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reziume 

ganxilulia globaluri kompiuteruli qselis gadatvirTul reJimebSi muSaobisas 
gadasacemi Warbi paketebis Seyovnebis droiTi xangrZlivobebis gansazRvris efeqturi 
meTodebi da saSualebebi. SemoTavazebulia pikis saaTebSi qselis satranzito komutatorebis 

interfeisebSi dagrovili klient-serveruli paketebis buferul mexsierebaSi optimaluri 
ganawilebis marTviTi procedurebis axali midgomebi. 

sakvanZo sityvebi: globaluri kompiuteruli qseli, Warbi paketebi, droiTi 
xangrZlivobebis gansazRvra, mexsierebaSi optimaluri ganawilebebis marTva. 

1. Sesavali 

kompiuteruli qselebis globaluri gaerTianebisas hostis erT mxareze mdebare 

serveruli kompiuterebidan meore mxareze myof mimRebis (klientis) kompiuterebamde 
paketebs gadacemisas uxdebaT mravalricxovani Sualeduri satranzito-sakomunikacio 
kvanZebis gavla. cxadia, aseTi kvanZebis raodenoba marSrutis gzaze rac ufro didia, miT 
ufro meti droa saWiro paketebis momxmareblamde misatanad (e.i. maTi eleqtronuli 
transportirebisaTvis). cxadia, Tu romelime satranzito monakveTSi paketebis droulad 
gavlas Seeqmna raime dabrkoleba, es qmnis damatebiT problemebs maT droul gadacemebSi. 

erT-erT aseT dabrkolebas warmoadgens satranzito kvanZebis interfeisebSi (kvanZebis 
Semaval portebze) Warbi paketebis dagroveba, romelic sxva mizezebis garda (magaliTad, 
dabalsiCqariani komutatorebis arseboba tranzitul monakveTebSi), gamowveulia servisuli 
“moTxovna-pasuxebis” Semcveli paketebisa da TviT satranzito kvanZebis globalur qselSi 
uaRresad didi raodenobis gamo (gansakuTrebiT servisis mimwodebeli serverebisa da maTi 
momxmareblebis-klientebis geografiulad erTmaneTisagan globaluri manZilebiT daSorebuli 

SeerTebebis dros, maT Soris SDH satelekomunikacio teqnologiebis gamoyenebis 
SemTxvevebSic). 

albaToba (paketebis gadacemebSi dagvianebis) ufro izrdeba da igi Zalze SesamCnevi 
xdeba (servisuli paketebis miReba-Cabarebis droiTi xangrZlivobis TvalsazrisiT), rodesac 
marSrutis gzaze Semxvedr romelime satranzito kvanZSi (an kvanZebSi) adgili aqvs 
gadasacemi paketebis didi simravlis (siWarbis) warmoqmnas, anu maT dagrovebas satranzito 

kvanZis interfeisebSi, magaliTad, marSrutizatoris Semaval portebze. 
yvelasaTvis cxadia, rac ufro dro gadis miT ufro popularuli xdeba qselis 

daxmarebiT kompiuteruli servisebis miReba da moxmareba, romelTa raodenoba dRiTi-dRe 
izrdeba da mravalferovani xdeba. es ukanaskneli ganapirobebs kompiuteruli qselis 
momxmarebelTa raodenobis mkveTr gazrdas, rac Tavis mxriv amaRlebs qselis satranzito 
kvanZebSi gasanawilebeli (momxmarebelTa misamarTebis mixedviT) nakadebis Tavmoyras, e.i. maTi 
intensiobis mkveTr amaRlebas. paketebis didi simravlis warmoqmnas bolo periodSi (da 
uaxloes momavalSi savaraudod ufro mwvaved) xels uwyobs isic, rom servisis mimwodebel 
serverebTan teqnikuri TvalsazrisiT SeRweva (wvdoma)  kompiuterebis garda SeuZliaT 
mobiluri telefonebis mflobelebsac (igulisxmeba bolo Taobis telefonebis teqnikuri 

