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reziume 

sadisertacio naSromSi warmodgenilia signalebis formirebisa 

da damuSavebis axali algoriTmebi, maTi kvleva moZravi kavSiris 

sistemebisaTvis. naSromi Sedgeba Sesavlisagan, 4 Tavisagan, 

daskvnisagan da gamoyenebuli literaturisagan.  

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 

gamomsaxveli diagrama. 

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 

SesaZleblobas iZleva, rac SeiZleba metad mivuaxlovdeT arxis 

gamtarunarianobas. 
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mesame TavSi ganxilulia sivrciT-droiTi kodebi gadacemis 

maRali siswrafis mqone 4G Taobis mobilur sistemebSi. 

daxasiaTebulia sivrciT-droiTi kodirebebi MIMO sistemebSi 

mravalricxovani antenebis gamoyenebiT, rac mniSvnelovan rols 

asrulebs koduri mogebisa da gancalkevebis mogebis 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. 

meoTxe TavSi ganxilulia arxis xelSeSlamdgradobis 

gazrdis meTodebi modulaciis sxvadasxva meTodis 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 

alamoutis sivrciT-droiTi blokuri kodireba STBC, 2 gadamcemi da 

erTi mimRebi antenis magaliTze. Sedarebulia modulaciis 

sxvadasxva saxeebi arxis xelSeSlamdgradobis TvalsazrisiT. 

kerZod, QAM da QPSK modulaciebis upiratesoba BPSK 

modulaciasTan SedarebiT usadeno telekomunikaciebSi. mocemulia 

modelirebis Sedegebi alamoutis mier SemuSavebuli konfiguraciis 

mixedviT, ris safuZvelzec, Cvens mier SemuSavebuli konfiguraciis 

mixedviT Catarebulia modelireba. Sedegad miRebulia 

energetikuli mogeba 1 db arsebul modelebTan SedarebiT. 

aRsaniSnavia, rom Sedegebi miRebulia programa maTlabis 
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saSualebiT Catarebuli modelirebiT. 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. radiotalRebze moqmedi faqtorebis mier 

gamowveuli milevis Sesafaseblad ganxilulia dReisaTvis 

gamoyenebuli modelebi: okamura-hatas, uolfiS-ikegamisa da COST-

Hata-s modeli. gamoTvlebis Sedegebi iZleva garkveuli teritoriis 

dafarvisaTvis saWiro sabazo sadgurebis Semcirebis 

SesaZleblobas, e.i. ekonomiur 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 
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antennas (with different configuration of antennas). Hereby there is analyzed the 

algorithm of MIMO signal 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.   
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Sesavali 

problemis dasma da misi aqtualoba 

moZravi kavSiri warmoadgens telekomunikaciisaTvis 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. 

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 [1] 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                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
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asruleben informaciis mitanis funqcias wyarodan mimRebamde saWiro 

siCqariT, garantirebulad da usafrTxod [2]. 

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.  

radio teqnologiebis farTo danergvisaTvis xelSemSlel 

faqtors warmoadgens sixSiruli resursebis SezRuduloba, amitom 

gadacemis siswrafis gazrdisaTvis rCeba meore gza - speqtraluri 

efeqturobis gazrda. Tavis mxriv, speqtraluri efeqturobis gazrda 

moiTxovs mravalpoziciani amplituduri an fazuri modulaciebis 

gamoyenebas. am SemTxvevaSi ki sagrZnoblad mcirdeba gadacemuli 

signalis xelSeSlamdgradoba (energetikuli efeqturoba) [3]. 

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 
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qselebSi gadacemis siswrafe 100 mbit/wm (Downlink-mimarTulebiT 

qveviT), 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 upirvelesad unda warmoadgendes gadasacemi signalebis 

efeqturi kodirebis meTodebis Zebnas.  

maRalefeqtur mobilur teqnologiebSi amJamad gamoiyeneba da 

Semdgomi kvlevis procesSi imyofeba gadasacemi signalebis kodirebis 

mravali meTodi [1,2,3,4] romelTagan me-4 Taobis mobiluri 

teqnologiebisaTvis upiratesoba eniWeba turbokodirebas, sivrciT-

droiTi blokuri kodirebas, sivrciT-droiTi gisosisebri kodirebas, 

sivrciT-droiTi 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 [1,2]. 

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, algoriTmebis Teoriis, 

maTematikuri statistikisa da kompiuteruli modelirebis (Matlab-is 

gamoyenebiT) safuZvelze.  

kvlevebisaTvis sadisertacio samuSaoSi gamoyenebulia Semdegi 

maTematikuri aparatebi: ricxviTi meTodebis Teoria da wrfivi 
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algebra, telekomunikaciis Teoria, albaTobis Teoria da 

maTematikuri statistika, xelSeSlebamdgradi kodirebis Teoria [8]. 

 samuSaos samecniero 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(signalebis arawrfivi 

deteqtireba maqsimaluri miaxloebis kriteriumiT) meTodebis 

gamoyenebiT [9]. 

    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 meTodebis modifikaciebi gadacemis 

siCqaris  realizaciis sirTulesTan damokidebulebiT. 
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  3. damuSavebul sivrciT-droiTi kodebis MIMO sistemebSi gamoyeneba 

saSualebas iZleva kavSiris arxebSi Secdomis albaTobiT 510-3 

alamoutis algoriTmTan SedarebiT miRweuli iqnas energetikuli 

mogeba (0,81,0).db. 

  4. disertaciaSi miRebuli praqtikuli Sedegebi SeiZleba 

gamoyenebuli iqnas me-4 Taobis mobiluri qselebis proeqtirebis 

procesSi konkretuli radioarxebis dros gadacemis saWiro 

siCqaris misaRebad.  
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I Tavi 

3G Taobis mobiluri satelekomunikacio sistemebi 

mesame Taobis mobiluri sistemebis evolucia daiwyo 80-iani 

wlebis bolos, rodesac telekomunikaciis saerTaSoriso kavSiris 

radiokomunikaciis seqtoris kvleviTma jgufma - ITU-R-TG (International 

Telecommunication Unions Radiocommunication Sector Task Group) Camoayaliba 

moTxovnileba mesame Taobis mobilur radiosistemebze FPLMTS 

(Future Public Land Mobile Telekommunication System). msoflio 

administraciul radioteqnikur konferenciaze (1998 weli) FPLMTS –

Tvis gamoyofili iqna sixSiruli zolebi:  1885-2025 da 2110-2200 mhc. 

2000 wels abreviatura FPLMTS iqna Secvlili  IMT-2000-iT (International 

Mobile Telecommunication System – saerTaSoriso  mobiluri 

telekomunikaciuri kavSiris sistemebi) [10]. garda imisa, rom es 

sistema uzrunvelyofs momsaxurebas gadacemis siCqariT ramodenime 

kbit/wm-dan 2mbit/wm-mde, IMT-2000 gvTavazobs kavSiris 

uzrunvelyofas nebismier pirobebSi radiotalRebis gavrcelebiT, 

rogorc Senobis SigniT, ise gareT da moZrav obieqtebSi 

(avtomobilebSi, TviTmfrinavebSi da a.S.).  

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. [510] 

W-CDMA sistema gamoirCeva moqmedebis farTo zoniT 

gavrcelebis sxvadasxva pirobebSi da maRali gamtarunarianobiT. am 

sistemaSi sixSireebis ganawileba gamartivebulia gamoyofili 

sixSiruli diapazonis mravali mizniT gamoyenebis gamo. CDMA–s 
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dadebiT mxares warmoadgens mravalsxivian 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 [11].  

 

1.1. mobiluri sistemebi UMTS/IMT-2000 

3G Taobis mobiluri kavSiris teqnologiebi – momsaxurebaTa 

nakrebia, romlebic aerTianebs  rogorc maRalsixSirian mobilur 

miRwevas internetis qselis momsaxurebiT, aseve radiokavSiris 

teqnologias, romelic qmnis monacemTa gadacemis arxs [1]. 

mesame Taobis mobiluri kavSiri igeba monacemTa paketuri 

gadacemis safuZvelze. me-3 Taobis qselebi rogorc wesi muSaoben 

daaxloebiT 2ghc sixSireze, monacemTa gadacemis siCqariT 2 mbit/wm. 

isini organizacias ukeTeben videosatelefono kavSirs, 

satelevizio gadacemebis miRebas dabali xarisxiT. 

3G moicavs 5 standarts: IMT-2000(UMTS/WCDMA, CDMA2000/IMT-

MC, TD-CDMA/TD-SCDMA (CineTis sakuTari standarti), DECT da UMC-

136). msoflioSi ufro metad gavrcelebulia UMTS (an W-CDMA) da  

CDMA2000(IMT-MC), romlis safuZvelsac warmoadgens CDMA (mraval-

jeradi miRweva arxebis koduri dayofiT).  

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

gamoiyenos 3G gamoyofili sixSiruli speqtri, am diapazonSi 

ganlagebulia sistemebi DECT da PHS. sistemaSi gamoiyeneba rogorc 

sixSiruli dupleqsi (FDD) ise droiTi dupleqsi (TDD). sixSiruli 

dupleqsis dros gamoiyeneba sixSiruli zolebi 1920-1980 da 2110-2170 
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mghc,  FDD pirdapiri da ukukavSiris arxebiT informaciis sxvadasxva 

zolSi gadacemiT. amave dros sistemaSi TDD gamoiyeneba mxolod 

erTi zoli (nax.1.1). 

 

                                                          

                                      

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 siswrafe da simboloze bitebis raodenoba. es 

sistemas aZlevs saSualebas, rac SeiZleba produqtiulad 

gamoiyenos arxis gamtarunarianoba, anu gazardos efeqturobis 

maCvenebeli bit/wm/hc.  

cxr.1.1-Si moyvanilia UTRA/IMT-2000 sistemis ZiriTadi 

parametrebi.  

nax.1.1. speqtris ganawileba sistemaSi UTRA 

da IMT-2000 
2110 2025 2010 1980 1920 
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radiomiRwevis 
teqnologia 

FDD: DS-CDMA  

TDD: TDMA/CDMA 

miRebis are saTavsos SigniT da gareT, manqanaSi 

Cipuri gadacemis siCqare 

(megaCip. 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 siswrafe (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 

gamosxivebis  marTva 
simZlavriT  

Ria da daxuruli maryuJi 

gadasacemi signalis 
simZlavris dinamikuri 
diapazoni. 

80 db – pirdapiri arxi 

30 db _ uku arxi  

momsaxurebis gadacema prog. gadacema, sixS. mixedviT gadac. 

cxrili 1.1. 

UTRA/IMT-2000 sistemis ZiriTadi parametrebi 
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sistemebi UTRA/IMT-2000 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 [1].  

 sistemis gamarTuli muSaobisaTvis, rogorc ZiriTadi 

saTavsos pirobebSi SigniT ise saTavsos gareT, SidafiWuri 

asinqronuli marTva xdeba FDD reJimSi. amasTan, ar aris saWiro 

sinqronizaciis gare wyaroebi. Tumca TDD reJimSi fiWuri ujredis 

SigniT sinqronizacia 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 ISO/OSI (International Standardization 

Organization/Open Systems Interconnection) fizikur dones, SemoTavazebulia 

saerTaSoriso standartizaciis organizaciis ISO mier.  

 

                          1.2. fizikuri arxebi 

 satrnsporto arxebis organizaciisaTvis iyeneben fizikur 

dones, romelSic informacia warmodgeba ierarqiuli struqturis 

mqone kadrebis saxiT (nax. 1.2), rac msgavsia mravaljeradi miRwevis 

GSM sistemis struqturisa droiTi dayofiT. 
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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 salaparako kadris xangrZlivobas. es formati 

mosaxerxebelia mobilur sistemebSi videosaubrebis dasamyareblad 

[11,12].  

FDD reJimSi fizikuri pirdapiri arxi ganisazRvreba 

fsevdoSemTxveviTi mimdevrobiT (misamarTis kodiT) da sixSiriT.  

TDD reJimSi fizikuri arxi gansazRvrulia Tavisi 

fsevdoSemTxveviTi mimdevrobiT, sixSiriTa da droiTi intervaliT. 

1.3. speqtris gafarToveba da modulacia 

DS-CDMA (Direct Sequence CDMA) sistemis xarisxi SezRudulia 

intenferenciiT. [1] 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) .  

nax. 1.2. fizikuri arxis struqtura UTRA/IMT-2000  sistemebSi 



28 
 

 MAI-s urTierTintenferenciis Semcirebis mizniT da aseve 

xarisxis da gamtarunarianobis gaumjobesebis mizniT IMT-2000/UTRA 

sistemis fizikur arxs afarToeben ori sxvadasxva kodis 

gamoyenebiT: gafarToebis kodebiTa (spreading codes) da 

maskremblirebeli kodebiT (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 pirdapir arxSi, ise ukuarxSi fiWis ujredisaTvis, maSin 

roca “grZeli” kodebi specifiuria momxmareblebisaTvis da 

identuria pirdapir da ukuarxebSi. mravalmiRwevadi sistemebi 

cdma2000 koduri dayofiT, Zalian hgavs IS-95 standarts.  

