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samuSaos zogadi daxasiaTeba 

Temis aqtualoba. moZravi kavSiri warmoadgens telekomunikaciis 

mniSvnelovan seqtors. kavSiris infrastruqturis ganviTarebaSi didi 

roli Seasrula radioteqnologiam. kerZod, moZravi kavSiris 

radioteqnologiebma, romlebsac aqvs SesamCnevi upiratesoba sadenian 

kavSirTan SedarebiT Rirebulebis, siswrafis, momsaxurebis 

danaxarjebisa da moqnilobis mixedviT. amasTan, radioteqnologiis 

gamoyeneba abonents saSualebas aZlevs daamyaros kavSiri nebismier 

dros da nebismieri adgilidan, nebismier sxva (moZrav an stacionalur) 

abonentTan. 

telekomunikaciuri qselebis ganviTarebis axali epoqis dasawyisad 

miCneulia me-20 saukunis 70-iani wlebi, rodesac daiwyo kompiuteruli 

teqnikis swrafi danergva da saWiro gaxda am teqnikuri saSualebebis 

gaerTianeba – qselebis Seqmna. es procesi grZeldeba dRemde Tanac 

zvaviseburad. yovelive aman gamoiwvia is, rom Tu 50 wlis win 

telekomunikaciuri qselebis trafikis 100% Seadgenda bgeriTi 

(satelefono) trafiki, amJamad arsebuli statistikis Tanaxmad 

satelefono trafiki Seadgens mxolod 20%. telekomunikaciuri qselebi 

TandaTan gadaiqca multiservisul qselebad. trafikis danarCeni 80% 

modis videoinformaciisa da monacemebis trafikze, romlebic 

momxmareblisaTvis warmoadgenen an qmnian momsaxurebis axal saxeebs. es 

procesi kidev ufro Rrmavdeba, rac Tavis mxriv iwvevs sainformacio 

nakadebis ganuxrel zrdas da am nakadebis saboloo momxmareblamde 

(saabonento terminalamde) miyvanis aucileblobas.  

sainformacio teqnologiebis (IT- Information Technology) industriaSi 

telekomunikaciurma qselebma daikaves umniSvnelovanesi adgili da                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

asruleben informaciis mitanis funqcias wyarodan mimRebamde saWiro 

siCqariT, garantirebulad da usafrTxod. 
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nebismieri telekomunikaciuri qseli SeiZleba warmodgenili iqnas 

ori ZiriTadi qselis sabazo (CN-Core Network) da miRwevis (AN-Access 

Network) qselis erTobliobiT. multiservisuli telekomunikaciuri 

qselebis ganviTareba cvlis rogorc sabazo, aseve miRwevis qselebis 

agebisa da ganviTarebis ideologias. ase, magaliTad, arxebis komutacia 

qselebSi, romelzec ZiriTadad satelefono Setyobinebebis mimocvla 

iyo orientirebuli, icvleba paketuri komutaciiT, razec 

orientirebulia monacemTa gadacema. momsaxurebis momxmareblis 

survili da uflebaa momsaxureba miiRos dedamiwis nebismier wertilSi 

(zRvaze, xmeleTze da haerSi), stacionalurad da nebismieri siswrafiT 

moZraobisas. am yvelaferma ganapiroba IT teqnologiebSi iseTi 

momsaxurebis Camoyalibeba, rogoricaa monacemebis gadacema mobiluri 

terminalebisaTvis garkveuli siCqariT da monacemis am nakadiT 

momsaxurebis sxvadasxva saxeebis miwodeba momxmareblisaTvis.  

radioteqnologiebis farTo danergvisaTvis xelSemSlel faqtors 

warmoadgens sixSiruli resursebis SezRuduloba, amitom gadacemis 

siswrafis gazrdisaTvis rCeba meore gza - speqtraluri efeqturobis 

gazrda. Tavis mxriv, speqtraluri efeqturobis gazrda moiTxovs 

mravalpozociani amplituduri an/da fazuri modulaciebis gamoyenebas. 

am SemTxvevaSi ki sagrZnoblad mcirdeba gadacemuli signalis 

xelSeSlamdgradoba (energetikuli efeqturoba). 

ukanasknel wlebSi, 3G teqnologiebidan 4G teqnologiebze 

gadasvlis aucileblobam telekomunikaciuri teqnologiebis sferoSi 

dakavebuli mecnierebis winaSe daayena speqtraluri efeqturobis da 

energetikuli efeqturobis erTdrouli, mravaljeradi gazrdis 

problema. am problemis gadawyvetam unda uzrunvelyos WiFi da Wimax 

qselebSi gadacemis siswrafe 100 mbit/wm (Downlink- mimarTulebiT), xolo 

LTE - qselebSi jer ramdenime aseuli mbit/wm, SemdgomSi ki (2020 

wlisaTvis) - 1GGgbit/wm. cxadia, aseTi kolosaluri siCqareebis 

miRwevisaTvis saWiroa myari, mecnieruli safuZvlebis Seqmna da es 
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upirvelesad unda warmoadgendes gadasacemi signalebis efeqturi 

kodirebis meTodebis Ziebas.  

maRalefeqtur mobilur teqnologiebSi amJamad gamoiyeneba da 

Semdgomi kvlevis procesSi imyofeba gadasacemi signalebis kodirebis 

mravali meTodi, romelTagan me-4 Taobis mobiluri teqnologiebisaTvis 

upiratesoba eniWeba turbo kodirebas, sivrciT-droiT blokur 

kodirebas, sivrciT-droiT gisosisebr kodirebas, sivrciT-droiT 

kodirebas sferuli dekodirebiT. amasTan, aRsaniSnavia, rom sivrciT-

droiTi kodebi (rogorc orTogonaluri ise araorTogonaluri) 

efeqturia mxolod MIMO sistemebis gamoyenebis SemTxvevaSi. winamdebare 

naSromSi Catarebulia sivrciT-droiTi blokuri kodebis, sivrciT-

droiTi gisosisebri kodebis efeqturobis kvleva. aseve SemuSavebulia 

MIMO signalebis damuSavebis algoriTmi mimReb mxareze. 

samuSaos mizani – sadisertacio samuSaos mizania speqtraluri da 

energetikuli efeqturobis gazrda sivrciT droiTi kodirebisa 

(blokuri da gisosisebri) da MIMO sistemebis (OFDM modulaciiT) 

gamoyenebiT; miRebuli Teoriuli Sedegebis Semowmeba kompiuteruli 

modelirebis saSualebiT. 

mecnieruli kvlevis meTodebi – samuSaos ZiriTadi Sedegebi 

miRebulia cifruli kavSiris Teoriis, albaTobis Teoriis, 

maTematikuri statistikisa da kompiuteruli modelirebis (Matlab-is 

gamoyenebiT) safuZvelze.  

kvlevebisaTvis sadisertacio samuSaoSi gamoyenebulia Semdegi 

maTematikuri aparatebi: ricxviTi meTodebis Teoria da wrfivi algebra, 

telekomunikaciis Teoria, albaTobis Teoria da maTematikuri 

statistika, xelSeSlebamdgradi kodirebis Teoria. 
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ZiriTadi Sedegebi da mecnieruli siaxle:   

1. damuSavebuli da gamokvleulia axali sivrciT-droiTi kodebiT 

momuSave MIMO sistemebSi 4 gadamcemi da 3 mimRebi anteniT, romlebic 

iZlevian sxva arsebul (gamokvleul) kodebTan SedarebiT  1 db 

energetikul mogebas. 

