6�Q�F�

'HWHUPLQD]LRQH�/LPLWH�GL�/LTXLGLWj��:/�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

6FLFOL��5*����5DJXVD

SDJ����������

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���$1$/,6,������������*(27(&1,&+(

������

H
G
F

���

�����,F�����

��

������

/LPLWH�GL�3ODVWLFLWj

/LPLWH�GL�5LWLUR
������

������
������

������

�����
�����

�������
�����

������
�������

�����

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�$WWLYLWj��,D�
1RUPDOL

8PLGLWj�QDWXUDOH

/LPLWH�GL�/LTXLGLWj

�������

������

������

��

6HPL�6ROLGR

�����,D����,QGLFH�GL�DWWLYLWj

1�'�
&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR��:5�,QGLFH�GL�JUXSSR ,J���� ������

�

������

,QGLFH�GL�&RQVLVWHQ]D ,F���� �����

H

�����
������

G ������

������������
������

������,S����,QGLFH�GL�3ODVWLFLWj

���

����

����

����

����

����

����

����

����

����

�����

� �� ���
ORJ��>QU��FROSL@

8P
LGL

Wj�
>�

@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� ��E 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

������ � FP
����� JU�FPF FP
����� FPT

&LOLQGULFR FPF

(I

σI (V

(L

�JHRP��$QWRQLR�&RUWLJLDQL� �GRWW��*HRO��5REHUWR�3ULVFR�

������

������

�������

�NJ�FPT��� 

,/�',5(7725(�'(/�/$%25$725,2

�NJ�FPT��� 

�NJ�FPT��� 

�� ��������

9ROXPH�3URYLQR
6XSHUILFH�%DVH
$OWH]]D
'LDPHWUR ����

�����
�����
������

,QGLFH�GHL�YXRWL�LQL]LDOH

&21752//,�121�',675877,9,

/¶$1$/,67$

0R
GX

OL
�G

L�
<R

XQ
J

�NJ�FPT��� 

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

�����

$1$/,6,������������*(27(&1,&+(

&$5$77(5,67,&+(�3529,12

&RQWHQXWR�G
DFTXD�1DWXUDOH
3HVR�GHOO
XQLWj�GL�9ROXPH

SDJ����������

7LSR�3URYLQR�VH]LRQH

3529$�',�&2035(66,21(�121�&21),1$7$��(�/�/��

',0(16,21,�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$

���

���

���

���

���

���

���

���

���

���

��� ��� ��� ��� ��� ���� ���� ����
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>.
J�F

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�GL�ULFRQRVFLPHQWR�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

SDJ����������

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

$UJLOOH�OLPRVH��GL�FRORUH�JULJLR�YHUGDVWUH��XPLGH

H�SODVWLFKH��FRPSDWWH�

�)P��7HOODUR�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

�GRWW��*HRO��5REHUWR�3ULVFR�

��

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

��������

Q�G�

Q�G�

�����

Q�G�

�J�FPF�

�JHRP��$QWRQLR�&RUWLJLDQL�

Q�G�

�����

������

/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

,QGLFH�GL�DWWLYLWj

JHRWHF�6�Q�F�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

(�PDLO��JHR�WHF#WLQ�LW

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

SDJ����������

&RQWHQXWR�G
DFTXD�QDWXUDOH

�J�FPF� Q�G�3HVR�GHOO
XQLWj�GL�YROXPH γ

:Q �����

�J�FPF�

Q�G�

Q�G�

Q�G�

�J�FPF�

�J�FPF�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

$����

Q�G�

1RUPDOL

������

Q�G�

Q�G�

������

�����

�����

H

Q

6U

:V
γ


γVDW

γG

γV3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

�����

�����

�����

&RHIILFLHQWH�GL�XQLIRUPLWj�

���

��

��

��

�����

&RHIILFLHQWH�GL�JUDGD]LRQH�
1�'�
1�'�

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

1��6HWDFFLR�$�6�7�0� $SHUWXUD�PDJOLD��PP�

�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

��3DVVDQWH

$1$/,6,�*5$18/20(75,&$�3(5�6(7$&&,$785$�(�6(',0(17$=,21(

������

������

������

������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�����

������

SDJ����������JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

�

��

��

��

��

��

��

��

��

��

���

����� ���� ��� � �� ���
;� �φ�JUDQL����PP�

<�
 �

SD
VV

DQ
WH

��
��

�

$UJLOOD /LPR 6DEELD *KLDLD &LRWWROL



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

3HVR�+�2 FROSL
�JU� Q�
����� ��
����� ��
����� ��
����� ��
����� ��

3HVR�+�2 :Q����
�JU�
����� :/����
�����
����� :3����
�����
����� :5����

�� �
�� ���
�� ������

,QGLFH�GL�3ODVWLFLWj

SDJ����������

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj��,D�
1RUPDOL

��
���

/LPLWH�GL�5LWLUR

/LPLWH�GL�3ODVWLFLWj

1��6HWDFFLR
6HULH�$670

,D���� 1RUPDOL

,J����

,F����

1�'�

������

1�'�
������

������

������ &ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR��:5�

������������
�����

������

������

3HVR�%DJQDWR 8PLGLWj

������

1�'�

������
������
������������

������
������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

H
G
F

F

'HWHUPLQD]LRQH�/LPLWH�GL�3ODVWLFLWj��:3�

�JU�

������
������

H

'HWHUPLQD]LRQH�/LPLWH�GL�/LTXLGLWj��:/�

3URYLQR 3HVR�%DJQDWR

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

8PLGLWj
�JU�

$1$/,6,������������*(27(&1,&+(

�����

&21752//,�121�',675877,9,
������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������

(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$

3URYLQR

������
E

G ������

D

������

������
������������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

������
�� �����

/LPLWH�GL�/LTXLGLWj

������

1�'�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

D
E

������

1�'�,QGLFH�GL�&RQVLVWHQ]D

,QGLFH�GL�DWWLYLWj

,S����

,QGLFH�GL�JUXSSR

��������

3DVVDQWH6HWDFFL��PP�
0DJOLD 3HUFHQWXDOH

��

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�&RQVLVWHQ]D

8PLGLWj�QDWXUDOH

�����
�����

������
�����

������

�

���

����

����

����

����

����

����

����

����

����

�����

� �� ���
ORJ��>QU��FROSL@

8P
LGL

Wj�
>�

@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�GL�ULFRQRVFLPHQWR�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

�)P��7HOODUR�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

1RWH�

SDJ����������

7LSL�GL�SURYH

3URYLQR�$���

$UJLOOH�OLPRVH��YHUGDVWUH��XPLGH�H�SODVWLFKH�

FRQ�YHOL�GL�VDEELD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

1RUPDOL

Q�G�

$����

Q�G�

Q�G�

������

�����

Q�G�

������

Q�G�

Q�G�

������

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

�����

�����

�J�FPF�

�J�FPF�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ

:V

6U

:Q

γ

γV

γG

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

/¶$1$/,67$

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

SDJ����������

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

SDJ����������JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�����

�������

�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

��3DVVDQWH

$1$/,6,�*5$18/20(75,&$�3(5�6(',0(17$=,21(

�������

������

������

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

1��6HWDFFLR�$�6�7�0� $SHUWXUD�PDJOLD��PP�

&RHIILFLHQWH�GL�JUDGD]LRQH�
1�'�
1�'�

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$

�����

�����

�����

&RHIILFLHQWH�GL�XQLIRUPLWj�

���

��

��

��

�����

�

��

��

��

��

��

��

��

��

��

���

����� ���� ��� � �� ���
;� �φ�JUDQL����PP�

<�
 �

SD
VV

DQ
WH

��
��

�

$UJLOOD /LPR 6DEELD *KLDLD &LRWWROL



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

3HVR�+�2 FROSL
�JU� Q�
����� ��
����� ��
����� ��
����� ��
����� ��

3HVR�+�2 :Q����
�JU�
����� :/����
�����
����� :3����
�����
����� :5����

�� �
�� ���
�� ������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

��

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3HVR�%DJQDWR 8PLGLWj3URYLQR
D
E

������
������

��������

�����
3HUFHQWXDOH1��6HWDFFLR

6HULH�$670 3DVVDQWH6HWDFFL��PP�
0DJOLD

JHRWHF�6�Q�F�

'HWHUPLQD]LRQH�/LPLWH�GL�/LTXLGLWj��:/�

3URYLQR 3HVR�%DJQDWR 8PLGLWj
�JU�

������

��

D ������

F ������
E ������ ������

������
G ������

������

������
������ ������

������

�����

'HWHUPLQD]LRQH�/LPLWH�GL�3ODVWLFLWj��:3�

�JU�
������

H ������

,QGLFH�GL�3ODVWLFLWj ,S���� ������

������

������
G
H

F
������

������

������
���

/LPLWH�GL�3ODVWLFLWj

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�&RQVLVWHQ]D

1�'�/LPLWH�GL�5LWLUR

������

8PLGLWj�QDWXUDOH

/LPLWH�GL�/LTXLGLWj

�������

1�'�

������

��
�����

�

�����

,F���� 1�'�

,QGLFH�GL�JUXSSR ������,J����

,QGLFH�GL�DWWLYLWj ,D���� �����

,QGLFH�GL�&RQVLVWHQ]D

SDJ����������

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR��:5�
1�'�

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj��,D�
1RUPDOL

1�'�

�����

�������
�����

������

���

����

����

����

����

����

����

����

����

����

�����

� �� ���
ORJ��>QU��FROSL@

8P
LGL

Wj�
>�

@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�GL�ULFRQRVFLPHQWR�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

�)P��7HOODUR�

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F� SDJ����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$UJLOOH�VDEELRVH��D�OXRJKL�PDUQRVH��GL�FRORUH

JULJLR�YHUGDVWUH��SRFR�XPLGH��SRFR�SODVWLFKH�

FRPSDWWH�

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

&RHIILFLHQWH�GL�SHUPHDELOLWj Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&ODVVLILFD�&15���81,������

