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reziume 

 
naSromis Temas warmoadgens xelovnuri inteleqtis meTodebis kvleva 

da gamoyeneba konkretul sferoebSi, romlebic miekuTvneba gansakuTrebiT 

rTul klass, rogorizaa araformalizebuli codnis warmodgena, 

manipulireba da codnis gamoyvanis meqanizmebi. Kkonkretulad gaSuqebulia 

saxeTa amocnobis amocanebi da bunebrivi enis damuSaveba, kerZod, 

avtomaturi Targmani, orazrovnebis problemis gadaWra da codnis 

avtomaturi SeZena. saxeTa amocnobis amocanaSi ganxilulia kerZo SemTxveva, 

rogoricaa sasruli raodenobis saxeobis regularuli formebis amocnoba 

nimuSebis Sedarebis meTodis gamoyenebiT. es aris realuri amocana, 

romelic dgas mikroprocesorebis swrafwqmedebis optimizaciis problemis 

farglebSi. azris amocnobis da avtomaturi Targmnis amocana realizebulia 

qarTul-franguli avtomaturi mTargmnelis koncepciis bazaze, prototipis 

saxiT. disertaciis farglebSi am amocanebis gadawyvetis Taviseburebas 

warmoadgens is, rom bazuri Teoria asaxavs homogenur koncepcias da 

realizebulia orive SemTxvevaSi eqspertuli sistemis saxiT. Teoriuli 

TvalsazrisiT sayrden wertils warmoadgens ZiriTadi problemis 

dekompozicia qveproblemebad, romelTa bazuri elementia am amocanebSi 

elementaluri manipulirebadi informaciuli erTeulebi. saxeTa amocnobis 

amocanis SemTxvevaSi es aris pikselebi, xolo bunebrivi enis damuSavebis 

SemTxvevaSi – sityvebi. disertaciaSi gakeTebulia mcdeloba rom 

ganzogaddes aRniSnuli meTodologia sxva klasis amocanebis gadasawyvetad.  

saxeTa amocnobis eqstertuli sistemis codnis bazas warmoadgens 

produqciis wesebi, romlebic iZlevian elementaluri paternebis amocnobis 

saSualebas, rogoricaa: diagonali, vertikaluri da horizontaluri xazebi 

safexurebrivi patreni da marTkuTxedebisgan Sedgenili geometriuli 

formebi. wesebi warmodgenilia produqciis sitemis saxiT da gamoyvanis 

meqanizmad gamoyenebulia wina gadajaWva. elementaruli  paternebi 

erTmaneTTan kombiniebulia da axdenen ufro rTuli paternebis formirebas, 

romelTa amocnobac warmoadgens saboloo amocanas. gamoyenebulia kvlevis 

statistikuri meTodic, gafiltvris procedurebi, kvlevis TvalsazrisiT 

saintereso paternebis Semcveli gamosaxulebis amorCeva, daxarisxeba da 

sxva manipulaciebi. am amocanis gadawyvetisas aqcenti gakeTebulia 

proceduruli da deklaratiuli komponentebis kombinirebaze. Ganxilulia 

kvlevis sami done: pikselebis, piqselebisgan Semdgari paternebis, da 

paternebisgan Semdgari gamosaxulebis. 

eqspertul sistemas Tan axlavs eqsplikatiuri komponenti, romelic 

saSualebas iZleva movaxdinoT sistemis mier gamotanili daskvnebi 

miodevneba. mniSvnelovan komponents wamoadgens aseve sxvadasxva 

parametrebis konfigurirebis komponenti, romelTa varireba eqsperts 

saSualebas aZlevs ukeT gamoikvlios Sesaswavli fenomeni. sistemas aseve 

damatebuli aqvs sxvadasxva funqcionaluri SesaZleblobebi, romlebic 

mkveTrad empiriulia amocanis specifikidan gamomdinare (magaliTad, 

sxvadasxva saxis histogramebs ageba). 

Aavtomaturi Targmnis eqspertuli sistemis sainformacio resurss 

warmoadgens orenovani leqsikoni, semantikuri qselis principze agebuli 

 vi



erTenovani leqsikoni (romlis leqsikuri erTeulebi etiketirebulia 

rogorc sintaqsurad, aseve semantikurad), realuri samyaros Sesaxeb codna 

romelic warmodgenilia ontologiis saxiT. Oorazrovnebis gadaWris 

problema gaSuqebulia orive TvalsazrisiT: rogorc leqsikuri, aseve 

struqturuli. ganxilulia agreTve anaforebis gadaWris problema (maT 

Soris pragmatuli informaciis gamoyenebiT konteqstis identifikaciis 

gziT). gansakuTrebuli kvlevis sagani gaxda Cvens mier SemoTavazebuli 

ontologiis modeli, romelic emyareba motivaciis Teoriis fsiqologiur 

aspeqtebs da amasTan misi gamoyeneba da Sesabamisi meTodebi atarebs 

sruliad empiriul xasiaTs. 

avtomaturi mTargmnelis eqspertuli sistemis SemTxvevaSi, iseve 

rogorc saxeTa amocnobis eqspertuli sistemis SemTxvevaSi, xdeba ZiriTadi 

problemis meToduri dekompozicia qveproblemebad. am SemTxvevaSi 

taqsonomiis yvelaze dabal donezea leqsikuri erTeulebi. Semdegi donea 

leqsikuri erTeulebisgan Semdgari frazebi, xolo Semdegi donea 

frazebisagan Semdgari winadadeba. Eeqspertuli sistemis codnis bazaSi 

warmodgenili produqciis wesebi saSualebas iZleva movaxdinoT sawyis 

frazaSi leqsikuri erTeulebis transformacia (Canacvleba, ganvrcoba, 

mimdevrobis Secvla). Mmeore donis produqciebis sistema saSualebas 

iZleva manipulireba movaxdinoT sityvaTa wyobaze (kolokaciebi, 

idiomaturi gamoTqmebi, metaforebi, leqsikuri xvrelebi, da a.S). mesame 

donis produqciebis sistema saSualebas iZleva manipulireba movaxdinoT 

frazebze, raTa gavaanalizoT mTliani winadadebis struqtura. aRniSnuli 

sakiTxi ikveTeba freimis cnebasTan da damuSavebulia freimis 

identifikaciisa da freimidan freimze gadasvlis empiriuli meqanizmebi. 

Aavtomaturi Targmnis eqspertuli sistemis erT-erTi mniSvnelovani 

Taviseburebaa is, rom mas aseve gaaCnia eqsplikatiuri komponenti, romelic 

momxmarebels sTavazobs gadawyvetilebis alternatiul gzebs (da 

ganmartavs Tu saidan aris miRebuli es alternatiuli gadawyvetilebebi), 

da aZlevs eqsperts (am SemTxvevaSi mTargmnels) saSualebas, rom man 

Seavsos sistema Tavisi codniT, leqsikuri resursebiT, Seitanos 

modifikaciebi da a.S. anu aqcenti gakeTebulia sistemis Ria arqiteqturaze. 

saxeTa amocnobis eqspertuli sistema danergilia da mudmivad 

ganicdis daxvewa-ganviTarebas, xolo avtomaturi mTargmneli sistema 

problemis masStaburobidan gamomdinare prototipisa da eqsperimentirebis 

stadiaSia. disertaciaSi Catarebuli kvlevis Sedegebi eqvemdebareba 

Sefasebas eqspertebis da sxva momxmareblebis mxridan rogorc 

xarisxobrivi, aseve raodenobrivi kriteriumebiT. Ooptimalurobis 

TvalsazrisiT isini saproblemo garemos adeqvaturia, imis gaTvaliswinebiT, 

Tu samuSaoebis ra etapebia Catarebuli. 
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Abstract 
 

The subject of this work is a study of artificial intelligence methods and their use in 
specific domains which belong to the especially hard class, such as the representation 
of non formalized knowledge, its manipulation and knowledge inference engines. 
More specifically the tasks of image recognition and natural language processing are 
discussed, namely the machine translation, disambiguation and automatic knowledge 
acquisition.  In image recognition task the specific case of the recognition of patterns 
of limited number of regular forms using template matching method is discussed. This 
is a real task which is being resolved in a framework of optimization study for 
microprocessors performance. Sense recognition and machine translation tasks are 
realized on the basis of Georgian-French dictionary’s conception, in the form of 
prototype. From the theoretic point of view the specificity of resolution of these 
problems is that the basic theory reflects the homogeneous conception and is realized 
as expert system in both cases. As a theoretic basis the main principle is the 
decomposition of the main problem in sub-problems, having as a basic element the 
elementary informational units, able to be manipulated. In case of image recognition 
these are pixels, while in case of natural language processing – words. Attempt is 
undertaken in the thesis to generalize this methodology for the resolution of other 
class tasks. 
 
Knowledge base of image recognition’s expert system is represented productions rules 
which allow the recognition of elementary patterns such as diagonal, vertical and 
horizontal lines, staircase and rectangular geometrical shapes. Rules are represented as 
a system of productions and forward chaining is used as inference engine. Elementary 
patterns are combined with each other and form more complex patterns. Their 
recognition is a final task. We used statistical method or study as well, filtering 
procedures, choosing of interesting patterns, sorting and other manipulations. For the 
resolution of this task the emphasis is made on the combination of declarative and 
procedural components. We discus three levels of study: pixels, patterns made of 
pixels, and images made of patterns. Expert system is equipped with explanation 
component giving the possibility to track the conclusions made by system. Also the 
important component is the component of configuration. Their variations allow to 
expert better exploring the phenomenon under consideration. System is also equipped 
with different functional features which are largely empiric because of the specificity 
of the problem (for instance building histograms of various types). 
 
The information resource of machine translation expert system is the bilingual 
dictionary, dictionary built on the basis of semantic network (with lexical units tagged 
syntactically and semantically), real word knowledge represented in the form of 
ontology. Ambiguity problem’s resolution is discussed from both standpoints: lexical 
and structural. The resolution of anaphors is also discussed (including using pragmatic 
information by context identification). Special study was made for the ontology model 
that we propose and which is based on psychological aspects on motivation theory and 
its use and respective methods are mostly empiric. 
 
As in case of image recognition’s expert system, the decomposition of main problem 
of machine translation into sub-problems is made. In this case we have lexical units at 
the lowest level of taxonomy, then phrases made of lexical units, and next level is a 
sentence made by phrases. Production rules represented in the expert systems 
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knowledge base allow transformation of lexical units in source phrase (replacing, 
expanding, rearranging). Production system of second level allows manipulating with 
words order (collocations, idiomatic expressions, metaphors, lexical holes etc). Third 
level production system allows manipulating with phrases so that to analyze the 
structure of entire sentence. These issues are connected with the notion of frames and 
the empiric mechanisms of frames identification and frames succession are elaborated. 
 
One of the important particularities of the expert system of machine translation is that 
it has also the explanatory component which offers to users the alternative solutions 
and explains why these alternative solutions are offered and allow to expert (in this 
case to translator) to complete the system with his knowledge, to make modifications 
with lexical resources, etc. That is the emphasis is made on the open architecture of 
the system. 
 
Expert system of image recognition is implemented and is being updated regularly, 
and machine translation system, due to the scale of problem, is in stage of prototype 
and experimentation. The results of research made in dissertation are evaluated by the 
experts and other users, by both quantitative and qualitative criteria. They are 
adequate to the problem domain, taking into consideration the stages of works which 
are fulfilled. 
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Sesavali 

eqspertuli sistemebi warmoadgens xelovnuri inteleqtis erT-erT 

sferos, romelic ZiriTadad gamoiyeneba konkretul saproblemo garemoSi 

da iZleva adamiani-eqspertis codnis da Sromisnayofierebis aRwarmoebis 

saSualebas. eqspertuli sistemebis saerTo maxasiaTeblebi, rogoricaa 

codnis bazis Seqmna da codnis inJeneria warmoadgens yvelaze ufro 

Sromatevad, rTul da Zvir nawils eqspertuli sistemis agebis procesSi. 

rogorc wesi,  eqspertuli sistemis Seqmna moiTxovs ramodenime adamianis 

monawileobas. amasTan konkretuli dargis eqspertis wvlili miT ufro 

didia, rac ufro rTulia saproblemo garemo da masSi gadasawyveti 

amocanebi. dResdReobiT cnobili eqspertuli sistemebis codnis bazis 

Seqmnas rogorc wesi dasWirda ramodenime Tve da zogjer wlebic ki. 

meores mxriv, sainformacio da sakomunikacio teqnologiebis ganviTarebis 

dRevandel etapze bunebrivad ismeba sakiTxi, rom Seiqmnas rac SeiZleba 

meti inteleqtualuri sistema, amaRldes xelmisawvdomi informaciis 

xarisxi sul ufro mzardi informaciis raodenobis kvaldakval. 

sainformacio da sakomunikacio teqnologiebis ganviTarebis perspeqtivebis 

Sefaseba naTlad aCvenebs, rom dRis wesrigSi dgeba ara mxolod 

informaciis swrafi gadacemisa da damuSavebis prioritetebi, aramed 

xarisxobrivad axali tipis amocanebis gadawyveta kompiuteris saSualebiT. 

am nawilSi ki xelovnuri inteleqtis meTodebis gamoyeneba ara mxolod 

Teoriuli SesaZleblobebis Seswavlis sagania, aramed ukve dRes arsebobs 

saWiroeba, rom kompiuterma itvirTos Tavis Tavze adamianis mier 

Sesrulebuli “rutinuli” gonebrivi amocanebis Sesruleba. internetis 

farTod ganviTarebam kidev ufro mwvaved warmoaCina es saWiroeba, vinaidan 

internetis faqtiurad ukidegano sivrceSi aucilebeli xdeba adamianis mier 

informaciis optimalurad Zebnis, amorCevis da damuSavebis problemis 

gadaWra. 

 Ggasuli saukunis 60-ian wlebSi xelovnuri inteleqtis sferoSi 

pirveli nabijebis SedarebiTi warumatebloba, rac gamowveuli iyo im 

droisTvis arsebuli, masze damyarebuli zedmetad optimisturi imedebis 
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araproporciulobiT saWiro meTodebis ganviTarebasTan SedarebiT, 

garkveuli xnis win Seicvala ufro pragmatuli miznebiT. 

 iseT sferoebSi, rogoricaa, magaliTad: medicina, biologia, qimia, da 

geologia, eqspertuli sistemebi danergilia da warmatebiT gamoiyeneba ukve 

ramodenime aTeuli wlis ganmavlobaSi. dRis wesrigSi dgas axal sferoebSi 

xelovnuri inteleqtis meTodebis gamoyeneba. 

 dResdReobiT damuSavebuli eqspertuli sistemebis Seqmnis 

programuli enebi (rogoricaa mag.: CLIPS) iZleva sxvadasxva daniSnulebis 

eqspertuli sistemebis agebis SesaZleblobas. Tumca rogorc sxva danarCeni 

programuli enebi, momxmareblisgan moiTxovs jer eqspertuli sistemis 

funqcionirebis meqanizmebis da am konkretul enaSi misi realizaciis 

Taviseburebis codnas, Semdeg ki eqspertuli sistemis agebisTvis saWiro 

standartuli procedurebis Sesrulebas (rogoricaa codnis dagroveba 

eqspertisgan da misi warmodgena eqspertul sistemaSi). disertaciaSi 

warmodgenili naSromis siaxles warmoadgens is, rom masSi gamokvleulia 

is meTodebi, romlebic saSualebas gvaZleven eqspertuli sistemebis agebis 

meTodologia garkveulwilad unificirebuli iqnes eqspertuli sistemis 

sferos amocanebisTvis, Seiqmnas qmediTi eqspertuli sistemebi am 

meTodologiis safuZvelze, da aseTi eqspertuli sistemebis Seqmna da 

gamoyeneba rac SeiZleba ufro metad dauaxlovdes saboloo momxmarebels. 

Saboloo momxmareblis cnebis qveS vgulisxmobT konkretuli dargis 

specialists, romelsac gaaCnia sakmarisi kvalifikacia, raTa gadawyvitos 

Tavisi yoveldRiuri amocanebi, romlebic xelovnuri inteleqtis 

qvesferoebs miekuTvnebian. mas saSualeba unda hqondes, rom 

adviladaTvisebadi programuli interfeisis saSualebiT misTvis 

moxerxebuli struqturiT da procedurebiT Seitanos codna eqspertul 

sistemaSi da TviTonve SeZlos sistemis gamarTva da gamoyeneba, da rom 

amisTvis ar dasWirdes specialurad programuli enebis da xelovnuri 

inteleqtis meTodebis Seswavla. Aanu miRweuli iqnas eqspertuli sistemis 

agebis avtomatizacia an naxevrad avtomatizacia moxerxebuli interfeisis 

 15



saSualebiT. am SemTxvevaSi saubaria imaze, rom eqsperti garkveulwilad, 

zogjer ki mTlianad iTavsebs codnis inJinris funqcias. 

 Ggarda Teoriuli sakiTxebisa, disertaciis mniSvnelovan nawils 

Seadgens misi praqtikuli mxare, vinaidan SemuSavebuli iqna qmediTi 

eqspertuli sistema mikroprocesorebze eqsperimentebis Catarebis Sedegebis 

interpretaciis avtomatizaciisTvis, romelic am SemTxvevaSi gulisxmobs 

eqsperimentebis Sedegebis grafikuli asaxvis gamosaxulebidan regularuli 

formis mqone paternebis amocnobas maTi parametrebis miTiTebiT da 

analizis Sedegebis avtomatur klasifikacias. Aam eqspertuli sistemis 

gamoyeneba mniSvnelovnad amaRlebs eqspertebis Sromis nayofierebas da 

sizustes, vinaidan am sistemis gamoyenebamde maT TvaliT uwevdaT 

paternebis amocnoba da Sefaseba, rac zrdis analizSi Secdomebis daSvebis 

albaTobas, gansakuTrebiT ki didi raodenobiT monacemebis damuSavebisas. 

Sistemis danergvis meSveobiT SesaZlebeli gaxda analizis sizustisa da 

damuSavebuli monacemebis moculobis daaxloebiT 1000%-iT gazrda da 

xarisxobrivad amaRlda analizis Sedegebic. kerZod, rig SemTxvevebSi 

SesaZlebeli gaxda gamosaxulebebSi iseTi kanonZomierebebis dadgena, 

romlebic TvaliT analizis dros ubralod SeumCnevelic ki iyo. aRniSnuli 

sistema Tavisi modulurobis principidan gamomdinare SesaZlebelia 

adaptirebuli iqnas sxva tipis amocanebis gadasawyvetadac. sistemis erT-

erT mniSvnelovan upiratesobas warmoadgens is, rom igi uzrunvelyofs 

eqspertisTvis ganmartebas, Tu ratom iqna miRebuli sistemis mier esa Tu 

is gadawyvetileba da sTavazobs mas, rom Caataros eqsperimentebi 

parametrebis sxvanairi konfiguraciis bazaze, raTa ukeTesad iqnes 

gamokvleuli fenomenis arsi. aRniSnuli amocanis kvlevisas gamoyenebuli 

iqna agreTve klasikuri meTodebi, statistikuri analizi, gafiltvris 

algoriTmebi, monacemebis damrgvaleba, da a.S. 

 codnis warmodgenis meTodad gamoyenebulia produqciebis sistema, 

vinaidan igi kargad Seesatyviseba amocanis bunebas da maqsimalurad 

uaxlovdeba eqspertis mier amocanis gadawyvetis meTodebis sakuTar xedvas. 

garda amisa, mniSvnelovan meTodologiur sakiTxs warmoadgens problemis 
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daSla ramodenime Sred, da amgvari struqturizeba aseve uadvilebs 

eqsperts codnis inJineriis funqciis Sesrulebas. kerZod, pirvel etapze 

igi koncentrirebulia umartivesi elementaruli paternebis identifikaciis 

problemaze. Semdeg doneze igi axdens elementaruli paternebis 

kombinirebis gziT miRweuli paternebis identifikaciis wesebis gansazRvras 

da Seyvanas sistemaSi. xolo mesame etapze igi axdens identificirebuli 

paternebis bolo klasifikaciis wesebis gansazRvras. 

 disertaciis farglebSi Catarebuli kidev erTi kvleva, romelic 

exeba avtomaturi Targmnis sakiTxebs, da vrceldeba zogadad teqstSi 

gadmocemuli azris gagebis sakiTxebze, kidev ufro rTulia formalizebis 

TvalsazrisiT. vinaidan es amocana warmoadgens AI-srul amocanas, amitom 

Cveni Seswavlis obieqti iyo mxolod erTi nawili am didi problemisa, 

romelic exeba teqstis zedapirul sintaqsur da semantikur analizs 

(shallow syntactic and semantic parsing). Tumca teqstebis statistikuri 

lingvisturi damuSavebis meTodebi ganxiluli iqna am amocanasTan 

mimarTebiT, Cvens SemTxvevaSi ZiriTadi aqcenti mainc gakeTebulia simbolur 

damuSavebaze da sematikuri qselebisa da freimebis gamoyenebaze. semantikur 

qselebs gankuTvnili aqvs ZiriTadad leqsikuri da struqturuli 

orazrovnebis problemebis gadaWris funqcia. SemoTavazebuli da 

realizebulia realuri samyaros Sesaxeb codnis warmodgenac (romelic 

azris avtomaturi amocnobisTvis, rogorc wesi, aucilebel resurss 

warmoadgens, gansakuTrebiT zogadi daniSnulebis teqstebisTvis). Ffreimis 

cneba Cvens SemTxvevaSi ZiriTadad gamoyenebulia realuri samyaros Sesaxeb 

codnis gaTvaliswinebiT semantikuri (logikuri) asociaciebis damyarebis 

mizniT. 

 am amocanis aqtualuroba gamowveulia imiT, rom sul ufro mzardia 

moTxovnileba mTargmnel sistemebze (samwuxarod, gansakuTrebiT mZimea 

situacia qarTul eleqtronul leqsikonebsa da mTargmnel sistemebTan 

dakavSirebiT). Magram iseTi enebisTvisac ki, romlebisTvisac arsebobs aseTi 

eleqtronuli resursebi, problema mainc sakmarisad mwvaved dgas, Tundac 

inglisuri enis SemTxvevaSi. 
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arsebuli komerciuli mTargmneli sistemebi erTis mxriv sakmaod 

Zviria (zogjer bevrad aRemateba kompiuteris fass) da/an funqcionaluri 

SesaZleblobebiTa da xarisxiT aSkarad aradamakmayofilebelia saSualo 

donis moTxovnebisTvisac ki. miuxedavad imisa, rom dRevandeli 

momxmarebeli moralurad mzad aris rom aseTi sistemis gamomavali Sedegi 

saWiroebs Semdgom redaqtirebas adamiani-mTargmnelis mier. 

codnis warmodgenisTvis mTargmnel sistemaSi aseve arCeuli iqna 

produqciebis sistema, rogorc yvelaze metad adaptirebuli adamiani-

mTargmneliTvis, raTa man Tavisi codna Cados sistemaSi. Aam SemTxvevaSic 

SenarCunebulia igive meTodologia da Targmnis amocana daSlilia 

qveamocanebad: pirvel doneze xorcieldeba L1-Si Cawerili sawyisi teqstis 

leqsikuri erTeulebis analizi, Canacvleba, ganvrcoba an gadaadgileba 

frazaSi, raTa igi miuaxlovdes L2 frazis Sesabamis struqturas. meore 

etapze xorcieldeba L1 frazis analizi masSi arsebuli sityvaTaA wyobis 

(kolokaciebi, idiomaturi gamoTqmebi, leqsikuri xvrelebi da a.S.) 

Canacvlebis mizniT L2 Sesabamisi struqturiT. mesame etapze xorcieldeba 

L1 winadadebis analizi masSi frazebis struqturis L2 winadadebis 

struqturasTan SesabamisobaSi mosayvanad.  

disertaciis farglebSi Seqmnili mTargmneli sistema relizebulia 

prototipis saxiT da mas eqsperimentaluri saxe aqvs. 
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1. literaturis mimoxilva 

 

1.1 eqspertuli sistemebi 

disertaciaSi dasmuli sakiTxebi ganapirobebs asagebi eqspertuli 

sistemebis saWiro komponentebis gansazRvris, codnis warmodgenis 

adeqvaturi formebis SerCevis, da efeqturi gamoyvanis meqanizmis 

damuSavebis aucileblobas. qvemoT ganvixilavT eqspertuli sistemebis 

agebis sxvadasxva meTods, raTa maTi analizis safuZvelze SevimuSavoT Cveni 

amocanebisTvis optimaluri gadawyvetebi. 

 eqspertuli sistemebis instrumenti evoluciis da ganviTarebis 

sxvadasxva etapis gavlisas gvevlineba rogorc specifikuri amocanebisTvis 

Seqmnili, SedarebiT neli da araefeqturi eqsperimentaluri sistema, Semdeg 

rogorc kvlevis sistema, da bolos rogorc komerciuli sistema, romelic 

Seesabameba momxmareblis saWiroebebs [1]. eqspertisgan codnis miReba ar 

eqvemdebareba wrfiv, erTi gavliT Sesrulebis teqnikas. arCevani imis 

Sesaxeb, Tu rogori sawyisi SesaZleblobebi unda hqondes sistemas, 

gansazRvravs imas, Tu rogori codnis SeZena unda moxdes jer, da rogor 

unda iqnes igi organizebuli gamoyenebisTvis [2]. SeiZleba gamoyenebuli 

iqnes codnis warmodgenis da programebis organizebis sxvadasxva meTodi. 

mag: EMYCIN iyenebs wesebs dafuZnebul meTodebs, xolo LOBS iyenebs 

obieqtze orientirebul, proceduraze orientirebul, daSvebaze 

orientirebul, da wesebs dafuZnebul meTodebs. 

freimis da produqciebis meTodebi xSirad aris kombinirebuli. KAS 

Seqmnili iqna PROSPECTOR-idan geologiis Sesaxeb mTliani codnis 

amogdebiT da mxolod gamoyvanis meqanizmis da wesebis sintaqsis datovebiT.  

Tumca MYCIN specializirebulia (infeqciur daavadebebSi), codnis 

gamoyenebuli meTodologia sakmaod zogadia. programa EMYCIN warmoadgens 

MYCIN-s, saidanac amoRebulia konkretuli codnis baza. 

LISP rogorc proceduraze orientirebuli ena, iyenebs qveprogramebs. 

PROLOG rogorc logikaze dafuZnebuli, iyenebs predikatebis 

aRricxvas. 
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produqciebi da procedurebi TavianTi SesaZleblobebiT erTmaneTs 

avseben, amitom aris efeqturi maTi kombinireba eqspertuli sistemis 

instrumentSi. procedurebis upiratesoba aris is, rom programisti 

moxerxebulad marTavs programas. maRal doneze specializebuli eniT 

awereba procedurebi, xolo Semdeg cxadi da lakonuri programa am 

procedurebis gamoyenebiT. Tumca procedurebi moqnilobis mxriv 

gamosayeneblad efeqturia, magram amas samwuxarod aqvs uaryofiTi mxarec – 

igi arTulebs ganmartebebis gakeTebas. aq gamosavali SeiZleba iyos 

produqciebis erTobliobebis organizeba procedurebad (Rule sets), rogorc 

magaliTad ROSE-s codnis inJineriis enaSi. 

obieqtze orientirebuli meTodebi gamoyenebulia obieqtebi 

(aqtorebi, actors), romlebsac unari aqvT garkveuli qcevis. magaliTad, 

SWIRL-Si es aris sahaero obieqtebi (moieriSe da damcavi TviTmfrinavebi, 

atacionaluri da sahaero radarebi, marTvis centrebi, raketebi da 

samizneebi). obieqtebs aqvs Tvisebebi, da qseluri ierarqiis meSveobiT 

SeuZliaT garkveuli Tvisebebis memkvidreobiT miRebac. es meqanizmi hgavs 

semantikuri qselebisa da freimebis models, magram maTgan gansxvavebiT 

obieqtebs Soris komunikacia myardeba Setyobinebebis gagzavniT da miRebiT. 