SesaZleblobebi), anu sxva sityvebiT rom vTqvaT, aseT telefonebs SeuZliaT SeiTavson 
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qselis muSa sadgurebis funqciebic da maTi daxmarebiT ganaxorcielon qselis servisul 

(amJamad ZiriTadad sainformacio-sacnobaro) mowyobilobebTan urTierTqmdeba. maTi (mobiluri 
telefonebis) raodenoba ki cxadia, msoflio masStabiT milionobiTaa, rac Tavis mxriv 
damatebiT xels uwyobs globaluri qselis satranzito kvanZebSi Warbi datvirTvebis 
warmoqmnas. aseve cxadia, rom Warb paketebs Tan sdevs gadatvirTul reJimebSi qselis 
muSaobis moxvedris albaTobis zrda [1] . 

kompiuterul qselSi yovelgvari gadatvirTvebi anelebs sistemis swrafqmedebas. 

sistematiuri saxis amgvari mdgomareobis gamo SesamCnevad ecema misi warmadobac (amgvar 
mizezebs SeuZliaT misi nawilobrivi an ukidures SemTxvevaSi mTliani qselis paralizebac 
ki). aqedan gamomdinare Zalze aqtualur mniSvnelobas iZens yovelgvar gadatvirTvebTan 
brZola. saWiroa qselis momsaxurebis ufro qmediTi da efeqturi meTodebis SemuSaveba, 
vinaidan es ukanaskneli (efeqturi transportirebis meTodebi) did gavlenas axdens qselis 
muSaobis saimedoobis xarisxzec. 

Zalze mniSvnelovania paketebis didi simravleebis gadacema-miRebis meTodebsa da 
teqnikur saSualebebSi axali, arsebulTan SedarebiT ufro efeqturi midgomebis SemuSaveba. 
maT Sorisaa satranzito-sakomutacio kvanZebSi Warbi paketebis ara marto raodenobebis 
daTvla (amas warmatebiT axerxebs, magaliTad, Novell-is  NCC LANanalyzer, an  LANanalyzer for 
Windows qseluri analizatorebi), aramed maTTvis (analizatorebisaTvis) iseTi funqciebis 
miniWebac, rogoricaa satranzito kvanZis interfeisebSi dagrovili Warbi paketebis droiTi 
xangrZlivobebis gansazRvra, romelic amJamad momqmed analizatorebs amgvari unari 
samwuxarod ar gaaCniaT. aseve metad mniSvnelovania prioritetulobis TvalsazrisiT 
kvanZebidan Warbi paketebis efeqturi Senaxva (gansakuTrebiT pikis saaTebSi dagrovili Warbi 
paketebis ganTavseba sakomutacio komutatorebis buferul mexsierebaSi) da arxebSi 

(kavSiris sakomunikacio xazebSi) maTi gacemis rigiTobis (ganawilebis) ukeT regulireba-
marTva, vidre es dRes-dReobiT xerxdeba. 

Warbi paketebis simravlis droiTi xangrZlivobis gansazRvra, maTi winaswari 
gaanalizeba (amisaTvis saWiroa axali meTodebisa da saSualebebis SemuSaveba  da danergva 
aseT analizatorebSi) da ganawilebis dros maTi mxedvelobaSi miReba, uaRresad did 
mniSvnelobas SeiZens qselis meSveobiT paketebis miReba-gagzavnis procedurebis daCqarebaSi. 

aRniSnuli problemebis gadawyvetis zogierT meTodebze da saSualebebze gveqneba saubari 
warmodgenili statiis momdevno, ZiriTad nawilSi. 

2. ZiriTadi nawili 

zemoT, warmodgenili statiis SesavalSi, aRniSnuli gvqonda is ZiriTadi garemoeba, 
romlis mizeziTac qselis muSaobaSi gadatvirTuli reJimebis warmoqmna iwvevs Tanmdev 
problemebs, maT Soris yvelaze mTavars – mcirdeba sistemis swrafqmedeba da mkveTrad ecema 
qselis warmadoba (kerZod, Cvens mier zemoT naxsenebi servisebis magaliTisaTvis – mcirdeba 
qselis mier Sesrulebuli aseTi servisebis raodenobis miwodeba momxmareblebisaken drois 
erTeulSi). amgvari movlenebi, rogorc aRvniSneT, gansakuTrebiT SesamCnevia qselis 

datvirTvis pikis saaTebSi. 
paketebis Cabarebis dro gamgzavnidan mimRebamde ganisazRvreba Semdegi gamosaxulebidan: T Cab = t   1V   + 1N  V                                                                      (1)

