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reziume 

warmodgenili naSromis saproblemo sferos warmoadgens rTuli 
topologiuri struqturis, didi ganzomilebis ganawilebuli 
sistemebi, romlebic xasiaTdebian qselSi materialuri nakadebis 
arsebobiT. zogadad, aseT sistemebSi ar xerxdeba optimaluri 
gadawyvetilebis miReba, rac ZiriTadad funqcionirebis norma-
lur da avariul reJimebSi nakadebis optimalur ganawilebaSi 
mdgomareobs.   

naSromis mizans warmoadgens qselSi materialuri nakadebis 
marTvis modelebisa da algoriTmebis damuSaveba, xelovnuri 
inteleqtis meTodebis gamoyenebiT. am TvalsazrisiT, safuZvlad 
aRebulia genetikuri algoriTmi (ga), romelic sakmaod efeq-
turia mravaleqstremalurobis pirobebSi. optimizaciis krite-
riumad miRebulia saxeobaTa populaciis fitness funqcia anu 
Semguebloba. aracxadi paralelizmis wyalobiT genetikur 
algoriTmebs SeuZlia saZiebo sivrcis didi raodenobis areebis 
erTdrouli testireba.   

SemuSavebulia genetikuri algoriTmi s modificirebuli varianti, 
romelic arsebulTan SedarebiT garkveuli upiratesobebiT, 
kerZod amonaxsnis maRali sizustiTa da iteraciebis SedarebiT 
simciriT, xasiaTdeba. sawyis etapze mimdinareobs populaciis 
randomizebuli inicializacia da Sesabamisi amonaxsnebis 
Sefaseba anu gamoiTvleba populaciis yoveli saxeobis fitness 
funqcia, romlis Semdegac Catardeba saxeobaTa klebadobiT 
sortireba. Sesabamisad, xdeba populaciis ranJireba anu 
TiToeuli saxeobisaTvis ganisazRvreba rangi, igive, adgili 
populaciaSi.  

Semdgom, seleqciis Sedegad, mocemuli populacia iyofa sam 
nawilad: maRali Semgueblobis mqone e.w. `liderTa jgufis~ 
saxeobebi, romlebic daeqvemdebarebian krosoveris operators; 
dabali Semgueblobis mqone, `autsaiderTa jgufi~, romlebic 
Semdgom evoluciaSi ukve aRar ganixilebian da saSualo 
Semgueblobis mqone saxeobebi, romlebic daeqvemdebarebian 
mxolod mutaciis operators.  

liderTa jgufis saxeobaTa krosoveris Semdeg yoveli 
wyvilisaTvis saukeTeso wyvetis wertilis povnis TvalsazrisiT 
xdeba Sidawyviluri gadarCevis cikli, romlis drosac miiReba 
krosoveris saukeTeso varianti anu ganisazRvreba ori saukeTeso  
STamomavali. Tu STamomavalTa Sefaseba mSobelTa fitness  
funqciaze uaresi aRmoCnda, maSin mSobelTa wyvili SeinarCunebs 
adgils populaciaSi. saSualo jgufis TiToeuli saxeobisaTvis 
Sesruldeba mxolod mutaciis operatori. aRniSnuli iteracia 
meordeba optimumis miRwevamde. Tu lideris funqciuri 
mniSvneloba aRar icvleba, maSin unda Catardes mocemuli 
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saxeobis mutacia, xolo Tu mutaciis meSveobiT miznobrivi 
funqciis mniSvneloba kvlav ar Seicvala, algoriTmi amTavrebs 
muSaobas, rac niSnavs, rom funqciis optimumi napovnia.  

modificirebuli genetikuri algoriTmis gamoyenebiT damu-
Savebulia nakadebis ganawilebis problemis gadawyveta. xis 
struqtura warmodgenilia doneebis saxiT, rac ganapirobebs 
algoriTmis etapobriv muSaobas anu warmodgenili algoriTmi 
mravaletapobrivia. simartivisaTvis aRniSnuli xis struqtura 
ganxilulia elementaruli xeebis sistemis saxiT, e.i. yoveli 
donis yoveli kvanZi misgan gamomdinare rkalebis CaTvliT qmnis 
e.w. elementarul xes. am proceduras SeiZleba vuwodoT 
defragmentacia. 

algoriTmi  muSaobs ciklSi  yoveli avtonomiuri xis calkeuli 
fragmentisaTvis daRmavali principiT. yoveli elementaruli 
xisaTvis nakadebis ganawilebis optimizaciis amocana 
mdgomareobs nakadze moTxovnasa da ganawilebul nakads Soris 
sxvaobaTa minimizaciaSi , mocemuli SezRudvebis dros. amocana 
wydeba genetikuri algoriTmebis gamoyenebiT, sadac TiToeuli 
nakadi am SemTxvevaSi warmodgenilia namdvili ricxvebis masivis 
saxiT. Tavis mxriv, genetikuri algoriTmi axorcielebs 
seleqciis, krosoverisa da mutaciis operaciebs. yoveli 
operatoris win xdeba amocanis pirobebis Semowmeba. fragmentuli 
(lokaluri) optimumis povnis Semdeg algoriTmi meordeba 
ciklSi, vidre mTeli xisaTvis ar Sesruldeba.  

 genetikuri algoriTmi poulobs nakadebis ganawilebis ramdenime 
optimalur amonaxsns, amis Semdeg miRebuli variantebidan 
amoirCeva is erTi amonaxsni, romelic iZleva minimalur 
ekonomikur maCvenebels.  

avariul situaciaSi, roca irRveva romelime rkalis mTlianoba 
da Sesabamisad mocemuli rkali ukve veRar ganixileba Tavis 
struqturaSi, an SemTxvevebSi, rodesac nakadebis gadanawileba 
ver aRadgens sistemis muSaobis normalur reJims, saWiro xdeba 
alternatiuli variantebis gadarCeva saukeTeso struqturis 
povnis mizniT. swored topologiuri moqnilobis TvalsazrisiT 
ganpirobebulia qseluri struqturis xisebr struqturebad 
dekompozicia da misi algoriTmis Seqmnis aucilebloba. 
SemuSavebuli algoriTmis originaluroba mdgomareobs imaSi, 
rom qselis dekompoziciis Sedegad miiReba ramdenime 
avtonomiuri, urTierTSemavsebeli xe, romelTa fesvebs swored 
sistemaSi Semomavali wyaroebi warmoadgenen, xolo arc erTi 
rkali ar ikargeba ganxilvis sferodan. qselis yoveli wibo 
xasiaTdeba Sesabamisi woniTi koeficientiT. dekompoziciis 
Sedegad miRebuli xeebis mwvervalebis ganlageba xdeba 
ierarqiuli doneebis mixedviT. 
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dekompoziciis algoriTmis meSveobiT moxdeba axali xeebis 
regeneracia da misi realizeba TiToeuli rkalis boloebSi 
arsebuli sarqvelebis an CamrTvelebis mier. marTvis sqema 
warmoadgens aRniSnuli mowyobilobebis binaruli mdgomareobis 
masivs, romelic gaicema dispetCerisaTvis rekomendaciis saxiT. 
Semdgom nakadebis ganawilebis algoriTmis gamoyenebiT 
ganisazRvreba nakadebis optimaluri mniSvnelobebi axali 
struqturebis pirobebSi. 

sistemis operatiuli marTvisaTvis gamoyenebulia xelovnuri 
neironuli qselebis meTodi da codnis bazebis warmodgenis 
freimuli modeli. obieqtis marTvisas mimdinareobs sistemis 
uwyveti monitoringi, romlis drosac xdeba qselis 
komponentebis mimdinare mniSvnelobebis permanentuli Secnoba da 
Sedareba codnis bazaSi arsebul etalonur modelTan SesaZlo 
ganTanxmebis aRmoCenis TvalsazrisiT. codnis bazaSi Setanilia 
warsuli marTvis gamocdileba qselSi nakadebis ganawilebis 
Taobaze anu slotebis statistikuri simravle da Sesabamisi 
miRebuli gadawyvetilebebis, marTvis wesebis anu freimebis 
simravle. sistemis uwyveti monitoringis Sedegad miRebuli 
informaciis safuZvelze xdeba konkretuli situaciis Secnoba. 
codnis bazidan Sesabamisi freimebis `arCeva”. Tu arsebuli 
freimebis bazidan  ver moxerxda msgavsi freimis moZieba, xdeba 
axali situaciis (freimis) formireba mocemuli pirobebis 
Sesabamisad. 

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 amonaxsniT 
moxdeba axali freimis formireba, romelic daakmayofilebs 
zemoxsenebul moTxovnebs. 

warmodgenili modelebi mkveTrad amaRlebs qselis marTvis 
operatiulobis xarisxs, gansakuTrebiT pikuri datvirTvebisa da 
avariuli situaciebis warmoSobis dros. garda amisa, igi Zalian 
mosaxerxebelia arasruli informaciis SemTxvevaSi marTvis 
TvalsazrisiT, rac qselis im monakveTis gansazRvris safuZvels 
qmnis, sadac moxda sistemis muSaobis normaluri reJimis 
darRveva, rasac dispetCerizaciis procesSi udidesi mniSvneloba 
eniWeba. 

zemoTganxiluli modelebis safuZvelze damuSavebulia 
operatiuli marTvis avtomatizebuli sistema, romlis funqcio-
nireba, ZiriTadad SeiZleba ganvixiloT, rogorc gadawyve-
tilebis miRebis procesi, sadac mTavar sakiTxs konkretul 
situaciaSi gadawyvetilebis povna warmoadgens. obieqtis marTvis 
procesSi mimdinareobs qselis uwyveti monitoringi. qselSi 
mimdinare procesebis normaluri mdgomareobidan gadaxris 
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SemTxvevaSi, Tu moxda situaciis Secnoba, maSin codnis bazidan 
marTvis freimebis Sesabamisi mza gadawyvetileba gaicema qselze 
mmarTveli zemoqmedebisaTvis. Tu mimdinare situaciis Secnoba ar 
moxerxda, maSin nakadebis ganawileba unda moxdes modifici-
rebuli genetikuri algoriTmisa da qselis xisebri struqtu-
rebis adapturi gadawyobis algoriTmis gamoyenebiT. 

 
 

Summary  

Problem sphere of the presented work is big dimension distributed systems of 
complex topological structure characterized with material fluxes in the network. 
Generally it becomes impossible to make optimum decisions in such systems 
that mainly consist in optimum distribution of fluxes in normal and emergency 
situations of functioning. 

The aim of the work is to elaborate the models and algorithms of material 
fluxes control in the network using the methods of artificial intellect. With this 
view, the genetic algorithm (GA) is taken as a basis which is effective enough 
in multi extreme conditions. Fitness function or adaptation of species 
population is taken as optimization criterion. By means of nonexplicit 
parallelism genetic algorithms may simultaneously test a great number of areas 
of the research space. 

A modified version of genetic algorithm is developed which, compared to the 
existing one, has definite advantages, particularly, high precision of solution 
and comparative shortage of iterations. At the initial stage randomized 
initialization of population and estimation of the respective solutions are done 
or fitness function of each type of population are calculated after which 
downward classification of species is done. Respectively, population ranging is 
done or the rank or place in population is determined for each species. 

Afterwards, after selection the given population is divided into three parts: high 
adaptation, the so called “leaders’ group” species which submit to cross-over 
operator; low adaptation “outsiders’ group” which are not considered in the 
further evolution and middle adaptation species that submit only to mutation 
operator. 

After cross-over of leaders’ groups species in order to find the best 
discontinuity point for each pair the cycle of interpair selection occurs when the 
best version of cross-over is received or two best descendants are determined. If 
the estimation of the descendants appear to be worse than fitness function of 
parents then parent pair will preserve the place in population. For each species 
of middle group mutation operator will only be perfo rmed. The mentioned 
iteration is repeated until optimum. If functional significance of the leader does 
not changed any more then mutation of the given species should be done, but if 
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purpose functional significance is not again changed by mutation, algorithm 
finishes the operation meaning that function optimum is found. 

Using the modified genetic algorithm the solution of flux distribution problem 
is developed. Tree structure is presented in the form of levels which conditions 
stage-wise operation of algorithm or the presented algorithm is many staged. 
For simplicity the mentioned tree structure is considered as the system of 
elementary trees i.e. each node of each level including the issuing arcs 
constitutes the so called elementary tree. This procedure may be called 
defragmentation. 

Algorithm operates in the cycle for separate fragment of each autonomous tree 
in descending principle. For each elementary tree the problem of flux 
distribution optimization consists of demands for fluxes and minimization of 
differences between distributed fluxes at given limitations. The problem is 
solved using genetic algorithms where each flux is presented as the massive of 
real numbers. On its part genetic algorithm realizes the operations of selection, 
cross-over and mutation. Before each operator the problem conditions are 
tested. After finding  fragmental (local) optimum the algorithm is repeated in 
the cycle until is fulfilled for the whole tree. 

Genetic algorithm finds several optimum solutions of flux distribution, and then 
from the received versions the solution is chosen which gives minimum 
economical factor.  

In emergency situations when the integrity of any arc is broken and 
respectively, the given arc cannot be considered in its structure, or in cases 
when flow redistribution cannot renovate normal mode of system operation, it 
becomes necessary to select alternative versions in order to find the best 
structure. Just in the view of topological flexibility the decomposition of 
network structures into tree structures and the indispensability of creation of its 
algorithm are conditioned. The singularity the developed algorithm is that as a 
result of network decomposition there is received several autonomous, 
intercomplementary trees, the roots of which are the sources entering the 
system while no arc falls out of consideration. Each edge of the network is 
characterized with the respective weight coefficient. Tree tops received as a 
result of decomposition are arranged according hierarchical levels. 

With the help of decomposition algorithm the regeneration of new trees and its 
realization by gates or switches existing at the ends of each arc will be done. 
Control diagram represents the massif of binary state of the mentioned devices 
that is given as a recommendation to the dispatcher. Then, using the distribution 
algorithm of flows the optimum values of flows are determined in conditions of 
new structures. 

The method of artificial neuron networks and frame model of knowledge bases 
representation are used for operative control. At object control the continuous 
monitoring of the system is done when permanent identification and 
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comparison of network components current values happens with standard 
model existing in knowledge bases with the view point of detection of the 
possible discrepancy. The experience of past control about flow distribution in 
network or statistical set of slots and the respective set of made solutions, 
control rules or frames are introduced into knowledge basis. On the basis of 
information received as a result of continuous monitoring of the system the 
identification of concrete situation and “selection” of respective frames from 
knowledge basis is done. If it is not possible to find the similar frames from the 
existing frame basis a new situation (frame) is being formed.  

The process of study and renewal of knowledge basis can be very effectively 
realized with the help of genetic algorithms when new at incoming of new 
information it appears that there is no adequacy between the existing frames 
and given reality. In this case, with the help of genetic algorithm solution the 
formation of new frames will happen that will satisfy the above mentioned 
requirements. 

The presented models increase the quality of network control efficacy, 
especially when  peak loads and emergency situations arise. Besides, it is very 
convenient in the case of incomplete information control which makes the basis 
of determination of that section of the network where the normal mode of 
system operation failed which has a great importance in the process of 
dispatcherization. 

On the basis of the above considered models automatic system of operative 
control is developed the functioning of which can mainly be considered as the 
process of decision making where the main problem is solution finding in 
concrete situation. In the process of object control the continuous monitoring of 
the network is done. In the case of deviation of the processes going on in the 
network from standard state, if the situation is recognized, the ready solution 
corresponding to control frames is delivered. If the current situation is not 
recognized the flow distribution must be done using modified genetic algorithm 
and adaptive redistribution algorithm of network tree structure.  
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Sesavali 

Tanamedrove informaciuli teqnologiebis ganviTarebam 

mniSvnelovnad gaafarTova sxvadasxva sferoSi teqnologiuri 

kvlevis horizonti. ukve didi xania kompiuteri aRar isazRvreba 

mxolod eqsperimentuli monacemebis damuSavebisa da analizis 

funqciiT. ZviradRirebuli da Zneladrealizebadi fundamenturi 

Teoriuli Tu eqsperimentuli gamokvlevebis nacvlad sul ufro 

farTod ikidebs fexs manqanuri modelirebis paradigma[31]. 

naSromis interesebis sferos warmoadgens rTuli, kerZod, 

ganawilebuli sistemebi, romlebic xasiaTdebian didi ganzo-

milebiT, rac ganpirobebulia sistemis mravalparametrulobiT, 

struqturuli da teqnologiuri sirTuliT; dinamiurobiT; 

marTvis mravalmiznobriobiT; optimumis Zebnis sirTuliT.  

aRniSnuli klasis obieqtebs miekuTvnebian rTuli topologiuri 

struqturis mqone sakomunikacio, wyalmomaragebis, gazmo-

maragebis Tu eleqtromomaragebis sistemebi, agreTve sxvadasxva 

satransporto qselebi (sxva qselebisagan gansxvavebiT, 

satransporto qselebi xasiaTdebian ormxrivi nakadebiT, amdenad 

igi ar warmoadgens mocemuli naSromis interesebis sferos). 

aRniSnul obieqtebs aerTianebT sistemaSi nakadebis arseboba, 

romelic SeiZleba iyos  materialuri, energetikuli an 

informaciuli.  CamoTvlil ganawilebul sistemebs saerTo aqvT 

marTvis principebi, rac nakadebis ganawilebaSi mdgomareobs, 

Tumca TiToeuli maTgani xasiaTdeba nakadebis marTvis 

specifikiT. aseTi obieqtebis marTvis mizani, ZiriTadad, 

nakadebis optimalur ganawilebaSi mdgomareobs. didi 

ganzomilebisa da teqnologiuri sirTulis gamo aseTi donis 

marTvis sistemebSi ar xerxdeba analitikuri gadawyveta da 
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dispetCerizaciis problemebi mxolod momsaxure personalis 

gamocdilebis xarjze wydeba. 

aqedan gamomdinare naSromis mizania, qselSi nakadebis 

operatiuli marTvis algoriTmebis da maT safuZvelze 

materialuri nakadebis marTvis avtomatizebuli sistemis 

damuSaveba. am miznis misaRwevad ZiriTadi yuradReba eTmoba 

Semdegi amocanebis gadawyvetas: 

- modificirebuli genetikuri algoriTmis damuSavebas nakadebis 

optimaluri ganawilebisaTvis; 

- avariul reJimSi marTvisaTvis da agreTve deficitis problemis 

gadawyvetisaTvis qselis regeneraciis mizniT qselis 

dekompoziciis algoriTmis damuSavebas; 

- warmodgenili algoriTmebis bazaze nakadebis operatiuli 

marTvis sistemis damuSavebas;  

- sistemis operatiuli marTvisaTvis xelovnuri neironuli 

qselebis modelisa da codnis bazis warmodgenis freimuli 

modelis damuSavebas;  

- materialuri nakadebis marTvis sistemis informaciuli da 

programuli uzrunvelyofis damuSavebas monacemTa bazebis 

marTvis sistemis - MS SQL Server da obieqt-orientirebuli  

daprogramebis sistemis bazaze. 

Catarebuli kvlevis Sedegad damuSavda: 

modificirebuli genetikuri algoriTmi; qselis dekompoziciis 

algoriTmi; nakadebis marTvis algoriTmi; operatiuli marTvis 

sistemis modeli; damuSavda sistemis marTvis algoriTmuli, 

informaciuli da programuli uzrunvelyofa.  



 15 

pirvel TavSi warmodgenilia qselSi materialuri nakadebis 

operatiuli marTvis problema da SemoTavazebulia am problemis 

gadawyveta genetikuri algoriTmis meTodiT.  

Catarebulia evoluciuri, kerZod genetikuri modelirebis 

meTodebis safuZvelze Seqmnili mravali samecniero proeqtisa 

da disertaciis mimoxilva, romelic cxadyofs evoluciuri 

midgomis mizanSewonilobas.  damuSavebulia nakadebis marTvis 

avtomatizebuli sistemis arqiteqtura. 

meore TavSi damuSavebulia modificirebuli genetikuri 

algoriTmi, romelic metad efeqturia mravaleqstremaluri 

optimizaciis amocanebis gadasawyvetad; avariul reJimSi qselis 

regeneraciis problemis gadawyvetisaTvis damuSavebulia qselis 

dekompoziciis modeli; damuSavebulia xelovnuri inteleqtis 

meTodebiT sistemis marTvis modeli, sadac sistemis operatiuli 

marTvisaTvis gamoyenebulia xelovnuri neironuli qselebis 

meTodi da codnis bazebis warmodgenis freimuli modeli. 

mesame TavSi warmodgenilia: damuSavebuli modelebis 

algoriTmebi;  monacemTa baza MS SQL Server  da MS Access 
sistemebis bazaze; nakadebis marTvis sistemis programuli 

uzrunvelyofa obieqt-orientirebuli sistemis – Delphi bazaze. 

meoTxe TavSi damuSavebulia obieqtis imitaciuri modeli; 

warmodgenilia naSromSi miRebuli Teoriul gamokvlevaTa 

Sedegebis analizi. 
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I Tavi. modelirebis evoluciuri meTodebis 
analizi 

 
$1.1. qselSi materialuri nakadebis operatiuli 

marTvis amocana 
 

qselur ganawilebul obieqtebs, romlebic warmoadgenen 

mocemuli naSromis interesebis sferos da romelTac 

miekuTvnebian rTuli topologiuri struqturis mqone, 

wyalmomaragebis, gazmomaragebis sistemebi, aerTianebT sistemaSi 

materialuri nakadebis arseboba. qselebi gansxvavdebian rogorc 

struqturulad, ise SemadgenlobiTa da maTematikuri modelebiT. 

maT saerTo aqvT mxolod marTvis anu nakadebis ganawilebis 

principebi. 

