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1 saxeTa garCevis zogadi cnebebi da ganmartebebi

1.1  saxeTa garCevis arsi

saxeTa garCeva aris mecniereba saxeebis anu obieqtebis klasifikaciis 
meTodebisa da algoriTmebis Sesaxeb. igi miekuTvneba intelaqtiur sistemebs, 
romlebic informatikis Semadgeneli nawilia. adamiani saxeTa garCevis amocanas
yovelwuTierad awydeba. magaliTad, Cven varCevT adamianebsa da obieqtebs, 
varCevT cifrebsa da anbans, gvesmis metyveleba da bevr sxva. SeiZleba iTqvas, 
rom cocxali organizmi iZulebulia Tavis cxovrebis manZilze mudmivad 
gadawyvitos garCevis amocanebi. garCevis amocanis warmatebul gadawyvetaze 
bevradaa damokidebuli biologiuri obieqtebis warmatebuli funqcionireba da 
TviT sicocxlisunarianoba.

amrigad, adamianis arsebobis aucilebeli pirobaa garemos obieqtebis 
aRqma da miRebuli informaciis gadamuSaveba, ris safuZvelzedac miiReba 

garkveuli gadawყvetileba da misi Sesabamisi qmedebis ganxorcieleba. 
gadwyvetilebis miRebis es procedura SeiZleba aRiniSnos erTi terminiT 
“garCeva”

garCevis procesis ganxorcielebis auclebeli pirobaa adamianis 
cnobierebaSi gasarCevi obieqtis informaciuli prototipebis areseboba. 
sakmaris pirobad SegviZlia miviCnioT gasarCev obieqtSi Tundac erTi 
ganmasxvavebeli Tvisebis arseboba, romlis aRqmac SeuZlia adamians.

fsiqologiuri da fiziologiuri gamokvlevebis safuZvelze 
garkveulwilad cnobili gaxda, rom adamiani gadawyvetilebis miRebisas 
sargeblobs umartivesi funqciebiT, ZiriTadad logikuri da mxolod 
gansakuTrebul SemTxvevaSi iyenebs wrfiv an kidev ufro rTul SemTxvevaSi 
martiv arawrfiv funqciebs. uaRresad mcire informacia aris imis Sesaxeb, Tu 
rogor xdeba adamianis mier obieqtTa damaxasiaTebeli niSnebis formireba, 
Sefaseba, arCeva da ranJireba.

unda aRiniSnos, rom adamianis gonebaSi niSanTa formirebis procesi, 
ganmasxvavebeli niSnebis gamoyofa da dadgena ZiriTadad mimdinareobs misgan 
damoukideblad.

periferiuli nervuli sistema ZiriTadad monawileobs obieqtTa aRqmaSi. 
kerZod, xedviTi, smeniTi, ynosviTi da gemos analizatorebidan miRebuli 
informaciis centralur nervul sistemamde gadacemis procesSi, rac sabolaod 
am informaciis safuZvelze garkveuli gadawyvetilebis miRebiT mTavrdeba, 
rasac Cven garCeva vuwodeT.

mecnierebisTvis jer kidev ucnobia is faqti Tu rogor axerxebs adamiani 
aseTi siswrafiT gaarCios garemomcvel obieqtTa mravalferovnebani. es 
paradoqsi warmoadgens mecnierebis erT-erT yvelaze aqtualur problemas, 
romlis axsna udides biZgs miscems ara marto garCevis, aramed saerTod, 
maRalefeqturi inteleqtualuri sistemebis Seqmnis problemis gadawyvetasac.

amrigad, garCevis procesi warmoadgens adamianis inteleqtualuri 
moqmedebis erT-erT ZiriTad aspeqts, romlis ganxorcielebaSi monawileoben 
rogorc periferiuli , aseve centraluri nervuli sistemebi.
  miuxedavad zemodaRniSnulisa,  adamianis SesaZleblobebi obieqtTa 

garCevis TvalsazrisiT mniSvnelovnad SezRudulia im amocanebisaTvis, 



-------------------------------------------------------
ე,ყუბანეიშვილი. სახეთა გარჩევის მეთოდები

3
romlebic xasiaTdebian mravali niSan-TvisebebiT. SezRudvebi gansakuTrebiT
exeba iseT obieqtebs, romelTa aRqma adamianis mier SeuZlebelia  misi 
mgrZnobiare elementebis – receptorebis arasrulyofilebiT an ararsebobis 
gamo. magaliTad, adamianis yuri ver aRiqvams 20 hercamde da 20.000 hercze 
maRal sixSiris rxevebs, xolo Tvali – optikuri  signalis mTeli diapazonis 
daaxloebiT 20%-s. garda amisa, adamians ar gaaCnia radiaciis an 
eleqtromagnituri rxevebis aRqmis organoebi, rac bunebrivia, SeuZlebels xdis 
mis mier am Tvisebis mqone obieqtTa aRqmas da garCevas. aqedan gamomdinare, 
aucilebelia iseTi teqnikuri sistemebis  Seqmna, romlebic uzrunvelyofen 
adamianis damaxasiaTebel swor da maRalsaimedo amocnobas da amasTan erTad, 
eqneba kompiuterisaTvis damaxasiaTebeli siCqare.

  zemodaRniSnulidan gamomdinare, arCeven xelovnur da bunebriv 
inteleqtualur sistemebs. inteleqtualur sistemebs miekuTvneba saxeTa 
garCevis kompiuteruli sistemebi, xolo bunebrivs – centraluri periferiuli 
nervuli sistemebi.

saxeTa garCevis TeoriaSi pirveli naSromebi me-20 saukunis meore 
naxevarSi aSS gamoCnda. pirveli praqtikuli amocana, romlis gadawyvetas 
cdilobdnen specialistebi gaxdaT e,w,  wamkiTxavi avtomatis Seqmna, romelsac 
avtomaturad unda aReqva da gaerCia nabeWdi, xelnaweri teqstebi an calkeuli 
simboloebi. pirveli mecnieri, romelmac sxvadasxva obieqtebis gasarCevad
Seqmna gamoTvliTi sistema iyo f. rozenblati, romelmac SeimuSava e.w. 
perseptroni – Tavis tvinis neironis eleqtruli analogi.

saxeTa garCevis zogadi Teoria Seqmna grenanderma, romlis pirveli 
naSromebi 60-ian wlebSi gamoCnda. 70-ani wlebis dasawyisSi k. fum 
organzomilebiani obieqtebis gasarCevad SeimuSava struqturuli analizis 
(sintaqsuri, geometriuli) Teoria. 80-ian wlebSi mniSvnelovani Sedegebi iqna 
miRebuli calkeuli sametyvelo signalebisa da samganzomilebiani obieqtebis 
garCevis problemebis gadasawyvetad. aman uzrunvelyo roboti 
manipulatorebisaTvis SeeqmnaT e.w. teqnikuri xedvis sistema.

SeiZleba moviyvanoT inteleqtualuri sistemebis yvelaze mniSvnelovani 
mimarTulebebi, sadac gamoiyeneba saxeTa garCevis meTodebi:

_simboloebis (beWdviTi, xelnaweri, sabanko Cekebi, fuladi kupiurebi da 
sxv.) garCeva;

_gamosaxulebebis garCeva, romlebic miiRebian sxvadasxva sixSirul 
diapazonebSi;

_metyvelebis garCeva;
_samedicino diagnostika;
_usafrTxoebis sistemebi;
_klasifikacia, identifikacia da monacemTa bazebSi Zieba, maT Soris 

internet-resursebSi.
momavalSi garCevis sistemebi kidev ufro farTo gamoyenebas hpovebs 

sayofacxovrebo procesebSi, medicinasa da teqnikaSi, rogorc xelovnuri 
inteleqtualuri sitemebis Semadgeneli nawili da rogorc damoukidebelad 
funqcionirebadi inteleqtualuri sistemebi. gansakuTrebiT aRsaniSnavia 
centaluri nervuli sistemis funqcionirebis principze dafuZnebeli e.w. 
xelovnuri neironuli qselis agebis problema, romlis erT-erTi ZiriTadi 
mizania neirokompiuteris Seqmna. aq mTavari mizania kompiuteris moqmedebis 
siswrafis Serwyma bunebriv neironuli qselis monacemebis potencalTan. aseTi 
proeqtis ganxorcieleba Seqmnida ganusazRvrel SesaZleblobas rogorc saxeTa 
garCevis, aseve nebismieri procesis marTvis TvalsazrisiT.
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1.2 ZiriTadi cnebebi

sanam gadavidodeT saxeTa garCevis meTodebis ganxilvaze, moviyvanoT 
zogierTi cnebis gansazRvreba. 

saxe ewodeba saerTo Tvisebis mqone yvela im obieqtebis (realizaciebis) 
simravles, romlebic sivrceSi garkveuli azriT qmnian kompaqtur ares. 
magaliTad, `fanqrebis” saxes miekuTvneba yvela zomis da feris fanqari, magram 
`wiTeli fanqrebis” saxeSi Sedis mxolod wiTeli feris fanqrebi. saxes 
miekuTvnebian agreTve nabeWdi an xelnaweri simboloebi, sxvadasxva sagnebi, 
detalebi da mowyobilobebi, daavadebebi, movlenebi, situaciebi da a.S.

klasi warmoadgens cneba `saxis” srul analogs da Sesabamisad amave 
terminis sinonims.

yoveli saxe warmodgenilia garkveuli raodenobis obieqtebisgan. obieqti 
SeiZleba iyos or an samganzomilebiani. organzomilebian obieqts gamosaxuleba 
ewodeba. gamosaxulebis magaliTebia: nabeWdi an xelnaweri simboloebi da 
teqstebi, naxatebi, naxazebi da sxva. Tavis mxriv gamosaxuleba SeiZleba iyos 
Strixuli da laqisebri.

Strixuli ewodeba iseT gamosaxulebas, romelic Sedgeba mxolod 
wrfeebisa da mrudeebisgan. magaliTad, xelnaweri da nabeWdi simboloebi, 
suraTebi, biosignalebis Canawerebi da a.S.

laqisebri ewodeba iseT gamosaxulebas, romelic Sedgeba mTliani, 
nebismieri formis laqebisagan. magaliTad, fotosuraTebi, rentgenuli 
gamosaxulebebi, videogamosaxulebebi, naxatebi da sxva.

scena ewodeba sivrcis im nawils, sadac moTavsebulia samganzomilebiani 
gasarCevi obieqtebi. scena da scenis obieqtebi SeiZleba iyos detalebi, 
landSafti da masze ganlagebuli Senoba-nagebobebi, samxedro obieqtebi, 
magidaze ganlagebuli sagnebi da a.S.

garCeva ewodeba process, romlis Sedegad ucnobi obieqti miekuTvneba 
ama Tu im saxes. garCevis garda literaturaSi gvxvdeba misi sinonimi terminebi: 
identifikacia, amocnoba. garCevis procesi aucileblad Seicavs e. w. 
`Sedarebis” proceduras. romlis ganxorcielebisTvis saWiroa minimum ori 
obieqti, aqedan erTi ucnobi obieqtia, xolo meore unda iyos iseTi, romelic 
warmoadegens mocemul saxes.

ucnobi obieqtis Sesadarebel obieqts etaloni ewodeba. TviT am termins
gaaCnia mravali sinonimi: prototipi, nimuSi, sayrdeni obieqti, saxis aRwera.
aucilebelia TiToeul saxes hqondes minimum erTi da rTul SemTxvevebSi 
ramdenime etaloni.

obieqtis mikuTvneba an armikuTvneba ama Tu im saxisadmi ewodeba 
gadawyvetilebis miRebis procesi.

saxeTa nebismier ansambls gaaCnia TvisebaTa garkveuli simravle, 
romelTa saSualebiTac xdeba ansamblSi Semavali saxeTa warmodgena da aRwera, 
rasac saxeTa garCevaSi niSnebi (parametrebi) ewodeba. imisTvis, rom garCevis 
procesisaTvis SesaZlebeli iyos niSnebis gamoyeneba, aucilebelia maTi 
analizi. magaliTad, Tu niSnebi zomvadia, maSin isini unda gaizomos, xolo Tu 
niSnebi Tvisebrivi xasiaTisaa, romlebic ar izomebian, maSin isini unda 
dafiqsirdnen (aRiricxon). niSnebis magaliTebia sxvadasxva teqnologiuri 
procesebis parametrebi, rogoricaa: temperaturis, masis, wnevis da meqanikuri 
Zalebis mniSvnelobebi. medicinaSi aseTia daavadebaTa simtomo-kompleqsebi, 
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magaliTad, arteriul wnevis, sxeulis temperaturis, gulis SekumSvis 
sixSiris da sxva parametrebis mniSvnelobebi.

saxeTa ansamblis niSanTa simravle ewodeba im niSanTa erTobliobas, 
romelsac viyenebT mocemul saxeTa simravlis aRwerisaTvis

niSanTa sivrce ewodeba raodenobriv niSanTa dalagebul simravles, 
sadac gansazRvrulia raime metrikuli zoma.

receptoruli veli ewodeba teqnikurad ganxorcielebul an grafikulad 
mocemul niSanTa sivrcis analogs. receptoruli velis sinonimia termini –
rastri.

piqseli ewodeba receptorul velSi anu rastrSi Semavali erTi niSnis 
analogs.

niSanTa simravlis magaliTebia: yvela simptomi, romelic SeiZleba 
axasiaTebdes mocemul avadmyofs. am SemTxvevaSi gvaqvs rogorc Tvisebrivi 
aseve raodenobrivi niSnebi. teqnologiuri procesebis amsaxveli parametrebi, 
margi wiaRiseulis dazvervaSi gamoyenebuli niSnebi da sxva.

niSnebis gazomviT (analiziT) miRebul SedegTa erTobliobas realizacia
ewodeba. igi warmoadgens veqtors, romelsac zogjer saxis veqtors uwodeben. 
realizaciis sinonimia: dakvirvebaTa Sedegebi, gazomvaTa Sedegebi, saxis 
gamosaxuleba. saxeSi Semaval obieqtTa simravle warmoadgens am saxis 
realizaciaTa simravles. xSirad gamoiyeneba termini realizaciaTa amonarCevi.

ucnibi realizaciebi ewodeba im realizaciebs, romlebisTvisac araa 
garkveuli romel saxes miekuTvnebian isini. realizaciaTa is simravle, 
romlebisTvisac cnobilia romel saxes miekuTvnebian, SeiZleba gamoyenebul 
iqnas e.w. `swavlebis” procesSi anu etalonuri aRwerebisa da gadawyvetilebaTa 
miRebis procesebis formirebisTvis. realizaciis aseT ansambls (simravles) 
saswavlo amonarCevi ewodeba.

realizaciaTa saswavlo amonarCevis im nawils, romlebic 
gadawyvetilebaTa miRebis procesSi gamoiyeneba ucnobi realizaciis nacvlad, 
sagamocdo amonarCevi ewodeba. am terminis sinonimad literaturaSi xSirad 
gamoiyeneba termini  - sakontrolo amonarCevi.

amrigad, yoveli saxe, magaliTad Χ, romelic aRiniSneba {Χ } simboloTi, 

Seicavs obieqtTa anu realizaciaTa Xi, i=1,2,….m erTobliobas, xolo TviT 

realizaciebi warmodgenilni arian x1, x2,…,xn niSnebis anu parametrebis 

erTobliobiT. e.i.  Xi=( x1, x2,…,xn)1.

1.3 saxeebis da garCevis sistemebis klasifikacia

saxeebs arCeven parametrebis tipis mixedviT. gamoyofen Semdeg 
maxasiaTebel – parametrebs (niSnebs):

1. fizikuri maxasiaTeblebi. aseTia magaliTad maCveneblebi, romlebic 
moxsnilia sxvadasxva gadamwodebiT. fizikuri maxasiaTeblebi SeiZleba iyos 
determinirebuli da albaTuri. sasurvelia fizikuri maxasiaTeblebi aRweril 
iyvnen veqtorebiT, maTi SemdgomSi maTematikuri damuSavebisTvis.

 2. Tvisebrivi maxasiaTeblebi. magaliTis saxiT SegviZlia moviyvanoT 
cnebebi: `Savi”, `TeTri”, `maRali”, `dabali” da a.S. aseTi maxasiaTeblebi 
SeiZleba aRiweron e.w. lingvistkuri cvladebiT, aramkafio simvravleTa
Teoriis gamoyenebiT.
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3. struqturuli maxasiaTeblebi, romlebic ZiriTadad gamoiyenebian
rTuli gamosaxulebebis aRwerisaTvis. magaliTad, nax.1 warmodgenili 
obieqtisaTvis, struqturuli maxasiaTeblebis aRwerisaTvis, SeiZleba 
gamoviyenoT zogierTi formaluri ena, magaliTad, grafebis Teoria (nax. 2)

nax. 1                               nax. 2

4. logikuri maxasiaTeblebi. esenia gamonaTqvamebi, romelTa mimarT 
SegviZlia vTqvaT WeSmaritia igi Tu mcdari.

garCevis sistemebis klasifikaciisaTvis SeiZleba gamoviyenoT ramodenime 
kriteriumi. erT-erTi aseTi kriteriumia gansxvaveba parametrebis tipis 
mixedviT. parametrebi SeiZleba iyos:

- deterministuli;
- albaTuri;
- logikuri;
- struqturuli;
- kombinirebuli.
sxva kriteriumia gasarCev obieqtebze aprioruli informacia. kerZod, 

gasarCevi sistema SeiZleba iyos sami tipis:
1. sistema maswavleblis gareSe. am SemTxvevaSi sistema TviTon irCevs 

parametrebis im minimalur raodenobas, romelic sakmarisi iqneba garCevis 
amocanis gadasawyvetad. garda amisa, is gansazRvravs klasebis sazRvrebs. am 
SemTxvevaSi garCevis sitemaSi swavlebis bloki ar gamoiyeneba.

2. sistema, romelic efuZneba swavlebas maswavleblis saSualebiT. am 
SemTxvevaSi sistemis gankargulebaSia obieqtebis garkveuli raodenoba, 
romlebic warmoadgenen saswavlo obieqtebs da cnobilia Tu romel klass 
miekuTvnebian isini. sistema TviTon aregulirebs parametrebs da ayalibebs 
garCevis proceduras ise, rom garCevis proceduraSi iyos minimaluri 
cdomileba.

magaliTisaTvis ganvixiloT naxazze warmodgenili saswavlo amonarCevebi,

romlebic erTmaneTisgan SeiZleba gamovyoT ori wrfiT ise rom x1, x2 da x3

obieqtebi moxvdnen pirvel klasSi, x4, x5 da x6 obieqtebi moxvdnen me-2 klasSi,

xolo x7, x8 -  me-3 klasSi.
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3. TviTswavlebis sistemebi. am SemTxvevaSi garCevis sistemaSi Setanilia 

wesebis garkveuli erToblioba, romlebic aRweren gasarCev amocanas. es wesebi, 
rogorc wesi, amuSaveben eqspertebi anu dargobrivi sferos specialistebi. aseT 
sistemebs uwodeben eqspertuls anu inteleqtualur sistemebs. garCevis 
sistemam arsebuli wesebis safuZvelze unda SearCios parametrebi da 
gansazRvros klasebis sazRvrebi. am SemTxvevaSi, rogorc wesi, gamoiyeneba 
monacemTa damuSavebis logikur-diagnostikuri meTodebi. garCevis aseT tipiur 
magaliTs warmoadgens samedicino diagnostikuri sistemebi.

1.4 saxeTa garCevis Teoriis ZiriTadi amocanebi

ganvixiloT saxeTa garCevis amocanebi teqnikuri sistemis muSaobis 
magaliTze, sadac xdeba simboloebis (cifrebi, asoebi da sxv.) garCeva. aseTi 
sistema 60-an wlebSi Seiqmna aSS da didi xnis ganmavlobaSi gamoiyeneboda 
safosto konvertebis garCevisTvis.

davuSvaT sistemas miewodeba  raime Χ simbolo da saWiroa misi amocnoba. 
saxeTa garCevis sistemis zogadi sqema warmodgenilia Semdeg naxazze:

 
klasifikatoris danSnulebaa Χ saxis mikuTvneba romelime ωi klass. 

garCevis zogad sqemaSi SeiZleba iyos daswavlebis bloki, romlis 
daniSnulebaa Camoayalibos identifikaciis wesi.

SeiZleba CamovayaliboT saxeTa garCevis Semdegi ZiriTadi amocanebi:
1. saxeebis maTematikuri aRwera. am mxriv yvelaze mosaxerxebelia saxis 

veqtoruli warmodgena. am SemTxvevaSi Χ saxes Seesabameba veqtori Xi=( x1, 
x2,…,xn)1, sadac x1, x2,…,xn warmoadgenen saxis parametrebs (niSnebs). aseT 
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veqtorul sivrces parametrebis sivrce ewodeba, romelic warmoadgens 
metrikuls da sasrulo zomas.

amrigad, pirveli amocana mdgomareobs sawyisi monacemebis warmodgenaSi.
TiToeuli gazomili sidide warmoadgens saxis realizaciis maxasiaTebel 
mniSvnelobas. magaliTad, Tu saWiroa simboloebis garCeva, maSin gadamwodad
SegviZlia gamoviyenoT gazomvis bade anu ujredTa dalagebuli erToblioba, 
romlebic qmnian receptorul vels rogorc es Semdeg naxazzea warmodgenili:

 

Tu bade Sedgeba n raodenobis ujredebisgan da yoveli ujredi 
ganixileba rogorc erTi calke aRebuli niSani, maSin gazomvis Sedegi

SegviZlia warmovidgninoT, rogorc saxis ansamblis veqtori  Xi=( x1, x2,…,xn)1, 
sadac TiToeuli komponenti  Xi Rebulobs, magaliTad erTis tol sidides,

roca i-ur ujredSi gadis simbolos gamosaxuleba da nuls, winaaRmdeg 
SemTxvevaSi. meore magaliTi warmodgenilia zemod moyvanil naxazze.

am SemTxvevaSi saqme gvaqvs uwyvet funqciasTan (mag. biosignali). Tu 

funqciis gazomva xdeba  t1, t2,…,tn droiT wertilebSi, maSin saxis veqtoris 

komponentebi iqnebian x1=f(t1), x2=f(t2),…. xn=f(tn)

2. informaciuli parametrebis SerCeva. gazomvis procesi SeiZleba 
ganvixiloT, rogorc kodirebis procesi. magaliTisTvis ganvixiloT naxazze 

warmodgenili ori ω1 da ω2 saxe.
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TiToeuli saxe xasiaTdeba ori x1 da x2 komponentiT, romelic miiReba

gazomvis Sedegad. realizaciis veqtors aqvs Semdegi saxe: X=(x1, x2)1. rogorc 
naxazidan Cans, es ori saxe qmnis gadaukveTav erTobliobas, rac metad 
xelsyrelia saxeTa garCevis amocanis gadasawyvetad. samwuxarod, praqtikaSi 
yovelTvis ase rodia, magaliTad, Zalze Znelia iseTi parametrebis SerCeva, 
romlebic mogvcemdnen gadaukveTav simravleebs. aqedan gamomdinareobs saxeTa 
garCevis meore amocana, romelic mdgomareobs sawyisi monacemebidan 
informatiuli (maxasiaTebeli) parametrebis (niSnebis) SerCevaSi da aqedan 
gamomdinare, obieqtebis ganzomilebis SemcirebaSi.

saxeTa garCevis TeoriaSi parametrebis SerCeva warmoadgens erT-erT 
umniSvnelovanes amocanas, romlis mizania SearCios rac SeiZleba minimaluri 
parametrebis raodenoba, romlebic adekvaturad aRweren saxeebs. is 
parametrebi, romlebic gansxvavdebian klasebs Soris, warmoadgenen 
informatiulebs da maT saxeTaSoriso (klasTaSoriso) parametrebs uwodeben. 
is parametrebi, romlebic saxeebs Soris ar gansxvavdebian, saxeTa garCevis 
amocanidan gamomdinare, maT ar moaqvT raime sasargeblo informacia da amitom 
SeiZleba maTi ugulvebelyofa.