 
    

sadac V      ,    V        - qselis satranzito kvanZebs Soris paketebis gadacemisaTvis           
saWiro signalebis Sesabamisad minimaluri da maqsimaluri siCqareebia; 
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N         - paketebis Semcveli deitagramebis raodenoba; N         - satranzito kvanZebis raodenoba qselSi, romelTa gavliTac paketi miaRwevs 
momxmareblamde; t         - satranzito kvanZebs Soris sakomunikacio xazebSi paketebis gavlis droiTi 
xangrZlivoba;     -  satranzito arxebis raodenoba wyaro-kompiuteridan mimReb kompiuteramde. 

cxadia, martivi SemTxvevisaTvis, Tu adgili aqvs  N  = 1, maSin paketi gadaicema 

erTjeradad da srulad, xolo Tu N  ≠ 1  , maSin adgili aqvs paketis Semcveli calkeuli 
nawilebis gadacemas (maT Soris gadacemas sxvadasxva kvanZis komutaciiT). 

(1) gamosaxulebidan cxadad Cans, rom paketebis Cabarebis T Cab - dro didadaa 
damokidebuli marSrutis sakomutacio gzaze arsebuli satranzito kvanZebis, rogorc 

raodenobaze (N-ze), ise am kvanZebze paketis gavlis droiT xangrZlivobaze ( t    ), 
romelzedac uSualo gavlenas axdens kvanZSi (kvanZebSi) paketebis Seyovnebis droiTi 
xangrZlivobebi. 

rogorc SesavalSi aRvniSneT, Zalze didi mniSvneloba eniWeba iseTi qseluri 

analizatorebis SemuSavebas, romlebic satranzito kvanZebis Warbi paketebiT datvirTvebisas 
gansazRvraven ara marto kvanZis Semaval interfeisSi dagrovili paketebis raodenobas 
(rogorc SevniSneT qselis muSaobis pikis saaTebSi Warbi datvirTvebis dros), ise am Warbi 
paketebis satranzito kvanZSi (kvanZebSi) maTi Seyovnebis drois xangrZlivobasac (maT Soris 
Warbi paketebis Seyovnebis jamur xangrZlivobasac). am mizniT [2]-Si SemuSavebulia 
specializebuli optoeleqtronuli analizatori, romlis erT-erTi ZiriTadi funqciaa (im 

funqciebis garda, romelic mdgomareobs kvanZis interfeisebze miwodebuli Warbi paketebis 
raodenobis daTvlasTan), agreTve, Warbi paketebis droiTi xangrZlivobebis gansazRvra da am 
parametris gaTvaliswineba kompiuteruli trafikis marTvaSi, raTa maqsimalurad Seuwyos 
xeli trafikis pulsaciebis regulirebas [3] .   

optoeleqtronul analizators unda gaaCndes Warbi paketebis deitagramebis droiTi 
xangrZlivobebis gansazRvris mowyobilobebi, maT Soris paketebis droiTi xangrZlivobebis 

urTierT Sedarebisa (met-naklebobaze) da Semkrebi (amjamavi) mowyobilobebic (amaT garda 
“inteleqtualur” analizatorebs unda gaaCndeT sxva operaciuli mowyobilobebic, romlebic 
warmodgenil statiaSi ar aris ganxiluli). 

optoeleqtronuli amjamavi mowyobilobis erT-erTi struqturuli varianti naCvenebia 
1-el naxazze. masSi gamoyenebulia optoeleqtronul principze da elementebze agebuli 
mravalfunqcionaluri modulebi, romlebic Sedgebian regeneraciul reJimSi momuSave 
optronebisagan. isini amjamavSi gaerTianebuli arian registrebis (erTeuli, aTeuli, aseuli 
da a.S.) saxiT, romlebic axdens Warb paketebSi Semavali deitagramebis matarebeli optikuri 
signalebis droiTi xangrZlivobebis dafiqsirebas da ajamvas saindikacio funqciebTan erTad 
(es registrebi mravalfunqcionaluri optoeleqtronuli modulebia (mfoem)). 

