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naSromis zogadi daxasiaTeba 

kvlevis aqtualoba – Tanamedrove informaciuli sistemebi 

urTulesi sistemebia. informaciuli sistemebis erT-erTi 

yvelaze  gavrcelebuli saxea kompiuteruli qselebi da kerZod 

interneti. rogorc mogexsenebaT internetis infrastruqturis 

Semadgenel nawilebs provaideruli momsaxurebis centrebi, 

kavSiris optikur boWkovani kabelebi, kosmosSi mdebare 

satelituri sadgurebi da sxva momsaxure elementebi 

warmoadgenen. erTianobaSi aRniSnuli resursebi qmnian urTierT 

dakavSirebul ierarqias. 

 sainformacio sistemis efeqtur muSaobas erTis mxriv 

gansazRvravs aRniSnuli resursebis siWarbe, xolo meore mxriv 

am resursebis marTvis swori organizacia. marTvis organizaciis 

TvalsazrisiT qselebs axasiaTebT efeqturobis maCveneblebi, 

iseTebi rogorebicaa: warmadoba, saimedoba, informaciis 

daculoba da sxva. amdenad qselis efeqturi organizacia, 

efeqturi dagegmareba gulisxmobs dagegmarebis scenarebis 

siWarbesa da qselis efeqturobis maCveneblebze moTxovnebis 

dakmayofilebas. am mxriv dagegmarebis efeqturobis gazrdis 

mizniT sargebloben modelirebis TeoriiT, romlis erT-erT 

Stos imitaciuri modelireba warmoadgens. imitaciuri 

modelirebis garemoSi xdeba dagegmarebis alternatiuli 

scenarebis kvleva-Zieba da saukeTeso gadawyvetilebis SerCeva.  

 meores mxriv dReisaTvis modelirebis Tanamedrove 

teqnologiebma hpova mZlavri ganviTareba. samodeliro teqno-

logiur bazaze gaCnda maRali donis modelirebis makro enebi, 

romelnic mniSvnelovnad aZliereben modelirebis ciklSi mode-

lis Seqmnaze daxarjul energiasa da dros. amave dros 

modelirebis aparatSi Canergilia mravali agentis e.w. 

multiagenturi realizaciis principi, rac agrerigad axasiaTebs 

qselebis ganawilebul resursebs. 

amdenad erTis mxriv Tanamedrove informaciuli sistemebis 

kvleva da meores mxriv kvlevis Tanamedrove sistemebis arseboba 
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saSualebas iZleva damuSavdes axali modelebi, romelic 

safuZvels daudebs kompiuteruli sistemebisa da qselebis 

efeqtur organizacias, rac agrerigad aqtualur amocanas 

warmoadgens. 

sadisertacio naSromis ZiriTadi mizani. sadisertacio 

naSromis ZiriTad mizans Tanamedrove modelirebis teqnologiur 

garemoSi iseTi modelebis damuSaveba warmoadgens, romelnic 

sainformacio internet sivrcis organizebas gaxdis 

mniSvnelovnad efeqturs da amave dros mkvlevarebs miscems 

modelirebis  avtomatizebul mza garemos, sadac maT SeeZlebaT  

Caataron damoukidebeli samodelo eqsperimentebi sainformacio 

sistemis organizebis efeqturobis gazrdis mizniT 

kvlevis obieqtebi da meTodebi. kvlevis obieqts warmoadgens 

kompiuteruli qseli, romlis modelirebac ganxorcielebilia 

petris qselis da modelirebis sistemis ANYLOGIC-is 

gamoyenebiT. sakvlev obieqtad gamoyenebulia quTaisis 

provaideruli centri.  

mecnieruli siaxle. mecnieruli siaxle Tanamedrove 

modelirebis teqnologiebis bazaze iseT meTodologiur garemos 

damuSavebaSi mdgomareobs, romelic uzrunvelyofs rTuli 

multiagenturi sainformacio sistemis kvlevis organizacias da 

amave dros warmoadgens im bazas romelic mudam gafarToebadia 

da iZleva damoukidebeli mkvlevarisaTvis kvlevis Catarebis 

avtomatizebul garemos. 

