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reziume 

warmodgenil naSromSi ganxilulia satelekomunikacio sis-
temebSi teqnikuri da teqnologiuri momsaxurebis optimaluri 
variantebis SerCeva da axali strategiis SemuSavebis sakiTxebi, 
qselis Warbi pikuri datvirTvebiT gamowveul reJimebSi muSaobis 
dros.  

naSromSi xazgasmulia, rom satelekomunikacio teqnolo-
giebis srulyofaSi bolo wlebSi aSkarad SeiniSneba mniSvne-
lovani evolociuri cvlilebebi. gansakuTrebiT es exeba kompi-
uterul qselur sistemebs, romlebic ganuwyvetliv farTovdeba. 
qselis sakomunikacio kvanZebs Soris optikur-boWkovani kavSiris 
xazebSi sainformacio nakadebi mniSvnelovnad izrdeba. rac xels 
uwyobs Warbi datvirTvebis warmoqmnas kompiuteruli sistemebis 
muSaobis pikur momentebSi. kompiuteruli qselebis muSaobis 
gadatvirTul reJimebs xSirad Tan sdevs mTliani sistemis 
swrafqmedebis Seneleba, SeiniSneba misi warmadobis dacema. aseTi 
movlena aqveiTebs qselis reagirebas ganacxadebze sxvadasxva 
servisuli momsaxurebis misaRebad. 

qseluri sistemis momsaxurebas problemis ukeT gadawyveti-
saTvis mizanSewonilia marTvis specializirebuli aparaturul-
programuli saSualebebis qseluri analizatorebis funqcionire-
bis algoriTmebis SemuSaveba da gamokvleva, romlebsac eqnebaT 
axali teqnikuri SesaZleblobebi (romlebic moaxdenen Warbi 
paketebis gadacemebis regulirebis axali meTodebis gamoyenebas). 
sakuTari programuli uzrunvelyofis garda isini aRWurvili 
iqnebian axal optoeleqtronuli teqnikis bazaze realizebuli 
funqcionaluri mowyobilobebiT.  

qselur analizatorebs efeqturad SeuZliaT marTon didi 
zomis sainformacio nakadebi, operaciulad gamoyon komuta-
torebis Siga buferuli operatiuli mexsierebis saWiro teva-
dobebi gadasacemi paketebis Warbi deitagramebis drois pikur 
momentebSi moklevadiani damaxsovrebisaTvis, daicva maTi gana-
wilebis prioritetuli niSnebi marTvadi rigebis formirebis 
dros. optimalurad SeuZliaT gadawyviton sakomutacio proble-
mebi, vidre es SeuZliaT gadawyviton amJamad gamoyenebul 
meTodebsa da saSualebebs.  

mizanSewonilia iseTi analizatorebis SemuSaveba da qsele-
bSi maTi gamoyeneba, romlebic reagireben rogorc optikur, ise 
eleqtronul signalebze, maTi funqcionaluri kvanZebi sasurve-
lia iyvnen optoeleqtronuli saxis, SeiTavson erTdroulad 
gardaqmnisa da damuSavebis funqciebi. analizatoris aseTi kombi-
nirebuli gadawyveta moaxdens rogorc droiT, ise materialuri 
danaxarjebis ekonomias. raoden efeqturad iqneba gamoyenebuli 
aseTi Sesrulebis mqone analizatorebi, masze iqneba damo-
kidbuli mTliani qseluri sistemis funqcionirebis efeqturoba. 

aRniSnulia, rom qselis muSaobis efeqturobis mraval 
kriteriums Soris qselis momsaxureobis mTavari miznidan gamom-
dinare, didi mniSvneloba aqvs sainformacio nakadebis gadamcemi 
arxebis siCqareebis gazrdas, romlebic Seicaven paketebis did 
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raodenobas. trafikis gantvirTvis problemebis gadawyveta, e.i. 
pulsaciebis CaxSoba SesaZlebelia qselis kvanZebis komutator-
marSrutizatorebSi paketebis didi simravlis sakomutacio saqmi-
anobis ukeT regulirebis gziT, rac Seadgens qseluri sistemis 
efeqturi teqnikuri da teqnologiuri momsaxurebis ZiriTad 
mizans. dRis wesrigSi dgeba saWiroeba: SemuSavdes nakadebis 
didi simravlis qselSi gadacemebis regulirebis axali meTo-
debi; mosalodneli kritikuli qseluri situaciebis swrafi 
kontrolisa da analizis ufro efeqturi saSualebebi; ufro 
efeqturi algoriTmebis SemuSaveba da danergva, romlebic met-
naklebad optimalurad gadawyveten zemoTaRniSnul problemebs.  

naSromSi gansakuTrebiT xazgasmulia, rom marTvis damxmare 
qselur instrumentebs Soris gansakuTrebul adgils ikavebs 
mimdinare qseluri situaciebis specializirebuli analizatoris 
Seqmna, romelic specialistebs daexmareba efeqturad gadawyvi-
ton ZlierdatvirTuli sistemis teqnikuri da teqnologiuri 
momsaxurebis sakiTxebi, ganaxorcielon didi raodenobis (Warbi) 
paketebis gadacemebis marTvis axali strategia. Aqedan gamomdi-
nare warmodgenil sadisertacio naSromSi gamokvleulia Semdegi 
sakiTxebi: foemulirebulia qselis momsaxurebis ZiriTadi 
moTxovnebi, sakmaod dawvrilebiT gaanalizebulia qselSi kompiu-
teruli trafikis gadatvirTvis ZiriTadi mizezebi; aseTi gadat-
virTvis SemTxvevebis aRsakveTad naSromSi gansakuTrebiT xazga-
smulia sakomutacio sistemebis efeqturi gamoyenebis roli da 
mniSvneloba, Catarebulia urTierTdamokidebulebebis analizi 
sainformacio paketebis intensiobebis, paketebis wyaromimRebamde 
kavSiris xazebSi maTi gadacemis siCqareebs Soris, romlebic 
gadacemisas kveTen mravalricxovan kvanZebs; formulirebulia 
trafikis pulsaciebis regulirebis problemebi; aRniSnulia 
Warbi paketebis dagrovebis mimdinare situaciebis analizis amJa-
mad gamoyenebuli meTodebisa da saSualebebis naklovanebebi; 
dasabuTebulia specanalizatoris SemuSavebisa da gamoyenebis 
mizanSewoniloba, romelTa daxmarebiT moxdeba paketebis didi 
simravlis gadacemis teqnikuri da teqnologiuri momsaxurebis 
axali strategiis realizacia, gaanalizdeba ra maTi arsebobis 
(Seyovnebis) droiTi xangZliobebi satranzito/sakomutacio 
kvanZebis Sesasvlel da gamosasvlel interfeisebSi; mocemulia 
specializirebuli analizatoris ganmarteba, daniSnuleba da maT 
mier Sesrulebuli funqciebi; gansazRvrulia Semadgenloba da 
sarealizacio gzebi struqturul da sqemur doneebze; dasabu-
Tebulia specializirebuli qseluri analizatoris optoe-
leqtronuli meTodebisa da saSualebebis SemuSavebis mizanSe-
woniloba; naCvenebia satranzito kvanZebSi pikur saaTebSi dagro-
vili Warbi paketebis deitagramebis droiTi xangZliobebis gansa-
zRvris optoeleqtronuli meTodebi da saSualebebi; aRwerilia 
specanalizatoris muSaobis algoriTmebi; SemoTavazebulia idea 
buferuli mexsierebis integrirebuli sivrcis Seqmnis, misi zone-
bad dayofisa da maTi gamoyenebis Sesaxeb qselis muSaobis drois 
pikur momentebSi Warbi paketebis efeqturi ganTavsebisaTvis. 



 

 
VI 

SemuSavebuli da SemoTavazebulia Warbi paketebis rigebis 
woniTi koeficientebis SemoReba, buferuli zonidan maTi 
Semdgomi gacemis prioritetebis cikluri gamokiTxviT; Catare-
bulia specializirebuli analizatorisaTvis SemuSavebuli 
algoriTmebis muSaunarianobis eqsperimentuli Semowmeba; aRniSn-
ulia disertaciis samecniero siaxle da praqtikuli Rirebuleba; 
bolo paragrafSi mocemulia naSromSi Catarebuli kvlevis Sede-
gad miRebuli Sedegebis zogadi Sefaseba; calkeuli punqtebis 
saxiT mokled formulirebulia warmodgenili naSromis 
ZiriTadi daskvnebi;  
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Summary 

 

In work questions of a choice of optimum options and development of new 

strategy of technical and technological service of telecommunication computer 

network system at work in the overloaded modes caused by superfluous peak loadings 

are considered.  

In work it is underlined that it is obviously noticed considerable evolutionary 

changes. Especially it concerns computer network systems which continuously 

extend. It is noticed that it causes considerable increase of quantity of information 

streams occurring superfluous loadings, especially, during the peak moments of work 

of computer systems.  

Numerous references of this kind because of occurrence of redundancy of the 

traffic as are caused by considerable delay of speed and accordingly falling of 

productivity of the general network system as a whole. For the purpose of technical 

and technological service of networks, now in an agenda there is a necessity for the 

decision of such actual problem what efficient control transfers of information any 

packages and appointment at their crossing numerous knots of transit appointment 

more sharply. The best decision of problems of service of network system working out 

and research of functions specialized is expedient is hardware - software of network 

analyzers of the equation with new technical possibilities.  

 In network communication systems for management of information streams 

the computer techniques with the expanded functions is used, in communication 

channels digital methods and technologies of transfer of the message are widely used. 

The above-stated network analyzers can effectively operate information streams of the 

big dimension. They effectively can solve switching problems, than it is possible 

methods and means, now in use. 

 It is noticed that in existing transmitting links of computer networks 

information signals through fiberoptical cable lines are transferred in the optical form. 

After return transformation they in switchboards are processed and transferred in 

following transit switching knots. Proceeding from it working out and application in 

networks of such analyzers which react as optically, and with electric signals is 

expedient, it will be more effective functioning of all network system. 

The big progress is noticed in working out and introduction of new 

technologies high-speed fiber - optical communication lines. Similar problems are 

especially sharply felt at the maximum loading of a network by information packages, 

The increase in probability of occurrence of critical situations or real existence in a 

computer network of the pulsing traffic is negatively reflected on overall performance 

of all system, and first of all on timely and reliable reception transfers of client-server 

packages. 

 The solution of a problem of unloading of the traffic is possible by the best 

regulation has put switch the big set of packages in switchboards/routers of knots of a 

network that makes a main objective of effective technical and technological service 

of network system. Probably, it is carried out by fast and optimum redistribution of 

transferred superfluous packages between other, less loaded segments of a network. 

Proceeding from it in an agenda to become necessity: workings out of new methods of 

settlement by transfers to networks of the big set of streams; creations more effective 

remedies of control and the fast analysis of expected critical network situations;  

In work it is especially underlined that in auxiliary network tools of 

management the special place occupies creation of the specialized analyzer of current 



 

 
VIII 

network situations which will help experts to solve effectively questions of technical 

and technological service of strongly loaded system, to carry out new strategy of 

management of transfer big quantities (superfluous) packages. Proceeding from it, in 

the presented dissertational work following questions are investigated: principal 

causes of an overload of the computer traffic in a network are in detail enough 

analyzed; For prevention of cases of this overload in work the role and value of 

effective application of switching systems is especially underlined; Problems of 

regulation of a pulsation of the traffic are formulated; the expediency of working out 

and application of the specialized analyzer with which help it will be effective to be 

realized new strategy of technical and technological service by transfers big sets of 

packages is proved; The idea about creation and application of the integrated space of 

buffer memory and division by its zones for effective placing of superfluous packages 

during the peak moments of an operating time of a network is offered; experimental 

check of work of the developed algorithms for the specialized analyzer is spent; 

scientific novelty and practical value of the dissertation isn’t; in the final paragraph 

the general estimation of the results of researches received in work is given; In the 

form of separate points the basic conclusions of the presented work are shortly 

formulated; in the end of the basic text of the dissertation the list of the used literature 

is resulted. 
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Sesavali 

 

naSromis aqtualoba. satelekomunikacio sistemebSi, teqni-

kisa dateqnologiebis srulyofaSi aSkarad SeiniSneba mniSvne-

lovani evoluciuri cvlilebebi, ris gamoc Tanamedrove epoqas 

xSirad da sruliad samarTlianadac uwodeben kompiuteruli 

sistemisa da qselebis Tavbrudamxvevi ganviTarebis epoqas. sazo-

gadoebrivi cxovrebis dRevandel pirobebSi Zalze SesamCnevad, 

TiTqmis yovel dRe, izrdeba qselSi CarTuli muSa sadgurebis 

(ZiriTadad personaluri kompiuterebis) da maTi meSveobiT 

qseluri servisebis momxmarebelTa saerTo raodenoba. cxadia, 

momxmarebelTa ricxvis aseTi ganuwyveteli zrda Tavis mxriv 

iwvevs qselis arxebSi gadasacemi sainformacio nakadebis inten-

siobis mkveTr cvlilebebs, kerZod, mis amaRlebas, rasac qselis 

muSaobis pikuri drois momentebSi Tan sdevs paketebis mimReb-

gadamcem rgolebSi Warbi datvirTvebis warmoqmna. SetyobinebaTa 

paketebis eleqtronuli transportirebisas aseT dros qseluri 

gaerTianebis satranzito/sakomutacio sistemebis Sesasvlel da 

gamosasvlel interfeisebSi momxmareblebidan serverebisaken, an 

piriqiT serverebidan momxmareblebisaken warmoiqmneba qselis 

arxebSi gadasacemi Warbi (xSirad araprognozirebadi) paketebis 

simravle, anu qselis muSaobis pikis saTebSi gadacemebisaTvis 

gankuTvnili aseTi paketebisagan Semdgari garkveuli sigrZis 

rigebi. es ukanaskneli ki warmoqmnis gadatvirTvis SemTxvevebs, 

rasac Tan sdevs qselis swrafqmedebis Seneleba, misi warmadobis 

mkveTri dacema. rac SesamCnevad aqveiTebs qselis reagirebas 

momxmareblebis mxridan gagzavnil sxvadasxva servisuli momsa-

xurebis ganacxadebze, es ZiriTadad gamoixateba momxmarebelTa 

moTxovnebze misaRebi pasuxebis dagvianebaSi, rac xSirad xdeba 

maTi ukmayofilobis mizezi. 

Warbi datvirTvebis warmoqmnas bolo periodSi damatebiT 

xels uwyobs, agreTve, qselTan urTierTobis sruliad axali 

servisis ganxorcielebis teqnikuri SesaZlebloba, rac gamoixa-
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teba imaSi, rom mravalmilionian mosaxleobas mobiluri tele-

fonebiTac SeuZliaT mimarTon qselis masobrivi momsaxurebis 

sainformacio-sacnobaro an komerciuli xasiaTis serverebs. 

raTqmaunda maTi xSiri aseTi mimarTvebic, zemoTxsenebuli tra-

fikis siWarbis gamo, iwveven qselis swrafqmedebis SesamCnev Sene-

lebas, rasac aucileblad mohyveba misi warmadobis mkveTri 

dacemac. aqedan gamomdinare amJamad ufro mwvaved, vidre aras-

dros, dRis wesrigSi dgeba iseTi aqtualuri problemis gada-

Wris aucilebloba, rogoricaa sxvadasxva saxisa da daniSnu-

lebis sainformacio nakadebis gadacemebis efeqturi marTva, e.i. 

maTSi arsebuli klient-serveruli saxis paketebis Seuferxebeli 

gadacema-miRebis warmoeba qselis mravalricxovan (mraval-

milionian) kvanZebs Soris, gansakuTrebiT ki misi satranzito 

daniSnulebis sakomutacio kvanZebis iseT globalur qselur 

gaerTianebaSi, rogoricaa interneti. sxva sityvebiT rom vTqvaT, 

metad aqtualuria hostis kompiuterebs Soris tranzitisas kvan-

Zebis SemaerTebeli arxebiT momxmarebelTa kiTxva-pasuxebis Sem-

cveli klient-serveruli paketebis minimalur droSi gada-

adgileba (gansakuTrebiT, rogorc aRvniSneT, qselis pikuri 

datvirTvis momentebSi) anu rac igivea, naklebi droiTi danaxar-

jebiT aseTi paketebis didi simravlis efeqturi eleqtronuli 

transportireba klientebisagan globaluri geografiuli manZi-

lebiT daSorebul servisis mimwodebel serverebs Soris. es 

ukanaskneli ki (e.i. paketebis did manZilebze gadacema) pirvel 

rigSi saWiroebs qselebSi satranzito-sakomutacio problemebis 

ufro ukeT gadawyvetas, vidre es dRes-dReobiT xerxdeba. amis 

gamo warmoebs paketebis dagroveba wyarodan mimRebamde 

satranzito kvanZebSi, anu rogorc xSirad vaxsenebT, Warbi 

paketebis (anu trafikis siWarbis) warmoqmna. aqedan gamomdinare 

problemebis dasaregulireblad mizanSewonilia damuSavdes 

axali meTodebiTa da mowyobilobebiT (Cvens naSromSi 

optoeleqtronuli saxis) aRWurvili aparaturul-programuli 

saSualeba, romelic warmodgenil sadisertacio naSromSi 
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xSirad moxseniebulia rogorc trafikis siWarbis 

maregulirebeli specanalizatori.  

mecnierebisa da teqnikis ganviTarebis Tanamedrove doneze 

miRweulia aparaturul-programuli mowyobilobebis 

gafarToebuli funqcionaluri SesaZleblobebi. aseTi 

mowyobilobebi rogorc Semadgeneli kvanZebi, gaerTiandeba aseTi 

saxis analizatorebSi. isini saSualebas mogvcemen kompiuterul 

qselebSi zemoTnaxsenebi maRali intensiobis sainformacio 

nakadebis efeqturi marTvis mizniT SemoTavazebuli da sakmaod 

dawvrilebiT gamokvleuli swrafqmedi optoeleqtronuli 

meTodebiT sruliad axleburad mivudgeT Warbi paketebis 

komutaciis zogierTi problemis ufro optimalur gadawyvetas, 

vidre es xerxdeba dRevandeli maTi mdgomareobiT. 

amgvarad, winmdebare sadisertacio naSromSi kvlevisaTvis 

SerCeuli Tematika, romelic exeba satelekomunikacio sistemebSi 

teqnikuri da teqnologiuri momsaxurebis optimaluri 

variantebisa da axali strategiis sakiTxebis SemuSavebas, Zalze 

aqtualuria.  

naSromis mizani da kvlevis amocanebi. qselis mimReb-gadamcem 

rgolebSi arsebuli sakabelo sistemebis, signalebis gadamcemi 

da mimRebi mowyobilobebis, maT Soris satranzito daniSnulebis 

sakomutacio sistemebis teqnikur SesaZleblobebze da am Sesa-

Zleblobebis efeqtur gamoyenebaze didadaa damokidebuli mTli-

ani qseluri struqturis gamarTuli muSaoba. kompiuteruli 

qselis efeqturobis mraval kriteriums Soris Zalze mniSvnelo-

vania qselis arxebiT paketebis simravleebisagan Semdgari sain-

formacio nakadebis siCqareebis gazrda, raSic amJamad didi 

progresi SeiniSneba bolo periodSi maRalsiCqariani optikur-

boWkovani teqnologiebis danergviT. igive SeiZleba iTqvas 

swrafqmedi da maRali warmadobis komutatorebisa da marSruti-

zatorebis Seqmnaze da maT intensiur gamoyenebaze. samwuxarod, 

miuxedavad yovelive amisa, zemoTxsenebuli mizezebiT (sain-

formacio nakadebis ganuwyveteli zrdis pirobebSi) sakomutacio 
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problemebis damakmayofilebeli doniT gadawyveta mTlianobaSi 

dRes-dReobiT mainc ver xerxdeba. msgavsi problemebi gansa-

kuTrebiT mwvaved igrZnoba sainformacio paketebiT qselebis 

maqsimaluri datvirTvis dros, anu qselis momsaxurebisas pikuri 

droiTi momentebisaTvis Warbi paketebis gadacemebis axali 

variantebisa da strategiis SemuSaveba qselSi gazrdili 

intensiobis paketebis nakadebis warmoqmnisas drois aseT pikur 

monakveTebSi Zalze SesamCnevi xdeba kompiuteruli trafikis 

donis mkveTri cvalebadoba, rasac qselur literaturaSi xSirad 

uwodeben trafikis pulsaciebs. pulsaciebis warmoqmnis 

albaTobis gazrda, an pulsirebuli trafikis realuri arseboba 

qselSi, uaryofiTad aisaxeba mTliani qseluri sistemis muSaobis 

efeqturobaze, pirvel rigSi ki klient-serveruli paketebis 

droul da saimedo miReba-gadacemebze.  

kompiuteruli qselis trafikis gantvirTvis problema 

(igive, zemoTnaxseneb termins Tu vixmarT, trafikis pulsaciebis 

CaxSoba, xSirad xmaroben aseve terminebs “gaTanabreba” an 

trafikis “dauToeba”) SesaZlebelia sakomutacio saqmianobis 

ukeT regulirebis gziT. es SesaZlebelia moxdes, magaliTad, 

pikur momentebSi qselur calkeul, SedarebiT naklebad datvi-

rTul segmentebs Soris gadasacemi Warbi paketebis swrafi da 

efeqturi gadanawilebiT. es problema gansakuTrebiT mZafrdeba 

mravalricxovani momxmareblebis mqone didi zomis kompiuteruli 

qselis muSaobisas, romelic, rogorc zemoT vaxseneT, xasi-

aTdeba, agreTve, satranzito-sakomutacio kvanZebis Zalze didi 

simravliT, gansakuTrebiT paketebis gadaadgilebisas didi 

geografiuli manZilebiT daSorebuli hostis kompiuterebs 

Soris. aseT dros kvanZebis komutator/marSrutizatorebSi 

swarmoebs (rogorc zemoT vaxseneT, maRali intensiobis da Tanac 

droSi damaxasiaTebeli araprognozirebadi cvalebadobiT, anu 

pulsaciebiT) sainformacio nakadebis urTierT gadakveTa. aqedan 

gamomdinare satelekomunikacio qseluri kompiuteruli sisteme-

bis Warbi datvirTvebis efeqturi momsaxurebisaTvis dRis 
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wesrigSi dgeba SemuSavebuli da SemoTavazebuli iqnes gada-

cemebis iseTi axali midgomebi da sakomunikacio algoriTmebi, 

romlebic metnaklebad daaregulireben aRniSnul problemebs.  

amrigad, rogorc vxedavT, Zalze saWiroa SemuSavdes 

qselis pikuri datvirTvis droiTi momentebisaTvis sainformacio 

nakadebis intensiobis cvlilebebiT gamowveuli pulsirebuli 

trafikis regulirebis efeqturi meTodebi da am meTodebis 

ganxorcielebis saSualebebi. aqedan gamomdinare warmodgenili 

sadisertacio naSromis ZiriTadi mizania didi raodenobis 

paketebis, anu kompiuteruli trafikis siWarbis maregulirebeli 

aparaturul–programuli saSualebis_specanalizatoris daxma-

rebiT didi raodenobis paketebis optimaluri gadacemebis axali 

strategiis SemuSaveba. am miznis misaRwevad warmodgenil 

naSromSi gadawyvetilia Semdegi amocanebi:  

_ formulirdes da gaanalizdes gaerTianebuli satelekomu-

nikacio kompiuteruli qseluri sistemis teqnikuri da 

teqnologiuri momsaxurebis ZiriTadi moTxovnebi. gamoikveTos da 

daxasiaTdes aseT qselur gaerTianebebSi maRali intensiobis 

trafikis warmoqmnisas paketebis gadacemis ZiriTadi siZneleebi 

da maTi aRmofxvris SesaZlo gzebi da saSualebebi; 

_ formulirdes Warbi datvirTvebis dros paketebis gadacemis 

rigiTobis efeqturi regulirebis problemebi. aRiniSnos amgvari 

problemebis gadawyvetis amJamad SemuSavebuli meTodbisa da 

saSualebebis naklovani mxareebi. aRiniSnos qselis muSaobis 

pikuri droiTi momentbisaTvis mis satranzito–sakomutacio 

kvanZebSi Warbi paketebis ganawilebis optimaluri marTvisaTvis 

gankuTvnili specializirebuli aparaturul–programuli saSua-

lebis qseluri momsaxurebisaTvis saWiro analizatoris Seqmnis 

aqtualuroba da misi funqciebis Sesrulebis mizanSewoniloba; 

_ SemuSavdes paketebis gadacemis efeqturi momsaxurebisaTvis 

axali strategiuli midgoma sistemis satranzito kvanZebSi 

dagrovili Warbi paketebis Seyovnebis droiTi xangZliobebis 

winaswari gaanalizebis safuZvelze; 
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_ SemuSavdes da eqsperimentulad Semowmdes trafikis siWarbis 

kontrolis da misi momsaxurebis algoriTmebis muSaunarianoba; 

_ SemuSavdes qselur sistemaSi Warbi datvirTvebis momsaxurebi-

sas mis satranzito-sakomutacio mravaprocesorul kvanZebSi 

buferuli mexsierebis optimalur zonebd dayofa pikis saaTebSi 

Warbi paketebis droebiTi ganTavsebis, gamosasvlel portebze 

maTi gacemis woniTi koeficientebis SemoRebisa da gamoyenebis 

mizniT; 

_ SemuSavdes da ganxorcieldes sakomutacio kvanZebis proce-

sorebs Soris buferuli mexsierebis gaerTianebuli sivrcis 

Seqmnis idea da SemdgomSi am mexsierebis prioritetul zonebad 

dayofa pikis saaTebSi dagrovili Warbi paketebis droebiTi 

ganTavsebis efeqturobis gazrdis mizniT, rac Seamcirebs Warbi 

paketebis lodinis droiT xangZliobebs; 

_ SemuSavdes da eqsperimentulad semowmdes Warbi paketebis 

kontrolisa da maTi buferul mexsierebaSi ganawilebis axali 

meqanizmi, rac gazrdis sistemis teqnikuri da teqnologiuri 

momsaxurebis saerTo efeqturobas. 

sadisertacio naSromis samecniero siaxle. naSromis samecniero 

siaxles warmoadgens: 

_ SemuSavebulia paketebis efeqturi gadacemebis sawarmoeblad 

satelekomunikacio qseluri sistemis momsaxurebis axali stra-

tegiuli midgoma Warbi paketebis satranzito kvanZebSi Seyovne-

bis droiTi xangZliobebis winaswari gaanalizebis safuZvelze; 

_ SemuSavebulia qselis kvanZebSi paketebis efeqturi momsa-

xurebis mizniT specializirebuli aparaturul–programuli 

analizatoris meTodebi optoeleqtronuli meTodebisa da 

saSualebebis gamoyenebiT. 

sadisertacio naSromis praqtikuli Rirebuleba mdgomareobs 

imaSi, rom: 

_ SemuSavebulia satranzito–sakomutacio interfeisebSi 

dagrovili Warbi paketebis kontrolis axali meqanizmi, romelic 

zrdis qselis momsaxurebis efeqturobas; 
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_ SemuSavebuli da eqsperimentulad Semowmebulia 

satelekomunikacio kompiuteruli qseluri sistemis trafikis 

siWarbis maregulirebeli algoriTmebis muSaunarianoba. 

publikaciebi. sadisertacio naSromis irgvliv recenzirebad 

periodul samecniero – teqnikur JurnalebSi gamoqveynebulia 5 

samecniero naSromi. 

aprobacia. sadoqtoro sadisertacio naSromSi miRebuli kvlevis 

Sedegebi moxsenebulia saerTaSoriso samecniero – teqnikur 

konferenciaze “marTvis avtomatizebuli sistemebi da 

Tanamedrove sainformacio teqnologiebi” saqarTvelo, Tbilisi, 

stu, 20-22 maisi, 2011 da saqarTvelos teqnikuri universitetis 

teleskomunikacio departamentis samecniero–teqnikur periodul 

seminarebze:  

naSromis struqtura. sadoqtoro sadisertacio naSromi 

instruqciis Sesabamisad Seicavs kompiuterze Sesrulebul A4 

formatis (297x210mm) nabeWd gverds. igi Sedgeba Sesavlis, 3 Tavis, 

daskvnebisa da 63 dasaxelebis (maT Soris 5 dasaxelebis avtoris 

monawileobiT) gamoyenebuli literaturis siisagan. 

SesavalSi daxasiaTebulia kvlevis ZiriTadi sfero, zogadi 

formiT mocemulia naSromSi Catarebuli kvlevis problematika, 

formulirebulia sakvlevi amocanebis mizani, maTi specifika da 

aqtualuroba, aRniSnulia samecniero siaxleebi da praqtikuli 

Rirebuleba.  

pirvel TavSi formulirebulia monacemTa gadacemis sate-

lekomunikacio kompiuteruli qseluri sistemebis teqnikuri da 

teqnologiuri momsaxurebis ZiriTadi moTxovnebi gaanalizebu-

lia kompiuteruli qselis optikur–boWkovan arxebSi qselis 

pikuri datvirTvebisas warmoqmnili Warbi klient–serveruli 

paketebis gadacema/miRebis procesebis marTvis problemebi. aRni-

Snulia sakomutacio mowyobilobebis muSaobaSi gadatvirTuli 

reJimebis warmoqmnis mizezebi da Tanmdebi problemebis gavlena 

didi simravlis paketebis koreqtul gadacemebze. aRniSnulia 

optikur–boWkovani kavSiris xazebSi Warbi paketebis kontrolisa 
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da maTi gadacemebis dReisaTvis arsebuli meTodebis naklovani 

mxareebi. xazgasmulia am naklovani mxareebis aRmosafxvrelad 

trafikis siWarbis maregulirebeli aparaturul–programuli 

saSualebis SemuSavebis mniSvneloba Tanamedrove kompiuteruli 

qseluri sistemebis muSaobis efeqturobis gasazrdelad. 

aRniSnul sakiTxTan dakavSirebiT mocemulia konkretuli 

amocanebis CamonaTvali.  

aRniSnul TavSi Caarebulia kompiuteruli qselis analiza-

torebis mokle mimoxilva. formulirebulia optoeleqtro-nuli 

specanalizatoris SemuSavebis idea da misi ganxorcielebis Sesa-

Zleblobebi swrafqmed optoeleqtronul meTodebze da sarea-

lizacio aparaturul saSualebebze. aRniSnuli Tavis dasawyisSi 

mocemulia kompiuteruli qselis analizatoris ganmarteba, misi 

daniSnuleba, saxesxvaobebi da Sesasrulebeli funqciebis mimo-

xilva. amave TavSi mocemulia qselis optikur–boWkovan arxebSi 

Warbi klientserveruli paketebis droiTi xangZliobebis opera-

tiuli gansazRvris meTodis SemuSavebisa da misi gamoyenebis 

mizanSewoniloba. daxasiaTebulia kompiuteruli qselis specana-

lizatoris Semadgenloba, ZiriTadi kvanZebis daniSnuleba. 

naCvenebia maTi efeqturi realizaciis SesaZleblobebi optoele-

qtronuli meTodebisa da teqnikuri mowyobilobebis gamoyenebiT.  

meore Tavi ZiriTadad daTmobili aqvs swrafqmedi anali-

zatoris Semadgeneli optoeleqtronuli mowyobilobebis SemuSa-

vebisaTvis saWiro sakiTxebis gamokvlevas, kerZod, SemuSavebulia 

kompiuteruli qselis optikur–boWkovani kavSiris xazebSi opti-

kuri signalebis droiTi xangZliobebis gazomvis meTodebi opto-

eleqtronuli saSualebebis gamoyenebiT. SemuSavebulia optikuri 

signalebis Sekrebis meTodebisa da am meTodebis sarealizacio 

optoeleqtronuli amjamavis agebis originaluri midgomebi spec-

analizatorSi Warbi paketebis droiTi xangZliobebis gamomTv-

leli mowyobilobisaTvis. ganxilulia specanalizatoris 

SemadgenlobaSi Semavali samravli mowyobilobis struqturuli 
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sqema, romelSic gamoyenebulia optoeleqtronuli aTobiTi 

registruli modulebi.  

SemuSavebulia Warbi klient-serveruli paketebis deita-

gramebis matarebeli optikuri signalebis droiTi xangZliobebis 

urTierTSedarebis meTodebi da saSualebebi aTobiT Tvlis sis-

temaSi momuSave optoeleqtronuli registruli modulebis 

gamoyenebiT. SemuSavebulia, agreTve, qselis gadatvirTvisas mis 

satranzito-sakomutacio kvanZebSi dagrovili paketebis Seyovne-

bis jamuri xangZliobebis efeqturi gansazRvris meTodi, aseve 

specanalizatoris daxmarebiT Warbi paketebis komutatoris 

mexsierebis buferSi ganTavsebisa da kvanZis gamosasvlel 

portebze gacemis efeqturi RonisZiebebi maTi droiTi 

xangZliobebis parametrebis gaTvaliswinebiT. 

mesame TavSi qseluri sistemis optimaluri momsaxurebis 

mizniT SemuSavebulia pikis saaTebSi dagrovili Warbi klient– 

serveruli paketebis sakomutacio kvanZidan qselis arxebSi 

gacemis regulirebis efeqturi algoriTmebi. kerZod, SemoTava-

zebulia kvanZis mravalprocesorul komutatorebSi buferuli 

mexsierebis gaerTianebuli sivrcis Seqmnisa da SemdgomSi misi 

prioritetul zonebad dayofis meTodi Warbi paketebis droebiTi 

efeqturad ganTavsebis mizniT. SemoTavazebulia, agreTve, kompiu-

teruli qselis arxebSi gadasacemi Warbi paketebis woniTi koefi-

cientebis SemoRebisa da analizatoris procesoris mier maTi 

cikluri gamokiTxvis meTodi. amave Tavis dasasruls SemuSave-

bulia specanalizatoris mier Warbi paketebis satranzito 

kvanZis gamosasvlel portebze gacemis rigiTobis regulirebis 

efeqturi algoriTmebi. 

aRniSnuli Tavis daskvniTi nawili ZiriTadad daTmobili 

aqvs naSromSi SemuSavebuli qseluri sistemis momsaxurebis 

specanalizatoris muSaobis algoriTmebis eqsperimentul 

Semowmebasa da eqsperimentSi miRebuli Sedegebis Sefasebas.  

daskvnaSi mokled formulirebulia warmodgenil naSromSi 

miRebuli kvlevis ZiriTadi Sedegebi.  



 

 
24 

literaturis mimoxilva, samuSaos Sedegebi da maTi 
gansja  

 
 Tavi 1 

 
satelekomunikacio kompiuterul sistemebSi monacemTa 
gadacema–miRebis teqnikuri da teqnologiuri 
momsaxurebis ZiriTadi moTxovnebi. problemis 
aqtualoba da kvlevis amocanebis dasma 
   
 1.1. monacemTa gadacemis satelekomunikacio kompiuteruli  

qseluri sistemebis teqnikuri da teqnologiuri momsaxurebis 

ZiriTadi moTxovnebi 

Tanamedrove sainformacio kompiuteruli qselebi ZiriTa-

dad warmoadgenen decentralizebulad organizebul qselur 

sistemebs msoflio masStabiT globalur teritoriul manZile-

bze ganfenili nebismieri saxis qselebi maTi dafarvis didi 

masStabebis garda warmoadgenen, aseve, sakmaod rTul satele-

komunikacio sistemebs. monacemTa miReba–gadacemis kuTxiT 

Sefasebuli es qseluri gadawyvetebi xasiaTdeba teqnikuri da 

teqnologiuri SesaZleblobebis metad farTo speqtriT. es gansa-

kuTrebiT SesamCnevi gaxda bolo 15-20 wlis periodSi, rodesac 

kompiuterulma qselebma maRali siCqareebis miRwevis garda 

(romliskenac swrafva yovelTvis aris da iqneba SemdgomSic am 

dargSi momuSave specialistebis mudmivi zrunvis sagani) daiwyes 

sxvadasxva tipis trafikebis gadatana erTmaneTisagan daSore-

buli hostebis kompiuterebs (muSa sadgurebs) Soris. martivi 

gagebiT, maT SeZles trafikis gadatana multimediuri, anu kombi-

nirebuli formiT: gamosaxulebis (uZravi-moZravi); teqstis; xmis 

da a.S. informaciebis manZilze maTi eleqtronuli gadacema. [40, 

46,]. aRar SevCerdebiT ra Tavisi sicxadis gamo aseTi saxis 

informaciebis gadacemebis uaRresad did mniSvnelobaze, mxolod 

aRvniSnoT is faqti, rom satelekomunikacio sistemebis, kerZod 

ki kompiuteruli qselebis ganviTarebis stimulis mimcem ZiriTad 

mamoZravebel Zalas mainc warmoadgens im gamoyenebiTi saxis pro-
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gramuli damatebebis mudmivad mzardi simravle, romlis Sesru-

lebiTac TavianTi samsaxureobrivi Tu piradi saWiroebisaTvis 

dainteresebuli arian qselis mravalmilioniani momxmareblebi.  

kompiuteruli qselebis Taobebis cvla, maTi yoveli 

Semdgomi srulyofa da gafarToeba warmoqmnis aseve mudmivad 

mzard moTxovnebs qselis parametrebis mimarT, pirvel rigSi ki 

misi gamtarunarianobis mimarT. aqedan gamomdinare didi mniSvne-

loba eniWeba monacemTa gadacemis maRalsiCqariani teqnolo-

giebis meTodebisa da sarealizacio teqnikuri saSualebebis 

danergvas. [25] 

kompiuterul qselSi zemoT naxsenebi trafikis kombini-

rebuli formebis gadatanis SesaZleblobebma warmoqmnes momsaxu-

rebis axali saxeebic. magaliTad, bolo periodSi IP – telefo-

niam, audio da video mauwyeblobis teqnikurma da teqnologiurma 

SesaZleblobebma, romlebmac Tavis mxriv gaaCines pretenziuli 

(da Tanac sakmaod mkacri) moTxovnebi, magaliTad, arxSi 

gadacemebisas xmis trafikis droSi Seyovnebaze (gamosaxulebis 

trafikis sinqronTan mimarTebaSi).  

bolo periodSi aseve Zalze didi yuradReba eqceva monace-

mTa paketebis jgufuri mitana–Cabarebis meTodebisa da Sesabamisi 

meqanizmebis SemuSavebasa da danergvas da a.S. yovelive es, 

rogorc zemoT aRvniSneT, moiTxovs isev da isev arxis gamtaruna-

rianobis gazrdas. Tumca gansakuTrebiT xazi unda gaesvas im 

garemoebasac, rom qselis mxolod gamtarunarianobis calsaxa 

gazrda ukve aRar iZleva imis garantias, rom sxvadasxva formisa 

da Sinaarsis gamoyenebiTi programuli damatebebi yovelTvis 

uzrunvelyofili iqneba momsaxurebis QoS (Quality of Service) im 

xarisxiT, romelsac moiTxovs momxmarebeli. saWiroa gamoiZebnos 

da ganviTardes momsaxurebis xarisxis gazrdis axali meqanizmebi, 

romlebSic maqsimalurad gaTvaliswinebuli iqneba qselis mimarT 

wayenebuli zemoT naxsenebi programuli damatebebis moTxovnebi. 