Tavis mxriv, TiToeuli tipis qseli xasiaTdeba nakadebis marTvis 

specifikiT, rac kidev ufro mravalferovans xdis aseTi klasis 

sistemebs modelirebis, procesebis organizaciisa da marTvis 

algoriTmebis, agreTve programul saSualebaTa funqcionirebis 

logikis TvalsazrisiT. Tumca wyalmomaragebisa da 

gazmomaragebis sistemebi garkveuli principuli analogiurobiT 

xasiaTdebian. amdenad, materialuri nakadebis marTvis magaliTis 

saxiT sakmarisia ganvixiloT Tundac erTerTi maTgani.  

marTvis TvalsazrisiT, qalaqis wyalmomaragebis sistema iTvleba 

rTul samarTav ekologiur obieqtad mTeli rigi faqto-rebis 

gamo. sistemis ZiriTadi komponenti _ wyalgamanawilebeli qseli 

mudmivi eqsploataciisa da ganaxlebis procesSia. urbanistuli 

procesebis dinamika, momsaxurebis permanentuloba da sirTule, 

wylis stoqasturi danakargebi, wylis xarisxobrivi Tu 

raodenobrivi maCveneblebis kontrolisa da marTvis problemebi 

qmnian perturbaciebs qalaqis wyalmomaragebis sistemis 

funqcionirebaSi [31]. 
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wyalmomaragebis sistema,  qselis topologiis didi ganzomi-

lebiTa da teqnologiuri sirTuliT, agreTve sakmaod didi 

inerciulobiT xasiaTdeba. sakiTxs kidev ufro arTulebs 

avariul situaciaTa sixSire da maTi likvidaciis mizniT 

marTvis operatiulobis maRali xarisxi. rac mTavaria, obieqti 

miekuTvneba sasicocxlo mniSvnelobisa da maRali riskis 

ekologiur klasis obieqtebs, rac kidev ufro amaRlebs 

gamokvlevebisadmi moTxovnebs.  

wyalmomaragebis marTvis avtomatizebuli sistemis funqci-

onirebis xarisxis kvleva SeuZlebelia sistemaSi gaerTianebul 

elementTa Tvisebebis, maT Soris arsebul urTierTkavSirebis 

xasiaTisa da urTierTqmedebis meqanizmebis Seswavlis gareSe. 

wyalmomaragebis sistemebisaTvis damaxasiaTebelia marTvis 

struqturis cvalebadoba damyarebuli wyliT uzrunvelyofis 

procesis Sesabamisad, marTvis parametrebisa da reJimis 

efeqturobis maCveneblebis `aramkafioba~ da ganusazRvreloba, 

adamianTa aucilebeli monawileoba operatiuli marTvis 

procesSi (rac Tavis mxriv damokidebulia individualuri 

gadawyvetilebaTa miRebis `araerTgvarovnebasa~ da 

`aramkafiobaze~) da sxva. aRniSnulis gamo arc Tu iSviaTia 

realuri sistemebis marTvis procesebSi problemaTa arseboba 

[18]. 

miuxedavad imisa, rom msoflios mraval qalaqSi warmatebiT 

funqcionireben wyalmomaragebis marTvis avtomatizebuli 

sistemebi,  warmmarTveli roli mainc adamians ekisreba, radgan 

aseTi donis marTvis sistemebSi rTulad realizebadia 

analitikuri gadawyveta. dispetCerizaciis problemebi ZiriTadad 

eyrdnoba momsaxure personalis gamocdilebas, ris gamoc xSirad 

miuRwevelia optimaluri amonaxsnis povna.  

qalaqis wyalmomaragebis sistemaSi wydeba amocanaTa kompleqsi 

daproeqtebis, dagegmvis, prognozirebis, kontrolisa da marTvis 
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TvalsazrisiT. mocemuli naSromi ar isaxavs miznad mTeli 

kompleqsis gadawyvetas, aramed ifargleba mxolod wyliT 

uzrunvelyofis procesis operatiuli marTviT, romlis mizani 

ZiriTadad qselis mravalricxovan ganStoebebSi wylis nakadebis 

optimalur ganawilebaSi mdgomareobs, muSaobis rogorc 

normalur, ise avariul reJimebSi. 

unda aRiniSnos, rom wyliT uzrunvelyofis procesis 

operatiuli marTva warmoadgens didi ganzomilebis, 

mravalparametrul amocanas, romelic efuZneba masSi mimdinare 

sxvadasxva procesis modelirebas. zogadad, sistemis marTvis 

xarisxi ganisazRvreba obieqtis modeluri uzrunvelyofis 

adeqvaturobiT. 

 amdenad, didi mniSvneloba eniWeba qalaqis wyalmomaragebis 

sistemis komponentebis funqcionirebis xarisxisa da 

dispetCerizaciis strategiebis modelebis agebas .  

qselis marTva mimdinareobs ZiriTadad or reJimSi: normalur da 

avariul reJimebSi. sakiTxs kidev arTulebs avariul situaciaTa 

sixSire da maTi likvidaciis mizniT marTvis operatiulobis 

maRali xarisxi. lokaluri anu calkeuli magistraluri 

milsadenis doneze datvirTvebisa Tu sxvadasxva parametrebis 

cvalebadoba (sadReRamiso grafikebi, pikuri datvirTvebi da 

sxva), wyaroebidan Semomavali nakadebis cvlilebis SemTxveviTi 

xasiaTi, agreTve avariuli situaciebis warmoSobis maRali 

albaToba qmnian qselis struqturaSi nakadebis optimaluri 

gadanawilebis aucileblobis pirobebs, rac mniSvnelovnad 

arTulebs marTvis problemebs.  

zemoT aRniSnuli argumentebidan gamomdinare, qalaqis 

wyalmomaragebis operatiuli marTvis gadawyvetilebis miRebis 

procesSi sul ufro mkafiod ikveTeba xelovnuri inteleqtis, 

rogorc maRali donis marTvis meTodis gamoyenebis 

aucilebloba. obieqtis sirTulisa da didi ganzomilebis gamo, 
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agreTve arasruli informaciis pirobebSi marTvis dros 

gansakuTrebul mniSvnelobas iZens marTvis procesSi xelovnuri 

inteleqtis meTodebis gamoyen eba [35]. amrigad, naSromis ZiriTadi 

amocana SeiZleba Semdegi saxiT CamovayaliboT: nakadebis 

operatiuli marTvis modelebis damuSaveba qselis 

funqcionirebis normaluri da avariuli reJimebisaTvis. am 

modelebis bazaze operatiuli marTvis avtomatizebuli sistemis 

realizeba.  

zogadad, qalaqis wyalmomaragebis sistemis kartografiuli 

modeli warmodgenilia  nax.1.1.1-ze. 

 

nax. 1.1.1. 
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$1.2. evoluciuri modelirebisa da misi praqtikuli 

 gamoyenebis mimoxilva 

praqtikuli amocanebis optimizaciis sakiTxebis gadawyveta 

seriozul problemebTanaa dakavSirebuli. es ganpirobebulia, 

jer erTi amocanebis sakmaod didi ganzomilebiT, meore realuri 

procesebisaTvis damaxasiaTebeli arawrfivobiT da mesame – 

rTuli saxis SezRudvaTa sistemis arsebobiT [8].  

didganzomilebiani, mravaleqstremaluri amocanebis amoxsnisas 

xSirad gamoiyeneba evristikuli algoriTmebi anu zogadad 

evristika, maSin rodesac ar aris aucilebeli optimaluri 

amonaxsni, aramed sakmarisia kargi amonaxsnis povna. samagierod 

evristikuli algoriTmebi sakmaod swrafia da martivi, vidre 

nebismieri cnobili zusti algoriTmi. `kargi amonaxsnis~ cneba 

TviT amocanazea damokidebuli. cnobili zusti algoriTmiT 

amocanis amoxsnas SeiZleba dasWirdes sakmaod didi dro, maSin 

roca optimalurTan miaxloebuli amonaxsni SeiZleba napovni 

iqnas gacilebiT mcire droSi [ 17]. 

evristikuli algoriTmebis aRweris universaluri struqturebi 

ar arsebobs. evristikuli algoriTmebis agebis erT-erTi midgoma 

SemdegSi mdgomareobs: unda CamoiTvalos zusti amonaxsnis 

miRebisaTvis saWiro moTxovnebi, es moTxovnebi SeiZleba daiyos 

klasebad: moTxovnebi, romelTa dakmayofileba SedarebiT 

martivia, da moTxovnebi, romelTa dakmayofileba ar aris 

martivi. SeiZleba gvqondes agreTve sxva SemTxvevac: moTxovnebi, 

romlebic aucileblad unda dakmayofildnen da  moTxovnebi, 

romelTa mimarT SeiZleba kompromisze wasvla. Tumca es ar 

niSnavs, rom meore moTxovnis dasakmayofileblad araviTari cda 

ar keTdeba, aramed niSnavs, rom meore pirobis 

dasakmayofileblad ar iqneba mocemuli araviTari garantia [10]. 
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zemoTTqmulidan gamomdinare, roca Seiqmneba algoriTmi, 

romelic logikidan gamomdinare unda muSaobdes yvela msgavs 

amocanaze, magram sistemis specifikidan gamomdinare SeuZlebelia 

algoriTmis sisworis damtkiceba, am SemTxvevaSi algoriTmi 

ganixileba rogorc evristikuli [11]. 

evristikul-evoluciurma Teoriam Tavisi gamoCenis momentidanve 

Secvala adamianTa msoflmxedveloba. Tanamedrove etapze 

mecnieruli codnis mravali sfero xasiaTdeba azris 

TavisuflebiT, romelic dayrdnobilia evoluciisa da 

ganviTarebis Teoriaze. ganviTarebis safuZvels warmoadgens 

bunebrivi gadarCeva. ganviTarebis mTavar i meqanizmi mdgomareobs 

SemdegSi: gadarCeva cvlilebebTan SerwymiT. es meqanizmi xsnis 

bunebaSi arsebul sakmaod farTo speqtris movlenebs. amitomac 

kompiuteruli kvlevebiT dakavebulma mecnierebma mimarTes 

evoluciuri kanonebis analogias kompiuteruli imitaciis 

TvalsazrisiT. evristikul-evoluciuri midgomis sxvadasxvaobis 

miuxedavad, TiToeulma maTganma Tavisi wvlili Seitana 

optimizaciis axali meTodebis Seqmnasa da kompiuterul 

realizaciaSi [25,30].   

bunebrivi gadarCevis principebze dafuZnebul amocanebSi am 

sistemebiT sargeblobis mTavar sirTules warmoadgens, rom 

bunebrivi sistemebi sakmaod qaosuria, xolo yvela Cveni 

moqmedeba, faqtiurad atarebs zust mimarTulebas. kompiuters 

viyenebT Cvens mier formulirebuli gansazRvruli amocanebis 

amoxsnis instrumentad, vamaxvilebT yuradRebas, rom minimaluri 

danaxarjebiT miviRoT Sesrulebis maqsimaluri siswrafe. 

bunebriv sistemebs ara aqvT aseTi miznebi da SezRudvebi, yovel 

SemTxvevaSi CvenTvis es ar aris cnobili. bunebaSi `gadarCena” ar 

aris TviTmizani anu mimarTuli raime fiqsirebuli miznisaken, 

amis nacvlad evolucia dgams nabijs win nebismieri SesaZlo 

mimarTulebiT [12] 
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Zalisxmeva, romelic mimarTulia bunebrivi sistemebis 

analogebTan evoluciis modelirebaze, SeiZleba daiyos or 

kategoriad: 

  a) sistemebi, romlebic modelirebulia biologiur 

principebze. isini warmatebiT gamoiyenebian funqcionaluri 

optimizaciis tipis amocanebisaTvis da martivad aRiwerebian 

arabiologiur enaze; 

  b) sistemebi, romlebic arian biologiurad ufro realuri, 

magram romlebic ar aRmoCndnen gansakuTrebiT sasargeblo 

gamoyen ebiTi TvalsazrisiT. isini xasiaTdebian rTuli da 

saintereso qceviT, da swrafad Rebuloben praqtikul 

gamoyenebas. 

praqtikaSi ase mkacrad ver gamovyofT am sakiTxebs. es 

kategoriebi ubralod ori polusia, romelTa Soris devs 

sxvadasxva gamoTvliTi sistemebi. pirvel polusTan axlosaa – 

evoluciuri algoriTmebi, iseTi rogoricaa evoluciuri 

programireba (Evolutionary Programming),  genetikuri algoriTmebi 

(Genetic  Algorithms)  da evoluciuri strategiebi (Evolution Strategies), 

meore polusTan axlosaa sistemebi, romlebic klasificirdebian, 

rogorc xelovnuri sicocxle[12,30].   

    evoluciuri modelirebis praqtikuli gamoyenebis mimoxilva. 

unda aRiniSnos, rom amJamad evoluciuri modelirebis meTodebi 

didi popularobiT sargeblobs samecniero-sainJinro wreebSi, 

ramac farTo asaxva hpova sxvadasxva samecniero proeqtebsa da 

disertaciebSi. bunebrivia, SeuZlebelia mTlianad moicva 

samecniero publikaciis sruli speqtri aRniSnuli 

mimarTulebiT, magram Tundac qvemod moyvanili mcire 

mimoxilvac ki cxadyofs evoluciuri modelirebisadmi interess.  
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d.e. goldbergma (ilinoisis universiteti) gazsadenis 

sistemisaTvis daamuSava marTvis maswavli algoriTmebi [26]. 

gazsadeni kompleqsi Sedgeba mravali ganStoebisagan, romlebSic 

sxvadasxva raodenobis gazi gaedineba. marTvis erTaderTi 

saSualebaa kompresorebi, romlebic zrdian gazsadenis totebSi 

wnevas da sarqvelebi, romlebic sacavidan aregulireben gazis 

nakads. gazis wneva milebSi, sakmaod cvalebadia datvirTvis 

cvalebadobis gamo, rac moiTxovs kompresorebisa da sarqvelebis 

operatiul funqcionirebas.  gazsadenis  marTvis amocanas ar 

gaaCnia analitikuri amonaxsni da dispetCeri gadawyvetilebas 

iRebs gamocdilebis safuZvelze. goldbergis sistema ara marto 

amcirebs gazis eqsploataciis danaxarjebs, aramed gamoimuSavebs 

e.w. wesebis ierarqias, romelsac unari aqvs arasruli 

informaciis SemTxvevaSic adeqvaturi reagireba gaakeTos 

gazsadenSi moulodnelad warmoqmnili problemebis dros. 

klasifikatori, romelic Seicavs minimum 8000 wess, gamoimuSavebs 

gadawyvetilebas operatiuli marTvisaTvis.   

l. deivis “Tica Associates” kompaniidan (kembriji, masaCusetis 

Stati) sargeblobda analogiuri meTodebiT sakomunikacio 

qselebis konstru-irebisaTvis; misi kompiuteruli programis 

mizani mdgomareobs imaSi, rom minimaluri gadamcemi xazebisa da 

maTi damakavSirebeli komutatorebis SemTxvevaSi gadaices 

maqsimaluri informacia. 

mkvlevarTa jgufma “General Electric~ kompaniidan da agreTve 

renselerovskis politeqnikuri institutidan, warmatebiT 

gamoiyena genetikuri algoriTmi reaqtiuli Zravas turbinebis 

konstruirebisaTvis. es turbinebi gamoiyeneba Tanamedrove 

avialainerebSi da metad ZviradRirebulia. turbinebis 

konstruqciaSi monawileobs minimum 100 cvladi, romelTagan 

TiToeuli maTgani SeiZleba icvlebodes sxvadasxva diapazonSi. 

Sesabamisad saZiebo sivrce Sesdgeba 38710 wertilisagan. 
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turbinis efeqturoba damokidebulia imaze, Tu ramdenad kargad 

akmayofilebs igi 50 SezRudvis simravles, iseTs, rogoricaa misi 

Sida da gare konturebis sigluve, agreTve wneva da a.S. Cixuri 

situaciidan gamosavali napovni iqna genetikuri algoriTmebis 

gamoyenebiT. miRebul iqna 3-jer ufro ukeTesi konstruqcia, 

vidre xeliT damuSavebis dros da Tanac gacilebiT mokle 

droSi. 

genetikuri algoriTmebiT amoixsneba mravali realuri amocana. 

magaliTad, igi gamoiyeneba  xidis konstruqciis proeqtirebaSi, 

simtkicisa da wonis maqsimaluri Tanafardobis ZiebisaTvis an 

kidev qsovilis formebad daWris optimaluri variantis 

ZiebisaTvis. igi gamoiyeneba agreTve procesis interaqtiuli 

marTvisaTvis, magaliTad qimiur qarxanaSi, an mravalproceso-

rian  kompiuterSi datvirTvis balansirebisaTvis.  

israelis kompaniam `Sema~ daamuSava programuli produqti 

`Channeling~ qseluri kavSiris muSaobis optimizaciisaTvis. 

programa irCevs optimalur sixSires, romelzec Seuferxeblad 

mimdinareobs saubari.  

genetikuri algoriTmebi mravalparametriani funqciebis 

optimizaciis saSualebas iZleva. mravali realuri amocana 

SeiZleba formulirdes, rogorc optimaluri mniSvnelobis Zieba, 

sadac mniSvneloba aris rTuli funqcia, damokidebuli zogierT 

Semaval parametrebze. zogjer saWiroa im parametrebis 

mniSvnelobis povna, romlis drosac miiRweva funqciis yvelaze 

zusti mniSvneloba. zog SemTxvevaSi zusti optimumi ar 

moiTxoveba, amonaxsnad SeiZleba CaiTvalos nebismieri 

mniSvneloba, romelic ukeTesia romelime mocemul sidideze [ 24]. 

genetikuri algoriTmis efeqturoba mdgomareobs imaSi, rom mas 

aqvs mravali parametris erTdroulad manipulirebis unari. am 

TvisebaTa gamo genetikuri algoriTmebi sxvadasxva formiT 

gamoiyeneba mravali teqnikuri da samecniero problemebis 
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gadasawyvetad. isini gamoiyeneba sxvadasxva gamoTvliTi 

struqturis Sesaqmnelad, rogoricaa, magaliTad, avtomatebi an 

sortirebis qselebi. manqanur swavlebaSi isini gamoiyenebian 

xelovnuri neironuli qselebis proeqtirebisaTvis an robotebis 

marTvisaTvis. aseve gamoiyenebian sxvadasxva sagnobriv sferoSi 

ganviTarebis modelirebisaTvis, biologiuri (ekologia, 

imunologia da populaciuri genetika), socialuri (ekonomika da 

politikuri sistemebi), kognitiuri sistemebi. 

mniSvnelovani Sedegebi miiRo j. hintonma xelovnur neironul 

qselebze Catarebuli neirofsiqikuri gamokvlevebiT [29] .  

ganswavladi manqanebis Seqmnisa da gamoyenebis sferos erTerT 

TvalsaCino mimarTulebad Camoyalibda e.w. genetikur 

algoriTmebze dafuZnebuli rTuli adapturi sistemebi [24] , 

romlebic kompiuteruli eqsperimentebis mixedviT gamosakvlevi 

obieqtis Sesaxeb codnis dagrovebis saSualebas iZleva. 

bunebrivi SerCevis principze Seqmnili genetikuri algoriTmebi 

sakmaod efeqtur saSualebas warmoadgens mravalganzomilebiani 

arawrfivi, mravaleqstremumiani sistemebis SemTxvevaSi. 

grafikuli kompiuteruli programebis meSveobiT 

mravalvariantiani gadarCevis Semdeg fizikosma r.smolim SesZlo 

wakveTili ikosaedris struqturis mqone naxSirbadis 

makromolekuluri klasteris C 60 modelis ageba [ 14] . 

genetikuri algoriTmebis gamoyenebis sferoebi. 

