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r e z i u m e 

 

warmogenili naSromis saproblemo sferos warmoadgens kvebis 

produqtebis damzadebis sawarmoo procesebis marTva. naSromis 

mizans warmoadgens gadawyvetilebis miRebis mxardamWeri 

sistemis agebis meTodebisa da modelebis SemuSaveba sabazro 

moTxovnilebebisa da sawarmoo resursebis gaTvaliswinebiT, 

xelovnuri inteleqtis meTodebis gamoyenebiT. 

naSromSi ganxilulia dinamikuri marTvis eqspertuli sistemis 

gamoyenebis aspeqtebi ZiriTadad ori mimarTulebiT: warmoebis 

operatiuli kalendaruli dagegmvis amocanis gadasawyvetad da 

meore kvebis produqtebis warmoebis ingredientuli 

komponentebis raodenobrivi da Tvisobrivi maxasiaTeblebis 

operatiuli gansazRvra sabazro konkurenciisa da sawarmoo 

simZlavreebis gaTvaliswinebiT. 

rTuli sawarmos efeqturi marTvisaTvis gansakuTrebuli 

yuradReba eqceva menejmentis mier warmoebis procesis Sesaxeb 

miRebuli informaciis safuZvelze swori da drouli 

gadawyvetilebis miRebas, rac mniSvnelovnad rTuli da 

Sromatevadi procesia eqspertuli sistemis gamoyenebis gareSe. 

bazris moTxovnilebebis safuZvelze xdeba warmoebis strategiis,  

rogorc miznobrivi funqciis, formireba.  warmoebis mimdinare 

mdgomareobis miznobrivTan Sesabamisobis analizis safuZvelze, 

xdeba sawarmoo simZlavreebis - teqnologiuri parametrebis, 

recepturis mixedviT kompiuteris saSualebiT operatiuli 

dagegmvis amocanis gadawyveta, rac or qveamocanad realizdeba. 

mmarTveli organo saWiroebs mmarTveli eqspertuli sistemis 

(mes) SemuSavebas, romelic Tavis mxriv funqcionaluri 

amocanebis gadawyvetas gulisxmobs. 

zogadad eqspertuli sistema Sedgeba codnis bazisgan da 

gadawyvetilebis logikuri manqanisagan. realurad codnis baza 

SeiZleba warmovidginoT wesebis (IF ... THEN) freimebis sqemiT, 

romelic yalibdeba marTvis procesis statistikis (monacemTa 
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bazis) safuZvelze. meores mxriv, aucilebeli xdeba warmoebis 

arsebuli anu mimdinare mdgomareobis Secnoba. 

codnis bazis ganswavla-ganaxlebis procesi metad efeqturad 

SeiZleba ganxorcieldes genetikuri algoriTmebis gamoyenebiT, 

roca axali informaciis Semosvlis dros aRmoCndeba, rom ar 

arsebobs Sesabamisoba arsebul freimebsa da mocemul realobas 

Soris. am SemTxvevaSi genetikuri algoriTmis amoxsniT moxdeba 

axali freimis formireba. 

naSromSi warmodgenilia warmoebis ekonomikuri modeli da 

kalendaruli dagegmvis qseluri meTodebis  gamoyenebis 

axleburi midgoma, aseve gakeTebulia evristikuli meTodebis 

farTo klasis mimoxilva analizisa da SerCevis TvalsazrisiT, 

rogorc evristikuli sistemis nawilis Sedegad gadawyvetilebis 

miRebis mxardamWeri eqspertuli, kerZod genetikuri 

algoriTmebis bazaze, rac ganpirobebulia marTvis obieqtis 

didi ganzomilebiT, mravaleqstremalurobiT da maRali 

dinamikurobiT. rogorc cnobilia, mravaleqstremaluri 

amocanebis efeqturi gadawyveta SesaZlebelia genetikuri 

operatorebis, krosoveri, mutacia da inversia, gamoyenebiT. 

naSromSi ganxilulia sawarmos marTvis modeli xelovnuli 

neironuli qselebisa da evoluciuri meTodebis gamoyenebiT. 

SemoTavazebulia codnis bazebis warmodgenis freimuli modeli. 

damuSavebuli da danergilia konkretuli eqspertuli sistema 

konkretuli obieqtisaTvis. Seqmnilia sistemis informaciuli da 

programuli uzrunvelyofa MS SQL  SERVER da C++ bazebze. 
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Abstract 

Problematic sphere of the present work is management of industrial processes of 

producing food products. Subject of the work is to be worked out methods and models 

of structuring the system supporting to decision making by taking into consideration 

market requirements and industrial resources, applying methods of artificial intellect.   

Aspects of applying the expertise system of dynamic control has been discussed in the 

work by two main directions: to be discussed operative calendar planning tasks of 

production and to be operatively defined numeral and qualitative characteristics of 

ingredient components of producing food products by taking into consideration 

market competition and industrial facilities. 

Making a correct and timely decision on the basis of received information on 

production process by management is paid special importance for effective control of 

a difficult enterprise, which is most difficult and hard-working process without 

applying expertise system. 

Formation of production strategy, as aiming function takes place based on the market 

requirements. Solving of a problem of operative planning by means of a computer in 

accordance with industrial facilities-technologic parameters takes place based on the 

analysis of conformity of current condition of production with for special purposes. 

The management body needs to be worked out managing expertise system, which in 

its part means settlement of functional problems. 

Generally, expertise system consists of knowledge base and logical machine of 

decision. In real, knowledge base may be represented by Framers scheme of rules 

which is formed on the basis of statistics of management process (data base).  On the 

other hand, getting to know existed or current situation of production is becoming 

necessary. 

Studying-renewing process of knowledge base may be implemented more effectively 

by using genetic algorithms, when in case of coming new information it becomes clear 

that there is no any conformity between existed Framers and reality. In this case, 

formation of a new Framer will take place by solving genetic algorithm. 

A new approach of economic model of production and network methods of calendar 

planning has been presented in the work and survey of broad class of heuristic 

methods has been made by points of view of analysis and selection, as a part of 
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heuristic system on the basis of expertise supporting to making the decision, namely 

on the basis of genetic algorithms, which is stipulated by great dimension of 

management object, multi-extremity and high dynamicity. As it is known effective 

settlement of multi-extreme issues has been possible by using genetic operators, 

crossover, mutation and inversion. 

Mode of enterprise management has been discussed in the work by using artificial 

neuron networks and evolution methods. Framer model of knowledge bases of 

presentation has been offered. Concrete, expertise system has been processed and 

implemented for concrete objects.  Informational and welfare system has been made 

on MS SQL SERVER and C++ bases. 
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S e s a v a l i 
 

Tanamedrove msoflio informaciuli industria mzardi 

ganviTarebiT xasiaTdeba. erTiani globaluri ekonomikuri, 

socialuri da kulturuli sivrcis formireba warmoudgenelia 

kompiuteruli da komunikaciuri teqnologiebis integraciis 

gareSe. Tanamedrove informaciuli teqnologia faqtiurad aris 

metateqnologia, romelic mniSvnelovan zegavlenas axdens yvela 

arsebul teqnologiebsa da mTlianad ekonomikaze.  

Tanamedrove kompiuteruli teqnologiebis ganviTarebam 

SesaZlebeli gaxada xelovnuri inteleqtis meTodebis 

gamoyenebiT axali tipis amocanebis gadawyveta.  

es aris amocanebi, romlebic dakavSirebulia marTvisa da 

marTvis organoebis mxardamWeri eqspertuli sistemebis 

SeqmnasTan, romlebic gamoiyeneba konkretul saproblemo 

sferoSi. erT-erT aseT sferos warmoadgens kvebis produqtebis 

damzadeba. 

ekologiurad sufTa kvebis produqtebis damzadeba 

sazogadoebisaTvis warmoadgens mTavar sasicocxlo mniSvelobas. 

kvebis produqtebi, maT Soris rZis nawarmi, rogorc cnobilia 

warmoadgenen yvelaze malfuWebad produqtebs, aqedan 

gamomdinare warmoebis gamarTuli muSaobisaTvis saWiroa misi 

operatiuli marTva. TavisTavad marTva gulisxmobs swori 

kompetenturi gadawyvetilebebis droul gacemas da Sesrulebas. 

rZis produqtebis warmoeba miekuTvneba rTul dinamikur 

procesebs, romelTa swori marTva SeuZlebelia Tanamedrove 

informaciuli teqnologiebis gamoyenebis gareSe. imisaTvis, rom 

es procesi warimarTos normalurad da miviRoT 

konkurentunariani produqcia, saWiroa nedleulis droulad 

Semotana, laboratoriulad Semowmeba, raTa Seesabamebodes 

dasamzadebeli produqtis recepturis moTxovnebs, recepturiT 

dadgenili normebis ganuxreli dacva da rac mTavaria bazris 

moTxovnebis gaTvaliswineba, mza produqciis Senaxva_dasawyobeba 
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da misi drouli realizacia, mza produqciis vargisianobis 

vadis gaTvaliswinebiT. produqtze moTxovnisa da realizaciaze 

dakvirvebis Sedegad miRebuli informaciis safuZvelze kviris, 

Tvis da kvartlis ganmavlobaSi dasamzadebeli produqtis 

savaraudo raodenobis dadgena da misi Sedareba wina periodis 

statistikur monacemebTan, warmoebis moculobis Semdgom 

dagegmvaSi gaTvaliswinebis mizniT.  

am pirobebSi rasakvirvelia mmarTveli gadawyvetilebis 

miRebisaTvis aucilebelia didi moculobis informaciis 

damuSaveba, romelic Semodis  gasaRebis qselidan, safirmo 

maRaziebidan, momwodeblebidan, momxmareblebisgan da sxva. 

didi moculobis informaciis damuSaveba da swori, drouli 

gadawyvetilebis miReba sakmaod Znelia adamianisaTvis, radganac 

es aRemateba mis fizikur da gonebriv SesaZleblobebs. aqedan 

gamomdinare aucilebeli xdeba gaadawyvetilebis miRebis 

avtomatizacia, romlis ganxorcieleba SesaZlebelia adamianis 

mxardamWeri eqspertuli sistemis gamoyenebiT.  

disertaciis mizans warmoadgens gadawyvetilebis miRebis 

mxardamWeri sistemis agebis meTodebisa da modelebis SemuSaveba 

sabazro moTxovnilebebis da sawarmoo resursebis 

gaTvaliswinebiT. am miznis miRweva SesaZlebelia Semdegi 

amocanebis gadawyvetiT: 

• sawarmoos marTvis modelis damuSaveba neironuli qseluri 

meTodis gamoyenebiT; 

• gadawyvetilebis miRebis algoriTmis damuSaveba; 

• codnis warmodgenis freimuli modelis damuSaveba; 

• sawarmos operatiuli marTvis sistemis informaciuli da 

programuli uzrunvelyofa.  

Catarebuli kvlevebis Sedegad damuSavda: 

• sawarmos marTvis modeli xelovnuri nei-ronuli qselebisa 

da evoluciuri meTodebis gamoyenebiT; 



 

17 

• gadawyvetilebis miRebis algoriTmi arsebuli informaciis 

safuZvelze; 

• sawarmos operatiuli marTvis  sistemis informaciuli da 

programuli uzrunvelyofa.  

• marTvis sistemis programuli  uzrunvelyofa ss “amalTeas” 

magaliTze. 

disertaciis pirvel TavSi ganxilulia eqspertuli sistemebis 

gamoyenebiTi aspeqtebi, kerZod kvebis produqtebis sawarmos 

marTvis problemebi da aqtualoba, eqspertuli sistemebis 

klasifikacia,  marTvis eqspertuli sistemebis modelebi, 

mmarTvelobiTi gadawyvetilebis miReba, dinamikuri marTvis 

eqspertuli sistemebi. 

meore TavSi ganxilulia warmoebis marTvis modelebi da 

algoriTmebi, warmoebis ekonomikuri modeli, kalendaruli 

dagegmvis qseluri meTodebi, evristikuli algoriTmebi. 

mesame TavSi ganxilulia amocanis gadawyvetis mxardamWeri 

sistemebi, mocemulia dagegmvis algoriTmi, marTvis eqspertuli 

sistemis algoriTmis blok-sqema da informaciuli 

uzrunvelyofa. 

meoTxe TavSi mocemulia miRebuli Sedegebis praqtikuli 

realizacia kvebis produqtebis damamzadebeli sawarmos - rZis 

kombinatis “amalTea”-s magaliTze da operaciebis dagegmvis 

algoriTmi.  
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Tavi I. eqspertuli sistemebis gamoyenebiTi 

aspeqtebi 

 

1.1. kvebis produqtebis sawarmos marTvis problemebi da 

aqtualoba 

 
kvebis produqtebi maT Soris rZis produqtebi, rogorc 

cnobilia warmoadgens yvelaze malfuWebad produqtebs, aqedan 

gamomdinare warmoebis gamarTuli muSaobisaTvis saWiroa misi 

operatiuli marTva, TavisTavad operatiuli marTva gulisxmobs 

swori, kompetenturi gadawyvetilebis droul gacemasa da 

Sesrulebas. rZis produqtebis warmoeba, warmoadgens rTul 

dinamikur process, romlis gadawyvetac SesaZlebelia 

Tanamedrove informaciuli teqnoligiebis gamoyenebiT, rac 

safuZvels qmnis kvebis produqtebis damzadebis marTvis 

eqspertuli sistemis Seqmnas. 

eqspertul sistemas, safuZvlad udevs codnis maragi mocemuli 

sagnobrivi sferos Sesabamisad, kerZod ki _ produqtebis 

damzadebis teqnologiuri procesebis Sesaxeb. rac gamoixateba 

dasamzadebeli produqtis recepturaSi da misi miRebis sawarmoo 

xazis “nedleuli _ mza produqtebi” arsebobaSi.  

ganxiluli sawarmos struqturuli sqema SeiZleba 

warmovadginoT Semdegi saxiT (nax. 1). 

sawarmos funqcionirebis sirTule gamoixateba konkurebtuli 

garemos arsebobiT, nedleulis (gansakuTrebiT naturaluri rZis) 

SeZenis dros faqtoriT, bazris koniunqturiT (produqciis 

moTxovniT) da xarisxiani, ekologiurad sufTa produqtis 

damzadebis rTuli teqnologiuri procesiT. zemoT CamoTvlili 

sirTuleebis gaTvaliswinebiT, sawarmos efeqturi marTvisTvis 

gansakuTrebuli yuradReba eqceva mmarTvelis (menejeris) mier 

warmoebis Sesaxeb miRebuli informaciis safuZvelze swori da 

drouli gadawyvetilebis gamomuSavebas, rac gansakuTrebiT 

rTulia es gamoyeneis gareSe. 
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es  saSualebas iZleva menejers gauadvildes drouli 

gadawyvetilebis miRebis procesi, rac sawindaria sawarmos 

gamarTuli muSaobisaTvis avariuli situaciebis 

gaTvaliswinebiT. 

 

 

 

 

 

 

 

 

 

 

 

nax. 1. sawarmos struqturuli sqema 

 

qvemoT mocemulia mawvnis, araJnis da xaWos warmoebis 

organizaciul_funqciuri sqemebi Tanmimdevruli operciebiT, maT 

Soris drois gaTvaliswinebiT. 
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1.2. eqspertuli sistemebis klasifikacia  

 

xelovnuri inteleqtis erT-erT ufro mniSvnelovan miRwevad 

iqca mZlavri kompiuteruli sistemebis damuSaveba, `eqspertul~ 

sistemad an `codnaze~ dafuZnebul sistemebad wodebuli 

Tanamedrove sazogadoebaSi, rTuli mravalparametriani da 

mWidrod dakavSirebuli sistemebis, obieqtebis warmoebis marTvis 

amocanis gadawyvetisas SesaZlebelia wavawydeT 

araformalizebul an Zneladformalizebuli amocanebis 

gadawyvetas. aseTi amocanebi xSirad gvxvdeba Semdeg sferoebSi: 

aviaciaSi, qimiaSi, energetikaSi, metalurgiaSi, transportSi, 

medicinaSi, kvebis mrewvelobaSi da sxva. 

eqspertul sistemaSi (es) Cven vigulisxmebT programas, romelic 

iyenebs specialistebis (eqspertebis) codnas, viwro 

specializebul sagnobriv sferoSi da am sagnobriv sferos 

sazRvrebSi SeuZlia gadawyvetilebis miReba eqspert-

profesionalis doneze. sistemebis damuSavebam, romlebsac 

SeuZliaT ZviradRirebuli an iSviaTi niWis, codnis mqone 

adamianebis kopireba, ganapiroba am teqnologiis farTod 

danergva yvela sferoSi. 

eqspertuli sistemebis damuSavebis safuZvels warmoadgens misi 

ori seriozuli Tviseba: 

• eqspertul sistemaSi codna gamoyofilia monacemebisagan 

da eqspertuli sistemis simZlavre ganisazRvreba, pirvel 

rigSi ,codnis bazis simZlavriT da mxolod Semdeg 

amocanebis amoxsnis gamoyenebuli meTodebiT. 

• eqspertuli sistemiT amoxsnili amocanebi warmodgenilia 

araformalizebuli an sustadformalizebuli saxiT da 

iyeneben evristikul, eqsperimentalur, subieqtur codnas 

eqspertebisas gansazRvrul sagnobriv sferoSi. 

Eeqspertuli sistemiT amoxsnadi amocanebis ZiriTad 

kategoriebs warmoadgens: diagnostika, marTva, interpretacia, 
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prognozireba, daproeqteba, gaSveba da remonti, dagegmva, 

monitoringi, swavleba. 

Eeqspertuli sistemis ganzogadebul sqemas aqvs Semdegi saxe: 

 

 

 

 

                momxmarebeli 

 

 

 

 

 

 

programisti 

                                      

nax. 5. eqspertuli sistemis ganzogadoebuli sqema 

  

eqspertuli sistemis safuZvels warmoadgens qvesistema 

logikuri gamosasvleliT, romelic informacias iyenebs codnis 

bazidan da axdens rekomendaciebis generacias dasmuli amocanis 

amosaxsnelad. Eqspertul sistemaSi codnis warmodgenisaTvis 

ufro xSirad iyeneben sistemur proeqts da semantikur qselebs. 

davuSvaT, rom codnis baza Sedgeba faqtebisa da wesebis 

erTobliobisagan (Tu <gzavnili> maSin <daskvna>). Tu es 

gansazRvravs, rom gzavnili sworia, maSin wesi aRiarebulia. 

nebismieri es-is aucilebel nawilebs warmoadgenen agreTve: 

codnis SeZenis moduli da moduli gadawyvetilebis arekvlisa 

da axsnisa. realuri es agreTve muSaoben monacemTa bazebze, 

magram erTdrouli muSaoba codnisa da monacemTa bazebTan es 

aZlevs saSualebas miiRos araordinaluri Sedegebi. 

es Seqmnisas mniSvnelovan rols asrulebs instrumentuli 

saSualebebi, maT Soris yvelaze popularuli programuli enebia, 

LISP da PROLOG da sxva.  

codnis 
redaqtori 

 
momxmareblis 
interfeisi

logikuri 
gamosasvlelis 

qvesistema

saerTo c. b. 
statikuri codna 

kerZo SemTxvevebis 
codnis baza 

(dinamikuri codna) 

gadawyvetileb
is axsnis 
qvesistema 

amoxsnis 
algoriTmuli 

meTodebi 

momxmareblis 
interfeisi m. o. 

a. aRw. 
a. axsna 

m. b 
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eqspertuli sistemis aucilebloba ganpirobebulia imiT, rom 

dasmuli amocanis ZiriTadi amocanebi ar eqvemdebareba 

maTematikur analizs an algebrul amoxsnas. sagnobrivi nawili 

warmoadgens dinamikur sferos da struqturis mixedviT sakmaod 

rTulia, amitom Seqmnil eqspertul sistemaSi sagnobrivi 

nawilis codna gamoyofilia sxva tipis codnisagan, iseTebisgan 

rogoricaa: Tu rogor unda amovxsnaT amocanebi da rogori 

urTierToba unda gvqondes momxmarebelTan (eqspertTan). 

eqspertul sistemaSi aris mxolod simboloebi, romelTa 

saSualebiTac warmodgenilia codnis bazis koncefcia. 

eqspertuli sistemis aucilebloba imiTac aris ganpirobebuli, 

rom mxolod eqspertis gamocdileba ar aris sakmarisi sistemis 

efeqturi funqcionirebisaTvis, radgan adamianis roli droTa 

ganmavlobaSi sustdeba. miRebuli xelovnuri codna ki ufro 

advilad SeiZleba gadaices an aisaxos, vidre erTi adamianidan 

meores gadaeces codna. miRebuli codnis baza warmoadgens 

codnis nakrebs, romelic gadaiqceva kvalificirebuli 

Sefasebebis erTobliobad da mudmivad ganaxldeba saukeTeso 

saSualebebiTa da meTodebiT, romlebic gamoiyeneba sagnobrivi 

nawilis xelmZRvanelebis, specialistebisa da eqspertebis mier. 

es sistema Seicavs codnis mdidar bazas. 

eqspertuli sistemis damuSavebis problemebi 

eqspertul sistemas safuZvlad udevs codnis maragi mocemuli 

sagnobrivi nawilis Sesaxeb, romelic struqturirebulia 

gadawyvetilebis misaRebad. codna niSnavs informacias, romelic 

aucilebelia eqspertuli sistemisaTvis da Rebulobs wesebis 

formas. amrigad, codna aris im wesebis garkveuli erToblioba, 

romelic sawyisi monacemebis safuZvelze Sesabamisi daskvnebis 

gakeTdes saSualebas iZleva. Eqspertuli sistemas safuZvlad 

udevs codnis baza da `logikuri daskvnis manqana”, es SeiZleba 

CavweroT:       sistema=codna+daskvna. 

miRebuli eqspertuli sistema saSualebas mogvcems miviRoT 

gadawyvetileba monacemTa damuSavebis funqciis Sesaxeb da 
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gavceT Sesabamisi pasuxi (rCeva). Aamrigad, codnis baza 

warmoadgens eqspertuli sistemis safuZvels. codnis bazaSi 

codna warmodgenilia cxadi saxiT da sistemaSi organizebulia 

gadawyvetilebis miRebisaTvis saWiro formiT. codnis baza 

Seicavs monacemebs da wesebs. wesebi monacemebs iyenebs Sesabamisi 

gadawyvetilebebis misaRebad. logikuri daskvnis meqanizmi adgens 

wesebis gamoyenebis Tanmimdevrobas codnis misaRebad. amisTvis, 

jer gansazRvraven da Rebuloben codnas mocemuli sagnobrivi 

nawilebis Sesaxeb da amis Semdeg iReben gadawyvetilebas, Tu 

rogor gamoiyenebs sistema am codnas, es Seicavs problemis 

gadawyvetis xelSemwyob komponentebs. Uzrunvelyofis 

komponentebi aucilebelia programis SefasebisaTvis, wesebis da 

monacemebis modificirebisaTvis. mocemuli komponentebi 

warmodgenilia informaciis gamarTvis da Setana-gamotanis 

saSualebebiT. 

Tanamedrove eqspertul sistemaSi gamoiyeneba monacemTa 

warmodgenis sami ZiriTadi meTodi: wesebi, freimebi da 

semantikuri qseli [ ]9 . 

wesebze damyarebuli maTodebi aris codnis warmodgenis 

saSualeba, romelic agebulia  “Tu (piroba) _ maSin (qmedeba)” 

saxis operaciebis gamoyenebiT. Tu sistemis mimdinare situacia 

(monacemebi, faqtebi) akmayofilebs wesis `Tu”_s nawils, maSin 

sruldeba qmedeba, romelic ganpirobebulia `maSin” nawiliT, 

romelic miuTiTebs, rom sistemam unda miiRos garkveuli daskvna.  

`Tu”_s nawilis faqtebTan Sedarebis mixedviT iqmneba daskvnebis 

jaWvi. amrigad, wesebi uzrunvelyofs procesebis aRweris xerxs, 

romlebic sistemis mier imarTeba dinamikurad da cvalebadi 

sagnobrivi nawiliT. 

freimebis saSualebiT codnis warmodgena damyarebulia cxrilze 

slotebis garkveuli raodenobiT da igi Rebulobs 

mniSvnelobebs logikuri dasabuTebis manqanis muSaobis procesSi. 

semantikuri qseli, rogorc codnis warmodgenis meTodi, aris 

orientirebuli grafi, romlis mwvervalebi Seesabameba obieqtebs 
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(movlenebs), xolo rkalebi aRwers mwvervalebi Soris 

urTierTdamokidebulebas. 

eqspertuli sistemis agebisas unda gaviTvaliswinoT misi Semdegi 

TvisebebiT: 

• eqspertulma sistemam codnis gamoyenebiT operatiulad da 

efeqturad unda miiRos gadawyvetilebebi. 

• eqspertul sistemaSi codna warmodgenilia simboloebis 

saxiT. eqspertul sistemaSi simboloebs aerTianeben maT 

Soris urTierTdamokidebulebis gamosaxatavad da am 

damokidebulebebs uwodeben simbolur struqturebs. 

• eqspertuli sistema unda Seicavdes yvela aucilebel 

amocanas da programas, rac saWiroa misi efeqturi 

muSaobisaTvis mocemul sagnobriv nawilSi, anu unda 

hqondes Rrma codna mocemul sagnobriv nawilSi efeqturi 

muSaobisaTvis. 

• eqspertul sistemas unda hqondes iseTi struqtura da 

monacemebi, romelebic gaamartivebs msjelobas yvelanairi 

qmedebis Sesaxeb. wesebze damyarebulma eqspertulma 

sistemam gadawyvetilebis misaRebad unda ganixilos 

miRebuli daskvnebi.  

• eqspertul sistemaSi faqtebi da logikuri msjelobis 

meqanizmi mkveTrad aris gamoyofili erTmaneTisagan. 

• eqspertulma sistemam gasagebad unda axsnas msjelobis 

jaWvi. 

• eqspertulma sistemam unda imsjelos saeWvo monacemebis 

SemTxvevaSic. 

• eqspertuli sistema ise unda iyos agebuli, rom 

SesaZlebeli iyos sistemis TandaTanobiT gazrda. 

• eqspertuli sistema SezRuduli unda iyos garkveuli 

sferoTi, anu sagnobrivi nawiliT. 

• eqspertuli sistemis muSaobis procesi ekonomiurad 

momgebiani unda iyos. 
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eqspertuli sistemis damuSaveba Sedgeba xuTi 

urTierTdakavSirebuli etapisagan.  

pirvel etapze xdeba  specialistebTan da eqspertebTan erTad 

sagnobrivi nawilis identifikacia, amocanebis Taviseburebebis 

gansazRvra, amocanebis tipebis, eqspertuli sistemis Seqmnis 

miznebisa da amocanis Camoyalibeba.  

meore etapze keTdeba konceptualizacia, wydeba codnis 

dawvrilebiT warmodgenis xarisxis gansazRvris sakiTxebi, anu 

ganixilba sakiTxi granulirebis Sesaxeb, sakvanZo cnebebis 

sworad Camoyalibebis uzrunvelsayofad. Mmocemul etapze 

gadawyvetilia cnebebis, damokidebulebebis da marTvis 

meqanizmebis gansazRvris sakiTxebi, romlebic aucilebelia 

amocanebis amoxsnis aRweris, strategiisa da SezRudvebis 

gamosavlenad. 

mesame etapze xdeba formalizacia - sakvanZo cnebebi da 

damokidebulebebi gamoixateba formaluri xerxebiT.  

meoTxe etapi eTmoba realizacias - sistemis formalizebuli 

codna gardaiqmneba kompiuterul programebad. programis dawera 

moiTxovs Sinaarsis, formisa da SeTanxmebis arsebobas. Sinaarsi 

aiReba sagnobrivi nawilidan, romelic TvalsaCino xdeba 

formalizaciis etapis mimdinareobisas anu monacemTa 

struqturis, logikuri msjelobis im wesebisa da marTvis 

strategiis saSualebiT, romlebic aucilebelia amocanebis 

amosaxsnelad.  

mexuTe etapze tardeba testireba. mocemuli etapis mizania 

aRmoaCinos warmodgenili sqemis naklovanebani, aucilebeli 

cnebebis da maT Soris damokidebulebebis ar arseboba. sistemis 

muSaobis xarisxis Sefasebam saSualeba mogvca mocemuli 

gaangariSebisa da amoxsnisas gvepasuxa Semdeg ZiriTad 

sakiTxebze: moicavs Tu ara mocemuli gamoTvla da amocana 

sistemis kompetenturobis mTel dagegmil monakveTs? Aaris Tu 

ara sistemis mier miRebuli gadawyvetilebebi swori? Aaris Tu 

ara gamotanis wesebi sruli, marTebuli da arawinaaRmdegobrivi? 
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ramdenad srulad da gasagebad xsnis sistema, Tu rogor miiRo 

da mogvawoda Sesabamisi daskvnebi? Eexmareba Tu ara sistema 

momxmarebels (eqsperts) Tavisi funqciebis realizaciisas 

amocanebis amoxsnis procesSi? aris Tu ara sistemis yvela 

daskvna sworad organizebuli da gadmocemuli detalurad? 

