AWy Dipartimento

Vllk\g di Matematica

Universitd di Pisa

APPUNTI DEL CORSO DI
ANALISI MATEMATICA T

Acura di Chiara Di Sano
c.disano1@studenti.unipi.it

Con il contributo di Alessandra Cattafi e Arianna Misuraca

SECONDO SEMESTRE

Rielaborazione delle lezioni dei prof.
M. Novaga
C. Carminati
AA.2022-2023



23-02 ~ 2023 Lﬁ-’blcxm. I\ on%. Nc\xo.%q
CORREZIONE CoMPITINO

(R
| = C=26Cx,\$)=o l c R c.Q;.LuJ;p_\ %C”73)= s 33'+=n.5 . C "e.cou.»..PoI&o?

Now & cow-patto : R A%, %) =% 00 gx>=0
®*

>+t

V%(x,g) = (3x2+3 , 552+9¢,>

= 2 - _ 2 -
V%-O 59(-'\-3-0 = ~3% X=w=o w

ssz*x_:o pJ= VL PV
23532 -4 = s=s-t

C

31g)e

CoYlan,tx):xeRi telR fanddo

¥+ b33+ bxt=0 wx(+) = -t t-1 5[-\:): -4
ast? v d
&*P/*“-’S di £Coe,4d =0+ as C &(t)'—‘-}(x(t),g(f)): -ttt ot ga-a

Qion ) = (-1

1
t=-14 >

MoRriRicehow o lq%mag_ -&(o,o) =0

4 @ *>=3
v'?‘Av% 5"""":’>=/ﬁ' 3P+ =39+ /'
> T PR W e
3" ¥=° 3t ) mnoy N

@ w+y =2
Cx,-s)#co,c’) 5 3

@ x=5 >¢,=_~3=o - -S-(x,b)=0 o Z>b3+xz‘=o ) X-=3'-—5i =D -&=~i [CTPUT ..} a»M;c’Qu-to

® 0==c.3‘+33+x_5= (.::.-\-3)(3(,2'4-37' "‘ﬂD"' ey

'&(&,‘3) = Rty - 23 <1 @ s 5"—&3 ? =dxy = :u."+:;‘+ 2xy = (n+5)z>°
x*eatoxs 3
3
Es2: §(x,9)=_*Pal-xp) o« *73 @ ouXiuitd iw (o,0)
sew 334 lal"-) N TN
—8(0,0') =0 ® M%W&H e Coy0d
X = pCen®
1) CAMBIO DI VARIABILE CONTINVO: Porsasio du
coord. pelox: Y:fmﬁ
X = 2> ) = X172 N
= Y. 2/d_/ y ‘/d
g6l = IX] T YL 187 ol 1B

= F

d/z Y
V=181 nacy)  igt= 1Y MEEME



o

) 04 Lea = %EM& Jor Co,o)?

3 oM & 21
. 2

4(x,4)= ¢ (x,3)+ o ( J=‘+s‘)

‘S(%g)’-g(*x,-n) = g=0 s enishe

& Scxa"b) _5 O
tx,4) - (90D

§ o

2%y

23 (4-xea) + 23y (-3)

Se an-wv-dpm 3_'5' =
23 S (a+ 13]%)

23y

Voerr g (se*aimi®)

R

(x,4) = (0,0)

CDM{:O\» Q,U.».%D Qn.. \'Qixe: >¢-"=l3|d

Qatla-2udeon (tarnlt) al®

) .ﬁ (:-;O) i ,'.,T’
)
Sca (e 1y)4)”* S

< 3¢ AR

3+ 4y
-5
%Lx,xA""‘)=x— mixué'» ——>0 > X230 2% > 2 Cou.c\.mu'a.
2504 [50ay 5 z 2 >0 & d 2
. Odol<2 :
Saprosions
3 _a )
Xko w40 %C:«.,‘;’)) N Y ¢ VLT a3 Cu‘b)_‘w;)o
Jocrr a7 Vst (aefp1g)t)  2lndxtig) ™ z
_(*z"'bz) o
. 2 QRS
Es > -Sd(a_,s)= e (= +5":) @Iu:t%l‘hl&‘l‘a. Ara. D
Q&
i)‘j"d"'C?—z"‘:jz) poe CX,S)-)(o,o) @CQQCQQM gfo a. D

D=3 laxlciy) §

I
£=0 o
R4 CoNe())0R (o)

€20 € R>+os

+ 0o 2a _Pz [
. =T o -t
l{f zPF e d? Eg‘be. dt =
'\'_gl_col-*'ij o >-1
2



O1{-903-2022 Le.m 26 P\‘e& Novo.%os

INTEGRAZTIONE LUNGO CUR\E

X [Og‘bl - P\s\ﬁ \'Uadzmu_ a okl , A O..-Pen.to
%:A'—BR CouNl unson

g ‘§ = ‘-&(3(‘&3\ |y (-t)\ at AR ol poe ripottocvaeRurrolou dall oo casuso—
X

g‘& = QM‘% Ao §(‘t)= X(OC":).) G:Cc,c\}-—stq,\;ﬁ NV, S C-‘o.t-u;:bll,
X -3

(AVORO DI CAWPO b VETTORI

A\ (.G'.‘ ,...)\T‘n) Coumspo AL wXRowl

b
(esfoT = (s srae T- %' ()
X x a \¥'(+))
Lﬂm S PR 2»».%0 X
§=25°d' O_U.MO%Q_,C&Q_W

g\":SK“‘ M¢%WK)SNW=—SB\T A o deownndn

3 x

Oistli%do%,aoi Oﬁmgogmwmd?mmm

A - FORME DIFFERENZIALI

ny\®
D&#: Le (R™) T Al e wn covTowe. A I'we R Lc L) =<, 2> Vatelk-h

O__SE: C(R-h>*={L,:(Rh—>\?\ &%ML%MR &Q—O\kho&&.dblp-“
daoe R” Qlueoug = Coiumoe

Oss: le 4. Qs in R sows nopprscafiote ca 4 mateice GF) couke.
Ose: (RO 2 R cone o osWowals . Lo gewercole K2 X e X 3 di WRbeck
oo wow ol per i Pamach (et Lp )

Def : c\-x,;_e([R,b)* Comepo AL eorthowl @ dx{(a)= <ey se> =2l bam o C@\")*
Def: w: A= CR™™ ht dien & formon differensiale s A

n n
LDC'*—)=Z°‘-:-C“-)ASLL o = Loy ...,o.h) , WDl =<ca, s> VYeelR

. )
=1



W SouLluuso ngc&me\n.o.tmm

b
(xw = ga - j‘q(xcm- 3 (x)dt
X a

Bet wilo,yda-gdu + sedy  Flt)= Ceont, atnt), 8’0 = (- st cont ) teCo,2m)
an
S W = S' ['Mm't,(o‘&'b)' (’M’b,wﬁs‘(‘) dt = 2w aloe,yd= -y 3
3 o N~
=4
Ex: fe C(A)
dfix = iﬁd"‘ A et tlofe 1-
jeq W duﬁ% -‘%' e
IR coupp M Mhowl avocicke & V«g(x)
E#i w i-fouua wulluuo. At Mo emaXol, 2 4R CarupO emrocuioXe AL dlee
CoIT RTINSO, Aa_ S-EG C(A) te w=dg
Bt = xdx+5dy & enchta ({;=>°‘_+‘s‘> , WE-gdx + % dy e & CaoTou

2
Atu:%c\h.&.,*\k- a-g*,c.a_%:s‘\j [ 3 a_%:
oL 83

O Decossado asil 2% _ dov L, 2% _ 322 .4 couhiaddic Schwatz
dudx %3 dxdy O

© I-..:‘:c.cgv.o.,..,c\o aste L, q)= Sz_idx, = 5—30‘5& = —xy + C(y)

Sa* c\:s 1d5=9£3 +Q2(3) CZJY.:-..uuc{o

_b_%'&bbims%mdg&a Mtumd&-w o Po"‘ﬁm—’k&cu&m_ O\QQ,MPDQ-MOMxO

Eb’e_:gti w=‘20~§.c\u'\o\i-dm ' Al il himmon ax del - L) VL);\
. D) A Ny

Qéfmi%oﬁ&cci)-gecz=3wd@ub°~
3
Cgvl eXual 8D, ¥lb) ™ Fisleol 2 Wh&c AV cu:a&,., st

b
wa = ga v (2) - %' de =fb.i-§(x(t))c\t = S (x(b)) - § (%)

a
L_Pocra'\.coQa)u_ ngo V% mvsmwcgon clulunoe

0551‘300 SALONOL  Lupe oo exoSXol

m:kl\kcolo)\_}(&?)* N(-"')‘.S):-

L
ds, + d
Sttt i setaryz >




X(’c\=(m’b)w~t3 SN=2‘W 40
8

~ () +23r wi_x*

J
dx (oe+9%)? Cor+ )™
= W clu oo
BQL = (xz"' ‘.57‘.) —2’& = %7.__ X:L
2% Geagd? GPrgtd”

TQQ\-EWCL.: wA*CRh)* -'\--SM mmmo\_, AS f?\h a_(:&ab‘bo
@ w ewito
@ ¥la)= Bled) « ¥WAF® = § w = [ w
X ¥
A X dwsno- = S w =9
X
DN D@ ¢« ©=2@ sk

@=2@: 5, ¥, & @=%,(a) < ¥b)=X,(b)

" B ()
¥: Ca,bd =R ¥(a)=&(b) i
8“\
C.e(a,b) ?S.,=}S‘
Cayc3 §(a) = 30w

¥= 8. 9(-%,): Lo, 2b-ad>R"

X-(("") te[a,\:ﬂ
¥(t) = cRuluman

3,(26-%) telb,2b-a))

orfeefr L

82
® =@ ¥ duina al aviin e K= 3,008 ) Bi e Ba con ofit Mewd ot
@ > @ Grcduvoso fane privaeilioes S w
A &R%wac%eA)M‘;\sA Do coumpomaulie coumamon it %o,
2 deficiomo %(x)=gm doot B % sme yueacion Sues

LS
Cou. esltunl X 2 2t

ok X%

3F = Uun Floe+fher) ~feo | Q,vw.j_[g w - S’w

Dy 3t



door, By (= +te; teloa) ¥'qlt):=e;

R
&) = Qinas % gomLC%+’be;)=a-LC$) pee iR Teo delol weedia m‘bt-cxxo&-—

H=0

Oss: 1u.‘;\ccot&,>toﬂ«ocd\?tn;;3co-§m&Lpz.dz&cgm)dumpwu.o&
ELOPA M\p)m Aluultoko Co.dec ‘R.h:)J w i‘ﬁo-m ct Aulane, =

= W T N

b’:_k&k: Pere MPL—Q»J‘GG: %&WO&M n=2 C.Lu_ ?_,,_m M"&Q— FIVORPOPN_ TS Muu.ls.)
| A

a | e 2 fwviamso ('x,,,:;,)él\

*o w Cx, ) =o.dx+l’>cl3

X:3105z 54[{“)‘-‘ (‘*cq,‘ﬁe) tGEXG'XB
¥, (1) = (o ) 't"e-(-:”;g>3

%(1,5)=§ N"‘gi(’t,bo) + jbk(x,’t) dt
¥ o %o

\,aguw,f\‘.ch.oc)u_ 3 ca o zf_:b

™ N

] % )
BAF () 3o, N + S 35 (=, %)dk = qu,go)+g O% (k) dx =
3 % 4, 9% o 29

2 ol wod+ al e, 3)—0\(%—,3~)

Als stemmo wodo 35 =b
3%



02-O3J- 2013

Letviove. 2% Pro% Noao.cxa.

FORME CHIUSE € ESATTE

L- frome differmaaioli VS Commph b wetkol :
- enoRon — Coume T soXloo
- proiussatiisol - pStenblala
~ e - LCutctoiovwals.

Def: w=Z aidxi e CF cliino A Dai = 33 Vi,
3>y d3e

SL phnowe cartaD e o aL.. cupe:d:«;: AS R 4 W Aol = W eroXRoo
g—%f ?So,z-(.' qubl—bASR\:\ CQusLOR. O 50<°“3=254(°‘-) e \60(\))=25-&(b)

ANouwo ou-.o"‘copi o= X uur -S\Jysev'u. o A A2 3 W CO\,bB* Eo,"j—’A Louv oo

e 3% Liss
+ols. los @ o \-A\(t,03= ?Sott) V-t Gocb3
B (£)= H(E,s) tela,b)

) (_,:_' \3 = &* (_t) \‘} + In topologia, due funzioni continue da uno %o

spazio topologico X ad un altro Y sono dette ¥

omotope (dal greco homos = identico e topos = *
*H (°L. 53 =3, COR R luogo) se una delle due puo essere "deformata N

con continuita" nell'altra, e tale trasformazione % (o) €
( b, 65 = & \ (53 V S ¢ detta omotopia fra le due funzioni. °

Oss: Poaso suppoue e H oldoio. Qoo rstersor \&%804&4303: AL B, e By
&.%91 cwoto?a_os\é.‘mp\mm xo"’ﬁ-\
P."_"P: KO,\G* : [0,41">A wou ca§~ el efmwal | w {p«w.o.. Atunon e A
Se. VoMb ™D w = wo

) g>$o 5-254

QDlue: Mok uanmis S S(3)= w ) Sowk 65('\‘.5=H(t,55 LI S R

s
%‘Cb)=8 w = o \ = K . N ' = z
s s\ Wk ot asme For ds.ww N=L @ Aupp He C
By YCHR w = odx+ bdy, \_-\-_(,\-\*,\—-\7')

R

\ R
§-C$3= asg (oo ) H, = 55 ( (QH*'\_\?-) ' b(H*.HL))'(H** , Hi)dt -
© ()
A 2 2 Y 2
- go (s HE *a MY by R+ byH )(HL, Ht)+ (a.8) (Wi, Be ) ok =
- Y o M3 Hy + a HI HL + b HI HY + b Hg HU+ b HYHY -, (a,0)-(n] R3)de

Ois: T temuar 4o bowdo A cornoMamo: H5(°,5)=Hsc":s)=°



A
- ( [Q,b/b\gﬁgwsugn:(;lé;mw&zﬁ:
o d—\l-qa\%f\%}bx‘-\wl-wi 1 ae

. f (o =) (HER-HIRI)de =0 poichd W Suiuna

o

E&-i A Al dica Mo R a2l comisammo A % cururo. duivne. X1 (o2 N—A

cou. B(O)= B(A) = Xo € A T owudiopa s A o steul Sl oo cwssaiedR. L, (K) =3 VR
- b I H:[o,11° 5 A te H(os)=H(4,8)=x Vs
@ Hk,s)=8(+), H(&,4)=. Yt
Oss: ¥3viy, e W SAuna stw:o
Oss: ¥ ~i,, = ¥~ Y, =3(%)
(or: A mwpRicsmeds conuamo ,w duuso = u wwoXle
Dee: ASR' i mmplicmats coumama w> Y% 00,4725 A cussn. mucpline. uiner Cinidthina) = A2 wk (%)

Ani,(%} e Qa ccw.\:e-.».n..u:(p comuamor Liustoko. i ‘D:'\gP't(&) iR, \\A wou Lo b\a.e.\u‘.o

A ¥
'A=BE\B‘-SR’-—>AWMWPQJ-QM~K»M @ =

-BBWWWW

COSTRUZIONE DEL &GRUPPO FONDAMENTALE DY A

Sia e A e Ch= {?S¢E°,"3—‘A oo ou V@)=Y (D) = weo }
3.(0)  telo1])

Cowmtdeniama T, (A,x0) = Coo/, . Deftuiame in €, Roprrodiows *: B, x%,(4) = {
B, (x-1) te[4 4

Pop: % definises cama srudhuros di opuppo (wow conumdative) du T (A, %e): TEI+08, )= [3.28,]

Diwe (Teosmia) i Verifiona dun:

D B oy, B,N0, = B, 28~ 0 * G, s ama busuo. defiwitious

® ([3)+0o2)+ [81=C83+(Co1+ (%)) ammocictioe

® Dot ¥ 3o te (381+[0)=[tn] (Bodo prudene olt)= xCa-t) )

Oﬁi AQO\&.U&MQ, Xe,x.(E.A -> ('\T*(A,Me),*')a (“4(A,¥-4\),+3 iso AL cxtu-ppi-



Def: A counrnso (m(A,u),-\-) s dice GRUPPO FONDAMENTALE di A

Oss: A wousemo & asupRiouads cusame &0 T, (A) =]0¢

Rop: A comamne, (8] L [3,] opuenctone & w (), 0 chiuma o L:uo Vi)t mt = o enofRa
Ea: ASRY A Rea Nobudhl, ut(8)2 % buco

= [5) FLsstowo . (A)



0%-03- 2003 Lesiova 22 Peo§. Coramsinsc

FORME DIFFERENZIAL| (CHIUSE E ESATTE) s

¢
nk n

x —> Z_(-\Lmam

k W&%MW&_&MO_LQO&.\L\U&O

o

St diiede oy oQuseno Coo C-‘Qou.-..e. '&%cgo.k-to«‘- (VT

‘2'!000»40&&." .

dMUQQL\LJ.u-G?-&A-P\MAKo
Fotmo. duune m&dm&m&mwﬂ_ c,uoab.,A BA‘. V")Ae'"‘ ﬁ

e w= 2 ALG)dni ,Qmuocgumwﬁm ct digs.
Cumwwapaﬁa- (d.;.U

Fouso emction: s omwde wa pRestiole | ue IV QL —R te*3iU=Ay Yie 1, nfedo=w

Counsapanio. del Teorwmo di Schuwodr :

Se U % use fowma di clome € oBoror Uenctior = U dino

(=) o mspre & wre | Bocclueds & woxo, wo potuabbe wow swado s tdde L

Qi quol woka ol A Wkiluge o o dousiuie SrapRic. counsme & e .

Now ni pomens Auspre WincaBore R foune cha Trosiame omitne. | dipurde dolo topRogio. dello sorio

Ex: Die ae fu naopasis fouse diffeumiali aows duimat ) smotte (¢ w care dimminare O )

® w(x,5)=-3dx_+ A (e ) dy

@ wlx,y) = ;,* T >(‘;§du_ x.d:Q

©) WOx,4 %) =(a-2)dx *(est+a)dy+ (94— +dde

SR Vo coran cin ai pus Jorte & priva wedene m & Shicne., pot wtdene A taolta. .

A core cowsione cncore dinsdtomsenth i poteciiofa

@ w(n,W=-ydx + M(»S)ds
L’N —
Ay Av

Adlx,q)=~-5 , A, (x,5)=m(x5)

u

Pciame 200 condizious PR Qoo Mcununo. BSA.‘ a,_ A,

-4 m(*s)s «— uOu_ T vron Ux,:\

->LQ‘%OWQ®UD*_\QCM



3

Alx,g) =5 +2 A (x,u)=-2_ 2%
ST pord < ! z("f.')) x4

@ wlax, 4)= (:_‘-o- %)(de-xds) o divna ?
P

CONAL&OML.PUL.QK clilunuron QSA: Bx/\L

= A -2 o Qo couditionn & wuifcoXa
x?. 51

= W e diure = G5 Rinpoude ancla oo 2™ dowasda i il & Dour (w)? Livnieme ar cad & de§.

A X
N

L= R.L\)\N-\s=0& — nadewse di %w%\-ou-:. L w

%Q.Lauﬁ.x,ﬁ
C;Aowol-cm‘:om.\ﬂa;couw,ocxuu.uo du;gu.nm pertl

=D W % e enatka

doi © Qoo Mtivo-,mucl.u:.do pLreuos colccRonlRen .

SG_PPLQ.\»QGL.Q_ BU B_L)=A4=i+

U doe=-8 43¢ +¢ — O banto cotrollors due Lo deciooXo s % wal diar Ay
d * )

U=-2 vt % v petessisle
~ 3

® Wl o, 2) = Cb;%)dx.&- wdb + (‘.5—);-(— 1) ds
< A, >

\}eju’gx.co_ o, asAt' d¢ A")

® Bbhm='éxJAL & 4=1
C A, g Ay o ama [ ST TR WOR) chilune
° étA*=ngb D _a=-1

€ ocudwe vvad¥o- poldki T defiuifo autudko fk’-d&iw,ww

NSac”

gA4 (s, ‘3,%) dse = x,(-s—t) + q)(‘a,t> —°C‘u.2’ju=~ Y eostante’ & »&»Pctm,q,?iwmu
——

Cowe Caaa.»...an.to om?

t ol e towouo



\
EW,MC&W-.%%,O\A& 3L _ A,
d

QQdo\:bMu»?cum %: 2 € g::As

DU S+ 3Py, 2)= e vz+n
1)

Sl = 2 Y & e potentiads pe~
w'= C2+4)dy + (y+)d2

3_U=—x+6-t\PC~¢,%)=b_,_+i de P = y+ 1
T

(4%

e 'S"’“‘”%“"' \‘J(g,%):-},5+5+-&, S wnn potetiofe = Otteicine U=x(5-%)+%5+5+%

UWWK&MZ

Ecco wie como dowr il ¥ wro: o wow dippede dowero do n wariakili,

waon 2oko dol weodulo di x /divkonsa. doll'cugiua

w=Z AL(R) dni tow AL ) =aCinl) s
Lo vidutioms o 4 voriable (5 Vi souo uquells
Ao, w 2 enottor 4w RVISE o wodU cow UCk) = P(11) con ¢'(+)=to (t)
Do s womiena " finico’ Siouo dimmotrande due S rie cuknoll Aowe (Ot aciot

o Suiuna. > conpo tnckotionole

H"‘M e Jcompo do wiow

5‘1\&& nofkol > CouwPO CountIERLIO

Disr: Sttows ruppousudo o oSustro tofimos @ talt) amuite wnon prisilivo.

Guamn P 20 pisitioron do £ —>%e (%)

V=) | ' (11) 9 (el = $' Ciml) i = pef = Crel) meg = Ag ()
e dnL el s

U»WM@EWWwwmmdeowmwww

S e Ty ™

Ao %du._c.k.p).&oc\:@m c&m‘bdom.'on.w = Moo Wil cano AL pPriveo.

