1. IIpofiquota apyk@v TIHOV

AocKnfoeig

1.1'Ecto p : [a,b] — R po ovveyng cvvapton. Anodei&te 6t kabe Aoomn ™G opoyevoigs
ypappkig drpopikic eéicwong y'(1) = p(¢)y (7). t € [a, b], elvar g popenig

y(t) = Celap®)ds

pe o otabepa C.
[Yrooeiln: Me mopaydyion SomIoTOVEL KOVEIS OUECHS OTL 0L GUVAPTNOELS TNG OEOOUEVNG
HOPPNG ATOTEAOVV TPAYLATL AVGELG TNG Olapopikn¢ e&lowong. [ 1o avtictpopo, vrobiote

ot y gival o Avon g e&iowong, Bewpnote T cuvdptnon u,
u(t) = e_fép(s)dsy(t), t € [a,b],
kot Befarmbeite otLu’ = 0, dnradn 6t u givor otabepn cuvaptnon.]
1.2 (H péBodog Tng petaBoAng Twv arabepwv.) Eoto p,q : [a,b] — R cvveyeic cvvap-

oELG. ATodeiEte OTL 01 AMOGELS TNG (1] OpLoYEVODS YPAUUIKNG dapopikng e&iomong y' (1) =
p(t)y(t) +4(t).t € [a, D], etvon g popeng

¢ t s
y(t) = efal’(”ds[Co +/ q(s)e™Ja P()d a’S], a<t<bh,

pe o otabepd Cy, PA. v (1.3).

[Yrooerln: T va PePormbeite 0Tt dev vdpyovv dAAeg AVoELS, apkel va Tapatnpioete 6t
dpopd 600 AGEMV TNG U OLOYEVODG £EI0MONG 0mOTEAEL ADGT) TNG OLOYEVOVG Ko VoL AGBETE
v’ Oyv v Acknon 1.1. T'ia va tpocdlopicete ADGELS, SOKILAGTE ADGELS TNG LOPPNG

y(1) = Ce)ele 7,

omwg omnv Acknon 1.1, addd tdpa pe o cuvaptnon C ot 0éom g otabepdg C - v’ avtdv
aKpmg Tov AdYo ot 1 TEXVIKN Aéyetan uéBodog e uetofolng twv arobepwv. Amodeilte
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2 1. IlpopAnuata apyKdv TIHOV

ot M ovvaptnon C mTAnpoi pa amAn dtpoptkn| eicmaon, 1 omoia ivot e0KOAO va, emAVOEL. |

1.3 Oswpnote T0 TPOPANUO OPYIKOV TYLDOV

Y=+, 0=t=<2,

y(0) = 1.

Amodei&te 0tL Y10 T0 TPOPANHA awTd 16XvoVY 01 VToBEseLg Tov Oewprpatog 1.2 yio KaTdA-
AnAa ¢ ko L. TIpocdiopiote ™) Aon y pe ™ péBodo Tov Yopiorod HETAPANT®V.

1.4 @swpnote 10 TPOPANUa apyikdv Tnov (1.4). EAéyEte 6T 10 Ocdpnua 1.2 e&acpalrilet
OmopEN Kot povadkotnta e Avong tov (1.4) tovAdyiotov € v SIOGTNUO TG LOPPNG
[0,b']. Eredn n f wavomnotei T cuvOkn Tov Lipschitz wg mpog y o€ omolodnmote didotnpo
™mg popens [1 — ¢, 1 + ¢|, ueketiote 10 b’ wg cuvapTnon ToL c.

1.6 Ecto t* € (0, 1). [Ipocdiopiote pia pn pundevikn otabepd ¢ €010 @OTE 1) GLVAPTNON
y:[0,1] - R,

y(t) =

va amotelel Moon Tov mpoPAnpatog apykdv Tipndv (1.5). [Enueidvovpe oty t* = 1/2 po
Tétola Avom d0Onke ot Bewpia.]

*1.9 Ot ektynoetg evotdBetog (1.12) kar (1.13) yevikedovtat Kot Yo GUGTIHLOTO SIUPOPIKADY
elowoeov: 'Eoto f : [a,b] x R™ — R™ o cuveynig ouvaptnon mov aAnpoi tn cuvinkn
tov Lipschitz (1.20) og npog v Evkkeideia voppa || - || tov R”.’Eoto y kot z ot ADoelg tmv
TPOPANUATOV OPYIKOV TILDOV

y'=f(t,y), te€la,b], z'=f(t,z), tE€la,b],
y(a) = yo. z(a) = zo,

avtiotoya. Amodei&te 011, Yo k4O t € [a, b], 10y0et

L

1y () = z()Il < X"y — zo].

[Yrodeién: ZopPorilovpe pe (-, -) To Evkheideto ecwtepkd yvopevo otov R™. Av x : [a, b] —
R™ o mopoaymyiciun cuvaptnon, 1ote (ovue
d 2 d 2 2 / /
El|x(t)|| = E[(Xl(t)) + oo (xm ()] = 2[x1 ()X (0) + -+ + X ()X, (1)]
=2(x'(1), x()).]
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*1.10 Oewpodpe Ta TpoPfAquata apyikodv Tnov (1.10), vwobétovtag avtn T Popd OTL N

ovveyng ouvaptnon f : [a, b] x R — R wavomnotel t) cuvOnikn

Vi €la,b] Yy, y2 €R (f(t’)ﬁ) - f(l,yz))()ﬁ —y2) <v(n —yz)Q,

v kamowo otafepd v. (Enpeidvoope 6t yu v = 0 1 mopovoo GUVONKN GUUTITTEL LE TNV
(1.14).) ZvvOnkeg avtg TG LOpPNG avapépovtal otn PipAoypapio o¢ uovorievpes cuvon-
k&g Tov Lipschitz. Amodei&te Ot1, Y10 kG0 ¢ € [a, b], 1oydet

(1) —z(t)] < €|y — zo].