   

 

     

 

 

 

 

 

 

 

 

nax. 6. eqspertili sistemis damuSavebis teqnologia 

 

arsebuli eqspertuli sistemebis mimoxilva. 

eqspertuli sistemebis gamoyenebis ZiriTadi, yvelaze aqtiuri 

dargebia: geologia, medicina, qimia, eleqtronika, samxedro saqme, 

sainJinro da kompiuteruli sistemebi. garda amisa, eqspertuli 

sistemebi damuSavebulia saqmianobis iseT sferoebSi, rogoricaa: 

kosmosuri teqnika, mrewveloba, meteorologia, iurisprudencia, 

procesebis marTva, soflis meurneoba da sxva. 

geologiaSi damuSavebulia es PROSPE-CTOR-i, raTa geologebs 

daxmareba aRmouCinos wiaRiseuli sabadoebis povnaSi. Mmocemuli 

sistemisaTvis damuSavebulia programuli uzrunvelyofis 

saSualebebis paketi, romelic Seicavs codnis axsnis da SeZenis 

saSualebebs. sistema awarmoebs dialogs momxmarebelTan, 

romelsac informacia Seyavs sabados maxasiaTeblebis Sesaxeb: 

sabados tipi, geologiuri struqturebis parametrebi, qanebis, 

mineralebisa da meoradi produqtebis…saxeobebi. Semdgom sistema 

testireba 

konceptualizacia 

moTxovna 

e. s.  

idenTifikacia 
gadaformulireba 

gadakonstruireba 

warmodgena 

formalizacia 

struqturebi 

Sesruleba daskvna 

dasruleba 

sacdeli 
eqspluatacia 

dasawyisi 
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afasebs madanis marags mocemul sabadoSi da SeuZlia zustad 

iwinaswarmetyvelos madnis adgilmdebareoba. sistema iyenebs 

wesebs, romlebis erTmaneTTan akavSirebs ama Tu im geologiuri 

faqtebs. sistemis wesebi qmnis daskvnebis did qsels, romelSic 

miTiTebulia yvela kavSiri mowmobebsa da hipoTezebs Soris, 

sistemaSi mowmoba SeiZleba iyos nebismieri logikuri kombinacia. 

hipoTeza yovelTvis aris erTaderTi cneba da gamoiyeneba wesis 

`Tu” nawilSi, raTa misgan gamomdinareobdes sxva hipoTeza. 

sistemaSi gamoiyeneba msjelobis sawinaaRmdego jaWvi. sistema 

warmoadgens codnas wesebisa da semantikuri qselis safuZvelze. 

damuSavebulia stenkostis kvleviT institutSi da realizebulia 

INTERLISP-is enaze. 

qimiaSi damuSavebul eqspertul sistemas DENDRAL-s gamoyavs 

ucnobi naerTebis molekuluri struqtura, gamomdinare masis _ 

speqtrometriis da birTvul-magnituri rezonansis monacemebidan. 

sistema CamoTvlis SesaZlo molekulur struqturebs da Semdeg 

iyenebs codnas qimiaSi, am cxrilis Sesamcireblad, misaReb 

zomamde. sistemaSi codna warmodgenilia molekuluri 

struqturebis generatorisTvis misaRebi procedurebisa da 

monacemTa samarTavi wesebis da programis SefasebiTi nawilis 

saxiT. 

qimiaSi damuSavebul eqspertuli sistema GAI awarmoebs dnm-is 

struqturis analizs, dnm-is molekulis segmentirebis 

monacemebis mixedviT, fermenti - reqstraqtazis saSualebiT. 

sistemaSi SeyavT monacemebi fermentebis mier dnm-s aTvisebis, 

tipologiis, eqsperimentis SesaZlo cdomilebisa da sxva 

SezRudvebis Sesaxeb. xelmeored warmoSobisa da struqtura-

kandidatis gamoricxvis Semdeg, ganisazRvreba dnm-is yvelaze 

albaTuri struqturebi. sistema GAI-m gadmoiRo `gaCenis da 

Semowmebis” paradigma,  romelic gamoyenebuli iyo sistema 

DENDRAL-Si: programa-generatoris mier SemoTavazebuli 

hipoTezebi dafuZnebulia yvela SesaZlo amonaxsnis CamoTvlis 

proceduraze. sistema saSualebas aZlevs momxmarebels dasaSvebi 
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winaaRmdegobebis donis regenerirebisa, raTa kompensirebul iyos 

mcdari monacemebis umniSvnelo moculobebi. 

DENDRAL da GAI sistemebi damuSavebulia stenfordis 

universitetSi da realizebulia INTERLISP-is enaze. medicinaSi 

damuSavebuli eqspertuli sistema MYCTN eqimebs exmareba 

Sesabamisi antimikrobuli Terapia SearCion baqteriuli 

meningitiT da cistitiT daavadebuli avadmyofebisaTvis. sistema 

sazRvravs infeqciis mizezs, iyenebs codnas, romelic 

erTmaneTTan akavSirebs mainficirebel mikroorganizmebs da 

avadmyofobis istorias, simptomebs da laboratoriuli 

gamokvlevebis Sedegebs. sistemis mier rekomendebulia 

medikamenturi mkurnaloba (saxeoba da doza), im procedurebis 

Sesabamisad, romelsac iyenebs gamocdili specialisti 

infeqciuri daavadebebis mkurnalobisas. sistema dafuZnebulia 

wesebze, msjelobis piruku jaWviT da Seicavs albaTobis 

gamoTvlis da msjelobis procesis axsnis, agebis meqanizmebs. 

sistema damuSavebulia stenfordis universitetSi da 

realizebulia CISP-is enaze. 

eleqtronikaSi damuSavebuli eqspertuli sistema ACE 

gansazRvravs gaumarTaobas satelefono qselSi, rekomendaciebs 

iZleva aucilebeli remontis da aRdgeniTi RonisZiebebis Sesaxeb. 

sistema muSaobs adamianis Carevis gareSe, analizs ukeTebs cnoba-

angariSs im mdgomareobis Sesaxeb, romelic miiReba 

yoveldRiurad CRAS-is saSualebiT_programiT, romelic 

Tvalyurs adevnebs saremonto samuSaoebis mimdinareobas 

sakabelo qselSi. sistema aRmoaCens gaumarTav satelefono 

kabelebs, Semdeg ki gadawyvets, saWiroebs Tu ara igi gegmur-

gamafrTxilebel remonts da airCevs saremonto samuSaoebis 

romeli tipi iqneba yvelaze efeqturi. Semdeg sistema imaxsovrebs 

Tavis rekomendaciebs specialur monacemTa bazaSi, romelic 

momxmareblebisaTvis xelmisawvdomia; Semdeg ki Rebulobs 

gadawyvetilebas satelefono sadgurebis Sesaxeb codnis, CRAS 

sistemis Setyobinebebis da qselis strategiis analizis 
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gamoyenebiT. sistemaSi codnis warmodgena damyarebulia wesebze 

da marTvis sqema gamoiyeneba msjelobis pirdapiri jaWvis 

meSveobiT. sistema damuSavebulia Bell laboratories kompaniaSi da 

realizebulia OPSS da FRANZCISP enaze. samxedro saqmeSi 

damuSavebuli eqspertuli sistema SIAP aRmoaCens da 

indentifikacias ukeTebs sxvadasxva tipis saokeano gemebs, 

risTvisac iyenebs cifrul formad gardaqmnil monacemebs, 

romlebic miRebulia hidrografebis qselisgan.  SIAP cdilobs 

gemebis indentifikacias  maTi speqtrebis Sesaxeb im codnis 

safuZvelze, romlebic miiReba xmovani energies indikatorebisgan 

da garda amisa, ajgufebs gemebs ufro msxvil erTeulebad, 

magaliTad, flotebad. sistema uzrunvelyofs analizs realuri 

drois reJimSi da situaciis koreqtirebas uwyvetad Semosuli 

informaciis aRricxvasTan dakavSirebiT. codna sistemaSi 

warmodgenilia wesebis saxiT. sistema Seqmnilia erToblivad 

stenfordis universitetis da Control  Tectnolojy kompaniis mier. igi 

realizebulia INTERLISP-is enaze. sainJinro saqmeSi 

damuSavebuli eqspertuli sistema DELTA momsaxure personals 

exmareba aRmoaCinos da gamoasworos Seferxebebi dizel-

eleqtromavlebSi, lokomotivebis teqnikuri momsaxurebis 

diagnostikuri strategiis gamoyenebiT. sistemas  SeuZlia 

uxelmZRvanelos momxmarebels SekeTebis procedures 

ganmavlobaSi saremonto operaciebis Tanamimdevrobis gamoyenebis 

saSualebiT da gaumarTaobis aRmoCenis Semdeg ki konkretuli 

instruqciebiT remontis Taobaze.  DELTA efuZneba wesebs, 

romelTa gamoyeneba xdeba rogorc pirdapiri, aseve msjelobis 

piruku jaWviT. sistema damuSavebulia kompania `jeneral 

eleqtrikis” mier niu-iorkis StatSi da realizebuli iyo jer 

LISP enaze, Semdeg ki FORTN-ze.  

kompiuteruli sistemebis dargSi damuSavebuli eqspertuli 

sistema XSEL gamyidvelebs exmareba BC VAX 11/780 komponentebis 

SerCevaSi. sistema irCevs procesors, operatiul mexsierebas, 

programul uzrunvelyofas da periferiul mowyobilobebs. 
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Semdeg ki am informacias XCON eqspertul sistemas gadascems 

detalizaciisa da konfiguraciisaTvis. XSEL  sistema Seicavs 

codnas komponentebsa da sxvadasxva gamoyenebiT amocanebs Soris 

arsebuli urTierTkavSirebis Sesaxeb, romlebic SeiZleba 

dasWirdes myidvels [ ]10 . 

XCON eqspertuli sistema Seadgens  BC VAX 11/780-is 

konfiguracias. momxmarebelTa ganacxadis safuZvelze, sistema 

Rebulobs gadawyvetilebas imis Sesaxeb, Tu ra komponentebi unda 

daematos sruliad gamarTuli sistemis misaRebad. XCON sistema 

Seadgens konfiguracias, komponentebsa da standartul 

procedurebs Soris arsebul urTierTkavSirze SezRudvebis 

Sesaxeb codnis gamoyenebiT. XSEL da XCON sistemebi 

dafuZnebulia wesebze da iyeneben msjelobis pirdapir jaWvs 

logikuri daskvnis sqemaSi. XSEL da XCON sistemebi 

damuSavebulia karnegi-melonis universitetSi, korporacia DEC-

Tan erToblivad da realizebulia OPSS  enaze.  

eqspertuli sistemis agebis instrumentuli saSualebebi 

LISP warmoadgens programirebis enas, procedurebze damyarebuli 

warmodgenebisaTvis. Programirebis es moqnili ena gvTavazobs 

funqciebis – primitivebis CamonaTvals, romelTaganac 

momxmarebels SeuZlia Seqmnas ufro maRali donis funqciebi da 

Seufardos isini gamoyenebiTi nawilis moTxovnebs. LISP-s aqvs 

meqanizmi simboluri teqstebis dasamuSaveblad siisebri 

struqturebis saxiT; struqturebi warmoadgens xelsayrel 

samSeneblo blokebis rTuli cnebebis warmosadgenad. LISP 

uzrunvelyofs mexsierebis avtomatur marTvas da erTian 

midgomas programis da monacemebis damuSavebasTan, rac LISP 

programebs saSualebas aZlevs Secvalos sakuTari Tavi. arsebobs 

LISP enis mravali dialeqti: INTERLISP; FRANZLISP da sxva. LISP 

damuSavebulia masaCusetis teqnologiur universitetSi. 

INTERLISP warmoadgens programirebis enas, romelic Seqmnilia 

procedurebze orientirebuli warmodgenebisTvis. LISP am 
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dialeqts aqvs LISP-s yvela standartuli Tviseba da damatebuli 

aqvs mxardaWeris zustad SerCeuli saSualebebi, romlebic 

Seicavs gaumjobesebul meqanizmebs trasirebiT da pirobiTi 

wyvetebiT, romelic orientirebulia LISP redaqtorze, agreTve 

meqanizmi `gaakeTe me rac minda”, romelic adgilzeve asworebs 

mravali saxis Secdomas. Seqmnili an samuSao garemo agreTve 

saSualebas aZlevs momxmarebels modificireba gauwios sistemis 

tradiciul aspeqtebs, iseTebs, rogoricaa wyvetis simboloebi da 

ganawilebuli adgilebi nagvis Sesakrebad. INTERLISP 

damuSavebulia XEROX kompaniis mier. 

PROLOG warmoadgens logikaze dafuZnebuli warmodgenebisTvis 

programirebis enas. programebi PROLOG -ze Sedgeba obieqtebs 

Soris urTierTobis mtkicebulebis wesebisgan (daskvnis mimarT). 

PROLOG interpretatori cdilobs msjelobis piruku jaWvis 

saSualebiT ipovos mocemuli damokidebulebebis WeSmaritebis 

mtkicebulebebi saWiroebis mixedviT unifikaciis da marTvis 

dabrunebis gamoyenebiT. arsebobs PROLOG-s mravali versia da 

nairsaxeoba; zogierTi maTgani Cadgmulia LISP-s sistemaSi, 

moqnilobis gasafarToeblad. PROLOG damuSavebulia Quintns 

Computer Sjstems kompaniis mier. 

OPSS warmoadgens codnis inJineriis enas, wesebze dafuZnebuli 

warmodgenebisTvis. misi ZiriTadi Tvisebebia: enis konstruqcia, 

romelic uzrunvelyofs monacemTa warmodgenis da marTvis 

struqturebis universalobas; saxeobasTan Sedarebis mZlavri 

meqanizmi; efeqturi interpretatori msjelobis pirdapiri 

jaWviT, monacemebis da wesebis Sesadareblad. Uzrunvelyofis 

saSualebebi Seicavs redaqtirebis da gamarTvis paketebs im 

meqanizmis CaTvliT, romelic gvexmareba ganvsazRvroT, Tu ratom 

ar gamoiyeneba wesi, rodesac programisti Tvlis, rom igi unda 

gamoiyenebodes. OPSS  realizebulia BLISP, MACLISP da 

FRANZLISP_ze. ORSS damuSavebulia karnegi-melinis universitetSi. 
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EMYCIN warmoadgens codnis inJineriis ConCxur enas, wesebze 

dafuZnebuli warmodgenebisTvis. misi ZiriTadi Tvisebebi Seicavs 

marTvis SemzRudav sqemas im msjelobaTa piruku jaWvis 

saSualebiT, romelic moxerxebulia diagnostikisa da 

sakonsultacio tipis amocanebisTvis, saimedoobis 

koeficientebis gamoTvlis da momxmareblis avtomaturi 

gamokiTxvis meqanizmebs. uzrunvelyofis saSualebebi Seicavs 

gaumjobesebuli interfeisis meqanizmebs sistemis msjelobis 

asaxsnelad da axali codnis SesaZenad. sistema realizebulia 

INTERLISP enaze. EMYCIN damuSavebulia stenfordis 

universitetSi da arsebiTad igi warmoadgens MYCIN-s, saidanac 

amoRebulia sagnobrivi codna. 

NAS  warmoadgens codnis inJineriis bazur enas wesebze 

dafuZnebuli warmodgenebisTvis. igi arsebiTad warmoadgens 

PROSPECTOR sistemas, saidanac amoRebulia codna geologiis 

Sesaxeb. NAS codnis warmosadgenad iyenebs msjelobis wesebs mis 

mier miRerili saimedoobis koeficientebiT, ganawilebul 

semantikur qselebTan erTad. gamoyvanis meqanizmi dafuZnebulia 

msjelobaTa pirdapir da piruku jaWvsa da albaTobis 

gavrcelebaze semantikur qselSi. NAS –is uzrunvelyofis 

saSualebebi Seicavs codnis axsnis da SeZenis meqanizmebs, 

uzrunvelyofs sinonimebis amocnobas, pasuxebis gadaxedvas, 

Sejamebas da trasirebas. sistema realizebulia INTERLISP enaze 

da damuSavebulia SPI International kompaniis mier. 

ROSIE warmoadgens codnis inJineriis enas wesebze dafuZnebuli 

warmodgenebisTvis, magram igi amavdroulad uzrunvelyofs 

procedurebze orientirebuli warmodgenebis meTodebs. misi 

ZiriTadi Tvisebebi Seicavs inglisuris msgavs sintaqss; 

procedurebze orientirebul struqturebs, romlebic 

saSualebas iZleva avagoT rekursiuli da Cadebuli 

qveprogramebi; nimuSTan Sedarebis mZlavri meqanizmebi; 

interfeisi lokalur operaciul sistemasTan. uzrunvelyofis 
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saSualebebi Seicavs redaqtirebis da gamarTvis instrumentul 

saSualebebs. ROSIE realizebulia  INTERLISP da CN-ze.  

 

 

 

1.3. marTvis eqspertuli sistemebis modelebi 

 

kvebis produqtebis damzadebis procesis marTvaSi vigulisxmebT 

marTvis qronologiur dones, romelsac eqsperti axorcielebs 

avtomaturi marTvis Semdeg.  am procesSi adamianis CarTvis 

Semdeg warmoiqmneba xarisxze zegavlenis fsiqofiziologiuri 

faqtorebi, romelic seriozul rols TamaSobs eqspertis mier 

aseTi donis amocanebis amoxsnisas. ZiriTadi amocanebis 

CamonaTvalSi Sedis: qselis muSaobis marTvis reJimebi, warmoebis 

gadarTvis, avariuli darRvevebis lokalizeba da normaluri 

reJimis aRdgena. 

eqspertuli sistema  rTuli programuli kompleqsia, romelic 

specialistebis codnis akumulacias axdens faqtebisa da wesebis 

saxiT da maTze dayrdnobiT eqsperti procesis imitacias axdens 

amocanis amoxsnisaTvis. 

eqspertuli sistemis tipiuri arqiteqtura Sedgeba Semdegi 

komponentebisagan: logikuri gamoyvanis meqanizmi (lgm) iyenebs 

faqtebs faqtebis bazidan (fb), monacemebs - monacemTa bazidan 

(mb) da wesebs codnis bazidan (cb), riTac akeTebs logikur 

daskvnebs da axdens operaciebis Tanmimdevrul formirebas 

dasmuli amocanis amoxsnisaTvis. 

codnis baza (cb) warmoadgens sagnobrivi sferos codnis 

erTobliobas faqtebis (monacemebis) da wesebis (monacemTa 

damuSavebis procedura) saxiT Cawerils kompiuteris 

mexsierebaSi. 

monacemTa baza (mb) yvela saWiro monacemebis sacavia. 
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faqtebis baza (fb) operaciuli mexsierebis samuSao sferoa, 

romelic Seicavs amocanis pirobas, logikuri gamosasvlelis 

Sualedur da saboloo monacemebs. 

ganmartebis qvesistema (gq) uxsnis momxmarebels, Tu rogor miiRo 

gadawyvetileba es_am da rogori informacia (wesebi, faqtebi da 

monacemebi) iqna gamoyenebuli. 

momxmareblis interfeisi (mi) programuli kompleqsia 

momxmarebelsa da es-s Soris. igi uzrunvelyofs dialogs 

amocanis amoxsnis procesSi. 

codnis bazis redaqtori (cbr) programebis erTobliobaa, 

romelic axorcielebs axali codnis Seyvanas, arsebulis 

koreqtirebas da codnis bazaSi siaxlis Setanas.  

es muSaobis principi mdgomareobs SemdegSi. amosaxsneli 

amocanis sawyisi monacemebi (sawyisi pirobebi) Seiyvaneba faqtebis 

bazaSi (fb). momxmarebeli momxmareblis interfeisis saSualebiT 

akvirdeba kontrolirebadi obieqtis cvlilebebs da aaqtiurebs 

e.s.-s. amasTan (lgm) aanalizebs (fb) - is mimdinare mdgomareobas, 

gadaxedavs codnis bazas, mocemuli situaciidan gamomdinare 

irCevs Sesabamis wess, aucileblobis SemTxvevaSi mimarTavs 

monacemTa bazas da axdens axali faqtebis generirebas, romlebic 

Sehyavs faqtebis bazaSi, e.i. cvlis mis mdgomareobas. es procesi 

meordeba manamde, sanam ar miiRweva gadawyvetileba. 

e.s. arqiteqtura da muSaobis principi Sinaganad damokidebulia 

konkretul saproblemo sferosa da amosaxsneli amocanis tipze. 

Cveulebriv gamoyofen amocanebis Semdeg tipebs: interpretacias, 

diagnostikas, monitorings, prognozirebas, proeqtirebas, 

dagegmvas da marTvas. 
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nax. 7. eqspertuli sistemis arqiteqtura 

 

es-is gansazRvridan gamomdinare misi agebisaTvis aucilebelia 

SeirCes codnis warmodgenis modeli, romelic ganapirobebs 

codnis bazis struqturas da am codnis damuSavebis meTodebi 

lgm-is ZiriTadi Semadgeneli nawilia. codnis warmodgenis 

modelis saxiT yvelaze xSirad gamoiyeneba erTi an ramodenime 

formalizmis kombinacia:P predikatebis logika, freimebi, 

produqciebi da semantikuri qselebi.    

eseni e.w. universaluri warmodgenis enebia. Tumca praqtikaSi 

isini yovelTvis sakmarisad efeqturebi ar arian, radgan 

konkretul saproblemo sferos codna imdenad sxvadasxvagvaria, 

rom maTi xarisxiani warmodgenisaTvis aucilebelia specialuri 

orientirebuli warmodgenis ena, universalur modelTan 

Serwymuli dadebiTi TvisebebiT. Ees-Si codnis damuSavebis 

amosaxsneli amocanis klassze. meTodika Cadebulia lgm-is 

algoriTmSi da damokidebulia. 

 

 

 

 

momxmarebeli

monacemTa 
baza 

codnis 
baza 

codnis 
bazis 

redaqtori 

monacemTa 
baza logikuri 

gamoyvanis 
meqanizmi 

ganmartebis 
qvesistema 

momxmareblis 
interfeisi
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1.4. mmarTvelobiTi gadawyvetilebis miReba 

 

mmarTvelobiTi gadawyvetilebis damuSaveba warmoadgens 

seriozul process, damakavSirebels marTvis ZiriTad 

funqciebTan: dagegmva, organizacia, motivacia, kontroli. 

saxeldobr, nebismieri organizaciis xelmZRvanelis mier 

miRebuli,gadawyvetileba gansazRvravs ara marto mis efeqtur 

moRvaweobas, aramed misi ganviTarebis mtkice SesaZleblobasac. 

efeqturi gadawyvetilebis miReba _ erT-erTi yvelaze 

mniSvnelovani pirobaa organizaciis efeqturi arsebobisa da 

ganviTarebisa. 

gadawyvetilebis miRebis saWiroeba kacobriobis mier aRqmuli 

iyo erTdroulad misi koleqtiuri saqmianobis, cnobierebis 

sawyisSi. 

Tanamedrove mecniereba marTvaze da masTan erTad Teoria 

mmarTvelobiTi gadawyvetilebis miRebis Sesaxeb warmoiSva mas 

Semdeg, rac gamoCnda organizacia Tanamedrove warmodgeniT.  

Tanamedrove mecniereba, mmarTvelobiTi gadawyvetilebis miRebis 

sferoSi amaRlda xarisxobrivad axal doneze, mis safuZvelze 

damuSavda efeqturi mmarTvelobiTi teqnologiebi, romelic 

rTuli mmarTvelobiTi amocanebis amoxsnis saSualebas iZleva. 

mniSvnelovani roli iTamaSa informaciis moculobis swrafma 

zrdam, romelic dResdReobiT gasaTvaliswinebelia 

mmarTvelobiTi gadawyvetilebis miRebisas. Seqmnilia 

gadawyvetilebis miRebis Tanamedrove kompiuteruli sistemebi, 

eqspertuli sistemebi, avtomatizebuli sistemebi eqspertuli 

SefasebiT, romelTa daniSnulebacaa Sesrulebis procesSi da 

rTul situaciebSi efeqturi mmarTvelobiTi gadawyvetilebis 

miReba.  

gadawyvetilebis miRebis procesis buneba 

menejeri SeiZleba uwodo adamians mxolod maSin, rodesac igi 

iRebs mmarTvelobiT gadawyvetilebas an anxorcielebs mas sxva 

adamianebis meSveobiT. 
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gadawyvetilebis miReba, msgavsad informaciis gacvlisa, 

mmarTvelobiTi funqciis Semadgeneli nawilia.  Ggadawyvetilebis 

miRebis aucilebloba warmoiSveba marTvis procesis yvela 

etapze. amitom aucilebelia sworad gavigoT gadawyvetilebis 

arsi da buneba. 

amrigad,  gadawyvetileba  aris alternativis arCeva. 

gadawyvetilebis miRebis sferoSi SeiZleba gamovyoT 

xelmZRvanelis oTxi tipi: 

• mewarme; 

• muSaobisas daSvebuli Secdomebis gamosworebis 

specialisti; 

•  resursebis gamnawilebeli; 

• specialisti SeTanxmebis miRwevaSi. 

mmarTvelobiTi gadawyvetileba aris arCevani, romelic unda 

gaakeTos xelmZRvanelma, rom Seasrulos masze dakisrebuli 

movaleobani. marTvaSi ZiriTadi aris gadawyvetilebis miReba. 

mmarTvelobiTi gadawyvetilebis xarisxobriv parametrebs 

ganekuTvneba: 

enTropiis maCvenebeli, e.i. problemis raodenobrivi 

gaurkvevloba; investiciebis Cadebis riskis xarisxi; 

gadawyvetilebis realizaciis albaToba xarisxis, danaxarjebis 

da   vadis maCveneblebiT; adekvaturobis xarisxi. 

mmarTvelobiTi gadawyvetilebis maRali efeqturobis 

uzrunvelyofis ZiriTad pirobebs warmoadgenen: mmarTvelobiTi 

gadawyvetilebis SemuSavebisas menejmentis samecniero midgomis 

gamoyeneba; mmarTvelobiTi gadawyvetilebis efeqturobaze 

ekonomikuri kanonebis Seswavla; gadawyvetilebis zemoqmedebis 

mimRebi piris uzrunvelyofa xarisxiani informaciiT, 

damaxasiatebeli parametrebiT. `gamosasvleli”, `Sesasvleli”, 

`Sida aris” da `procesis” gadawyvetilebis damuSavebis sistemiT; 

funqcionalur-RirebulebiTi analizis meTodebis gamoyeneba, 

prognozireba, modelireba da yvela gadawyvetilebis 

ekonomikuri dasabuTeba; problemis struqturizacia da miznebis 
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xis ageba; gadawyvetilebis variantebis Sedarebis uzrunvelyofa; 

gadawyvetilebis mravalvariantobis uzrunvelyofa; misaRebi 

gadawyvetilebis samarTlebrivi dasabuTeba; 

informaciis Segrovebisa da damuSavebis avtomatizaciis procesi;    

gadawyvetilebis damuSavebisa da realizaciis procesi; 

gadawyvetilebis realizaciis meqanizmebis arseboba [ ]3 . 

mmarTvelobiTi gadawyvetilebis xarisxze moqmed ZiriTad 

faqtorebs warmoadgens: 

_ menejmentis sistemaze samecniero midgomebisa da principebis 

gamoyeneba; 

_ menejmentis sistemaze modelirebis meTodebis gamoyeneba; 

_ marTvis avtomatizacia; 

_ xarisxobrivi gadawyvetilebis motivacia da sxva. 

rogorc ukve aRvniSneT, gadawyvetilebis miReba warmoadgens 

nebismieri mmarTvelobiTi procesis erT-erT ZiriTad Semadgenel 

nawils. 

gadawyvetilebis miRebis procesi Zalian rTulia, 

gadawyvetilebis momzadeba xorcieldeba situaciis Sesaxeb yvela 

arsebul informaciaze dayrdnobiT. gadawyvetilebis miRebis 

procesSi didi yuradReba eTmoba eqspertuli Sefasebis 

meTodebis gamoyenebas. eqspertuli teqnologiebis ZiriTadi 

daniSnulebaa profesionalizmis amaRleba, agreTve misaRebi 

mmarTvelobiTi gadawyvetilebis efeqturoba. 

ganvixiloT mmarTvelobiTi gadawyvetilebis miRebis procesis 

ZiriTadi etapebi. marTvis procesis blok-sqema warmodgenilia 

nax. 8 -Aze. 
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nax. 8. marTvis procesis blok-sqema  

 

 

 

1.5. dinamikuri marTvis eqspertuli sistemebi 

 

sistemebis axali Taoba _ inteleqtualuri sistemebi (is) _ 

sistemis komponentebis organizebis sxva principebis gamoZaxilia 

cxovrebaSi, gamoCnda sxvagvari cnebebi, terminebi, blokebi, 

romlebic adre ar gvxvboda  samecniero literaturaSi. 

inteleqtualuri sistemebs SeuZliaT miznis sinTezireba, 

moqmedebis gadawyvetilebis miReba, miznis misaRwevad moqmedebis 

uzrunvelyofa, moqmedebis parametrebis mniSvnelobis 

prognozireba da maTi Sedareba realurTan, ukukavSiris 

warmoqmna, miznis an marTvis koreqtireba. 

nax. 9–ze mocemulia inteleqtualuri sistemis struqturuli 

sqema, sadac gamoyofilia sistemis ori msxvili ZiriTadi bloki: 

miznis sinTezi da misi realizacia. 

1. situaciaze 
miRebuli 
informacia 

2. miznebis 
gansazRvra 

3. SefardebiTi 
sistemis 

damuSaveba 

4. situaciis 
analizi

5. situaciis 
diagnostika 

6. situaciis 
ganviTarebis 
prognosis 
damuSaveba 

7. gadawy-ebis 
alternatiuli 
variantebis 
generireba 

8. marTvis zemoq. 
ZiriTadi varian 

tebis arCeva 

9. situaciis 
ganviTarebis 
scenarebis 
damuSaveba 

10. marTvis 
zemoq. ZiriTadi 
variantebis eqs-
pert. Sefaseba

11. koleqtiuri 
eqspertuli 
Sefaseba 

12. gadwyveti-
lebis miReba 

13. moqmedebis 
gegmis 

damuSaveba 

14. gegmis 
realizaciis 
kontroli 

15. situaciis ganviTarebis 
Sedegebis analizi mmarTvelobiTi 

zemoqmedebis Semdgom 
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pirvel blokSi informaciis aqtiuri Sefasebis safuZvelze, 

sistemis maCveneblebisagan miRebuli motivirebuli codniT xdeba 

miznis sinTezireba da miiReba moqmedebis gadawyvetileba. 

informaciis aqtiuri Sefaseba xorcieldeba gamSvebi signalebis 

zemoqmedebiT. 

meore blokSi dinamikuri eqspertuli sistema (des) mimdinare 

cnobebis safuZvelze garemomcveli sferos da sakuTriv 

informaciuli sistemis mdgomareobis Sesaxeb axorcielebs 

eqspertul Sefasebas, iRebs gadawyvetilebas marTvisTvis, axdens 

moqmedebis Sedegebis prognozirebas da gamoimuSavebs mmarTvas. 

Tu mizani miiRweva yvela parametrebiT, maSin marTva Zlierdeba. 

winaaRmdeg SemTxvevaSi xdeba marTvis koreqcia. roca mizani 

miuRwevelia, maSin miznis koreqtireba xdeba. 

inteleqtualuri sistemis struqtura axali elementebiT Seicavs 

tradiciul elementebsa da kavSirebs, masSi centraluri adgili 

ukavia dinamikur eqspertul sistemas. 

informaciuli sistemis dinamikuri Tviseba SeiZleba iyos 

aRwerili mdgomareobis sivrceSi. inteleqtualuri operatorebi; 

aRqmis ganmaxorcielebeli; warmodgenis, azris formirebis, 

msjelobis da Secnobis procesSi daskvnebi warmoadgenen 

cnobebisa da codnis damuSavebis formalur saSualebebs, 

agreTve gadawyvetilebis miRebac. Yyvela es aspeqtebi unda iyos 

Cadebuli des agebis safuZvelSi, realur drosa da sivrceSi 

funqcionirebadi. 

dinamikuri eqspertuli sistema aris zogierTi kompleqsuri 

ganaTleba, romelsac SeuZlia sistemisa da aris mdgomareobis 

Sefaseba, Seadaros sasurveli da realuri parametrebis 

moqmedebis Sedegebi, miiRos gadawyvetileba da gamoimuSaos 

marTva miznis misaRwevad. amisaTvis des unda flobdes codnis 

marags da hqondes amocanebis amoxsnis meTodebi. eqspertuli 

sistemisTvis gadacemuli codna SeiZleba davyoT sam kategoriad: 

konceptualuri (gagebis doneze) codna - es aris adamianis mier 

sityvebiT gadmocemuli codna, konkretulad - samecniero-
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teqnikuri terminebiT da am terminebis ukan mdgari obieqtebis 

klasebiTa da TvisebebiT aRwerili codna. AmasSi Sedian 

kavSirebi, damokidebulebebi Taviseburebebsa da azrs Soris. 

