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Kegdiouo 1
H I'evixn Oewpla

1.1 Xrowyeia and tn Ocwpla TV Apriuny

Io va xatavorioet xdmotog xahitepa 1 Oswpiar Aaxtuhiny elvar ypfowo va yvwpeilet
xdmota oToLyEldT) Tpdypata and 11 Ocwpia Twv Apriudy. H mapdypagog autt| dev €xetl
oo oxomd yia TAen avartuln g Yewplag aprduwy ahAd vo uneviupioer TepAnmTIXd
Twe VepehidvovTar ot EVVOIES Tou «puotxol aptduoly ot Tou «axépatouy aprduol. To

4 7 ’, 7 4 4 4 4 4
olOvoho 1wy axepaiwy apruwy arotelel éva eldoug «mpdTuToUy SoaxTuhiou xon TOMAECG
€vvolec mou Vol SLmPAYUATEVTOUUE OTIC ONUEIDOELS UTEG AVTIOTOLYOUY GE €VVOIEC TTOU

’ 4 Z 2 4 /2, /7 4 /
optlovtar atoug axépououg. ITohhéc pédodor tne Vewplog apriudy yevixelovtar dueoa 1
éupeoa xan oty Vewpla v SaxtuAiwy. Kdroleg and autéc meprypdgpovion €3¢ Yo va
Bondndei (ehniCouye) o oyetnd dnepoc ot Vewpla aprd®dy avory veoTne.

Me N = {0,1,2,...} da cupgBorilouye 10 GOVORO TwY QUOIXDY OPIIUMY Xt UE
Z={---2,-1,0,1,2,...} 10 60vOAO TV AXEPAWV.

To cbvoho Twv Quotxwy aELiuwy Séneton amd TIC TAPAXATL AEYES TOU OVOUd-
Covtan ta A&iyata tou Peano:

Adlwpa 1
To ovvoro N mepiéyer éva ovykekpiuévo otoryeio mov ovoudletar undév kai
ovpPoliletar pe 0.

Adiwpo 2
Yo otvoko N optletar pta 1-1 ovvdptnon f : N = N nov Aéyetar n ovvdpTn-
on Tov enopévov. Avn € N o f(n) Aéyetar 0 endpevog tou n.

Adlwpc 3
0 & f(N), dnAadn dev vrdpyern € N pe f(n) = 0.

Oplopode 1
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1= f(0)
2= f(1)=f(f(0))
3=£(2)
4= f(3)
...... n+1= f(n)

Alwypa 4 [Apxn) Enaywyris]
Av A efvar éva vroodvolo tov ovvdlouv N twy guoikdy apdudy mov ikavororel
ta €&ng:
1.0€ A
2. Ia kd0e n € A wyva dun+1¢€ A,
téte A = N.

Ot 800 Baowrég mpdéelg oe autd T cLVORA elvan 1) TEdoVeoT + %At 0 TOANATAAL-
olaopog - mou opiCovtan wg e€nc:

Opwopdg 2 (Opopde tne npdoveong)
1.n+0=mn ya kdde n € N
2. n+ f(m) = f(n+m), ya onowadrirote m,n € N.

Opwopde 3 (Opiopde touv ITohanhaociacpon)
1. n0 =0 ya kde n € N
2. nf(m) = nm +n, ya onowadnnore m,n € N.

To 6T T tponyolueva opiCouy mpdyuatt Vo npdéelc 010 N eCacparileton and
v ApyY| ¢ Eraywyrc. Me tn foRdeia autric Tng apyfic umopolpe var amodetouue
OTL o1 TPAEELS tavoTololY Tig EENG OLOTNTEG:

1. ITpooetaupiotixdtntor I onowodfnote a,b,c € N, a+(b+c¢) = (a+b) +c,
a(bc) = (ab)c.

2. Avtwetadetixotnta: [ omotadrrote a,b €N, a +b = b+ a, ab = ba.

3. "YTnopgn Ouvdétepou otoyeiov: Taxde a €N, a+0=a, al = a, 61ou
1 = £(0).

4. Empepiotixotnta tou Ilohhanhaciaopot wg nepog tnv IlpécVeon:
[ onowdrinote a,b,c € N, a(b+ ¢) = ab + ac.

Opopoc 4

Yo N opilerar pia oyéon hdraéng < drov Ya ypdpovue a < b av kar udévo av
vndpyer éva n pe a+n = b.0 a Aéyetar pnkpdtepos 1 ioog and tov b kar avtiotoa
0 b peyadirepos 1 foog and tov a. O n eivar povadikés kar ovufodiletar pe b — a.
‘Eva otoiyeio a €vds ovvddov A Oa Aéyetar to pikpdérepd tov otoieio (1) o eAd-
X10T6 Tov) av wyvera < x ya onowdritote x € A. Oa ypdpovpe m < navm < n
Karm # m.
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Ané Tov oplopd elvon edxolo va dei€oupe 6Tt Loy bouy To ToEUXATE:

Mo x&de n, n < n
Avm<n,n<rtétem<r
Avm<nxun<mibdbten=m

INo onowdhrote m, n elte m < n eite n < m.
5. [ onotadAmote m, n,r avm < n té61e n+r <
m-—+7r.

6. I'a omowadAnote m,n, r # 0 av m < n 1o1€
mr < nr.

bl Rl R R

Ané v Apyn e Enaywyng éyoupe to mopoaxdtw Bacxd xou yeriowo Yewmpnua:

Ochenua 1 [Apyrj ws Kadrjs Audraéng/

(a) KdOe un kevd vnootvolo twv guoikdy apiudy éxea mkpdrepo atoryeio.
(B) Aey vndpyer yvriowa ¢divovoa axodoviia puoikdy apidudy.

Ta (a), (B) €ivai 1w0oddvaues pordoei.

Ano6den: ‘Eotw A va eivar utochvoro twv guoxwy aptduwy mou Sev €yel u-
xpbtepo otowyelo xou ag Yewpfooupe 1o ouunhipwud tou, A° = {x € N:z ¢ A}.
Hopatnpeiote 611 0 € A Sragopetind 0 A Va elye wxpdtepo ototyeio (to 0). Ac
unoY€couue 6Tt Ghot ot apriuol Tou elvor wixpdTepol 1 (ool and n avixouv cto A°.
Téte Yo mpémet xou 0 n+ 1 va avixel o autd yrotl dtapopeTtind o n + 1 Ya Aoy
T0 WxpEOTERD ototyelo Tou A. Ao Ty apy| Tne emaywyhc Yo meénet A¢ = N doa
10 A Yo elvar T0 xev6 obvoho. To mpwto Yépog Tou Vewpruatog anodelyTnxe.

H wooduvapia tou (o) pe to (B) mpoximter edxola, e v napathipnon 6t to
otowyela piog yviota gdivouoag axoloudiag Quoxay anotehody Eva ohvoro ywpic
wxedtepo otoryeio xou avtiotpoga av Sodel Eva Un xevé LUTOGUYORO TWV PUOIXGY
apriuey ywelc wxpedtepo ototyelo umopolue va gTidEovue W yvhola @iivouca
axoloudia ané otoryeio ou (twe;). O

Me yehon e Apyhc e Koakie Awdtagng amodetxviouye tnyv mapaxdtw Bootxy
IBOTNTA TOU GUVOAOU TWY QUOIXWY APLUUWV:

Oewpnpa 2 (H Apyiphdeia ISotnTar)

(a¢) Av a # 0 téte 1 < a.

(B) Av a,b etvar 600 guoikof apidpof pe 0 < a < b téte vndpyer évas apiuds k e
b < ka.

Anéden: (o) Ou otnptytoldue otny Topaxdte WdéTnTe NS ddtadng:
AvO<a<bxu0<d <V to6tcad <bb

Av urdpyet guotxdc a ye 0 < a < 1 t6te Yo elyape dradoytxd 61t 0 < a® < a,
0 < a® < a?... xou e autd Tov TpoéTo Yo Takpvaye pia yviota pdivouca oaxohoudio
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a>a*>a® > >a">a" > . xa Ya elyape épder oe avtigaon ue Ty
Apyh tng Karrig Avdradng.

(B)- Av0 < a < band 1o (a) Ya éyouye 61t 1 < a xou molanhactdlovtag ue b
€youue 6Tt b < ab mou onuaiver 6Tt yia k = b 1oy Vel 0 woyupiouoe pag. O

Hepvdye Topa ota facind Ocwpruata TOU Hog EVILIPEQOUY.

Oewpnua 3 [EvkAeidns-H tavtdinta tns daipeons. |
Av a,b efvar 0o guoikol apidpof pe 0 < a < b tdre vndpyovy dUo povadikov
appol k,v pe 0 0 < v < a téroion wote:

b=ka+v

Anodedn: Ac Jewprioouue 10 6UVOA0 A OAwY TV QUOIXKY dEWIUWY N ToL €Y 0LV
v Wiotnta na > b. To olvoho autd elvon pn xevé Adyw tne Apyurdetag 1816-
TTog. Yuvenwg o €xel Eva wxpdtepo ototyelo ng > 1. Av mdpouvue k = ny — 1
161€ ka < b xou umdpyet v ue b = ka +v. To v elvou wxpdTEPO ATO @ Yio-
Tl StapopeTind Vo uhEyYE QuUoKOS apriuog ¢ pe v = a + ¢ xan Yo elyaue Ot
b=ka+a+c=(k+1)a+c=noa+c. AN noa > bxa odnyndixaue oe dromo.

H povadixdtnta tov k, v mpoxdntel wg e€rg:

Ac vno¥éooupe 6Tt yia xdnota k', 0" ye 0 < v < a €youpe 61 b = k'a + V.
Eite £ < k' cite k' < k dnhad| Yo undipyer xdmoo d ye k' = k+d 1k =k +d. Ac
unotéooupe 6Tt k' = k+d t61€ ka+ad+v' = ka+v = b xou cuvende v = ad+v'.
Enedh v < a Ya éyouye 61t d = 0 xan ouvendg k= k', v =0

Av méh k' = k+d ye mopduolo cUAAOYIOUS XATAAAYOUUE GTo (810 cuuTépaoua.
O

O yovadindg aprdudg v mou opiletar 6T TEONYOU-
uevo Yedpnua (Yo Soouévoug 0 < a < b) Aéyeton
10 uéAowno tng dadpeomng Tou b ue Tov @ xan
ouuPBohiiletar pe Y (b, a).

Méyper Tdpa acyorinxaue ATOXAEIGTIXG UE TO GUYOAD TWV QUOIXKY AELTUGOY.
ITepvdye Twpa 610 0UVOAO Z twv axepaiwy. Alvouye €vay TOAD cLVTOUO 0ploud
Tou Z. o va dwoouye Ty 1d€a mou pog odnyel 6Tov TapaxdTw 0ptous - ToU ond
Tew TN dnodr @aiveTton TERIEPYOS - OXEPTOUACTE Yo OO AOYO VO TOUG OPIGOUUE.
Anéd ahyeBpun drodn €va yetovéxtrua etvar ot guoxol apriuol 6Tt dev anoteholy
oudda w¢ meog TNV TEdEn TN npdcdeon L 8ev Movovton étot e€lotoetc NS MoPQNS
T+ a =0b. Auté unopel va dropiwdel e v eloaywyh TV apvnTIXGY aptiuoy,
Onhad?| yro xdde pn undevixd n € N va elodyoupe €va xavolpyto otolyelo i, WoTE
n+mn =0, tov avtideto ToUL Nn.

Lyon we mpoc Tov moMamhaotoopd BéBara, oS owtéd ebvan évar LAt mou Yo acyorndolue
agol Aooouye ta TpoBAfuata Tng mpdodeong
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A¢ unovéooupe 6Tt Ta €youue xatapépet xar €youpe enexteivel 10 N oe éva pe-
YaAUTEPO GUVONO, 6Tou 1) elowon T + a = b AOveTow xou 1) AUGT TNG TaPIoTAVETOL
ue a —b. Ag gavtactolue Tov a — b cav €va (euydipt (a,b). Etot 10 2 AVTLTRPOCK-
medetar and T (2,0), (3,1), (1000,998) ... 2 xu 0 —2 ané 1o (0,2), (1, 3).

Opiopodg 5
Yo ovvodo N x N opilovue ma oxéon iwodvvauiag:

(myn) ~ (m',n') ©m+n"=m'+n
ka1 opilovue oav obvodo Ty akepaiwy to oUvolo tnAiko
Z=NxN/ ~

Ywo Z optlovue 0¥o mpdées +, - wg €€ng:
Av [(m,n)] ovpPorila tny kAdon wodvrvauias mov opila to (m,n) € N x N tdre

[(m,n)] + [(m',n)] = [(m +m',n +n')] (1)
[(m,n)] - [(m',n")] = [(mm' +nn',mn’ + m'n)] (2)

Euelc mapoxdtw yia va enavéhouue otoug cuyfolionois mou yvwellouue and
oA
Me 0 Yo oupBorilouype tnv xAdon tou (0,0)
Me 1 Yo oupBorilouype tnv xAdon tou (1,0)
Av n guowdc pe n Ya oupPorilouye v xAdon tou (n,0) xar e —n TV xhdon
Tou (0,n).
‘AX\eg xhdoeig dev undpyouv. Me autd Tov TEOTO PmopolUE Vo QavTaloUuaoTe
A 1o olvoho twv axepaiwv cav {--- —5,—4,-3,-2,-1,0,1,2,3,...}. Oa
XPELCTOVUE xou Wi YEVixeuon TN TawtdTNTAS TG Stafpeong Yo axepadoug 6Tay 0
Stoupgtng ebvon Yetindg xar o Soupetéog omowadhnote axéponog. H amddeln eivou
avdhoyr e auth Tou Oewpruatog 3. Iloap” 6Aa autd Yo xdvouue pla oxtorypdpn-
o1 NG anddelng Adyw tng Wiaitepng onuaciog mou €yel To VeDpnUa auTd oTNY
avamtugn g Ocwplog Twv AdxTullwy.

Opiopog 6
(a) TIa kdOe axépao apiiud a opilovue tnr andAven Tipur) tov |a| va efvar o
rapakdtw Quoikos aprijuds:

a av a >0
la| =
—a av a <0

(a) To mpbonpo sign(a) evés axépaov apiiuov a # 0 opiletar va efvai o apriudg

ﬁ 1} 1wodUvaua:
sign(a) 1 av a >0
ign(a) =
& -1 av a <0

Tl Towtileton o (2,0) pe tov (1000,998); Tl 2+998=0+1000.
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Oewpnua 4 [EukAeidns-H tavtdtnma s daipeons. |
Av a,b etvar dVo aképaior aprduol pe a # 0 tére vndpyovy 6¥o povadikol apiduol
k,v pe 00 < v < |a| dote

b=ka+v
Anédegn: Ac Jewprioouue to ohvolo
A={r€Z:b—za>0}

To cdvolo auté elvon pn xevé yati © = —|blsign(a) € A. Ipdypatt, yiautd 1o
Yo €youue 6TL

b—za=0b— (—|blsign(a))a =
= b+ |b[sign(a))a =
= b+ [bllal =
> b+ b >0

Yuvende Va €yel éva pxpdtepo otoryeio v = b—ka. Enakndedoupe 6110 < v < |al.
Tn povadixdtnia 1wy v, K TNY a@rivouue cay doxnorn. [

Oplopée 7

Eoww a,b axépaior apiiuof pe a # 0. Oa Aéjue dt1 o a Srapet Tov b av vndpyer
évag axépaiog apiuds d (arnapattnta dagopetiés ané 0) pe b = ad. Xe avth
tepintwon da ypdpouue alb.

H oyéon | nou pnopodye va tn dodue cav wa Swwelt| oyéon oto Z \ {0} eiva
oyeddv ? wa oyéon didtalne oto Z \ {0} ouyxexpruéva ixavonotet to g€

[a xdde a € Z )\ {0}, ala
Av alb xou bla téte |a| = |b|
Av alb xou blc t6tE alc

Av alb xou blc téte alb+c

Optopde 8

Eotww ay, ag, ... ap axépaior aprduof mov efvar dAor drapopetikoi and o 0.
1. Evag apiduds d > 0 Oa Aéyetar Mépyrorog Kowdg Arapérng wwr ay, . . ., ay,
ka1 Ua ovpPoriletar pe MKA(ay, .. . ay,),1 atkobotepa (ay, . .., a,), av
dlay,...,dla, ka1 ya onowdnmote dAdo Oetiké axépaio d' mov éyer tny 161dTnTa
d'|ay,...,da, woydea éu d'|d.

3T var Aoy plar oyéon Sidnane Yo énpene var ixavorolel xan TNy avtioupuetpdtnta (alb
xat bla = a =b). Avtl awtol wavorolel tny aodevéotepn Widtnta (alb xon bla = |a| = |b]). T
v axp(Beta elvar oyéon dudtadng av neploploTel 0To GGVOAO TV ALOTNE FETIXDY oXEpouwY.
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2. 'Evag apiudés m > 0 Oa Aéyerar EAdyroro Kowd IloAAanAdoio twy

ai, ..., an kat 9a ovpforiletar pe EKII(ay, .. .ay), av ailm, ..., a,|m ka1 ya o-
rowdrrote dAAo Jetiké arxépaio m' mov éyer tny Widtnta ai|m/', ..., a,|m’ 1w0yde
étim|m'.

Eivon gavepd twe av o MKA (xar dpoa to EKII) xdmoiwv aprdumdy undpyet
t61e elvan povadid?. Oa meploptotoue otn peréty tou Méyiotou Kool Awapét,
mou pac evdlagépel xou o mohl. Ipw amodeilouue mwe undpyet divouue Ueptxéc
WoTNTES TOUL!

IlIpbtaon 1
Eotw ay,...,a, € Z\ {0}, tdre:
L (a1,...,a,) = (Jaa],- - -, |an])-

2. (a1,0az...,0,) = (a1, MKA(ay ..., a,)).

To mpwto Yépog Tng mpdTaoTC Yog Aéet 6Tt Yo va Bpotue To MKA xdmowwy aprd-
uodv apxel va Peotue tov MKA 1wy andlutewy Tiudy toug. Luvenmg av anodel-
Eoupe v Umoapén MKA yio onoodfinote mhfdog un undevixwy Yetixdy axepaiev
10 €youue deller xau yia omolodrinote Ao axéponwy. To Seltepo yoc Aéel 6Tt
av E€poupe 6Tt undpyet o MKA onowwvdvnote n apriudy Yo undpyet xar yia n+ 1
aprdpoie xox.

Yuvdudlovtag tor autd poall xatadfyouue 6Tt apxel va dei€ouvue 611 8o omolot-
drmote Yetixol axépotot €youy UEYIGTO x0wbd Slonpétn xon va Bpolue xon Eva TpOTO
va. tov unohoyilouue. Oa o xdvouue xou tor 800 pall divovtag évay mepipnuo
akyberduo, mou Aéyeton Ahyodprduoc tou Euxdeidn xar mou meptypd@ptnxe mpwTto
(woli pe Ao onuavtixd Oewphuata Tne Oewpiog Aprdudy) and tov Euxdeidn
oTa «XTotyeiay Tou.

[o var Steuxoduvdolye 6Toug GUAROYIOUOUS HOG ELCAYOLUE TNV TAPAXdTw O-
pohoyfo:

Opopog 9

7 V4 / V4 z /. 4

Eoww ay,...,a, axépaior apiuol. Oa Aéue 6 o ¢ eivar axépaiog ovvdva-
opuég WY ay, . . ., a4, av vrdpyovy axépaior apripol Ty, ..., T, HEC = a1T1 + -+
Up T -

Hapatneeiote ot

Av évac axépatog d Stoupel TOUC AXEPAOUS a1, . . ., Ay TOTE
dtonpel %L OTOLOBNTOTE AXEPAUO GUVBLACUO TOUG.

H évvora auth €yet xou €va eidog petofatindtnrog:

1Ay Ty uthpxay dVo Méyiotol Kowol Slanpétec yia xdmotouc Soopévouc aprdpoic, o évac Yo
danpolioe Tov dAho xou cuvendg Yo fitay (oot PeTagd Toug.
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Av o c elvon axéparog cuYBLACUOS TWV Gy, - - . , Gy XU O XAVE
évac and 1oU¢ a; elvar oxépatog ouVdLACUSS TWY al, ..., ay,
T61€ %1 0 ¢ Vo elvon axépatog oLVBLACUOS TWV al, .. ., ay,.

A¢ EexivAoouue twpa ve 800 apriuolc a,b émou 0 < a < b xon ag opicouue
avadpouxd plar axohoudia (2,)3 , and Quotxolc, ug e€hc: °,

r = b
T9 = Q

)Y (@, Tag1) v Tpgq >0
Tpt2 =

0 av Tpe1 =0

Hapatneeiote 6Tt av x, > 0 16TE Ty < Ty xo 6T AV T, = 0 T6T€ -and TOV
optopo- Ty = 0 yia xdde m > n. And v apyt| g xaAhc ddtagng (®s<bpnpoc
L, (B) ) Va éyouue 6T undpyer évac aprdudée n > 3 ye z, = 0 xar €0Tw N O
wxedTEPoS TETol0C apriuds. Otoupe d = Ty, 1.

‘Eyouue dnhady| TNy Topoxdte etxéva:

b= aks + x3

a = x3ky + x4

T3 = Taks + T5

'/I/‘no—3 = mno—ano—l + xno—l = $n0—2kn0—1 + d

Tpog—2 = xno—lkno = x’no—ld

EZ optopol yia xdie 2 < n < ng Yo €yovue 6T undpyet k, woTE
Ty = _knxn—l + XTp—2

OnAad”| o T, elvon ypauuxds cUYBLACUOS TwY BUO TEONYOVUEVRY TOU Tp_1, Tn—2.
Hapatnpeeiote Twpa oTL:

Av évag aprudg y daipel 600 dadoyikd un undevikd otoeia otoryela T, 1, Ty
s akodovdiag (ondtre n < ng) tdre avaykaotikd Ya daipel kar omodrmoTE OTOLYElD
Tm, TNS akodovliag pe m < n.

Enedf zn, = 0, 0 d = Tpg_1|Tpo—2 o Qovepd dtoupel tov eawtd tou. And
Ny mponyoLuevn tapatienon Yo Sioupel xdde Tponyoduevd Tou dpa xon Toug Ty =
a,r1 =d.

¥Onwe éxoupe A3 avagépel, o Y(b,a) cupBoliler To utdhotto tne Siadpeome tou b ue Tov a.
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Me &hha AoyLa o
O d eivon xowvog dranpétng twv a, b. (*)

Axolovdovtag Ty avtiotpogn nopela, napatnpeeioTe OTL:

KdOe otoyeio x, tng axolovdiag oav diépaiog ovvdvaouds twy 6o mporn-
yoUuevay tov Ua ypdeetar oav aképaiog ourdvaouds kar twv Ti, To OnAadn twy

a, b.

Me dhha Adya, Yo undipyouy axépouot T,y UE
d=za+yb (**)

Ané 1o (**) da €youpe 61t onotoodrinote xovoe Sapétng Twy a, b elvor Stonpétng
Tou d xar Setytnxe 6Tt o d elvor 0 PEYIoTOg XOWOG Branpétng Twv a,b. Acioue
CUVETC TO:

Ocwpnua 5
I'ia omowvodnmote un undevikols axépaiovs a,b vndpyer o péyiotos kowds dai-
pétns tous d. EmmnAéov o d efvar aképaiog ovvdvaouds twv a,b, dniadn vrdpyovy
axépaior T,y TéTol0l WoTE

d=ax+ by

Me emaywyy| pmopolue va YeVixeUooupe wg e€Fg:

Ochpnua 6

I'ia omoovodnmoTe NN undevikols aképaiovs ay, . . . , a, vndpyer o néYioTos Ko-
v6g haipétng tovg d. EmmAdy o d efvar aképaiog ovrdvaouds tovs, dniadn vrdp-
XOUY aképaiol Ty, . .., T, TETO0l BOTE

d=az1+ -+ x40,

Ogopoc 10
Avo 1) meproodtepor un undevirot axépaior Ya Aéyovtar nporor peta&d rovg
av o uéyiotog kowds Oiapétns tovg efvar to 1.

H enduevn évvola elvon Paotx.

Opopde 11

‘Evag axépaiog n # 0 Oa Aéyetar obvietog apiiuds av unopel va ypagrel oav
n = mny pe l < ny,ng < n, pe dAa Adyia av umopel va dapedel pe kdmoioy
axépaio Mapopetiké and to 1 1) Tov €autd Tov.

‘Evas Jetikés axépatog n > 2 Ja Aéyetar mpadTog av dev etvar ovvietos.

Hapatneeiote 6Tt 0TOV OPIOUH TOU TEAOTOL AELIUOU AMALTOVUE Vo Efvor
ueyohOtepog 1 foog tou 2 xar 61t ot aprduol 0, 1 dev xatatdocovton
00TE 6TOUC TEMTOVS 0UTE 0ToUg oUv¥eTOoUS aEripolc.
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Bewpnua 7 ( Oepehiddeg Oemdpnua Tng Aptduntixic)

Av ay,...,an efvar un undevicol axépaior kair p mpitog apiuds mov diaipel To
yvduevd tovs ab téte Oa daipel évav and avtols. YuuPfolikd,
av p mpaTos, a1, . .., 0, € Z\ {0} kai pla; ...a, téte pla; efre...play,.

Anddegn: Apxel va deiloupe o Octpnua yioe m = 2 xou UETE VoL EQUPUOCOLUE
emaywyt. Ac unovéooupe Aotméy dtL ot a,b eivan axéponol yeyaAvTepol ¥ (oot Tou
2 xou 67t 0 plab.

‘Eotw d va elvor 0 péyiotog xowdg dioupétng twv a,p. Téte d =1 % d = p,
enedr) o p elvan mpwTog xou dev Eyel dAAoug dtanpétec. Av d = p xoTaATYOUPE GTO
ot o p dranpel Tov a. Av d = 1 Yo undpyouv 800 axépatol z,y ue 1 = ax + py dpa
b = abx + pay xar agol o p doupel Tov ab €youue dueca ot Sonpel Tov b. Xe xdde
nepintwon pla ¥ plb. O

Anéd autéd Yo €youpe To

Ocvpnua 8

KdOe Uetikds axépaiog a > 1 Ua ypdpetar oav éva ywipevo npitwy aptudy:

a=pi...Ppn (*)

EmmAéov n avanapdotaon (*) Oa elvar povadixn pe tny €€nig évvoa: Av a =
q1---Gm, HE 1 ... Gm TPDGTOUS aprduols, téte m = n kar uropovue va aAldéovue
™ oepd T qi, ... ¢y O€ g, ... q,, doTe va éxovue p1 =q),...pn=¢, 5.

Anoden: To yeyovog 6Tt xde etindg axéponog a > 1 ypdgetar ooy YvOuevo
TEOTWY anodewvietar edxola pe enaywyr. I'a 10 2 woyder agod o (Bog eivan
TemTo¢. Ag unoYéoouue 6Tt YvwpiCoupe 6Tt oL 2,...,n avohOovIoL OE YIVOUEVO
TEOTWY X o eYETdooupe Tt ouuPaivel v tov n + 1. Eite autdg elvar mpdtog
xaL €youpe TeEAEoel elte dev elvar xou cuveT®S Vo YPdeETHL Goy €Val YIVOUEVO
n+1=mnmne e 2 < ni,ne <n. O xadévag and autolc toug apriuoie Ja elvou
YWOUEVO TEMTWV (amd TNV ETUYYIXY Yac UTOVESN, Ny = P1...Dk, N2 = G1 - . . G,
) G xar 0o n+1=pi...,PpG1 - . gm Vo eivon eniong.