saxeTa Secnoba. Tanamedrove telekomunikaciuri industria 

xasiaTdeba Zalze maRali dinamiurobiT, rac umeteswilad 

ganpirobebulia xelmomwerTa xSiri gadarTviT erTi 

provaideridan meoreze maTi migraciis Sedegad. amis gamo 

satransporto danaxarjebi mitanaze mkveTrad matulobs. yvela 

kuriers gaaCnia klientebis Sesaxeb sakmaod didi moculobis 

monacemTa baza, magram mudmivadmoZravi klientebis 

identificireba realur droSi metad rTul amocanas 
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warmoadgens. am TvalsazrisiT, genetikuri algoriTmebis 

gamoyenebiT SesaZlebeli xdeba problemis gadawyveta Ìf-Then” 

tipis wesebis krebulis generacia sistemis ganswavlisa da 

klientTa sxvadasxva jgufebis moZraobis albaTobis gansazRvris 

mizniT [36]. xelovnuri inteleqtis sxva meTodebTan, kerZod 

xelovnuri neironuli qselebis, gadawyvetilebaTa xeze 

dafuZnebul algoriTmebTan SedarebiT genetikuri algoriTmebi 

bevrad ufro zust amonaxsns iZlevian. 

maTematika da algoriTmebi . genetikuri algoriTmebi gamoiyeneba 

agreTve maRali rigis arawrfivi kerZo diferencialuri 

gantolebebis amosaxsnelad da iZleva TiTqmis zust amonaxsns. 

garda amisa, kompiuterul mecnierebaSi, gamanawilebel qselSi 

monacemTa sortirebis amocana warmatebiT wydeba genetikuri 

programirebis meSveobiT. 

masalebis inJineringi. erTerT TvalsaCino magaliTad SeiZleba 

CaiTvalos naxSirbadovani polimerebis e.w. polianilinis 

sasurveli Tvisebebis mqone (eleqtrulad gamtari) axali 

molekulebis daproeqteba, romelic metad rTul problemas 

warmoadgens. maRali reaqtiulobis gamo naxSirbadis atomebs 

SeuZliaT uamravi struqturebis formireba, saidanac axali 

molekulebis miznobrivi daproeqteba TiTqmis SeuZlebelia 

imitaciuri modelirebis gareSe. am TvalsazrisiT, genetikuri 

algoriTmebi Seucvlelia. sawyisi populaciis SemTxveviTi 

generaciis Semdeg genetikuri operatorebis meSveobiT xdeba 

sasurveli Tvisebebis mqone axali molekulebis daproeqteba. 

geofizika. seismologiuri monacemebis bazaze miwisZvris 

epicentris adgilis gansazRvra zedmiwevniT rTuli amocanaa. 

genetikuri algoriTmebis gamoyenebiT SesaZlebeli xdeba 

swrafad iqnas gansazRvruli optimalurTan miaxloebuli 

amonaxsni. 
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ekonomika. bazris qaosurobidan gamomdinare, prognostuli 

amocanebis gadawyvetis dros maRali riskis gamo, metad 

rTuldeba gadawyvetilebis miReba. am mxriv, sakmaod efeqturia 

maragisa da miwodebis marTvis klasifikaciis TvalsazrisiT ` If-

Then” tipis wesebis generacia genetikuri algoriTmebis 

gamoyenebiT.  

qimia. lazerul energias SeuZlia rTuli molekulebi daSalos 

martiv molekulebad. am process farTo gamoyeneba aqvs organul 

qimiasa da mikro-eleqtronikaSi. aRniSnuli reaqciis saboloo 

produqtis miRebis procesis marTva lazeris impulsis fazis 

cvlilebiT. didi molekulebis SemTxvevaSi sasurveli impulsis 

modelis miReba analitikuri xerxiT Zalian rTulia, xolo 

gamoTvlebi metad Sromatevadia. amdenad, evoluciuri 

algoriTmebis gareSe am problemis gadawyveta praqtikulad 

SeuZlebelia. farmacevtul industriaSi genetikuri 

algoriTmebis gamoyenebam dasabami daudo agreTve e.w. 

kombinatoruli qimiis Camoyalibebas, rogorc axal da 

perspeqtiul mimarTulebas. 

robototeqnika. robotebis rTuli qcevis marTvisa da ganswavlis 

sistema warmoudgenelia xelovnuri inteleqtis, kerZod 

genetikuri programirebis gamoyenebis gareSe. unda iTqvas, rom am 

mimarTulebiT Zalian bevri proeqti aris Seqmnili da amdenad 

Zneli xdeba erT romelimeze yuradRebis SeCereba. 

samxedro saqme. sabrZolo qmedebebis taqtikuri gegmebis Sedgena 

warmoadgens maRali ganzomilebis amocanas, xSirad 

urTierTsawinaaRmdego cvladebisa da kriteriumebis arsebobis 

gamo. ase magaliTad, sakuTari msxverplis minimizacia, 

mowinaaRmdegis msxverplis maqsimizacia, teritoriis sasurveli 

kontroli, resursebis SenarCuneba da sxva. am TvalsazrisiT, 

metad aqtualuria trenaJori sistemis Seqmna genetikuri 
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algoriTmebis gamoyenebiT, rogorc gadawyvetilebis miRebis 

damxmare saSualeba. 

molekuluri biologia. cocxal organizmebSi transmembranuli 

cilebi asruleben metad mniSvnelovan funqciebs, rogoricaa 

ujredis gareT garkveuli substanciebis Secnoba da maTi 

ujredSi transportireba. transmembranuli cilebis qcevis 

gageba SesaZlebelia mxolod cilebis im nawilis 

identifikaciiT, romelic transmembranul ares warmoadgens. 

garda amisa, yvela cila aigeba ocamde aminomJavis kombinaciis 

Sedegad. am mxriv aminomJavebis Tanmimdevrobas udidesi 

mniSvneloba aqvs transmembranuli ares formirebis 

TvalsazrisiT. am procesis modelirebisaTvis swored genetikuri 

algoriTmebi aris yvelaze xelsayreli.  

astronomia da astrofizika. genetikuri algoriTmebi farTod 

gamoiyeneba agreTve iseTi amocanebis amosaxsnelad, rogoricaa 

magaliTad: galaqtikis brunvis mrudis dadgena, cvladi 

varskvlavis pulsaciis periodis gansazRvra, mzis qaris 

magnitohidrodinamikuli modelisaTvis kritikuli parametrebis 

amoxsna da sxva. metad aqtualuria agreTve axali ciuri 

obieqtis identifikaciis problema, rac saxeTa Secnobis 

genetikuri algoriTmebis meSveobiT wydeba. 

akustika. optimaluri akustikuri Tvisebebis mqone 

mravalganzomilebiani obieqtebis daproeqtebis SemTxvevaSic 

genetikuri algoriTmebis gamoyeneba ufro efeqturia, vidre 

optimizaciis sxva meTodebi. 

saswavlo procesis dagegmva . am mxriv, metad saintereso 

problemas warmoadgens iseTi mravalganzomilebiani da 

mravalkriteriumiani sistemis marTva rogoric umaRlesi 

saswavlo dawesebulebaa. saswavlo kontingentis, fakultetebis, 

kaTedrebis, Sesabamisad specialobebis, personalis raodenoba, 

saswavlo gegmebisa da programebis siuxve, SezRuduli 
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auditoruli fondi da droiTi reglamenti, sxva SezRudvebTan 

erTad saswavlo datvirTvebisa da ganrigis Sedgenis amocanas 

warmoudgenlad arTulebs. aseT SemTxvevaSi, swored evoluciur-

evristikuli meTodebi iZleva optimalurTan miaxlo-ebuli 

amonaxsnis povnis saSualebas. 

     

disertaciebi evoluciuri modelirebis Temaze. 

s. gustafsoni (notingemis universiteti) sadoqtoro diser-

taciaSi [37] ganixilavs genetikuri meTodis gamoyenebis 

perspeqtivebs  avtomaturi daprogramebis TvalsazrisiT, kerZod 

rogorc metaevristikuli Ziebis meTods, romelic iyenebs cvladi 

sigrZis kompiuterul programebis populacias. Zebnis strategia 

efuZneba biologiuri evoluciis princips. cnobilia, rom 

daprogramebis avtomatizaciis idea ukve karga xania warmoadgens 

xelovnuri inteleqtis mizans. swored genetikuri midgoma 

ganapirobebs programis avtomaturad TandaTanobiT, evoluciur 

daxvewas. populacia dakavSirebulia genetikuri algoriTmis 

mravalganzomilebian aspeqtTan. am SemTxvevaSi variaciebi 

gamoiyeneba populaciis aRweris, analizisa da Zebnis 

efeqturobisaTvis, xolo evoluciuri procesSi xorcieldeba 

programuli struqturebis amorCeva da gadawyoba. disertaciaSi 

warmodgenili Sedegebi aucileblad moitanen sargeblobas 

evoluciasa da cvladi sigrZis amonaxsnze dafuZnebuli 

meTodebis ganviTarebis saqmeSi. 

r.p. vigendis (jorj meisonis universiteti) disertacia eZRvneba 

kooperatiul koevoluciur algoriTmebs. praqtikidan cnobilia, 

rom koevoluciuri algoriTmebis qceva xSirad problematuria 

da garkveulad winaaRmdegobrivic. arsebobs garkveuli Teoria 

da agreTve empiriuli analizic, raTa gairkves, Tu ra arsebiTi 

gansxvaveba da msgavseba aris koevoluciur da Cveulebriv 

evoluciur algoriTmebs Soris. am mxriv, disertaciaSi 
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ganxilulia koevoluciis algoriTmebis gamoyenebis sakiTxebi  

statikuri optimizaciis amocanebTan mimarTebaSi.  

farid xolaSxani (tarmiat modersis universiteti, Teirani) 

disertaciaSi ganixilavs genetikur algoriTmebs, rogorc Ziebis 

erTerT metaevristikul meTods warmoebis marTvis problemebis 

gadawyvetis dros. aqcenti keTdeba genetikuri algoriTmis 

SerCevis proceduraze, romelic efuZneba warmoebis procesSi 

SesaZlo operaciebis bunebriv maxasiaTeblebs. am TvalsazrisiT, 

genetikuri algoriTmis seleqciis operatorSi Setanilia 

garkveuli siaxle, kerZod ga-s parametrebis gansazRvris 

adapturi meTodi. warmodgenili meTodebis muSaoba 

gamokvleulia ori xerxiT: jer literaturidan SerCeul iqna 

standartuli sacdeli funqciebi da maTze gakeTda Sedareba da 

statistikuri analizi warmodgenil meTodebsa da  standartul 

genetikur algoriTmebs Soris. 

masaud jamei (Sefildis universiteti) disertaciaSi aRwers axal 

genetikur meTodologias simbiotikuri evoluciis gamoyenebiT 

optimaluri aracxadi wesebis gamovlenis mizniT. am evoluciuri 

midgomiT SemTxveviT SerCeuli wesebis jgufze gamoTvlebis 

safuZvelze xdeba aracxadi daskvnebis sistemis awyoba, rodesac 

yovel wess ekisreba proporciuli kontribucia-jarima. Sedegad, 

gamoiTvleba populaciaSi yoveli wesis sruli vargisianoba da 

maTi sicocxlisunarianobis safuZvelze SeirCevian Semdeg 

TaobaSi aRwarmoebisa da gadarCenisaTvis. gansxvavebiT 

Cveulebrivi algoriTmisagan, romelic efuZneba generaciis 

aracxad algoriTmebs, warmodgenil midgomaSi erTi Taobidan 

meoreSi gadasvlis wesi evoluciurad yalibdeba da ara sabazo 

wesiT. mocemuli algoriTmi xorcieldeba ori versiiT: 
TviTorganizebadi simboluri evoluciisa (SOSE) da 

TviTSeguebadi simboluri evoluciis (SASE) versiiT. SOSE 
meTodSi dadgenilia wevrobis funqciis parametrebi, da meTodi 

qmnis mxolod aracxad wesebs, xolo SASE meTodSi algoriTmi 
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axdens rogorc daskvnebis sistemis, ise wevrobis funqciis 

parametrebis optimizacias.  

j.d. noulzi (ridingis universiteti, gaerTianebuli samefo) 

diser-taciaSi ganixilavs lokaluri Ziebisa da hibridul 

evoluciur algoriTmebs pareto optimizaciisaTvis. ukanasknel 

wlebSi garkveulad viTardeba multimiznobrivi evoluciuri 

algoriTmebi (MOEAs) pareto optimizaciisaTvis. aRniSnul 

naSromSi warmodgenilia lokaluri Ziebis evoluciuri 

algoriTmebi pareto optimizaciisaTvis (PEAS), romelic ukve 

sakmaod popularul (MOEAs) –Tan SedarebiT ukeTesad asrulebs 

funqcias da realuri samyaros telekomunikaciur problemebs. 

garda amisa, PEAS –s elementebi aseve farTod SeiZleba 

gamoyenebul iqnas sxva algoriTmebis proeqtebSic. kerZod, 

lokaluri Ziebisa da evoluciuri meTodebis kombinirebiT 

pareto optimizaciisaTvis miiReba axali algoriTmi, romelic 

zogierTi mravalkriteriumiani amocanis SemTxvevaSi sakmaod 

karg Sedegebs iZleva. 

j.i. van hemertis (leidenis universiteti, niderlandebi) 

disertacia eZRvneba evoluciuri algoriTmebis gamoyenebas 

samTo saqmeSi. sxvadasxva situaciebisaTvis SemuSavebulia 

algoriTmebi, orientirebuli saZiebo amocanebze, garkveuli 

SezRudvebis dakmayofilebis pirobebSi. naSromSi xdeba 

amonaxsnTa Sefaseba da Sedareba arsebul evoluciur 

meTodebTan. 

franc rotlaufi (beiruTis universiteti, germania) disertaciaSi 

akeTebs genetikuri da evoluciuri algoriTmebis (GEAs) 

analizs da akeTebs daskvnas, rom GEAs sfero marTlac 

gadatvirTulia genetikuri operatorebisa da testirebis 

TeoriebiT da empiriuli kvlevebiT, magram TviT problemis 

warmodgena xSirad  rCeboda isev Zvel doneze. disertaciaSi 

ganxilulia fundamenturi cnebebi, rogoricaa siWarbe, 
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gansazRvravs mis adgilmdebareobas da gavlenas  GEAs-s 

muSaobaze. Teoriuli koncepciebi praqtikulad iqna 

aprobirebuli mTelricxva optimizaciis da agreTve qselebis 

efeqturi daproeqtebis problemebis gadawyvetisaTvis. 

akira oiama (tohokus universiteti, sendai, iaponia) Tavis 

disertaciaSi ganixilavs TviTmfrinavis frTis daproeqtebis 

sakiTxebs evoluciuri algoriTmebis gamoyenebiT. sawarmos 

organizaciuli marTvis sistemis arqiteqturis daproeqtebis 

garda evoluciuri algoriTmebi sul ufro popularuli gaxda 

aerodinamiuli obieqtebis daproeqtebis saqmeSi. rogorc 

cnobilia, aerodinamiuli obieqtebi miekuTvnebian 

mravalparametrul obieqtTa klass. magaliTad, frTis forma 

bgerasTan miaxlovebuli siCqaris TviTmfrinavebisaTvis 

Cveulebriv Seicavs asze met saproeqto parametrs. amgvarad, 

problema mdgomareobs mravalganzomilebiani optimizaciis 

amocanis gadawyvetaSi, rac dakavSirebulia Zalian didi 

raodenobis gamoTvlebTan, rac mniSvnelovnad aRemateba 

daproeqtebis standartuli sistemebis SesaZleblobebs.  

tomoxaru hakaSima (osakis prefeqturis universiteti, iaponia) 

Tavis disertaciaSi exeba genetikur principze dafuZnebul 

manqanuri swavlebis sakiTxebs `saxeTa” SecnobisaTvis, kerZod 

SemuSavebulia manqanuri swavlebis ramdenime algoriTmi, 

romlebic gankuTvnilni arian maRali ganzomilebis sistemaTa 

klasifikaciisaTvis.  

Son liukis (merilendis Statis universiteti, aSS) disertacia 

eZRvneba genetikuri programirebis kidev erT saitereso 

gamoyenebas, kerZod, im kompiuteruli programebis Zebnis 

sakiTxebs, romlebic iZlevian saukeTeso amonaxsns. disertaciaSi 

warmodgenilia axali, swrafqmedi genetikuri algoriTmebi, 

romlebic standartuli programebis xis regeneraciis 

saSualebas iZleva.   
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ekart zitzleri (ciurixis teqnologiuri instituti, Sveicaria) 

Tavis disertaciaSi ganixilavs mravalmiznobrivi 

optimizaciisaTvis evoluciur algoriTmebis gamoyenebis 

meTodologiis sakiTxebs. samecniero siaxles warmoadgens e.w. 

eqsperimentuli meTodologia, rogorc axali midgoma 

mravalmiznobrivi optimizaciis meTodebis Sedarebis 

TvalsazrisiT. agreTve, heterogenuli aparaturuli da 

programuli uzrunvelyofebis sinTezis multikriteriumiani 

aplikacia da cifruli signalebis procesorebis programuli 

uzrunvelyofis mravalganzomilebiani gamokvlevebi. 

tina ius (londonis sauniversiteto koleji, didi britaneTi) 

disertacia eZRvneba genetikuri programirebis problemebs 

daprogramebis avtomatizaciis TvalsazrisiT. masSi ganxilulia 

sxvadasxva funqcionaluri daprogramebis meTodebi, romlebic 

garkveulad aCqarebs programis ganviTarebis process. mraval 

funqcionalur meTods Soris SerCeul iqna sami meTodi: 

polimorfizmi, aracxadi rekursia da maRali rigis funqciebi. 

aRniSnulis damtkicebis TvalsazrisiT, genetikuri 

programirebis sistema gaZlierebul iqna aRniSnuli meTodebis 

CarTviT. eqsperimentebis Sedegebma cxadyo Semdegi: 

polimorfizmis meSveobiT genetikuri programirebis meTodi 

geografiul-sainformacio sistemebis (GIS) amocanebs ufro 

efeqturad wyvets, xolo maRali rigis funqciebi da aracxadi 

rekursia mniSvnelovnad zrdis genetikuri programirebis 

SesaZleblobebs maRali xarisxis zogadi paritetuli amocanebis 

amoxsnis SemTxvevaSi sxva cnobil meTodebTan SedarebiT.  

david a. van veldhuizenis (sahaero Zalebis instituti, deitoni, 

aSS) disertacia Seexeba multimiznobriv evoluciur 

algoriTmebs (MOEAs). literaturaSi ganxiluli ramdenime 

aseuli aplikacia funqciuri testirebis sistemis meSveobiT 

klasificirebuli da katalogizebuli iqna da Semdgom 

gamoyenebuli multimiznobrivi evoluciuri algoriTmebis 
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raodenobrivi da xarisxobrivi detaluri analizisaTvis. 

disertaciaSi warmodgenilia eqsperimentuli Sedegebi, maTi 

statistikuri kvlevebi da sxva relevanturi dakvirvebani. 

tim teiloris (edinburgis universiteti, didi britaneTi) 

disertacia exeba xelovnuri evoluciisa da xelovnuri 

sicocxlis sferos, kerZod cocxali organizmebis ganviTarebis 

sinTeturi modelis Seqmnis problemebs. aRniSnuli SeiZleba 

ganxilul iqnas rogorc biologiuri ganviTarebis logikuri 

struqturis axsnis mcdeloba. naSromis eqsperimentuli nawili 

orientirebulia xelovnur evoluciur sistemaze (e.w. kosmosze), 

romelic uzrunvelyofs paraleluri damuSavebis modelirebisa 

da mravalaTasiani TviTaRwarmoebadi kompiuteruli programebis 

populaciis ganviTarebas. evoluciuri dinamikis gamokvlevis 

mizniT Catarebulma mravalferovanma eqsperimentebma cxadyves, 

rom xelovnuri evoluciis sistemebis ganxriT jer kidev ar 

arsebobs sakmarisi Teoriuli da meTodologiuri safuZvlebi. 

ganxilulia aracocxali da bioturi garemos urTierTqmedebaTa 

modelebi, agreTve saxeobaTa reproduqcirebis fenotipuri 

SesaZleblobani. 

a.k. srivastavas (banarasis universiteti, banarazi, indoeTi) 

disertacia eZRvneba genetikur algoriTmebSi xelovnuri 

neironuli qselebis CarTvis, kerZod adamianis ynosvis sistemis 

modelirebis problemebs. genetikuri algoriTmebisa da 

xelovnuri neironuli qselebis kombinacia qmnis efeqtur 

inteleqtualur sistemas sunis identifikaciis TvalsazrisiT, 

rac metad aqtualuria gazis problemis gadawyvetis saqmeSi. aq 

genetikuri algoriTmebi gamoyenebulia rogorc arawrfivi 

optimizaciis meTodi xelovnuri neironuli qselebis ganswavlis 

mizniT. 