[19] am kuTxiT didi samuSaoebi mimdinareobs damatebebis trafi-

kis klasificirebis mcdelobisaTvis. amgvari mcdelobisas aRebu-
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lia minimum sami ZiriTadi maCvenebeli, romlebic asaxuli unda 

iqnes satelekomunikacio qseluri sistemebis teqnikuri da 

teqnologiuri momsaxurebis bolo dros wayenebuli mzardi 

moTxovnebic. esenia:  

1. paketebis gadacemis specifikis gaTvaliswineba saWiro siCqare-

ebis SeZlebisdagvarad winaswari prognozirebisaTvis, anu pro-

gramuli damatebebis sarealizacio moTxovnebidan gamomdinare 

Sesabamisi teqnikuri da samomsaxureo teqnologiebis SerCeva; 

2. trafikis mgrZnobelobis operatiuli gansazRvra paketebis 

gadace-mebis Seferxebebis mimarT, maT Soris sakomutacio kvanZe-

bSi ganawilebis procesSi paketebis droSi dayovnebebis mimarT; 

3. trafikis mgrZnobelobis saWiro xarisxis gaTvaliswineba 

paketebis damaxinjebebis an danakargebis mimarT. maTi kontrolis 

axali meTodebis SemuSaveba da danergva. 

satelekomunikacio qseluri kompiuteruli sistemebis 

teqnologiuri momsaxurebis TvalsazrisiT zemoTCamoTvlilidan 

gansakuTrebiT did yuradRebas moiTxovs trafikis Sesabamisi 

siCqaris saWiroebis winaswari gansazRvra, anu, rogorc zemoT 

vaxseneT, trafikis mgrZnobelobis prognozireba. [35] 

trafikis siCqareebis mimarT kompiuteruli qselebis 

momsaxure personalma unda gaiTvaliswinos im programuli 

realizaciebis saWiro moTxovnebi, romlebic SeiZleba daiyos 

aseve sxvadasxva klasebad, kerZod:  

1. damatebebi, romelTa trafiki warmoadgens droSi 

Tanabarzomier nakads. aRniSnuli klasis damatebebi saSualebas 

iZleva movaxdinoT trafikis maRali xarisxiT prognozireba, 

vinaidan mas axasiaTebs monacemTa gadacemis SedarebiT mudmivi 

bituri siCqareebi. nakadis siCqare SesaZlebelia icvlebodes. 

miuxedavad amisa metad advilia gamoiTvalos am cvlilebis zeda 

zRvari. magaliTad, monacemTa audionakadebis CBR saxis trafiki 

(CBR – Constant Bit Rate). cnoblia, rom elementaruli xmis nakadis 

zeda zRvari Seadgens 64k.bit/wm; 
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2. damatebebi, romlebic xasiaTdebian pulsirebuli (droSi 

cvalebadi intensiobiT) trafikiT. wina klasTan SedarebiT 

pulsirebuli trafiki Zalze Znelad prognozirebadia, vinaidan 

Znelia imis gansazRvra, rodis “afeTqdeba” siwynaris reJimi 

monacemTa ucabedad mzardi did raodenobis monacemTa nakadiT. 

amgvarad, aseTi trafiki xasiaTdeba cvalebadi bituri siCqariT 

da mas axasiaTeben rogorc VBR saxis trafikis (VBR – Variable Bit 

Rate). momsaxurebisas gaTvaliswinebuli unda iqnes is garemoeba, 

rom magaliTad, aseTi damatebis realizaciisas failuri 

servisis trafikis intensioba nolidan SeiZleba uceb Seicvalos 

maqsimaluramde (qselis teqnikuri SesaZleblobidan gamomdinare). 

martivad, rom vTqvaT, SeiZleba Segvxvdes iseTi damatebebi, 

romelTa failebis gadacemis intensioba mkveTrad gaizardos 

metad maRal donemde, an isev daeces minimalur donemde 

monacemTa gadacemisTanave (e.i. trafikis pulsacia Zalze 

SesamCnevi iyos. misi zRvari, magaliTad, SeiZleba uceb 

Seicvalos 1:100-mde, an piriqiT daeces, romlis drosac 

pulsaciis koeficienti SeiZleba Semcirdes 100:1-mde). [49] 

trafikis mimarT damatebebis klasifikaciis aranaklebi 

mniSvnelobis kriteriums warmoadgens gadasacemi paketebis 

mgrZnobeloba paketebis SeyovnebebTan. sxva sityvebiT rom vTqvaT, 

gaTvaliswinebuli unda iqnes momxmareblis programuli damate-

bis realizaciaze did gavlenas axdens Tu ara masze gadacemebis 

dros paketebis Seyovneba droSi. am kuTxiT ganasxvaveben sxvada-

sxva teqnikur da teqnologiur SesaZleblobebs damatebebis 

asinqronul da sinqronul realizaciebs. pirvel SemTxvevaSi 

trafikis gadacemis siCqares ar eZleva mainc da mainc gadamwyve-

ti mniSvneloba, vinaidan paketebis Seyovneba did gavlenas ar 

axdens momxmareblis damatebis Sesrulebis xarisxze. amis 

magaliTia eleqtronuli fosta. igi “iTmens” Setyobinebebis 

paketebis SeyovnebebiT miRebas (Cabarebis wyarodan adresatamde) 

garkveuli drois ganmavlobaSi. meore SemTxvevaSi (monacemTa 

sinqronuli gadacemebis dros) Tumca raime damateba SeiZleba 
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mgrZnobiare iyos trafikis Seyovnebaze, mainc monacemTa dagvi-

anebiT (mcire droiT) gadacemas (aseve miRebas) SesaZlebels xdis.  

zemoTCamoTvlilis garda SeiZleba realizebuli iqnes 

damatebebi, romlebsac axasiaTebs Seyovnebebi, magram ar iwveven 

“did ukmayofilebas” momxmareblebis mxridan. aseTebia, magali-

Tad, interaqtiuli saxis damatebebi, romlis drosac paketebis 

Seyovnebebi negatiur gavlenas ar axdenen mis realizaciaze.  

izoqronuli damatebebis realizaciebis dros trafiks 

gaaCnia mgrZnobelobis garkveuli piki, e.i. paketebis Seyovneba 

SeiZleba dasaSvebi iyos garkveul zRvramde, romlis qvemoc 

irRveva misi funqcionaloba. amis magaliTia xmis paketebis 

gadacema, romlis drosac, Tu Seyovnebis zRvari ecema 100-150 

mkwm-mde, misi aRqma ukve SeuZlebeli xdeba.  

arsebobs, agreTve, damatebebi, romlebic Zalze mgrZnobiare 

arian paketebis Seyovnebaze (damatebebis zemgrZnobiare 

realizaciebi). aseT dros paketebis mciredi Seyovnebac ki 

arRvevs damatebis funqcionalurobis xarisxs (magaliTad, 

realur droSi teqnikuri obieqtebis marTva, sadac saWiroa 

procesebis marTvis didi sizustiT dacva, romlis darRvevis 

SemTxvevaSi SesaZlebelia moxdes avariebi an raime saxis 

katastrofuli movlenebic ki). [53] 

 

1.2. kompiuterul qselebSi Warbi datvirTvebis momsaxurebis 

ZiriTadi siZneleebi 

kompiuteruli qselebis Seqmna, rogorc warmodgenili 

naSromis SesavalSi iqna aRniSnuli, iTvleba Tanamedrove sakomu-

nikacio sistemebis ganviTarebaSi udides miRwevad. saerTo gage-

biT nebismieri daniSnulebisa da tipis kompiuteruli qseli 

warmoadgens gamoTvliTi teqnikisa da kavSirgabmulobis sakomu-

nikacio saSualebebis brwyinvale urTierT Serwymas TavianTi 

yvela dadebiTi Tvisebebis gamoyenebiT. kompiuteruli qseli, 

gansakuTrebiT bolo 15-20 wlis ganmavlobaSi gardaiqmna gafar-

Toebuli multimediuri SesaZleblobis (kombinirebuli gadace-
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mebi teqsti, gamosaxuleba, xma) mqone erT mTlian qselur 

satelekomunikacio “organizmad”. misi amJamindeli sainformacio 

servisuli momsaxurebis formebi da masStabebi, rogorc sazRvar-

gareTis qveynebSi, ise CvenTanac sagrZnoblad gaizarda. es gamo-

wveulia ZiriTadad ori mizeziT. pirveli _ qselis momxmare-

blebis (warmodgenil naSromSi “qselis momxmareblebis” garda 

xSirad naxsenebia sayovelTaod miRebul sxva sinonimebsac, maga-

liTad, qselis abonentebis, qselis klientebis da a.S.) raode-

nobis arnaxuli zrdiTa da meore _ qselis mier SemoTavazebuli 

axalaxali sainformacio servisebis mravalferovnebiT. [27] 

mTel rig zemoTxsenebul dadebiT garemoebebTan erTad, 

samwuxarod kompiuterul qselebSi SeiniSneba aseve Tanmdevi 

uaryofiTi movlenebic. kerZod, momxmarebelTa mxridan xSiri 

mimarTvebi servisis mimwodebel serverebze, romlebic warmoqmnis 

klient-serverul urTierTobebSi “moTxovna-pasuxis” Semcveli 

paketebis intensiobis zrdas, iwvevs qselis normalur funqcioni-

rebaSi garkveul Seferxebebs. es ukanaskneli ganpirobebulia 

imiTac, rom saxalxo moxmarebis amJamindeli internet qselebis 

umravlesoba muSaobs CSMA/CD (Carrier Sense Multiple Access with 

Collision Detection _ qselSi simravliTi SeRweva koliziebis aRmoCe-

niT) protokoliT, romelsac miuxedavad dadebiTi mxareebisa, ar 

gaaCnia qselSi momxmarebelTa SeRwevis determinirebuli (mkacr-

ad reglamentirebuli) Tviseba, e.i. qselSi wvdomis Tvalsazri-

siT mkacrad gansazRvruli (gamoyofili) dro. aseTi unari, 

rogorc cnobilia, gaaCnia rgoluri struqturis mqone TOKEN 

RING _ kompiuterul qselebs. miuxedavad amisa, mTeli rigi sxva 

dadebiTi mxareebis simravlis gamo upiratesoba eZleva mainc 

saerTo salturi (magistraluri) struqturis mqone qselebs, 

romlebic muSaoben zemoTnaxsenebi CSMA/CD protokoliT. amis 

magaliTia farTod gavrcelebuli dRevandeli Ethernet _qseli [46] 

zemoTxsenebul Seferxebebs (Sesabamisad lodins kliente-

bis mxridan pasuxebis Semcveli paketebis miRebaze) ganapirobebs 
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qselis muSaobaSi gadatvirTuli reJimebis warmoqmna, gansakuTre-

biT pikis saaTebSi, roca qselis momsaxurebaze momxmarebelTa 

xSiri mimarTvebis raodenoba aRwevs Tavis maqsimums.  

amgvarad, CSMA/CD _ protokoliT (protokolis qveS zoga-

di gagebiT igulisxmeba qselSi momqmedi garkveuli wesebis, 

meTodebisa da am meTodebis sarealizacio saSualebebis erTo-

blioba) momuSave qselebSi Seferxebis problemebi pirvel rigSi 

warmoiqmneba ZiriTadad imis gamo, rom sagrZnoblad izrdeba 

gadacemuli paketebis raodenoba. am raodenobaSi igulisxmeba 

qselis abonentTa rogorc ganacxadebis, anu servisuli moTxo-

vnebis Semcveli paketebis raodenoba, ise piriqiTac, serverebidan 

momxmareblebisaken dabrunebuli pasuxebis Semcveli paketebis 

raodenobac (aseT paketebs mTlianobaSi warmodgenil naSromSi 

xSirad movixseniebT rogorc “klient-serverul” paketebs). e.i. 

adgili aqvs Warbi paketebis dagrovebas satranzito (Sualeduri) 

sakomutacio kvanZebis Sesasvlel da gamosasvlel interfeisebSi, 

konkretuli gagebiT komutator/marSrutizatorebis Semaval da 

gamaval portebze, rac iwvevs qselis arxebiT maTi gadacemebis 

droSi dayovnebebs. sxva sityvebiT rom vTqvaT, hostis “wyaro 

mimRebi wyvilis” kompiuterebs Soris erTmaneTTan damakavSi-

rebel optikurboWkovan sakomunikacio xazebSi trafikis siWarbe 

iwvevs “moTxovna-pasuxebis” Semcveli paketebis droul da saime-

do gadacemebSi Seferxebebs, rac uaryofiTi movlenaa qselis 

muSaobaSi da ris gamoc xSirad gamoTqvamen ukmayofilebas 

qselis momxmareblebi.[59] 

klient-serveruli paketebis dagroveba qselis pikuri 

datvirTvebis dros warmoqmnis Tanmdev sxva problemebsac, 

kerZod, sxvadasxva paketebis didi raodenobis deitagramebis 

(paketebis Semadgeneli calkeuli nawilebis) gadacemebi 

aranakleb xSirad xels uSlian erTmaneTs. ufro zustad, 

deitagramebis matarebeli (warmtani) signalebi axdenen urTierT 

uaryofiT zegavlenebs, warmoqmnian koliziebs, e.i. paketebis 

erTmaneTTan dajaxebasa da gafuWebas (qselis literaturaSi 
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aseT SemTxvevebs xSirad uwodeben paketebs Soris 

konfliqtebsac). Sedegad aseT movlenebs saboloo jamSi mohyveba 

paketebis arakoreqtuli (araswori) gadacemebi, damaxinjebebi an 

ufro uaresi maTi dakargvis SemTxvevebi. 

imisaTvis, rom adgili ar hqondes amgvar uaryofiT 

movlenebs, es ukanaskneli saWiroebs am Warbi paketebis droebiT 

(Tundac Zalze mcire xniT) ganTavsebas satranzito-

sakomunikacio kvanZis Siga buferul mexsierebaSi, rac xSirad 

ver xerxdeba am buferuli mexsierebis xSiri gadavsebis gamo.  

qseluri sistemebis gaerTianeba (iseve, rogorc saerTod 

mTliani satelekomunikacio meurneoba) rogorc zemoT aRvniSneT, 

warmoadgens sakmaod rTul meqanizms, romelic sakuTriv 

SemaerTebeli xazebis garda (kerZod, kabelebis an radiokavSi-

rebis garda) Seicavs milionobiT saabonento kvanZebsa da maT 

Soris damakavSirebel aparaturul-programul saSualebebs. 

klient-serveruli seansebis dros hostis mowyobilobebis 

erTmaneTTan dakavSireba xSirad saWiroebs qselis mravali 

satranzito segmentis urTierT SeerTebas virtualuri da 

fizikuri kavSirebiT. satranzito kvanZebs emsaxureba lokaluri, 

e.i. maT adgilebze ganlagebuli, aparaturul-programuli 

saSualebebi. aseTi saSualebebis raodenoba ki, rogorc vTqviT, 

kvanZebis raodenobis Sesabamisad milionobiTaa did qselebSi 

(qveqselebis gaerTianebisas globaluri masStabis qselSi). isini 

(kavSirgabmulobis aparaturul-programuli mowyobilobebi) 

erTmaneTisagan gansxvavdebian TavianTi swrafqmedebiT, warmado-

biT (mxedvelobaSi gvaqvs pirvel rigSi gansxvavebebi maTi 

gamtarunarianobis maCveneblebSi). gansxvavdebian, agreTve, komuta-

torebis Siga buferuli mexsierebis moculobebiT da sxva 

parametrebiTac. maT Sorisaa, raTqmaunda, gansxvavebebi fasSic, 

e.i. qselur bazarze sxvadasxva mwarmoebeli firmebis mier 

gasayidad gamotanili rogorc aparaturuli, ise programuli 

produqciis RirebulebebSic.[57] 
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cxadia realoba, romelic asaxavs im kanonzomierebas, rom, 

rodesac izrdeba calkeuli arxebis gamtarunarianoba, an ufro 

martivad, rodesac izrdeba qselis kvanZebis SemaerTebeli arxe-

bis sakuTriv fizikuri siCqare (igi izomeba gatarebuli pakete-

bis raodenobiT drois romelime erTeulSi, magaliTad wamSi, 

mikrowamSi, nanowamSi da a.S.), mis paralelurad unda gaizardos 

rogorc ZiriTadi, ise satranzito daniSnulebis kvanZebSi momu-

Save sakomutacio sistemebis sakuTriv aparaturuli siCqareebic. 

winaaRmdeg SemTxvevaSi adgili eqneba Tanmdev problemas, e.i. 

trafikis e.w. “Caketvas”, anu sxva sityvebiT rom vTqvaT, sakomuta-

cio mowyobilobebis Sesasvlel da gamosasvlel interfeisebSi 

warmoiqmneba qselis arxebSi gadasacemi sainformacio nakadebis 

garkveuli sigrZis rigebi, Semdgari sxvadasxva raodenobis Warbi 

paketebisagan. analogiur movlenas (trafikis “Caketvas”) eqneba 

adgili piriqiTac, anu raoden maRalsiCqariani sakomutacio 

mowyobilobebiTac ar unda iyvnen aRWurvilni zemoTnaxsenebi 

kvanZebi, damakmayofilebel Sedegebs verasodes miviRebT, Tu 

ZiriTadi (hostis kvanZebis) anda satranzito daniSnulebis 

kvanZebis SemaerTebeli segmentebi (kavSiris fizikuri xazebi) ar 

xasiaTdebian Sesabamisi gamtarunarianobebiT. e.i. kvanZebis 

SemaerTebeli arxebic unda aRiWurvon maRalsiCqariani sakabelo 

sistemebiT, romelTa gamtarunarianoba teqnikuri SesaZleblo-

bebis TvalsazrisiT sasurvelia yovelTvis Seesabamebodes 

kvanZSi momuSave komutator/marSrutizatoris swrafqmedebas. 

miuxedavad aRniSnuli moTxovnebis sicxadisa, samwuxarod dRes-

dReobiT srulad mainc ver xerxdeba zemoTxsenebuli 

parametrebis damakmayofilebel doneze urTierT SeTanxmeba. es 

upirveles yovlisa dakavSirebulia, rogorc aRvniSneT, qselSi 

sakomutacio kvanZebis did simravlesTan, aseve maRalsiCqariani 

(da gafarToebuli funqcionaluri SesaZleblobis) qseluri 

mowyobilobebis damzadebisa da SeZenis mniSvnelovan ekonomikur 

danaxarjebTan, romelic kavSirgabmulobis arxebis provaide-

rebisa da qselis sistemuri administratorebis mxridanac saWi-
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roa es danaxarjebi gaRebuli iqnes aRniSnuli problemebis gada-

saWrelad. maRalsiCqariani teqnologiebiT damzadebuli Taname-

drove aparatura sakmaod ZviradRirebulia da cxadia, SeuZlebe-

licaa yoveli kvanZis (gansakuTrebiT did qselebSi) saWiro 

teqnikuri SesaZleblobebis mqone mowyobilobebiT maTi aRWurva. 

es siZnele Tanabrad exeba kvanZTan dakavSirebul rogorc 

sakomutacio sistemebs, ise maT Soris SemaerTebeli kavSiris 

xazebsac, vinaidan aseTi kvanZebis ricxvi, rogorc araerTxel 

aRvniSneT, qselur gaerTianebebSi milionobiTaa da maTi raode-

noba dRiTidRe matulobs (Tundac igive faqti, rac SesavalSi 

aRvniSneT, mobiluri telefonebiT (pirobiTad davarqmevT maT 

“mobiluri muSa sadgurebiT”) qselSi masobrivi SeRweva 

savaraudod kidev ufro gazrdis qselSi trafikis siWarbes, rac 

gaarTulebs sakomutacio teqnologiebis ganxorcielebas da 

moiTxovs satranzito kvanZebis kidev ufro gazrdas). rac Seexeba 

amJamindel mdgomareobas, miuxedavad sakmaod maRal siCqariani 

teqnologiebiT damzadebuli aparaturisa da gamtarunarianobis 

maRali maCveneblebis mqone SemaerTebeli kavSirgabmulobis xaze-

bis amJamad praqtikaSi TandaTanobiT farTod danergvisa (aseTe-

bia maRalgamtarunariani koaqsialuri magistraluri kabelebis 

(wodebuli “sqel internetad”), Tanamedrove erTmodiani da 

mravalmodiani optikurboWkovani xazebis, aseve didi warmadobis 

mqone sakomutacio aparaturis, magaliTad, Biglron, Extreme Network 

kompaniis Sammit jgufis (komutatorebis ojaxis), Cabletron, Nortel 

Networks, Cisco Systems da a.S. kompaniebis maRalsiCqariani 

komutatorebis saxiT) [45], am ukanasknels, e.i. amJamad eqspluata-

ciaSi myofi sakomutacio mowyobilobebis umravlesobas gaaCnia 

jer kidev arasakmarisi swrafqmedeba da Siga buferuli mexsie-

rebis damakmayofilebeli doniT moculoba, ris gamoc xSiria 

paketebis damaxinjeba an, rogorc zemoT aRvniSneT, maTi dakar-

gvis SemTxvevebi. amgvari uaryofiTi movlenebi iwveven nakadSi 

Semavali paketebis ganmeorebiTi gadacemebis saWiroebas. cxadia, 

paketebis xelaxali gadacemebi kvlav emateba mimdinare (isedac 
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Warbi) trafikis dones, riTac kidev ufro izrdeba sainformacio 

nakadebis satranzito gadacemebis intensioba. esaa ZiriTadi 

mizezi qselis muSaobaSi gadatvirTuli reJimebis warmoqmnisa, 

rasac saboloo jamSi Tan mosdevs trafikis donis araprogno-

zirebadi cvalebadoba (pulsaciebi) da Tu ar iqna miRebuli 

operatiuli RonisZiebebi qselis calkeul segmentebSi, an 

saerTo arxebSi (gansakuTrebiT magistralur adgilebSi) Warbi 

datvirTvebis aRsakveTad, amas Tan mohyveba, rogorc zemoT 

aRiniSna, qselis reaqciis Seneleba, warmadobis mkveTri dacema 

da uares SemTxvevaSi qselis paralizeba. aqedan gamomdinare 

dRis wesrigSi dgeba SemuSavebuli iqnes iseTi meTodebi da 

efeqturi sakomunikacio algoriTmebi, romlebic metnaklebad 

daaregulireben aRniSnul problemebs. amisaTvis aucilebelia da 

rogorc sadisertacio naSromis SesavalSi aRvniSneT, warmodge-

nili sadisertacio naSromis mizanicaa, SemuSavdes kompiuteruli 

trafikis siWarbis maregulirebeli specanalizatori, romelic 

aRWurvili iqneba qselis pikuri datvirTvis droiTi momentebi-

saTvis sainformacio nakadebis intensiobebis cvlilebebiT 

pulsirebuli trafikis marTvis efeqturi meTodebiTa da saSua-

lebebiT (protokolebiT). aseTi analizatorebis meTodebi da 

saSualbebi (warmodgenil naSromSi SemoTavazebulia, isini aigos 

Tanamedrove optoeleqtronikis elementur bazaze) amJamad arse-

bul meTodebTan da saSualebebTan SedarebiT, ukeT gadawyveten 

satranzito-sakomutacio kvanZebs Soris, didi raodenobis pakete-

bis saimedo, swrafi da Seuferxebeli gadacemebis problemebs. 

kidev erTxel xazi gausvaT imas, rom miuxedavad amJamad 

ganviTarebuli sakmaod maRalsiCqariani sakomutacio teqnolo-

giebisa (bolo periodSi, magaliTad, mwarmoebelma firmam_3Com 

kompaniam qselur bazarze gamoitana maRalsiCqariani korpora-

ciuli komutatorebi_CoreBuilder 9000 produqtebis saxiT) [41], 

isini mainc ver umklavdebian pikis saaTebSi kompiuterul qselSi 

warmoqmnil Warb datvirTvebs. samwuxarod jer kidev sakmaod 

xSirad aqvs adgili satranzito-sakomutacio kvanZebis Semaval 
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portebSi didi raodenobiT paketebis dagrovebas, romelic 

anelebs qselis muSaobis swrafqmedebas da mTlianobaSi iwvevs 

misi saerTo warmadobis mkveTr dacemas. yovelive es ki ganapiro-

bebs qselis serverebidan (maT Soris xSirad didi geografiuli 

manZilebiT daSorebuli serveruli daniSnulebis meinfreimebi-

dan) misaRebi pasuxebis dagvianebas, martivad rom vTqvaT lodins 

klientebis (abonentebis) mxridan aseTi paketebis miRebaze.  

yovelive zemoTTqmulidan gamomdinare Zalze mniSvnelovani 

xdeba pikis saaTebSi warmoqmnili (dagrovili satranzito-

sakomutacio kvanZebis interfeisebSi) Warbi paketebis rogorc 

raodenobis gansazRvra, e.i. maTi daTvla (am ukanasknels sakmaod 

kargad arTmeven Tavs amJamad qselSi momuSave analizatorebic), 

ise maTi Seyovnebis droiTi xangZliobebis operatiuli gansazRv-

rac (romelic maT ar SeuZliaT). amas ki warmatebiT ganaxorcie-

lebs naSromSi SemoTavazebuli da gamokvleuli qselis momsaxu-

rebis specanalizatori. es ukanaskneli Tviseba, e.i. analizato-

ris mier droiTi xangZliobebis gansazRvra, saWiroa imisaTvis, 

raTa operatiulad gamoiTvalos mimdinare droiT momentebSi 

ramden jamur xangZliobebs (aseve mis mixedviT mexsierebis 

ramden moculobebs) moiTxoven Warbi paketebi, sakomutacio 

kvanZis buferuli mexsierebis calkeul segmentebSi (mexsierebis 

zonebSi) maTi droebiTi ganTavsebis mizniT imisaTvis, rom ar 

warmoiqmnas Tanmdevi sxva problemebi, romlebic xels SeuSlian 

klient-serveruli paketebis koreqtul gadacemebs (e.i. paketebi 

ar damaxinjdnen, an ar daikargon, raTa ar moxdes maTi ganmeore-

biTi gadacemebis saWiroeba). am kuTxiT garkveuli xarvezebi 

gaaCniaT amJamad eqspluataciaSi myof analizatorebs, romelTa 

Sesaxebac dawvrilebiT visaubrebT momdevno paragrafebSi.[48] 

kompiuteruli qselis specialistebisaTvis cnobilia misi 

erT-erTi ZiriTadi nakli, romelic, mdgomareobs imaSi, rom 

datvirTvis zrdis paralelurad qselis gamtarunarianoba 

SesamCnevad klebulobs da Sesabamisad misi warmadobac mkveTrad 

ecema am datvirTvis zrdasTan erTad. aqedan gamomdinare qselis 
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momsaxurebisas Zalze didi mniSvneloba eniWeba iseTi 

optimaluri gzebis Ziebas, romelic daexmareba maT (Tundac 

nawilobriv mainc) aseTi problemebis daZlevaSi. 

erT-erTi gza mdgomareobs kompiuteruli qselebisaTvis 

dRevandel saSualebebTan SedarebiT ufro srulyofili anali-

zatorebis SeqmnaSi da maT gamoyenebaSi, qselebis eqspluataciis 

dros. maTi ZiriTadi funqcia unda iyos, satranzito-sakomutacio 

kvanZis interfeisebSi datvirTvis, mimdinare donis operatiuli 

analizi da Warbi paketebis gadacemis avtomaturi regulireba, 

gamosasvlel portebze. am kuTxiT jer kidev SeimCneva mTeli 

rigi naklovanebebi amJamad arsebul analizatorebSi. TiTqmis 

yvela analizatori, dReisaTvis arsebuli meTodebis gamoyenebiT, 

xSirad gvevlinebian ZiriTadad statistikuri monacemebis 

Semgroveblad da qselis datvirTvis donis “pasiur” inter-

pretatorebad, xolo rac Seexeba qselis muSaobisas (mxedve-

lobaSi gvaqvs gadatvirTul reJimSi maTi muSaobisas) uzrunvel-

yofen “aqtiur” Carevas, Warbi klient-serveruli paketebis 

gadacemis regulirebaSi (marTvaSi). maT aRmosafxvrelad jer 

kidev garkveuli kvleva-ZiebiTi samuSaoebia Casatarebeli (am 

mizans emsaxureba kvlevisaTvis SerCeuli sadisertacio 

Tematikac, romelic ganxilulia am naSromSi).   

aRniSnul paragrafSi SevecadoT mokled aRvniSnoT 

dReisaTvis arsebuli da qselebSi gamoyenebuli analizatorebis 

(magaliTad, firma Novell – is Analizer For Windows an Microsoft – is 

analizatorebis) zogierTi naklovanebebi, raTa daisaxos gzebi 

im RonisZiebebis SemuSavebisaTvis, romlebic Seicaven am kuTxiT 

perspeqtiul midgomebs maT aRmosafxvrelad [59].  

 amJamad arsebuli analizatorebis muSaoba, orienti-

rebulia kompiuterul qselSi CSMA/CD – protokolis gamoyene-

baze. aseTi analizatorebi ZiriTadad gvevlinebian kompiuterul 

qselur procesebze damkvirveblebis rolSi, romlebic karg 

samsaxurs uweven qselis administrators monitoringis funqcie-

bis ganxorcielebaSi [41, 46]. aseTi analizatorebis umravlesoba 
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gankuTvnilia qselis magistraluri xazebisa da misi calkeuli 

segmentebis muSaobis Sesaxeb statistikuri monacemebis Sesagro-

veblad, raTa qselis administrators mieces SesaZlebloba 

mimdinare datvirTvis monacemebi Seadaros qselis sabazo 

datvirTvis monacemebs da saWiroebis SemTxvevaSi droulad 

aRmofxvras warmoqmnili qseluri problemebi (qselur 

literaturaSi aseT problemebs xSirad uwodeben rogorc “viwro 

adgilebs” an “mtkivneul adgilebs” qselis muSaobaSi).  

analizatorebis cneba, rogorc aseTi, zogadia da maTi 

dasaxeleba konkretulad moixsenieba im funqciebTan erTad, 

romlebsac ZiriTadad asruleben isini. aseTi funqciebis raode-

noba ki kompiuterul qselSi Zalze mravladaa. martiv SemTxve-

vaSi yvela funqcia unda ganvixiloT ZiriTadad ori rgolis 

gaTvaliswinebiT. esenia kompiuterul qselSi paketebis gadamcemi 

rgolis analizatorebi da paketebis mimRebi rgolis analiza-

torebi. pirvel SemTxvevaSi es funqciebia: qselis mosmena pakete-

bis gadacemis dawyebis win (xom ar awarmoebs am dros romelime 

sxva muSa sadguri gadacemebs); Seyovneba (lodini) Tu ki arxi 

dakavebulia sxva sadgurebidan paketebis gadacemebiT; kolizie-

bis (paketebis Sejaxebisa da dazianebebis) mosmena–aRmoCena da 

maTi statistikis Segroveba; koliziebis warmoqmnis dros 

lodinis maniSnebeli sasignalo mniSvnelobebis gamomuSaveba 

(paketebis ganmeorebiTi gadacemebis dawyebis win) da nebarTvis 

signalis gacema paketebis xelaxla gadacemebisaTvis an muSaobis 

Sewyveta Tu ki warmoqmnili problemebi moiTxoven organizaciis 

garedan specialistebis Carevas (aseTi SemTxvevebia, magaliTad, 

kvanZis kompiuterebis adapterebis mwyobridan gamosvla, “usarge-

blo” paketebiT qselis arxebis “danagvianeba” e.w. “qariSxalis” 

warmoqmna da sxva). Aam funqciebs, rogorc aRvniSneT, sakmaod 

kargad arTmeven Tavs dReisaTvis arsebuli analizatorebi, 

romlebic emsaxurebian mxolod paketebis gadacemis reJimebs. [53] 

kargad muSaoben, aseve, analizatorebi zemoTnaxsenebi 

meore rgolisaTvis, romlebic qselSi Tvalyurs adevneben da 
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agroveben statistikur monacemebs paketebis Sesaxeb maTi miRebis 

reJimSi (hostis mimRebi kompiuteris mier), e.i. anxorcieleben 

iseTi funqciebis realizacias, rogoricaa miRebuli paketebis 

daTvaliereba da maTSi fragmentebis aRmoCena. axdenen mimRebis 

misamarTis (MAC - misamarTis) koreqtulobis Semowmebas; miRebu-

li paketis mTlianobis Semowmebas; sakontrolo Tanamimdevro-

bebis Semowmebas (gansakuTrebiT maSin, Tu ki miRebuli paketi 

Sedgeba ramodenime deitagramisagan); awarmoeben arakoreqtuli 

paketebis filtracias da a.S.  

isic unda aRiniSnos, rom bolo periodSi Seqmnil 

analizatorebs gaaCniaT sakmaod maRali “inteleqtualuri” 

donec (unari) qselis datvirTvebis Sefasebisas (aqve kvlav 

SevniSnoT, rom aseTi gafarToebuli “inteleqtis” mqonde 

analizatorebi sakmaod ZviradRirebulia da maTSi gamoyenebuli 

zogierTi programuli produqtebis fasi ramodenime aTeul 

aTass dolarsac ki aRwevs). aseTi analizatorebi qselis 

datvirTvebis zrdasTan erTad iTvlian koliziebis ricxvs (da 

gvaZleven monacemebs %-Si); arxis gamtarunarianobis xvedriT 

wils, romliTac qseli dakavebulia paketebis gadacemebisas 

mimdinare momentSi. aseT analizatorebs monitoris ekranze 

qselis administratorisaTvis gamohyavT monacemebi teqstur 

reJimSi (magaliTad, analizatori NNC LANanalyzer) an gamoxataven 

qselis datvirTvis dones grafikebiT (magaliTad, firma Novell-is, 

Inc – is LANanalyzer For Windows) [59]. isini iZlevian sasignalo 

Setyobinebebsac qselis gadatvirTvis Sesaxeb, iZlevian 

informacias datvirTvis zRvruli pikebis Sesaxeb, raTa qselis 

administratorma SeZlos droze Caerios qselis muSaobaSi da 

moaxdinos konfiguraciis Secvla (e.i. moaxdinos qselis 

rekonfiguracia, anu segmentebis gadawyoba Semxvedri saWiroebis 

da mixedviT). garda amisa SedarebiT srulyofili 

SesaZleblobebis mqonde analizatorebs mimdinare momentSi 

SeuZliaT pasuxi gascen kiTxvebs: izrdeba Tu ara qselis 

datvirTvis done? (Tu izrdeba, ra mizeziT); aqvs Tu ara adgili 
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datvirTvis uCveulo pikebs? (gadacilebul zRvrul mniSvne-

lobebs), amasTan konkretulad dRis romel saaTebSi warmoiqmne-

ba datvirTvis maRali an dabali doneebi da a.S. Tumca yovelive 

amas awarmoebs im SemTxvevaSi, Tu winaswar dadgenilia (miTiTe-

bulia qselis administratoris mxridan) qselis datvirTvis zRv-

ruli sasignalo mniSvnelobebi. kvlav aRvniSnoT is faqti, rom 

raoden “inteleqtualurebic” ar una iyvnen isini (qselis anali-

zatorebi), maT mier Sesrulebuli funqciebis umravlesoba xSir 

SemTxvevaSi mainc miekuTvnebian “pasiurs”. yovelive es (anali-

zatoris inteleqtualuri SesaZleblobebis gazrda), ra Tqma 

unda kargia, magram ibadeba kiTxva: SeuZlia Tu ara imoqmedos 

qselis analizatorma (administratoris dauxmareblad) iseTi 

RonisZiebebis Casatareblad (Cvens mier zemoTnaxsenebi e.w. 

“aqtiuri” funqciebis Sesasruleblad), romlebic qselis gadatvi-

rTvis dawyebisTanave optimalurad daareguliros Warbi pakete-

bis gadacemebi? (ra Tqma unda isic kargia, Tu zogierTi Zvirad-

Rirebuli analizatori iTvlis datvirTvis %-ul raodenobasac 

da zRvruli pikebis miRwevisas gamoscems sasignalo Setyobine-

bebs). am kuTxiT (garda imisa, rom gamoscems Setyobinebas 

lodinis saWiroebis Sesaxeb) dReisaTvis arsebuli analiza-

torebis umravlesobas amis unari ar gaaCniaT. es ki, cxadia, unda 

CaiTvalos analizatoris meTodebis arasrulyofilebad da isini 

saWiroeben msgavsi naklovani mxareebis aRmosafxvrelad Semdgomi 

kvlevaZiebiTi samuSaoebis Catarebas.[57] 

analizatorebis zemoTCamoTvlili funqciebis garda, 

romelTa umravlesoba, rogorc aRvniSneT, dafuZnebulia 

paketebis aRricxvis statistikaze da maT analizze, sasurvelia 

maT gaaCndeT, agreTve unari aRricxon dagrovili Warbi 

paketebis ara mxolod raodenoba (e.i. maTi ricxvi, Tundac %-uli 

gamoxatulebiT), romelic grovdeba kvanZSi da moiTxovs lodins 

gadacemebisaTvis (es swarmoebs ZiriTadad muSaobis e.w. “FIFO”-s 

(First In, First Out) reJimSi. e.i. dagrovebis dros romeli paketic 

Semovida kvanZis komutatorSi pirveli, is gava am sakomutacio 
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kvanZidan aseve pirveli qselis gantvirTvis SemTxvevaSic), aramed 

unda SeeZloT dagrovili paketebis droiTi xangZliobebis (maT 

Soris jamuric) gamoTvlac, romelic saSualebas miscems 

analizators “aqtiurad Caerios” Warbi paketebis gadacemebis 

regulirebaSi. naklovanebebad unda CaiTvalos isic, rom dRei-

saTvis arsebul analizatorebs ar SeuZliaT: optimalurad gaana-

wilon buferebSi Warbi paketebis ganTavseba; gamoiTvalon pakete-

bis siWarbis SemTxvevaSi mexsierebis ra raodenobis moculobaa 

saWiro amisaTvis; ramden xans unda dahyon Warbma paketebma 

buferSi sanam isini gadaicemodnen; rogori wesiT unda moxdes 

maTi kvanZis gamosasvlel portebze gacema (marTvadi rigebis 

SemuSaveba) da a.S. analizatorebis aRniSnuli naklovani 

mxareebis aRmofxvras eZRvneba warmodgenili naSromi, romlis 

momdevno paragrafebSi SemuSavebulia is gzebi da calkeuli 

midgomebi, romelTa ganxorcielebac saWiroa analizatorebis 

muSaobaSi zemoTaRniSnuli xarvezebis gamosasworeblad. 

zemoT aRniSnuli gvqonda, rom qselis muSaobaSi gadatvir-

Tuli reJimebis warmoqmna iwvevs problemebs, romelic amcirebs 

qselis swrafqmedebasa da mis warmadobas. xazgasmuli iqna, rom 

yovelive es gamowveulia erTmaneTisagan didi manZilebiT daSo-

rebuli hostis kompiuterebs Soris Setyobinebebis moZraobisas 

(paketebis eleqtronuli transportirebisas) satranzito kvanZe-

bSi maTi muSaobis pikis saaTebSi Warbi paketebis dagrovebiTa da 

qselis arxebiT maTi gadacemebis droiTi dayovnebebiT [12_16].  

aRniSnul paragrafSi SevecadoT garkveuli sicxade Sevita-

noT aRniSnuli movlenebis warmoqmnis arsSi, raTa SemuSavdes am 

problemebis Semamsubuqebeli RonisZiebebi. amisaTvis ufro 

konkretuli saxiT movaxdinoT maTi formulireba warmodgenili 

naSromis kvlevis ZiriTadi amocanebis saxiT. 

ganvixiloT qselis daSorebul hostebs Soris kavSiris 

salturi (magistraluri) struqturis martivi fragmenti (nax. 1), 

romelic Sedgeba erTmaneTTan R1, R2, R3 … Rn repiterebiT 
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dakavSirebuli R segmentebisagan, TiTeul segmentze ganlagebuli 

3 Ai, Bi, Ci sakomutacio kvanZiT. 

 
nax. 1. sakomutacio kvanZebis ganlageba kompiuterul qselSi. 

 

am naxazze A1, A2, A3,...,An da C1, C2, C3, ..., Cn _ warmoadgenen 

qselis segmentebis hostis kvanZebs, xolo B1, B2, B3, ..., Bn _ qselis 

Sualedur (satranzito) sakomutacio kvanZebs. 

jer ganvixiloT informaciis (Setyobinebis paketebis) 

gadacema pirvel segmentSi, romelic Sedgeba A1, B1 da C1 sakomu-

tacio kvanZisagan. dauSvaT gvaqvs gadasacemi raime Setyobineba 

Mk, romlis sigrZea Lk. Setyobineba Mk saWiroa gadaices pirveli 

A1 hostis sakomutacio kvanZidan C1 _ sakomutacio kvanZSi B1-

satranzito kvanZis gavliT. Semdeg C1-dan R1 repiteris gavliT 

meore segmentis A2 kvanZSi da a.S. sanam ar miaRwevs qselis bolo 

hostis Cn kvanZs. SemoviRoT Semdegi aRniSvnebi: Nk _ sawyis Mk 



 

 
42 

SetyobinebaSi Semavali paketebis ricxvi; 
iiBAV , 

iiCBV _ qselis 

segmentebis Sesabamisi AiBi da BiCi arxebiT paketebis gadacemis 

siCqareebi. dauSvaT, rom qselis muSaobis romelime momentSi 

Setyobinebis A1B1 da B1C1 arxebiT (pirveli segmentisaTvis) 

gadasacemad rigSi dganan mxolod Mk _ Setyobinebis paketebi, 

maSin SeiZleba vaCvenoT, rom A1 _ sakomutacio kvanZidan C1 _ 

sakomutacio kvanZSi Mk Setyobinebis Cabarebis (e.i. pirveli 

segmentis C1 _ kvanZSi miRwevis) dro ganisazRvreba rogorc 

         









maxkmin
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1
LT

K Cab ,                       (1.2.1.) 

sadac 

          
1111 CBBAmin V,VminV  , 

          
1111 CBBAmax V,VmaxV  . 

advili misaxvedria, rom Tu adgili aqvs 1NK  , maSin 

Setyobineba gadaicema srulad (Setyobinebis komutaciis sistemis 

msgavsad), xolo Tu 1NK  , maSin adgili aqvs Mk Setyobinebis 

Semcveli calkeuli paketebis komutaciiT gadacemas. aseT 

SemTxvevaSi damokidebuleba 

    
1

K

T

T N

Cab

 Cab
                                            (1.2.2) 

aRwevs Tavis minimums, roca pirveli segmentis A1 da C1 hostis 

damakavSirebeli arxebis siCqareebi 
1111 CBBA VV  . 

analogiuri msjelobis safuZvelze SeiZleba ganisazRvros 

Setyobinebebis Cabarebis droiTi xangZliobebi qselis danarCeni 

me-2, me-3 . . . n-segmentebisaTvis, Tu yvela kvanZebis SemaerTebeli 

arxebis siCqareebi yovel segmentSi erTnairia (nax. 1.). e.i. 

         









maxkmin

2

K

2

N
VN

1

V

1
LT

K Cab ;                                 

          
2222 CBBAmin V,VminV  ; 

          
2222 CBBAmax V,VmaxV  ; 
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3333 CBBAmin V,VminV  ; 

          
3333 CBBAmax V,VmaxV  ; 
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nnnn CBBAmin V,VminV  ; 

          
nnnn CBBAmax V,VmaxV  ; 

cxadia, Tu Mk Setyobineba gadaecema qselis yvelaze ganapira 

hostebs Soris, e.i. A1 kvanZidan Cn kvanZamde yvela satranzito R1, 

R2, R3, ..., RN-1 repiterebis gavliT, Mk-s Cabarebis dro wyaros A1 

kvanZidan mimRebis Cn-kvanZSi Seadgens 
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1
LT

K Cab ,                                 (1.2.3.) 

sadac N-qselis struqturaSi Semavali satranzito arxebis 

raodenobaa A1 punqtidan Cn punqtamde marSrutis gzaze. 

axla ganvixiloT nax.1-ze warmodgenil qselSi hostis 

kompiuterebs Soris monacemTa gadacemisas sakomutacio kvanZebSi 

Warbi paketebis warmoqmnis mizezebi. nax.2-ze gamosaxulia 

kompiuteruli qselis satranzito (magaliTad, pirveli segmentis 

A1 n-uri segmentis Cn kvanZamde) i – ur sakomutacio erT-erT 

kvanZSi mis Semaval da gamaval interfeisebze paketebis 

dagrovebis SemTxveva, romelsac warmoqmnis am interfeisebis 

calkeul portebze arsebuli paketebis n da m raodenobebs Soris 

urTierTdamokidebuleba. 

