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PerÐlhyh

To telikì proðìn miac èreunac eÐnaisun jwc èna sÔnolo metr sewn pou èginan se èna sÔnolo
peiramatik¸n monˆdwn| Me tic sun jeic statistikèc analÔseic exetˆzetai mÐametablht  kˆje
�orˆ kai ìqi h sunistamènh drˆsh aut¸n tautìqrona|

Polumetablht  anˆlush (multivariate analysis ) onomˆzetai h statistik  anˆlush pou efar-
mìzetai tautìqrona se ìlec tic exetazìmenecmetablhtèc enìc peirˆmatoc| IdiaÐtero endiafèron
gia thn TeqnologÐa TrofÐmwn èqoun h Anˆlush twn KurÐwn Sunistws¸n (Principal Components
Analysis ), h Paragontik  Anˆlush (Factor Analysis ), h Anˆlush thc AntistoiqÐac (Corresponde­
nce Analysis ), h Anˆlush thc OmoiomorfÐac twn Omˆdwn (Cluster Analysis ) kai h Anˆlush thc
Kanonikopoihmènhc Susqètishc (Canonical Correlation Analysis )|

H Anˆlush twn KurÐwn Sunistws¸n (AKS) eÐnaih pio apl  apì ìlec tic mejìdouc polume-
tablht c anˆlushc kai efarmìzetai polÔ eÔkola apì ta perissìtera progrˆmmata statistik c
epexergasÐacdedomènwn|

Sthn paroÔsa ptuqiak , h AKS orÐzetai megewmetrikoÔc ìrouc kai methn ˆlgebra twn pinˆ-
kwn| ParatÐjentai paradeÐgmata efarmog c me  qwrÐcth qr sh H/U kai epÐshcperigrˆfontai
oi teqnikèc grafik c parousÐashc twn apotelèsmˆtwn| EpÐshc, sqoliˆzontai merikˆ apì ta pro-
grˆmmata meta opoÐaeÐnaidunat  h efarmog  thc AKS|

H AKS efarmìsthke se peiramatikˆ kai organolhptikˆ dedomènapou katagrˆfhkan metˆ
apì wsmwtik  afudˆtwsh aktinidÐwn se 4 dialÔmata 
aqˆrwn (glukìzh, isoglukìzh, maltìzh kai
soukrìzh) kai se 3 qrìnouc osmwtik c afudˆtwshc (90, 180 kai 360 leptˆ)|

Ta apotelèsmata den  tan idiaÐtera ikanopoihtikˆ epeid  oi 3 pr¸tec kÔriec sunist¸sec
ekfrˆzoun to 78:6% thc olik c diakÔmanshc| Gia to lìgo autì sqediˆsthkan trisdiˆstata gra-
� mata ta opoÐa tan duskolìtero na ermhneujoÔn|

Tèloc efarmìsthke kai h Paragontik  Anˆlush (PA) sta peiramatikˆ dedomèna, h opoÐa
èdwse kalÔtera apotelèsmata apì autˆ thc AKS, allˆ ìqi idiaÐtera ikanopoihtikˆ|

Genikìtera, sumperaÐnoumeìti deÐgmatameuyhlèc timèc Brix parousiˆzoun auxhmènh prì-
slhyh 
aqˆrwn kai eÐnaipio glukˆ en¸ parˆllhla èqoun qamhl  oxÔthta epÐxhroÔ| EpÐshc ta
deÐgmatamemegˆlh meÐwsh�ˆrouc eÐnaiperissìtero sunektikˆ|





EuqaristÐec

Arqikˆ prèpei na euqarist sw twn Eishght  Kajhght  k| Dhm trio PetrÐdh, pr¸ta apì ìla gia
thn anektikìthta tou wc proc to qrìno pou mou paraq¸rhse kai thn empistosÔnh pou mou èqei
deÐxeikai akìmh perisìtero na ton euqarist sw gia tic polÔtimec sumboulèc kai parathr seic
epˆnw sto �èma thc statistik c epexergasÐacdedomènwn|

Akìmh �a prèpei na euqarist sw ton Proðstˆmeno tou Tm matoc TeqnologÐac TrofÐmwn k|
Stulianì RafahlÐdh gia tic eukairÐec anˆdeixhc pou mou pareÐqe sthn poreÐa mou sth Sqol  kai
ton EpÐkouro Kajhght  k| Nikìlao Gewrgiˆdh gia tic upodeÐxeictou sto �èma thc wsmwtik c
afudˆtwshc twn aktinidÐwn|





Prìlogoc

ätan xekÐnhsana asqoloÔmai me thn ptuqiak  ergasÐa  jela na thn kˆnw ìso to dunatìn pio
tèleia| Dedomènoutou pˆjouc mou gia thn Epist mh thc Plhroforik c xekÐnhsana asqoloÔmai
me teleÐwc diaforetikˆ �èmata, me stìqo pˆnta thn �eltistopoÐhsh ìqi mìno tou perieqomènou
thc ergasÐac allˆ kai thc aisjhtik c axÐac|Autì eÐqewc apotèlesma th shmantik  kajustèrhsh
olokl rwshc thc ptuqiak c|

Parìla autˆ ìmwc, sth daidal¸dh poreÐa pou akoloÔjhsa, exeidikeÔthka se orismènouc
tomeÐcpou eÐnaiaxiìlogo na anaferjoÔn:

� Programmatismìc H/U: sta plaÐsia thc ptuqiak c ergasÐac èqoun grafteÐ orismèna pro-
grˆmmata gia th sqedÐash twn anusmatik¸n grafik¸n parastˆsewn kai twn biplots | Proc
to parìn den eÐnaidiajèsima sto eurÔ koinì lìgw thc mh �ilikìthtac proc to qr sth|
Wstìso ìpoioc epijumeÐ na apokt sei kai na qrhsimopoi sei ta sugkekrimèna progrˆmma-
ta mporeÐna epikoinwn sei mazÐmou mèswhlektronikoÔ taqudromeÐou|

� LATEX 2" : ètsi onomˆzetai to sÔsthma stoiqeiojesÐac keimènou pou qrhsimopoi sa gia th
suggraf  tou keimènou kai twn majhmatik¸n exis¸sewn| Denprìkeitai gia ènan epexerga-
st  keimènou kai h qr sh tou progrˆmmatoc autoÔ apaiteÐ megalÔterh exoikeÐwshmetouc
H/U| Wstìso eÐnaito apìluto ergaleÐo gia th swst  stoiqeiojesÐa majhmatik¸n exis¸sewn|
EpÐshc eÐnaiÐswco kalÔteroc trìpoc gia th suggraf  megˆlwn �iblÐwn (pˆnw apì 200 se-
lÐdec), ta opoÐa�a apaitoÔsan isqurìtato H/U gia na diaqeiristoÔn apì ènan sunhjismèno
epexergast  keimènou| Pˆnw apì ìla ìmwc metrˆei to telikì aisjhtikì apotèlesma|

� LINUX : ètsi onomˆzetai èna eleÔjero proc qr sh leitourgikì sÔsthma tou opoÐouh � mh
auxˆnetai suneq¸c| H enasqìlhsh mou meautì  tan h pragmatik  aitÐa pou asqol jhka
meton programmatismì kai meto LATEX 2" |

Sth sunèqeia �a anafèrw ta progrˆmmata pou qrhsimopoÐhsh gia thn olokl rwsh thc ptu-
qiak c, exhg¸ntac parˆllhla to lìgo epilog c:

LINUX | EÐnai to leitourgikì sÔsthma pou qrhsimopoi jhke katˆ to megalÔtero mèroc| EÐnai
stajerìtato kai ligìtero {ekneuristikì} afoÔ den qreiˆzetai {POTE} na kˆnw epanekkÐ-
nhsh tou H/U| Wstìso h qr sh twn programmˆtwn statistik c èginekˆtw apì MS Windows
98 , epeid  oi sugkekrimènec etairÐec den èqoun èkdosh twn programmˆtwn touc gia LINUX |

LATEX 2" | To prìgramma suggraf c tou keimènou kai twn exis¸sewn, ìpwc anafèrjhke para-
pˆnw|

GNUPLOT | To prìgramma gia th dhmiourgÐa twn perissìterwn grafik¸n parastˆsewn| Epilè-
qjhke epeid  den èqei periorismoÔc wc proc to eÐdocthc grafik c| àtsi kataskeuˆsthkan
oi anusmatikèc grafikèc parastˆseic|

LATEX2HTML | To prìgramma gia thn metatrop  thc ergasÐac se morf  katˆllhlh gia to
DiadÐktuo|

MINITAB & STATISTICA | EÐnaignwstˆ progrˆmmata statistik c|



Diˆfora| €lla progrˆmmata pou den eÐnaiaparaÐthto na anaferjoÔn|

Sto pr¸to mèroc thc ptuqiak c ergasÐac gÐnetai arqikˆ ènac kajorismìc tou probl matoc
kai anafèrontai sunoptikˆ merikèc polumetablhtèc mèjodoi statistik c epexergasÐac| Sth su-
nèqeia perigrˆfetai h Anˆlush twn KurÐwn Sunistws¸n megewmetrikoÔc kai algebrikoÔc ìrouc
kai gÐnetai efarmog  se orismèna paradeÐgmata| Opwsd pote ìmwc an kˆpoioc epijumeÐ na
katano sei touc majhmatikoÔc upologismoÔc �a prèpei na diabˆsei pr¸ta to Parˆrthma A'|

Sto deÔtero mèroc exhgeÐtaih peiramatik  diadikasÐa pou akolouj jhke gia thn apìkthsh
twn dedomènwnkai sto trÐto mèroc gÐnetai efarmog  thc anˆlushc sta peiramatikˆ dedomèna,
dÐnontacexhg seic kai �gˆzontac orismèna sumperˆsmata|

JessalonÐkh, Mˆrtioc 2001

PapagrhgorÐou Nikìlaoc

e­mail: papanikos@usa .n et
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KEFŸALAIO 1

Eisagwg 

1|1 Polumetablht  anˆlush

äloi oi epist monec, opoiod pote kai an eÐnaito antikeÐmenoeidÐkeushctouc, ìtan kaloÔntai
na melet soun p|q| èna �usikì �ainìmeno, ènan organismì, èna trìfimo, sullègoun èna pl joc
dedomènwn(data )| Anexˆrthta apì to antikeÐmenoproc melèth   to peiramatikì sqèdio pou ako-
louj jhke, to telikì proðìn thc èreunac eÐnaisun jwc èna sÔnolo metr sewn pou èginan se èna
sÔnolo peiramatik¸n monˆdwn (pÐnakac 1|2)| H onomasÐapou dÐnetaistic peiramatikèc monˆdec
poikÐllei anˆloga me ton episthmonikì klˆdo| Sthn �ibliografÐa sun jwc onomˆzontai wc an-
tikeÐmena(objects ), monˆdec (individuals ), parathr seic (observations ), upokeÐmena(subjects ),
peript¸seic (cases), taxinomikèc monˆdec (observational taxonomy units ) kai deÐgmata(sam­
ples )| Oi diaforetikèc metr seic pou èqoun gÐneidiadoqikˆ stic peiramatikèc monˆdec apoteloÔn
tic metablhtèc (variates   variables ), apì thn melèth twn opoÐwn�a exaqjoÔn ta sumperˆsmata
thc èreunac|

ätan peiramatizìmaste me èna trìfimo, sun jwc metrˆme èna pl joc metablht¸n kai pro-
spajoÔme na exˆgoume èna sumpèrasma qrhsimopoi¸ntac kˆpoiec statistikèc mejìdouc| An h
statistik  mèjodoc efarmìzetai se mÐametablht  kˆje �orˆ, tìte aut  onomˆzetai monometablh-
t  mèjodoc (univariate method ) p|q| anˆlush thc diakÔmanshc, palindrìmhsh| àtsi ìmwc den
mporoÔmena apokalÔyoume thn tautìqronh drˆsh ìlwn twn metablht¸n mazÐkai periorizìmaste
se {monodiˆstata} sumperˆsmata|

Polumetablht  anˆlush (multivariate analysis ) onomˆzetai h statistik  anˆlush pou efar-
mìzetai tautìqrona se ìlec tic exetazìmenecmetablhtèc enìc peirˆmatoc| AkoloujoÔn dÔo para-
deÐgmatasta opoÐa�a mporoÔsan na efarmosjoÔn diˆforec mèjodoi polumetablht c anˆlushc|
H melèth twn paradeigmˆtwn �a analujeÐ sto epìmeno kefˆlaio|

Parˆdeigma 1 àreuna tim¸n proðìntwn se Super Markets

To Kèntro ProstasÐac Katanalwt¸n (KEPKA) katègraye tic timèc 25 proðìntwn se 32 Super
Markets apì diˆforec perioqèc thc JessalonÐkhc| H epilog  twn katasthmˆtwn ègine tuqaÐa
apì thn ereunhtik  omˆda en¸ twn proðìntwn sÔmfwna me thn parousÐa touc sta �ˆfia ìlwn
twn katasthmˆtwn| H èreuna pragmatopoÐhjhke stic 17 kai 18 IounÐou1996 kai parousiˆsthke
sto periodikì Katanalwtikˆ B mata sto teÔqoc 6-7/96| Ta apotelèsmata parousiˆzontai ston
pÐnaka 1|1|
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ProkÔptoun ta ex c erwt mata:

� MporoÔn ta katast mata na kataqjoÔn se omˆdec anˆloga meto kìstoc twn 25 proðìntwn?

� Poiˆ eÐnaita akribìtera kai poiˆ ta �jhnìtera katast mata?

� MporoÔn ta diˆfora proðìnta na omadopoihjoÔn anˆloga meto kìstoc touc?

Parˆdeigma 2 Qhmikèckai �ioqhmikèc metabolèc qondriqjÔwn katˆ thn apoj keush touc se sun-
� kec yÔxhc kai katˆyuxhc

Sta plaÐsia thc ptuqiak c ergasÐac tou KwnstantÐnou Hliˆdh, yˆria twn eid¸n Scyliorhinus
cannicula (Skulˆki) kai Merluccius merluccius (Mpakaliˆroc) exetˆsthkan qhmikˆ, �ioqhmikˆ
kai organolhptikˆ| àna mèroc twn yari¸n topojet jhke se pˆgo kai kˆje 4 hmèrec antipro-
swpeutikì deÐgmaaut¸n exetˆsthke qhmikˆ| Ta apotelèsmata twn qhmik¸n analÔsewn �aÐnontai
ston pÐnaka 1|2| Ta upìloipa yˆria qwrÐsthkan se dÔo omˆdec, h mÐaek twn opoÐwnemba-
ptÐsthke se diˆluma antioxeidwtik¸n, en¸ h ˆllh den upèsth kamÐaepexergasÐa| Sth sunèqeia
apojhkeÔthkan se �ermokrasÐa -25 � C me -30 � C ston katayÔkth tou ergasthrÐou| Anˆ taktˆ
qronikˆ diast mata 4, 6 kai 8 ebdomˆdwn, antiproswpeutikì deÐgmaapì kˆje omˆda kai eÐdoc
yarioÔ exetˆsthke �ioqhmikˆ kai organolhptikˆ| Ta apotelèsmta thc organolhptik c exètashc
kai twn �ioqhmik¸n analÔsewn �aÐnontai ston pÐnaka 1|3|

ProkÔptoun ta ex c erwt mata:

� P¸c sqetÐzontai oi qhmikèc kai �ioqhmikèc analÔseic metaxÔtouc?

� AÔxhsh twn tim¸n sth mÐametablht  èqei wc sunèpeia thn aÔxhsh twn tim¸n miac ˆllhc  
kai to antÐstrofo?

� MporoÔn ta diˆfora deÐgmatapou exetˆsthkan na omadopoihjoÔn se sqèsh me tic meta-
�lhtèc pou katagrˆfhkan?

1|2 Mèjodoi polumetablht c anˆlushc

Upˆrqoun pˆra pollèc mèjodoi polumetablht c anˆlushc| Sth sunèqeia �a anaferjoÔn
perilhptikˆ oi mèjodoi meidiaÐtero endiafèron gia thn epist mh thc TeqnologÐac TrofÐmwn|

1|2|1 Anˆlush twn kurÐwn sunistws¸n (Principal Components Analysis )

Ac upojèsoume pwc ènac Teqnolìgoc TrofÐmwn metˆ apì polÔqronh èreuna èqei prosdiorÐsei
40 qarakthristikˆ (pH , oxÔthta, ugrasÐa k|a|) 100 diaforetik¸n proðìntwn apì diˆforec �io-
mhqanÐec|Gia thn exagwg  sumperˆsmatoc �a prèpei na melet sei ìlec tic metablhtèc xeqwristˆ
  anˆ dÔo| Aut  ìmwc h diadikasÐa eÐnaiqronobìra kai epÐponh,mekÐndunopˆnta na gÐneikak 
ermhneÐatwn apotelesmˆtwn mia pou h {sunistamènh} drˆsh twn metablht¸n den lambˆnetai
upìyh|

Ja  tan loipìn polÔ �olikì èna {ergaleÐo} to opoÐo�a èdine th dunatìthta ston ereunht 
na exˆgei èna sumpèrasma melet¸ntac merikèc mìno {metablhtèc} antÐgia 40 kai mˆlista ekeÐnec
pou �a èqoun tic plèon antiproswpeutikèc idiìthtec gia th sugkekrimènh èreuna| Akrib¸c aut n
thn dunatìthta parèqei h Anˆlush twn KurÐwn Sunistws¸n (AKS)| àqei sqediasteÐ ètsi ¸ste na
mei¸nei ton arijmì twn metablht¸n pou prèpei na exetastoÔn, se èna mikrìtero arijmì {nèwn}
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PÐnakac 1|2: Apotelèsmata qhmik¸n analÔsewn se yˆria twn eid¸n Scyliorhinus cannicula kai
Merluccius merluccius

UgrasÐa Tèfra Prwteònec Olikì Prwteðnikì Mh prwteðnikì LÐpoc

DeÐgmata (%) (%) (%) ˆzwto (%) ˆzwto (%) ˆzwto (%) (%)

Skulˆki-0 81|62 0|80 22|12 3|54 2|34 1|20 1|32

Skulˆki-4 81|81 0|73 19|48 3|12 2|06 1|06 0|98

Skulˆki-8 82|46 0|74 17|76 2|84 1|88 0|97 0|89

Skulˆki-12 82|93 0|75 16|92 2|71 1|77 0|92 0|82

Skulˆki-16 83|50 0|78 13|20 2|11 1|39 0|71 0|79

Mpakaliˆroc-0 79|72 1|12 18|05 2|89 2|49 0|40 0|55

Mpakaliˆroc-4 79|97 1|04 17|48 2|80 2|40 0|39 0|50

Mpakaliˆroc-8 80|82 1|03 16|23 2|60 2|23 0|36 0|44

Mpakaliˆroc-12 80|95 0|96 16|18 2|59 2|23 0|35 0|36

Mpakaliˆroc-16 81|35 0|91 15|40 2|46 2|12 0|34 0|29

Oi arijmoÐ dÐpla apì to eÐdoctou yarioÔ dhl¸noun tic hmèrec katˆyuxhc:

0=mˆrturac, 4=tètarth hmèra, 8=ìgdoh hmèra, 12=dwdèkath hmèra, 16=dekathèkth hmèra

PÐnakac 1|3: Apotelèsmata �ioqhmik¸n analÔsewn kai organolhptikoÔ elègqou se yˆria twn
eid¸n Scyliorhinus cannicula kai Merluccius merluccius

€mesa ekqulÐsimh TBA Emfˆnish Osm  Uf  GeÔsh

DeÐgmata prwteònh (% k|o|) ppm

Skulˆki-ME-0 0|96 2|184 -0|9 1|0 1|2 -0|4

Skulˆki-ME-4 0|64 5|928 0|5 0|8 1|4 -0|7

Skulˆki-ME-6 0|63 8|112 2|2 1|6 -0|2 0|6

Skulˆki-ME-8 0|60 8|976 -1|2 1|7 0|6 -0|7

Skulˆki-XE-0 1|13 2|730 1|5 0|0 0|9 -0|2

Skulˆki-XE-4 0|84 6|708 -1|3 0|4 -1|1 0|2

Skulˆki-XE-6 0|43 8|346 -2|6 0|3 1|2 -1|1

Skulˆki-XE-8 0|38 22|776 -1|5 0|8 1|6 -0|3

Mpakaliˆroc-ME-0 0|83 1|869 -0|8 1|2 -0|2 0|7

Mpakaliˆroc-ME-4 0|82 3|068 -0|4 -0|8 -0|7 -0|2

Mpakaliˆroc-ME-6 0|78 4|024 -1|8 1|5 -1|2 -0|9

Mpakaliˆroc-ME-8 0|81 5|180 -1|4 0|4 -0|9 -0|8

Mpakaliˆroc-QE-0 0|88 1|869 -0|6 0|7 -0|4 0|3

Mpakaliˆroc-QE-4 0|63 4|602 -0|7 -0|3 2|2 -0|9

Mpakaliˆroc-QE-6 0|36 11|622 -0|6 0|0 -1|7 0|1

Mpakaliˆroc-QE-8 0|35 17|628 -1|3 1|1 -1|5 -0|7

Oi suntomografÐec ME kai QE shmaÐnoun:

ME=Me EpexergasÐa, QE=QwrÐcEpexergasÐa

Oi arijmoÐ dÐpla apì to eÐdoctou yarioÔ dhl¸noun tic ebdomˆdec katˆyuxhc:

0=mˆrturac, 4=tètarth ebdomˆda, 6=èkth ebdomˆda, 8=ìgdoh ebdomˆda
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metablht¸n pou onomˆzontai kÔriec sunist¸sec oi opoÐeceÐnaigrammikoÐsunduasmoÐtwn arqik¸n
metablht¸n kai den susqetÐzontai metaxÔtouc|

H AKS eÐnaih pio apl  apì tic mejìdouc polumetablht c anˆlushc| H diadikasÐa upolo-
gism¸n mporeÐna ermhneujeÐ eÐtegewmetrikˆ (�lèpe Enìthta 2|2) eÐtealgebrikˆ (�lèpe Enìthta
2|3)| Sunoptikˆ, dhmiourgeÐtai o pÐnakac sundiakÔmanshc (  o pÐnakac susqètishc) metaxÔ
twn p metablht¸n (�lèpe Parˆrthma A') apì ton opoÐoupologÐzontai oi qarakthristikèc �Ðzec
(� 1; � 2; : : : ; � p) kai ta antÐstoiqa qarakthristikˆ anÔsmata| Oi qarakthristikèc �Ðzecdiatˆsson-
tai me �jÐnousa tˆxh kai apoteloÔn tic diakumˆnseic twn kurÐwn sunistws¸n (principal compo­
nents )| Oi kÔriec sunist¸sec prokÔptoun apì tic exis¸seic,

8
>>><

>>>:

Z1 = � 11X 1 + � 12X 2 + � � � + � 1pX p

Z1 = � 21X 1 + � 22X 2 + � � � + � 2pX p
|||

|||
|||

|||
Zp = � p1X 1 + � p2X 2 + � � � + � ppX p

(1|1)

ìpou Z1; Z2; : : : ; Zp eÐnaioi kÔriec sunist¸sec (principal components ), X 1; X 2; : : : ; X p eÐnaioi
metablhtèc kai � 11; � 12; : : : ; � pp eÐnai ta qarakthristikˆ anÔsmata ta opoÐa apoteloÔn touc
suntelestèc thc exÐswshc  diaforetikˆ thn klÐsh tou uperepipèdou pou dhmiourgeÐtai ston
poludiˆstato uperq¸ro| Ta qarakthristikˆ anÔsmata upologÐzontai me ton periorismì ìti
� 2

i1 + � 2
i2 + � � � + � 2

ip = 1 ìpou i = 1; : : : ; p| Oi metablhtèc pou exetˆzontai apoteloÔn tic
diastˆseic autoÔ tou q¸rou| Apì tic p kÔriec sunist¸sec (me�ˆsh orismèna krit ria) mìno oi 2
  treic pr¸tec �a epilegoÔn gia na melethjoÔn| Me tic epilegmènec sunist¸sec sqediˆzontai mÐa
oi perissìterec grafikèc parastˆseic apì tic opoÐecexˆgetai to sumpèrasma thc èreunac| Gia
leptomerèsterh perigraf  thc mejìdou �lèpe Enìthta 2|3|

H AKS suqnˆ sugqèetai methn Paragontik  Anˆlush (Factor Analysis ) h opoÐaan kai sqe-
tÐzetai me thn AKS eÐnai�emeliwd¸c diaforetik  teqnik  [24 , 11 ]| H sÔgqush aut  pijanìtata
ofeÐletai sto gegonìc ìti pollˆ statistikˆ pakèta emfanÐzounthn AKS wc epilog  sto parˆjuro
dialìgou thc Paragontik  Anˆlushc (PA)| EpÐshc polloÐ epist monec qrhsimopoioÔn ton ìro
Paragontik  Anˆlush enno¸ntac thn AKS, gegonìc pou eÐnaipolÔ sunhjismèno sthn �ibliogra-
�Ða thc Bìreiac Amerik c [20 ]| Wstìso,h �asik  diaforˆ eÐnaiìti sthn PA oi sunist¸sec mporeÐ
na susqetÐzontai lÐgo metaxÔtouc|

1|2|2 Paragontik  anˆlush (Factor Analysis )

H Paragontik  Anˆlush (PA) eÐnaiparìmoia methn anˆlush twn kurÐwn sunistws¸n| Geni-
kìteroc stìqoc touc eÐnaih perigraf  enìc sunìlou metablht¸n apì ligìterec nèecmetablhtèc
  parˆgontec me sunèpeia th diasaf nish twn sqèsewn metaxÔtwn metablht¸n| ämwc upˆrqei
mia shmantik  diaforˆ| H AKS dÐneièmfash sto na exhg sei th metablhtìthta sta dedomèna
kai den �asÐzetai se kˆpoio statistikì montèlo, en¸ h PA prospajeÐ na exhg sei th susqètish
metaxÔtwn metablht¸n kai �asÐzetai se èna sugkekrimèno montèlo [15 , 24 ], pou èqei sqèsh me
koin  suneisforˆ orismènwn metablht¸n se èna mìno ˆxona th �orˆ|

An èqoumeèna pÐnaka dedomènwnìpou oi metablhtèc eÐnaioi st lec kai ta deÐgmataeÐnaioi
seirèc, to sÔsthma twn grammik¸n exis¸sewn pou perigrˆfei thn Paragontik  Anˆlush eÐnaito
ex c,
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X 1 = � 11F1 + � 12F2 + � � � + � 1m Fm + e1

X 2 = � 21F1 + � 22F2 + � � � + � 2m Fm + e2
|||

X p = � p1F1 + � p2F2 + � � � + � pmFm + ep

9
>>>=

>>>;

ìpou X 1; X 2; : : : ; X p eÐnaioi tupopoihmènec metablhtèc, � i 1; � i 2; : : : ; � im eÐnaioi suntelestèc thc
exÐswshcthc metablht c X i kai onomˆzontai paragontikˆ �ortÐa (factor loadings ), F1; F2; : : : ; Fm

eÐnaioi m mh susqetizìmenoi (ìqi pˆnta) kÔrioi parˆgontec (common factors ) memhdenikì mèso
ìro kai diakÔmansh Ðshmeth monˆda kai ei eÐnaiènac parˆgontac eidikìc proc kˆje metablht 
X i o opoÐocden susqetÐzetai me kanènan apì touc kÔriouc parˆgontec kai èqei mhdenikì mèso
ìro [15 ]|

O arijmìc m twn kÔriwn paragìntwn eÐnaishmantikˆ mikrìteroc apì ton arijmì twn arqik¸n
metablht¸n (m < p) kai an den suqetÐzontai metaxÔ touc to paragontikì montèlo onomˆzetai
orjog¸nio (orthogonal ) en¸ an susqetÐzontai onomˆzetai keklimèno   plˆgio( oblique )|

To ˆjroisma twn tetrag¸nwn twn paragontik¸n �ortÐwn, � 2
i1 + � 2

i2 + � � � + � 2
im , kaleÐtai

summetoqikìthta (communality ) thc metablht c X i kai apoteleÐ to mèroc thc diakÔmanshc pou
sqetÐzetaimetou kÔriouc parˆgontec| H diakÔmansh tou eidikoÔ parˆgonta, var (ei ), onomˆzetai
eidik  metablhtìthta (speci�city ) thc metablht c X i kai apoteleÐ to mèroc ekeÐnothc diakÔmanshc
pou den sqetÐzetaimetouc kÔriouc parˆgontec|

H susqètish metaxÔdÔo metablht¸n X i kai X j upologÐzetai apì thn exÐswsh,

r ij = � i 1� j 1 + � i 2� j 2 + � � � + � im � j m

Apì thn parapˆnw exÐswshsumperaÐnoumeìti gia na susqetÐzontai isqurˆ dÔo metablhtèc
�a prèpei na èqoun uyhlèc timèc paragontik¸n �ortÐwn stouc Ðdioucparˆgontec [15 ]| EpÐshc,
isqÔei ìti � 1 � � ij � 1, epeid  h summetoqikìthta den mporeÐna eÐnaimegalÔterh thc monˆdac|

H Paragontik  Anˆlush xekinˆei èqontac ta dedomènase morf  pÐnaka, ìpou oi st lec eÐ-
nai oi metablhtèc kai oi seirèc eÐnaita deÐgmata| Arqikˆ upologÐzontai ta paragontikˆ �ortÐa|
Upˆrqoun pˆra polloÐ trìpoi na gÐneiautì mepio gnwstì th qrhsimopoÐhsh twn kurÐwn sunistw-
s¸n metˆ apì efarmog  thc AKS| Gia thn dieukìlunsh epÐshcthc ermhneÐactwn apotelesmˆtwn
eÐnaidunatì na gÐneiperistrof  twn axìnwn (factor rotation ), orjog¸nia   mh orjog¸nia (ortho­
gonal   oblique )| Gia thn peristrof  èqoun protajeÐ diˆforoi algìrijmoi mepio gnwstoÔc touc
varimax (megistopoÐhsh thc diakÔmanshc metaxÔtwn paragìntwn) kai quartimax (megistopoÐhsh
thc diakÔmanshc metaxÔtwn metablht¸n) [20 ]|

H PA �ewreÐtai apì polloÔc epist monec pwc eÐnaimÐa{tèqnh} kai ìti den eÐnaitìso antikei-
menik  ìso ˆllec statistikèc mèjodoi [15 ]| H qr sh thc sthn TeqnologÐa TrofÐmwn den sunhjÐ-

etai, ektìc apì elˆqistec peript¸seic ìpou dÐneiikanopoihtikˆ apotelèsmata (�lèpe Kefˆlaio
4)|

1|2|3 Anˆlush thc AntistoiqÐac (Correspondence Analysis )

H Anˆlush thc AntistoiqÐac (AA) eÐnaimÐamèjodoc pou sqediˆsthke gia thn anˆlush apl¸n
disdiˆstatwn kai poludiˆstatwn pinˆkwn kathgorik¸n   kai posotik¸n metablht¸n| Ta apotelè-
smata parèqoun plhrofìrhsh parìmoia meaut n twn apotelesmˆtwn thc Anˆlushc twn KurÐwn
Sunistws¸n kai thc Paragontik c Anˆlushc| Shmantikì pleonèkthma thc AA eÐnaih parousÐash
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thc sqèshc metaxÔtwn metablht¸n kai twn parathr sewn mèsa apì tautìqronh kai allhlèndeth
sqesiologÐa|

Ac upojèsoume ìti se èna sÔnolo upostwmˆtwn elègqetai h anˆptuxh diˆforwn �akthrÐwn
kai katagrˆfetai o mikrobiakìc plhjusmìc metˆ apì ep¸ash| O pÐnakac twn dedomènwnpou �a
kataskeuasteÐ �a eÐnaiìmoioc meton PÐnaka 1|4|

PÐnakac 1|4: Mikrobiakìc plhjusmìc se sÔnolo n �akthrÐwn metˆ apì ep¸ash se p upostr¸-
mata (upojetikìc pÐnakac)