W-CDMA - mravaljeradi farTozolovani miRweva koduri 

dayofiT radiointerfeisis teqnologiaa, romelic iyenebs or 

farTo zols – siganiT 5 mhc. 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 2 mbit/wm-

mde mokle manZilebze da 384 kbit/wm did manZilebze sruli 

mobilurobiT. aseTi sididis monacemTa gadacemis siCqaris miRweva 

iTxovs sixSiris farTo zols, amitom W-CDMA sixSiruli zolis 

sigane Seadgens 5 mhc [13]. W-CDMA perspeqtiulia qseluri 

resursebis gamoyenebis mizniT da globaluri 

urTierTSeTavsebadobisaTvis.  
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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. 

1.4.   3G  Taobis sistemebidan gadasvla 4G Taobis sistemebze 

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. saWiro 

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 infrastruqturebis 

asagebad. ar iqneba saWiro ZviradRirebuli sixSiruli zolis 

SeZena, ramdenadac misi didi nawili aralicenzirebulia. nax. 1.3.-ze 

naCvenebia arsebuli teqnologiebidan zogierTi, romelTac 

SeiZleba did gavlena hqondeT 4G Taobis sistemebze [14]. 

gacilebiT mniSvnelovania is, rom 4G teqnologia dainergeba 

TandaTan, arsebuli standartebis gamoyenebiT, sasargeblo 

gamocdilebis dagrovebiT da arsebuli standartebis mkveTri 

Secvlis gareSe [15].  
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DVB-T              
(digital) 

 

BLAST 

Smart 
antenanas 

Mikro-fuel  cells 

Bluetooth Software  

radio 

all - IP 

Optical  Wireless 

UWB 

WAP 

    Satellites 

Ad -hoc 

Turbo-code 

TD_SCDMA 

nax.1.3.  mobiluri kavSiris sistemebSi arsebuli da axali  
teqnologiebi. 

 OFDM WLAN – usadeno qselebi, orTogonaluri sixSiruli multipleqsirebis 

meTodis gamoyenebiT. 

DVB- T - cifruli miwiszeda satelevizio mauwyebloba; 

UWB- zefarTozolovani gadacemis teqnologia; 

TD-SCDMA- signalebis pirdapiri droiTi dayofis teqnologia droiTi  
multipleqsirebiT; 

Smart antennas – inteleqtualuri antenebi; 

BLAST- belis laboratoriaSi (aSS) Seqmnili sivrciTi multipleqsirebis 

 teqnologia; 

Software  radio – programuli radio; 

WAP-mobiluri miRweva internetSi; 

Turbo-code – turbokodebi; 

Bluetooth- monacemTa gadacemis ugamtaro teqnologia axlo manZilebisaTvis; 

Satellites - Tanamgzavrebi; 

Mikro-fuel cells- mikrofiWuri sistemebi; 
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4G sistemebi uzrunvelyofen monacemebis gadacemas 100 mbit/wm 

siCqariT. miuxedavad imisa, rom 4G sistemebTan damokidebulebaSi 

amJamad bevri gaurkvevlobaa, eqspertTa umravlesobis azriT, 4G 

sistemebis ZiriTadi gansakuTrebuloba imaSi mdgomareobs, rom 

isini uzrunvelyofen Tavisufal `gadaadgilebas’’ sxvadasxva 

standartebs Soris, aseve kompiuteruli qselebis, Tanamgzavruli 

kavSiris sistemebis, audio da video informaciebis mimocvlas 

momxmareblebs Soris da a.S. rac aucileblad gaxdis saWiros 

gamoyenebuli iqnas axali teqnologiebi da inteleqtualuri 

terminalebi. sxvadasxva telekomunikaciuri teqnologiebis 

SesaZleblobebis gamomsaxveli diagrama moyvanilia nax. 1.4.-ze. [16].   
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4G sistemebis gansakuTrebuli Taviseburebani: 

- moicavs mraval sxvadasxva tipis sistemebsa da mowyobilobebs; 

- Seicavs kavSirs manqana-manqana; 

- sxvadasxva biznes-danarTebs; 

- mobilobis, sixSiruli diapazonisa da momsaxurebis xarisxis    

(Q0S) protokolebis mravalsaxeoba; 

- saidumloeba da usafrTxoeba; 

- dinamiuri qseluri da sahaero interfeisebi; 

- moculobis gazrdis SesaZlebloba; 

- speqtris ufro metad efeqturi da dinamiuri gamoyeneba. 

4G sistemebisaTvis gamoyofili gadacemis siCqareebi SeiZleba 

miRweuli iqnas W-OFDM sqemis saSualebiT. lokaluri qselebis 

sqema farTozolovani orTogonaluri multipleqsirebiT da  

sixSiruli dayofiT W-OFDM (Wi-LEN’s Wideband Ortogonal Freeguency 

Division Multiplexing)–es aris sqema, romelic iZleva maRal sixSireebze 

monacemTa maRalsiCqariani kodirebuli nakadebis erTdrouli 

gadacemis saSualebas. es uzrunvelyofs did usafrTxoebas, 

gadasacemi monacemebis moculobis gazrdas da gamoyofili 

sixSiruli zolis ufro efeqturad gamoyenebas. cxril 1.2.-Si 

mocemulia 4G sistemebis ZiriTadi parametrebi, romlebic asaxaven 

gansxvavebas 3G da 4G sistemebs Soris. amJamad, W-OFDM teqnologia 

gamoiyeneba farTozolovan ugamtaro lokalur qseleSi WLAN. igi 

adaptirebulia mcire simZlavris mravalwertiliani qselebis 

realizaciisaTvis, uzrunvelyofs minimalur interferencias 

urTierTdakavSirebul qselebTan [17,18]. 
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W-OFDM teqnologiis damoukidebel arxebs SeuZliaT muSaoba 

erTi sixSiruli zolis farglebSi. aseve erTi da imave sixSirul 

diapazonSi muSaobis saSualebas aZlevs mravalwertilovan 

qselebsa da `wertili-wertili~ tipis magistralur sistemebs. OFDM 

sistema droiTi dayofiT (TDD) 512 qvegadamtaniT TDD sistemebiT da 

arxis sixSiruli zoliT 5 mhc, saSualebas iZleva miviRoT 

monacemTa gadacemis siCqare 8 mbit/wm stacionalur terminalebTan 

da 1 mbit/wm mobilur terminalebTan. amasTan, milevis koeficienti 

naklebia 20 db-iT, vidre W-CDMA–s realizaciis dros. cxadia, rom 

4G sistemebi bazirebuli iqneba miRwevis axal teqnologiaze. 

varaudoben, rom 4G sistemisaTvis 28 ghc sixSireTa diapazonSi 

gamoyofili da gamoyenebuli iqneba sixSiruli zolebi siganiT    

sixSiruli diapazoni  2-8 ghc 

sixSiruli zoli 5-20 mhc 

gadacemis siCqare 100 mbit/wm 

miRweva MC-CDMA(OFDM , CDMA-s 
gamoyenebiT)  

an OFDM 

Secdomebis pirdapiri 
Sesworeba, ganmeorebiTi 
gadacemis (FEC) moTxovnis 
gareSe 

jaWvuri kodirebis 
sqemebi 

gadarTva paketuri 

gadaadgilebis maqsimaluri 
siCqare 

200km/sT 

cxrili 1.2.  

4G sistemis ZiriTadi parametrebi 
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5-dan 20 mhc-mde. am speqtris nawili ukve gamoyenebulia, amitom, rom 

ar Seiqmnas sixSiruli ganlagebis problema, operatorebi 

mimarTaven gaqiravebas da TanamSromlobas. amasTan, metad 

mniSvnelovania, is rom ar dairRves SeTavseba arsebul 2G da 3G  

CDMA sistemebTan da uzrunvelyofili iqnas miRweva 

farTozolovan (Broadband Access Networks - BRAN) qselebTan, OFDM-is 

gamoyenebiT [19,20,21].  

 sistemis sixSiruli resursebis efeqturi gamoyenebisaTvis 

mimarTaven sixSireTa swraf da nel gadarTvas (naxtomebs). amasTan, 

ara aris aucilebeli, rom qvediapazonebi iyos erTnairi, rac 

iZleva saSualebas qvegadamtanebi warmodgenili iqnas 

viwrozolovani samsaxurebisTvis IS-95 tipis an CDMA sistemisaTvis 

mravali gadamtaniT. gadamtanebis ricxvi sakmaod didia da 

ganisazRvreba speqtris gafarToebis koeficientebis simravliT. 

tradiciul sistemebisaTvis  gamoyofili unda iyos rigi 

sixSiruli diapazonebisa. mravalmiRwevad sistemebs SeuZliaT 

gamoyofili sixSiruli diapazonis efeqturi gamoyeneba. magaliTad,  

teqnologiebi LAS (Large Area Synchronization) – CDMA xasiaTdeba  

sinqronizaciis didi diapazoniT da mravalmiRwevadobiT, koduri 

dayofiT, romelic iZleva monacemTa gadacemis saSualebas 5,53 mhc 

sixSirul zolSi da SesaZlebelia gamoyenebuli iqnas mravali 

momxmareblis mier erTdroulad. es teqnologia aerTianebs CDMA-

sa da TDD-s. amasTan ar saWiroebs sixSiruli diapazonis damatebas 

monacemTa gadacemis momsaxurebaTa axali saxeebis dasamateblad da 

bgeris gadasacemad. mocemuli teqnologia Tavsebadia IS-95, IS-41 da 

ugamtaro GSM sistemebTan. LAS-CDMA iyenebs speqtris gafarTovebisa 

da inteleqtualuri kodirebis axal teqnologiebs, spobs 

intenferencias, romelic warmoiqmneba adgilobrivi da mezobeli 

fiWebis signalebis gavleniT. saboloo Sedegi miiRweva  

korelaciis koeficientis gadacemiT. kodireba da speqtris 
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gafarToeba amcirebs intenferencias kodirebis ori donis 

gaerTianebiT, romlebic iwodeba LA da LS kodebad. gadacemis dros 

inteleqtualuri kodebis gamoyenebisas, sistema LAS-CDMA 

optimizacias ukeTebs speqtrs, rac zrdis miRebis efeqturobas. 

amasTan, xdeba monacemTa da salaparako Setyobinebebis dayofa [22]. 

  

1.5. daskvna 

1. 3G moicavs 5 standarts: IMT-2000(UMTS/WCDMA, CDMA2000/IMT-

MC, TD-CDMA/TD-SCDMA (CineTis sakuTari standarti), DECT da UMC-

136). msoflioSi ufro metad gavrcelebulia UMTS (an W-CDMA) da 

CDMA2000(IMT-MC), romlis safuZvelsac warmoadgens CDMA (mraval-

jeradi miRweva arxebis koduri dayofiT). aqedan upiratesoba 

eniWeba UMTS (an W-CDMA)-s. W-CDMA perspeqtiulia qseluri 

resursebis gamoyenebis mizniT da globaluri 

urTierTTavsebadobisaTvis. iyenebs sixSirul zols 5 mghc. 

