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reziume 

amJamad xdeba usadeno kavSiris Taobebis evoluciuri cvla, 
romlis damaxasiaTebeli niSania trafikis daZvra monacemTa da 
videos gadacemis mxares. Sedegad xdeba monacemTa gadacemis 
axali koncefciebis SemuSaveba usadeno qselebSi. yvela axali 
midgomis birTvs warmoadgens  IP-teqnologia. 

informaciis gadacemis siCqareebi Tanamedrove 
satelekomunikacio qselebSi, maT Soris, usadenoSic maRalia    
(1 mgbit/wm meti), amitomac am ukanasknelebs farTozolovan 
usadeno qselebs uwodeben (Broadband Wireless Network – BWN). 
dResdReobiT BWN organizebulia standartebiT IEEE 802.11 (Wi-Fi), 
IEEE 802.16 (WiMAX) da LTE (Long-Term Evolution).  yvela es standarti 
(maTi bolo versiebi) iyeneben  IP-teqnologiebs. amasTanave, Tuki 
IP-teqnologiebi monacemTa gadacemisTvis Seswavlilia maRal 
mecnierul doneze, salaparako da videosignalis gadacemisTvis, 
gansakuTrebiT interaqtiur reJimSi, aris bevri Seuswavleli 
sakiTxi. 

aseT sakiTxebs pirvel rigSi ganekuTvneba: 
1. laparakis gadacemis xarisxi BWN qselebSi paketuri 

komutaciis meTodiT; 
2. informaciis gadacemis xarisxis damokidebuleba trafikze 

kavSiris qselebSi; 
3. qselis resursebis dinamikuri gadanawileba paketebis 

dayovnebebis minimizaciisTvis BWN-Si. 
sadisertacio naSromis SesavalSi Camoyalibebulia 

naSromis aqtualoba, moyvanilia sakvlevi sakiTxebis mokle 
mimoxilva, formulirebulia miznebi da amocanebi, ZiriTadi 
debulebebi, romlebic gamotanilia dacvaze. 

pirvel TavSi mocemulia BWN-is maxasiaTeblebi. naCvenebia 
BWN-is evolucia da monacemTa gadacemis siCqaris zrdis 
damokidebuleba gadacemis axali sixSiruli zolebis 
danergvasTan. moyvanilia da gaanalizebulia BWN danergvis 
tendenciebi saqarTveloSi. 

meore TavSi ganxilulia metyvelebis gadacemis xarisxis 
damokidebulebis sakiTxebi BWN-Si. ZiriTadi yuradReba eTmoba  
metyvelebis signalebis miRebis xarisxis damokidebulebas IP 
paketebis dayovnebaze. naCvenebia qselis gamtarunarianobis 
damokidebuleba paketebis dayovnebaze BWN –Si. 

sadisertacio naSromSi Tanamedrove BWN qselebSi 
informaciis gadacemis xarisxis analizi moyvanilia stoqasturi 
polingis modelebis  gamoyenebiT - rigebis mowesrigebuli 
gamokiTxviT  paketuri komutaciis qselebSi (mesame Tavi). 
gansazRvrulia momsaxurebis droebis (dayovnebis) 
damokidebuleba rigebis datvirTvaze. 

disertaciis meoTxe TavSi gaanalizebulia MAC-donis 
protokolebi WiMAX qselebisaTvis. naCvenebia WiMAX qselebis 
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marTvis meqanizmebis gansxvavebebi "stacionalur" da "mobilur" 
variantebSi. 

naSromis mexuTe TavSi SemuSavebulia mravaljeradi 
SeRwevis protokolis  imitaciuri modeli IEEE 802.16 (WiMAX) 
standartebisaTvis. mocemuli modeli qselis sxvadasxva 
datvirTvisas (trafikis) paketebis dasaSvebi dayovnebebis 
gamoTvlis saSualebas iZleva. 

sadisertacio naSromis ZiriTadi Sedegebi: 
1. sistematizirebulia midgomebi usadeno kavSiris ZiriTad 

standartebTan. Catarebulia analizi da urTierTSedareba 
BWN-is ori mimarTulebis  - Wi-Fi/WiMAX  da  UMTS/LTE. 
naCvenebia, rom WiMAX  da  LTE  Tanaiarsebeben 2020 wlamde, 
TiToeul maTgans aqvs Tavisi adgili da roli 
telekomunikaciis teqnologiebis saerTaSoriso bazarze. 

2. SemuSavebulia misaRebi metyvelebis paketebis dakargvis da 
dayovnis dros xarisxis subieqturi da obieqturi 
Sefasebis meTodika. 

3. SemuSavebulia BWN-is maxasiaTeblebis Sefasebis meTodika 
polingis sxvadasxva meTodebis gamoyenebisas.  

4. SemuSavebulia MAC-protokolebis analizis  meTodebi     
BWN-is WiMAX "mobilur" versiaze gadasvlisas. 
gansazRvrulia xendoveris proceduraTa gansxvaveba 
"stacionalur" da "mobilur" WiMAX Soris. 

5. SemuSavebulia paketebis dayovnebis gansazRvris meTodika 
qselis datvirTvidan (trafikidan) gamomdinare da 
SemoTavazebulia qselis resursebis dinamikuri 
ganawilebis procedura am dayovnebebis minimizaciisaTvis. 

6. SemuSavebulia MAC-paketebis mosvlis drois gansazRvris 
algoriTmi WiMAX-is yoveli sabazo sadgurisaTvis 

7. damtkicebulia, rom WiMAX qselis sixSiruli zolis 
efeqturi gamoyeneba SesaZlebelia QoS xarisxis 
momsaxurebisadmi diferencirebuli midgomiT. 
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Abstract 

At the present time there is an evolutionary change of generations of wireless 
communication, which is characterized by change to transfer of data and video. 
Consequently,   new concepts of information transmission are developed in wireless 
networks. The core of any new approaches in communications is IP-technology. 
Speeds of information transfer in modern telecommunication networks, including 
wireless, are high (above 1 Mbit/s), so they are known as broadband wireless 
networks (Broadband Wireless Network - BWN). Today BWN are organized by the 
family of standards - IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX) and LTE (Long-
Term Evolution). All of these standards (their latest versions) use IP-based 
technologies. However, if IP-based technologies for data transfer were studied at a 
high scientific level, for voice and video, especially online mode, there are many 
unexplored is sues. 
These is sues primarily include: 

1. Voice transfer quality by packet commutation method in  BWN; 
2. Information transfer quality dependence on the traffic  in communication 

networks; 
3. Dynamic allocation of network resources to minimize the packet delay in the 

BWN. 
In the introduction of the thesis work is substantiated its urgency, is given a brief 
review of the research questions, goals and objectives are formulated and main 
statements brought for defend are described. 
The first chapter gives the characteristics of BWN. The evolution of BWN and 
dependence of transfer speeds increment on the of new frequency bandwidths 
implementation is given.  Are presented and analyzed trends in the implementation of 
BWN in Georgia. 

In the second chapter are described issues of voice transfer quality in the BWN. Main 
attention is emphasized   on dependencies of received voice signals quality on the IP-
packet delays. The dependence of the bandwidth of BWN network on packet delays in 
the network is shown. 
In this thesis analyzes of the quality of modern BWN communication networks is 
carried out by using stochastic models of polling –ordered interrogation of the turn in  
packet switching  networks (Chapter Three). The dependence of service times (delay) 
on the loading of the turns are defined. 
In the fourth chapter of the thesis the MAC-level protocols for networks of WiMAX 
are analyzed. It is showing differences between control mechanisms of WiMAX 
networks in the "stationary" and "mobile" versions. 
In the fifth chapter of the work the simulation model of multiple access protocol for 
IEEE 802.16 standards is developed (WiMAX). The given model allows to calculate 
admissible delays of packages at different loadings (traffic) of a network. 
The main results of the thesis: 

1. A systematic approach to basic standards of wireless communication. The 
analysis and comparison of the two directions BWN - Wi-Fi / WiMAX and 
UMTS / LTE are done. It is shown that WiMAX and LTE will coexist until 
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2020; each of it has its own place and role in the global market of 
telecommunication technologies. 

2. The technique of subjective and objective assessment of the received voice 
quality with delays and packet losses. Quantitative evaluations of degradation 
of the received signals with delays and packet losses are determined. 

3. The technique of an estimation of characteristics BWN is developed at use of 
various methods of polling. 

4. The methods for the analysis of MAC protocols in the BWN transition to the 
"mobile" version of WiMAX are developed. The difference for the handover 
procedures between "stationary" and "mobile" WiMAX is determined. 

5. A method for determining the dependence of packet delays of loading 
(traffic) network and the proposed procedure for the dynamic allocation of 
network resources in order to minimize these delays is developed. 

6. An algorithm for determination of receiving time of the MAC packets for 
each base station WiMAX is developed. 

7. It is proved that the efficient use of bandwidth WiMAX network is possibly 
with differentiated approach to quality service QoS. 
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Sesavali 

naSromis aqtualoba. farTozolovani ugamtaro qselebi 

(Broad band Wireless Network - BWN)  warmoadgenen radiokavSiris 

qselebis nairsaxeobas, romlebic axorcieleben Setyobinebebis 

mimocvlas abonentebs/momxmareblebs Soris, aseve uzrunvelyofen 

maT SeRwevas sxva satelekomunikacio qselebis sainformacio 

resursebTan siCqariT 1 mbit/wm da meti. 

BWN-s warmoSoba da sayovelTao gavrceleba ganapiroba 

gadasacemi Setyobinebebis moculobisa da gadacemis siCqaris 

gazrdis aucileblobam, dakavSirebulma informaciuli saukunis 

dawyebasTan (XX saukunis bolo meoTxedi). mecnierebisa da 

teqnikis progresi, Sromis nayofierebis amaRleba kacobriobis 

moRvaweobis yvela sferoSi, warmoebis zrda, adamianis 

cxovrebaSi informaciuli teqnologiebis sul ufro mzardi 

SeRweva – es is faqtorebia, romlebic ganapirobeben 

satelekomunikacio qselebiT gadasacemi informaciis moculobis 

zvavisebriv zrdas. aqedan gamomdinare, gadacemis maRali siCqaris 

gareSe SeuZlebelia momxmareblamde didi moculobis 

informaciis Tavisdrouli mitana. amitom telekomunikaciis 

ganviTarebaSi yvelaze mniSvnelovani mimarTulebebi gaxdnen 

moculoba da siCqare.  

 axali epoqis moTxovnilebebs yvelaze ukeTesad pasuxobs 

ugamtaro kavSiri, romelic uzrunvelyofs informaciis 

mimocvlas abonentebs Soris nebismier dros, maT 

adgilsamyoflis SeuzRudavad. radiokavSiris masiuri 

gamoyenebis erT-erT (SeiZleba iTqvas erTaderT) barierul 

faqtors warmoadgens radiosixSiruli resursis SezRuduloba. 

es ukanaskneli ganpirobebulia radiotalRebis gavrcelebis 

TaviseburebebiTa da radiosaSualebebis urTierTxelSeSlis 

dauSveblobis moTxovnilebidan [1]. ugamtaro qselebi am barieris 

gadasalaxavad mimarTaven ugamtaro da gamtariani kavSirebis 

erTobliv gamoyenebas, maT Soris funqciebis aseTi ganawilebiT: 
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 gamtariani (sakabelo, optikurboWkovani) kavSirebi 

uzrunvelyofen Setyobinebebis mimocvlas erTmaneTisagan 

did manZilze daSorebul mcire zomis teritoriul 

erTeulebs Soris, sadac imyofebian momxmareblebi (amave 

jgufs miekuTvneba Tanamgzavruli kavSiric); 

 ugamtaro kavSiri gamoiyeneba abonentebis 

urTierTkavSirisaTvis mcire zomis teritoriebze 

satransporto qselebSi SeRwevis (mierTebis) CaTvliT. 

telekomunikaciis ugamtaro teqnologiebSi, romlebic, 

rogorc wesi, viTardebian 1G-dan 4G-mde (zogjer moixsneba 5G-c) 

Taobebis  saxiT, XXI saukunis dasawyisidan ganxorcielda 

mkveTri gadasvla bgeriTi trafikidan monacemebisa da video 

trafikis gadacemaze. dReisaTvis bgeriTi trafiki ugamtaro 

kavSirgabmulobaSi Seadgens mTel trafikis 20%. Sesabamisad, 

xorcieldeba Taobebis evoluciuri cvlileba 3G Taobamde 

(romelic ukve funqcionirebs) da 4G-mde, romelic jer-jerobiT 

imyofeba wina Taobebis Canacvlebis procesSi. 

Taobebis evoluciur cvlilebebma da trafikis mkveTrma 

gadaxra monacemebis da video gadacemebis mimarTulebiT 

moiTxova  ugamtaro qselebSi informaciis gadacemis axali 

koncefciis SemuSavebis aucilebloba. aseTi koncefcia gaxda 

nebismieri saxis (bgeriTi, monacemebis, video) sawyisi 

informaciis gadacema paketuri saxiT( (internet protokolis 

tqnologia – IP). Sesabamisad, nebismieri Teoriuli da 

praqtikuli kvlevebi ugamtaro qselebSi informaciis gacvlis 

dargSi mimarTulia: ugamtaro kavSiriT dafarvis mTel 

teritoriaze gadacemis moTxovnili xarisxiT da siCqareebiT 

SeRwevisaken.  

dRisaTvis Seqmnilia da kidev SemuSavdeba IEEE 802.11 -       Wi-

Fi (Wireless Fidelity) da IEEE 802.16 – WiMAX (Worldwide Interoperability for 

Microwave Access) standartis ugamtaro qselebis agebis sxvadasxva 

versiebis didi raodenoba [2, 3]. SemuSavebis procesSi da 

saerTaSoriso standartizaciis etapze aris BWN-is uaxlesi 
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standarti – LTE da misi ukanaskneli versia LTE Advanсed       

(Release-10) [4].  

zemoaRniSnuli BWN uaxlesi teqnologiis danergva da 

efeqturi eqspluatacia moiTxovs, rogorc calkeul kvanZebisa 

da protokolebisadmi mTlianad midgomis, aseve ama Tu im 

debulebebis Teoriuli dasabuTebebis Semdgom srulyofas. 

yovlismomcvel paketur komutaciaze gadasvlasTan dakavSirebiT 

Cndebian kiTxvebi, romlebic problematuria gadasacemi 

Setyobinebebis garkveuli saxeebisaTvis, maSin rodesac sxva 

saxeebisaTvis isini SeiZleba iqnan ignorirebuli. magaliTad, 

VoIP (Voice over IP) teqnologiisaTvis yvelaze mniSvnelovania 

qselSi paketebis dayovneba, maSin rodesac monacemebis gadacemis 

dros dayovneba ar warmoadgens kritikul faqtors. 

IP qselebSi paketebis dayovnebis sakiTxebze arsebobs 

naSromTa didi raodenoba [6, 7, 8, 9, 10]. magram maTSi praqtikulad 

ar ganixileba bgeriTi informaciis gadacemis xarisxze paketebis 

dayovnebis gavlenis Taviseburebebi, da am dayovnebis Semcirebis 

meTodebi da midgomebi. 

sadisertacio naSromis ZiriTad mizans warmoadgens BWN 

qselebSi paketebis gavlis procesSi paketebis dayovnebis 

Sefasebis meTodikis SemuSaveba, miRebuli signalebis xarisxis 

raodenobrivi Sefasebis meTodikis Seqmna paketebis dayovnebaze 

damokidebulebiT da BWN qselebSi paketebis dayovnebis 

minimizaciis gzebis moZebna. 

sadisertacio naSromSi dasmuli miznebi iTvaliswineben 

Semdegi amocanebis gadawyvetas: 

1. BWN-Si IP teqnologiiT bgeris gadacemis xarisxis 

yovelmxrivi analizi. xarisxis kriteriumebis gansazRvra, 

rogorc subieqturi, aseve obieqturi SefasebebiT. 

2. polingis stoqastikuri modelebis gamokvlevis meTodebis 

sistematizacia da maTi gamoyeneba marTvis centralizebul 
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meqanizmian BWN-Si paketebis dayovnebis SefasebisaTvis; 

BWN-Si adapturi dinamikuri polingis gamoyenebis kvleva. 

3. gadacemis garemoSi SeRwevis marTvis МАС (Medium Access 

Control) donis protokolebis Taviseburebebis analizi 

WiMAX-is ~mobiluri~ reJimSi gadasvlisas; hendoveris 

(Handover – marTvis gadacema) proceduris yovelmxrivi 

analizi moZraobisas kavSiris wyvetis gareSe. 

4. paketebis kadrebis dayovnebis angariSis meTodikis 

damuSaveba qselSi datvirTvasTan (trafikTan) 

damokidebulebaSi; qselis resursebis dinamikuri 

gadanawilebis rekomendaciebis gansazRvra paketebis 

minimaluri dayovnebis miRwevis mizniT. 

kvlevis meTodebi.  naSromSi dasmuli amocanebis 

gadasawyvetad gamoyenebulia: cikluri gamokiTxvis stoqastikuri 

sistemebis gamokvlevis meTodebi; albaTobis Teoriis meTodebi; 

masobrivi momsaxurebis sistemebis Teoria; imitaciuri 

modelireba. 

samecniero siaxle. naSromSi Catarebuli kvlevebisa da 

miRebuli Sedegebis samecniero siaxle mdgomareobs SemdegSi: 

1. sistematizirebulia midgomebi ugamtaro kavSiris ZiriTad 

standartebTan; moyvanilia ori mimarTulebis - Wi-Fi/WiMAX 

da UMTS/LTE  analizi da Sejereba. naCvenebia, rom WiMAX da 

LTE  Tanaarsebobas gaagrZeleben 2020 wlamde, TiToeul 

maTgans eqneba ra sakuTari adgili da roli msoflios 

telekomunikaciuri teqnologiebis bazarze. 

2. damuSavebulia paketebis dayovnebisa da dakargvis pirobebSi 

miRebuli laparakis xarisxis Sefasebis meTodika; miRebulia 

Semosuli signalebis xarisxis gauaresebis raodenobrivi 

Sefasebebi paketebis dayovnebisa da dakargvisas. 

3. damuSavebulia BWN    maxasiaTeblebis Sefasebis meTodika 

polingis sxvadasxva meTodis gamoyenebisas. 
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4. damuSavebulia МАС-protokolebis analizis meTodebi   

BWN-is WiMAX-is ~mobilur~ reJimze gadasvlisas. 

5. damuSavebulia paketebis dayovnebis qselis datvirTvaze 

(trafikze) damokidebulebis gansazRvris meTodika da 

SemoTavazebulia qselis resursebis dinamikuri 

gadanawilebis procedura am dayovnebaTa minimizaciisaTvis. 

praqtikuli Rirebuleba da Sedegebis realizacia. 

miRebuli Sedegebi saSualebas iZlevian Sefasdes paketebis 

dayovneba (da, Sesabamisad, miRebuli bgeriTi signalebis xarisxi) 

WiMAX (Wi-Fi)  qselis datvirTvis (trafikis) mixedviT, rac 

SeiZleba gamoyenebul iqnes qselis resursebis (maT Soris 

gamtarunarianobis) dinamikuri gadawyobisaTvis gadatvirTvebis 

pirobebSi. naSromis masalebis safuZvelze SeiZleba 

formulirebul iqnes trafikis marTvis konkretuli 

rekomendaciebi WiMAX-is konkretul qselebisaTvis. 

naSromSi miRebuli Sedegebi SeiZleba gamoyenebuli iqnes 

LTE qselebis agebisas, kerZod am qselebSi dasaSvebi/ar dasaSvebi 

dayovnebebis gansazRvris nawilSi. 

 sadisertacio naSromSi miRebuli Sedegebi amJamad 

gamoiyeneba saqarTvelos teqnikuri universitetis energetikisa 

da telekomunikaciis fakultetis saswavlo procesSi. 

naSromis aprobacia. naSromis ZiriTadi Sedegebi 

moxsenebul da ganxilul iqna sxvadasxva dros gamarTul 

seminarebze da konferenciebze: 

1. pirvel da meore Tematur seminarze (Tbilisi, stu, 2011-2012); 

2. saerTaSoriso samecniero konferenciaze “Computing and 

Computational Intelligence: Proceedings of the 3rd International Conference on 

COMPUTATIONAL INTELLIGENCE (CI’09)” (Tbilisi, Georgia, 2009);  

3. saerTaSoriso samecniero konferenciaze ~energetika: 

regionuli problemebi da ganviTarebis perspeqtivebi~ 

(quTaisi, saqarTvelo, 2010); 
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4. akademikos iveri frangiSvilis dabadebis 80 wlisTavisadmi 

miZRvnil saerTaSoriso samecniero konferenciaze 

~sainformacio da kompiuteruli teqnologiebi, modelireba, 

marTva~ (Tbilisi, saqarTvelo, 2010); 

5. stu-s marTvis avtomatizirebuli sistemebis kaTedris Seqmnis 

40 wlisTavisadmi miZRvnil saerTaSoriso samecniero 

konferenciaze (Tbilisi, saqarTvelo, 2011). 

 publikaciebi. disertaciis Sedegebi asaxulia 

recenzirebad JurnalebSi gamoqveynebul 7 naSromSi. 

dacvaze gamotanili ZiriTadi debulebebi. 

1. axali midgoma BWN-is klafisikaciisadmi.  

2. BWN IP-qselebiT bgeris gadacemis Sefasebebis subieqturi da 

obieqturi meTodebi paketebis dayovnebisa da dakargvis 

SemTxvevebSi.  

3. WiMAX qselis marTvis МАС-protokolis cvlilebis 

analizis meTodi qselis ~stacionaluri~-dan ~mobilur~ 

reJimSi gadasvlisas.  

4. qselis datvirTvaze (trafikze) damokidebulebiT paketebis 

dayovnebis (dakargvis) gansazRvris da am dayovnebebis 

minimizaciisaTvis qselis resursebis dinamikuri gadawyobis 

meTodi. 

sadisertacio naSromis moculoba da struqtura. naSromi 

Sedgeba Sesavalis, xuTi Tavisagan, daskvnisa da gamoyenebuli 

literaturis siisagan. 

pirvel TavSi aRwerilia ZiriTadi standartebi da 

ugamtaro kavSiris agebis sistemebi. gaanalizirebulia 2000 

wlidan BWN-is ori mimarTulebiT - LAN da MAN ugamtaro 

qselebis ganviTarebis da UMTS/LTE qselebis Seqmnis gzebi. 

moyvanilia orive mimarTulebis daxasiaTeba da gansazRvrulia 

maTi Tanaarsebobis  principebi mobiluri kavSiris farglebSi. 

meore Tavi  eZRvneba BWN IP-qselebiT bgeriTi informaciis 

gadacemis xarisxis Sefasebis meTodikas. ZiriTadi yuradReba 

eTmoba adresatis mier miRebuli signalis xarisxis qselSi 
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signalebis paketebis gavlis dayovnebaze damokidebulebis 

gamovlenas. SemoTavazebulia miRebuli signalebis xarisxis 

Sefasebis subieqturi da obieqturi meTodikebi paketebis 

dayovnebis (dakargvis) SemTxvevebSi. 

mesame TavSi moyvanilia BWN IP-qselebSi paketebis 

dayovnebis analizi centralizebuli gamokiTxvis (polingis) 

meqanizmis meTodiT. aRniSnuli meTodi, romelic warmatebiT 

gamoiyeneba IP-qselebiT monacemebis gadacemisaTvis, 

arasakmarisadaa Seswavlili bgeriTi informaciis gadacemisaTvis 

(VoIP).   SemoTavazebulia BWN-Si adapturi dinamikuri polingi, 

rac iZleva qselis muSaobis efeqturobis mniSvnelovan 

amaRlebas rigebis martiv ciklur gamokiTxvasTan SedarebiT. 

meoTxe Tavi eZRvneba WiMAX sistemis qselebis МАС-donis 

protokolebs. gansazRvrulia МАС-donis funqciebi gadacemis 

mimarTulebebisaTvis, rogorc ~zeviT~ (uplink), ise ~qveviT~ 

(downlink). aseve gansazRvrulia МАС-qvedoneebis funqciebi da 

meqanizmebi. gaanalizebulia МАС-donis funqciebis 

Taviseburebebi WiMAX qselebis ~stacionaluri~ reJimidan 

~mobilur~ reJimSi gadasvlis dros. 

naSromis mexuTe Tavi eZRvneba mravaljeradi SeRwevis 

protokolis imitaciuri modelis SemuSavebas WiMAX 802.16 

standartisaTvis. SemoTavazebuli modeli saSualebas iZleva 

gamoTvlil iqnas paketebis dayovneba qselis sxvadasxva 

datvirTvis (trafikis) SemTxvevaSi. naSromSi moyvanilia 

dayovnebis drois realuri maxasiaTeblebi, rogorc Semavali 

datvirTvis intensivobis da paketebis superkadrebis zomebis 

funqcia.  

daskvnaSi moyvanilia sadisertacio naSromSi miRebuli 

ZiriTadi Sedegebi.  
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Tavi 1.  farTozolovani ugamtaro qselebi – 

mdgomareoba da maTi ganviTarebis gzebi 

1.1. farTozolovani ugamtaro qselebis ZiriTadi funqciebi 

farTozolovani ugamtaro qselebis an uSualod BWN 

(Broadband Wireless Network) socialuri daniSnuleba ganisazRvreba 

imiT, rom uzrunvelyofen: 

 pirvel rigSi abonentebs Soris personalur kavSirs 

nebismier dros da nebismieri Aadgilmdebareobis 

SemTxvevebSi; amasTanave Setyobinebis mimocvla 

SesaZlebelia abonentis gadaadgilebis procesSic 

(mobiluri kavSiri); 

 meores mxriv personalur SeRwevas (mierTebas) sxvadasxva 

eleqtronul informaciul resursebTan maT Soris 

internetTan da informaciis farTomauwyebel (Broadcasting) 

wyaroebTan. 

BWN-qselebiT realizebadi eleqtrokavSiris saxeebi 

uzrunvelyofen dRisaTvis arsebuli yvela saxis Setyobinebebis 

gadacemas: bgeriTi da videoSetyobinebebi (uZravi da moZravi), 

monacemebi, teqsti, faqsimiluri Setyobinebebi da sxv.  

Tanamedrove BWN-Si Setyobinebebis materialur matareblebs 

warmoadgenen mxolod cifruli formis signalebi, rac 

ganpirobebulia maTi mTeli rigi teqnologiuri upiratesobebiT. 

amitom masalis Semdgomi gadmocema orientirebuli iqneba 

informaciis gadacemisa da damuSavebis cifrul meTodebze [11].  

kavSiris sxvadasxva saxes Seesabameba gadacemuli cifruli 

nakadebis sxvadasxva siCqare - aTeuli kbit/wm-dan bgeriTi 

SetyobinebebisaTvis da aTeul mgbit/wm-mde video da monacemebis 

SetyobinebebisaTvis. Tanamedrove BWN-Si radiosixSiruli 

speqtris gamoyenebis efeqturoba fasdeba gadacemis xvedriTi 

siCqariT - biti/wm/hc, rac raodenobrivad warmoadgens 1 hc 

  25



sixSirul zolSi gadacemuli bitebis raodenobas wamSi. es 

sidide dRes erTidan ramdenime bitis tolia. aqedan warmodgeba 

moTxovnileba BWN-is radio arxebis farTozolovnobisadmi - 

erTeuli da aTeuli mghc.  

qselis kvanZebis teritoriuli ganTavsebis xasiaTisa da 

radiodafarvis zonis zomebis mixedviT BWN iyofa oTx 

kategoriad: 

 personaluri ugamtaro qselebi (Wireless Personal Area Network - 

WPAN). maTi daniSnulebaa gamtariani kavSiris Secvla 

abonentis uSualo SeRwevis sazRvrebSi (samuSao magida, 

oTaxi): pirobiTad miRebulia, rom personaluri SeRwevis 

manZili (Personal Operating Space - POS) Seadgens araumetes 10 

metrs. PAN-is tipiuri magaliTia ugamtaro qseli 

personaluri kompiuteris elementebis SesaerTeblad 

(klaviatura, Tagvi, printeri, garnitura) an 

sayofacxovrebo multimediuri qseli (cifruli 

fotoaparati, videopleeri, videokamera) [11, 12]; 

 lokaluri ugamtaro qselebi (Wireless Local Area Network - 

WLAN). daniSnulebaa ugamtaro kavSiris ganxorcieleba 

zonaSi radiusiT 100 m-mde. aseTi LAN-ebis tipiuri 

magaliTebia ofisebis, sastumroebis, aeroportebis da sxva 

qselebi [11, 12, 13];  

 Mmunicipaluri/qalaqis ugamtaro qselebi (Wireless metropolitan 

Area Network-WMAN). daniSnulebaa ugamtaro kavSiris 

organizeba didi qalaqebis administraciuli zonebis 

(kvartali, raioni) an dasaxlebuli punqtebisaTvis. 

daSoreba MAN-is kvanZebs Soris SeiZleba iyos aTeuli 

metridan ramdenime kilometramde.  MAN-is tipiuri 

magaliTi SeiZleba iyos msxvili sawarmos ugamtaro qseli 

obieqtebis teritoriuli daSorebiT [13].  

 fiWuri mobiluri kavSiris qselebi. maTi daniSnulebaa im 

momxmareblebis mobiluri kavSiriT uzrunvelyofa, 
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romlebic gadaadgildebian regionaluri an nacionaluri 

masStabis teritoriaze siCqariT 120 km/wm-mde. 

struqturulad qseli Sedgeba mimReb-gadamcemi 

kvanZebisagan (sabazo sadgurebi) da sakomutacio 

mowyobilobisagan, romelTa daniSnulebaa moZravi obieqtis 

mimdinare adgilmdebareobis gansazRvra da uwyveti 

kavSiris organizeba abonentTan misi momsaxurebis erTi 

zonidan meoreSi gadaadgilebis pirobebSi. radiodafarvis 

zona iyofa fiWebad. qselis kvanZebs (sabazo sadgurebs) 

Soris manZili Seadgens aseulobiT metridan ramdenime 

kilometramde - msxvil qalaqebSi da ramdenime aTeul 

kilometrs soflad. CamoTvlili qselebis zomebisa da 

daniSnulebis gansxvaveba aqtualurs xdis maT teritoriul 

Tavsebadobas, e.i. mcire zomis qselebis ganTavsebas didi 

zomis qselebis teritoriaze [13, 14, 15]. 

qselebis teritoriuli SeTavsebadobis erT-erT aucilebel 

pirobas warmoadgens sxvadasxva ierarqiuli donis qselebis 

radioeleqtronuli saSualebebis eleqtromagnituri  

Tavsebadoba [16]. 

 BWN, rogorc iseTi teritoriulad gancalkevebuli 

qselebis sistemoteqnika, romlebic mraval kvanZebs Soris iyenebs 

saerTo sixSirul arxs, viTardeba ori mimarTulebiT: 

1. erTian sixSirul-teritoriul garemosTan (medium) 

mravaljeradi SeRwevis uzrunvelyofa momsaxurebis zonaSi 

ganlagebul kvanZebs Soris Setyobinebis mimocvlisaTvis; es 

mimarTuleba damaxasiaTebelia iseTi qselebis 

nairsaxeobebisaTvis, rogorebicaa PAN, LAN, MAN;  

2. erTian satransporto sistemaSi kvanZebis mravaljeradi 

SeRwevis uzrunvelyofa informaciis mimocvlisaTvis 

mcirezomian teritoriul kvanZebTan. es mimarTuleba 

upirvelesad mobiluri kavSiris qselebisTvisaa 

damaxasiaTebeli. 
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fiWuri kavSirisa da BWA qselebisaTvis damaxasiaTebelia 

garkveuli teritoriis (fiWis) farglebSi fiqsirebuli 

(gadaadgilebadi) an moZravi saabonento (Mobile Station) 

sadgurebisa da am sadgurebTan radiointerfeisebiT 

dakavSirebuli stacionaluri sabazo sadgurebis (Base Station - BS) 

erToblioba (nax. 1.1). 

 

 
 
 
 
 
 
 
 
 
 

mbiSvneloba 

- sabaz. sadguri 
- saab. sadguri 
 

satransporto 

qseli 

 
nax. 1.1. fiWuri kavSiris da farTozolovani SeRwevis qselebis 

elementebs Soris urTierTqmedebis arqiteqtura 

sxvadasxva qselebis sabazo sadgurebi saabonento 

(samomxmareblo) sadgurebidan miRebul informacias mobiluri 

kavSiris komutaciis centrebis (Mobile Services Switching Center –   MSC 

- mobiluri kavSiris qselebSi) an urTierTqmedebis 

funqcionaluri kvanZebis (Interworking Function Mode – IWFN -

farTozolovani SeRwevis qselebSi) gavliT gadascemen 

satransporto qsels (da piriqiT). 

komutaciis centrebi da urTierTqmedebis kvanZebi 

uzrunvelyofen Setyobinebebis transportirebas misamarTebis 

mixedviT, monacemebis nakadebis marTvas, qselis bilingis 

elementebTan urTierTqmedebas, agreTve momxmareblebis SeRwevas 

Sidasaqselo momsaxurebebTan. 

kvanZebis mobilurobis faqtori warmoadgens imis 

safuZvels, rom qseli mikuTvnebul iqnas samidan erT-erT 

nairsaxeobas: fiqsirebuli kavSiris (SeRwevis) qselebi, 

gadaadgilebadi SeRwevis qselebi da mobiluri kavSiris qselebi 

(mobiluri SeRwevis). yvela am nairsaxeobisaTvis 
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damaxasiaTebelia mcire zomebis momsaxurebis teritorialuri 

zonebi da erTiani satransporto qseli maTi urTierTkavSiris 

uzrunvelsayofad. BWN mobiluri kavSiris ZiriTadi 

mniSvnelovani gansxvaveba fiqsirebuli qselebisagan  

mdgomareobs imaSi, rom aucilebelia uzrunvelyofili iqnas 

uwyveti kavSiri abonentTan misi momsaxurebis erTi zonidan 

meoreSi gadaadgilebis dros. 

fiWuri kavSiris Tanamedrove qselebis arqiteqtura da 

funqciuri SesaZleblobebi saSualebas aZlevs abonents 

gadaadgildes momsaxurebiT dafarvis zonaSi siCqariT (5-120) 

km/sT, kavSiris seansis Sewyvetis gareSe. 

mobiluri kavSiris uwyvetoba abonentis erTi fiWidan 

meoreSi gadaadgilebis dros miiRweva abonentis satransporto 

qselTan mierTebis wertilis cvlilebiT, ori tipis komutaciuri 

procesebiT: 

 hendoveri (Handover), romelic Seesabameba saabonento 

sadguris gadaadgilebas mezobeli sadgurebis sazRvrebis 

gavliT; am gadaadgilebis dros xdeba SeRwevis sabazo 

sadguris Secvla; 

 roumingi, Seesabameba saabonento sadguris gadaadgilebas 

ori iseTi momsaxurebis teritoriis sazRvris gavliT, 

romlebsac emsaxureba sxvadasxva MSC an urTierTqmedebis 

kvanZi (IWF). 

saabonento sadgurebis radioarxebTan SeRwevis 

radiointerfeisebis Taviseburebebi gansazRvraven qseluri 

resursebis gamoyenebisa da sabazo sadgurebsa da saabonento 

sadgurebs Soris Setyobinebebis mimocvlis wess. es yvelaferi ki 

Seadgens mravaljeradi SeRwevis teqnologias. 

fiWuri kavSiris ZiriTadi miznobrivi funqcia - “kavSiri 

nebismier dros da nebismier adgilas” gansazRvravs 

mravaljeradi SeRwevis iseTi meTodebis gamoyenebas, 

rogorebicaa FDMA (Frequency Division Multiple Access – mravaljeradi 

SeRweva sixSiruli dayofiT), TDMA (Time Division Multiple Access –
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mravaljeradi SeRweva droiTi dayofiT) da CDMA (Code Division 

Multiple Access –mravaljeradi SeRweva koduri dayofiT). es 

meTodebi damaxasiaTebelia kontrolirebadi SeRwevis 

qselebisaTvis. 