naSromSi damuSavebulia petris qselebisa da multiagenturi 

modelirebis enis ANYLOGIC-is gamoyenebiT sakvlevi modelebi, 

romelnic uzrunvelyofen provaideruli centrebis dagegma-

rebisa da marTvis amocanis efeqtur gadawyvetas da pro-

vaiderul centrebs rogorc erTian sistemis organizaciis 

gaazrebas. ganxilulia saqarTvelos pirobebSi ramodenime 

provaideruli centris warmadobis gazrdis mizniT modelebi, 

romelnic saSualebas iZleva Camoyalibdes sakvlevi 
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alternativebi da mkvlevarebisaTvis warmoadgenen sakvlev-

samodeliro garemos avtomatizebul ujreds. 

შედეგების გამოყენების სფერო. Sesrulebuli samuSaos Sedegebi 

danergilia internet provaider “GeoNet”-Si da aseve SesaZlebe-

lia gamoyenebul iqnas nebismieri kompiuteruli qselis modeli-

rebisas. Sesrulebuli SamuSao moicavs qselis specialistebi-

saTvis metodikas da rekomendaciebs rac daexmareba provaiderebs 

naklebi finansuri danaxarjebiT aagon an modernizeba gaukeTon 

kompiuterul qselebs. 

naSromis aprobacia. sadisertacio Temis irgvliv naSromis 

ZiriTadi Sedegebi sxvadasxva wlebSi moxsenebul da ganxilul 

iqna samecniero-teqnikur konferenciebze da seminarebze. maT 

Soris:stu-s marTvis avtomatizebuli sistemebis kaTedris 

daarsebis saiubileo me-40 wlisTavisa da saqarTvelos 

mecnierebaTa erovnuli akademiis akademikosis g. CogovaZis da 

wevr-korespondentis g. gogiCaiSvilis dabadebis 70-e wlisTave-

bisadmi miZRvnili saerTaSoriso samecniero konferencia «mar-

Tvis avtomatizebuli sistemebi da  Tanamedrove sainformacio 

teqnologiebi»  

g. kircxalia  kompiuteruli qselebis maxasiaTeblebis Sefasebis 

meTodebi. moxsenebaTa Tezisebi.   Tbilisi 20–22 maisi, 2011 gv.108

 sadisertacio naSromis struqtura da moculoba. 

sadisertacio naSromi Sedgeba: Sesavlis, xuTi Tavis, ZiriTadi 

daskvnebisa da gamoyenebuli literaturis nusxisagan. naSromis 

ZiriTadi moculoba Seadgens nabeWdi teqstis  150 gverds, li-

teraturis nusxa Seicavs  50 dasaxelebis bibliografiul 

wyaros. 
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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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naSromis mokle daxasiaTeba 

p i r v e l i  T a v i  – kompiuteruli qselebis, kerZod ki misi 

erT-erTi saxis, internetis mimarT praqtikuli interesi gamow-

veulia momxmareblisTvis informaciuli uzrunvelyofis gamo. 

kompiuteruli qselis Seqmna moiTxovs did danaxarjebs. TiTo-

euli organizacia, romelic qselis Seqmnaze iRebs gadawyvetile-

bas, mzadaa didi finansuri xarjebisaTvis. 