[N To povoohuavto g avanapdotaong Tapatneolue 1o e€hc. Ag unodéooupe
OTLO N =DP1...Dp = Q1 --.Gm ElYE VO AVATAPACTACEL OE YIVOUEVO TEOTWY TOUG
omoloug €youue ypdler ue addovia Teomo dnhadY p1 < Po..., @1 < oo .. XU
eniong 6Tt n < m. loyuplopaocte 6Tt m = n xar p; = ¢ Y xde ¢ = 1,...m.
Hpdrypatt, av autd mou toyvpléuacte dev ioyue dUo TepinT®oelg Yo unopoLoay

6Me tov 6po «pmopolye var GANGEOLPE T1) GELPS» EVVOOUPE OTL PmopoUPE Vo, Bpolpe uia ue-
tddeon (dnhadi, wior 1-1 xou enl amewdvion) 7 : {1,...,n} = {1,...,n} UE P1 = Gr(1),---+Gn =
Qr(n)- Evoac dAhoc 10080vapoc TeOTOC Vo WANCOUUE Yial povadixdtnTa efvar vor Yewpolue 6Tt
oty avdAuon evoc aptduol a = qp ...pm oL TpdToL gugaviovtar ye adfovoa oepd, dnhadt
p1 < pa <... oxow oquto efvon mov Yo ypnotponotjoouue oty anddelln. H Sitinwon aut duwc
dev pmopel vo petageplel oe YevxoUc SoxtiAloug 6Tou dev €youpe xdmota oyéorn oAxAC Sidtang
peto€d TV oTolyElwy Touc.
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vor cupPaivouy:
Eite pj = ¢ yia xde 7 = 1,...,n xu n < m, ahhd 161€ Yo xatoahyoue 6Tt
1 = gnt1---gm OV Elvor Qavepd dToTO.
Eite o undpyel xdmowo 1 < k < nyue py # qx. Tote Yot elyoe pr .. . P = G - - - G-
Av pp < gy té6tE TO PR < g5 Y Oha Tt i =k, k+1,...,m. AN 10 prlgk - - Gm
xo oLVETADS Var undpyet xdnoo ¢ = k,k + 1,...,m e pglg;. Enedh bpwc o g
elvon TpdTog Vot elyoe 6Tl Py = g;, dTOTO. AV TAAL @ < Pi TOTE g < P; Yo xA0e
i=k,...,n aAA& Qg |k - - - Pn, xou TG Vot €mpeTE Vo Stoupel xdmotov and Toug p; YE
Tov omolo xou Yo Tt bTay.

Katohfiloape ndh o dtomo xor o Oewenua anodetytnxe. [

Ané to mponyoluevo Yewpnua Ya éyoupe dueca o e€nc:

ITpbtaom xow Optopoée 1
(a) KdOe Oetikds axépaiog n > 2 ypdpetar katd povadikd tpdno otn popen:

U Uu
n=p...p"

Omov 01 p1, . . ., Py €tvar mpaTor apiuofl pe pr < -+ < P KAl 01 Ui, . .., Up AKEPAIOL
peyaAvtepor 1) ioor tov 1. H mapdotaon avty Aéyetar n avdAvon Tov n o€
Ywopevo TpdTWY.

(B) KdOe axépaog n # 0,1 ypdgetar katd povadikd tpémno otny pop@r:

n = sing(a)pi* ... py*

omov o1 pi,...,pr €var mpwror apiuol pe p1 < -+ < Pg, 01 Ui, ..., U AKEPAION
peyalitepor 1y ivor Tov 1.

Oa TEAEIOOOVUE AUTH TNV EloaywYixy Tapdypago opillovtag yia xdde aprdud n uio
TOAND yeHoun Yia To Tapaxdtw oyéom oduvauiag 610 GUVOAO Z TwV axepaiwy.
Mo var ebvar Eexddapo we mpog moto aprdud n Yewpolue 11 oyéorn tooduvauiag

Yenotwonoolue tov xdmwe acuvidioto ouuBolioud --- = ... (mod n) yo TN
oyéon auTH.

Opopog 12
Eoww n Oetikds axépaios peyalitepos 1 ivog tov 2. Av a,b € Z Ua ypdpovue
ot
a=b (modn)

av kai pdvo av o n Owipel tov a — b.

H oyéon auth| eivar pla oyéon iooduvaplag otoug axépotous. Authv xon GRS
oTOEWOELS IDOTNTES TNE OY€ong auThC cuvodilovue GTNY ETOUEVT TEOTUOT:
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ITpbtaon 2
Eotw n Jetikés aképaiog peyalitepos 1 ioog tov 2 kai a,b,c,a',b',c € Z.
Tére:
a =a (mod n).
Ava=b (mod n) tére b = a (mod n).
Ava=b (mod n) ka1 b = c (mod n) tére a = ¢ (mod n).
Ava=d (modn) kaib="b (modn) téte a+b=d + b (mod n)
Ava=d (modn) karb="b" (mod n) tére ab = 't (mod n)
INa kdVe a € Z vrdpyer povadikds j € {0,1,...,n — 1} pe j = a (mod n).

SR N~

AnédeEn: Ac dei€ouye 10 (5). Av Av a = ¢’ (mod n) xu b = b’ (mod n)
t6t€ Yoo xdnowa k,l € Z Vo €youvue 61t @ = kn 4+ a',b = In + V', dpa ab =
(kln + kb + la")n + o'V, dnhadh ab = o'b’ (mod n). To (6) eivar dueorn ovvéne
e TawtoTTaG TNe dapeone (Oedpnua 4).

H anédeiln twv unoloinwy agrvetar otov avayvwotn. [

1.1.1 Aoxvoeg
Aoxnon 1 Anodeibte 6t12-2=2+2=14

Aoxnon 2 Actére éu1 yia onowvodrtote uoikols apidjols a, b, ¢ wyver
(1) a+ (b+c)=(a+b)+c

(2) a+b=b+a

(3) a(bc) = (ab)c

(4) ab=ba

Aoxnon 3 Actére éu1 yia omowvodnrote axépaiovs apiduols a, b, ¢ wyver:
(1) a+ (b+c)=(a+b)+c

(2) a+b=b+a

(3) a(bc) = (ab)c

(4) ab = ba

Aoxnon 4 Na amodeibete Tty povadikétnra twr k,v oto Ocdpnua 44

Aoxnon 5 Na Ppetre to peyioto kowd daipéen (a,b) twr a,b kar va tov exgpd-
o€te otn popen xa + yb av

(1) a=198,b=21

(2) a=-198,b=21

(3) a=17891,b = 23440

(4) a=-72,b=26

Aoxnon 6 Na fpeite to avdntvypa o€ ywopevo mpdtwy twr apipay
21,270, 5040, 3467.
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Aoxnon T Na beibete 6n1 évag @uorkds apuds n efvar mpditos av kai pdévo av
dev dapetrar and kavévay mpdto p < \/n.

Aoxnomn 8 Na beibete du av m,n evar un undevikoi axépaion tére (m,n) =
(Iml, Inl).

Aoxnon 9 Na deibete dtiav (m,n) =1 kar k € Z\{0} tdre (km, kn) = |k|(m,n).

Aoxnon 10 Eotw n Oetikés axépaog. Actéte dti av évag mpaitog p daipel tov
n!+ 1 téte p > n.

Aoxnon 11 Na deiéete 6n vndpyouvy drepor mpitor apiuol. ‘Evag tpdnog efvar
va ypnoyonojoete tny nponyoluern doknon katdAAnia ya va Ociéete dt1 ya
kdOe n vrdpyer mpwTos p > n.

Aoxnon 12 Na deibete du av p efvar npditog tte efte p = 3 (mod 4) efre p = 1
(mod 4).

Aoxnor 13 Na detéete 6T1 vndpyovr drepor mpaor Tng Hopeng 4n + 3.

Aoxnom 14 Na deibete 1 av p efvar npdtog téte efte p =1 (mod 6) efte p =5
(mod 6).

Aoxnon 15 Na detéete 6n1 vndpyovy drepor mpitor Tng popens 6n + 5.

Aoxnon 16 Na dcibete 6T av n efvar Uetikds axépaiog peyaditepos ard 1 kai
n|(n — 1)! + 1 tdte o n elvar npditos apriuds.

Aoxnomn 17 Na deibete 6n av mlab ka1 (m,a) = 1 tdre m|b.

Aoxnomn 18 Na deibete 6t av (m,n) =1 tdve

(mn,a) =1 av ka1 pévo av (m,a) =1 ka1 (n,a) = 1.

Aoxnomn 19 Na octéete 6t1 to eddyioto kowd moAdanAdoio 6Uo Detikwy akepaiwy
mn

m,n efvai ioo e ( 5
m,n
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1.2 Auweleic Ilpd&eig. Iopadelypota ANyeBpixdv
Aopwv.

Mia Swperic mpd&n 1 anhd wa npddy oc éva obvoho X elvor pio cuvdptnom
f: X xX — X, ye dhha Aoyt €vac xavovag f uéow tou onolou o€ onotodi-
note Leuydpt (z,y) and otoyela tou cuvolou X avtioTolyolue éval Tpito Tou 1o
ouuPohiloupe pe f(z,y). Luvhduc n ouvdptnon f oupBolileton e obuBola dnwe
+, -, * xou ypdpouue x + y avti +(z, y).

M ahyeBpuxr) dopn anoteheitar and €va olvoho X xat xdmoteg TEdEeS Tou
€youv oplotel oe autd. 'Evag and toug oxonolc tng dhyeBpag elvon vor xatatdet
xat vou UEAeTHoEL TI¢ ahYEBpnéS dopég avdhoya Ue YeVxEC BdTNTEC TOU UTOpEl
va €youy ol TEAEES. Loy TUpddEryUa avapEépouUe TNy TpooUeoT) axépouwy opti-
uov, TNy Tpdcveot Siavuoudtwy TNy Tpécdeon cuvapThcewy. Av xou eivar VTEADS
StapopeTinég mpdlels ot SrapopeTind clvola oipdlovion xdmoleg xotvEG 1I6TNTEG
OTWS 1 TEOCETAUEOTIXOTATA , 1) UTapdTn oudétepou otoryeiou xAT...Elvor cuvenog
xerowo va yvwpilouue Tt ouunepdouata unopel va mtpoxidouy Ue ubvn mhnpo-
popia LOTNTES TNE TEAENS %o ag W YvwpiCoupe Ty Btoe TNV TEdén WOTE VoL un
Yeerdleton va amodexvioupe ot xdle Eeywpetoth ahyeBpixn doun ta (dor mpdrypa-
o Oa EextvAooupe T xatdTaln Twv ahyePp®dy Sou®y and Tic mo anhég (xo
O YEVIXEG) TPOG TIC THo OUVUETES UE XVPLOL oVaQOopd oTNy €VVold Tou SaXTUAIOU
mou Yo oploouye Alyo mopaxdTe.

Ogwopog 13

Huwopdda eivar éva odvolo X oto omolo éyer opiotel uia dipeAns mpooetaipi-
otikn) mpdén *, pe dAda Adya éyer opiotel pfa ovvdptnon x : X x X — X wote
ya omowadnnote x,y, z € X 1wyve:
(1) rx(y*xz)=(rxy)*z
Av oupfaiver va vndpyer kdmoio otoiyeio e je TNy 1010TNTA T * € = e *x T = T, Yia
omotoonmote x € X, t0 e Aéyetar ouvdétepo oToryeio yia Ty nuoudoa.
Erions, av ovuPatver yia kdrowa z,y € X, x xy =y * x Oa Aéue én ta 6o avtd
otoeia x,y avrtiperatidevear
Télog av omowadrimote dUo otoryeia tng nuiopdoas avupetatidevtar Ya Aéue dti n
nuopdda efvar avtipetadetinn’.

‘Eva mapdderyuo avtigetadetinnc nutodddac ye oudétepo ototyelo elvor To ohvoro
TWY QUOKY JEIIUWY UE TNV TEdEN NS Tpdcdeorg.

‘Eva dhho mopdderypa nuopddoc (un avtiyetoadetinfc) eivon 1o odvoro X X NV
Ty ouvapthcewy [ : X — X and éva olvoho X oTov €quTd TOU PE TNV TEAEN NG
ouvieong cuvapTACEWY.

Opiopog 14

"Xpnowonoielton xon 0 dpoc oBeXtovA
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Opdda civai éva ovvodo X oto omoto éyel opiotel pia diueAns mpdén * mov éyel
T mapaxdtw 1010TnTES:

—
—
~—

Ia orowadrjrote z,y,z € X, x * (y*2) = (x *y) * 2
Trdpyer e € X wote ya kdbe x € X, wylaaxxe=exx =1 (2)
INa kde z € X vndpyer (povadikd) y € X, dotexxy=y*xz=e (3)

To owoiyeto e otny mapandvew ekiowon (2) efvar povadikd kar Aéyetar ovbétepo
oToeio Tng mpdéng.

Erniong to otoyeio y otny napandve ekiowon (3) efvar povadiké ya doouévo z,
Aéyetar de avTioTpopo ororyeio Tov .

Hoapadetypoata opddwy etvon o cbvoha Z, Q, R 1wy axepainy, pntav, mpoypatixwy
aprducy avtiotorya ye Ty mpdén tne mpbdodeong. ‘Eva dAho mapdderyuo ouddog
(un avtetadeTixndc) ebvar To ohvoho X ¥ bhwv v cuvaptioewy f : X — X and
éva oOvolo X oTov eautd Tou Tou etvon 1-1 xan ent, pye v medln g ovvieong
ouvapThoewy. Ed® 10 oudétepo ctotyelo elvon 1) TUTOTINY ATEXOVION XL TO O-
vtiotpogo ctoiyelo plag cuvdptnong f : X — X elvou n aviiotpogrn cuvdptnon
f1: X = X.

Av x elvon o mpdén oplouévn oe €va clvoro X, éva unoclvoro A tou X
Ayetan ®¥AEWOTO WC TPO¢ TNV TEAEN auTh av Yo onotadhrote a,b € A cupPaivel
axb € A Ye auth v nepintworn uropolue va oploouye uio tedén * 6to A mou
elvar o meploptogde Tne apyhic TedEng oto A. Av 1o Leuydpt (X, ) €yet Souh
nutouddoc (avtiototya, ouddag) tote éva un-xevéd unoctvoro A tou X do Aéyetan
vRo-NoPada (avtiotoryo VTO-oRAEdX) av eivan XAEIOTH W TPOS TNV TEAEN xou
10 (A, *) éyel Sour nuopddag (avtiotorya, opddag).

Hapatnpolue 6T yio va efvon €va un-xevéd utochvoho A wag nuoouddog uto-
nuoudda meémet xon apxel var efvar xAeloTd g mpog TNy medén. Autd dev elvan
AEXETO OUWS OTNV TERITTWOTN TV opddwy. Ouuilouye 6Tt o aUTY TNV TEPINTWON
€val Un-xev6 unocLvoho A uiag ouddac efvar utoopddo av xou YoVo oy yio xdie
a,b € Awa+b—a—b¢e A Avdloyec évvolec uno-Soudy (umo-Soxtihto,
UTO-0MUATA XAT) Dot 0pLoTOVY TaPOXATE.

1.3 H €vvoia tou doxtuhiov. Oplopdg, pepineg Por-
owEg 8LoTNTEG xou mopadeiypota. H €vvoia
TOL LTO-BOXTUALOV.

H enduevr Sour| mou Yo opicouye €yel d0o mpdlelg xou efvar oty Tou Vo anoTeAEoeL
70 %x0pl0 AVTIXEIUEVO TNG UEAETNG UOC.

Ogopodc 15
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Aaxtvriog® efvar éva otvolo R oo omofo éxyovr opiotel b0 dipelels npdéerg
+, - mov éyer TS TapakdTw 1010TNTEG:

To (R, +) elvar avtipetaletikri opdda pe ovdérepo atoeio to 0 (1)
To (R, -) efvar nuiopdda (2)
H mpdén - efvar empepronikny ws mpog Tty + 0nAadn

yia onowadnnote x,y, z € Rioyla

z-(y+2)=(z-y)+ (-2 (3)
(@+y)-z=(z-y)+ (2 2) (4)
Optopdc 16

Oa ovoudlovue éva baktidio (R, +,-):
(a) Mn-terprupévo, av éyea tovddyiotor 6o otoryela.

(B) Avrtiueraderind, av 600 onowadritote otoyeia tov a, b avtipetatidertar wg
mpog Tty -, dnAadn ab = ba.

(y) AaxtvAio pe povdda, av n nuopdda (R,-) éxer ovdétepo ooryeto, 6niadn
vndpyer éva 1g € R e tny iidtnta ya onowdnnote a € R va ovuPaiver 1ga =
alR = a.

() Av (R,+,:) elvar daxthiog pe povdda 1g, Ja ovoudlovue éva aroyeio tov a
avtioTpérpo av vndpye kdnow b € R e ab = ba = 1.

Or mpderg +, - mou opiCoupe oe Eva SaxtiMo cuufolilovy agpneruéves Tedielg
xon Oy Tig ouvnhouéveg Tpdéelg Tng tpdoleong xat Tou ToAkamAactaopol. dotd-
00 Yo ovopdlovue oLV TV «+» TEdodeoT xat TNV «-» TOMATAACLIOUS.

To oudétepo oToryeio g (R,+) ouuPoAileton pe 0 xou 10 avtioTpogo evég GTOL-
Yetou T w¢ mpog Ty TEdln + ue —x. Erniong Yo ypdgouue x —y avil tou z+ (—y).
‘Evag moAd yefiotwog cuuBoAioude elivon 0 Topaxdtw :

Opwopog 17 Av A, B elvar 000 omoiadnmote un kevd vnoovvoda €vég daktuliov
R Oa oupBorilovue

A+B={a+b:a€ Akabe B}

A-B={a-b:a€ Axabe B}
A-B={a—b:a€ Axarbe B}

8 Ayyhixd Ring
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O napamdve opiopdc ewodyet dvo Tpdfelc 670 ohvoro 28 bwy Twy uTocUVORWY
evoc Saxtuhiou R. Tlpénet vo tapatnpriooupe 61t to 28 Sev efvor Saxtihog pe autég
TIC TTPAEELS, APOU VLot TUPADELYUX TO (2%, +) amé€yet TohO and 10 va elvon opdda.
Hapatneeiote wotdoo 6Tt Ya €yovue ndvtote A+ B = B + A vyl n npdén +
elvon avtipetordeTind| oe xdde SaxtOAo, Oyt buwe amapaitnta A- B = B - A, ext6g
xat oy 0 SaxTUMOG elvon avTETHIETINGG.

Hopddevypo 1 Av pe (Z,+,-), (Q,+,), (R, +,-), (C,+,-) ouvuBorivovue ta
oUroda twy akepaiwy, pntoy, Tpayuatikoy, pyadikoy apiucy, avtiotoya, pe Tg
ouvrnthopéres mpdées, avtd arotedoly mapadetypata daktuvdiowy. Eidikd avtd eivai
ka1 rapadetypata avtiperaletikady daktudiowy pe povdoa.

Iopdderypo 2 Eoww X éva omoodnnote un kevé olvolo kar R to olvolo dAwy
Twy vToourddwy tov. Xto R optlovue 0¥ mpdée:

A+B=(AUB)\ (AN B)
A-B=ANB

Téte to (R, +,) efvar Saxtidiog’.

IMopdderypa 3 Eoww k évag Oetikds axépaiog > 2. Yo olvolo Z dAwy twv
akepaiwy opilovue pia oyéon 1(708w/a}11’a§10 wg €&ns:

a=b (mod k) av kai uévo av o k draipel tov a — b (1.1)

Oérouue
Zp ={0,1,... k—1} (1.2)

Aev efvar dvokoko va detbovpe ot n maparndvw oipeAns oxéon elvar npdén
wodvvauias kar 6t yia kdle axépaio a € Z vndpyer évag povadikds j(a) €
Zy, dove va ovpPaiver a = j(a) (mod k). Xvykekpiuéva o j(a) efvar to
unédoiro tng dwaipeong tov a e k.

XYto ovvodo Zy, opilovue 6Vo mpdées +, - dmov

Av a,b € Zy tote
a+b=jla+b)
a-b=j(ab)

Or mpdéers oo deltepo nélog twy mapandvw efiodoewy evvoettar ot €fvai o1 ov-
vies npdéag o Z. Ia edoxknon ypdeovue tov nivaka twy npdéewy oto L ki
agpnyovue pepikd kevd va ta CUUTANPOOEL 0 avayvwoTns.

9To A+ B oupBolleton cuvAdwe ue A A B xan ovoudleton oLppeTeixh Siapopd 1wy 300
ouvéwy A, B
0Mehetelote Ty mopdypago 1 xou eldixdtepa v Ipbroaon 2.



22 KE®AAAIO 1. HT'ENIKH OE(PIA

(a+p|0[1][2]3]4]|5] [ep|0[1]2]3]4]5]

0 |0]1]|2]3 0 (0|00 0
1 | 1123450 1 (0|1]2]|3|4
2 2134|501 210|240 4
3 |3|4|5]0|1]2 3 1013|0303
4 3 4 10 0|4\ 2
53 2 4 510|514 2

Mopdderypa 4 Eotww (R, +,-) évag daktihiog, X éva omowdrimote un kevd ov-
voho ka1 R* to olvolo dlwv twr ataxovicewr ané to X oto R. I'a onowadrnote
[, 9 € R* opilovue 6o oroeta (ovvaptiioes) f+ g, f - g € RX e

f+g(z) = fz)+g(x)
f-9(x) = f(z)-g(x)

To (RX,+,-) efvar daxtilios.

Mopdderypa 5 Eotww (R, +, ) évag daxtidios, n évag Jetikds aképaios kar é0tw
I, ={1,...,n}. Me M,(R) Oa ovpPorilovue to otvodo dAwy twy aneikovioewy
f i1, x I, = R. Ta ovoiyeia tov M, (R) Oa ta ovoudlovue n X n— nivakeg pe
orotyeia and To dakxtiAo R.

Yuilws ypdgovue a;; avti tov f(i,5) ka avti tng owdptnons f ypdgouue
(a;j) 1} ka1 6o tov mivaka twv otoeiwy. Etor yia tapdderyua o tivakag

01320
115 2
2111
3 2 3 4

rapwotdver to mapakdtw otoieto f tov My(Zs): f(1,1) = a3 = 0, f(1,2) =
1, f(1,3) =3, f(1,4) =0, f(2,1) =1,....
Ia va kdvoupe to owolo M, (R) daktidio opilovue tis napakdtw tpdéeg:

(f+9)0,9) = f(,5) + (i, 9) (1.3)

(f-9)(0,5) = Y fi, k)g(k, ) (1.4)

To ovdétepo aroiyeio yia Ty npéodeon efvar n ovvdptnon mov eivar fon pe 0 ya

kdOe (i,7) € I, x I, 1j pe dAAa Adya o mivakag mov dAa ta ooryeia Tov efvar ioa
/ z /. /. z /

pe 0. Xnuedvovue éu o M, (R) dev efvar anapaitnta avtpetadetikds daktidiog

akdua ka1 av o R efvar. Av o R éye povdda téte ka1 o My(R) Oa éya. Eivai o

mivaxag I, pe
10, ) 1 avi=y
Z’ = . .
J 0 avi#j



1.3. H ENNOIA TOY AAKTYAIOY 23

Tevikd 0 M,,(R) Oev efvar avtipetadetinég daxtihog axdua kai av o R etvar. ‘Eva
tétowo mapdoeryua efvar o1 2 X 2 nivakes oo R.

Oa YENOWOTOVUE CLYVE xot Tov Topoxdtw oLUBoliloud. Av ai,...,a, € R
Yé€Touue

n n

Zai:a1+...+an’Hai:al ..... an

i=0 i=0

Ynuet®ote 6T AOY® TNG TROCETHUEICTIXOTNTAS TwY TEAEEwy + dev amouteltar 1)
xenon nopeVIECE®Y 0T0 BEVTERD PEAOG TWY TUPATAVL CYECEMY.

Opiopde 18 Avn € Z kai a € R Oérovue

a+---+a(n— popés) avn >0
na =40 avn =0
(—a)+---+(—a) (n—¢gopés) arn <0

Av n > 0 tdére opiloupe

a"=a-a-a----a, n— PoPéS

Or Baoixég didtnreg 1wy daxtuhiny cuvodilovtor otny Topaxdtw TEdTaoT):
Ilpotaon 3 Eoww R évag daxtidios n, m guoikol apiuof kai a, b, c otoryeia tov
R. Tére:

(1) 0a = a0 = 0.

(2)  a(=b) = (—a)b = —(ab).

(3) (—a)(=b) = ab.

(4) (i a) Q0 b)) =20 Z?:l a;b;
(5) n(ab) = (na)b = a(nb).

(6) (a+0)*=a®+ab+ ba+ b

(7) (n+m)a =na+ma

(8) a™t™ =a"-a™.

(9) Av o daxtidios éyer povdda kar mapandve and éva otoryeia téte Ja éyoupe
oul#0.

(10) Av o R efvar daxtidios pe povdda kai to a €ivar avtiotpéipo tdre vndpyer

povadiké b pe ab = ba = 1.To b Ua ovoudletrar avtiotpogpo ortoryeio tov a kai
1

Oa oupPoliletar ovyvd pea™".
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Anodedn:
1. a0 = a(0+0) = a0 + a0 ouvendc al = a0 + a0 xou enedf to (R, +) eiva
oudda Yo €yovpe al = 0. ‘Opoa, Oa = 0.

2. Arnb 1o (1) a0 = a(b+ (=b)) = ab + a(—b) = 0, cuvenwg a(—b) = —(ab).
Hopbpota detyvoupe 6Tt (—a)b = —(ab).

3. (=a)(=b) = —(a(=b)) = —(—(ab)) = ab.
4.  Oewpolye éva m otadepd xar e@apuélovue emaywyrn oto n. Ian =1 7
oyéon (4) eivou 1

(a1+---+am)bm:a1b1+---+amb1

xat oyVel AOY® TNG ETMUEQIOTIXNC WOLOTNTAG TOU TOAAATAACLACOUOU WS TROG TNV
TpooveoT.

A¢ vrnodéoouye Thpa 6Tt Yvwpilouye TV 1oyl g oyéong yia doouéva m, n,
Onhadn yia OMOLBATOTE @1,y . . . 5 A, b1, - - -, by € R yvwpilouye 61t 1oy el

(i> (Z bj) D9 I ©

5)(E)-
£ ((£)-+.)-
£)(£1)-(59)-

a;b; +Zaz ntl =

(emyeptotxdTTa) =

g
:

Ms
Mz

(amé emaywyner, unddeon (¥) ) =

~.
Il
—
S .
_

+

aibj
1

|
.MS

1

1y

5. Ané (4),ab+---+ab=(a+---+a)b.

6. Ané (4). Opowa xon ta (7), (8).

9. Ava#016te la=a dpx 1 #0.

10. Ac¢ uno¥éooupe 61t yta T0 @ undpyet éva ototyeto b ue ab = ba = 1. Tote
av yioe xdmota x,y oupPaivel ax = ay Yo €youvue 6Tt bar = bay dpa xou x = y.
Auté Sefyver xar T govadixdtnta Tou avieTeéou, Aol av uTHeye xdmowo b ue
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ab' = 1g, t67€ ab = ab xou and NV Tponyoluevy mapathpnon Ya elyaue mwg
b="0d. O

O unopoloe xdroog v avapwtnlel av 1 €vvota Tou daxTuhiou unopel vo ye-
vixeuTel agotp@vtag TNy anaitnon o SaxtUAtog va elvar aehavy| opdda w¢ Teog
Ny mpdoveon aAAd anhd wo oudda. 20tdo0, av o SuxtUAOG EyEl povdada, 1 (S
1 EMPEQPIOTIXOTNTA TV TEAEEWY anoutel TNV avTipeTadeTNdTNTA NS TEOGVESTC.
pdrypatt,ag unodécoupe 6Tt Woybouy GAa Tar a&tPATA Tou SaxTUAlou exTOS amd
10 «a + b = b+ a» xou ag ndpoupe d0o onotadrnote oTtotyela a, b evég doxxtuliou
ue povdda. Tote

(a+b)(1+1)=(a+b)l+(a+bl=a+b+a+bd

oA xou
(a+b)(1+1)=a(l+1)+b0(1+1)=a+a+b+bd

xan e€lowvovtag Ya Eyouue 6Tt

a+b=b+a

Avtiotoym évvota pe auth g uto-ouddag eivar auTh Tou UTo-daxTUAiOU.

Opwopog 19 Eva un kevd vrootvodo A evds daxtudiov Ua Aéyetar vnodakty-
Atog tov R av efvai daktiAiog jie tov mepiopiojd twy mpdéewy o€ autd.

Yyedbv dueco and tov oplopd eivar To e€ng:

Ilpétaom 4 Eva un kevd vnootvodo A evds daktuliov efvar vrodaktidiog tov R
av kair udvo av wyovy ta €€ng:

1. To A elvar kAewoté WS mpog Tis Oapopés dnAadn av a,b € A tte a — b =
a+ (—b) € A.

2. To A eivar kAe10t6 w§ mpog ta ywdoueva, dniadn av a,b € A téte ab € A.

Anédei&n: Ac unodéoouye bt toybouy ta (1), (2). Téte Yewpd a € A (apold
€yw unoVéoet 61t 10 A elvar un xevé olvoho). Abyw tou (1), 0=a —a € A.
Eniong ava € A t6te agob 0 € A, 0 —a = —a € A.

Téhoc av a,b € A t61€ —b € A xou ouvenddc a +b =a — (—b) € A xu ab € A.
Apa 10 (A, +, ) eivan SaxtOAOC.