2. 3G-dan 4G teqnologiebze gadasvlis dros gansakuTrebuli 

yuradReba eqceva multimediuri momsaxurebis uzrunvelyofas, 

iseTs, rogoricaa telekonferencia da ukabelo interneti. saWiro  

xarisxi am dros 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 didi danaxarjebi axali 

mowyobilobebis asagebad, ar iqneba saWiro ZviradRirebuli 

sixSiruli zolis SeZena, ramdenadac misi didi nawili 

aralicenzirebulia. 
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II Tavi 

kodirebis meTodebi 3G -4G Taobis mobilur sistemebSi 

 

3G Taobis mobiluri kavSiris sistemebi uzrunvelyofen qselis 

abonentamde cifruli nakadis miyvanis siswrafes 2mbit/wm. 

amasTanave, sxvadasxva SezRudvebis arsebobis gamo, kerZod 

dopleris efeqtis arsebobis gamo moZrav terminalebTan, romelTa 

gadaadgilebas siCqare aRemateba 100-120km/sT-Si, abonentTan 

miyvanili informaciis siCqare SemoisazRvreba 380kbit/wm-iT. rac 

Seexeba 4G Taobis sitemebs aq informaciis siCqare miyvanili 

abonentamde arsebuli standartebiT unda Seadgendes 20 mbit/wm-s 

da mets. aseTi maRali siCqariT informaciis miyvanas win udgas 

uamravi winaaRmdegoba rac gamoixateba zemaRal sixSireebze (1 ghc-

ze zeviT) radiotalRebis swraf milevaSi qalaqis teritoriaze, 

didi raodenobiT winaaRmdegobebis arsebobis gamo, rac iwvevs 

areklili e.w. eqo signalebis did simravles, Semdeg simboloebSi 

did intenferenciebs da a.S. am winaaRmdegobebis dasaZlevad 

yvelaze swori midgomaa xelSeSlebamdgradi kodireba-dekodirebis 

gamoyeneba. amasTanave, kodirebis arsebuli algoriTmebi, romlebic 

kargad muSaobdnen arxebSi signal/xelSeSlis fardobis maRali 

mniSvnelobebis pirobebSi, cud Sedegebs iZlevian, arxebSi 

signal/xelSeSlis fardobis SedarebiT dabali  

mniSvnelobebisaTvis. amasTanave, zemaRali sixSiris arxebSi ufro 

mkveTrad aris gamoxatuli e.w. miyuCebis procesebi, romelTaTvisac 

saWiroa mis gasaneitraleblad saWiro efeqturi kodirebis  

meTodebis gamoyeneba. yvela axali midgoma xelSeSlebamdgradi 

kodirebisadmi gamoixateba iseTi axali kodirebis sistemebis Seqmna-

gamoyenebaSi, rogorebicaa turbokodireba, sivrciT-droiTi 
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blokuri kodireba, sivrciT-droiTi gisosisebri kodireba, sivrciT-

droiTi kodireba sferuli dekodirebiT da sxva [23,24,25].  

 cxadia, sivrciT-droiTi kodirebebi ZiriTadi meTodebia iseT 

axal sistemebSi, rogorebicaa MIMO sistemebi, orTogonalur-

sixSirul OFDM multipleqsirebasTan erTad. saerTod, yvela saxis 

kodireba gamoyenebuli 4G Taobis sistemebSi (nawilobriv 3G Taobis) 

dafuZnebulia kaskadur kodirebaze, roca saarxo signali 

informaciis wyarodan mimRebamde gadacemiis procesSi ganicdis 

mimdevrobiT ramodenime kodireba-dekodirebis operacias. amis 

naTeli magaliTia turbokodireba, romelic faqtiurad warmoadgens 

xvevadi kodirebis kerZod, RSC rekursiuli sitematuri xvevadi 

kodirebis nairsaxeobas. mobiluri kavSiris qselebSi, 

radioarxebisaTvis damaxasiaTebeli xelSeSlebis, arxebs Soris 

urTierTxelSeSlebisa da mravali sxva faqtoris gamo adgili aqvs 

gadasacemi Setyobinebebis damaxinjebas. mis winaaRmdeg gamoiyeneba 

xelSeSlebamdgradi kodireba, romelic gadasacemi Setyobinebis 

sinamdvilis amaRlebis efeqturi saSualebaa. yvela cnobili kodebi 

SeiZleba daiyos or jgufad: blokuri kodebi, romlebSic kodireba 

da dekodireba xorcieldeba blokis (koduri kombinaciis) 

sazRvrebSi da uwyveti kodebi, romelTa gamoyenebisas kodireba da 

dekodireba warmoebs uwyvetad, blokebad dayofis gareSe. uwyvet 

kodebs Soris gansakuTrebuli yuradReba eqceva xvevad kodebs.  

 

2.1. kodireba pirdapir arxSi  (sabazo sadguridan – mobilur 

sadguramde  BS-MS) 

kodireba pirdapir arxSi mimdinareobs uolSis kodis 

saSualebiT, romelic zrdis informaciuli nakadis siswrafes 
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9,6kbit/wm–dan 1,2288 mbit/wm–mde. sabazo sadguris gadamcemis mier 

signalis formirebaSi monawileobs rigi mowyobilobebisa:  

_ bgeriTi koderi, romelsac miewodeba metyvelebis signali. 

magaliTad,  CDMA sistemis arxebis saSualebiT bgeriTi signalis 

gadasacemad gamoiyeneba vokoderebi wrfivi winaswari 

winaswarmetyvelebiT da koduri aRgznebadobiT (CELP – Code Excited 

Liner Prediction). Semomavali cifruli nakadi iyofa 20 mwm sigrZis 

paketebad da miewodeba xvevad koders. 

_ xvevad koderis gamosasvlelze bitebis ricxvi ormagdeba da 

Sesabamisad  ormagdeba informaciuli nakadis siswrafe. 

_ gadajvaredinebis bloki, romlis daniSnulebaa radioarxSi 

arsebul  Secdomebis paketebTan brZola.  

_ Sifratori, arasanqcirebuli mosmenisagan dasacavad. am dros    

informacias emateba  42 biti  sigrZis Ffsevdomimdevroba (niRabi), 

romlis  codna  aucilebelia dekodirebisaTvis mimReb mxareze. 

_ modulaciis bloki, romlis gamosasvlelze Camoyalibda 

gadasacemi radiosignali. 

sabazo sadguris gadamcemis mier signalis formirebis 

mowyobilobis erT-erT ZiriTad bloks warmoadgens xvevadi koderi. 

mis gamosasvlelze bitebis ricxvi ormagdeba (r=1/2) da Semavali 9,6 

kbit/wm siCqaris dros gamomavali siCqare tolia 19,2 kbit/wm. [1,24]. 
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2.2. 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 [25].  

xvevadi kodis sxva maxasiaTebels warmoadgens kodis 

konstruqciuli sigrZe K, romelic gansazRvravs gamosasvleli 

bitebis im maqsimalur raodenobas koderis mocemul 

gamosasvlelze, romelzedac gavlenas axdens Sesasvleli biti. 

                                             K= 1+ maxp (Mp). 

aq 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:    

  

 

(2.1.) 
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praqtikaSi Cveulebriv iyeneben xvevad koderebs erTaderTi 

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

indeqsi p  Cveulebriv gamoitoveba [1, 22, 25]. 

magaliTisaTvis, nax. 2.1-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.2.1.-ze 

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

sadac 8 niSnavs rvaobiT warmodgenas [2].                                                                                                                                                                                                                                                                                                                                                                                                                

 

 

 

 

 

 

xvevadi kodebis gamoyenebiT aigeba turbokoderebi. 

 

2.3. turbokodis koderi 

bolo wlebSi mobilur sistemebSi gamoiyeneba xvevadi 

kodirebis gaumjobesebuli varianti - turbokodireba. xvevadi 

kodirebis mniSvnelovan upiratesobas blokur kodebTan mimarTebaSi 

warmoadgens misi Tviseba ebrZolos paketur Secdomebs. amave 

amocanas emsaxureba bitebis gadanacvleba (gadajvaredineba) 

gadacemis dros (ukugadajvaredineba mimReb mxareze). pirdapir 

D D 

xi
(1) 

ui
 xi

 

xi
(0) 

nax. 2.1. xvevadi kodis koderi. 
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arxSi kodirebis operaciebis zemoT moyvanil (§2.1.) CamonaTvalSi 

SeiZleba gadanacvlebisa da xvevadi kodirebis operaciebs adgilebi 

SevucvaloT da miviRebT e.w. turbokoders, romlis erT-erTi 

varianti moyvanilia nax. 2.2.-ze. mocemuli koderi warmoadgens ori 

rekursiuli sistematuri xvevadi koderis paralelur SeerTebas, 

ramdenadac maTi gamoyeneba iZleva dabali wonis koduri sityvebis 

(romelic gansazRvravs turbokodis efeqturobas) raodenobis 

mniSvnelovnad Semcirebis saSualebas.  

turbokoderis muSaobis principi mdgomareobs SemdegSi: 

pirveli RSC-koderis Sesasvlelze rigrigobiT xvdeba 

informaciuli blokis ui bitebi. bitebis mniSvneloba xi
(0)  

turbokoderis sistematur gamosasvlelze emTxveva Semavali bitebis 

mniSvnelobas. pirveli RSC-koderis Semmowmebel gamosasvlelze 

formirdeba pirveli Semmowmebeli bitebi xi
(1). meore RSC- koderis 

Sesasvlelze xvdebian informaciuli bitebi, romelTa nomrebic 

ganisazRvreba gamoyenebuli bitebis gadanacvlebis mowyobilobiT. 

sabolood, Semmowmebel gamosasvlelze miiRebian meore 

Semmowmebeli bitebi xi
(2) . 
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mTeli informaciuli blokis kodirebis Semdeg erT an yvela 

Semadgeneli koderis Sesasvlelze SeiZleba miewodos ramdenime 

damatebiTi bolo biti, romlebic aiZuleben maT daamTavron muSaoba 

nulovan mdgomareobaSi. turbokoderis gamosasvlelidan 

modulatorze xvdebian erTi informaciuli biti pirveli RSC-

koderis  sistematuri gamosasvlelidan da ori Semmowmebeli biti. 

sabolood, turbokoderis koduri siCqare r aRmoCndeba 1/3 –is toli 

[27, 28]. 

aRweril turbokodebTan erTad gamoiyeneba perforirebuli 

kodebi, romlebSic rigrigobiT gamoiyeneba Semmowmebeli bitebi xan 

pirveli xan meore RSC – koderidan. amasTan, kodis siCqare r izrdeba 

½1/2 –mde.  

bitebis 

gadajvare-

dinebis 

mowyobil. 

D D 

D D 

pirveli RSC koderi 

meore RSC koderi 

xi
(2) 

xi
(1) 

xi
(0) 

ui
 

nax. 2.2 . turbokoderis sqema 
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2.4. turbokodis dekoderi 

kodirebis principis axsnidan cxadia, rom dekodirebis dros 

turbokodis koduri sityva SeiZleba daiyos ramodenime kodur 

blokad. am blokebis informaciuli nawilebi gadanacvlebis 

mxedvelobaSi miRebiT identuria. rac saSualebas iZleva 

gamoyenebuli iqnes ori koderi. TiToeuli maTgani awarmoebs Tavisi 

koduri blokis dekodirebas. ise, rogorc koduri blokebis 

informaciuli nawilebi erTnairia, aseve dekodirebuli informacia 

pirveli (meore) dekoderisa SesaZlebelia gamoyenebuli iqnas 

apriorul informaciad meore (pirveli) koderisaTvis, dekodirebis 

Sedegebis mravalmxrivi dazustebis mizniT. swored amaSi 

mdgomareobs turbokodis iteraciuli dekodirebis principi. 

turbodekoderis agebis principi mocemulia nax.2.3.-ze. dekoderi 

warmoadgens 2 elementaruli dekoderis kaskadur SeerTebas. 

TiToeuli maTgani iRebs gadawyvetilebas dekodirebuli 

simboloebis Sesaxeb, aposterioruli sinamdvilis kriteriumis 

maqsimumis MAP(Maximum A-Postereriory) safuZvelze. es uzrunvelyofs 

TiToeuli bitis SecdomiT dekodirebis sinamdvilis minimums.  
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2.5.  turbokodebis gamoyeneba arxebSi aditiuri TeTri xmauriT da 

orobiTi fazuri modulaciiT 

turbokodebis maxasiaTeblebze moqmedeben bevri faqtorebi: 

- dekodirebis algoriTmebi; 

- iteraciebis raodenoba dekodirebis dros; 

- gadajvaredinebis tipebi; 

- kadris zoma (gadajvaredinebis zoma); 

- warmomqmneli polinomebi  da a. S.   

 

nax. 2.4.–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/xelSeSla gacilebiT ukeTes Sedegs iZleva [29,30].   
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nax. 2.5. naCvenebia, rom yvela Semmowmebeli bitis gadacema iZleva 

saSualebas miviRoT mogeba 0.6 db., rodesac Secdomis albaToba 

PPb=10
-4

. 
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nax.2.6.–ze moyvanilia dekodirebis sxvadasxva algoriTmebis 

gamoyenebis dros turbodekoderebis Sedareba. mrudi Log-MAP 

(zusti) warmoadgens dekoderis maxasiaTebels. aseve Cans, rom  

MAX-Log-MAP da SOVA  dekodirebis algoriTmebi iZlevian uares 

Sedegs MAP - Tan da Log-MAP algoriTmTan SedarebiT. 
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  MAP -  Maximum A posteriori Probability – aposterioruli sinamdvilis  

           maqsimumi.  

Log-MAP – logariTmuli aposterioruli sinamdvilis maqsimumi.  

SOVA – Soft Output Vitebri Algorithm – vitebris algoriTmi rbili 

      gamosasvleliT.  

 

nax.2.7.-ze naCvenebia, Tu ra gavlenas axdens kadris sigrZe 

turbokodis maxasiaTebelze.  