2. gamokvleulia MIMO sistemebis mimReb mxareze D-BLAST da V-BLAST 

algoriTmebis gamoyenebis efeqturoba gadamcemi da mimRebi antenebis 

sxvadasxva raodenobisaTvis, magram pirobis dacviT NmimR   Ngad. 

3. damuSavebulia gadacemis pikuri siCqaris arxSi signal/xelSeSlis 

fardobaze  damokidebulebis gansazRvris meTodi da miRebulia 

konkretuli Sedegebi MMSE (Minimum Mean Squared Error – signalebis 

wrfivi deteqtireba saSualo-kvadratuli Secdomis minimumis 

kriteriumiT) da QRM-MLD (QR decomposition and the M-algorithm – Maximum                        

Likelihood Detection - signalebis arawrfivi deteqtireba maqsimaluri 

miaxloebis kriteriumiT) meTodebis gamoyenebiT. 

sadisertacio naSromSi Catarebuli kvlevebis Sedegebi SeiZleba 

Camoyalibebuli iqnas Semdegnairad:  

1. 3G Taobis mobiluri sistemebidan qseluri resursebis gamoyenebis 

mizniT, globaluri urTierTTavsebadobisaTvis upiratesoba eniWeba 

W-CDMA-s. igi iyenebs sixSirul zols siganiT 5 mghc. amasTan, 

arsebobs 3G-dan 4G-ze gadasvlis aucilebloba, rac uzrunvelyofs 

damatebiT multimediur momsaxurebas. sistemebis analizma gviCvena, 

rom 4G Taobis sistemebi iqneba ufro iafi, vidre 3G. isini Seiqmneba 

ukve arsebul qselebze da ar dasWirdebaT seriozuli danaxarjebi 

sruliad axali qselebis asagebad.  

2. turbokodebis modelireba iZleva mniSvnelovnad ukeTes Sedegs 

xvevad kodebTan SedarebiT. es aris Secdomebis makoreqtirebeli 

mZlavri saSualeba. turbokodebis gamoyenebis Sedegad miRebuli 
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energetikuli mogeba SeiZleba gamoyenebul iqnas gadacemis tevadobis 

gazrdis da gatarebis zolis ekonomiisaTvis, rac amcirebs monacemTa 

gadacemis sistemebis Seqmnisa da eqspluataciis Rirebulebas. 

3. maRali siCqariT informaciis gadasacemad saWiroa gamoyenebuli 

iqnas sivrciT-droiTi kodebi, radgan adgili aqvs eqo signalebis 

warmoqmnas da did interferenciebs. am winaaRmdegobebis dasaZlevad 

xelsayrelia xelSeSlebamdgradi kodireba-dekodirebis gamoyeneba. 

kerZod, sivrciT-droiTi, blokuri da gisosisebri kodireba.  

4. MIMO signalebis damuSavebis dros mniSvnelovani faqtoria 

mimRebSi dekodireba-modulaciis sirTule. am mizniT mizanSewonilia 

V_BLAST algoriTmis gamoyeneba, romelic teqnikuri realizaciis 

mxriv martivia. amasTan, iZleva gadacemis siCqaris umniSvnelo 

Semcirebas D-BLAST algoriTmTan SedarebiT. 

5. gansakuTrebul Sedegs iZleva kavSiris sistemebi MIMO antenebiT, 

rac zrdis arxis xelSeSlamdgradobas. es ki amcirebs SecdomiT 

miRebuli bitebis raodenobas monacemTa gadacemis siCqaris Semcirebis 

gareSe,  signalebis mravalsxiviani gavrcelebis pirobebSi. 

6. kvlevis eqsperimentul etapze Semowmebul iqna parametr Bit-Eror-is 

(bituri Secdomis albaToba) damokidebuleba signal/xelSeSlis 

mniSvnelobaze relies arxSi, orobiTi fazuri modulaciis dros, 4 

gadamcemi da 3 mimRebi antenis mqone MIMO sistemis gamoyenebis dros. 

7. kompiuteruli modelirebiT damtkicebul iqna, rom MIMO sistemis 

SemoTavazebuli meTodi iZleva 1 db energetikul mogebas arsebul 

modelebTan SedarebiT. 

8. dadasturebuli iqna, rom energetikuli efeqturobis gazrda 

SeiZleba gamoyenebuli iqnas radiodafarvis zonis gazrdisaTvis, 

radganac iqmneba saSualeba radiotalRebi gavrceldes ufro did 

manZilze, e.i. gaizardos fiWis radiusi. es ki Tavis mxriv 
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SesaZleblobas iZleva garkveuli teritoriis dafarvisaTvis 

gamoyenebuli iqnas naklebi raodenobis sabazo sadgurebi, es ki 

iZleva mniSvnelovan ekonomikur efeqts.  

 naSromis praqtikuli mniSvneloba 

1. damuSavebuli sivrciT-droiTi blokuri da sivrciT-droiTi 

gisosisebri kodebis MIMO sistemebTan erTad gamoyenebis 

algoriTmebi, saSualebas iZleva raodenobrivad iqnas Sefasebuli 

gadacemis siCqaris gazrdis mniSvnelobebi kodirebis konkretuli 

parametrebis dros. 

2. MIMO signalebis miRebis damuSavebuli algoriTmebi saSualebas 

iZlevian SerCeuli iqnas miRebis modifikaciebi gadacemis siCqaris  

realizaciis sirTulesTan damokidebulebiT. 

  3. damuSavebuli sivrciT-droiTi kodebis gamoyeneba MIMO sistemebSi 

saSualebas iZleva kavSiris arxebSi Secdomis albaTobiT 510-3 

alamoutis algoriTmTan SedarebiT miRweuli iqnas energetikuli 

mogeba (0,81,0).db. 