Upostr¸mata
Bakt ria 1 2 � � � p AjroÐsmata Suntelestèc

1 x11 x12 � � � x1p R1 a1

2 x21 x22 � � � x2p R2 a2
|||

|||
|||

|||
|||

|||
n xn1 xn2 � � � xnp Rn an

AjroÐsmata C1 C2 � � � Cp

Suntelestèc b1 b2 � � � bp

Ston pÐnaka pou prokÔptei metˆ to tèloc thc peiramatik c diadikasÐac parousiˆzetai kai èna
sÔnolo suntelest¸n gia kˆje seirˆ (a1; a2; : : : ; an ) kai st lh (b1; b2; : : : ; bn )| Stìqoc thc AA eÐnai
o upologismìc twn suntelest¸n aut¸n ètsi ¸ste na èqoun th megalÔterh dunat  susqètish methn
katanom  pou prokÔptei apì ton mikrobiakì plhjusmì sunolikˆ| Ekfrasmèno majhmatikˆ,
stìqoc thc AA eÐnaih lÔsh twn parakˆtw exis¸sewn|

a1 = [(x11=R1)b1 + (x12=R1)b2 + � � � + (x1p=R1)bp]=r

a2 = [(x21=R2)b1 + (x22=R2)b2 + � � � + (x2p=R2)bp]=r
||| =

|||

an = [(xn1=Rn )b1 + (xn2=Rn )b2 + � � � + (xnp=Rn )bp]=r

kai

b1 = [(x11=C1)a1 + (x21=C1)a2 + � � � + (xn1=C1)ap]=r

b2 = [(x12=C2)a1 + (x22=C2)a2 + � � � + (xn2=C2)ap]=r
||| =

|||

bp = [(x1p=Cp)a1 + (x2p=Cp)a2 + � � � + (xnp=Cp)ap]=r

ìpou Ri eÐnaio sunolikìc plhjusmìc gia kˆje �akt rio i , Cj eÐnaio sunolikìc plhjusmìc gia
kˆje upìstrwma j kai r eÐnaih mègisth epijumht  susqètish|

1|2|4 Anˆlush thc OmoiomorfÐac twn Omˆdwn (Cluster Analysis )

H Anˆlush thc OmoiomorfÐactwn Omˆdwn (AOO) eÐnaimÐamèjodoc methn opoÐaepitugqˆnetai
omadopoÐhsh twn parathr sewn (observations ) se omˆdec (clusters ) ètsi ¸ste oi parathr seic
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se kˆje omˆda na eÐnaisqetikˆ ìmoiec se sqèsh metic metablhtèc pou qrhsimopoioÔntai gia ton
sqhmatismì twn omˆdwn en¸ oi parathr seic metaxÔtwn omˆdwn na diafèroun ìso to dunatì pe-
�issìtero se sqèsh pˆnta metic metablhtèc omadopoÐhshc (isqÔei kai to antÐstrofo, dhlad  na
omadopoioÔntai oi metablhtèc wc proc tic parathr seic) [24 ]| Gia parˆdeigma, ènac diatrofolì-
goc �a endiaferìtan na omadopoi sei èna sÔnolo trofÐmwn sÔmfwna methn �reptik  touc axÐa
(p|q| yˆri, kotìpoulo, laqanikˆ, gˆla kai augˆ) se omˆdec ètsi ¸ste ta trìfima pou �a an -
koun sthn Ðdiaomˆda na eÐnaiìso to dunatì pio omoiogen  en¸ ta trìfima metaxÔtwn omˆdwn na
diafèroun ìso to dunatì perissìtero| Prèpei na shmeiwjeÐ ìti sthn anˆlush thc omoiomorfÐac
twn omˆdwn oi parathr seic omadopoioÔntai meth �o jeia twn {exis¸sewn apìstashc}, en¸ sthn
Paragontik  Anˆlush kai sthn Anˆlush twn KurÐwn sunistws¸n oi metablhtèc omadopoioÔntai
sÔmfwna meth susqètish metaxÔtouc|

To klasikìtero parˆdeigma AOO eÐnaio periodikìc pÐnakac twn stoiqeÐwn| O Mendeleev
qrhsimopoÐhse tic diajèsimec plhroforÐec sqetikˆ meth �Ôsh tou kˆje stoiqeÐou kai diapÐstwse
ìti ta stoiqeÐa mporoÔsan na omadopoihjoÔn, ètsi ¸ste h omoiìthta aut¸n se kˆje omˆda na
eÐnaimegalÔterh apì thn omoiìthta twn stoiqeÐwnmetaxÔtwn omˆdwn [20 ]| Wstìso, h ergasÐa tou
pragmatopoi jhke qwrÐc th qr sh autoÔ pou s mera onomˆzoume anˆlush thc omoiomorfÐac
twn omˆdwn, dhlad  th qr sh upologistik¸n mejìdwn pou �ohjoÔn sth dhmiourgÐa omˆdwn
ìmoiwn antikeimènwn| Akìmh ìmwc kai an tìte  tan gnwstèc oi mèjodoi omadopoÐhshcden �a  tan
dunatì na efarmosjoÔn gia èna megˆlo pl joc dedomènwndÐqwcth qrhsimopoÐhsh enìc H/U|

Oi mèjodoi omadopoÐhshc sthn AOO eÐnaieÐteierarqikèc eÐtemh-ierarqikèc| Oi pr¸tec eÐnai
oi pio dhmofileÐc kai odhgoÔn sthn dhmiourgÐa enìc dendrogrˆmmatoc, ìpwc �aÐnetai sto Sq ma
1|1| Arqikˆ upologÐzontai oi apostˆseic kˆje antikeimènou (parat rhshc) apì ìla ta ˆlla
antikeÐmena|Sth sunèqeia sqhmatÐzontai omˆdec memia diadikasÐa sunˆjroishc (agglomeration )
  upodiaÐreshc (division )| Katˆ thn diadikasÐa sunˆjroishc ìla ta antikeÐmenaxekinoÔn apì
omˆdec tou enìc dhlad  kˆje antikeÐmenoeÐnaikai mÐaomˆda| Oi omˆdec pou �rÐskontai pio
kontˆ se sqèsh metic ˆllec omˆdec stadiakˆ omogenopoioÔntai (merged ) ètsi ¸ste telikˆ ìla ta
antikeÐmenana sqhmatÐzounmÐaomˆda|

H diadikasÐa upodiaÐreshc eÐnai akrib¸c antÐjeth dhlad  ìla ta antikeÐmena apoteloÔn
arqikˆ mia omˆda h opoÐa sth sunèqeia upodiaireÐtai se dÔo omˆdec, mèqri telik¸c ìla ta
antikeÐmenana sqhmatÐzounatomikèc omˆdec [15 ]|

Oi mh-ierarqikèc mèjodoi eÐnaiperissìtero polÔplokec kai eÐnaioi neìterec sthn oikogèneia
twn mejìdwn omadopoÐhshc thc AOO| Ed¸ sta antikeÐmenaepitrèpetai na metakinoÔntai mèsa
  èxw apì omˆdec se diˆfora stˆdia thc anˆlushc| Arqikˆ, merikˆ aujaÐreta kèntra omˆdwn
epilègontai kai ta antikeÐmenakatanèmontai sta kontinìtera proc autˆ kèntra dhmiourgìntac
omˆdec| Sth sunèqeia upologÐzontai nèa kèntra ta opoÐaantistoiqoÔn sta kèntra twn antikeimènwn
stic eÐdhsqhmatismènec omˆdec| Katìpin èna antikeÐmenometakineÐtai se mia nèa omˆda an eÐnai
kontunìtera sto kèntro aut c thc omˆdac se sqèsh me to kèntro thc omˆdac pou an kei| Oi
omˆdec pou �rÐskontai kontunìtera omogenopoioÔntai, ˆllec omˆdec upodiairoÔntai k|o|k|| H
diadikasÐa aut  suneqÐzetaiepanalhptikˆ mèqri na epikrat sei isorropÐa meprokajorismèno
èna telikì arijmì omˆdwn [15 ]|

1|2|5 Anˆlush thc Kanonikopoihmènhc Susqètishc (Canonical Correlation Analy­
sis )

ànac ereunht c sun jwc katagrˆfei èna sÔnolo metablht¸n, oi opoÐecperigrˆfoun to anti-
keÐmenomelèthc| Pollèc �orèc sumbaÐneito sÔnolo aut¸n twn dedomènwnna diaqwrÐzetai se dÔo
omˆdec|
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ParadeÐgmatoc qˆrin, ènac Teqnolìgoc TrofÐmwn �a prosdiorÐsei qhmikˆ kai organolhptikˆ
qarakthristikˆ enìc �roÔtou| Dhlad , to sÔnolo twn metablht¸n qwrÐzetai se dÔo omˆdec; tic
metablhtèc pou prosdiorÐzontai mekˆpoia qhmik  anˆlush kai autèc pou prosdiorÐzontai metic
aisj seic| Sun jwc endiaferìmaste na ereun soume th sqèsh metaxÔtwn dÔo aut¸n omˆdwn|

H Anˆlush thc Kanonikopoihmènhc Susqètishc (CanCor ) eÐnaimÐapolumetablht  mèjodoc me
thn opoÐamporoÔmena melet soume th sqèsh metaxÔdÔo omˆdwn metablht¸n| Gia parˆdeigma,
oi metablhtèc tou PÐnaka 1|3 qwrÐzontai se dÔo �ioqhmikèc kai treic organolhptikèc 1 |

àstw ìti èqoumeèna sÔnolo tessˆrwn metablht¸n pou qwrÐzontai se dÔoomˆdec X kai Y , p|q|
X 1; X 2; Y1 kai Y2| Katˆ thn anˆlush thc kanonikopoihmènhc susqètishc dÔo nèecmetablhtèc U
kai V upologÐzontai, oi opoÐeconomˆzontai kanonikopoihmènec metablhtèc (canonical variables )|
H pr¸th metablht  U eÐnaigrammikìc sunduasmìc twn metablht¸n X 1 kai X 2,

U = a1X 1 + a2X 2 (1|2)

en¸ h metablht  V eÐnaigrammikìc sunduasmìc twn metablht¸n Y1 kai Y2,

V = b1Y1 + b2Y2 (1|3)

Oi U kai V upologÐzontai ètsi ¸ste h susqètish metaxÔtouc na eÐnaiìso to dunatì uyhlìterh|
EÐnai �anerì ìti h �asik  arq  sthn CanCor eÐnaiparìmoia me aut  thc AKS, me th diaforˆ
ìmwc ìti sthn CanCor megistopoieÐtai h susqètish kai ìqi h diakÔmansh|

Sthn pollapl  palindrìmhsh mia exarthmènh metablht  Y sqetÐzetaimedÔo   perissìterec
metablhtèc X 1; X 2; : : : ; X p| H CanCor eÐnaimÐagenikeumènhmorf  thc pollapl c palindrìmh-
shc, epeid  pollèc metablhtèc Y sqetÐzontai tautìqrona mepollèc metablhtèc X |

Sthn prˆxh perissìtera apo èna 
eÔgoc kanonikopoihmènwn metablht¸n mporoÔn na upolo-
gistoÔn apì èna sÔnolo dedomènwn| An èqoumesunolikˆ p metablhtèc X kai q metablhtèc Y to

eÔgoc twn kanonikopoihmènwn metablht¸n pou upologÐzontai isoÔtai meto elˆqisto twn arijm¸n
p kai q| Dhlad ,

U1 = a11X 1 + a12X 2 + � � � + a1pX p

U2 = a21X 1 + a22X 2 + � � � + a2pX p

|||

Ur = ar 1X 1 + ar 2X 2 + � � � + ar pX p

kai

V1 = b11Y1 + b12Y2 + � � � + b1pYp

V2 = b21Y1 + b22Y2 + � � � + b2pYp

|||

Vr = br 1Y1 + br 2Y2 + � � � + br pYp

1H metablht  {emfˆnish} ston PÐnaka 1|3 den sumperilambˆnetai katˆ thn efarmog  thc mejìdou giatÐ eÐnai
upokeimenik  metablht |
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ìpou to r isoÔtai me to p   to q anˆloga me to pio eÐnaimikrìtero| Oi parapˆnw sqèseic
upologÐzontai ètsi ¸ste h susqètish metaxÔtwn U1 kai V1 na eÐnaimègisth, h susqètish metaxÔ
twn U2 kai V2 na eÐnaimègisth qwrÐcìmwc na susqetÐzontai metic U1 kai V1, h susqètish metaxÔ
twn U3 kai V3 na eÐnaimègisth qwrÐcìmwc na susqetÐzontai metic U1; V1; U2 kai V2 k|o|k||

Sunep¸c, kˆje 
eÔgoc twn kanonikopoihmènwn metablht¸n (U1; V1); (U2; V2); : : : ; (Ur ; Vr ) an-
tiproswpeÔei mia {anexˆrthth diˆstash} sth sqèsh metaxÔ twn dÔo omˆdwn twn metablht¸n
(X 1; X 2; : : : ; X p) kai Y1; Y2; : : : ; Yq| To pr¸to 
eÔgoc (U1; V1) èqei th megalÔterh suqètish kai
eÐnaito pio shmantikì, to deÔtero 
eÔgoc (U2; V2) èqei thn deÔterh megalÔterh susqètish kai
eÐnaideÔtero sth shmantikìthta k|o|k||

1|3 Polumetablht  kanonik  katanom 

EÐnaignwstì ìti gia thn efarmog  twn perissìterwn monometablht¸n statistik¸n analÔsewn
�asik  proôpìjesh eÐnaita stoiqeÐa na akoloujoÔn thn kanonik  katanom | TÐsumbaÐneiìmwc
ìtan �èloume na melet soume pollèc metablhtèc tautìqrona? QwrÐcèkplhxh diapist¸noume ìti
kai stic polumetablhtèc analÔseic shmantikì �ìlo paÐzeih polumetablht  kanonik  katanom  |

O akrib c orismìc aut c thc katanom c den eÐnaiidiaÐtera shmantikìc| Sun jwc, �ewroÔ-
meìti ta dedomènaakoloujoÔn thn kanonik  katanom  ektìc kai an upˆrqei kˆpoioc lìgoc na
pisteÔoume to antÐjeto| Sugkekrimèna, an h kˆje metablht  xeqwristˆ emfanÐzeikanonikìthta,
upojètoume ìti h sullogik  katanom  eÐnaipolumetablhtˆ kanonik | ämwc autì sthn pragma-
tikìthta den eÐnaiswstì| H polumetablht  kanonik  katanom  den qarakthrÐzetai mìno apì thn
perijwriak  katanom  (marginal distribution )| Wstìso, èna shmantikì qarakthristikì thc eÐnai
ìti perigrˆfetai epark¸c apì to ˆnusma twn mèswnìrwn kai ton pÐnaka sundiakÔmanshc twn
metablht¸n [15 ] (�lèpe Parˆrthma A')|

Upˆrqoun sqetikˆ lÐgecmèjodoi gia ton èlegqo thc polumetablht c kanonikìthtac, oi opoÐec
eÐnaieÐtegrafikèc eÐteanalutikèc| Oi analutikèc mèjodoi pou upˆrqoun ektimoÔn mìno thn
polumetablht  kÔrtwsh kai asummetrÐa| Epiprìsjeta, h katanom  twn statistik¸n krithrÐwn
twn mejìdwn aut¸n den eÐnaignwst  kai katˆ sunèpeia h qr sh touc eÐnaiperiorismènh| Akìmh,
ta perissìtera progrˆmmata statistik c den sumperilambˆnoun elègqouc gia thn exètash thc
polumetablht c kanonikìthtac 2| Opìte, �a perioristoÔme sthn grafik  plhrofìrhsh, pou mac
dÐneih parakˆtw suqnìtera efarmozìmenh mèjodoc|

Arqikˆ upologÐzetai h tetragwnismènh apìstash tou Mahalanobis (MD 2, Squared Mahala­
nobis Distance ) kˆje shmeÐoutou uperepipèdou apì to kèntro autoÔ,

MD 2
i = (x i � �x)0S� 1(x i � �x)

ìpou i eÐnaito pl joc twn parathr sewn (seir¸n), x i eÐnaio px1 pÐnakac st lh twn ekˆstote
suntetagmèwn (stoiqeÐa thc kˆje seirˆc), �x eÐnaio px1 pÐnakac st lh twn mèswn ìrwn kˆje
metablht c kai S eÐnaio pxp pÐnakac thc sundiakÔmanshc, ìpou p eÐnaito sÔnolo twn metablht¸n|

àqei apodeiqjeÐ ìti ìtan o plhjusmìc pou exetˆzetai eÐnaikanonikìc kai to deigmatolhptikì
mègejoc arketˆ megˆlo (p|q| 25 kai ˆnw) oi timèc MD 2 sumperifèrontai wc mia tuqaÐa metablht 
mekatanom  � 2 [10 ]| Aut  h idiìthta mac dÐneith dunatìthta na kataskeuˆsoume mia grafik 
parˆstash gia th diˆgnwsh thc kanonikìthtac wc ex c:

2To EQS eÐnaièna prìgramma gia thn anˆlush thc domhmènhcsundiakÔmanshc (covariance structure analysis )
pou sumperilambˆnetai sto statistikì prìgramma BMDP kai upologÐzei kˆpoia statistikˆ krit ria gia ton èlegqo
thc polumetablht c kanonikìthtac [24 ]|
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1| Diatˆsontai oi timèc MD 2 katˆ aÔxousa tˆxh ètsi ¸ste MD 2
1 < MD 2

2 < � � � < MD 2
n , ìpou

n eÐnaito sÔnolo twn parathr sewn|

2| Gia kˆje tim  MD 2 upologÐzetai to (j � 0:5)=n pososthmìrio, ìpou j eÐnaio arijmìc thc
parat rhshc|

3| Oi timèc � 2 gia ta pososthmìria paÐrnontai apì thn katanom  � 2 mep �ajmoÔc eleujerÐac,
ìpou p eÐnaio arijmìc twn metablht¸n (PÐnakac E'|1)|

4| Tèloc, kataskeuˆzetai mÐagrafik  parˆstash ìpou ston ˆxona Q topojetoÔntai oi taxino-
mhmènectimèc MD 2 kai ston ˆxona U oi antÐstoiqec timèc � 2 (PÐnakac1|5)| Gramik  diˆtaxh
twn shmeÐwnthc grafik c shmaÐneiìti upˆrqei polumetablht  kanonikìthta|

An gia parˆdeigma, �èloume na elègxoume thn polumetablht  kanonikìthta sta dedomènatou
PÐnaka 1|2, o èlegqoc diexˆgetai wc ex c:
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O pollaplasiasmìc twn parapˆnw pinˆkwn eÐnaipolÔ dÔskolo na diexaqjeÐ dÐqwcth qr sh
enìc H/U| Gia touc upologismoÔc qrhsimopoi jhke h makroentol  multinorm pou ekteleÐtai sto
statistikì prìgramma Minitab (�lèpe Parˆrthma ST')| Opìte h pr¸th apìstash pou upologÐ-
sthke eÐnaih akìloujh,

MD 2
1 = 8:088

Oi 10 apostˆseic MD 2 pou upologÐsthkan parousiˆzontai sthn deÔterh st lh tou pÐnaka
1|5 meaÔxousa tˆxh| Sth sunèqeia upologÐzontai ta pososthmìria ta opoÐa�aÐnontai sthn trÐth
st lh tou pÐnaka 1|5|

arijmìc
parat rhshc (j � 0:5)=n

1 (1 � 0:5)=10 = 0:05
2 (2 � 0:5)=10 = 0:15
|||

|||
10 (10 � 0:5)=10 = 0:95
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Oi timèc � 2 lambˆnontai apì ton PÐnaka E'|1 medf = 7 kai meepÐpedoshmantikìthtac pou
prokÔptei afair¸ntac to 100 apì kˆje posothmìrio   me thn antÐstoiqh entol  tou progrˆm-
matoc pou qrhsimopoieÐtai gia touc upologismoÔc| Tèloc, metˆ thn kataskeu  thc grafik c
parˆstashc tou sq matoc 1|2 parathroÔme ìti ta shmeÐadiatˆssontai perÐpou grammikˆ opìte
isqÔei h polumetablht  kanonikìthta| MporoÔme epÐshcna upologÐsoume ton suntelest  susqè-
tishc kai na ton sugkrÐnoume metic oriakèc timèc tou PÐnaka E'|2| Parìlo pou oi oriakèc timèc
tou pÐnaka aforoÔn monometablhtèc katanomèc �ewreÐtai ìti apoteloÔn èna logikì krit rio [24 ]|
O suntelest c susqètishc gia to sq ma 1|2 eÐnai0|922 pou eÐnaimegalÔteroc thc oriak c tim c
r0:05;10 = 0:917 opìte sumperaÐnoumeìti upˆrqei polumetablht  kanonikìthta sta stoiqeÐa tou
pÐnaka 1|2|

1|4 MetasqhmatismoÐ

ätan ta dedomènamac den èqoun kanonik  katanom  prèpei na proqwr soume se metasqhma-
tismì twn stoiqeÐwnètsi ¸ste h metasqhmatismènh metablht  na parousiˆzei kanonikìthta| Stic
polumetablhtèc analÔseic sunhjÐzetai na metasqhmatÐzetai xeqwristˆ kˆje metablht  kˆti pou
den eÐnaiapìluta swstì (�lèpe Enìthta 1|3)|

To eÐdoctou metasqhmatismoÔ pou efarmìzetai exartˆtai apì to pìso mh kanonik  eÐnaih
katanom  dhlad  apì thn kÔrtwsh kai thn asummetrÐa| Sto sq ma 1|3 �aÐnontai oi metasqhma-
tismoÐpou prèpei na efarmosjoÔn gia thn epÐteuxhthc kanonikìthtac stic ekˆstote mh kanonikèc
katanomèc|

Se peript¸seic pou metouc sun jeic metasqhmatismoÔc den mporeÐna epiteuqjeÐ kanonikì-
thta efarmìzontai oi legìmenoi ekjetikoÐ metasqhmatismoÐ(power transformations )| Gia perissì-
terec plhroforÐec stouc metasqhmatismoÔc �lèpe [21 ]|

1|5 Grafik  parousÐash polumetablht¸n dedomènwn

Oi grafikèc parastˆseic sun jwc sqediˆzontai se dÔo diastˆseic sto qartÐ   sthn ojình tou
H/U| Me autìn ton trìpo eÐnaipolÔ eÔkolo na melethjeÐ h sqèsh dÔometablht¸n| Sthn perÐptwsh
twn tri¸n metablht¸n, h sqèsh touc apokalÔptetai sqetikˆ eÔkola memÐatrisdiˆstath grafik 
parˆstash| Ta prˆgmata ìmwc periplèkontai sthn apeikìnhsh tessˆrwn kai ˆnw metablht¸n

PÐnakac 1|5: Tetragwnismènec apostˆseic tou Mahalanobis kai timèc � 2

Arijmìc parat rhshc i MD 2 meaÔxousa tˆxh Pososthmìria Tim  � 2

1 3|427 0|05 2|167
2 5|132 0|15 3|358
3 5|335 0|25 4|255
4 5|889 0|35 5|082
5 5|999 0|45 5|913
6 6|517 0|55 6|800
7 6|609 0|65 7|806
8 7|936 0|75 9|037
9 8|069 0|85 10|748

10 8|088 0|95 14|067
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Timèc MD 2 meaÔxousa tˆxh

T
im

èc
�

2

8:587:576:565:554:543:53

16

14

12

10

8

6

4

2

Sq ma 1|2: Grafik  parˆstash gia ton èlegqo thc polumetablht c kanonikìthtac|

tautìqrona| Oi epìmenec upoenìthtec pragmateÔontai diˆforec mejìdouc grafik c apeikìnhshc
polumetablht¸n dedomènwn|

1|5|1 Grafik  parˆstash dÔo omˆdwn metablht¸n( draftsman's plot )

H grafik  parˆstash dÔoomˆdwn metablht¸n eÐnaiènac pÐnakac disdiˆstatwn grafik¸n pa-
�ˆstˆsewn twn tim¸n miac metablht c thc pr¸thc omˆdac proc mÐâ llh metablht  thc deÔterhc
omˆdac| Oi grafikèc parastˆseic eÐnaipolÔ mikrèc ètsi ¸ste na eÐnaidunat  h sqedÐash touc
se mÐaselÐda qartioÔ, ètsi ¸ste na meletoÔntai tautìqrona| Me autìn ton trìpo mporoÔme na
melet soume th sqèsh metaxÔdÔo omˆdwn metablht¸n metaxÔtouc apì èna sÔnolo metablht¸n
tautìqrona, allˆ eÐnaiadÔnath h exètash thc sqèshc tri¸n kai ˆnw metalht¸n metaxÔtouc (Sq -
ma 1|4)| EpÐshc, meth qr sh thc grafik c parˆstashc dÔoomˆdwn metablht¸n den eÐnaidunat 
h exètash twn tim¸n (parathr sewn) twn metablht¸n| Dhlad , deneÐnaidunatì na omadopoihjoÔn
oi timèc twn metablht¸n anˆloga methn omoiìthta touc|

1|5|2 Sqhmatik  anaparˆstash dedomènwn

Katˆ th sqhmatik  anaparˆstash dedomènwnqrhsimopoioÔme sq mata (astèria, prìswpa)
ta opoÐa antiproswpeÔoun mÐaparat rhsh   parˆgonta (eÐnaioi seirèc ston pÐnaka dedomè-
nwn) kai oi diˆforec metablhtèc apoteloÔn èna qarakthristikì   mèroc touc sq matoc| Gia
parˆdeigma, stic grafikèc parastˆseic pros¸pwn oi diˆforec metablhtèc katamerÐzontai sta
diˆfora qarakthristikˆ enìc pros¸pou kai ètsi to mègejoc thc mÔthc, tou stìmatoc, twn mati¸n
k|t|l|, �a kajorÐsoun thn telik  emfˆnish tou pros¸pou (Sq ma 1|5)| Me autìn ton trìpo eÐnai
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1=X 1=X

X 1=2 X 1=2

logX logX

Sq ma 1|3: Prìtupec katanomèc twn stoiqeÐwnpou sunistoÔn antÐstoiqouc metasqhmatismoÔc|
(Phg : PetrÐdhc D| (1997)| Efarmosmènh statistik  sthn TeqnologÐaTrofÐmwn| Ekdotik  ämh-
�oc, JessalonÐkh, sel| 489|)
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dunat  h tautìqronh sÔgkrish ìlwn twn metablht¸n tautìqrona, melet¸ntac parˆllhla th sqè-
sh metaxÔtwn parathr sewn| Stic grafikèc parastˆseic twn asteri¸n (1|6) kˆje parat rhsh
parousiˆzetai apì èna ˆstro kai kˆje aktÐna autoÔ apoteleÐ mÐametablht |

To meionèkthma twn grafik¸n parastˆsewn twn pros¸pwn eÐnaiìti h telik  morf  touc exar-
tˆtai apì to pwc oi metablhtèc �a katameristoÔn sta diaforetikˆ qarakthristikˆ tou pros¸pou
kai ètsi h qr sh touc de sust netai [6]| Wstìso, an gÐneiprosektik  antistoÐqhsh twn meta-
�lht¸n sta diˆfora qarakthristikˆ tou pros¸pou, oi grafikèc parastˆseic autoÔ tou tÔpou
mporeÐna �anoÔn polÔ pio qr simec apì autèc twn asteri¸n, diìti ètsi eÐnaipio eÔkolo na gÐnoun
antilhptèc apì to anjr¸pino mˆti oi diaforèc   omoiìthtec [15 ]|
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Sq ma 1|5: Sqhmatik  anaparˆstash dedomènwnmeprìswpa| Oi metablhtèc katamerÐzontai sta
diˆfora qarakthristikˆ twn pros¸pwn, dhlad , plˆtoc pros¸pou = UgrasÐa, epÐpedoautioÔ =
Tèfra, Ôyoc tou misoÔpros¸pou = Prwteònec, ekkentrikìthta tou pˆnw tm matoc tou pros¸pou
= Olikì €zwto, ekkentrikìthta tou kˆtw tm matoc tou pros¸pou = Prwteònikì €zwto, m koc mÔthc
= Mh Prwteðnikì €zwto, �èsh kèntrou tou stìmatoc = LÐpoc(apì ton PÐnaka 1|2)

Sq ma 1|6: Sqhmatik  anaparˆstash dedomènwnmeastèria| Katˆ dexiìstrofh �orˆ meafeth-
�Ða thn pr¸th katakìrufh aktÐna, oi aktÐnectwn ˆstrwn antistoiqoÔn stic metablhtèc UgrasÐa,
Tèfra, Prwteònec, Olikì €zwto, Prwteðnikì €zwto, Mh Prwteðnikì €zwto, LÐpoc| (apì ton PÐnaka
1|2)



KEFŸALAIO 2

Anˆlush twn KurÐwn Sunistws¸n

2|1 Eisagwg 

H anˆlush twn kurÐwn sunistws¸n (AKS) eÐnaimÐastatistik  mèjodoc h opoÐametasqhmatÐzei
grammikˆ èna sÔnolo metablht¸n se èna sÔnolo nèwnmh susqetizìmenwn metablht¸n| Apì tic nèec
metablhtèc, pou onomˆzontai kÔriec sunist¸sec , mìno èna mèroc aut¸n �a qrhsimopoihjeÐ gia thn
exagwg  sumperˆsmatoc| H melèth dÔo   tri¸n mh susqetizìmenwn metablht¸n eÐnaieukolìterh
apì thn melèth tou sunìlou twn arqik¸n metablht¸n|

H mèjodoc aut  arqikˆ perigrˆfthke to 1901 apì ton Karl Pearson kai anaptÔqjhke peris-
sìtero to 1933 apì ton Hotelling | ämwc h praktik  qr sh thc mejìdou aut c akoloÔjhse metˆ
thn eureÐa diˆdosh twn H/U, epeid  oi majhmatikèc prˆxeic  tan polÔ dÔskolo na pragmato-
poihjoÔn meto qèri, gia perissìterec apì tèsseric metablhtèc|

2|2 ErmhneÐa thc AKS me gewmetrikoÔc ìrouc

Mia eikìna axÐzeiìso qÐliec lèxeic| H katanìhsh twn perissìterwn polumetablht¸n teqnik¸n
mporeÐ na aplopoihjeÐ me th qrhsimopoÐhsh gewmetrik¸n ìrwn| H ermhneÐathc AKS me th
�o jeia thc gewmetrÐacakoloujeÐ stic epìmenec enìthtec|

2|2|1 Kajorismìc enallaktik¸n axìnwn kai dhmiourgÐa nèwn metablht¸n

Ston pÐnaka 2|1 parousiˆzetai èna mÐkrosÔnolo dedomènwnpou apoteleÐtai apì 12 parath-
� seic kai 2 metablhtèc oi opoÐecepiprìsjeta metasqhmatÐzontai1 ètsi ¸ste na èqoun mhdenikì
mèso ìro| Oi pÐnakecsundiakÔmanshc kai susqètishc twn dÔo metablht¸n eÐnaiantÐstoiqa,

C =
�

23:091 16:455
16:455 21:091

�
; R =

�
1:000 0:746
0:746 1:000

�

To sq ma 2|1 eÐnaimÐagrafik  parˆstash twn metasqhmatismènwn metablht¸n| Apì ton
pÐnaka2|1 parathroÔme ìti oi diakumˆnseic twn metablht¸n x1 kai x2 eÐnaiantÐstoiqa 23|091 kai
21|091 kai ìti h sunolik  diakÔmansh eÐnai44|182 (dhl| 23:091+ 21:091)| EpÐshc oi metablhtèc

1Ta dedomènamporoÔn na parousiastoÔn kai wc apoklÐseic apì to mèsoìro, dhlad  afaÐresh kˆje parat rhshc
thc metablht c apì to mèso ìro thc (mean­corrected data )|

29



30

PÐnakac 2|1: Arqikèc kai metasqhmatismènec metablhtèc

x1 x2

Arijmìc Arqik  Metasqhmatismènh Arqik  Metasqhmatismènh
parat rhshc metablht  metablht  metablht  metablht 

1 16 8 8 5
2 12 4 10 7
3 13 5 6 3
4 11 3 2 -1
5 10 2 8 5
6 9 1 -1 -4
7 8 0 4 1
8 7 -1 6 3
9 5 -3 -3 -6