Avtiotpoga, av utodécouue 6Tt 10 (A, +, ) elvar doxtOhog téTe 10 (4, +) Yot
elvor oudda. Av e efvar To oudétepo oToryeio TN ouddag authg Vo Eyouye e+e =e
xat SLVETKG € = 0. Autd buwe onuaiver 6Tt T0 —a Va elvor 10 avticTpogo cToryeio
Tou a oty (A, +) xu ovvenwe —a € A. Eneidh oand v unddeot| pac to (A4, +,-)
elvon SoxtOAog Va €youpe 6Tt To A elvon xAe0TO WC TPOS TG TEAEELS XU GUVETAC
av a,b € R Ya éyovpe ab € R, a+ (—b) € R xou dei€oye 61t ixavonotovvtar ot (1),
(2). 0O
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A¢ unodéooupe 611 A eivon éva clvoro and unocivora evég cuvérou R. H
Top [ A 6hwv v atoyeiny Tou A opiletar ooy 10 GOVOro GAWY TwY GToLyElwY
Tou R mou avrxouv o€ xdde otoyelo Tou A,

re[)A & VAeAzcA

xou oupPohiletar pe () A.

Hopatnpeiote 611 av 10 A nepiéyet nenepacuévo TAfdog ototyeiov iy A = {A4;,..., A, }
t6t€ 0 (A=A N---NA, O ougfohopdc autde elodyetar yioo var oplcoupe

™V Topt| «omotoudritote TARYoug cuvdrwyy. Tpdyouye enione xar ({4 : A € A}
avti [ A.

‘Evag 10080vapog tpomo¢ var BAEmoude ot GUALOYY and uTOGUVOAX EVOS GU-
vohou R eivar oav wor oikoyéveaa (A;)ier and utoohvoha tou R Snhadr oav pio
ouvdptnom Tou oe xde oTolyelo evog Soouévou cuvdrou I avtiotoryel Eva ohvolo

-
Me autéd tov cupfolioud n topn Twv otoyelwy NG ouxoyévelag eivar 1o ohvolo:

ﬂAi ={z : yia x&de i, v € A;}
i€l
Ewdixd av 1o clvoro dewtwv I elvar 10 6UVOAO TV QUOLXWY 1) OXOYEVELX
oupPohileton xou pe (A;)2, xou 1 touh e Pe [Ny A

Ilpotaom 5 1. H toun) evés omowuvdrrote un kevol ouvddov umodakTudiowy €vog
daktuAiov efvar vrodakTUALOG.

2. Ia kd¥e vroovvodo A evés daxtudiov R vrndpyer évag eAdy1otos vrodaktiAiog
(A) tov R mov mepiéyer to A. Ankadrj o (A) elvar vrodaxtidiog tov R, A C (A)
kar av R' efvar évag omotoodnmote vnodaktidiog tov R pue A C R’ Oa éyouvue du
(A) CR.

Amnédeign: Ac unodéooupe 6t A eivor éval ohvoro vrodaxtuliowy. To (A eivar
un xevéd apot nepiéyet 0 0. Av a,b € (A t61€ a,b € S yio xdde S € A xau
agol xde otoyelo S g A eivon unodaxtOAog Y €youue o yia xdde S € A
a—Db,ab e S dpaa—babe A xu 1o [)A Juo civor unodaxtOAog Aoyw NG
pbtaome 4.

2. Ac unodéooupe 61t A elvar T0 oOvoho 6wV Twv unodaxtOhwy Tou R mou
neptéyovy 10 A. To A eivon pn xevéd agod R € A. Apxel va ndpoupe (A) =) A
X0l VoL EQAPUOCOUPE TO TpwTo Uépog tng Ilpdtaong. [

Yoav éva mopdderypa uTodaxTuhiou Tou Z avapéPOouUe OAa ToL UTOGUVORA TOU
e popphc kZ = {kn : n € Z}, yiwo éva k Soopévo''.

U Mepixol ouyypageic, 6mwe ou S. Mac Lane xor G. Birkhoff 6o 1ol yvwo1é cOyypoud toug
«Algebray, otov oplopd tou daxTLAloL amoutolY Vo €xel povdda. Avtiotolya otoy oplopd Tou
UTO-aXTUALOL amonToVY ETUTAEOY VoL TIEPLEYEL TNV Movdda Tou daxtuliou. Efvar @oavepd nwe ye
AUTOV TOV 0pLoUS TO Z eV €YEL XAUVEVA YVHCLO UT) TETPHIUEVO UTO-BaxXTUNO.
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IMopdderypo 6 Ag Jewprjoovue évay omoodnmote daxtidio R kai éva otoieio
v a. Ané tny Ilpéraon 5 Ja vrdpye évas eddyiotos vmodaktiAiog tov R mov
Oa mepiéyer to a, mov tov ouvpfolilovue pe (a). O daktidiog avtds Ja mepiéye
avaykaotikd ta a, —a,0 aAAdd ka1 6Aa ta aOpoiouatd tovs kar ywdueva tovs. Eto
etvai eUkodo va doUpe ot Ja mepiéyer kdle otoryeio tng poperis:

niaf + ... nmakm

érovm € N\ {0}, n1,...,nm € Z, ky, ...k, € N\ {0}.
Apa
A=
= {nlakl +...ngpd™  m e N\ {0}, ny,...,nm € Z, ky, ...,k € N\ {O}} C
C (a)

Onws to dpoiona, n dagopd kar to ywduevo otoryeiwy tov A efvar otoryeio
tov A'2, 6nAadn to A efvar vmodaktidiog kar apol a € A a mpérea (a) C A kai
kataAfyovue ot

{a) = A

Kielvoupe tny mopdypago ye €vay oploud:

Opwopde 20 Kévtpo evés daxtudiov R ovoudlovue to ovvolo C(R) dAwy twy
oToiyelwy Tov Tou avtiuetatidevtal jie€ 6Aa ta vrnddoima. Andadn

C(R) ={a € R: Ia kd0¢ = € R,ax = xa}

1.4 Oupopopyiopol - Movouopgpiouol - Icopoppt-
ool

H yevix| évvora evoc poppiopod (1 opopop@iopot) uetall d0o olyeBpindy
Soudy X, Y tou diov timou (nuopddes, ouddes, daxtUhor, axépoues meployEq,
oGuato XA ) divetar oo a ouvdptnon f : X — Y n omofa drotnpet Tic avtiotoryeg
npdelc. E&edixebovtag otny nepintwor twy SaxTukiny €youye:

Opopdg 21

(a) Eoww R, R daxtidior ket f : R — R'. Oa ovoudlovue tnr aneikévion
f opopoppiond daxtvAiov 1 anAd opopopProud av ikavomolel TS taparkdtw
dU0 1010TNTES:
(1)  I'a omowdrimote a,b € R, f(a+0b) = f(a)+ f(b).

12 Mo toA0 %A doxnon elvon va amodelfete e x&de AeTTOUEpELa TOV TORATAVE LOYUPLOUS



28 KE®AAAIO 1. HT'ENIKH OE(PIA

(2)  T'a omowdrimote a,b € R, f(a-b) = f(a)- f(b).
H efkova tov opopopgionot f etvar to ovvodo:

mf=f(R)=1{f(x):z€ R} ={y € B : Jn € R pey = f(2)}
O rvprjvag tov opopoppiouov f etvair to ovvoro:
Ker f={z € R: f(z) =0}

(B) Av évag opopopgionds daktudivv efvar 1-1 ovvdptnon Oa tov Aéue povo-
Hop@Proud daxTuAinwy.

(v) Av évag opopoppiouds f: R — R' daxtudiov elvar ovvdptnon eni tov R
Ja tov Aépue em-pop@rond daktvAiow.

(8) Téog, av évag opopopgionds daxtudivy efvar 1-1 ka1 eni ovvdptnon Va
Tov Aéle 1woopoppropd daxtvAiowv. Ay ya dUo daxtudiovg R, S tuyaiver va
undpyel 10opopeionds ané tov R otov S o1 daxtidior Ua Aéyovtar iwodpoppor kai
Ja ypdgovue R = S.

H enduevn mpbdtaoy elvon pla amhr xar xoAf &oxnom oTC €VVOIEG TOU UOALC
oplooe:

Ilp6taom 6

FEorww R, S daxtihior ka1 f : R — S évag opopoppionds. Tote:

(a) H axdéva f(R) wov f efvar vrodaktihiog tov S kai o tuprivas Ker f wov f eivar
vrodaktidiog Tov R.

(B) H f etvar povopopgronds av kar pdévo av o nuprivag tns etvar ivos pe {0}.
(y) Av o f elvar povopopgiouds téte o R elvar wdpopgog pe tov vrodaxtidio f(R)
Tov S.

H oyéon R = S éyer dhec Tic hibtnreg piog oyéone wooduvaplac™® Mpdypart,
av Tdpouye TEELG omoouadinote SaxtOhoug R, S,T t6te o €youpe Ot

1. R¥R
2. Ay RS 16e S = R.
B.LAVRESxan ST t6te R=2T.

[ vae Sodpe 61t oydel o (1) apxel vo tapatnerioouue 4Tl N TOLTOTIXY TEL-
xovion and éva doxtOMo oTov EqUTO Tou elvar toopopplouds. Ta to (2) opxel
TO YEYOVOG OTL 1 avTioTEOQY ATEIXOVION toopop@ouol and Tov R otov S elvan
1oopop@louds and tov S otov R. Téhog o (3) TEOXOTTEL And TO YEYOVOG OTL 1)
oUVIEDT) LIOOPOPPIOUGY ElVOL LIGOUORPIOUOC.

13 Aev unopolpe Tumxd vor Ttolue 6T 1) 22 elvor pia oyéor looduvapiae yiotl Sev umopoluE Vo Vo
xodoploouye 10 oOVOAO oo onolo oplletar. Oa pnopolooyue vo ToVPE dTL opileTan 6To0 KGOVORO
OAWY TV S TUN WYY dAAG auTé dev elval eTLTPENTO oY cuvohoVewpla, dTwe auTh avartdooe T
070 aflwpaTd cVoTnua Wy Zermelo-Fraenkel mou elvor xou to o dodedopévo. T'ar to Aéyo
auté cuvitwe Aéue 6TL N = elvon oyéor Looduvaplag oTNY «XAAoTY GAWY TWV SaxXTUAWY.
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Abo 166pop@poug SaxTOMOUS axxdua xat av elvon StapopeTixol ooy cOvola Yo
VYewpolye 6Tt TawtiCovtan Yetalld Toug and aiyeBewxy| drodr. Ilpdyuatt, omolad-
note ahyeBpux| WidtnTa €yer évag SoxtOMog (nemepacuévos, avtipetadende, €xet
wovdda, efvon oxéparar meptoy, elvar omuo xht) v (St Vo €xel xou onotoadhinote
dhhog daxTOMOC toouopPog Ue autéy. Me auty| 0 Aoyixr Yo Aéue 6Tu:

‘Evag daktidiog R mepiéyerar woopoppikd oe

éva daxktUdio S av efvai wopuopgikds pe éva vmo-
daktUAio Tou S - 1N 1w00dUvaua - av vrdpyer évag
povopoppionds f : R — S.

Oplopdc 22

Ilpétaon 7
KdOe daktiliog mepiéyetar woopopgikd oe éva daktidio pe povdda.

Ano6deln: 'Eotw R évac daxtOhog xau éotw S = R X Z. Y10 S optlouye dVo
TRAEELC

(a,m) + (b,n) = (a+b,n+ m)
(a,m) - (b,n) = (ab + ma + nb,nm)

O S yivetou e autée Tic mpdEelc SaxtUAog pe povdda 1g = (0,1) xou undév to

0s = (0,0) 6nwe ebxola unopolue va enohndedooue. OewpOVUE TNV ATEIXGVION
f:R— Sype f(r) = (r,0), nou ebxola deiyvouue bt eivon opopoppropds. Apxel

va det€oupe 6Tt elvor 1-1 xou Yt autd T0 oxOoméd e€eTdloupe Tov TuEYva TN Av
f(r) = (0,0) t6te npogavixs 1 = 0 xou ouvenwe Kerf = {0}, dnhadnh n f eivon 1-1.
O

IMopdderypo 7 Eoww R évag omooodnmote daxktiAiog pe povdoda 1g. H ameixd-
vion f 1 Z — R, mov opiletar ané tn oxéon f(n) = nlg, efvar opopopgrouds.

1.4.1 Aoxnoeig

Aoxnon 20 Aciéte 6n1 0 daktidiog Twy akepaiwy dev el yvioio vrodaktiAio jie
povdoda. Emiong va deifete 6t av S efvar évag vrodaktiAiog tov Z téte Ja vndpyer
évaa€Z peS=(a)={za:z€Z.

Aoxnom 21 Na bdeilete n1 av évag yvrjows vrnodaktidiog S tov Q éyer povdoa
tdte avtn) efvar n povdoa tov Q ka1 6t1 0 S Va mepiéyer tov 7.

Aoxnon 22 Na Ppetre éva yvrjow vrodaktidio pe povdda tov daktudiov Twy pn-
Ty aptudy dagopetiké and to dakTiAlo Twy akepaiwy.

Aoxnon 23 Na Bpetre tovg vnodaktidiovg tov Z mov napdyovtal and ta napakdtw
vrootvodd tov: A ={3},B={9},C ={3,9},D = {4,6}, E = {4,11}.
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Aoxnom 24 Eow R, S 6o daktidior kat oto R x S opilovue (r,s) + (r',s') =
(r+r',s+5"),(r,s)(r',s') = (rr', ss'"). EraAnfedoete 6t to ovvodo R x S €ivai da-
ktUdios. O daktidiog avtés ovppoliletar pe RO S kar Aéyetar to evdt dpoiopa
Twy 0Vo daktuliwy R, S.

Aoxnon 25 Av R elvar évag daxtidios tote ka1 n € N, peyadirepo and 1, oo
ovvodo R" = R x --- X R opilouue 600 mpdée:
(@15 Zn) + (Y1, - 9n) = (B2 +01), - (@0 + Yn))

(@15 Zn) - (Y1, -, yn) = ((T101), -, (TnYn))-
Na eéetdoete av o R™ e avtés nis mpdées efvar darxtidiog.

Aoxnom 26 (a) Eoww R évag daktidiog, a € R kai
C(a) ={z € R: ax = za}

va detéete ét1 o C(a) efvar vrodaktidiog tou R.
(B) Av A C X ka1 opioovpe

C(A) ={z: ya kdle a € A,ax = za}

va deikete 6n1 0 C(A) efvar vmodaxtidiog tov R katlis kar 611 C(A) = (,c4 Cla).
Aetére axdpa tws av o R efvar daktidiog pe povdda tére o C(R) evar avtipeta-
Detikdg daxtidios jue povdoa.

Aoxnomn 27 Eow (G, +) pia afehiavny opdda kar End(G) wo odvoro dAwv twv
evdopuopPioy TNS opddag OnAadn to ovvolo dAwy twy araikovicewy f: X — X
pe f(z+y) = f(zx) + f(y) ya onowadnnore z,y € G. To End(G) to epodidlovue
pe 6o mpdées f+g, f-g onov (f + g)(z) = f(z) + g(z), f-g(z) = f(g(z)). Na
detete 6n1 to End(G) e avtés g npdées efvar daxtidios.

Aoxnon 28 Eoww C o daxtidiog twy uiyadikdy apiucy. va e€étaoete nowa and
ta mapakdtw vnooUvodd tov efvar vmodaktiAion

A={m+nV3,m,neZ}

B={m+nV3,m,neQ}

C={m+nv3,m,necZ}

D={m+nV-1,m,n € Z}.

Aoxnon 29 Av o R eivar petaleninés daxtidios ka1 a € R va detéete b1 to
ovolo A ={z € R : ax = 0} elvar vrodaxtiliog tov R.

Aoxnom 30 Eoww My(R) o daktidiog dAwr twy 2 X 2 mwvdkwv mdvw o€ éva

2 > € My(R) opilovue det(z) = ad — be.

daxtidio R. T'a éva otoieio x =

Na beitete 6n det(zy) = det(x)det(y)
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Aoxnomn 31 Eoww My(7Z,) 0 daktidiog dAwv twv 2X 2 mvdkwy tdvw 0to Ly, émov
/. / /. Zz V4 g _ a b /. 4
o p etvar mpcdtos. Na detéete dn éva oroiyeio tov A = ¢ 4 ) avtotpénjio

av ka1 pévo av n <opilovody tov det(A) = ad — be efvar dagpopetikry and 0.

Aoxnon 32 Av o R eivar petalenikés daxtidios ka1 a € R va detbete dt1 to
ovoro A = {z € R : ax = 0} elvar vnodaxtidios tov R.

Aoxnon 33 ‘Eva ovoiyeio a €vég daktuliov Ja Aéyetar évag brapétng Tov un-
Oevdg av a # 0 ka1 vrdpyer kdmowo b € R e b # 0 ka1 ab =0 1j ba = 0. H Ynapén
daipeTyy Tov undevds oe éva daktidio onuaiver étr 6ev 1wy Vel o akddovbog vijog
«<ab=0=a=0nb=0»r.

Na Bpetre tovg daipétes tov undevos otovs mapakdtw daktudiovs: Ze, Ly, Lsg.

Aoxnon 34 Av a,b elvar Vo otoeia e€vég daktudiov mou avtipetatidevtar va
detéete dti:

(a+b)"=a"+ <7;>a”_1b+---+ (Z)a”_kbk-i—---—i-b"

émov
n\ _ n! k<
k) T km—k) " "

Opwopde 23 Eva otoelo a evég daktudiov (R, +,-) Oa Aéyetai
(a) Ttavrobivvapo av a* = a (B) undevodivvapo av ya kdnow axépaio n > 0,
a" =0

Aoxnom 35 (a) Acitre 6n éva un undevikd tavrodvvayio ooiyeio €vég daxtuliov
dev efvar unodevodlvajo.

(B) Actbre 6n1 kdOe un undevikd undevodvapo oroyeio eivar daipétng tou unde-
vog.

(v) Na Bpetre ta tavtodlvapa kair undevodvaua oroieia oto Ls.

(8) Na detbete 61 to udvo undevodvapo otoieio piag aképaras mepioyns €ivar to
0 ka1 to udvo un undevikd tavrodvvauo n povdoa.

Aoxnom 36 Yo olvodo twy akepaiwy Z X 7 dpilovue dUo mpdées je

(m.n) + (m';n') = (m+m',n+n')

(m.n) - (m',n') = (mm/, nn')

Na beibete 61 t0 Z X 7 pe avtés s npdéeis efvar daxtidiog pe povdda kar 6t to
Z x {0} efvar vrodaktidiog Tou e povdda emions mov duws €ivar diagopetikt) and
avty tov Z X 7 .
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Aoxnor 37 O opwpuds tov vnodaktudiov Ocv anaitel va éyer povdda av o dakty-
Ao éyer. Mmopel va mpokUiouy Oidgopes mepintioels Omws:

(a) O baktidiog va unv éxe povdda aAdd vrodaktidios va éxel.

(B) O vnodaxtihiog va éyer povdda drapopetixi ané averj tov dakTuliov.

Na beitete b1 av ovuPatver pia andé ©g napandvw mepintioes téte n povdda tov
vrodaktudiov efvar draipétng tov 0. Ilpoonaleiote va dwoete napadetypara mov dei-
xvour 6ti o1 TpornyoUueves kataotdoes uropel va mpokUpowy (defte kar Tty mpon-
yoUuern doknon)..

Aoxnon 38 Av R efvar évag daxtidios pe povdoda 1 kai to a eivar éva undevodv-
vajo ooiyeio tov téte to 1+a efvar avuiotpéhipo. (Tnédeién: Av a™ = 0 dewpeiote
wl—a+a®—...(=1)"ta"!).

Aoxnomn 39 Na detéete 61 To KéVTpO €vO§ dakTUAiov €fvar vrodaktUAiog Tov.

Aoxnom 40 Eva otoeio a piag nuiopddas (H,*) Oa Aéyetar tavrodvvapo av
axa = a. To ovdétepo otoeio pfag nuopdoas, av vrdpyel, evar tavtodlvajio.
Ag vroléoouue twpa o6t to H elvar menepapévo odvolo. Na deifete ot vndpyer
ja tovddyotor eddyiotn vro-nuwopdda tng H onAadn éva un kevé vrootvolo A
v H xAewoté ws mpog tny mpdén * kar térow bote kavéva yvrow vnoolvolo
Tov dev efvar kA€ot ws mpos Ty mpdén. Xtn owéyea va deiete ét1 o A Ua
efvar avaykaotikd povooUvolo kai va ouvurepdvete 6t kdOe memepaouéyn nuiopdoa
Tpémel va €yel Tavtoduvapo oToryelo.

Aoxnon 41 ‘Evag daxtidios R Aéyetar daxtvAiog Tov Boole av éya povdda
ka1 kdOe otoeio Tov efvar tavtodlvauo wg mpos tov moAdanAaciaciud. Na deifete
ot évag tétowg daktlAiog efvar avaykaotikd avtipetaletikdg.

1.5 H évvola tng YapoaxTneloTixng EVOS daxTuAiou

Yuveytlouue pe wia oxdur Yeroudn €vvola Tou efvor 1 EVVoLa TNG YaeoxrTNELoTIXNAS
evoc daxtuiiou.

Opiopog 24

FEotw R daxtidiog. Av vrdpyer évag avotnpd Jetikds arxépaiog n je tny 1016-
tta na = 0 ya dAa ta a € R téte o pukpérepog guokds n € N\ {0} pe Ty
1016TtnTa e omowdnmote a € R va wyver na = 0 Aéyetar n yapaktnpiotiki)
Tov SaktvAiov kai ovpfoliletar pe X(R).

Av dev vrndpyer évag tétowg puotkds n Oa Aéue 6t o daktidiog éxer yapaktn-
potkr) 0 ka1 a ovpPoriloupe x(R) = 0.

Enueiwon 1 O1 daxtdhior Z, R, C éyovr Aar yapaktnpiotikrj fon pe 0. ‘E-
vag menepaouévog daktudiog dcv umopel va éyel yapaktnpiotikn ion e 0. ‘Evag
daktUAiog Ua éxer yapaxtnpiotikn fon pe 1 av ka1 udvo av efvar tetpipuévog.

" Mepixol ouyypageic 9étouv yapaxtnpiotind lon pe co avti 0
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Eivar ebxoho va Solye 6Tt 1oy el 1) TopoxdTte TeoTIoT:

ITpbtaom 8

FEoww R évag un vetpiuévog daktiAiog e povdda jie xapaktnplotiki diapope-
tikr) and 0. Téte n yapakTnpioTiky) Tov €lvar o JKpoTepos Yuoikds aptouds n e
Ty 1didtnta nly = 0.

Anodedn: Ac vnodéoouue 6Tt k elvar o wixpdtepog QuUOtxdS apriuds n PE TNV
Wiotnranlyg = 0. Hapatnpodye 61 yia xdde a € R, n Yo éyovue 61t na = (nlg)a,
ouvenwe ka = 0 xou ovvenwe x(R) < k. AMS& I = x(R) < k dev umopel va
ouuPaiver yratt téte I1 = 0 xou 1 mpbdtooT anodelytnxe. [

1.5.1 Aoxnoeig

Aoxnon 42 Aciéte du évag daktUliog pe povdda éxer yapaktnpiotkn fon pe 0
av kai povo av mepiéyel 1wopop@ikd to dakTUAI TWY akepaiwy.

Aoxnom 43 Na vrodoyloete tny yapaktnpiotiky twy tapakdte daktudivv: (a)

Ly, (B)Zaz, () C.

1.6 AaxtOohor Awaipeong - Axgpoueg Ileployeg
Y opaTo

Ye auth Ty Tapdypapo Ya xdvouue pia TEWTY TAEIVOUIOT XATNYOoEWDY SAXTUAMWY
(R, +, ) xupieg o€ oY€on UE TI OLOTNTES TNG TOAATAACLAGTIXTG NULOUABAS (R, -).

Ac Yewphoouye éva un tetpuuévo Saxtoho (R, +,:) ve povddo xar v 1-
wopdda (R, ). Méypr thpa dev €youpe oulnmioer timota oyetind e auth v
nut-opdda. Autéd mou BAEnoupe auéowg elvon 6Tl dev unopel ToTé va efvon opdda
ao0 To 0 dev unopel va et avtiotpogo.

Opopog 25

Eva ovoiyeio a evés daktudiov R pe povdda 1gp Oa Aéyetar avriorpérpo av
undpyel éva otoryelo b € R pe ab = ba = 1. To otoiyeio avtd -av vrdpyer - eivai
povadiké ka1 ovufodiletar e a~l. To ovrolo Awv twr avuotpénuwy ororyeiwy
tov R Ua ouvpforiletar pe R*.

['a mapdderyya 010 Z 10 pévo avtiotpédiuo ototyeio eivor To 1.

Mopdderypa 8 Fotw X éva un kevd advodo kar RX o daxtidiog AAwv twv ou-
vaptioewr [ : X — R pe ug ovvnthopéves npdéeg tov adpoiopatog kar ywouévov
ovvaptrioewy. To 0 tov daxtudiov efvar n tavtonikd 0 ovvdptnon kar n povdoda
w0V €fvar n owvdptnon mov maijprel navtol tny tuun 1. Me avtés ts npdées uia
[ €RY efvar avniotpéhiun av ka1 pévo av ya kde v € X f(z) # 0.
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Opopdc 26

‘Evag daktiliog ue povdda otov onoio kdle un undevikd otoiyeio avtiotpépetai
w§ mpog Tov moAAamAaciaoud Oa Aéyetar baktiAiog Sraipeons. Av emmiéov o
daxtUdiog Oraipeons efvar avupetadetikds Va tov ovoudlovie éva odua.

Oplopde 27

‘Eva vrootvolo €vds daxtidiov daipeons D mov efvar daxtiAiog daipeons jie
Tov Tep10p1ond Twy Tpdéewy o€ avtd Aéyetar vro-daktvAiog daipeonc tov D.
‘Eva vrootvolo evds odpatos F' mov efvar odpa jie tov mepopiopd twy mpdéewy o€
avtd Aéyetar vro-owpua tov F.

Ta Paocwd mapadetypata cwudtwy eivar ot pntof, ov mpoyyotixol, ot uryodt-
xol apriuol. Trdpyouv ToANE dAla tapadelyuoata cwUdTwy ToL Yo CUVAVTACOUNE
ToEoXdTe. Lnuewnvoupe €36 6Tt ot prtol apriuol xataoxeudlovian and Toug oé-
potoug Ue o TuTxy Stadixasta mou Yo neptypdhoupe oe ETOUEVY TaEdYRAPO.

Ytoug xAaotxolg Saxtulioug apriuwy yvwpeilouue 6Tt av To ytvéuevo 0o o-
erduwy etvar undév 16Te €vag amd Toug dVo Va elvon. Auth 1 WéTHTA Efvar TOAD
YENOWT %ot TNV YENOWOTO0UE Ty Yo Vo AUvoupe e€lowoels. Autd ouws dev
ouuPaiver yevixd oe SaxtOhouc. ‘Etot, Sev elvon dUoxolo va Peolue d0o un unde-
VIXOUG TETPAYWYIXOUS TUVUXES TOU TO YIVOUEVO TOUG va vl 0 Undevixog mivoxag
1 300 un undevixég TPAYUATIXEG CUVAPTACELS TTOU TO YIVOUEVO TOUG VAL EIvOL 1) UT)-
devixr) ouvdptnon xox...I'a va e€etdooupe tétolou eidoug TepnTOOEIS ElodyouuEe
TOV TAPAXATL OPLOUO:

Optopde 28 Eotww R daxtihios kar a,b € R pe a,b # 0. Av oupBaiver ab = 0
ta a, b Ja ovoudlovtar Brapéteg Tov undevdg. Yvykekpiupéva to a da Aéyetar
ap1oTeEPds drapétng Tov undevdg kai to b be&16g Srarpérng Tov undevog.

IMogdderypa 9 Eva yapaktnpioté napdderypa daktudiov (mov pdAiota efvar a-
vuetadetikdg pe povdda) mov éyer fiapéteg tov undevds etvai o Lg agov 2-3 = 0.
Eivar pavepd ét1 kdOe daxtidiog tng popens Zy e tov k va un eivar npotos aprd-
16s Ua éyer haipétes tov unoevds. Ilpdyuati, av o k dev efvar mpaitos téte Ypdpetai
oav k = kikg, pel < ki, ko < k. Orky, ko € Zy, ka1 kiky = 0. Avtiotpoga, av o k
etval mpddtos dev umopel va éyer traipétes tov undevos. Ilpdyuatt av avté ovvéBaive
Oa vmipyav 6o 0 < 4,5 < k téroior cote ij = 0 oto Zy, 6nkadn o k Va dwaipotoe
Yuvends o k Oa daipovoe tov i efte tov j. Avto duws etvar dromo apov o1 apiuof
1,7 etvar Detikol axépaior avotnpd pikpdrepor and tov k.

Or avtipetadetixol SaxtOAOL e povada ywelc Starpéteg Tou Undevég anoteholy
wla onuavtixnd xatnyoplor Saxtukiny xot Yo Toug dWoouUE Eva EEYWEIGTEO GVOoUd.
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Ogopdc 29
Evag avuipetaletikds Oaktidiog pe povdda xowpls daipétes tov unodevds da
ovopdletar pia axépara mepox.