  4. disertaciaSi miRebuli praqtikuli Sedegebi SeiZleba gamoyenebuli 

iqnas me-4 Taobis mobiluri qselebis proeqtirebis procesSi 

konkretuli radioarxebis dros saWiro gadacemis siCqaris misaRwevad.  

    publikaciebi da samuSaos aprobacia. disertaciis ZiriTadi 

Sinaarsi warmodgenilia 7 nabeWd SromaSi. Sedegebi moxseniebulia 2 

saerTaSoriso konferenciaze (Tbilisi, 2010w, Tbilisi, 2011w), stu-s 

energetikisa da telekomunikaciis fakultetis 1-l da me-2 Tematur 

seminarebze (Tbilisi, 2011, 2012ww.) 

disertaciis struqtura. disertacia moicavs Sesavals, 4 Tavs, 

Sedegebs da maT gasjas, daskvnas da gamoyenebuli literaturis 

CamonaTvals. mTeli moculoba Seadgens 110 gverds,  maT Soris 90 
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ZiriTadi teqstia 35 naxaziT da 5 cxriliT. gamoyenebuli 

literaturis sia Seicavs 45 dasaxelebas.    

naSromis Sinaarsi 

   SesavalSi dasabuTebulia Temis aqtualoba, moyvanilia 

gamosakvlevi sakiTxebis mokle mimoxilva, Camoyalibebulia 

sadisertacio naSromis miznebi da amocanebi.  

moZravi kavSiri warmoadgens telekomunikaciis mniSvnelovan 

seqtors. kavSiris infrastruqturis ganviTarebaSi didi roli 

Seasrula radioteqnologiam. kerZod, moZravi kavSiris 

radioteqnologiebma, romlebsac aqvs SesamCnevi upiratesoba sadenian 

kavSirTan SedarebiT Rirebulebis, siswrafis, momsaxurebis 

danaxarjebisa da moqnilobis mixedviT. amasTan, radioteqnologiis 

gamoyeneba abonents aZlevs saSualebas daamyaros kavSiri nebismier 

dros da nebismieri adgilidan, nebismier sxva (moZrav an 

stacionalur) abonentTan. 

sainformacio teqnologiebis (IT- Information Technology) industriaSi 

telekomunikaciurma qselebma daikaves umniSvnelovanesi adgili da                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

asruleben informaciis mitanis funqcias wyarodan mimRebamde saWiro 

siCqariT, garantirebulad da usafrTxod. 

radioteqnologiebis farTo danergvisaTvis xelSemSlel faqtors 

warmoadgens sixSiruli resursebis SezRuduloba, amitom gadacemis 

siswrafis gazrdisaTvis rCeba meore gza - speqtraluri efeqturobis 

gazrda. Tavis mxriv, speqtraluri efeqturobis gazrda moiTxovs 

mravalpozociani amplituduri an/da fazuri modulaciebis 

gamoyenebas. am SemTxvevaSi ki sagrZnoblad mcirdeba gadacebuli 

signalis xelSeSlamdgradoba (energetikuli efeqturoba). 

maRalefeqtur mobilur teqnologiebSi amJamad gamoiyeneba da 

kvlevis procesSi imyofeba gadasacemi signalebis kodirebis mravali 
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meTodi, romelTagan me-4 Taobis mobiluri teqnologiebisaTvis 

upiratesoba eniWeba turbokodirebas, sivrciT-droiT blokur 

kodirebas, sivrciT-droiT gisosisebr kodirebas, sivrciT-droiT 

kodirebas sferuli dekodirebiT. amasTan, aRsaniSnavia, rom sivrciT-

droiTi kodebi (rogorc orTogonaluri ise araorTogonaluri) 

efeqturia mxolod MIMO sistemebis gamoyenebis SemTxvevaSi. 

winamdebare naSromSi Catarebulia sivrciT-droiTi blokuri kodebis, 

sivrciT-droiTi gisosisebri kodebis efeqturobis kvleva. aseve 

SemuSavebulia MIMO signalebis damuSavebis algoriTmi mimReb 

mxareze.  

pirvel TavSi warmodgenilia 3G Taobis mobiluri 

satelekomunikacio sistemebi. kerZod, daxasiaTebulia 5 arsebuli 

standarti: UMTS/IMT-2000,  W-CDMA, CDMA2000, DECT  da  PHS. 

Sedarebulia maTi ZiriTadi parametrebi, moyvanilia fizikuri arxis 

struqtura sistemaSi UTRA/IMT-2000, aseve speqtris gafarTovebisa da 

modulaciis aucileblobis mniSvneloba. aqve ganxilulia 3,5G Taobis 

mobiluri kavSiris sistemebi, maTi gardamavali pozicia 3G da 4G 

sistemebs Soris. dasabuTebulia 4G Taobis mobiluri sistemebis 

danergvis aucilebloba arsebul teqnologiebTan SedarebiT, maTi 

mniSvneloba momsaxurebis xarisxis donis amaRlebis TvalsazrisiT. 

aseve aucilebloba Tanamedrove multimediis teqnologiis 

ganviTarebis mizniT. moyvanilia sxvadasxva telekomunikaciuri 

teqnologiebis SesaZleblobebis amsaxveli diagrama.  

IMT-2000 gvTavazobs kavSiris uzrunvelyofas nebismier pirobebSi 

radiotalRebis gavrcelebiT, rogorc Senobis SigniT, ise gareT da 

moZrav obieqtebSi (avtomobilebSi, TviTmfrinavebSi da a.S.).  

mobiluri sistemebi UMTS/IMT-2000. mesame Taobis mobiluri 

kavSiri igeba monacemTa paketuri gadacemis safuZvelze. me-3 Taobis 

qselebi rogorc wesi muSaoben daaxloebiT 2 ghc sixSireze, 
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monacemTa gadacemis siCqariT 2 mbit/wm. isini organizacias ukeTeben 

videosatelefono kavSirs, satelevizio (videokavSiris) gadacemebis 

miRebas dabali xarisxiT. 

mobiluri sistema UMTS/IMT-2000-s ar SeuZlia mTlianad 

gamoiyenos 3G gamoyofili sixSiruli speqtri, radgan am diapazonSi 

ganlagebulia sistemebi DECT da PHS. sistemaSi gamoiyeneba rogorc 

sixSiruli dupleqsi (FDD) ise droebiTi dupleqsi (TDD) (nax.1). 

sixSiruli dupleqsis dros pirdapiri da ukukavSiris arxebiT 

informacia gadaicema sixSirul diapazonebSi 1920-1980 da 2110-2170 

mghc. amave dros sistemaSi TDD gamoiyeneba mxolod erTi zoli. 