j.k. fiueira pujoli (birmingemis universiteti, gaerTianebuli 

samefo) Tavis disertaciaSi ganixilavs xelovnuri neironuli 
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qselebis evoluciis sakiTxebs organzomilebiani warmodgenis 

gamoyenebiT. am bolo periodSi SemuSavebulia evoluciur 

gamoTvlebze dafuZnebuli xelovnuri neironuli qselebis 

sinTezis axali meTodebi. Tumca amave dros gasaTvaliswinebelia 

is faqtic, rom xelovnuri neironuli qselebi warmoadgenen 

organzomilebian struqturebs, rac iTxovs specializebul 

evoluciur operatorebs. naSromSi SemoTavazebulia axali 

midgoma, specializebuli formis evoluciuri operatorebis 

gamoyenebiT, romelic xelovnuri neironuli qselebis 

arqiteqturis ganviTarebasTan erTad cvlis calkeuli kavSiris 

wonebs.  

p.j. kenedi (sidneis teqnologiuri universiteti, avstralia)  

Tavis disertaciaSi exeba erTujrediani organizmebis evoluciis 

modelirebis sakiTxebs. naSromSi aRwerilia biologiuri 

ujredis modeli, romelic upirveles yovlisa Sedgeba genomisa 

da metabolizmisagan. genomebi da sawyisi qimiuri pirobebi 

erTdroulad da erTad ganicdian evolucias, iseTi ujredebis 

warmoebisaTvis, romlebic SeZleben gadarCenas garemoSi. genomis 

evoluciis modelirebisaTvis gamoiyeneba genetikuri 

algoriTmebi inversiis operatorebis bazaze. 

j. gotlibis (klausTalis universiteti, germania) disertacia 

eZRvneba mravalganzomilebiani optimizaciis amocanebs 

evoluciuri algoriTmebis gamoyenebiT. naSromi atarebs ufro 

Teoriul-analitikur xasiaTs da ar aris orientirebuli 

realur obieqtze. miuxedavad amisa, miRebuli Sedegebi ekuTvnis 

kompleqtaciis kombinatoruli amocanebis gadawyvetis 

evristikuli meTodebis klass, rac Tavis mxriv mraval sferoSi 

gamoyenebis karg perspeqtivebze metyvelebs.  

patris kalegari (lozanas teqnologiuri instituti, Sveicaria) 

Tavis disertaciaSi ganixilavs paralelur populaciaze 

dafuZnebul evoluciur algoriTmebs kombinatoruli 
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optimizaciis amocanebisaTvis. paralelur- populaciuri 

evoluciuri algoriTmebi mniSvnelovnad amartivebs rTuli 

kombinatoruli optimizaciis problemaTa amoxsnas dasaSveb 

droSi paraleluri gamoTvlebis meSveobiT. evoluciuri 

algoriTmebis fundamentur ingredients warmoadgens 

klasifikaciis instrumenti e.w. TEA (Table of Evolutionary Algorithms), 
romelic uzrunvelyofs monacemTa mravaljeradi nakadis, 

ganawilebuli mexsierebis paraleluri funqcionirebis marTvas. 

aRniSnuli problemebi arsebobs mobiluri kavSirgabmulobis 

sistemebSi, sadac paralelizmis maRali xarisxia. 

devid britenis (bristolis universiteti, gaerTianebuli samefo) 

diser-tacia eZRvneba telekomunikaciuri qselis optimizacias. 

klientze orientirebuli telekomunikaciuri mimarTvis 

optimizacia miiRweva qselis komponentebis moqnili gadawyobis 

meSveobiT, risTvisac gamoiyeneba genetikuri algoriTmebi. 

komponentebis moqnili gadawyoba xdeba rogorc statikuri ise 

dinamikuri, agreTve ganusazRvreli mimarTvis TvalsazrisiT.  

uve aikelini (uoles svensis universiteti, gaerTianebuli 

samefo) Tavis disertaciaSi ganixilavs genetikuri algoriTmebis 

gamoyenebis sakiTxebs  alternatiuli optimizaciis 

amocanebisaTvis, kerZod didi ganzomilebis multivariaciuli 

situaciebis SemTxvevaSi, rodesac tradiciuli meTodebis 

gamoyeneba ver iZleva sasurvel Sedegebs. 

patrik siureis (edinburgis universiteti, didi britaneTi) 

disertacia eZRvneba problemur-orientirebuli evoluciuri 

algoriTmebis agebis formalizaciis sakiTxebs. rogorc 

cnobilia, tradiciul evoluciur algoriTmebs gaaCniaT 

binaruli striqonebis saxiT warmodgenis tendencia, rac rigi 

amocanebis SemTxvevaSi qmnis garkveul sirTuleebs standartuli 

operatorebis gamoyenebis pirobebSi. naSromSi SemoTavazebulia 

warmodgenis formalizaciisadmi axali midgoma, sadac 
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mniSvneloba eniWeba konkretul genetikur operators  fitness –  

funqciis Sesabamisad. 

uiliam m.spirsi (jorj meisonis universiteti, aSS) Tavis  

disertaciaSi exeba evoluciur algoriTmebSi mutaciisa da 

rekombinaciis rols. wlebis ganmavlobaSi bundovnad rCeboda 

sakiTxi mutaciis an rekombinaciis drouli gamoyenebis 

mizanSewonilobis Sesaxeb. naSromSi Catarebulia aRniSnuli 

problemis Teoriul-empiriuli gamokvlevebi am operatorebis 

ukeT daxasiaTebis TvalsazrisiT. 

darko grundleris (zagrebis universiteti, xovatia)  

disertaciaSi ganxilulia sawarmoo procesis mravaldoniani 

aramkafio marTva genetikuri algoriTmis gamoyenebiT. 

optimizaciis amocana, energiis minimizaciis kriteriumiT 

Sesabamisi sawarmoo SezRudvebis pirobebSi marTvis parametris 

aramkafio gawyoba, xorcieldeba genetikuri algoriTmis 

meSveobiT.  

peter bentli (hadersfildis universiteti, gaerTianebuli 

samefo) Tavis disertaciaSi ganixilavs myari obieqtebis 

evoluciur konstruirebas genetikuri algoriTmebis gamoyenebiT. 

evoluciuri konstruireba niSnavs sxvadasxva proeqtebis 

krebulis Seqmnas evoluciuri principiT. aRwerilia myari 

obieqtebis genetikuri populacia, Sefasebis mravalmiznobrivi 

meTodi da cvladi sigrZis qromosomebi. eqsperimentul nawilSi 

warmodgenilia proeqtebi iseTi obieqtebisaTvis, rogoricaa 

magaliTad, magidebi, gamaTboblebi, navis korpusebi, 

aerodinamiuri manqanebi da sxva. 

rogorc zemoT ganxilulidan Cans, evoluciuri modelireba 

Zalian aqtiurad gamoiyeneba mravaleqstremaluri optimizaciis 

amocanebis gadasawyvetad. 
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$1.3. qselSi materialuri nakadebis operatiuli 

marTvis sistemis arqiteqtura 

nakadebis operatiuli marTvis 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. materialuri 

nakadebis marTvis sistemis zogadi arqiteqtura warmodgenilia 

nax. 1.3.1 –ze. 

obieqtis marTvis procesSi mimdinareobs qselis uwyveti 

monitoringi,  romlis drosac mTeli sistemis mdgomareoba da 

komponentTa mimdinare mniSvnelobebi Sedis monacemTa bazaSi. 

qselSi mimdinare procesebis normaluri mdgomareobidan 

gadaxris SemTxvevaSi, Tu moxda situaciis Secnoba, maSin codnis 

bazidan marTvis freimis Sesabamisi mza gadawyvetileba,  gaicema 

qselze mmarTveli zemoqmedebisaTvis. Tu mimdinare situaciis 

Secnoba ar moxerxda, maSin unda moxdes nakadebis operatiuli 

ganawileba modificirebuli genetikuri algoriTmisa da qselis 

xisebri struqturebis adapturi gadawyobis algoriTmis 

gamoyenebiT.  

genetikur algoriTmebs gaaCnia mravali parametris 

erTdroulad manipulirebis unari, am Tvisebis gamo genetikuri 

algoriTmebi sakmaod efeqturad gamoiyeneba ganawilebuli 

sistemebis marTvisaTvis. amdenad, genetikuri algoriTmi metad 

misaRebi meTodia nakadebis ganawilebis optimaluri variantis 

ZiebisaTvis. 

qselis calkeuli magistralebi, wyaroebis mixedviT SeiZleba 

warmovadginoT xisebri struqturebis saxiT. avariuli reJimis 

SemTxvevaSi saWiroa dazianebuli ubnis izolireba. radgan 
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nakadebis gamanawilebeli qselis funqcionireba damokidebulia 

calkeuli ubnebis funqcionirebaze, amitom calkeuli monakveTis 

aRdgena an ganaxleba unda ganvixiloT mTeli qselis muSaobis 

konteqstSi. qselis xis struqturebad warmodgena amartivebs 

qselis regeneraciis problemas avariuli reJimis dros an 

Zlieri deficitis SemTxvevaSi, rodesac mocemuli wyaro 

veranairad ver akmayofilebs minimalur moTxovnebsac ki da 

saWiroa deficitis Sevseba alternatiuli variantiT. qselis 

dinamiur xeebad dekompozicia iZleva saimedoobis garantias da 

amartivebs saeqsploatacio procedurebs. 

aRniSnuli algoriTmebis gamoyenebiT xorcieldeba ukve 

axali mmarTveli gadawyvetilebebis gamomuSaveba. 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. 

nakadebis operatiuli marTvis sistemis realizebisaTvis 

ZiriTadi yuradReba eTmoba Semdegi amocanebis gadawyvetas: 

- modificirebuli genetikuri algoriTmis damuSavebas nakadebis 

optimaluri ganawilebisaTvis; 

- avariul reJimSi marTvisaTvis, qselis regeneraciis mizniT 

dekompoziciis algoriTmis damuSavebas; 

- damuSavebuli modelebis bazaze nakadebis operatiuli marTvis 

sistemis realizebas;  

− obieqtis operatiuli marTvisaTvis xelovnuri inteleqtis 

meTodebis damuSavebas;  

- sistemis marTvis informaciuli da programuli uzrunvelyofis 

damuSavebas.  
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nax.1.3.1. 
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II Tavi.  materialuri nakadebis operatiuli     

marTvis meTodebis damuSaveba 

$2.1 sistemis modelebis analizi 
 

nakadebis marTvis sistema SeiZleba warmovidginoT qseluri 

grafis saxiT, sadac wiboebi asaxaven qalaqis calkeul raionebs 

(an ubnebs), romlebic warmoadgenen sistemis momxmareblebs.  

qselur ganawilebul obieqtebs, romelTac miekuTvnebian rTuli 

topologiuri struqturis mqone wyalmomaragebis, gazmomaragebis 

Tu eleqtroenergomomaragebis sistemebi, aerTianebT sistemaSi 

materialuri nakadebis arseboba. aRniSnuli tipis qselebi 

gansxvavdebian rogorc struqturulad, ise SemadgenlobiTa da 

maTematikuri modelebiT, Tumca maT saerTo aqvT marTvis anu 

nakadebis ganawilebis principebi.  

Tavis mxriv, TiToeuli tipis qseli xasiaTdeba nakadebis marTvis 

specifikiT, rac kidev ufro mravalferovans xdis aseTi klasis 

sistemebs modelirebis, procesebis organizaciisa da marTvis 

algoriTmebis, agreTve programul saSualebaTa funqcionirebis 

logikis TvalsazrisiT.  

ganvixiloT qalaqis wyalmomaragebis qseli, romlis 

struqturaSi CarTulia rezervuarebi, satumbo sadgurebi, 

qalaqSi Semomavali hidromagistralebi, adgilobrivi 

hidroresursebi (arteziuli WaburRilebi), sarqvelebi da sxva 

komponentebi, romelTa urTierTSeTanxmebul muSaobaze aris 

damyarebuli momxmarebelTa wyliT uzrunvelyofa.  

qselSi wyalmomaragebis marTvis strategia Seicavs satumbo 

sadgurebis, sarqvelTa sistemis, rezervuarebis, agreTve 

adgilobrivi hidroresursebis marTvis operaciebs. sawyis etapze, 

SedarebiTi analizisa da marTvis strategiis SerCevis Tval-

sazrisiT, mizanSewonilia obieqtis determinirebuli modelebis 

mimoxilva [18,33]. 
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Tu qalaqis wyalmomaragebis sistemas gaaCnia adgilobrivi 

hidroresursebis N wyaro (WaburRilebis saxiT), n = 1, 2..., N . 

yovel wyaros gaaCnia sadReRamiso anu 24-saaTiani mowodebis 

moculoba. avRniSnoT isini rogorc xi(t) (i = 1, 2, ..., N, t = 1, 2, ..., 

24), sadac i – wyaros nomeria, xolo t –dro (saaTi). sadReRamiso 

jamuri miwodeba iqneba: 

                                    Nibtx
t

ti ,....,2,1)(
24

1

==∑
=

              (1) 

imis mixedviT, Tu rogor funqcionirebs  i-uri wyaro, mowodebis 

moculoba iRebs Semdeg mniSvnelobebs:   

0)( =txi an maxmin )( iii xtxx ≤≤                                                      (2) 

Sesabamisad, miwodebis moculoba SeiZleba Caiweros Semdegi 

veqtoris saxiT:  

)]24(,),1(),24(,),2()1(,),24(,),2(),1([ 111 NNiii xxxxxxxxx KKKKK=   (3) 

wyalmomaragebis sistemis marTvis strategia mdgomareobs imaSi, 

rom ganisazRvros wyaroebis mier wyliT uzrunvelyofa, 

romelic daakmayofilebs TiToeul kvanZSi wnevebis 

moTxovnilebasa da wylis donis SezRudvebs TiToeul 

rezervuarSi. ganvixiloT marTvis mizani, romelmac M  

raodenobis kvanZis SemTxvevaSi unda daakmayofilos wnevis 

minimaluri da maqsimaluri SezRudvebi: 

24,,2,1,,,2,1)( maxmin KK ==≤≤ tMiptpp i                     (4) 

sadac:  )(tPi
  - wylis wneva i-ur kvanZSi  t saaTze. 

meore aseTi mizani mdgomareobs imaSi, rom wylis done T 

rezervuarebSi unda akmayofilebdes Semdeg moTxovnebs: 

24,,2,1;,,2,1)( maxmin KK ==≤≤ tTjLtLL jjj                               (5) 

sadac:  )(tL j   - wylis done j-ur rezervuarSi t saaTze. 
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zemoxsenebul or mizanTan erTad, sawyisi (t=0) done 

rezervuarSi SezRudulia doniT dRis bolosaTvis (t=24) : 

 TjLL jj ,,2,1)0()24( K==                                                                              (6) 

)(tPi  da )(tLj  aris )(txi  amonaxsnis cvladebis funqciebi, 

romlebic miiRebian wylis ganawilebis sistemis hidravlikuri 

modelirebiT, magram qselis sirTulis gamo )(tPi  da )(tLj  

funqciebis saxiT warmodgena SeuZlebelia.  

Tu t droSi i kvanZis wneva )(tPi  akmayofilebs maxmin )( ptpp i ≤≤  

pirobas, maSin `jarima~ )(tCi  iqneba 0-is toli anu: 
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ii

i

i

f

p  (7) 

amdenad, `jarima” i kvanZisaTvis mTeli dRe-Ramis ganmavlobaSi 

iqneba: 

             Mitcc
t

ii ,,2,1)(
24

1

K== ∑
=

                            (8) 

kvanZebis msgavsad, Tu t droSi j rezervuarSi )(tLj  wylis done 

moTavsebulia minimumisa da maqsimumis intervalSi, maSin 

`jarima” )(tC i  iqneba 0-is toli anu: 
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sadac: Ta  aris rezervuarisaTvis `jarimis~ faqtori wylis 

donis  moTxovnis darRvevisaTvis. amdenad, `jarima” j -uri 

rezervuarisaTvis mTeli dRe-Ramis ganmavlobaSi iqneba: 
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Tjtcc
t

jj ,,2,1)(
24

1

K== ∑
=

                           (10) 

 Tu j -ri rezervuaris wylis done t=24 droisaTvis toli 

iqneba t=0  droisaTvis wylis donisa, maSin gantoleba 

dakmayofilebulia. winaaRmdeg SemTxvevaSi , jarimis funqcia 

ganisazRvreba rogorc: 

TjLLac jjTIj ,,2,1)]0()24([ K=−=                                               (11) 

sadac: TIa  aris jarimis faqtori (12) gantolebis 

darRvevisaTvis. 

optimizaciis problemis obieqturi funqcia ganisazRvreba 

`jarimis~ sruli funqciis saxiT: 

          ∑ ∑
= =

+=
M

i

T

j
ji CCC

1 1
                                                              (12) 

 sistemis optimaluri marTvis strategia C=f(X) funqciis saxiT 

SeiZleba Camoyalibdes Semdegnairad: 

      

24,,2,1;,,2,1)(0)(

,,2,1)(

)(

maxmin

24

1

KK

K

==≤≤=

==

⇒

∑
=

tNixtxxortx

Nibtx

MinXf

iiii

t
ii (13) 

 rogorc yoveli marTvis procesi, wyalmomaragebis sistemis 

marTvis strategiac ganisazRvreba ekonomikuri kriteriumiT, rac 

danaxarjebis minimizaciaSi mdgomareobs. qselis operatiuli 

marTva, romlis mizani ZiriTadad qselis ganStoebebSi wylis 

nakadebis ganawilebiT miiRweva, ZiriTadad satumbo sadgurebisa 

da sarqvelTa sistemis meSveobiT xorcieldeba.  

sarqvelebis sistema moqnilad gansazRvravs lokaluri qselebis 

konfiguraciasa da agreTve nakadebis parametrebs qselis 

ganStoebebSi. Tavis mxriv, satumbo sadgurebi aviTareben 

garkveul wnevebs qselSi nakadebis saWiro mniSvnelobebis 
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uzrunvelyofisa da rezervuarebis SevsebisaTvis, rac 

eleqtroenergiisa da Sesabamisad materialur danaxarjebTan 

aris dakavSirebuli.  

amdenad, ekonomikuri kriteriumi ZiriTadad satumbo sadgurebis 

ekonomiuri muSaobiT aris ganpirobebuli: 

     min)(max)()(
1 0 1

⇒







+∑ ∑ ∑

= = =

N

n
p

T

t

NBPn

bp

bp
nnn bpCEtCtE    (14) 

aRniSnuli kriteriumisaTvis mocemulia SezRudvebis Semdegi 

sistema: 

           tjjjj PtPP ∀∀≤≤ ,)( maxmin                                           (15) 

           tkkk VtV ∀∀≤ ,)( max  

           kkk TVtTVTV maxmin )( ≤≤  

           kk
final

k TVTVTV ∆≤− 0  

          kk SWSW max≤  

          { }0,1)(,, 0 =∈∀∀∀ StSktk  

sadac: N – kompresorebis raodenoba; 

            T _ marTvis drois monakveTi: 

            )(tCn _n-uri kompresorisaTvis energiis erTeulis 

Rirebuleba  t droSi: 

            )(tEn  _ energiis moxmareba t,t+1  drois monakveTSi; 

            bp
nE max  _ n-uri kompresorisaTvis bp saangariSo periodi; 

            NBPn  _  n –uri kompresorisaTvis bp-is mniSvneloba; 

            P    _ wneva; 
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            V   _ nakadis mniSvneloba; 

            TL  _ rezervuarSi wylis done; 

            TV  _ rezervuarSi wylis raodenoba; 

            kSW    _ satumbo sadgurSi CarTuli kompresorebis raodenoba. 

amgvarad, marTvis operatiulobis TvalsazrisiT, sistemis didi 

ganzomilebis SemTxvevaSi, sirTulis gamo xSirad araefeqturi 

xdeba obieqtis determinirebuli modelebis gamoyeneba, rac Tavis 

mxriv, ufro metad amtkicebs xelovnuri inteleqtis meTodebis 

upiratesobasa da mizanSewonilobas . 

xelovnuri neironuli qselebis modeli. marTvis obieqtis 

funqcionirebis uwyveti monitoringis procesis inteleqtuali-

zaciis, kerZod konkretuli situaciis operatiuli 

identifikaciis mizniT mizanSewonilia xelovnuri neironuli 

qselebis meTodis gamoyeneba[37]. 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. 2.1.1.-ze 
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neironis mimdinare mdgomareoba ganisazRvreba rogorc Semavali 

sinapsebis woniTi koeficientebis jami:  

                    ∑
=

⋅=
n

i
ii wxS

1
                      (16) 

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

magaliTisaTvis SeiZleba ganvixiloT martivi multineironuli 

perceptroni Sualeduri `faruli” fenebiT, sadac ix  qselis 

Semavali parametrebia, xolo jY  gamomavali parametrebi. kerZod, 

Semavali parametrebia: T1-Tn _ #1-#n rezervuaris done; M1-Mn - 

#1-#n magistralis debeti; P1-Pn - #1-#n satumbo sadguris 

simZlavre; V1-Vn - #1-#n sarqvelis mdgomareoba; VP1- VPn - #1-

#n sarqvelis wneva. gamomavali parametrebia: P1’-Pn’ - #1-#n 

satumbo sadguris simZlavre; V1’-Vn’ - #1-#n sarqvelis 

mdgomareoba. 