 

 
 

nax #9  _ informaciuli sistemis struqturuli sqema 

 

amasTan kavSirebi abstraqtulia da aseve gamosaxulia sityvebiTa 

da terminebiT. konceptualuri codnis sferoa ZiriTadad 

fundamentaluri mecnierebebi, imis gaviTvaliswinebiT, rom cneba 

aris materiis - tvinis umaRlesi produqti. 

aqtualuri, sagnobrivi codna - es aris cnebebis erToblioba 

konkretuli obieqtebis xarisxobriv da raodenobriv 

maxasiaTeblebze. zustad eseTi kategoriis codnaze ixmareba 

terminebi `informacia” da `monacemebi”, Tumca am terminebis 

aseTi gamoyeneba ramdenadme amcirebs maT mniSvnelobas. nebismier 
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codnas moaqvs informacia da is SeiZleba warmovadginoT 

monacemebis saxiT. Faqtualuri codna isaa, romelTanac 

yovelTvis qonda saqme gamomTvlel manqanebs. Mmonacemebis 

dagrovebis Tanamedrove formas uwodeben monacemTa bazebs.  

algoriTmuli, proceduruli codna - es is codnaa, rasac 

ewodeba `unari”, `teqnologia” da sxva. gamomTvlel sferoSi 

algoriTmuli codna realizdeba algoriTmebis programebis da 

qveprogramebis saxiT. algoriTmuli codnis aseT realizacias 

ewodeba programuli produqti. programuli produqtis ufro 

gavrcelebuli formebia gamoyenebiTi programuli paketebi, 

programuli sistemebi da sxva orientirebulebi des-is 

gamoyenebis konkretul sferoze. 

gamoyenebiTi programuli paketebis organizeba da gamoyeneba 

konceptualur codnazea damyarebuli. 

gasagebia, rom konceptualuri codna warmoadgens codnis 

kategoriebis ufro maRal ganmsazRvrels, Tumca praqtikidan 

gamomdinare, sxva kategoriebi SeiZleba mogveCvenos ufro 

saWirod. 

zustad amitom, albaT, konceptualuri codna iSviaTad 

gansaxierdeba gamomTvlel manqanebSi misawvdomi formiT 

damuSavebisaTvis. konceptualuri codnis matareblad, xSir 

SemTxvevaSi, rCeba adamiani. es amuxruWebs mravali procesebis 

avtomatizacias. 

inteleqtualur sistemebSi erTerTi aqtualuri amocanaa codnis 

bazebis Seqmna da farTo gamoyeneba  

codnis bazis konceptualur nawils vuwodoT sagnobrivi sferos 

modeli, algoriTmul nawils - programuli sistema, xolo 

faqtualur nawils - monacemTa bazebi. 

des-is Semdegi funqciaa amocanebis amoxsna. amocana manqanis 

saSualebiT SeiZleba amoixsnas mxolod maSin, roca is dasmulia 

formalurad, roca misTvis dawerilia formaluri specifikacia, 

romelic unda efuZnebodes zogierT codnis bazas. sagnobrivi 

sferos moduli aRwers saerTo mdgomareobas, romelSic 
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warmoiSva amocana, xolo specifikacia _ amocanis Sinaarsia. 

erToblivad isini saSualebas iZlevian davaskvnaT, rogori 

abstraqtuli kavSirebi da damokidebulebebi, romel SerCevaSi da 

rogori TanmimdevrobiT unda iqnan gamoyenebulebi amocanis 

amoxsnisaTvis. 

gamoyenebiTi programebi warmoadgenen konkretul saSualebebs, 

maT Semdeg mdgomi damokidebulebebiT, agreTve Seicaven 

algoriTmebs amoxsnisaTvis. monacemTa baza Seicavs yvela 

sawyiss monacemebs an maT nawils, romelic saWiroa 

algoriTmebis Sesasruleblad, mocemuli monacemebi unda iyos 

specifikaciebSi. 

codnis bazis am sam nawils Seesabameba amocanis amoxsnis sami 

etapi: 

1. amoxsnis abstraqtuli programebis ageba; 

2. amocanis Cawera Sesabamis manqanur enaze; 

3. gaSveba da programis Sesruleba. 

abstraqtuli programis ageba dakavSirebulia warmodgenasa da 

damuSavebaze konceptualuri codnisa xelovnur inteleqtSi da 

gansazRvriT warmoadgens xelovnuri inteleqtis sakuTrebas. 

xelovnuri inteleqti teqstebis damuSavebas ukavSirebs bunebriv 

enaze zepir cnobebs, analiziT da informaciis damuSavebiT.  

des-is funqciebs warmoadgens agreTve amocanis amoxsnis 

Sedegebis Sefaseba, parametrebis moqmedebebis Semdgomi Sedegebis 

formireba, marTvaze gadawyvetilebis miReba, mmarTvis 

gamomuSaveba da parametrebis sasurveli da realuri Sedegebis 

Serwyma. aq xdeba procesebis modelirebis gaTvaliswineba 

SesaZlo Sedegebis SefasebisaTvis da amocanis amoxsnis 

koreqturobisaTvis.  

aRvniSnoT, rom realur situaciebSi arsebobs Sesaswavli 

obieqtis aRweris problema. aseTi aRwera ar SeiZleba CaiTvalos 

amocanis specifikaciis nawilad, radganac pirobiTad erTi 

obieqti Sedgeba, rogorc wesi, bevri amocanebisagan, rac 

Cveulebriv unda gaviTvaliswinoT codnis bazis formirebisas. 
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garda amisa, SeiZleba aRmoCndes, rom wamoWrili amocana ar 

amoixsnas bolomde avtomaturad, magaliTad, specifikaciisa an 

obieqtis aRweris arasrulyofilebis gamo. 

amitom xelovnur inteleqtSi mizanSewonilia gansazRvrul 

stadiebze des-is interaqtiuri samuSao reJimi. 

unda gvaxsovdes, rom sagnobrivi sferos moduli aRwers saerTo 

mdgomareobas (codnas), xolo specifikacia - amocanis Sinaarss. 

Zalian saWiro problemebad iTvleba erTiani programuli aris 

Seqmna da algoriTmebis sinTezi. 

miznidan gamomdinare damokidebulebebs, romlebic dganan 

xelovnuri inteleqtis win, codnis baza, amocanis amoxsnis 

algoriTmebi, gadawyvetilebis miReba, mmarTvis gamomuSaveba 

SeiZleba hqondes sxvadasxva warmodgena, romlebic 

damokidebulia amocanis amoxsnis xasiaTze. Sesabamisad, SeiZleba 

des-is sami tipis naxva. des-is  struqturis pirveli tipi 

naCvenebia nax. 10-ze. 

aq igulisxmeba, rom konceptualuri da faqtiuri codna zustad 

asaxaven procesebs da cnobebs zogierTi sagnobrivi sferos 

Sesaxeb. aqedan gamomdinare am sferoSi warmoqmnili amocanis 

amoxsna miRebuli iqneba mkacri maTematikuri meTodebis 

safuZvelze, amocanis dasmisa da specifikis Sesabamisad. 

gamokvlevis Sedegebi da prognozi gamoiyeneba eqspertuli 

Sefasebisa da marTvis aucileblobis miRebisaTvis. Semdeg 

codnis bazaSi arsebuli Sesaferisi marTvis algoriTmis 

safuZvelze formirdeba mmarTveli zemoqmedeba. 

am zemoqmedebis efeqturoba da arawinaarmdegobrioba, manam,  

sanam is Seva marTvis obieqtze, fasdeba imitaciuri maTematikuri 

modelis safuZvelze. Sefaseba unda Sesruldes swrafad 

xelovnuri inteleqtis realur procesebSi. 

Tumca gadawyvetilebis miRebis realizebis  des-i, warmoadgenen 

rTul programul kompleqss, daniSnulia avtomaturad 

gadawyvetilebis miRebisaTvis an im pirTa dasaxmareblad, 

romlebic iReben gadawyvetilebas, da rTuli sistemebisa da 
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procesebis operatiuli CarTvis dros, rogorc wesi, muSaoben 

mkacrad SezRuduli drois pirobebSi. 

 

 

 

nax. 10. pirveli tipis des-is struqtura 

 

pirveli tipis des-gan gansxvavebiT, meore tipis des ZiriTadad 

orientirebulia rTulad formalizebadi amocanebis 

gadawyvetaze, sruli da swori informaciis gareSe. aq gamoiyeneba 

eqspertuli modelebi, romlebic agebulia eqspertebis codnis 

codnis baza: 
1.konceptualuri 
codna; 
2.faqtualuri 
codna (monacemTa 
baza); 
3.algoriTmuli 
codna. 

1. amocanis amoxsna 
2.sistemis,obieqtis 
modeli; 
3.amocanis dasma; 
4.amocanis Sinaars 
(specifikacia); 
5.amoxsna; 
6.analizi. 

inteleqtualuri sistemebis codnis sfero 

sistemis sakuTari mdgomareoba

garemomcveli are 

mizani 

eqspertuli Sefasaeba 

gadawyvetilebis miReba 

marTvis gamomuSaveba 

marTvis obieqti 
sistemis imitaciuri 

modeli 
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safuZvelze, mocemuli sagnobrivi sferos specialistebiT da 

gadawyvetilebis Zebnis evristikuli meTodebiT. 

erT-erT ZiriTadi problema meore tipis des-is daproeqtebisas 

aris gadawyvetilebis miRebis procesebis aRwerisaTvis 

formaluri aparatis arCeva da mis safuZvelze gadawyvetilebis 

miRebis modulis ageba, adekvaturi saproblemo sferosaTvis 

(semantikurad koreqtuli). aseTi aparatis saxiT iyeneben 

produqciul sistemebs. 

realurad unda moxdes orientireba pirveli da meore tipis des-

is gaerTianeba, saangariSo-logikur mesame tipis des-Si, sadac 

codnis baza Seexameba eqspertebis mier warmodgenil 

informacias, gamosaxuls maTematikuri formulebiT. 

des-is damuSavebisas warmoiqmneba Semdegi problemebi: 

• codnis bazis Semadgenlobis gansazRvra da misi 

formireba; 

• damuSaveba axlis da gamoyeneba cnobili Teoriebis da 

meTodebis xelovnuri inteleqtis informaciuli 

procesebis aRwerisaTvis; 

• codnis warmodgenisa da gamoyenebis organizaciis 

saSualebebis damuSaveba; 

• algoriTmebisa da programuli uzrunvelyofis damuSaveba 

paralelurad da gamoyeneba `drekadi logikis”; 

• des-is formirebisas moZebna Sesabamisi gamomTvleli aris, 

paraleluri algoriTmebis realizaciisaTvis. 

zemoT CamoTvlilidan gamomdinare des-bi unda flobdnen 

dinamikur saproblemo sferosTan adaptaciis Tvisebas, 

SesaZlebeli unda iyos axali elementebis Seyvanisa da 

kavSirebis situaciis aRwera, strategiisa da wesebis Secvla, 

obieqtebis funqcionirebis procesSi gadawyvetilebis miReba da 

marTvis gamomuSaveba, samuSaoebis arasruli, arazusti da 

winaaRmdegobrivi informaciebis miReba da sxva. 

nax. 11-ze mocemulia warmoebis teqnologiuri traqti. 
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dinamikuri eqspertuli sistemebi funqcionireben ukukavSiris 

mqone xelovnuri inteleqtis SemadgenlobaSi, amitom saWiroa  

aseTi xelovnuri inteleqtis mdgradi muSaobis uzrunvelvyofa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 11. warmoebis teqnologiuri traqti 
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minimaluri danaxarjebiT 
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Tavi II. warmoebis marTvis modelebi da 

algoriTmebi 

 

2.1  warmoebis ekonomikuri modeli 

 

mikroekonomikaSi ekonomikuri subieqtebia samrewvelo, sameurneo, 

savaWro, samseneblo, satransporto, kavSirgabmulobis, 

sayofacxovrebo momsaxureobis da a.S. firmebi, saojaxo 

meurneobebi maTi interesebiTa da garemoTi “avtomaturad” 

formirebadi qcevebiT, romelTac SeiZleba vuwodoT 

“ekonomikuri avtomatizmi”. 

ekonomikuri avtomatizmi direqtiulad aramarTvadia, igi SeuZlia 

marTos “uxilavma xelma” _ garemom. garemos ki qmnis ara marto 

ekonomikuri subieqtebis ekonomikur_komerciuli qcevebi 

meurneobriobis sabazro meqznizmis gamoyenebiT, aramed 

funqciebis ganawilebiT xelisuflebasa da sabazro meqanizms 

Soris. 

ekonomikuri avtomatizmi niSnavs imas, rom ekonomikuri subieqti, 

iqneba is erTeuli adamiani (individi), adamianTa jgufi, sawarmos 

koleqtivi, firma, socialuri jgufi, Tu mTeli qveyana, 

eqvemdebareba bunebriv garemoSi aRmocenebul procesebs da 

situaciebs. maTSi maSinalurad aRmocendeba iniciativa da 

moqmedebs avtomaturad. saxeldobr, Cndeba moTxovnileba, iwyeba 

azrovneba mocemul garemoSi moTxovnilebis dakmayofilebis 

gzis misagnebad. xorcieldeba am gziT moZraoba, raTa miRweul 

iqnas es Sedegi an mosalodnelze meti, maSin ekonomikuri 

subieqti imeorebs am gziT siaruls (aumjobesebs am gzaze maval 

meqanizms), an Tu sasurveli Sedegi ver iqna miRweuli daeZebs 

axal gzas, rac xdeba garedan sxvisi direqtiuli Carevis gareSe. 

mas gaaCnia socialurad samarTliani sammarTvelo 

gadawyvetilebaTa miRebisa da ganxorcielebis Tavisufleba. 

garemos (garemomcveli aris) zemoqmedebiT amgvari cnobierebis 

maSinalurad TviTmarTvadi impulsebiT gamowveul qcevebis 
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sistemas, romelic warmoqmnis TviTaRmocenebad iniciativas, 

SegviZlia vuwodoT ekonomikuri avtomatizmi. 

ekonomikur avtomatizmSi mJRavndeba ekonomikuri subieqtis 

mimaniSnebeli qcevis meqanizmi. magaliTad, sakmarisia moSivdes 

ekonomikur subieqts (adamians), rom igi iwyebs azrovnebas, TuU 

ra gzas daadges, rom moipovos sakvebi. analogiurad dgas 

sakiTxi maSinac, rodesac garemo miuTiTebs biznesis keTebis 

raime SesaZleblobebze. aq ukve ibadeba survili, rom man 

mokidos xeli am saqmes. es survili Tavis mxriv warmoSobs 

impulss, raTa miagnos im gzas, romelic mas moutans sasurvel 

Sedegs, did Semosavals, maqsimalur mogebas. yovelive amas igi 

akeTebs masze garedan sammarTvelo zemoqmedebis direqtiuli 

wesiT ganxorcielebis gareSe, e.i. sakuTari iniciativiT. am 

iniciativas misamarTs aZlevs (stratediul orientacias iwvevs) 

garemo, romelSic mas uxdeba saqmianoba. vinc an rac ayalibebs 

am garemos, igi uxilavi xeliT, ara direqtiulad (indikaturad) 

marTavs mas. 

amrigad, mikroekonomika, rogorc realurad arsebuli obieqti, 

warmoadgens makroekonomikuri subieqtebis mier ekonomikuri 

dovlaTis mopovebisaTvis sakuTar ekonomikur gadawyvetilebaTa 

miRebiT Tavisive qcevebis marTvas da erTmaneTs Soris 

horizontalur gadaWdobis ekonomikuri avtomatizmis meSveobiT. 

makroekonomika yalibdeba ekonomikuri “atomebisagan”. amgvars 

warmoadgenen Zireuli ekonomikuri subieqtebi. isini 

warmodgenili arian am subieqtebis grovad ki ara, aramed erTian 

arealSi garemoTi dakvalianebul horizontalur da 

dargobrivad vertikalur saTavsoSi moTavsebul erTianobad. 

makroekonomikuri horizontaluri   kavSirebisaTvis firma 

saerTod da, kerZod, samrewvelo firma warmoadgens “Sav yuTs” 

(nax. 12.). 

“Savi yuTi” niSnavs iseT sistemas, romliTac Seiswavleba am 

sistemaSi Sesasvlel resursebze zemoqmedebaTa dapirispireba 

misi gamosavlis reagirebasTan ise, rom aq es xorcieldeba 
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Sidasawarmoo procesebis da procedurebis msvlelobis Sinagani 

analizi da marTva imis mier, visTvisac igi “Savi yuTia”. 

igi “Savi yuTia” horizontalur kavSirebSi monawileobisaTvis 

iseve, rogorc dagrovili vertikaluri indikatori marTvisaTvis. 

igi “Savi yuTia” maTTvisac, vinc horizontalur kavSirSia 

mocemul firmasTan. es imitom, rom yovel firmas aqvs ufleba 

gaasaidumlos Tavisi komerciuli Sidasafirmo manevrebi [ ]25 . 

nax. 8 _ dan Cans, rom “Savi yuTis” (firmis) sawarmoo sistemaSi 

gamsxvilebul Sesayvan faqtorTan (egzogenur faqtorad) 

warmodgenilia kapitali (ZiriTadi kapitali), Sroma (samuSao 

Zala) da materialur_energetikuli resursebi. aq wydeba sakiTxi 

Tu rogori Tanafardobaa gansazRvrul kapitalsa da Sromas 

Soris sawarmoo funqciis ganawilebisas. Tavidan maT gaaCniaT 

urTierTSenacvlebis unari. am Tanafardobis racionaluroba 

moiTxovs, rom igi iwvevdes saerTo xarjebis Semcirebas (imis 

mixedviT, gaiafda kapitali Tu Sroma an romeli maTgani 

gaZvirda). garda amisa, aq arsebiTi mnisvneloba eniWeba, Tu 

saidan da transportis romeli saxeobiT, an urTierTSemcvleli 

nedleuliT da energiiT, romel maTgans mieniWeba upiratesoba, 

rom ganxorcieldes maTi danaxarjebis minimizacia. 

amgvari sakiTxebi unda gamoikvlios mikroanalizma. saxeldobr: 

1. funqcionalurma analizma. am dros gamoiyofa saintereso 

niSanTviseba (mizani), romelic unda gadawydes analizis 

Sedagebis mixedviT. mag. mizani _ saerTo xarjebis 

Semcireba. miRwevis saSualeba _ warmoebaSi Sesayvani 

faqtorebis im Tanafardobis gansazRvra, romelic 

gamoiwvevs  warmoebaze danxarjebis minimizacias saerTod, 

im SefasebaTa mixedviT, romelsac gansazRvravs resursebis 

bazris koniunqtura; 

2. zRvrulma analizma unda gamoikvlios momdevno 

ekonomikuri operaciis ara marto saerTo danaxarjebi, 

aramed is damatebiTi (zRvruli) sargeblianoba da 
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damatebiTi (zRvruli) xarjebi, romlebic eqvemdebarebian 

sabazro SefasebebiT koreqtirebas; 

3. SewonasworebiTi midgoma mikroanalizis erT-erTi arsebiTi 

maxasiaTebelia, romelic gamoiyeneba mudmivad moZraobaSi 

myofi ekonomikuri movlenebis procesebis gamokvlevaSi, 

sadac maTavaria movlenaTa dinamikis gansazRvraSi 

Sesadarisobis dacva indeqsuri analizis meTodologiis 

gamoyenebiT. 

 

 

warmoebaSi Sesayvani gamsxvilebuli faqtorebi 

 

nax. #12. Savi yuTi 

 

1. kapitali; 

2. Sroma; 

3. materialur_energetikuli resursebi. 

nax. #8 _ dan Cans, rom igi ar warmoadgens Sida sawarmoo 

marTvis gamWvirvale sistemas. aq ar Cans, Tu ra xdeba, ra 

procesebi, operaciebi xorcieldeba da romeli procedurebi 

sruldeba firmaSi, gansakuTrebiT mis sawarmoo sistemaSi. aq Cans 

mxolod is, Tu ra SehyavT “Savi yuTSi”, ra gamodis “Savi 

yuTidan”, rogor myardeba kavSiri Seyvanil gamsxvilebul 

faqtorebsa da “Savi yuTidan” gamosavals Soris. am kavSiris 

mikroekonomika ganixilavs “argumenti funqciis” WriliT da ara 

1) 
2) 

3) 

f
gv

f

saq

gv

Q

saq

sasaq
R

R

R

W

RW
Q =⋅⋅⋅

saq
Q

 

b
r

br P
P

P

P

P
P =⋅⋅=  

Savi yuTis 
gamosavali 

Sedegebis 
sabazro Sefaseba 

Savi yuTi 

S
av
 y
u
T
S
i 

S
es

as
vl

el
i 



 

56 

Sigasawarmoo proces-operaciaebis marTviT da uSualod gadadian 

sabazro SefasebiT koreqtirebul ekonomikur Sedegebze 

( )PPdaf bPR . 

 

1. sasaqQ _ sawarmoos 

funqciis Sedegi 

e.i.sasaqonlo produqciis 

Sesadar fasebSi;  

2. P _danaxarjebis funqciis 

Seddegi, xarjebis 

warmoebrivi transformacia 

mogebad; 

3. fR _produqciis 

raelizaciis (gayidva) 

faqtiuri moculoba; 

 

4. P b_biznes mogeba; 

 

5. W saq_saqonlis produqcia 

mimdinare sabazro fasebSi; 

6. gvR _produqciisrealizaciis 

mocemulobis gegma-varaudi; 

 

7. P r_produqciis 

realizaciidan miRebuli 

mogeba; 

 

8. 

saq
QQ

saq
W

_fasebis indeqsi 

9. 

saq

gv

W

R

_ produqciis 

realizaciis (gayidvaTa) 

moculobis sasaqonlo 

produqciidan; 

 

10. 

gv

f

R

R

_produqciis 

faqtiuri realizaciis 

gadaxra realizaciis 

gegma-varaudidan; 

11. 
P

P
r

_produqciis 

realizaciidan miRebuli 

mogebis gamosavlianoba 

warmoebuli mogebidan; 

12. 

r

b

P

P

_ biznes-mogebis 

gamosavlianoba 

realizaciidan miRebuli 

mogebidan; 

 

samrewvelo firmisaTvis, am firmis mewarmesaTvis, menejerisaTvis, 

sxvebisaTvis es “Savi yuTi” ukve gamWvirvale “TeTri yuTia”. es 

yuTi warmoadgens iseT sistemas, sadac Cans “yuTis” Siga areali. 

aq SegviZlia amovikiTxoT, Tu ra reagirebas axdens firmis 

sawarmoo sistemis teqnikur-ekonomikuri maxasiaTeblebi masSi 

mimdinare procesebiT da procedurebiT Sesavalze zemoqmedi 

egzogenur (SeyvaniTi kapitalis, Sromis da 

materialur_energetikuli resursebis) faqtorTa cvlilebebze 

da rogor xorcieldeba Sigasawarmoo marTvis procesi (nax. 13). 
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nax. 13. TeTri yuTi 

warmoebis multiplikator_operatorebi 

1. 
ts

M _teqnikuri simZlavre; 

2. 
ss

M _sawarmoo simZlavre; 

3. 

ts

ss

M

M
_sawarmoo simZlavris 

teqnikur simZlavreze 
ganfenis potencia; 

4. 
Z

C _ZiriTadi kapitali; 

5. 

Z

ts

C

M

_ZiriTadi kapitalis 

ukugebis potencia teqnikuri 
simZlavris mixedviT; 

6. ∑t _SromiTi erTeulebi 

kac_saaTSi; 

7. 
∑ t

C
Z
_Sromis 

kapitalSeiaraReba; 

8. 
m

N _muSaTa saSualo 

siobrivi ricxobrioba; 

9. 
p

N _samrewvelo sawarmoo 

personalis saSialo 
siobrivi ricxobrioba; 

10. 

p

m

N

N

_samrewvelo sawarmoo 

personali struqtura 
muSaTa xvedriTi wilis 

mixedviT; 
 

11. 
nwp

Q _produqciis saerTo 

gamoSveba wminda produqciis 
normativebSi (wminda 

produqcia); 

12. 

ss

nwk

M

Q
_sawarmoo simZlavris 

gamoyenebis koeficienti; 
13. ∑T _ namuSevar kac-dReTa 

raodenoba; 

14. 
∑

∑

T

t
_samuSao dReTa 

saSualo xangrZlivoba; 

15. 

m
N

T∑
_samuSao dReebiT muSis 

saSualo datvirTva 
produqciis saSualo 
gamomuSaveba Sesadar 

fasebSi (saerTo 
produqcia); 

16. 
saer

Q _produqciis saSualo 

gamoSveba Sesadar fasebSi 
(saerTo produqcia); 

17. 

nRp

saer

Q

Q

_produqciis saerTo 

gamoSvebis masalatevadoba; 

18. 
sasaq

Q _sasaqonlo 

produqcia Sesadar 
fasebSi; 

 

19. 

saerT
QQ

sasaq
Q

_sasaqonlo 

produqciis gamosavlianoba 
produqciis saeRo 

gamoSvebidan; 

20. 
sasaq

W _sasaqonlo 

produqcia mimdinare 
sabazro fasebSi; 

21. 

sasaq
QQ

sasaq
W

_fasebis indeqsi 

sasaqonlo produqciaze; 

22. 
gv

R _produqciis 

realizaciis (gayidvaTa) 
moculobis gegmuri varaudi; 

23. 

sasaq

gv

W

R

_sasaqonlo 

produqciidan produqciis 
gamosavlianobis gegmuri 

varaudi; 

24. 
f

R _produqciis 

realizaciis (gayidvebis0 
fqtiuri moculoba 

 

25. 

gv

f

R

R

_sabazro SefasebaTaa 

mixedviT produqciis 
gayidvaTa faqtiuri 

moculobis gamosavlianoba 
gegmiuri varaudidan; 

 

b
r

br

saqwd

saq

p
p

md

md

wd
P

P

P

P

P

P
S

P

S

S

N
N

V

V

A

A

B

B

S

=⋅⋅=⋅⋅⋅⋅⋅⋅
 

(xarjebis transformacia biznes_mogebad) 

materialur-
energetikuli 
resursebi 

Sroma 

TeTri yuTi 

gv

f

saq

gv

Q

saq

sasaq
nwp

sasaq

nRp

saer

p
mss

nwk

p

mZ

Z

ts

ts

ss
R

R

R

W

RW

Q
Q

Q

Q

Q

N
N

T

T

t

M

Q

N

N

t

C

C

M

M

M

=⋅⋅⋅=⋅⋅⋅
∑

⋅
∑

∑
⋅⋅⋅

∑
⋅⋅

saq
Q

danaxarjebis funqciis maxasiaTebeli 
multiplikator_operatorebi 

kapitali 

kontaqtis 
multiplikator_operatori 

warmoebis funqciis maxasiaTebeli multiplikator-operatorebi

(resursebis transformacia sasaqonlo produqciad)

warmoebis Sedegebi produqciis 
gasaRebasTan 



 

58 

danaxarjebis multiplikator_operatorebi 
 

1. 
wd

S _warmoebaze danaxarjebi; 

2. 
md

B _materialuri 

danaxarjebi; 

3. 

md

wd

B

S

_warmoebaze 

danaxarjebiis ganfena 
materialur danaxarjebze 
(xvedriTi wonis Sebruneba); 

4. A _amortizaciis anaricxebi, 
rogorc ekonomikuri 

elementebi; 

5. 
A

B
md

_materialuri 

danaxarjebis ganfena 
amortizaciis anaricxebze; 

6. V _xelfasi, rogorc 
ekonomikuri elementi; 

7. 
V

A
_amortizaciis anaricxebis 

ganfena xelfasze; 

8. 
p

N _muSakTa ricxovnoba, 

rogorc mxarjavi 
operatorebi; 

9. 

p
N

V
_mxarjav operatorze 

xelfasis ganfen; 

10. 
saq

S _mTeli sasaqonlo 

produqciis TviTRiewbuleba; 

11. 

wd

saq

S

S
_mTeli sasaqonlo 

produqciis TviTRirebulebis 
wili warmoebaze 
danaxarjebSi; 

12. P _warmoebis mogeba; 

13. 

saq
S

P
_sasaqonlo produqciis 

rentabeloba; 

14. 
r

P _mogeba realizaciidan; 

15. 
P

P
r

_realizaciidan mogebis 

gamosavlianoba warmoebuli 
mogebidan; 

16. 
b

P _biznes-mogeba; 

17. 

r

b

P

P

_biznes_mogebis 

gamosavlianoba realizaciiT 
miRebuli mogebidn. 