10 3 -5 -1 -4
11 2 -6 -3 -6
12 0 -8 0 -3

Mèsoc ìroc 8 0 3 0
DiakÔmansh 23|091 23|091 21|091 21|091

X �
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Sq ma 2|1: Grafik  parˆstash twn metasqhmatismènwn metablht¸n kai probol  twn shmeÐwn
ston nèo ˆxona X �

1
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susqetÐzontai me suntelest  susqètishc r = 0:746| Ta posostˆ thc olik c diakÔmanshc pou
ekfrˆzoun oi x1 kai x2 eÐnai52|26% kai 47|74% antÐstoiqa|

àstw ènac nèoc ˆxonac X �
1 o opoÐocsqhmatÐzeigwnÐa� moir¸n me ton ˆxona X 1| H sunte-

tagmènh2 twn shmeÐwnwc proc to nèo ˆxona X �
1 lambˆnetai metˆ apì thn probol  twn shmeÐwn

(parathr sewn) ston ˆxona X �
1 | H nèa aut  suntetagmènh eÐnaigrammikìc sunduasmìc twn

suntetagmènwn kˆje shmeÐouse sqèsh me to 
eÔgoc twn arqik¸n axìnwn kai ekfrˆzetai apì th
exÐswsh,

x �
1 = cos� � x1 + sin � � x2 (2|1)

ìpou x �
1 eÐnaih suntetagmènh thc ekˆstote parat rhshc se sqèsh me ton ˆxona X �

1 en¸ x1 kai
x2 eÐnaioi suntetagmènec thc ekˆstote parat rhshc wc proc touc ˆxonec X 1 kai X 2| EÐnai
profanèc ìti h x �

1, h opoÐa eÐnaiènac grammikìc sunduasmìc twn arqik¸n metablht¸n, mporeÐ
na �ewrhjeÐ wc mia nèa metablht  | An loipìn h klÐsh tou ˆxona X �

1 eÐnai10� , apì thn exÐswsh
2|1 upologÐzoumethn nèa metablht  x �

1,

x �
1 = 0:985x1 + 0:174x2

Oi timèc thc x �
1 �aÐnontai ston pÐnaka 2|2 kai sto sq ma 2|1| Gia parˆdeigma, oi suntetagmè-

nec thc pr¸thc parat rhshc eÐnai8 kai 5, opìte h pr¸th tim  3 thc nèac metablht c eÐnai8|747,
dhlad ,

0:985� 8 + 0:174� 5 = 8:747

EpÐshc apì ton pÐnaka 2|2 parathroÔme ta ex c:

1| H nèa metablht  èqei mhdenikì mèso ìro|

2| H diakÔmansh thc x �
1 eÐnai28|659 kai antistoiqeÐ sto 64|87% (28|659/44|182) thc olik 

diakÔmanshc twn dedomènwn,dhlad  eÐnaimegalÔterh apì tic diakumˆnseic twn arqik¸n
metablht¸n|

Ac upojèsoume ìti o ˆxonac X �
1 sqhmatÐzeigwnÐa20� meton ˆxona X 1| EÐnai�anerì pwc h nèa

metablht  x �
1 �a èqei t¸ra nèectimèc| Auxˆnontac diadoqikˆ thn klÐsh tou X �

1 kai upologÐzontac
thn ekˆstote x �

1 prokÔptei o pÐnakac 2|3 o opoÐocparousiˆzei to posostì thc diakÔmanshc pou
ekfrˆzoun oi nèec metablhtèc| Apì to sq ma 2|2 parathroÔme ìti aÔxhsh thc klÐshc tou X �

1
prokaleÐ aÔxhsh thc olik c diakÔmanshc pou ekfrˆzei h x �

1| ämwc, upˆrqei ènac kai mìno
ènac nèoc ˆxonac tou opoÐou h antÐstoiqh metablht  exhgeÐto megalÔtero mèroc thc olik c
diakÔmanshc twn dedomènwn| O ˆxonac autìc èqei klÐsh 43:261� me ton ˆxona X 1 kai h nèa x �

1
upologÐzetai apì thn exÐswsh,

x �
1 = cos43:261� x1 + sin43:261� x2 = 0:728x1 + 0:685x2

O pÐnakac 2|4 parousiˆzei tic timèc thc nèac metablht c x �
1 h opoÐaekfrˆzei to 87|31% thc

olik c diakÔmanshc| Dhlad  èna mèroc thc olik c diakÔmanshc den ekfrˆzetai| Opìte eÐnai
dunatì na sqediˆsoume ènan nèo ˆxona tou opoÐou h antÐstoiqh nèa metablht  na exhgeÐìso to
dunatì perissìterh diakÔmansh apì thn upìloiph diakÔmansh pou den exhgeÐh x �

1|

2Prìkeitai gia suntetagmènh kai ìqi gia suntetagmènec epeid  ta shmeÐaprobˆlontai se ènan ˆxona|
3H timèc thc nèac metablht c antistoiqoÔn sthn probol  twn shmeÐwntou sq matoc 2|1 ston nèo ˆxona X �

1 |



32

PÐnakac 2|2: Oi metasqhmatismènec metablhtèc kai h nèa metablht  x �
1 gia klÐsh tou nèou ˆxona

Ðshme10�

Metasqhmatismènec
metablhtèc

Parat rhsh x1 x2 x �
1

1 8 5 8|747
2 4 7 5|155
3 5 3 5|445
4 3 -1 2|781
5 2 5 2|838
6 1 -4 0|290
7 0 1 0|174
8 -1 3 -0|464
9 -3 -6 -3|996

10 -5 -4 -5|619
11 -6 -6 -6|951
12 -8 -3 -8|399

Mèsoc ìroc 0|000 0|000 0|000
DiakÔmansh 23|091 21|091 28|659

PÐnakac 2|3: H diakÔmansh pou ekfrˆzoun oi ekˆstote nèec metablhtèc gia diˆforouc nèouc
ˆxonec

GwnÐa� me Olik  DiakÔmansh pou Posostì
ton X 1 diakÔmansh ekfrˆzei h x �

1 (%)
0 44|182 23|091 52|263

10 44|182 28|659 64|866
20 44|182 33|434 75|676
30 44|182 36|841 83|387
40 44|182 38|469 87|072

43|261 44|182 38|576 87|312
50 44|182 38|122 86|282
60 44|182 35|841 81|117
70 44|182 31|902 72|195
80 44|182 26|779 60|597
90 44|182 21|091 47|772
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Mègisto

GwnÐa� tou ˆxona X �
1 ston X 1
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Sq ma 2|2: Posostì thc olik c diakÔmanshc pou ekfrˆzei o ekˆstote X �
1

àstw loipìn ènac nèoc ˆxonac X �
2 o opoÐoceÐnaikatakìrufoc ston X �

1 | Wcsunèpeia h gwnÐa
� pou sqhmatÐzeio X �

2 me ton X 2 isoÔtai me thn gwnÐapou sqhmatizeÐo X �
1 me ton X 1 (dhl|

43:261� )| H grammik  exÐswshgia ton upologismì thc nèac metablht c x �
2 eÐnai,

x �
2 = � sin � � x1 + cos� � x2 , x �

2 = � 0:685x1 + 0:728x2

O pÐnakac 2|4 parousiˆzei epÐshc th nèa metablht  x �
2 kai sto sq ma 2|3 �aÐnontai oi nèoi

ˆxonec| Oi pÐnakecsundiakÔmanshc kai susqètishc twn dÔo nèwnmetablht¸n eÐnai,

C =
�

38:576 0:000
0:000 5:606

�
; R =

�
1:000 0:000
0:000 1:000

�

Apì th melèth tou pÐnaka 2|4 kai tou sq matoc 2|3 exˆgontai ta ex c sumperˆsmata:

1| H dieujèthsh twn shmeÐwnston disdiˆstato q¸ro den allˆzei, dhlad  ta shmeÐamporoÔn
na parousiastoÔn se sqèsh eÐtemetouc palioÔc eÐtemetouc nèouc ˆxonec|

2| H probol  twn shmeÐwnthc grafik c stouc arqikoÔc ˆxonec eÐnaioi timèc twn arqik¸n
metablht¸n, en¸ h probol  twn shmeÐwnstouc nèouc ˆxonec mac dÐneitic timèc twn nèwn
metablht¸n| Oi nèoi ˆxonec   oi nèecmetablhtèc onomˆzontai kÔriec sunist¸sec (principal
components ) kai oi timèc twn nèwn metablht¸n onomˆzontai timèc twn kurÐwn sunistws¸n
(principal components scores )|

3| Kˆje nèa metablht  (x �
1 kai x �

2) eÐnaigrammikìc sunduasmìc twn arqik¸n metablht¸n kai
paramènei metasqhmatismènh wc proc mhdenikì mèso ìro (mean corrected )|



34 Anˆlush twn KurÐwn Sunistws¸n

4| Oi diakumˆnseic twn x �
1 kai x �

2 eÐnaiantÐstoiqa 38|576 kai 5|606 kai h sunolik  diakÔmansh
aut¸n eÐnai44|182 h opoÐaeÐnaiÐshmethn sunolik  diakÔmansh twn arqik¸n metablht¸n
x1 kai x2| Wc sumpèrasma h olik  diakÔmansh twn dedomènwnden allˆzei, kˆti pou eÐnai
anamenìmenoafoÔ paramènei ametˆblhth h dieujèthsh twn shmeÐwnsto q¸ro|

5| Ta posostˆ thc olik c diakÔmanshc pou exhgoÔnoi x �
1 kai x �

2 eÐnai87|31% kai 12|69%
antÐstoiqa| Opìte, h pr¸th nèa metablht  x �

1 ekfrˆzei to megalÔtero posostì thc olik c
diakÔmanshc ap� ìti oi dÔo arqikèc metablhtèc| H deÔterh nèa metablht  x �

2 ekfrˆzei to
posostì ekeÐnothc olik c diakÔmanshc pou den ekfrˆzetai apì thn x �

1| Wstìso, oi dÔo
nèecmetablhtèc mazÐexhgoÔnìlh thc diakÔmansh sta dedomèna|

6| H susqètish twn dÔo nèwn metablht¸n eÐnaimhdenik | Me ˆlla lìgia oi x �
1 kai x �

2 den
susqetÐzontai|

äsa eip¸jhkan gia thn perÐptwsh twn dÔo metablht¸n isqÔoun kai gia perissìterec| àna
sÔnolo dedomènwnpou apoteleÐtai apì p metablhtèc mporeÐna parousiasteÐ grafikˆ se ènan
p-diˆstato q¸ro se sqèsh me touc p arqikoÔc ˆxonec   touc p nèouc ˆxonec| O pr¸toc nèoc
ˆxonac X �

1 antistoiqeÐ sthn pr¸th nèa metablht  x �
1 h opoÐaexhgeÐto mègisto dunatì thc olik c

diakÔmanshc| Sth sunèqeia, kataskeuˆzetai o deÔteroc nèocˆxonac kˆjeta ston pr¸to ˆxona, tou
opoÐouh antÐstoiqh nèa metablht  x �

2 exhgeÐto mègisto thc diakÔmanshc pou den exhgeÐh pr¸th
metablht  kai den susqetÐzetai meaut n| Aut  h diadikasÐa suneqÐzetaièwc ìtou ìloi oi p nèoi
ˆxonec kajoristoÔn kai oi p nèecmetablhtèc na ekfrˆzoun to mègisto thc kˆje �orˆ upoloÐpousac
diakÔmanshc, methn proôpìjesh pˆnta oi nèecmetablhtèc na mhn susqetÐzontai (uncorrelated )|
Prèpei epÐshcna shmeiwjeÐ ìti o arijmìc twn nèwnmetablhtwn (principal components ) isoÔtai
meton arijmì twn arqik¸n metablht¸n|

2|2|2 H anˆlush twn kurÐwn sunistws¸n wc teqnik  periorismoÔ twn diastˆ-
sewn

AntÐna melet soume tic metablhtèc tou pÐnaka 2|1 mporoÔmena exetˆsoume th nèa metablht 
x �

1 h opoÐaexhgeÐto 87|31% thc olik c diakÔmanshc| Dhlad  antÐthc dhmiourgÐac miac disdiˆ-
stathc grafik c parˆstashc sqediˆzoume mia gramm  pˆnw sth opoÐashmei¸noume tic timèc thc
nèac metablht c| Autì shmaÐneiìti parousiˆzoume ta dedomènase mÐadiˆstash antÐgia dÔo|
H parousÐash twn dedomènwnse ligìterec diastˆseic onomˆzetai periorismìc   aplopoÐhsh twn
diastˆsewn (dimensional reduction )| Opìte h AKS mporeÐna �ewrhjeÐ wc mÐateqnik  meÐwshc
twn diastˆsewn (dimensional reduction technique )|

Amèswc anarwtiètai kaneÐcp¸c eÐnaidunatìn èna mikrì sÔnolo m nèwnmetablht¸n na {ek-
proswp sei} tic arqikèc p metablhtèc (m < p) dedomènouìti èna mèroc thc olik c diakÔmanshc
den exhgeÐtai| Gia parˆdeigma, ekfrˆzontac tic metablhtèc tou pÐnaka 2|1 mìno apì thn x �

1 to
12|69% thc olik c diakÔmanshc denexhgeÐtai| àqoume dhlad  ap¸leia plhrofìrhshc| Wstìso,
h ermhneÐathc x �

1 mporeÐna eÐnaieukolìterh kai to posostì thc diakÔmanshc pou den exhgeÐtai
na mhn eÐnaishmantikì| An h qamènhplhrofìrhsh eÐnaishmantik  exartˆtai apì ton skopì kai
to antikeÐmenothc èreunac|

àstw ìti upojetikˆ dedomèna�èloume na ta parousiˆsoume se mÐadiˆstash| Sta sq mata
2|4 kai 2|5 o pr¸toc nèoc ˆxonac parousiˆzetai memÐadiakekomènh gramm  kai ta shmeÐatwn
dÔografik¸n probˆllontai epˆnw ston kˆje ˆxona| EÐnai�anerì ìti h parousÐash twn shmeÐwn
se mÐadiˆstash eÐnaikalÔterh sto sq ma 2|4 apì ìti sto 2|5| Dhlad , sto sq ma 2|5 ta shmeÐa
1 kai 8, 2 kai 7 kaj¸c kai ta 4 kai 6 dendiakrÐnontai metaxÔtouc sthn monodiˆstath apeikìnhsh|
Me ˆlla lìgia h ap¸leia plhrofìrhshc sto sq ma 2|5 eÐnaimegalÔterh apì ìti sto sq ma 2|4|



35

PÐnakac 2|4: Oi metasqhmatismènec arqikèc metablhtèc kai oi nèec metablhtèc x �
1 kai x �

2 gia
touc nèouc ˆxonec meklÐsh 43:261�

Metasqhmatismènec Nèec
metablhtèc metablhtèc

Parat rhsh x1 x2 x �
1 x �

2
1 8 5 9|253 -1|841
2 4 7 7|710 2|356
3 5 3 5|697 -1|242
4 3 -1 1|499 -2|784
5 2 5 4|883 2|271
6 1 -4 -2|013 -3|598
7 0 1 0|685 0|728
8 -1 3 1|328 2|870
9 -3 -6 -6|297 -2|313

10 -5 -4 -6|382 0|514
11 -6 -6 -8|481 -0|257
12 -8 -3 -7|882 3|298

Mèsoc ìroc 0|000 0|000 0|000 0|000
DiakÔmansh 23|091 21|091 38|576 5|606
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Sq ma 2|3: Grafik  parˆstash twn metasqhmatismènwn dedomènwnkai twn nèwnaxonwn
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Sq ma 2|5: Grafik  parˆstash upojetik¸n dedomènwn
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2|2|3 Antikeimenikìc skopìc thc AKS

SunoyÐzontac, h anˆlush twn kurÐwn sunistws¸n skopeÔei sth dhmiourgÐa nèwnaxìnwn kˆ-
�etwn metaxÔtouc ètsi ¸ste,

1| Oi suntetagmènec twn parathr sewn se sqèsh me touc nèouc ˆxonec na eÐnaioi timèc twn
nèwnmetablht¸n oi opoÐeconomˆzontai kÔriec sunist¸sec, en¸ oi timèc aut¸n onomˆzontai
timèc twn kurÐwn sunistws¸n|

2| Kˆje nèa metablht  eÐnaigrammikìc sunduasmìc twn arqik¸n metablht¸n|

3| H pr¸th nèa metablht  exhgeÐth mègisth diakÔmansh sta dedomèna|

4| H deÔterh nèa metablht  exhgeÐthn mègisth diakÔmansh apì thn upìloiph diakÔmansh
pou den exhgeÐtaiapì thn pr¸th metablht |

5| H trÐth nèa metablht  exhgeÐthn mègisth diakÔmansh pou den exhgeÐtaiapì tic dÔopr¸tec
metablhtèc|

6| H p nèa metablht  exhgeÐthn mègisth diakÔmansh pou den exhgeÐtaiapì tic prohgoÔmenec
p � 1 metablhtèc|

7| Oi p nèecmetablhtèc den susqetÐzontai|

An eÐqamedÔo   treic metablhtèc �a tic meletoÔsame sqediˆzontac mia disdiˆstath   tris-
diˆstath grafik  parˆstash antÐstoiqa| H grafik  ìmwc parousÐash perissìterwn twn tri¸n
metablht¸n den eÐnaidunat | Opìte, an shmantikì mèroc thc olik c diakÔmanshc exhgeÐtaiapì
lÐgec kÔriec sunist¸sec (katˆ protÐmhsh dÔo   treic), autèc oi lÐgec nèec metablhtèc mporoÔn
na qrhsimopoihjoÔn gia thn ermhneÐatwn apotelesmˆtwn thc èreunac   na qrhsimopoihjoÔn
parapèra se sunduasmì meˆllec mejìdouc|

2|3 ErmhneÐa thc AKS me thn ˆlgebra twn pinˆkwn

Se aut n thn enìthta �a perigrafoÔn oi majhmatikoÐ upologismoÐ gia th diexagwg  thc
anˆlushc twn kurÐwn sunistws¸n kai sunistˆtai an oi gn¸seic tou anagn¸sth sthn grammik 
ˆlgebra eÐnaimhdaminèc na prohghjeÐ anˆgnwsh tou Parart matoc A'| Wstìso polÔ kal 
gn¸sh thc ˆlgebrac twn pinˆkwn den apaiteÐtai mia pou to sÔnolo twn majhmatik¸n prˆxewn
diexˆgetai meth qr sh enìc H/U|

2|3|1 Prokatarktikˆ

H anˆlush twn kurÐwn sunistws¸n xekinˆei meth dhmiourgÐa enìc pÐnaka ìpou seirèc tou eÐnai
ta deÐgmatapou exetˆsthkan kai oi st lec tou eÐnaioi exetazìmenecmetablhtèc (pÐnakac 2|5)| Ta
diˆfora stoiqeÐa tou pÐnaka onomˆzontai timèc (scores ) tou kˆje deÐgmatocgia kˆje metablht |
Oi timèc autèc mporeÐna eÐnaio mèsoc ìroc enìc arijmoÔ parathr sewn| Gia parˆdeigma, èna
peÐrama me n epanalhptikèc metr seic se kˆje deÐgmai gia kˆje metablht  j �a odhg sei
sth dhmiourgÐa enìc trisdiˆstatou pÐnaka| O pÐnakac autìc metapÐptei se disdiˆstato ìtan
antikatast soume tic ekˆstote n epanal yeic meton mèso ìro touc,

�x ij =
1
n

nX

k=1

x ij k
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ìpou x ij k eÐnaih k parat rhsh tou deÐgmatoci thc metablht c j |

PÐnakac 2|5: H morf  tou pÐnaka gia thn diexagwg  thc AKS

Metablhtèc
DeÐgmata X 1 X 2 � � � X p

1 x11 x12 � � � x1p

2 x21 x22 � � � x2p
|||

|||
|||

|||
n xn1 xn2 � � � xnp

An meletoÔsame mìno dÔo metablhtèc (p = 2), opìte o pÐnakac 2|5 �a eÐqemìno dÔo st lec,
�a mporoÔsame na apeikon soume to apotèlesma tou peirˆmatoc me mÐadisdiˆstath grafik 
parˆstash ìpou kˆje 
eÔgoc tim¸n anˆ seirˆ �a  tan èna shmeÐosto grˆfhma| Parìmoia ìtan
p = 3 �a sqediˆzame mÐatrisdiˆstath grafik  parˆstash kai kˆje seirˆ �a  tan oi suntetag-
mènecenìc shmeÐouston q¸ro| GenikeÔontac, kˆje st lh (metablht ) apoteleÐ mÐadiˆstash se
ènanp-diˆstato uperq¸ro kai kˆje seirˆ eÐnaioi suntetagmènec kˆje shmeÐouse autìn ton q¸ro|

Oi metablhtèc tou pÐnaka mporeÐna eÐnaieÐteorganolhptikèc eÐte�usikoqhmikèc   kai ta
dÔo tautìqrona (pÐnakac 1|3)| Oi klÐmakec metic opoÐecmetroÔntai oi metablhtèc diafèroun kai
katˆ sunèpeia diafèroun kai oi diakumˆnseic touc| Akìmh kai an oi klÐmakec mètrhshc  tan
Ðdiec,ìpwc ston pÐnaka 1|1, oi diakumˆnseic twn metablht¸n �a dièferan| Gia na apofeuqjeÐ
mÐametablht  na èqei uperbolik  epirro  sth dhmiourgÐa twn kurÐwn sunistws¸n [15 ], sunhjÐ-

etai o metasqhmatismìc tou sunìlou twn metablht¸n ètsi ¸ste na èqoun mhdenikì mèso ìro kai
diakÔmansh Ðshmeth monˆda| O metasqhmatismìc autìc kaleÐtai tupopoÐhsh4 (standarization )
kai ekfrˆzetai apì thn exÐswsh,

yij =
x ij � �x i

si
(2|2)

ìpou x ij eÐnaito stoiqeÐo thc seirˆc j thc metablht c i , �x i eÐnaio mèsoc ìroc thc metablht c, si

eÐnaih tupik  apìklish thc metablht c kai yij eÐnaih tupopoihmènh metablht |
H sundiakÔmansh twn tupopoihmènwn metablht¸n kumaÐnetaipˆnta apì � 1 èwc1 kai apoteleÐ

sthn pragmatikìthta thn susqètish twn arqik¸n metablht¸n| Opìte, sundiakÔmansh Ðshme to
mhdèn upodhl¸nei mhdenik  susqètish metaxÔ twn metablht¸n, en¸ ìtan eÐnaiÐsh me � 1   1
ekfrˆzei arnhtik    �etik  susqètish antÐstoiqa| An h susqètish metaxÔtwn arqik¸n metablht¸n
den eÐnaishmantik  tìte h AKS eÐnaiakatˆlhllh gia ta dedomènakai �a prèpei na efarmosjeÐ
kˆpoia ˆllh polumetablht  mèjodoc| Shmantikˆ apotelèsmata apì thn efarmog  thc AKS
lambˆnontai mìno ìtan oi arqikèc metablhtèc èqoun isqur  susqètish �etik    arnhtik  [15 ]|
Katˆ sunèpeia, eÐnaiaparaÐthth h dhmiourgÐa tou pÐnaka susqètishc metaxÔ twn metablht¸n
pou exetˆzontai (�lèpe A'|9)| H susqètish twn metablht¸n tou pr¸tou paradeÐgmatoc (�lèpe
1|1) parousiˆzetai ston pÐnaka 2|6| ParathreÐtai ìti se autˆ ta dedomènaoi metablhtèc den
susqetÐzontai isqurˆ metaxÔ touc| Opìte h efarmog  thc AKS �a  tan anoÔsia| Wstìso, �a
mporoÔse na efarmosjeÐ epituq¸c h Anˆlush thc OmoiomorfÐac twn Omˆdwn|

H Ôparxh qamènwn tim¸n (missing data ) eÐnaipollèc �orèc anapìfekth| Wstìso, kamÐa
mèjodoc polumetablht c anˆlushc den mporeÐna efarmosteÐ se dedomènameqamènectimèc| H
pio apl  lÔsh sto prìblhma autì eÐnaih diagraf  kˆje seirˆc  /kai st lhc pou perièqoun
qamènec timèc| Aut  ìmwc h taktik  èqei wc apotèlesma thn ap¸leia plhrofori¸n, opìte o

4H efarmog  thc AKS sthn TeqnologÐa TrofÐmwn apaiteÐ tupopoÐhsh twn dedomènwn|
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ereunht c prèpei na apofasÐsei an h ap¸leia aut  eÐnaishmantik | An apofasisteÐ na mhn
gÐneikamÐadiagraf  oi qamènectimèc prèpei na sumplhrwjoÔn, to opoÐo ìmwc egkumoneÐto
kÐndunodiastrèblwshc thc pragmatikìthtac| ätan èna megˆlo mèroc twn dedomènwnse mÐaseirˆ
  st lh leÐpei, dhlad  perissìtero apì 1

3 , eÐnaiprotimìtero kai asfalèstero na diagrafeÐ h
seirˆ   st lh [20 ]| An ìmwc oi qamènectimèc eÐnailÐgectìte sunhjÐzetai h sumpl rwsh touc apì
ton mèso ìro thc metablht c sthn opoÐaan koun|

2|3|2 MajhmatikoÐ upologismoÐ

Skopìc thc AKS eÐnaih dhmiourgÐa twn kurÐwn sunistws¸n oi opoÐeceÐnaigrammikoÐsundia-
smoÐtwn arqik¸n metablht¸n| Me ˆlla lìgia, �ewr¸ntac èna sÔnolo p metablht¸n endiaferì-
maste na lÔsoume to parakˆtw sÔsthma grammik¸n exis¸sewn (�lèpe A'|4),

8
>>><

>>>:

Z1 = � 11X 1 + � 12X 2 + � � � + � 1pX p

Z1 = � 21X 1 + � 22X 2 + � � � + � 2pX p
|||

|||
|||

|||
Zp = � p1X 1 + � p2X 2 + � � � + � ppX p

(2|3)

ìpou Z1; Z2; : : : ; Zp eÐnaioi kÔriec sunist¸sec (principal components ), X 1; X 2; : : : ; X p eÐnaioi
metablhtèc kai � 11; � 12; : : : ; � pp eÐnaioi suntelestèc twn exis¸sewn kai upologÐzontai sÔmfwna
metic ex c proôpojèseic:

1| H pr¸th kÔria sunist¸sa Z1 �a prèpei na exhgeÐto mègisto thc diakÔmanshc sta dedomèna,
h deÔterh kÔria sunist¸sa Z2 na exhgeÐthn mègisth diakÔmansh pou den ekfrˆzetai apì
thn Z1 k|o|k||

2| Prèpei gia kˆje exÐswshna isqÔei � 2
i1 + � 2

i2 + � � � + � 2
ip = 1 ìpou i = 1; : : : ; p|

3| Prèpei � i 1� j 1 + � i 2� j 2 + � � � + � ip � j p = 0 gia ìla ta i 6= j |

H deÔterh proôpìjesh shmaÐneiìti to ˆjroisma to tetrag¸nwn twn suntelest¸n gia kˆje
grammik  exÐswshprèpei na isoÔtai meth monˆda| H trÐth proôpìjesh exasfalÐzei ìti oi kÔriec
sunist¸sec den susqetÐzontai   ekfrˆzontac to megewmetrikoÔc ìrouc shmaÐneiìti oi nèoi ˆxonec
eÐnaikˆjetoi metaxÔtouc (�lèpe 2|2|1)|

äpwc eÐnaiemfanèc, to majhmatikì prìblhma periorÐzetai ston upologismì twn suntelest¸n
me thn apaÐthsh pˆnta na ikanopoioÔntai oi parapˆnw 3 proôpojèseic| Sugkekrimèna h AKS
�asÐzetai ston upologismì twn qarakthristik¸n �iz¸n (eigenvalues ) tou pÐnaka sundiakÔmashc
C pou prokÔptei apì ta dedomèna,

C =

2

6
6
6
4

c11 c12 � � � c1p

c21 c22 � � � c2p
|||

|||
|||

cp1 cp2 � � � cpp

3

7
7
7
5

ìpou h diag¸nioc tou pÐnaka, dhlad  ta stoiqeÐa c11; c22; : : : ; cpp eÐnaioi diakumˆnseic twn meta-
�lht¸n X 1; X 2; : : : ; X p antÐstoiqa, en¸ ìla ta ˆlla stoiqeÐa eÐnaioi sundiakumˆseic metaxÔtwn
metablht¸n|

Oi qarakthristikèc �Ðzectou pÐnaka C eÐnaioi diakumˆnseic twn kurÐwn sunistws¸n; mporeÐ
na eÐnaimhdenikèc kai den eÐnaipotè arnhtikèc| Metˆ ton upologismì touc diatˆssontai me
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�jÐnousa tˆxh, � 1 � � 2 � � � � � � p � 0| H qarakthristik  �Ðza � i antistoiqeÐ sthn i kÔria
sunist¸sa,

Z i = � i 1X 1 + � i 2X 2 + � � � + � ip X p

Mia shmantik  idiìthta twn qarakthristik¸n �iz¸n eÐnaiìti to ˆjroisma touc isodunameÐme
to Ðqnoctou pÐnaka sundiakÔmanshc, dhlad ,

� 1 + � 2 + � � � + � p = c11 + c22 + � � � + cpp

Epeid  to stoiqeÐo cii eÐnaih diakÔmansh thc metablht c X i kai h � i eÐnaih diakÔmansh
thc Z i apì thn parapˆnw exÐswshgÐnetai�anerì ìti to ˆjroisma twn diakumˆnsewn twn kurÐwn
sunistws¸n isodunameÐmeto ˆjroisma twn diakumˆnsewn twn arqik¸n metablht¸n| Dhlad , ìlec
mazÐoi kÔriec sunist¸sec ekfrˆzoun ìlh th diakÔmansh sta dedomènakai wc sunèpeia èna mèroc
twn kurÐwn sunistws¸n �a ekfrˆzei èna posostì apì th sunolik  diakÔmansh|

äpwc proanafèrjhke, h tupopoÐhsh twn arqik¸n metablht¸n eÐnaisuqnˆ aparaÐthth| ämwc
se aut n thn perÐptwsh o pÐnakac sundiakÔmanshc twn arqik¸n metablht¸n metapÐptei ston
pÐnaka susqètishc aut¸n, dhlad ,

C = R =

2

6
6
6
4

1 r12 � � � r 1p

r21 1 � � � r 2p
|||

|||
|||

rp1 rp2 � � � 1

3

7
7
7
5

ìpou r ij = r j i eÐnaio suntelest c susqètishc metaxÔtwn metablht¸n X i kai X j | Me ˆlla lìgia,
oi qarakthristikèc �ÐzecupologÐzontai apì ton pÐnaka susqètishc| Se aut n thn perÐptwsh, to
ˆjroisma thc diagwnÐoutou R kai katˆ sunèpeia to ˆjroisma twn qarakthristik¸n �iz¸n isoÔtai
meto sÔnolo twn metablht¸n p|

Oi qarakthristikèc �ÐzecupologÐzontai apì thn exÐswsh,

(A � �
�

p)X = 0

ìpou A eÐnaio pxp summetrikìc pÐnakac thc sundiakÔmanshc   thc susqètishc, � eÐnaih qa-
�akthristik  �Ðza,

�

p eÐnaio monadiaÐocpÐnakac kai X eÐnaiènac pÐnakac st lh mep seirèc o
opoÐocapoteleÐ th lÔsh thc parapˆnw exÐswshckai onomˆzetai qarakthristikì ˆnusma (eigen­
vector )| Se kˆje qarakthristik  �Ðza antistoiqeÐ kai èna diaforetikì qarakthristikì ˆnusma|
Dhlad , apì thn parapˆnw exÐswsh�a upologistoÔn sunolikˆ p qarakthristikèc �Ðzeckai p
qarakthristikˆ anÔsmata| Oi timèc twn anusmˆtwn aut¸n eÐnaioi suntelestèc tou sust matoc
twn grammik¸n exis¸sewn thc exÐswshc2|3| Me ˆlla lìgia, sthn kÔria sunist¸sa Z i antistoi-
qeÐmÐaqarakthristik  �Ðza � i pou eÐnaih diakÔmansh thc kai sthn opoÐa �Ðza antistoiqeÐ èna
qarakthristikì ˆnusma to opoÐoeÐnaioi suntelestèc thc grammik c exÐswshc,