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

�GRWW��*HRO��5REHUWR�3ULVFR�

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

:Q

γ

γV

γG

γVDW

γ

:V

6U

Q

H

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

Q�G�

Q�G�

$����

������

Q�G�

������

�����

SDJ����������

Q�G�

1RUPDOL

Q�G�

Q�G�

������

Q�G�

Q�G�

Q�G�

Q�G�



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

�����

�����

�����

&RHIILFLHQWH�GL�XQLIRUPLWj�

���

��

��

��

�����

&RHIILFLHQWH�GL�JUDGD]LRQH�
1�'�
1�'�

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

1��6HWDFFLR�$�6�7�0� $SHUWXUD�PDJOLD��PP�

�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

��3DVVDQWH

$1$/,6,�*5$18/20(75,&$�3(5�6(7$&&,$785$

�������

������

������

SDJ����������

������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�����

�������

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

�

��

��

��

��

��

��

��

��

��

���

����� ���� ��� � �� ���
;� �φ�JUDQL����PP�

<�
 �

SD
VV

DQ
WH

��
��

�

$UJLOOD /LPR 6DEELD *KLDLD &LRWWROL



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3HVR�+�2 FROSL
�JU� Q�
����� ��
����� ��
����� ��
������ ��
����� ��

3HVR�+�2 :Q����
�JU�
����� :/����
�����
����� :3����
�����
����� :5����

�� �
�� ���
�� ������

8PLGLWj�QDWXUDOH

�������

1�'�

������

������ �����

1�'�

������

,QGLFH�GL�3ODVWLFLWj ,S���� ������

F

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�&RQVLVWHQ]D

�����
�����

�������
�����

������
������

���
��

������
������

/LPLWH�GL�3ODVWLFLWj������������
������

�

�����

E ������ ������

/LPLWH�GL�5LWLUR

������
H ������

G
H

������

JHRWHF�6�Q�F�

'HWHUPLQD]LRQH�/LPLWH�GL�/LTXLGLWj��:/�

3URYLQR 3HVR�%DJQDWR 8PLGLWj
�JU�

D ������

������

������

������

��

1�'�������

F

������

G ������

������ /LPLWH�GL�/LTXLGLWj

��������

�����
3HUFHQWXDOH1��6HWDFFLR

6HULH�$670 3DVVDQWH6HWDFFL��PP�
0DJOLD

'HWHUPLQD]LRQH�/LPLWH�GL�3ODVWLFLWj��:3�

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3HVR�%DJQDWR 8PLGLWj3URYLQR
D
E

������

�JU�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

��

/¶$1$/,67$

,QGLFH�GL�DWWLYLWj ,D���� �����

,QGLFH�GL�&RQVLVWHQ]D

SDJ����������

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�$WWLYLWj��,D�
1RUPDOL

,QGLFH�GL�JUXSSR ,J���� ������ &ODVVLILFD�LQ�EDVH�DO�5LWLUR��:5�
1�'�

,F���� 1�'�

���

����

����

����

����

����

����

����

����

����

�����

� �� ���
ORJ��>QU��FROSL@

8P
LGL

Wj�
>�

@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR ; $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�GL�ULFRQRVFLPHQWR�

3URYD�GL�FRQVROLGD]LRQH�HGRPHWULFD�

3URYD�GL�(VSDQVLRQH�ODWHUDOH�/LEHUD�

3URYD�GL�7DJOLR�GLUHWWR�WLSR�&'�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

SDJ����������

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

$UJLOOH�VDEELRVH��D�OXRJKL�PDUQRVH��GL�FRORUH

JULJLR�YHUGDVWUH��SRFR�XPLGH��SRFR�SODVWLFKH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

1RWH�

3URYLQR�&���

3URYLQR�'���

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

FRPSDWWH�

�)P��7HOODUR�

'(6&5,=,21(�/,72/2*,&$

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

SDJ����������

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

&RHIILFLHQWH�GL�SHUPHDELOLWj Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&ODVVLILFD�&15���81,������

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

�GRWW��*HRO��5REHUWR�3ULVFR�

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

:Q

γ

γV

γG

γVDW

γ

:V

6U

Q

H

�����

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�����

�����

������

�����

�����

�����

�����

�����

������

�������

������

�����

Q�G�

Q�G�

������

Q�G�

Q�G�

������

1RUPDOL

Q�G�

$����

�����

������

�����

6HPL�6ROLGR



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

�����

�����

�����

&RHIILFLHQWH�GL�XQLIRUPLWj�

���

��

��

��

�����

&RHIILFLHQWH�GL�JUDGD]LRQH�
1�'�
1�'�

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

1��6HWDFFLR�$�6�7�0� $SHUWXUD�PDJOLD��PP�

�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

��3DVVDQWH

$1$/,6,�*5$18/20(75,&$�3(5�6(7$&&,$785$

�������

������

������

������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�����

�������

SDJ����������JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

�

��

��

��

��

��

��

��

��

��

���

����� ���� ��� � �� ���
;� �φ�JUDQL����PP�

<�
 �

SD
VV

DQ
WH

��
��

�

$UJLOOD /LPR 6DEELD *KLDLD &LRWWROL



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3HVR�+�2 FROSL
�JU� Q�
����� ��
����� ��
����� ��
������ �
����� ��

3HVR�+�2 :Q����
�JU�
����� :/����
�����
����� :3����
�����
����� :5����

�� �
�� ���
�� ������

SDJ����������

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�$WWLYLWj��,D�
1RUPDOL

,QGLFH�GL�JUXSSR ,J���� ������ &ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR��:5�
1�'�

,F���� �����

,QGLFH�GL�DWWLYLWj ,D���� �����

,QGLFH�GL�&RQVLVWHQ]D

8PLGLWj�QDWXUDOH

/LPLWH�GL�/LTXLGLWj

�������

������

������

��
�����

�
��

6HPL�6ROLGR

�����
�����

�������
�����

������
������

���

/LPLWH�GL�3ODVWLFLWj

�����,F�����,QGLFH�GL�3ODVWLFLWj ,S���� ������

������

������
G
H

F
������

�JU�
������

H ������

D ������

������
G ������

������F ������
������

JHRWHF�6�Q�F�

'HWHUPLQD]LRQH�/LPLWH�GL�/LTXLGLWj��:/�

3URYLQR 3HVR�%DJQDWR 8PLGLWj
�JU�

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�&RQVLVWHQ]D

1�'������� /LPLWH�GL�5LWLUR

������������

E ������ ������

������
������ ������

�����

'HWHUPLQD]LRQH�/LPLWH�GL�3ODVWLFLWj��:3�

��������

�����
3HUFHQWXDOH1��6HWDFFLR

6HULH�$670 3DVVDQWH6HWDFFL��PP�
0DJOLD

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3HVR�%DJQDWR 8PLGLWj3URYLQR
D
E

������

������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

��

/¶$1$/,67$

���

����

����

����

����

����

����

����

����

����

�����

� �� ���
ORJ��>QU��FROSL@

8P
LGL

Wj�
>�

@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

∆εY (HG &F &Y N
� .J�FPT FPT�VHF FP�VHF

����� � ����� ����� ������ ����(��� ����(��� ����(���
����� � ����� ����� ������ ����(��� ����(��� ����(���
����� � ����� ����� ������ ����(��� ����(��� ����(���
����� � ����� ����� ������ ����(��� ����(��� ����(���
����� � ����� ����� ������ ����(��� ����(��� ����(���
����� � ����� ����� ������ ����(��� ����(��� ����(���
����� � ������ ����� ������ ����(��� ����(��� ����(���
������ � ������ ����� ������ ����(��� ����(��� ����(���

�����

�JHRP��$QWRQLR�&RUWLJLDQL�

����

�����FPF�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

FP� ����

FP�

σ� ����� ���������� �����

/¶$1$/,67$

9ROXPH

,QGLFH�GHL�YXRWL�LQL]LDOH
HR� ������

�� ��������

)DVH�GL�&DULFR )DVH�GL�6FDULFR

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

∆σ
.J�FPT

3529$�',�&2035(66,21(�&21),1$7$��('20(75,$�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ����������

����� ������ ������ ����� ����� ����� �����

H ����� ����� ����� ����� ����� ����� ����� ���������������

����� ����� �����

����������

����� ���������� ����� ����� ������'K�K

�����FPT�6XSHUILFLH

'LDPHWUR

$OWH]]D

',0(16,21,�3529,12

����� ����������

��

���

����

��� � �� ���
ORJ��WHQVLRQL�∆σ���>.J�FPT@

ORJ
��(

HG
���>

.J
�FP

T@
����

����

����

����

����

����
��� � �� ��� ���� �����

ORJ���W����>PLQ@

&H
GLP

HQ
WL��

∆K
���>

PP
@

����

����

����

����

����

����

����

����

����

��� � �� ���
ORJ��WHQVLRQH�QRPDOH�σ��>.J�FPT@

,QG
LFH

�GH
L�Y

XR
WL��

H�



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

������ � FP
����� JU�FPF FP
����� FPT

&LOLQGULFR FPF

(I

σI (V

(L

SDJ����������

7LSR�3URYLQR�VH]LRQH

3529$�',�&2035(66,21(�121�&21),1$7$��(�/�/��

',0(16,21,�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

&$5$77(5,67,&+(�3529,12

&RQWHQXWR�G
DFTXD�1DWXUDOH
3HVR�GHOO
XQLWj�GL�9ROXPH
,QGLFH�GHL�YXRWL�LQL]LDOH

&21752//,�121�',675877,9,

/¶$1$/,67$

0R
GX

OL
�G

L�
<R

XQ
J

�NJ�FPT��� 

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

�����

�� ��������

9ROXPH�3URYLQR
6XSHUILFH�%DVH
$OWH]]D
'LDPHWUR ����

�����
�����
������

�JHRP��$QWRQLR�&RUWLJLDQL� �GRWW��*HRO��5REHUWR�3ULVFR�

������

������

������

�NJ�FPT��� 

,/�',5(7725(�'(/�/$%25$725,2

�NJ�FPT��� 

�NJ�FPT��� 

���

���

���

���

���

���

���

���

��� ��� ��� ��� ��� ���� ���� ����
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>.
J�F

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � GD�PW� ����� D�PW� �����

������ � FP
����� JU�FPF FP
����� FPT

&LUFRODUH FPF
������ PP�PLQ RUH

∆K ∆W σY τY
�PP� �KK�PP� �.J�FPT� �.J�FPT�

SDJ����������

3529$�',�7$*/,2�',5(772�7,32�&'

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQWHQXWR�G
DFTXD�1DWXUDOH
3HVR�GHOO
XQLWj�GL�9ROXPH
,QGLFH�GHL�YXRWL�LQL]LDOH
7LSR�3URYLQR�VH]LRQH

3URYLQR

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

',0(16,21,�3529,12

'LDPHWUR ����
$OWH]]D ����

7HPSR�GL�FRQVROLG�

6XSHUILFH�%DVH �����
9ROXPH�3URYLQR �����

��

����

����

����

����

�

�

����

9HORFLWj�GL�GHIRUPD]LRQH

����

����

�����

�����

����F
�>.J�FPT@� &RHVLRQH

���� ����� �����

$QJROR�G
DWWULWR ϕ
� ���

����

����

����

����

����

����

����

��� � �� ��� ���� �����

7HPSR��ORJ��W��>PLQ@

&H
GLP

HQ
WL�>

PP
@

����

����

����

����

����

����

��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH��>PP@

7H
QV

LRQ
H��

τ��
>.