BWA qselebSi mravali sadguris mier resursis erToblivi 

gamoyeneba xorcieldeba sxva miznobriv funqciasTan 

SesabamisobiT: ~qselis kvanZebis kavSirSi Sesvlis uzrunvelyofa 

nebismier dros, warmoqmnili moTxovnilebis Sesabamisad~, rac 

gulisxmobs qselis mxridan saabonento mowyobilobis mudmivi 

kontrolis ararsebobas, da abonentebis qselSi CarTvas 

aucileblobis SemTxvevaSi. aseT qselebSi umetesad gamoiyeneba 

mravajeradi SeRwevis SejibrebiTi meTodebi, iseTi rogoricaa 

DAMA (Demand Assigned Multiple Access – mravaljeradi SeRweva 

moTxovnilebaTa ganawilebis mixedviT), CSMA  (Carrier Sense Multiple 

Access – mravaljeradi SeRweva gadamtanis kontroliT) da sxv. 

BWA teqnologiebSi mravaljeradi SeRwevis meTodebis 

zogad Taviseburebas warmoadgens qselis kvanZebis erToblivi 

muSaobis uzrunvelyofisadmi ori midgomis gamoyeneba: 

 Setyobinebebis gadacemis ganmavlobaSi kvanZis mier arxTan 

erTpirovnuli SeRweva, kavSiris arxebis dakavebulebis 

winaswari testirebis Sedegebidan gamomdinare (Carrier Sense 

Multiple Access - CSMA); Setyobinebebis gadacema xorcieldeba 

maSin, rodesac testireba gamoavlens arxis daukaveblobas. 

es meTodi ar gamoricxavs urTierTxelSeSlebs (kvanZebma 

SeiZleba testireba daiwyon erTdroulad an garkveuli 

droiTi daZvriT da aRmoaCinon arxis daukavebloba da 

daiwyon gadacema). magram meTodi mniSvnelovnad amcirebs 

urTierTxelSeSlebis albaTobas testirebis meTodis 

gamouyeneblebis meTodebTan SedarebiT. 

 arxTan ramdenime kvanZis erToblivi SeRweva. am SemTxvevaSi 

gamoiyeneba orTogonaluri signalebis erToblioba (mag. 

orTogonaluri sixSireebis mixedviT, rac realizebulia 
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teqnologiaSi OFDMA - Orthogonal Frequency Divizion Multiple 

Access). 

mezobel fiWebSi saabonento da sabazo sadgurebs Soris 

eleqtromagnituri SeTavsebadoba uzrunvelyofilia sxvadasxva 

fiWebis arxebis sixSiruli gancalkevebiT. sixSireTa 

ganmeorebiTi gamoyenebis (Frequency reuse) SesaZlebloba miRweulia 

fiWebis teritoriuli gancalkevebiT, romlebic gamoiyeneben 

erTi da igive sixSirul arxebs. 

1.2. BWN qselebis teqnologiebis evolucia 

1.2.1. fiWuri kavSiris qselebis teqnologiebis evolucia 

 dRisaTvis fiWuri kavSiri yvelaze metadaa gavrcelebuli 

mobiluri kavSirebis yvela saxeebs Soris, amitom Cveulebrivad 

mobilur telefons uwodeben ubralod fiWur telefons, Tumca 

mobilur telefonebs, garda fiWurisa, warmoadgenen 

Tanamgzavruli telefonebi, radiotelefonebi da magistraluri 

kavSiris aparatebi. 

Tanamedrove mobiluri telefoni – es ara marto 

mowyobilobaa kavSirgabmulobisaTvis, rogorc is iyo misi  

Seqmnis sawyis etapze. dRes is praqtikulad warmoadgens 

mravalfunqciur sistemas, romelSic gaerTianebulia 

mowyobilobaTa didi raodenoba. Tanamedrove telefonis 

saSualebiT SesaZlebelia SetyobinebaTa gagzavna, gadaRebuli da 

gadacemuli iqnas sakmaod maRal xarisxis fotosuraTebi, 

movisminoT musika, vnaxoT filmebi, wavikiTxoT eleqtronuli 

wignebi, vimuSaoT internetqselSi. da rac Zalian mniSvnelovania, 

mobiluri telefonis saSualebiT SeiZleba ganxorcielebul 

iqnas sabanko angariSsworeba da gadasaxadebi, anu mobiluri 

telefoni gamoyenebul iqnas rogorc sagadasaxado terminali.  

radiosatelefono kavSiris pirvelma sistemam, romelic 

sTavazobda momsaxurebas yvela msurvels, funqcionireba daiwyo 

1946 w-s sent-luisSi (aSS) [17]. magram masze gazrdil 
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moTxovnilebasTan erTad warmoiqmna problemebi. maT Soris 

mTavars warmoadgenda sixSiruli resursis SezRuduloba: 

fiqsirebuli sixSireebis raodenoba garkveul sixSirul 

diapazonSi ar SeiZleba usazRvrod gaizardos, amitom 

radiotelefonebi erTmaneTTan axlo muSa sixSiruli arxebiT 

warmoqmnian urTierT xelSeSlebs.  

am problemis gadawyveta aparatul doneze SesaZlebeli 

gaxda mxolod 70-an wlebSi, rodesac SesaZlebeli gaxda erTi da 

igive sixSiris ganmeorebiT gamoyeneba urTierT xelSeSlebis 

gareSe sxva fiWaSi (ing. cell – ujredi, fiWa). aqedan warmoiSva 

dasaxeleba@F~fiWuri kavSiri~. fiWuri kavSiris principebis 

ganviTareba mimdinareobda msoflios sxvadasxva qveynebSi 

sxvadasxva mimarTulebiT. 

fiWuri kavSiris teqnologiebis ganviTareba, rogorc wesi, 

dakavSirebulia sistemis yvela Semadgenlis cvlilebasTan, 

kerZod icvleba miwodebuli momsaxurebis saxeebi, qselis 

struqturuli komponentebis SesaZleblobebi, qseluri 

arqiteqtura da sxv. 

ganviTarebis procesis mixedviT arCeven oTx Taobas (etaps): 

I-Taoba (I Generation - 1G) - XX-saukunis 80-iani wlebi; 

II-Taoba (II Generation - 2G) - XX-saukunis 90-iani wlebi da  

XXI-saukunis dasawyisi; 

III-Taoba (III Generation - 3G) - XXI-saukunis dasawyisi, 

dasrulebis perspeqtivaT XXI saukunis 20-iani wlebis dasawyisSi. 

IV-Taoba (IV Generation - 4G) - miekuTvneba axlandel 

(mimdinare) periods, dasrulebis perspeqtivaT XXI saukunis 30-

iani wlebis dasawyisSi. 

 CamoTvlil Taobebs win uswrebda mobiluri kavSiris wina 

istoria, romelsac nulovan Taobasac uwodebdnen (0G). mobiluri 

kavSiris ideebs safuZveli Caeyara XX saukunis 40-50 w.w., magram 

teqnikuri realizacia SeuZlebeli iyo myartaniani 

mikroeleqtronuli bazis Seqmnamde (80-iani wlebis dasawyisamde). 

mobiluri kavSiris ganviTarebis arsebiT faqtors warmoadgenen 
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sakiTxebi, dakavSirebuli radiosixSiruli resursebis 

gamoyofasTan eqsperimentuli da komerciuli moxmarebisaTvis. 

mobiluri kavSiris ganviTarebis qronologia moyvanilia cxr. 1.1. 

 1G qselebSi abonentebisadmi miwodebuli momsaxurebebi 

Semoifargleboda mxolod bgeriTi (satelefono) SetyobinebebiT. 

gamoyenebuli sistemebis tipis mixedviT, TiToeul fiWas 

miekuTvneboda ramdenime aTeuli sixSiruli arxi gatarebis 

zoliT 25-30 khc, romlebzec Setyobinebebis gadacema xdeboda 

analoguri meTodebiT. mravaljeradi SeRweva realizebuli iyo 

arxebis sixSiruli dayofis meTodiT - FDMA. mobiluri kavSiris 

gamoyeneba daiwyo 1981 wels, komerciul eqspluataciaSi 

satelefono mobiluri kavSiris gaumjobesebuli sistemis 

(Advanced Mobile Phone System-AMPS) gaSvebiT (aSS). Semdeg CrdiloeT 

evropis qveynebSi (Svecia, norvegia, dania da irlandia) dainerga 

sistema NMT-450 (Nordic Mobile Telephone). 

 kavSirgabmulobisa da signalebis damuSavebis sferoebSi 

uaxlesi teqnologiebisa da samecniero aRmoCenebis gamoyenebam 

80-iani wlebis bolosaTvis SesaZlebeli gaxada fiWuri kavSiris 

ganviTarebis – meore Taobis sistemebis Seqmna, romelic 

eyrdnoboda signalebis damuSavebis cifrul meTodebs. 

2G sistemebs miekuTvneba is sistemebi, romlebic 

uzrunvelyofen bgeriTi Setyobinebebisa da dabali siCqaris 

monacemebis nakadebis gadacemas cifruli radiosignalebiT. 

sixSirul arxebTan SeRwevis tipiur xerxs 2G sistemebSi 

warmoadgens mravaljeradi SeRweva droiTi dayofiT - TDMA [21]. 

 aseT sistemebs miekuTvnebian: 

 Global System for Mobile Communication (GSM) - yvelaze 

gavrcelebuli meore Taobis (2G) sistema. igi gamoiyeneba 

msoflios 200-ze met qveyanaSi. misi Seqmna daiwyo (evropaSi) 

1989 w., xolo komerciuli eqspluatacia – 1991 w. GSM 

arxebis sixSiruli zolis sigane Seadgens 200 khc.  
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cxrili 1.1. 

fiWuri mobiluri kavSiris sistemebis evolucia 

sistema weli sistemis mokle daxasiaTeba 
1 2 3 
  Taoba 0G 

MTS 1946 mobiluri satelefono kavSiri (Mobile Telephone 
Service). naxevrad dupleqsuri radiokavSiris 
saoperacio klasis sistema PSTN-Si CarTvis 
SesaZleblobebiT (25 arxi, sixSire 150 mghc). 

AMTS 1965 gaumjobesebuli MTS (Advanted MTS).
naxevraddupleqsuri radiokavSiris portatiuli 
sistema, gamoiyeneboda iaponiaSi, sixSiruli 
diapazoni 900 mghc. 

IMTS 1969 mobiluri satelefono kavSiris gaumjobesebuli 
sistema (Improved MTS)-naxevraddupleqsuri 
kavSiris ordiapazoniani sistema PSTN-ze 
gasvliT. (9 arxi diapazonSi 35-44 mghc, 11 arxi 
diapazonSi 152-158 mghc da 12 arxi diapazonSi 454-
460 mghc. momsaxurebis zonis radiusi 60-100 km. 

  Taoba 0.5 G 

PALM 1971 Public Automated Land Mobile - mobiluri kavSiris 
avtomatizirebuli miwispira qseli PSTN-ze 
gasvliT. pirveli cifruli sistema mmarTveli 
Setyobinebebisa da analoguri bgeriTi signalebis 
gadasacemad. 

ARD 1971 AutoRadiioPulehin - saavtomobilo naxevraddupleq-
suri (SemdgomSi dupleqsuri) kavSiris sistema, 
saoperacio klasis, momsaxurebis zoniT 30 km-mde, 
80 arxi diapazonSi 150 mghc. 

  Taoba 1G 

NMT 1979 Nordic Mobile Telephone – skandinaviuri 
ordiapazoniani mobiluri satelefono kavSiris 
sistema, saoperacio klasis, didi zomebis 
teritoriebis dasafaravad, 450 da 900 mghc. 

AMPS 1981 Advented Mobile Telephone System – mobiluri 
kavSiris gaumjobesebuli sistema sixSirul 
diapazonSi 825-890 mghc (600 arxi, arxis sigane 
30 mghc, sabazo sadguris simZlavre - 45 vt, 
saavtomobilo gadasatani sadguris -12 vt, 
gadasatani aparatis -1 vt). 

TACS 1983 Total Aacess Communication System - saerTo 
sargeblobis analoguri radiokavSiris sistema 
diapazinSi 900 mghc (APS-is evropuli versia). 

Mobitex 1983 monacemebis ugamtaro gadacemis saerToSeRwevadi 
radiokavSiris qseli - monacemebis gadacema 
saerTo SeRweviT, ormxrivi peijeruli kavSiris 
qseluri samsaxuriT, GMSK-modulaciiT. 

Data Tac 1990 monacemebis ugamtaro gadacemis ordiapazoniani 
sistema, Mobitel-is tipis, arxis sigane 25 khc, 
sixSireebis diapazoni 403-433 mghc da 806-870 mghc, 
gamtarunarianoba 19,2 kbit/wm. 

  34



cxrili 1.1. (gagrZeleba) 

1 2 3 

  Taoba 2G 

PHS 1990 Personal Handy-phone System - iaponuri 
radiokavSiris sistema portatiuli telefonebiT, 
TDMA-TDD, sixSiruli diapazoni 1880-1930 mghc, 
monacemebis gadacemis siCqare 32 kbit/wm. 

GSM 1991 Global System for Mobile communications - fiWuri 
mobiluri kavSiris oTxdiapazoniani sistema 
(FDMA-TDMA), 850, 900, 1800, 1900 mghc, GMSK
modulacia, arxis sigane 200 khc. 

Digitel 
AMPS 

1991 AMPS-is cifruli varianti, FDMA, sixSiruli 
diapazoni 825-890 mghc, modulacia π/4-DQPSK, 
arxis sigane 30 khc. 

PDC 1992 Personal Digital Cellular - personaluri cifruli 
fiWuri kavSiris standarti, TDMA, sixSiruli 
diapazoni 800 mghc, arxis sigane 25 khc, 
gamoiyeneba mxolod iaponiaSi. 

cdmaOne 1995 pirveli sistema CDMA-SeRweviT, speqtris 
pirdapiri gafarToebiT, cnobilia aseve rogorc 
standarti IS-95 an TIA-EIA-95. sixSiruli 
diapazoni 800 mghc, arxis sigane 1,25 mghc. 
modulacia BPSK/QPSK. 

CSD 1997 Circuil Switched Data - teqnologia monacemebis 
gadacemisaTvis arxebis komutaciiT, dasawyisSi 
damuSavebuli GSM-saTvis. 

  Taoba G 2,5 
WIDEN 1996 Wideband Integrated Dispach Enhanced Network -

farTozolovani integrirebuli gaumjobesebuli 
dispetCeruli qseli (4 arxi siganiT 25 khc, 
gamtarunarianoba 100 kbit/wm). 

GPRS 2000 General Pocket Radio System - monacemebis paketuri 
gadacemis gaumjobesebuli sistema GSM-Tvis 
(sixSiruli zoli 200 khc, maqsimaluri 
gamtarunarianoba 171,2 kbit/wm). 

HSCSD 2000 High-Speed Circuit Switched Data - monacemebis 
maRalsiCqariani gadacemis gaumjobesebuli 
sistema arxebis komutaciiT, Tavsebadi GSM-Tan. 
gadacemis maqsimaluri siCqare 5,6 kbit/wm (xarisxi 
maRali, vidre GPRS).  

  Taoba 2,75 G 

cdma 
2000 

2000 Cdma One standartis 3G evoluciuri varianti 
(gadacemis siCqare gazrdilia 2,4 mgbit/wm-mde, 
dRisaTvis gaaCnia ramdenime varianti (relizi). 

EDGE 2003 Eduanced Data rates for GSM-evolution - monacemebis 
gadacemis gaumjobesebuli cifruli teqnologia 
GSM mobiluri kavSirisaTvis (TDMA, 8 - PSK 
modulacia, monacemebis gadacemis maqsimaluri 
siCqare 384 kbit/wm-mde, arxis sigane 200 khc). 
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cxrili 1.1. (gagrZeleba) 

1 2 3 
  Taoba 3 G 

UMTS 1999 Universal Mobile Telecmunication System – WCDMA
teqnologiis mobiluri kavSiris universaluri 
sistema (sixSireebis diapazoni 850, 1900, 2100 mghc, 
arxis sigane 5 mghc, monacemebis gadacemis siCqare 
2,0 mgbit/wm-mde). 

1xEV-DO 2000 cdma2000-is gaumjobesebuli versia (IS-856)
(gadacemis maqsimaluri siCqare mimarTulebiT
“qveviT” - 307 kbit/wm, mimarTulebiT “zeviT” -
153 kbit/wm). 

FOMA 2001 Freedom of Mobile Multimedia Access – pirveli
W-CDMA 3G momsaxureba iaponuri savaWro markiT 
NTT DoCoMo (W-CDMA/FDD, sixSiruli diapazonebi 
1920-1980 mghc, 2110-2170 mghc). 

GAN/UNA 2006 Generic Access Network - saerTo SeRwevis qseli, 
romelsac adre uwodebdnen axali licenzirebul 
mobiluri SeRwevis sistemas. igi uzrunvelyofs 
GSM da GPRS mobilur momsaxurebebs 
aralicenzirebul sixSirul diapazonebSi. 

  Taoba 3,5 G 

HSDPA 2006 High Speed Dowlink Packet Access - monacemebis 
maRalsiCqariani paketuri gadacemis gaumjobe-
sebuli teqnologia W-CDMA sistemebisaTvis, 
gadacemis mimarTulebisaTvis “qveviT". gadacemis 
siCqare 14,4 mgbit/wm-mde. 

  Taoba 3.75 G 

HSUPA 2007 High Speed Uplink Packet Acess - monacemebis 
gadacemis maRalsiCqariani paketuri gadacemis 
gaumjobesebuli teqnologia W-CDMA sistemebi-
saTvis, gadacemis mimarTulebiT, “zeviT” 
gadacemis siCqare 5,76 mgbit/wm-md 

  Taoba 4 G 

axali teqnologiebis farTo gamoyeneba – MIMO, MultiCarrier CDMA - 
(MC-CDMA), OFDMA, UWB da programulad rekonfigurirebadi radio 
(Software Defined Radio). 

 

 cifruli AMPS (Digital AMPS - AMPS). misi damuSaveba daiwyo 

1981 w. aSS-Si, 1G analogiuri AMPS-is gasaumjobeseblad.  

D-AMPS-is komerciuli eqspluatacia daiwyo 1990 w. 

sixSiruli zolis sigane Seadgens 30 khc. DAMPS sistemebma 

Secvala iaponiaSiGda aSS-Si farTod gavrcelebuli AMDS-

sistemebi. 

2G-s miakuTvneben aseve arxebis koduri dayofis principiT 

momuSave pirvel sistemas CDMA, (aSS). am sistemam pirveli 
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testuri gamocda gaiara 1989 w., xolo komerciul 

eqspluataciaSi Sevida 1995 w. miwodebuli momsaxurebis 

CamonaTvalTa da gadacemis siCqaris mixedviT IS-95 Seesabameba  

2G-s, magram masSi gamoyenebuli mravaljeradi SeRwevis meTodi 

farTod gamoiyeneba Semdgomi Taobis (3G) sistemaSi. amave dros 

2G-s “epoqaSi” CDMA gamoiyeneboda momxmareblebis mxolod 1%-is 

mier (es aqcentirebulia CDMA-s meore Taobis pirobiT 

dasaxelebaSi cdmaOne) [22]. 

GSM qselis SesaZleblobebi monacemebis gadacema/miRebis 

mxriv erTob SezRudulia: GSM sistemaSi gamoiyeneba arxebis 

droiTi gayofis principi mravaljeradi SeRweviT TDMA. es 

niSnavs, rom erT 200 khc siganis viwrozolovan arxSi, 

erTdroulad moTavsebulia kavSiris ramdenime monawile, 

informacia (rogorc bgera, ise SMS) gadaicema mokle paketebiT 

da erT nakadSi SeiZleba ~Sereulad~ gadaices kavSiris seansis 

sxvadasxva monawilis paketebi droiTi dayofiT. es aris 

fundamentaluri SezRudva, romelic dakavSirebulia GSM 

qselebis funqcionirebis principebTan da maTi gaumjobeseba 

arsebul qselebTan da samsaxurebTan SeTavsebadobis dakargvis 

gareSe  SeuZlebelia. ufro martivia aigos axali qseli 

Tanamedrove moTxovnebis mixedviT.  

am principidan gamomdinare 1999 wels daiwyo samuSaoebi 3G 

Taobis qselebze. 3G standarti SemuSavebulia 

eleqtrokavSirgabmulobis saerTaSoriso kavSiris (International 

Telecommunication Union, ITU) mier da ewodeba IMT-2000 (International 

Mobile Telecommunications 2000). IMT-2000 standartis Tanaxmad mesame 

Taobis mobiluri kavSiris qveS igulisxmeba integrirebuli 

qseli, romelic uzrunvelyofs monacemebis gadacemis Semdeg 

siCqareebs: maRali mobilurobis abonentebisaTvis (120 km/sT-mde) 

– aranakleb 144 kbit/wm, dabali mobilurobis (3 km/sT-mde) 

abonentebisaTvis – 384 kbit/wm, uZravi abonentebisaTvis mokle 

manZilze – 2,048 mgbit/wm [23]. 
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mesame Taobis mobiluri qselebi aigeba monacemebis 

paketuri gadacemis safuZvelze. 3G muSaobs decimetruli 

diapazonis sixSireebze, rogorc wesi 2 gghc-s farglebSi. 3G 

qselebSi uzrunvelyofilia ori sabazo momsaxurebis miwodeba: 

monacemebis gadacema da bgeriTi informaciis gadacema. isini 

saSualebas iZlevian organizebul iqnas videosatelefono 

kavSiri, mobiluri telefonebiT filmebisa da teleprogramebis 

miReba da a.S. msoflioSi yvelaze metad gavrcelebulia ori 

standarti:  UMTS da CDMA 2000 [24, 25].  

UMTS teqnologia (Universal Mobile Telecommunications System — 

mobiluri eleqtrokavSiris universaluri sistema) Seqmnilia 

GSM (evropuli standartis fiWuri kavSiris) meore Taobis 

qselebis modernizaciis mizniT, da farTod ganviTarda ara 

marto evropaSi, aramed msoflios sxva regionebSic. UMTS-is 

standartizaciis samuSaoebs koordinacias uwevs 3GPP (Third 

Generation Partnership Project - 3G sapartnioro proeqti).  UMTS 

teqnologiaSi uzrunvelyofilia qselis TiToeuli 

abonentisaTvis ufro farTo arxis gamoyofa: GSM-gan 

gansxvavebiT, UMTS qseli TiToeuli telefonisaTvis samuSaod 

gamoyofs 5 mghc siganis arxs. standartis specifikaciis 

Tanaxmad, UMTS gamoiyenebs sixSireTa Semdeg speqtrs: 1885 mghc —

2025 mghc monacemebis gadasacemad reJimSi  ~mobiluri 

terminalidan sabazo sadgurisaken – uplink” da 2110 mghc — 2200 

mghc – monacemebis gadasacemad reJimSi ~sabazo sadguridan 

terminalisaken - downlink~ [26, 27].   

3GPP muSa jgufi gegmavda UMTS sistemisaTvis gamoeca 

teqnikuri specifikaciebis (relizebis) regularuli krebulebi, 

romlebSic asaxuli iqneboda 3GPP muSa jgufebis kvlevebisa da 

teqnikuri winadadebebis daskvniTi Sedegebi UMTS qselis 

sxvadasxva funqcionaluri mimarTulebebisa da 

qvesistemebisaTvis [28]. 
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UMTS standartis ganviTareba asaxuli iyo ramdenime 

relizSi (nax. 1.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 1.2. UMTS standartis relizebis gamoqveynebis qronologia   

 GSM standartis gaumjobeseba dakavSirebulia EDGE 

teqnologiis (GSM/EDGE Radio Access Network) gamoyenebisTan   

radioSeRwevis qselebSi GERAN teqnologiasTan erTad, romelic 

ganixileba rogorc 2G sistemis ganviTarebis alternativa 3G 

sistemis paralelurad. 

UMTS-is GSM-dan ZiriTad gansxvavebas warmoadgens 

monacemebis gadacemis saeTero sivrcis ageba GERAN-is saerTo 

radioSeRwevis qselis principebiT. es saSualebas iZleva 

ganxorcielebul iqnas UMTS-is Sepirapireba integraluri 

momsaxurebis cifrul qselebTan ISDN, Internet qselTan, GSM 

qselebTan da sxva UMTS qselebTan [29].  

relizi 99 iyo pirveli dagegmili krebulebidan, romlis 

momzadeba dasrulda 1999 wlis bolos. 

relizi 99.   am relizSi UTRAN radioSeRwevis qselis 

elementebs Soris satransporto qselis Sesaqmnelad 

3GPP  
zi 99 reli

3GPP  
lizi 4 re

3GPP 
relizi 5 

3GPP relizi 6

 

3GPP relizi 7 
 

3GPP   
relizi 8 

IMS 
faza 1 

IMS 
faza 2 

2000            2001          2002         2003         2004            2005         2006            2007       2008    ww.     1999         
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gamoyenebuli iqna monacemebis asinqronuli gadacemis 

teqnologia (ATM- Asynchronous Transfer Mode). 

 kidev erTi mniSvnelovani momenti, sistema UMTS  

dafuZnebulia domenebze, romlebic uzrunvelyofen sapaketo 

komutacias sabazo qselSi (CN - Core Network) qvesistemisaTvis 

GPRS  da saqselo domenebze, romlebic uzrunvelyofen arxebis 

komutacias GSM qselebis ukanaskneli versiis qvesistemebTan 

muSaobis dros (nax. 1.3) [30].  

 

 

 

 

 

         a                                                                                  b 
UU  – radiointerfeisi momxmareblebis kavSirisaTvis  

  UMTS sistemasTan 

UTRAN (Universal Terrestrial – universaluri sabazo bloki  radioSeRwevisaTvis 

Radio Access Network) teritorialuri donis UMTS qselTan      
ATM (Asynchronous Transfer Mode) – monacemebis asinqronuli gadacema 

CN (Core Network) –  sayrdeni qselis bloki 
CS                                                         –  domeni arxebis komutaciiT 
PS   –  domeni paketebis komutaciiT 
IU                                                          –  interfeisi UTRAN–is CN-Tan SesaerTeblad 

HLR (Home Location Register –  adgilobrivi abonentebis adgilsamyoflis registri 
AuC (Authentification Center) –  abonentTa autentifikaciisa da kontrolis centri 
GTP (GPRS Tunnelling Protocol)       – GPRS-is tunelirebis protokoli  

WAP (Wireless Application Protocol) - internetis specialurad adaptirebul                       
gverdebTan SeRweva 

MMS (Multimedia Messaging Service) - multimediuri momsaxureba 

nax. 1.3.  UMTS sistemis arqiteqtura  (a) da momsaxurebebi (b)           
relizi 99-is Tanaxmad 

 da mesame momenti, mobiluri kavSiris qselebSi inergeba  

bgeris gadacemis uaxlesi teqnologiuri miRweva - VoIP  (Voice over 

IP) [31]. W-CDMA qselebi daSendebian arsebul GSM qselebze, Tanac 

isini paralelurad muSaoben. saabonento terminali avtomaturad 

gadairTveba qselebs Soris  [28, 32]. 
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nakadisburi 
audio/video  
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UU 
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64 kbit/wm 

PS‐domeni
GTP/IP 
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 relizi 4. am relizSi yvelaze mTavari siaxle iyo sabazo 

sadguris arxebis komutaciis (CS - Channel switching) domenis 

gadatana gadacemis sapaketo teqnologiaze da sabazo qselis 

ageba IP, ATM  teqnologiebis safuZvelze (nax. 1.4) [33]. amasTan 

dakavSirebiT, Semotanil iqna garemos rabebi, marTvis centrisa 

da moZravi kavSiris komutaciis MSC serveri da signalizaciis 

rabi (SGW MGW). 

 organizebul iqna monacemebis gacvlis samsaxuris 

damoukidebeli arqiteqtura arxebis komutaciis domenisaTvis, 

agreTve nakaduri audio/video momsaxurebis gawevis 

SesaZlebloba, MMS da sxva multimediuri momsaxurebebi. aseTi 

midgoma saSualebas iZleva gamoyenebul iqnes  universaluri IP 

qselebi da Seiqmnas momsaxurebis garemo, komutaciis 

mowyobilobebisagan damoukideblad. aseve realizebulia 

monacemebis maRal siCqareebze gadacemis uzrunvelyofa          

2 mgbit/wm-mde. samuSaoebi reliz 4-Tan dakavSirebiT SeCerebul 

iqnen 2001 w. martSi. 

 samuSaoebi CDMA 2000    standartizaciasTan dakavSirebiT 

koordinirebulia saerTaSoriso jgufis  3GPP2 (Third Generation 

Partnership Project 2) mier. EV-DO (Evolution-Data Only) — monacemebis 

gadacemis teqnologia gamoiyeneba, CDMA 2000 standartis fiWuri 

kavSirebis qselebSi. teqnologia CDMA 2000 1х EV-DO Seqmnil iqna 

adapturi modulaciis gamoyenebiT, romelic saSualebas iZleva 

gavzardoT arxis gamtarunarianoba, monacemebis gadacemis 

srulyofil mizniT.  monacemebis gadacemis siCqarem  EV-DO      

rel.0-Si miaRwia  2,4 mgbit/wm. am teqnologiam upiratesi gavrceleba 

miiRo Crdiloamerikis kontinentze, agreTve azia - wynari okeanis 

regionSi [26, 28, 32]. 
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   a                                                                                      b 

nax. 1.4.  UMTS sistemis arqiteqtura  (a) da momsaxurebebi (b)           
relizi 4-is Tanaxmad 

  relizi 5. am relizSi CS domenis  arxebis komutaciisaTvis 

АТМ  teqnologia Secvlilia IP teqnologiT. CN sabazo qselis 

SemadgenlobaSi CarTulia axali PS domeni  (nax. 1.5), romelsac 

ewodeba  (nax. 1.5) IMS (IP Multimedia Subsystem) [34]. 

 

 

 

 

 

   

 

       a                                                                                   b 
PoC (Push to Talk over Cellular) - servisis saxe  fiWur kavSirSi "daaweqi da elaparake"  

nax. 1.5.  UMTS sistemis arqiteqtura  (a) da momsaxurebebi (b)           
relizi 5-is Tanaxmad 

 am siaxleebma migviyvanes realuri drois trafikisa da 

monacemebis dayofilad gadacemis meTodis srul uaryofamde da 

qselSi momsaxurebis miwodebis erTian - paketuri komutaciis 

principebze gadasvlasTan. kidev erTi siaxle, romelic 

dakavSirebulia monacemTa bazis HLR da autentifikaciisa da 

kontrolis mowyobilobaTa AuC  funqciebis integraciasTan, 

adgilobrivi abonentebis erTian serverSi (Home Subscriber Server – 
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HSS). es serveri Seicavs informacias TiToeuli abonentis 

Sesaxeb (gawerili adgilobrivi qselis monacemTa bazaSi) 

gamoZaxebebisa da monacemebis gadacemis seansebis marTvisaTvis. 

reliz 5-is Zalian didi miRwevaa W-CDMA teqnologiis 

safuZvelze maRalsiCqariani SeRwevis reJimis damuSaveba 

informaciis gadacemisaTvis xazSi `qveviT~ (High Speed Downlink 

Packet Access – HSDPA). reJimma HSDPA SesaZlebeli gaxada 

monacemebis gadacemis siCqare gazrdiliyo 10 mgbit/wm-mde. 

samuSaoebi reliz 5-Tan dakavSirebiT SeCerebul iqnen 2002 w. 

martSi [35]. 

 relizi 6. am relizma radioSeRwevis UTRAN qselSi АТМ 

teqnologiis nacvlad Semoitana IP teqnologia. am relizSi aseve 

miiRo Semdgomi ganviTareba HSDPA  reJimma (nax. 1.6) da 

formulirebuli iqna pirveli fazis moTxovnebi monacemebis 

maRalsiCqariani gadacemis reJimisaTvis xazSi `zeviT~ HSUPA 

(High Speed Uplink Packet Access). samuSaoebi reliz 6-is 

ganviTarebasTan dakavSirebiT SeCerebul iqnen 2004 w. bolosTvis 

[36]. 

   

 

 

 

 

 

           a                                                                                   b 

nax. 1.6. UMTS sistemis arqiteqtura  (a) da momsaxurebebi (b)           
relizi 6-is Tanaxmad 

  CDMA 2000 standartizaciaSi aseve moxda cvlilebebi. 

monacemebis gadacemis siCqarem CDMA 2000 1x EV-DO rev.A miaRwia  

3,1 mgbit/wm.  
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relizi 7. am relizSi Sevida mravalsxiviani adapturi 

antenebis gamoyenebis sakiTxebi, romlebic dafuZnebulia MIMO 

(Multiple Input, Multiple Output – mravlobiTi Sesavali, mravlobiTi 

gamosavali) teqnologiaze da gamtarunarianobis gazrdis 

SesaZleblobis radioqvesistemebze. aseve warmodgenili iyo 

HSUPA teqnologiis ganviTarebis meore faza da E-IMS (Enhanced 

IMS) srulyofili qvesistema. am qvesistemis danergvam masTan 

fiqsirebuli farTozolovani monacemTa gadacemis qselebis 

SeRwevis (Fixed Broadband Access) SesaZlebloba Seqmna    [37, 38].  

marTvis meqanizmisa da momsaxurebis garantirebuli xarisxis 

principis safuZvelze rgolSi `damaboloebeli momxmarebeli - 

damaboloebeli momxmarebeli~ uzrunvelyofil iqna momsaxurebis 

QoS xarisxi UMTS qselebSi, romlebic iyeneben 

HSDPA/HSUPA/Enhanced IMS teqnologias [39, 40, 41]. 

 samuSaoebi reliz 7-is ganviTarebasTan dakavSirebiT 

SeCerebul iqnen 2007 w. SuaSi. 

 relizi 8.  mocemuli relizi iTvleba sabazod LTE (Long-

Term Evolution) sistemisaTvis, romelic SeiZleba miekuTvnos 3.9G 

Taobas. es sistema srulada IP-zea agebuli (All IP). am relizSia 

dafiqsirebuli  W-CDMA  teqnologiidan ufro progresul 

OFDMA teqnologiaze gadasvla. OFDMA teqnologia  (nax. 1.7) da 

SC-FDMA (Single Carrier – Frequency Division Multiple Access, rac niSnavs 

mravlobiT SeRwevas erTi gadamtani sixSiriT)  saSualebas 

iZleva gavzardoT gamtarunarianoba xaziT `qveviT~           

100 mgbit/wm-mde da xaziT `zeviT~ - 60 mgbit/wm-mde, erT arxiT 

sixSiruli zolis siganiT - 20 mghc. 