Semaval da gamomaval parametrebs Soris damokidebuleba 

ganisazRvreba: 

    mjwxfy
n

i
ijij ,...1;

1

=







⋅= ∑

=

                 (17)  

multineironuli perceptronis zogadi sqema warmodgenilia 

nax.2.1.2-ze: 
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nax. 2.1.2. 

qselSi mimdinare procesi SeiZleba matriculi formiTac 

Caiweros:                  

                           Y=F(XW)                                    (18) 

sadac:  X  da Y  Sesabamisad Semavali da gamomavali veqtorebia; 

       W  - sinapsebis woniTi koeficientebis matrica. 

qselis mimdinare mdgomareobis ganswavla warmoadgens 

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

veqtoris maqsimalur adaptacias anu miaxloebas. amisaTvis 

gamoiTvleba Secdoma:                         

                      DY −=δ                      (19) 

neironuli qselis ganswavlis TvalsazrisiT xdeba `faruli” 

elementebis woniTi koeficientebis gamoTvla-awyoba. am mizniT 
efeqturad migvaCnia genetikuri algoriTmebis gamoyeneba, sadac 
W wonebis veqtorebi qromosomTa registrebs qmnian. qselis 

mimdinare mdgomareobis  ganswavlis procesis sqema mocemulia 

nax.2.1.3.-ze: 

 
       nax. 2.1.3. 

uwyveti monitoringis dros aucilebelia  qselis komponentebis 

mimdinare mniSvnelobebis permanentuli Secnoba da Sedareba 
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codnis bazaSi arsebul etalonur modelTan SesaZlo 

ganTanxmebis aRmoCenis TvalsazrisiT, rac qselis 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[32]. 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.   

qselSi nakadebis marTvis dros freimuli modelis struqtura 

mocemulia nax.2.1.4-ze: 

      . . .   . . .   

 

   .  .  .  .  .      

 freimebis 
indeqsebi 

qselis komponentebis 
situaciisa da marTvis 
mniSvnelobebi 

slotebi 
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davuSvaT, rom ukve gagvaCnia garkveuli codna, warsuli marTvis 

gamocdileba qselSi nakadebis ganawilebis Taobaze anu 

slotebis statistikuri simravle da Sesabamisi miRebuli 

gadawyvetilebebis, marTvis wesebis anu freimebis simravlec. 

yovel saangariSo Tt ,1=  periodisaTvis qselidan 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 
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.                 

nax.2.1.4 
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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.   

 

          
$2.2. genetikuri algoriTmebis meTodi 

genetikuri algoriTmebi dafuZnebulia memkvidreobiTobasa da 

evoluciis standartul modelebze. igi warmoadgens  adapturi 

meqanizmebis models, romelic gaaCniaT cocxal sistemebs. am 

meqanizmebSi mTavaria: 

−  agebuli struqturebis moqmedebaze yuradRebis koncentracia; 

_ Ziebis operatorebis erToblioba, romlebic ikvleven 

struqturuli komponentebis simravles anu struqturul 

konfiguraciebs, axali struqturebis warmoqmnisaTvis da maTi 

Semdgomi kvlevisaTvis. am procesis wyalobiT, miRebuli 

algoriTmebi gamoiyeneba problemebis farTo speqtrisaTvis, 

romlebic gvxvdeba adapturi sistemebis konstruirebisas. 

− genetikur algoriTmebSi populaciuri genetikis dinamika 

xorcieldeba struqturaTa populaciebis organizaciis gziT, 

romelic droTa ganmavlobaSi ganicdis evolucias samuSao 

garemoSi misi struqturis qcevis Sesabamisad. TiToeuli 

struqtura algoriTmSi warmodgeba, rogorc misi Semadgeneli 

nawilebis (genotipis) mimdevroba, romelsac amuSavebs Ziebis 

operatorebi.  

 struqturis konkretuli interpretacia alternatiuli 

amonaxsnebis sivrceSi iZleva erTaderT wertils gansaxilveli 
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problemisaTvis (fenotipi), romelic Semdgom SeiZleba  CairTos 

evoluciur procesSi da romelic SeiZleba miviRoT 

sargeblianobis zomad. Zieba xorcieldeba mimdinare saZiebo 

aredan struqturebis mudmivi amorCeviT, sargeblianobis 

xarisxis safuZvelze.  

arCeul struqturebze xorcieldeba genetikuri operaciebi, 

romlebic evoluciaSi qmnian axal struqturebs, STamomavlobas. 

genetikuri algoriTmebi zogadad SeiZleba aRiweros Semdegi 

sqemis saxiT(nax.2.2.1.): 

 
nax. 2.2.1. 

arCevis WeSmaritebis gamoTvla uzrunvelyofs seleqciur 

SerCevas struqturebis sasargeblod, mocemuli simravlidan 

aiReba SedarebiT ukeTesi struqturebi. aseTi arCeviTobis 

principiT kargi struqturebi TandaTan ikaveben met adgils 

populaciaSi.  

Ziebis adapturi strategiis arsi mdgomareobs ara calkeuli 

struqturebis aprobaciaSi, aramed aprobaciis Sedegad miRebuli 

ax
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informaciis gamoyenebaSi. kargi struqturebi inaxeba. igi Tavis 

mxriv qmnis ufro didi raodenobis msgavsi konfiguraciebis 

Seqmnis winapirobas. es struqturuli konfiguraciebi SeiZleba 

ganvixiloT rogorc sivrceSi regularuli. erTxel Tu Segvxvda, 

isini asruleben e.w. `saSeni blokebis~ rols axali 

struqturebis SeqmnaSi [28]. 

axali struqturebis Seqmnis procesi orientirdeba saZiebo 

sivrcis metad perspeqtiul areze. garda amisa sivrcis aseTi 

gamokvleva aracxadad mimdinareobs paraleluri saxiT. 

krosoveri gaxleCs mocemul struqturul konfiguracias, Tu 

arCeuli gaxleCvis wertilebi moxvdeba am konfiguraciis 

komponentebis or mniSvnelobas Soris. gaxleCvebis dros 

populaciebis Seqmnis garkveuli tempis miRweva  damokidebulia 

im komponentis mniSvnelobaTa konkretul konfiguraciaze, 

romlebic gansazRvraven gaxleCvas. aqedan SesaZlebelia 

damSleli efeqtebis analizi, romlebic iwveven axali 

populaciebis warmoqmnas. krosoveris operators gaaCnia 

gadarCevis garkveuli tempis SenarCunebis unari, rac 

ganpirobebulia gaxleCvis dros mcired gansazRvruli 

fragmentebis Sen arCunebiT.  

arsebobs, agreTve gaxleCvis dros didi ganmsazRvreli 

fragmentebis rRvevis tendencia, magram ramdenadac struqturebi, 

romlebic ekuTvnian specifikur gaxleCvas, uzrunvelyofen 

funqcionirebis maRal xarisxs, mcire ganmsazRvreli 

fragmantebiT TandaTan iwyeben damkvidrebas populaciaSi, xdeba 

sxva gaxleCvebis ganmsazRvreli fragmentebis ricxvis efeqturi 

Semcireba, rac asustebs krosoveris operatoris damSlel 

moqmedebas. mutaciis operatori amorCevis faqtorze ar axdens 

mniSvnelovan zegavlenas, ramdenadac mas ZiebaSi eniWeba mxolod 

fonuri roli. 
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aseT ZiebaSi SeiZleba aRiZvras siZneleebi, Tu arsebiTi gaxleCva 

moicavs grZel ganmsazRvrel fragmentebs. es problema 

warmosaxvasTan aris dakavSirebuli da warmoiSveba 

struqturuli komponentebis mimdevrobis warumatebeli 

amorCevisas. am SemTxvevaSi Ziebis produqtiuloba inversiis 

gamoyenebis gziT maRldeba. struqturaSi komponentebis 

mimdevrobis Secvlis wyalobiT, misi gamoyeneba qmnis didi 

sigrZis ganmsazRvrel fragmentebSi sigrZis Semcirebis 

tendencias, amis wyalobiT krosoveris gamoyenebis farTo 

SesaZleblobebi vlindeba. 

ase rom, genetikuri algoriTmis SesaZleblobebi dakavSirebulia 

mis unarTan  cxadi gamoTvlebisa da damaxsovrebis gareSe 

paralelurad Seiswavlos struqturuli komponentebis 

Tanmimdevrobis kombinaciaTa didi raodenoba. amis daxmarebiT 

mimdinareobs saZiebo ares koncentrirebuli Seswavla, yuradReba 

maxvildeba im areebze, romlebic Seicaven saSualoze maRali 

sargeblianobis struqturebs. metnaklebad populacia xdeba 

farTod gansazRvruli sivrceSi, romelic Ziebas ar aZlevs 

romelime lokalur minimumze gaCerebis saSualebas. 

marTalia genetikuri algoriTmebi gaTvaliswinebulia 

simboloebis striqonebTan muSaobisaTvis, magram is gamoiyeneba 

agreTve freimebze orientirebul warmodgenebSi. genetikuri 

algoriTmi muSaobs did populaciebTan, romlebSic calkeuli 

wevrebis simravle mkveTrad ar gansxvavdeba erTmaneTisagan.  

genetikuri algoriTmi intensiurad ikvlevs  perspeqtiul an 

miznobriv areebs saZiebo sivrceSi, ramdenadac mravaljeradi 

gamravlebisa da Sejvarebis Sedegad am areSi grovdeba jaWvebis 

kidev da kidev ufro didi raodenoba. mSoblis rangSi 

algoriTmi irCevs saukeTeso mimdevrobas da am jaWvis mixedviT 

Semdgom TaobaSi warmoiSveba ufro meti STamomavali. 
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Zebnis adapturi strategiebis efeqturoba damokidebulia 

specialuri tipis struqturebis, (Shema), anu msgavsobaTa 
Sablonebis arsebobaze, romlebic aracxadi saxiT figurireben 

ga-Si. yoveli Sabloni gansazRvravs l sigrZis binarul 
striqonTa simravles imisda mixedviT Tu romeli biti imyofeba 

TviT am Sablonis Sesabamis poziciaSi. Sablonebi maRali 

SemgueblobiT, dabali rigiT da mcire gansazRvruli sigrZiT 

qmnian e.w. `saSen blokebs~ axali struqturebis Seqmnis 

TvalsazrisiT. faqtiurad striqoni aris mocemuli Sablonis 

warmomadgeneli. magaliTad, 1*0*0 Sablons aqvs 4 warmodgena : 

10000; 10010; 11000; 11010. mocemuli Sablonis warmomadgenelTa 

raodenoba Sualedur TaobaSi SeiZleba Caiweros  Semdegi 

formuliT: 

                                                                                     (1) 

 sadac:  M(H, t) H Sablonis warmomadgenelTa raodenobaa t 

TaobaSi;  f(H, t),  H Sablonis Seguebadobaa t TaobaSi; xolo <f(t)>,  

t Taobis saSualo Seguebadobaa.  

ase rom, genetikuri algoriTmi, romelic manipulirebs 

ramodenime aTasobiT jaWvisagan Semdgari populaciiT, 

sinamdvileSi akeTebs bevrad ufro didi ares testirebas. aseTi 

aracxadi paralelizmi genetikur algoriTms aniWebs did 

upiratesobas amocanis amoxsnis sxva meTodebTan SedarebiT[26]. 

genetikuri algoriTmebis gamoyeneba mizanSewonilia roca 

saWiroa rTuli zedapiris gamokvleva, raTa napovni iqnas 

maqsimalur SesaZleblobaTa areebi. 

genetikuri algoriTmebiT amocanis amoxsnisas pirvel rigSi 

gamosakvlevi obieqtebis klasi zustad unda iqnas warmodgenili. 

aRniSnul simravles SeiZleba vuwodoT obieqtebis sivrce. 

sivrcidan unda airCes obieqtebis zogierTi s warmodgenebi. 

><
=+

f(t)
 f(H, t) 

 M(H, t) ate)  intermediM(H, t 
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sruli saZiebo sivrce ganisazRvreba, vTqvaT, S simravliT, rac, 

igive, warmodgenebis sivrcea. aqedan gamomdinare SeiZleba 

davweroT: 

                   s ∈ S       (2)         

warmodgenebis simravle yovelTvis sasruloa. s warmodgenebis 

gamoyeneba, obieqtebis sivrcis Tvisebebisa da xasiaTis Sesaxeb 

minimaluri informaciis SemTxvevaSic ki Ziebis ganxorcielebis 

saSualebas iZleva.  

CvenTvis sainteresoa amocana, romelSic moiTxoveba amonaxsnis 

saukeTeso variantis povna, ramdenadac es SesaZlebelia. es 

niSnavs, rom  obieqtebis simravlisaTvis  unda ganisazRvros 

miznobrivi    f funqcia, romelic amonaxsns aZlevs optimalur 

mniSvnelobas. optimalurobaze SeiZleba visaubroT, roca 

ganxiluli iqneba warmodgenaTa mTeli S simravle.  

S simravlis mimdevroba SeiZleba ganisazRvros iseTi saxiT, rom 

saukeTeso obieqtebis warmomadgenlebs Seesabamebodes didi µ 

mniSvneloba, sadac µ aris warmodgenaTa Sefasebis funqcia. 

ganxiluli saSualebas iZleva saukeTeso obieqtis Zieba S 

simravlidan formulirdes Semdegi saxiT:  

                                         s_opt = max                                        (3)                                               

          sadac        s_opt∈ S                                                  (4)       

aqedan gamomdinare, optimizaciis amocana SeiZleba Camoyalibdes 

Semdegi saxiT: unda miviRoT maxf(x), sadac X ekuTvnis saZiebo 

ares f(x) miznobrivi funqciaa, romelsac SeiZleba hqondes 

ramodenime globaluri eqstremumi.  amonaxsni iqneba veqtori X = 

(x1, x2,. . . , xn). amocanis optimaluri amonaxsni iqneba X_opt veqtori, 

romlis drosac f(x) miznobrivi funqcia iRebs maqsimalur 
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mniSvnelobas. f(x)-is mravaleqstremalurobis SesaZleblobidan 

gamomdinare, optimaluri mniSvneloba SeiZleba iyos ara erTi. 

x parametri kodirdeba s  binaruli striqoniT. miznobrivi   f(x) 

funqciis gamoyenebiT SeiZleba aigos µ(s) funqcia, genetikur 

algoriTmebSi igi iwodeba rogorc Seguebadobis funqcia. ase 

rom TiToeuli s  dasaSvebi amonaxsni, romelsac aqvs Sesabamisi  

µ(s) Seguebadoba, warmoadgens x amonaxsns. Cveulebriv, 

parametrTa sivrcidan binaruli striqonis sivrceze gadasvla 

xorcieldeba x1, x2,… , xn  cvladebis kodirebiT saWiro sigrZis 
orobiT striqonad.  striqonis sigrZis SerCeva ganpirobebulia 

sasurveli sizustis uzrunvelsayofad. amisaTvis parametrebis 

sivrce unda iqnas diskretizebuli iseTi saxiT, rom 

diskretizaciis kvanZebs Soris daSoreba Seesabamebodes 

moTxovnil sizustes.  

saZiebo sivrcis diskretizebisa da TiToeuli amonaxsnis s 

striqonad kodirebisaTvis TiToeuli [ai,  b i] intervali davyoT 

Tanabari sigrZis (b–a)/n nawilad, sadac  n-is mniSvnelobis 

gazrda iwvevs striqonebis raodenobis zrdas. amis Sedegad 

mocemuli intervali daifareba qseliT.  qselis TiToeul kvanZs 

SevusabamoT  orobiTi  sistemis anbani {0,1}, anu, badis TiToeul 

kvanZs SeiZleba mieniWos unikaluri binaruli kodi l sigrZiT. 
kodis sigrZis gazrda amonaxsnis sizustis 

pirdapirproporciulia.  

TiToeuli s kvanZi SeiZleba warmodgenil iqnas Semdegi 

Canawerebis wrfivi  mimdevrobis saxiT (qromosoma): 

        ),:,,( 21 ls βββ=                               (5) 

genetikuri algoriTmis TiToeuli amonaxsni warmoadgens 

fiqsirebuli l sigrZis s binarul striqons, romelsac SeiZleba 
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vuwodoT genotipi, romelic Sedgeba binaruli 

mniSvnelobebisagan, romelsac SeiZleba vuwodoT fenotipi. 

amonaxsni Sefasdeba µ sididiT, romelic Seesabameba 

miznobrivi  funqciis mniSvnelobas x  wertilSi . es sidide 
SeiZleba ganvixiloT rogorc genotipis Seguebadoba: 

                        µ = f(x)                                      (6) 

aseTi struqtura genetikuri algoriTmis TeoriaSi warmoadgens 

saxeobas, xolo saxeobebis erToblioba qmnis populacias [28]. 

populaciis cxovrebis cikli aris ramodenime SemTxveviTi 

Sejvareba da mutacia, romlis Sedegadac populacias emateba 

axali individumebis garkveuli raodenoba. gadarCevis dros 

xdeba Zvelidan axali populaciis formireba, romlis Sedegadac 

Zveli populacia iRupeba. amis Semdeg axal populaciazec 

vrceldeba krosoveris, mutaciis da  gadarCevis operaciebi. 

momdevno populacia formirdeba miznobrivi funqciis 

Sesabamisad. rac ufro Seguebadia individumi, misi krosoverSi 

monawileobisa da gamravlebis ufro meti WeSmariteba arsebobs. 

ga-s gaCerebis kriteriumad CaiTvleba populaciis 

krebadoba(convergence), es is mdgomareobaa, rodesac yvela 

striqoni Tavs moiyris optimumis areSi da Sesabamisad, maT aqvT 

erTnairi mniSvneloba(nax.2.3.1.): 

aRniSnuli mdgomareoba mia-

niSnebs, rom miRweulia opti-

malurTan miaxlovebuli amo-

naxsni. saboloo amonaxsnad 

SeiZleba CaiTvalos bolo 

Taobis yvelaze maRali 

Semgueblobis mqone arseba. nax.2.2.2. 



 59 

seleqciis operatori (reproduction, selection) axorcielebs 

qromosomebis SerCevas maTi Seguebis funqciaTa mniSvnelobebis 

Sesabamisad.  ganirCeva seleqciis Semdegi tipebi: 

a) proporciuli gadarCeva, ruletis meTodi (Roulette-wheel 

Selection), nax.2.3.2., rodesac yoveli struqturisaTvis SerCeva 

xdeba albaTobiT: 

         
∑

=

= n

i

sel

if

if
iP

1

)(

)(
)(       (7)     

sadac   f(i) aris i-uri struqturis 

Seguebadoba.  

ruletis borblis yoveli seqtoris 

zoma )(iPsel -is proporciulia. SerCeva 

xdeba ruletis n `gaSvebis~ meSveobiT.  

b) saturniro SerCeva (Tournament Selection) n saxeobis  SerCevis 

mizniT axorcielebs n turnirs. yoveli turniri agebulia 

populaciidan k elementis SerCevaze da maTgan xdeba ukve 

saukeTeso saxeobis SerCeva. 

  g) `elituri~ meTodebi, romlis drosac `gadarCeba~ 

populaciis saukeTeso wevri an wevrebi. amJamad yvelaze metad 

gavrcelebulia mxolod erTi saukeTeso saxeobis gadarCenis 

procedura, maSinac ki roca man ver gaiara SerCevis, Sejvarebisa 

da mutaciis etapebi. 

TaobebSi ukeTesi struqturebis martivi gavrceleba, Semdgomi 

ufro srulyofili struqturebis ZiebaSi araviTar biZgs ar 

iZleva. am miznebs emsaxureba Ziebis genetikuri operatorebi. 

isini iReben mimdinare saZiebo aredan struqturebs da qmnian 

axal struqturebs.  

N

…

4

2

1

3

nax.2.2.3.  
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        mutacia                               inversia 

 

 

 

 

 

krosoveri 

axali struqturebis agebisas maTi Semdgomi aprobaciisaTvis, 

krosoveris operacia gamoiyenebs informacias, romelic arsebobs 

mimdinare struqturebSi. Tu konkretuli informacia ar aris, 

romelic SeiZleba daikargos wina iteraciis etapze gadarCevis 

procesSi, maSin am operators ar SeuZlia Seqmnas misi 

Semcvelobis axali struqtura. populaciaSi axali informaciis 

Sesatanad gaTvaliswinebulia mutaciis operatori, romelic 

Tavisufali saxiT cvlis arCeuli struqturis erT an ramodenime 

komponents. 