W, 4) & enotta 1 alt) = - -bo.(.'b)"‘ , Pe)= %&Cltl)

= U=, 2) = Reg € o+ 42 ) = ointa. oRhw woREe | & armevicon , ot AU= O idelicosmene



P\_op_: _cloupi-nxb,ﬂ. Ml . Cosmrwo, oot SL—R u.e.C.l(.Q_), NAuz0 s S (M (EWR 3 mwtﬁ;)

=> QA¢: V- V=0 Amuowao-nIb c&.&.%_w&&m&bdbuzvimoex&w&odo&&w.

m\u-i b!.'..".~<a"-u~ ) ) 30" Dv— 3 (‘aéu >

() e
Sy A

oS At Drodise ol mguedt wedo ! An wix,ud= -3 udx + 3 wdy  dere S e duivre
Tupouions dm»m-z~3§u?=3:,u o perchi equuiucle oo div. Au.aa,:',u.+3;u;=o

Sictone JR dowiwio € AuwRicsurala couvulrmo @ Qoo fouuo 3 cucla oo

b Pbioimo waeho pencsdimstnt K1 mafRe: Sowatmeo, mrinS Ol ue Towske Ao Priawifust Lowdl
Quiudl ds¥o dua QL 3 sl cowntmo Jo: N =Rt docw 2 quivdl Ve Vocong S
TMCX.A.;TQQ» W, AL iossenno Qrosa oAt couiaode |

E ae SL o T weepRicensruda Qo\»\ulm? Qe pmn.m\ﬂocoh_

W, 3) =Rog (ad+ w*)

= > D
axL&. < ) aak.k = = -
% T 4 b’- T 4+ W
We= _—> dw «+ x dy

* >

-x."-\-'.é‘ 2w
Esercitio: Scuiofre wanoe P‘!.a.,u-a-..'b»u-o. Al we ae.%,“tc. Moo %-x,so‘(

Esercitio: Cemwddhe + Cretyddw X < (2+en® (t)) en(at)
- f P ¥(E) =
*T9 (=+ 3 ntaed (1)) At Cat)

¥

2 (%)

() Umhde.-&;».@mmw=ﬂc\x+ Bdy = 5(“:)=( ) teCo,md

alx)
b
(m = [ (AGs) s te) + B(a ) 400 )dt
3 - 9

w = * dx & 2 C\‘b + - dx + x 6\3

3 z N
e at wEry? )1 eyt xS
1

G2

W4
oot~ LnaiRow Sinon WA= wOu— @noTRoo



=Gy A& Swiunoo PQK.:M.— Me...o\...&:,u.u.e. lelana

§w=Yw1+Swz:§mL (*)S‘N-&=° Mam%mmiw;mﬂmhzh%.
s 5 * > ® ki pRentbiale ol shmmb s Qoo foumo I diune

low cummon stor wel dousiuio di ‘-'-"? _\/(%Z.'t,'iu.l.‘t)

i fadad ' C‘M (I ‘%Lkuu.c O
(21wn® (&) esan(at) . "y
¥(+) = R {0)

(2+ 4 RS ()) annc o) qelecno. < A

L 1
a) ® Ao rko / /—} \
2con2t, 2t ERE (2103
]x.(t)‘lm(?.’t')\ N ¥ olue :8.«:._ PP \j
(x)

circoud. Al wgalo 2
la@®) =24t (2t 5 4

(*‘) = t({\ o & Uuwou- Mq,i(x P'u-:., AL \Y'J‘.. dogﬂn.t_e&u'.o

’5‘6('\7\%8-%-&*@ . crechio &..‘O.:X:z-c -
MM%&WM@ S Al o U > mdom‘o\&o't@(x‘o.

AtoAS (1)) en(ot)
Xq'('\:\:( (2tAen en(?

(2+ 3 ~d (1)) s 2

> > g“”" wouw dipeade da X
3
A

%o &) = (7'“’5“'*)) = g‘ w,_(i)g W, -{mr 2 sRke ofkowno Q‘m.uxzua.
3

Lalw (2k) . 5
(- Q\P [SURT Y V¥ 1

(*) Alte, Aiona 3,7 B, ,w SMliosoe D S;a = S‘B\n ® wro ne Qlcm-o‘kopi.o.. T o. Rl %v-\njk
4 2

69-»»‘\:‘2: W= Ddn-~xdy 5 MLCQ-&%Q.‘%—""—&. Q

N

t ;
ch,m=(mm’) ,te (o] , A eload, B,(4)- H(«,+)=<§‘it\ %)= H(ot) = ( o)

Ada(A%)

ngo, ggo='\'\' = Voo w\&d&%%a%i-&m\emw
- b

Ounstope . Peoedid foutionon Rowo- ?
Oss: o denno wauRtoto vole r oNol coudiAiors Y ouadope. o wK L -CS\L“JL"

JUNSONT S WO “ou-auo't'.opia.. T comnr unr /




Esewpio: H(A,%) : Lot > e, b)— R
H()\,,Q3= PA X*a%*&n..m

AL nowo ookl H(A.“\‘H(A,b} - owslopia tron Q;,w&wv%e[°,*3
H(a,b)= Py

Erocirio: oo 8. = \-\(L,') ) S(.'X>=H (X,°)=H(“.3~)

Lo. [JIV FT o W Xo“' S-‘ X.‘ :;S Coue M‘ou.p.o‘tbpﬁu& (= % Q-l;’:."'.w»-;-a -S-'.moj:a..
WM

Serase u,...‘omw C.z '3 \ﬂpo.smnwﬁ&u.

Eserccigio: Qoo o= b—dx - xds det ; iR douwinsio dL w =
(o-)*+ 2?

dire »ne wo lM&,M&z@MWMmRWW



0%-03- 2023 letiouws 22 Ref. Covamins®i
Pﬁ‘;:%wm%uu\o_o)\&w:a.m R’a\(g,) (&&MMCAD

Mota. 3ceR |, Ve (RN, R) Tod du w=dVtrcwe dew

Wo = 20dn - adx (;g Yusppo Ko Soouaclogia H1(|‘llz\(°)2RJM>gbd>

'x,"'+3?-
\)0?&0 CRTlarce. A capitt quaste dase e C - Padiowe I foudo ! ansums e
Dokent )\I,Q_wbou—%Cou.-_i_ UQ%QLD C_?

ot
bm: Flsso C=%§w VlCo Luodo Arunoko J 2S(+)°< . ) "CG—[°12'“3
= B\ % M

Wy = wW-CW,e lmm%mhﬁ%mﬁ_w

W4 Em;mc‘mni:oMLimq%\&ogw*=S
b-] 3

S@.}Z%DU’Cc_o\U=w.< = Tenl

INDICE DI AVVOL&EIMENTO DY UNA CURVA :

w - C_S W 22N -<c2T = O
3

2T

Gorwoe 3 0o b — RINGe) | iud(3)= 4 5“’°
.4
Os2, ' S B % waon commron Auinnoe i BN (0) = sad (3)e 2

Diwr: (Ouniderco v 'owsstopia. couw dalo periodice o bordo treow ¥(%) = E()

PICD)
H(E) =A%) + (-1) 3@  XeCo)
r{e )|
@ couKo c‘m"ce solke ox:cooﬁm.u..o a.QD.‘o*t.-'.»cg-»\-u/
X&) 2O Ll A SUTROOTULO

Oisl" Se 8 & tuwo- o, qualixant < 54"’250 émMM%M agm:ﬂ&gm=§uo
%o X4

Qu.cwu:ro\TQ.Qo./ SND % Vale -3 7
A~ 3 ' b
//- 5, B, 08, i R7V(0) o Q‘.:d.,chmu Al o Ml

Qﬁ petdl hiRinal AL 8, ? wdlo
g,

Cstunplo: t 5o (“’“) wo (a6 o' (+) = bt () -ot(L)
ot (1 b




Ceerciaio wa,3)= Adsx xms

aTHy? = SEAN

xz(x.z’-t-:z)
° D 2R w0 T ditonoe © enoXol

°C9Qcpewnpgmdwb X)) = * -2t =2
X ti-a

w = Wo - w d 25(+)=< N > -te[-l,z}
gx gx S‘z 3 ’ tl-"‘ -2:
gwo=ﬂ ( xza:):fz#-mc\t=z§t5=z[i“J -o \EJ/
X L
3 -2 -2 -2
)
Esencibio: Faw Qo skerno calelo PT oCt) = M(A*’ ) e o, “-/9_1
- mue ()

(M—&wm Puuo e [a(+)] £0 V‘I:)

B wl=x,4)s= (ot;fsa», =t

wk*sz o}(_l( +31

AS) ol & R, We}'tﬁo)w_LdM e raioy

A )

Dovainso AL &q,%:ui&m: ﬁlz \ (o) ) W, Delonee & abA = 9, B

D, B = 200y -xn4x® | 2xS+2xy?
Cocken?)®

Ca*+ :—5" )*
wy Qiwna =D d=-2
I A = dx etraton (8) o xS axa?

( )L"-r-:g" ) (Ge* + 5"")2'

Q_;\:&fbmz mwm%‘{)au&- Lo = oos‘i) tele,2m]) s wedo dhe
PNETS

BY RPN V- gg W, Veugo. A pRica
Prowiamo oo M_t?;x-wm : { %z =t
14

U =d=j*24=j”%1
(x,\é) (B > L REEN > -44-(*/):}3243

- S dt = MM(EL) +c(x)

»®

S&\Je:\.,.%«.cm %au&m&& re ?2: A c) =k, UCX,S)zwLM(ElB
Bx. >

. : "\3 A 5 =
dU=w i dowiol wow cosusidoues! Ui Mxso(— R “&’:}?%k&%ay%s) x
~ VGns) x40 L o )
UC*,3)= T2 x=0, Y>O ciFiumo. e C »dU=w, e C j
-.lr/?_ A=0, Y<o Qw‘wu‘..dn_ R Ao Qi FIv o%x»- M‘G; §x,=.o((



O3~ 03 -2023 leaiowe 40 Rof. Novage.

TEOREMA DI GAUSS ~GREEN  (ur postlsnewss nfo s R pen o?{q&:}

De N e R inuros bl v apetlo ) cou bordo vegRara
O D vowsels runpetio oo a3 §, 37 Cab) >R Aa0e o
D =) Cx,u): ‘5“")5353(—”}5 "-ecqnblkw»-%S%
D wowuole risptko o &, A amunhio, % o o

3 3%
‘-%. eMM@amx __E emuﬁﬁgmb

x *

O D vowole wgolors, rm § yeC

OD woRara s b suioun foila ol dowdssls wotnoll wod. con bk dingiuilo
Oss: B wpRema = D C' e oL

3D T amtova fuulbon Al cwtse ditome CF o T

DD 2 Dovadotons Ypordino di quae siewa. Sl ot
Teo ( Ganm - G ) :

DR woRore, , §6C (A o A2D opele =

® ﬁawa:):gsgas

n 2% +
2B dipendouwo dall wuuwe di prrcoutaaao|
3+Wm&'ﬁwlw
Iy “
D N
Diss: DiscorXuomo @) @ sl da do MRermso waodo .

N
= U D¢ L
D inb ,b s usaoDa_ w.c?serJu.,
S.._,_P?OWO [\ N \—i.,spe:txcu_ A
Efe\)%: Ce,ad =R, 521(3_,5): Rlyd) $04 6(‘,3_)&

o5 . 0 ¥ 4
B Sa *:Sbﬁzg g _j_idxa&):J‘-S.(%(s),:))-%(-g\(‘.ﬁ)l‘.ﬁ)ds
_ < L2lx) <
5,1 D 13, .
c 5. jfdﬁ=§ig‘£‘<’ﬁ_}e,_>=g {<T1'117+S£«TAIQ?_>

' SR X: 3 %,



S; ?ng Mnm &1(5:): <%C5), 3) Seccld3

\

IS,_ 4

o
T= ( 3'(»), 1) - g £<Ty ey > = Y—S(‘acj),‘3> N =SQ $(qta),5) dy
VU +gi(a)? b2

g Sy s 130093 (0t 3)dy = 6

PPN
(S
S-.P’POWD bwﬁwomn '6
S %,
D= 10w : hix) § o s9Cx), swela,b) S T
%x_:)') X, 3<ax,, | k iai

L&Low-.o .;-»Q—\\Pofbmm-—” F‘C'X-,B.)' DAR

ch)3> - g -S-db = S‘L%C":)Q«(‘\:B')‘es‘('\') dt + rs "gcx-,_t)dt'
b4 (=N
-3 Hoed

oF (o y9d = §Cx, )
X

3
é_FCx,:s“{r@M&‘u) + %i‘*"c”f‘%w%x)
% i)

3
o
L NEYS)

)

= OF du + 2F 4y =( ( %Cx,t)&‘c>dx »Fdy
9 Ay )

1—-&:1-.».&. eraike,

S':H::o ) ({A3=~S < g*:’ﬁ (‘_x,'b)db)c\'x,

IN
2D 3 DN &)

»

-t ot

©w 3
= _S ﬁCL.%)ACd* + S 2 (x eddbdae
) 33 "l

¥a
Com B L) = C&,Q\Cs)) sela,b) 541C53= (s ,%,CS)J
Z3CS)=(S,3QS)> se (a,b] Y3 ()= Ci,‘é'(S))

I _ _ ) _
<X1(5> e,>= < 33Q33;e1>‘1

= g S ﬁ (x <) dtde =+ g gs ﬁ(x;“:)c\’céx - gb 3{— dae d

d¢ S

RO Lo 2 Q)



) b\&%oQ;o.ru_ b=U

D,
g Z f PX SIS T SR 4 "l 1
»x D r
3

| dds - Zg $9y ]l

2'n S b,
U sackeneofe. di fdu aen AL NATD B e (k)
CD\.;I\‘.%\J..&».‘}:Q- defl teotanal
De ! wgeore. , B (F,,F)
FIA“‘RZ , AZD opeSs | commpo & ool c’
- Fe 2P | 30 giveotguara Al F

% 2 2 iu.v..\.-.:-wlai-u--' AL o fluite. oAs Ni""“if cunve ¥ (o Ao 3)
’TECM%-}:O\)S B*D=(a¢_(’t),3(ﬁ7)),'&€l T ‘A
. G

gdm-F )’ahgb&ffraslfax-jr wenl dE =

36 = (e () (), T(E)= (9) | nee) - (816, - (4)
13"} L¥'l

= Z.SF N=§ F N
3 2b s Flusso DI F ATTRAVERSo 2D

T_C%\OK%) E W&%%MW L&MMZI S«.Mﬁw
Ao e vousilo o 23 , &cLo pﬁ—w‘u— Yo R’&w\ vb.u%ocw S W $is vd

YQFZ. - A_F, = gF—\c\x“‘anvﬂ
bax« 33 "D

h
yot (&)
ROTORE © F

k—olu:SgTa&._demo\-Som onsociofow oo 9«»-%;: 3D .
lowow o tirawtarkosse. AL F .Qauua_p a.'b

Oss: Se F 3 ivustoriond®e  wot Fidw +F,dy T duiuno &

e dF _ 9F. . & 2 F.dow + F, & ¥De A wWerdl ae. A T sl . covuesne
S ™ Syb 2 ) ‘2‘3"2‘*"‘"‘({ o

=>SXF*G\,..+FLA3=° V3 divne se A D Jou fouma T onodlo

Cor <Femu~9~m M‘m)f

S cx,qd)=x , 38 Ja D= 2 da = = [ wds =2 [ xdu~ud
o fenwm 2 2 ks st e



14 -03-2023 leztous &4 Bof. Comuminami

E&LCL-BLQZ b3=wo"3?—zd5 doR Wo = xdy - adx \QM %-n.v.o- el e S LaoIRol

A

(w o %(t)s(%qt,ms‘h)m%e@.¥]-ﬁ> SN=SW°"S*}C\3 -—b%au-.\gtﬂf—kc
¥ 3 ¥

-1

Mw&k&p\ww;&w&oﬁw,a m.c}&.&,éqru_%.o&u_?

Tdeo: coudara & quodwade —> foceio dua c&za..g':g;, RoPO-pporsiL
TR
KCO)=(‘L,O) &\m.goum
‘\'E . .
§(F)=Cae) T T ke

M&M&aw ~> e wehica Qe

gWQ=ZW"I = i'ﬂ'
¥ X 4

gwo=Sde. + de = Sgcw)dz.ds

3D 43D > - .
=0 percha Qoo fouo. & Quwno-
9D =g+, +(-Bo) + v f

R e e R T T
4 Yo Yo ¥ %

Q

R_Lpa»-boz Kita.b'}—"Rz‘{Of AL doa».n.C*, L(B\)=%r§w° ; M B duone = t(&e 2
8

Dot 4):(o,+w')*m._’—‘ 112_2

(p,®) — (P“"‘e> coord. ot

P)sLu.B
SR. g:tm‘b—)—ﬁ(,oﬁ-eﬁ);«@_ aNWscol SNA9=SU;,° ~D 5 a8 = Sbe'(-\;)dt e §=(P(*)
S A2 g N O
~ (£)oaB (%) b N = sedy -ads
Su:. ¢° X = F . S\. Q\b. x Woe = N dt I ,
P+) »rr O () o p* () 42~ P'eoAD - PrunB O

a d\&f\» F' AMuS + P@e'e‘



N= pon® (9}:&8 +pen®-6') ~]O&:u.8(§,‘zée -prn® ©') = Praa?® -0’4 PPalnlO- 8'=9‘8'
b b

®=(pPe' . (g
Sa? iecu:

Oss[E=: Se ¥ Coabld- Rz\\°\ d Soma C cou XC¢)=ZS<‘°)) FAV. VRN -g-..\«so'.tb pe ¢-1(XC¢L)))
3 5okl — RO jol o o € kol e H(F)=% P(8Cd) =p © in patticane
ar 2o D(ECRY) = ¥(b) = B¢

"

¢~1(3Ca))= ;P-Ht-(o,:m): kezt budre LRt e Gl © oL ol aw

Szwor‘sw":SAB =e(.b>—e(°*)el'"l = dias . &u_&.‘imd&, Gl Guo- \ulusoe ® s /A
o8 ¥

o

_A_PPQ.\—CO—W AL G - Goesow :

Riponso: S+::x + Qdy = §§ (Q,~Py,) dudy

Corno WW%MQ& Q) are

Ao (D) = S % dy --Sbaa, '-'—gx-d:s wdx

+an
+ob % { 2w (%) = (4 ~eont) ent

Esew-\)«_o Dekeruvivose Varso. vocduanos oo, cuswso- *e (o, 2w

witd = (A-cost ) niat

e cusaso- & sumeikicol ) A-conkt 20
RS ne t 40 wed 2w
"\ n \) Esenciiio: Jeufuore dua 1x'(+)| %o

CalccRora quuast'araon

xdu-ydaxn = (4 -conk Jeont C ain?t + (4=comst) eosst J~ (4-const ) sk (- stk +2onbatat

n

(2 ~wnt) [ costatutt ¢ ot —cont + ninl & - 2easknin®® 3

(—\-cus\:)[—\ —(cogz’c R AL cords )= Ca- cost )”

2T 2
2
= - = A -
Awvo. D zgoc* ok ) dt zf[«—zry{é-\-w&‘b]d’c=F+4z(1“)%‘§i“
o

—ng D dowsissio \-Q.?qu,di, R:Lm):otc\o AL Qm@u.uag\. %\‘.u.-‘.’co.. (-Q=2'“) o\.&gﬁom'f.{o
&mm&mhmwuo%&amv
D \)og.-:o\x,dcu, ARQ.CD)ST\'QVQQn..-a @)btwdbxadé%o:{_

Wa 3 Qoo prW a, +D poe QW%L,...H:& dlarco.




< n - t . .
[&Xec(ta,lﬂ;&), |2+ o e .s(Jc):f |¥(@)[de  &'(¥)= | X)) >0

(=9

3:(}a,b3-4't°f2(8)3 ) Pfﬁb %CCO,QLXBB'_QEQ'b:S %=5~1

g*—,goazto,Q(r)l — R’ , Iglsx C\veru.-‘&.co.m_)

N

) 2 (4) . |
3 <5(t)> te(0,2™) Riors. do +OD pex ,Qu....% d'axco

Porcosuelbitiotous ol ¥ &uaa.eg-a.&ou. d'oreo Q,(grc,ss%s HS&CO) DIGD) ]

277

LY 2
/Q(éb)” { \2.5(.‘:) \ dk = ng‘(t)2+ 5‘(+)zld't

[=] o

LT

\ . 4 2
ﬂnco-cb>='_;:g-::_d5—:)dx=%g (xbl_bx)d‘t -t(-b)=w(—b)fx:3(-b3 -E.e.C%ICR.,fR )
© 2

mo_ 2
Q(BB>=5 2z ot =y T{";\ldh ) AMCD)=X&&(% gﬂ‘(-g%'))

o

T- perclodiiea

' T Suket ' ki, I*
%=Zc,k_e’~k-t CL*= %{\- g z(t)e dat .'b(,{,-) =Z '\.k-Ck_oj'k't Kél* k
~T —
2 f\:/\

Q) =2w ) el Am(éb): Tow (2_“.,-_2: kg, Q&) = 3T T len)?

k'el* 2 wez kS
Oss: 2(ad)=2w = & k*lg)* =1
o K€ Z,
S oklgel*s T kP !t~ Awa (D) & T

k_elj nez*

Ois/é Q‘Wmm vole <= ¢, = Vs , C o



16- 03 - 2023 lerious L2

P\-o—&. thu:am

INTEGRAZIONE D k-s0Perelc) (APPROcUO PARAMETRICO )

D_E.%i ZSR‘:‘E aon Aup. Sl disenious ko (ok-"hu.P) di <clornne C." ,-’&.Vztoéz

39:B, >R E>1_C_\?: polSa_ wokmrion | il Rome C ke e € Q(BDSZ o

m,k_(b\?(x.'))=\« Yeel, . 7@

D\b.o.m-o s Z_ < “tn..\.\aeAd*zd” N POVMOUID  ARBPYR rsu_?gu.eru._ ke ‘e l‘PCB.\>2 Zf\&r('x-o),v>°

Covse, ne aolefo. R'arso. k—dive &L & ?

Supporiome L=9(8), @ € C') vhkldpd=k | UsR apds
Cono @ P Quuare , ot P() 2Lx , L woRniten Krn | vl =k

L otogeuale , cod <L, ,Ly>= ¢x,q>, BLada, W (Z2):=10]px
alsuneo~- K dlus. dL 3

L%&»—Qﬂ.n—Qg_.,pdv:om L_=L'-$) SeM, ., L'o't..,Co%a\mgg_

HECZ)= WL s () ) = 13(0)| - lasks)- U],
\

£ 4 ko 4 Fousuulo. dell'oraol Lo m."'
Oss: LL=3 L Ls=s5S s ™

e —
IA‘R&

wox e

deb (L L) =det(s's) = dex(s) — HKC2)=\lclexCL‘L)\U‘R\-

Dss CRoouwnlo. & Comebuy ~Bivat )¢ dex (LAY 2 2 dXCY

w\&d&L

cono @ @ Qusore o trati, .= ‘(’(U),HK(Z)=N&CL>.§5@“ @
U

Q

corc®@: QecC’ T=9U), kidDYGD )=k VYxeU

3‘?,\ Qmoqu. o Gealis ke tﬁ(‘*—)"‘?(ﬁb) e b‘?hcw>—>b\Q(w) u.u.w% e y_eUpm_n—woo
oAwbbe. dinmankrsTo

bz%&.\u‘.c».uo R Ce) = Quow H (P (0)) = QL:m g J dex(me i g, ) = SU Vdax (Dg* D@D

V)

Oss : Tolookho. Al uno- Sov wdlostous 3 = VDD,
Oss: [ko= 0] whrowiome Qo Sromdoc lkecu)[as 3¢
O

b
&Q:CQ,\:)“’R" Do = ' »3'.432\“?“ : H‘(\PCa,b))=L('~?\)=S Y

*



w=2 n=> kQ=(‘Q4Cx,-9,L?LC'x,53, ‘?_»,C*,*o))

\?4'& \913 X \L?"\-L C&P%Ig(): S
b\?= Qi ‘92.5 b\P b\Q = .
Qaa ‘Qs:s "'P,_,‘?$> |\?5\
mdouimm e, e es
3¢ = Jax e 0e = Vel 19,13 cou,gyo" = 1€, A0 | cow anb= ek t :l :s j
A Oz by

N

cono @ Z=Q“PL(UL) ‘Qa(UL)(\LQ.J(US)=¢ te) | HO(Z) = Z.S S dae

t=x

L

.