 

marTlac aq ukve Cans, rogorc resursebis transformacia 

sasaqonlo produqciad, aseve xarjebis transformacia biznes-

mogebad. magram imisaTvis, rom SesaZlebeli gaxdes am 

transformaciaTa marTva warmoebis saboloo Sedegis misaRebad 

( )PQ dasaq  organizebulobis umaRles doneze, saWiroa am 

procesebis warmodgena sawarmoo sistemis imgvar 

teqnikur_ekonomikur maxasiaTebelTa WriliT, romelic 

gaSifravs multiplikator_operatorebs warmoebis da xarjebis 

funqciaTa ganxorcielebaSi. 

amas moiTxovs is, rom Tu aq genetikurad aris dasabuTebuli 

Tanmimdevroba, maSin SesaZlebeli xdeba gavzomoT da vmarToT 

sawarmoo sistema organizebulobis umaRles genetikur doneze, 

saTanado manevriTac ki.  
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2.2. kalendaruli dagegmvis qseluri meTodebi 

 

programa gansazRvravs urTierTdakavSirebuli operaciebis 

erTobliobas, romlebic aucilebelia Sesruldes garkveuli 

TanmimdevrobiT, raTa mivaRwioT programaSi dasmul mizans. 

operaciebi logikurad isea dalagebuli, rom zogierTi maTgani 

ar daiwyeba manam, sanam sxvebi ar iqneba dasrulebuli. programis 

operacia Cveulebriv ganixileba rogorc samuSao, romlis 

Sesasruleblad moiTxoveba droisa da resursebis xarjva. 

rogorc wesi operaciis erToblioba ar meordeba. 

dagegmvis qseluri meTodebis gamoCenamde, programis dagegmva 

xorcieldeboda mcire moculobiT. 

programebis qseluri dagegmva da marTva Seicavs sam ZiriTad 

etaps: struqturuli dagegmva, kalendaruli dagegmva da 

operatiuli marTva. 

struqturuli dagegmvis etapi iwyeba programebis zustad 

gansazRvruli operaciebad dayofiT. Semdgom ganisazRvreba 

operaciis xangrZlivobis Sefaseba da igeba qseluri 

modeli(qseluri grafiki, isrovani diagrama), yoveli wibo(isari), 

romelic warmoadgens samuSaos. mTlianad qseluri modeli 

warmoadgens programebis, operaciebis urTierTkavSiris 

grafikul warmodgenas. 

qseluri modeli gamosaxavs operaciebsa da maTi Sesrulebis 

Tanmimdevrobas Soris damokidebulebas. movlena ganisazRvreba 

rogorc drois momenti, rodesac mTavrdeba erTi operacia da 

iwyeba sxva. nebismieri operaciis sawyisi da saboloo wertilebi 

aRiniSneba, , movlenis saxiT, romelTac uwodeben Cveulebriv 

sawyis da saboloo movlenas. yoveli operacia qselSi 

warmoidgineba erTi wiboTi (isriT). movlenis arc erTi wyvili 

ar unda ganisazRvros erTi da igive sawyisi da saboloo 

movleniT. 

qseluri dagegmvisa da marTvis agebisaTvis gamoiyeneba Semdegi 

formulebi: 
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( ) 0=ETi  Tu  0=i ; 

( ) ( ) ( )( ) ;,,max jijidETET ij <+=                      (1) 

( ) ( )ETLT ii =  Tu  ni= ; 

( ) ( ) ( )( ) jijidLTLT ji <−= ,,min ; 

( ) ( ) ( )jidETLTR iii ,−−= ; 

( ) ( ) ( )jidETETFF ijij ,−−= .  

sadac ( )jid ,  aris samuSaos xangrZlivoba, ( )ETi  adreuli vadaa 

yvela operaciis dawyebis, i _uri movlenebidan gamomdinare.  

 

 

nax. 14. kritikuli gzis gansazRvris qseluri modeli 

 

( )LTi  _ gviani vadaa yvela movlenis dasrulebis i _urSi Semavali. 

iR  _ Tavisufali drois rezervi i _ uri movlenis. Tu  0=iR , 

maSin movlenis Sesruleba ar SeiZleba Seyovndes, radgan is 

kritikul gzaze Zevs.  ijR _ samuSao drois sruli rezervi ij , 

gansazRvravs, Tu ramdenad SeiZleba Seyovndes mocemuli 

samuSaos Sesruleba. 0=ijR  _ samuSao kritikul gzaze Zevs da 

amitom ar SeiZleba misi Seyovneba. ijFF  _ operaciis drois 

Tavisufali rezervi ji − -uri, ganiazRvreba varaudiT, rom yvela 

operaciebi qselSi iwyeba adreul vadaSi. 

zemoT CamoTvlili formulebis gamoyenebiT, kritikuli gza 

mdebareobs 674320 −−−−− . naxazze warmodgenilia qseluri 

modeli. cifri isarze uCvenebs operaciis xangrZlivobas. 
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wyvetili xaziT naCvenebi isari gansazRvravs fiqtiur operacias  

43− , xolo gadaxazuli isrebi _ kritikul gzas. 

qseluri grafikis parametrebis gaTvlis sawyis warmoadgens 

optimizebuli grafikis calkeuli samuSaos xangrZlivobis 

Sefasebas. 

samuSaos xangrZlivoba gansazRvrul diapazonSi maxmin tt − ,  sadac 

mint  _ samuSaos Sesrulebis xelsayreli pirobebis da viTarebis 

xangrZlivobaa, dReebi (kvirebi); maxt  _ agreTve araxelsayrel 

pirobebsa da viTarebaSi, dReebi (kvirebi). 

am sawyisi monacemebiT gamoiTvleba mosalodneli xangrZlivoba       

t m ( ) 523 maxmin tt +=  da moiniSneba grafikSi isarze, romelic 

aRiniSnavs mocemul samuSaos. 

dagegmvas mniSvnelovani adgili ukavia warmoebis marTvis es_Si 

Semaval amocanebs Soris. 

warmoebis kalendaruli gegmis da grafikis Sedgena aucilebeli 

pirobaa organizaciis gamarTuli muSaobisaTvis, xolo qseluri 

modelebi uzrunvelyofen yvelaze ukeT gamosaxon obieqti da 

ganaxorcielon mecnierulad dasabuTebuli warmoebis 

kalendaruli dagegmva, gansazRvros da amoxsnas mravali 

problemuri situacia, warmoSobili warmoebis procesis dros. 

qseluri modeli es aris urTierTdakavSirebuli samuSaoebis 

kompleqsi, rogorc wesi Seicavs orientirebul grafs da rig 

maxasiaTeblebs: dro, Rirebuleba, resursebi da sxva 

damokidebuls calkeul samuSaoebze da mTlianad kompleqsze. 

cnobilia qselis warmodgenis sxvadasxva formebi. yvelaze metad 

gavrceleba hpova grafikulma warmodgenam, romelsac qselis 

grafiks eZaxian [25]. 

qseluri modelebi SeiZleba orientirebuli iyos movlenaze da 

samuSaoze.  

movlenebze orientirebuli modelebi SedarebiT iSviaTad 

gamoiyeneba. samuSaoze orientirebulma modelebma miiRes ufro 

meti gavrceleba warmoebis praqtikaSi. samuSaos xasiaTis 
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mixedviT ganasxvaveben droiT, RirebulebiT da resursul 

modlebs. pirveli maTgania samuSaos xangrZlivoba, romelic 

SeiZleba mocemuli iyos mxolod misi Sesrulebis dasaSvebi 

mudmivi siCqariT. samuSaos xangrZlivoba SeiZleba iyos rogorc 

gansazRvruli (determinirebuli), aseve SemTxveviTi sidide. 

samuSaos Rirebuleba damokidebulia xangrZlivobasa da misi 

Sesrulebis pirobebze. Mmocemuli damokidebulebis aRweris 

funqcia, e.w. funqcia `dro _ Rirebuleba”, SeiZleba ganisazRvros 

mocemuli samuSaos sxvadasxva Sesrulebis variantebis analiziT, 

an statistikuri monacemebis Segrovebisa da damuSavebis SedegiT. 

resursul maxasiaTeblebad ama Tu im samuSaosaTvis saWiro 

sxvadasxva resursebze moTxovnis Setyobineba igulisxmeba. 

amasTan ganasxvaveben resursuli maxasiaTeblebis or ZiriTad 

tips. 

pirveli maTgani aris dasawyobebuli (araganaxlebadi) masalebi, 

romlebic samuSaos Sesrulebis procesSi ixarjeba da SeiZleba 

gamoyenebuli iqnen SemdgomSi. 

meore tipi resursebisa aris aradasawyobebuli (ganaxlebadi): 

xalxi, manqanebi da a.S. samuSaos Sesrulebis procesSi ar xdeba 

am resursebis gaxarjva da arc dasawyobeba. moTxovna eseTi 

saxis resursebze Cveulebriv xasiaTdeba misi gamoyenebis 

intensivobiT da Sesabamisi grafikiT gamoisaxeba. aRsaniSnavia, 

rom nebismieri ori samuSao SeiZleba erTmaneTTan dakavSirebuli 

iyos wina pirobiT, rom erT-erTi maTgani sruldebodes mxolod 

erTis dasrulebis Semdgeg, an gamoricxuli iyos eseTi kavSiri. 

qselur modelSi samuSaoze orientirebuli movlena niSnavs, 

pirvel rigSi pirobebis erTobliobas, romelebic nebas rTaven 

daiwyos mocemuli erTi an ramdenime movlenidan gamomdinare 

samuSao kompleqsi, meore rigSi, moxdes masSi Semavali erTi an 

ramdenime samuSaos dasruleba. 

ufro metad gavrcelebul samuSaoze orientirebul qselur 

modelebSi, garda Sualedurisa, gamoyofen sawyis da saboloo 

movlenebs, romlis Semdgem ar sruldeba aranairi samuSao. 
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damamTavrebeli movlenebi erTdroulad warmoadgens 

miznobrivsac. 

unda aRiniSnos, rom garda sawyisi, damamTavrebeli da 

miznobrivi movlenebis kompleqsisa, xSirad gamoyofen kidev 

sakontrolo movlenebs, romlebic warmoadgenen mocemuli 

warmoebis marTvis interess. 

Tu samuSaos Seesabameba orientirebuli grafis mwvervalebi, 

xolo rkali afiqsirebs wina pirobebs samuSaoebs Soris, maSin 

formirdeba qseli `samuSaoebi _ mwvervalebi”. 

winaaRmdeg SemTxvevaSi, roca samuSaoebs Seesabameba qselis 

rkalebi, xolo mwvervalebi ki -  gansazRvrul movlenebs, 

saubroben `samuSaoebi_rkalebi” qselis gamoyenebaze (nax. 10) 

 

 

 

nax. 15. qseli “samuSao-rkali”   

 

realuri SromiTi procesebis an molodinis reJimSi myofi 

samuSaoebis gamomsaxvelis rkalebis garda, erT qselSi ara 

iSviaTad gvxvdeba kidev damatebiTi rkalebi _ e.w. fiqtiuri 

samuSaoebi, romelTac nulovani xangrZlivoba aqvT da 

gamoyenebulia mxolod kompleqsis wesebis damokidebulebis 

swori asaxvisaTvis [1].  

zogjer qseli iyofa ramdenime damoukidebel qselad e.i. 

yalibdeba e.w. mravalqseluri modeli. 
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Tu qselis yvela mwvervalze sruldeba mxolod operacia `da”, 

eseT qsels uwodeben kanonikurs, xolo im SemTxvevaSi, roca 

zogierT mwvervalze xorcieldeba operacia `an”, maSin 

formirdeba alternatiuli qseli. 

 

 

 

nax. 16. alternatiuli qseluri modelebi 

 

alternatiuli qselebis modelebis, samuSaoebis SemaerTebeli 

sqemebis sxvadasxva gamosaxulebebi mocemulia nax. 16-ze. 

mwvervalebis gamosaxvisaTvis wreebi gamoiyeneba mxolod maSin, 

roca Semavali da gamomavali rkalebi (samuSaoebi) SeerTebulia 

sqemiT `da” (nax. 16a). Tu Semavali rkalebi SeerTebulia sqemiT 

`an”, xolo gamomavali _ sqemiT `da”, gamoiyeneba  (nax. 16b), sadac 

naCvenebia, rom samuSao C SeiZleba daiwyos, rodesac damTavrdeba 

an A  an  B.  im SemTxvevaSi, roca Semavali rkalebi SeerTebulia 

sqemiT `da”, xolo gamomavali ki - sqemiT `an”, gveqneba figuriT 

(nax. 16g), sadac A samuSaos damTavrebis Semdeg, Sesruldeba B da 

C Soris erT-erTi da bolos, rodesac Semavali da gamomavali 

rkalebi SeerTebulia sqemiT `an”, gveqneba nax.16d-ze 

warmodgenili situacia.  A da B_dan erT-erTis damTavrebis 

Semdeg, SeiZleba Sesruldes C da D_dan nebismieri erT-erTi. 

zogierT SemTxvevaSi alternatiuli qselis SeerTeba sqemiT `an” 

faqtiurad miekuTvneba mxolod ori samuSaos Sesrulebis rigs, 

magram ar mianiSnebs erT-erTis gamoricxvis saSualebas. rogorc 

B

A

B C 

a
A

B C

b

C 
A D 

g
)
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es nax. 17 -zea mocemuli, C  samuSaos realizaciisaTvis sakmarisia 

damTavrdes A an  B_dan erT erTi samuSao, magram Semdegi D 

samuSaos dasawyebad unda Sesruldes orive A da B samuSaoebi. 

 

nax. 17. alternatiuli qseluri modeli 

 

zemoT ganxiluli qseluri modelebi SeiZleba iyos 

determinirebulebi da albaTuri. 

determinirebuli qseluri modelebi 

erTmizniani determinirebuli modeli drois maxasiaTebelebis 

gaTvaliswinebiT, romelsac agreTve kritikuli gzis modelsac 

uwodeben, xasiaTdeba erTaderTi sawyisi da saboloo 

movlenebiT, amasTan fiqsirebuli qselis struqturiT da 

calkeuli samuSaos mocemuli xangrZlivobiT (nax. 14). 

eseT modelebSi yovelTvis arsebobs da SeiZleba gamovlindes 

kritikuli gza. Mmisi xangrZlivoba tolia kritikuli drois, e.i. 

umciresi periodis, romlis drosac SeiZleba 

Camoyalibdes(Seiqmnas) sawarmoo xazi. rig SemTxvevebSi 

warmoiqmneba erTi da igive xangrZlivobis mqone ramdenime 

kritikuli gzebi. 

kritikuli gzis Semcveli samuSaoebs gaaCniaT umciresi savse 

drois rezervi, e.i. iseTi, romlis meSveobiTac SesaZlebelia 

aRvniSnoT dawyeba an gavzardoT ama Tu im samuSaos 

xangrZlivoba miznobrivi movlenis Sesrulebis vadis direqtivis 

darRvevis gareSe. im SemTxvevebSi, rodesac direqtiuli vada ar 

aris mocemuli an emTxveva kritikul dros, sruli rezervebis 

minimaluri mniSvneloba tolia nulis. 

mravalmizniani determinirebuli modeli droiTi 

maxasiaTeblebis gaTvaliswinebiT gansxvavdeba Cveulebrivi 

A 

B 

C  

 

 

D 
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ubralo modelisagan imiT, rom erTis mxriv, daiSvebian ramdenime 

sawyisi da miznobrivi movlenebi, meores mxriv, xdeba SezRudva 

zemodan da/(an) qvemodan zogierTi sakontrolo movlenebis 

Sesrulebis vadaze. 

aseTi pirobebi Zalze xSirad gvxvdeba warmoebis praqtikaSi. 

ganzogadoebuli determinirebuli modeli droiTi 

maxasiaTeblebis gaTvaliswinebiT iZleva saSualebas aisaxos 

rigi damaTebiTi moTxovnebi warmoebis (produqtis damzadebis) 

dros. 

ganzogadoebul qselur modelebSi gamoiyeneba ori saxis kavSiri 

urTierTdamokidebul samuSaoebs Soris _ `ara adre” da 

`araugvianes” da analogiuri SezRudva samuSaoebis dawyebisa da 

damTavrebis vadebisa. es niSnavs, rom SesaZlebelia adgili 

hqondes ara marto fiqtiuri samuSaoebs nulovani 

xangrZlivobiT, romelic miuTiTebs logikuri kavSiris tipze 

`ara adre”, aramed iseTebi, romlebsac aqvT nebismieri, maT Soris 

drois uaryofiTi Sefaseba. eseTive kavSirebi SeiZleba damyardes, 

rogorc winamorbedis damTavrebisa da Semdgomis dawyebas Soris, 

aseve am samuSaoebis Sesrulebis nebismieri ori momentisa. amave 

dros…SeiZleba SemoRebuli iqnas SezRudvebi qvemodan (`ara 

adre” tipis) da zemodan (`ara ugvianes”) samuSaos Sesrulebis 

nebismieri momentis vadiT. 

determinirebuli qseluri modelebis droiTi da RirebulebiTi 

maxasiaTeblebi gansxvavdebian imiT, rom maTSi yoveli 

samuSaosaTvis mieTiTeba funqcia `dro_Rirebuleba” e.i. 

pirdapiri danaxarjebs_samuSaos xangrZlivobas Soris 

damokidebuleba. 

models Rirebulebis gaTvaliswinebiT uwodeben wrfivs, Tu 

miRebulia wrfivi funqciebi `dro_Rirebuleba”, winaaRmdeg 

SemTxvevaSi models ewodeba arawrfivi. 

determinirebuli qseluri modelebi resursuli maxasiaTeblebis 

gaTvaliswinebiT gansxvavdebian imiT, rom yvela an zogierTi 

samuSaoebi aRiWurveba maTi SesrulebisaTvis saWiro Tanmxlebi 
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resursuli cnobebiT. Amas garda, SesaZlebelia mocemul iqnas 

raodenobis grafiki an ama Tu im resursebis dagegmili Semotana. 

es qseluri modelebi mizanmimarTulad klasificirdeba 

ramdenime maxasiaTebliT: 

_  aRricxuli resursebis xarisxobrivi saxis mixedviT; 

_ calkeuli samuSaoebisaTvis resursebis moTxovnis 

grafikebis siZnelis mixedviT; 

albaTur qselur modelebad iTvleba iseTi qselebi, romelTa 

samuSaoebis zogierTi parametrebi mocemulia SemTxveviTi 

sidideebiT. maT Soris unda gamovyoT modelebi samuSaoebis 

gaurkveveli xangrZlivobiT da maTi SemadgenlobiT, agreTve 

resursuli modelebi. 

qseluri dagegmarebis sami midgoma. 

warmoebis marTvis eqspertul sistemaSi gamoiyeneba qseluri 

modelebis sxvadasxva tipebi. ufro rTuli modelebis gamoyeneba, 

afarToebs mmarTvelobiTi amocanebis efeqturad amoxsnis ares 

an aumjobesebs maTi amoxsnis Sedegebs. amasTan erTad izrdeba 

siZnele normatiuli bazis momzadebisa da operatiuli 

informaciis Segrovebis, amasTan maTi gadacemisa da damuSavebis. 

ganvixiloT amocanebis zogierTi konkretuli tipi. 

droiTi(droze damokidebuli) amocanebi_amocanis kritikuli 

gzis aRmoCena da warmoebis realizaciis kritikuli drois 

aRmoCena, movlenis moxdenis adreuli da gviani vadis monaxva da 

samuSaos dawyeba da damTavreba, agreTve drois rezervis 

mTliani da Tavisufali gansazRvra_SesaZlebelia amoixsnas 

erTmizniT determinirebuli qseluri modeliT droiTi 

maxasiaTeblebis gaTvaliswinebiT. 

nax. 18-ze mocemulia filtraciis blokSi realizebuli 

procedurebi, da kompleqsurad warmodgenili monacemebi. am 

procedurebis realizacia, dakavSirebuli qseluri modelis 

droiTi parametrebis amoxsnasTan, avtomatizebulia, amasTan 

damuSavebulia didi raodenobis algoriTmebi da programebi. 
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nax. 18. monacemebis kompleqsuri warmodgena da filtracia 

 

mniSvnelovani amocanebis optimizaciis rigi, amoixsneba 

determinirebuli qseluri modulebiT, droiT da RirebulebiT 

maxasiaTeblebis aRricxvis saSualebiT. 

eseTi amocanebis amoxsnis umartives variants adgili aqvs 

funqciis wrfivi xasiaTisas ( )ijijij tC ϕ= , romelic aRwers 

damokidebulebas samuSaos Rirebulebasa da xangrZlivobas ijt _s 

Soris, e.i. 

( ) ijijijijij btat +=ϕ                             (2) 

am SemTxvevaSi miznobrivi funqcia iRebs saxes: 

( )∑=
ij

ijij tC ϕ                                 (3)  

problemuri situaciis 
gansazRvra da gadaxrebis 
mniSvnelobis Sefaseba 

drois Sedareba kritikul 
drosTan da gadaxrebis 

aRmoCena 

cnobebis formireba 
drois Sesaxeb 

Warbi monacemebis 
mocileba, miRebuli 

angariSebis daxarisxeba 
da amocanis Sesrulebis 
dros masSi Semavali 
monacemebis momzadeba 

dasamiSaveblad  

droiTi parametrebis 
amoxsnis qseluri 
modeli (kritikuli 
gza, kritikuli dro, 
movlenis moxdenis 
adreuli da gviani 
vada, samuSaos 
dawyebisa da 
damTavrebis drios da 
mTliani da 
Tavisufali rezervebi 

sistemis mexsierebidan 

filtracia da minacemebis kompleqsuri warmodgena 

samuSaos Sesrulebis mimdinareobaze pasuxismgebeli 
pirebis angariSebis miReba da analizi 
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ganxiluli amocanis amoxsnis Sedegis mixedviT moiZebneba 

samuSaos iseTi teqnologiuri dasaSvebi xangrZlivoba, 

romliTac pirdapiri danaxarjebis jami iRebs umcires 

mniSvnelobas. 

warmoebis marTvis avtomatizaciaSi farTo gavrceleba miiRo 

yovelnairma resursulma amocanebma, amoxsnili determinirebuli 

qseluri meTodebis saSualebiT, sasurveli maxasiaTeblebis 

gaTvlis gaTvaliswinebiT.  

umartivesia resursebze moTxovnis aRricxvis amocanebi. ufro 

meti sirTuliT gamoirCeva amocanebi, romelic dakavSirebulia 

racionalur ganawilebasTan [2]. 

 

 

 

 

2.3. evristikuli algoriTmebis mimoxilva 

 

nebismieri teqnikuri mowyobilobis an sistemis damuSaveba 

warmoadgens proeqtis dasaSvebi variantebis simravlidan 

konkretuli variantis amorCevis amocanas. struqturuli 

sinTezis amocanis (amorCevis amocanis) amoxsnisaTvis saWiro 

moxdes avtomatizebuli sistemis proeqtireba da marTva 

warmoebis logikuri mxardaWeriT. 

teqnikuri nawarmis garTulebisas ufro SezRuduli xdeba 

adamianis SesaZleblobebi miiRos ara marto optimaluri, aramed 

saerTod racionaluri gadawyvetileba. garda amisa, bevr 

praqtikulad seriozul amocanebSi, problematuri aRmoCnda ara 

marto proeqtis ukeTesi variantis gansazRvra, aramed dasaSvebi, 

Tundac erT-erTi variantis moZebna. amasTan dakavSirebiT 

izrdeba struqturuli sinTezis amocanebis avtomatizebuli 

amoxsnis aqtualuroba. radganac, amocanis proeqtirebis sinTezi 

umravles SemTxvevaSi SemoqmedebiTi amocanaa, formalizaciis ar 
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qona, adamianis mTlianad amogdeba gadawyvetilebis miRebis 

procesidan aramizanSewonilia. 

teqnikisa da teqnologiebis ganviTarebis fonze izrdeba 

proeqtirebisa da marTvis rTuli amocanebis wili, romelTa 

gadawyvetisas tradiciuli meTodebis gamoyeneba araefeqturia. 

amitom, xelovnuri inteleqtis meTodebis gamoyenebas ufro meti 

yuradReba eTmoba. 

struqturuli sinTezis amocanebisaTvis iyeneben Semdeg 

inteleqtualur sistemebsa da teqnologiebs: 

 gamogonebiTi amocanebis amoxsna; 

 eqspertuli sistemebi; 

 morfologiuri sinTezi paternebis proeqtirebis 

gamoyenebiT; 

 gadawyvetilebis miRebis mxardamWeri sistemebi (gmms); 

 evoluciuri gamoTvlebi. 

struqturi sinTezis meTodebs Soris, evoluciur gamoTvlebs 

wamyvani adgili ukavia. Eevoluciuri gamoTvlebi – bionirebuli 

mimarTulebaa, romelic iyenebs evoluciis principebs, 

gadmoRebulia bunebida, magram im donemdea gamartivebuli, rom 

maTi realizacia SesaZlebeli iyos kompiuterul modelebSi. 

dResdReobiT Seiswavleba da viTardeba evoluciuri meTodebis 

oTxi ZiriTadi jgufebi _ genetikuri meTodebi, genetikuri 

programireba, “brbo” qcevis meTodebi da “WianWvelebis kolonis” 

meTodi.  

avtomatizirebuli sistemebis daproeqtebasa da marTvaSi meti 

yuradReba eTmoba mgenetikur meTodebs, romelsac xSirad 

genetikur algoriTmebsac uwodeben. 

genetikuri algoriTmebis gamoyenebas optimizacias amocanebis 

gadasawyvetad saTave daudo d. holandma 1975 w. genetikuri 

algoriTmebis ganviTarebaSi fundamenturi wvlili Seitana d. 

goldbergma. SemdgomSi genetikuri algoriTmebi warmatebiT 

gamoiyeneboda konstruqciis sinTezis sxvadasxva amocanebisaTvis, 
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cxrilebis SedgenisaTvis, satransporto saSualebebis 

marSrutizaciisaTvis da sxva. 

evoluciuri meTodebi. 

evoluciuri meTodebi (em) warmoadgens optimizaciis amocanebsa 

da struqturuli sinTezis amoxsnis miaxloebul (evristikur) 

meTodebs. Uumravlesi em dafuZnebulia situaciis gamokvlevisa 

da saZiebeli gadawyvetilebis iteraciul miaxloebis 

statistikur midgomaze. 

evoluciuri gamoTvlebi Seicaven xelovnuri inteleqtis erT-erT 

nawils. mocemuli mdgomareobiT xelovnuri inteleqtis sistemis 

agebisas ZiriTadi yuradReba eTmoba sawyisi modulis agebas da 

wesebs, romelTa meSveobiTac is SeiZleba Seicvalos. amasTan, 

moduli SeiZleba aigos sxvadasxva gansxvavebuli meTodebiT, 

magaliTad, es SeiZleba iyos neironuli qseli da logikuri 

wesebis krebuli. ZiriTad evoluciur meTodebs miekuTvneba 

meTodebi: genetikuri simulaciis, “brbos” qcevis, Wianwvelebis 

kolonis, genetikuri programirebis. 

maTematikuri programirebis zusti meTodebisagan gansxvavebiT, 

evoluciuri meTodi saSualebas iZleva moinaxos misaReb droSi 

optimalurTan miaxloebuli gadawyvetilebebis miTebisa, xolo 

gansxvavebiT sxva optimizaciis evristikuri meTodebisagan, 

xasiaTdeba naklebadaa damokidebuli danarTis 

gansakuTrebulobebze da xSir SemTxvevebSi uzrunvelyofs 

optimalur gadawyvetilebasTan miaxloebis saukeTeso xarisxs. 

simulaciis meTodebSi xdeba sxeulis procentuli energiis 

minimizacia, procesis imitacia detalebis simulaciis dros. 

xdeba mocemul saZiebel wertilis zogierTi samarTavi 

parametrebis Secvla. Aaxali wertili yovelTvis miiReba 

miznobrivi funqciis gaumjobesebiT da misi gauaresebis 

calkeuli albaTobis dros. 

evoluciuri meTodebis, seriozuli kerZo SemTxvevas, 

warmoadgens genetikuri meTodebi da algoriTmebi. Ggenetikuri 

algoriTmebi (ga) dafuZnebulia saukeTeso gadawyvetilebebis 
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Ziebaze, memkvidreobiTi da sagvareulo Tvisebebis gaZlierebaze, 

imitaciis procesis garkveul danarTze obieqtebis simravleze. 

obieqtebis Tviseba warmodgenilia parametrebis mniSvnelobebiT, 

romlebic gaerTianebulia CanawerebSi, da ewodeba evoluciuri 

meTodebis qromosoma. genetikur algoriTmSi operireben 

qromosomebis qvesistemi populaciad wodebuli. Ggenetikuri 

principebis imitacias _ mSoblebis albaTur SerCevas populaciis 

wevrebs Soris, maTi qromosomebis Sejvarebas, momavlis amorCeva 

sobieqtebis axal TaobaSi CarTvisTvis miznobrivi funqciis 

Sefasebis safuZvelze mivyavarT miznobrivi funqciis 

mniSvnelobis evoluciur gaumjobesebamde (saWiroebis 

funqciamde) Taobidan Taobamde. 

evoluciur meTodebs Soris gamoyenebas poulobs agreTve 

meTodebi, romlebic genetikuri algoriTmisagan gansxvavebiT 

operireben ara qromosomebis simravliT, aramed erTaderTi 

qromosomiT. Aes diskretuli lokaluri Ziebis meTodi 

dafuZnebulia  calkeuli parametrebis SemTxveviT cvlilebaze. 

aseT cvlilebebs mutacias uwodeben. Mmorigi mutaciis Semdeg 

afaseben saWiroebis funqciis mniSvnelobas F  da mutaciis 

Sedegebi inaxeba qromosomaSi, maSin roca F  gaumjobesdeba. 

“simulaciis modelireba”-is dros mutaciis Sedegi inaxeba, 

garkveuli algoriTmiT, F -is miRebul Sedegze damokidebulebiT. 

“brbos moqmedebis” meTodSi, mravali agentis moqmedebis imitacia 

xdeba, romelebic cdiloben TavianTi mdgomareoba SeaTanxmon 

saukeTeso agentis mdgomareobas. 