Setyobinebas miRebisas obieqti amowmebs monacemTa bazas da produqciebs 

moqmedebis Sesaxeb gadawyvetilebis misaRebad. rogorc wesi moqmedeba 

mdgomareobs axali Setyobinebebis gagzavnaSi sxva obieqtebisTvis. 

logikaze dafuZnebuli meTodebi iyeneben predikatebis logikas 

Semdegi formis deklaratiuli gamonaTqvamebis erTobliobis analizis 

marTvisTvis. gamonaTqvams aqvs Semdegi forma: 

| Sedegi: - winapiroba-1, winapiroba-2, …winapiroba-N. 

winapirobebi – predikatebi mowmdeba WeSmaritulobaze. Sedegi - 

predikats WeSmaritia, Tu misi winapirobebi SesaZlebelia damtkicdes 

rogorc WeSmariti. logikuri programa iRebs ra mizans, adarebs mas 

damaxsovrebuli gamonaTqvamebis Sedegebs. Zebnis gamoyenebuli meTodi 

msgavsia produqciebis enebis marTvis sqemaSi gamoyenebuli uku-gadajaWvis 

(backward chaining). miznis dasamtkiceblad igi cdilobs qvemiznebis 

 20



damtkicebas, romlebaTac ganixilavs Sedegis winapirobebs. yvela qvemiznis 

damtkicebiT TviT mizani aris damtkicebuli. PROLOG-Si Zebna xistad 

imarTeba interpretatoris mier, anu igi ar axdens Zebnis SezRudvas, ramac 

realuri samyaros amocanebis gadawyvetisas SeiZleba gamoiwvios 

kombinatoruli afeTqeba. Tumca PROLOG-is modelTan Sedarebis meqanizmi 

(pattern-matching), CaSenebuli relaciuri monacemTa baza, efeqturi 

kompilatorebi mis dadebiT mxareebs warmoadgens. 

 daSvebaze orientirebuli meTodebi iyeneben demonebs (demons), 

procedurebs, romlebic gamoiZaxeba rodesac monacemebi icvleba an ikiTxeba, 

raTa monitoringi gauwion programebs an gare mowyobilobebs. 

codnis inJineriis enebSi saerToa is, rom maT gaaCniaT winaswar 

gansazRvruli mza gamoyvanis meqanizmi. xolo programirebis enaSi, 

magaliTad LISP-Si eqspertuli sistemis damuSavebisas igi gamoiyeneba, 

rogorc komponenti, romlis bazazec unda Seiqmnas maRali donis codnis 

warmodgenisa da gamoyvanis meqanizmi. codnis inJineriis SemTxvevaSi 

amocanaze morgeba ukve gakeTebulia. farTod gamoyenebuli codnis 

inJineriis enebia. mag: EMYCIN, EXPERT, OPS5, ROSIE da a.S. 

eqspertuli sistemebi naklebad adaptirebulia droiTi da sivrciTi 

codnis warmodgenisTvis saR azrze dafuZnebuli azrovnebisTvis. maTi 

susti mxarea sakuTari unaris zRvris dadgenis da winaaRmdegobriv 

codnasTan muSaobis sirTule. 

eqspertuli sistemis instrumentebSi li problematuri mxarea  

codnis SeZenis amocana, codnis bazis daxvewa, da codnis warmodgenis 

sxvadasxva sqemebis kombinirebis amocana. 

eqspertuli sistemebis Seqmna saWiroebs mniSvnelovan droiT da 

adaminur resursebs. zomierad rTuli amocanisTvis 2-4 adamianis 

monawileobiT Wirdeba 5-10 adamiani/weli, rTuli amocanis SemTxvevaSi – 3-

5 adamianis monawileobiT 15 adamiani/weli, da Zalian rTuli amocanis 

SemTxvevaSi 4-6 adamianamde da daxloebiT 30 adamiani/weli [1]. 

droTa ganmavlobaSi monacemTa bazis gafarToeba SesaZlebels xdis 

damatebiTi funqcionalurobis uzrunvelyofas, codnis inJinris mier 
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konceptualizaciis gaumjobesebiT., da masTan dakavSirebuli codnis Tavidan 

formulirebiT. rodesac codna aris fiqsirebuli da formalizebuli, am 

SemTxvevaSi am sferos algoriTmuli kompiuteruli programebi ufro 

Sesaferisia fiqsirebuli da formalizebuli codnis SemTxvevaSi, xolo 

evristikuli eqspertuli sistemebi - subieqturi, cudad kodificirebuli 

da nawilobriv zedapiruli codnis SemTxvevaSi. vinaidan aseTi tipis codna 

iSviaTad aris formulirebuli programaSi moxerxebulad gadatanisTvis. 

amitom eqspertisgan codnis amoRebis da misi eqspertul sistemaSi 

gadatanis procesi mniSvnelovani da rTuli amocanaa. es gulisxmobs 

problemis gansazRvras da aseve eqspertisgan miRebuli codnis (faqtebisa 

da damokidebulebebis) warmodgenas. codnis wyaroebs garda adamiani-

eqspertebisa SeiZleba warmoadgendnen wignebi, monacemTa bazebi, da sxva.  

codnis inJinerisTvis eqspertisgan codnis miRebas xels uSlis 

komunikaciis problemebi, rogoricaa  eqspertis mier gamoyenebuli leqsika. 

xolo codnis inJineri unda daexmaros eqsperts saproblemo garemos 

Sesaxeb codnis struqturirebaSi, saproblemo garemos cnebebis 

identificirebasa da formalizebaSi. 

xelovnuri inteleqtis adreul programebSi gamoyenebuli iyo 

“xelnakeTi” codna, rodesac programistis mier eqspertis codna 

programul kodSi gadadioda codnisa da codnis gamoyvanis meqanizmis 

daucileblad. Garda imisa rom aseTi programis Seqmna da gamarTva udides 

Zalisxmevas moiTxovs, TiTqmis SeuZlebelia ganaxlebebis SemTxvevaSi 

sistemis mdgradi muSaobis SenarCuneba. Semdeg etapze codnis inJineri 

gaxda sistemisTvis codnis SeZenaSi damxmare, romlis drosac eqsperti 

urTierTqmedebs codnis inJinerTan, an programasTan sistemis Sesaqmnelad. 

am SemTxvevaSi saproblemo garemos Sesaxeb codna dacilebulia danarCeni 

programisgan da ganTavsebulia monacemTa struqturebSi, anu codnis bazaSi. 

es uzrunvelyofs codnis bazis ufro iolad gafarTovebis Tu 

modifikaciis SesaZleblobas. meore variantSi eqsperti urTierTqmedebs 

eqspertul sistemasTan Wkviani redaqtori programis meSveobiT. codnis 

SeZenis etapebi naCvenebia nax.1-ze (aRebulia [2]-dan). 
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nax.1 eqspertuli sistemis codnis SeZenis etapebi 

identifikaciis etapze xdeba monawileebis, problemis 

maxasiaTeblebis, resursebis da miznebis identificireba. konceptualizaciis 

stadiaze ixveweba identifikaciis etapze gamovlenili ZiriTadi konceptebi 

da damokidebulebebi. formalizaciis stadiaze konceptualizaciis etapis 

Sedegebi gadaiyvaneba formalur warmodgenaSi. am etapze codnis inJinerma 

saWiro informacia unda miawodos eqsperts xelmisawvdomi codnis 

warmodgenebis optimaluri variantebis da instrumentebis Sesaxeb. 

implementaciis etapze formalizebuli codna gadayvaneba codnis 

warmodgenis konkretul garemoSi, romelic Seesabameba mocemuli 

problemisTvis arCeul instruments. am etapze codnis inJineri qmnis 

eqspertuli sistemis prototips. xolo testirebis etapze xdeba misi 

Sefaseba. 

ucilebelia ganmartebiTi komponentis realizeba, rac SemdgomSi 

gaaadvilebs eqspertisa da codnis inJinris mier sistemis gaumjobesebas. 

erT-erT mimarTulebas warmoadgens codnis SeZenis amocanis 

avtomatizacia. es programebi dafuZnebulia zogadi klasifikaciis wesebis 

gamoyvanaze, saswavlo magaliTebis gamoyenebiT (META-DENDRAL, AQ-11). 

Tumca zogierT komponentSi sistemis mier eqspertis Sesabamisi efeqturoba 

ver miiRweva [2]. 

eqspertuli sistemis agebis instrumentis daproeqtebisas ganixileba 

iseTi sakiTxebi, rogoricaa: zogadoba, sisrule, enis Tvisebebi, monacemTa 

bazis struqtura da kontrolis meTodebi. zogadobis gazrda cxadia xdeba 
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Semdeg Seqmnili eqspertuli sistemebis efeqturobisa da simZlavris 

daqveiTebis xarjze. amitom ufro efeqturia midgoma, rodesac zogadobis 

uzrunvelyofa xdeba mxolod SerCeuli problemebis klasisTvis. 

gaiTvaliswineba saWiro sisrulis done, romelic damokidebulia Tu 

romeli da ramdeni SesaZleblobebi unda iyos Cadebuli sistemaSi 

(ganmartebebis SesaZlebloba, sarwmunoobis faqtorebi). rac ufro 

specializebulia sistema, miT metia misi specialuri SesaZleblobebi 

(EMYCIN, KAS, EXPERT), radgan rTulia zogadi daniSnulebis 

instrumentSi eqspertuli sistemis mravali saWiro SesaZleblobis 

realizeba. xolo specializacia amave dros amaRleba sistemis simZlavre da 

efeqturoba SezRuduli gamoyenebis sferoSi. proceduruli codnis 

aRsawerad saWiro maRali donis warmodgenis ena ki yvela 

instrumentisTvis aucilebelia [3]. 

programa, romelic Sedgeba bazuri operaciebis erTobliobisagan, 

axdens adamianis mier realuri cxovrebis informaciis damuSavebis 

saqmianobis imitirebas. kompiuteruli programa axdens codnis damuSavebis 

nawilis avtomatizacias. Tumca monacemTa bazebis sistemebi warmoadgens 

mcdelobas damuSavdes logikuri kavSirebis warmodgena ufro maRal 

doneze, codnis aseTi warmodgena arasakmarisia adamiani-eqspertis codnis 

damuSavebis procesis avtomatizaciisTvis. Amis mizezia is rom procesi, 

romlis saSualebiTac eqsperti axdens sawyisi monacemebis gacras, 

sinTezirebas da transformacias, kargad ar aris garkveuli. amitom 

problemis es aspeqtebi xelovnuri inteleqtis meTodebiT kvlevis sagans 

warmoadgens. 

klasebisa da damokidebulebebis warmosadgenad SesaZlebelia 

predikatebis aRricxvis gamoyeneba, romlis drosac xdeba sxvadasxva 

obieqtebs Soris damokidebulebis gansazRvra damokidebulebis saxelis 

(predikatis) meSveobiT, xolo frCxilebSi mieTiTeba obieqtebis sia. 

magaliTad, faqti, rom ~giorgis uyvars Tamari~ SeiZleba warmodges ase: 

uyvars (giorgi, Tamari). aseTi Canaweri gamoxatvis kidev ufro met 

simZlavres aRwevs argumentebad cvladebis gamoyenebiT, da aseve 
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damakavSirebeli operatorebis gamoyenebiT, rogoricaa ~da~, ~an~, ~ara~ da 

~Tu…maSin~. 

rac Seexeba marTvis struqturaSi produqciebis sistemis gamoyenebas, 

aq gamoiyofa sami komponenti: klasifikacia da damokidebulebebi, wesebi, da 

marTvis struqturebi. klasifikaciebi da damokidebulebebi realizebulia 

rogorc monacemTa baza (faqtebis baza), da ZiriTadad Seesabameba 

deklaratiul codnas. procedurebi warmoadgenen Semdegi tipis wesebis 

erTobliobas: Tu (piroba) maSin (moqmedeba), xolo marTvis struqtura 

(wesebis interpretatori) gansazRvravs romeli wesi unda iqnas mosinjuli 

Semdeg jerze. (piroba) amowmebs monacemTa bazis mimdinare mdgomareobas, 

xolo (moqmedeba) ama Tu im gziT anaxlebs mas. 

predikatebis aRricxviT codnis damuSavebisTvis gamoiyeneba mocemuli 

faqtebisa da wesebis erTobliobidan axali faqtebisa da wesebis gamoyvanis 

wesebi. ramodenime codnis gamoyvanis wesia: Modus Ponens : (A→B, A |⎯ B), 

da universaluri specializacia: (∀(X) W(X),  A |⎯ W(A)). 

predikatebis aRricxvis gamoyenebisas problemas warmoadgens is, rom 

igi aris monotonuri, da gamotanili daskvnebi arasdros ar gadaixedeba. 

realur cxovrebaSi es iwvevs sistemis araadeqvaturobas, vinaidan axali 

faqtebis gamovlenis SemTxvevaSi xSirad saWiro xdeba zogierTi manamde 

gakeTebuli daskvnis anulireba. problematuria isic, rom gamoyvanis wesebis 

brma gamoyeneba iwvevs kombinatorul afeTqebas. amitom am problemis 

gadasaWrelad eqspertul sistemebSi codnis warmosadgenad gamoiyeneba 

xelovnuri inteleqtis sxva meTodebi, romlebic iTvaliswineben eqspertul 

codnas konkretul sferoSi. eqspertis upiratesoba am SemTxvevaSi aris is, 

rom igi eyrdnoba sakuTar gamocdilebas amocanis gadawyvetisas da ar 

axdens Zebnis zogadi meTodebis gamoyenebas, rac Zalian araefeqturi 

iqneboda. 

aseTi eqspertuli codnis warmodgenis formalizmia semantikuri 

qselebi, struqturirebuli obieqtebi (freimebi) da produqciis wesebi. 

semantikuri qselebi efuZneba Zvel da Zalian martiv ideas, rom 

mexsiereba Sedgeba cnebebs Soris asociaciebisgan. 
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semantikuri qselis bazur funqcionalur elements warmoadgens ori 

wertilisgan, mwvervalebisgan Sedgenili struqtura. isini erTmaneTTan 

dakavSirebulia rkaliT. TiToeuli mwvervali warmoadgens cnebas, xolo 

rkali warmoadgens or cnebas Soris damokidebulebas. rkalis 

orientirebuloba gansazRvravs faqtis Semadgenel cnebebs Soris subieqti-

obieqtis damokidebulebas. MerTi wvervalis ramodenime mwvervalTan 

dakavSireba gvaZlevs faqtebis qselis agebis saSualebas. 

damokidebulebebs Soris erT-erTi yvelaze mniSvnelovani - ~aris 

elementi~, gamoiyeneba obieqtebis klasisTvis mikuTvnebis aRsaniSnavad. sxva 

mniSvnelovani damokidebulebebia: ~qvesimravle~, ~aqvs~, da a.S. 

struqturuli obieqtis (freimis) cnebiT xdeba prototipis Seqmnis 

mizniT obieqtis an movlenis Tvisebebis organizebis ideis formalizeba. 

minskis mixedviT freimi aris monacemTa struqtura stereotipuri 

situaciis warmosadgenad. freimi SegviZlia gaviazroT, rogorc 

mwvervalebisa da damokidebulebebis qseli. freimis “maRali doneebi” 

fiqsirebulia da warmoadgens iseT raRaceebs, romlebic yovelTvis 

WeSmaritia nagulisxmev situaciaSi. qveda dones aqvs mravali terminali 

(“slotebi”, slots), romlebic unda Seivsos monacemebis konkretuli 

egzemplarebiT [4]. 

freimiT agebuli sistemis dadebiT mxares warmoadgens is, rom 

obieqtis an movlenis aRweris elementebi dajgufebulia da SesaZlebelia 

maTdami mimarTva da maTi damuSaveba erT jerze. 

freimebSi gamoyenebuli proceduruli mibma saSualebas iZleva 

struqturirebul obieqtebSi integrirebuli iqnes klasikuri programebi.  

proceduruli xasiaTis SenarCunebis mizniT codnis warmosadgenad 

yvelaze ufro gamosayenebeli formatia produqciis wesi. 

wesis moqmedebis nawili SeiZleba Seicavdes kiTxvas 

momxmareblisadmi, standartuli programis gamoyenebas an fizikur 

mowyobilobasTan urTierTqmedebas, raTa gauSvas an gaaCeros sistema, da 

paralelurad moaxdinos monacemTa bazis modificireba. produqciis wesebis 

erToblioba am warmoadgens nebadarTuli gardaqmnebis erTobliobas, 
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romliTac problema ganicdis evolucias sawyisi mdgomareobidan saboloo 

gadawyvetamde. amonaxsnis mimdinare mdgomareoba warmodgenilia faqtebis 

bazaSi arsebuli faqtebis erTobliobiT. nebismier realistur sistemaSi 

nebismier momentSi SeiZleba arsebobdes ramodenime wesi, romelic SeiZleba 

gamoyenebuli iqnes. amitom marTvis struqturis daniSnulebaa 

asamoqmedebeli wesis arCeva. amisTvis sistemaSi gamoiyeneba 

gadawyvetilebaTa xe, romelic gansazRvravs Tu romel situaciaSi ra 

moqmedeba unda iqnes sistemis mier Catarebuli. mdgomareobaTa sivrceSi 

Zebna ise unda iyos organizebuli, rom rac SeiZleba swrafad SeiZlebodes 

imis gansazRvra, warmatebiT damTavrdeba Tu ara amoxsna. es saSualebas 

iZleva Tavidan iqnes acilebuli yvela SesaZlebeli Zebnis gzis gavla. 

amasTan problemis sivrce iyofa qvesivrceebad ise, rom TviToeuli 

qveproblemis gadawyveta SesaZlebeli iyos danarCenebisgan damoukideblad. 

eqspertul sistemebSi axali faqtebis gamosayvanad gamoyenebulia 

Zebnis ori strategia: 1) wina gadajaWva: procesi iwyeba sawyisi faqtebidan 

da xdeba im wesebis amoqmedeba, romelTa pirobebi (marcxena mxare) 

dakmayofilebulia. aseTnairad miRebuli faqtebi emateba faqtebis bazas, da 

a.S. gajerebamde. 2) ukugadajaWva: procesi iwyeba faqtiT, romelic 

warmoadgens misaRwev mizans. gadaisinjeba yvela wesi, romelsac SedegSi 

(marjvena nawilSi, daskvnaSi) aqvs es mizani. ganixileba TiToeuli es wesi. 

Tu yvela maTi winapiroba (marcxena nawilSi) dakmayofilebulia sawyisi 

faqtebis bazaSi, mizani miRweulia, da Tu ara, xdeba ucnobi pirobebis 

damaxsovreba, rogorc axali miznebisa, da cikli Tavidan meordeba 

TiToeuli maTganisTvis. 

sqematurad adamiani problemas wyvets sam etapSi: Sinaarsis gageba, 

problemis kargi warmodgenis moZebna, amoxsnis adaptirebuli meTodis 

gamoyeneba. xSirad es meTodebi urTierTdakavSirebulia. pirveli etapi 

xelovnur inteleqtSi Seesabameba bunebrivi enis gagebis sferoSi kvlevebs. 

Tavdapirveli kvlevebi, romlebic ZiriTadad dafuZnebuli iyo frazebis 

sityva-sityviT sintaqsur analizze, iyenebda Comskis sintaqsur gramatikebs. 

orazrovnebis problemis moxerxebulad gadasawyvetad (magaliTad 
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nacvalsaxelebis SemTxvevaSi) analizisTvis, romelic erTdroulad 

sintaqsuric aris da semantikuric, gamoiyeneba vudsis mier SemoRebuli 

gadasvlis qselebi (ATN-Augmented Transition Network). es midgoma moqmedebs 

SezRudul sferoSi, sadac ukve gansazRvrulia gadasvlis qselebi. sxva 

sferoebSi moqmedebisTvis saWiroa axali ATN-bis ageba [5]. 

Zebnis dros gamoiyeneba strategiuli gegmebi, raTa Tavidan iqnes 

acilebuli yvela faqtis gadasinjva. es aris codna imis Sesaxeb, Tu rogor 

unda iqnas gamoyenebuli codna, anu meta-codna. produqciebis wesebze 

dafuZnebul eqspertul sistemebSi es meta-codna warmodgenilia meta-

wesebiT. magaliTad, MYCIN-Si gamoyenebuli meta-wesebi gansazRvravs Tu 

romeli wesebi unda iqnas ganxiluli prioritetulad ama Tu im Terapiuli 

SemTxvevis dros. 

klient-serveris arqiteqturaze agebuli sistemebidan aRvniSnavT e-

SARS sistemas [6], romelic axdens adamianis mier mwvave respiratoruli 

daavadebis analizisa da diagnostikis modelirebas sxva daavadebebis 

ganxilvis saSualebiT, rogoricaa atipiuri pnevmonia, baqteriuli pnevmonia, 

pnevmonia, virusuli pnevmonia da tuberkulozi. potenciuri daavadebis 

diagnostireba, xorcieldeba Sesabamisi monacemebis SetaniT 

konsultaciisas, romlis drosac momxmarebelma unda upasuxos kiTxvebs 

niSnebisa da simptomebis modulSi. sistema damuSavebulia rogorc 

internetSi, saitze ganTavsebuli eqspertuli sistema, klient-serveris 

arqiteqturiT. sistemis meore modulia janmrTelobis Sesaxeb informaciis 

moduli. gamoyvanis meqanizmad gamoyenebulia wina gadajaWva, xolo codnis 

bazas Seadgens produqciis wesebi, romelSic gamoyenebulia meta-wesebi. 

gare codnis bazaSi gamoyvanis meqanizmi gamoiyeneba [7]-Si. masSi 

SemoTavazebulia arqiteqtura, romelic sTavazobs gamoyvanis meqanizms gare 

codnis bazaSi iseve, rogorc es xdeba eqspertuli sistemis garsis mxares. 

amis Sedegad mxolod gamoyvanis Sedegebi gaegzavneba ukan eqspertul 

sistemas, da ara aqvs adgili faqtebis gagzavnas ramodenimejer eqspertuli 

sistemis mier ganxorcielebul codnis gamoyvanis procesSi. sistema-

prototipi realizebulia obieqtur-relaciur monacemTa bazaze ORACLE 
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10G mbms-is gamoyenebiT. arsebobs ramodenime sistema, romelic aseve iyenebs 

eqspertul sistemasa da gare monacemTa sistemas Soris dakavSirebas, raTaA 

SesaZlebeli iyos ufro did monacemTa bazebTan mimarTva. mag: PERK, 

ECOSYS, PARKA-DB, da SOPHIA. sistemis ideologia efuZneba im azrs, 

rom daSorebul dasaxlebul punqtebSi, rodesac kvalificiuri eqimi ar 

aris xelisawvdomi (roca saWiroa), sxva, naklebad kvalificirebul 

samedicino muSakebs SeiZleba mouwios samuSaos Sesruleba. samedicino 

diagnostikis eqspertuli sistema am SemTxvevaSi fasdaudebeli instrumenti 

iqneba. cxadia, zogierTi informacia xelmisawvdomi iqneba gare monacemTa 

bazebSi (rogoricaa pacientebis avadmyofobis istoria), xolo danarCenebi 

miRebuli unda iqnes pacientis gamokiTxviT. 

erT-erTi problema diagnostikur eqspertul sistemebSi, romlebic 

muSaoben wesebiT, aris codnis bazis produqcia, vinaidan mis harmonizacias 

SeiZleba didi dro dasWirdes. zogjer eqsperts ar SeuZlia gansazRvros 

Tavisi codna da unarebi wesebis meSveobiT. igi ufro xSirad ar iyenebs 

formalur logikas, aramed adarebs mimdinare situacias mis msgavs 

modelTan da cdilobs gadawyvitos igi igivenairad. amitom SesaZlebelia 

eqspertis azrovneba warmovadginoT xelovnuri neironuli qselis 

saSualebiT. aseTi hibriduli eqspertuli sistemebi, agebulia xelovnuri 

neironuli qselebisa da wesebis gamoyenebiT, romlebic warmodgenilia 

gadawyvetilebis xiT. rodesac cnobilia wesebi, gamoiyeneba Cveulebrivi 

midgoma, xolo rodesac ar aris cnobili zusti procedura, romlebsac 

eqsperti iyenebs, magram aris sakmarisi eqsperimentuli monacemebi misi 

qcevis Sesaxeb, gamoiyeneba neironuli qselebi  [8]. 

eqspertuli sistemis da xelovnuri inteleqtis teqnologiebis zrda 

yvelaze optimisturi prognozebis molodinsac ki aRemateba, magram aseve 

identificirebulia Trendi, rom bevri eqspertuli sistema gamoyenebas ver 

hpovebs. amis erT-erTi SesaZlebeli mizezi aris is, rom momxmareblebi 

SeiZleba ar arian darwmunebulebi sistemis mier gacemul prognozebSi. 

axsna-ganmartebis gakeTeba eqspertuli sistemis prognozebs ufro misaRebs 

xdis momxmareblebisTvis. Tu ganmarteba aris mizanSeuwonlad grZeli da 
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masSi Casmulia momxmareblisTvis naklebad saintereso informacia, is mis 

darwmunebulobas verafers ver matebs. erT-erTi mniSvnelovani mizani 

ganmartebisa aris is, rom man ufro gasagebi unda gaxados codna 

ganxiluli Tematikis Sesaxeb. aseve didi mniSvneloba aqvs, Tu ra formiT 

miewodeba ganmarteba momxmarebels   [9]. 

eqspertuli sistemebis teqnika warmoadgens mZlavr teqnologias, 

romelsac gaaCnia mravali potenciuri gamoyenebebi, rogoricaa, magaliTad, 

programuli uzrunvelyofis instrumentebis gaZliereba. am mimarTulebiT 

Seqmnilia zogierTi eqspertuli sistema, magaliTad, CEST (C-s eqspertuli 

sistemis instrumentebi) [10]. 

CEST Sedgeba: 1) gamoyvanis meqanizmebis biblioTekisgan, romelic 

realizebulia rogorc C-s programebi da 2) codnis inJineriis 

instrumentebisgan, monacemTa bazebis agebis analizisa da mxardaWerisTvis. 

pirveli instrumenti CEST-Si aris AVIEM-ukugadajaWvis gamoyvanis 

meqanizmi, romelic realizebulia rogorc C-s funqciebi. 

 OPS5-ze dawerili eqspertuli sistemebidan aRsaniSnavia dieturi 

rekomendaciebis eqspertuli sistema-DIET [11]. 