Expnpto (Grogies )
L=l sR 3:U-R Us]&"a‘x,,-ro’ Sec’

D) = (1"“2-" ) , 3,:3= \I-i-l- W.sl" , H“H(r.§)=g\]-«+lv.(;l‘ dx
v-SCﬂ-) O

Le (m) = (x)%(x)) < R“-H

!

O.S_.S: \-\K'CLX T evoueionte P W\MMO-&M
ZeP(0)= ¢(V) | V=4V, ] dilfeomortinmo C' o Ue V
P24, by-De- (ol be=by-bo

FORMULA BELL'AREA

RCZ) = g\!mn;% =§ Jdek oY DY DY D) = g :\‘,:Sq,au_i gvsa,
v v o

Ded: & k-cspoifieie | §: AR coitiwwa , &S A opete & R (5:=0 (§:9) 3¢9
Z o

T qeuerale 2= QPu(0:) §Z-£:=_§: SU;(&‘?AB?& due

Oss : ga-i- v dwrariank pro sipoross €l ttasionl

FLUSSO D) UN CAMPO DI VETTOR

Z_SﬁZf (.h—i)~4u.p awbedded owlestabile ) Yo e 2 ) 3 2 rure dedl velfome wmunala
A T 0T e« =N
L M i oleskable A 3 aceo condlaon A NGe) .

b_qgf CZ,N> . otlentodon A dia. N-2a ):-.~R") o: A R cunpo M wWRow coukiumo |,

ZiAo.pqu, YZ<°-,N> M&»—kk&md-—v'o.ﬁwz

%1 b.\..Pgn.dn., daWo. e oo O\em.‘dd_zuta%bn% N



ESQ».».P-:_o: Z=SU ,UQIR? 0.927'1::: cou. bodo Cj

L 3 ouvasiale . Ne(_-x.) (PRI " Y U Y, N0 (Ne(.x-)= V.i

vl

‘\)‘<Vv3 WQ._. ,u.u..‘hm

Oﬁwm Mdm&%%m&ww anU,O\uuMN-CM'LQ.NQ(“)

Teowaso, deQo. d.v...-q&.xcx.\.ﬂp\ :

2 =3V Liperaupeeiicie (o C' o M{.}J Uﬁm-h

v:A-R Cosmpe AL Wiol o\.;dz..cf, UsAS[R.ho.pe&B =

=> {\r- N = g A vCn) die dovt A SCx) = 2 Oy (e

LR
ba v

D

D.SS" Now ke g SR o.m._bo.ddexl bouo ocuruiah QL .

L> e @— worKeo di Mabuos

Oss: Se peude T2V won #:A-‘P\ Al Bome C

A20  Z=3u=> YV%'M%SMCV%)*S D§

p-18)

D§s

i24

2%

dat

ey \):{%40\)

a.put-n? QisdnXo 5



16- 03 - 2023 leriouve 432 R W

Teo (DIVERGENZA)

2 =90V UEIR"apeab Qistaro ;| T ax &Mc‘,F:A-ﬂ\Z" AL Qovsre, c,‘,

USA oponts ar BT = FiN® - (disf dowe dusFe T 30
FYS) ) L=
Dias : NG : IR é-hm -3 a.dd.i.ﬁ.qo,c_o@c coune Q.'.-'.uiu:a,w.Q._
D Ae Foutouo ma sl tubo, fustiowes cuscle AR wioue M cubl
] ' -1 .
PaMo@: Cxl,b)elR' ) '>LE_|R“ )(M',:go)ez 2::[; \-L-‘gud.w.euto:
CO R

&A—PW WY BC‘Br(x-;)x(‘ﬁe‘alﬁo"&) e )&‘

£:B (w) (872, 8.v &) & conma € e 2nC=M

S..\?p. due. FGO =AW, | com () A—R ¢ qs\-.u.&C;ALu’c' = %u Cx', 3}

94
Scx') N
%) 'y - ‘ '
B, (xe) 'y ¢ B, (%) +
- g ,.x(x‘,-&(x-')) - S)‘"e'". N; =g0‘~Ne NE= <-i ) “= >
rs‘l“ o . Varimglr - \4rig-1®

e IR te apt o € B (xe) o Viel4, . nk

.Ois_’. S pu.S Atpre Huppoure p\-b-uduudo R pi&on) - z
BEC»»)
A NCR) ou o @an.go o oL VY
S- div & = % v 2% Z_ga""“ = ZSGLeL-N=S¢.N
L el A - [
v §) v b z
per @o-p‘:Q.u.r-oZk—o o T=oe;
@1 l'e ot A ALy < wpﬂud%r\-o‘am& bone

P&mo@i &-_PMO Ap'b(u’)S%R_Cxo) waom e NO) =@ per quolcte ¢
Sc;.%.;a.u.»o Le Mn'“ D"JO?MD-L’ 'tc, L‘\\(,Xo) woUL // oo e_"‘ VJ -5 O%WO cdue

v R ()0 U L(Belxdnu) ! L(E)



- [ wled e )@fvcasNC*> con x = Uy

L(Z)
v e fleaXo

Pod:bo@: boc)\oclu. Z & co“pqxxol Pom.omom x*,,‘_lxnez e Rso
N
e T ¢ L\Z‘Bz‘c”—i) ) Zn B&(N-LB = extm%&co

Vielo, . ,8) 3m R =017 4l clonse € poflitaous dul sk
N —_
v Z 'V'l (x)=41 Yxe U AP't(.-'YL ) &B () Wi

Porvsicumo aociwra G'—Z . ‘dx.eU

L (=}

dbso = Z_CM\Y}’Y" TR VVL M¢+¢V(Zq) Ao

Lt=o

N

Sdi,u-u“ = 2 de(d"fl)

"

(\']1

| 7 (aarlon) DZ [ o n)n, <] o

o v Z b2

\r- xecV
5 oW dx =0 ) NC"-)={ v"°

3 % J
n o x¢ U
X Fubhiuw -
Tou-M

@ s di.\r(\rrv‘lo)=f;;{;u~w = :)é

v R

INTEGRALI sU SUPERFICI IN R

Z’“P(D)' bSITf dowluio \-Z%oqwu._, k@:A-B\‘R_Bd\;_ Qorne C..-‘, oL icol
SSAIV-KCD\Q)’—‘Z_ () KPMAKPU.*O \d(p..’o—)ég

Cunf € <P, P T TZ quinal Niz Rrds

De fivinte wmovrutations I Z . | @ ~fel

2@ § TSR a5 [§003¢ 0 [ O] anar

cono®@ F:Z = R oo AL ML caKiao

[Fno=(Fcey. M QA Q| = jF(ue)(ue 20, ) dnde o Mo Ren R
z ® @, ae.| N RN

&, .

Se. counideriamio R'owla oo \-xm..,t'»eo\ di 9D k? iodute wn'oWalooua

+



S pus wweldicare da. Fe 9Z I
*) IR wNow TANE TS () punke rpre “fusl’ da 2
Auoloapmadi, doke. (Z,M) supecficte cwedbko iw R
2 def. Wotleotious poritivos 372 deller couditiova (%)

Teo~aoro Al Stoken :

(Z-.M) WQ\LQ @w,uw,odmﬁm,&; Norne C’\a_clo')lo F‘A""lks

I donse C-* cou. 2 SA o~perCQ> =D 5(\<>JCF>'N={_'F
z o2 AL Sice wSloze L ¥

Gt E, TaF)

4
<« € e
Dose wtF=det( " 3 3 \_ /af _3F. 3F 2§  OF - 3K
2x 3y 2% 29 dx 2 313 dn 294

Fe Fo Fa



24-03- 2023 Leacoua 44 on%. CostmimoXs

INTEGRAZIONE SsSuU K-SUPERFIC)

USIRK kogn gQ:U-a\‘R'_‘ «X,Qm , QL@M,vKCB‘QC*))=K, Z.="€(U)

hce )= (g4 N U
3‘?(*) —b-&oi’:o-q_&pco&-__
Lams&uc\mm
g.g.= S(goxq)cml?cmdx o el "

o couXw iR

(ﬁi g«'-m.ppo\.u_o\io.uw %N& TP uwut&w,%mma mwieow:
Canic poJ'choQQm. e Imsmapn

VelRl |, wiVU=2R, Z=](se,m@) »eUf |, @i = (x,wlx))

! !

ﬁ( - gi(x,ACxD)mdx’

>

°Q2c&gddlmmpe;x&a;c;e_ d&o\u-&uto\d&m.c«%{&r Z*
7= },J+52+ 2¥=v*{ — divido & dur colotte

(e, W)= i(‘z—xz-:;"

HZ(Z+3=S ‘I-&+\Vp\"d.xd3=$ l ﬁ dxdy = @ — Poie s ccod. pRaxs

x -3
xianset N_-._‘.::.s ot

o _ - Ex . O ur = —ES . \V}_klz: x*+ &z

- / T_at !
D¢ }/\] Ch Kot '53 }/\I v tow ot el 32,

aw v x =3  .dy t
= —_ ht

@ { d0 ( J :l 5 rdP =2T\'Y‘z§ @_CJ_P = 21‘\'\*‘1 * ‘ﬁdi =

° o V7P DS*"fjt‘" A\ o\x"“sz

X
= Z.TT\"L [_ ,!_‘_31] = ZTT\’L (AK& Al waoe M}}Q‘m) = A‘C&Z = J-lTrVL

Esercitl: i)—\—\-om Q_'am d&&% { x.z+37'+iz=[2,z,-'e7/0) X-Z'+37'52x{ R>0
- ———
s (85 5 (5 2 (2o 8]

(€]
2) Trovore L'oxo. dMo- youa_ ‘*""5 : x"+3"a :.i




Supecfict i Rotorious =

P(’c) cenn® tela,b)

RC«,9)- PLRIALLO
206 &elo2mJ ~
| P
_ F‘cmg faoad
=(k\>blkf‘>°> ) kQ;(P‘&.M_e) ) \QO = <Pm®'>
2 ')

PR Qe Ye(e)' o
BRT DR - = (3« (¢) D= idex (e DY

k?e' ‘?e &?o'\?e Q) FL

3 (68> pl(pyh(ay ) m Z=R(Cabd 2o 2md )

RE(S) = 2w ybe\[(?.)z* 2y at

PpRicoy ous:

* Preos Al o Towo f)(t)=a+2c°'a't

2 A

2(t): Racux
=16 )
t
©elo, 2] , te(o,2m)

(‘E) ov;%
de puntd
2 2T L
R (Z) = ZTT'{ Co-+ Rca;‘t) \\RL&-}£+ Ri:n?k dt = 2T R S oo+ Rent dt = LW Rou
o

o

Ernsrc o FNQ. (o Kewro ccQefo P~ weousora. Lo ly.-..PEzbSa.Q& Ao 5—8-0-«:\ >¢."+:37-1-1-.7'£E.z

O ele, ol -ee[ z.,,.. h(w,ﬁw‘r)

Dose R 3 Qoo disXous2a c\ou\klou%jm_ L/ i’
Teouuo. deNo. M‘-%%v:‘:& : apRicatioons
3'> ch’5\£)= (%5;% )i‘.& , "c"-;j,'\‘:) %\le-rbz-\-tl ax‘__"%

cwps<)+a _.3+s<> a'h%.ﬁ



y F “Q@[f deO"F dw_dbcl-‘t =0
dn

£
3 wewo?
ST, a (0,9,0)4 O applicands 48 kowuuo dfllo. divergenta

% (5,0,0) €0 oppico iR tromume dello. dixtrgenta o L\B (2) V)

G prado £ P-Lc_ooQo Jor  wawodo dua E;e<°3(\a.0_=¢

>
fF-nz - YdLWF =0
PY QKRN becm) QN B (o

- > > 2% [N
[ eRe-[Fa nes (2a202) re(B0008)
3L 3B (@)

Fone =2 +a%y 2% _ &, (3 corRealdon A 358C°>)
\ Y

-

. . - . o (o,0,0)¢ L
J Fone = amgl=4r = | Fone =
B (=) £ > Neokl 4TT (o9,0) & S0

2) S=%"}+‘C§Z"%“=5’; zrof F(x'3'%)=(a,:§,x+5-li)

CoQcRora YI?V?Q, Z’—\-MEw...o.Mup. Auna /
S
o wrals Lo M‘L%Qa—&.ﬂ:cu W ! sy F= 4+4-2=0 K‘S,
\)=zx7'+57'+tl‘ss_3+.ao&
/,(o,o,-'f)

V=SUs, ~> o= diwF [ FN =gr.nt+yp.@_»c°&&oﬂmm

\Y)

oV S
So

g F- h, .-_--S Cx.-\-b)c\v.d:v) =0
Se wfratgy



LR i’,ot

b) CQ-Q_C)O‘QO\KR_ S“-F.°'f\--‘a ) F(x)b’%);—(x}-,'ﬁzl%) ) S:‘%:Z_x—s ,
S

S poc pPyocader. e s womod ALRING A
(&2
1) CoQeRo unsuudo Qo def. LS
Sw?:f\?.?%*'g Q?-T\Q dove V & il oluue Bowdeske SUS,
S

2) Cx,;;)\i (x_,':_»)’z-u-z—t;") Poston . cartsiascoc

L= JGeg) s e ey 2§, Ne = A
\‘?,_'\‘?5|

\‘ ; r::_, - 5 Flo,n, 2 -x.z—:;')'“Qa-’\‘?a '\M:ﬁ\dxd‘%:@

> i Q)

X e
= o = 4
\e:o J ‘?‘5
-2 -2.3
- - -
e, Q, e
g? A gQ = < o -2 [= €, (22) +,(21) + e,
Ty Y _
o = 23

A
o/~ 7
@ = [ (22 (2} + 42 (28) +2-%7- 42 ) dlagdu = 2 - atou? dacd i o co Saencitio
4 3 S Y per

G2
Ers s
d=2 2.4.5"52_



22 - 03— 2023 LQ.?_—:Louu. L5 Pto-% W
Teowuna ( Stokes)

(_Z,N) Ao @-w%,%&,%\:o&&, 2l Dossne C_:L

(ﬁwds_ Gs-on -Su.u.—?;, I
Coue bosedo Q:\

FlA SR AZZ coede Fe O (n;RY)

)

’DS'LO"QF'N'*S.F
b2 >*s
°F, _of: 3R _ 9R 3R - 3R

( ey ©, e,
o o Ty F o= 3% s 22 = E
ORE Tl F . det F. F, Fs 4 S22 o% % k. Dy

Diss: @ Suppowiome = PIB), @D ¢ R =R cuatbion
D deuiuwio woplone L R,

Su.PPou.;..mo \QQC_Z' (_,:_Q_ cCoRO kQG C_'"),;_—So\ pv mpv%mtm)

k?(.p-’\)'.) = (x_(}.x,o-) ) AW o) t()-x,é‘)) PROMTTE  VETTORE

ch,b,f)=(x‘:(x,~>,a , V(x,9,2) G,y 2)) | N7 Qenle
AT :Fz_

=F \\Q, A Qo
Sxo'b\:-l\\: g (\otp)<\Q)'<\?%A\Q\‘_)dAdo- 3‘e=\‘Q“A\Q“.\
- - SQ“.AKQ\S-B de.t R, S, e,
i §b<%5 i \/%‘)(:5“%"- Qotin) + (Xa2.) (2" x,2.) t (:: : :-:)

* C\/"') - xﬁ) (7‘”}56'— *s 5-*~> = ('5»%“'— Detm ) ot Xlde,

%J-“-:)"‘ T N )

BZ- = &Q(aby ) K(‘E) = C,u_(i') ,\T('E)) te Co‘»\l
P (25 X2 1 )

b po:m._dti.—%%o\ é-'-b
Q) = (aelanld), s |, Alald), s, £l @)  porocskwrio 3T

2 QUBY = (ot 3w’ i 8, R s 2 )
+

< A
S F= gFQQ (&&))-i Le(zsé-b)) dc = §<X e+ 7w > -E_-z»)u\‘ +(_Xxu_+‘/5°_+2~_i\,.>s'clt
'S o o

3D

GovsSs
GREEN Y

= §b<)(=t_a- Y ue +%%¢)A‘C>(x»+\l5»+:b%»3“_ dude =



= S (Xx*}*,’“"\- x5bp.x'u'+ X.}_i..u-x\r"- \I*- x’}-‘-'ﬁ\r.\. \/:331-»'3\7{.\}%&*\30' ¥
B

Y2 x e v Tad, 2 R e - X e, - X‘si\r X, —KaBetg ™

“NVatea, TV e s, T aten, m et B 2T 2y2.2, )duds

b3

@ T senswole - Q\QCCEB , R (D@ (DY=p 4]

!CQ&)»A(&QLBG\
SwchN = Zg v () - ((Q;}A/\ (\h)v)c\»au—
3 N
fFIZ( F | 2@ i
s T dts,

( F - -C ¢ @ (®)
+ + A
SN2y B*Z_&(\?*ZL !

-

Lo a-\-Z;_ e > Z;.S Aous  DU_amID B oL ::PPG\KQ_ AN, Y usurod ! 32;(\25

K-FORME DIFFERENZIAL IN R

S AMowsa vl Qe
L sou deon ason K--.\.P\os
U K‘mﬁ&mwlm-&a&a@w Ao ool s N

w: (RM) = R
Bt )= w oy . o)

1) W E QUusare s el %o, oot Y, pelR Vi ce®
wC&i,...,e\;ﬂ ,o(,u'l-ﬁw',-?n;_,_\,..,l_&&) = d.w(---,)x,...>+ PUJC T )
D) wlBacy, ) Bgeny )= o) wChe o B

Es: wl®) =08 A -corttow 'u-em_"

w (s o n ) = et (B, )



Oss: & =% pew L%) w(h, . B)=o

Oss: I k- cowdol coriidbatono o 2o veliouole s R e
ni oo e N (R (@ soddte weiiome & ofrocuante )
Dokl Aq,, ke €33, n b, powgo b= Chy, . k) i o

D&—}&Mﬁco dx’?\ = d=x

ahend, ke dgCunian )= de () )

U sominmns el doey cow 2 € Ry 4l € Ay defioiamone e bone di AL (R)
= M‘K/\k=(1>

Es: dony oo, Doty Aowm pama. bone di AL ORD) & R

Odsendy, dw nds, dyade acae sme bom Al AL CRT)

Odaynd, A Adn, memeeoe N CRT) ot A (R7) =2 )

Oss: dty =0 ax X=X Per quolche i)

A, = douladda, e A = Apcy W pvdicdana dx, =@ VA ae k>n

Det: € defuito v proddio astesro Nt N = Ne =N o Alw, 2)=ward

Dedioibo oo bone:

A Cdse,  dac, ) =doa Ada = doty ads AuAdon | A Adx

A )‘N-\ MQ.

W oftende on w=Z ogdse, o= 2 b,_dx,

&N aAtY
AR N I VD B W S S IR P
Rop: IR predctho efkrwes A roddiae
© (a+bdac = o nc+bnac DISTRIBUTI VA
O c-orb=c<lanb)
O anb = (——&)KQCb,\cx> Mo x€N, &« be Ng ACTERNANTE
© CounboIrc = oo n (onac) ASSOCIATIVA
Deft ASD operdoc Lot AN ARY) . Al mmal W ~fomo diflereniiole
WCxD= 2w, Gddax, <co\.. wyt A IR ou.chm_C.*)

Ah,

D&rg—gc'&.—u%{amdo v K -Hotual oyieu%om et 8- '80-0‘“‘0\



n, e

Def: Doke w,d k- cocftoel | AL pus C}Q-S&'AJ.I.\Q. de\:)tze-/\ wj, da el

T we podothe scolore ol A

Q__ss:\_e_k-éom'&,@lkm WO DPoHO v NoUoIe

E’&: boios w k'-so“wo_ ) C/:-O;r lAJ:;uO?\dXA, UJAGC-*' AQ‘S‘ Roo C\‘-'\"L\--}O'M
Sordxl d ol dic diffesutial wewo

n
dw =>E—.Ac\.w7\/\d-xx dw}=_z i

o 6(64\°4+C1_W:_3 T Cdw, T czdwa

® dConbd=doc a b + ¢ Adb  cow o k-Youre , b L-dotmon

O d%=d(da) o Yo k- fomma C°



23-03-2022 L&b~ov~n. 46 P\-crg M

-‘

Fra el — B o o C° f;_}

e, e, &,
WRCFY = | 34 32 32 | = ea(0,F - 2.F) e, (FL -3 R) + e (5,F.-3,F)

Fo Fo Fa
Neblo - coleRo :
o) wt (V¥)=o Vx(Ve)=0 e — R

-~ - a ch}oNv-Cz
b) div (Wt F )= o V- (VvxF)=0 Froo — R

Nota xoue. (éw W) VLQ M, V- F d&u&'u%tu.—'tm ) V x F towe
O.)VKQ= <B-\LQ ,3?—&?) 33\Q)
ok (V@) = 2.(3,3,9-23:2:9)* .. =0 mx i@ Teo di Schwonle

l.-:} yot l?=e.*(3,_\:3~35\:b) + e.,_(asFA - B_\F:s) + Q}<B*FZ—B¢F«)

dis (< F) = ;‘cazg"- R+ 3, (LF - AR +3, (AR 3.7 =0

Oss: Fifl » R | QL agese oo B

vot F=o @ F=VQ g Qe C*C__Q.,IR.) {

SU, woo aRo ax QL & muspUoanente covmsnvso

Eserccitio: Trovorma sue  wodactirucpio

Sl=ﬁ23\¥ow>o-%§( B conpe T Romopubiofe nispalio o e couvclus sllome 2

-

FC"’I'ﬁI%) ( 2._“3 PVt '°> do‘-&'--uu-o'('cl\t CL.:., \'Uh\: 2O o~ F* V(e
\-——-——\r\/
Fovuma cliuvna wea. wos e~aXe~

Esetcitio : O ¢ R® CQapedo)

3 —
G: Q>R , Gdi dame C' v Yole B witme deiosmoko POTENZIALE
() e VETTORE
= > =D -
c\;.o-Gt=0<=> JF e C"(._O.,l?f) vt F = & ~T._ %u_wo&., L folno
CO»"“DOWPE‘ G‘CX,%,%3=<—‘:—£' \,,3 ’?3) Q= R\aol( dv.&"C‘t =0 M S




= -
R amundo: FeC (O ) | &k F = G

Ua QECO)-()-Q, SQ=I\,L7-+\37-+.1._1=3_ 2 s //CX/

[
sm -

Y{ G ne = (g e Fong @?‘F >< ;
S Sew 3 Sa

[ aone = im o = msume!