 

          

 

 

 

nax. 2. kompiuteruli qselis i – uri kvanZi. 
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am naxazze gamoxatul i–ur kvanZSi qselis gadatvirTul 

reJimebSi muSaobis dros Semavali interfeisis 1,2,3, ... n portebze 

paketebis raodenoba aRemateba gamavali interfeisis 11,21,31, ... n
1 

portebze paketebis raodenobas, rac iwvevs satranzito 

komutatoris (Cvens SemTxvevaSi i–uri kvanZis komutatoris) 

warmadobis dacemas da Sedegad mTlianobaSi kompiuteruli 

qselis swrafqmedebis Senelebas, saboloo jamSi ki – qselis 

gadatvirTvas. gadatvirTva SeiZleba Seexos rogorc calkeul 

kvanZs, ise qselis romelime ubans an ubanTa jgufs 

(mxedvelobaSi gvaqvs qselis segmentebis calkeuli jgufis 

komutatorebi), xolo ukidures SemTxvevaSi ki _ mTel qsels.  

zemoTxsenebuli msjelobidan gamomdinare axla mokled 

ganvixiloT kompiuteruli qselis gadatvirTvis aRmofxvris 

SesaZlo gzebze da aseT movlenebTan brZolis ZiriTad 

koncefciebze [12-15].  

aRniSnuli problemebis gadasawyvetad, saWiroa SemuSavebuli 

iqnes sxvadasxva meTodebi da saSualebebi. esenia sakomutacio 

kvanZis komutatorebis buferuli mexsierebis gazrda da misi 

zonebad dayofa Warbi paketebis droebiTi ganTavsebis mizniT, 

paketebis prioritetuli ganlageba kvanZis komutatoris opera-

tiul mexsierebaSi, paketebis marTvadi rigebis Seqmna komuta-

toris procesorebis mier da a.S. Tumca am meTodebis gamoyeneba 

yovelTvis iqneba naklebad efeqturi, Tu ar SemuSavdeba iseTi 

meTodi, romlis mixedviTac gvecodineba Warbi paketebis miwode-

bisas (dagrovebisas) maTi jamuri xangZliobebi, raTa swrafad 

ganisazRvros ramdeni xnis ganmavlobaSi unda daikaon maT 

operatiuli mexsierebis zonebi, aseve ganisazRvros maTi 

moculobebi, anu mexsierebis saWiro elementebis raodenobebi. 

axla SevexoT qselis gadatvirTvis aRmofxvris erT-erT 

gzas. zemoTxsenebuli mizezebis gamo qselSi paketebis gadacemis 

procesSi aseT dros, rogorc aRvniSneT, SeiZleba adgili 

hqondes gadatvirTvas. ganvixiloT es movlena ufro 

dawvrilebiT.  
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gadatvirTvebi warmoadgenen qselis normaluri funqcioni-

rebis mniSvnelovan Semaferxebel faqtors, amitom aucilebelia 

maTi warmoSobis mizezebis safuZvlianad Seswavla, analizi da 

aRmofxvris RonisZiebebis dasaxva, Semdgom ki maTi zedmiwevniT 

gatareba raTa maqsimalurad Semcirdes droiTi Seyovnebebi 

monacemTa gadacema-miRebis procedurebis realizaciebis dros.  

qselis normaluri funqcionirebis pirobebSi gadamcemi 

kompiuterebis mier qselisaTvis miwodebuli Setyobinebebi, 

warmodgenili saTanado paketebis saxiT, gadaicema kavSirgabmu-

lobis qselis arxebis mier da miewodebaT isini mimReb kompiu-

terebs, ra Tqma unda, garda sxvadasxva saxis Secdomebis gamo 

dazianebuli paketebisa, romelTa aRmoCena da aRdgenac mimdina-

reobs winaswar SemuSavebuli meTodebiT qselis analizatorebis 

mier. qselis muSaobis normalur reJimSi aseTi suraTi iqmneba: 

momxmareblisaTvis miwodebuli paketebis raodenoba qselis sako-

mutacio kvanZSi Semosuli paketebis ricxvis tolia da qselis 

funqcionirebac koreqtul reJimSi mimdinareobs. am saxis Setyo-

binebaTa gadacemis procesi warimarTeba normalurad, Tu qselSi 

gadaadgilebadi paketebis ricxvi ar aRemateba qselis gamtar-

unarianobas (paketi/wm). Tu qselSi Semosul paketTa ricxvi ama 

Tu im mizezis gamo iwyebs swraf matebas, e.i. trafiki mniSvnelo-

vnad izrdeba da komutatorebi veRar aswreben mis momsaxurebas, 

aseT dros qselSi warmoiqmneba gadatvirTva, ris gamoc qselis 

warmadoba klebulobs. aq sakomutacio mowyobilobebis gadatvir-

Tvas imitom vusvamT xazs, rom isini warmoadgenen ZiriTad mowyo-

bilobebs rogorc Sida saqselo, aseve qselTaSorisi gadacemebis 

organizebis procesebSi. trafikis Semdgomi zrdis pirobebSi 

warmadoba kidev ufro ecema da SeiZleba Seiqmnas iseTi mdgo-

mareobac ki, rom saerTod Sewydes paketebis qseliT gadatana, 

anu sxva sityvebiT rom vTqvaT, daikargos Warbi paketebi. gada-

tvirTva SeiZleba gamoiwvios ramodenime faqtorma: magaliTad, 

paketebis nakadebis erTdroulma Semosvlam ramodenime mimarTu-

lebidan, romelTa gadacemac saWiroa mxolod erTi garkveuli 
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mimarTulebiT an piriqiT, rodesac Setyobineba erTdroulad mie-

wodeba erTi da igive adresats. es ki satranzito komutatorebSi 

xdeba rigebis warmoSobis mizezi. gadatvirTvebis mizezi SeiZle-

ba gaxdnen komutatorebis dabalsiCqariani (nelamomqmedi) proce-

sorebi. aseT dros rac ar unda didi gamtarunarianoba axasiaTe-

bdes gadamcem xazs, Tu procesori nela asrulebs masze dakisre-

bul funqciebs rac dakavSirebulia analizatorSi paketebis 

aRricxvasTan, rigebis marTvasTan, samarSruto cxrilebis gaana-

lizebasTan, mTlianobaSi gaxdeba qselis gadatvirTvis mizezi. 

gadatvirTvis mizezi SeiZleba Seiqmnen TviT gadamcemi 

xazebic. magaliTad, roca sakomutacio kvanZis procesorebi 

damakmayofilebeli siCqariT arTmeven Tavs maTze dakisrebul 

movaleobas, magram gadamcemi xazebi ver aswreben paketebis 

nakadis droul gadacemas, am SemTxvevaSic adgili eqneba qselis 

gadatvirTvas. saerTo suraTi iqmneba aseTi: qselSi yovelTvis 

iqneba e.w. “viwro adgilis” problema, Tu misi komponentebis 

funqcionireba ar aris saTanadod urTierTbalansirebuli.  

kompiuteruli qselebis marTva SeiZleba ganxorcieldes ori 

saxiT, rogorc es miRebulia zogadad rTuli qseluri 

sistemebis marTvis procesebis realizebis dros: ukukavSirebis 

ar arsebobis da maTi arsebobis pirobebSi.  

rTuli qseluri sistemebis marTva ukukavSirebis ar 

arsebobis pirobebSi gulisxmobs iseT mdgomareobas, rodesac 

pirvelad mxares, mimwodebels, ara aqvs pirdapiri, konkretuli 

informacia, Tu rogor xdeba mimReb mxares im gadawyvetilebebis 

realizeba, romlebic misaRebia gadamcemi mxaris mier. 

qselis marTva ukukavSirebis arsebobis pirobebSi ki 

gulisxmobs, gadamcemi mxaris (gadamcemi rgolis analizatoris) 

mier mimRebi mxaris (mimRebi mxaris analizatoris mier) mudmiv 

informirebas, mimdinare procesebze.  

qselur sistemebSi ukukavSirebis gareSe winaswar tardeba 

mizandasaxuli RonisZiebebi, raTa garantirebuli iqnes dasmuli 

amocanebis efeqturi gadawyveta. ukukavSirebis arasebobis 
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pirobebSi qseluri sistemis funqcionirebaSi muSaobis procesSi 

Careva da raime koreqtivis Setana rogorc wesi, 

gaTvaliswinebuli ar aris.  

qseluri sistemebi ukukavSiriT dafuZnebulia analizatoris 

mier mimdinare procesebis analizze da Sesabamisi koreqtivebis 

ganxorcielebaze. kompiuteruli qselebis SemTxvevaSi, rodesac 

saqme exeba gadatvirTvas, ukukavSiris realizeba Sedgeba Semdegi 

sami etapisagan:  

1. saWiroa qselze dakvirveba, raTa gansazRvruli iqnes sad 

da rodis moxda gadatvirTva; 

2. unda moxdes gadatvirTvis Sesaxeb informaciis gadacema iq, 

sadac SeiZleba ganxorcieldes misi aRmofxvris RonisZiebebi; 

3. Catardes im RonisZiebebis gatareba, romlebic srulad 

aRmofxvrian gadatvirTvebs.  

saerTod, qselis administratoris qselze dakvirvebis 

dros, rodesac gadatvirTvis SesaZleblobis aRmoCenaa saWiro, 

ganisazRvreba ramodenime mniSvnelovani parametri romelTa 

Sorisac aRsaniSnavia:  

_ im Warbi paketebis procentuli raodenoba, romelTa miRebis 

(ganTavsebis) ignorirebac xdeba buferuli maxsovrobis kvanZebis 

gadavsebis gamo (amas akeTebs qselis analizatori); 

_ im Warbi paketebis procentuli raodenoba, romelTa gadacemac 

ciklurad meordeba miRebis dadasturebis arqonis gamo; 

_ paketebis dayovnebis saSualo dro (amas gaakeTebs naSromSi 

damuSavebuli analizatori Warbi paketebis droiTi 

xangZliobebis gansazRvris dros); 

_ paketebis dayovnebis drois gadaxris saSualo kvadratuli 

mniSvneloba (saWiroebis SemTxvevaSi, Tu ki amiT interesdeba 

qselis administratori). 

am parametrebis ricxviTi mniSvnelobebis zrda yovelTvis 

imis maCvenebelia, rom gadatvirTvis SesaZlebloba qselur 

struqturaSi matulobs. qselze dakvirvebis meore etapi 

gulisxmobs qselSi damatebiT informaciis gadacemas, rac kidev 
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ufro amZimebs mis isedac rTul (gadatvirTul) mdgomareobas. am 

mdgomareobidan gamosvla SesaZlebelia analizatoris mier 

TviTon samomxmareblo paketSi damatebiTi specialuri velis 

SetaniT, romelSic aisaxeba gadatvirTvis mdgomareoba da 

marSrutizatori mas miiRebs samomxmareblo paketis 

samsaxurebrivi nawilis moculobis umniSvnelo cvlilebis gziT. 

kompiuteruli qseli ukukavSiriT ki ukve ideaSi gulisxmobs, 

rom miRebuli informacia gadatvirTvasTan dakavSirebiT 

gamoyenebuli iqneba gadatvirTvis aRmofxvris mizniT. 

gadatvirTvis arseboba niSnavs imas, rom datvirTva droe-

biT Warbobs qselis resursebis SesaZleblobebs mocemul adgi-

lze arsebuli mowyobilobebiT (magaliTad tranzitis romelime 

adgilas). aseT pirobebSi pirvel rigSi gamoyenebuli unda iqnes 

qselis Sida resursebi: Tu Cveulebriv pirobebSi paketebis 

gadacema xorcieldeba optimaluri gzebiT, adgilobrivi satra-

nzito kvanZis gadatvirTvis SemTxvevebSi gadacema unda ganxo-

rcieldes garSemovliTi (gverdis avliT) marSrutebiT Tu ki es 

SesaZlebels gaxdis dakmayofildes momxmarebelTa aucilebeli 

moTxovnebi. gadatvirTvis problemis gadaWris mimarT 

SesaZlebelia ori midgoma:  

_ moxdes damatebiTi resursebis amoqmedeba; 

_ Semcirdes datvirTvis done. 

Tumca arc orive midgomis erTdrouli gamoyenebaa 

gamoricxuli. kompiuteruli qselebis SemTxvevaSi damatebiTi 

resursebis gamoyenebis magaliTad SeiZleba moyvanili iqnes 

modemebis saSualebiT satelefono qselis gamoyeneba paketebis 

gadacemis damatebiTi organizebisaTvis. qselis funqcionirebis 

normaluri reJimisaTvis es saSualeba ar aris mizanSewonili 

(Rirebulebis, nela moqmedebis, saimedoobisa da sxva 

maCveneblebis mixedviT), Tumca gadatvirTvis aRmofxvris 

procesSi SeiZleba gamarTlebuli aRmoCndes kidec. Tu 

gadatvirTebTan brZolis procesSi Siga da gare resursebis 

gamoyenebis yvela gza amoiwureba da miuxedavad amisa 
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gadatvirTva mainc ar amoifxvreba, aseT SemTxvevaSi saWiroa 

datvirTvis aucilebeli Semcireba. datvirTvis Semcireba ki 

niSnavs momxmarebelTa moTxovnebis garkveuli nawilis 

Seusruleblobas (rac aseve arasasurvelia) [12, 15]. 

qselis mier datvirTvis Semcirebis dros momxmarebeli 

momsaxurebis moTxovnaze uaryofiT pasuxs iRebs da igi iZule-

buli xdeba daelodos qselSi momsaxurebis SesaZleblobis 

aRdgenas. qselisaTvis es ar aris mainc da mainc kargi maCvene-

beli. am dros momxmareblis TvalSi qselis avtoritetis gaufa-

sureba xdeba, amitom igi arasasurvel iZulebiT RonisZiebad 

unda CaiTvalos. miuxedavad amisa, umjobesia momxmarebeli 

nawilobriv SeizRudos, vidre qselma saerTod Sewyvitos 

funqcionieba, rogorc es mosalodnelia gadatvirTvebis 

umarTavi procesebis warmoSobis SemTxvevaSi. 

axla Sevexod qselis administratorebis mxridan 

gadatvirTvebis Tavidan acilebis strategiebis SemuSavebas. aseTi 

strategiebis SemuSaveba mniSvnelovania rogorc ukukavSirebis 

ara mqone, aseve ukukavSirebis mqone qselebisaTvis. gansxavaveba 

ZiriTadad mdgomareobs imaSi, rom ukukavSirebis ar mqone 

qselebSi unda gatardes RonisZiebebi, romlebic mis warmoSobas 

Tu ar gamoricxavs, yovelSemTxvevaSi naklebad SesaZlebels 

gaxdis, xolo ukukavSirebis mqone qselebSi ki maTi warmoSobis 

(an warmoSobis SesaZleblobis) pirobebSi unda gatardes 

aucilebeli RonisZiebebi maTi aRmofxvris mizniT. ukukavSirebis 

ar mqone qselebisaTvis arCeuli unda iqnes gadatvirTvebTan 

brZolis ramodenime strategia: ganmeorebiTi gadacema, miRebis 

dadastureba da paketebis ignorireba.  

ganmeorebiT gadacemis, anu kvlav gadacemis strategiaSi 

dgindeba garkveuli droiTi intervali, romlis ganmavlobaSic 

mimwodebeli elodeba mimRebisagan Setyobinebis miRebis 

dadasturebas. am drois gasvlis Semdeg Tu mimwodebels ar aqvs 

miRebuli dadastureba, igi iwyebs Setyobinebis kvlavgadacemas 
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(e.i. paketebis ganmeorebiT gadacemas), rac cxadia zrdis 

trafikis dones.  

kvlavgadacemis strategiaSi metad mniSvnelovania Tu 

drois ra monakveTi SeirCeva dadasturebis dalodebisaTvis. Tu 

es dro mcire aRmoCndeba, vidre Setyobinebis normalur gadace-

mas sWirdeba qselSi, maSin informaciis mimwodebeli daiwyebs 

kvlavgadacemas, Tumca arsebobs Tu ara amis saWiroeba misTvis 

ar aris cnobili. am SemTxvevaSi qselSi igzavneba ukve yovlad 

usargeblo paketebi, romlebic SeiZleba gaxdes qselis mdgoma-

reobis damZimebis mizezi da gamoiwvios misi gadatvirTva. Tu es 

dro meti aRmoCndeba, vidre Setyobinebis normalur gadacemas 

sWirdeba qselSi, maSin mimwodebeli uqmad kargavs dros dada-

sturebis molodinSi. es varianti gansakuTrebiT miuRebelia Tu 

dadasturebis miReba mimwodeblisaTvis raime Semdgomi moqmedebis 

mastimulirebelia. aqedan gamomdinare, dadasturebis dalodebis 

drois SerCevas didi mniSvneloba eniWeba da igi zedmiwevniT 

unda ganisazRvros qselis monitoringis monacemebis safuZvelze 

(rogorc zemoT SevniSneT am monacemebis generirebas awarmoebs 

qselis analizatori). miRebis dadasturebis strategiaSi mniSvne-

lovania, Tu rogor xorcieldeba dadastureba. igi SeiZleba 

xorcieldebodes TiToeuli paketis, paketTa jgufis an mTeli 

Setyobinebis (e.i. yvela deitagramebis) miRebis Semdeg. Tumca aqve 

unda aRiniSnos isic, rom aseTi damadasturebeli Setyobinebebi 

TviTon SeiZleba gaxdnen qselis gadatvirTvis mizezi, vinaidan 

damadasturebeli Setyobinebis paketebis gadacema kidev ufro 

zrdis trafiks, amitom dadasturebis strategiis 

mizanSewoniloba aseve zedmiwevniT unda gakontroldes. 

gansakuTrebiT sasurveli da misaRebia dadasturebis 

gagzavna ara damoukidebeli Setyobinebis saxiT, aramed saWiro 

mimarTulebiT gadaadgilebadi sxva Setyobinebis gamoyenebiT, an 

igive momxmareblis sxva paketis gamoyenebiT, romelsac 

inkafsulacias uwodeben; mis samsaxurebriv nawilSi gamoiyofa 

specialuri veli, romelSic ganTavsdeba informacia 
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dadasturebis saWiroebis mqone Setyobinebis mimRebis mier 

miRebis Sesaxeb. es meTodi realizaciis procesSi met dros 

moiTxovs da dadasturebis miRebas garkveul wilad ayovnebs, 

magram aseve garkveul wilad qsels icavs gadatvirTvebisagan. 

dadasturebis am saxiT gadagzavnas qselur literaturaSi 

uwodeben “zeddebis” (“inkafsulaciis”) meTods [40].  

paketebis ignorirebis strategiis dros paketebi, romlebic 

didi drois ganmavlobaSi gadaadgildebian qselSi, SeiZleba 

ignorirebuli iqnen uaxloesi marSrutizatoris mier Tu is 

gadatvirTvis problemis winaSea. am moqmedebis logika aseTia: Tu 

paketi didi drois ganmavlobaSi gadaadgildeba qselSi da ver 

aRwevs mimRebamde, Sesabamisad, verc mimwodebeli miiRebda misi 

miRebis dadasturebas da mas Tavidan (ganmeorebiT) gadascemda. 

aqedan gamomdinare qselSi ori erTnairi paketis yofnaa mosalo-

dneli, amitom pirvelis ignorireba aseT SemTxvevebSi misaRebia.  

zogadad SeiZleba iTqvas, rom kargad mofiqrebuli, dasabuTebu-

li strategia gadatvirTvebis problemas sabolood Tu ar 

moxsnis, yovelSemTxvevaSi mniSvnelovnad Seamsubuqebs mas, da 

piriqiT, moufiqrebeli, dausabuTebeli strategia ki situacias 

kidev ufro daamZimebs.  

metad mniSvnelovania da saintereso gadatvirTvebTan 

brZola virtualur arxebian qselebSi. virtualur arxebian 

qselebSi gadatvirTvebTan brZolis ori meTodi SeiZleba iqnes 

gamoyenebuli. esenia:  

1. SeRwevis gegmazomieri marTva; 

2. sacobebis gverdis avla (paketebis gagzavna sacobis 

garSemovliTi marSrutiT). 

SeRwevis marTvis meTodis gamoyenebis dros qselis 

analizatoridan gadatvirTvis signalis miRebisTanave ikrZaleba 

nebismieri axali virtualuri arxis warmoqmna manam, sanam 

gadatvirTva ar aRmoifxvreba. cxadia, erTis mxriv, gadatvirTul 

qselSi yoveli axali momxmareblis SeRweva kidev ufro gaarTu--

lebs mdgomareobas, meores mxrivac aseTi midgoma momxmarebli-
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saTvis miuRebelia. es qselis mesveurTaTvis iafi, saimedo da 

praqtikuli meTodia, Tumca es xdeba qselis “avtoritetis” 

nawilobrivi Selaxvis xarjze. sacobis gverdis avlis meTodis 

gamoyenebis dros gadatvirTvis signalis miRebisas ar ikrZaleba 

axali momxareblis SeRweva da virtualuri arxis warmoqmna 

mimdinareobs gadatvirTuli kvanZis, sacobis gverdis avliT. am 

proceduras anxorcielebs marSrutizatori an komutator/ 

marSrutizatori. cxadia, rom am meTodis gamoyeneba 

SesaZlebelia Tu mTeli qseli ar aris srulad gadatvirTvis 

situaciaSi da rodesac gadatvirTva ar SexebiaT uSualod 

adresatTan, e.i. mimRebi hostis adresatTan da adresatTan 

dakavSirebul satranzito kvanZebis marSrutizatorebs. 

metad sainteresoa gadatvirTvebTan brZola deitagramul 

arxebian qselebSi. deitagramul reJimSi monacemTa paketebis 

Semadgeneli nawilebis (deitagramebis) gadacemisas qselebSi 

TiToeulma marSrutizatorma Tvalyuri unda adevnos Tu rogori 

rigebi iqmneba komutatoris Semaval interfeisSi da rogoria 

masTan dakavSirebuli sakomunikacio gamavali xazis mdgomareoba, 

yofniT Tu ara maT gamtarunarianoba. miRebuli maCveneblebi 

unda Sedardes winaswar dadgenil zRvrul mniSvnelobebTan, 

romlebsac monitoringis dros akeTebs, rogorc aRvniSneT, 

qselis analizatori. Tu miRebuli maCveneblebi uaxlovdebian 

zRvrul mniSvnelobebs, es niSani iqneba imisa, rom axlovdeba 

saxifaTo mdgomareoba, sacobis warmoSobis situacia. am dros 

TiToeuli paketi gadis Semowmebas da Tu mas uwevs gadatvirTva-

sTan miaxloebul marSrutizatorTan an komutatorTan gavla, 

isaxeba dacvis RonisZiebebi (xSirad sxva marSrutis SerCeva). 

deitagramul reJimSi qselebSi saWiroa gadatvirTvebisagan, dac-

vis Semdegi ori meTodis gamoyeneba: a) gamafrTxilebeli bitiT 

da b) Semakavebeli bitiT. mokleT SevexoT am orive meTods. 

a) gamafrTxilebeli biti. paketi gaivlis ra marSru-

tizators (komutators), romlis funqcionirebac gadatvirTvis 

zRvarzea, misi kadris samsaxurebrivi nawilis velis dadgenil 
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adgilze (e.w. alamSi) Caiwereba cifri “1” _ gamafrTxilebeli 

biti. amiT gadamcemi mxare roca miiRebs miwodebis dadasturebis 

pakets, gafrTxilebis zonis analiziT Seityobs gadatvirTvis 

situaciis Sesaxeb da mas gaiTvaliswinebs paketebis Semdgomi 

gadacemis dros, cxadia maTi Semcirebis mimarTulebiT. Tu es 

procesi “gafrTxilebis miReba” gagrZeldeba, wyarom kidev ufro 

unda SezRudos paketebis raodenobis miwodeba. e.i. gagrZeldeba 

ase manam, sanam ar Sewydeba gamafrTxilebeli bitebis Semosvla. 

gamafrTxilebeli bitis Semosvlis Sewyvetis Semdeg mimwodebeli 

nelnela moumatebs gadacemis siCqares, daakvirdeba ra mimdinare 

situacias: xom ar Semodis isev gamafrTxilebeli biti da 

saTanado reagirebas moaxdens an isev Seamcirebs an isev gazrdis 

miwodebas. amgvarad xorcieldeba paketebis gadacemis mimdinare 

procesebis dinamiuri Tvalyuris devneba da masze Sesabamisi 

reagireba qselSi gadatvirTvis warmoSobis gamoricxvis mizniT.  

gamafrTxilebeli bitis meTodis gamoyenebis dros qselis 

funqcionirebis algoriTmi ise unda iyos awyobili, rom 

gadatvirTvis problemis mogvareba TiTqos arapirdapiri CareviT 

xorcieldeba. konkretulad Setyobinebis mimwodebelma TviTon 

unda gamoitanos daskvna Seqmnil mdgomareobasTan dakavSirebiT 

da mis Sesabamisad imoqmedos. 

b) Semakavebeli paketi. am meTodis realizeba iTvaliswinebs 

gadatvirTvis zRvarze myofi marSrutizatoris mier uSualod 

mimwodeblisaTvis Semakavebeli paketis gagzavnas. gadatvirTvis 

zRvarze myofi marSrutizatori dakavebuli, dayovnebuli paketis 

samsaxurebrivi nawilidan iRebs monacemebs mimwodeblis Sesaxeb 

da am mimwodebels ugzavnis Semakavebel pakets, moTxovniT: 

Seamcire miwodeba. winaswari SeTanxmebebis Sesabamisad mimwodebe-

li romelic miiRebs Semakavebel pakets, valdebulia Seamciros 

miwodebul paketTa nakadi. moTxovna miwodebis nakadis Semcire-

bis Sesaxeb SeiZleba iyos sami donis: msubuqi, mkacri da ultima-

tumis xasiaTis. Sesabamisad nakadis Semcireba xorcieldeba wina-

swar dadgenili zRvrebis mixedviT: garkveuli procentiT, orje-
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radiT, oTxjeradiT, an saerTod miwodebis SewyvetiT. cxadia, es 

RonisZiebebi droebiTia da grZeldeba qselis funqcionirebis 

normaluri reJimis aRdgenamde (anu gadatvirTvis aRmofxvramde).  

zemoTaRniSnulis garda amJamad gadatvirTvasTan brZolis 

sxva meTodebicaa SemuSavebuli, Tumca konkretul qselSi praqti-

kulad danergilia mxolod maTi garkveuli raodenoba, romlebic 

gadatvirTvis zRvarTan yofnisas metnaklebi efeqturobiT 

SeiZleba iqnen gamoyenebuli gadatvirTvis aRmofxvris mizniT. 

saWiroa aqve aRvniSnoT, rom TuU mocemul raime konkretul 

situaciaSi gadatvirTvasTan brZolis miRebulma arcerTma meTo-

dma sasurveli Sedegi ar gamoiRo, maSin mimarTaven yvelaze 

radikalur meTods _ gadatvirTvis mokveTas. am dros komuta-

torSi paketebis nawili aRar daeqvemdebareba Semdeg damuSavebas 

da qselSi Seqmnili situacia martivdeba. cxadia, es miiRweva 

momxmarebelTa momsaxurebis nawilobriv gauaresebis xarjze, 

magram es umjobesia vidre gadatvirTviT gamowveuli sruli 

qaosi qselSi (rasac mohyveba qselis faqtiuri paralizeba).  

datvirTvis mokveTis algoriTmis realizeba sakmaod 

rTulia. rogorc cnobilia gadacemebisas xSirad paketebs 

qselSi sxvadasxva prioriteti gaaCniaT. zogierTi maTganis 

gadacemis uzrunvelyofa qselisaTvis yvela SemTxvevaSi 

aucilebelia da Tanac yovelgvari Seferxebis gareSe 

(magaliTad, xmis Tanxlebis paketebi). paketis zRvruli nawilis 

ignorireba ki principulad, albaT, SesaZlebelia, Tumca qseli 

TviTon, cxadia, ver gansazRvravs Setyobinebis prioritetu-

lobas. es TviT momxmareblis an administratoris prerogativaa: 

momxmarebelma unda aRWurvos Setyobineba am maCvenebliT, e.i. 

gansazRvros Setyobineba didi prioritetis matarebelia, Tu mas 

axasiaTebs prioritetulobis dabali maCvenebeli. amave dros 

momxmarebelma, romelmac icis, rom misi Setyobineba SeiZleba 

moxvdes datvirTvis mokveTis zonaSi, misi garantirebuli ufro 

swrafi momsaxurebis mizniT SeiZleba yvela Setyobineba 

aRWurvos prioritetuli niSniT: “Zalian mniSvnelovania, 
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dauyovnebliv gadaices”. am mdgomareobas mosdevs Semdegi 

garemoeba. prioritetulobis maCveneblis gazrdasTan erTad 

SeiZleba gaizardos gadacemis momsaxurebis Rirebuleba. 

momxmarebelma TviTon unda Seafasos uRirs ki mas gadasces 

Setyobineba ZviradRirebuli prioritetiT, Tu dakmayofildes 

naklebad RirebuliT? (Tumca am ukanasknelis dros paketi 

miaRwevs adresatamde cxadia SedarebiT ufro meti dayovnebiT). 

zemoTganxiluli gadatvirTvasTan brZolis problematikis 

aqtualurobidan gamomdinare amJamad damuSavebulia sainforma-

cio nakadebis marTvis sxvadasxva meTodebi, am meTodebis 

sarealizacio algoriTmebi da aparaturul-programuli 

saSualebebi, romlebic erTmaneTiisagan gamoirCevian metnaklebi 

efeqturobiT qseluri struqturis satranzito monakveTebSi 

Warbi paketebisagan warmoqmnili rigebis dasaregulireblad. ra 

Tqma unda yvela maTganis mTavari mizania drois ama Tu im 

monakveTebSi (gansakuTrebiT ki pikis saaTebSi) gadasacemi 

paketebis mniSvnelovani koncentraciebis droulad ganmuxtva. 

sainformacio nakadebis marTvis yvela dRemde arsebul 

meTods sxva individualur naklovanebebTan erTad (romlebic 

nawilobriv aRvniSneT wina paragrafSi) gaaCniaT erTi saerTo 

naklic. maT ar SeuZliaT srulyofilad awarmoon Warbi 

paketebis rigebis diferencirebuli marTva. aqedan gamomdinare 

Zalze drouli da aqtualuria SemuSavdes qseluri 

analizatorebis ufro srulyofili variantebi, vidre is 

analizatorebi, romlebic amJamad arseboben.[40] aseTma 

analizatorebma unda uzrunvelyon maRali intensiobis 

sainformacio nakadebis (rasac uTuod Tan axlavs Warbi 

paketebis warmoqmna) gadacemebis ufro optimaluri meTodebis 

realizacia, romlebic gvTavazoben satranzito kvanZis 

buferebSi marTvadi rigebis formirebis efeqtur meqanizmebs. 

aseTi analizatorebis Sesaqmnelad ki saWiroa SemuSavdes am 

rigebidan paketebis gacemis optimaluri Tanamimdevrobebis 

gansazRvris meTodebi da am meTodebze dafuZvnebuli axali 
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algoriTmebi. garda amisa aseT analizatorebs unda gaaCndeT 

unari qselSi gadatvirTuli reJimebis warmoqmnisas moaxdinon 

sakomutacio kvanZebSi buferuli mexsierebis prioritetul 

zonebad dayofa Warbi paketebis droebiTi ganTavsebis mizniT [12].  

optoeleqtronikis bazaze aseT analizatorebs, romelTa 

Seqmnac Zalze aqtualuria, warmodgenil naSromSi pirobiTad 

ewodeba qselis momsaxurebis specdaniSnulebis analizatorebi.  

Tanamedrove kompiuterul qselebSi im dros, rodesac ganu-

wyvetliv izrdeba qselis momxmarebelTa raodenoba da warmo-

iqmneba qseluri servisebis axal-axali mravalferovneba, Zalze 

didi mniSvneloba eniWeba trafikis optimalur ganawilebas piku-

ri datvirTvebisas maRali intensiobis sainformacio nakadebis 

gadacemebis dros. aseT dros ki, cxadia Zalze problematuria 

satranzito daniSnulebis sakomutacio mowyobilobebis norma-

luri muSaobis uzrunvelyofa. am problemis efeqturi gadawyve-

tis mizniT saWiroa qselis integratorebisaTvis da sistemuri 

administratorebisaTvis SemuSavebuli iqnes garkveuli RonisZie-

bebi, romlebic warmatebiT gaarTmeven Tavs warmodgenil sadise-

rtacio naSromSi SemoTavazebuli da gamokvleuli kompiuterul 

qselSi paketebis siWarbis specanalizatoris daxmarebiT. aseTi 

analizatori saWiroebs Warbi paketebis ara marto raodenobis, 

aramed maTi arsebobis droiTi xangZliobebis gansazRvris 

meTodebis SemuSavebas [12].  

1.3. administratoris samsaxuridan qselis momsaxurebis 

instrumentuli damxmare saSualebis _ sistemis datvirTvis 

aparaturul – programuli specanalizatoris SemuSavebis 

mizanSewonilobis dasabuTeba. naSromis kvlevis konkretuli 

amocanebis formulireba 

 

qselSi CarTul kompiuterTan momxmareblis muSaoba 

garkveulwilad gansxvavdeba calke aRebul (qselTan 

aramierTebul) kompiuterTan muSaobisagan. pirvel SemTxvevaSi 

miuxedavad imisa, rom igi (personaluri kompiuteri) asrulebs 
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meoris funqciasac, qselur sistemaSi CarTuli kompiuteri, 

agreTve, warmoadgens qselis muSa sadgurs, romlis damatebiTi 

daniSnulebaa momxmareblis mier kompiuteriT formirebuli 

monacemebis (paketebis saxiT) manZilze gadacema da am monacemebis 

miReba mimRebi kompiuteris mier. 

qselis sasicocxlo sistemas warmoadgens sakabelo sistma. 

es ukanaskneli ra saSualebebzec ar unda iyos realizebuli 

(koaqsialur kabelebze, optikurboWkovan kavSiris xazebze, 

wvril ekranirebul an araekranirebul kabelebze, lazerul an 

radiosixSirul kavSirebze da a.S), yvela SemTxvevaSi mTliani 

qseluri sistemis saerTo daniSnulebaa (sakomunikacio gagebiT) 

monacemTa gadacema, erTi adgilidan meoreSi, qseluri fuqciebis 

maregulirebeli (qselis mmarTveli) protokolebis daxmarebiT. 

nebismieri tipisa (centralizebuli, decentralizebuli) da 

daniSnulebis (gamoyenebuli sainformacio daniSnulebiT an sxva 

procesebis mmarTveli funqciebis Sesasruleblad) kompiuteruli 

qseli warmoadgens sakmaod rTul teqnikur sistemas, romelic 

Sedgeba mravali aparaturuli, programuli an kombinirebuli 

(aparaturul-programuli) komponentebisagan. maT xSirad 

moixsenieben Sesabamisad qselis aparaturul, programul an 

aparaturul-programul resursebad [39]  

koreqtul reJimSi muSaobisas qselis yvela resursi, anu 

yvela komponenti, es iqneba aparaturuli aRWurvilobis teqni-

kuri mowyobilobebi Tu sufTa programuli saxis produqtebi, 

gamarTulad unda muSaobdes. maTi (qselis yvela resursis) erTo-

blivi funqcionirebis mTlian reJims ki qselis administratoris 

samsaxuridan sWirdeba mudmivi Tvalyuris devna (monitoringi) da 

maTSi mimdinare procesebis perioduli analizi. kompiuteruli 

qselis normaluri muSaobis kontrolsa da analizs, ufro 

farTo gagebiT ki ganuwyvetliv monitoringsa da monacemTa pake-

tebis gadacema-miRebis procedurebis optimalurad regulirebas 

(mTlianobaSi qselis marTvas) anxorcielebs qselis administra-

toris samsaxuri garkveuli meTodebisa da saSualebebis gamo-
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yenebiT. qselur literaturaSi isini cnobilia analizatorebis 

saxelwodebiT. maTi daniSnuleba da klasifikaciebad dayofa swa-

rmoebs maT mier Sesrulebuli funqciebis konkretuli saxis 

mixedviT. am funqciebis raodenoba imdenad didia, rom marto 

maTi CamoTvlac garkveul problemas warmoadgens. [41] 

amgvarad, analizatorebi akontroleben (bolo Taobis 

analizatorebi axorcieleben ara marto analizis, aramed 

marTvis funqciebsac) kompiuteruli qselis rogorc aparatu-

ruli, ise programuli resursebis koreqtul muSaobas. [27] 

vinaidan saerTaSorisod aRiarebuli standartizaciis 

komitetebis mier (maT Soris ISO, IEEE da sxva) damtkicebuli 

nebismieri daniSnulebisa da tipis kompiuteruli qselebis 

agebasa da funqcionirebas safuZvlad udevs OSI Sviddoniani 

etalonuri modeli, xSirad analizatorebsac ganasxvaveben done-

ebze ganxorcielebuli procedurebis mixedviT. am TvalsazrisiT 

isini iyofian: analizatorebad, romlebic awarmoeben qselebis 

analizsa da mis marTvas fizikur doneze; analizatorebad, 

romlebic awarmoeben qselebis analizsa da mis marTvas arxul 

doneze; analizatorebad, romlebic awarmoeben qselebis 

analizsa da mis marTvas qselur doneze; analizatorebad, 

romlebic awarmoeben qselebis analizsa da mis marTvas zeda me-7 

(e.i. gamoyenebiTi donis) protokolebis doneze. amaT garda 

Sesasrulebeli funqciebis mixedviT analizatorebs gaaCniaT 

sxvadasxva programul-aparaturuli kompleqti, maT Soris 

ganasxvaveben analizatoris sufTa programul gadawyvetebs, aseve 

ganasxvaveben analizatorebis avtonomiur da ganawilebul 

gadawyvetebs, realizebuls kombinirebul midgomebze da a.S. 

aRniSnul paragrafSi mokled mimovixiloT zogierTi maTganis 

daniSnuleba da Sesasrulebeli funqciebi. aseT analizatorebs 

zogadad uwodeben Sesabamisi fizikuri, arxuli, qseluri da a.S. 

zeda (gamoyenebiTi) donis protokolebis analizatorebs. 

1. qselis fizikuri donis analizatorebis funqciebi. aseTi 

saxis protokolebis mraval analizators gaaCnia teqnikuri 
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saSualeba qselis sakabelo sistemis SemowmebisaTvis (amJamad 

kabelis testirebis standartul instrumentad iTvleba refle-

qtometri droiTi signalebis damuSavebiT). magaliTad, fizikuri 

donis analizatori NCC LANalyzer iyenebs refleqtometris 

elementarul funqciebs. igi CaSenebulia Ethernet – is mikropro-

cesorul krebulSi da saSualebas iZleva gamoamJRavnos kabelis 

gawyvetis SemTxvevebi an misi mokle CarTvebi, e.i. Seamowmos 

kontaqti gamtarsa da miwas Soris. agzavnis ra signals sakabelo 

sistemaSi, aseTi analizatori gansazRvravs signalis ukan 

dabrunebis dros (Tu ki aseTi signali ukan dabrundeba saerTod) 

da iTvaliswinebs ra signalis dabrunebis fazas, NCC LANalyzer 

gansazRvravs, arsebobs Tu ara gawyveta, an mokle CarTva 

kabelSi. aseTi analizatorebi gamoiyenebian ZiriTadad 

magistraluri kabelebis Sesamowmeblad, an maTgan saabonento 

gamomyvani segmentebis kabelebis koreqtulobis Sesamowmeblad.  

2. arxuli donis analizatoris funqciebi. aseTi 

analizatorebis arCevani Zalze didia. maTi ZiriTadi funqciebia 

gaakontrolos Ethernet–isa da Token Ring (Sesabamisad salturi da 

rgoluri struqturebis) qselebSi sworadaa Tu ara qselSi 

SerCeuli da gamoyenebuli kadris tipebi, rogoricaa, magaliTad, 

Ethernet 802.3; Ethernet II; Ethernet 802.2; Ethernet SNAP kadris 

struqturebi da axdenen maT filtracias (arakoreqtulobis 

SemTxvevebSi) [25, 59]. amaT garda arseboben analizatorebi, 

romlebic awarmoeben Secdomebisa da mtyunebebis Ziebas arxul 

doneze. maT Soris arian specdaniSnulebis analizatorebi, 

romlebic akvirdebian da gansazRvraven lokalur da dagvia-

nebul koliziebs, Warbi paketebiT qselis segmentebis gadatvi-

rTvas, aRmoaCenen da gansazRvraven koliziebis saxes, Secdomebs 

kadrebis sakontrolo Tanamimdevroba/gaTanabrebaSi, akvirdebian 

gadacemuli kadris zomas (Ethernet–is dReisaTvis momqmedi standa-

rtiT 60 baitze naklebi kadrebi iTvlebian mokle kadrebad, 

xolo 1518 baitze metis mqone _ grZel kadrebad) da a.S. 
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3. qseluri donis analizatoris funqciebi. aseT analiza-

torebs gaaCniaT unari miiRon informacia marSrutizaciis 

Sesaxeb qveqselebad gaerTianebul globalur qselSi. aseve 

arseboben analizatorebi, romlebic awarmoeben qseluri 

trafikis registracias (magaliTad, NCC LANalyzer analizators 

gaaCnia gamoyenebiTi programa HOPCOUNT, romelic axdens 

trafikis registracias paketebis erTi kvanZidan meoreSi 

gadaadgilebebis raodenobis mixedviT). arseboben sadiagnostiko 

miznebisaTvis gankuTvnili analizatorebi, romelTa daxmarebiT 

qselis administratori aRmoaCens Secdomebs (uwesivrobebs) 

interfeisis qselur plataSi, draiverebSi. arseboben 

analizatorebi, romlebic exmarebian qselis administrators 

gadaanawilos qselis resursebi an klientebi sxva qselebSi, an 

erTi qselis sxva segmentebSi (gadatvirTvis SemTxvevaSi).  

4. qselis zeda donis protokolebis analizatorebi. aseTi 

saxis analizatorebs iyenebs zeda donis (satransporto, 

saseanso, warmomadgenlobiTi da gamoyenebiTi doneebis) protoko-

lebi, romlebic awarmoeben maTSi mimdinare procesebis analizsa 

da marTvas. aseTi donis protokolebia: SPX; paketuri reJimis 

protokoli; NCP – protokoli, protokoli RIP da protokoli 

SAP. magaliTad, analizatoris mier SesaZlebelia Semowmdes 

kavSiris SPX – seansi klientsa da servers Soris. qselis 

administrators SeuZlia gamoiyenos analizatorebi zeda donis 

protokolis warmadobis gasazomad (magaliTad NXP – protoko-

lis) raTa gansazRvros gaumjobesda Tu ara qselis warmadoba 

masSi axali da efeqturi garsis (magaliTad, NETX) an DOS Request 

(VLM) dayenebis Semdeg. analizatorebis mier Sefasdeba gamoyene-

biTi programebis efeqturobac. magaliTad, roca muSa sadguri 

CatvirTavs romelime serveridan gamoyenebiT programas, analiza-

torebs SeuZliaT daiWiron trafiki serversa da am muSa sadgurs 

Soris da daakvirdnen datvirTvis ra done Seeqmna klients am 

gamoyenebiTi donis programiT an damatebiTi failebiT. 
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garda aseTi funqciebisa, analizatorebi SeiZleba gamoye-

nebuli iqnen qselis diagnostikisa da optimizaciisaTvis [36]:  

_ daexmaron qselis administrators qselis sabazo angariSis 

SeqmnaSi; 

_ Caataron sakabelo sistemis testireba damrtymel reJimSi 

(datvirTul reJimSi funqcionirebisas); 

_ Caataron romelime komponentis testireba damrtymel reJimSi; 

_ moaxdinon marSrutis testireba paketebis gadacemisas; 

_ Seafason qselis (an misi calkeuli segmentebis) datvirTvis 

done. 

vixilavT ra zemoTnaxsenebi analizatorebis SesaZleblobe-

bs, unda gaviTvaliswinoT Semdegi standartuli konfiguraciebi: 

_ analizatorebis sufTa aparaturuli gadawyvetebi; 

_ analizatorebis programul-aparaturuli gadawyvetebi; 

_ sufTa programuli gadawyvetebi. 

calke SevexoT zogierT maTgans. 