J�F
PT

@

����

����

����

����

����

����

����

� � � � � � � � �
3UHVVLRQH��σY��>.J�FPT@

7D
JOL

R��
τY
��>.

J�F
PT

@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH��&KLPLFKH�H�GL�ULFRQRVFLPHQWR�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

�)P��7HOODUR�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

1RWH�

SDJ����������

7LSL�GL�SURYH

3URYLQR�$���

$UJLOOH�GL�FRORUH�YHUGH��SRFR�XPLGH��SULYH

GL�SODVWLFLWj�H�GL�LQFOXVL�OLWLFL��

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

$����

Q�G�

������

�����

Q�G�

1RUPDOL

������

Q�G�

Q�G�

������

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

�����

�����

�J�FPF�

�J�FPF�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ

:V

6U

:Q

γ

γV

γG

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

�GRWW��*HRO��5REHUWR�3ULVFR�

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

/¶$1$/,67$

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

,/�',5(7725(�'(/�/$%25$725,2

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

6FLFOL��5*����5DJXVD
�� ��������

JHRWHF�6�Q�F�
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

SDJ����������



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

SDJ����������JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

�������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�����

�������

�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

��3DVVDQWH

$1$/,6,�*5$18/20(75,&$�3(5�6(7$&&,$785$�(�6(',0(17$=,21(

�������

������

�������

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

1��6HWDFFLR�$�6�7�0� $SHUWXUD�PDJOLD��PP�

&RHIILFLHQWH�GL�JUDGD]LRQH�
1�'�
1�'�

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$

�����

�����

�����

&RHIILFLHQWH�GL�XQLIRUPLWj�

���

��

��

��

�����

�

��

��

��

��

��

��

��

��

��

���

����� ���� ��� � �� ���
;� �φ�JUDQL����PP�

<�
 �

SD
VV

DQ
WH

��
��

�

$UJLOOD /LPR 6DEELD *KLDLD &LRWWROL



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3HVR�+�2 FROSL
�JU� Q�
����� ��
����� ��
����� ��
����� ��
����� ��

3HVR�+�2 :Q����
�JU�
����� :/����
�����
����� :3����
�����
����� :5����

�� �
�� ���
�� ������

1�'�

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�$WWLYLWj��,D�
1RUPDOL

,QGLFH�GL�JUXSSR ,J���� ������

,QGLFH�GL�DWWLYLWj ,D���� �����

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR��:5�

$1$/,6,������������*(27(&1,&+(

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3HUFHQWXDOH1��6HWDFFLR
6HULH�$670 3DVVDQWH6HWDFFL��PP�

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3HVR�%DJQDWR 8PLGLWj3URYLQR
D
E

������

,QGLFH�GL�3ODVWLFLWj

������D ������

/¶$1$/,67$

,S���� ������

,QGLFH�GL�&RQVLVWHQ]D ,F���� 1�'�

F ��

������

0DJOLD

�����

������

�

�����

'HWHUPLQD]LRQH�/LPLWH�GL�3ODVWLFLWj��:3�

�JU�

JHRWHF�6�Q�F�

'HWHUPLQD]LRQH�/LPLWH�GL�/LTXLGLWj��:/�

3URYLQR 3HVR�%DJQDWR 8PLGLWj
�JU� �����

*(2/2*,$��±���*(2*1267,&$

&21752//,�121�',675877,9,

������

�����
�����

G ������
������

������

1�'�������

������

E ������ ������

/LPLWH�GL�5LWLUR

������
H ������

������������
�����
������

/LPLWH�GL�3ODVWLFLWj

H
G
F

1�'�

�����
�����

�������
�����

������
�������

���
��

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�&RQVLVWHQ]D

SDJ����������

8PLGLWj�QDWXUDOH

/LPLWH�GL�/LTXLGLWj

�������

1�'�

������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

���

����

����

����

����

����

����

����

����

����

�����

� �� ���
ORJ��>QU��FROSL@

8P
LGL

Wj�
>�

@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH��&KLPLFKH�H�GL�ULFRQRVFLPHQWR�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

�)P�7HOODUR�

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F� SDJ����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$UJLOOH�VDEELRVH��D�OXRJKL�PDUQRVH��GL�FRORUH

JULJLR�YHUGDVWUH��SRFR�XPLGH��SRFR�SODVWLFKH�

FRPSDWWH�

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

6FLFOL��5*����5DJXVD
�� ��������

JHRWHF�6�Q�F�
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

SDJ����������

/¶$1$/,67$

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

,/�',5(7725(�'(/�/$%25$725,2

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

�GRWW��*HRO��5REHUWR�3ULVFR�

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

:Q

γ

γV

γG

γVDW

γ

:V

6U

Q

H

�����

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�����

�����

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

������

Q�G�

Q�G�

������

Q�G�

$����

Q�G�

������

�����

Q�G�

1RUPDOL



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

�����

�����

�����

&RHIILFLHQWH�GL�XQLIRUPLWj�

���

��

��

��

�����

&RHIILFLHQWH�GL�JUDGD]LRQH�
1�'�
1�'�

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

1��6HWDFFLR�$�6�7�0� $SHUWXUD�PDJOLD��PP�

�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

��3DVVDQWH

$1$/,6,�*5$18/20(75,&$�3(5�6(7$&&,$785$

�������

������

������

SDJ����������

������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�����

�������

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

�

��

��

��

��

��

��

��

��

��

���

����� ���� ��� � �� ���
;� �φ�JUDQL����PP�

<�
 �

SD
VV

DQ
WH

��
��

�

$UJLOOD /LPR 6DEELD *KLDLD &LRWWROL



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3HVR�+�2 FROSL
�JU� Q�
����� ��
����� ��
����� ��
������ ��
����� ��

3HVR�+�2 :Q����
�JU�
����� :/����
�����
����� :3����
�����
����� :5����

�� �
�� ���
�� ������

8PLGLWj�QDWXUDOH

/LPLWH�GL�/LTXLGLWj

�������

1�'�

������

��
�

1�'�

�����
�����

�������
�����

������
������

���
��

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�&RQVLVWHQ]D

/LPLWH�GL�3ODVWLFLWj

H
G
F ������������

������
������ 1�'�������

������

E ������ ������

/LPLWH�GL�5LWLUR

������
H ������

F ������

������
������

G ������

������

JHRWHF�6�Q�F�

'HWHUPLQD]LRQH�/LPLWH�GL�/LTXLGLWj��:/�

3URYLQR 3HVR�%DJQDWR 8PLGLWj
�JU� �����

*(2/2*,$��±���*(2*1267,&$

�����

'HWHUPLQD]LRQH�/LPLWH�GL�3ODVWLFLWj��:3�

�JU�

������

0DJOLD

�����������

������D ������

/¶$1$/,67$

,S���� ������

1�'�,F����,QGLFH�GL�&RQVLVWHQ]D

,QGLFH�GL�DWWLYLWj

������

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3HVR�%DJQDWR 8PLGLWj3URYLQR
D
E

������

,QGLFH�GL�3ODVWLFLWj

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3HUFHQWXDOH1��6HWDFFLR
6HULH�$670 3DVVDQWH6HWDFFL��PP�

SDJ����������

,D���� �����

,QGLFH�GL�JUXSSR ,J���� ������ &ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR��:5�
1�'�

&ODVVLILFD�LQ�EDVH�DOO
,QGLFH�GL�$WWLYLWj��,D�
1RUPDOL

���

����

����

����

����

����

����

����

����

����

�����

� �� ���
ORJ��>QU��FROSL@

8P
LGL

Wj�
>�

@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3URYLQR�$���

3URYLQR�%���

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6&+('$�',�,'(17,),&$=,21(

&21752//,�121�',675877,9,

1RWH�

3URYLQR�&���

7LSL�GL�SURYH

(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

SDJ����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

'(6&5,=,21(�/,72/2*,&$

&DOFDUH�FULVWDOOLQR��ELDQFR��FRPSDWWR�

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[������������� �� ��������

'LPHVLRQL�&DPSLRQH

6FLFOL��5*����5DJXVD

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ

:V

6U

:Q

γ

γV

γG

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

��LQ�SHVR���G� �������PP

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�� ��������

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

SDJ����������

Q�G�

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ����������

���

���

����

����

����

����

����

����

����

����

����

��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������� �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������� �������

E  �����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F


5HVLVWHQ]D�GL�%DVH ������

9HORFLWj�GL�GHIRUPD]LRQH ����
6SRVWDPHQWR�D�URWWXUD �����

7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ����������

����

������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

&DOFDUH�ELDQFR�JLDOODVWUR��SRURVR��

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[������������� �� ��������

'LPHVLRQL�&DPSLRQH

6FLFOL��5*����5DJXVD

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

SDJ����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

7LSL�GL�SURYH

(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6&+('$�',�,'(17,),&$=,21(

&21752//,�121�',675877,9,

1RWH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3URYLQR�$���

3URYLQR�%���

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

SDJ����������

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

Q�G�

�����

Q�G�

Q�G�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ

:V

6U

:Q

γ

γV

γG

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

�GRWW��*HRO��5REHUWR�3ULVFR�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

&RHIILFLHQWH�GL�SHUPHDELOLWj Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&ODVVLILFD�&15���81,������

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

&21752//,�121�',675877,9,



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ����������

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���
7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������
9HORFLWj�GL�GHIRUPD]LRQH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

����
6SRVWDPHQWR�D�URWWXUD �����
5HVLVWHQ]D�GL�%DVH ������

�����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E  

����

������

������

������

������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F� SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$UHQDULD�ELDQFDVWUD��FRPSDWWD�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�����

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

:Q

γ

γV

γG

γVDW

γ


:V

6U

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

&RHIILFLHQWH�GL�XQLIRUPLWj

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�� ��������

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&RQWHQXWR�GL�&D&2�

&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

SDJ�����������

Q�G�

Q�G�

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

���

���

���

���

����

����

����

��� ��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

3URYLQR�%���

&DOFDUHQLWH�JLDOODVWUD��IULDELOH�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW

SDJ�����������

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�� ��������

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

,/�',5(7725(�'(/�/$%25$725,2

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

,QGLFH�GL�FRQVLVWHQ]D

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

Q�G�

Q�G�

Q�G�

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

�J�FPF�γ

Q�G�

Q�G�

�����

Q�G�

�����

�����

H

Q

6U

:V

SDJ�����������

γ


γVDW

γG

γV �J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

:Q



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

�����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E  

����
6SRVWDPHQWR�D�URWWXUD �����
5HVLVWHQ]D�GL�%DVH ������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���
7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������
9HORFLWj�GL�GHIRUPD]LRQH

����

������

������

������

������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

SDJ�����������

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

&DOFDUHQLWH�JLDOODVWD��EHQ�FRPSDWWD�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

�GRWW��*HRO��5REHUWR�3ULVFR�

��

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

��������

Q�G�

Q�G�

Q�G�

Q�G�

�J�FPF�

�JHRP��$QWRQLR�&RUWLJLDQL�

Q�G�

Q�G�

Q�G�

/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

,QGLFH�GL�DWWLYLWj

JHRWHF�6�Q�F�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

(�PDLO��JHR�WHF#WLQ�LW

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

SDJ�����������

&RQWHQXWR�G
DFTXD�QDWXUDOH

�J�FPF� �����3HVR�GHOO
XQLWj�GL�YROXPH γ

:Q �����

�J�FPF�

Q�G�

Q�G�

Q�G�

�J�FPF�

�J�FPF�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

�����

H

Q

6U

:V

γ


γVDW

γG

γV3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�

&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

���

���

���

���

����

����

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

1RWH�

SDJ�����������

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

&DOFDUHQLWH�JLDOODVWUD��EHQ�FRPSDWWD�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ


:V

6U

:Q

γ

γV

γG

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

/¶$1$/,67$

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

SDJ�����������

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12 ',0(16,21,�3529,12

'LDPHWUR ����

����� �1�PPT��� Q�G�

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

�1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

���

���

���

���

���

���

���

���

���

��� ��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 

1RWH�

3URYLQR�&���

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F� SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

&DOFDUH�FULVWDOOLPR��ELDQFR��FRPSDWWR�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

&RHIILFLHQWH�GL�SHUPHDELOLWj Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&ODVVLILFD�&15���81,������

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

�GRWW��*HRO��5REHUWR�3ULVFR�

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

:Q

γ

γV

γG

γVDW

γ

:V

6U

Q

H

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

SDJ�����������

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

���

����

����

����

����

����

����

����

����

��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������� �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

3529$�',�7$*/,2�68�52&&,$

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������
9HORFLWj�GL�GHIRUPD]LRQH ����
6SRVWDPHQWR�D�URWWXUD �����
5HVLVWHQ]D�GL�%DVH ������

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E  �����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

����

������

������

������

������

�������

�������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

SDJ�����������

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

&DOFDUHQLWH�JLDOODVWUD��SRURVD�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

1RWH�

3URYLQR�&���

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

SDJ�����������

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

&RHIILFLHQWH�GL�SHUPHDELOLWj Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&ODVVLILFD�&15���81,������

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

�GRWW��*HRO��5REHUWR�3ULVFR�

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

:Q

γ

γV

γG

γVDW

γ

:V

6U

Q

H

�����

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�����

�����

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

����� �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

���

���

���

���

���

���

���

���

���

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���
7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������
9HORFLWj�GL�GHIRUPD]LRQH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

����
6SRVWDPHQWR�D�URWWXUD �����
5HVLVWHQ]D�GL�%DVH ������

�����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E  

����

������

������

������

������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

1RWH�

SDJ�����������

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

&DOFDUH�ELDQFR��FULVWDOOLQR��IUDWWXUDWR�LQ�DVVH

OXQJR�OD�GLUH]LRQH�YHUWLFDOH��

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ

:V

6U

:Q

γ

γV

γG

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

�GRWW��*HRO��5REHUWR�3ULVFR�

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

/¶$1$/,67$

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

,/�',5(7725(�'(/�/$%25$725,2

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

6FLFOL��5*����5DJXVD
�� ��������

JHRWHF�6�Q�F�
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

SDJ�����������



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������� �������

������

$QJROR�G
DWWULWR�GL�3LFFR ϕ
�S  ���

&RHVLRQH�GL�3LFFR��>.1�PT@ F
 S  

5HVLVWHQ]D�GL�3LFFR ������

9HORFLWj�GL�GHIRUPD]LRQH ����
6SRVWDPHQWR�D�URWWXUD �����

7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

3529$�',�7$*/,2�68�52&&,$�(6(*8,7$�/81*2�683(5),&,(�35((6,67(17(

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���

����

������

������

������

������

�������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URILOR�GLDPHWUDOH�OXQJR�OD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�QRUPDOH�DOOD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�OXQJR�OD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�QRUPDOH�DOOD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�OXQJR�OD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�QRUPDOH�DOOD�GLUH]LRQH�GL�VFRUULPHQWR

3529,12��

3529,12��

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

352),/,�',�58*26,7$


/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3529,12��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 

1RWH�

3URYLQR�&���

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F� SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

&DOFDUHQLWH�JLDOODVWUD��EHQ�FHPHQWDWD��

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

6FLFOL��5*����5DJXVD
�� ��������

JHRWHF�6�Q�F�
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

SDJ�����������

/¶$1$/,67$

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

,/�',5(7725(�'(/�/$%25$725,2

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

�GRWW��*HRO��5REHUWR�3ULVFR�

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

:Q

γ

γV

γG

γVDW

γ

:V

6U

Q

H

�����

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�����

�����

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

����� �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

���

���

���

���

����

����

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

�����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

 

������

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

3URY���
������
������

7HQVLRQH�$VVLDOH
6XSHUILFLH�GL�7DJOLR

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

9HORFLWj�GL�GHIRUPD]LRQH
6SRVWDPHQWR�D�URWWXUD

����
�����

5HVLVWHQ]D�GL�%DVH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

����

������

������

������

������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3URYLQR�$���

3URYLQR�%���

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6&+('$�',�,'(17,),&$=,21(

&21752//,�121�',675877,9,

1RWH�

3URYLQR�&���

7LSL�GL�SURYH

(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

'(6&5,=,21(�/,72/2*,&$

$UHQDULD�ELDQFDVWUD��FRPSDWWD�

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[������������� �� ��������

'LPHVLRQL�&DPSLRQH

6FLFOL��5*����5DJXVD

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ

:V

6U

:Q

γ

γV

γG

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

��LQ�SHVR���G� �������PP

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�� ��������

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

SDJ�����������

Q�G�

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

����� �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

���

���

���

���

���

���

���

���

���

����

��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

E  �����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F


5HVLVWHQ]D�GL�%DVH ������

9HORFLWj�GL�GHIRUPD]LRQH ����
6SRVWDPHQWR�D�URWWXUD �����

7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

����

������

������

������

������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

$UHQDULD�ELDQFDVWUD��FRPSDWWD�

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[������������� �� ��������

'LPHVLRQL�&DPSLRQH

6FLFOL��5*����5DJXVD

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

7LSL�GL�SURYH

(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6&+('$�',�,'(17,),&$=,21(

&21752//,�121�',675877,9,

1RWH�

3URYLQR�&���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3URYLQR�$���

3URYLQR�%���

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

SDJ�����������

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

Q�G�

�����

Q�G�

Q�G�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ

:V

6U

:Q

γ

γV

γG

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

�GRWW��*HRO��5REHUWR�3ULVFR�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

&RHIILFLHQWH�GL�SHUPHDELOLWj Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&ODVVLILFD�&15���81,������

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

&21752//,�121�',675877,9,



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12 ',0(16,21,�3529,12

'LDPHWUR ����

����� �1�PPT��� Q�G�

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

�1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

���

���

���

���

���

���

���

���

���

���

����

��� ��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���
7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������
9HORFLWj�GL�GHIRUPD]LRQH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

����
6SRVWDPHQWR�D�URWWXUD �����
5HVLVWHQ]D�GL�%DVH ������

�����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E  

����

������

������

������

������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 

1RWH�

3URYLQR�&���

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F� SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

&DOFDUH�ELDQFR��FRPSDWWR�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�����

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

:Q

γ

γV

γG

γVDW

γ

:V

6U

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

&RHIILFLHQWH�GL�XQLIRUPLWj

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�� ��������

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

SDJ�����������

Q�G�

Q�G�

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

���

����

����

����

����

����

����

����

��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������� �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

E  �����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F


5HVLVWHQ]D�GL�%DVH ������

9HORFLWj�GL�GHIRUPD]LRQH ����
6SRVWDPHQWR�D�URWWXUD �����

7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

����

������

������

������

������

�������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

3URYLQR�%���

&DOFDUHQLWH�JLDOODVWUD��

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW

SDJ�����������

4���.J����� 

1RWH�

3URYLQR�&���

7LSL�GL�SURYH

3URYLQR�$���

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�� ��������

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

,/�',5(7725(�'(/�/$%25$725,2

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

,QGLFH�GL�FRQVLVWHQ]D

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

Q�G�

Q�G�

Q�G�

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

�J�FPF�γ

Q�G�

Q�G�

�����

Q�G�

�����

�����

H

Q

6U

:V

SDJ�����������

γ


γVDW

γG

γV �J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

:Q



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12 ',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

�1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

���

���

���

���

���

����

����

����

��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

�����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E  

����
6SRVWDPHQWR�D�URWWXUD �����
5HVLVWHQ]D�GL�%DVH ������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���
7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������
9HORFLWj�GL�GHIRUPD]LRQH

����

������

������

������

������

�������

�������

�������

�������

���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

SDJ�����������

4���.J����� 

1RWH�

3URYLQR�&���

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

&DOFDUH�ELDQFR��FRPSDWWR�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

�GRWW��*HRO��5REHUWR�3ULVFR�

��

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

��������

Q�G�

Q�G�

Q�G�

Q�G�

�J�FPF�

�JHRP��$QWRQLR�&RUWLJLDQL�

Q�G�

Q�G�

Q�G�

/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

,QGLFH�GL�DWWLYLWj

JHRWHF�6�Q�F�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

(�PDLO��JHR�WHF#WLQ�LW

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

SDJ�����������

&RQWHQXWR�G
DFTXD�QDWXUDOH

�J�FPF� �����3HVR�GHOO
XQLWj�GL�YROXPH γ

:Q �����

�J�FPF�

Q�G�

Q�G�

Q�G�

�J�FPF�

�J�FPF�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

�����

H

Q

6U

:V
γ


γVDW

γG

γV3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

���

����

����

����

����

����

����

��� ��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������� �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E

�����

 