Rop: eR”, =T xI,xI, 6 aec(QR) te dir &=0.

Ao, IFEC (O, ®) e wtF=G

Esx: Qo G=Ca,4,1) . Dekervnimarce F A C"Cﬂlz.“ﬁ) 4c vt F=G.
\;-3

Es2: S G:=(f3)£’- )%3>, _Q,.=%i‘>o£, ddkercnivars FeC_ZL_IL,R$) te wtf=«x

b(,_._‘, (P:op)i
Gy = 32Fy = 33Fx (D
Gr2vobtFe { G, - AF |- 4 Fsy (@)

G3= Q*FL - BZ‘I:.4 (3) a e

s Se vt Fowchf o ok (F-F)so = F-F 3 v quodied : F-F= VU
Fi=0 mu SL (us i iwmtuncke puaorfo )

Reundo 20 € I Lonake arduibrasmiomuis | o meisor

Falo,n,2) - Falne, 4 ,2) < Sx%‘:s(t,m%)c\{:(?—g* G, (6,4 ,2) dt

Fla) e u

F:SCy_ISI-l:):- g‘xc,tt(‘b,ts,-t)d‘b 4 5—(3,'&)

xo
* ()™
F.Z_CX—,SfE)—FZ(x")Sl%): S‘ b.\F('h,b;%)dt;g CT3(-El‘3|-‘);\a‘b
9,

\:7_(7‘-,‘6, ) = S"C-,rs Ct,bli)dt’ + 'e\(.‘a,%.)

oo

F(x,4)=0

Gorco Tne Cz(SL,\?J S waodo s auccho o wlomioua (1) aion WLA—&vLCo:\-o\,



. »
Cx*<x,5‘%)=-g a,_C:z_({:'\al%)d’c— g é}&(t,b,%)dk‘a%%\(g,%)
e xo
durG =0 —

>

= [ diaie, 0, 0) ab -3, Bl ) -

No
= Gl 5,3 ~ &, (e, 5,2 ) - 3, (s,2)

x
é,&g\(b,%)= "Gta(x.e,‘s,")- St o€ ls arthitross e.'%\(:),%) = —f 61(19,3,5) ds
2o

Cou i ouss LQQ»o-M—\-Pb F, o

= ngs(f,x,3>dt - ‘&(3,%)

o

3%
Ros-) Gp (bx,w)de

con o€ Ly, 2Ty, sddinfo wk F = &

DrT o0 Y 3
Esericirxo: SKee FCL'SI%.)=<%+*’>’ Fe C (IR,TR )

e
[N cusuron c&e.-&iu.f.lcm Ao ])Cx,gfh) . ‘><3'+:37'+L?'=-s_, %1,'3& B CossOe Cow A

ﬂdﬂ’u.&o&.»&%t

/

COQCOQ-QJ\Q., F
§8 \> wrorndo AR Tee Al Stoken
T W24 2% 4
BP‘*‘SMMM ¢=C°|°> Coue CP("'I:M'L): ( :3%
-3
¢: |R3 —> m-z , \*R(b@(P)) =4 \dPG (P~1C0) t“ﬁﬂ-&% P swreclto

<{;r?= Ib FCx)) ¥ &) ae

L [/ 2L
jn

o X:Cx b)) = ﬂt\: Pm&x:.'-\.%oa:m dePa. cosura

= - z =
5 e,‘—(.«,O,OBE\“,0-=.(0,—:_-;—:_')eV
= X(0)= [ € telonam)
> Y

\(7‘_ .
= Tk 2 (6

2m

S F - | ((a+2)x e+ (243) ) (6) + G- e ] b

¥
2T
= S\ﬁ‘ otk (c o) & (% N'uu..t'l-CO‘Sh) 32 cont +(w>t -%'@-‘t)\-@.@f]c\b
ENI, = z
o
2T 2

= 5 -Gtk - et s Seattdl - ﬁf@‘h-wl+4*ae
2
o o



C:Q-COQO sio. Stoken :

?= U ot ; n
' Z

Covnidero comn 2 = %%=3 , XPeateTLy i (o.Q,’no.ace.m; £=}x‘+3‘+%"=—.\,5-iso§>
oo avskudzm,

-
a+§ = SSZ_["ZHO)O.] tn

*dtslz*(ébFs~ést> * QL(55F*_>AF3>+ Q3<>J\Fz_" }'LF-\) dose F = <::-:
*-3

Z_={3-i:=o * odXra coud. { quivadl per TTevooe lon uowale ders oo
J.E.o&xn.dueu.ﬁ. M w-% < katu..%o . h=%(?)
<

= Obmge 2,003 hz0 .



28-03-2023> Le:hi.ou-n. 43 %&M
Rich i tseion :

De (Rh ouninso

‘ﬂH&AW&&\L%é&L%A&W
fe C() oMo fvine gdw(vg\-) (?‘_a (3..%) fA-g-dw

L=+

&a_mewu....?
'S'quvboMch‘do = a !

del oradiewis. LD e yoswle Coap.

O_&Si I Po.vd‘.i.c.dzmu_,m. A-gio =)JL.Q.-§W R resstne 1L bode de dousuuio & =o

vo. b&.\_e. ouchie wa opento c‘u.o-Qu-om.

P\OP 'S'€C<1K). Souo Q,o\wno&»h o

2
N=>:. JSW._ ¥ = 3. ﬂ\‘.r"= J-\'lTrL
> >

a) Q-S-CP)=O Vp ngw/}ww&m«%mﬁwf

b)\lpeﬁf,‘d\-e(o,-!l ;-\-1 g-s- = $(p) dooe,oon=onnC‘-’>4>
nw, v 3B.(p)
QQAMA&m&m‘&WW%wMPmm&mworé:omm—go&wmm

) ¥pe R YreloA) ,

"'V“J Br(P) 52 canToeo
Pamcl— ~ ;.ao
bi,wq (a=>b> SP&G P:O:mwo&mwwum,&p*O =>-%Cx)=—§<><~p)

' )- = ! ()24 (¢RD cow v € Co,
aan e ¥t g 3 (4 nwe $ & 3 ces
éBrCO) aB‘_COB L'$ » po:m&&-him " Qe pom.o\
&vw?mq&a@aw%&
s (1)
‘Q(Q) g;ﬂ; +\ ¢ Qi Qi —> 9BL(o) Ll.i.n:ke%)«p&u!m.m
Qs <

) £ 3B, ‘?*Cm) L.(a '»-Pw&-;: cowt Qoo
/4 e oo
(\—/ Teownilss deldr cosln -

N —X % i S‘ $CRCD) - I twd dan = ®) so weR Ry BinBopele aiion
7 2 W(a Q B, h&vt.e.. rosiSL Yoo vowana
Q. 4 AL quartke SosSus

8 = | §(ya) Sy 4, =
& Y(a)
'1-"0 n-1ke
.‘.\e(*) = J dex (09" DY o DY = (e"f(’t s Ba-a Ry
wedoumn (n=4)x(h=14) 34‘?,‘ 3n..1 &Pn

Y4
Cow™ Dp Dy = (39 (3 @) == Weud=c@(u)

CDY™ Dy =2 g™ DY Iy = det (DFT D)= ek (DEDYY = 3 =™ I



detf.
(_*_)é :_‘Y%— ﬂ%gbb@{oh@;%%&%p&a»@%%&&mc@&m,
v \‘;CG) MW;&M&WQNQ&M

meed= 2 g D ggr

hw, ¢ nw,,

OB () OBt

Yl Q

Fa@ = 2 [ T5Cepta) P> 3 du JUR§(2) |, PCd = Pl
"ela ¥ sy

1

4 g V() n (WD) I, () du
nw, "

Q

-
= 1 f Vi ne
nwy, r )
yx)

- -
j,_l Cv) = A V% Ne, & uwuellewdo Gilko anniene,
nw g €7 Co)

\ébr/ o%
—~
Se V=0 D W)= o =*—\(d&V§dx .o
Meer™ e
= alr) Tt = Qe 0 =-§CQ)

Y>>0t

(b = cx,) P& pe=o

(%)
) =eN =D plled =0 =D J\—_ (A'& dx =0 = A%(O) =
NW v
B, ()

(%) Oss: < 3 Lot cofinmen 2 g QCaeddx = m“r“3(o)+ o(e™) pa v —o
B, (@

L.:».\W; wE CLC\R:‘) ) Ne) = S- W) dse
B (o)

Also. Jerd)= W, r" sl +clnd Ay (o) TR o e™)

Diwe: alxxd=zwcoy+ Vule) - + 2 »T\-l“(o)x + o()sl?)

CR
e w s T uCo) sy xy
&.rzw&&c,m&%@m U peARl ! W Daer g
2 *wn
3Ce) = wl@Dwc"+ [ Vaced xdw + 4 > 2o cagn + O()
B (o) 2 9 A W2
=o pendul § disporl
A dosa . At Gucs
o L4) poe queiliiont db AlusasSula

Ming dre = .
5\-(0) gu_;_ d'x. \.’)
B (0)



g ®ide = %g' eltdse - Qoo POMMamo WAt coure -gu.-kM vkl ole,

B.(°)3 Blo)
ALM:\D.CLJ—'»’.&L C@&p&m&wt

$ +00 n-1
SQ_QQ 3 %%’ELM vl L S \?CI*\)d'x:Y L?({T)Y\wn—('- dt
® o

WM G‘M.B.'%?'Lu«&o\ Cou (QC'E)‘: 'ELX;CO,\__B

) =070 "
A = -1 N4
f“P(' Y @ (D nw,t" =j' +£"hw, db
& ° °
h
n+2
x d e = X Rw, = W
n+2 ne2
B.(=)
n ézj.k C°> wh N2 nee n ) P+ n.,,;_)
3(r)=nwnr+1z T — + oCyr Enw v+ n_r Auw +oCyr
2 L o ha2 Y

(_C-)o.> SQ_S -gc'x.) da =-5;(|:>) con g(x.)=~3-(x.)--$(p)
B.P)

==

4 j?(x)dx_ =0 ”—‘M.‘&-W p\-w.db.-tp‘bx@&oxo
U-)nr-"

B (p) — ook = Dged=0

\

L2 "A@)= L AL (eY+o(rt) PR ¥ 2O
uhrh N+ Ly Zh+4

R R
(b= c‘.) r Feodae =S ({ $ )d\- = f('&(P)hw.,r"")d\r = £(p)wn R"

E’Q(P) ]o Ie-Play
Ao VTN - Lo teokkerauo wallon
t
Es per conoo: Sla X (%) = (ncos-b)(f::c ) t €Ce,2m]

COQ‘CGQM S‘xw dost. wc*/'ﬁ):(ﬁ-&t}-'ﬁ) dw + x(Cdb\b-r\)dB

&&" SW%M&@M&&M-%MWQM %om“wq_“



22-03— 2002 Lg,h.ao—ﬂ. 4LQ Ru-& Cormitrnaoe

INTEGRAZIONE PER YGUSCl SFERICL”

gszigx)du~( (‘;.&. )dr (%) con erR'.‘) pem.h -S—imko e SCed= | la-pls= r
o Crd

Ukil2tande Lo 'SOW“D"’“ M Hiesr dmsmedistowends (b) = (C) X tecreamro, AL (el

):accw o () 2

4 oo dw = $(p)

R....e,P\.Qo (b)
& wWn R f[5‘l(\>)

nw "ll
P‘ ( 38, (8)

» R n
g -j'(zf-')d'x,(f)J' )dv‘ = g -g(p)hw“t'“ dv =—&(p) W, [\'h ]o = é(P) whk () & dimosr,
Be (P 35 (9)

@ fEe [ () st

M:Qsl\f-*domdo,$eC‘CQ,E‘),§W,l$l=1‘3Y>o Q(@)

¢:[°)R3"Q_’|Kn qDMwﬁa.M
po.rdl. dL couo %:.M-enodio
Covmd = efled [ 0(a) = C = ([o,rI*Q)

(=) Y{(x)dn*{ ({5 )a\- Cley=cnlixl=r(
C ()

Clr)

Qss: (A') = () B)-UC; , Uc (v =5,

wlse 2 )L ) ()

d

( £ erd = [ £ (rQy) - ldd‘b‘?(r,m)\drdw = con = CP(CO,RB %Q)
C Co)rRIXQ

Qe AR v, %L
¢, (w) . "
C()("l‘*): b¢("""“) =
v falw) Cale) v, R ) .- r), X,
| det D l)@\laexcbcb*- D) = (*)
Bi,u.o.t ;’ ©
o™ D = [0 ), (3,3) $=0 ©

1€ )&



\!Ci&t( Dq)T b(D) = Y'(“d)s‘e(‘k) coOuUL 3'{ (\L) = \| bxeTDg?

dy
\V Mfﬁ R
@ = )y e SR de = ( v )= [ =
X;(ga‘&( Qe 3¢ 4») v L QC:)) Cled= Cnlixl=ry .

C)\P:Q—a}l-,qs_(\ }“"'Q.:é

L

ll—élz‘=" ,a“(“?\?.)ao =b2:€' au.; C€=o

Esetciae proXicd :

Es,: 223 4ae’
o F = Z;+?ﬂo?s(*+s7') 5=3'><-2+-37'+=Lz=3) v w2s o )%?oi
2
S -
«///"1177) [F-? -2
S

' Co&&&kauuoquchz%e.&%:dw-Fa 29 +—Z:5 40 =0
A4 A% A+y?
~—

OV=3US. dot S & uen clinea . E V=2
Krwtrataa ® ~(Frar)24

d
S = )\w"+'~5’+%"=‘5, 22 5 i = ]+ Wirrtaqy =2 {5 |

V= ldrgrer?sa 2206 , o xfeyranre 9,228 }= J 2ty € 4, =15}t

0 (awf={ Fne={Fn-[Fn = [enrs (e (§)=yzdxdg = &

\ N S Se S Se Jote 9" s 4 t
éz. R+ e."i )1‘; eont
F= -4 ) 2SC-l:)= TR - W of{+ L2
kA
o tt
§‘ F= { Leont + €75 ot (- k) + (- suukeantt Yot + cast Cavink + &7 % ) (Lo gaaan )t
°

(PN
oS 2t = o vt = g(.h)=< IR e le)x_z_*_bz.:_‘)%:»z_'ﬁ,_&
z oSt L -sult
o %:x"-\az

¥ poronsdtuata. S dove S:{x_"q.s’-s.( ,'l:=x.7'-3"&

w 2 Altesaioue S=}'>J'+3"=1, %ix"-%b"% Now. won beue : Riruialns

* £E=L\O’CF-»—;&MM¢W




(9&-'\'{*“) ®

F= Bl dF=e*(alFs-Ba.F7- >+e’z(;\sF"é«Fz,3 +Q’}(34FL_87-F‘\)
sx(a+e™)
wx=-(-2) R
x+/e_7‘+;,7€'{*-['_~3+724+¢) = - o
O o

F(N.L)«., PYL e olANOo -
S‘_...%%S-: Wnosta pormows. carianowa. ('x.,:s,u-(’-.‘:b)) , wl,ud)=rt-u*, D= 31—"-\-37'5-\&,

gm‘cF-n= fve’cF(x,s,uC»,w). R *®, . H’,/ﬂlaw.cl:5 =
S

0 9,54
CRIER ) S VR

£ 20
4
~—_

Y
t.pvodcﬁo&aw
Srous :
Ry ©, e, - Wy
K O G |= | mey Low “W, 22X e SU R ey
o 4 W N
d

4

Q
2 kL
N = SB(K+3)(-Zx) + (e-y)2ydoe dy = 'LS'D("’L"'BZ)d"‘d“.S =-z(7_'n')§€ ?dp c ~ LT [% ]: -TT



20-03 - 2023 eaioue 42 Pm—% ch.%o\

FORME DIFFEREN=ZEIAL|

AS\Rh e.pv'::b, Q—K(A)°{wA—’/\k<Rr> k'&g‘u»-ns. é».%%(‘
L>—§p.veﬂ°-'~io.\a.mn2.

2y ]

2
N poddfe eXews A SEx Q. — O

"’ | ]
d differmunicls. oRewo  d: L — L e %wxc\xl,dw=§c\m;\/\c\xx

Pop: @ d(a+b)=da +db
@ a(aarb) =da ab +(-1Da ndb e O
® wecC*=>d% =0
Dlw: @ Losorniter ddfa dexivoto
® °“=§'°*ad°°z b= E I’»d"»
arb =22"_NQ25» A, Adx,,
dCarb)= Z (3.0, b, + aydb, Ydox, A dx,,
= Zda,dn,n buda, v o, dbyde, nda,
Ls a-Forna
= daab + 2Cae,du,ndb, adx,
= doab 4+ o A db
® d(@x,)=° V2

boa ‘kmw C.l, dw)\= Z 2%‘ d?‘-i.

2 2
dw,=4 (2 a;:’f d’“) = & : :A-A""‘d"‘ r Y Ixyndxs =
L S NI In;Ing

d%w) dwa
= Z_ - dl-\. /\d)g> =0
Wy \Oidxy  dxydxg

c\zw-—.clz AwAA d"-;j‘ Z A"w,‘/\ dx =0
Y 2 2

E.%I we Slk'i enadkol M W= dw! N‘&S{:-‘
we 2 diuna . dws =0
O.S.S: erc.*m.txm-b NM

O_&S" LQ '&b"-m«. cluune (wi.;P. M) Aouo h&obp. L QK



S cle,—&o\.-;mo., HK(A)= KNG\R“M}/.\, o W, NW, A W,~W,; & kXKoo
é Alavoko K- eniuo Fuappo i coovukogio. b A (o. Ry ol ) —>T°PQ\D%LO~. aQ%ebw
€s: H*(A)=\O\ e AT maapl. commsno

PUOLLBACK DI UNA FoRMA DIFFERENZIALE

Eseuupio: §: A—’*‘RM, ASRho..pMXo, -‘-GC*, TCxd comupo I welRel A A ow T A—R
-&' j...._du-%\;.».m»po Wi-(A) —>Rm ol oas N(‘&(&)):d-s-(wa'))
Dﬁa-&wmpﬂ,wégtcnlm> = w¥e O CA) paback di w oBroswwo F

2 dehuo do ua#(G;,..., 0‘,‘)=w(clf\r“...,cl-§\r&) .

*

To. coodisodke, 4 w= §.w’dx)‘ A Sue W= AZC“*‘A='§'3°‘“3 , dowe

3CEs, - an)
aCsh...:gM}

n m
C\B». [T =t BGASR )x=-s(3')$R

clx_#=cl§ AN CLEA: 2 dex

2 A’d Ld e A\s.,n

Oss: ws S cet w: R

w#=u:>o-§: AR

W= S):\(Rm), wa dx A Ade, | nEm = WS <°“°%)35°1‘34"'“ INCT
Rop: (w4+m,_\)#= Wy +wy ) (m«/\w,_\#= mf/\w: ) Céw)#= dw ®

—

n
K- SUPERFIC] ORIENTARIL] IN R

N <R adiosporio con dima = K

Coy, ) bome e V) (B 2 )~ (8 0 8 ) ae deX G >0 dose. GEGLER)
(2, h) bone e Vo J b de G = &) Vo

D e ) E /L = JVT, VT doe ortefanions oV

Re comsmaima [(eu ., e)) at dice ovietorione povtivo do R

Def: ME R K-vorishd C' Al dien owedehile ae 3§ M = T TW | cobiuno
v Tl £ Al dla wiloaskadioua AL M

Oss: Now aiguificor don 3§ P ) (2,60, 0, 2 00) | couiumo bone di T
Yemere owewkohili ' 3 wolto pid debole JL c1w§to~5 condiAlouna

Oss: M=9(V) , Pe C' (DY) =k = M2 ouet. e E<b~9(e4)...)3 e wm'oueukox. Sl M



Rep: Mouwedk. & 3&“?;_&(__ g:&?i:u—bnzn SRR M=O"€L(U)
--‘\,...l lz4

Ls cARTE
R
Es: MER” (n-1) aup., M ouedahill @ 3 sclfa cofftwma i N M=CTHY V)oY

e MCD¢\J)>O )di.,j do\:Q., ¢LS=\P;‘°&QC [ “\(_CB‘Q;>=K

INTEGRAZIONE D K-FORME U K~SOPERFICI ORIENTABRILL

UE’ IR" Q_pz& ,we.Q'.‘(U) ) w:o\dxﬂ/\.../\dxn ) de-&u.»-o.v«o g'uw = SUQ

US[RK, W!UQ\R—‘“ IC“ beloro. , Yl (DQI=K o M=P(U) Kraup. we O (R)

Suo=§w* w\;w*\)‘ggbo\dg&wmw?
) v

MER koaup. stadede , M= 0 9:(3), R (Dn R (L) =F ixy
[(A‘QLCQ-J...A\QL(QQS v Qovekotione ol M VYU o« Nwel

=>5°~’=.Zg - =ZS~N’:‘ ;W R pubbask cow Wi

M C Uy
%:&H*QM-M@-MU&LWM&M1?w=‘S‘N
™F M-

Rop: Yﬂdw‘\*' Pooe = dgﬂ"“-\* ﬁgﬂ“’?— d, pei

Yu.: :guo-\.(‘u M H40H2=¢

Mduh?. S H'L

VARIETA CoN BORRO

M K-uvor. C.-‘co..\bo«.éo A Ure M , AU JLkeowo dL »w e bsr\l& Aosissio \e.%:\am
(Ca°0~ \90‘60) < W:bﬁ\w,\QQC*IL@MQ)\—K(b\Q)=K tc MnU:gQCD)

M = gw(au) bowdo di M, (K-1)-rupeeficte <

- MP\&C&MM*Q.WO& Mo 2 Q‘WMM& b,EQJW del ﬁ\,i.

T
Qb (Q G, PO
™ T— Prrudere tur punlic AV bowdo AL D =i mexis

D > LﬁMM&u&w core pr. k.
Oss: e veucds Ui N AL s doua. e po

&K LP(D)C\'K“ =2 P! Qau»a»c«x-u-n._ W?Qnro. >2))

- L a¥kocco uva'cvo coxlo’ LR loodo AL coscsNeo.

