TMHMA MAOGHMATIKQN EKITA

Ocewpio EAéyyou (814): Ocuoata Eietdoewy, Xentéufeng 2025

‘Exete eheldecprn emloyy depdtowv. Kdde uvno-gpohdtnua aviiotoiyel oe 0,8 Baduolcg
(cVvoro 12,8 Badpol). O teiwxdc Paduds coag unoroyiletow we min(B,10) é6mov B <o
ddpotopa Baduwdy ntouv Yo cuyxevipwoete. Kol emituyio!

©¢pa 1: Eotww o Sildypoupa Baduldewy oto Tyrue 1: Oéua 1 énov G(s) = - Ga(s) = 8152
Vet mopdueTeoq.

xou 6mou k

(i) Xenowonowhdviag Tic LETOBANTES T1 o T S YETUPBANTEC xoTdoTaoNS, Vo BRelte T0 UOVTENO XATAUG TEoEWY
yweou X(A, B, C, D) tou cucthuatoc pe glcodo r(t) xou é€odo y(t).

(if) Trohoyiote Tic WoTée xon To iodlaviopota Tou Tivoxa A oo (i) cav cuvdptnon tne napouéteou k xou
egetdote Tic WLdTNTES euctdieloc Tou mivaxa A. Trohoylote enlong tov exdetnd mivoxa et oy k= 4.

(ili) Trohoyiote TNV oLUVEETNOT LETAPORES TOL GUC THUATOC e ElcdOo 7(s) xou €20do (). Na Peeite Toug TéAoug
%ol ToL UNdevVixd Tne ocuvdptnong av k = 2.

(iv) EZetdote tic hiotntec Exey&updtnroc xou IapotnenotdTntag Tou SUSTAUNTOS XUTUO TAGERY Ytpou oTo (i)
oe oyéon pe Ty T g mopopéteou k. I moiéc Twég Tou k elvon ol TOAOL TNC CLUVAPTNONE UETAPORSC
yviolo UTosUVORO ToL Pdopatoc (chvolo WioTwdY) Tou mtivaxa A Tou vrohoyicute oo (ii);

X2 X1
r Gi(s) Go(s) y

Syfua 1: Oéua 1

AVom: (i) ESomoeic xataotdoewy yoeou:

1 = —2x1 — dxe, U Zo — bHxg = ke = k(r — xo) = &9 + (k — 5)xo = kr

217 S0 o]

(ii) O mivoxac A eivan tprywvixde xou emopévee o(A) = {—2,5}. To WBodiavioyarte eivo:

1 1
U1:|:0:|XO(LUQ:|:k_7:|
5

Tapotnpolpe Tt av k =7 0 A éyet ot 2 e ahyePeuxh TohhamhoTnTa 2 xou dev dtarywviomolelton (1 YEwUeTEXY
nolamhétnto etvan fon pe 1). Ta Brodovioporto (U1, uz) oty mepintwon auth tawtilovton. To clotnua eivo
AOVUTTOTIXG evoTadég av xot povo av b — k < 0 =k > 5. O exetinde mivaxog elvau:

-1
At _ pli7 a1 _ p-1| s+2 5 _ 1 1 s—1 =5
A=eeroat =t |0 0 L e gy | T




k(s —3)
G —
)= G e =D
Av k=2,
k(s —3) 2
G = =
)= Gr -3 512
xou €youpe amahholpy) (aotodols) mélou xar undevixol oto s = 3. Egboov o Beltepog méhog s = —2 elvan

euotadfic 1o oot elvor BIBO-guotodéc ahhd Gyt acuuntwtind evotodéc (o nivoxoas A éyet Wbotyy s = 3).
(iv) ITivoxog ereylpdtntog:

0 —5k

Le=[5 AB]:[k k(5 — k)

} = detT, = 5k? # 0
yioe x80e k € R\{0} xan emopévee 1o obotnua ebvan eléyEuuo extde and v twh k = 0 (Y v omolo €youye
B =0). Ilivaxoc napatnenoydtnac:
C 1 1