Z1 = � 11X 1 + � 12X 2 + � � � + � 1pX p

kai antikajist¸ntac to dexiì mèroc thc parapˆnw exÐswshcmetic gnwstèc plèon timèc twn suntele-
st¸n kai twn tupopoihmènwn metablht¸n 5 upologÐzontai oi timèc twn kurÐwn sunistws¸n (principal
component scores )|

SunoyÐzontac, ta � mata diexagwg c thc anˆlushc twn kurÐwn sunistws¸n eÐnai:
5Antikatˆstash metic tupopoihmènec metablhtèc gÐnetaimìno ìtan èqei prohghjeÐ tupopoÐhsh|
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1| Arqikˆ tupopoioÔntai oi metablhtèc X 1; X 2; : : : ; X p ètsi ¸ste na èqoun mhdenikì mèso ìro
kai diakÔmansh (  tupik  apìklish) Ðshmeth monˆda|

2| DhmiourgeÐtai o pÐnakac sundiakÔmanshc C | An to prohgoÔmeno � ma prohg jhke tìte o
pÐnakac autìc eÐnaio pÐnakac susqètishc|

3| UpologÐzontai oi qarakthristikèc �Ðzec� 1; � 2; : : : ; � p kai ta antÐstoiqa qarakthristikˆ anÔ-
smata � 1; � 2 : : : ; � p| Oi suntelestèc thc i kÔriac sunist¸sac eÐnaito i qarakthristikì
ˆnusma kai h qarakthristik  �Ðza � i eÐnaih diakÔmansh thc|

4| UpologÐzontai oi timèc twn kurÐwn sunistws¸n|

5| AporrÐptontai ìsec sunist¸sec exhgoÔnèna mikrì posostì thc diakÔmanshc sta dedomèna
(perissìterec plhroforÐec gia to �èma autì sthn epìmenh upoenìthta)|

2|3|3 Arijmìc twn kurÐwn sunistws¸n pou epilègontai proc exètash

Metˆ th diexagwg  thc anˆlushc twn kurÐwn sunistws¸n prèpei na apofasisteÐ pìsec kÔriec
sunist¸sec �a epilegoÔn gia na melethjoÔn| H epilog  aut  mporeÐna gÐneimediˆfora krit -
�ia| SunhjÐzetai na diathroÔntai oi kÔriec sunist¸sec pou plhroÔn mÐa  perissìterec apì tic
parakˆtw proôpojèseic|

Qarakthristik  �Ðza megalÔterh thc monˆdac

ätan h AKS èqei efarmosteÐ se dedomènapou èqoun uposteÐ tupopoÐhsh, mporoÔme na epi-
lèxoume tic kÔriec sunist¸sec (KS) proc exètash apì thn tim  thc qarakthristik c �Ðzac kˆje
sunist¸sac| Opìte sunistˆtai h exètash mìno twn KS meqarakthristik  �Ðza megalÔterh   Ðsh
thc monˆdac (eigenvalue­greater­than­one rule )|

Autìc o kanìnac 6   krit rio eÐnaih ex�orismoÔ epilog  se pollˆ progrˆmmata statistik c
ìpwc to SAS kai to SPSS| BasÐzetai sto gegonìc ìti mÐakÔria sunist¸sa me qarakthristik 
�Ðza Ðsh me th monˆda exhgeÐth mèsh diakÔmansh sta dedomèna| Me ˆlla lìgia, epeid  to
sÔnolo twn qarakthristik¸n �iz¸n isoÔtai me to ˆjroisma twn tim¸n aut¸n (isqÔei mìno sta
tupopoihmèna dedomèna)kai me dedomènoìti h mèsh diakÔmansh isoÔtai pˆnta me th monˆda,
timèc twn qarakthristik¸n �iz¸n megalÔterec   Ðsecthc monˆdac exhgoÔnshmantikˆ megalÔtero
mèroc thc olik c diakÔmanshc [20 ]|

SÔmfwna meton Cli� [5], o parapˆnw kanìnac mporeÐna odhg sei sthn epilog  perissìterwn
  ligìterwn kurÐwn sunistws¸n ap� ìti eÐnaiaparaÐthto kai gi� autì denprèpei na qrhsimopoieÐtai
tuflˆ, allˆ pˆnta se sunduasmì meˆlla krit ria|

Susswreutik  analogÐa thc ekfrazìmenhc diakÔmanshc

H susswreutik  analogÐa thc ekfrazìmenhc diakÔmanshc mporeÐna �aneÐ qr simh, ìtan o
ereunht c gnwrÐzeiex�arq c to apodektì posostì thc diakÔmanshc pou prèpei na ekfrˆzetai apì
tic kÔriec sunist¸sec pou èqoun epilegeÐ| Gia parˆdeigma, an oi treic pr¸tec kÔriec sunist¸sec
ekfrˆzoun sunolikˆ to 85% thc olik c diakÔmanshc, me dedomènopˆnta to antikeÐmenothc
èreunac, �a mporoÔsame na �ewr soume ìti h melèth twn tri¸n aut¸n sunistws¸n �a d¸sei
asfal  sumperˆsmata| Sthn epist mh thc TeqnologÐacTrofÐmwn, eÐnaiepijumhtì oi dÔopr¸tec
kÔriec sunist¸sec na ekfrˆzoun toulˆqiston to 75% thc olik c diakÔmanshc| An kai h analogÐa

6O kanìnac autìc merikèc �orèc anafèretai wc kanìnac tou Kaiser [12 ]|
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thc ekfrazìmenhc diakÔmanshc eÐnai sthn krÐsh tou ereunht , sunhjÐzetai na epilègetai wc
krit rio to posostì tou 75%|

Epeid  h olik  diakÔmansh isoÔtai me to ˆjroisma twn qarakthristik¸n �iz¸n tou pÐnaka
susqètishc, o upologismìc tou posostoÔ thc diakÔmanshc pou ekfrˆzei kˆje kÔria sunist¸sa
eÐnaiapl  upìjesh kai h susswreutik  analogÐa thc ekfrazìmenhc diakÔmanshc gia tic k pr¸tec
kÔriec sunist¸sec eÐnai,

Pk =
� 1 + � 2 + � � � + � k

� 1 + � 2 + � � � + � p

kai an h AKS efarmìsthke ston pÐnaka susqètishc h exÐswsheÐnai,

Pk =
� 1 + � 2 + � � � + � k

p

ìpou k eÐnaito pl joc twn KS pou epilèqjhkan kai p eÐnaito sÔnolo twn qarakthristik¸n �iz¸n
tou pÐnaka susqètishc|

Grafik  parˆstash twn qarakthristik¸n �iz¸n (scree plot )

H grafik  parˆstash twn qarakthristik¸n �iz¸n gia kˆje kÔria sunist¸sa qrhsimopoieÐtai
polÔ suqnˆ kai protˆjhke gia pr¸th �orˆ apì ton Cattell [4]| O ˆxonac Y antistoiqeÐ stic
qarakthristikèc �Ðzeckai o ˆxonac X stic antÐstoiqec kÔriec sunist¸sec pou èqoun diataqjeÐ me
�jÐnousa tˆxh| To grˆfhma pou prokÔptei, eponomazìmenosthn agglik  �ibliografÐa wc scree
plot (diˆgramma dialog c), eÐnaimÐakampÔlh meklÐsh pou proodeutikˆ mei¸netai kai teÐneina
gÐneieujeÐa gia megˆlo arijmì kurÐwn sunistws¸n| Oi kÔriec sunist¸sec pou epilègontai telik¸c
proc exètash eÐnaiautèc pou �rÐskontai prin apì to shmeÐoapìtomhc meÐwshcthc klÐshc thc
kampÔlhc (�lèpe sq ma 2|6)| Dhlad , epilègontai ìlec oi kÔriec sunist¸sec prin apì to shmeÐo
ìpou h kampÔlh sqhmatÐzeieureÐa{gwnÐa} (elbow )|

Enallaktikˆ, gia ton ˆxona Y mporoÔn na qrhsimopoihjoÔn oi logarijmimènec timèc twn
qarakthristik¸n �iz¸n| Kˆti tètoio eÐnaipolÔ sunhjismèno sthn metewrologÐa kai onomˆzetai
grafik  parˆstash twn logarijmimènwn qarakthristik¸n �iz¸n (log­eigenvalue diagram   LEV)
[11 ]|

2|3|4 Parˆdeigma efarmog c thc AKS qwrÐc th qr sh H/U

Oi upologismoÐ pou apaitoÔntai gia thn efarmog  thc anˆlushc twn kurÐwn sunistws¸n eÐnai
adÔnato na pragmatopoihjoÔn dÐqwcth qr sh enìc H/U gia èna megˆlo pl joc dedomènwn|Gia
teqnikoÔc loipìn lìgouc �a qrhsimopoihjoÔn ta upojetikˆ dedomènatou pÐnaka 2|7|

TupopoÐhshtwn metablht¸n

Arqikˆ oi metablhtèc metasqhmatÐzontaiètsi ¸ste na èqoun mhdenikì mèsoìro kai diakÔmansh
Ðshmeth monˆda| Oi metablhtèc tou pÐnaka 2|7 tupopoioÔntai sÔmfwna methn exÐswsh2|2 p|q|
h pr¸th tim  thc pr¸thc metablht c metasqhmatÐzetai,

x ij � �x i

si
=

12� 13
2:121

= � 0:471

Oi tupopoihmènec metablhtèc tou pÐnaka 2|7 mporoÔn na parastajoÔn meth morf  algebri-
koÔ pÐnaka|
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KÔriec sunist¸sec
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Sq ma 2|6: Grafik  parˆstash twn qarakthristik¸n �iz¸n gia kˆje kÔria sunist¸sa (scree
plot )

PÐnakac 2|7: Arqikèc timèc upojetik¸n metablht¸n kai tupopoÐhsh aut¸n

x1 x2

Arijmìc Arqik  Tupopoihmènh Arqik  Tupopoihmènh
parat rhshc metablht  metablht  metablht  metablht 

1 12 -0|471 10 -1|265
2 15 0|943 13 0|632
3 15 0|943 14 1|265
4 13 0|000 12 0|000
5 10 -1|414 10 -1|265

Mèsoc ìroc 13 0|000 12 0|000
Tupik  apìklish 2|121 1|000 1|581 1|000
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A =

2

6
6
6
6
4

� 0:471 � 1:265
0:943 0:632
0:943 1:265
0:000 0:000

� 1:414 � 1:265

3

7
7
7
7
5

DhmiourgÐatou pÐnakasusqètishc

Sth sunèqeia dhmiourgeÐtai o 2x2 pÐnakac susqètishc R ,

R = AA 0 =

2

6
6
6
6
4

� 0:471 � 1:265
0:943 0:632
0:943 1:265
0:000 0:000

� 1:414 � 1:265

3

7
7
7
7
5

�
� 0:471 0:943 0:943 0:000 � 1:414
� 1:265 0:632 1:265 0:000 � 1:265

�

To pr¸to stoiqeÐo tou pÐnaka R , dhlad  to stoiqeÐo r 1;1 eÐnai,

r1;1 = (� 0:471� � 0:471)+ � � � + (� 1:414� � 1:414) = 1:000

kai antÐstoiqa,

r1;2 = 0:922

r2;1 = 0:922

r2;2 = 1:000

Epeid  o R eÐnaisummetrikìc pÐnakac to r 1;2 = r2;1 kai grˆfontac ta parapˆnw meth morf 
pÐnaka,

R =
�

1:000 0:922
0:922 1:000

�

Upologismìc twn qarakthristik¸n �iz¸n kai anusmˆtwn

jR � �
�

j = 0 ,

�
�
�
�

�
1:000 0:922
0:922 1:000

�
� �

�
1 0
0 1

� �
�
�
� = 0 ,

,

�
�
�
�

�
1:000 0:922
0:922 1:000

�
�

�
� 0
0 �

� �
�
�
� =

�
�
�
�

1:000� � 0:922
0:922 1:000� �

�
�
�
� = 0

H orÐzousa tou teleutaÐou 2x2 pÐnaka eÐnai,

�
�
�
�

1:000� � 0:922
0:922 1:000� �

�
�
�
� = (1:000� � )(1:000� � ) � (0:922� 0:922) ,
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, (1:000� � )2 � (0:922)2 = � 2 � 2� + 1 � 0:85 = � 2 � 2� + 0:15 = 0

H teleutaÐa exÐswshèqei dÔo �Ðzec,

� =
� � �

p
�

2�
; ìpou � = � 2 � 4�
 ; � = 1; � = � 2; 
 = 0:15

� =
� (� 2) �

p
� 22 � 4 � 1 � 0:15

2
=

2 � 1:84
2

opìte,

� 1 =
2 + 1:84

2
= 1:92 kai � 2 =

2 � 1:84
2

= 0:08

Prèpei na shmeiwjeÐ ìti to ˆjroisma twn qarakthristik¸n �iz¸n isoÔtai me to Ðqnoc(trace )
tou pÐnaka R |

tr (R ) = � 1 + � 2 = r1;1 + r2;2 = 2

H qarakthristik  �Ðza � 1 eÐnaih diakÔmansh thc pr¸thc kÔriac sunist¸sac kai h � 2 eÐnai
h diakÔmansh thc deÔterhc| To posostì thc olik c diakÔmanshc pou ekfrˆzei kˆje kÔria
sunist¸sa prokÔptei apì touc tÔpouc,

% olik  diakÔmansh (� 1) = � 1

,
kX

i =1

r i;i = 1:92=2:0 = 96%

% olik  diakÔmansh (� 2) = � 2

,
kX

i =1

r i;i = 0:08=2:0 = 4%

Epeid  ìlec oi p qarakthristikèc �izec upologÐzontai (opìte p = k = 2), ekfrˆzetai sunolikˆ
to 100% thc diakÔmanshc| Sthn prˆxh, den upologÐzontai ìlec oi qarakthristikèc �Ðzec|

To qarakthristikì ˆnusma pou antistoiqeÐ se kˆje qarakthristik  �Ðza upologÐzetai apì thn
parakˆtw exÐswsh(�lèpe Parˆrthma A'),

RX = � X

ìpou X eÐnai to qarakthristikì ˆnusma gia thn ekˆstote qarakthristik  �Ðza � | Opìte to
qarakthristikì ˆnusma gia thn � 1 eÐnai,

�
1:000 0:922
0:922 1:000

� �
x1;1

x2;1

�
= 1:92

�
x1;1

x2;1

�

Oi parapˆnw pÐnakecantistoiqoÔn sto parakˆtw sÔsthma grammik¸n exis¸sewn,

�
1:000x1;1 + 0:922x2;1 = 1:92x1;1

0:922x1;1 + 1:000x2;1 = 1:92x2;1
,
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,
�

1:000x1;1 + 0:922x2;1 � 1:92x1;1 = 0
0:922x1;1 + 1:000x2;1 � 1:92x2;1 = 0

,

,
�

� 0:92x1;1 + 0:92x2;1 = 0
0:92x1;1 + � 0:92x2;1 = 0

Gia th lÔsh twn parapˆnw exis¸sewn �ètoume x1;1 = 1 kai lÔnoume wc proc x2;1,

0:92x2;1 = 0:92
� 0:92x2;1 = � 0:92

opìte to x2;1 = 1 kai to qarakthristikì ˆnusma pou antistoiqeÐ sth qarakthristik  �Ðza � 1 eÐnai,

X 1 =
�

1:0
1:0

�

Parìmoia, to ˆnusma pou antistoiqeÐ sthn � 2 eÐnai,

X 2 =
�

� 1:0
+1 :0

�

Ta qarakthristikˆ anÔsmata, prèpei na metasqhmatisjoÔn ètsi ¸ste to ˆjroisma twn te-
trag¸nwn touc na isoÔtai me th monˆda, dhlad  sÔmfwna me thn ˆlgebra twn pinˆkwn prèpei
X 0X = 1| Autì epitugqˆnetai upologÐzontac gia kˆje qarakthristikì ˆnusma ton suntelest  k, o
opoÐoceÐnaio antÐstrofoc thc tetragwnik c �Ðzac tou ajroÐsmatoc twn tetrag¸nwn twn stoiqeÐwn
tou anÔsmatoc|

ki =
1

s X

q=1

x2
qi

ìpou xqi eÐnaito stoiqeÐo thc q seirˆc tou i qarakthristikoÔ anÔsmatoc|
Sth sunèqeia o suntelest c pollaplasiˆzetai meto qarakthristikì ˆnusma,

X i = ki

2

6
6
6
4

x1;i

x2;i
|||

xp;i

3

7
7
7
5

Opìte gia ta anÔsmata tou paradeÐgmatoc oi suntelestèc k1 kai k2 eÐnai,

k1 =
1

p
12 + 12

= 0:707 kai k2 =
1

p
� 12 + 12

= 0:707

X 1 = 0:707
�

1
1

�
=

�
0:707
0:707

�
kai X 2 = 0:707

�
� 1

1

�
=

�
� 0:707

0:707

�

Ta dÔo qarakthristikˆ anÔsmata mporoÔn na parousiastoÔn meton pÐnaka U ,
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U 2x2 =
�

0:707 � 0:707
0:707 0:707

�

Upologismìc twn tim¸n twn kurÐwn sunistws¸n

O upologismìc twn tim¸n twn kurÐwn sunistws¸n eÐnaisqetikˆ apl  diadikasÐa| Ta stoiqeÐa
tou pÐnaka 2|7 mporoÔn na parousiastoÔn meto akìloujo sÔsthma grammik¸n exis¸sewn,

�
Z1 = x11A1 + x12A2

Z2 = x21A1 + x22A2

ìpou Z1 kai Z2 eÐnaioi dÔo kÔriec sunist¸sec, x11; : : : ; x22 eÐnai ta antÐstoiqa stoiqeÐa twn
qarakthristik¸n anusmˆtwn kai A1; A2 eÐnaioi antÐstoiqec tupopoihmènec metablhtèc|

Gia parˆdeigma, o upologismìc twn tim¸n thc pr¸thc kÔriac sunist¸sac ekteleÐtai wc ex c,

z1 = � 0:471� 0:707+ � 1:265� 0:707= � 1:23
|||

z5 = � 1:414� 0:707+ � 1:265� 0:707= 1:89

en¸ oi timèc thc deÔterhc kÔriac sunist¸sac,

z1 = � 0:471� � 0:707+ � 1:265� 0:707= � 0:56
|||

z5 = � 1:414� � 0:707+ � 1:265� 0:707= 0:11

Oi parapˆnw exis¸seic mporoÔn na parousiastoÔn sÔmfwna methn ˆlgebra twn pinˆkwn wc,

Z = A U =

2

6
6
6
6
4

� 0:471 � 1:265
0:943 0:632
0:943 1:265
0:000 0:000

� 1:414 � 1:265

3

7
7
7
7
5

�
0:707 � 0:707
0:707 0:707

�

ìpou Z eÐnaiènac 5x2 pÐnakac twn tim¸n twn kurÐwn sunistws¸n, A eÐnaio pÐnakac twn tupo-
poihmènwn metablht¸n kai U eÐnaio pÐnakac twn qarakthristik¸n anusmˆtwn|

2|4 Praktik  efarmog  kai ermhneÐa twn apotelesmˆtwn

H praktik  efarmog  thc AKS diexˆgetai mìno meth qr sh enìc hlektronikoÔ upologist |
Merikˆ apì ta progrˆmmata pou mporeÐna qrhsimopoi sei kaneÐcparousiˆzontai sthn enìth-
ta 2|7| Sth sunèqeia �a efarmosteÐ h AKS sta dedomènatou pÐnaka 1|2 qrhsimopoi¸ntac to
statistikì prìgramma MINITAB| Oi entolèc pou dioqeteÔontai sto prìgramma eÐnaioi ex c:
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1 MTB > pca C1-C7;

2 SUBC> ncomponents 7;

3 SUBC> coefficients c16-c22;

4 SUBC> scores c9-c15.

Gramm  1 Arqikˆ oi metabl tec tou pÐnaka 1|2 eisˆgontai sto logistikì �Ôllo tou progrˆm-
matoc kai wc sunèpeia kˆje mÐametablht  antiproswpeÔei mÐast lh me ìnoma C1,
C2, : : :,CX | Sth sunèqeia grˆfoume thn entol  pca sunodeuìmenh apì tic st lec proc
exètash|

Gramm  2 H entol  ncomponents sunodeuìmenh apì ènan arijmì upodhl¸nei ton arijmì twn
kurÐwn sunistws¸n pou epijumoÔme na exaqjoÔn| ParadeÐgmatoc qˆrhn, an eÐqame100
metablhtèc �a  tan sqetikˆ qronobìro na 
ht soume apì to prìgramma na upologÐsei kai
tic 100 kÔriec sunist¸sec| EpÐshc se èna megˆlo sÔnolo dedomènwneÐnaianamenìmenoìti
oi teleutaÐec kÔriec sunist¸sec pou �a exaqjoÔn �a èqoun mhdenik  qarakthristik  �Ðza,
opìte den mac endiafèroun|

Gramm  3 Oi suntelestèc thc grammik c exÐswshcpou ekfrˆzei thn kˆje kÔria sunist¸sa (qa-
�akthristikˆ anÔsmata) emfanÐzontai sto parˆjuro exìdou tou progrˆmatoc| Wstìso an
epijumoÔme na apojhkeÔsoume touc suntelestèc sto logistikì �Ôllo tìte qrhsimopoioÔme
thn entol  coefficients sunodeuìmenh apì tic st lec stic opoÐec�èloume na topoje-
t soume ta anÔsmata| O arijmìc twn sthl¸n prèpei na isoÔtai meton arijmì twn kurÐwn
sunistws¸n pou �a exaqjoÔn, kˆti to opoÐoèqei dhlwjeÐ methn prohgoÔmenh entol |

Gramm  4 Oi timèc twn kurÐwn sunistws¸n (principal component scores ) upologÐzontai me thn
entol  scores sunodeuìmenh apì tic st lec stic opoÐec�èloume na topojet soume tic
timèc| O arijmìc twn sthl¸n ennoeÐtai ìti �a prèpei na eÐnaiÐsoc me ton arijmì twn
exaqjèntwn kurÐwn sunistws¸n|

Ta apotelèsmata twn upologism¸n apì tic parapˆnw entolèc parousiˆzontai sthn àxodo
2|1 kai oi timèc twn kurÐwn sunistws¸n ston PÐnaka 2|8| Gia praktikoÔc kai teqnikoÔc lìgouc
ta apotelèsmata pou exˆgei to prìgramma den metafrˆsthkan sta ellhnikˆ| Oi st lec tou
logistikoÔ �Ôlou antistoiqoÔn stic ex c metablhtèc tou PÐnaka 1|2:

C1 ! UgrasÐa

C2 ! Tèfra

C3 ! Prwteònec

C4 ! Olikì ˆzwto

C5 ! Prwteðnikì ˆzwto

C6 ! Mh prwteðnikì ˆzwto

C7 ! LÐpoc
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àxodoc 2|1 Efarmog  thc AKS se tupopoihmèna dedomèna|
Principal Component Analysis

Eigenanalysis of the Correlation Matrix

Eigenvalue 3.8257 3.0102 0.1381 0.0188 0.0071 0.0001
Proportion 0.547 0.430 0.020 0.003 0.001 0.000
Cumulative 0.547 0.977 0.996 0.999 1.000 1.000

Eigenvalue 0.0000
Proportion 0.000
Cumulative 1.000

Variable PC1 PC2 PC3 PC4 PC5 PC6
C1 -0.365 0.398 -0.045 0.838 0.049 0.029
C2 0.461 -0.200 0.676 0.305 0.443 0.026
C3 -0.242 -0.507 -0.144 0.135 0.150 -0.166
C4 -0.241 -0.507 -0.141 0.127 0.185 -0.503
C5 0.236 -0.508 -0.224 0.333 -0.396 0.587
C6 -0.505 -0.082 0.050 -0.233 0.538 0.611
C7 -0.476 -0.150 0.669 -0.067 -0.546 -0.015

Variable PC7
C1 0.011
C2 -0.005
C3 -0.772
C4 0.601
C5 0.156
C6 0.135
C7 0.008

PÐnakac 2|8: Oi timèc twn kurÐwn sunistws¸n apì thn efarmog  thc AKS sta dedomèna tou
PÐnaka 1|2

KS1 KS2 KS3 KS4 KS5 KS6 KS7
-2|812 -2|688 0|230 0|177 -0|104 -0|000 -0|000
-2|052 -0|798 -0|330 -0|242 0|010 -0|005 0|001
-1|728 0|472 -0|181 -0|063 0|049 0|023 0|001
-1|571 1|173 -0|132 0|130 0|154 -0|017 -0|001
-0|810 3|539 0|592 -0|052 -0|080 -0|000 -0|000
2|024 -1|713 0|462 -0|041 0|095 0|011 -0|002
1|833 -1|118 0|102 -0|173 -0|043 -0|015 -0|001
1|810 -0|004 0|157 0|117 0|043 0|001 0|004
1|692 0|199 -0|336 0|076 -0|055 -0|006 0|002
1|613 0|938 -0|563 0|070 -0|069 0|009 -0|002
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H pr¸th plhroforÐa pou parousiˆzei to MINITAB7 sto parˆjuro exìdou eÐnaito eÐdocthc
anˆlushc pou ekteleÐtai (Principal Component Analysis )| H deÔterh seirˆ thc exìdou
plhroforeÐ ìti h AKS efarmìsthke se tupopoihmènec metablhtèc, dhlad  o upologismìc twn
qarakthristik¸n �iz¸n kai anusmˆtwn ègine ston pÐnaka susqètishc| Oi epìmenec treic seirèc
probˆlloun tic qarakthristikèc �Ðzec(Eigenvalue ), thn analogÐa thc diakÔmanshc pou ekfrˆ-

ei h kˆje kÔria sunist¸sa (Proportion ) kai th susswreutik  analogÐa (Cumulative ) aut¸n|
àtsi, h pr¸th kÔria sunist¸sa (PC1   KS1) èqei qarakthristik  �Ðza (diakÔmansh) Ðshme3:8257
kai qarakthristikì ˆnusma to,

2

6
6
6
6
6
6
6
6
4

� 0:365
0:461

� 0:242
� 0:241

0:236
� 0:505
� 0:476

3

7
7
7
7
7
7
7
7
5

opìte oi timèc thc pr¸thc kÔriac sunist¸sac upologÐzontai apì thn exÐswsh,

Z1 = � 0:365� C1 + 0:461� C2 � 0:242� C3 � 0:241� C4 + 0:236� C5 � 0:505� C6 � 0:476� C7

ìpou C1; C2; : : : ; C7 eÐnaioi tupopoihmènec metablhtèc tou pÐnaka 1|2|
ParathroÔme ìti oi qarakthristikèc �Ðzecdiatˆssontai me�jÐnousa tˆxh| H pr¸th kÔria su-

nist¸sa exhgeÐto 54:7% thc olik c diakÔmanshc en¸ h deÔterh exhgeÐto 43:0%| Sunolikˆ oi dÔo
pr¸tec sunist¸sec exhgoÔnto 97:7% thc olik c diakÔmanshc, opìte mporoÔme na melet soume
autèc antÐto sÔnolo twn arqik¸n metablht¸n, to opoÐoepalhjeÔetai kai apì to sq ma 2|6 pou
eÐnaih grafik  parˆstash twn qarakthristik¸n �iz¸n gia kˆje kÔria sunist¸sa (�lèpe selÐda
43)|

Pìso shmantik  ìmwc eÐnaikˆje metablht  sto sqhmatismì twn kurÐwn sunistws¸n? Apˆnth-
sh se autì to er¸thma dÐnetaimetˆ apì ton upologismì twn suntelest¸n susqètishc (onomˆzontai
kai paragontikˆ �ortÐa   loading factors sthn agglik  orologÐa) metaxÔtwn arqik¸n metablht¸n
metic timèc twn kurÐwn sunistws¸n| H entol  pou arkeÐ na plhktrologhjeÐ sto prìgramma eÐnai
h ex c:

1 MTB > Correlation C1-C7 PC1 PC2

Gramm  1 Oi arqikèc metablhtèc eÐnaitopojethmènec sto logistikì �Ôllo stic st lec C1 èwc
C7, en¸ PC1 kai PC2 eÐnaidÔo ˆllec st lec metic timèc thc pr¸thc kai deÔterhc kÔriac
sunist¸sac antÐstoiqa|

Ta apotelèsmata thc susqètishc parousiˆzontai sthn àxodo 2|2 apì thn opoÐaparathreÐtai
ìti merikèc metablhtèc susqetÐzontai shmantikˆ mìno methn pr¸th kÔria sunist¸sa, en¸ ˆllec
mìno   kai methn deÔterh kÔria sunist¸sa| To pìso shmantikìc eÐnaio suntelest c susqètishc
sumperaÐnetai apì thn pijanìthta p pou �rÐsketai akrib¸c kˆtw apì ton suntelest  (P-Value )|
Gia thn TeqnologÐa TrofÐmwn timèc r � 0:700 �ewroÔntai ikanopoihtikèc|

7To MINITAB parousiˆzei ta apotelèsmata se st lec kai an kˆti den qwrˆei suneqÐzeithn parousÐash twn apote-
lesmˆtwn sthn epìmenh seirˆ|
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àxodoc 2|2 Susqètish metaxÔtwn metablht¸n tou PÐnaka 1|2 kai twn dÔo pr¸twn kurÐwn suni-
st¸swn metˆ apì efarmog  thc anˆlushc twn kurÐwn sunistws¸n|

Correlations (Pearson)

C1 C2 C3 C4 C5 C6 C7
PC1 -0.714 0.902 -0.473 -0.471 0.462 -0.988 -0.932

0.021 0.000 0.168 0.169 0.179 0.000 0.000

PC2 0.691 -0.347 -0.879 -0.880 -0.881 -0.142 -0.261
0.027 0.325 0.001 0.001 0.001 0.695 0.467

Cell Contents: Correlation
P-Value

äso megalÔterh eÐnaih susqètish miac metablht c memÐakÔria sunist¸sa, tìso perissìtero
suneisfèrei ston sqhmatismì thc| Me ˆlla lìgia mporoÔmena qrhsimopoi soume tic susqetÐseic
gia na entopÐsoumepoiec metablhtèc ekfrˆzontai kai perigrˆfontai perissìtero apì mÐakÔria
sunist¸sa kai na d¸soume ètsi èna ìnoma stic sunist¸sec| H onomasÐapou dÐnoumestic kÔriec
sunist¸sec eÐnaiaujaÐreth kai stoqeÔei na perigrˆyei genikìtera to sÔnolo twn metablht¸n
pou ekfrˆzontai| Apì thn àxodo 2|2 parathroÔme ìti h KS1 ephreˆzetai shmantikˆ apì tic
metablhtèc C1; C2; C6 kai C7| H KS2 ekfrˆzei perissìtero tic metablhtèc C3; C4 kai C5| H
C1 suneisfèrei isˆxia ston sqhmatismì twn dÔo pr¸twn kurÐwn sunist¸swn, allˆ èqei asjen 
sundrom | Oi upìloipec metablhtèc ìmwc qwrÐzontai emfan¸c se dÔoomˆdec| H KS1 ephreˆzetai
perissìtero apì tic C2; C6 kai C7, en¸ h KS2 apì tic metablhtèc C3; C4 kai C5| Perissìtera
ìmwc sumperˆsmata mporoÔn na exaqjoÔn me th grafik  parousÐash twn apotelesmˆtwn, h
opoÐadiadikasÐa perigrˆfetai sthn epìmenh enìthta|

2|5 Grafik  parousÐash twn apotelesmˆtwn

Oi timèc twn kurÐwn sunistws¸n pou upologÐzontai katˆ thn efarmog  thc AKS mporoÔn
na qrhsimopoihjoÔn gia to sqhmatismì apl¸n grafik¸n parastˆsewn apì tic opoÐecmporoÔn
na exaqjoÔn shmantikˆ sumperˆsmata| Ston PÐnaka 2|8 parousiˆzontai oi timèc twn kurÐwn
sunistws¸n pou upologÐsthkan metˆ apì efarmog  thc AKS sta dedomènatou PÐnaka 1|2 kai
qrhsimopoioÔntai gia thn kataskeu  tou Sq matoc 2|7|