Ilp6taon 9

Ye puta axépaia mepioyn) w0vel 0 vouoS TNS Daypagns yia ta pun undevikd otoi-
xeta wg mpog tov moAkarAaciaoud. Me dAda Adya, av R efvar pia axépaia mepioyn
ka1 a ovoryeio Tng dagopetiké and 0 kai b,c € R tére Ya éovue ab = ac av kar
pévo av b = c.

Ano6dedn: H oyéon ab = ac civon 16080voun e ™ a(b — ¢) = 0 xou cuvendg
(apots dev €éyouye dranpéteg tou 0) Vo toyver av xou pévo av a # 0 eite b — c = 0.
H mpoytn mepintwon anoxheleton and unddeor dpa Yo toylel 1 dedtepr, dnhady
b=c O

IIp6taon 10
H yapaxtnpionikn piag aképaiag mepoyns R efvar efre 0 efre npwtos apiiuds.

Anédegn: Ac¢ unodéooupe 6Tt 1 yopoxtneloTiX NG axépatag TEpoYAS A Tng
omolog 1 povdda cuuPoiilovye po 14 eivon fon ye n > 0. H yopaxtnpiotid uiog

axépanag meptoy g dev umopel va efvan fom pe 1 yiatl ot océpaneg neployég dev elvon
TeTEEVOL BoxTOMOL cuveT®S Vo ebvan xdmotog apriudg n peyahitepog 1 oog Tou
2. Ac uno¥€oouye hotndy 6Tt T0 n Bev elvar TpwTog ondte Vo cuuPalvel 1 = NNy
e 1 < ny,ne < n. AN téTe Yo elyoue 6Tt nly = myly - nply ouvenwg Yo
ouvé€Bauve nily = 0 A noly = 0 xou amd v mponyoluevn Ilpdtacn 8 Yo elyoue
oTL M) YapaxtneloTx Yo ATay ny A ng, dtomo. [

‘Eva dueco népiopa tng mpdTacng autrg efvar 1

IIpbtaon 11
KdOe menepaouévn axépaia mepioyn éxel xapaktnpiotikn ion e mpato apriud.

Trdpyouy SaxtOhor Sadpeong mou dev elvon owuata. ‘Eva onpovtixd mapd-
detypo un avtwetadetixol SoxtOhou Sadpeong elvar ot «tetpddec Tou Hamiltony
mou Yo SOVUE AUECKS TALUXATE.

IMogdderypo 10 O terpddeg (1) teTpdria) tov Hamilton.

Ag Eexivnjoovpe vrevOuuilovtas tov opoud twy uryadiksy apifudv. To ovvoro C
pryadikady ap1iudy tavtiletar pe to ovvodo RxR dAwy twr Levyapidy tpayuatikdy
ap1Oudy oo aroio éyovue opioer dvo mpdées:

(al, a2) + (bl, bg) = (CLl + bl, a9 =+ bQ)

(a1, az) - (by,be) = (a1by — agby, a1by + asby)
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Yurijllng to Levydpt (a1, by) to ypdpouvue oav a11+asi dmovl = (0,1) xari = (1,0)
ka1 o mtoAdanAaciaouds kadopiletar povoonuavta and tovg kavoveg:

1-1= 1
1-i=i-1=1
i-i= 1

Me avtés tig mpdéeis o1 Ovddes mpaypatikoy apriudy yivovtar éva odua, mov efvai
TO YYWOTO Na§ OOUA TwY UIyadikay aptouwy.

O William Rowan Hamilton avaxdAuvipe éva tpémo va opioer 6vo mpdées pe-
taél twv tetpddov mpaypatikdy apiudy dote va petatpée to R oe daxtidio
daipeong™®. H 16éa efvar va Oewprioovpe pfa tetpdda (ay,as, as,as) otn popen
a11 + a0l + azj + ask, va mpooérovue kard tov ourndn tpdmo

(@11 + aoi + asj + ask) + (b11 + boi + b3j + bsk)=
= (a1 +b1)1 + (ag + b2)i+ (a3 + b3)j + (as + by)k

O moAMamiaciaouds (rov €ivar to mepinAoko onpeio tng vrédeons) kadopiletan
ané tous €€ng Kavoves:

1 efvai n povdda
i2 :jz —k?=—
ij=k

k=i

ki=]

ji=-k
kj=—i
ik = —j

Me avtotls tovg kavéves kar pe Afyo kémo umopolue va dolue énr o moAdamAaoia-
opds opiletar ws €€ng (oo €€ng Ja mapaleinovpe to ouBoro 1, énws kar otovg
piyadikols, yia Adyovs arAdtnrag):

(CL1 + CLQi + agj + a4k) + (b1 + bgi + bgj + b4k) =
=c1 + ol + c3) + cak

15H 13¢a va dewpel Toug wryadixolc aprduolc cav Leuydplar Tparypotixdy oprdudy ogeileton
otov Hamilton nou tnv avoxdhude yipw oto 1830. O (Sioc avagpéper ottty €€rynoe otouc
HeoVC YioUc Tou ot omolol xdle Tpwl Tov pwtoloay «Agol uraund propelc xat tolharAdoldleic
Levydplor apldudy umopelc vor TOAATAACLEoELS Xt TELADES;» XAl AUTOC TOUC AMAVTOUCE VT
10 (8o <Oyt. Mdvo va toug mpooécw xon Vo Touc apotpéow urnopwy. H 13éa tou opiopod
ToMamAaotaopol otov R? elye yiver oyedév éupovn 1déa otov Hamilton o onoloc xotdhafBe ot éva
Tepinatd Tou 0 1843 6TL T dev Vo pmopoloe va yivel oto R adld oto R xon eviouciaopévoc
xépote Tic eliodoeic i? = j? = k? = ijk = —1 oe pla yépupa Tou AouBhivou, dnou uropel vo
e Bper xavele péypl onuepa. Apyétepa o John Graves, évac @lhoc xou mpdny cugEoLTNTAC
tou Hamilton avoxdiude éva tpémo vo molamhaotdler oxtddes, to xoholpeva oxtovie. O
TOAATAACLACUOC TOUC Spwe dev elvon 00te TpooetanploTindc! Lnuetdvouue 6t oL TeTpddec xo
TOL OXTOVLAL ATOTEAODY Xou ORUEPA v TLXELUEVD €pELVIC.
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émov

C1 = a161 — CLQbQ - a3b3 - CL4b4
Co = a162 + a2b1 + CL3b4 + a4b3
c3 = a1by — agby + azbi + asbo
Cqy = a1b4 + a2b3 — a3b2 + (1,41)1

Ag ovpPorioovue pe H to odvodo SAwr twv tetpddwr epodiaouévo pe tig napa-
ndvw mpdéeas. To va detouvpe 6n to H efvar daxtidios (un avupetaletikds) dev
rapovoidler 10aitepes dvokodieg, H udvn dvoxodia eivar va detéovue ot kdOe un
UnNdevikd tov otoiyeio Eyel avtioTpopo wg mpos tov moAdamAaciacud. Oa kdvouue
kdt1 avdAoyo pe tovs uryadikols. Av z = ai + agi + azj + ask optlovue tn ovlvyn
Tetpdda tov z va efvai o apriuds

Ezal—agi—a3j—a4k

Eriong opiloupe to pétpo z va etvar o mpaypatixés apioudg

2l = \Ja? + a3 +af +

ka1 pe kdmoovs vToAoyionols umopolue va amodeiléovpe tovs kavéves (ya omnoa-
onmote z,y € H):

Sl

=T
(x+y)=T4+7
TY =Yx

T = /|2

H tedevtaia ekiowon detyver 6t kdOe x € H mov dev efvar ioo pe undév avniotéperai

, x
Katr eyet (1V'L'f0"Cp0(PO 0 —.

]

1.6.1 Aoxnoec

Aoxnon 44 Aciéte éu kdOe vrodaxtidios pe povdda TOU OHOUATOS TWY PNTOY
Tpémel va mepiéyel Tov dakTUA0 TwY akepaiwy.

Aoxnom 45 Na Ppeite éva yvioio vrodaktiAio e povdda Tov ObHaTos Twy pnTay
drapopetikd and Tovg akepaiovs.

Aoxnon 46 Na detbete 6n1 kdOe vroodua twy npayuatikoy apriusy Ja repiéye
TO OOUA TWY PNTOY.
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Aoxnom 47 Na deiéete 61 av p efvar mptos apiuds to ovvodo

{a+by/p:a,beR}
efvar vroowua tov R.
Aoxnon 48 Na bcibete ém n araxdvion f;C — C pe f(z) = Z, dnov pe z

oupporilovue tov ovluyn piyadikd tov z, eivar avtopopprouds. Xpnoyoroikrtag
T0 maparndvw va amodeiéete Ty tavréTnTa:

(a® + b*)(c* + d*) = (ac — bd)* + (ad + bc)?

Aoxnomn 49 Na Ppeire to kévtpo tov daktidov Owaipeons H twr tetpddwr tou
Hamilton

Aoxnomn 50 Eotww M2(R) o daktidiog Awv twr 2 X 2 mvdkwy ndve oto R. Na
detéete 61 To UTOOUVYOAS TOUL:

((52)w0es

Aoxnon 51 Actére 6u oe pia axépara nepoyrj (R,+,-) wxde o véuos tng dia-
ypagris otov moAdamAaoiaoud ya un pundevikd otoweia, dniadn av a,b # 0 kar
ab = ac tre b =c

efvar odua.

Aoxnon 52 Av z = a1 + asi + asj + ask € H opilovue tn ovlvyn) tetpdda tov z
va etvar o aprdjudg
Ezal—aQi—agj—mk

Eriong opilovpe to pérpo ptag terpdoag z va efvar o mpaypatikds apruds

|z|:\/Uc%—l-a%—l-a%—i—a?1

Amnodetére 61 yia onoadnmote x,y € H wyve:

Sl
I

X
(x+y)=ZT+7
Ty =yr
2T = /||

Aoxnon 53 Arnodeilte tny napakdtw tavrétnta tov Lagrange:
(a3 + a5+ a3 +ad) (BT +05+05+03) =i+ 6+ +c;
émov
c1 = a1y — agby — azby — asby
Co = albg + CLle + a3b4 + a4b3

C3 = 0,163 — a2b4 + a3b1 + (1:4[)2
Cqy = 0,164 + a2b3 — a3b2 + a4b1
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1.7 Ilemepacpévolr AoxtOAol - Meietn touv Z, -
Mepwxeg epappoyeg ot Oewpia twyv Aprduwy

Ac¢ emotpédouye 0Ty TERIMTWOT TV TETEPAOUEVWY SaxTUMwY. To mpwTto Tou Yu
det€ouye elvor 1 mapaxdtw TEdTAO:

IIpbtaom 12
KdOe nerepaouévn axépaia mepioyn efvar oopa.

Anodeln: Autd mou Yéhoupe va delfoupe elvon 6TL av €vag avtipeTadeTindg
SotOALOg UE povdda R €yel tenepacuevo tAflog otolyelwy xou Sev Exel SlaupeTeg
ToL UNdeVOG TOTE xde Un undevixd ototyelo Tou Yo avTIoTREPETAL.

Ac unoVéoouye 6Tt €youpe éva tétoto doxtoho R = {ag = 0,a1 = 1,...,a,}
ue n+ 1 otoyela xaw €0tw a # 0 Eva onotodrnote GTotyelo Tou StAPOPETIXS ATd 10
0. T v detouye OTL T0 @ avTioTEEPETAL TEETEL Vo OelEOUUE OTL UTdEYEL xdTolo
r # 0 ye ar = 1 dnhad?| 6Tt To 1 elvan ototyelo Tou cuvdAou

A={ar:re R\ {0}}

Hapatneolue 1o e€ic:

Av 7, r" givon d0o pn undevixd otoryela Swapopetind YeTagl Toug T6TE ar # ar' Tou
onuadver 61t 10 A éyer axpiBde téoa ototyeior 6o xar o R\ {0}. Ipdypott, av
ouvéBarve ar = ar’ t6te a(r —1') = 0 xou enedn efpacte oe axépoua nEPLOY T TEENEL
a=0%r—7r"=0. Eyouvye unodéoet 61 a # 0 xar xatorfyouue 6t Yo npénel
r=r'.

Enionc o 0 € A, yia Tov {810 Adyo Omwe xan moLy.

Yuvenawg Yo éyovpe 61t A = R\ {0} xw dpa 1 € A. O

Anéd autd €youue ooy TOPICUA TO TALUAXAT:

Ilpétaon 13
O daktlhiog Z,, efvar odua av ka1 pudvo av to n eivar Tpatog aprtouds.

AnédeEn: Av o Zj, eivar odua t61e dev €yet Stonpéteg Tou undevog, doa o n Ya
elvar mpdtog (yroti;).

Avtiotpoga, av o n elvon TpwTog SeV UNOPEl 610 Zy, Vo £YOUUE BlapETeES TOU
undevée yati av yio xdmow a,b € Zy, \ {0} ioyve ab = 0 té1e Vo eiyoue nlab
onédte nla ¥ nlb, mou eivar adbvato agod 1 < a,b < n — 1. Suvende, and tny
TpOMYOUUEVY, TIROTAOY TO Zy Vot clvan owua. [

Enewdy) undpyouv drelpol mpwtor LTdEYOUY XAt AMELPA TEMEQUACUEVA COUXTA.
Hapatneeiote 611 800 nenepaouéva cwuata Eival IGOUOPPXE Ay ot UOVO Ay £YOUY
10 (8o mAlo¢ otoyelwy. Apydtepa Yo e€etdoouue o THTNUX oy UTdEYOLY dANX
TenEpaoUEVa owuata extds and ta Z, (xou Yo deifouye 6Tt undpyouv) xat eniong
AV UTIHEYOLY TETEPUOUEV owuata U avtiuetoadetxd. H andvinon oe autd to
epOTNUA Elvar apynTixt| 6Twe delyvel 1o Tapoxdte onuavTixd Yewpenua.
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Bewpnpa 9 (Wedderburn)
KdOe menepaouévo odua etvar avtipetaletird.

H anédein tou Yewpruatog autol eivon oyetind dOoxohn xou Yo yiver agol dw-
OOUPE xdmoteg axduT Evvoleg Tng Yewploag doxTuliwy.

A¢ emotpédoupe 6TOUG TETEPAGUEVOUS SUXTUAOVS TN HopYNE Zy xoU OC EEE-
TdoouuE TOTE Eva oTotyElo Tou elval 1 aVTIGTEEDLUO WS TEOG TOV TOANATAACIACUS.
H endpevn mpdtaon divel wor mhfpn andvtnoT o€ AUt TO EQAOTNUI XU TEOPAVS
ouvvendyetor tnyv Ipdrtaon 13.

Ilpbtaon 14
‘Eva deviKd oToTyEl Ly, €t 3 )
pun un Toiyeio a tov Ly, €lvar avniotpéipo av kai povo av or a,n
efvar oyetikd mpctor aprduot, OnAadn Eyovr oav uéyoto kowd tiaipétn Tny povdoa.

Ano6dedn: Ac unodéoouye 6Tt ot a,n elvar oyeTIXd TEWTOL Xt GUVETGWS Vo LTAE-
youv d0o axépouol z,y e 1 = ax + yn, dnhadh 1 = ax (mod n). Av Yewproouue
T1 € Ly pe 1 = x (mod n),té1e PAénovye 61t axy =1 (mod n) mou onuaiver 6t
o a €yet avtioTpoYo 610 Zy, ToV .

Avtiotpoga, av o a avtiotpépeton TOTE Yia Xdnoto © € Zy Yo éyouye 61t (oT0
Zyp) ax = 1 1 10od0vaua ax = 1 (mod n) A wwoddvoapa Yo undpyer y € Z pe
ar +ny = 1. ANN& t61€ ot a,n Yo mpénet va efvar TpodToL YETAC) Toug Ao o
UEYIoTOS 0o Stanpetng Yo Stanpodoe to 1 xou cuvenwe Yo cuvéEmmte ue autd. [

[ xdde uotxd aprdud ac opicovye ¢(n) va eivon 10 TS TwWY YUOIXGOY OV
elvon wxpdtepoL amd n xot TEWToL WS TEOS 1, Onhady To TAdoc Twv oTotyEiwy Tou
owvbhou {m € N:1<m <n—1xu (m,n) =1}. Opileton étot pio ouvdptnon'®
¢ : N = N 1 onola Aéyeton 1 ouvdptnon tou Euler xou mailer onuavtixéd pdro oty
Vewpio wv apriumy. Mropolye va unohoyioouue Ty T ¢(n) av yvweiloupe tny
AVIAUCY) TOU T OE YIVOUEVO TEWTWY. AuTd TPOoXUTTEL and THY «TOAAATAACIACTIXN
W6TNTY TNG CUVEETNONG oL onuaivel 6Tt av 300 uowxol m, 1 elvar TEWTOL YETAED
ToU¢ T6TE p(mn) = ¢p(m)d(n). Ened| ol évvoleg autée nailouv onupovtixd pdro
dtvouue €vay enionuo oploud Yyt auTEC.

Ogopdc 30

Mia aprunnixy ovvdptnon eivar pia ovvdptnon f: N — C.
Mia apiOunticry ovvdptnon f Ja Aéyetair moAAanAaoiaotiki} av yia omoiadnmote
m,n € N mov etvar mpdtor peradd rovg oy vel

f(mn) = f(m)f(n)

16H cuvdptnom éxer nedio opiopol touc pn undevixolc @uoolc oAAd propolpe cuuBatixd.
va Héooupe ¢(0) = 0.
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Opopde 31
Av n elvar évag guoikds apriuds peyaditepog 1y ioog tov 1 téte n ovvdpTnon
¢ tov Euler opiletar va eivai:

on)={z:1<z<n-1,(z,n) =1}

IIpétaom 15
(1) H owvdptnon ¢(n) elvar toAlamdaoiaotik.
(2) Ay p eivar tpditog kar v € N,u > 1 téte

U\ — U _ pu—l _ u _1
¢(p*) =p" —p p(l p)

(3) Av n etvar évag guoikés apiuds tov onotov yvwpilovue tny avdAvor) tov o€
TpddTous n = pit ...~ Téte

¢(n):n(1_pil>...(1—pik)

Anéden: (1) Ac unodéoouye btt ot m,n eivon Vetixol oxéponot e (m,n) =1
xou oG VEwEROOVUE TO OAL T OTOLYEIR TOU Zipmp TNS HOPQHCT

zm+yn, z=1,...,n—1, y=1,...,m—1
Or aprdpol autol elvon dhot StaopeTiXd OTOYE TOU Zpyy XAl €YOUY TEOPAVES

mAfdog mn. Hedypatt, zm + yn = 2'm + y'n ye mpdeic Yod 010 Ly, OMuaivel
6w am +yn = 2'm + y'n (mod mn) xou Yo €youye:

Av zm+yn = z'm+y'n  (mod mn)
T61€ zm = z'm (mod n)
emeldn (m,n) =1
Vo éyouye z=12" (mod n).

Me éuoto tpémo Ya ndpouue
!

y=1vy (mod m)

Yuvenwg ot apriuol autol avamaploToly Ao T GTOLYEIA TOU Zypy,, xot 0pXEl Vo
dolpe molof and autolc elvon TEOTOL UE TOY MmN
Oa €youye:

1701 npdEerc uéoa 610 Zmy,
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(zm +yn,mn) =1

Iooduvayet ye (xm + yn,mn) = 1 xoau(xm + yn,mn) = 1
emeldn (m,n) =
aUT6 LoodUVAEL UE (xm,n) = 1 xu(yn,m) =1
TOU L0OBLVOEL UE (z,n) =1 xu(y,m) =

Yuvende 6hot ot Tp@Tot Tpog Tov mn eivar ot zm~+yn ue (z,n) = 1 xou (y,m) = 1.
Enedn éyoupe ¢(n) aprduoic  npdtoug tpée n Stapopetixots  (mod n) xar ¢(m)
aprduole y mpdtous tpde m Stupopetixolc avd 8o (mod n) xatahiyovue bt Yo
éyoupe oxpBae ¢(n)d(m) apripoic 610 Zpy, \ {0} tpdtoug ye tov mn.

(2) Av p eivar TpdTog xou u > 1 axéparog TOTE oL ubvor aprduol < p* mou €youy
%06 Stanpétn ue Tov p* elvon T ToAAamAdota Tou p, dnAady| ol

p,2p,3p, ..., (p* 1 — 1)p, cuvenag

o(p*) = (p* — 1) — (p* P —1) =p" (1 _ 1)

p
(3) Avn=p!"...pfF and (1) xar (2) Yo Eyovye

o(n) = ¢ (pi")... b (p*) =

g

Av Yewprioouue 6Aa o avtioteédiua ototyeio evég SaxTuriou e povdda autd
amoteholy Uia oudda w¢ TEOg ToV TOAAATAACLACUS UE 0LUBETERD aTotyelo To 1. Av
OLVETKS VEWPTICOUUE TO GUVOAO

H, ={z € Z,\ {0} : (z,n) =1}

t6te and Ny lpdtaon 14 autd civar axpiBadg To olvolo Twv avTioTeéduwy oToL-
YElWY TOU Zyp, o1 CUVETKS Elva Wial 0udda WG TEOS TOY TOAAATAACIOUS UE OUBETEROD
otolyelo e = 1.

[vwpilovpe and v Ocwpior opddwy 61t yia xdde nencpoouévn opdda (G, -)
xar omoodrnote T € G Va woylel 2% = e, 6mou |G| 10 mAfdog twv oTotyelwy
e ouddoc (1 té&n e ouddoc). Emione €€ opiopol |H,| = ¢(n). Xuvende av
TépOUUE €Val OTIOLOBATOTE AXEQAO @ TEWTO WS TPOS N Yar uTdpyel Eva povadixd
b€ H, pc a = b (mod n) yw 10 onoio Vo éyouvue 61t %™ = 1 mou onpaiver 611
n|b?® — 1. Aol nla — b o éyoupe 6Tt xor n|a®™ — 1. Tuvdudloviac Ta bha
AUTE XATUATYOUUE GUECA GTO TORUXATE:
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Bewenpo 10 (Euler)
Av n > 2,a un undevirol axépaior mpitor peta&l Tovg TdTe

nja®™ —1
Me dueco médpoua To :

Oewpnua 11 (Fermat)
Av a un undevikds axépaiog kai p mpadTos mov Oev daipel Tov a TdTe

pla"~t =1

Aoxnor 54
Aettre éri 0 21 daipet Tov (5 17-19)1%* — 1 ya omowdnrore k > 1.

A¢ ndpouye éva omowdhnote mpwto p. And doa €youue mel edw to H, =
{1,...,p — 1} eivar oudda we Tpdc Tov ToAATAACIoUS 0T0 Z,. Oewpeiote éva
a € H,. Téte pe npdéec o0 Zy

=1ed-1=0&
& (a—-1)(a+1)=0&
Sa=1ha=p—1

Yuvenwg xdde ototyeio tou Zj, \ {0} Stapopetind and 1§ p — 1 éyer avtiotpogo
Stopopetind and Tov €quTé TOL TOL oNuAivel 6Tt 010 Zy 2-3- (p—1) =p—1=—1
dnhadh (p — 1)! = —1 (mod p) dnhadh p|(p — 1)! + 1.

Avrtiotpoga, ag ndpouue €va omotodrimote YetTind axépato > 2 Tou va EYEL TNV
Wiotnra nf(n — 1)! + 1 xou ag Yewprioouue éva onoodfnote Yetxd droupétn Tou
Stapopetind and tov eautd tou. Toéte autde Soupel tov nj(n — 1)! + 1 xou elvan
xdmotog anéd toug {1,...,n — 1}. AAR& o xdde apriudéc z # 1 mou avixer oto
olvoho autéd agriver undhomo dwipeonc ue tov (n — 1) + 1 v povdda dnhady
dev Sroupel tov (n — 1)1+ 1. "Apa o pévog Yetixde SLUPETNG TOU N EXTOG AMO TOV
eautd Tou elvon 10 1 f ue dhha Aéyia o 1 elvon mpwTog apriudg. Katodhlaue var
anodetlouye €10l T0 YVWOTO:

Oewpnpa 12 (Wilson)
Evag axépaiog n > 2 efvar tpdtog av kar pévo av daipel tov (n — 1)1 + 1.

1.8 Idewdn - AoxtOAol IInAixa

Ag Eexwvfiooupe pe €va ToEddEYUa, TOu To €YOUNE BT CUVAVTHCEL GTNV TEOT-
yoLuevn mapdypapo. Ac Yewprooupe to SaxtOA0 Z, éva oTotyeio Tou kK ot Tov

uTodaxtOAO
A=kZ={kn:n€eZ}
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Ytov Z opilouye pia oyéon ooduvopuiog
a=b (mod k) av xou pyévo av a—be A}

O yopoc mniixo mou opller auth 1 oyéon woduvauiog yivetow avtiyetadeTindg
doxTOAOG UE TIg TRAEEIS TNG TpdoVeoTg (o YIvOUEVOU B0 xAdcEWY tooduvouiog.
Agv elvar 306x0h0 va SLamoTOOOUPE 6Tl 0 SuxTOAOG TOU TAUEVOUUE UE QUTH TN
Sadixacia eivon o Zj mou opicoaye oe mponyoluevn tapdypapo (Yo TNV axpifela
elvor loOPORPOC UE AUTOV, AAAY EYOUUE CUUPWVHACEL Vo U1 Staxpivoulue HETa Y Toug
000 Tumxd StapopeT0UE AAAG LGOUORPOUG Soxturioug).

Av mpoonadficouye Vo EMEXTEIVOUUE TNV xATAOXELT] AT OE omolodXnoTe da-
xT0Mo R w¢ mpog xdmoto unodaxtiAd tou A e oxpBwe tov (o tpdmo Yo cuva-
vtricoupe duoxohio. o Ty axpifela, ag Eextvioouye Pe tov (Blo Tpomo opilovTag
N oyéon ~ PE T ~ y av xor uévo av v — y € A. EOxoha Yo umopécouue va
detloupe 611 1 oyon auth eivon oyéon woduvauiag. To mpdBinua Yo tpoxier 6-
Tay TPOOT|COUUE va 0plooulEe Tig TPdEELs 6To GUVORO TNAixo aUTHG TNG oyéomng.
Yty mepinTtwon tou Z autéd yvotay yiati {oyuay oL oyEcElg

[z] + [y] = [z + y] (1)

[z][y] = [ay] (2)

6mou [z] elvon 1 xhdomn wooduvapiag tou ototyeiov = xau [z] + [y], [z][y] oupPorile
10 cuvnliouévo ddpoloua xat YIVOUEVO UTOGUVOAWY OE S TUALO.

H oyéon (1) dev eivon dloxoho va enahnievtel. Ag¢ mpoomadfcouue va dei-
Eoupe v oyéon (2): Ag ndpoupe npdta éva z € [z][y]. Emduyodyue vo deiZou-
ue twe z € [zy]. To z ypdyetow av z = (x + a)(y + b) émov a,b € A. Apa
z = zy + (b + ay + ab).Av 1o xb, ay, ab avhixav oto A té1E YoU Aviixe xon ToO
ddpotopd touc xb + ay + ab xou Vo elyaue deilet 611 z € [zy]. To ab € A agol
10 A elvar unodaxtOhog xar T a, b elvar otoyelo Tou. Ta z,y duwg dev elvou
otoyelo Tou A xou cuven@e dev unopolue va E€poupe 6Tt Ta b, ay € A. Xtny
TEONYOUUEVT TERITTWOT Tou Z To efyoe xatapépet yiatt To A mou elyoue Stahé€er
elye TV eEmTALOY WOLOTNTA:

[a omowdfnote z € Z xau onowdfnote a € A woylel
ar,ra € A.

Axp3idg auth TV BL6TNTAL TV UTOGLYOAWY A = KZ Tou Z TOU EXUETUAEUTH -
XOAE YIa VAL 0plGOUNE TO YWEO TNAIX0 Zj, Y€Nouye va ExEL Evag UTOBAXTUALOS GTNV
yevixy| mepintwon xat €tot opiCouye:

Ogopde 32

Angindevpo I6eiddeg 1) atdd Idewdeg evds daxtudiov R efvar éva un kevd vmo-
ouvrodo A tou R térow dote:

(a) Ta omowdrimote a,b € A,a—be A
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(B) T'a omotodrjmote r € R ka1 onowdnnote a € A, ra € A kai ar € A.

Av avti g ouwidnkns (B) Oewprioovue tny aolevéotepn:

(B) T'a omowdnmote r € R kar onowdrjrote a € A, ar € A.

Ja Aéue énr to A efvar éva 6e£10 10€deg.

