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რეზიუმე 

kompiteruli qselebis efeqturi dagegmareba aqtualur 

amocanas warmoadgens. kompiuteruli qselebis efeqturad 

dasaproeqteblad saWiroa pirvel rigSi SeviswavloT 

dagegmarebis mizani da efeqturobis Sefasebis kriteriumebi. 

efeqturobis Sefasebis kriteriumebi SeiZleba iyos Rirebulebis 

Semcireba, qselis warmadobis gazrda, SemdgomSi ganviTarebis 

SesaZlebloba da gadasvla axal teqnologiebze.  

kopiuteruli qselebis daproeqteba ar SeiZleba ganxilul 

iqnas mxolod sainJinro kuTxiT. saWiroa pirvel etapze 

Seswavlil iqnas organizaciuli sistemis (visTvisac qseli unda 

daproeqtdes) informaciuli modeli:  

 Camoyalibdes organizaciul modelze morgebuli 

qseluri arqiteqtura.  

 Seswavlil iqnas imformaciul maseivebze motxovnebis 

da maTze daSvebulobis sakiTxebi. 

 Seswavlil iqnas qselis SesaZlo datvirTvis trafiki. 

ris Semdegac dgeba qselis sistemuri (arqiteqturuli da 

programuli) realizaciis problema. 

am problemebis efeqturad gadaWris mizniT naSromSi 

ganxilulia qselebis imitaciuri moderilebis da daproeqtebis 

teqnologiebi. damuSavebulia modificirebuli petris qseli, 

imisaTvis, rom SerCeul iqnas alternatiuli gadawyvetilebis 

pirobebSi saukeTeso sainJinro gadawyvetileba. 

ganxilulia modelirebisa da daproeqtebis Tanamedrove 

teqnologiuri saSualebebi sadac warmodgenilia rogorc struq-

turuli daproeqtebis da modelirebis sakiTxebi aseve 

saimedobis Sefasebis teqnologiebi. 

kompiuterul qselebis daproeqtebisas es teqnologiebi 

erTian ciklSi ganixileba.  

dReisaTvis  saqarTvelos mTel rig qalaqebSi farTodaa 

gavrcelebuli internet servisi, internet momsaxureba. 

momxmarebels aqvs gazrdili moTxovnebi. imisaTvis, rom 
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dakmayofilebuli iyos momxmarebelTa moTxovebi internet 

momsaxurebis centrebs uxdebaT zrdadi simZlavreebis SeZena, 

rac moiTxovs damatebiTi Rirebulebis mudmiv gadaxdas. es 

aZvirebs momxmarebelisaTvis servisis Rirebulebas. amdenad 

mzardi konkurenciis pirobebSi provaideri dainteresebulia 

gadasaxadi ar gazardos. amitom mas sWirdeba qselis iseTi 

efeqturi gadawyobis, gadaiaraRebis strategia, romelic ar 

iqneba dakavSirebuli xarjebis zrdasTan. 

yovelive  es  moiTxovs iseTi meTodologiis damuSavebas, 

romelic moaxdens qselis ganviTarebis inJinruli strategiebis 

Sefasebas. xSirad dgeba internet qselis marTvis sakiTxi qselis 

gafarToebis gareSe, provaiderebs Soris sainformacio kavSiris 

saSualebiT, Sida algoriTmebis bazaze, moxdes qselis 

menejmenti. 

amrigad qselis efeqturi dagegmarebis meTodologiis 

SemuSaveba da am meTodologiis bazaze internet qseliSi 

realuri amocanebis efeqturad gadawyveta aqtualur amocanas 

warmoadgens 
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Abstract 

 

The effective designing of computer networks is the actual problem. For solution of 

this problem it’s necessary to study the aim of design and criterions for evaluation of 

effectiveness. Such criterions may be reduced expenses, higher throughput, 

opportunity for future development and transition to a new technologies. 

 Design of computer networks can’t be considered only from the engineering 

perspective. First of all, it’s necessary to study the information model of organization 

system for which the network is designed. Besides: 

 Network design should be compatible with organization model; 

 The issues of demands and accessibility of information should be studied; 

 The possible traffic of network should be studied. Afterwards, we have the 

problem of systemic (hardware and software) realization of network. 

For solution of above-mentioned problems, the paper considers the technologies 

of simulation and design of networks. Modified Petri net is developed to select the 

best possible engineering decision from the different alternatives. 

The modern technologies of simulation and design are considered. The issues of 

structural design and simulation, as well as technologies of evaluation of reliability, 

are presented.  

These technologies are considered in the same cycle when computer networks 

are designed.  

Nowadays, internet service is widely spread in many cities of Georgia. 

Consumers have higher demands. Service centers have to buy the growing capaticies 

to satisfy the demands of customers and it requires additional expenses. Therefore, the 

cost of service is higher for the customer. Competition stimulates provider to maintain 

the fees. Therefore, it needs strategy of effective repair and reequipment of networks, 

which don’t require additional expenses.  

Therefore, we must develop the technique of evaluation of engineering 

strategies for improving networks. The issue of network management without 

expanding the network is actual. In this case providers should manage the network by 

means of data communication on the basis of internal algorithms. Therefore, the actual 

problem is to develop the technique of effective network design and solve the real 

problems of network by means of this technique.  
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შესავალი 

 

kinformaciuli sistemebis Seqmna da gamoyeneba aqtualuri  

amocanas warmoadgens, gansakuTrebiT iseT dawesebulebebSi, 

romlebsac  arasakmarisi finansireba aqvT.   

     efeqturobis Sefasebis kriteriumi SeiZleba gaxdes 

informaciuli sistemebis  realizaciis  Rirebulebis Semcireba, 

mimdinare da uaxloesi drois moTxovnilebebis mixedviT, 

Semdgomi ganviTarebis SesaZlebloba da Rirebuleba da gadasvla 

axal teqnologiebze. 

    informaciuli sistemebis safuZvels Seadgens gamoTvliTi 

sistema, romelic Seicavs iseT komponentebs, rogoricaa 

kompiuteruli kabeluri qseli da aqtiuri qseluri mowyobilo-

bebi, kompiuteruli da periferiuli mowyobiloba, monacemTa 

Senaxvis mowyobiloba (biblioTekebi), sistemuri programuli 

uzrunvelyofa (operaciuli sistemebi, monacemTa bazis marTvis 

sistemebi), specialuri  programuli uzrunvelyofa (sistemis 

monitoringi da qselebis marTva) da gamoyenebiTi programuli 

uzrunvelyofa zogierT SemTxvevebSi. amJamad informaciuli  

sistemebis proeqtirebas ufro metad  gavrcelebul midgomad 

iTvleba eqspertuli Sefasebebis gamoyeneba. 

    aseTi midgoma saSualebas gvaZlevs minimumamde  SevamciroT 

danaxarjebi proeqtirebis etapze, swrafad SevafasoT infor-

maciuli sistemebis  realizaciis Rirebuleba, magram eqspertuli 

SefasebebiT miRebuli gadawyvetilebebi atareben subieqtur 

xasiaTs, moTxovnebi mowyobilobebsa da programuli uzrunvel-

yofis mimarT, iseve rogorc sistemis SemoTavazebuli proeqtis 

ganviTarebasa da Sromis unarianobis Sefaseba. 

kompiuteruli qselebis proeqtirebis nebismieri amocanaa 

xarisxis maxasiaTeblebis maqsimumis miRweva minimaluri 

danaxarjebiT. realuri qselebis sakvlevad gamoiyeneba 

protokolebis analizatorebi, romlebic Seucvlelia qselebis 
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gamosakvlevad, magram isini jer ar arsebuli, proeqtirebis 

fazaSi myofi kompiuteruli qselis maxasiaTeblebis 

xarisxobrivi Sefasebis saSualebas ar iZlevian. aseT 

SemTxvevebSi, is adamianebi vinc dakavebulia proeqtirebiT, 

iyeneben proeqtirebis iseT meTodebs, romlebic qselis modelis 

Seqmnis saSualebas iZleva, isini Tavis mxriv imeorebs yvela im 

proces rac sainformacio qselSi mimdinareobs. avtomatizebuli 

sistemebis proeqtireba saSualebas iZleva Semcirdes xarjebi 

qselis Sesaqmnelad da saproeqto dokumentaciis mosamzadeblad, 

Catardes eqsperimentebi romlis Sedegebi SesaZlebelia 

gamoyenebuli iqnas qselis tipis arCevisTvis. am amocanis 

gadasawyvetad gamoiyeneba kompiuteruli qselebis proeqtirebis 

programuli sistemebi. 

 qselebis proeqtirebis programuli sistemebi, esaa 

instrumenti, romelic SesaZlebelia gamoadges korporaciuli 

qselis nebismier administrators. gansakuTrebiT axali 

kompiuteruli qselis proeqtirebisas an ukve arsebul kompiute-

rul qselSi kardinaluri cvlilebebis Setanisas. amis Sedegad, 

Cven vRebulobT saSualebas rom Semowmdes yvela is kvanZi Tu 

procesi da maTi warmadoba, romelic mimdinareobs qselSi, 

mowyobilobebis Sesyidvamde da damontaJebamde. umetesi aseTi 

programebi, sakmaod Zviri Rirs, magram maTi gamoyenebiT 

miRebuli SesaZlo ekonomiac SeiZleba iyos sakmaoT didi. 

 qselebis proeqtirebis programebi TavianT muSaobaSi 

iyeneben informacias qselis ganlagebaze sivrceSi, kvanZebis 

raodenobaze, kavSirebis konfiguraciaze, monacemTa gadacemis 

siCqareze, gamoyenebul protokolebze da mowyobilobaTa 

tipebze. proeqtirebis sistemebi SeiZleba Seicavdnen sakvlevi 

qselis pirveladi monacemebis krebuls, romelic qselis SeqmnaSi 

gvexmareba. amis garda, sistemas unda gaaCndes saSualebebi 

proeqtirebisas miRebuli Sedegebis statistikurad dasamuSaveb-

lad. 
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Tavi1   

kompiuteruli qselebis proeqtirebis miznebi da 

parametrebi 

 

1.1 kompiuteruli qselebis Seqmnis miznebi da amocanebi 

 

kompiuteruli qselebis mimarT praqtikuli interesi 

gamowveulia momxmareblisTvis informaciuli uzrunvelyofis 

gamo. kompiuteruli qselis Seqmna moiTxovs did danaxarjebs. 

TiToeuli organizacia, romelic qselis Seqmnaze iRebs 

gadawyvetilebas, mzadaa didi finansuri xarjebisaTvis da amitom 

Txoulobs garantias Seqmnili kompiuteruli qselis xarisxze. 

saWiroa xazi gaesvas rom TiToeul organizacias gaaCnia 

Tavisi specifika da gamoTvliTi qselis momwodebelma proeq-

tirebis ganxorcielebisas, unda gaiTvaliswinos organizaciis 

moTxovnebi da amis mixedviT SearCios qselis struqtura, 

aparaturuli da programuli uzrunvelyofa, informaciuli mom-

saxurebis Semadgenloba da organizeba. kompiuteruli qselis 

proeqtirebisas xSirad gamoiyeneba analogebi, nacnobi, muSaobaSi 

kargad darekomendirebuli proeqtuli gadawyvetilebebi da 

miRebuli gamocdilebebi. amis miuxedavad, TiToeuli organi-

zaciis funqciebi da Sesrulebadi samuSaoebi, maTi mudmivi 

ganviTareba, axali sainformacio teqnologiebi, win uswreben 

dagrovil gamocdilebas da maSin kompiuteruli qseli, romelic 

Seicavs yvela Tanamedrove saSualebebs, momxmarebis Tval-

sazrisiT, SesaZlebelia muSaobdes arasakmarisad efeqturad. 

zustad amisTvis dResdReobiT garkveul interes warmoadgens 

meTodebi, romlebic modelirebis bazaze saSualebas iZleva 

SevafasoT kompiuteruli qselebis struqtura, monacemTa bazebis 

organizeba, kompiuterebis maxasiaTeblebi, kavSiris kvanZebi, 

programuli produqtebis funqcia, da ase Semdeg. 
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aqedan gamomdinare, gamoTvliTi qselebis proeqtirebis 

mizani mdgomareobs, rom funqcionirebadi obieqtis maxasiaTe-

blis mixedviT avirCioT teqnikuri mowyobilobebi, kavSirebis 

saSualebebi, informaciuli da programuli uzrunvelyofebi, 

gamoTvliTi sistemis struqtura da organizeba, romelic Seas-

ruleben xarisxiani sainformacio uzrunvelyofisadmi ZiriTad 

moTxovnebs. 

kompiuteruli qselis proeqtirebis procesSi, Semqmnels 

proeqtirebis sxvadasxva etapze sWirdeba proeqtirebuli gadaw-

yvetilebebis generireba da yvela kompiuteruli qselis 

variantisaTvis funqcionaluri maxasiaTeblis gamoTvla. kompiu-

teruli qselis funqcionaluri maxasiaTeblis gansazRvris 

sizustis amaRlebisaTvis saWiroa gamoviyenoT maTematikuri 

modelis parametrebis didi raodenoba, romlebic asaxaven 

kompiuteruli qselis funqcionirebas. es arTulebs process da 

adidebs gamoTvlebis raodenobas. aRniSnuli sirTuleebis 

gadawyveta SesaZlebelia gamoTvliTi sistemebis avtomatizire-

buli proeqtirebis kompleqsuri sistemis SeqmniT.  

 

 

1.2 kompiuteruli qselebis maxasiaTeblis Sefasebis 

meTodebi 

 

kompiuteruli qselebis ganviTarebis, proeqtirebis da mar-

TvisTvis saWiroa Sefasdes Semdegi maxasiaTeblebi: 

- reaqciis dro, 

- gadacemis dro, 

- datvirTvis koeficienti 

- trafiki-drois erTeulSi gadacemuli informciis 

raodenoba 

- molodinis dro 

- koliziebisa da aRdgenis dro 

- moTxovnebis damuSavebis albaToba 
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kompiuteruli qselis TiToeuli komponentis parametris 

sruli da utyuari monacemis miReba SesaZlebelia mxolod im 

SemTxvevaSi, rodesac kompiuteruli qseli Seyvanilia 

eqsplutaciaSi, CarTulia Tundac sastarto reJimSi arasruli 

datvirTviT, an im SemTxvevaSi roca eqspluataciaSi Sesulia 

analoguri qseli. am SemTxvevaSi, funqcionirebad gamoTvliT 

qselSi xorcieldeba saWiro parametrebis cvlilebebi, gazomvebi 

da miRebuli monacemTa analizi. aseTi gazomvebis ganxorcieleba 

rTuli da ZviraTRirebuli procesia. Tan ar xerxdeba 

sainformacio qselSi yvela parametris cvlileba da maTi 

gazomva. amitom, ufro xSirad gamoiyeneba modelirebis meTodebi 

(nax. 1.1). 

sistemis modeli – esaa obieqtis maTematikuri an logikuri 

modeli, romelic agebulia modelirebadi sistemis Tvisebebis 

garkveuli wesebis mixedviT da sistemis funqcionirebis 

Seswavlis saSualebas iZleva. imis gamo rom gamoTvliTi 

sistemis Semqmnels  uCndeba bevri kiTxva, SesaZlebelia Seqmnili 

iqnas ramodenime erTmaneTisgan gansxvavebuli sistemis modeli. 

yvela es modelebi asaxavs erTsa da imave sistemas, magram 

ganixilaven mas sxvadasxva kuTxiT an detalizaciis sxvadasxva 

done gaaCniaT. 

 

 

qseluri maxasiaTeblebis gansazRvris meTodebi 

gazomvadi  modelireba 

aparaturuli  

programuli  

analitikuri  imitaciuri  

masobrivi momsaxurebis 
sistema  

markovskis procesi  

konturis meTodi, qselis 
dekompozicia  

difuziuri aproqsimacia  



 22 

nax. 1.1 qseluri maxasiaTeblebis gansazRvris meTodebi 

 

nebismieri modelis Seqmna iwyeba konceptualuri modelis 

SeqmniT, romelic ZiriTadia nebismieri modelisaTvis 

(analitikuris an imitaciuris). 

sakmaod farTod gavrcelebul modelirebiss klass war-

moadgens imitaciuri modelebi, romlebic realur droSi 

imeoreben realuri sistemis qcevas, sistemis modelSi drois 

Seferxebebis da sxva parametrebis SetaniT, romlebic gansaz-

Rvraven sistemis komponentTa gadasvlis Tanmimdevrobas erTi 

mdgomareobidan meoreSi. 

gamoTvliTi sistemis imitaciuri modeli an misi komponenti, 

asaxavs im  funqciaTa Tanmimdevrul operaciebs an operaciaTa 

jgufis funqcionirebas, romelsac asrulebs kompiuteri. imita-

ciuri modelirebis Semadgenel nawilebs warmoadgenen 

elementebis aRwera, romelsac Seicav sistema da sistemis struq-

turis aRwera. aRwera warmogvidgeba programis saxiT. amitom 

imitaciuri modelirebis procesi dadis eqsperimentebis Catare-

bamde, romelic Sedgeba kompiuterze ganxorcielebuli 

programaTa seriiT sxvadasxva sawyisi monacemebis gaTvaliswi-

nebiT. gamoTvliTi sistemebis imitaciuri modelebi, imisda 

mixedviT Tu rogori sawyisi monacemebi iqneba gamoyenebuli, 

SeiZleba davyoT trasorientirebulad da statistikurad.  

transorientirebul imitaciur modelebSi, sawyisi monace-

mebi mieniWeba trasis mier, anu SemTxvevebis nakadiT, romlebsac 

adgili aqvT sistemis muSaobisas, romelic registrirdeba 

qronologiurad.  

statistikur imitaciur modelebSi, sawyisi monacemebi 

mieniWeba SemTxveviTi cifrebis generatoris mier, romlis 

maxasiaTeblebi cnobilia.  

imitaciuri modelebis, analitikur modelebTan SedarebiT, 

ZiriTad upiratesobas warmoadgens misi modelis obieqtTan 

miaxlovebis potenciuri saSualeba, masSi damatebiTi sirTu-
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leebis SeyvaniT. magram am SemTxvevaSi unda gaviTvaliswinoT, 

rom rTul imitaciur modelebs Tavisi realizaciisaTvis 

sWirdebaT didi gamoTvliTi resursebi, amitom mizanSewonilia 

imitaciuri modelirebis gamoyeneba im SemTxvevaSi, rodesac 

analitikuri meTodebi gamousadegaria. 

amis garda, saWiroa aRvniSnoT rom imitaciuri modeliraba, 

romlis azomvebic ar iqneba gakontrolebuli realur obieqtze, 

ar SeiZleba iyos sakmarisi garanti miRebuli Sedegebis 

sisworeze. 

analitikuri modeli warmoadgens maTematikuri formulebis 

erTobliobas, romelic SesaZlebelia gamoyenebul iqnas sistemis 

saWiro parametrTa mniSvnelobaTa raodenobis gamosaTvlelad, 

miniWebul sistemis parametrebiT da samuSao datvirTviT. anali-

tikuri modelebi obieqtis da proporciis aRwerisTvis iyeneben 

maTematikur simboloebs. nebismieri analitikuri modeli efuZ-

neba ramodenime simbolikis Teorias.  

maTematikuri aparatis specifikiis mixedviT ganasxvaveben de-

terminirebul da SesaZlo modelebs.  

determinirebul kategorias miekuTvneba modelebi, romlebic 

gamoiyeneben tiuringis manqanis Teoriul koncefcias, petris 

qselebs, avtomatebs, programis grafikul modelebs. miuxedavad 

imisa, rom ramodenimes am modelTa Soris SeuZlia dagvexmaros 

gamoTvliTi sistemis da misi komponentebis funqcionirebis 

mkacri aRweris gagebaSi, aseve maTi imitaciuri modelis SeqmnaSi, 

magram maT meSveobiT modelis sistemis wardamobis analitikuri 

Sefaseba SezRudulia.EerT-erT ZiriTad dabrkolebas deter-

minirebuli modelirebis gamoyenebisas warmadobis Sefasebis 

sakvlevad warmoadgens maTi SedarebiTi SeiZlebloba asaxon 

muSa datvirTvis cvlilebebi, romelic nebismier gamoTvliT 

qselSi xdeba. 

muSa datvirTvis determinirebuli modeli gamoiyeneba iseT 

SemTxvevaSi, Tu xdeba moTxovna, rom muSa datvirTva Sedgeba 

ramodenime amocaniT, romelic periodulad Cndeba. am SemTxveva-
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Si, aseTi amocanaTa qceva SeiZleba davaxasiaTod detalurad 

vidre araperioduli samuSao datvirTvis SemTxvevaSi.  gamo-

naklis warmoadgens perioduli samuSao datvirTva, romelic 

Sedgeba erTnairi amocanebisagan da romlisaTvisac determini-

rebadi modelis gamoyeneba advilia. aseTi samuSao datvirTvis 

modeli arc ise Sorsaa mravali specializirebuli gamoTvliTi 

mowyobilobebis sinamdvilisagan. 

analitikuri modelebis SasaZlo xasiaTi asaxavs realurad 

dakvirvebul gamoTvliT sistemis da mis Semcvel komponentebSi 

Seqmnili resursze moTxovnebis SemTxveviT suraTs, aseve am 

resursebis gamoyenebas. rigis Teoriis modelebis gamoyenebisas 

resursebis warmadobis Sesafaseblad, gamoTvliTi qselebi da 

misi Semadgeneli komponentebi ganixileba rogorc momsaxure 

mowyobilobaTa erTianoba, romlis saxes warmoadgens sistemis 

sxvadasxva komponenti: centraluri procesori, operatiuli mex-

siereba, gare mexsierebis mowyobiloba, arxebi da Setana-

gamotanis mowyobilobebi da ase Semdeg. amocanebi an programebi 

ayalibeben moTxovnebs, an komponenTa momsaxurebaze winaswar 

moTxovnebs. amitom modelebis ZiriTadi nawili, romelic 

gamoiyeneba warmadobis parametrebis gansazRvrisaTvis, dakavSi-

rebulia rigebis analizTan, gamoyenebis koeficientTan, momsaxu-

rebis intensiobasTan, reaqciis drosTan da ase Semdeg. 

markovis saboloo jaWvebi farTod gamoiyeneba sainformacio 

qselebis qcevis modelirebisaTvis. aseTi modelebi damokide-

bulia sakvlev gamoTvliT procesze da gamoiyeneba multip-

rocesoruli sistemebis da konveiruli procesebis warmadobis 

Sesafaseblad, aseve virtualur mexsierebaSi myofi programebis 

da programis optimaluri segmentaciis Sesafaseblad. amis garda, 

markovis saboloo jaWvebi asaxaven aragayofadi resursebis 

rigebis qcevas, romelic SemTxveviT winaswar moTxovnis taqtis 

mosvlas da momxmarebelTa gansazRvrul raodenobas aRweren. 

gamoTvliTi sistemebis kvlevis SesaZleblobas ufro afar-

Toebs analitikuri modelirebis gamoyeneba, romelic gamoiyenebs 
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miaxlovebul meTodebs, romelSidac yvelaze gavrcelebilia 

difuziuri aproqsimaciis da dekompoziciis meTodi. 

rodesac ucnobia rigebiani qselis modelis zusti 

gadawyveta daxurul formaSi, maSin zogjer SesaZlebeli xdeba 

ganvsazRvroT miaxlovebuli gadawyvetileba. miaxlovebuli 

meTodebi saSualebas iZleva gadavwyvitoT ufro rTuli da 

amitom potenciurad ufro zusti gamoTvliTi sistemis modelebi. 

miuxedavad amisa, miaxlovebuli meTodis gamoyenebis gadawyve-

tileba SesaZlebelia miRebuli iyos Tu mis mier Setanili 

cdomilebebi naklebad mniSvnelovania, vidre is sizuste, 

romelsac uzrunvelyofs modelis detalizacia. difuziuri 

aproqsimaciis modeli SesaZlebelia gamoyenebul iqnas Caketili 

da gaxnili erT arxiani momsaxurebis centrebisadmi, romelTac 

gaaCniaT erTi momsaxureobis mowyobiloba da xasiaTdeba Sem-

TxveviTi ganawilebiT da dagegmarebis uwyveti taqtebiT 

momsaxurebis dros aprioruli informaciis gamoyenebis gareSe. 

es meTodi mdgomareobs qselSi amocanaTa raodenobis an 

momsaxurebis centrSi stoqastikuri procesiT uwyvet 

modelirebaSi da ara diskretuli droiT. am ricxvis funqciis 

siZlieris albaToba, Sesabamisi winadadebisas Sesabameba difu-

ziur marTvas. es utoloba SeiZleba iyos gadawyvetili im 

SemTxvevebSi, roca sawyisi proces, romelsac aqvs diskretuli 

dro, ar gamoiwvevs gadaulaxav sirTules. 

dekompoziciis meTodis gamoyeneba modelebSi, moicavs qse-

lis dayofas qveqselebze, romlebic cal-clke ikvleva da Semdeg 

icvleba qveqselis miaxloebuli modeliT. aqedan gamomdinare, 

qselis saboloo analizi, gamoiyenebs qveqselis gamartivebuli 

komponentebs. dekompoziciis meTodis ganviTareba, egreTwodebu-

li konturis meTodi, moicavs erTnair tranzaqciaTa moZraobis 

marSrutebis gamoyofas, romelTaTvisac dgeba maTematikuri mode-

lebi da TiToeuli maTgani iTvaliswinebs konturTa urTierT 

zemoqmedebas da SeuZlia gaiTvaliswinos maTi prioritetuloba.  
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sxvadasxva publikaciebis ganxilvmam gvaCvena, rom msoflio 

praqtikaSi, proeqtirebis amocanebis gadasawyvetad umetes 

SemTxvevaSi gamoiyeneba analitikuri meTodebi, romlebic Tavisi 

realizaciisaTvis Txoulobs nakleb gamoTvliT resursebs da 

saSualebas gvaZlevs gadavwyvitoT rogorc analizis sakiTxebi, 

aseve parametrTa optimizaciis sakiTxebi. im publikaciebSi da 

naSromebSi, romelic eZRvneba informaciuli qselebis kom-

pleqsur ganxilvas, miuxedavad zogierTi midgomis gansxvavebas, 

sistemis drois maxasiaTeblis Sesafaseblad gamoiyeneba masob-

rivi momsaxurebis Teoriis meTodebi, romelic Semdgom TavSi 

iqneba ganxiluli. analitikur meTodebs, romelic maTematikuri 

modelis Semadgeneli nawilia, gamoTvlili Tanafardobis gamo-

satanad sWirdeba limitirebis Seyvana, dadgena da albaTobis 

SemoReba, rac mniSvnelovnad amcirebs misi gamoyenebis areals. 