saboloo gamokvlevebma gviCvena, rom TDD sistema FDD sistemaze 

ukeTesia CDMA–s adapturi modemebis ricxvis gazrdisas, ise, rogorc 

pirdapiri da ukuarxis urTierTobis Senacvleba SeiZleba iyos 

gamoyenebuli modemis iseTi parametrebis SerCevisas, rogoricaa 

gadacemis siCqare da simboloze bitebis raodenoba. es sistemas 

saSualebas aZlevs, rac SeiZleba produqtiulad gamoiyenos arxis 

gamtarunarianoba anu gazardos efeqturobis maCvenebeli – xvedriTi 

gadacemis siCqare bit/wm/hc.  
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cxr.1.-Si moyvanilia UTRA/IMT-2000 sistemis ZiriTadi 

parametrebi, romlebic akmayofileben 3G sistemebis mimarT wayenebul 

moTxovnebs, isini uzrunvelyofen momxmarebels monacemTa gadacemis 

siCqariT 2 mgbit/wm-ze meti da momsaxurebis maRali xarisxiT. am 

amocanis gadawyveta SeiZleba cvalebadi gafarToebis koeficientis – 

OVSF  mqone orTogonaluri kodebiT. 

 meore Taobis IS-95 sistemebisagan gansxvavebiT, romelTac aqvT 

saerTo pilot-arxebi, mesame Taobis sistemebs UTRA/IMT-2000 pilot-

simboloebi SeaqvT momxmareblis monacemTa nakadSi, rac ganapirobebs 

adapturi antenebis gamoyenebas sabazo sadgurSi.  

 

 

 

nax.1. speqtris ganawileba sistemaSi UTRA  da IMT-2000 
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radiomiRwevis 
teqnologia 

FDD: DS-CDMA 

TDD: TDMA/CDMA 

miRebis are saTavsos SigniT da gareT, manqanaSi 

Cipuri gadacemis siCqare 

(megaCipebis raodenoba 1wm-
Si) 

UTRA: 4.096/8.192/16384 

IMT-2000: 1.024/4.095/8.192/16384 

Aarxis zoli (mhc) UTRA: 5/10/20    IMT: 1.25/5/10/20 

naikvistis parametri 
(arCeviTobis koeficienti) 

0,22 

dupleqsuri rejimebi FDD da TDD 

monacemTa gadacemis 

saarxo siCqare (kbit/wm) 

FDD – pirdapiri arxi: 
16/32/64/128/256/512/1024 

FDD – ukuarxi: 16/32/64/128/256/1024/2048 

TDD _pirdapiri da ukuarxi: 
512/1024/2048/4096 

freimis (blokis)sigrZe  10 mwm 

gafarToebis koeficienti FDD: cvladi 4-dan 256-mde.         
TDD: cvladi 2-dan 16-mde 

deteqtirebis sqema ±koherentuli, pilot-simboloebis 
droiTi multipleqsirebiT 

Sida momsaxureba (marTva 
fiWis SigniT) 

FDD: asinqronuli, TDD: sinqronuli 

gamosx. simZlavriT marTva Ria da daxuruli petli 

gadasacemi signalis 
simZlavris dinamikuri 
diapazoni 

80 db – pirdapiri arxi 

30 db _ ukuarxi  

momsaxurebis gadacema prog.gadacema,sixS. mixedviT gadacema. 

UTRA/IMT-2000 sistemis ZiriTadi parametrebi 

cxrili 1 
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 sistemis gamarTuli muSaobisaTvis rogorc ZiriTadi saTavsos 

Sida pirobebSi, ise saTavsos gareT, SidafiWuri asinqronuli marTva 

xdeba FDD reJimSi. amasTan, ar aris saWiro sinqronizaciis gare 

wyaroebi. Tumca TDD reJimSi sinqronizacia fiWuri ujredis SigniT 

aucilebelia imisaTvis, rom arsebobdes sruli miRweva mezobeli 

sabazo sadgurebis droiT intervalebTan momsaxurebis gadacemis 

dros. es miiRweva sabazo sadgurebs Soris sinqronizaciiT.  

 radiomiRwevis teqnologia ZiriTadad exeba Ria sistemebis 

urTierTqmedebis modelis fizikur dones ISO/OSI (International 

Standardization Organization/Open Systems Interconnection), SemoTavazebuls 

standartizaciis saerTaSoriso organizaciis ISO mier.  

fizikuri arxebi. satrnsporto arxebis organizaciisaTvis 

iyeneben fizikur dones, romelSic informacia warmodgeba ierarqiuli 

struqturis mqone kadrebis saxiT, (nax.2.), rac msgavsia mravaljeradi 

miRwevis GSM sistemis struqturisa droiTi dayofiT. 

    

 

  rogorc naxazidan Cans, UTRA/IMT-2000  sistemebSi hiperkadri 

Sedgeba 72 radiokadrisagan. TiToeuli maTgani dayofilia 16 droiT 

intervalad (slotad). TiToeuli intervalis xangrZlivobaa 0,625 mwm. 

amasTan, radiokadris xangrZlivoba 10 mwm-ia, xolo hiperkadris  

xangrZlivoba – 720 mwm. radiokadris xangrZlivoba emTxveva 

nax. 2. fizikuri arxis struqtura UTRA/IMT-2000  sistemebSi 
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salaparako kadris xangrZlivobas. es formati moxerxebulia mobilur 

sistemebSi videosaubrebis dasamyareblad.  

FDD reJimSi fizikuri pirdapiri arxi ganisazRvreba 

fsevdoSemTxveviTi mimdevrobiT (misamarTis kodiT) da sixSiriT.  

TDD reJimSi fizikuri arxi gansazRvrulia Tavisi 

fsevdoSemTxveviTi mimdevrobiT, sixSiriTa da droiTi intervaliT. 

speqtris gafarToveba da modulacia. DS-CDMA (Direct Sequence CDMA) 

sistemis xarisxi SezRudulia intenferenciiT. intenferenciis didi 

nawili Cndeba imave fiWis farglebSi sxva momxmareblis signalebis 

Sedegad, aseve mezobeli fiWebis momxmareblebis signalebis gamo. 

aseTi intenferencia cnobilia mravalmiRwevadi jgufuri 

intenferenciis saxeliT MAI (Multiple Access Interference).  