Av avtiororya, avti tng ovvOnkng (B) Oewprioovue tnr acevéotepn:

(B’) I'a omowdnnote r € R kai omowdritote a € A, ra € A.

Oa Aépe 6m1 o A efvar éva aprotepo 18€@BeG.

Pavepd éva vmoolvodo tov R efvar 1decdes av kar pdvo av efvair kar apiotepd kai
de&16 10€doe.

O daxtidios R kar to povootvodo {0} efvar 16ecddn mov Aéyovtar ta un-yvijoa
10ecd0n Tov daktudiov. OAa ta vndroma 10edddn (av vndpyowr) Aéyovtar prvijoa.

Mot amdf avadlatiTemon Twy 0plou®y eival 1) ToEaxdTw:

‘Eva un xevé vrootvolo A evdg daxtuvdiov R efvar:
YrobaktAog av ka1 uévo av A —AC Akar A-ACA
Idewbeg av ka1 pévoav A—AC A R-AC Akar A-R C A.

IMopdderypo 11 Ta vrnootvoda touv Z tng popens kZ, efvar ta 1d6ewdn wov Z,
Omwg éyoupe NdN avapépel.

Mot amA mopatripnon yio T OO elvon 1) TopoxdTe:

Ilp6taom 16
FEotw R daxtidiog ue povdoa kai I éva 1decddes tov. Av 1 € I téte I = R. Erbikd
kavéva otoiyelo €vo§ Yyvnowv 1dewdovg dev umopel va elvar avtiotpéyio.

Anodeln: Av 1 e I t6te v xdde r € R Vo elyape 61t r = 1r € I xou cuvende
I = R. Ac¢ vnodéoouue 6Tt 10 Wewdeg I nepietye xdmolo avtioteéduo ototyelo
Tou daxTuAiou a xat éoTtw a ! To avtiotpogo tou. Téte o I Yo mepietye xou 0
aa ' =1 doo Yo elyope 61t I = R. O

H nopatfhonon auth pag defyver 6u 1o owpata (Q,R,C,...) dev neptéyouv un
TETPIUEVA IOEWDT.

IMopdderypo 12 Eva dAdo mapdderyua daxtudiov otov omoio dev umopolue va
Bpolue un tetpiupéva 10€wdn etvai o daxtidiog M,R twy n X n mvdrkwr pe tpay-
patikoUs ovvtedeotés. Ilpdypan, av I efvar éva un tetpiuuévo 1dewdes tov M,R
téte Ja mepréyer éva un undeviké nivaxa A = (a;j). Ocwpolue éva un undeviks
otoiyeio ag tov mivaka A kai éotw Oy va eivar o nivakag mov efvar tavtod 0 ektég
aré o oroiyeio oTny ij Véon mov efvar foo e 1. Ag ovppoliocovue eniong pe 1 tov
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povadaio n x n mivaxa. Téte Ua éyovue

Oij = OirOr; (1)
Op = [Okk(a,;lll)} A [O”] el (2)
ané (1) kar (2) Oa éyovpe: Oy = OO0y € T (3)

Apa, 1= Z O; €l
i=1
Ywvendg, I = M, (R).

Ac¢ Solpe Thpa mwg opileton o SaxtOhog-tNhixo w¢ TEog xdmolo WewdeS:

ITp6taon xow Opiopog 2
Eoww R daktidiog ka1 A éva 10eiddes tov. H oyéon ~ mov opiletar otov R e
a~bav ka uévo av a — b € A etvar pia oyéon wodvvauias oto R mov éyer tig

€€n¢ 1816t TEC:
Avx ~y, 2’ ~ vy téte
z+z ~y+y (1)
zz' ~ yy' (2)

EmimAéov to ovvodo tnAiko R/ ~ mov oupfoliletar kar pe R/A dnoteAefrar and dha
ta vrooUvoda tov R tng popenis [z] = x4+ A={z +a:a € A}, z € R ka1 efvai
daktUdi0§ wS PSS Tis mpdEeas

[z] + [y] = [z + y] (3)
[z] - [y] = [2 - 9] (4)

O daktihiog R/A Ja Aéyetar o SaktdAiog nnAiko tov R wg mpog to 1deiddeg A.

Anodeldn: Ave e Rtote x — 2 =0 € A xou CUVETOS T ~ Z.
Avz~ytoter—ye Axadpa —(z —y) =y —z € AdMadfy ~ z.
Avz~vyxuy~zioter—z=(r—y)— (y—2) € A xou ouvendc = ~ z. Apa
n oyéon ~ ebvar oyéon wwoduvapiag.

Ac vnodéoovpe 6Tt ~ yxow ' ~ y'. Torex—y € Axon 2’ —y' € x. Luvende
(z—y)+ (' —y') € A agol 10 A elvon 1deddec dpa (z +2') — (y +y') € A, nov
onuadvel 61tz + ' ~y + 4.

o va det€oupe 61t zz’ ~ yy', Jewpolye a,a’ € Ape x =y +a,2' =y +ad xu
Va éyovpe 61t 2’ = yy' + (ay’ + aad’ + a'y). AANAG 10 ay’ + ad’ + o'y € A enedy
10 A elvar 18edeg xou ouvenwe zx' ~ yy'.
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H »xAdon wwoduvapiag evog otoryeiou o elvon t0 6OVoAo
[z]={reR:r—zxecA}=a+A

[ va Sei€ouye 6Tt 1 mpdEelc ato ohvolo TnAixo R/A mou opicaye ané tic oyéoelc
(3), (4) elvon mpdypatt xahd oplopévec mou onuaiver 6Tt TEETEL Vo SElEoVPE TS
av [z] = [2'] xou [y] = [¥] ( 100d0vopa bt av . ~ 2’ xou y ~ y') t61€ [ + y| =
'+, [z-y] = [2"-y']. AN awtd axpBas pag e€aogarilouy ot oyéoels (1), (2)
Tou anodeifape mo Tewv. Eivon edxolo va Seifouye 6Tt 10 R/A ye tig npdleic autéc
et Oheg Tic WLOTNTES TOU doxTUAlou, dnAadY| eivan Evag SaxTOA0g Tou ovoudleTo
0 daxtOAog Thixo (we mpog To Wewdec A).

Ac Seflouye Yoo Topddelypa THY EMUEQLOTIXOTNTA TOU TOAAAmAdGlopol: Ay
[z], [y], [2] € R/A t6te

[z]([y] + [2]) =
=[2]ly+ 2] = [z(y+2)] =
= [zy + z2] = [zy] + [22] =
= [][y] + [z][2]

Téhog onuerdvoupe twe av o R éyet povdda t6te xou 0 R/A Yo éyer oav povdda
wo[l]={a+1:a€ A}. O

A¢ Solye éva Tpdmo va «xataoxevdlouuey 18ewdT oe Eva omolodY|moTe SaxTOAO.
‘Eotw A C R éva onolodfnote uroclhvoro evég Saxtuiiou R. Xtny mponyoluevn
mapdypago ebyaue Setlet 6Tt undpyel €vag eAdyloTog UTOSAXTUAIOG TOU TEQLEYEL
10 A xan autéd MpoExude and To YeYOvoS 6TL 1) TouY| EVOC OTOLOUBHTOTE GUVOAOU
umodaxTuAiey elvon eniong unodaxtihog. To B cuyPalvel xor oto 1BEWDY.

IIpbtaomn xaw Oplopde 3

(a) Av (Ai)ier elvar pia oikoyévaa and 16ehdn evés daxtudiov R, n tour) tovg
efvar éva 10€d0¢e.

(B) Av A elvar éva omowdnnote un kevd vnootvodo €vég daktuliov R n tour) Awv
TwY 10€wdwY ToU Tepiéyovy o A efval to eAdy10to 10€deS mov Tepiéyer o A oav
UmooUroAd tou kai to omoto Ja oupPorilovue pe (A) ka1 Ja ovoudlovpe to 16€dbeg
nov mapdyetar and To ovvodo A.

Yy adikn nepintwon mov 10 A = {ay,...,a,} €var éva nenepaouévo ovvolo Ja
ypdpovue kai (a1, . .., ax) avti tov (A).

Ano6dedn: Eotw A = (o, 1 Touh) g oxoyévelng twv Wewdhv. Av a,b € A
T6TE Yioe omotodnote ¢ € I Yo oupPaiver a, b € A; xou agol to A; elvor 18ewdeg Yo
€youue 6Tt a — b € A;. Autd duwg onpaiver 6Tt a — b € A.

Téhoc av a € A xar r € R Ja €yovye 6Tt yioo xdde otoyelo A; tng otxoyévelog
Yo ouuPaivel a € A;, dpa xou ra,ar € A;, dpa ra,ar € A xou 10 TEWTO UELOC TN
npbdtaong anodelytnxe. To (B) eivon dueorn ouvéneta tou (o). O
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IMopdderypo 13 Av R efvar daktiAiog téte To 10€c3deg mov mapdyetar amd éva
omoto0nTotTe oToty€Elo Tov a € R amoteAeftal and dAa Ta oroiyela TS HopPNS

na +ra+ as + Z kr;as;
i=1
peton €%, ke€Nkartar,s,r,..., T 81,...,5 otoyela tov daktuAiov. Avtd
0 enaAnlele kavels tapatnpdvtas 6t n diagpopd 6U0 ototyelwy avtig TnNg HopPPns
efvar ooeio autns Tng poperis, to 1010 kar to Ywduervo evds TEToov oTolElov e
omoi0dnoTe oTotyelo Tou dakTuAiov. XTn €101k} TEPiTTWOoN TOU 0 0akTUAI0g €yl
povdda ta mpdypata amdomoloUvtal kai €Yovpe Ty auéows napakdtw mpotaocr).

Ilpétaom 17 Av efvar évag Oaktiliog e povdda kar a éva otoieio tov tdte To
10€)0€§ Tov Tapdyer To a efvar

k
(a) = Zriasi :keNr;,s, €R

i=1
Av emmAéor o daktidiog efvar avtipetadetikds Ua éyovpe

(a) ={ra:r € R}

Arnédegn: Ag ovyPoricouye pye A 1o olhvoro {Zle ras; - k € Nyr;, s; € R}.

4 z 4 k k’ 4
Av z,y € A 161 uTd YpdpovTon oav T = Y. TGS, Y = Y ., I;as;, ondte Va

]
L 4 k kl 4
éyoupe 6T T —y = > i rlasl, bmou

T avl<i<k " si avl<i<k
T, = ’S‘: )
(=) ovk+1<i<k+k " s avk+1<i<k+k

(3

ovvenag v —y € A. Ilopbuow, av € A t67€ yioe onotodrimote r € R Yo €youye 6Tt
re,zr € A (autd mpoxUnTEL EUXOAA AGY® TNG EMUEPLOTIXNAS IOLOTNTOC) Xl GUVETHS
10 A elvan 13ewdec. Enedn a = 1ralg xan 10 a € A. Yuvenwg 1o A elvon 18emdeg
oV TEPLEYEL TO @ xat ENEWT To (a) eivar To ENdytoTo BEMDES Pe auTh TNY WIGTHTAL
XATUAAYOLUE OTL:

(a) C A
Avtiotpoga av = a5, +- - - +1as, elvon €va omolodfrote ototyeio Tou A eneidt
a € (a) xa 10 (a) elvon Weddec Vo €youue 61 1A r1aSY, ..., TRaSE € A %o dpa

T =ryas; +- -+ rrasy € A. Tuvenog xar A C (a).
Av o SaxtOAog elvar avTigeTadeTindg TOTE Yol T0 TLYHY aToryelo Tou (a),

T =rias81 + -+ rpasy =

=7ris10+ - -+ rgsga
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Moapdderypa 14 Ag ewpricovue tor daktidio RX dlov twv ouvapticewy and
éva ovvolo X o€ éva daxtUdio R kai éotw x € R. To oUlvolo

L ={f € R*: f(z) = 0}

efvar éva 1bedddes tov RX. Ay Oewprioovpe éva un kevé vrootrodo Y tov X kai
Tdpovue oav
Iy ={f € RX: yua kdbez €Y, f(z) =0}

efvar éva 10ei0€g enions mov ekppdletal kair oav pa Topn 10€wOWY:

Iy =1,

yey

Oupiloupe 6Tt 0 TUpVag EVES ououop@louol daxtuhiny f 1 R — R' eivo
unodaxtOhog tou R. H endpevn npdtaom Setyver 6Tt elvan xdmt mapandvew. Eivo
demdec. Tryv anddelr tng v agrivoupe cay doxnon.

Ilpétaon 18 Eotw R, R’ daktidior ka1 f : R — R évag opopoppiouds. O
rupnvag Ker f tov f efvar 10ewdes tov R.

IIp6taom xow Optopde 4
Av R efvar évag daxtidios kai I éva 1bedides tov tdte n ameikévion ¢ : R — R/I
e

¢la) =z +1
efvar opopoppiouds daxtudiov kar Kerg = I. H ameikdévion avtr) ovoudletar n
kavoviki) aneikévion ané to R owo R/I.

Arndbde&n: Apxel va deiouye o av z,y € R woyler ¢(x - y) = d(x) - ¢(y) xan
dz—y) = ¢(z)—o(y). ANG and v Llpbtaon 2 ¢(z-y) = zy+1 = (z+I)(y+1) =
¢(@)p(y) xu ¢z —y) = (x—y)+ 1 =@+ 1)+ (-y+ 1) = ¢(z) + (-y) =
é(x) — ¢(y). Térog ¢(z) = 0 woduvopel ye z + I = I nou woduvopel ye z € I
(Aoxnon). O

1.9 Toa Oswprpata Opopoppiopnos

Ta Yewpruata opouoppiogol o daxturioug efvar eviEA®S avdAoya pe To avTi-
oToy o Vewpuata Tou 1oy 0oLy € OUddES.

Bewpnua 13 (ITpdto Oehpnpo OpopopPlon®y)
Eoww R, R' daktidior kar évag empoppiouds daktudiowr f: R — R'. Téte

R/Kerf =~ R'
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Anédein: Eivar yvwoté meg av f 1 R — R’ eivar évag opop@lonos Saxtuliny
161 0 TUpHvag Tou K = Kerf eivar éva 18ecddeg tou R xou ouvenwe opileton o
SaxtOhog Tnhixo R/K. Oewpolye v anewxdévion g : R/K — R’ mou opiletau
anb TNy oyéon
9(z+ K) = f(z)

Ou detloupe mpwta 6TL efvan xahd oplou€vn xou ueTd 6Tt ebvar toopoppiopos. Mo
TO TPAOTO TAPATNEEIOTE TG av = ~ 2’ TdTe Yot €youpe 6Tt  — 2’ € K mou onuaivet
on f(x—2a') = f(x) — f(2') = 0 dnhadr) f(z) = f(2'), mou eivon axpiBde autd Tou
mpénet va del€ouye.

H g civon opopopgpiopée Soxtuhiwy. Ipdypat, av z + K, 2"+ K € R/K téte

g((z+K)+ (' + K))
(z+2)+K)) =

9((z+K)- (z'+ K)) =

Amopéver va Sef€oupe 61t 1 g eivan 1-1 xou eni. Enedn n f : R — R’ eivon enf yia
x&Ve y € R undpyet x € R pe f(x) =y xar npogaves g(z + K) =y, dnhadhn g
elvon emi.

Enionc av g(z+ K) = g(z'+ K) Yo éxouye 6t f(z) = f(z') Snhadh f(z—2') =
0 ¥ wodlvapa z — z' € Kerf = K, dpa x + K = 2’ + K nou onuaiver 61t 1 g eivou
1-1. O

Aoxnor 55 Yav napdderyua epappoyns tov napandvew Jewpnpatos Yewpolpe R =
R, 70 daktidio AAwv twv cwaptiioewr and to R ot R ka1 R’ = R, SuAéyovue
éva onodrnote otoryeto a tou R ka1 opilovpe F : RX — R ue F(f) = f(a). Aetére
ot n F etvar empoppionds daktudiowr kar 6t1 o daktidiog tnAiko elvar 100puop@ikds
€ T0 oUroAo SAwy twy Tpaypatikoy apriuoy.

A¢ Yewprioouye todpa dVo daxtihioug R, R' éva empoppioud f: R — R xou tov
muprivat K tou f mou elvar éva 18ewdec tou R. A¢ dewprioouye €va omolodr|note
1¥eddeg I' Tou R' xou og e€etdooupe Ty avtioTpogn edva Tou, Tou elvar éva
UTOGUVOAO TOu R:

FUIY ={z € R: f@) € 'y = (I (1.5)
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Téte 1o f7H(I') elvon éva 13emddeg Tou R 10 omolo meptéyel ooy UTooOVORG Tou
t0 K, o omolo etvar xou 13eddec tou fH(I'). H anexdvion f mepopiopévn oto
JHI") ebvon évag empoppiopds and to fH(I') ent tou I' xou éyer nuphva to K,
on6te and To Ipwto Oewpnua Ouopoppiopod Yo Eyouvue 6Tt

FUK =T

Emnmiéov 1 anetxdvion f! etvar 1-1 xou enl tou ouvbhou Ghev Twy WBewddY Tou R
Tou TeplEyouy to K.

To 6t n f~! ebvar 1-1 mpoxinter yevixd and To yeyovoc ebvan av €youue pia
ametxovion Yetagd 800 cuvorwy f: X — Y nou eivar enl Tou Y té1E 1) avtioTpogn
ouvohoouvdptnon f1: 2 — 2V glvon 1-1.18

Mo v deloupe 6Tt elvon ent Yewpolue éva eivar €va omolodrinote dewdeg I
touv Rpe K C R t6te 10 f(I) = {f(z) : © € T} eivou éva 1Bemdec!® touv R'.
Arnopéver va Setfoupe 6t fTH(f(I)) = 1. Tevixd fH(f(I)) D I. Ac def€oupe 6t
xao fH(f(I) CI. Avz e fHf(D)) tote f(z) € fF(I) drpadh f(z) = f(a) Y
xdnotw a € I onéte f(x —a) =0 dhadf 10 z —a € K. A& K C I xou ouvenmg
x el

Kotahh€aue €tol va anodetlouue 1o axdroudo:

Bevpnua 14 (Oemdpnua tng AvticTouyiog)

Eoww R, R’ daxtidior kar f : R — R' évag empoppionuds. Tote n avtiotpogn
ovvooovrvdptnon f~1 tng f efvar pla 1-1 kai ent aneikdvion petaél twv 1dewdody
tov R’ kai twr 10ewddy tov R mov mepiéyovy tov tupriva K g f.

o StatunOCOUYE TO ENGPEVO VeWpENU TaEATNPOVUE 6Tl To dlpotoua IBEWSKOY
elvar 13eddec xar to ddpotopo unodaxtuliov pe eddec efvar unodaxtihog (to
omofo dev oylet av mpoodécouye dVo unodouxtiAoug)

Ilp6taom 19
Av A efvar vnodaktidiog €vég daxtudiov R kar I éva 1d0ecbdes tou R tote to0

oUvolo
A+I={a+b:ac Abel}

etvar vrodaxtidiog tov R. Av emmAéov to A efvar 10ecddes téte Da efvar emiong kai
0 A+ 1.

Anddegn: Ocwpeiote o,y € A+ 1. Tote yrmopoldue va ypddouue z = a + b,y =
a +b 6mov a,a’ € Axu bt €. Térex —y=(a—a)+(b—0) € A+ 1 xu
zy = (ad') + (bb' +ab' +ba') e A+ 1. O

189ewpolpe A, B omoodfnote unoctvoha tov R’ pe f71(A) = f~1(B). Ac deifouyue 6t
A CB. Ava € Acenedin f e enl propolue vo ypddoupe a = f(z) v xdmowo z € R.
Hpogavae z € f1(A) = f~1(B) dnhodh Yo undpyet b € B ue a = f(z) = b xou dpa a € B.
‘Ouowa delyvoupe 6t xou B C A.

OTlpdypat, av a,b € f(I) 161 a = f(x),b = f(y) yio xdmowx z,y € I. Enedfz —y € I Vo
éyouvpe 6tta—b = f(z)—f(y) = f(z—y) € f(I). Enloncavr’ € R' enewdfo f elvar empopgropde
Yo undipyer r € R pe f(r) =r'. ANN& 21’ € T xou ovvende ar’ = f(z)r' = f(zr') € f(I).
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Bewpnua 15 (Actepo Ochpnpa Opopoppiopod)
FEorw A va efvar évag vrodaktidiog €vdg daxtudiov R kai I 10eiddeg tov R, tdte

AJ(AND) = (A+I)/I

An6dedn: ‘Eva tumixé otoyeio tou A/(ANI) eivarto X =z +ANTpex € A
Ocwpeiote ty anewoévion f: A/(ANT) = (A+1)/1 pe

fla+(AND)=z+1

H anewovion eivar xahd oplopévrn agol av z € A téte xou & € A + I. Edxola
detyvouue 6Tt efvan opouopglonde xar apxel vo Set€ouvue 6Tt elvon 1-1 xan exl.

Mo va Set€ouye ot elvon 1-1 apxel va det€ouue 6Tt 0 Tuprvag Tng etvor 1o ANT.
Hedypatt 1o undév otov A + I/I eivaw 10 I xou av f(x + (AN I)) = I to6te
x4+ 1 =1 xu ovvenwg z € I. Agod x € A Yo €youpe 61t o € AN T xan CUVETKS
r+ANI=ANI.

Mo va Sef€oupe 6Tt elvon ent, Yewpolue éva x € A+ 1. Tote x = a + b ue
acAbel A& fla+ AN =a+(A+)=z—-b+(A+I)=z+ (A+1I).
O

Téhog €youue T0 axdroudo:
Bewpnua 16 (Teito Oempnua Opopop@iopon)
(a) Av f: R — R' elvar évag empoppionuds daxtudior pe Kerf = K ka1 I éva
10ecddes tov R e K C 1. Tére vo f(I) efvar 16ecddes tov R kar
R/I = R'/f(I)

(B) Av K eivar éva 16edddes o€ éva daktidio R kar I éva 16ecddeg tov R pe K C T
tdTe:

R/1= (R/K)/(I/K)
Ano6dedn: (o) Enakndedouye mpdta dut 1o f(I) eivan 1deddec oto R’ xou opi-
Coupe pia anetxévion g : R — R'/f(I) pe

g(x) = f(x) + f(I)

H anewdvion avt etvan eni?®. Enforng enedf Ker f C I Yo éyoupe®! ou f~1 (f(I)) =
I mou odnyet oto 61t Kerg = I agod

9(2) = Opyp) &

flz) e fI)
zef(fU)=1

20E{e 1o delyvoupe ancudeioc eite napatnpolye 6Tt elvon clvdeon dVo empop@IoU®Y g = ¢o f
6mou n ¢ : R — R/ f(I) n xavovix| anexdvion.
21 Aec 10 Oewpnua AvtioTouyloc
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Eqapuéloupe 1o Tlpwto Oewpnua Opopoppiopol xar €Youue dueca 6Tt R/I =
R'/f(I).

(B) Ac Vewpriooupe Tov Quotxd opopoppowd ¢k : R — R/K pe ¢ (z) =
r+ K. Téte ¢px(I) = I/K, Kerg = K C I xou epapbdlovpe 1o (a). O

1.9.1 Aoxvoe

Aoxnon 56 Ocwpolue éva omowdnrote mpwto p kar to ovvolo R Awv twy pntav
4, a € Z,be N\ {0}, (a,b) =1 ka1 p [b, e dAAa Aéya dAovs Tous pnTols mou av
ypagoly otn popen avdywyov kAdouatog o p Ocv daipel tov napavouaotr. Eotw
I o otvodo dAwv twv § € R (o€ poperj avdywyov kAdouatog) jie pla. Na deibete
6t to R efvar vmodaktidiog tov daktudiov twr pntav, to I elvar éva 10€cdes Tov
ka1 R/I efvai 106poppo je ©o Zy.

Aoxnon 57 Av f: R — R’ elvai évag empopgionds daxtudioy va deibete 6t ya
onowdnmote 10eiddes I' tov R Ja wyver:
R/fT(I) = RT

Aoxnomn 58 Eoww = jua oyéon wodwvauias oe éva daxtidio R mov éyer g ma-
pakdtw 1010TnTeg:

1. Ava=bkaid =V tértea+b=ad + ¥V

2. Ava=bkard =V tére ab=a'V

Aeitte én vndpyer éva povadiké 10eides I oto daktiAo mov va opiler Ty oyéon

avtn) dnAadna=bsa—b el

Aoxnon 59 Eotw R évag daxtiliog kai I éva 10ecddes tov. Na detéete oni:
O R/I dev épa daipéres tov 0 av kar puévo av

abel =>a€l elte be 1

Aoxnomn 60 Eotw R évag daktidiog kai I éva 10ecddes tov. Na detéete oni:
O R/I ewar avtipetaletikés av ka1 pévo av

I'a xkd0¢ a,b € R,ab—ba € 1

Aoxnor 61 Eoww R évag daxtidiog kar I éva 10ecddeg tov. Na deibete omi:
O R/I éyer povdda av kar pévo av

Trdpyer e € Rtéroo dote ya omowdrinote a € R,ae —a,ea —a €

Aoxnom 62 Eoww R évag daktidiog kar éotw N to odvolo twy undevodivauwy
oToeiwy Tov, 0nAadn

N = {z € R: Trdpye axépaiog n > 1 pe z" =0}

Na deibete 6t1 o N efvar 16edddes tov R kar 6t o daxtidiog R/N dev éyer undevo-
dUvaua oroiyeta.
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1.10 Meyiotixd I8ewdn-ITpdta 1dewdn
A¢ Zextviiooupe Pe Eva amAd Afupo:
Adppa 1

7 4 z /7 z Z / g

Eotw R évag avnpetaletikds daktihiog pe povdda. Tdre éva otoreio tov a
etvar avuiotpéipo av kar pévo av to 106edddes (a) mov mapdyer to a €efvar 6Aog o
daktiliog R.

Anodedn: Ag Juundolye 6Tt
(a) ={ar:r € R}

Av 10 a avtiotpégeTon T6TE VoL udipyet évae x € Rpe ax = 1. AN& tédte ar =1 €
(a) mou ouvendyetar 61t (a) = R.

Avtiotpoga, av (a) = R 6t 1 € (a) ondte Yo undpyer r € R ye ar = 1,
OnAad”| To a avtiotpépeTan. [

Anéd autd Yo €youpe dueoa ot

IIpotaom 20
‘Evag avtipetaletikdg darxtidiog pe povdoda efvar odua av kair poévo Oecv éyel
TETPIUMEVA 10€ON.

Oplopdc 33

Eva yvnjoo 10ecdeg M evdg daxtudiov R Ja Aéyetar pepyrotiko 16€wdeg av
dev undpyer Yrnow 10€de§ Tov va to Tepiéyel dapopetiké and avtd. Me dAda
Adya to M etvar peyiotiké av M # R kai av to I efvar 10ecddeg pe M C I tdte
I=MnlI=R.

Avagépoupe To TopaxdTw Oempnuo ywelc anodeldn:

Bewpnua 17 (Oewpnua Krull-Zorn)
KdOe yvnjoo 10ewdes €vds daktudiov pe povdda mepiéyetal o€ HeVIOTIKG 10€w-
deg.

Ta peyotxd 18ewdn tou Z etvon axpiPog autd Tou TapdyovTon and Toug TE®-
Toug apriyois, Snhadh ta (p) = {kp: k € Z}. Anbd 6houg toug SoxtOMoug Tnhixo
Ly, = Z/(n) autof mou eivor oopota eivar axpiBde autol mou tapdyovion and T
veytoTixd Wewdn Tou Z. Autd dev elvon clUTTRO).

To endpevo Yewpnua elvon Eva and o To onuavTixd ot Ocwplar AccTulwy.
H ornuacia tou Yo gavel xuplwe otn Ocwpio Lwudtwy.

Ocwpenua 18
FEoww R évag avtipetaletinég daktidiog e povdda kar I éva yvrjowo 10eides
tov. Téte 0 daxtidios R/ etvar oddua av ka1 pévo av vo I efvar peyiotikd 10edoe.
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Anéde&n: Ac unodéoouye bt 1o I eivon peytotind dewdeg tou R. To R/I eivon
avTipeTde Tt SoxtOAOg Ye povdda agold xar To R elvon xon 1 wovdda Tou elvou
0 1+ 1.

Ac Yewprioouue Ty xavovixd anexévion ¢ : R — R/I, mou eivar empopopde
xar og Yuundolue 1o Oewpnua e Avtiotorying. H o1 etvan war 1-1 xou ent
anewévion and ta 13emdn Tou R/1 ot 18eddn tou R mou meptéyouy 1o I. ANNS ta
teheutaio eivar pévo ta I, R mov onpaiver 6t 1o R/1 éxer axpiBde 300 18eddn mou
avoryxaoTtixd Yo etvon tor tetptupéva. Me dAha Aoyt to R/ 1 Sev éyer un tetpyuuéva
1Bewdn xow and v IHpdtaom 33 o elvar copa.