EpÐshc, oi suntelestèc susqètishc twn tim¸n twn kurÐwn sunistws¸n metic arqikèc metablhtèc
mporoÔn na qrhsimopoihjoÔn gia thn kataskeu  miac deÔterhc grafik c parˆstashc| Oi sun-
telestèc susqètishc parousiˆzontai sthn àxodo 2|2 kai oi aparaÐthtec timèc sunoyÐzontai ston
PÐnaka 2|9, apì ton opoÐokataskeuˆzetai to Sq ma 2|8|

Apì ta Sq mata 2|7 kai 2|8 gÐnetaidunatì na exaqjoÔn shmantikˆ sumperˆsmata, parath-
�¸ntac ta tautìqrona 8 |

Melet¸ntac to Sq ma 2|8 kai ton PÐnaka 2|9 parathroÔme ìti sto sqhmatismì thc KS1
suneisfèroun perissìtero oi metablhtèc Tèfra, Mh prwteðnikì ˆzwto kai LÐpoc kai ìti mìno h
Tèfra susqetÐzetai �etikˆ me thn KS1| Autì shmaÐneiìti ta deÐgmata(�lèpe Sq ma 2|8), pou
èqoun polÔ uyhlèc �etikèc timèc sthn KS1 èqoun megalÔtero posostì tèfrac apì ta upìloipa|

8An ta sq mata ektupwjoÔn se qartÐ to opoÐoeÐnaisqetikˆ hmidiafanèc endeÐknutaih topojèthsh tou enìc graf -
matoc epˆnw sto ˆllo (ètsi ¸ste oi ˆxonec na sumpÐptoun) kai parat rhshc touc|
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Sq ma 2|7: Grafik  parˆstash twn dÔo pr¸twn kurÐwn sunistws¸n tou PÐnaka 2|8| Oi deÐktec
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Sq ma 2|8: Grafik  parˆstash twn suntelest¸n susqètishc twn dÔopr¸twn kurÐwn sunistws¸n
metic metablhtèc tou PÐnaka 1|2
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PÐnakac 2|9: Suntelestèc susqètishc twn dÔo pr¸twn kurÐwn sunistws¸n metic metablhtèc tou
PÐnaka 1|2|

Suntelestèc susqètishc
Metablhtèc KS1 KS2
UgrasÐa -0|714 0|691
Tèfra 0|902 -0|347
Prwteònec -0|473 -0|879
Olikì €zwto -0|471 -0|880
Prwteònikì €zwto 0|462 -0|881
Mh Prwteðnikì €zwto -0|988 -0|142
LÐpoc -0|932 -0|261

Epeid  ìla ta deÐgmataMpakaliˆrou èqoun uyhlèc �etikèc timèc sthn KS1 sumperaÐnetai ìti
sta deÐgmataMpakaliˆrou to posostì thc tèfrac eÐnaimegalÔtero ap� ìti sta deÐgmataapì
Skulˆki|

Sto sqhmatismì thc KS2 suneisfèroun perissìtero oi metablhtèc Olikì ˆzwto, Prwteònec
kai Prwteðnikì ˆzwto| Me ˆlla lìgia, deÐgmatame uyhlèc arnhtikèc timèc sthn KS2 èqoun
megalÔterec sugkentr¸seic twn parapˆnw tri¸n metablht¸n|

Parathr¸ntac pˆnta tautìqrona tic dÔo grafikèc parastˆseic mporoÔn na exaqjoÔn ta pa-
�akˆtw genikˆ sumperˆsmta:

� Ta deÐgmatatou Mpakaliˆrou qwrÐzontai se dÔo omˆdec sÔmfwna pˆnta me tic timèc twn
kurÐwn sunistws¸n| Ta M16, M12 kai M8 apoteloÔn th mÐaomˆda kai ta M4 kai M0 thn
ˆllh|

� Ta deÐgmataapì skulˆki qwrÐzontai se treic omˆdec| Ta S12, S8 kai S4 apoteloÔn mÐa
kentrik  omˆda, to S16 eÐnaih mÐaakraÐa pˆnw kai to deÐgmaS0 eÐnaimÐaakraÐa kˆtw
omˆda|

� Ta deÐgmataS0 kai S16 diafèroun shmantikˆ apì ta upìloipa allˆ kai metaxÔtouc| To
S0 èqei uyhlèc timèc se Mh prwteðnikì ˆzwto, LÐpoc, Prwteònec, Olikì ˆzwto kai Prwte-
ðnikì ˆzwto| To S16 èqei uyhlì posostì UgrasÐac, allˆ qamhlèc timèc se ìlec tic ˆllec
metablhtèc| Me ˆlla lìgia, oi 16 mèrec katˆyuxhc tou deÐgmatocapì Skulˆki prokaloÔn
aÔxhsh tou posostoÔ thc ugrasÐac kai meÐwshtwn tim¸n twn metablht¸n Mh prwteðnikì
ˆzwto, LÐpoc, Prwteònec, Olikì ˆzwto kai Prwteðnikì ˆzwto|

Me prosektik  parat rhsh twn Sqhmˆtwn 2|7 kai 2|8 mporoÔn na exaqjoÔn kai ˆlla sum-
perˆsmata| Prèpei na shmeiwjeÐ ìmwc ìti opoiad pote ektÐmhsh wc proc thn omadopoÐhsh twn
deigmˆtwn eÐnaiaujaÐreth kai ìqi akrib c| Gia thn akrib  omadopoÐhsh twn dedomènwnendeÐk-
nutai h efarmog  thc Anˆlushc thc OmoiomorfÐac twn Omˆdwn|

ànac ˆlloc trìpoc parousÐashc twn apotelesmˆtwn eÐnaiqrhsimopoi¸ntac biplots | Prìkei-
tai gia grafikèc parastˆseic twn tim¸n twn kurÐwn susistws¸n (principal component scores )
kai twn suntelest¸n twn exis¸sewn (principal component coe�cients ) twn kurÐwn sunistws¸n
{tautìqrona} sto Ðdiogrˆfhma 9 |

9o sugkekrimènoc trìpoc dhmiourgÐac twn biplots pou parousiˆzontai, eÐnai ìmoioc me autìn tou statistikoÔ
progrˆmmatoc R| H �ibliografÐa tou egqeiridÐou tou progrˆmmatoc parapèmpei sta ˆrjra Gabriel, K. R. (1971).
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Oi metablhtèc paristˆnontai me �èlh pou xekinoÔn apì to shmeÐotom c twn axìnwn| ätan
kˆpoia �èlh eÐnaikˆjeta metaxÔtouc   teÐnounna eÐnaikˆjeta tìte oi metablhtèc pou antipro-
swpeÔoun densusqetÐzontai metaxÔtouc| Antijètwc ìtan ta �èlh deÐqnounproc thn Ðdia  antÐjeth
kateÔjunsh tìte oi metablhtèc susqetÐzontai isqurˆ �etikˆ   arnhtikˆ antÐstoiqa|

Gia th dhmiourgÐa autoÔ tou eidikoÔ graf matoc akoloujoÔme thn ex c diadikasÐa (gia
lìgouc aploÔsteushc �a perigrafeÐ h dhmiourgÐa disdiˆstatou graf matoc me�ˆsh ta apote-
lèsmata apì thn efarmog  thc AKS sta dedomènatou PÐnaka 1|2|):

1| Arqikˆ upologÐzetai h tetragwgik  �Ðza twn qarakthristik¸n �iz¸n gia tic dÔo pr¸tec
kÔriec sunist¸sec| EpeÐdh h qarakthristik  �Ðza apoteleÐ th diakÔmansh kˆje kÔriac
sunist¸sac, h tetragwnik  �Ðza apoteleÐ thn tupik  apìklish aut c|

Gia thn KS1: p
� 1 =

p
3:8257= 1:9559

Gia thn KS2: p
� 2 =

p
3:0102= 1:7350

2| H tupik  apìklish twn KS pollaplasiˆzetai me thn tetragwnik  �Ðza tou pl jouc twn
seir¸n tou PÐnaka 1|2|

Gia thn KS1:

1:9559�
p

n = 1:9559�
p

10 = 6:1851

Gia thn KS2:

1:7350�
p

n = 1:7350�
p

10 = 5:4866

3| Tic teleutaÐec timèc tic qrhsimopoioÔme gia na tic:

(a') diairèsoume apì tic timèc twn kurÐwn sunistws¸n stic opoÐecantistoiqoÔn,

KS1 KS2 KS1/6|1851 KS2/5|4866
-2|812 -2|688 -0|455 -0|490
-2|052 -0|798 -0|332 -0|145
-1|728 0|472 -0|279 0|086
-1|571 1|173 -0|254 0|214
-0|810 3|539 -0|131 0|645
2|024 -1|713 0|327 -0|312
1|833 -1|118 0|296 -0|204
1|810 -0|004 0|293 -0|001
1|692 0|199 0|274 0|036
1|613 0|938 0|261 0|171

(�') pollaplasiˆsoume metic timèc twn suntelest¸n twn exis¸sewn twn kurÐwn sunistws¸n
stic opoÐecantistoiqoÔn,

The biplot graphical display of matrices with applications to principal component analysis . Biometrika, 58, 453­467
kai Gabriel, K. R. and Odoro�, C. L. (1990). Biplots in biomedical research . Statistics in Medicine, 9, 469­485 gia
perissìterec plhroforÐec|
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� 11 èwc � 1p � 21 èwc � 2p (� 11 èwc � 1p)� 6|1851 (� 21 èwc � 2p)� 5|4866
-0|365 0|398 -2|258 2|184
0|461 -0|200 2|851 -1|097
-0|242 -0|507 -1|497 -2|782
-0|241 -0|507 -1|491 -2|782
0|236 -0|508 1|460 -2|787
-0|505 -0|082 -3|124 -0|450
-0|476 -0|150 -2|944 -0|823

4| Apì tic nèecupologisj sec st lec �a gÐneiènac epiplèon metasqhmatismìc twn tim¸n twn
kurÐwn sunistws¸n ètsi ¸ste na èqoun ìlec mac oi st lec perÐpou thn ÐdiaklÐmaka| Gia to
skopì autì qrhsimopoioÔme tic elˆqistec kai mègistec timèc apì kˆje nèa st lh|

Apì tic nèecst lec twn tim¸n twn kurÐwn sunistws¸n �rÐskoume thn elˆqisth kai mègisth
tim  sunolikˆ gia tic dÔo st lec (ìqi xeqwristˆ gia kˆje st lh), opìte:

elˆqisto: � 0:490, mègisto: 0:645

Apì tic nèec st lec twn suntelest¸n �rÐskoume thn elˆqisth kai mègisth tim  gia kˆje
st lh xeqwristˆ:

Pr¸th nèa st lh, elˆqisto: � 3:124, mègisto: 2:851

DeÔterh nèa st lh, elˆqisto: � 2:787, mègisto: 2:184

Sth sunèqeia diairoÔme tic elˆqistec kai mègistec timèc apì tic nèecst lec twn suntelest¸n,
methn elˆqisth kai mègisth tim  twn nèwntim¸n twn kurÐwn sunistws¸n antÐstoiqa:

� 3:124
� 0:490

= 6:376;
2:851
0:645

= 4:421;
� 2:787
� 0:490

= 5:690;
2:184
0:645

= 3:385

Apì tic teleutaÐec upologisj sec timèc epilègoume thn mègisth, h opoÐaeÐnaih 6:376| Aut 
thn tim  thn pollaplasiˆzoume mekˆje st lh twn nèwntim¸n twn kurÐwn sunistws¸n|

KS1/6|1851 KS2/5|4866 (KS1/6|1851) � 6:376 (KS2/5|4866) � 6:376
-0|455 -0|490 -2|899 -3|124
-0|332 -0|145 -2|115 -0|927
-0|279 0|086 -1|781 0|548
-0|254 0|214 -1|619 1|363
-0|131 0|645 -0|835 4|112
0|327 -0|312 2|086 -1|991
0|296 -0|204 1|889 -1|299
0|293 -0|001 1|866 -0|005
0|274 0|036 1|744 0|231
0|261 0|171 1|663 1|090

SunoyÐzontac, oi nèec st lec pou �a qrhsimopoihjoÔn gia th sqedÐash tou disdiˆstatou
biplot parousiˆzontai ston PÐnaka 2|10|

Oi st lec X eÐnaita shmeÐapou antiproswpeÔoun tic seirèc tou PÐnaka 1|2 kai apì tic
st lec Y sqediˆzontai anÔsmata apì to shmeÐo(0,0) twn axìnwn èwc ta shmeÐapou orÐzoun
oi timèc twn sthl¸n kai ta opoÐaantiproswpeÔoun tic metablhtèc tou PÐnaka 1|2|
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Sq ma 2|9: Grafik  parˆstash biplot sÔmfwna meta dedomènatou PÐnaka 2|10

PÐnakac 2|10: Oi timèc twn shmeÐwnkai anusmˆtwn gia th sqedÐash enìc graf matoc biplot to
opoÐoqarakthrÐzei ta dedomènatou PÐnaka 1|2

Onìmata Deigmˆtwn X 1 X 2 Onìmata Metablht¸n Y1 Y2
Skulˆki-0 -2|899 -3|124 UgrasÐa -2|258 2|184
Skulˆki-4 -2|115 -0|927 Tèfra 2|851 -1|097
Skulˆki-8 -1|781 0|548 Prwteònec -1|497 -2|782
Skulˆki-12 -1|619 1|363 Olikì ˆzwto -1|491 -2|782
Skulˆki-16 -0|835 4|112 Prwteðnikì ˆzwto 1|460 -2|787
Mpakaliˆroc-0 2|086 -1|991 Mh Prwteðnikì ˆzwto -3|124 -0|450
Mpakaliˆroc-4 1|889 -1|299 LÐpoc -2|944 -0|823
Mpakaliˆroc-8 1|866 -0|005
Mpakaliˆroc-12 1|744 0|231
Mpakaliˆroc-16 1|663 1|090
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Apì th melèth tou Sq matoc 2|9 sumperaÐnoumeìti:

� Ta anÔsmata twn metablht¸n Olikì €zwto kai Prwteònec se sqèsh meto ˆnusma thc meta-
�lht c Prwteðnikì €zwto eÐnaikˆjeta metaxÔtouc| Opìte sumperaÐnoumeìti oi metablhtèc
Prwteðnikì €zwto kai Prwteònec densusqetÐzontai kajìlou meth metablht  Prwteònikì €zw-
to| EpÐshc, ta anÔsmata twn metablht¸n Prwteðnikì €zwto kai Prwteònec eÐnaito èna epˆnw
sto ˆllo (gia to lìgo autì sth grafik  �aÐnetai mìno èna ˆnusma pou antiproswpeÔei kai
tic dÔo metablhtèc) opìte sumperaÐnoumeìti oi dÔo autèc metablhtèc susqetÐzontai apìlu-
ta|

� H metablht  UgrasÐa èqei isqur  arnhtik  sqèsh metic metablhtèc Tèfra kai Prwteðnikì
€zwto, en¸ oi metablhtèc Mh Prwteðnikì €zwto kai LÐpoc susqetÐzontai isqur¸c �etikˆ|
EpÐshc, h metablht  UgrasÐa densusqetÐzetai metic metablhtèc Olikì €zwto kai Prwteònec|

Melet¸ntac th �èsh twn shmeÐwn(deÐgmata)se sqèsh meta anÔsmata mporoÔmena exˆgoume
perissìtera sumperˆsmata| Dhlad , ta deÐgmatapou �rÐskontai kontˆ sth dieÔjunsh pou
orÐzounta anÔsmata èqoun uyhlèc timèc stic antÐstoiqec metablhtèc kai to antÐstrofo| Opìte:

� Ta deÐgmataM4 kai M0 èqoun uyhlèc timèc se tèfra kai prwteðnikì ˆzwto kai qamhlèc
timèc se ugrasÐa| To antÐstrofo isqÔei kai gia ta deÐgmataS12 kai S8|

� EpÐshc to deÐgmaS0 èqei uyhlèc timèc se olikì ˆzwto kai prwteònec kai to S4 èqei uyhlèc
timèc se mh prwteðnikì ˆzwto kai lÐpoc, qamhlèc se tèfra kai prwteðnikì ˆzwto kai mèsec
timèc se ugrasÐa, olikì ˆzwto kai prwteònec|

2|6 Pìte prèpei na qrhsimopoieÐtai h AKS?

H AKS den eÐnaimÐamèjodoc pou mporeÐ na efarmosteÐ me epituqÐa se kˆje perÐptwsh|
ätan oi arqikèc metablhtèc den susqetÐzontai kajìlou metaxÔ touc, oi upologisj sec kÔriec
sunist¸sec ekfrˆzoun exÐsouthn ÐdiadiakÔmansh sta dedomèna| AntÐjeta ìtan ìlec oi arqikèc
metablhtèc susqetÐzontai isqurˆ metaxÔtouc, h pr¸th kÔria sunist¸sa exhgeÐìlh th diakÔmansh
sta dedomèna| Dhlad , ìso perissìtero susqetÐzontai oi metablhtèc tìso megalÔterh diakÔmansh
ekfrˆzetai apì thn pr¸th   tic pr¸tec kÔriec sunist¸sec kai to antÐstrofo|

Apì ta parapˆnw sumperaÐnoumeìti h AKS, mporeÐna efarmosteÐ epituq¸c se dedomènatwn
opoÐwnoi metablhtèc susqetÐzontai grammikˆ metaxÔtouc se èna uyhlì �ajmì, en¸ den prèpei na
efarmìzetai potè se dedomènapou èqoun isqur  mh grammik  sqèsh| Sthn teleutaÐa perÐptwsh,
anatrèqoume sun jwc sthn Anˆlush thc AntistoiqÐac sthn opoÐaoi sqèseic metaxÔtwn metablht¸n
ekfrˆzontai ston ˆxona 1 me kampulìgrammh exèlixh kai ìqi me grammikì sqhmatismì, ìpwc
sumbaÐneisthn AKS|

2|7 Progrˆmmata hlektronik¸n upologist¸n

äla ta emporikˆ progrˆmmata statistik c èqoun th dunatìthta efarmog c thc anˆlushc
twn kurÐwn sunistws¸n se èna sÔnolo dedomènwn|Opoiod pote sÔgqrono statistikì pakèto den
èqei aut  th dunatìthta mporeÐ na qarakthristeÐ anepifÔlakta wc aneparkèc gia èreuna kai
didaskalÐa|

Merikˆ apì ta pio gnwstˆ progrˆmmata pou qrhsimopoioÔntai gia thn efarmog  thc AKS
perigrˆfontai sunoptikˆ sth sunèqeia|



2|7 Progrˆmmata hlektronik¸n upologist¸n 59

EpÐshc mporeÐtena �reÐte pollˆ mikrˆ   megˆla, emporikˆ   eleÔjera progrˆmmata stati-
stik c sthn parakˆtw hlektronik  dieÔjunsh:
http://sal.kach in at ec h.c om/A /3 /i ndex. sh tml

2|7|1 Emporikˆ Progrˆmmata

Me to ìro autì qarakthrÐzontai ìsa progrˆmmata kostÐzoungia thn apìkthsh touc|

CANOCO

EÐnaièna prìgramma apokleistikˆ gia polumetablht  anˆlush| DeneÐnaièna pl rec sta-
tistikì pakèto| Prin qrìnia kukloforoÔse mìno gia to leitourgikì sÔsthma DOS kai  tan èna
prìgramma arketˆ dÔstropo ston trìpo qr shc tou, qwrÐcgrafikì peribˆllon ergasÐac| Sthn
teleutaÐa èkdosh gia ton leitourgikì sÔsthma MS Windows èqei �eltiwjeÐ arketˆ apì ˆpoyh
euqrhstÐac, an kai merikˆ �ohjhtikˆ progrˆmmata paramènoun se peribˆllon DOS| EpÐshc to
grafikì peribˆllon eÐnaisthn pragmatikìthta èna kèlufoc gia to pragmatikì prìgramma pou
kˆnei touc upologismoÔc kai trèqei sto DOS| H èkdosh gia MS Windows èqei grafteÐ apì touc
Cajo J.F. ter Braak kai Petr Smilauer [3]|

Parèqei dunatìthtec efarmog c polumetablht¸n analÔsewn polÔ proqwrhmènec se sqèsh me
ta ˆlla (katˆ polÔ akribìtera) emporikˆ statistikˆ progrˆmmata| àqei grafteÐ gia na qrhsi-
mopoihjeÐ apì oikolìgouc allˆ autì den apagoreÔei th qr sh tou kai se ˆllouc episthmonikoÔc
q¸rouc, an kai h orologÐa pou qrhsimopoieÐ eÐnaiperissìtero katanoht  apì epist monec pou
asqoloÔntai methn oikologÐa|

Parèqei pl joc apotelesmˆtwn metˆ thn efarmog  thc AKS kai dÐneith dunatìthta gia th
sqedÐash disdiˆstatwn biplots | EÐnaièna prìgramma gia èmpeirouc ereunhtèc sto q¸ro thc po-
lumetablht c anˆlushc kai den sust netai gia qr sh apì ˆtoma pou èqoun asqolhjeÐ prìsfata
meto �èma autì| EpÐshc proôpojètei kˆpoia gn¸sh sthn orologÐa thc epist mhc thc oikologÐac|

Perissìterec plhroforÐec gia to prìgramma �a �reÐte sthn hlektronik  dieÔjunsh:
http://www.plan t. wagenin gen- ur .n l/p ro duct s/ can oc o

MINITAB

EÐnaièna arketˆ dhmofilèc prìgramma, eÔkolo sth qr sh kai qrhsimopoieÐtai kurÐwc gia
ekpaideutikoÔc skopoÔc| Oi dunatìthtec tou apì ˆpoyh upologistik¸n mejìdwn eÐnaiikanopoih-
tikèc, an kai pollèc �orèc parathreÐ kaneÐcmerikèc elleÐyeic| To megalÔtero tou pleonèkthma
eÐnaioi �outÐnec upologismoÔ kai ta grafikˆ ston tomèa tou StatistikoÔ Elègqou thc Paragwgi-
k c DiadikasÐac (SPC)| Genikìtera ìmwc oi grafikèc parastˆseic pou dhmiourgoÔntai den èqoun
thn poiìthta pou apaiteÐ èna sÔgqrono prìgramma statistik c|

Dustuq¸c den parèqei pollèc mejìdouc gia thn polumetablht  anˆlush dedomènwn| Oi du-
natìthtec pou parèqei sthn AKS eÐnaioi elˆqistec dunatèc| DenmporeÐna parˆgei biplots gia ta
apotelèsmata apì thn AKS (parˆ mìno mèsa apì to menoÔthc Paragontik c Anˆlushc)| Parìla
autˆ h efarmog  thc AKS eÐnaipolÔ eÔkolh diadikasÐa kai sustÐnetai proc qr sh gia kˆpoion
pou asqoleÐtai pr¸th �orˆ meto �èma autì|

Perissìterec plhroforÐec gia to prìgramma �a �reÐte sthn hlektronik  dieÔjunsh:
http://www.mini ta b. co m
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STATISTICA

EÐnaièna prìgramma polÔ dhmofilèc kai polÔ eÔkolo sth qr sh| älec oi entolèc �rÐskontai
se morf  parajÔrwn dialìgou| Metˆ thn eisagwg  dedomènwnsto logistikì �Ôllo autì pou
arkeÐ na kˆnei kaneÐceÐnaina qrhsimopoi sei to pontÐki tou gia na kˆnei merikˆ {klik}|

EidiaÐtero qarakthristikì eÐnaih paragwg  polÔ ìmorfwn poiotikˆ kai aisjhtikˆ grafik¸n
parastˆsewn| Me ˆlla lìgia pèran apì èna prìgramma statistik c epexergasÐac dedomènwn
eÐnaikai èna pˆra polÔ kalì prìgramma paragwg c grafik¸n parastˆsewn|

EpÐshc shmantikì qarakthristikì eÐnaito polÔ kalˆ sqediasmèno sÔsthma hlektronik c
�o jeiac pou qrhsimeÔei kai san ekpaideutikì ergaleÐo|

Sthn efarmog  thc AKS parèqei ta �asikˆ| Sthn pragmatikìthta h anˆlush ekteleÐtai mèsw
tou parajÔrou dialìgou thc Paragontik c Anˆlushc an deqjoÔme tic ex' orismoÔ epilogèc| To
mìno pou den mporeÐna upologisteÐ eÐnaioi timèc twn kurÐwn sunistws¸n|

Perissìterec plhroforÐec gia to prìgramma �a �reÐte sthn hlektronik  dieÔjunsh:
http://www.stat so ft .c om

2|7|2 EleÔjera proc qr sh progrˆmmata

Upˆrqoun pˆra pollˆ eleÔjera proc qr sh statistikˆ progrˆmmata, twn opoÐwnh eleÔjerh
dianom  ofeÐletai kurÐwc se mia diaforetik  ideologÐa (Open Source )| Pˆra pollˆ apì autˆ
eÐnaiaxiìloga allˆ den eÐnaiidiaÐtera diadedomèna diìti lìgw thc mh emporik c kateÔjunshc
touc den diafhmÐzontai| EpÐshc pollˆ apì autˆ den èqoun kˆpoio grafikì peribˆllon ergasÐac
kai ètsi eÐnaiduskolìterh h qr sh touc apì touc aploÔc qr stec H/U| Parìla autˆ eÐnai
sun jwc perissìtero euèlikta kai �usikˆ dwreˆn|

Prìgramma R

EÐnaimÐagl¸ssa programmatismoÔ kai èna peribˆllon ergasÐac gia thn ektèlesh statistik¸n
upologism¸n kai thn paragwg  grafik¸n, parìmoia me th gl¸ssa programmatismoÔ S thc
etairÐac Bell Laboratories (gnwst  kai wc AT&T pou onomˆzetai t¸ra Lucent Technologies )|
Parèqei èna eur  �ˆsma statistik¸n analÔsewn kai grafik¸n teqnik¸n|

To megalÔtero pleonèkthma tou progrˆmmatoc autoÔ eÐnaih eÔkolh paragwg  uyhl c
poiìthtac grafik¸n parastˆsewn kai epiplèon h dunatìthta eisagwg c se autèc majhmatik¸n
sumbìlwn kai exis¸sewn|

DiatÐjetai qwrÐc kìstoc kai upˆrqoun ekdìseic gia ta leitourgikˆ sust mata Unix, Linux,
Windows 9x/NT/2000, kai MacOS| MporeÐte na to katebˆsete apì thn hlektronik  dieÔjunsh:
http://www.r-pr oj ec t. or g

äson aforˆ tic dunatìthtec gia thn efarmog  thc Anˆlushc twn KurÐwn Sunistws¸n, mpo-
�oÔn na qarakthristoÔn akrketˆ ikanopoihtikèc| Pèran twn sunhjismènwn apotelesmˆtwn kai
grafik¸n parastˆsewn pou parˆgei èqei th dunatìthta paragwg c disdiˆstatwn biplots mepolÔ
eÔkolo trìpo| Emporikˆ progrˆmmata ìpwc to Minita b eÐnaisqetikˆ adÔnamase autì to �èma|
EpÐshc èqei mejìdouc gia ton èlegqo thc polumetablht c kanonikìthtac|

Èswcmonadikì meionèkthma tou eÐnaih èleiyh enìc grafikoÔ peribˆllontoc ergasÐac (eÐnai
kˆti pou sqediˆzetai kai sÐgoura stic epìmenec ekdìseic �a upˆrxei prìodoc)| AntÐjeta, eÐnai
dwreˆn, ekteleÐtai se pollèc platfìrmec, wc gl¸ssa programmatismoÔ eÐnaipolÔ euèlikto, pa-
�ˆgei exairetikˆ graf mata kai èqei megˆlh sullog  makroentol¸n epèktashc pou èqoun grafteÐ
apì qr stec tou progrˆmmatoc (mporeÐkaneÐcna �rei �outÐnec upologismoÔ pou uiojetoÔntai
meargìtero �ujmì apì emporikˆ progrˆmmata)|
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MacAno va

EÐnai èna diadrastikì (Interactive ) prìgramma epexergasÐac dedomènwnpou grˆfthke gia
qr sh sth didaskalÐa apì ton Gary Oehlert kai ton Christopher Bingham tou Tm matoc Efarmo-
smènhcStatistik c tou PanepisthmÐou thc Minnesìta| XekÐnhsewc èna sÔsthma gia thn anˆlush
peiramatik¸n sqedÐwn(designed experiments ) allˆ sth poreÐa enswmat¸jhkan kai dunatìthtec
gia thn efarmog  polumetablht c anˆlushc, genikeumènwngrammik¸n montèllwn k|a|

Arqikˆ grˆfthke gia Macintosh (apì ìpou kai phgˆzei en mèrei to ìnoma) allˆ upˆrqoun
kai ekdìseic gia Unix, DOS, kai Windows | MporeÐte na to katebˆsete apì thn hlektronik 
dieÔjunsh:
http://www.stat .u mn.e du/ � gar y/m ac anov a/ macanov a. home.ht ml

Gia na to qrhsimopoi sei kaneÐckai na kˆnei mia anˆlush dÐneientolèc sthn konsìla| Opoios-
d pote eÐnaign¸sthc tou S­Plus �a prosarmosteÐ polÔ gr gora ston trìpo qr shc| DenmporeÐ
na qarakthristeÐ isˆxio tou S­Plus mia pou oi dunatìthtec tou eÐnaikˆpwc periorismènec kai ta
grafikˆ tou ìqi kai tìso entupwsiakˆ| Ta pleonekt mata tou eÐnaiìti eÐnaidwreˆn, ìti kˆnei to
kˆnei swstˆ kai meakrÐbeia, eÐnaiidanikì gia ekpaideutik  qr sh, èqei ˆyogec odhgÐecqr sewc
kai mporeÐkaneÐcna efarmìsei autˆ pou pragmateÔetai h ptuqiak  aut  sqetikˆ eÔkola|
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Peiramatik  diadikasÐa
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KEFŸALAIO 3

Ulikˆ kai mèjodoi

Skopìc thc peiramatik c diergasÐac eÐnaih melèth thc sumperiforˆc twn aktinidÐwn katˆ thn
wsmwtik  afudˆtwsh se 4 diaforetikˆ sirìpia 
aqˆrwn (isoglukìqh, glukìzh, maltìzh kai 
a-
qarìzh) kai h epÐdrash twn teleutaÐwn sthn poiìthta twn aktinidÐwn katˆ thn katˆyuxh| Akìmh
aposkopeÐ sto na katadeÐxei thn epÐdrash tou qrìnou wsmwtik c afudˆtwshc kai twn diafì-
�wn qrhsimopoioÔmenwn 
aqˆrwn, stouc organolhptikoÔc qarakt rec tou telikoÔ proðìntoc me
qrhsimopoÐhsh omˆdac dokimast¸n|

3|1 Pr¸th Ìlh

Sq ma 3|1: Statikìc apostei-
�wt rac CORIMAT

Ta aktinÐdia pou qrhsimopoi jhkan gia thn diexagwg  tou
peirˆmatoc  tan thc poikilÐac Hayward kai proèrqontan apì
ton agrotikì sunetairismì Mèshc HmajÐac| H sullog  touc
ègine ton m na Okt¸brio kai taxinom jhkan anˆloga meto mè-
gejoc touc sto dialoght rio tou sunetairismoÔ| Prin gÐneih
metaforˆ touc sto �iomhqanikì ergast rio thc sqol c Teqno-
logÐac TrofÐmwn sunthr jhkan se yugeÐa me�ermokrasÐa 1 � C
kai sqetik  ugrasÐa 95%|

Metˆ thn paralab  touc metafèrjhkan se yugeÐo tou �io-
mhqanikoÔ ergasthrÐou ìpou h sunt rhsh touc suneqÐsthke
stouc 1 � C| H epexergasÐatouc akoloÔjhse metˆ apì èna m na
perÐpou|