DIET sistemaSi pacientebis Sesaxeb dieturi informacia moipoveba 5 

kategoriis mixedviT: demografia, laboratoriis Sedegebi, samedicino 

mdgomareoba, medikamentebi da kvebis maxasiaTeblebi, romlebic ganixileba 

dietis gegmis Sesadgenad. DIET sistema iolad SeiZleba iyos gafarToebuli 

sxva sferoebisTvis. 

codnis warmodgenis meTodad gamoiyeneba produqciis wesebi. dietis 

rekomendaciis Sesaxeb gadawyvetileba miiReba sxvadasxva variantebisTvis 

upiratesobis mniSvnelobebis gamoTvlis Sedarebis safuZvelze. 

saswavlo procesSi gamoyenebul eqstertul sistemebSi zogjer 

mizanSewonilia semantikuri qselebis gamoyeneba, vianidan  semantikuri 

qselebis instrumentebi warmoadgens SemecnebiT instruments, romlebic 

iZlevian vizualur da zepir saSualebebs cnebis arsis (SemecnebiTi rukis) 

SemuSavebisTvis. programebi, rogoricaa SemNet, Learning Tool, da TextVision, 

saSualebas aZleven Semswavlelebs rom daukavSiron erTmaneTs ideebi, 
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romlebsac isini swavloben cnebebis mravalganzomilebian qselebSi, 

moniSnon damokidebulebebi am cnebebs Soris, da aRweron damokidebulebebis 

buneba yvela ideas Soris [12].  

eqspertuli sistemis warmatebiT gamoyenebisTvis aucilebelia 

codnis bazis gadaxedvis da gasworebis procedurebis arseboba.  

eqspertisgan miRebuli codna yovelTvis swori ar aris. xolo codnis 

reviziis fazas, rogorc wesi, miaqvs Zalian didi dro eqspertisgan da 

codnis inJinrisgan. amitom aris saWiroeba iseTi instrumentisa, romelic 

moaxdens codnis bazis gadaxedvas, rodesac uzustoba aRmoCndeba. 

induqciuri swavlis klasikuri teqnika, romelic sazogadod aris 

gamoyenebuli manqanur swavlebaSi, SeiZleba gamoyenebuli iqnas am rTuli 

amocanis avtomatizebisaTvis. codnis reviziis algoriTmma jer unda 

daadginos codnis bazaSi is adgili, romelic koreqcias saWiroebs, da 

Semdeg unda daadginos Tu ra saxis koreqciaa saWiro [13]. FRST-Si 

gamoyenebuli codnis warmodgenis enaa CLIPS, NASA-Si Seqmnili 

eqspertuli sistemis garsi. FRST-Si reviziis operatorebi iyofa or 

nawilad: ganzogadebis operatorebi, da specializaciis operatorebi. 

reviziis algiriTmi moqmedebs or etapad: pirvel etapze igi axdens 

arakoreqtuli elementebis identificirebas produqciebis sistemaSi, xolo 

meore etapze axdens identificirebuli elementis Sesworebas. 

eqspertuli sistemis gamarTvisTvis didi mniSvneloba eniWeba aseve 

mis testirebas. produqciebiani eqspertuli sistemis dinamiuri testirebis 

Cveulebrivi meTodia testuri pirobebisa da winaswar cnobil pasuxebze 

sistemis Semowmeba da sistemis pasuxebis Sedareba mosalodnel pasuxebTan. 

testirebis aseTi meTodis naklia is, rom ar arsebobs raime indikacia imis 

Sesaxeb, Tu ra doneze mowmdeba testebis saSualebiT wesebis baza. 

faqtiurad SeiZleba ise moxdes, rom wesebis bazis garkveuli seqciebi 

saerTod ar Semowmdes aseTi testebiT [14]. TRUBAC-Si gamoyenebulia 

wesebis bazis erTobliobis dafarvis zona misi dinamiuri testirebisa da 

marTvisTvis. amave dros TRUBAC-is mier dadasturebisTvis gamoyenebuli 

wesebis bazis warmodgena SesaZlebelia aseve iqnas gamoyenebuli 
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verifikaciis Casatarebladac. TRUBAC iwyebs wesebis bazis Sefasebas 

orientirebuli umaryuJo grafis agebiT. grafis agebis dros xdeba 

identificireba ubralo winaaRmdegobrivi wesebis da potenciuri 

winaaRmdegobriobebis (orazrovnebis). grafis agebis dasrulebis Semdeg 

momxmarebels SeuZlia gauSvas wesebis bazis statikuri analizi. es 

daadgens Camokidebul pirobebs, usargeblo daskvnebs, da maryuJebs wesebis 

bazaSi. yoveli testis Semdeg momxmarebels SeuZlia miuTiTos wesebis 

bazis romeli dafarvis zona unda iqnes gadaxedili, raTa dadgindes manamde 

miwodebuli satesto monacemebis xarisxi, an momxmarebels SeuZlia airCios 

damatebiTi testebis gaSveba. TRUBAC-Si warmodgenad gamoiyeneba da/ara 

grafi, romelic aracxadi saxiT arsebobs wesebis bazaSi. 

pirveli Taobis eqspertuli sistemebi eyrdnoboda iseTi zedapiruli 

codnis gamoyenebas, rogoricaa asociatiuri an evristikuli codna. meore 

Taobis teqnologia xasiaTdeba ori TvisebiT: Rrma codniT da manqanuri 

swavlebiT. codnis SeZenis meore Taobis sami meTodia: wesebis swavla 

magaliTebidan, modelze dafuZnebuli wesebis swavla da naxevrad 

avtomaturi modelis SeZena [15]. 

ganxiluli SesaZleblobebidan Cveni amocanebisTvis arCeuli unda 

iyos codnis warmodgenis sami ZiriTadi forma: produqciebi, semantikuri 

qseli da freimebi. saxeTa amocnobis amocanaSi ZiriTadad produqciul 

codnasTan gvaqvs saqme, magram Zalian intensiurad aris saWiro 

proceduruli damuSavebebi amocanis statistikuri da ara simboluri 

bunebidan gamomdinare. amitom avirCevT produqciebis erTobliobebis 

warmodgenas (rule sets). magram iqidan gamomdinare, rom klasikuri 

gamoTvlebis Catarebac aris saWiro, qveprogramebis saxiT davamuSavebT gare 

procedurebs, romlebsac gamoviZaxebT produqciebidan. gamoyvanis meqanizmad 

gamoviyenebT wina gadajaWvas, xolo marTvis gadawyvetilebebis misaRebad 

gadawyvetilebaTa xes. 

avtomaturi Targmanis SemTxvevaSi produqciebTan erTad gamoviyenebT 

semantikur qselebs (rac mosaxerxebelia leqsikuri erTeulebis 

erTmaneTTan semantikurad dasakavSireblad, leqsikuri an struqturuli 
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orazrovnebis gadaWrisTvis), magram ar gamoviyenebT saTargmni frazebis 

gadayvanas semantikur qselebSi (arCeuli ierarqiuli dekompoziciis 

midgomis Sesabamisad, Tumca ar SegviZlia uarvyoT kombinirebis 

xelsayrelobis SesaZlebloba). freimebs ZiriTadad gamoviyenebT realuri 

samyaros Sesaxeb codnasTan mimarTebaSi. Sesabamisad davamuSavebT TiToeul 

am warmodgenis formebTan muSaobis procedurebs. 

amocanebis originalurobidan gamomdinare, orive SemTxvevaSi sistemas 

davamuSavebT sakuTari koncepciis safuZvelze, TiToeuli amocanisTvis 

saWiro komponentebiT, maT Soris gansakuTrebuli yuradReba unda mieqces 

momxmareblisTvis cxadi ganmartebebis miwodebas, eqspertisTvis sistemis 

testirebis saSualebebs, da Sesworebebisa da modifikaciebis Setanis 

moxerxebulobas.  

 

1.2 saxeTa amocnoba 

saxeTa amocnobis problema da teqnika iyofa ramodenime saSualedo 

etapad, romelic iwyeba fizikur samyaroSi warmodgenili paterniT da 

mTavrdeba am paternis konkretul klasze mikuTvnebis gadawyvetilebiT. 

saxeTa amocnobis programis mizania gaaanalizos realuri samyaros scena 

raime Semtani mowyobilobis saSualebiT, romelic xSirad gadamwodis raime 

formas warmoadgens [16]. 

saxeTa amocnobis procesis zogadi etapebia: gamosaxulebis 

segmentireba mniSvnelovan obieqtebad, obieqtebis damuSaveba, Tvisebebis 

amoReba da gazomva, obieqtis klasificireba erT an ramodenime kategoriad.  

manqanuri xedvis bevr amocanaSi mniSvnelovani meTodia saintereso 

obieqtebis gamocalkeveba im regionebisgan, romlebic fons Seesabamebian. 

zRurblis gansazRvra xSirad iZleva advil da moxerxebul meTods 

segmentaciis gansaxorcieleblad ferebis sxvadasxva intensivobis 

safuZvelze gamosaxulebis wina xedis da fonis regionebs Soris. zogjer 

ki saWiroa garkveuli intensivobis zolis an ferebis piqselebis 

gamocalkeveba. zRurblis dadgena amisTvisac SeiZleba iqnas gamoyenebuli  

[17]. 
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umartives SemTxvevaSi zRurblis damuSavebis Sedegi warmoadgens 

segmentaciis Sesabamis binarul gamosaxulebas, romelSic Savi piqselebi 

Seesabameba fons, xolo TeTri piqselebi - winaxeds (an piriqiT). martivi 

realizaciis dros segmentacia gansazRvrulia erTaderTi parametriT, 

intensivobis zRurbliT (Intensity threshold). 

mrewvelobaSi procesis aranormaluri qcevis aRmosaCenad farTod 

gamoyenebul SiuharTis (Shewhart) marTvis diagramebSi Cndeba paternebis 

amocnobis saWiroeba. rogorc wesi, marTvis diagramebSi arsebobs eqvsi 

saxeobis arabunebrivi paterni: aRmavali Trendi, daRmavali Trendi, zeda 

daZvra, qveda daZvra, cikli, da sistematuri paterni [18]. 

kontrolirebuli neironuli qselebi farTod iyo gamoyenebuli 

marTvis diagramis paternebis amocnobaSi. Tumca maT amocnobaSi maRali 

sizuste aqvT, maT gaaCniaT aseve SezRudvebi adapturobis miRwevaSi 

xelaxali swavlebis gareSe, da swavlebis procesi nelia. magaliTad, Al-

Ghanim pirvelma warmoadgina arakontrolirebuli saswavlo neironuli 

qseli ART qselebze dafuZnebuli marTvis diagramebisTvis, magram man 

SeZlo mxolod arabunebrivi paternis qcevis identificireba, da ver SeZlo 

daedgina romeli arabunebrivi paterni gamoCndeba. es imitom, rom 

arakontrolirebul swavlas ar SeuZlia moniSnos saboloo gamomavali 

neironebi, romelTac miekuTvneba arabunebrivi paterni. [18]-Si 

SenarCunebulia ZiriTadi arakontrolirebul swavlebis sqema, magram amave 

dros xdeba gamomavali neironebis moniSvna zogierTi arabunebrivi 

paternebisTvis ricxviTi Sedarebebis Sesabamisad. SemoTavazebuli 

naxevradkontrolirebuli swavlebis algoriTmi efeqturia marTvis 

diagramis paternis amocnobisTvis. 

saxeTa amocnobis amocana mniSvnelovania, rodesac monacemebis 

moculoba Zalian didia imisTvis, rom xeliT iqnes damuSavebuli, an 

rodesac gamosaxulebis gamoCenis siswrafe metismetad didia adamianisTvis 

romelic mas ikvlevs. arawrfivi gardaqmnebis gamocalkevebadobis Tvisebebi 

principSi arasrulia. amitom bunebrivia jgufur Teoriaze dafuZnebuli 

meTodebis gamoyeneba gamocalkevebadobis Tvisebebis gaumjobesebisaTvis. 
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mrewvelobis sferoSi paternebis amocnobis zogierT SemTxvevebSi SeiZleba 

moxdes sxvadasxvanairi procesebi da signalis damaxinjeba. erT-erTi 

cnobili procesis faqtori SeiZleba aRiweros rogorc fardobiTi 

moZraoba obieqtsa da kameris sistemas Soris. ara aqvs mniSvneloba obieqti 

moZraobs kameris win, Tu piriqiT [19]. 

nebismier SemTxvevaSi maxasiaTeblebis veqtori SeiZleba generirebuli 

iqnas invariantuli gardaqmnebis saSualebiT. maxasiaTeblebis 

generaciisTvis, arawrfivi translaciaze invariantuli gardaqmnebis 

specialuri klasia Sesaferisi. maxasiaTeblebis veqtori unda iqnes 

stabilizirebuli da sworad klasificirebuli sxvadasxva stoxastikuri 

procesebis zusti codnis gareSe. bokliSma da braiberma (Boklish and Briber) 

SesTavazes parametruli aramkafio paternebis klasifikacia (FPC), 

romlebic Tavidan gamoyenebuli iyo rTuli wrfivi da arawrfivi marTvis 

sistemebisaTvis. aseve eixbornma (Eichborn) da sxvebma gamoiyenes da 

Secvales klasifikaciis koncepcia sxvadasxva paternebis amocnobis da 

klasifikaciis sistemebisaTvis [19]. 

mraval praqtikul paternis amocnobis amocanaSi rogorc 

maxasiaTeblebis, aseve paternebis klasebis raodenoba Zalian didia. aseT 

SemTxvevebSi sasargebloa mravalsafexuriani amocnobis sistemis gamoyeneba. 

mravalsafexuriani klasifikaciis procedura Sedgeba Semdegi etapebisgan 

[20]: 

pirvel etapze izomeba zogierTi konkretuli Xo maxasiaTebeli, 

romelic arCeulia yvela SesaZlebeli x maxasiaTeblebidan, da romelic 

aRwers amosacnob obieqts. am maxasiaTeblebis safuZvelze miiReba 

gadawyvetileba di
(1). es gadawyvetileba romelic warmoadgens pirvel etapze 

amocnobis Sedegs, gansazRvravs garkveul qvesimravles yvela klasis 

simravlidan da amave dros miuTiTebs Xi
(1) maxasiaTeblebze (X-s Soris), 

romlebic unda gaizomos imisTvis, raTa miRebuli iqnas gadawyvetileba 

Semdeg etapze. axla meore etapze izomeba Xi
(1) maxasiaTeblebi, romlebic 

di
(1)-Tan erTad warmoadgens axali di

(2) gadawyvetilebis miRebis safuZvels. 

es gadawyvetileba, di
(1)-is msgavsad miuTiTebs di

(2)-s maxasiaTeblebze, 
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romlebic aucilebelia Semdegi gadawyvetilebis (mesame etapi) misaRebad da 

iseve rogorc wina etapze, gansazRvravs klasebis garkveul qvesimravles, 

ara yvela klasis simravleSi, aramed im simravleSi, romelsac miuTiTebs 

di
(1) gadawyvetileba. zogadad, N-ur etapze di

(N) gadawyvetileba, romelic 

miRebulia gazomili Xi
(N-1) maxasiaTeblebiT, romlebic gansazRvrulia wina 

gadawyvetileba di
(N-1)-iT, gansazRvravs di

(N-1) gadawyvetilebiT miTiTebuli 

klasebis simravleSi qvesimravles da Xi
(N) maxasiaTeblebs, romlebic 

aucilebelia (N +1) etapze gadawyvetilebis misaRebad. mTeli procedura 

mTavrdeba N-ur etapze, romelSic miRebuli gadawyetileba (di
(N)) miuTiTebs 

erTaderT klasze, romelic aris mravalsafexuriani klasifikaciis 

saboloo Sedegi. 

genetikuri algoriTmis gamoyenebiT swavlis saSualebiT 

maxasiaTeblebis ganzomilebis Semcireba warmoadgenda mniSvnelovan da 

xangrZliv kvleviT problemas statistikur saxeTa amocnobaSi. zogadad, 

ganzomilebaTa Semcireba SeiZleba ganisazRvros rogorc gardaqmna sawyisi 

maRalganzomilebiani sivrcidan dabalganzomilebian sivrceSi, romelSic 

SesaZlebelia zusti klasifikatoris ageba. arsebobs ganzomilebaTa 

Semcirebis ori ZiriTadi meTodi [21]: 

maxasiaTeblebis amorCeva (feature selection), romlis drosac irCeva 

Semavali maxasiaTeblebis saukeTeso SesaZlebeli qvesimravle, da 

maxasiaTeblebis amoReba (feature extraction), romelic mdgomareobs ufro 

dabalganzomilebian sivrceSi (rogorc wesi wrfivi) transformaciis 

moZebnaSi. Tumca maxasiaTeblebis amorCeva inarCunebs amorCeuli 

maxsiaTeblebis sawyis fizikur mniSvnelobas, igi Zalian Zviri jdeba 

droiTi sirTulis TvalsazrisiT, Tu maxasiaTeblebis didi raodenobaa 

asarCevi. amis sapirispirod maxasiaTeblebis amoReba ganxilulia, rogorc 

axali da ufro mcire maxasiaTeblebis simravlis Seqmna, sawyisi 

maxasiaTeblebis kombinirebiT. [21]-Si ganixilulia maxasiaTeblebis amoReba 

moqnilobisa da efeqturobis mizniT. arsebobs maxasiaTeblebis amoRebis 

mravali efeqturi meTodi. SeiZleba ganxiluli iqnas wrfivi da arawrfivi 

maxasiaTeblebis amoRebis procedurebi, kerZod: 1. daSveba imis, rom 
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monacemebSi aris gausis ganawileba. 2. araparametruli nimuSze 

dafuZnebuli meTodebis gamoyeneba. 3. baiesis Secdomis empiriuli albaTobis 

minimizireba. 4. obieqtis aRmweri individualuri maxasiaTeblebis (an 

maxasiaTeblebis simravlis) informaciuli mniSvnelobebis kriteriumebis 

maqsimizacia. 

optimizaciis problemebi saxeTa amocnobis da kompiuteruli xedvis 

mniSvnelovan nawils warmoadgens. obieqtis amocnobisa da scenis analizis 

sferoSi erT-erTi yvelaze rTuli amocanaa simboluri aRwerebis gamoTvla, 

romelic optimalurad Seusabamebs erTmaneTs gadamwodis monacemebs da 

modelebs da xelmisawvdom codnas saproblemo garemos Sesaxeb [22]. 

mimdinare Trendi aCvenebs, rom klasikuri statistikuri saxeTa 

amocnobis algoriTmebis gamoyeneba da gavrcoba sul ufro xSiria 

gamosaxulebis damuSavebaSi. kompiuteruli xedvis sferoSi warmatebiT 

gamocdili albaTuri meTodebis magaliTebia: 1. baiesis parametris Sefasebis 

teqnika zedapiris segmantaciisTvis da miRwevadi Secdomebis qveda 

sazRvrebis gamoTvlisTvis; 2. simboluri struqturebis Sedarebis 

albaTuri relaqsaciis Teoria; 3. markovis SemTxveviT velze dafuZnebuli 

gamosaxulebis segmentacia da modelze dafuZnebuli gamosaxulebis 

interpretacia. 4. baiesis qselebi gamosaxulebis moniSvnisa da 

interpretaciisTvis. 

Tumca kompiuteruli xedvis sferom bolo ramdenime aTeuli wlis 

ganmavlobaSi mniSvnelovani progresi ganicada, aris areebi, romlebSic 

ZiriTadi gadauWreli problemebi da progresis ar arseboba Zalian 

zRudavs praqtikuli mniSvnelobis amocanebisTvis kompiuteruli xedvis 

teqnologiis gamoyenebas. Sedegad, miuxedavad imisa, rom gamosaxulebis 

gagebis algoriTmebis katalogi mudmivad izrdeba, SedarebiT mcire 

raodenobis sruli kompiuteruli xedvis sistemebi aris Seqmnili da 

TiTqmis yovelTvis ZiriTad problemas warmoadgens is, rom isini arian 

Zviri dizainis, integraciis da Seqmnis drois TvalsazrisiT [23]. 

sqemis swavlis sistema (SLS – Schema Learning System) swavlobs 

obieqtze orientirebul amocnobis strategiebs savarjiSo 
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gamosaxulebebidan da gamosaxulebis gagebis qveprogramebis biblioTekidan. 

momxmarebeli (an maswavlebeli) moniSnavs obieqtis pozicias savarjiSo 

gamosaxulebebSi da SLS eZebs mas gamosaxulebis gagebis biblioTekaSi, raTa 

moZebnos operatorebis kombinaciebi, romlebic saimedod Zebnian am obieqts. 

ZiriTadi principi SLS-sa aris is, rom xedva aris mizanze orientirebuli 

procesi, romelSic vizualuri algoriTmebi an unar-Cvevebi kombinirebulia 

amocanaze orientirebuli meTodiT, raTa moaxdinos koncepciebis generireba 

[23]. 

aRwerili organzomilebiani gamosaxulebebisTvis Sewonili sasruli 

avtomatis simZlavre Zalian rTuli gamosaxulebis aRwerisTvis farTod 

iqna Seswavlili. sasruli avtomati aseve SeiZleba iqnas gamoyenebuli, 

rogorc efeqturi instrumenti organzomilebiani gamosaxulebis SesakumSad. 

arsebobs ramodenime programuli uzrunvelyofis paketi, romlebic iyeneben 

aseT SekumSvas [24]. 

baiesis qselebi warmoadgens maTematikis ori sxvadasxva sferos 

kombinacias: grafebis Teoriis da albaTobis Teoriis. swavlis algoriTmebi 

moicavs albaTobis distribuciis swavlis da qselis topologiis swavlis 

kombinacias. baiesis qselebi SeiZleba gamoyenebuli iqnas sxvadasxva 

sferoebSi, rogoricaa avtomaturi metyvelebis amocnobis droiTi seriebis 

problema. 

grafikuli modelis instrumenti gamoiyeneba vizualuri 

ilustraciisTvis da muSaobs mocemul problemaSi cvladebs Soris 

pirobiT damoukideblobebTan. amas garda grafikuli modeli aCvenebs 

nebismier Sualedur cvladebs, romlebic erTmaneTisgan aSorebs or 

pirobiTad damoukidebel cvlads. am Sualeduri cvladebis saSualebiT 

axdens ori pirobiTad damoukidebeli cvladi erTmaneTze zegavlenas [25]. 

kompiuteruli xedvis sferoSi erT-erTi aqtualuri sakiTxia 

swavlebisa da amocnobis problemebisadmi statistikuri midgoma da 

abstraqtuli Teoriuli principebis SemuSaveba, romlebic Seefereba 

avtomatur modelis generirebas magaliTebidan, obieqtebis identifikacias 

da lokalizacias [26].  
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ZiriTadi maTematikuri aRweridan miiReba algoriTmebi, romlebsac 

SeuZliaT prognozirebuli monacemebis parametris Sefasebis problemis 

damuSavebac ki. eqsperimentebma aCvena, rom albaTuri midgoma Sesaferisia 2-

ganzomilebiani da 3-ganzomilebiani obieqtis amocnobis problemebis 

amoxsnisTvis nacrisferis doneebiani suraTebis gamoyenebiT. meTodi aseve 

SeiZleba iqnes gamoyenebuli 3-ganzomilebiani gamosaxulebis damuSavebis 

sakiTxebisTvis gamosaxulebebis diapazonis gamoyenebiT, anu 3-ganzomilebiani 

Semavali monacemebiT [26]. 

dinamiuri baiesis qselebi (DBN) warmoadgens sasargeblo 

instruments rTuli stoxastikuri procesebis warmosadgenad. isini 

gamoiyeneba realur cxovrebiseul sferoebSi, maT Soris metyvelebis 

amocnobis problemebSi [27]. 

DBN-is saSualebiT warmodgenili faqtoruli mdgomareobebi 

saSualebas iZlevian garkveviT warmodges xangrZlivi artikulaciebi da 

akustikuri konteqsti damaluli markovis modelebis (HMM) fonetikuri 

mdgomareobis informaciasTan erTad [27]. 

saxeTa amocnobis ganxiluli meTodebidan Cveni amocanisTvis 

Sesaferisia zRurblis gamoyeneba saintereso paternebis gamosakveTad. 

Semdeg ki paternebis Sedarebis meTodebis gamoyeneba maTi amocnobisTvis. 

amocnobis procesSi gamoviyenebT statistikur meTodebs, parametrirebadi 

Tanxvdenis zRurblis misadagebiT. 

 

1.3 bunebrivi enis damuSaveba da avtomaturi Targmani 

codnis warmodgenis paradigmebs Soris aris semantikuri qselebi an 

ufro zogadad konceptualuri grafebi. winadadebis azri gamoxatulia 

orientirebuli da etiketirebuli grafiT, romlis mwvervalebi 

Seesabamebian cnebebs, rkalebi etiketirebulia da Seesabamebian 

konceptualur damokidebulebebs cnebebs Soris. 

enis semantika – es aris orientirebuli da etiketirebuli grafis 

semantika: mwvervals SeiZleba gaaCndes ramodenime Semavali an gamomavali 

rkali. rkalebi arian orientirebuli da TiToeuli rkali asocirebulia 
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saxelTan, romelic axdens or mwvervals Soris damokidebulebis 

identificirebas. mwvervali warmoadgens cnebas, romelic formirebulia 

cnebis tipisgan da SesaZlebelia agreTve cnebis referentisgan (razedac 

cneba miuTiTebs). 

logikuri enis sintaqsis mxriv cneba warmodgenilia rogorc [cneba]. 

cneba1-s gamosavali aRiniSneba rogorc: 

[cneba1] → (damokidebuleba) → [cneba2] 

semantikuri qselis gadayvana sintaqsur formaSi SesaZlebelia 

kompilatoris saSualebiT, xolo ukugardaqmna SesaZlebelia generatoris 

saSualebiT [28]. 

lingvisturi komunikacia arsebiTad warmoadgens Setyobinebebis 

gacvlas Tanamosaubreebs Soris Semdegi sqemis mixedviT (nax2) (aRebulia 

[29]-dan): 

 g  m Setyobineba 

enag enam
 

 

Nnax.2 lingvisturi komunikaciis sqema 

 

stimuls warmoadgens samyaro, romelzec keTdeba miniSneba (realuri 

an warmosaxviTi). igi aris arasruli da aradiskretuli. gadamcemma 

mentalurad unda amoarCios elementebis garkveuli raodenoba Tavisi 

aRqmidan: yvelaferi, rac aris warmodgenili da aRqmuli, ar aris naTqvami. 

es aris konceptualizaciis fundamentaluri fenomeni an seleqciuri 

reduqcia R referentis (razedac aris miTiTeba) (nax.3) (aRebulia [29]-dan): 
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R Kkonceptualizacia → … 

Nnax.3 konceptualizaciis sqema 

 

integraluri etiketireba Tumca elementalur doneze, magram mainc 

iZleva saSualebas gamokvleuli iqnas sxvadasxva socialuri kategoriebis 

mosaubreebis mier warmoTqmuli winadadebebisgan Semdgari teqstis korpusi. 

etiketireba orientirebulia amocanaTa klasze (problem oriented tagging). 

xeebi warmoadgens Cveulebriv meqanizms, raTa moxdes sintaqsuri 

damokidebulebebis anotireba. analizi SeiZleba iyos nawilobrivi an 

sruli. sruli – es eris xe, romelic faravs mTel frazas, romlis 

foTlebic warmoadgens frazis sityvebs. nawilobrivia, rodesac erT 

mocemul frazas Seesabameba erTi an ramodenime xe, romelSic datovebulia 

nawilebi, romlebic ar aris gaanalizebuli [30]. 

semantikuri etiketireba warmoadgens teqstis erTeulebisTvis 

(morfema, sityva, gamonaTqvami, sintagmi…) semantikuri etiketis mibmas, 

romelic miuTiTebs SemTxvevisda mixedviT sityvis an gamonaTqvamis azrs, 

semantikur Tvisebebs an kategoriebs, sferos an registris aRmniSvnels da 

a.S. 

MUC (message understanding conference – Setyobinebis azris gagebis 

konferenciebi) konferenciebma miznad daisaxes am sferos gamokvleva. moxda 

gadasvla teqstis gagebidan Setyobinebebis gagebaze, Semdeg ki informaciis 

amoRebaze. 

1990-ian wlebSi gaCnda ufro mokrZalebuli midgoma semantikuri 

analizisadmi. amieridan mizans warmoadgenda ara dokumentis eqstensiuri 

analizi, aramed garkveuli informatiuli sqemebis SeniSvna teqstualuri 

maCveneblebis saSualebiT [31]. 

lokaluri analizi eyrdnoba mxolod lokalur gadamwodebs 

(transducers). “leqsikuri analizi”, “raobis amocnoba”, da “nawilobrivi 

sintaqsuri analizi” aris zogadi da iyenebs standartul instrumentebs, 
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romlebic iZlevian leqsikonebisa da zedapiruli gramatikis (shallow 

parsing) gamoyenebis saSualebas. es analizi warmoadgens safuZvels 

frazebis modelebis an sqemebis gamosayeneblad (extraction patterns), romelic 

warmoadgens sistemis centralur nawils. xSirad saubaria leqsikur-

sintaqsur modelebze, anu sintaqsur struqturebze, romlebic leqsikur 

elementebs Seicaven. magaliTad: 

 <pirovneba> iqna mokluli/daWrili…  an 

 sawesdebo kapitalia <ricxvi> <erTeuli>. 

avtomaturi Targmnis axal mimarTulebebs warmoadgens lingvisturi 

wesebis erTobliobis dizaini, ukve aprobirebuli lingvisturi codna 

wesebze dafuZnebul paradigmaSi. aseve e.w. empiriuli midgomebi. orive am 

mimarTulebas mniSvnelovani impulsi misca manqanis mier wakiTxvadi 

leqsikonuri resursebis da teqstis korpusis xelmisawvdomobam [32]. 

bar-hilelis TvalsazrisiT mTlianad avtomaturi maRali xarisxis 

Targmani ar warmoadgens gonivrul mizans mecnieruli teqstebisTvisac ki. 

adamiani-mTargmneli maRali xarisxis Targmanis misaRwevad xSirad 

iZulebulia gamoiyenos mniSvnelovani zelingvisturi codna, romlis 

gareSec SeuZlebeli iqneboda semantikuri orazrovnebebis gadawyveta [33]. 

amitom igi askvnis, rom gonivrul mizans warmoadgens an mTlianad 

avtomaturi dabali xarisxis Targmani, an nawilobriv avtomaturi maRali 

xarisxis Targmani. 

montagis mier Semotanili iqna sintaqsuri kategoriebi 

(aratranzituli da tranzituli zmnuri frazebis, terminebis da bazuri 

gamonaTqvamebis kategoriebi), sintaqsuri wesebi (bazuri wesebi da 

funqcionaluri wesebi, koniunqciisa da diziunqciis wesebi, kvantifikaciis 

wesebi, droisa da niSnis wesebi) da maTze operaciebi intensionaluri 

logikis farglebSi, romlebSic gadaiyvaneba (gadaiTargmneba) inglisuri 

frazebi [34]. 