O {8o¢ curloyioude Pag Setyver xar To avtioTpoPo (o’com]on) O

Mot dAAn onuavTin xatnyopio 3Ewd®Y exTOC and Ta PEYIOTIXG EWdN elvou
AUTH TV TPWTWY LBEWOWY.

Oplopde 34
‘Eva 10eides I evés daktuvdiov R Ja Aéyetar mpaiTo 18eddeg av ab € I ovve-
ndyetar 6tia € I efve b € 1.

H enduevn npbdtaom elvar dueor ocuvéneta Tou oplopou.

IIpbtaon 21
‘Evag avtipetatlenindg daktidiog pe povdda efvar aképaia mepioxr) av kai povo
av o (0) efvar npcdto 10€dde.

"Evag yopoxtnelopos twy TemTey LEmSMY eVOC avTIUETOHIETIX0U SoxTOAMOU UE Ho-
véda avdhoyog Ue auTov Tou pag €dwoe 1o Oewpnua 18 divetar and 1o axdrouvdo:

Ocwenua 19
FEorw R avtiperalenikds daktidiog pe povdda. ‘Eva 10eiddes I tov R efvar
mpdTo av kai uévo av o R/1 evar axépaia mepioym.

Anodedn: Ac unodécouue 6Tt To I elvor Tp@TO OEMDES VOGS avTiueTadETIN00) dot-
xTt0Nou pe povdda . T va delouye 6Tt T0 R/I givou ax€poual TEQLOY Y TEETEL VL
detouue 6Tl av To YvouEVO dU0 oTotyeElwy Tou etvar UNdEY Evar amd ouTd TOLAGYL-
otov Yo efvor undév. Me dhha Aoyt av (a+1)(b+1) = I npénet a+1 = I(10080vopa
a€l))eiteb+1=I(oodlvapa b e I)ANG av (a+1)(b+1)=ab+1 =1 t61€
ab € I xou agol 10 I elvon mprTo 1dewdeg Yo €youue 6T elite a € [ elte b € 1. N
T0 avTIoTPOPO ATAG AVTICTREEPOUPE TOV TEONYOUUEVO GUAAOYIoNG. [

Ochpnua 20
KdOe peyotiné 1d0ecrdes evds avtiperadetiko daktiAov e povdoda efvar mpadto
10€0€.

Anédegn: ‘Aucorn ouvénela wv Oeswpnudtey 18 xou 19 O

Mogdderypa 15 Av Jewprioovue tov daxtidio Z x Z pe (m,n) + (m/,n') =
(m+m/,n+n'), (m,n)(m',n') = (mm',nn’) tére to Z x {0} €ivar npddro aArd Gy
HEVIOTIKG 10€0ES.
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IMopdderypo 16 Ovoudlovue SaktiAio tov Gauss to dakTidio
G={a+bi:abeZ,i’=-1}

mov efvar petaletikdg dakTUA0§ e povdda vmodakTUA0g Tov OaKTUAlOV Twy uiya-
oy apiucv. Ta oroiyefa tov Aéyovtar ka1 axéparor tov Gauss. Eotw n
évas Jetikds axépaiog apruds kai ag opicovpe
I, ={a+bi:n|a ka1 n|b}

Ta I, etvai 10ec0n. To I3 etvar peyiotikd 1dewdes. Ilpdyuati, ag vrodéoovue dn
10 Is C M pe M 1dedddes dapopetid ané avtd. Ag ndpouue éva x + iy € M \ I.
Téve 3 [z efve 3 fy. AN tdte 3 [2* + y* (yatl;). O epifudst = z* + y* =
(x +iy)(x — 1y) € M apod x +iy € M.

Agot (3,t) =1 Oa vrndpyovr a,b pe 3a +bt = 1. Tdpa 3a € M apob 3 € M
ka1 bt € M apovt € M. Apa 1 € M kar ovvends M = G mov onuaiver éu to I3
efvar peYoTiKo.

Hapaznpeiote tépa 6t d = (2+10)(2 —1) kb € I5,2+ i & I5,2 — i & I,
dnAaon to I dev efvar mpato 10€cddeg dpa oUTe Kair peYIoTTIKo.

1.10.1 Aoxnoeig

Aoxnon 63 Arnodeilte tny avtiotpogn kateiluvvon tov Oecwprjpatog 18.

Aoxnom 64 Na deibete du1 ta péva 16eddon tov Z etvar aved tng poperis (n) pen
puoKkos aprtiuds kair 6t éva 10€wdes Tov Z efvar peyotikd av kai pdvo av tapdyetal
ané mpwto apiud.

Aoxnon 65 Ag Jewprjoovue to daktidio tov Gauss, OnAadn to dakTidio
G={a+bi:abeZ,i’=-1}

mov efvar petaletikdg daktUA0G i€ povdda vmodakTUA0g Tov OaKTUAiOV Twy uiya-
oy apiucdy. ‘Eotw
I3 = {a+ bi : 3|la ka1 3|b

Na anodeibete 61 0 daktidiog G /M efvar éva odua mov éyer akpifds 9 otoryeta.
Aoxnom 66 Xto G va Jewprioete to M = {z(2 + 1) : z € G}. Na anodeilete du
G/M = Z;

Aoxnomn 67 Eotw
Z(V2) ={a+bV2:0a,bc Z}
Kai

M = {a+bV2 € Z(V2) : 5a, 5|b}
Na anodeibete 6ni to Z(\/2) /M etvar éva odpa je 25 otoryeta.
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1.11 Ocwpiat ALUPETOTNTAC OE AKEQAUES TEPLOYES

Yy napdypapo ot Yo emtyelpficouUe va enexTEVOUNE TNV Vewplo StatpeTtdTnTog
mou avantLaue oto Z oe pia agnenuévn axépona mepoyr. ‘Olot ot Saxtilol
mou Ya Yewpolye oe auth| TNV Tapdypapo Ya elvon axgpateg Teployes. 11N «Vewpia
SLotpeTOTNTACY ONUAVTIXd pOA0 Taflouy Ta OEWdN TNE axéponag TeEPLoy g xat xLElLS
Ta 18O Tou TapdyovTon and Eva TENEPACUEVO TAY0G GTOYEIWY a1, ag, - . . Gn TNS
axéparag meptoyng. Ouuilouue 6Tl Ta xOEL WBEWMDY ulag axcpoag meployhic R
elvon ta 18ewdn Tou mapdyovton and éva ototyelo, dnhady autd TG Lop@ng

(a) ={ar:r € R}

Eniong Yupiloupe 61t 10 18eddeg MOL TORdYOLY TA A1, g, . . . Gy EIVAL TO GUVOLO
OA®Y TV GTOWYEIWY TNG WOPYNG T1a1 + -+ + Tpy & T1,..., T, € R. Ta otoyeia
auTd ovoudlovTon ot oL GUYdLACKOL TWY a1, ay, . . .Gy -

(a1,a9,--.an) ={ria1 + -+ rpay :71,...,7n € R}
Hapatneeiote eniong ot
(al) ARERNA (a’n) g (a’la"'aaﬂ)
EexvalE PE EVa TROQAVT, 0PIOUO:

Ogopdc 35

FEorww a,b 0o un unodevikd ooryeia pias axépaiag mepoyng R. Oa Aéje dtia to
draipet o b av vndpyer ¢ € R tétowo dote b = ac. Xe avth tny mepintwon Ja
ypdgoupe alb. Av alb Oa Aéue enions 6t to b Srapeitar and to a. Oa Jewpolje
6t to Ola ya kdOe a € R.

Mia 1ood0vour Statinwon oty YAWCoK TwV WBewdwy elvor 1 Tapaxdte:

IIpotaom 22
To ooiyeto a daipel o b av kar pévo av (a) C (b)

)
alb < (b) € (a) (1.6)
Anodedn:
alb < dr:b=ar <= b€ (a) < Vr br € (a) < (b) C (a)
U

Ogopoc 36

Advo ovoiyeta a,b piag axépaias nepioyris R Ja Aéyovtar opdAoya (ws mpog tny
daipetdTnma) av o éva Sapel o dAdo 1) 1wodUvapa av ta 10€dn mov mapdyovy
ouuminTouy.
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Oa ypdgpouye a ~ b av ta a, b eivar opdroya. H oyéon auth elvar pavepd oyéon
ooduvoplog ot ula axépota TEPLOYN 22 Mepiég amhéc mapatnenoels oyeTiNd Ue

TIC ToPATAVE €VVoleg Tig cuvodiCouue ot pia tpdTaon:

IIpbtaom 23

7 / / /7

Eotw R pia axépaia mepioyn).

1. Eva ovoieio tng R elvar avtiotpéipo av kar pévo av efvar opddoyo tov 1.
2. Avo oroiyeta a,b eivar opdloya av kai pdvo av vrdpyer éva avtiotpépipo otor-
xeio e je a = eb.

Agol Ta avtioTtpédua otoryelo eivon axpiBee autd mou eivor opdAoya UE TN
wovdda Yo o AéYe xan povadaia.

Yoy mapdderyuo ava@époue 6Tt 0To SaxTOAMO Twy axcpaiwy Tou Gauss Tta
wovadtaior otovyelo elvon tar 1, —1,7, —7 xan pévo autd.

Yuveytlovtag v avdmtuln plag «yevixic Yewplag danpetdTNTAC» EIOGYOUUE
23

TIC EVVOLEC TOU YEYIOTOU XOWVOU SLotp€Ty Xl TOU EAGYLOTOU X000 ToAAATAAGIOV™.
Opwopog 37 Eotww ay,ay,...a, un undevikd ovoiyela pilag aképaias tepioyris 1.
‘Eva otoiyeio d # 0 Ja Aéyetar kowdg 0iaipétns twv ai, as, . . . a, av diaipel to kde
éva and avtd ka1 péyotog Kovdg BrapéTng Twr ai, s, . . .0, av

(a) To d etvar kowds daipéTng twy ay, ag, . . . Ay,

(B) KdOe dAdog korvds drapétns d twv ay, as, . . . a, Oiaipel tov d.

‘Eva otoiyeio m # 0 Ja Aéyetar kowd moAdamAdoio twv aq, as, . . . a, av daipeital
/ V4 /7 / V4 / ’ 7’ ’
aré to kdle éva arnd avtd kar Oa Aéyetar eAdyioto kowvd moAAamAdoio twy
ai, ag,...0a, AV
(a¢) To d elvar kowd ToOAAaTAdO10 TV a1, a3, - . - G-
(B) KdOe dAdo kowd moAdamAdoio m' twv a1, as, . . . a, Saipeftar and tov m.

Hapatneeiote 6Tt oL opiopol elvon oyedov (Blor ue autole mou elyoue 6To do-
xTONO TV axepaiwv Ye TN Stapopd 6Tt exel 0 PEYIoTog %0WVOG dlonpétng VEAouE
va elvor Yetixde aprdude. Auth i emtmhéov ouvixn xou To YeYovog 6Tl oTo Z T
wova avtioteéduua otoryeio etvar tar 1, —1 pog e€acpdhle Ty LovadixoTnTa Tou
LEYLoTou xowvol Staupétn (xou avtioToryo Tou ENdytoTou X0vo) TOAAATAGGIOL). Y
ula axéponar meptoy ) Sev €youue BEBona 00TE Ypoyuuixt| Stdtadn xon mdavdToTa ToA-
A& () oxbpo xon dmetpar ) avtiotpédiuo ototyeld onéTE SeV UTOPOUUE VoL £YOUUE
HOVOBIXOTNTA AUTWY TV EVVOLOY. 'Eyouue ouwe povadixdtnta wg npog tn oyéon
tooduvoplog ~ mou oploaue Aiyo moty.

21 yevind o€ éva SoxtONO 2ol oL oplopol auTol uTopoly Vo emextadoly ot onolodRToTE
doxtOMo

BTapatneeiote Tov Suiopd Twv 300 AUTHOY EVVOLKY 6TI0L 1] VVOLd TOU EALXLOTOU XOWVOU TOANA-
TAGOLOL TIPOXVTITEL ALY OTOV OPLOUO TOU UEYIOTOU XOWVOU DOLEETN AVTLXATACTHOOVUE TO «Dlotpely
ue «dianpeltony
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Av ay,a,...a, eivar un undevixd otoyela t6TE 0L PEYIoTOL XOWOL DlanpéTeg
Toug (av undpyouv) Yo eivon Ghot oporoyor UeTaED Toug. Me dhhar Adytat:
Av d elvar évag puéyiotog kowds Naipétns twy oToEwY a1, Ao, . . . Gy TOTE kKdUe
dAAog néyiotos kowds diapétng d' Ya ypdgetar oav d' = ed e e povadiaio otoryeio,
aAdd ka1 kdOe otoeio Tng popeng ed e e povadaio Ya efvar péyiotog kowds
O1aPETNG TWY A1, A, . - - O
Avdhoyr mapathipnon oy Vel xou Yol T0 EAGYIOTO 0O TOAAATALGIO.

MéyioTor xowol Stanpéteg dev undpyouy anapaitnta o€ xdie axépoua TEPLOYT.
Mo Vo Tpoywerficoude TEPLOGOTERO TEETEL VAL TEPLOPLOTOUUE OE TEPLOYES OTOL UTO-
polue va eCacparicovye TNy UToEEn uéylotou xowol dtatpétn. Ou oTpapolue
xVplw¢ 0T UEAETT TOU PEYIOTOU X0LVOU BLotEETy) TUEd OE AUTHY TOU EAGYLOTOU XOL-
yoU mohhamAdotou yix 300 Adyoug. H €vvoia tou péyiotou xotvol Stanpétn eivan
TOAD TO ONUAVTIXY) YO VO UEAETAUE TREOBAUXTA SLUEETOTNTAS XL ETUONG AV YV@-
eiCouue 6Tt uTdpyEl 0 PUEYIoTOG X0WVOG BlonpéTng EEPOUUE OTL UTIAPYEL XU ENGYIOTO
x0wv6 mohhamAdoto. T va to Sei€oupe autd Vo dei€oupue mpwTar Evor AupoL.

Adupo 2 Eotw ai, ..., a,,r Un undevikd ovoiyela piag aképaiag mepioyns.
Tére:

(a) Av urndpye évas péyiotog kowds daipétns d twv ray, . . ., Ta, TOTE VTdp-
et évag péyiotog kowds dapétng d' twv ay, ..., a, ped =rd.

(B) Av undpye éva eddyioto kowvd moAatAdaio m twv ay, . . ., G, TOTE UTdpYEl
éva eldyioto kowd moAkamAdoo m' twv ray, ..., ra, pem' =rm.

Anéden: (o) Ac unodéoouvue bu undpyer évac uéytotog xowvée daupétne d
WY 701, . .., T0,. To 1 elvon €vag xowde drapétng Twyv ray, . . ., ra, dea donpel to
d mou onuaiver 61t undpyer d' ye d = rd’. Oa deifouue 611 0 d' elvon évag péyioTog
200G BLUEETNG TWY a1, . . ., Gy. Pavepd elvon xowvdg Sanpétng. Méver va dei€ouue
oTL x&de dAhog %0 DEETNG T TWY a1, .. ., a, Yo Tov Stoupel. O 7t elvon x01vog
Stoupétne WV ray,. .., ra, xa ouvenwe rtld dnhadf rt[rd. A& téte t|d', xou
det€aue auTtd Tou VEARAE.

To (B) to aphvoupe cav doxnon. O

Ynueiwon 2 And to mponyoluevo Anuua av vrdpyer péyotog kowos naipétng

TWY 701, - - ., Ty Ua vTdpyel kai péyotog kowog 0aipétns Twv ai, . . ., a,. 1o avti-

/ z g 7 / Z /
otpopo AEN 1wyve ndvrore. Eniong av yvwpilovue tnr Urapén ekdyiotov koot
ToAAamAdoiov yia Tous ay, - . ., a, E€poupe Ot utdpyel kai Yia Tovg Taq, - . ., Tay. Ki

edad AEN 10y Vel ndvtote to avtiotpogo. Avtd uag defyver to enduevo napdderyua.

IMopdderypo 17 Ag Jewpnjoovue to daktidio
R=7Z(v-5)={a+bv/-5:a,b€ Z}
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/ z Z ’ / 7,24 /.
mov efval aképaia mepioyrj oav vnodakTtidiog Tov odpatos twy uyadikdv*t. Efvai
xprioipo va opioovpe ka1 pia extiunon N(z) mov o€ kdOe otoreio v tov R Oa
avtiotoryel éva Jetiké axépaio N(z) kai 1) omoia va oéfetal tov moAAamAaoiaoud:

N(zy) = N(z)N(y) (1.7)
Avtn optletar ané tn oyéon
N(a+bv=5) = a® + 5b° (1.8)
Aev efvar dUokodo va dolue 6t e avtd tov opiopd ikavoroieitar ) oyéon 1.7 Adyw
g yevikAg tavténag® :
(a® + mb?)(c* + md®) = (ac — mbd)* + m(ad + bc)? (1.9)

Av ya kdnowa otoeia x,y tov R owéBawve vy = 1 Adyw tng oxéons 1.7 Oa etyaue
6t N(z)N(y) = 1 dpa Oa énpere N(z) = N(y) = 1. ANd n oxéon a* +5b* =1
oTovs aképaiovg onuatvel 6tia = +1,b = 0 ka1 kataAnyovue éur ta udva povadiaia
(=avniotpéiua) oroeta tov R efvar ta 1, -1. I'evikdrepa Oa éxyovue®:

alb = N(a)|N(b)
Ag Decwprjoovpe tovg apripois
A=3, B=2++-5
Eivai ekolo va dolje ot

Yrdpyovv péyioror kowvoi Srapéreg twv A, B oto Z(v/—5) kar eivar
o1 1.

Ag doUpe tipa av vrdpyovy péyiotor kool daipétes twy apruwy
3A=9, 3B=6+3vV-5

Oa éyovue

9=3.3=(2+V-5)(2—V-5)
6+3vV-5=3-(2+V-5)

Aev efvar dUokodo va boUpe®” dui o1 uévor draipétes Tov 9 efvar o1

+1,43,£(2 + v/=5), £(2 — vV/-5), 9

243nhad oL mpdEers elvan oL cuvAdels TPdZelc Pryadixdy apLIUY

BTiem =5

Zay alb téte Yo xdmoto ¢ Yo elyope 6Tt b = ac xon and v oyéon 1.7, N(b) = N(a)N(c) dpa
N(@)|N ()

2TAv 0 a + by/=5 donpel Tov 9 téTE Vot Tpémer a? + 5b%|81 Snhadh Yo mpémer a + 5b? = 1 4
a® +5b% =3 # a® + 5b% = 9 % a® + 5b% = 27 ¥ a® + 5b* = 81
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Kai tov 6 + 34/ —5 o1
+1,4+3, +£(2 4+ v/—5), (6 + 3v/—5)

K@l OUVETHS 0 kool Diaipétes eivai o1
+1, 43, +(2 + V=5)

Kavels duws arné avtols dev umopel va dapeftar ané OAOTY tous vnddoimoug
KowoUS 01a1péteg kai kataAyovue ot

Aev vndpyer péyiorog korvog drapérng twv 3A =9, 3B =6+ 35
oto Z(v/-5).

A¢ Yuundolue edd 611 av undpyel xdmotog YéyioTog xovog Sanpétng d yiar xd-
TOLXL GTOLYELX @1, - - . , Oy WG AXEQAAG TEPLOY NS TOTE AUTOG OEV PEV Efvar LoVadLxXOg
aMA& xadopiler bhoug Toug umdAottoug Tou eivon axplBKg Goot eival opdloyol e
auToV, dnhadh e popeic ed ue e éva povaddo (=oavtioTeédiuo) GTOLXEfOQS.

To mponyoluevo Afppa pog éAeye 6Tt av Yvwpllouue tny Uapdn evég Y€yioTou
%000 Stang€tn d Yol T Ay, T, - . ., TAy TNY YVWEICOVUE X0 VIO TX 1, G2, . - ., Up
xou pdhtoto o d eivar g pop@ic rd’ pe d' péytotog xowde Slnpétng TV a1, s, - . . , p.
To avtioTtpogo dev woylel Tév1oTE, OTWS TO TEONYOUUEVO TapPddEryUao Hag EJELEE.

To enduevo Afupa pac Aéet 6Tt av yvwpilovpe Ny Onopdn UEYIOTOU XOL-
vou Stoupétn yio onotadrinote (un undevixd) ototyeio piog axéponag neptoyfc TOTE 0
x80e xowog Sranpétng d Twv ag, as, - . ., ay, xdopllel TAP®S TOUg UEYIOTOUS XOL-
voUG SIMEETES TWY T'G1, TG, . . . , Ty OAY OAOUS AUTOUE TTOL Efvar oudhoyot ue Tov rd.
Al xon avtioTpoga av E€poupe UEYIOTO x0WE SLoUpETN YId TOUC T'G1, A2, . . ., Tay
auTtHe elvon ToANATAdoLo Tou 7 xat xodopilel €16t GAOUC TOUC UEYIGTOUS XOLVOUS
SloupéTeC TWY A1, T Az, . . . , Ay YE TN OYéon®

MKA(raq,...,ra,) = rMKA(aq,...,a,) (1.10)

Adppo 3

Av R elvar pia axépaia mepioyn pe tny 1616tnta ya onowadnmote dvo un punde-
vikd otoeta tng va vrdpyer €vag pnéyiotog kowds daipétng tous Tote ya omoia-
dnmote un undevikd otoeia a,b,r € R wydea to e&ng:

O d efvar péyrotog kowds daipétng twv a,b av kar pudvo av o dr efvar néyotog
kowds daipétng twy ra, rb.

BKdmw and oautd 10 Tplopa pTopolpe vor ASPE YL Vol uéyloTto xowd Slonpétn oo vor efvon
povadixoc.

BMPOTOXH ébpwc, 1 oyéorn auth LoyVEL OE oxépauec TEpLoyéc Tou YVwpllovue 6TL émoLa
otouyelo xou var Tdpoude auTd £xouy UEYLoTO xowd dlanpéTy.
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Anédegn: Ac unodéoouye ot d eivan U€yiotog xowvdg dionpétng twy a, b téte o rd
elvar évag xovog Stoupétng Ty ra, rb. Ag utodécouye 6Tt o d' eivor évag péyioTog
x0Wv0¢ BLloupétng Twv ra, b (tou umdpyel Aoyw tne unodeong 6Tt dVo omoladhroTe
un undevixd otoryeio €youv péytoto xowéd droupétn). And to Afupa 2 Ya undpyet
uéytotog xowde dtupétne di twv a,b ye di = rd’. Alo onooldinote péyrotol
xowol dlonpéteg Twv a, b eivar oydroyor yetald toug dnhady| di = ed yia xdmolo
avuoteédipo ototyeio e. AANAG téTe 0 dr Yo eivon oudhoyog Ue tov dir = d' xou
OUVETOG UEYIOTOS XOWVOS SLoUpETNG.

Me Tov {810 cuhhoyiloud anodetxvieTon xon To avtiotpogo. [

Telewwvovue auth) TNV Tapdypapo Oetyvoviag 0Tl OE UXEPUIES TEPLOYES TOU
E€poupe 6Tl LTdEYEL UEYIOTOS XOWOS Blonpétng yiar omoladhmote 300 un undevixd
otolyelo Toug TOTE LUTAPYEL UEYIOTOC XOVOC SLotpE€Tng Xt EAGYLOTO %OVG TOANA-
TAdolo Y 000dNToTE TOANS un undevixd otoryeia.

Ilpotaon 24

(a) Av o€ pia axépara mepoyr) vndpyer péyiotos kowds hiapétns Vo omoiwy-
dnmote un undevikdy otoelwy tng tote Ja vrdpyer péyiotos kowds Oiapétng
onowvdnrote(tenepaouévov) TAnovs un undevikdy oroyelwr Tr.

(B) Av oe pla axépaia nepioyny vndpyer eldyioto kowd moAAanAdoio 6Uo omnowwy-
drymote un undevikdwy ororyeiwy tng tée Ja vndpyel o eAdyioto kowd moAdamAdoio
onoovdnrote(tenepaouévov) TAdovs un undevikdy aroyelwy Trg.

()  Av o€ pia axépaia tepoyr) vrdpyer péyiotog kowds haipétng (avtiotoiya,
eAdyioto kowd moAAamAdoio) 6o omowwvdriTote un undevikdy oroiyeiwy Tng ToTe
Oa vndpyer eAdyioto kowd moAamAdoo ( avtiotowa, péyiotos kowds daipétng)
0vo (dpa ard (a) kair (B), kar omowvdrinote TAYovs ) un undevikdy oroneiwy

me.

Anodedn: () 'Eotw R pio axépona neployn otnv onoio Undpyet U€ytotog xot-
vog Stanpétng d0o omowwvdrnote un undevixwv otoryeiwy tng. Ou delfouue pe

ETAYWYY 0T0 N > 2 6TL AV €YOUUE Ay, . .., Gy UN undevixd otoryeio tng R da v-
ThpyEL 0 UEYIoTOS X0WOS Blonpétng Toug. Tan = 2 autéd elvar 1 unddeon yoc. Ag
uno¥€oouye 6Tt T Yvwpilouye Yo xdmoto n—1 > 2 xat ag Vewp|OOLYE a1, - . ., Gy

un undevixd otovyeio g K.

Eotw dy va elvar évac ugytotog xowvés Siupé€tns twy ai, ..., 1, 0 OT0OS
urdpyet and Tny enaywys) uag unéveon, xat d vo elvar UEYIOTOS x0VOS Statpe€Tne
TwY dy, an. Ou Seilouue 6Tt 0 d elvan UEYIOTOC XOVOS TWY A, . - ., Gp—1, Op.

Pavepd o d eivon xowdg Stupétng. Ag unodéoouvue 6L d' elvon évag xovog
OLUEETNG TWY A1, .- -, An—1, Ay TOTE Vot Elvat %ot %00 BLUEETNG TWY A1, . . ., Qp—1
xat Aol o dy elvor 0 PEYIOTOS %x0WVOG SLtEETNG LTV TV apriuny Ja €youue oTL
d'|dy. Buvende o d' elvon évag xowde dranpétng twv dy, a, xat agol o d elva o
LEYLoTOC X0vOS dtanpétng twyv dy, a, Va €youyue 6t d'|d, mou onuaiver 6Tt o d elva
UEYIOTOS XOWVOC BIAQETNG TWY A1, - . -, Ay 1, Cpg-
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‘Ouota Seiyvouue xou to (B).

[ o (7): Ac unodéooupe éyouue pia axéparar meptoyf) R émou undpyet o
UEYIOTOG %0wOG Donpé€tng 800 omolwvdnmoTe un undevixwyv ototyelwy tng. Ag
Yewprioouvpe a,b un undevixd ototyela tng R ot €otw d va elvon €vag PEYIoTog
%0WVO¢ SLotpETng Toug, OTOTE Yl xdmol a1, by € R Yo €youvue 611

a:dal,b:dbl (111)

yioo xdmota ar, by € R. Tote agol 1o d - 1 elvar y€ylotog xowog Stoupétng twv
day, day o Afppa 3 pag e€acgohiler 6Tt

(*)  To 1 efvar péyorog kowvds draipétns wwv ay, by.
Ioyupilopon ot
(**)  Om = dajay evar eAdyioto kowd moAdamAdoio twv a,b.

Agob m = ab; = a1b mpogavag elvar xowvd ToAhamhdoto. Apxel vo del€w 6Tt Yo
Stoupel onotodhnote dhho xowvd molhamhdolo m' Twv a,b. Ocwpolye hotmdy Eva
tétolo m'. Téte Yo undpyouv z,y ye m' = za = yb xou and v 1.11

m' = za = yb = xda; = ydby = za; = yb; (1.12)

Abyw tne (*) 10 1 eivor péyiotog xovoe Stoupétng Ty ar, by xou cLVETHS and TO
Afppo 3 to y Yo elvon pé€ytotog xowog Sroupétng Twy yar, ybi. AAAG and tny 1.12
€YOuUE OTL 0 a; elvon x0oVOC DEETNE TV Yay, yby xou cuvenws Ya Stonpel Tov Y.
Al t6te 0 m Yo Sranpel tov a'. [

Opopoc 38
Oa ovoudlovue pia axépaia mepoyn R, ma MKA-nepoyn) av omowadrmote 60
Hn undevikd ovoieia tng R éyovr péyoto kowd haipén.