Tu gazomva gvaZlevs saSualebas miviRoT yvela klasisaTvis mTliani 
ganmasxvavebeli parametrebis raodenoba, maSin saxeTa garCeva ar warmoadgens 
problemas. praqtikaSi aseTi sruli ganmasxvavebeli parametrTa erTobliobis 
miReba TiTqmis SeuZlebelia. sabednierod, sawyis parametrTa erTobliobidan  
SeiZleba SeirCes garkveuli raodenobis ganmasxvavebeli parametrebi, romlebic 
SeiZleba gamoviyenoT saxeTa garCevis amocanis gadasawyvetad.

 3. erTgvarovani klasebis Seqmna. es amocana, romelsac klasterizaciis 
amocana ewodeba, warmoadgens umniSvnelovanes etaps saxeTa garCevis sistemis 
Seqmnis dros. swored klasterizaciis meTodebi gamoiyenebian sawyis
parametrTa erTobliobidan, erTgvarovan kompaqtur sivrceSi, aragadamkveTi 
saxeebis Sesaqmnelad, rac winapirobaa imisa, rom saxeTa garCevis amocana xdeba 
praqtiukulad realizebadi.

4. gadawyvetilebis miRebis proceduris optimizacia. rogorc aRvniSneT,
gadawyvetilebis miRebis procedura efuZneba garCevis process, romelsac 
mivyavarT identifikaciis anu diskriminantuli analizis amocanamde.

davuSvaT, mocemulia mωωω ,.....,, 21 klasebi. am SemTxvevaSi saxeTa garCevis 

amocana SeiZleba ganvixiloT rogorc m raodenobis klasis gamyofi sazRvrebis 

agebis amocana. vTqvaT, aseTi gamyofi funqciebi  d1(x), d2(x),… dm(x) mocemulia. es 
funqciebi, romlebsac gadamwyvet an ganmamxoebel funqciebs uwodeben, 

warmoadgenen {Χ} saxis skalarul da erTmniSvnelian funqciebs. Tu 

di(x)>dj(x),…yvela i,j=1,2,..m,  i≠j , maSin Χ realizacia miekuTvneba ωi klass. sxva 

sityvebiT, Tu i-ur gadamwyvet funqcias di(x)  gaaCnia yvelaze didi mniSvneloba, 

maSin Χ ∈ ωi. am principze agebuli avtomatizebuli identifikaciuri sistemis 
blok-sqemas aqvs Semdegi saxe:
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sadac Χ – ucnobi realizaciaa, gfg – gadamwyveti funqciebis generatori. 
sazogadod, gadamwyveti funqcia SeiZleba miviRoT sxvadasxva meTodebiT, 
romlebic pirobiTad SeiZleba davyoT or jgufad: determinirebul da 
stoqastikur algoriTmebad.

im SemTxvevaSi, roca cnobilia gasarCev obieqtTa Sesaxeb aprioruli 
informacia, maSin gadamwyveti funqciis gansazRvra SesaZlebelia zustad. 
winaaRmdeg SemTxvevaSi, roca obieqtTa mimarT gagvaCnia mxolod Tvisebrivi 
niSnebi, maSin gadawyvetilebaTa miRebis are SeiZleba mniSvnelovnad 
gansxvavdebodes realurisagan da amitom saWiroa Seiqmnas iseTi garCevis 
sistema, romelic TandaTanobiT migviyvanda gadamwyveti funqciis gansazRvris 
optimalur an misaReb variantamde.

1.5 manZilis da msgavsebis zomis cnebebi

saxeTa garCevis TeoriaSi manZilis da msgavsebis cnebebs eniWebaT 
fundamentaluri mniSvneloba. aqedan gamomdinare, ganvixiloT yvelaze ufro 
gamoyenebadi manZilis da msgavsebis zomebi.

nebismieri ori  xi da xj realizaciisaTvis d(xi, xj) funqcias ewodeba 
manZilis funqcia Tu sruldeba Semdegi pirobebi:

a) d(xi, xj)=0  roca xi= xj

b) d(xi, xj)= d(xj, xi)
g) d(xi, xj)  ≤ d(xi, xk)+ d(xk, xk)
sadac xi,  xj  da xk   n-ganzomilebiani sivrcis nebismieri veqtorebia.
saxis veqtorebs SeiZleba hqondeT sxvadasxva ganzomileba, sxvadasxva 

rigis sidide, sxvadasxva prioritetebi. aqedan gamomdinare sanam ganvsazRvravT 
veqtorebs Soris manZilebs, sasurvelia veqtorebis normireba da 
standartizacia.

rogorc viciT, TiToeuli saxis veqtori Xi=( xi1, xi2,…,xin)1 Sedgeba 
calkeuli koordinatebisgan (parametrebisgan). standartizaciis procedura
saSualebas gvaZlevs veqtoris yvela koordinati warmovadginoT saerTo 
masStabiT. arsebobs parametrebis standartizaciis ramdenime meTodi. 
magaliTad, igi SegviZlia SevasruloT Semdegi formuliT:
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nkmxX
i

iik
ik ,...2,1, =

−
=

σ

sadac mi i–uri koordinatis saSualo mniSvnelobaa, σi- saSualo 
kvadratuli gadaxra. standartizacia SesaZlebelia Semdegi 
gamosaxulebiTac:

nk
xx

xx
X

ikkikk

ikkik
ik ,...2,1,

minmax

min
=

−

−
=

ganvixiloT manZili n – ganzomilebian niSanTa sivrceSi or veqtors 
Soris, veqtorsa da simravles Soris da bolos or simravles Soris 

1. manZili or veqtors Soris. n – ganzomilebian evklides sivrceSi Xi da 

Xj  veqtorebs Soris ganisazRvreba formuliT:

d(xi, xj)= || Xi-Xj||= ( ) ( ) ( )∑
=

−=−−
n

k
kjkijiji XXXXXX

1

21  (1)

evklides manZili yvelaze ufro gavrcelebuli metrikaa saxeTa garCevis 
TeoriaSi. gansakuTrebiT sainteresoa `Sewonili” evklides manZili:

 d(xi, xj)= ( )∑
=

−
n

k
kjkik XXw

1

2

sadac saxis TiToeul realizacias gaaCnia woniTi w1 koeficienti 
(Cveulebriv 0<w<1), romelic saxeTa garCevis amocanis gadawyvetis 
TvalsazrisiT proporciulia Xi parametris mniSvnelobis xarisxisa. kerZod, 
rac ufro informatiulia parametri, miT ufro didia misi woniTi koeficienti 
da piriqiT,

2. manZili veqtorsa da simravles Soris. manZili X veqtorsa da 

veqtorTa {Ai} i=1,2,..m simravles Soris ganisazRvreba, rogorc saSualo 

kvadratuli manZili X veqtorsa da {Ai} simravles Soris Semdegi 
gamosaxulebiT:

 d2(Xi, Ai)= 2

1 1
)(1 i

k

m

i

n

k
k ax

m
−∑∑

= =

sadac n - veqtorTa ganzomilebaa.

3. Siga simravlis manZili. mocemuli {Ai} i=1,2,..m  veqtorTa Sigasimravlis 
manZili ganisazRvreba rogorc Sigasimravlis saSualo kvadratuli manZili 
Semdegi formuliT:

( ) ( )
2

1 1 1

2 )(
1

1 j
k

m

j

m

i

n

k

i
k

ji aa
mm

AAd −
−

= ∑∑∑
= = =

sadac m-1 sidide imitomaa aRebuli, rom roca i=j, maSin manZili nulis 
tolia. Siga simravlis manZili SeiZleba ganisazRvros Ai veqtorebis 
dispersiebis saSualebiT Semdegi formuliT:

  d2(Ai, Aj)= ∑
=

m

k
k

1

22 σ
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4. simravleebs Soris manZili. manZili {Ai}da {Bi} simravles Soris 
ganisazRvreba iseve, rogorc Sigasimravlis manZilis gansazRvrisas, kerZod (2) 
formuliT da misi zogadi saxiT warmodgena arc ise advilia. simravleebs 
Soris manZilis gasagebad ufro xSirad iyeneben maxanalobisis manZilis 
formulas:

( ) )()(, 11 BASBABAd jc −−= −

sadac A da B simravleebis saSualo veqtorebia, S – gaerTianebuli 
kovariaciuli matricaa. maxanalobisis manZilis formulas gaania mTeli rigi 
upiratesoba, kerZod igi invariantulia nebismieri wrfivi gardaqmnis mimarT.

marTlac, ganvixiloT Z=AX wrfivi gardaqmna, maSin gveqneba

d2(Xi-Xj)= (Zi-Zj)1S-1(Zi-Zj)= (AXi -AXj)1S-1(AXi-AXj)= (Xi -Xj)1S-1(Xi-Xj)=
=(Xi -Xj)1A1(AS-1A1)A(Xi-Xj)= (Xi -Xj)1S-1(Xi-Xj)= d2(Xi-Xj)

am Tvisebidan gamomdinare, Tu parametrebi gazomili arian sxvadasxva 
fizikur erTeulebSi, maSin saWiro ar aris maTi normireba.

saxeTa garCevis TeoriaSi ωm da ωe klasebs Soris manZilis 
gansazRvrisTvis xSirad gamoiyeneba Semdegi manZilebi:

1) manZili, gansazRvruli `uaxloesi mezoblis” principiT:

 dmin(ωm,ωe) = min d(Xi,Xj),     roca   Xi ∈ ωm   da Xj ∈ωe
2) manZili, gansazRvruli ` ukiduresi mezoblis” principiT:

 dmax(ωm,ωe) = max d(Xi,Xj),    roca   Xi ∈ ωm   da Xj ∈ ωe
3) manZili, gansazRvruli  klasebis `simZimis centrebs~ Soris:

 d(ωm,ωe) = d( )()( eXmX ),
sadac X (m) da X (e) – klasebis simZimis centrebi anu saSualo 

ariTmetikulebia.
qvemoT moyvanil naxazebze naCvenebia or klass Soris zemoT moyvanili 

manZilis funqciebi
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saxeTa garCevis TeoriaSi manZilis garda farTod gamoiyeneba msgavsebis 

zoma. arauaryofiT namdvil funqcias ϕ(Xi,Xj) ewodeba msgavsebis zoma, Tu 
sruldeba Semdegi pirobebi:

 a) ϕ(Xi,Xj)=maxϕ(Xi,Xj)=1, roca Xi  = Xj

 b) 0 ≤  ϕ(Xi,Xj) < 1, roca Xi  ≠ Xj

 g) ϕ(Xi,Xj)=ϕ(Xj,Xi)
msgavsebis matricas aqvs Semdegi saxe:























−−−−−−−−−
−−−−−−−−−=Φ

1.......

.....1
.......1

321

22321

11312

nnn

n

n

ϕϕϕ

ϕϕϕ
ϕϕϕ

sadac ϕij – elementebs ewodebaT msgavsebis koeficientebi.
rac ufro naklebia manZili or Xi,   da  Xj  veqtorebs Soris miT ufro 

didia msgavseba am veqtorebs Soris. aqedan gamomdinare, msgavsebasa da manZils 
Soris arsebobs Semdegi damokidebuleba:

   ϕij =
ijd+1

1
.

msgaveba ar ganisazRvreba mxolod manZiliT, igi SeiZleba ganisazRvros, 
magaliTad, Semdegi gamosaxulebiT:

   d(Xi Xj) =
ji

ji

XX

XX 1

romelic ariTmetikuli funqciaa da geometriulad warmoadgens or veqtors 
Soris kuTxis kosinus, romelic maqsimums aRwevs im SemTxvevaSi, roca 
veqtorebis mimarTulebebi emTxvevian erTmaneTs. am msgavsebis zomis gamoiyeneba 
mosaxerxebelia im SemTxvevaSi, roca klasebs gaaCniaT mTavari RerZis mimarT 
ganlagebis tendecia, ise rogorc es naCvenebia Semdeg naxazze:

 d(X1 Z1) = cosQ1

1

1
1

ZX
ZX ,         d(X1 Z2) = cosQ2

2

2
1

ZX
ZX

es naxazi gviCvenebs, rom Z1 saxes gaaCnia X saxesTan ufro meti msgavseba, 
vidre Z2  saxes (cosQ1>cosQ2). unda aRiniSnos, rom msgavsebis am zomas gaaCnia 
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garkveuli naklovanebebi, romlebic dakavSirebulni arian iseT SezRudvebTan 
rogoricaa magaliTad, klasebis mniSvnelovani daSoreba rogorc erTmaneTTan, 
aseve koordinatTa saTavidan.

zemoT moyvanili manZilisa da msgavsebis zomis gamoyeneba SesaZlebelia 
im SemTxvevaSi Tu saxis realizaciebi zomvadia. Tvisebrivi monacemebisaTvis 
saxeTa garCevis amocanis gadasawyvetad unda gamoviyenoT araformaluri 
procedurebi, sadac `manZilis” da `kavSris funqciis” formaluri cnebebis 
gamoyeneba dauSvebelia.

2. klasterizaciis meTodebi

2.1. klasterizaciis amocanis Camoyalibeba

obieqtTa (realizaciaTa) erTobliobis dayofas erTgvarovan (homogenur) 
jgufebad (klasterebad) ewodeba klasterizaciis amocana. klasterizaciis 
terminTan erTad xSirad gamoiyeneba misi sinonimebi: `klasifikacia”, 
`dajgufeba” da `taqsonomia”.

klasteri ewodeba garkveuli wesiT Sedgenil realizaciaTa 
erTobliobas. klasteris sinonimia `jgufi”. am ganmartebidan gamomdinareobs 
klasterizaciis ganmarteba. klasterizacia ewodeba klasteris Sedgenis 
(agebis) proceduras, romelic efuZneba kompaqturobis hipoTezas da romlis 
arsi imaSi mdgomareobs, rom erTi da igive klasteris realizaciebi sivrceSi,
garkveuli azriT, qmnian kompaqtur erTobliobas. 

klasterebi SeiZleba TvalsaCinod warmovadginoT sibrtyeze mocemuli 
simravleebiT. nax.1 a-ze mocemulia wertilTa simravle, romlebic qmnian sam
klasters, xolo nax.1 b-ze mocemulia wertilTa simravle, romlebic ar qmnian 
klasterebs, rac imas niSnavs, rom  maTi dayofa gvaZlevs mxolod erT 
klasters – mTlianad mocemul wertilTa simravles.  

 
 nax.1

unda SevniSnoT, rom klasteris cneba mniSvnelovnad intuiciuria, rac 
aZnelebs am cnebis mkacri mecnieruli gansazRvris Camoyalibebas. amitom 
klasterebis gamovlena warmoadgens `xelovnebas”, Tanac empiriuls, radgan 
algoriTmis muSaobis efeqtianoba bevradaa damokidebuli rogorc obieqtTa 
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simravlis maxasiaTeblebze, aseve msgavsebis zomaze da klasterebis 
identifikaciis meTodze.

davuSvaT mocemulia obieqtTa (realizaciaTa) simravle {X} da saWiroa 
misi dayofa qvesimravleebad anu klasterebad. rogorc klasterizaciis 
gansazRvrebidan Cans, amisTvis saWiroa arsebobdes raime maxasiaTebeli niSnebi 
(parametrebi), romlTa mixedviTac SesaZlebeli iqneba mocemuli simravlis 
elementebis erTmaneTisgan garCeva da Semdgom dayofa.

ganvixiloT umartivesi SemTxveva, rodesac niSani mxolod erTia. Tu 
aseTi niSani Tvisebrivia, magaliTad raime sagnis feri, maSin dayofa 
gardaiqmneba e.w. diqotomiad, rodesac sagans SeiZleba hqondes es feri an ar 
hqondes. am SemTxvevaSi klasterTa maqsimaluri raodenoba oris tolia.

im SemTxvevaSi, roca niSani zomvadia, magaliTad iRebs mniSvnelobebs 
namdvil ricxvTa simravdan, maSin SesaZloa gvqondes klasterebis nebismieri 
sasruli raodenoba, magaliTad, ise rogorc es warmodgenilia Semdeg naxazze:

   ---∗∗∗-----∗∗∗∗∗------∗∗∗∗----
  c1         c2                c3                        

sadac gveqneba C1, C2 ,da C3 klasteri. Tu klasteri Seicavs mxolod erTi saxis 
realizaciebs, maSin isini kompaqturni arian, xolo Tu romelime jgufi 
Seicavs erTze meti saxis realizacias, maSin gvaqvs arakompaqturi klasteri.

ganvixiloT SemTxveva, rodesac niSnebi zomvadia da erTze metia, maSin 
ori niSnis SemTxvevaSi gveqneba sibrtyeze mocemul wertilTa simravleebi:

 

aq saxeTa niSnebi mocemulia x1  da x2 simboloebiT, romelTa konkretuli 
mniSvnelobebi gvaZlevs suraTze mocemul wertilebs.

Tu niSanTa raodenoba samia, maSin gveqneba samganzomilebian sivrceSi 
mocemuli klasterebi da a.S. sazogadod, n-ganzomilebian niSanTa sivrceSi 
nebismieri geometriuli figura da maT Soris klasteric, SeiZleba 
warmovidginoT rogorc hipersfero, romelsac gaaCnia centri da radiusi. 

hipersferos radiusis arCevisas gamoiTvleba minimaluri minρ{X} da 

maqsimaluri maxρ{X} manZilebi klasteris realizaciebs Soris. bunebrivia, rom 
radiusi unda akmayofilebdes Semdeg pirobas:
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minρ{X}< r < maxρ{X}

Tu ar sruldeba marcxena utolobiT mocemuli piroba, maSin yvela 

realizacia {X} simravleSi iqneba calke klasteri, xolo Tu marjvena 

utoloba ar sruldeba, maSin {X} simravlis yvela realizacia gaerTiandeba 
erT klasterSi.

klasteris, rogorc rTuli obieqtis ageba SeuZlebelia, Tu ar iqneba 
misi Semadgenel realizaciebs Soris mocemuli raime mimarTeba anu kriteriumi. 
maSasadame, kriteriumis arCeva klasterizaciis procesis ganxorcielebisTvis 
aris upirvelesi, umTavresi da uaRresad rTuli problema.

klasterizaciisTvis SerCeuli kriteriumi unda akmayofilebdes Semdeg 
pirobebs:

1. kriteriumi unda aRwerdes gansxvavebas erT klasterSi gaerTianebul
obieqtebsa da sxva klasterSi myof obieqtebs Soris.

2. unda iyos konstruqtiuli anu realizebadi, rogorc Teoriulad aseve 
praqtikulad.

3. unda iyos calsaxad gansazRvruli da SeZleblisdagvarad TvalsaCino.
klasterizaciis Semdgomi etapia arCeuli kriteriumis Sesabamisi  

algoriTmis formireba, romelic unda akmayofilebdes Semdeg moTxovnebs:
a) maqsimaluri konstuqtiuloba e.i. programuli modelis maqsimalurad 

martivad ganxorcielebis SesaZlebloba.
b) klasterizaciis Sedegebi ar unda iyos damokidebuli sawyis 

realizaciis arCevaze.
g) ar unda saWiroebdes evristikulad arCeul parametrebs.
d) SesaZlebeli unda iyos miRebuli Sedegebis maqsimalurad TvalsaCino     

 interpretacia.

2.2 klasterizaciis kriteriumebi

klasterizaciis kriteriumi SeiZleba efuZnebodes raime evristikul 
mosazrebas an raime maCveneblis Tvisebis minimizacias an maqsimizacias. 
evristikul midgomisas gadamwyvet rols TamaSobs intuicia da gamocdileba. 
igi iTvaliwinebs wesebis garkveul raodenobas, romlis saSualebiTac xdeba 
saxeTa garCevis procesis realizacia.

klasterizacia, sadac gamoiyeneba realizaciebis Tvisebebi, efuZvneba 
SerCeuli parametrebis Tvisebebis minimizacias an maqsimizacias, raime 
kriteriumis gamoyenebiT. erT-erTi yvelaze popularuli kriteriumia 
cdomilebaTa kvadratebis jami.

( )mi

k

m SX
XXdI

mi

,
1

2
1 ∑ ∑

= ∈

=  , (1)

sadac mX - ωm jgufis simZimis centria (saSualo veqtori), k- jgufebis 
anu klasterebis raodenoba. am funqcionals gaaCnia ubralo interpretacia, 

kerZod ωm klasterisaTvis mX saSualo veqtori yvelaze kargad warmoadgens 

realizaciebs Xi∈ ωm, radgan is axdens Xi veqtorebis sigrZis kvadratebis jamis  
minimizacias. amrigad I1 zomavs kvadratul cdomilebas da damokidebulia imaze 
Tu rogor arian dajgufebulebi realizaciebi. optimalurad iTvleba 
klasterizaciis is SemTxveva, rodesac xdeba I1 gamosaxulebis minimizacia. 
aseTi tipis klasterizacias xSirad uwodeben dayofas minimaluri dispersiiT.
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moyvanili klasterizaciis kriteriumi ZiriTadad gamoiyeneba {X}

realizaciaTa erTobliobis or-sam klasterad dayofis SemTxvevaSi. misi 
gamoyeneba SezRudulia, roca klasterebi realizaciebis raodenobiT 
mniSvnelovnad gansxvavdebian erTmaneTisgan. aseT SemTxvevaSi SeiZleba ise 
moxdes, rom dajgufeba, romelic qmnis didi moculobis klasters, gaaCndes 
upiratesoba, vidre dajgufebas, romlis moculoba mcirea, magram inarCunebs 
saxis erTianobas.

(1) gamosaxulebaSi ubralo algebruli gardaqmniT SeiZleba gamovricxoT 
saSualebis veqtori da miviRoT eqvivalenturi funqcionali, romelsac 
mivyavarT TiTqmis igive SedegTan.

m

k

m
m dNI ∑

=

=
1

2 2
1

,

sadac md - ωm   jgufis realizaciebis Soris saSualo kvadratuli manZilia.  Nm

realizaciaTa raodenoba. md sidide SeiZleba Seicvalos saSualo manZiliT an 

ωm klasterSi gaerTianebul realizaciebs Soris maqsimaluri manZiliT.
gansakuTrebiT sainteresoa klasterizaciis kriteriumad gafantvis 

matricis gamoyeneba. davuSvaT mocemuli {X} erTobliobs ωm klasteris 
gafantvis matricaa Pm, romelic ganisazRvreba Semdegnairad:

[ ][ ]1mi
sx

mim XXXXP
mi

−−= ∑
∈

.

maSin k raodenobis klasterebis Sigagafantvis matrica iqneba:

∑
=

=
k

m
mk PP

1
,  

xolo jgufTaSorisi gafantvis matrica Pb SegviZlia ase ganvsazRvroT:

[ ][ ]′−−= ∑
=

XXXXNP mm

k

m
mb

1

sadac X - {X} erTobliobis saSualo veqtoria. gafantvis saerTo matrica 
tolia:

[ ][ ]1XXXXP i
sx

iT
mi

−−= ∑
∈

.

miRebuli gamosaxulebis Tnxmad, saerTo gafantvis matrica SeiZleba 
warmovidginoT rogorc Sigajgufuri da jgufTaSoriso gafantvis matricebis 
jami e. i. PT = PK + Pb.

gafantvis matricebi (Sigajgufuri da jgufTaSorisi) damokidebulia 
klasterizaciis meTodebze  da maT Soris arsebobs Semdegi damokidebuleba: 
jgufTaSoriso gafantva izrdeba, Tu Sigajgufuri gafantva mcirdeba, es metad 
xelsayrelia saxeTa garCevis amocanis gadasawyvetad, radgan Sigajgufuri 
gafantvis matricis minimizaciiT, miiRweva jgufTaSorisi (saxeTaSorisi) 
gafantvis matricis maqsimizacia.
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2.3. klasterizacia zRurblis gamoyenebiT

vTqvaT, mocemulia N obieqtTa erToblioba {X}. davuSvaT, rom pirveli 
klasteris centri Z1 emTxveva nebismier Xi, i=1,2,…N realizacias, magaliTad, 
pirvels e.i. Z1=X1. amis Semdeg gamoiTvleba evklides manZili d21 X2 realizaciasa
da Z1 centrs Soris, Tu miRebuli manZilis mniSvneloba metia mocemuli 
zRurblis T mniSvnelobaze, maSin Camoyalibdeba meore klasteri Z2 = X2 

centriT. winaaRmdeg SemTxvevaSi X2 realizacia miekuTvneba pirvel klasters. 

vTqvaT, Sesrulda d21>T piroba, e.i. Z2 aris axali klasteris centri, maSin 
gamoiTvleba manZilebi X3 realizaciasa Z1 da Z2 centrebs Soris e.i. d31 da  d32

sidideebi. Tu es ori manZili aRmoCndeba T sidideze meti, maSin Seiqmneba axali 
mesame klasteri Z3=X3 centriT. winaaRmdeg SemTxvevaSi X3  realizacia 
miekuTvneba im klasters, romelTanac mas gaaCnia minimaluri manZili da a. S.

klasterizaciis es algoriTmi, pirvel rigSi, damokidebulia pirveli 
klasteris centris SerCevis da T zRurblis mniSvnelobaze. es zegavlena 
naCvenebia Semdeg naxazze, sadac mocemulia erTi da igive organzomilebiani 
realizaciebisaTvis klasterebis centris SerCevis sami varianti.