Sejvarebis operatori (Crossover) axorcielebs jer qromo-somTa 

dawyvilebas da Semdgom crP  albaTobiT maT Sejvarebas anu maTi 

nawilebis urTierTgacvlas. gan irCeva krosoveris sxvadasxva 

variantebi:  

Single point crossover; Two point crossover; Uniform crossover; 

Aritmetic crossover da sxva. 

klasikur ga-Si gamoyenebulia erTwertiliani krosoveri (Single 

point crossover). mSobeli striqonebisaTvis SemTxveviTi saxiT 

airCeva gaxleCvis erTi wertili. STamomavlebi miiRebian 

gaxleCili nawilebis urTierTgacvliT: 
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011010 .01010001101    =>   111100.01010001101 

111100.10011101001    =>    011010 .10011101001  

mutaciis gamoyenebis mizanSewoniloba ukavSirdeba populaciis 

lokaluri eqstremumidan gamoyvanas, riTac faqtiurad icavs 

populacias naadrevi dasasrulisagan. mutaciis operatori 

gamoiyureba Semdegi saxiT: 

1110001010110 -> 1110001110110  

mutaciis operatori moqmedebs, rogorc fonuri operatori 

genetikur algoriTmSi, rac niSnavs, rom misi gamoyenebis 

WeSmariteba gacilebiT mcirea. 

ga-s modelebidan originaluria e.w.  

“kunZulis modeli” ( island model), nax.2.3.4. 

es aris paralelurad mimdinare 

genetikuri algoriTmebis modeli. 

populacia iyofa ramodenime 

qvepopulaciad, romelTagan TiToeuli 

viTardeba cal-calke. SeiZleba iTqvas, 

rom arsebebi gansaxldebian izolirebul kunZulebad. iSviaTad, 

(magaliTad 5 TaobaSi) mimdinareobs migracia, es aris procesi, 

roca kunZulebi awarmoeben ramodenime saukeTeso arsebaTa  

urTierTgacvlas. marTalia “kunZulis modeli” saukeTeso 

amonaxsnis miRebis mizniT, ga-s erTdroulad ramodenimejer 

Catarebis da TiToeuli kunZulis miRwevebis SeTavsebis 

saSualebas iZleva, magram ramdenadac kunZulebze arc ise didia 

“dasaxleba”,  ris gamoc SeiZleba moxdes qvepopulaciebis 

naadrevi krebadoba, metad mniSvnelovania sworad ganisazRvros 

migraciis sixSire. 

~Genitor~ modelSi SemTxveviTi mSoblebis mxolod erTi wyvili 

qmnis mxolod erT STamomavals, romelic Secvlis ara mSobels 

nax.2.2.4. 
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aramed populaciis yvelaze uares wevrs. marTalia TiToeul 

etapze populaciaSi ganaxldeba mxolod erTi arseba, magram 

klasikur ga-sTan SedarebiT krebadoba ufro swrafad miiRweva. 

Hybrid algorithm (Davis)  modelSi jer gamoyenebulia  genetikuri 

algoriTmi, Semdeg airCeva saukeTeso arseba, romlisTvisac 

Sesruldeba klasikuri optimizaciis erT-erTi meTodi. es meTodi 

aqveiTebs algoriTmis Ziebis unars, magram globaluri 

eqstremumis povnis WeSmaritebas amaRlebs[21]. 

genetikuri algoriTmebis modelebis mravalferovneba 

ganpirobebulia klasikuri genetikuri algoriTmebis maRali 

variaciulobis SesaZleblobebiT. amdenad, meTodis umniSvnelo 

modificirebamac ki SeiZleba gamoiwvios Sedegebis mkveTrad 

gaumjobeseba.  

 

 

 

$2.3. modificirebuli genetikuri algoriTmi 

Cvens mier SemuSavebuli modificirebuli genetikuri algoriT-mi 

inarCunebs evoluciur genetikuri Ziebis Teoriis ZiriTad 

principebs, magram sakmaod gansxvavdeba tradiciuli sqemisagan. 

igi SeiZleba warmovadginoT Semdegi etapebis saxiT [2]: 

1. sawyisi populaciis formireba,  anu mocemuli intervalidan 

airCeva sawyisi genotipebis SemTxveviTi 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 =                       (1)                                    

2. sawyisi amonaxsnebis Sefaseba. SeiZleba CaiTvalos, rom am 

etapze t = 1. yoveli saxeobisaTvis gamoiTvleba funqciis 
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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(; Mjrj = . Semdgom 

gamoiTvleba TiToeuli saxeobis Seguebadobis albaToba, 

formuliT:.  

                    
∑

=

= n

i

sel

if

if
iP

1

)(

)(
)(  (2) 

es aris TiToeuli saxeobis Semgueblobis Sefardeba 

populaciaSi Semavali yvela saxeobis jamur SemgueblobasTan 

saxeobaTa ranJirebis xarisxis amaRlebis mizniT gamoiTvleba: 

),1;,1(;/)()( MjNiriPi j
tt ===µ  (3) 

da SerCevis kriteriumi:   Ni
N

i

tt
Sash /)(

1
∑

=

= µµ  (4) 

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, romle-

bic daeqvemdebarebian mxolod mutaciis operators. 
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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 

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 
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Semdeg populaciis wevrebi mniSvnelobaTa erT areSi 

ganTavsdebian, es aris optimumis are, saidanac moxdeba 

optimaluri amonaxsnis amorCeva.  

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. 

Cvens mier SemuSavebuli modificirebuli genetikuri 

algoriTmi sa da klasikuri genetikuri algoriTmis Sedegebis 

analizi mocemulia $4.2.-Si. 
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$2.4. qselis xisebr struqturebad dekompozicia 

qselis marTvisas materialuri nakadebi nawildeba xe-grafis 

struqturis mqone obieqtSi (wyalmomaragebis, gazmomaragebis Tu 

eleqtromomaragebis sistemebi). zogadad, obieqti warmoadgens 

G=(X,U) grafs anu qsels, sadac X kvanZia, xolo U-rkalTa 
simravle[9] . 

 yoveli Uu∈  rkali xasiaTdeba Cu = 0 gamtarunarianobiT. 
gansakuTrebul pirobas qmnis daSveba, rom qsels gaaCnia: 

ramdenime wyaro qi Semomavali nakadiT da mravali mimRebi, 

romelic SeiZleba iyos yoveli rkali pu moxmarebis moTxovniT 

anu datvirTviT. obieqtSi Semavali nakadi ganisazRvreba 

rogorc wyaroebSi Semomavali nakadebis jami: 

∑
=

==
k

i
i kiqQ

1

),1(                                       (1)    

sadac : k – wyaroebis raodenobaa. 

bunebrivia Semavali nakadebi nawildeba sistemaSi uϕ  nakadebad, 

uu c≤ϕ  pirobis Sesabamisad. 

marTvis amocanis simartivis TvalsazrisiT davuSvaT, rom 
sistema daproeqtebulia maqsimaluri datvirTvebis 

gaTvaliswinebiT anu Cu  unda uzrunvelyofdes uu pmax=ϕ  

nakadis gatarebas. amdenad, gamtarunarianobis mxriv moxmarebis 

moTxovnaze SezRudva ar unda arsebobdes. nakadebis marTvis 

amocana mdgomareobs nakadebis iseT ganawilebaSi, roca 

rkalebSi ganawilebuli nakadebis jami tolia kvanZSi Semosuli 

nakadis raodenobisa. xolo mTel sistemaSi ganawilebuli 

nakadebi unda akmayofilebdes pirobas:                     
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                   ∑ ≤
u

u Qϕ                  (2)     

(2) utoloba ganpirobebulia sistemaSi SesaZlo danakargebiT. 

obieqtis specifikidan gamomdinare  misi qseluri struqtura 

unda gamoricxavdes ciklebisa da maryuJebis arsebobas anu 

sistema unda warmovidginoT k raodenobis xeebis saxiT, sadac 

fesvi iqneba i-uri wyaro, xolo es xeebi ise unda avsebdnen 

erTmaneTs, rom arc erTi rkali ar unda daikargos ganxilvis 

sferodan. es ar niSnavs grafebis TeoriaSi kargad cnobili e.w. 

gadamfaravi (karkasuli) xis povnas, aramed qseluri grafis 

dekompozicias zemoT aRniSnul xisebr struqturebad, 

romelTaTvisac avtonomiurad moxdeba nakadebis optimalur 

mniSvnelobaTa gansazRvra. 

lokaluri datvirTvebisa Tu wyaroebidan Semomavali nakadebis 

fluqtua-ciebi, agreTve avariuli situaciebi qmnian xisebri 

struqturebis dinamiuri regeneraciis da Sesabamisad nakadebis 

gadanawilebis pirobebs, rac bevrad arTulebs marTvis 

problemebs. 

amdenad, yalibdeba qseluri struqturis xisebr struqturebad 

dekompoziciis problema da misi algoriTmis Seqmnis 

aucilebloba.  

warmodgenili algoriTmi arsiT rekursiulia da garkveulad 

eyrdnoba grafSi gadamfaravi xis moZebnis  BFS (breadth-first 

search) algoriTmis princips, Tumca mniSvnelovnad gansxvavdeba 

misgan. 

upirvelesi Tavisebureba algoriTmisa mdgomareobs imaSi, rom 

qselis dekompoziciis Sedegad miiReba ramdenime avtonomiuri, 

magram urTierTSe-mavsebeli xe, romelTa fesvebs swored 

wyaroebi warmoadgenen. meore, qselis yoveli wibo xasiaTdeba 

woniTi koeficientiT (romlis fizikuri analogi SeiZleba iyos 
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nakadi, wneva, eleqtrodeni, datvirTva an eleqtrowinaRoba da 

a.S.). mesame, algoriTmi Sedgeba e.w. blokebisagan, romlebic 

konkretul funqcias asruleben da meoTxe, algoriTmis Sedegad 

miRebuli xeebis mwvervalebis ganlageba xdeba ierarqiuli 

doneebis mixedviT. 

mocemulia: qselis mwvervalebi );,1(,}{ NiXxi =∈  

         wiboebi: ),1(,}{ MlUul =∈   

wiboTa incidenciis matrica, romlis elementi 1=ilu
 

Tu lu  

incidenturia  ix  mwvervalis, xolo 0=ilu  Tu lu  araincidenturia  

ix    mwvervalisa. 

wyaroebi
 { } ),,1(, kiQqi =∈  sadac: k – wyaroebis (igive xeebis) 

raodenobaa; 

wiboTa wonebi { } ),,1(, MlDd l =∈   sadac : D - qselis datvirTvaa. 

- sruldeba moduli `xis mwvervalis SerCeva~. (sawyis iteraciaze 

aseT mwvervalebad miiCneva wyaroebi). mwvervalebi sortirdebian 

{ }kxxx ,,, 21 K  masivad wonis zrdadobis mixedviT. yovel bijze 

SeirCeva morigi mwvervali minimaluri woniT. anu xdeba gadasvla 

masivis Semdeg elementze. masivis ganxilvis damTavrebis Semdeg, 

momdevno bijze kvlav masivis pirvel elementze davbrundebiT. 

- sruldeba moduli `wibos SerCeva~. mocemuli xisaTvis SerCeul 

mwvervalTan incidenciis Sesabamisad SeirCeva wibo minimaluri 

woniT. 

- sruldeba moduli `totis Semowmeba~. SerCeuli wibos bolo 

mwvervali mowmdeba pirobaze: :1−=jx  Tu piroba mcdaria, maSin 

wibo ixsneba ganxilvidan da gadavdivarT Semdeg wiboze mocemul 
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mwvervalTan incidenciis Sesabamisad darCenil wiboTa Soris 

minimaluri wonis kriteriumiT. Tu piroba WeSmaritia, maSin 

vubrundebiT ~xis mwvervalis SerCevis~ moduls, sadac 

gadavdivarT morig mwvervalze. 

- sruldeba moduli `xis totis formireba~. mocemuli 

Uue ∈ wibo iZens rkalis saxes: 

( )
( )ijl

jil

xxu

xxu

=

=
−

+

                      (3) 

Semdeg xdeba mocemuli rkalis wonis gamoTvla: 

           lij dqq +=                             (4) 

 amasTan, rkalisaTvis ,1−=jx   xolo TviTon rkali lu  

ganicdis markirebas. 

- sruldeba moduli x̀is donis testireba~. am dros mowmdeba 

yoveli xisaTvis mocemuli donis yvela totis formirebis 

dasrulebis piroba. Tu piroba mcdaria maSin vbrundebiT `xis 

mwvervalis SerCevis~ modulze da grZeldeba xeebis formireba 

mocemul doneze. Tu piroba WeSmaritia, maSin xdeba gadasvla 

Semdeg doneze da dabruneba `xis mwvervalis SerCevis~ modulze. 

- algoriTmi wyvets muSaobas, roca yvela wibo gadaiqca rkalad 

anu lu rkali markirebulia, rac niSnavs, rom qselis xisebr 

struqturebad dekompoziciis procesi dasrulda.        

ganvixiloT qselis xisebr struqturebad dekompoziciis 

magaliTi:  

qseli warmovadginoT grafis saxiT, nax. 2.4.1. romelic Sedgeba 

mwvervalebisagan:  
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},,,,,,,,,{ 10987654321 xxxxxxxxxx  

da wiboebisagan: 

},,,,,,,,,,,,,,{ 151413121110987654321 ppppppppppppppp  

mocemulia wiboTa wonebi, Sesabamisad : 

{9, 12, 7, 10, 14, 9, 8, 11, 10, 15, 12, 6, 9, 12, 10} 

 

nax. 2.4.1. 

CavTvaloT, rom X1,  X3 da X6 aris wyaroebi, amitom SeiZleba 

davuSvaT, rom X1-dan gamomavali wiboebia: P1, P8 , P9.   

p11 

p9 

p15 

p14 

p13 

p12 

p10 

p6 

p7 

p5 

p4 

p3 

p8 

p1 

x1 

x7 

x8 

x9 

x10 

x2 

x6 

x5 

x4 

x3 
p2 
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  X3-dan gamomavali wiboebia: P2, P3 , P14,  

 xolo    X6-dan gamomavali wiboebia: P5, P 6 , P12. 

qselis xisebr struqturebad dekompoziciis algoriTmis 

mixedviT SevadginoT wiboTa incidenciis matrica(cxr.2.4.1): 

 

cxr. 2.4.1. 

ganxiluli algoriTmis Tanaxmad grafi unda daiSalos 

urTierTSemavsebel xeebad, romlTa fesvebs X1, X3 da X6 wyaroebi 
warmoadgenen. SevadginoT mocemuli mwvervalebisaTvis wiboTa 

mosazRvreobis matrica. faqtiurad zemoT warmodgenili wiboTa 

incidenciis matrica daiSleba wiboTa mosazRvreobis, sam 

matricad, Sesabamisad X1, X3 da X6  mwvervalebisaTvis (cxr. 2.4.2. 

cxr. 2.4.3. cxr. 2.4.4):  

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 

X1 +1 0 0 0 0 0 0 +1 +1 0 0 0 0 0 0 

X2 -1 -1 0 0 0 0 0 0 0 0 0 0 0 0 +1 

X3 0 +1 +1 0 0 0 0 0 0 0 0 0 0 +1 0 

X4 0 0 -1 -1 0 0 0 0 0 0 0 0 +1 0 0 
X5 0 0 0 +1 -1 0 0 0 0 0 0 0 0 0 0 
X6 0 0 0 0 +1 +1 0 0 0 0 0 +1 0 0 0 
X7 0 0 0 0 0 -1 +1 0 0 -1 0 0 0 0 0 
X8 0 0 0 0 0 0 -1 -1 0 0 0 0 0 0 0 
X9 0 0 0 0 0 0 0 0 -1 +1 -1 0 0 0 0 
X10 0 0 0 0 0 0 0 0 0 0 +1 -1 -1 -1 -1 
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cxr. 2.4.2. 
 

 

 

 

 

 

 

 

 

 
cxr. 2.4.3. 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 

X1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 

X2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

X3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X9 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

X10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 

X1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X3 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 

X4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

X5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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cxr. 2.4.4. 

Sesabamisad grafi daiSleba sam xisebr struqturad, nax.2.4. 2. 

nax. 2.4.2. 

algoriTmi SevamowmoT wiboTa wonebis gaTvaliswinebiT: 

X1  xisaTvis, X1 mwvervalidan gamomavalia  P1, P9 da  P8 wiboebi, 

P1 wibodan gamodis P15, xolo P9-dan P10 wibo. gamoviTvaloT X1  

xisaTvis wiboTa wonaTa jami: q1 = Σ( P1, P9, P8 , P15, P10 )= 55;  

X3  xisaTvis, X3 mwvervalidan gamomavalia  P2, P3 da P14 wiboebi, 

P3 wibodan  gamodis P13. gamoviTvaloT  X3  xisaTvis wiboTa 
wonaTa jami: 

q3 = Σ( P2, P3, P14 , P13 )= 40;  

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 

X1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

X6 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 

X7 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

X8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X10 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

p7 
p11 

p12 
p5 

p4 

p6 p14 

p2 

p3 

p13 

p10 

p15 

p1 

p9 

p8 

x3 x6 x1 
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X6  xisaTvis, X6 mwvervalidan gamomavalia  P12, P6 da P5 wiboebi, 

P12-dan gamomavalia P11  wibo, P6-dan - P7, xolo  P5-danPP4 

wibo. gamoviTvaloT  X6  xisaTvis wiboTa wonaTa jami: 

 q6 = Σ( P12, P6, P5 , P11, P7,P4 )= 59;  

gamoviTvaloT mocemuli grafis wiboebis wonaTa jami: 

154
15

1

== ∑
=i

iPQ . igi tolia calkeuli xeebis wiboTa wonebis 

jamisa.  

rogorc vxedavT, ∑
=

=
3

1i
iqQ toloba sworia, rac niSnavs, rom 

qselis xisebr struqturebad  dekompoziciam warmatebiT Caiara.  
 

 

 

$2.5. nakadebis operatiuli marTva  

qseluri struqturis obieqtebis marTvis mizani ZiriTadad 

qselis mravalricxovan ganStoebebSi materialuri nakadebis 

optimalur ganawilebaSi mdgomareobs. qselis marTva ZiriTadad 

mimdinareobs or reJimSi: normalur da avariul reJimebSi. 

rogorc wesi, topologiis didi ganzomilebisa da teqnologiuri 

sirTulis, agreTve sistemis inerciulobis gamo aseTi donis 

marTvis sistemebSi metad garTulebulia gadawyvetilebis 

miRebis procesi. sakiTxs bevrad arTulebs avariul situaciaTa 

sixSire, rac ganapirobebs maTi likvidaciis mizniT marTvis 

operatiulobis xarisxis amaRlebas.  

rogorc ukve aRvniSneT qseluri obieqti SeiZleba 

warmovadginoT grafis saxiT, sadac X mwvervalebis (kvanZebis) 

simravlea, xolo U – rkalebis simravle. yoveli  rkali 

xasiaTdeba Cu = 0 gamtarunarianobiTa da agreTve pu datvirTviT. 
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apriorulad davuSvaT, rom qseli Sedgeba garkveuli raodenobis 

avtonomiuri, Tanac urTierTSemavsebeli xisebri struqturebis 

simravlisagan, romelTa fesvebs gare wyaroebi warmoadgenen. 

amdenad, nakadebis marTva qselSi xorcieldeba calkeuli xis 

SemTxvevaSi damoukideblad, magram mTlianobaSi 

urTierTSeTanxmebulad, rac qselis erTiani marTvis sistemis 

funqcionirebis aucilebeli pirobaa[9]. 

lokaluri anu calkeuli rkalis doneze datvirTvebisa Tu 

sxvadasxva parametrebis cvalebadoba (sadReRamiso grafikebi, 

pikuri datvirTvebi da sxva), wyaroebidan Semomavali nakadebis 

cvlilebis SemTxveviTi xasiaTi, qmnian xis struqturaSi 

nakadebis optimaluri gadanawilebis pirobebs. rac 

mniSvnelovnad arTulebs marTvis problemebs. 

normalur reJimSi marTvisaTvis gamoiyeneba nakadebis 

gadanawilebis algoriTmi rogorc xis struqturis cvlilebis 

gareSe, ise xisebr struqturaTa sinqronuli cvlilebebiT, rac 

damokidebulia deficitis xasiaTze. 

ganvixiloT nakadebis gadanawilebis algoriTmi erTi 

avtonomiuri xis magaliTze, romlis ganzogadoebuli struqtura 

naCvenebia nax.2.5.1-ze: 
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xis struqtura warmovadginoT doneebis saxiT, rac ganapirobebs 

algoriTmis etapobriv muSaobas anu warmodgenili algoriTmi 

mravaletapobrivia. simartivisaTvis aRniSnuli xis struqtura 

ganvixiloT elementaruli xeebis sistemis saxiT, e.i. yoveli 

donis yoveli kvanZi misgan gamomdinare rkalebis CaTvliT qmnis 

e.w. elementarul xes. am proceduras SeiZleba vuwodo 

defragmentacia[3,5]. 

algoriTmi muSaobs ciklSi yoveli avtonomiuri xis calkeuli 

fragmentisaTvis daRmavali principiT anu nulovani donidan 

qveviT. yoveli elementaruli xisaTvis nakadebis ganawilebis 

optimizaciis amocana mdgomareobs Semdegi miznobrivi funqciis 

SesrulebaSi: 

                          ∑ →−
u

uup min)( ϕ                (1) 

SezRudvebiT:       ∑ ∑
+ −∈ ∈

=
)( )(iwu iwu

uu ϕϕ                    (2)         

                      uuu cp ≤≤ϕmin
                         (3) 

da a.S. 