T, = { ou } = [ s ] = detTy = —k +2 #0
yioe xdle k € R\{2} xou emopéve 1o olotnua eiva napatneriowo extéc av k = 2. T authv v T 10 obotnua
dev elvon mapatneriowo mou e&nyel v (Un-euctodn) amahhopr) TOAOU o UNBEVIXOY GTO § = 3 XoU TNV UMMAELA
E0WTEPIXNC EVo TaUELOC.
Ocua 2: (i) Toapuind ypovixd avolholwto cloThua éyel ouVEpTnon petagopdc: G(s) = ﬁ Na Bpédoiv
dVo mpaypatonoioels Tou cvothpatos, L(A, B,C, D), 6nov, (a) to Lebyoc (A, B) elvon oe xavovixt] popen
eheyldtnrac, xou (B) o nivaxac A eivon Sworydviog.

(i) "Eote ypuuuxd ypovxd avallolwto chotua ue cuvdptnon petagopds Gi(s) = ﬁN(s) € RP*™(s) oty
omola d(s) = 5% + dys + dg, N(s) = Nis+ Ny xu é6nov dg € R, di € R, Ny € RPX™ yan Ny € RPX™, AciEte 6Tt
10 cVoTnua €yel Tpaypatonoinon X(A4, B, C, D), 6nou

Om,m I, _ Om,m . _
A= { —doly, —dilp, }’ B_[ Iy ]’C_ [ No N ] xou D= 0pm

xon 61ov Op .y ebvan undevinde mivoxag dlactdoswy p X m. Emouévec Peelte ula npaypatonoinoyn cuothpatog Ue

1
ouvdpTnon petagopde: G(s) = | 3t (FDE+2)
s+1  (s+1)(s+2)

Avomn: (ia) ‘Eyouye:

0 1 0 0
A=|l0 0 1 |, B=|0|,C=[310], D=0
0 -2 -3 1

(ib) Awywpilovtag oe pepixd xhdoporto:

s+3 s+3 _3/2 2 1/2

3 +3s2+2s5  s(s+1)(s+2) s s+1 s+2

X0l ETOUEVKC Wlar Tparypatomolnoy pe Slaryovio mivoxa A ebvou:

0 0 0 3/2
A=|0 -1 0 |,B=| 2|, C=[11 1], D=0
0 0 -2 1/2

(ii) Eoto:



51y, —I, Hi(s) | | O
do]m, SIm + dllm HQ(S) - Im
%o Gpot
s

sHy(s) — Ha(s) =0, doH,(s) + sHa(s) + dyHy(s) = I, = Hi(s) = %Im, Hj(s) = @Im

Emnopévac:

[ Ny Ny ] |: g;gz; :| = ﬁN{) + ﬁ]\/& = LN(S) G(S) = C(SIQm — A)*lB

Tt TV ouvdpTtnom petapopds Tou yag 56Unxe:
1
G(s) = WS)N(S% d(s)=(s+1)(s+2) =s*+3s5+2

6Tou

0 1 1 0
N(s) = Ny + Nis, N0[4 0} Ol Nl[2 1]

xon dipar plo tparypatonoinoy etvau:

0 0 1 0 0 0
0 0 0 1 0 0 01 10 0 0

A=l 2 0 3 o |87 10 ’C_[4022}’D_[0 0}
0 -2 0 -3 0 1

Ocuor 3: Avo exxpeyr, uixoue | ouvdéovtar e elathplo ehaotixic otadepdc k. To elathplo cuvdéeton oTa
exxpepn oe onuela anéctoong a and To xEVTpa MEPLOTEOPNC Onwe Selyvel to Yynfua 2: Oéua 3. To clotnua
ehéyyeton and Lebyoq (owv duvdueny u avtiVetng @opdc. 'Eotw 01 xau 02 ol ywvieg xdde exxpepolc ye tnv
xatoxdpupo. To yovtého tou ypouuxonoinuévou cuothuatog opiletan ano T e€loMaElc:

ka?

ka? g
miz 1

1
m(&g—ﬂl) 92-’-7’&

g 1
01 —02) — 201 — —u xou 0 = — 7 —

l ml

‘Olec o napdpetpot (k, I, a, m, g) eivon Yetinée.