 
 

   

aRniSnuli algoriTmi iZleva saSualebas sakmaod martivad da swrafad 

SevafasoT {X} erTobliobis struqtura. meTodi imiTaa mimzidveli, rom mas 

sWirdeba sawyisi realizaciebis Xi, i=1,2,…N erTjeradi ganxilva. praqtikulad 
algoriTmis gamoyeneba daiyvaneba zRurblis mniSvnelobis da klasteris 
sawyisi centris mravaljeradad eqsperimentalurad SerCevaze, rac miuTiTebs 
meTodis naklze. miuxedavad amisa, klasterizaciis es martivi meTodi, sadac 
xdeba realizaciebis erTjeradi damuSavebis Sedegad miRebuli miaxlovebiTi 
Sedegebis miReba, metad efeqturia gamoTvliTi proceduris TvalsazrisiT.
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2.4 klasterizacia ierarqiis principiT

ganvixiloT N ganzomilebiani {X} erTobliobis dayofa k raodenobis 
erTgvarovan klasterad. dasawyisSi CavTvaloT, rom gvaqvs N klasteri, 
romlebic Seicaven mxolod erT realizacias (obieqts). Semdeg, ori yvelaze 
daSorebuli an yvelaze uaxlesi mezobeli obieqti erTiandebian erT jgufSi 
da amrigad, klasterizaciis raodenoba mcirdeba erTiT, e. i. gveqneba (N-1). es 
procesi grZeldeba manam, sanam yvela N obieqti ar moxvdeba erT klasterSi. 
amrigad, pirvel bijze gvaqvs   k raodenobis klasteri, xolo N –ur bijze –
erTi klasteri. ganxilul dajgufebis Tanmimdevrobas gaaCnia is Tviseba, rom 
realizaciebi Xi da Xj erTiandebian, vTqvaT m-ur bijze erT klasterSi da 
rCebian masSi Semdgom bijebzec. dajgufebis aseT Tanmimdevrobas ewodeba 
ierarqiuli.

nebismieri ierarqiuli klasterizaciisTvis arsebobs Sesabamisi xe, 
romelsac dendograma ewodeba. ganvixiloT amocana, vTqvaT mocemulia eqvsi 
realizaciis manZilebis matrica



























=

0
55.00
55.025.00
30.055.055.00
20.055.055.050.00
55.025.010.055.055.00

D

1 da 4 obieqti yvelaze ufro msgavsia, amitom isini erTiandebian erT 
jgufSi 0,9 msgavsebis zomiT. 2 da 6 obieqtebi erTiandebian 0,8 msgavsebis 
zomiT meore jgufSi. am bijze Cven gvaqvs oTxi klasteri (1,4), 5, 3, (2,6). me-4 da 
me-5 bijze iqmneba ori jgufi (1,4,5) da (3.2,6), romlebsac Seesabameba 0,75 da 0,7
msgavsebis zomebs. sabolood yvela obieqti erTiandeba erT klasterSi 0,45 
msgavsebis zomiT.

ganxilul magaliTSi SeiZleba iTqvas, rom mesame da meoTxe bijze 
gaerTianeba bunebrivia, xolo me-5 da me-6 bijebze xelovnuria msgavsebis 
zomis Semcirebis gamo. aqedan gamomdinare, Tu gvaqvs N raodenobis obieqti, 
SesaZlebelia Seiqmnas Sesabamisi raodenobis dendogramebi. 
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ierarqiuli klasterizacia Tavisi simartivis gamo farTod gamoiyeneba 

dajgufebis amocanis gadasawyvetad. sxva procedurebTan SedarebiT isini 
iZlevian saxeTa geometriuli struqturis srul analizs, rac gvaZlevs
TvalsaCino interpretaciis saSualebas. aseTi proceduris gamoyeneba 

SesaZlebelia mocemul {X} realizaciaTa erTobliobidan erTgvarovani 
klasterebis gamosayofad. am dros algoriTmis SeCerebis kriteriumad SeiZleba 
miviRoT winaswar mocemuli saxeTa raodenoba an sxva raime klasterizaciis 
kriteriumi (mag. cdomilebaTa kvadratebis jami, msgavsebis kriteriumi, 
Sigajgufebis da jgufTaSorisi gafantvis matricebi da sxva).

ierarqiuli klasterizaciisas SeiZleba gamoviyenoT `uaxlesi mezoblis” 
da `ukiduresi mezoblis” algoriTmebi, romlebic warmoadgenen ierarqiuli 
proceduris or ukidures midgomas. iseve rogorc sxva midgomebi, romlebic 
orientirebulni arian maqsimumze da minimumze, isini metad mgrZnobiareni arian 
sxvadasxva gadaxrebis mimarT. am naklis gamosworeba SeiZleba Tu gamoviyenebT 
klasterebis `simZimis centrebs” Soris manZils funqciebs.

2.4.1 uaxloesi mezoblis manZilis meTodi

vTqvaT, saWiroa moceuli obieqtebisaTvis CavataroT klasterizacia.
CavTvaloT, rom TiToeuli obieqti aris damoukidebeli klasteri. manZilis 
matricis miRebisaTvis unda ganisazRvros klasterebsSoriso manZilebi. yovel 
bijze manZilis D matricaSi moiZebneba or klasters Soris umciresi manZili 
da es ori klasteri erTiandebian da qmnian axal klasters. amis Semdeg xdeba 
D matricis koreqtireba axali klasteris gaTvaliswinebiT, kerZod, axal 
klastersa da danarCen klasterebs Soris ganisazRvreba umciresi manZilebi da 
amiT xdeba D matricis koreqtireba. es procedura grZeldeba manam, sanam yvela 
klasteri  aRmoCndeba erT klasterSi.

algoriTis muSaoba ganvixiloT kerZo magaliTze. vTqvaT, moceulia oTxi 
obieqtis manZilebis matrica

4321



















=

0
24,20
12,450,20
32,603,406,20

D

4
3
2
1

biji 1. pirvel bijze gvaqvs oTxi (1), (2), (3), (4) klasteri da maT Soris 
manZilebis  D matrica. D matricaSi veZebT umcires manZils. aseTia (1) da (2) 
klasterebs Soris manZili, romelic tolia d(1,2) = 2,06. (1) da (2) klasteri 
gaerTiandebian axal (1,2) klasterSi. amis Semdeg saWiroa D matricis 
koreqtireba axali (1,2) klasteris gaTvaliswinebiT. maSin miviRebT:  
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  432,1

 
















=

0
24,20
12,450,20

D
4
3

2,1

magaliTvisaTvis ganvixiloT manZili (1,2) da (3) klasterebs Soris. radgan, 
d(1,3) = 4,03 , d(2,3) = 2,50 , amitom virCevT am ori manZilidan umcires da sabolaod 
gveqneba  d((1,2),3) = 2,50.

biji 2. axal D matricidan gamomdinare umciresi manZili gaaCniaT (3) da (4) 
klasters, romlebic erTiandebian axal (3,4) klasterSi 2,24 manZiliT. 
movaxdinoT D matricis koreqtireba, maSin miviRebT”

 
E 4,32,1

 







=

0
50,20

D
4,3
2,1

biji 3. miRebuli D matricidan (1,2) da (3,4) klasterebi 2,50 toli 
manZiliT gaerTiandebian erT klasterSi. amiT algoriTmi sruldeba, radgan 
oTxive obieqti moxvda erT klasterSi. dendogramas aqvs Sedegi saxe:

2.4..2 ukiduresi mezoblis manZilis meTodi

am SemTxvevaSi manZilebis D matricis elementebi ganisazRvrebian rogorc
manZilebi klasterebis ukidures mezoblebs Soris. erTiadebian is klasterebi,
romelTa Soris manZili umciresia.

am gziT miRebul manZilebis matricaSi yovel bijze veZebT im klasterebs 
romelTa Soris manZili umciresia. napovni klasterebi erTiandebian da qmnian 
axal klasters. es procedura grZeldeba manam, sanam ar moxdeba yvela 
klasteris gaerTianeba erT klasterSi.

magaliTi. vTqvaT, mocemulia manZilebis matrica:
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 4321



















=

0
24,20
12,450,20
32,603,406,20

D

4
3
2
1

pirvel bijze CavTvaloT, rom yvela obieqti warmoadgens damoukidebel 
klasters. am bijze erTiandebian (1) da (2) klasteri, radgan maT Soris manZili 
2,06 umciresia sxva manZilebTan SedarebiT. amis Semdeg xdeba D matricis 
koreqtireba. unda vaxsovdes, rom manZili klasterebs Soris ganisazRvreba, 
rogorc manZili ukiduresad daSorebul realizaciebs Soris. maSin miviRebT:

 432,1

 
















=

0
50,30
32,603,40

D
4
3

2,1

  
magaliTvisaTvis ganvixiloT manZili (1,2) da (3) klasterebs Soris. 

radgan, d(1,3) = 4,03, d(2,3) = 2,50 , amitom virCevT am ori manZilidan udides da 
sabolaod gveqneba  d((1,2),3) = 4,03.

biji 2. am bijze vaqvs sami klasteri (1,2), (3), (4). rogorc D matricidan 
Cans, (3) da (4) klasterebi erTiandebian, radan maT Soris manZili 3,50 
minimaluria. D matricis koreqtirebis Semde vRebulobT:

E  
 4,32,1

 







=

0
32,60

D
4,3
2,1

biji 3. am etapze vaqvs ori (1,2) da (3,4) klasteri, romlebic 6,32 manZiliT
erTiandebian erT klasterSi. algoriTmi asrulebs Tavis muSaobas.
dendogramas aqvs Sedegi saxe:
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2.4.3  araSewonili wyvil-wyvili saSualoebis meTodi

ierarqiuli klasterizaciis erT – erT meTods warmoadens araSewonili  
wyvil-wyvili saSualoebis meTodi (Unweited Pair-roup Metod Usin Aritmetic Averaes). 
ganvixiloT es meTodi.

vTqvaT, saWiroa mocemuli obieqtebis klasterizacia. CavTvaloT, rom 
TiToeuli obieqti aris damoukidebeli klasteri. jer unda ganisazRvros 
klasterebSoriso manZilebi, romlebic qmnian manZilebis D matricas. D 
matricaSi veZebT umcires manZils. vTqvaT, aseT manZils qmnian u da v klasteri, 
romlebic erTiandebian da qmnian axal k klasters. amriad D matricaSi u da v
klasterebis svetebi da striqonebi amovardebian da maT magivrad daemateba 
axali k klasterisaTvis erTi striqoni da erTi sveti. aqedaan gamomdinare, 
manZilebis D matrica mcirdeba erTi svetiT da erTi striqoniT. es procedura 
grZeldeba manam, sanam yvela klasteri ar gaerTiandebian erT saerTo 
klasterSi.

dauSvaT, u, v da k klasterebi Seicaven Sesabamisad Nu, Nv da Nk raodenobis 
obieqtebs. radan k klasteri Seiqmna u da v klasterebis gaerTianebiT, amitom 

vUk NNN += . manZili gaerTianebul k klastersa da magaliTad, w klasters 

Soris ganisazRvreba formuliT:

 ( )[ ] ( ) ( )
vu

vu

TT
wvdNwudNwvud

+
+

=
,,

,,   (1)

magaliTi. vTqvaT, mocemulia manZilebis matrica:

  54321























=

0
81,40
65,325,20
43,512,450,30
08,232,603,406,20

D

5
4
3
2
1

biji 1. yoveli obieqti iTvleba klasterad (1), (2), (3), (4), (5). am bijze 
xdeba im ori klasteris gaerTianeba, romelTac gaaCniaT umciresi manZili, sxva 
manZilebTan SedarebiT. rogorc D matricidan Cans u = (1) da v = (2) klaserebi 
2,06 manZiliT erTiandebian axal (1,2) klasterSi. amis Semdeg saWiroa D
matricis elementebis koreqtireba (1,2) klasteris gaTvaliswinebiT.  
magaliTvisaTvis moviyvanoT k = (1,2) da w = (3) klasterebs Soris manZilis 
gamoTvla. monacemebs viRebT sawyis  D matricidan. maSin gveqneba k = (1,3), w = (3), 
u = (1), v = (2) , d(1,3) = 4,03, d(2,3) = 3,50. Tu am monacemebs CavsvamT (1) formulaSi 
miviRebT:

 ( )[ ] 765,3
11

50,3103,41)3(,2,1 =
+

⋅+⋅
=d .

analogiurad ganisazRvreba sxva manZilebi da miviRebT Semdeg koreqtirebul
matricas:
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  543)2,1(  



















=

0
81,40
65,325,20
755,322,5765,30

D

5
4
3

)2,1(

E

biji 2. miRebuli matricis Tanaxmad (3) da (4) klasterebi erTiandebian 
2,25 manZiliT da vRebulobT axal (3,4) klasters. amis Semde kvlav unda 
movaxdinoT D matricis koreqtireba (3,4) klasteris gaTvaliswinebiT. 

magaliTvisaTvis ganvsazRvroT manZili k = (3,4) da w = (1,2) klasterebs 
Soris. klasteri k Seiqmna u = (3) da v = (4) klasterebis gaerTianebiT. d(u,w) da 
d(v,w) manZilebs viRebT wina bijis matricidan, kerZod 

( ) ( )[ ] ( ) ( )[ ] 22,52,1,4,765,32,1,3 == dd .EmiRebul mniSvnelobebs Tu CavsvamT (1) 
formulaSi miviRebT:

 ( ) ( )[ ] 4925,4
11

22,51765,312,1,4,3 =
+

⋅+⋅
=d .

analogiurad ganisazRvreba sxva manZilebi da miviRebT:

 ( ) 5)4,3(2,1

 
















=

0
23,40
755,34925,40

D
( )
( )
5

4,3
2,1

biji 3. am bijze 3,755 manZiliT erTiandebian (1,2) da (5) klasterebi da 
qmnian k = (1,2,5) klasters. saWiroaa D matricis koreqtireba.

magaliTisaTvis ganvixiloT k = (1,2,5) da w = (3,4) klasterebs Soris 
manZili. k klasteri Seiqmna u = (1,2) da v = (5) klasterebis gaerTianebiT. d(u,w)
da d(v,w) manZilebs viRebT wina bijis matricidan, kerZod

( ) ( ) ( )[ ] ( ) ( ) ( )[ ] 23,44,3,5,,4925,44,3,2,1, ==== dwvddwud .EmiRebul mniSvnelobebs Tu 
CavsvamT (1) formulaSi miviRebT:

 ( ) ( )[ ] 405,4
22

23,424925,424,3,5,2,1 =
+

⋅+⋅
=d .

e.i. miviRebT:
  )4,3()5,2,1(  

  







=

0
405,40

D
)4,3(

)5,2,1(

biji 4. am bolo bijze 4,405 manZiliT erTiandebian (1,2,5) da (3,4) 
klasterebi. amiT algoriTmi dasrulebulia. dendogramas aqvs Sedegi saxe:
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2.5 K Sigajgufuri saSualos meTodi

ganvixiloT klasterizaciis erT-erTi  popularuli meTodi, romelic 
efuZvneba klasterSi Semavali yvela realizaciis Tavisive centrTan  
manZilebis kvadratebis jamis minimizacias. es aris klasterebis centrebis 
gansazRvris  bijuri algoriTmi, romelsac KK Sigajgufuri saSualos meTodi 
ewodeba da romelic Sedgeba  Semdegi bijebisgan:

1. SeirCeva K raodenobis realizaciebi, romlebsac vRebulobT klasterebis 
sawyis centrebad, e.i C1

(1) = X1, C2
(1) = X2...., Ck

(1) = Xk

2. iteraciis Semdeg, m – ur bijze mocemuli {X} erTobliobaSi Semavali 

realizaciebi Xi, i = 1,2,....N  K klasebs Soris  gadanawildebian uaxloesi 
mezoblis manZilis gamoyenebiT Semdegi wesiT:

 m
jiX ω∈ roca ( )( ) ( )( ),,, m

ji
m

ji CXdCXd <

i=1,2,...k , yvela  i=1,2,....N , garda i = j. .ωj
(m) – reilizaciaTa erTobliobaa, 

romelebic Sedian Cj
(m) centris mqone klasterSi. tolobis SemTxvevaSi  

gadawyvetileba miiReba nebismierad.
3. me – 2 bijis Sedegebis Sedegad ganisazrvreba klasterebis axali 

centrebi C1
(m+1), C2

(m+2), .....Ck
(m+1)

( ) ∑
+∈

+ =
1

11

m
ji SX

i
j

m
i X

N
C

sadac Nj  - ωj
(m+1) klasterSi Semavali realizaciebis raodenobaa.

4. mowmdeba axali da wina bijze miRebuli centrebis tolobis piroba 

Ci
(m+1) = Ci

(m),  i=1,2,....K. Tu es piroba sruldeba, maSin klasterizaciis procedura 
mTavrdeba.  winaaRmdeg SemTxvevaSi gadavdivarT me - 2 bijze.

magaliTisaTvis ganvixiloT organzomilebiani realizaciebi X1 = (1,1),  
X2 = (0,0), X3 = (2,0)  X4 = (4,4), X5=(5,5), X6=(5,3), romlebic warmodgenilni arian 
Semdeg naxazze:
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0
1
2
3
4
5
6

0 2 4 6 x1

x2

 
1. sawyis centrebad aviRoT C1

(1) = X1 da C2
(1) =X2

2. uaxloesi mezoblis manZiliT {X1,X2,........X6} erToblioba  gadavanawiloT  
C1

(1)  da C2
(1) centrebis mimarT, maSin miviRebT:

 ω 1
(1) = { X1, X3, X4, X5, X6 },          ω2

(1)={X2}
3.  ganvsazRvroT miRebuli ω1

(1) da ω2
(1) klasterebis centrebi:

( )









==

=







++++
++++

=







++++

++++
=

0
0

5
13

5
17

35401
55421

5
1

5
1

2
2
2

6252423212

61514131112
1

XC

XXXXX
XXXXX

C

 4. SevamowmoT  centrebis tolobis piroba: C1
(1 )≠ C1

(1)
, C2

(2) = C2
(1). radgan 

pirveli klasteris centrebi ar emTxvevian erTmaneTs, amitom vagrZelebT  
klasterizaciis proceduras.

 5. mocemuli { X1, X2,...........X6 } erToblioba gadavanawiloT axali C1
(2) da C2

(2)   

centrebis mimarT,  miviRebT:

   ω1
(2) = {X4,  X5, X6 },           ω2

(2) = {X1, X2, X3,}

  6. ganvsazRvroT  miRebuli  ω1
(2), ω2

(2) klastebis centrebi:

( )

( )

31
1

001
201

5
1

5
1

4
3

14

354
554

5
1

5
1

322212

3121113
2

625242

6151413
1

=
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++

=







++
++

=

=







++
++

=







++
++

=

XXX
XXX

C

XXX
XXX

C

7. SevamowmoT centrebis tolobis piroba: C1
(3)≠C1

(2) da C2
(3)≠C2

(1 vagrZelebT 
algoriTmis Sesrulebas.

8. uaxloesi mezoblis principiT { X1, X2,......X6 } erToblioba davajgufoT C1
(3)

da C2
(3) centrebis mimarT, vRebulobT:  

 ω1
(3) = { X4,  X5, X6 },           ω2

(3) = { X1, X2, X3 }
  9. kvlav ganvsazrvroT klasterebis centrebi C1

(4) C2
(4) ,  romlebic 

daemTxvevian  wina bijze gansazRvrul  centrebs: C1
(4) = C1

(3) da C2
(4)= C2

(3). amiT 

algoriTmi  dasrulda da sabolaod miviReT ori klasteri:

 ω1 = {X4,  X5, X6 },  ω2 = { X1, X2, X3, }
K  Sigajgufuri meTodis muSaobis xarisxi bevrad aris damokidebuli 

sawyisi centrebis SerCevaze, realizaciebis Tanmimdevrul ganlagebaze da 
rasakvirvelia  TviT realizaciebis geometriul Taviseburebebze. kerZod, es 
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meTodi kargad muSaobs, roca klasterebi geometriulad erTmaneTisagan 
daSorebulni arian anu N ganzomilebian sivrceSi ar gadakveTaven erTmaneTs.

Tu apriorulad cnobili ar aris klasterebis raodenoba, maSin am 
meTodis gamoyeneba moiTxovs eqsperimentebis Catarebas klasterebis 
raodenobis dasadgenad.

2.6. algoriTmi ISODATA

K – Sigajgufuri saSualos meTodi daedo safuZvlad klasterizaciis 
erT-erT uZlieres meTods ISODATA ( Interative Self – Organizing Data Analysis Techniques –
analizis iteraciuli TviTorganizebadi meTodi). K – Sigajgufuri saSualos 
meTodisagan gansxvavebiT algoriTmi ISODATA A Seicavs mraval evristikul 
proceduras.

pirvel bijze xdeba ramdenime sawyisi parametris winaswari gansazRvra. 
esenia:

a) klasterebis saWiro raodenoba q1;
b) klasterSi gaerTianebuli realizaciaTa zRurbluri raodenoba q2;
g) klasteris saSualo kvadratuli gadaxris mniSvneloba q3; Q 

 d) qveklasterebis centrebis is maqsimaluri raodenoba, romelTa 

gaerTianeba dasaSvebis q4;
e) klasteris kompaqturobis damaxasiaTebeli parametri q5; Q

v) iteraciul algoriTmSi  dasaSveb ciklTa raodenoba q6 .
ISODATA algoriTmSi arsebobs sul 14 biji, sadac zemoT CamoTvlili 

parametrebis mixedviT xdeba klasterebis dayofa an gaerTianeba ise, rom 

miRebuli klasterebis raodenoba q sididis toli iyos. amasTan ar unda  

moxdes imaze meti klasteris gaerTianeba, sadac dasaSveb q2 sidides 

aRematebodes. iteraciis raodenoba ar unda aRematos q6 sidides.

klasterizaciis procesis Sedegebis Sefaseba xdeba q5  parametris mixedviT da 
a. S.

ISODATA algoriTmi rTulia da araTvalsaCino. amis garda, misi 
programuli realizireba moiTxovs umaRlesi donis programirebis 
procedurebs. sawyisi parametrebis gansazRvra moiTxovs dasajgufebel 
monacemebze winaswari eqsperimentebis Catarebas da klasterizaciis procesSi 
ki xdeba maTi koreqtireba.

2.7 algoriTmi FOREL

algoriTmi FOREL ( Formal efement) – Si iseve, rogorc K – Sigajgufuri 
saSualos algoriTmSi, gamoiTvleba klasterebis simZimis centrebi. magram K –
saSualos meTodTan SedarebiT aq klasterad ganixileba ara centrTan 
arsebuli uaxloesi mezoblis principiT SerCeuli realizaciebi, aramed yvela 
is realizacia romlebic imyofebian R radiusis mqone sferoSi. algoriTmi 
Sedgeba Semdegi bijebisagan. winaswar SeirCeva sferos radiusi R.
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1. aigeba R radiusis sfero, romlis C(1) centrad SeirCeva nebismieri 

realizacia, magaliTad X1. e.i  C(1)= X1  

2. ganisazRvrebian is realizaciebi Xi
(1), i=1,2..., romlebic akmayofileben  

RCX ii <− 11 pirobas, anu es realizaciebi moxvdebian sferoSi.