ase, maTematikur modelebSi, romelic Seqmnilia kleinkoris da 

Svarcis mier, ganixileba kavSiris qseli SetyobinebaTa komuta-

ciasTan, romelsac gaaCnia M arxi da N komutaciis kvanZi. 

maTematikuri modelis agebisas, modelebi Rebuloben Semdeg 

daSvebebs: 

- yvela arxi da yvela komutaciis kvanZi aris Cumi da 

absoliturad saimedo; 

- komutaciis kvanZebSi damuSavebis dro tolia 0-is; 

- arxis gadamcem mxares SesaZlebelia Camoyalibdes 

SetyobinebaTa rigebi, romlebic ganTavsdeba ganusazRvreli 

sididis da tevadobis mexsierebaSi; 

- trafiki, romelic moedineba gadacemis qselSi gare 

wyaroebidan, magaliTad hos manqanidan da ayalibebs puasonur 

process; 

- mraval analitikur proporciaSi, yoveli wyaro-mimRebi 

wyvilisTvis cnobilia erTaderTi gza da zogierT amocanebSi 

Seiyvaneba albaToba p(j,k) dagasvla j kvanZidan k kvanZSi; 

- SetyobinebaTa sigrZeebi damoukidebelia da ganawilebulia 

maCvenebelTa kanonebis mixedviT. 
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SezRudvebis da daSvebebis Semotana saSualebas iZleva ana-

lizis sakiTxebis gadasawyvetad, romelic gvaZlevs saSualebas 

gavnsazRvroT monacemTa gadacemis qselSi Setyobinebis yofnis 

dro t
i, kavSiris arxebis datvirTvis koeficienti p(r,v), rigebis 

sidide li, aseve efeqturi proeqtirebis sakiTxebis gadawyveta. 

kleinroki Tavis naSromSi ZiriTad yuradRebas aqcevs sam 

sakiTxs: C arxis gamtarunarianobis arCevas, arxebSi dinebis 

ganawilebas, qselis topologiuri variantebis SerCevas. es 

sakiTxebi ikvleva rogorc erTkriteriumiani, monacemTa 

gadacemis qselSi Setyobinebis saSualo Seferxebis minimizaciad 

xarjebis SezRudvis Sesrulebisas. 

im meTodebSi, romelic SeimuSava da ganavrco zaxarovma, 

ganixileba qseli paketTa komutaciiT monacemTa gadacemiT, 

romlebic gamoikvleva rogorc or polusiani mravalfaziani 

masiuvi momsaxurebis sistemebi. am meTodebisTvis miRebulia 

Semdegi daSvebebi da SezRudvebi: 

- yvela SemTxveviTi sididis ganawilebis kanoni miiReba 

rogorc eqsponencialuri, garda masobrivi momsaxurebis sistemis 

mesame fazisa, risTvisac momsaxurebis drois ganawilebis kanoni 

miiReba rogorc regularuli; 

- abonentTa punqtebSi da kompiuterebSi saabonento 

erTeulis datvirTva miiReba Tanabrad ganawilebulad monacemTa 

gadacemis mTel qselSi; 

- Setyobinebebis momsaxurebis Tanmimdevroba – pirdapiri; 

- logikuri SeerTebis damyarebis dro Sesulia komutaciis 

droSi; 

- masobrivi momsaxurebis sistema araprioritetulia; 

- mocemuli intensivobiT, monacemTa gadacema gadacemis 

qselSi, Setyobinebis daberebas iwvevs. 

monacemTa gadacemis qselis Sefasebis ZiriTad kriteriums 

rogorc wesi warmoadgens Setyobinebis drouli miwodebis 

albaToba da Setyobinebis miwodebis saSualo dro. sakmaod 

detaluri da Rrma SemuSavebuli meTodebis miuxedavad, 



 28 

romlebic dayvanilia inJinerul meTodebamde, modelebs gaaCniaT 

rigi sagrZnოbi problemebi, romelTac miekuTvneba Semdegi: 

- saSualebis arqona kompleqsurad ganvixiloT ara marto 

kavSiris arxebSi monacemTa gadacema, aseve ganvixiloT monacemTa 

damuSavebis zemoqmedeba hostmanqanaze da sakomunikacio 

kontrolerebze; 

- gamoTvliT qselebis modelebSi protokolebis 

urTierTkavSiris profilis zemoqmedebis gaTvaliswinebis 

SeuZlebloba, romelic efuZneba SetyobinebaTa damuSavebis 

fialogur sisemas. 

 

 

1.3 kompiuteruli qselebis daproeqtebis da optimizaciis 

ZiriTaTi miznebi 

 

imisaTvis rom qselma imuSaos efeqturad, saWiroa gadawydes 

Semdegi amocanebi: 

1. CamoayaliboT qselis muSaobis efeqturobis kriteriumebi. 

xSir SemTxvevebSi, aseT kriteriumad aRiqveba warmadoba da 

utyuaroba, romelTaTvisac saWiroa avirCioT Sefasebis konkre-

tuli maCveneblebi. magaliTad reaqciis dro da mzadyofnis 

koeficienti. 

2. aRmovaCinoT qselSi mravali cvalebadi parametrebi, 

romelic pirdapir an nawilobriv zemoqmedebs efeqturobis 

koeficientze. es parametrebi namdvilad unda iyvnev cvlilebadi 

da SeiZlebodes maTi realur droSi cvlileba. ase magaliTad, 

Tu romelime protokolis paketis zoma konkretul operaciul 

sistemaSi dgeba avtomaturad da misi parametris Secvla 

SeuZlebelia, maSin es parametric araa cvalebadi. aseve, SesaZ-

lebelia igive protokoli iyos cvlilebadi sxva operaciul 

sistemaSi. sxva magaliTad SegviZlia moviyvanoT marSruti-

zatoris Sida saltis gamtarunarianoba, igi SeiZleba iyos 

ganxiuli rogorc optimizaciis parametric mxolod im 
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SemTxvevaSi, Tu dauSvebT qselSi marSrutizatorebis cvlilebis 

albaTobas. 

yvela cvalebadi parametric SesaZlebelia iyos dajgufebu-

li sxvadasxva saxiT. magaliTad, konkretuli protokolebis 

parametrebi (protocol Ethernet kadris maqsimaluri zoma an 

protokoli TCP dauzustebeli paketis fanjris zoma) an mow-

yobilobebis parametrebi (misamarTebis cxrilis zoma an xidis 

filtraciis siCqare, marSrutizatoris Sida Sinis gamtaru-

narianoba). dayenebis parametrebad zogadad SeiZleba iyos mowyo-

bilobebic da protokolebic. ase magaliTad Senelebuli da 

xmauriani globaluri kavSiris arxebisas, qselis muSaobis 

gaumjobeseba SesaZlebelia stekis protocol IPX/SPX gadasvliT 

protocol TCP/IP-ze. aseve SesaZlebelia Sedegis miRweva ucnobi 

mwarmoeblis qseluri adapterebis SecvliT brendebze. 

3. mgrZnobiarobis zRvris gansazRvra efekturobis krite-

riumis mniSvnelobisTvis. ase, qselis warmadoba SesaZlebelia 

Sefasdes logikuri mniSvnelobiT “muSaobs”/”ar muSaobs” da am 

SemTxvevaSi optimizacia dadis gaumarTaobis diagnostirebamde 

da qselis moyvana muSa mdgomareobaSi. sxva iSviaT movlenad 

aRiqmeba qselis detaluri gamarTva, rodesac muSa qselis 

parametrebi (magaliTad kadris zoma an dauzustebeli paketebis 

fanjrebis sidide) SesaZlebelia varirebdes warmadobis gaz-

rdisaTvis (magaliTad reaqciis saSualo drois mniSvneloba) 

Tundac ramodenime procentiT. rogorc wesi, qselis optimi-

zaciis qveS gulisxmoben ramodenime Suamdgom variants, rodesac 

saWiroa qselis aseTi parametrebis arCeva, rom maTi efeqturobis 

koeficienti sagrZnoblad gaumjobesdes. magaliTad, moxmarebeli 

Tavis moTxovnaze monacemTa bazaSi romelic mdebareobs 

serverze Rebulobs pasuxs 3 wamSi da ara 10 wamSi, xolo failis 

gadagzavna erTi kompiuteridan meoreze xdeba 2 wuTSi da ara 30 

wamSi. 

aRniSnulidan gamomdinare, SesaZlebelia ganvixiloT opti-

mizaciis sami sxvadasxva magaliTi: 
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1. qselis nebismieri saxiT muSa mdgomareobaSi moyvana. 

zogadad es sakiTxi unda gadawydes pirvel rigSi da igi moicavs: 

qselSi gaumarTavi elementebis moZebnas – kabelebi, adapte-

rebi, kompiuterebi da ase Semdeg. 

mowyobilobaTa Tavsebadobis Semowmebas da programul uz-

runvelyofas. 

programebis da mowyobilobebis, romlebic Setyobinebebis 

mimosvlas uwyoben xels qselis yvela kvanZSi, korektuli para-

metris mniSvnelobis arCeva – qselis da kvanZebis misamarTebi, 

gamoyenebuli protokolebi, ETHERNET kadrebis tipebi da sxva. 

2. qselis parametrebis uxeSi dayeneba – parametrebis arCeva, 

romlebic swrafad reagireben qselis moqmedebaze (saimedoba, 

warmadoba). Tu qseli muSa mdgomareobaSia, magram monacemTa 

gacvla xdeba Zalian nela, an kavSiri xSirad umizezod wydeba, 

am SemTxvevaSi saeWvo dgeba am qsels davarqvaT muSa 

mdgomareobaSi da ra Tqma unda mas Wirdeba parametrebis daye-

neba. am etapze saWiroa vipovoT paketebis qselSi mimosvlis 

Seferxebis mizezi. zogadad qselis seriozuli Seneleba an 

aramdgradi muSaoba SesaZlebelia gamowveuli iyos erTi 

romelime elementis araswor muSaobiT an parametris 

arakoreqtuli dayenebiT, magram bevri mizezis gamo, problemis 

mosaZebnad, SesaZlebelia gaxdes didi xnis dakvirveba qselis 

muSaobaze da bevri variantis ganxilva. parametrebis uxeSi 

dayeneba Zalian gavs qselis moyvanas muSa mdgomareobaSi. aq 

iseve unda mieniWos ramodenime zRvruli mniSvneloba 

efeqturobis maCvenebels da saWiroa vipovoT qselis iseTi 

varianti, romelsac es mniSvneloba ar eqneba zRvrul 

mniSvnelobaze cudi. magaliTad, saWiroa davayenoT qseli ise, 

rom serveris reaqciis dro momxmareblis moTxovnaze ar 

aRematebodes 5 wams. 

3.  qselis parametrebis detaluri dayeneba (optimizacia). Tu 

qseli muSaobs damakmayofilad, maSin misi Semdgomi warmadobis 

da misi ndobisunarianobis gasaumjobeseblad, ar iqneba sakmarisi 
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romelime erTi parametris Secvla, rogorc es iyo mTlianad 

mwyobridan gamosuli qselis SemTxvevaSi an da qselis 

parametrebis uxeS dayenebis SemTxvevaSi. normalurad momuSave 

qselis SemTxvevaSi, misi momdevno xarisxis amaRlebisTvis, 

zogadad saWiroa moiZebnos didi raodenobiT parametrTa mona-

cemTa erToblioba, amitom process daerqva “detaluri dayeneba”. 

zogadad, qselis optimizacia maTematikuri sizustiT, 

parametrebis detaluri dayenebisas SeuZlebelia da arc aris 

saWiro. azri ar aqvs Zalis datanebas imisaTvis rom gamoinaxos 

mkacri optimumi, romelic Zalian pataraze iqneba gansxvavebuli 

arsebuli qselis trafikis gazomvisas miRebuli Sedegebisgan. 

sakmariasia vipovoT nebismieri axlos mdgomi optimalurTan 

gadawyvetileba rom CaiTvalos optimizaciis amocana gadawyve-

tilad. aseT axlos mdgom optimizaciasTan gadawyvetilebas 

eZaxian racionalurs da zustad maTi Zebna praqtikaSi ainte-

resebs qselis administratorebs. 

qselSi dazianebis moZebna aris analizis da sinTezis er-

Toblioba (gazomva, diagnostireba da Secdomebis lokalizeba, 

gadawyvetilebis miReba Tu rogori cvlilebebi saWiroa 

SevitanoT qselis muSaobaSi, rom gamovasworoT misi muSaoba. 

 analizi - qselis mocemul parametrebSi, monacemTa 

sistemis efeqturobis mniSvnelobis erTobliobis kriteriumis 

gansazRvra anu optimizaciis kriteriumis gansazRvra. zogjer, 

calke gamoyofen analizis qve-etaps monitorings, romelSic 

xorcieldeba ufro martivi procedura rogoricaa qselis 

pirveladi monacemebis Sekrebis procedura: qselSi cirkulireba-

di kadrebis da sxvadasxva protokolebis paketebis. komuta-

torebis da marSrutizatorebis raodenobis statistika. Semdeg 

ukve xorcieldeba analizis etapi, romelic am SemTxvevaSi 

gulisxmobs monitoringisas Segrovebuli informaciis ufro 

rTul da inteleqtualur proses. am procesis dros, 

xorcieldeba yvela manmade arsebuli da miRebuli informaciis 

Sedareba da qselis arasaimedobis da Senelebuli muSaobis 
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SesaZlo mizezebis dadgena xdeba. monitori sruldeba programu-

li da aparaturuli sazomebiT, qselis analizatorebiT da 

qselebis marTvis monitoringis sxva sistemebiT. Tavis mxriv ki 

analizi ufro Txoulobs adamianis Carevas. aseve iseTi rTuli 

SesaZleblobebis gamoyenebas, rogoricaa eqspertuli sistemebi, 

romelSidac mocemulia mravali qselebis specialistis 

praqtikuli gamocdileba. 

 sinTezi – cvalebadi parametrebis mniSvnelobaTa arCeva 

romlis drosac efeqturobis maCvenebels gaaCnia saukeTeso mniS-

vneloba. im SemTxevaSi Tu efeqturobis maCvenebels miniWebuli 

aqvs zRvruli mniSvneloba, am SemTxvevaSi sinTezis Sedegi unda 

iyos qselis erTi varianti romelic aRemateba mocemul zRvars. 

qselis muSa mdgomareobaSi moyvanac sinTezia, romlis drosac 

virCevT qselis nebismier im variants, romlis efeqturobis 

maCveneblis mniSvneloba gansxvavdeba mdgomareoba “ar muSaobs”. 

qselis racionaluri variantis sinTezi esaa xSir SemTxvevaSi 

araformaluri procedura, vinaidan igi dakavSirebulia: Zalian 

didi qselis da qselis Zalian gansxvavebul parametris 

arCevasTan, gamoyenebul sakomunikacio mowyobilobaTa tipebTan, 

serverTa raodenobasTan, kompiuterebis tipebTan, operaciul 

sistemaTa tipebTan da ase Semdeg.  

 

 

1.4 qselis muSaobis efeqturobis kriteriumebi 

 

yvelaze xSirad xmarebadi qselis efeqturobis muSaobis 

kriteriumebi SeiZleba davyoT or jgufad. erTi jgufi 

xasiaTdeba qselis muSaobis warmadobiT, meore – saimedobiT. 

qselis warmadoba ganisazRvreba ori tipis maCvenebliT, 

drois, romelic afasebs Seferxebebs qselis mier Setanils 

monacemTa gacvlisas da gamtarianobis maCvenebliT, romelic 

asaxavs informaciis raodenobas, romelic gadaicema qselSi 

drois erTeulSi. es ori maCveneblis tipi aris urTierT-
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sapirispiro da Tu gavigeT erTi maTgani, SesaZlebelia 

gamovTvaloT meorec. 

 

reaqciis dro 

zogadad, qselis warmadobis drois damaxasiaTeblad 

gamoiyeneba iseTi maCvenebeli rogoricaa reaqciis dro. es 

termini SesaZlebelia gamoyenebul iyos Zalian farTo azriT, 

amitom yovel konkretul SemTxvevaSi saWiroa davazustod Tu ra 

igulisxmeba am terminiT. 

zogad SemTxvevaSi, reaqciis dro ganisazRvreba rogorc 

drois intervali momxmareblis mier warmoqmnil moTxovnas da 

ukan dabrunebuli pasuxs Soris. 

 

gamtarunarianoba 

nebismieri qselis agebis mizania kompiuterebs Soris 

monacemTa swrafi mimocvla. amitom, qselis an qselis nawili 

gamtarunarianobasTan dakavSirebul kriteriums kargad asaxavs 

qselis mier Sesrulebuli ZiriTadi funqcia. 

aseTi saxis didi raodenobis variantis kriteriumis 

gansazRvreba arsebobs, iseve rogorc kriteriumis klasSi 

“reaqciis dro”. es variantebi SesaZlebelia erTmaneTisgan 

gansxvavdebodnen gadacemuli informaciis arCeuli sazomi 

erTeulis raodenobiT, monacemTa xasiaTiT, rogoricaa marto 

momxmareblis an da momxmareblis samuSao monacemebTan erTad, 

gadacemuli trafikis sazomi wertilTa raodenobiT, MTlianad 

qselSi Sedegebis gasaSualebis meSveobiT. 

 

saimedobis da mdgradobis maCveneblebi 

gamoTvliTi qselis saimedobis ZiriTad maxasiaTebelia 

sworad funqcionirebis saSualeba xangrZlivi drois periodis 

ganmavlobaSi. am Tviseba gaaCnia sami Semadgeneli nawili: TviT 

saimedoba, momsaxureobis mimarT mzadyofna da simartive. 



 34 

saimedobis gazrda mdgomareobs gaumarTaobis da daziane-

bebis aRmofrxvaSi eleqtronuli sqemebis gamoyenebiT da maRali 

integraciis mqone komponentebis meSveobiT, Seferxebebis donis 

SemcirebiT, sqemebis muSaobis reJimis gaadvilebiT. saimedoba 

izomeba dazianebebis intesiobiT da dazianebamde muSaobis 

saSualo droiT. 

 

 

1.8 satransporto qvesistemis optimizaciis parametrebi 

 

qselis optimizaciis arCeuli kriteriumze zemoqmedebs 

mravali sxvadasxva tipis parametric. yvelaze metad qselis 

warmadobaze moqmedeben: 

 gamoyenebuli sakomunikacio protokolebi da maTi 

parametrebi; 

 farTogadacemis trafikis wilis saxe, romelsac qmnis 

sxvadasxva protokoli; 

 qselis topologia da masSi gamoyenebuli sakomunikacio 

mowyobilobebi; 

 Secdomebis gaCenis intensiuroba; 

 saboloo kvanZebis programuli da aparaturuli 

izrunvelyofis konfiguracia. 

 

 

1.9 qseluri teqnologiebis Sedareba maTi warmadobis 

mixedviT; Ethernet, TokenTing, FDDI, 100VG-AnyLAN, FastEthernet, ATM 

 

aq ganixileba ramodenime Sedegi sxvadasxva parametris 

zemoqmedebis arxis doneze da qselis gamtarianobaze. aseve 

moyvanilia erTi eqsperimentis Sedegisas dautvirTav qselSi 

protokolebis Sedareba. 
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aRsaniSnavia, rom aseTi kriteriumis garda rogoricaa gam-

tarunarianoba, protokolis arCevisas, zogadad ganixileba bevri 

sxva faqtoric, romelic saboloo gadawyvetilebaze ufro did 

zegavlenas axdens vidre qselis gantarunarianoba. 

protokolebis arCevisas qselis gamtarunarianobis gaTvalis-

winebis garda, yvelaze mniSvnelovan faktorad miiCneva: 

 protokolis perspeqtiuloba. sasurvelia darwmunebulni 

viyoT, rom Cvens mier arCeuli protocols is bedi ar eweva rac 

protocol ARCnet-s, romelis kargi teqnikuri maCveneblebiT 

aRar gamoiyeneba, radgan igi mxardaWerili iyo mxolod 

ramodenime sakomunikacio mowyobilobebis mwarmoeblis mier. 

protokolebis perseqtiuloba Zneli gansasazRvrelia, amitom 

Semdgom ganxilul faqtors unda daveyrdnoT. 

 sakomunikacio mowyobilobebis mwarmoeblebis raodenoba, 

romlebic gamoiyeneben mocemul protokolebs. magaliTisaTvis 

SevadaroT maRalsiCqariani protokolebi FastEthernet da 100VG-

AnyLAN. Tu pirvel protocols gamoiyenebs TiTqmis yvela 

lokaluri qselis mowyobilobebis mwarmoebeli, meores 

gamoiyenebs mxolod 30 naklebad cnobili kompania. aqedan, 

protocol 100VG-AnyLAN gadasvla ufro sariskoa. 

 qseluri mowyobilobis Rirebuleba, romelic gamoiyenebs 

mocemul protokolebs. es aris erT-erTi ZiriTadi faqtori 

romelic ganapirobebs protocol Ethernet-is xSir gamoyenebas 

lokalur qselebSi da aferxebs teqnologia ATM-is gavrce-

lebas. Rirebuleba erT-erTi mTavari faqtoria teqnologia 

FastEthernet-is momxreTaTvis, romelmac 10 megabitiani Ethernet-isgan 

miiRo martivi algoriTmebi da Sesabamisad dabali Rirebuleba 

yvela lokalur qselebs Soris. 

 

 

1.10 monitoringis da qselis analizis instrumentebi 
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gamoTvliTi qselebis monitoringisa da analizis yvela 

gamoyenebuli saSualeba SeiZleba davyoT ramodenime msxvil 

klasebad: 

 qselis marTvis sistemebi (NetworkManagementSystems). esaa 

centralizirebuli sistemuri programebi, romlebic monacemebs 

agroveben qselis kvanZebis da sakomunikacio mowyobilobebis 

Sesaxeb. aseve monacemebs qselSi cirkulirebad trafikze. es 

sistemebi ara mxolod axorcieleben qselis monitorings da 

analizs, aramed aseve asruleben qselis marTvas avtomatur an 

naxevradavtomatur reJimSi: mowyobilobaTa portebis CarTva/ 

gamorTva, komutatorebisa da marSrutizatorebis misamarTTa 

cxrilebis parametrTa cvlileba da ase Semdeg. asset 

gamoyenebad sistemebad iTvleba iseTi popularuli sistemebi 

rogoricaa HPOpenView, SunNetManager, IBMNetView. 

 sistemebis marTvis garsi (SystemManagement). sistemebis 

marTvis garsi xSirad asrulebs qselis marTvis sistemebis 

analogiur funqciebs, mxolod sxva obieqtebTan mimarTebaSi. 

pirvel SemTxvevaSi marTvis obieqtia kompiuteruli qselis 

programuli da aparaturuli uzrunvelyofa, meoreSi ki – 

sakomunikacio mowyobilobebi.  

diagnostirebis da marTvis CaSenebuli sistemebi (Embedded 

Systems). es sistemebi muSaoben rogorc programul-aparaturuli 

modulebi, romlebic CaSendeba sakomunikacio mowyobilobebSi da 

aseve programul modulSi operaciul sistemaSi. isini marTvis 

da diagnostirebis funqcias mxolod erTi mowyobilobiT 

asruleben da zustad amaSia maTi ZiriTadi gansxvaveba marTvis 

centralizirebuli sistemebisgan. 

protokolebis analizatorebi (Protocolanalyzers). es saSualeba 

warmoadgens programul an aparaturul-programul sistemas, 

romelsac gaaCnia mxolod qselSi trafikis analizis da 

monitoringis funqcia. karg protokolis analizators SeuZlia 

erTdroulad didi raodenobis protokolebis paketebis daWera 

da dekodireba. qselebSi aseTi zogadad ramodenime aTeulia. 
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protokolis analizatorebs SeuZliaT Seqmnan zogierTi 

logikuri piroba calkeuli paketebis dasaWerad da maT mTlian 

dekodirebas axdenen. 

sakabelo sistemebis diagnostirebisa da sertifikaciis 

sistemebi. es mowyobilobebi SesaZlebelia davyoT oTx ZiriTad 

jgufebad: qseluri monitorebi, kabeluri sistemebis 

sertificirebis mowyobilobebi, kabelebis skanerebi da 

testerebi (multimetrebi). 
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Tavi 2 

kompiuteruli qselebis modelireba 

 

korporatiuli sainformacio sistemebis efeqturi ageba da 

gamoyeneba dawesebulebebSi, arasakmarisi dafinansebis epoqaSi, 

aqtiurad gadasaWrel amocanad gadaiqca. 

sainformacio sistemis agebisas, Sefasebis kriteriumad 

SeiZleba CaiTvalos TviTRirebulebis Semcireba, Sesabamisoba 

arsebul da momaval moTxovnebze, sainformacio sistemebis 

Semdgomi ganviTarebis SesaZlebloba da Rirebuleba da axal 

teqnologiebze gadasvlis perspeqtiva. 

sainformacio sistemebis saTaves warmoadgens gamoTvliTi 

sistema, romelic Seicavs iseT komponentebs rogoricaa sakabelo 

qseli da aqtiuri qseluri mowyobilobebi, kompiuteruli da 

periferiuli mowyobilobebi, monacemTa Senaxvis mowyobilobebi 

(biblioTekebi), sistemuri programuli uzrunvelyofa (opera-

ciuli da bazebis marTvis sistemebi), specialuri operaciuli 

sistemebi romlebic uzrunvelyofs sistemis monitoringsa da 

qselebis marTvas da zog SemTxvevebSi damxmare operaciul 

sistemebs. 

yvelaze gavrcelebul midgomas sainformacio sistemebis 

daproeqtebaSi, dReisdReobiT warmoadgens eqspertuli Sefase-

bebi, romlis meSveobiTac miRebuli Sedegebi yovelTvis iqneba  

subieqturi, aseve sistemis mdgradoba da ganviTarebis 

SesaZlebloba aris SezRuduli da ara garantirebuli. aseTi 

midgomis meSveobiT, aqtiuri qseluri mowtobilobebis da 

sakabelo qselebis specialistebi, maT arsebul gamocdilebasa 

da eqspertul Sefasebebis unars gamoiyeneben gamoTvliTi 

sistemebis proeqtirebisas. es midgoma saSualebas iZleva 

Semcirdes proeqtirebis etapis xarjebi da swrafad Sefasdes 

sainformacio sistemis proeqtis realozaciis Rirebuleba. 

alternatiul midgomas am SemTxvevaSi warmoadgens modelis 

Seqmna da modelireba im sainformacio sistemis, romlis 
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Seqmnasac vapirebT, romelic vizualurad gvanaxebs sainformacio 

qselis struqturas da mis qcevas realur droSi. 