TiToeul organizacias gaaCnia Tavisi specifika da interne-

tis momwodebelma proeqtirebis ganxorcielebisas, unda 

gaiTvaliswinos momxmarebelTa mzardi  moTxovnebi da amis 

mixedviT SearCios qselis struqtura, aparaturuli da progra-

muli uzrunvelyofa, informaciuli momsaxurebis Semadgenloba 

da organizeba.  

kompiuteruli qselis proeqtirebisas xSirad gamoiyeneba 

analogebi, nacnobi, muSaobaSi kargad darekomendirebuli 

proeqtuli gadawyvetilebebi da miRebuli gamocdilebebi. amis 

miuxedavad, TiToeuli organizaciis funqciebi da Sesrulebadi 

samuSaoebi, maTi mudmivi ganviTareba, axali sainformacio 

teqnologiebi, win uswreben dagrovil gamocdilebas da maSin 

kompiuteruli qseli, romelic Seicavs yvela Tanamedrove 

saSualebebs, momxmarebis TvalsazrisiT, SesaZlebelia muSaobdes 

arasakmarisad efeqturad. zustad amisTvis dReisdReobiT 

garkveul interes warmoadgens meTodebi, romlebic modelirebis 

bazaze saSualebas iZleva SevafasoT kompiuteruli qselebis 

struqtura, monacemTa bazebis organizeba, kompiuterebis maxa-

siaTeblebi, kavSiris kvanZebi, programuli produqtebis funqcia, 

da ase Semdeg 

kompiuteruli qselebis ganviTarebis, daproeqtebis da mar-

TvisTvis saWiroa Sefasdes Semdegi maxasiaTeblebi: 

- reaqciis dro, 

- gadacemis dro, 

- datvirTvis koeficienti 
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- trafiki-drois erTeulSi gadacemuli informciis raode-

noba; 

- molodinis dro; 

- koliziebisa da aRdgenis dro; 

- moTxovnebis damuSavebis albaToba. 

TavSi Catarebulia aRniSnuli maxasiaTeblebis analizi. da 

ganxilulia aRniSnuli parametrebis optimizaciis sami magaliTi.  

1. qselis nebismieri saxiT muSa mdgomareobaSi moyvana. 

zogadad es sakiTxi unda gadawydes pirvel rigSi da igi moicavs: 

qselSi gaumarTavi elementebis moZebnas – kabelebi, 

adapterebi, kompiuterebi da ase Semdeg. 

mowyobilobaTa Tavsebadobis Semowmebas da programul 

uzrunvelyofas. 

programebis da mowyobilobebis, korektuli parametris 

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 mas Wirdeba parametrebis dayeneba. 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 
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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 

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 

monacemTa erToblioba, amitom process daerqva “detaluri 

dayeneba”. 

 

m e o r e  T a v i  –ganxilulia qselis efeqturobis muSaobis 

kriteriumebi, romlebic  SeiZleba davyoT or jgufad. erTi 

jgufi xasiaTdeba qselis muSaobis warmadobiT, meore – 

saimedobiT. 

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. 

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 erTierTsapiris-

piro da Tu gavigeT erTi maTgani, SesaZlebelia gamovTvaloT 

meorec. 

gamtarunarianoba - nebismieri qselis agebis mizania 

kompiuterebs Soris monacemTa swrafi mimocvla. amitom, qselis 

an qselis nawili gamtarunarianobasTan dakavSirebul krite-
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riums kargad asaxavs qselis mier Sesrulebuli ZiriTadi fun-

qcia. 

aseTi saxis didi raodenobis variantis kriteriumis gansaz--

Rvreba arsebobs, iseve rogorc kriteriumis klasSi “reaqciis 

dro”. es variantebi SesaZlebelia erTmaneTisgan gansxvavdebod-

nen gadacemuli informaciis arCeuli sazomi erTeulis raode-

nobiT, 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. 

saimedobis gazrda mdgomareobs gaumarTaobis da 

dazianebebis 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. 