Yyedd s Ry Comgy, O, ) bane di TD te [(vy,.. 5, ,05C53)]=[(Q4 ...te

Qu..usto- 2 VUoetotrousa Pd\vlﬁm éb‘- ac 2D



= E(c\’*@(:s) W, 53 c\v.rg-. u&‘m’fo\w Al éM,e&.ofb » M s c-g;.e.ul'b})\'b. =N
= M 3 cuetoble o vl owenlor . d M MMM&BM
Teowuna (Stoken):

N K-Aup. Ct i ﬂlh cuwadoXo. e SLKM (lP\“) %D'u-vo. Hgs- e = S‘Mduo ‘S w
M

Teo divor, m R

[)&%(T\'QCMB Se H=LPCB3 ) S dw = S du.:-*;/g g,.)*= gw
) o b1 M



04-04-2023 lesioua 50 Roff. Comuinatt

Eserecial di veo pidifosious

1) B(4)= e conk +eninzt cow IEIST
z

D=spo».._<e.,.,e.-,,> \x.ox.ou.-. Lviboko. o B e

V nlido Memsko vactoudo D okorue aW'ame +

VR (V) = ?

© Studio AL B(+) (<=> worelSinoa cla a8 problesro. albhia M&»\oB

25(-1>=°= a(w_v) 5 & dwna (oK)

2 2
/|+'~(=+'l
8% tuishisoo: cont, = cont, = lt, )= l4%,) T Aot T-Aln2t, s
Ng, - ot
= X('E) = o
Quivdi ae cuclia A2 = AiaZts =>4, =%, =0 (ok) 2riuk cont

Derisrato. di & - 6'(t)=(-*?t> |

2con2 e

|
\ 4 '\M o Lusoo
3(3)= (%) ____ Mo e
] T -4 | o bentaBva. el
S (~Z)=(-l> : " D x el
‘*’2'-*“ F.‘\'. '
VR (V) = ﬂ‘g dw duda & Y ﬁ \Dd?dedt- en ([ pdpda
>0elo WY D

72
F(P,*)=( / ) — “dw—F dpde = “F = F(vs(»c)) n(3)) [ 8@\ dt = (x)

o o .

&- W R teo deflo AL\*.«.%.....-'&. pe trowora pQ Couan@o

<
- »

IW%M&OQ\.MQA&M X (t) = * h(ZS(-!:))=(b\.:\.—

b - /) 1%
Lca.. UCTUanoo © cft:ro?uogq._ oA oMo X ,P
=> deve wotore N Al T e Ao orosto

2
P (a®)) . w,
(*) =5 c‘“t (zeomat) dt = S- coatt cont dt = ( contk (contt - st ) dt
-
- n (8- 4 i KA

%1

Es. PR Cono.: 1) Fooiv i coko

2) Grecora. wa oRto counpe cow Ra Serso- dlercgaton chn muuplifica 4R colloslo



| l 1

A

tras )
‘6(-‘:3=<T> te[-4,4) ‘ E\/\I

z) wa,s): %ng(xz+3l)dx-aﬂ-€:ta.a»(§)d«3 ‘

Wt

gw=? 'Dow.w=))v.=l=o%
-3

S (-4)= <1)

W e cuno: b3A=_‘;’_ A L2y = >

O B=____ 4 [\, 2
-4+(;_4:)" 2t NN

2
b.)=Ad,¢.+Be\-3 & cliuno. ->wlmﬁ.o.~.-.)|x>0\ (mo » R - MR, Cowmrnso -bok—)

S;sw - S}: ('*[ Ry (4447 3 (4) - anskon t Jdt = -ymtwyc o Ba¥alt) = C) teGea)

-1 T..a(':\
coored clludsucle:
- aet (24+con'@ ) cn'©
3) Flhe,n,2)= | 24 alusery T = v (9,9) = { Ceteonp)aiud O,9 € (o 2r]
CLov* AL k?

S‘\o'tsr_\b =§ dirvot F dxdsd% O AL oo cla. [ =02V m_,,.*ggx.“‘\o
T v @ .ﬂu.-uzo.ig»bcrdo

AL . oo
E_sz:o cono: Fore 'emrcitio cou Stoken

i (% Fon ) -3

L) Z={(*.5.%)‘5=l-m,3voﬂ aupociele ) F = 532.,”* CoumpO
x+ 5’
Teovosea Y\o'\:F—'r?

3:2"'&-‘

VM:-PQ"’&"-U'—Q' boedodon dow 2 o 2o L & passoriontn m&wé@'w.ﬁ

k) e N
Zo=0c aap. platkos clia RUR
oL Suiudera i covo

[ dicwtE =§@’c Fri s [wtf R
\") " s s
o ©
- CO,*|°)
(olecRo o‘wvto: il aXrresrsos Qov Za'cou.poun.u..t. di wtF

vot € =e-\(ast—55Fz) * ez('as‘:‘ _a*Fs) te, (é-«Fz. §szl:-« >

2:F1" 3, Fy = o (ot femaini ) =3 -3 - 1032
IR coumpo Mvenfo- F(x,0,2)
f YO'tF n -g (-¢ - —\Oxl)c\xdt=~c 4T = -ZATT-/

o R L Ao defl Aineo S ‘c.woz



* Ve fiddamo da o & duianon
bo\u.w=ﬁ8\¥°‘(

dO=w = 3V (x,4)= 2

s (e +a"
oV dse ( A )
5 == dw = - dz = asteKeaue i) = 2
ga"' e TS dnde g'i‘“a‘ (5 S (x;3> = e e BN amo}
»-l-':sae
U=~cn./:xo..m(*-“"s +C(_3) +
«“ /‘\s
B_U = - 2 < . K— 2 :-A + C C‘b) = e + C‘(‘a) = C Cg) = m‘t P R=(1,0)
35 A+ (eey “ 2y Crern)?
Yy 2

Ulx,v)  w»o

5=°,x>o

+
U entenious P~ coFiuasks dl UV a {3710\ ) U+(x,5)=

a=0) ’ <o

NEReE

5=25*\)25-->S~6w-88:¢+§:,°

= \‘ w = U (-4,0)-0"(1,0) = T
5'\'
OG0 a) DL

) (e, ) = /2 Yw=o, x>0

=T Y4=o, x<o

)

§ t:o = U—(-\.OB-U"(--\,03="1‘Z - ('l{):ﬂ‘

3

3

G) W(x.’;53= wdoe + ady ; c.oQ.:.cQ.oa-uz,gUJ Cou B() =(_'t,)~.i.~_'!:> telT,2mr)
Cx"-\rb’-)z ) I

= 40 ; =
W= dU wow w rodicla ;uct Ulx,\)=9( 2t at) , a9 ='~Q‘Cu}+5’-)-2.>c. dov + Q' Cataet dapdu

Ooo— &?I(tB =£z

e ®E=-1 = Ulo,od=-_2
2 t

2 (et y?)



05-04-2023 Lesioua 54 Rof . Nosogo.

EQUATIONI DIFFERENZTIALI ORDINARIE

F(:o,s(»),S(x),...,ﬁcu)(x))=O eq. diff di odiva K, oo supiaiko

ny ket
F: 1*(&.) R oo
L>-!'-Q. dousiunio pus enra sl coutendo

TR, oI —R fotiona dcoopite
Tl el cont M pus AU ibwoo = 36*,3“3, . 3‘“‘““)) Jotma asplicilo.

R canhio di vasiable Y(x) - ( Ylx), Y, ooy :;M)cx)) R pove Atuintre 2'ecquoriova
o Y= § (oY) pan woppotianen § oo

4o oud.

mwwomqunllo*wuto

PROBLEMA Dl caAvCHY

o= 0, LIxAoR e AR |t aadeIxA
W(re) = Yyo —>duko uiiicla
Pere numplicike mspposioms I_=(se-a ,»o*m) , A=B (9, a0, w50
Teorano (Comncun ~ Lipnduika , anisboniion o wmicikd Socel):

W%MM,M\:&&:_ WW% J:»-S’ei.oi AL2 0 tols cha:

1§ G, 8 - $ 0o 0,0 ¢ Llnmual B, 90, 00,4,) € T, 2B (0) = Upadiibaioman in &

S Jse(0,2) e Bl ue C(I5,K), Ig= (0-8,%*+8) ded po. i Conchuny

Oss (Fovwuloatoua .;L.ac'.ar.&.): Tudugrondo @'=§x,4) deniomne 1 ylad= 3°+S:-§(e,-3m)de *)
Y T AR. A pho. A Concluy &> o (+)

Ror wnclitma. (%) bosto. rupporit y coilusso, Yoo n. T auiflowstieomant. C*.

Divs: Conctuionno o M. oo di (1), 1¥clittonde iR beoamma defi coukrotious .

Comidero (CCT5, B, M1, ) apotto dic Bowade, Lg=(xe-5,20+5].

Stoe Rge=]ye ClIg W) gem e B (80) YxeI ( adkospotio chivme di C(Tg,K) = Xy o & e o
covpldn

Per. e XS,r def. F(}s)'%o"'L{-(t,s(*»dt

F: xs,r_>c<ls' R") A &32 AR Ao (*) & ':')BF(%)



Desso vederts s F 2 an codivotions A Xs‘_‘b‘o&,:

© Feydexy  VaeXg

® 3celo,) te (FCa)-Flu, )l ¢ Cllg, =8, 0l V3,4, € X5,

R nowo wideatn @ e @ D31 0Rdi o pr Rio W codotioni

@ Doso wdew | Fladx)-ag | < v Vi e I

[FCa)on-aul= [ §(4,aNdt[$M S1r m § 55 cow M= 0% | $(e,4)]
X0 M Ig*B.(%)

® IF(8.) G0~ Fla)o | = |g:3;(b,m(e)) dt - g“%w,m(t)) dt

o

< (715 i) - §(45.080) [ 0

ro

<

L) la@ -0, € L Slncnalle <y -valle an §<3

ro

MstM(o,&,%) 31 AR u de p\'oblmdi,wub

Oss: Seator Rou Lipactitaionikd di § vou @2 vudedta

o = {1 W)= 0 2 »cRwAlowa
wor=o o bl
) = 32 L Acfutrioua
<x-:'° HZ Ne?0

A,

’“/// ‘ y

SOLUBIONE MASSIMALE:  w: Ty — B, (%o) A de pb i Camcluy

v

S.LPPO\:.L.M Sza.., 9 M*L\P l‘SCx\‘= I-E(x.,‘j(x))‘ir’\= H-S-um_ Mowa. 3 /Quu.-. Al = "_’)t

DAt

= 'a*c-&a-(‘-”\)» sl latasldr Poe o pplicasta iR teotanuon d etteuders Qo ARuious
S (0= 8, 20 +8+8) o 320 @ Lo emo o we B (o).

Lqm&@&%%m%%ou%wﬁ»d&&&w«ﬁ

3.' (‘%_S( :)“’*SJ—’ Bt‘(%@5 'bl-\&. C}~«.ﬁ._ N
© $,¢ = Liur DO € 3B (20
)L-—)x.-\-;'_

® St = Qi AL e 2R (u)

3 DNo -8y



T positicRons, . o= vz+®, God dous(§) =R X R => $,,¢%% DL lacw]=+eo

'6"’-9"'&,:.

E\.mdtﬁo Teoreua dfl'aniJoe o —Ssvcx:s dos. o PaIRL

Exs: 5‘:3" Awd = = xe(-%9,1)

A= %

aled=1 3,7+ 00, 3, =4 rg > %

Oss: Syp ¢, a3 M-lp. A §, ¢ =D celalx+3,)-nol $MS, wr Szvm(ou,

) o
)

Z]4

%L‘w‘kemomcéumﬁm&pemdedaazdo.ﬂu@wdo.L 3*7“-»'-&&(&,

24

oo (Rows) !

Se 53 ado cottivua > 383 wninn (@, 1) 2d 3 v 2R 51 Ty By (30) e po dic Covndln
Dive: Approwsiino § cow §  K-lp cow KeN

o §, 0e9)= ing IS0 + Wlagl § il consRuiiouws

2e B, (1)
D Cx,9) » FOga) rkle-y) 3 w-Up s o ¥ S §xn) & K-Ue

D ‘Bki %l‘_‘_“é% e &L':m's&(.x,ﬁ) =~:‘-9-S~k(x,\53=% IW%KA% waifovae ; elot u%-%-“ —s 0

R+

§ ) ApPQ»-&-cJ-Q, Wp&odu&a co...._-s-hﬂ- 0&&»-%9 waoe AR

Caarilimale D 18__>Bv(5°3 el Pb {'3:*&(""'5)

% FrnoRo Alxed =00

Onmirtirtomie Su A © M-Lip. QuiaaSL Qo A M'.,alv.uoou:h. wqqum%dbu
= Rer iR Teo de Ascoli -PAradlla. I adtoruce. Ky, b @ 7one c(x;, B‘.(':so)) WK

= ) = SL::». W, O = Lo ot S"’ _&Kh( ., tsM@b)) A\ = “3°+S i %Mtt,gk_“(eﬂ dt =

o *o

= 3°+§“&(&,3Le>\de W AT AR I b, AL Councunyy
o
Teorea. (enistento q}oboa,):
FRAR" W oo, [§029) | ¢ aln) (91 +bexn) com o,be CR), aro ,bro
® o AR Saonnsea del po. Al Conchiny EM,Q& Tl mtulto R
Die: Sia w: (re-8,, %0 +3,) P AR warsio o AOPPOSLO S R anmendo S, 4300

D Qe laGyl=too | Qe (G =120 ;) povaiouss APpore. 2> O

7 DuodY

= YO0 = :')‘Cx) - _DCeI ¢ \-S Cx,g(x.))\ £ o () 2CR) +obY)
Y'Y



~ ~ Za o._z +b
L) & 200 dowre () wadloe
T (o) = oD = | Bel

».
Alx) = ( a () dx

Ho

(<5) = M(T-aX): b

n
e % ()= 3 me) = S <AL ) ae
No

~ ACe) * -
2 i e Iald x ( ACOAE Ly dk

xo

X+ S

2
N, )=
Lo ey s e “.*83\5,\ * g AR de e R

HDINT S, xo

ASSVURDO

1



48-0L-2023 Lesown S2 Ref. Noseuge.

DIPENDENTA CONTINUA DAL DATO INVRIALE

Q&mwa&ohﬁpﬁw—up.
p«a\a\m al Cc»...n\\.b oL T “AP o i poc n Ap;“';;' Koo di POQO"

as = % Cx,%)

PLQP: o § oo & L-Lip. s N, o =¢Cm,be3Cx) nRuaioos Q. Fo L Coudan
= $ 2 Upediibriome ju ag o AL Bo | D Ge, a D - D (o, 9 () | & \30—3,\&""“"‘
Do RBuiomo e led= ¢C‘>\-°,3L)('—*—) , Lelo,af

W) = | Yo (3 =, (D | kpﬂu{w dox 3

W' (k)= D)= daxd [9a (0 - 9L G0)
| 203D -3, '

2 A () ¥ 4, (w)

W'Cx) ¢ [ aiGd -~ | = |-g(n,n3°(=~))— T (e, 2.0)) | < ngch.)—:)_‘C'xA\ =L w

LC3e -3¢0)

loo AR, AL 2'=L2 @ 2(xy=2oe

Re coudrouls 1 W () £ lso-gileux-b) U2 o
LaMpzmx<on;%a.Woxm~>o m]
SISTEMI LINERR)

A= AIRNCE) + b)) cow e T2 R

AL T — M, e

b: I =R cofinmo

Ose: la adutions exihous fobollomas (Waee L) o homo wmidus

Se Ay = A UR iiRuses Al dice oo coryfiuiedte corskonite
'Se.be3=OJ&I\L¢WMé\L&a.o\~_»ooxm_.c o o A Sonlordl Adtatudooas v

{dbawo&ohpaaoa»dwum;h

RY NS M,&M A&MMW 5=Ac-&)-3 Moo weo ApRALo

R oSa I MWH L M'\&A&M% = S=AC‘¥-)$'\'b AL AR covas.

2o dova  poricRore de Al-XLoso




W) = ae

Sia 4) (N-o, Ao) () ARLALOw , & b 43(%,303 C%) Qiaoma \';-.,%..'kaos (pm Q‘Mtol)

)
= Qo apofio deh aRutioui Lo ditmtmious N

® Sono oo B, n, MR W=AGIA+bxd o wen tn,

D w2 Aty (34 -AGO R +b = AGow, W 2 ARuacus W'z Aw
\Ah&mmcg»kmﬂgg AL A=A+ b AL PuS notesre \3Cwﬁ=39(*)+§*ci‘b'-c’0 e ®R
Dose ap € weo AR . posdicRosa o hai\ dows v bona Al AR di Wl Ao o

W=

Qss: Lt zqm-‘b:-wi. QMJ.!.OJ\»— dl odiua \:)(K)C'x_)e Z o.L*Q“)(x) 2 b e ROVCuo A
i=o

o AsKeso- AR oo Sl ?o-uua-Ac Y () = (3(&\,'3'('&), ...,‘&K-*)C-.v.').s -
© 4 o0-...0

-> \Il= AY + B cow A= < Qo ) a B(x)= (o'...,olex.})
o o4
S0 A .. OGa

CASO LINEARE OMNOSENEO A COEFFICIENT! COSTANT)

.3|=A3 , P\QH“.V\ %—{,WO'ZXQ.,, \3'. l—aﬂln

AT oA
Doko AeM,  deftiiome e = Z o el
SLMe (oKl e RAuiiouas Yoo tuousro— ¢ AN = vsoux IA'X_[

%)\ =4

Oss - \ow Mo & A ewumm«q&.&.

n=o "‘

M (MA\LMIM Mwl >
e ke wowe rcuetde squisraledl

n nAl
= e <+ 00

et = Qe (12 A7 ¢ B pALLL

N =>a 00 nzo N-a4+R Ko YI\_

&WW Q.. %u.....-‘b(ou..-. -S (o) = hz_g n! : h,n_‘ Mh.n oL W

Mncg..i..o.. e.“, PRL N> +00 , hod wouapodRl AL M.,,,,,,

Popriefia di et

@ S AR =RA (% el von @ ww)= 7% A P2 Pl

1-\ ) .\c—

! Caam) _ “ 5 N
._: Z ni neo Kﬁ-e ‘ u_z' (h—v')‘ . é T ‘ Z=' ‘—'
now 2 oo
Sss. . delle

(TO0S, LV 5V



@ C.A= Qi (Id+%>h

N -+

MM@MM ™
@ daxcty= M so Srclogosmaly o zxdmlmmpo&.‘\m»m\i\gmmf?

- _ R,«) .
I posdiiaeRore QAEW}NN@ELQL e (Y =" ( *)t._cet_%_’)
P Fave wlbe¢%~a&«o&md~AM@ Al Qoo -

dek () = Q_:&w (1‘3.\.%)”= Qi ['d@.t(ldﬁ- %5}": Qo f\T (-H-l'i-\]n

w
W
w ol . ° A "7-}\* ©
P\ - o . w A Q =
>v\-. (o] ' e,lk.

‘1. 04.
a4 )=B+CIB’XU)QS°Q‘AI‘A’C=( -‘.o), y

(=}

4,04 « 4
2 03 o C e °x A ZXREe /et Y
<= Sl ~s e = 2% o e :
.° . . -
© o

e A
\texoudo ! s Lt

~— O;'

Teowiwa: \.o...-&y.».-‘h.m x> = &u-g—gmw& Vaee®R e At Lo é_et\“'=l\e.ﬁw

dse

CD\-O\)\ou-u.o Uuu.'..co- Asrious. dL %\\S":Aﬁ < bcx) = QAC%_NSW&" (A*g (o.;‘-‘)x>
3(*0)=‘$°
e ACx+Q) ® 2 AR S P‘K -
D : _e.A.=.9..‘.a.~. e - .‘._e‘,\ Qi & -3d =€A*Q"~4~ g:c, K-?\-:S-d
dse £H—=o 2 d»o ) o ' =
=N
_ eA*_ ) & A“_&k.--\ A""k A E A.'\e'l.&;) A Ax T . °E°_ A.;ﬁ-\ &\') A
&L“_:"; E“ "t =t _R_:; ( i=o (3+2)) ) - - e ( * -0 < j=o Ci+2t = Re

:exu&\c?,.&.



A%-OL- 21003 lexvona B3 Rt Nos:o.%m

S\STE™M LINERAR), CASO n=7:

S=P\'ﬁ ) 5:RA\R-’L ) A: (Q b >

< d @d;A%a‘ woll2zabhif
Siamo 3*--«.')":-9-(' , aoveow. AL A = Qo 3 cond: aufoselow dw R
\©Wdu.ﬂ~% ol 22akie
@ ouFowoQowl W €
@ cA2O BIAGONALIZRABILE :
-4 2.... o A M_‘AM Y
el e o MUAM = (o . ) e e Moo UM (st )
T
Al
-1 e
< M- ( ; ) < 0o AR dr W= (MTAMYY & aoede (e, cd ), cyceR
o Q,:\" +
def. dol cauhic i coord. M
NODO STABILE: Ay Ay €O NODO INSTABILE : ka X >0 SELLA: N 2o <,

(@ cAsO NON DIAGONALI 22ABILE :
. -
M7 AM = le R
o A
3-4"")"‘:)-\"":57.