5. programul-aparaturuli analizatorebi. analizatorebis 

programul-aparaturuli gadawyvetebi ufro ZviradRirebulia, 

vinaidan isini Seicaven interfeisuli platis ERirebulebasac 

(zogjer ki analizatorebi iyeneben sakuTar personalur 

kompiutersac).  

analizatorebSi CarTuli specializebuli platebi 

uzrunvelyofen maT damatebiT funqcionalur SesaZleblobebs: 

_ Siga buferizacias (platis sakuTari buferebis gamoyenebiT); 

_ CaSenebuli procesoris gamoyenebas; 

_ gadacemis gafarToebul SesaZleblobas. 

analizatorSi gamoyenebul specializirebul platebs 

xSirad gaaCniaT mexsierebis Siga buferebi, romlebic gamoiyeneba 

qselSi paketebis daWerisa da damaxsovrebisaTvis. buferizaciis 

aseTi tipi ufro swrafqmedi unda iyos, vidre paketebis 

“Cveulebrivi” Sesanaxi, raTa analizators mieces SesaZlebloba 

qselur sistemaSi imuSaos ufro intensiur trafikTan. 
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interfeisul platebSi CaSenebuli procesori aTavisu-

flebs personalur kompiuters daWerili (Semowmebis mizniT) 

paketebis damuSavebisa da statistikuri informaciis Segrove-

bisagan. sistemebSi (igulisxmeba qseluri sistemebi), romlebsac 

gaaCnia maRali qseluri trafiki, aseTi CaSenebuli procesorebi 

uzrunvelyofen analizis ufro srulyofil SesaZleblobebs. 

specialur aparaturul gadawyvetebs gaaCnia paketebis gada-

cemis gafarToebuli sistema. analizatoris programul-aparatu-

rul gadawyvetebi saSualebas iZleva qselis arxSi daiWiros da 

moaxdinos dekodireba (gaSifvra) arasworad kodirebuli monace-

mebisa da gadasces qselSi Setyobinebebi aseTi Secdomebis Sesa-

xeb. am dadebiT mxareebTan erTad analizatorebis programul-

aparaturul gadawyvetebs gaaCniaT aseve naklovanebebic. maTi 

Rirebuleba ufro maRalia, vidre sufTa programuli gadawyve-

tebiT Sesrulebuli analizatori, vinaidan aseTi analizatoris 

RirebulebaSi Sedis, agreTve, specializirebuli aparaturis 

Rirebulebac. meore naklovanebas warmoadgens is, rom aseTi 

analizatorebi erTi adgilidan meoreze Znelad gadasatania.  

6. analizatori romlebsac gaaCniaT sufTa programuli 

gadawyvetebi. aseT analizatorebs gaaCniaT ufro dabali 

Rirebuleba, vinaidan maTi SeZenis dros aRaraa saWiro 

ZviradRirebuli specializebuli platebis yidvac. amasTan 

mosaxerxebelia gadasatanad. sufTa programuli gadawyvetebis 

mqonde analizatorebi uzrunvelyofen protokolebSi SeRwevisa 

da analizis dabal xarjebsac. 

7. analizatorebis avtonomiuri da ganawilebuli gadawyvetebi. 

bolo dromde TiTqmis yvela analizatorebi warmoadgenen avto-

nomiur mowyobilobebs. aseT analizatorebs ubralod miuerTeben 

qselis romelime SerCeul segments da gamoiyeneben statistikis 

Sesagroveblad qselis am segmentis Sesaxeb. aseTi avtonomiuri 

analizatorebis magaliTs warmoadgens protokolebis 

analizatorebi NCC LANalyzer da LANalyzer For Windows [59]. 
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amJamad qselis administratorebisaTvis da sxva teqnikuri 

momsaxure personalisaTvis gamoSvebulia ukve protokolebis 

ganawilebuli analizatorebi. aseTi analizatorebi Zalze did 

STabeWdilebas axdenen, rogorc qselis marTvisa da diagnosti-

kis saukeTeso saSualebebi, romlebic Tvalyurs adevneben trafi-

kis donesa da qselis yvela segmentis mdgomareobas erTi 

mmarTveli konsolidan. aseT ganawilebul analizatorebs 

warmoadgenen magaliTad, firma Novell – is NetWare Managment System; 

LANalyzer Agent da sxv. misi modulebi (magaliTad, NLM – module-

bi serverebis sakontrolod, RumTime da sxva) akontroleben 

multiprotokolur marSrutizatorebs, romlebic ganfenilia 

mTel qselSi. gamoiyenebs ra am analizatorebs erTdroulad, 

qselis administrators samuSao adgilis mitovebis gareSe 

SeuZlia miiRos sxvadasxva informacia qselSi mimdinare 

sakomunikacio procesebis Sesaxeb. iqneba Tqven qselSi sami Tu 

samasi segmenti, analizatoris ganawilebuli gadawyveta 

dagexmarebaT dazogoT Zvirfasi dro da energia, romelsac 

xarjavT qselis funqcionirebis analizze. 

zemoTganxiluli analizatorebis funqciebis saerTo 

mimoxilvidan gamomdinare, sasurvelia maT gaaCndeT analizis 

SesaZlebloba, romelic dakavSirebulia paketebis siWarbesTan, 

mis regulirebasa da operatiul marTvasTan. aseTi analizatori 

warmodgenil naSromSi moxseniebulia, rogorc kompiuteruli 

qselis trafikis siWarbis maregulirebeli specanalizatori. 

warmodgenili sadisertacio naSromis avtoris mier aseTi 

analizatoris Seqmnasa da gamoyenebaze mokled xazgasmulia 

momdevno $2.2-Si. 

aqedan gamomdinare specanalizatoris Seqmnis zogad 

midgomebTan erTad naSromSi unda gadawydes konkretuli amoca-

nebic, kerZod, unda SemuSavdes: optikuri signalebis (romlebic 

warmoadgenen paketebis ZiriTad sainformacio matareblebs) 

droiTi xangZliobebis gazomvis meTodebi da maTi sarealizacio 

(Cvens SemTxvevaSi optoeleqtronuli) saSualebebi. Warbi pakete-
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bis jamuri xangZlivobebis gansazRvrisa da mis mixedviT sakomu-

tacio kvanZis buferSi saWiro mexsierebis moculobis Semdgomi 

gamoTvlis mizniT, specanalizators unda gaaCndes Semdegi 

aucilebeli mowyobilobebi: paketebis warmtani (matarebeli) 

optikuri signalebis droiTi xangZliobebis gansazRvreli 

kvanZebi, romelTa funqcionirebac dafuZvnebuli iqneba optikuri 

saxis signalebis uerTierTSedarebis meTodze (romelic saWiroa 

damuSavdes Warbi paketebis droiTi xangZliobebis ganmsazRvrisa-

Tvis); optikuri signalebis droiTi xangZliobebis Sekrebis 

meTodebze dafuZvnebuli amjamavi optoele-qtronuli mowyobi-

lobebi; samravli da gamomklebi mowyobilobebi da a.S. maT garda 

warmodgenil naSromSi gadasawyveti konkretuli amocanebis 

saxiT unda SemuSavdes specdaniSnulebis analizatoriT Warbi 

klient-serveruli paketebis qselSi gadacemis regulirebis efe-

qturi algoriTmebi, romlebic gaiTvaliswineben satranzito-

sakomutacio kvanZis buferuli mexsierebis prioritetul zone-

bad dayofis meTodebis realizaciebs. am ukanasknelisaTvis saWi-

roa SemuSavdes qselis optikurboWkovan arxebSi gadasacemi 

Warbi paketebis woniTi koeficientebis SemoRebisa da maTi 

cikluri gamokiTxvis meTodebic. warmodgenil sadisertacio 

naSromSi saWiroa eqsperimentulad Semowmdes SemuSavebuli da 

gamokvleuli specanalizatoris muSaobis algoriTmebi da Cata-

rdes miRebuli Sedegebis analizi aseTi analizatorebis praqti-

kaSi Semdgomi farTo gamoyenebis perspeqtivebis saCveneblad.[45] 

satelekomunikacio Tanamedrove saSualebebs Soris kompiu-

teruli qseli yvelaze rTuli meqanizmia. problemebi, romlebic 

unda gadaWras Cvens mier naxsenebma specanalizatorma, gamowveu-

lia drois garkveul momentebSi (ara marto pikis saaTebSi, 

aramed sxva periodebSic, xSir SemTxvevebSi qselis muSaobis 

winaswar gauTvaliswinebel drois monakveTebSic) gadasacemi 

paketebis raodenobis mniSvnelovani cvlilebebiT, anu trafikis 

donis cvlilebebiT _ trafikis pulsaciebis dros. aseTi movle-

nebi ki, rogorc zemoT vaxseneT, warmoqmnian gadatvirTvis 



 

 
65 

SemTxvevebs, romlis drosac xsenebuli specanalizatori 

mogvcems saSualebas trafikis siWarbis dros dReisaTvis arse-

bul sxva analizatorebTan SedarebiT (anda maTTan erTdrouli 

muSaobiT), optimalurad gadanawildes paketebis sxvadasxva 

raodenobebi qselis sxvadasxva, satranzito mimarTulebiT 

mimdinare momentisaTvis dautvirTav an sxvebTan SedarebiT 

naklebad datvirTul arxebs Soris da amiT Semcirdes trafikis 

pulsaciebis done qselis saWiro warmadobis SesanarCuneblad. 

amgvarad, qseluri sistemis efeqturi momsaxurebisaTvis 

analizatorebis roli da mniSvneloba Tanamedrove kompiuterul 

qselebSi Zalze didia. ukeT daxasiaTebis mizniT zemoT 

mimoxiluli gvqonda maTi klasifikacia maT mier Sesrulebuli 

funqciebis mixedviT.  

momdevno TavSi SevimuSaoT Warbi paketebis didi simravlis 

gadacemis axali strategiuli midgoma, romelic iTvaliswinebs 

dagrovili paketebis ara marto raodenobas, aramed maTi droiTi 

xangZliobebis mniSvnelobebsac.  

 

Ddaskvna 1 Tavis mixedviT 

aRniSnul TavSi Caarebulia kompiuteruli qselis analiza-

torebis mokle mimoxilva. formulirebulia optoele-qtronuli 

specanalizatoris SemuSavebis idea da misi ganxorcielebis Sesa-

Zleblobebi swrafqmed optoeleqtronul meTodebze da sareali-

zacio aparaturul saSualebebze. aRniSnuli Tavis dasawyisSi 

mocemulia kompiuteruli qselis analizatoris ganmarteba, misi 

daniSnuleba, saxesxvaobebi da Sesasrulebeli funqciebis 

mimoxilva. amave TavSi mocemulia qselis optikur–boWkovan arxe-

bSi Warbi klient–serveruli paketebis droiTi xangZliobebis 

operatiuli gansazRvris meTodis SemuSavebisa da misi gamoyene-

bis mizanSewoniloba. daxasiaTebulia kompiuteruli qselis 

specanalizatoris Semadgenloba, ZiriTadi kvanZebis daniSnuleba. 

naCvenebia maTi efeqturi realizaciis SesaZleblobebi optoele-

qtronuli meTodebisa da teqnikuri mowyobilobebis gamoyenebiT. 
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 Tavi 2 
 

kompiuteruli qselis satranzito – sakomutacio 
interfeisebSi dagrovili Warbi paketebis droiTi 
xangZliobebis gansazRvris strategiis SemuSaveba. 
misi gavlena gadatvirTul reJimebSi momuSave 
sistemis momsaxurebis optimaluri variantebis 
SerCevaze 
 
2.1. specanalizatoris Semcveli komponentebis daxasiaTeba da 

maTi gamoyeneba Warbi paketebis droiTi xangZliobebis 

gamosaTvlelad 

 

Tanamedrove satelekomunikacio meurneoba, kerZod, maT 

Soris kompiuteruli qseluri teqnologiebi ganuwyvetliv viTa-

rdeba da intensiurad inergeba. es swarmoebs ZiriTadad ori 

tendenciis gaTvaliswinebiT. pirveli es aris e.w. sainformacio 

sazogadoebis globalizacia da meore, qselTan sakontaqto 

urTierTobaSi myofi momxmareblebis kidev ufro meti xarisxiT 

maTi personalizacia. orive SemTxvevaSi metad mniSvnelovani 

adgili ukavia sakomunikacio garemos teqnikuri mxareebis ganu-

wyvetliv srulyofa ganviTarebas. maT Sorisaa optikur boWko-

vani arxebis teqnikuri SesaZleblobebis gafarToeba da efeqturi 

gamoyeneba, vinaidan isini gansazRvraven im did datvirTvebTan 

(kompiuteruli qselis trafikTan) warmatebiT gamklavebas, rome-

lic iqmneba TavianTi saqmianobidan gamomdinare momxmarebelTa 

ufro da ufro personalizaciiTa da maTi urTierT sakomunika-

cio masStabebis globalizaciiT. yovelive es ki kompiuteruli 

qselis mravalmilioniani (ukve SeiZleba Tamamad iTqvas mrava-

lmiliardiani) momxmareblebis arnaxuli raodenobis gaTvali-

swinebiT xels uwyobs kompiuteruli qselis optikurboWkovan 

arxebSi Warbi klient–serveruli paketebis warmoqmnas, rac aZne-

lebs aseTi paketebis globaluri teritoriuli manZilebiT 

erTmaneTisagan daSorebuli momxmareblebis paketebis eleqtro-

nuli transportirebisas qselis hostis kompiuterebs Soris 
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(hostis kompiuterebSi konkretulad igulisxmeba paketebis mim-

Rebgadamcemi wyvilis personaluri kompiuterebi) iwvevs satra-

nzitosa komutacio kvanZis interfeisebSi Warbi paketebis dagro-

vebasa da kvanZis komutatorebis Semavali da gamavali portebis 

gadatvirTvas (mTlianobaSi sakomunikacio qselis gadatvirTvas).  

aRniSnuli problemebis mosagvareblad survilebidan gamo-

mdinare kavSirgabmulobis qseluri specialistebi, maT Soris 

pirvel rigSi sakomunikacio kavSirebis xazebis provaiderebi ar 

iSureben Zalisxmevas TavianT daqvemdebarebaSi myofi optikurbo-

Wkovani arxebis maxasiaTeblebis gasaumjobeseblad (rogoricaa 

gadacemis siCqare, xazebSi signalebis damaxinjebis SemTxvevebis 

minimizacia, romelic miiRweva regeneraciis adgilebs Soris 

monakveTebis raodenobis gazrdiT damaxinjebuli signalebis 

aRsadgenad, signalebis gadacema miRebis meTodebSi axal axali 

midgomebis danergva, optikur boWkovani kavSiris xazebSi gadace-

muli signalebis kontroli, sinqronizaciis meqanizmebis 

srulyofa (meTodebis kombinireba), gare xelisSemSlelebisagan 

dacva da a.S.).  

amJamad SemuSavebulia da warmatebiT gamoiyeneba optikur-

boWkovani kavSiris xazebiT monacemTa cifruli gadacemis 

sxvadasxva meTodebi. es gamowveulia imiT, rom bolo periodSi 

Seicvala kompiuteruli qselis TviT trafikis saxec: gaizarda 

moTxovnileba optikur-boWkovani xazebiT multimediuri pakete-

bis gamosaxulebis (uZravi – moZravi), teqstis (maT Soris uamravi 

grafikuli gamosaxulebis TanxlebiT), xmis da a.S. kombinirebul 

gadacemebze (Tanac xSirad mimdinare realur droSi). optikur–

boWkovan xazebSi gadacemis multipleqsirebis axal_axali 

meTodebis danergva (am mxriv gaCnda axali meTodebi da maTi 

sarealizacio perspeqtiuli teqnologiebi maT Soris PDH – TDV, 

SDH/SONET – WDM/DWDMT, ATM da sxva).  

signalebis efeqturi gadacemebisaTvis bolo periodSi 

Seiqmna blokebis saxiT mravaldoniani xazuri signalebis 

gadacemis axali teqnologiebi 3B3B, 2B3B da a.S. optikur-
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boWkovani xazebisaTvis. miuxedavad yovelive amgvari mcdelobe-

bisa problemebis gadawyveta srulad mainc ver xerxdeba. aseT 

problemebs miekuTvneba isic, rom adgili aqvs kompiuteruli 

qselis xSiri gadatvirTvis SemTxvevebs (gansakuTrebiT, rogorc 

araerTxel vaxseneT, paketebis gadacemisas qselis muSaobis 

pikuri datvirTvebis dros). pikis saaTebSi qselis muSaobis gada-

tvirTvuli reJimebis warmoqmnis dros Warbi trafikis regulire-

bis efeqturi meTodebisa da saSualebebis damuSavebas didi 

mniSvneloba eniWeba. am kuTxiT Zalze aqtualuri da mizanSewo-

nilia specdaniSnulebis analizatoris SemuSaveba da misi gamoye-

neba, romlebic wina paragrafSi mimoxiluli analizatorebisagan 

gansxvavebiT qselSi ufro optimalurad gansazRvraven Warbi 

klient–serveruli paketebis droiT maxasiaTeblebs da satra-

nzito–sakomutacio kvanZebs Soris daaregulireben pikuri 

datvirTvebis dros maT gadacemebs ufro efeqturad, vidre es 

dResdReobiT xorcieldeba. es xels Seuwyobs erTis mxriv pake-

tebis droiTi Seyovnebebis Semcirebas kvanZis interfeisebSi da 

meore, rac mTavaria, mTlianobaSi gazrdis qselis warmadobas. am 

kuTxiT kargi samsaxuris gaweva SeuZlia funqcionalur 

optoeleqtronikas [49], romlis SesaZleblobebi sakmaod farToa. 

kompiuteruli qselebisaTvis gankuTvnili analizatorebis 

umravlesobis muSaoba dafuZvnebulia qselis komponentebisaken, 

anu sakvlevi qseluri obieqtebisaken (es obieqtebi, rogorc adre 

SevniSneT, SeiZleba iyos aparaturuli, programuli an kombini-

rebuli saxis aparaturul-programuli) testuri Setyobinebebis 

gagzavnaze da am obieqtebidan miRebuli sapasuxo Setyobinebebis 

(signalebis) analizze. am mizniT analizatorebSi xSirad gamoye-

nebulia meTodebi, dafuZnebuli satesto signalebis gagzavnami-

Rebis droiTi xangZliobebis urTierTSedarebaze, maTi urTierT 

damokidebulebebisa da am dros maTi cvlilebis analizze. 

satesto operaciebis Sesruleba moiTxovs sakvlevi signalebis 

droiT xangZliobebze garkveuli operaciebis Catarebas (xSirad 

iseTi elementaruli ariTmetikuli operaciebis, rogoricaa 
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Sekrebagamokleba, gamravleba da a.S). aqedan gamomdinare kompiu-

terul qselSi paketebis warmtani (maTi Semadgeneli nawilebis 

deitagramebis matarebeli) signalebis droiTi xangZliobebis 

gazomvis meTodebisa da saSualebebis srulyofas rogorc 

Teoriuli, ise gamoyenebis TvalsazrisiT didi praqtikuli 

mniSvneloba eniWeba. 

kompiuteruli qselis optikurboWkovan xazebSi, rogorc 

cnobilia, saqme gvaqvs optikuri bunebis mqone sainformacio 

signalebTan. aqedan gamomdinare sasurvelia analizatorebis 

Sesabamisi aparaturuli mowyobilobebic agebuli iqnes optoele-

qtronul meTodebze da saSualebebze (elementebze). Tu adre 

optoeleqtronul elementebi da masze agebuli mowyobilobebi 

gamoiyeneboda umetes wilad e.w. “pasiuri” funqciebis Sesasrule-

blad, rogoricaa, magaliTad, galvanuri kavSirebis mqone (maRa-

li da dabali potencialebis mqone) energetikuli wredebis 

erTmaneTisagan ganmxoloebisaTvis, amJamad maTi (optoeleqtro-

nuli mowyobilobebis, am mowyobilobebisagan Semdgari sisteme-

bis) ganviTarebis dRevandeli done saSualebas iZleva maTi 

daxmarebiT Sesruldes “aqtiuri” funqciebic, maT Soris iseTe-

bis, rogoricaa gamoTvliTi teqnikis funqciebis realizacia. 

aseTebs miekuTvneba optoeleqtronuli elementebis gamoyeneba 

ricxvebis (maT Soris adamianisaTvis yvelaze misaRebi aTobiT 

Tvlis sistemaSi) warmodgena da mexsierebaSi maTi Cawera, 

analogur-cifruli an cifro-analoguri gardamqmnelebis ageba, 

ricxvebis Zvris operaciebis warmoeba, ariTmetikuli operaciebis 

realizeba (rogorc aRvniSneT, Sekrebis, gamoklebis, gamravlebis 

da a.S. elementaruli operaciebis), logikuri operaciebis 

warmoeba da sxva.  

optoeleqtronikis bazaze Seiqmna SedarebiT axali 

mimarTuleba funqcionaluri optoeleqtronika. am kuTxiT inte-

nsiuri kvlevaZiebiTi intensiuri samuSaoebi (kerZod optoele-

qtronuli mowyobilobebis Sesaqmnelad, romlebic imuSavebda 

gamoTvliTi teqnikis zemoTxsenebuli funqciebis sarealiza-
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ciod), daiwyo pirvelad TbilisSi da ukrainaSi (q. vinicaSi) [34, 

38] jer kidev gasuli saukunis 60-70 iani wlebidan. 

diskretul optoeleqtronul mowyobilobebs safuZvlad 

daedo sinaTlis sxiviT signalebis, rogorc informaciis 

matareblebis droiTi xangZliobebis qvantirebis principi [28], e.i. 

signalis (am SemTxvevaSi optikuri bunebis mqone signalis) 

xangZliobebSi Cadebuli (kodirebuli) iyo garkveuli informacia 

da es informacia ganicdida cvlilebebs optikuri signalebis 

droiTi xangZliobebis cvlilebebTan erTad.  

optikuri signaliT droiTi qvantirebis principi daedo 

safuZvlad gamoTvliTi teqnikis ZiriTad funqcionalur 

optoeleqtronul elements, romelsac Tavis sadisertacio 

naSromSi misma avtorma pirvelma uwoda mravalfunqcionaluri 

optoeleqtronuli moduli (mfoem) jer kidev 1976 wels [38]. 

aRniSnul optoeleqtronul elementSi bunebrivad Serwymuli 

iqna ramodenime funqcia: optikuri signalebis gardaqmnis, 

Senaxvis (maTi meSveobiT informaciis Caweris), Zvris, Tvlisa da 

vizualuri indikaciis (saWiroebis SemTxvevaSi) funqciebi, am 

ukanasknelisaTvis saWiro sxva damatebiTi saindikacio 

elementebis gamoyenebis gareSe. amave periodidan aseT 

mravalfunqcionalur optoeleqtronul modulebze intensiurad 

daiwyo gamokvlevebi gamoTvliTi teqnikis erTgvarovani 

optoeleqtronuli struqturebis Seqmnisa da gamoyenebisaTvis. 

isini Tavis eleqtronul analogebTan SedarebiT gamoirCeoda 

didi swrafqmedebiT, saimedoobiT (xelis SemSlelebis mimarT 

maRali mdgradobiT) da Sesasrulebeli funqciebis 

raodenobiTac [28]. aRniSnuli saxis mravalfunqcionaluri 

optoeleqtronuli modulis erT-erTi varianti naCvenebia nax.3-

ze, sadac naCvenebia optoeleqtronuli modulis (sqematuri 

aRniSvna nax.3 b) Semcveli, regeneraciul reJimSi momuSave 

optronebi.  
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nax. 3. analizatoris aparaturis mravalfunqcionaluri 

optoeleqtronuli moduli 

 

nax.3-ze gamosaxuli moduli realizebulia arakoherentuli 

optikuri signalebis gardaqmna Senaxva – indikaciis principebze 

(romlebic moZraoben optikurboWkovan xazebSi), dafuZvnebuli 

regeneraciul reJimSi momuSave optronebis erTobliobaze. 

aRniSnuli optronebi (OP1, OP2, ..., OP9) gaerTianebulia mfoem-is 

saxiT, romelic operirebs optikuri signalebis droiT 

xangZliobebze maTi dafiqsirebis mizniT aTobiT Tvlis 

sistemaSi. igi Sedgeba 9 optronisagan (aTobiT cifrs “0”-s igi 

asaxavs rodesac modulSi Semavali yvela optroni 

araagznebulia, e.i. nulovan mdgomareobaSia), anu tradiciuli 

gagebiT “0”-is mdgomareobaSia, Tu vixmarT “trigerebisaTvis” 

damaxasiaTebel terminebs, xolo agznebul mdgomareobaSi ki es 

optroni asaxavs “1”-s. Sesasvlelze optikuri signalis arsebuli 

droiTi xangZlioba qvantirdeba aseTi saxis optronebiT, 
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romlebic awarmoebs optikuri signalebis gardaqmnas diskretul 

formaSi. aseTi saxis optoeleqtronuli moduli warmoadgens 

signalebis droiTi xangZlivobebis diskretuli formiT 

gardamqmnel (imav droulad am xangZliobebis gamzom) 

funqcionalur kvanZs. igi warmoadgens sabazo elements optikuri 

signalebis droiTi xangZlivobebis Semkrebi, gamomklebi, 

samravli da a.S. optoeleqtronuli mowyobilobebisaTvis.  

momsaxurebis axali strategiis mixedviT warmodgenil 

naSromSi naxsenebi optoeleqtronuli specanalizatoris erT-

erTi mTavari funqciaa kompiuteruli qselis muSaobis pikis 

saaTebSi satranzito-sakomutacio kvanZebis Semaval 

interfeisebSi dagrovili Warbi paketebis jamuri xangZliobebis 

gansazRvra. am mizniT warmodgenil naSromSi SemuSavebuli 

meTodis Tanaxmad analizators unda gaaCndes mowyobiloba, 

romelSic wina paragrafSi naxsenebi Warbi paketebis 

deitagramebis droiTi xangZliobebis gazomvis garda unda 

gaaCndes am droiTi xangZliobebis urTierTSedarebisa da 

Sekrebis blokebic, agreTve samravli operaciuli mowyobiloba. 

droiTi xangZlivobebis gazomvis meTodebi da maTi sarealizacio 

optoeleqtronuli mowyobilobebi naCvenebi gvqonda zemoT. 

(droiTi xangZliobebis erTmaneTTan Sedarebisa da paketebis 

jamuri xangZliobebis gamoTvliTi meTodebsa da 

optoeleqtronul saSualebebs SevimuSavebT qvemoT, xolo 

analizatorSi gamoyenebul samravl mowyobilobebs ganvixilavT 

aseve mogvianebiT). 

mravalfunqcionaluri optoeleqtronuli modulebis 

gamoyenebiT aRniSnul paragrafSi vaCvenoT damgrovebeli 

amjamavis erT-erTi varianti, romelic moaxdens (saWiroebis 

SemTxvevaSi) Warbi paketebis droiTi xangZliobebis mimdevrobiT 

(nax. 4. varianti) an paralelur Sekrebas (SesaZlebelia aseTi 

saxis amjamavi mowyobilobebis agebac).  

regeneraciuli optronebi gaerTianebulia amjamavis 

Tanrigebis (pirveli, meore da a.S) mixedviT Sesabamisi 
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mravalfunqcionaluri optoeleqtronuli modulebis saxiT. 

qvemoT mocemulia Semkrebi mowyobilobebis erTi varianti, 

romelic asrulebs optikuri signalebis droiTi xangZliobebis 

mimdevrobiT ajamvas. misi struqturuli sqema naCvenebia nax. 4– 

ze. aRniSnul amjamavze Sesasvleli signalis droiTi xangZlioba 

miewodeba pirveli modulis Sesasvlelze. es xangZlioba 

fiqsirdeba modulSi Semavali 1-9 optronebiT. pirveli modulis 

Sevsebis dros gadatanis wredis daxmarebiT droiT xangZliobebs 

afiqsirebs meore moduli da a.S.  

   

  nax. 4. optikuri signalebis droiTi xangZliobebis mimdevrobiTi 

amjamavi 
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rogorc amave Tavis $2.3-Si vaCvenebT, qselis efeqturi 

momsaxurebisaTvis SemuSavebuli analizatoris operaciuli 

mowyobiloba Warbi paketebis jamuri droiTi xangZliobebis 

gamosaTvlelad saWiroebs optoeleqtronuli samravli 

mowyobilobebis gamoyenebas.  

rogorc cnobilia nebismieri Tvlis sistemaSi (Cvens 

SemTxvevaSi aTobiTi Tvlis sistemaSi) gamravlebis nebismieri 

programuli meTodi namravlis misaRebad moiTxovs samravli 

ricxvebis imdenjer Sekrebas, ramden cifrsac Seicavs mamravlis 

amsaxveli sidide (magaliTad, Tu 7x4=28 –s namravlis (28) 

rezultatis misaRebad samravli ricxvi (7) unda Seikribos, e.i. 

erTmaneTs daematos imdenjer, ramdenjerac Seicavs mamravli. 

Cvens magaliTSi 4-jer). Tumca arsebobs daCqarebuli meTodebic, 

romlebic daiyvaneba Sualeduri namravlebis daCqarebul 

formirebebze. (magaliTad, Tu mamravli Seicavs 0-ebs, maSin 

Sekrebis magier mxolod swarmoebs namravlis Zvra mxolod 

marcxniv).  

praqtikuli SemTxvevebisaTvis zogadad gamravlebis yvela 

daCqarebuli meTodi daiyvaneba maTi realizaciis Semdegi sami 

gzis calcalke an maT kompleqsur gamoyenebaze: 1) im drois 

Semcireba, romelic saWiroa kerZo (Sualeduri) namravlebis 

misaRebad, e.i. maTi calcalke an jgufur Tanrigebad gamravlebis 

warmoeba; 2) kerZo (Sualeduri) namravlebis raodenobis 

Semcireba samravlebis winaswar ukve formirebuli jeradebis 

saxiT (magaliTad gamravlebis matricis gamoyenebiT); 3) 

samravlis jeradebis formirebisaTvis gamravlebis dros 

gamoklebebis operaciebis gamoyenebiT, romelic amcirebs 

damatebiTi amjamavebis gamoyenebis raodenobas. 

gamravlebis erT-erTi variantis SesamuSaveblad 

gamoviyenoT meTodebi, romlebic dafuZvnebulia 

mravalfunqcionaluri optoeleqtronuli modulebis 

gamoyenebaze (aTobiT Tvlis sistemaSi), sadac gamoyenebulia 

mamravlis 9-jeradebis formirebis principi. sxva meTodebisagan 
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gansxvavebiT, sadac gamoyenebulia operandebis (samravlebis, 

mamravlebisa da namravlebis) warmodgena orobiT-aTobiT Tvlis 

sistemaSi, gamravlebis operaciis am variantSi gamoyenebulia 

uSualod aTobiTi cifrebi (aTobiTi cifrebis orobiT-aTobiT 

sistemaSi tetradebis saxiT warmodgenis gareSe), romelTa 

warmodgenisaTvis gamoyenebuli aseve uSualod aTobiT sistemaSi 

momuSave optoeleqtronuli modulebi. aseT modulebze agebuli 

samravli mowyobilobis operaciuli sqema naCvenebia nax. 5-ze [29].  

          

           

     
nax. 5. gamravlebis mowyobilobis struqturuli sqema 

 

rogorc nax. 5-dan Cans, aTobiTi samravli mowyobilobis 

ZiriTad kvanZebs warmoadgens: mamravlis jeradebis cxra 

registri, romelic agebulia aTobiTi amjamavebis SM1 _ SM9 

optoeleqtronul modulebze; optoeleqtronuli damZravi 
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registrebi Pг Б da Pг B, Sesabamisad A da B Tanamamravlebisa da 

registri Pг A, romelic Sesrulebulia aTobiTi amjamavis 

optoeleqtronuli OЭ modulis sqemis mixedviT, romlis daxmare-

biT swarmoebs kerZo (Sualeduri) namravlebis Sekreba. damxmare, 

magram ara nakleb mniSvnelovan rols asruleben Tanrigebis 

damafiqsirebeli registrebi PгN da PгM Sesabamisad A da B 

Tanamamravlebis Tanrigebis gansazRvris blokebi БЛ N da БЛ M; 

mamravlis B ufrosi Tanrigis aTobiTi cifris deSifratori ДШ; 

Tanamamravlebis niSnebis analizis bloki БлЗн. amjamavebs SM1 _ 

SM9 Soris kavSirebiT saSualebas iZlevian movaxdinoT 

samravlis 9-jeradobis miRebis procesis organizireba.  

nax.5-ze naCvenebi gamravlebis mowyobiloba muSaobs 

aTobiTi cifrebis gamravlebis Semdegi algoriTmis mixedviT [29]: 

1. mowmdeba samravli da mamravli nulis tolobaze (xom ar 

arian isini nulis toli) Tu romelime Tanamamravli (an 

orive) aris nulis toli, gamravlebis Sedegs, anu namravls 

miekuTvneba pirdapir nulovani mniSvneloba da gamravlebis 

operacia wydeba. winaaRmdeg SemTxvevaSi formirdeba 

samravlis jeradebi (e.i. Tu A ricxvi aris samravli, mis 

jeradebs warmoadgenen: Ax1=A, Ax2=2A, Ax3=3A, . . . , Ax9=9A) 

Sesabamis amjamavebze da rezultatis (namravlis) niSani, 

romelic iqneba dadebiTi, Tu Tanamamravlebis niSnebi 

emTxveva erTmaneTs, xolo iqneba uaryofiTi, Tu isini 

gansxvavdebian erTmaneTisagan (e.i. erTi iqneba “+”, xolo 

meore “-” an piriqiT). amavdroulad (e.i. erTdroulad) 

swarmoebs mamravlis registris Semcvelobis (masSi 

Cawerili ricxvis) Zvra ufrosi Tanrigebi ujredebisken 

(ufrosi Tanrigebis amsaxveli optronebisaken), sanam 

ufrosi Tanrigis ujredSi ar warmoiqmneba mamravlis 

ufrosi niSnadi cifri; 

2. aseve erTdroulad swarmoebs mamravlis ufrosi cifrisa 

da namravlis jeradis nomris Sedareba; 
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3. im SemTxvevaSi, Tu daemTxva mamravlis ufrosi Tanrigis 

cifri samravlis romelime jeradis nomers, maSinve 

swarmoebs am Sesabamisi jeradis Sekreba amjamavis Semcvel 

mniSvnelobasTan (ricxvTan) da swarmoebs amjamavisa da 

samravlis ufrosi Tanrigebis ujredebisaken Semdgomi Zvra; 

4. mamravlis TiToeuli TanrigisaTvis ciklurad meordeba 

wina me-2 da me-3 punqtebi manamde, sanam ar moxdeba 

gamravleba mamravlis yvela Tanrigebze. 

nax.5-ze naCvenebi aTobiTi ricxvebis (ufro zustad aTobiTi 

ricxvebiT gamoxatuli paketebis (deitagramebis) droiTi 

xangZliobebis) optoeleqtronuli samravli mowyobilobis 

muSaobis principi mdgomareobs SemdegSi. 

samravli A da mamravli B Caiwereba Sesabamisad 

Tanamamravlebis registrebSi PгБ da PгВ, amasTan informaciebis 

Cawera swarmoebs paralelurad, Tanrigebis mixedviT, magram 

mimdevrobiT TiToeul Tanrigobriv ujredebSi. Tanamamravlebis 

CawerasTan erTdroulad swarmoebs Tanamamravlebis Tanrigebis 

gamoTvla da Cawera Sesabamisad registrebSi PгN da PгM. PгM 

registris TanrigTa raodenoba Seesabameba PгВ - registris 

Tanrigebis ujredebis (regeneraciuli optronebis) raodenobas, 

xolo registrs N – registris TanrigTa raodenoba ki _ PгБ da 

PгA registrebis Tanrigobrivi ujredebis jamur raodenobas, e.i. 

2K- si, Tu PгA, PгБ da PгB registrebis Tanrigianoba erTnairia da 

tolia K sididis. Tanamamravlebis Tanrigebis gamoTvla 

swarmoebs БлN da БлM Sesabamisad PгБ da PгB regitrebis agznebuli 

Tanrigobrivi ujredebis raodenobis Sesabamisad. amasTan 

Tanrigebis gansazRvris БлN da БлM logikuri blokebiT 

gaiTvaliswineba PгБ da PгB registrebis Tanrigobriv ujredebSi 

niSnadi nulebis warmoqmnis SesaZlebloba, xolo 

Tanamamravlebis tolobas nulze gansazRvravs 1-ianis arseboba 

БлN da БлM (niSnuli P1) registrebis nulovan TanrigSi. am 

SemTxvevaSi gamravlebis operacia wydeba. im SemTxvevaSi, Tu 
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arcerTi Tanamamravli ar aris noli (P1=0) Sesabamis amjamavebze 

SM1 _ SM9 formirdeba A simravlis 9-jeradi (rogorc zemoT 

aRvniSneT, Ax1=1A; Ax2=2A; Ax3=3A; . . . , Ax9=9A). amave dros 

formirdeba niSani (namravlis niSnis analizis БлЗн blokis mier), 

romelic Caiwereba PгБ _registris niSnis TanrigSi.  

pirvel taqtSi yvela cxra SM1 _ SM9 amjamavSi Caiwereba 

samravli A (jeradobiT 1) PгБ registridan, romlis yvela 

Tanrigi amis Semdeg ganuldeba (niSnis Tanrigis garda). meore 

traqtSi swarmoebs SM2, SM4, SM6 da SM8 amjamavebis Semcvelobis 

Sekreba Sesabamisad wina amjamavis SemcvelobasTan da xdeba 

samravli A-s (2-is jeradiT) gaormagebuli mniSvnelobis miReba. 

mesame taqtis dros swarmoebs SM3, SM4, SM7 da SM8 amjamavebis 

Semcvelobis Sekreba SM2 da SM6 amjamavebis SemcvelobasTan da 

miiReba samravli (Sesabamisad 3 da 4 jeradis). MmeoTxe taqtSi 

swarmoebs SM3, SM4, SM7 da SM8 amjamavebis Semcvelobis Sekreba 

SM4 amjamavis SemcvelobasTan da miiReba mamravlisa (Sesabamisad 

5,6,7 jeradobiT). mexuTe taqtis dros swarmoebs samravlis 9 

(Ax9=9A) jeradis miReba amjamav SM9 -Si SM8 da SM9 amjamavebis 

Semcvelobebis SekrebiT. 

imavdroulad e.i. SM1 _ SM9 amjamavebSi samravlis 9 

jeradis miRebisTanave PгB –Si swarmoebs B mamravlis daZvra 

ufrosi Tanrigebisaken, romelic swarmoebs (iteraciulad) 

manamde, sanam PгB - registris yvelaze ufross K – ur Tanrigian 

ujredSi ar warmoiqmneba B mamravlis ufrosi niSnadi cifri, 

rac fiqsirdeba kidec signaliT P2 romelic moixsneba mamravlis 

Tanrigebis mafiqsirebeli PгM _ registris ufrosi Tanrigidan. 

amis Semdeg im pirobiT, rom SM1 _ SM9 amjamavebSi ukve 

formirebulia samravlis jeradebi, ДШ _ deSifratoris mier 

swarmoebs aTobiTi cifris gardaqmna, romelic Cawerilia PгB _ 

registris ufross K – ur Tanrigovan ujredSi (optronSi). ДШ _ 

mravalTanrigovani gamosasvleli SeerTebulia SM1 _ SM9 

amjamavebis masivis mmarTvel SesasvlelebTan iseTnairad, rom 1 
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ianis arseboba garkveul woniT poziciaSi, romelic Seesabameba 

PгB _ registris K – uri Tanrigis ujredSi aTobiTi cifris 

mniSvnelobas, nebas rTavs wakiTxuli iqnes informacia Sesabamisi 

amjamavidan PгA _ registrSi mocemul amjamavSi Cawerili 

informaciis SenaxviT. Sesabamisi amjamavidan informaciis 

gadaweris damTavrebisTanave swarmoebs misi Cawera PгA _ 

registrSi. PгA, PгБ, PгB registrebSi swarmoebs maTi Semcvelobis 

Zvra ufrosi Tanrigebis ujredebis mxarisken. SemdgomSi 

analogiuri saxiT sruldeba gamravleba B _ mamravlis morig 

cifrze. im SemTxvevaSi roca PгB K – ur Tanrigovan ujredSi 

aTobiTi cifri warmoadgens 0-s, ДШ nulovan gamosasvlelze 

erTianis arseboba awarmoebs daZvras marcxniv PгA, PгБ, PгB 

registrebis Semcvelobis. vinaidan B samravlis Tanrigebis 

Semcireba fiqsirdeba PгM registrSi, PгB regisris Semcvelobis 

marjvniv TiToeuli Zvris Semdeg, maSin erTianis warmoqmna PгM 

(P1=1) registris nulovan TanrigSi, metyvelebs imaze, rom 

damTavrda aTobiTi gamravlebis operacia. PгA registris 

TanrigTa badis gadavseba fiqsirdeba P1 signaliT PгN registris 

gamosasvlelidan, romelic nebas rTavs kavSirs PгA registris K 

– uri ufrosi Tanrigis gamosasvlelidan PгБ registris umcrosi 

Tanrigis ujredis SesasvlelTan iseTnairad, rom informaciis 

Semdgomi gadawera Sesabamisi amjamavidan swarmoebs registrSi, 

romelsac gaaCnia gaormagebuli zomis TanrigTa bade, romelic 

Sedgeba PгA da PгБ Tanrigebisagan. informacia dafiqsirebuli PгN 

registrSi iZleva warmodgenas gamravlebis rezultatis 

(namravlis) Tanrigianobis Sesaxeb.  

samravl mowyobilobaSi deSifratoris gamoyeneba 

saSualebas iZleva uari vTqvaT Sedarebis tradiciul sqemebze. 

amiT mniSvnelovnad mcirdeba aparaturuli danaxarjebi, vinaidan 

erTi deSifratoriT icvleba Sedarebis cxra sqema, romelic 

saWiroa aTobiT Tvlis sistemaSi cifrebis Sedarebis operaciis 

Sesasruleblad, xolo deSifratoris ageba mravalfunqcio-
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nalur optoeleqtronul modulze, romelic Sedgeba 

regeneraciul reJimSi (e.i. trigerul reJimSi) momuSave 9 

optronisagan, zrdis gamravlebis mowyobilobis erTgvarovnebas 

(erTi da igive saxis optoeleqtronuli elementebis gamoyenebas).  

aRniSnuli variantis garda SesaZlebelia analizatorSi 

gamoyenebuli samravli mowyobilobebis agebis sxva variantebic, 

maT Soris matricebis gamoyenebiTac.  