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. 
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მ ე ს ა მ ე  თ ა ვ ი  - ganxilulia kompiuteruli qselebis 

modelirebis sakiTxebi petris qselis gamoyenebiT. petris qseli 

Tanamedrove sainformacio sistemebis modelirebisa da analizis 

erT_erTi umniSvnelovanesi instrumentia, 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.. disertaciaSi ganxilulia kompiuteruli qselis 

modelis Sedgenis magaliTebi petris qselis saSualebiT. erT-erT 

magaliTs warmoadgens sviCebze agebuli Ethernet-s parametruli modeli. 

warmodgenili modeli gaumjobesebulia Semdegi mimarTulebiT: 1) 

gadasasvlelebis damcvelebis formulebi gamartivebulia cvladebis 

gadafarviT; 2) damatebulia sviCebis Sida buferebis moculobis 

SezRudvebi; 3) damatebulia maxasiaTeblebis Semdgomi gamoTvlis 

mizniT kadrebis dempingis amsaxveli adgilebi. 

 modeli warmodgenilia nax. 1-ze. modelSi gamoyenebuli ferebis 

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

monakveTebi warmodgenilia nax. 2-ze. 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 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 
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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 warmod-

genilia 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.1 gamosaxuli 

adgilebis markireba Seesabameba nax.3-ze warmodgenil, sarkinigzo 

sadispeCero centris lokaluri qselis markirebas.  

 

 

nax. 1 sviCebze agebuli qselis parametruli modeli 
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 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 ganxilulia [4]-Si. nax. 1-

ze warmodgenil modelSi dayovnebis dro Seesabameba 100megabiti/wm 

ezernets, 1MTU=10miliwami, xolo 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. 1-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 Sefasebis mizniT gamoyenebulia 

modelis ufro rTuli variantebi. buferebisTvis realizebulia FIFO 

disciplinis mqone rigebi. miRebuli kadris gamomaval portze gada-

misamarTebisTvis damatebulia Direct gadasvla (Tu rigi carielia, xolo 

daniSnulebis porti – Tavisufali). dayovnebis matricebi gamoyene-

bulia sxvadasxva portebis gadacemis siCqareebis modelirebis mizniT. 

 aucilebelia modelis im elementebisa detaluri aRwera, romlebic 

damatebulia sazomi monakveTebis gamoyenebiT maxasiaTeblebis 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 
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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 adgilze. ufro metic, sviCebis 

mier miRebuli/gadacemuli kadrebis 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. 2 ferebis, cvladebis da funqciebis brZanebebi 

 

nax. 3 sviCebze agebuli qselis nimuSi 
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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. 1-ze gamosaxul parametrul modelSi kadrebis 

gamotovebis procesi Setanili ar aris da orive zemoT aRniSnuli 

gamoTvlis Sedegi erTmaneTs emTxveva. 

 trafikis gamoTvlisTvis gankuTvnili sazomi monakveTi 

gamosaxulia nax. 4-ze. Serevis newFrame adgili iRebs terminaluri 

mowyobilobis mier qselis modelidan miRebuli Cveulebrivi kadris 

demps. gadasvla procFrame kadris asls inaxavs newDbl adgilze miwodebis 

drois gamoTvlis sazomi monakveTisTvis da iwyebs nFrm, nFrmAll, trafficAll, 

traffic adgilze Senaxvuli maxasiaTeblebis xelaxla gamoTvlas. 

yuradReba miaqcieT, rom xelaxla gamoTvlili formulebi 

warmodgenilia Sesabamisi rkalebis warwerebiT.  

 

nax. 4. 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 
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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. 

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. 

 kadrebis miwodebis drois gamoTvlis sazomi monakveTi warmodgen-

ilia nax. 5-ze. culcDT gadasvla iTvlis kadris miwodebis dt dros. culcAVR 

gadasvla iwyebs sumPair, sumAll, averPair, averAll, maxAll, maxPair, quantAll, quantPair 

adgilze Senaxuli maxasiaTeblebis xelaxla gamoTvlas.  

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 dasadgenad. yuradReba miaqcieT, rom 

saSualo mniSvnelobebis gamoTvlisas gamoiyeneba informacia axlad 

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

formuliT gamoiTvleba: 
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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.  