 

 

2.1 sainformacio qselebis udefeqto modelireba 

 

SesaZlebalia visaubroT sainformacio sistemis udefeqto 

modelirebazec. igi miiRweva maRali donis modelirebis 

kompleqsuri gamoyenebis saSualebebiT (funqciis an biznes-

procesis modelireba) dawesebulebebSi da gamoTvliTi siste-

mebis dabali donis modelirebiT.  

maRali donis modelirebis gamoyeneba, garantirebulad 

uzrunvelyofs sainformacio sistemis mTlian da swor Sesru-

lebas, rogoric iyodakveTili damkveTis mier. e.i. Seqmnili 

modeli funqcionalurad aris xarvezis gareSe (funqcia unda 

asrulebdes imas, rac iyo Cafiqrebuli). miuxedavad amisa, garan-

tia rom realizirebuli konkretuli gamoTvliTi sistema 

Seasrulebs yvela am funqcias, maRali donis modelirebas ar 

SeuZlia. 

maRali donis modelirebis sistemebs miekuTvneba iseTi 

sistemebi rogorebicaa ARIS, Rational Rose. maTi meSveobiT 

SesaZlebeli struqturuli analizis realizeba, rodesac 

dawesebuleba aris warmodgenili rTuli sistemis saxiT, rome-

lic TavisTavad Sedgeba sxvadasxva komponentebisagan, romelTac 

aqvT sxvadasxva kavSiri erTmaneTTan. es sistemebi saSualebas 

gvaZlevs aRmovaCinoT da gadavceT modelebSi sawarmoSi mimdina-

re procesebis ZiriTadi komponentebi, maTi mimdevroba da aseve 

warmovidginoT komponentebs Soris urTierTkavSiri. 

Seqmnili modelebi warmoadgenen dokumentirebul mTlian 

informacias sawarmos sainformacio sistemaze, mis organi-

zaciul struqturis urTierT kavSirs sxva sawarmoebTan da sxva 

subieqtebTan, dokumentaciis Semadgenlobaze da struqturaze, 
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procesebis mimdevrobaze, sxvadasxva ganyofilebebis da maTi 

TanamSromlebis urTierTkavSirze. 

funqcionaluri gamoTvliTi sistemis pirdapiri modelireba 

dResdReobiT aris SeuZlebeli. mocemuli amocanis mTlianad 

gadawyveta SeuZlebelia. magram SesaZlebelia sistemis muSaobis 

modelireba dinamikaSi (dinamiuri modelireba), amis meSveobiT 

SesaZlebelia arapirdapiri monacemebiT vimsjeloT mTliani 

sistemis funqcionalurobaze. 

ase Cven ar SegviZlia SevamowmoT serverze monacemTa bazis 

da programuli uzrunvelyofis funqcionaluroba, magram 

gamovlenili SeferxebebiT serverze, SesaZlebelia gamovavlinoT 

aramomsaxurebadi moTxovnebi da ase SegviZlia gamovitanoR 

daskvna mis muSaobaze. 

aqedan gamomdinare, ganxiluli sistemebi gankuTvnilia ara 

funqcionaluri gamoTvliTi sistemebis modelirebisTvis, aramed 

maTi dinamiuri modelirebisTvis. 

gamoTvliTi sistemebis modelireba saSualebas gvaZlevs 

movaxdinoT ufro zusti, eqspertul sisteamsTan SedarebiT, 

gamoTvla saWiro calkeuli komponentebisa da mTliani sistemis, 

aseve sistemuri programuli uzrunvelyofis. amis meSveobiT 

SegviZlia gamoviyenoT ara mxolod maqsimaluri mniSvneloba 

gamoyenebul gamoTvliT sistemaSi, aramed is mniSvneloba rome-

lic asaxavs am mowyobilobis specifikas konkretul 

dawesebulebaSi. 

modelirebis arss Seadgens mowyobilobis da procesis 

modeli (teqnologia, programuli uzrunvelyofa), romelic 

gamoiyeneba dakvirvebis obieqtze. kompiuterze modelirebisas 

aisaxeba realuri procesebi gamokvlevad obieqtze, gamoikvleva 

gamonaklisi SemTxvevebi, dgeba realuri da hipoteTuri 

kritikuli situaciebi. modelirebis ZiriTad prioritets war-

moadgens sxvadasxva eqsperimentebis Catarebis saSualeba 

gamokvlevad obieqtebze, fizikuri realizaciis gareSe rac 

saSualebas iZleva viwinaswarmetyveloT da SevaCeroT ufro meti 
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raodenoba gauTvaliswinebeli situaciebi eqspluataciisas, 

romelnic migviyvandnen gauTvaliswinebeli xarjebTan da aseve 

aparaturis SesaZlo dazianebamde. 

gamoTvliTi sistemebis modelirebisas aseT obieqts war-

moadgens sainformacio sistema, romelic gansazRvravs infor-

maciis miRebis saSualebas, mis Senaxva-damuSavebas da sxvadasxva 

korporatiul da Sida informaciis gamoyenebas. 

modelirebisas SesaZlebelia Semdegi SemTxvevebi: 

1. minimalurad saWiro aparaturuli uzrunvelyofis 

gansazRvra, romelic saSualebas iZleva uzrunvelyos 

informaciis gadacema, damuSaveba da Senaxva realur droSi. 

SesaZlebelia aseTi aparaturuli mowyobiloba arc ki 

arsebobdes; 

2. aparaturuli uzrunvelyofis saWiro warmadobis 

Sefaseba, misi SesaZleblobebis gazrda uaxloes periodSi (erTi-

or weliwadSi); 

3. ramodenime aparaturuli uzrunvelyofis amorCeva 

mimdinare moTxovnebis gaTvaliswinebiT, ganviTarebis 

perspeqtiviT Rirebulebidan gamomdinare; 

4. rekomendirebuli aparaturuli uzrunvelyofiT 

Seqmnili gamoTvliTi sistemebis Semowmebis Catareba. 

 

 

2.2 modelirebis gamoyeneba qselis warmadobis 

optimizaciisaTvis 

 

qseluri protokolebis analizatoreebi Seucvlelia 

realuri qselebis kvlevisas, magram isini ar iZlevian ar 

arsebuli qselis maxasiaTeblebis Sefasebis saSualebas, 

romlebic proeqtirebis stadiaSia. am SemTxvevaSi qselis 

damproeqteblebs SeuZliaT gamoiyenon modelirebis saSualebebi. 

romlebic asaxaven procesebs dasaproeqtebel qselebSi. 
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modelireba warmoadgens mecnieruli analizis mZlavr 

meTods, romlis gamoyenebisas kvlevadi obieqti icvleba ufro 

martivi obieqtiT da mas ewodeba modeli. aseTi modelirebis 

procesis ZiriTad midgomaT SeiZleba CaiTvalos misi ori saxe, 

maTematikuri da fizikuri modelireba. fizikuri (bunebrivi) 

modelirebisas, sakvlevi sistema icvleba misTvis Sesabamisi 

materialuri sistemiT, romelic imeorebs sakvlevi sistemis 

Tvisebebs da amasTanave mis fizikur warmoSobas inaxavs. aseTi 

saxis modelirebis magaliTad SeiZleba moviyvanoT sacdeli 

qseli (piloturi) ris meSveobiTac SeviswavliT qselis agebis 

principul SesaZleblobas dafuZnebuls ama Tu im kompiuterebze, 

sakomunikacio mowyobilobebze, operaciul sistemebze da 

programul uzrunvelyofebze.  

fizikuri modelirebis saSualebebi sakmaod SezRudulia. 

igi zogierTi sakiTxis gadaWris saSualebas iZleva sistemis 

sakvlevi mcire raodenobis parametrebis erTobliobiT. sinam-

dvileSi gamoTvliTi sistemis naturaluri modelirebisas 

praqtikulad SeuZlebelia misi muSaobis Semowmeba sxvadasxva 

sakomunikacio mowyobilobebis gamoyenebisas (marSrutizatorebi, 

komutatorebi da ase Semdeg). praqtikaSi aTeulobiT sxvadasxva 

tipis marSrutizatorebis Semowmeba ara marto did datvirTvas 

da dros saWiroebs, aramed sakmaod did xarjebTanaa 

dakavSirebuli. 

im SemTxvevebSidac ki roca qselis optimizaciisas ar 

icvleba mowyobilobis tipi da operaciuli sistema, aramed 

mxolod maTi parametrebi, mravali raodenobis yvelanair 

SesaZlo parametrebis erToblioba, realur maStabSi eqsperi-

mentis Catareba mocemul droSi SeuZlebelia. aseve ubralod 

paketis maqsimaluri zomis cvlileba romelime protokolSi, 

saWiroebs aseul kompiuterSi operaciuli sistemis konfigu-

raciis Secvlas, rac qselis administratorisgan moiTxovs didi 

samuSaos Catarebas. 
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amitom, qselis optimizaciisas, xSir SemTxvevaSi yvelaze 

marTebulia maTematikuri modelirebis gamoyeneba. maTematikuri 

modeli warmoadgens erTobliobas (formulebis, tolobis, 

utolobis, logikuri moTxovnebis), romelic gansazRvravs 

sistemis mdgomareobis procesis cvlilebas damokidebuls misi 

parametrebze, Semaval signalebze, sawyisi pirobze da droze.  

maTematikuri modelis ZiriTad klasad miiCneva saimitacio 

(imitaciuri) modelebi. aseTi modelebi warmoadgenen kompiu-

terul programebs, romlebic nabij-nabij asaxaven procesebs 

romelic realur sistemebSi xdeba. gamoTvliTi qselebis 

SemTxvevaSi, maTi imitaciuri modelebi asaxaven programebis 

Setyobinebis generaciis procesebs, garkveuli protokolebis 

Setyobinebebis paketebze da kadrebze gayofas, operaciul 

sistemaSi paketebis da kadrebis Seferxebes romelic monacemTa 

damuSavebasTanaa dakavSirebuli, marSrutizatorebSi Semosuli 

paketebis damuSavebis proces da ase Semdeg. qselis imitaciuri 

modelirebisas araa saWiro ZviradRirebuli mowyobilobebis 

yidva. maTi muSaobis imitireba xdeba programulad, romelic 

sakmaod zustad imeorebs mowyobilobebis ZiriTad monacemebs da 

parametrebs. 

imitaciuri modelirebis upiratesobas warmoadgens sakvlev 

sistemaSi drois realur maStabSi procesebis daCqareba, rac 

saSualebas iZleva ramodenime wuTSi avsaxoT qselis muSaobis 

procesi romelic realurad unda grZeldebodes ramodenime dRe, 

rac saSualebas gvaZlevs SevafasoT qselis parametrTa 

cvlileba da misi muSaoba ufro farTo diapazoniT. 

imitaciuri modelis muSaobis Sedegs warmoadgens mimdinare 

procesebis statistikuri monacemebis da qselis yvelaze 

mniSvnelovani  daxasiaTebis (reaqciis dro, arxTa da kvanZTa 

gamoyenebis koeficienti, paketebis dakargvis albaToba da ase 

Semdeg) monacemTa Segroveba. 

arsebobs imitaciuri  modelirebis specialuri enebi, 

romlebic programirebis universalur enebTan Sedarebis 
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aadvilebs programuli modelis Seqmnis proces. imitaciuri 

modelirebis enebis magaliTad SegviZlia moviyvanoT iseTi enebi 

rogoricaa SIMULA, GPSS, SIMDIS. 

arsebobs aseve imitaciuri modelirebis iseTi sistemebi, 

romlebic orientirebulni arian kvlevadi sistemebis viwro 

kasebze da modelis agebis saSualebas iZlevian programirebis 

gareSe.  

 

 

2.3 masobrivi momsaxureobis Teoriis modelebi 

 

arxis donis protokolebi, romlebic gamoiyeneba lokalur 

qselebSi, gamoiyeneben daSvebis meTodebs, dafuZnebuls mis 

erTobliv gamoyenebis saSualebaze ramodenime kvanZis mier maTi 

droSi gayofis mizniT. am SemTxvevaSi, iseve rogorc sxva dros 

roca xdeba resursebis gayofa SemTxveviTi moTxovnebis 

mimdinareobisas, SesaZlebelia Seiqmnas rigi. am procesis 

asaxsnelad gamoiyeneba masobrivi momsaxureobis Teoriis 

modelebi. 

Ethernet protokolebis gamyofi meqanizmi martivad aisaxeba 

modeliT romelic moyvanilia suraTze 2. erT arxiani modeliT 

puasonis protokolebis moTxovniT da drois gadanawilebis 

maCveneblis kanoniT. igi kargad aRwers SemTxveviT mosuli 

moTxovnebis damuSavebis proces erT mowyobilobaze, SemTxveviTi 

momsaxurebis droiT da buferiT Semosuli moTxovnebis drois 

Sesanaxad sanam momsaxure mowyobiloba dakavebulia sxva 

procesis SesrulebiT.  
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    M M 1 

 

 

 

 

 

 

 

         ۸ 

   

nax.2.1 moTxovnis Sesvla moTxovnebis rigis momsaxure 

mowyobiloba 

 

 

rigSi lodinis saSualo dro 

w: w=pb/(1-P) 

 

SemoviRoT aRniSvnebi: 1 – moTxovnebis Semosvlis 

intensiuroba, mocemul SemTxvevaSi es saSualo raodenobaa 

Semosuli paketebis, romelic unda gadaices erTeul droSi; b – 

saSualo dro moTxovnis mosamsaxureblad (lodinis drois 

gauTvalswineblad), anu paketebis gadacemis saSualo dro 

paketebs Soris pauzis gaTvaliswinebiT; r – momsaxure aparatis 

CatvirTvis koeficienti, mocemul SemTxvevaSi es koeficientia 

garsis gamoyeneba, r=1b. 

 

 

2.4 gamoTvliTi sistemebis imitaciuri modelirebis 

specializirebuli sistemebi 

 

arsebobs sainformaci sistemebis modelirebaze orientirebu-

li programuli uzrunvelyofa, romelSic modelebis Seqmnis 

procesi gamartivebulia. aseTi programebi TviTon axdenen 

t intervalSi moTxovnebis 
Semosvlamde maCveneblis 
ganawileba 
A(t)=1-e

-1
 

cvladi moxmarebis 
ganawilebis maCvenebeli 
romelic saSualod 
Wirdeba b=1/m da 
CatvirTvis koeficienti 
momsaxure mowyobilobis 
p=2

b
 

erTi momsaxure 
mowyobiloba 

µ 
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modelis generacias sawyisi topologiis da gamoyenebuli 

protokolebis monacemebis  saSualebiT, kompiuterTaSoris 

qselSi gadacemuli monacemebis sixSiris, qselSi gamoyenebuli 

mowyobilobebis da programuli uzrunvelyofis meSveobiT. 

modelirebis programuli sistemebi SesaZlebelia iyos viwro 

specialobisTvis da sakmaod universalurebic, romelnic 

sxvadasxva tipis qselebis imitaciis saSualebas iZlevian. 

modelirebis xarisxi damokidebulia pirveladi monacemebis 

sizustze, romelic miewodeba imitaciuri modelirebis sistemas. 

qselebis programul sistemuri modelireba iseTi xelsawyoa, 

romelic aucileblad gamoadgeba nebismier korporatiuli 

qselis sistemur administrators, romelic gegmavs axali qselis 

Seqmnas an arsebul qselSi kkardinaluri cvlilebebis Setanas. 

am kategoriis produktebi saSualebas iZleva Semowmdes qselis 

modificirebisas miRebuli Sedegebi sanam iqneba Sesyiduli 

ZviraTRirebuli mowyobilobebi. ra Tqma unda, aseTi programebi 

sagrZnoblad Zviri Rirs, magram korporaciuli qselebis 

proeqtirebisas didi ekonomiis gakeTebis SesaZleblobas iZleva. 

qselebis imitaciuri modelirebis programebi TavianT 

muSaobaSi gamoiyeneben informacias qselis sivrcul ganlage-

baze, kvanZebis raodenobaze, kavSirebis konfiguraciaze, mona-

cemTa gadacemis siCqareze, gamoyenebul protokolebze da 

aparaturis tipebze da aseve qselSi Sesrulebul programebze. 

xSir SemTxvevaSi, qselis imitaciuri modeli nulidan ar iqmneba. 

arseboben dasaproeqtebadi qselebis mza elementebis imitaciuri 

modelebi: yvelaze gavrcelebuli marSrutizatorebis tipebis, 

arxebis kavSirebi, SeerTebis saSualebebis, protokolebis da ase 

Semdeg. sxvadasxva qseluri elementebis modelebi iqmneba 

sxvadasxva monacemze dafuZnebiT: realuri mowyobilobebis 

testirebis safuZvelze, maTi muSaobis principis analiziT, 

analitikuri TavsdebadobiT. amis Sedegad miiReba qselebis 

tipiuri elementebis biblioTeka, romlebSic SegviZvlia 

vcvaloT am elementebSi winaswar gawerili parametrebi. 
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imitaciuri modelirebis sistemebi aseve Seicaven saSualebaTa 

krebuls qseliSi winaswari monacemebis momzadebisaTvis, 

monacemTa winaswari damuSavebas qselis topologiaze da 

gazomil trafikze. is saSualebebi SesaZlebelia iyos Zalian 

gamosadegi Tu samodeliro qseli TavisTavad warmoadgens 

arsebul qselis variants da masSi saSualebas iZleva CavataroT 

trafikis da sxva parametrebis gazomva, romlebic saWiroa 

modelirebisTvis. aseve, sistema aris aRWurvili monacemTa 

statistikuri damuSavebis saSualebebiT romelic miiReba 

modelirebuli qselidan. 

arsebobs sakmaod bevri dinamiuri modelirebis gamoTvliTi 

sistemebi, romlebic sxvadasxva qveynebSia Seqmnili. iseTi 

sistemebic aRmovaCineT, romlebic rumineTSi da sxva qvveynebSia 

warmoebuli, romlebic ar arian liderebi kompiuterul-

sainformacio bazarze. amis garda, iseTi mowyobilobebi, 

rogoricaa qselis analizatorebi, kabelis testerebi, qselis 

protokolis skanerebi, miekuTvnebian modelirebis sistemebs, rac 

simarTles ar Seesabameba. sistemebis klasifikacia SesaZlebelia 

ori ZiriTadi parametriT: fasi da funqcionaluri saSualebebi. 

rogorc mosalodneli iyo, sistemebis funqcionaluri 

saSualebebi mWidroT aris kavSiri mis fasTan. gasayidad 

gamotanil sistemaTa analizis Sedegad gamomdinareobs, rom 

gamoTvliTi sistemebis dinemiuri modelireba sakmaod 

ZviradRirebulia. Tu gsurT rom miiRoT gamoTvliTi qselis 

realuri suraTi, unda gadaixadoT! yvela dinamiuri modelirebis 

sistema SeiZleba davyoT or kategoriaT fasidan gamomdinare: 

1. iafi (aseul da aTaseul dolarad Rirebuli 

2. Zalian Zviri (aTeaul aTaseul dolarad Rirebuli) 

samwuxarod saSualo fasis diapazonis sistemis moZebna ar 

xerxdeba, magram TiTqmis yvela sistema warmoadgens paketebis 

erTobliobas da fasSi sxvaoba erTi da imave sistemis 

ganisazRvreba mowodebuli kompleqtidan gamomdinare da ra 

sididis funqcoebi gaaCnia. iafi sistemebi gamoirCeva Zvirisgan 
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imiTi, Tu ramdenad detaluradaa SesaZlebeli maTSi modeli-

rebadi sistemis calkeuli procesebis aRwera. isini mxolod zo-

gad Sedegebs iZlevian da ar gvaZleven statistikur monacemebs 

da sistemis detalur analizis saSualebas. Zalian Zviri 

sistemebi saSualebas gvaZlvs movipovoT detaluri statistikuri 

informacia TiToeul qselis komponentze arxebSi monacemTa 

gadacemisas da aseve miRebuli Sedegebis statistikuri Sefasebis 

saSualebas. funqcionalurad modelirebis sistemebi, romlebic 

gamoiyeneba gamoTvliTi sistemebis kvlevisas, SeiZleba davyoT 

or ZiriTad klasad. 

1. sistemebi, romlebic calkeul elementebis an 

komponentebis modelirebisTvis gamoiyeneba; 

2. sistemebi, romlebic mTliani gamoTvliTi sistemis 

modelirebisTvisaa gankuTvnili. 

qvemoT mocemul cxrilSi ცხრილი1.1 ganxilulia ramodenime 

popularuli sxvadasxva klasis imitaciuri modelirebis sistema, 

advili programebidan, romlebic personalur komputerze 

dasayenebladaa gankuTvnili, Zlier sistemebamde, romlebic Sei-

caven biblioTekebs msoflioSi arsebuli TiTqmis yvela sakomu-

nikacio mowyobilobebis da romelic saSualebas gvaZlevs sak-

vlevi qselis maRal avtomatizirebul doneze kvlevisas. 

 

cxrili 1.1. imitaciuri modelirebis popularuli sistemebi 

produqtis 

dasaxeleba 

Rirebu

leba 

dola-

ri 

qselis tipi 

saWiro 

resurse

bi 

SeniSvna 

American 

HYTech, 

Prophesy 

1495 lokaluri 

8mb 

operati

uli      6 

mb diski 

DOS,Wind

ows 

teqstur da grafikul 

monacemTa warmadobis Se-

faseba sxvadasxva segmen-

tebSi da qselebSi. 

CACI 

Product, 

34500-

39500 

lokaluri 

globaluri 

32mb 

operati

Cisco, DEC, 3Com, HP da 

sxva marSrutizatorebis 



 49 

produqtis 

dasaxeleba 

Rirebu

leba 

dola-

ri 

qselis tipi 

saWiro 

resurse

bi 

SeniSvna 

COMNET 

III 

uli      

100mb 

diski 

Windows, 

Windows 

NT, OS/2, 

Unix 

biblioTeka. amodelirebs 

X.25, ATM, Frame Relay, LAN-

WAN qselebs da  OSPF, RIP 

protokolebs. 

Make 

System, 

NetMaker 

XA 

6995-

14995 

lokaluri 

globaluri 

128mb 

operati

uli  

2000mb 

diski, 

AIX, Sun 

OS, Sun 

Solaris 

monacemTa Semowmeba 

qselis topologiis Sesa-

xeb: realur dros miRebu-

li trafikis informaciis 

importireba.  

NetMagic 

System,Stress

Magik 

2995 lokaluri 

2mb 

operati

uli, 

8 mb 

diski, 

Windows 

Standartuli warmadobis 

gazomvis testebis mxarda-

Wera. fail/ serveris 

pikuri datvirTvis imita-

cia 

Network 

Analysis 

Center, 

MIND 

9400-

70000 
globaluri 

8mb 

operati

uli,  

65mb 

diski, 

DOS, 

Windows 

Seicavs tipiuri 

konfiguraciebis 

monacemebs, rac war-

madobis zust gansazRvris 

saSualebas iZleva. gamo-

iyeneba proeqtirebis da 

qselis optimizacia.  

Network 

Design and 

Analysis 

Group, 

AutoNet/ 

Designer 

25000 globaluri 

8mb 

operati

uli,  

40mb 

diski, 

Windows, 

OS/2 

globalur qselSi kon-

centratoris optimaluri 

ganlagebis gansazRvra, 

ekonomiis daTvla tarifis 

Semcirebisas, momwodeblis 

Secvlisas da aparaturis 

ganaxlebisas, kavSiris 

Sedareba axlomdebare da 

optimalur SeerTebs, 

Soris. 

Network 30000 globaluri 8mb kavSirebis dazianebis 
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produqtis 

dasaxeleba 

Rirebu

leba 

dola-

ri 

qselis tipi 

saWiro 

resurse

bi 

SeniSvna 

Design and 

Analysis 

Group, 

AutoNet/ 

MeshNET 

operati

uli,  

40mb 

diski, 

Windows, 

OS/2 

imitirebis saSualebiT 

gamtarianobis da globa-

luri qselisTvis xarjTa 

organizebis modelireba. 

AT & T, Sprint, WiTel, Bell 
satarifo qselis 

mxardaWera. 

Network 

Design and 

Analysis 

Group, 

AutoNet/ 

Performance-

1 

4000 globaluri 

8mb 

operati

uli,  

1mb 

diski, 

Windows, 

OS/2  

ierarqiuli qselebis  

warmadobis modelireba 

Seferxebebis droIs mdgra-

dobis analiziT, pasuxis 

miRebis droiT da qselis 

struqturaSi  viwro 

adgilebis arsebobiT. 

Network 

Design and 

Analysis 

Group, 

AutoNet/ 

Performance-

3 

6000 globaluri 

8mb 

operati

uli,  

3mb 

diski, 

Windows, 

OS/2 

lokalur da globalur 

qselSi gaerTianebuli mra-

valprotololiani pakete-

bis warmadobis modelire-

ba. rigebSi  Seferxebebis 

Sefaseba, pasuxis miRebis 

da agreTve qselis struq-

turaSi viwro adgilebis 

prognozireba, qseluri 

analizatorebidan Semosu-

li trafikis realuri 

monacemTa gaTavliswineba. 

System& 

Networks, 

BONES 

20000-

40000 

lokaluri 

globaluri 

32mb 

operati

uli,  

80mb 

diski, 

Sun OS, 

Sun 

Solaris, 

HP-UX 

klient-server programis 

da aseve axali teqnolo-

giebis, qselze zemoqmede-

bis anallizi 

MIL3,Opnet 
16000-

40000 

lokaluri 

globaluri 

16mb 

operati

uli,  

100mb 

diski, 

aqvs biblioTeka romelic 

Seicavs sxvadasxva qselur 

mowyobilobebs, aqvs anima-

ciis saSualeba, SesaZle-

belia qselis ruqis gene-
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produqtis 

dasaxeleba 

Rirebu

leba 

dola-

ri 

qselis tipi 

saWiro 

resurse

bi 

SeniSvna 

DEC AXP, 

Sun OS, 

Sun 

Solaris, 

HP-UX 

racia, amodelirebs 

gamtarianobis warmadobas. 

 

 

 

2.5 modelirebis popularuli sistemebi 

 

Systems & Networks warmoebis produqti BONeS – zogadi 

daniSnulebis modelirebis grafikuli sistema arqiteqturuli 

sistemis, qselebis da protokolebis analizisaTvis. aRwers 

modelebs transportul da programul doneze. iZleva klien-

serveris da axali teqnologiebis qselSi zemoqmedebis analizis 

saSualebas.  

OPNET Technologies warmoebis produqti Netmaker – qselebis 

farTo klasis analizis da topologiis da dagegmarebis 

saSualeba.  

Compuware da Optimal Networks erToblivi warmoebis 

progduqti Optimal Performance – aqvs swrafad Sefasebis da 

zusti modelirebis saSualeba, programuli uzrunvelyofis 

swrafi optimizaciis saSualebas iZleva. 

