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1 o IIp6 B?';rr uu (II?',n 0oo pr,an6 rI p6toeto. Aovroarcri EE focoon)

O ru),qOuopog q - q(t) qg nol.qq nlg N6og Y6prcrlq, ov 6ev oDpTrrpll"dBoupe qv

uvqhq perovdomuon rco0ioq KCI,l rq ov0prrrnortovteq, rKovoTromt tr1 l,oyronrcrl

? ,  d q  1  1
sqrcrrlon i = -Q - 

^ 8', q(t) - qo (1), 6ruou t 1p6vru.
d t  2 5 -  2 5 . 1 0 " -  

2  ' \ v '

a) Tponozuoreiots rnv e[iorrlorl 6tor rilore vo oDpTrepr],dBers ro yeyov6q 6tr 9000
dv0prrlnor crvd il)ovo eyrco,ro,l"etzrouv qv rc6l"r1 rcor 1000 tiv0poTror
8ol"orpovorivro,r (to 6e6opevo orpoporiv tqv rcepio8o rcprv to 2000).

B) @ecrlpcrlvrag 6ru o zl.q0uo'pog rng N6og Yoprcrlq rlrov rcepinou 8.000.000 to 1970 va

Bpetce rov zrl"q0uop6 q -q(t) yto rcd,Oe t >1970. Tr oupBotver 6rov t >>I;

y) Euyrcptvete ro oTrortl,6oporo, trlg e(io'crlonq zrou 7rporcffiter ornv epcilqoq s) pe
ourd qg l.oyronKqq e(toorcr1q (1) yLa t >> 1 .

6) No e(etd,oete ercior'1q qv e(iooon 8uotu,nrcd (vo 8iooere trg povd8eg tcrlv
oraOepiov).

e) Iq l,oyroorcq e(torrloq + = a Q -b Q' , q(to) - qo ru6oeg oTroTpoq tg np9netva
d t

rcdvete crrote vo Trpoo8toptoert ra. a,b,qo; Mrcopeire vo, perirroetr rov upr0p6 tcov

CI,7roypoqiov (petorcq rc6otoug) ;

2o rlo6 0iun ua (II]'"n 0oo urax6 [o6toao. Aovrotmri E€,iocoon)

Me),etdp€ rov nl,r10uop6 tcrlv tpo,l"orvcilv ot rd,rcoru Osldooro, zuepropl. fvrrlpi(oupe 6tr
crurn n Oa,l"dooro Trsplo1q 6gv pruopei vo 0p6ryfl zrrploo6tepeq an6 K to rul"t10og
qdl,urve€, eviD ov o uptOpog ttov cpal,orvrrlv etvu,r rcotiotepog rou R, t6re or rpd,l,urveg
o8r1yorivrCI,l or e[ogdvrorl.

c) Elol.rd,ote to po0r1potrrc6 np6ruzco, + - m(K - q) (q- ft), q(0) = qo (l),
d t

6ruou q - q(t) o nl,r10uop6q rcov rpol,uwrilv rcCI,r /, m > 0 .

F) Ns o1e6d,orr€ ro 8roypdplrCI,ro, pe d(oveg q',q ran d,(oveg q, t uv (i) Qo < R,

( i i )  R < Q o 1 K , ( i i i )  q ,  1 K , ( i v )  q o = K  r c c , r  ( v )  Q o : R .



y) No l"u0ei ro npoBl"rlpu (1) .
6) flpoteivete tp6no rupoo8ropropor5 r(Dv m, K, R 6ruv fvo toul"dlrotov src' sutd,

etvot dyvcrroto.
e) Av ro po0r1ponrc6 zrp6u-rno (1) npooeyyt(errov ?tpc,Tponrc6 upr0p6 tcrlv <pul"o,wiov,
rueprypdryte pio nol"tnrcr1 al"reio,q tcrlv rpcrl"awiov.