 MAI-s urTierTintenferenciis Semcirebis mizniT da aseve 

xarisxis da gamtarunarianobis gaumjobesebis mizniT IMT-2000/UTRA 

sistemis fizikur arxs afarToeben ori sxvadasxva kodis gamoyenebiT: 

gafarToebis kodebi (spreading codes) da maskremblirebeli kodebi 

(scrambling codes). unda aRvniSnoT, rom IS-95 CDMA mravalmiRwevad 

sistemaSi koduri dayofiT pirdapir arxSi gamoiyeneba 3 sxvadasxva 

orTogonaluri kodi: uolSis 64 elementiani kodi, sinfazuri da 

kvadraturuli kodireba fsevdoSemTxveviTi mimdevrobebiT da PNI da  

PNQ-kodebi (`mokle” sigrZiT 32768 elementi da `grZeli” sigrZiT 242 -1 

elementi). IS-95 `mokle~ kodebi specifiuria TiToeuli fiWisaTvis da 

erTnairia rogorc pirdapiri arxSi, ise uku arxSi fiWis 

ujredisaTvis, maSin roca “grZeli” kodebi specifiuria 

momxmareblebisaTvis da identuria pirdapir da ukuarxebSi. 

mravalmiRwevadi sistemebi cdma2000 koduri dayofiT, Zalian hgavs IS-95 

standartis sistemebs.  
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standartizirebuli gadawyvetilebebis umetesoba damyarebulia 

regionaluri farTozolovani mravalmiRwevadi sistemis agebis  

principze arxebis koduri dayofiT W-CDMA (Wideband Code Division 

Multiple Access), rac ganpirobebulia maTi TvisebebiT, romlebic 

akmayofilebs 3G Taobis telekomunikaciis sistemebis ZiriTad 

moTxovnilebebs.  

W-CDMA sistema gamoirCeva moqmedebis farTo zoniT 

gavrcelebis sxvadasxva pirobebSi da maRali gamtarunarianobiT. am 

sistemaSi sixSireebis ganawileba gamartivebulia gamoyofili 

sixSiruli diapazonis mravalmxrivi gamoyenebis gamo. CDMA–s 

dadebiT mxares warmoadgens mravalsxiviani milevasTan 

SewinaaRmdegebis unari, rac miiRweva RAKE demodulatoris  

saSualebiT, romelic akumulirebas ukeTebs sxvadasxva gzidan 

miRebuli signalebis energias. yvela am Tvisebis gamo sistemebma 

miiRo saxelwodeba: UMTS Terrestrial Radio Access (UTRA), Wideban – CDMA(W-

CDMA) da cdma2000.  

W-CDMA - mravaljeradi farTozolovani miRweva koduri dayofiT 

radiointerfeisis teqnologiaa, romelic iyenebs or sixSirul   

zols – 5 mhc siganiT. W-CDMA (3GPP Release-4) muSaobs diapazonSi 1900-

2100 mhc. igi arCeulia mobiluri operatorebis mier, farTozolovani 

radiomiRwevisaTvis 3G momsaxurebis uzrunvelyofisaTvis. es 

teqnologia optimizirebulia maRalsiCqariani multimediuri videos 

tipis momsaxurebis uzrunvelsayofad, internetSi miRwevisaTvis da 

videokonferenciisaTvis; uzrunvelyofs miRwevis siCqares 2mbit/wm-mde 

mokle manZilebze da 384 kbit/wm did manZilebze sruli mobilurobiT. 

aseTi sididis monacemTa gadacemis siCqaris miRweva saWiroebs 

sixSiris farTo zols, amitom W-CDMA sixSiruli zolis sigane 

Seadgens 5 mhc. 
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W-CDMA perspeqtiulia qseluri resursebis gamoyenebis mizniT da 

globaluri urTierTTavsebadobisaTvis.  

3,5G – es aris  mobiluri kavSiris mesame Taoba, maRali siCqariT, 

magram 4G Taobaze gacilebiT dabali. am Taobas miekuTvneba 

teqnologiebi, romlebic uzrunvelyofen monacemTa paketur gadacemas 

siCqariT 14,4 mbit/wm. magram praqtikaSi es siCqare Seadgens 3,6 mbit/wm-

s. es teqnologia warmoadgens gardamavals 3G-sa da 4G-s Soris. 

miuxedavad imisa, rom 3G-s aqvs aucilebeli parametrebi. imisaTvis, 

rom gaxdes komerciuli, warmoeba ukve amzadebs safuZvels momavali 

usadeno kavSiris teqnologiebisaTvis, romelic amJamad aRiniSneba, 

rogorc 4G Taobis sistemebi.  

 4G teqnologiebi iTavsebs interaqtiur multimediur 

momsaxurebas, iseTs, rogoricaa telekonferencia da ukabelo 

interneti. mas aqvs gacilebiT farTo sixSiruli zoli. es xarisxi ar 

SeiZleba iqnas uzrunvelyofili 3G Taobis sistemebiT. sistemebis 

analizma aCvena, rom 4G Taobis sistemebi iqneba ufro iafi, vidre 3G. 

isini Seiqmnebian ukve arsebul qselebze da ar daWirdebaT 

seriozuli danaxarjebi axali mowyobilobebis asagebad. ar iqneba 

saWiro ZviradRirebuli sixSiruli zolis SeZena, ramdenadac misi 

didi nawili aralicenzirebulia.  gacilebiT mniSvnelovania is, rom 

4G teqnologia dainergeba TandaTan, arsebuli standartebis 

gamoyenebiT, sasargeblo gamocdilebis dagrovebiT da arsebuli 

standartebis mkveTri Secvlis gareSe.  

4G sistemebi uzrunvelyofen monacemebis gadacemas siCqariT 100 

mbit/wm da meti. miuxedavad imisa, rom 4G sistemebTan 

damokidebulebaSi amJamad bevri gaurkvevlobaa, eqspertTa 

umravlesobis azriT, 4G sistemebis ZiriTadi gansakuTrebuloba imaSi 

mdgomareobs, rom isini uzrunvelyofen Tavisufal `gadaadgilebas’’ 
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sxvadasxva standartebs Soris, aseve kompiuterul qselebs, 

Tanamgzavruli kavSiris sistemebs, audio da video informaciis 

mimocvlas momxmareblebs Soris da a.S., rac aucileblad saWiros 

gaxdis gamoyenebuli iqnas axali teqnologiebi da inteleqtualuri 

terminalebi. sxvadasxva telekomunikaciuri teqnologiebis 

SesaZleblobebis gamomsaxveli diagrama moyvanilia nax.3 -ze. 