 

2.2. gadasacemi paketebis droiTi xangZliobebis gansazRvris 

meTodebisa da optoeleqtronuli saSualebebis SemuSaveba 

 

Tanamedrove satelekomunikacio meurneoba, kerZod, maT 

Soris kompiuteruli qseluri teqnologiebi, rogorc wina 

paragrafebSi aRvniSneT ganuwyvetliv viTardeba da intensiurad 

inergeba. es swarmoebs ZiriTadad ori tendenciis 

gaTvaliswinebiT. pirveli es aris e.w. sainformacio 

sazogadoebis globalizacia da meore, qselTan sakontaqto 

urTierTobaSi myofi momxmareblebis kidev ufro meti xarisxiT 

maTi personalizacia. orive SemTxvevaSi metad mniSvnelovani 

adgili ukavia sakomunikacio garemos teqnikuri mxareebis 

ganuwyvetliv srulyofa–ganviTarebas. maT Sorisaa optikur–

boWkovani arxebis teqnikuri SesaZleblobebis gafarToeba da 

efeqturi gamoyeneba, vinaidan isini gansazRvraven im did 

datvirTvebTan (kompiuteruli qselis trafikTan) warmatebiT 

gamklavebas, romelic iqmneba TavianTi saqmianobidan gamomdinare 

momxmarebelTa ufro da ufro personalizaciiTa da maTi 

urTierTsakomunikacio masStabebis globalizaciiT. yovelive es 

ki kompiuteruli qselis mravalmilioniani (ukve SeiZleba 

Tamamad iTqvas mravalmiliardiani) momxmareblebis arnaxuli 

raodenobis gaTvaliswinebiT xels uwyobs kompiuteruli qselis 

optikur – boWkovan arxebSi Warbi klient – serveruli paketebis 

warmoqmnas, rac aZnelebs aseTi paketebis globaluri 

teritoriuli manZilebiT erTmaneTisagan daSorebuli 
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momxmareblebis paketebis eleqtronuli transportirebisas 

qselis hostis kompiuterebs Soris (hostis kompiuterebSi 

konkretulad igulisxmeba paketebis mimReb–gadamcemi wyvilis 

personaluri kompiuterebi) iwvevs satranzito–sakomutacio 

kvanZis interfeisebSi Warbi paketebis dagrovebasa da kvanZis 

komutatorebis Semavali da gamavali portebis gadatvirTvas 

(mTlianobaSi sakomunikacio qselis gadatvirTvas).  

aRniSnuli problemebis mosagvareblad survilebidan 

gamomdinare kavSirgabmulobis qseluri specialistebi, maT 

Soris pirvel rigSi sakomunikacio kavSirebis xazebis 

provaiderebi ar iSureben Zalisxmevas TavianT daqvemdebarebaSi 

myofi optikur–boWkovani arxebis maxasiaTeblebis 

gasaumjobeseblad (rogoricaa gadacemis siCqare, xazebSi 

signalebis damaxinjebis SemTxvevebis minimizacia, romelic 

miiRweva regeneraciis adgilebs Soris monakveTebis gazrdiT 

damaxinjebuli signalebis aRsadgenad, signalebis gadacema– 

miRebis meTodebSi axal–axali midgomebis danergva, optikur 

boWkovani kavSiris xazebSi gadacemuli signalebis kontroli, 

sinqronizaciis meqanizmebis srulyofa (meTodebis kombinireba), 

gare xelisSemSlelebisagan dacva da a.S.).  

amJamad SemuSavebulia da warmatebiT gamoiyeneba optikur – 

boWkovani kavSiris xazebiT monacemTa cifruli gadacemis 

sxvadasxva meTodebi. es gamowveulia imiT, rom bolo periodSi 

Seicvala kompiuteruli qselis TviT trafikis saxec: gaizarda 

moTxovnileba optikur – boWkovani xazebiT multimediuri 

paketebis_gamosaxulebis (uZravi–moZravi), teqstis (maT Soris 

uamravi grafikuli gamosaxulebis TanxlebiT), xmis da a.S. 

kombinirebul gadacemebze (Tanac xSirad mimdinare realur 

droSi). optikur – boWkovan xazebSi gadacemis multipleqsirebis 

axal_axali meTodebis danergva (am mxriv gaCnda axali meTodebi 

da maTi sarealizacio perspeqtiuli teqnologiebi maT Soris 

PDH – TDV, SDH/SONET – WDM/DWDMT, ATM da sxva). [45] 
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signalebis efeqturi gadacemebisaTvis bolo periodSi 

Seiqmna blokebis saxiT mravaldoniani xazuri signalebis 

gadacemis axali teqnologiebi 3B3B, 2B3B da a.S. optikur – 

boWkovani xazebisaTvis. miuxedavad yovelive amgvari 

mcdelobebisa problemebis gadawyveta srulad mainc ver 

xerxdeba. aseT problemebs miekuTvneba isic, rom adgili aqvs 

kompiuteruli qselis xSiri gadatvirTvis SemTxvevebs (gansaku-

TrebiT, rogorc araerTxel vaxseneT, paketebis gadacemisas 

qselis muSaobis pikuri datvirTvebis dros). pikis saaTebSi 

qselis muSaobis gadatvirTvuli reJimebis warmoqmnis dros 

Warbi trafikis regulirebis efeqturi meTodebisa da saSuale-

bebis damuSavebas didi mniSvneloba eniWeba. am kuTxiT Zalze 

aqtualuri da mizanSewonilia specdaniSnulebis analizatoris 

SemuSaveba da misi gamoyeneba, romlebic wina paragrafSi 

mimoxiluli analizatorebisagan gansxvavebiT qselSi ufro 

optimalurad gansazRvraven Warbi klient–serveruli paketebis 

droiT maxasiaTeblebs da satranzito–sakomutacio kvanZebs 

Soris daaregulireben pikuri datvirTvebis dros maT gadacemebs 

ufro efeqturad, vidre es dRes–dReobiT xorcieldeba. es xels 

Seuwyobs erTis mxriv paketebis droiTi Seyovnebebis Semcirebas 

kvanZis interfeisebSi da meore, rac mTavaria, mTlianobaSi 

gazrdis qselis warmadobas. am kuTxiT kargi samsaxuris gaweva 

SeuZlia funqcionalur optoeleqtronikas [49], romlis 

SesaZleblobebs viyenebT warmodgenil naSromSi. 

 

2.3. Warbi paketebis jamuri xangZliobebis gansazRvris efeqturi 

 saSualebebis SemuSaveba da realizacia 

 

qseluri sistemis momsaxurebisas Warbi klient-serveruli 

paketebis kotrolisa da maTi gadacema-miRebis procedurebis 

regulirebis meTodebis sarealizaciod didi mniSvneloba eniWeba 

kompiuteruli qselis sakomutacio kvanZebis Sesasvlel interfe-

isze maTi dayovnebis jamuri droiTi xangZliobebis gansazRvras, 
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amitom warmodgenil sadisertacio naSromSi SemoTavazebul 

analizators unda gaaCndes raRac meqanizmi, romelic operatiu-

lad gazomavs TiToeuli dagrovili Warbi paketis zomas (paketis 

sigrZes), anu mis droiT xangZliobas raTa momdevno paragrafSi 

SemuSavebuli meTodis Tanaxmad Warbi paketebis simravlidan 

gamoiyos paketi (paketebi), romelsac gaaCnia am parametris 

yvelaze umciresi mniSvneloba. Semdgom es mniSvneloba specana-

lizatorSi aseve operatiulad gamravldes dagrovil simravleSi 

Semavali Warbi paketebis saerTo raodenobaze da namravli 

Seikribos mis (analizatoris) damgrovebel amjamavSi kontrolis 

sxva wina ciklebSi analogiurad miRebul mniSvnelobebTan. es 

saWiroa Warbi paketebis jamuri drois xangZliobebis gansazRvri-

saTvis, raTa gamoiTva-los satranzito komutatorSi Siga bufe-

rul operatiul mexsierebaSi mexsierebis saWiro moculobebi, 

amasTan gamoiTvalos ramdeni xniT unda iyvnen droebiT Senaxuli 

sanam ar gaivlis qselis zemoTnaxseneb am satranzito-

sakomutacio kvanZSi Warbi datvirTvis pikuri momentebi.[57] 

yovelive zemoTTqmuli operaciebis sarealizaciod am 

analizatorSi saWiroa mowyobiloba (Cvens SemTxvevaSi optoele-

qtronuli mowyobiloba) Warbi paketebis droiTi xangZliobebis 

erTmaneTTan Sesadareblad. am proceduris (Sedarebis procedu-

ris) Sesrulebis mizniT aRniSnul paragrafSi SevimuSaoT is 

principebi (meTodebi) da maTi realizaciis saSualebebi, 

romlebic operatiulad Seasruleben sidideebis Sedarebis am 

operacias.  

analizatorSi saWiroa gvqondes mowyobiloba, romelic 

Seadarebs mis Sesasvlelze miwodebul da Semadarebeli 

mowyobilobis registrebSi (optoeleqtronuli tipis 

registrebSi) Setanil droiTi xangZliobis or mniSvnelobas 

(sidides). mas (Semadarebel mowyobilobas) unda SeeZlos am 

sidideebis Sedarebis Semdegi 4 variantis realizacia:  

1) roca orive sidide winaswar mocemulia;  



 

 
84 

2) roca pirveli sidide gamoiTvleba, xolo meore _ mocemulia 

winaswar;  

3) roca pirveli sidide mocemulia winaswar da meore _ 

gamoiTvleba;  

4) roca orive Sesadarebeli sidideebi gamoiTvleba. 

zemoTCamoTvlil nebismier 1-4 SemTxvevaSi Sedarebis 

operaciis praqtikuli realizaciis dros Sedarebis 

mowyobilobis Sesasvlelze miewodeba ori sidide (ufro zustad 

signalebis arsebobis drois ori xangZlioba) da Sedarebis 

Semdeg mowyobilobis gamosasvlelze gaicema signali, romelic 

miuTiTebs maT tolobas an romelime maTganis met-naklebobas.  

amgvarad, Sedarebisas zogad SemTxvevaSi SesaZlebelia ori 

situacia: 1) gamosasvleli signali gamomuSavdeba nebismier 

SemTxvevaSi imis da miuxedavad es sidideebi toli arian Tu ara 

da, Tanac am dros ar gaiTvaliswineba am Sesadarebel signalebs 

(sidideebs) Soris sxvaoba da 2) gamosasvleli signali 

gamomuSavdeba Sesasvleli signalebis (sidideebis) erTmaneTTan 

gansxvavebis SemTxvevaSi da misi sidide proporciulia sxvaobis 

amsaxveli sididis. am ori situaciidan gansakuTrebul interess 

warmoadgens, ra Tqma unda, Sedarebis meore SemTxveva, romelic 

gviCvenebs ara marto or sidides Soris (Cvens SemTxvevaSi 

paketis droiT xangZliobebs Soris) gansxvavebis arsebobas, 

aramed ra mniSvnelobiT (ra sididiT) gansxvavdebian isini 

erTmaneTisagan da romeli maTgania an meti, an naklebi.  

analizatoris SemuSavebisas Zalze did mniSvnelobas iZens 

is, Tu misi Sedarebis mowyobilobis asagebad ra elementur 

bazaze vakeTebT arCevans, radganac am sakiTxzea didad damokide-

buli signalebis ra formas avirCevT Sesadarebeli sidideebis 

(Cvens SemTxvevaSi droiTi xangZlio-bebis) warmodgenisaTvis. Tu 

Cven analizatorisaTvis Semadarebeli mowyobi-lobis sarealiza-

ciod virCevT optoeleqtronul elementur bazas, maSin Sesadare-

beli sidideebic warmodgenili unda iqnes optikuri saxiT, 

vinaidan saSualeba gveZleva am proceduris (optikur-boWkovan 
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xazebSi gamavali paketebis, an sakomutacio kvanZis Sesasvlel 

interfeisebze dagrovili droiTi xangZliobebis Sesadareblad) 

SesrulebisaTvis gamoviyenoT mravalfunqcionaluri optoele-

qtronuli modulebi. 

amJamad damuSavebuli da literaturaSi kargadaa gaSuqe-

buli aseTi modulebiT ricxvebis warmodgenis ori forma, Tanac 

uSualod aTobiT Tvlis sistemaSi [28]. es formebia erTeulovan 

poziciuri (cifrebis warmodgenis e.w. “farduli” forma) da 

erTeulovan normaluri (cifrebis warmodgenis e.w. “markeruli” 

forma). TiToeuli moduli romelic imaxsovrebs aTobiT cifre-

bs, Seicavs cxra optrons 1-9 cifrebis warmosadgenad (aTobiTi 

cifri 0 Seesabameba modulSi yvela optronis nulovan (araagzne-

bul) mdgomareobaSi yofnas). optikuri saxiT zemoTnaxseneb 

formaSi cifrebis warmodgena optoeleqtronuli aseTi module-

biT Zalze mosaxerxebelia. modulebis Semcveli optoeleqtro-

nuli elementebis (optronebis) “agzneba-araagzneba” mdgomareo-

bebSi yofna asaxavs warmosadgen aTobiT cifrebs. TiToeuli 

optroni modulSi funqcioni-rebisas muSaobs regeneraciul 

reJimSi (popularul enaze rom vTqvaT, trigerul reJimSi. 

“agzneba” niSnavs “1” mdgomareobaSi yofnas, xolo “araagzneba” _ 

“0” mdgomareobaSi yofnas). [46] aseTi optronebis Semadgenloba da 

sqematuri aRniSvnebi mocemulia sur. 1-Si. 

aseTi optronebi modulebSi mravalfunqcionalurobis 

Tvisebebis matarebelia, romelic gamoixateba imaSi, rom regene-

raciul reJimSi momuSave optronebi, ganlagebuli 9-9 (cxra- 

cxra) raodenobiT optoeleqtronul registrebSi Tanrigebis 

(aTobiTi) saxiT, TiToeuli maTgani erTdroulad asrulebs 3 

funqcias: signalebis gardamqmnelis, damaxsovrebis da indikaciis 

funqciebs (saWiroebis SemTxvevaSi) sxva damatebiTi elementebis 

gamoyenebis gareSe (amaSi mdgomareobs garkveulwilad aRniSnul 

sadisertacio naSromSi naxsenebi aseTi saxis optoeleqtronuli 

modulis mravalfunqcionaluroba).  
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sur. 1. optronebis Semadgenloba da sqematuri aRniSvnebi 

 

amgvarad, mravalfunqcionaluri optoeleqtronuli moduli 

(mfoem) warmosadgen ricxvebs imaxsovrebs aTobiT Tvlis 

sistemaSi. Tu gamoviyenebT sur.1-Si an nax.6-ze naCvenebi 

optronebis sqematur aRniSvnebs, modulSi (romelic muSaobs 

aTobiT Tvlis sistemaSi) ganlagebuli optronebi aTobiT 

cifrebs asaxaven Semdegnairad: kvadratebSi gadaxazuli “jvrebi” 
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aRniSnaven optronebs “agznebul” (anu rogorc vTqviT, “1”-is 

mdgomareobaSi myof optronebs) xolo “carieli” kvadratebi 

“araagznebul” (anu “0”-nulovan mdgomareobaSi myof optronebs). 

 

cxrili 1. mfoem farduli reJimi.  

 
 

(mfoem farduli reJimi) 

cifr- 

ebi 

K1 K1 K1 K1 K1 K1 K1 K1 K1 

0 0 0 0 0 0 0 0 0 0 

1 1 0 0 0 0 0 0 0 0 

2 1 1 0 0 0 0 0 0 0 

3 1 1 1 0 0 0 0 0 0 

4 1 1 1 1 0 0 0 0 0 

5 1 1 1 1 1 0 0 0 0 

6 1 1 1 1 1 1 0 0 0 

7 1 1 1 1 1 1 1 0 0 

8 1 1 1 1 1 1 1 1 0 

9 1 1 1 1 1 1 1 1 1 

 

cxrili 2. mfoem markeruli reJimi.  

 
(mfoem markeruli reJimi) 

cifr- 

ebi 

K1 K1 K1 K1 K1 K1 K1 K1 K1 

0 0 0 0 0 0 0 0 0 0 

1 1 0 0 0 0 0 0 0 0 

2 0 1 0 0 0 0 0 0 0 

3 0 0 1 0 0 0 0 0 0 

4 0 0 0 1 0 0 0 0 0 

5 0 0 0 0 1 0 0 0 0 

6 0 0 0 0 0 1 0 0 0 

7 0 0 0 0 0 0 1 0 0 

8 0 0 0 0 0  0 1 0 

9 0 0 0 0 0 0 0 0 1 
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nax. 6. mravalfunqcionalur aTobiT optoeleqtronul modulebSi 

optronebis ganlageba. 

 

advili SesamCnevia, rom orive SemTxvevaSi (nax.6 a,b) mravalfu-

nqcionalur optoeleqtronul modulSi registrebad 

gaerTianebuli (ganlagebuli trigerebis msgavsad) optronebi 

asaxaven aTobiT cifrs _ “6”-s. pirvel SemTxvevaSi (nax.6 a) cifri 

“6”- ianis warmosadgenad registrSi (mfoem-Si) “agznebulia” 6-ive 

optroni (cifri “6” aiTvleba maTi raodenobiT), xolo danarCeni 

“3” _ imyofeba “araagznebul” mdgomareobaSi (rogorc zemoT 

aRvniSneT Tu registrebSi yvela optroni imyofeba 

“araagznebul” mdgomareobaSi, maSin mfoem –ebi asaxaven “0”-ebs). 

aTobiTi cifrebis asaxvisas (Cvens magaliTSi “6”-ianis) meore 

SemTxvevaSi “agznebulia” registrSi rigiT meeqvse (me-6) optroni, 

danarCeni “pasiur” mdgomareobaSia (meeqvse optroni warmoadgens 

erTgvar “markers”, romelic miuTiTebs “6”-ianis arsebobas). 

amgvarad, Tu gamoviyenebT trigerisaTvis damaxasiaTebeli 

mdgomareobebis amsaxvel terminebs, pirvel SemTxvevaSi (nax.6 a) 

aTobiTi cifris “6”-ianis warmosadgenad 6-ive “trigeri” imyofeba 

“1”-eulovan mdgomareobaSi, xolo danarCeni “0”-van 

mdgomareobaSi. meore modulSi ki (nax.6. b) “1”-ulovan 

mdgomareobaSi imyofeba mxolod rigiT me-6 elementi, danarCeni 

ki rCebian “0”-ovan mdgomareobaSi. 
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zemoTnaxseneb “fardul” da “markerul” reJimebSi momuSave 

mravalfu-nqcionalur optoeleqtronul modulebSi arsebuli 

optronebi (isini [29]-Si moxseniebulia rogorc qvantronebi) 

erTmaneTs Soris dakavSirebuli arian Sesabamisad nax.6 a) da 

nax.7. b)-ze naCvenebi kavSirebiT, xolo aRniSnul reJimebSi maTi 

funqcionirebis WeSmaritobis cxrilebi mocemulia Sesabamisad 

cxr.1 da cxr.2-ze. 

 

 
nax. 7. optronebis ganlageba mravalfunqcionalur modulSi, romlebic 

muSaoben droiTi xangZliobebis “fardul” reJimSi 
damaxsovrebiT (a), “markerul” reJimSi (b) 

 

axla uSualod gadavideT sidideebis Sedarebis 

meTodzeMmfoem – is gamoyenebiT. imisaTvis, rom analizatoris 

Sedarebis mowyobilobam ganasxvaos erTmaneTisagan ori sidide 

(Cvens SemTxvevaSi drois ori xangZlioba), romlebic adeqvaturia 

ori aTobiTi cifris (0-dan 9-mde), saWiroa upirveles yovlisa 

ganisazRvros zemoT naxsenebi mfoem – ebis Taviseburebebi, 

romlebic damaxasiaTebelia TiToeuli sididis 

warmodgenisaTvis, xolo amis Semdeg SevimuSaoT maTi Sedarebis 

sarealizacio sqemebi. Sedarebis magaliTis sademonstraciod 

gamoviyenoT sidideebis (ricxvebis) warmodgenis erT – erTi, 

magaliTad, erTeulovan _ poziciuri (“farduli”) forma (Tumca 

igive warmatebiT SeiZleba gamoviyenoT meore _ “markeruli” 
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formac). nax. 8-ze naCvenebia ori I, II moduli (ori mfoem – i). 

TiToeuli maTgani, rogorc aRvniSneT, Seicavs 9 raodenobis 

optronebs (nax. 7 a), b)-ze isini aRniSnulia Ki asoebiT). rogorc 

vxedavT, pirvel maTganze (I-ze) warmodgenilia cifri (sidide) 

“6”, xolo (II-ze) – “5”. pirveli SexedviTac Cans, rom es ori 

ricxvi gansxvavdeba “araagznebuli” ujredebis (regeneraciuli 

“ganaTebuli” optronebis) Tanamimdevrobebis sigrZiT, anu 

modulSi maTi raodenobiT. es aris sidideebis (cifrebis) 

warmodgenis is gansakuTrebuloba, razedac saubari gvqonda 

zemoT. 

 

 

 

 

 

 

nax. 8. modulebi 

 

     nax.8-ze naCvenebi cifrebis (6,5) warmodgenis am 

gansakuTrebulobas, Cven gamoviyenebT maT Sesadareblad. am ori 

(I da II) mravalfunqcionaluri optoeleqtronuli modulis 

(mfoem) Semcvelobebis erTmaneTTan Sedarebis dros yuradReba 

unda mivaqcioT imas, rom xuTi ujredi (anu xuTi optroni) orive 

modulSi “agznebulia”, xolo oTxSi _ araa “agznebuli”. amasTan 

mxolod meeqvse ujredebs aqvT (isini nax. 8-ze wyvetili xazebiT 

aris Semofargluli) gansxvavebuli mdgomareobebi (I-Si 

“agznebulia” xolo II-Si _ ara). cxadia, Tu Cven SedarebisaTvis 

aviRebT sxvadasxva ricxvebs, maTi warmodgenis gansakuTrebuloba 

igive rCeba, oRond gansxvaveba iqneba “agznebuli” ujredebis 

(optronebis) raodenobaSi. es kargad Cans nax. 9-ze warmodgenili 

modulebis wyvilebis xvadasxva variantebSic. 
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nax 9. modulebis wyvilebis sxvadasxva variantebi 

 

amgvarad, ricxvebis warmodgenis es gansakuTrebuloba 

SeiZleba gamoyenebuli iqnes kompiuteruli qselis sakomutacio 

kvanZebis Sesasvlel interfeisebSi dagrovili Warbi klient– 

serveruli paketebis (qselis gadatvirTvis SemTxvevebSi pikis 

saaTebSi muSaobisas), droiTi xangZliobebis amsaxavi, sidideebis 

(ricxvebis) SedarebisaTvisac (kerZod, ori paketis droiTi 

xangZliobebis Sesadareblad).  

Qqselur analizatorSi droiTi xangZliobebis Sedarebis es 

procedura SeiZleba realizebuli iqnes optoeleqtronul eleme-

ntebze agebuli mowyobilobebis gamoyenebiT, romlis gamosasvle-

lebze signali (“1-is” mniSvnelobis) warmoiqmneba ori Sesada-

rebeli paketis droiTi xangZliobebis sxva da sxvaobis dros.  

 

cxrili 3. qselur analizatorSi droiTi xangZliobebis Sedarebis 

cxrili 
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Tu gamosasvlel signals aRvniSnavT Z–iT xolo X da Y–ebiT 

Sesabamisad pirvel da meore paketis droiT xangZliobebs, maSin 

am sidideebs Soris damokidebulebebis bulis algebris 

WeSmaritobis cxrils aqvs cxr. 3 saxe. 

Warbi paketebis droiTi xangZZlivobebis erTmaneTTan 

Semadarebeli optoeleqtronuli mowyobiloba maTi sidideebis 

tolobaze an aratolobaze, sarealizaciod Zalze advili 

gansaxorcielebelia da igi analizatorSi funqcionirebs cxr. 3-

Si naCvenebi damokidebulebebis mixedviT. 

paketebis droiTi xangZliobebis Semadarebeli mowyo-

biloba, agebuli mravalfunqcionalur optoeleqtronul modu-

lebze (mfoem), muSaobs Semdegi struqturuli sqemis mixedviT 

(nax. 10).  

 
 

 

 

 

 

 

 

 

nax. 10. paketebis droiTi xangZliobebis Semadarebeli 
mowyobilobis struqturuli sqema.  

 

igi Sedgeba ori mfoem–isagan sadac Caiwereba paketebis 

erTmaneTTan Sesadarebeli droiTi xangZliobebi; otsg – 

optikuri taqturi signalebis generatori, romelic awarmoebs 

mfoem–ebSi Semavali erTsaxela Tanrigebis Sedarebis 

sinqronizacias, mfoem1–Si da mfoem2–Si Semavali Tanrigebis 

Sedarebis, sidideebs Soris ar damTxvevis logikuri sqema als, 

romelic muSaobs WeSmaritobis cxr. 3-is mixedviT da mfoem3 –gan, 

romelic afiqsirebs paketebis droiTi xangZliobebs Soris 

sxvaobas (masSi “aRigzneba” imdeni raodenobis optronebi, ra 
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raodenobiTac gansxvavdebian erTmaneTisagan Sesadarebeli 

sidideebi).[30] 

zemoTxsenebulis garda analizatorma unda SeZlos 

gansazRvros mfoem1 da mfoem2–Si Caweril ricxvebs Soris 

romelia meti an naklebi da ra raodenobiT. amisaTvis nax.10-ze 

mocemul struqturaSi unda movaxdinoT umniSvnelo cvlileba, 

kerZod mfoem3–Si SevitanoT niSnis Tanrigic nT, aseve damatebiTi 

logikuri sqema-sidideebs Soris damTxvevis sqema dls. Struqtu-

ruli sqemis aRniSnuli saxecvlileba naCvenebia nax.11-ze.  

 

 

 

 

 

 

 

 

 

nax. 11. paketebis droiTi xangZliobebis sxvaobis gamomTvleli 
mowyobilobis struqturuli sqema 
 

aRniSnuli nax. 11. sqemis mixedviT, Tu ki mfoem3–is niSnis 

Tanrigi nT “agznebulia” (e.i. optroni “ganaTebulia”), maSin es 

miuTiTebs imaze, rom mfoem1–Si Cawerili ricxvi (pirveli paketis 

droiTi xangZlioba) naklebia mfoem2–Si Caweril ricxvze (meore 

paketis droiT xangZliobaze). 

analizatorSi droiTi xangZliobebis Semadarebeli mowyo-

bilobis zemoTganxiluli sqemebis garda, SesaZlebelia sqemuri 

gadawyvetebis sxva variantebic. aseve SesaZlebelia mraval-

funqcionalur optoeleqtronul modulebSi (mfoem–Si sur. 2 a, 

b) gamoyenebuli regeneraciul (trigerul) reJimSi momuSave 

optronebis (qvantronebis, romlis struqturac naCvenebia cxr. 

2.3.4 a-ze) principialuri sarealizacio sqemebis sxvadasxva 
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variantebic. sqemuri gadawyvetis zogierTi varianti naCvenebia 

sur. 1-ze [29]. 

axla uSualod ganvixiloT qselis kvanZebSi dagrovili 

paketebis jamuri droiTi xangZliobebis gansazRvris sakiTxebi 

[12, 15]. 

kompiuteruli qselis sainformacio-servisuli momsaxurebis 

formebi da masStabebi gansakuTrebiT bolo wlebSi sagrZnoblad 

gaizarda, rac gamowveulia qselis momxmarebelTa raodenobis 

arnaxuli zrdiTa (magaliTad, internetis danergviT yvela 

organizaciasa da TiToeul ojaxebSic ki) da qselis mier 

SemoTavazebuli servisebis mravalfero-vnebiT. kompiuterul 

qselSi servisis mimwodebel serverebze xSiri mimarTvebi 

(rogorc aRvniSneT, amas emateba aseTi mimarTvebis teqnikuri 

SesaZleblobebis gaCena uSualod mobiluri telefonebidanac, 

romelTa raodenoba ganisazRvreba milionobiT da SesaZloa 

miliardobiTac), iwveven qselis normalur funqcionirebaSi 

garkveul problemebs, kerZod, gadatvirTvebs gansakuTrebiT 

qselis muSaobis pikis saaTebSi. es problemebi warmoiqmneba 

ZiriTadad imis gamo, rom gadacemuli paketebis raodenoba 

qselis serverebisaken (abonentTa, anu klientTa mxridan 

ganacxadebis (moTxo-vnebis) Semcveli paketebis gadacemisas da 

ukumimarTulebiT, e.i. qselis serverebidan momxmareblebisaken 

pasuxebis Semcveli paketebis dabrune-bisas), satranzito 

(Sualeduri) komutatorebis Sesasvlel interfeisebSi adgili 

aqvs Warbi paketebis dagrovebas, anu sxva sityvebiT, aseTi 

paketebis gadacemis droiT Seyovnebas. es ukanaskneli movlena 

saWiroebs am Warbi paketebis droebiT (Tundac mcire xniT 

imisaTvis, rom isini ar damaxinjdnen an rac uaresia, ar 

daikargon) ganTavsebas satranzito kvanZis (kvanZebis) 

sakomutacio mowyobilobis buferul mexsierebaSi. 

cnobilia, rom amJamad kompiuteruli qselebis sakomutacio 

kvanZebSi gamoiyeneba sxvadasxva mwarmoebeli firmebis mier 

damzadebuli komutatorebi, romlebic gansxvavdebian 
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erTmaneTisagan maTi swrafqmedebiT, warmadobiTa da SezRuduli 

buferuli mexsierebis moculobiT (isini gamoiyeneba Warbi 

paketebis satranzito kvanZebSi droebiTi ganTavsebis mizniT). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

sur. 2. regeneraciul reJimSi momuSave optronebis principialuri 

sarealizacio sqema 
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aqedan gamomdinare rogorc wina paragrafSi aRvniSneT, Zalze 

saWiroa Warbi paketebis droiTi xangZliobebis operatiuli 

gansazRvra, raTa gamoiTvalos mimdinare droiT momentebSi 

ramden jamur xangZliobas moiTxoven isini kvanZis operatiuli 

buferuli mexsierebis calkeul segmentebSi maTi droebiTi 

ganTavsebis mizniT da amasTan erTad ganisazRvros aseTi 

mexsierebis ra moculobaa saWiro amisaTvis, raTa, rogorc 

araerTxel aRvniSneT, Warbi klient-serveruli paketebi ar 

daikargon qselis muSaobis pikuri datvirTvebis dros. 

zemoTaRniSnuli aseTi problemebis simZafridan 

gamomdinare, maT gadasawyvetad Zalze mniSvnelovania SemuSavdes 

da gamoyenebuli iqnes specialuri (Cvens SemTxvevaSi 

optoeleqtronul principebze da elementur bazaze agebuli) 

aparaturul-programuli saSualeba _ qseluri specanalizatori, 

romelic satranzito monakveTebze aseTi Warbi paketebis gavlis 

dros swrafad gaakontrolebs zemoTxsenebul situaciebs da 

xels Seuwyobs qselSi “mtkivneuli adgilebis” droul 

aRmofxvras, Tu kvlav davakonkretebT, xels SeuSlis dagrovili 

Warbi paketebis erTmaneTTan koliziebs, dakargvas an kompiu-

teruli qselis muSaobis pikis saaTebSi momxmareblebamde maT 

mitanas (gagzavnili paketis mimRebamde Cabarebas) dagvianebiT.  

aRniSnul paragrafSi SevecadoT davamuSaoT specdaniSnu-

lebis analizatoris daxmarebiT efeqturi meTodi, romelic 

gansazRvravs kavSiris optikurboWkovani sakomutacio xazebis 

interfeisebSi Warbi klient-serveruli paketebis Seyovnebis 

jamur droiT xangZliobas. SemuSavebuli es meTodi safuZvlad 

udevs zemoTxsenebuli daniSnulebis analizatoris funqcioni-

rebas. maTi (specanalizatorebis) gamoyeneba mniSvnelovnad xels 

Seuwyobs qselis funqcionirebis saimedoobis gazrdas hostis 

muSa sadgurebs Soris maRalintensiuri trafikis gadacemebis 

dros. satranzito-sakomutacio kvanZebis Sesasvlel portebSi 

qseluri analizatoris Warbi paketebis dayovnebis jamuri 

droiTi xangZliobis gansazRvris meTodis Teoriuli arsi 
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mdgomareobs SemdegSi. komutatoris Semaval portebSi (ufro 

zustad optikur-boWkovani xazebis interfeisSi, romelic 

akavSirebs am xazebSi gamaval arxebs sakomutacio kvanZis 

procesorebTan) dagrovili Warbi paketebis simravlidan 

analizatoris procesoris mier SeirCeva iseTi paketi, romelsac 

sxva paketebTan SedarebiT gaaCnia yvelaze mcire zoma, anu 

romelsac gaaCnia komutatoris gamosasvlel portze 

gacemisaTvis yvelaze mcire droiTi xangZlioba (paketebis 

droiTi xangZliobebis gansazRvrisa da maTi erTmaneTTan 

Sedarebis meTodebi da saSualebebi damuSavebulia zemoT). 

paketis es xangZlioba (aRvniSnoT igi xt-Ti, sadac x _ 0-isagan 

gansxvavebuli nebismieri dadebiTi ricxvia) analizatoris 

samravl mowyobilobaSi (maTi agebis meTodis erT-erTi varianti 

naCvenebia zemoT) mravldeba interfeisSi dagrovili Warbi 

paketebis saerTo raodenobaze (ricxvze), romelTa gaanalizebac 

swarmoebs Semowmebis mocemul etapze. gamravlebis Sedegad 

miRebuli namravli pirveli Sesakrebis saxiT Seitaneba 

analizatoris operaciuli mowyobilobis droiTi xangZliobebis 

damgrovebel optoeleqtronul amjamavSi. amis Semdeg 

simravlidan gamorCeuli paketis es minimaluri mniSvneloba, e.i. 

xt=xmint gamoakldeba gasaanalizebel simravleSi Semaval TiToeul 

pakets da ganisazRvreba maTgan darCenili mimdinare naSTebi. (es 

minimaluri xangZlioba paralelur reJimSi “CamoeWreba” yvela 

gasaanalizebeli paketebis droiT xangZliobebs) cxadia, 

gamoklebis operaciis Semdeg im paketebs, romlebsac gaaCniaT 

minimaluri xangZlioba xt=xmint rCebaT 0-vani mniSvnelobis naSTebi. 

gamoklebis, anu minimaluri xangZliobebis “CamoWris”, 

proceduris CatarebiT, cxadia, aseve mcirdeba sakomutacio 

kvanZis Semaval portebze dagrovili da gasaanalizebeli Warbi 

paketebis raodenobac. analizatoris funqcionirebis momdevno 

ciklSi, romelSic formirdeba axali simravle, gamoklebis 

(“CamoWris”) Semdeg Seiqmneba naSTebis axali simravle, 

romelTagan kvlav moiZebneba morigi paketi (an paketebi), 
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romelsac darCenili naSTebis simravlidan eqneba isev yvelaze 

mcire xt=xmint droiTi xangZlioba da zemoTxsenebuli procedurebi 

grZeldeba, e.i. isini iteraciulad sruldeba manamde, sanam ar 

darCeba bolo naSTi (danarCenis mniSvnelobebi cxadia, yvela 

xdeba 0-ebi), romlis mniSvneloba (faqtiurad es mniSvneloba 

miiReba bolo naSTis gamravlebiT paketebis darCenil 

simravleze, e.i. simbolurad mravldeba 1-ze) bolo Sesakrebis 

saxiT daemateba analizatorebis operaciuli mowyobilobis 

damgroebel amjamavs. amgvari iteraciebis bolo ciklis 

damTavrebisTanave damgrove-blis gamosasvlelze formirdeba 

sidide (ricxvi), romelic asaxavs satranzito kvanZis optikur-

boWkovani xazis interfeisis Sesasvlelze miwodebuli 

(dagrovili) Warbi paketebis droiTi xangZliobebis jamur 

mniSvnelobas, ris Semdegac analizatori agrZelebs Warbi 

paketebis gadacemebis marTvis Semdgom operaciebs.  

amgvarad, am sididiT (jamuri xangZliobis mniSvnelobiT) 

analiza-tori adgens paketebis Seyovnebis jamur dros, e.i. drois 

ra xnis ganmavlobaSi unda iqnen Warbi paketebi moTavsebuli 

komutatoris buferul mexsierebaSi (amasTan mexsierebis ra 

moculobas daikavebs am momentSi Warbi paketebi), sanam “ar 

Cacxreba” (ar Semcirdeba) kompiuterul qselSi pikuri datvirTva, 

ris Semdegac “gasufTavdeba” es buferuli mexsiereba da 

analizatoris mier momzaddeba morigi Warbi paketebis droebiT 

Sesanaxad (saWiroebis SemTxvevaSi).  

teqnikurad SesaZlebelia realizebuli iqnes analizatorSi 

Semavali Warbi paketebis jamuri xangZliobebis gamoTvlis 

sxvadasxva struqturuli gadawyvetebi (maT Soris daCqarebuli 

moqmedebis). maTgan yvelaze efeqturia analizatoris Sesabamisi 

blokis ageba optoeleqtronul principebze da saSualebebze, 

romelTa sarealizacio erT-erTi struqturuli varianti 

mocemulia nax.12-ze. sadac SemoRebulia Semdegi aRniSvnebi:  
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nax. 12. sidideTa paraleluri Sekrebis xerxis stuqturuli sqema 
 

11, 12, 13, . . . , 1n _ mowyobilobis Sesasvlelebi, sadac miewodeba 

Sekrebisa- Tvis sawyisi mniSvnelobebi, Cvens SemTxvevaSi Warbi 

paketebis droiTi xangZliobebi winaswar gardaqmnili diskretul 

(aTobiT, cifrul) formaSi; 

21, 22, 23, . . . , 2n _ blokebi, romlebic axdenen paketebis droiTi 

xangZli-obebidan umciresi droiTi xangZliobebis gamoklebas; 3 

_ gamoklebis operaciis Semdeg darCenili naSTebis 

maformirebeli bloki; 4 _ damgove-beli amjamavis bloki. 

aRniSnuli mowyobilobis daxmarebiT sidideebis (aTobiTi 

cifrebiT gamoxatuli droiTi xangZliobebis) paraleluri 

Sekrebis xerxi mdgomareobs SemdegSi: mowyobilobis 11, 12, 13, . . . 

, 1n _ Sesasvlelebze miewodeba n raodenobis nebismieri sidide 

(rogorc aRvniSneT aTobiTi cifrebiT gamoxatuli paketebis 

droiTi xangZliobebi, romlebic qmnian SekrebisaTvis sawyis 

mniSvnelobebs). Sekreba swarmoebs m raodenobis moqmedebebis 

ganmavlobaSi. Sekrebis pirvel moqmedebaSi 21, 22, 23, . . . , 2n _ 

blokebSi TiToeuli sawyisi sidididan gamoakldeba 0, romelic 

miewodeba saerTo nawilebis gamomyofi (saerTo nawilebis 

maformirebeli) blokidan 3. miRebuli sxvaobebi (mocemul 
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SemTxvevaSi sawyisi sidideebi, vinaidan 0-is gamokleba arafers 

cvlis), romlebic paralelurad miewodebian blok 4-is n 

SesasvlelebSi, qmnian n _ jerad saerTo nawils, romelic 

formirdeba blokSi 3. es saerTo nawili tolia umciresis 

sawyisi niSnadi sidideebi-dan. meore moqmedebaSi blokebSi 21, 22, 

23, . . . , 2n _ formirdeba sxvaobebi imave blokebidan miwodebul 

sawyiss sidideebsa da saerTo nawils Soris, romelic 

warmoiqmneba pirvel moqmedebaSi. saerTo nawili meore 

moqmedebisa, iseve rogorc pirvel moqmedebaSi, formirdeba 

blokSi 3 da (n-p1) – jeradi zomiT dagrovdeba blok 4-Si, e.i. 

daemateba pirveli moqmedebis n _ jerad saerTo nawils, sadac p1 

_ pirveli moqmedebis yvelaze umciresi erTnairi sidideebia. 

amave dros meore moqmedebis saerTo nawili, akldeba ra am 

moqmedebis sxvaobebidan, 21, 22, 23, . . . , 2n _ blokebidan qmnian 

sawyiss sidideebs me-3 moqmedebisaTvis, romliTac iwyeba morigi 

cikli.[57,59] 

zogad SemTxvevaSi TiToeul j-ur moqmedebaSi wina n _
2

0

i

Pk 

(i= m,2 ) sxvaobebidan blokebSi 21, 22, 23, . . . , 2n _ formirdeba n 

_
1

0

i

Pk sxvaobebi (aqtiurad sawyisi sidideebi mocemuli 

moqmedebisaTvis), romelic axdens paralelur zemoqmedebas n 

_
1

0

j

Pk SesasvlelebiT blokze 4, sadac Pk _ k-uri moqmedebis 

(K= m,1 ) umciresi erTnairi sidideebis ricxvia; P0=0. j-uri 

moqmedebis saerTo nawili formirdeba blokSi 3, sadac 

swarmoebs [n _
1

0

i

Pk ] sxvaobebidan niSnadi saerTo nawilis 

gamoyofa (niSnadi niSnavs, rom igi unda gansxvavdebodes 0-ovani 

mniSvnelobisagan), xolo blokSi 4 (damgrovebel amjamavSi) 

bloki 3-dan zemoqmedebiT swarmoebs [n _
1

0

i

Pk ] _ jeradi saerTo 
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nawilis, romelic dagrovdeba (miemateba) wina moqmedebebSi 

miRebul n-jerad, (n-P1) – jerad, . . . , n _
2

0

i

Pk (i= m,2 ) _ jerad 

saerTo nawilebs. bolo m-ur moqmedebaSi blok 4-Si formirdeba 

saboloo rezultati (jami) adre dagrovili jeradebis jamze (n 

_
1

0

m

Pk ) saerTo nawils, romelic formirebulia rogorc sxvaoba 

(m-1) – uri moqmedebis yvelaze did sididesa da imave moqmedebis 

saerTo nawils Soris. aRniSnuli principiT realizaciis dros 

Warbi paketebis droiTi xangZliobebi, Sesabamisad asaxuli 

aTobiTi cifrebiT: 11, 3, 3, 5, 5, 5, 8, 15, miewodeba paralelurad 11, 

12, 13, 14, 15, 16, 17, 18 Sesasvlelebze, romlebic mTlianobaSi qmnian 

SekrebisaTvis sawyis ricxvebs, xolo damgrovebeli amjamavis 

(bloki 4) – is gamosasvlelze formirdeba Warbi paketis jamuri 

droiTi xangZlioba.  

amgvarad, specanalizatoris zemoT ganxilul paketebis 

jamuri xangZliobebis gamomTvlel mowyobilobaSi gamoiyeneba 

optronebze agebuli registrebi wina, paragrafebSi ganxiluli 

moqmedebebis (rogoricaa Warbi paketebis droiTi xangZliobebis 

gazomva, maTi erTmaneTTan Sedareba da umciresi xangZliobis 

paketis gamoyofa Sesakrebebis simravlidan, gamravleba, 

gamokleba, dagroveba (amjamavSi) da a.S) sarealizaciod. 

aRiSnuli mowyobiloba (nax.12) gamoirCeva imiT, rom 

paketebis droiTi xangZliobebis amsaxveli sidideebi SeiZleba 

mocemuli iqnes uwyveti an diskretuli formebiT (droiTi 

xangZliobis cifrul (diskretul) formaSi gardaqmnas 

anxorcielebs warmodgenili naSromSi ganxiluli 

optoeleqtronuli mowyobilobebi).[45,46] 

AaseTi analizatoris operaciuli sistemis aparaturuli 

nawili Seicavs optoeleqtronul blokebs RS1, RS2, . . . , RSn, sadac 

registrebis optronebiT fiqsirdeba Warbi paketebis yvela 

parametric, romlebsac gaaCniaT drois xangZliobis sxvadasxva 

mniSvnelobebi. Warbi paketebis sawyisi simravlis droiTi 
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xangZliobebis sidideebi aisaxeba RS1 blokis optoeleqtronul 

registrebze. aRvniSnoT isini Sesabamisad RS11, RS12, . . . , RS1n, 

registrebad. SemuSavebuli Sedarebis meTodiT analizatoris 

optoeleqtronuli procesoris mier SeirCeva paketi, romelsac 

gaaCnia yvelaze mokle xangZlioba. samravl mowyobilobaSi es 

mniSvneloba, e.i. umciresi xangZliobis mniSvneloba, mravldeba 

komutatoris Sesasvlel interfeisze dagrovili paketebis 

saerTo raodenobaze, romlebic Sedian simravleSi (da igi 

dafiqsirebulia RS1 blokSi). miRebuli namravlis mniSvneloba 

pirveli Sesakrebis saxiT miewodeba am analizatoris droiTi 

xangZliobebis damgrovebel (Semkreb) optoeleqtronul amjamavs. 

am procedurebiT mTavrdeba iteraciis pirveli cikli.  

procedurebis meore ciklis sawarmoeblad formirdeba RS2 

blokis Semcveloba (nax. 13). am miznisaTvis is paketebi, 

romlebsac gaaCniaT umciresi xangZlioba, “CamoeWreba” RS1 

blokis paketebis simravles, e.i. faqtiurad swarmoebs 

xangZliobebis gamoklebis operacia (grafikulad isini 

“CamoiWrebian” ise, rogorc es naCvenebia nax.13-ze naCveneb 

magaliTze). “CamoWris” Semdeg darCenili paketebis droiTi 

xangZliobebi RS1 blokidan, gadaiwereba RS2 blokSi, e.i. 

formirdeba paketebis axali simravle. am paketebis xangZliobebi 

fiqsirdeba am blokSi Semavali optoeleqtronuli RS21, RS22, . . . , 

RS2n, registrebiT. bunebrivia, “CamoWris” Sedegad (faqtiurad 

xangZliobebis gamoklebis Sedegad), paketebis raodenoba, 

romlebic imyofebodnen pirvel RS1 blokSi, Semcirdeba. Sedegad 

RS2 blokSi darCeba carieli adgilebi (nax.13-ze isini naCvenebia 

0-ebiT). Semdeg, iteraciis meore ciklSi yvela zemoTxsenebuli 

procedurebi meordeba, e.i. paketebis axali simravlidan meore 

RS2 blokSi analizatoris procesoris mier kvlav SeirCeva iseTi 

Warbi paketi (paketebi), romelsac am axal simravleSi gaaCnia 

yvelaze mokle zoma, anu arsebulTagan yvelaze umciresi droiTi 

xangZlivoba. es mniSvneloba mravldeba RS2 blokSi arsebuli 
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paketebis saerTo raodenobaze da miRebuli namravli meore 

Sesakrebis saxiT daemateba damgroebel amjamavSi myof ricxvs da 

a.S. msgavsi iteraciebi, ufro zustad Semdgomi iteraciebis 

procedurebi (zemoT es procedurebi naxsenebi iyo rogorc 

moqmedebebi) grZeldeba manmade, sanam ar dafiqsirdeba bolo 

Warbi paketi (RSn blokSi), romlis xangZliobis aRmniSvneli 

sidide mravldeba RSn blokSi darCenili paketebis raodenobaze, 

e.i. mravldeba (simbolurad) 1-ze da bolo Sesakrebis saxiT 

daemateba gasaanalizebeli paketebis droiTi xangZliobebis 

damgrovebelSi arsebul bolo jams. miRebuli sidide (e.i. 

saboloo jami) am damgrovebeli amjamavis gamosasvlelze 

uCvenebs yvela im Warbi paketebis jamur xangZliobas, romlebic 

ki dagrovili iyo satranzito-sakomutacio kvanZis Sesasvlel 

interfeisze da am mniSvnelobis (sididis) gaTvaliswinebiT 

qseluri analizatori awarmoebs Warbi trafikis marTvis (e.i. 