2 done 

wyaro anu fesvi 

3 done 

. . .  

. . .  

0 done 

1 done 

nax. 2.5.1. 

xis fragmenti 
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SezRudva (2) Tanaxmad G grafis yvela Xi∈ mwvervalSi Semavali 

da gamomavali nakadebi toli unda iyos.  

algoriTmis mizania yoveli fragmentis rkalebisaTvis ϕu 
nakadebis iseTi mniSvnelobebis povna, romlis drosac (1) piroba 
sruldeba (2) da (3) SezRudvebis  gaTvaliswinebiT. 

amocana wydeba genetikuri algoriTmebis ($2.3.) gamoyenebiT, sadac 

TiToeuli ϕu nakadi am SemTxvevaSi warmodgenilia namdvili 

ricxvebis masivis saxiT. Tavis mxriv, genetikuri algoriTmi 
axorcielebs seleqciis, krosoverisa da mutaciis operaciebs. 
yoveli operatoris win xdeba (2), (3) pirobebis Semowmeba. 
fragmentuli (lokaluri) optimumis povnis Semdeg algoriTmi 
meordeba ciklSi, vidre mTlianad xisaTvis ar Sesruldeba. 

Semdgom yovelive Tavidan iwyeba da meordeba Semdegi xisaTvis 

da a.S. vidre mTeli qselisaTvis ar dasruldeba nakadebis 

mniSvnelobaTa gamoTvla. bolos xdeba pirobis Semowmeba: 

                     ∑∑ =≤ j
u

u qQϕ                  (4) 

sadac qj –calkeuli wyaros Semomavali  nakadis mniSvnelobaa. 

algoriTmi poulobs nakadebis ganawilebis ramodenime 

optimalur amonaxsns, amis Semdeg miRebuli variantebidan 

amoirCeva is erTi amonaxsni,  

romelic iZleva minimalur ekonomikur maCvenebels.                               

∑
=

⇒⋅=
n

t
uuu tEttS

1

min)()()( ϕ                               (5) 

sadac 21)( bhbltE uuu ⋅∆+⋅=                         (6) 

)(tSu  aris kvanZidan rkalebSi gamavali nakadebis jamuri 

danaxarji. 

)(tEu  _ erT rkalSi nakadis gatarebis danaxarjia; 
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uh∆ _ mocemuli rkalisaTvis doneTa  sxvaobaa; 

l – rkalis sigrZea; 

1b - erTeuli nakadis gadatanaa erTeul sigrZeze; 

2b - erTeuli nakadis gadatanaa erTeul simaRleze; 

rogorc aRvniSneT, nakadebis ganawileba xdeba etapobrivad. jer 

dakmayofildeba pirveli done, rac nax.2.5.1-ze mocemuli xisaTvis 

gamoiyureba Semdegi saxiT(nax. 2.5.2.): 

 
nax. 2.5.2. 

da a.S. nakadebis ganawileba gagrZeldeba xis doneebis mixedviT. 

Tu nakadebis gadanawilebam ver aRadgina sistemis mdgradoba, 

maSin xorcieldeba qselis xisebr struqturaTa dinamikuri 

regeneracia dekompoziciis algoriTmis gamoyenebiT. 

avariul reJimSi saWiroa konkretuli rkalis izolacia da 

avtomaturad unda Seicvalos mocemuli xis konfiguracia. 

amisaTvis aucilebelia qselis struqturuli gadawyoba, radgan 

konkretuli xis struqturis Secvla TavisTavad gamoiwvevs 

rogorc minimum momijnave xeebis struqturul cvlilebas. 

n a k a d e b i  

2  done 

0 done 

n a k a d e b i  

1  done 

amis Semdeg dakmayofildeba meore done: 

1  done 
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avariul situaciaSi, roca irRveva romelime rkalis mTlianoba 

da Sesabamisad mocemuli rkali ukve veRar ganixileba Tavis 

struqturaSi, saWiro xdeba alternatiuli variantebis gadarCeva 

saukeTeso struqturis povnis mizniT.  

zemoTganxiluli dekompoziciis algoriTmis meSveobiT moxdeba 

axali xeebis regeneracia da misi realizeba rkalis boloebSi 

arsebuli sarqvelebis (an CamrTvelebis) mier. marTvis sqema 

warmoadgens aRniSnuli mowyobilobebis binaruli mdgomareobis 

masivs, romelic gaicema dispetCerisaTvis rekomendaciis saxiT. 

Semdgom ki nakadebis ganawilebis algoriTmis gamoyenebiT 

ganisazRvreba nakadebis optimaluri mniSvnelobebi axali 

struqturebis pirobebSi. 

Cvens mier ganxilul qselSi (na.2.4.1.), davuSvaT p1 rkalze 
Seiqmna avariuli situacia. e.i. unda moxdes aRniSnuli rkalis 

izolacia, ris gamoc nakadis gadanawileba p15  rkalSi, agreTve, 

blokirdeba. qseli struqturulad unda gadaewyos ise, rom p15 

rkalSi nakadis miwodeba ar Seferxdes. xis struqturuli 

gadawyobisas gaTvaliswinebuli unda iqnas (2) da (3) SezRudvebi:                                                    

sadac :  pu rkalis datvirTvaa; Cu - gamtarunarianoba; ϕu – 

rkalSi ganawilebuli nakadi. 

xeebi, romelTa struqtura Tavdapirvelad warmodgenilia 

Semdegi saxiT, nax. 2.5.3. 

nax.2.5.3. 

p7 
p11 

p12 
p5 

p4 

p6 p14 
p2 

p3 

p13 p10 

p15 

p1 

 p9 

p8 

x3 x6 x1 
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regeneraciis Semdeg miiReben aseT saxes, nax. 2.5.4. 

 

 

 

 

 

 

 
nax.2.5.4. 

xeebis regeneraciis Semdeg nakadebi ganawildeba zemoaRniSnuli 

algoriTmiT.  

          
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

p7 
p11 

p12 
p5 

p4 

p6 p14 
p2 

p3 

p13 p10 p15 

p1 

p9 

p8 

x3 x6 x1 
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III Tavi. materialuri nakadebis marTvis procesis 

modelirebisa da analizis algoriTmebi 

$ 3.1. marTvis procesis inteleqtualuri  

algoriTmebi 

rogorc zemoT iyo aRniSnuli, garda genetikuri algoriT-mebisa, 

qselis marTvis procesSi gansakuTrebul mniSvnelobas iZens 

xelovnuri inteleqtis sxva meTodebis, kerZod xelovnuri 

neironuli qselebisa da freimebis sistemebis genetikur 

algoriTmebTan erToblivi gamoyenebis aucilebloba.   

nax.3.1.1.-ze warmodgenilia qselis 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. 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 

genetikuri algoriTmebis `qromosomis” fitness-funqciis 
mniSvnelobis eqvivalenturia. amasTan, codnis bazaSi freimebi 

sortirebulia fitness-indeqsis mixdviT[6,7].    

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.  
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TiToeuli saangariSo Tt ,1=  periodisaTvis qselidan miRebuli 

informaciuli masivi qmnis axal `qromosomas”, romlis `genebs” 

warmoadgens qselis komponentTa mimdinare mniSvnelobebi. 

 

nax. 3.1.1. 

 

diax 

1. monitoringi. 
axali qromosomis Seqmna 

2. qromosomis fitness-indeqsis 
gansazRvra 

3. fitness-indeqsis Sedareba c.b. -Si 
arsebul fitness-indeqsTan 

4. identuri indeqsis 
povna Sedga? 

5. codnis bazidan mza 
gadawyvetilebis miReba 

6. axali qromosomis 
mixedviT 

gadawyvetilebis gamoTvla 

7. axali qromosomis 
da gadawyvetilebis 
codnis bazaSi Setana 

9. miaxlovebuli fitness 
indeqsis amorCeva codnis 

bazidan 

10. neironuli modelis 
ganswavla. 

Setyobineba dispetCerisaTvis 

8. mmarTveli zemoqmedebis 
gacema 

ara 
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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 (anu sarqvelebis mdgomareobisa da satumbo 

sadgurebis muSaobis reJimebis mniSvnelobebi) gaicema qselze 

mmarTveli zemoqmedebisaTvis.  

bloki 6. Tu mimdinare situaciis Secnoba ar moxerxda, maSin 

axali `qromosomis” mixedviT marTvis algoriTmebis (genetikuri 

algoriTmebi, qselis xisebri struqturebis adapturi gadawyobis 

algoriTmebi da sxva) gamoyenebiT xorcieldeba ukve axali 

mmarTveli gadawyvetilebebis gamomuSaveba.  

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. dispetCerizaciis TvalsazrisiT, paralelurad, unda 

moxdes anomaliuri situaciis identifikacia, kerZod qselis im 
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monakveTis gansazRvra, sadac moxda sistemis muSaobis 

normaluri reJimis darRveva an avariuli situaciis Seqmna. am 

mizniT codnis bazaSi xdeba axali `qromosomis” fitness-indeqsTan 

maqsimalurad miaxloebuli 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 .  

`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). 
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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 

dispetCers da imavdroulad fiqsirdeba monacemTa bazaSi 

anomaliaTa Jurnalizaciis mizniT.  

biji 6. gamoiTvleba Secdoma DY −=δ .  

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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$3.2. genetikuri algoriTmisa da qselis dekompoziciis  

algoriTmis aRwera 

 modificirebuli genetikuri algoriTmi warmodgenilia  nax. 

3.2.1-ze. algoriTmi moicavs populaciis formirebis, kodirebis, 

dekodirebis, krosoveris, mutaciis, ranJirebis blokebs. 

 

 
  
 
 

diax 

ara 

ara 

1. iteraciis mTvleli t = 0 

2. sawyisi populaciis formireba 

3. sawyisi amonaxsnebis Sefaseba 

4.ga-s operator. Sesruleba 

5. Sedegi 
Seicvala? 

6. mutaciis Sesruleba 

7. populacia 
gaumjobesda? 

8. Sedegis gamotana 

dasasruli 

t = t + 1 

diax 

dasawyisi 

nax.3.2.1 
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bloki 4. warmodgenilia nax.3.2.2.-ze, romelic axorcielebs 

genotipebis Seguebadobis gamoTvlas, genotipebisaTvis rangis 

miniWebas, populaciis sortirebas klebis mixedviT, axali 

populaciis formirebas. 

 

4.1. TiToeuli genotipisaTvis miznobrivi 
funqciis mniSvnelobis gamoTvla 

4.2. populaciis genotipebisaTvis 
rangis miniWeba, sididis mixedviT 

4.3. TiToeuli genotipis 
Seguebadobis gamoTvla 

4.4. Seguebadobis gadaangariSeba 
rangTan mimarTebaSi 

4.5. populaciis dalageba klebiT 
Seguebadobis maCveneblis mixedviT 

4.6. axali populaciis formireba 

4 

5 

nax. 3.2.2. 
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 bloki 2. warmodgenilia Nnax. 3.2.3.-ze, romelic axorcielebs  saZiebo 

ares dayofas 2l tol nawilad da dayofili aredan n raodenobis l 

Tanrigiani orobiTi S  raodenobis striqonebis formirebas. 

 

 
bloki 3. warmodgenilia Nnax. 3.2.4.-ze, romelic moicavs 

dekodirebis funqciis saSualebiT TiToeuli striqonis ricxviT 

mniSvnelobad gardaqmnis blokebs. 

 
 
 

 

2 

saZiebo ares dayofa  

 
populaciis wevrebis formireba 

3 nax. 3.2.3. 

momdevno striqonze gadasvla 
inc(i,1) 

diax 

ara 

dekodirebis funqciiT striqonis 
gadayvana ricxviT mniSvnelobad 

populaciis dasasr  
Semowmeba 

dekodirebis dasasruli 

striqonis inicializeba 

4 

3 

nax. 3.2.4. 



 89 

bloki 4.1. warmodgenilia nax. 3.2.5.-ze, romelic Seicavs 

TiToeuli striqonisaTvis anu genotipebisaTvis miznobrivi 

funqciis mixedviT Seguebadobis gamoTvlis blokebs. 

 

 
 
 
 
 

 

 

 

 

 

ara 

diax 

4.1. 

striqonis inicializeba 

genotipis Seguebadobis gamoTvla miznobrivi 
funqciis mixedviT  

momdevno striqonze gadasvla 

4.2  

populaciis dasasr. 
Semowmeba  

Seguebadobis gamoTvlis ciklis 
dasruleba 

nax. 3.2.5. 



 90 

bloki 4.2. warmodgenilia nax.3.2.6.-ze, romelic Seicavs sawyisi 

rangis inicializaciis, calkeuli striqonisaTvis rangis 

miniWebis blokebs. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

ara 

diax 

striqonis inicializeba 
rangis inicializeba 

maqsimaluri Seguebadobis striqonis amorCeva 

striqonisaTvis Sesabamisi  rangis miniWeba 

momdevno striqonze gadaadgileba 

populacia dasrulda? 

ranJirebis dasruleba 

4.3. 

4.2. 

  nax. 3.2.6. 
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bloki 4.3 warmodgenilia nax.3.2.7-ze, romelic Seicavs  

polulaciis jamuri Seguebadobis gamoTvlis, populaciis 

TiToeuli wevris Seguebis albaTobis gamoTvlis blokebs. 

 

4.3. 

striqonis inicializacia 

populaciis jamuri 
Seguebadobis gamoTvla 

genotipis Seguebadobis gamoTvla 
formuliT  

∑
=

= n

i

if

if
ip

1

)(

)(
)(  

Semdeg striqonze gadasvla 

populacia 
dasrulda? 

genotipebis Seguebad. gamoTvlis dasasruli 

4.4
. 

ara 

diax 

nax. 3.2.7. 
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bloki 4.4. warmodgenilia nax. 3.2.8.-ze, romelic aerTianebs  

populaciis wevrebis rangis mixedviT Seguebadobis 

gadaangariSebis blokebs, rac warmoadgens populaciis daxa-

risxebis winapirobas.  

ara 

4.4. 

sawyisi striqonis inicializacia 

striqonis Seguebadobis gadaangariSeba rangis mixedviT 

µi = pi/ri 

momdevno striqonze gadasvla 

populacia dasrulda? 

Seguebadobis gadaang. rang. mix. dasrulda 

4.5. 

diax 

nax. 3.2.8. 
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bloki 4.5. warmodgenilia nax.3.2.9.-ze, romelic moicavs 

populaciis wevrebis saSualo Seguebadobis mixedviT populaciis 

wevrebis sortirebis blokebs. 

 

  
 

4.5. 

sawyisi striqonis inicializacia i = 0 

max (µi) is gansazRvra, i =1, N 

maqsimaluri Semguebl. genotipisaTvis 

Sesabamisi i indeqsis miniWeba 

momdevno striqonze gadasvla 
inc(i,1) 

populaciis Semowmeba 
dasrulda? 

populaciis sortirebis dasasruli 

4.6 

ara 

diax 

nax. 3.2.9. 
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bloki 4.6 warmodgenili nax 3.2.10-ze, romelic Seicavs 

populaciis saSualo Seguebadobis gansazRvris, populaciis 

wevrebis daxarisxebis, krosoveris, mutaciis, blokebs. 

 

 
 

 

 

4.6
. 

populaciis saSualo Semgueblobis gamoTvla 

∑
=

=
n

i
sash ni

1

/)(µµ  

populaciis daxarisxeba Semgueblobis 
mixedviT 

maRali Semgueblobis striqonebis 
dawyvileba 

saukeTeso gaxleCvis wertilis povnis 
Sida ciklis Sesruleba 

wyvili striqonebis krosoveri 

saSualo Semgueblobis striqonebi-
saTvis saukeTeso mutaciis povnis 

ciklis Sesruleba 

mutaciis operaciis Sesruleba 

dabali Semgueblobis striqonebisagan 
populaciis ganTavisufleba 

axali populaciis formirebis 
proceduris dasasruli 

5 

nax.3.2.10. 
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qselis xisebr struqturebad dekompoziciis algoriTmuli sqema 

mocemulia nax.3.2.11-ze, romelic Sedgeba wyaroebis anu 

mwvervalebis SerCevis, doneebis inicializaciis, wiboebis 

SerCevis blokebisagan. 

 
nax. 3.2.11. 

diax 

ara 

diax 

dasawyisi 

incidenciis matricis gansazRvra 
(wyaroebi=mwvervalebi, wiboebi) 

doneebis, wyaroebis inicializacia 
m = 0; l = 0; 

Semdeg doneze gadasvla m = m +1 

Semdeg wyaroze gadasvla  l = l + 1 

wibos SerCeva minimaluri woniT min
ll dd =  

SerC. wibos bolo 

mwvervali 1−=jx  

Semdeg wiboze gadasvla )1(; −=+= jlij xdqq  

yvela wyaro Semowmda? 
l = k?  

yvela done Semowmda? 

dasasruli 

ara 

diax 

ara 
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$3.3. nakadebis marTvis algoriTmebi 
 

sistemis operatiuli marTvis algoriTmis ganzogadoebuli 

blok-sqema naCvenebia nax.3.3. 1.–ze. 

 Tu moTxovna dakmayofilebulia sistema funqcionirebs 

Cveulebriv reJimSi. Tu deficiti normis farglebSia, maSin 

nakadebi gadanawildeba genetikuri algoriTmebiT, xis 

struqturebis cvlilebis gareSe, romlis modeli warmodgenilia 

$2.5-Si. Tu deficiti ar aris normis farglebSi, rac niSnavs rom 

wyaro ver uzrunvelyofs moTxovnaTa dakmayofilebas, an 

avariuli reJimia, maSin jer mimdinareobs qselis struqturis 

cvlileba, romlis modeli warmodgenilia $2.4-Si, Semdeg ki 

axali struqturebis pirobebSi nakadebi gadanawildeba 

genetikuri algoriTmebiT[4]. 
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ara diax 

diax 

ara 

Semavali monacemebi 

norm.reJ. 

avariis deteqtireba 

moTx.dakmay 

deficiti norm. 
farglebSia? 

qselis struqturis 
cvlileba 

sarqvelebis 
matrica 

qselSi nakadebis ganawileba genetikuri 
algoriTmebis gamoyenebiT  

wnevebis matrica 

diax 

ara 

nax. 3.3.1. 
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    nakadebis ganawilebis algoriTmis blok-sqema, normaluri 

reJimisaTvis, warmodgenilia nax.3.3.2.-ze, romelic moicavs xis 

doneebis inicializaciis, doneebis mixedviT genetikuri 

algoriT-mebiT nakadebis ganawilebis blokebs.  

    

 

 

ara 

dasawyisi 

qselis fragmentacia xis 
struqturebad 

xis donis inicializacia 

genetikuri algoriTmis 
gamoyenebiT nakadebis ganawileba 

lokaluri optimumi 
napovnia? 

gadasvla xis Semdgom fragmentze 

optimumis povna mTe-
li xisTv. dasrulda? 

optimumis povna mTeli 
qselisTvis dasrulda? 

momdevno xeze gadasvla 

dasasruli 

ara 

diax 

ara 

diax 

diax 

nax. 3.3.2. 
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nakadebis marTvis algoriTmis blok-sqema, avariuli reJimisaTvis, 

warmodgenilia nax. 3.3.3.-ze, romelic moicavs avariis 

deteqtirebis, axali xeebis generaciis, nakadebis etapobrivad 

ganawilebis blokebs. 

 
nax. 3.3.3. 