   LTE-Si aseve SesaZlebeli gaxda monacemTa paketebis 

gadacemis dayovnebis dro Semcirebuliyo 10 mwm-mde SedarebiT  

80 mwm-isa HSDPA teqnologiaSi da gamartivebuliyo qselis 

arqiteqtura  [42]. arsebuli sistemebi 3GPP (GSM da WCDMA/HSPA) 

da 3GPP2 (CDMA2000 1xRTT, EV-DO) integrirebulia LTE sistemasTan 
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standartuli interfeisis gamoyenebis xarjze, romelic 

uzrunvelyofs optimizirebul mobilurobas  [43, 44]. 

       samuSaoebi reliz 7-ze Sewyvetil iqnen 2009 w. SuaSi. 
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 a                                                                                      b 
SAE (System Architecture Evolution) - sistemuri arqiteqturis evolucia  
MME ( Mobility Management Entity) - mobilurobis marTvis kvanZi  

 

nax. 1.7.  UMTS sistemis arqiteqtura  (a) da momsaxurebebi (b)           
relizi 8-is Tanaxmad 

relizi 9. LTE qselebSi gaTvaliswinebulia masobrivi 

saSiSroebis  sistemis mier axali momsaxurebebis miwodeba. es 

sistema gadascems gangaSis signalebs masobrivi safrTxeebis  

(Public Warning System – PWS) - miwisZvris, cunamis da sxva 

SemTxvevebSi, miawvdis abonentebis adgilsamyofelis gansazRvris 

momsaxurebas (Location Base Services – LBS), momsaxurebas М2М `manqana-

manqana~ qselebis safuZvelze. 

relizi 10.    formulirebulia ZiriTadi moTxovnebi, 

romlebic unda daakmayofilos srulyofilma LTE Advanced  

sistemam.  es moTxovnebi exeba mobiluri kavSirebis 4G  Taobis 

standartebs [43]: 

 monacemebis gadacemis maqsimaluri siCqare xazSi `qveviT~      

1 ggbit/wm-mde, xazSi `zeviT~ - 500 mgbit/wm-mde;  

 sruli Tavsebadoba da urTierTkavSiri LTE-Tan da   3GPP 

(GERAN/UMTS) standartebis sxva sistemebTan. 
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cxrilSi  1.2 SegviZlia qronologiuri rigiT davakvirdeT 

rogorc 3GPP da  aseve 3GPP2 standartebSi monacemebis gadacemis 

siCqareebis zrdas. brZola monacemebis gadacemis siCqareebis 

zrdisTvis ZiriTadad imisTvis mimdinareobs, rom mobiluri 

kavSirebis abonentebisaTvis SesaZlebeli iyos internet qselebSi 

maRalsiCqariani SeRweva, agreTve maTi uzrunvelyofa 

multimediuri momsaxurebis farTo speqtriT. 

cxrili 1.2 

3G da 4G teqnologiebis maxasiaTeblebis SedarebiTi monacemebi  

teqnologia 

bazarze 
gamoCenis 

weli  

monacemebis 
gadacemis siCqare 
xaziT ~qveviT~ 

(DL)

monacemebis 
gadacemis siCqare 
xaziT ~zeviT~ 

(UL) 

3G/UMTS/WCDMA 
(zolis sigane  5 mghc) 2001 w. 384 kbit/wm 384 kbit/wm 

UMTS/HSDPA 2005 w 7,2 mgbit/wm 384 kbit/wm 

UMTS/HSUPA 2007 w 7,2 mgbit/wm 5,8 mgbit/wm 

UMTS/HSPA+ 2009 w 42 mgbit/wm 11,5 mgbit/wm 

3G/CDMA 2000 1x 
(zolis sigane   
1,25 mghc) 

2000 w 153 kbit/wm 153 kbit/wm 

CDMA 1xEV-DO Rel. 0 2002 w 2,4 mgbit/wm 153 kbit/wm 

CDMA 1xEV-DO Rev.A 2006 w 3,1 mgbit/wm 1,8 mgbit/wm 

4G/LTE/SAE (Rel.8,9) 
(zolis sigane   
 20 mghc-mde) 

2011 w 100 mgbit/wm 58 mgbit/wm 

4G/LTE-Advanced (Rel.10) >2011-2012 1 ggbit/wm 500 mgbit/wm 
 

1.2.2.  BWА qselebis teqnologiebis evolucia 

BWA qselebi gamoCnda or aTeuli wliT gvian vidre fiWuri 

kavSiris qselebi. Ees imiT aixsneba, rom mobiluri telefonebisa 

da personaluri kompiuterebis farTo gavrcelebam gamoiwvia 

samomxmareblo moTxovnilebis gazrda ugamtaro kavSirebze, 

mokle manZilebze (erTeuli da aTeuli metri). BWA-Si 

gamoyenebuli teritoriuli zonebis mcire zomebi da, 

Sesabamisad, gadasacemi signalebis dabali doneebi 
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SesaZleblobebs iZleva sixSireebis ganmeorebiTi gamoyenebisa 

iseT sixSirul diapazonebSi, romlebic gankuTvnilia 

samrewvelo, samecniero da samedicino (Indusrial, Scientific, Medical - 

ISM) gamoyenebisaTvis, kerZod sixSirul diapazonSi 2,4-2,48 mghc 

[47, 48, 49].  

Setyobinebebis gadacemis siCqare da Sesabamisad, sixSirul 

arxebis gadacemis zoli, ganisazRvreba qselis daniSnulebiT. 

magaliTad:  

 lokalur ugamtaro qselebSi (WLAN), rogorc personalur 

kompiuterebs Soris sadeniani qselis alternativaSi, monacemTa 

gadacemisTvis  saWiro siCqare aRwevs ramdenime  ggbit/wm; 

 personalur ugamtaro qselebSi (WPAN), romlebic cvlian 

gamtarian kavSirebs sayofacxovrebo da multimediuri 

daniSnulebis xelsawyoebs Soris, gadacemis siCqareebia - 

aTeuli kbit/wm-dan audio SetyobinebebisaTvis, aTeul 

mgbit/wm-mde - videoSetyobinebebisaTvis. 

BWA qselebis radioarxebis maxasiaTeblebis mimoxilviTi 

monacemebi (maT Soris speqtraluri efeqturoba) moyvanilia cxr. 

1.3-Si. 

cxrili 1.3. 

farTozolovani moRwevis qselebis radiosixSiruli arxebis 
maxasiaTeblebi 

BWA-s 
nairsaxeoba 

gamoyenebuli 
teqnologia 

sixSiruli 
diapazoni 

gatarebis 
zoli, 
mghc 

gadacemis 
siCqare, 
mgbit/wm 

maqsimaluri 
speqtra-
luri 

efeqturoba 
bit/hc 

WLAN Wi-Fi ISM 22 1 . . . 54 2.45 

WPAN Bluetooth ISM 1 0.7 0.7 

WiMedia ISM 15 11 . . . 55 3.66 

ZigBee ISM 2 0.25 0.125 

WMAN WiMax 2 ... 11 

gghc 

20 75 3.75 
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sadReisod  internetTan wvdomis da multimediuri 

momsaxurebis miwodebis TvalsazrisiT yvelaze perspeqtiulia: 

Wi-Fi (Wireless Fidelity) da WiMAX (Worldwide Interoperability for Microwave 

Access).   es teqnologiebi gamoiyeneba internetTan (monacemTa 

urTierTgacvlis arxTan) misaerTeblad. Mmagram, amis miuxedavad 

TiToeuli am teqnologiebidan mimarTulia sruliad 

gansxvavebuli amocanebis Sesrulebaze. 

IEEE-Si (Institute of Electrical and Electronics Engineers) WLAN 

standartebi iqmneboda 802 komitetis, romelic pasuxismgebelia 

lokaluri (LAN) da saqalaqo (MAN) qselebis sferoSi 

standartizaciaze (802 LAN/MAN Standards Committee), muSa jgufis 

(Work Group – WG) 802.11 mier. IEEE komitetis farglebSi  802 muSa 

jgufi  WG 802.11 dakavebulia WLAN standartebis SemuSavebiT, da 

Sesabamisi standartebi cnobilia rogorc IEEE 802.11 standartebi. 

sawyisi (sabazo) standarti IEEE 802.11 miRebul iqna 1997 wels. 

SemdgomSi is ganuwyvetliv ganicdida gaumjobesebas, rasac 

Seesabameba versiebi, romlebsac emateboda asoebi  a-dan x-mde [16].  

mokle cnobebi standartis versiebis Sesaxeb warmodgenilia 

cxrilSi 1.4   

cxrili 1.4 

IEEE 802.11 standartis bazuri versiebis cnobebi  

standartis 

versia 

damtkicebis 

TariRi 

sixSiruli 

diapazoni, 
gghc 

monacemebis 

gadacemis 

siCqare,     
(max), mgbit/wm 

kavSiris 

siSore,  
m 

802.11, bazuri 
(legacy) 1997 2.4 2 - 

802.11a 1999 5 54 ~30 

802.11b 1999 2.4 11 ~30 

802.11g 2003 2.4 54 ~30 
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Wi-Fi  - es aris IEEE 802.11 standartis  sareklamo 

saxelwobeda. Wi-Fi sistema  moqmedebs mokle manZilebze, 

Cveulebrivad ramdenime aseul metrze, amitom farTod 

gamoiyeneba lokalur qselebSi.  qselTan wvdomis 

uzrunvelsayofad gamoiyeneba sixSireTa aralicenzirebuli 

diapazoni.  

ugamtaro lokaluri kavSiris moTxovnadoba (momxmareblis 

TvalsazrisiT) gansazRvravs WLAN–is adgils Tanamedrove 

ugamtaro telekomunikaciebSi. WLAN–is umniSvnelovanes 

samomxmareblo Tvisebas, abonentTa mosaxerxebeli 

urTierTkavSiris uzrunvelsayofasTan erTad, abonentTa 

satransporto qselebTan wvdomis uzrunvelyofa warmoadgens. 

kerZod, ukanaskneliT aixsneba inglisurenovani terminis “cxeli 

wertilis” (hotspot) gamoyeneba, sazogadoebrivi adgilebSi WLAN-is 

gaSliT Internet-Si SesaRwevad [50]. 

Wi-Fi  iyenebs QoS (Quality of Service) meqanizms, romelic gavs   

Ethernet-Si gamoyenebuls, romlis drosac paketebi iReben 

gansxvavebul prioritetebs. aseTi midgoma yoveli SeerTebisTvis 

erTnairi QoS garantias ar iZleva [51]. 

 Wireless MAN qselebi SedarebiT axali klasia, romelic 

ZiriTadad gamoiyeneba sxvadasxva geografiul zonebSi 

ganlagebuli qselebis jgufis gamaerTianeblad erT did qselSi. 

Tavdapirvelad standartebi organizebuli iyo fiqsirebuli 

farTozolovni SeRwevisaTvis, SemdgomSi Seiqmna sxva versiebi, 

magaliTad, seansuri da gadaadgilebadi SeRwevis  

uzrunvelsayofad, sul bolos ki standartebSi 

gaTvaliswinebuli iqna saboloo momxmareblis mobilurobis 

yvela aspeqti. 

fiqsirebuli da seansuri SeRweva gulisxmobs, rom 

momxmareblis mowyobiloba qselis kvanZebis mimarT imyofeba 

erTsa da imave adgilze mudmivad, an ucvlelia kavSiris erTi 

seansis ganmavlobaSi. gadaadgilebadi SeRwevis dros dasaSvebia 

momxmareblis mowyobilobis gadaadgileba dabal siCqariT      
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(10 km/sT-mde), SezRuduli teritoriis farglebSi, kavSiris 

seansis Seuwyvetavad. mobiluri SeRweva uzrunvelyofs kavSirs 

120 km/sT-mde siCqariT moZravi momxmareblis mowyobilobasTan, 

momsaxurebis estafetur gadacemis SesaZleblobas kavSiris 

seansis Seuwyvetavad. 

momxmareblis saboloo mowyobilobis mobilurobis yvela 

SesaZlo variantis dakmayofilebis wyalobiT. WiMAX-is 

ganawilebuli qselebi gaxdnen fiWuri mobiluri kavSiris 

qselebis uSualo konkurentebi. WiMAX  qselebis daniSnulebaa 

Semdegi amocanebis gadawyveta:  

 ugamtaro SeRwevis uzrunvelyofa did manZilebze da 

“bolo milis” problemis gadawyveta; 

 telekomunikaciuri momsaxurebis miwodeba monacemebis 

maRali siCqariT gadacemiT (multimedia, videotelefonia 

da sxva); 

 SeRwevis wertilebis mxardaWera geografiul 

mdebareobasTan mibmis gareSe da pirdapiri xedvis 

ararsebobis dros (NLOS – Non Line of Site); 

 Wi-Fi SeRwevis wertilebis CarTva da momsaxureba; 

 sxva saxis qselebTan urTierTqmedeba. 

WiMAX standarti dafuZnebulia IP-protokolze da 

uzrunvelyofs rogorc monacemebis gadacemas, aseve tradiciul 

bgeriTi signalebis gadacemas (momsaxurebas). amasTanave gaaCnia 

didi efeqturoba NLOS pirobebSi (OFDM-is gamoyenebiT).  

 WiMAX  - satelekomunikacio teqnologiaa, romelic 

SemuSavebulia did manZilebze, universaluri ugamtaro kavSiris 

mosawodeblad farTo speqtris mowyobilobaTaTvis (muSa 

sadgurebidan da personaluri kompiuterebidan dawyebuli 

mobilur telefonebamde). 

  WiMAX iyenebs meqanizms, romelic dafuZnebulia kavSiris 

damyarebaze sabazo sadgursa da momxmareblis mowyobilobas 

Soris.  TiToeuli SeerTeba dafuZnebulia dagegmarebis 
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specialur algoriTmze, romelsac SeuZlia QoS parametrebis 

garantireba yoveli SeerTebisTvis.  

2001-2005 w.w. damuSavebuli iqna IEEE 802.16 ojaxis 

standartebis oTxi versia (maTi mokle daxasiaTeba moyvanilia 

cxrilSi 1.5 [1]. pirveli maTgani aRwerda fiqsirebuli SeRwevis 

qselebis mowyobilobebis maxasiaTeblebs SemTxvevisaTvis 

“wertili-mravalwertili”, sixSirul diapazonSi (10-66) gghc. es 

standarti damtkicebuli iqna 2001 wlis dekemberSi. radiokavSiri 

sixSiris am diapazonSi moiTxovs gadamcemsa da mimRebs Soris 

pirdapiri xedvis arsebobas, rac mniSvnelovani naklovanebaa misi 

gamoyenebis dros qalaqis mWidro dasaxlebis pirobebSi. 

cxrili 1. 5. 

IEEE 802.16 standarti 

standarti 802.16 802.16.a 802.16.d 802.16.e 
muSa 

sixSireebis 
diapazoni 

G10-66 gghc 2-11 gghc 2-11 gghc 2-11 gghc 

kavSiris 
pirobebi 

pirdapiri 
xedva 

pirdapiri 
xedvis 

ararseboba 

pirdapiri 
xedvis 

ararseboba 

pirdapiri 
xedvis 

ararseboba 
mobiloba fiqsirebuli fiqsirebuli 

da seansuri 
fiqsirebuli,
seansuri da 
gadaadgile-

badi 

mobiluri 

gadacemis 
reJimi 

erTi 
gadamtani 

erTi 
gadamtani 

erTi 
gadamtani 

erTi 
gadamtani 

mravalreJi-
miani OFDMA 

modulacia QPSK, 16QAM 
daA 64QAM 

QPSK, 16QAM 
daA 64QAM 

QPSK, 16QAM 
daA 64QAM 

QPSK, 16QAM 
daA 64QAM 

monacemebis 
gadacemis 
siCqare 

32-134 mgbit/wm 1-75 mgbit/wm 1-75 mgbit/wm 1-15 mgbit/wm 

arxis sigane 20, 25 da 28 
mghc 

cvladi 
 1.25-dan    

20 mghc-mde 

cvladi 
 1.25-dan     

20 mghc-mde 

cvladi  
1.25-dan     

20 mghc-mde 
fizikuri 
donis 

specifikacia 

Wireless    
MAN-SC 

Wireless    
MAN-SCa 
Wireless    

MAN-OFDM 
Wireless    

MAN-OFDMA 

Wireless    
MAN-SC 

WirelessMAN-
SCa 

WirelessMAN-
OFDM 

WirelessMAN-
OFDMA 

Wireless    
MAN-SC 

WirelessMAN-
SCa 

WirelessMAN-
OFDM 

WirelessMAN-
OFDMA 
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gigaherculi sixSiruli diapazonis speqtrul-efeqturi 

teqnologiebis (OFDM, sivrciT-droiTi kodireba, adapturi 

antenebi) gamoCenam mizanSewonili gaxada WiMAX-Tvis sixSiruli 

speqtris axali diapazonebis gamoyofa, ris Semdegac damuSavda 

standartis axali versia IEEE 802.16.a (an IEEE 802.16-2003). 

mocemuli standarti aRwerda fiqsirebuli da seansuri 

SeRwevis WirelessMAN qselebis mowyobilobebis maxasiaTeblebs, 

sixSirul diapazonSi 2-11 gghc, gadamcemsa da mimRebs Soris 

pirdapiri xedvis ararsebobis pirobebSi [1]. 

standarti IEEE 802.16.d versiam gaaerTiana ori wina versia 

da uzrunvelyo gadaadgilebadi SeRweva WirelessMAN qselebSi. 

misi mowyobiloba gaTvlili iyo 2-11 gghc diapazonSi 

funqcionirebisaTvis, pirdapiri xedvis ararsebobis (NLOS) 

pirobebSi. 

2004 wlis ivlisSi mowonebuli iqna standarti          

IEEE 802.16-2004, romelic warmoadgenda IEEE 802.16.a standartis 

Sesworebul versias. man Secvala standartis adre arsebuli 

versiebi – 802.16, 802.16.a da 802.16 Rev.d. dReisaTvis standarti 

IEEE 802.16-2004 aRwers farTozolovan ugamtaro SeRwevas 

sistemebisaTvis diapazonSi 2-11 gghc. is gansazRvravs gadacemis 

garemosTan SeRwevis kontrolis (MAC) da fizikur doneebs, rac 

uzrunvelyofs mravalricxovani sxvadasxva operatorebis 

qselebis urTierTqmedebas. 

mesame Taobis qselebTan, am drosTvis wamowyebulma 

konkurenciam ganapiroba, teqnologiuri gadawyvetilebebis 

moZiebis aucilebloba, romlebic uzrunvelyofdnen saboloo 

momxmareblis mobilurobas.  IEEE 802.16.e (IEEE 802.16–2005) 

standartis “mobiluri” versia 2005 w. dekemberSi gamovida. 

misTvis sabazo gaxda wina IEEE 802.16–2004 versia, damatebebiTa da 

cvlilebebiT, romlebic uzrunvelyofdnen mobilur SeRwevas [52]. 

mobiluri WiMAX orientirebulia momxmareblebTan 

muSaobaze, romlebic gadaadgildebian 120 km/sT-mde siCqariT. 
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mobiluroba gulisxmobs roumingis funqciis arsebobas da 

sabazo sadgurebs Soris e.w. “unakero” gadarTavs abonentis 

moZraobisas (rogorc es mobiluri operatorebis qselSi xdeba). 

kerZo SemTxvevebSi  mobiluri WiMAX SeiZleba gamoyenebuli 

iqnas fiqsirebul momxmarebelTa momsaxurebisTvisac. 

WiMAX forumSi monawile mowyobilobebis mwarmoeblebis 

mier mowodebulia IEEE 802.16 standartebis danergvis sametapiani 

koncefcia. am koncefciis realizacia daiwyo IEEE 802.16.d (802.16.a) 

standartebis qselebis agebiT, romlebic uzrunvelyofdnen 

fiqsirebul ugamtaro SeRwevas saerTo sargeblobis sadgurebiTa 

da momxmareblis gare antenebiT. amave etapze xdeba WiMAX 

qselTan IEEE 802.11.a (Wi-Fi) mowyobilobebis mqone saerTo 

SeRwevis momxmareblebis mierTeba [53, 54]. 

meore etapi gulisxmobs WiMAX qselebTan Wi-Fi 

personaluri momxmareblebis sadgurebis mierTebas SeRwevis 

koleqtiuri wertilebis gavliT tranzitis gareSe. WiMAX 

teqnologiiT momuSave personaluri mowyobilobebis qmedeba, 

agreTve muSaoba SeRwevis koleqtiuri wertilebiT 

uzrunvelyofili unda iqnas seansuri da gadaadgilebadi 

reJimebis pirobebSi. amisaTvis portatuli mowyobilobebi 

aRiWurveba IEEE 802.16-2004 standartis modemiT, romlebic an 

“deda” plataze realizdeba an warmodgeba PCMCIA baraTis 

saxiT. 

mosalodneli momsaxurebis saxeebis CamonaTvali am dros 

Semdegia: 

 monacemebis gadacema: maRalsiCqariani SeRweva internetSi, 

e-mail, failebis gadacema; 

 satelevizio programebis miReba, video moTxovniT da 

nakaduri video; 

 bgeris paketuri gadacema realur droSi (VoIP, nakaduri 

audio realur droSi); 
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 video realur droSi: videokonferencia, videokavSiri, 

qseluri TamaSebi, nakaduri video. 

Wi-Fi qselebi sawyis etapze ar ganixilebodnen WiMAX-is 

pirveladi versiebis konkurentad, radgan WiMAX moiazreboda 

mxolod “bolo milis” problemis gadasawyvetad da MAN 

qselebis fiqsirebuli saboloo momxmareblebisaTvis. am 

scenariT es standartebi (Wi-Fi da WiMAX) erTmaneTs avsebdnen 

da maTi mowyobilobebis maxasiaTeblebi iZleoda sxvadasxva 

daniSnulebis qselebis agebis SesaZleblobebs sxvadasxva 

pirobebisaTvis (cxr. 1.6). 

WiMAX-is danergvis me-3 etapi gulisxmobs qselebis 

AAagebas momsaxurebis miwodebiT mobiluri  abonentebisaTvis. am 

momentidan Cndeba IEEE 802.11 da IEEE 802.16 qselebis agebis 

konkurentuli variantebi. 

 dReisaTvis 802.16 qselebis ZiriTad amocanas warmoadgens 

qseluri donis uzrunvelyofa 802.11 lokaluri qselebsa da 

regionalur (WAN) qselebs Soris, romlebSic SemdgomSi 

igegmeba damuSavebaSi myofi IEEE 802.20 standartebis gamoyeneba. 

 IEEE-s versiiT BWA-s ZiriTadi standartebis CamonaTvalSi 

Sesulia: IEEE 802.15 (Bluetooth) – personaluri qselebisaTvis, Wi-Fi 

– lokaluri qselebisaTvis da WiMAX. am CamonaTvals asrulebs 

damuSavebis etapze myofi standarti IEEE 802.20 - 

gaTvaliswinebuli globaluri qselebis Sesaqmnelad [55]. 

eleqtronikisa da eleqtroteqninis inJinerTa institutma 

2011 wlis aprilSi daamtkica IEEE 802.16.m standarti, romelic 

cnobilia rogorc WirelessMAN-Advanced da WiMAX-2 [56]. es 

standarti akmayofilebs meoTxe Taobis standartis moTxovnebs. 

IEEE 802.16.m iZleva usadeno qselebis gamtarunarianobis 

ramdenjerme gazrdis saSualebas. ase, axali Taobis qselebSi 

sasadguro mowyobilobebs SeuZliaT miiRon monacemebi 1ggbit/wm-

mde siCqariT, xolo mobilur gajetebs da portatul 
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kompiuterebs 100 mgbit/wm-mde. imavdroulad SenarCunebulia 

ukuTavsebadoba   arsebul   WiMAX  mowyobilobebTan.  arsebuli 

cxrili 1.6.  

IEEE 802.11 da IEEE 802.16 mowyobilobebis maxasiaTeblebis Sedareba 

 IEEE 802.11 IEEE 802.16 
dafarvis 

radiusi 

 monacemebis gadacema zonaSi 
radiusiT 100 m-mde; 

 

 gaTvaliswinebulia 

dafarvis zonis gazrda 

damatebiTi saanteno 

mowyobilobebiT. 

fiWis tipiuri radiusi 

(7-10) km, 

potencialuri        

50 km-mde, 

 ar arsebobs SeRwevis 
“dafaruli” 

wertilebis problema 

dafarvis 

arxebi 

 qselebi optimizirebulia 

monacemebis gadacemisaTvis 

Senobis farglebSi 

monacemebis gadacema 

Senobis gareT, did 

manZilebze, pirdapiri 

xedvis ararsebobis 

pirobebSic. 

 gaTvaliswinebulia: 

OFDM/OFDMA-s 
gamoyeneba 

gadamtanebis 

sxvadasxva ricxviT; 

adapturi modulaciis 

gamoyeneba; SMART-
antenebis gamoyeneba. 

masStaburoba  fiqsirebuli sixSiruli 

zolis sigane (20 mghc) 

 

 abonentis ricxvis zrdiT 
monacemebis gadacemis 

siCqare mcirdeba 

arawrfivad. 

sixSiruli zolis 

sigane 1.5 da 20 mghc-

mdea (martivdeba 

qselis dagegmareba); 

 abonentis ricxvis 
zrdiT monacemebis 

gadacemis siCqare 

mcirdeba wrfivad. 

monacemebis 

gadacemis 

siCqare 

 monacemebis gadacemis 
siCqarea 54 mgbit/wm arxis 

sixSiruli zolisaTvis    

20 mghc (speqtraluri 

efeqturoba 2.7 bit/wm/hc) 

monacemebis gadacemis 

siCqarea 75 mgbit/wm, 

arxis sixSiruli 

zolisaTvis 20 mghc. 

(speqtraluri 

efeqturoba           

3.8 bit/wm/hc 

xarisxis 

opciebi 

(QoS) 

 QoS opciebi ar 
xorcieldeba 

(damuSavebulia IEEE 802.11.e 
specifikaciaSi) 

 QoS xorcieldeba 

bgerasa da 

videosaTvis. 
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WiMAX (IEEE 802.16.e) mobiluri qselebi uzrunvelyofen Teoriul 

gamtarunarianobas 40 mgbit/wm-mde. sasadguro kompiuterze 

monacemTa gadacemisas siCqare ki 75 mgbit/wm aRwevs. 

SesaZlebelia situacia, rodesac axlandeli fiWuri 

protokolebis sanacvlod movlen ugamtaro kavSiris ojaxis 

protokolebi 802.11/16 (ix. cxr. 1.7), an sul mcire, isini SeZleben 

3G/4G qselebTan Tanaarsebobas [57]. 

802.11 da 802.16 standartebis  maxasiaTeblebi mocemulia 

cxrilSi 1.7.  

cxrili 1.7. 

Wi-Fi  da WiMAX standartebis maxasiaTeblebi 

ტექნო-
ლოგია 

სტან- 

დარტი  
გამოყე-
ნება 

გამტარუნარიანობა 
მოქმედების 

რადიუსი 

სიხში-

რეები, 
gghc  

Wi-Fi 802.11a WLAN 54 mgbit/wm-mde   300 m-de 5,0  

Wi-Fi 802.11b WLAN  11 mgbit/wm-mde 300 m-de 2,4  

Wi-Fi  802.11g WLAN 54 mgbit/wm-mde   300 m-de  2,4  

Wi-Fi  802.11n WLAN
450 mgbit/wm-mde  

(perspeqtivaSi  
600 mgbit/wm-mde 

 300 m-de 
2,4 - 

2,5 an 
5,0  

WiMАХ 802.16d WMAN  75 mgbit/wm-mde  25-80 km  1,5-11  

WiMАХ 802.16e 
Mobile 
WMAN 

 40 mgbit/wm-mde  1-5 km   2.3-13.6 

WiMАХ 802.16m 
WMAN, 
Mobile 
WMAN 

1 ggbit/wm-mde 
(WMAN),  100   
mgbit/wm-mde 

(Mobile WMAN) 

- - 

 

1.3. BWN qselebis teqnologiebis evolucia saqarTveloSi  

 saqarTveloSi fiWurma kavSirgabmulobam ganviTareba 

daiwyo 1996 wlidan, rodesac operatorma "megakomi"  gauSva 

pirveli Taobis АМРS sistema. Semdgom man Sewyvita Tavis 

moRvaweoba.  
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 erTi wlis Semdgom, meore Taobis cifruli sistemis    

GSM 900–is meSveobiT, Tavisi momsaxurebis gaweva daiwyo 

erTdroulad orma kompaniam "jeoseli" da "magTikomi". es ori 

warmatebuli kompania male iTvisebs axal teqnologiebs. Tavidan 

es iyo GSM 1800, xolo Semdgom UMTS  da HSDPA. TiToeuli am 

kompaniis qseli faravs saqarTvelos dasaxlebuli teritoriis 

98%. 

 2007 wlidan saqarTvelos teritoriaze GSM 1800 sistemis 

Tavisi qseli gaSala kompaniam “mobiteli”. saqarTveloSi is 

cnobilia “bilaini”-s saxelwodebiT. maleve man  daiwyo mesame 

Taobis momsaxureobaTa SeTavazeba. 

 fiWuri kavSiris abonentTa raodenoba 2010 wlis 3,98 

milionidan gaizarda 4,43 milionamde 2011 wels, xolo fiWuri 

abonentebis simkvrive (abonentebis Tanafardoba qveynis 

mosaxleobasTan) imave periodSi gaizarda 89,7%-dan 99,1%-mde. 

abonentTa raodenoba ganisazRvreba aqtiuri SIM-baraTebis 

raodenobiT. 

lideria kompania jeoseli.  2011 wels abonentTa saerTo 

raodenobis 44,3% ekuTvnoda jeosels, 40,3% - magTikoms da 15,4% - 

bilains [58] (ix. nax. 1.8). 

kompania @@”silqneti”, romelic Sedis “silq roud grupis” 

qarTuli korporaciis SemadgenlobaSi, mobiluri kavSiris 

bazarze Semovida 2011 wlis dekemberSi da wlis bolosTvis misi 

abonentebis ricxvi Seadgenda 1782 abonents. 

internet momxmarebelTa ricxvi saqarTveloSi 2011 wels, 

2010 welTan SedarebiT gaizarda 49%-iT, da Seadgina 1 milion 

637 aTas abonenti. maT ricxvs mobiluri internet 

momxmareblebic miekuTvnebian, romlebic 2010 wels iyvnen 500 

aTasi – aRniSnulia saqarTvelos komunikaciebis maregulirebeli 

komisiis (GNCC) 31 maiss gamoqveynebul wliur angariSSi.  

ugamtaro farTozolovan (maRalsiCqarian) teqnologiebidan 

(garda mobilurisa), saqarTveloSi, ZiriTadad danergilia CDMA 

EV-DO, WiMax da  Wi-Fi. 
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                nax.  1.8. saqarTvelos fiWuri kavSiris abonentTa ricxvis 

ganawilebis diagrama 

2011 wlis bolosTvis EV-DO abonentebis ricxvi Seadgenda 

41 aTass, xolo WiMax  da Wi-Fi Sesabamisad, 7.229  da 4.468  aTass. 

2011 wlis bolosTvis kompaniam "bilaini", pirvelad 

saqarTveloSi warmoadgina me-4-e Taobis interneti (4G), romelic 

LTE teqnologiis bazaze funqcionirebs. kompaniis Tbilisis 

saTao ofisis informaciiT prezentacia moxda kurort 

bakurianSi, specialurad momzadebul inovaciuri teqnologiebis 

sademonstracio zonaSi. “bilaini” pirveli kompaniaa, romelmac 

pirvelad saqarTveloSi da saerTod amier kavkasiaSi moaxdina 4G 

testireba. 

2012 wlis bolos q. Tbilisis meriis iniciativiT, qalaqis 

yvela raioni dafaruli iqneba ufaso, usadeno Wi-Fi intrnet 

qseliT. mocemuli iniciativa mniSvnelovania yvela im 

adamianisTvis, romlebic internets aqtiurad iyeneben saqmiani, 

saganmanaTleblo an gasarTobi miznebisaTvis. aseTi maStaburi 

proeqtis ganxorcieleba, saxelmwifos patronaJiT uprecedentoa 

msoflioSi. iseT qalaqebSic ki rogorebicaa parizi, vena, 

amsterdami, romi, praRa, ierusalimi da stambuli ufaso 

interneti xelmisawvdomia mxolod komerciuli organizaciebis 

teritoriaze. 

da kidev erTi Zalian mniSvnelovani faqti. 2012 wlis maisSi 

saqarTvelos prezidentma ganacxada, rom uaxloes droSi 

saqarTvelos soflebis 80% -Si iqneba interneti da soflis 

mosaxleoba SeZlebs msoflios nebismieri wertilis 
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mosaxleobasTan urTierTobas, iswavlian sxvebisgan axals da 

TviTonac SeZleben TavianTi codnisa da gamocdilebis 

gaziarebas sxva internet momxmarebelTaTvis. 

 moviyvanoT zemoaRniSnuli Taobebis mokle daxasiaTeba. 

1G  

             qselis yvelaze primitiuli organizacia. xma radioeTrSi 

gadaecemoda analoguri saxiT, rogorc Cveulebriv satelefono 

qselSi. Sedegad SeuZlebeli iyo damatebiTi momsaxurebis gaweva, 

faqsimiluri kavSiris garda. analoguri signali ar aris 

daculi xelSeSlebisgan. radiospeqtris gamoyenebis efeqturobac 

minimaluria – TiToeuli kavSiris seansi mTlianad ikavebda arxs 

(25-30 khc). 

 teqnologiebis es Taoba warmoadgens Cveulebrivi 

telefoniis uSualo STamomavals. 

2G 

maTematikuri algoriTmebis saSualebiT audio signalebis 

kodirebam da maTi cifruli saxiT  qselSi gadacemam warmoaCina 

axali SesaZleblobebis mTeli rigi. 

pirvel rigSi, SesaZlebeli gaxda ara marto xmis, aramed 

monacemebis gadacemac. arxis sigane ukve 200 khc Seadgens.  

meorec, xmis cifruli damuSavebisas SesaZlebeli gaxda 

koreqtirebis teqnologiis gamoyeneba, ramac xmovani Setyobinebis 

gadacemis xarisxi mkveTrad gaaumjobesa.  

mesamec,  ganviTarebulma kriptografiulma instrumentebma 

dacvis principulad axali xarisxis uzrunvelyofis saSualeba 

mogvces. 

meoTxe, mkveTrad gaizarda radiospeqtris gamoyenebis 

efeqturoba, maSasadame qselis tevadobac.  

 TumcaRa, teqnologiebis es Taoba orientirbuli iyo 

uSualod audio signalis gadacemaze (xorcieldeboda arxebis 

komutacia). internet qselis ganviTarebam da mis resursebTan 

wvdomaze moTxovnis gazrdam, daayena IP protokolebis 

mxardaWeris da monacemTa gadacemis siCqaris sakiTxi. gaCnda 
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paketuri komutaciis realizaciis da ufro maRali warmadobis 

radiointerfeisebis aucilebloba, romlebic monacemTa 

gadacemisTvis iqnebodnen gankuTvnilni. amisTvis saWiro gaxda 

standartebisTvis calkeuli gafarToebebis damateba, romlebic 

qselis mTel axal qvesistemebs aRwerdnen. anu GPRS/EDGE ar 

warmoadgens xmovani qselebis @”organul nawils”. amitom msgavsi 

gafarToebis mqone meore Taobis qselebis aRsaniSvanad iyeneben 

aRniSvnas 2,5G, 2,75G da a.S  

3G  

3G qselis TiToeuli abonentisTvis xdeba 5 mghc sixSiruli 

zolis gamoyofili arxis uzrunvelyofa. mesame Taobis 

mobiluri kavSiri agebulia monacemTa paketur gadacemaze 

(xorcieldeba paketebis komutacia). inergeba uaxlesi teqnikuri 

miRweva laparakis gadacemisaTvis - VoIP  (Voice over IP) teqnologia. 

mimdinareobs nakaduri audio/video nakadebis,MM MMS da sxva 

multiservisuli momsaxurebis gacvlis  SesaZleblobis 

organizeba.  

vamaxvilebT yuradRebas, rom mesame Taobis qselebSi xmis 

gadacemisTvis Zveleburad, SeiZleba gamoyenebuli iqnas arxebis 

komutaciis principi. es aris gakeTebuli wina Taobis sistemebis 

mxardasaWerad. 