 

 

 

 

 

 

 

 

 

 

 

meore TavSi ganxilulia 3G da 4G Taobis mobilur sistemebSi 

gamoyenebuli kodirebis meTodebi. kerZod, turbokodireba, sivrciT-

droiTi blokuri kodireba, sivrciT-droiTi gisosisebri kodireba. 

gaanalizebulia maTi gamoyenebis aucilebloba zemaRali sixSiris 

arxebSi warmoqmnili miyuCebebis procesebis gasaneitraleblad. 

warmodgenilia turbokodebis modelirebis Sedegebi da maTi Sedareba 

ubralo xvevad kodebTan. turbokodireba daxasiaTebulia, rogorc 

Secdomebis mZlavri makoreqtirebeli saSualeba, romelic 

nax.3.   SetyobinebaTa gadacemis sxvadasxva teqnologiebis 

siCqaruli SesaZleblobebi 

Bluetooth  -2,4 ghc 

farTosamauwyebo 

lokaluri 

radioqselebi 

mobiluroba 

maRali 

dabali   3G 

  4G 

 0.1 1 10 100 1000 mbit/wm 

maRalsiCqaruli

lokaluri 

radioqselebi 

monacemTa gadacemis siCqare 

usadeno 
kavS. axali 
teqnologia 
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SesaZleblobas iZleva, rac SeiZleba metad mivuaxlovdeT arxis 

gamtarunarianobas.  

xvevadi kodireba. turbokodireba.  xvevadi kodebi xasiaTdeba 

koduri siswrafiT r=k/n. blokuri kodebisagan gansxvavebiT, aq k da n 

aRniSnavs Sesabamisad xvevadi koderis Sesasvlelebisa da 

gamosasvlelebis raodenobas. xvevadi kodi SeiZleba warmodgenili 

iqnas warmomqmneli polinomebisagan g(p,q)(D)  (p=1,2,…,k-1, q=1,2,…, n-1) 

Sedgenili nxk matricis saxiT. xvevadi koderis agebisaTvis 

aucilebelia k Zvris registrebi. am registrebis jamur sigrZes Mc  

ewodeba koderis mexsiereba.  

xvevadi kodis sxva maxasiaTebels warmoadgens kodis 

konstruqciuli sigrZe K, romelic gansazRvravs gamosasvleli 

bitebis im maqsimalur raodenobas koderis mocemul gamosasvlelze, 

romelzedac  gavlenas axdens erTi Sesasvleli biti. 

                                                               K= 1+ maxp (Mp),  

sadac  p – Semavali nakadis nomeria, Mp  aris   –  p-M Semomaval 

nakadTan dakavSirebuli p-uri    Zvris registris sigrZe.  

xvevadi kodis kodirebis procesi Sedgeba ori etapisagan: 

Tavdapirvelad xdeba TiToeuli warmomqmneli polinomis 

koeficientis Sekvra Sesabamis SesasvlelTan  

 

  

sadac q gamosasvleli nakadis nomeria, Semdeg formirdeba 

gamosasvleli nakadi:    

  

(1) 

 

 

pM
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praqtikaSi Cveulebriv iyeneben xvevad koderebs erTaderTi 

Semavali nakadiT (k=1), amitom maTi warmomqmneli polinomebis indeqsi 

- p  Cveulebriv gamoitoveba. 

magaliTisaTvis, nax.4.-ze naCvenebia xvevadi kodis koderi  

siCqariT 1/2, konstruqciuli sigrZiT K=3 da warmomqmneli 

polinomebiT g(0)(D)= 1+D+D2 ,   g(1)(D)=1+D2. simoklisaTvis warmomqmneli 

polinomebis koeficientebi erTiandebian orobiT sityvad da 

warmodgebian aTvlis rvaobiT sistemaSi. magaliTad, nax.4.-ze xvevadi 

kodi aRwerilia warmomqmneli (7,5)8 polinomis wyviliT, sadac 8 

niSnavs rvaobiT warmodgenas.                                                                                                                                                                                                                                                                                                                                                                                                                

 

 

 

 

 

 

bolo wlebSi mobilur sistemebSi gamoiyeneba xvevadi kodirebis 

gaumjobesebuli variant-turbokodireba. xvevadi kodirebis 

mniSvnelovan upiratesobas blokur kodebTan SedarebiT warmoadgens 

misi Tviseba ebrZolos paketur Secdomebs. amave amocanas emsaxureba 

bitebis gadanacvleba (gadajvaredineba) gadacemis dros 

(ukugadanacvleba mimReb mxareze). turbokoderebi aigebian xvevadi 

koderebis gamoyenebiT.  

turbokodebis maxasiaTeblebze moqmedebs bevri faqtori:  

- dekodirebis algoriTmebi; 

- iteraciebis raodenoba dekodirebis dros; 

D D 

xi
(1) 

ui
 xi

 

xi
(0) 

nax. 4. xvevadi kodis koderi. 
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- gadajvaredinebis tipebi; 

- kadris zoma (gadajvaredinebis zoma) 

- warmomqmneli polinomebi  da a. S.   

nax.5–ze naCvenebia Secdomis albaTobis damokidebuleba 

signal/xelSeSlis fardobaze. turbodekoderis gamosasvlelSi 

iteraciis sxvadasxva raodenobis dros. naxazidan Cans, rom 

turbokodis maxasiaTebeli dekodirebis erTi iteraciis dros 

Seesabameba xvevadi kodis maxasiaTebels signal/xelSeSlis fardobis 

mcire mniSvnelobis dros, xolo, iterciis raodenobis gazrdiT, 

signal/xelSeSlis TvalsazrisiT gacilebiT ukeTesi Sedegi miiReba.  

 

kavSiris realur sistemebSi, turbokodis misaRebad, siCqariT r=1/2, 

Cveulebriv iyeneben amovardnebs (perforacias). kodebis gadacema 

amovardnebis gareSec SesaZlebelia, rasac mivyavarT turbokodis 

siCqaremde r=1/3. nax.6.-ze mocemulia aseTi kodebis maxasiaTeblebi. 

yvela Semmowmebeli bitis gadacema iZleva saSualebas miviRoT mogeba 

0.6 db., rodesac Secdomis albaToba PPb=10
-4

. 
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mesame TavSi ganxilulia sivrciT-droiTi kodebi gadacemis 

maRali siCqaris mqone 4G Taobis mobilur sistemebSi. daxasiaTebulia 

sivrciT-droiTi kodirebebi MIMO sistemebSi mravalricxovani 

antenebis gamoyenebiT, rac mniSvnelovan rols asrulebs koduri da 

gancalkevebis mogebebis misaRebad. Sedarebulia sivrciT-droiTi 

blokuri da gisosisebri kodebis maxasiaTeblebi. warmodgenilia 

MIMO teqnologiis Taviseburebebi da SesaZleblobebi, rac iZleva 

arxis xelSeSlebamdgradobis  mniSvnelovnad gazrdis saSualebas. am 

TavSi moyvanilia sivrciT-droiTi kodirebis principi sxvadasxva 

raodenobis antenebis magaliTze (antenebis sxvadasxva konfiguraciiT). 

aqve gaanalizebulia MIMO signalebis damuSavebis algoriTmi mimReb 

mxareze. kerZod, D-BLAST da V_BLAST modifikaciebi da maTi Sedareba.  

mogeba gancalkevebiT aris xarisxis gaumjobeseba, romelic 

SeiZleba miRweuli iqnas sistemaSi antenebis gancalkevebis  

gamoyenebiT. nax.7.–ze mocemulia tipiuri koduri mogeba da mogeba 

gancalkevebiT. 
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Y RerZze ganTavsebulia Per Secdomis albaToba, X–ze 

signal/xelSeSlis damokidebuleba – SNR. Per Secdomis albaToba 

Cveulebriv gamoiyeneba cifruli qselis sistemebis daxasiaTebisaTvis. 