3|2 ApofloÐwsh

Arqikˆ ta aktinÐdia apofloi¸jhkan qhmikˆ, katˆ partÐdec,
meqr sh dialÔmatoc NaOH 15% �/b se �ermokrasÐa �rasmoÔ
gia 90s ston statikì aposthrwt ra CORIMAT (sq ma 3|1)| Pe-
�Ðpou 19Kg �roÔtou embaptÐzontankˆje �orˆ se 50 ` dialÔ-
matoc NaOH ètsi ¸ste na apofeuqjeÐ h shmantik  meÐwshthc
�ermokrasÐac apofloÐwshc|
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Amèswc metˆ akoloÔjhse plÔsh twn aktinidÐwn me nerì se metallikèc dexamenècgia thn
apomˆkrunsh thc �loÔdac kai twn upoleimmˆtwn tou NaOH| H pl rhc apomˆkrunsh tou NaOH
elègqontan me th qr sh deÐkth �ainolofjaleònhc sthn epifˆneia tou apofloiwmènou �roÔtou|
Emfˆnish �ozè qr¸matoc shmaÐneimerik  apomˆkrunsh tou NaOH| Oi mÐsqoiafairèjhkan se
diaforetikèc dexamenècmeth qr sh maqairi¸n|

AkoloÔjhse strˆggish, diaqwrismìc twn aktinidÐwn se partÐdec kai deigmatolhyÐa| Gia ton
prosdiorismì thc ugrasÐac, tou pH , tou askorbikoÔ oxèoc, twn dialut¸n stere¸n sustatik¸n kai
thc ogkometroÔmenhc oxÔthtac epilèqjhkan tuqaÐa trÐa (3) aktinÐdia, en¸ gia thn mètrhsh tou
qr¸matoc kai thc uf c pènte (5)|

3|3 Wsmwtik  afudˆtwsh

Sq ma 3|2: Metallikˆ kala-
�ˆkia meaktinÐdia

Ta apofloiwmèna aktinÐdia afoÔ topojet jhkan se metalli-
kˆ kalajˆkia (sq ma 3|2), 
ugÐsthkan kai sth sunèqeia topoje-
t jhkan stic lekˆnec thc suskeu c wsmwtik c afudˆtwshc| H
suskeu  (sq ma 3|3) pou qrhsimopoi jhke apartizìtan apì:

� àxi anoxeÐdwteclekˆnec qwrhtikìthtac 20 ` h kˆje mÐa|

� SÔsthma dianom c tou siropioÔ se kˆje lekˆnh|

� SÔsthma elègqou kai diat rhshc stajer c thc �ermokra-
sÐactou siropioÔ|

Sq ma 3|3: Suskeu  wsmwtik c afudˆtwshc

Ta sirìpia pou qrhsimopoi jhkan  tan 62 � Brix kai gia thn paraskeu  touc qrhsimopoi -
�hkan ta ex c 
ˆqara:
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� Isoglukìzh

� Zaqarìzh

� Maltìzh

� Glukìzh

H kukloforÐa twn dialumˆtwn ginìtan meth qr sh �ugokentrik c antlÐac kai h �ermokrasÐa
se kˆje lekˆnh diathrìtan stouc 35 � C| H �èrmansh epitugqanìtan medièleush tou siropoioÔ
mèswenìc doqeÐoume�ermainìmenh antÐstash| AntÐjeta, h yÔxh ginìtan mekukloforÐa yuqroÔ
neroÔ mèswserpantÐnac pou up rqe se kˆje lekˆnh|

Ta aktinÐdia upèsthsan wsmwtik  afudˆtwsh diadoqikˆ gia qronikì diˆsthma 30, 60, 90,
180, 270 kai 360 lept¸n| Metˆ to pèrac thc diergasÐac apomakrÔnontan apì tic lekˆnec thc
suskeu c, af nontan na straggÐsoun kai metˆ 
ugÐzontan| AkoloÔjhse plÔsh twn aktinidÐwn me
nerì upì pÐeshgia èna leptì, qrhsimopoi¸ntac mpek yekasmoÔ| Ta deÐgmatapou proorÐzontan
gia ton prosdiorismì thc uf c kai tou qr¸matoc denupèsthsan plÔsh| Tèloc metˆ apì strˆggish
gia 5 leptˆ, ta wsmwtikˆ afudatwmèna aktinÐdia, kaj¸c kai autˆ pou den upèsthsan parapèra
epexergasÐa metˆ thn apofloÐwsh, suskeuˆsjhkan se sakoulˆkia poluaijulenÐou ta opoÐa
apaer¸jhkan kai �ermosugkoll jhkan|

3|4 Katˆyuxh kai sunt rhsh

Ta suskeuasmèna deÐgmatakatayÔqjhkan se �eÔma yuqroÔ aèra| Metˆ spì sunthr sh gia
72 mèrec stouc -25 � C akololoÔjhsan oi ex c prosdiorismoÐ :

� Prosdiorismìc ugrasÐac

� Prosdiorismìc dialut¸n stere¸n sustatik¸n

� Prosdiorismìc ogkometroÔmenhc oxÔthtac

� Prosdiorismìc pH

� Prosdiorismìc askorbikoÔ oxèoc

� Prosdiorismìc ap¸leiac ugroÔ katˆ thn apìyuxh

� Prosdiorismìc thc meÐwshctou �ˆrouc, thc ap¸leiac neroÔ kai thc prìslhyhc 
aqˆrwn

� Prosdiorismìc qr¸matoc

� Prosdiorismìc uf c

Ta apotelèsmata twn diˆforwn prosdiorism¸n parousiˆzontai stouc pÐnakecD'|2 kai D'|3
tou parart matoc D'|
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Qhmik  apofloÐwsh

NaOH 15% �/b

�ermokrasÐa �rasmoÔ

Topojèthsh se

metallikˆ

kalajˆkia

- pH

- Brix

- ogk| oxÔthtac

- askorbikoÔ oxèoc

- xr¸matoc

- uf c

- ugrasÐa

- ap¸leia ugr¸n

- 4 sakqarodialÔmata

- 6 qrìnoi afudˆtoshc

- pH

- Brix

- ogk| oxÔthtac

- askorbikoÔ oxèoc

- xr¸matoc

- uf c

- ugrasÐa

Prosdiorismìc

uf c kai qr¸matoc

AktinÐdia
Ergast rio

Biomhqanikì

STET

YugeÐa

1 � C

Apomˆkrunsh
mÐsqwn

PlÔsimo + Strˆggisma

ZÔgish

plÔsh menerì

strˆggish

SuskeuasÐa

Sunt rhsh Apìyuxh

FusikoqhmikoÐ prosdiorismoÐ

Organolhptikìc

àlegqoc

Katˆyuxh

Strˆggisma + ZÔgish

Osmwtik  Afydˆtwsh

FusikoqhmikoÐ prosdiorismoÐ

sto nwpì aktinÐdio

Sq ma 3|4: Diˆgramma �o c peiramatik c diergasÐac
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3|5 FusikoqhmikoÐ prosdiorismoÐ

3|5|1 Prosdiorismìc ugrasÐac

AparaÐthta ìrgana kai ulikˆ

1| TrublÐa petri

2| DeÐgmaaktinidÐwn

3| MÐxeroikiakoÔ tÔpou

4| Analutikìc 
ugìc

5| SpajÐda metallik 

6| Metallik  labÐda

7| FoÔrnoc medunatìthta kukloforÐac tou aèra

8| FoÔrnoc medunatìthta aÔxhshc thc pÐeshc

9| Xhrant rac

Ektèlesh ergasÐac

1| DeÐgmaaktinidÐou poltopoieÐtai sto mÐxer|

2| Sth sunèqeia se proxhramèno kai prozugismèno trublÐo petri metafèrontai perÐpou 7|5 g
poltopoihmènou deÐgmatocmeakrÐbeia 4ou dekadikoÔ yhfÐou| Aut  h diadikasÐa gÐnetai
eic triploÔn gia kˆje deÐgma|

3| Ta trublÐa petri metafèrontai se �oÔrno medunatìthta kukloforÐac tou aèra, ìpou pa-
�amènoun gia 2 ¸rec stouc 60 � C|

4| Amèswcmetˆ metafèrontai se �oÔrno medunatìthta aÔxhshc thc pÐeshc,ìpou paramènoun
gia 2|5 ¸rec stouc 50-60 � C upì pÐesh30 ints¸n|

5| Ta trublÐa metafèrontai se xhrant ra kai sth sunèqeia 
ugÐzontai meakrÐbeia 4ou dekadi-
koÔ yhfÐou|

UpologismoÐ

Bˆroc trublÐou petri � g
Bˆroc trublÐou + deÐgmatoc � g
Bˆroc deÐgmatoc (� � � ) g
Bˆroc trublÐou + deÐgmatocmetˆ thn x ransh 
 g
Bˆroc ugrasÐac (ap¸leia) deÐgmatoc (� � 
 ) g

€ra,

% perieqìmenh ugrasÐa =
(� � 
 )
(� � � )

� 100

kai an to apotèlesma ekfrasteÐ wc % xhr  ousÐa,

% xhr  ousÐa= 100� % perieqìmenh ugrasÐa
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Sq ma 3|5: TrublÐa petri meapoxhramèna deÐgmataaktinidÐwn

3|5|2 Prosdiorismìc dialut¸n stere¸n sustatik¸n (brix )

AparaÐthta ìrgana kai ulikˆ

1| Epitrapèzio diajlasÐmetro-mprixìmetro Abbe 60|

2| MÐxer|

3| Kommˆti mouselÐnac|

4| DeÐgma6 aktinidÐwn

Ektèlesh ergasÐac

1| PoltopoÐhsh sto mÐxer6 aktinidÐwn|

2| Topojèthsh mèrouc tou poltoÔ se mouselÐna|

3| Metˆ thn apìrriyh twn pr¸twn stagìnwn, metafèrontai 1-2 stagìnec sta prÐsmata tou
diajlasÐmetrou-mprixìmetrou|

4| Katagraf  thc èndeixhc tou orgˆnou kai anagwg  aut c stouc 20 � C|

3|5|3 Prosdiorismìc ogkometroÔmenhc oxÔthtac

AparaÐthta ìrgana kai ulikˆ

1| Peqˆmetro

2| MÐxer

3| DeÐgmaaktinidÐwn

4| Analutikìc 
ugìc

5| Pot ri �rasmoÔ 200 m`

6| Apestagmèno nerì

7| Guˆlinh �ˆbdoc
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8| Diˆluma NaOH 0.1N

9| Proqoòda

Ektèlesh ergasÐac

1| DeÐgmaaktinidÐwn poltopoieÐtai se mÐxeroikiakoÔ tÔpou|

2| 10g poltoÔ aktinidÐwn 
ugÐzontai se pot ri �rasmoÔ twn 200 m` meakrÐbeia 4ou dekadikoÔ
yhfÐou|

3| akoloujeÐ sumpl rwsh èwc ta 100 m` meapestagmèno nerì|

4| TopojeteÐtai to pot ri �rasmoÔ pˆnw se magnhtikì anadeut ra kai to hlektrìdio tou
peqamètrou �ujÐzetai se autì|

5| Katìpin gÐnetaiogkomètrhsh mediˆluma NaOH 0.1N èwc to pH sto pot ri �rasmoÔ gÐnei
8:1| Tèloc katagrˆfontai ta m` tou dialÔmatoc ogkomètrhshc pou katanal¸jhkan|

UpologismoÐ

ägkoc dialÔmatoc NaOH 0.1N pou katanal¸jhke � m`
Bˆroc aktinidÐou pou ogkometr jhke � g

Ta apotelèsmata ekfrˆzontai se % ˆnudro kitrikì oxÔ anˆ 100 g aktinidÐou kai se % epÐ
xhroÔ| 1 |

CH  COOH2

CH  COOH2

C COOHHO

ogkometroÔmenh oxÔthta % (�/b) se ˆnudro kitrikì oxÔ=
� � 0:0064

�
� 100

3|5|4 Prosdiorismìc pH

AparaÐthta ìrgana kai ulikˆ

1| Peqˆmetro tÔpou knick Mess Stab 656

2| Pot ri �rasmoÔ twn 250 m`

3| Udrobolèac

4| Dihjhtikì qartÐ
11m` 0.1N NaOH = 0:0064g ˆnudro kitrikì oxÔ,MB kitrikoÔ oxèoc = 192, g � eq = 192

3 = 64g
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5| Rujmistikì diˆluma pH 5

6| MÐxeroikiakoÔ tÔpou

7| Farmakeutikìc 
ugìc

8| DeÐgmaaktinidÐou 50g

Ektèlesh ergasÐac

1| Arqikˆ gÐnetai�Ôjmish tou orgˆnou meto �ujmistikì diˆluma pH 5|

2| Sto mÐxerpoltopoioÔntai 50g aktinidÐou|

3| To hlektrìdio tou peqˆmetrou �ujÐzetai sto pot ri twn 250 m` meto poltopoihmèno akti-
nÐdio|

4| Mìlic h èndeixh tou orgˆnou stajerompoihjeÐ katagrˆfetai h tim  tou pH tou deÐgmatoc|

5| Diakìptoume th leitourgÐa tou orgˆnou, anuy¸noume to hlektrìdio ksi afoÔ to xeplÔnoume
meton udrobolèa to skoupÐqoumeapalˆ meto dihjhtikì qartÐ|

3|5|5 Prosdiorismìc askorbikoÔ oxèoc

GenikècplhroforÐec

SÔmfwna meton AOAC qrhsimopoi jhke h mèjodoc thc ogkomètrhshc me2-6-dÐqlwrofaÐnolo-
indofainìlh|

AparaÐthta ìrgana kai ulikˆ

1| Guˆlino pot ri �rasmoÔ 250 m`

2| Farmakeutikìc 
ugìc

3| DeÐgmaaktinidÐou 10g

4| MÐxeroikiakoÔ tÔpou

5| 2-6-dÐqlwrofaÐnolo-indofainìlh

6| Diˆluma ekqÔlishc

7| Kwnik  �iˆlh kenoÔ1`

8| QwnÐBuchner

9| UdrantlÐa kenoÔ

10| Temˆqia hjmoÔ

11| Temˆqio elastikoÔ swl na
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12| Proqoòda

Ektèlesh ergasÐac

1| 10g deÐgmatocaktinidÐou poltopoioÔntai se mÐxeroikiakoÔ tÔpou|

2| O poltìc metafèretai se pot ri �rasmoÔ twn 250 m` kai prostÐjetai diˆluma ekqÔlishc
mèqri ta 100 m` | AkoloujeÐ omogenopoÐhsh|

3| Katìpin ekteleÐtai di jhsh upì kenì meqwnÐBuchner |

4| 5m` dihj matoc ogkometroÔntai me diˆluma 2-6-dÐqlwrofaÐnolo-indofainìlh| To tèloc
thc ogkomètrhshc marturoÔse h emfˆnish �oz qr¸matoc|

5| Tèloc gÐnetaileukìc prosdiorismìc meogkomètrhsh 2m` dialÔmatoc ekqÔlishc mediˆluma
2-6-dÐqlwrofaÐnolo-indofainìlhc|

3|5|6 Prosdiorismìc ap¸leiac ugroÔ katˆ thn apìyuxh (Drip loss )

AparaÐthta ìrgana kai ulikˆ

1| DeÐgmaaktinidÐou

2| Qwniˆ di jhshc

3| XÔlina stat¸ gia ta qwniˆ

4| OgkometrikoÐ kÔlindroi 150 m`

5| Udrìloutro

Ektèlesh ergasÐac

1| DeÐgmatakateyugmènwn aktinidÐwn pou eÐqansuskeuasjeÐ se sakoulˆkia kai prozugisjeÐ
metˆ to pèrac thc wsmwtik c afudˆtwshc, topojetoÔntai gia 20min se udrìloutro �ermo-
krasÐac peribˆllontoc|

2| Ta apoyugmèna aktinÐdia topojetoÔntai se qwniˆ di jhshc gia 20min |

3| Tèloc katagrˆfontai ta m` tou ugroÔ pou sullèqjhkan stouc ogkometrikoÔc kulÐndrouc|

UpologismoÐ

ägkoc ugroÔ pou sullèqjhke � m`
Bˆroc deÐgmatocprin thn katˆyuxh � g

€ra,

m` ugroÔ anˆ 100 g aktinidÐou   Drip loss % =
�
�

� 100
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Sq ma 3|6: Ektèlesh tou prosdiorismoÔ thc ap¸leiac ugroÔ katˆ thn apìyuxh

3|5|7 Prosdiorismìc thc meÐwshc tou �ˆrouc, thc ap¸leiac neroÔ kai thc prì-
slhyhc 
aqˆrwn

GenikècplhroforÐec

Katˆ thn wsmwtik  afudˆtwsh medialÔmata sakqˆrwn, nerì kai stereˆ sustatikˆ tou epe-
xergazìmenou �roÔtou metakinoÔntai apì autì proc ta dialÔmata thc wsmwtik c afudˆtwshc|
Parˆllhla stereˆ sustatikˆ twn dialumˆtwn twn sakqˆrwn proslambˆnontai apì to �roÔto|

H metraforˆ mˆzac katˆ thn wsmwtik  afudˆtwsh elègqetai metic ex c metablhtèc:

� MeÐwsh�ˆrouc (weight reduction, WR)

� Ap¸leia neroÔ (water loss, WL )

� Prìslhyh 
aqˆrwn (sugar gain, SG)

AparaÐthta ìrgana kai ulikˆ

1| Farmakeutikìc 
ugìc

2| DeÐgmataaktinidÐou

Ektèlesh ergasÐac

1| Me ton �armakeutikì 
ugì, deÐgmataaktinidÐou 
ugÐzontai prin kai metˆ thn wsmwtik 
afudˆtwsh|
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2| ProsdiorÐzetai h perieqìmenh ugrasÐa twn deigmˆtwn prin kai metˆ thn wsmwtik  afudˆ-
twsh, sÔmfwna metic odhgÐecthc enìthtac 3|5|1|

UpologismoÐ

Bˆroc deÐgmatocprin thn wsmwtik  afudˆtwsh M o g
Bˆroc deÐgmatocmetˆ thn wsmwtik  afudˆtwsh M g

Opìte h meÐwsh�ˆrouc (WR) eÐnai,

WR% =
M o � M

M
� 100

UgrasÐa deÐgmatocprin thn wsmwtik  afudˆtwsh Eo g
UgrasÐa deÐgmatocmetˆ thn wsmwtik  afudˆtwsh E g

Opìte h ap¸leia neroÔ (WL ) eÐnai,

WL% =
Eo � E

E
� 100

Olikˆ stereˆ deÐgmatocprin thn wsmwtik  afudˆtwsh M So g
Olikˆ stereˆ deÐgmatocmetˆ thn wsmwtik  afudˆtwsh M S g

Opìte h prìslhyh 
aqˆrwn (SG) eÐnai,

SG% =
M S � M So

M So

� 100

Apì tic parapˆnw exis¸seic prokÔptei ìti,

%WR = %WL � %SG

3|5|8 Prosdiorismìc qr¸matoc

GenikècplhroforÐec

To qrwmatìmetro pou qrhsimopoi jhke (sq ma 3|7) metrˆei to qr¸ma sth �ˆsh tou orismoÔ
enìc shmeÐouston trisdiˆstato q¸ro| Diajètei luqnÐa meaèrio Xènon kai to �wc pou ekpèmpei
anaklˆtai apì to qr¸ma tou deÐgmatoc| Me ton trìpo autì metriètai to qr¸ma kai analÔetai
apì mia seirˆ �Ðltrwn (x; y; z) kajorismènou qr¸matoc tautìqrona memia dèsmh anaforˆc| Ta
apotelèsmata metˆ thn epexergasÐa touc apì ton mikroepexergast  tou orgˆnou apeikonÐzetai
hlektronikˆ|

H �Ôjmish tou orgˆnou gÐnetaime plakÐdia prwtìtupou leukoÔ kai maÔrou qr¸matoc| Oi
timèc x; y; z gia to leukì plakÐdio anaforˆc  tan 77|7, 82|8, 89|7 antÐstoiqa|

To qr¸ma twn deigmˆtwn metr jhke qrhsimopoi¸ntac tic monˆdec L, a, b tou trisdiˆstatou
qrwmatikoÔ plègmatoc tou sust matoc Hunter (sq ma 3|8), ìpou L h lamprìthta, +a to kìkkino,
­a to prˆsino, +b to kÐtrino kai ­b to galˆzio|

To qr¸ma ekfrˆzetai metic timèc L kai a/b | Sthn �ibliografÐa anafèretai wc pio praktik 
kai qr simh h èkfrash twn apotelesmˆtwn me dÔo antÐtri¸n tim¸n| To qrwmatìmetro metrˆei
to qr¸ma se mikrì embadìn thc epifˆneiac tou trofÐmou, ìpou topojeteÐtai mìno h kefal 
mètrhshc| Opìte gia na apofeuqjeÐ peiramatikì sfˆlma, h mètrhsh tou qr¸matoc ginìtan se 6
aktinÐdia kai se 4 shmeÐasto kajèna| Katìpin upologizìtan o mèsoc ìroc pou apoteloÔse thn
èndeixh tou qr¸matoc gia kˆje deÐgma|
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Sq ma 3|7: To qrwmatìmetro DR. LANGE

­a +a

+b

­b
PORFUROGALAZIO

PRASINO GKRIZO

KITRINO

0 - MAURO

100 - LEUKO

-80 -50 0

-50

0

L

+50 +100

KOKKINO

+50

+70

Sq ma 3|8: Trisdiˆstato qrwmatikì plègma tou sust matoc hunter
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3|5|9 Prosdiorismìc uf c

GenikècplhroforÐec

Gia th mètrhsh thc uf c tou aktinidÐou qrhsimopoi jhke to ìrgano INSTRON (University
testing machine, model 1140 ) tou sq matoc 3|9|

Qrhsimopoi jhke h dokim  thc antÐstashc sth sumpÐesh(compression test ), h opoÐa�ewreÐ-
tai h kalÔterh sthn perÐptwsh twn qumwd¸n �roÔtwn ìpwc ta pepìni, o ananˆc, to aqlˆdi, ta
mˆngkoc kai ˆlla|

Stic metr seic qrhsimopoi jhkan oi akìloujec sunj kec:

� kefal  5-50 Kg

� taqÔthta kefal c 5cm/min

� taqÔthta katagrafikoÔ qartioÔ 20cm/min

� posostì sumpÐshc80% kai èktash (range ) 10

San mètro antÐstashc sthn sumpÐeshqrhsimopoi jhke to shmeÐodiarro c| IdiaÐterh prosoq 
katabl jhke katˆ thn apìyuxh twn aktinidÐwn, ¸ste h mètrhsh thc uf c twn kateyugmènwn
deigmˆtwn na gÐnetaigr gora meskopì oi sunj kec na eÐnaiparìmoiec meautèc thc katanˆlwshc
tou �roÔtou|

3|6 Organolhptikìc èlegqoc

O periorismìc mìno sta apotelèsmata twn �usikoqhmik¸n prosdiorism¸n gia thn ektÐmhsh
thc poiìthtac enìc trofÐmou den mporeÐ na katadeÐxei thn apodoq  tou apì to katanalwtikì
koinì| Oi ergasthriakèc suskeuèc katagrˆfoun tic �usikèc idiìthtec enìc trofÐmou oi opoÐec
mporeÐ na sqetÐzontai me organolhptikˆ qarakthristikˆ| Opìte h dienèrgeia organolhptikoÔ
elègqou eÐnaiepitaktik |

A B

AB

B A

AB 4

3

2

1

Sq ma 3|10: Sqè-
dio katamerismoÔ
2 deigmˆtwn se 4
dokimastèc (omˆ-
dec)

ätan se kˆje dokimast  prosfèrontai ìlec oi metaqeirÐseic (deÐgmata)
pou èqei uposteÐ èna trìfimo, to sqèdio katamerismoÔ twn deigmˆtwn onomˆ-

etai tuqaiopoihmèno sqèdio katˆ omˆdec, sto opoÐokˆje monˆda dokim c se
kˆje omˆda (dokimast c) aforˆ apokleistikˆ mia sugkekrimènh metaqeÐri-
sh, qwrÐcaut  na epanalambˆnetai sth Ðdiaomˆda [21 ]| An gia parˆdeigma
4 dokimastèc kaloÔntai na dokimˆsoun 2 deÐgmata(A kai B) giaoÔrthc pou
diafèroun wc proc to epÐpedolÐpouc, to sqèdio katamerismoÔ twn deigmˆtwn
�aÐnetai sto sq ma 3|10|

H ikanìthta thc geÔshc twn dokimast¸n na diaqwrÐzei me saf neia tic
diaforetikèc metaqeirÐseic, mei¸netai shmantikˆ ìso auxˆnei o arijmìc twn
exetazìmenwnmetaqeirÐsewn| Autì èqei wc apotèlesma, oi dokimastèc enìc
trofÐmou na adunatoÔn na ektim soun axiìpista kˆpoio qarakthristikì pè-
�a apì kˆpoio sugkekrimèno arijmì metaqeirÐsewntou trofÐmou pou touc
prosfèrontai tautìqrona gia axiolìghsh [21 ]| ätan o arijmìc twn meta-
qeirÐsewn eÐnaimegalÔteroc twn tessˆrwn   pènte, to sqèdio katamerismoÔ pou efarmìzetai
onomˆzetai isorrophmèno atel¸c omadopoihmèno(balanced incomplete block, BIB )| Se autì to
sqèdio oi dokimastèc ektimoÔn èna mèroc, k, tou sunolikoÔ arijmoÔ twn metaqeir sewn, t (k < t)|
EpÐshc h parousÐa twn metaqeirÐsewn se kˆje omˆda dieujeteÐtai me tètoio trìpo ¸ste, kˆje
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eÔgoc metaqeirÐsewnna sunantˆtai tìsec �orèc sunolikˆ se ìlo to peÐrama ìsec kai kˆje ˆllo
diaforetikì 
eÔgoc, dhlad  dÔo metaqeirÐseic emfanÐzontai mazÐse Ðsoarijmì suneÔreshc, � ,
meta upìloipa 
eÔgh| Gia perissìterec plhroforÐec sto isorrophmèno atel¸c omadopoihmèno
sqèdio katamerismoÔ �lèpe [21 ]|

Ston organolhptikì èlegqo twn aktinidÐwn to sqèdio katamerismoÔ  tan isorrophmèno atel¸c
omadopoihmèno kai parousiˆzetai ston pÐnaka 3|1| Exetˆzetai h epÐdrash twn 
aqˆrwn isoglukì-

h, 
aqarìzh, maltìzh,glukìzh kai tou mˆrtura (5 epÐpeda),se sunduasmì methn epÐdrash tou
qrìnou paramon c twn aktinidÐwn sto sirìpi gia 90, 180 kai 360 leptˆ (3 epÐpeda)| O organo-
lhptikìc èlegqoc periorÐzetai 2 mìno stouc qrìnouc wsmwtik c afudˆtwshc twn 90, 180 kai 360
lept¸n, epeid  krÐjhke ìti stouc qrìnouc autoÔc parathroÔntai megalÔterec metabolèc kaj¸c
kai gia teqnikoÔc lìgouc, diìti oi metaqeirÐseic proc exètash eÐnaiplèon ligìterec| O mˆrtu-
�ac eÐnaièna aktinÐdio pou den èqei uposteÐ kamÐametaqeÐrhsh, dhlad  antistoiqeÐ se mhdenikì
qrìno wsmwtik c afudˆtwshc| Opìte, prèpei na exetastoÔn organolhptikˆ 15 metaqeir seic
(t = 3 � 5 = 15)|

Se kˆje dokimast  prosfèrontan metuqaÐo trìpo mìno 3 metaqeir seic (k = 3)| To sÔnolo
twn dokimast¸n  tan 35 (b = 35) kai o arijmìc suneÔreshc � kˆje 
eÔgouc metaqeir sewn se
kˆje omˆda upologÐzetai apì thn exÐswsh,

� =
b� k(k � 1)

t(t � 1)
, � =

35� 3(3 � 1)
15(15� 1)

= 1

kai o sunolikìc arijmìc n emfˆnishc kˆje metaqeÐrhshc sto peÐramaprokÔptei apì thn exÐswsh,

t � n = b� k , n =
b� k

t
=

35� 3
15

= 7

Sthn pragmatikìthta den  tan diajèsimoi 35 dokimastèc allˆ 10| àtsi pragmatopoi jh-
ke mÐaanakÔklwsh twn dokimast¸n| Se kˆje dokimast  prosfèrjhkan treic �orèc apì trÐa
deÐgmatakai se pènte apì touc dokimastèc xanaprosfèrjhkan ˆlla trÐa (10 � 3 + 5 = 35)|
EpÐshc to sqèdio katamerismoÔ tou pÐnaka 3|1 epanal fjhke dÔo �orèc, dhlad  to peÐrama
ègine eic diploÔn (r = 2)| Ta apotelèsmata tou organolhptikoÔ elègqou parousiˆzontai ston
pÐnaka D'|1 tou parart matoc D'| Tèloc, oi kartèlec organolhptikoÔ elègqou pou dìjhkan
proc sumpl rwsh stouc dokimastèc parousiˆzontai sto parˆrthma G'|

2äpwc proanafèrjhke sthn enìthta 3|3, ta aktinÐdia upèsthsan wsmwtik  afudˆtwsh gia 0, 30, 60, 90, 180, 270
kai 360 leptˆ se 4 diaforetikˆ dialÔmata 
aqˆrwn, èqontac ètsi èna sÔnolo metaqeir sewn Ðsome28 (4 � 7)
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PÐnakac 3|1: Isorrophmèno atel¸c omadopoihmèno sqèdio katamerismoÔ twn metaqeirÐsewn(t =
15; k = 3; b = 35; n = 7; � = 1; r = 2)
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Suz thsh apotelesmˆtwn kai
sumperˆsmata
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KEFŸALAIO 4

Apotelèsmata kai suz thsh

Oi mèsoi ìroi twn peiramatik¸n tim¸n apì touc �usikoqhmikoÔc prosdiorismoÔc kai tou
organolhptikoÔ elègqou parousiˆzontai stouc PÐnakecD'|1, D'|2 kai D'|3 sto Parˆrthma D'| H
AKS �a efarmosteÐ se autˆ ta dedomènameth �o jeia tou statistikoÔ progrˆmmatoc MINITAB|
Oi metablhtèc tou qr¸matoc L kai a=bprin apì thn katˆyuxh kai h timèc tou askorbikoÔ oxèoc
�a apokleistoÔn apì thn anˆlush lìgw tou megˆlou pl jouc qamènwntim¸n|

Arqikˆ, upologÐzontai oi suntelestèc susqètishc gia na diapistwjeÐ an upˆrqei isqur  �etik 
  arnhtik  susqètish metaxÔtwn arqik¸n metablht¸n| Apì ton PÐnaka 4|1 parathreÐtai ìti pol-
lèc metablhtèc èqoun isqur  �etik    arnhtik  susqètish metaxÔtouc (oi suntelestèc susqètishc
mepijanìthta p � 0:05 emfanÐzontai meèntonouc qarakt rec)|

Ta apotelèsmata apì thn efarmog  thc AKS sta dedomènaparousiˆzontai sthn àxodo 4|1 en¸
oi timèc twn kÔriwn sunistws¸n pou upologÐsthkan parousiˆzontai ston PÐnaka 4|2| äpwc �aÐ-
netai 17 kÔriec sunist¸sec èqoun upologisteÐ kai apì th melèth twn qarakthristik¸n �iz¸n aut¸n
sumperaÐnoumeìti h efarmog  thc AKS den dÐneiidiaÐtera ikanopoihtikˆ apotelèsmata| Oi tès-
seric pr¸tec kÔriec sunist¸sec ekfrˆzoun to 85|8% thc olik c diakÔmanshc| An �ewr soume wc
krit rio gia thn epilog  twn kurÐwn sunistws¸n proc exètash thn tim  thc qarakthristik c touc
�Ðzac (�lèpe Enìthta 2|3|3), tìte �a prèpei na ermhneÔsoumetic 4 pr¸tec KS| Kˆti tètoio ìmwc
eÐnaipolÔ dÔskolo kai �a arkestoÔme sthn plhrofìrhsh pou dÐnounoi 3 pr¸tec KS, oi opoÐec
ekfrˆzoun to 78|6% (> 75%pou �ewreÐtai wc ìrio) thc olik c diakÔmanshc|