4G 

4G qselis TiToeuli abonentisTvis xdeba 5÷20 mghc 

gamoyofili arxis uzrunvelyofa. 4G qselSi uari unda iTqvas 

xmis arxebiT komutaciaze da ganxorcieldes gadasvla all-IP 

(paketur komutaciaze). anu intrnet protokolebis steki unda 

gaxdes erTaderTi transporti, rac imas niSnavs, sxvaTaSoris, 

rom moxdeba gadasvla VoIP-ze,  rogorc xmovani Setyobinebis 

gadacemis erTaderT saSualebaze.  
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1.4. daskvnebi pirvel TavTan dakavSirebiT 

1. mocemulia farTozolovani ugamtaro qselebis daxasiaTeba. 

naCvenebia fiWuri kavSiris sistemebisa da SeRwevis 

farTozolovani ugamtaro sistemebis evolucia. naCvenebia 

internet teqnologiebis gamoyenebis perspeqtiva 4G qselebSi. 

2. naCvenebia, rom ugamtaro kavSirebis sistemebis arxebis 

sigane 30 khc-dan gaizarda 20 mghc-mde, Sesabamisad 

monacemebis gadacemis siCqare gaizarda 1 ggbit/wm-mde. am 

evoluciis Sedegad, ugamtaro kavSirebis sistemebiT, amJamad 

SesaZlebelia gadacemul iqnes aramarto xma, rogorc es iyo 

analogur sistemebSi, aramed aseve audio/video, MMS 

momsaxureobaTa da sxva multimeduri momsaxurebebis 

nakadebi. 

3. naCvenebia, rom Tanamedrove BWN-ebSi yvela saxis 

informaciis gadacemis ZiriTadi saxea IP teqnologia 

(paketuri komutacia) da Sesabamisad, formulirebulia 

moTxovnebi axali BWN-teqnologiebis mimarT. 

4. naCvenebia farTozolovani ugamtaro qselebis evoluciuri 

svla saqarTveloSi. aRniSnulia, rom qveynis mTel 

teritoriaze jeoseli, magTikomi, bilaini da silqneti 

aqtiurad nergaven farTozolovani ugamtaro kavSirirebis 

me-3 Taobis teqnologiebs, xolo bilainma ukve Caatara LTE 

teqnologiis testireba, romelic me-4 Taobas  ganekuTvneba. 

yvela am kompaniebis Zalisxmeva mimarTulia internetSi 

qveynis mosaxleobis sayovelTao swrafSeRwevis 

uzrunvelyofisken. yvela es faqti adasturebs, rom 

samecniero gamokvlevebi farTozolovani ugamtaro kavSiris 

teqnologiebis xarisxis gazrdis mimarTulebiT aucilebeli 

da droulia. 
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Tavi 2. internet protokolebi (IP) farTozolovan 

ugamtaro qselebSi 

2.1. Tanamedrove qselebi da parametrebi, romlebic 

zegavlenas axdenen momsaxurebis xarisxze 

momsaxurebis xarisxi – es erTia im mraval moTxovnas 

Soris, romlebic standartebis Sesabamisad Tanamedrove qselebs 

waeyeneba. 

yvelaze zogadi survili, romelic SeiZleba gamoiTqvas 

BWN qselebis muSaobis mimarT, es momsaxurebis im CamonaTvalis 

Sesrulebaa, romlebisTvisac gankuTvnilia es qselebi. 

magaliTad: failebis arqivebTan an Internet-is Web-saitebTan 

SeRwevis SesaZlebloba; eleqtronuli fostis gacvla sawarmos 

farglebSi an globalur masStabebSi; IP-telefoniis xmovani 

Setyobinebebis interaqtiuri gacvla da sxv.    

am ZiriTadi amocanis Sesrulebis xarisxTanaa 

dakavSirebuli BWN qselebis iseTi mniSvnelovani maxasiaTebeli, 

rogoricaa misi warmadoba.  

qselis warmadobis analizis dros mniSvnelovan rols 

TamaSobs misi gamtarunarianoba da masSi monacemebis gadacemis 

dayovneba [59, 60, 61]. 

gamtarunarianoba – trafikis damuSavebis maqsimaluri 

SesaZlo siCqare, gansazRvruli teqnologiis im standartiT, 

romelis Sesabamisadacaa agebuli qseli. gamtarunarianoba 

asaxavs qselis an misi nawilis mier drois erTeulSi 

gadacemuli monacemebis maqsimalur moculobas. 

gamtarunarianoba miuTiTebs qselis Sida operaciebis 

Sesrulebis siCqareze – monacemebis paketebis gadacemaze qselis 

kvanZebs Soris sxvadasxva sakomutacio mowyobilobis gavliT. is 

uSualod axasiaTebs qselis mier misi ZiriTadi funqciis – 

Setyobinebis transportirebis – Sesrulebis xarisxs [62]. 

gamtarunarianoba izomeba erTeuliT biti wamSi (bit/wm), 

calkeul SemTxvevebSi – paketi wamSi. 
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qselis gamtarunarianoba damokidebulia rogorc gadacemis 

garemos fizikur maxasiaTeblebze, aseve monacemebis gadacemis 

miRebul meTodze  (teqnologiebi Ethernet, ATM, Wi-Fi da sxva). 

gamtarunarianoba rogorc maxasiaTebeli gamoiyeneba, ara marto 

qselisaTvis, aramed im teqnologiis dasaxasiaTeblad, 

romelzedac agebulia es qseli. 

geterogenuli qselis sxvadasxva ubanze, sadac 

gamoyenebulia ramdenime gansxvavebuli teqnologia, 

gamtarunarianoba SeiZleba gansxvavebuli iyos. qselis muSaobis 

analizisa da gawyobisaTvis Zalze sasargebloa misi calkeuli 

elementebis gamtarunarianobis monacenebis codna. mniSvnelovania 

aRvniSnoT, rom monacemebis gadacemis procesis mimdevrobiTobis 

gamo qselis nairsaxovan elementebs Soris, saerTo 

gamtarunarianoba nebismieri Sedgenili marSrtisaTvis, 

ganisazRvreba misi elementebidan minimaluri gamtarunarianobis 

mqone elementiT. gamtarunarianobis gazrdis mizniT, pirvel 

rigSi, yuradReba unda mieqces yvelaze nelmoqmed elementebs. 

zogierT SemTxvevaSi, mizanSewonilia operireba movaxdinoT 

qselis saerTo gamtarunarianobiT, romelic ganisazRvreba 

rogorc qselis yvela kvanZs Soris gadacemuli informaciis 

saSualo raodenoba drois erTeulSi. igi axasiaTebs qselis 

saerTo xarisxs, misi diferencirebis gareSe calkeuli 

segmentebisa da mowyobilobebis mimarT. 

gadacemis dayovneba ganisazRvreba, rogorc drois 

monakveTi gasuli monacemebis Semosvlis momentidan qselis 

romelime mowyobilobis an qselis nawilis Sesavalze, da am 

mowyobilobis, an qselis am nawilis gamosavalze, misi gamoCenis 

momentamde. 

Cveulebrivad, BWN qselebis xarisxs axasiaTeben gadacemis 

dayovnebis maqsimumiT da gadacemis dayovnebis variaciiT. 

aRsaniSnavia, rom trafikis yvela saxe ar aris mgrZnobiare 

gadacemis dayovnebis mimarT, yovel SemTxvevaSi dayovnebis im 

sidideebis mimarT, romelic damaxasiaTebelia kompiuteruli 
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qselebisaTvis, - zogadad maTi sidide ar aRemateba miliwams, 

iSviaTad ki ramdenime wams. paketebis am rigis dayovnebebi, 

warmoSobili failebis, eleqtronuli fostisa da beWdvis 

samsaxurebis mier naklebad moqmedeben am samsaxurebis 

funqcionirebis xarisxebze, qselis momxmareblis TvalsazrisiT. 

meore mxriv, paketebis, romelTac gadaaqvT salaparako da 

videomonacemebi,  aseTma dayovnebebma SeiZleba migviyvanos 

momxmareblisaTvis miwodebuli informaciis xarisxis 

mniSvnelovan gauaresebamde - `eqos~ efeqtis warmoSobamde, 

calkeuli sityvebis garCevis SeuZleblobamde, gamosaxulebis 

vibraciamde da a.S. 

gamtarunarianoba da monacemebis gadacemis dayovneba 

erTmaneTisagan damoukidebel parametrebs warmoadgenen. ase rom 

qsels SeiZleba hqondes, magaliTad, maRali gamtarunarianoba, 

magram Sehqondes mniSvnelovani dayovnebebi monacemebis 

gadacemaSi TiToeuli paketis gadacemis dros. aseTi situaciis 

magaliTs iZleva kavSiris arxi organizebuli geostacionaluri 

TanamgzavriT. am arxis gamtarunarianoba SeiZleba iyos sakmaod 

maRali, magaliTad 2 mgbit/wm, maSin rodesac gadacemis dayovneba 

yovelTvis Seadgens aranakleb 0,24 wm., rac ganpirobebulia 

eleqtruli signalis gavrcelebis siCqariTa (daaxloebiT      

300 000 km/wm) da arxis sigrZiT (minimum 72 000 km). 

idealur SemTxvevaSi BWN qselma  unda uzrunvelyos 

momsaxurebis xarisxis parametrebi formulirebuli calke 

TiToeuli gamoyenebisaTvis. magram garkveuli mizezebisa da ukve 

arsebuli QoS meqanizmebis gamo SemoisazRvrebian ufro martivi 

amocanis gadawyvetiT – garkveuli gasaSualebuli moTxovnebis 

Sesrulebis garantiiT, warmodgeniliT gamoyenebaTa ZiriTadi 

tipebisaTvis. 

yvelaze xSirad parametrebi, romlebic figurireben 

momsaxurebis mravalferovan gansazRvrebebSi, reglamentirebas 

ukeTeben qselis funqcionirebis Semdeg maCveneblebs: 

 gamtarunarianoba; 
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 paketebis gadacemis dayovneba; 

 paketebis danakargebisa da damaxinjebis done. 

kavSiris arxebisa da satranzito sakomutacio 

mowyobilobebis faqtiuri gamtarunarianoba – es qselis is 

resursia, romelic warmoadgens sayrden wertils QoS 

meqanizmebis muSaobisaTvis. QoS meqanizmebi mxolod marTaven 

arsebuli gamtarunarianobis ganawilebas, gamoyenebis saxisa da 

qselis gawyobis moTxovnaTa Sesabamisad. qselis 

gamtarunarianobis gadanawilebis yvelaze naTeli magaliTi 

mdgomareobs paketebis rigebis marTvaSi. 

vinaidan monacemebi, romelTac cvlian erTmaneTs Soris 

ori damaboloebeli kvanZi, gadian Sualeduri saqselo 

mowyobilobebis, iseTebis rogoricaa koncentratorebi, 

komutatorebi da marSrutizatorebi, garkveul raodenobas, QoS 

uzrunvelyofa moiTxovs trafikis gzaze qselis yvela elementis 

urTierTmoqmedebas, e.i. `bolodan bolomde~ ("end-to-end", "e2e"). 

QoS nebismieri garantia imdenad Seesabameba sinamdviles, 

ramdenadac maT uzrunvelyofs yvelaze `susti~ elementi rgolSi 

gamgzavnidan mimRebamde. amitom saWiroa mkafiod gageba imisa rom 

QoS uzrunvelyofa erT saqselo mowyobilobaSi, Tundac 

magistralurSi, mxolod umniSvnelod gaaumjobesebs 

momsaxurebis xarisxs an saerTod ver moaxdens gavlenas QoS 

parametrebze. 

BWN qselebSi QoS meqanizmebis uzrunvelyofis realizacia 

SedarebiT axal tendencias warmoadgens. didi xnis ganmavlobaSi 

kompiuteruli qselebi arsebobdnen aseTi meqanizmebis gareSe. es 

ZiriTadad ori mizeziT aixsneba: 

 jer erTi, umetesi gamoyenebebi, qselis mier realizebuli, ar 

iyvnen ~momTxovnebi~ dayovnebebis mimarT, e.i. aseTi 

gamoyenebebisaTvis paketebis dayovneba an gadaxra saSualo 

gamtarunarianobisagan sakmaod did diapazonSi ar iwvevda 

maTi funqcionirebis mniSvnelovan cvlilebas. ara moTxovnadi 
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gamoyenebis magaliTebs warmoadgenen XX saukunis 80-iani 

wlebis qselebSi gavrcelebuli gamoyenebebi: eleqtronuli 

fosta da failebis distanciuri kopireba;   

 meorec, 10-megabitiani qselebis (Ethernet)  gamtarunarianoba umetes 

SemTxvevaSi ar iyo deficituri. ase, Ethernet-is gayofadi 

segmenti, romelTanac mierTebuli iyo 10-20 kompiuteri, 

romlebic iSviaTad axorcielebdnen mcire zomis teqsturi 

failebis kopirebas, romelTa moculobac ar aRemateboda 

ramdenime aseul kilobaits, saSualebas aZlevda 

urTierTmoqmedi kompiuterebis wyvilebs, qseli gadaekveTaT 

iseTi siswrafiT, rogorsac moiTxovda maTi warmomSobi 

trafikis danarTi. 

amis Sedegad, umetesi qselebi muSaobdnen transportirebis 

im xarisxiT, romelic uzrunvelyofda gamoyenebaTa moTxovnebs. 

marTalia, kvanZebs Soris gadacemuli paketebis dayovnebis an 

gamtarunarianobis araviTar garantias garkveul zRvarebSi es 

qselebi ar iZleodnen. ufro metic, qselebis droebiTi 

gadatvirTvebisas, rodesac kompiuterTa mniSvnelovani nawili 

maqsimaluri siCqariT iwyebda gadacemas, dayovnebebi da 

gamtarunarianoba iseTi mniSvnelobiT dgeboda, rom gamoyenebis 

muSaoba iZleoda Seferxebas – xorcieldeboda metismetad nela, 

sesiaTa wyvetiT da a.S. 

arsebobs ori ZiriTadi midgoma qselis xarisxiani muSaobis 

uzrunvelsayofad. pirveli mdgomareobs imaSi, rom qseli 

garantias aZlevs momxmarebels daicvas momsaxurebis xarisxis 

uzrunvelyofis garkveuli ricxviTi mniSvneloba. magaliTad, 

qselebi Frame relay  da ATM garantias aZleven momxmarebels 

uzrunvelyon gamtarunarianobis daTqmuli done. meore midgomiT 

qseli cdilobs SesaZleblobis mixedviT ufro xarisxianad 

moemsaxuros momxmarebels, magram arafris garantias ar aZlevs 

mas [63, 64].  

satransporto servisma, romelsac awvdian aseTi qselebi, 

miiRo saxelwodeba "best effort", e.i. servisi `maqsimaluri 
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pirobebiT~ (an `SesaZleblobis mixedviT~). qseli cdilobs 

maqsimalurad swrafad daamuSaos Semosuli trafiki, 

imavdroulad, araviTar garantias ar iZleva SesaZlo Sedegebis 

mimarT. magaliTad SeiZleba gamodges umetesi teqnologiebi 

damuSavebuli gasuli saukunis 80-ian wlebSi: Ethernet, Token Ring, IP, 

X.25 [48, 65].  servisi `maqsimaluri pirobebiT~ dafuZnebulia 

rigebis damuSavebis garkveul samarTlian algoriTmze, romelic 

warmoiSoba qselebis gadatvirTvis dros, rodesac garkveuli 

drois ganmavlobaSi qselSi paketebis Semosvlis siCqare aWarbebs 

am paketebis gadaadgilebis siCqares.  

umartives SemTxvevaSi rigebis damuSavebis algoriTmi 

yvela nakadis paketebs ganixilavs rogorc Tanabaruflebianebs 

da gadaadgilebs maT Semosvlis rigis mixedviT (First In — First Out, 

FIFO). am SemTxvevaSi, rodesac rigi zedmetad izrdeba (ver eteva 

buferSi), problema `gvardeba~ martivad - axlad Semosuli 

paketebis gadayriT (ugulvebulyofiT).  

cxadia,  servisi `maqsimaluri pirobebiT~ uzrunvelyofs 

momsaxurebas misaRebi xarisxiT mxolod im SemTxvevebSi, 

rodesac qselis warmadoba bevrjer ufro metia saSualo 

moTxovnaze, e.i. siWarbis Semcvelia. aseT qselSi 

gamtarunarianoba datvirTvis pikuri mniSvnelobebis drosac ki  

sakmarisia. aseve cxadia, rom aseTi gadawyvetileba 

araekonomiuria – ukidures SemTxvevaSi Tanamedrove 

teqnologiebis gamtarunarianobisa da infrastruqturis mimarT, 

gansakuTrebiT globaluri qselebisaTvis. miuxedavad amisa, 

qselebis ageba Warbi gamtarunarianobiT, rogorc momsaxurebis 

saWiro donis uzrunvelyofis umartivesi saSualeba, praqtikaSi 

zogjer mainc gamoiyeneba. magaliTad, TCP/IP qselebis 

momsaxurebis zogierTi provaideri iZleva xarisxiani 

momsaxurebis garantias, imiT, rom mudmivad uzrunvelyofs 

Tavisi magistralebis gamtarunarianobis met dones SedarebiT 

klientTa moTxovnebTan. 
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2.2. VoIP  qselebSi momsaxurebis xarisxis gansazRvra 

VoIP  qselebSi momsaxurebis xarisxis gansazRvris dros 

aucilebelia gaTvaliswinebul iqnes, rom moTxovnebi qselis 

maxasiaTeblebis mimarT sxvadasxvaa gamoyenebis saxis mixedviT. 

moTxovnebi mniSvnelovnad gansxvavdebian monacemebisa da bgeriTi 

signalebis gadacemis dros. magaliTad, monacemTa didi masivebis 

gadacemis dros aucilebelia sixSiris didi zoli, monacemebi 

kritikulebi arian danakargebis mimarT da amave dros SeiZleba 

sul ar iyvnen kritikulebi dayovnebis mimarT. amis 

sawinaaRmdegod, VoIP  gamoyenebis dros, moeTxoveba SedarebiT 

mcire saqselo resursebi, magram es gamoyeneba kritikulia 

rogorc dayovnebebis, aseve maTi variaciebisadmi, da naklebad 

mgrZnobiareni (monacemebis gadacemasTan SedarebiT) danakargebis 

mimarT. maSinac ki, rodesac monacemebi da bgeriTi signalebi 

gadaicema erTi da igive qseliT, xmovani trafiki da monacemebis 

trafiki ar SeiZleba erTnairad iqnes damuSavebuli mTeli rigi 

mizezebis gamo, maT Soris: 

 bgeriT da monacemebis paketebs gansxvavebuli sigrZe 

gaaCniaT; 

 bgeriTi da monacemebis paketebi sxvadasxva siCqareebiT 

gadaicemian; 

 bgeriTi da monacemebis paketebi kvanZebSi damuSavdebian da 

momxmarebels miewodebian sxvadasxva meqanizmisa da 

protokolebis gamoyenebiT; 

 eleqtronuli fostis Setyobinebebi da monacemTa masivebi 

SeiZleba dayovndnen ramdenime wuTiTac ki momsaxurebis 

xarisxis Sefasebaze mniSvnelovani gavlenis gareSe, maSin 

rodesac VoIP  teqnologiis gamoyenebis SemTxvevaSi 

ramdenime mlwm-ma dayovnebebmac ki SeiZleba warmoSvan 

bgeriTi signalebis mniSvnelovani damaxinjebebi.  

 VoIP gamoyenebis dros sawyis moTxovnas warmoadgens is, 

rom laparakis xarisxi VoIP-iT gadacemisas ar unda iyos imaze 
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naklebi, rogoricaa saerTo daniSnulebis satelefono qselebSi 

[66]. aRvniSnavT, rom xarisxis dones saerTo daniSnulebis 

satelefono qselebSi zogjer saerTaSoriso SeerTebis xarisxis 

dones uwodeben da igi warmoadgens umaRles dones 

eleqtrokavSiris qselebSi. rogorc cnobilia, momsaxurebis 

xarisxi ganisazRvreba saqselo parametrebis krebuliT, romlis 

SemadgenlobaSic Sedis - qselis gamtarunarianoba, 

qselis/saqselo mowyobilobebis imedianoba, paketebis gadacemis 

dayovneba, dayovnebis variaciebi (e.w. jiteri) da paketebis 

danakargebi.  

 ukanasknel dromde kavSiris qselebiT laparakis gadacemis 

xarisxis ganmsazRvreli SeTanxmebuli raodenobiTi Sefasebebi, 

imis gaTvaliswinebiT, Tu rogor aRiqvams mas momxmarebeli, ar 

arsebobda. Tavdapirvelad eleqtrokavSiris saerTaSoriso 

organizaciis (ITU) mier SemoTavazebul iqna (rekomendacia ITU 

P.800) midgoma, romlis safuZvelSi Cadebuli iyo laparakis 

gadacemis xarisxis subieqturi Sefasebebi (iseTebi, rogorebicaa 

maRali xarisxi, kargi xarisxi, misaRebi xarisxi da a.S.). 

subieqturi Sefasebebi, samwuxarod, ver iqnebian Sejerebuli 

saqselo maxasiaTeblebTan, romlebic gamoiyenebian qselebis 

proeqtirebisa da eqspluataciis dros. aseve SeuZlebelia maTi 

Sejereba im procesebTan, romelTa realizebac xorcieldeba 

saterminalo mowyobilobebiT (e.i. qselgareTa mowyobilobebiT). 

aq saqme exeba SekumSvis algoriTmebs, kodirebis sqemebs, 

informaciis dacvisa da aRdgenis meqanizmebs da sxv. 

 miuxedavad amisa, subieqturi Sefasebebi gamoyenebas 

poulobdnen mTeli rigi wlebis ganmavlobaSi, rogorc 

erTaderTi midgoma satelefono qselebSi laparakis xarisxis 

SefasebisaTvis. am midgomas garkveuli doniT dRemde aqvs 

SenarCunebuli Tavisi mniSvneloba. 1998 wels ITU  ganaxorciela 

momsaxurebis xarisxis obieqtur Sefasebebze dafuZnebuli 

midgomis standartizireba. is saSualebas iZleva aRweril iqnes 

xarisxobrivi maxasiaTeblebi bgeriTi signalebis paketuri 
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formiT gadacemis dros (rekomendacia ITU G.107). Semdgom 

ganxilul iqneba orive midgoma, magram ZiriTadi yuradReba 

daeTmoba G.107 rekomendaciis analizs. 

2.3. momsaxurebis xarisxis subieqturi Sefaseba laparakis 

gadacemis dros 

audio da video informaciis xarisxis pirvelad kriteriums 

warmoadgens momsaxurebis xarisxis aRqma (percefcia) 

momxmareblis mier. momsaxurebis xarisxis gansazRvra SeiZleba 

dafuZnebuli iyos rogorc subieqtur, aseve obieqtur 

Sefasebebze. upiratesad gamoyenebuli subieqturi Sefasebis 

meTodi aRwerilia rekomendaciaSi ITU P.800, rogorc zemoT iyo 

moxseniebuli da cnobilia rogorc MOS (Mean Opinion Score) meTodi 

[67]. MOS  meTodis Sesabamisad, laparakis xarisxi, miRebuli 

signalis gavlisas sistemaSi molaparakidan (wyaro) msmenelamde 

(mimRebi), fasdeba rogorc ariTmetikulad saSualo yvela 

Sefasebisa, warmodgenili eqspertebis mier gadacemis 

testirebadi traqtis mosmenis Semdeg. 

saeqsperto Sefasebebi ganisazRvreba xuTbaliani skalis 

Sesabamisad: 5 – friadi, 4 – kargi, 3 – misaRebi, 2 – cudi,         

1 -  miuRebeli. eqspertTa Sefaseba 3,5 da meti bali – Seesabameba 

standartulsa da maRal satelefono xarisxs; 3,0 – 3,5 bali – 

misaRebia; 2,5 – 3.0 bali – sinTezirebuli xmis Sesabamisia. 

laparakis kargi xarisxiT gadacemisaTvis mizanSewonilia 

orientireba MOS Sefasebis 3,5 da met balze. 

marTalia, MOS modeli dafuZnebulia subieqtur 

Sefasebebze, magram mainc warmoadgens Sefasebis saimedo 

instruments satelefono qselebSi. amave dros, dakavSirebulia 

am Sefasebebis miRebis did danaxarjebTan – rogorc drosi, aseve 

finansebis mxriv. amas garda,  laparakis gadacemisaTvis paketuri 

qselebiT, MOS modelis pirdapir gamoyenebas, romelic 

damuSavebulia satelefono qselebisaTvis, axlavs garkveuli 

problemebi. bunebrivia, rom es modeli ar iTvaliswinebs 
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movlenaTa mTel rigs, tipiurs monacemTa gadacemis qselisaTvis 

da romlebic gavlenas axdenen laparakis xarisxze VoIP 

sistemebSi. MOS modelSi ar aris SesaZlebeli gaTvaliswinebul 

iqnes laparakis xarisxze moqmedi faqtorebi. kerZod ar miiReba 

mxedvelobaSi: 

 gamWoli (end-to-end) dayovneba telefoniT molaparakeebs 

Soris; 

 dayovnebis variaciebis, jiteris, gavlena; 

 paketebis danakargebis gavlena. 

 amas garda, MOS modeli iZleva erTi mimarTulebiT 

SeerTebis xarisxis Sefasebas da ara realuri ori mimarTulebiT 

satelefono SeerTebebisas. yovelive aman moiTxova bgeriTi 

signalebis gadacemis xarisxis Sefasebis axali modelebis 

damuSaveba, romlebic gaiTvaliswinebdnen paketuri gadacemis 

Taviseburebebs [68, 69]. 

2.4. momsaxurebis xarisxis obieqturi Sefaseba laparakis  

gadacemis dros paketur qselebSi 

 zemoT miTiTebuli uaryofiTi mxareebis aRmofxvris mizniT 

ITU  1998 w. miiRo rekomendacia ITU G.107, romelSic aRwerilia 

midgoma telekomunikaciaSi momsaxurebis obieqturi 

SefasebisaTvis. midgomis safuZvelSi Cadebulia e.w. E-modeli, 

romelmac gaxsna axali mimarTuleba momsaxurebis xarisxis 

SefasebaSi, dakavSirebuli terminalebisa da qselebis 

maxasiaTeblebis gazomvebTan. 

 E-modelis Seqmnis Semdeg Catarebul iqna gamocdebis didi 

ricxvi, romlebSic icvleboda saqselo faqtorebis 

damaxinjebebis zemoqmedebis doneebi. am testebis monacemebi 

gamoyenebul iqna E-modelSi obieqturi Sefasebebis 

gamosaTvlelad. gamoTvlis Sedegs, E-modelis Sesabamisad, 

warmoadgens ricxvi, romelsac  R-faqtori ewodeba (e.w. reitingis 

koeficienti).  
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 R-faqtoris mniSvnelobebi calsaxad Seesabamebian MOS 

modelis Sefasebebs (cxr. 2.1 da nax. 2.1). 

 E-modelis Sesabamisad R-faqtori ganisazRvreba 

mniSvnelobaTa diapazonSi - 0-dan 100-mde, sadac 100 Seesabameba 

xarisxis yvelaze maRal dones. R-faqtoris angariSis dros 

mxedvelobaSi miiReba 20 parametri. am parametrebis 

SemadgenlobaSi Sedian: 

 erTmimarTulebiani dayovneba; 

 paketebis dakargvis koeficienti; 

 monacemebis danakargi jiteris buferis gadavsebis gamo; 

 damaxinjebebi, Setanili analoguri signalis cifrulad 

gardaqmnis da Semdgomi SekumSvis (signalebis damuSaveba 

kodekebSi) procesebSi; 

 eqos gavlena da sxv. 

                                                                                                                              cxrili 2.1 

QoS Sefaseba R-faqtorisa da MOS modelis mixedviT 

R-faqtoris 

mniSvneloba 

xarisxis kategoria da momxmareblis 

Sefasebebi 

 MOS 
Sefasebis 

mniSvneloba 

90<R<100 yvelaze maRali (friadi) 4,34 – 4,50 

80<R<90 maRali (kargi) 4,03 – 4,34 

790<R<80 
saSualo (misaRebi; momxmarebelTa nawili 

afasebs, rogorc aradamakmayofilebeli) 
3,60 – 4,03 

60<R<70 
dabali (cudi; momxmarebelTa nawili 

afasebs, rogorc aradamakmayofilebeli) 
3,10 – 3,60 

50<R<60 miuRebeli (ar aris rekomendirebuli) 2,58 – 3,10 

 

 amgvarad, E-modeli da R-faqtori SeiZleba gamoyenebul 

iqnen laparakis gadacemis obieqturi SefasebisaTvis VoIP 

teqnologiaSi [70]. rogorc ki R-faqtori iqneba miRebuli, 

SeiZleba gamoiTvalos Sesabamisi MOS Sefasebebi. R-faqtoris 

gamoTvla iwyeba SemTxvevisaTvis, rodesac signalis damaxinjeba 

arxSi ar  aris gaTvaliswinebuli da mxedvelobaSi miiReba 

damaxinjebebi, romelTac aqvT adgili realuri laparakis 
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eleqtrul signalad gardaqmnis dros (da piriqiT). R-faqtoris 

Teoriuli mniSvneloba mcirdeba 100-dan 93,2-mde, romelic 

Seesabameba MOS Sefasebis mniSvnelobas – 4,4. amgvarad,           

E-modelis gamoyenebis dros Sefaseba 4,4 MOS sistemaSi 

warmoadgens laparakis maqsimalur SesaZlo Sefasebas qselebSi 

damaxinjebis gareSe.                                                                                                                        

Sefasebebi MOS modelis mixedviT 

 

 

 

 

 

 

 

5 

4 

3 

2 

1 
  0               20                 40                 60                80               100 

Sefasebebi R‐faqtoriT 

nax. 2.1. damokidebuleba MOS modelisa da R- faqtoris Sefasebebs Soris 

R-faqtoris sidide icvleba 0-dan 93,2-mde, rac Seesabameba 

MOS-is Sefasebas  - 1-dan 4,4-mde. R-faqtoris mniSvneloba 

ganisazRvreba formuliT: 

R = Ro - ls - ld - le + A, 

sadac 

Ro = 93,2 - R-faqtoris sawyisi mniSvnelobaa; 

ls - kodekebisa da xmauris mier arxSi Setanili 

 damaxinjebebia; 

ld - damaxinjebebia qselSi jamuri gamWoli dayovnebis 

(bolodan-bolomde) xarjze; 

le - damaxinjebebia, Setanili mowyobilobebiT, paketebis 

danakargebis CaTvliT; 

A - e.w. upiratesobis faqtoria. magaliTad, mobiluri 

momxmareblebi SeiZleba daTanxmdnen xarisxis dabal 

dones, Tu  miiReben sxva ram damatebiT 
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moxerxebulobas. R-faqtoris gamoTvlis umetes 

SemTxvevaSi A parametri miiReba nulis tolad. 

 

2.5. faqtorebis analizi, romlebic gavlenas axdenen  

laparakis xarisxze paketur qselebSi  

2.5.1. kodekebis gavlena paketizirebuli laparakis xarisxze 

R-faqtoris angariSis dros erT-erTi mdgeneli ls, romelic 

amcirebs R-faqtoris mniSvnelobas, ganisazRvreba kodekSi 

bgeriTi signalis paketizaciis dros warmoSobili 

damaxinjebebiT. paketuri komutaciis qselebSi gadacemuli 

laparakis xarisxi ukanaskneli wlebis ganmavlobaSi 

mniSvnelovnad gaumjobesda efeqturi kodekebis  Seqmnis gziT, 

romlebic uzrunvelyofen bgeriTi signalebis karg 

garkveulobas mimReb mxares. amave mizniT damuSavebul iqna 

mravali meTodi da meqanizmi, maT Soris:  

 laparakis efeqturi kodirebis meTodebi (ITU 

rekomendaciebi  G.7xx seriis); 

 pauzebis daZlevis meqanizmebi (laparakis kodirebis 

meqanizmi wyvetadi gadacemis dros, cnobili rogorc Voice 

Activity Detection, VAD); 

 eqos CaxSobisa  (rekomendacia ITU  G.164) da eqos 

kompensaciis (rekomendaciebi ITU  G.165 da G.168) meqanizmebi; 

 SecdomaTa SeniRbvis meTodebi (packet loss concealment), 

romlebmac uzrunvelyofen salaparako nakadSi, calkeuli 

paketis dakargviT, gamowveuli problemis kompensacias. 

2.5.2. salaparako kodekebis maxasiaTeblebi 

audio da video informaciis damuSavebisas gamoiyeneba 

specialuri mowyobiloba – kodeki. gadamcem mxares kodeki 

analogur signals gardaqmnis cifrulad, xolo mimReb mxares 

asrulebs uku gardaqmnas – cifrul signals gardaqmnis 

analogurad. sadReisod arsebobs sxvadasxva maxasiaTebliani 
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efeqturi kodekebis didi raodenoba. cxr. 2.2-Si warmodgenilia  

ITU-s standartebis Sesabamisi kodekebis maxasiaTeblebi. 

cxrili 2.2 

salaparako kodekebis tipebi da maTi maxasiaTeblebi 
ko
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G.711u 64 20 1 174,4 
2 datagrama, 

40 mwm 
4,4 

G.711a 64 20 1 174,4 
2 datagrama, 

40 mwm 
4,4 

G.726-32 32 20 1 110,4 
2 datagrama, 

40 mwm 
4,22 

G.729 8 20 25 62,4 
2 datagrama, 

40 mwm 
4,07 

G.723m 6,3 30 67,5 43,73 2 datagrama, 

60 mwm 
3,87 

G.723a 5,3 30 67,5 41,6 2 datagrama, 

60 mwm 
3,69 

 

istoriulad pirveli kodekis tipia G.711 (versia  G.711a  da 

G.711u, kodekis gamosavali signalis siCqarea 64 kbit/wm). igi 

gardaqmnis analogur signals cifrulad metad maRali xarisxiT 

da SekumSvebis gamoyenebis gareSe.  magram, imav droulad 

arxisagan moiTxovs mniSvnelovnad met gamtarunarianobas, vidre 

amas moiTxoven is kodekebi, romlebic axorcieleben SekumSvis 

procedurebs. 

pirveli kodekebis Seqmnis dros (XX saukunis 70-iani w.w.) 

Tanamedrove cifruli procesorebis teqnologia (Digital Signal 

Processing - DSP) ar iyo xelmisawvdomi. sadReisod DSP-s bazaze 

SesaZlebelia metad efeqturi kodekis Seqmna, romelsac 

gacilebiT ufro naklebi moTxovna eqneba gadamcemi traqtis 

gamtarunarianobis mimarT. 
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dabalsiCqariani kodekebi gacilebiT nakleb 

gamtarunarianobas moiTxoven, magram gacilebiT met gavlenas 

axdenen bgeriTi signalebis xarisxze maRalsiCqarian kodekebTan 

SedarebiT, rac gansazRvrulia danakargebiT SekumSvis maRali 

koeficientebis pirobebSi.  