 

 

nax. 5. kadris miwodebis drois gamoTvla 

 

sviCis buferis moculobis gamoTvla 

 aRWurvilobis arCevis da satelekomunikacio qselebis 

mowyobilobebis daproeqtebis procesSi gadaiWreba mowyobilobebis 
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optimaluri maxasiaTeblebis dadgenis problema. portebze gadacemis 

garkveuli siCqaris (magaliTad, 100 megabiti/wm, 1 gegabiti/wm) mqone 

sviCebisTvis aseTi maxasiaTeblebia kadrebis sviCirebis saSualo dro. 

is gamoiTvleba drois erTeulSi damuSavebuli kadrebis raodenobis 

Sesaxeb arsebuli informaciis da sviCis Sida buferis moculobis 

safuZvelze.  

 nax. 6-ze warmodgenilia sviCis Sida buferis moculobis gamoTvlis 

sazomi monakveTi. parametruli modeli (nax. 1 ) saSualebas iZleva 

bufLim adgilze SevinaxoT buferis moculobis limiti. igive modeli 

axdens sviCebis mier miRebuli da gadacemuli kadrebis dempirebas. 

 

sur. 6. 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 
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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. 

 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.  

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 

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 gadawyvetileba stabiluri mdgomareobis reJimis 
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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 aRWurvi-

lobas da is ufro kavSirSia terminalis aRWurvilobaze gaugzavneli 

kadrebis saSualo raodenobis zrdasTan. satelekomunikacio aRWurvi-

loba Cveulebrivad muSaobs da uzrunvelyofs kadrebis miwodebas 

pikuri datvirTvis pirobebSi, risTvisac xdeba nakadebis kontrolis 

mowyobilobebis modelireba. 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 mocu-

loba. nax. 7-ze naCvenebia miwodebis drois gamoTvlis sazomi monak-

veTis (nax. 5) 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 maqsima-

luri 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). 

 

 

sur. 7. miwodebis drois gamoTvlis Sedegebi 
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realuri qselebis maxasiaTeblebis gamoTvla 

 kvlevis ZiriTadi problema gaxlavT modelebis adekvaturoba 

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-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. 

 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 miRebuli 

dempis nimuSi moyvanili nax. 8-ze.  

 

nax. 8 kadrebis dempi 
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 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 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  

 modelis adeqvaturobis Semowmebis mizniT GID Ural-VNIIZT sistemiT 

aRWurvili sarkinigzo sadispeCeros centris (nax. 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 
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gakeTebis saSualebas gvaZlevs: miwodebis drois modelirebis Sedegad 

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

sakmaod kargia da agebuli modelebis adekvaturobas adasturebs. 

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 sruldupleqsur reJimSi da maSin, rodesac 

terminaluri mowyobilobebis 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) gamoyeneba 

aRweril process kidev ufro arTulebs da xels uSlis analitikur 

Sefasebas. aqedan gamomdinare, kadrebis sviCirebis 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. 

 me-6 paragrafSi sazomi monakveTebis (nax. 4, 5, 6) safuZvelze 

Seswavlili parametruli modelis (nax. 1) Sedegebi warmodgenilia 

sarkinigzo sadispeCer centris lokaluri qselisTvis (nax. 3), ra 

drosac arCeulia sviCebis da ezernetis adapterebis sxvadasxva 
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saxeobebi. modelis parametrebi gamoTvlilia [8]-Si realuri 

aRWurvilobis maxasiaTeblebis gaTvaliswinebiT. nax. 9.-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 uzrunvelyofs 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 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. 9a-ze Cans, rom 10 megabiti/wm teqnologia ver uzrunvelyos 

kadrebis yvela nakadis gadacemas. stabiluri mdgomareobis reJimi 

qselis da terminaluri aRWurvilobis mqone sistemaSi ver miiRweva, 
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rasac adasturebs replyS adgilze rigis sigrZis zrda. SedarebiT 

swrafi teqnologiebi yvela nakadis gadacemas uzrunvelyofs, Tumca 

gamtarunarianobebi gajerebis zRvrebiT mixedviT gansxvavdeba. 

miwodebis droebi (sur. 9b) 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. 5, adgili maxALL) SegviZlia gamoviyenoT, rogorc miwodebis 

garantirebuli dro realur sistemebSi mkacri droiTi limitebiT. Tu 

sistemas mkacri droiTi limitebi ar gaaCnia, maSin miwodebis saSualo 

dro (nax. 5, adgili averALL) gamoTvlebSi gamoiyeneba.  