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

7HQVLRQH�$VVLDOH

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

 EF
&RHVLRQH�GL�%DVH��>.1�PT@

6SRVWDPHQWR�D�URWWXUD
5HVLVWHQ]D�GL�%DVH

3URY���
������
������
����
�����
������

6XSHUILFLH�GL�WDJOLR
9HORFLWj�GL�GHIRUPD]LRQH

����

������

������

������

������

�������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

1RWH�

SDJ�����������

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

&DOFDUHQLWH�JLDOODVWUD��EHQ�FRPSDWWD��

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ


:V

6U

:Q

γ

γV

γG

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

/¶$1$/,67$

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

SDJ�����������

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12 ',0(16,21,�3529,12

'LDPHWUR ����

����� �1�PPT��� Q�G�

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

�1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

���

���

���

���

���

���

���

���

���

���

����

��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F� SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

&DOFDUH�ELDQFR�FULVWDOOLQR��IUDWWXUDWR�YHUWLFDOPHQWH

FRQ�YHOR�GL�RVVLGD]LRQH��

�)P��5DJXVD�

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

&RHIILFLHQWH�GL�SHUPHDELOLWj Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&ODVVLILFD�&15���81,������

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

�GRWW��*HRO��5REHUWR�3ULVFR�

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

:Q

γ

γV

γG

γVDW

γ

:V

6U

Q

H

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

SDJ�����������

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

3URY��� 3URY���
.1�PT ������� �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������� �������

3529$�',�7$*/,2�68�52&&,$�(6(*8,7$�/81*2�683(5),&,(�35((6,67(17(

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������
9HORFLWj�GL�GHIRUPD]LRQH ����
6SRVWDPHQWR�D�URWWXUD �����
5HVLVWHQ]D�GL�3LFFR ������

&RHVLRQH�GL�3LFFR��>.1�PT@ F
 S  �����

$QJROR�G
DWWULWR�GL�3LFFR ϕ
�S  ���

����

������

�������

�������

�������

�������

�������

�������

���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

3URILOR�GLDPHWUDOH�OXQJR�OD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�QRUPDOH�DOOD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�OXQJR�OD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�QRUPDOH�DOOD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�OXQJR�OD�GLUH]LRQH�GL�VFRUULPHQWR

3URILOR�GLDPHWUDOH�QRUPDOH�DOOD�GLUH]LRQH�GL�VFRUULPHQWR

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

352),/,�',�58*26,7$


/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3529,12��

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

3529,12��

3529,12��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

SDJ�����������

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

&DOFDUH�ELDQFR��FRPSDWWR�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

1RWH�

3URYLQR�&���

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

SDJ�����������

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

&RHIILFLHQWH�GL�SHUPHDELOLWj Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&ODVVLILFD�&15���81,������

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

�GRWW��*HRO��5REHUWR�3ULVFR�

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

:Q

γ

γV

γG

γVDW

γ

:V

6U

Q

H

�����

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�����

�����

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L �1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

���

���

����

����

����

����

����

����

��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

3URY��� 3URY���
.1�PT ������� �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���
7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������
9HORFLWj�GL�GHIRUPD]LRQH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

����
6SRVWDPHQWR�D�URWWXUD �����
5HVLVWHQ]D�GL�%DVH ������

�����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E  

����

������

������

������

������

�������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

1RWH�

3URYLQR�&���

SDJ�����������

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

&DOFDUH�ELDQFR��FRPSDWWR��FULVWDOOLQR��

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ

:V

6U

:Q

γ

γV

γG

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

�GRWW��*HRO��5REHUWR�3ULVFR�

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

/¶$1$/,67$

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

,/�',5(7725(�'(/�/$%25$725,2

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

6FLFOL��5*����5DJXVD
�� ��������

JHRWHF�6�Q�F�
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

SDJ�����������



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

329$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12 ',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

�1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

���

���

����

����

����

����

����

��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

3URY��� 3URY���
.1�PT ������� �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

�����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E  

5HVLVWHQ]D�GL�%DVH ������

9HORFLWj�GL�GHIRUPD]LRQH ����
6SRVWDPHQWR�D�URWWXUD �����

7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

3529$�',�7$*/,2�68�52&&,$

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���

����

������

������

������

������

�������

�������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F� SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

&DOFDUH�ELDQFR��FULVWDOOLQR��

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

6FLFOL��5*����5DJXVD
�� ��������

JHRWHF�6�Q�F�
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

SDJ�����������

/¶$1$/,67$

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

,/�',5(7725(�'(/�/$%25$725,2

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

�GRWW��*HRO��5REHUWR�3ULVFR�

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

:Q

γ

γV

γG

γVDW

γ

:V

6U

Q

H

�����

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�����

�����

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������� �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

�����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

 

������

&RHVLRQH�GL�%DVH��>.1�PT@ F
 E

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

3URY���
������
������

7HQVLRQH�$VVLDOH
6XSHUILFLH�GL�7DJOLR

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

9HORFLWj�GL�GHIRUPD]LRQH
6SRVWDPHQWR�D�URWWXUD

����
�����

5HVLVWHQ]D�GL�%DVH

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

����

������

������

������

������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3URYLQR�$���

3URYLQR�%���

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6&+('$�',�,'(17,),&$=,21(

&21752//,�121�',675877,9,

1RWH�

7LSL�GL�SURYH

(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

'(6&5,=,21(�/,72/2*,&$

$UHQDULD�ELDQFDVWUD��FRPSDWWD�

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[������������� �� ��������

'LPHVLRQL�&DPSLRQH

6FLFOL��5*����5DJXVD

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ

:V

6U

:Q

γ

γV

γG

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

��LQ�SHVR���G� �������PP

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

,QGLFH�GL�DWWLYLWj

3RURVLWj

,QGLFH�GHL�YXRWL

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�� ��������

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&RHIILFLHQWH�GL�XQLIRUPLWj

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

SDJ�����������

Q�G�

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

E  ������

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F


5HVLVWHQ]D�GL�%DVH ������

9HORFLWj�GL�GHIRUPD]LRQH ����
6SRVWDPHQWR�D�URWWXUD �����

7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

����

������

������

������

������

�������

�������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�H�&KLPLFKH�

3URYD�GL�&RPSUHVVLRQH�VX�5RFFLD�'/�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

&DOFDUH�ELDQFR��FULVWDOOLQR��

$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[������������� �� ��������

'LPHVLRQL�&DPSLRQH

6FLFOL��5*����5DJXVD

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH

SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

7LSL�GL�SURYH

(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6&+('$�',�,'(17,),&$=,21(

&21752//,�121�',675877,9,

1RWH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3URYLQR�$���

3URYLQR�%���

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

SDJ�����������

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

Q�G�

�����

�����

�J�FPF�

�J�FPF�

Q�G�

�����

Q�G�

Q�G�

�����

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

γVDW

γ


:V

6U

:Q

γ

γV

γG

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

&RQWHQXWR�GL�&D&2�

&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

&RHIILFLHQWH�GL�XQLIRUPLWj

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH

*UDGR�GL�VDWXUD]LRQH

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(

�JHRP��$QWRQLR�&RUWLJLDQL�
/¶$1$/,67$ ,/�',5(7725(�'(/�/$%25$725,2

�GRWW��*HRO��5REHUWR�3ULVFR�

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

&RHIILFLHQWH�GL�SHUPHDELOLWj Q�G�

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3RURVLWj

,QGLFH�GHL�YXRWL

&ODVVLILFD�&15���81,������

�� ��������

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

&21752//,�121�',675877,9,



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ���� D�PW� ����

FP
����� JU�FPF FP

FPT
&LOLQGULFR FPF

(I

σI (V

(L

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�&2035(66,21(�68�52&&,$��'/�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&$5$77(5,67,&+(�3529,12 ',0(16,21,�3529,12

'LDPHWUR ����

������ �1�PPT��� Q�G�

3HVR�GHOO
XQLWj�GL�9ROXPH $OWH]]D �����
6XSHUILFH�%DVH �����

�1�PPT��� Q�G�

7LSR�3URYLQR�VH]LRQH 9ROXPH�3URYLQR ������

0R
GX

OL
�G

L�
<R

XQ
J

�1�PPT��� Q�G�

�1�PPT��� 

���

���

����

����

����

����

����

����

����

��� ��� ��� ��� ��� ��� ��� ���
'HIRUPD]LRQH�εY�>�@

&R
PS

UHV
VLR

QH
� σY

�>1
�P

PT
@



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

7LSR�&DPSLRQH

,QGLVWXUEDWR $OWH]]D ����� FP
'LVW��3DU]LDOH 'LDPHWUR ���� FP
5LPDQHJJLDWR ;

1�'�

1�'�

3URYH�)LVLFR�9ROXPHWULFKH�

3URYD�GL�WDJOLR�DVVLDOH�VX�URFFLD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

4���.J����� 

1RWH�

7LSL�GL�SURYH

3URYLQR�$���

3URYLQR�%���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'(6&5,=,21(�/,72/2*,&$