Abstraction Software warmoebuli produqti Prophesy – 

lokaluri da globaluri qselebis modelirebis martivi 

sistema. saSualebas iZlva ganvsazRvroT kompiuteris reagirebis 

dro moTxovnaze, dawkapunebebis raodenoba WWW-serverebze, 

aqtiuri aparaturuli mowyobilobebis momsaxurebisaTvis muSa 

sadgurebis raodenoba, garkveuli mowyobilobebis mwyobridan 

gamosvlisas qselis warmadobis da muSa mdgomareobaSi yofnis 

gansazRvra. 
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ImageNet warmoebuli produqti CANE – gamoTvliTi 

sistemebis reinJiniringisaTvis da proeqtirebisTvis, “what, if” 

variantebis SefasebisTvis. OSI sxvadasxva doneze modelireba. 

sruli biblioTeka mowyobilobebis, romelic agreTve Seicavs 

obieqtebis  fizikur, eleqtrul, temperaturul da sxva 

monacemebs. sakuTari biblioTekebis Seqmnis saSualeba. 

Compuware da CACI erToblivad warmoebuli produqti 

COMNET – obieqtze orientirebuli globaluri da lokaluri 

qselebis modelirebis sistema. programebis, transportis, 

qselebis da arxebis doneebis modelirebis saSualebas iZleva. 

gamoiyenebs dReisaTvis yvela cnobil teqnologieb da 

protokolebs da aseve klient-server sistemebs. advilad prog-

ramirebadia mowyobilobebis modelebis da teqnologiebisTvis. 

qselis topologiisa da qseluri trafikis monacemTa eqsportis 

da importis saSualebasac iZleva. agreTve, ierarqiuli qselebis, 

mraval protokoliani lokaluri da globaluri qselebis 

modelirebis saSualebas gvaZlevs da saSualeba aqvs rom 

ganvsazRvroT marSrutizatorebis algoriTmebic. 

OPNET warmoebuli produqti OPNET – lokaluri da 

globaluri qselebis proeqtirebisaTvis, kompiuteruli siste-

mebisTvis, programebis da sistemebis ganawilebisTvis gan-

kuTvnili programa., qselis topologiisa da trafikis impor-

tirebis da eqsportirebis saSualebiT. klient-serveris aseve 

gaaCnia, programebis da axali teqnologiebis qselze 

zemoqmedebis saSualeba. gamoyenebadia ierarqiuli, mraval 

protololiani lokaluri da globaluri  qselebSi. 

gansazRvravs marSrutizaciis algoriTmebs. obieqtze 

orientirebuli midgoma. qseluri protokolebis da obieqtebis 

sruli biblioTeka. Seicavs Semdeg produqtebs: NETBIZ romelic 

gamoiyeneba proeqtirebisas da gamoTvliTi sistemebis opti-

mizaciisTvis, Modeler romelic gankuTvnilia qselis warmadobis, 

kompiuteruli sistemebis, programebisa da sistemebis gana-

wilebis modelirebisTvis da analizisTvis, ITGuru romelic 
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gamoiyeneba sakomunikacio qselis warmadobis da sistemebis 

ganawilebis Sesafaseblad. 

NetMagic Systems warmoebuli produqti Stressmagic - gaaCnia 

warmadobis ganmsazRvreli standartuli testebis mxardaWera; 

maqsimaluri (pikuri) datvirTvis imitaciis saSualeba fail da 

print serverze. Seicavs 87 warmadobis tests. saSualebas iZleva 

sxvadasxva momxmareblis fail serverze zemoqmedebis 

modelirebis. 

ufro daxvewili da sruli informacia am sistemebze da maT 

maxasiaTeblebze moyvanilia Semdeg naxatze. aqedan naTlad Cans 

rom yvelaze saintereso da mZlavr sustemebs miekuTvneba 

kompania CACI-s mier 2000 wels warmoebuli sistema COMNET III 

romelic mogvianebiT SeiZina kompania Compuware-ma da kompania 

Opnet-ma. 

 

  kompaniis 

dasaxeleba 
 produqti 

Rirebuleba 

dolarSi 
sistemis tipi 

 operaciuli 

sistema 

 Systems and 

Networks 
 Bones  20000 - 40000  LAN, WAN,  

 Sun Solaris, Sun 

OS, HP/UX 

 ImageNet   CANE  7900 - 25000 

 LAN, WAN, 

klient 

serveris 

arqiteqtura 

 Windows NT 

 Optimal 

Networks 

(Compuware)) 

 Optimal 

Perfomance 
 5000 - 30000  LAN, WAN  Windows 98/NT s 

 Abstraction 

Software 
 Prophesy  599  LAN, WAN 

 Windows 98/NT, 

OS/2 

 Network 

Analysis Center 
 WinMIND  9500 - 41000  WAN  Windows 98/NT 

 CACI Products 

(Compuware)) 
 COMNET   19000 - 60000 

 LAN, WAN 

klient 

serveris 

arqiteqtura 

 Windows 98/NT, 

OS/2, AT&T Unix, 

IBM AIX, DEC 

Ultrix, Sun Solaris, 

Sun OS, HP/UX  

 OPNET 

Technologies 
 OPNET  16000 - 40000 

 LAN, WAN, 

klient 
 DEC AXP, Sun 

Solaris, Sun OS, 
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(MIL3) serveris 

arqiteqtura 

HP/UX, Silicon 

Graphics IRIX, IBM 

AIX, Windows 

 NetMagic  

Systems 
 StressMagic 

 3000 erT 

fail 

serverze 

 LAN  Windows 98/NT 
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Tavi 3. 

kompiuteruli qselebis modelireba petris feradi 

qselebiT 

 

karl petris mier SemoTavazebuli qselebi diskretul 

paraleluri procesebis da sistemebis modelirebisaTvis, 

dReisdReobiT Teoriul kompiuterul mecnierebaSi Zalian 

popularuli gaxda. kompiuteruli globaluri da lokaluri 

qselebis kvleva aris erT-erTi dinamiurad ganviTarebadi sfero, 

sadac petris qselebi pouloben ufro da ufro fardo 

gamoyenebas. 

 

3.1 petris qselebi 

 

petris qseli esaa sistemis statistikisa da dinamikis 

kvlevis instrumenti, maTi yofaqcevis modelirebisa da 

analizisaTvis.  

petris qselebi Tanamedrove sainformacio sistemebis 

modelirebisa da analizis erT_erTi umniSvnelovanesi instru-

mentia, romelsac warmatebiT iyenebs msoflios mravali qveynis 

saswavlo da komerciuli dawesebuleba. dReisaTvis arsebul 

formalur meTodebs Soris petris qselebs gansakuTrebuli 

adgili ukavia, rogorc ganawilebuli sistemebis Teoriuli 

kvlevis SesaZleblobebiT, aseve praqtikuli gamoyenebis sferoTa 

simravliT. mravalricxovani mecnierul kvlevebis Sedegad 

Seiqmna petris qselebis sxvadasxva klasebi, romlebsac 

erTmaneTTan mWidro kavSiri aqvs da mravali calkeuli tipis 

petris qselebisagan Sedgeba, rac aqtualurs xdis petris 

qselebis standartizaciis procesis amocanas. 

gansakuTrebiT sayuradReboa petris qselebis gamoyeneba 

paraleluri procesebis mqone rTul obieqtebSi, romlebSic 

procesebi mimdinareobs garkveul mizez_Sedegobrivi kavSirebiT. 
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rogorc cnobilia sistemebis modelirebisa da analizis 

amocanebis gadasawyvetad farTod gamoiyeneba iseTi meqanizmebi, 

rogorebicaa masobrivi momsaxurebis da imitaciuri modelirebis 

Teoriebi. amasTanave SeiZleba aRiniSnos, rom maTi gamoyenebis 

efeqturoba, gamomsaxvelobiTi da analitikuri mxareebi mkveTrad 

gansxvavebulia da damokidebulia, rogorc TviT instrumentis 

SesaZleblobaze, aseve obieqtis sirTuleze (parametrebis 

ricxvze da sxva). feradi petris qselebSi (Coloured Petri 

Nets) kargadaa Serwymuli petris qselebisa da daprogramebis 

Teoria (ierarqiuloba, moduluroba – didi sistemebis 

modelirebisTvis), rac mis did praqtikul Rirebulebasac 

ganapirobebs Tanamedrove informaciul teqnologiaTa 

gamoyenebis mraval sferoSi. 

upiratesoba: 

• SeiZleba warmodgenili iqnas, rogorc grafikuli, aseve 

analitikuri formiT; 

• uzrunvelyofs avtomatizebuli analizis SesaZleblobas; 

• aqvs sakuTari modelirebis ena, romelzec SesaZlebelia 

axali funqciebis Seqmna CPN; 

• iZleva sistemis aRweris erTi detalizaciis donidan 

sxvaze gadasvlis saSualebas. 

nakli: 

• instrumentis interfeisi rTulia da moiTxovs 

momxmareblisgan dros masSi gasarkvevad; 

• CPN-is ZiriTad birTvs ar aqvs modelirebadi sistemis 

droiTi maxasiaTeblebis agebis da grafikuli gaformebis 

saSualeba, magram igi advilad iyenebs arsebul paketebs (mag., or 

da samganzomilebian grafikas. 

petris qseli esaa ordoniani orientirebuli grafi 

dinamiuri elementebiT – wveroebiT. petris qselebis grafikuli 

warmodgena mocemulia nax. 3.1 
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nax. 3.1 petris qselis elementebi 
 

qselis dinamika warmoadgens wveroebis gadaadgilebis 

process gadasvlebis amuSavebisas (nax 3.2). gadasvla daSvebulia, 

Tu mis yvela pozicias gaaCnia wveroebi. moqmedebs ukontrolo 

gadasvla mravali daSvebulidan. gadasvlis amuSavebisas, 

wveroebs iRebs Tavisi Semavali poziciebidan da aTavsebs Tavis 

gamomaval poziciaSi. gadasvlis amuSaveba xdeba dauyovnebliT. 

 

 

 
nax 3.2 petris qselis gadasvlis amuSaveba 

 

mniSvnelovania aRvniSno, rom qselis funqcionireba war-

moadgens aradeterminirebul proces. qselis saqyisi aRwera ar 

Seicavs gadasvlis gamSvebis amorCevis saSualebas. amitom, bazu-

ri petris qselebi, uStato situaciebis saZebnelad, modelirebis 

sistemis mraval sxvadasxva variantebiT, ZiriTadad gamoiyeneba 

satransporto saSualebebis Sejaxebisas rkinigzis moZraobis 

gadasvla daSvebulia gadasvla araa daSvebulia 

pozicia 

gadasvla arka 
wvero 

amuSavebis Semdeg 
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modelebSi an qselSi informaciis gacvlisas urTierT 

blokirebisas. 

bazuri petris qselebis da modelebis gamoyenebis 

mniSvnelovan upratesobas warmoadgens cnobili analitikuri 

meTodebis arseboba da maTi kvleva, rogoricaa reduqcia da 

invarianti, romelic miRebulia damatebiTi struqturuli an 

sxvagvari daSvebebiT. amis miuxedavad, rTuli obieqtebis 

kvlevisa maTi gamoyeneba garTulebulia wveroebis dabali da 

qselis sxva elementebis maxasiaTeblebis. 

realuri obieqtTa asaxvisaTvis rogorc wesi gamoiyeneba 

petris qselis ara bazuri modelebi, romlebic centralur 

rols TamaSoben Teoriul kvlevebSi, aramed sxvadasxva farTo 

modelebs, rogoricaa feradi, droebiTi, ierarqiuli qselebi. 

feradi qselebis Teoria SemuSavebulia aarxusis universitetSi 

kurt iensonis mier. misi naSromi mieZRvneba droebiTi qselebis 

kvlevas. am naSromSi miTiTebuli, rom komutaciis teqnologia 

aris perspeqtiuli lokaluri da globaluri qselebis 

gamtarunarianobis gasazrdelad. naSromSi komutirebuli qseli 

Seswavlilia stoqastikuri qselebis rigebiT; ganxilulia 

komutatoris buferis zomebis zemoqmedeba dakarguli paketebis 

raodenobaze da qselis saerTo warmadobaze. movemuli 

modelebisgan gansxvavebiT, petris qselebi iZlevian qsilis 

trafikis aRweris ufro zust saSualebas, vinaidan saSualebas 

iZleva warmoadginos urTierTkavSiri klient-serverul 

sistemebSi. 

komutirebuli qselis kvleva, mocemul naSromSi, Sesru-

lebulia modelirebis sistemiT Design/CPN, romelic daniis 

aarxusis universitetSia SemuSavebuli. sistema funqcionirebs 

linuqsis sistemaSi da saSualebas iZleva avagoT da 

SeviswavloT realuri sawarmoo obieqtebi, warmodgenili feradi 

droebiTi ierarqiis petris qselebiT, romelic Seicavs aseul 

aTas elements. Design/CPN gamoyeneba SeiZleba aTeul sawarmoo 

proeqtSi, remolTagan yvelaze cnobilia Deutsche Telekom 
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inteleqtualuri qselebis proeqtireba, RC International A/S  qselis 

marTvis sistemis proeqtireba da sxva. 

komutirebadi lokaluri qselis agebis bazis warmoadgens 

Ethernet paketebis komutatori. logikuri komutatori TavisTavad 

warmoadgens mowyobilobas mravali portiT. TiToeul portze 

SesaZlebelia SeuerTdes lokaluri qselis segmenti, magaliTad 

koncetratoris meSveobiT, an serveri. komutatoris amocanaa 

Semosuli paketebis gadamisamarTeba im portSi, romelSidac 

mimRebi mowyobiloba aris mierTebuli. komutatoris gamoyeneba 

saSualebas iZleva koliziebis Semcirebisa, as paketis 

retranslireba xdeba mxolod mimReb portSi da ase izrdeba 

qselis gamtarunarianoba. amis garda, izrdeba informaciis 

dacvis xarisxi trafikis mosmenis ar arqonobis xarjze. 

komutatoris muSaobisTvis aucileblobas warmoadgens freimis 

sazRvrebi, romelic miuTiTebs gamomgzavni da mimRebis 

misamarTs. zogierT komutatorSi aseve gaTvaliswinebulia 

paketebis raodenobis sakontrolo Semowmeba da maTi specialuri  

damuSaveba sxvadasxva freimebis meSveobiT, magaliTad freimebiT 

virtualuri qselebisaTvis. mocemuli naxazi 3.3 warmoadgens 

lokaluri qselis models agebuls komutatoris meSveobiT. 

 

nax. 3.3 komutatorze agebuli lokaluri qselis sqema 
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 portis nomeris amosacnobad Tu romelze miemarTeba 

freimi, rogorc wesi gamoiyeneba statistikuris an dinamiuri 

komutaciis cxrilebi, romelic TiToeul mak misamarTs 

miusadagebs portis nomers, romelzedac mierTebulia Sesabamisi 

moqyobiloba. komutaciis statistikuri cxrili gamoiyeneba iseT 

organizaciebSi, sadac aris moTxovna gazrdili usafrTxo-

ebisamebr qselSi. 

komutaciis dinamiuri cxrilebis agebis algoriTmi efuZneba 

trafikis mosmenas ucnobi gamomgzavnis mak misamarTebis aRmo-

saCenad da am Canawerebis cxrilebSi Setanas. mimRebis ucnobi 

misamarTebis damuSavebisas paketebi igzavneba komutatoris yvela 

portze. analogiurad muSavdeba farTogadacemis freimebi, rome-

lTac aqvs erTeulebi mimRebis misamarTis yvela bitebSi. amis 

garda, gamoiyeneba cxrilebis Canawerebis perioduli ganaxleba, 

misi aqtualurobis SesanarCuneblad da lokaluri qselis 

struqturis gansaaxleblad. gansaxilveli qselis komutaciis 

cxrilis fragmenti mocemulia cxrili 3.1. 

 

mak misamarTi Pportis nomeri aqtualurad yofnis 

dro 

1 1 20 

2 2 10 

3 1 1 

4 3 20 

5 2 2 

6 3 5 

7 1 8 

8 2 15 

9 3 3 

 

cxrili 3.1 komutaciis cxrili 

 

aseve saWiroa aRvniSno komutatoris sxva damatebiTi saSua-

lebebi, romelic dReisdReobiT aris standartuli. es saris misi 
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muSaoba mTlian dupleqsur reJimSi, romelic xorcieldeba 

gayofadi Semavali da gamavali buferis saSualebiT; monacemTa 

dinebis kontroli buferizaciis da specialuri Setyobinebebis 

(Jam message) meSveobiT; distanciuri administraciis saSualebebi 

sxvadasxva protokolebis meSveobiT (RMON, SNMP). 

 

 

3.2 modelirebis sistema Design/CPN  

zogadi maxasiaTeblebi 

 

sistema Design/CPN Seixavs modelebis grafikul redaqtors, 

programirebis ena ML kompilators, imitaciis da analizis 

moduls. modeli warmodgenilia feradi petris qselis drois 

ierarqiiT. rTuli modelis komponirebis saSualebas iZleva, 

romelic ikavebs ramodenime furcels ierarqiuli sqemis 

meSveobiT, aseve damatebiTi grafikuli da teqsturi elementebis 

gamosaxvis saSualebebs vizualurobis gasazrdelad. 

programirebis ena ML gankuTvnilia qselis elementebis maxasi-

aTeblis aRwerisTvis. 

petris qselis wveroebis gansxvavebis pirveladi cda 

dakavSirebuli iyo maTTvis maxasiaTeblebis miniWebiT, romelic 

warmodgenili iyo mTeli ricxvebis saxiT; pirveli tipis wvero, 

meore tipis wvero da ase Semdeg. gadasvlis daSvebis piroba da 

amuSavebis Sedegebi aseve ansxvavvebdnen wveroebis individual-

lurobas. wveroebis individualuroba patara raodenobis tipe-

bisTvis gamoisaxeboda ferebis meSveobiT: mwvane, wiTeli da ase 

Semdeg. amitom qselebi, romelic ansxvavebdnen wveroebis maxasi-

aTeblebs, tradiciulad iwodeboda ferad qselebad (nax. 3.4), 

miuxedavad imisa Tu wvero warmoadgens cvlad  rTul ab-

straqtul monacemis tips. 
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Unax 3.4 umartivesi feradi petris qseli 
 

sistema Design/CPN qselis elementebs, garda individualuri 

saxelebisa, gaaCniaT Semdegi maxasiaTeblebi: pozicia – Senaxuli 

wveroebis monacemTa tipi; gadasvlis Semavali arka – Semavali 

wveroebis asarCevi nimuSi; gadasvla – winaswari aRZvris formis 

piroba; gamomavali arka – gamomavali wveroebis formirebis 

nimuSi. nax. 3.5-ze gamosaxulia qselis fragmenti romelic 

warmoadgens qselis freimebis arCevis proces, romelic 

miekuTvneba muSa sadgurs miTiTebuli misamarTiT. 

 

 

nax 3.5 qselidan freimis amorCeva 
 

warmodgenis gasamartiveblad, muSa sadgurebis misamarTebis 

nacvlad, gamoyenebulia mTeli ricxvebi, gadacemuli monacemebi 
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wamodgenilia simboluri striqonebiT. freimi Sedgeba gamom-

gzavnis misamarTisgan, mimRebis misamarTisgan da monacemebisgan. 

sruldeba misamarTis Semowmeba da damTxvevis SemTxvevaSi 

monacemi Tavsdeba buferSi. wveroebis arseboba poziciaSi 

warmodgenilia multi simravliT, sadac jeradi mieniWeba 

ricxviT da Semdeg sdevs wveros aRwera. tradiciulad monacemTa 

raodenoba sistemaSi gaaCniaT ferebis (color) dasaxeleba. 

droiTi maxasiaTeblebi mieniWeba gamosaxvis saxiT @+Delay, 

sadac Delay gansazRvravs droebiT Seferxebas. droebiTi 

Seferxebebi martiv SemTxvevebSi SeiZleba SevadaroT qselis 

gadasvlebs. ufro rTul SemTxvevebSi Cerdebian individualuri 

wveroebi, am SemTxvevaSi dro mieniWeba gamomaval arkas. 

ierarqiuli qselebis asagebad gamoiyeneba gadasvlis Secvla, 

rodesac qselis gadasvla icvleba gansazRvruli qseliT da 

aseve poziciaTa gaerTianeba, romelic saSualebas iZleva 

modelis komponirebis fragmentebidan, romelic sxvadasxva 

furcelebzea ganlagebuli. 

 

 

3.3 komutatorebze agebuli lokaluri qselis modeli 

 

ganvixiloT Semavali da gamomavali buferis freimebi 

TiToeuli portisTvis, aseve komutirebuli freimebis saerTo 

buferi. komutatoris modeli mocemulia nax. 3.6: 
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nax. 3.6. komutatoris modeli 

 

modelis testirebisTvis aRebulia muSa sadgurebis 

ganlageba romelic mocemulia nax 3.5-ze 

monacemTa tipi frm iZleva qselis freims, monacemTa tips 

swch warmoadgens komutaciis cxrilebSi Canaweres, monacemTa 

tipebs swchfrm aRwers komutirebul freimebs, romelic elodebian 

gamaval buferSi ganlagebas. pozicia PortX In da PortX Out 

warmoadgens Semaval da gamomaval portis X buferebs. pozicia 

SwitchTable amodelirebs komutaciis cxrils; TiToeuli am 

poziciis wvero warmoadgens komutaciis cxrilebSi Canawers. 

pozicia Buffer Seesabameba komutirebad paketTa buffers. 

gadasvlebi InX amodelirebs Semavali freimebis damuSavebas. 

freimi amoiReba Semavali buferidan mxolod im SemTxvevaSi 

roca komutaciis cxrilSi misamarTis Canaweri ukve arsebobs. 



 65 

buferSi freimis gadaadgilebisas Seinaxeba mimRebis portis 

nomeri. gadasvla OutX amodelirebs komutirebadi freimis 

gadasvlas gamaval portis buferSi. komutaciis Sesrulebas da 

Canawerebs gamaval buferSi mieniWeba fiqsirebuli drois 

Seferxebebi. 

sawyisi mdgomareobidan: 

Port1 In – 2`(1,5)+3`(3,9)+2`(7,8);  

Port2 In – 4`(2,6)+3`(5,7)+5`(8,4);  

Port3 In - 7`(6,8)+2`(4,3)+3`(9,5) 

qseli gadadis saboloo mdgomareobaSi, sadac yvela freimi 

mdebareobs gamomaval portis buferSi. 

Port1 Out – 2`(4,3)+3`(5,7);  

Port2 Out – 2`(1,5)+7`(6,8)+2`(7,8)+3`(9,5);  

Port3 Out – 4`(2,6)+3`(3,9)+5`(8,4). 

aqedan ZiriTadi buferis maqsimaluri zoma ar aRemateba 

rvas. markerebis gadaadgilebis procesi SeiZleba ganvixiloT 

interaqtiul reJimSi. SesaZlebelia nabi-nabij imitacia. 

 

 

3.4 muSa sadgurebis da lokaluri qselis segmentebis 

modelebi 

 

freimebis nakadTa sakvlevad da buferis optimaluri 

amorCevis amocanis gadasawyvetad, romlebic lokalur qselSi 

gadaadgildebian, saWiroa komutatoris modeli SevavsoT 

terminaluri mowyobilobebis modelebiT, romlebic qselSi 

arian mierTebulni. lokaluri qselis saerTo komponireba 

SesaZlebelia Sesrulebuli iyos poziciebis gaerTianebiT. 

trafikis formirebis sxvadasxvaobiT ganvavsxvavebT muSa 

sadgurebs da serverebs. modelis miRebuli detalizaciisaTvis 

ganvixilavT moTxovnebis periodul ganmeorebis drois 

intervals muSa sadgurebidan serverebamde. serveri miRebuli 

Setyobinebis sapasuxod agzavnis ramodenime pakets gamomgzavn 
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muSa sadguris misamarTiT. gagzavnili paketebis raodenoba da 

Seferxebis dro warmoadgenen erTnairad ganawilebuli 

SemTxveviTi sidideebi. 

 

  

nax. 3.7 muSa sadguris modeli 

 

muSa sadguris modeli mocemulia nax 3.7. pozicia LAN amo-

delebs lokaluri qselis segments, romelTanac mierTebulia 

muSa sadguri. sadguri usmens qsels gadasvla Receive saSua-

lebiT, romelic Rebulobs freimebs Sesabamisi mimRebis misamar-

TiT; Sesabamisi muSa sadguris misamarTi inaxeba pozicia Own. 

miRebuli freimebis damuSaveba warmodgenilia maTi ubralo 

CaxSobiT. muSa sadguri periodulad agzavnis moTxovnebs erT-

erT serverTan (oridan) gadasvla Send saSualebiT. serveris 

misamarTi inaxeba pozicia Remote. serveris misamarTis gamoyenebis 

Setyobinebis gagzavnis Semdeg, blokirdeba drois SemTxveviTi 

intervalis funqciiT MSDelay. freimis gagzavna xorcieldeba 

mxolod im SemTxvevaSi, Tu qseli Tavisufalia. rac modelirdeba 

pozicia LAN wveroebis ararsebobis SemowmebiT. 

serveris modeli mocemulia nax 3.8. qselis mosmena muSa 

sadguris analogiuria. gansxvaveba mdgomareobs imaSi rom 
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freimis gamomgzavnis misamarTi inaxeba pozicia Remote. gadasvla 

Exec amodelirebs serveris mier muSa sadguris moTxovnis 

gamoyenebas. moTxovnis Sesrulebis Sedegad generirdeba sapasuxo 

paketebis SemTxveviTi raodenoba, romelic inaxeba pozicia Reply. 

Semdgom es paketebi gadaecema qsels gadasvla Send saSualebiT.  

 

 

nax 3.8 serveris modeli 

 

lokaluri qselis saerTi moelis komponireba xorcieldeba 

muSa sadguris LAN poziciis gaerTianebiT da serveriT 

TiToeuli segmentisaTvis. komutatoris modeli erTiandeba 

segmentis modelTan damatebiTi gadasvla ReceiveX da SendX 

saSualebiT, romelic Rebulobs freimebs Semaval buferSi da 

agzavnis freimebs gamavali buferidan komutatoris portis 

Sesabamisi gamavali buferidan. agebuli modeli gamokvleulia 

qselis dinamikis imitaciur dinamikiT interaqtiul da 

avtomatur reJimSi. buferis optimalur zomaT arCeulia 

wveroebis saSualo raodenoba pozicia Buffer.  
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3.5 Ethernet warmadobisa da momsaxurebis xarisxis Sefasebis 

modeli petris qselis saSualebiT 

 

dResdReisobiT Ethernet teqnologia lokaluri qselebis 

sferoSi dominanturia. ufro metic, 1 gegabitiani da 10 

gegabitiani standartebi Ethernet-s universalur qselur 

teqnologiad aqcevs, vinaidan provaiderebi xSirad iyeneben 

`Ethernet over DWDM‖ gadawyvetas magistralur qselebSi. efeqturi 

lokaluri da magistraluri qselis ageba moiTxovs gamtar-

unarianobis da momsaxurebis xarisxis saimedo Sefasebas. ukanas-

knel periodSi perspeqtiuli xdeba satelekomunikacio qselebis 

da mowyobilobebis modelirebis meSveobiT damuSaveba. es meTodi 

efuZneba axali saproeqto gadawyvetilebebis procesSi maxasi-

aTeblebis umokles droSi gamoTvlas, rac ganapirobebs 

mimdinare kvlevis relevanturobas. 