48 
 

 

naxazidan Cans, rom rac ufro metia kadris sigrZe, miT ufro 

izrdeba turbokodis efeqturoba.  

nax. 2.8.-ze moyvanilia turbokodis maxasiaTeblebi siCqariT 1/2 da 

bitebis gadamajvaredinebeli kodis sigrZiT L=1000 releis 

sxvadasxva arxebSi. naxazidan Cans, rom gacilebiT ukeTesi Sedegi 

miiReba mTlianad gadajvaredinebuli relies arxisaTvis 

korelaciis ararsebobis dros milevis koeficientis mimdevrobebiT 

mniSvnelobebs Soris. viwrozolovani relies arxi xasiaTdeba 

normalizebuli dopleris wanacvlebiT. fd Ts <2,44 · 10
-4 

(sixSireze 1,9 

gghc, gadacemis siCqaris dros 360kbit/wm, gadaadgilebis siCqaris 

dros – 50km/sT). 
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2.6. daskvna 

1. turbokodebis gamoyeneba iZleva mniSvnelovnad ukeTes 

Sedegebs vidre ubralo xvevadi kodebi. es gansakuTrebiT 

SesamCnevia relies da gausis arxebSi signal/xelSeSlis dabali 

fardobiT da orobiTi fazuri modulaciis dros. amitom ITU-s 

axal standartebSi, romlebic 3G da 4G Taobebis mobiluri 

komunikaciebisaTvis iqmneba, farTod gamoiyeneba kvlevis Sedegebi 

kodirebis am mimarTulebiT.  
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2. turbokodireba sakmaod axali da mZlavri Secdomebis 

makoreqtirebeli saSualebaa, romelic SesaZleblobas iZleva, rac 

SeiZleba metad mivuaxlovdeT arxis gamtarunarianobas. amitom 

gamoiyeneba kavSiris yvela sistemaSi, kerZod - kosmosur, 

Tanamgzavrul da fiWuri kavSiris CDMA(Code Division Miltiple Access) 

da OOFDM (Ortogonal Frequency Division Multiplexing) sistemebis 

arqiteqturaSi, rac zrdis monacemTa gadacemis sinamdviles. 

 3. moZravi kavSiris 3G da Semdgomi Taobis sistemebSi 

sistemebSi turbokodebi muSaoben ukeTesad, vidre adre cnobili 

kodirebis sqemebi, amitom isini ukve Setanilia an Sedis 

informaciis Senaxvisa da gadacemis axal standartebSi. 

turbokodebis gamoyenebis Sedegad miRebuli energetikuli mogeba 

SeiZleba gamoyenebuli iqnas gadacemis tevadobis gazrdisa da 

gatarebis zolis ekonomiisaTvis, rac arsebiTad amcirebs monacemTa 

gadacemis sistemebis Seqmnisa da eqspluataciis Rirebulebas. 
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III Tavi 

sivrciT-droiTi kodebi gadacemis maRali siswrafis mqone 

4G Taobis mobilur sistemebSi. 

 

 rogorc viciT, maRali siCqariT informaciis gadacemas win 

udgas uamravi winaaRmdegoba, rac iwvevs areklili e.w. eqo 

signalebis did simravles, Semdgom simboloebSi did 

intenferenciebs da a.S. yvela am winaaRmdegobis dasaZlevad 

yvelaze swori midgomaa xelSeSlebamdgradi kodireba-dekodirebis 

gamoyeneba. zemaRali sixSiris arxebSi ufro mkveTrad aris 

gamoxatuli e.w. miyuCebis procesebi, romelTa gasaneitraleblad 

saWiroa kodirebis  meTodebis gamoyeneba. yvela axali midgoma 

xelSeSlebamdgradi kodirebisadmi gamoixateba iseTi axali 

kodirebis sistemebis Seqmna-gamoyenebaSi, rogoricaa sivrciT-

droiTi blokuri kodireba da sivrciT-droiTi gisosisebri 

kodireba. 

sivrciT-droiTi kodirebis dros, gadamcemze gamoiyeneba 

mravalricxovani antenebi. simboloebis sivrciT da droiTi 

kodireba SeiZleba gamoyenebuli iqnas koduri mogebisa da 

gancalkevebis mogebis misaRebad. koduri mogeba gansazRvrulia, 

rogorc signal/xmauris damokidebulebis Semcireba, romelic 

SeiZleba iqnas realizebuli kodis gamoyenebis xarjze. mogeba 

gancalkevebiT aris xarisxis gaumjobeseba, romelic SeiZleba 

miRweuli iqnas sistemaSi gancalkevebis gamoyenebiT. nax.3.1.–ze 

mocemulia tipiuri koduri mogeba da mogeba gancalkevebiT. 
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Y RerZze ganTavsebulia Per  Secdomis albaToba, X–ze 

signal/xmauris 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. 

aseTi kodebis didi upiratesoba gamoixateba didi xvedriTi 

siCqaris miRebis SesaZleblobaSi (biti/wm/hc), rogorc es nax. 3.2.-zea 

naCvenebi. ase, magaliTad, signal/xelSeSlis fardobis 

mniSvnelobisaTvis 10 db SesaZlebelia miRebuli iqnas gadacemis 

xvdriTi siCqare 4bit/wm/hc (Secdomis albaTobisaTvis PSec = 0,1). 

 

Per 

  

   Y 

X     SNR 

mogeba 

gancalkevebiT  
koduri

mogeba 

nax. 3.1. koduri mogeba da mogeba 

gancalkevebiT. 
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3.1. sivrciT-droiTi blokuri kodireba 

 uaxloes aTaswleulSi monacemTa gadacemis siCqare miaRwevs 

100mbit/wm – 1gbit/wm, xolo aseTi sistemebis momxmarebelTa ricxvi 

gadaaWarbebs 2 miliard adamians (LTE-Long Term Evolution) [2].  

gansakuTrebiT mniSvnelovan Sedegebs, romlebic gadamwyvet rols 

asruleben aseT zrdadobaSi, warmoadgens kavSiris sistemebi MIMO 

antenebiT. gadamcemi da mimRebi antenebis gaSla afarTovebs 

gadacemis arxs. informaciis Teoria, saSualebas iZleva 

ganisazRvros aseTi arxebis gamtarunarianoba. amasTan, am 

SesaZleblobebis realizacia moiTxovs signalebis damuSavebis 

axal algoriTmebs. did interess iwvevs damuSavebis meTodebi, 

romlebic aerTianebs saarxo kodirebasa da modulacias, aseve 

iZleva mniSvnelovnad did speqtralur efeqturobas, romelic 

nax. 3.2. xvedriTi siCqaris damokidebuleba   

signal/xmauris fardobaze 2 gadamcemi da 2 

mimRebi antenis SemTxvevaSi. 

           2 gadamcemi da 2 mimRebi antenisaTvis 
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gamoiyeneba mravalricxovan gadamcem antenebSi. mniSvnelovan rols 

milevis mqone arxebSi signalis gadacemis dros asrulebs 

gamtarunarianoba, swored amis gamo mimReb mxares SesaZlebelia 

gadacemuli signalis ramdenime aslis miReba, maSinac ki, roca 

zogierTi am signalebidan mniSvnelovnad Sesustebulia. signalebis 

gancalkevebis meTodebs Soris arCeven: droiT, sixSirul, saanteno, 

polarizebul an sivrciTi gancalkevebis meTodebs [3].  

 sivrciT saanteno gancalkevebis dros gamoiyeneba 

gancalkeveba rogorc gadamcem, aseve mimReb mxareze. SemdgomSi 

ganvixilavT meTodebs, romlebSic erToblivad gamoiyeneba 

gancalkevebebi signalebis gadacemisa da miRebis dros. maTi 

gamoyeneba dakavSirebulia informaciuli teqnologiebis 

ganviTarebasTan kavSiris mravalanteniani sistemebisaTvis. sivrciT-

droiTi blokuri kodebi, informaciis gadacemis sxva sqemebTan 

SedarebiT, iZleva mniSvnelovan upiratesobas monacemTa gadacemis 

siCqaris zrdaSi. Ggadacemis sxva meTodebisagan igi gamoirCeva 

maRali xarisxobrivi maCveneblebiTa da dekodirebis gacilebiT 

martivi algoriTmiT, rac ufro sainteresos xdis gamokvlevisaTvis 

sivrciT-droiT blokur kodebs. nax. 3.3.–ze naCvenebia G2, G3, G4, 

kodebis maxasiaTeblebi, erTi mimRebi antenis SemTxvevaSi, 

sxvadasxva saxis modulaciis gamoyenebis dros.  
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QPSK-   Quaternary Phase-Shift Modulation – kvadraturuli fazuri  

          modulacia 

BPSK-    Binary Phase-Shift Keying – orobiTi fazuri manipulacia 

 

nax. 3.4.-ze naCvenebia ori mimRebi antenis SemTxvevaSi Secdomis 

albaTobis damokidebuleba signal/xelSeSlis fardobaze 

modulaciis sxvadasxva saxis dros.  

 

nax. 3.3. sivrciT-droiTi G2,G3,G4  kodebis maxasiaTeblebis 

Sedareba 1 bit/wm gamtarunarianobiT erTi mimRebi antenis 

gamoyenebiT arxebisaTvis arakorelirebuli releuri mileviT.   
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nax. 3.5.-ze naCvenebia maxasiaTeblebis Sedareba 3kbit/wm gadacemis 

siCqariT erTi mimRebi antenis SemTxvevaSi, sxvadasxva modulaciis 

dros.  

 

nax. 3.4. sivrciT-droiTi G2,G3,G4  kodebis maxasiaTeblebis 

Sedareba 1 bit/wm gamtarunarianobiT ori mimRebi antenis 

gamoyenebiT arxebisaTvis arakorelirebuli releuri mileviT.   
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QAM - Quaternary Amplitude Modulation – kvadraturuli amplituduri 

          manipulacia. 

 

nax.3.6.–ze naCvenebia 3kbit/wm gadacemis siCqariT, ori mimRebi 

antenis SemTxvevaSi, sxvadasxva modulaciis dros. Tu SevadarebT 

sistemas erTi mimRebi anteniT, Cans, rom G3 da G4 sivrciT-droiTi  

kodebis xarisxi gauaresdeba 10-5 is dros. 

nax. 3.5. sivrciT-droiTi G2,G3,G4,H3,H4  kodebis maxasiaTeblebis 

Sedareba 3 bit/wm gadacemis siCqariT erTi mimRebi antenis 

gamoyenebiT arxebisaTvis arakorelirebuli releuri mileviT.   
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3.2. sivrciT-droiTi gisosisebri kodebi 

 moZravi kavSiris sistemebis ganviTarebis erT-erT ZiriTad 

mimarTulebas warmoadgens mravalanteniani sistemebis gamoyeneba.  

aseT sistemebSi informaciis gadacemis siCqarisa da 

xelSeSlebamdgradobis amaRlebas emsaxureba signalebis sivrciT-

droiTi damuSaveba. Cvens mier ganxiluli sivrciT-droiTi kodebis 

meore saxeobas warmoadgens gisosebri kodebi. maT aqvT maRali 

xarisxobrivi maCveneblebi, magram amasTan dekodirebis didi 

nax. 3.6. sivrciT-droiTi G2,G3,G4,H3,H4  kodebis maxasiaTeblebis 

Sedareba 3 bit/wm gamtarunarianobiT ori mimRebi antenis 

gamoyenebiT arxebisaTvis arakorelirebuli releuri mileviT.   
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sirTuliT gamoirCeva. am kodebis damuSaveba iseTive rTuli 

amocanaa, rogoric xvevadi kodebis damuSaveba, romlisaTvisac 

Zebnis saukeTeso meTodi gadarCevaSia.  

 sivrciT-droiTi gisosisebri kodebi iyeneben xvevad kodebs 

gadacemis korelaciis signalebis nakadSi Sesayvanad. am kodebma 

aCvenes radiokavSiris sistemebSi informaciis gadacemis xarisxis 

mniSvnelovani mogeba, magram es xdeba dekodirebis sirTulis 

gazrdis xarjze, gadamcemi antenebis ricxvisa da gisosis 

mdgomareobis gazrdis saSualebebiT. 

 ganvixiloT sivrciT-droiTi gisosisebri kodis 

funqcionirebis sqema sruli gancalkevebis misaRwevad antenebis 

nebismieri raodenobis dros. am sqemas ewodeba gancalkeveba  

dayovnebiT. radgan signalebis dayovnebuli, erTi da igive 

informaciis matarebeli aslebi  gadaicema ramodenime anteniT   

nax. 3.7.  
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 Tu dayovneba yvela mimarTulebiT erTnairia, maSin arxi neli 

miyuCebebiT gardaiqmneba arxad simboloTaSorisi intenferenciebiT. 

radgan gadacemis koeficientebi SemTxveviTia, amitom mTeli arxi 

aris SemTxveviTi. intenferenciebiT cnobilia, rom maqsimaluri 

msgavsebis mimdevrobiT Semfasebels (viterbis dekoderi) aseT 

sistemebSi SeuZlia signalebis optimaluri dekodireba, rac 

SesaZlebels xdis gancalkevebis sruli mogebis miRwevas. 

ramdenadac gancalkevebis mogeba warmoadgens gameorebiTi 

kodirebis saxes, warmoiqmneba kiTxva: SesaZlebelia Tu ara 

gamoyenebuli iqnas ukeTesi saarxo kodebi, vidre gavimeoroT 

arsebuli kodebi. es sakiTxi warmoadgens sivrciT-droiTi 

gisosisebri kodirebis gamoyenebis ZiriTad ideas.  