 

 

 

a) gamtarunarianoba                     b) miwodebis dro  

nax. 9 qselis maxasiaTeblebis gamoTvla 
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 m e o T x e  T a v i  - ganxilulia  AnyLogic sistema kompania 

XJTechnologies-is mier aris damuSavebuli da gaxlavT kompiuteruli 

modelirebis saerTo daniSnulebis saSualeba. es aris kompleqsuri 

instrumenti, romelic moicavs modelirebis ZiriTad Tanamedrove 

mimdinareobebs, 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 safuZ-

velze, 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.  

 

m e x u T e  T a v i - damuSavebulia qselebis modelebi internet-

servis provaiderisTvis. qselis stuqtura warmodgenila nax.10-ze. 

 

nax.10. sakvlevi qselis modeli 
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Qqalaq quTaisSi arsebobs internet qselis provaideri romelic 

Sedgeba 4 kvanZisgan (kvanZi1-internet servisis provaideri (ISP), kvanZi2 - 

safiCxia, kvanZi3 - saRoria, kvanZi4 - zestafoni) (nax. 11). TiToeuli 

kvanZi dakavSirebulia mTavar kvanZTan(ISP). kvanZebi erTmaneTTan SeerTe-

bulia mravalmodiani optikuri kabeliT.  ISP dakavSirebulia wre topo-

logiiT kvanZ 2-Tan. kvanZi 2 mierTebulia kvanZ3-Tan dacvis gareSe (ase-

Ti SeerTeba ganxorcielebulia finansuri danaxarjebis Semcirebis 

mizniT) .  ISP –ze kvanZi 4 dakavSirebulia pirdapiri mierTebiT dacvis 

gareSe. 

 

 nax. 11 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 romlebzec Tavis mxriv mierTebulia 

abonentebi. 

kvanZ3-Si mierTebulia erTmaneTTan mimdevrobiT CarTuli 3 sviCi 

kvanZ 4-Tan mierTebulia 5 sviCi saidanac sami maTgani aris erTmaneTan  

mimdevrobiT, xolo danarCeni ori qmins calke qsels. 

aRniSnul obieqtze Catarda sakvlevi samuSaoebi, ris Sedegadac 

ganisazRvra : reaqciis dro, gadacemis dro, datvirTvis koeficienti, 

qselSi paketebis kargvebis raodenoba.  

kvlevebis Sedegad miviReT rom: 
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 trafikis gazrdis SemTxvevaSi sistemis reaqciis dro iyo 

dabali, rac iwvevda qselSi paketebis kargvas didi raodenobiT es 

sagrZnoblad anelebs abonentebis muSaobas internetSi. 

kvanZ 2. –Si gaizoma datvirTvebi marSutizatoris im portebze 

romlebzec mierTebuli iyo es sviCebi. Sedegebi moyvanilia cxril 1-Si 

da Sesabamisi diagrama warmodgenilia nax.12 - ze. 

 

 

 

 

 

 

 

 

 

 

 

 

cxrili 1 droisa da trafikis urTierT damokidebuleba 

 

 

nax. 12 trafikis Sesabamisi diagrama drois mixedviT 

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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datvirTvebTan erTad davakvirdiT reaqciisa da dayovnebis dros. 

dakvirvebis Sedegebi mocemulia cxrilsSi 2 –Si daSesabamisi diagrama 

agebulia nax. 13 – ze. 