Semcirebuli gamtarunarianobis moTxovna niSnavs imas, rom 

SeiZleba organizebul iqnes meti satelefono SeerTeba erTi da 

igive traqtiT, magram am dros mcirdeba laparakis garCevadoba, 

izrdeba dayovneba da laparakis xarisxi mgrZnobiare xdeba 

paketebis dakargvis mimarT. 

cxr. 2.3 warmodgenilia laparakis xarisxis Sefaseba        

R-faqtoris bazaze da MOS-modelis bazaze ITU-s zogierTi tipis 

kodekisaTvis. 

cxrili 2.3 

laparakis xarisxi sxvadasxva tipis kodekisaTvis 
(Sefasebebi R-faqtorisa da MOS-modelis bazaze) 

kodeki gadacemis siCqare,  
kbit/wm 

R-faqtori MOS 

G.711 64 93,2 4,4 
G.729 8 82,2 4,1 

G.723.1m 6,3 78,2 3,9 
G.723.1a 5,3 74,2 3,7 

 

2.5.3. dayovnebebi da jiteri IP qselebSi 

paketebis miwodebis dayovneba. paketebis miwodebis 

dayovneba ganisazRvreba paketebis gadatanis droiT wyarodan 

mimRebamde. dayovnebis dro icvleba qselis trafikTan da 

gamoyenebuli saqselo resursebTan damokidebulebiT. kerZod, 

qselis gamtarunarianobiT. laparaki warmoadgens trafiks, 

romelic mgrZnobiarea dayovnebebis mimarT, maSin rodesac 

monacemebis gadacemebis gamoyenebis umetesoba SedarebiT 

mdgradia dayovnebis mimarT. Tu paketis miwodebis dayovneba 

aWarbebs garkveul mniSvnelobas aseTi paketi ukuigdeba. amis 

Sedegad, didi raodenobis paketebis ukugdebis gamo, laparakis 

xarisxi uaresdeba, rac asaxulia kidec zemoT moyvanil R-
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faqtoris formulaSi, sadac dayovnebis gavlena 

gaTvaliswinebulia ld mdgenelis mixedviT. 

bunebrivad gamoiyureba kiTxva: rogori dayovnebaa 

dasaSvebi laparakis paketuri gadacemis dros? bgeriTi 

signalebis gamokvlevebis Sedegad, jer kidev XX saukunis      

60-ian w.w. dadgenil iqna, rom adamiani iwyebs bgeriTi signalis 

xarisxis gauaresebis SegrZnobas, Tu dayovneba aRemateba 150 mwm 

da grZnobs SesamCnev diskomforts, Tu dayovneba aRemateba     

250 mwm. mogvianebiT, ITU mxardaWeriT, Catarebul iqna masStaburi 

kvlevebi satelefono laparakis xarisxze saqselo dayovnebis 

gavlenis gamosakvlevad. am kvlevis Sedegebma Tavisi asaxva 

hpoves rekomendaciaSi ITU G.114, romlis mixedviTac 

rekomendirebuli dayovnebis zRvari laparakis gadacemis dros 

tolia 150 mwm-is. 300 mwm dayovnebis dros laparaki iyofa 

fragmentebad, romelTa SekavSirebac Serwymul laparakad 

SeuZlebelia [71]. 

ganvixiloT, Tu ra faqtorebi gansazRvraven paketebis 

miwodebis dayovnebis jamur sidides. paketebis gamWoli 

miwodebis dayovneba Dmiw  (`bolodan bolomde~) ganisazRvreba 

oTxi mdgenelis jamiT: 

Dmiw = Dgav + Dpd + Dpg + Djb, 

sadac 

Dgav –  eleqtruli signalis gavrcelebis dayovnebaa: liTonis an 

optikur-boWkovan kabelSi, anda ugamtaro garemoSi 

gavrcelebis droa. es dro damokidebulia fizikur 

manZilze qselis Sesasvlel da  gamosasvlel wertilebs 

Soris. rogorc cnobilia, vakuumSi signalis gavrcelebis 

dro daaxloebiT 3,3 mkwm-ia erT kilometr manZilze; 

liTonis kabelis SemTxvevaSi es dro Seadgens 

daaxloebiT 5 mkwm-s; optikur-boWkovan kabelSi 

daaxloebiT 4 mkwm-s. moviyvanoT dayovnebis realuri 

magaliTebi praqtikidan. magaliTad, kavSiris seansisas 

Tanamgzavruli sistemis gamoyenebiT, rodesac Tanamgzavri 
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40 aTkm simaRlezea (GEO orbitazea), signalis dayovnebam 

or miwispira sadgurs Soris SeiZleba Seadginos        

260 mwm-is rigis sidide; 9100 km sigrZis (miwispira 

kavSiris xazis saSualo sigrZe) liTonis kabeliT 

signalebis gadacemis dayovneba 50 mwm-dea, xolo  

optikur-boWkovan kabelis gamoyenebisas - 40 mwm. 

Dpd –  paketizaciis dayovneba: dro, romelic ixarjeba kodekSi 

analoguri signalis cifrul signalad gardasaqmnelad 

da paketis formirebisaTvis. rogorc cxr. 2.2-dan Cans, rac 

ufro mcirea signalis siCqare kodekis gamosavalze, mit 

ufro metia paketizaciis dayovneba, vinaidan kodeki met 

dros xarjavs signalis kompresiisa da dekompresiis 

procesebze. magaliTad, kodeki G.711 paketizaciaze 

mxolod 1 mwm-s xarjavs, maSin rodesac kodek G.723-s   

67,5 mwm sWirdeba.  

Dpg –  paketis gadatanis dayovneba: dro, romelic saWiroa 

paketis gasavlelad qselis yvela mowyobilobaSi, 

romlebic ganlagebulni arian mocemuli paketis 

gadacemis gzaze; is moicavs marSrutizatorebs, rabebs, 

saqselo ekranebs, trafikis dammuSaveblebs, qselis 

segmentebs naklebi gamtarunarianobiT da a.S. zogierTi 

mowyobilobisaTvis, magaliTad sinqronuli 

multipleqsorisaTvis, es sidide mudmivia, sxvebisTvis ki, 

magaliTad, rogoricaa marSrutizatori, gadatanis 

dayovneba cvladia da damokidebuli qselis datvirTvaze. 

Djb –  dayovneba mimReb mxares jiteris buferSi: dro, romlis 

ganmavlobaSic paketi yovndeba jiteris buferSi, raTa 

Semcirebul iqnes, mimRebi mowyobilobis Sesavalze, 

paketebis Semosvlis momentebis variaciebi. cxr. 2.2-is 

monacemebis Sesabamisad jiteris tipiuri buferi agrovebs 

or datagramas da dayovneba jiteris buferSi SeiZleba 

iyos 20-dan 30-mde mwm kodekis tipis da mixedviT. 
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cxadia, rom gavrcelebis dayovneba, dayovneba kodeksa da 

jiteris buferSi paketis gavrcelebis SerCeuli gzisaTvis 

mudmiv sidides warmoadgens, maSin rodesac gadatanis dayovneba 

SemTxveviTi sididea da damokidebulia konkretul momentSi 

qselSi arsebul pirobebze.  

ganvixileT ra internet qselebSi paketebis dayovnebis 

mravali SesaZlo SemTxveva, mivediT im daskvnamde, rom paketebis 

dayovnebis drom advilad SeiZleba gadaaWarbos ITU dadgenil 

zRvrul sidides: 150 mwm-s. amis ZiriTadi mizezebia: 

gadatvirTvebi, paketizaciis procesebi da buferis arseboba 

jiteris sistemaSi. 

nax. 2.2-ze naCvenebia rogor gavlenas axdenen dayovnebebi  

R-faqtorze da MOS-modelis maCveneblebze. 

                             R-faqtori 

 

dayovneba, mwm 

 

friadi 

kargi 

misaRebi 

cudi 

miuRebeli 

 

  dayovneba        0                50          100        150          200          250          300          350          400 
  R-faqtori      93.19      91.74        90.65     89.53       85.79       79.17       72.66       67.02       62.24 

nax. 2.2. jamuri dayovnebis sididis zegavlena                           
R-faqtorsa da MOS Sefasebaze 

 

paketis miwodebis dayovnebis variaciebi (jiteri). termini 

`jiteri~ gamoiyeneba mimdevrobiTi salaparako paketebis mimRebSi 

Semosvlis momentebis SemTxveviTi cvlilebebis aRsaniSnavad. 

jiteri ganpirobebulia mravalricxovani mizezebiT, maT Soris 
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qselis kvanZebSi rigebis sigrZeebis gansxvavebulobiT, paketebis, 

romlebic daniSnulebis punqtSi Semodian mimdevrobis darRveviT 

maTi qselSi gadaadgilebis procesSi, damuSavebis drois 

variaciiT, qselSi monacemebis im trafikis arsebobiT, romelic 

konkurencias uwevs salaparako trafiks, qselis saerTo 

resursebTan SeRwevis dros. rodesac daniSnulebis punqtSi 

salaparako paketebis Semosvla araregularuli xdeba, amas 

mivyavarT bgeriTi signalebis damaxinjebamde da jiteris didi 

mniSvnelobis dros, rodesac is aWarbebs ramdenime miliwams, 

laparaki aragarCevadi xdeba.  

2.6. paketebis danakargebi 

paketebis danakargebi ganisazRvreba, rogorc im paketebis 

procenti, romlebic ar iqnen miwodebuli daniSnulebis adgilze. 

qselSi gvaqvs mTeli rigi mizezebisa, romlebic iwveven paketebis 

dakargvas [72]. davasaxeloT ZiriTadi maT Soris: 

 qselSi gadatvirTvis dros rigebi komutatorebTan da 

marSrutizatorebTan swrafad izrdebian. Tu gadatvirTva 

SenarCunebul iqneba sakmao drois ganmavlobaSi, xdeba 

buferebis gadavseba da paketebi ikargeba; 

 monacemebis paketebis dakargvis dros, isini SeiZleba 

ganmeorebiT iqnen gadmocemuli, mimRebi mxris moTxovnis 

Sesabamisad. ganmeorebiTi gadacema zrdis paketebis 

dayovnebis dros, amitom laparakis paketuri gadacemis 

dros salaparako paketebis nawili ukuigdeba. salaparako 

informacia ZiriTadad mdgradia erTeuli paketebis da ara 

paketTa seriis dakargvis mimarT. salaparako paketebis 

danakargma ar unda gadaaWarbos 1% drois sakmaod did 

intervalSi, vTqvaT, erTi Tvis ganmavlobaSi. danakargebis 

koeficientis didi mniSvnelobis dros warmoqmdebian 

wyvetebi mimReb mxares aRdgenil laparakSi. 

 Tu paketebi ikargebian TviT qselis bunebis gamo 

(magaliTad, ugamtaro qselebi), SesaZlebelia gamoyenebul iqnes 
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ufro xelSeSlamdgradi kodeki an Semcirdes koduri kadris 

zomebi. ufro xelSeSlamdgrad kodekze gadasvla niSnavs ufro 

dabal siCqareebze gadacemas, ris gamoc uaresdeba qselis 

gamtarunarianoba. 

 amgvarad, rekomendaciebi ITU P.800 da G.107 gansazRvraven 

VoIP qselebSi or SesaZlo midgomas laparakis gadacemis 

xarisxis Sefasebis mimarT. pirvel rekomendaciaSi 

gansazRvrulia meTodi, dafuZnebuli subieqtur Sefasebebze da 

ar SeuZlia gaiTvaliswinos paketur qselSi laparakis gadacemis 

xarisxze qselis albaTur-droiTi maxasiaTeblebis gavlena. 

meore meTodi, dafuZnebuli E-modelze da  R-faqtoris 

gamoTvlaze, SeiZleba ganxilul iqnes rogorc ITU saerTo 

modeli salaparako gadacemebis xarisxis SefasebisaTvis.        

E-modelis mTavari Tavisebureba imaSi mdgomareobs, rom igi 

iTvaliswinebs  faqtorebis didi raodenobas, romlebic asaxaven 

damaboloebeli mowyobilobebisa da satransporto garemos 

gavlenasa momsaxurebis xarisxze. 

2.7. daskvnebi meore TavTan dakavSirebiT 

1. mocemulia VoIP sistemebSi momsaxurebis xarisxis 

maxasiaTeblebi da motanilia im faqtorebis detaluri 

analizi, romlebic gavlenas axdenen QoS maCveneblebze 

laparakis paketuri gadacemis dros. 

2. naCvenebia, rom dabalsiCqariani kodekebi moiTxoven 

gamtarunarianobis gacilebiT nakleb mniSvnelobebs, magram 

gacilebiT met gavlenas axdenen bgeriTi signalis xarisxze 

maRalsiCqarian kodekebTan SedarebiT, ganpirobebuli 

danakargebiT SekumSvis maRali koeficientebiT. 

3. naCvenebia, rom paketis dayovnebis yvela saxis raodenobiTi 

Sefasebebis ganxilvisas, bgeriTi signalis dayovnebis drom 

advilad SeiZleba gadaaWarbos 150 mlwm, rac dauSvebelia 

xarisxiani kavSirisaTvis. 
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Tavi 3. ugamtaro qselebis maxasiaTeblebis Sefaseba 

polingis sxvadasxva meTodis dros 

kompiuteruli qselebis ricxvis swrafi zrda, warmatebebi 

gamtariani da ugamtaro kavSiris saSualebebis ganviTarebaSi, 

saqselo teqnologiebis uwyveti cvlis Tanmxlebia da 

mimarTulia swrafmoqmedebisa da imedianobis gazrdisaken, 

monacemebis, audio da video informaciis integraluri gadacemis 

SesaZleblobisken. 

ukanasknel wlebSi saqselo industriis ganviTarebis   

erT-erTi ZiriTadi mimarTulebaa informaciis gadacemis 

ugamtaro qselebi. qveynebisaTvis, romelTa didi teritoriebi 

Serwymulia mosaxleobis nakleb simkvrivesTan, farTozolovan 

ugamtaro gadawyvetilebebs gansakuTrebuli mniSvneloba eniWeba, 

radgan saSualebas iZlevian ekonomiurad da operatiulad 

Seqmnan telekomunikaciuri infrastruqtura farTo teritoriaze. 

amas gansakuTrebuli mniSvneloba aqvs saqarTvelos Soreuli da 

sasoflo regionebis informatizaciisaTvis. im situaciaSi, 

rodesac sakabelo qseli naklebadaa ganviTarebuli (es 

damaxasiaTebelia mravali qveynisaTvis) ugamtaro teqnologiebis 

gamoyeneba saSualebas iZleva umokles droSi da SedarebiT 

mcire danaxarjebiT gaerTianebul iqnen Soreuli lokaluri 

qselebi da muSa sadgurebi monacemebis gadacemis erTian qselSi 

da Tanac uzrunvelyon lokaluri qselebis momxmarebelTa 

Soreuli stacionaluri SeRweva internet qselebSi. aseTi 

klasis qselebis aRmavlobiTi ganviTareba, romlis Sesaxebac 

xSirad laparakoben, rogorc ugamtaro revoluciaze 

informaciis gadacemis qselebis arealSi, moiTxovs ugamtaro 

qselebis proeqtirebis Teoriuli safuZvlebis Semdgom 

ganviTarebas [62]. 

ugamtaro qselebis maxasiaTeblebis SefasebisaTvis farTod 

gamoiyeneba polingis stoqastikuri modelebi, romelTa 

gamokvlevac aqtiurad mimdinareobs   XX  saukunis 50-iani  
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wlebidan [73]. am dargSi 1985 wlamde miRebuli Sedegebis 

sistematizacia da ganzogadeba mocemulia monografiaSi x. 

takagi [74]. Teoriuli Sedegebis Semdgomma ganviTarebam, 

gamoqveynebulma 1995 wlamde, asaxva hpova s. borstis 

monografiaSi [75]. telekomunikaciuri sistemebisa da qselebis 

swrafma ganviTarebam, kerZod ki fiWuri kavSiris sistemebisa da 

ugamtaro farTozolovani qselebis ganviTarebam, moiTxova 

polingis sistemebis analizisa da sinTezis axali meTodebis 

damuSaveba. am mizniT ukanasknel aTeulwelSi gamoCnda Sromebis 

mniSvnelovani ricxvi, dakavSirebuli polingis sistemebTan am 

mimarTulebiT. 

mocemuli Tavi  eZRvneba polingis stoqastikuri 

(albaTuri) modelebis kvlevebs da maT gamoyenebas marTvis 

centralizebul meqanizmian FfarTozolovan ugamtaro Wi-Fi da 

WiMAX  qselebis kvlevisaTvis.  

polingis sistemebi, anu mowesrigebuli gamokiTxvis 

sistemebi  warmoadgenen ramdenime rigis da saerTo momsaxurebis 

mowyobilobas an ramdenime mowyobilobis (serveri) mqone 

masobrivi momsaxurebis sistemis nairsaxeobas.  yovel rigSi 

Sedis moTxovnebis Tavisi nakadi. momsaxure mowyobiloba 

garkveuli wesiT akiTxavs rigebs da emsaxureba maTSi arsebul 

moTxovnebs (ganacxadebs).  polingis sistemebSi serveri 

prioritetebs akuTvnebs rigebs gansazRvruli wesis mixedviT.  

yvelaze zogadi saxiT polingis sistemebi masobrivi 

momsaxurebis prioritetuli sistemebis msgavsia. magram 

prioritetul sistemebSi ganacxadi ufro didi prioritetiT 

momsaxurebul unda iqnes ufro adre vidre ganacxadi dabali 

prioritetiT, maSin rodesac polingis sistemebSi serveri 

uwesebs rigebs prioritetebs garkveuli wesis mixedviT [76].   

wess, romlis mixedviTac serveri irCevs rigs 

momsaxurebisaTvis, momsaxurebis wesi (wesrigi) ewodeba. aseTi 

wesis magaliTebad gamodgeba rigis cikluri gamokiTxva, rodesac 

serveri akiTxavs rigs pirvelidan bolomde da kvlav ubrundeba 
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pirvel rigs, an SemTxveviTi wesrigi, rodesac rigi 

momsaxurebisaTvis airCeva SemTxveviT. 

polingis sistemis rigebs momsaxureba gaewevaT 

momsaxurebis dadgenili disciplinis Tanaxmad. igi xasiaTdeba im 

ganacxadebis ricxviT, romelTa momsaxurebac SeuZlia servers 

rigis erTi mokiTxvis dros. rigebis momsaxurebis yvelaze metad 

gavrcelebuli disciplinebia: amomwuravi disciplina, romlis 

drosac serveri moemsaxureba ganacxadebs manam, sanam rigi ar 

daicleba; rabuli disciplina, romlis drosac serveri 

moemsaxureba mxolod im ganacxadebs, romlebic rigSi 

imyofebodnen serveris mier am rigis mokiTxvis dros;  

SezRuduli disciplina, romlis drosac ganacxadTa ricxvi, 

romelTac unda moemsaxuros serveri, SemosazRvrulia. 

yvelaze zogad SemTxvevaSi, polingis sistema srulad 

aRiwereba rigebisa da serverebis ricxviT, rigebis mokiTxvis 

wesrigiTa da discipliniT, Semomavali ganacxadebis nakadebis, 

momsaxurebis da serveris rigebs Soris gadarTvebis 

parametrebiT.  

3.1. polingis sistemaTa klasifikacia 

mowesrigebuli momsaxurebis sistemebi warmoadgenen 

masobrivi momsaxurebis sistemebis nairsaxeobas ramdenime rigiT 

da iyofian or klasad. pirveli klasis sistemebs gaaCniaT 

momsaxurebis ramdenime xelsawyo (serveri) da sistemaSi 

Semosuli ganacxadebi, irCeven servers, romlis momsaxurebac maT 

surT miiRon. amgvarad, TiToeul serverTan warmoiqmneba Tavisi 

rigi da ganacxadebi aqtiurebi arian, xolo serverebi ki - 

pasiurebi. meore klasis sistemebSi (polingis sistemebi) arsebobs 

yvela rigisTvis saerTo serveri (an ramdenime serveri), romelic 

(an romlebic) garkveuli wesis mixedviT akiTxavs rigebs da 

moemsaxureba iq myof ganacxadebs. 

midgomebi polingis sistemebis klasifikaciasTan aRwerilia 

sxvadasxva naSromSi (ix. magaliTad,   [77, 78, 79]). mocemul TavSi, 
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moyvanilia polingis sistemebis klasifikaciis  ganzogadebuli 

midgoma Semdegi kriteriumebis mixedviT [77]: rigebis ricxvi; 

rigebis gamokiTxvis wesrigi; rigebis momsaxurebis disciplina.  

rigebis ricxvis mixedviT polingis sistemebi diskretuli 

(rigebis ricxvi sasrulia, an daTvladia) da uwyveti (rigebis, an 

sistemaSi lodinis adgilebis saerTo ricxvi daTvladze metia). 

ukanasknel SemTxvevaSi ganixilaven sistemebs, romlebSic 

ganacxadebi ganTavsdebian wreze an n‐ganzomilebian areSi.  

rigebis gamokiTxvis wesrigi ewodeba wess, romlis 

mixedviTac serveri irCevs momsaxurebis Semdeg rigs. rigebis 

gamokiTxvis wesrigi pirobiTad SeiZleba davyoT statikurad da 

dinamikurad. dinamikuri wesrigis dros rigis arCevis wesi 

icvleba momsaxurebis procesSi. dinamikuri wesrigi 

iTvaliswinebs, momsaxurebaze rigis arCevis gadawyvetilebis 

miRebas garkveul momentSi, sistemis mdgomareobis Sesaxeb sruli 

an nawilobrivi informaciis safuZvelze (magaliTad, ciklSi 

rigebis momsaxureba maTi sigrZis Semcirebis mixedviT). 

rigis momsaxurebis disciplina ewodeba ganacxadTa ricxvs, 

romelTac emsaxureba serveri rigis erTi mokiTxvisas. rigis 

SigniT ganacxadebis momsaxureba xorcieldeba wesrigiT,  

romelic gansazRvrulia ganacxadebis momsaxurebis discipliniT 

(magaliTad, ganacxadebis momsaxureba xorcieldeba rigSi maTi 

Semosvlis mimdevrobis mixedviT). 

rigebis momsaxurebis disciplinebs Soris (davuSvaT, rom 

es Qi rigia) gamoyofen Semdegs: 

1. amomwuravi disciplina, romlis drosac serveri 

moemsaxureba ganacxadebs manam, sanam rigi ar daicleba.  

2. rabuli disciplina, romlis drosac serveri moemsaxureba 

mxolod im ganacxadebs, romlebic rigSi imyofebodnen 

serveris mier am rigis mokiTxvis dros (serveris rigTan 

mierTebis momentis dasrulebisaTvis). ganacxadebi Semosuli 

rigSi gamokiTxvis dawyebis momentis Semdeg momsaxurebul 

iqnebian Semdeg ciklSi. Tu serveri emsaxureba mxolod im 
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ganacxadebs, romlebic rigSi iyvnen ciklis dawyebis 

momentisaTvis (pirveli rigis gamokiTxvis momenti), maSin 

laparakoben globalur-rabul disciplinaze.   

3. li  ‐ SezRuduli disciplina, romlis drosac ganacxadTa 

ricxvi, romelTac unda moemsaxuros serveri, 

SemosazRvruli li ricxviT, li≥1.  SezRudul disciplinebs 

Soris ganasxvaveben amomwuravsa da rabuls. SezRuduli 

amomwuravi disciplinis dros serveri moemsaxureba rigs 

manam, sanam ar moxdeba oridan erTi movlena: an momsaxureba 

gaeweva l ganacxads, an rigi daicleba. SezRuduli rabuli 

disciplina iTvaliswinebs momsaxurebis gawevas manam, sanam 

momsaxureba ar gaeweva l ganacxads, an momsaxureba ar gaeweva 

yvela im ganacxads, romlebic rigSi idgnen gamokiTxvis 

dawyebis momentisaTvis. kerZo SemTxvevas li = 1  zogjer 

araamomwurav momsaxurebas uwodeben.  

4. li ‐ Semamcirebeli disciplina, romlis drosac serveri 

moemsaxureba rigSi myof ganacxadebs manam, sanam maTi ricxvi 

li  ar gaxdeba imaze naklebi, vidre iyo serveris mierTebis 

momentisaTvis, an rigi ar daicleba, li≥1.  rodesac   li=1  am 

disciplinas agreTve naxevradamomwuravs uwodeben.  

5. T ‐ SemosazRvruli disciplina, romlis drosac serveris 

mocemul rigSi yofnis dro SemosazRvrulia. es disciplinac 

SeiZleba iyos rabuli da amomwuravi.  

6. zRurbluri disciplina, romlis drosac serveri 

moemsaxureba rigs, Tu masSi ganacxadebis ricxvi ar aris 

dadgenilze (zRurblze) naklebi.  

7. SemTxveviTi disciplina, romlis drosac ganacxadTa ricxvi, 

romelsac unda moemsaxuros serveri, ganisazRvreba 

SemTxveviTi diskretuli sididiT ξi, romlis ganawilebis 

kanonia {ai
j, j≥1}. ganawilebis kanoni SeiZleba Seicvalos 

rigis yoveli gamokiTxvisas. SemTxveviTi ξi sididis 
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mniSvneloba gaTamaSdeba rigis yoveli mokiTxvisas. 

aRvniSnavT zogierT SemTxveviT disciplinas: 

       (а)  binomialuri disciplina, romlis drosac SemTxveviT    

ξi sidides gaaCnia binomialuri ganawileba 

parametrebiT Xi da pi, sadac Xi -  Qi rigSi ganacxadebis 

ricxvia gamokiTxvis momentSi, pi -  garkveuli 

ricxvia,  0< pi ≤1. am disciplinisaTvis  

,,1,)1( i
jX

i
j

i
j
X

j
i XjppCa i

i
=−= −  

0=j
ia ,  j>Xi-saTvis; 

 (b) bernulis disciplina, romlis drosac pirvel 

ganacxads Qi rigSi momsaxureba gaeweva albaTobiT 1, 

xolo yvela Semdegs dadgenili pi albaTobiT. 

albaTobiT 1-pi serveri datovebs rigs. am 

disciplinisaTvis 

                                                              .1,1 ≥= − jpa jj
i

Tu polingis sistemis yvela rigs momsaxurebis erTi 

saxe gaaCnia, laparakia polingis sistemaze am saxis  

momsaxurebis discipliniT (amomwuravi, li–SezRuduli an sxva 

saxis momsaxurebis  disciplina). Tu rigebis momsaxurebis 

disciplinebi gansxvavebulia, laparakoben polingis sistemaze 

momsaxurebis Sereuli discipliniT. 

rigebis gamokiTxvis wesrigi da maTi momsaxurebis 

disciplinebi Seadgenen momsaxurebis politikas polingis 

sistemaSi – es aris momsaxurebisaTvis sistemaSi Semdegi 

ganacxadis arCevis wesi. 

polingis sistemebs Soris arCeven sistemebs diskretuli 

droiT da sistemebs uwyveti droiT. 

Tu sistemis rigebis damaxasiaTebeli procesebi, 

rogorebicaa - ganacxadTa Semosvlisa da momsaxurebis 

procesebi, serveris rigebs Soris gadarTvebis xangrZlivobis 

ganmsazRvreli procesebi, da, SesaZlebelia sxva procesebi, 
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Sesabamisad warmoadgenen stoqastikurad eqvivalenturebs 

yvela rigisaTvis, maSin polingis sistemas simetriuls, anu 

erTgvarovans uwodeben. winaaRmdeg SemTxvevaSi sistemas 

arasimetriuls, anu araerTgvarovans uwodeben. 

Tu serveri ar xarjavs dros rigebs Soris gadarTvebze, 

maSin laparakoben sistemaze serveris myisieri gadarTviT 

rigebs Soris, winaaRmdeg SemTxvevaSi - sistemaze serveris ara 

myisieri gadarTviT.  

Tu sxva miniSneba ar aris, gulisxmoben rom polingis 

sistema arasimetriulia, misi rigebi sasrulia, rigebs 

lodinisaTvis gaaCniaT adgilebis SeuzRudavi raodenoba, 

serveris gadarTva rigebs Soris aramyisieria. Tu rigSi ar 

aris ganacxadi, serveri maSinve tovebs mas. aseve igulisxmeba, 

rom rigis SigniT ganacxadebis momsaxureba Semosvlis 

mimdevrobiT xorcieldeba. 

polingis sistemebis gamokvlevebis umetesobis mizania 

sistemis nebismieri rigisaTvis lodinis saSualo dros 

dadgena. magram am maxasiaTeblebis gamomTvleli 

gamosaxulebebis miReba cxadi saxiT yovelTvis ver xerxdeba, 

amitom didi yuradReba aqvs daTmobili miaxloebiTi 

gamosaxulebebis moZiebas, agreTve ukve miRebuli miaxloebiTi 

mniSvnelobebis dazustebas. zogierT SemTxvevaSi lodinis 

saSualo drois mniSvnelobis povna daiyvaneba am 

maxasiaTeblis awonili mniSvnelobebis povnaze. lodinis 

droTa saSualo awonil mniSvnelobaTa qveS igulisxmeba 

gamosaxuleba   , sadac Wi – SemTxveviTi sididea, 

romelic axasiaTebs Qi rigSi lodinis dros, M [Wi] – 

maTematikuri molodinia,     pi=λibi - Qi datvirTvaa rigSi,   λi  - 

ganacxadebis nakadis intensivobaa,    bi - Qi rigSi ganacxadebis 

momsaxurebis saSualo droa, 

[ ]∑
=

N

i
ii WMp

1

Ni ,1= .  aRvniSnavT, rom litlis 

formulis Tanaxmad, lodinis droTa saSualo awonili jami 

warmoadgens sistemaSi muSaobis saSualo raodenobas drois 

  88



nebismier momentSi. drois nebismier momentSi muSaobis 

raodenobis qveS igulisxmeba dro, romelsac daxarjavs serveri, 

im ganacxadTa momsaxurebisaTvis, romlebic am momentSi 

imyofebian sistemaSi. 

3.2. polingis ZiriTadi modeli 

ZiriTadi modeli, romelic warmoadgens kvlevis obieqts, 

polingis sistemasTan dakavSirebul umetes naSromebSi aiwereba 

Semdegi saxiT: sistemas aqvs erTi serveri da N (N≥2) rigi 

lodinisaTvis SeuzRudavi raodenobis adgilebiT.  

i-ur rigSi Semodis ganacxadebis puasonis stacionaluri 

nakadi, parametriT λi. Qi rigSi ganacxadTa momsaxurebis droebi 

damoukidebelia da Tanabradaa ganawilebuli  ganawilebis 

funqciiT Bi(t) saSualo , meore momentiT da laplas-

stiltesis gardaqmniT 

∫
∞

=
0

)(ttdBb ii

)(

)2(
ib

~ xBi , Ni ,1= . vvaraudobT, rom ganacxadTa 

nakadi da ganacxadTa momsaxurebis droebi damoukidebelni arian. 

kandelas klasifikaciis mixedviT, aseT sistemas uwodeben 

polingis sistemas M/G1/1 tipis rigebiT. Tu ganacxadTa 

momsaxurebis droebi ganawilebulia eqsponencialurad an 

ganacxadTa nakadi rekurentulia (e.i. mxedvelobaSi miiReba wina 

ganacxadebi), maSin laparakoben polingis sistemaze M/M/1 an G/G/1 

tipis rigebiT Sesabamisad. 

serveri moikiTxavs rigs, gansazRvruli wesrigiT da 

moemsaxureba maT SerCeuli disciplinis mixedviT.   Qi rigTan 

mierTebis dros, romelsac gadarTvis dro ewodeba, gaaCnia 

ganawilebis funqcia Si(t) saSualo , meore momentiT  da 

laplas-stiltesis gardaqmniT 

is )2(
is

)(~ xSi ,  Nji, ,1= . 

aRvniSnoT pi=λibi –iT Qi rigis datvirTva,  - sistemis 

datvirTva. cikluri an perioduli gamokiTxvis sistemisaTvis 

aseve aRvniSnoT s  da  s(2) - erTi ciklis ganmavlobaSi serveris 

gadarTvebis erToblivi xangrZlivobis pirveli da meore 

∑ =
=

N

i ipp
1
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momentebi: 

∑ ∑
= =

−+==
N

j

N

j
jjj ssssss

1 1

2)2()2()2( )(, . (3.1)

vityviT, rom masiuri momsaxurebis sistema Seesabameba 

polingis sistemis i-ur rigs, Tu am sistemaSi ganacxadebis nakadi 

warmoadgens puasonis stacionalur nakads parametriT λi, xolo 

ganacxadebis momsaxurebis dros aqvs ganawilebis funqcia Bi(t). 

masobrivi momsaxurebis sistema Seesabameba polingis sistemas, 

Tu am sistemaSi ganacxadebis nakadi warmoadgens puasonis 

stacionalur nakads parametriT ∑=
=

N

i i1
λλ , xolo ganacxadebis 

momsaxurebis dros aqvs ganawilebis funqcia 

                                                         ∑=
=

N

i i
i tBtB

1
)()(

λ
λ

.                                                                (3.2) 

gamokiTxvis momentis (polingis) qveS gvesmis drois 

momenti, rodesac serveri iRebs gadawyvetilebas imis Sesaxeb, Tu 

ramden ganacxads moemsaxureba igi am mokiTxvis dros. 

Cveulebrivad, am momentad aiReba is momenti, rodesac serverma 

daasrula rigze gadarTva da mzadaa daiwyos misi momsaxureba. 

gamokiTxvis momentad zogjer aseve Tvlian moments, rodesac 

xelmisawvdomi xdeba informacia rigSi ganacxadebis raodenobis 

Sesaxeb. 

polingis sistemisaTvis rigebis cikluri an perioduli 

gamokiTxviT gamoyofen drois periodebs, romelTac ciklebi 

ewodebaT. cikluri sistemisaTvis – es droa, daxarjuli rigebis 

Q(1)-dan QN-mde gamokiTxvaze. perioduli gamokiTxvis 

sistemebisaTvis – dro, daxarjuli rigebis QT(1)-dan  QT(М)-mde 

gamokiTxvaze. zogierTi sistemis muSaobaSi gamoyofen hamiltonis 

cikls – es is dros, romlis ganmavlobaSi serveri moikiTxavs 

sistemis yvela rigs, Tanac mxolod zustad erTxel. 

elevatoruli gamokiTxvis dros gamoyofen aRmaval (rigebis 

gamokiTxva pirvelidan bolomde) da daRmaval (rigebis 

gamokiTxva bolodan pirvelamde) ciklebs. 
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sistemebisaTvis cikluri gamokiTxviT da rabuli an 

amomwuravi momsaxurebiT ciklis saSualo dro miiReba ori 

dros SejamebiT - drosagan, rodesac serveri emsaxureba rigebs 

(amaze is xarjavs drois p wils) da drosagan, rodesac is 

gadairTveba rigebs Soris (amaze is ciklis ganmavlobaSi 

xarjavs saSualod s dros).  

amgvarad,  

(3.3)C=pC+s, 

saidanac miviRebT::  

p
sC
−

=
1

. (3.4)

 

3.2.1. stacionaluri reJimi polingis sistemebSi 

amboben, rom polingis sistemaSi arsebobs stacionaluri 

reJimi, Tu yvela rigis xangrZlivobis (sigrZis) gamokiTxvis 

momentSi aqvs stacionaluri ganawileba da ciklis sigrZes ki - 

sasrulo maTematikuri molodini. 

sistemisaTvis cikluri gamokiTxviT stacionaluri reJimis 

arsebobis aucilebel da sakmaris pirobas Semdegi saxe aqvs:  

 р<1  sistemisaTvis rigebis amomwuravi da rabuli 

momsaxurebiT;  

  ki- SezRuduli momsaxurebis disciplinisaTvis 

Ni
s

pk
иp ii ,1,

)1(
1 i =

−
<< λ . (3.5)

 l-SemosazRvruli momsaxurebisaTvis  es piroba Semdeg saxes 

miiRebs:  

(3.6)Nisp i ,1,1 =<+ λ . 

 sistemisaTvis l- Semamcirebeli momsaxurebisaTvis -  

(3.7)Nispp ii ,1,1)1( =<−+ λ . 

stacionaluri reJimis arsebobis aucilebeli da 

sakmarisi pirobebi, sistemisaTvis momsaxurebis saerTo 

disciplinisa da rigebis perioduli gamokiTxviT, miRebulia 

naSromSi [80]. misSi SemoTavazebulia rigis momsaxurebis 
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disciplina aRiweros  SemTxveviTi sidideebis sameuliT - (f(x), 

v(x), φ(x)), sadac x – rigSi ganacxadTa ricxvia gamokiTxvis 

momentSi;  f(x) – im ganacxadTa ricxvia, romelic iqneba 

momsaxurebuli rigis mocemuli gamokiTxvis dros; v(x)- 

serveris mier rigis gamokiTxvis droa; φ(x) - ganacxadTa 

ricxvia, romelic  rCeba rigSi misi momsaxurebis Semdeg; 

polingis sistemebSi stacionaluri reJimis arsebobis 

aucilebeli da sakmarisi piroba Semdegi saxisaa:  

(3.8)                                NiGsp ii ,1,1/ * =<+ λ , 

sadac  - ganacxadebis is saSualo maqsimaluri ricxvia, 

romlebic SeiZleba iyvnen momsaxurebulni i-ur rigSi erTi 

ciklis ganmavlobaSi. amave dros momsaxurebis disciplinam unda 

daakmayofilos Semdegi pirobebi:  

*
iG

 momsaxurebis disciplina ar aris damokidebuli 

momsaxurebis procesis wina istoriaze, magaliTad, 

momsaxureba gaweul ganacxadTa ricxvze an maTi 

momsaxurebis droze; 

 ganacxadebis SerCeva momsaxurebaze ar aris 

damokidebuli momsaxurebis droze an momavalSi 

ganacxadTa SesaZlo Semosvlaze; 

 rigi iRebs momsaxurebas albaTobiT, Tu masSi 

dagrovilia moTxovnil ganacxadTa aucilebeli ricxvi. 

serveri, mimarTuli rigisken, ar cdeba (uwyvetad 

emsaxureba ganacxadebs). Tu rigSi ar aris ganacxadi, igi 

dauyovnebliv tovebs mas; 

 momsaxurebis disciplina  (f(x), v(x), φ(x)) stoqastikurad 

monotonuria. SemTxveviTi veqtorebisaTvis stoqastikuri 

monotonurobis gansazRvra SeiZleba vipovoT naSromebSi  

[80, 81]. 