Fferadi petris qselis [1] da CPN iaraRebi [2] warmatebiT 

gamoiyeneba ezernetis [3-5], TCP/IP-MPLS [6]  da usadeno Blutooth [7] 

qselebis modelirebaSi. Fferadi petris qselebis meSveobiT Se-

saZlebelia ara mxolod satelekomunikacio qselebis mode-

lireba, aramed maTi maxasiaTeblebis gamoTvla modelirebis 

procesSi specialuri sazomi monakveTebis [4,8] meSveobiT. 

aRniSnuli naSromebi ZiriTadad eyrdnoba satelekomuni-

kacio qselebis modelebis agebis modularul midgomas anu qse-

lis modeli Sedgeba DTE (samuSao sadguri, serveri) da DCE 

(sviCi, routeri) qvemodelebisgan, romlebic ufro adrea agebuli. 

am midgomis ZiriTadi naklovanebebi gaxlavT Semdegi: qselis 

TiToeuli axali struqturuli sqemisTvis modelis xelaxla 

agebis aucilebloba da petris qselis elementebis didi rao-

denoba, rac modelis agebisa da analizis process mkveTrad 

aferxebs. 

 sviCebze agebulma ezernetis parametrul models [5] 

gaaCnia fiqsirebuli struqtura pirobiTi xisebri qselisTvis. 

misi elementebia sviCebi, samuSao sadgurebi da serverebi. qselis 
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struqtura matricebis saxiT warmodgenili Semavali cvladia da 

misiT aRniSnulia petris qselis Sesabamisi adgilebi. 

amavdroulad [5]-Si Seswavlilia mxolod parametruli petris 

modelebis agebis wesebi da modelirebuli qselis maxasi-

aTeblebis gamoTvlis problemebze saubari ar aris.   

ganxiluli naSromis mizania sviCirebuli ezernetis paramet-

ruli modelis sazomi monakveTebis ageba, raTa gamoiTvalos 

gamtarunarinoba (trafiki), momsaxurebis xarisxi (kadris 

miwodebis dro) da sviCebis Sida buferebis moculoba. garda 

amisa, agebuli modelis adekvaturobis dadasturebis mizniT 

SemuSavebulia zemoT aRniSnuli maxasiaTeblebis gazomvis meTo-

di realuri qselebisTvis. 

 

 

3.6 sviCebze agebuli Ethernet-s parametruli modeli 

 

 [5]-Si warmodgenili modeli gaumjobesebulia Semdegi 

mimarTulebiT: 1) gadasasvlelebis damcvelebis formulebi 

gamartivebulia cvladebis gadafarviT; 2) damatebulia sviCebis 

Sida buferebis moculobis SezRudvebi; 3) damatebulia maxa-

siaTeblebis Semdgomi gamoTvlis mizniT kadrebis dempingis 

amsaxveli adgilebi. 

 modeli warmodgenilia nax.3.9-ze. modelSi gamoyenebuli 

ferebis (color), cvladebis (var) da funqciebis (fun) brZanebebi da 

sazomi monakveTebi warmodgenilia nax.3.10ze. parametruli 

modelis specifikuri Tviseba gaxlavT kadrebisTvis specialuri 

tegebis damateba, romelic Seicavs sviCis da portis nomers da 

romelic uzrunvelyofs kadris xelaxla Sesvlas. models 

gaaCnia fiqsirebuli struqtura. mas aqvs petris qselis 14 

adgili da 8 gadasasvleli pirobiTi xisebri struqturisTvis. 

modelis komponentebia sviCebi, samuSao sadgurebi da serverebi. 

petris qselis modelis marcxena mxares ezernetis yvela sviCia 

(elementebis saxelwodebebs sufiqsi ar gaaCnia), marjvena zeda 
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mxares – yvela samuSao sadguri (elementebis saxelwodebebs SW 

sufiqsi aqvs), xolo marcxena qveda mxares – yvela serveri 

(elementebis saxelwodebebs S sufiqsi aqvs). adgilebis inPorts, 

outPorts wyvili yvela segmentis modelia. ―in/out‖ saxelwodebebi 

arCeulia sviCebisTvis. maTi meSveobiT xdeba muSaobis 

sruldupleqsiani reJimis modelireba. damatebiTi received, sent 

adgilebiT xdeba DTE-s mier kadrebis dempingis modelireba, 

xolo inSW, outSW adgilebiT – sviCebis mier kadrebis dempingis 

modelireba. damatebiTi revd, snd, inSWITCH, outSWITCH adgilebi 

gamoiyeneba modelis gverdebis dakavSirebisTvis, romelTa 

meSveobiT gamoiTvleba Semdeg paragrafSi aRwerili 

maxasiaTeblebi. 

 modelirebuli qselis struqtura ganisazRvreba swtab, 

SwichLink, Attach adgilebis markirebiT. swtab adgili Seicavs 

gadarTvis cxrilebs yvela sviCisTvis. gadarTvis cxrilebi 

warmodgenilia swi korteJebis meSveobiT (daniSnulebis adgilis 

misamarTi, porti, sviCi). SwichLink adgili aRwers sviCebis 

kavSirebs (aflinkebs), romlebic warmodgenilia swl korteJebis 

meSveobiT (sviCi 1, porti 1, sviCi 2, porti 2). Attach adgili aRwers 

DTE kavSirs, romelic warmodgenilia swi korteJebis meSveobiT 

(misamarTi, porti, sviCi). nax.3.9 gamosaxuli adgilebis markireba 

Seesabameba 3 nax.3.11 warmodgenil, sarkinigzo sadispeCero 

centris lokaluri qselis markirebas.  
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nax. 3.9 sviCebze agebuli qselis parametruli modeli 

 

garda amisa, modeli Seicavs Semdeg parametrebs: samuSao 

sadgurebis ownWS misamarTebs; serverebis ownS misamarTebs; 

samuSao sadgurebis matricis rqWS mimarTvas serverebisadmi da 

sviCis buferis moculobis bufLim SezRudvas. pirobiTi Delay(), 

Dexec(), Nsend() funqciebi gansazRvravs samuSao sadgurebis 

mimarTvebis periodulobas, samuSao sadgurebis mimarTvis 

serveris mier Sesrulebis xangrZlivobas da serverebis sapasuxo 

kadrebis raodenobas. 

warmodgenil modelSi dayovnebis droebi warmodgenilia 

MTU-Si (modelis drois erTeulSi) anu maqsimaluri sigrZis 

kadrebSi. droebisa da TariRebis masStabirebis sakiTxi ganxilu-

lia [4]-Si. nax. 3.9-ze warmodgenil modelSi dayovnebis dro 

Seesabameba 100megabiti/wm ezernets, 1MTU=10miliwami, xolo 
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kadris maqsimaluri zomaa 12304 biti. gagzavnili sendWS, sendS 

gadasvlebis dayovnebaSi Sedis segmentSi kadrebis gadacemis 

dro, xolo miRebuli receiveWS, receiveS gadasvlebis dayovneba 

Seicavs mxolod mowyobilobebis (ezernetis adapterebis, 

sviCebis) dayovnebis dros. samuSao sadgurebis moTxovnis 

sixSirea 10-20 c; serveris mier moTxovnis Sesrulebis droa 1-

2c; moTxovnis sigrZea 1 kadri; serveris pasuxis sigrZea 10-20 

kadri. 

nax. 3.9-ze warmodgenili modeli aRwers yvela sviCis 

funqcionirebas kadrebis savaldebulo buferirebis da erTi da 

igive gadacemis siCqaris mqone portebis pirobebSi. sviCebis da 

serverebis buferebis kadrebis SenaxvisTvis SemTxveviTi SerCevis 

meTodia gamoyenebulia. realuri qselebis maxasiaTeblebis Sefa-

sebis mizniT gamoyenebulia modelis ufro rTuli variantebi. 

buferebisTvis realizebulia FIFO disciplinis mqone rigebi. 

miRebuli kadris gamomaval portze gadamisamarTebisTvis 

damatebulia Direct gadasvla (Tu rigi carielia, xolo 

daniSnulebis porti – Tavisufali). dayovnebis matricebi gamo-

yenebulia sxvadasxva portebis gadacemis siCqareebis mode-

lirebis mizniT. 

aucilebelia detaluri aRwera modelis im elementebisa, 

romlebic damatebulia sazomi monakveTebis gamoyenebiT maxa-

siaTeblebis Semdgomi gamoTvlis mizniT. damatebiTi elementebis 

meSveobiT xdeba me-5 paragrafSi Seswavlili kadrebis dempingis 

procesebis modelireba. terminaluri mowyobilobis mier 

segmentSi kadris gadacemis momentSi (sendWS gadasvlis 

meSveobiT), kadris saTauris asli, romelic Seicavs gamgzavnis 

scr misamarTs, daniSnulebis dst misamarTs, kadris nomers nf 

mowyobilobisTvis da cT() funqciis meSveobiT miRebul drois 

niSnuls, inaxeba sent adgilze. amavdroulad, terminaluri 

mowyobilobis mier kadris miRebis momentSi (receiveWS, receiveS 

gadasvlebis meSveobiT), kadris saTauris asli inaxeba received 
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adgilze. ufro metic, sviCebis mier miRebuli/gadacemuli kadre-

bis dempingi xdeba inSW, outSW adgilebze, romelTa meSveobiT 

xdeba statistikuri qvesistemis sviCebis funqcionirebis an 

Sesabamis portebze mimagrebuli gare paketebis analizatorebis 

muSaobis modelireba. mimdinare kvlevaSi iseTi informacia, 

rogoricaa sviCis sw nomeri da sviCis mimdinare mimdinare bcur 

zona, inaxeba TiToeuli Semavali/gamomavali kadrisTvis 

 

nax. 3.10. ferebis, cvladebis da funqciebis brZanebebi 

 

 

nax. 3.11. sviCebze agebuli qselis nimuSi 
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3.7. qselis gamtarunarianobis (trafikis) gamoTvla 

 

 trafikis gamoTvla terminalur mowyobilobebSi miwodebuli 

kadrebis dempingis safuZvelze xdeba. aRsaniSnavia, rom trafikis 

gamoTvla SesaZlebelia gagzavnili kadrebis dempingis da 

gamotovebuli kadrebis procentuli raodenobis safuZvelzec 

SesaZlebelia. nax. 3.9ze gamosaxul parametrul modelSi 

kadrebis gamotovebis procesi Setanili ar aris da orive zemoT 

aRniSnuli gamoTvlis Sedegi erTmaneTs emTxveva. 

 trafikis gamoTvlisTvis gankuTvnili sazomi monakveTi 

gamosaxulia nax. 3.12-ze. Serevis newFrame adgili iRebs termina-

luri mowyobilobis mier qselis modelidan miRebuli Cveuleb-

rivi kadris demps. gadasvla procFrame kadris asls inaxavs newDbl 

adgilze miwodebis drois gamoTvlis sazomi monakveTisTvis da 

iwyebs nFrm, nFrmAll, trafficAll, traffic adgilze Senaxvuli maxasiaTeb-

lebis xelaxla gamoTvlas. yuradReba miaqcieT, rom xelaxla 

gamoTvlili formulebi warmodgenilia Sesabamisi rkalebis 

warwerebiT.  
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nax. 3.12. trafikis gamoTvlis sazomi monakveTi 

traffic adgilze inaxeba trafikis matrica MAC-misamarTebi 

TiToeuli wyvilisTvis. misamarTebi warmodgenilia (addr,1, addr2, 

traffic) formis korteJebiT. ase SesaZlebelia xdeba asimetriuli 

trafikis gamoTvla, vinaidan korteJi gansazRvravs gadacemis 

mimarTulebas. trafikis gamoTvis mizniT gamoyenebulia nFrm 

adgili, sadac inaxeba gadacemuli kadrebis raodenobis matrica 

(addr1, addr2, quantity) formiT. TiToeuli procFrame gadacema zrdis 

miRebuli kadrebis raodenoba misamarTebis yoveli wyvilisTvis 

(scr, dst, q+1). trafiki gamoiTvleba mirebuli kadrebis raodenobis 

gayofiT mimdinare modelur drosTan. ganzomilebis biti/mlwm-

ebSi gadayvanisTvis gamoiyeneba mudmiva bitms. trafikis gamoTvlis 

umartivesi formula ase gamoiyureba: 

trafiki = n/dt 

sadac, n aris miwodebuli informaciis raodenoba, xolo dr – 

gazomvis droiTi intervali. 

 umetes SemTxvevaSi mowyobilobebis TiToeul wyvils Soris 

arsebuli trafiki metismetad detaluri maxasiaTebelia, ris 

gamoc xorcieldeba iseTi Sida maxasiaTeblebis gamoTvla, 

rogoricaa traffiAll adgiliT warmodgenili qselis mTliani 

trafiki. misi gamoTvla saWiroebs yvela terminaluri 

mowyobilobis mier miRebuli kadrebis sruli raodenobis 

Semnaxveli nFrmAll adgilis Semotanas. 

 

 

3.8. kadris miwodebis drois gamoTvla 

 

 kadris miwodebis dro gamoiTvleba urTierTqmedi 

terminaluri mowyobilobebis TiToeul wyvilis miRebuli da 

gadacemuli kadrebis drois niSnulebs Soris sxvaobiT. kadris 

identifikaciis mizniT gamoiyeneba nf nomeri, romelic 

unikaluria TiToeuli gadamcemi terminaluri mowyobilobisTvis. 



 76 

 kadrebis miwodebis drois gamoTvlis sazomi monakveTi 

warmodgenilia nax. 3.13-ze. culcDT gadasvla iTvlis kadris 

miwodebis dt dros. culcAVR gadasvla iwyebs sumPair, sumAll, averPair, 

averAll, maxAll, maxPair, quantAll, quantPair adgilze Senaxuli 

maxasiaTeblebis xelaxla gamoTvlas.  

 

nax. 3.13. kadris miwodebis drois gamoTvla 

 

sumPair da quanPair adgilebze inaxeva miwodebis droebis jami 

da miwodebuli kadrebis raodenoba terminaluri 

mowyobilobebis TiToeuli wyvilisTvis. es mniSvnelobebi 

gamoiyeneba mowyobilobebis TiToeuli wyvilisTvis kadris 

miwodebis saSualo (averPair) da maqsimaluri (maxPair) droebis 



 77 

dasadgenad. yuradReba miaqcieT, rom saSualo mniSvnelobebis 

gamoTvlisas gamoiyeneba informacia axlad miRebuli kadris 

Sesaxeb ((t+dt)div(q+1)). miwodebis saSualo dro Semdegi formuliT 

gamoiTvleba: 

q

)dt...dtdt(
adt

q21 
  

sadac dti aris i-uri kadris miwodebis dro, xolo q – miwodebuli 

kadrebis jamuri raodenoba. sumAll da quantAll adgilebze inaxeva 

Sesabamisad miwodebis droebis jami da yvela miwodebuli kadris 

jamuri raodenoba. es mniSvnelobebi gamoiyeneba qselSi 

gadacemuli kadrebis miwodebis saSualo (averAll) da maqsimaluri 

(maxAll) droebis gamoiTvlisTvis.  

 

 

3.9 sviCis buferis moculobis gamoTvla 

 

 aRWurvilobis arCevis da satelekomunikacio qselebis 

mowyobilobebis daproeqtebis procesSi gadaiWreba 

mowyobilobebis optimaluri maxasiaTeblebis dadgenis problema. 

portebze gadacemis garkveuli siCqaris (magaliTad, 100 

megabiti/wm, 1 gegabiti/wm) mqone sviCebisTvis aseTi maxasiaTeb-

lebia kadrebis sviCirebis saSualo dro. is gamoiTvleba drois 

erTeulSi damuSavebuli kadrebis raodenobis Sesaxeb arsebuli 

informaciis da sviCis Sida buferis moculobis safuZvelze.  

nax. 3.14-ze warmodgenilia sviCis Sida buferis moculobis gamoT-

vlis sazomi monakveTi. parametruli modeli (nax. 3.9) saSualebas 

iZleva bufLim adgilze SevinaxoT buferis moculobis limiti. 

igive modeli axdens sviCebis mier miRebuli da gadacemuli 

kadrebis dempirebas. 
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nax. 3.14. buferis moculobis gamoTvlis sazomi monakveTi 

 

 rodesac sviCi kadrs iRebs, sviCis nomeri da misi buferis 

mimdinare zoma inaxeba inSWI adgilze. rodesac sviCi kadrs 

gadascems, igive informacia inaxeba outSWI adgilze. sazomi 

monakveTi iTvlis buferis maqsimalur realur zomas maximum 

adgilze da aseve buferis saSualo moculobas average adgilze. 

damxmare adgilebze sum da prevCT inaxeba namravlebis jami da 

TiToeuli sviCis buferis moculobis gamoTvlis wina droiTi 

momentis mniSvneloba. detalurad ganvixiloT buferis saSualo 

moculobis gamoTvlis formula: 

dt

)dti...dtidti(
a kk2211 
  

sadac ij aris dtj drois intervalSi buferis moculoba, xolo dt – 

drois sruli intervali. gamoTvlis procesi drois nulovan 

momentSi iwyeba da amitom drois sruli intervalis sigrZe 

tolia mimdinare modelis cT() drois. mimdinare dtj intervais 

gamoTvlis mizniT bolo gazomvis pt momentis mniSvnelobebi 

inaxeba prevCT adgilze TiToeul sviCis SemTxvevaSi da viRebT 

dtj=cT()-pt. mricxvelSi warmodgenili namravlebis jami inaxeba sum 

adgilze TiToeuli sviCisTvis cal-calke. 
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agreTve SesaZlebelia sxva sazomi monakveTebis ageba. 

magaliTad, sazomi monakveTebi SegviZlia gamoviyenoT, raTa 

gamovTvaloT koliziebis procentuli raodenoba habebze, 

gamoyenebiTi sistemebis reagirebis droebis da a.S. [4]-Si 

warmodgenili sazomi monakveTebi (ezernetis araparametruli 

modelebisTvis) gankuTvnilia GID-Ural VNIIZT gamoyenebiTi 

sistemis reagirebis drois gamoTvlisTvis. maT Soris saubaria 

qselSi miwodebis droebze da serveris mier moTxovnis 

damuSavebis droebze. amgvari Sida maxasiaTeblebi realuri 

drois sistemebis daproeqtebisas sabazisoa.  

 

 

3.10 gamoTvliTi eqsperimentebi modelze 

 

 satelekomunikacio qselis maxasiaTeblebis saimedo 

maCveneblebis misaRebad ganxorcielda specialuri gamoTvliTi 

eqsperimentebi modelze. klient-serveris sistemaSi moTxovnebis 

miRebis da damuSavebis procesebi pirobiTi funqciebiT aris 

warmodgenili, ris gamoc maTi urTierTqmedeba sakomunikacio 

aRWurvilobasTan qmnis stoqastur process. aqedan gamomdinare, 

gamoyenebuli statistikuri midgoma dafuZnebulia ganawilebis 

saSualo maCveneblis da centraluri statistikuri momentebis 

gamoTvlaze. umetes SemTxvevaSi gamoyenebulia ganawilebis da 

gajerebis saSualo maCveneblebi. 

 qselis dinamikis modelireba modeluri drois sakmaod 

xangrZliv SualedebSi ganxorcielda, rac realuri drois 

ramdenime wuTs Seesabameboda. Tavdapirvelad Seswavlil iqna 

modelis qcevis stabiluri mdgomareobis reJimis arseboba, xolo 

Semdeg gamoiTvala stabiluri mdgomareobis reJimis 

maxasiaTeblebi. 

 TiToeuli dti drois intervalisTvis ganxorcielda ara 

nakleb 20 individualuri eqsperimenti. mogvianebiT arCeuli 

intervalSi TiToeuli maxasiaTeblisTvis 
idta saSualo da 
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idt gajereba gamoiTvala. amis Semdeg gamoTvlebi gameorda 

gaormagebuli drois intervalisTvis da a.S. Tu saSualoebi da 

gajerebebi emTxveoda (
1ii dtdt aa


 , 
1ii dtdt 

 ), maSin miiReboda gadaw-

yvetileba stabiluri mdgomareobis reJimis arsebobis Sesaxeb. 

aRsaniSnavia, rom stabiluri mdgomareobis reJimis ararseboba 

iolad SesamCnevia magaliTad maSin, rodesac moTxovnebis 

sixSire 100-is faqtoriT izrdeba. 

zemoT aRniSnuli tendencia ar exeba satelekomunikacio 

aRWurvilobas da is ufro kavSirSia terminalis aRWurvilobaze 

gaugzavneli kadrebis saSualo raodenobis zrdasTan. satele-

komunikacio aRWurviloba Cveulebrivad muSaobs da uzrunvel-

yofs kadrebis miwodebas pikuri datvirTvis pirobebSi, 

risTvisac xdeba nakadebis kontrolis mowyobilobebis modeli-

reba. arastabiluri mdgomareobis reJimSi rigebis zrdis 

sailustracio cxrilebi moyvanilia [8]-Si.  

stabiluri mdgomareobis reJimSi gamoiTvala aparaturuli 

da programuli parametrebis kombinaciebis maxasiaTeblebi, 

rogoricaa moTxovnebis sixSire, damuSavebis dro da sviCis Sida 

buferis moculoba. nax. 3.15-ze naCvenebia miwodebis drois gamut-

vlis sazomi monakveTis (nax. 3.13) markireba drois SualedSi 

168009MTU=1,68. 

aqedan gamomdinare, kadris miwodebis saSualo dros aris 

36MTU=0,36c, xolo miwodebis maqsimaluri droa 415MTU=4,15s. 

miwodebis droebis maxPair matricidan cxadia, rom miwodebis 

maqsimaluri dro gvaqvs S1 (MAC=6) serveridan WS (MAC=3) 

samuSao sadgurze kadris miwodebisas. matricebis naCvenebi 

fragmentebidan Cans, rom samuSao sadgurebis da serverebis 

wyvilebs Soris kadrebis gadacemas adgili ar aqvs (Sesabamisi 

mniSvnelobebi nulis tolia). 
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nax. 3.15. miwodebis drois gamoTvlis Sedegebi 

 

 

3.11 realuri qselebis maxasiaTeblebis gamoTvla 

 

 kvlevis ZiriTadi problema gaxlavT modelebis 

adeqvaturoba realur cxovrebasTan. mizanSewonilia Cvens mier 

aRniSnuli maxasiaTeblebis sidideebis gamoTvlis meTodebis 

gamoyeneba realuri qselebisTvis da misi meSveobiT rogorc 

modelebis ageba, aseve miRebuli Sedegebis Sefaseba. realur 

lokalur qselebSi adgilze gamoiTvala funqcionaluri 

maxasiaTeblebi. qselis nimuSi warmodgenilia naz. 3.11-ze. 

gazomvis yvelaze ioli meTodi gaxlavT DTE qselSi 

paketebis WinDump analizatoris MS Windows-ze dayeneba. agreTve 

dadasturebulia programa SoftPerfect Network Protocol Analyzer-is 

Sedegebis siswore. 
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WinDump aris programa brZanebaTa striqonis interfeisiT, 

romelic iwers ezernetis kadrebis gadacemis drois momentebs 

da inaxavs failSi. mogvianebiT SesaZlebelia am failis naxva da 

gaanalizeba. WinDump optimizirebulia moxmarebuli resursebis 

TvalsazrisiT da fonur reJimSi didi xnis ganmavlobaSi ise 

muSaobs, rom kompiuteris warmadoba ar mcirdeba. kadrebis 

Cawera SavedFrames failSi Semdegi brZanebis meSveobiT 

xorcieldeba: 

WinDump –w Saved Frames 

kadrebis gadacemis procesis gaanalizebis da kadrebis 

miwodebis drois gamoTvlis mizniT gamoiyeneba Semdegi brZaneba: 

WinDump –ttt –r SavedFrames 

parametri –ttt gamoiyeneba kadrebs Soris drois intervalis 

avtomaturi gamoTvlisTvis. –r parametris daniSnuleba SavedFrames 

failSi adre Senaxuli informaciis amokiTxva. kadrebis miRebu-

li dempis nimuSi moyvanili nax. 3.16-ze.  

 

nax. 3.16. kadrebis dempi 

 

ganvixiloT kadrebis dempi. pirvel svetSi moyvanilia kadrebis 

Sesvlebs Soris arsebuli intervalebi miliwamebSi, xolo 

Semdeg modis gamgzavnisa da mimRebis IP misamarTi da portis 

nomeri. orwertilis Semdeg iwereba paketis saTauri, rasac 

mosdevs gasuli baitebis pirvei da bolo nomeri, frCxilebSi 

Casmuli paketis sigrZe, dadsaturebuli baitis nomeri da 
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fanjris sigrZe. zemoT moyvanil magaliTSi 192.168.0.158 aris 

samuSao sadguris IP misamarTi, xolo 192.168.0.130 – serveris IP 

misamarTi. portis nomeri 139 Seesabameba MS NetBIOS TCP serviss, 

xolo portis nomeri 1172 klientis programis SemTxveviT 

SerCeuli portis nomeria. 

 droSi sinqronizacia da kadrebis dempebis Sedareba yvela 

terminalur mowyobilobaSi xdeba, rac saSualebas iZleva 

martivi programis meSveobiT movaxdinoT kadrebis 

indentificireba da gamovTvaloT maTi miwodebis dro. miRebuli 

informaciis safuZvelze xdeba qselis momsaxurebis xarisxis da 

gamtarunarianobis gamoTvla. mniSvnelovania, rom DTE-Si 

Catarebuli gazomvebi saSualebas gvaZlevs miviRoT obieqturi 

informacia realurad miwodebuli kadrebis Sesaxeb. ufro metic, 

miRebuli Sedegebi SegviZlia gamoviyenoT qselis 

mowyobilobebSi. 