. Ao
/D, = x51 — :5!.= C.?_E.

seoems =

\5‘_‘= Qe T, A,=C.e +C, e

LS S s
Lbb.“(:)\(c_(e_x + C_zxe,“) +C.ZQ-"= )-*3"'\-:37‘

:3(7-')=2}.M (C_‘*- C, >, C.z_>

A, 1 A, 7
[ — [ —
d : -
YN Qs
_— _
_— _—<

NODo IMPROPRIO STABILE: A< O NODo IMPROPR.IO INSTABILE: A >O



(® crsocomPEsSS

—_ od -
')-.g‘ XQQ\\R, ) ),Lax ) )\,: d+i’% = H-4AM= < 5)

p

e L - = e

v .
L>®Wd&o.u.ﬂ=gc p

Oss: € diwdie Wé& cono @ prelal ei.'?memg,,_a- Lalap o

Lsm Jodoua. — Qdko-%c\.-nﬂ.b-lﬁ:ob\h.
Ls wohaziour + diRoXo tioue : Ol-ld-r‘ig

Mam ol (: -: o <C°5? -)ww..$> An Xﬂ- ateovolowl rouwo Juo € = Mm%

N——
dilator. voroyose

“ - N*AM) Y = ated = et™ (c,c.:r.s(g,,..‘)* c,,.m..(%-,.) VIV (gx) + Q_,_Cd)(%a.\)

5; 4 5; o~
s p
\ - -
FUOCO STARBILE: ol 2O FUOCO INSTABILE: o0 >0

SISTEMI NON OMOGENE|! A CoEFFICIENT! COosSTANT)

3‘=A5+ beany b: R =R coskal.
b(x")‘:ﬁe Aem“)h

1. mﬁagoka\&te\m%ud&pmom

ACre-3) Ax > -As
Wi = e ‘aete ) e -bande
xo
———

:5?(*3,&&.. poicRore cou 3Pc,‘°)-°

%, 4

7N

N7

CENTRO: Ol =O

28,
\}EJG-S(AALQ..».OC\U._ Ap 2 Muxiouwa, ¢ :5(',= Aef‘*{ e.-As-bts)ds-& &t';f&-bc“d' Abp"’b

xo

SISTEMI NON LINEARI AVTONOMI

N g(‘:ﬂ, %ﬂ\"’\v: o AE\V:o?v&c e -gec"(p,)

Yo ta ‘g(go\=° e Silca_ P-‘-S»O MRoOtlouvosulo dell AdKewso (3(&)::3@ Q MM)

O_.SS’- &M,JQ FUES o \S=-S(33,0(&£_\,.o o. :BQ,ALQQ\APG%MLQ AlKennoe

Qiseos Ao = =D{lae)2 ( dowr pouioume D) = wl) -3“)



Teo o AL Lsorsatotiose (HARTMAN - GROBMAN):

1o pb aXoBlocuosuo
-SE.C.-‘(A\) ) Q€A %(3°)=0 F Re(M 40 VA anfosclon 4 DE(ge) =

= 30 nXowo AL Yo = (b: U»\QY Ouw\m%iamo e q)(%,):O e, detho :b(v-,:)_\') Qo

a'=4ta)

rRu oo i -1:(.'».9,193:5 ¢ (\-5(1-, 43"(4..)\) voRot R ALKuwese

)

Dlas) =)

Qs ot o S"I“: Dilsel

L) =2go
%1 ) tc R&(l)*o YA AL Qiew p.s»tow w&m

O&ZI\» %9.».&@9._<pl HéQ&gmmc*,C@mL%wv&i&m

Envupio di opRicarious.: (MMO.»_W&MM n=7_)

M TACY, alal ey Sala-Caend)) =u, 1
=2 PUNTI STAZIONARI
MW ':s,_-:sz(‘:’;—: *al) (posgp 8i=0 e ny=0) B, (+-(al+a2)) - “Na T

vaRELERLCO T pre 9,

r~N y - 2 . X -a
2nGa-CaleeDd) sl = -t &0 wowse v Dileos S
.\
wcRhiglico IL pore wy !

.
?;4: T "2,

2
SISTEMA auTovaLor:r (4-2) +4 =0
LINE ARI22ATO ¢ N @% A,

\
o= 'E..‘*z-z. )\._‘=“‘-\-L 1.2_=1_‘=-\-L

Rosaiowss appRicora R Teowuwa Al Qiusarizranioue

Dowouada.: Cowe M compoon R jikemor Louwkawwe dow (o0 2

Foorwloumo oo comudiunake PR ¢

(a,.,a)=(9p, &) Sl
pristen y

e=m(‘é§) S

N N N T

P J \Q:-* 5: i P

e \ - 4 ﬁ;"&.\" %gﬁ(. _ ‘5:1.\54_ ‘51.'5-'\

— .
MY A ESSENS

\5"\ = ‘5-\" \b'l-— %-\(\5} +%.~: )

D= At Q- ‘15,_(.'3:-* ‘5:)



2

pl- BfomcboaiPhaose el o0l P P

3 ;P - F_Pa

o' n« ;432.‘5;?"‘{91‘ R *_\5)2{?7.*
2

P

ch)=e°+§o
p'= p-p®
PO =14 L ARusiowa.  Robia

(\’.93=(-\,’~) L wrobhle pruiadico. L ARemsow

TMAL Potcord - Bo_dixow:

n=2, o=§ , -%G:C."(AB, ASQ.LQ.P!ESD, Hupporsiowo Aaa

@ DAKEA covrpaRie M, (I =" 3 SCM)GK
= Gde K Ysesxe
® Slad*o waew

=D J AR pew..och-o:._m\\

S




E

2Q~Q4 ~ 202> L.e.m 54

Ctrciase A Audus e\u.o&}ioxv;qo Al wea e.q\:.o.ﬁs.ou.v_ d.%&wwh.oﬂ.;.

F(*:‘é)

5'__&&1;)_.\: come o AL asdeude W), e A pawk beR
{$(*5=b Lleg. & k§ afe por >0 3 :
Dowousde. E
o) C'e erisKanrta o wicikd dfol Adtiouws ! ° il e
b) Dencrimeras X iowo wamenrinole di def.
) B! B 4o R weed =07
) Dive an <L Acso onindidic oo
@) Up. (Qeecde) fuw o+ | Flo, 00 -Flo0) [ s cln - u,l
lorectun o~ aecFam sl € clag~w, ) (&)
= nowe vodfeoTn R Mo bt Conclun-Lip: = I\ AR
b) Flx,9) $AG) + BGO B cor A covfiuus 5o s
= son e eninKenta %oba&o Mo} >0f
Debbiomo copite tom'd fotton o Alutious : ¢ qremdo yeo, Feo
3 ! Sa acRusriowi

© F('*,a) >°? M&m...ﬁ»i A A >0

. FC*,B):O ? Sheodicuss mm-b=;_(;(*)

>

i
:
1 f e Ly arectos @ wouot.

(%) &=|oe= (q,gq_tou»b)d

LFaL Ra. nelusow-
Ot Lo. decwnious
Qua

* conmo b 20O -QD-A&MMMN&M?WW

MMM%M@&A&Mx—bo?

* Cohol ascmsde PR =400 ¢ 2 tonl: vl Fadbe s indusde?

Qi-\-\.\_ E:(y_):Q, & «Q_:—bo R,..MAQIA&.Q,G\R oV0ccon  Line 2;‘(&)-mzixia»~e<0

2L =D +0 M= + 00

Now = cow-Pd.'XLbLQp con Uiua c:)C-:«-—'):Q. e R (*)

3 D+



Spi,e%o.%.\‘..oug, (ﬂ&) :5(?!'«-&3— ';5053 =S(‘&§--‘\ 'Ee(,nlvn-*)
—_—

o=0-¢ Riae 3 (8) zarnckam 2 —-> ASSURDO

T =+
<) }b: D, (30) afRamitre fo curvses Flx, wW)=0§{ = & we Lderuselso (b*,+x)
BN = Lw 3 () SR Rl mnioRe Vow fonsTe
Sl Counparii di (o +&) hwaaww:wkpmdaw
couona A won indorcsoBo compedko ((dol tro i dipendento. cofiume dak X iuitiols )

Do._qmrukomu?.q, Sun : 5b(>-.)=b-u S;%'(-e)d'c. :b-\-% F(t,bét))d\:

4

% b- b* ouim%a (3 VP —SC*D':b*J- S‘(F(h,?}(‘b))d‘: Y>>0

= = d. omiton. MRtious cou daXo saitlade b

Alhoco. Aivtamro ca:

© w3o ? = QRO =o
1 S LD+

° RO (Oa-ccxoau':)\ ,ou-n&?gic, OJLQMSC»)< i

L-> CuSLIOL s O
C))

|
- = ) — A >t -
(\5‘:57_\ ';3bz(x)) aueaoun 4 (59 — oraoun 4, (%D = 4+§"(‘Abs 2] ’5\,5_“‘3) Te E‘%C“;SA‘*')]
b_‘ >b?_

20— 0

|

(:‘3 *(N-B -3\9(».5)3 _*i ( 5b* - '-55) N 2 o
©
(N
~—rou
A wan. G
w C%) ‘oeno L (k)
% - Xo
w"/%w Va2 % =5 wlxd” wixsde 2

d) AMU:t;kL' S&. S’;-'\:kw‘b(*) =-O0 ,we. w&o’to?

R b‘(*} = Qe (Qn_c_&-.b(ub—i)=-'\"z_\:

2 =D~ 00 3 = 0o

D\ Cad
03) Rron won oniiiide @ ey 4T s >c el
D A Y
2 W~ & 0o

L0z W OO+ T = anlonea+ T -2 ?-ma@.:—«_ 9 () =~ 0
2 2 o A x

Qu.o.u.dc 5(x3<o)v;§l;.o~: mng’tmkb+o~vcc£b_,~;\$= \y
z

Al

&.3(&)0.&;30%@—'}11.-\-(;: aled v U T o et k> R ovecKoun 2 m-%,‘,
2 2



= Q' Cxd~ A ~*+_7=.) ) Scrr= &Cu)"'y-'g\(t)ol'c
e
xRo

™
Q_WW
RNWP\&SMMQ&%W [~ TS T Y 'y v o QN«&?JL
*o

R crdera s buoue €3 oninilicdlo o + 00 AL wpRke Qo Kemro ool omossanto

Estrciano 2 0 Sotemon 2%2

5L = B, 9d s 1)

5‘= 6(1133 5('&)

—S—I%MWCQ

Dics &u-qsu.’?cn_ qﬁm_%-e-u\»-m e X A N=%AV.-—&&3EM %omw.kkm

< ‘ A
DLQP' &&9,0\ & woXler , a\kool agt);ti ) toQe Q.a 2(x,3)= Ux('&,s), 5(:,3)-—U5(~.¢,3‘)

U (e (&) ,*3('\'.)\ = ectit

%LU (y.['\:)) 3(‘t\))= U,x_(w,&:))"x-' -\-Ub(x,%)'s‘ =B(*,3\'¥-‘- -S(-n., \53’3'=a(x,\jﬁ%(x,b)“%(u,s\%(x,sS-’-‘- (&)
¥
—
GW: 5&:=A'¥-"'Bs %‘.—q\v.og.;— AIR,Q,b &Ml %ﬁx.g?
S=Cx—*b3 dre — dbadoém&(ﬂm
\ 3 3
3
‘& (x,t)): Ax"'Bt}: %C?L,\:S)= Ce +b5
53% = ax_("'&.)
' = AL+33
D = -A &= AxD=o =
3‘ = CX-A:)

AV = (Cx—Ab)Av_ - (Ax_-fBa)dB
e = R . - 2
V( .;3) SLX A %3

Eramciat ) x' = x -y @ Neriflcora dua Gl Qo AR nove LiuidoXe

W= By @ . %=t Jdeferuisore iR P.u-:tbl'»-kl. woluo =

2.) Riduwuee Lo AdRuious di (X)&&&M‘QWMIM

Al diwrumious v ammh&&pmaqm&mdwdw\m_n?



26-OL - 2023 lesious 55 Rot. Nosage.

SISTEM! LINEAR NOn AUT Ono™)

W= AGOR+b (x> e Ab coifiune »m TR

CQMW5
QW'=Alxedy Q0. ARuALOUL Aouwo vare Aporio velhouole di divsassiouwe N

FoXko : Q1 B, Aowo A AL peudedii L clCz, R™) > 0), 1,4, () Aoue Ludip. Yroe L
%&: Dofe n Ak, Do) B Q0. woXwiew W)= (‘A«‘ ...|':5n) A dlee wol-ice WrownsKe oo,

WCxd = deX Weaed ar dien deXervutuwonts WousKicuwo
W, w werilicome:  4) W'eed = Acad Wi
2) wenys Ao Y wesd
D) Seopsa do g =Axdy VK
2) E Wt equotiome dell ¥ oudina Atolore dua Lon AduAous WD = wa.o)e\.:(x)do«. m Ro

>0

n
EIANS R T (Aced) ds. Tie porficcRome => Wixod =0 pan quolelis xee I => wlx) =o;l

W20 D A, ) Dy dowe dprudeste
Vershiehiome dun w'= (Fe(Ad)w :

W'D = Qe WG RY-wh) | 9o deRWlaer 8) - deXk Wewd

% »o N >0 2
. di W'exd wW'=AW
wcxw\i WG + 0W' () + o (s\‘)f( I+2AYW + o(®)
W . rb&u-'tovago‘i.. dL A
det[W(x+2)] = dek [ (1+ £AYWI+o(@) = dek(T+oA)det (W) +0(R) =TT (4+82)w + o(2)

L=

> Biwek

205 05,) (28

= [«+&’&:.(A)]w +o(R)

JonerioncRe wel oty :

w'c*_)= :‘%:_U* [4*--9\'&.(#33\” - W * O('?‘\) =-KTL(A) W
o 2

,0_5_5,1 IR teomion di entRevdol o & A ownenS vscumarie |, pUd Wil Nca quoccho-



Commwi
S=AC-)5+beB

Se.g_\_‘,...,*:;hhou.on&u.ﬁ.m...‘_ Ak W= Ag e Ap & v ARoup s poileRosta , oQo~o !
':5=;'§4 CLdL T A c. e R LWMMW%M—B

Ccu....e_ wal conc o.n.:_tou.om,d.cixo_ et weoXvece WrouonKioumsoo W,c.cu, dexw-to,

= 59(>o=\t\l(u.)$ WY besy+ bexd 3 Qo a2 poricRere chua werifiea Wl =0
*o

% - ”® _
Todosri s wdeed = \N‘Cv_‘)[ Wcsﬂ\acs):ch,.ag WY b(s) ¥bisd = Au 60+ btaed
Ho *o

Amw&.e\.@mw Qa0 AoRusstout

Cono 3 popRatious :
2 (£) = # ludividul ol et
* (%) condlo erpovansiiols deQo popcRotbioue iu PrRuto. &l
W (B)=Ka (k) - ¢l K,e>o cbo o Npawio Qisikeko
L
Oancs Soo

= . : voauQkoko
X EOC & sludloun y 4 apain
’ ¢ - 4o grudio
ez K & aRuviour (o)
<
s ca Q0 dica 4R waodeDo
Cono 2 popRotious : »x(£) |, alx)
2 () = (K= aax ~vaa 8 ) > cef. b >0 |, o Auterama k20, 42O
:5‘ (£)= Cren- o.,_,*-‘&;_,_%\‘_-s ki = toswo AL avencilo. , ot = Yorne 4o o pitiowa
' = <O Je (R.)
*X'=o0 ‘5 2;._.‘,_*1-'0,_1 4
PUNTI . P >
STAZIONARI 5|=o W e matan s wa (R2)
Lot Y S

Nbbiomme vorl cone : Mudiouso 2 ohdn waR I quodwauis (. popRotiow. Aowe positioe)

Cono A: R.*Q.sz:y;@m\mwuﬁ.lc‘m& Q:i [
( ([ Ribctho di
RORS Qo) , @a= (o £2) @ (( ( T e

(
P4°(£)°) ) P7_= ﬁ’QB - (, /:

S




Qz|p4,o Acuo Panll rio.-vlom\)m,&m&aw Aok

Ki—2a x-a 9 —o., %
5(*, 5) =

Bt Wi Ky-oi, % 'zo“z?.‘ﬁ

o
so
Ka = a2 Ka o
. 5(@;) = Rz Aol
Rl Sy XY - Ra
O.za
“Ka =k
« 3(R)= O wodo (damproprio) stohile
o Koo - o e
San
——————
<O
Ls Ko ¢ ke o KRa e Ka
et Qaa Qa7 Ra2

“R15R4” M%Q.MW.&\.
Se w ()20 = Qv W)= sk Qo popRodiove 2 Al wiugue

t >

mLtﬁ.vﬁz&WﬁT%&Mwﬁ;w&N: Ko ¢ ka2 | Kn

Rz Saz S Qaa

P\L&M:O,P_‘}Qz,T

Ka L)
3(°)‘< ) - Tweliddoue waukl odo wetelala

o W,

7o

DaQ_o\»u%suo i onplo Q, =« P, posio Il o, T uodo swsKabile

Se x('\:o\>0 Py 3(‘&9)“: = (x(’“,bﬁ\ﬁ) —T , o Q. popoRooui counisouo

t >

WBI&%A&MLTm&M‘K@&MM: Ko ke k2 ke

Q22 a2, R [= WY

3 P@W:O,E,QL,T

Q, ‘%

Q. ~T/‘/(({ G aspefliome Pe Q,; vadi sobill @ T nalla

S
3

v

o pz p‘ *

Qenericonmente Qi »lt)l=o o L a¥) =0, v nopEuiut wue- ARa Popolotoue.

t =% to> e



Modea predo. ~ predofiora. ( Volkerera - Lotka. )

S) peddiicnl elia U onsentor AL prRde colomo W wasas il

{1'(#) = o.x—\oxs - Ex?

S(t> = -C.:S'Fdxs- 831

o o.,lb>c , & 20O

ww ¢c,d>o0 , §z0O

POUJ-OJ..»..O E=0=§ mw,k&ﬁmtmma&pcb\p&&dppm E.\Q..M%.uocb.b‘
Cna:.cnj-P.m.'b; Aot ouosu- ;

C;.o.hpdxum»opeu...two&u.oce

o ~be lz=-a-c-, A=z iVac 2w e —> vow wale, , pers, A Teo
AP = j
%wzlﬂwmi

Vi, q) 2 v joteoeole pume dll Mkemo s \;cx(ﬂ,a@cﬂ % corFanki ik, ek

°=%\,(""U°)) () = VV (e ) Cae, ) = Voo et & Vg o o =\)x(°~-b5)x +\Jb(-c_+dx)3

Divido per xy = o= Vi (§'5>+\l§3(‘i’* d}

Pd\hop&oum o pPrudera N = -%

—“'d,\’3=b'_

x

@ _V=-cQoq () +dae -\--5(3)
o — 3

S }‘V=—o.9.o%(';5> +bly) + PSS
\’(:«.,3\ = Ax-\-b\:b-c.qn%C‘&3 —a,Qa%L\a) 2 mg.t-.sxcc%_ Tl

am,&m V("‘;%)=&Lu.- \,(9@,\3)0-‘-&
WD O, +0 QW=D S9,+x0



23-04-2023 Leaious 56 Luciono Scioraffo
(’R;:S:an)
Ererciio A : 3
- CM@(R
o) CafeRosa g\—oJCF;\" oue FCx,3,£)=(x"i",s"t",xbt), Z=\%=u"+§'}n%w_‘+3‘6«kk
b2

1) Co.Piam.acLu'.E z: t:x"-t-%’- Emmmwoﬂ‘miaﬂa%a@i=hu
Plowo
2) No%duiihmw%xue&m(mm&mw)ﬁmle

3) CQuosmuo Z—|= 5‘2:=1-4 ) u"+3‘sl\i= diaco Aupericrs

A)W&TM&M%%&Z+Z"

( ga *[. B(\o‘tl:-h) . 54;4.—\20t\==o

Z V & wluue Lm&mth&%hmwpﬂ

Y

z

\ 9 5! n
S F.1 BZ%W\;@&QW %¥: (-, w)Y—> 32
: N
l %(6) = (2ecAt | 2a00t , W)

w

= { F(x®)): %' (x)dt <o
-n Nirnoida

b) ColeRosa S‘Z\—o'b\:.?? ou FCx,g,a)=(o_xs,eki,w"~a),Z“{Ax‘+3"+hez=k“§n{3<o}

ZI= {x"-t-:b"st, 3:0}

g\otF-h=§ F-t porowseliiisticmo 3T wow B(t) Ccoowdivete pRovus)
z oz

LW
CoQeclicuns '(E) — g FOsx)) - ¥'(+)dt =0 L
°
Erercinio 2:
cle;bQou«a, Y F-t con F(x,%'%)=(x3,lt,555 'y Z={x+i=5&f\)|x."+'3‘sg‘(
oz — ?
Oﬁuwwvopmw c\a.uu.?in.u.o e wu 'inna “
m\
Uso Stoken: | Frt =\ wtF-n = C-\Q-x)-(i ,o)i>dA = (4o dA=2 181 =2 v 37 =W
(ZZ. s SZ Y= Z 2 ) . S‘Z z T Xv4
d'oseo.

Alerctiramendts © wne R coodluote pRovi : L= (pee®, Me,s,:me) won P<3, Qelo,2T)



E/aemcbh;o 3:

COMMLSFH o F-("'ﬁ—)%) e Z:‘A*’--\-S‘s"i-ﬁtzesa}e&mgdz
(.*-'Hs«-l")‘

YF-h=<\>(F,£5=SdLu-F=o pricui Al Jo. dirF= 3R L 3F & 3B s o, Aifomme:

4/ 2/ Yo
(N-z-i-‘a"-i-iz) z[ A(ser+ a4 2?) - 332 —55"- 5%"] = S(xz-b-:f'-\- i") - 3(:@'4.3‘-\- 1’:") (.7'-14-‘314- ¥)=o0
)

2 2\3
(3er+ g+ 2%) - o

A FR‘“MAWM’JW F—lTl %Mmﬁwﬁqﬁwmﬁooﬁmlmw

}‘ZF‘n = ‘\ Fn+ E&w\:
) ~ yoRuuus vo-cclilunc .. \
B\E’L)\J N o B 2 hpeng ﬁ\xﬂ
\l 0 >
LT ¢ o \\
Wt K

LW

=S F 3T L oo supecfiue

B

Esencial poe como: 1) (oRecRora YF-t , F‘(B‘,th,e.ms) ) Z=’,x”+3"s*6}ﬂ]t=5}

oz

?.) Coleclora ‘F-h N F=(Cc5-?:+a5",xe-t,&».3+xi")
z

Z=3(Jeentnjnragrent)



02-05-223 lexiouwa 57 Prof. Covuminaadic

S\sTEM 2x2

(*') M:=

x':ax*bﬁ s (£) con % (0) = %o o b
a'= Co v dy Y (£) cow qlod =4y, ( )

c d
Rop: W dos ouponardie (38, 4()) dallow aR. dl (%) Acddinyose R'eg. Mlferantiale

C;«D,L. ]IO‘A.‘M;.. L&"—<°~+d.)\;_\,+(od-\ac.)u=0

e ™M ax ™\

Dive : Bafor dovwore e 4™ CYSPPSE 37 P
e =ax‘+b3‘ = o2 + bese + Bdb bkj-_— se' - ot

= o +bese +di -do >

o = -(o~+d)x‘+(:a.d—bc3x=o (MKF—OQJQQ—QQ\.\JJL’ Ui ko O Puslini l)

\

Ideus pre o = Tenl
Enauplo di oppRicoruous :
X=X - @Weu._b&a O AR oo RiidoaXe

\S: 5)'--:3 @ . wlod)=4 delercuulvore R p\.».»..tn pu&. voiuo e
wed=o quslio LR QouXawmo otam'.,‘;?;.,.‘ o

> (€), 3(*—3 Mouo A oul clnlk'eo‘uo.w : "B W v deXMa =0
coue M = (A - ) -=>'G'<.M=O, dexM=4 = u'+Lu =0
S -«

e (£) = deon2t + pabs2t
=
9 (£) = ¥eem2t ¥ Sain2t

Chlnouwe o, p, %, 82 S trwvomno tromt & couditions Luldall

%(od =4 => ddoro + P/M;{o=-& = d=A
> (&) = cosz.-l:+*zw' 2t

'(£) = -2dalinzt + 2RecA2E =5 3O T4 = 2p=A = pe3

(0)=z © => Yeoecoro 8)4{-.. =4 = & =0
¥ T ° 9t)= 5 all2t
2

A'C¢E) = 28Sconlt = @)= 5 => 2%wh0 =85 = $= %

éFc—n-u.Q-o sterno cofleclo trovodo autovnloi. e asnfowihow. delhon wcbuea



En: Vrora Qo espromioun. TovoXe prre dedfiluaninore uwolk @ usin Al R(+) = x(.f)l'\" ‘3(t)2

3L AlaX oo (*) & oo o C\ML SLO-‘%,W U(*,3)= %X}—A»B_%Bz

L ol mule oeRiG ) ke quaXo ot UGse, )= S —xy + 2 2.