IBM-s mecnierebis mier (brauni da sxvebi) avtomaturi TargmanisTvis 

ganixileboda mxolod calkeuli frazebi, calkeuli winadadebebi. maTi 

SexedulebiT erT enaSi yoveli winadadeba SeiZleba warmoadgendes sxva enis 

 42



nebismieri winadadebis Targmans. winadadebebis yovel wyvils (S,T) eniWeba 

albaToba Pr(T⎪S), romelic interpretirebulia rogorc albaToba imisa, 

rom mTargmneli awarmoebs T-s samizne enaSi, rodesac mas miecema S wyaro 

(sawyis) enaSi. maT avtomaturi Targmnis problema ganixileba Semdegnairad 

[35]: 

mocemuli T-sTvis samizne enaSi xdeba winadadeba S-s Zebna, 

romlisganac mTargmnelma awarmova T. vinaidan Secdomis Sansi 

minimizirebuli iqneboda iseTi S winadadebis SerCeviT, romelic yvelaze 

ufro albaTuria mocemuli T-sTvis, saWiroa airCes S ise, rom moxdes 

Pr(S⎪T)-is maqsimizacia. baiesis Teoremis Tanaxmad: 

                       Pr(S)×Pr(T⎪S) 
                                                   Pr(S⎪T)=  ⎯⎯⎯⎯⎯⎯                (1.1)   
                Pr(T) 

am gantolebis marjvena nawilSi gamyofi ar aris damokidebuli S-ze, 

amitom sakmarisia airCes S, romelic axdens namravlis maqsimizacias. 

namravlis pirvel wevrs ewoda enis modelis albaToba, da meore wevrs, T-s 

- Targmanis albaToba mocemuli S-Tvis. Targmanis albaToba SegviZlia 

warmovidginoT rogorc sawyisi enis im sityvebis SeTavazeba, romlebisganac 

SeiZleba nawarmoebi iqnes samizne winadadebaSi monawile sityvebi, xolo 

enis modelis albaToba – rogorc mimdevroba, romlis mixedviTac unda 

dalagdes es sawyisi enis sityvebi. 

braunisa da sxvebis mier SemoTavazebuli avtomaturi Targmanis 

statistikuri midgoma qmnis sistematur CarCos leqsikuri orazrovnebis 

gadaWris problemis gadasaWrelad [36]. magaliTad, maT mier aRwerili 

sistema Targmnis frangul winadadebas Je vais prendre la décision (me miviReb 

gadawyvetilebas), rogorc I will make a decision, sworad axdens ra prendre 

(aReba) zmnis interpretirebas, rogorc make (keTeba). es miiRweva 

trigramuli (trigram) enis modelis wyalobiT, romelic amoicnobs, rom 

samsityviani mimdevroba make a decision ufro albaTuria, vidre take a 

decision. Tumca Tu take da decision erT trigramSi ar arian, maSin enis 

modeli ver xvdeba rom take my own decision araalbaTuria, da sistema 
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arasworad Targmnis: Je vais prendre ma propre décision (me miviReb Cems sakuTar 

gadawyvetilebas) rogorc I will take my own decision.  

konteqstis swori lokaluri kodirebis miRweva SeiZleba analizis 

fazaSi azris (mniSvnelobis) orazrovnebis gadaWris komponentis damatebiT, 

romelic frangul sityvebs azris etiketebs dausvams. Tu prendre 

etiketirebulia erTi azriT décision-Tan konteqstSi, xolo sxva 

konteqstSi – gansxvavebuli azriT, maSin Targmanis modeli iswavlis 

treningis monacemebidan, rom pirveli azri, rogorc wesi, unda 

gadaiTargmnos rogorc make, xolo meore – rogorc take. 

Viterbi gaTanabrebaSi, gaTanabrebul frangul da inglisur sityvebs 

Soris kavSiris (connection) analogiurad, brauni da sxvebi  iReben 

gaTanabrebebis simravles. p(e,f) aris albaToba, rom am simravlidan 

SemTxveviTad aRebuli kavSiri daakavSirebs inglisur sityva e-s frangul 

sityva f-Tan. P(e,f)-is isini iTvlian urTierTinformacia frangul sityvasa 

da masTan kavSirSi myof inglisur sityvas Soris. isini Tavazoben meTods, 

romliTac sityva moiniSneba azriT, romelic damokidebulia konteqstze, 

romelSic igi Cndeba iseTnairad, rom gaizardos urTierTinformacia 

kavSiris wevrebs Soris. franguli sityvisTvis ganxiluli iqna kiTxvebi 

Svidi informaciisTvis: sityva marcxniv, sityva marjvniv, pirveli arsebiTi 

saxeli marcxniv, pirveli arsebiTi saxeli marjvniv, pirveli zmna marcxniv, 

pirveli zmna marjvniv, da mimdinare sityvis dro, Tu is zmna aris, an 

mimdinare sityvis marcxniv pirveli zmnis dro. inglisuri sityvisTvis ki 

kiTxvebi mxolod erTiT marcxniv sityvisTvis, da oriT marcxniv 

sityvisTvis [36]. 

teqstis mkiTxveli agebs aRwerili obieqtebis, movlenebis da 

situaciebis suraTs. mkiTxveli samyaros Sesaxeb codnis saSualebiT 

cdilobs gadawyvitos da cxadi gaxados teqsti. bunebriv enaze 

molaparakeebisTvis zogadi da saerTo codnis done, romelic SeiZleba 

iqnes warmodgenili gamoTvlebis saxiT teqstis gagebisTvis, realizebuli 

iqna miamiti semantikis (naïve semantics) saxiT, romelic warmoadgens 

sityvebTan asocirebul saRi azris codnas. 
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miamiti semantika axdens sityvebis identificirebas cnebebTan, 

nominaluri cnebebi warmoadgenen obieqtebis kategorizacias miamiti 

Teoriebis safuZvelze, romelic Seexeba konceptualizebuli obieqtebis  

bunebas da tipiur aRweras. 

zmnuri cnebebi warmoadgenen konceptualizebuli movlenebisa da 

mdgomareobebis implikaciebis miamit Teorias. cnebebi ganixileba rogorc 

miamiti imis gamo, rom isini ar arian yovelTvis obieqturad WeSmariti, 

aqvT mxolod Soreuli kavSiri samecniero TeoriebTan. magaliTad, “joni 

aris bakalavri” warmodgeba Semdegi predikatebis koniunqciiT (aRebulia 

[37]-dan):  

            bachelor(X) ⇔ adult(X) & human(X) & male(X) & unmarried(X)             (1.2) 

aseT TeoriebSi winadadebas “joni aris bakalavri” SeiZleba mieniWos 

WeSmaritulobis mniSvneloba “bakalavris” mniSvnelobis warmodgenis 

safuZvelze, romlebsac winadadeba gadayavT logikur formulaSi, romelic 

acxadebs, rom pirovneba, romelic aRniSnulia “joni”-T, aris obieqtebis 

simravleSi, romelic aRniSnulia “bakalavri”-T. es winadadeba WeSmaritia 

mxolod maSin, rodesac “bakalavri”-s azris warmodgenaSi (1.2) yvela 

Tviseba WeSmaritia “joni”-s Sesaxeb. arsebiTad es aris mravali 

gamoTvliTi codnis warmodgenis sqemis midgoma, rogoricaa KRYPTON, 

Sankis (Schank) midgoma da lingvisturi semantikis Teoriebi, rogoricaa 

sxvadasxva avtorebis Sromebi (Katz da Jackendoff). 

dResac ki, rodesac kompiuteri uswrebs yvelaze ufro mZlavr 

adamians prestiJul inteleqtualur amocanebSi, magaliTad Wadrakis 

TamaSSi, irkveva, rom igi uZluria Caabaros tiuringis testi da Sewvdes 

“quCis adamianis” enobriv codnas. enebis avtomaturi damuSavebis sferom 

bolo wlebis ganmavlobaSi ganicada mniSvnelovani ganviTareba. kompiuteris 

damaxsovrebisa da damuSavebis simZlavris gazrdam konkretulad 

SesaZlebeli gaxada manamde warmoudgeneli axali mimarTulebebis da axali 

midgomebis gamoCena, romelic dafuZnebulia teqstis korpusze, magram 

problema mainc Sors aris gadaWrisgan [38]. 
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lingvistma andre martinem (André Martinet) xazs usvams “bunebrivi” 

enebis gansakuTrebul kombinatorul xasiaTs. Man SesTavaza “ormagi 

artikulaciis” cneba. mis sistemaSi pirveli artikulacia es aris iseTi, 

romelic mTliani winadadebis Sesadgenad iZleva iseTi erTeulebis 

kombinaciis SesaZleblobas, romlebsac gaaCniaT rogorc vokaluri, aseve 

azrobrivi forma da romelsac igi uwodebs “monemebs” (igive morfemebi). 

mag. winadadeba “me Tavi mtkiva” Sedgeba morfemebisgan “me”, “Tavi”, “mtkiva”. 

meore artikulacia aRwers Tu rogor aris TiToeuli morfema daSladi 

elementaluri da azrsmoklebuli fonuri erTeulebis mimdevrobad, 

fonemebad. TiToeuli es done aRwers diskretuli elementebis Ria 

kombinatorikas. es instrumenti fundamentalurad gansxvavdeba analoguri 

tipis kodirebisgan, romelsac iyeneben, magaliTad, futkrebi, romlebic 

TavianTi frenis amplitudisa da orientaciis modulirebas axdenen, raTa 

Seatyobinon TavianT TanamoZmeebs sakvebi wyaros adgili. rogorc SeniSnavda 

pinkeri (Pinker), bunebis mier arCeuli informaciis gadacemis ori yvelaze 

rTuli sistema, kerZod, bunebrivi enebi da genetikuri kodi, orive 

eyrdnoba diskretul erTeulebs [38]. 

Comskis (Chomsky) lingvisturi tradiciebis memkvidreobis didi 

nawilis gamoyeneba moxda martines pirveli artikulaciis bunebis 

aRsawerad zusti wesebis saSualebiT, rac warmoadgenss sintaqss. am 

kvlevis programis saTaveSi aris hipoTeza, rom sintaqsuri wesebis 

sasruli raodenoba sakmarisia yvela gramatikulad koreqtuli SesaZlebeli 

frazis sawarmoeblad (romelTa raodenoba usasruloa). es Tviseba, 

romelic rekursiuli procesebis maxasiaTebels warmoadgens, aris 

formalur gramatikebze naSromebis sawyisi wertili. 

magram sintaqsisadmi miniWebuli es primati axdens bunebriv da 

formalur enebs Soris gansxvavebis minimizacias. igi Crdilavs imas, rac 

warmoadgens enebis daujerebel simZlavres: maT unars miniSneba gaakeTon 

imaze, rac maTTvis garegania. Tqvan raime samyaros Sesaxeb. es Tvisebac or 

doneze moqmedebs: leqsikuri semantikis doneze da winadadebebis semantikis, 

predikaciis doneze [38]. 
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imisTvis rom leqsikonebi iyos awyobili an adaptirebuli axali 

sferos teqstur korpusTan. es SeiZleba moxdes erT-erTi Semdegi meTodiT 

[39]: 

1. leqsikonSi sityvisTvis axali mniSvnelobis damateba; 

2. leqsikonSi axali sityvis Setana; 

3. sityvis arsebuli mniSvnelobisTvis qvekategorizaciis an 

preferenciulobis paternis damateba. 

zogadad sityvis azris orazrovnebis gadaWra gulisxmobs teqstSi 

an saubarSi mocemuli sityvis dakavSirebas mniSvnelobis (azris) 

gansazRvrasTan, romelic gansxvavdeba sxva mniSvnelobebisgan, romlebic 

potenciurad SesaZlebelia rom am sityvas mieniWos. amitom amocana Sedgeba 

ori etapisgan [40]: 

1. yvela gansxvavebuli azris gansazRvra TiToeuli sityvisaTvis, 

romelic gansaxilvel teqstSi an saubarSia gamoyenebuli; 

2. teqstSi sityvis TiToeuli gamoCenisTvis misTvis Sesabamisi azris 

miniWebis instrumenti. 

sxvadasxva gramatikul kategoriebs mikuTvnebuli homografebis 

SemTxvevaSi azris orazrovneba SeiZleba gadaiWras morfo-sintaqsuri 

orazrovnebis gadaWriT (mag: play rogorc zmna da arsebiTi saxeli). amitom 

ZiriTadi Zalisxmeva mimarTuli iqna sxvadasxva sintaqsur kategoriebs 

mikuTvnebuli homografebis azrebis gansasxvaveblad. 

meore etapi, sityvebisTvis azrebis miniWeba, xorcieldeba 

informaciis or mTavar resursze dayrdnobiT: 

1. konteqstze, romelSic es sityva monawileobs, farTo gagebiT; 

2. gare codnis wyaroebze. maT Soris leqsikuri, enciklopediuri, da 

a.S. resursebi, da aseve “xeliT Seqmnili” codnis wyaroebi, 

romlebic sasargeblo monacemebs iZlevian sityvebis azrebTan 

dasakavSireblad [40]. 

sityvis mniSvnelobebis xeliT nawarmoeb aRweras hqonda problemebi, 

maT Soris siZvire, mniSvnelobebis SemTxveviTad miniWeba, da saproblemo 

garemosTan Seusabamoba. am problemebis gadasaWrelad SemoTavazebulia 
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sityvis mniSvnelobis miniWebis meTodi orenovani Sedarebadi teqstis 

korpusis da orenovani leqsikonis safuZvelze [41]. igi ajgufebs pirveli 

enis samizne sityvis meore enis Targman eqvivalentebs trans-enobrivad 

gaTanabrebuli (aligned) distribuciis paternebis safuZvelze. amgvarad igi 

warmoqmnis samizne sityvis teqstis korpusTan Sesabamisi mniSvnelobebis 

ierarqias, romelTagan TiToeuli gansazRvrulia Targmanebis eqvivalentebis 

krebuliT. meTodis efeqturobis demonstrireba moxda eqsperimentis 

saSualebiT, romelic iyenebs Sedarebad teqstis korpuss, romelic Sedgeba 

Wall Street Journal da Nihon Keizai Shimbun-is teqsturi korpusebisgan EDR 

orenovan leqsikonTan erTad [41]. 

ganvixileT ra bunebrivi enis damuSavebis da avtomaturi Targmanis 

meTodebi da tendenciebi, Cveni amocanisTvis gamoviyenebT transferis 

variants, romelic dafuZnebulia sawyisi enis winadadebebis warmodgenis 

samizne wesebze. 

leqsikuri semantikis warmosadgenad gamoviyenebT semantikur qsels, 

hiponimebs da hipernimebs. realuri samyaros codnis warmosadgenad aseve 

gamoviyenebT originalur, motivaciis (moTxovnilebebis ierarqiis) 

principze dafuZnebul freimebs. 
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2. Sedegebi da maTi gansja 

 

2.1 saxeTa amocnobis amocanis realizaciis koncepcia 

mikroprocesoris optimizaciis amocanis Sesabamisi eqsperimentuli 

monacemebi grafikuli interpretaciis mizniT datanilia naxazze. 

eqsperimentebi tardeba ZiriTadi mexsierebis misamarTebze romelTa 

raodenoba varirebs Semdegnairad: 8×8, 16×16, 32×32, 64×64 da 65×65. 

ZiriTadi eqsperimentebi tardeba 4225 (65×65) mexsierebis ujredebze. 

amasTan, am ujredebis damisamarTeba xdeba iseTnairad, rom isini 

interpretirebulia rogorc matrica, romlis elementebicaa Sesabamisi 

damisamarTebis mqone ujredebis mniSvnelobebi. es mniSvnelobebi 

warmoadgenen Sesabamisi ujredebis  maxasiaTeblebs (mikroprocesoris mier 

am ujredze mimarTvis siswrafes). swored matricis am mniSvnelobebis mier 

formirebuli regularuli paternebis amocnoba warmoadgens Cvens amocanas. 

matricis elementebs, romlebic asaxulia suraTze, varqmevT wertilebs. 

ganixileba Semdegi saxis paternebi: diagonali, horizontaluri xazi, 

vertikaluri xazi, safexurebrivi paterni, kvadratuli zonebi (16×16 

elementebis raodenoba), badisebri paternebi, da meCxeri wertilebisgan 

Semdgari paternebi. vizualurad analizis mizniT matricis elementebi 

datanilia naxazze, da mniSvnelobebis interpretirebis mizniT xdeba maTi 

warmodgena sxvadasxva ferad. optimalurobisTvis aRebulia 15 feri, anu 

matricis elementebi dajgufebulia mniSvnelobebis mixedviT 15 diapazonad. 

ferTa speqtri varirebs lurji feridan (anu eqsperimentebis saukeTeso 

Sedegebis Sesabamisi mniSvnelobebi) wiTel feramde (eqsperimentebis yvelaze 

cudi Sedegebis Sesabamisi mniSvnelobebi). amocana aseTi interpretaciis 

dros daiyvaneba wiTeli feris wertilebiT Sedgenili regularuli 

paternebis amocnobasa da maTi parametrebis dadgenaSi. 

garda imisa rom sxvadasxva eqsperimentis dros monacemebis 

mniSvnelobebi sxvadasxva paternebis Seqmnas iwvevs, isini amave dros 

sxvadasxva ricxviT diapazonSia. garda amisa gansxvavebulia aseve sxvadasxva 

eqsperimentis dros miRebuli diapazonebis gabneva (sifarTove). amocanis 
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gadawyvetisas mxedvelobaSi unda iqnes es ukanaskneli parametri, vinaidan 

Zalian viwro diapazonis SemTxvevaSi Tundac saintereso paternebi 

gamousadegaria, da mTliani matrica (da Sesabamisi grafikuli gamosaxuleba 

unda CaiTvalos monoblokad). 

paternebis parametrebi, romlebic gamosaxulebidan unda iqnes 

amoRebuli, Semdegia: koordinati, sifarTove, intervali, paternis 

wertilebis saSualo mniSvneloba, damTxvevis koeficienti. koordinati 

mieTiTeba ordinatis RerZis mniSvnelobia Sesabamisad, saidanac iwyeba 

paterni. amasTan, Tu saWiroa, xdeba ordinatis RerZze paternis sawisi 

wertilis eqstrapolacia, anu SeiZleba gvqondes koordinatis uaryofiTi 

mniSvnelobebi. sifarTove aRwers Tu ramdeni momijnave paternia erTad 

dajgufebuli (da es jgufi ganixileba rogorc erTi paterni). intervali 

miuTiTebs Tu ramdeni poziciiT (wertiliT) aris gansaxilveli paterni 

daSorebuli mis win (marcxniv) myof igive tipis paternisgan (erTi da 

igive tipis paternebis zolebis SemTxvevaSi). paternis wertilebis 

saSualo mniSvneloba xarisxobrivad axasiaTebs paterns, iZleva ra 

indikacias Tu ramdenad mniSvnelovania igi misi saSualo mniSvnelobis (anu, 

gamosaxulebis SemTxvevaSi feris) mixedviT. paternis saSualo mniSvnelobas 

warmoadgens misi Semadgeneli wertilebis saSualo ariTmetikuli 

mniSvneloba. damTxvevis koeficienti warmoadgens parametrs, romelic 

raodenobrivad axasiaTebs paterns, anu igi iZleva indikacias, Tu ra 

raodenobis wertili daemTxva paternSi models, anu ramdenad “savsea” 

paterni wertilebiT. am parametris mniSvneloba damokidebulia paternis 

wertilebisTvis zRurblis dadgenaze. meores mxriv, TviT paternis 

amocnoba an ar amocnoba raodenobrivad damokidebulia winaswar dadgenil 

damTxvevis zRurblze. 

 cxadia, paternis mniSvnelovnoba gansazRvrulia am paternis 

parametrebis kombinaciiT. zogadad, rac ufro metia paternis wertilebis 

raodenoba, paternis regularuloba da ganmeorebadoba, paternebis 

damTxvevis koeficienti, da paternis saSualo mniSvneloba, miT ufro 

mniSvnelovania paterni. magram arc Tu iSviaTad, rTuli eqsperimentaluri 
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pirobebis SemTxvevaSi, rodesac Znelad, an TiTqmis ar ikveTeba 

regularuli paternebi, didi mniSvneloba eniWeba mcire optimizaciasac ki, 

anu “msubuqi” paternebis amocnobas. 

 eqsperimentuli monacemebis analizma cxadyo rom zogierT 

SemTxvevaSi adgili aqvs Semavali monacemebis damaxinjebas, romelic 

SeiZleba CaiTvalos eqsperimentebis Secdomad. am movlenis dros matricis 

elementebis umniSvnelo raodenoba (<0.1%) Zalian aris gadaxrili 

danarCeni elementebis mniSvnelobebidan. es faqtori problemas qmnis  

statistikuri analizisas, vinaidan monacemTa ricxviTi diapazoni izrdeba 

gadaxrili mniSvnelobebis xarjze, maSin rodesac realurad es 

mniSvnelobebi paternebis TvalsazrisiT aramniSvnelovania maTi 

raodenobrivi simciris da maT mier formirebuli paternebis susti 

parametruli maxasiaTeblebis gamo. amitom sistemaSi gadawyda 

gamogveyenebina gadaxrili monacemebis (outliers) gafiltvra im SemTxvevebSi, 

rodesac pirveladi statistikuri analizisas irkveva rom monacemebis 

diapazoni metismetad didia monacemebis distribuciasTan SedarebiT. 

gadaxrili monacemebis gafiltvra xorcieldeba matricaSi maTi momijnave 

elementebis saSualo ariTmetikuli mniSvnelobis CanacvlebiT. gasafiltri 

monacemebis zRvruli odenoba empiriulad gansazRvruli iqna rogorc 

5=T out  (64×64 matricis SemTxvevaSi), da igi aris parametrirebadi.  

imisTvis, rom ar moxdes saWiro monacemebis gafiltvra, gafiltvris 

procesi iteraciulia. pirvel bijze xdeba matricis Semowmeba zogadi 

kriteriumis Tanaxmad distribuciis normalurobaze, da Tu kriteriumi ar 

dakmayofilda, xdeba erTi gadaxrili monacemis amogdeba. Semdeg isev 

mowmdeba matrica da a.S. maqsimum dadgenil zRvrul mniSvnelobamde 

(sawyisi (default) parametruli mniSvnelobis Sesabamisad T out -jer). 

iteraciebi wydeba Tu morigi iteraciis Semdeg matricis elementebis 

ganawileba aRmoCnda normaluri, ris Semdegac iwyeba paternebis amocnobis 

procesi. winaaRmdeg SemTxvevaSi, yvela iteraciis dasrulebis Semdeg 

gamoitaneba gadawyvetileba rom gamosaxuleba monoblokia (anu ar Seicavs 

saintereso paternebs) da igi xmauriania. 
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 matricis elementebis distribuciis normalurobis Sesafaseblad 

viyenebT standartuli gadaxris da diapazonis Tanafardobas, da vadgenT 

maT zRvrul mniSvnelobas. saWiroa, rom es zRvruli mniSvnelobac iyos 

parametrirebadi, vinaidan rogorc eqsperimentis Sedegebis analizi aCvenebs, 

sxvadasxva eqsperimentis dros adgili aqvs Sedegebis ricxviTi 

mniSvnelobebis sxvadasxvagvar distribucias, da saWiro xdeba zRvruli 

mniSvnelobis adaptireba. es mniSvneloba dumilis wesiT (by default) 

empiriulad aiReba.  

 standartul gadaxras viTvliT Semdegi formuliT: 

σ  = ( )∑ −
=

N

i
xxiN 1

21
                  (2.1.1) 

x = ∑
=

N

i
ix

N 1

1                                     (2.1.2) 

 sadac x  warmoadgens eqsperimentis Sesabamisi Sedegebis monacemTa 

matricis elements, aris matricis elementebis raodenoba (standartul 

SemTxvevaSi = 4225), da 

N

N σ  aris standartuli gadaxra (dispersia), x  
aris matricis elementebis saSualo mniSvneloba (saSualo ariTmetikuli). 

 aRvniSnoT -iT diapazoni xΔ ( )}{ Niii xx ÷=− 1)()( ,minmax , 

xolo zogadi distribuciis koeficienti kd
-Ti. maSin: 

xkd Δ
=

σ
                               (2.1.3) 

kd -s sxvadasxva zRvruli mniSvnelobebis mosinjvisas ganisazRvra 

misi optimaluri zoma, k = 0.1, romelic sistemisTvis dumilis wesiT 

aiReba. Sesabamisad, imisTvis rom matricam gaiaros pirveladi kontroli 

masSi paternebis SesaZlo arsebobaze, saWiroa dakmayofildes piroba (2.1.4): 

dopt

kk doptd
≤                                (2.1.4) 

 am pirobis dakmayofilebis SemTxvevaSi saWiroa daiwyos paternebis 

amocnobis procedurebi, xolo misi ar dakmayofilebis SemTxvevaSi saWiroa 

gadaxrili (amovardnili) elementis moZebna: { ( )Nixx iout ÷== 1),(max }. 
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amis Semdeg xdeba  elementis amogdeba matricaSi misi momijnave 

elementebiT gasaSualebis gziT, Tavidan gamoiTvleba  da 

xout

xΔ kd
 da 

miRebuli matrica isev gadis Semowmebas (2.1.4) pirobis Sesrulebaze, da a. 

S. vidre sabolood ar dakmayofildeba (2.1.4) an iteracia ar datrialdeba 

T out -jer, ris Semdegac, (2.1.4) pirobis Seusruleblobis SemTxvevaSi 

miiReba gadawyvetileba, rom gamosaxuleba aris xmauriani (anu monacemebi 

Zalian gabneulia) monobloki. 

 paternebis identifikaciis procesi gulisxmobs yvela SesaZlebeli 

paternis gadaxedvas, da im paternebis amoRebas, romlebic statistikurad 

sakmarisad wonadia raTa kvalificirebuli iqnas ama Tu im klasis paternad. 

sawyisi monacemebi, romlebiTac warmodgenilia matrica, warmoadgens 

procesis cifrul interpretacias, anu cifrirebis Sedegs. es monacemebi 

moiTxovs winaswar damuSavebas, raTa Semdeg mivusadagoT amocnobis 

algoriTmebi. amisTvis Semogvaqvs zRurblis cneba Z , raTa misi 

saSualebiT movaxdinoT sawyisi matricis transformacia binarul matricad. 

Cvens SemTxvevaSi SesaZlebelia zRurblis mniSvnelobad gamoviyenoT 

sxvadasxva statistikuri maCvenebeli. sxvadasxva SemTxvevaSi saukeTeso 

Sedegi miRweuli iqna zRurblad matricis elementebis medianisa da 

saSualos gamoyenebisas. amitom sistemaSi gaTvaliswinebulia orive 

varianti, romelTa Sorisac arCevans akeTebs eqsperti. medianis SemTxvevaSi 

zRurbi gamoiTvleba Semdegnairad (2.1.5): 

{ ( ) ( )( )
2

minmax xxZ ii
m

+
= ,  ( ) }Ni ÷= 1              (2.1.5) 

 xolo saSualos mixedviT zRurbls viTvliT Semdegi formulis 

mixedviT (2.1.6): 

∑
=

=
N

i
ia xZ N 1

1
                              (2.1.6) 

 sawyisi matrica M zRvruli mniSvnelobis mixedviT gadaiyvaneba 

binarul matricaSi M b (2.1.7): 
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iif

iif
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ZM
ZM

M b ÷=
⎪⎩

⎪
⎨
⎧

≤

>
= 1,

0

1
                  (2.1.7) 

 binarul matricaze dayrdnobiT SegviZlia vawarmooT amocnobis 

procesi. pirvel etaps warmoadgens yvela SesaZlebeli paternis gadamowmeba 

da modelTan Sedareba. gadamowmebisas viyenebT modelTan damTxvevis 

koeficientis zRvrul mniSvnelobas , romelic aseve empiriulad iqna 

dadgenili, da parametrirebadia eqspertis mier. misi parametrirebis 

aucilebloba ganpirobebulia imiT, rom sxvadasxva eqsperimentuli 

monacemebis dros amocnobis optimaluroba sxvadasxva zRvruli 

mniSvnelobebiT miiRweva. sistemaSi dumilis wesiT dadgenilia =70%, 

rogorc paternis modelTan damTxvevis zRvruli mniSvneloba, romlis 

drosac xdeba kandidati paternis CaTvla Sesadarebeli modelis Sesabamis 

paternad. Sedarebisas paternis models ganvixilavT rogorc 1-gan Semdgar 

veqtors V , romlis elementebis raodenobac emTxveva kandidati paternis 

Sesabamisi veqtoris V  elementebis raodenobas. kandidati paternis 

Sesabamis veqtorSi elementebis raodenoba  gansazRvrulia 

gamosaxulebaSi am paternis Sesabamisi wertilebis (anu matricis Sesabamisi 

elementebis) raodenobiT, xolo maTi mniSvnelobebi aRebulia 

R

R

t

p

N p

M b  

binaruli matricis Sesabamisi elementebidan (anu iReben mniSvnelodas 

simravlidan ). mimdinare damTxvevis koeficienti }{ 1,0 C gamoiTvleba 

Semdegnairad (2.1.8): 

%100×=
N
NC

p

c       (2.1.8) 

sadac N c
 warmoadgens V  veqtorSi 0-vani elementebis raodenobas.  

p

 C-s Sedareba zRvrul mniSvneloba -Tan adgens mimdinare 

kandidati paternis mikuTvnebas an ar mikuTvnebas Sesabamisi paternis 

klasTan. 