am naxazze warmodgenili amjamavi optikuri signalebis droiT xangrZlivobebs 
afiqsirebs aTobiTi Tvlis poziciur sistemaSi. optikuri signalebi (ufro zustad, 
optikuri signalebis droiTi xangrZlivobebi) miewodeba amjamavis yvelaze umcros pirvel 
Tanrigs, romlis optronebic afiqsireben droiT xangrZlivobebs aTobiTi cifrebiT (1-dan 9-
mde). amasTan, Tu droiTi xangrZlivoba gadaavsebs pirvel Tanrigs (e.i. aRemateba aRgznebuli 

optronebis 9-ze met raodenobas), maSin gadatanis wredi aRagznebs ufrosi Tanrigis (e.i 
amjamavis meore, aTobiTi registris) pirvel optrons, gaanulebs ra imav droulad pirvel 
TanrigSi Semaval yvela optrons. amgvarad,  amjamavi daafiqsirebs Sesasvlelze miwodebuli 
optikuri signalis droiTi xangrZlivobis amsaxvel aTobiT sidides 10-s da a.S. droiTi 
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xangrZlivobebis dafiqsirebis amgvari procedurebi grZeldeba paketis droiTi xangrZlivobis 

damTavrebamde. 

 
nax.1 

 
magaliTisaTvis kvlav aRvniSnoT Semdegi mdgomareoba: Tu pirveli modulis 

Sesasvlelze moqmedi optikuri signalis droiTi xangrZlivoba aRemateba 10-s (magaliTad,  
10 nanowams, Tu erTi optronis swrafqmedeba dauSvaT aris 1 nanowm-i), da vTqvaT Seadgens 
12 nanowams, maSin am paketis (an deitagaramis) droiTi xangrZlivobis gazomvis damTavrebisas 

misi optikuri signalis amjamavis Sesasvlelze miwodebis Semdeg aTeulovan (meore) 
registrSi agznebuli darCeba pirveli optroni (romelic asaxavs cifr 10-s aTobiTi Tvlis 
sistemaSi), xolo erTeulovan registrSi (mfoem-Si) agznebuli darCeba 2 optroni. 
amjamavi daafiqsirebs aTobiT orTanriga cifrs 12-s, romelic adeqvaturia 12 nanowamis 
droiTi xangrZlivobis da kidev, Tu magaliTad, deitagramis droiT xangrZlivoba aRemateba 
sidides 19-s (rac adeqvaturia amjamavis im mdgomareobis, roca agznebulia meore Tanrigis 

pirveli optroni, xolo erTeulovan registrSi (mfoem-Si)-cxrave optroni). droiTi 
xangrZlivobis Semdgomi gazrdis dros (magaliTad 30-mde sididis) amjamavSi aRigzneba 
pirveli optroni mesame TanrigSi, ganuldeba ra imav dros yvela optroni pirvel 
erTeulovan registrSi da amjamavi daafiqsirebs 30 nanowamis droiT xangrZlibobas.   
analogiurad SeiZleba gaizomos sxva Warbi paketic (paketebic). 
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pikis saaTebSi Warbi paketebis (deitagramebis) buferSi efeqturi ganTavsebisaTvis, 

komutatoris saWiro mexsierebis moculobis gamoTvlas optoeleqtronuli analizatori 
awarmoebs Semdegi mmarTveli algoriTmis mixedviT: 

biji-1. analizatori daiTvlis kvanZis Sesasvlel interfeisSi dagrovili Warbi 

paketebis saerTo raodenobas da daafiqsirebs am raodenobas sawyisi mTvlelis registriT. 
biji-2. interfeisSi dagrovili Warbi paketebis raodenobidan analizatoris 

operaciuli mowyobiloba (procesori) amoarCevs iseT pakets (an paketebs), romlebsac 
gaaCniaT yvelaze naklebi (da erTnairi mniSvnelobis) droiTi xangrZlivoba. martivad rom 
vTqvaT, am Warbi paketebidan SearCevs yvelaze mokles, rac adeqvaturia aseTi mokle paketis 
(paketebis) Semcvleli deitagramebis ricxvs. 