1.12 Avéywya otoryeio-IIpowto otoiyeio- Opiopog
g Ilepioyng povooruaving avdhuong

Kdée orotyeio a yrag axéponag meployfic unopel va Stacnactel o€ Yvouevo Ue Eva
TETPIEVO TEbTO: a =1 a, f axbua a = (—1) - (—a) xou yevixd

a=e-(e'a), e avuotpédyo otoyeio e R (1.13)

Euelc evdiagepduacte yio otoryeio ulag axéponag meptoyfs yiow T omoiot 0 uévog
TEOTOG VA SLUOTHOTOUY OE YWOUEVO elvan o mponyoluevog. To otoryela autd To
Aéue avdywya. Xto Z ta avdywyo ototyeio eivar autd tng wopprc £p dmou p elvar
T TOS apriude.
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Opiopde 39 Eva un undeviké oroiyeio p ptag axépaiag mepoyns da to ovoud-

lovpe:

1. Avdywyo av dev eflvar unoérv 1 avtiotpédipo 1 kar av orotednmote 10) Vel
p = ab t0te €ite t0 a €fre 0 b efvar avnioTpéipio.

2. Ipdro av dev efvar undév 1 avuiotpéipo kar omotedrimote plab téte efve pla
efte plb.

Pavelg.

H évvola Tou TpodTou elvon To 1oy Ler) amd AUTHY TOU AVEYWYOoU UE TNV EVvola
ot T TpwTa ototyela elvon avdywyo. Ilpdyuatt, av p = ab xou 10 p elvon
TpWTo TOTE €ftE pla eite p|b. Ac unodéocouue bt pla dnhadh b1t a = pd yio xdnoto
d. Téte p = (db)p xou ool eipoote oe axéparar meptoyh Va €xoupe db = 1 dnhad
70 b etvar avtiotpéduuo. To avtiotpogo dev 1oyler tévtote®:

IMogdderypo 18 Xto Z(v/—5) (kar mdAi) deiéte én to 2 + /=5 efvar avdywyo
aAdd Gy kar mpddto. (Ymédbaén: To 2+ +/—5|3 - 3 aAAd efvar adlvatoy va diaipel
70 3.)

Av wotbéoo 1 nepoyn wag eivor tepoyy MKA (dnhad| onowadhnote a,b un
undevixd ototyela €youvv éva PéyloTo x0W6 Bonpétrn) TOTE TEMTA XU AVEYWYO
oTolyela ouuninTouy.

Hoapaxdtw Yo yopoxtnelcouvue To avdywyo xou T Tp@Tta oTotyeln ploag axéponag
TEPLOY NS OTY YAWOON TV ISEWdMV.

Ogwopog 40
Eva kipio 10eddes (a) Oa Aéyetar peyonikd kpio 18eddeg av elvar yviiow
10€0€§ ka1 Oev vndpyer dAAo yvnioio kUpio 10€des mov va to mepiéyel yvnoa.

Ilpotaon 25

FEoww R pia axépaia mepioyn) kar p éva un undeviko, un avuotpépiuo otoiyelo.
Tére:

(1) To p etvar avdywyo av kar uévo av to 19eide§ (p) evar peyionkd kipio
10€0€G.

(2) To p eivar mpdto av ka1 pdvo av to 10eddes (p) efvar TpciTo 16€dOES.

Anodedn:

(1):  Acurnodéoouye 6t to p eivar avdrywyo xou 6Tty xdnoto a oylet (p) C (a).
Téte vy xdmowo 7 € R Ya woydet p = ar. Téte elte 10 a clte 10 7 Yo elvon
avtioteédo. Av 1o a eivar avtiotpéduo téHte (a) = R. Av mdh To 7 elvan
avtioTpédipo t6te a = 771 p xou ouvendc a € (p) ondte (a) C (p) dnhadh (a) = (p)-
Apa tor pova xbpta 13eddN Tou uropel var teptéyouy to (p) eivar to R elte 0 eautéc
Tov, oL onuaiver 6Tt To (p) elvar ueytoTxd xVpto WEWSES.

30 tov SoxtOho Z BéfBoua 1) évvoleg autéc oUPTITTOLY
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Avtiotpoga, ag unodécouue 6Tt to (p) elvar peytotind x0pio WeddES Xt €0Tw
6t p = ab. Téte Yo éxoupe 61t (p) C (a) xou ovvendc (a) = (R) ondte 10 a Vo
eivar avtiotpéduo eite (a) = (p) ondte ta a,p Vo eivar oubdroya xar o b Yo efvar
AVAYAAOTIXA AVTIOTEEDIO. JUVETWS T0 P Elvan avdywyo.

(2):  Ac unodéoouye 6Tt 10 p elvon TpdTo oTotyEio xou éotw ab € (p). Téte plab
ondre elte pla ondte a € (p) eite p|b ondte b € (p) xan deilope 6Tt 10 (p) elvan
TEWTO WEWDEC.

To avtiotpogo 10 aghvouue cav doxnorn. U

Opwopde 41 Mia axépaia nepioyry R Oa ovoudletar mepioyrj povoorjpavng (1j po-
vadiknig) avdAvong av 1wy vowr o1 tapakdtw Vo ouvinkes:

(1) KdOe ovoiyeio a € R mov dev efvar olte undevikd ovte avuotpédipo
ypdpetar oav éva Ywiuevo a = p; ...py, avdywywy otoiyeiwy tov R.

(2) H avanapdotaon evés un avuotpéipov un undevikov otoiyeiov a tov R
éyer povadikry avarapdotaon oav Ywiduevo avdywywy otoiyeiwy pe tny €€ng évvoa:
Ava=pi - pp = ¢ qn €var 000 avanapactdoes tov a g€ YvoUero TPOTWY
otoelwy téte m = n kai vndpyel pia petddeono : {1,...,n} — {1,...,n} tétoa
dote ya kdde i € {1,...,n} o p; efvar opddoyos pe Tov ¢o(iy, ONAadH p; = eqo(i)
émov e avtioTpéipio.

Ané tov oplopd TG TEPOYNS povoohuavtng avdiuong xdde otoyelo a € R
wag meptoyc wovooruavtng avdhuong eite Yo eivon 1o 0 eite Yo elvon avtioTpé-
drpo eite Vo ypdpeTtar xoTd OUCLAGTIXA UOVADIXO TPOTO GO YIWVOUEVO OVAY YWY
otolyelwy e meptoyfc. Av yalédouue Toug TEMTOLE ToU EMUVOAdUBovToL oE Uil
AVATORACTACT] EVOC 1) avTIOTEEDIIOU un) undevixol ototyeiou a TéTe autd Yo Ypd-

QETAL OTN LOPYPY|
a=pp g (1.14)

OTOU Ol Pi,...,Px EbvaL TEWTOL Un opoloyol avd 800 xou ToL Ny, ..., 7y VeTixol

axépartol aprduol.

Ye ot TEPLOYT) MOVOSTHUAYTNG avdALoTG Ta avdrywya oTotyelo Yo elvon xou mpw-
ta. Ipdypatt ag utodécouue 6Tt 0 p € R elvon avdywyo ototyelo xar 6Tt Sronpel
T0 Ywouevo ab e a,b € R. Mnopolue va nopacthicoude o a, b cav yivéueva

a=upt...pp* (1.15)
b=wvp"...p* (1.16)

oTou:
1. To p1, ..., Pk elvar avdywyo oTotyelor xou To u, v AVTIOTEEPIUA oToLYEl.
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2. Ta ni,...,ng, my,dots, my eivar Yetixol axéparol Tou UTOEOUY Vo TEEOUY X
™Y T Undéy odAd av n; = 0 téte m,; # 0 xou av m; = 0 t61e n; # 0.

Ac vnodéoouye 6Tt To p eivar avdywyo ototyeio Tou R xou 61t plab. Abyw twv
TROTYOUUEVWY TO

ab = yyup™ ™ TR = ypit .. ik

6mou 5; > 1y xde 1 = 1,..., k. Abyw tng yovadixdtnrag tng avdAuong oe
YWOUEVO TPWTWY O P TEETEL VAL EIVOL AVAAOYOS UE XATOLO p;j A TOUS Piy - .-, P
Tou onuaiver 6t gfte pla (av n; > 1) eite plb (av m; = 1). Aciaye hondy 6Tt

Kale avdywyo otoryeto mag Ilepioyns povoonuartng Avddvong efvar ka1 mpc-
T0g

Av Oéoouvye t; = min{m;,n;} yie xdde i =1,..., k xou
d=ph.. .p}fck

pavepd o t elvon xovog Stanpétng Twv a,b. Av topa d' elvar €vog xowde Stounpétng
TV a,b 16T av xdnoto Sovaun TedTou TedToL Pt eugavileton otV avdiuon Tou
d’ Yo mpémel var undipyouy ¢ xou avTIoTEEYLUO GTOED € UE p = ep; X

min{n;, m;} <t (1.17)

Hpdrypatt To 6Tt 0 p elvan OUOAOYOC UE XATOLOY ATO TOUS Pi, - - . , Pk TEOXOTTEL ATO
TO UOVOOTUAVTO TNG avdAUoTg Tou a yia mopdderyua. Av dev ftav xdmolog and
autolg agol a = pr Y xdnow T € I, avahboviag to x Yo elyope dVo avarioelg
6mou oty pla eupaviCeton évag TeMTOC Tou eV Eival OUOAOYOS UE XAVEV TOWTO
™G dAANG avdAvong. Av mdhl ouvéBawve -Ty- p = p; xou t > n; T6TE TAM Yo
TopaBlal6TAY TO HOVOCTHUAYVTO TNG AVIAUCTC TOU @ EVE AV t|m; Yo TopaPBtaloTay
T0 Yovooruavto tng avdhuong tou b. Ané tnv oyéon 1.17 mou toylel yia x&ie @
€youpe mpogaves 6Tt d'|d. Katahhlaue ouvende oto va deifouue tny enduevn:

Ilpétaom 26 Eotw R uia mepioyn) povoonuavtng avdivons. Tote:

(1) H R etvat MKA-rnepioyn.

(2) KdOe avdywyo ororyeio tng R efvar mpdro.

1.12.1 Aoxnoeig

Aoxnom 68 XtoZ(\/—5) deite 6t ta £(2+£+/—5) elvar avdywya aAdd éx1 mpdita.

Aoxnon 69 Yo Z deilte dn ta avdywya otoela eivar akpifas ta mpata oTor-
xeta.
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Aoxnon 70 Na detbete 6n1 o€ pia MKA-mepioyr) w0y vovr ta mtapakdtw:

1. Av o d,d efvar péyoror kowot haipére twv a,b kar a = da,,b = d'b; téte o1
kowol 01aipéteg Twr a1, by elvar ta avtiotpédrpa oroiyveia tng R ka1 udvo avrd.

2. Av a,b,c un undevikd oroela tng R kai albe kai to 1 efvar puéyiotos kowds
diaipétng twv a,c tdte alb. Aeibte ne éva mapdderypa dti avtd dev wyvea yevird
o€ aKépaieg TePIoyES.

Aoxnon 71 Acitre 6ni o Z(v/—5) = {a+bv/—5: a,b € Z} eivar aképara mepioyn
mov dev efvar MKA-aképaia mepioyn).

Aoxnon T2 Aciére én o€ pta MKA-rmepioyn) ta mpdta kai ta avdywya otoieia
ouuminTouy.

Aoxnon 73 Agq vnoléoouue 6t ay, ..., an, bi,..., by, elvar un undevikd ororyeia
pias axépaiag mepioxns kai 10y Vel

a1b1 :ang :---:anbn:c
Na beiéete ta mapardw:
z V4 Z V4 4 Z
(a) Av undpyer péyotog kowds daipétng wwv ray, . .., ra, Ya kdde r # 0 tdve
Ja vndpyer eAdyioto kowd noAdarAdoio twy by, ..., by
(a) Av vrndpyea eAdyioto kowd moAdamddowo twv ai,...,a, téte Ja vndpye

HEVIOTOS KO d§ d1aipétng twy by, ..., by

1.13 Ocwplot SLUPETOHTNTAC OE MEQLOYESG XLPIWV L-
dewdwy

o voe tpoywehiooupe mo Tohd oty agnenuévr Yewpio StoapeTdTnTog VEAOUUE VoL
€Y OUUE OXEQULES TEPLOYES TIOU VA EYOLY IBLOTNTES AVAAOYES UE AUTEC TOU CUVAVTS-
ue otoug axépatouc. Ilo ocuyxexptuéva Yo H€haue va toybouy ot mapaxdtew d0o
WoTNTES:

1.  TIia ornowadbrjmore un unodevikd orowyeia ay,...,a,, OMOWVONTOTE
mAnifoug n, va vndpyer LéYOTog KOWroS SrapéTng Tovg.

2.  Kdie péyiotoc %0wog Slap€tng TV a1, ..., a0, Yo elvoun €vag ouy-
duaopos auTOV Ty oToelny A 1woddvopa d € (ai, ..., a,)

Aoxnon T4 Aciéze dui
(1) Od etvai kowdg draipétng twv ay, . . ., an av ka1 pévo av (a1)N---N(a,) C (d)

(2) O d etvar ouvdvaoudés twv ay,. .., a, av kar pévo av (d) C (aq,...,an)

Hapatneeiote To e€c:
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IIpbtaon 27
Eorww R pia axépaia mepioxn, ai, ..., a, un pndevikd otoeia tns. Av

(a1) NN (an) C (d) € (a1, ., an)
téte 0 d efvar péyroTos KOs NaPETnNg Ty a1, . . ., Qp.

Anédein: H oyéon (a1) N---N(a,) C (d) poc Aet 6T o d eivon €vag xovoe
Stoupétng TV ay, ... a, eved 1 (d) C (ay, ..., an), 6TL UTdEYOLY XETOW T1, . . ., Ty UE
d=r101 + -+ 1p0,. Av tdpa 0 d' elvon xdnolog xowde Sloupétng Ty ag,. .., ay
T6TE TMPOYaveS Vo Stongel xou Tov d = riay + - -+ rpa,. O

ITpbtaom 28
FEoww R pia axépara mepioxn, ai,...,a, pun pundevikd otoiveia tng. Tote ta
a1, ..., 0y €0y néyioto kowd daipétn d mov efvar ouvrdvaouds tovs OnAadr mov

va exppdletar oTn popen
d=ra+ -+ 1o

Z 4 Z. , 4
av kai névo av to 1o 10€ide§ (ay, ..., a,) €fvar kUpio 10€dO¢S.

Anodeldn: Av taay,. .., ay EYOUV PEYIOTO x0WO Stanpétn d Tou elvar cuVSLAOUGS
Toug té1E Qavepd (d) C (aq, ..., a,). T va tdpoupe xar tov avtideto eyxheous,
Vewp® © = s1a1 + -+ - + Spay € (ar, ..., an). Enewdn o d elvar xowog Stanpétng yia
x&dei=1,...,n0aéyw 6T a; = db; yro xdmowa b; ondte © = (s1b1+- - -+ spb,)d €
(d).
Tovenag (aq, - .. a,) = (d) elvar x0pto 18emddec.

Avtiotpoga av 10 (a1, ...an) elvon xOpo Yo Eyouvue 6Tt yia xdmoto 7 Yo 1oy lel
(ar,...an) = (d). Ané v Ipbraon 27 éyoupe dueca 61 o d eivar péyrotog
%0WVOG SLUEETNG TWV A, . - . Gy XU EXPEACETONL GAY GLUVSLAOUOS Toug. [

Iepvdye Topa oe pla oNUOVTIXY XATNYORId AXEQUUWY TIEQLOYWV.

Oplopog 42
Mfta axépaia mepioyr) Ua Aéyetar meproy 1 k¥prwy 10€wddv av kdle 1dewdeg tng
efvar kUp1o 10€0OeS.

Yxomog pog elvon va dei€ouue 6Tt pio mepioyr xOpiwy Wewdwy €yer onuavTixég
WOTNTESG, OTWE Yo TAPABELYUA OTL UTEEYEL TAVIOTE 0 UEYIOTOC XOWOE BLonpETNg
300 ototyeinv e (eivon dnhadh MKA-nepoy) xar 61t xddeurn undevixd otouyeio
NG Tov dev elvon avTIOTEEPLUO YRAPETAL UOVOSTUAVTA GAY YIVOUEVO OVEYWYWY
oTouyelwy (etvou OnAadt| meploy | HOVOSHUAYTNG ocvo’c)\ucng). Enfong dev yperdletan
YO avNoUYOUUE oy Tar oTotyEla TNg avdAuong ebvar avdywyo 1 Te@Tta agol, 6Twe
Yo Solye, ot meployéc x0OpLwv LOEWIWY.

H ITpbtaom 28 pog divel éva dueco ouunépaoua ylo TIC TEPLoYEC x0plwy 18ew-
dyv:
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IIpbtaom 29
Av R efvar mepioyn kUpiwy 100wy toTe ya omowadrmote un unodevikd otoiyeia
e ay, . . ., an, VTdpyer péyiotog kowds dapétng tovs d ' mov exgppdletar ndvtote
oav ouwoOvaoulS TV a1, - .., 0,. Fi0ikérepa kdOe mepioyn kilpiwy 10ewdoy fvar
MEKA-repioy).

Eexwvdue pe plor onuaytind ioTnTa TV TEPLOYGY XUpLmY I8EwdOV:

Oewpnua 21 Eotww R pia mepoyri klpiwr 10ewddr kar (I,)n=1+00 pia avéovoa
axolovllia 10ewdwy tng R dnAadn

LCcLC---CI,CIL;1C...
Téte vndpyer éva ny tétoio wote

Av n > ny toére I, = I,
AnédeiEn: Eoto (I,);25 o avZouca axorovdio dewddy tng Rxow I = |1 1,
1 évwor| Toug. Toéte 1o I elvan €va 1dewdeg xou agol elyacte o meptoyt| x0punv
ewddv Yo undpyer @ € R ye I = (a). 'Eotw xdnow ng pye a € I,. Toéte
I =(a) CI, C1I, dpa I,, = I xou npogaves 6tay n > ng agod I,y C I, da
éyouue 61t I, = I,y = I = (a). O

ITp6taom 30
Ye pta mepoyn kUprwy 10ewdwy kdle peyoTIKG 10€des efvar mpaTo 10€WOES.

Arnéden: Eotw I va eivar yeyiotnd demdec xou p € R pe I = (p). Pavepd o
p dev elvon o0Te undév olte avtioTeéPylo, apold Ta UEYIoTIXG 18eWOY elvon Yvrota.
Yo det&oupe 61t To p elvar TpdTO.

pdypatt ag unoVécovye bt plab xou éotw J = (a,p) = {za+yp:z € R,y € B.
To J D I, xou agot 1o I eivon peyouxd eite J =1 eite J = R.

Yy mp@tn nepintwan Yo Eyoupe 6Tt a € (p) dSnhady| pla.

Yn deltepn nepintwon Vo éyoupe 61 1 € (a,p) dnhadh yia xdnow z,y € R Yo
ouuPaivel 1 = ax + py, ondte b = abx + pby xou awol plab Vo éyovue 6t plb. O

Ané ti¢ [potdoeic 30 xon 25 €youue dueoa:
Ilpotaom 31 Eva 10eides plag mepioxyns kUpiwv 10emdiy eivar peyotiké av kai
Hévo av efvar mpcto. Eidikdrepa, oe pia mepoyn kipiwr 1dewdavr ta avdywya kai

Ta TPWTA OTOYElQ TNS CUUTITTOUY.

A¢ xdvoupe to mp@To Bruc Yo var def€oude 6Tl ot TEQIOYES TEWTWY OEWOWY
elvon TEPLOYES LOVOOHUAVTNG AVAAUOT.

3ldpa xon 0 ENGYLOTO X0WE TOMNATAEOLS TOUC
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Ilpbtaom 32 Kdle un undeviké un avriotpénjio otoryeio a piag repioyns kipiwy
100y ekppdletar oa Ywiuero a = pb 6mov p TPWTOS THS TEPIOYTIS.

Arnédegn: Ag unovéooupe 6Tt autd Sev umopel va ouuPel dnhady undpyer un-
devixd un avtioteédo otoryelo a piag meptoyic x0plwy Wewdwy dev exppdleTar
oo ywouevo a = pb 6mou p mpwtog tng meptoyrg. Tote awtd dev elvon avdywyo
(Yuybuaote b1 Tor avdywyo ototyeia eivon ot mpwTot) yati téte Yo To ypdpoue
a =1-a. Yuvenwg umdpyouv ai,b; Ye 10 a; Un avtioteédo xou a = a1by, o-
161e%? (a) C (a1) Egapuélovrog Tov ido culhoytopd yia 1o a3 Do xatahhZouue
ETAYWYIXd o€ Uio dnelpr) yvhota adgovoa axoroudia 1dewdwy

(a) C (a1) C (ag) C ...
xan €pyouacTe oe avtigaon ue to Oewenua 21. [

Ilpbtaom 33 Kde un undeviké un avtiotpénjio otoryeio a piag repioyrs kipiwy
10€w00Y ekppdletal oa YvoUevo TPWOTWY.

Anodeln: And tny nponyovuevn Ilpdtacn 1o a ypdgetouw cav a = pia; Ye pr
Te®MToS. Av T0 a1 elvon avTioTEEDIUO EYOUUE TEAELWOEL AQOL TO a1p; EVAL TEMTOC.
Av 6yt 16T T0 a1 = prag PE TO Py TEwToC. XuveyiCoupe Ty dtadxacio oty
mou meémeL vo tepuatiCetar oe éva memepacuévo aprdud Brudtwy. Tlpdyuott, av
unopovooue va ouveylape en dnepov Vo uhpye wia dnetpn oxorovdio (py,), and
TEOTOUG WOTE @ = A1P1 = AP1P2 = G3P1P2P3 = ... XU Vo EPYOUAOTE AL OE
avtigaon pe To Ocdpnua 21 yati téte Yo tadpvope plor yvhiow adgovoa axohouvdia
13EWdMY:

(a) C (p1) C (p2) C ...
Av 1 axohovdio auty| TepuatioTel ot N BriuaTa TOTE EYOUUE OTL TO a YPAPETAL GOV
@ =Dpi- Py UE TA D1, ..., Pp TEOTOUG. [

Ocwpnua 22 Kdle mepioyr) kUpiwy 10ewdby efvar mepioyn) povoonuavtng avdAv-
ong.

Anédegn: And v nponyoluevn tpdtom €youpe 6Tl xdie ototyeio a uiag mepto-
NG xOptwY Wewd®Y ou dev elvar 00te undév oluTe avtioteédiuo Yo avohleTon oF
EVOL YIWVOUEVO TPOTWY:
a=DpiP2- " Pn (1.18)
Apxel va detlouye 6TL 1 avdhuon auth elvar povoohuavtn. Me dhha Aoyra mpénet
va. Sef€oupe Twe av
a=piP2--"Pn = 4192 """ Gm (1-19)

UE T P1, P25 -« - Pny 1,92 - - -y §m TEWTOUG, TOTE
1) m=n xu

32To olufoho C evvoel YvAoLo LTOCOVONO
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2)  Trdpyet pla 1-1 ouvdptnon o : {1,...n} — {1,...n} o dote 0 p; va
efvon OUOAOYOS UE TOV ¢ Yot x&e ¢ € {1,...n}

[ vae Sreuxohuvdolye otny napousioon poc av J C {1,...,n} = {j1,..., Jk}
TO YWOUEVO Pj, - - - Pj, OV TV p; ue delxtn 7 € J Yo ouyPoAileton ev ouvtopia

11
j€d

Avéhoyo vonpa Yo éyer xau 1 éxgppoon [[e, ¢ 6tav J C {1,...,m}. "Eton, av
Véooupe
A1:{1,2,...,7’L}, B1:{1,2,...,m}

€AY jEB1

1 e€lowon 2.19 ypdgeTto

Trodétouye 6Tt n < m.

Enewdy| o pi elvon mpedTog %o Stanpel 10 YVOUEVO G142 - - - ¢ Vat Staupel xdmotoy
and 10U 1, - .., Gm- Oftouue o(1) va eivon o pxpdrepoc i and touc {1,...,m}
GoTE pilgi. Oa éyoupe Aomdy 6T P1lgo(r), ONAAOY Go(1y = Pra1. ANRE O g
elvon Tp@Tog o ot xdde avdAucy| Toug oe YIVOUEVO 800 TapaydVTLY 0 Evag elvor
wovadiaiog. O p; dev elvon wovadiadog dpa Yar efvan 0 a1 xa €Tot €youle 6Tt 0 Gy(1)
elvon oudhoyog Ue tov pi. Av Vécouye

A2:{2,3,...,m}, BQIBl\{O'(]_)}

N eiowon 1.20 ypdgetow pi[[ica, Pi = a1p1[[ep, ¢ %o pe anaderph) tou pr Yo
€Y OUUE
[[ri=a ][ (1.21)
i€ Az JEBs

6mou 10 a; elvor povadiado xon TpEoYavwe dev umopel var Stonpeiton amd xavévay
TpwTo. Enedn 1o p2|a1 [Tjcn, 4; &ite dtoupei to a; elte dtoupel 1o [[cp, ;- ANG
10 a1 dev yivetan va 1o Stonpel ool ol mpwTol dev elvon povadiador xou uévo To
novadiador Stapody povadiafor CUVETWS

p2| H qj

JEB>
Me tov {310 cuNNoYIouS 6mwe xou Tply Var uTdpye éva j € By UE palg; xan Vétouye
0(2) = min{j € B : p2|g;}

Oétouye
A3 ={3,...,n}, Bs=B\{0(2)}
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X0l XATAATYOUUE OTO OTL
sl [T a
j€B3

Ye n PrAuata Yo €youue oploet pia 1-1 ouvdptnom
o:4{1,...,n} = {1,...,m}

6mou o p; Yo elvon opOAOYOC UE TOV go(;). Tlapatnpolue axdua mwg av m # n
dnhadf av n < m téte 10 oOvoho By, # B xon Yo xotokfyoue oe pla oyéon

1:quj

Jj€Bn

ue e yovadiado mou elvon advvato yiatl 61 xdmotog Tpwtog Yo Stanpoloe TN Yo-
vada. Apa m = n xou 1 npdtact| yog anodetytnxe thfpwe. [

1.14 EuxAeidieg Ileployég

Euxeidieg meptoyéc Ya ovoudloupe exelves Tic axépaieg TEQLOYES 0TS OToleg €Y 0u-
ue éva avdhoyo tne tavtdTnTac e dadpeons (Oewpenua 4) 1 onofa pag enétpene
va yedouue éva ahydprduo ue tov omolo Bploxouyue to pé€yioto xowod drapéty dbo
un undevixv oxépouwy. Me tov alydprduo autéd deilope 6Tl 0 péyiotog xotvég
Stoup€tng B0 axépouwy elvon €vag axépatog cuvduacuog tous. To Paocixd onueio
oTnVv TawtoTNTA TN Stafpeong elvon 6Tt To uTOAOLTO TNG StadpeoTc Eyel AmOAUTY T
wxedTeEn amd TNV amdhuTy TiUr Tou SlonpeTr. Autd pog ETITEETEL UE oLUVEYEC dtau-
e€oelg va €youue Wa oxohoudior amd undhotma mou To xdde Eva Eyel amdAUTY TN
wxedTEEY amd Tou TEONYOUUEVOU dnAadY| ot andAutee TES Toug @divouv. AAAG
ot amdAUTES TIES ax€panmy elvar @uotxol aprduol xar yvictia @divouca oxohoudia
puotxdv dev undpyet (Apy e Kodhc Adtagng). Koatahfyoue étol 61t xdnoto
umolotmo Yo undevioTel xan o€ auTd T0 5TASL0 BploxauE TOV UEYIOTO X0WO SlouETy.
Yt Euxdeldieg neproyéc 9éhoupe va €youue plo avdhoyn €vvola pe auth Tng a-
TOAUTNG TWHAG, TNV omola o€ YeEVxoUg SaxTtOhoug ovouaovue Euxheldia extiunon
X0l 0 0pLoUOS TNG dlveTan APECWE ToEUXTw:

Opiopde 43 Eoww R pia axépara mepoyn). Mia ovvdptnon
N:R—N

Ja Aéyetar EvkAeidra extipnon av éye ts napakdtw 1016TnTeg:

5111/)61 # 0 téte N(a) # 0.

(2) Ta onowdnimote un undevikd a,b € R N(ab) > max{N(a), N(b)}.

IMopadeiypota
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1. Ocwpole éva onodnmote un undevikd axépaio m ka1 Jewpolue tov vroda-
KTUAI0 TOU OWUATOS TwY UIyadikay:

Z(v/m)={a+bym:a,beZ}

Av m =1 ka1 yevikd av o m eivai tékeio tetpdywrvo téte amrdwg maiprovue o Z.
Av m = —1 maiprouvue to daktidio twy aképaiwy tov Gauss kar av m < 0 kai to
Im| efvar Tédewo tetpdywro mdAr tov daktidio twr aképaiwy tov Gauss Ya éyoupe.
Oa Jewpolue dhovs darxtihovs Z(y/m) dmov m = £1 efte o |m| dev elvar tédewo
tetpdywvo. Ye autols opilovue

N(a+bym) = |(a +by/m)(a — by/m) = |a* — mb’|

Eivar edxodo va Oetéovpe oni:

1. N(a+ by/m) =0 av ka1 uévo av a = b = 0.

2. Av x,y € Z(y/m) tdére N(zy) = N(z)N(y).

IIov oetyver éur eibikdtepa or ovvaptioes N eftvar EvkAeibieg extiurjoeas oe dAovg
avtols Tous 0akTUAI0US.