 

 

             

         

 

 

 

rogorc wesi, igi gansazRvravs mimRebis Sesasvlelze monacemTa 

SecdomiT miRebuli bitebis damokidebulebas gadacemuli bitebis 

mTel raodenobasTan. arsebobs sivrciT-droiTi kodis ori tipi: 

sivrciT-droiTi blokuri kodebi (STBC) da gisosisebri kodebi.  

sivrciT-droiTi blokuri da gisosisebri kodebis 

maxasiaTeblebi emTxveva erTmaneTs. gansxvaveba imaSia, rom sivrciT-

droiTi gisosisebri kodi dekodirebis sirTulis gazrdis xarjze 

iZleva damatebiT kodur mogebas. 

MIMO signalebis damuSavebis algoriTmi mimReb mxareze 

SemuSavebulia Bell-Labs laboratoriis mier da aqvs D-BLAST, V-BLAST 

modifikaciebi. es algoriTmebi gamoiyeneba mxolod im SemTxvevaSi, 

rodesac gadamcemi antenebis raodenoba ar aRemateba mimRebi antenebis 

raodenobas.  

 D-BLAST algoriTmi iZleva saSualebas miRweuli iqnas monacemTa 

gadacemis ufro maRali siCqare, vidre V-BLAST algoriTmi, Tumca 

ufro rTulia realizaciaSi. imis gaTvaliswinebiT, rom V-BLAST 

Per 

  

   Y 

X     SNR 

mogeba 

gancalkevebiT  
koduri

mogeba 

nax. 3.1. koduri mogeba da mogeba 

gancalkevebiT. 
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algoriTmis gamoyenebisas siCqaris danakargi umniSvneloa, 

danakargebis mwarmoebelTa umravlesoba midis realizaciis 

gamartivebisaken.  

meoTxe TavSi ganxilulia arxis xelSeSlamdgradobis gazrdis 

meTodebi modulaciis sxvadasxva saxis gamoyenebiT sivrciT-droiTi 

kodirebis dros. warmodgenilia sixSiruli arxebis orTogonaluri 

multipleqsireba OFDM, romelic warmoadgens gadacemis siswrafis 

gazrdis yvelaze Tanamedrove meTods, rogorc `daRmaval’’, `ise 

aRmaval arxebSi’’. warmodgenilia alamautis sivrciT-droiTi blokuri 

kodireba STBC, 2 gadamcemi da erTi mimRebi antenis magaliTze (nax. 8.). 

 

 

Sedarebulia modulaciis sxvadasxva saxeebi arxis 

xelSeSlamdgradobis TvalsazrisiT. kerZod, QAM da QPSK 

modulaciebis upiratesoba BPSK modulaciasTan SedarebiT usadeno 

telekomunikaciebSi. alamautis mier SemuSavebuli meTodis magivrad, 

Cvens mier SemuSavebuli iqna MIMO-s axali konfiguracia da 
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theory (nTx=1,nRx=1)

theory (nTx=1,nRx=2, MRC)

theory (nTx=2, nRx=1, Alamouti)

sim (nTx=2, nRx=1, Alamouti)

nax. 8. Secdomis albaTobis damokidebuleba signal-xelSeSlis fardobaze 

BPSK orobiTi fazuri modulaciis dros alamoutis STBC . 
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Catarebuli iqna modelireba. Sedegad miRebulia energetikuli mogeba 

1 db arsebul modelebTan SedarebiT. aRsaniSnavia, rom Sedegebi 

miRebulia programa maTlabis saSualebiT Catarebuli modelirebiT 

(nax. 9.). 

     

 

 

kvlevis eqsperimentis etapze Cvens mier dasaxuli iqna amocana: 

Segvemowmebina parametri Bit–Eror (bituri Secdomis albaToba) 

damokidebuleba signal/xelSeSlis mniSvnelobaze relies arxSi, 

orobiTi fazuri modulaciis dros, sivrciT-droiTi blokuri 

kodirebis dros.  

pirvel rigSi, imisaTvis, rom davrwmunebuliyaviT Cvens mier 

SerCeuli modelirebis sisworeSi, SevamowmeT literaturaSi 

arsebuli modelirebis Sedegebi, romelic naCvenebia nax. 8-ze. kerZod, 

nax. 9. Secdomis albaTobis damokidebuleba signal-xelSeSlis 

fardobaze alamoutis STBC . (relies arxi). 4X3 
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aviReT 2 gadamcemi da 1 mimRebi antena. Sedegma daadastura Cveni 

modelirebis siswore. 

amis Semdeg SevcvaleT gadamcemi antenebis raodenoba 4-iT, 

mimRebi antenebisa - 3-iT. analogiurad viangariSe BER–is 

damokidebuleba Eb/No –ze. 

Sedegebi naCvenebia nax. 9.-ze. Sedegebis analizi gviCvenebs, rom  

meore SemTxvevaSi, anu Cvens mier Catarebuli modelirebis (4 

gadamcemi  da 3 mimRebi antena) erTi da igive BER mniSvneloba miiReba 

1 db-iT naklebi signal/xelSeSlis fardobis dros. e.i. energetikuli 

mogeba Seadgens 1 db.  

aqve naCvenebia, rom miRebuli energetikuli mogeba SeiZleba 

gamoyenebuli iqnas radiodafarvis zonis gazrdisaTvis, rac 

saSualebas iZleva radiotalRebi gavrceldes ufro did manZilze. e.i. 

gaizardos fiWis radiusi. anu teritoriis dafarvisaTvis 

gamoyenebuli iqnas naklebi raodenobis sabazo sadgurebi. 

radiotalRebis gavrcelebaze moqmedi faqtorebis mier gamowveuli 

milevis Sesafaseblad ganxilulia dReisaTvis msoflio praqtikaSi 

gamoyenebuli modelebi: okamura-hatas, uolfiS-ikegamisa da       

COST-Hata-s modeli. gamoTvlebis Sedegebi iZleva garkveuli 

teritoriis dafarvisaTvis saWiro sabazo sadgurebis Semcirebis 

SesaZleblobas, e.i. ekonomikur efeqts.  
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daskvna 

sadisertacio naSromSi Catarebuli kvlevebis Sedegebi SeiZleba 

Camoyalibebuli iqnas Semdegnairad: 

1. 3G Taobis moboluri sistemebidan qseluri resursebis gamoyenebis 

mizniT, globaluri urTierT TavsebadobisaTvis upiratesoba eniWeba 

W-CDMA-s. igi iyenebs sixSirul zols siganiT 5 mghc. amasTan, 

arsebobs 3G-dan 4G-ze gadasvlis aucilebloba, rac uzrunvelyofs 

damatebiT multimediur momsaxurebas. sistemebis analizma gviCvena, 

rom 4G Taobis sistemebi iqneba ufro iafi, vidre 3G. isini Seiqmneba 

ukve arsebul qselebze da ar dasWirdebaT seriozuli danaxarjebi 

sruliad axali qselebis asagebad.  