               

3.3.  MIMO teqnologiis Tavisebureba da misi 

SesaZleblobebi 

 

MIMO teqnologia (Sesasvlelebis simravle-gamosasvlelebis 

simravle) iZleva arxis xelSeSlebamdgradobis mniSvnelovanad 

gazrdis saSualebas. e.i. xdeba SecdomiT miRebuli bitebis 

raodenobis Semcireba, monacemTa gadacemis siCqaris Semcirebis 

gareSe signalebis mravalsxiviani gavrcelebis pirobebSi. MIMO 

teqnologiis upiratesoba dakavSirebulia ramodenime antenis 

gamoyenebasTan. 

aRniSvna MIMO aerTianebs  mTel rig teqnologiebs: 

- inteleqtualuri antenebis gamoyeneba (intelligent antennas), 

romelic iZleva monacemTa gadacemis viwro mimarTulebis 

formirebis saSualebas, spobs xelSeSlebis Semawuxebel moqmedebas, 
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maTi kompensaciis xarjze mimReb mowyobilobaSi. es teqnologia ara 

marto amaRlebs kavSiris arxis  xelSeSlebamdgradobas, aramed 

zrdis speqtris gamoyenebis efeqturobas paralelur sxivebad 

monacemTa gadacemis xarjze; 

- sivrciT-droiTi kodirebis gamoyeneba (Space-Time Coding-STC); 

- arxebis polarizebuli dayofis gamoyeneba, signalebis 

polarizebuli dayofa. 

MIMO teqnologiis yvela saxeoba mimarTulia erTi miznisaken 

– kavSiris qselebSi monacemTa gadacemis siCqaris pikuri gazrda 

xelSeSlamdgradobis gaumjobesebis xarjze. monacemTa gadacemis 

siCqaris gazrdis fizikuri azri SeiZleba gavigoT Senonis 

formulis saSualebiT. erTsxiviani arxisaTvis SISO (Single Input  Single 

Output) samarTliania gamosaxuleba 

CSISO =fglog2(1+S/N)                              (3.1) 

sadac fg – signalis speqtris siganea, S/N – damokidebuleba 

signal/xmauri, CSISO- monacemTa gadacemis pikuri siCqare fg  da S/N 

monacemebis dros.  

 monacemTa gadacemis siCqaris Semdgomi gazrda SesaZlebelia 

signalis speqtris gafarToebiT, signal/xmauris fardobis gazrdiT 

da aseve mravalpoziciuri signalebis gamoyenebiT. MIMO 

teqnologiis gamoyenebisas monacemTa gadacemis pikuri siCqare 

ganisazRvreba gamosaxulebiT. 

CMIMO =Mfglog2(1+S/N)                                  (3.2) 

 aq parametri M damokidebulia MIMO-s konfiguraciaze: 

MM=min{Mgad,MmimR}, sadac Mgad  - gadamcemi antenebis raodenobaa,        

MmimR – mimRebi antenebis raodenoba.  
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mag, kavSiris sistema antenuri sistemebiT, romelTa Mgad=2, 

MmimR=3(konfiguracia 2x3) an Mgad=2 , MmimR= 4. (konfiguracia 2x4), 

eqvivalenturia sistemis, signalebis or sivrciani nakadiT, 

amgvarad, M=2. monacemTa gadacemis siCqare MIMO teqnologiis 

gamoyenebisas wrfivad izrdeba antenebis raodenobis zrdasTan 

erTad. 

MIMO teqnologiis arasimetriuli antenuri konfiguraciis 

SemTxvevaSi (mag, 1x2  an 2x1) monacemTa gadacemis siCqares Cgad/mimg aqvs 

logariTmuli saxe. 

                  Cgad/mimg= fglog2(1+M(S/N))                              (3.3) 

     MIMO teqnologiam  didi gavrceleba hpova sivrciT-droiTi 

kodirebis safuZvelze STC, romelic gamoiyeneba 3GPP standartis 

qselebSi, magaliTad, usadeno farTozolovani miRwevis IEEE 

qselebSi (Wi-Fi-802.11n, WiMAX – 802.16-2004 da 802.16e). 

 sivrciT-droiTi kodirebis STC algoriTmis gamartivebuli 

sqema mocemulia nax.3.8-ze aq naCvenebia monacemTa gadacema ori 

anteniT. 

 

 

  

 

 

 

kavSiris sistemebi, romlebic ar muSaoben MIMO teqnologiiT, 

rogorc wesi iyeneben arxebis sixSiruli dayofis meTods. maTgan 

gadamce-

mi   010 

  110 

  010110   010110 

  010 

  110 

mimRebi 

nax. 3.8. STC algoriTmis gamartivebuli   

sqema 
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gansxvavebiT kavSiris sistemebs, romlebic agebulia MIMO 

teqnologiaze sivrciT-droiTi kodirebiT, aqvT erT sixSireze 

momuSave kavSiris arxebis simravle. 

 sivrciT-droiTi STC kodirebiT MIMO teqnologiis ZiriTadi 

amocanaa sxvadasxva arxis signalebis dayofa da gamarTva. am 

SemTxvevaSi kavSiris xazis modeli (radiosignalis gavrceleba) 

warmadgens matricas (nxn)-H, romlis elementebsac warmoadgenen 

arxis gasdacemis kompleqsuri koeficientebi (mTavari diagonalis 

hii elementebi iwodebian pirdapir koeficientebad, danarCeni hij-

iribad). gadamcemi antenis signalis veqtori aRiniSneba d 

simboloTi, xolo mimRebis – r-iT (sadac   r aris  nx1 veqtoris sidide, 

xolo n – mimRebi antenebis raodenoba).   

 kavSiris sistemebisaTvis, romlebic muSaoben MIMO 

teqnologiiTa da sivrciT-droiTi kodirebiT, miRebulia toloba. 

r =Hd+n                                     (3.4.) 

sadac n aris (nx1) aditiuri xmauris veqtoria.  

qselis fizikuri arxebis formirebis sqema MIMO teqnologiis 

Tanaxmad mocemulia nax. 3.9-ze. 

   

                          

 

 

 

 

 

h11 

nax. 3.9.  qselis fzikuri arxebis formirebis sqema 

MIMO teqnologiiT 

 

 

sivrciT-

droiTi 

koderi 

 

 

sivrciT-

droiTi 

dekoderi 
hMmim Mgad 

h21 

h2Mgad 

hM1mim 

h22 
h12 

hM2mim 
h 1Mgad 

d1 

d2 

dMgad 

r1 

r2 

rMmim 

r H d 
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H matricis codna aucilebelia signalebis damuSavebis 

algoriTmisaTvis mimReb mxareze. sivrciT-droiTi arxebis gadacemis 

kompleqsuri koeficientebi (fedingi), matricaSi H ganisazRvrebian 

mimReb mxareze winaswar cnobili mimdevrobis gadacemiT. mimReb 

mxareze gazomili arxis miyuCebebis mniSvnelobebi SeiZleba 

gagzavnil iqnas gadamcemi mowyobilobisaken, kodirebisaTvis 

gamosayeneblad, rac damatebiT amaRlebs MIMO teqnologiis 

efeqturobas sivrciT-droiTi kodirebisas STC [31,33].  

 signalis sivrciT-droiTi kodirebis principi ori anteniT 

naCvenebia nax. 3.10-ze, sadac d1 da d2  - kompleqsuri signalebia; d1
*

 , d2
*

  

- signalebi kompleqsuradaa dakavSirebuli d1  da d2  signalebTan. 

miRebuli signalebis matricas ewodeba alamautis sivrciT-droiTi 

bloki [2]. 

             

                                                                                                                                                                

                                                            

 

 

 

 

alamoutis blokuri kodirebis principi imaSi mdgomareobs, rom 

kompleqsuri signalebis is mimdevroba, romelic eqvemdebareba 

gadacemas, iyofa wyvilebad (luwi da kenti) d1 da d2. maT gadasacemad 

saWiroa ori antena da ori droiTi intervali. pirvel droiT 

intervalSi gamosxivdebian signalebi d1 da d2, xolo meoreSi  - d1
*

 da 

sivrce 

dro 

nax.3.10. signalis sivrciT-droiTi kodirebis principi  

ori anteniT 

d1 

 

d2 

d1 

 

d2 

-d2
 

 

d1
* 

   [d1 d2] 
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d2
*

 . aseTi signalebis formirebis fizikuri arsi SeiZleba aixsnas 

Semdegi gamosaxulebebiT: 

                      d1=a1+jb1 

                       d2=a2+jb2                                                                               (3. 5) 

                             -d2
*= -a2+jb2 

                       d1
*=a1-jb1 , 

 

  sadac ai, bi  - Sesabamisad i-uri kompleqsuri signalis namdvili 

da warmosaxviTi mdgenelebia. (3.5.) gamosaxulebis analizi 

gviCvenebs:  

- Tu signalebi drois pirvel momentSi sinfazuria, maSin meore 

momentSi isini sawinaaRmdego fazisaa (da piriqiT); 

-  Tu drois pirvel momentSi signalebi orTogonaluria, maSin 

drois meore momentSi isini aseve orTogonaluria (im gansxvavebiT, 

rom gamosxivebis fazebis win gaswreba warmoiqmneba xan pirvel, xan 

meore antenaze). radgan oranteniani sistemis gamosxivebis 

mimarTuleba damokidebulia signalebis fazebis 

urTierTdamokidebulebaze mis antenebTan (elementebTan), amitom 

signalis wyvilis jamuri gamosxivebis mimarTuleba drois 

sxvadasxva momentSi gansxvavebuli iqneba (nax.3.11.). am Tvisebas 

SeuZlia gaaumjobesos signalis gavla, gavrcelebis rTul 

pirobebSi pirdapiri xedvis ararsebobis dros [32]. 
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alamoutis blokuri kodirebiT signalis misaRebad (nax.3.10.), 

sakmarisia…erTi antena. aseTi SemTxvevis dros laparakia MISO 

teqnologiaze (Multiple Input Single Output), romelic warmoadgens MIMO 

teqnologiis qveklass. mimRebi antenis Sesasvlelze aris signali 

[33].  

                                                                      

                                                                                                      

   sadac r1,  r2 -  signalebia mimRebi antenis Sesasvlelze, 

Sesabamisad drois pirvel da meore momentebSi; h1, h2 – arxis 

gadacemis kompleqsuri koeficientebia.                        

 mimReb mowyobilobaSi miRebuli  r1 da r2 – signalebis 

safuZvelze Rebuloben or wrfiv kombinacias:  

 

 

                                                                                          

r1 = h1d1+h2d2+n1 ,                      

r2 = - h1d
*

2+h2d
*

1+n2 , 

 

(3.6) 

 

y 

x 

/2

2 

/2 

y 

x 

nax. 3.11.  or elementiani sistemis jamuri gamosxivebis mimarTuleba   

( talRis sigrZea): 

a)  gamomsxiveblis sinfazuri datvirTva.  

b)  sapirispiro faziani gamomsxiveblis datvirTva. 

 

a) b) 

* *

1 1 1 2 2

* *

2 2 1 1 2

ˆ

ˆ

d h r h r

d h r h r

  


 
 (3.7) 
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xelSeSlamdgradobis gazrdis fizikuri Tviseba MISO teqnologiis 

gamoyenebisas, SeiZleba aixsnas (3.6) da (3.7) formuliT. kavSiris 

arxis aditiuri xmauris Semcirebisas vRebulobT:  

   

                                                                                               

 

(3.8.) gamosaxulebis analizi gviCvenebs, rom signalis energia 

izrdeba arxis kompleqsuri koeficientebis modulis kvadratis 

proporciulad. signalis energiis gazrda iZleva saSualebas, 

gaizardos monacemTa gadacemis siCqare arxSi. (Senonis Teoremis 

Tanaxmad).  

(3.6) da (3.7.) gamosaxulebebi umjobesia Caiweros veqtorul-

matricul formaSi:  

                                

 

 sadac H-matrica, romelic Sedgenilia arxis kompleqsuri 

koeficientebiT (fedingebiT), romelTaTvisac marTebulia 

gamosaxuleba: 

                                                                                                              

sadac h - arxis yvela fedingebis modulebis kvadratebis 

jamia; I – erTeulovani matricaa.  