3.3. adapturi dinamikuri polingi ugamtaro qselebSi 

 farTozolovan ugamtaro qselebSi mTeli radiofiWis 
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marTvis funqcia dakisrebuli aqvs sabazo sadgurs. 

miuxedavad imisa, rom mowyobilobebi, romlebic 

uzrunvelyofen centralur marTvas, rTuli dasamuSavebelia 

da dasamzadebeli, Sesabamisad Zviric, igi mainc gacilebiT 

ufro efeqturad iyenebs BWN-is or yvelaze Rirebul resurs: 

sixSirul da gamtarunarianobis resurss. regionalur 

qselebSi centralizebuli marTva saSualebas iZleva srulad 

aviciloT Tavidan `dafaruli sadguris~  problema, aseve 

saSualebas gvaZlevs mkafiod davgegmoT sadguris garemoSi 

SeRwevis wesrigi, moqnilad vmarToT radiofiWis muSaoba da 

vcvaloT misi parametrebi konkretuli garemoebebis 

gaTvaliswinebiT, mxolod bazuri sadguris gadawyobiT, 

damaboloebeli sadguris xelSeuxeblad. gamovikvlioT 

adapturi centraluri marTva farTozolovan ugamtaro 

regionalur qselebSi. 

  vinaidan centralizebuli marTvis safuZvelSi  

centralizebuli gamokiTxvis (polingis) meqanizmi devs, 

saWiroa gansakuTrebuli yuradReba daeTmos am meqanizmis 

realizebis konkretul wess. swored polingis konkretul 

meqanizmze da aseve mis parametrebzea ZiriTadad 

damokidebuli centralizebul marTviani ugamtaro 

farTozolovani regionaluri qselis muSaobis efeqturoba. 

  standartebi IEEE 802.11  da  IEEE 802.16 sakmao 

Tavisuflebas aZleven dammuSaveblebs centralizebuli da 

hibriduli koordinaciis funqciis konkretuli realizaciis 

sakiTxebSi. standartebSi ar aris aRwerili damaboloebeli 

sadgurebis gamokiTxvis konkretuli meTodebi, gamokiTxvis 

siebis Sedgenisa da aqtiur mdgomareobaSi yofnis wesebi, 

kadrebis rigebis formirebisa da gadagzavnis politika, aseve 

rekomendaciebi superfreimebis centralizebuli da 

ganawilebiTi marTvis Tanafardobebis Sesaxeb. am naSromSi 

qvemoT ZiriTadi yuradReba aqvs daTmobili damaboloebeli 

sadgurebis sabazo sadguris mxridan gamokiTxvis 
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algoriTmebis damuSavebasa da modelirebas – adapturi 

dinamikuri polingis sqemebs. 

sabazo sadguri formirebas ukeTebs kadrebis rigebs 

TiToeuli damaboloebeli sadgurisaTvis. TiToeul rigSi  

kadrebis prioritetizacia xorcieldeba im trafikis 

Sesabamisad, romelsac isini ekuTvnian. Semdeg sabazo sadguri 

iwyebs gamokiTxvebis cikls. ciklis dasawyisSi igi 

moemsaxureba damaboloebel sadgurs, pirvels gamokiTxvis 

siaSi. am dros igi gadascems mas kadrebs Sesabamisi rigebidan, 

Semdeg gamokiTxavs mas, gadascems ra mas kadr-miwvevas 

gadacemisaTvis da miiRebs ra misgan kadrebs, romlebic dganan 

gagzavnis rigSi am damaboloebel sadgurSi. momsaxurebis 

dasrulebis Semdeg sabazo sadguri gadairTveba gamokiTxvis 

siaSi myofi Semdegi damaboloebeli sadguris momsaxurebaze. 

sabazo da damaboloebel sadgurs Soris monacemebis 

gadacemis process centralizebuli marTvisas aucileblad 

Tan axlavs zednadebi xarjebi: sabazo sadguri xarjavs dros 

gadarTvebze damaboloebel sadgurebs Soris; warmoiSoba 

samsaxurebrivi kadrebi, romelTa daxmarebiTac sabazo 

sadguri gamokiTxavs damaboloeblebs.  

adapturi dinamikuri polingis algoriTmebis 

damuSavebis dros Semdegi ZiriTadi amocanebi wamoiWrebian: 

 im meTodis SerCeva, romlis Tanaxmadac sabazo 

sadguri ganaxorcielebs damaboloebeli sadgurebis 

gamokiTxvas;   

 sabazo sadguris damaboloebeli sadgurebis rigebTan 

(rogorc miRebaze, aseve gadacemaze) muSaobis 

politikis SerCeva;  

 zednadebi xarjebis minimizaciis meTodebis damuSaveba;  

 sistemis optimaluri parametrebis angariSis 

meTodebis damuSaveba. 

vinaidan, sabazo sadguri, Tavisi arsiT, warmoadgens 

radiofiWaSi farTozolovani ugamtaro regionaluri 
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qselis centralur mowyobilobas, logikuria masSi 

Setanil iqnes mTeli funqciebi dakavSirebuli radiofiWis 

marTvasTan, rigebis damuSavebasTan, gamokiTxvis wesrigis 

arCevasTan da zednadebi xarjebis minimizaciasTan. 

farTozolovani ugamtaro regionaluri qselis 

mowyobilobebis dammuSavebelTaTvis es niSnavs imas, rom 

sabazo sadgurma Tavis Tavze unda aiRos qselis 

funqcionaluri SesaZleblobebis maqsimaluri raodenoba. 

damaboloebeli sadguri pasiur rols asrulebs, romelic 

mxolod sabazo sadguris samsaxurebriv kadrebze 

reagirebaSi mdgomareobs. 

cikluri gamokiTxvisa da rigebTan muSaobis 

disciplinis meTodebis arCeba damokidebulia 

farTozolovani ugamtaro regionaluri qselis konkretuli 

gamoyenebis wesze. rogorc wesi, farTozolovani ugamtaro 

regionaluri qselebis eqspluataciis dros gvxvdeba ori 

tipiuri situacia. pirvel situaciaSi Warbobs trafiki 

`zevidan - qveviT~, e.i. sabazo sadguridan damaboloebel 

sadgurebamde. aseTi saxis trafiki tipiuria 

farTozolovani ugamtaro regionaluri qselis radiofiWis 

gamoyenebisas, rogorc `bolo mili~ internet-momsaxurebis 

miwodebisa. rogorc wesi, am SemTxvevaSi TiToeul 

damaboloebel sadgurSi imyofeba gamtariani lokaluri 

qselis damoukidebeli segmenti, romelic iRebs SeRwevas 

internetis qselSi ugamtaro qselis gavliT. rogorc 

realurad momuSave farTozolovani ugamtaro regionaluri 

qselis, gamoyenebulis `bolo milis~ saxiT, trafikis 

gamokvlevebma uCvenes  [82, 83], trafiki gare qselidan 

lokalur segmentSi mniSvnelovnad aWarbebs trafiks 

lokalur segmentidan gare qselSi.   

meore situaciaSi Warbobs trafiki `qvevidan – zeviT~, 

e.i. damaboloebeli sadgurebidan sabazosken. aseTi saxis 

trafiki tipiuria farTozolovani ugamtaro regionaluri 
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qselis gamoyenebisas sayrden satransporto qselad 

obieqtebidan, romlebic imyofebian damaboloebeli 

sadgurebis `iqeT~. magaliTad, raime saxis informaciis 

gadasacemad (maTi moqmedebis areSi) gare qselSi (rogorc 

wesi, romelime informaciis Senaxvisa da damuSavebis 

centrSi). aseTi situacia gvxvdeba, rodesac ugamtaro qseli 

gamoyenebulia videoTvalTvalisa da telemetriis 

sistemebSi, informaciis Segrovebis, Senaxvisa da 

damuSavebis sistemebSi. 

SemoklebisaTvis Semdgom vilaparakebT, rom radiofiWa 

muSaobs `bolo milis~ reJimSi, Tu ganixileba situacia 

trafikiT upiratesad `zevidan - qveviT~ da, rom radiofiWa 

muSaobs `monacemebis Segrovebis~ reJimSi, Tu ganixileba 

situacia trafikiT upiratesad `qvevidan – zeviT~. 

principialuri gansxvaveba am or situacias Soris 

imaSia, rom trafikis `zevidan - qveviT~ gadaWarbebisas 

sabazo sadgurisaTvis, romelic warmoadgens ugamtaro 

qselis radiofiWis muSaobis koordinators, winaswar 

cnobilia damaboloebeli sadgurebisaTvis gadasacemi 

kadrebis rigebis parametrebi, amitom sabazo sadgurs 

SeuZlia winaswar airCios damaboloebeli sadgurebis 

rigebTan muSaobis politika. meore SemTxvevaSi ki, rodesac 

Warbobs trafiki `qvevidan – zeviT~, sabazo sadgurma 

araferi ar icis damaboloebel sadgurebidan gadasacemi 

kadrebis rigebis Sesaxeb, amitom mas sWirdeba dasawyisSi 

gamokiTxos damaboloebeli sadgurebi da mxolod mas 

Semdeg miiRos gadawyvetileba rigebTan muSaobis politikis 

Sesaxeb. 

rodesac radiofiWa muSaobs `bolo milis~ reJimSi, 

SeiZleba uglebelyofa monacemTa nakadisa damaboloebeli 

sadguridan sabazosken da moxdes mxolod daRmavali 

nakadis - sabazo sadguridan damaboloeblamde, ganxilva. am 

SemTxvevaSi sabazo sadguri Sesabamisi rigidan ugzavnis 
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damaboloebel sadgurs Sesabamis kadrebs. Semdeg elodeba 

dadasturebas  damaboloebel sadguridan monacemebis 

warmatebuli miwodebis Sesaxeb (monacemebis miRebis 

dadastureba mosalodnelia taim-autis ganmavlobaSi) da 

iwyebs Semdgomi rigis kadrebis gagzavnas. rigebs Soris 

gadarTvis dro SemTxveviTi sididea, vinaidan SeuZlebelia 

winaswar metyveleba warmatebuli iyo Tu ara monacemebis 

miwodeba. es momenti aucilebladaa gasaTvaliswinebeli 

sistemis analitikuri modelirebis dros. cxadia, rom Tu 

kadrebis rigi moklea, monacemebis gadacemis zednadebi 

xarjebi didi iqneba. amitom, zednadebi xarjebis 

SemcirebisaTvis, SemoTavazebulia rigis momsaxureba 

mxolod im SemTxvevaSi, rodesac misi sigrZe gadaaWarbebs 

dadgenil sidides – zRurbels. sistemis gamtarunarianobis 

maqsimizaciisaTvis TiToeuli damaboloebeli sadguris 

rigebis momsaxureba unda moxdes maT srul amowurvamde, 

magram Tu erTi an ramdenime rigi Zalze grZeli aRmoCndeba, 

maSin kadris rigSi yofnis saSualo dro didi iqneba, rac 

dauSvebelia zogierTi saqselo gamoyenebisaTvis.  

aqedan gamomdinare sistemis gansakuTrebiT 

mniSvnelovan parametrebs warmoadgenen rigis saSualo 

sigrZe da kadris rigSi yofnis saSualo dro. mocemul 

naSromSi swored am parametrebis raodenobrivi Sefasebaa 

warmodgenili, miRebuli zRvruli amomwuravi momsaxurebis  

sistemis analitikuri da imitaciuri modelirebis 

safuZvelze.  

3.3.1. adapturi dinamikuri polingis parametrebi 

SemTxvevisTvis, rodesac radiofiWa muSaobs           

`bolo milis~ reJimSi 

ganvixiloT polingis ZiriTadi sistema amomwuravi 

momsaxurebiT, im varaudiT, rom momsaxurebis dro rigebSi 

ganawilebulia eqsponencialurad [77]. 
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serveri gamokiTxavs rigebs da moemsaxureba mxolod maT, 

romelTa moTxovnebis ricxvma miaRwia garkveul zRurbels (κi i-

uri rigisTvis), κi ≥0, i= N,1 . i-uri rigis momsaxurebis win 

servers esaWiroeba mosamzadebeli SemTxveviTi si parametriT 

eqsponencialurad ganawilebuli dro. am  drod SeiZleba 

CaiTvalos Qi   rigTan gadarTvis droc, romelic ixarjeba 

mxolod im SemTxvevaSi, Tuki rigi iqneba momsaxurebuli. 

moTxovnaTa momsaxurebebis dro i-ur rigSi 

eqsponencialuradaa ganawilebuli parametriT µi, i= N,1 . 

rigis momsaxureba xorcieldeba manam, sanam is ar 

dacarieldeba, ris Semdegac serveri gadainacvlebs 

Semdgomi rigisken, romelic saWiroebs momsaxurebas.  Tuki 

yvela rigi Seicavs momsaxurebisTvis arasakmaris 

moTxovnaTa ricxvs (κi  naklebi i-uri rigisTvis), serveri 

Cerdeba manam, sanam moTxovnaTa ricxvi erT-erT rigSi ar 

miaRwevs saWiro zRurbels. ris Semdegac serveri kvlav 

iwyebs muSaobas am rigTan mierTebiT.  

momsaxurebis maxasiaTeblebi ganisazRvreba Semdegi 

gamosaxulebebiT: 

1. j-uri rigis saSualo sigrZe i-uri rigis momsaxurebisas 

(momsaxurebaSi myofi moTxovnis gauTvaliswineblad) 

∑
∏∈

=−=
ir

iijj
j
i NjirqrL ;,1,),()( δ  (3.9)

2. j-uri rigis saSualo sigrZe i-ur rigTan mierTebis 

momentSi 

∑
∈

==
ir

ij
j

i NjirprS
χ

;,1,),(  (3.10)

3. j-uri rigis saSualo sigrZe serveris uqmadyofnis 

momentSi 

∑
Λ∈

==
r

j
j .N,j),r(arU 1                     (3.11)
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j-ur rigSi moxvedrili Wi moTxovnis lodinis saSualo 

drois mosaZebnad, viyenebT sistemaSi MmuSaobis raodenobis 

daSlas. ganxiluli sistemisTvis daSla aiwereba 

Semdegnairad: j-uri rigis Vi  muSaobis raodenoba drois 

nebismier momentSi ganawilebulia, rogorc muSaobis 

raodenobebs jami Sesabamis М/М/1/hi    sistemaSi da polingis 

sistemaSi muSaobis Yi  raodenoba nebismier momentSi, 

rodesac serveri ar aris dakavebuli rigis momsaxurebiT. 

j-ur rigSi lodinis saSualo dro ase ganisazRvreba: 
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(3.12)

ganvixiloT farTozolovani ugamtaro, marTvis adaptur 

meqanizmiani qselis, radiofiWis muSaobis modeli `bolo 

milis~ reJimSi Semdegi parametrebiT: rigebis raodenoba   

N=2;  Sesavali nakadebis intensivoba λ1=30, λ2=60, λ3=100; 

rigebis momsaxurebis intensivoba μ1=μ2=μ3=4500;  rigebTan 

mierTebis intensivoba s1 = s2 = s3 = 1500. 

nax. 3.1-Si warmodgenilia M[W(k)]  sistemaSi kadrebis 

saSualo lodinis damokidebuleba ki=k )4,1( =i   zRurblze, 

romelic navaraudevia rogorc erTnairi yvela rigisaTvis. 

 
nax. 3.1. lodinis saSualo drois damokidebuleba 

zRurblis sidididan  
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grafikidan Cans, rogor icvleba k-s optimaluri 

mniSvneloba saSualo drois mrudeebisTvis: rac ufro naklebad 

aris datvirTuli rigebi, lodinis saSualo dro miT ufro 

maRali k-s mniSvnelobisaTvis aRwevs minimums. 

Tu sistemaSi arsebobs sustad datvirTuli rigebi, 

mizanSewonilia gaizardos am rigebis zRurbli. es 

migviyvans sistemaSi dautvirTav rigebSi kadrebis yofnis 

drois gazrdamde, samagierod es dro Semcirdeba 

datvirTuli rigebis kadrebisaTvis da es Seamcirebs 

kadrebis sistemaSi yofnis saerTo dros. 

praqtikaSi optimaluri zRurblis SerCeva friad 

rTuli amocanaa, vinaidan zRurblis sidide damokidebulia 

datvirTuli da dautvirTavi rigebis Tanafardobaze, am 

rigebis trafikis parametrebis mniSvnelobaze da a.S. amitom, 

mocemul SemTxvevaSi saukeTeso variants warmoadgens 

sabazo sadguris mier gamokiTxvebis dros mxolod carieli 

rigebis gverdis avla, e.i. momsaxurebis zRurblis sididis 

fiqsireba ki=0, Ni ,1= . 

3.3.2. adapturi dinamikuri polingis parametrebi 

SemTxvevisTvis, rodesac radiofiWa muSaobs     

`monacemebis Segrovebis~ reJimSi 

rodesac radiofiWa muSaobs ~monacemTa Segrovebis~ 

reJimSi, SeiZleba ugulebelyofil iqnes monacemTa nakadi 

sabazo sadguridan damaboloeblisaken da ganxilul iqnes 

mxolod aRmavali nakadi damaboloebeli sadguridan 

sabazosken. 

am SemTxvevaSi sabazo sadguri dasawyisSi gamokiTxavs 

damaboloebel sadgurs, e.i. miuerTdeba gasagzavnTa rigs da 

miiRebs misgan kadrebs. Semdeg sabazo sadguri ecdeba 

miuerTdes gamokiTxvis siaSi Semdgom sadgurs. am dros 

sabazo sadgurma winaswar ar icis upasuxebs Tu ara 

gamokiTxvaze damaboloebeli sadguri da, Tu upasuxebs, 
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eqneba Tu ara mas kadrebi gasagzavnad. imisTvis, rom 

Semcirdes zednadebi danaxarjebi, dakavSirebuli `carieli~ 

damaboloebeli sadgurisa da sadgurebis, romlebmac raRac 

mizezebis gamo Sewyvites muSaoba, gamokiTxvaze, 

SemoTavazebulia ar gamoikiTxos aseTi damaboloebeli 

sadgurebi gamokiTxvis Semdgom ciklSi.  

amgvarad, damaboloebeli sadgurebis gamokiTxva 

xorcieldeba Semdegi wesiT. sabazo sadguri gamokiTxavs 

damaboloebel sadgurs Tu is gamokiTxa wina ciklSi da 

mis rigSi iyo gasagzavni kadrebi, an Tu wina ciklSi misi 

rigi gamotovebuli iyo. Tu ki gamokiTxvis wina ciklSi 

damaboloebelma sadgurma ar upasuxa sabazos an misi 

gasagzavnTa rigi carieli iyo, maSin mimdinare ciklSi 

sabazo sadguri mas ar gamokiTxavs. imis gamo, rom sabazo 

sadgurma ar SeiZleba winaswar (e.i. damaboloebeli 

sadguris gamokiTxvamde) Seafasos gasagzavnTa rigis 

zomebi, am rigis momsaxureba srul amowurvamde ar aris 

mizanSewonili. 

amitom, SemoTavazebulia sabazo sadguris mier 

damaboloebel sadgurSi gasagzavni kadrebis rigis 

momsaxurebis Semdegi wesi: sabazo sadguri rigidan iRebs 

mxolod im kadrebs, romlebic rigSi imyofebian 

damaboloebeli sadguris gamokiTxvis momentisTvis. 

advili dasanaxia, rom zemoT aRwerili BWN-is, 

romelic funqcionirebs ~monacemTa Segrovebis~ reJimSi, 

maxasiaTeblebis kvlevisTvis adekvatur models warmoadgens 

polingis sistema rigebis adapturi gamokiTxviT da momsaxurebis 

rabuli saxis discipliniT. 

ganvixiloT polingis ZiriTadi modeli rabuli 

momsaxurebiT. davuSvaT, rom ganacxadis momsaxurebis dro  i-ur 

rigSi ganawilebulia eqsponencialurad parametriT µi. serveris 

rigebTan gadarTvis droebi aseve navaraudevia 

eqsponencialurad ganawilebulad, parametriT qi=1/si, Ni ,1= . 
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Tu servers, rigis gamokiTxvis dros, ar daxvdeba masSi 

ganacxadi, igi mas datovebs da Semdeg ciklSi ar miakiTxavs 

mas, Tanac ar xarjavs dros masze gadarTvisaTvis. Tu 

mocemul ciklSi yvela rigi gamosatovebelia, serveri 

Cerdeba, uqmad aris SemTxveviTi drois manZilze, romelsac 

eqsponencialuri ganawileba aqvs parametriT τ, romlis 

amowurvis Semdeg iwyebs yvela rigis gamokiTxvas. 

rigis gamokiTxvaTa momentebs Soris saSualo dro 

warmoadgens ciklis saSualo dros da ganxiluli 

sistemisaTvis ganisazRvreba tolobiT: 

ρ

τ

−

−+
= ∑ ∏= =

1
)1(

1 1

N

i

N

i iii uuq
C .                                (3.13)

aRvniSnavT, rom ciklis dro – es aris drois periodi, 

romlis ganmavlobaSic serveri akiTxavs rigebs, romlebic 

eqvemdebarebian gamokiTxvas, an serveris uqmad yofnis dro, Tuki 

ciklSi yvela rigi unda iqnes gamotovebuli. 

ricxviTi analizis dasrulebisaTvis, CavatarebT qselis, 

romelic funqcionirebs ~monacemTa Segrovebis~ reJimSi, 

gamokiTxvis ori meTodis Sedarebas: sabazo sadguri yovelTvis 

gamokiTxavs yvela rigs gamokiTxvis ciklSi, maSinac ki, Tuki 

isini carielni iyvnen winamdebare ciklSi; bazuri sadguri 

gamotovebs cariel rigebs gamokiTxvis Semdgom ciklSi 

(adapturi dinamikuri polingi). 

CavataroT SedarebiTi analizi radiofiWisTvis Semdegi 

parametrebiT: rigebis raodenoba N=3,  Semomavali nakadebis 

intensivobebi λ1=λ2=λ3=1500 iReben mniSvnelobebs 1-dan 200-mde 

bijiT 10, rigebis momsaxurebis intensivobebi μ1=μ2=μ3=4500, 

rigebTan mierTebis intensivobebi s1 = s2 = s3 = 1500. 

modelirebis Sedegebi moyvanilia nax. 3.2. 

nax. 3.2-dan Cans, rom adapturi dinamikuri polingi 

iZleva sagrZnob mogebas naklebad datvirTuli rigebis 

arsebobisas, xolo Zlier datvirTul sistemaSi xdeba 
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cikluri gamokiTxvisa da dinamikuri polingis reJimebSi 

lodinis saSualo drois damTxveva. 

 

 

 

 

 

 

 

ციკლური  
გამოკითხვა 

ადაპტური  
დინამიკური პოლინგი 

nax. 3.2. lodinis saSualo drois damokidebuleba λ-dan  
cikluri gamokiTxvisas adapturi meqanizmiT 

      
nax. 3.2-dan Cans, rom adapturi dinamikuri polingi 

iZleva sagrZnob mogebas naklebad datvirTuli rigebis 

arsebobisas, xolo Zlier datvirTul sistemaSi xdeba 

cikluri gamokiTxvisa da dinamikuri polingis reJimebSi 

lodinis saSualo drois damTxveva. 

3.4. daskvnebi mesame TavTan dakavSirebiT 

1.  naCvenebia, rom paketuri informaciis ugamtaro qselSi 

gatarebis kvlevisaTvis efeqturia polingis meTodebi. 

2. Catarebulia dReisaTvis gamoyenebuli polingis meTodebis 

analizi. naCvenebia, rom mocemuli amocanisTvis mobilur 

qselebSi paketebis dayovnebis SemcirebisTvis, saukeTeso 

variants warmoadgens gamokiTxvis cikluri meTodi. 

3. naCvenebia, rom  BWN-Tvis gadacemis maqsimaluri siCqare 

SeiZleba uzrunvelyofeli iqnes adapturi dinamikuri 

polingis gamoyenebisas. 
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Tavi 4. MAC-protokolebi BWN-Si  

4.1. MAC-donis funqciebi 

 IEEE 802.16-is standartizaciis sagans warmoadgens      

fizikuri da MAC-doneebis agebis principebi municipaluri 

masStabis qselebis sxvadasxva danarTebisaTvis satransporto 

garemos Sesaqmnelad. fizikuri done uSualod uzrunvelyofs 

monacemebis nakadis miyvanas sabazo sadguridan  momxmareblis 

sadguramde (abonentamde). gadasacemi monacemebis struqturebis 

mravalsaxeobis formireba da ZiriTadi sistemuri procesebis 

marTva ki -  MAC–donis funqciebia. 

 MAC-done axorcielebs fizikur arxebTan SeRwevis marTvas 

(rac Seesabameba ISO/OSI modelis saarxo dones) da qmnis zeda 

donis sxvadasxva momsaxurebebis mxardaWeris meqanizmebs. ase, 

magaliTad, MAC-donis protokolebi marTaven gadacemis 

parametrebs, gansazRvraven kvanZebis urTierTqmedebis wesebs, 

SeRwevis rigiTobas, akontroleben SeerTebebis mdgomareobas da 

a.S. IEEE 802.16-Si qselis elementebis marTva centralizebulia - 

sabazo sadguri akontrolebs gadacemas rogorc pirdapir, aseve 

uku arxebSi. 

 fizikur doneze gamoyenebuli specifikaciebis miuxedavad, 

IEEE 802.16-x standartebs gaaCniaT erTiani MAC-protokoli, 

romelic aRwers qvedoneebis urTierTqmedebas, monacemebis 

blokebis formats, polingis meqanizms da sxv. 

 MAC-done zeda doneebis danarTebidan iRebs monacemebis 

paketebs da aformirebs monacemebis nakadebs. konkretul 

danarTTan dakavSirebul monacemebis nakads servisuli  nakadi 

(Service Flow) ewodeba, xolo am nakadis paketebs monacemebis 

servisuli blokebi (Service Data Unit, SDU). pirdapir arxSi 

SeRwevisa da  gadacemis procesSi  MAC-done asrulebs [84, 85]: 

 zeda doneebis danarTebis protokolebis klasifikacias da 

monacemebis blokebis (SDU) formirebas;  
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 gansazRvravs SeerTebebis tips da aniWebs maT SeerTebebis 

identifikatorebs (Connection Identifier - CID). TiToeuli CID 

Seesabameba SeerTebis Tavis tips da gansazRvravs am 

SeerTebis parametrebs;  

 zeda doneebidan miRebul monacemebis paketebs inaxavs 

rigebSi  (TiToeuli monacemebis nakadisaTvis gamoiyofa 

calke rigi);  

 gadawyvetilebas Rebulobs ama Tu im rigSi MAC-donis 

monacemebis mimdinare blokSi monacemebis paketebis 

raodenobis Sesaxeb;  

 zeda doneebis danarTebidan miRebul monacemebis blokebs 

gardaqmnis MAC-donis PDU-blokebad (monacemebis 

protokoluri erTeuli – Protocol Data Unit);  

 MAC PDU blokebis daSifvras;  

 TiToeuli MAC PDU-s nakrebs uniSnavs kodirebisa da 

modulaciis saxes, SeurCevs gasxivebuli simZlavris dones. 

amisaTvis iyenebs sasamsaxuro informacias - TiToeuli 

servisuli nakadisaTvis saWiro QoS donis, PDU-s 

raodenobisa da struqturis, aseve gadacemis arxis 

mdgomareobis Sesaxeb.  

 ganalagebs MAC PDU blokebs pirdapiri/uku arxis freimebSi. 

MAC-donis ZiriTadi funqciebi pirdapir da uku arxebSi 

SeRwevisa da  marTvis procesebSi moyvanilia Sesabamisad nax. 4.1 

da 4.2. 

uku arxiT gadacemis marTvis procesSi MAC-done  

asrulebs [85]: 

 iRebsGgadawyvetilebas sxvadasxva rigebSi monacemebis 

moculobis Sesaxeb, romlebic unda gadasces uku arxis 

mimdinare freimiT;  

 niSnavs kodirebisa da modulaciis saxeebs, gasxivebuli 

simZlavris dones calcalke monacemebis TiToeuli nakadisaTvis;  

 niSnavs droiT intervals gadacemisaTvis uku arxis freimSi. 
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nax. 4.1. sabazo sadguris MAC-donis funqciebi pirdapiri arxiT 
gadacemis marTvis procesSi 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.2. sabazo sadguris MAC-donis funqciebi uku arxis gadacemis 
marTvis procesSi 

 pirdapiri (uku arxis) freimSi MAC PDU-s logikuri 

ganTavsebis Semdeg xorcieldeba maTi gadacema fizikuri 

donisaken da DL-MAP (UL-MAP) Setyobinebebis formireba. es 

Setyobinebebi Seicaven monacemebs MAP PDU nakrebebis 

raodenobisa da kodirebisa da modulaciis daniSnuli saxeebis 

Sesaxeb. 
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4.2. MAC-donis arqiteqtura 

IEEE 802.16-is MAC done logikurad iyofa sam qvedoned – 

konvergenciis qvedone (Convergence Sublayer, an servisis gardaqmnis 

qvedone), e.w ZiriTadi qvedone (Common Part Sublayer) da 

usafrTxoebis qvedone (Privacy Sublayer),   nax. 4.3. 

 

nax. 4.3.  IEEE 802.16 x-is MAC-donis arqiteqtura 

konvergenciis qvedone (signalis gardaqmnis qvedone) 

asrulebs zeda doneebis monacemebis nakadebis gardaqmnasa da 

klasifikacias maT Semdgomi gadacemisaTvis IEEE 802.16 qselSi. 

momsaxurebis nakadebis ZiriTad tipebs miekuTvneba ATM-

danarTebisa da paketuri danarTebis nakadebi: IP, IEEE 802. 3 

Ethernet, IEEE 802.1 Q da sxv. (cxr. 4.1). 

 

 

 

  107



 cxrili 4.1 

IEEE 802.16x standartebis konvergenciis qvedoneebis modifikaciebi 

mxardamWeri 
protokolebi 

konvergenciis qvedonis modifikaciebi 

ATM CS ATM 

IP CS IPv4 

IP  CS IPv6 

IP  CS Ethernet (802.3) 

IP  CS 802.1/Q VLAN (Virtual) 

IP  CS IPv4 Ethernet-ze 

IP  CS IPv6 Ethernet-ze 

IP  CS IPv4 802.1/Q VLAN-ze 

IP  CS IPv6 802.1/Q VLAN-ze 

IP  CS Ethernet VLAN (ROHC)-niSnebiT 

IP  CS Ethernet VLAN (ERTCP)-niSnebiT 

IP  CS IPv4 ROHC (Robust Header Compression)-iT 

  

gardaqmnis meqanizmi danarTebis TiToeuli tipisaTvis 

sxvadasxvaa. nakadebis klasifikacia aucilebelia SemdgomSi 

fizikuri arxiT maTi gadacemis parametrebis optimizaciisaTvis 

(m.S. sixSiruli zolebis racionaluri gamoyofisaTvis), 

mocemuli danarTis specifikaciis gaTvaliswinebiT. klasifikacia 

xorcieldeba dasamuSavebeli danarTis monacemebis blokis 

sasamsaxuro TavsarTis mixedviT. Sedegad ganisazRvreba 

SeerTebis identifikatori CID, romelic erTniSnad daadgens 

momsaxurebis kategoriis parametrebs da moTxovnilebebs misi 

saWiro xarisxis uzrunvelyofisaTvis. 

 amgvarad, konvergenciis qvedone unda ganvixiloT, rogorc 

zeda doneebis danarTebis monacemebis  MAC da fizikuri 

doneebis monacemebis formatebTan adaptaciis safexuri. 
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 monacemebis blokebs klasifikaciis Semdeg ewodebaT 

monacemebis servisuli blokebi (SDU). romelime zeda donis 

danarTTan asocirebul monacemebis nakads ewodeba servisuli 

nakadi da mas gaaCnia sakuTari identifikatori (Service Flow 

Identifier-SFID). 

 garda aRniSnulisa, monacemebis gadacemis procesis 

optimizaciis mizniT, konvergenciis qvedoneze xdeba ganmeorebadi 

paketebis TavsarTebis mocileba. es xorcieldeba, magaliTad, Tu 

paketebis wyaro da mimRebi garkveuli drois ganmavlobaSi ar 

icvlebian. SeerTebis identifikatori asocirdeba am nakadTan, 

amitom damatebiTi monacemebis gadacemis aucilebloba ar 

arsebobs. mimReb mxareze TavsarTebi aRdgeba. ganmeorebadi 

TavsarTebis mocilebis meqanizms uwodeben – Payload Hrader 

Suppression. 