R

Tu C > maSin    R pV p
∈                                          (2.1.9) 
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 sadac p  aris gansaxilveli gamosaxulebis paternebis simravle. 

 amocnobili elementaluri paternebis safuZvelze saWiroa moxdes 

kompleqsuri paternebis formireba. pirvel etapze momijnave erTi da igive 

tipis elementaluri paternebi unda gaerTiandes. magaliTad, ori an meti 

diagonaluri xazi, romlebic erTmaneTis miyolebiT iqna amocnobili, unda 

gaerTiandes erT diagonalSi. amasTan, unda Sejamdes (ganzogaddes) am 

Semadgeneli elementaluri paternebis parametrebi: koordinatebi da 

saSualo mniSvneloba. mxolod amgvarad gaerTianebuli paternebis 

safuZvelze unda moxdes Semajamebeli parametrebis formireba TiToeuli 

tipis paternisTvis cal-calke. kerZod, unda dadgindes Semajamebeli 

paternebis saSualo mniSvneloba, da intervali calkeul erTi da imave 

tipis paternebs Soris. amis Semdeg saWiroa Sesruldes procedura, 

romelic moaxdens amocnobili paternebis optimizacias, anu sabolood 

gamosaxulebis rac SeiZleba minimaluri raodenobis wertilebi unda 

aRmoCndes dafaruli erTdroulad ramodenime sxvadasxva tipis paternebis 

mier. amis misaRwevad saWiroa gaanalizdes gamosaxulebaSi sxvadasxva tipis 

paternebis superpozicia. Tu, magaliTad, aRmoCnda rom erT-erRi paterni 

mTlianad moicavs gamosaxulebas, maSin igi ukuigdeba ganxilvidan, vinaidan 

amis mizezia sxva didi paternis mier Seqmnili foni. Magalitad, Tu 

horizontaluri zoli Zalian farToa, maSin aman SeiZleba gamowvios 

araswori amocnoba vertikaluri paternisa, romelic STanTqavs 

gamosaxulebas. garda amisa saWiroa zogierTi paternebis kombinirebisas 

Sesamowmeblad amoRebuli iqnas binaruli matricidan sxva tipis paternebis 

Sesabamisi elementebi, da ise gadamowmdes kandidati paternis damTxvevis 

koeficienti. 

 kidev erTi kriteriuli, romelzedac unda Semowmdes gamosaxuleba 

zogadad masSi arsebuli paternebis mniSvnelovnobis TvalsazrisiT, aris 

optimizaciis koeficienti . garkveul zRurblze naklebi optimizaciis 

koeficienti dros paternebi unda CaiTvalos rogorc arasaintereso, da 

unda moxdes gamosaxulebis Sefaseba rogorc monoblokis, mikroprocesoris 

optimizaciis praqtikuli miznebidan gamomdinare. es sidide aRniSnulia 

kopt
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rogorc kt
, igi aris eqspertis mier parametrirebadi, da empiriulad 

dumilis wesiT dadgenilia kt
=0.8%. optimizaciis koeficienti  

gamoiTvleba Semdegnairad (2.1.10): 

kopt

kopt
= %1001 ×

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−

A
A

p

opt
                     (2.1.10) 

 sadac Aopt  warmoadgens optimizirebuli gamosaxulebis (anu sawyisi 

gamosaxulebis, romelsac mocilebuli aqvs amocnobili paternebi) 

wertilebis (M matricis darCenili elementebis) saSualos, xolo Ap  - 

sawyisi gamosaxulebis wertilebis (e.i. M matricis yvela elementis) 

saSualos. Sesabamisad, optimizirebuli gamosaxulebis Semowmeba xdeba 

Semdegi pirobiT (2.1.11): 

kk topt
>                             (2.1.11) 

 kidev erTi meTodi, romelic Semowmebuli iqna eqsperimentul 

monacemebze da gamosaxulebis kvlevisTvis saintereso Sedegebi iqna 

miRweuli, aris miRebuli binaruli matrica M b -s inversia. inversiis 

Sedegad miiReba M binv  matrica, romlis elementebic miiReba M b  

matricisgan Semdegi transformaciiT (2.1.12): 

( )
( )
( )

Ni
iif

iif
i

M
MM

binv

binv
binv ÷=

⎪⎩

⎪
⎨
⎧

=

=
= 1,

1,0

0,1
                      (2.1.12) 

 Semdgom M binv  matricaze xorcieldeba paternebis amocnobis 

standartuli procedurebi, romlebic zemoT iyo ganxiluli, im 

gansxvavebiT, rom amocnobis Semdeg saWiroa isev moxdes amocnobili 

paternebis Sesabamisi binaruli matricis formireba, da paternebis amoReba 

moxdes am sabolood invertirebuli matricidan. am SemTxvevaSi saboloo 

etapze aRar aris saWiro kidev erTi amocnobis Catareba, aramed sakmarisia 

axali parametrebis amoReba (Tumca amisTvis saWiroa rigi manipulaciebis 

Catareba, kerZod, M binv  matricis mixedviT amocnobili paternebis 

parametrebis damaxsovreba da maTi transformacia). 
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 Cvens mier aprobirebuli inversiis meTodis idea mdgomareobs imaSi, 

zogjer, rodesac gamosaxulebaSi foni ukeTesad aris gamokveTili, vidre 

paternebi, binaruli matricis invertireba saSualebas iZleva amovicnoT es 

cudad formirebuli paternebi. winaaRmdeg SemTxvevaSi SeiZleba adgili 

qondes SemTxvevas, rodesac (2.1.9) piroba ar sruldeba aramkafio an 

araerTgvarovani wina xeds gamo, da inversiis gareSe paterni saerTod ar 

amoicnoba. unda iqnes Tu ara aseTnairad amocnobili Sedegi ganxiluli 

rogorc optimizaciisTvis sakmarisi, damokidebuli iqneba pirvel rigSi 

isev (2.1.10) pirobaze. amasTan eqsperts Tavad SeuZlia konkretul 

SemTxvevaSi gadawyvitos daeTanxmos sistemis daskvnas an ara. 

 wertilebisgan Semdgari paternebidan gaTvaliwinebulia paternebi 

amocnoba, romelTa wertilebs Soris regularuli distanciaa 1, 2, an 3 

pozicia vertikalurad da horizontalurad. amave dros iTvaliswineba 

xazisebri paternebis SemTxvevaSic maTi meCxeri kompozicia 1, 2 an 3 

wertilis distanciiT. 

 kritikuli paterni warmoadgens paterns, romelic yvelaze 

mniSvnelovania gamosaxulebaSi Tavisi zomiT da Semadgeneli wertilebis 

maRali mniSvnelobebiT (didi saSualo mniSvnelobiT, rac gamosaxulebaSi 

wiTeli feris elferebs Seesabameba). misi gamocalkeveba zogjer 

sasargebloa raTa eqsperts Sesazlebloba hqondes yuradReba gaamaxvilos 

gamosaxulebebSi arsebul umniSvnelovanes fenomenebze, ise rom ar 

moaxdinos yuradRebis gadatana da gafantva naklebad mniSvnelovan 

paternebze. 

 erT-erTi umniSvnelovanesi parametri ganxilul parametrebs Soris 

aris paternis damTxvevis zRurbli . cxadia misi varireba didad 

gansazRvravs amocnobis Sedegebs, amitom misi optimaluri mniSvnelobis 

gansazRvras (romelic am etapze empiriulad xorcieldeba) eqspertisTvis 

Zalian didi mniSvneloba aqvs. meore mniSvnelovani parametria binaruli 

matricis misaRebad saWiro zRurbli 

R

Z , vinaidan igi axdens 

gamosaxulebaSi winaxedis gamoyofas fonisgan. am parametrebis avtomaturi 

varireba moiTxovs erTis mxriv did kompiuteruli drois danaxarjebs, 
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meore mxriv ki – miRebuli Sedegebis avtomatur Sedarebas da 

optimizirebas, rac sistemis Semdgomi ganviTarebis erT-erTi mimarTuleba 

SeiZleba gaxdes. 

 rodesac mcirea diapazoni xΔ  (sxvaoba gamosaxulebis maqsimalur 

da minimalur piqselebs Soris <3%), maSin rogorc wesi optimizaciis 

xarisxi aradamakmayofilebelia, miuxedavad imisa rom xSirad sakmaod 

kargad aris gamokveTili kompleqsuri paternebi da sistemas warmatebiT 

SeuZlia maTi amocnoba. optimizaciis koeficienti aseT dros ar aRemateba 

0.8%-s. magram zogierTi amocanis specifikidan gamomdinare, SesaZlebelia 

miRweuli koeficienti aRmoCndes sruliad misaRebi. gansakuTrebiT rTuli 

monacemebis dros, rodesac maRali donis optimizacia SeuZlebelia 

monacemebis Taviseburebis gamo da Tu es konkretuli mikroprocesorisTvis 

damaxasiaTebeli movlenaa. 

 mcire zomis matricebze amocnobisTvis (8×8, 16×16, 32×32) gamoiyeneba 

praqtikulad igive procedurebi. sistemaSi SesaZlebelia didi matricis 

mxolod nawilobrivi damuSavebac. mcire zomis matricebis arsebobis 

ZiriTadi mizezia eqsperimentebis Catarebis drois ekonomia, Tumca ra Tqma 

unda amocnobis Sedegebi am SemTxvevaSi mxolod nawilobriv SeiZleba iqnes 

ganzogadebuli, Tanac martivi paternebis (martivi xazobrivi paternebis) 

SemTxvevisTvis.  

 optimizaciisTvis paternebis avtomaturi amocnobis efeqturoba 

eqspertisTvis gansakuTrebiT izrdeba maSin, rodesac monacemebi gabneulia 

(  mniSvelovania monacemebis sididesTan SedarebiT, magram zogadi 

distribuciis koeficienti ), da paternebi kompleqsuria da 

TvaliT Znelia maTSi sistematurobis daWera. am dros sistema aCvenebs 

efeqtur Sedegebs, da zogjer misi saSualebiT iseTi paternebis amocnobac 

xerxdeba, romlebic mis gareSe eqspertisTvis saerTod SeumCnevelia. am 

dros amocnobis xarisxTan erTad sistemis kidev erTi upiratesobaa misi 

siswrafe, rac eqsperts saSualebas aZlevs swrafad daamuSaos sakmaod 

rTuli monacemebi. sxvadasxva koeficientebisa da parametrebis xeliT 

xΔ
kk doptd

≤

 58



varireba eqsperts saSualebas aZlevs amomwuravad gaaanalizos misTvis 

gansakuTrebiT saintereso da rTuli paternebi. 

 funqcionaluri TvalsazrisiT sistemis erT-erTi mniSvnelovani 

komponentia monacemebis wakiTxvis komponenta. garda sxvadasxva 

ganzomilebis matricis Setanisa (8×8, 16×16, 32×32, 64×64 da 65×65) 

sistemam unda uzrunvelyos monacemebis formatis koreqtulad wakiTxva da 

interpretacia (sawyisi monacemebi momzadebulia .csv formatSi da 

saWiroebs winaswar damuSavebas). amas garda gaiTvaliswineba wasakiTxi 

matricis monacemebis kontroli koreqtulobaze, matricis previzualizacia 

raTa eqsperts saSualeba hqondes sworad SearCios romeli monacemTa 

krebuli unda daamuSaos da ar iyos orientirebuli mxolod monacemTa 

krebulis saxelze. garda amisa eqsperts saSualeba aqvs airCios wasakiTxad 

monacemTa krebulebis (failebis) jgufi da erTad Seitanos sistemaSi, maTi 

paketur reJimSi damuSavebis mizniT. realizebulia iseTi damxmare 

funqciebi, rogoricaa matricis Sesabamisi gamosaxulebis damaxsovreba 

gamosaxulebis failSi (.bmp formatSi), da gamosaxulebis gamobeWdva 

sabeWd mowyobilobaze. 

 amocnobis procesamde adgili aqvs gamosaxulebis statistikur 

damuSavebas. gamoiTvleba iseTi maxasiaTeblebi, rogoricaa matricis 

maqsimumi da minimumi, mediana da saSualo, absoluturi gadaxra 

saSualodan, absoluturi gadaxra medianidan, diapazoni, variacia, 

standartuli gadaxra, standartuli gadaxris Sefardeba diapazonTan. amas 

garda monacemebis damuSavebisas xdeba gadaxrili monacemebis (outliers) 

mocileba. es monacemebi  gamosaxulebasTan erTad miewodeba eqsperts. 

sistemis mier xdeba monacemebis dajgufeba diapazonis mixedviT (gamoiyeneba 

15 qvediapazoni). qvediapazonebis mixedviT xdeba monacemebis warmosaxva 

gamosaxulebaSi Sesabamisi qvediapazonis feriT. eqsperts aqvs saSualeba 

moaxdinos gamosaxulebis vizualizacia diapazonis ferebSi, iseve rogorc 

Sav-TeTri gamosaxuleba, romelic Seesabameba binarul matricas. binaruli 

matricis Seswavla mas saSualebas aZlevs vizualurad daakvirdes Tu 

rogor muSaobs zRurblis konkretuli mniSvneloba gamosaxulebis fonisa 
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da winaxedis gamoyofisTvis, da saWiroebis SemTxvevaSi moaxdinos am 

parametris optimizacia. ferebis histograma, romelic sistemis mier aigeba, 

eqsperts saSualebas aZlevs Seiswavlos piqselebis ganawileba. 

 gamosaxulebebis kvleva zRurblis gamoyenebiT binaruli 

gamosaxulebis agebis safuZvelze Cvens sistemaSi warmoadgens amocnobis 

avtomatizaciis ZiriTad princips. Magram gamosaxulebebis ufro detaluri 

kvlevisaTvis saWiroa agreTve eqspertis mier Seswavlili iqnas wertilebis 

Sida distribuciis struqtura. sxvadasxva feris erTi da igive zonebma 

SesaZlebelia binarul gamosaxulebaSi gadayvanis Semdeg erTi da igive 

Sedegi aCvenos amocnobis TvalsazrisiT, maSin rodesac eqspertisTvis aseve 

mniSvneloba aqvs zonaSi ferebs, ferebis ganawilebas da struqturas. amis 

gamokvlevis SesaZleblobis realizaciisTvis sistemaSi damatebiT iqna 

realizebuli gamosaxulebis klasterebad daSlis SesaZlebloba. 

klasterizaciis mizania daSalos piqselebis speqtri raime kanonzomierebis 

Sesabamisad. Cvens SemTxvevaSi gaviTvaliswineT ori meTodi: 1) 

gamosaxulebis avtomaturi klasterizacia; 2) gamosaxulebis xeliT 

klasterizacia. 

 gamosaxulebis avtomaturi klasterizaciis dros gamosaxuleba undsa 

daiyos iseT zonebad, romlebic Seesabameba wertilebis klasterebs. 

klasterebis raodenoba rogorc wesi erTze metia, gansakuTrebiT 

kompleqsuri, mravali ferisgan Sedgenili gamosaxulebis dros. sistemaSi 

gamosaxulebis klasterizacia xorcieldeba Semdegi principiT: TiToeuli 

konkretuli tipis paternisTvis (magaliTad diagonalisTvis) gamoiTvleba 

gamosaxulebaSi am paternebis saSualo mniSvnelobebi. Semdeg xdeba am 

saSualo mniSvnelobebis normalizacia 1-dan 100-mde diapazonSi. 

gamoiTvleba (aseve aigeba grafikulad) grafiki am konkretuli tipis 

paternebisa ise, rom grafikSi xdeba pozicionireba TiToeuli paternis 

mniSvnelobisa (0-100 diapazonSi). Semdeg gamoiTvleba (da aseve aigeba) am 

tipis paternebis histograma. Anu daiTvleba Tu ramdeni paterni gvxvdeba 

normalizebuli mniSvnelobebis diapazonidan TiToeuli mniSvnelobisTvis.  

daTvlis dros 0-100 diapazonidan TiToeuli mniSvnelobisTvis daiTvleba 
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am mniSvnelobis mqone paternebis raodenoba Semdegnairad: iTvleba im 

paternebis raodenoba, romelTa mniSvnelobac daaxloebiT tolia 0-100 

diapazonis gansaxilveli diapazonis. daaxloebiTi mniSvneloba 

ganisazRvreba maqsimaluri gadaxris zomiT. igi dumilis wesiT 

gansazRvrulia rogorc 0.03% (normalizebuli mniSvnelobebis safuZvelze 

gamoTvlili), magram aris parametrirebadi. wyvetebi (Tu isini moiZebna)  

histogramaze (anu paternebis raodenobebis nulovani mniSvnelobebi) aiReba 

klasterebis sazRvrebis mniSvnelobebad. 

 klasteris Sesabamisi mniSvnelobebis mixedviT aigeba feradi 

gamosaxulebebi, romlebsic SenarCunebulia sawyisi gamosaxulebebi ferebi. 

es eqsperts saSualebas aZlevs gamoikvlios TiToeuli klasteris 

Sesabamisi zonebi, da Seiswavlos maTSi paternebi. garda amisa sistema 

axdens avtomatur amocnobas paternebisa klasterebSi. es qvesistema 

eqspertisTvis gamosaxulebis efeqturi da swrafi, amave dros detaluri 

analizis instruments warmoadgens. 

 sistemaSi realizebulia amocnobili paternebis monacemTa bazaSi 

damaxsovrebis SesaZlebloba. erT-erTi mizezi, risTvisac es funqcionaluri 

SesaZlebloba aris realizebuli, aris is rom eqsperts saSualeba mieces 

daimaxsovros misTvis saintereso Sedegebi, da amave dros SeeZlos paketur 

reJimSi maTi damuSaveba, Sedareba, dabeWdva da a.S. monacemTa bazaSi 

daimaxsovreba mxolod amocnobili paternebis parametrebi, da Sesabamisi 

monacemTa failis saxeli. SesaZlebelia monacemTa bazis asocireba 

gamosaxulebebis failebis Semcvel konkretul direqtoriasTan. 

 paketuri damuSavebisas eqspertisTvis xelmisawvdomia gamosaxulebis 

erTmaneTTan Sedareba (procedura Compare), gamosaxulebebis gafiltvra 

failis saxelis mixedviT Sablonebis gamoyenebiT (procedura Set filter), 

monacemebis (amocnobis Sedegebis) eqsporti sxva instrumentebiT 

damuSavebisTvis, da amocnobis Sedegebis gamobeWdva. garda amisa eqsperts 

SeuZlia monacemTa bazidan amoRebuli nebismieri gamosaxulebis gadatana 

sistemis ZiriTad komponentSi (Analyzer), misi analizis gagrZelebis Tu 

gamosaxulebis damatebiT gamosakvlevad. sistemis interfeisi imgvarad aris 
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agebuli rom eqsperti mudmivad xedavs mcire zomis masStabis 

gamosaxulebiT mis mier cxrilSi amorCeul fails, aseve misi paternebis 

nebismier parametrs, da SeuZlia pirdapir Seasrulos nebismieri operacia 

am gamosaxulebaze. saWiroebis SemTxvevaSi eqsperts SeuZlia gaanulos 

monacemTa baza da Tavidan daiwyos misi Sevseba axali monacemebiT, an 

moaxdinos Zveli monacemebis redaqtireba (rasac sistema avtomaturad 

axdens igive gamosaxulebis Tavidan analizis SemTxvevaSi, rodesac xdeba 

Sedegebis kvlav damaxsovreba monacemTa bazaSi). 

 garda avtomaturi klasterizaciisa, eqsperts SeuZlia gamosaxulebis 

zonebis klasterizaciis xeliT gakeTeba. amisTvis igi gansazRvravs 

matricis mniSvnelobebis diapazonis dasayofad qvediapazonis zomas 

(dumilis wesiT aRebulia mTeli diapazonis 10%, romelic 

parametrirebadia eqspertis mier). amis Semdeg sistema TviTon iRebs 

klasterebs, da agebs Sesabamis gamosaxulebebs da axdens maTSi paternebis 

amocnobas. 

 Tu eqsperts ar Wirdeba konkretul SemTxvevaSi romelime tipis 

paternebis damuSaveba, sistemaSi gaTvaliswinebulia am tipis paternebis 

amocnobis gamorTva. 

 klasterizaciis garda kidev erTi instrumenti, romliTac eqsperts 

SeuZlia xeliT gaaanalizos gamosaxuleba, aris speqtris analizi. eqsperts 

martivi interfeisis saSualebiT SeuZlia gansazRvros matricis 

elementebisTvis speqtris qveda da zeda sazRrebi an TviT Sesabamisi 

mniSvnelobebis miTiTebiT, an gamosaxulebaSi arsebuli ferebis SerCeviT. am 

SemTxvevaSi gamosaxulebaSi rCeba mxolod arCeuli speqtris Sesabamisi 

wertilebi, romlebic warmodgeba TeTr fonze. eqsperts SeuZlia 

Tanmimdevrulad daamatos an moaklos gamosaxulebaSi ferebi, da daakvirdes 

gamosaxulebis cvalebadobas. am analizisas mas aseve SeuZlia moaxdinos 

ukuoperacia, anu arCeuli speqtris inversia, da daakvirdes im zonebs, 

romlebic darCenilia speqtrs gareT.  

 qvemoT moyvanilia ramodenime tipiuri gamosaxulebis analizi: 

  

 62



 
 

Nnax.4. sxvadasxva intensivobis diagonalebiani gamosaxuleba 

 nax. 4.-s gamosaxulebis parametrebs aqvT Semdegi mniSvnelobebi: 

paternebis raodenoba: 8 

paternebis saSualo mniSvneloba: 0.1 

optimizirebuli saSualo mniSvneloba: 0.08 

optimizaciis xarisxi: 3.72% 

monobloki: ara 

ganzomileba: 65 

gadaxrili wertilebis raodenoba: 0 

maqsimumi: 0.13 

minimumi: 0.12 

saSualo: 0.12 

standartuli gadaxra/diapazoni: 0.34 

paternis damTxvevis koeficienti : 100% 

 gamosaxulebis paternebi regularulia, ar Seicavs kombinirebul 

paternebs, kontrasti fonsa da paternebs Soris sakmaod maRalia. 
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nax.5. sxvadasxva intensivobis diagonalebiani gamosaxuleba da paternebi 

 64



 
 

Nnax.6. erTaderT diagonaliani gamosaxuleba 

 nax. 6.-s gamosaxulebis parametrebs aqvT Semdegi mniSvnelobebi: 

paternebis raodenoba: 1 

paternebis saSualo mniSvneloba: 0.31 

optimizirebuli saSualo mniSvneloba: 0.11 

optimizaciis xarisxi: 2.41% 

monobloki: ara 

ganzomileba: 65 

gadaxrili wertilebis raodenoba: 0 

maqsimumi: 0.8 

minimumi: 0.3 

saSualo: 0.3 

standartuli gadaxra/diapazoni: 0.1 

paternis damTxvevis koeficienti : 100% 

 gamosaxuleba erTaderT regularul paterns Seicavs, ar Seicavs 

kombinirebul paternebs, kontrasti fonsa da paterns Soris didia. 

 65



 
 

 
 

Nnax.7. erTaderT diagonaliani gamosaxuleba da misi paterni 
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Nnax.8. diagonaluri safexurebrivi gamosaxuleba 

 nax. 8.-s gamosaxulebis parametrebs aqvT Semdegi mniSvnelobebi: 

paternebis raodenoba: 4 

paternebis saSualo mniSvneloba: 1.39 

optimizirebuli saSualo mniSvneloba: 0.91 

optimizaciis xarisxi: 11.51% 

monobloki: ara 

ganzomileba: 65 

gadaxrili wertilebis raodenoba: 0 

maqsimumi: 1.84 

minimumi: 0.89 

saSualo: 1.03 

standartuli gadaxra/diapazoni: 0.41 

paternis damTxvevis koeficienti : 100% 

 gamosaxulebis paternebi regularulia, ar Seicavs kombinirebul 

paternebs, kontrasti fonsa da paternebs Soris maRalia. 
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Nnax.9. diagonaluri safexurebrivi gamosaxuleba da misi paternebi 
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Nnax.10. mravlobiTi diagonaluri safexurebrivi gamosaxuleba 

 nax. 10.-s gamosaxulebis parametrebs aqvT Semdegi mniSvnelobebi: 

paternebis raodenoba: 14 

paternebis saSualo mniSvneloba: 24.9 

optimizirebuli saSualo mniSvneloba: 8.46 

optimizaciis xarisxi: 59.54% 

monobloki: ara 

ganzomileba: 65 

gadaxrili wertilebis raodenoba: 0 

maqsimumi: 29.88 

minimumi: 7.22 

saSualo: 20.92 

standartuli gadaxra/diapazoni: 0.34 

paternis damTxvevis koeficienti : 90.23% 

gamosaxulebis paternebi regularulia, Seicavs aseve erT vertikals 

da erT horizontals, kontrasti Zalian maRalia. 
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Nnax.11. mravlobiTi diagonaluri safexurebrivi gamosaxuleba da paternebi 
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Nnax.12. aramkafio diagonaluri safexurebrivi gamosaxuleba 

 Nnax. 12.-s gamosaxulebis parametrebs aqvT Semdegi mniSvnelobebi: 

paternebis raodenoba: 4 

paternebis saSualo mniSvneloba: 3.94 

optimizirebuli saSualo mniSvneloba: 2.33 

optimizaciis xarisxi: 14.39% 

monobloki: ara 

ganzomileba: 65 

gadaxrili wertilebis raodenoba: 0 

maqsimumi: 4.46 

minimumi: 1.72 

saSualo: 2.72 

standartuli gadaxra/diapazoni: 0.28 

paternis damTxvevis koeficienti : 98.43% 

gamosaxulebis paternebi regularulia,  paternis kideebi zog 

adgilas cudad gamokveTilia. 
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Nnax.13. aramkafio diagonaluri safexurebrivi gamosaxuleba da paternebi 
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Nnax.14. didi intensivobis mkafio diagonalebiani gamosaxuleba 

 Nnax. 14.-s gamosaxulebis parametrebs aqvT Semdegi mniSvnelobebi: 

paternebis raodenoba: 5 

paternebis saSualo mniSvneloba: 0.83 

optimizirebuli saSualo mniSvneloba: 0.58 

optimizaciis xarisxi: 1.3% 

monobloki: ara 

ganzomileba: 65 

gadaxrili wertilebis raodenoba: 0 

maqsimumi: 0.83 

minimumi: 0.57 

saSualo: 0.59 

standartuli gadaxra/diapazoni: 0.24 

paternis damTxvevis koeficienti : 100% 

 gamosaxulebis paternebi idealurad regularulia, ar Seicavs 

kombinirebul paternebs, kontrasti Zalian maRalia. 
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Nnax.15. didi intensivobis mkafio diagonalebiani gamosaxuleba da paternebi 
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Nnax.16. wertilovani da diagonalebiani gamosaxuleba 

 nax. 16.-s gamosaxulebis parametrebs aqvT Semdegi mniSvnelobebi: 

paternebis raodenoba: 41 

paternebis saSualo mniSvneloba: 2.64 

optimizirebuli saSualo mniSvneloba: 2.18 

optimizaciis xarisxi: 9.28% 

monobloki: ara 

ganzomileba: 65 

gadaxrili wertilebis raodenoba: 0 

maqsimumi: 3.32 

minimumi: 2.06 

saSualo: 2.4 

standartuli gadaxra/diapazoni: 0.25 

paternis damTxvevis koeficienti: diagonali - 16.66%, wertilovani – 91% 

 gamosaxulebis paternebi regularulia, adgili aqvs kombinirebul 

paternebs, kontrasti fonsa da paternebs Soris sakmaod maRalia. 
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Nnax.17. wertilovani da diagonalebiani gamosaxuleba da paternebi 
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Nnax.18. monobloki kompleqsuri gamosaxuleba, binaruli gardaqmna da paternebi 

 nax. 18.-s gamosaxulebis parametrebs aqvT Semdegi mniSvnelobebi: 

paternebis raodenoba: 9 

paternebis saSualo mniSvneloba: 24.86 

optimizirebuli saSualo mniSvneloba: 24.73 

optimizaciis xarisxi: 0.24% 

monobloki: diax 

ganzomileba: 65 

gamosaxuleba klasificirebulia monoblokad dabali optimizaciis gamo. 
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Nnax.19. aramonobloki kompleqsuri gamosaxuleba, binaruli gardaqmna da paternebi 

 nax. 19.-s gamosaxulebis parametrebs aqvT Semdegi mniSvnelobebi: 

paternebis raodenoba: 19 

paternebis saSualo mniSvneloba: 2.88 

optimizirebuli saSualo mniSvneloba: 2.79 

optimizaciis xarisxi: 1.91% 

monobloki: diax 

ganzomileba: 65 

gamosaxuleba klasificirebulia paternad maRali optimizaciis gamo. 
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eqsperts SeuZlia Seiswavlos calkeuli piqselis maxasiaTeblebi 

(pozicia, mniSvneloba, feri), datovos gamosaxulebaze mxolod arCeuli 

piqselis Sesabamisi feris piqselebi maTi gamokvlevis mizniT. 

 gamosaxulebebisa da paternebis vizualizaciis teqnika, romelic 

gamoyenebulia sistemaSi, eqsperts saSualebas aZlevs sxvadasxvagvarad 

warmoadginos isini. kerZod, SesaZlebelia paternebis zeddeba 

gamosaxulebaze, gamosaxulebaze mxolod paternebi datoveba fonis gareSe, 

an paternebisgan gawmendili gamosaxulebis warmodgena. Semajamebeli 

diagnostikis saxiT eqsperts miewodeba amocnobili paternebis sia, 

paternebis saSualo mniSvneloba, paternebisgan gawmendili gamosaxulebis 

saSualo mniSvneloba, da gamosaxulebis optimizaciis koeficienti. 

sistemis gamoyenebis moxerxebulobisTvis gankuTvnili parametria 

kompiuteris CarTvisas sistemis avtomaturi gaSveba/ar gaSvebis opcia. 

eqspertisTvis sistemasTan muSaobis nebismier momentSi xelmisawvdomia 

konteqsturi daxmareba, romlic amomwurav informacias aZlevs mas 

SesaZlebeli moqmedebebis Sesaxeb, agreTve detalurad xsnis funqcionaluri 

SesaZleblobebis arss, da gamoyenebul procedurebsa Tu algoriTmebs.  

sistema realizebulia iseTnairad rom erTxel gaSvebis Semdeg igi 

mudmivad rCeba operatiul mexsierebaSi momlodine reJimSi (Tu 

momxmarebeli ar gadawyvitavs rom moaxdinos misi amotvirTva), da 

xelmisawvdomia operaciuli sistemis amocanaTa meniudan swrafad 

gaaqtiurebis mizniT. 

 opciebi da parametrebi, romlebiTac eqsperts SeuZlia moaxdinos 

sistemis komponentebis adaptireba, dajgufebulia kategoriebis mixedviT, 

rogoricaa: amocnobis zogadi opciebi, klasterebis opciebi, amosacnobi 

paternebis opciebi. ZiriTadi opciebi gansazRvraven amomcnobi komponentis 

parametrebs: wasaSleli amovardnili wertilebis maqsimaluri raodenoba (5 

dumilis wesiT), standartuli gadaxris diapazonTan Sefardebis zRurbli 

(gamosaxulebis Tavdapirveli diagnostirebisTvis paternebian an upaterno 

gamosaxulebad, 0.1 dumilis wesiT), amocnobili paternebis modelTan 

Tanxvdomis koeficienti (70% dumilis wesiT), gamosaxulebis optimizaciis 
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zRurbli paternebisgan gasufTavebis Semdeg (0.8% dumilis wesiT). 