Gia na diapistwjeÐ pìso ephreˆzei h kˆje metablht  sto sqhmatismì kˆje kÔriac sunist¸sac
upologÐzontai oi suntelestèc susqètishc metaxÔtwn arqik¸n metablht¸n kai twn tim¸n twn kurÐwn
sunistws¸n| Ston PÐnaka 4|3, oi suntelestèc susqètishc mepijanìthta p � 0:05 emfanÐzontai me
èntonouc qarakt rec| H pr¸th kÔria sunist¸sa ephreˆzetai shmantikˆ apì tic metablhtèc: Brix ,
UgrasÐa, Xhr  ousÐa,OxÔthta epÐxhroÔ, MeÐwsh�ˆrouc, Ap¸leia neroÔ, Prìslhyh 
aqˆrwn kai
Gluk thta | Me ˆlla lìgia, h KS1 perigrˆfei tic perissìterec �usikoqhmikèc metablhtèc (ektìc
thc OgkometroÔmenhcoxÔthtac kai tou pH) en¸ parˆllhla eÐnaiènac {deÐkthc} thc Gluk thtac | H
KS2 ekfrˆzei tic metablhtèc mètrhshc tou qr¸matoc kai thc uf c kai thn metablht  OgkometroÔ-
menhoxÔthta| H KS3 ephreˆzetai shmantikˆ allˆ oriakˆ mìno apì th Sunektikìthta (p = 0:048),
opìte sumperaÐnoumeìti eÐnaiènac deÐkthc thc sunektikìthtac twn deigmˆtwn| EpÐshc, h KS4
eÐnaiènac deÐkthc tou qr¸matoc| H epilog  (�lèpe parapˆnw) na mhn ermhneujeÐ h KS4 se
sunduasmì me tic ˆllec kÔriec sunist¸sec odhgeÐsthn ap¸leia plhrofìrhshc Ðsh me to 7:1%
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sunist¸sac|
Perissìtera sumperˆsmata mporoÔn na exaqjoÔn metˆ apì grafik  parousÐash twn apote-

lesmˆtwn| To Sq ma 4|1 parousiˆzei tic duadikèc grafikèc parastˆseic twn tim¸n twn kurÐwn
sunistws¸nkai to Sq ma 4|2 parousiˆzei trisdiˆstata tic timèc twn tri¸n pr¸twn KS| AntÐstoi-
qec grafikèc parastˆseic sqediˆzontai kai gia touc suntelestèc susqètishc metaxÔtwn kurÐwn
sunistws¸n kai twn arqik¸n metablht¸n kai parousiˆzontai sta Sq mata 4|3kai 4|4|

Oi duadikèc grafikèc parastˆseic twn Sqhmˆtwn 4|1 kai 4|3 eÐnaiperissìtero �ohjhtikèc,
giatÐ apì epˆnw proc ta kˆtw ekfrˆzoun diadoqikˆ mikrìtero posostì diakÔmanshc, dhlad 
67:4%, 48:8% kai 41:2% antÐstoiqa| Sthn pragmatikìthta oi parapˆnw grafikèc parastˆseic
eÐnaiprobol  twn shmeÐwn,pou an koun ston trisdiˆstato q¸ro pou dhmiourgeÐtai apì tic
treic pr¸tec KS, se èna epÐpedo pou dhmiourgeÐtai kˆje �orˆ me dÔo apì tic treic KS| Ta
Sq mata 4|2 kai 4|4 eÐnaiperissìtero katatopistikˆ giatÐ perigrˆfoun to 78:6% thc olik c
diakÔmanshc| Epiprìsjeta mporeÐna sqediasteÐ h grafik  parˆstash biplot sÔmfwna methn
opoÐaoi metablhtèc kai ta deÐgmataemfanÐzontai tautìqrona ston Ðdioq¸ro (�lèpe Enìthta 2|5),
ìpwc �aÐnetai sto Sq ma 4|5|

äpwc  dh gÐnetai�anerì gia thn ermhneÐatri¸n KS tautìqrona apaiteÐtai o sqediasmìc arke-
t¸n grafik¸n parastˆsewn kai h melèth aut¸n tautìqrona| Ta apotelèsmata apì thn efarmog 
thc AKS Ja  tan eukolìtero na ermhneujoÔn an oi dÔopr¸tec KS exèfrazan toulˆqiston to 75%
thc olik c diakÔmanshc (�lèpe Enìthta 2|5)|

Parathr¸ntac ta Sq mata 4|2 kai 4|4 tautìqrona kai meth �o jeia thc grafik c parˆsta-
shc biplot tou Sq matoc 4|5 sumperaÐnoumeta ex c:

� Oi metablhtèc OgkometroÔmenhOxÔthta kai Newton metˆ sqetÐzontai metaxÔtouc kai èqoun
antÐjeth drˆsh se sqèsh me th metablht  pH| To deÐgmaglu180 èqei uyhlèc timèc pH se
antÐjesh me to deÐgmasou180 me uyhlèc timèc se OgkometroÔmenhOxÔthta kai Newton
metˆ|

� Oi metablhtèc Drip Loss kai sunektikìthta èqoun akrib¸c antÐjeth sqèsh| To deÐgmaiso90
parousiˆzei megalÔterh ap¸leia neroÔ katˆ thn apìyuxh kai to deÐgmamal360 eÐnaipio
sunektikì|

� Oi metablhtèc UgrasÐa kai OxÔthta epÐxhroÔ sqetÐzontai metaxÔ touc kai perigrˆfoun
perissìtero ta deÐgmatamal180 kai mal90 |

� Oi metablhtèc Ap¸leia NeroÔ kai MeÐwshBˆrouc èqoun megˆlh sqèsh allˆ kanèna deÐgma
den èqei uyhlèc timèc se autèc tic metablhtèc|

� Oi metablhtèc Brix , Xhr  OusÐakai Gluk thta èqoun parìmoia drˆsh epˆnw sto deÐgma
iso360 |

� To deÐgmasou180 �rÐsketai perÐpou sto kèntro thc trisdiˆstathc grafik c parˆstashc
kai ˆra den parousiˆzei uyhlèc timèc se kamÐaapì tic metablhtèc|

� To deÐgmasou90 èqei uyhlèc timèc stic metablhtèc L metˆ kai Newton prin oi opoÐecsqetÐ-

ontai metaxÔtouc|

Parìlo pou h paroÔsa ergasÐa pragmateÔetai thn Anˆlush twn KurÐwnSunistws¸n, lìgw twn
mh ikanopoihtik¸n apotelesmˆtwn apì thn efarmog  thc AKS, krÐnetai skìpimo na efarmosjeÐ
h PA sta peiramatikˆ dedomèna|
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94 Apotelèsmata kai suz thsh

Lìgw tou ìti h orÐzousa tou pÐnaka susqètishc twn metablht¸n eÐnaimhdenik , h Paragontik 
Anˆlush eÐnaiadÔnato na ektelesteÐ sto MINITAB| Gia thn efarmog  thc PA qrhsimopoi jhke to
statistikì prìgramma STATISTICA, to opoÐokˆnei mÐadiorjwtik  allag  ston pÐnaka susqètishc
ètsi ¸ste h orÐzousa tou na mhn eÐnaimhdenik  1 |

H dhmiourgÐa twn axìnwn 2 (Paragìntwn) epiteleÐtai qrhsimopoi¸ntac tic kÔriec sunist¸sec
metˆ apì efarmog  thc AKS| EpÐshc gia thn dieukìlunsh thc ermhneÐactwn apotelesmˆtwn oi
ˆxonec peristrèfontai sÔmfwna meton algìrijmo Varimax Normalized |

Ston PÐnaka 4|4 parousiˆzontai ta Factor Loadings ìpou oi timèc megalÔterec apì � 0:700
emfanÐzontai meèntonouc qarakt rec| GÐnetai�anerì ìti:

� Oi metablhtèc Brix , UgrasÐa, Xhr  OusÐa, OxÔthta epÐXhroÔ, Prìslhyh Zaqˆrwn kai
Gluk thta perigrˆfontai apì ton pr¸to parˆgonta (ˆxona)|

� O deÔteroc parˆgontac ekfrˆzei tic metablhtèc Drip Loss, L metˆ, a=bmetˆ kai Newton
metˆ|

� O trÐtoc parˆgontac ekfrˆzei tic metablhtèc MeÐwshBˆrouc kai Sunektikìthta kai o tètar-
toc parˆgontac tic metablhtèc pH kai Qr¸ma |

� Oi metablhtèc OgkometroÔmenhOxÔthta, Ap¸leia NeroÔ kai Newton prin den ekfrˆzontai
se kanènan apì touc tèsseric parˆgontec|

H diakÔmansh kai h analogÐa thc diakÔmanshc pou ekfrˆzei kˆje parˆgontac �aÐnetai sto
kˆtw mèroc tou PÐnaka 4|4| Oi tèsseric ˆxonec ekfrˆzoun sunolikˆ to 85:8% thc olik c dia-
kÔmanshc kai oi dÔo pr¸toi to 58:3%| To posostì den eÐnaiidiaÐtera ikanopoihtikì kai ètsi
anagkazìmaste na ermhneÔsoumekai pˆli ta apotelèsmata sqediˆzontac mÐatrisdiˆstath gra-
�ik  parˆstash (Sq ma 4|7)| Parìla autˆ, lìgw thc peristrof c twn axìnwn ta apotelèsmata
eÐnailÐgo pio katatopistikˆ| Melet¸ntac ta Sq mata 4|6 kai 4|7 kai meth �o jeia tou PÐnaka
4|4 sumperaÐnoumeta ex c:

� Oi metablhtèc Gluk thta, Brix , Prìslhyh Zaqˆrwn kai Xhr  OusÐa emfanÐzontai polÔ
kontˆ metaxÔ touc sto q¸ro parousiˆzontac ètsi parìmoia drˆsh se antidiastol  me th
metablht  OxÔthta epÐXhroÔ pou èqei thn akrib¸c antÐjeth| Me ˆlla lìgia, deÐgmata
meuyhlèc timèc Brix parousiˆzoun auxhmènh prìslhyh 
aqˆrwn kai eÐnaipio glukˆ en¸
parˆllhla èqoun qamhl  oxÔthta epÐxhroÔ|

� Ston deÔtero ˆxona, oi metablhtèc L metˆ, a=bmetˆ kai Newton metˆ parousiˆzoun parìmoia
drˆsh se antÐjesh meth metablht  Drip Loss| Dhlad , deÐgmatameuyhlèc timèc stic treic
pr¸tec metablhtèc èqoun qamhlèc timèc sth metablht  Drip Loss|

� Tèloc apì ton trÐto ˆxona sumperaÐnoume ìti deÐgmatame megˆlh meÐwsh�ˆrouc eÐnai
perissìtero sunektikˆ|

1Ta apotelèsmata metˆ thn diorjwtik  allag  den eÐnai100% akrib |
2H sugkekrimènh mèjodoc perigrˆfetai sunoptikˆ sthn upoenìthta 1|2|2 en¸ gia perisìterec plhroforÐec �lèpe

[15]|
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PÐnakac 4|4: Paragontikˆ �ortÐa (Varimax Normalized) , Exagwg : KÔriec Sunist¸sec (ta mar-
karismèna �ortÐa eÐnai> 0|700)

Parˆgontec
Metablhtèc 1 2 3 4
Brix -0|923 -0|150 0|244 0|134
UgrasÐa 0|977 0|071 -0|174 0|017
Xhr  ousÐa -0|977 -0|071 0|174 -0|017
pH 0|084 -0|394 0|077 -0|709
Ogkom| oxÔthta -0|200 0|547 -0|024 0|571
OxÔt| epÐxhroÔ 0|819 0|357 -0|232 0|218
MeÐwsh�ˆrouc -0|422 0|326 0|825 0|036
Ap¸leia neroÔ -0|640 0|323 0|681 0|044
Prìsl| 
aqˆrwn -0|902 0|015 -0|337 0|074
Drip loss 0|140 -0|868 -0|375 0|038
Tim  L metˆ 0|264 0|729 0|207 0|438
Tim  a=bmetˆ 0|259 0|726 0|216 -0|075
Newton prin 0|507 0|664 0|101 0|294
Newton metˆ -0|180 0|745 0|112 0|262
Sunektikìthta 0|063 0|230 0|899 0|070
Gluk thta -0|852 0|377 -0|001 0|049
Qr¸ma 0|100 -0|071 0|148 0|946
DiakÔmansh 6|071 3|835 2|520 2|160
AnalogÐa 0|357 0|226 0|148 0|127

PÐnakac 4|5: Paragontikèc timèc (Varimax Normalized) , Exagwg : KÔriec Sunist¸sec

Parˆgontec
DeÐgmata 1 2 3 4
glu90 1|352 -1|475 -0|255 1|147
glu180 0|200 -0|866 -0|411 -2|157
glu360 0|229 -0|327 1|671 -1|485
iso90 -0|182 -0|452 -1|890 0|028
iso180 -1|236 -1|398 -0|248 0|753
iso360 -1|713 -0|261 0|508 0|365
mal90 1|449 0|660 -0|038 0|595
mal180 0|713 -0|266 0|520 0|172
mal360 0|333 0|628 1|520 0|776
sou90 0|420 1|536 -0|974 0|080
sou180 -0|303 1|213 -0|687 -0|878
sou360 -1|263 1|006 0|282 0|603
äpou glu = glukìzh, iso = isoglukìzh,
mal = maltìzh kai sou = soukrìzh|
Oi arijmoÐ dÐpla stic suntomografÐec
apoteloÔn to qrìno osmwtik c afudˆtwshc|
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PÐnakac 4|6: Suntelestèc paragontik¸n tim¸n (Varimax Normalized) , Exagwg : KÔriec Suni-
st¸sec

Parˆgontec
Metablhtèc 1 2 3 4
Brix -0|137 -0|093 0|074 0|112
UgrasÐa 0|159 0|014 -0|008 -0|004
Xhr  ousÐa -0|159 -0|014 0|008 0|004
pH 0|035 -0|029 0|094 -0|324
Ogkom| oxÔthta -0|059 0|113 -0|114 0|214
OxÔt| epÐxhroÔ 0|113 0|105 -0|103 0|049
MeÐwsh�ˆrouc -0|100 -0|023 0|336 -0|011
Ap¸leia neroÔ -0|064 0|014 0|238 -0|015
Prìsl| 
aqˆrwn -0|200 0|100 -0|270 0|015
Drip loss 0|029 -0|286 -0|011 0|186
Tim  L metˆ 0|039 0|146 0|013 0|114
Tim  a=b 0|034 0|250 -0|007 -0|182
Newton prin 0|075 0|159 -0|013 0|042
Newton metˆ -0|054 0|229 -0|094 -0|000
Sunektikìthta 0|092 -0|106 0|445 0|037
Gluk thta -0|174 0|181 -0|159 -0|059
Qr¸ma 0|046 -0|260 0|150 0|571

PÐnakac 4|7: Summetoqikìthta (Varimax Normalized) , Exagwg : KÔriec Sunist¸sec

Parˆgontec
Metablhtèc 1 2 3 4
Brix 0|857 0|880 0|939 0|957
UgrasÐa 0|954 0|960 0|990 0|990
Xhr  ousÐa 0|954 0|960 0|990 0|990
pH 0|007 0|162 0|168 0|671
Ogkom| oxÔthta 0|040 0|339 0|340 0|666
OxÔt| epÐxhroÔ 0|671 0|799 0|852 0|900
MeÐwsh�ˆrouc 0|178 0|284 0|964 0|965
Ap¸leia neroÔ 0|410 0|514 0|977 0|979
Prìsl| 
aqˆrwn 0|813 0|813 0|927 0|933
Drip loss 0|020 0|773 0|914 0|916
Tim  L metˆ 0|070 0|602 0|645 0|837
Tim  a=b 0|067 0|595 0|641 0|647
Newton prin 0|258 0|698 0|708 0|795
Newton metˆ 0|032 0|588 0|601 0|669
Sunektikìthta 0|004 0|057 0|864 0|869
Gluk thta 0|725 0|867 0|867 0|870
Qr¸ma 0|010 0|015 0|037 0|931
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Sq ma 4|6: Disdiˆstath anusmatik  grafik  parˆstash gia ta paragontikˆ �ortÐa tou PÐnaka
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KEFŸALAIO 5

Sumperˆsmata

H Polumetablht  Statistik  Anˆlush eÐnaiènac tomèac thc Epist mhc thc Statistik c pou
lambˆnei idiaÐtero endiafèron thn teleutaÐa dekaetÐa, lìgw thc eureÐac diˆdoshc twn H/U| H
apousÐa ellhnik c �ibliografÐac sto �èma autì kˆnei �aner  thn periorismènh efarmog  thc
ston episthmonikì q¸ro|

Katˆ thn wsmwtik  afudˆtwsh twn aktinidÐwn tou peirˆmatoc katagrˆfhke èna megˆlo pl -
�oc metablht¸n (17) gia èna sÔnolo deigmˆtwn (12) ta opoÐadièferan wc proc to qrìno epexerga-
sÐac(3 diaforetikoÐ qrìnoi) kai to diˆluma 
aqˆrwn (4 dialÔmata) pou qrhsimopoi jhke| Epi-
prìsjeta to sÔnolo twn metablht¸n epifortÐsthke me3 organolhptikˆ qarakthristikˆ, dhlad 
sunolikˆ 20 metablhtèc| Opìte h plhroforÐa pou periklÔoun ta dedomènaeÐnaipoludiˆstath|

H Anˆlush twn KurÐwn Sunistws¸n eÐnaih pio apl  kai eÔkola efarmìsimh polumetablht 
statistik  mèjodoc kai apoteleÐ shmantikì �ohjhtikì ergaleÐo gia ènan Teqnolìgo TrofÐmwn|

Genikˆ, h AKS �ohjˆei sthn katanìhsh thc {morf c} twn polumetablht¸n dedomènwn| Me
ˆlla lìgia eÐnaiqr simh:

� sthn meÐwshtwn {diastˆsewn} enìc sunìlou dedomènwnpou qarakthrÐzetai apì èna megˆlo
arijmì susqetizìmenwn metablht¸n,

� sthn omadopoÐhsh twn parathr sewn kai ton entopismì parathr sewn   omˆdwn aut¸n
pou èqoun megˆlh epirro  sta apotelèsmata,

� kai sthn omadopoÐhshtwn metablht¸n, an kai gia kˆti tètoio sust netai h Cluster Analysis |

Gia thn swst  efarmog  thc AKS eÐnaiaparaÐthth h Ôparxh susqètishc metaxÔtwn arqik¸n
metablht¸n kai h tupopoÐhsh aut¸n prin apì thn efarmog  thc| Sthn Epist mh twn TrofÐmwn
ta apotelèsmata metˆ apì mia peiramatik  diadikasÐa apoteloÔntai sun jwc apì metablhtèc
pou metroÔntai se diaforetik  klÐmaka| To gegonìc autì ephreˆzei shmantikˆ touc upologi-
smoÔcsthn AKS kai �a prèpei na dojeÐ idiaÐterh prosoq  sthn qrhsimopoÐhsh twn statistik¸n
programmˆtwn|

Upˆrqoun peript¸seic pou h AKS dendÐneiikanopoihtikˆ apotelèsmata| Autì sumbaÐneiìtan
oi dÔo pr¸tec kÔriec sunist¸sec den exhgoÔntoulˆqiston to 75% thc olik c diakÔmanshc| Se
aut n thn perÐptwsh prèpei na melethjeÐ kai h trÐth kÔria sunist¸sa kˆnontac ètsi thn ermhneÐa
twn apotelesmˆtwn pio dÔskolh, lìgw thc sqedÐashc perissìterwn grafik¸n parastˆsewn| An
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to 75% thc olik c diakÔmanshc den ekfrˆzetai toulˆqiston apì tic treic pr¸tec KS tìte h AKS
den eÐnaikatˆllhlh proc efarmog  sta ekˆstote dedomèna|

Sta apotelèsmata apì thn wsmwtik  afudˆtwsh twn aktinidÐwn h efarmog  thc AKS den
èdwse idiaÐtera ikanopohtikˆ apotelèsmata| Gia to lìgo autì apofasÐsthke h efarmog  kai thc
Paragontik c Anˆlushc (den pragmateÔetai sto �ewrhtikì mèroc) h opoÐa aplˆ �eltÐwse lÐgo
thn eikìna twn apotelesmˆtwn|

Efarmìzontac mÐapolumetablht  mèjodo sta dedomènamac den exupakoÔetai ìti �a èqoume
kai mÐa{ìmorfh apˆnthsh}| Sta perissìtera egqeirÐdia statistik c ta apotelèsmata apì thn
efarmog  miac polumetablht c statistik c anˆlushc eÐnaipolÔ eÔkolo na ermhneujoÔn| Sthn
prˆxh ìmwc autì den sumbaÐneipolÔ suqnˆ| Ta dedomènaèqoun pˆnta na d¸soun èna {m numa}|
MporeÐ h metablhtìthta na ekfrˆzetai ìntwc apì dÔo   treic parˆgontec, ìmwc h Anˆlush
twn KurÐwn Sunistws¸n   h Paragontik  Anˆlush na mhn mporoÔn na d¸soun ikanopoihtikì
apotèlesma, epeid  h sqèsh twn parathroÔmenwn metablht¸n me tou parˆgontec autoÔc den
eÐnaigrammik |



PARŸARTHMAA'

€lgebra twn Pinˆkwn

A'|1 Eisagwg 

H kal  gn¸sh thc ˆlgebrac twn pinˆkwn den eÐnaiaparaÐthth gia thn efarmog  thc anˆlu-
shc twn kurÐwn sunistws¸n sta peiramatikˆ dedomèna| Wstìso gia thn katanìhsh tou trìpou
upologismoÔ thc AKS qreiˆzontai kˆpoiec �asikèc gn¸seic|

A'|2 PÐnakec

Mia diˆtaxh arijm¸n se morf  orjogwnÐou sq matoc me m grammèc kai n st lec, lègetai
pÐnakac tÔpou mxn   aploÔstera mxn pÐnakac| SÔnhjwc touc pÐnakec touc sumbolÐzoumeme
kefalaÐa grˆmmata p|q| A , B , � ktl| Oi arijmoÐ metouc opoÐoucsqhmatÐzoumaiènan pÐnaka
lègontai stoiqeÐa tou pÐnaka| Gia na prosdiorÐsoume èna stoiqeÐo enìc mxn pÐnaka A qrhsimo-
poioÔme diplì deÐkth| Gia parˆdeigma, grˆfontac � 13 ennooÔmeto stoiqeÐo pou an kei sth 1h

gramm  kai thn 3h st lh| àtsi ston 3x4 pÐnaka,

2

4
1 � 3 � 7 2
3 4 7 8
3 3 1 � 7

3

5

to � 13 isoÔtai me -7, to � 32 isoÔtai me 3 ktl| ànac mxn pÐnakac me i grammèc kai j st lec
paristˆnetai me, 2

6
6
6
6
6
6
6
6
4

� 11 � 12 : : : � 1j : : : � 1n

� 21 � 22 : : : � 2j : : : � 2n
|||

|||
|||

|||
� i 1 � i 2 : : : � ij : : : � in

|||
|||

|||
|||

� m1 � m2 : : : � mj : : : � mn

3

7
7
7
7
7
7
7
7
5

  suntomografikˆ [� ij ], 1 � i � m, 1 � j � n|
DÔo pÐnakec A , B pou èqoun ton Ðdioarijmì gramm¸n, ton Ðdioarijmì sthl¸n kai Ðsa ta

antÐstoiqa stoiqeÐa touc lègontai Ðsoikai grˆfoume A = B | Apì ton orismì autì prokÔptei ìti
dÔo pÐnakecdiaforetikoÔ tÔpou den mporeÐna eÐnaiÐsoi| An ènac pÐnakac èqei ton Ðdioarijmì
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gramm¸n kai sthl¸n, dhlad  eÐnaitÔpou nxn, tìte o pÐnakac autìc lègetai tetragwnikìc pÐnakac|
Se ènan tetragwnikì pÐnaka A , ta stoiqeÐa � 11, � 22, � 33,| | | , dhlad  ta stoiqeÐa aij ìpou i = j ,
sqhmatÐzounthn kÔria diag¸nio | To ˆjroisma touc onomˆzetai Ðqnoctou A kai sumbolÐzetai me
tr (A )| EpÐshc an ta stoiqeÐa pou den �rÐskontai sthn kÔria diag¸nio eÐnaiìla mhdèn, tìte o A
lègetai diag¸nioc pÐnakac|

ànac pÐnakac pou èqei mia mìno gramm , ìpwc o,

A =
�

5 2 � 1
�

lègetai pÐnakacgramm  en¸ autìc pou èqei mia mìno st lh, ìpwc o,

A =

2

4
1
5
1

3

5

lègetai pÐnakacst lh |
An oi grammèc enìc pÐnaka A gÐnounst lec me thn Ðdia seirˆ (dhlad  h pr¸th gramm  na

gÐneipr¸th st lh, h deÔterh gramm  deÔterh st lh k|o|k|), tìte o pÐnakacpou prokÔptei lègetai
anˆstrofoc tou A kai sumbolÐzetai me A 0| Summetrikìc onomˆzetai ènac tetragwnikìc pÐnakac
tou opoÐouta stoiqeÐa eÐnaisummetrikˆ wc proc ta stoiqeÐa thc kurÐac diagwnÐoutou kai isqÔei
ìti A 0 = A |

Tèloc, dÔopÐnakecmeidiaÐterh shmasÐaeÐnaio mhdenikìc kai o monadiaÐoc|O mhdenikìc mxn
pÐnakac, tou opoÐouìla ta stoiqeÐa eÐnaimhdèn,sumbolÐzetai meOmxn   lìgw aploÔsteushc tou
sumbolismoÔ meO | Gia parˆdeigma,

O3x3 =

2

4
0 0 0
0 0 0
0 0 0

3

5 ; O3x4 =

2

4
0 0 0 0
0 0 0 0
0 0 0 0

3

5

MonadiaÐocpÐnakaconomˆzetai kˆje diag¸nioc pÐnakac tou opoÐouìla ta stoiqeÐa thc kÔriac
diagwnÐoueÐnaiÐsameth monˆda kai sumbolÐzetai me

�

:

�

=

2

4
1 0 0
0 1 0
0 0 1

3

5

A'|3 Stoiqei¸dhc prˆxeic stouc pÐnakec

äpwc oi pragmatkoÐ arijmoÐ ètsi kai oi pÐnakecmporoÔn na prostejoÔn, na afairejoÔn, na
pollaplasiastoÔn kai na diairejoÔn|

€jroisma dÔo mxn pinˆkwn A , B onomˆzetai o mxn pÐnakac tou opoÐou kˆje stoiqeÐo eÐnai
to ˆjroisma twn antÐstoiqwn stoiqeÐwntwn A kai B | O pÐnakac autìc sumbolÐzetai meA + B |
Dhlad , an A = [� ij ] kai B = [� ij ] eÐnaidÔo pÐnakectou ÐdioutÔpou 1 mxn, tìte:

A + B = [� ij + � ij ]

H afaÐresh twn pinˆkwn orÐzetai meth �o jeia thc prìsjeshc| Sugkekrimèna an A , B eÐnai
dÔo mxn pÐnakectìte h diaforˆ A � B orÐzetai wc ex c:

A � B = A + (� B )
1DenorÐzetai ˆjroisma pinˆkwn gia pÐnakecdiaforetikoÔ tÔpou
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Gia parˆdeigma, èstw oi pÐnakec:

A =
�

2 5 � 3
� 1 0 6

�
kai B =

�
� 1 7 0

4 6 3

�

eÐnaitÔpou 2x3 kai epomènwcmporoÔn na prostejoÔn   na afairejoÔn:

A + B =
�

2 5 � 3
� 1 0 6

�
+

�
� 1 7 0

4 6 3

�
=

�
1 12 3
3 6 9

�

 

A � B =
�

1 � 2 � 3
� 5 � 6 3

�

EpÐshc oi pÐnakecmporoÔn na pollaplasiastoÔn meènanarijmì   kai metaxÔtouc| Ginìmeno
enìc pragmatikoÔ arijmoÔ � meènan pÐnaka A , onomˆzetai o pÐnakac pou prokÔptei an polla-
plasiˆsoume kˆje stoiqeÐotou A me� | O pÐnakac autìc sumbolÐzetai me� � A   � A | Dhlad  an
A = [� ij ], tìte:

� A = [�� ij ]

Gia parˆdeigma, an pˆroume ton arijmì -2 kai ton pÐnaka

A =

2

4
1 � 3 2
3 4 � 2
0 0 1

3

5 , tìte èqoume:

� 2A = � 2 �

2

4
1 � 3 2
3 4 � 2
0 0 1

3

5 =

2

4
� 2 6 � 4
� 6 � 8 4

0 0 � 2

3

5

O pollaplasiasmìc ìmwc dÔo pinˆkwn eÐnai sqetikˆ polÔplokoc| An A eÐnaiènac mxn
pÐnakac kai B eÐnaiènac nxr pÐnakac, tìte orÐzoumeginìmeno tou pÐnaka A meton pÐnaka B ton
mxr pÐnaka, tou opoÐou kˆje stoiqeÐo 
 ij eÐnaito ˆjroisma twn ginomènwntwn n stoiqeÐwnthc
i -gramm c tou pÐnaka A meta antÐstoiqa n stoiqeÐa thc j -st lhc tou B kai ton sumbolÐzoumeme
A � B   AB | Dhlad ,


 ij = � i 1� 1j + � i 2� 2j + � � � + � in � nj =
X

� in � nj ; kai sqhmatikˆ,

2

6
6
6
6
6
6
6
6
4

� 11 � 12 : : : � 1n

� 21 � 22 : : : � 2n
|||

|||
|||

� i 1 � i 2 : : : � in
|||

|||
|||

� m1 � m2 : : : � mn

3

7
7
7
7
7
7
7
7
5

�

2

6
6
6
4

� 11 � 12 : : : � 1j : : : � 1r

� 21 � 22 : : : � 2j : : : � 2r
|||

|||
|||

|||
� n1 � n2 : : : � nj : : : � nr

3

7
7
7
5

=

=

2

6
6
6
6
6
6
6
6
4


 11 
 12 : : : 
 1j : : : 
 1r


 21 
 22 : : : 
 2j : : : 
 2r
|||

|||
|||

|||

 i 1 
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 ir
|||
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Gia parˆdeigma,
�

3 � 1 2
0 2 1

�
�

2

4
� 1 3

0 1
2 5

3

5 =
�

1 18
2 7

�

IdiaÐterh prosoq  prèpei na dojeÐ sto gegonìc ìti gia na orÐzetai to ginìmeno AB prèpei o
arijmìc twn sthl¸n tou pÐnaka A na eÐnaiÐsocmeton arijmì twn gramm¸n tou pÐnaka B | Wstìso
akìmh kai an orÐzontai ta ginìmena AB kai BA den sunepˆgetai anagkastikˆ ìti AB = BA |
Me ˆlla lìgia, ston pollaplasiasmì twn pinˆkwn den isqÔei h antimetajetik  idiìthta|

A'|4 PÐnakec kai sust mata grammik¸n exis¸sewn

Kˆje exÐswshthc morf c � 1x1 + � 2x2 + � � � + � nxn = � , ìpou � 1, � 2, | | | , � n kai � eÐnai
pragmatikoÐ arijmoÐ kai x1, x2, | | | , xn ˆgnwstoi, onomˆzetai grammik  exÐswshmen agn¸stouc|
Oi arijmoÐ � 1, � 2, | | | , � n onomˆzontai suntelestèc twn agn¸stwn kai o � stajerìc ìroc | LÔsh
miac grammik c exÐswshcmen agn¸stouc, onomˆzetai kˆje diatetagmènh n-ˆda arijm¸n (s1, s2,
| | | , sn ) tètoia ¸ste h exÐswshna epalhjeÔetai, an �èsoume ìpou x1 = s1, x2 = s2, | | | , xn = sn |

àna peperasmèno pl joc m grammik¸n exis¸sewn me n agn¸stouc, twn opoÐwn
htˆme tic
koinèc lÔseic, onomˆzetai grammikì sÔsthma mxn| LÔsh enìc grammikoÔsust matoc onomˆzetai
kˆje diatetagmènh n-ˆda arijm¸n pou epalhjeÔei ìlec sugqrìnwc tic exis¸seic tou sust matoc|
àna sÔsthma exis¸sewn pou èqei mÐatoulˆqiston lÔsh lègetai sumbibastì , diaforetikˆ lègetai
adÔnato| EpÐshc dÔogrammikˆ sust mata lègontai isodÔnama, an èqoun tic Ðdiecakrib¸c lÔseic|