ZiriTadi qvedone (Common Part Sublayer – CPS). MAC-doneze 

meore qvedonea e.w ZiriTadi qvedone – CPS. aq konvergenciis 

qvedoneze klasificirebuli zeda doneebis danarTebis 

monacemebis blokebi gardaiqmnebian MAC-donis monacemebis 

blokebad (MAC PDU blokebi). es blokebi fizikur paketebad 

inkafsulirebis Semdeg gadaecema fizikur dones [84, 56]. ZiriTad 

qvedoneze, monacemebis servisuli blokebis fragmentaciisa da 

MAC-PDU monacemebis blokebad gaerTianebis garda xorcieldeba 

QoS parametrebisa da gadacemaze ganmeorebiTi SekiTxvebis (ARQ) 

marTva. 

usafrTxoebis qvedone (MAC-donis me-3 qvedone). es done 

uzrunvelyofs usafrTxoebis ZiriTadi protokolebis 

mxardaWeras: daSifvras, daSifvris gasaRebebis mimocvlas, 

autentifikacias da sxv. qvedone mxars uWers or protokols [86]: 

 inkapsulaciis protokoli, romelic gansazRvravs 

kriptografiuli protokolebisa da maTi MAC PDU-sTvis 

gamoyenebis wesebis krebuls;  
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 gasaRebebis marTvis protokoli (Privacy Key Management – 

PKM). es protokoli uzrunvelyofs momxmareblis 

(saabonento) sadgurebisaTvis gasaRebebis usafrTxo 

gadacemas maTi avtorizaciisa da gasaRebebis Semdgomi 

ganaxlebis procesSi. 

monacemebis kriptografiuli dacvis yvela operacia 

sruldeba MAC PDU blokebze. mmarTveli Setyobinebebi gadaicema 

dauSifravad. 

4.3. SeerTebebis marTvisa da organizaciis Taviseburebebi 

servisuli nakadebi da xarisxis marTva. IEEE 802.16 ojaxis 

standartebSi miwodebuli momsaxurebis xarisxis uzrunvelyofis 

sakvanZo meqanizms warmoadgenen servisuli nakadebi. TiToeuli 

nakadi xasiaTdeba gadacemis arxis mimarT wayenebuli 

moTxovnebiT, kerZod: signalis dayovnebis droiT da am drois 

fluqtuaciiT (jiteri), garantirebuli gamtarunarianobiT da 

sxv. TiToeul servisul nakads miekuTvneba 32-Tanrigiani 

servisuli nakadis identifikatori (SFID), romlis mixedviTac 

sabazo sadguri gansazRvravs mocemuli SeerTebis parametrebs, 

dakavSirebuls am servisul nakadTan. 

 IEEE 802.16-is satransporto garemo aformirebs monacemebis 

nakadebis gadacemis sakomunikacio arxebs sxvadasxva 

danarTebisaTvis (servisebisaTviis):  IP, videomonacemebi, ATM, E1 

da VoIP tipis paketebi da a.S. TiToeul danarTs gaaCnia Tavisi 

moTxovnileba gadacemis siCqarisadmi, saimedoobisa da 

kriptodacvisaTvis. TiToeuli danarTis monacemebi radioarxiT 

gadaicema Tavisi specifikis gaTvaliswinebiT. standartizaciis 

mizniT SemoRebuli iqna agreTve servisuli klasis kategoriis 

cneba (es aris gadacemis parametrebis nakrebi, tipiuri 

danarTebisaTvis). 

 servisuli nakadebis klasifikacia xorcieldeba 

konvergenciis qvedoneze. es operacia dadis zeda donidan 

miRebuli paketis saTauris Sesabamisi velebis Sedarebaze 
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klasifikatorebis nakrebTan. identifikatorebis Tanxvedris 

SemTxvevebSi CID da SFID asocirdebian paketTan da sersvisuli 

nakadebis parametrebi gadaicema mmarTveli DSC-RSP SetyobinebaSi 

(e.w. momsaxurebis dinamikuri cvlilebis Setyobineba [57, 86]). 

 IEEE 802.16 standartSi QoS-is kontrolisaTvis aseve 

gamoiyeneba meqanizmebi: rigebis formireba; sixSireebis zolebis 

rezervSi Senaxva, (Unsolicited Grant Service, UCS); rt-PS-s gamokiTxva 

(Real Time Polling Service – realur droSi momsaxurebisaTvis); nrt-PC 

gamokiTxva (Non-Real Time Polling service – momsaxurebisaTvis realuri 

drois xarisxis moTxovnis gareSe); momsaxureba narCeni principiT 

(Best Effort, BE). iseTi parametrebi, rogorebicaa – monacemebis 

gadacemis paketuri da garantirebuli siCqareebi (Peak Data Rate, 

Guaratteed DATA Rata) da momxmareblis prioriteti (momsaxurebis 

kategoria) TiToeuli momsaxurebisa da kavSiris 

mimarTulebisaTvis formirdeba damoukideblad. 

mmarTveli Setyobinebebi. mmarTveli Setyobinebebi 

warmoadgenen marTvis ZiriTad meqanizms WiMAX qselebSi. marTvis 

yvela funqcia – paketebis profilebis aRwera, SeRwevis marTva, 

kriptodacva – realizdeba mmarTveli SetyobinebebiT. SeerTebis 

tipis mixedviT Setyobinebebi iyofa sam kategoriad: 

farTosamauwyeblo, sabaziso da pirveladi. IEEE 802.16 standartis 

pirvel versiebSi (mag. 802.16.a) iyo 32 mmarTveli Setyobineba. 

standartis bolo versiaSi (IEEE 802.16.e) es ricxvi kidev ufro 

maRalia da Seadgens 256-s [86, 87]. 

SeerTebebis organizacia. IEEE 802.16-Si SeerTebebis 

organizaciis qveS igulisxmeba MAC-doneze gadamcem da mimReb 

mxareebs Soris logikuri kavSirebis damyareba servisuli 

nakadebis gadasacemad. TiToeul SeerTebas mieniWeba 16-

Tanrigiani identifikatori (CID), romelic gansazRvravs 

SeerTebis tips da maxasiaTeblebs. CID-is formati moyvanilia  

nax. 4.4 [86]. CID-is mixedviT sabazo sadguri erTmniSvnelovnad 

gansazRvravs servisul nakads da misi gadacemisaTvis aucilebel 
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parametrebs. rogorc zemoT iyo aRniSnuli sxvadasxva danarTs 

gaaCnia sxvadasxva moTxovnileba gadacemis siCqaris, xarisxis da  

usafrTxoebis mimarT, romlebic gaTvaliswinebuli unda iqnas 

monacemebis nakadis radioarxiT gadacemis dros. 

 MESH topologiis qselebisaTvis CID – identifikatoris 

Cveulebriv struqturas emateba 8-bitiani TavsarTi – Link ID. 

 

nax. 4.4. SeerTebebis identifikatoris (CID) struqtura 

 rogorc aRniSnuli iyo SeerTebebis klasifikacia 

xorcieldeba zeda doneebis danarTebis monacemebis blokebis 

samsaxurebrivi saTaurebis saSualebiT. ase, magaliTad, ATM-is 

protokolebis Tanaxmad SeerTebebis klasifikatori warmoadgens 

ATM-ujredis parametrebis nakrebs, kerZod-virtualuri 

marSrutis 8-bitian identifikators (Virtual Path Idensifier) da 

virtualuri arxis 32-bitian identifikators (Virtual Channel 

Identifier) [86, 87]. 

saarxo resursebis gamoyofis meqanizmebi. IEEE 802.16-

arxebTan SeRweva xorcieldeba momxmarebeli sadguris 

(terminalis, mobiluri telefonis) mier momsaxurebaze moTxovnis 

(Demand Assigned Multiple Access – DAMA) gadacemiT [88]. ganasxvaveben 
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ori tipis moTxovnas – SemTxveviTi da gegmiuri. amasTanave, 

standartiT ganisazRvreba ori kategoriis moTxovna – moTxovna 

resursis mowodebaze da moTxovna resursis Secvlaze. reaqcias 

moTxovnaze warmoadgens nebarTva sainformacio nakadebis 

mimocvlaze da amasTanave droiTi intervalis daniSvna 

gadacemaze uku arxSi. es informacia aisaxeba pirdapiri arxis 

sasamsaxuro SetyobinebaSi UL-MAP. moTxovna resursis Secvlaze 

gadaicema sasamsaxuro SetyobinebebiT UCD (Uplink Channel Descriptor). 

 SemTxveviTi moTxovna gadaicema sakonkurento safuZvelze 

ukuarxis specialur sasamsaxuro droiT slotSi. 

 gegmiuri moTxovnebis procedurebs sistemuri gamokiTxva 

(Polling) ewodeba [62]. sabazo sadguri adreulad arezervebs 

droiT intervals samomxmareblo sadgurisaTvis, am ukanasknelis 

mier resursis miRebis an Secvlis moTxovnis gadasacemad. 

rogorc, Sedegi am dros sxvadasxva momxmarebels Soris 

konkurencia SeRwevaze ar arsebobs, rac gamoricxavs koliziur 

situaciebs. 

 sistemuri gamokiTxva sruldeba or reJimSi: realuri 

drois (Real-Time) da ararealuri drois reJimSi (Non-Real-Time). 

realuri drois reJimSi sabazo sadguri samomxmareblo sadgurs 

gamouyofs droiT slotebs uku arxiT moTxovnis gadasacemad, 

droiTi intervaliT, romelic Seesabameba SeRwevis pirobebis 

Secvlaze moTxovnis warmoqmnis prognozirebad periods. es 

reJimi gamoiyeneba iseTi danarTebisaTvis, romelTa monacemebis 

paketebis gamoCena periodulia, xolo paketebis sigrZe – cvladi 

(mag. MPEG – videoformatisaTvis). 

 ara realuri drois reJimSi sabazo sadguri 

samomxmareblos awvdis analogiur droiT intervals 

moTxovnisaTvis, magram moTxovnis intervalis miwodebis 

procesis dayovneba gacilebiT didia vidre realuri drois 

reJimSi. es reJimi xelsayrelia FTR-protokolebiT momuSave 

danarTebisaTvis. 
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 samomxmareblo sadguri sabazo sadguridan zolis 

gamoyofaze pasuxis miRebis Semdeg pirveli – sami sataqto 

intervalis ganmavlobaSi iwyebs monacemebis  gadacemas. pasuxis 

miuReblobis SemTxvevaSi samomxmareblo sadguri gaimeorebs 

moTxovnas saWiro zolis gamoyofaze. 

 samomxmareblo sadguris mier sabazo sadguridan 16 

sataqto intervalis ganmavlobaSi pasuxis miuReblobis 

SemTxvevaSi samomxmareblo sadguri kargavs uflebas 

konkurentul SeRwevaze. es niSnavs, rom sabazo sadguris 

resursi drois am momentSi sruladaa gamoyenebuli da igi ver 

gamouyofs samomxmareblo sadgurs droiT intervals monacemebis 

gadasacemad. 

4.4. MAC-donis monacemebis blokebi (MAC PDU) 

 MAC PDU warmoadgens im sasargeblo datvirTvis sabazo 

erTeuls, romlis damuSaveba mimdinareobs WiMAX sistemebis MAC 

da fizikur doneebze. is Sedgeba mmarTveli TavsarTisagan, 

monacemebis velisagan da sakontrolo jamisagan (nax. 4.5). 

MAC-TavsarTi monacemebis veli sakontrolo 
jami 

             48 biti 

nax. 4.5. MAC PDU blokis struqtura 

standartiT [86] gansazRvrulia mmarTveli MAC-TavsarTebis 

ori formati (Frame Control Header, FCH): 

 monacemebis MAC-blokis TavsarTi;   

 gatarebis zolis akrZalvis TavsarTi. 

zolis moTxovnis dros MAC-PDU-Si monacemebis veli ar 

arsebobs [86]. MAC-PDU-s TavsarTis saerTo sigrZe 48 bitia (nax. 

4.6). TavsarTis TiToeul vels gaaCnia Tavisi daniSnuleba da 

sigrZe – erTidan rva bitamde [85, 86]. veli HT gansazRvravs MAC- 

TavsarTis daniSnulebas (monacemebis MAC-bloki an zolis 

SezRudva). Tu velis maRali Tanrigis biti aris “0”, maSin 
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generirdeba monacemebis blokis TavsarTi, “1”-SemTxvevaSi – 

sixSiruli zolis akrZalvis TavsarTi. velis moTxovnis 

formirebis dros velebi Rsv, C1, EKS, Rsv da LEN  icvleba BR 

(Bandwidth Request) veliT (nax. 4.7) [85]. 

 

8 biti  8 biti  8 biti 8 biti 8 biti 

1 
b
it

i 
 

1 
b
it

i 
 

1 
b
it

i 
 

1 
b
it

i 
 

2 
b
it

i 
 

1 
b
it

i 
 

3 
b
it

i 
 

H
T 

(m
aR

al
i 

T
an
r
ig

is
 b

it
i)
 

EC
 (d

aS
if

r
vi
s
 m
ar

T
va
) 

ma
R
al

i 
T
an
r
ig

is
 b

it
eb

is
 

S
ee
r
T
eb

is
 

id
en
t
if

ik
at

o
r
i 

d
ab

al
i 

T
an
r
ig

is
 b

it
eb

is
 

S
ee
r
T
eb

is
 

id
en
t
if

ik
at

o
r
i 

T
av
s
ar

T
is

 s
ak
o
nt

r
o
l
o
 

j
am
i 

MAC PDU TavsarTi (48 biti)   

 

 

 

 

 

 

 

 
nax. 4.6.  MAC-monacemebis blokis TavsarTis struqtura 

 

 

 

 

 

 

 

 

 

 

MAC PDU TavsarTi (48 biti)   

1 
b
it

i 
 

1 
b
it

i 
 

3 
b
it

i 
 

   11 biti      8 biti   8 biti   8 biti   8 biti 

H
T 

(m
aR

al
i 

T
an
r
ig

is
 b

it
i)
 

EC
 (d

aS
if

r
vi
s
 m
ar

T
va
) 

ma
R
al

i 
T
an
r
ig

is
 b

it
eb

is
 

S
ee
r
T
eb

is
 

id
en
t
if

ik
at

o
r
i 

d
ab

al
i 

T
an
r
ig

is
 b

it
eb

is
 

S
ee
r
T
eb

is
 

id
en
t
if

ik
at

o
r
i 

T
av
s
ar

T
is

 s
ak
o
nt

r
o
l
o
 

j
am
i 

nax. 4.7. MAC-freimis TavsarTis struqtura zolis moTxovnisas 

EC (Eneryption Control) veli warmoadgens monacemebis velis 

daSifvris indikators. velis biti “0”-aRniSnavs, rom velis 

monacemebi dauSifvravia, winaaRmdeg SemTxvevaSi (biti “1”) - xdeba 
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daSifvra. zolis moTxovnis SemTxvevaSi EC-velis biti 

yovelTvis “0”-ia. 

TYPE-veli miuTiTebs monacemebis velis tipze: monacemebis 

veli - monacemebis gadacemisas da zolis moTxovna – zolis 

moTxovnis SemTxvevaSi. 

 daSifvris gasaRebis indeqsis gansazRvrisaTvis TavsarTi 

Seicavs vels EKS (Eneryption Key Sequence – daSifvris 

Tanmimdevrobis veli an daSifvris gasaRebis inicializaciis 

veqtori). radgan daSifvra mimdinareobs mxolod monacemebis 

gadacemis procesSi, amitom am velis arsebobas azri aqvs maSin, 

rodesac EC-velis biti “1”-ia (rac Seesabameba monacemebis 

daSifvris arsebobas). 

CI veli warmoadgens cikluri sakontrolo jamis (CRC - 

Cyclei Redundancy Check) arsebobis indikators. Tu CI aris “1” maSin 

sakontrolo jami damatebulia monacemebis velTan, winaaRmdeg 

SemTxvevaSi (CI - “0”) damateba ar xdeba. 

 LER-veli asaxavs monacemebis velisa da MAC-TavsarTis 

sigrZes baitebSi. misi sakuTari sigrZea – 11 biti (3 biti – LEN 

MSB  da 8 biti – LEN LSB). 

 SeerTebis identifikaciis veli maRali Tanrigis (CID MSB) 

da dabali Tanrigis (CID LSB) bitebisaTvis Seicavs 16 bits, (2x8). 

zolis moTxovnis dros SeerTebis identifikatori miuTiTebs 

SeerTebis im klasze, romlisTvisac moiTxoveba sixSiruli 

zoli. 

TavsarTis 8-bitiani Semowmebis veli (Header Cheek Sequence) 

gamoiyeneba TavsarTSi Secdomebis aRmosaCenad. BR-veli 

gansazRvravs samomxmareblo (saabonento) sadguris mier 

ukukavSiris arxiT gadasacemi baitebis moTxovnil raodenobas. am 

raodenobis mixedviT dainiSneba sixSiruli zoli. 

MAC PDU Seicavs [86]: 

 MAC qveTavsarTebs;  

 mmarTvel Setyobinebebs;  
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 sasargeblo monacemebs. 

ganasxvaveben marTvis, fragmentaciisa da SefuTvis 

qveTavsarTebs. SefuTvis qveTavsarTebi aucilebelia, radgan 

monacemebis servisuli blokebi, trafikis moculobidan 

gamomdinare, SeiZleba gadaicemodnen erTi an ramdenime MAC PDU-s 

SemadgenlobaSi. 

marTvis qveTavsarTis velis (Grand Manadement, GM) sigrZe 2 

baitia. es qveTavsarTi gamoiyeneba sixSiruli zolis 

marTvisaTvis.  SefuTvis qveTavsarTi  gamoiyeneba maSin, rodesac 

erTi MAC-PDU-s monacemebis veli Seicavs monacemebis ramdenime 

SDU bloks. amis sawinaaRmdegod, fragmentaciis qveTavsarTi 

gamoiyeneba im SemTxvevaSi, rodesac erTi SDU bloki gadaicema 

ramdenime MAC-PDU-blokiT. SDU-blokis fragmentaciis dros 

TiToeuli fragmentis pozicia moiniSneba rigiTi nomriT, rac 

saSualebas aZlevs mimRebs koreqturad moaxdinos 

defragmentacia. qveTavsarTebis formatebi naCvenebia nax. 4.8-4.10 

[86]. 

sakontrolo jamis gamoTvlis principi dafuZnebulia 

Ethernet-protokolze da gamoiyeneba qveTavsarTisa da monacemebis 

velis bitebisaTvis. 

 

 

 

 

 

 

 

 

marTvis qveTavsarTi 

if (dispeCeruli 

samsaxuris saxe=UGS) 
     IS        
1 biti 

PM     
1 biti 

darezervebulia 

14 biti 
else (kombinirebuli 

SekiTxva) 

qveTavsarTis velebi 

gadanacvlebis indikatori 

0-araviTari moqmedeba 

1-uku arxiT gadacemis SesaZleloba 

  registracia (poll-me) 

0-araviTari moqmedeba             
1- zolis moTxovnis   
registracia 

momxmareblis mier 

moTxovnili baitebis 

raodenoba sixSiruli 

zolis gamoyofaze 

 

nax. 4.8. marTvis qveTavsarTis struqtura 
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fragmentaciis qveTavsarTi 

 

 

 

 

 

 

 

 

    

nax. 4.9. fragmentaciis qveTavsarTis struqtura (FSH) 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.10. SefuTvis qveTavsarTis struqtura 

FC 

2 biti 

FCN 

3 biti 

darezervebulia 

3 biti

qveTavsarTis velebi 

00 - fragmentacia ar sruldeba 

01 – bolo fragmenti 

10 – pirveli fragmenti 

11 – Sualedi fragmenti 

fragmentaciiis marTva 

PDU (SDU)-s mimdinare 
fragmentis rigiTi nomeri 

SefuTvis qveTavsarTi 

FC 

2 biti 

FCN 

3 biti 

sigrZe 

11 biti

00 - fragmentacia ar sruldeba 

01 – bolo fragmenti 

10 – pirveli fragmenti 

11 – Sualedi fragmenti 

qveTavsarTis velebi 

fragmentaciiis marTva

PDU (SDU)-s mimdinare 
fragmentis rigiTi nomeri 

fragmentis 

sigrZe baitebSi, 

orbaitiani 

SefuTvis 

qveTavsarTis 

CaTvliT 
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4.5.  MAC-donis monacemebis struqtura da fizikuri donis 

paketebi 

MAC-doneze formirebuli monacemebis blokebi MAC-PDU 

transilirdeba fizikur doneze, sadac isini gardaiqmnebian 

eleqtronul signalebad (nax. 4.11). aseTi gardaqmnis erT-erT 

etaps warmoadgens monacemebis gadacemis formatis adaptacia, 

romelic gulisxmobs MAC-PDU-blokebis konvertacias paketebSi 

(Burst). es ukanasknelebi warmoadgenen fizikuri donis monacemebis 

elementarul struqturul erTeulebs. 

 sabazo da samomxmareblo (saabonento) sadgurebi 

erTmaneTTan aTanxmeben fizikuri paketebis profilebs (Burst 

Profile), momsaxurebis xarisxis (QoS) da gadacemis fizikuri 

garemos gaTvaliswinebiT. paketebis profili ganisazRvreba 

unikaluri indikatoriT (Interval Usage Code DL/UL), romelic 

gadaicema mmarTveli SetyobinebiT DCD/UCD. paketis profili 

Seicavs iseT parametrebs rogorebicaa: 

 muSa sixSire;  

 makoreqtirebeli kodirebis sqema;  

 modulaciis saxe;  

 signal-xelSeSlis zRvruli dasaSvebi (SINR-

Signal/(Interference+Noise) Ratio) da minimaluri mniSvnelobebi, 

romeli mniSvnelobebis dros SesaZlebelia gamoyenebuli 

iqnas mocemuli profili. 

paketebi avseben fizikur freims, romelic warmoadgens 

fizikuri donis monacemebis bloks (PHY PDU). nax. 4.11 naCvenebia 

zeda doneebis monacemebis protokoluri blokebis gadacema MAC 

da fizikuri doneebis gavliT, IEEE 802.16 standartiT. 
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4.6. samomxmareblo (saabonento) sadguris instalacia 

qselSi 

samomxmareblo (saabonento) sadguris sabazo sadgurTan 

pirveladi mierTebis (SeerTebis damyarebis) dros sruldeba misi 

instalacia qselSi (nax. 4.12). 

 

nax. 4.11. Dzeda doneebis monacemebis protokoluri blokebis adaptacia 

da maTi gadacema MAC da fizikuri doneebis gavliT IEEE 802.16.2004 
standartiT 

samomxmareblo sadguris identifikaciisaTvis gamoiyeneba 

MAC-misamarTi, romelic mieniWeba mowyobilobis mwarmoeblis 

mier. instalaciis procesi sruldeba oTx etapad [87]: 

 pirveli etapi – mimRebis mier pirdapiri arxis sixSirul 

diapazonis skanireba sabazo sadgurTan sinqronizaciisa da 
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misgan gadacemis awyobisaTvis saWiro parametrebis 

misaRebad;  

 meore etapi – saabonento sadguris Cayeneba rigSi SeRwevis 

nebarTvis miRebaze;   

 mesame etapi – sabazo sadgurTan sasamsaxuro informaciis 

mimocvla sabazo awyobebisaTvis (inicializacia, avtorizacia, 

daSifvris gasaRebebis gacvla, registracia da SeerTebis Seqmna);  

 meoTxe etapi – sistemuri awyobebis instalacia (erTian drosa 

da TariRis dayeneba, SeerTebebis identifikatorebis nakrebebis 

miReba da instalacia da a.S.). 

 

 

nax. 4.12. samomxmareblo (saabonento) sadguris instalacia pirveladi 

CarTvis dros 
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4.7. IEEE 802. 16-x standartebis MAC-donis marTvis 

specifikaciebi 

WiMAX-standartebSi gadacemis garemoSi SeRwevis 

efeqturma marTvam moiTxova sistemis elementebis 

urTierTqmedebisa da miRwevis kontrolis procedurebis 

detaluri aRwera (kavSiris arxebis kontroli, sixSireebis 

zolebis daniSvna da sxva). am mizniT damuSavebuli iqna e.w. MAC-

donis specifikaciebi, romlebic gansazRvraven qseluri 

mowyobilobebis urTierTqmedebebis wesebs. 

TiToeuli specifikacia damokidebulia qselis 

topologiaze. WiMAX-qselebSi yvelaze farTod gamoiyeneba 

qselis elementebis urTierTqmedebis ori topologiuri sqema: 

sqema “wertili-mravalwertili” (Point-to-multipoint, PMP) da      

Mech-sqema (TiToeuli-TiToeulTan da TiToeulis gavliT,     

nax. 4.13) [87, 88, 89]. 

 

  sqema “wertili-mravalwertili”                      Mech-sqema 

nax. 4.13.  IEEE 802.16 qselebis topologia 

4.7.1.  marTva qselebSi topologiiT “wertili-mravalwertili” 

aseT qselebSi marTva pirdapir da ukuarxebSi xdeba sabazo 

sadguris brZanebiT. TiToeuli sabazo sadguri erTdroulad 

emsaxureba masTan pirdapir SeerTebul (CarTul) ramdenime 

samomxmareblo sadgurs. 

konkretul abonentebTan monacemebis blokebis misatanad 

gamoiyeneba SeerTebebis identifikatorebis (CID) nakrebi da 

samomxmareblo sadgurebis MAC-misamarTebi [57]. gancxadebuli 

momsaxurebis tipis Sesabamisad samomxmareblo sadguri 
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Rebulobs arxTan an uwyveti SeRwevis reJims, an SeRwevis 

moTxovnas. 

qselSi didi raodenobis erTdroulad momuSave sadgurebis 

SemTxvevaSi SeiZleba warmoiqmnas koliziebi. maTi aRmofxvris 

mizniT sabazo sadguri morigeobiT atarebs samomxmareblo 

sadgurebis gamokiTxvas, am gamokiTxvis Sedegad adgens e.w. 

“SeRwevis ganrigs”, agreTve iyenebs damatebiT resursebis 

gamoyofis xerxs. IEEE 802.16 standartebSi koliziebis gadawyvetis 

konkretuli meqanizmebi gansazRvruli ar aris. qselis muSaobis 

optimizaciisaTvis operatorebi iyeneben koliziebis gadawyvetis 

sxvadasxva meTodebs da protokolebs. 

sasamsaxuro informaciis mimocvlisaTvis gamoiyeneba oTxi 

saxis sasamsaxuro mmarTveli SeerTeba: farTo samauwyeblo, 

sabazo, pirveladi da meoradi [88]. mmarTveli Setyobinebebis tipi 

damokidebulia sasamsaxuro informaciis saswrafoebis 

kategoriaze (nax. 4.14). saWiroa aRiniSnos, rom meoradi mmarTveli 

SeerTebebi gamoiyeneba mxolod marTuli samomxmareblo 

sadgurebisaTvis. 

4.7.2. marTvis Taviseburebebi Mesh-qselebSi 

“wertili-wertili” da “Mesh”-qselebis topologiebis 

ZiriTadi gansxvaveba marSrutizaciis principebSia. Tu qselSi 

“wertili-wertili” trafiki marSrutizirdeba uSualod 

samomxmareblo da sabazo sadgurebs Soris, Mesh qselSi trafiki 

SeiZleba gadadiodes mezobeli samomxmareblo sadgurebis 

gavliT. amasTan Tu sadgurs gaaCnia pirdapiri SeerTeba 

samomxmareblo sadgurTan mas ewodeba sabazo, sxva SemTxvevaSi 

ewodebaT qselis kvanZebi [88]. 

Mesh-qselebSi yvela kvanZs, romlebsac gaaCniaT pirdapiri 

SeerTeba e.w. “centralur” kvanZTan (nax. 4.15), uwodeben kvanZ-

mezoblebs (neighbor). aseTi kvanZebis erToblioba adgenen 

samezoblos (Neighborhood). gafarToebuli samezoblo (extended 
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neighborhood) damatebiT aerTianebs erT-erTi kvanZis yvela 

mezobels Tavisi samezoblos sazRvrebSi. 

 

 

 

 

 

 

 

 

 

 

mmarTveli SeerTeba 

farTomauwyebeli 

sabazo pirveladi 

meoradi 

gamoiyeneba 

sasamsaxuro 

Setyobinebebis 

mimocvlisaTvis 

ramodenime 

samomxmareblo 

sadgurTan 

gamoiyeneba 

sxvadasxva 

sigrZis 

sasamsaxuro 

Setyobinebebis 

mimocvlisaTvis, 

romlebic 

adaptirebuli 

arian 

dayovnebasTan 

gamoiyeneba 

mokle, saswrafo 

sasamsaxuro 

Setyobinebebis 

mimocvlisaTvis 

gamoiyeneba 

SedarebiT grZeli da 

naklebad saswrafo 

sasamsaxuro 

Setyobinebebis 

mimocvlisaTvis 

 

nax. 4.14. mmarTveli SeerTebebis saxeebi 

 

nax. 4.15. Cveulebrivi (a) da gafarToebuli (b) mezobloba 
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sabazo sadguri ver gadascems Setyobinebas qselis 

sxvadasxva kvanZs trafikis marSrutizaciis koordinaciis gareSe. 

amisaTvis igi agrovebs sasamsaxuro informacias, iseTebs 

rogorebicaa monacemebi qselis resursebis Sesaxeb, 

gancxadebuli momsaxurebebis moTxovnebi, am momsaxurebebis 

miwodebis SesaZleblobebi da sxva, xolo Semdeg am monacemebis 

safuZvelze gamoiangariSebs TiToeuli samomxmareblo 

sadgurebisaTvis saWiro resurss. samomxmareblo sadgurebma unda 

SeaTanxmon trafikis tranzitis rigiToba, rogorc minimum 

gafarToebuli samezoblos farglebSi (monakveTi Mesh-qselis sam 

kvanZs Soris). samomxmareblo sadgurebi miRebuli sasamsaxuro 

SetyobinebebiT gansazRvraven TavianT rigs (ganrigs) gamoyofil 

resursTan SeRwevaze. 

Mesh-qselSi damisamarTeba da SeerTebebi xorcieldeba 

MAC-misamarTebiTa da SeerTebebis identifikatorebiT. Tu 

samomxmareblo sadguri warmoadgens kvanZs, MAC-misamarTi 

gamoiyeneba mxolod misi pirveladi CarTvis dros. 

samomxmareblo sadguris autentifikaciis Semdeg masze 

damagrdeba samisamarTo kodi – kvanZis identifikatori (Node ID), 

romelic gamoiyeneba yvela Semdgomi SeerTebis dros. 

SeerTebebis marSrutis formirebis dros ganisazRvreba im 

mezobel kvanZebTan SeerTebis rigiToba, romlebic awarmoeben 

trafikis tranzits. amisaTvis gamoiyeneba SeerTebebis xazis 

identifikatori (Link ID). es warmoadgens 8-bitian samisamarTo 

kods, romelic Sedis SeerTebebis identifikatoris 

SemadgenlobaSi [86]. 

4.8.  MAC-donis funqciebis realizaciis        

Taviseburebebi WiMAX mobilur versiaSi 

mobilobis marTva. regionaluri an qalaqis qselis 

saboloo momxmareblis mobilurobis uzrunvelyofa warmoadgens 

aratrivialur amocanas. pirvel rigSi – saWiroa 

uzrunvelyofili iqnas abonentis Tavisufali gadaadgileba did 
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geografiul sivrceSi, e.i. momsaxurebis esTapeturi gadacema 

sabazo sadgurebs Soris abonentis gadaadgilebis procesSi, 

kavSiris xarisxis gauaresebis gareSe. meores mxriv mobilobis 

mxardaWera gulisxmobs qseluri resursebis operatiul marTvas. 

standarti IEEE 802.16.e warmoadgens IEEE 802.16-2004-is 

logikur ganviTarebas mobiluri SeRwevis SesaZleblobebis 

realizaciis kuTxiT, kerZod fizikur da saarxo (MAC) doneebze. 

MAC-doneze ZiriTadi cvlilebebi Seexo mobilobis marTvas, QoS-

is kontrols da operatoruli momsaxurebis miwodebis 

procedurebs. IEEE 802.16.e-Si Semotanili iqna rigi axali 

gansazRvrebebisa, romlebic exeba SeerTebebis klasifikaciasa da 

monacemebis mitanis samsaxurebs (cxr. 4.2). 

samomxmareblo sadgurebis gamoyenebis reJimebi. IEEE 802.16.e-

standartebSi mobilur terminalebis muSaobis or ZiriTad 

reJims – aqtiurs da pasiurs – emateba kidev ori reJimi “Zilis” 

reJimi (Sleep Mode) da lodinis reJimi (Idle Mode) [57, 89]. es 

reJimebi SemoRebulia kvebis wyaros resursis ekonomiis mizniT. 

“Zilis” reJimSi mobiluri sadgurebi monacemebis 

miReba/gadacemas ver axorcielebs, magram rCeba qselSi 

daregistrirebulad. mobiluri sadguri aqtiuridan “Zilis” 

reJimSi gadasvlis win sabazo sadgurs ugzavnis sasamsaxuro 

Setyobinebas SLP-REQ (Sleep Request). sabazo sadguridan 

dadasturebis (SLP-RSP-Sleep Resphone Message) miRebis Semdeg igi 

gadadis “Zilis” reJimSi. am reJimSi mobiluri sadguri iyenebs 

or samuSao droiT fanjaras: “Zilis” fanjaras (Sleep Window) da 

“mosmenis” fanjaras (Listen Window). am fanjrebis minimalur da 

maqsimalur zomebs adgens sabazo sadguri da mobilur 

sadgurebs gadascems sasamsaxuro Setyobinebebs SLP-REQ/SLP-RSP 

[89]. 
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cxrili 4.2 

IEEE802.16.e standartis specifikuri terminebi da gansazRvrebebi 

IEEE 802.16.d 
gansazRvreba 

IEEE 802.16.e 
gansazRvreba SeniSvna 

SeerTeba satransporto SeerTeba - 
servisuli nakadi  servisuli nakadi ganisazRvreba ara 

mTlianad 
qselisaTvis, aramed 
“sabazo sadguri-
saabonento sadguri”-
wyvilisaTvis 

servisuli klasi globaluri servisuli 
klasi 

klasis dasaxeleba 
rCeba mudmivi yvela 
sabazo sadgurisaTvis 

sabazo sadguri momsaxure sabazo sadguri bolo sabazo 
sadguri, romelSic 
registrirebuli iyo 
mobiluri sadguri 

mezobeli sabazo sadguri sabazo sadguri 
(gansxvavebuli 
servisulisagan), 
romlisganac mobilur 
sadgurs SeuZlia 
monacemebis miReba 

sabazo sadguri “Ruza” xendoveris reJimSi 
momsaxure sabazo 
sadguri (MDHO) 

farTozolovani gadacema jgufuri da 
farTozolovani gadacema  

gadacema mobiluri 
sadgurebis jgufis an 
yvela sadguris 
misamarTis  

   gadacemis dagegmvis 
samsaxurebi (3 klasi) 
1. SemTxveviTi (ara 
moTxovnili) gadacema 
(Unsolicited Grant Service – 
UGS) 

2. gadacema realur 
droSi cvalebadi 
siCqariT (real Time) 

3. gadacema ara realur 
droSi (non real Time) 

  gadacemis dagegmvis 
samsaxurebi (5 klasi) 
(scheduling Services) 
1. SemTxveviTi (ara 
moTxovnili) gadacema 
(Unsolicited Grant Service – 
UGS) 

2. gadacema realur droSi 
cvalebadi siCqariT (real 
Time) 

3. gadacema realur droSi 
cvalebadi siCqariT da 
gafarToebuli 
SesaZleblobebiT 
(extended real-time with 
variable rate); 

4. gadacema ara realur 
droSi cvalebadi 
siCqariT (non real Time with 
variable rate); 

5. gadacema 
SeZlebisdamixedviT (The 
best-effort service) 

 
 
 
 
 
 
 
 
 
 
 
yoveli servisisaTvis 
ganisazRvreba 
normirebuli 
parametrebis sia 
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 “Zilis” fanjaraSi yofnis dros mobiluri sadguri 

gamorTavs umravles samuSao sqemas, riTac minimumamde dayavs 

moxmarebuli energia. Tu am dros Cndeba am mobiluri sadguris 

misamarTiT gamogzavnili paketebi, isini buferizdebian sabazo 

sadgurebSi da dgebian mobiluri sadgurebisaken gagzavnis 

rigebSi. “Zilis” fanjris zoma cvalebadia. Tu mocemuli 

mobiluri sadguris misamarTiT paketebi ar aris am fanjris 

zoma izrdeba (ormagdeba) maqsimaluris SeRwevamde. 

aucileblobis SemTxvevaSi, nebismier dros sabazo sadgurs 

SeuZlia fanjris zoma daabrunos sawyis mniSvnelobamde. 

mosmenis fanjaraSi mobiluri sadguri Sedis 

sinqronizaciaSi sabazo sadgurTan da amowmebs pirdapir arxSi 

trafikis arsebobis Setyobinebis niSans (TRF-IND, Traffic Indication). 