ZiriTadi parametrebis sia da maTi daniSnuleba moyvanilia cxril 1-Si: 

aRniSvna dasaxeleba daniSnuleba 
sawyisi 

mniSvneloba

T out  
gadaxrili 

wertilebis 

zRurbli 

amosagdebi gadaxrili 

mniSvnelobebis mqone wertilebis 

maqsimaluri raodenoba 

5 

Z  binaruli 

matricis 

zRurbli 

gananapirobebs Tu feradi 

gamosaxulebis romeli wertilebi 

darCeba binarul matricaSi 

matricis 

saSualo 

mniSvneloba 

kdopt
  standartuli 

gadaxra/diapazonis 

zRurbli 

gansazRvravs, SeiZleba Tu ara 

Seicavdes gamosaxuleba saintereso 

paternebs 

0.1 

C paternis 

damTxvevis 

zRurbli 

kriteriumi, romelic adgens 

warmoadgens Tu ara figura 

gansaxilvel paterns 

70% 

kopt
 optimizaciis 

koeficienti 

kriteriumi, romelic adgens aris 

Tu ara gamosaxuleba optimizaciis 

TvalsazrisiT saintereso 

0.8% 

cxrili1. saxeTa amocnobis amocanis ZiriTadi parametrebi 

 gamosaxulebebis Sedarebis procedura (Compare) eqsperts 

saSualebas aZlevs avtomaturad moaxdinis msgavs paternebiani 

gamosaxulebebis amorCeva paketidan. ori paternis msgavsebaze Sedarebisas 

gamoiyeneba paternebis wertilebis damTxvevis zRurbli (80% dumilis 

wesiT, romelic parametrirebadia eqspertis mier). Sedarebis proceduris 

gaSvebisas eqsperti irCevs gamosaxuleba-models, romlis msgavsebic 

avtomaturad unda moZebnos sistemam gamosaxulebebis paketidan damTxvevis 

zRurblis gaTvaliswinebiT. miRebuli Sedegi warmoadgens modelis msgavsi 

gamosaxulebebis sias, romelic eqsperts SeuZlia daamuSaos. eqsperts 

SeuZlia naxos TiToeuli gamosaxulebisTvis Sedarebis statistika rogorc 

paternebisTvis, aseve ferebis Tanxvdenis doneze, erTnairi da gansxvavebuli 

wertilebi paternebisTvis da feradi gamosaxulebebisTvis, moaxdinos 

paternebis vizualizacia, an gadaitanos gamosaxuleba analizatoris 

komponentaSi Semdgomi analizisTvis.  

nax.20-ze warmodgenilia paternebis Sedarebis da msgavsi paternebis 

moZebnis interfeisi. 
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Nnax.20. paternebis monacemTa bazaSi msgavsi paternebis Zebnis interfeisi 

sxvadasxva gamosaxulebebSi paternebis Sedarebis saSualebiT 

paketidan msgavsi gamosaxulebebis avtomaturi amorCeva eqsperts 

saSualebas aZlevs swrafad aRmoaCinos iseTi gamosaxulebebi, romlebSic 

miuxedavad vizualuri gasxvavebisa ferebis doneze, arsebiTad erTi da 

igive fenomenTan gvaqvs saqme paternebis doneze. an piriqiT, ferTa doneze 

vizualurad msgavsi gamosaxulebebi paternebSi mniSvnelovani gansxvavebebis 

gamo SeiZleba ar aRmoCndes Sedarebis komponentis mier erTad 

dajgufebuli, rac eqsperts am gamosaxulebebis ufro detalurad 

Seswavlis safuZvels aZlevs. garda amisa am instrumentiT igi ikvlevs Tu 

romeli eqsperimentebis dros dafiqsirda msgavsi Sedegebi, imisTvis rom 

Seafasos kanonzomierebebi. 

sistemis Semdgomi gaviTarebis erT-erTi mimarTulebas warmoadgens 

swored paternebis Sedarebis safuZvelze gamosaxulebebis avtomaturi 

klasifikacia mTeli paketis doneze. vinaidan Sedarebis aseTi procesi 

sakmaod xangrZlivia, amitom amisTvis saWiroa gamosaxulebebis pirveladi 

klasifikaciis optimaluri meTodebis damuSaveba. 
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 paternebis vizualizacia sistemaSi xdeba rogorc individualuri 

paternebis cal-calke gamosaxulebebad warmodgeniT, aseve maTi zeddebiT 

da jamuri kompleqsuri paternis CvenebiT. 

eqsperimentebis Sedegebis Semcveli failebis saxelwodebebi ise aris 

SerCeuli, rom isini iZlevian eqsperimentis tipis identificirebis 

SesaZleblobas. amasTan eqsperimentis tipebi logikurad gaerTianebulia 

arian erT klasSi, magram TviT failebi yvela gaerTianebulia erT 

direqtoriaSi.  

amis gamo paketuri damuSavebis dros eqspertisTvis saWiroa iseTi 

instrumentis SeTavazeba, romliTac igi SeZlebs avtomaturad amoarCios 

paketidan garkveuli klasis Sesabamisi gamosaxulebebi maTi Semdgomi 

Seswavlis mizniT (procedurebi Set filter da Show filtered images).  

Tavis mxriv failebis saxelebi Sedgeba ramodenime komponentisgan, da 

TiToeuli komponenta Sesabamisia failebis garkveuli qveklasisa. amitom 

sistemaSi realizebulia failebis (da Sesabamisi gamosaxulebebis) 

amorCevis SesaZlebloba failis saxelis Sablonis formirebis gziT, 

romelime konkretuli failis saxelis bazaze. magaliTad: failis saxelis 

CONFIG_MEMCPY_GEN_PFX_25000 bazaze SesaZlebelia aigos Sabloni: 

CONFIG_MEMCPY_GEN_PFX_*. Ees Sabloni paketidan amoarCevs failebs, 

romlebis saxelebicaa CONFIG_MEMCPY_GEN_PFX_25000, 

CONFIG_MEMCPY_GEN_PFX_25001, CONFIG_MEMCPY_GEN_PFX_25002 da 

a.S. miRebuli Sedegebi paketis failebisgan calke gamoitaneba, rac 

eqsperts saSualebas aZlevs analizisTvis erTdroulad SeinarCunos 

paketis monacemebi da amorCeuli qveklasis monacemebi. amorCevisas failis 

saxelis Sablonis gansazRvra SesaZlebelia Tavisufali an xisti 

Sedarebebis gziT. Tavisufali Sedarebisas Sabloni ar zRudavs mosaZebn 

failis saxelSi komponentebis raodenobas (anu moZebnili failis saxeli 

SeiZleba met komponents Seicavdes, mTavaria iwyebodes Sablonis 

Sesabamisad), maSin rodesac xisti Sedarebisas failis saxelis 

komponentebis raodenoba zustad unda Seesabamebodes SablonSi 

komponentebis raodenobas.  
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nax.21-ze warmodgenilia failebis gafiltvris interfeisi. 
 
 

 

Nnax.21. paternebis monacemTa bazaSi failis saxelis filtris dadebis interfeisi 

analizis Sedegebi inaxeba monacemTa bazaSi, romlis naxva da 

analizis Tavidan Catareba gansxvavebuli parametrebiT eqsperts nebismier 

dros SeuZlia, Tu SenarCunebulia faili, romlidanac miRebulia Sedegebi. 

imisTvis rom eqsperts saSualeba hqondes nebismier dros naxos Sedegi, 

maSinac ki rodesac sawyisi monacemebi ganadgurebulia, mas SeuZlia calke 

daimaxsovros es Sedegebi teqstur failSi, an gamobeWdos isini 

(procedura Printable view). am proceduris saSualebiT eqsperti irCevs Tu 

romeli failebis monacemebis damaxsovreba an gamobeWdva surs. Sedegebis 

saxiT daimaxsovreba TiToeuli amorCeuli failis (anu Sesabamisi 

gamosaxulebis) failis saxeli da ganzogadebuli monacemebi, rogoricaa 

masSi paternebis saSualo mniSvneloba, gamosaxulebis optimizirebuli 

saSualo mniSvneloba, gamosaxulebis optimizaciis koeficienti, aris Tu 

ara gamosaxuleba monobloki (Seicavs Tu ara paternebs, an aris Tu ara 

klasificirebuli rogorc optimizaciis TvalsazrisiT mxolod umniSvnelo 

paternebis Semcveli), da gamosaxulebis ganzomileba. amas garda 

daimaxsovreba TiToeuli paternis aRwera, kerZod: paternis tipi, 
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sifarTove, intervali, saSualo mniSvneloba, modelze Tanxvdomis 

koeficienti.  

 rodesac paketSi bevri failia da yvela maTgani iqna arCeuli 

eqspertis mier dasamaxsovreblad an amosabeWdad, monacemebis momzadebis da 

damaxsovrebis procesi sakmaod xangrZlivia, da saWiroa ganxiluli iqnas 

misi drois TvalsazrisiT optimizaciis SesaZlebloba. erT-erTi 

SesaZleblobaa paraleluri procesis inicireba am amocanisTvis.  

 sistemaSi sawyisi monacemebi igulisxmeba rom mniSvnelobebis doneze 

koreqtulad aris gansazRvruli. Magram zogierT SemTxvevaSi saWiro xdeba 

maTi modificireba (normalizeba). amisTvis gaTvaliswinebulia sistemis 

mier monacemebis wakiTxvis dros erT-erTi avtomaturi winaswari 

koreqtirebis saSualeba: eqsperti saWiroebis SemTxvevaSi gansazRvravs 

sidides, romelzec avtomaturad unda gaiyos yvela Semavali monacemi, raTa 

maT miiRon koreqtuli mniSvneloba gamosaxulebis analizis dawyebamde.

 ZiriTadi problemebi, romlebic Tavs iCenen realizebul amocnobis 

algoriTmebSi, dakavSirebulia sxvadasxva alternatiuli variantebidan 

zogierT SemTxvevaSi sistemis mier araoptimaluri arCevnis gakeTebasTan. 

aseTi SemTxvevebis ricxvi ar aris didi (araumetes 3% satesto 

monacemebis saerTo ricxvisa). es problemebi gamowveulia imiT rom xSirad 

adgili aqvs kompleqsur paternebs, romlebic ramodenime tipis martivi 

paternebisgan Sedgeba. rodesac sistema amoicnobs patenebs da axdens maT 

Sefasebas, Sefasebis kriteriumis Tanaxmad upiratesobis miniWeba xdeba 

paternisTvis, romelic ufro did dafarvis zonas moicavs, rac zogierT 

SemTxvevaSi ar aris swori. erT-erTi kriteriumi, romliTac unda Sefasdes 

kandidati paternebis prioritetuloba, aris maT mier miRebuli efeqti, 

anu ramdenad xdeba gamosaxulebis optimizireba ama Tu im paternisTvis 

upiratesobis miniWebis SemTxvevaSi. saWiroa paternebis daxarisxeba maTi 

mniSvnelovnobis kriteriumiT, romelic erTdroulad iTvaliswinebs 

paternis mniSvnelobasac da misi dafarvis zonis moculobasac. 

 nax.22-ze warmodgenilia paternebis monacemebis sabeWd formatSi 

gadayvanis interfeisi. 
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Nnax.22. paternebis monacemebis sabeWd formatSi gadayvanis interfeisi 

 
zogjer ar aris mizanSewonili optimizaciaSi mcire sargeblis 

mopoveba araproporciulad didi raodenobis “normaluri” wertilebis 

ukugdebis xarjze. aq saWiroa eqspertis Careva, man unda gansazRvros Tu 

romel faqtors ra mniSvneloba eniWeba diagnostikis dros. sxvadasxva 

klasis amocanebSi am faqtorebis wonebi cxadia sxvadasxvanairi iqneba. 

Eeqsperts SeuZlia gansxvavebuli zRurblis mniSvneloba daawesos ZiriTadi 

kompleqsuri paternebis SemTxvevisTvis ZiriTad da meorexarisxovani 

paternebisTvis, an urTierTgadamfaravi paternebis dros (mag. <=50% 

meorexarisxovnebisTvis). 

 sistemis moqniloba swored imaSi mdgomareobs, rom aseT SemTxvevebSi 

igi sTavazobs eqsperts Caataros eqsperimentebis sxvadasxva monacemebze da 

sxvadasxva parametrebiT, raTa yoveli konkretuli klasis amocanebisTvis 

miagnos optimalur mniSvnelobebs parametrebisa, da gansazRvros saWiroebis 

SemTxvevaSi zogierTi damatebiTi piroba da kriteriumi, romelsac unda 

akmayofilebdes amocana imisTvis rom Sesabamisi amonaxsni rekomendirebuli 

iqnes sistemis mier. 

 eqspertis pasuxismgeblobas Seadgens is, rom man sworad unda 

gansazRvros optimizaciis prioritetebi, Tu ramdenad mniSvnelovania 
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SefardebiTi TvalsazrisiT optimizaciis xarisxis amaRleba paternebis mier 

dafarvis zonis gafarToebis xarjze. 

 erT-erTi mniSvnelovani sakiTxi amocnobis sistemis damuSavebisas iyo 

sistemis ergonomiuloba, momxmareblis interfeisis simartive da 

efeqturoba, dialogis sicxade da gamoyenebuli algoriTmebis 

ganmartebadoba eqspertisTvis. sirTule mdgomareobda imaSi rom 

gamosaxulebis damuSaveba moiTxovs mravali vizualuri informaciis 

erTdroulad SeTavazebas statistikur monacemebTan erTad. amasTad adgili 

aqcs gadasvlebis sistemis komponentebis Soris analizis gasaRrmaveblad, 

da Semdeg wina dialogebTan dabrunebas analizis gasagrZelebla. 

KgansakuTrebiT sirTules teqnikuri TvalsazrisiT warmoadgenda mcire 

piqtorgamebis generireba gamosaxulebebisa da maTi paternebisTvis paketur 

reJimSi, romelSic erTdroulad aTasobiT gamosaxuleba SeiZleba iyos 

gaerTianebuli. es svams optimizaciis amocanas rogorc kompiuteris 

ZiriTadi mexsierebis, aseve swrafqmedebis TvalsazrisiT. sistemis 

komponentebis dasamuSaveblad gamoyenebuli iyo korporacia Microsoft-is 

Visual Basic programirebis ena da programirebis garemo. Tumva am 

instrumentis upiratesobebis gamo sistema sakmaof efeqturi gamovida, 

magram misi garkveuli SezRudvebis gamo saWiro gaxda damatebiTi 

procedurebis damuSaveba teqnikuri problemebis gadasalaxad. 

 analizatoris komponentis ZiriTadi meniu moicavs iseT opciebs, 

rogoricaa failTan muSaoba (wakiTxva, feradi an binaruli gamosaxulebis 

damaxsovreba gare mexsierebaSi da a.S.), vizualizacia (feradi da binaruli 

gamosaxulebis, amocnobili klasterebis da maTi Sesabamisi paternebis da 

sxva), instrumentebi (paketis paternebis amocnoba, klasterebis amocnoba 

da sxva), amocnobis parametrebs (mosaSorebeli gadaxrili wertilebis 

maqsimaluri raodenoba, standartuli gadaxris da diapazonis Tanafardobis 

zRurbli, gamosaxulebis optimizaciis zRvruli koeficienti da sxva, 

romlebic Seicaven dumilis wesiT gasazRvrul mniSvnelobebs da 

modificirebadia eqspertis mier), daxmarebis opcia. nax.23-ze warmodgenilia 

amocnobili paternebis naxvis da damuSavebis interfeisi. 
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Nnax.23. amocnobili paternebis naxvis da damuSavebis interfeisi 

qveopciebisa da opciebis vizualizacia da xelmisawvdomoba  

dinamiurad imarTeba da isini SeTavazebulia mxolod maSin, rodesac 

Sesabamisi operacia konteqstis mixedviT dasaSvebia. 

 

2.2 saxeTa amocnobis amocanis eqspertuli sistemis koncepcia 

saxeTa amocnobis amocana, romelsac disertaciis farglebSi 

ganvixilavT, moicavs rogorc deklaratiuli codnis damuSavebas, aseve 

procedurul nawils. amocnobis procesi eqspertis mier monacemebis 

interpretirebis Sedegzea damokidebuli, miuxedavad imisa rom arsebobs 

cxadi da obieqturi winapirobebic gadawyvetilebis misaRebad. magaliTad, 

unda iqnas Tu ara esa Tu is paterni ganxiluli rogorc modelis 

Sesabamisi, individualur SemTxvevaSi ganixileba, da Sedegi damokidebulia 

mraval damatebiT faqtorze. principSi erTi da igive paterni SeiZleba 

zogjer gamosaxulebaSi warmoadgendes mniSvnelovan zonas, romlis 

optimizaciasac azri aqvs, da sxva SemTxvevaSi es paterni SesaZlebelia 

sruliad iqnes ignorirebuli rogorc aramniSvnelovani. meores mxriv, TviT 
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am paternis amocnobis pirobebic SeiZleba gansxvavdebodes sxvadasxva 

amocanisTvis. es Tavis mxriv damokidebulia imaze, Tu ramdenad mkveTria 

gamosaxuleba. mkveTri gamosaxulebebis dros, anu rodesac gamosaxulebis 

saerTo suraTi ar aris mravali ferebisgan Sedgenili da wertilebic ar 

aris gabneuli, paternis amocnobis pirobebi SesaZlebelia ufro mkacr 

kriteriumels efuZnebodes. winaaRmdeg SemTxvevaSi, anu rodesac 

gamosaxuleba aramkafioa, da wertilebi gabneulia, ufro mizanSewonilia 

rom paternis amosacnobi kriteriumebi Serbilebuli iqnas eqspertis mier. 

sxvadasxva klasis amocanebs aseve SeaqvT koreqtivebi amocnobis procesSi. 

zogierT SemTxvevaSi optimizaciis dabali kriteriumebi SeiZleba 

sakmarisic iyos, maSin rodesac sxva SemTxvevaSi amocana SeiZleba 

moiTxovdes optimizaciis maRal kriteriums. 

ZiriTadi codna amocnobis parametrebis Sesaxeb sistemaSi 

warmodgenilia sxvadasxva regulirebadi parametrebiT. maSasadame es 

informacia warmodgenili unda iqnes codnis bazaSi, da amasTan erTad 

warmodgenili unda iyos is pirobebic, romlebic gansazRvraven 

parametrebis mniSvnelobebs da gamoyenebis wesebs sxvadasxva SemTxvevebSi. 

amocnobis procesi sistemaSi logikurad dayofilia safexurebrivad, 

da Seesabameba amocanis martiv qveamocanebad dekompoziciis princips. es 

idea konkretulad Cveni saxeTa amocnobis amocanaSi realizebulia pirvel, 

yvelaze dabal doneze piqselebis (gamosaxulebis wertilebis) 

urTirTdamokidebulebebis gansazRvriT, romlebic saSualebas iZlevian 

amocnobili iqnas umartivesi paternebi, rogoricaa horizontaluri da 

vertikaluri xazebi, diagonali, safexurebrivi paterni, badisebri paternebi 

da wertilebisgan Semdgari paternebi. es done warmoadgens safuZvels 

imisTvis, rom meore dioneze ukve ganisazRvros am umartivesi paternebis 

kombinaciebi, romlebiTac Sedgeba kompleqsuri paternebi. xolo bolo, 

mesame da umaRles doneze miiReba gadawyvetileba kompleqsur paternebze 

dayrdnobiT, Tu ra mniSvnelovani paternebisgan Sedgeba gamosaxuleba, da 

rogoria optimiczaciis xarisxi am paternebis SemTxvevaSi. nax.24-ze 
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warmodgenilia amocanis dekompozicia Semadgenel qveamocanebad: 

 

paterni 1 paterni 2 paterni n 

kompleqsuri paterni 

elem. 

paterni 

1 

elem. 

paterni
n 

elem. 

paterni
1

elem. 

paterni 
n

elem. 

paterni 

1

elem. 

paterni 
n 

…

… … …

nax.24. saxeTa amocnobis amocanis dekompozicia 

pirveli donis, anu elementaruli paternebis amocnobis procesi 

moicavs gamosaxulebis winaswar damuSavebas. magaliTad, gamosaxulebis 

gafiltvras gadaxrili wertilebisgan. gamosaxulebis winaswar damuSavebis 

Sesaxeb codnac aseve warmodgenilia sistemaSi, raTa eqsperts SeeZlos 

nebismier dros moaxdinos misi koreqtireba ise, rom ar gaxdes saWiro 

programis Secvla. 

vinaidan eqspertuli sistemis muSaobis mniSvnelovani nawili 

gankuTvnilia imisTvis rom uzrunvelyofili iqnes monacemTa statistikuri 

da sxvagvari gamoTvliTi damuSaveba, realizebulia procedurebis 

integrireba eqspertul sistemaSi. Procedurebi gamoiZaxebian eqspertuli 

sistemis codnis bazaSi moTavsebuli wesebidan (produqciebidan). 

procedurebic, iseve rogorc deklaratiuli nawili, xelmisawvdomia 

eqspertisTvis raTa man moaxdinos maTi modificireba da testireba 

damatebiTi programirebis gareSe. Tumca unda aRiniSnos rom TviT 

proceduris gansazRvra am SemTxvevaSi garkveulwilad aris programirebis 

etapis msgavsi. magram procesi gamartivebulia specialuri Cadgmuli 

funqciebis gamoyenebiT, romlebic uzrunvelyofen ama Tu im gamovliTi 

amocanis Sesrulebas eqspertis mier programirebis gareSe. es iseTi 

funqciebia, romlebic mocemul paradigmaSi praqtikulad aucilebeli 

komponentia da romlebic winaswar gassazRvrul da fiqsirebul amocanas 
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asruleben. Ra Tqma unda saWiroebis SemTxvevaSi SesaZlebelia am funqciebis 

Secvlac, rac maT Tavidan kompilirebas moiTxovs. 

elementaruli paternebis amocnobis produqciebSi gansazRvrulia Tu 

ra pirobebs unda akmayofilebdes esa Tu is geometriuli figura, raTa igi 

amocnobili iqnes rogorc Sesabamisi paterni. produqciis winapirobebi 

moicaven pirobebis kombinacias, rogoricaa, magaliTad, 

( )( )((( CxHorizontalBinaryCoincx >∀ )) ) . es piroba miuTiTebs rom saWiroa 

Semowmdes binaruli matricis TiToeuli horizontaluri xazis modelTan 

damTxvevis koeficienti. Sedegis nawilSi mieTiTeba Tu ra cvlilebebi unda 

iqnes Setanili codnis bazaSi. am SemTxvevaSi es iqneba daskvna, rom 

Sesabamisi geometriuli figura warmoadgens horizontalur paterns, rac 

produqciaSi Semdegnairad Caiwereba: . es 

produqcia mTlianobaSi Semdegnairad Caiwereba: 

( ) TruexPatternHorizontal =_

 ( )( )( )( )( )xPatternHorizontalCxHorizontalBinaryCoincx _→>∀ ( )      (2.2.1) 
 analogiurad, vertikaluri xazisTvis, diagonalisTvis, 

safexurebrivi, badisebri, da wertilovani paternebisTvis gvaqvs Semdegi 

produqciebi: 

( )( )( )( ) (( )xPatternVerticalCxVerticalBinaryCoincx _→>∀ )       (2.2.2) 

( )( )( )( )( )xPatternDiagonalCxDiagonalBinaryCoincx _→>∀ ( )     (2.2.3) 

( )( )( )( )( )xPatternGridCxGridBinaryCoincx _→>∀ ( )         (2.2.4) 

( )( )( )( ) ( )( )xPatternDotCxDotBinaryCoincx _→>∀          (2.2.5) 

 am SemTxvevebSi universaluri kvantifikatori  saSualebas 

gvaZlevs mxolod logikurad warmovadginoT is faqti, rom produqciis 

piroba exeba gamosaxulebaSi arsebul yvela Sesabamisi tipis geometriul 

figuras. 

x∀

x  miuTiTebs yvela SesaZlo koordinats Sesabamisi geometriuli 

figurisa, maT Soris badisebri da wertilovani struqturis SemTxvevaSi. 

ra Tqma unda es koordinatebi sxvadasxvanairia sxvadasxva geometriuli 

figuris SemTxvevaSi da sxvadasxvanairad aiTvleba. 

 eqspertisTvis Sesabamisi produqciebi warmodgeba gare formiT 

misTvis ufro logikuri saxiT. magaliTad, (2.2.1)-s logikuri forma 

Semdegia: binaruli matricis yoveli horizontaluri xazisTvis, Tu 
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damTxvevis koeficienti metia damTxvevis koeficientis zRurblis 

mniSvnelobaze, maSin Sesabamisi xazi identificirdes rogorc 

horizontaluri paterni. analogiuria sxva produqciebis logikuri forma. 

 rac Seexaba procedurul codnas, am produqciebSi aris mimarTva 

procedurul codnaze. magaliTad, gamosaxuleba ( )( )( )xHorizontalBinaryCoinc  

moicavs sami specialuri Sida funqciis gamoZaxebas: ,  da 

funqciebs. pirveli maTgani iTvlis horizontalur xazs, abrunebs ra 

Sesabamis veqtors, meore axdens binaruli matricis formirebas, xolo 

mesame axdens damTxvevis koeficientis gamoTvlas Sesabamisi 

horizontaluri xazisTvis. aRvniSnavT, rom funqciis mniSvnelobis 

gamoTvla xdeba mxolod erTxel, da amis Semdeg produqciebSi gamoiyeneba 

ukve gamoTvlili mniSvneloba. aseve, funqciis terminis qveS vgulisxmobT 

funqciis farTo gageba da ar viyenebT mas programirebis viwro gagebiT 

maTematikur funqcias romelic erT gamoTvlil mniSvnelobas abrunebs. 

magaliTad, funqcia 

( )xHorizontal Binary

Coinc

( )xHorizontal  abrunebs binaruli gamosaxulebis mTlian 

xazs, rogorc veqtors, magram igi ganixileba rogorc erTi logikuri 

erTeuli damTxvevis koeficientis gamosaTvlelad. 

 samuSao mexsierebaSi dagrovili faqtebi, romlebic gamoyvanilia 

zemoTmoyvanili produqciebidan, gamoiyeneba Semdeg etapze maTi 

damuSavebisTvis, raTa miRebuli iqnas gadawyvetilebebi erTi da imave tipis 

elementaluri Sedgenili paternebis bazaze maTi agregirebisTvis, da aseve 

sxvadasxva tipis paternebis kombinirebiT kompleqsuri paternis 

formirebisTvis.  samuSao mexsierebaSi daimaxsovreba ara marto faqtebi ama 

Tu im paternebis amocnobis Sesaxeb, aramed maTi saSualo mniSvnelobebic, 

raTa Semdgom etapze SesaZlebeli iyos agregirebuli paternebis saSualo 

mniSvnelobebis gamoTvla. 

 meore donis produqciebi gansazRvraven Tu rogor pirobebs unda 

akmayofilebdnen pirvel etapze amocnobili elementaluri paternebi, raTa 

SesaZlebeli iyos maTi ufro msxvil da kompleqsur paternebad agregireba. 

horizontaluri, vertikaluri da diagonaluri paternebis SemTxvevaSi 

momijnave elementaluri paternebi unda gaerTiandnen erT paternSi. anu  

 91



aucilebelia moiniSnos elementaluri paternebis jgufebi. moZebnil 

jgufebs gadavnomravT Tanmimdevrulad. Tu moiZebna axali elementaluri 

paterni, romelic arc erTi manamde moniSnuli paternis momijnave ar aris, 

maSin is paterni TiTon moiniSneba rogorc axali jgufis paterni, da 

nebismieri misi momijnave elementaluri paterni Sesabamisad moiniSneba 

igive jgufis nomriT. am mizniT Semogvaqvs produqciebi:  

( )
( ) ( ) ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
∈→

∈+∨∈−∧∉
∀

yGroupxPattern
yGroupxPatternyGroupxPatternyGroupxPattern

x
)()1()()1()()(

        (2.2.6) 

 

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∈→∉+

∧∉−∧∉
∀

GroupNewxPatternyGroupxPattern
yGroupxPatternyGroupxPattern

x
_)()1(

)()1()()(
         (2.2.7) 

 eqspertisTvis warmodgenili logikuri forma am produqciebis 

Semdegia: (1) nebismieri elementaluri paternisTvis, romelic ar 

miekuTvneba romelime jgufs, Tu igi esazRvreba romelime elementaluri 

paternebis romelime jgufs, maSin igi miekuTvneba imave jgufs (2.2.6), da 

(2) nebismieri elementaluri paternisTvis, romelic ar miekuTvneba 

romelime jgufs, Tu igi ar esazRvreba romelime elementaluri paternebis 

jgufs, maSin igi miekuTvneba axal jgufs (2.2.7). 

 rac Seexeba safexurebriv, badisebr da wertilovan paternebs, maTi 

jgufebad gaerTianeba ar xdeba, vinaidan isini individualurad arian 

warmodgenili, da pirdapir daitanebian kompleqsur paternebze. 

 erTi da igive jgufis paternebis saSualo monacemebi aseve 

daimaxsovreba samuSao mexsierebaSi. es monacemebia agregirebuli paternebis 

saSualo mniSvnelobebi, paternebs Soris intervali, paternebis sifarTove. 

amas garda es monacemebi ukve warmoadgenen saWiro informacias 

gamosaxulebis Sesaxeb, da amitom isini eqspertis gadawyvetilebiT 

SesaZlebelia damaxsovrebuli iqnes monacemTa bazaSi. 

 proceduruli codna, romelic realizebulia meore doneze, exeba 

sxvadasxva tipis paternebis kombinirebisas urTierTgadafarvis zonebis 

gamoTvlas. maT safuZvelze miiReba gadawyvetileba paternebis 

prioritetulobis Sesaxeb, da paternebis SerCevis da ukugdebis Sesaxeb. 
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magaliTad, horizontaluri tipis paterni, romelic faravs gamosaxulebis 

zonas romelic procentulad aRemateba paternis modelTan damTxvevis 

zRurbls (>70% standartuli SemTxvevisTvis), xdeba mizezi imisa rom 

vertikaluri paterni mTlianad dafaravs gamosaxulebas. saWiroa aseTi 

zRvruli SemTxvevebis kontroli proceduruli codnis saSualebiT. 