3. ganisazRvreba  SerCeuli (sferoSi moxvedrili) Xi
(1) realizaciebis 

simZimis centri C(2)

4. aigeba R radiusis  sfero C(2) centriT da ganisazRvrebian is 

realizaciebi  Xi
(2) , i = 1,2....romlebic akmayofileben ( ) ( ) RCX ii <− 22 utolobas.

5.   ganisazRvreba Xi
(2) realizaciebis simZimis centri C(3) da a.S. centrebis 

Seqmnis procesi sruldeba maSin, roca Sesruldeba Semdegi utoloba:  
( ) ∆<−+ )(1 kk CC , sadac ∆ winaswar mocemuli  sididea. sfero C(k+1) centriT 

warmoadgens ω1 klasters.

 6. is realizaciebi, romlebic moxvdnen ω1 klasterSi amonarCevidan  
gamoiricxebian da darCenil realizaciebisaTvis tardeba zemoT moyvanili 
procedura, dawyebuli pirveli bijidan.

7. algoriTmis damTavrebis Semdeg vRebulobT ω1, ω2……  Tanmimdevrobas, 
romlebic warmoadgenen R radiusis mqone klasterebs.

2.8 klasterizacia korelaciuri kavSiris saSualebiT

2.8.1 korelaciis koeficienti da siaxlovis zoma

klasterizaciis amocanis gadasawyvetad  xSirad gamoiyeneba korelaciuri 
analizi. rogorc viciT, parametrebi SeiZleba erTmaneTis mimarT iyvnen an ar 
iyvnen korelaciur damokidebulebaSi, romlis maCvenebels warmoadgens 
korelaciis koeficienti r. or X  da Y cvlads Soris korelaciuri 
(statistikuri) kavSiri SeiZleba iyos Zlieri an susti. rac ufro Zlieria 

kavSiri, miT ufro didia korelaciis koeficienti da roca 1±=xyr , maSin kavSiri 
gadadis funqcionalurSi.
  saxeTa garCevis TeoriaSi  msgavsebis zomad, manZilis funqciis garda, 
farTod gamoiyeneba or veqtors Soris kuTxis kosinusi. Tu mocemulia ori X  
da Y veqtori komponentebiT nxxx ,....,, 21 da nyyy ,.....,, 21 , maSin am veqtorebs Soris 

kuTxis kosinusi tolia:

( )
∑∑

∑

==

=

⋅

==
n

i
i

n

i
i

n

i
ii

YX

YX
YX

1

2

1

2

1cos,cos θ .

Tu gavixsenebT pirsonis korelaciis koeficientis gamosaTvlel formulas da 
Tu CavTvliT, rom monacemebi centrirebulia, maSin miviRebT:
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1

2

1

2

1

ˆˆ
, sadac   YYYXXX iiii −=−= ˆ,ˆ

e.i xyr=θcos rac imas niSnavs, rom korelaciis koeficienti  gansazRvravs 

veqtorebs Soris kavSiris zomas. roca veqtorebi erTmaneTs emTxveva, e.i kuTxe 
maT Soris nulis tolia da 1cos =θ (Sesabamisad rxy=1), maSin cvladebs Soris 
funqcionaluri kavSiri SeimCneva. kuTxis zrdasTan erTad es kavSiri mcirdeba 

da roca 
2
π

θ = , maSin 0cos =θ ( Sesabamisad rxy=0) da kavSiri or cvlads Soris ar 

arsebobs. kuTxis Semdgomi zrda iwvevs kavSiris zrdasac da roca igi miaRwevs
π sidides, maSin veqtorebs Soris kavSiri Zlieria, Tumca igi uaryofiTia
(rxy =1) .

amrigad, klasterizaciis amocanis gadasawyvetad  garda manZilis da  
msgavsebis zomisa SesaZlebelia korelaciis koeficientis gamoyeneba, rogorc 
siaxlovis zoma or realizacias Soris. unda gvaxsovdes, rom korelaciis 
koeficientebis pirdapiri gamoyeneba mizanSeuwonelia, radgan dadebiTi da 
uaryofiTi korelaciis koeficientebi adgenen sxvadasxva klasterebs. es rom 
Tavidan aviciloT amisaTvis saWiroa aviRoT korelaciis koeficientis moduli.

2.8.2 korelaciuri pleadis meTodi

korelaciuli pleadis meTodiT martivad SegviZlia gadavwyvitoT 
klasterizaciis amocana. meTodis arsi SemdegSi mdgomareobs. mocemuli R 
korelaciuri matricis saSualebiT  adgenen realizaciaTa urTierTobis grafs, 
romelic SemdgomSi garkveuli kriteriumis gamoyenebiT yofen erTgvarovan 
qvegrafebd anu ,,pleadebad’’.

  ganvixiloT {X} erTobliobis Xi, i=1,2,......N realizaciaTa  korelaciuri 
matrica R, romlis elementebia pirsonis korelaciis koeficientebi. davxazoT 
N raodenobis rgolebi, romlebSic CavweroT realizaciis nomeri. SevaerToT 
ToToeuli rgoli sxvebTan da SeerTebis xazebze davweroT Sesabamisi 
koleraciis koeficientis mniSvnelobebi. yvela SeerTebis Semdeg miviRebT 
sawyis grafs.  garkveuli mosazrebidan gamomdinare, SemoviRoT korelaciis 

koeficientis zRurbluri mniSvneloba ( )1
0r da is SeerTebis xazebi gamovricxoT, 

romlis mniSvnelobebi naklebia ( )1
0r mniSvnelobaze. Semdeg gavzardoT 

zRurblis mniSvneloba ( )2
0r -mde da sawyisi grafidan gamovricxoT is SeerTebis 

xazebi, romelTa korelaciis koeficientebis mniSvnelobebi naklebia ( )2
0r . es 

procedura gavagrZeloT sasruli mniSvnelobis zRurblamde. Semdeg miviRebT 
qvegrafebs, romlebic izolirebulni arian erTmaneTis mimarT e.i movaxdineT 
klasterebis gamoyofa. aRwerili procedura mouxerxebelia, radgan saWiro 
xdeba didi raodenobis N (N – 1) kavSirebis daTvaliereba.

ufro martivi da efeqturi proceduraa Semdegi. korelaciur matricaSi 
iZebneba absoluturad yvelaze didi mniSvnelobis korelaciis koeficienti 
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(diagonaluri mniSvnelobebi ar iTvlebian) dauSvaT esaa r(XK Xm)= r1, romelic 
miRebulia XK da Xm realizaciebisagan. ixazeba ori wre, romlebSic iwereba XK da

Xm simboloebi da maT SemaerTebel swor xazze iwereba r1 korelaciis 
koeficientis mniSvneloba.

 

 
Semdeg bijze moiZebneba XK da XM-is danarCen parametrebTan (realizaciebTan)
udidesi korelaciis koeficientebi da am oridan amoirCeva udidesi, vTqvaT 

esaa r(Xm,Xe)= r2, maSin es ukanaskneli daemateba grafs da vRebulobT:

 

 

mesame bijze iZebneba Xk da Xe  parametrebTan darCenili parametrebis udidesi 

koleraciis koeficientebi da aiReba udidesi mniSvneloba. vTqvaT esaa r(Xk,Xp)=
r3, maSin miviRebT:

 
 

 
 

 
da a. S. sanam yvela cvladebi ar moxvdebian Tanmimdevrul grafSi. Tu 

SemoviRebT zRurblis mniSvnelobas r0 da im SeerTebis xazebs gamovricxavT 
romlis mniSvnelobebi naklebia zRurblis mniSvnelobaze, maSin miRebuli 
grafi daiyofa qvegrafebad anu miviRebT erTgvarovan jgufebs.

 sazogadod, zRurblis mniSvneloba (0 <  r0 < 1) SegviZlia SevarCioT raime 
konkretuli mosazrebidan  gamomdinare an umjobesia igi davadginoT Ho: r(Xi,Xj)=0
nulovani hipotezis Semowmebis saSualebiT. kerZod, unda movZebnoT 
korelaciis koeficientis is mniSvneloba, romlis drosac miiReba nulovani 

hipoteza da es mniSvneloba aviRoT r0tolad.
ganvixiloT magaliTi. vTqvaT mocemulia Semdegi korelaciuri matrica:
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1
77,01
73,0904.01

70,083,081,01
02,002,005,011,01
04,011,015,020,079,01
22,003,004.015,007,043,01
18,006.007,005,003,029,069,01

15,023,011,014,007,028,048,029,01
28,061,0002,002,001,022,020,006,078,01
08,009.021,002,026,025,035,015.057,056,01

korelaciuri matricidan yvelaze  didi korelaciis koeficienti 0.904 gaaCnia 
me-9 da me-10 parametrebs. zemoT moyvanili proceduris Semdeg miviRebT:

Tu zRurblis mniSvnlobas aviRebT r0= 0,4 tolad, maSin miviRebT oTx 
,,pleadas’’:

 

e.i miviReT oTxi erTgvarovani jgufi.
korelaciuri pleadis meTodis gamoyeneba mizanSewonilia im SemTxvevaSi, 

roca gasaanalizirebul parametrebs Soris arsebobs sarwmuno korelaciuri 
kavSirebi. im SemTxvevaSi, roca korelaciis koeficientebs aqvs mcire 
absoluturi mniSvneloba e.i kavSiri araa sarwmuno, dajgufebis amocanis 

gadawyveta Zneldeba, radgan r0 zRurblis mniSvnelobis dadgena rTulia.
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2.9 klasterizaciis procesis Sefasebis zogierTi sakiTxebi

klasterizaciis nebismieri meTodis sirTule imaSi mdgomareobs, rom Cven 
ar gvaqvs saSualeba vizualurad warmovadginoT miRebuli Sedegebis 
geometriuli Taviseburebani. ganxiluli magaliTebi Seexeba mxolod 
organzomilebian sistemebs, sadac geometriulad advilad SeiZleba 
warmovadginoT klasterizaciis Sedegi. realur biosamedicino kvlevebSi Cven 
saqme gvaqvs zogjer asobiT maCvenebelTan, rac sakmaod arTulebs Sedegebis 
interpetacias. am problemis gadasawyvetad saWiroa gamoviyenoT damatebiTi 
informacia, romlic  saSualebas mogvcems SevafasoT miRebuli klasterebis 
geometriuli struqtura.

Sedegebis interpretaciisTvis mizanSewonilia gamoviyenoT klasterebis 
centrebs Soris manZili. aseTi informacia umjobesia warmovadginoT cxrilis 
saxiT. dauSvaT klasterizaciis Sedegad miRebulia xuTi jgufi da vTqvaT am 
jgufebis centrebs Soris manZilebis matricas aqvs Semdegi saxe:

 
rogorc cxrilidan Cans, mniSvnelovania is, rom klasteris centri Z5

mniSvnelovnad aris daSorebuli danarCeni oTxi klasteris centrebidan. 
garda amisa, manZili Z1 da Z2  klasterebis centrebs Soris, iseve rogorc  Z1 da  
Z4 klasterebis centrebs Soris, SedarebiT erTnairia. Tu cnobilia, rom Z5
centris mqone klasteri Sedgeba erTi an ori obieqtisagan, maSin garkveuli 
gamokvlevebis Sedegad SeiZleba miviRoT gadawyvetileba, rom masSi moxvedrili 
obieqtebi warmoadgenen artefaqtebs da SeiZleba maTi gamoricxva analizidan. 
meores mxriv, Tu klasterSi aRmoCndeba sakmao raodenobis obieqtebi, maSin 
SegviZlia CavTvaloT, rom miRebuli jgufi realuria da igi namdvilad 
aerTianebs erTgvarovan obieqtebs.

 cxrilSi moyvanili informacia SeiZleba gamoviyenoT jgufebis 
gaerTianebisaTvisac. magaliTad, Tu klasterebis centrebi sakmaod axlos arian 
erTmaneTTan, maSin maTi gaerTianeba erT jgufSi SesaZlebelia.

 centrebs Soris manZilebis Semdeg, meore mniSvnelovan informacias 
warmoadgens klasteris centris mimarT realizaciebis gafantvis maCvenebeli, 
romlebic gvaZleven saSualebas obieqtebis Sigajgufur ganlagebaze 
warmodgenas. dauSvaT gvaqvs xuTi klasteri, romlebic warmodgenilni arian
oTxi obieqtiT da vTqvaT dispersiebis cxrils aqvs Semdegi saxe:
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rogorc cxrilidan Cans, ω1 klasters gaaCnia daaxloebiT hipersferos 

forma, radgan dispersiebi oTxive RerZis mimarT TiTqmis erTnairia (1,2; 0,9; 0,7; 

1,0). rac Seexeba ω5 klasters, misi forma wagrZelebulia me-3 RerZis mimarT, 
amitom is ufro Seesabameba hiperelifsoids. analogiurad SegviZlia 
gavaanalizoT sxva klasterebic.

amrigad, informaciebi,  romlebic zemoTaa moyvanili da agreTve 
damatebiTi monacemebi klasterebSi moxvedrili obieqtebis raodenoba 
saSualebas gvaZlevs gavaanalizoT TiToeuli jgufis struqtura da misi 
geometriuli ganlageba sivrceSi.

rasakvirvelia arseboben klasterebis sxva raodenobrivi maxasiaTeblebi, 
romlebic met-naklebobiT gamoiyenebian jgufebis dasaxasiaTeblad. magalTad 
sasargebloa vicodeT klasterSi centridan yvelaze axlo da yvelaze 
daSorebul obieqtebis Sesaxeb. klasteris centris mimarT saSualo 
kvadratuli manZilebi da sxva. cxadia, rom yvela es damatebiTi informacia 
SesaZlebelia gamoyenebul iqnas avtomaturi klasterizaciis Sedegad miRebuli 
Sedegebis dasaxasiaTeblad.

III identifikaciis meTodebi

3.1 identifikaciis amocanis Camoyalibeba

rogorv viciT, saxeTa garCevis sistemis ZiriTadi daniSnulebaa obieqtTa 
mikuTvneba romelime mocemul klass, romelsac garCevis anu identifikaciis 
amocana ewodeba. garCevis procesis maRalsaimedo ganxorcielebisaTvis 
aucilebelia Semdegi ori problemis efeqturi gadawyveta. Eesenia: saxeTa 
aRweris anu etalonis ageba da gadawyvetilebaTa miRebis wesis formireba. es 
ori problema sakmaod mWidro kavSirSia erTmaneTTan. kerZod, agebuli klasis 
etalonebis saxe Tu maxasiaTlebi Zalian xSirad gansazRvraven 
gadawyvetilebaTa miRebis wess da piriqiT.

saxis aRwera anu etaloni, rogorc garkveuli tipis obieqtebis amsaxveli 
moduli, unda akmayofilebdes Semdeg pirobebs:

_ adekvaturad aRweros mocemuli saxe;
_ gansxvavdebodes sxva saxis aRwerisagan;
_ iyos konstruqciuli (gamoyenebadi).
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Ggadawyvetilebis miRebis procesi Sedgeba Sedarebisa da SedarebiT 

miRebuli alternativebidan (Sedegebidan) erT-erTis arCevis procedurisagan. 
Sedarebis proceduris gansaxorcieleblad aucilebelia msgavsebis raime 
zomis arseboba.

saxeTa garCevis sistemebSi saxeTa aRweris da gadawyvetilebaTa miRebis 
wesebis formirebisas farTod gamoiyeneba swavlebis procedurebi. saxeTa 
aRwera cocxal organizmSi formirdeba bunebrivad, xolo teqnikur 
sistemisaTvis aucilebelia apriorulad arsebuli swavlebis algoriTmebi da 
maTi ganxorcielebis saSualebebi.

Aarsebobs swavlebis orgvari forma: swavleba maswavlebliT da 
maswavleblis gareSe. swavleba maswavlebliT gulisxmobs iseTi subieqtis 
arsebobas, romlisTvisac cnobilia saxeebi da SeuZlia nebismieri realizacia 
uSecdomod miakuTvnos mocemul saxeTa erTobliobidan erT-erTs. aseTi 
maswavleblis funqciebs umaRlesi inteleqtis mqone arsebebis sicocxlis 
sawyis periodSi asruleben mSoblebi, Semdeg ki profesionali maswavleblebi. 
teqnikuri sistebebisaTvis igive funqcias asruleben mklevar-
eqsperimentatorebi.

Bbunebriv sistemisagan gansxvavebiT, xelovnuri sistemebis swavlebisaTvis 
aucilebelia realizaciaTa maxasiaTeblebis - niSnebis (parametrebis) winaswar 
zustad gansazRvra da niSanTa simravlis (sivrcis) formireba, radgan amis 
gareSe SeuZlebelia saswavlo algoriTmis formireba.

swavlebis garkveuli etapis gavlis Semdeg bunebriv sistemebs 
gamoumuSavdebaT TviTswavlebis anu maswavleblis gareSe swavlebis procesis 
unari, rac xelovnur sistemebisaTvis uaRresad problematuria. kerZod, TviT 
swavlebis (adaptaciis) procesi SesaZlebelia mxolod umartivesi obieqtebisa 
da procesebisaTvis.

swavlebis procesebi pirobiTad SeiZleba davyoT or etapad. Ppirvel 
etaps miekuTvneba informaciis mopoveba da damaxsovreba, xolo meore etaps _
informaciis gadamuSaveba. Tu swavleba xorcieldeba maswavlebliT, maSin 
informaciis mopoveba da warmodgena aris maswavleblis movaleoba.
informaciis damaxsovreba da Semdeg gadamuSaveba teqnikur sistemaSi mocemuli 
unda iyos algoriTmis saxiT.

teqnikur sistemebSi swavlebis procesis ganxorcielebisaTvis xSirad 
gamoiyeneba iteraciuli procedurebi Sesabamisi miznobrivi funqciebiT. am 
SemTxvevebisaTvis arsebobs sxvadasxva maTematikuri meTodebi, magaliTad 
kargad damuSavebuli optimizaciis meTodebi, romlebic gamoiyenebian swavlebis 
rogorc determinirebuli, aseve stoqastikuri (SemTxveviTi) procesebis
kvlevisaTvis. Aaq iteraciis yovel bijze xdeba miznobrivi funqciis gamoTvla 
da Sedegebis Sedareba wina bijze gamoTvlili miznobrivi funqciis 
maCvenebelTan.

3.2 etalonis agebaA

rogorc ukve avRniSneT, saxeTa garCevis amocanis gadasawyvetad
aucilebelia mocemuli klasebis etalonebis ageba. arsebobs etalonebis agebis 
statistikuri da determinirebuli meTodebi. ganvixiloT zogierTi maTgani.
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statistikuri etalonis ageba. dauSvaT mocemulia { }X simravle, romelic 

Sedgeba NiX i ,.....2,1, = realizaciebisagan. radgan TiToeuli realizacia 

formirdeba N raodenobis niSnebisagan, amitom gvaqvs N ganzomilebiani veqtori

nxxx ,....., 21 koordinantebiT. ganvixiloT ori SemTxveva:

a) roca nxxx ,....., 21 raodenobrivi maCveneblebia. dauSvaT, cnobilia 

TiToeuli realizaciis, romlebic normalurad arian ganawilebulebi, 
ganawilebis simkvrivis funqcia

  ( )



















 −
−=

2

2
1exp

2
1

i

in

i
n

xxf
σ

µ

σπ
,                     (1)

sadac iσ saSualo kvadratuli gadaxraa, iµ _ maTematikuri lodini. am 

sidideebis gamoTvla SesaZlebelia saswavlo realizaciebis gamoyenebiT:

   ( ) ,1;1 22∑ ∑ −==
m m

inmn
i

imn
i

in ii
x

m
x

m
µσµ

sadac inµ aris iω saxis xn niSnis maTematikuri lodinis Sefaseba; mi _

realizaciaTa raodenobaa iω saxis saswavlo amonarCevSi, mni
x aris iω saxis m-

uri realizaciis n-uri niSani, 2
iσ -dispersiis Sefasebaa. Sefasebebi miT ufro 

zustia, rac metia realizaciaTa raodenoba TiToeuli saxis saswavlo 
amonarCevSi.

Tu saxeTa niSnebi urTierTdamokidebulia, maSin (1) gamosaxulebis 
gamoyeneba mocemuli saxiT ar SeiZleba. saWiroa erToblivi ganawilebis 
simkvrivis funqciebis gamoTvla, rac moiTxovs realizaciebis did raodenobas. 
aseTi raodenobis realizaciaTa amonarCevebis formireba yovelTvis ar aris
SesaZlebeli. garda amisa, etalonis miReba dakavSirebulia gamoTvlebis 
moculobisa da drois gazrdasTan. Aam mizezebis gamo, mravalganzomilebiani 
damokidebul niSanTa simravleebi garCevis sistemebSi praqtikulad ar 
gamoiyenenebian.

b) roca nxxx ,....., 21 binaruli (0,1) mniSvnelobebia. aseT realizaciebs 

binaruli realizaciiebi ewodebaT da maTi gamoyeneba garCevis sistemebSi 
gacilebiT ufro mosaxerxebelia gamoTvlebis siswrafisa da moculobis 
TvalsazrisiT, vidre mTel an namdvilricxvebiani niSanTa simravleebisagan 
Semdgari realizaciebisa.

Tanabarganzomilebiani binaruli realizaciebisaTvis dasaSvebia e.w. 
superpoziciis anu zeddebis principi, rac gulisxmobs TiToeuli saxis 
saswavlo realizaciisaTvis erTi da imave niSnis mqone obieqtebis zeddebas. am 

gziT miviRebT ω(x) matricas, romlis yoveli elementi akmayofilebs Semdeg 
pirobas: 1))(0 ≤∀≤ xω . niSnis nulovani mniSvneloba gvaqvs maSin, rodesac 
Sesabamis ujredSi mocemuli simbolos arc erTi elementi mocemuli saxis 
realizaciaTa saswavlo amonarCevisaTvis arc erTxel ar ganxorcielda. erTis 
toli mniSvneloba gvaqvs maSin, rodesac erTi saxis gamosaxulebis romelime 
elementi yovelTvis aris moTavsebuli mocemul ujredSi.

zeddebis principiT miRebuli statistikuri etaloni ω(x), romelsac 
SeiZleba hqondes rogorc matricis, aseve veqtoris forma, akmayofilebs 
etalonebisadmi wayenebul adekvaturobis pirobas. xvadasxva saxis 
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statistikuri etalonebi gansxvavdebian erTmaneTisagan, Tu Sesruldeba 
Semdegi piroba: saxeebis nebismieri realizacia gansxvavebuli unda iyos sxva 
saxeebis realizaciebisagan. realizaciaTa stabilurobis uzrunvelyofa 
damokidebulia mraval faqtorze: realizaciaTa ganzomilebaze, nabeWdi 
Sriftebis an xelnaweri simboloebisaTvis Sriftebisa da kaligrafiis 
Taviseburebebze da sxva.

yoveli axali realizaciis gamoCenisas SesaZlebelia zeddebis 
proceduris gamoyenebiT gadaviangariSoT da Sesabamisad, ufro davazustoT 
statistikuri etaloni.

determinirebuli etalonebis ageba. dauSvaT, rom { }ω saxeTa 

simravlisaTvis mocemulia { }X realizaciaTa saswavlo amonarCevi. amasTan 

yoveli ωi saxisaTvis gvaqvs realizaciaTa saswavlo nakrebis simravle. 
TiToeuli realizacia N ganzomilebisaa, amitom niSanTa Sesabamis sivrceSi 
yoveli realizacia SegviZlia warmovadginoT erTi wertilis saxiT.
TvalsaCineobisaTvis dauSvaT, rom niSanTa raodenoba oris tolia, maSin 
realizaciaTa arsebuli ganlageba SeiZleba warmovadginoT sibrtyeze, 
magaliTad, ise rogorc es Semdeg naxazzea warmodgenili:

determinirebuli etalonebis mravali tipi arsebobs, romelTagan 
umartivesia e.w. prototipi, romelic saswavlo amonarCevSi mocemuli 
realizaciebis simZimis centrs warmoadgens. Pprototipis etalonuri aRwera 
avRniSnoT EE-iT. cxadia, rom mas gaaCnia igive ganzomileba, rac saxeTa 

realizaciebs. Ei prototipis { }
ine koordinantebi yoveli ωi saxisaTvis 

gamoiTvleba Semdegi gamosaxulebiT:
  

 ∑ ==
m

inn Nnmx
m

e
ii

,.....2,1,1
,

sadac eni  aris Ei  etalonis n-uri koordinantis mniSvneloba. rogorc naxazidan 

Cans, klasteris rTuli formis SemTxvevaSi (mag. ωj saxis klasteri), simZimis 
centri gamodis klasteris gareT da amis gamo, ver Seasrulebs etalonis 
funqcias anu igi realurad ar warmoadgens mocemuli saxis prototips. aseTi 
situaciebis Tavidan asacileblad mimarTaven klasterebis gadafarvas 
hipersferoebiT. Aam dros erT saxes SeiZleba ramdenime prototipi hqondes.