(3.9) da (3.10) gamosaxulebis safuZvelze SeiZleba Caiweros     

((3.9) marcxnidan gamravldes  H*T – matricaze):    

                    d̂ r   

(3.9) 1 1 2 1

* * *

2 2 1 2

r h h d
r Hd

r h h d

     
       

     
 

 2 2*

1 2 ,h h I h I    

 

(3.10) 

 (3.11) 

 

 

2 2

1 1 2 1

2 2

2 1 2 2

ˆ

ˆ

d h h d

d h h d

  


  


 
(3.8) 



68 
 

sivrciT-droiTi kodirebis dros signalis gardaqmnis sqema 

(3.11)-is Tanaxmad, mocemulia nax. 3.12-ze.   

 

 

 

  

 

 

 

 

 

 

(3.11) gamosaxuleba warmoadgens (3.8) gamosaxulebis veqtorul-

matriculi Caweras. veqtorul-matriculi gamosaxulebis 

gamoyenebis moxerxebuloba imaSi mdgomareobs, rom maTi saxe ar 

aris damokidebuli mimReb-gadamcemi antenebis raodenobaze [34]. 

sivrciT-droiTi kodireba gansazRvravs gadasacemi signalebis 

formirebis mimdevrobas mimReb-gadamcemi antenebis sxvadasxva 

raodenobis dros. SemdgomSi ganvixilavT signalebis formirebis 

Tanamimdevrobas ori, sami da oTxi antenisaTvis (nax.3.12.-is 

magaliTis safuZvelze). 

MIMO teqnologiaze agebuli kavSiris sistemebisaTvis ori 

gadamcemi anteniT (A1 da A2) da ori (erTi) mimRebi anteniT. 

formirebis rigiTobas aqvs saxe:  

saabonento terminalis mimRebi mowyobiloba 

 

sabazo sadguris gadamcemi mowyobiloba 

arxebis fedingebi 

nax. 3.12. signalis gardaqmnis sqema sivrciT-

droiTi kodirebis dros 

informaciis    
wyaro 

 

sivrciT-droiTi     

koderi 
d1, d2 

d1, -d2
* 

d2,  d1
* 

informaciis     
mimRebi 

 

matriculi 

gardamqmneli H 
*TH 

d1, d2 
r1, r2 



69 
 

                                                         

 

 

samanteniani gadamcemi sistemebisaTvis signalebis formirebis 

Tanamimdevrobas aqvs saxe: 

                                           

 

 

xolo  oTxantenianisaTvis ki Semdegi saxe:    

                                    

                 

  

ganxiluli gamosaxulebebidan Cans, rom signalebis gadacemis 

maqsimaluri - erTis toli simboluri siCqare Seesabameba ori 

gadamcemi antenis sistemas (ori signali d1   da d2      gadaicema drois 

ori intervalis ganmavlobaSi), xolo 3 da 4 gadamcem anteniani 

variantebisaTvis signalebis gadacemis simboluri siCarea  1/2 

(oTxi signali d1 , d2 ,  d3,  d4  gadaicema drois 8 intervalis 

ganmavlobaSi). 

 

 

 

 

1 1 2

2 2 1

A d d

A d d







 

(3.12) 

1 1 2 3 4 1 2 3 4

2 2 1 4 3 2 1 4 3

3 3 4 1 2 3 4 1 2

A d d d d d d d d

A d d d d d d d d

A d d d d d d d d

   

   

   

    

 

 

 
(3.13) 

1 1 2 3 4 1 2 3 4

2 2 1 4 3 2 1 4 3

3 3 4 1 2 3 4 1 2

4 4 3 2 1 4 3 2 1

A d d d d d d d d

A d d d d d d d d

A d d d d d d d d

A d d d d d d d d

   

   

   

   

    

 

 

 

 (3.14) 
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moviyvanoT (3.13) da (3.14)  signalebiT formirebuli 

sqemebisaTvis mimReb mowyobilobaSi aucileblad gamosayenebeli 

arxebis kompleqsuri koeficientebis H matricis gamosaxulebis saxe:   

sami gadamcemi antenisaTvis: 

 

 

                            

 

 

oTxi gadamcemi antenisaTvis     

                                           

 

 

 

                                                        

 

am matricebis Sedarebis Sedegad SegviZlia davaskvnaT, rom 

sivrciT-droiTi kodirebiT MIMO teqnologiaze agebuli 3 anteniani 

gadamcemi sistemebi, romelTaTvisac h4=0 warmoadgenen amave sistemis 

4 anteniani variantis Sekvecil saxes.  

orive SemTxvevaSi (8x1) – r veqtors–s aqvs Semdegi saxe: 

                                                       

 

1 2 3 4

2 1 4 3

3 4 1 2

4 3 2 1

1 2 3 4

2 1 4 3

3 4 1 2

4 3 2 1

h h h h

h h h h

h h h h

h h h h

h h h h

h h h h

h h h h

h h h h

   

   

   

   

 
 

 
 
  
 

  
 
 

  
  
 

   

(3.16) 

1 2 3 4 1 2 3 4r r r r r r r r r         
(3.17) 

1 2 3

2 1 3

3 1 2

3 2 1

1 2 3

2 1 3

3 1 2

3 2 1

0

0

0

0

0

0

0

0

h h h

h h h

h h h

h h h

h h h

h h h

h h h

h h h

  

  

  

  

 
 

 
 
 
 

  
 
 

  
 
 

   

 

(3.15) 
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mogebis xarisxi xelSeSla - daculobaSi MIMO teqnologiaze 

agebuli kavSiris sistemebis antenebis raodenobis gazrdisas 

sivrciT-droiTi kodirebiT, ganisazRvreba gamosaxulebiT, [30,31,35]. 

 , 

 

romelic gviCvenebs, rom kavSiris sistemis mimRebis gamosasvlelze 

signalis simZlavre tolia yvela gadamcemi antenebidan mimRebze 

miRebuli simZlavreebis jamisa. 

 amgvarad, toli koeficientebis mqone arxebis mogeba 

xelSeSlamdgradobaSi proporciulia antenebis raodenobis. 

 MIMO teqnologiaze agebuli kavSiris sistemebis 

ganzogadoebuli struqturuli sqema sivrciT-droiTi kodirebiT, 

Ngad da NmimR  antenebiT (Ngad≤ NmimR) mocemulia nax. 3.13-ze. 

 

 

 

 

 

 

 

 

 

 

(3.18) 2

1

ˆ
M

m

m

d h d h


    

saabonento terminalis mimRebi mowyobiloba 

 

 sabazo sadguris gadamcemi 

mowyobiloba 

nax. 3.13. signalis gardaqmnis sqema sivrciT-

droiTi kodirebis dros 

 

informa-ciis    
wyaro 

 

mimdevrobiT-

paraleluri 

demultipleqso-

ri 

1 

Ngad 

 

informaciis

mimRebi 

 

sivrciT-

droiTi 

dekoderi 

1 
demodulatori 

demodulatori 

koderi 

koderi 

 NmiR 
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am sqemis Tanaxmad mimdevrobiTi informaciuli signalebis 

nakadi demultipleqsoris saSualebiT iyofa Ngad paralelur 

qvenakadebad. TiToeuli qvenakadi kodirdeba sivrciT-droiTi kodiT 

da modulaciis Semdeg gamosxivdeba sivrceSi Sesabamisi anteniT. 

unda aRiniSnos, rom yvela Ngad paraleluri qvenakadebisa 

gamosxivdeba erTdroulad (sinqronulad)  erTi da imave sixSirul 

zolSi [38,39,40].                                         

  gamosxivebuli Ngad qvenakadebi qmnian jamur signalebs 

TiToeuli mimRebi antenis NmimR  Sesasvlelze. TiToeuli mimRebis 

antenis Sesasvlelze miRebuli signali, warmoadgens Ngad 

gadacemuli signalebis narevs, gamravlebuls gadamcemi antenebisa 

da kavSiris arxis Sesabamis kompleqsur gadamcem funqciebze. sxva 

sityvebiT rom vTqvaT, miRebuli signalebis veqtori warmoadgens 

gamosxivebuli signalebis veqtorze nawarmoeb arxis matricas. 

arxis matrica fasdeba Sesabamisi meTodikiT da iTvleba cnobilad 

mimReb mxareze. SemdgomSi mimRebSi xdeba gamosxivebuli Ngad 

signalebis gayofisa da Sefasebis amocanis gadaWra. amisaTvis, 

aucilebelia amoixsnas NmiR raodenobiani gantolebaTa sistema Ngad 

ucnobiT.  

3.4. MIMO signalebis damuSavebis algoriTmi  

mimReb mxareze 

 MIMO signalebis damuSavebis algoriTmi mimReb mxareze 

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

modifikaciebi. es algoriTmi gamoiyeneba mxolod im SemTxvevaSi, 

rodesac gadamcemi antenebis raodenoba ar aRemateba mimRebi 

antenebis raodenobas [41].  

 D-BLAST algoriTmi saSualebas iZleva miRweuli iqnas 

monacemTa gadacemis ufro maRali siCqare, vidre V-BLAST 
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algoriTmi, Tumca ufro rTulia realizaciaSi. imis 

gaTvaliswinebiT, rom V-BLAST algoriTmis gamoyenebisas siCqaris 

danakargi umniSvneloa, mowyobilobebis mwarmoebelTa umravlesoba 

midis realizaciis gamartivebisaken.  

 D-BLAST algoriTmis axsnisaTvis SemoviRoT Semdegi 

aRniSvnebi. vigulisxmoT, rom (NmiRx1) – mimRebis Sesasvlelze 

miRebuli signalebis veqtori ganisazRvreba gamosaxulebiT.  

                                                   

                                                        

sadac d(t) – (NmiRx1) ganzomilebis veqtoria; H- kavSiris arxis matricaa                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

(NmiRxNgad) ganzomilebiT; n(t) – aditiuri xmauris veqtoria (NmiRx1) 

ganzomilebiT da Semdegi saxis korelaciuri matriciT.  

                 

sadac 2n=N0 /2 warmoadgens xmauris dispersias (speqtraluri 

simkvrive). Tu vigulisxmebT, rom monacemTa gadacema xdeba Ngad 

Tanabari simZlavris damoukidebel qvenakadebad, vRebulobT d 

veqtoris kovariaciul matricas: 

                                                   

                                                    

sadac d
2 - erTi antenis mier gamosxivebuli signalis saSualo 

simZlavrea. 

is dakavSirebulia gamosxivebuli signalis jamur p 

mniSvnelobasTan, Semdegi damokidebulebiT: 

                         

( ) ( )r t Hd n t   (3.19) 

  2( ) ( )dd d N NR M d t d t I

   
(3.20b) 

2 /d   gad  (3.21) 

  2( ) ( )nn n N NR M n t n t I

   (3.20a) 
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SemovitanoT Secdomis veqtoris cneba, romelic ganisazRvreba 

rogorc gansxvaveba d(t) signalis gadacemuli veqtorisa da mis 

Sefasebas Soris: 

       

signalis optimaluri miRebis erT-erT kriteriums warmoadgens 

Secdomis minimizaciis kriteriumi (Minimum Mean Squared Error – MMSE), 

romelic dafuZnebulia xazur deteqtirebaze saSualo kvadratuli 

Secdomis minimumis kriteriumiT (3.22). am meTodis Tanaxmad, d 

veqtoris optimaluri Sefasebis misaRebad saWiroa dakvirveba, r(t) 

gatardes matriciT gansazRvrul MMSE filtrSi: 

sadac, α nivTieri woniTi koeficientia, αα=Ngad·σ2
n/P.  [41]. 

                                      

1

N NG H H H I HQ





    gad gad  

gamosaxuleba (3.23) SeiZleba gavamartivoT: 

 

 

am ukanasknels uwodeben H matricis fsevdoinversias da (3.23)-gan 

gansxvavdeba N NI gad gad  diagonaluri matricis arsebobiT. 

algoriTmis aseT gamartivebas mivyavarT mimRebi mowyobilobis 

Sesasvlelze xmauris gazrdamde, gansakuTrebiT Tu H
T
H matrica 

cudad aris gansazRvruli. amitom α–s aranulovani mniSvnelobis 

gamoyeneba ufro metad misaRebia maSinac ki Tu xmauris 

speqtraluri simkvrivis zusti mniSvneloba ucnobia [38,39,40].  