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RNHW�3HQHWURPHWULFR

9DQH�7HVW 7���.J�FPT� 

6FLFOL��5*����5DJXVD
�� ��������

6&+('$�',�,'(17,),&$=,21(

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

JHRWHF�6�Q�F� SDJ�����������

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

'LPHVLRQL�&DPSLRQH

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

$UHQDULD�ELDQFDVWUD��FRPSDWWD�

�)P��5DJXVD�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$

%

&



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

Q�G�

�����

Q�G�

Q�G�

�����

�����

�����

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

�J�FPF�

Q

H

&ODVVLILFD�&15���81,������

&RHIILFLHQWH�GL�SHUPHDELOLWj

:Q

γ

γV

γG

γVDW

γ

:V

6U

,QGLFH�GL�DWWLYLWj

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�&RQVLVWHQ]D

&ODVVLILFD�LQ�EDVH�DOO
LQGLFH�GL�$WWLYLWj

&ODVVLILFD�LQ�EDVH�DO�/LPLWH�GL�5LWLUR

&RHIILFLHQWH�GL�JUDGD]LRQH

,QGLFH�GL�SODVWLFLWj

,QGLFH�GL�FRQVLVWHQ]D

,QGLFH�GL�JUXSSR

*UDGR�GL�VDWXUD]LRQH

3RURVLWj

,QGLFH�GHL�YXRWL

&RHIILFLHQWH�GL�XQLIRUPLWj

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

�� ��������

JHRWHF�6�Q�F�

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

&RQWHQXWR�GL�&D&2�
&RQWHQXWR�GL�6RVWDQ]H�2UJDQLFKH

��LQ�SHVR���G� �������PP

5,(3,/2*2�'(//(�&$5$77(5,67,&+(�),6,&+(

SDJ�����������

Q�G�

Q�G�

&RQWHQXWR�G
DFTXD�QDWXUDOH

3HVR�GHOO
XQLWj�GL�YROXPH

3HVR�VSHFLILFR�GHL�JUDQL

3HVR�VHFFR�GHOO
XQLWj�GL�YROXPH

3HVR�VDWXUR�GHOO
XQLWj�GL�YROXPH

3HVR�GL�YROXPH�VRPPHUVR

8PLGLWj�GL�VDWXUD]LRQH



&200,77(17(��
/$9252�������
/2&$/,7$
����
621'$**,2�Q�� �� 5LI�� '$7$�
&$03,21(��Q�� � 'D�PW� ����� D�PW� �����

3URY��� 3URY���
.1�PT ������ �������
PPT ������ ������

PP�PLQ ���� ����
PP ����� �����

.1�PT ������ �������

E  �����

$QJROR�G
DWWULWR�GL�%DVH ϕ
�E  ���

&RHVLRQH�GL�%DVH��>.1�PT@ F


5HVLVWHQ]D�GL�%DVH ������

9HORFLWj�GL�GHIRUPD]LRQH ����
6SRVWDPHQWR�D�URWWXUD �����

7HQVLRQH�$VVLDOH ������
6XSHUILFLH�GL�7DJOLR ������

,/�',5(7725(�'(/�/$%25$725,2
�GRWW��*HRO��5REHUWR�3ULVFR�

�� ��������

3529$�',�7$*/,2�68�52&&,$

/¶$1$/,67$
�JHRP��$QWRQLR�&RUWLJLDQL�

������3DOHUPR�±�9LD�(��$OEDQHVH�����±�7HO��)D[�������������
(�PDLO��JHR�WHF#WLQ�LW

3URY���

&RQVRU]LR�SHU�OH�$XWRVWUDGH�6LFLOLDQH
$XWRVWUDGD�6LUDFXVD��*HOD���/RWWR���
6FLFOL��5*����5DJXVD

JHRWHF�6�Q�F�
*(2/2*,$��±���*(2*1267,&$
$1$/,6,������������*(27(&1,&+(
&21752//,�121�',675877,9,

SDJ�����������

����

������

������

������

������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ����
'HIRUPD]LRQH�2UL]]RQWDOH�>PP@

7H
QV

LRQ
H�7

DQ
JH

Q]
LDO

H��
τ��

�>.
1�
PT

@

����

�������

�������

�������

�������

�������

� ���� ���� ���� ���� ����

7HQVLRQH�$VVLDOH��σY��>.1�PT@

5H
VLV

WHQ
]D

�DO
�WD

JOL
R��

τY
��>.

1�
PT

@��









COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 14,00 a mt. 14,45

Tipo Campione

Indisturbato Altezza 41,50 cm
Dist. Parziale Diametro 7,80 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche;

Prova di Compressione su Roccia DL;

Prova di taglio assiale su roccia;

___________________________________________________________

___________________________________________________________

___________________________________________________________

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Dimesioni Campione

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

T  (Kg/cmq)=

Scicli (RG) /Ragusa
55 23/06/2004

SCHEDA DI IDENTIFICAZIONE

Provino B: -

Calcare bianco bruno, ben cementato.-

____________________________________________________

____________________________________________________

____________________________________________________

DESCRIZIONE LITOLOGICA

____________________________________________________

Poket Penetrometrico

Vane Test

pag. 2 / 35

Q  (Kg)    =

Note:

Provino C: -

Tipi di prove

Provino A: -

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 14,00 a mt. 14,45

Classifica in base all'indice di Consistenza

Classifica in base all'indice di Attività

Coefficiente di uniformità

Coefficiente di gradazione

Indice di plasticità

Indice di consistenza

Indice di gruppo

Indice dei vuoti

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Peso di volume sommerso

Umidità di saturazione

Grado di saturazione

Porosità

γsPeso specifico dei grani

Peso secco dell'unità di volume

Peso saturo dell'unità di volume

Ws

γ'

γsat

γd

e

n

Sr

( % )

( % )

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

(g/cmc)

n.d.

n.d.

n.d.

(g/cmc)

(g/cmc)

Contenuto d'acqua naturale

(g/cmc) 2,227Peso dell'unità di volume γ

Wn ( % )

geotec S.n.c®

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

RIEPILOGO DELLE CARATTERISTICHE FISICHE

E-mail: geo.tec@tin.it

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Consorzio per le Autostrade Siciliane

pag. 3 / 35

(geom. Antonio Cortigiani)

n.d.

n.d.

n.d.

L’ANALISTA IL DIRETTORE DEL LABORATORIO

Classifica in base al Limite di Ritiro

Classifica CNR - UNI 10006

Coefficiente di permeabilità

Indice di attività

(dott. Geol. Roberto Prisco)

55

Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

23/06/2004

n.d.

n.d.

n.d.

n.d.

(g/cmc)



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 14,00 a mt. 14,45

cm
2,227 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

pag. 4 / 35

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO DIMENSIONI PROVINO

Diametro 7,80

19,881 (N/mmq)  = 1990,601

Peso dell'unità di Volume Altezza 15,90
Superfice Base 47,78

(N/mmq)  = 2252,995

Tipo Provino sezione Volume Provino 759,76

M
o
d
u
l
i
 
d
i
 

Y
o
u
n
g

(N/mmq)  = 1756,180
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 14,00 a mt. 14,45

Prov. 2 Prov. 3
KN/mq 1255,65 2511,30
mmq 47,784 47,784

mm/min 0,10 0,10
mm 1,800 2,200

KN/mq 1025,45 1904,40

Velocità di deformazione

Coesione di Base  [KN/mq]

Spostamento a rottura
Resistenza di Base

Prov. 1
627,83
47,784
0,10
1,800
481,33

Superficie di taglio

37°

=bc'

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

Tensione Assiale

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

pag. 5 / 35

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Angolo d'attrito di Base ϕ' b

41,86

=

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI TAGLIO SU ROCCIA
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 3 Da mt. 17,50 a mt. 17,90

Tipo Campione

Indisturbato Altezza 40,20 cm
Dist. Parziale Diametro 7,80 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di Compressione su Roccia DL;

Prova di taglio assiale su roccia;

___________________________________________________________

___________________________________________________________

___________________________________________________________

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Dimesioni Campione

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

Vane Test T  (Kg/cmq)=

Scicli (RG) /Ragusa
55 23/06/2004

SCHEDA DI IDENTIFICAZIONE

____________________________________________________

____________________________________________________

DESCRIZIONE LITOLOGICA

Note:

Provino C: -

pag. 6 / 35

Tipi di prove

Provino A: -

Provino B: -

Arenaria bianco verdastra, mediamente cementata,

a grana grossolana.-

____________________________________________________

Q  (Kg)    =Poket Penetrometrico

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 3 Da mt. 17,50 a mt. 17,90

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

90,70

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

1,924

n.d.

n.d.

( % )

( % )

(g/cmc)

(g/cmc)

( % )

(g/cmc)

(g/cmc)

(g/cmc)

n

e

γsat

γ'

Ws

Sr

Wn

γ

γs

γd

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Classifica CNR - UNI 10006

Coefficiente di permeabilità

Classifica in base all'indice di Consistenza

Indice di plasticità

Indice di consistenza

Indice di gruppo

Indice di attività

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Coefficiente di uniformità

Coefficiente di gradazione

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

GEOLOGIA  –   GEOGNOSTICA

Peso saturo dell'unità di volume

Peso di volume sommerso

Umidità di saturazione

Grado di saturazione

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

L’ANALISTA

Peso secco dell'unità di volume

Porosità

Indice dei vuoti

Contenuto di CaCO3

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

pag. 7 / 35

55 23/06/2004

RIEPILOGO DELLE CARATTERISTICHE FISICHE

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 3 Da mt. 17,50 a mt. 17,90

cm
1,924 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

pag. 8 / 35

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO DIMENSIONI PROVINO

Diametro 7,80

9,156 (N/mmq)  = 788,792

Peso dell'unità di Volume Altezza 16,00
Superfice Base 47,78

(N/mmq)  = 1088,239

Tipo Provino sezione Volume Provino 764,54

M
o
d
u
l
i
 
d
i
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o
u
n
g

(N/mmq)  = 665,880
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 3 Da mt. 17,50 a mt. 17,90

Prov. 2 Prov. 3
KN/mq 837,10 1674,20
mmq 47,784 47,784

mm/min 0,10 0,10
mm 2,200 2,600

KN/mq 606,90 1213,80

31,39

Angolo d'attrito di Base ϕ' b = 35°

Coesione di Base  [KN/mq] c' b =

0,10
Spostamento a rottura 2,200
Resistenza di Base 334,84

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI TAGLIO SU ROCCIA

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Prov. 1
Tensione Assiale 418,55
Superficie di Taglio 47,784
Velocità di deformazione

0,00

200,00

400,00

600,00

800,00

1000,00

1200,00

1400,00

0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00

Deformazione Orizzontale [mm]

Te
ns

io
ne

 T
an

ge
nz

ia
le

 ( τ
)  

[K
N

/m
q]

0,00

1000,00

2000,00

3000,00

4000,00

5000,00

0 1000 2000 3000 4000 5000

Tensione Assiale  σv  [KN/mq]

R
es

is
te

nz
a 

al
 ta

gl
io

  τ
v 

 [K
N

/m
q]

 



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 4 Da mt. 24,00 a mt. 24,40

Tipo Campione

Indisturbato Altezza 20,00 cm
Dist. Parziale Diametro 7,80 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche;

Prova di Compressione su Roccia DL;

___________________________________________________________

___________________________________________________________

___________________________________________________________

Dimesioni Campione

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

Calcare biancastro, ben cementato.-

____________________________________________________

____________________________________________________

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®
pag. 10 / 35

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI Scicli (RG) /Ragusa
55 23/06/2004

SCHEDA DI IDENTIFICAZIONE

____________________________________________________

DESCRIZIONE LITOLOGICA

____________________________________________________

Poket Penetrometrico

Vane Test T  (Kg/cmq)=

Q  (Kg)    =

Note:

Tipi di prove

Provino A: -

Provino B: -

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 4 Da mt. 24,00 a mt. 24,40

pag. 11 / 35

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

( % )

( % )

(g/cmc)

(g/cmc)

n.d.

2,375

n.d.

n.d.