Tu hipersferoebis gamoyenebis SemTxvevaSi sakmarisia mxolod misi 
centrisa da radiusis dafiqsireba, hiperelipsoidebis SemTxvevaSi saWiro xdeba 
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gacilebiT meti informaciis codna, kerZod yovel klasterze imdeni 
nasevarRerZis sigrZis gansazRvraa saWiro ra ganzomilebisacaa niSanTa sivrce, 
rac kidev ufro arTulebs gadafarvis problemas.

 Aarsebobs etalonis agebis sxva determinirebuli meTodebi, magaliTad 
ganapira wertilebis, ranguli kavSirebis, mini da maqsi portretebis da sxva, 
romlebic met-naklebad gamoyenebadia praqtikaSi.

3.3 gadawyvetilebis miRebis proceduris aRwera

gadawyvetilebis miReba faqtiurad warmoadgens uSualod garCevis 
process. Aam procesis pirveli etapia Sedarebis procedura, ris Sedegac 
viRebT asarCev alternativaTa simravles. Mmeore etapze alternativebis 
simravlidan virCevT erTs, romlis mixedviTac xdeba winaswar SemuSavebuli 
wesiT (kriteriumis) mixedviT gadawyvetilebis miReba (daskvna). Sedarebis 
proceduris ganxorcielebisaTvis aucilebelia saxeTa etalonuri aRweris, 
msgavsebis zomis funqciis da ucnobi realizaciis arseboba.

ucnobi realizacia X da etalonuri aRwera { }E warmoadgenen msgavsebis 

zomis funqciis { }( )EX ,ϕ argumentebs. etalonTa { }E simravlis yoveli 

elenentisaTvis ( )•ϕ funqciis gamoTvlis Sedegad vRebulobT erT 

alternativas _ skalars, romelic a simboloTi avRniSnoT. yvela etalonTan 

Sedarebis Sedegad vRebulobT alternativebis simravles { }a .
gadawyvetilebis miRebisaTvis saWiroa msgavsebis zomis zRurbluri 

mniSvnelobis SerCeva evristikulad an eqsperimentalurad. msgavsebis zomis 
zRurblis gamoyenebis TvalsaCino interpretacia garCevis procesSi SeiZleba 
warmovadginoT statistikuri an simZimis centrebiT (saSualo ariTmetikulebiT) 
mocemuli etalonebisaTvis evklides manZilebis gamoyenebiT, rogorc es 
naCvenebia Semdeg naxazze:

am naxazze naCvenebia msgavsebis zomis zRurblis ( )r mniSvnelobis toli 
radiusiT SemosazRvruli hipersferoebi, romelTa centrebi arian etalonuri 
aRwerebi. Tu ucnobi realizacia moxvda romelime (magaliTad E2 centris mqone) 
hipersferos SigniT, maSin sruldeba Semdegi piroba:

( ) rEXd <21 ,  (1)
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Tu (1) piroba sruldeba mxolod erTi (mag. ω2) saxisaTvis, maSin X ucnobi 

realizacia calsaxad miekuTvneba ω2 saxes. Tu (1) gamosaxulebiT mocemuli 

piroba Sesrulda erTze meti saxisaTvis (magaliTad X2 realizaciisaTvis jE da 

kE etalonebis mimarT), maSin gadawyvetilebas ver vRebulobT da ucnobi 

realizacia X gaigzavneba garCevis meore safexurze (Tu aseTi arsebobs) 

mxolod ωj da ωi saxeebis miTiTebiT.
Tu (1) gamosaxulebiT mocemuli piroba saxeTa ansablis arc erTi 

wevrisaTvis ar sruldeba (magaliTad X3 realizacia), maSin calsaxad miiReba 
gadawyvetileba imis Sesaxeb, rom ucnobi realizacia ar miekuTvneba mocemul 
saxeTa simravles. igive daskvna SeiZleba gamoviyenoT meore SemTxvevis dros 
(naxaze X2 realizacia) Tuki ar arsebobs garCevis meore safexuri.

gadawyvetilebaTa miRebis meTodebis raodenoba Zalian didia da 
uaRresad mravalferovani. maTi klasifikacia SesaZlebelia mravali niSan-
Tvisebebis mixedviT. mizez-Sedegobrivi kavSirebis mixedviT SesaZlebelia 
gamoviyenoT gadawyvetilebaTa miRebis ori klasi: albaTuri da 
determinirebuli.

saxeTa garCevis Teoriis formirebis sawyis etapze gadawyvetilebaTa
miRebis albaTuri meTodebi yvelaze ufro gavrcelebuli iyo amomcnob 
sistemebSi. albaTuri meTodebis gamoyeneba gadawyvetilebis miRebisas 
aucileblad gulisxmobs realizaciaTa yoveli saxisadmi ganawilebis kanonebis 
apriorul dadgenas. amasTan, Tu niSnebi (parametrebi) damokidebulni arian, 
maSin saWiroa ganawilebaTa erToblivi kanonebis dadgena, rac moiTxovs 
saswavlo amonarCevis realizaciaTa did raodenobas, romelTa miReba 
yovelTvis ar aris SesaZlebeli. Aam mizezebis gamo, albaTuri meTodebi 
ZiriTadad gamoiyeneba saxeebisa da niSnebis SezRuduli raodenobis 
SemTxvevaSi. 

Ddeterminirebuli gadawyvetilebaTa mimRebi funqciebi kidev ufro
mravalferovania. maT miekuTvneba wrfivi da arawrfivi gadamwyveti funqciebi, 
potencialTa funqciebis meTodi, perseptonis meTodi da sxva. ganvixiloT 
zogierTi maTgani.

3.4 identifikaciis albaTuri meTodebi

4.4.1 albaTuri meTodis arsi

identifikaciis albaTuri meTodis arsi ganvixiloT ubralo magaliTze, 

rodesac mocemulia ori ω1 da ω2 saxe. simartivisaTvis miviRoT, rom gvaqvs erTi 

niSani x, romliTac aris warmodgenili realizaciebi. dauSvaT es ori saxe 

aRiwerebian normaluri ganawilebis pirobiTi simkvrivis funqciebiT: ( )1| ωxf da 

( )2| ωxf , romelTa urTierTganlageba naCvenebia Semdeg naxazze:
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Mmocemulia agreTve X realizaciis klasebSi moxvedris aprioruli albaTobebi

P(ω1) da P(ω2) . rogorc naxazidan Cans, saxeebi simkvriveTa ganawilebis areSi 
ikveTeba. Aamitom principulad SeuZlebelia Secdomebis Tavidan acileba.
garCeva mdgomareobs imaSi, rom Secdomebis raodenoba rac SeiZleba naklebi 
iyos.

avarCioT x niSnis zRurbluri mniSvneloba da aRniSnoT igi x0-iT. Aam 
aRniSvnidan gamomdinare ucnobi realizaciis romelime klasisadmi (saxesadmi) 
mikuTvnebis procesSi gadawyvetilebis miRebis wesisaTvis gveqneba:

X ∈Aω1  Tu X< x0 ;  X ∈ ω2 Tu X > x0
Tu X ∈Aω1  da mas miakuTvneben ω2 saxes, maSin daSvebuli iqneba pirveli rigis 
Secdoma, romlis albaToba ganisazRvreba Semdegi gamosaxulebiT:

( )dxxfQ
x
∫
∞

=
0

11 | ω

Tu X ∈ ω2 da mas miakuTvneben ω1 klass, maSin daSvebuli iqneba meore rigis
Secdoma, romlis albaToba tolia:

 M  ( )dxxfQ
x

∫
∞−

=
0

22 | ω

unda ganisazRvros araswori gadawyvetilebis miRebis danakargi

(Rirebuleba). zogadad, saqme gvaqs Semdeg danakargebTan: c12_pirveli gvaris 

cdomilebis Rirebuleba, c21_meore gvaris cdomilebis Rirebuleba, c11 da c22
_swori gadawyvetilebis Rirebulebebi. saSualo Rirebuleba c tolia 
araswori da swori Rirebulebebis jamisa, maTi albaTobebis da aprioruli 
albaTobebis gaTvaliswinebiT, e.i.

( ) ( ) ( ) ( ) ( ) ( ) 2212222211211111 11 QcPQcPQcPQcPc ωωωω +−++−=
Tu am gamosaxulebaSi CavsvamT Q1 da Q2  mniSvnelobebs, miviRebT:

( ) ( ) ( ) ( ) ( ) ( )
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+= ∫∫∫ ∫
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0

0

0

22122221121111 ||||
x

x

x

x

dxxfcdxxfcPdxxfcdxxfcPc ωωωωωω (1)

x0 sidide ise unda SevarCioT, rom c mniSvneloba iyos minimaluri. amisaTvis (1) 

gamisaxuleba gavawarmovod x –iT, roca x = x0
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( ) ( )[ ] ( ) ( )[ ]202220212101210111 ||)(||)( ωωωωωω xfcxfcPxfcxfcP
dx
cd

−+−=

Tu aviRebT ganawilebis simkvriveebis fardobas, romelsac dasajerobis 

koeficienti λ ewodeba, miviRebT:

( )
( )

( )
( )22212

12111

10

20
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|
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ccP

xf
xf

−
−

==
ω
ω

ω
ω

λ .

roca x = x0  dasajerobis koeficienti, romelsac λ0 simboloTi avRniSnavT, 

Rebulobs konkretul mniSvnelobas. roca 2211122211 ,,0 cccccc ==== , maSin 
gveqneba:

( )
( ) 22

11

10

20
0 )(

)(
|
|

cP
cP

xf
xf

ω
ω

ω
ω

λ == .

Tu ( )10 | ωxf  da  ( )20 | ωxf normaluradaa ganawilebuli 21 , mm maTematikuri 

lodinebiT da σσσ =21 , saSualo kvadratuli gadaxriT, maSim gveqneba:

( ) ( )[ ]






 −−−−= 2

20
2

1020 2
1exp mxmx
σ

λ .

Tu am gamosaxulebas amovxsniT x0 mimarT, roca c1 = c2  da )()( 21 APAP = , maSin 
miviRebT:

( )210 2
1 mmx += .

romelic asdens identifikaciis cdomilebis minimizacias.

Aamrigad, ucnobi realizacia miekuTvneba ω1 saxes Tu dasajerobis 

koeficienti naklebia mis kritikul λ0 mniSvnelobaze da ω2 saxes, Tu igi 

metia  λ0 sidideze.

3.4.2 diskriminantuli analizis albaTuri modeli

vTqvaT, mocemulia ori ω1 da ω2 saxe, romlebic aRiwerebian X1 da X2 n –
ganzomilebiani realizaciebiT da ( )121 |,...., ωnxxxf da ( )221 |,...., ωnxxxf
ganawilebis pirobiTi simkvribis funqciebiT. dauSvaT, rom saxeebis 
realizaciebi normalurad arian ganawilebulebi da kovariaciuli matricebi 
erTmaneTis tolia. e.i. gvaqvs:

( )
( )

( ) ( )
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sadac M1   da M2 saSualoebis veqtoria, S _ gaerTianebuli kovariaculi 
matricaa. Tu aviRebT ganawilebis simkvriveebis fardobas, romelsac 
dasajerobis koeficienti ewodeba, maSin miviRebT:
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am gamosaxulebis galogariTmebisa da maTematikuri gardaqmnebis Sedegad 
vRebulobT:
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Tu frCxilebs gavxsniT, davajgufebT da gamovyofT dakvirvebaTa ( )/
21 ,...., xxxX =

veqtors miviRebT:
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warmoadgens mudmiv wevrs, xolo gamosaxulebas

( ) nn xcxcxcMMXSZ +++=−= − .......2211
/

21
1

diskriminantuli funqcia ewodeba, romlis koeficientebi nici ,....2,1, = moiZebneba 

Semdegi gamosaxulebiT:
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Tu zRrublis mniSvneloba 0λ SerCeulia, maSin 1ω∈X roca λ < λ0 da 2ω∈X , 

roca λ > λ0. xSirad aseTi identifikaciis proceduras diskriminantuli 
analizi ewodeba.

diskriminantuli funqciis koeficientebis moZebna ar moiTxovs 
realizaciebis normalur ganawilebas. magram, algoriTmis efeqtianoba bevrad 
aris damokidebuli ganawilebis kanonze, radgan ci koeficientebis gansazRvra  S
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kovariaculi matricis da saSualoebis veqtorebis M1 da M2  Tvisebebzea
damokidebuli. Tu ganawilebis kanoni mniSvnelovnad gansxvavdeba 
normalurisagan, maSin S, M1, M2 parametrebi cudad axasiaTeben realizaciebs da 
diskriminantuli analizi gamodis arasaimedo.

aqve unda SevniSnoT, rom Tu realizaciebi normalurad arian
ganawilebulni, maSin maT gaaCniaT saSualo sididis mimarT dajgufebis 
tendecia, xolo maTi gafantva saSualo kvadratuli gadaxris proporciulia.

3.4.3  baiesis meTodi

es meTodi efuZneba albaTobis TeoriaSi cnobil baiesis formulas. 

vTqvaT, mocemulia SeuTavsebadi hipoTezebis  mωωω ,....,, 21 sruli jgufi.

(hipoTezebis rols garCevis sistemaSi saxeebi asruleben). cnobilia am 

hipoTezebis aprioruli (cdamde) albaTobebi ).(),.......(),( 21 mPPP ωωω dauSvaT, cdis 

Sedegad moxda jb xdomileba anu raime konkretuli realizacia. gvainteresebs 

rogor Seicvleba hipoTezebis aposterioruli (cdis Semdgomi) pirobiTi 

albaTobebi ).|( ji bP ω amisaTvis gamoviyenoT baiesis formula

 

∑
=

= m

i
iji

iji
ji

bPP

bPP
bP

1
)|()(

)|()(
)|(

ωω

ωω
ω ,

sadac ).|( ji bP ω pirobiTi albaTobebi mocemulia.

saxeTa garCevis baiesis kriteriumi ase Camoyalibdeba: realizacia 
miekuTvnebi im saxes (klass), romelTanac mas gaaCnia udidesi pirobiTi 
albaToba. Ee.i.

  ijb ω∈ roca { })|(max)|( jkkjj bPbP ωω = .

ganvixiloT magaliTi. vTqvaT, mocemulia cxrili, sadac warmodgenilia 17
simptomi, romlebic met-naklebad axasiaTeben oTx daavadebas. 1-iT aRniSnulia 

simptomis arseboba, 0-iT ararseboba. d1 _ miokardiumis infarqti, d2 _ mesame 

xarisxis Soki, d3 _ peritoniti, d4 _ sisxlis mimoqcevis mwvave ukmarisoba.

diagnozebi¹
simptomebi  d1  d2  d3  d4

1 tkivilebi gulis areSi 1 0 0 1
2 tkivilebi muclis areSi 0 0 1 0
3 temperaturis momateba 1 0 1 0
4 temperaturis daqveiTeba 0 1 0 0
5 gulis riTmis moSla 1 0 0 0
6 leikocitozi 1 0 1 0
7 arteriuli wnevis 

momateba
1 0 0 0

8 arteriuli wnevis 
daqveiTeba

0 1 1 1
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9 kanis gauferuloba 0 1 1 1
10 pulsis gaxSireba 0 1 1 1
11 sunTqvis gaxSireba 0 1 0 1
12 refleqsebis daTrgunva 0 1 0 0
13 muclis zedapiris 

daZabuloba
0 0 1 0

14 muclis Seberva 0 0 1 0
15 saerTo sisuste, 

Tavbrusxveva
0 0 0 1

16 gulis gaganiereba 0 0 0 1
17 gulis yru tonebi 1 0 0 1

dauSvaT b1 pacients gaaCnia Semdegi simptomebi: (1,3,5,7,10,11,17). gvainteresebs 
am oTxi daavadebidan romliTaa igi daavadebuli. amisaTvis jer gamovTvaloT 
oTxive daavadebis aprioruli albaTobebi:

( ) ( ) ( ) ( ) 47,0
17
8;47,0

17
8;35,0

17
6;35,0

17
6

4321 ======== dPdPdPdP ,

xolo Semdeg aposterioruli albaTobebi:

( ) ( ) ( ) ( ) 24,0
17
4|;12,0

17
2|;12,0

17
2|;29,0

17
5| 41312111 ======== dbPdbPdbPdbP .

Tu miRebul sidideebs CavsvamT baiesis formulaSi miviRebT:

( ) ( )

( ) ( ) .35,0
31,0
11,0|;18,0

31,0
056,0|

;14,0
31,0

042,0|;32,0
31,0
1,0

24,047,012,047,012,035,029,035,0
29,035,0|

1413

1211

====

====
⋅+⋅+⋅+⋅

⋅
=

bdPbdP

bdPbdP

rogorc gamoTvlili aposterioruli pirobiTi albaTobebidan Cans, b1
pacienti, 0,35 sididis toli albaTobiT, daavadebulia sisxlis mimoqcevis 
mwvave ukmarisobiT.

3.5 identifikaciis determinirebuli meTodebi

3.5.1  gadamwyveti funqciebi

rogorc viciT, identifikaciis amocanis gadasawyvetad saWiroa 
SemovitanoT garkveuli wesebi anu kriteriumebi, romelTa saSualebiT xdeba 
gadawyvetilebis miReba. erT-erT aseT kriteriumad iTvleba gadamwyveti 
(diskriminantuli) funqciebis gamoyeneba.

ganvixiloT meTodis arsi qvemoT moyvanil naxazze warmodgenili 

SemTxvevis dros, sadac naCvenebia ori ω1 da ω2 saxe anu klasi, romlebic 

Sedgebian organzomilebiani (x1,x2) realizaciebisagan.
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rogorc naxazidan Cans, es ori klasi erTmaneTisagan iyofa swori xaziT. 
dauSvaT, rom mas aqvs Semdegi saxe:

( ) 032211 =++= wxwxwXd  (1)

romelsac gamyofi gantoleba ewodeba. Aaq iw koeficientebia, x1 da  x2

parametrebi. naxazidan Cans, rom (1) gantolebaSi ω1 klasidan nebismieri X
realizaciis CasmiT miviRebT d(X) funqciis dadebiT mniSvnelobas, xolo A2
klasidan realizaciis CasmiT miviRebT uaryofiT mniSvnelobas. Aaqedan 
gamomdinare, d(X) funqcia SeiZleba gamoyenebuli iyos, rogorc gadamwyveti 

funqcia, radgan ucnobi realizacia X miekuTvneba ω1 klass, roca d(X) > 0, xolo

ω2 klass, roca d(X) < 0.
Tu realizacia imyofeba sazRvarze, e.i. adgili aqvs d(X) = 0 tolobas,

maSin saqme gvaqvs ganusazRvrelobasTan da amocana gadauWreli xdeba. saxeTa 

garCevis aseTi midgoma samarTliania nebismieri n –ganzomilebiani evklides 
sivrcisaTvis, maSin gveqneba:

( ) ( )XWxwxwxwxwXd nn ′=⋅⋅⋅⋅⋅++= ,332211 ,                  (2)

sadac ( )′⋅⋅⋅⋅= 1;,, 21 nxxxX warmoadgens saxis veqtors, xolo ( )′⋅⋅⋅⋅⋅= +121 ,,, nn wwwwW
wonis veqtors. Tu mocemulia ori klasi, maSin gadamwyvet funqcias aqvs 
Semdegi Tviseba:

( )




∈<

∈>
′=

2

1

,0
,0

ω

ω

X
X

XWXd
roca

roca
.

ganvixiloT SemTxveva, roca saWiroa ramdenime mωωω ,.....,, 21 klasebis 

gayofa. ganvixiloT ori SemTxveva.
1. TiToeuli klasi gamoyofilia danarCenebisagan erTi gamyofi 

zedapiriT. Aam SemTxvevaSi arsebul m raodenobis gadamwyvet funqcias aqvs 
Semdegi Tviseba:

( ) mi
X
X

XWXd ii ⋅⋅⋅⋅⋅=




∉<
∈>

= ,2,1,
,0
,0

1

1/

ω
ω

aq  

 ( )′⋅⋅⋅⋅⋅= +121 ,,,, nni wwwwW aris i-uri gadamwyveti funqciis wonis veqtori. 
Aam SemTxvevis ubralo magaliTi moyvanilia Semdeg naxazze:
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ucnobi realizacia X miekuTvneba ω1 klass im SemTxvevaSi, rodesac sruldeba 

Semdegi utolobebi:  0)(,0)( 21 <> XdXd da 0)(3 <Xd . Aam SemTxvevaSi A1 klasis 

gamyofi sazRvari danarCen ω2 da ω3 klasebTan aris d1(X) = 0 .

2. TiToeuli klasi gamoyofilia nebismieri danarCeni klasebidan 
indivindualurad, e. i. klasebi wyvil-wyvilad gayofadi arian. am SemTxvevaSi 

gvaqvs 
( )

2
1−mm

raodenobis gamyofi zedapiri. Dgadamwyvet funqcias aqvs Semdegi 

saxe:

( ) XWXd ijij
/=

da gaaCnia Semdegi Tviseba: Tu ucnobi realizacia X miekuTvneba ω1 klass, maSin 

0>ijd yvela ij ≠ . Ggarda amisa )()( XdXd jiij −= .

naxazze warmodgenilia sami klasi. cxadia, rom erTi klasis gamoyofa 
danarCenebisagan erTi gamyofi zedapiris saSualebiT SeuZlebelia. magaliTad, 
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ucnobi realizacia X miekuTvneba ω1 klass Tu 0)(12 >Xd da 0)(13 >Xd . )(23 Xd
gadamwyveti funqcia am SemTxvevaSi araviTar rols ar TamaSobs. ω2 klasis 

gadawyvetilebis aresaTvis unda sruldebodes Semdegi pirobebi: 0)(21 >Xd da

0)(23 >Xd , xolo X miekuTvneba ω3 klass Tu 0)(23 <Xd da 0)(13 <Xd .

ganzogadoebul wrfiv gadamwyvet funqcias aqvs Semdegi saxe:

∑
+

=
+ =++⋅⋅⋅⋅⋅++=

1

1
12211 )()()()()(

k

i
iikk XfwwXfwXfwXfwXd ,               (3)

sadac { } kiXf i ,.....,2,1,)( = warmoadgenen X realizaciis namdvil calsaxa 

funqciebs. 1)(1 =+ Xf k .

miuxedavad imisa, rom (3) gamosaxulebiT SeiZleba ganisazRvros rTuli 
gadamwyveti funqciebi, saTanado gardaqmnebis saSualebiT isini daiyvanebian 
wrfiv gadamwyvet funqciebamde.  

amrigad, wrfivi gadamwyveti funqciebis gansazRvris ZiriTad problemas 
warmoadgens am funqciebis koeficientebis moZebna, romlebic SeiZleba 
ganisazRvros sxvadasxva adapturi procedurebiT.