Warbi paketebis komutatoris buferul mexsierebaSi ganTavsebisa 

da maTi gadacemebis marTvis Semdeg operaciebs). pirvel rigSi 

analizatori gansazRvravs buferuli mexsierebis Sesabamis 

(saWiro) moculobas aseTi paketebis ganTavsebisaTvis, romlebic 

ki dagrovda pikuri drois momentebSi da maTgan optimalurad 

aformirebs (e.i. buferSi moTavsebuli [12,20] paketebisagan) 

marTvad rigebs komutatoridan maT gasacemad gamosasvlel 

portebze sxvadasxva prioritetuli koeficientebis mxedvelobaSi 

miRebiT. aRniSnuli prioritetuli koeficientebis cikluri 

gamokiTxvis Sedegad dgindeba im paketebis rigiToba, romlebic 

TanamimdevrobiT unda gaicnen satranzito kvanZis gamosasvleli 

interfeisiT gamosasvlel portebTan mierTebul optikur-

boWkovani arxebiT hostis kompiuterze an sxva satranzito 

kvanZebTan dasakavSireblad.  

ganxiluli optoeleqtronuli analizatoris muSaobis 

ilustracia naCvenebia nax.13-ze da nax.13-ze. misi muSaoba avxsnaT 

ufro detalurad Semdeg konkretul magaliTze.  
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dauSvaT, rom satranzito komutatoris Semaval portebze 

drois raRac pikur momentSi miewoda (dagrovda) 4 Warbi paketi. 

TvalsaCinoe-bisaTvis am magaliTSi SerCeulia mxolod 4 paketi, 

romlebsac gaaCniaT gansxvavebuli zomebi. realur pirobebSi 

maTi raodenoba SeiZleba iyos nebismieri, anu qselis muSaobis 

pikis saaTebSi SeiZleba dagrovdes aTasobiT da ufro meti Warbi 

paketebi. ganxilul magaliTSi sawyis paketebs analizisaTvis 

gaaCniaT t – xangZlioba (gazomili magaliTad mk/wm-Si): 

Sesabamisad pirvel pakets gaaCnia xangZlioba 8 t, me-2 pakets _ 9 t, 

me-3 pakets _ 15 t, me-4 pakets _ 10 t. nax.13-dan Cans, rom 

analizatoris RS1 blokSi imyofeba 4 paketi sxvadasxva droiTi 

xangZliobebiT zemoTnaCvenebi cifrebiT (e.i. 8, 9, 15, 10 ix. nax.213 

a), romelzec gamoxatuli TiToeuli kvadrati am SemTxvevaSi 

aRniSnavs t _ xangZliobas. am paketebisaTvis maTi jamuri droiTi 

xangZliobisaTvis gansazRvris SemuSavebuli meTodis Tanaxmad 

analizatori SeirCevs pakets, romelsac gaaCnia yvelaze mcire 

xangZlioba, e.i. SeirCeva pirveli paketi, droiTi xangZliobiT 

Xmint=8. es sidide (8) analizatoris samravls mowyobilobaSi RS1 

blokSi myofi paketebis saerTo raodenobaze, e.i. 4-ze da samravl 

mowyobilobaSi formirdeba 8x4=32. es mniSvneloba (32) pirveli 

Sesakrebis saxiT Seitaneba damgrovebel amjamavSi, sadac 

fiqsirdeba misi sawyisi Semcveloba 32. Semdeg analizatoris 

mier RS1 blokSi myof paketebs “CamoeWreba” Xmint (nax.13. a) da am 

proceduris Semdeg (rogorc aRvniSneT faqtiurad “CamoWra” _ 

gamoklebis tolfasi proceduraa) RS1 blokSi darCeba 3 paketi 

(ix. nax.13. a-ze carieli ujredebi), Sesabamisad xangZliobebiT: 

Xmin=1 (me-2 paketi), Xmin=7 (me-3 paketi) da Xmin=2 (me-4 paketi). es 3 

paketi gadaiwereba RS2 blokis registrebze, romelTa 

optoeleqtronuli RS21, RS22, . . . , RS2n, ujredebiT (optronebis 

raodenobiT) fiqsirdeba maTi xangZlioba. amis Semdeg reali-

zdeba iteraciis Semdegi (meore) etapi, sadac yvela procedura, 

romlebic ki ganxorcielebuli iqnen pirvel etapze meordeba, 
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nax. 13. optoeleqtronuli analizatoris muSaobis ilustrireba. 
 

e.i. RS2 _ Si (ix. nax. 13. b) xelaxla SeirCeva iseTi paketi, 

romelsac gaaCnia droiTi xangZliobis umciresi mniSvneloba 

Xmin=1. analizatori samravl mowyobilobaSi es mniSvneloba 

mravldeba paketebis saerTo raodenobaze (Cvens magaliTSi maTi 

ricxvi gaxda ukve 3), e.i. 1x3=3. es ricxvi (3) meore Sesakrebis 
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saxiT daemateba damgroebel amjamavSi ukve myof ricxvs 32-s. 

Sedegad masSi miiReba xangZliobebis mimdinare jami 32+3=35t. 

Semdeg am 3 pakets “CamoeWreba” paketi, romelsac gaaCnia Xmin=1 

(ix. nax. 13. b), ris Semdegac formirdeba axali RS3 blokis 

Semcveloba, sadac ukve darCeba 2 Warbi paketi (e.i. me-3 paketi 6 t 

xangZliobiT da me-4 paketi xangZliobiT 1 t). amis Semdeg 

sruldeba iteraciis me-3 cikli, wina ciklebis msgavsi Tavisi 

aucilebeli procedurebiT, e.i. am ori paketidan SeirCeva me-4 

paketi, romlis minimaluri xangZlioba tolia Xmint=1. samravl 

mowyobilobaSi igi mravldeba RS3 blokSi myofi (darCenili) 

paketebis saerTo raodenobaze, e.i. 1x2=2 da es sidide (e.i. ricxvi 

2) me-3 Sekrebis saxiT daemateba damgrovebel amjamavSi myof 35 

ricxvs, xolo danarCen paketebs “CamoeWreba” paketi, romlis 

xangZliobaa Xmint=1 (ix. nax. 13 g). am operaciis Semdeg formirdeba 

morigi, axali RS4 blokis Semcveloba. masSi imyofeba mxolod 1 

paketi, e.i. mxolod me-3 paketi, romlis xangZliobaa Xmint=5 

(vinaidan sawyisi Warbi paketebidan mas hqonda xangZliobis 

yvelaze didi mniSvneloba _ 15t). analizatoris samravl 

mowyobilobaSi formirdeba namravli 5x1=5 da vinaidan RS4 

blokSi ukve aRar darCa Warbi deitagramebi, es sidide (e.i. 

ricxvi 5) me-4 Sesakrebis saxiT daemateba damgroebel amjamavs, 

ufro zustad, daemateba masSi ukve manamde formirebul jams (e.i. 

37+5) da mis gamosasvlelze warmoiqmneba yvela im Warbi paketebis 

jamuri xangZlioba, romlebic ki miwodebuli (dagrovili) iqnen 

kompiuteruli qselis satranzito-sakomutacio kvanZis 

Sesasvlel interfeisze t=32+3+2+5=42, romelic tolia 

gasaanalizebeli im Warbi paketebis droiTi xangZliobebis 

jamisa, romlebic ki moTavsebuli iqnen sawyis RS1 blokSi (Cvens 

magaliTSi aseTi Warbi paketebis raodenoba iyo 4), e.i. igi 

faqtiurad tolia im Warbi paketebis xangZliobebis jamisa, 

romlebic ki qselis muSaobisas drois pikur momentSi gaaCnda 

maT satranzito-sakomutacio kvanZis interfeisSi dagrovebisas: 
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8+9+15+10=42, e.i. t=32+3+2+5=42, romlis mixedviTac 

analizatoriT ganisazRvreba ramden xans iqnebian Seyovnebuli 

(moTavsebuli) Warbi paketebi buferul mexsierebaSi, sanam isini 

ar damuSavdebian prioritetuli niSnebis mixedviT da ar 

dalagdebian isini gamosasvleli interfeisis portebze gasace-

mad analizatoris mier formirebul rigSi, ris Semdegac rigri-

gobiT gadaicema es paketebi sxva satranzito-sakomutacio kvanZe-

bisaken, an hostis mimRebi kompiuterisaken (qselis mimRebi sadgu-

risaken). amis Sesabamisad analizatori gansazRvravs buferuli 

mexsierebis ramdeni moculobaa saWiro drois am pikuri momenti-

saTvis am Warbi paketebis droebiT (moklevadiani) ganlagebi-

saTvis. analizatoris mier aseTi gadasawyveti amocanebia 

dayenebuli warmodgenili disertaciis eqsperimentalur nawilSi. 

Warbi paketebis dagrovebisas, imisaTvis rom gadatvirTvul 

reJimebSi (pikis saaTebSi) kompiuteruli qselis muSaobis dros 

ar damaxinjdnen an gadacemebisas isini ar daikargon, rogorc 

wesi, maT droebiT (mcire xniT) ganaTavseben sakomutacio kvanZe-

bis buferul mexsierebaSi. am ukanasknelis moculobebi ki 

SezRudulia da xSirad ver umklavdebian paketebis did datvi-

rTvebs. amis gamo SesaZlebelia maTi gadavseba rasac Tan sdevs 

zemoTxsenebuli uaryofiTi movlenebi. am kuTxiT problemebis 

gadawyvetaSi gvexmareba qselis analizatorebi. aqedan gamomdi-

nare maT mier satranzito komutatorebSi buferuli mexsierebis 

am moculobebis optimalur gamoyenebas didi mniSvneloba eniWeba, 

miTumetes Tu isini (analizatorebi) axorcieleben, agreTve, am 

buferebidan komutatoris gamosasvlel portebze paketebis 

efeqtur ganawilebas an mTlad ukeTesi, Tu am dros gaiTvaliswi-

neben kidec maTi prioritetebis dacvasac. es ki gansakuTrebiT 

saWiroa kompiuteruli qselis iseT reJimebSi muSaobisas, rode-

sac paketebis miReba – gadacemebi swarmoebs mimdinare realur 

droSi. am mizniT specanalizatoris mier buferuli mexsierebis 

prioritetul zonebad dayofasa da aseTi saxiT maT gamoyenebas 

Warbi paketebis Sesanaxad gansakuTrebuli roli eniWeba. aRni-
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Snuli sakiTxi SedarebiT dawvrilebiT ganxilulia qvemoT. qse-

lis muSaobis maRali datvirTvebis dros Cvens mier naxseneb 

sakomutacio kvanZebis buferul mexsierebebSi iqmneba Warbi 

paketebisagan Semdgari garkveuli sigrZis rigebi, romlebic 

saWiroeben maTi momsaxurebis arsebulTan SedarebiT ufro 

efeqturi meqanizmebis gamoyenebas.  

kompiuterul qselebSi trafikis momsaxurebisas (magali-

Tad, bolo axali teqnologiebiT QoS momsaxurebisas), rogorc 

cnobilia, iyeneben sxvadasxva midgomebs [41]. maT Sorisaa pakete-

bis rigebis e.w. “gonivruli marTvis” meTodebi, trafikis “kondi-

cirebis” meqanizmis gamoyeneba, trafikis “profilirebis” 

meTodebi da a.S. miuxedavad maTi sxvadasxvaobisa, amJamad qselis 

realur funqcionirebaSi yvelaze xSirad mainc iyeneben “tradi-

ciul”, trafikis marTvis adre SemuSavebul meTods qselis 

sakomutacio kvanZebSi paketebis ganawilebis (maTi daniSnulebis 

adgilebisaken ganawilebas marSrutebis mixedviT) e.w. FIFO –s 

meqanizms (FIFO – First In – First Out – pirveli Sevida, pirveli gavida 

e.i. pirveli momsaxurda (ganawilda)). FIFO–s algoriTmis principi 

mdgomareobs imaSi, rom gadatvirTvisas paketebi (e.i. Warbi 

paketebi) Cayendeba rigSi da momsaxurdeba jer isini, romlebic 

sakomutacio kvanZSi Sevlen yvelaze adre. es meqanizmi Tumca 

Zalze martivia, mas gaaCnia didi naklic. ganawilebisas igi ver 

icavs paketebis prioritetulobas [48].  

paketebis siWarbis movlenebis nawilobriv Tavidan asaci-

leblad gadacemebis marTvisas mimarTaven meore meqanizms trafi-

kis “kondicirebas”. am meqanizmis gamoyenebisas qmnian paketebis 

gadacemis iseT pirobebs, romlis drosac nakadis trafikis 

moZraobis siCqare (e.i. paketebis qselis arxebSi gadacemis siCqa-

re) ar unda iyos meti sakomutacio kvanZis Sesasvlel interfei-

sze paketebis miwodebis siCqareze. cxadia, rigebi (e.i. dagrovili 

paketebis siWarbe) warmoiqmneba drois im momentebSi, roca irRve-

va es pirobebi, e.i. roca trafikis siCqare aRemateba maTi sakomu-

tacio kvanZis SigniT gadaadgilebis (e.i. marSrutebis mixedviT 
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paketebis damuSavebis, anu ganawilebis) siCqares. trafikis momsa-

xurebis aseTi meqanizmis gamoyenebis drosac sakomutacio kvanZis 

gamosasvlel portebze gacemisas SeiZleba “daiCagron” 

maRalprioritetuli paketebi, vinaidan “kondicirebis” upirvele-

si mizania mainc sakomutacio kvanZSi miwodebuli paketebis 

nakadis (intensiobis) im donemde Semcireba (rac teqnikurad aseve 

Znelad saregulirebelia), rom es siCqare yovelTvis darCes 

naklebi, rogorc aRvniSneT, kvanZis SigniT paketebis ganawilebis 

siCqareze. paketebis prioritetulobis dacvas komutatoris gamo-

sasvlel portebze, “kondicirebis” es meqanizmi mniSvnelovnad 

mainc ver Svelis. am problemis nawilobriv ukeT gadawyveti-

saTvis SemuSavebuli iqna trafikis profilirebis meqanizmi, aseve 

e.w. “naxvretiani vedros” (Leaky bucket) algoriTmi. am ukanasknelis 

dasaxasiaTeblad, cxadia, iyeneben aseT xatovan gamoTqmas. e.i. 

vedro sxvadasxva periodSi uSvebs “wveTebs” paketebs qselis 

trafikis pulsaciebis (intensiobis cvalebadobis) sxvadasxva 

mniSvnelobebis dros.  

algoriTmebi, romlebic agebulia trafikis marTvis zemoT 

naxseneb meqanizmebze, arc erTi ar arian dazRveuli naklovanebe-

bisagan. am mizniT warmodgenil naSromSi SemuSavebuli da 

dawvrilebiT ganxilulia paketebis siWarbis regulirebis maTgan 

gansxvavebuli axali midgoma. kerZod, specanalizatoris daxmare-

biT Warbi paketebis mexsierebis buferSi ganTavseba da sakomuta-

cio kvanZis gamosasvlel portebze gacema maTi droiTi 

xangZliobebis parametrebis gaTvaliswinebiT. siWarbisagan drou-

li gantvirTvis mizniT specanalizatoris funqcionireba dafu-

Znebulia sakomutacio kvanZis Semaval interfeisSi dagrovili 

paketebisagan umciresi droiTi xangZliobis mqone Setyobinebebis 

gamoyofaSi, buferSi ganTavsebuli Warbi paketebisaTvis 

prioritetuli woniTi koeficientebis miniWebaSi da maT mixedviT 

kvanZis gamosasvlel interfeisSi (gamosasvlel portebze) maT 

dauyovnebliv gacemaSi am woniTi koeficientebis cikluri 

gamokiTxviT. trafikis marTvis aRniSnuli RonisZiebebi 
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ganxilulia warmodgenil naSromSi. Sesabamisi analizatorebis 

gamoyenebiT isini erTobliobaSi qmnian Warbi paketebisagan 

Semdgari rigebis prioritetuli marTvis zemoTnaxsenebi midgome-

bisagan gansxvavebul, ufro efeqtur meqanizms. masze dayrdnobiT 

warmodgenil naSromSi SemuSavebuli da ganxilulia Warbi 

klient–serveruli paketebis satranzito–sakomutacio kvanZebis 

gamosasvlel portebze gacemis rigiTobis regulirebis efeqturi 

algoriTmebi, romelTa muSaunarianoba eqsperimentulad 

Semowmebulia warmodgenili naSromis daskvniT, me–3 TavSi. 

 

Ddaskvnebi me-2 Tavis mixedviT 

 

SemuSavebulia kompiuteruli qselis optikur–boWkovani 

kavSiris xazebSi optikuri signalebis droiTi xangZliobebis 

gazomvis meTodebi optoeleqtronuli saSualebebis gamoyenebiT. 

SemuSavebulia optikuri signalebis Sekrebis meTodebisa da am 

meTodebis sarealizacio optoeleqtronuli amjamavis agebis 

originaluri midgomebi specanalizatorSi Warbi paketebis 

droiTi xangZliobebis gamomTvleli mowyobilobisaTvis. ganxi-

lulia specanalizatoris SemadgenlobaSi Semavali samravli 

mowyobilobis struqturuli sqema, romelSic gamoyenebulia 

optoeleqtronuli aTobiTi registruli modulebi. SemuSavebu-

lia Warbi klient-serveruli paketebis deitagramebis matarebeli 

optikuri signalebis droiTi xangZliobebis urTierTSedarebis 

meTodebi da saSualebebi aTobiT Tvlis sistemaSi momuSave 

optoeleqtronuli registruli modulebis gamoyenebiT. SemuSave-

bulia, agreTve, qselis gadatvirTvisas mis satranzito-sakomuta-

cio kvanZebSi dagrovili paketebis Seyovnebis jamuri xangZlio-

bebis efeqturi gansazRvris meTodi, aseve specanalizatoris 

daxmarebiT Warbi paketebis komutatoris mexsierebis buferSi 

ganTavsebisa da kvanZis gamosasvlel portebze gacemis efeqturi 

RonisZiebebi maTi droiTi xangZliobebis parametrebis 

gaTvaliswinebiT. 
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 Tavi 3 

satelekomunikacio kompiuteruli qseluri sistemis trafikis  

siWarbis maregulirebeli algoriTmebis SemuSaveba. maTi 

muSaunarianobis eqsperimentuli Semowmeba 

      

3.1. sistemis momsaxurebisas satranzito kvanZebis komutatorebis 

buferuli mexsierebis zonur monakveTebad dayofis meTodis 

SemuSaveba. Warbi paketebis woniTi koeficientebis SemoReba 

da gamoyeneba 

 

kompiuteruli qselis pikuri datvirTvebis dros mis 

satranzito kvanZebSi nebismieri sakomutacio sistemebis 

eqspluataciisas dRes-dReobiT erT-erT problemad kvlav rCeba 

maTi buferuli mexsierebis araefeqturi gamoyeneba [35, 40]. 

miuxedavad imisa, rom qseluri teqnikis ganviTarebasTan erTad 

sakomutacio teqnologiebic (OSI _ etalonuri modelis me-3 

doneze) TandaTan ixveweba da amasTan erTad Tanamedrove 

komutatorebsac gaaCniaT mexsierebis sakmaod didi moculobebi, 

aRniSnul reJimebSi (pikis saaTebSi) qselebis muSaobisas aSkarad 

SeimCneva maTi (buferuli mexsierebis) arasakmarisi done. aqedan 

gamomdinare sainformacio nakadebis gazrdili intensiobis dros 

satranzito-sakomutacio kvanZebi srulad ver akmayofileben 

warmoqmnili Warbi paketebis buferSi ganlagebis optimalur 

moTxovnebs, ris gamoc misi (buferis) mexsierebis gamoyeneba 

araracionalurad xdeba, rasac Tan sdevs sakomutacio kvanZis 

gamosasvleli interfeisis portebze Warbi paketebis gacemis 

arasasurveli dayovnebebi, buferSi moTavsebisas Warbi paketebis 

damaxinjebebi anda rac ufro uaresia, xSiria maTi nawilebis 

(Warbi paketis zogierTi deitagramis) dakargvis SemTxvevebic. es 

garemoebebi iwveven aseTi paketebis ganmeorebiTi gadacemebis 

saWiroebebs, rac ufro zrdis (isedac gazrdil) mimdinare 

trafikis dones da qselis swrafqmedeba da misi warmadobac 

mkveTrad ecema. aRniSnuli problemebis mogvarebas miznad 
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isaxavs warmodgenil sadisertacio naSromSi SemoTavazebuli 

specdaniSnulebis analizatoris Seqmna, romelic daaregulirebs 

buferuli mexsierebis racionalur gamoyenebas, rac Tanamedrove 

satranzito komutatorebSi arc Tu efeqturad xorcieldeba. [27] 

aRsaniSnavia isic, rom amJamad eqspluataciaSi myofi 

sakomutacio mowyobilobebis (saubaria ZiriTadad ara 

magistralur komutatorebze, romlebic sakmaod 

ZviradRirebulia, aramed Siga segmentebs Soris satranzito 

komutatorebze) umravlesobas gaaCnia SezRuduli moculobis 

operatiuli (buferuli) mexsiereba, romelic dayofilia 

(ganawilebulia) komutatoris Semcvel procesorebs Soris 

(saubaria eqspluataciaSi myof multiprocesorul sakomutacio 

mowyobilobebze [60]). aseTnairad ganawilebuli buferebis xSiri 

gadavseba (isini amJamad ZiriTadad muSaoben FIFO-s reJimSi da, 

rogorc wesi, erTi romelime procesoris buferis gadavsebis 

SemTxvevaSi gamoiyeneba sxva meore procesoris buferi) iwvevs 

maRali intensiobis nakadebSi Semavali Warbi paketebis 

operatiulad Senaxvis araefeqturobas kvanZis gamosasvlel 

portebze maT gasacemad rigebis formirebis mizniT, amasTan 

sakmaod Zneldeba sakomutacio arxebiT pirvel rigSi gasagzavni 

prioritetuli paketebis amorCevis procedura sxvadasxva 

procesorebis buferebidan. araefeqturoba gamowveulia imiTac, 

rom sakomutacio kvanZis lokalur procesorebSi mexsierebis 

monakveTebis moculobebi konstruqciulad xSirad erTnairia da 

rTuldeba hostis mimRebi kompiuterebisaken gadasacemad rigSi 

mdgomi paketebis (Tanac pikis saaTebSi maTi araprognozirebadi, 

cvalebadi raodenobis gamoc) ganTavseba da Semdgom 

gadanawileba erTi procesoris buferidan meore procesoris 

operatiul mexsierebaSi. aseTi xSiri gacvlebis dros, rogorc 

zemoT aRvniSneT, adgili aqvs paketebis damaxinjebebsa da 

dakargvis SemTxvevebsac, rac saWiroebs maT ganmeorebiT 

gadacemebs da damatebiT zrdis isedac gazrdili mimdinare 

trafikis intensiurobas. 
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advili misaxvedria, aseTi movlenebis zrdis qselis wyaro, 

kompiuteridan mimReb kompiuteramde paketebis Cabarebis saerTo 

dros, rac uaryofiTad aisaxeba qselis mTel rig servisul 

damatebebze. aqedan gamomdinare metad aqtualuria SemuSavdes 

qseluri analizatori, romlis meTodebi sakomutacio kvanZebSi 

(rogorc adrec SevniSneT, gansakuTrebiT satranzito 

daniSnulebis) uzrunvelyofs kvanZis buferuli mexsierebis 

arsebulTan SedarebiT ufro efeqtur gamoyenebas.[12] 

aRniSnul sadisertacio naSromSi SemoTavazebuli 

analizatori saSualebas mogvcems realizacia moaxdinos 

buferebis gamoyenebis erT-erTi alternatiuli midgomis, 

mravalprocesorul sakomutacio kvanZSi Semavali procesorebis 

ara diferencirebulad dayofili (ganawilebuli) Warbi paketebis 

droebiT mosaTavseblad gankuTvnili mexsiereba, aramed piriqiT, 

organizebuli iqnes mexsierebis integrirebuli buferuli 

sivrce, romelsac Semxvedri saWiroebis mixedviT dayofs da 

prioritetulad gamoiyenebs am sivrcis cvalebadi formatis 

zonalur monakveTebs. qselis amgvari analizatoriT 

regulirebisas warmoiqmneba SesaZlebloba mTlianobaSi 

realizebuli iqnes buferuli mexsierebis mravaldoniani 

ierarqiuli struqtura, romlis drosac mis calkeul 

segmentebze (mexsierebis “furclebze”) daxarisxdebian da naklebi 

droiTi danakargebiT calke rigebad operatiulad ganTavsdebian 

sainformacio nakadebSi arsebuli sxvadasxva prioritetis mqone 

Warbi paketebi.  

kompiuteruli qselis muSaobis pikuri drois momentebSi 

qselSi gasagzavni K raodenobis paketebis maTematikuri 

molodini, e.i. im Warbi paketebis saSualo ariTmetikuli 

raodenoba, romlebic prioritetebis mixedviT analizatoris 

mier moTavsdeba buferuli mexsierebis zonebSi da ganawilebis 

albaToba  k – raodenobis Warbi paketebis satranzito – 

sakomutacio kvanZSi momsaxurebis TvalsazrisiT gamoiTvlebian 

Semdegi gamosaxulebidan:  
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(3.1.1)  

 

 

(3.1.2) 

aRniSnul (3.1.1), (3.1.2) gamosaxulebebSi  k – qselis 

satranzito – sakomutacio kvanZebis Sesasvlel interfeisSi 

miwodebuli sainformacio nakadebis (Warbi paketebis raodenobis) 

intensiobaa, B(t) – analizatoris mier Warbi paketebis 

prioritetebad dayofisa da buferuli mexsierebis zonebSi 

ganawilebis funqciaa; Rk – mexsierebis adgilebi (zonaluri 

monakveTebi),romlebic analizatoris mier gamoeyofa  k – Warbi 

raodenobis paketebs buferSi maTi droebiTi Senaxvis mizniT; i, j 

– mexsierebis zonebis indeqsebia buferSi. amgvarad, 

zemoTnaCvenebi damokidebulebebis mixedviT qselis analizatori 

daaregulirebs  k – Warbi paketebis ganTavsebas buferuli 

mexsierebis Rk – zonur monakveTebSi. (3.1.1), (3.1.2) 

gamosaxulebebidan SesaZlebelia, agreTve, pikuri drois 

momentebisaTvis gansazRvruli iqnes buferul mexsierebaSi 

zonebis mimdinare mdgomareoba. am gamosaxulebebis safuZvelze 

SemuSavebuli meTodebi iZlevian imis saSualebas, rom maTi 

analizis mixedviT analizatorma Tvalyuri adevnos i-uri tipis 

Warb paketebs, raTa maT zemoTganxiluli meTodiT paketebis 

droebiT Sesanaxad gamoeyos buferul mexsierebaSi Ri – adgilebi. 

Tu drois raime momentSi (qselis muSaobis pikur momentSi) 

paketebis miwodebisas buferuli mexsierebis Sesabamis zonebSi 

zogierT paketebs ukve dakavebuli aqvT Ri – fiqsirebuli 

raodenobis adgilebi, maSin amave momentSi Semosuli Warbi 

paketebi, cxadia daikargeba, rac arasasurvel momentad unda 

CaiTvalos. am naklovanebis dasaZlevad Cvens mier 

SemoTavazebuli analizatori SearCevs arafiqsirebul 
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mexsierebis adgilebs, aramed cvalebadi formatis veqtors R = 

(R1, ... , RN) iseTnairad, rom Warbi paketebis dakargvis albaToba 

Semcirdeba minimalur donemde. es gamoricxavs buferul 

mexsierebaSi rigSi mdgomi paketebis xSir urTierTmonacvleobas 

satranzito – sakomutacio kvanZis calkeuli procesorebis 

operatiul mexsierebebs Soris (ufro gasagebad rom vTqvaT, am 

mexsierebebis registrul struqturebSi aRar iqneba aucilebeli 

sxvadasxva paketebis xSiri gadawera – gadmowera). es ukanaskneli 

amgvari maregulirebeli analizatoris daxmarebiT maqsimalurad 

Seamcirebs droiT danakargebs, riTac mniSvnelovnad gaizrdeba 

satranzito–sakomutacio kvanZis swrafqmedeba da aqedan 

gamomdinare misi gamoyenebis efeqturoba Warbi paketebis 

eleqtronuli transportirebisas.  

amgvarad zemoTmoyvanili argumentebi adastureben imas, rom 

sasurvelia Seiqmnas analizatori, romelic dayofs satranzito- 

–sakomutacio kvanZis buferuli mexsierebis sivrces zonalur 

monakveTebad (e.i. cvalebadi formatis mexsierebis moculobebad 

Warbi paketebis pikis saaTebSi droebiT Sesanaxad). aqedan 

gamomdinare metad mniSvnelovania SemuSavdes buferul 

mexsierebaSi Warbi paketebisagan Semdgari rigebis racionaluri 

ganlagebis algoriTmebi. [32] 

amJamad arsebuli meTodebis gamoyenebis dros satranzito 

–sakomutacio kvanZis gamtarunarianoba mis Sesasvlel 

interfeisze maRali intensiobis sainformacio nakadis, anu didi 

raodenobis Warbi paketebis, miwodebis dros ganisazRvreba am 

Warbi paketebis procesorebis buferul mexsierebebSi 

ganTavsebiT. romelime procesoris buferis ganTavsebis 

SemTxvevaSi saWiro xdeba sxva procesoris buferuli mexsierebis 

gamoyenebis saWiroeba, sadac Caiwereba Warbi paketebis nawili 

mimdinare momentisaTvis. amisaTvis, ra Tqma unda, saWiroa 

procesorebSi Tavisufali mexsierebebis Zebna, an romelime 

maTganSi ukve arsebuli informaciebis iZulebiTi waSla (Tu amas 

moiTxovs gadacemis prioritetuloba) da am gziT mexsierebis 
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gamonTavisufleba ris Sedegadac SesaZlebeli xdeba Warbi 

paketis (an misi nawilis _ romelime deitagramebis) Cawera da 

mere isev gadmowera mimdinare nakadis ganawilebiT dakavebul 

sawyisi procesoris mexsierebaSi. procesorebis amgvari xSiri 

monacvleoba, ra Tqma unda, moiTxovs damatebiTi drois 

danaxarjebs. am meTodisagan gansxvavebiT kvanZis operatiuli 

mexsierebis erTi mTliani (integrirebuli) sivrcis Seqmna, 

cvalebadi formatebis zonalur ujredebad organizaciis dros 

gamoricxavs procesorebis xSir monacvleobas. romelime i – uri 

zonis arasakmarisi moculoba (Warbi paketebis ganawilebis 

mimdinare momentisaTvis) konpensirdeba am integrirebuli 

sivrcis sxva j-zonis moculobiT, anu mexsierebis gazrda 

swarmoebs buferuli zonis mimdinare segmentze mexsierebis sxva 

segmentis damatebiT. am proceduris swrafi, dinamiuri cvlileba, 

rac niSnavs buferuli mexsierebis cvalebadi formatis Seqmnas, 

droiTi danaxarjebis mixedviT gacilebiT momgebiania vidre 

Warbi paketebis sxvadasxva buferebSi xSiri gadawera – 

gadmowera. garda amisa aRsaniSnavia isic, rom aseTi gadawera-

gadmoweris dros procesorebSi izRudeba (ferxdeba) mimdinare 

sxva operaciebis msvlelo-bebi. magaliTad, satranzito-

sakomutacio kvanZis gamosasvlel portebze buferuli 

mexsierebidan pirvel rigSi gadacemis TvalsazrisiT 

“zaraldeba” maRali prioritetis mqonde paketebi, vinaidan isini 

iZulebuli xdebian daelodon dabali prioritetis mqone 

paketebis “arasamarTlian” gadacemebs. 

amgvari midgoma (buferuli mexsierebis integrirebuli 

sivrcis Seqmna da cvalebadi formatiT misi zonalur ujredebad 

dayofa) gansakuTrebiT xelsayrelia pulsirebuli trafikis 

dasaregulireblad, vinaidan mimdi-nare datvirTvisas buferSi 

Warbi paketebis droebiT Sesanaxad sakmarisia mexsierebis mcire 

moculobis (e.i. mexsierebis registruli struqturebis mcire 

raodenobis) damateba, xolo kvanZis mexsierebis integrirebuli 

sivrcis moculobis amgvari dinamiuri cvlileba ki saSualebas 



 

 
117 

iZleva ufro efeqturad daregulirdes Warbi paketebis 

ganawileba, anu sxva sityvebiT rom vTqvaT, moxdes buferSi 

marTvadi rigebis formireba pikis saaTebSi sainformacio Warbi 

nakadebis maRali intensiobis pirobebSic ki.  

amgvarad, Tu amJamad arsebuli meTodebis mixedviT 

mexsierebis arasakmarisi moculobebis dros saWiro xdeba 

sxvadasxva procesoris registrebs Soris sainformacio 

gacvlebis raodenobis mkveTri gazrda, rac bunebrivia amcirebs 

kvanZis satranzito komutatoris warmadobas, SemoTavazebuli 

analizatoriT imis da mixedviT, Tu parametrebis ra sidideebiT 

xasiaTdeba Semosuli nakadi (ZiriTadad Warbi paketebis 

raodenobiT da maTi moculobebiT, anu droiTi xangZliobebiT), 

swarmoebs mexsierebis mxolod proporciuli damateba Sesabamis 

zonalur monakveTebSi. 

analizatoriT amgvari midgomis realizaciisas, iqmneba 

paketebis garkveuli jgufisaTvis buferuli mexsierebis 

ganawilebuli zonebi rigebis formirebisaTvis. amasTan, Tu 

romelime zonis moculoba aRmoCndeba arasakmarisi romelime 

prioritetuli niSniT formirebul rigSi paketebis 

mosaTavseblad, SesaZlebelia analizatoriT misi dinami-uri 

gazrda mimdinare momentisaTvis mexsierebis sxva Tavisufali 

zonebis xarjze.[25] 

nax.14-ze sakomutacio kvanZis procesorebi 1,2,3, . . . n 

TavianTi funqcionirebis Sinaarsis mixedviT warmoadgenen 

erTgvar filtrebs, romlebic sxva saWiro funqciebTan erTad, 

rogoricaa satranzito kvanZSi Semavali paketebis mTlianobis 

Semowmeba, maTSi arsebuli Secdomebis gamovlena (magaliTad, 

sakontrolo TanamimdevrobaSi), marSrutizaciis cxrilebze 

Tvalyuris devneba da a.S., prioritetebis mixedviT axarisxeben 

nakadebSi Semaval paketebs da aTavseben maT mexsierebis 

sxvadasxva zonebSi, saidanac paketebis gacema kvanZis 

gamosasvlel portebze swarmoebs garkveuli erTobliobis _ 

modulebis saxiT (nax.15). 



 

 
118 

cxrili 4. marSutizaciis cxrili. 
 

komutatoris mexsierebis buferuli sivrce 

zona zona zona  zona zona 

1 2 2  N-1 N 

 
 
 

 
              

 
nax. 14. sakomutacio multiprocesoruli kvanZi zonalur monakveTebad 

dayofili buferuli mexsierebiT.  
 

rogorc am naxazebidan Cans, TiToeuli moduli Seicavs 

mexsierebis zonebis calkeul monakveTebSi prioritetuli koefi-

cientebis mixedviT formirebul rigebs, romelTa cikluri 

gamokiTxviT (es meTodi damuSavebulia amave TavSi) swarmoebs 

satranzito-sakomutacio kvanZis gamosasvlel portebze Warbi 

paketebis rigiTobiT gacema. 
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analizatoris TiToeuli procesori (nax.14.) 1,2,3, . . . , n 

amowmebs da aanalizebs Semaval interfeisze Semosul Warb 

paketebs paralelur reJimSi, amasTan prioritetebis ganmsa-

zRvreli algoriTmiT filtravs maT da analizatoris specia-

luri programiT aTavsebs 1,2,3, . . . , N _ mexsierebis zonebSi. 

sainformacio nakadebi tranzituli sakomutacio kvanZebidan 

  

 

  
  

 nax. 15. zonalur segmentebad dayofili buferuli mexsiereba.  
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amgvarad, analizatori mTlianobaSi awarmoebs 

komutatoris gamosasvleli portebisaken gadasacemi paketebis 

koordinacias am satra-nzito kvanZis gamosasvlel portebTan 

mierTebul arxebSi maT gasanawi-leblad (nax.15). amasTan 

analizatori flobs ra informacias gamosasvlel portebTan 

dakavSirebuli arxebis mimdinare mdgomareobas (e.i. flobs 

informaciebs am arxebis datvirTvebs mimdinare momentisaTvis, 

arxebis gadacemis siCqareebs (swrafqmedebas) da a.S), sxva 

kvanZebisaken (SesaZloa es kvanZebi iyvnen rogorc kvlav 

satranzito daniSnulebis, aseve hostis (bolo) kvanZebic), Warb 

paketebs gadascems im momentebisaTvis Tavisufal an naklebad 

datvirTul arxebSi gasagzavnad. 

amJamad eqspluataciaSi myofi satranzito-sakomutacio 

mowyobilobebis umravlesoba, rogorc aRniSnuli paragrafis 

dasawyisSi SevniSneT, funqcionireben e.w. FIFO –s reJimSi (e.i. 

pirveli movida (pirveli ganTavsda buferSi) da pirveli gaica), 

romelic nakleb efeqturia multiprocesoruli sakomutacio 

kvanZebisaTvis, xolo naSromSi SemuSavebuli analizatoriT 

Warbi paketebis regulireba ki, xels uwyobs satranzito-

sakomutacio kvanZis swrafqmedebis gazrdasa da mTlianobaSi 

kompiuteruli qselis warmadobis gazrdas. 

sanam uSualod SevexebodeT aRniSnul sakiTxs, mokled 

davubrundeT satranzito kvanZebis rolsa da maT mniSvnelobas 

paketebis warmoqmnis wyarodan mimReb kompiuteramde Cabarebis 

(daniSnulebis adgilamde maTi mitanis) droiTi Tanafardobis 

damokidebulebas satranzito segmentebSi paketebis gadacemis 

siCqareebze.  