( % )

(g/cmc)

(g/cmc)

(g/cmc)

n

e

γsat

γ'

Ws

Sr

Wn

γ

γs

γd

Indice di attività

Classifica in base all'indice di Consistenza

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Coefficiente di gradazione

Indice di plasticità

Indice di consistenza

Indice di gruppo

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Coefficiente di uniformità

Peso saturo dell'unità di volume

Peso di volume sommerso

Umidità di saturazione

Grado di saturazione

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

(geom. Antonio Cortigiani)
L’ANALISTA IL DIRETTORE DEL LABORATORIO

(dott. Geol. Roberto Prisco)

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

Coefficiente di permeabilità n.d.

Peso secco dell'unità di volume

Porosità

Indice dei vuoti

Classifica CNR - UNI 10006

55 23/06/2004

RIEPILOGO DELLE CARATTERISTICHE FISICHE

CONTROLLI NON DISTRUTTIVI



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40bis Rif.: DATA:
CAMPIONE  n.: 4 Da mt. 24,00 a mt. 24,40

cm
2,375 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

pag. 12 / 35

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO DIMENSIONI PROVINO

Diametro 7,80

24,067 (N/mmq)  = 3722,633

Peso dell'unità di Volume Altezza 15,85
Superfice Base 47,78

(N/mmq)  = 8983,639

Tipo Provino sezione Volume Provino 757,37

M
o
d
u
l
i
 
d
i
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o
u
n
g

(N/mmq)  = 2384,120
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40ter Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 13,80 a mt. 14,00

Tipo Campione

Indisturbato Altezza 19,50 cm
Dist. Parziale Diametro 7,80 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di Compressione su Roccia DL;

___________________________________________________________

___________________________________________________________

___________________________________________________________

pag. 13 / 35

Tipi di prove

Provino A: -

Provino B: -

Arenaria biancastra a grana grossa, cementata.-

____________________________________________________

____________________________________________________

Q  (Kg)    =Poket Penetrometrico

Note:

Vane Test T  (Kg/cmq)=

Scicli (RG) /Ragusa
55 23/06/2004

SCHEDA DI IDENTIFICAZIONE

____________________________________________________

____________________________________________________

DESCRIZIONE LITOLOGICA

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Dimesioni Campione

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40ter Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 13,80 a mt. 14,00
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55 23/06/2004

RIEPILOGO DELLE CARATTERISTICHE FISICHE

CONTROLLI NON DISTRUTTIVI

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

Coefficiente di permeabilità n.d.

Peso secco dell'unità di volume

Porosità

Indice dei vuoti

Classifica CNR - UNI 10006

Peso saturo dell'unità di volume

Peso di volume sommerso

Umidità di saturazione

(geom. Antonio Cortigiani)
L’ANALISTA IL DIRETTORE DEL LABORATORIO

(dott. Geol. Roberto Prisco)

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

Grado di saturazione

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Coefficiente di uniformità

Coefficiente di gradazione

Indice di plasticità

Indice di consistenza

Indice di gruppo

Indice di attività

Classifica in base all'indice di Consistenza

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Wn

γ

γs

γd

γsat

γ'

Ws

Sr

n

e

( % )

(g/cmc)

(g/cmc)

(g/cmc)

(g/cmc)

(g/cmc)

( % )

( % )

n.d.

2,115

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

89,40

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40ter Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 13,80 a mt. 14,00

cm
2,115 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei (N/mmq)  = 723,225

Tipo Provino sezione Volume Provino 762,15

M
o
d
u
l
i
 
d
i
 

Y
o
u
n
g

(N/mmq)  = 519,952

(N/mmq)  =

Peso dell'unità di Volume Altezza 15,95
Superfice Base 47,78

DIMENSIONI PROVINO

Diametro 7,80

8,476 (N/mmq)  = 630,962

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40ter Rif.: DATA:
CAMPIONE  n.: 3 Da mt. 18,50 a mt. 18,85

Tipo Campione

Indisturbato Altezza 21,50 cm
Dist. Parziale Diametro 7,80 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di Compressione su Roccia DL;

___________________________________________________________

___________________________________________________________

___________________________________________________________
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Tipi di prove

Provino A: -

Provino B: -

Calcare bianco grigiastro mediamente cementato.-

____________________________________________________

____________________________________________________

Q  (Kg)    =Poket Penetrometrico

Note:

Vane Test T  (Kg/cmq)=

Scicli (RG) /Ragusa
55 23/06/2004

SCHEDA DI IDENTIFICAZIONE

____________________________________________________

____________________________________________________

DESCRIZIONE LITOLOGICA

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Dimesioni Campione

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40ter Rif.: DATA:
CAMPIONE  n.: 3 Da mt. 18,50 a mt. 18,85

Scicli (RG) /Ragusa
55 23/06/2004

geotec S.n.c®

Autostrada A18 Siracusa-Gela  -  Lotto 10

pag. 17 / 35

L’ANALISTA

RIEPILOGO DELLE CARATTERISTICHE FISICHE

IL DIRETTORE DEL LABORATORIO

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Consorzio per le Autostrade Siciliane

n.d.

Peso secco dell'unità di volume

Peso saturo dell'unità di volume

(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

(dott. Geol. Roberto Prisco)

Coefficiente di uniformità

Coefficiente di gradazione

Indice di plasticità

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

Peso di volume sommerso

Umidità di saturazione

Grado di saturazione

Porosità

Indice dei vuoti

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Indice di consistenza

Indice di gruppo

Indice di attività

Classifica in base all'indice di Consistenza

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Classifica CNR - UNI 10006

Coefficiente di permeabilità

Wn

γ

γs

γd

γsat

γ'

Ws

Sr

n

e

( % )

(g/cmc)

(g/cmc)

(g/cmc)

(g/cmc)

(g/cmc)

( % )

( % )

n.d.

2,382

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

90,70

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40ter Rif.: DATA:
CAMPIONE  n.: 3 Da mt. 18,50 a mt. 18,85

cm
2,382 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei (N/mmq)  = 2678,088

Tipo Provino sezione Volume Provino 752,59

M
o
d
u
l
i
 
d
i
 

Y
o
u
n
g

(N/mmq)  = 1742,229

(N/mmq)  =

Peso dell'unità di Volume Altezza 15,75
Superfice Base 47,78

DIMENSIONI PROVINO

Diametro 7,80

15,486 (N/mmq)  = 2077,072

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

POVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40ter Rif.: DATA:
CAMPIONE  n.: 4 Da mt. 24,00 a mt. 24,20

Tipo Campione

Indisturbato Altezza 27,00 cm
Dist. Parziale Diametro 7,00 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di taglio assiale su roccia;

___________________________________________________________

___________________________________________________________

___________________________________________________________

Dimesioni Campione

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

Arenaria biancastra, a grana grossa, cementata.-

____________________________________________________

____________________________________________________

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®
pag. 19 / 35

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI Scicli (RG) /Ragusa
55 23/06/2004

SCHEDA DI IDENTIFICAZIONE

____________________________________________________

DESCRIZIONE LITOLOGICA

____________________________________________________

Poket Penetrometrico

Vane Test T  (Kg/cmq)=

Q  (Kg)    =

Note:

Tipi di prove

Provino A: -

Provino B: -

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40ter Rif.: DATA:
CAMPIONE  n.: 4 Da mt. 24,00 a mt. 24,20

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

88,60

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

2,132

n.d.

n.d.

( % )

( % )

(g/cmc)

(g/cmc)

( % )

(g/cmc)

(g/cmc)

(g/cmc)

n

e

γsat

γ'

Ws

Sr

Wn

γ

γs

γd

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Classifica CNR - UNI 10006

Coefficiente di permeabilità

Indice di consistenza

Indice di gruppo

Indice di attività

Classifica in base all'indice di Consistenza

Indice dei vuoti

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Peso di volume sommerso

Umidità di saturazione

Grado di saturazione

Porosità

(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

(dott. Geol. Roberto Prisco)

Coefficiente di uniformità

Coefficiente di gradazione

Indice di plasticità

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

L’ANALISTA

RIEPILOGO DELLE CARATTERISTICHE FISICHE

IL DIRETTORE DEL LABORATORIO

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Consorzio per le Autostrade Siciliane

n.d.

Peso secco dell'unità di volume

Peso saturo dell'unità di volume

Scicli (RG) /Ragusa
55 23/06/2004

geotec S.n.c®

Autostrada A18 Siracusa-Gela  -  Lotto 10
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 40ter Rif.: DATA:
CAMPIONE  n.: 4 Da mt. 24,00 a mt. 24,20

Prov. 2 Prov. 3
KN/mq 837,10 1674,20
mmq 47,784 47,784

mm/min 0,10 0,10
mm 3,000 2,600

KN/mq 575,51 1234,72

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Velocità di deformazione
Spostamento a rottura

0,10
2,600

Resistenza di Base

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI TAGLIO SU ROCCIA

Prov. 1
418,55
47,784

Tensione Assiale
Superficie di Taglio

366,23

Coesione di Base  [KN/mq] c' b 36,62

Angolo d'attrito di Base ϕ' b = 35°
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 41 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 13,00 a mt. 13,50

Tipo Campione

Indisturbato Altezza 31,00 cm
Dist. Parziale Diametro 7,80 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di Compressione su Roccia DL;

Prova di taglio assiale su roccia;

___________________________________________________________

___________________________________________________________

___________________________________________________________

DESCRIZIONE LITOLOGICA

Calcare bianco, cristallino, ben cementato.-

Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033 55 23/06/2004

Dimesioni Campione

Scicli (RG) /Ragusa

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

Consorzio per le Autostrade Siciliane

pag. 22 / 35

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

Tipi di prove

E-mail: geo.tec@tin.it

geotec S.n.c®

____________________________________________________

SCHEDA DI IDENTIFICAZIONE

CONTROLLI NON DISTRUTTIVI

Note:

Provino C: -

____________________________________________________

Provino A: -

Provino B: -

____________________________________________________

____________________________________________________

Q  (Kg)    =Poket Penetrometrico

Vane Test T  (Kg/cmq)=

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 41 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 13,00 a mt. 13,50
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n.d.

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

Peso secco dell'unità di volume

Peso saturo dell'unità di volume

Peso di volume sommerso

Umidità di saturazione

Grado di saturazione

geotec S.n.c®

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Coefficiente di uniformità

Coefficiente di gradazione

Indice di plasticità

RIEPILOGO DELLE CARATTERISTICHE FISICHE

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

55 23/06/2004

Porosità

Indice dei vuoti

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Indice di consistenza

Indice di gruppo

Indice di attività

Classifica in base all'indice di Consistenza

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Classifica CNR - UNI 10006

Coefficiente di permeabilità

Wn

γ

γs

γd

γsat

γ'

Ws

Sr

n

e

( % )

(g/cmc)

(g/cmc)

(g/cmc)

(g/cmc)

(g/cmc)

( % )

( % )

n.d.