2
2 2

pl

Cohile < qusAiose & {.5.»"—:95*%3":52?: Qeg. I v Rare. e SR punto
2

2

Vlsnecle
A W/M MK ouaoe AL Gtovos coe & W S e \W : '3(:«.,3): :c,z-l-:jz
2% = M Bx-y) aeRrr Qe & equiss. Oss: 2 3 autovalow di <5 -«>
a ‘Trovoute. antioriRowl A -4
2.3 = A(-2 +3) e cundouolow. dello wuek. = wi doruo Lo diveriova
S/Z.X?'_;,_3+“E.31= '5/z —>dq,‘b_9°.Q.....~??‘.n.&o~. Fosme 12 coScelo por ervrcialo

SISTEMI AUTONOMI ¢

Qe R apedo , Fe ' (O ,RY) |, W=Flu) (%) rKewo alomouo
oo i (o, p)— L 3 A, cuominele AL (%)
Jul) s te (d,p) b A dien roseflowo di (x)
(o Troielowor Lo in wonitro wotkurole omda wal oueSorions )

bousXaL
Oss4: Se w2 aR. dl (K) e ce R | aucha w)=wlt-c) 2 AR. A W)

Oss2: % wee W novo ~d & (%) o wlte) = XD oWoror U = w (K tte-ta)
Divs: BorXor wderte dia Lo o)z (trto-ty) roo due AR, ddllo Kewso pb di Conduy
indeIL Aowo alitanbe AR, g (¥) e vt = wltitte-t)sulte) =) = ¢ =&
Cot: Se w & wmo AR vow cofaudi Al () te W) =ulkd) = W 2 prricdicol con prr- Téo
Dis: Roe Q'oms. acpro ¢ w ()= ul(trto-ts) Yt (= w3 deb. ne kudso R)
Poariomne woundderare to-t, € 6’=le wlt)=ult+p)lag
¥ediuno (2 lope? , pop. =>p el )

= FPlhon wor e o F= R
¥ T var yunppo additive
Quivdi ¥ = ¥olo, +2) a Rodu: @ iwf P20 = TR car pus svcodow (X)

oppure ® A K’*=MST-P°>D-> Pz R priode A v e 'Eo't-‘=Kp° cou K e 7



(%) Sﬂ--cwﬁ- ¥'= o Woio. T T dawno el m pendo pe Pte ©<p < b-o

. 2
ainred iy
= 5 w tc Kp e (o.,b) i ( ) Qp ab‘y.ou.u.o wiko ad AcoQin A (in 1:\,‘21/‘10/24)
l ° >k

Q«Q@WWQA&%:M&{%M.&L P delon Souwa Kp cofimams o Mova sn O
Cov: o) Ogui orhito couispoude o wao Jonugiio. I Tonflake dis wua, Aerso Autiowe
b) Do othifi pt sketmcomo me woincidous C ool s souo oo stemre. ochita )

Q& fRioko da ohi (eioR b wn wniows clingiudion i odbife )

Cohon nucode con L porcwndiazariow: {

Fec'(a,®), a=«R" / )

AecC'(nL,R,), Ao ///

G C>e) = M) FCa0

a'= Flu) , w'= G@(s)

Pop: I dus aAttkeni Lo 2 wiedeniwa Trolethowie

Disw: Moo dia At o= 2 AR d (3G ofsa wle): v (W) e W= e

<
k?('\':) = I\)s(\\‘(S))d.S NI VO FOSIR Vv Audck»s.so_ (SF) cow alo) = (%)

to
L @' css = A(scs) er de TFCI

' () - é_(.xr(tv(o)] =o' (Y)Y = A(w(\\'(’cﬂ)F(\r(Wt)) : ! =
dt - - 1 | \'Pl(\?--‘(‘t))
=2 EFle (W) 2 & QW =F(uwl®
(W (+)) S oToD > ( )

DERIVATA DI UNA FUNZIONE LWUNGO UNA TRAIETTORIA

et Fel(a,R) |, eec'(,R), u=F(u)

B (ECa@EMN=VE(u®)) @)= TE(u)) F(u(v))
at

MMW%M&EWQQ_M&-QML F

- e Y
E (3> = VE(s)- F(a)



ECyy)= 25 L U)o Vo >R

F(x,5)= < 3 > s FI&*R“QRN*RN

-VUG
Vee,wd B F =2 VU)o + K- (-VU(?‘-))=O
Eseaspio 2 (St ch....;.?:kom;,m;.y
H(p,,,Pn, @u, - an) , Hec

pc‘="a_HCp,q) &m&MMqM%W,MH

C\|L= 3H (p,a) Waulo. emera wow .L,.Jc.uy«.ogq_ Puaso

. \a)

H(Q'Q\)c.z*%(an)‘<-%:—‘: (Pfq)> + :'_H.(plq) 6"" e (—WW deD'exn. A e
Qe JdpL 2 Ao ey

Entnpio It applicoitious ( ominciaio):

"

Q= -Kaiu @ peundcRo wayds

n
0
®

6
I}
-

F%‘= Focro. AL W‘bo.

(s
.P= K ALl q

H(?loo=%‘>z+&(‘\-w>q)
a) \)emn.g«..coa-uz. due H é.w.._a'...:twa&- prwo pre S

b)wkw&ﬁm\lﬁ de H Mw&wwo&umehou& ()



03-05-2023 lezione 58 Pm%. Noqc.,gx

MISURE D! HAUSDOREF

di Howndoeff K-divw. di €,

E-S-: ke [0,+M)I ESR", ‘]—l".(.E.)*SZ;I.u.v~ ‘H;(E)Md&u

S—o*
- L wtsune oskercuoe
dove Hg (E)e e ,;..,Hia:m...(s;)"‘: diown(Ei)s § « E<s U B
zk. brest [} - J A
%: W, dioes (L) 2 Dloro k-dice. def dino B, ER o va diow (E)
w (A
2

s 1B T dose [ 2 8o [ de Budewos A STAlngg + i~ 9-““(2>vo.\a.m\--w~r

w
. r(s+) €

Oss: 3,¢ 8, = W (E)* My (&) =>'H“(E)=?w HE(E)Y

B

Teo: ) :HK 2 o Gusuon WL s R': < 12 &(.Rh),t;-d?: '\'\K‘“imu&m di Bowl

2) H(e)= #E

3)'\-\"|“a Lo winuro di lekenggun
L) ki ¢ HY(E)»o =M ()= von (= WE) oo = W (E)=o )
Te patticRora H“(E)=0 VESR' VYksn
) IR — R C-Lp = H(50e)) < H(E)
Diws: 1A) @) veousbouio per 2'iuclunioua o A s v i, dorons
® mubaddsioits oina etromnbe Qa wouditions @ ,®

@ E=F = H45E)S H(F) = H*(E) « (R
mempmﬁ ElL di F & onsdda woopewesto dt E

® F; « K = Wy (QF) 532'\4;("-33

| N |
\_ T T

1B} coprimedo di Fy =5 |6i} vicopimmeo di UF;
J
0) odditisthS pu irieond, disRouds
AM(_E'F)SQ ) 8¢ %MCEIF) = HS(EUF)"'\-\:(E)-\-'\-\: (F) = H* (eu®) =']-\u(e),.‘)_[“((:)
b)wquﬂ.n*o Al pud &thﬂmw%w@ua:e&m y (\.Mmmm)

HE)=H(EnB)+ W (E\BR) Y¥B=R cduuno = M2ldummcd R § = M28R)



2,) é I;u..%%i&i—tuh— MLS&'M.) PQH.'.—.QO- wﬁ‘bu&.&-d&. Mo,c&u.HoKQ*xi)=N AR, S<ﬂ'2..u:.p'.m\%i-¥~:‘l

LRy

Sow RECY  an weoprimao @ E,

» a S

’HS ( Uv--'.)= %{ésm(&\ ‘}Eaﬁies oo priwaste di E)x-i. } @
E
=.£-.;.-3-#3=N e 5<“Eu.~‘..-.~|>o.¢_-»3\ (ae S p«quO) :

" - . . - . . " - . N
=) H I‘,1 2 wmon wisurto di Dol lworionti per tolomouws = H |E’(Rn>~C-i-bmw.mdg&hb?~.

= wao R 2mar prop,
Banlo. voidicona e H(®.) = 1B, cw,  wedi: Letioua 2h- 48742 /2023

K> ESR'.‘ 80 , }G;ii reopronulo 4L E cs:u.da'.n.w.(Ei:)‘s Yo

LY

= diaua (EL)K< Sk-wd.-:.o.w- CE{—)K - .HMS(E')< e ";:. -3 -“!‘H:I (e)

2&
—
% C'V.,K: >0
w!' 'H (e) » w
'=)'HS(E)>5— st“S(E)’H(E)Q;m 2 = +0Q
c _ew-w! S=0 TR Y- ) 8"'.“'
e § alled

5) § C-lp, 1B}, weopriwmads di E =5 $(EL) weoprivmato &t §(E) o o (§BLY) £ C dloun (F) Wi

= Hs () < == gl dian(§(E)) ¢ B waoprimest 4o E § s

L w [’} e
€ W ik | 7 diann (B)" ¢ B¢ viooprimado de B { = WS (50)) <€y (€)
b o, Qi

%:%KMWE&M“_ M Kiéin, ol uow = S‘g.,......"ea.m..,., ch....poni._,,\;,_‘:w&::dmm\mu. ri G'--SQ;.LU;.
Poicts m§0--§lu§.b— ,ob\u.ao.u...o p‘ﬂbuu.u.w P?;:.\.t..m daL PGMO.W Q. Roush .
TM,M@M%ML&ME G--&\Ai.ba-, O’-&.w, pone forll wolura
Porniouao Coussanan Po.n.\mdbwﬁzo«-&%.ou.‘. (nn o budke Qo proprielss Ww}

INTE GRAZIONE:

Reudiowo E = &R - fibo pee rH“., [5o>-3 {Hkle 2 o-fusl o § & tHkl winurobde
€
(.Q.AWO %%M e -& Bowallower voo lnm.) dDS«'u.'.nwo, §E£6HK :=$ .;dH“‘E
R“

Eé’ ‘HK(E)=YJAHK 2 wswon im%MWaL&MMM -&eﬁaumhpwwt
€ L
5> oot pre {Ctuoraaai
Teowwoe: & S R" &plt—&«.b.ﬁ. owpatka, C' k -diuensiouad (ocken, Ken) o portonol ol Qi
Cuow e L coedRi )

%:R—SR- oo, = ZEO--S\M\'QPQA-’H Q YZ-E:(L*d.H
\bdl.s-m\:- Pm.&‘-a

T pariecRosrs- YZ%—'H“(E)



Ricodo.: Abbiammo definito vue Auperficie owpatta CY fn 3 woddi
1) Se PSS et Qocoluenl  scthol M%‘o—%\&gdﬁrm%\u&w %-‘ 'R.K_> ar-K
3)&%WWM®MM&M&MM§ZRHqM-~

DIMENSIONE D) HAUSDORFEF :

De§: EeR’ diau..H(E) =;,..,5.ik.>0 : rH".(E)-'O&eCO,hB disseumiows. di Haundodls de E

Oss: Ren iR Teo premdeti ,m & & k-sup. C (keN) = d.‘.a»..H(Z)M'.

Dss: ¥ soniemni E<SR te m“(elé-\N

E_st C-S'E°|'\3 . C éi'(:o.\..'b-c., Kﬁ‘?: s di Kool (WM&WM%M)
Vediomo 42 cone di Cslo4]. C verifica C=1}.Cu(§+.‘5c) =

= NC) =2 HCA) + 2 H(S) = 2 1*(c)
S ax ™
Se. 'H“(C*(".*”) = 2 -4 k-_’%ﬁl e (0,4)
3% 2&%3
2.
Dexso vew&wu. M ¥R () ¢(o, v+ ) = d.am.m(cjs .,Q,o%z
Loy >




O -05 - 2013 Le,&;ou.n. 593 P\'O‘S' Novo..%.o...

INSIEM| FRATTALI

K(R")={K5ﬁl": Kcow.pn.'ﬂ.a) K*¢& mmd&%mmmwﬁ:ﬁm CI.H (“M\Ao.;%Q.ia”a -Qog)

dy WCRD) % K(R') — [0, +50)  dikamwta & Haundouls erspio: .
* Cg
dy (C1,Cz_\=w ‘:tg‘ d (o, C,_), xgzdcb,c4)) dowr d(x.,C) ='~:-§-itz le-yl

-rﬁ: (Kc‘p:),dﬂ) & wuo apotico Wwalitico <ouplitto
b«;».u.: ‘\) dulwd&m%
O».) d'H(C"'Cz) =0 = C—!=CZ LA Md(%,cz\=0 =D C-* ﬁcz ) I:du»-m 2 =D C.(=Cz.

l:) Cl.H(C..,C;) = d’H(Cl ,C.‘) ¢ ouvvio, CI.HE, rasaunliuco.

C') CL'W%&WM : C..,Cz, C3 € K(R“)

V%G C._' aﬁec,_ H |‘N-—:3‘5 d'“(c-‘,cz_)
e 3%@(—3 : ‘3'%‘ < AH(CI,C.;)
= la-z] £ 1x-y) +\3-%\sd“(C4,CJ +4“(C1,C;) = porioane Jore R wax

=D oM dCx,Ca) g W(d“(c,,cz)iban(chcs)
% eC,

2) Couplotirza : dle Ch_ Asccemnious di Councluy - KCOR™)

2

4 o~

ne1 X+
A weno di acllorucc. posriaae Aupprvia A'H(CK;CJ‘_.H) ¢ = = JM(CK,C,,)5:‘§.K_{': N YUn >k

D@F\uh.w.o C-= ler:: SuKeCK Cow. Xy —>n & .Slw..._t.db Kurotowashs des Cn. (,Q,_,......h, Pu.-.-:b;.o&.)
L>m.‘.w.pq)a~.:.
%l:w W Cek(R) e A'H CC,,)C)—>Q Qa-QLm...Mirgo'u»-n.

(o] C*¢) "'“'M J_HCCKICM‘)ﬁ %I;. =D Bxheck: lx,‘-'x-,“llf.l => &K&LM

2!-

n
=°>c.u-'>>=e.|R. = axe C

O Vel Iy €C, ke Im-mel ¢ 4 ( %o wornomdo dua dy (Cx,C) —=0)
zk-
L&—Scm x=-Q~':-v~xh , *n€C, I:CLQ%,on>K E b R .%:
CJ.H(C,,,C,,_ )¢ 2 o B, ,€C,, ¢ In_ x|l & 1
g ™ ' "
n=4 L) Y 1‘
. , NP R B - - e ¢ 2 XZ= 3
FIon; €0y KeyEnaa (xj 2yl 3 = Ie~n | € I x.,,l+lz=.wl><._‘ g, - él X

= d(%,Cu) ¢ & o womd(x,C.) ¢ 2
bl rec 2™



© \“W’dﬂn -3"_€.C.k- D, e ":’5,.,"”*»..'5 ,;?:_‘.‘

. . h “
I-...,-So.*h.’cg\».e. NOPo~ BS)GCJ : |53‘3j+_‘l £ _'L’ = \33—>xkeﬁl a \m-:,_\sékltsi-‘sw\f %‘1

= diom dCy,C) ¢ 2 ad(c,c) s 2 — o

—

5eck -LK. z\'. ®w ~» oo

2 Noghio vedera dia C 2 comapaddo

n-4 < <l
- C 2 Quuikodn: mo ke countdene n> W = dy (€ ,C0) ¢ 795%

e 2
- Vr.,.,ECh d(-x.h,Cv_) £ i ; &. e = %= &.’i‘un.x-h cow x“ec..,,
2%

- d(ﬂ-,c'&) ¢ L = Q.E}n«-s: ueCK,seE i = C+ B, ikl (iww.pd!&o)
it ™ T

“C adiino: weeC , we® ) 5e= Qe podd d, (C,C ¢4 o Al C) ¢4
W bl b e

= 3 ~3KGC."' S EE iu‘
2

(B, =2el $ag =3l + 1 e=9, 1 & Vo -3l *_J_;_& K_M:O 5 x:—mt.u.ﬁm, 4.,¢Ce = 3xel

%: ™M Ap- welues CD\-U:PMO = (wln) ,cl-\*.) FERW s VPN c.o\».?Q-:tva

Oisi&. Té.ug'j.wum (G&de@tﬁ:iiwpdﬁo.mwm>& m-h

T RR) —RIRT) |, TROZUTOD 2w irowddiue , SafoR :
| Tewd =T [= 1) Wxec,, e, = d4,(Fcc) , Fe))=4a,(c,,C,)

L n
Teoveusmo: P 1 R — R cowd L SN ;& o couForoua , voR

1@ (e - @ (3] ¢ Alse-al | Aielo,4)

= 31 Cek(R) : C=U 9, (), dove @ ()= Y @00
n
Bl;\&ki OYAQMMM S TCC)= tE{‘PL(C) e MCDU*.':O;%U—\- Lo (K(R’”) |d1,.)

Tubodki | powiarmme A= wuon AL € (0)4) o counidenioums €, €y € KIRT).

P see T(CL) = E)‘?L(C‘:) => ;&.GQQS(.C.\) P L <arclo ) ) G e = k?j(i) , e C, ,

BFeC, o 1m-31 5 dy, (€, €D pouge 4=Q;(B) € TCC,)

Iaemy) = [yCR) - P;¢E | € AR -F | s X dq (e, Ca) = dlx,T¢,)) dhaemy) €24, (¢ ,C,)
por Amdiioe ¥y € TCC)  d4y,TCC)) £24d,(ch, ) = d, (Tced  Tee)) ¢ ad, (¢y,C,)

R i2 Teowwma. defe woudrariowi: 31 Ce KCR") tc C=T(c)



Ersnpio (camsm do Kelke )

K, K, Ka 8 End 3,
V i:K mA_ e conk wion ... > 7 AL Kodw
-1 4 e £

Ko Lt Ky cumoon A Kodke Lc»ca:(ﬁ)“"v.ch) — 50
n 3
Khe K(&“) ) Kh+1=T(Kh) M’b&'b.n.d.n—% Q%WWLMWL

'\'CC3='U Y. () , ‘-P;(x)=T<,(-§) Ti svouwibua. , ¥i Acwe woutrotions com Xi = $
v=4

R,-(__}..Q.’Cgmo. Dl w Ke T(R) o VYkae KCR“) , Tth’(KayT’K Lo d‘n

% Quouto & dj,..,..,“(k.)?

Collo®immma H (kY= R (TCKD) = NV, (k)) = T (95 00) < “(‘3)3 M (k)

S ‘\“\:‘(K\e(ol*m> FQJL. J=CL-A\.L.H(K3 = '\=i' ,5=d¢~'-u».“(k.)=2°3“ €(4|7_)
3’ .Qoa:b
U“Q.thpbﬂﬁ- Loulrotroua & od en: x\—-% woe Lewsico &'svmol Q‘oﬂ.ﬁl&m,d&u&ﬂwﬂ. worL o'u.t-.-.? u.u;&a WS

S od fruuplo pesdenisan % > 2 + *tromRetionn ’ + Miototious’ Ak oupalll WAL weow wulroaious ; & couse
2
—

wico puuto two Sherre wa' uniture o bouasde ) d‘.n...\u.g apato -s-u:,ﬁ.ag.._ .

EMEM ol Mor wson wouledioua (wo-d%xwa_:) couwpion od uw isowstlitos .



oO3-085-2023 LE.%(.M cO Ro-% CorusmisacXe
STABILITA

EAD&-P-'-D Al miaXeura. HowwXouwiaso :

Q = - K akto O pesdclo wWapldo (QeCl(R,R/znz)’ K >0

Q=29 ¢ ¥=p

(s F%chnio. dL W‘h&

P‘=—K/ylu.e\
H(p,q):%?z'i' K(-‘\'Cmq)
a) Uw-gx..m e H E.M.C.;.ﬁa«v.eﬂ- prowo per S

b)wkw&_m\\n de H d&kw@wmo&km&uo‘t&& ()

(R aH
p'=-9H
o) I acstewo reLapeiho. 2 = RNt crFout Arule Trosebhowie
q'= aH
ap

b) H(pl), qk)) = Hy — sdtio 2 'ictexnao C-1r, ]
AP

\_)/\/

p" = Ho-k.(4~€oﬁq) => P::‘_Jz(Ho—K-\-KMq)

™)

Se Ho »2k = Ho- K > K

Ho =2k <= p= 'LJ).K(—!-\-c.dbq)

S
NN

Se
S
Se Ho=0 = p=2{ak(eora-4)
Oss

© SU pul dimotrora dua Row cwvro. i BRC @ wne Troidiovo Ra cownse dus puadi dlequilibcio

A q@p@ﬁam%,q%*@@oﬁo di 2T towe o pale jnuitiale

kQ“’-"KWKQ‘E‘P’_bSQ & >0 &Mwwl‘)u&; \-\C»-MQ*O\.&;.&M

gi.gno_,pzr-o—’e&uz, H‘(p,q)=‘ﬁpz<° = 2 cwru®, YOO oL R le walh ‘oot



Oss: H & wuo -Su.n:aM di Luopuwwos pee i alstewso petivdbado cou £50 (dopou?dMQ&d&})

I opeercols. :
QS‘Q.“ apelo | Fe C.*(.D_,fkh) Ie siskeuia & autouowso
(o dipende dof. teupo )
= F(w)
(s) Qoo nRusiows di (3) Reou duioums \(7¥(+.) T Lrve Torcio ddllo coud. iumitiale
@le)= ¥ £ L Qo soriatious tumpmols.