 V-BLAST algoriTmSi d(t) veqtoris Ngad gadacemuli 

simboloebis deteqtireba  warmoebs Ngad-is iteraciiT. TiToeuli 

iteracia sruldeba 3 etapad: 

( ) ( ) ( )e t d t d t       (3.22) 

1

G H H H


          (3.24) 

 (3.23) 
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etapi 1. d(t) veqtoris Sefasebis gansazRvra MMSE filtris 

gamoyenebiT:  

                           

      etapi 2. d(t) veqtoris mdgenelis Sefaseba, romlisTvisac 

signal/xmauris fardoba udidesia. am mdgenelis nomeri 

ganisazRvreba MMSE filtris gamoyenebis SemTxvevaSi Q (3.23)  

 

 

matricis umciresi diagonaluri elementis nomriT, xolo 

(3.24) fsevdomimdevrobis SemTxvevaSi umciresi normis mcire svetis 

nomriT. aRvniSnoT es nomeri p1- iT da vipovoT d(t) veqtoris dp1 

mdgenelis Sefaseba [41,41,43,44].                                                                                  

am formulaSi Pr[x]-iT aRniSnulia signaler-kodur konstruqciaSi  

x-Tan yvelaze miaxloebuli signalis arCevis operacia. 

etapi 3.  r(t) veqtorisa da arxis H marticis modifikacia. 

veqtors scildeba dp1 simbolos moqmedebis Sedegi: 

 

 

              aq H
(pl) – H matricis p1 nomris svetia. arxis H matrica 

modificirdeba, misgan p1
1

( )
p

H  nomris svetis moSorebiT.  

etepi 1-3 meordeba Ngad- jer da Semdeg gamoiTvleba p2, p3, …p  Ngad.  

komponentebi.  

 

 

)()(
~

trGtd T
   (3.25) 

   (3.26) 
1 1( ) Pr ( )p pd t d t   

   

( 1)

2 1
ˆ( ) ( ) ( ) p

pr t r t d t H  (3.27) 
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3.5. daskvna 

1. maRali siCqariT informaciis gadasacemad  saWiroa 

gamoyenebuli iqnas sivrciT-droiTi kodebi, vinaidan informaciis 

gadacemas win uswrebs rigi winaaRmdegobebisa,  rac iwvevs eqo 

signalebis simravles, aseve did intenferenciebs. am 

winaaRmdegobebis dasaZlevad xelsayrelia xelSeSlebamdgradi 

kodireba-dekodirebis gamoyeneba. kerZod, sivrciT-droiTi blokuri 

da gisosisebri kodireba. gisosisebri kodi dekodirebis sirTulis 

gazrdis xarjze iZleva damatebiT kodur mogebas. blokuri kodebi 

ki aRwevs srul gancalkevebas da martivad kodirdeba/dekodirdeba.  

2. MIMO signalebis damuSavebis dros mniSvnelovan faqtors 

warmoadgens mimRebSi dekodireba-modulaciis sirTule. am 

maCvenebliT mizanSewonilia gamoyenebuli iqnas V-BLAST algoriTmi, 

romelic martivia teqnikuri realizaciis mxriv da amave dros 

iZleva gadacemis siCqaris umniSvnelo Semcirebas D-BLAST 

algoriTmTan SedarebiT. 

      3. gansakuTrebiT mniSvnelovan Sedegebs iZleva kavSiris 

sistemebi MIMO antenebiT. izrdeba arxis xelSeSlamdgrdoba e.i. 

xdeba SecdomiT miRebuli bitebis raodenobis Semcireba monacemTa 

gadacemis siCqaris Semcirebis gareSe signalebis mravalsxiviani 

gavrcelebis pirobebSi.  
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IV Tavi 

xelSeSlamdgrdobis gazrdis meTodebi modulaciis 

sxvadasxva saxis gamoyenebiT sivrciT-droiTi kodirebis 

dros 

gadacemis Zalian maRali siCqareebisa da 

xelSeSlamdgradobis misaRwevad saWiroa signalebis formirebisa 

da damuSavebis axali algoriTmebis SemuSaveba da kvleva.  

 

4.1. OFDM ( sixSiruli arxebis orTogonaluri 

multipleqsireba) 

gadacemis siswrafis gazrdis yvelaze Tanamedrove koncefcias 

warmoadgens OFDM  rogorc `daRmaval~  ise `aRmaval~ arxebSi. 

amave dros midgoma am ori mimarTulebiT gadacemisaTvis 

sxvadasxvaa – kerZod radiointerfeisi  `zeviT~ xasiaTdeba mcire 

energetikuli biujetiT, radganac mobiluri terminalebis 

gadamcemebi mcire simZlavrisaa. OFDM – is ZiriTadi naklovaneba 

isaa, rom radioarxSi jamuri radiosignali warmoadgens calkeuli 

modulirebuli qvegadamtanebis superpozicias (Sejamebas), ris 

gamoc didia pik-faqtori (signalis maqsimaluri mniSvnelobis 

fardoba mis saSualo mniSvnelobasTan). amitom mimarTulebiT 

`zeviT~ gamoiyeneba SC-FDMA (Single Cerrier-Frequency Division Multiple 

Access - mravaljeradi miRweva arxebis sixSiruli dayofiT erT 

gadamtan sixSireze) (nax. 4.1) [45]. 
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OFDMA meTodSi TiToeul qvegadamtanze gadaicema TiToeuli 

mamodulirebeli (gadamcemi) simbolo, e.i. simboloebi gadaicema 

paralelurad. SC-FDMA – Si yvela qvegadamtani modulirdeba erTi 

da igive simboloTi – e.i. gadacema xdeba mimdevrobiT. es amcirebs 

pik-faqtors da zrdis SecdomiT miRebis albaTobas mimarTulebiT 

`zeviT~. 

OFDMA meTodis gamoyeneba mniSvnelovan Sedegebs iZleva 

mxolod sivrciT-droiTi (an sivrciT-sixSiruli) gancalkevebis 

meTodebTan erTad. kerZod, kodirebisa da gancalkevebis meTodebis 

erToblivi gamoyenebiT. signalebis damuSavebis Semdgom 

ganviTarebas warmoadgens sferuli kodirebis gamoyeneba. 

 

nax.4.1. QPSK simboloTa mimdevrobis gadacemis 
Taviseburebebi OFDMA da SC-FDMA sistemebSi 
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4.2.  maqsimaluri Tanafardobis kombinirebis MRC meTodi 

Cveulebriv gadamcem sistemaSi aris erTi gadamcemi, romelic 

gadascems informacias erT mimRebs. arxebSi releuri mileviT 

gadacemuli simboloebi ganicdian donis Zlier fluqtuacias da 

fazis cvlilebas. milevis gavlenis Sesamcireblad SeiZleba 

gamoviyenoT ramodenime mimRebi, romelic Rebulobs erTi da igive 

simbolos asls gadacemuls damoukidebeli gziT. imis miuxedavad, 

calke gzas aqvs Tu ara CaxSoba, SeuZlebelia saimedod Sefasdes 

gavrcelebis sxva gziT gadacemuli simboloebi. amasTan, mimReb 

mxareze unda gavaerTianoT sxvadasxva gziT miRebuli simboloebi, 

rac iwvevs damatebiT sirTules. klasikuri meTodi, romelic 

xSirad gamoiyeneba praqtikaSi aris maqsimaluri Tanafardobis 

kombinirebis meTodi (Maximum Ratio Combining - MRC) [45]. 

 nax.4.2.–ze mocemulia dabalsixSiriani kavSiris sistemebis 

eqvivalenti MRC teqnikis gamoyenebiT ori mimRebiT. vTqvaT, 

garkveul momentSi gadaicema simbolo x. rogorc naxazidan Cans x 

simbolo gadaicema ori sxvadasxva arxiT - koeficientebiT h1 da  h2. 

simartivisaTvis miRebulia, rom arxebi aris calmxrivi da 

SesaZlebelia maTi modelireba rogorc kompleqsuri 

multiplikaciuri damaxinjeba, aRwerili modulebiT 1h da  2h   da 

QfazebiT 1
   da    2 :       

                                              1

1 1| | jh h e                              (4.1) 

                                              2

1 1| | jh h e                            (4.2)                 
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TiToeul mimRebSi xvdeba signali xmauris damatebiT, rogorc 

naCvenebia nax. 4.2-ze. aqedan gamomdinare, miRebuli dabalsixSiruli 

signalebi SeiZleba Caiweros Semdegi saxiT: 

                                                                                1 1 1r h x                           (4.3) 

                                                                                 2 2 2r h x                          (4.4) 

sadac 1   da 2 xmauris   kompleqsuri sidideebia. igive gamosaxulebas 

matricul formaSi eqneba saxe:  

                                                      
1 1 1

2 2 2

r h
x

r h





     
      

     
                                          (4. 5) 

Tu vigulisxmebT, rom Cven gvaqvs zusti saarxo informacia, anu 

arxis zusti Semfasebeli, miRebuli signalebi  r 1  da  r2  SeiZleba 

gamravlebuli iqnas kompleqsurad SeuRlebul funqciebze h1
*  da h2

*
  

imisaTvis, rom moispos arxebis gavlena. Semdeg Sesabamisi signalebi 

nax.4.2.  MRC meTodis  dabalsixSiruli warmodgena 2 

mimRebi   antenis gamoyenebiT 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 1 1r h x   

 

2 2 2r h x   

 

h1 

h2 

x 

arxis Sefasebis 
bloki 

arxis Sefasebis 
bloki 

 

maqsimalurad 
msgsvsebis 
deteqtori 

  

 

k 
2

 

h1

* 

h1

* 

x
 

1
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erTiandeba maqsimaluri msgavsebis deteqtoris Sesasvlelze aseTi 

saxiT: 

                                        
 * *

1 1 2 2x h y h y                                  (4.6) 

                          * * *

1 1 1 1 2 2 2 2x h y x h h h x h                       (4.7) 

                          2 2 * *

1 2 1 1 2 2x h h x h h    
                   (4.8)

 

gaerTianebuli signali x   miewodeba maqsimaluri msgavsebis 

deteqtors.  am signalisa da yvela SesaZlebel gadasacem 

simboloTa Soris arsebuli evklides daSorebis safuZvelze 

metnaklebad miaxloebuli (msgavsi) gadacemuli signali 

ganisazRvreba maqsimaluri miaxloebis deteqtoriT.  

 gadawyvetis gamartivebuli wesi  damyarebulia xi –s arCevaze, 

maSin roca            

                                          ( , ) ( , ),i jdist x x dist x x i j         (4.9) 

sadac ( , )dist A B   aris evklides daSoreba A  da   B signalebs Soris  

da indeqsi j moicavs yvela SesaZlo gadasacem signals. (4.9) 

utolobidan SeiZleba davinaxoT, rom metnaklebad miaxloebiT 

gadasacem simbolos warmoadgens simbolo, romelic minimaluri 

evklides sivrciTaa daSorebuli gaerTianebuli x  signalisagan.  

 

 A4.3.Aalamoutis  sivrciT-droiTi  blokuri kodireba (STBC) 

wina TavSi ganvixileT alamoutis sivrciT-droiTi  blokuri 

kodirebis sqema. axla warmovadginoT konkretuli magaliTis 

safuZvelze  Catarebuli modelirebis Sedegebi [42,43,44].  
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es martivi kodi iyo SemoTavazebuli Siavash M. Alamouti-is mier  

1998 wlis oqtomberSi. [3] warmodgenili iyo meTodi sivrciT-droiTi 

gancalkevebis misaRebad 2 gadamcemi anteniT (nax. 4.3, nax. 4.4).  

1. mocemuli iyo gadasacemi mimdevroba:  

  { x1 , x2,  x3, ….. xn }  

2. normaluri gadacemis dros x1-s  gadavcemT drois pirvel 

intervalSi,      x2- s meoreSi , x3 -  s mesameSi da a. S.  

3. amasTan alamoutma SemogvTavaza simboloebis jgufis 2-2 ad 

gadacema. x1 da x2 drois pirvel SualedSi, I da II antenebiT. meored 

ki  - x2
*  da x1

*  
I da II antenebiT. mesame drois intervalSi x3  da x4   I da 

II antenebiT. meoTxe droiT intervalSi ki –x4
*
   da  x3

* , pirveli da 

meore antenebidan da a. S.    

4. miuxedavad imisa, rom Cven vajgufebT simboloebs, mainc 

gvWirdeba ori droiTi intervali ori simbolos gadasacemad. 

araviTari gansxvaveba araa monacemTa gadacemis siCqareSi. 