"o
0y =—

(i) Xenowwonowdvtag Tic mopandve cVoTNua eELloMoewy Vo Beelte ovtélo xotaotdoewy yopov (A, B, C, D)
pe petoPintéc xatdotoong: x1 = 61, xe = 01, x3 = Oa, x4 = 04. Trodéote 6T 1 eloodog Tou cuoTAYATOC
elvon 1 SOvaun u xou 1 é€odoc 1 ywvia 6.

(ii) Na unohoyioete Tic Wiotpée Tou nivoxo A oto (i). Howd eivar 1 Quow Toug ornpacio;
(iii) Aci&te 6u to cvotnua oto (i) dev elvon eréyEuyo xou Beeite v Sidotoon Tou ENEYELHOU UTGYWEOL.

(iv) Aci&te 6t 1o clotnpa oto (i) elvon Tapatnefotpo.

V7772722227777 000707 000077

Eyfuo 2: Ofpa 3

Abomn: (i) Opllovtoc tic petafAntéc xatdotaone oOPPmVe Ue TNV UTOBEET €Y OUpE:

X =Ax+ Bu, y=x1



T 0 1 0 0 €1 0 T
T2 | | —a 0 B 0 To — . To
s =10 0 0 1||m|T] o |wy=l1 00 0] "
T4 6 0 —a 0 Ty ~ Ty
6oV 2 b2
_ra 9 _ ko _1
a=E T BT e T

(i) Ov Wotuée tou mivoxar A eivan pilec Tou YAUPUXTNELG TIXOV TOAUWYOLOL

a -8 0
d(\) = det(\I; — A) =det | & A0 e A T fdet| 00 A -1
0o 0 X -1 a A 5w A

-5 0 « A

AN = A+ 2002 + % — 32

Oétovtac autéd (oo pe pndéy éyovue: A2 = —a £ 3, 1

2ka? g
M=_—aq-8=- —Z =\ =2 -
! a=p miz2 ! JL w1 mi2

2ka?
a+%

nou

)\3:—0+5:—%=>)\2:ijw27 wy = %
Egbcov 1 ouvolxt| evépyewr tou cuotAuatog Statnpeitan (Bev umdpyouv Buvduels TeBnhc) or téooeplc mOAoL
Beloxovto mévew otov dZova Twv gavtac Ty (oo onuela £jwy xou £jws) xou enopévee av u = 0 10 cbotnua

TohavTOVETAUL Ywplc andofeot) pe cuyvOTNTES w1 xou wy rads/s.

(iii) O mivocag eeyEupdtTnTog ebvou:
T.—[ B AB A?B A°B ]

610V

0 0 1 0 0 0 -1
= a0 5 o0 -1 0
B=v1 o |- 4B=7 4 o o 1 o | =7 1
1 B 0 —a 0 1 0
HOoLL
0 1 0 0 1 0 0
o - 0 B 0 0 | o+ f _ 1
AB=v1 4 o 0 1 1 g 0 =vath)|
8 0 —a 0 0 —(a+ ) -1
HOLL
0 1 0 0 0 1
. a0 B 0 1] 0
B 0 —a 0 1 0

Ernopévwe to rank tou mivaxa I'e (mou eivan (oo pe v Sidotoon tou eléyiuou undywpeou) eivor 2 < 4 xa T0
cUotnua elvon eAéyELpo.

(iv) Iivaxog TopaTnenodTnToC:

C 1 0 0 O
r, = gjz _ _Oa (1) 2 8 ~ detT, = 82 40
cA3 0 —-a 0 p
xou To obotnua eivar Topatneiolo.
Ocua 4: Eotw 10 un yeouuxd oo TN
oy =1 (k* — 23 — 23) + o (k® 4+ 23 +23), 2h = —a1(k* + 22 + 23) + 2o (k* — 23 — 23)



(i) Aci&te 6T 10 onuelo (xf,25) = (0,0) elvor To pévo onueio Wwoppotiag Tou cuoTAUATOS Yo x&VE T TS
napopétoou k € R.