 

3.5.2 minimaluri manZilis kriteriumi

manZilis funqcia farTod gamoiyeneba saxeTa garCevis TeoriaSi, radgan 
igi warmoadgens evklides sivrceSi yvelaze ufro TvalsaCino msgavsebis zomas. 
es ubralo identifikaciis meTodi aRmoCnda sakmaod efeqturi im SemTxvevebSi, 
roca klasebi xasiaTdebian garkveul farglebSi SezRuduli cvalebadobis 
xarisxiT.

zogierT SemTxvevaSi saxis realizaciebs gaaCniaT dajgufebis tendecia 
garkveuli saxis (magaliTad, saSualo anu simZimis centris) mimarT. aseTi 
situacia warmoiqmneba im SemTxvevaSi, roca realizaciaTa cvalebadoba 
klasSigniT ar aris didi da artefaqtebi advilad aRiricxebian. Aam 
SemTxvevaSi identifikaciis amocanis gadawyveta sakmaod efeqturia minimaluri
manZilis kriteriumis gamoyenebiT.

ganvixiloT m raodenobis mωωω ,.....,, 21 saxe, romlebsac gaaCniaT 

klasisaTvis damaxasiaTebeli etalonebi mEEE ,,, 21 ⋅⋅⋅⋅ . rogorc aRvniSeT, 

etalonad SeiZleba miviRoT saxis realizaciaTa saSualo veqtori. Evklides 
manZili X veqtorsa da Ei  etalons Soris ganisazRvreba Semdegnairad:

 ( ) ( ) ( )iiii EXEXEXEXd −′−=−= ||||, . (1)

ucnobi realizacia X miekuTvneba im klass, magaliTad ωi, Tu sruldeba Semdegi 

pirobebi: ),(),( ji EXdEXd < yvela ij ≠ . (1) formula SegviZlia warmovadginoT 

Semdegnairad:

( ) ( ) 





 −′−′=⋅+′−′=−′

iiiiiiii EEEXXXEEEXXXEXEXd //2

2
122, .

( )iEXd ,2 sididis minimaluri mniSvneloba eqvivalenturia 





 −′ iii EEEX /

2
1

sididis 

maqsimaluri mniSvnelobisa, radgan nebismieri ( ) miEXd i ,,2,1,,2 ⋅⋅⋅⋅= gamoTvlisas 
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XX ′ wevri ar aris damokidebuli i indeqsze. Aaqedan gamomdinare, gadamwyveti 

funqcia SegviZlia ase warmovadginoT:

miEEEXXd iiii ,......,2,1,
2
1)( // =−=   (2)

da gadawyvetilebis miRebis algoriTmi iqneba Semdegi:

 ,iX ω∈ Tu )()( XdXd ji > yvela  ij ≠ .

unda avRniSoT, rom )(Xd i aris wrfivi gadamwyveti funqcia, amitom (2) 

gamosaxulebis matriculi saxe iqneba:

miXWXd ii ,.....,2,1,)( / == ,

sadac  ( )′= +121 ,......,, iniii wwwW . qvemoT moyvanil naxazze warmodgenilia ori klasi 

TiTo etaloniT da maTi gamyofi sazRvari, romelic warmoadgens hiper-
sibrtyes, romlis wertilebi Tanabrad arian daSorebulebi klasis 
etalonebisagan.

dauSvaT, TiToeuli klasi xasiaTdeba ara erTi, aramed ramdenime 

etaloniT in
iii EEE ,.......,, 21 , sadac in - i-uri klasis etalonebis raodenobaa, e.i. 

nebismieri realizacia, romelic ekuTvnis ωi klass amJRavnebs dajgufebis 

tendecias romelime i
j

i njE ,...,2,1, = etalonis mimarT. CavweroT D funqcia, 

romelic gansazRvravs manZils nebismier X realizaciasa da ωi klass Soris

i
j

ii njEXD ,.....,2,1,min =−=

es imas niSnavs, rom Di aris minimaluri manZili im manZilebebidan, romlebic 

gamoTvlilia X realizaciasa da ωi klasis TiToeul etalonTan. Uucnobi 

realizacia X miekuTvneba ωi klass, roca ji DD < yvela ij ≠ dros. Aam 

SemTxvevaSi gadamwyvet funqcias aqvs Semdegi saxe:

 ( ) i
k
i

k
i

k
iki nkEEEXXd ,......,2,1,

2
1)(max)( =







 ′

−′=

da rogorc wina SemTxvevaSi ,iX ω∈ Tu )()( XdXd ji > yvela  ij ≠ dros.
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3.5.3 potencialuri funqciebis meTodi

rogorc fizikis kursidan viciT, wertilovani eleqtruli muxti, roelic 
moTavsebulia erTgvarovan areSi qmnis eleqtrul vels. sivrcis nebismier 
wertilSi potenciali toli:

2r
qap = ,

sadac a _ mudmivi koeficientia, q _ muxtis sidide, r _ manZili wertilidan 
muxtamde. rac ufro izrdeba r manZili, miT ufro klebulobs p potenciali. 

amrigad, Tu cnobilia muxtis sidide da manZili muxtidan wertilamde, 
maSin advili gasagebia wertilis potenciali. e.i. potencialis sidide SeiZleba 
gamoyenebul iyos wertilis muxtidan daSorebis zomad. Tu are Seicavs 
ramdenime muxts, maSin ares yovel wertilSi potenciali tolia wertilSi am 
muxtebiT gamowveuli potencialebis jamisa. Tu muxtebi, romlebic qnian vels, 
kompaqturad arian ganlagebulni, maSin muxtebiT Seqmnili jgufSigniTa 
potenciali maqsimaluria da daSorebisas igi mcirdeba.

davuSvaT, rom sivrceSi gvaqvs muxtebisagan Semdgari ori kompaqturi 
jgufi. vTqvaT, erT jgufSi muxtebi dadebiTia, xolo meoreSi _uaryofiTi, 
maSin grafikulad gveqneba:

rogorc naxazidan Cans, A wertilSi Warbobs dadebiTi muxti, radgan igi 
imyofeba dadebiTi muxtebisagan Semdgar jgufTan, xolo B wertilSi gveqneba 
uaryofiTi potenciali, radgan igi imyofeba uaryofiT muxtebisagan Semdgar 
jgufTan. C wertilSi potenciali nulis tolia, radgan dadebiTi da 
uaryofiTi potencialebi am wertilSi erTmaneTis tolia. am SemTxvevaSi 
miRebuli niSnis mixedviT wertilebi (saxeebi) SegviZlia mivakuTvnoT erT an 
meore jgufs (klass). nulis SemTxvevaSi (C wertili) SeiZlia CavTvaloT, rom X
saxe arc erT klass ar miekuTvneba.

zemoT moyvanili idea gavavrceloT sivrcis nebismier wertilze. 
amisaTvis gamoviyenoT iseTi funqcia, romelic waagavs zemoT ganxilul 
potencials, e.i. funqcias kvebis wertilSi unda gaaCndes maqsimaluri 
mniSvneloba da wertilidan daSorebisas unda klebulobdes. aseTi 
potencialuri funqcia SeiZleba iyos, magaliTad Semdegi:

( ) 21
1
ar

r
+

=ϕ ,

sadac a _koeficientia, romelzedac damokidebulia ϕ funqciis klebis siCqare. 
r warmoadgens manZils kvebis wertilsa da im wertils Soris, romelSic 
iTvleba potenciali. r SeiZleba iyos nebisieri manZili, magaliTad, evklides 
an hemingis.

ϕ sidide yovel wertilSi SeiZleba CaiTvalos siaxlovis zomad 
wertilsa da wyaros wertils Soris. dauSvaT, wyarod CavTvaleT wertilTa 
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erToblioba, romlebic ekuTvnian raime A klass. maSin am wertilTa 
wyaroebis saSualo potenciali daaxasiaTebs TiToeuli maTganis siaxloves 
mocemul wertilsa da mTel simravles Soris. magaliTad, Tu kompiuteris 
mexsierebaSi dafiqsirebulia A da B kalasebis wertilTa simravleebi da 
cnobilia am simravleebis saSualo potencialebi, maSin axali wertili 
miekuTvneba im klass, romlis potenciali am wertilSi udidesia.

potencialTa meTodiT saxeTa garevis umartivesi algoriTmiMSemdegSi 
mdgomareobs:

1. swavleba. Seswavlis procesSi kompiuteris mexsierebaSi fiqsirebulia 
yvela wertilis (saxis) kodebi da romel klass miekuTvnebian isini.

2. garCeva. gasarCev ucnob X wertilisaTvis gamoiTvleba TiToeuli 
klasis potenciali Semdegnairad:

 

( ) ( )

( ) ( )

( ) ( ) ,,11,

,11,

,11,

11

11

1 1

∑∑

∑∑

∑ ∑

==

==

= =

==

−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−

==

==

MM

BB

A A

N

i
i

M

N

i
mi

M

N

i
i

B

N

i
bi

B

N

i

N

i
i

A
ai

A

mX
NN

MX

bX
NN

BX

aX
NN

AX

φϕφ

φϕφ

φϕφ

sadac A,B,….,M mocemuli klasebia, NA ,NB ,……,NM_TiToeul klasSi wertilebis 
raodenobaa.

 ( ) 21
1,

ai
iai ar

aX
+

== φϕ

warmoadgens potencials, romelsac warmoSobs  gasarCev X wertilSi A klasis 
i-uri wertili. 

Semdeg xdeba ( ) ( ) ( )MXBXAX ,,....,,,, φφφ sidideebis Sedareba da X wertili 
(saxe) miekuTvneba im klass, romelic am wertilSi qmnis yvelaze did 
potencials. umartives SemTxvevaSi, roca saqme gvaqvs or A da B klasTan, maSin 

gveqneba:      ( ) ( ) ( )BXAXX ,, φφφ −= da roca es gamosaxuleba miiRebs dadebiT 
mniSvnelobas, maSin saxe miekuTvneba erT klass, xolo uaryofiTi sididis 
dros meore klass.

zemoT moyvanili algoriTmiMSegviZlia ufro gavaumjobesoT, Tu 
damatebiT CavatarebT Semdeg operaciebs. rodesac kompiuters Seswavlis 
procesSi yvela saxes mivawvdiT, kompiuters vaiZulebT igive saxeebis garCevas 
da Tu igi Secda, maSin mexsierebaSi Sedis brZaneba, raTa Sesabamisi wertilis 
wona gaizardos garkveuli mniSvnelobiT, magaliTad, erTiT. es imas niSnavs, 
rom SemdgomSi am wertilSi Seqmnili poterciali ormagdeba. Semdeg tardeba 
xelmeored arCevis procesi da a.S. manam, sanam kompiuteri uSecdomod ar 
gaarCevs yvela saxes. 
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IV. xelovnuri neironuli qselebi

pirveli samecniero naSromebi xelovnur neironul qselebSi gamoCnda me-
20 saukunis ormocian wlebSi da maTi avtorebi iyvnen u. mak-kaloki, e. pitsi da 
u. gamba. maT mier Seqmnil biologiur neironis models ewoda perseptroni. 
SemdgomSi Seiqmna perseptronebis sxvadasxva modifikaciebi, romelTa Soris 
aRsaniSnavia frank rozeblantis mier samocian wlebSi Seqmnili perseptroni, 
romlis safuZvelzec aigo cnobili gamoTvliTi kompleqsi ILIAK-4, romlis 
ZiriTadi mizani iyo saxeTa garCevis problemebis gadaWra.

 Ppirveli Sedegebi neironuli qselebis modelirebisa warumatebeli iyo, 
ris gamoc gamokvlevebi am sferoSi garkveul wilad damuxruWda. 
neirobiologiis ganviTarebam da nervul sistemebSi mimdinare procesebis 
kvlevaSi mravali axali informaciis miRebam SemdgomSi biZgi misca xelovnuri 
neironuli qselebis Seqmnis problemas.

Bbolo wlebSi sagrZnoblad gaizarda xelovnuri neironuli qselebis 
gamoyeneba saxeTa garCevis procesebSi; droiTi mnkrivebis prognozirebaSi; 
wrfivi da arawrfivi obieqtebis modelebis SeqmnaSi; neirokompiuteris anu e.w. 
paraleluri moqmedebis kompiuteris agebaSi da bevr sxva sferoSi.

4.1 bunebrivi neironi da masSi mimdinare procesebi

neironi warmoadgens nervuli sistemis ujreds da sxva ujredebisagan
imiT gansxvavdeba, rom mas gaaCnia mTeli rigi gamoTvliTi funqciebi. 
miuxedavad neironis mravalferovnebisa isini ZiriTadad Sedgebian erTi da 
igive daniSnulebis elementebisagan: ujredis sxeuli (soma), dendritebi da 
aqsonebi. sqematurad neironi warmodgenilia Semdeg naxazze:
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cnobilia, rom mozrdili adamianis tvinis neironebi ar aRdgebian, isini 
kvdebian. Ees imas niSnavs, rom neironis yvela komponenti uwyvetliv unda 
icvlebodes, xolo masala unda ganaxldes saWiroebis SemTxvevaSi.

Uujredis sxeuli anu soma, romelic moqceulia membranul garsSi, 
aregulirebs ujredSi mimdinare procesebs. igi marTavs neironis energiis 
xarjvas da aregulirebs ujredSi mimdinare mraval sxva procesebs. ujredis 
sxeulis gare membranas gaaCnia nervuli impusebis (moqmedebis potencialebi) 
generirebis unikaluri unari, romelic warmoadgens nervuli sistemis 
sicocxlisaTvis saWiro funqcias da misi gamoTvliTi unaris centrs. soma 
Tavisi formis mixedvidan gamomdinare arCeven aTasobiT neironis tips, 
romelTac gaaCniaT Cveulebriv 5-dan 100 mikrometris sigrZis diametri.

somas daniSnulebaa Semosuli impulsebis akumulireba (ajamva). Tu somas 
polarizaciis procesi ufro mzardia vidre depolizaciisa, maSin ajamvis 
garkvuli xarisxis miRwevisas igi ganimuxteba da aqsonSi Cndeba Sesabamisi 
signali. ganmuxtvis Semdeg neirons garkveuli drois ganmavlobaSi aRar 
SeuZlia Semosul signalze reagireba. drois am monakveTs, romelic SeiZleba 
gagrZeldes wamis measedebidn ramdenime wamamde, latenturi periodi ewodeba. 
latenturi periodis gavlis Semdeg neironi modis sawyis `muSa~ mdgomareobaSi. 

Ddendritebis daniSnulebaa garemodan miRebuli signalebis gatareba da 
gardaqmna. gardaqmnaSi igulisxmeba signalis damuxruWeba anu Semcireba, an 
gazrda. Ddendritebis saSualebiT garemodan an sxva neironebidan gamomavali 
signalebi moxvdebian somaSi. amrigad, dendritebi warmoadgenen ganStoebad 
struqturas, romlebic gamodian somidan da maTze ganlagebulia sinafsuri
SenaerTebi, romlebic Rebuloben sxva aqsonebidan signalebs. Ddendritebis 
mier signalebis gatarebis procesi damokidebulia sinafsur kavSirebze da misi 
diametris cvlilebebze. ase magaliTad, diametris Semcireba SeiZleba iwvevdes 
signalis gazrdas, xolo diametris gadideba_Semcirebas anu damuxruWebas.

Aaqsoni warmoadgens ganutotebel nervul boWkos, romlis daniSnulebaa 
neironis mier gamomuSavebuli signalis gatareba. Aaqsons gaaCnia ganStoebebi, 
romelTa saSualebiT igi ukavSirdeba sxva aqsonebs, dendritebs da maTi 
saSualebiT sxva neironebs. aqsonSi signali gvaqvs im SemTxvevaSi, rodesac 
soma ganimuxteba. impulsebis amplituda ganmuxtvis Zalis miuxedavad mudmivia, 
magram icvleba maTi sixSire. dendritebSi misi diametris cvlilebebiT da 
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sinafsebis saSualebiT xdeba akrZalvis, arCevis da TanakveTis operaciebi, 
anu logikuri `da~, `an~ da `ara~ moqmedebebi. aqsoni SeiZleba iyos mokle (0,1 
mm) da grZeli, romlis sigrZe aRemateba 1m da romelic ganTavsebulia adamianis 
sxeulis sxva nawilebSi. 

Aaqsonis daboloebas gaaCnia uamravi ganStoeba, romelTa daboloeba 
warmoadgenen sinafsebs, saidanac signali dendritebis saSualebiT gadaecema 
sxva neironebs, xolo zogierT SemTxvevaSi somas.

sinafs gaaCnia sferosebrivi forma, sadac ganTavsebulia buStulebi, 
romlebic Seicaven neirotransmiterul molekulebis did raodenobas. rodesac 
impulsi gadis aqsonSi zogierTi misi buStulebi gamoanTavisufleben Tavis 
Semadgenlobas sinafsur xvrelSi, romlebsac iWeren dendritis specialuri 
receptorebi da xdeba maTi danergva ujredis sxeulSi. Aarsebobs 30-ze meti 
saxis neirotransmiterebi, romelTagan zogi warmoadgens amgznebs da iwveven 
ujredis agznebas da zogierTi gamoimuSavebs gamosaval impulsebs. sxvebi 
warmoadgenen damuxruWebis neirotransmiterebs, romlebic cdiloben impulsis 
Semcirebas an Caqrobas.

soma Semosul signalebs ajamavs da Tu ajamuli signali zRurblur 
signalze metia, gamoimuSavebs impuls, romelic aqsonis gavliT gadaecema sxva 
neironebs.

Ddaskvnis saxiT CamovayaliboT Semdegi:
1. funqcionalurad neironi signalebs Rebulobs Semavali arxebis anu 

dendritebis saSualebiT garemodan an sxva neironebisagan sinafsebis 
saSualebiT.Aaqedan signalebi moxvdebian somaSi.

2. somaSi moxvedrili signalebi aijamebian sxva analogur signalebTan 
erTad da rodesac jamuri signali gadaaWarbebs garkveul zRurblur 
mniSvnelobas moxdeba somas ganmuxtva da neironis gamosavalze anu aqsonze 
gaCndeba impulsi.

3. neironis mier gamomuSavebul signals aqsoni gaatarebs da mis 
boloebze arsebuli sinafsebis saSualebiT gadascems sxva neironebs, 
romlebic Tavis mxriv SeiZleba aRigznon an piriqiT damuxruWden. sinafs 
gaaCnia garkveuli intesioba anu wona, romelic Seesabameba neironis sinafsur
aqtiobas.

4.2  xelovnuri neironis modeli

pirveli miaxloebiT xelovnuri neironi, romelsac zojer maTematikur 
neironsac uwodeben, warmoadgens bunebrivi neironis Tvisebebis imitacias. 
xelovnuri neironis Sesavalze Sedis garkveuli raodenobis signalebi, 
romelTagan TiToeuli maTgani waroadgens sxva neironis gamosavals. 
TiToeuli Semosavali signali mravldeba garkveuli woniT koeficientze, 
Semdeg ijameba da miRebuli jami axasiaTebs neironis aqtivaciis dones. 
xelovnuri neironis modeli ase SeiZleba warmovadginoT:
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 Semavali signalebi nxxx ,......,, 21 Seesabamebian neironis sinafsebSi gamaval 

signalebs. TiToeuli signali mravldeba Sesabamis woniT mwww ,.....,, 21

koeficientebze da ijameba ajamvis ∑ blokSi. TiToeuli woniTi koeficienti 

Seesamameba sinafsuri kavSiris e.w. `Zalas~. Aajamvis bloki Seesabameba somas da 

Tu misgan gamosul signals avRniSavT R simboloTi, maSin gveqneba:

∑ ′=⋅=
i

ii XWxwR .

R signali axasiaTebs neironis reaqcias da rogorc wesi igi gardaiqmneba 
aqtivaciur anu maxasiaTebel F funqciad da Tu is raime T zRrulbze metia, 
maSin neironis gamosavalze vRebulobT signals. Tu neironis gamosaval 
signals avRniSavT Y simboloTi, maSin gveqneba:

( ) ( )TRfTXWfY −=−′= .

aqtivaciuri funqcia sxvadasxva saxisaa da igi SeiZleba CaiTvalos 
xelovnuri neironis arawrfiv maZlierebel maxasiaTeblad. gaZlierebis 
koeficienti ganisazRvreba, rogorc fardoba Y signalis nazrdisa R signalis 
nazrdze.

praqtikaSi ufro xSirad gamoiyeneba sigmaidaluri (sigma) funqcia. 
(funqcias sigmaidaluri uwodes imis gamo, rom grafikulad igi waagavs `S~ 
asos). sigmaidaluri aqtivaciis funqcia maTematikurad ase gamoisaxeba:

{ }R
Y

−+
=

exp1
1

.

xSirad am funqcias standartuls uwodeben da roca ( ) 0≥− TR , maSin Y = 0 
grafikulad sigma funqcias aqvs Semdegi saxe:

sigmaidaluri funqciis erT-erT Rirebulebas warmoadgens misi pirveli rigis 
warmoebulis martivi saxe:

( ) ( )[ ]RFRFy −=′ 1
unda aRiniSnos, rom  sigmaidaluri funqcia diferencirebadia mTeli abscisis 
RerZis mimarT. Aam Tvisebis gamo igi xSirad gamoiyeneba neiroqselebis 
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swavlebis procedurebSi. Ggarda amisa, mas gaaCnia unari gaaZlieros dabali 
signalebi ufro Zlierad, vidre didi signalebi, rac iwvevs didi signalebiT 
gajerebis Tavidan acilebas.

garda sigmaidaluri funqciisa praqtikaSi xSirad gamoiyeneba 
hiperboluri tangesis funqcia, romelic sigma funqciis msgav funqcias 
warmoadgens im gansxvavebiT, rom igi simetriulia koordinantTa saTavis 
mimarT da R =0 wertilSi nulis tolia.
    

xx

xx

ee
eeY −

−

+
−

=

gamoiyeneba agreTve kibiseburi funqcia, romelsac aqvs Semdei saxe:







<

≥
=

.0,0
,0,1

R
R

Y
roca

roca
E

 

arseboben sxva aqtivaciuri funqciebi (hopfild-tankis, parametrze 
damokidebuli, radalur-bazisuri funqciebi da sxva), romlebic met-naklebad 
gamoiyenebian praqtikul kvlevebSi.

arCevan erTSrian da mravalSrian xelovnur neironul qselebs. erTSriani 
neironuli qselis blok-sqema warmodgenilia Semdeg naxazze:
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sqemaze aRniSnuli rgolebi gamoiyeneba mxolod Semavali signalis 
ganawilebisaTvis. maT ar gaaCniaT raime gamoTvliTi funqcia da amitom isini 
Sred ar SeiZleba CaiTvalos.

woniTi koeficientebis W matricas gaaCnia m striqoni da n sveti. 
gamosavali veqtoriYYY, romlis komponentebia neironebis gamosavali R, miiReba:  

XWY = gamosaxulebiT, sadac Y da X –veqtori-striqonebia.
mravalSriani xelovnuri neironuli qseli SeiZleba ase warmovadginoT:

 

Arogorc vxedavT, mravalSriani qseli SeiZleba SevqmnaT Sreebis 
kaskadebiT, sadac erTi Sris gamosasvleli meore Sris Sesasvlelia. Sris 
gamosasvleli signali ganisazRvreba Semavali veqtoris pirveli woniT 
matricaze gamravlebiT da Semdgom miRebuli Sedegis gamravlebiT meore Sris 

woniT matricaze, e.i. 21 )( WXW anu  ( )21WWX . mravalSriani neironuli qselis 
Sualedur Sres, romelsac uSualod ar gaaCnia kavSiri neiroqselis 
gamosavalTan, faruli Sre ewodeba.

amrigad, orSriani wrfivi qseli eqvivalenturia erTSriani qselisa, 
romlis wonis matrica miiReba orive Sris woniTi matricebis gadamravlebiT. 
aqedan gamomdinare, nebismieri mravalSriani wrfivi neironuli qseli SegviZlia 
SevcvaloT misi eqvivalenturi erTSriani qseliT.