Tav 1-Si naCvenebi damokidebulebebi SeiZleba gavrceldes 

nebismieri kompiuteruli qselisaTvis, romlebsac hostis 

kompiuterebs Soris paketebs transportireba (eleqtronuli 

gadaadgileba) uxdebaT minimum erTze meti satranzito– 

sakomutacio kvanZis gavliT. amasTan qselis gadacemebSi maRali 

intensiobis sainformacio nakadebis (gadasacemi paketebis 
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siWarbis) arsebobisas saWiroa, rom TiToeuli satranzito– 

sakomutacio kvanZisaTvis SemuSavdes maTi buferuli 

mexsierebebis optimaluri organizaciisa da misi gamoyenebis 

racionaluri midgomebi, romlis mizansac isaxavs warmodgenil 

sadisertacio naSromSi ganxiluli Warbi paketebis gadacemebis 

maregulirebeli specanalizatori.  

zemoTxsenebuli problemebis gadawyveta, upirveles 

yovlisa, gulisxmobs pulsirebuli trafikis (e.i. cvalebadi 

trafikis, gansakuTrebiT ki qselis datvirTvis pikuri droiTi 

momentebisaTvis) optimaluri regulirebas. yovelive amisaTvis ki 

saWiroa SemuSavdes satranzito–sakomutacio kvanZis buferSi 

droebiT moTavsebuli Warbi paketebis (an am paketebis 

Semadgeneli calkeuli deitagramebis) rigebis prioritetuli 

marTvis meTodebi maTTvis woniTi koeficientebis mikuTvnebiT da 

SemdgomSi analizatoris specialuri programiT am 

koeficientebis cikluri gamokiTxviT, amasTan aseTi analizatori 

unda aigos paketebis optimaluri ganawilebis winaswar arCeuli 

garkveuli strategiebis mixedviT. qselurma analizatorma 

satranzito-sakomutacio kvanZis Warbi nakadebis regulirebisas 

unda uzrunvelyos trafikis yvelanairi klasi gamtarunarianobis 

garkveuli minimumiT, yovel SemTxvevaSi analizatoris 

normaluri funqcionirebisas uzrunvelyofili iqneba 

Seyovnebebis dros paketebis optimaluri gadacemebis raRac 

garantiebis arseboba qselis gadatvirTul reJimebSi muSaobis 

drosac ki [12]. 

ganvixiloT ufro detalurad qselis analizatoris 

meSveobiT satranzito–sakomutacio kvanZebSi Warbi paketebisagan 

Semdgari marTvadi rigebis agebis am axali meTodis arsi, xazi 

gavusvaT ra misi gamoyenebis mniSvnelobas trafikis maRali 

intensiobiT pulsaciebis dros. ama Tu im kategoriis mocemuli 

klasis wonaSi (koeficientSi) igulisxmeba gamtarunarianobis is 

garkveuli procenti, romelic miecema trafikis am klass im 

sruli gamtarunarianobidan, romelic gaaCnia sakomutacio 
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kvanZis gamosasvlel interfeiss, xolo im algoriTms romlis 

mixedviTac analizatoris daxmarebiT qselis administrators 

SeuZlia trafikis (Warbi trafikis) rigebs (ufro konkretulad 

rigebSi Semaval Warb paketebs) gamoeyos woniTi koeficientis esa 

Tu is mniSvneloba, vuwodoT “marTvadi rigis” algoriTmi. Tu 

SevimuSavebT iseT algoriTmebs, romlebic aRniSnul wonebs 

analizatoris momqmedi programiT dauniSnaven avtomaturad 

qselis administratoris mier winaswar SemuSavebuli raRac 

strategiis mixedviT, maSin aseT algoriTmebs SeiZleba vuwodoT 

wonebis mixedviT maRali intensiobis sainformacio nakadebis 

(Warbi paketebisagan Semdgari nakadebis) racionalurad marTvis 

algoriTmebi. [14] 

analizatoris mier realizebuli Warbi paketebis 

ganawilebis amgvari meTodis dros, trafikis siWarbe SeiZleba 

daiyos ramodenime klasad da Sesabamisi woniTi kategoriiT 

(woniTi koeficientebiT) TiToeuli klasisaTvis Seiqmneba 

paketebis calke rigi. amasTan, rogorc vxvdebiT, TiToeul 

rigTan dakavSirebuli iqneba ara marto misi prioriteti, aramed 

satranzito – sakomutacio kvanZis gamosasvleli interfeisis 

saerTo gamtarianobidan raTac procentic, romelic Warbi 

paketebis mocemul klass garantirebulad uzrunvelyofs am 

interfeisis (Sesabamisad satranzito–sakomutacio am kvanZis) 

gadatvirTvis SemTxvevaSic ki. 

nax.16-ze naCvenebia analizatoris daxmarebiT woniTi 

koeficientebiT identificirebuli marTvadi rigis erT-erTi 

sarealizacio varianti. 

nax.16-ze naCvenebi mniSvnelobebis mixedviT (woniTi 

koeficientebis es mniSvnelobebi pirobiTadaa aRebuli magaliTis 

sademonstraciod) Tu vimsjelebT qselis sakomutacio kvanZis 

nebismieri gadatvirTvis SemTxvevaSi, am rigebs Seesabameba 

analizatoris mier gansazRvruli mexsierebis buferis zomis 

(mexsierebis moculobis) kvanZis gamosasvleli interfeisis 

Sesabamisad 10%, 6%, 35%, 25%, 10% da 15% gamtarunarianoba.  
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nax. 16. analizatoris mier Warbi trafikis prioritetul 
koeficientebad dayofa gamtarunarianobis miTiTebiT. 

  

Warbi trafikis ganawilebis SemoTavazebuli am meTodis mixedviT 

paketebis rigebis formireba da maTi optimaluri momsaxurebis 

mizani miiRweva am woniTi koeficientebis SemdgomSi analiza-

toris mier cikluri gamokiTxviT, ris Semdegac formirdeba 

gamosasvleli prioritetuli rigi. analizatoris mier woniTi 

koeficientis mniSvnelobis gamoTvla swarmoebs kvanZis Sesasvle-

li trafikis intensiurobis SefardebiT im gamtarunarianobasTan, 

romelic gamoyofili aqvs am mocemul klass misi wonis 

koeficientiT.  

paketebis rigis xarisxobrivi qceva da Sesabamisad 

Seyovnebebi aRniSnuli SemoTavazebuli meTodis dros TiTqmis 

igivea, rogorc FIFO–s reJimSi muSaobis dros, e.i. rac naklebia 

datvirTvis koeficienti, miT ufro naklebia rigis saSualo 

sigrZe (igi azrobrivad gaigivebulia Warbi paketebis droiT 
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xangZliobebTan) da miT ufro naklebia Seyovnebebi Warbi 

trafikis gadacemisas.  

amgvarad, Warbi trafikis ganawileba rigebis woniTi 

koeficientebis wriuli (cikluri) gamokiTxvisas (nax.17) warmo-

dgenil sadisertacio naSromSi SemoTavazebuli es axali meTodi 

qmnis ufro xelsayrel pirobebs yvela saxis Warbi trafikis 

momsaxurebisaTvis. amasTan erTad SemoTavazebuli am axali meTo-

dis upiratesobaa isic, rom analizatoris mier rigebis TiToeul 

klass (kategorias) Sesabamisad daeniSneba sxvadasxva zomis 

(moculobis, sigrZis) mexsierebis buferebi, rac xels uwyobs 

Warbi paketebisagan Semdgari sainformacio nakadebis optimaluri 

ganawilebis operatiulad warmarTvas. aseTi analizatoris 

daxmarebiT qselis administrators am meTodis gamoyeneba aZlevs 

saSualebas racionalurad gamoiyenos Warbi paketebis Sesanaxad 

(droebiT) gamoyofili mexsierebis buferebis zomac.  

 

 
nax. 17. woniTi koeficientebis wriuli (cikluri) gamokiTxva. 
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3.2. satranzito – sakomutacio kvanZebidan Warbi paketebis 

gacemis rigiTobis regulirebis efeqturi algoriTmis 

SemuSaveba. 

 

kompiuterul qselSi Warbi datvirTvebis arsebobisas 

Zalze mniSvnelovania mis satranzito-sakomutacio arxebSi 

gadasacemi paketebis optimaluri Tanamimdevrobis gansazRvra. am 

TvalsazrisiT didi daxmarebis gaweva SeuZlia qselis 

analizators, romlis programul realizaciebSi Cadebuli 

iqneba trafikis donis mkveTri cvlilebis dros (kerZod, misi 

amaRlebis dros, rogorc araerTxel aRvniSneT, qselis pikis 

saaTebSi datvirTvebisas) kvanZis Sesasvlel interfeisSi Warbi 

paketebis optimaluri Tanamimdevrobebis ganlagebis ZiriTadi 

moTxovnebi da sakomutacio kvanZis buferuli mexsierebis 

zonebidan, romelsac win uswrebs dagrovili paketebis jamuri 

xangZliobebis gansazRvra imave analizatorebis mier, maTi 

arxebSi gadacemis pirobebi (im arxebSi, romlebic dakavSirebuli 

arian sakomutacio kvanZis gamosasvlel portebTan). aqedan 

gamomdinare aRniSnul paragrafSi SevecadoT SevimuSaoT rigSi 

mdgomi paketebis optimaluri Tanamimdevrobebis gansazRvris 

algoriTmebi trafikis zemoTxsenebuli mniSvnelovani 

pulsaciebis dros. aseTi RonisZiebebis gatarebas didi 

mniSvneloba eniWeba zemoTxsenebul marTvad rigebSi paketebis 

optimaluri ganlagebisaTvis (ufro sworad gadanawilebisaTvis), 

romlebic prioritetulad, woniTi koeficientebis cikluri 

gamokiTxviT unda gaices sakomutacio kvanZis buferuli 

mexsierebidan mis gamosasvlel interfeisSi (nax.17).  

satranzito-sakomutacio kvanZebis Sesasvleli interfeisis 

mimdinare mdgomareoba SeiZleba daxasiaTebuli iyos masSi 

dagrovili Warbi paketebis raodenobiT, romlebic drois 

naklebi danaxarjebiT unda ganTavsdnen buferul mexsierebaSi da 

aseve mcire droiTi danakargebiT damuSavdnen prioritetuli 

rigebis formirebis mizniT. [15] 
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qselis satranzito-sakomutacio kvanZis gamosasvlel 

interfeisSi (anu gamosasvlel wertilSi rogorc pirobiTad 

vuwodeT wina paragrafSi) Warbi paketebis ganawilebis 

efeqturoba (pirvel rigSi ganawilebis siCqare drois romelime 

erTeulSi: wamSi, mikrowamSi, nanowamSi da a.S) damokidebulia 

imaze, Tu rogori intensiobiT miewodeba paketebi am kvanZis 

mezoblad mdebare winmswrebi sakomutacio sistemebidan da amis 

Sesabamisad ra raodenobis paketebi grovdeba Semaval 

interfeisSi. sakomutacio kvanZSi Warbi paketebis damuSavebisas 

(maTi ganawilebis TvalsazrisiT) gaTvali-swinebuli unda iyos 

optimalurobis garkveuli kriteriumebi, romelTagan pirvel 

rigSi yuradReba unda mieqces paketebis siWarbis damuSavebis 

(gasagzavnad “daxarisxebis”) dasaSveb droSi mocemuli 

minimaluri momentebi. amas garda aucilebelia mxedvelobaSi 

iqnes miRebuli klient-serveruli paketebis rogorc raodenoba, 

ise maTi droiTi xangZliobebic.  

Warbi paketebis sakomutacio kvanZebSi ganawilebisas maTi 

optima-luri Tanamimdevrobis gansazRvris arsi mdgomareobs 

SemdegSi. dauSvaT qseluri struqturis romelime satranzito-

sakomutacio kvanZSi analizatoris programis amoqmedebisas misi 

CarTvis raime t momentSi mimdinare damuSavebaze (ganawilebaze) 

rigSi dganan m Semavali (m 2) Warbi paketebi, romlebsac 

gaaCniaT Semdegi maxasiaTeblebis simravle: rigiTi nomeri 

(prioritetis indeqsis an prioritetis woniTi koeficientis 

saxiT I, iI={1, 2, . . . , m}); Warbi nakadis saxe (klasi) Vi, ViV={v1, 

v2, . . . , vn}. qselis analizatoris procesorebSi miwodebis 

savaraudo momenti t0; sakomutacio sistemaSi paketebis 

damuSavebis (ganawilebis) saSualo dro T i; paketebis rigSi 

Cayenebis dasaSvebi droiTi xangZlioba Ci; sakomutacio kvanZis 

buferul mexsierebaSi paketis (an misi Semcveli deitagramebis 

raRaca raodenobis) yofnis dro Tis, romelic (romlebic) dgas 

(dganan) S-ur adgilas. TanamimdevrobaSi (paketebis rigSi) I=<i1, i2, 
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. . . , is, . . . , im > da sidide h
vi, romelic iTvaliswinebs qselis sxva 

arxebidan am sakomutacio sistemaSi vi – saxis Setyobinebebis 

fardobiT faseulobas (Sefasebuls aseve prioritetis woniTi 

koeficientiT). [17] 

amgvarad, amocana mdgomareobs imaSi, rom saWiroa 

ganisazRvros qselis satranzito-sakomutacio kvanZis 

analizatoris mier gansazRvruli Warbi paketebis buferul 

mexsierebaSi yofnis jamuri xangZliobis dros am mexsierebaSi 

mdgomi paketebis optimaluri Iopt Tanamimdevrobebi kvanZis 

gamosasvlel portebTan mierTebul qselis sxva arxebSi (sxva 

satranzito-sakomutacio, an saboloo e.w. mimRebi hostis arxebSi) 

gadasacemad mimdinare drois momentebSi. Iopt – Tanamimdevrobis 

SerCevis mTavar optimalur kriteriumad aiReba kvanZis buferul 

mexsierebaSi rigebis (dinamiur, e.i. droSi cvalebadi Warbi 

paketebisagan Semdgari marTvadi rigebis) formirebis jamuri 

droiTi danakargebis saSualo mniSvneloba:  

P(Iopt) = 


m

i 1

Qis
vi

, S1, ViV 

sadac Qis
vi

 = fi
v
[Tis , h

vi
, TdasaSv. i ], romelic gamoTvleba, rogorc 

funqciis mniSvneloba paketis sakomutacio kvanZSi yofnis, e.i. 

dayovnebis droiTi mniSvnelobiT Tis . es mniSvneloba ki Tavis 

mxriv Seadgens:  

Tis=t-toi+T 1 + T
(s)

2 + T i , sadac 

T 1 – analizatoris procesoris mier rigSi paketebis 

Tanamimdevrobis dagegmvis saSualo droa; T
(s)

2 – im paketis 

rigidan gacemis saSualo droa, romelic am rigSi ikavebs wina q 

adgils (q<s) paketebis I-TanamimdevrobaSi. 

rigebis formireba unda moxdes [t1 , t2] droiTi mniSvnelobebis 
intervalSi, romelic tolia 

ti=min {to}, t2=t+T 1+


m

i 1

Ti 

satranzito-sakomutacio kvanZis buferul mexsierebaSi 

ganTavsebuli Warbi paketebis Tanamimdevrobas vuwodoT 
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optimaluri Iopt, Tu mas Seesabameba albaTobis P(Iopt) – is iseTi 

mniSvneloba, romelic [t1, t2] monakveTze ar aRemateba P(Ik) – is 

mniSvnelobas rigSi arsebuli paketebis nebismieri sxva 

TanamimdevrobisaTvis, martivad rom vTqvaT, analizatoris 

procesorma unda daaformiros kvanZis gamosasvlel interfeisSi 

gasacemi iseTi paketebis Tanamimdevroba Iopt{ Ik} k=1, 2, . . . , m, 

romlisaTvisac 

 

P (Iopt) = min {P(Ik)}, (3.2.1) 

 

vinaidan buferul mexsierebaSi (analizatoris mier 

gansazRvrul V – moculobaSi) myofi paketebis nebismier Ik _ 

TanamimdevrobaSi pakets, romlis nomeria i SeuZlia daikavos S 

adgili, maSin Iopt formirebis amocanis Casawerad saWiroa 

SemovitanoT Semdegi pirobebic: marTvad rigSi prioritetebis 

cvalebadi daniSnuleba Qis = {0,1}, amasTan Qis =1, Tu i – uri paketi 

ikavebs S adgils TanamimdevrobaSi, winaaRmdeg SemTxvevaSi Qis= 0.  

is piroba, rom qselis satranzito-sakomutacio sistemaSi 

Semosul nebismier Warb pakets SeuZlia Seesabamebodes mxolod 

erTi adgili TanamimdevrobaSi (paketebis rigSi) da TiToeuli 

(prioritetuli) adgili SeiZleba gamoyenebuli iqnes mxolod 

erTxel, Sesabamisad Caiwereba rogorc rogorc 




m

i

Q
1

is=1,  S=1,2,. . . , m 

(3.2.2) 




m

s

Q
1

is=1, i-1,2, . . . , m 

saWiroa aRiniSnos isic, rom satranzito-sakomutacio 

buferul mexsierebaSi paketebis optimaluri Tanamimdevrobis 

dadgenis drom ar unda gamoiwvios mniSvnelovani danakargebi, 

romlebic aRemateba im droiT mogebas, romelic miiRweva 

sakomutacio kvanZis gamosasvleli wertilidan (nax.16) qselSi 

gasacemi paketebis Tanamimdevrobis optimizaciidan. 
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amgvarad, yovelive zemoTaRniSnuli niSnavs imas, rom 

satranzito-sakomutacio kvanZidan qselis sxva arxebSi 

gadasacemi paketebis optimaluri Tanamimdevrobis gansazRvris 

algoriTmebis realizaciebma analizatorSi unda moiTxovon rac 

SeiZleba naklebi droiTi danaxarjebi, amasTan sasurveli 

(saZiebo) Tanamimdevrobebis misaRebad daculi unda iqnes is 

moTxovnac, rom araoptimaluri Tanamimdevrobebis simravlidan 

gamoricxva unda swarmoebdes miznobrivi funqciis mniSvnelobis 

(3.2.1)perioduli (cikluri) SedarebebiT dasaSvebi 

TanamimdevrobebisaTvis (3.2.2) pirobebis mixedviT. [12], 

zemoTganxiluli Teoriuli mosazrebidan gamomdinare 

SesaZlebelia formirebuli iqnes m x m elementebisagan Semdgari 

matrica |gIeij|, romlis striqonebi aRiniSneba sawyisi 

TanamimdevrobiT Ie2<i>, romelic Sedgeba erTi elementisagan, 

xolo svetebi j paketis nomriT, romelic mosdevs i – ur pakets 

TanamimdevrobaSi. am matrices elementebi warmoadgenen 

miznobrivi funqciis mniSvnelobebs i da j paketebisaTvis im 

pirobis dros, rom es paketi daikavebs yvelaze prioritetul 

adgils (pirvel adgils kvanZis gamosasvlel portebze 

gasacemad) TanamimdevrobaSi da cxadia, misi gacema rigidan unda 

swarmoebdes sxvebze ufro adre, xolo momdevno j paketis gacema 

ki analizdeba i paketis gacemis Semdeg. amasTan yuradReba unda 

mivapyroT im garemoebasac, rom zemoTnaxsenebi pirobebis 

Sesrulebis dros |gIe1j| matricaSi ar aris gansazRvruli iseTi 

elementebi, romlebisTvisac i=j (akrZaluli Tanafardobaa, 

vinaidan ori paketis gacema drois erTi da imave momentSi, 

SeuZlebelia. akrZalulia isic, rom Cveni Teoriuli mosazrebis 

Tanaxmad ar SeiZleba Tanamimdevroba iwyebodes im paketiT, 

romelTa sakomutacio kvanZSi ganawilebis Sedegebi 

damokidebulia sxva paketebis ganawilebis Sedegebze, sxva 

sityvebiT rom vTqvaT, gacemis prioriteti unda iyos calsaxa da 

erTmniSvnelovani).  
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Semdegi moTxovna algoriTmis SemuSavebisas mdgomareobs 

imaSi, rom matricaSi Sedareba unda swarmoebdes erTmaneTs 

Soris erTnairi indeqsiani elementebisa. e.i. Sedardeba 

elementebi gij da gji , Tu am Sedarebisas magaliTad, aRmoCndeba, rom 

gij < gji, maSin gamoiricxeba ra gji, Semdgomi ganxilvidan 

gamoiricxeba agreTve Tanamimdevrobis is simravlec, romelSic j 

paketis damuSaveba (kvanZis gamosasvlel portebze gacemis 

mizniT) win uswrebs i paketis damuSavebas, amasTan am paketis 

gacema-argacema igegmeba rogorc pirvelebi rigSi mdgom sxva 

paketebTan SedarebiT.  

amgvarad, buferul mexsierebaSi myof nebismier 

TanamimdevrobaSi mdgomi Warbi paketebis miznobrivi funqciebi 

(da Sesabamisad maTi prioritetuli woniTi koeficientebi) 

gansxvavdebian erTmaneTisagan. Cvens magaliTSi (romelsac 

ganvixilavT warmodgenili naSromis amave Tavis eqsperimentalur 

nawilSi). is Tanamimdevroba iqneba ufro optimaluri, romelic 

ar iwyeba <ji. . .> _ iT, e.i. satranzito-sakomutacio kvanZis 

buferuli mexsierebidan Cvens mier SemuSavebuli analizatoris 

mier gaicema gamosasvlel interfeisze (gamosasvlel portebTan 

mierTebul arxebSi Warbi paketebis gasacemad) paketebis is 

optimaluri Tanamimdevroba, romelic iwyeba <ij. . .> _ dan. [14] 

sainformacio nakadebSi Warbi paketebis arasasurveli 

Tanamimdevro-bebis gamoricxvis procesi grZeldeba im axal-

axali matricebis SedgeniT (formirebiT) manmade, sanam 

sabolood ar miiReba 1 x m matrica, romelSic striqoni 

aRiniSneba Iopt optimaluri TanamimdevrobiT, da es ukanaskneli 

iqneba is, romelic Seesabameba SerCeuli kriteriumis minimalur 

mniSvnelo-bas (es garemoeba kargad aris ilustrirebuli 

eqsperimentul nawilSi).  

sanam uSualod SevimuSavebdeT algoriTmebiT blok-sqemebs, 

yuradReba gavamaxviloT kidev Semdeg garemoebebze. qselis 

satranzito-sakomutacio kvanZis buferul mexsierebaSi Warbi 

paketebis optimalur TanamimdevrobaSi maTi wyvilebis 
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urTierTSefardebiTi prioritetebis rigis gansazRvris arsi 

daiyvaneba Semdegze. paketebi danomrilia maT gagzavnaze 

sakomutacio kvanZebSi damuSavebis droebis araklebadobis, e.i. 

droiTi parametrebis zrdadobis T1  T2   . . .   Tm mixedviT, xolo 

tolobis SemTxvevaSi _ maTi damuSavebis dasaSvebi vadebis 

araklebadobis mixedviT. amgvarad, i<j Canaweridan gamomdinareobs, 

rom Ti < Tj an Ti = Tj da Ci   Cj.  

aRvniSnoT simboloebiT Bi
1
 da Bi

2
 im Warbi paketebis 

nomrebis garkveuli simravleebi, romlebisaTvisac qselis 

analizatori gaarkvevs, rom gasanawilebel TanamimdevrobaSi Bi
1 

paketebi unda misdevdnen i pakets, xolo Bi
2 paketebis simravleebi 

ki win uswrebs mas (i-pakets). es aRiniSneba, rogorc j Bi
1
 da Bi

2 

  i. amasTan analizatori CaTvlis, rom Tu ar aris raime 

informacia paketebis rigiTobis Sesaxeb i – paketTan mimarTebaSi, 

maSin Bi
1
 = Bi

2
 =  . [18] 

algoriTmi 1. algoriTmis blok-sqema, romelic asaxavs 

satranzito-sakomutacio kvanZis gamosasvlel interfeisze Warbi 

paketebis gacemis prioritetebis gansazRvras, naCvenebia nax.18 -ze 

am algoriTmis mixedviT, Tu Warbi paketebis nebismieri ij 

wyvilisa-Tvis, iseTis, romlis drosac sruldeba pirobebi Bi
2
 j 

da Cimax{ 
 2

jBK

Tk+Tj, Cj}, maSin am sakomutacio kvanZis buferidan 

gasacemi paketebis optimalur TanamimdevrobaSi i paketis 

gagzavna win unda uswrebdes j paketis gagzavnas.  

algoriTmi 2. satranzito-sakomutacio kvanZis buferuli 

mexsiere-bidan gamosasvlel interfeisze Warbi paketebis gacemis 

optimaluri Tanamimdevroba ganisazRvreba nax. 19-ze gamosaxuli 

grafsqemiT:  
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SetyobinebaTa ij 

wyvilis amokiTxva 

buferidan 

ganawileb

is dawyeba 

ji 

 

jB2

2 

 
a
r
a 

ki 













 
 2

jBK

jiki C,TTmaxC

 

a
r
a 

a
r
a 

ki 

ki 

dij=1;  

i - Setyobineba 

gaigzavnos 

j - Setyobinebis win 

amokiTxva buferidan 

ganawileb

is 

dasasrul

i 

rigSi 

Setyobinebebis 

Tanmimdevroba ar 

icvleba 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 18. satranzito-sakomutacio kvanZis gamosasvlel interfeisze 

(gamosa-svlel portebze) Warbi paketebis gacemis prioritetebis 
gansazRvra (algoriTmi 1). 
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nax. 19. satranzito-sakomutacio kvanZis gamosasvlel interfeisze 

(gamosa-svlel portebze) Warbi paketebis gacemis prioritetebis 
gansazRvra (algoriTmi 2). 

 

Warbi paketebis Tanamimdevrobebis gansazRvris aRniSnuli 

algori-Tmis (algoriTmi 2) mixedviT, Tu paketebis nebismieri 
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wyvilisaTvis (ij) iseTis, rom i<j da amasTan cnobilia j Bi
1
 da j 

Bi
2
 da aseve sruldeba utolobebi: 

Cimax{ 
 2

jBK

Tk+Tj, Cj}, 

Ci+Ti 
 jBk

kT , maSin optimalur TanamimdevrobaSi jer unda 

gaigzavnos j paketi, xolo Semdeg _ i paketi. 

zemoTSemuSavebuli algoriTmi 1 da algoriTmi 2 – ebis 

muSaobis koreqtuloba eqsperimentulad Semowmebulia momdevno 

paragrafSi. 

 

3.3. qseluri sistemis momsaxurebis algoriTmebis 

muSaunarianobisa da maTi gamoyenebis efeqturobis 

eqsperimentuli Semowmeba 

 

am paragrafSi warmodgenilia sadisertacio naSromSi 

SemuSavebuli qseluri analizatoris muSaobis ramodenime algo-

riTmis eqsperimentuli Semowmeba. pirveli maTgani warmoadgens 

kompiuteruli qselis Warbi datvirTvebis dros (pikis saaTebSi) 

satranzito-sakomutacio kvanZebis buferuli mexsierebis priori-

tetuli zonebis saWiro moculo-bebis operatiuli gansazRvra 

da maTi gamoyofa Warbi paketebis deitagramebis droebiTi ganTa-

vsebis mizniT. am algoriTmis Sesamowmeblad SevimuSavoT Semdegi 

meTodologiuri midgoma. pirobiTad aviRoT Warbi paketebis 

nakadebis garkveuli raodenoba. Cveni eqsperimentisaTvis, kerZod, 

SerCeulia 5 sxvadasxva intensiobis nakadi, rac imas niSnavs, rom 

davuSvaT qselis romelime satranzito-sakomutacio kvanZSi piku-

ri datvirTvis romelime momentSi mis Semaval interfeisSi 

dagrovda sxvadasxva raodenobis Warbi paketebis mqone 5 nakadi 

(Tumca praqtikul SemTxvevebSi qselis realuri muSaobisas 

aseTi nakadebis raodenoba SeiZleba iyos ara 5, aramed ramode-

nime aTeuli da aseulic ki), romelTa paketebi saWiroeben 

sakomutacio kvanZis buferuli mexsierebis zonebSi maT droebiT 
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ganTavsebas rogorc adre aRvniSneT, isini rom ar damaxinjdnen, 

an ar daikargon marSrutebis mixedviT sakomutacio kvanZSi maTi 

ganawilebisas pikuri drois gasvlamde. aRniSnul eqsperimentSi 

specialurad SemuSave-buli meTodis mixedviT analizatorma 

unda gamoiTvalos: 

1. buferuli mexsierebis ra moculobebia saWiro (kerZod, 

mexsierebis ramdeni prioritetuli zonaa saWiro); 

2. Warbi paketebis deitagramebis ra raodenoba SeiZleba 

ganTavsdes am zonebSi; 

3. winaswar gansazRvros buferuli mexsierebis zonebSi Warbi 

paketebis yofnis (e.i. maTi dayovnebis gamosasvlel portebze maT 

gacemamde) droiTi xangZliobebi; 

4. Caataros sakontrolo jamebis Semowmeba TiToeul nakadSi 

Semavali Warbi paketebisaTvis. 

zemoTCamoTvlil Semowmebebs iTvaliswinebs #1 eqsperimenti. 

analizatoris erT-erT amocanas warmoadgens, agreTve, is, 

rom man optimalurad moaxdinos paketebis siWarbis ganawileba, 

e.i. man unda gansazRvros kvanZis buferis zonebidan gamosasvlel 

portebze mierTebul sakomunikacio arxebze Warbi paketebis gace-

mis optimaluri Tanamimdevroba (e.i. unda moxdes analizatoris 

im algoriTmebis muSaobis eqsperimentuli Semowmeba, romlebic 

damuSavebuli gvqonda warmodgenili naSromis wina, $3.2-Si). 

naSromSi SemuSavebuli analizatoris mier Warbi paketebis 

optimaluri ganawilebis am meTodebis Semowmebis Sedegebi asaxu-

lia #2 eqsperimentSi. am ukanasknelisaTvis isini warmodgenilia 

saeqsperimento variantebis saxiT (kerZod, ori variantis saxiT, 

Sesabamisi cxrilebis daxmarebiT). amasTan pirveli variantis 

ganxilvis ganxilvis dros, roca gaTvaliswinebuli ar aris 

sakomutacio kvanZis procesorSi maTi damuSavebis dro da meore 

gaTvaliswinebulia es dro (anu sxva sityvebiT rom vTqvaT, 

gansazRvrulia sakomutacio kvanZis proce-sorSi ama Tu im 

paketis damuSavebis dasaSvebi saWiro vada).  

 



 

 
136 

#1 eqsperimentis amocanis sawyisi monacemebi 

 

davuSvaT, qselis pikuri datvirTvis momentSi satranzito-

sakomutacio kvanZis Sesasvlel interfeisSi dagrovda Warbi 

paketebisagan Semdgari 5 sainformacio nakadi. eqsperimentis 

amocanaa gansazRvros analizatorma TiToeul nakadSi Semavali 

Warbi paketebis jamuri droiTi xangZliobebi da gamoiTvalos ra 

raodenobis buferuli mexsierebis zonebia saWiro TiToeuli 

nakadisTvis maTSi Semavali Warbi paketebis Semcveli 

deitagramebis droebiTi ganTavsebisas sakomutacio kvanZis 

datvirTvis pikuri drois amowurvamde.  

1. pirveli Warbi paketebis nakadi Seicavs 10 Warb pakets 

(TiToeulis droiTi xangZliobebia Sesabamisad 11, 5, 10, 8, 7, 

13, 15, 3, 9 da 4 mkwm); 

2. meore nakadi Seicavs 7 Warb pakets (analogiurad am 

nakadisTvis: 8, 10, 5, 9, 3, 4, 7 mkwm); 

3. mesame nakadi Seicavs 6 Warb pakets (12, 3, 5, 8, 10, 9 mkwm); 

4. meoTxe nakadi Seicavs 11 Warb pakets (15, 13, 10, 7, 9, 10, 10, 5, 

7, 10, 11 mkwm); 

5. mexuTe nakadi Secavs 12 Warb pakets (20, 15, 18, 9, 13, 17, 7, 9, 

10, 13, 14, 15 mkwm). 

 

eqsperimentis realizacia 

 

aRniSnuli monacemebis Setanisas qselur analizatorSi, 

masSi Catarebuli gamoTvlebis Tanamimdevrobebi (e.i. TiToeuli 

Warbi nakadis jamuri xangZliobebisa da buferis zonaluri 

monakveTebis raodenobis Tanamimdevrobebi) paketebis 

gamanawilebeli kvanZis operaciul mowyobi-lobebSi 

warmodgenilia Semdegi listingebiT: 
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listingi3.3.1 (Warbi paketebis pirveli nakadisaTvis). 

 

 

 

sakontrolo jamebi: K1=11+5+10+8+7+13+15+3+9+4=85 

                                             K2=30+9+8+14+6+5+4+3+4+2=85 

                                             K1= K2=85 

 

listingi3.3.2. (Warbi paketebis meore nakadisaTvis) 

 

 

 

sakontrolo jamebi: K1=8+10+5+9+3+4+7=46 

                                              K2=21+6+5+8+3+2+1=46 

                                              K1= K2=46 

 

listingi 3.3.3. (Warbi paketebis mesame nakadisaTvis) 
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sakontrolo jamebi:  K1=12+3+5+8+10+9=47 

                                               K2=18+10+12+3+2+2=47 

                                               K1= K2=47 

 

 

listingi 3.3.4 (Warbi paketebis meoTxe nakadisaTvis) 

 

 

 

sakontrolo jamebi:   K1=15+13+10+7+9+10+10+5+7+10+11=107 

                                                 K2=55+20+16+7+3+4+2=107 

                                                 K1= K2=10 

 

listingi 3.3.5. (Warbi paketebis mexuTe nakadisaTvis) 

 

sakontrolo jamebi:  K1=20+15+18+9+13+17+7+9+10+13+14+15=160 

                                               K2=84+22+9+24+6+5+6+2+2=160 

                                               K1= K2=160 
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warmodgenil naSromSi SemuSavebuli meTodis Tanaxmad 

sakomutacio kvanZis Semaval interfeisze dagrovili Warbi 

paketebis droebiT gansaTavseblad sakomutacio kvanZis buferul 

mexsierebaSi analizatori gamoTvlebis TiToeul iteraciaze 

gansazRvravs rogorc paketebis siWarbis raodenobriv 

klebadobasa da maT ricxvs ganawilebis momdevno iteraciaSi 

monawileobis misaRebad, aseve mexsierebis prioritetuli zonebis 

raodenobas Warbi paketebis ganawilebis dasrule-bamde. 

am operaciis msvlelobasa da maT Sedegebs naTlad asaxavs 

cxr.5 _ cxr.9 cxrilebi. TiToeuli iteraciis Sedegi aRniSnul 

cxrilebSi naCvenebia patara wrexazebSi Cawerili ricxvebiT. 

isini Sesakrebebis saxiT miewodebian Warbi paketebis 

analizatoris damgrovebel amjamavs, xolo sakontrolo jamebis 

mniSvnelobebi TiToeuli nakadisaTvis da Warbi paketebis 

gansaTavseblad saWiro buferuli mexsierebis prioritetuli 

zonebis saerTo raodenoba naCvenebia warmodgenili cxr.5 _ cxr.9 

cxrilebis bolo striqonebSi. 

qvemod naCveneb cxrilebSi cxr.5 – cxr.9 TiToeuli 

iteraciis svetebSi cifrebiT 1, 2, 3 miRebulia Semdegi 

aRniSvnebi: 1 _ iteraciaSi monawile paketebis raodenoba; 2 _ 

deitagramebis umciresi mniSvneloba; 3 _ iteraciis Sedegi.  
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cxrili 5.  ganawileba Warbi paketebis pirveli nakadisaTvis  

 
kvanZSi 

dagrovili 

Warbi    

paketebi 

 

I iteracia 

 

II iteracia 

 

III iteracia 

 

IV iteracia 

 

V iteracia 

 

VI iteracia 

 

VII 

iteracia 

 

VIII 

iteracia 

 

IX iteracia 

 

X iteracia 

saer 

To 

raod 

enoba 

deit. 

r-ba 

pak-

Si 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

 

 

 

10 

 

 

 

11 

5 

10 

8 

7 

13 

15 

3 

9 

4 

 

 

 

 

10 

 

 

 

 

3 

 

 

 

 

 

 

 

 

 

9 

8 

2 

7 

5 

4 

10 

12 

0 

6 

1 

 

 

 

 

 

 

 

 

 

8 

7 

1 

6 

4 

3 

9 

11 

0 

5 

0 

 

 

 

 

 

 

 

 

 

7 

6 

0 

5 

3 

2 

8 

9 

0 

4 

0 

 

 

 

 

 

 

 

 

 

6 

4 

0 

3 

1 

0 

6 

8 

0 

2 

0 

 

 

 

 

 

 

 

 

 

5 

3 

0 

2 

0 

0 

5 

7 

0 

1 

0 

 

 

 

 

 

 

 

 

 

4 

2 

0 

1 

0 

0 

4 

6 

0 

0 

0 

 

 

 

 

 

 

 

 

 

3 

1 

0 

0 

0 

0 

3 

5 

0 

0 

0 

 

 

 

 

 

 

 

 

 

2 

0 

0 

0 

0 

0 

2 

4 

0 

0 

0 

 

 

 

 

 

 

 

 

 

1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 
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cxrili 6. ganawileba Warbi paketebis meore nakadisaTvis.                  

 
kvanZSi 

dagrovili 

Warbi    

paketebi 

 

I iteracia 

 

II iteracia 

 

III iteracia 

 

IV iteracia 

 

V iteracia 

 

VI iteracia 

 

VII iteracia 

saer 

To 

raod 

enoba 

deit. 

r-ba 

pak-

Si 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

 

 

 

7 

 

8 

10 

5 

9 

3 

4 

7 

 

 

 

 

 

 

7 

 

 

 

 

3 

 

 

 

 

 

 

 

 

 

6 

 

5 

7 

2 

6 

0 

1 

4 

 

 

 

 

 

 

 

 

 

5 

 

4 

6 

1 

5 

0 

0 

3 

 

 

 

 

 

 

 

 

 

4 

 

 

3 

5 

0 

4 

0 

0 

2 

 

 

 

 

 

 

 

 

 

3 

 

 

 

1 

3 

0 

2 

0 

0 

0 

 

 

 

 

 

 

 

 

 

 

2 

 

0 

2 

0 

1 

0 

0 

0 

 

 

 

 

 

 

 

 

 

 

 

1 

 

0 

1 

0 

0 

0 

0 

0 
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cxrili 7. ganawileba Warbi paketebis mesame nakadisaTvis. 

 
kvanZSi 

dagrovili 

Warbi    

paketebi 

 

I iteracia 

 

II iteracia 

 

III iteracia 

 

IV iteracia 

 

V iteracia 

 

VI iteracia 

saer 

To 

raod 

enoba 

deit. 

r-ba 

pak-

Si 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

 

 

 

6 

 

 

 

 

 

 

12 

3 

5 

8 

10 

9 

 

 

 

 

6 

 

 

 

 

3 

 

 

 

 

 

 

 

 

 

5 

 

 

9 

0 

2 

5 

7 

6 

 

 

 

 

 

 

 

 

 

4 

 

 

7 

0 

0 

3 

5 

4 

 

 

 

 

 

 

 

 

 

3 

 

 

4 

0 

0 

0 

2 

1 

 

 

 

 

 

 

 

 

 

 

2 

 

 

3 

0 

0 

0 

1 

0 

 

 

 

 

 

 

 

 

 

1 

 

 

2 

0 

0 

0 

0 

0 
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cxrili 8. ganawileba Warbi paketebis meoTxe nakadisaTvis.            

 
kvanZSi 

dagrovili 

Warbi    

paketebi 

 

I iteracia 

 

II iteracia 

 

III iteracia 

 

IV iteracia 

 

V iteracia 

 

VI iteracia 

 

VII iteracia 

saer 

To 

raod 

enoba 

deit. 

r-ba 

pak-

Si 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

 

 

 

 

 

11 

 

 

 

 

 

15 

13 

10 

7 

9 

10 

10 

5 

7 

10 

11 

 

 

 

 

 

 

 

11 

 

 

 

 

 

 

5 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 

 

10 

8 

5 

2 

4 

5 

5 

0 

2 

5 

6 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 

 

8 

6 

3 

0 

2 

3 

3 

0 

0 

3 

4 

 

 

 

 

 

 

 

 

 

 

 

 

7 

 

6 

4 

1 

0 

0 

1 

1 

0 

0 

1 

2 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

5 

3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 

 

4 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

 

 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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cxrili 9. ganawileba Warbi paketebis meoTxe nakadisaTvis. 

 
kvanZSi 

dagrovili 

Warbi    

paketebi 

 

I iteracia 

 

II iteracia 

 

III iteracia 

 

IV iteracia 

 

V iteracia 

 

VI 

iteracia 

 

VII 

iteracia 

 

VIII 

iteracia 

 

IX iteracia 

saer 

To 

raod 

enoba 

deit. 

r-ba 

pak-

Si 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2    

 

3 

 

1 

 

2 

 

3 

 

1 

 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

1 

 

2 

 

3 

 

 

 

 

 

 

12 

 

 

 

 

 

 

20 

15 

18 

9 

13 

17 

7 

9 

10 

13 

14 

15 

 

 

 

 

 

 

1

2 

 

 

 

 

 

 

7 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

 

13 

8 

11 

2

0 

6 

10 

0 

2 

3 

6 

7 

8 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

11 

6 

9 

0 

4 

8 

0 

0 

1 

4 

5 

6 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 

 

1

0 

5 

8 

0 

3 

7 

0 

0 

0 

3 

4 

5    

 

 

 

 

 

 

 

 

 

 

 

 

 

6 

 

7 

2 

5 

0 

0 

4 

0 

0 

0 

0 

1 

2 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 

 

6 

1 

4 

0 

0 

3 

0 

0 

0 

0 

0 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 

 

5 

0 

3 

0 

0 

2 

0 

0 

0 

0 

0 

0 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

 

3 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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#2 eqsperimentis amocana da sawyisi monacemebi 

 

a) eqsperimentis amocana. SevamowmoT warmodgenil naSromSi 

SemuSavebuli algoriTmis muSaobis koreqtuloba, romlis 

ZiriTadi mizania warmodgenil naSromSi SemuSavebuli qseluri 

analizatoris mier sakomutacio kvanZis buferul mexsierebaSi 

ganTavsebuli Warbi paketebis qvemoT mocemuli simravlidan 

satranzito-sakomutacio kvanZis gamosasvleli interfeisis 

portebze gasacemi paketebis optimaluri Tanamimdevrobis (Iopt) 

gansazRvra. aRniSnuli eqsperimenti SesaZlebelia CavataroT 2 

variantad. pirveli variantis dros gaTvaliswinebuli ar aris 

analizatoris mier buferul mexsierebaSi ganTavsebuli Warbi 

paketebis yofnis dasaSvebi vadebi (am reJimSi muSaobisas 

analizatoris Sesabamisi muSa programa) amorTulia. xolo meore 

variantis dros es vadebi (igi aRvniSnoT Ci - iT) 

gaTvaliswinebulia.  

b) sawyisi monacemebi 

 

varianti 1. dauSvaT kompiuteruli qselis romelime N – 

uri satranzito-sakomutacio kvanZis Sesasvlel interfeisSi 

pukuri datvirTvis t sxvadasxva droiTi momentisaTvis imyofeba 

oTxi sxvadasxva i1, i2, i3 da i4 Setyobineba (Warbi paketi), romelTa 

droiTi parametrebi (mkwm-Si) Sesabamisad Semdegia: 

 

pirveli i1 Warbi paketisaTvis < ti=0; Ti=5; I=45; لاi=1 > 

meore i2 Warbi paketisaTvis < ti=5; Ti=15; I=30; لاi=4 > 

mesame i3 Warbi paketisaTvis < ti=7; Ti=3; I=70; لاi=17 >  

meoTxe i4 Warbi paketisaTvi < ti=15; Ti=20; I=40; لاi=11 > 

 

zemoTnaCvenebi i1-i4 paketebisaTvis analizatorebis 

Sesabamisi sawyisi monacemebi warmovadginoT cxr. 9 – is saxiT. 
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cxrili 10. analizatoris sawyisi monacemis cxrili. 