Genikìtera, èna grammikì sÔsthma mxn èqei th morf ,

8
>>><

>>>:

� 11x1 + � 12x2 + � � � + � 1nxn = � 1

� 21x1 + � 22x2 + � � � + � 2nxn = � 2
|||

|||
|||

|||
� m1x1 + � m2x2 + � � � + � mn xn = � m

Me th �o jeia twn pinˆkwn to parapˆnw grammikì sÔsthma mxn grˆfetai,

2

6
6
6
4

� 11 � 12 � � � � 1n

� 21 � 22 � � � � 2n
|||

|||
|||

� m1 � m2 � � � � mn

3

7
7
7
5

2

6
6
6
4

x1

x2
|||

xn

3

7
7
7
5

=

2

6
6
6
4

� 1

� 2
|||

� m

3

7
7
7
5

An t¸ra A eÐnaio pÐnakac twn suntelest¸n twn agn¸stwn, X eÐnaio pÐnakac st lh twn
agn¸stwn kai B eÐnaio pÐnakac st lh twn stajer¸n ìrwn, tìte to grammikì sÔsthma grˆfetai
sÔntoma AX = B | EpÐshc an oi stajeroÐ ìroi enìc grammikoÔ sust matoc eÐnaiìloi Ðsoimeto
mhdèn, tìte to sÔsthma lègetai omogenèckai sÔntoma grˆfetai AX = O |

A'|5 OrÐzousec

Gia kˆje tetragwnikì pÐnaka A antistoiqeÐ ènac eidikìc arijmìc pou onomˆzetai orÐzousa
(Determinant ) tou A , kai sumbolÐzetai me jA j| MÐa{morf } thc orÐzousac prwtoemfanÐsthke
se mia epistol  tou G. W. Leibniz proc to l' Hospital stic 28-4-1963| Gia thn epÐlush ìmwc
grammik¸n susthmˆtwn, qrhsimopoi jhke gia pr¸th �orˆ apì ton C. MacLaurin to 1729| O
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latinikìc ìroc determinantem (orÐzousa) qrhsimopoi jhke apì ton C. F. Gauss to 1801 allˆ
ìqi methn shmerin  shmasÐa[2]|

àstw ènac 2x2 pÐnakac A | O arijmìc � 11� 22 � � 21� 12 onomˆzetai orÐzousa tou A kai epeid 
antistoiqeÐ se ènan 2x2 pÐnaka onomˆzetai orÐzousa deÔterhc tˆxhc ,

jA j =
�
�
�
�

� 11 � 12

� 21 � 22

�
�
�
� = � 11� 22 � � 12� 21

O upologismìc ìmwc thc orÐzousacenìc 3x3 pÐnaka eÐnaiarketˆ polÔplokoc| àtsi h orÐzousa
3hc tˆxhc orÐzetai meth �o jeia thc orÐzousac 2hc tˆxhc,

jA j =

�
�
�
�
�
�

� 11 � 12 � 13

� 21 � 22 � 23

� 31 � 32 � 33

�
�
�
�
�
�

= � 11

�
�
�
�
� 22 � 23

� 32 � 33

�
�
�
� � � 12

�
�
�
�
� 21 � 23

� 31 � 33

�
�
�
� + � 13

�
�
�
�
� 21 � 22

� 31 � 32

�
�
�
�

H parapˆnw parˆstash onomˆzetai anˆptugma thc jA j wc proc ta stoiqeÐa thc pr¸thc gram-
m c| Metˆ apì thn ektèlesh twn prˆxewn ston anˆptugma èqoume,

jA j = � 11(� 22� 33 � � 32� 33) � � 12(� 21� 33 � � 31� 23) + � 13(� 21� 32 � � 31� 22)

To anˆptugma thc orÐzousac tou A mporeÐna eÐnaiepÐshcwc proc ta stoiqeÐa thc deÔterhc
  trÐthc gramm c| Dhlad  kˆje stoiqeÐo � ij thc antÐstoiqhc gramm c pollaplasiˆzetai me
thn orÐzousa 2hc tˆxhc tou pÐnaka pou prokÔptei apì ton A , an paraleÐyoume th gramm 
kai th st lh tou stoiqeÐou � ij | H orÐzousa aut  lègetai ellˆsswn orÐzousa tou stoiqeÐou � ij

kai sumbolÐzetai me M ij | EpÐshc o kˆje ìroc enìc anaptÔgmatoc thc jA j èqei prìshmo �etikì
  arnhtikì, Ðdio me to prìshmo tou (� 1)i + j | To ginìmeno (� 1)i + j M ij onomˆzetai algebrikì
sumpl rwma tou stoiqeÐou� ij kai sumbolÐzetai meA ij | Dhlad , A ij = (� 1)i + j M ij , opìte ta trÐa
anaptÔgmata thc jA j enìc 3x3 pÐnaka A grˆfontai suntìmwc,

jA j = � 11A11 + � 12A12 + � 13A13

jA j = � 21A21 + � 22A22 + � 23A23

jA j = � 31A31 + � 32A32 + � 33A33

SÔmfwna meta parapˆnw mporoÔmena orÐsoumethn orÐzousa n tˆxhc (n � 3) meth �o jeia
tou orismoÔ thc orÐzousac n � 1 tˆxhc| àtsi loipìn h orÐzousa enìc nxn pÐnaka eÐnai:

jA j = � i 1A i 1 + � i 2A i 2 + � � � + � in A in

ìpou i eÐnaiopoiad pote gramm  tou pÐnaka| H orÐzousa enìc pÐnaka meèna stoiqeÐo [� 11] eÐnai
to Ðdioto stoiqeÐo|

A'|6 AntÐstrofoc pÐnakac

Gia kˆje pragmatikì arijmì � me� 6= 0 upˆrqei o antÐstrofoc tou pou sumbolÐzetai me 1
�  

� � 1 gia ton opoÐoisqÔei �� � 1 = � � 1� = 1| ànac tetragwnikìc pÐnakac A eÐnaiantistrèyimoc
an upˆrqei ènac pÐnakac X ètsi ¸ste na isqÔei AX = XA =

�

, ìpou
�

eÐnaio monadiaÐocpÐnakac
kai o X onomˆzetai antÐstrofoc tou A | EpÐshc an o A eÐnaiantistrèyimoc o antÐstofoc tou eÐnai
monadikìc| Gia parˆdeigma, an,
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A =
�

2 5
1 3

�
kai B =

�
3 � 5

� 1 2

�
tìte,

AB =
�

2 5
1 3

� �
3 � 5

� 1 2

�
=

�
6 � 5 � 10+ 10
3 � 3 � 5 + 6

�
=

�
1 0
0 1

�
=

�

2

BA =
�

3 � 5
� 1 2

� �
2 5
1 3

�
=

�
6 � 5 15� 15

� 2 + 2 � 5 + 6

�
=

�
1 0
0 1

�
=

�

2

ànac nxn pÐnakac A = [� ij ] eÐnaiantistrèyimoc an kai mìno an jA j 6= 0| An autì isqÔei o
antÐstrofoc tou A eÐnaio,

A � 1 =
1

jA j

2

6
6
6
4

A11 A21 � � � An1

A12 A22 � � � An2
|||

|||
|||

A1n A2n � � � Ann

3

7
7
7
5

=
1

jA j
adj A

ìpou A ij eÐnaito algebrikì sumpl rwma tou stoiqeÐou � ij | O nxn pÐnakac twn algebrik¸n
sumplhrwmˆtwn onomˆzetai prosarthmènoc   adjoint tou A kai sumbolÐzetai meadj A |

Merikèc �orèc o antÐstrofoc enìc tetragwnikoÔ pÐnaka isoÔtai meton anˆstrofo tou, dhlad 
A � 1 = A 0| Autìc o pÐnakac onomˆzetai orjog¸nioc |

A'|7 Polu¸numo deutèrou �ajmoÔ

àstw ènac summetrikìc nxn pÐnakac A kai ènac pÐnakac st lh X me n stoiqeÐa| Tìte h
parˆstash:

Q = X 0AX

onomˆzetai polu¸numo deutèrou �ajmoÔ (quadratic form )| EÐnai ènac arijmìc kai ekfrˆzetai
enallaktikˆ apì thn exÐswsh:

Q =
nX

i =1

nX

j =1

x i � ij x j

ìpou x i eÐnaito stoiqeÐothc i -gramm c tou X kai � ij eÐnaito stoiqeÐothc i -gramm c kai j -st lhc
tou A |

A'|8 Qarakrhristik  �Ðza kai ˆnusma enìc pÐnaka

àstw ènac nxn tetragwnikìc pÐnakac A kai ènac arijmìc � | H parˆstash A � �
�

n onomˆ-

etai qarakthristikìc pÐnakac (characteristic matrix ) tou A [19 ]| H orÐzousa jA � �

�

nj = f (� )
onomˆzetai qarakthristikì polu¸numo (characteristic function ) tou A kai oi �Ðzecthc exÐswshc
f (� ) = 0 onomˆzontai qarakthristikèc �Ðzec(characteristic roots   latent roots   eigenvalues )
tou A | ànac nxn pÐnakac èqei mèqri n qarakthristikèc �Ðzectwn opoÐwnto ˆjroisma isoÔtai me
to Ðqnoctou|
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An loipìn o tetragwnikìc pÐnakac eÐnaio,

A =
�

1 2
2 2

�
(A'|1)

o qarakthristikìc pÐnakac tou eÐnaio,

�
1 � � 2

2 2 � �

�

kai h qarakthristik  exÐswshtou A eÐnaih,
�
�
�
�

1 � � 2
2 2 � �

�
�
�
� = 0 , (1 � � )(2 � � ) � 2 � 2 = 0 ,

, 2 � 2� � � + � 2 � 4 = 0 , � 2 � 3� � 2 = 0

H teleutaÐa exÐswshèqei �Ðzectic � 1 = 3=2 +
p

17=2 kai � 2 = 3=2 �
p

17=2|
JewroÔme to parakˆtw sÔsthma exis¸sewn,

8
>>><

>>>:

� 11x1 + � 12x2 + � � � + � 1n xn = �x 1

� 21x1 + � 22x2 + � � � + � 2n xn = �x 2
|||

|||
|||

|||
� n1x1 + � n2x2 + � � � + � nn xn = �x n

pou mporeÐna grafeÐ meth morf  pinˆkwn wc,

AX = � X   (A � �
�

n)X = 0

ìpou A eÐnaiènac nxn tetragwnikìc pÐnakac, � eÐnaimÐaqarakthristik  tou �Ðza kai
�

eÐnaio
monadiaÐocpÐnakac| O pÐnakac st lh X pou eÐnailÔsh thc prohgoÔmenhc exÐswshconomˆzetai
qarakthristikì ˆnusma (latent vector   eigenvector )| Se kˆje qarakthristik  �Ðza antistoiqeÐ
kai èna diaforetikì qarakthristikì ˆnusma|

Gia ton pÐnaka thc exÐswshcA'|1, to qarakthristikì ˆnusma pou antistoiqeÐ sth �Ðza � 1 =
3=2 +

p
17=2 eÐnaih lÔsh thc exÐswshc,

�
1 � 3=2 �

p
17=2 2

2 2 � 3=2 �
p

17=2

� �
x1

x2

�
=

�
0
0

�

A'|9 AnÔsmata mèswn kai pÐnakec sundiakÔmanshc

ätan ergazìmaste me mia tuqaÐa metablht  X sun jwc endiaferìmaste gia ton mèso ìro
thc �x kai thn diakÔmansh thc s2| Parìmoia ìtan to antikeÐmenoproc melèth eÐnaièna sÔnolo
metablht¸n tìte perigrˆfoume thn kentrik  tˆsh twn arijm¸n me to ˆnusma twn mèswn ìrwn
(vector of means ), to opoÐoeÐnaiènac pÐnakac st lh kai thn diasporˆ touc gÔrw apì to kèntro
katanom c meton pÐnakasundiakÔmanshc (covariance matrix ) o opoÐoceÐnaisummetrikìc|

àstw èna sÔnolo p metablht¸n X 1; X 2; : : : ; X p| O mèsoc ìroc thc metablht c X j eÐnaio,

�x j =
nX

i =1

x ij

�
n (A'|2)
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Qrhsimopoi¸ntac thn exÐswshA'|2 kataskeuˆzoume to ˆnusma twn mèswnìrwn pou eÐnaito,

�x =

2

6
6
6
4

�x1

�x2
|||

�xp

3

7
7
7
5

(A'|3)

H diakÔmansh thc metablht c X j eÐnaih,

s2
j =

nX

i =1

x ij (x ij � �x j )2
�

(n � 1) (A'|4)

en¸ h sundiakÔmansh metaxÔdÔo metablht¸n X j kai X k isoÔtai me,

cj k =
nX

i =1

(x ij � �x j )(x ik � �xk )
�

(n � 1) (A'|5)

H sundiakÔmansh apoteleÐ mètro thc summetablhtìthtac metaxÔ dÔo tuqaÐwn metablht¸n|
ämwc oi exetazìmenecmetablhtèc èqoun suqnˆ diaforetikèc monˆdec mètrhshc| Katˆ sunèpeia
dusqeraÐnetai h èkfrash tou apotelèsmatoc| Gia to lìgo autì qrhsimopoioÔme mia tupopoihmè-
nh morf  thc sundiakÔmanshc pou onomˆzetai suntelest c susqètishc kai prokÔptei diair¸ntac
th sundiakÔmansh dÔo metablht¸n meto ginìmeno twn tupik¸n apoklÐsewn twn,

r j k =
cj k

sj sk
(A'|6)

Apì tic exis¸seic A'|4 kai A'|5 kataskeuˆzoume ton pÐnaka sundiakÔmanshc,

C =

2

6
6
6
4

c11 c12 � � � c1p

c21 c22 � � � c2p
|||

|||
|||

cp1 cp2 � � � cpp

3

7
7
7
5

(A'|7)

ìpou c11; c22; : : : ; cpp eÐnaioi diakumˆnseic twn metablht¸n X 1; X 2; : : : ; X p antÐstoiqa| EpÐshc o
pÐnakac susqètishc (correlation matrix ) prokÔptei apì thn exÐswshA'|6 kai eÐnaio,

R =

2

6
6
6
4

r11 r12 � � � r 1p

r21 r22 � � � r 2p
|||

|||
|||

rp1 rp2 � � � r pp

3

7
7
7
5

=

2

6
6
6
4

1 r12 � � � r 1p

r21 1 � � � r 2p
|||

|||
|||

rp1 rp2 � � � 1

3

7
7
7
5

(A'|8)

H anˆlush twn kurÐwn sunistws¸n �asÐzetai ston upologismì twn qarakthristik¸n �iz¸n kai
anusmˆtwn tou pÐnaka sundiakÔmanshc twn metablht¸n pou exetˆzoume| Tic perissìterec �orèc
ìmwc oi metablhtèc èqoun diaforetikèc monˆdec mètrhshc gegonìc pou dhmiourgeÐ probl mata
(�lèpe enìthta 2|3)| Sthn epist mh thc TeqnologÐac TrofÐmwn gia touc upologismoÔc sthn AKS
qrhsimopoieÐtai sqedìn pˆnta o pÐnakac susqètishc|
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A'|10 Prˆxeic stouc pÐnakec me th �o jeia enìc H/U

Oi prˆxeic stouc pÐnakec me {qartÐ kai molÔbi} eÐnaimÐaqronobìra kai epÐponh ergasÐa|
Katˆ sunèpeia h qr sh enìc H/U eÐnaiepibeblhmènh| äla ta sobarˆ progrˆmmata statistik c
diajètoun entolèc gia thn prìsjesh, afaÐresh kai pollaplasiasmì twn pinˆkwn| AkoloujeÐ h
parousÐash twn entol¸n gia thn ektèlesh majhmatik¸n prˆxewn stouc pÐnakecmeth �o jeia tou
statistikoÔ progrˆmmatoc Minitab |

Arqikˆ prèpei na eisˆgoume dedomènasto Minitab meth {morf } pÐnaka| Oi pÐnakecono-
mˆzontai apì to prìgramma wc M1, M2, M3 k|o|k kai mporoÔme na touc metonomˆsoume methn
entol  NAME| àstw ìti èqoumeton parakˆtw pÐnaka,

2

4
1 2 3 4
5 6 7 8
9 10 11 12

3

5

gia na ton eisˆgoume sto prìgramma ekteloÔme tic parakˆtw entolèc,

1 MTB > READ 3 4 M2

2 DATA> 1 2 3 4

3 DATA> 5 6 7 8

4 DATA> 9 10 11 12

5 MTB > NAMEM2='MyMatrix'

6 MTB > PRINT M2

Gramm  1 Metˆ thn entol  READakoloujoÔn dÔo arijmoÐ pou dhl¸noun tic diastˆseic tou
pÐnaka, dhlad  ìti eÐnaiènac pÐnakac 3 gramm¸n kai 4 sthl¸n (3x4)| Sto tèloc dhl¸noume
to ìnoma tou pÐnaka wc M2| Oi �èseic sth mn mh pou parèqei to prìgramma gia na
�ˆloume pÐnakeceÐnaiapì M1 èwc M100|

Gramm  2-4 H protrop  tou progrˆmmatoc allˆzei se { DATA>} kai eisˆgoume ta dedomènatou

pÐnaka seirˆ proc seirˆ| Sto tèloc kˆje seirˆc patˆme ENTER|

Gramm  5 Onomˆzoumeton pÐnaka M1 wc { MyMatrix } methn entol  NAME|

Gramm  6 Gia na doÔmeton pÐnaka qrhsimopoioÔme thn entol  PRINT|

àstw ìti èqoume eisˆgei touc pÐnakec M1, M2, M3 kai th st lh C1 me dÔo arijmoÔc sto
prìgramma,

M1 =
�

1 2 3
0 1 1

�
; M2 =

�
3 1 1
2 0 1

�
; M3 =

2

4
1 4
3 0
0 1

3

5 ; C1 =
1
2

mporoÔmena kˆnoume diˆforec prˆxeic metic akìloujec entolèc,

1 MTB > ADD 5 M1 M4
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2 MTB > SUBTRACTM2 M1 M5

3 MTB > MULTIPLY M1 M3 M6

4 MTB > MULTIPLY M3 C1 C2

Gramm  1 Prosjèsh tou arijmoÔ 5 me ton pÐnaka M1 kai topojèthsh tou apotelèsmatoc ston
pÐnaka M4|

Gramm  2 AfaÐresh tou pÐnaka M2 apì ton M1 kai topojèthsh tou apotelèsmatoc ston M5|

Gramm  3 Pollaplasiasmìc tou pÐnaka M1 meton M3 kai topojèthsh tou apotelèsmatoc ston
M6|

Gramm  4 Pollaplasiasmìc tou pÐnaka M3 methn st lh C1 kai topojèthsh tou apotelèsmatoc
sth st lh C2|

Ta apotelèsmata twn parapˆnw prˆxewn eÐnaita akìlouja,

M4 =
�

6 7 8
5 6 6

�
; M5 =

�
2 1 2
2 1 0

�
; M6 =

�
7 7
3 1

�
; C1 =

9
3
2

€llec prˆxeic stouc pÐnakecpou mporoÔmena kˆnoume meto Minitab eÐnai,

1 MTB > TRANSPOSEM4 M10

2 MTB > INVERT M6 M12

3 MTB > EIGEN M30 C33 M31

Gramm  1 UpologÐzei ton anˆstrofo tou pÐnaka M4 kai ton topojeteÐ ston pÐnaka M10|

Gramm  2 UpologÐzei ton antÐstrofo pÐnaka tou M6 kai ton topojeteÐ ston M12|

Gramm  3 UpologÐzei tic qarakthristikèc �Ðzeckai qarakthristikˆ anÔsmata tou summetrikoÔ
pÐnaka M30 kai topojeteÐ sthn st lh C33 tic qarakthristikèc �Ðzecme�jÐnousa tˆxh kai
ta qarakthristikˆ anÔsmata memorf  pÐnaka topojetoÔntai ston pÐnaka M31| H pr¸th
st lh tou pÐnaka M31 eÐnaito qakthristikì ˆnusma thc pr¸thc qarakthristik c �Ðzacsth
seirˆ 1 thc st lhc C33, h deÔterh st lh tou pÐnaka M31 eÐnaito qakthristikì ˆnusma thc
deÔterhc qarakthristik c �Ðzac sth seirˆ 2 thc st lhc C33 k|o|k||



PARŸARTHMAB'

Eisagwg , anˆgnwsh kai apoj keush dedomènwn

Gia na katano sei kai na efarmìsei kˆpoioc thn AKS prèpei na èqei arketèc �asikèc gn¸seic
sthn statistik | ämwc h eisagwg  twn dedomènwnston H/U kai sth sunèqeia h diexagwg  thc
AKS eÐnaipolÔ eÔkolh upìjesh|

Parìla autˆ �ewreÐtai ìti oi anagn¸stec aut c thc ptuqiak c ergasÐac eÐnaiexoikiwmènoi me
th qr sh enìc H/U allˆ den gnwrÐzounthn qr sh tou progrˆmmatoc statistik c pou qrhsimo-
poi jhke gia touc upologismoÔc sta paradeÐgmata|

Sth sunèqeia o trìpoc eisagwg c, anˆgnwshc kai apoj keushc dedomènwngia to proìgramma
Minitab �a anaferjeÐ sunoptikˆ| Gia perissìterec plhroforÐec sumbouleuteÐtai ton odhgì
qr sewc   ektelèste thn entol  �o jeiac HELP|

O pio aplìc trìpoc na eisˆgoume dedomèna eÐnaiplhktrolog¸ntac ta sto logistikì �Ôl-
lo (Spreadsheet ) tou Minitab pou onomˆzetai Data Window | Autì apoteleÐtai apì èna pl joc
keli¸n pou omadopoioÔntai se seirèc kai st lec| Sthn pio apl  perÐptwsh mÐast lh antipro-
swpeÔei mÐametablht |

An den �èloume   den mporoÔme na qrhsimopoi soume to logistikì �Ôllo (p|q| katˆ thn
dhmiourgÐa makroentol¸n) mporoÔmena eisˆgoume dedomènamethn entol  READ|

1 MTB > READ C1 C2 C3 C4 C5

2 DATA> 1.2 3.2 4.4 5.5 1.3

3 DATA> 9.8 4.3 5.2 3.4 5.1

4 DATA> 8.4 2.1 2.3 4.2 3.4

5 DATA> END

Gramm  1 PlhktrologoÔme thn entol  kai katìpin tic st lec stic opoÐec�èloume na eisˆgoume

dedomèna| Sto tèloc kˆje gramm c entol c patˆme to pl ktro ENTER|

Gramm  2-4 Eisˆgoume touc arijmoÔc diaqwrÐzontac touc me èna kenì| Sthn pr¸th gramm 
eisˆgoume thn pr¸th parat rhsh apì kˆje metablht | Sth deÔterh gramm  eisˆgoume
th deÔterh parat rhsh apì kˆje metablht  k|o|k|| An h metablht  eÐnaionomastik 
prèpei na upokatast soume kˆje ìnoma meèna arijmì| Gia kˆje qamènh tim  eisˆgoume
to sÔmbolo {*}|

111
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Gramm  5 PlhktrologoÔme thn entol  ENDme thn opoÐa epishmaÐnoumeto tèloc eisagwg c
dedomènwnsto prìgramma|

Sth sunèqeia gia na apojhkeÔsoume ta dedomèna pou èqoun topojethjeÐ stic st lec tou
logistikoÔ �Ôllou, ekteloÔme thn entol  SAVE| Akìmh, gia thn anˆgnwsh twn apojhkeumènwn
dedomènwnekteloÔme thn entol  RETRIEVE|

1 MTB > SAVE "myfile"

2 MTB > RETRIEVE "myfile"

Gramm  1 Metˆ thn entol  akoloujeÐ to ìnoma tou arqeÐou mesˆ se eisagwgikˆ sto opoÐo�è-
loume na apojhkeÔsoume to logistikì �Ôllo| Ex' orismoÔ h katˆlhxh tou arqeÐou eÐnai
{ mtw } kai den eÐnaiupoqrewtikì na thn plhktrolog soume| Wstìso an epijumoÔme to ar-
qeÐona èqei ˆllh katˆlhxh prèpei na thn plhktrolog soume, p|q| ”m y�le.dat” | Ta arqeÐa
pou apojhkeÔontai meaut  thn entol  mporoÔn na anagnwstoÔn mìno apì to Minitab |

Gramm  2 Gia thn anˆgnwsh tou apojhkeumènou logistikoÔ �Ôllou metˆ thn entol  plhktro-
logoÔme to ìnoma tou arqeÐou mèsa se eisagwgikˆ| An h katˆlhxh tou arqeÐou eÐnai
diaforetik  apì thn ex' orismoÔ katˆlhxh, prèpei na thn eisˆgoume|

Gia perissìterec plhroforÐec ektelèste thn entol  HELPakoloujoÔmenh apì thn entol  gia
thn opoÐaqreiˆzeste �o jeia|

1 MTB > HELP READ

2 MTB > HELP SAVE

Gramm  1 Emfˆnish �o jeiac gia thn entol  READse xeqwristì parˆjuro|

Gramm  2 Emfˆnish �o jeiac gia thn entol  SAVE|
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PARŸARTHMAD'

PÐnakec apotelesmˆtwn peiramatik c diadikasÐac

PÐnakac D'|1: Apotelèsmata organolhptikoÔ elègqou

Metablhtèc
Zˆqara Qrìnoc Sunektikìthta Gluk thta Qr¸ma
glukìzh 90 6|67 4|92 9|26
glukìzh 180 6|13 5|94 3|66
glukìzh 360 8|85 8|05 4|97

isoglukìzh 90 3|82 7|45 5|72
isoglukìzh 180 7|31 10|40 7|45
isoglukìzh 360 6|97 10|41 7|55

maltìzh 90 7|18 4|53 7|28
maltìzh 180 7|93 5|47 7|12
maltìzh 360 9|53 8|07 7|77

soukrìzh 90 6|71 9|80 7|18
soukrìzh 180 7|35 10|29 4|97
soukrìzh 360 7|49 11|49 7|31

PÐnakac D'|2: Apotelèsmata prosdiorism¸n qr¸matoc kai uf c

Metablhtèc
Tim  L Tim  L Tim  a=b Tim  a=b Newton Newton

Zˆqara Qrìnoc prin metˆ prin metˆ prin metˆ
glukìzh 90 * 19|88 * -1|13 39|20 13|70
glukìzh 180 * 16|44 * -1|16 31|10 10|10
glukìzh 360 * 21|90 * -1|02 34|70 13|60

isoglukìzh 90 * 20|43 * -1|09 27|90 10|40
isoglukìzh 180 * 19|38 * -1|26 29|00 12|80
isoglukìzh 360 * 22|00 * -1|10 36|50 13|60

maltìzh 90 36|84 26|76 -0|45 -1|08 58|90 15|50
maltìzh 180 33|51 23|44 -0|42 -1|15 37|23 16|30
maltìzh 360 31|54 24|10 -0|54 -0|99 43|60 16|00

soukrìzh 90 30|12 26|30 -0|68 -0|97 51|30 20|10
soukrìzh 180 35|85 21|32 -0|31 -1|07 41|20 19|80
soukrìzh 360 30|79 23|30 -0|56 -1|09 38|90 26|70
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1|20
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10|29

12|61
2|32

24|01
38|41

glukìzh
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20|85
76|49

23|51
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1|18
5|01

13|67
18|01

4|34
16|05

47|24
glukìzh
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1|13

4|60
24|41
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2|51

12|50
52|09
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1|26
5|73
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22|68

5|53
4|92
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soukrìzh

360
25|40

73|04
26|96

3|30
1|29
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25|32

31|04
5|72

4|83
45|16



PARŸARTHMAE'

StatistikoÐ pÐnakec

PÐnakac E'|1: Oriakèc timèc tou krithrÐou � 2 me � �ajmoÔc eleujerÐac kai se diˆfora epÐpedash-
mantikìthtac lˆjouc| ApoteleÐ mèroc tou sunolikoÔ pÐnaka kai paratÐjetai gia ekpaideutikoÔc lìgouc
(Phg : PetrÐdhc D| (2000)| Efarmosmènh Statistik , meèmfash sthn epist mh twn trofÐmwn| Ekdotik 
ämhroc, JessalonÐkh, sel| 517|)|

epÐpedo
� 0|95 0|75 0|25 0|05
1 0|004 0|102 1|323 3|841
2 0|103 0|575 2|773 5|991
3 0|352 1|213 4|108 7|815
4 0|711 1|923 5|385 9|488
5 1|145 2|675 6|626 11|070
6 1|635 3|455 7|841 12|592
7 2|167 4|255 9|037 14|067

PÐnakac E'|2: Oriakèc timèc tou suntelest  susqètishc r me � �ajmoÔc eleujerÐac kai se diˆfora
epÐpedashmantikìthtac lˆjouc| ApoteleÐ mèroc tou sunolikoÔ pÐnakakai paratÐjetai gia ekpaideutikoÔc
lìgouc (Phg : Sharma S. (1996). Applied Multivariate Techniques . John Wiley & Sons Inc., New York,
pp. 493. )|

epÐpedo
� 0|01 0|05
3 0|869 0|879
4 0|822 0|868
5 0|822 0|979
6 0|835 0|890
7 0|847 0|899
8 0|859 0|905
9 0|868 0|912

10 0|876 0|917
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PARŸARTHMAST'

Makroentolèc sto Minitab

Oi makroentolèc sto Minitab eÐnaièna sÔnolo entol¸n katagegrammènec se èna arqeÐo
to opoÐo mporeÐ na ektelesteÐ ìpote �èlei o qr sthc| Me ˆlla lìgia mporoÔme na
kataskeuˆsoume èna prìgramma gia ton upologismì enìc statistikoÔ krirhrÐou   thn
efarmog  miac mejìdou pou den sunodeÔetai methn epÐshmhèkdosh tou Minitab |

àlegqoc thc polumetablht c kanonikìthtac (multinorm.mac )

MACRO
multinorm C.1-C.K

MCOLUMNC.1-C.K X.1-X.K Tmp.1-Tmp.K Xi Xbar EX Xtr md2col
MCOLUMNpcCol chi2col Obs
MMATRIX MatrCov MatrInv
MCONSTANTI J M N Xiot Xtrans Aij Ki mahald2 percent chi2

NOTE 'Calculating... please wait...'

LET Xbar=0
DO I=1:K

LET Ki=mean(C.I)
INSERT Xbar

Ki
END

ENDDO
DELETE 1 Xbar

COVARIANCEC.1-C.K MatrCov
INVERSE MatrCov MatrInv
COPY MatrInv X.1-X.K

LET N = n (C.1)

LET md2col=0
LET pcCol=0
LET chi2col=0
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LET chi2=0

DO M=1:N
COPY C.1-C.K Tmp.1-Tmp.K;

USE M.
STACK Tmp.1-Tmp.K Xi

LET EX=Xi-Xbar
LET Xtr=EX
LET mahald2=0

DO I=1:K
DO J=1:K

COPY EX Xiot;
USE I.

COPY Xtr Xtrans;
USE J.

COPY X.J Aij;
USE I.
LET mahald2=mahald2+(Xiot*Aij*Xtrans)
ENDDO

ENDDO

INSERT md2col
mahald2

END

LET percent=0
LET percent=(M-0.5)/N

INSERT pcCol
percent

END

INVCDF percent chi2;
CHISQUAREK.

INSERT chi2col
chi2

END
ENDDO
DELETE 1 md2col
DELETE 1 pcCol
DELETE 1 chi2col

MTITLE 'Multivariate Normality Test'

SET Obs
1:N

END

SORT md2col Obs md2col Obs
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NAMEObs='Observation'
NAMEmd2col='Ordered MDˆ2'
NAMEpcCol='Percentiles'
NAMEchi2col='Chiˆ2 Value'

PRINT Obs md2col pcCol chi2col

CALL plotmulti md2col chi2col

ENDMACRO

##############
# Subroutine #
##############

MACRO
plotmulti md2col chi2col

MCOLUMNmd2col chi2col

Plot chi2col*md2col;
Symbol;
Title "Multivariate Normality Plot";
ScFrame;
ScAnnotation.

ENDMACRO
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