 Semdeg doneze xdeba amocnobis Sedegad gamosaxulebis klasifikacia 

monoblokad an paternebis Semcvelad, agreTve miRebuli kompleqsuri 

paternebis klasifikacia mniSvnelovan da aramniSvnelovan paternebad. Tu 

paternis optimizaciis koeficienti , maSin gamosaxuleba 

klasificirebulia rogorc mniSvnelovani paternebis Semcveli. 

kk topt
>

 produqciebis samive doneze gvxvdeba sxvadasxva rTuli pirobebi, 

rodesac winapirobis erTi nawilis dakmayofileba damokidebulia sxva 

produqciis Sesrulebaze. am dros gamoyvanis meqanizmad viyenebT wina 

gadajaWvas, rac saSualebas gvaZlevs TandaTanobiT mivaRwioT amocanis 

amonaxsns. 

 imisTvis rom eqsperts nebismier dros saSualeba hqondes gaecnos 

sistemis mier Catarebuli msjelobis arss da gayves Tavidan bolomde 

sistemis mier gavlil bijebs, sistemaSi gaTvaliswinebulia produqciebis 

Sesrulebis Tanmimdevrobis da miRebuli Sedegebis damaxsovreba. aRniSnuli 

informacia iwereba sistemis muSaobis paralelurad monacemTa bazaSi, da 

miewodeba eqsperts ganmartebis komponentis saSualebiT. ganmartebis 

komponenta aseve gamoiyeneba sistemis testirebis dros. eqsperts saSualeba 

aqvs gansazRvros ganmartebebis detalizaciis done, romelic sistemam unda 

gaakeTos. es amaRlebs sistemis swrafqmedebas, da gansakuTrebiT 

optimaluria im SemTxvevebSi gamoyenebisas, rodesac eqsperti muSaobs ukve 

kargad cnobil monacemebTan da gaaCnia kargi codna sistemis mier miRebuli 

gadawyvetilebebis Sesaxeb. am dros igi mxolod gansakuTrebul 

SemTxvevebSi mimarTavs ganmartebebis komponentas, raTa detalurad 

gaarkvios sistemis miRebuli ama Tu im gadawyvetilebis safuZvlianoba da 

misi miRwevis meTodi. 
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2.3 avtomaturi Targmnis amocanis realizaciis koncepcia 

amocanaSi dasaxulia mizani miRweuli iqnes Targmnis iseTi done, 

romelic profesional mTargmnels mniSvnelovnad Seuwyobs xels muSaobis 

efeqturobaSi. amisTvis saWiroa rom Targmnis xarisxi imdenad misaRebi 

iyos, rom Targmnis Semdegi redaqtirebis dro ar iyos mniSvnelovani im 

drosTan SedarebiT, ra drosac moandomebda mTargmneli. xolo Cveulebriv 

momxmarebels sistemam unda miawodos Targmani, romelic swored asaxavs 

sawyisi teqstis ZiriTad Sinaarss. 

bar-hilelis TvalsazrisiT mTlianad avtomaturi maRali xarisxis 

Targmani SeuZlebelia. im droisTvis rodesac man avtomaturi Targmnis 

sferos SesabamiSi angariSi warmoadgina (1960 w), msoflioSi mecnierTa 

mxolod ramodenime jgufi muSaobda am sakiTxebze sul raRac ori wlis 

ganmavlobaSi da mas ar hqonda informacia im momentisTvis, Tu rogori 

praqtikuli Sedegebi iyo miRweuli. man ZiriTadad yuradReba gaamaxvila da 

gaakritika deklarirebuli miznebi da meTodologiebi [42]. misi 

TvalsazrisiT mTlianad avtomaturi maRali xarisxis Targmani SeuZlebelia 

da saWiroa ufro mokrZalebuli miznebis dasaxva. bar-hileli aRniSnavda, 

rom maRali xarisxis avtomaturi TargmnisTvis aucilebelia cxovrebis 

Sesaxeb codnis warmodgena mTargmnel programaSi, rac xelovnuri 

inteleqtis sferoa. xelovnuri inteleqti im dros ibadeboda, rogorc 

dargi. gansxvaveba bar-hilelisa da xelovnuri inteleqtis pozicias Soris 

iyo is, rom igi amas SeuZleblad Tvlida [43].  

 Cven sistemis farglebSi SevecadeT iseTi midgoma SegverCia, romelic 

ar datovebda eqsperts (mTargmnels) sistemis funqcionirebis Sida 

specifikis miRma, magram meores mxriv rac SeiZleba moaSorebda mas 

teqnikur problemebs misi codnis warmodgenisTvis. amJamad avtomaturi 

Targmnis sferos kvlevebi ganviTarebulia ramodenime mimarTulebiT, 

romelic moicavs lingvisturi midgomebis srul Teoriul da empiriul 

speqtrs: mTlianad avtomaturi Targmnidan Tarjimnis damxmare instrumentis 

Seqmnamde, da “wesebze dafuZnebul” da “teqstis korpusze dafuZnebul” 

midgomebs [44]. 
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Tumca bunebrivi enis damuSavebis amocanebis gadawyvetis efeqturobis 

amaRleba, rogorc aRiarebulia, SesaZlebelia miRweuli iqnes  saTanado 

donis semantikuri damuSavebiT. wmindad statistikuri meTodebis 

mniSvnelovani warmatebebis fonze, Riad rCeba sakiTxi, magaliTad, 

SesaZlebelia Tu ara sainformacio sistemebSi da Setyobinebebis 

marSrutizaciis sferoSi semantikuri damuSavebis gaumjobeseba 

statistikuri meTodebis xarjze [45]. 

rac Seexeba winadadebis logikur warmodgenas, Cveni kvlevis 

farglebSi Tumca Seswavlili iqna alternatiuli SesaZleblobebi, magram 

praqtikuli TvalsazrisiT am etapze ar iqna raime formaluri logika 

gamoyenebuli. Tumca aRvniSnavT, rom dResdReobiT avtomaturi Targmani 

ganixileba rogorc bunebrivi enis damuSavebis paradigmis amocanad. 

avtomaturi Targmnis Tanamedrove midgomebSi gamoikveTa konteqstis 

mniSvneloba. maT Soris codnis bazaze dafuZnebuli meTodebi semantikuri 

interpretaciis wesebiT, bi-gramuli da tri-gramuli da statistikuri 

meTodebi (xolo frazebis analizisTvis ufro didi n-gramuli meTodebi 

magaliTze dafuZnebuli da statistikuri avtomaturi TargmanisTvis), da 

manqanuri swavlebis meTodebi [46].  

erT-erTi saintereso midgoma iqneba winadadebebis warmodgena 

montagis gramatikis Sesabamisad, rogorc universaluri gramatikis 

safuZvelze, Semdgomi Targmnis mizniT. formaluri logikisa da modelis 

Teoriis saSualebiT montagma (Montague) Seqmna sistema, romelSic 

bunebrivi enis sintaqsuri da semantikuri struqturebi winadadebebis 

semantikuri mniSvnelobebis saSualebas iZleva. montagis universaluri 

gramatikis (Universal Grammar) farglebSi sintaqsi da semantika 

dakavSirebulia fregis (Frege) filosofiis formaluri interpretaciis 

SeqmniT, romlis Tanaxmadac gamosaxulebis mniSvneloba warmoadgens misi 

Semadgeneli nawilebisa da misi sintaqsis funqcias [47]. im fonze, rom 

montagis zogadi kvantifikaciis Teoria ver wyvitavs, magaliTad, anaforis 

problemas “Donkey sentence”-is SemTxvevebSi [48], ganviTarda failis 

Secvlis semantikis (File Change Semantics - FCS (Irene Heim), da saubris 
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warmodgenis semantika (Discourse Representation Theory – DRT (Hans Camp)), 

romelSic warmodgenisas kvantifikatorebi ar gamoiyeneba. inglisuri 

enisTvis arsebuli sistema, ‘ZiriTadi enis Zravi’ (Core Language Engine) 

swored winadadebebis logikuri warmodgenis  saSualebas iZleva. ZiriTadi 

enis Zravi warmoadgens zogadi daniSnulebis wina nawils interaqtiuli 

sistemebisTvis. masSi aralingvist momxmarebels, romelic flobs 

gamoyenebis sferos, SeuZlia Seitanos axali sityvebi sistemis leqsikonSi. 

CLE saSualebas iZleva inglisuri winadadebebi gadaiTargmnos maTi 

pirdapiri mniSvnelobebis formalur warmodgenaSi, romelsac azrovnebis 

mxardaWera SeuZlia [49]. Cvens SemTxvevaSi vinaidan winadadebis mTliani 

semantikuri analizi ar moiTxoveba, amitom SemovifargleT semantikuri 

qselebiTa da freimebiT, romlebic eyrdnoba eqspertis codnas, da ara 

formalur logikas, romelic Cveni TvalsazrisiT eqspertisTvis gacilebiT 

rTuli, da amave dros sakmaod bundovani da xelovnuri iqneboda. 

kidev erTi alternativa avtomaturi Targmnis sistemis SeqmnisTvis 

aris statistikuri meTodebis gamoyeneba. ZiriTadad dResdReobiT 

damuSavebulia kvleviTi daniSnulebis statistikuri sistemebi. Ramodenime 

mcdeloba iyo statistikuri mTargmneli sistemis nolidan Seqmnisa. 

magaliTad, proeqti tamil-inglisuri enis wyvilisTvis, romelSic amocanis 

mizans warmoadgenda eqsperimentis saxiT avtomaturi Targmnis sistemis 

Seqmna umokles droSi (erT TveSi). sistemis treiningisTvis mizans 

warmoadgenda Tarjimnebis mier 100000 sityvis Targmna inglisurad erT 

TveSi, romelic rTuli amocana aRmoCnda (biujetis simciris gamo). 

ZiriTadi problemebi, romlebic aRniSnuli iqna, dakavSirebuli iyo 

adamiani-mTargmnelebis moZebnasTan. problema iyo rogorc maTi Targmnis 

siswrafe (170 sityva saaTSi mosalodneli 500-s nacvlad), aseve Targmnis 

xarisxi. sistemam aCvena Semdegi Sedegebi: sistemis arasrulobis miuxedavad, 

tamilis sruliad ar mcodne adamians SeuZlia 86% sizustes miaRwios 

Tematikis identifikaciaSi, 93%-s dokumentebis moZebnaSi, 64%-s kiTxvaze 

pasuxis miRebaSi (plius 14% nawilobriv swori pasuxebisa) [50]. Kkidev 

erTi saintereso eqsperimentia SezRuduli sainformacio resursebiT Cinur-
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inglisuri mTargmnelis Seqmna, romelSic gamoyenebuli iqna Targmnis 

modeli IBM Model 4, romelic trenirebuli iyo GIZA++ paketiT. aRniSnuli 

proeqtis gamocdilebam aCvena, rom statistikuri mTargmneli  sistemis 

Seqmna Tundac ZiriTadad winaswar arsebuli komponentebis bazaze ar 

warmoadgens martiv amocanas. GIZA++-s gamoyeneba milionze meti sityvis 

wyvilisTvis arapraqtikulia, vinaidan mexsiereba imis iqiT sistema 

gajerebulia da iZulebulia svops mimarTos, rac mniSvnelovnad zrdis 

saWiro dros. erTdroulad ramodenime dekoderis gamoyeneba mizanSewonilia 

im TvalsazrisiT, rom SesaZlebeli xdeba zogierTi programuli Secdomis 

aRmoCena maTi naTargmnebis SedarebiT. am proeqtSi gamoikveTa ori 

problema: TiTqosda ukve gasufTavebuli teqstis korpusi xSirad moiTxovs 

did Sromas - anotaciebis gasworebas da a.S., da zogadi cnobili 

dekodirebis teqnikebi da evristikebi SeuZlebelia pirdapir iqnes 

gamoyenebuli, parametrebis eqstensiuri eqsperimentirebis gareSe, sizustisa 

da drois kompromisis misaRwevad [51]. sxvadasxva resursebis kombinirebiT 

statistikuri mTargmneli sistemis Seqmnis magaliTia [52] - sistema Portage, 

romelic agebulia frangul-inglisuri enebis wyvilisTvis. masSi 

gamoyenebulia midgoma romelic efuZneba log-wrfiv modelian segmentebs. 

Targmnis xarisxis SefasebisTvis gamoyenebulia BLEU daTvlis metrika. 

sistema Semowmebuli iqna Hansard-is (6056014 fraza) da Europarl-is 

(688 031 fraza) orenovan teqstebze, orenovan terminologiur leqsikonTan 

(Grand Dictionnaire Terminologique) erTad. morfologiuri informaciis 

integraciis mizniT standartuli da lematizaciiani modelebis 

kombinirebiT ukeTesi maCveneblebi iqna miRweuli, xolo terminologiuri 

leqsikonis gamoyenebam gaaumjobesa Targmnis xarisxi. Targmanis 

statistikuri meTodebis kidev erTi saxeoba – trigerebi, gamoyenebuli 

iqna LORIA  Speech group-is mier [53], enebsSorisi trigerebis saxiT 

orenovani leqsikonis avtomaturi SeqmnisTvis(LORIA  Speech group-is mier). 

aRniSnuli sistema testirebuli iqna Pharaoh dekoderiT. leqsikoni 

agebuli da Sefasebuli iqna iqna evroparlamentis oqmebis paraleluri 

teqstebis meSveobiT (19 milioni franguli sityva da 17 milioni 
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inglisuri). BLEU daTvlis meTodis safuZvelze Sedarda sistemis Targmani 

GIZA++ instrumentis saSualebiT generirebuli Targmnis cxrilis mixedviT 

Targmans, ramac aCvena, rom enebsSorisi trigerebi kargad aris agebuli da 

Sesaferisia avtomaturi TargmnisTvis. 

statistikuri meTodebiT avtomaturi TargmnisTvis aucilebel 

winapirobas warmoadgens teqstis korpusebis arseboba. Cvens SemTxvevaSi 

aseTi kurpusebi qarTuli da ucxo enebis qyvilebisTvis xelmiuwvdomelia. 

SesaZlebelia korpusebis xeliT ageba, Tumca es did droiT da adamianur 

resursebs moiTxovs. meores mxriv, aseTi korpusebis gamoyeneba SesaZlebels 

gaxdida ara marto avtomaturi Targmnis, aramed bunebrivi enis damuSavebis 

sxva amocanebis gadawyvetasac. erT-erTi warmatebuli proeqti am mxriv 

aris [54]. es aris holandiuri enisTvis paraleluri teqstebis korpusi, 

romelic mravalenobrivia. vinaidan paraleluri teqstebis arsebobas 

rogorc teqnologiuri, aseve samecniero kvlevis TvalsazrisiT didi 

mniSvneloba eniWeba, xolo isini xSirad xelmiuwvdomelia saavtoro 

uflebebis gamo, am proeqtis farglebSi moxda kompilireba 10 milioni 

sityvis Semcveli maRali xarisxis paraleluri teqstebisa holandiur-

inglisuri da folandiur-franguli enebis wyvilebisTvis. teqstebi 

winadadebebis donezea gaTanabrebuli da aseve Seicavs lingvistur 

etiketebs. misi Tematika mravalferovania, xolo wyaros warmoadgenen 

komerciuli gamomcemlobebi da instituciebi. 

Cvens sistemaSi semantikuri qselis ageba xdeba xeliT, eqspertis 

mier. arsebobs ramodenime meTodi avtomaturi semantikuri sivrcis modelis 

avtomaturad asagebad, magram isini aseve moiTxoven teqsturi korpusebis 

da specialuri leqsikuri resursebis arsebobas. erT-erTi warmatebuli 

proeqti semantikuri sivrcis modelebis agebis (damokidebulebaze 

dafuZnebuli meTodiT) aris [55]. tradiciulad, veqtorze dafuZnebuli 

semantikuri sivrcis modelebi iyeneben sityvebis Tana-gamoCenis mTvlelebs 

didi teqstis korpusSi raTa warmoadginon leqsikuri mniSvneloba. misi 

ZiriTadi idea aris is, rom mocemuli sityvis irgvliv konteqsti Seicavs 

mniSvnelovan informacias misi mniSvnelobis Sesaxeb. aRniSnuli modeli 
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gamoyenebuli iqna sinonimuri damokidebulebebis aRmosaCenad da 

polisemiuri sityvebis ZiriTadi mniSvnelobebis avtomaturad dasadgenad. 

ontologiisa da taqsonomiis asagebad Cven aseve viyenebT eqspertis codnas 

da naSromSi damuSavebul, motivaciis principze dafuZnebul meTodologias 

(maslous ierarqiis analogiurad). inglisuri enisTvis am sakiTxis 

avtomatizaciisTvis yvelaze xSirad gamoiyeneba WordNet codnis baza. 

warmatebuli magaliTia  [56]. espanuri enisTvis leqsikuri taqsonomiis 

naxevrad avtomaturad Sesaqmnelad masSi gamoiyeneba WordNet taqsonomia da 

orenovani (inglisuri/espanuri) resursebi. igi sainteresoa imdenad, 

ramdenadac xeliT taqsonomiis warmoeba Zalian Znelia uzarmazari zomis 

gamo. aRniSnul proeqtSi WN- struqtura gamoiyeneba rogorc skeletoni, 

romelSic Sesaswavli enis sityvebi SeiZleba iqnes Casmuli. sityva- 

kandidatebis SesarCevad daTvlisTvis gamoyenebuli iqna statistikuri 

meTodi da zRurblis meqanizmi. aRniSnuli sistema sakmaod efeqturi da 

zogadia, da SesaZlebelia misi gamoyeneba sxva enebisTvisac. 

garda avtomaturi Targmnisa, Cvens mier damuSavebuli ontologiis 

gamoyeneba SesaZlebelia sainformacio-saZebn sistemebSi da sxva amocanebSi. 

Msgavsi praqtikis magaliTia [57], romelSic mocemulia ontologiiT 

asistirebuli teqsturi dokumentis msgavsebis gazomvis erT-erTi meTodi. 

aRniSnuli sistema iyenebs bunebrivi enis ontologia WordNet-is monacemTa 

bazas dokumentidan cnebebis tyis (Concept forest) amosaRebad hipernimuli 

damokidebulebebis safuZvelze. sakvanZo sityvebze dafuZnebuli teqnikebi 

(rogoricaa, mag. veqtorze dafuZnebuli sivrcis modeli) xSirad 

gamoiyeneba sxvadasxva sainformacio-saZebn da teqstis mosapovebel 

aplikaciebSi. magram maTi naklia is rom ver axdenen bunebrivi enis 

polisemiuri da sinonimuri movlenebis damuSavebas. xolo aRniSnuli 

proeqtis farglebSi damuSavebul algoriTmSi cnebis tyeebi gamoiyeneba 

teqsturi dokumentis semantikis warmosadgenad, da izomeba ori teqsturi 

dokumentis semantikuri msgavseba TavianT Sesabamis cnebis tyeebSi 

terminebis krebulebis ubralo SedarebiT. am meTodis upiratesoba aris is, 

rom ar moiTxovs mTliani dokumentis analizs. 
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sityvis orazrovnebis gadaWra erT-erTi yvelaze mniSvnelovani 

amocanaa bunebrivi damuSavebaSi. Cvens mier damuSavebuli codnis baza 

saSualebas iZleva damuSavdes Sesabamisi algoriTmebi mis bazaze, da 

gamoyenebuli iqnes sxvadasxva amocanaSi. aseTi praqtika realizebuli iqna 

[58]-Si codnis amosaRebad teqstebidan: MEANING proeqtis farglebSi 

identificirebuli iqna, rom adamianuri enis teqnologiebis Semdgomi 

ganviTarebisTvis aucilebelia ori damatebiTi da Sualeduri amocanis 

gadaWra: sityvis mniSvnelobis orazrovnebis gadaWra, da leqsikuri codnis 

bazis farTomasStabiani gamdidreba. dReisTvis codnis teqnologiebis 

farTod gamoyenebisTvis erT-erTi xelisSemSleli mizezia is, rom didi da 

mdidari codnis bazebis ageba moiTxovs ZviradRirebul did xeliT Sromas. 

magaliTad, WordNet-is sxvadasxva enaze SeqmnaSi investirebuli iqna aTobiT 

adamiani weliwadi, magram igi mainc arasakmarisad srulia mowinave 

adamianuri enis teqnologiebSi pirdapir gamoyenebisTvis. dasaxelebuli ori 

problema urTierTdakavSirebulia: sityvis orazrovnebis efeqturad 

gadaWrisTvis saWiroa gvqondes bevrad meti lingvisturi da semantikuri 

codna, vidre es axlandel leqsikur codnis bazebSia (magaliTad, WordNet-

Si), xolo leqsikuri codnis bazebis avtomaturad gamdidrebisTvis 

aucilebelia miviRoT informacia sityvis mniSvnelobebiT kargad 

anotirebuli teqstebidan. MEANING sTavazobs vebs rogorc mravalenobriv 

resurss saerTo leqsikuri sacavis Sesaqmnelad, romelic uzrunvelyofs 

semantikuri veb-is Seqmnas ara sityvebis, aramed cnebebis bazaze. MEANING 

muSaobs inglisur, espanur, italiur, katalonurda baskur enebTan. 

sityvis orazrovnebis gadaWris meTodebs Soris aRvniSnavT 

ramodenime praqtikul realizacias: WordNet-is safuZvelze agebuli 

meqanizmebi iZleva sityvis ZiriTadi mniSvnelobis gansazRvris saSualebas 

arakontrolirebuli meTodiT, rogorc [59]-Si. Senseval-is Seqmnis Semdeg 

samuSaoebi sityvis orazrovnebis gadaWris mimarTulebiT ufro intensiuri 

gaxda. sityvis mniSvnelobis orazrovnebis gadaWraSi ‘pirveli mniSvnelobis’ 

(sityvis ZiriTadi mniSvnelobis) evristika gamoiyeneba mravali Tanamedrove 

sistemis mier, rodesac konteqsturi informacia ar aris sakmarisi ufro 
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informirebuli arCevanis gasakeTeblad. zemoT aRniSnul proeqtSi 

SemoTavazebulia meTodi, Tu rogor iqnes avtomaturad miRebuli sityvebis 

ZiriTadi mniSvnelobebi nedli teqstidan. sistema iyenebs avtomaturad 

agebul TezaurusSi msgavsi distribuciis mqone sityvebis ‘uaxloesi 

mezoblebis’ sias, da eyrdnoba hipoTezas, rom rac ufro mniSvnelovania 

sityvis mniSvneloba, miT ufro meti mezobeli hyavs mas. sityvis 

mniSvnelobebis  asaRebad ki iyenebs WordNet-s. mezoblebis distribuciuli 

Zala sityvis mniSvnelobebTan asocirebulia semantikuri msgavsebis 

zomasTan, romelic eyrdnoba sityvis mniSvnelobebs Soris 

damokidebulebebs, rogoricaa hiponimebi, an sityvis mniSvnelobebis 

gadafarva, an orive. aRniSnulma meTodma ufro meti sizuste aCvena arsebiT 

saxelebsa da zedsarTavebSi, vidre zmnebsa da zmnizedebSi. 

neironuli qselebis saSualebiT sityvis orazrovnebis gadaWras aseve 

esaWiroeba didi zomis teqsturi korpusi. magaliTis saxiT SegviZlia 

aRvniSnoT proeqti [60], romelSic realizebulia sityvis mniSvnelobis 

orazrovnebis gadaWra (koreul-iaponur avtomaturi Targmnis sistemaSi) 

neironuli qselebis gamoyenebiT. masSi neironuli qselis modeli agebulia 

Tezaurusis cnebebis kodebze. am proeqtamde bevr wina midgomas hqonda 

SezRudvebi maxasiaTeblebis Zalian didi zomis krebulis gamo. am midgomaSi 

Semcirebulia maxasiaTeblebis raodenoba paqtikul zomamde, leqsikuri 

sityvebis nacvlad cnebebis kodebis gamoyenebis saSualebiT. iyenebs 

hibridul meTods: jer orazrovnebis gadaWra xorcieldeba codnaze 

dafuZnebuli meTodebiT (kolokaciebis leqsikoniT, Semdeg sintaqsuri 

seleqciiT), Semdeg ki teqstis korpusze dafuZnebuli meTodiT (2-doniani 

neironuli qseliT). 

kidev erTi meTodi sityvis orazrovnebis gadasaWrelad aris paraleluri 

teqsturi korpusebis gamoyeneba. empiriuli midgomis saintereso Sedegi 

miRweuli iqna [61]-Si, romlis farglebSic realizebuli iqna midgoma, 

romliTac miiReba sityvebis mniSvnelobebiT moniSnuli satreiningo 

monacemebi (inglisur-Cinuri paraleluri teqstis korpusisgan). igi Semdeg 

gamoiyeneba SENSEVAL-2-Si inglisuri enis leqsikuri amocanis nimuSSi 
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arsebiTi saxelebis orazrovnebis gadaWrisTvis. teqstis korpusze 

dafuZnebuli, kontrolirebuli manqanuri swavlebis meTodebi warmatebuli 

meTodia dResdReobiT. am midgomis Sesabamisad, jer grovdeba teqsturi 

korpusi, romelSic orazrovani sityvis TiToeuli gamoCena moniSnulia 

koreqtuli mniSvnelobiT, romelime arsebuli leqsikonis mniSvnelobebis 

sacavis mixedviT. es moniSnuli teqstis korpusi Semdeg gamoiyeneba 

swavlebis algoriTmis satreiningo masalad. treiningis Semdeg modeli 

avtomaturad aris naswavli da gamoiyeneba am  sityvis axal konteqstebSi 

koreqtuli mniSvnelobis miniWebisTvis. magram am midgomis naklia moTxovna 

rom gvqondes xeliT moniSnuli mniSvnelobebiani monacemebi. gansakuTrebiT 

mwvavea es problema sityvis orazrovnebis gadaWrisTvis, vinaidan moniSnuli 

teqstis mogroveba aucilebelia enis TiToeuli sityvisTvis cal-calke. 