-------------------------------------------------------
ე,ყუბანეიშვილი. სახეთა გარჩევის მეთოდები

56
erTSriani qseli sakmaod SezRudulia Tavisi gamoTvliTi 

SesaZleblobebiT. imisaTvis, rom qselis SesaZlebloba erTSrian qselTan 
SedarebiT gaizardos, saWiroa gamoviyenoT arawrfivi aqtivaciis funqcia.

zemoT ganxilul neironul qselebs ukukavSiri ar gaaCniaT da amitom maT 
pirdapiri gavrcelebis qselebs uwodeben. aseT qselebs mexsiereba ar gaaCniaT 
da maTi gamosavali mTlianad ganisazRvreba mimdinare Semavali signalebiT da 
wonebiT. pirdapiri gavrcelebis qselebs miekuTvnebian: perseptronebi, 
radialur bazisuri funqciebis qselebi, albaTuri qselebi da sxva.

ukukavSiriani qselis SemTxvevaSi gamosavali signali ubrundeba 
Semosasvlels da aqedan gamomdinare, gamosavali signali ganisazRvreba 
rogorc mimdinare Semomavali signaliT, aseve wina gamosavali signalebiT. am 
mizezis gamo ukukavSirebian qsels SeiZleba gaaCndes adamianis moklevadiani 
mexsierebis msgavsi Tvisebebi. erTSriani ukukavSirebiani qseli SeiZleba ase 
warmovadginoT:

ukukavSiriani qselebs miekuTvnebian: hopfildis, hemingis, kohonenis, adapturi 
rezonansuli Teoriis neiroqselebi da sxva.

daskvnis saxiT CamovayaliboT Semdegi cnebebi:

1. neironis mimdinare mdgomareoba ganisazRvreba formuliT:
  

∑
=

+=
N

j
ijiji TxwY

1

,                     (1)

sadac  njx j ,.....,2,1, = Semavali signalebia,

 ijw _ woniTi koeficientebia,

 Ti _ zRurbluri mniSvnelobaa.
2. dadebiTi wonis koeficientebi Seesabamebian sinafsebis aRznebas, xolo 

uaryofiTebi_damuxruWebas. Tu 0=ijω , maSin kavSiri i –ur da j-ur neironebs 

Soris ar arsebobs.
3. miRebul signals neironi aqtivaciuri funqciiT gardaqmnis gamosaval 

( )ii xFY = signalad. zogadad, aqtivaciis funqcia warmoadgens arawrfiv 

funqcias, romliTac xdeba aRznebis gatarebis procesis modelireba.
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4.3 perseptroni

ganvixiloT martivi xelovnuri neironis modeli

Tu ajamuli signali ∑
=

=
n

i
ii xwR

1
metia zRurblze, maSin neironis gamosavali 

signali Y = 1, winaaRmdeg SemTxvevaSi Y = 0. aseTi neironul modelebisagan 
Semdgar sistemas perseptoni ewodeba.

ganvixiloT f. rozenblantis mier damuSavebuli perseptroni, romlis 
blok-sqema warmodgenilia Semdeg naxazze:

perseptronis mimReb mowyobilobad aRebulia baduras fotoeleqtruli 
modeli, kerZod receptorebis S are, romelic Sedgeba ramdenime aseuli 
fotowinaRobebisgan da romelic Tvalis baduris analogiuria da aRiqvams 
garedan Semosul signalebs. receptorebis ares TiToeuli elementi SeiZleba 
iyos or mdgomareobaSi – agznebul da aragznebulSi, imisda mixedviT ecema Tu 
ara Sesabamis fotowinaRobis areSi warmodgenili gasarCevi figuris konturi.
TiToeuli elementis gamosasvlelze miiReba signali, romelic erTis tolia 
Tu elementi agznebulia da nulis tolia, roca elementi ar aris agznebuli.

receptorebis gamosasvlelebi mierTebulia asociaturi Sris e.w. A
elementebTan SemTxveviTobis principiT da igi ucvlelia eqsperimentis 
bolomde. A elementi warmoadgens sumators ramdenime SesasvleliT da erTi 
gamosasvleliT. A elementi awarmoebs mis Sesasvlelze miwodebuli signalebis 
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algebrul ajamvas da miRebuli mniSvneloba Tu aRemateba raime T zRurblur 
mniSvnelobas, maSin A elementi agizneba da gamosasvlelze gvaZlevs signals, 
romelic erTis tolia. winaaRmdeg SemTxvevaSi gamosasvlelze gveqneba nuli. 
e.i.
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−

=

∑

∑

,0,0

,0,1

i
iij

i
iij

i

Txr

Txr

x

roca

roca

sadac rij=1, roca  i –uri receptori mierTebulia  Aj elementTan da rij=-1,
roca  i –uri receptori mierTebulia Aj elementTan uaryofiTi niSniT. roca  i
–uri receptori Aj elementTan ar aris mierTebuli, maSin rij= 0. A elementis 

gamosavali signalebi mravldebian Sesabamis wi woniT koeficientebze da Semdeg 
aijamebian

∑
=

=
m

j
jj xwR

1

ajamuli signali miewodeba e. w. reagirebis elements anu  R-elements. Tu 
R dadebiTia an nulis toli, maSin R elementi gamosasvlelze iZleva erTs, 
xolo roca R uaryofiTia, maSin nuls. Ee. i.







<

≥
=

.0,0
,0,1

R
R

Y
roca

roca

davuSvaT, rom receptorebis areSi daprogramebulia figurebi, romlebic 
miekuTvnebian or sxvadasxva klass. Tu SesaZlebelia perseptroni miviyvanoT 
iseT mdgomareobaSi, rom sakmaod saimedod gamosasvlelze mogvcems erTs, roca 
mis Sesasvlelze erTi klasis figuraa da nuls, roca meore klasis figuraa,
maSin perseptrons gaaCnia ori saxis garCevis unari.

roca saxeTa raodenoba orze metia, maSin woniTi koeficientebis 

simravle { }w mocemuli unda iyos yvela saxisaTvis cal-calke. aseve, 

reagirebis R elementebis raodenoba toli unda iyos saxeTa raodenobisa. 
gasarCevi obieqti miekuTvneba im saxes, romlis R elementis gamosavali signali 
udidesia.

4.4 xelovnuri neironuli qselis swavleba

4.4.1 erTSriani neironuli qselis swavleba

rogorc avRniSeT, neironuli qselebi gamoiyenebian saxeTa garCevis, 
prognozirebis da arawrfivi damokidebulebis (arawrfivi regresia) amocanebis 
gadasawyvetad. amisaTvis saWiroa neironuli qselebis swavleba. metad 
mniSvnelovania is faqti, rom neironuli qselebis swavleba SesaZlebelia.
gasuli saukunis 60 wlebSi rozenblantma daamtkica Teorema erTSriani 
perseptronis swavlebis Sesaxeb.

swavlebis zogadi idea SemdegSi mdgomareobs: dasawyisSi neironuli 
qselis Sesasvlels miewodeba saswavlo X amonarCevi cnobili SedegebiT da 
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vakvirdebiT qselis gamosaval signals ijwXFY )(= . woniT koeficientebis da 

TiToeuli neironis aqtivaciis zRurbluri mniSvnelobis regulirebiT qsels 
vaiZulebT mis gamosavalze miviRoT sasurveli Sedegi. amis Semdeg, sagamocdo 
amonarCeviT vamowmebT neironuli qselis muSaobis sizustes. magaliTad, 
klasifikaciis amocanaSi Cven SegviZlia moviTxovoT, rom qselma 90%-iT 
sworad Caataros saxeebis klasifikacia. prognozirebis amocanebSi Cveni mizani 
SeiZleba iyos prognozirebis sizuste, romelic ar unda aRematebodes winaswar 
mocemul mniSvnelobas. Tu neironuli qseli pasuxobs wayenebul moTxovnebs, 
maSin misi gamoyeneba praqtikul kvlevebSi ukve SesaZlebelia.

ganvixiloT swavlebis procesis algoriTmi metad martiv rozenblatis 
erTSrian perseptonis magaliTze. qvemoT moyvanil naxazze naCvenebia 
perseptronis umartivesi varianti, romlis daniSnulebaa gaarCios ricxvebi 
erTmaneTisagan. 

warmovidginoT matrica, romelic Seicavs 12 fotoelements, romlebic 
ganlagebuli arian 4 horizontalur mwkrivSi. yovel mwkrivSi moTavsebulia 3 
fotoelementi. fotoelementebis matricaze xdeba baraTis zeddeba, sadac 
warmodenilia cifri (Cveni magaliTisaTvis ricxvi 4). Tu fotoelementze 
moxvdeba cifris romelime fragmenti, maSin es fotoelementi gamoimuSavebs 
signals, romelic erTis tolia, winaaRmdeg SemTxvevaSi – nulis. rogorc 

naxazidan Cans, pirveli fotoelementi iZleva x11=0 sinals, meore 

fotoelementi – x12 = 1 signals da a.S. 
amis Semdeg signalebi gamravldeba Tavis Sesabamis woniT koeficientebze

da xdeba maTi ajamva. 

j

n

j
j xwR ∑

=

=
1

miRebuli jamuri R signali dardeba zRurblur T mniSvnelobas da Tu Sedegi 
damakmayofilebelia, maSin gamosavali sinali Y = 1, winaaRmdeg SemTxvevaSi Y = 0. 
e.i.  







<

≥
=

.,0
,,1

TR
TR

Y

rogorc Y logikur gamosaxulebidan Cans, am SemTxvevaSi gamoiyeneba Semdegi 
saxis kibiseburi aqtivaciis funqcia:
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perseptronis mizania gamosavali signali iyos Y = 1 toli, roca baraTze 
aRbeWdilia cifri 4 da Y = 0 – sxva ricxvebis dros.

es  mizani miiRwea perseptonis swavlebiT, romelic mdgomareobs woniTi 

wj koeficientebis koreqtirebaSi. Tu gamosavali signali Y = 1, maSin 
koeficientebis koreqtireba araa saWiro, radgan perseptronis reaqcia sworia. 
magram, Tu gamosavali signali arasworia, e.i. Y = 0 , maSin saWiroa im woniTi 
koeficientebis gazrda, rolebic axdenen neironis agznebas. Cven SeTxvevaSi 

saWiroa w12, w31, w41 da a.S. koeficientebis koreqtireba, anu am SeTxvevaSi maTi 
mniSvnelobebis gazrda.

amrigad, SegviZlia CamovayaliboT woniTi koeficientebis koreqtirebis 
Semdegi iteraciuli procedura:

biji 1. warmovadginoT Semavali saxe da ganvsazRvroT perseptonis 
gamosavali YYsignali.

biji 2. a) Tu gamosavali sworia, maSin gadavideT 1 - bijze.
biji 2. b) Tu gamosavali signali arasworia da nulis tolia, maSin 

izrdeba gaaqtivebuli Semomavali sinalebis koeficientebi, magaliTad, woniT 
koeficientebs daumatoT yvela Semomavali sinali:

 ( ) ( ) jjj xtwtw +=+1  

biji 2. g) Tu gamosavali signali arasworia da erTis tolia, maSin 
saWiroa Semomavali signalis woniTi koeficientebis Semcireba, magliTad ase:

 ( ) ( ) jjj xtwtw −=+1
biji 3. gadavideT 1 – bijze an davamTavroT Seswavlis procesi.
moyvanil aloriTmSi bij 2. b)-s uwodeben hebis pirvel wess, xolo bij 2. 

g) – hebis meore wess. es aloriTmi pirvelad SemovTavaza hebma 1949w. unda 
SevniSnoT, rom hebis wesi mogvagonebs cxovelebis gawvrTnis `maTraxi –
tkbileuli” – is meTods an bavSvis aRzrdis process waxalisebisa da dasjis 
principis gamoyenebas.

zemod ganxiluli swavlebis aloriTmi SeiZleba warmovadinoT zogadi 
formis saxiT. Tu d – Ti aRvniSnavT saWiro gamosaval sinals, maSin yovel 
iteraciaze SesaZlebelia ganisazRvros sxvaoba saWiro d signalsa da realur 

Y signals Soris e.i. ε = (d – Y). roca ε = 0, maSin is Seesabameba bij 2. a)-s im 
SemTxvevaSi, roca gamosavali sidide WeSmaritia. roca 0>ε Seesabameba bij 2. 
b), xolo roca 0<ε Seesabameba bij 2. g) – s.

perseptronis wavlebis algoriTmi hebis wesis saSualebiT rCeba, Tu 
iteraciul process warvmarTavT Semdegi formulebiT:

( ) ( )
jj

jjj

xw
wtwtw

ε=∆

∆+=+1

sadac wj(t) da wj(t+1) Sesabamisad perseptronis koeficientebis Zveli da axali 
mniSvnelobebia, j- Semavali signalis rigiTi nomeria.
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SesaZlebelia miviRoT analogiuri iteraciuli formula neironis T

zRvruli mniSvnelobis reulirebisaTvis, Tuki mas ganvixilavT, rogoc

neironis damatebiTi Semomavali x0 sinalis woniT koeficientad. x0 sinalis 
mniSvneloba -1 tolia.

( ) ( ) .,1 ε−=∆∆+=+ TTtTtT
iteraciul formulebSi SesaZlebelia swavlebis λ  koeficientis 

Semotana, romlis saSualebiTac SesaZlebelia woniTi koeficientebis 
koreqtireba

., λελε −=∆=∆ Txw jj

perseptronis swavlebis algoriTms, romelic iyenebs am formulebs, 
ewodeba delta-wesi.

qemoT moyanil naxazze warmodgenilia perseptronis sqema, romelic 
gankuTvnilia laTinuri alfavitis asoebis gasarCevad. aseT perseptrons 
gaaCnia 26 neironi, e.i. alfavitis TiToeul asos Seesabameba erTi neironi. 

iTvleba, rom pirveli neironis gamosavali y1 unda iyos erTis toli roca 
perseptrons gasarCevad miewodeba aso `A~ da nulis toli yvela danarCeni 

asoebisaTvis. meore neironis gamosavali y2 unda iyos erTis toli roca 
neirons `B~ aso miewodeba da nulis toli yvela danarCeni asoebisaTvis da a.S.

mocemuli perseptronis swavlebis algoriTmi Sedgeba Semdegi 
bijebisagan:

1. SemTxveviTi ricxvebis gadamwodiT neironebis yvela woniT 

koeficientebs wij da zRvrul Ti sidideebs mieniWebaT raime mcire 
mniSvnelobebi.

2. perseptrons miewodeba alfavitis romelie aso da fotoelementebis 

sistemis saSualebiT gamoimuSavebs gamosaval veqtors .12,...2,1, =jx j

3. TiToeuli neironi awarmoebs Semomavali signalebis ajamvas:

∑
=

=
12

1j
jiji xwR

da gamoimuSavebs gamomaval sinals yi=1 , roca ii TR ≥ da yi=0 , roca ii TR < .

4. yoveli neironisaTvis ganisazRvreba cdomileba:

( )iii yd −=ε ,

sadac di- perseptronis swori pasuxis veqtoria (magaliTad, `A~asosaTvis 
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d1=1, d2=0, …..,d26 =0 ).

5. xdeba neironis woniTi koeficientebis da zRvruli mniSvnelobebis 
koreqtireba:

( ) ( )
( ) ( ) ,,1

,,1

iiiii

jiijijijij

TRtRtT
xwwtwtw

λε

λε

−=∆∆+=+

=∆∆+=+

sadac t – iteraciis riiTi nomeria.
6. gavimeoroT 2 – 5 bijebi saWiro raodenobamde.

zemod moyvanili perseptronis sqema, romelic gankuTvnilia alfavitis 
asoebis gasarCevad, SeiZleba gamoviyenoT sxva praqtikuli amocanebis, 
magaliTad, samedicino diagnostikuri amocanebis gadasawyvetad. yvelaferi 

damokidebulia imaze, Tu ra azrs mivaniWebT Semomaval xi da gamomaval yi
signalebs.

gadasawyveti amocanebis sfero mniSvnelovnad gafarTovdeba Tuki 
perseptrons vaswavliT ara marto binaruli mniSvnelobebis (0 da 1), aramed 
uwyveti signalebis gamotanasac. aseTi ganzogadoebuli perseptronis Seqmna 
SesaZlebelia, Tuki aqtivaciis funqciad gamoviyenebT ara kibisebur, aramed 
sigmaidalur funqcias. praqtikulad sigmaidaluri funqcia uzrunvelyofs 
klasikuri zRvruli funqciis aproqsimacias.

SemovitanoT ramodenime gansazRvreba. perseptrons ewodeba adalaini, 
roca mas gaaCnia erTi gamosavali da sigmaidaluri aqtivaciis funqcia. Tu 
perseptrons gaaCnia mravali gamosavali, maSin mas ewodeba madalaini
(inglisuri sityvebidan ADAptive LInear NEuron da Many ADALINE).aseTi uwyveti 
aqtivaciuri funqciis perseptronis gamoCenam gamoiwvia misi swavlebis mimarT 

axleburi midgoma. uidroum da xofma SemogvTavazes saWiro di da realuri yi
gamosavali signalebis sxvaobebis saSualo kvadratuli cdomilebis 
minimizacia:

( )
2

12
1 ∑

=

−=
N

i
ii ydε ,

sadac N – perseptronis gamosavali arxebis raodenobaa.
aseTi optimizaciis amocanis gadawyveta SesaZlebelia arawrfivi 

daprogramebis meTodebiT, magaliTad, gradientis meTodiT, romelsac mivyevarT 
neironis swavlebis Semdeg iteraciul formulebamde:

 ( ) ( ) ijijij wtwtw ∆+=+1 ,

sadac            ( ) ( )iiiiiji yyydxwij −−==∆ 1, δλδ .

am algoriTms ewodeba delta – wesis ganzogadoebuli algoriTmi, 
romlis upiratesoba mdgomareobs iteraciis ufro swraf krebadobaSi da 
Semavali da gamomavali uwyveti signalebis ufro zest damuSavebaSi.

 

4.4.2 erTSriani neironuli qselis SezRudva

rogorc ukve avRniSeT, f. rozenblantma SesZlo erTSriani perseptronis 
saSualebiT alfavitis asoebis garCeva. es im droisaTvis iyo mniSvnelobani 
miRweva da wingadadgmuli nabiji adamianis azrovnebis Semecnebis sferoSi. 
magram, perseptronis mier gadasawyveti amocanebis sfero TandaTan 
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farTovdeboda. samecniero sferos gaSlasTan erTad warmoiSva siZneleebi, 
kerZod aRmoCnda, rom zogierTi axali amocanis gadawyveta perseptrons ar 
SeuZlia, Tumca es amocanebi garegnulad mniSvnelovnad ar gansxvavdebodnen im 
amocanebisagan, romlebsac perseptroni warmatebulad wyvetda. saWiro gaxda 
warmoSobili paradoqsis axsna, siRrmiseuli analizi da neironuli qselis 
Teoriuli bazis Seqmna.

perseptronis ganviTarebis Semdegi etapi iyo m.minskis da s.paipertis 
wignis `perseptronebi~-s gamoqveyneba. am wignSi maTematikuri sizustiT 
damtkicebuli iyo is, rom erTSrian perseptrons ar Zalums mravali 
praqtikuli amocanebis gadawyveta. maT Soris iyo logikuri operaciis 
`gamomricxavi an~- is realizacia.MMMMMDA

`gamomricxavi an~ warmoadgens bulis orargumentian funqcias, romelmac 
SeiZleba miiRos `WeSmariti~ an `mcdari~ mniSvneloba. `WeSmarit~ mniSvnelobas 
funqcia Rebulobs maSin, roca funqciis erT-erTi argumenti (da ara orive) 
aris `WeSmariti~. sxva SemTxvevebSi funqcia Rebulobs `mcdar~ mniSvnelobas. 
funqcias aqvs Semdegi saxe:

  y = (x1∧ x2)∨(x2∧x1)                         (1)
amocana mdgomareobs erTSriani perseptroiT movaxdinoT (1) funqciis 

realizireba ori x1 , x2 Semavali da erTi gamomavali y mniSvnelobiT.
Tu avRniSnavT `WeSmarit~ sidides erTiT, xolo `mcdars~ nuliT, maSin 

Semavali sinalebis yvela SesaZlo kombinaciebi ( )21 , xx sibrtyeze SeiZleba 

warmovadginoT oTxi A1 ,A2 ,B1 ,B2 wertilis saxiT, rogorc es naCvenebia Semdeg 
naxazze:

 
magaliTad, A1 wertils Seesabameba Semavali signalebis x1 = 0 da x2 = 0 
mniSvnelobebi, xolo A2  wertils ki x1 =1 da x2 =1. (1) formulis Tanaxmad, 
perseptronis Semavali da gamomavali signalebis Sesabamisobebi moyvanilia 
Semdeg cxrilSi:

 wertilebi x1 x2 y
A1 0 0 0
A2 1 1 0
B1 1 0 1
B2 0 1 1

erTSriani perseptroni, romelic gamosaxulia qvemoT moyvanil naxaze,
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awarmoebs Semdeg gardaqmnebs:  2211 xwxwR += (2).   y =1 , 
roca TR ≥ da y =0 , roca TR < . Tu (2) gantolebaSi R-s 
SevcvliT T–Ti, maSin miviRebT: Txwxw =+ 2211 (3).

Tu miRebul (3) gantolebaSi x1  da x2 cvladebia, 

xolo T, w1 da w2 mudmivebi, maSin ( )21 , xx sbrtyeze (3) 

gantoleba gamoisaxeba swori xaziT, romlis daxriloba ganisazRvreba w1 da w2
woniTi koeficientebiT da T zRvruli mniSvnelobiT. im wertilebebisaTvis, 
romlebic am swor sazze mdebareoben, sruldeba R = T toloba da perseptronis 
gamosavali erTis tolia. im wertilebebisaTvis, romlebic ganlagebulni arian 
swori xazis qvemoT perseptronis gamosavali sidide nulis tolia. im 
wertilebebisaTvis, romlebic ganlagebulni arian swori xazis zemoT 
perseptronis gamosavali sidide erTis tolia. aqedan gamomdinare, (3) 
gantolebas uwodeben zRvrul swor xazs.

zemod moyvanili cxrilis Tanaxmad, A1  da A2 wertilebSi perseptronis 
gamosavali unda iyos nulis toli, xolo B1 da B2 wertilebSi – erTis toli. 
magram, amisaTvis zRvruli swori xazi ise unda iyos warmodgenili, rom A1  da 
A2 wertilebi unda imyofebodnen am xazis qvemoT, xolo B1 da B2 wertilebi –
zemoT, rac yovlad SeuZlebelia. es imas niSnavs, rom ra mniSvnelobebic ar 
unda mivaniWoT woniT koeficientebs da zRurbls, erTSrian neironul qselebs 
ar SeuZlia `gamomricxavi an~ funqciis warmodgena. 

 garda  `gamomricxavi an~ funqciis realizebis problemisa, m.minskis 
wignSi moyvanilia sxva amocanebic, romelTa garCeva erTSrian neironul 
selebs ar SeuZliaT.

4.4.3 mravalSriani perseptronis swavleba

`perseptronebi~ wignis gamosvlam mecnierebs Soris gamoiwvia Soki. 
sayovelTao optimizmi Secvala pesimizma, ramac gamoiwvia neironuli qselis 
ganviTarebis garkveuli Seferxeba. miuxedavad amisa, calkeuli mecnierebi mainc 
ganagrZnobdnen mecnierul kvlevebs. bevr mkvlevars esmoda, rom saWiro iyo 
perseptronis struqturis garTuleba. aRmoCnda, rom `gamomricxavi an~
funqciis problema SeiZleba gadawydes orSriani neironuli qselis 
saSualebiT, magaliTad ise, rogorc es warmodgenilia Semdeg naxazze:

warmodgenili perseptronis muSaoba sruldeba Semdegi algoriTmiT:

 perseptroni 1 :  ( ) 211 5,05,0 xxR −+= ,
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 y1 = 1, roca TR ≥1 ,

 y1 = 0, roca R1 < T.
 

 perseptroni 2 :     ( ) 212 5,05,0 xxR +−= ,

 y2 = 1, roca TR ≥2 ,

  y2 = 0, roca R 2 < T.
 

 perseptroni 3 :      R1 = 1y1 + 1y2 ,
 y3 = 1, roca TR ≥3 ,

 y3 = 0, roca R 3 < T.
am formulebis saSualebiT, advilad SeiZleba warmovadginoT 

perseptronis Semavali da gamomavali signalebis Sesabamisobebi mocemuli T=0,5 
zRvruli mniSvnelobisaTvis Semdeg cxrilSi:

Mmkvlevarebs esmodaT, rom mravalSriani neironuli qselebi afarToeben 
amosaxsnel amocanaTa klass, magram problema iqneboda aseTi neirnuli 
qselebis swavleba. Mmartivi hobis wesi da misi modificirebuli delta – wesi 
vargoda mxolod gamosavali Sris neironebis woniTi koeficientebis 
koreqtirebisaTvis, maSin roca neironuli qselis Siga(faruli) SreebisaTvis 
igi gamousadegari iyo.

mravalSriani neironuli qselis swavlebis efeqtuli algoriTmi Seiqmna 
1986w., romelsac ewodeba cdomilebis ukugavrcelebis algoriTmi. meTodma 
Tavisi dasaxeleba miiRo imitom, rom misi funqcirebis dros qselis 
gamosavali cdomileba, romelic ganisazRvreba iteraciis yovel bijze, 
gavrceldeba neironul qselSi gamosavali Sridan Semosasvlelamde (e.i. 
signalis gavrcelebis sawinaRmdegod). swored am dros xdeba faruli Sreebis 
neironebis woniTi koeficientebis gansazRvra.