“WianWvelebis kolonis”  meTodi dafuZnebulia, WianWvelebis 

qcevis imitaciaze, TavianTi marSturebis sigrZis minimizireba 

WianWvelebis sabudaridan sakvebis wyaromde. 

ubralo genetikuri algoriTmi. 

genetikuri algoriTmis gamoyenebisaTvis aucilebelia: 

1. obieqtebis Taviseburebebis erTobliobis gamoyenebisaTvis, 

damaxasiaTebeli Siga parametrebiT da moqmedi mis 

vargisianobaze e.i. ( )nxxxX L,, 21=  ix -is Soris SeiZleba iyos 
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sxvadacxva tipis sidideebi ( )egerreal int,  ara cifruli 

sidideebis raodenoba, ganapirobebs amocanis amoxcnas, ara 

marto parametruli, aramed struqturuli optimizaciiT; 

2. Camoyalibdes raodenobrivi Sefaseba obieqtis 

vargisianobis variantebis _ vargisianobis funqcia F , Tu 

amocanis sawyisi saxe mravalkriterialuria, maSin aseTi 

formulireba niSnavs skalaruli (ganzogadebuli) 

kriteriumis SerCevas; 

3. obieqtis matemaTikuri modelis damuSaveba, romelic 

Seicavs F -is gamoTvlas algoriTmis mocemuli X -

veqtorisaTvis; 

4. X -veqtoris warmodgena qromosomebis formiT _ Semdegi 

saxis CanaweriT (nax. 1 ) 

 
Nnax. 19.   qromosoma 

 

Ggenetikur algoriTmSi gamoiyeneba Semdegi terminologia: 

• geni _ marTveli parametri ix ; 

• aleli _ genis mniSvneloba; 

• lokusi (pozicia) _ pozicia, romelic ukavia gens 

qromosomaSi; 

• genotipi _ qromosomis egzemplari, genopiti warmoadgens 

erTobliobas Siga parametrebsa da obieqtis genetikuri 

algoriTmis saSualebiT; 

• genofondi _ yvela SesaZlo genotipebis simravle; 

• sargeblianobis funqcia (Seguebadobis) F - miznobrivi 

funqcia; 

• fenotipi _ kriteriumebis mniSvnelobis erToblioba, 

romelic miiReba qromosomis dekodirebisas, fenotipis qveS 

xSirad igulisxmeba gamosasvleli parametrebis 
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erToblioba, sinTezirebuli obieqtis genetikuri 

algoriTmis saSualebiT. 

gamoTvliTi procesi iwyeba sawyisi STamomavlobis generaciiT _ 

simravle, Semcvleli N  qromosomis, N _populaciis zomaa. 

generacia sruldeba yoveli genis SemTxveviTi alelebis 

SerCeviT. 

for (k=0; k<G; k++) 

{ for (j=0; j<N; j++) 

  { qromosomebSi mSoblebis wyvilis SeCeva; 

    krosoveri; 

    mutacia 

    F - miznobrivi funqciis sargeblianobis sefaseba; 

    seleqcia; 

    } 

   mimdinare Taobis Secvla axliT; 

   } 

genetikuri algoriTmis gare ciklis yoveli xviasaTvis 

sruldeba gare cikli, romelzedac formirdeba axali Taobis 

(Semdgomi, mimdinares Semdeg) egzemplarebi. Gare cikliSi 

meordeba mSoblebis arCevis operatorebi, mSoblebis 

qromosomebis krosoverSi mutaciebi, naSireis Seguebadobis 

Sefaseba, qromosomebis seleqcia Semdgom STamomavlobaSi 

CarTvisTvis. 

ganvixiloT operatorebis Sesrulebis algoriTmi, ubralo 

genetikur algoriTmSi:  

1. mSoblebis arCeva: es operatori, imitacias ukeTebs, bunebriv 

amorCevas, Tu amorCeva mSoblebis wyvilis qromosomebis 

sasargeblo F  funqciis saukeTeso mniSvnelobisaTvis ufro 

albaTuria. magaliTad, vTqvaT F -is minimizacia unda 
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gakeTdes, maSin albaToba iP  mSoblebis qromosomiT amoirCeva 

iC  SeiZleba gamoiTvalos formuliT: 

 

( )∑
=

−

−
= N

j
j

i
i

FF

FFP

1
max

max                                              (4),                        

 

sadac, maxF  _ miznobrivi F  funqciis yvelaze uaresi 

mniSvnelobaa, mimdinare STamomavlobis egzemplarebs (nakrebs) 

Soris, iF  _ i -uri egzemplaris miznobrivi funqciis 

mniSvnelobaa. 

formula ( )1  uwodeben “ruletkis” borbalis formulas. Tu 

“ruletkis” borbalSi proporciuli mniSvnelobiT iFF −max  

gamovyofT seqtorebs, maSin maTSi moxvedris albaToba aris iP  

gamosaxuli ( )1  formulaSi Sesabamisad. 

magaliTi 1: 

vTqvaT 4=N , mniSvneloba iF  da iP  mocemulia cxrilSi 1: 

 

i  iF  iFF −max  iP  

1 2 5 0.5 

2 7 0 0 

3 6 1 0.1 

4 3 4 0.4 

2 7 0 0 

 

cxrili 1. mSoblebis arCeva 

 

2. krosoveri (Sejvareba): krosoveri, zogjer krosingoverad 

wodebuli, mdgomareobs genebis nakveTebis (nawilebis) 

gadacemaze mSoblebidan STamomavlobaze. Cveulebriv 

(erTwlian) krosoverze mSoblebis qromosoma ixliCeba 
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romeliRac poziciaze, orive mSoblisTvis erTnairad, 

gaxleCis adgilis amorCeva tolalbaTuria, Semdeg mSoblebis 

qromosomebis Camoyalibebuli nawilebis rekombinacia, 

rogorc is mocemulia cxr.2, sadac gaxleCa igulisxmeba 

mexuTe da meeqvse lokusebs Soris. 

 

Qqromosoma 
geni 

1 

geni 

2 

geni 

3 

geni 

4 

geni 

5 

geni 

6 

geni 

7 

geni 

8 

mSobeli A f a c d g k v e 

mSobeli B a b c d e f g h 

STamomavloba 

C 
f a c d g f g h 

STamomavloba 

D 
a b c d e k v e 

  

cxrili 2. mSoblebis qromosomebis Camoyalibebuli  

nawilebis rekombinacia  

 

3. mutaciebi: mutaciis operatori sruldeba zogierTi 

albaTobiT mP , e.i. mP -is albaTobiT xdeba alelis Secvla 

SemTxveviTi mniSvnelobiT, amorCeuli Tanabari albaTobiT 

genis gansazRvris sferodan. zustad mutaciis saSualebiT 

farTovdeba genetikuri Zebnis sfero. 

4. seleqcia: STamomavlobis wyvilis generaciis yoveli aqtis 

Semdeg, axal STamomavlobaSi erTveba saukeTeso wyvilis 

egzemplari. 

Siga cikli mTavrdeba, roca axali STamomavlobis egzemplarebis 

ricxvi gaxdeba N -is toli. GG  gare ciklis ganeorebis 

raodenoba ufro xSirad ganisazRvreba avtomaturad populaciis 
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gadagvarebis niSnebis gamoCenisas, magram samanqano drois 

mocemuli limitis gadaWarbebis gareSe, pirobis dacviT. 

krosoveri. mocemuli ubralo genetikuri algoriTmis (ga)  sqemis 

angariSis gadaxra SesaZlebelia. 

pirvel rigSi, mraval wertiliani krosoveris dasaSvebi sqema. 

umravles saliteraturo wyaroebSi ganixileba erTwertiliani, 

orwertiliani da erTgvarovani genetikuri algoriTmi. 

erTwertilovan algoriTmSi, krosoverze, calkeuli mSoblebis 

qromosoma iyofa or nawilad, romelSic SemdgomSi 

rekombinirdeba. orwertilovan algoriTmSi gamoiyeneba gaxleCis 

ori wertili da dakvirvebiT, qromosomebi iyofa sam nawilad. 

erTgvarovan krosoverSi SemTxveviTobiT generirdeba striqoni 

B , sigrZiT D  genebis ormagi mniSvnelobiT, sadac D  qromosomis 

sigrZea. Tu [ ]( )DiBbb ii ,1,0 ∈∈= , maSin genis i -uri mniSvneloba 

pirvel STamomavlobaSi aiReba pirveli mSoblisagan (meore 

STamomavlobaze _ meore mSoblisagan), Tu 1=ib , maSin pirvel 

STamomavlobas CaerTveba geni meore mSoblisa. (meore 

STamomavloba _ pirveli mSoblidan). 

meores mxriv, avRniSnavT situacias, roca alalebis jgufze 

dasmulia romelime damatebiTi piroba. magaliTad: vTqvaT, 

gaxleCis amocanaSi, wveroebis ricxvi qvejgufSi 1A  da 2A  unda 

iyos 1N  da 2N  da vTqvaT k -aleli tolia 1-is, niSnavs, rom 

wvero k  xvdeba 1A _Si, Tu k -aleli tolia 0-is, maSin 2A _Si. 

cxadia, rom qromosomaSi ricxvi _ 1 unda utoldebodes 1N -s, 

ricxvi _ 0 ki - 2N -s. maSin rekombinaciisas, erT-erTi mSoblis, 

qromosomebis marcxena nawili aiReba Seucvlelad, xolo 

marjvena nawilSi (meore mSoblisgan) unda SeuTanxmoT 1-iani 1N -s 

ama Tu im xerxiT. 

erT-erTi am xerxidan _ XMP meTodi (Partially Matched Crossover). 

XMP -is ilustraciisaTvis ganvixiloT amocanaSi orwetilovani 

krosoveris magaliTi, roca qromosomaSi unda Sediodes, amasTan 
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mxolod erTjeradad, mocemuli jgufebidan genebis yvela 

mniSvneloba. vTqvaT, magaliTSi es jgufebi Seicaven cifrebs 1-

dan 9-mde. 

cxr.1-Si pirveli ori striqoni warmoadgens mSoblebis 

qromosomebs. mesame striqoni Seicavs erT-erTi STamomavlis 

qromosomas, generirebuli orwertilovani krosoveris 

gamoyenebis Sedegad (meore da mexuTe lokusis Semdeg). miRebuli 

qromosoma ar miekuTvneba dasaSvebis ricxvs, radgan masSi 

genebis mniSvneloba 1, 2, da 9 gvxvdeba orjer, xolo mniSvneloba 

3, 4, 5 ar aris. meoTxe striqonSi gviCvenebs XMP  gamoyenebis 

Sedegs. am meTodSi gamoiyofa SeuRlebuli alalebis, wyvilebis, 

erT-erTi rekombinirebuli nawilis, erTnair saxeliani lokusebi. 

Cvens SemTxvevaSi es wyvilebia (3 da 1),  (4 da 9),  (5 da 2) 

STamomavlobis qromosoma ganixileba marcxnidan marjvniv. Tu 

romelime mniSvneloba gvxvdeba meorejer, is icvleba 

SeuRlebuli mniSvnelobiT. ase magaliTad, lokusebSi 3, 5 da 9 

meorejer gvxvdeba alalebi 1, 2 da9 Sesabamisad icvleba 

mniSvnelobiT 3, 5 da 4. 

1 2 . 3 4 5 . 6 7 8 9

3 7 . 1 9 2 . 4 8 6 5

1 2 . 1 9 2 . 6 7 8 9

1 2 . 3 9 5 . 6 7 8 4

 

cxrili 3. STamomavlobis matrica 

 

mutaciebi: mutaciebSi SiZleba iyos wertilovani (erT genSi), 

makro mutaciebi (ramdenime genSi) da qromosomuli (axali 

qromosomis gamoCena). Cveulebriv, albaToba, mutaciis gamoCena 

aRiniSneba sawyis monacemTa Soris, magram mutaciis ricxvis 

avtomaturi regenirireba SeiZleba maTi realizaciisas marto im 
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situaciebSi, roca mSoblebis qromosomebi gansxvavdebian ara 

umetes vidre K _genSi. 

genebis gadalageba: garda CamoTvlili ZiriTadi operatorebisa, 

gamoyenebas poulobs zogierTi damatebiTic. maT ricxvs 

miekuTneba operatori: genebis ganlageba _ maTi ganawilebis 

Secvla lokusebis mixedviT. 

gadalagebis mniSvneloba dakavSirebulia Tvisebaze, romelic 

atarebs epistasis saxels. epistasis aqvs adgili, Tu saWiroebis 

funqcia damokidebulia ara marto genebis (alalebis) 

mniSvnelobaze, aramed maT pozicionirebaze. epistasis arseboba 

minznobrivi funqciis arawrfivobaze laparakobs da arsebiTad 

arTulebs amocanis amoxsnas. marTlac, Tu ori genis zogierTi 

aleli axdens gansazRvrul dadebiT zemoqmedebas miznobriv 

funqciaze, raRac kavSiris (Sablonis) warmoqmnas, magram 

epistasis gamo, kavSiris gawyvetis, dros es alelebi ukve axdenen 

uaryofiT gavlenas saWiroebis funqciaze, maSin aseTi aseTi 

sqemis gaxleCa ar Rirs. es ki niSnavs, rom epistasis 

mniSvnelobiT dakavSirebuli genebi, sasurvelia, ganlagdes 

erTmaneTTan axlos, e.i. sqemis sigrZis aradidi 

mniSvnelobisaTvis. 

gadalagebas operatori avtomaturad “mosinjos” iseTi genebis 

erToblioba (maT uwodeben qromosomul blokebs an building blocks) 

da ganalagos isini axlo lokusebSi. 

seleqcia genetikur algoriTmSi, ZiriTadad genetikuri 

operatorebia: seleqcia, krosoveri, mutacia. seleqcias 

Cveulebriv miakuTneben, pirvel rigSi, mSoblebis qromosomebis 

seleqcias krosoveris SesrulebisaTvis da an mutaciis, meores 

mxriv qromosomebis seleqcias krosoverisa da mutaciis Semdeg 

STamomavlobis formirebis mizniT. 

nax. 20-ze mocemulia seleqciis realizaciis ZiriTadi variantebi. 
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nax. 20 genetikuri Zebnis sistemebi 

 

1. mSoblebis arCeva “ruletkis” wesiT da axal 

STamomavlobaSi CarTva an saukeTeso STamomavalsa da saukeTeso 

mSoblebSi. pirvel SemTxvaSi amorCeva warmoadgens N -jeras, 

sadac N  preparaciis zomaa, meore SemTxvevaSi amorCeva meordeba 

N /2-jer. “ruletkis” wesi gansazRvravs qromosomebis arCevis 

albaTobas mSoblebis saxiT, qromosomebis saWiroebis 

proporciulad, magram SeiZleba davaleba am albaTobis 

qromosomebis adgilis ukuproporciulia  siaSi, dalagebis 

saWiroebis funqciis mniSvnelobebis mixedviT [ ]23 . 

N  aris (qromosomebis) amorCevis Semdeg, Zveli Taobi icvleba 

axliT. SesaZlebelia elitizmis gamoyeneba, romelic niSnavs, rom 

axal TaobaSi, yovelTvis Sedis saukeTeso piri wina Taobidan, 

rac uzrunvelhyofs am wevrebis mier mopovebuli dadebiTi 

Tvisebebis gadacemas. 

mimd 
STam 

mimd 
STam 

axali 
STam 

krosoveri 

mimd 
STam 

krosoveri 

mimd 
STam 

axali 
STam 

axali 
STam 

genetikuri Zebnis sqema 

“ruletkis” wesi saukeTeso STamomavloba 
an STamomavali+mSobeli 

kosoveri 

Canacvleba 

elitizmi 

SejibrebiTi 
SerCeva 

mutaciis saukeTeso  
nawili 

mutac
ia 

mutac
ia 

krosoveri 
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Cveulebriv, elitizmi exmareba ufro swraf damTxvevas lokalur 

eqstemumze, amasTan mravaleqstremaluri situacia zRudavs 

SesaZleblobas, moxvedrisa sxva lokaluri eqstrememebis 

siaxloves. 

SeniSvna1. qromosomas ∗X  vuwodebT lokalur minimumis wertils, 

Tu ( ) ( )iXFXF <∗  yvela iX  qromosomisaTvis, ∗X -sagan 

gansxvavebuli erTaderTi genis mniSvnelobiT, sadac ( )XF  _ X -

wertilSi saWiroebis funqciis mniSvnelobaa. 

2. algoriTmi Steady State. krosoveris mniSvneloba (da/an 

mutaciis) myisierad cvlian cudi pirebi mimdinare TaobaSi. 

3. SejibriT SerCeva, gansxvavdeba imiT, rom mSoblebi SeirCeva 

winaswari formirebuli reproduqciuli jgufidan M . misi 

formireba mdgomareobs q  qvesimravlis SeqmniT mimdinare Taobis 

SemTxviT amorCeuli qromosomebiT, reproduqciul jgufSi 

SeyavT yoveli qvesimravlidan saukeTeso warmomadgenlebi. 

mSoblebis arCeva M -dan sruldeba toli albaTobiT an zemoT 

naxsenebi 1-variantis Sesabamisad. 

4. reproduqciuli jgufi iqmneba Taobasa da mSoblebisagan, 

monawileoben krosoverebisa da mutaciis operatorebSi. M -Si 

garkveuli raodenoba K _piris gamoCenis Semdeg, NK > , N -

saukeTeso pirebi M -dan miiReba axali Taobis saxe. axali 

Taobis wevrebis amorCeva reproduqciuli jgufidan 

SesaZlebelia pirobiT tFi < , sadac t _saWiroebis funqciis 

zRvruli mniSvnelobaa. zRvari SeiZleba toli iyos an 

F saSualo mniSvnelobis mimdinar TaobaSi, an F _piris 

mniSvnelobis, garkveuli rigiTi adgilis dakavebiT. amasTan 

amorCevis susti sqema _ axal TaobaSi CairTvebian N  saukeTeso 

reproduqciuli jgufis warmomadgenlebi. amorCevis uxeSi sqema _ 

axal TaobaSi egzemplarebi CairTvebian albaTobiT iq  
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( )∑
=

−

−
=

rN

j
j

i
i

FF

FFq

1
max

max                         (5) 

 

sadac rN _ reproduqciuli jgufis zomaa. 

mSoblebis amorCeva SesZlebelia aseve inbridingis an 

autbridingis principebis Sesabamisad. inbridingis SemTxvevaSi 

mSoblebis wyvilis pirveli wevri airCeva SemTxveviT, xolo 

meore, cota manZilze daSorebuls pirvelidan, autbridingis 

SemTxvevaSi piriqiT – did manZilze. amasTan qromosomebs Soris 

manZili fasdeba araerTgvarovani alelebis genebis ricxviT. 

inbridingi xels uwyobs Zebnis koncentracias lokalur 

kvanZebSi, rac faqtiurad aris populaciis gaxleCva calkeul 

lokalur jgufebad. 

autbridingi naadrev stagnacias ewinaaRmdegeba. 

Sablonebis Teorema. genetikuri algoriTmebi (g.a.) gamoxataven 

qromosomebis populacias evoluciis sawyisi Taobidan 

eqstremumis Semogarenamde. am mdgomareobis dasabuTeba efuZneba 

genetikuri modgmis ZiriTad Teoremas _ Sablonebis Teoremas, 

agreTve schemata theorem, sqemebis Teoremad an holandis Teoremad 

wodebuli. Sablonebis Teorema holandis mier miRebuli iqna e.w. 

kanonikuri g.a. pirobebis gamoyenebiT. 

kanonikuri genetikuri algoriTmi xasiaTdeba Semdegi TvisebebiT: 

 qromsomebis mudmivi sigrZe; 

 populaciis mudmivi zoma; 

 mTelricxviani kodireba; 

 seleqcia “ruletkis” wesiT da populaciis formireba 

mxolod TaobiT; 

 erTwertilovani krosoveri; 

 ubralo mutacia. 

holandis TeoremaSi Semodis cneba (sqemebi), Sabloni 

ganisazRvreba, rogorc gansazRvruli lokusebSi genebis 

fiqsirebuli mniSvnelobebis erToblioba.  
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magaliTad, qromosomaSi meaTe geniT, erT-erTi Sablonebidan H  

Semcvleli erTeulebi me-4 da me-8 lokusSi da nuli me-7 

lokusSi, SeiZleba Caiweros Semdegi saxiT:  

=H ***1**01**                         (6) 

sadac ∗ aRniSnavs pozicias, romelic ar Sedis SablonSi. 

Sablonis egzemplarebis ricxvi avRniSnoT H ,  t  nomriT ( )tHK , , 

aseve SemovitanoT aRniSvnebi: 

N _populaciis qromosomebis ricxvis zoma; Q_populaciis 

wevrebis nomrebis simravle, romlebic aqvs Sablons H  

qromosomebSi; ( )Hd  _ H  Sablonis sigrZe, e.i. daSoreba 

(poziciebis ricxvi) Sablonebis ganapira lokusebs Soris, 

rogorc ( )1 -is SemTxvevaSi gvaqvs ( ) 4=Hd ; ( )HU  _ H  Sablonis 

Tanmimdevroba (wesi) (lokusebis ricxvi H -Si). magaliTad ( )1 -iT 

Tanmimdevroba tolia 3-is; D  _ qromosomis sigrZe. 

roca minimizaciis amocanebSi, Tu mSoblebis arCeva (amorCeva) 

xdeba “ruletkis” borblis wesiT, maSin pK  Sablonis H , 

gaSualedebuli N aqt-iT mSoblis amorCeviT, amosarCevi 

mSoblebis qromosomebSi tolia: 

 

( )

( )∑

∑

=

∈

−

−
= N

i
i

Qq
q

p

FF

FF
NK

1
max

max

                         (7) 

aSkaraa, rom  

( ) ( ) ( )∑ ∑
∈ =

−=
Qq

N

i
qav tHKFFHF

1
max ,                   (8) 

 

( ) NFFF
N

i
io ∑

=

−=
1

max                         (9) 
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sadac ( )HF av  aris egzemplarebis gaSualedebuli saWiroebaa H  

SabloniT, xolo oF _gaSualedebuli saWiroebaa populaciis 

yvela egzemplarebis t _STamomavlobaSi. amitom 

  

( ) ( ) oavp FHFtHKK ,=                      (10) 

 

ubralo erTwertilovan krosoverebSi, STamomavlis 

qromosomebSi Sabloni moxvdeba (e.i. ar iqneba gaxleCili) 

albaTobiT. 

 

( ) ( )11 −−= DHdPs                        (11) 

 

mutacias, mosaxdeni albaTobiT mP  calkeuli poziciisaTvis, 

albaToba H  sqemis Senaxvis, gansazRvruli rogorc ( ) ( )Hu
mP−1 , 

miaxloebiT tolia ( ) mPHu−1 , amitom gadarCenis albaToba 

H _sqemis tolia: 

 

( ) ( )( ) ( )( ) ( ) ( ) ( )HuPDHdPPHuDHdPP mcmcs −−−=−−−= 11111     (12) 

 

sadac cP  _ krosoveris albaTobaa. 

sabolood gvaqvs miaxloebiTi toloba 

 

( ) ( ) ( ) oavs FHFPtHKtHK ,1, =+                  (13) 

 

maSasadame, Sablonebis ricxvi perspeqtiuli mSoblebis 

qromosomebidan ( )oav FF > , romelTac saWiroebis funqciis 

saukeTeso mniSvneloba aqvs, umjobesdeba populaciis genotipebSi 

Taobidan TaobaSi saCvenebeli kanonis mixedviT. 

 

( ) ( ) ( )( ) t
oavs FHFPHKtHK 0,, = ,                  (14)      
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zrdis siCqare ( )tHK ,  miT metia, rac metia ( )HFav  da rac 

naklebia ( )Hd -is sigrZe da H -Sablonis Tanmimdevroba ( )Hu . 

avRniSnoT Semdegi: 

1. gamosaxuleba ( )2  aRwers mxolod zrdis ( )tHK ,  calkeul 

tendencias, radgan  ( ) oav FHF  icvleba Taobidan Taobamde. 

zrda ( )tHK ,  mTavrdeba, roca dgeba stagnacia, romlis 

drosac ( ) oav FHF = ; 

2. ( )2 -Si krosoveri ganixileba, rogorc faqtori, rRvevis 

Sabloni da ar xdeba gaTvaliswineba STamomavlobis 

Sablonebis qromosomebSi formirebis SesaZleblobis, 

mSoblebis qromosomebSi gamoklebulebs. 

STamomavlobisaTvis calkeuli saWiro Sablonis 

formirebis SesaZlebloba, aseTis ar arsebobas mSoblebSi, 

uwodeben rekombinaciis potencials. 

evristikis kombinirebis meTodi. SesaZlebelia qromosomebis 

formirebis ori midgoma (amoxsnis kodirebaze) struqturuli 

sinTezisaTvis genetikuri meTodebis gamoyenebis dros. 

pirveli maT Soris efuZneba genebis saxiT saproeqto 

parametrebis gamoyenebas. magaliTad, amocanaSi plataze 

mikrosqemebis ganlageba lokusebSi, Seesabameba dasargeb adgils 

plataze, xolo genebs warmoadgens mikrosqemis nomrebi 

(saxelebi). sxva sityvebiT K -uri genis mniSvneloba iqneba 

mikrosqemis nomeri K -s poziciis. sagnobrivi parametrebis 

mniSvnelobis sfero aproqsimirdeba mTeli ricxvis simravliT. 

xSirad samarTav parametrebis kodireba xdeba orobiTi ricxviT, 

maSin qromosomebi warmodgindeba bituri striqonebiT, xolo 

parametrebi am striqonebis nawilebad. 

meore midgomis dros genebs warmoadgens ara TviT saproeqto 

parametrebi, aramed evristikis nomrebi, gamoyenebuli saproeqto 

parametrebis gansazRvrisaTvis. aseTi ganlagebis amocanisaTvis, 

SeiZleba gamoviyenoT ramdenime evristika. erT-erTi maTganiT 
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Semdgomi dasargebi adgili unda movaTavsoT mikrosqemaze, 

romelsac gaaCnia ufro meti kavSirebi ukve ganlagebuli 

mikrosqemasTan, meores mxriv _ minimumi kavSirebis raodenobis 

mqone mikrosqemas jer ar ganlagebul mikrosqemasTan da a.S. 

am SemTxvevaSi genetikuri Zieba aris evristikis Tanmimdevrobis 

Zieba, romelic uzrunvelyofs ganlagebis optimalur variants. 

meore midgoma Seexeba genetikur programirebas da realizacia 

meTodebSi, evristikis kombinirebul meTodad wodebuli (an 

multimeTodur genetikur algoriTmad). es meTodi mraval 

SemTxvevaSi, aRmoCndeba upiratesi. magaliTad, cxrilis sinTezis 

amocanaSi mocemul samuSaoTa simravle nawildeba droSi da 

momsaxure mowyobilobebs Soris serverebze, e.i. calkeuli 

samuSaoebisTvis saproeqto parametrebad iqneba serveris nomeri 

da rigiTi nomeri momsaxureobis rigSi. vTqvaT N _samuSaos 

ricxvia,  M _serverebis ricxvi. Tu genebi Seesabameba 

samuSaoebis nomrebs, maSin pirveli midgomiT, qromosomebSi unda 

iyos N2 _genebi da erTmaneTisagan gansxvavebuli qromosomebis 

saerTo ricxvi W  Sesabamisad aWarbebs ricxvebs !N  da NM _s. 

evristikebis kombinirebis meTodis Tanaxmad, genebis ricxvi 

qromosomaSi orjer naklebis, vidre pirveli midgomisa da 

tolia N . amitom Tu gamoyenebuli evristikis ricxvi tolia 

K _si, masSi qromosomebis dasaSvebi simravlis siZliere ukve 

SesamCnevad mcirea, kerZod NKW = . 

cxadia, rom qromosomebis nakleb zomas mivyavarT saukeTeso 

gamomTvlel efeqturobasTan, xolo W _naklebi mniSvneloba 

saSualebas iZleva swrafad vipovoT saZiebeli eqstremumis 

Semogareni. amas garda, evristikis kombinirebas meTodSi yvela 

qromosomebi, generirdeba krosoverSi, iqnebian daSvebulebi. 

am dros, Cveulebrivi genetikuri meTodebis gamoyenebisas 

aucilebelia gamoviyenoT XMP tipis procedurebi genebis 

koreqtirebisaTvis, damokidebuls nomrebze rigSi 

momsaxureobaze, romelic agreTve Zebnis efeqturobas amcirebs. 
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genetikuri algoriTmebis efeqturoba. genetikuri algoriTmebis 

efeqturoba ganisazRvreba maCveneblebis sizustis da 

gamoTvlili danaxarjebis moTxovnis Sesrulebis xarisxiT. 

sizuste xasiaTdeba miRebuli Sedegis cdomilebiT: 

 

( ) ( ) ( )( ) ( )*** XFXFXFX zusti−=δ                (15) 

sadac *X _amoxsnaa, miRebuli genetikuri algoriTmis meSveobiT, 

zustiX _eqstremumis zusti mniSvnelobaa, ( )XF  _ X  wertilSi 

miznobrivi funqciis mniSvnelobaa. ramdenadac praqtikulad 

amosaxsnel amocanaSi wertili zustiX  ucnobia, sizustis Sefasebas 

sxvadasxva algoriTmebs asruleben testur amocanebze da 

zustiX _is magivrad iReben cnobili amoxsnebidan saukeTesos. 

gamomTvleli danaxarjebi Seicaven danaxarjebs procesoruli 

drois da mexsierebis amocanebis amosaxsnelad, amasTan 

ZiriTadad mniSvneloba eniWeba drois danaxarjebs. 

Tumca Sablonebis Teoremidan gamomdinare, rom qromosomebis 

gaxleCvis ricxvis zrda krosoverebSi, formirebadi Sablonebis 

ngrevas uwyobs xels. praqtikulad gamocdileba gviCvenebs, rom 

bevri amocanis amoxsnisas mravalwertilovani krosoveri ufro 

efeqturi xdeba. j. jongma da spirsma jer kidev 1992 w. Seitanes 

wvlili, Teoriis da praqtikuli Sedegebis aseTi 

araSeTanxmebulobis axsnaSi, dagvanaxes, rom mravalwertiliani 

krosoveri gansxvavebiT erTwertilianis, exmareba grZeli 

Sablonebis Senaxvas, Sedgenas nawilebisagan, ganlagebuli marto 

luw (an marto kent) nawilebSi gaxleCili qromosomis. 

samuSaoSi  Semotanilia cneba genetikuri algoriTmis saZiebo 

SesaZlebloba, rogorc SesaZlebloba Zebnis procesSi miiRos 

nebismieri mocemuli qromosoma. gamokvleulia qromosomebis 

binaruli kodirebis dros. gakeTebulia daskvna imaze, rom 

krosoveri didi SesaZleblobebis mqone qromosomis gaxleCviT 

exmareba ufro swrafi SerCevisa da ufro aqtiuri Zebnisa 

qromosomis didi nairsaxeobis xarjze, populaciaSi. magram 
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kiTxva, erTgvarovani krosoveris saboloo efeqturobaze, 

rogorc Zalian daSlili operatori, darCa Riad. 

genetikuri meTodebis gamoyenebis magaliTebi. qvemoT ganxilulia 

magaliTebi optimizaciis amocanebis dasma da misi amoxsnis 

struqturul sintezze genetikuri meTodebiT. calkeuli qvemoT 

warmodgenili amocanebis klasidan xelovnur neironul qsels 

mieca saSualeba ukeT miaxloeboda alternatiul eqstremumebs 

evristikul meTodTan SedarebiT. 