2,415

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

97,40

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 41 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 13,00 a mt. 13,50

cm
2,415 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO DIMENSIONI PROVINO

Diametro 7,80

23,230 (N/mmq)  = 2696,245

Peso dell'unità di Volume Altezza 15,80
Superfice Base 47,78

(N/mmq)  = 3223,908

Tipo Provino sezione Volume Provino 754,98

M
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g
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 41 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 13,00 a mt. 13,50

Prov. 2 Prov. 3
KN/mq 1255,65 2511,30
mmq 47,784 47,784

mm/min 0,10 0,10
mm 2,200 2,200

KN/mq 1067,30 1904,40

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI TAGLIO SU ROCCIA

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Prov. 1
Tensione Assiale 627,83
Superficie di Taglio 47,784
Velocità di deformazione 0,10
Spostamento a rottura 2,200
Resistenza di Base 481,33

62,78

Angolo d'attrito di Base ϕ' b = 37°

Coesione di Base  [KN/mq] c' b =
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 41 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 24,60 a mt. 25,00

Tipo Campione

Indisturbato Altezza 38,00 cm
Dist. Parziale Diametro 7,80 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di Compressione su Roccia DL;

___________________________________________________________

___________________________________________________________

___________________________________________________________

____________________________________________________

Provino A: -

Provino B: -

____________________________________________________

____________________________________________________

Q  (Kg)    =Poket Penetrometrico

Vane Test T  (Kg/cmq)=

____________________________________________________

SCHEDA DI IDENTIFICAZIONE

CONTROLLI NON DISTRUTTIVI

Note:

Tipi di prove

E-mail: geo.tec@tin.it

geotec S.n.c®

Consorzio per le Autostrade Siciliane
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GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

DESCRIZIONE LITOLOGICA

Calcare bianco, cristallino, ben cementato.-

Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033 55 23/06/2004

Dimesioni Campione

Scicli (RG) /Ragusa

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 41 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 24,60 a mt. 25,00

55 23/06/2004

RIEPILOGO DELLE CARATTERISTICHE FISICHE

CONTROLLI NON DISTRUTTIVI

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

Coefficiente di permeabilità n.d.

Peso secco dell'unità di volume

Porosità

Indice dei vuoti

Classifica CNR - UNI 10006

(geom. Antonio Cortigiani)
L’ANALISTA IL DIRETTORE DEL LABORATORIO

(dott. Geol. Roberto Prisco)

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Peso saturo dell'unità di volume

Peso di volume sommerso

Umidità di saturazione

Grado di saturazione

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Coefficiente di uniformità

Coefficiente di gradazione

Indice di plasticità

Indice di consistenza

Indice di gruppo

Indice di attività

Classifica in base all'indice di Consistenza

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Wn

γ

γs

γd

γsat

γ'

Ws

Sr

n

e

( % )

(g/cmc)

(g/cmc)

(g/cmc)

n.d.

2,276

n.d.

n.d.

n.d.

n.d.

n.d.

( % )

( % )

(g/cmc)

(g/cmc)

n.d.

95,60

n.d.

n.d.

n.d.

n.d.

n.d.
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n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 41 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 24,60 a mt. 25,00

cm
2,276 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei (N/mmq)  = 2883,833

Tipo Provino sezione Volume Provino 759,76

M
o
d
u
l
i
 
d
i
 

Y
o
u
n
g

(N/mmq)  = 2210,411

(N/mmq)  =

Peso dell'unità di Volume Altezza 15,90
Superfice Base 47,78

DIMENSIONI PROVINO

Diametro 7,80

19,463 (N/mmq)  = 2532,873

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 44 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 7,40 a mt. 7,70

Tipo Campione

Indisturbato Altezza 41,00 cm
Dist. Parziale Diametro 7,80 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di Compressione su Roccia DL;

Prova di taglio assiale su roccia;

___________________________________________________________

___________________________________________________________

___________________________________________________________

Dimesioni Campione

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

Arenaria biancastra, a grana fine, ben cementata.-

____________________________________________________

____________________________________________________

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®
pag. 29 / 35

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI Scicli (RG) /Ragusa
55 23/06/2004

SCHEDA DI IDENTIFICAZIONE

____________________________________________________

DESCRIZIONE LITOLOGICA

____________________________________________________

Poket Penetrometrico

Vane Test T  (Kg/cmq)=

Q  (Kg)    =

Note:

Provino C: -

Tipi di prove

Provino A: -

Provino B: -

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 44 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 7,40 a mt. 7,70
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n.d.

n.d.

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

Peso secco dell'unità di volume

Peso saturo dell'unità di volume

Peso di volume sommerso

Umidità di saturazione

geotec S.n.c®

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

RIEPILOGO DELLE CARATTERISTICHE FISICHE

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

55 23/06/2004

Grado di saturazione

Porosità

Indice dei vuoti

Coefficiente di uniformità

Coefficiente di gradazione

Indice di plasticità

Indice di consistenza

Indice di gruppo

Indice di attività

Classifica in base all'indice di Consistenza

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Classifica CNR - UNI 10006

Coefficiente di permeabilità

Wn

γ

γs

γd

γsat

γ'

Ws

Sr

n

e

( % )

(g/cmc)

(g/cmc)

(g/cmc)

(g/cmc)

(g/cmc)

( % )

( % )

n.d.

2,076

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

87,40

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 44 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 7,40 a mt. 7,70

cm
2,076 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO DIMENSIONI PROVINO

Diametro 7,80

12,557 (N/mmq)  = 1053,888

Peso dell'unità di Volume Altezza 16,00
Superfice Base 47,78

(N/mmq)  = 1269,612

Tipo Provino sezione Volume Provino 764,54
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 44 Rif.: DATA:
CAMPIONE  n.: 1 Da mt. 7,40 a mt. 7,70

Prov. 2 Prov. 3
KN/mq 837,10 1674,20
mmq 47,784 47,784

mm/min 0,10 0,10
mm 3,000 2,600

KN/mq 816,17 1297,51

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI
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IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI TAGLIO SU ROCCIA

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Prov. 1
Tensione Assiale 418,55
Superficie di Taglio 47,784
Velocità di deformazione 0,10
Spostamento a rottura 2,600
Resistenza di Base 261,59

20,93

Angolo d'attrito di Base ϕ' b = 38°

Coesione di Base  [KN/mq] c' b =
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COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 44 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 10,00 a mt. 10,40

Tipo Campione

Indisturbato Altezza 31,00 cm
Dist. Parziale Diametro 7,80 cm
Rimaneggiato X

N.D.

N.D.

Prove Fisico-Volumetriche e Chimiche;

Prova di Compressione su Roccia DL;

___________________________________________________________

___________________________________________________________

___________________________________________________________

L’ANALISTA
(geom. Antonio Cortigiani)

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Dimesioni Campione

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

geotec S.n.c®

T  (Kg/cmq)=

Scicli (RG) /Ragusa
55 23/06/2004

SCHEDA DI IDENTIFICAZIONE

Provino B: -

Calcare bianco, cristallino, ben cementato.-

____________________________________________________

____________________________________________________

____________________________________________________

DESCRIZIONE LITOLOGICA

____________________________________________________

Poket Penetrometrico

Vane Test
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Q  (Kg)    =

Note:

Tipi di prove

Provino A: -

A

B

C



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 44 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 10,00 a mt. 10,40

n.d.

n.d.

n.d.

95,60

n.d.

n.d.

n.d.

n.d.

n.d.

geotec S.n.c®

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

Contenuto d'acqua naturale

Peso dell'unità di volume

Peso specifico dei grani

Peso secco dell'unità di volume

(dott. Geol. Roberto Prisco)

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

55 23/06/2004

Grado di saturazione

Porosità

Indice dei vuoti

IL DIRETTORE DEL LABORATORIO

RIEPILOGO DELLE CARATTERISTICHE FISICHE

Peso saturo dell'unità di volume

Peso di volume sommerso

Umidità di saturazione

Contenuto di CaCO3

Contenuto di Sostanze Organiche

% in peso < d = 0,002 mm

Indice di consistenza

Coefficiente di uniformità

Coefficiente di gradazione

Indice di plasticità

Indice di gruppo

Indice di attività

Classifica in base all'indice di Consistenza

n.d.

n.d.

n.d.

Classifica in base all'indice di Attività

Classifica in base al Limite di Ritiro

Classifica CNR - UNI 10006

Coefficiente di permeabilità

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

( % )

(g/cmc)γ

n.d.

n.d.

2,315

n.d.

( % )

( % )

e

n

Sr

Ws
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γ'

γsat

γd

γs (g/cmc)

(g/cmc)

(g/cmc)

(g/cmc)

Wn



COMMITTENTE :
LAVORO      :
LOCALITA'   :
SONDAGGIO n.: 44 Rif.: DATA:
CAMPIONE  n.: 2 Da mt. 10,00 a mt. 10,40

cm
2,315 gr/cmc cm

cmq
Cilindrico cmc

Ef

σf Es

Ei

Consorzio per le Autostrade Siciliane
Autostrada A18 Siracusa-Gela  -  Lotto 10
Scicli (RG) /Ragusa

geotec S.n.c®

GEOLOGIA  –   GEOGNOSTICA

ANALISI            GEOTECNICHE

CONTROLLI NON DISTRUTTIVI

pag. 35 / 35

IL DIRETTORE DEL LABORATORIO
(dott. Geol. Roberto Prisco)

55 23/06/2004

PROVA DI COMPRESSIONE SU ROCCIA (DL)

L’ANALISTA
(geom. Antonio Cortigiani)

90139 Palermo – Via E. Albanese, 17 – Tel./Fax: 091.334.033

E-mail: geo.tec@tin.it

CARATTERISTICHE PROVINO DIMENSIONI PROVINO

Diametro 7,80

31,392 (N/mmq)  = 3495,460

Peso dell'unità di Volume Altezza 15,85
Superfice Base 47,78

(N/mmq)  = 5030,838

Tipo Provino sezione Volume Provino 757,37

M
o
d
u
l
i
 
d
i
 

Y
o
u
n
g

(N/mmq)  = 2764,197

(N/mmq)  =

0,0

5,0
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0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4

Deformazione εv [%]

C
om

pr
es

si
on

e 
σv

 [N
/m

m
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