 
                    

      

diax 

ara 

dasawyisi 

inicializacia: qselis mwvervalebi, 
wiboebi, mwvervalebi 

rkalis mTlianobis 
darRv. aRmoCenilia? 

qselis xelaxali dekompozicia 

axali xeebis generacia  

nakadebis ganawileba etapobrivad 

mTeli qselisaTvis 
ganawil. dasrulda? 

dasasruli 

diax 

ara 
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$ 3.4 informaciuli uzrunvelyofa da  

marTvis sistemis struqtura 

monacemTa bazebis modelis arCevisas upiratesoba mieniWa 

relaciur monacemTa bazebs, romelTac moTxovnebis formirebis 

Zlieri instrumentuli saSualebani gaaCniaT SQL enis saxiT, 

agreTve Tavsebadi arian GIS–is interfeisTan da codnis 

bazebTan. monacemTa bazis struqturas aqvs Semdegi saxe(nax.3.4.1.): 

nax. 3.4.1. 
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monacemTa bazis Semadgeneli cxrilebis struqturebi: 

cxrili 3.4.1.  `kvanZi”: 

velis dasaxeleba Field name Type Size 

kvanZis kodi (Primary key) ID_Junction Num int 

simaRle Altitude Num int 

 

cxrili 3.4.2. ̀ Semomavali magistrali~ 

 
cxrili 3.4.3.  `milsadeni”: 

velis dasaxeleba Field name Type Size 

milsadenis kodi (Primary key) ID_Pipeline Num int 

sigrZe Length Num int 

diametri Diametr Num int 

min. moTxovnileba Requirement_min Num int 

nomin. moTxovnileba Requirement_nominal Num int 

 
cxrili 3.4.4. `incidencia” 

velis dasaxeleba Field name Type Size 

kvanZis kodi ID_Junction Num int 

magistralis kodi (Primary key) ID_main waterway Num int 

debeti Debit Num longint 

velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_Incidence Num longint 

milsadenis kodi ID_Pipeline Num int 

kvanZis kodi ID_Junction Num int 

incidencia Incidencia  bit 1 
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cxrili 3.4.5.  ̀ satumbo sadguri” 

velis dasaxeleba Field name Type Size 

satumbos kodi (Primary key) ID_Pump Num int 

kompres. raodenoba Number of Pump Num int 

simZlavre Power Num longint 

kvanZis kodi ID_Junction Num int 

 

cxrili 3.4.6.  `rezervuari”:  

   

 

                   

     

 

 

cxrili 3.4.7. `adgilobrivi rezervi”:  

 

 

 

 

 
cxrili 3.4.8.  `sarqveli” 

velis dasaxeleba Field name Type Size 

rezervuaris kodi (Primary key) ID_Tank Num int 

rezervuaris simaRle Heigth Num int 

minimaluri done min_Level Num int 

rezerv. moculoba Volume Num int 

satumbos kodi ID_Pump Num int 

velis dasaxeleba Field name Type Size 

WaburRilis kodi (Primary key) ID_Well Num int 

warmadoba Pattern Num longint 

kvanZis kodi ID_Junction Num int 

velis dasaxeleba Field name Type Size 

sarqvelis kodi (Primary key) ID_Valve  Num longint 

saTave/bolo terminal bit 1 

milsadenis kodi ID_Pipeline Num int 
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cxrili 3.4.9. ̀ milsadenis  mdgomareoba”:  

velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_Dynamic  Num longint 

TariRi Dro_Date Date ShortDate 

dro Dro_Hour Time int 

milsadenis kodi ID_Pipeline Num int 

wneva Pressure Num int 

nakadi Flow  Num longint 

moTxovnileba Requirement Num longint 

 

cxrili 3.4.10. `rezervuaris mdgomareoba”:  

 

 

 

 

 

 

 
cxrili 3.4.11. ẀaburRilis mdgomareoba”:    

velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_State Num longint 

TariRi Dro_Date Date ShortDate 

dro  Dro_Hour Num int 

rezervuaris kodi ID_Tank Num int 

wylis done Uroven Num int 

velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_State Num longint 

TariRi Dro_Date  Date ShortDate 

dro  Dro_Hour Num int 

WaburRilis kodi ID_Well Num int 

warmadoba Pattern Num longint 
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cxrili 3.4.12. m̀agistralis mdgomareoba”:  

 

 

 

 

 

 

cxrili 3.4.13. ̀ satumbo sadguris mdgomareoba”: 

  

 

 

 

 

 

 

cxrili 3.4.14. ̀ sarqvelebis mdgomareoba”: 

 

 

 

 

 

 

 

 

 

 

 

velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_State  Num longint 

TariRi Dro_Date Date ShortDate  

dro  Dro_Hour Num int 

magistralis kodi ID_magistrali Num int 

debeti Debit Num longint 

velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_Func_Command Num longint 

TariRi Dro_Date Date ShortDate 

dro  Dro_Hour Num int 

satumbos kodi ID_Pump Num int 

simZlavre Power Num longint 

velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_Struct_Command Num longint 

TariRi Dro_Date Date ShortDate 

dro  Dro_Hour Num int 

sarqvelis kodi ID_Valve Num longint 

mdgomareoba Diaphragm Num int 
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cxrili 3.4.15. `avariuli situaciebi”: 

velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_Damage Num longint 

TariRi Dro_Date Date ShortDate 

dro  Dro_Hour Num int 

milsadenis kodi ID_Pipeline Num int 

avariis saxeoba ID_Damavid Num int 

 
cxrili 3.4.16. `avariis saxeobebi”: 
 
 

 

 

      
cxrili 3.4.17.  `wnevebi milsadenebSi”: 

 

 

 

 

 

 

 

 

 

 

 

 

velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_Dama_vid Num int 

dasaxeleba dasaxeleba char 100 

   velis dasaxeleba Field name Type Size 

kodi (Primary key) ID_Struct_Command Num longint 

TariRi Dro_Date Date ShortDate  

dro  Dro_Hour Num int 

sarqvelis kodi ID_Valve Num longint 

wneva Pressure Num int 
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monitoringis sakontrolo monacemTa informaciuli masivi: 

D- TariRi (Primary key); 

T - dro (saaTi) (Primary key); 

FI - mdgomareobaTa freimis fitness-indeqsi;  

T1 - #1 rezervuarSi wylis done; 

. . . . . . . . . . . 
Tn - #n rezervuarSi wylis done; 

M1 - #1 magistralSi wylis debeti; 

. . . . . . . . . . .   
Mn - #n magistralSi wylis debeti; 

W1 - #1 WaburRilis paterni; 

. . . . . . . . . . . 
Wn - #n WaburRilis paterni; 

P1 - #1 satumbo sadguris simZlavre; 

. . . . . . . . . . .  
Pn - #n satumbo sadguris simZlavre; 
. . . . . . . . . . . 
V1 - #1 sarqvelis mdgomareoba; 
. . . . . . . . . . . 
Vn - #n sarqvelis mdgomareoba;  

VP1 - #1 sarqvelis wneva; 

. . . . . . . . . . . 
VPn - #n sarqvelis wneva;  
. . . . . . . . . . . 
da a.S. 
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garda monacemTa bazisa, informaciuli uzrunvelyofa Seicavs 

agreTve codnis bazas, romelic ZiriTadad ori cxrilis saxiT 

warmodgenili freimisagan Sedgeba: mdgomareobaTa freimi da 

marTvis freimi .   

mdgomareobaTa freimis struqtura Sedgeba Semdegi slotebis 

anu `genebisagan”:  

FI - mdgomareobaTa freimis fitness-indeqsi (Primary key);  

T1 - #1 rezervuarSi wylis done; 

. . . . . . . . . . . 
Tn - #n rezervuarSi wylis done; 

M1 - #1 magistralSi wylis debeti; 

. . . . . . . . . . .   
Mn - #n magistralSi wylis debeti; 

W1 - #1 WaburRilis paterni; 

. . . . . . . . . . . 
Wn - #n WaburRilis paterni; 

P1 - #1 satumbo sadguris simZlavre; 

. . . . . . . . . . .  
Pn - #n satumbo sadguris simZlavre; 
. . . . . . . . . . . 
V1 - #1 sarqvelis mdgomareoba; 
. . . . . . . . . . . 
Vn - #n   sarqvelis mdgomareoba;  

VP1 - #1 sarqvelis wneva; 

. . . . . . . . . . . 
VPn - #n sarqvelis wneva;  
. . . . . . . . . . . 
da a.S. 

marTvis freimis struqtura Sedgeba Semdegi slotebis anu 

`genebisagan”: 

 



 108 

FI’- marTvis freimis fitness-indeqsi (Primary key);  

P1’- #1 satumbo sadguris simZlavre;  
. . . . . . . . . . . 
Pn’- #n satumbo sadguris simZlavre; 
. . . . . . . . . . . 
V1’- #1 sarqvelis mdgomareoba; 
. . . . . . . . . . . 
Vn’- #n sarqvelis mdgomareoba;  

. . . . . . . . . . . 
da a.S. 

mdgomareobaTa da marTvis freimebi warmoadgenen erTnairi 

fitness-indeqsiT (1:1 asociaciuri kavSiri) dakavSirebul 

cxrilebs, romlebic qmnian logikur mTlianobas. mdgomareobaTa 

da marTvis freimebis struqturebi naCvenebia nax.3.4.2.-ze:  

 

 

 

 

   . . .    

           
       
       
       
       sl
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l
e 

 
nax. 3.4.2. 

   

 

 

 

 

   . . .    
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marTvis freimis 
struqtura 

freimuli 
fitness-
indeqsi 

freimuli 
fitness-
indeqsi 

mdgomareobaTa 
freimis struqtura 
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qvemoT mocemulia mdgomareobaTa da marTvis freimebis 

procedurebi: 

Unit  Frame; 
interface 
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 Mdg; 
procedure Mart; 
. . . . . . . . . . . . . . . . . . . .  
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    Mart; 

. . . . . . . . . . . . . . . . . . . .  
Procedure  Mart; 
var  F1,P1,…,Pn : Integer; 
V1,…,Vn : Boolean;  

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

. . . . . . . . . . . . . . . . . . . .  
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; 

 . . . . . . . . . . . . . . . . . . . .  
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………………………qselis marTvis sistemis struqtura. 

 

 
    nax. 3.4.3. 

sakontrolo Tt ,1=  intervaliT xdeba mTeli sistemis 

avtomaturi skanireba da komponentTa mimdinare mniSvnelobebis 

(`genebis”) monacemTa bazaSi SetaniT informaciuli masivis anu 

axali `qromosomis” formireba. 
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$3.5. programuli kompleqsis struqtura da interfeisi 
 
marTvis sistemis programuli kompleqsis struqtura 

warmodgenilia nax.3.5.1.-ze: 

 

 

mutacia 

axali. 
populaciis 
analizi 

mTavari 
programa 

qromos. 
dawyvileba 

krosoveri 

populaciis 
inicializeba 

 dasasruli 

3. genetikuri 
algoriTmi 

4 qselis 
dekompozicia 

axali 
qromosomis 
formireba 

nax.3.5.1. 

1. qselis 
monitoringi 

qromosomis 
fitness indeqsis 
gansazRvra 

fitness indeqsis 
analizi 

2. codnis 
bazis 

freimebi 

mza 
gadawyvetileb

is Zebna 

axali struq -
turebis gener. 

populaciis 
analizi 

5. Setyobineba 
dispetCerisaTvis 

neironuli modelis 
ganswavla 
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modulebis daniSnulebis aRwera: 

programa dawerilia vizualur, obieqt-orientirebul 

programirebis enaze – Delphi, programuli modulebis saxiT. es 

ena moqnili da swrafqmedia. mTavari programis saxelia 

MainGeneticProgram, romelic Sedgeba Semdegi modulebisagan:       

1. qselis  monitoringi, 2. codnis bazis freimebi, 3. genetikuri 

algoriTmi, 4. qselis dekompozicia, 5. Setyobineba 

dispetCerisaTvis.  

1. qselis monitoringi Sedgeba  procedurebisagan: 

- axali qromosomis formireba; 

- qromosomis fitness indeqsis gansazRvra; 

- fitness indeqsis analizi anu  fitness-indeqsis Sedareba codnis 

bazaSi arsebul fitness-indeqsebTan ; 

2. codnis bazis freimebi Sedgeba procedurisagan: 

- qselSi mimdinare mdgomareobis Sesabamisi gadawyvetilebis 

freimis Zebnis procedura; 

3. genetikuri algoriTmi Sedgeba procedurebisagan: 

- sawyisi populaciis formireba; 

- populaciis analizi anu sawyisi populaciis gadarCeva; 

- qromosomTa dawyvileba; 

- qromosomTa wyvilebis krosoveri; 

- qromosomTa mutacia; 

- axali populaciis analizi; 

- axal iteraciaze gadasvla an dasasruli; 

4. qselis dekompozicia Sedgeba qveprogramisagan:  

- xeebis axali struqturebis generireba; 

5. Setyobineba dispetCerisaTvis Sedgeba procedurisagan : 

- neironuli modelis ganswavla, romelic moicavs mutaciis gziT 

qselis dazianebuli ubnebis deteqtirebas.  
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marTvis sistemis interfeisis struqtura. 
sistemasTan muSaobis dialoguri procedurebis struqturuli sqema 

warmodgenilia nax.3.5.2.-ze: 

 

mTavri meniu  
instruqcia 
formebi 

moTxovnebi 
angariSebi 
dasruleba 

instruqcia  formebis meniu  moTxovnebis meniu 
 

angariSebis meniu  
 

satumbi sadgur 
mdgomareoba 

rezervuarebis 
mdgomareoba 

magistralis 
mdgomareoba 

sarqvelebis 
mdgomareoba 

WaburRilebis 
mdgomareoba 

satumbi 
sadgurebi 

rezervuari 

 
magistrali 

 
sarqvelebi 

 
WaburRili 

milsadenis 
mdgomareoba 

 
incidencia 

 
wnevebi 

 
avaria 

 
sarqvelebi 

 
avaria 

magistrali 

satumbo 
sadgurebi 

 
milsadeni 

 
rezervuarebi 

 
wnevebi 

 
WaburRili 

avariebis 
Sesaxeb 

mimdinare 
mdgomareoba 

 
parametrebi 

nax.3.5.2. 
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IV Tavi.  materialuri nakadebis marTvis sistemis 

eqsperimentuli Semowmeba 

$4.1. operatiuli marTvis imitacia 
 

operatiuli marTvis imitaciis mizniT, magaliTisaTvis, obieqti 

warmovadginoT Semdegi sqemiT, nax.4.1.1. 

 
Cvens mier warmodgenil magaliTze, qseli Sedgeba Semdegi 

obieqtebisagan: 

3-magistrali;  

3-rezervuari;  

3-satumbo sadguri;  

18-milsadeni (rkali);  

p11 
p9 

p15 

p14  

p13  

p12 

p10 

p6 
p7 

p5 

p4 

p3 

p8 

p1 

x1 

x7 

x8 

x9 

x10  

x2 

X6 

x5 

x4 

X3 
p2 

nax. 4.1.1. 
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33-sarqveli, romelic ganTavsebulia Semomavali wyaroebis 

rkalebSi da TiToeuli rkalis Tavsa da boloSi. 

sistemaSi Semavali parametrebia: 

  _ nakadebis matrica; 

  _ gamtarunarianobis matrica; 

  _ moTxovnilebaTa anu datvirTvis matrica; 

  _ kvanZebisa da rkalebis incindenciis matrica; 

  _ wnevebis matrica; 

  _ satumbo sadgurebi; 

  _ rezervuarebi; 

  _ adgilobrivi hidroresursebi; 

  _ sarqvelebis matrica; 

  _ dro (saaTi); 

  _ Semomavali magistrali; 

  _ energiis xarjis erTeuli satumbo sadguris mier; 

  _ energiis moxmareba. 

gamomavali parametrebi, romelic dispetCers miewodeba 

rekomendaciis saxiT: 

  _ sarqvelebis mdgomareobaTa matrica; 

  _ satumbo sadgurebis mier ganviTarebuli wnevebis matrica; 

  _ avariuli situaciis Sesaxeb informacia. 

konkretul moTxovna asaxavs parametrebis cvlilebis dinamikas 

droSi, kerZod dReRamis  an sezonis ganmavlobaSi: 

  _ moTxovna ̀ nakadi-dro”; 

  _ moTxovna ̀ moTxovnileba-dro”; 

  _ moTxovna `wneva-dro”; 

  _ moTxovna ̀ rezervuaris done-dro”; 

  _ moTxovna ̀ Semomavali nakadi-dro”; 

  _ moTxovna ̀ adgilobrivi hidroresursi-dro”. 
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$4.2. modificirebuli genetikuri algoriTmis Sedegebis  

analizi 

SemuSavebuli modificirebuli genetikuri algoriTmi 

Semowmebul iqna programulad, sxvadasxva funqciebis magaliTze. 

SedarebiTi analizisaTvis moyvanilia erT-erTi magaliTi.  

miznobrivi  funqcia: Xxxf 32sin)( += ,   sadac  40 ≤≤ X           

programa agenerirebs sasurveli raodenobis SemTxveviT orobiT 

striqonebs. magaliTisaTvis aviReT 20 Tanrigiani striqoni. 

CavatareT erTwertiliani krosoveri. Sedegebi davafiqsireT. amis 

Semdeg CavatareT amorCeviTi krosoveri, Cvens mier 

SemoTavazebuli modificirebuli genetikuri algoriTmis 

mixedviT.  

Sedegeb ma uCvena, rom SemTxveviTi gaxleCvis pirobebSi 

optimaluri amonaxsni napovni iqna 6 iteraciaSi da amonaxsnia 

3.57358. sur. 4.2.1.-ze warmodgenilia Sedegebi, romelic miviReT 

mocemuli magaliTis amoxsnisas genetikuri algoriTmiT, 

romelSic Catarebulia erTwertiliani krosoveri. suraTze 

naCvenebia, pirobiTad,  bolo  iteraciis Sedegebi, sadac Cans, 

rom amonaxsni lokalizda erT areSi, rac niSnavs, rom 

iteraciebis Semdgomi gagrZeleba amonaxsnis cvlilebas aRar 

gamoiwvevs. faqtiurad miRebulia optimaluri amonaxsnis are, anu 

Cvens SemTxvevaSi napovnia maqsimaluri amonaxsni. 
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SemTxveviTi gaxleCvis pirobebSi  optimaluri amonaxsnis povnis 

programuli fanjara: 

 
sur.4.2.1. 
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modificirebuli genetikuri algoriTmis SemTxvevaSi e.i. 

cikluri gadarCevis gaxleCvis dros 2 an maqsimum 3 iteraciaSi 

miviReT Sedegi , romelic udris 4.07803, rac gacilebiT 

miaxloebulia optimalurTan . programuli Sedegebi naCvenebia 

sur.4.2.2.-ze. 

 
sur.4.2.2. 
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$4.3. nakadebis ganawilebis Sedegebis analizi 

nakadebis ganawileba Semowmebul iqna programulad, erTi 

wyarosa da misi ganStoebebis magaliTze. programaSi Semavali 

monacemebia: wyarodan Semosuli nakadi; qselis ganStoebebSi 

minimaluri moTxovnebi da moTxovnebi drois mocemuli 

momentisaTvis. programis Sesrulebis Sedegia ganawilebuli 

nakadebi. nakadebis Semavali da gamomavali parametrebis 

mniSvnelobebi mocemulia cxrilSi(cxr.4.3.1): 

 

wyarodan Semosuli nakadi 445 

ganStoebebi min. moTxovna 
moTxovna t 
momentSi 

ganawilebuli 
nakadebi 

p1 20 50 30 
p2 30 65 45 
p3 40 70 50 
p4 25 55 35 
p5 35 65 45 
p6 45 70 50 
p7 55 70 52 
p8 60 85 63 
p9 35 50 32 
p10 45 60 41 

 
cxr. 4.3.1. 
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sur.4.3.1.-ze gamosaxulia ganStoebebSi drois mocemul t momentSi 

moTxovnaTa da ganawilebuli nakadebis diagramebi.  

ganStoebebi xasiaTdebian gansxvavebuli SezRudvebiT. programa 

SezRudvaTa gaTvaliswinebiT kvanZSi Semosul nakads anawilebs 

moTxovnaTa kriteriumis Sesabamisad. 

 

 
sur.4.3.1. 

rogorc diagramidan Cans ganawilebuli nakadi miaxloebulia 

drois t momentSi moTxovnasTan. 
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daskvna 

Catarebuli Teoriuli da eqsperimentuli gamokvlevebis 

safuZvelze SeiZleba gavakeToT Semdegi daskvna: 

1. damuSavebulia materialuri nakadebis optimaluri ganawilebis 

modeli modificirebuli genetikuri algoriTmis gamoyenebiT; 

2. dasmulia deficitis, aseve avariuli reJimis problema  da 

SemoTavazebulia misi gadawyvetis optimaluri varianti. am 

mizniT damuSavebulia qselis dinamiur xeebad dekompoziciis 

algoriTmi; 

3. sistemis  operatiuli marTvis   TvalsazrisiT damuSave-bulia 

inteleqtualuri algoriTmebi, kerZod konkretuli situaciis 

operatiuli identifikaciis mizniT damuSavebulia xelovnuri 

neironuli qselebis modeli, xolo gadawyvetilebis miRebis 

operatiulobis TvalsazrisiT - codnis warmodgenis freimuli 

modeli; 

4. damuSavebulia materialuri nakadebis operatiuli marTvis  

sistemis informaciuli da programuli uzrunvelyofa MS SQL 

Server, MS Access, obieqt-orientirebuli sistemebis bazaze; 

5. warmodgenilia nakadebis marTvis programuli Sedegebis 

analizi.  
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 nakadebis marTvis sistemis interfeisi 
 

formebis maketebs aqvT Semdegi saxe: 
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moTxovnebis maketebs aqvT Semdegi saxe: 
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angariSebis maketebi: 
 
avaria 

TariRi dro (sT) milsadenis kodi dazianebis 
dasaxeleba 

    
 
 

mimdinare mdgomareoba 
TriRi dro (sT) sarqvelis kodi diafragma wneva 

     
 
 
parametrebi 

TariRi dro 
(sT) 

satumbo 
sadguris 
kodi 

simZlav
re 

rezerv. 
kodi 

done magistr. 
kodi 

magistr. 
debeti 

Wabur 
kodi 

Wabur 
debeti 
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