Sedgena. Sinaarsobrivi arsi Sedgenis amocanis SeiZleba iyos 

samuSaoebis ganawileba Semsruleblebze, aRWurviloba SenobaSi, 

gamoyenebiTi programuli uzrunvelyofa da virtualuri 

lokaluri gamomTvleli qselis monacemTa bazebis 

qvesimravleebiT da sxva. 

ganvixiloT amocana aRWurvilobis SedgeniT. kerZod, es SeiZleba 

iyos mikrosqemebis ganlagebis amocana modulebis mixedviT 

(platebad an Secvlis tipiuri elementebiT), modulebis 

panelebiT da sxva. 

vTqvaT, amocana xasiaTdeba Semdegi sawyisi monacemebiT: 

• P  _ elementebis simravle (konstruqtivebi) ;1, niPi L=  

• B  _ blokebis simravle ;1, mjBj L=  

• C  _ kavSirebis simravle, kavSiri iP  da kP ; 

• D  _ matrica zomiT nn× , romlis elementi ikD  tolia 

kavSirebis ricxvisa iP  da kP  elementebs Soris. 

avRweroT alternativis A  simravle. is warmodgindeba matriciT 

X , zomiT nm× , romlis elementi 1=jiX , Tu konstruqtivi iP  

CarTulia blok jB , sxvanairad 0=jiX . zogierTi ganawileba 

erTianebis da nulebisa X  matricis jgufebSi warmoadgens erT 

konstruqtiul Sedgenas. e.i. erT proeqtul amoxsnas. magram 

mxolod iseTi varianti 1 da 0 ganawilebis X  matricis ujrebSi 

dasaSvebi, romlebic akmayofilebs Semdeg SezRudvas: 
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∑ =1jiX                              (16) 

 

sadac ajamva xdeba iP  konstruqtivisaTvis yvela j -isTvis 1-dan 

m -mde; 

 

maxVX ji∑ ≤                            (17) 

 

sadac ajamva xdeba jB  konstruqtivisaTvis yvela i -isTvis 1-dan 

n -mde, maxV  _ erT blokSi Semavali elementebis maqsimaluri 

ricxvia. 

pirveli am pirobebidan metyvelebs imaze, rom meore piroba 

mowmobs blokebis SezRudul moculobaze. 

saerTo jamSi Sedgenis amocanebSi SeiZleba iyos ramodenime 

kriteriumi. kerZo SemTxvevaSi gamoiyeneba erTaderTi kriteriumi 

_ blokebs Soris kavSiris ricxvi. aseTi kavSirebis ricxvi 

saWiroa minimumamde Semcirdes. 

kriteriumis gamiTvlisaTvis iyeneben Semdeg moduls. 

formirdeba matricebi PXY ×=  da TXYW ×= . matrica Y  zomiT 

nm×  aris matrica kavSirebis blokebsa da konstruqtivebs 

Soris, elementi jiY  am matricis, tolia kavSiris j -iuri blokis 

ricxvisa i -ur konstruqtivTan. matrica W  aqvs zoma mm× , misi 

elementi pqW  

tolia ricxvisa blokebs Soris kavSirisa pB  da qB , 

TX _transportirebuli matricisa X _is. radgan blokebs Soris 

(gare) kavSirebis saerTo ricxvs gamoklebuli K  ricxvi, amitom 

miznobrivi funqciis saxiT, SegviZlia miviRoT Siga kavSirebis 

jamuri ricxvis e.i. funqcia 

 

( ) ( )∑= XWXK pp                         (18) 
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sadac ajamva sruldeba j _iTi 1-dan m -mde. 

aqedan gamomdinare, Sedgenis amocana warmodgenilia, rogorc 

diskretuli . maTematikuri programireba miznobrivi funqciiT 

( )3 , SezRudvebiT ( )1  da ( )2  da samarTavi parametrebis simravliT 

_ X . 

analogiuri saxiT, formulirdeba struqturuli sinTezis rigi 

sxva amocanebisa. Sedgenis amocanis genetikuri meTodiT amoxsnis 

dros SeiZleba miRebul iqnas qromosoma Semdegi struqturiT _ 

genebi Seesabamebian konstruqtivebs, i -uri genis mniSvneloba 

aris blokis nomeri, romelSic moTavsebulia i -uri 

konstruqtivi. 

xelovnuri neironuli qselebis gamoyenebis SemTxvevaSi mTliani 

amocanis dekompozicias miviyvanT lokalur qveamocanamde, 

calkeuli maTgani airCeva erTi, jer kidev, araganawilebuli 

konstruqtividan da iniSneba erT-erTi bloki. unda Camoyalibdes 

wesi iS  konstruqtivis amorCeva yoveli qveamocanidan da wesi kQ  

blokis amorCevisa am konstruqtivisTvis. yoveli evristika 

Seicavs TiTo wess iS  da kQ . 

wesis formulireba _ pasuxsagebi amocanaa, romlis amoxsnis 

xarisxzea damokidebuli optimumis povnis efeqturoba. 

magram misi amoxsna MCH -iT, rogorc Cans, matrica, vidre 

tradiciul evristikul meTodebSi. 

WeSmaritad, tradiciul evristikul meTodebSi saWiroa 

erTaderTi kompleqsuri evristikis formulireba, romelSic 

zogierTi woniT, gansakuTrebulad gaTvaliswinebuli iqneba 

yvela moTxovna sinTezirebuli amoxsnisa. magram amoxsnis 

misaRebad, optimalurTan miaxloebulis, es wonebi unda 

icvlebodes nabij-nabij (qveamocanidan qveamocanamde, xolo 

moinaxos koreqciuli algoriTmi wonebis Secvla, Cveulebriv 

evristikuli meTodebis farglebSi SeuZlebelia. wona miiReba 

mudmivi, amoxsna ki – aRmoCndeba optimaluridan Sors. 
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meTodi MCH  SeiZleba ganvixiloT, rogorc genetikuri meTodi 

wonebis Tanmimdevrobis optimaluri gansazRvrebis, magram 

kompleqsuri evristikis nacvlad martivi da mosaxerxebelia 

gamoviyenoT martivi wesebis simravle da wonebis Secvlis 

magivrad ganvaxorcieloT wesebis gaslis dros nabijidan 

nabijamde, rac xorcieldeba MCH _Si. aseTi wesebis 

formalizeba ar zarmoadgens siZneleebs, radgan ar aris saWiro 

wonis daniSvna. mTavaria uzrunvelvyoT wesebis mravalferovneba, 

raTa racionaluri amoxsna ar aRmoCndes saZiebeli garemos 

miRma. 

optimizaciis mravalkriteriumian amocanebSi evristikis 

formulirebis problema xSirad ixsneba Zalian martivad: yoveli 

wesi unda Seesabamebodes optimalurobis mocemuli 

kriteriumidan erT-erTs. 

Sedgenis amocanebSi konstruqtivis arCevis wesebis magaliTebi: 

 1S ) airCeva konstruqtivi, romelsac Seesabameba maqsimumi 

elementi matrica D_Si; 

 2S ) airCeva konstruqtivi K  kavSirebis maqsimaluri 

ricxviT, sxva konstruqtivebTan, e.i. K -uri striqonis 

elementebis maqsimaluri jamiT D  matricaSi (am da wina 

wesebSi striqonebi da svetebi ukve ganawilebuli 

konstruqtivebis mxedvelobaSi ar miiReba); 

 3S ) airCeva konstruqtivi kavSirebis maqsimaluri ricxviT 

ukve ganawilebuli konstruqtivebidan, e.i. konstruqtivi, 

romelsac Seesabameba sveti Y  matricaSi elementebis 

maqsimaluri jamiT. 

blokis amorCevis wesebis magaliTebi; 

 1Q ) amorCeva minimalurad datvirTuli bloki; 

 2Q ) amorCeva maqsimalurad datvirTuli bloki; 

 3Q ) amirCeva bloki, kavSiri maqsimaluri ricxvis mqone, 

ganawilebul konstruqtivebTan, e.i. bloki maqsimaluri 
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elementebiT jiY  mimdinare matricis Y  i _ur svetSi, sadac i  

_ ganawilebuli konstruqtivis nomeria. 

wesebis wyvils iS  da kQ  uwodeben evristikas ikЭ . zemoT 

moyvanili wesebis magaliTebidan gamomdinare amocanebis 

SemTxvevaSi gvaqvs 933 =×  SesaZlo evristika. 

klasterizacia. zogjer saWiroa elementebis Tanabari ganawileba 

blokebs Soris. maSin warmoiSoba klasterizaciis amocana, 

romelic SeiZleba ganvixiloT, rogorc Sedgenis amocanis 

saxesxvaoba, gansxvavebiT SezRudvebis tipebiT: SezRudvis 

sanacvlod aratolobis tipi Sida moculobisa klasterisaTvis 

(blokisaTvis) kavSirebSi Semodis SezRudva elementebis 

(komponentebis) ricxvis tolobis tip klasterebSi, e.i. SezRudva 

( )2  iRebs saxes: 

 

( )mnentnj = an ( ) 1+= mnentn j                (19) 

 

∑
=

=
m

j
j nn

1

                          (20) 

 

sadac jn  j -iur klasterSi elementebis ricxvia, ( )mnent _ 

mTliani nawili ganayofi gayofisagan n _elementebis ricxvis, m  

klasterebis ricxvze. sxva sityvebiT, saWiroa elementebis 

Tanabari ganawileba klasterebSi, klasterebs Soris kavSiris 

minimumamde dayvana. kerZod platebze mikrosqemebis datanis 

zogierT algoriTmebSi, winaswar amoixsneba amocana dohotomuri 

klasterizaciis _ mikrosqemebis simravlis dayofa or 

minimalurad dakavSirebul qvesimravleebad erTnairi simZlavriT 

(n -is luwi mniSvnelobisaTvis).  

cxadia, rom klasterizaciis amocanebSi Sesabamisad 

koreqtirebis Semdeg, SeiZleba gamoviyenoT wesi Semdegi 

elementebis amorCevisa da misi ganlaageba erT-erT klasterSi, 

analogiurad, wesebis Sedgena amocanaSi. 
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ase rom, wesSi 1Q  klasterebis CatvirTva Sefasdeba misi Siga 

trafikiT (dakavSirebiT), xolo masSi ganlagebuli elementebis 

ricxviT, yvela wesebSi 1Q , 2Q  da 3Q  SesaZlo klastereb-

kandidatad SeiZleba iyos marto is klasteri, romelSic jer 

kidev ar amowurula ganlagebis limiti. wesebi 31 SS −  gamoiyeneba 

Secvlis gareSe. miznobrivi funqciis gamoTvlis dros, jarimebis 

SezRudvebis darRvevisaTvis araa gaTvaliswinebuli, radgan 

SezRudvebis aRricxva Setanilia evristikaSi. 

SesaZlebelia sxva variantebi evristikis simravlis. magaliTad, 

SesaZloa gamoviyenoT wesi, romelSic Semdeg mosaTavsebel 

elementad airCeva elementi: 

 1S ) striqonSi, romelic kavSirebis matricis maqsimaluri 

elementi; 

 2S ) maqsimaluri jamuri kavSiris mqone jer kidev ar 

ganlagebul elementebTan; 

 3S ) minimaluri jamuri kavSiris mqone jer kidev ar 

ganlagebul elementebTan. 

ukve amorCeuli erTi im wesebidan 31 SS −  elementisa i  

ganisazRvreba klasteri, romelSic: 

 1Q ) aris elementi, maqsimalurad dakavSirebuli i -ze; 

 2Q ) ukve ganlagebuli elementebi maqsimalurad 

dakavSirebulia i -ze. (maqsimalurad jamuri kavSiri). 

am wesebiT SeiZleba 6 sxvadasxva evristikis kombinireba da 

evristikis damateba, sadac dasawyisSi ganisazRvreba L  klasteri 

minimaluri CarTvisTvis niSniT, xolo Semdeg misTvis SeirCeva 

elementi niSniT, maqsimaluri kavSiriT ukve ganlagebul L  

elementebTan. SezRudva elementebis maqsimalurad dasaSveb 

ricxvze klasterebSi Seyvanilia evristikebi. cxrilebis 

(ganrigis) sinTezi. cxrilebis sinTezis amocanebi moiTxoveba 

amoxsna maraval danarTSi, magaliTad sxvadasxva sawarmoo 

procedurebis dagegmvis dros, resursebis ganawileba, 
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procesorebis ricxvisa da tipebis amorCeva mravalprocesoruli 

specializirebuli kompleqsebisaTvis da sxva. 

ganvixiloT amocanis amoxsnis sakiTxis dasma da midgoma erT-

erTi ZiriTadi sxvadasxvagvari cxrilebis sinTezis, aRniSnuli 

JSSP -iT. (Job Shop Scheduling Problem). 

sawyiss monacemebs miekuTvneba: 

• samuSaos simravle { }nAAAA ,,, 21 L= ; 

• Sesruleblis simravle, manqanebad wodebuli (an 

serverebad) { }mMMMM ,,, 21 L= ; 

• matrica [ ]ijPP= , sadac ijP _ drois danaxarji samuSaos 

SesrulebisaTvis i  manqanaze j ; 

• veqtori ( )mCCCC ,,, 21 L= , sadac jC  _ erTeuli drois 

jM manqanis samuSao fasia; 

• SezRudva samuSaos damTavrebis droze ( )nTTTT ,,, 21 L= , sadac 

iT  i -s muSaobis damTavrebis zRvruli droa; 

• jarima Q , damatebuli saerTo danaxarjebze Z , romelime 

samuSaos SezRudvis darRvevisis Sesabamisi droebiT. 

moiTxoveba cxrilis Sedgena, romlis dros minimizacia xdeba 

danaxarjebis yvela Sesrulebuli samuSaos jarimis 

gaTvaliswinebiT. 

cxrilebis sinTezis sxva saxeobis amocanebSi, SeiZleba iyos esa 

Tu is garTulebuli amoxsnis gansxvaveba. gansxvavebis 

magaliTebad SeiZleba iyos warmodgenili: 

1. mravalstadiuroba _ ramdenime stadiis yvela samuSaos 

momsaxureobis arseboba; 

2. samuSaos dayofa ramdenime jgufad da manqanebis 

gadaiaraRebisaTvis damatebiTi danaxarjebis 

gaTvaliswineba, samuSaoebis sxvadasxva jgufebis 

Tanamimdevruli momsaxureobis dros; 

3. samuSaoebis nawilobrivi mowesrigeba e.i. ramdenime wyvili 

samuSaosaTvis Ki,  SemoRebuli SezRuduli Sedegis saxiT: 
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ki EB ≥  

sadac iB  i -uri samuSao dawyebis droa, kE  k -uri muSaobis 

damTavrebis dro. 

yoveli evristika MCH  meTodis gamoyenebisis cxrilis 

sinTezisaTvis, Seicavs or wess: erTi momdevno samuSaos 

amorCevisaTvis, meore manqanis arCevisaTvis, romelic 

moemsaxureba am samuSaos. 

magaliTad, mravalstatikuri cxrilis sinTezis momdevnos 

saxiT SeiZleba amoirCes samuSao: 

• naklebi iT -iT; 

• wina stadiis momsaxureobis damTavrebis naklebi droiT iE  

manqanebis SerCevis (amorCevis) wesebis magaliTebi: 

1. SeirCeva manqana, romelzedac mocemuli samuSaos 

momsaxureoba iqneba ufro iafi; 

2. SeirCeva manqana, romelzedac samuSao Sesrulebuli iqneba 

mcire droSi. 

satransporto saSualebebis marSrutizacia. satransporto 

saSualebebis marSrutizaciis amocanebs Soris, sxvadasxva 

tvirTebis gadatanisas, erT-erT yvelaze rTul amocanad iTvleba 

VRPTW  (Vehicle Routing Problem with Time Windows) amocana. 

satransporto saSualebebis marSrutizacia droiTi fanjrebiT. 

droiT fanjaras aq uwodeben droiT intervals, romelSic unda 

Sesruldes gadatanis dakveTa. amocanaSi mocemulia: 

 n  _ produqciis momxmarebelTa kvanZebis ricxvi ( k -ur kvanZSi 

– momxmarebeli igivdeba k  - SemkveTTan); 

 Z  _ produqciis kvanZi_wyaroebis ricxvi; 

 m  _ serverebis ricxvi (satransporto saSualebebis); 

 W  _ kvanZebis saerTo ricxvi; 

 V  _ sawyisi ganlageba momxmareblis, wyaroebisa da 

serverebis satransporto qselis kvanZSi; 

 D  _ kvanZebs Soris manZilis matrica; 
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 iT1  da iT2  _ i -uri SekveTis droebiTi fanjris qveda da zeda 

zRvari; 

 P  _ produqciis tipis ricxvi. 

amas garda, momxmarebelTa kvanZebsa da wyaroebs Soris 

mocemulia moculoba, Sesabamisad SekveTili da arsebuli 

produqciis yoveli tipis serverisaTvis. 

_ maqsimaluri moculoba gadasazidi produqciis, moZraobis 

siCqare, erTeuli daSorebis garbenis fasi, jarima drois 

SezRudvis darRvevisaTvis, amasTan jarimebi damokidebulia 

yoveli tipis produqciis erTeul fasze da SezRudvis darRvevis 

xarisxze. 

saWiroa evristika satransporto saSualebebis moZraobis 

grafikis, raTa Sesruldes yvela SekveTa minimaluri danaxarjiT. 

yoveli evristika MCH -is gamoyenebisas, Seicavs wess SekveTis 

(kvanZi-momxmarebeli), produqciis wyaros_kvanZis da 

satransporto saSualebebi. (ar aris gamoricxuli, rom 

konkretuli SekveTis SesrulebisaTvis moizideba erTze meti 

wyaro da/an serveri). 

kvanZSi-momxmareblis arCevisTvis SeiZleba gamoviyenoT Semdegi 

wesebi: 

 1S ) upiratesoba eniWeba kvanZs SekveTili jamuri moculobiT; 

 2S ) SeirCeva momxmarebeli SekveTili produqciis maqsimaluri 

fasiT; 

 3S ) SeirCeva momxmarebeli droiTi fanjris minimaluri zrda 

zRvriT. 

produqciis wyaro_kvanZis SerCevis wesebSi, upiratesoba 

SeiZleba mieces wyaros: 

 1Q ) minimaluri daSorebiT kvanZi_momxmareblis pirveli 

nawilis arCevamde; 

 2Q )  minimaluri TanxiT D  daSorebiT kvanZSi_momxmareblamde 

da uaxloes kvanZamde, romelSic aris Tavisufali serveri; 
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 3Q ) minimaluri sididiT ( )( ) UULLh 021+= , sadac 1L  da 2L  

daSorebaa Sesabamisad kvanZi-momxmareblamde da uaxloes 

kvanZamde, romelSic aris Tavisufali serveri, 0U _ SekveTili 

produqciis jamuri moculobas, U _ produqciisa wyaroSi 

jamuri moculobaa. 

evristika Seivseba wesebiT, romelSic airCeva serveri: 

 1V ) minimaluri daSorebiT kvanZi_momxmareblidan; 

 2V ) minimaluri droiT wina momxmareblidan ganTavisuflebisa; 

 3V ) marSrutis Sesrulebis minimaluri droiT. 

gadamrTvel qselebSi monacemTa gadacemis arxebis topologiis 

gansazRvis amocanebi da maTSi trafikis ganawileba ekuTvnis 

struqturuli sinTezis rTuli amocanebis. amocanebi, msgavsi 

qvemoT ganxiluli amocanisa, monacemTa gadacemis arxebis 

sinTezi qselSi, gvxvdeba mraval danarTSi qselis sinTezisas da 

masSi ganawilebuli materialuri, satransporto da 

informaciuli nakadebi. 

ganixileba Semdegi amocana. mocemulia: 

 qselis simravle Y  kvanZebis (wveroebis), N _kvanZebis ricxvi; 

 trafiki, misi mocemulobisaTvis gamoiyeneba zogierTi 

matrica; trafiki moicema T  matricis saxiT; misi elementi 

ijT aris trafiki i  da j  kvanZebs Soris. 

 matrica C  Rirebulebis gayvanisa da ijaris (prognizirebadi 

drois eqspluataciis) wyvilkvanZebs Soris kavSiris, 

ijC _kavSiris Rirebuleba i  da j  kvanZebs Soris. 

 momsaxure mowyobilobs Rirebuleba, Rirebulebis 

ganisazRvreba mowyobilobis tipiT, xolo tipi airCeva 

trafikze damokidebulebiT Sesabamis arxze. 

saWiroa qaselis agebaze daxarjuli saerTo danaxarjebis 

minimizacia, Sedgenili danaxarjebidan kavSiris gayvanisa da 

momxmare mowyobilobaze. 

amocanis amoxcna Seicavs or proceduras: 
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1. kavSiris sistemis SerCeva _ qselis karkasi; 

2. kavSiris trafikis gadatana, karkasSi ar Semavali da qoradad 

wodebuli ama Tu im karkasis kavSirze. 

pirvel proceduraSi ganixileba sruli grafiki { }SYG ,= , S  _ 

sruli grafis gverdebis (kavSirebis) simravlea. karkasi SeirCeva 

ZiriTadi xis saxiT, SemdgomSi mas SeiZleba daematos zogierTi 

sxva kavSirebi. 

xis SerCevis algoriTmi dafuZnebulia TandaTanobiT mierTebaze 

1D  mwvervalebis qvesimravleebTan, ukve CarTul xeSi, Semdeg 

wveroebze 2D  mwvervalebis qvesistemidan, jer ar CarTuli xeSi. 

wesi CarTuli mwvervalis SerCevisa _ misi maqsimaluri siaxlove, 

xesTan, e.i. xeSi CairTveba kavSiri ( )lk,  Semdegi pirobiT: 

         m
Dm

kl WC
2

min
∈

=                mjDjm CW
1

min
∈

=                (21) 

sadac algoriTmis Sesrulebis dasawyisSi _ CarTva 1D _si ori 

mwvervali k  da l , romelTac Seesabameba C  matricis minimaluri 

elementi. 

proceduris damTavrebisas aRmoifxvreba Camokidebuli 

mwvervalebi maTi gaerTianebiT erTmanetTan. amisaTvis sakmarisia 

aigos kidev erTi xe, magram ukve grafaze, romelic mxolod 

Camokidebul mwvervalebs Seicavs. amrigad, karkasi Seicavs 

kavSirs or agebul xeebs Soris. 

meore proceduris algoriTmebi dafuZnebulia kavSirebis 

klasifikaciaze. pirveli rangis kavSiri _ es karkasis kavSiria. 

meore rangis kavSiri _ es iseTi ( )ji,  qordaa, rodesac gvaqvs 

mwvervali K  da kavSirebi ( )ki,  da ( )jk,  CarTulia karkasSi. P -es 

rangis qorda _ es iseTi ( )ji,  qordaa, roca gvaqvs K  mwvervali 

da kavSirebi ( )ki,  da ( )jk,  warmoadgens kavSirebis rangs P -ze 

nakleb, sadac erT-erTi maTgans aqvs rangi P -s. 

 

qordebis klasifikaciis Sedegebi Seadgens U  matricas, misi 

elementi ijij PU = , sadac ijP  aris ( )ji,  kavSiris rangi. 
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U  matricis Sevseba xdeba Semdegi algoriTmiT. dasawyisSi 

pirveli rigis yvela ( )ji,  kavSirebs mieniWeba 1=P  rangi, e.i. 

miviRebT 1=ijU , Semdeg Tu 0=ijU  da gvaqvs iseTi jk > , rom 

( ) ( ) tureUPUPUU jkikjkik ==∧=∨=∧= 11 , maSin 1+=PUij . 

 

algoriTmis Sesruleba xdeba P -s TandaTanobiTi gazrdiT, sanam 

U  ar Seivseba srulad. 

trafikis gadatana qordebidan karkasis kavSirebze, xorcieldeba 

evristikiT, SerCeuli genetikuri meTodebiT. 

umaRlesi rangis kavSirebidan dawyebyli da damTavrebuli 

kavSirebiT rangi 2, TanmimdevrobiT ( )ji,  calkeuli kavSirebiT, 

gamoiyeneba erTi Sedegi evristikidan. 

1. Tu ( )11 −=∧= PUU jkik , maSin trafiki ( )ji, -kavSiridan gadadis 

kavSirSi ( )ki,  da ( )jk, ; 

2. SeirCeva K , Sesabamisi minimaluri jami jkik CC + , pirobiT 

( ) turePUU jkik =−=∧= 11 , trafiki ( )ji, -kavSiridan gadadis 

kavSirSi ( )ki,  da ( )jk, ; 

3. igive, rac wesi 2, magram pirobis SecvliT 

( ) tureUPU jkik ==∧−= 11 ; 

4. igive, rac wesi 3, magram trafikis gadatana xorcieldeba 

mxolod, Tu jkikij CCC +> , sxvagvarad kavSiri miuerTdeba 

karkass. 

evoluciuri meTodebis saxesxvaoba. 

genetikuri algoriTmebi SeiZleba iyos paraleluri, yvelaze 

naklebi, ori xerxiT. 

pirveli xerxi miekuTneba bazuri genetikuri algoriTmis Siga 

ciklis operaciebis paralelur Sesrulebas. am SemTxvevaSi 

xdeba erTi da imave qromosomebis populaciis evoluciis 

imitacia. algoriTmis realizacia mizanSewonilia kompiuterze 

procesorebis ricxviT, ara nakleb populaciis N popul zomisa. 
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meore xerxi mdgomareobs zogierTi evoluciis imitaciaSi, 

periodulad Tavis genotipebis erTmaneTSi gacvliT. 

am xerxis saxesxvaoba ganisazRvreba populaciebs Soris gacvlis 

cxriliT. cxrilSi mocemuli unda iyos Semdegi cnobebi: 

a) avtonomiuri evoluciis periodi, gacvlebs Soris 

populaciaSi STamomavlobis cvlis gazomili ricxviT; 

b) B  gacvlis matrica, romlis elementi 1=ijb , Tu genuri 

materia, populacia i _dan gadaecema j -s, sxvanairad 

0=ijb ; 

a) gacvlis Sinaarsi, e.i. qromosomebis sia, gadasacemi gacvlis 

dros, populacia i _dan populacia j -ze. magaliTad, 

SesaZlebelia wriulis gacvla ( ( ),1=ijb  mxolod maSin 1+= ij , 

gamoklebiT populaciis maqsimaluri nomriT j , 

romlisTvisac ( )1=ijb . 

genetikuri algoriTmi populaciebs Soris gacvlebis meore 

xerxiT poulobs gamoyenebas erT procesorian kompiuterze. 

Tu populaciebi icvlian Tavis saukeTeso warmomadgenlebs, maSin 

Cveulebriv, ramdenime gacvlis Semdeg, yvela populaciaSi 

dominirebas iwyeben genotipebi, saukeTesoebi STamomavlobidan, 

e.i. xdeba genofondis xarisxis gaTanabreba yvela populaciaSi, 

populaciebidan saukeTesos doneze. sxva sityvebiT, paraleluri 

genetikuri algoriTmis gamoyenebis Sedegebi miaxloebiT emTxveva 

Sedegebs. araparaleluri, Cveulebrivi xerxis gamoyenebisas, 

magram miiReba isini, raTqmaunda, naklebi drois danaxarjebiT. 

optimizaciis hibridul algoriTmebs uwodeben algoriTms, 

romelSic eqstremumebis ZiebisaTvis gamoiyeneba idea, ori an meti 

optimizaciis meTodisa. hibriduli algoriTmebis tipiur 

magaliTs warmoadgens genetikuri algoriTmebi calkeuli 

generirebadi STamomavlis gaumjobesebiT, lokaluri Zebnis 

meTodis daxmarebiT. lokaluri Zebna sruldeba makromutaciis 

saSualebiT. makromutaciis zoma, e.i. genebis ricxvi, romelic 

ganicdis mutacias, gansazRvravs mimdinare saZiebo wertilis 
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Semogarens, romelSic iZebneba saukeTeso wertili, erTi 

wertilis povnis arawarmatebuli cdis ricxvi SezRudulia 

sididiT K . Tu napovnia wertili miznobrivi funqciis saukeTeso 

mniSvnelobiT, maSin xdeba gadasvla am wertilSi  da kvlav 

daiSveba Zebna cdebis ricxviT, toli K _si. 

rogorc gviCvena eqsperimentis Sedegma, hibriduli algoriTmebi 

ar floben SesamCnev upiratesobas miRebuli Sedegebis sizustiT 

arahibridul genetikur algoriTmebTan SedarebiT, amave dros 

droiTi resursebis danaxarji SeiZleba arsebiTad gaizardos. 

genetikuri algoriTmi fragmentuli krosoveriT. 

genetikuri algoriTmebis gamoyenebis praqtikuli gamocdileba 

mowmobs mravalwertilovani krosoveris upiratesobaze 

erTwertilovanTan SedarebiT. genetikuri meTodi fragmentuli 

krosoveriT, agreTve Sereul evoluciur meTodad wodebuli 

( MethodEvolutionModeMixedMMEM − ), warmoadgens realizaciis 

mravalwertilovani krosoveris erT-erT xerxs. MMEM  

gamoyenebis mizans warmoadgens genetikuri Zebnis efeqturobis 

gazrdas, miRwevad MMEM _Si fragmentis optimaluri zomis 

SerCevis xarjze, romlebzedac qromosomebi iyofa krosoverSi. 

MMEM  xasiaTdeba Semdegi ori TvisebiT: 1. mravalwertilovani 

krosoveri; 2. mravalqromosomuli rekombinacia, e.i. calkeuli 

STamomavlobis qromosoma formirdeba or mSobelze meti 

qromosomiT. 

MMEM _Si fragmentebs uwodeben nakveTs, romlebzedac 

qromosoma iyofa krosoverSi. calkeul fragmentSi sruldeba 

operaciebi mSoblebis wyvilis arCevisa da erTwertilovani 

krosoveris. mutacia da miznobrivi funqciis Sefaseba 

xorcieldeba mTliani qromosomebis farglebSi. qromosomis 

fragmentaciis ilustracia warmodgenilia nax. 21-ze. 
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nax.21.  fragmentuli krosoveriT 

 

fragmentuli krosoveris sfecifikacia ZiriTadi saxiT 

gamoxatulia qromosomis formirebis blokSi, Semdegi 

STamomavlobisaTvis. gamoyenebuli meTodis Taviseburebebis 

damaxasiaTebel parametrebad, iTvlebianFfragmentebis sigrZeebi, 

romlebzedac iyofa mSoblebis qromosomebi, ricxvi 

“qromosoma_mSoblebi” yvela formirebadi qromosomis [26]. 

nax. 18_ze warmodgenilia Semdegi rigi teqsturi amocanis 

amoxcnisa fragmentuli krosoveriT genetikuri meTodis 

daxmarebiT fragmentebis sigrZis sxvadasxva mniSvnelobebis 

dros. qromosomebis sigrZeebi iyofoda diapazonSi 40 genidan 

amocanaSi VRPTW  800_mde cxrilis sinTezis amocanaSi. radganac, 

roca DL=  gvaqvs genetikuri algoriTmi erTwertilovani 

krosoveriT, xolo roca 1=L  erTnairi krosoveriT, sadac L  

fragmentis sigrZea (fragmentSi genebis ricxvi), D_qromosomis 

sigrZe, nax. 18_is Sedegebi iZleva Sedarebis saSualebas amocanis 

amoxsnis sizustisa krosoveris wertilovani sxvadasxva ricxvis 

SemTxvevaSi. MMEM _is SemTxvevaSi yvela oTxive amocanaSi 

eqstremumebTan miaxloebis xarisxi (amocanebSi a), b) c) sruldeba 

minimizacia, xolo amocana d)_Si miznobrivi funciis 

maqsimizacia). iyo maRali, vidre erTwertilovani, orwertilovani 

an erTgvarovan krosoverSi, erTnairi gamoTvliTi danaxarjebis 

dros. 

fragmentebi

L
D

b 

g d 
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nax.22. amocanebSi fragmentis sigrZeze miznobrivi 

funqciis eqstremaluri damokidebuleba: a) cxrilis 

sinTezi; b) satransporti saSualebebis marStrutizacia 

droiTi fanjrebiT (VRPTW);  g) Sedgena; d)  gamoTvliTi 

qselis topologiis sinTezi. 