V. obieqtebis winaswari damuSaveba

5.1  obieqtebis gardaqmna da parametrebis mowesrigeba

garCevis procesis pirveli etapi ZiriTadad sawyisi parametrebis 
(niSnebis) simravlis arCevis amocanaa. Mmiswrafeba rac SeiZleba meti 
informacia movipovoT obieqtis aRsawerad, iwvevs informaciis siWarbes, rac 
Tavis mxriv iwvevs garkveul uaryofiT Sedegebs, rogoricaa gamoTvlebis 
moculobisa da drois gazrda.
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sawyis niSanTa simravlis  formireba mniSvnelovnad aris damokidebuli

analizis meTodze.Aase magaliTad, medicinaSi romelime davadebis
diagnostikisaTvis SesaZloa gamoviyeniT analizis sxvadasxva meTodi: rendgenis 
sxivebi, ultrabgeriTi, optikuri, simptomatikuri, qimiur-biologiuri da a.S., 
romlebic gansxvavebul parametrTa simravles gvaZleven. garda amisa, garCevis 
sistemaSi, romlis ZiriTadi struqturuli elementia kompiuteria, aucilebeli 
gaxda gazomviT miRebuli Sedegebis iseTi gardaqmna, rom SesaZlebeli 
yofiliyo am monacemebis kompiuterSi Setana. amis gamo. zogierT SemTxvevaSi 
saWiro gaxda analizis meTodis an gadamwodebis Secvlac.
A amrigad, gazomvis procesis Semdeg gvaqvs informaciis winaswari 
damuSavebis procedurebi. aq igulisxmeba artefaqtebis filtracia, 
aradamaxasiaTebeli elementebis mocileba, masStabireba, Warbi informaciis 
ugulvebelyofa da saerTod, pirveladi analiziT miRebuli Sedegebis 
gaumjobeseba informatiuli parametrebis gamovlenis gziT. analizis saboloo 
procedura SeiZleba iyos saxeTa realizaciebis saswavlo da sagamocdo
amonarCevebis formireba. realizaciaTa raodenoba am amonarCevebSi unda 
akmayofilebdes warmomadgenlobiTobis (reprezentatiulobis) pirobas, rac 
Tavis mxriv, mniSvnelobnad aris damokidebuli SerCeul niSanTa simravlis
simZlavreze.

Aamrigad, nebismieri tipis saxeTa garCevis sistemis sinTezis dros 
sasurvelia gadaiWras parametrTa SerCevis da obieqtTa ganzomilebis 
Semcirebis sakiTxebi.

realizaciis yvela parametri ar warmoadgens mniSvnelovans saxeTa 
garCevis amocanis gadawyvetisaTvis. klasebis realizaciebis Sedarebisas, is 
parametrebi, romlebic mniSvnelovnad icvlebian unda gaaCndeT didi woniTi 
koeficientebi, xolo im parametrebs, romlebic naklebad icvlebian _ mcire 
woniTi koeficientebi. Aaqedan gamomdinare, evklides manZili or Xi da Xj
realizacias Soris SeiZleba ganisazRvros Semdegi formuliT:

 ( ) ( )∑
=

−=
n

k
kjkikkji xxwXXd

1

222 , ,                               (1)

sadac kkw warmoadgens woniT koeficientebs. saWiroa moiZebnos woniTi 

koeficientebis iseTi mniSvnelobebi, romlebic moaxdenen (1) gamosaxulebis 
minimizacias (an maqsimizacias) imis mixedviT Tu ra tipis amocanasTan gvaqvs     
saqme. aseTi amocanebis gadasawyvetad saWiroa movaxdinoT wrfivi gardaqmna. 

dauSvaT gvaqvs ori ( )naaaa ,.....,, 21= da ( )nbbbb ,.....,, 21= veqtori, romelTa mimarT 

Catarda gardaqmna da miviReT ∗a da ∗b veqtorebi:
 

    ,, WbbWaa == ∗∗

sadac 























−−−−−−−−−−
−−−−−−−−−−=

nnnn

n

n

www

www
www

W

.......

.......
.......

21

22221

11211

warmoadgens gardaqmnis matricas, romlis elementebia woniTi 
koeficientebi.Aamocana mdgomareobs W matricis elementebis gansazRvraSi.
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imisaTvis, rom ganisazRvros W matricis elementebi, saWiroa woniT 

koeficientebs daedoT damatebiTi SezRudvebi. ganvixiloT ori SemTxveva.

1. SezRudva ∑
=

=
n

k
kkw

1
1 , romelsac mivyevarT W gardaqmnis matricis 

elementebis gansazRvris Semdeg gamosaxulebamde:

 

∑
=

= n

k k
k

kkw

1
2

2 1
1

σ
σ

,     (2)

sadac 2
kσ _ dispersiaa. rogorc (2) gamosaxulebidan Cans, im parametrebs, 

romelTa dispersiebi didad icvlebian gaaCniaT naklebi sididis woniTi 
koeficientebi, xolo im parametrebs, romlebic naklebad icvlebian didi
woniTi koeficientebi.

Ees SemTxveva axdens realizaciis parametrebis woniTi koeficientebis 

normirebas [ ]1,0 intervalSi da maTi jami erTis tolia, rac metad popularurs 
xdis praqtikaSi mis gamoyenebas. unda gvaxsodes, rom yovelTvis es SezRudva 
ar aris sakmarisi, amitom iyeneben Semdeg SezRudvasac:

2. SezRudva ∏
=

=
n

k
kkw

1
1 , romelsac mivyavarT Semdeg gamosaxulebamde:

 
nn

j
j

k
kkw

1

1

1








= ∏

=

σ
σ

.                           (3)

rogorc am formulidan Cans, realizaciis parametrebis woniTi koeficientebi 
saSualo kvadratuli gadaxris σ ukuproporciulia.

Aamrigad, (2) da (3) formulebi gansazRvraven W gardaqmnis matricas 
zemod moyvanili SezRudebis gaTvaliswinebiT. Tu saxeTa veqtorebi X
sivrcidan gadagvyavs ∗X sivrceSi WXX =∗ , maSin ∗X sivrceSi xdeba Siga

simravlis manZilis minimizacia. Tu movaxdenT meore gardaqmnas ∗∗∗ = ZXX , maSin 
SegviZlia movaxdinoT parametrebis SerCeva.

rogorc (2) da (3) formulebidan Cans, W gardaqmnis matricis 
koeficientebis gamosaTvlelad gamoiyeneba dispersiebis Sefasebebi, e.i. saWiroa 

winaswar ganisazRvros kovariaciuli matrica, radgan gardaqmnas ∗X sivrceSi 
kovariaculi matrica gadayavs diagonalurSi, romlis elementebia 
gadauadgilebadi dispersiis Sefasebebi.

sazogadod, kovariaciuli matricis gamoyenebaze unda iTqvas Semdegi: 
albaTobis Teoriidan cnobilia, rom mravalganzomilebiani normaluri 
ganawileba mTlianad ganisazRvreba maTematikuri lodinis veqtoriT da 
kovariaciuli matriciT. Tavis mxriv, kovariaciuli matrica ganisazRvreba 
sakuTrivi mniSvnelobebiT da sakuTrivi veqtorebiT. amasTan, sakuTrivi veqtori 
SegviZlia ganvixiloT, rogorc veqtori, romelic warmogvidgens gansaxilveli 
saxis Tvisebas. kerZod, sakuTrivi veqtorebis nawili Seicaven garCevis amicanis 
gadasawyvetad mcire informacias, vidre sxva sakuTrivi veqtorebi da amitom 
maTi ugulvebelyofa SesaZlebelia. swored es idea udevs safuZvlad saxeTa 
garCevis amocanisaTvis informatiuli parametrebis da ganzomilebis Semcirebis 
sakiTxebis gadawyvetas.

parametrTa SerCevis amocanis gadasawyvetad iyeneben klasSiga da 
klasTaSoriso manZilebis cnebas.Pparametrebis SerCeva, roca gamoiyeneba 
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klasSiga manZili, SeiZleba ganvixiloT rogorc klasterizaciis amocana. 
rogorc viciT, klasSiga anu Sigasimravlis manZili aris saSualo kvadratuli 
manZili erTi klasis realizaciebs Soris. aqedan gamomdinare, Cveni mizania 
movaxdinoT iseTi gardaqmna, romelic moaxdens klasSiga manZilis minimizacias, 
xolo klasTaSoriso manZilis maqsimizacias. amisaTvis unda gamoviyenoT 
kovariaciuli matrica da romelime SezRudva, magaliTad pirveli. aRmoCnda, 
rom klasSiga manZili warmoadgens globalur minimums Tu gamoviyenebT 
kovariaciuli matricis m umcires maxasiaTebel ricxvebs. Aqedan gamomdinare, 
Tu Cven gvinda Sigasimravlis manZilis minimizacia amisaTvis saxis veqtorebad 
unda aviRoT sakuTrivi veqtorebi, romlebic Seesabamebian kovariaciuli 
matricis umcires sakuTriv mniSvnelobebs. Aam SemTxvevaSi woniTi 
koeficientebi ganisazRvreban Semdegi gamosaxulebT:











=

∑
=

m

j j
k

kkw

1

1
1

λ
λ

,

xolo minimaluri Sigasimravlis manZili tolia:
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amrigad, klasSiga manZilis globaluri minimumi miiReba, Tu jλ
maxasiaTebeli ricxvebidan aRebulia m raodenobis umciresi maxasiaTebeli 
ricxvebis Sesabamisi sakuTrivi veqtorebi da maTi saSualebiT xdeba gardaqmnis 
Z matricis formireba.

ganvixiloT parametrTa SerCevis da saxeTa ganzomilebis Semcirebis 
zogierTi meTodebi.

5.2  entropiis minimizaciis meTodi

ganusazRvrelobis statistikur zomas entropia ewodeba. Aaqedan 
gamomdinare, klasis realizaciebis uwesrigobis zomad SeiZleba gamoviyenoT 
entropia, romelic ase ganisazRvreba:

[ ]PMH ln−= ,

sadac P _ klasis realizaciaTa erTobliobis simkvrivea, M _ maTematikuri 
lodinis operatori.Eentropia SeiZleba gamoviyenoT, rogorc parametrTa 
SerCevis kriteriumi. kerZod, is parametrebi, romlebic amcireben 
ganusazRvrelobas iTvlebian ufro informatiulad, vidre is parametrebi, 
romlebic iZlevian sawinaRmdego Sedegs. aqedan gamomdinare, unda SevarCioT 
iseTi parametrebis erToblioba. romlebic iwveven mocemuli klasebis 
entropiaTa minimizacias. radgan es wesiYeqvivalenturia dispersiis 
minimizaciisa, amitom unda velodoT, rom entropiis minimizacias gaaCnia 
klasterizaciis Tviseba.

ganvixiloT m klasi mωωω ,.....,, 21 , romelTa pirobiTi ganawilebis 

simkvrivis funqciebi cnobilia  )|(),.......,|(),|( 21 mXPXPXP ωωω , maSin i-uri 
klasis entropia ganisazRvreba formuliT:
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∫−=
X

iii dxXPXPH )|(ln)|( ωω ,

sadac integrireba xdeba i-uri klasis realizaciaTa sivrceSi. cxadia, rom 

roca  1)|( =iXP ω , anu roca ganusazRvreloba ar arsebobs, entropia gveqneba 

nulis toli. CavTvaloT, rom yoveli m erToblioba normalurad aris 
ganawilebuli da maTi kovariaciuli matricebi erTmaneTis tolia.

aseTi daSvebis Semdeg amocana Camoyalibdeba Semdegnairad: unda 
ganisazRvros wrfivi gardaqmnis Z matrica, romelsac mocemuli saxis 
veqtorebi X gadayavs ufro mcire ganzomilebis veqtorebad. Ees gardaqmna 
SegviZlia ase CavweroT:  Y=ZX , Tanac gardaqmnis matrica ganisazRvreba saxeTa 
erTobliobis entropiis minimizaciiT. aq X  aris n –ganzomilebiani, xolo Y m-

ganzomilebiani ( )nm < veqtorebi. saWiroa iseTi m raodenobis veqtoris moZebna, 

romelic X veqtors gadaiyvans Y veqtorSi ise, rom moaxdinos entropiis 
minimizacia.

Ddadginda, rom entropiis minimizacia miiRweva im SemTxvevaSi, Tu 
gardaqmnis Z matrica Sedgeba m raodenobis normirebuli sakuTrivi 
veqtorebisagan, romlebic Seesabamebian kovariaciuli matricis sakuTrivi 
maxasiaTebel ricxvebis minimalur mniSvnelobas.

amrigad, parametrebis gamoyofis procedura daiyvaneba kovariaciuli 
matricis sakuTriv mniSvnelobebisa da sakuTrivi veqtorebis gansazRvraSi.

miRebuli procedura ganvixiloT martiv magaliTze. vTqvaT, saWiroa 
mocemuli saxeTa erTobliobis ganzomilebis Semcireba entropiis minimizaciis 

meTodiT. dauSvaT, mocemulia ori ω1 da  ω2  klasi da maTSi Semavali oTxi 
samganzomilebiani realizaciebi ise, rogorc es mocemulia Semdeg naxazze:

 

ganvsazRroT maTematikuri lodinis veqtoris da kovariaculi matricis 
Sefasebebi Semdegi formulebiT:

 ∑∑
==

−==
ii n

j
iiijij

i
i

n

j
ij

i
i mmXX

n
CX

n
m

1

//

1
,1,1

sadac ni – ωi klasis realizaciaTa raodenobaa. am formulebis gamoyenebiT 
miviRebT:

  ( ) ( )
















−
−=====

311
131
113

16
1.3,3,1

4
1,1,1,3

4
1

21
/

2
/

1 CCCmm .
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kovariaciis C matricis maxasiaTebeli ricxvebia: 
4
1,

16
1

321 === λλλ , xolo 

maTi Sesabamisi sakuTrivi veqtorebia:

 ( ) ( ) ( )/
3

/
2

/
1 1,1,0

2
1,1,1,2

6
1,1,1,1

3
1

−==−−= eee .

gardaqmnis Z marticisaTvis aviRoT e1 da  e2 sakuTrivi veqtorebi, maSin miviRebT:

















 −
=








=

6
1

6
1

6
2

3
1

3
1

3
1

2

1

e
e

Z .

Tu gamoviyenebT Y = ZX wrfiv gardaqmnas, miviRebT;

/

24

/
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/

23

/

13

/

22

/

12

/

21
/

11

21

6
4,

3
1

6
3,0

6
2,

3
2

6
3,0

6
1,

3
1

6
2,

3
1

6
1,

3
1)0,0(
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==
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yy

yy

ωω

Semcirebuli ganzomilebis saxeebi warmodgenilia Semdeg naxazze, sadac 
TvalnaTliv Cans klasterizaciis efeqti.
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ganzomilebis Semdegi SemcirebisaTvis aviRoT mxolod e1 veqtori, maSin 
miviRebT:

( )//
1 1,1,1

3
1

−−== eZ

gardaqmnis gamoyenebis Semdeg miviRebT:

3
10

3
20

3
1

3
1

3
10

2414

2313

2212

2111

21

−==

−==

−==

−==

yy

yy

yy

yy

ωω

  

rogorc naxazidan Cans, klasterizaciis efeqti SenarCunebulia.

5.3    karunena_loevas gaSlis meTodi

entropiis minimizaciis meTodi efuZneba obieqtebis normalur 
ganawilebis kanons. Tu es piroba darRvevulia, maSin unda gamoviyenoT sxva 
meTodebi, kerZod orTogonaluri funqciebiT gaSlis meTodi. Cven ganvixilavT 
karunena_loevas gaSlis meTods, romelic ar moiTxovs ganawilebis simkvrivis 
funqciis codnas.

cnobilia, rom araperioduli SemTxvevi procesis realizaciis uSualod 
warmodgena furies mwkrivis urTierTdamoukidebeli koeficientebis 
saSualebiT ar SeiZleba, magram aseTi procesis warmodgena SesaZlebelia 
orTogonaluri funqciebis mwkrivad gaSlis Sedegad, romlebsac gaaCniaT 
urTierTdamoukidebeli koeficientebi. aseT proceduras xSirad karunena-
loevas gaSlis meTods uwodeben.

ganvixiloT m raodenobis klasi mωωω ,.....,, 21 , romlebic Sedgebian uwyveti 

SemTxveviTi procesis realizaciebisagan ( ) miTtTtxi ,.....,2,1,, 21 =≤≤ , maSin ( )txi

gaSla SeiZleba ase warmovadginoT:

  ( ) ( )∑
∞

=

=
1j

iiji tctx φ ,                        (1)

sadac ijc SemTxveviTi koeficientebia, romlebic akmayofileben Semdeg pirobas:

[ ] ( )tcM jij φ,0= _bazisuri orTogonaluri funqciebia.
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Tu ganvixilavT diskretul SemTxvevas, maSin (1) gamosaxuleba ase 

Caiwereba:

 ∑
=

=
n

j
jiji cX

1

φ ,                             (2)

sadac ( ) ( ) ( ) /
22 ),.......,,( niiii txtxtxX = , xolo bazisuri veqtori 

( ) ( ) ( )( )/
21 ,.....,, njjjj ttt φφφ=Φ . gaSlis koeficientebi ganisazRvrebian Semdegnairad:

Tu koeficientebi asruleben [ ] 0=ijcM pirobas, maSin (2) gamosaxulebis 

matriculi saxe iqneba ii CX Φ= , sadac ( )/
21 ,.....,, nφφφ=Φ . gaSlis koeficientebi 

ganisazRvrebian Semdegnairad:  ii Xc Φ′= .   (3)

aRmoCnda, rom bazisuri veqtori jφ warmoadgens korelaciuri matricis 

sakuTriv veqtors, romelic Seesabameba j-ur maxasiaTebel ricxvs. radgan 
bazisuri veqtorebi warmoadgenen namdvil simetriul korelaciuri matricis 
sakuTriv veqtorebs, amitom isini orTogonalurni arian. garda amisa, isini 
orTonormirebulnic arian. e.i.





≠
=

=
kj
kj

kj ,0
,1/φφ  

aqedan gamomdinare, karunena-loevas gaSlis meTodi parametrTa SerCevis 
da ganzomilebis Semcirebis amocanis gadasawyvetad, SegviZlia ganvixiloT 
rogorc wrfivi gardaqmna. Tu (3) gamosaxulebaSi Φ matricis ganzomilebaa 

nm × da X warmoadgens n-ganzomilebian veqtors, maSin cxadia, rom ci

koeficientebis ganzomileba iqneba p < n.
damtkicebulia, rom karunena-loevas gaSla optimaluria roca Φ

gardaqmnis matricis svetebad aRebulia m raodenobis (p < n) normirebuli 
sakuTrivi veqtorebi, romlebic Seesabamebian korelaciuri matricis udides 
maxasiaTebel ricxvebs. amrigad, Tu dauSvebT, rom Y=C, maSin nebismieri X
veqtoris ganzomilebis Semcireba ganisazRvreba rogorc Y = ZX wrfivi

gardaqmna, sadac /Φ=Z .
amrigad, diskretuli karunena-loevas gaSlis meTodi gamoiyeneba 

mocemuli klasebis realizaciaTa erTobliobis ganzomilebis Sesamcireblad 
da Sedgeba Semdegi etapebisagan:

1. ganisazRvreba gaerTianebuli korelaciuri matrica

( ) [ ]∑
=

=
m

i
iii XXMAPR

1

/ ,

sadac ( ) iAP ω−, klasis aprioruli albaTobaa.

2. gamoiTvleba korelaciuri matricis sakuTrivi ricxvebi da sakuTrivi 
veqtorebi.

3. SeirCeva udidesi sakuTrivi ricxvebis Sesabamisi sakuTrivi veqtorebi 

da formirdeba gardaqnis Φ matrica.
4. (3) formuliT ganisazRvreba karunena-loevas gaSlis koeficientebi, 

romlebic gvaZleven saxeTa realizaciebs Semcirebuli ganzomilebiT.
karunena-loevas gaSlis meTods gaaCnia Semdegi optimaluri Tvisebebi: 

sasrulo raodenobis bazisuri funqciebiT miiRweva saSualo kvadratuli 
cdomilebis minimizacia da igi axdens entropiis minimizaciasac.
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ganvixiloT magaliTi. qvemoT moyvanil naxazze warmodenilia ori ω1 da 

ω2 klasis realizaciebi. karunena-loevas gaSlis meTodiT movaxdinoT 
ganzomilebis Semmcireba.

( ) ( )
( ) ( )
( ) ( )
( ) ( )/

24
/

14

/
23

/
13

/
22

/
12

/
21

/
11

21

1,1,10,1,1

1,1,01,0,1

0,1,00,0,1

1,0,00,0,0

==

==

==

==

XX

XX

XX

XX

ωω

DdauSvaT, rom klasebis aprioruli albaTobebi erTmaneTis tolia, maSin 

( ) ( )
2
1

21 == ωω PP . korelaciuri matrica ganisazRvreba Semdenairad:

( ) [ ] [ ] [ ]∑
=

+==
2

1

/
22

/
11

/

2
1

2
1

i
iii XXMXXMXXMPR ω .

Tu maTematikur lodins SevcvliT saSualo ariTmetikulis SefasebiT

 [ ] ∑
=

≈=
n

j
jXXMm

12
1

,

maSin gveqneba:

 ∑ ∑
= = 
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=+=
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1
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1

/
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/
11

211
121
112

4
1

321
231
111

8
1

101
011
113

8
1

8
1

8
1

j j
jjjj XXXXR ,

romlis maxasiaTebeli ricxvebia: 
4
1,1 321 === λλλ , xolo maTi Sesabamisi 

sakuTrivi veqtorebia:

 ( ) ( ) ( ) /
3

/
2

/
1 1,1,0

2
1,1,1,2

6
1,1,1,1

3
1

−=−== eee .

Tu SevarCevT e1 da e2 sakuTriv veqtorebs, maSin gardaqmnis matricas eqneba 
Semdegi saxe:

 



-------------------------------------------------------
ე,ყუბანეიშვილი. სახეთა გარჩევის მეთოდები

74
























−

=Φ

6
1

3
1

6
1

3
1

6
2

3
1

.

Tu gamoviyenebT   XC /Φ= gardaqmnas, maSin miviRebT:

 

( ) ( )

( ) ( )

( ) ( )

( ) ( )/

24

/

14

/

23

/
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/

2212

/

21
/

11

21
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11,22
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1
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6
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1
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cc

cc

cc
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ωω

rogorc naxazidan Cans, klasterizaciis efeqti SeimCneva. movaxdinoT 
ganzomilebis Semdgomi Semcireba. amisaTvis aviRoT mxolod e1 veqtori. maSin 

gardaqmnis matricas eqneba Semdegi saxe:   ( )′=Φ 1,1,1
3

1
, xolo gardaqmnis 

Semdeg miviRebT:L
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3332

3232

33

30

2414
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21
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cc

cc

cc

ωω

 

rogorc naxazidan Cans, klasterizaciis efeqti ar SeimCneva, radgan 1 da 
2 wertilebSi orive klasis realizaciebi erTmaneTs emTxveva, amitom es bolo 
gardaqmna arasasurvelia.
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