 
Warbi 

paketis 

rigiTi 

nomeri 

(i) 

analizatoris 

Sesasvlelze 

Warbi 

paketebis 

miwodebis 

dro ti (mkwm) 

Analiza-

torSi Warbi 

paketis 

damuSavebis 

saSualo 

dro Ti (mkwm) 

buferul 

mexsiere-

baSi Warbi 

paketis 

yofnis 

dro  (mkwm) 

Warbi 

paketis 

dayovnebis 

wona لاi 

(mTeli 

ricxvia) 

1 0 5 45 1 

2 5 15 30 4 

3 7 3 70 17 

4 15 20 40 11 

 

cxr.9 asaxavs, rom magaliTad, Ti=20 mk.wm droiTi 

momentisaTvis (meoTxe Warbi paketis miwodebis drois momenti-

saTvis Sesasvlel interfeisSi dagrovda da analizatoris mier 

satranzito–sakomutacio kvanZis buferul mexsierebaSi ganTavsda 

oTxi Warbi paketi). am oTxi Warbi paketidan i1 paketisaTvis 

analizatoris procesorze miwodebis drois momenti CaTvlilia 

0 – is tolad e.i. ti1=0 mk.wm (igulisxmeba, rom pirveli Warbi pake-

tic gasanawileblad miewodeba maSinve). analizatoris 

procesorSi damuSavebis dros, rogorc es cxr. 9–dan Cans, 

Seadgens Ti1 = 5 mk.wm – s. analizatoris mier prioritetul rigSi 

Casayeneblad buferul mexsierebaSi yofnis dro Seadgens 

T1=45mk.wm – s, xolo am Warbi paketis dayovnebis wona لا i1=1. 

analogiuri sawyisi parametrebis mniSvnelo-bebi danarCeni i2, i3 da 

i4 Warbi paketebisaTvis aseve asaxulia cxr. 9 – Si. 

eqsperimentis realizacia. aRniSnul satranzito–sakomu-

tacio kvanZSi paketebis yofnisas, rac gaigivebulia kvanZis am 

analizatoris procesorSi paketebis damuSavebis drosTan, 

ganisazRvreba TiToeuli i Warbi paketis (romelic dgas S –ur 

adgilze paketebis gasacemad rigSi) buferuli mexsierebidan 
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kvanZis portebze gacemis Tanamimdevroba. amas analizatori 

awarmoebs meTodiT, romelic damuSavebuli gvqonda warmodge-i-

li sadisertacio naSromis amave, me-3 TavSi moyvanili Sesabamisi 

analizuri gamosaxulebis safuZvelze. mis mixedviT analizato-

ris programuli uzrunvelyofa “karnaxobs” procesors gamoi-

muSaos i Warbi paketebis optimaluri Tanamimdevroba, romelsac 

igi dauyovnebliv gascems N–uri satranzito–sakomutacio kvanZis 

gamosasvleli interfeisis portebTan mierTebul sakomu-nikacio 

arxebze. Warbi paketebis Iopt Tanamimdevrobis gansazRvra, 

rogorc amas iTvaliswinebs naSromSi damuSavebuli algoriTmebi, 

analizatoris mier daiyvaneba Mi (i=1,2,...,m) matricebis 

mimdevrobiT Sedgenaze da maT analizze. Cvens SemTxvevaSi saqme 

gvaqvs oTx aseT matricasTan Mi (i=1,2,3,4) M1, M2, M3 da M4. am 

matricebSi simboloebiT “X” aRniSnulia is elementebi, 

romlebic ar arian gansazRvruli algoriTmi 1 da algoriTmi 2–

Si damatebiT Setanili pirobebis mixedviT (romle-bic aseve 

SesaZlebelia Camoyalibdes sxva algoriTmis 3, algoriTmi 4 da 

a.S. saxiT. es pirobebi warmodgenil sadiserta-cio naSromSi 

ganxiluli ar aris. isini eqvemdebareba Semdgomi gamokvlevevis 

Catarebas). M1 – M4 matricebi, romlebic cxr. 9–Si asaxuli 

monacemebis safuZvelze formirebulia analizatoris mier, isini 

naCvenebia cxr. 10–Si, sadac Warbi paketebis (matricis horizo-

ntalur striqonebSi) da maTi kombinaciebis (gacemis Tanamimde-

vrobebis, romlebic naCvenebia matricebis vertikalur svetebSi) 

dayovnebis wonebi gamoxatulia koeficientebiT. e.i. matricebis 

svetebisa da striqonebisa gadakveTaze. amgvarad, am matricebSi 

wonebis Sesabamisad gamoxatulia Warbi paketebis sxvadasxva 

Tanamimdevrobebis gacemis optimaluri mniSvnelobebi. am mniSvne-

lobebs analizatoris procesori iTvlis manqanuri programis 

daxmarebiT, romelic poulobs warmodgenil naSromSi naCveneb 

pirobas P (Iopt) = min {P(Ik)}. Tu kargad davakvirdebiT da gavaa-

nalizebT M1 – M4 matricebSi sidideebis mniSvnelobebs paketebis 

sxvadasxva TanamimdevrobebisaTvis, isini sxvadasxvaa da icvle-
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bian imis da mixedviTac Tu ramdeni wyvilis gadacemebi 

swarmoebs TiToeul TanamimdevrobaSi. 

 

cxrili 11. gamosasvlel interfeisze, Warbi paketebis  Tanamimdevroba.  

    matrica M1 

Ie1 Warbi paketebis nomrebi i 

<1> <2> <3> <4> 

<1> X X 382 355 

<2> X X X X 

<3> 300 443 X 58 

<4> 320 X 887 X 

     

    matrica M2 

Ie2 Warbi paketebis nomrebi i 

<1> <2> <3> <4> 

<31> X 556 X 663 

<41> X X 1017 X 

<32> 486 X Z 934 

<34> 676 1091 X X 

     

    matrica M3 

Ie3 Warbi paketebis nomrebi i 

<1> <2> <3> <4> 

<321> X X X 1062 

<314> X 1259 X X 

<324> 1285 X X X 

     

    matrica M4 

Ie4 Warbi paketebis nomrebi i 

<1> <2> <3> <4> 

<3214> X X X X 
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cxr. 10 – ze naCvenebi M1 – M4 matricebis analizidan Cans, 

rom Ie4 Tanamimdevroba (naCvenebi M4 matricaSi) warmoadgens 

satranzito–sakomutacio kvanZis gamosasvlel interfeisze (kva-

nZis gamosasvlel portebze) gasacemi Warbi paketebis optimalur 

(saZiebo) Tanamimdevrobas. amgvarad sawyisi monacemebis Setanis 

Semdeg analizatorma avtomaturad gamoTvala da SearCia Iopt = 

Ie4 = <3214> Tanamimdevroba, rac Sinaarsovrivad niSnavs imas, rom 

qselis arxSi am N–uri satranzito–sakomuta-cio kvanZidan jer 

unda gadaices Warbi paketebis Tanamimde-vrobaSi is paketi, 

romlis rigiTi nomeria i=3, mere– i=2, xolo Semdeg Sesabamisad 

i=1 da meoTxe i=4 paketebi, vinaidan paketebis gacemis aseTi 

Tanamimdevroba <3214> uzrunve-lyofs miznobrivi funqciis 

optimalur Sesrulebas, radgan yvela danarCeni mniSvnelobebidan 

yvelaze minimaluria P(Iopt)=1062 (es cifri cxr. 10–ze naCvenebia 

M3 matricaze <321>) Tanamimdevrobisa da i4 rigiTi nomris mqone 

Warbi paketis gadakveTaze.  

imisaTvis, rom ufro gasagebi iyos analizatoris funqcio-

nireba, ganvmartoT dawvrilebiT TiToeuli matricis Semcveloba:  

msjeloba M1 matricis mixedviT. am matricaSi urTie-

rTSejereba xdeba mis striqonebze da svetebze ganlagebuli 

Warbi erTjeradi paketebis (sakomutacio kvanZidan maTi gacemis 

Tanamimdevrobis kombinaciebis gareSe). M1 matricis svetebisa da 

striqonebis gadakveTaze naCvenebia dayovnebis wonebi (mTeli 

ricxvebi 300, 320, 443, 382, 887, 355, 580). analizatoris mier 

moiZebneba am wonebis amsaxveli koeficientebidan umciresi 

mniSvneloba (aseTia 300), romlis mixedviTac “gvkarnaxobs”, rom 

sakomutacio kvanZis buferuli mexsierebidan is sami paketis 

Semdeg unda gaices i1 paketi. amgvarad, M1 matricis mixedviT Cans, 

rom Tu gvaqvs gasacemi oTxi <1>, <2>, <3>, <4> paketi, am 4 

paketidan jer unda gaices <3> paketi, xolo mis Semdeg <1>, 

vinaidan dayovnebis koeficients <3> da <1> - is gadakveTaze aqvs 

yvelaze naklebi mniSvneloba 300.  
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msjeloba M2 matricis mixedviT. vTqvaT mexsierebis 

buferidan gacemuli gvaqvs ukve Semdegi kompinaciebi <31> <41> 

<32> <34> (M2 matricis vertikaluri sveti). gvainteresebs pasuxi 

kiTxvaze: am 4 gacemuli kombinaciis Semdeg romeli paketi unda 

gaices? amisaTvis analizatoris procesori Zebnis pakets rome-

lsac ukve gacemuli paketebis kombinaciebidan mis gadakveTaze 

eqneba dayovnebis koeficientis minimaluri mniSvneloba. aseTi 

aris <32> da <1> (horizontalur striqonze mdebare) gadakveTaze 

sidide 486. e.i. <32> mimdevrobis gacemis Semdeg sakomutacio 

kvanZidan unda gaices Warbi <1> paketi. e.i. gacemis momdevno 

Tanamimdevroba iqneba <321> kombinacia, rac niSnavs imas, rom Tu 

kvanZis buferidan ukve gaica me–3 da me–2 Warbi paketi maT Semdeg 

unda gaices 1–li Warbi paketi.  

msjeloba M3 matricis mixedviT. am matricis analizisas 

ibadeba kiTxva: <321> gacemuli kombinaciebis Semdeg romeli 

momdevno Warbi paketi unda gadaices? cxadia me–4, e.i. <4>, 

vinaidan <321> -sa da <4> -is gadakveTaze dayovnebis koeficients 

aqvs yvelaze minimaluri mniSvneloba 1062.  

msjeloba M4 matricis mixedviT. amgvarad am matricaSi 

daformirda 4 Warbi paketis <3214> Tanamimdevroba. cxadia 

analizatori buferuli mexsierebidan yvela matricis saboloo 

SejerebiT gascems aseT <3214> Tanamimdevrobas.  

varianti 2. imis da mixedviT Tu ra xangZliobisaa N– 

sakomutacio kvanZze miwodebuli TiToeuli Warbi paketi, anali-

zatoris mier maT ganesazRvrebaT, agreTve, mis procesorebSi 

(sakomutacio kvanZi warmoadgens mravalprocesorul mowyobi-

lobas) maTi damuSavebis drois xangZlivoba. cxadia, Tu paketis 

sigrZe grZelia, misi damuSavebis droiTi mniSvnelobac sakomuta-

cio kvanZSi saWiroebs SedarebiT met xangZliobas, anu sxva 

sityvebiT rom vTqvaT, saWiroa kvanZis analizatorSi (ufro 

zustad, satranzito–sakomutacio kvanZis procesorebSi) maTi 

yofnis xangZliobis, anu maTi damuSavebisaTvis dasaSvebi 

aucilebeli vadebis gaTvaliswineba. 
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dauSvaT qselis satranzito–sakomutacio kvanZis buferul 

mexsierebaSi analizatorma gansazRvra moculobebi da misi 

buferuli mexsierebis zonebSi ganaTavsa 1÷9 Warbi paketi. am 

eqsperimentis (#2 variantis) mizania davakvirdeT ras moimoqme-

debs analizatori da Warbi paketebis rogor Tanamimdevrobas 

”gvirCevs” gaices kvanZis gamosasvlel interfeisze Warbi 

paketebis iseTi Tanamimdevroba, romelic Seesabameba Warbi 

paketebis Seyovnebis jamuri drois minimums winaswar mocemuli 

Ci vadebTan mimarTebiT. amasTan TiToeuli m = i1 ÷ i9 Warbi 

paketebisaTvis dauSvaT, rom aseve cnobilia CvenTvis satra-

nzito–sakomutacio N – kvanZis analizatoris procesorSi Warbi 

paketebis damuSavebisaTvis saWiro droiTi Ti sidideebi (saSualo 

droiTi mniSvbelobebis, e.i. analizatorSi damuSavebisaTvis 

saWiro droiTi xangZliobebi), romlebic moyvanilia cxr. 12-Si.  

viTvaliswinebT, ra algoriTm 1 –Si da algoriTm 2 –Si (ix. 

me–3 Tavi) naCveneb pirobebs, analizatoris mier miiReba binaruli 

damokidebulebebis matrica, romelic mocemulia cxr.13–is saxiT. 

 

cxrili 12. analizatoris droiTi xangrZliobebi. 

 

Warbi paketi (i) sakomutacio kvanZis 

procesorSi Warbi 

paketis damuSavebis 

saSualo dro (Ti) 

sakomutacio kvanZis 

gamosasvlel interfeis-

ze Warbi paketebis gasa-

cemi dasaSvebi vada (Ci) 

1 3 13 

2 6 10 

3 55 350 

4 10 27 

5 4 11 

6 6 6 

7 7 15 

8 5 58 

9 58 25 
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cxrili 13. Warbi paketebis optimaluri Tanamimdevroba. 

 
Warbi 
paketis 
rigiTi 

I 

Warbi paketebi 

1 2 3 4 5 6 7 8 9 

1 0 1 1 1 0 0 1 1 1 

2 0 0 1 1 0 0 1 1 1 

3 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 1 1 

5 1 1 1 1 0 0 1 1 1 

6 1 1 1 1 1 0 1 1 1 

7 0 0 1 1 0 0 0 1 1 

8 0 0 1 0 0 0 0 0 1 

9 0 0 1 0 0 0 0 0 0 

     

aRniSnuli matricis analizis safuZvelze analizatori 

“gvirCevs” (ra Tqma unda magaliTisaTvis cxr. 12-ze naCvenebi 

sawyisi mniSvnelobebis mixedviT) satranzito – sakomutacio am N 

– ma kvanZma gamosasvlel interfeisze unda gasces Warbi 

paketebis optimaluri Tanamimdevroba Iopt = <651274983>, romelic 

uzrunvelyofs Seyovnebebis jamuri drois (xangZliobis) 

minimalur mniSvnelobas amave cxr. 12-Si naCveneb dasaSveb 

vadebTan (Ci) mimarTebiT. aqve SeniSvnis saxiT unda aRiniSnos, 

rom cxr. 13-is analizis safuZvelze Iopt = <651274983> 

optimaluri Tanamimdverobebi analizatorma SearCia 

prioritetuli upiratesobiT imis da mixedviT, Tu romeli Warbi 

paketis striqonis gaswvriv aRmoCnda yvelaze meti raodenobis 

“1”-bi (anu rac igivea, piriqiT – yvelaze naklebi “0”-bi). 

magaliTad, yvelaze meti “1”-bi – 8 raodenobis aRmoaCnda rigiT 

me-6 (i6) Warb pakets (anu yvelaze naklebi raodenobis “0”-bi), ris 

gamoc qselis analizatori miiRebs gadawyvetilebas, rom kvanZis 

buferul mexsierebaSi myofi paketebis simravlidan gamosasvlel 

portebze pirvel rigSi unda gaices meeqvse (i6) paketi. 

 



153 

 

#1 eqsperimentSi miRebuli Sedegebis analizi da maTi 

Sefaseba. rogorc dasawyisSi vaCveneT, analizatoris muSaobis 

algoriTmebis Semowmebis mizniT pirobiTad SerCeulia 5 nakadi 

(e.i. magaliTis demonstirebis mizniT simartivisaTvis aRebulia 5 

nakadi. maTi raodenoba pikis saaTebSi realurad SeiZleba iyos 

ara 5, aramed, rogorc vaxseneT, SeiZleba miaRwios ramodenime 

aTeul da aseulsac ki). Cvens SemTxvevaSi pirvel nakadSi 

paketebis siWarbe Seadgens 10-s; meoreSi 7-s; mesameSi 6-s; meoTxeSi 

11-s da mexuTeSi 12-s.  

listing 3.3.1 da cxr. 5-dan Cans, rom (pirveli nakadisaTvis) 

qselis analizatorma Warbi paketebis am 10 raodenobidan SearCia 

umciresi droiTi xangZliobis mqone (kerZod 3 mkwm) paketi da es 

droiTi xangZlioba Tavis operaciul mowyobilobaSi gaamravla 

Warbi paketebis saerTo ricxvze (Warbi paketebis am pirveli 

nakadisaTvis). e.i. 3x10=30 da pirveli Sesakrebis saxiT Seitana 

damgrovebel amjamavSi. amis Semdeg sawyis Warb yvela pakets 

“CamoaWra” umciresi droiTi xangZliobis mqone deitagramebi (e.i. 

analizatoris operaciulma mowyobilobam faqtiurad Caatara 

gamoklebis operaciebi Warbi paketebidan moaxdina mexsierebis 

pirvel zonaSi myofi Warbi paketebis deitagramebis yofnis 

droiTi xangZliobebis mniSvnelobis, e.i. 11_3=8; 5_3=2; 10_3=7; 

8_3=5; 7_3=4; 13_3=10; 15_3=12; 3_3=0; 9_3=6 da 4_3=1) formireba. 

rogorc vxedavT, mexsierebis pirvel zonaSi I iteraciis Sedegad 

darCa ara 10 paketi (rogorc es iyo Tavdapirvelad), aramed 9 

paketi, romelTagan, rogorc maRali prioritetis mqone me-8 

paketi kvanZis gamosasvlel portze gasacemad moaTavsa, anu 

moaxdina mexsierebis pirveli zonis formireba, romelSic 

(buferul mexsierebaSi) unda ganTavsdes 9 paketi. amis Semdeg 

iteraciis procesebi kvlav gaimeora: pirvel zonaSi myofi Warbi 

paketebidan SearCia umciresi xangZliobis mqone (kerZod, mecxre, 

e.i. 1mkwm xangZliobis mqone) da es cifri gaamravla pirvel 

zonaSi darCenili paketebis saerTo raodenobaze, e.i. 1x9=9; 

Semdeg moaxdina meore zonis formireba: 8_1=7; 2_1=1; 7_1=6; 5_1=4; 
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4_1=3; 10_1=9; 12_1=11; 1_1=0 (warmoiqmna carieli simravle) 6_1=5. 

rogorc vxedavT, meore prioritetul zonaSi darCa 8 paketi, 

romelTa deitagramebis droiTi xangZliobebia: 7; 1; 6; 4; 3; 9; 11; 5. 

mesame prioritetuli zomis formirebisaTvis analizatoris 

operaci-ulma mowyobilobam (samravlma mowyobilobam) moaxdina 

meore priorite-tul zonaSi Semavali umciresi deitagramis 

droiTi xangZliobis gamravleba darCenili Warbi paketebis 

saerTo raodenobaze, e.i. 1x8=8, xolo es ukanaskneli kvlav 

moaTavsa buferuli mexsierebis am zonaSi SemdgomSi kvanZis 

gamosasvlel portze gasacemad. amgvarad, mesame prioritetul 

zonaSi darCa paketebis siWarbe, romelTa droiTi xangZli-obebia: 

6; 0; 5; 3; 2; 8; 10; 0; 4; 0. maTgan kvlav amoarCia deitagrama (paketi) 

romlis droiTi xangZlioba umciresia (2mkwm) da gaamravla am 

zonaSi Cawerili paketebis saerTo raodenobaze, e,i, 2x7=14. 

miRebuli es namravli (14) gaagzavna (meoTxe Sesakrebis saxiT 

damgroebel amjamavSi). amis Semdeg moaxdina kvlav am droiTi 

xangZliobis “CamoWra” (Caatara gamoklebis operaciebi) da 

moaxdina Semdegi prioritetuli zonis formireba Semdegi 

darCenili xangZliobebis mqone Warbi paketebiT: 4; 0; 3; 1; 0; 6; 8; 

0; 2; 0. am zonaSi myofi paketebidan kvlav SearCia umciresi 

xangZliobis mqone deitagrama (1mkwm) da gaamravla zonaSi 

darCenili paketebis raodenobaze, e.i 1x6=6 da es namravli mexuTe 

Sesakrebis saxiT daumata damgrovebel amjamavSi myof 

Semcvelobas, e.i. 61 (vinaidan 30+9+8+14=61); amis Semdeg kvlav 

moaxdina am ukanaskneli zonidan umciresis (e.i. 1 mkwm 

xangZliobis mqone) xangZliobis mqone paketebis gamokleba 

(“CamoWra”), mexsierebis momdevno (rigiT mexuTe) zonis 

formirebisaTvis, romlebSic Sevidnen Warbi paketebi droiTi 

xangZliobebiT: 3; 0; 2; 0; 0; 5; 7; 0; 1; 0. amave algoriTmiT 

formirdeba danarCeni prioritetuli zonebi, romlebSic 

gadaadgildnen Warbi paketebi da Seadgines rigebi: 2; 0; 1; 0; 0; 4; 

6; 0; 0; 0 mkwm droiTi xangZliobebiT (meeqvse zona). analogiurad: 

1; 0; 0; 0; 0; 3; 5; 0; 0; 1 (meSvide zona); 0; 0; 0; 0; 0; 2; 4; 0; 0; 0 (merve 
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zona). rogorc vxedavT, am (merve) zonaSi darCa 2 Warbi paketi 

Sesabamisad 2 da 4 mkwm droiTi xangZliobebiT, romelTagan 

analizatori kvlav SearCevs umciress da moaxdens 2x2=4 

namravlis formirebas. am ukanasknelsac kvlav gaagzavnis 

damgrovebel amjamavSi. rogorc vxedavT, mexsierebis bolo 

zonaSi darCa mxolod erTi paketi (droiTi xangZliobiT 2mkwm) 

da namravlis 2x1=2 Sedegi, bolo Sesakrebis saxiT umatebs 

analizatoris damgrovebel amjamavs da masSi saboloo jamma 

Seadgina ricxvi 85 (aRniSnulia igi K1=85). es ukanaskneli 

Semowmebis mizniT aucilebliv unda daemTxvas kvanZis 

interfeisSi Semaval yvela Warbi paketebis jamur droiT 

xangZliobas (aRniSnulia igi K2-iT), winaaRmdeg SemTxvevaSi es 

miuTiTebs imaze, rom zogierTi maTgani buferSi ganawilebisas 

daikarga. Cvens SemTxvevaSi ki, rogorc vxedavT 

K1=11+5+10+8+7+13+15+3+9+4=85. es ukanaskneli mniSvneloba (85) 

daemTxva yvela prioritetul zonaSu ganawilebuli Warbi 

paketebis droiT jamur xangZliobas. e.i. 

K2=30+8+8+14+6+5+4+6+2+2=85 (K1= K2=85 mkwm). rac miuTiTebs imaze, 

rom SemuSavebuli analizatoris algoriTmi muSaobs sworad da 

uSecdomod.  

am eqsperimentma gviCvena, rom warmodgenil naSromSi 

SemuSavebuli es algoriTmi muSaobs koreqtulad.  

algoriTmis swori funqcionireba dasturdeba danarCen 

nakadebSi Semaval Warbi paketebis kvanZis buferSi ganawilebisa 

da gamosasvlel portebze maTi deitagramebis gacemis 

procedurebisaTvisac. (ix. listingebi: 3.3.2, 3.3.3., 3.3.4 da3.3.5. da 

cxrilebi: 6, 7, 8 da 9). 

#2 eqsperimentSi miRebuli Sedegebis analizi da maTi 

Sefaseba. aRniSnuli eqsperimenti asaxavs Warbi paketebis 

dagrovebisa da maTi ganawilebis dinamikas. rogorc zemoT 

SevniSneT, aRniSnuli #2 eqsperimenti warmodgenil naSromSi 

Catarebulia or variantad.  
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varianti 1. Sedgenili iqna cxrili 10 rogorc am 

cxrilidan Cans, am kerZo SemTxvevisaTvis (SeniSvnis saxiT 

aRvniSnoT, rom eqsperiment #2-Si aRebul cifrobriv monacemebs 

da miRebul Sedegebs saerTo araferi aqvT #1 eqsperimentTan, 

romlis cifrobrivi sawyisi monacemebi aRebulia sxva 

mniSvnelobebis mqone magaliTisaTvis, misi demonstrirebis 

mizniT) T=Ti=20 mkwm drois momentisaTvis (e.i. meoTxe i=4 Warbi 

paketis miwodebis droiTi momentisaTvis) kvanZis Sesasvlel 

interfeisSi dagrovda da Semdeg analizatoris mier satranzito-

sakomutacio kvanZis buferul mexsierebaSi ganTavsda i=m=4 Warbi 

paketi. am 4 Warbi paketidan i1 paketisaTvis kvanZis procesorze 

miwodebis droiTi momenti pirobiTad CaTvlilia 0-is tolad, e.i. 

ti1=0 mkwm. procesorSi damuSavebis dro Seadgens Ti1=5 mkwm. 

analizatoris mier prioritetul rigSi Casayeneblad buferul 

mexsierebaSi yofnis dro Seadgens 45 mkwm-s, xolo am Warbi 

paketis dayovnebis wona udris 1-s. danarCeni i2, i3 da i4 Warbi 

paketebis analogiuri parametrebis mniSvnelobebi naCvenebia 

cxr.10 -Si. 

aRniSnul satranzito-sakomutacio kvanZSi yofnisas (rac 

gaigivebulia kvanZis analizatorSi damuSavebisaTvis saWiro 

drosTan), Seyovnebis droiTi xangZlioba i-uri Warbi paketebis 

simravlidan i1 Warbi paketisaTvis (romelic dgas, davuSvaT S-ur 

adgilze paketebis TanamimdevrobaSi, e.i. rigSi), analizatoris 

programuli uzrunvelyofis daxmarebiT, romelic Sedgenilia 

amave TavSi moyvanili Sesabamisi analizuri gamosaxulebis 

safuZvelze, analizatoris procesori gansazRvravs i-uri Warbi 

paketebis optimalur Tanamimdevrobas, romelsac dauyovnebliv 

gascems (analizatoris procesori) N-uri satranzito-

sakomutacio gamosasvleli interfeisis portebze.  

varianti 2. eqsperimentis am variantisaTvis cifrobrivi 

monacemebi moyvanilia cxr.12-Si da cxr.13-Si. maT safuZvelze 

vmsjelobT, rom kvanZis analizatori gamosasvlel portebze 

gascems Warbi paketebis optimalur Tanamimdevrobas, romelic 
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Seadgens Iopt = <651274983>, vinaidan Warbi paketebis ganawilebisas 

sakomutacio kvanZSi Seyovnebebis jamuri xangZliobebi am 

krebulisaTvis minimaluri mniSvnelobisaa cxr.12-Si miTiTebuli 

drois dasaSveb Ci vadebTan mimarTebiT.  

warmodgenili naSromis daskvniT nawilSi kvlav aRvniSnoT, 

rom sainformacio hiper-sivrceSi sxva sakomunikacio 

saSualebebTan SedarebiT kompiuteruli qselebis gamoyenebas 

ukavia gansakuTrebuli adgili, vinaidan Tanamedrove 

momxmareblebisaTvis isini warmoadgenen multimediuri formiT 

servisis momcem unikalur saSualebas. maT gareSe dReisaTvis 

ukve Znelad warmosadgenia nebismieri civilizebuli adamianis 

yoveldRiuri piradi Tu samsaxureobrivi saqmianoba. qselebis 

normaluri funqcionirebisaTvis metad did rols TamaSobs 

sxvadasxva teqnikuri gadawyvetisa (aparaturuli, programuli Tu 

kombinirebuli _ aparaturul-programuli saxiT) da qselebSi 

maTi, aseve sxvadasxva funqciuri daniSnulebis analizatorebi, 

romlebic Tavis mxriv xels uwyoben kompiuteruli qselis 

muSaobis maRalefeqturobiT warmarTvas.  

kompiuteruli qseluri sistema metad rTuli sakomunikacio 

meqanizmia, amitom misi funqcionaluri reJimebis koreqtuli 

warmarTvi-saTvis (e.i. qselis gamarTuli saimedo muSaobisa da 

momxmareblis momsaxurebis xarisxis maRali doniT 

miRwevisaTvis) qseluri analizatorebis efeqtur gamoyenebas 

xSirad gadamwyveti rolic ki akisriaT. am kuTxiT aRniSnul 

paragrafSi xazi gavusvaT optoeleqtronuli analizatorebis 

perspeqtiuli gamoyenebis mniSvnelobas kompiuteruli qseliT 

QoS (Quality of Service) momsaxurebis maRali xarisxiT warmarTvis 

uzrunvelyofas.  

sakamaTo ar aris imis mtkiceba, rom kompiuteruli qselis 

maRalefeqturi gamoyeneba saWiroebs sxvadasxva saxis 

samomxmareblo programuli damatebebis ZiriTadi sarealizacio 

moTxovnebis maqsimalur dakmayofilebas (ra Tqma unda qseluri 

teqnologiebis ganviTarebaSi amJamad miRweuli donis 
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gaTvaliswinebiT). kompiuteruli qseluri sistemebis 

srulyofilebis gzaze yoveli Semdgomi gaumjobesebuli 

versiebis saxiT ZiriTadi mamoZravebeli Zala yovelTvis iyo, 

aris da darCeba momavalSic, zemoTnaxsenebi samomxmareblo 

programebis (gamoyenebiTi damatebebis) arealis gafarToeba 

sakomunikacio operaciebis efeqturi warmoebis ZiriTadi 

moTxovnebis maRali xarisxiT dakmayofileba. am mizans 

emsaxureba, agreTve, qselis analizatorebis (maT Soris metad 

swrafqmedi, optoeleqtronuli saxis analizatorebis) funqciebis 

gafarToebis SesaZleblobebis miRwevac, raTa srulyofili saxiT 

gamoikveTos upiratesobebi da maTi gamoyenebis perspeqtiuli 

mxareebi sakomunikacio mowyobilobebis (gansakuTrebiT ki axali 

Taobis) ganviTarebis gzaze. 

warmodgenil sadisertacio naSromSi SemuSavebuli 

optoeleqtronuli analizatoris calkeul realizaciebs am 

kuTxiT eqnebaT maTi farTo gamoyenebis Semdgomi perspeqtivebi, 

gamomdinare upirveles yovlisa sizustis, maTi swrafqmedebisa 

da optikuri siCqariT sakontrolo operaciebis warmarTvis 

teqnikuri SesaZleblobebidan, romlebic uSualo kavSirSia QoS 

momsaxurebis ZiriTadi kriteriumebis dasakmayofileblad. esenia:  

1) kompiuteruli trafikis saWiro siCqareebis winaswari 

ganWvreta samomxmareblo operaciebis calkeuli 

realizaciebisaTvis; 

2) paketebis Seyovnebebis mimarT qselis mgrZnobelobis 

swrafi gansazRvra samomxmareblo programebis 

moTxovnebTan maTi Sesabami-sobebis operatiuli dadgenis 

mizniT; 

3) qselis mgrZnobelobis Sefaseba paketebis damaxinjebis an 

danakargebis mimarT. 

aRniSnuli kriteriumebis maqsimalur gamovlenas 

uzrunvelyofs qselis momsaxurebisaTvis gankuTvnili 

optoeleqtronuli saxis analizatorebi, romlebic qselis 

muSaobis periodSi gaakontroleben maTi (kriteriumebis) 
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Sesabamisi parametrebis Sesrulebis dones, romelTa erToblioba 

mogvcems qselis momsaxurebis QoS xarisxis saerTo suraTs. am 

parametrebidan, upirveles yovlisa, saWiroa aRiniSnos:  

_ kompiuteruli qseluri sistemis gamtarunarianobis 

parametrebi 

aseT parametrebs miekuTvneba monacemTa paketebis gadacemis 

minima-luri, saSualo da maqsimaluri (pikuri) siCqareebi, 

romelTa operatiul gansazRvrasa da maT analizs mimdinare 

situaciebisaTvis uzrunvelyofs qselis analizatorebi. 

optoeleqtronuli analizatorebis daxmarebiT dadgindeba 

paketebis Seyovnebebis Sesabamisi umeteswilad ki saSualo da 

maqsimaluri sidideebi. aseve isini (analizatorebi) 

uzrunvelyofen Seyovnebebis variaciebis (gadacemis siCqareebis 

cvlilebebis) saSualo da maqsimalur mniSvnelobebis 

gansazRvras, e.i. trafikis mimdinareobisas daafiqsireben 

gadacemul paketebs Soris intervalebis erTmaneTisgan 

gadaxrebs. anu ufro gasagebad rom vTqvaT, gansazRvraven hostis 

mimReb kompiuterebSi Semaval trafikSi paketebSorisi 

intervalebis gadaxrebs wyaro-kompiuterebidan gamogzavnil 

paketebSorisi intervalebidan. yovelive es ki metad 

mniSvnelovania iseTi servisebis efeqturi realizaciebisaTvis, 

romlebic mimdinareoben realur droSi. 

_ paketebis gadacemis saimedoobis parametrebi 

optoeleqtronuli analizatori aseTi parametrebis 

analizisas igi Zalze mcire droSi gansazRvravs dakarguli (an 

damaxinjebuli) paketebis procentul maCveneblebs da 

operatiulad acnobebs mimReb mxares.  

cxadia, analizatorebis mier yvela am parametrebis 

gansazRvrisas (gavixsenoT Cveni SeniSvna imis Sesaxeb, rom yvela 

am parametris Sefaseba mTlianobaSi gvaZlevs QoS momsaxurebis 

xarisxis saerTo suraTs) metad mniSvnelovania Tu drois ra 

periodSi izomeba isini. aseve cxadia, rac ufro naklebia es 

periodi, miT ufro mkacria momsaxurebis xarisxis gakontroleba 
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da qselis analizatori Tu ver akmayofilebs Sesabamisi 

swrafqmedebis moTxovnebs, Zneldeba QoS – is saTanado donis 

SenarCuneba maT mier gaanalizebuli qselisaTvis. am kuTxiT 

(swrafqmedebis TvalsazrisiT) optoeleqtronuli analizato-

rebis gamoyeneba metad perspeqtiulia. 

qselis analizatoris monacemebi did rols TamaSoben 

momxmare-blebsa da qseluri servisis mimwodebel provaiderebis 

urTierTobebSi (rogorc cnobilia, am urTierTobebis dros 

yovelgvari SeTanxmeba maT Soris formdeba saxelSekrulebo 

oqmebiT). qselis provaiderebs urCevniaT imsjelon qselis 

Tviuri maxasiaTeblebis SeTanxmebebze. amave dros didi 

mniSvneloba eniWeba TviT qseluri teqnologiebis gamoyenebasac. 

magaliTad, SLA (Service Level Agreement _ SeTanxmeba momsaxurebis 

donis Sesaxeb) SeTanxmebebSi QoS _ momsaxurebaSi siZneleebis 

warmoqmnisas provaiderebi, romlebsac aqvT QoS _ is mZlavri 

saSualebebi (magaliTad, frame relay da ATM teqnologiebis mqone 

qselebSi), iyeneben ra Sesabamisi analizatoriT qselis 

operatiuli gakontrolebis SesaZleblobebs, garantias iZlevian 

uzrunvelyon qselis zemoTnaxsenebi parametrebis Sesruleba 

ramodenime wamiani drois intervalebSic ki.  

amgvarad, optoeleqtronuli analizatorebis gamoyeneba 

metad perspeqtiulia upirveles yovlisa ZiriTadad imiT, rom 

maT mier dadgenili qselis parametrebi Zalze swrafad, drois 

umokles periodebSi, realurad daaxasiaTeben trafikis 

SesaZleblobebs monacemTa paketebis gadacemis sxvadasxva 

xarisxiT momsaxurebisas. magaliTad, Tu momxmarebels surs 

moaxdinos Tavisi samomxmareblo programis (naxsenebi, rogorc 

programuli damateba) realizacia N mudmivi siCqariT, SLA 

SeTanxmebis xelSekrulebis dadebisas provaiderTan, am 

momxmarebelma Tavis Tavze unda aiRos valdebuleba, rom Tavisi 

programuli damatebis realizaciebis dros (monacemTa 

gadacemebisas Tavisi saqmianobebidan gamomdinare) dakavebulma 

trafikma ar unda gadaaWarbos SeTanxmebaSi miTiTebul N 



161 

 

siCqares. amasTan provaiderma Tavis mxriv unda misces 

momxmarebels imis garantia, rom qselma unda uzrunvelyos 

gamtarianobis saWiro minimaluri sidide, micemuli momxmareblis 

SemoTavazebuli damatebis sarealizaciod, Tanac im siCqariT, 

romelic ar iqneba N siCqareze naklebi. yovelive amis 

gasakontroleblad ki metad saWiroa Sesabamisi analizatoris 

(swrafqmedebis TvalsazrisiT gamoyeneba). 

metad perspeqtiulia optoeleqtronuli analizatoris 

gamoyeneba, agreTve, pulsirebuli trafikis maxasiaTeblebis 

Sefasebisas (raTa isev da isev imisaTvis, rom operatiulad 

ganisazRvros momsaxurebis saWiro QoS _ xarisxi momxmareblis 

monacemTa gadacemebisas). aseT dros (trafikis pulsaciebis 

dros) Sesabamisi analizatorebiT momsaxurebis xarisxis 

gansazRvrisas, isini avlenen im saSualo da minimalur 

siCqareebs, romlebic saWiroa damatebebis realizaciisas 

pulsaciebis periodSi. rogorc wesi, aseT dros SeTanxmebebis 

gaformebis dros maTSi aRniSnuli unda iyos pulsaciis 

maqsimaluri dro, romlis ganmavlobaSi momxmareblis damatebas 

neba eZleva gadasces Tavisi monacemebi maqsimaluri siCqariT an 

gansazRvros monacemTa maqsimaluri moculoba, romlis 

gadacemac SesaZlebelia pulsaciebis daSvebiT. aseTi zeswrafi 

optoeleqtronuli analizatorebis gamoyeneba ki iZleva ufro 

gazrdil SesaZleblobebs, anu isini operatiulad gaanalizeben 

siCqaris micemul minimalur da maqsimalur sazRvrebs, anu sxva 

sityvebiT rom vTqvaT, isini (optoeleqtronuli analizatorebi) 

gaarkveven eZleva Tu ara garantirebuli gamtarunarianoba 

momxmareblis damatebas minimaluri sazRvris im doneze, 

romelic sakmarisia misi damakmayofilebeli 

funqcionirebisaTvis, xolo amave dros momxmarebelma ki Tavis 

Tavze unda aiRos (esec aRniSnuli unda iyos momxmarebelsa da 

provaiders Soris SLA SeTanxmebis gaformebisas) ar warmoqmnas 

trafiki (e.i. ar gaagzavnos Tavisi saqmianobisaTvis saWiro 

monacemebi) im siCqariT, romelic aRemateba maqsimalur sazRvars, 
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dadgenils provaideris mier. amgvarad kompiuteruli qselebis 

momavali Taobis realizaciebSi optoeleqtronuli 

analizatoris gamoyeneba metad perspeqtiulia imiTac, rom 

SesaZlebelia nebismier dros gakontroldes SLA SeTanxmebis 

pirobebis Sesruleba momxmarebelsa da servis-provaiders Soris, 

raTa maT gaawyon TavianTi programuli da aparaturuli 

saSualebebi qselis zemoTnaxsenebi QoS – momsaxurebis 

parametrebis uzrunvelyofis mizniT. 

 

Ddaskvnebi me-3 Tavis mixedviT 

 

qseluri sistemis optimaluri momsaxurebis mizniT 

SemuSavebulia pikis saaTebSi dagrovili Warbi klient–

serveruli paketebis sakomutacio kvanZidan qselis arxebSi 

gacemis regulirebis efeqturi algoriTmebi. kerZod, 

SemoTavazebulia kvanZis mravalprocesorul komutatorebSi 

buferuli mexsierebis gaerTianebuli sivrcis Seqmnisa da 

SemdgomSi misi prioritetul zonebad dayofis meTodi Warbi 

paketebis droebiTi efeqturad ganTavsebis mizniT. 

SemoTavazebulia, kompiuteruli qselis arxebSi gadasacemi Warbi 

paketebis woniTi koeficientebis SemoRebisa da analizatoris 

procesoris mier maTi cikluri gamokiTxvis meTodi. 

SemuSavebulia specanalizatoris mier Warbi paketebis 

satranzito kvanZis gamosasvlel portebze gacemis rigiTobis 

regulirebis efeqturi algoriTmebi. Kvlevis didi nawili 

daTmobili aqvs qseluri sistemis momsaxurebis 

specanalizatoris muSaobis algoriTmebis eqsperimentul 

Semowmebasa da eqsperimentSi miRebuli Sedegebis Sefasebas.  
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D d a s k v n a  

warmodgenil naSromSi Catarebuli kvlevis mixedviT 

miRebulia Semdegi ZiriTadi Sedegebi: 

1. formulirebulia satelekomunikacio kompiuteruli 

qseluri sistemebis teqnikuri da teqnologiuri momsaurebis 

ZiriTadi moTxovnebi. aRniSnulia qselebSi maRali intensiobis 

trafikis warmoqmnisas paketebs gadacemis efeqturi marTvis 

ZiriTadi siZneleebi.  

2. dasabuTebulia qselis muSaobis pikuri droiTi 

momentebisaTvis sistemis datvirTvis intensiobis gansazRvrisa 

da mis kvanZebSi dagrovili paketebis gadacemis simravlis 

regulirebisaTvis specializirebuli aparaturul – programuli 

saSualebis SemuSavebis aqtualuroba. 

3. SemuSavebulia didi qseluri gaerTianebisas mis 

sakomutacio interfeisebSi Warbi paketebis gadacemis efeqturi 

momsaxurebis axali strategiuli midgoma maT satranzito 

kvanZebSi aseTi paketebis Seyovnebis jamuri droiTi 

xangZliobebis winaswari gaanalizebis safuZvelze. 

4. SemuSavebuli da eqsperimentulad Semowmebulia 

satelekomunika-cio kompiuteruli qseluri sistemis trafikis 

siWarbis maregulirebli algoriTmebis muSaunarianoba, romelic 

adasturebs misi gamoyenebis maRalefeqturobas. 

5. SemoTavazebulia qseluri satelekomunikacio kompiuteru-

li sistemis Warbi datvirTvebis momsaxurebis dros sakomutacio 

kvanZebis buferuli mexsierebis gaerTianebuli sivrcis Seqmna da 

SemdgomSi misi prioritetul zonebad dayofa interfeisebSi pik-

is saaTebSi dagrovili paketebis droebiTi ganTavsebisaTvis. 

SemoTavazebulia, agreTve, kvanZis gamosasvlel portebze pakete-

bis gacemis rigiTobis woniTi koeficientebis SemoRebisa da 

gamoyenebisaTvis. 

6. SemuSavebulia Warbi paketebis kontrolis axali meTodi 

da mexsierebaSi maTi ganawilebis axali meqanizmi, rac zrdis 
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qseluri sistemis teqnikuri da teqnologiuri momsaxurebis 

dones.  

7. Catarebulia kompiuterul qselur sistemaSi monacemTa 

gadacemis momsaxurebis axali strategiuli midgomis 

eqsperimentuli Semowmeba interfeisul kvanZebSi dagrovili 

Warbi paketebis droiTi xangZliobebis mixedviT. eqsperimentis 

Sedegebi adasturebs misi gamoyenebis efeqturobas warmoqmnili 

gazrdili datvirTvis dros qselebis globaluri gaerTianebis 

SemTxvevebSi. 
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