2. Ag Oewprioovpe pia omowadrimote axépaia mepioyri R kai to daxtidio R[z]
OAwy Ty moAvwriuwy pias petaPAnTiS T e ourtedeotés and to R. Ia kdOe
roAvdvupo f(z) € Rz] opilovue N(f) va eivar o Baduds tov modvwriuov. Tére
etvai elkodo va doUje 6t1 apol yia moAvavuua f, g un undevikov Paduotd 1wy vel

N(fg) = N(f)+ N(g)

n N efvar pla EvikAeidia extiunon otig aképaie mepioy<s moAvwyiuwy.

Alvoupe twpa Tov oploud g évvolag tng Euxheldog Hepoync:

Opiopde 44 Mia axépaia mepoyn] R Ua Aéyetar EvkAeibra neproyn) av umopet
va opwtel pla EvkAeidwa extiunon N @ R — N térowa wote ya omowadrimote
a,b € R e a # 0 vrdpyour*® k,v dote

N(v) < N(a), b=ka+wv

Oa tehetwooupe detyvoviag 6Tt ot EuxAeldieg neployég etvon meployéc x0plwyv L-
dewdwy mou onuaivel 6Tt o Euxheldiec neptoyéc €youue OA T TAEOVEXTAUATA TOU
toybouy otoug ouvropévoug axépatoug: To avdywya otoyelo eivar xar TpTa,
UTdEYEL O PEYIOTOG XOIVOG DMEETNG Xt TO EASYIGTO XOWO TOAATALGLO OTOLWY-
ONTOTE Un UNdevixwy OTOLYEIWY TOUG, 0 UEYIOTOC XOWVOG BLMEETNG TWY Ay, - - ., 0p
ex@EaleTon oAy CUYBLAOUOS TWV @1, ..., 0y XAl TEAOC xd¥e un undevixd un o-
vuoteéduo otoyelo expedleton xaTtd OUCLUCTIXE UOVASIXG TEOTO GV YIVOUEVO
AVAYWY®Y GTOLYEIWY TNG TEQLOYNS.

336y amapaiTnTo povadind
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Ochpnua 23 Kdle EvkAeidia mepioyn efvar mepioyn npitwy 10€wowy.

Anoden: ‘Eotw R yio euxdeldo neptoyy| ue ocuvdptnon extiunong IV xan I éva
onotodhnote 1deddeg g, Av I = (0) eivor x0pto xou vrodétouye étor 6t 1 # (0).
OewpolYE TO ToPUXdTw LTOGUYOAO Tou N:

M ={N(z):z€l,x#0}

To M etvar pn xevéd unocUYOAO TwY YUY, 0 & M xat CUVETKG EYEL EVa EAGYIGTO
otouyeio N(b) ue b # 0.

Iapaztnpeiote tdpa 6n av x € I téte N(x) < N(b) unopel va ovuBaiver uévo av
z = 0.

Oa dei€oupe ot
I=(b)

Mpdrypatt, éotw = € I. Encd? n R eivon Euxheidio nepioyy| Yo undpyouy k, v ue
N(v) < N(b), x=0bk+wv

Enewy z,b € I da éyovue 61t v € I xan and tnv mponyoluevn mapathenon Yo
éyouye 6t v = 0 dpa b|z dpa
IcC(b)

ANNG b € T dpa xou
(b)ycI

xat 7 an6deln Tou Yewpuatog pag ohoxhfemdnxe. [

ITépiopa 1 Kdle eukAeidia mepioyn efvar mepioyn povoonuartng avdAvons.



Kegdhauwo 2

Eogopuoyvec tng I'evinng Oeswplacg
Eidixec Axépouec Ileployec

2.1 AoxtOAotl ITohvwvipwy plog petoBAnTtNg

‘Eotw F' va elvon plo axéponar meptoyn, n > 0 €vag guotxde aprdudg xar z éva olu-
Boho mou z & F. Oa ovoudlovye ToAudYLRO Badpot n (g npog tn petaBAnT
T ) Ue ovvteheotés and to F xde nopdotaon tne uopenhc

flz)=ao+ a1z + -+ aa” (2.1)

6mou n > 0 a, # 0. Buyvd Yo ypdgpouue avti g 2.1 éva tohuwvuuo f(z) ooy
flx) = Zaixi (2.2)
i=0

Me R[z] Yo oupPorilouye T0 00Voro Ghwv Twy ToAuwviuwy xdde Boduol ue
éva emtmhéov otoyelo 0 to omolo Vo ovopdloude 10 UNdevixd TOAUWYLUO XAt TO

onolo Vo Yewpolye Stapopetind and xdde dhho mohudvupo. Tevixd av f(z) =
n

im0 Tt = agFaz+- -+ aza”, g(z) = Yo bt = by + a1z + - - - + @, z™ elvan
000 pn undevixd moAuwvuua Yo ta Yewpolue (oo av xou ubvo av €youy tov (dto
Bardud xar Toug (Btoug ouotoBoiuoug GUVTEAEGTES, GUYAEXPLUEVAL:

f(x):g(l‘) <~ m=n, a():b()aal:bla"'an:bn

To Rz] yivetar axépouar neployn e i oxdhovdec npderc:
1. 0-f(z) = f(z)-0=0,0+f(z) = f(z)+0 = f(x) yio onowodfnote f(x) € R|x].
2. Av flz)= Zi:o a;x' = ag + a1z + - -+ + a, 1",
9(@) =Y obir’ = bo + a1z + - - - + apa™

75
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elvon 300 un undevind ToALOYLUA TOTE
f(z)-g(x) = Z cxa” (2.3)
k=0

k
Cp = Zaibk_i (24)
1=0

3.  H npbdodeon opiletar ye 10 va tpoc¥écouye Toug GUVTEAEOTEG TV ouot6Bad-
vy 6pwv. Eneid ouwe elvor Suvatdy, av toe toAuwvupa €youy tov Bio Badud, va
xatéfBet o Bodude tou adpolouatog mpénel va opicouye Alyo mpooexTixd to ddpol-

s n
ope. ‘Bow f(z) = Z-: @' = ag+ mx + -+ apa”,
g(@) =Y obia’ = bo + arx + - - - + apa™
elvow 800 un undevind moAuwyupa. Ja droxpivouue 800 TEPITTWOELS:
(0) To TOALGOYLR EYOLY TOV (Blo Badpwd : m = n. Xe auth Ty tepintwon
Yétoupe

N=max{0>i>n:a;,—b; #0}

Av o N 8ev urndpyet 161 Hétoupe f(z) + g(z) = 0 evéd av undpyel T61e

N

(@) +g(z) =Y (ai+b)a’

1=0

(B) Ta moAuvdvupa €xouv dropopetixd Badwd : m < n. e auth v

nepintworn Y€touue
n

f@)+g(@) =D (a; +b)a’
i=0
6mou Yewpolue b; = 0 av 7 > m.
Or mponyoluevor oplopol palvovton xdnws tepimhoxol xar o Aoyog elvar 6Tt TEE-
TEL VO AVUPEPOUACTE Qe Qopd 6ToUg Barduols Twy TOALWVOUWY. TTdpyel Ouws
xou €vag mo oUVTooS optodds tou doxthou R[z|. H 1déa eivon va tautioouye
OTN OXEPN YOS EVA TOALWDVLUO

ao + a1z + -+ - + a "

ue TNV axoroudia
(ap, a1, ..,0,,0,0,0,...)

Optopde 45 Eotww R évag daxtiliog. Mia teAikd punbevixt) axorovdia otor-

xetwr tov R efvar pfa axodovdia (a,);} 2% mov pe a, € R ya kdle n ka1 6Aa twa
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otoleia tng-ektds and memepacuévo tAnlos - efvar ioa pe 0. Me dAAa Adyra vrdp-
xet éva ng € N térowo dote ya kdle n > ng wyvde a, = 0.

Me 0 Oa ovuPolilovue tnr akodovdia ortoiyeiwy tov R mov dAa ta péAn tng eivai
foa e 0.

Av (a,), % efvar pla tehixd undevikry oxodovdia Sapopetikj and tny 0 Ya ovoud-

lovpe Badud tns (a,) % o peya/\vtepo a,on?po n pe Ty oetnta a, # 0.

T tehikd undevikég aKO/\ovﬁleg otoeiwy €vég daktudiov R Oa wis ovoudlovue kar
noAvadvvpa pe ovrtedeotés and to R. O 0aOudg piag un undevikns axolovdiag
Oa Aéyetar o BaBipudg tov moAvwripov.

To otvolo AAwr twv toAvwviuwy oto R Ja ovpBoliletar pe R[zx).

Opwopde 46 To R[z] Ua Oewpettar daxtidios pe mpdées:

(@n)nZ5 + (0n)nZ5 = (an + bn) 2%

+oo
(an):oc()) (bn ):i% = (apby + arby_1+ -+ ap_1by + anbo (Z b, - k)

n=0

INa kdOe moAvdvupo f € R[z] Oa Oévoupe

N(f)={0 , v
(Baduég tov f)+1 av f#0

H nopoxdtew npdtacn agrivetour ooy doxnon:
Ilpétaom 34 Av R elvar axépaia mepioyn) ka1 f, g efvar 6o un undevikd moAvd-

vupa otny R[z] tdre

N(f) =0 av kai yévoav f =0
N(f +g) = max{N(f), N(9)}
N(fg)=N(f)+N(g) -1

Eibikd n N efvar pia EvkAeidia extiunon.
To Paocwd anotéheoya authg TNG Tapaypdpou elvar To axdiouvdo:

Ochpenua 24 Eotww R va elvar éva odua. Téte Ia onowadrimote moAvdvuua f, g €
R pe g # 0 vrdpyouvr dVo nodvévuua k,v ne N(v) < N(g) ka1

f=kg+v

Me dAda Aéya to R[z] efvar pla Evkeidia Iepioyn).
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Anodedn: Av f = 0 4 N(f) < N(g) apxel va Véooupe k = 0 xou v = f
xou TEAewoope. Apa wropolbpe eEapyne va urodétovpe nwe f # 0 xau
N(f) > N(g).
Oa anodeiZoupe o Oedpnua pe enaywyR oto Podud N(f) — 1 Tou f.
Av N(f) =1 16te N(g) =1 xou agol f, g # 0 Ya €yovpe f =ag # 0, g = by # 0.
Enedn to R elvou oopa 10 by avtiotpépeton xou apxel vo Vécouue k = balao
onéte v =0 xu N(v) =0< 1= N(g).
Ac unodéooupe bt yvwpilouue to Yedpnua yia xdde f,g ye N(f) < n+1 xou
N(g) < N(f).
Ocewpd d0o f,g ue N(f) =n+1xu N(g) < N(f) énov f =ag+ a1z +---+
p 2" + Ap12", g =bo + -+ + by 2™ Ye M >N, Apy1by # 0.
Oétoupe!

h = a,btz"™, f'=f—gh

Hopatnpeiote 61t N(f') < N(g). Av N(f') < N(h) éyoupe tereidoer Aoyw g
nopatAeNoNG mou xdvape otny apyh e anddeEne. Av ndht N(g) < N(f') t61e
UTOPOUUE VO YPNOWOTOMOGOoUUE TNy enaywyixf utddeon yia ta f', b xar va fpolye
k',v pye N(v) < N(g) xo

fl=f—-gh=FKg+v

AN\ T67e
f=(k+h)g+v=Fkg+v

xat o Oewpnud pac anodelytnxe mAfpwe. [

Eidaue otnv nponyoluevn nopdypagpo 61t xdie Euxheidia Ilepioyy| etvar meploy
2€0p1wV WEGOWY Xt E0IXOTEP TEPLOY Y| HoVOsTuavTNG avdAuons. Aev elvon dUoxo-
Ao va Solue bt av to F' elvon odpa ta pova avtiotpéda otoryeio tou Flz] Yo
elvar T otadepd un undevixd moAuvwvuua dnhadh autd pe Badud ioo pe 0 (Yuun-
Vetton 61t 10 0 dev €yet Padud). Apa o avdywya tohudvupa Yo €youy Padud > 1
XAl QAVERA Tal TOALGYLU TE@ToL Porduol elvon avdywya. Autd yoc divouy dueoa
10 &g MoplouaL:

IMogwopa 2 Av F elvar odua to Flx] efvar nepioyn Hepoyny Kipiwv Idewddy kai
ovvenas Lepoyn povoonuavtng AvdAvong.

Eibixdtepa kdOe avdywyo moAlvdvupo efvar mpdto kar kdle un undeviké un ova-
Oepd modvddvupo f € Flx] avalvetar katd povadiké tpdéno o€ ywduevo avdywywy
ToAvwyUuwy.

Mrnopotye va deffoupe xat pe dueco tpémo 6tt 1o Flz] elvar meptoyn xupiov
Wewdav. Ipdypatt, ac Yewprjoovue éva onoodhnote Wewdeg I thg oxéparag me-
ooyhc Flz] 6hwv tov moAuwviumy plag LeTaBANTAC UE CUVTEAEOTES amd TO GHUA

"Bvvoeitor 61t h = 0+ 0z + 022 + --- + 0z~ 4 b 1o ™™ you 6Tt v n = M T0TE AMAL
h =10}
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F. Trodétouye 61t I # (0) xan éotw éva otoryeio f € I ue tov eldytoto duvatd
Bardud dnhadr Baduoe f < Padudcg yia onowodfrote g € I. Ipogavang

(f)cI

Va dei€ouvpe 6t xou I C (f) ondte I = (f), dnhadr| to I eivon xVpto 18eddec.

‘Eotw g € I. Agol 1o f éyer Padud wxpdtepo ¥ ioo and 1o g, onéte N(f) <
N(g), Yo undpyouv k,v € Flz]ye g =kf+vpe N(v) < N(f). AN\&v=g—kf,
g, kf €Idpaxavel. Autd ouverdyeton 6Tt 10 v dev Umopel va eivor TOAUGYULPO
StapopeTind and to undevind (1oodivapa var éyovue N (v > 0) , yiati tdte Yo iye
Badud mou Vo Hrav wxpdtepog and and autdy tou f, 10 omolo amoxAeleTar Aoyw
¢ exhoyrc Tou f. Apa v = 0 xou cuvende g € (f). Apa

IC(f)

XA XATUATYOUUE OTL
I'=(f)

Ané boa éyouye dei péypr Thpa Evag doxtOhog ToAuwviuwy Fz] eivan neptoy
novoonudving avdiuong 6tav to F elvor oopa, e dhha Adyla xdle TOALGVLUO
f(z) € Flz] o ypdoetan povoohuavta cav éva yvouevo f(z) = pi(z) -+ pp(z)
UE p1(x), ..., pn(x) avdywyo TOAUGVLYA.

AN\G mod eivon tor avdywya ototyeia tou Flz);

Kot apyfv napatneolye 61t to todumvuua pndevixol Baduos dev eivar (apol eivou
o avttoteédua otoryela Tou Fz]). Eniong, 6ha 1o moAudvupa tpdtou Poduod
elvon avdywya, yotl av éva ToALGYLUO TE@TOL Poarduol avokuéTay GE YIVOUEVO
TEPIOCOTERWY ATO EVOL AVAYWYWY TOAWYOUWY TOTE autd Yo elyay ddpotoua Twy
Baduwv toug (oo ye 1, mou dev yivetar. To av undpyouv ToAuwyvua Poduov
LeYohOTEPOL amd €va Tou va efvon avdywyo autd e€aptdton and To oo . Ay
yioo mopddetypa F = Q t61e 10 22 — 2 efvon avdywyo eved 1o 8o tohudvugo 6To
R dev eftvor. Ernione 10 2% + 1 oav ototyelo tou Rz] elvon avdywyo evéy av to
Solue oav ototyeio tou Clz] dev elvar. Onwe Yo Sobue to Clz] éxyer v W6 tal
mou emtdupolUE, SNAadn Ta avdywya oTtotyela Tou va efval T TOAUGYLUX TEWTOU
Barduot xar pévo autd.

Ané ed6 xar oto €€ Yo Vewpolye mdvTote 6Tl 0 SoTOMOG TWV TOAUGYIUWY
F|z] opileton mévew oe ooy

A¢ ouvodicouye dha To amoTEAEOUATA AUTAS TNG TAPAYPAPOU
Av F eivou éva owya TOTE:

(1) O SoxtOhog v moAuwvViUwy tou Flz] eivor pia axépona nepoyf otny o-
nofa o avtioteédua otoryela eivon ta toAudvupa undevixol Paduol (dniadrh ta
otadepd un undevixd tohudvuua) xat Lévo autd.
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(2) EmmAéor wo F|z] efvar EvkAetdra Ilepioyri ovvends mepioyn kUpiwy 10emddv
ka1 mepioyn povoonuarvtng avdlvons dpa kdde toAvdrvupo f(z) = ag+a1x+- -+
a,x" Paduod n avadetar povadikd oe éva

f(z) =pi(x) - pa(z) ... pi(2)

érov ta p(x), dots, pr(x) etvar avdywya moAvdvuua Baduot > 1 kar to dipooua
twv Baludy tous Ua diver akpifag n.

To teheutaio mpoxinTeL and 0 YEYOVOS OTL 0 Pordudg TOL YIVOUEVOUL Un undevi-
%WV TOAVWVOUWY elivar To ddpotoua Tev Baduwmy Toug. H povaddtnta onuaivel 61t
o€ ThavoV SlpOPETINES AVUADICEIS GE YIVOUEVO AVAYWYW®WY TOAUWYLU®Y Ol Topd-
yovteg Tng plag avdiuong Yo elvor oudhoyot e awtolg g dhhng. Enedr Eépouye
oxpBe ta avtioteédua ototyeio oto Flz] (ta otadepd un undevixd noludvupo)
auTH oNpaiver 6TL oL ToEdYOVTES Uiag avdiuoTng €pyovar ot uio 1-1 avtiotoyia ye
TOUg TaPdYOVTES TNG dAANG avdAuotg woTe 0 xdle TapdyovTag va efvar TOAAATAS-
oto Tou avtioToryol Tou pe otadepd aprdud. Iy oto R(z]

$2—1=(:L'—1)(:E+1)=%(2x—2)(m+1)=%(235—2)(3.%—{-3):...

Kdée noAuwvuuo etvar gavepd opdroyo Ue xETol0 TOU €YEL CUVTEAECTY| TOU UEYL-
otoPdiuou épou tou oo pe 1. ‘Eva tétolo toAucdvupo Yo 1o ovoudlouvue «uovixdy,
av %ot 0 6p0g AUTOHS BEV QaivETHL TOCO TETLYNUEVOC.

Opiopdg 47
‘Eva nodvdvupo f(z) € Flz] g popens
f@)=a+az+-+a, 12" " +2"
Oa Aéyetar povikd moAvavuuo faduot n.
Pavepd Yo Eyoupe Ot
Kd0e modvdvupo f(z) = ag+ a1+ - -+ a,_12" " + a,2" € Fz] fabuod n da
ypdpetar katd povadikd tpdémo oav ywiuevo
f(@) = anpi(2) - pa(@) - .. pr(2)

érov ta pi(x),dots, pp(x) €elvar avdywya povikd modvdvuua Baduot > 1 kai to
dtpoiopa twy Padudy tous Ya divar akpifaig n. Edod n povadikdtnta evvoeitar e
10 Y UpdTeEpo Tpdmo and mpiv, OnAadn av

f(2) = appi(z) - pa(@) . .. pk(2) = anqi(z)52 (2) . .. qu(2)

pe ta pr(x) - pa(x) - .. pr(x), 1 (x) - g2() - . . () povikd moAvdvuua téte k =1 kai
vrndpyer pla 1-1 avnoroeta o @ {1,...,k} = {1,...,k} pe pi = qo) y1a xde
i=1,... k.

M Baotxr €évvola yiar T eA€Tn g StanpetdTNTAC OF Eval SUXTUAO TOAUWYL-
uev elvon 1 évvotag g etlag.
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Oplopoc 48

Eotww F éva odpa kara € F. H tiptj evég noAvwvipov f(z) = ag+az+-- -+
anz™ € Flx] oto a opiletar va eivar to ovoiyeio f(a) = ag+ ara+- -+ apa”™ wov
F. Pita evés molvwviuov f(z) ovoudletar kdle a € F pe tny didtnta f(a) = 0.

Ocwpenua 25
‘Eva poviké moAvdvupo mpdtov Paluod x — a dapel éva modvdvupo f(x) av kai
povo av to a etvar pila wov f(x).

Anodedn: Av 10  — a Swupel to f(z) t61€ Vo ouuPaiver f(z) = (z — a)g(z) Y
xdmoto moAuwvugo g(z) xar gavepd f(a) = (a — a)g(a) = 0g(a) = 0.

Avtiotpoga, av f(a) = 0 téte exterdvroc v dadpeon tou f(x) pe z — a Yo
éyoupe ott f(z) = g(x)(x — a) + ¢ 6mov ¢ éva oTadepd ToAUGVUUO xat VETwVTag
T = a otV Tponyovuevn e&iowon Ya éyoupe 61t ¢ =0 dpo x — alf(z). O

IT6piopa 3
Ay éva modvdvupo f(z) = ag + - - + a,a™ Baluot n éyea oav piles tov apiiud c
TéTe ypdpetar povadikd oTn popen

f(@) = an(z — c)"g(x)

drov 1 < m < n karav m < n tdve o g(z) etvar poviké moAvdvupo Patuod n—m,

pe g(c) # 0, dagopetixd g(z) = 1.
O ap1dudés m Oa ovopdletrar n moAAanAdrnra tng pilas c.

Anodeldn: Iopatnpeeiote 6t

Qo

f(z) =an (x"+a”_l+---+—>

Qn Qn

, 10 3¢ ToAv®YLUO h(x) = Z—O + -+ az—‘lx”_l + 2" elvon povind xou €yel Ti¢ {Bteg
n

oilec ye 1o f(z). And 1o mponyoluevo ﬁréd)pnpa Vo éyoupe 611 h(z) = (z—c)g1 ()
6mou gi(z) Yo ebvar povixd mohvwvupo 2. Av mdpouue To peyahltepo Suvatd
puotxd m v Tov onofo Va €youpe h(z) = (z — ¢)"g(z) pavepd 1 < m < n
xo® 10 g(c) # 0. "Evac hy6dtepo olvtogog 1p6T0¢ var Solue to mpdyparta ebvor
o e€fc: And o mponyoluevo Oedpnua, apod To ¢ eivon pila tou h(z) Yo €youue
6t h(z) = (z — ¢)g1(z). Av 10 ¢ Sev eivar pila tou hy(z) Tererdoaye. Av eivar
T61€ eapuoloviac TdAL To mponyoluevo Vewpenua, 6Tt gi(z) = (z — ¢)ga(x), doa
h(z) = (z—c)?g2(x). Buveyilouye pe tov (dio tpdno...H Sadixasio Yo otapatioe
ueTd amd m opég omou Béfoua 1 <m < n. O

2ot gatveton €loMvovTac Toug LeYioToduouc Gpouc.
3Av g(c) = 0 dnradh av o ¢ Arav plla Tou g téTE Vot elyape and To TponyoluEVo Oehpnua
6t h(z) = (z — )™ g(z), to onolo amoxheleton Adyw Tnc exhoyrc ToL m.
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II6piopa 4

Ay éva modvdvupo f(z) = ag+- - -+ apz™ Paluot n ée oav piles wovs ¢, ca, - . ., Ck
(evvoetrar ragpopetikols avd 6v0) téte daipeitar and to (x —c1)(z—c2) - -+ (x —ck)
ka1 ypdgetar povadikd otn popen

fl@) = an(z —c)™ - (z — )™ g(2)

orovmy + ---+my < n katav my + -+ my < n téte o g(x) evar avdywyo
poviké moAvdvupo Baduol m =n — (my + - - - + my,), dlagopetikd g(x) = 1.

Ano6den: Enaywyn otov apriud k. H nepintwon k = 1 eivon 1o [lépiopa 3.
O

IT6piopa 5
Av éva molvdvupo f(z) éxer Palud ioo pe n téte to mARdog twy Sapopetikdy
pildy tou etvar < n.

Andédegn: Ac unodéooupe 6Tt f(x) elye neploodtepes and n pileg, dnhadh uvnie-
yov n + 1 Sapopetinég pilec tou f(z) mou cuuPoliloupe e c1, ..., Chp1. ATO Ta
nponyolueva Yo eiyope f(z) = (z —¢1) ... (& — cp1)g() Yot xdmoto ToAuGYLYO
g(z). ANG avtd Yo ofuouve 61t o Paduds tou f(z) Vo frav peyoldtepog and n,
dtoro. [

Ogopdc 49

Eva owpa F Oa ovoudletar:

(a) AAyeBpikd kAerotd av kdle noAvdvupo un undevikov Pfaduot oe avtd éyea
pica.

(B) Ipaypatikd kA€wotd av kdle moAvdvupo mepirtol un undevikov Paiuod
o€ avtd éye pila.

To mapaxdtw Oewenua etvon and ta Bactxdtepa e Alyefpac xat YU autd o-
voudleton xou Ocuehindeg Ocmpnua. Anodelytnxe yia tpdTtn @opd and tov Gauss.
Trdpyouv mohhég SapopeTixol uédodot yior var 1o dei€ouue ahhd xayupio dev elvon
amAr). Ou 1o deiouye o pin EeywploTy| Tapdypapo.

Ocdpnua 26 (To Oepehiddec Oewpnua tng 'ANyeBeac)
To odua C twv pyadicdy apriudy etvar éva alyefpikd kAewoté odua.

ITio amhé oe anddelln elvon To Tapoxdte Oewpenua:

Ochpnua 27
To odua R twv npayuatiksy apidudy eivar éva tpaypatikd kA€10té ooua.
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Ano6dedn: Eotw f(z) = ag+ a1+ - - - + apx™ nohudvugo oto R Badud n 6mou
T0 n > 1 ebvar meptttog aprdude. Ag unovécoupe otL an, > 0. Tote

Jim  f(z) = +o0 (2.8)
lim  f(z) = —oo (2.9)

H oyéon 2.8 pac delyver 61 da undpyer xdmoto x1 > 0 pe f(x1) > 0 xou n oyéon
2.9 61t Yo undipyer xdmoto xg < 0 pe f(z2) < 0 xou and 1o Yedpnua e evdidueong
Thc Yo ouveyelc ouvapthoeic! Ya éyoupe 6T to f(x) Vo éyer wa pila

H nepintwon a, < 0 elvar eviehwg avdhoyn. [

Ye olyeowxd xhetotd oduata (6nwe o C) o pn undevind nohuddvupa Ypdpo-
vTon ooy Yvopeva Temtoldiuiwy tohuwviuwy. Elxd oe autd to avaywnyo
otowyeia Toug eivon Ta TOAv®YLRA TE®WTOL Bodprol xo KOVO T,

IT6piopa 6
Av éva odpa F etvar akyefpikd kAewotd f(z) = ag+ - - + a,2" € F Baduov
n > 1 Oa ypdgetar povadiké tpémo otny popen:

fl@)=ap(x —c))™ - (z — cx)™
omov ¢y, ..., ¢, € F etvar o1 piles wov f(z) kai
my+--+mg=n
Eibixdrepa avté ovuPatver érav F = C.
Anoden: And 1o Ilopiopa 4 Yo €youpe ot
f(@) = an(z — )™ --- (& = c)™g(x)

6Tou ¢, . . ., ¢ elvar Oheg o SrpopeTinée pilec mou €yer o f(x) xou o g(z) eivon
avdywyo govixd mohu@yugo. AMNG t61e Do mpéner g(x) = 1 vt and unddeon av
elye Badud > 0 Ya elye pila xou dev Yo Aray avdywyo. O

Téhog 1oy ler Eva Vempnua avdroyo pe autd tou Otuehiadoug Oewphuatog TNg
ANYEPRAC Yol TOANUGVLUA UE TEAYHATIXOUS GUVTEAETEC.

Ochpnua 28
Av f(x) = ap+- - -+a,z"™ € R[z] efvar toAvévupo fadpot n, téte avtd a ypdgetar
katd povadiké Tpdmo oTnY HopPn):

f@) = ap(z — )™ - (z — )™ (@ +b1)* + )" - (& + b)* +d7)"
omov ¢y, ..., ¢, € F etvar o1 piles wov f(z) kai

my 4 4mp+25 4425 =n

1Ay f: R — R eivor o ouveyhc ouvdiptnon xou undpyouy a,b € R ue f(a)f(b) < 0 té1e Yo
undpyet xau ¢ uetadld v a,b pe f(c) = 0. Enlone ta ntohudvupa elvar ouveyeic ouvapthoeic.
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