biji-3. mokle paketis deitagramebis ricxvs amravlebs sawyisi Warbi paketebis (sawyis 
simravleSi) saerTo raodenobaze da miRebuli namravli pirveli Sesakrebis saxiT Seaqvs 
analizatoris damgrovebel amjamavSi. es namravli gansazRvravs buferuli mexsierebis 
pirveli zonis moculobasac.  

biji-4. Warbi paketebis sawyis simravleSi Semaval TiToeuli paketis zomas 
analizatori gamoaklebs mokle paketis zomas (e.i. mokle paketis Semcveli deitagramebis 
raodenobas) da amgvari gziT miRebuli TiToeuli paketis sxvaobebiT qmnis (aformirebs) 
Warbi paketebis meore simravles da a.S. 

biji-5. momdevno ciklSi mniSvnelobebis formirebisaTvis analizatoris 1-4 
procedurebi ciklurad meordeba manam, sanam bolo simravleSi (Warbi paketebis bolo 
simravleSi) ar darCeba 0 an mxolod erTi Warbi paketi mainc, romlis mniSvnelobac 
rogorc bolo Sesakrebi, Seitaneba analizatoris damgrovebel amjamavSi. 

biji-6. analizatoris damgrovebeli amjamavis gamosasvlelze avtomaturad formirdeba 

Warbi paketebis jamuri xangrZlivobebi, amasTan damgrovebel amjamavSi Sesakrebis saxiT 
namravlis raodenoba miuTiTebs buferis mexsierebis sivrceSi Semaval im zonebis zust 
raodenobas (anu saWiro mexsierebis moculobas), sadac unda ganTavsdnen satranzito kvanZSi 
dagrovili Warbi paketebis deitagramebi. 

biji-7. aRniSnul bijSi sruldeba Warbi paketebis sakontrolo operaciebi, romlebic 
exeba satranzito komutatoris buferul mexsierebaSi maT konkretul ganTavsebas, an am 

mexsierebidan paketebis swor gadacemas satranzito kvanZis gamomaval interfeisze. 
kontrolis arsi mdgomareobs imaSi, rom biji 1-ze formirebuli (e.i. sawyisi mTvlelis 
gamomaval interfeisze) mniSvneloba aucilebliv unda daemTxvas damgrovebeli amjamavis 
gamosasvlelze avtomaturad formirebuli jamis mniSvnelobas. winaaRmdeg SemTxvevaSi 
analizatori gamoscems Setyobinebas imis Sesaxeb, rom adgili aqvs Warbi paketebis araswor 
(arakoreqtul) ganawilebas an satranzito kvanZidan romelime Warbi paketis (paketebis) 

dakargvas, ris Semdegac meordeba misi ganmeorebiTi gadacemisa da kontrolis procedurebi. 

3. daskvna 

globaluri kompiuteruli qselis satranzito-sakomutacio kvanZebSi Warbi paketebis 

droiTi xangrZlivobebis gansazRvrisa da maTi Senaxva-gadacemis marTvis axali meTodebis 

SemuSavebas didi Teoriuli da praqtikuli mniSvneloba gaaCnia. sakontrolo procedurebis 

marTvaSi specializirebuli optoeleqtronuli analizatoris gamoyenebas didi roli 

ekisreba, rac ganapirobebs misi gamoyenebis perspeqtiulobas momavali Taobis kompiuterul 

qselur sistemebSi. 
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The article deals with the effective methods and means to determine the delay length of excess 
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Резюме 

Расмотрены эффективные методы и средства определения временных длительностей 
задержки передаваемых избыточных пакетов при работе глобальной сети в перегруженных 
режимах. Предложены новые подходы управления оптимальными передачами накопленных в 
пиковые часы в интерфейсах коммутационных узлов клиент-серверных пакетов.   