3 o II p6 0i,,n ua OI o6 Slun pa Avtavrovrotrxcbv Er6cirv)

@ecrlporipe 6rio ei6r1 ev6g olKoouorrlporoq to onoto ovrCI,yovi(ovror Tto rqv i6to,,
nsploplotrsvl oe ruoo6rT-lro, rpoqn.'Eot(D q - q(t) KCI,r p - p(t) o opr0poq tcrlv Srio

er6rirv, 6zuou q) p rKavoruorofv tqv i6ta l"oyro'urcr1 e(io'rrlorl (Xctrpig vo oDpTrepil"d,Boupe

rov ovrCI,ycrlvrop6 rcrlv et66v). No KCI,rc,oKtuuo0et evu po0r1ponrc6 rup6u:zco TroD vCI,
ouprceprl,opBdver rov ovrCI,yrrlvrop6 rcrrv et8iDv (o ovtu,ycrlvrop6q pedover tov apr0p6
rrrrv et8iDv rcot eivCI,r ovd,l,oyoq rou yrvopwou rov q, p pE oto,0ep6q ovol,oytog m > 0

KaL n > 0). No pel,eqOet (noroctrcd) to npoplqpo 6ruv m> n (tt o'rlpuiver m> n ot
o16o11 pr ro et5r1, vo olcroypaqrlOet (ole6tcrotet) co efitneSo qdoecrlq).

4o II p6 Bi,.n ua (IIp6 B?"n uu On oerltf -@n pri uatoc)

'Evo, o'riotrlpo, Oqpeuq-0rlpdporoq svog ei8ouq rpdl,owcrq O rcur ev6q ovropKrrrcof
prrcpor5 ryoprcr5 Y 61er to e(r1q XopcrKrqproarcd. (o) Aw Dnap6el" Trrproprop6q oqv
or5(qo'r1 roDg orSte dl"l"or crvroTovror6q. (P) Aev und,plouv d,),l"or ovrCI,Tovrodg. (y) Ot
rp&l"oweq O periovovtor (e(orpovt(ovtor) pe pu0po ovd,l"oyo rou nl"rlOuopori rouq rcor
ou(dvouv ovd,l"oyo pr rov upr0p6 ralv ouvowrloecrlv ( O .Y ). (6) Ezcurl.6ov to Y
ou(dvovtsr ovd,l.oyo rou nl,rl0uopori toug rcor perrirvovrCI,r uvdl"oyo lre rov o,pt0p6 tcrlv
ouvowrlorcDv ( O .Y ). Bpeite to oriorrlpo zrou rueprypdrpa rouq puOpouq trreruBo)"r1q

=x -x(t), Y= y-y(t) KC,1 orrl ouv6leu rnv y - y(x). Kdve€ ruoroctrtl pel,6tr1
(ruepro6rrc6 qu,w6pwo, rcl,rc).

5o [Io60],nua (Ilo6ruzo Etoatrcotrrcric M6rnc)

'Eotcrl 
6n to X ruo,ptordver pto, opd6o ovro,ptiov rcor Y pio opd6o roD oupBotrrcori

ocpotori. H pdXq peto(r5 rrrlv 8uvd,psov X rsr Y pzcopeiva nepqporpei o,zu6 wu,
po0rlponrco TEpowTEo nizrou-Lanchester , 6ql,o,6r1 arco 6vo sut6vopo or5ornpo rnq
popqnq:

dx dv- : - A X V .  r '  - - b X .

d t  
J /  

d t

6ruou x - x(t), y - y(t) nu,protd,vouv trq 8uvdperg rov uvcuptiov Ko,l rou oupBa,trrcori
otpu,tor5 q povrrcrl ottTpTl t avrioror1CI,.
u) floreq uzo06oeq nplnet vu, yivouv Ku,l Trouq oldoerg nptner vo l.qqOoriv uru6yrl
6tor rilote va 8trcutol,oyqOei ro nupancd,vcrr ap6runo; Eivar ro 7rCI,pCI,rudvrrl zrp6runo
l,oyrrc6;

B) AzroSei(te 6tt to x - x(t), y - y(t) ouv66ovtu,r peto(ri rouq ps rov <nopo,Bol.rrc6

v 6 p o >  a  y '  - 2 b x + M ,  6 n o u  l f  - a  y 3 - 2 b  x o ,  x 0  : . r ( 0 ) ,  l o = / ( 0 ) .

T) flotu ouvOr1rcr1 np€netvCI, tKovonorcfv or op1lKdq ouyrcwtpiooerg 8uvd,pecrlv
.r0 KCI,r yo E'tot ioote oto t6l"og vCI, sTnKporrloer o oupBoflKog orpor6q Y; Av rel,rrirlg

6w enrrcpouloer o oupBoarc6g otpor6g.Y r6oor enr(cilweq 0o urudp(ouv;