 Tanamedrove ezernetis sviCebi farTo SesaZleblobas iZleva 

trafikis gamoTvlisa da analizis TvalsazrisiT. magaliTad, 

CISCO korporaciis sviCebi, iseTi rogoricaa Catalist 4000, 4900 (4948-

10GE, ME 4924-10GE) seriis sviCebi, monitoringis funqciebs 

asrulebs da amowmebs portebis mdgomareobas da 

SesaZleblobebs. mas agreTve gaaCnia portebis monacemebis 

analizis sistema Switch TopN, statistikis Segrovebis sistema 

RMON da portebis analizatori SPAN (Switched Port Analyzer). 

rogorc wesi, sviCs gaaCnia porti konsulTan uSualo 

kavSirisTvis. ufro metic, is iTvaliswinebs Telnet-Tan da Web-

interfeisTan wvdomas brZanebebis Setanis mizniT. sviCis portis 

mdgomareobis Semowmeba Semdegi brZanebiT xdeba: 

show port [port_number] 

 portis resursebis Semowmebas Semdegi brZaneba sWirdeba: 

show port cabapitilies [port_number] 

 portis statistikis Semgrovebeli TopN Semdegi brZanebiT 

gaiSveba: 

show top [port_number] 



 84 

 Segrovebuli statistikis gamotanas Semdegi brZaneba 

sWirdeba: 

show top report [report_number] 

 TopN servisis meSveobiT xdeba Semdegi informaciis 

Segroveba: portis tevadoba, gagzavnili da miRebuli baitebis 

raodenoba, Secdomebis raodenoba da buferebis gajerebebis 

raodenoba. RMON sistema Semdegi brZanebiT gaiSveba: 

set snmp rmon enable 

 RMON sistema agrovebs informacias gagzavnili da miRebuli 

baitebis raodenobis Sesaxeb da Secdomebis raodenobas 

TiToeuli portisTvis. garda amisa, aRniSnul sistemas gaaCnia 

damatebiTi SesaZleblobebi gansakuTrebul movlenebze 

gafrTxilebis TvalsazrisiT. 

 SPAN servisi saSualebas iZleva trafiki SerCeuli portidan 

sviCis sxva portze gadamisamarTdes, raTa ganxorcieldes 

analizi. magaliTad, qvemoT moyvanili brZaneba nport1 portis 

trafiks nport2 portis trafikze gadaamisamarTebs: 

set span [nport1] [nport2] 

mowyobiloba, romelic kadrebs raime failSi inaxavs da Semdeg 

aanalizebs, SeiZleba mierTdes Sesabamis portTan. am SemTxvevaSi 

SesaZlebelia miviRoT informacia, romelic gavs TCPDump 

programiT miRebuli kadrebis demps. 

modelis adekvaturobis Semowmebis mizniT GID Ural-VNIIZT 

sistemiT aRWurvili sarkinigzo sadispeCeros centris (sur. 3) 

lokaluri qselis terminalur mowyobilobebze (samuSao 

sadgurebsa da serverebze) daiwyo kadrebis dempi. gaizoma 

kadrebis miRebis droebi da Segrovda erTi Zvris (daaxloebiT 12 

saaTis) drois intervalisTvis. aRniSnuli da modelirebis 

Sedegad miRebuli Sedegebis Sedareba Semdegi daskvnis gakeTebis 

saSualebas gvaZlevs: miwodebis drois modelirebis Sedegad 

miRebuli saSualo Secdoma 5%-ze meti ar aris. miRebuli Sedegi 

sakmaod kargia da agebuli modelebis adekvaturobas adasturebs. 
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3.12. modelirebis Sedegebis analizi 

 gamtarunarianobis da kadrebis miwodebis drois gamoTvla 

arCeuli teqnologiis (100 megabiti/wm, 1-10 gegabiti/wm) gadacemis 

maqsimaluri siCqaris safuZvelze realisturi ar aris erTi 

sviCis SemTxvevaSic k, vinaidan realur trafiks axasiaTebs 

asimetria, pulsacia da sxva specifikuri Tvisebebi. magaliTad, 

100 megabiti/wm teqnologiis n portis mqone sviCis maqsimaluri 

gamtarunarianoba n100 megabiti/wm miiRweva mxolod srul 

dupleqsur reJimSi da maSin, rodesac terminaluri mowyobilo-

bebis wyvilebs Soris gadacemis aRniSnuli siCqare Tanabaria. 

 trafikis asimetriulobis SemTxvevaSi, sviCSi mosuli kadris 

daniSnulebis porti SeiZleba ukve dakavebuli iyo sxva kadris 

gadacemiT, ris Sedegad miRebuli kadri sviCis buferSi Seinaxeba 

an gadamcemi mowyobilobis aqtiuroba Semcirdeba nakadis 

kontrolis saSualebebis an ganmeorebiT gadacemis Sedegad. 

yovelive amis Sedegad Semcirdeba kadris miwodebis dro. ufro 

metic, sxva portebis iZulebiTi uqmoba realur gamtarunarinobas 

amcirebs. 

 ramdenime sviCisgan Semdgari xisebri struqturis (nax. 3.11) 

gamoyeneba aRweril process kidev ufro arTulebs da xels 

uSlis analitikur Sefasebas. aqedan gamomdinare, kadrebis 

komutaciis procesebis adekvaturad amsaxveli modelebis 

gamoyeneba kvlevis perspeqtiuli mimarTulebaa. procesebis 

aRwera teqnologiuri standartebis da trafikis maxasiaTeblebis 

Sesabamisad xdeba. 

satelekomunikacio qselebis problemebis gadaWris 

tradiciuli meTodi teqnologiis Semdeg doneze gadasvlaa. 

magaliTad, es SeiZleba iyos 100megabiti/wm-dan 1gegabit/wm-ze 

gadasvla. miuxedavad amisa, aseTi gadawyvetilebebi kompaniis 

masStabiT sakmaod ZviradRirebulia. garda amisa, gadacemis 

axali siCqare SeiZleba ar aRmoCndes sakmarisi qselis 

Seferxebebis Tavidan asacileblad. 
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me-6 paragrafSi sazomi monakveTebis (nax. 3.12, 3.13, 3.14) 

safuZvelze Seswavlili parametruli modelis (nax. 3.9) Sedegebi 

warmodgenilia sarkinigzo sadispeCer centris lokaluri 

qselisTvis (nax. 3.11), ra drosac arCeulia sviCebis da ezernetis 

adapterebis sxvadasxva saxeobebi. modelis parametrebi 

gamoTvlilia [8]-Si realuri aRWurvilobis maxasiaTeblebis 

gaTvaliswinebiT. nax. 3.17.-ze naCvenebia qselis maxasiaTeblebis 

damokidebuleba aRWurvilobis arCeul teqnologiaze.  

aRsaniSnavia, rom Cveulebriv reJimSi qseli uzrunvelyofs 

serverebis da samuSao sadgurebis mTliani trafikis gatarebas. 

qselis ganxilul magaliTSi TiToeuli samuSao sadguri uzrun-

velyofs ori nakadis gadacemas da maTi saSualo intensiurobaa 1 

kadri 15 miliwamSi. moTxovnis sapasuxod TiToeuli serveri 

uzrunvelyofs 15 kadris 12 nakadis (2X6) gadacemas da TiToeuli 

kadri 15 miliwamSi erTxel gadaicema. maSasadame, mTliani 

trafiki miaxloebiT aseTia: 

trafiki = (121612304)/0,015 = 1574912000biti/wm  157 megabiti/wm 

Tu gvaqvs arCeuli teqnologiis gadacemis standartuli 

siCqare da maqsimaluri sigrZis kadri, kadris miwodebis 

minimaluri (idealuri) dro aris 1,23wm 10 megabiti/wm-is 

SemTxvevaSi, 123mlwm 100megabiti/wm-is SemTxvevaSi da 1,23mlwm 

rogorc 1 gegabiti/wm, aseve 10 gegabiti/wm-is SemTxvevaSi. maSinac 

ki, rodesac erT sviCs viyenebT, romelic uzrunvelyofs gamWol 

gadacemas sruli buferirebis gareSe, miwodebis minimluri dro 

izrdeba. kadris saTauris miRebis Semdeg sviCs garkveuli dro 

sWirdeba, raTa kadri gaanalizos da sviCirebis cxrilis 

mixedviT daniSnulebis porti daadginos. aRniSnuli dro 

gamoiTvleba sviCis warmadobis (kadri/wm) an sviCis Sida saltis 

warmadobis mixedviT. magaliTad, Intel SS101TX4EU sviCis warmadoba 

daaxloebiT 10000 kadri/wm-ia anu erTi kadris damuSavebis dro 

daaxloebiT 100 miliwamia. yuradReba miaqcieT, realuri 

dayovneba SesaZloa aRematebodes miRebul dayovnebas, rac 

portebis paraleluri muSaobiT aris ganpironevuli. sviCis Cisco 
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ME 4924 Sida saltis warmadoba 49 gegabiti/wm-ia, rac 

ganapirobebs 251 nanowam dayovnebas. ezernetis adapterebis 

realuri warmadoba fasdeba arCeuli teqnologiis maqsimaluri 

gadacemis siCqaris safuZvelze. magaliTad, ezernetis 

adapterisTvis Intel Ether Express PRO/100 gadacemis maqsimaluri 

siCqarea 92,1 megabiti/wm, rac Seesabameba kadris gadacemis 144 

miliwamian dayovnebas. 

 nax. 3.17a-ze Cans, rom 10 megabiti/wm teqnologia ver 

uzrunvelyos kadrebis yvela nakadis gadacemas. stabiluri 

mdgomareobis reJimi qselis da terminaluri aRWurvilobis mqone 

sistemaSi ver miiRweva, rasac adasturebs replyS adgilze rigis 

sigrZis zrda. SedarebiT swrafi teqnologiebi yvela nakadis 

gadacemas uzrunvelyofs, Tumca gamtarunarianobebi gajerebis 

zRvrebiT mixedviT gansxvavdeba. miwodebis droebi (sur. 3.17b) 

mkveTrad gansxvavebulia. yuradReba miaqcieT, rom sxvadasxva 

teqnologiebSi gamoyenebulia miwodebis droebis sxvadasxva 

sazomi erTeulebi. zogadi tendencia gaxlavT is, rom miwodebis 

maqsimaluri dro saSualo dros daaxloebiT 10-jer aRemateba. 10 

megabiti/wm teqnologiaSi miwodebis maqsimaluri drois 

Semcireba SeiZleba aixsnas gamtarunarianobis mniSvnelovani 

SemcirebiT. sxvadasxva maxasiaTeblebis mqone ezernetis 

adapterebis da sviCebis, iseve rogorc sxvadasxva moculobis 

buferis mqone sviCebis zemoT aRwerili maxasiaTeblebis 

Seswavlam gamoavlina mxolod mcire gansxvavebebi gajerebis 

zRvrebSi. aqedan gamomdinare, samuSao sadgurebis da serverebis 

perioduli moTxovnebis Sedegad gaCenili trafikisTvis 

mniSvnelovania mxolod teqnologiis arCeva. aRWurvilobis 

warmadobis gansxvaveba qselis maxasiaTeblebze realur gavlenas 

ar axdens. yuradReba miaqcieT, rom miwodebis maqsimaluri dro 

(nax. 3.13, adgili maxALL) SegviZlia gamoviyenoT, rogorc 

miwodebis garantirebuli dro realur sistemebSi mkacri 

droiTi limitebiT. Tu sistemas mkacri droiTi limitebi ar 
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gaaCnia, maSin miwodebis saSualo dro (nax. 3.13, adgili averALL) 

gamoTvlebSi gamoiyeneba.  

 

 

a) gamtarunarianoba                    b) miwodebis dro  

 

nax. 3.17 qselis maxasiaTeblebis gamoTvla 

 

 mcire moculobis Sida buferis mqone sviCebis pirobebSi 

modelis Seswavlam sviCebis urTierTdablokvis gamomwvevi 

anomalia gamoavlina. aRniSnul anomalias adgili aqvs 

garkveuli moculobis buferis da trafikis konkretuli 

maxasiaTeblebis pirobebSi, Tumca buferis moculobis gazrda 

anomaliis SesaZleblobas mkveTrad amcirebs. sur. 10-ze naCvenebia 

sviCebis urTierTdablokvis umartivesi varianti, rodesac qseli 

2 kadri moculobis mqone buferiani ori sviCisgan Sedgeba.  



 89 

 

nax. 3.18. sviCebis urTierTdablokva 

 

 davuSvaT, Switch1-ze movida ori kadri da daniSnulebis 

misamarTia Switch2-is terminaluri mowyobilobebi, xolo Switch2-

ze movida aseve ori kadri da daniSnulebis misamarTia Switch1-is 

terminaluri mowyobilobebi. agreTve davuSvaT, rom TiToeulma 

sviCma pirveli kadris gadacema daiwyo. kadri buferSi ar 

SeiZleba moTavsdes, ris gamoc TiToeuli sviCi nakadis 

kontrolis saSualebebiT xels uSlis kadris gadacemas da 

adgili aqvs sviCebis urTierTdablokvas. aRniSnuli anomalia ar 

xdeba gamWoli sviCebis SemTxvevaSi, romlebic savaldebulo 

buferirebas iyeneben. am SemTxvevaSi Switch1-is Frame1-s Switch2 

gadaamisamarTebs daniSnulebis termialuri mowyobilobis 

saTanado portze. ufro metic, realur sviCebSi kadrebis 

gamotovebis operacia xorcieldeba im kadrebisTvis, romelTa 

Senaxvis dro limits aWarbebs. aqedan gamomdinare, 

urTierTdablokva gamoricxulia, magram sviCis warmadoba 

kadrebis gardauvali gamotovebis gamo mniSvnelovnad mcirdeba.  
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Tavi 4 

kompiuteruli qselebis modelis damuSaveba 

AnyLogic sistemis saSualebiT 

 

 AnyLogic sistema kompania XJTechnologies-is (ruseTi) mier aris 

damuSavebuli da gaxlavT kompiuteruli modelirebis saerTo 

daniSnulebis saSualeba. es aris kompleqsuri instrumenti, 

romelic moicavs modelirebis ZiriTad Tanamedrove mimdi-

nareobebs, maT Soris diskretul-movleniTs, sistematur 

dinamikas, agentur modelirebas da a.S. AnyLogic-is gamoyeneba 

saSualebas iZleva Sefasdes konstruqtoruli gadawyvetilebebis 

efeqti realuri samyaros rTul sistemebSi. 

 imitaciuri modelirebis axali Taobis  profesionaluri 

instrumenti AnyLogic damuSavebulia sainformacio teqnologiebis 

Tanamedrove koncefciebis da im kvlevevebis safuZvelze, 

romlebic Catarebulia hibridruli sistemebis Teoriis da 

obieqtze orientirebuli modelirebis farglebSi. 

instrumentuli sistema AnyLogic momxmarebels modelirebis 

erTaderTi paradigmiT ar zRudavs, rac modelirebis bazarze 

arsebuli sxva instrumentebisTvis aris damaxasiaTebeli. 

momxmarebels AnyLogic-Si SeuZlia gamoiyenos abstragirebis 

sxvadasxva doneebi, stilebi, koncefciebi da Seajeros es 

yvelaferi erT modelSi.  

 

 

4.1 modelirebis sistemis klasifikacia 

 

diskretuli movlenebis mqone sistemebis modelireba. 

bazarze arsebobs uamravi paketi, romelic aiolebs diskretul-

movleniTi modelebis Seqmnas da modelirebis am tradiciul 

sferoSi sxvadasxva modelebze eqsperimentebis Catarebas. pirvel 

rigSi aseTi paketi gaxlavT GPSS. is jer kidev 50 wlis win 
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revoluciad iqca, rodesac modelirebis paradigma blokebis da 

tranzaqtebis saxiT warmoCinda. tranzaqtebi asaxavs modelirebis 

dinamiur obieqtebs (gancxadebebs), xolo blokebi – obieqtebs, 

romlebic aRniSnuli gancxadebebisTvis muSavdeba. modelirebis 

sxva instrumentebis umetesoba (Arena, Extend, ProModel, SimProcess da 

sxv.) aRweril paradigmas agreTve iyenebs. 

sistemuri dinamika gaxlavT sistemebis Seswavlis da 

modelirebis sistema. aq saubaria sistemebze, romlebsac axa-

siaTebs ukukavSirebis ciklebi parametrebis rTuli mizez-

Sedegobrivi damokidebulebebis pirobebSi. amgvari sistemebi 

maTematikurad aRiwereba koSis formiT gadmocemuli diferen-

cialuri gantolebebis sistemebiT. es modelebi gamoiyeneba 

korporaciis marTvis politikis da socialuri da ekonomikuri 

sistemebis marTvis politikis korporatiuli dagegmvisa da 

analizisTvis. jei foresterma 1961 wels Camoayaliba sistemuri 

dinamikis meTodologiuri principebi cvladebis mizez-

Sedegobrivi damokidebulebebis e.w. `Stock and flow diagrams~ saxiT 

warmodgenis meSveobiT. amgvari grafikuli warmodgena dResac 

modelirebis erT-erTi ZiriTadi instrumentia da misi 

magaliTebia VenSim, PowerSim, Stella, ModelMaker da a.S. 

dinamiuri sistemebi gaxlavT marTvis, fizikuri, meqanikuri, 

signalebis damuSavebis da sxva aseTi sistemebis modelirebis 

sfero. am sferoSi farTod gamoiyeneba modelirebis paketi 

Simulink, romelic gaxlavT Matlab paketis Semadgeneli nawili. am 

pakets gaaCnia winaswar gansazRvruli blokebi, romlidanac 

`drug-and-drop~ meTodiT igeba blokuri struqtura. aRniSnuli 

struqtura gavs 40 wlis win damuSavebuli modelebis blokur 

struqturas, romlis gadawyveta xdeboda integratorebis, gamaZ-

liereblebis, amjamavebis, signalebis wyaroebis da sxva aseTi 

komponentebisgan agebul, analogur, gamomTvlel manqanebze.  

agenturi modelireba. agentad iTvleba aqtiuri obieqti, 

romelsac garkveuli qceva axasiaTebs da romelsac SeuZlia sxva 

agentebTan da garemosTan urTierTqmedeba. mravalagenturi 
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modelireba saSualebas gvaZlevs garemoSi ganawilebuli 

mTlianobis calkeuli aqtiuri elementebis lokaluri qcevebis 

da maxasiaTeblebis erTobliobidan gamoviyvanoT mTlianobis 

(agentebis simravlis) maxasiaTeblebi. mravalagenturi sistemebis 

modelireba gamoiyeneba socialuri procesebis, urbanizaciis 

procesebis da bazarze sxvadasxva socialuri jgufebis an 

korporaciebis midrekilebebis analizSi. aseTi jgufebi da 

korporaciebi garkveuli qcevebis mqone agentebad gvevlinebian. 

aRniSnul sferoSi modelirebas mxars uWers ramdenime 

eqsperimentaluri instrumenti. maT Soris yvelaze cnobilia 

santa-fes universitetSi damuSavebuli Swam da Cikagos 

universitetSi damuSavebuli RePast. es akademiuri instrumentebi 

momxmareblisTvis warmoadgenen programuli modulebis 

biblioTekebs, romlebic amartiveben agenturi modelebis 

damuSavebas programirebis enaze aseTive modelebis `nulidan~ 

agebasTan SedarebiT, magram isini pretenzias ar acxadeben 

profesionali simulacionistebis produqtobaze.  

 programuli produqti AnyLogic dafuZnebulia obieqtze 

orientirebul koncefciaze. rTuli sistemebis warmodgenis 

obieqtze orientirebuli midgoma dResdReobiT rTuli 

informaciis marTvis saukeTeso meTodia da saSualebas iZleva 

martivad da bunebrivad ganvaxorcieloT rTuli sistemis 

struqturis organizeba da warmodgena. amgvarad, sirTuleebis 

marTvisken mimarTuli ideebi da meTodebi, romlebic 

ukanaskneuli aTwleulis ganmavlobaSi programuli sistemebis 

Seqmnis sferoSi Camoyalibda, AnyLogic-is farglebSi modelebis 

Semqmnelebs saSualebas aZlevs moaxdinon azrovnebis organizeba 

da daamuSavon modeli. saboloo jamSi, modelebis Seqmnis 

procesi swrafdeba da martivdeba. 

 AnyLogic-is kidev erTi sabaziso koncefcia gaxlavT 

modelis warmodgena paralelurad funqcionirebadi da 

urTierTqmedi aqtivobebis saxiT. modelirebis aseTi meTodi 

uamrav danarTSi intuiciurad gasagebi da bunebrivia, vinaidan 
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realuri cxovrebis sistema sxva obieqtebTan urTierTqmedi 

aqtivobebis erTobliobisgan Sedgeba. AnyLogic-is aqtiuri obieqti 

TviTonac funqcionirebs da garemosTanac urTierTqmedebs. is 

SeiZleba Seicavdes sxva aqtiuri obieqtebis nimuSebis nebismier 

raodenobas. aqtiuri obieqtebi SeiZleba dinamiurad Seiqmnas da 

gaqres sistemis funqcionirebis kanonebis Sesabamisad. ase xdeba 

modelireba socialuri jgufebis, kompaniebis holdingebis, 

satransporto sistemebis da a.S. 

 modelirebis grafikuli saSualeba AnyLogic mxars uWers 

modelis proeqtirebas, damuSavebas da dokumentirebas; modelze 

kompiuteruli eqsperimentebis Catarebas da maT Soris analizis 

sxvadasxva saxeobebs mgrZnobelobis analizidan dawyebuli 

modelis parametrebis garkveul kriteriumTan mimarTebaSi 

optimizaciiT damTavrebuli. 

 AnyLogic momxmarebels ar zRudavs modelirebis 

erTaderTi paradigmiT, rac modelirebis bazarze dResdReobiT 

arsebul TiTqmis yvela instruments axasiaTebs. modelis 

Semqmnels AnyLogic-Si SeuZlia abstragirebis sxvadasxva doneebis, 

stilebis da koncefciebis gamoyeneba; ama Tu im paradigmis 

farglebSi modelebis ageba; biblioTekaSi Segrovebuli 

paradigmebis Sereva erTi da imave modelis agebisas; adre 

damuSavebuli modulebis gamoyeneba; modulebis sakuTari 

biblioTekebis Seqmna da ukve Seqmnili biblioTekebis Sevseba. 

AnyLogic-Si modelis damuSavebisas SesaZlebelia modelirebis 

ramdenime `klasikuri~ meTodis koncefciebis da saSualebebis 

gamoyeneba. magaliTad, SesaZlebelia agentur modelSi 

gamoviyenoT sistemuri dinamikis meTodebi garemos mdgomareobis 

cvlilebis warmodgenisTvis an dinamiuri sistemis uwyvet 

modelSi gaviTvaliswinoT diskretuli movlenebi. am yvelafris 

kargi magaliTia kompaniis IT-infrastruqturis analizi 

(serverebis warmadobis, lokaluri qselis viwro kvanZebis da a.S. 

analizi). amgvari analizi iolad xorcieldeba diskretul-

movleniTi modelirebis meTodebis daxmarebiT, Tumca aRniSnul 
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meTodebs cota sargebeli aqvs, Tu modelSi asaxuli ar aris IT-

infrastruqturis parametrebis SesaZlo cvlilebebis gavlena 

biznes-procesebze da saboloo jamSi, kompaniis Semosavalze. 

aRwerili kavSirebis modelSi asaxva mxolod diskretul-

movleniTi modelirebis saSualebebiT SeuZlebelia. AnyLogic-Si 

aseTi modelebi iolad igeba da maT adekvaturobis saWiro done 

axasiaTebT, rac mkvlevarisTvis saintereso mraval kiTxvaze 

pasuxis gacemis saSualebas iZleva. animaciis da Sedegebis 

vizualuri warmodgenis mdidari SesaZleblobebi modelis 

damuSavebis procesSi saSualebas gvaZlevs CavwvdeT 

modelirebad sistemaSi mimdinare procesebis arss. 

 AnyLogic-is mosaxerxebeli interfeisi da modelebis 

damuSavebis mravalricxovani saSualebebi kompiuteruli imita-

ciuri modelebis gamoyenebas da Seqmnas damwyebi momxmareblis-

Tvisac xelmisawvdoms xdis. 

 

 

4.2imitaciuri modelirebis etapebi AnyLogic-Si 

 

imitaciuri modelireba ori umTavresi etapisgan Sedgeba: 

modelis Seqmna da modelidan miRebuli Sedegebis analizi 

gadawyvetilebebis miRebis mizniT.  

Tu detalurad ganvixilavT, namdvilad sasargeblo 

imitaciuri modelis ageba did Zalisxmevas iTxovs. modelis 

Semqmneli Tavdapirvelad adgens, ra amocanebs gadawyvets 

agebuli modeli anu nebismieri formis modelirebas win unda 

uswrebdes modelirebis miznebi. mizanzea damokidebuli realuri 

sistemebis ra procesebi gamoiyofa da aisaxeba modelSi, ra 

procesebis abstragireba moxdeba, aRniSnuli procesebis ra 

maxasiaTeblebis gaTvaliswinebaa aucilebeli, modelis 

cvladebsa da parametrebs Soris arsebuli ra kavSirebi aisaxeba 

modelSi da sxv. aRweril etaps SegviZlia vuwodoT 

konceptualuri (Sinaarsobrivi) modelis Seqmna. am etapze 
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mimdinareobs modelis struqturizacia anu calkeuli 

qvesistemebis gamoyeneba, modelis elementaruli komponentebis 

da maTi kavSirebis gansazRva ierarqiis TiToeul doneze. 

imitaciur modelirebaSi modelis struqtura modelirebis 

realuri obieqtis struqturas asaxavs abtraqciis garkveul 

doneze, xolo modelis komponentebs Soris arsebuli kavSirebi 

realuri kavSirebis anareklebia. sistemis elementebi, maTi 

kavSirebi, cvladebi, parametrebi, maTi Tanafardobebi da 

cvalebadobis kanonebi aucilebelia gamoisaxos modelirebis 

saSualebebiT. es niSnavs, rom modelirebis arealSi auci-

lebelia ganisazRvros modelis cvladebi da parametrebi, Seiq-

mnas modelis cvladebis da maxasiaTeblebis droSi cvlilebis 

gamoTvlis procedurebi. 

Tu modelSi mimdinare procesebis ukeTesad gaazrebaa 

saWiro, aucilebelia aRniSnuli procesebis animaciuri 

warmodgena. 

mogvianebiT agebuli modeli mowmdeba realizaciis 

koreqtulobaze. 

Semdgomi etapi modelebis dakalibreba anu identifikaciaa. 

es niSnavs, rom realuri sistemis maxasiaTeblebze monacemebis 

Segrovebas da gazomvebis Catarebas. aq saubaria maxasiaTeblebze, 

romlebic modelSi parametrebis mniSvnelobebis da SemTxveviTi 

sidideebis ganawilebis saxiT Sedian. 