sityvebis doneze gaTanabrebuli paraleluri teqstebi warmoadgens saWiro 

informaciis erT-erT wyaros, vinaidan erTi da igive sityvis sxvadasxva 

Targmanebi SesaZlebelia ganxiluli iqnas rogorc sxvadasxva mniSvnelobebi. 

aRniSnuli meTodi codnis wyarod iyenebs metyvelebis nawils, irgvliv 

mdebare sityvebs, da adgilobriv kolokaciebs. swavlebis algoriTmad ki 

iyenebs baiesis miamit Teorias. aRniSnuli proeqtis farglebSi miRweuli 

iqna kargi Sedegi sityvis orazrovnebis gadaWraSi. 

avtomaturi Targmnis amocanisTvis disertaciis farglebSi 

SemuSavebuli iqna bazuri eleqtronuli sainformacio resursebi, 

rogoricaa qarTul-franguli orenovani leqsikoni, frangul-qarTuli 

orenovani leqsikoni, da erTenovani (qarTuli) leqsikoni. qarTul-

franguli leqsikoni Seicavs daaxloebiT 50 000 zogadi daniSnulebis 

sityvebs. am sityvebis SerCeva xdeboda im kriteriumis gaTvaliswinebiT, 

ramdenadac es SesaZlebeli iyo, rom erTis mxriv rac SeiZleba xSirad 

gamoyenebuli sityvebi Sesuliyo leqsikonSi, da meores mxriv sxvadasxva 

sferoebis leqsika daaxloebiT Tanabrad yofiliyo dafaruli. Tumca ra 

Tqna unda es leqsikuri baza moiTxovs Semdgom ganviTarebas da daxvewas. 

erTenovani leqsikonis daniSnulebas am SemTxvevaSi warmoadgenda 

semantikuri qselis ageba, romlis farglebSic sityvebi (cnebebi) 
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daxasiaTebuli iqneboda maTi aRmweri semebis saSualebiT. amave dros 

gaTvaliswinebuli iqna sxvadasxva kategoriis ierarqiuloba da asociaciebi 

sityvebs Soris, kerZod hiponimuri, hipernimuli, holonimuri da 

meronimuli damokidebulebebi. amgvarad, realizebulia cnebebs Soris “aris” 

da “aqvs” damokidebulebebi. 

 gramatikuli TvalsazrisiT leqsikuri baza etiketirebulia 

sintaqsuri kategoriebiT: zmna, arsebiTi saxeli, zedsarTavi saxeli, 

zmnizeda, nacvalsaxeli, Sorisdebuli. TiToeuli zmnisTvis miTiTebulia 

misi uRlebis wesebi sxvadasxva pirsa Tu droSi. 

 aRniSnuli sainformacio resursebi ormagi daniSnulebisaa: isini 

realizebulia erTis mxriv ise, rom maT bazaze agebuli iqna qarTul-

franguli da frangul-qarTuli eleqtronuli leqsikonebi, da meores 

mxriv isini im formiT arian warmodgenili, rom wakiTxvadia da 

manipulirebadia mTargmneli sistemis mier. 

 sistemaSi orazrovnebis problemis gadaWraSi daxmarebis mizniT 

SemoRebuli iqna realuri cxovrebis aRweris ontologia, romelSic 

cnebebis damageba moxda adamianisTvis maTi prioritetulobis mixedviT. es 

koncepcia fsiqologiuri TvalsazrisiT principSi esatyviseba maslous 

motivaciis Teoriis ZiriTad debulebebs [62]. Cven ganvixilavT am Teoriis 

ganvrcobas zogadad adamianis saqmianobis yvela sferoze, veyrdnobiT ra 

hipoTezas rom adamianis mier Cafiqrebul an ganxorcielebul TiToeul 

qmedebas aqvs safuZveli romelic ganpirobebulia misi motivaciiT, da rom 

amave dros TiToeul sagans an processac miniWebuli aqvs misi «motivacia», 

romelic Seadgens mis mizans. xelovnur inteleqtSi codnis warmodgenis 

meTodebSi gamoyenebuli funqcionaluri damokidebuleba 

«emsaxureba/gamoiyeneba/gankuTvnilia…» swored am kategorias miekuTvneba.  

iseTi tipis problemebSi, rogoricaa, magaliTad, bir-halelis mier 

moyvanili cnobili orazrovnebis magaliTi yuTis adgilmdebareobis Sesaxeb 

galiasa Tu sawer kalamSi (the box was in a pen), logikuri gadaWra am 

problemis iqneba  am ori mcnebis «motivaciebis» Sedareba raimes 

TavisTavSi Semcvelobis kuTxiT. kalmis daniSnuleba rogorc weris 
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ganxorcieleba da galiis daniSnuleba rogorc raimes Semcvelis calsaxa 

swori gadawyvetis saSualebas iZleva. ufro metic, Cveni ontologiis 

farglebSi kalami Sedis gonebrivi saqmianobis, kerZod informaciis 

gadacemis (damxmare magram aucilebeli) saSualebis kategoriaSi, xolo 

galia ki Sedis raimes Sesanaxi (konteinerebis) kategoriaSi. amitom 

ontologiis ukve ZiriTadi, zeda donis kategoriebis analizi iZleva 

saSualebas rom aRniSnul konteqstSi upiratesoba mieniWos ‘galiis’ cnebas 

‘kalmis’ cnebasTan SedarebiT. meores mxriv, semantikuri informacia 

romelic moiTxoveba aRniSnuli orazrovnebis gadaWrisTvis, ar moiTxovs 

enciklopediuri (yovel SemTxvevaSi dRevandel dRes eleqtronuli formiT 

warmodgenili da warmodgenadi informaciis moculobis masStabebTan 

SedarebiT) codnis warmodgenas, sakmarisia cnebebis ZiriTadi daniSnulebis 

warmodgena globalur doneze ontologiis farglebSi. aseve aRvniSnavT 

rom es principi SeiZleba gamoyenebuli iqnas ara mxolod avtomaturi 

Targmnis, aramed zogadad teqstis an naTqvamis azris avtomaturi gagebis 

amocanebSi. aRniSnuli hipoTeza moiTxovs ufro detalur Seswavlas da 

eqsperimentebs rogorc Targmnis, aseve azris avtomaturi gagebis realur 

amocanebSi. 

 sistemaSi xorcieldeba saTargmni teqstis zedapiruli sintaqsuri 

analizi (shallow parsing), raTa gamovlindes gramatikuli kategoriebi, 

sityvebis morfologiuri analizi, da frazebis struqturis analizi. 

gansakuTrebuli yuradReba eTmoba subieqtis, obieqtis da predikatis 

moZebnas, raTa isini ganixilebian Semdgomi semantikuri analizisTvis 

rogorc umniSvnelovanesi komponentebi. meore donis analizi moicavs 

sityvaTa Tanwyobis (kolokaciebis) moZebnas, romelTac sawyis enaSi 

(romelzedac Sedgenilia saTargmni winadadeba) gaaCnia erTi cnebis 

mniSvneloba, romlis azric pirdapir misi Semadgeneli sityvebisgan ar aris 

nawarmoebi (rogoricaa, magaliTad, sityvaTa wyoba: ‘mZime avadmyofi’). 

aRvniSnoT, rom TavisTavad zedsarTavi ‘mZime’ zogjer gamoyenebulia 

rogorc sinonimi ‘cudi gagebiT seriozuli’-s (‘mZime Secdoma’, ‘mZime 

situacia’), magram sityvaTwyobebSi vaerTianebT gamonaTqvamebis klass, 
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romelic damkvidrebulia enaSi, da romelsac leqsikur doneze unda 

Seesabamebodes  garkveuli sityva (an sityvaTwyoba) saTargmn enaSi. aseve 

gansakuTrebul klasSi gamovyofT idiomatur gamoTqmebs, gadataniTi 

mniSvnelobis gamoTqmebs, da aforizmebs da andazebs. isini saTargmn enaSi 

icvlebian zusti an miaxloebiTi eqvivalentebiT, Tu arseboben, Tu ara da 

maTi arsis gadmomcemi sityvebiT an frazebiT. 

 leqsikuri analizis Semdeg sintaqsuri gramatikuli Sesabamisobis 

wesebis safuZvelze xdeba saTargmni enis sityvebis an sityvaTawyobis 

gadaadgileba raTa koreqtulad iqnas formirebuli fraza. sawyisi 

winadadebis frazebis doneze analizi emsaxureba winadadebis struqturis 

gansazRvras, raTa sistemaSi arsebuli gramatikuli Sesabamisobis codnis 

bazaze moxdes frazebis gadaadgileba saTargmni enis gramatikis moTxovnebis 

Sesabamisad. 

 statistikuri kvlevis kuTxiT  orazrovnebis gadasaWrelad viyenebT 

Cvens mier SemoRebul ontologias, raTa masSi movZebnoT umoklesi manZili 

or cnebas (mniSvnelobas) Soris. ZiriTadi algoriTmi mdgomareobs SemdegSi: 

frazaSi veZebT minimaluri orazrovnebis mqone sayrden sityvas (cnebas) 

raTa misi saSualebiT (masze mibmiT da masTan SedarebiT manZilebis 

gazomviT) vcdilobT movniSnoT danarCeni sityvebis mniSvnelobebi da 

gadavWraT sityvebis (cnebebis) orazrovneba amave frazaSi (an momijnave 

frazaSi an winadadebaSi). paradigma, romelSic gvayenebs araorazrovani 

(ufro zustad yvelaze naklebad orazrovani) sityva, gvaZlevs aTvlis 

wertils sxva leqsikuri erTeulebis orazrovnebis gadasaWrelad. Tanac 

erTi da igive gamonaTqvami frazaSi SesaZlebelia radikalurad icvlides 

mniSvnelobas sayrdeni sityvebis mixedviT. magaliTad, fraza: ‘noyieri 

niadagi’, calke aRebuli, naklebad tovebs orazrovnebis safuZvels 

(gacilebiT albaTuria ‘nayofieri miwis’ mniSvneloba). magram fraza ‘noyieri 

niadagi kvlevisTvis’, mogvaTavsebs mecnierul paradigmaSi, romelSic ufro 

albaTuria ‘xelsayreli pirobebis’ mniSvneloba. es imitom, rom sayrdeni 

sityva ‘kvleva’ gacilebiT araorazrovania da miekuTvneba mecnierebasTan 

mWidrod dakavSirebul paradigmas. fraza ‘noyieri niadagi mcenaris 
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kvlevisTvis’ isev cvlis paradigmas, da amjerad ufro albaTuria kvlav 

pirveli varianti, vinaidan minimaluri orazrovnebis mqone sityva amjerad 

aris ‘mcenare’ da igi calsaxad miekuTvneba ‘miwis’ paradigmas. cxadia, sxva 

damatebiTi konteqsturi informaciis arsebobam SeiZleba isev Secvalos 

mimdinare paradigma da Sesabamisad asocirebuli sityvebis orazrovnebis 

gadaWris Sedegic. 

 manZilis gasazomad or cnebas Soris viyenebT semantikur qselebSi 

or mwvervals Soris manZilis gazomvis cnobil meTodebs, romlis drosac 

izomeba daSoreba mwvervalebs Soris rkalebis raodenobiT. Cveni 

ontologiis SemTxvevaSi mikuTvneba ontologiis romelime donesTan 

warmoadgens erT-erT (da umniSvnelovanes safexurs) manZilis gazomvaSi. 

ontologiis ierarqiis sxvadasxva safexurze myofi cnebebi SegviZlia 

ganvixiloT sxvadasxva paradigmad, romelTa Sorisac praqtikuli 

(cxovrebiseuli) TvalsazrisiT Zalian mniSvnelovani gansxvavebebia. 

  

2.4 avtomaturi Targmnis amocanis eqspertuli sistemis koncepcia 

Cvens sistemaSi Targmnis amocanis dekompozicia xdeba sam doneze. 

pirvel doneze manipulireba xdeba leqsikur erTeulebze. es manipulireba 

moicavs ramodenime qveamocanas: teqstis sintaqsur analizs Semadgeneli 

sityvebis gramatikuli kategoriebis dadgenis mizniT, sityvebis da 

gamoTqmebis Targmnas wyaro enidan mizan enaSi. meore doneze xdeba 

sityvebisa da gamoTqmebis mowesrigeba mizani enis sintaqsis Sesabamisad, 

xolo mesame doneze - frazebis mowesrigeba mizani enis gramatikis 

Sesabamisad. avtomaturi Targmnis eqspertuli sistemis komponentebi 

moicaven eqspertul codnas TiToeuli qveamocanis SesrulebisTvis. 

eqspertuli codnis warmodgenisTvis Targmnis wesebis nawilSi 

gamoyenebulia produqciebi, codnis gamoyvanis meqanizmad ki gamoyenebulia 

wina gadajaWva. gramatikis da sintaqsuri analizis nawilis codna 

warmodgenilia gadaweris wesebis saSualebiT, romelSic gamoyvanis 

meqanizmad gamoyenebulia ukugadajaWva. sintaqsuri analizis wesebi axdenen 

enis gramatikis modelirebas da gadaweris wesebis realizebas. terminalur 
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erTeulebze mimarTva xdeba leqsikonis Sesabamisi kategoriebis miTiTebiT. 

gramatikis magaliTia (SesaZlebelia ganvrcoba an modificireba eqspertis 

mier): 

winadadeba → arsebiTi saxelis jgufi + zmnis jgufi 

arsebiTi saxelis jgufi → arsebiTi saxelis sintagmi 

arsebiTi saxelis jgufi → subieqtis piris nacvalsaxeli 

zmnis jgufi = zmna → pirdapiri damateba + arapirdapiri damateba 

+ garemoeba 

zmnis jgufi → zmna-mdgomareoba + atributi +  garemoebebi 

arsebiTi saxelis sintagmi → arsebiTi saxelis damateba + 

zedsarTavebi + arsebiTi saxeli 

arsebiTi saxelis damateba → arsebiTi saxelis sintagmi + ‘s’ 

arsebiTi saxelis damateba → ∅ 

pirdapiri damateba → arsebiTi saxelis sintagmi 

pirdapiri damateba → ∅ 

atributi → zedsarTavi 

atributi → arsebiTi saxelis sintagmi 

atributi → ∅ 

arapirdapiri damateba → arsebiTi saxelis sintagmi + ‘s’ 

arapirdapiri damateba → ∅ 

 garemoebebi → garemoeba + garemoebebi 

 garemoebebi → ∅ 

 garemoeba → arsebiTi saxelis sintagmi + Tandebuli 

 zedsarTavebi → zedsarTavi + zedsarTavebi 

 zedsarTavebi → ∅ 

 zedsarTavi → leqsikoni(zedsarTavi) ’didi’ ⎢’yavisferi’ ⎢’patara’ ⎢… 

 zmna → leqsikoni(zmna) ‘uyvars’ ⎢’darbis’ ⎢’Wams’ ⎢… 

 zmna-mdgomareoba → ‘aris’ 

 subieqtis piris nacvalsaxeli → leqsikoni (subieqtis piris 

nacvalsaxeli) ’me’ ⎢’Sen’ ⎢’is’ ⎢… 
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 Tandebuli → leqsikoni (Tandebuli) ’Si’ ⎢’iT’ ⎢’mier’ ⎢’ze’ ⎢… 

 arsebiTi saxeli → leqsikoni (arsebiTi saxeli) ‘qali’ ⎢’saxli’⎢… 

          (2.3.1) 

 sintaqsuri analizis Sedegad miRebuli informacia gamoiyeneba 

rogorc leqsikuri erTeulebis Targmnisas orazrovnebis problemis 

gadasaWrelad (im SemTxvevaSi rodesac samizne enaSi wyaro sityvas 

Seesabameba ramodenime varianti wyaro sityvis sintaqsur kategoriaze 

damokidebulebiT), aseve frazaSi sityvebis da gamoTqmebisTvis adgilebis 

mosawesrigeblad wyaro enis sintaqsis moTxovnebis Sesabamisad.produqciebis 

saxiT warmodgenilia wesebi, romlebic gansazRvraven Tu rogori 

transformacia unda ganicados wyaro enis winadadebis struqturam 

imisTvis, rom miRweuli iqnas mizani enis Sesabamisi sintaqsuri struqtura. 

magaliTad, zogad SemTxvevaSi zedsarTavisa da arsebiTi saxelis adgilebis 

Secvla saWiroa franguli winadadebis saTanado  wyobisTvis: 

Tu qarTuli winadadebis wyoba = zedsarTavi + arsebiTi maSin franguli 

winadadebis wyoba = arsebiTi + zedsarTavi        (2.3.2) 

am wess aqvs mTeli rigi damatebiTi pirobebisa, romlebic zRudavs mis 

gamoyenebas (magaliTad, zedsarTavi ‘kargi’-s SemTxvevaSi da sxva). qvemoT 

magaliTis saxiT moyvanilia sawyisi qarTuli frazis Targmnis etapebi 

(2.3.3): 

dRes   dasvenebis   dRea   da   giorgi   institutSi   ar   midis 

 
aujourd’hui   de repos   jour       et       Georges      à l’institut        ne pas     va 
 
 
 
dRes   dasvenebis   dRea   da   giorgi   institutSi   ar   midis 

 
dRes         dRea   dasvenebis  da   giorgi    ar   midis  institutSi 
 
aujourd’hui  jour      de repos     et        Georges     ne pas      va        à l’institut    
 
aujourd’hui  c’est  le  jour de repos et  Georges  ne va  pas  à  l’institut    

(2.3.3) 
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 semantikuri qselis saxiT warmodgenilia codna leqsikuri 

erTeulebis Sesaxeb. taqsonomiis asagebad gamoyenebulia Semdegi 

damokidebulebebi: elementis klasTan an qveklasis klasTan mikuTvnebisTvis 

(hiponimia) damokidebuleba: ‘aris’. klasis mier qveklasis Semcveloba an 

klasis mier elementis Semcveloba (hipernimia) damokidebulebiT: ‘aqvs’. 

mTlianis mier nawilis Semcveloba (holonimia) damokidebulebiT: ‘aqvs 

nawili’, nawilis mTlianSi Semadgenlobis (meronimia) aRsaniSnavad 

damokidebuleba: ‘aris nawili’. garda amisa warmodgenilia funqcionaluri 

damokidebulebebi, rogoricaa: ‘emsaxureba/gamoiyeneba/gankuTvnilia/’, miznis 

aRniSvnis damokidebuleba: ‘aqvs mizani’ (simetriuli damokidebuleba ‘aris 

mizani’), Sedegis aRniSvnis damokidebuleba: ‘aqvs Sedegi’ (simetriuli 

damokidebuleba ‘aris Sedegi’), da mizezis aRniSvnis damokidebuleba: ‘aris 

mizezi’ (misi simetriuli damokidebuleba ‘aqvs mizezi’).  

 leqsikuri erTeulebis mniSvnelobebis semantikuri etiketireba 

ganxorcielebulia ZiriTadi semantikuri elementebiT, semebiT, rogoricaa: 

sulieri arseba, iWmeva, abstraqtuli cneba, da sxva. isini mxedvelobaSi 

miiRebian homografebis orazrovnebis gadaWrisas (kategorialuri Secdomis 

Tavidan acilebis mizniT). semantikur qselSi leqsikuri erTeulebi 

monawileoben rogorc homografis sxvadasxva mniSvnelobebi. sityvebi (am 

SemTxvevaSi sityvebis mniSvnelobebi, cnebebi) aseve etiketirebulia 

sinonimebiT (isinic aseve TavianTi mniSvnelobebiT) da antonimebiT, aseve 

asocirebuli sityvebiT. sityvis sxvadasxva mniSvneloba codnis bazaSi 

warmodgenilia misi hologramiT da mniSvnelobis nomriT, magaliTad: bari1, 

bari2 da a.S. 

 freimebis saxiT mTargmnel sistemaSi warmodgenilia codna 

ontologiis Sesaxeb, romelSic cnebebis Sesaxeb codnas, Tavis mxriv, 

motivaciis Teoriis farglebSi, damatebiT aqvT ierarqiuli da semantikuri 

qselis struqturac. freimi am SemTxvevaSi gvaZlevs saWiro paradigmis 

swrafi da efeqturi amocnobis saSualebas azris gagebis Tu orazrovnebis 

gadaWris dros. freimebis specifikur formas warmoadgens aseve 

maidentificirebeli obieqtebis Tvisebebis da damokidebulebebis paradigma 
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[63, 64], romelic gamoyenebulia Cvens sistemaSi codnis warmodgenis 

saSualebad, rogorc erT-erTi meTodi. 

 cxril 2-Si moyvanilia mTargmnel sistemaSi Cvens mier gamoyenebuli 

codnis warmodgenis meTodebi da Sesabamisi warmodgenili codnis saxeobebi. 

 

codnis warmodgenis meTodi 

 

warmodgenili codnis saxeoba 

 
produqciebi 

 

Targmnis wesebi 

gramatika 

 
semantikuri qselebi 
 

 

leqsikuri erTeulebis taqsonomia 

ontologia 

 
freimebi 
 

 

ontologia (cxovrebis Sesaxeb 

codna) 

cxrili 2. avtomatur mTargmnel sistemaSi gamoyenebuli codnis warmodgenis 

meTodebi 

nebismieri codna, romelic asaxulia codnis bazaSi, Sesabamisi 

interfeisis saSualebiT SesaZlebelia gadaxalisebuli iqnes eqspertis 

mier. avtomaturi Targmnis eqspertuli sistemis ganmartebiTi 

komponenti uzrunvelyofs sistemis funqcionirebis nebismier etapze misi 

gadawyvetilebebis axsnas. sintaqsuri analizis SemTxvevaSi igi iZleva 

sawyisi winadadebis sintaqsur xes da gramatikis gadaweris wesebs, 

romlebic mis Sesaqmnelad iqna gamoyenebuli. winadadebebSi sityvebis da 

kolokaciebisTvis adgilebis Secvlisas da morfologiuri analizisas igi 

iZleva Sesabamisi produqciebis sias. leqsikuri da struqturuli 

orazrovnebis gadaWrisas igi aCvenebs orazrovnebis problemis adgilebs 

frazaSi, iZleva semantikuri qselis im fragmentebs, romlebmac gamoiwvia 

gadawyvetilebis miReba, da aCvenebs leqsikuri erTeulebis aRweras, maT 

semantikur atributebs, da damokidebulebebs cnebebs Soris. frazis 

semantikuri analizisas sistema aCvenebs TiToeuli sityvis semantikur 

mniSvnelobas, maT Soris manZilebs, da arCeul sayrden sityvebs (cnebebs), 
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romlebic sistemis mier gamoyenebuli iqna frazis Semadgeneli leqsikuri 

erTeulebis orazrovnebis gadasaWrelad. 

eqsperts SeuZlia gansazRvros sistemis mier gasakeTebeli 

ganmartebebis detalizaciis done, raTa sistemis swrafqmedebis amaRlebis 

mizniT Tavidan iqnes acilebuli misTvis umniSvnelo detalebi Targmnis 

procesSi, xolo saWiroebis SemTxvevaSi moiTxovos miRebuli ganmartebebis 

ufro sruli detalizacia. miRebuli ganmartebebi eqsperts saSualebas 

aZlevs daadginos muSaobis procesSi sistemis mier miRebuli 

gadawyvetilebebis siswore da Seamowmos deklaratiuli da proceduruli 

codna, romelic amoxsnis procesSi iqna gamoyenebuli. aRniSnuli 

informacia eqspertisTvis aucilebelia rogorc sistemis Seqmnis, 

modificirebisaa da testirebisTvis, aseve misi realuri funqcionirebisas 

sistemis muSaobis Sedegebis gadamowmebis mizniT. sistemis funqcionirebis 

procesSi eqspertma gamoyenebis efeqturobis amaRlebis mizniT unda 

gaiTvaliswinos zogadad avtomaturi Targmnis programebis, da 

konkretulad ki Cvens mier damuSavebuli sistemis Semdegi Taviseburebebi: 

1) Targmnis moTxovnebisa da procesebis ori tipi: Semavali (Inbound,  

asimilacia/centraluri idea), rogoricaa, mag. veb gverdis Targmna 

momxmareblis mier mis mSobliur enaze, da gamomavali (Outbound, 

diseminacia/Targmna gamoqveynebis mizniT), rogoricaa, mag. firmis mier 

dokumentaciis Targmna ucxo enebze. umetesoba komerciuli avtomaturi 

Targmnis sistemebi RBMT tipisaa (Rule-Based Machine Translation – wesebze 

dafuZnebuli avtomaturi Targmani) (SYSTRAN, PROMT, Reverso, SDL 

Transcend, Babylon, da a.S.). rogorc wesi, avtomaturi Targmnis sistemebi 

Seicaven sxvadasxva moduls sxvadasxva saWiroebisTvis (mag. Semavali da 

gamomavali TargmnisTvis). 2) sami komponentis sworad integrireba: 

teqnologia, funqcionaluroba da motivirebuli momxmareblebi, da 

treiningi. 3) avtomaturi Targmnis sistemis mier gamoyenebuli paradigma 

gaazrebuli unda iyos momxmareblis mier: centraluri adgili frazaSi 

ukavia zmnas, pirvel etapze xdeba arsebiTi saxelis jgufebis 

identificireba. Tu maTi amocnoba swored moxda, maSin igi axerxebs mTeli 
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winadadebis swor analizs. arsebiTi saxelis jgufebis damuSavebis Semdeg 

muSavdeba individualuri sityvebi. winadadeba ganixileba wrfivad: jer 

muSavdeba wina nawili, Semdeg momdevno. Aucilebelia Targmnis Semdgomi 

redaqtireba, zogi sityva ver iTargmneba sistemis mier, da mis mier 

SemoTavazebulia alternatiuli variantebi da a.S. [65]. 

Cvens mier Seqmnili avtomaturi mTargmneli sistemis birTvi 

SesaZlebelia gamoyenebuli iqnes sxva daniSnulebis amocanebSic, rogoricaa, 

mag. satelefono saubris realur droSi Targmna adamiani-adamiani da 

adamiani-manqana dialogebSi [66]. 
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Ddaskvna 

 disertaciis farglebSi Catarebuli kvlevis Sedegad Seqmnili iqna 

Teoriuli safuZvlebi araformalizebuli codnis warmodgenis bazaze 

universaluri daniSnulebis eqspertuli sistemebis asagebad, da 

realizebuli iqna ori eqspertuli sistema: saxeTa amocnobis amocanis, da 

avtomaturi Targmnis. kvlevebma aCvena, rom Tanamedrove maTematikuri, 

programuli, teqnikuri da informaciuli resursebis gamoyenebiT sakmaod 

mokle droSi da mcire resursebiT SesaZlebelia iseTi funqcionirebadi 

eqspertuli sistemebis daproeqteba da realizeba, romlebSic 

integrirebuli iqneba deklaratiuli da proceduruli codna, da 

kombinirebuli iqneba codnis warmodgenis sxvadasxva meTodebi: produqciebi, 

semantikuri qselebi da freimebi. 

 naSromis erT-erT Sedegs warmoadgens is, rom gansxvavebuli tipis 

amocanebisTvis SesaZlebeli gaxda saerTo koncepciis SemuSaveba, amocanis 

dekompoziciis gziT, eqspertisTvis misi codnis sistemaSi warmodgenis 

martivi da logikuri instrumentis SeTavazeba. saxeTa amocnobis amocanam 

warmoaCina ZiriTadi momentebi, romlebic exeba SedarebiT intensiuri 

gamoTvlebis da vizualizaciis teqnikuri aspeqtebis realizebas eqspertul 

sistemaSi. xolo mTargmneli sistemis realizaciam aCvena eqspertul 

sistemaSi bunebrivi enis damuSavebis amocanis meTodebis gamoyenebis 

specifika. 

 erT-erTi Sedegi, romelic Tavidanve iyo dasaxuli, aris eqspertuli 

sistemis daproeqtebis da realizaciis procesSi eqspertis maqsimaluri 

Cabmulobis da sistemis dammuSaveblisgan da codnis inJinrisgan misi 

maqsimaluri damoukideblobis uzrunvelyofa. es amocana gadawyvetili iqna 

moxerxebuli momxmareblis interfeisisa da eqspertuli sistemis 

gadawyvetilebebis Sesaxeb ganmartebebis komponentis realizaciis gziT, da 

eqspertisTvis logikuri da bunebrivi codnis warmodgenisa da 

manipulirebis meTodebis gamoyenebiT. 

 disertaciis farglebSi Seqmnili eqspertuli sistemebi warmatebiT 

gamoiyeneba Sesabamis sferoebSi, da dasaxulia maTi rogorc Teoriuli, 
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aseve praqtikuli gaumjobesebis gzebi. kerZod, saxeTa amocnobis amocanaSi 

saWiroa Semdeg etapze avtomatizebuli iqnes paternebis amocnobis 

zRurblis koeficientis varireba da miRebuli Sedegebis avtomaturi 

klasifikacia. mTargmnel eqspertul sistemaSi saWiroa integrirebuli 

iqnes teqstis korpusze dafuZnebuli statistikuri meTodebi da Targmnis 

mexsiereba. 
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