Beg: ¥ & puito di equiRibeio an F(%)z0
T 3 paifo di equiRibeio skobiRe an YR30 3vso : YEeB (&) Ytso |‘(’s(’t)~¥°|<k
T & poifo di equilibeio Hudolife an wew & stebile
€, ¢ pt I equilibuio aniudidicowsedi skokhil <> F 3 sohR e 3vrso0: ‘&EeB‘_(Ea),‘f’E‘ﬁc)*E

Oﬁ:& %, & gt d'equilibuo St , \PEH:) < dg,-k.nu.:u:. amn [0,+00) = dowo wurcwdmn su v couspaito

e A

POYouo uwnovee la e
Def: Dico dua ‘f’E actions &b (5) & ohite &8 VR>0 Ivse - Ve B (5) R fusaioua

Ex: \)Erh—-S«.Cc:u\n. Ra 4R aiXKeowo tow oo (€30) | ¥ 2 oniTctieowmeds skohde —

Peld) 2 defiite. Wt o 1R )-@ (DI<R Viso

Des : "P ¢M.¢>&hg‘§‘e e Sobile e 3T>O:HECB(E°\M&L0~Q»&\‘?('Q ‘P(ﬂ“O

2%

LCA-&.MAOQ 2 on. Aob. A Tlle (L AR, s poofiouo cow wn 4o pletinn acuo anud. o qualo

A&Md%wﬂu&wmum%mmuwwm&mm&'aﬂbm

Quosdo rcomso wicioi oo AR, sto. L pricdl acus quent WK, & hous qualll del peudRo Qiusaswirrcdo |
M&udw*p\m*uw s Broiedoue, waiun waes taudouws oo dineisarnt, R oo WRRouks
m%ﬁmm%ﬁommmﬁahm%x& P Qeduto T Dot rrcd
Bel: Sia 3, equiRldo aniniidicomeds shabiRe Q&a,{;e_cx:f;;; ‘P¥(t)=;c,&

tBAclNo DI ATTRAZIONE D) T,

Osso! Dy 3 ilewe Cuoe wude) i 3o (on tobion = 350+ 8 B (8.))

Oss,: QF & opesfo
(-]



Diws. (0ss, ) ¢ € QE

L P ) o v = Bt P ) B () o duawe Pei=@ (%)
?4 ¥-\ L}de&b&
D 3 coubiime ( dip. cotinno dol doteo iuitiole ) ol in to
1€ 9B (W) pen defiuisioun
Ls apedo perclid m&ww di wr opuo

%o e d(B,(5.)) ¢ QL j omeaeda k?g(&):&? (+-to)

‘(’E(ﬁ.)
o' = F(W)
« (‘ho) = \?E(to)
Souo AdRusioul di Co.\.'.c\.n.-:) = coeidouwo @ L ‘?E(*)Eﬂim. L% (£-to) = %o

£ ~>00 "?E %)

t -0

T P, (te) € B (52)

4 ( Eo ‘ l ) i 'i" pl-lt:t. .u.u.'hAQ.o..
-t l B - EO)
¢ CB\-CEO)) Baapo To

di audno T, , R “utuse” iR pudo dleguilibo
= F(w)
NeQo Abme ‘l:d*iu.g”& ropro- Slapud;o) FeC"(.Q.,f?\)' EOGQJF('{.o):o, (s)

wle)= %
Det: VeC (L, R) & Suutious di LYAPUNOV pev (5) ma o Acke Ax :

() V(t)=o; Vexdso Nweg At o prosarea So. MeklilS 4w pule dlequilibeo ;
%QL&PMM,MMWLMA&OQ%M
(W) Y6 (2 WV -Fexd) €0 rncsadde SBOLAD o L dRa PO wikniuggre fo fustious,
Ep: Se fo wquibuo cwwmdle o fuudout di lyopusor ollowa skaloile.
Lot ne ¥, neddiste () V0o W # §, , oo o & oniebicomments Holts

()ist Ne®'en. 4 (coun om—to.aﬁd.bo) Do %.u.‘.-‘b.ou-n. H 2 di Lﬁ“M(W*P“)'

ABeutione pRABS: e quato cono wes A cusslol A v pale , wa Al wua. oo, P=o

T qualti cant »i PoMouwo wnore le idee dedho. divs. 3o prop. waon wow, dieMousante 2 koo

L>hu.qm-w
Diws (Rop): PG fo=o , R>0 BL(0)C O o prundo unswim V) = Vo) 50 won xoeR e e ol
Ls oo o S tronl. - B.o2ie\e di \ Pel=R

Roo e 0¢€<cun, dr30 : B (0)C)e: V)& § | Finna £€B (o) = . o

Defiines W)= V(0 (0) =5 P'(£)= YV (P (8)) €, (£) = TV-F = V() <0

= Y & debRuente decrescds , W(t)¢ & Yt = \PEH‘)C Ja:Vooce §

Dosqee ‘PE('E) wou alfrowttiol wuan 5!'&]:&%%:‘*&.%%&&‘% wola. pul di- wnsE



Abbiane dimcitealo Lo Aohiltd | vidicme oo o AtabilER anidttics: (Vo)

Salge TeB(D & O | Defuime PA) comn nopra s PREI= V(P (1) = ¥'co o Y20
C.°=_:.;§;\P(t)= %&:N\P(t) . Plsor v Aaa:

A) Co womu pusS emaame >0

B) Se ¢co=0 %?Etf)mo

D (R): S poe anmrde co>0 = 3§>0 Bs(o)civdc.o'i

T.o.pa&no DS V R P N &‘o\i.%‘.»n_
\P(t) >Co = \P_E('E)¢ Bs(o) . CQUZO&»O T:= o \.}(ﬂ-) < 0
st

\PI(*)‘\.}(‘PE(-\-.n‘Q' =-> \-P(-I:)s \P(03+<r{-.t—>_°° = couXroddica u‘:(t\»c.c*dtv,o ; (A D

-

(8) ¥8>0 dcg>o @ se dslxler = V(D2 Cy

IQ foo e WE) 20 o5 4o :QF(H € Bg(o) VYtrto (D
Rop: | w'= F(u)
F(x)=0 — %, ‘s\;_c\‘g;‘u.i.Q.-‘.bu;o
ule)=%

Se IWec () toecha s (wi) wW(g.)=0 e §l‘l°‘;~§°) w(‘gw)>o
= Aloran §_ 3 sukobile
(W2) Wexd>0 VWit
D : SPG& $o=0. S R>0 -S—vmxo , safiRe s Yk €N ‘?Ef'b) foca o BK(P) P quelcke. t>0
Wso => W(R (1) 3 cwnuut it
W()=0 = 38,0 : W(*)<W(EK) Uxe BSCO) =>\?st'\=)¢ Rg(e) pRRcE Q:;% & suspe crencandol
MW,M C % walw \'IJ(3Q>0 e Ul W "?E(“?))’/\A/(En)"’ct dee cuncara oo Lusosus.

SsinlgR L. fakouts cla ‘eE () e B_(2)
= o b Alo pre AR ecd W oussuelke wox s B (0) - a]

En: Stan w's Aw (%) o AEMnxn) , A jwodihile

=) Quossdo 0 & equilibeio okl ?

L) Quowdo 0 & omddiicomete dokbile ?

Teo: w'=F(w) , Fec', F(¥)=0 , DF(%)=A A X adtos. dt A
(1) <e Rz()\c) <O VUi => 0 3 equiRibuio on. skolhil

(2) Se i, : Re_(l;o)>° = O & iKbbl



10-05-2023 Leaoua. 61 Rof. Coruvimate

Rionnunio dL qu.q,x.:(b SEARO R :

ne®" Fecd'(a,R)
{w = F(w)
Sasmo R (+) o AR, IO mrena , F(E)=0 . dequiibuo
u(e) =%
STARILITA S 3Vec'(o,R):
1) V(B)=0 ; V(xd>0 x =*E,
i) Uk to Yx cow V=D & PVcx). Fex)
Aloca. T, & bl . Se iuolhe ol (i) V(x) <o Yx*T, Moo T, & on shabaile
INSTARILITA S 3 wWec'(OQ,R) :
O W(k)=e , 33, —% , w(g) o
W) W>0 Yy,
Aloor §, wow & shabile

TEOREMA DI LINEARIZZARIONE = fpano plil debc di Haret soon ~ Grobuwous. (uow diac, )

W=Fw) |, Fle)=o | DFGITA o A, .., ), atovalow di A, alow.:

1) S Re(n)eo Wi = T, 2 orifsticomments Muhile

2) e D Ny Re(X )20 g, wow & okl

Esawpio (Towiamo o peudolo) | Astuidtico rahi®ils. di © per iR pendels con ot

- -Alrq - EPp cww €r0
(se)

Q=P
V(p,q)= %pz-l- C*-G:Aq} Furions Al Lyopuser wr S¢ A g3

Povsicune Qiusoriztara, \-l(P,q)=-£P7'

-aieg - €0 € -conq - -4
Flp,q) = = BF(p,q) = - DF(o0) = - A

P A o

-e-A -4

det (A-Q) = e (£+d)A+1= Aaea+ 4

4 -2



Conp £=0: A=l —>pec quale aow @ on. stobile

Ai‘ = -& \IE,‘L-J.. cow. ESoO —bpqn_ﬁ_, VQDQ.' W

2

Corno OCE L2 >\1=-5“—"~‘L‘\-€-z —»Pwuh.m&%a:Re(l:«)= -% = O & an. shalxile

2

cono £=2 A-1=-i,

cono €22 1 Rooun.Rocco ol dic doedasr
N, cono £=0: AP Dovrasdo. : Qe 3 40 boctuo d afkonious di Q ?

\_)/\/ Now pus sccedere e Roiutosd -Beuwduixouw
\ (} / >q def
//*\\\M o | ot o
E s vow ouX. PSSt akors .

0_35: AL ik ewno d@n«%ﬁoe& R Eu.ouuPu.B i Rera Lanavro. ochilos periodicos o post aL

—rio(P—B)i KCov.-.po.'&o mmm;‘i..,u.oi A

oo Mpttovaris prechi ww'odils prriodicol dovtaloe awvere cohusde. dowe o p rowo walle
R quonte defke quiudi }P=°{ wow pus coFeisna ot A Aakemso (o Poa&tslﬁ.@t.\
-2 s ot PR, Lo MQ}—&MN&,\&WU&_ %P*°& .

Resde §& VG4V, MIT = E . R udedo compolto ue fostio fo S : {9 (1) E20f =K
Lon uiuntron o, Jsasosiaudn P Lo dipundesto ol 30 poroswelie , quiadl

K 2 courpatio (ciuno o Ruwikols) od & mt(mqw;kode.&o Aopre. ) -

Counidero ;h=‘PE(7§“\—>f cow £ 0 . Do vouilicore e waome An K

tlt,) noto ¢

Fio t50 o yuondo ‘ef(th ‘3":::9%,,‘“‘ Qe R ) = e @ (+420) ek
———

=->\Q.€(+.\€K . Qi surtiveor L' lsusostionda €

ARX essaoTusousa XL ) S AMouves dua opTLOML ¢

& cek => ‘QEM plra o U = \Qt(t\—‘o

Dowaossde i Poveo efewdere gquaske o tulto o spario ¢ No : vale adko e U e



Do ( Teo. Lun.):

SPG& Lwo T,=0 = w'=F(a) dow F(3) = Aise + R() com RGD=0O()
£13 Suppouge due A obbia no&mm»wu&ﬁb A :

BAR = dioge (Xy, i 2n) 3 cow Xi¢0 o diimme 22 BWH)

L st
W & aRudour = '= Ba'=BAW +BR(wY= BAB-‘Bu*BR(B-h.)?’- 3x+§a(='-) \,

cow B.(x) = BRIBL) =0 (1el?)
O 6.!9\&\'32\9. p?JU.‘Ju". VC'&)= "Ehﬂ-lzi Soson %\m‘b\o\u_ ds L‘.ﬁ@"w P~ L i Xewron

\J(O)=03 Vix)>0 m l*—l*o; {}40 Lo sun sXoteo AL O

wou- = G \}*\.‘
4§ idn
UCae)= WV G 2 = (3 + RG> ) 2 = T At RGO ™ € palxl® + o (1x1*)
i=4
S 1ot (2 0C0) € —a 13l
=> Al Lo Q&ltubmm *

Troccia di. couwr 4l Geathoo 42 como dit wu BRecco A L Docdous. wads

A :l\o le} “'\O
o\\i aQNowol ae amwoe (A-2) = O\S

A

PMWM&.Q—Q- pa&f.:d;..i,m-qm"ﬁa vwado !
Pena Qo bone. comouices ey, 20|, defuinco e."-‘=&.’e.-s, @ Quindd

(A—k)e‘:\ = € (A-Q)e;= e e, pee 3z2

A€ O

Ne\ko. bona. Q;,,..,Q,:‘ R bloces Ll dodosr Lo Qoo %d'u\.wo.. o f

Reudesdo €< 1Al A diuostro cL.n."ZIXIzS. -%u.m:.osu. ds Lﬁapmo\r (u@%ﬂ. puc%)

E7-3 (m@o&t&t&) coumidRrio AL woli e wvow wul - MMPQ..A.;E;, ——t
Ak O Aen )

SP& [ =0 o mappouge Asdiog (A . A) e Ayd g s, <0, s .S,

&h 'X.—"=A°b + RCwd o de.%-u.bse.o }.x=w5))~n|,lkk-ﬂl}

= WG = -4 Tal ¢ & wl  scddinfa e o defl outtenio die smrakilits :

2 ik L2 Wra
DWY=0 | g =0 W(g;)>0 ok

Aism
(] %

1 a
VW(NA- (A-x.-b R_Cu))" "'Z (-)«.)xt '*'.Z ).‘,5(.7‘:, +o(\a¢.\")'&p|:«.l +o(lx.l") 2 ‘}-_L_|,,_|" PC Gan (s v TP do 9_
v (&3 X1 2



A EeR”, BHU(E) =0 = E 4ot movuemo ([ pude dikodl Sommo i comnp. commanrna MaXLE)

1hia) Vole s2 wicsveena 2 (Suc&.pqx A+ Abie f ponsore puses. ol como h= A )

2) Notrore die pe D & amos foutiowe d-Holder (we [ (- dea)l ¢ cla-y (¥ Yo, o )
aRero. oy N (D(E) ¢ ™10 (E)

b) diwn,, (HE)) ¢ 2 oy, (E)

%

2) DimcRrors dus Low accllan A diowRe 3 oo -Haldew couw o=

Y

Y'= A(t
L') S Y & aRuaiouvs wottriciols de Alfacso. E (+)Y o A R—=M(nxn) coivmo &
w2 AR u Y(o) =1d
¥ = (‘3-«) "‘;‘3\'\) we

T
Moore e me A(4) +AY+) =0 vt (onFrics onlismituca. ) oWowo ¥ & odogoual.

- 2 4
M&&S=A3C&~ A=(;_z4>
-4+ -4 ©
o) Dixe ne O i skohie /iustrohile
\>3 SMQ&A&&WW

QS_SIRJL. (o) borRon wouvonxsra ?—‘-CDJ.RWOD.O&;;J P (v) IJOIOso egwmi&cu{'?ko’w

—2-2 2z @+ —2- 2-A —an
s@: o) dk(AND = T2 L @l o= | T T e[ s
-4 -4 D!« A -4 -4 X 2 -L-A

~2-2-A =[¥A)+2) - )\[(ul)z— LY} = =L -A-L-A=-23-1)\* =

-3 -LA."AAZ-)}: P(X) pRivouwiio coroiewRico

it

POON= (4+2)(-2-2%) = ot autoralon! Aoue §~h, 20T §
s conkno
S o Re(Xi) 20 o R(2,,)=0 = O 2 sohie w wow aniit. Aahile

tA

b) Pere Trovora Qo AR graale ;collecko @7 Avuesdo A=BNB " gow

N ol fotuos uswnala (Rofa) = B 2 i couuwbio di bore (fuize pex como)



44- 05 - 2023 lettouws G2 Rof. CovussinnoXi

-2 2 1

-4 -4 ©
o) D ne © 3 skohila /isdrabile
5) Sosvera Qo ARurious apuanols
SK: o) wdo

A=y w:(-I)
o
(N’z‘,> .g ‘? ( ) (RS

D—w S AT welrie ol , A E€C adovolow , A As = Aw (oowu-u\vo) vole ocwcha
pe;c.LQ.Coui.u.?dxo: AG"=_3.G

Sl >~=Q+L\a) g = E*""L = S

At=ARe(s) = Re (As) = Ra(2s)

An = A(Tuns) = Tow (Ae) = T ( A

AT zaz -b
AVL=B§+OJL
ey — W

Counideno B=(w,'§,7\,) B:{Qz_"g

€x n

N=t'AR = B—‘(AW,A'glAq) = E,-"( ).w,a§~b\’[‘ ,b’g-&-aq’) = (?xe,_‘,q,e,z-be.s,be,z-\-o.ea)

A o o
-4 xA tN -2
=S M=<°Qb>=BA=BNB e cowa akblouo A0 o Qalouws e € =Be B

_e'-lr\'. o o

N N .
>\=J-\,°~=O,b=\rz',qu.i~gd~i.w_Q.ud§*\-OcoJ>oQ. & o blodu : e,t = o cAlZt At
O -atafit  woalic

Rere $sine barka Bovosra B e <woOecRone e e Be-tNB—* (pe&. mﬁ.o)



lu_g»u'.ago,.

Porvacosno wrderca clua c\um-s*o wefodo %\u.n.m P~ Ae MChxn) weole :

A=BNE o N = e (34,.0,3e) cou & blosts deltipo magprans.

Tobelloo P deteruuiuonae

Q' esprirantsols Al waolrtics Roceo pre boloceo :

3 o3
1) (W) &

) B PR | (N e ()= BN

d-4

<

canbt Ao bt
® ) é*'“( ) - Ry (%)

“aluebt weabt

d-
RylE) R (E) ;t “ R4

AN ot d-1))
\Iq.g e (&) \ {_. R\,(-t)

Tae Ry (+)

Se. Ae.'mmm e u,':Au.Jqu.n.p.Ao 0O 2 ol ? QA.\.Q).\.AO antuldticoumeste *ﬂ.\:\b.?

I) Aso X
I) A<o N
IL) Re(A)so x
) Re(AY<o N4

Stosmo OCAY = 1Ay ) Ay | i andosalow di A
SQ_Q,Q,().L}SO e wpw. ot Aowo WRoedul di Dordoss cou dr A
c‘u.o.u.do Re.(li.)=0 - &-‘o%uxauc- & waL eq. Ao biRe

Re (2.&.‘)40 & ,Q.‘ou,%\m =X eq. andaTilcovmrudin Aok LR

Ranianne pciuoora bloeec
D
1) ()

I[) AE O
(o\\%)
o b

-

JI[) Tap= )
[« &
Iob X0
N) °C
o 155 S
ln. b

3 acfleende 'S cow £ (counn actrmmcXo tarei) |

Qo A wokucn con osfosolow i Re(Ai) s -u <o Wi
N¢ founos usunole, AL A con E¢p

Se Ro o= New + R (%) o R(w) =o(uw))

= \=A11" 3 §. di Luoposos e O wapdho alleq. (%)

2

FYPON och&u.uo adBueo AL O | o Ak el st
. Toraona du.A%
Viwy= TV ey (N D+ R(2) € -y loelt + €151 + o (2c?)



Y's v
Es: Se Y& AR wonXreiclole L A(k)

—

TR~ Ae C (R, W\n,(n.)

N(e)=3d
x’ . ﬁ -
—~——

tole dua TR 4+ Alk)s0 ¥R = TYRIY(H)=Td  (wok Vi odbgouson)

w20 2Ty yw) = (V') Y S TR Y

TYEYAMWY @)+ Y(4) AGK) Y(+)

") TARY +ARY) Y#) =0

N cono dL\Q.% Q. vootiviel outisiumunaliuaion Acu.ozse»uo‘ie. dou:
o 4 O o © © o © -1
3%=(-1oo> 3x=(oo*\) 3..3=<oo e)
o o o o -A o Tt © o
So;;ot%ak-mtot&w aouws al 3 cnnl , o-a od ewmera u%é&&mm‘—m

Ea [ o'+2y = ook &g(z) b&):(m-h) A~ (o -z.)

TNITE, 2 ©

‘.‘5"‘2‘5=)’L‘*t {u‘:Au.+):L‘\:)

w(o) = g
o

e, \b(ﬂ=(o) - e uwe

R,«.&wach.o AL oo AQMWR,ALM:

+
A[ =-SA A *o
wl) = & { e bts)ds + 2 ug W = ( )

Do
1 o
A WAL ~AL2t _sA CwoA2LS A 2S wsS
e = e b(s)= =
Aua 2zt GOt _AL2S

conzs A s

Con2S.CoAL *SLU_LS-WLS) wss )
(-w..‘ 25 OB 4+ oNn2S - SaS i S
+ * .
~3A Cors sk
= S e  b(s)ds= [ (_ms>c\s =
() ° St -4

LoNLt —Alw2T At AL —AHw2tk *o
= uu('\'.\=( )( )"' ) A&?.é@- a3 daXe
At wnat ~% +cont

Sz eonly / \ O°
Es: A)E<R’, H(E) =0 = E 4ot movuemo [ puli dikode St i comp. commtrne ditids)
1hin) Volo £ wieswewsel ?
cono N=1: 1) Se wimo coupouanli cowsme. coiliema Po P con Po £ P, =E DLP, P =S N(E)= 2

15ia) New wole, iR viaotna : boto precdetn 2 coupRe. &‘W dc @ de Co,#])



Cono n>a: I pohoss fore due st t o proleBiore ;o guandar Qe fudless ditouia
1) Stamo P+ p, € E R

Qiiowmo D) =dlx,p) o wde PR)=o  P(R)>o

Dz L. =N (D)) «H (E)=0

PLE) tek awumaro => §6& (0, PR ND(E)

E=loce:dC>,P)<f Ll |oceE s d(x,R)7 T ¢

w '[ w

Pﬂ P.(
ENlx:dGe,R)=T\=9

CowP. Lo R, F

Ps, Pu oxdeitwosel &ppoactm,».c&:w o CoMp. towsaw AL, = ot Acusae

Ent P tole dia PG -P()]= Clwe-g ¥
) HY4(DCE)) € € H(E)

b) ity (PIED) € 2 diry () = 5%
Ls Sa

Divct: Se Bl 3w wcopriwantd di € cow iamtomi AL diows wsamw di S, ok
€2 UEL , dicwn (E)<8 = PE) € UP(E) o diaun(PCE)) € C dimnnn (E:)*
= %m <|><l=.;)s'dL ¢ 7 dioun(80)

Qest M () = in§ |SIE: UELOE, diown (EL)<S | o HH(E) = aep WY CED

Se prudo £50 axbilromic = »alqe B¢ |Eil<s , VE:L DE )ZLlF.:.\s<'H:(E)+£.
Skt S/ Sy
Hcsa (¢(E)) $Z 1o (el <C4H;(E)+e,

S/a “NO\\’ ,HS/.z CIQ)E C.M'HS(E)* £
lp(EN <877 Udp(ri) €

b) Sow S0 dineg (B) & Si=divm, (DCEY)
Se £580 = W(E)eo o H U (DEN =0 = 4y > diny (@XE)) => So 2 &S,

Quisdi 5% ddinny, (BE)) ¢ quiwas s, 7 Ldinn,, (OCEY)