SemdgomSi aucilebelia modelebis sisworis Semowmeba 

(validacia), risTvisac modelis gamosasvleli ramdenime testur 

reJimSi mowmdeba. aRniSnul reJimebSi realuri sistemis qcevis 

maxasiaTeblebi cnobilia an naTelia. modelze muSaobis ukanas-

kneli etapi kompiuteruli eqsperimentia anu swored is, ris 

gamoc Seiqmna modeli. 

umartives SemTxvevaSi eqsperimenti arsebuli parametrebis 

(faqtorebis) sxvadasxva mniSvnelobebze modelis Sesruleba da 

mis qcevaze dakvirvebaa, rasac Tan axlavs qcevis maxasiaTeblebis 

registracia. modelis gamoyenebis am formas prognozi an `ra 
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iqneba, Tu...~ tipis eqsperimenti ewodeba. kompiuteruli 

modelireba ara mxolod prognozirebis, aramed sistemaze 

moxdenili mmarTveli gavlenis dadgenis saSualebas gvaZlevs, 

rac movlenebis maqsimalurad sasurvel ganviTarebas 

ganapirobebs. SedarebiT rTuli eqsperimenti modelis mgrZno-

belobis gaanalizebis, mmarTveli gadawyvetilebebis sxvadasxva 

variantebis riskebis Sefasebis da optimizaciis saSualebas 

gvaZlevs. optimizaciis mizani modelis racionaluri funqcio-

nirebis parametrebis da pirobebis dadgenaa. 

erT-erTi mniSvnelovani sakiTxi modelirebis Sedegebis 

warmodgena da analizia. amisTvis gamoiyeneba statistikuri 

informaciis damuSavebis da miRebuli monacemebis struqturi-

rebuli an grafikuli saxiT warmodgenis specialuri saSuale-

bebi, gare monacemTa bazebTan integrireba da sxv. cxrili.4.1 

cxrili.4.1 modelirebis Sedegebis warmodgena da analizi 

 

# etapis saxelwodeba Sedegi 

1 sistemis analizi sistemaSi mimdinare da analizs 

daqvemdebarebuli movlenebis, 

sistemis struqturis da masSi 

mimdinare procesebis gaazreba 

2 sistemis modelirebis 

miznebis formulireba 

samomavlo modelis daxmarebiT 

gadasawyveti amocanebis sia. 

modelis Semavali da gamomavali 

parametrebis sia. Semavali 

monacemebis sia. Semdgomi kvlevis 

dasrulebulobis kriteriumebi 

3 modelis konceptualuri 

struqturis damuSaveba 

modelis struqtura, modelSi 

gamosaxvadi da arsebiTi procesebis 

Semadgenloba, modelis TiToeuli 

qvesistemis abtraqciis 

dafiqsirebuli xarisxi (daSvebebis 

sia), qvesistemebis mmarTveli 

logikis aRwera 
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4 modelirebis arealSi 

modelis realizacia 

realizebuli qvesistemebi, maTi 

parametrebi da cvladebi, maTi 

qceva, realizebuli logika da 

qvesistemebis kavSirebi 

5 modelis animaciuri 

warmodgenis realizacia 

modelis animaciuri warmodgena, 

momxmareblis interfeisi 

6 modelis realizaciis 

koreqtulobis Semowmeba 

dadastureba, rom modeli realuri 

sistemis gasaanalizebel procesebs 

koreqtulad gamosaxavs 

7 modelis dakalibreba parametrebis da gantolebebis 

koeficientebis fiqsireba; 

SemTxveviTi sidideebis gansazRvra. 

aq saubaria im situaciebis amsaxvel 

sidideebze, romelTa analizisTvis 

modeli gamoiyeneba 

8 kompiuteruli 

eqsperimentebis dagegmva 

da ganxorcieleba 

modelirebis Sedegebi – grafikebi, 

cxrilebi da a.S. isini dasmul 

kiTxvebze pasuxebs gvaZleven 

cxrili 4.1. kompiuteruli modelirebis etapebi 

 

 imitaciuri modeli xSirad gadawyvetilebis miRebis 

mozrdili sistemis modulis saxiT gamoiyeneba. aRniSnuli 

sistema realuri drois reJimSi marTvadi sistemis mdgomareobis 

monitoringis da mimdinare situaciebis mosalodneli Sedegebis 

Sesaxeb informacias iRebs da optimalur (an ubralod 

racionalur) mmarTvel gadawyvetilebas gvTavazobs, romlis 

daniSnulebaa sistemis samomavlo ganviTarebis uaryofiTi 

Sedegebis minizacia. amisTvis aucilebelia modelis sxva 

sainformacio sistemebTan gaerTianeba da momxmareblis 

specialuri interfeisis damuSaveba 
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4.3. AnyLogic-is mier realizebuli ZiriTadi koncefciebi 

 

imitaciuri modelirebis ori etapi. AnyLogic-Si imitaciuri 

modelirebis ori etapi – modelis damuSaveba da misi analizi, 

erTmaneTisgan mkveTrad gansxvavdeba. modelis damuSaveba 

AnyLogic-is redaqtoriT xdeba, xolo modelis analizs 

Sesrulebis areali eTmoba. TiToeul etapze marTvis sakuTari 

saSualebebi arsebobs. erTi etapidan meoreze gadasvla Zalian 

martivia. modelis damuSavebisas redaqtirebis da Sesrulebis 

etapebs Soris gadasvla mravaljeradad aris SesaZlebeli. 

aqtiuri obieqtebi, klasebi da aqtiuri obieqtebis nimuSebi. 

klasi programirebaSi mniSvnelovani meqanizmia, romelic rTuli 

sistemis struqturirebis saSualebas iZleva. klasi gansazRvravs 

Sablons, romlis Sesabamisad klasis calkeuli nimuSebi igeba. 

aRniSnuli nimuSebi SegviZlia ganvsazRvroT, rogorc sxva 

aqtiuri obieqtebis obieqti. 

AnyLogic-Si modelebis Seqmnisas ZiriTadi struqturuli 

bloki aqtiuri obieqtebis klasia. aqtiuri obieqtis gamoyeneba 

rTuli sistemebis modelebis struqturirebis bunebrivi 

saSualebaa – samyaroc xom paralelurad funqcionirebadi da 

urTierTqmedi arsebisgan Sedgeba. aRniSnuli arsebis 

gansxvavebuli saxeobebi warmoadgenen sxvadasxva aqtiur obieq-

tebs. 

AnyLogic-Si modelis agebisTvis aucilebelia aqtiuri 

obieqtebis klasebis Seqmna (an AnyLogic-is biblioTekis 

obieqtebis gamoyeneba). aqtiur obieqts gansazRvravs Sabloni, 

xolo am Sablonis (aqtiuri obieqtebis nimuSebis) Sesabamisad 

agebuli obieqtebi sxva aqtiuri obieqtebis elementebad 

SegviZlia gamoviyenoT. nebismier klasSi SeiZleba moxvdes sxva 

klasebis ramdenime nimuSi, romelTa parametrebi gansxvavebulia. 

modelSi erTi klasi yovelTvis sabazisoa. misTvis AnyLogic 

modelSi iqmneba erTi nimuSi winaswar gansazRvruli 
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saxelwodebiT root da is gaiSveba AnyLogic-is Semsrulebel 

sistemaSi. sabaziso aqtiuri obieqtis klasis saxelwodeba misi 

maxasiaTeblebis fanjaraSi icvleba. 

TiToeul aqtiur obieqts gaaCnia struqtura (masSi Sesuli 

aqtiuri obieqtebis da maTi urTierTkavSirebis simravle) da 

qceva, romelic cvladebis, parametrebis, sTeiTCarTebis da sxva 

aseTebis meSveobiT ganisazRvreba. aqtiuri obieqtis TiToeul 

nimuSs moqmed modelSi axasiaTebs sakuTari qceva. mas SeiZleba 

hqondes parametrebis sakuTari mniSvneloba da funqcionirebs 

sxva obieqtebisgan damoukidebelad, Tumca maTTan da garemosTan 

urTierTqmedebs. 

obieqtze orientirebuli midgoma. AnyLogic rTuli sistemebis 

warmodgenisTvis iyenebs obieqtze orientirebul midgomas. 

aRniSnuli midgoma saSualebas iZleva rTuli sistemis 

struqtura abstraqciebis ierarqiebis saSualebiT martivad da 

bunebrivad warmovadginoT. magaliTad, abstraqciis garkveul 

doneze avtomobili SeiZleba CaiTvalos garkveul erTian 

obieqtad, Tumca Tu ufro detalurad ganvixilavT, avtomobili 

urTierTqmedi qvesistemebis erToblioba aRmoCndeba. aseTi 

qvesistemebia Zravi, saWe, samuxruWe sistema da a.S. TiToeuli 

qvesistema aucileblobis SemTxvevaSi warmodgindeba 

urTierTqmedi qvesistemebis sakuTari struqturiT. 

AnyLogic-i modelebis damuSavebisas abstraqciebis swored 

aseTi ierarqiis Seqmnis saSualebas iZleva. mTeli modeli 

SegviZlia ganvixiloT, rogorc erTi root obieqti. detaluri 

ganxilvisas aSkaraa, rom aRniSnuli obieqti magaliTad SeiZleba 

moicavdes MyClass klasis or nimuSs, saxelwodebiT myClass da 

myClass1. TviT MyClass klass SeiZleba hqondes rTuli agebuleba, 

romelic dafaruli iqneba Root klasSi. 

modelis vizualuri damuSaveba. AnyLogic garemoSi modelis 

agebisas sxva saSualebebis gamoyenebis SesaZlebloba ar 

arsebobs vizualuri damuSavebis saSualebebis (sTeiTCartis 

mdgomareobebis da gadasvlebis Setana, piqtogramuli cvladebis 
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Setana da a.S), parametrebis ricxobrivi mniSvnelobebis 

miTiTebis, cvladebis Tanafardobebis analitikuri Canawerebis 

da movlenebis dadgomis pirobebis analitikuri Canawerebis 

garda. AnyLogic-Si modelis damuSavebisas ZiriTadi paradigma 

vizualuri proeqtireba anu grafikuli obieqtebisa da 

piqtogramebis daxmarebiT struqturis ierarqiis da aqtiuri 

obieqtebis qcevis agebaa. 

 CaSenebuli ena Java. AnyLogic gaxlavT Java enis 

zeddebuli programa. Java – es aris programirebis obieqtze 

orientirebuli Tanamedrove enebidan erT-erTi yvelaze didi 

SesaZleblobebis da amave dros martivi. AnyLogic-Si modelebis 

damuSavebis momxmareblis mier gansazRvruli yvela obieqti Java 

enis konstruqciebze iTargmneba, xolo Semdeg mTeli programis 

kompilacia xdeba. 

 AnyLogic-Si modelis agebisas modelis Semoqmedi Java 

enis konstruqciebs ama Tu im xarisxiT iyenebs, magram is 

arasdros qmnis srul programebs, ar aprogramebs da mxolod  

kodis fragmentebs svams fanjara `kodis~ specialurad amisTvis 

gaTvaliswinebul mindvrebSi da modelis obieqtebis 

maxasiaTeblebis fanjaraSi. aRniSnuli fragmentebi modelis 

konkretuli safexurebis an moqmedebebis logikas gamoxatavs. 

iseve rogorc modelSi CarTuli yvela programuli fragmenti, 

aRwerili gamosaxulebebic aucileblad unda iyos Java-s 

sintaqsurad swori konstruqciebi, ris gamoc AnyLogic modelebis 

Semqmnels garkveuli warmodgena unda hqondes programirebis am 

enaze. 

obieqtebis qcevis aRweris saSualebebi. AnyLogic-Si 

obieqtebis qcevis maxasiaTeblebis aRweris ZiriTadi saSualebebi 

gaxlavT cvladebi, taimerebi da sTeiTCartebi. cvladebi 

obieqtis cvalebad maxasiaTeblebs asaxavs. taimerebi SegviZlia 

davawesoT drois garkveuli SualedisTvis da am Sualedis 

gasvlis Semdeg SevasruloT mocemuli moqmedeba. sTeiTCarTebi 

saSualebas gaZlevs obieqtis droSi qceva vizualurad 
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warmovidginoT garkveuli movlenebisa da pirobebis 

gaTvaliswinebiT. sTeiTCartebi mdgomareobebis da maT Soris 

gadasvlebis grafikuli gamosaxulebebi. AnyLogic modelis obieq-

tebis qcevis nebismieri rTuli logika SeiZleba gamoisaxos 

sTeiTCartebis, diferencialuri da algebruli gantolebebi, 

taimerebis da Java-s programuli kodis meSveobiT. algebruli da 

diferencialuri gantolebebi, iseve rogorc logikuri 

gamosaxulebebi, AnyLogic-Si analitikurad Caiwereba. 

ramdenime paralelurad mimdinare procesis imitacia. 

AnyLogic modelSi paralelurad mimdinare procesebis nebismieri 

raodenobis interpretacia momxmareblisTvis dafarulia. AnyLogic 

modelis Semqmneli movlenebis kalendars ar awarmoebs, xolo 

modeliT gansazRruli nebismieri procesis movlenebis 

kontrols sistema avtomaturad anxorcielebs. interpretaciebis 

kvaziparalelizmis organizebisTvis modelis Semoqmedi Zalis-

xmevas ar xarjavs. 

modeluri da realuri dro. imitaciuri modelirebis 

sistemebSi modeluri drois cneba sakvanZoa. modeluri dro 

gaxlavT pirobiTi logikuri dro, romlis erTeulebSi 

gansazRvrulia modelis yvela obieqtis qceva.  

AnyLogic modelebSi modeluri dro uwyvetad icvleba, 

rodesac obieqtebis qceva diferencialuri gantolebebiT 

aRiwereba, xolo diskretul cvlilebas adgili aqvs, rodesac 

erTi movlenis dadgomis momentidan Semdgomi movlenis dadgomis 

momentze gadasvla xdeba da modelSi mxolod diskretuli 

movlenebi mimdinareobs. Semsrulebeli sistema diskretul 

modelSi yvela dagegmili movlenis dadgomis moments e.w. 

movlenaTa kalendarSi inaxavs da am movlenebidan yvelaze adre 

momxdars irCevs, raTa masTan dakavSirebuli moqmedeba 

Sesruldes. AnyLogic modelebSi mimdinare drois mniSvneloba 

getTime () funqciis gamoyenebiT miiReba. 

modelis Semqmnels modeluri drois erTeulis inter-

pretacia drois nebismieri monakveTis saxiT SeuZlia, iqneba es 
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wami, wuTi, saaTi Tu weliwadi. erTaderTi mniSvnelovania, rom 

droze damokidebuli yvela procesi erTi da igive drois 

erTeulSi gamoisaxos. fizikuri procesebis modelirebisas yvela 

parametri da gantoleba fizikuri sidideebis erTi da igive 

sistemiT gamoisaxeba. magaliTad, yvela fizikuri sidide 

gamoisaxeba `si~ sistemis erTeulebiT, romelSic drois erTeuli 

wamia, xolo sigrZisa – metri. 

 modelis interpretacia kompiuterze xdeba. procesoris 

mier moqmedebebis imitaciaze daxarjuli dro mraval faqtorzea 

damokidebuli; aq saubaria moqmedebebze, romlebic modelSi 

modeluri drois erT erTeulSi sruldeba. aqedan gamomdinare, 

fizikuri da modeluri drois erTeulebi ar emTxveva. 

 AnyLogic-Si miRebulia modelebis Sesrulebis ori 

reJimi: virtualuri drois reJimi da realuri drois reJimi. 

virtualuri drois reJimSi procesori maqsimaluri siCqariT 

muSaobs da fizikur droze mibmuli ar aris. es reJimi 

gamoiyeneba modelis faqtoruli analizisas, statistikis 

Segrovebisas, modelis parametrebis optimizaciisas da a.S. 

vinaidan animacia da modelis qcevaze dakvirvebis sxva fanjrebi, 

rogorc wesi, kompiuteris warmadobas mniSvnelovnad amcirebs, 

modelis Sesrulebis siswrafis amaRlebisTvis zemoT aRniSnuli 

fanjrebi unda daixuros. 

 realuri drois reJimSi momxmarebeli modeluri drois 

fizikur drosTan kavSirs miuTiTebs anu procesoris muSaobis 

siCqares modelis Sesrulebis procesSi zRudavs. aRniSnul 

reJimSi mieTiTeba modeluri drois erTeulebis raodenoba, rac 

procesorma erT wamSi unda Seasrulos. rogorc wesi, es reJimi 

irTveba, raTa sistemis funqcionireba movlenebis dadgomis 

realur tempSi vizualurad aisaxos da modelSi mimdinare 

procesebis arss CavwvdeT. 

 fizikuri da modeluri drois Tanafardoba realuri drois 

reJimSi Semdegi magaliTidan irkveva. Tu aCqarebis koeficientia 

4,  procesori yvela operaciis Sesrulebas 1 wamze nakleb 
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droSi aswrebs da operaciebi modeluri drois oTx erTeulzea 

ganawilebuli, procesori wamis dasasrulamde daicdis. Tu 

procesori amis gakeTebas ver aswrebs, mas ar eqneba molodinis 

intervali da aCqarebis koeficienti momxmareblis mier 

miTiTebulze naklebi iqneba.  

 modelis qcevis animacia. AnyLogic-Si modelis animaciuri 

warmodgenis mosaxerxebeli saSualebebis daxmarebiT 

modelirebadi sistemis funqcionireba cocxali, dinamiuri 

animaciis saxiT gamoisaxeba, rac rTuli sistemis qcevis 

`danaxvis~ saSualebas iZleva. 

 animaciis saSualebebis daxmarebiT momxmarebeli virtualur 

samyaros (grafikuli saxeebis, cocxali mnemosqemis da sxv.) 

iolad qmnis. virtualuri samyaro modelis dinamiuri 

parametrebiT imarTeba, xolo parametrebi damokidebulia 

kanonebze, romlebsac momxmarebeli gantolebebis da modeli-

rebadi obieqtebis logikis safuZvelze adgens. sistemis qcevis 

vizualuri warmodgena momxmarebels sistemaSi mimdinare 

procesebis arsis gaazrebaSi exmareba. 

modelis interaqtiuli analizi. modelirebis mravali 

sistema modelis parametrebis Secvlis saSualebas mxolod 

modelis Sesrulebaze gaSvebamde iZleva. AnyLogic sistema ki 

momxmarebels modelis parametris Secvlis saSualebas modelis 

funqcionirebis momentSic aZlevs. aqedan gamomdinare, animaciis 

fanjaras SegviZlia vuwodoT modelze Catarebuli kompiute-

ruli eqsperimentis `stendi~. modelis parametrebis Semcvleli 

saSualebebis magaliTia slaiderebi (morbenlebi). 

 

 

4.4. Enterprise Library-is obieqtebi 

 

Anylogic Enterprise Library-is biblioTeka mxars uWers 

modelirebis diskretul-movleniT meTods. Enterprise Library-is 

obieqtebis meSveobiT SesaZlebelia realuri samyaros sistemis 
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modelireba, romlis dinamika garkveul erTeulebze (entities, 

tranzaqtebi, gancxadebebi) Catarebuli operaciebis (mosvlis, 

Seferxebis, mitacebis, resursis ukmarisobis, gayofis da sxv.) 

Tanmimdevrobad warmoCindeba. 

zemoTxsenebuli erTeuli SeiZleba iyos Setyobineba, 

moTxovna, dokumenti, zari, monacemTa paketi, satransporto 

saSualeba, teqnikuri mowyobiloba da sxv. isini pasiurebi arian 

da TavianT dinamikas ver akontroleben, Tumca maT SeiZleba 

hqondeT damuSavebis procesze gavlenis mqone (magaliTad, zaris 

saxeoba, samuSaos sirTule, Setyobinebis sigrZe) an statistikis 

Semgrovebeli (molodinis saerTo dro, Rirebuleba, damuSavebis 

dro) atributebi. 

procesebi moicema nakaduri diagramebis (blok-sqemebis) 

saxiT. grafikuli warmodgenis es forma uamrav dargSia 

miRebulia (mrewvelobaSi, biznes-procesebSi, zarebis damuSavebis 

centrebSi, Setyobinebebis komutaciebSi, lojistikaSi, 

janmrTelobis dacvis sferoSi da a.S.). AnyLogic nakaduri 

diagramebi masStabirebadia. isini agreTve gafarToebadi da 

obieqtze orientirebulia, rac momxmarebels detalurobis 

nebismieri donis mqone rTuli sistemebis modelirebis 

saSualebas aZlevs. Enterprise Library-is kidev erTi mniSvnelovani 

Tvisebaa modelebis sakmaod rTuli animaciis Seqmnis 

SesaZlebloba. 

Enterprise Library-is Sedis sivrceSi mimdinare procesebis 

modelirebisTvis damuSavebuli obieqtebi. aq saubaria 

procesebze, romelSic obieqti-gancxadebebi da resursebi 

garkveul qselSi gadaadgildebian. obieqtis aRniSnuli 

qvesimravle mniSvnelovnad amartivebs sistemebis garkveuli 

saxeobebis modelirebas. magaliTad, es gaxlavT warmoeba, 

Sidasaqarxno lojistika, supermarketebi, hospitalebi, cexebi da 

a.S. 

qselur modelirebad wodebuli midgomis gamoyenebisTvis 

aucilebelia ganisazRvros qselis topologia (magaliTad, 
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gegmasTan erTad AnyLogic-is veqtoruli grafikis gamoyenebiT, 

Senoba-nagebobis gegmis an eskizis gamoyenebiT), resursebis 

(statikuri, moZravi an gadaadgilebadi) simravle da Tavad 

procesi. am SemTxvevaSi procesi aris `sadRac gadaadgilebadi~ 

an `sakuTar TavTan resursis mimaerTebeli~ tipis obieqtebis 

(rogorebicaa, NetworkMoveTo, NetworkSeize, NetworkSendTo) da Enterprise 

Library-is Cveulebrivi obieqtebis (Queue, Delay, Service) kombinacia. 

qselis segmentebSi moZravi an mis kvanZebSi myofi obieqtebi 

avtomaturad axdenen gancxadebebis da resursebis animirebas. 

aseTi animacia SeiZleba Seerwyas Cveulebriv animaciasac. 

ierarqiuli modelebi da xelmeored gamoyenebadi modeluri 

komponentebi. Tu modelirebadi sistema rTulia, azri aqvs misi 

modelis komponentebad (qveprocesebad) dayofas da TiToeuli 

komponentis calkeul aqtiur obieqtSi ganTavsebas. Tqven 

SegviZliaT gansazRvroT qveprocesis Sesasvlelebi da 

gamosasvlelebi, ganaTavsoT isini aqtiuri obieqtis gare 

interfeisze an damaloT misi realizacia. zeda doneze mogiwevT 

iseTi obieqtebiT operireba, rogorebicaa blokebi da maTi 

Sesasvlelebis da gamosasvlelebis SeerTeba. Tqven SegiZliaT 

SeqmnaT sxvadasxva parametrebis mqne aqtiuri obieqtebis nimuSebi 

da isini sxva proeqtebSic gamoiyenoT. 

magaliTad, aeroportis modelSi dagWirdaT iseTi 

komponentebi, rogoricaa registracia, sapasporto kontroli, 

daSveba da a.S. registraciis zonis blokSi Tqven mxolod 

erTxel SegiZliaT daamatoT obieqti `registraciis daxli~ da 

gaxadoT isini ganmeorebadi. modelis resursebi SeiZleba 

ganawildes sxvadasxva aqtiur obieqtze, ise rom Tqven SegiZliaT 

gamoiyenoT raime zogadi komponenti `informaciuli sistema~, 

romelic aRniSnul qveprocesebs resursebs miawvdis. 

procesuli modelebis gafarToeba. AnyLogicSi nebismieri da 

maT Soris procesuli modeli detalurobis nebismier doneze 

farTovdeba da aucilebel arastandartul funqcionalobas 

iZens. 
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Tqven SegiZliaT sakuTari klasebiT gaafarTovoT da 

nebismieri velebi da meTodebi daamatoT sabaziso klasebs Entity 

da ResourceUnit. Tu aRniSnul klasebs obieqtebis klasebis 

parametrebSi miuTiTebT, velebisadmi wvdoma gamartivdeba 

(saxeobebis moyvanis gareSe, rac damaxasiaTebeli iyo AnyLogic 5-

isTvis). magaliTad, aeroportis modelSi SeiZleba dagWirdeT 

specialuri klasebis Seqmna, romlebic axdenen mgzavrebis, 

tvirTis, usafrTxoebis oficrebis da sxvaTa modelirebas. 

Enterprise Library-is TiToeul obieqts gaaCnia specialuri 

`gafarToebis wertili~, adgili, sadac SegiZliaT miuTiToT 

garkveuli moqmedebebi an gamosaxulebebi. gafarToebis 

wertilebi gaxlavT modelis Sesrulebis ganmavlobaSi da 

gancxadebebis procesul diagramaSi gavlisas gamoTvlili 

dinamiuri parametrebi (obieqtebis aRweraSi `dinamiurad~ 

moxseniebuli). magaliTad, Delay obieqtSi, romelic daSvebis 

talonebis anabeWdis modelirebas axdens obieqtSi 

`registracia~, mgzavrs SegiZliaT mianiWoT gamosasvleli 

(geiTi), gawerT ra entity.gate=main.gateof (entity.flightno) parametrSi 

`moqmedeba~. aq gate (geiTi) da flightno (frenis nomeri) gaxlavT 

Passenger klasis velebi, romlebic mgzavrebis modelirebas 

axdenen, xolo gateof – funqcia, romelic miTiTebulia Main 

modelis ZiriTad obieqtSi. 

yuradReba miaqcieT, rom TqvenTvis xelmisawvdomia modelis 

nebismieri nawili modelis sxva nebismieri nawilidan da ufro 

metic, vinaidan Tqven Java kods werT, SesaZlebelia 

urTierTqmedeba nebismier gare programul uzrunvelyofasTan 

da/an Java paketebis uzarmazari raodenobidan nebismieris 

gamoyeneba. 

animaciis Seqmna procesuli modelebisTvis. Enterprise Library 

bibliTokeTis integracia AnyLogic-is animaciur saSualebebTan 

SesaZlebelia da aqedan gamomdinare, SeiZleba Seiqmnas 

procesebis nebismieri sirTulis animacia, maT Soris procesis 
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ierarqiuli da ramdenime gansxvavebuli grafikuli warmodgeniT. 

magaliTad, Tqven SegiZliaT gansazRvroT warmoebis procesis 

globaluri Sexeduleba ramdenime indikatoriT, miuTiToT 

konkretuli operaciebis detaluri animacia da gadaerToT maT 

Soris.  