2. turbokodebis modelireba iZleva mniSvnelovnad ukeTes Sedegs 

xvevad kodebTan SedarebiT. es aris Secdomebis makoreqtirebeli 

mZlavri saSualeba. turbokodebis gamoyenebis Sedegad miRebuli 

energetikuli mogeba SeiZleba gamoyenebul iqnas gadacemis tevadobis 

gazrdis da gatarebis zolis ekonomiisaTvis, rac amcirebs monacemTa 

gadacemis sistemebis Seqmnis da eqspluataciis Rirebulebas. 

3. maRali siCqariT informaciis gadasacemad saWiroa gamoyenebuli 

iqnas sivrciT-droiTi kodebi, radgan adgili aqvs eqo signalebis 

warmoqmnas da did interferenciebs. am winaaRmdegobebis dasaZlevad 

xelsayrelia xelSeSlebamdgradi kodireba-dekodirebis gamoyeneba. 

kerZod, sivrciT-droiTi, blokuri da gisosisebri kodireba.  

4. MIMO signalebis damuSavebis dros mniSvnelovani faqtoria 

mimRebSi dekodireba-demodulaciis sirTule. am mizniT 

mizanSewonilia V_BLAST algoriTmis gamoyeneba, romelic teqnikuri 

realizaciis mxriv martivia. amasTan, iZleva gadacemis siCqaris 

umniSvnelo Semcirebas D-BLAST algoriTmTan SedarebiT. 
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5. gansakuTrebul Sedegs iZleva kavSiris sistemebi MIMO antenebiT, 

rac zrdis arxis xelSeSlamdgradobas. es ki amcirebs SecdomiT 

miRebuli bitebis raodenobas monacemTa gadacemis siCqaris Semcirebis 

gareSe,  signalebis mravalsxiviani gavrcelebis pirobebSi. 

6. kvlevis eqsperimentul etapze gamoTvlili iqna parametr Bit-Eror-is 

(bituri Secdomis albaToba) damokidebuleba signal/xelSeSlis 

mniSvnelobaze relies arxSi, orobiTi fazuri modulaciis dros, 4 

gadamcemi da 3-mimRebis mqone MIMO sistemis gamoyenebis dros. 

7. kompiuteruli modelirebiT damtkicebul iqna, rom MIMO sistemis 

SemoTavazebuli meTodi iZleva 1 db energetikul mogebas arsebul 

modelebTan SedarebiT. 

8. dadasturebuli iqna, rom energetikuli efeqturobis gazrda 

SeiZleba gamoyenebuli iqnas radiodafarvis zonis gazrdisaTvis, 

radganac saSualebas iZleva radiotalRebi gavrceldes ufro did 

manZilze, e.i. gaizardos fiWis radiusi. es ki Tavis mxriv 

SesaZleblobas iZleva garkveuli teritoriis dafarvisaTvis 

gamoyenebuli iqnas naklebi raodenobis sabazo sadgurebi, rac iZleva 

mniSvnelovan ekonomikur efeqts. 
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Abstract 

In dissertation work there are presented new algorithms of signal formation and 

processing, their research for moving connecting systems. Work consists of introduction, 4 

chapters, conclusion and applied literature.  

In the first chapter there are presented mobile communication systems of 3G 

generation. Privately, there are characterized 5 existing standards: UMTS/IMT – 2000, W-

CDMA, CDMA2000, DECT and PHS. There is to be compared their basic parameters, 

structure of physical canal is taken in the system UTRA/IMT-2000, also the importance of 

spectrum widening and modulation. Hereby there is discussed mobile connecting systems of 

3,5 G generation, their transitive position between 3G and 4G  systems. There is proved the 

necessity of setting mobile systems of 4G generation compared with existing technologies, 

their importance from the standpoint of enhancing of service quality, also necessity for the 

purpose of modern multimedia technology development. There is given the diagram 

expressing abilities of different telecommunication technologies.  

In the second chapter there is discussed the coding methods used in mobile systems 

of 3G and 4G generations. Privately, turbocoding, space-time blocking coding, space-time 

lattice coding. There is analyzed the necessity of their usage of neutralization of created 

calming processes in canals of highest frequency. There is presented modeling results of 

turbocodes and their comparison with simple wrapping up codes. Turbocoding is 

characterized as the kind of strong correcting mean of mistakes giving possibility to reach 

the canal conductivity as more as possible.  

In the third chapter, there are discussed space-time codes of higher quickness in 

mobile systems of 4G generation. There are characterized the space-time codes in MIMO 

systems, by using numerous antennas, that makes important role for receiving coding profit 

and separation profit. There is compared the character features of space-time blocking and 

lattice codes. There is presented the features of MIMO technology and possibilities giving 

chance of increasing stability against canal obstacles. In this chapter there is given the 

principle of space-time coding on the example of different number of antennas (with 

different configuration of antennas). Hereby there is analyzed the algorithm of MIMO signal 
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processing on the side of recipient. Privately, D-BLAST and V_BLAST modifications and 

their comparison. 

In the forth chapter there is discussed the methods of increasing stability against 

obstacles of the canal during using different modulation of space-time code. There is 

presented orthogonal multiplexation OFDM of frequency canals, that is the most modern 

method of increasing transmission speed, in “falling” and ”ascending” canals. There is 

presented Alamaut space-time blocking coding STB, 2 on the example of transmitting and 

one receiver antenna. There are compared different kinds of modulations from the standpoint 

of stability against canal obstacles. Privately advantageous of QAM and QPSK modulation 

compared with BPSK modulation in wireless telecommunications. There are the results of 

modeling, in accordance with carried out configuration by Alamaut. As a result, there is got 

energetic profit compared with models of 1 DB. There should be mentioned, that the results 

are got from modeling carried out by the program Matlaba. Hereby there is showed that 

received energetic profit may be used for increasing radio covering zone that gives 

possibility to spread radio waves on greater distance. That is to increase cellular radius, in 

other words for covering territory there should be used less basic stations. There is discussed 

the models for assessment of caused running used for today by acting radio factors on radio 

waves: Calculated results give possibility to decrease necessary basic stations or economical 

effect.   

 

 

 