 

fragmentebis sigrZis mniSvnelobas, optimumebis arsebobis 

dasabuTebisaTvis, sizustis TvalsazrisiT, emsaxureba Semdegi 

moszrebebi. 

ganvixiloT orfragmentiani qromosomis nawili, mutaciisa da 

Siga fragmentuli krosoveris ararsebobis pirobebSi (nax.19) 

 

nax. 23. qromosomis orfragmentiani nawili 
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albaToba ABP  ABH  Sablonis Sedgenili A  SemTxveviTi 

generaciis marcxena nawilisagan da B  marjvena nawilisagan da 

incidentur or fragmentad, sawyis TaobaSi ( )ABHuKN << -isaTvis 

tolia: 

( )ABHu
AB KNP =                         (22) 

 

sadac, N _populaciis zomaa, K _qromosomis kodirebis 

alfavitSi simboloebis ricxvia, ( )ABHu  _ ABH  Sablonis wesrigi. 

analogiurad albaToba A  da B  Sablonebis generaciis, 

wesrigiT ( )Au  da ( )Bu  Sesabamisad fasdeba ( )AuKN <<  da ( )BuKN <<  

rogorc 

( )Au
A KNP =  da  ( )Bu

B KNP =                  (23) 

 

bevr praqtikul amocanebSi (cxrilis sinTezi miekuTneba maT 

ricxvs) mWidro Sablonebi axdenen met gavlenas saWiroebis 

funqciaze, vidre Sablonebi daSorebuli erTmaneTisagan 

lokusebiT. amitom ganxilva mizanSewonialia Catardes 

samagaliToT mWidro Sablonze ( ) ( )ABAB HuHd = . 

vTqvaT, Sabloni ABH  warmoadgens saWiros da Sedis optimaluri 

qromosomebis SemadgenlobaSi. arsebobs Sablonis zogierTi 

sigrZe порd , romlisaTvisac ABH _s gamoCnda sawyisi populaciaSi 

mcired SesaZlebeli xdeba da es albaToba aris порP . magaliTad, 

02.0=порP , 100=N  da 5=K  (bolo SeiZleba niSnavdes, rom 

gamoiyeneba 5 sxvadasxva evristika multimeTodur algoriTmSi) 

miviRebT: 

                   ( ) 55lg50lg >= N
порd                    (24) 

 

ABH  Sabloni gamoCndeba mimdinare populaciaSi порdd > _isTvis 

SeiZleba mxolod misi generaciis Semdgom (Senaxva 
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gamoricxulia). generacia xdeba A  da B  Sablonebis nawilis 

rekombinaciis albaTobiT, rom tolia BAPP .  

maSasadame, aucilebelia, rom AP  da BP  iyvnen meti порP _ze, rac 

albaT, sruldeba ganxilul magaliTSi roca 6=порd  an 7 _s.  

nax_3 situaciaSi ABH  gamoCenili Sablonis, ar SeuZlia 

SenarCundes da iSleba krosoveris Semdeg aqtSi, Tumca misi 

saWiroebis maRali Sefaseba, mivyavarT AP  da BP  albaTobis 

gazrdasTan, e.i. algoriTmis generaciul SesaZleblobasTan. 

SablonebisaTvis mcire saWiroebiT, vidre ABH  Sablonis 

saWiroeba Semadgeneli komponentis generaciis saSualebaSi 

Zlierdeba sustad an kidec sustdeba. maSasadame, saWiroa 

populaciaSi saWiro Sabloniebis Senaxvis, raRacnairad maTi 

generaciis saSualebiT gaZliereba.  

pozicebis ricxvis gazrda, romelSic izrdeba axali Sablonebis 

generacia, daxmarebas uwevs saWiro Sablonebis gamoCenas 

qromosomebis nawilebis meti ricxviT, romelic Tavis mxriv 

xsnis saWiroebis funqciis gaumjobesebas da L _is Semcirebas, me-

2 grafikze fragmentebis sigrZis optimaluri sigrZis L opt –is 

dros. roca LL= opt iwyeba gaxleCis mosazRvre wertilebis 

siaxlove erTmaneTTan. Tu daSoreba L  am wertilebs Soris 

xdeba Tanazomadi an naklebi порd , saWiro Sablonebis generaciis 

intensivoba ecema, radganac exla Sabloni formirdeba ukve sami 

nawilisagan A ,B ,C  calkeuli miekuTneba sxvadasxva fragmentebs 

da albaToba misi generaciis, ganisazRvreba sami albaTobis 

nawarmiT 1<<cBA PPP . 

axali saWiro Sablonis generaciis xasiaTi iqneba analogiuri 

ganxilulisagan, Tu gaviTvaliswinebT Sigafragmentuli 

krosoverebis wess, amasTan erTad fragmentebis optimaluri 

sigrZe unda gaizardos miaxloebiT orjer. 

MEMM _is praqtikul algoriTmebSi evristikis kombinirebuli 

meTodis gamoyenebis dros, optimaluri mniSvneloba aris 
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diaoazonSi 4 _dan 30_mde. radganac L opt-is aprioruli 

mniSvneloba ucnobia, mizanSewonilia gamoviyenoT algoriTmi 

L _is avtomaturi amorCeva calkeuli naerTidan, mocemuls 

rogorc sawyisi monacemebi. 

cikluri genetikuri meTodi genetikuri Zebna SeiZleba Sewydes 

saZiebeli eqstremumebis moSorebiT. amis mizezi SeiZleba iyos 

populaciis gadagvarebiT (stagnacia) an lokalur eqstremumebSi 

CarCena. 

stagnaciis Tavidan asacileblad Cveulebriv iyeneben 

makromutacias da/an mutaciis albaTobis gazrdisaTvis, magram 

eqstremumis garSemo mcire miaxloebisas (zustad maSin dadga 

stagnacia) Cveulebriv makromutaciebi xdeba mcired efeqturi. es 

dakaviSirebulia imasTan, rom mutirebuli qromosomis funqcia 

( )XF  aris mniSvnelovnad cudi, vidre populaciis sxva 

qromosomebis, mutirebuli qromosoma amovardeba SesaZlo 

mSoblebis ricxvidan da maSasadame ar SeuZlia gamoiyvanos 

populacia stagnaciis mdgomareobidan. 

imisaTvis, rom makromutaciebi iyos efeqturebi, aucilebelia 

ori pirobis Sesruleba: 

1. dagrovili genuri materiis Senaxva; 

2. sawyisi saWiroeba yvela qromosomis makromutaciis Semdeg 

unda iyos Tanazomadi. 

am ori urTierTsawinaaRmdego moTxovnis SeTavseba SasaZlo 

gaxda meTodSi, romelsac hqvia cikluri genetikuri meTodi 

(c.g.m). cikluri genetikuri meTodi Seqmnilia Sereuli 

evoluciuri meTodis CarCoSi. mis arss xsnis nax. 24. 
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nax. 24. makromutaciebi ciklur-genetikur meTodSi. 

 

cikluri meTodis Sesabamisad, yvela qromosomas mimdinare 

Taobisa, makromutaciis dros, SeuZlia Svas ori STamomavali. 

pirveli STamomavlis qromosomaSi gadaiwereba araluwi 

fragmentebi, xolo luwi fragmentebis genebi ki _ SemTxveviT. 

iReben generirebul alelebs. meore STamomavlis qromosomaSi 

inaxeba mSoblebis fragmentebi luwi nomrebiT, xolo araluwi 

(kenti) fragmentebSi ivseba SemTxveviTi mniSvnelobebiT. 

makromutaciebi meordeba periodulad W  Taobis cvlis Semdeg, 

romelsac uwodeben ciklebs, sadac W _ Taobis cvlis ricxvia, 

romlis Semdegac mosalodnelia stagnaciis niSnebis gamoCena. 

ramdenadac %50  Sevseba genebis SemTxveviTi mniSvnelobebiT, 

makromutaciis Semdeg, qromosomebis ricxvi izrddeba orjer, 

makromutaciis operaciaSi monawileoben da Semdeg gamoiyeneba 

wina Taobis mxolod naxevari qromosomebi. am naxevarSi 

mizanSewonialia CairTos saukeTeso pirebi. 

calkeuli makromuraciis Semdeg, miznobrivi funqcia, swrafad 

uaresdeba, magram saWiro Sablonebis Senaxvis xarjze, axal 

ciklSi SeimCneva misi daCqarebuli gaumjobeseba, amasTan 

albaToba didia, rom es gaumjobesebamde miiyvans. saZiebel 

traeqtorias eqstremumebis mcire garSemowirulobamde (an ufro 

warmatebuli stagnaciis doneze), vidre es iyo winamdebare 

ciklSi. 

 

mimdinar STamomavlobis 
qromosomebis fragmentebi 

fragmentebi SemTxveviTi 
alelebiT 

Lfr 

mimdinare Taobis qromosoma

qromosoma_STamomavloba 
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nax. 25. Sem_is da cgm_is gamoyenebis Sedegebi 

 

cikluri genetikuri meTodebis efeqturobis gazrdis 

ilustraciisaTvis iyo Sesrulebuli eqsperimentebi cxrilis 

sinTezis teqsturi amocanebis Semdegi sawyisi monacemebiT: 

samuSao ricxvi 105 , stadiebis ricxvi 4 , manqanebis ricxvi 

stadiebze { }3,4,4,4  nax.2_ze warmodgenilia gaTvlebis Sedegebi _ 

miznobrivi funqciis ( )XF  damokidebuleba, Taobis nomerTan 

ubralo Sereuli evoluciuri meTodis gamoyenebis dros da c.g.m 

makromutaciebiT 120 Taobis Semdeg. rogorc nax.2_dan Cans 

pirvel oTx ciklSi xdeboda miznobrivi funqciis gaumjobeseba. 

amasTan stagnaciam S.e.m_is gamoyenebis SemTxevaSi miaRwia dones 

( ) 21751=XF , xolo c.g.m_is SemTxvevaSi, meore, mesame da meoTxe 

ciklSi miaweulia ( )XF _is mniSvnelobebi: 21676,21716,21734 . 

adaptirebuli genetikuri algoriTmebi. cxadia, rom genetikuri 

Zebnis efeqturoba damokidebulia g.a_Si gamoyenebuli 

operatorebis tipze da algoriTmis sxva parametrebze. aseTi 

STamomavlobis 
raodenoba 

fragmentuli 
krosoveri 

miznobrivi funqcia 

cikluri makromutaciebi 
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parametrebis ricxvs SeiZleba mivakuTnoT krosoverebisa da 

mutaciis albaToba, arCevis albaToba ama Tu im evristikis 

meTodSi evristikebis kombinireba, qromosomebis gaxleCvis 

wertilebis ricxvi krosoverSi da sxva. rogorc wesi genetikuri 

operatorebi da parametrebi ganisazRvreba momxmareblisagan 

apriorSi, Tumca amasTan erTad didia wamgebiani variantebis 

gamoyenebis saSiSroeba da rogorc wesi mniSvnelivani Semcireba 

genetikuri Zebnis efeqturobisa. amasTan erTad, genetikuri Zebnis 

sxvadasxva etapze esa Tu is operatorebi SeiZleba iyos 

sxvadasxva xarisxis. situaciidan gamosavali _ adaptirebuli 

genetikuri algoriTmis gamoyenebaa. 

cnobilia rigi samuSaoebi, miZRvnili adaptirebuli genetikuri 

algoriTmisadmi. adaptaciis idea genetikuri algoriTmebis 

mixedviT gamoiTqva samuSao [26]. ufro meti yuradReba mieqca 

(daeTmo) algoriTmebs, adaptaciis gamoyenebiT, iseTi 

parametrebis, rogorc mutaciis albaTobaa. samuSaoSi 

ganxilulia strategia, romlis mutaciis albaToba icvleba 

evoluciis dawyebidan da yvela qromosomebis mutaciis albaToba 

individualurad imarTeba. 

metagenetikuri algoriTmi genetikuri Zebnis gamoyenebiT 

amoxsnisaTvis, rogorc ZiriTadi amocana, ise da damxmare 

amocanis parametrebis momarTva adaptacia mocemulia [ ]24 _Si. 

qvemoT moyvanilia misi aRwera fsevdokodebis saxiT: 

GENETIC ALGORITHM STEP() 

begin 

for i = 1 to n { 

select parent1 and parent2 from population P1; 

offspring = crossover(parent1, parent2) 

mutation(offspring) 

if suited(offspring) then 

replace(P1, offspring); 
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} 

end 

META-GENETIC ALGORITHM 

begin 

create initial population P1; 

create initial population P2; 

do{ 

for i = 1 to n { 

select parent1 and parent2 from P2; 

offspring = crossover(parent1, parent2) 

mutation(offspring) 

evaluate(offspring) 

add offspring tmpPop 

} 

meta-population = tmpPop; 

} 

GENETIC ALGORITHM STEP(select answer from P2) 

} until stopping condition 

//report the best answer; 

end. 

ganixileba qromosomebisaTvis ori simravle. qromosomebis 

genebSi pirvel simravleSi ( )1P  inaxeba evristikis nomrebi 

sinTezis amoxsnis Semdgomi nabijis SesrulebisTvis. meore 

populacia ( )2P Sedgeba qromosomebisagan, romelTa genebSi 

inaxeba konfiguraciuli parametrebi ZiriTadi genetikuri 

algoriTmebisa. 

yvela qromosaoma ( )2P  populaciidan fasdeba Semdegi saxiT: 

SIMPLE_STEP ( P2(ti) ) 
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begin 

P2(ti)->select parent1 and parent2 from population P1; 

offspring = P2(ti)->crossover(parent1, parent2) 

P2(ti)->mutation(offspring) 

return P2(ti)->evaluate(offspring) 

end 

yvela konfiguraciisaTvis (populacia ( )itP2  yvela 

qromosomisaTvis) sruldeba procedura SIMPLE_STEP, romelSic 

1P  populaciidan amoirCeva ( )( )SelecttP i →2  mSoblebi. maTSi 

Sejvarebis Sedegad ( )( )CrossovertP i →2  gaCndeba STamomavloba 

( )Ofspring _axali qromosoma, romelic SemdgomSi mutacias 

ganicdis ( )( )MutationtP i →2 . STamomavlobis Sefaseba agreeTve 

warmoadgens Sefasebas mocemuli konfiguraciisaTvis ( )itP2 . 

metagenetikuri algoriTmis Semdeg (momdevno) generaciis Semdeg, 

saturniro seleqciis meTodis daxmarebiT 2P  populaciidan 

amoirCeva qromosoma, mocemuli konfiguraciis formirdeba 

Taoba, ZiriTadi genetikuri algoriTmis meSveobiT. 

GASimple _Si sawyisi populacia generirdeba SemTxveviTi saxiT. 

Semdgom generirebuli populacia Sefasdeba da misgan n _jer 

amorCeva ori amoxsna, romlebis SejvarebiTac generiedeba ori 

STamomavali. Seqmnili individumebi eqvemdebareba mutacias, 

mocemuli albaTobiT. 

es cikli meordeba manamde, sanam axali populacia ar Seivseba. 

roca axali populacia Seivseba, Zveli SeiZleba amogdebuli 

iyos saukeTeso amoxsnis SenaxviT. 

“brbos moqmedebis” meTodi ( )OSP . OSP  algoriTmi 

pirvelyovlisa  iyo aRwerili maTematikuri biologiis 

amocanebis mixedviT 1987 w. 
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cnoba algoriTmebsa da Sedegebze  OSP _s meTodis amoxsnis 

saSualebiT, rigi optimizaciis amocanebisa moyvanilia, 

magaliTad [23]. 

OSP  (Particles Swarm Optimization) meTodSi imitacia xdeba agentebis 

simravlis qcevisa, romlebic miiswrafian SeaTanxmon TavianTi 

mdgomareoba, saukeTeso agentis mdgomareobas i _uri agentis 

mdgomareoba aRiwereba veqtoriT ( )jnjjj xxxX +++= L21 , sadac jiX  

j _iuri parametria i _uri agentis, xolo i _uri agentis 

mdgomareoba xasiaTdeba miznobrivi funqciis mniSvnelobiT 

( )ji XFY= . 

SeTanxmeba xdeba mravalbijiani procesiT, yovel bijze 

koreqtirebis gziT, jX  veqtoris saukeTeso agentis jlX _s 

mdgomareobis gaTvaliswinebiT, sakuTari saukeTeso mdgomareoba 

*
jX _s j _iur agentis parametrebis sivrcisa da faqtorebis 

SemTxveviTobis Semdgomi gadaagdilebis traqtoriaze. 

bazuri algoriTmebi OSP , uwyveti optimizaciis amocanis 

SemTxvevaSi, mdgomareobs jX  _ mniSvnelobis iteraciul 

gamoTvlebSi, formulebiT: 

 

( ) ( )jjjgjj XXaXXaVaV −+−+= *
3121                (25) 

                             jjj VXX +=  

sadac jV  j _iuri agentis koreqtirebis veqtoria, 1a  _ agentebis 

qcevis inerciulobis koeficientia, 32 , aa  _ SemTxveviTi 

koeficientebia, romelTa parametrebis ganawileba SeirCeva 

eqsperimentalurad. 

parametrebis sivrcis diskretuli optimizaciis amocanebSi, 

xSirad armoCndeba, arametrirebuli da formula ( )1  aRmoCnda 

gamouyenebeli. Tumca OSP _s ideis gamoyeneba SesaZlebeli 

xdeba, Semdegi meTodis wyalobiT, genebis mniSvnelobis 

diskretuli SerCebiT: geni jiX  formirebad qromosomaSi jX  
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SeirCeva erT-erTi “qromosoma_mSobeli” i _is geniT. konkretuli 

mSoblis SerCeva xdeba SemTxveviTi saxiT. ‘qromosoma_mSoblis” 

rolSi SeiZleba gamovides an mTeli populaciis saukeTeso 

qromosoma glX  an *
jX  qromosoma, saukeTeso qromosomebs Soris 

nomriT j  yvela winamswrebi Taobis, an j _iuri qromosoma jX  

winamdebare Taobis.  

Sesabamisi albaTobis 3,2,1 PPP  erT-erTis amorCeva am variantebs 

Soris, amoirCeva eqsperimentalurad. amas garda, emateba varianti 

jiX _s mnisvnelobis SemTxveviTi SerCevisa albaTobiT 4P . 

WianWvelebis koloniuri meTodi ( )OCA  pirvelad optimizaciis 

amocanebis amoxsnisaTvis, WianWvelebis koloniuri moqmedebis 

ideis gamoyeneba gamoiTqva 1992 w. ( )OCA  meTodis gamoyeneba 

naCvenebia komivoiaJeris  amocanis magaliTze, gaxsna da SefuTva  

da sxva. ( )OCA  meTodebis mimoxilva moyvanilia qvemoT. 

 

 

 

 

nax. 26. WianWvelebis koloniebi 

WianWvelebis koloniuri meTodi ( )OCA  dafuZnebulia 

WianWvelebis qcevis (moqmedebis) imitaciaze, minimizebuli sigrZe 

maTi marSrutisa gzaze, WianWvelebis budidan sakvebis wyaromde. 
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( )OCA  meTodis gansakuTrebulobas warmoadgens _ 

mravalwertiliani krosoveris SemTxvevaSi SesaZlebloba 

gamoiyenos or mSobelze meti (poligamiuroba) i _uri genis 

mniSvneloba, formirebuli qromosomebis amorCeva SesaZlo  

mniSvnelobebis arsebuli krebulidan, dafiqsirebulebs 

matricaSi: [ ]1twW = , nit ,,2,1,,,2,1 LL == τ  τ _gamoyenebuli 

alelebis ricxvia, n _qromosomasi genebis ricxvia, tiw  aris i _uri 

genSi t _uri alelis gamoyenebis saWiroeba, romelic gamoiTvleba 

formuliT: 
β

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∈= ∑∑

=

N

k
k

C
kti ZZkw

ti 1
                                               (26) 

sadac kZ  aris k _qromosomis saWiroeba, tiC _qromosomis nomrebis 

simravlea i _ur lokusSi mqone dawola t _alelze, 

β _koeficienti, amorCeuli diapazonidan 31L , N N _populaciis 

zomaa, kZ  saWiroeba ganisazRvreba rogorc  

 

( ) ( )( )koptk YYbYYbZ −−+−= max1max1 1                  (27) 

 

sadac [ ]1,01∈b ,  optY _ miznobrivi funqciis saukeTeso 

mniSvnelobaa, mocemul momentSi miRebuli Zebnis, kY _miznobrivi 

funqciis mniSvnelobis, Sesabamisi k _qromosomis, 

maxY _maqsimaluri (uaresi) mniSvnelobaa miznobrivi funqciis 

qromosomis populaciaSi mocemul bijze. 

( )1 _is Seabamisad t _uri alelis amorCevis albaTobaa, i _ur genSi 

momdevno bijze  

∑
=

=
τ

1k
kititi wwP .                       (28) 
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Tavi III. amocanis gadawyvetis mxardamWeri sistemebi 

 

3.1. dagegmvis algoriTmis SerCeva 

 

modificirebuli genetikuri algoriTmi inarCunebs evoluciuri 

optimizaciis Teoriis ZiriTad principebs, magram sakmaod 

gansxvavdeba tradiciuli sqemisagan. igi SeiZleba warmovadginoT 

Semdegi etapebis saxiT [12]: 

 

 

 

nax.  27. samuSaos dagegmvis algoriTmi 

 

1. sawyisi  populaciis  formireba,   anu     mocemuli  

intervalidan airCeva  sawyisi genotipebis   SemTxveviTi  
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mniSvnelobebi. amave dros cnobilia, rom X cvladebi, anu 

saxeobebi, [a, b] intervalSi Tanabrad arian ganawilebulni. biji 

tolia:  

h = (b – a)/n;     Xi = a + h⋅ i;  ),1( Ni =         (29) 

 

2. sawyisi amonaxsnebis Sefaseba. SeiZleba CaiTvalos, rom am 

etapze t = 1. yoveli saxeobisaTvis gamoiTvleba funqciis 

mniSvneloba, miznobrivi funqciis gamosaxulebis Sesabamisad. es 

mniSvneloba aris saxeobis Seguebadoba. igi gansazRvravs 

saxeobis sicocxlisunarianobas momdevno iteraciaSi. 

3. saxeobaTa sawyisi daxarisxeba. am etapze Catardeba 

saxeobaTa sortireba, rac gulisxmobs saxeobebis dalagebas 

klebiT, Seguebis maCveneblis mixedviT. 

4. saxeobaTa ranJireba. rac iTvaliswinebs sortirebis 

Sedegebis Sesabamisad yoveli saxeobisaTvis rangis miniWebas. 

rangi anu adgili populaciaSi aRvniSnoT ),1(; Mjr j = . 

Semdgom gamoiTvleba TiToeuli saxeobis Seguebadobis 

albaToba, formuliT:.  

 

∑
=

= n

i

sel

if

ifiP

1
)(

)()(            (30) 

 

es aris TiToeuli saxeobis Semgueblobis Sefardeba 

populaciaSi Semavali yvela saxeobis jamur SemgueblobasTan 

saxeobaTa ranJirebis xarisxis amaRlebis mizniT gamoiTvleba: 

 

),1;,1(;/)()( MjNiriPi j
tt ===μ             (31) 

 

da SerCevis kriteriumi:   

 Ni
N

i

tt
Sash /)(

1
∑
=

= μμ                      (32) 
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mocemuli kriteriumi saSualebas iZleva mTeli populacia 

daiyos sam nawilad: maRali Semgueblobis mqone `liderTa 

jgufis~ saxeobebi, romlebic daeqvemdebarebian krosoveris 

operators; dabali Semgueblobis mqone (`autsaiderTa jgufi~) 

saxeobebad, romlebic Semdgom evoluciaSi ukve aRar 

ganixilebian da saSualo Semgueblobis mqone saxeobebi, 

romlebic daeqvemdebarebian mxolod mutaciis operators [13]. 

5. krosoveri. am etapze xdeba liderTa jgufis saxeobaTa 

dawyvileba sortirebis Sesabamisad, aq unda gaviTvaliswinoT, 

rom Tu populaciaSi kenti raodenobis wevrebia, maSin  wyvili 

Seivseba saSualo jgufidan.  

yoveli wyvilisaTvis saukeTeso wyvetis wertilis povnis 

TvalsazrisiT xdeba Sidawyviluri gadarCevis l-1 cikli, romlis 

drosac wyvilTa nawilebi jvaredinad Seicvleba anu miiReba 

STamomavlobis SesaZlo variantebi, romlebic Sefasdeba 

miznobrivi funqciis mixedviT. Sida ciklis Sedegad 

ganisazRvreba saukeTeso Sejvareba da ori STamomavali. Tumca, 

Tu STamomavalTa funqciuri Sefaseba mSobelTa Sefasebaze 

uaresi aRmoCnda, maSin maT mieniWebaT mSobelTa Sefaseba. 

6. mutacia. saSualo jgufis TiToeuli saxeobisaTvis tardeba 

l-1 Sida cikli, romlis drosac SerCeul poziciaSi Tanrigis 

bituri mniSvneloba Seicvleba. Sida ciklis meSveobiT 

gadarCevis Sedegad ganisazRvreba mutacia TiToeuli 

saxeobisaTvis. 

7. daxarisxeba. Cvens mier Catarebuli SerCeva-Sejvareba-

mutaciis Semdeg, kvlav xdeba saxeobaTa sortireba klebis 

mixedviT, romlis drosac gamoikveTeba lideri maqsimaluri 

Semgueblobis unariT. 

8. algoriTmis dasruleba. mocemul etapze mowmdeba lideris 

funqciuri mniSvneloba. Tu momdevno iteraciaze lideris 

funqciuri mniSvneloba. Tu t
lidf DmniSvneloba izrdeba, maSin t=t 

+1 da gadavdivarT momdevno etapze. Tu lideris funqciuri 
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mniSvneloba aRar ganicdis zrdas an piriqiT iwyebs klebas, 

maSin gadavdivarT mocemuli saxeobis mutaciaze. Tu mutaciis 

meSveobiT miznobrivi funqciis mniSvneloba ar gaizarda, maSin 

algoriTmi amTavrebs muSaobas. rac niSnavs rom optimaluri 

amonaxsni miRebulia. unda aRiniSnos, rom ramodenime iteraciis 

Semdeg populaciis wevrebi mniSvnelobaTa erT areSi 

ganTavsdebian, es aris optimumis are, saidanac moxdeba 

optimaluri amonaxsnis amorCeva [13]. 

algoriTmis Rirsebad SeiZleba CaiTvalos iteraciaTa 

minimaluri raodenoba da amonaxsnis maRali sizuste. 

warmodgenili algoriTmi, ra Tqma unda, ar aris Tavisufali 

naklovanebebisagan, kerZod klasikur ga-sTan SedarebiT mas aqvs 

SedarebiT dabali gamoTvliTi siCqare, rac ganpirobebulia 

damatebiTi tardeba l-1 Sidacikluri gamoTvlebis aucileblobiT 

saukeTeso krosoverisa da mutaciis gamovlinebis mizniT. 

samagierod, aRniSnuli gadarCeva garkveulad ganapirobebs 

saxeobis maRali Seguebadunariani SablonebiT agebis albaTobas.  

marTvis sistemis arqiteqtura 

kvebis produqtebis sawarmoo procesis marTvis eqspertuli 

sistemis funqcionireba ZiriTadad SeiZleba ganvixiloT rogorc 

gadawyvetilebis miRebis procesi, sadac mTavar sakiTxs 

konkretul situaciaSi gadawyvetilebis povna warmoadgens. Cvens 

mier realizebul marTvis sistemaSi, gadawyvetilebis miRebis 

procesSi sul ufro mkafiod ikveTeba xelovnuri inteleqtis, 

rogorc maRali donis marTvis meTodebis gamoyenebis 

aucilebloba. kvebis produqtebis warmoebis marTvis sistemis 

zogadi arqiteqtura warmodgenilia nax. 24–ze.  

obieqtis marTvis procesSi mimdinareobs warmoebis uwyveti 

monitoringi,  romlis drosac mTeli sistemis mdgomareoba da 

komponentTa mimdinare mniSvnelobebi Sedis monacemTa bazaSi. 

warmoebis mimdinare procesebis, kerZod qseluri gegmis 

parametrebis mniSvnelobaTa gadaxris SemTxvevaSi, Tu moxda 

situaciis Secnoba, maSin eqspertuli sistemis codnis bazidan 
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marTvis freimis Sesabamisi mza gadawyvetileba gaicema 

mmarTveli zemoqmedebisaTvis, rac mniSvnelovnad amcirebs 

gadawyvetilebis procesis xangrZlivobas. im SemTxvevaSi, Tu 

warmoebis mimdinare mdgomareobis Secnoba anu monacemTa bazaSi 

analogis dadgena ar moxerxda, maSin unda moxdes axali 

gadawyvetilebis 

 

monacemTa baza

mdgomareobis 
analizi

mmarTveli 
zemoqmedebis gacema

sistemis 
monitorin

gi

xelovnuri 
inteleqtis 
algoriTmi

codnis 
baza

interfeisi

receptura

 

nax. 28. produqtebis warmoebis marTvis 

 sistemis arqiteqtura 

formireba, Sesabamisad qseluri grafikis struqturis cvlileba-

gadawyoba da misi parametrebis operatiuli gadaangariSeba 

xelovnuri inteleqtis algoriTmebis  gamoyenebiT.  

amgvarad, aRniSnuli algoriTmebis gamoyenebiT xorcieldeba 

ukve axali mmarTveli gadawyvetilebebis gamomuSaveba, rac 

codnis bazis ganaxlebis procesTanac aris dakavSirebuli. 
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mocemuli situacia da miRebuli Sedegebi freimis saxiT 

Seitaneba codnis bazaSi. garda amisa, dabal sicocxlisunariani 

freimebi, romlebic TiTqmis aRar meordebian, codnis bazidan 

amovardnas eqvemdebarebian anu xdeba codnis bazis ganaxleba. 

kvebis produqtebis sawarmoo procesis marTvis eqspertuli 

sistemis realizebisaTvis ZiriTadi yuradReba eTmoba xelovnuri 

inteleqtis, kerZod evoluciuri algoriTmebis damuSavebas 

sawarmoo procesis qseluri modelis struqturisa da 

parametrebis optimaluri mniSvnelobebis dadgenis TvalsazrisiT 

da mis safuZvelze sistemis marTvis informaciuli da 

programuli uzrunvelyofis damuSavebas.  

programuli kompleqsis struqtura. 

marTvis sistemis programuli kompleqsis struqtura 

warmodgenilia nax. 29-ze: 
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mTavari
programa

produqtis 
saxeoba

warmoebis 
monitoringi

codnis bazis 
freimebi

neironuli 
modelis 
ganswavla

mza
gadawyvetilebis

Zebna

modelis 
struqturuli 
parametrebi

genetikuri 
algoriTmi

axali qromosomis 
formireba

qromosomis Semgueblobis 
indeqsis gansazRvra 

Semgueblobis
indeqsis analizi

populaciis 
inicializeba

populaciis 
analizi

qromosoebis 
dawyvileba

krosoveri

mutacia

axali populacia

dasasruli
 

 

 

nax. 29. marTvis sistemis programuli kompleqsis struqtura 

modulebis daniSnulebis aRwera: 

programa dawerilia vizualur, obieqt-orientirebul 

programirebis enaze C++, programuli modulebis saxiT. es ena 

moqnili da swrafqmedia.  

mTavari programis saxelia MainProgram, romelic Sedgeba 

Semdegi modulebisagan:  

•  warmoebis  monitoringi;  

•  codnis bazis freimebi;  

•  genetikuri algoriTmi;  
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•  modelis adaptacia. 