Enterprise Library-is obieqtebis umetesobisTvis animacia ase 

iqmneba: momxmarebeli xatavs figuras (magaliTad, texils), 

miuTiTebs mas davuSvaT obieqt Delay-is parametrSi `animaciis 

figura~ da ganusazRvravs am obieqts, rom surs aRniSnul 

obieqtSi moqceuli da animaciis am figuris mixedviT moZravi 

gancxadebebis asaxva. Semdeg ixateba sxva figura (an figuraTa 

jgufi) da xdeba gancxadebebis animaciis figura, magaliTad, 

obieqtSi Source. am SemTxvevaSi vidre gancxadebebi iqneba obieqtSi 

Delay, am gancxadebebis animaciebi gamoisaxeba texilis Sesabamis 

wertilebSi.  

qselur modelirebaSi ixateba qselis kvanZebi da segmentebi, 

xolo gancxadebebi avtomaturad aisaxeba segmentSi moZrav an 

kvanZebSi gaCerebul figurebad (dawvrilebiT informacias 

miiRebT [9]-dan). 

procesuli modelebis sxva tipis da konstruqciebis 

modelebTan gaerTianeba. AnyLogic-is erT-erTi mTavari 

upiratesoba modelirebis sxvadasxva stilebis gaerTianebis 

SesaZleblobaa, rac realuri sistemebis kompleqsurobis da 

araerTgvarovnebis asaxvis saSualebas iZleva. momxmarebels 

SeuZlia Enterprise Library-is meSveobiT agebuli procesuli 

modelebis sistemuri dinamikis modelebTan an agentur 

modelebTan agerTianeba. agreTve SesaZlebelia sakuTari 

obieqtebis Seqmna AnyLogic-is sabaziso elementebis daxmarebiT da 

Semdegi maTi Setana procesis amsaxvel diagramaSi. 

modelirebis sxvadasxva meTodebis gaerTianebis ramdenime 

saSualeba arsebobs. Cven ramdenime magaliTs moviyvanT. 

magaliTad, procesul modelSi nakadebis da damgroveblebis 

sistemur-dinamiuri diagramis zegavlenis realizeba SesaZlebe-
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lia Source obieqtis saxiT, romelic gancxadebebs dinamiuri 

cvladis mier marTvadi intensiurobiT qmnis. 

ukukavSiris funqcia SeiZleba mieniWos sistemur-dinamiur 

damgrovebels, romelic sakuTar mniSvnelobas procesuli 

diagramis Sink obieqtze gancxadebis yoveli miRebisas zrdis. 

sasicocxlo ciklis garkveul momentSi agents SeuZlia 

gancxadebad qceva da Enter blokis daxmarebiT procesSi moqceva. 

agenti aseve SeiZleba arsebobdes gancxadebis paralelurad da 

masTan urTierTqmedebdes. 

Tu Tqven gWirdebaT specifikuri funqcionalurobis mqone 

obieqti, rac gansxvavdeba Enterprise Library-is obieqtebis mier 

miniWebulisgan, SegiZliaT SeqmnaT aqtiuri obieqtis sakuTari 

klasi, xolo interfeisis elementebad gamoiyenoT obieqtebi Exit 

da Enter. am SemTxvevaSi SesaZlebelia aqtiuri obieqtis mocemuli 

kalsis nimuSebis Casma procesul diagramaSi. aqtiur obieqtSi 

SeiZleba gamoyenebul iqnas mdgomareobebis, movlenebis, 

cvladebis da sxva aseTi diagramebi. 

AnyLogic Enterprise Library biblioTekebis aqtiuri obieqtebis 

klasebi blokebi, romelTa meSveobiT igeba blok-sqemebi da 

gancxadebebTan erTad mimdinare, modelirebadi procesebi. 

biblioTekis klasebi Entity da Resource Unit Sesabamisad 

gancxadebebis da resursebis sabaziso klasebia. obieqtebi 

funqcionalurobis mixedviT pirobiTad iyofa ramdenime 

kategoriad da maT qvemoT aRvwerT.  

 

 

 

 

 

 

 

 

 



 109 

Tavi 5 

dasaproeqtirebadi qselebis piloturi proeqtebis 

Seqmna 

 

Tu qselis topologiis asarCevad ar aris saWiro realuri 

qselis qona, maSin trafikis intensiurobis pirveladi monace-

mebis Sesagroveblad, SesaZlebelia saWiro gaxdes gazomvebi 

sacdel pilotur qselebSi, romelic warmoadgens dasaproeq-

tebeli qselis naturalur models. es gazomvebi SesaZloba 

Sesruldes sxvadasxva saSualebebiT, aseve protokolebis anali 

zatorebiTac. 

imitaciuri modelirebisTvis pirveladi monacemebis miRebis 

garda, piloturi qseli SeiZleba gamoyenebuli iqnas calkeuli 

mniSvnelovani sakiTxebis gadasawyvetadac.  mas SeuZlia pasuxebi 

mogvces iseT kiTxvebze romelic ama Tu im principialur an 

texnikur gadawyvetilebas, an aparaturul uzrunvelyofas 

ekuTvnis. naturaluri eqsperimentis dros SesaZlebelia saWiro 

gaxdes didi materialuri danaxarjebi, magram maTi kompensireba 

xdeba miRebuli Sedegebis maRali albaTobiT. 

piloturi qseli, rac SeiZleba ufro unda hgavdes im qsels, 

romlis Seqmnasac vapirebT da romlis parametrebis asarCevadac 

iqmneba piloturi qseli. amisaTvis pirvel rigSi saWiroa 

gamovyoT Sesaqmneli qselis is Tvisebebi, romelTac yvelaze 

didi gavlenis moxdena SeuZliaT qselis muSaobaze da war-

madobaze.  

im SemTxvevaSi Tu gagviCnda eWvebi sxvadasxva mwarmoeblis 

produqtebis SeTavsebaze, magaliTad komutatorebis, romelic 

axorcielebs virtualuri qselebis da sxva jer arastandar-

tizirebuli saSualebebis mxardaWeras, maSin pilotur qselSi 

unda Semowmdes am mowyobilobebis Tavsebadoba da zustad im 

reJimebSi romlebic yvelaze bevr eWvebs badebs. 
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rac Seexeba piloturi qselis gamoyenebas qselis gamtaru-

narianobis prognozirebisaTvis, aq am tipis modelirebisas 

SesaZleblobebi SezRudulia. Tavis Tavad piloturi qseli ver 

SeZlebs kargi Sefasebis mocemas qselis warmadobaze, romelic 

ufro met qveqselis kvanZebsa da momxmareblebs moicav, radgan 

gaurkvevelia eqstrapolaciis meTodi, romelic miiReba patara 

qselSi da realuri sakvlevi qselis zoma ki didia. amitom 

mocemul magaliTSi mizanSewonilia piloturi qselis gamoyeneba 

imitaciur modelTan erTad, romelsac SeuZlia gamoiyenos 

piloturi qselidan miRebuli trafikis, mowyobilobebis 

gamtarunarianobis da Seferxebebis monacemebi realuri qselis 

sxvadasxva modelebis nawilebis daxasiaTebisTvis. Semdgom am 

modelebis nawilebi SesaZlebelia gavaerTianoT Sesaqmneli 

qselis mTlian modelSi, romlis muSaobac iqneba imitirebuli. 

 

 

5.1 ras miviRebT modelirebisas 

 

gamoTvliTi sistemebis daproeqtebisas, modelirebis 

gamoyenebiT SegviZlia: SevafasoT qselis da misi komponentebis 

gamtarunarianoba, aRmovaCinoT gamoTvliT sistemebSi viwro 

adgilebi, SevadaroT gamoTvliTi sistemis organizebis 

sxvadasxva variantebi, gavakeToT gamoTvliTi sistemis perspeqti-

ulobis prognozi, viwinaswarmetyveloT qselis gamtaruna-

rianobis momavali moTxovnebi, SevafasoT qselSi serverebis 

saWiro raodenoba da maTi warmadoba, SevadaroT gamoTvliTi 

sistemebis sxvadasxva modernizaciis varianti, SevafasoT 

programmuli uzrunvelyofis zemoqmedeba gamoTvliT sistemis 

modernizaciaze, qseluri protokolebis cvlileba da sxva. 

gamoTvliTi sistemis sxvadasxva xasiaTis komponentis 

parametrebis kvleva, saSualebas iZleva avirCioT qseluri da 

gamoTvliTi mowyobilobebi warmadobis gaTvaliswinebiT, 

momsaxurebis xarisxiT, saimedobiT da RirebulebiT. radgan 
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aqtiuri qseluri mowyobilobis erTi portis Rirebuleba 

mwarmoeblis, gamoyenebuli teqnologiebis, saimedobis da marTvis 

mixedviT SeiZleba iyos ramodenime dolaridan aTi aTasobiT 

dolaramde. modellireba ki Tavis Tavad mowyobilobebis 

Rirebulebis minimizaciis saSualebas iZleva, romlebic 

gankuTvnilia gamoTvliT sistemebSi gamosayeneblad. modelireba 

efeqturia Tu muSa sadgurebis raodenobaa 50-dan 100-mde. 

rodesac sadgurebis raodenobaa 300 da meti, proeqtirebisas 

mTlianma ekonomiam SeiZleba miaRwios 30-40% 

finansuri mxare. ra Tqma unda, ismeva kiTxva gamoTvliTi 

sistemis kvlevis Catarebis Rirebulebis Sesaxeb modelirebis 

daxmarebiT. swori da marTebuli modelirebis sistemis 

gamoyenebisas, modelirebis Rirebuleba didi araa. kvlevisas 

ZiriTadi xarjebi midis qselur teqnologiebis, gamoTvliT 

teqnikis da modelirebis sistemebis maRalkvalificiuri 

specialistebis xelfasebze, romlebic atareben obieqtis 

kvlevas, adgenen komponentTa da gamoTvliTi sistemaTa 

modelebs, dasaxaven gamoTvliTi sistemebis da misi modelebis 

ganviTarebis mimarTulebebs da modifikaciebs. 
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nax. 5.1 qseluri topologiis modeli 

 

gamoTvliTi sistemis kvleva da modelireba, romelic Sed-

geba 250 kvanZisgan, SeiZleba grZeldebodes erTi an ori kvira. 

amasTan am proeqtis Rirebuleba SeiZleba iyos 5000 dolaridan 

17500 dolaramde. Tu msxvili organizaciebis informatizaciis 

proeqtis Rirebuleba zog SemTxvevebSi aRemateba 500 000 

dolars, aqedan modelirebis samuSao nebismier SemTxvevaSi 

Seadgens am proeqtis mTliani Rirebulebis araumetes 4%. 

 

 

5.2 sakvlevi qselis aRwera 

 

Qqalaq quTaisSi arsebobs internet qselis provaideri 

romelic Sedgeba 4 kvanZisgan (kvanZi1-internet servisis 

provaideri (ISP), kvanZi2 - safiCxia, kvanZi3 - saRoria, kvanZi4 - 

zestafoni) (nax. 5.2). TiToeuli kvanZi dakavSirebulia mTavar 

kvanZTan (ISP). kvanZebi erTmaneTTan SeerTebulia mravalmodiani 



 113 

optikuri kabeliT.  ISP dakavSirebulia wre topologiiT kvanZ 2-

Tan. kvanZi 2 mierTebulia kvanZ 3-Tan dacvis gareSe (aseTi 

SeerTeba ganxorcielebulia finansuri danaxarjebis Semcirebis 

mizniT) .  ISP –ze kvanZi 4 dakavSirebulia pirdapiri mierTebiT 

dacvis gareSe. 

 

    naxazi 5.2 internen provaiderSi kvanZebis SeerTebis sqema 

ISP-Si ganTavsebulia Semdegi aparatura: 

marSrutizatori cisco 7609 

sviCi cisco2960  2  cali 

sviCi cisco 3645 2 cali 

serverebi: WWW,  MAIL,  FTP da a.S.  

mowyobilobebis muSaoba xorcieldeba OSPF protokoliT. 

kvanZi2-ze mierTebulia 4 sviCi (nax. 5.3), romlebzec Tavis mxriv 

mierTebulia abonentebi. 
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naxazi 5.3 kvanZi1 funqcionirebis sqema 

 

kvanZ3-Si mierTebulia erTmaneTTan mimdevrobiT CarTuli 3 

sviCi (nax. 5.4). 

kvanZ 4-Tan mierTebulia 5 sviCi saidanac sami maTgani aris 

erTmaneTan  mimdevrobiT, xolo danarCeni ori qmins calke 

qsels(nax. 5.5). 

 

naxazi 5.4 kvanZi3 funqcionirebis sqema 
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naxazi 5.5 kvanZi4 funqcionirebis sqema 

 

 aRniSnul obieqtze Catarda sakvlevi samuSaoebi, ris 

Sedegadac ganisazRvra : reaqciis dro, gadacemis dro, 

datvirTvis koeficienti, qselSi paketebis kargvebis raodenoba.  

Catarebuli kvlevebis Sedegad mivigeT rom: 

 trafikis gazrdis SemTxvevaSi sistemis reaqciis dro 

mcirdeboda, (iyo Zalian dabali), es ki iwvevda qselSi paketebis 

dakargvas didi raodenobiT,rac sagrZnoblad anelebs abonen-

tebis muSaobas internetSi. 

kvanZ 2.–Si gaizoma datvirTvebi marSutizatoris im portebze 

romlebzec mierTebuli iyo es sviCebi. Sedegebi moyvanilia 

cxril 5.1-Si da Sesabamisi diagrama warmodgenilia nax. 5.6 - ze. 
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  cxrili 5.1 droisa da trafikis urTierTdamokidebuleba 

 

 

 

 nax. 5.6 trafikis Sesabamisi diagrama drois mixedviT 

 

datvirTvebTan erTad davakvirdiT reaqciisa da dayovnebis 

dros. dakvirvebis Sedegebi mocemulia cxrilSi 5.2 daSesabamisi 

diagrama agebulia nax. 5.7 – ze. 

 

 

 

dro g 0/1 g 0/2 g 0/3 g 0/4 

10 100 96 104 101 

12 116 107 120 108 

14 140 125 136 129 

16 150 140 148 155 

18 100 109 96 85 

20 200 195 209 218 

22 500 516 517 503 

24 484 502 500 505 

2 350 420 384 340 

4 246 261 205 240 

6 114 106 97 140 

8 64 54 41 64 

10 102 105 117 100 
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cxrili 5.2 reaqciisa da dayovnebis drois damokidebuleba  

datvirTvebTan  droiT intervalSi. 

 

 

nax 5.7 reaqciisa da dayovnebis drois damokidebuleba  

datvirTvebTan 

 

kvanZ 3. – Si marSrutizatoris erT-erT portze moxda 

datvirTvebis, reaqciisa da dayovnebis dro gazomva.  Sedegebi 

moyvanilia cxril 5.3 – Si. 

Sesabamisi diagramebi agebulia nax. 5.8 da nax 5.9 – ze. 

 

dro g 0/1 g 0/2 g 0/3 g 0/4 TTL 

10 100 96 104 101 180 

12 116 107 120 108 185 

14 140 125 136 129 191 

16 150 140 148 155 192 

18 100 109 96 85 178 

20 200 195 209 218 180 

22 500 516 517 503 215 

24 484 502 500 505 211 

2 350 420 384 340 189 

4 246 261 205 240 176 

6 114 106 97 140 131 

8 64 54 41 64 178 

10 102 105 117 100 179 
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dro g 0/1 TTL 

10 250 178 

12 285 178 

14 320 181 

16 380 185 

18 260 178 

20 400 205 

22 800 300 

24 960 308 

2 700 287 

4 300 180 

 

cxrili 5.3 reaqciisa da dayovnebis drois damokidebuleba  

datvirTvebTan  droiT intervalSi. 

 

nax. 5.8 drois da trafikis urTierTdamokidebuleba 
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nax. 5.9 reaqciisa da dayovnebis drois damokidebuleba  

datvirTvebTan 

dakvirvebebis Sedegad aRmoCnda rom maqsimaluri datvirTvis 

pirobebSi adgili qonda qselSi kolizias. kvlevebis Sedegad 

dadginda, rom es problema gamowveuli iyo im kvanZebSi sadac 

mowyobilobebi CarTulni iyvnen salte topologiiT. gaTiSvis 

Semdeg qselis aRdgenas sWirdeboda 10-15 wuTi. kvlevebis Sedegad 

aseve dadginda rom qseli ar iyo daculi garemo 

dazianebebisagan. 

aRniSnuli problemebis aRmosafxvrelad ANYLOGIC-is gamo-

yenebiT davamodelireT arsebulis analoguri qseli, masze 

CavatareT sxvadasxva saxis eqsperimenti, kerZod: 

 qseli aiwyo wriuli topologiis gamoyenebiT 

 kvanZ 4-Si datvirTvebis zrdasTan erTad davamateT arxi. 

 kvanZ 3 da kvanZ 4-i gadakeTda varskvlavur-salte topo-

logiad. 

Sesabamisad  arsebulma qselma miiRo nax. 5.10-ze naCvenebi 

saxe. 
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nax. 5.10  quTaisis axali qseli wriuli topologiiT 

 

 

 

nax. 5.11  kvanZi 1 
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nax. 5.12 kvanZi 2 

 

 

 

nax. 5.13 kvanZi 3 
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nax. 5.14 kvanZi 4 

 

modelirebis sistemis saSualebiT avageT arsebuli qselis  

modeli da ganvixileT sxvadasxva SemTxvevebi.  

 

dro g 0/1 g 0/2 g 0/3 TTL 

10 100 96 104 178 

12 116 107 120 178 

14 140 125 136 181 

16 150 140 148 185 

18 100 109 96 178 

20 350 400 380 205 

22 680 710 724 280 

24 484 502 500 264 

2 350 420 384 247 

4 246 261 205 180 

 

cxrili 5.4 kvanZ 3-Si droisa da trafikis damokidebuleba 

“salte varskvlavuri” topologiis SemTxvevaSi. 
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nax. 5.14 kvanZ 3-Si droisa da trafikis damokidebuleba 

“salte varskvlavuri” topologiis SemTxvevaSi. 

 

 

nax. 5.15  kvanZ 3-Si reaqciis da gadacemis drois damokidebuleba 

trafikTan. 
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internetis urTierTgacvlis centri 

 

dReisaTvis aqtualur amocanas warmoadgens internetis 

urTierTgacvlis centrisarseboba.. 

internetis urTierTgacvlis centri (Internet Exchange point  - 

IXP) warmoadgens erTi an ramodenime kvanZisagan  Semdgar qselur 

infrastruqturas, sadac xdeba trafikis gacvla im organiza-

ciebs Soris, romlebic arian damoukidebeli qselebis (avto-

nomiuri sistemebis) mflobelebi. 

 IXP – is ZiriTadi daniSnulebaa pirdapiri urTierTCar-

Tvebis organizeba  lokalur internet provaiderebs Soris. 

 IXP – is monawileebi SeuzRudavad cvlian Tavisi qselis 

trafiks. 

 IXP – i inarCunebs neitralitets monawile mxareebis 

mimarT. 

 IXP – sTan mierTeba niSnavs xarisxiani kavSiris 

damyarebas IXP – is yvela monawilesTan. 

internet provaiderebTan Catarebuli kvlevebis Sedegad 

gamoikveTa ori kategoriis internet qselis momxmarebeli.  

1.  romlebic internets moixmaren lokaluri saitebidan 

sxvadasxva informaciis gadmosatvirTaT dasocialur qselebSi 

samuSaod 

2 romlebic ZiriTadad iyeneben globalur internets. 

aseTi abonentebis procentuli maCvenebelia 60%-i 40%-Tan. 

imis gamo rom saqarTveloSi ar aris IXP – i, zaraldeba kompaniis 

biujeti da abonents ar miewodeba swrafi interneti.  

diseraciaSi ganxilulia internetis urTierTgacvlis cen-

tri Seqmna xuTi internet provaideris magaliTze, sadac ori 

maTgani (A, B) ermaneTTan lokalurad aris CarTuli gigabitiani 

optikuri kabeliT, xolo danarCeni sami (C, D, E) – ar aris 

CarTuli qselSi. rodesac A provaideris abonents dasWirdeba B 

provaideris serveridan informaciis gadmowera igi swrafad 
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ganaxorcielebs gadmoiweras, xolo danarCen sams (C, D, E) 

globaluri internetis gavliT mouwevs am provaiderebis (A, B) 

serverebTan dakavSireba.  

Cems mier miRebuli modelis analizma maCvena rom, rodesac 

C provaideris abonentebs surT gadmoiweron A an B provaideris 

lokaluri serveridan raime informacia, maSin datvirTvis 100% 

modis globaluri internetis gatarebis zolze rac naTlad Cans 

grafikze nax5.19.  

 

 

nax.5.19 trafikis da abonentebis urTierTdamokidebuleba IXP 

ar arsebobisas 

saqarTveloSi arsebobs 25 damoukidebeli qselis mflobeli 

kompania, romelTac sWirdebaT IXP – i. modelirebis sistemis sa-

SualebiT SevqmeniT modeli  IXP – i romelic mocemulia nax. 3. 

sadac 1, 2, 3, ... 25 – iT aRniSnulia internet provaiderebi da IXP 

– iT internetis urTierTgacvlis centri.   
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N nax. 20 IXP – is modeli 

 

- IXP – is arseboba aisaxeba saboloo momxmareblis 

internetis xarisxze: 

 optimalurs sxdis trafikis marSrutizacias qselebs 

Soris. amcirebs erTi provaideridan meoresken gadacemuli 

paketebis marSruts (hopebis raodenobas), rac pirdapir aisaxeba 

xmovan da video servisebze. 

 minimumamde dayavs globaluri arxebis Trombireba – 

gamoricxavs lokaluri trafikis globaluri qseliT 

Semotarebis aucileblobas da azRvevs lokalur da globalur 

qselebs gadatvirTvisagan. (provaiderebi, romelTac ara aqvT 

erTmaneTTan urTierTCarTva, trafiks dRes atareben globaluri 

internetis arxebiT.) 

- IXP – is arseboba amcirebs saSualo da mcire zomis 

operatorebisTvis xarjebs, rac pirdapir aisaxeba maT ganviTa-

rebaze: 

 operatori nacvlad ramodenime geografiulad erTmaneTi-

sagan daSorebuli fizikuri SeerTebebisa iyenebs erT arxs. 

(provaiderebi dazogaven sxvadasxva mimarTulebiT N raodenobis 

sadenis CadebisaTvis gasawev xarjebs, satranzito ijaris da 

sakomunikacio kanalizaciebis saxazo meurneobis Senaxvis xar-

jebs, ar dasWirdebaT N raodenobiT gafarToebuli urTierT-

CarTvis xelSekrulebebis gaformeba, ar mouWevT N raodenobiT 

aparaturis gantavseba sxvadasxva Tanalokaciis farTebze da 

Sesabamisi ijaris gadaxda, ar gadaixdian zedmetad globalur 

internetis arxis safasurs, rom gaataron saqarTvelos im 

provaiderebTan trafiki visac fizikurad ver uerTdebian.) 

  provaidere ufro zustad akontrolebs Tu ra simZlavre 

sWirdeba mas xarisxiani servisis misawodeblad da dazRveulia 

iZulebiTi zedmeti danaxarjebisagan. (nacvlad 10 – obiT 

araoptimalurad datvirTuli arxebisa, romelic dRes sxvadasxva 
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did Tu patara provaiderebTan aqvT miyvanili, gamoiyenebs erT 

arxs yvela provaiderTan CasarTavad, gaakontrolebs datvirTvas, 

gazrdis moTxovnis Sesabamisad da xarjic optimaluri iqneba.) 

 

danarTi 

GEONET –is kompiuteruli qselis struqtura 
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gldani-telegrafi 
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gldani-varkeTili 

 

 

 

პირველი თავის დასკვნა: 

1.  gaanalizebulia kompiuteruli qselebis miznebi da 

amocanebi; 

2. gaanalizebulia kompiuteruli qselebis maxasiaTeblis 

da qselis muSaobis efeqturobis kriteriumebis Sefasebis 

meTodebi; 

3. Camoyalibebulia kompiuteruli qselebis daproeqtebis 

ZiriTadi amocana; 

4. ganxilulia kompiuteruli qselis monitoringis da 

analizis instrumentebi 

 

 

მეორე თავის დასკვნა 

1. dasabuTebulia modelirebis upiratesoba qselis warmadobis 

optimizebisaTvis; 
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2. ganxilulia gamoTvliTi sistemebis imitaciuri modeli-

rebis popularuli da specializirebuli sistemebi; 

 

მესამე თავის დასკვნა 

warmodgenilia sviCirebuli ezernetis daxvewili parame-

truli modeli, romelic qselis struqturis da sakomunikacio 

Tu terminaluri mowyobilobebis raodenobis mixedviT ar icvle-

ba. modeli Sevsebulia sazomi monakveTebiT. isini uzrunvelyofen 

gamtarunarianobis, kadris miwodebis drois da sviCebis 

buferebis zomebis gamoTvlas modelirebis procesSi. 

modelis adekvaturoba dadasturda realuri qselebis 

maxasiaTeblebis gamoTvlisas. modelirebis Sedegebis analizi 

ganxorcielda sxvadasxva saxis aRWurvilobisTvis. miRebuli 

Sedegebis gamoyenebis areali gaxlavT satelekomunikacio 

qselebis da mowyobilobebis agebulebis optimalurTan 

miaxloeba.  

 

 

ძირითადი დასკვნები: 

damuSavebulia modificirebuli petris qseli, romelic 

sainformacio qselebis modelirebis makro enas warmoadgens. 

1. petris samodeliro makro enis gamoyenebiT 

damuSavebulia kompiuteruli qselebis efeqturobis gazrdis 

mizniT sakvlevi modelebi, da miRebulia rekomendaciebi sistemis 

efeqturi oganizaciisaTvis. amave dros damuSavebulia samodelo 

garemo, romelic damoukidebeli mkvlevarisaTvis warmoadgens 

kvlevis organizaciis avtomatizebul resurs, rac modelis 

damuSavebaze daxarjul resursebsa da dros mniSvnelovnad 

amcirebs. 

2. ganxiluli da Seswavlilia multiagenturi modeli-

rebis ena ANYLOGIC da momxmareblisaTvis Camoyalibebulia 

interfeisis Seswavlis inteleqtualuri garemo. 
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3. saqarTvelos sainformacio internet sivrcis calkeuli 

elementebisaTvis, e.w. provaideruli centrebisaTvis (GEONET,  

quTaisi da a.S.) Camoyalibebulia problemebi, maTi gadaWris 

gzebi da sakvlevi modelebi multiagentur modelebis garemo 

ANYLOGIC-Si. Catarebulia samodelo eqsperimentebi da miRebu-

lia aRniSnuli centrebis efeqturi organizaciis rekomendacie-

bi, romelnic sistemis swor marTvas efuZvneba da ar moiTxovs 

resursebis gafarToebas da maTze gaweul mniSvnelovan xarjebs. 

internet servisuli sivrcis efeqturi organizebis mizniT 

saqarTvelos pirobebSi axali internet resursis damatebis gziT 

gamokvleulia calkeul provaiderTa moRvaweobis efeqturobis 

amaRlebis sakiTxebi ise, rom provaideris resursuli xarjebi ar 

icvleba. damuSavebulia modelirebis makro enis ANYLOGIC-

garemoSi kvlevis saTanado modelebi. 

 

 

Cvens mier damuSavebilia modificirebuli petris qseli, 

romelic orientirebulia qseluri administrirebis procesis 

aRwerasa da modelirebaze. rac warmodgenilia sadisertacio 

naSromSi. am aparatis safuZvelze damuSavebulia realuri 

modelebi, romlebic qvemoT aris warmodgenili. 
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