(ii) Tpapmxonoeiote To cboTnua YOpw and To onuelo Wopporiac. EZetdote Tic BiétnTee euotdetog Tou onueiov
wopponiuc ot oyéon pe TV wuh e mopapéteou k. [Yrevdipon: ‘Eotww x' = f(x) un yeopuixd cdotnuo
omou f : R™ — R" cuveywe dlagopiowun xou x* onuelo woopponioc. To ypouuixomoinpévo cbotnua yipe ond
10 X* elvon T0 cVonua X' = Ax énou A = (ai;) € R xou a;j = gj (x*),4,7=1,2,...,n].

(iii) Eotw 6t k = 0. Exgpdote tic €€l0®0EC TOL cUoTAUATOS 08 ToMxéC cuvietayuéves (r,6), Snhadh oty
woph: 7 = f1(r, 8) xou 8 = fa(r, 8) omou fi o fo xotddinhes cuvapthioec. Me yprion twv VEwy eZloMoEnmY
e€etdote Tic WoTNTES euoTdielag Tou onuelov wopponiag. [Yrerdiuon: H oyéon yetalld twv yetoBAnTdy
oe nohxéc xou Kopteolavée ouvtetayuévee opileton we: 21 = 7 cosf xat 29 = rsinf).

(iv) Trodéote mdh 611 k = 0. Xpnowonowdviog Tnv ouvdetnon Lyapunov V(zq, 2) = 3 (23 + 23) e€etdote g
WoNTEe evotdlelag Tou onpelov WoppoTiag xou EMPBEBUMOTE TO AnoTENESHN oag 610 epdytnua (iii).

Avomn: (i) Av k # 0 o onpela iooppotioc Beloxovton Movoviag:

2 2 2 2 2 2
o k —xl—xQxQ ot Ty — k* — a7 — x5 )
k% + a3 + 23 k% + a3 + 23

Enopévec

)x1:O:>x1:O:>x2=O

Av k=0 éyouye

2

(1'2 _1'1)7’2 :0 N (x2—|—x1)7‘2 :0 éTEOU T :x%"_x%

Avr=0= 21 =22 =0, dwpopetixd (21 + 22 = 0 xou 1 — 2 = 0) wou cuvendyeton T 6L &1 = z2 = 0. e
x&le nepintwon 1 = x2 = 0 xou enopévee (27, x5) = (0,0) eivar 10 uévo onpeio wopponiog aveldptnta and TNy
Ty Tou k.

(ii) TMapoaywyilovrac:

0 0

87{31 = (k* — 22 — 22) — 222 + 2229, 872 = —2xyx9 + 222 + (22 + 22 + k?)
0 0

782 = —(K 42} + 23) — 22 — 21129, 75;;2 = 2129 + (K — 2] — a3) — 223

Apat
of kK2 k? s—k?  —k?
AZ(ax)(OO):[—lﬁ kﬂj”_fl:{ K s — K

X0l ETOUEVOC TO YUPAXTNELO TIXG TOAUWVUUO %ol Ol WBLOTIES elvou:
B(s) = det(s] — A) = (s — k*)? + k* = s* — 2k?s + 2k* = 519 = k* £ jk?

‘Otav k # 0 o ypoppxonomuévo cvotnue eivar actodée (xou ol d0o Wotipée éyouv Yetnd npaypatind pépoc)
xou ETOPEVKS TO onuelo 1ooppoTiag Tou urFypauuxod cuothuatos, (z1,x2) = (0,0), elvou enlone aotadéc. Av
k =0 o nivaxac A Tou YpouuixoTonuévou cLoTALATOG EYEL WOTY T8VL GToV dEova TwY PavtacTix®y. Egbcov
N YewpeTE! TolhamhéTnta e Wothc authc ebvan fom ue v ahyefpud] todhamhétnta (d = T = 2), 10
onueio wooppoTiag Tou Ypopmxonomuévou cuoThuatog elvan evotadée (xatd Lyapunon) odid éyt acvurntotxd. To
ouunépaopa elvor Aoy yuatl og auth Ty TepinTnon x&de onuelo Tou R? ebvon onuelo woopporiac. Aev propolue
VO CUUTEPAVOUPE XATL Y1 Tic Wi6tnTeg euotdielag tou onueiov wopporioc (27, 25) = (0,0) Tou Pn-ypouxoD
CUG THUATOG.