1. genetikuri algoriTmi Sedgeba  procedurebisagan: 

- axali qromosomis formireba; 

- qromosomis fitness indeqsis gansazRvra; 

- fitness indeqsis analizi anu  fitness-indeqsis Sedareba codnis 

bazaSi arsebul fitness-indeqsebTan; 

- sawyisi populaciis formireba; 

- populaciis analizi anu sawyisi populaciis gadarCeva; 

- qromosomTa dawyvileba; 

- qromosomTa wyvilebis krosoveri; 

- qromosomTa mutacia; 

- axali populaciis analizi; 

- axal iteraciaze gadasvla an dasasruli; 

2. codnis bazis freimebi Sedgeba procedurisagan: 

- obieqtSi mimdinare mdgomareobis Sesabamisi gadawyvetilebis   

freimis Zebnis procedura; 

3. modelis adaptacia Sedgeba procedurebisagan: 

- modelis struqturuli gadawyoba; 

- modelis parametruli gadaangariSeba; 

4. warmoebis  monitoringi Sedgeba procedurisagan: 

- neironuli modelis ganswavla, romelic moicavs mutaciis gziT 

obieqtis mimdinare mdgomareobis Secnobas. 

xelovnuri neironuli qselebis modeli. marTvis obieqtis 

funqcionirebis monitoringis process ganvixilavT rogorc 

saxeTa Secnobis amocanas, maSin misi inteleqtualizaciis, 

kerZod konkretuli situaciis operatiuli identifikaciis 

TvalsazrisiT mizanSewonili unda iyos xelovnuri neironuli 

qselebis meTodis gamoyeneba [17]. xelovnur neironul qsels 

gaaCnia ganswavlis, codnis Senaxvisa da agreTve reprezentaciis 

unari. codnis SenaxvisaTvis gamoiyeneba sinapsuri kavSiris 

maxasiaTebeli e.w. `sinapsis wonebi”, romelic fizikuri arsiT 

eleqtruli gamtareblobis eqvivalenturia.  xelovnuri neironis 

zogadi saxe moyvanilia nax. 30-ze. 
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nax. 30. xelovnuri neironis zogadi saxe 

 

neironis mimdinare mdgomareoba ganisazRvreba rogorc Semavali 

sinapsebis woniTi koeficientebis jami:  

∑
=

⋅=
n

i
ii wxS

1
              (33) 

neironis gamosasvleli aris misi mdgomareobis funqcia  Yy=f(s). 

Semaval da gamomaval parametrebs Soris damokidebuleba 

ganisazRvreba: 

mjwxfy
n

i
ijij ,...1;

1
=⎟

⎠

⎞
⎜
⎝

⎛
⋅= ∑

=

                 (34) 

multineironuli perceptronis zogadi sqema warmodgenilia nax. 

27 -ze: 

 

nax. 31. perceptronis zogadi sqema 
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w2

. .
 . 
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Sesasvlelebi 
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neironul qselSi mimdinare procesi SeiZleba matriculi 

formiTac Caiweros:                  

                           Y=F(XW)                                                         (35) 

sadac:  X  da Y  Sesabamisad Semavali da gamomavali veqtorebia; 

       W  - sinapsebis woniTi koeficientebis matrica. 

neironul qselis mimdinare mdgomareobis ganswavla warmoadgens 

),...,,( 21 dmddD =  sasurvel (etalonur) gamomaval veqtorTan  Y 

veqtoris maqsimalur adaptacias anu miaxloebas. amisaTvis 

gamoiTvleba Secdoma:  

                        

DY −=δ                     (36) 

 

neironuli qselis ganswavlis TvalsazrisiT xdeba `faruli” 

elementebis woniTi koeficientebis gamoTvla-awyoba. am mizniT 

efeqturad migvaCnia hibriduli algoriTmebis gamoyeneba, sadac 

W wonebis veqtorebi qromosomTa registrebs qmnian. amgvarad, 

neironuli qselis ganswavlis procesis sqema mocemulia nax. 28.-

ze: 

 

 

nax. 32. qselis ganswavlis procesis sqema 

 

 

warmoebis monitoringis dros aucilebelia obieqtis 

komponentebis mimdinare mniSvnelobebis permanentuli Secnoba da 

Sedareba codnis bazaSi arsebul etalonur modelTan SesaZlo 

X Y

W

modeli codnis 

bazidan

genetikuri 

algoriTmebi 

neironuli qselis 
mimdinare modeli 

δ

D
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ganTanxmebis aRmoCenis TvalsazrisiT, rac qseluri grafikis im 

monakveTis gansazRvris safuZvels qmnis, sadac moxda sistemis 

muSaobis normaluri reJimis darRveva.  

codnis warmodgenis freimuli modeli. obieqtis operatiul 

marTvaSi xelovnuri inteleqtis gamoyeneba efuZneba codnis 

bazis warmodgenis freimul models [1]. freimebis formalizaciis 

erT-erTi koncepcia misi ierarqiuli struqturis qselis saxiT 

warmodgenas gulisxmobs. freimebis `zeda doneebi” fiqsirebulia 

da Seicavs faqtebs, romlebic yovelTvis WeSmaritia savaraudo 

situaciaSi. `qveda doneebi” Seicaven mraval terminals e.w. 

slotebs, romlebic unda Seivsos konkretuli faqtebiTa Tu 

monacemebiT.  

aRsaniSnavia, rom erTi da igive terminalebis gamoyeneba xdeba 

sxvadasxva freimebis mier, rac gansxvavebuli wyaroebidan 

Segrovebuli informaciis koordinirebis saSualebas iZleva. 

meores mxriv, urTierTdakavSirebuli freimTa jgufebi 

erTiandebian freimTa sistemebad, romlebSic aisaxebian 

moqmedebebi, mizez-Sedegobrivi kavSirebi da a.S [2].   

davuSvaT, rom ukve gagvaCnia garkveuli codna, warsuli marTvis 

gamocdileba sawarmoo procesis mimdinareobis Taobaze anu 

slotebis statistikuri simravle da Sesabamisi miRebuli 

gadawyvetilebebis, marTvis wesebis anu freimebis simravlec. 

yovel saangariSo Tt ,1=  periodisaTvis obieqtidan miRebuli 

informaciis safuZvelze terminalebi axdenen situaciis tipis 

identificirebas an iZlevian konkretuli situaciis parametrebs. 

maTi erToblioba qmnis gansazRvrul situaciebisagan nebismieri 

konkretuli situaciis `gageba-Secnobis” safuZvels. 

gansakuTrebulad `gagebis” procesi niSnavs mexsierebaSi 

arsebuli Sesabamisi wesebis aqtivizacias da mis 

SeTanxmebulobas mimdinare situaciis terminalebTan.  

warumateblobis SemTxvevaSi, mexsierebidan `airCeva” ukve sxva 

freimi, romlis terminalebi aRmoCndnen erTmaneTs Soris ufro 

Sesabamis damokidebulebaSi gansaxilveli situaciisaTvis. sxva 
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SemTxvevaSi anu, Tu arsebuli freimebidan ver moxerxda msgavsi 

freimis moZieba, xdeba axali wesis (freimis) formireba mocemuli 

pirobebis Sesabamisad, rac codnis bazis ganswavla-ganaxlebis 

process warmoadgens. erTi freimis meoreTi Canacvleba naTlad 

vlindeba bunebrivi inteleqtis SemTxvevaSic [27]. 

codnis bazis ganswavla-ganaxlebis procesi metad efeqturad 

SeiZleba ganxorcieldes genetikuri algoriTmebis gamoyenebiT, 

roca terminalebze axali informaciis Semosvlis dros 

aRmoCndeba, rom ar arsebobs Sesabamisoba arsebul freimebs anu 

wesebis krebulsa da mocemul realobas Soris. am SemTxvevaSi, 

genetikuri algoriTmis amonaxsni anu gadawyvetileba 

warmoadgens axal freims. axali freimis struqtura miiReba 

arsebul freimebze genetikuri algoriTmis operatorebis 

gamoyenebiT [5].       

axali freimis formirebis Semdeg codnis bazaSi freimebis 

ganmeorebis sixSiris mTvlelis indikatoris mixedviT xdeba 

freimebis klebadobiT sortireba, rac dabal sicocxlisunariani 

freimebis, romlebic TiTqmis aRar meordebian, codnis bazidan 

amovardnis safuZveli xdeba.   
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3.2. informaciuli uzrunvelyofa 

  

monacemTa bazebis modelis arCevisas upiratesoba mieniWa 

relaciur monacemTa bazebs, romelTac moTxovnebis formirebis 

Zlieri instrumentuli saSualebani gaaCniaT SQL enis saxiT, 

agreTve Tavsebadi arian codnis bazebTan. monacemTa bazis 

struqturas aqvs Semdegi saxe (nax. 33): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 33. monacemTa bazis struqtura 

 

 

monacemTa bazis Semadgeneli cxrilebis struqturebia: 

 

 

dro 

3 Id bigint 8 0 

0 dro datetime 8 1 

0 [max] datetime 8 1 
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0 [min] datetime 8 1 

 

energia 

3 Id bigint 8 0 

0 erteuli varchar 30 1 

 

incidenciis matrica 

3 Id bigint 8 0 

0 samushaos_Id bigint 8 0 

0 statusi  varchar 30 1 

 

masalebi 

3 Id bigint 8 0 

0 masalebis_saxeobis_Id bigint 8 0 

 

masalis saxeoba 

3 Id bigint 8 0 

0 erteuli varchar  40 1 

0 dasaxeleba varchar 30 1 

 

produqcia_procesi 

3 Id bigint 8 0 

0 procesis_Id bigint 8 0 

0 productis_Id bigint 8 0 

 

 

procesebi 

3 Id bigint 8 0 

0 dasaxeleba varchar 30 1 

 

produqciis saxeoba 

3 Id bigint 8 0 

0 dasaxeleba varchar 30 1 
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produqti 

3 Id bigint 8 0 

0 dasaxeleba varchar 30 1 

0 produkt_saxeoba_Id bigint 8 0 

0 shtrixkodi varchar 30 1 

 

profesia 

3 Id bigint 8 0 

0 dasaxeleba varchar 30 1 

 

samuSao 

3 Id bigint 8 0 

0 dasaxeleba varchar 30 1 

0 [p/p_Id] bigint 8 0 

 

SromiTi resursebi 

3 Id bigint 8 0 

0 profesiis_Id bigint 8 0 

 

warmoeba 

3 Id bigint 8 0 

0 samushaos_Id bigint 8 0 

0 masalis_Id bigint 8 0 

0 energiis_Id bigint 8 0 

0 shromis_Id bigint 8 0 

 

 

qvemoT mocemulia mdgomareobaTa da marTvis freimebis 

procedurebi: 

Unit  Frame; 

interface 
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uses   Windows, Messages,  SysUtils,  Classes, Graphics,  Controls, 

    Forms,  Dialogs,  StdCtrls,  Buttons; 

   type 

        TForm1 = class (TForm). 

   ListBox1 : TListBox; 

         ListBox2 : TListBox 

procedure  FormCreate (Sender :  TObject); 

procedure  ListBox1 (Sender:  TObject); 

procedure  ListBox2(Sender : TObject); 

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

Procedure  TForm1.ListBox1Click (Sender: TObject); 

var  i: integer; 

begin 

ListBox1.Clear; 

for  i := 0  to  Form1.MainMenu1.Items.Count-1  do 

ListBox1.Items.Add(Form1.MainMenu1.Items[i].Caption); 

ListBox1.ItemIndex := 0; 

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

Procedure  Mdg; 

var  F1,T1,. . .Tn,M1,…Mn,W1,…,Wn,P1,…,Pn : LongInt; 

V1,…,Vn : Boolean; VP1,…,VPn : Integer; 

Begin 

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

if  (F1) and (T1…Tn) and (M1…Mn) and (W1…Wn) and (P1…Pn)  

and (V1…Vn) and (VP1…VPn)  then    PR2; 

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

Procedure  Mart; 

var  F1,P1,…,Pn : Integer; 

V1,…,Vn : Boolean;  

Begin 

F1:=f1; P1:=p1;.....,Pn:=pn; V1:=v1,....,Vn:=vn; 
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. . . . . . . . . . . . . . . . . . . .  

Procedure  TForm2.ListBox2Click(Sender: TObject); 

var  i: integer; begin 

ListBox2.Clear; 

for  i := 0  to   Form1.MainMenu1.Items [ListBox1.ItemIndex].Count-1  do 

 ListBox2.Items.Add(Form1.MainMenu1.Items[ 

ListBox1.ItemIndex].Items[i].Caption); 

ListBox2.ItemIndex := 0; 

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

 

 

3.3. marTvis eqspertuli sistemis algoriTmis  

blok-sqemis aRwera 

 

dinamiuri eqspertuli sistemis funqcionirebaSi, kerZod marTvis 

procesSi, garda genetikuri algoriTmebisa, gansakuTrebul 

mniSvnelobas iZens xelovnuri inteleqtis sxva meTodebis, 

kerZod xelovnuri neironuli qselebisa da freimebis sistemebis 

genetikur algoriTmebTan erToblivi gamoyenebis aucilebloba.   

nax. 34-ze warmodgenilia warmoebis marTvis zogadi algoriTmis 

blok-sqema, sadac ZiriTad funqciur blokebs Seadgenen 

monitoringisa da operatiuli marTvis inteleqtualuri 

algoriTmebi, romlebic monacemTa bazebTan (statistikur 

monacemebTan) erTad codnis bazebisa (Knowledge Bases), codnis 

warmodgenis freimuli modelisa da daskvnebis manqanis 

(Inference Engine) arsebobas efuZvneba [11]. codnis baza 

warmodgenilia wesebis erTobliobis, `situacia-gadawyvetileba” 

struqturis freimuli `qromosomebis” simravlis saxiT, sadac 

TiToeuli freimis identifikators warmoadgens e.w. fitness-
indeqsi,  rac  realurad   mocemuli   konkretuli   wesisaTvis 
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genetikuri algoriTmebis `qromosomis” fitness-funqciis 

mniSvnelobis eqvivalenturia. amasTan, codnis bazaSi freimebi 

sortirebulia fitness-indeqsis mixdviT. 

bloki 1. obieqtis marTvis procesis erT-erT umniSvnelovanes 
etaps Seadgens qselis uwyveti monitoringi, rac sakontrolo 
intervaliT mTeli sistemis avtomatur skanirebas da 
komponentTa mimdinare mniSvnelobebis monacemTa bazaSi Setanas 
uzrunvelyofs.  

TiToeuli saangariSo Tt ,1=  periodisaTvis qselidan miRebuli 
informaciuli masivi qmnis axal `qromosomas”, romlis `genebs” 
warmoadgens qselis komponentTa mimdinare mniSvnelobebi [13]. 

 

diax

monitoringi.
axali qromosomis Seqmna

qromosomis Semgueblobis
indeqsis gansazRvra

Semgueblobis indeqsis 
Sedareba cb-Si arsebul 

Semgueblobis indeqsebTan

identuri indeqsis 

povna Sedga?

codnis bazidan mza 
gadawyvetilebis miReba

axali qromosomis mixedviT
gadawyvetilebis gamoTvla
genetikuri da neironuli 

algoriTmebis algoriTmebiT da 
gadacema warmoebis ufrosTan

axali qromosomis da 
gadawyvetilebis codnis bazaSi 

Setana

miaxlovebuli Semgueblobis 
indeqsis amorCeva codnis 

bazidan

mmarTveli zemoqmedebis 
gacema

ara

dasasruli

 

 

nax. 34. warmoebis marTvis zogadi algoriTmis blok-sqema 
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bloki 2. genetikuri algoriTmebis meSveobiT, xdeba Seqmnili 

axali `qromosomis” fitness-indeqsis gansazRvra. 

bloki 3. mimdinareobs axali `qromosomis” fitness-indeqsis 

codnis bazaSi arsebuli freimebis fitness-indeqsebTan Sedareba 

da Sesabamisad, winaswar dagrovili `codnis” mixedviT mocemuli 

situaciis `Secnoba”. 

bloki 4. ganisazRvreba moxda Tu ara identuri indeqsis povna 

codnis bazaSi.  

bloki 5. Tu mimdinare situaciis Secnoba moxda, maSin mocemuli 

fitness-indeqsis mqone marTvis freimis Sesabamisi mza 

gadawyvetileba (gaicema qselze mmarTveli zemoqmedebisaTvis.  

bloki 6. Tu mimdinare situaciis Secnoba ar moxerxda, maSin 

axali `qromosomis” mixedviT marTvis algoriTmebis (genetikuri 

algoriTmebi, neironuli qselebi da sxva) gamoyenebiT 

xorcieldeba ukve axali mmarTveli gadawyvetilebebis 

gamomuSaveba. [12]  

bloki 7. mocemuli situacia da miRebuli Sedegebi axali fitness-
indeqsis mqone freimis saxiT Seitaneba codnis bazaSi. garda 

amisa, codnis bazaSi, freimebis ganmeorebis sixSiris mTvlelis 

indikatoris Sesabamisad, dabal sicocxlisunariani freimebi, 

romlebic TiTqmis aRar meordebian, codnis bazidan amovardnas 

eqvemdebarebian anu xdeba codnis bazis ganaxleba. 

bloki 8. gamoTvlili mmarTveli gadawyvetilebebi gaicema 

obieqtze.  

bloki 9. paralelurad, unda moxdes anomaliuri situaciis 

identifikacia, kerZod qselis im monakveTis gansazRvra, sadac 

moxda sistemis muSaobis normaluri reJimis darRveva an 

avariuli situaciis Seqmna. am mizniT codnis bazaSi xdeba axali 

`qromosomis” fitness-indeqsTan maqsimalurad miaxloebuli 
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fitness-indeqsis mqone e.w. etalonuri freimis povna, romelTanac 

ganTanxmeba minimaluri iqneba.  

bloki 10. axali `qromosomis” ganswavlis mizniT gamoiyeneba 

xelovnuri neironuli qselebis meTodi, romlis drosac axali 

`qromosoma” warmodgenilia neironuli modelis saxiT. 

ganswavlis procesSi mimdinareobs Y veqtoris maqsimaluri 

adaptacia anu miaxloeba D sasurvel (etalonur) gamomaval 

veqtorTan, roca Secdoma ⇒δ 0, rac xdeba `faruli” 

elementebis woniTi koeficientebis gamoTvla-awyobiT genetikuri 

algoriTmebis gamoyenebiT, sadac W wonebis veqtorebi 

qromosomTa registrebs qmnian [13].  

`qromosomis” neironuli modelis ganswavlis etapebi: 

biji 1. inicializacia: sawyis etapze mocemulia `qromosomis” 

sigrZe e.i. `genebis” raodenoba N, `genis” indeqsis sawyisi 

mniSvneloba i=0, qselis komponentebis mniSvnelobaTa simravle 

X={x(i)}, axali `qromosoma” woniTi koeficientebis simravlis 

saxiT W={w(i)}, D sasurveli (etalonuri) gamomavali veqtoris 

mniSvneloba, carieli simravle QQ={q(i)}, mutaciis koeficienti 

λ, `qromosomis” fitness-funqciis sawyisi mniSvneloba Y(0). 

biji 2. aiReba `qromosomis” i=i+1 `genis” mniSvneloba. 

biji 3. gamoiTvleba `qromosomis” fitness-funqciis mniSvneloba 

Y=F(XW). 

biji 4. mowmdeba piroba: Y=D. pirobis Sesrulebis SemTxvevaSi 

gadavdivarT biji 5-ze. sxva SemTxvevaSi biji 6-ze. 

biji 5. neironuli modelis ganswavla dasrulebulia. gaicema 

`genebis” anu qselis komponentTa simravle {q(i)}, sadac Seiqmna 

anomaliuri situaciebi. miRebuli informacia miewodeba 

warmoebis ufross da imavdroulad fiqsirdeba monacemTa bazaSi.  

biji 6. gamoiTvleba Secdoma DY −=δ .  
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biji 7. mowmdeba piroba: )1()( −= ii δδ . pirobis Sesrulebis 

SemTxvevaSi gadavdivarT biji 8-ze. sxva SemTxvevaSi biji 10-ze. 

biji 8. mowmdeba piroba: Y>D.  

biji 9. pirobis Sesrulebis SemTxvevaSi:  w(i)= w(i)-λ,  xolo 

sxva SemTxvevaSi: w(i)= w(i)+λ; anu i-ur `genSi” sruldeba 

mutaciis operatori. gadavdivarT biji 3-ze. 

biji 10. mowmdeba piroba: i=N. pirobis Sesrulebis SemTxvevaSi 

gadavdivarT biji 5-ze. sxva SemTxvevaSi biji 11-ze. 

biji 11. Q simravlis elementi:  q(i)= )(iδ . gadavdivarT biji 2-ze. 

warmodgenili inteleqtualuri algoriTmebi principulad 

cvlian personalis analizur da prognostul SesaZleblobebs, 

mkveTrad amaRleben gadawyvetilebis miRebis operatiulobis 

xarisxs, gansakuTrebiT avariuli situaciebis warmoSobis dros. 

garda amisa, sakmaod mosaxerxebelia arasruli informaciis 

SemTxvevaSi marTvis TvalsazrisiT. 
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Tavi IV. Sedegebis praqtikuli realizacia 

 

4.1. kvebis produqtebis damamzadebeli sawarmos ganxilva 

rZis kombinatis magaliTze 

 

 

programis mTavari paneli mocemulia nax. 35-ze. 

 

 

 

nax. 35. programis mTavari paneli 

 
virCevT dasamzadebel rZis produqts 
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sawyobSi arsebuli nedleulis maragis gaTvaliswinebiT virCevT 

arCeuli rZis produqtis dasamzadeblad nedleuls. Tumca 

mocemulma (arCeulma) nedleulma SeiZleba ver uzrunvelyos 

produqtis damzadeba. 

 

 

 

am konkretul SemTxvevaSi dasamzadeblad arCeulia araJani. 

gvinda davamzadoT 2000 kg. (2 tona). cximianobiT 15% da rZis 

mSrali narCeniT 10%. (programa universaluria da mocemli 

moTxovnebi SeiZleba vcvaloT). nedleulis komponentebidan ki 

arCeulia naturaluri rZe, rZe mSrali ucximo, rZe mSrali 

cximiani, cximi. yvela es komponenti xasiaTdeba cximis da mSrali 

rZis narCenis garkveuli SemadgenlobiT. mas sistema inaxavs 

Tavis codnis bazaSi. Tumca es maxasiaTeblebic SegviZlia 

vcvaloT. Tu romelime komponentis raodenoba fiqsirebulad 

gvaqvs mocemuli, mag. rZe 1000 litri (praqtikam aCvena rom 

naturaluri rZis maragi garkveulad winaswar ukve 

fiqsirebulia, igi miRebuli raodenobiT ganisazRvreba, Tanac 

malefuWebadia da ar inaxeba), an maragi SezRuduli gvaqvs, 

amitom SegviZlia mocemuli komponentis raodenoba davafiqsiroT.  

informaciuli momzadebis Semdeg, RilakiT `informaciis analizi 

viwyebT informaciis damuSavebas.    
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qvemoT moyvanili panelebi amis maCvenebelia. 
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4.2. operaciebis dagegmvis algoriTmi 

 

rogorc zemoT iyo aRniSnuli, kvebis produqtebis sawarmoo 

procesebis kalendaruli dagegmvis amocanis gadasawyvetad, 

operaciaTa didi raodenobidan gamomdinare,  agreTve droiTi 

parametrebisaTvis arsebuli SezRudvebis gamo, SerCeul iqna 

modificirebuli genetikuri algoriTmi, romelic didi 

ganzomilebis amocanebis SemTxvevaSic savsebiT efeqturia anu 

kvazioptimalur amonaxsns iZleva.  

droiTi damokidebulebis SemTxvevaSi operaciaTa Tanmimdevroba 

SeiZleba warmovidginoT G(V,E) orientirebuli acikluri grafis 

saxiT, sadac yovel  NiVni ...1, −∈   mwvervals Seesabameba 

elementaruli operacia, xolo yovel  Ee∈   rkals droiTi 

damokidebulebis SezRudva.  

ganirCeva operaciis dawyebisa da damTavrebis SezRudvebi. 

ganvixiloT ori mwvervali: in   da jn . Tu jn  aris dagegmili ara 

ugvianes ad  ciklisa in  mwvervalis Semdeg, maSin am or mwvervals 

Soris operaciis damTavrebis dro ganisazRvreba formuliT: 

aij dntnt +≥ )()(                        (37) 

Tu jn -is SesaZlo ugvianesi dro aris bd  ciklisa in  mwvervalis 

Semdeg, maSin or mwvervals Soris operaciis dawyebis dro 

ganisazRvreba formuliT: 

bij dntnt +≤ )()(                       ( 38) 

amgvarad, yoveli rkali asocirdeba or wonasTan: ad da bd .    

woniTi SezRudvebis cneba saSualebas iZleva ganvixiloT 

TiToeuli gza woniTi gaangariSebis saSualebiT operaciaTa 

Soris xangrZlivobis minimizaciis TvalsazrisiT.  

warmoebis dagegmvis procesis sailustraciod, magaliTisaTvis 

ganvixiloT 52 mwvervaliani grafi, xolo Semdgomi 

msjelobisaTvis SemovitanoT e.w. meore rigis meseruli filtri 

(nax. 36.)  
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nax. 36. meore rigis meseruli filtri 

 

da Sesabamisad droiTi damokidebulebis grafi (nax. 37), sadac 

yvela rkalisaTvis aris miCneuli Semdegi wonebi: 1=ad  da 

∞=bd . 

 

   nax. 37. droiTi damokidebulebis grafi. 

 

kalendaruli dagegmvis amocana mdgomareobs TiToeuli Vn∈  

mwvervalisaTvis )(nt  drois ganawilebaSi. amgvarad, droiTi 

damokidebulebis SezRudva yoveli it  ciklisaTvis unda iqnas 

gaTvaliswinebuli. agreTve yvela mwvervalisaTvis unda iqnas 

dakmayofilebuli Semdegi piroba: iii tntVn =∈ )( . 

garda amisa, yoveli in  mwvervalisaTvis uadresi )( is nt  da 

ugvianesi )( il nt  droebi SeiZleba ganisazRvros Semdegi 

gamartivebuli matricis meSveobiT  
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Sesabamisi formulis mixedviT: 

     

sadac P –s striqonebis raodenoba gansazRvravs gegmis sigrZes.  

dagegmvis amocanis gadawyveta warmoadgens T
Nssss ),...,,( 21=  

veqtors, sadac )( ii nts =  warmoadgens in  mwvervalisaTvis sagegmo 

dros.  

rogorc cnobilia, genetikuri algoriTmebis Teoria  efuZvneba 

e.w. Fitness Function – is cnebas. sawarmoo procesebis kalendaruli 

dagegmvis amocanaSi  Fitness Function Seicavs droiTi 

damokidebulebis SezRudvebsa da resursebis SezRudvebs. 

amgvarad, ganixileba agreTve danaxarjebis T
Ncccc ),...,,( 21=  

veqtori, sadac ic elementi warmoadgens in  mwvervalTan 

asocirebul danaxarjebs. droiTi damokidebulebis grafisaTvis  

in   da jn  mwvervalebs Soris rkalis danaxarjebi ganisazRvreba 

rogorc: 

)()()()( bijbijajiajiji dSSdSSdssdsscc −−−−++−+−== σσ     (39) 

sadac: ))(1(
2
1)( xsignx +=σ  aris hevisaidis funqcia.  

genetikuri algoriTmebis bazisur operatorebad gamoyenebulia 

krosoveri da mutacia. nax. 38-ze warmodgenilia krosoveris sqema 

grafis fragmentisaTvis, sadac mwvervalebis ricxvi N=7.  
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nax. 38. krosoveris sqema grafis fragmentisaTvis 

 

ganxiluli magaliTisaTvis (52 mwvervaliani grafi) saZiebeli are 

anu SesaZlo variantebis ricxvi Semcirda 74103 ⋅ -dan 23106 ⋅ -mde.  

randomizebuli sawyisi populacia iqna aRebuli 50-is toli, 

xolo 100 Svilobili qromosoma iqna generirebuli, ris Semdegac 

genetikuri operatorebis gamoyenebiT miRebul iqna dagegmvis 

Semdegi gadawyvetileba.  

3 6 2 5 1 6 4

mSobeli 1 mSobeli 1 

mSobeli 2 mSobeli 2 

STamomavali 1 STamomavali 2 

3 6 2 5 1 6 4 

4 2 1 1 4 5 6 4 2 1 1 4 5 6 

4 6 2 1 1 5 6 4 6 2 5 1 5 4 
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nax. 39. 52 mwvervaliani grafi. 

  

ganxilulma magaliTma cxadyo SerCeuli algoriTmis swrafi 

krebadoba da Sesabamisad maRali efeqturoba kvebis produqtebis 

warmoebis kalendaruli dagegmvis amocanis gadasawyvetis saqmeSi, 

rac Tavis mxriv marTvis eqspertuli sistemis safuZvels qmnis.
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1. d a s k v n a 

Catarebuli gamokvlevebis safuZvelze SeiZleba gavakeToT 

Semdegi daskvnebi: 

• damuSavebulia sawarmos marTvis modeli xelovnuri 

neironuli qselebisa da evoluciuri meTodebis 

gamoyenebiT; 

• damuSavebulia menejeris mier gadawyvetilebis miRebis 

algoriTmi arsebuli informaciis safuZvelze; 

• damuSavebulia sawarmos operatiuli marTvis  sistemis 

informaciuli da programuli uzrunvelyofa MS SQL 

Server, MS Access  obieqt-orientirebuli sistemebis bazaze; 

• damuSavebulia marTvis sistemis programuli uzrunvelyofa 

ss “amalTeas” magaliTze. 
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