Tu es Setyobineba aris maSin  mobiluri sadguri gadadis aqtiur 

reJimSi da Rebulobs mis misamarTiT arsebuli monacemebis 

paketebs. 

“Zilis reJimis” parametrebi gansazRvraven energodazogvis 

klass. IEEE 802.16.e standartSi gaTvaliswinebulia 

energodazogvis 3 klasi: 

 pirveli klasi – “mosmenis fanjris” zoma fiqsirebulia, 

xolo “Zilis fanjris” zoma cvalebadia da ormagdeba 

maqsimumis SeRwevamde;   

 meore klasi – orive fanjris zomebi fiqsirebulia;  

 mesame klasi – aris mxolod erTaderTi “Zilis fanjara”. 

lodinis reJimSi mobilur sadgurs SeuZlia miiRos 

monacemebi sabazo sadguridan qselSi registraciis gareSe. es 

saSualebas iZleva daizogos moxmarebuli energia iseTi 

procedurebis Sesrulebaze, rogorebicaa: esTafeturi gadacema, 

sabazo sadguris signalis Zebna da sxv. mobiluri sadguri 

CairTveba mxolod mosmenis fanjris ganmavlobaSi. aseT reJims 

zogjer peijingis reJimsac uwodeben. lodinis reJimSi gadasvla 

xdeba sabazo sadguris brZanebiT, samsaxurebrivi SekiTxvis 

gadacemiTa da dadasturebis miRebiT. mobiluri sadguris 
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aqtivacia ki xdeba sabazo sadguridan miRebuli signaliT, 

mobiluri sadgurisaTvis Setyobinebebis (trafikis) arsebobis 

Sesaxeb.  

am reJimis efeqturobis amaRlebis mizniT qselis yvela 

sabazo sadguri iyofa peijingur jgufebad da TiToeuli es 

jgufi faravs did momsaxure teritoriebs [89]. 

mobiluri sadguris lodinis reJimSi gadasvlis dros, 

sabazo sadguri gansazRvravs sinqronizaciis wess, mosmenis 

intervalebisa da peijinguri Setyobinebebis gadacemis 

parametrebs. lodinis reJimidan aqtiur reJimSi swrafi 

gadasvlis mizniT sabazo sadgurs SeuZlia droebiT SeinarCunos 

mobiluri sadguris qseluri awyobebi, romlebic registraciis 

perioduli Semowmebebis Semdeg daiSlebian. aqtiur reJimSi 

gadasvlis dros mobiluri sadguri arCevs misaReb sabazo 

sadgurs da sinqronizirdeba masTan. Semdeg xorcieldeba 

sasamsaxuro Setyobinebebis mimocvla da ganisazRvreba 

resursebTan SeRwevis rigiToba. 

hendoveris procedura. IEEE802.16.e standartis hendoveri 

ganisazRvreba, rogorc im procedurebisa da gadawyvetilebebis 

nakrebi, romlebic saSualebas aZleven mobilur sadgurebs 

gadaadgildes qselis dafarvis zonaSi, miiRos momsaxureba 

sxvadasxva sabazo sadgurebidan kavSiris gawyvetis gareSe, 

moZraobis drosac. hendoveris procedura Sedgeba ramdenime 

etapisgan [89]: 

 fiWis SerCeva. am etapze mobiluri sadguri skanirebas 

ukeTebs ramdenime prioritetul sabazo sadgurs da irCevs 

misTvis misaRebs. amisaTvis gamoyofilia droiTi 

intervalebi – skanirebis intervalebi. skanirebis dros 

mobiluri sadgurebi irCeven sabazo sadgurs da 

imavdroulad inaxavs monacemebs kandidat sabazo 

sadgurebis Sesaxeb. aseTi skanirebis Sedegs ewodeba 

asocireba (association).  
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 gadawyvetilebis miReba da hendoveris proceduris 

aqtivacia. hendoveris inicireba iwyeba momsaxurebis erTi 

sabazo sadguridan meoreze gadatanis gadawyvetilebebis 

miRebiT. es gadawyvetileba SeiZleba miiRos mobilurma an 

sabazo sadgurebma, an WiMAX qselis sxva mmarTvelma 

elementma. Tu gadawyvetilebas Rebulobs mobiluri 

sadguri, maSin is moTxovnas ugzavnis sabazo sadgurs da 

amasTanave miuTiTebs erT an ramdenime sabazo sadgurs 

hendoverisaTvis. moTxovnas Seicavs sasamsaxuro 

Setyobineba MSHO-REQ (mobile Station Handoff Request). Tu 

gadawyvetilebas Rebulobs sabazo sadguri is agzavnis 

Setyobinebas mobiluri sadgurisaken BSHO-RSP (Base Station 

Handoff Response), romelSic miuTiTebs im sabazo sadgurebs, 

romlebic SeiZleba gamoyenebuli iqnan esTafeturi 

gadacemisaTvis. pasuxad mobiluri sadguri sabazos 

ubrunebs Setyobineba-qviTars MSHO-IND (Mobile Sttation Handoff 

Indication), romelSic miTiTebulia Tu romel axal sabazo 

sadgurs irCevs is esTafeturi gadacemisaTvis. aseT sabazo 

sadgurs uwodeben miznobriv sabazo sadgurs (target BS).   

 sinqronizacia miznobriv sabazo sadgurTan. miznobrivi 

sabazo sadguris gansazRvris Semdeg, mobiluri sadguri 

sinqronizirdeba masTan pirdapir arxis freimebis 

preambuliT da sabazo sadguridan sasamsaxuro 

Setyobinebebis (DL-MAP, UL- MAP, DCD, UCD da sxv. ix. $5.4) 

miRebis Semdeg gansazRvravs pirdapir da uku arxebSi 

SeRwevis wessa da rigiTobas.  

 ranJireba miznobriv sabazo sadguridan. mobiluri sadguri 

ranJirebis arxis gamoyenebiT sinqronizirdeba miznobriv 

sabazo sadgurTan uku arxiT gadacemisaTvis da Rebulobs 

misgan informacias simZlavris saWiro donis Sesaxeb.  

 muSaobis dasruleba momsaxure sabazo sadgurTan. 

miznobriv sabazo sadgurTan kavSiris damyarebis Semdeg 

mobiluri sadguri asrulebs SeerTebis process momsaxure 
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sabazo sadgurTan. amisaTvis igi momsaxure sabazo 

sadgurebs gadascems informacias miznobrivi sadguris 

identifikaciis Sesaxeb (HO-UND), romlis mixedviTac 

momsaxure sabazo sadguri rTavs resursebis Senaxvis 

taimers (resource 0 zetain timer) da agrovebs mobiluri 

sadgurisaken damisamarTebul monacemebis yvela bloks. 

amis Semdeg hendoveris procedura dasrulebulia. 

 hendoveris realizaciis aRwerili variantis garda 

IEEE802.16.e-Si gaTvaliswinebulia kidev ori opciuri procedura: 

hendoveri makro gancalkevebiT (macro diversity handover, MDHO) da 

swrafi gadarTva sabazo sadgurebs Soris (Fast Base Station Switching, 

FBSS).  

MDHO reJimSi mobiluri sadguri erTdroulad muSaobs 

ramdenime sabazo sadgurTan, romlebic gadascemen mas identur 

(erTsadaigive)  informaciebs erTsadaigive sixSirul arxebSi. 

amisaTvis dgeba im sabazo sadgurebis sia (Diversity Set, DS), 

romlebic mxars uWeren am reJims. am siis yvela sabazo sadguri 

inaxavs monacemebs mobiluri sadguris Sesaxeb, maT Soris misi 

pirvelad registraciisa da autentifikaciis Sesaxeb. mobiluri 

sadguri Rebulobs sasamsaxuro informacias DS-siis yvela 

sabazo sadgurisagan erTdroulad, an mxolod erTi sabazo 

sadguridan, romelsac ewodeba “Ruza” sadguri (anchor BS). am 

bolo SemTxvevaSi “Ruza” sadguris mmarTveli Setyobineba 

Seicavs informacias DS-siis yvela danarCeni sadgurebis Sesaxeb 

da aseve mobiluri sadguris misamarTiT arsebuli monacemebis 

paketebis Sesaxeb [90]. 

 FBSS-reJimSi mobiluri sadguri muSaobs mxolod DS-siis 

erT-erT sabazo sadgurTan. am SemTxvevaSi “Ruza”-sadguri 

SeiZleba iyos nebismieri sabazo sadguri. FBSS-reJimis 

Tavisebureba imaSia, rom momsaxurebis gadarTva sabazo 

sadgurebs Soris xdeba swrafad, radgan ukve arsebobs 
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sinqronizacia da sadgurebs gaaCniaT sruli informacia 

mobiluri sadguris Sesaxeb [90]. 

 

4.9. daskvnebi meoTxe TavTan dakavSirebiT 

1. naCvenebia MAC-donis sakvanZo roli IEEE 802.16  

standartis farTozolovan ugamtaro qselebSi. 

2. gaanalizebulia MAC-donis funqciebi, misi 

arqiteqtura, momxmareblis sadguris instalacia 

qselSi, IEEE 802.16–x  MAC-donis marTvis specifikaciebi, 

marTvis Taviseburebebi da SeerTebis organizeba, MAC-

donis monacemTa blokebi, aseve MAC-donis funqciebis 

realizebis Taviseburebebi WiMAX-is `mobilur~ versiaSi. 

3. sistematizirebulia yvela aucilebeli monacemebi, romlebic 

aucilebelia WiMAX 802.16 da Wi-Fi  802.11 standartis 

mravlobiTi SeRwevis protokolis imitaciuri modelis 

SemuSavebisTvis  
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Tavi 5. MAC-protokolis paketebis dayovneba WiMAX 

sistemebSi da maTi minimizaciis gzebi 

5.1. zogadi monacemebi 

 WiMAX (Worldwide Interoperability for Microwave Access  ‐ standarti 

IEEE 802.16) sistemis fizikur doneze wydeba monacemTa nakadis 

sabazo sadguridan saabonento sadgurebamde miwodebis amocanebi. 

am monacemebis struqturis formirebis funqciebi, aseve sistemis 

muSaobis marTvis realizeba, sruldeba gadacemis garemoSi 

SeRwevis marTvis doneze   (MAC - Medium Access Control). arxTan  

MAC-donis mier uzrunvelyofili SeRwevis kontrolis meqanizmi, 

cnobilia aseve rogorc mravlobiTi SeRwevis protokoli [1].  

 mocemuli naSromis amocanas warmoadgens WiMAX 802.16  

standartis mravaljeradi SeRwevis protokolis imitaciuri 

modelis damuSaveba da imis Cveneba, Tu qselSi momuSave ra 

raodenobis samomxmareblo sadgurebis drosaa optimaluri 

informaciis dayovnebis mniSvneloba cikluri gamokiTxvis 

(Polling) pirobebSi.  

modelis damuSavebisaTvis viyenebT MathCad [92]. 

5.2. paketebis dayovnebis algoriTmis damuSaveba 

 pirvel rigSi vuCvenebT, rom WiMAX sistemis sabazo 

sadguri (BS)   `gamokiTxavs~ saabonento sadgurebs maT mier 

zolis resursis moTxovnis Sesaxeb. am mizniT sabazo sadguri 

periodulad gadascems kadrebs, dayofils droiTi intervalebiT: 

droiTi RerZi iyofa superkadrebad, romlebic Sedgebian 

samsaxurebrivi da sainformacio nawilebisagan (nax 5.1). aq Δ 

(drois fardobiTi erTeuli) – erTi sainformacio paketis 

xangrZlivobaa, romelic modelis umcires droiT erTeuls 

warmoadgens [13]. 
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  TiToeuli saabonento sadguri Tavis slotSi sabazo 

sadgurs  atyobinebs aqvs Tu ara mas monacemebis paketebi 

gadasacemad. 

  am dros warmoiqmneba problema, romelic imaSi 

mdgomareobs, rom kadris formati fiqsirebulia, e.i. Tu 

abonentTa monacemebisaTvis super kadrSi gamoyofilia 3 

fanjara, gadaicema monacemebis 3 paketi, Tundac   10-is gadacema 

iyos moTxovnili. meores mxriv, Tu ganacxadi mxolod erTia, 

sabazo sadguri uqmad xarjavs resurs kidev ori ar arsebuli 

paketisaTvis. cxadia, rom arxi araefeqturad gamoyeneba da 

moiTxoveba arxis resursebis ufro dinamikuri marTva. amocana 

mdgomareobs imaSi, rom imitaciuri modelirebiT jer miRebul 

iqnes aseTi sistemis albaTur-droiTi modeli, Semdeg ki 

vizrunoT ufro mwarmoebluri MAC-protokolebis 

ganviTarebaze, romlebic uzrunvelyofen arxis resursebis ufro 

efeqtur marTvas.  

 სუპერკადრის ხანგრძლივობა 

 
საინფორმაციო ნაწილი

გარემოში 

შეღწევის 

მართვა 
  

 

Δ 

nax 5.1. superkadris xangrZlivoba 

 imitaciuri modelirebis ganxorcielebisaTvis saWiroa 

sistemis Sesavali parametrebis warmodgena, aseTi parametrebia: 

G   - Sesavali datvirTvis jamuri intensivoba 
      (0-dan 1 erlangamde); 

N  - saabonento sadgurebis ricxvi 
  (programaSi warmovadgenT konstantiT, romelic 

principSi varirebadi parametria); 

К   -   paketebis ricxvi TiToeul sadgurSi 
  (warmodgenilia konstantiT, SemdgomSi monacemTa 

masivebTan muSaobis moxerxebulobisaTvis); 
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Tsys   -  sistemuri dro – modelirebis dro; 

TPac   -  paketis moculoba drois sistemur taqtebSi;  

TReq        -  moTxovnis moculoba sistemur taqtebSi; 
 (dayendeba sakmaod didi sidide – intervali, 

romelSic modelireba mimdinareobs); 

NPac  - abonentebis sainformacio paketebis superkadrebSi  
fanjrebis ricxvi; 

λ  - Semomavali datvirTvis intensivoba TiToeuli 
sadgurisagan  

  (pirobaTad mas viRebT Tanabars yvela sadgurisaTvis, 

amitom 
PacTN

G
⋅

=λ . 

 imavdroulad, sadguris paketebis Semosvlis dro 

eqvemdebareba eqsponencialur ganawilebas - )ln(1
nn rand

λ
τ −= . 

  TiToeuli sadgurisTvis paketebis Semosvlis momentebis 

gansazRvrisaTvis vqmniT algoriTms (nax. 5.2) [93].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 5.2. TiToeuli sadgurisTvis paketebis Semosvlis momentebis 

gansazRvris algoriTmi 

 

pirobis Tanaxmad, sadgurSi SeiZleba Semovides K 

raodenobis paketi, xolo yoveli Semdgomi paketis momsaxureba 

Sesasvleli 
monacemebi 

n=0,N‐1

τ:=rexp(K,λ)

tn,0 := τ0 

tn,k:= tn,k‐1‐ τk 

k=0,K‐1 
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ki SesaZlebelia winamdebare paketebis momsaxurebis Semdeg 

(polingis amomwuravi disciplina). am mizeziT nebismier sadgurs 

unda gaaCndes paketebis damaxsovrebis saSualeba, e.w. buferuli 

maxsovroba, sadac paketebi daelodebian sabazo sadguris 

mxridan maT momsaxurebas. buferuli maxsovrobis NxK moculobis 

matricaSi niSani ”1” Tavisi arsiT warmoadgens alams, romelic 

miuTiTebs, rom n sadguris k–uri paketi ar aris momsaxurebuli. 

momsaxurebis Semdeg ki niSani ”1” Seicvleba ”0”-iT. 

amgvarad,                                 for n=0,N-1 

                                                             for k=0,K-1 

                                                             buf(n,k):=1 
 superkadri – modelis erT-erTi mniSvnelovani parametria. 

igi Sedgeba samsaxurebrivi da sainformacio nawilebisagan. 

 superkadris zoma (xangrZlivoba) ganisazRvreba ase: 

DFrame=N·TReq+NPac·TPac. 

modelirebis procesSi superkadrebis mTeli ricxvi NFrame  

tolia: 

   NFrame=floor(Tsys/DFrame). 

 sistemuri drois RerZze drois momentebi, rodesac kadrebi 

iwyeba, warmovadginoT masiviT: 

 for f=0,NFrame-1 

tfr_start(f)=DFrame·f 

tfr_start(f)=fr_start(f)+DFrame 

  pirvel ciklSi gavivliT superkadrebs, Semdgomi cikli –

TiToeul sadguris TiToeul paketi da vamowmebT ganacxadebis 

miRebis droebs superkadrSi moxvedris pirobaze. 

 formirebas vukeTebT masivs (romlis sigrZe – modelirebis 

droSi superkadrebis ricxvia), romlis elementebi iqnebian 0 an 1 

almebis Semcveli  N  x  K  zomis matricebi. Semcvelebi droSebis.   
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`1~ - ganacxadi xvdeba superkadrSi, `0~ - ganacxadi moxvda ara am 

kadridan. masivi gamoiyureba ase: 

      for f=1,NFrame-1 

for n=0,N-1 

for k=0,K-1 

if [tfr_start(f)< =t(n,k)< tfr_end(f)] 

m(n,k)=1 

m(n,k)=0 otherwise 

flag(f)=m. 

  vmuSaobT matricebis am masivTan – sadgurTan erTianebis 

raodenobiT vsazRvravT Tu ramdeni paketi aRmoCnda masTan erTi 

superkadris ganmavlobaSi. saWiroa dasamuSaveblad gagzavnil 

iqnes erTi paketi (modelis gammartivebeli SezRudva), yvela 

danarCeni ki daZrul iqnes raRac SemTxveviTi ricxviT. ase 

gaivlian yvela gamokiTxuli sadgurebi erT ciklSi (cikluri 

gamokiTxva) [91, 93]. 

 Semdgomi momenti, romelic gaTvaliswinebuli unda iqnes 

ukve am etapze – erT sadgurTan superkadris ganmavlobaSi 

ramdenime paketis arseboba (erT sadgurs superkadris 

ganmavlobaSi SeuZlia gadasces mxolod erTi kadri. IEEE 802.16 

standartSi aseT ganacxadebs Bandwidth Request – BWR uwodeben). am 

aRricxvis varianti iqneba TiToeul sadgurTan alamTa 

Cveulebrivi aTvla erTi superkadris ganmavlobaSi. Sesabamisad, 

gveqneba matrica zomiT N x NFrame, e.i. 

                         knf

K

k
nf flagsum ,

1

0
, )(∑

−

=

=

 im sadgurTa ricxvis gansazRvrisaTvis, romelTac gaaCniaT 

gadasacemi paketebi, vumatebT kidev erT amjamavs. yvela sadguri 

ver SeZlebs paketis gagzavnas, rodesac msurvelTa ricxvi 

aWarbebs superkadrSi  gamoyofili slotebis raodenobas. 
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paketebi, romlebic ver moxvdnen gadasacemad kadrSi, gadadebul 

iqnebian minimum kidev erTi kadriT, e.i.  

knf

N

n
kf flagNsum ,

1

0
, )(_ ∑

−

=

= . 

 imisTvis, rom movawesrigoT TiToeul sadgurTan paketebis 

Semosvla, saWiroa maTi ganawileba zrdis mixedviT ise, rom erTi 

superkadris ganmavlobaSi moxvdes erTi ganacxadi paketze. 

`zedmeti~ paketebis droiTi Zvra saWiroa, raTa Seqmnil iqnes 

raRac virtualuri rigis msgavsi – TiTqos rodesac paketi 

Semodis, imis gamo rom momsaxurebaze ukve imyofeba erTi (sxva) 

paketi, is icdis. 

 am amocanis gadawyvetisaTvis vsargeblobT Semdegi 

mosazrebebiT: 

s2=s1                       gadavsebis mricxvels vakuTvnebT sxva cvlads, 
         raTa gvqondes uku aTvlis SesaZlebloba, %; 

for f=0,NFrame           cikli kadrebis mixedviT, %; 

 if (s1(f)>J)              gadavsebis pirobis Semowmeba, %; 

 J                               erT kadrSi taqtebis ricxvi saabonento 
               paketebisTvis,  %;      

for n=0,N‐1            cikli sadgurebis mixedviT, % ; 

 for k=0,K‐1            cikli paketebis mixedviT, %; 

 if (flag(f))=1 & s2(f)≠ s1(f)‐J    ormagi piroba (paketis arseboba da Tu  
                        aris kidev misTvis adgili kadrSi), %;                              

s2(f)=s2(f)‐1           viRebT erT adgils kadridan, %. 

 TiToeul sadgurTan (aq naCvenebia 6 sadguri) paketebis 

arsebobis (1) an ararsebobis (0) suraTi kadris (sul naCvenebia 15 

maTgani) ganmavlobaSi moyvanilia nax. 5.3, a, xolo paketebis 

Semosvlis dro naCvenebia nax. 5.3, b. 

  138



ganvaTavseT ra paketebis Semosvlis momentebi kadrebs 

Soris, gadavdivarT maT damuSavebaze. aq Faqtiurad gvaqvs ori 

SemTxveva – elementaruli da kadris gadavsebiT.  

  მწმსადგურები 
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nax. 5.3. a) sadgurebSi paketebis arseboba; b) sadgurebidan paketebis 
Semosvlis dro  

1) pirveli (elementaruli) SemTxvevaa, rodesac superkadrSi 

saabonento paketebisaTvis gamoyofil fanjaraTa ricxvi 

sakmarisia superkadris intervalze Semosul moTxovnaTa 

dasakmayofileblad;    

 

day 

 es martivi SemTxvevaa – kadris gadavsebis gareSe – 

dayovnebis dro tday iangariSeba gamosaxulebiT:   

                                    tday  n,k= tfr_end  f –tn,k+ DFrame+ N∙TReq+ TPac∙j, 

           sadac 

            tday  n,k                            ‐    paketis dayovnis minimaluri droa; 

BWR    - zolis moTxovnaa; 

DFrame    - kadris zomaa;  
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TReq    - zolis moTxovnis zomaa; 

TPac    - paketis zomaa; 

 tn,k    - paketis Semosvlis droa; 

 j    - paketis rigiTi nomeria kadrSi; 

 tfr_start f/ tfr_end  f  - kadris dawyebis/ dasrulebis droa. 

 

 

 

 

 

 

 

 

 

nax. 5.4. dayovnebis drois sivrcul-droiTi diagrama kadris   

gadavsebis gareSe   

  

2) meore SemTxveva – kadris gadavsebiT (nax. 5.5), rodesac 

viRebT  NPac-s1f<0. Aam SemTxvevaSi  moTxovnaTa ricxvi 

Warbobs superkadrSi arsebuli adgilebis raodenobas. 

amocana mdgomareobs imaSi, rom zedmeti moTxovnebi 

gadatanil iqnen Semdgom kadrSi. gadagvaqvs ra paketebi 

Semdgom kadrSi, iqmneba albaToba imisa, rom iq Segvxvdes 

kidev erTi paketi imave sadgurisagan. es imas niSnavs, rom 

saWiro iqneba kvlav ganisazRvros yvela almiani matrica 

da ganmeorebiT gaviaroT mTeli cikli. 

 amocanis gadasawyvetad kadrisaTvis gadavsebiT iqmneba 

masivi Free(f), romelic gviCvenebs, Tu ramdeni adgili darCa an ar 

darCa TiToeul kadrSi. Tu am masivSi mniSvneloba dadebiTia - 

misi Sesabamisi adgili darCa kadrSi paketebis gadacemis Semdeg; 

Tu nulia – gadaicema srulad Sevsebuli kadri;  Tu mniSvneloba 

uaryofiTia – am kadrSi yvela paketi ver Caetia. 

 

               DFrame                                        DFrame                                             DFrame  

TReq 

N∙TReq 

tn,k 
TPac 

tfr_start  f 
tfr_end  f 

paketis dayovnis minimaluri dro,  tday  n,k

moTxovnis gadacema 
dadebiTi pasuxi- 

paketis gadacema 

BWR 
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DFrame 

               paketis dayovnis minimaluri dro,  tday  n,k

(f f)

N∙TReq 

tn,k 

tfr_start  f  tfr_end  f
BWR 

gadavseba 

uari DFrame  DFrame 
DFrame  . . . Tsys 

tfr_end  n  DFrame∙(f1‐f)

DFrame N∙TReq 

tn,k 

tfr_start  f  tfr_end  f
BWR 

DFrame  DFrame 

Sesruleba DFrame  . . . Tsys 

tfr_end  n  DFrame∙(f1‐f)

nax. 5.5. dayovnebis drois sivrcul-droiTi diagrama              
kadris gadavsebiT 

Free(f)=J-s1(f),      sadac  J    ‐ adgilebis ricxvia kadrSi;  

                                             s1(f)   ‐ ganacxadTa ricxvia TiToeul kadrSi. 

 yovelive zemoT Tqmulis gaTvaliswinebiT, Cvens mier 

Seqmnilia algoriTmi paketebis dayovnebis drois angariSisTvis. 

 am algoriTmma im paketebis dayovnebis angariSisaTvis, 

romlebic ver ganTavsdnen TavianT superkadrSi da saWiro 

Seiqmna maTi gadanacvleba Semdgom kadrSi,  Semdegi saxe miiRo: 

 for n∈0..N-1 
 
 day 

 
 
 
 
 
 
 

day 
 
 
 
 
 
 
 
 
 

 warmodgenili algoriTmi saSualebas gvaZlevs 

gaangariSebul iqnes paketebis dayovneba Tday, rogorc  
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dayovnebis drois saSualo mniSvneloba yvela sadguris 

yvela paketisaTvis:  

                          ∑∑
−

=

−

=

⋅
⋅

←
1

0

1

0

1 N

n

K

k
.k,nt

NK
T  

 

 5.3. dayovnebis drois maxasiaTeblebi ugamtaro 

kavSiris qselebSi damuSavebuli algoriTmis mixedviT 

 warmodgenili algoriTmis Sesabamisad realizebul iqna 

imitaciuri modelireba.  

 modelirebis sawyisi monacemebia: aRmavali da damavali 

arxebis dupleqsirebis reJimi; saabonento sadgurebis ricxvi 

N=16;  marTvaze (zolis moTxovna)fardobiTi danaxarjebis sidide 

– 0,02; saabonento monacemebis paketebis xangrZlivoba – drois 

erTi fardobiTi erTeuli; gadacema – Secdomebis gareSe; 

gavrcelebis dro -  umciresi (superkadris xangrZlivobaze 

mniSvnelovnad naklebi). 

nax. 5.6-ze warmodgenilia MAC WiMAX-protokolis kadrebis 

dayovnebis miRebuli maxasiaTeblebi funqciaSi Sesavali 

datvirTvis intensivobasTan superkadris sxvadasxva zomis dros 

(J=1; 4; 8). 

paketebis dayovnebis droebis miRebuli maxasiaTeblebis 

analizi gviCvenebs, rom superkadris zomebis gazrdasTan erTad 

(kadrSi saabonento paketebis gadasacemad daniSnuli 

sainformacio fanjrebis ricxvis gazrdis xarjze), dayovnebaTa 

sidideebi matuloben.                                          

 miRebuli maxasiaTeblebis funqcialuri damokidebuleba 

Sesavali datvirTvis intensivobasTan moTxovnili zolis 

sxvadasxva zomebis SemTxvevaSi (TReq=0.02; 0.04; 0.05) naCvenebia nax. 

5.7-ze 

 

 

day day 
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nax. 5.6. dayovnebis drois damokidebuleba Sesavali datvirTvis 
intensivobaze sainformacio taqtebis ricxvis sxvadasxva 

mniSvnelobisaTvis (J=1, 4, 8)  

   

 

 

 

 

 

 

 

 

 

 

 

 

 
                   

nax. 5.7. dayovnebis drois damokidebuleba Sesavali datvirTvis 
intensivobaze zolis zomebis cvlilebisas 

100 

95 

90 

85 

80 

75 

70 

65 

60 

55 

50 

0   0,1    0,2    0,3  0,4   0,5   0,6   0,7  0,8    0,9     1 
Sesavali datvirTvis intensivoba, erlangi 

100 

d
ay
o
vn
eb

is
 d

r
o
, 

d
r
o
is

 f
ar

d
o
b
iT

i 
er

T
eu

l
eb
i 

95 

90 

85 

80 

75 

70 

65 

60 

N=16

     TReq=0,05 
     TReq=0,04 
     TReq=0,02 

     N=16    

     J=8 
     J=4 
     J=1 

    
    
    

eu
l
e
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(TReq=0,02; 0,04; 0,05) 

nax. 5.7 warmodgenili paketebis dayovnebis droTa 

maxasiaTeblebis analizi gviCvenebs, rom dayovnebaTa ukeTesi 

maCveneblebi miiReba moTxovnili zolis yvelaze mcire (TReq=0.02) 

mniSvnelobis dros. 

nax. 5.8 warmodgenilia WiMAX-is MAC-protokolis 

dayovnebis drois realuri maxasiaTeblebis damokidebuleba 

Sesaval datvirTvaze sainformacio taqtebis ricxvis sxvadasxva 

mniSvnelobisaTvis (J=20, 37, 49). 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 5.8.  dayovnebis drois damokidebuleba Sesaval datvirTvis  

intensivobaze sainformacio taqtebis ricxvis sxvadasxva 

mniSvnelobisaTvis (J=20, 37, 49). 

 imitaciuri modelirebiT miRebuli Sedegebis analizi am 

SemTxvevaSi gviCveneben, rom samive SemTxvevisaTvis (J=20, 37, 49) 

maxasiaTeblebi sawyis etapze, datvirTvis naklebi intensivobisas, 

akmayofileben dayovnebisadmi wayenebul moTxovnebs. intensivobis 

zrdasTan erTad dayovnebis maCveneblebi mniSvnelovnad icvleba. 

gansakuTrebiT mkveTrad es SesamCnevia SemTxvevisaTvis J=20, 

rodesac aRar aris saqmarisi fanjaraTa ricxvi saabonento 

0.035 

 

0.0315 

0.028 

0.0245 

d
ay
o
vn
eb

is
 d

r
o
, 
w
m

0.021 

0.0175 

 0.014 

0.0105 

0 

0   0,1    0,2    0,3   0,4   0,5    0,6    0,7     0,8    0,9    1 

 Sesavali datvirTvis intensivoba, erlangi 

N=64  
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3.4х10‐3 

2,2х10‐3 
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paketebisaTvis; aseve zrdaa SesamCnevi SemTxvevisaTvis J=49, risi 

axsnac SesaZlebelia kadris formatis zomebis ukiduresi 

gazrdiT. 

WiMAX sistemebSi MAC-protokolis paketebis dayovnebis 

procesebis Seswavlisa da analizis mizniT Catarebuli imitaciuri 

modelirebis Sedegebis safuZvelze Cvens mier SemuSavebul iqna 

Semdegi rekomendacia: 

WiMAX sistemebSi, imisTvis, rom uzrunvelyofil iqnes 

zolis resursebis ganawilebisa da momsaxurebis xarisxis  QoS 

diferencialuri maCveneblebis dinamikuri marTva, 

mizanSewonilia kadris formatis adaptacia Sesavali datvirTvis 

intensivobis cvlilebasTan. kadris formatis adaptacia ki 

gulisxmobs sainformacio taqtebis ricxvis mdovred rogorc 

gazrdas, aseve Semcirebas, anu informaciis gadacemis siCqaris 

adaptacias Semosul datvirTvasTan. 

5.4. daskvnebi mexuTe TavTan dakavSirebiT  

1. damuSavebulia MAC–paketebis Semosvlis drois 

gansazRvris algoriTmi WiMAX qselis TiToeuli 

sabazo sadgurisaTvis. 

2. naCvenebia, rom MAC–protokolebis paketebis dayovneba 

damokidebulia Sesavali datvirTvis intensivobaze da 

MAC–protokoliT gadacemuli kadrebis raodenobaze. 

3. damtkicebulia, rom WiMAX qselis sixSiruli zolis 

efeqturi gamoyeneba SesaZlebelia  QoS-is mimarT 

diferencirebuli midgomiT. 
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daskvna 

miRebuli Sedegebi saSualebas gvaZleven SevafasoT 

paketebis dayovnebebi (da, Sesabamisad, miRebuli laparakis 

xarisxi) WiMAX (Wi-Fi) qselebSi datvirTvis (trafikis) 

Sesabamisad, rac SeiZleba gamoyenebul iqnes qselis resursebis 

gadasawyobad gadatvirTvebis dros. naSromis masalebis mixedviT 

SeiZleba formulirebul iqnes konkretuli WiMAX qselebisaTvis 

trafikis marTvis konkretuli rekomendaciebi.  

Sedegebi, miRebuli naSromSi, aseve SeiZleba gamoyenebul 

iqnes LTE qselebis gaSlis  dros, am qselebSi paketebis 

dasaSvebi/ardasaSvebi dayovnebebis gansazRvris nawilSi. 

ZiriTadi Sedegebi, miRebuli naSromSi, SeiZleba Semdegi 

saxiT iqnes formulirebuli. 

1. sistematizirebulia midgomebi ugamtaro kavSiris ZiriTad 

standartebTan. Catarebulia BWN-is ori mimarTulebis -   

Wi-Fi/WiMAX  da  UMTS/LTE analizi da urTierTSedareba. 

naCvenebia, rom WiMAX  da  LTE  Tanaarsebობას 2020 wlamde 

gaagrZeleben: TiToeul maTgans aqvs da SemdgomSic eqneba 

Tavisi adgili da roli telekomunikaciური teqnologiebis 

saerTaSoriso bazarze.  

2. SemuSavebulia misaRebi metyvelebis paketebis dakargvis da 

dayovnebis drois xarisxis subieqturi da obieqturi 

Sefasebis meTodika.  

3. SemuSavebulia BWN-is maxasiaTeblebis Sefasebis meTodika 

polingis sxvadasxva meTodebis gamoyenebisas.  

4. SemuSavebulia MAC-protokolebis analizis  meTodebi   

BWN-is WiMAX  "mobilur" versiaze gadasvlisas. 

gansazRvrulia    Handover‐ის proceduraTa gansxvaveba 

"stacionalur" da "mobilur" WiMAX Soris.  

5. SemuSavebulia paketebis dayovnebis gansazRvris meTodika 

qselis datvirTvidan (trafikidan) gamomdinare da 
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SemoTavazebulia qselis resursebis dinamiკuri 

gadanawilebis procedura am dayovnebebis minimizaciisaTvis.  

6. SemuSavebulia MAC-paketebis mosvlis drois gansazRvris 

algoriTmi WiMAX-is TiToeuli sabazo sadgurisaTvis.  

7. damtkicebulia, rom WiMAX qselis sixSiruli zolis 

efeqturi gamoyeneba SesaZlebelia momsaxurebis xarisxisadmi 

QoS diferencirebuli midgomiT. 
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