(iil) Hopoywyilovtog Tic oyéoeic: 1 = 1 cos xou x3 = rsinf €youye:
&1 =7cosf —rfsind = —r3cosf + r3sind

do =7sinf +rfcosd = —r3cosf — r3sind



Ed6 k = 0. And my E€lowon (1) x cos 0+ E&lowon (2) xsin 8 éyovye i+ = —r3 evey and v —E&lowon (1) xsin §+

E&icwon (2) x cosf éyouvue § = —r?. To ddypappe @dorne tne ekiowone 7 = —r3, dnhadf 1o yedenua (1, f(r)),
delyvel 6tL r — 0 yio xd&de apyinh cuviinn ro > 0. Enopévwe étav k = 0 1o onpelo woppotiac (27, x5) = (0,0)
elvon (ohxd) acupntotxd eustadéc. ONoxhnpdvoviac €youde xoL dhL To (o cuunépaopa:

1
r(t) = "0 0 xadde - 0o xou 0(t) = 6o — 3 In(1 + 2rgt)

NESTer

H xatd xatedduvorn mapdywyog xatd urixog tne Abong elvou:

. 2% v
V= gdi gt = af( — af = af) b aawn (W + of + ad) — w1k +ad 4 af) + a3 — of — ad)
1 2
Arlonoldvroc:

V= (a4 ad) (8 — o = a) = 202 =)

Av k=0, V = —r? nou elvau apvnuixd opiopévn oo R? w¢ mpoc 1o onpelo wwopponiac xou epdoov V (x1, z2) ebvou
OXTVIXG. Un) (peoryUéVT) cuvdpTtnon to onueio looppomiog elivor oAxd acuUTTWTHE eus Toéq.

[Av k # 0, n ouvdptnon V ebvon Detinh| oe onueia audaipeta xovtd ot (0,0) xou emopévac o onueio autd eivon
aotadtéc and to Oedpnua tou Cataev].

Oépa 5: Eotw 10 obotnua X;(A4,b) 6mou

1 0 1 1
A=|1 -1 1 xou b= 1
0o 0 2 1

(i) E€etdote av 10 obotnua X;(A,b) elvar mhfpwe eléy&uo. No Bpedel o edéylyoc undywpoc X, Tou
CUC THUATOG.

(i) No Beedel nivocac Q € R3*3, det(Q) # 0, xou petooynuatiopds wwoduvaples 3 (A4,0) — S:(Q 1 AQ, Q1)
tétoloc HoTe 10 Lelyos (QTHAQ, Q1) va elvan oe xavovied| popet eheyiydntoc Kalman, dnhod:

-1 _ Ay Ap 1, [ b
R e

6mou Bi(A11, b1) mvewc ehéyEio. Eivar 1o Xi(A, b) otadeponomionto uéon avddpdong Xomaotéoemy;

Abomn: (i) O wivaxac ehey&udtnroc ebvon:

.=

I g
N =N

4
3
4

H tpitn othin ebvan {om ye to ddpolopa tne dedtepnc ouv To SmAdolo Tne TewtNg, dpa €youpe rankl's = 2 < 3 xau
dpa to X;(A,b) dev elvar mhipwe eréyio. Enlong o eéydoc undywpog ebvou:

1 2
x=(1|,]1]
1 2

(ii) Emiéyouyue

1 010
-1 110
-1 0|1
Tére
1
. b=Q %v=1|0
0

mou efvan oe xovovint| popyt| ereyiubdtntoe Kalman. To obotnua dev elvon otadeponoioo yiotl 1 (povadixi)
un-ehéy&uun Wotun etvon Vet (xan {on e 1).