*1.11 To amotéAdecpa evotabetog (1.15) kabdg ko n Acoknon 1.10 yevikevovtal Kot yio -
otipota cuviBov dtapopikdv eélodoswv. H yevikevon g (1.15) givaw: 'Eoto f : [a, b] x
R™ — R™ po cuveyng cuvaptnon mov Kavorotlel ) povomievpn cuvOnkn tov Lipschitz
™G TTPOG TN OEVTEPT UETAPANTN NG,

Vi € [a,b] Yy, ya €R™ (f(t.y1) = f(t,y2), y1 = y2) <0.
‘Eocto y kot z 01 MWGElg Tov TpofANUATeV apyikdv TYmV
y'=Jf@t.y). t€la.b], z'=f(t.z), telab],
(@) = yo, z(a) = zo,
avtiotoya. Amodei&te 011, Yo k4O ¢ € [a, b], 10)0et
1) = 2 < llyo =zl

ZvpPolricope €6 pe (-, ) kot || - || o EvkAeidelo ecwtepkd yvopevo kar v Evkieideio
vopua, avtiotorya, otov R™.

*1.13 (H aviodTnTa Tou Gronwall og oAokANpwTIKN pHop®n).) Eotm ¢ pia cuveyng cuvdptnon
oto dubotnpa [0, 7], kon e, B € R pe B > 0. Av 1o)0¢t

p(t) < oz—f—,B/Olga(s)ds vVt €0, T],

amodei&te 0Tt
o(t) <aef’ Vviel0,T).

Yrooeiln: O@eswpnote éva BeTiko € kat amodei&te Ot ovvapmon ¥, ¥ (t) := (e +e eft 1 e
[ n pn n pmon

[0, T'], wovomotei Tnv oAokAnpwtiky e&icmon

W(t)—a+8+,3/011/f(s)ds Vi e [0, 7).
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[Tpopavag ¢ (0) < ¥ (0). Ectw ty 0 pkpdtepog apbudg oto didotpa [0, T yio tov omoiov
@(ty) = ¥ (ty). Amodei&re T owTO dev givar Suvatov, yuati odnyei ot oxéon ¢ (f) < ¥ (to).]
*1.15 (H aviooTnTa Tou Gronwall o€ diagopikn Hop®r.) YToBETove OTL 1| GLVAPTNOT @ TNG
Aocknong 1.13 givan cuveydg mapaymyicun oto ddomua [0, 7] Kot ikavomotel TV avico-
o

¢'(t) = Po(t) Vi e€[0,T].
Amodeite 0T

o(t) < p(0)eP" Vi e, T].

[Yrooeiln: Anodei&te 6Tt

o(t) < (0) + B / o(s)ds Vi e[0.T)

Ko ypnoponomote v Acknon 1.12. EvaAlaktikog tpdmog anddeitng: I'pdyte m dwapo-
PIKT aVioc®o™ 6T HOPON

(c0(s) <0
Kol oOAokAnpwote amd O péyptz.]
*1.27 Eoto M € R™™ évag un Oetika opiopévog mivakag, (M x, x) < 0y kdBe x € R™.
OewpoVE TO TPOPANLA APYIKOV TILOV

y'(t)=My(t), t=0,

y(0) = yo.
Amnodei&te 6t1 m Eviideideta vopua ||y (+)|| eivon pbivovsa cuvapton: Br. Acknon 1.11.
*1.28 Oewpovpe T0 TPOPANUA APYIKOV TIUOV

x'(t)==2x(t)+ y(), t>0,
Y1) =2x(r) =2y(1), =0,
x(0) = xo,
y(0) = yo.

Amodei&te 6mim cuvaptnon [x ()2 + [y (+)]? etvon pOivovoa.

[Yrdderln: O mivaxag (73 _1) eivan apvntikd opiopévog. BA. v Acknon 1.27.]

*1.29 Eoto M € R™™ évog avrioouustpioc mivakag, Snhadn tétotog dote MT = —M,
ondte Yo Ta oToLKElD Tov woyvel M;j = —Mj;, i, j = 1,...,m. Oewpodue T0 TPOPANLQ

APYIKDOV TILDV
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Amnodei&te 6Tt 1 Evkheideio vopua ||y (+)|| eivan otabepn cuvapton, ||y (¢)] = ||y (0)]], ya
KGOet > 0.

[Yrddeiln: Apov MT = —M, yia x,y € R™ Qo woyder (Mx,y) = —(x, My). 18wi-
tepa, Aowmdv, (Mx,x) = 0 yo kGbe x € R™. IIapte TOPO GTO GLOTNHO TOV SLOPOPL-
KOV e£loMoEMV TO E6MTEPIKO YvOUEVO e Y (1) Kou ypnopomoote TV mpoavapepheica
1010t Te. MdéAwota, n wwmta (Mx,x) = 0 yo kGbe x € R™ yoapaktmpilel Toug avti-
GUUUETPIKOVG 111 X M TPOALYLLOTIKOVS TIVOKES, OTMG SIOMIGTAOVEL KAVELG EDKOA O TN GYEON
(M(x+y),x+y)=(Mx,x)+ (My,y)+ (Mx,y)+ (x, My) ya xébe x, y € R™.]