  

cxrili 2 reaqciisa da dayovnebis drois damokidebuleba  

datvirTvebTan  droiT intervalSi. 

 

 

nax 13 reaqciisa da dayovnebis drois damokidebuleba  

datvirTvebTan 

 

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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kvanZ 3. – Si gaizoma marSrutizatoris erT-erT portze datvir-

Tva, reaqciisa da dayovnebis dro.  Sedegebi moyvanilia cxril 3 – Si. 

Sesabamisi diagramebi agebulia nax. 14 da nax 15 – ze. 

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.3 reaqciisa da dayovnebis drois damokidebuleba  

datvirTvebTan  droiT intervalSi. 

 

 

 

 

 

nax. 14 drois da trafikis urTierTdamokidebuleba 
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nax. 15 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 gamoyenebiT 

davamodelireT arsebulis analoguri qseli, romelSic SevitaneT 

cvlilebebi: 

 qseli aiwyo wriuli topologiis gamoyenebiT 

 kvanZ 4-Si datvirTvebis zrdasTan erTad davamateT 1gigabitiani 

arxi. 

 kvanZ 3 da kvanZ 4-i gadakeTda varskvlavur salte topologiad. 

Sesabamisad qselma miiRo axali saxe romelic naCvenebia nax. 16-ze 
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nax. 16  quTaisis axali qseli wriuli topologiiT 

modelirebis sistemis saSualebiT avageT arsebuli qselis  

modeli da ganvixileT sxvadasxva SemTxvevebi. ris Sedegadac 

gaumjobesda  trafiki, koliziebis aRmofxvris dro, gadacemis da 

reaqciis dro. warmodgenilma sqemebma, ganicades cvlilebebi da  

miiRes saxe (nax.17,18) 

 

nax. 17  kvanZ 3-Si reaqciis da gadacemis drois damokidebuleba 

trafikTan. 
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nax.18 kvanZ 3-Si droisa da trafikis damokidebuleba “salte 

varskvlavuri” topologiis SemTxvevaSi. 

 

dReisaTvis aqtualur amocanas warmoadgens internetis 

urTierTgacvlis centri. disertaciaSi ganxilulia internetis 

urTierTgacvlis centris modelis Sedgenis sakiTxebi da 

dadgenilia is upiratesobani romlebsac aseTi centrebis 

arseboba gamoiwvevs. 

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. 
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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 

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 nax19.  
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nax.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.   

 

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 



- 36 - 
 

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 

ganviTarebaze: 

 operatori nacvlad ramodenime geografiulad 

erTmaneTisagan daSorebuli fizikuri SeerTebebisa iyenebs erT 

arxs. (provaiderebi dazogaven sxvadasxva mimarTulebiT N 

raodenobis sadenis CadebisaTvis gasawev xarjebs, satranzito 

ijaris da sakomunikacio kanalizaciebis saxazo meurneobis 

Senaxvis xarjebs, ar dasWirdebaT N raodenobiT gafarToebuli 

urTierTCarTvis 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 

did Tu patara provaiderebTan aqvT miyvanili, gamoiyenebs erT 

arxs yvela provaiderTan CasarTavad, gaakontrolebs datvirTvas, 

gazrdis moTxovnis Sesabamisad da xarjic optimaluri iqneba.) 
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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 migebulia rekomendaciebi sistemis efeqturi ogani-

zaciisaTvis. amave dros damusavebulia samodelo garemo, rome-

lic damoukidebeli mkvlevarisaTvis warmoadgens kvlevis or-

ganizaciis avtomatizebul resurs, rac modelis damuSavebaze 

daxarjul resursebsa da dros mniSvnelovnad amcirebs. 

2. ganxiluli da Seswavlilia multiagenturi modelirebis 

ena ANYLOGIC da momxmareblisaTvis Camoyalibebulia interfei-

sis Seswavlis inteleqtualuri garemo. 

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 
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