5. es warmoadgens alamoutis sivrciT-droiT blokur kodirebas. 
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TX#1 

TX#1 

h1 

h2 

RX 

sivrce
antena 

dro 

X1       - 

X2* 

X2        

X1* 

nax. 4.3. 2 gadamcemi da 1 mimRebi antena. alamoutis           
sivrciT-droiT blokur kodireba 
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gadamcemi i antenebisaTvis TiToeuli gadasacemi simbolo mravldeba 

SemTxveviT cvalebad kompleqsur ricxvze hi. gadasacemi arxi 

ganixileba rogorc releis arxi, gausis ganawilebiT, romelsac 

aqvs saSualo hi = 0 da dispersia      

                                             
                

 

 arxi gadamcem da mimReb antenebs Soris SemTxveviT drois 

intervalebSi cvalebadia. magram drois ori droiTi intervalis 

ganmavlobaSi mainc rCeba mudmivi [40, 41, 42,]. 

 mimReb mxareze, n-xmauri Seicavs gausis ganawilebis funqcias, 

romelic aRwerilia formuliT:  

                  

 

2

2

( )

2

2

1

2

n

n e







 

       =0    da σ2=N0/2  .               (4.11) 

   P(n) – Secdomis albaTobaa.  

 

4.4.  mimRebi alamoutis sivrciT-droiTi blokuri  

kodirebiT STBC 

 

drois pirvel intervalSi miRebuli signali aris  

                              
1

1 1 1 2 2 1 1 2 1

2

[ ] ,
x

y h x h x n h h n
x

 
     

   

 

drois Semdeg intervalSi ki 

           2

2 1 2 2 1 1 1 2 2

1

[ ] ,
x

y h x h x n h h n
x



 



 
      

 
 

(4.12) 

(4.13) 

2 1
.

2
hi 

                                                
  (4.10) 
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sadac y1  da  y2    aris miRebuli simboloebi drois pirvel da Semdeg 

intervalebSi. Sesabamisad, h1    aris arxi erTi gadamcemi anteniT da 

2 mimRebi anteniT, h2   aris arxi 2 gadamcemi da 2 mimRebi anteniT. x1   

da    x2    aris gadacemuli simboloebi, xolo   n1  ,  n2  aris xmauri  I da 

II droiTi intervalSi.  

 vinaidan orive xmauri Tanabar pirobebSi vrceldeba 

damoukideblad          

             

2

11

1 2 2
2 2

0n

n 0

n
E n n

n





    
         

      

 

moxerxebulobisTvis es toloba SeiZleba warmovadginoT matricis 

saxiT. 

                                    
1 1 2 1 1

2 2 1 2 2

y h h x n

y h h x n   

       
         

       
 

ganvsazRvroT 1 2

2 1

h h
H

h h 

 
  
 

.   amoxsnisaTvis 1

2

x

x

 
 
 

-Tvis, saWiroa vipovoT  

H-is inversia. zogadad mxn matricisaTvis fsevdo inversia 

ganisazRvreba  

                                               H
+
=(H

H
H)

-1
H

H
 .                                   

aqedan  

  

2 2

1 21 2H -1 1 2

2 2
2 12 1 1 2

0
(H H) = 

0

h hh hh h

h hh h h h



 

    
     

      

 

   vinaidan es aris diagonaluri martica, misi inversia 

diagonaluri elementebis inversiis toli iqneba [22]. 

(4.14) 

(4.15) 

(4.16) 

(4.17.) 



86 
 

                              

2 2

1 2H -1

2 2

1 2

1
0

(H H)  
1

0

h h

h h

 
 

 
 
 

  

  

e.i. gadacemuli elementebi SeiZleba Sefasdes: 

   


1 1 1H -1 H

2 2 2

(H H) H
x x y

x x y 

     
      

     
                             

      = 1 1H -1 H

2 2

(H H) H
x n

x n 

    
       

    
 

                =
1 1H -1 H

2 2

+(H H) H
x n

x n 

   
    

   
 

 

orive meTodis SemTxvevaSi, rogorc alamoutis ise MRC – s dros, 

Secdomis albaToba igive iqneba, Tumca aris mcire gansxvavebac.  

 alamoutis meTodis dros viyenebT 2 gadamcem antenas. Tumca 

saerTo simZlavre am meTodiT gadacemisas ormagad metia, vidre 

MRC – s dros. zusti Sedarebis gasakeTeblad saWiroa, rom saerTo 

simZlavre 2 anteniT gadacemuli STBC-is dros ar iyos toli   

simZlavrisa erTi gadamcemi anteniT MRC – s dros. 

                    

1/ 2

STBC

1 1 2
P  = 1

2 2 b

o

E
N



 
 

  
 
 

        

 Tu davakvirdebiT, SegviZlia vnaxoT, rom xelSeSlamdgradoba 

3db-iT maRalia alamoutis 2Tx  da 1Rx dros, vidre 1Tx  da 2Rx  MRC -s 

dros. 

(4.18) 

(4.19) 

(4.20) 
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MRC – s  gamoyenebiT SecdomiT miRebuli bitebis raodenoba BPSK 

modulaciiT relies arxSi, 1 gadamcemi da 2 mimRebi anteniT tolia 

  
2

e,MRC MRC MRCP   = P [1+2(1-P )]  ,      sadac 

 

1/ 2

MRC

1 1 1
P  = 1

2 2 b

o

E
N



 
 

  
 
 

 

alamoutiT  2 gadamcemi da erTi mimRebi anteniT STBC. 

          

1/ 2

STBC

1 1 2
P  = 1

2 2 b

o

E
N



 
 

  
 
 

   

          da Secdomis maRali albaToba 

              
2

e,STBC STBC STBCP = P [1+2(1-P )] .  

4.21  4.24 gamosaxulebebis analizi gviCvenebs, rom saxezea 

xelSeSlebamdgradobis amaRleba (Secdomis albaTobis Semcireba) 

MRC meTodis  gamoyenebiT. 

sivrciT-droiT kodirebasTan SedarebiT, sivrciT sixSiruli 

kodireba SFC uzrunvelyofs gamtarunarianobis gazrdas. aq aseve 

gamoiyeneba 2 antena mimarTulebaTa sxvadasxva diagramebiT, 

Sesabamisad,  gadaicema signalebi S1   da  S2   erT sixSirul zolSi, 

xolo S1
*
 da S2

* meoreSi. yvela signalis gadacema xdeba 

erTdroulad. ase, rom gamtarunarianoba izrdeba, sixSiruli 

zolebis gaormagebis xarjze. nax. 4.5-ze naCvenebia SFC –is magaliTi 

OFDM  teqnologiasTan erTad. 

 

(4.21) 

(4.22) 

(4.23) 

(4.24) 
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nax-4.6. -ze naCvenebia Secdomis albaTobis damokidebulebis grafiki 

signal/xelSeSlis fardobaze BPSK modulaciis gamoyenebiT Cvens 

mier ganxiluli sivrciT-droiTi kodirebisaTvis [3].  

 

nax. 4.5. OFDM principi sivrciT-sixSiruli kodirebiT  

alamoutis mixedviT. 
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signalebi orobiTi fazuri modulaciiT BPSK ar gamoirCevian 

gansakuTrebuli xelSeSlebamdgradobiT. dabali speqtraluri 

efeqturobis gamo es modulacia xSirad ar gamoiyeneba Tanamedrove 

usadeno telekomunikaciebSi. ufro metad iyeneben mis gafarToebul 

variants – kvadraturul fazur manipulacias – QPSK. rac 

warmoadgens diskretuli fazuri manipulaciebis saxesxvaobas 

gadamtani rxevis 4 fazuri mdgomareobiT.  am SemTxvevaSi erTi 

simboloTi gadaicema 2 biti. informaciis gadacemis siCqare BPSK–

Tan SedarebiT izrdeba orjer sixSiruli zolis gafarToebis 

gareSe (an imave siCqaris dros sixSiruli zolis sigane 2-jer 

mcirdeba). mogeba miiRweva xelSeSlamdgradobis dakargvis gareSe. 

signalis kvadraturuli mdgenelebi orTogonaluria da ar uqmnian 

erTmaneTs gadamkveT xelSeSlebs.  

nax.4.6.  energetikuli mogeba signal/xelSeSla STBC /MIMO               

sqemis gamoyenebiT relies arxSi. 
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Tanamedrove mobiluri kavSirisa da farTozolovani 

radiomiRwevis sistemebSi gamoiyeneba cifruli fazuri modulaciis 

sxva saxeobebi, 4-ze meti mdgomareobaTa raodenobiT - 8-PSK, 16-PSK. 

M=2,4,8 da 16, M=2
k 

(k aris erTi simboloTi gadacemuli bitebis 

raodenoba.) 

kvadraturuli amplituduri modulacia QAM warmoadgens 

mravalpozician kombinirebul amplitudur-fazur modulacias. am 

SeTxvevaSi icvleba signalis amplituda. mobiluri kavSirisa da 

Tanamedrove farTozolovani miRwevis sistemebSi gamoiyeneba QAM-

is  Semdegi saxeobebi: 16-QAM, 32-QAM, 64-QAM, 128-QAM da   256 –QAM. 

nax.4.7. 

 

 
nax.4.7.. monacemTa gadacemis pikuri siCqaris damokidebuleba 

signal/xelSeSlaze xazSi “zeviT” arxi siganiT  20mhc 

(abonentis mobiloba 3km/sT). 

mo
na
c
em
T
a 
g
ad

ac
em
is

 p
ik
u
r
i 

s
iC
qa
r
e 
mb

it
/w
m 

signal/xelSeSla,db  
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nax. 4.8.-ze naCvenebia monacevTa gadacemis pikuri siCqaris 

damokidebuleba signal/xelSeSlaze. 

 

 

 

R – xelSeSlamdgradi kodirebis siCqare. 

MMSE – (Minimum Mean Squared Error) – MIMO signalebis wrfivi 

deteqtireba saSualokvadraturi Secdomis minimumis kriteriumiT.  

            QRM-MLD – MIMO signalebis adapturi arawrfivi  deteqtireba 

maqsimaluri miaxloebis kriteriumiT. 

 

nax. 4.8. monacemTa gadacemis pikuri siCqaris damokidebuleba 

signal/xelSeSlaze xazSi `qveviT” arxi siganiT  20mhc 

(abonentis mobiloba 3km/sT). 
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Cvens mier Catarebuli iqna nax.4.9-ze mocemuli grafikebis sisworis 

Semowmeba Cvens mier SemuSavebuli maTlabis programirebiT (ix. 

danarTi 1). kerZod, gaangariSebuli iqna BER–is Eb/No–ze 

damokidebuleba sxvadasxva SemTxvevisaTvis, alamoutis meTodiT 

gadacemis dros:   

- 1Tx  ,   1Rx; 

- 1Tx  ,    2Rx, MRC; 

- 2Tx ,   1Rx , alamouti (Teoriuli); 

- 2Tx ,  1Rx , alamouti (modelirebiT). 

 

 

 

damtkicebulia, rom modelirebis am meTodiT (4 gadamcemi da 

3 mimRebi antena) erTi da igive BER mniSvneloba miiReba 1 db-iT 
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BER for BPSK modulation with Alamouti STBC (Rayleigh channel)

 

 

theory (nTx=1,nRx=1)

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

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

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

nax. 4.9. Secdomis albaTobis damokidebuleba signal-xelSeSlis 

fardobaze BPSK orobiTi fazuri modulaciis dros alamoutis 

sivrciT-droiTi blokuri kodirebiT STBC  relies arxSi 2x1. 
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naklebi signal/xelSeSlis fardobis dros, e.i. energetikuli 

mogeba Seadgens 1 db. Sedegebi warmodgenilia nax. 4.10. [21].  

 

 

 

 

 

4.5. radiodafarvis gazrda signalebis damuSavebis axali 

algoriTmebis gamoyenebiT axali Taobis mobiluri kavSiris 

qselebSi  

mesame (3G) da (4G) Taobebis mobiluri kavSiris qselebSi 

gadacemis siCqaris sidideebi mniSvnelovnad aRemateba aqamde 

miRweul sidideebs. kerZod, mobiluri WiMAX teqnologia 

iTvaliswinebs gadacemis  siCqares 100 mbit/wm-mde, xolo LTE 

nax. 4.10. Secdomis albaTobis damokidebuleba signal-xelSeSlis 

fardobaze BPSK orobiTi fazuri modulaciis dros alamoutis 

sivrciT-droiTi blokuri kodirebiT STBC  relies arxSi 4x3. 
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teqnologia 1 gbit/wm-mde. aseTi didi siCqareebis miRweva 

SesaZlebelia mxolod gadasacemi signalebis formirebisa da 

damuSavebis uaxlesi meTodebisa da Sesabamisi algoriTmebis 

gamoyenebiT [1, 2, 17]. 

 3G Taobis qselebSi gadacemis siCqare 2 mbit/wm miRweulia 

CDMA teqnologiiT, kerZod, misi gaumjobesebuli variantis       

W-CDMA-s gamoyenebiT. am meTodis realizaciisTvis farTod 

gamoiyeneba xelSeSlamdgradi saarxo kodireba, turbokodireba, 

xvevadi kodireba da sxv. W-CDMA-s gaumjobesebis erT-erT  

mimarTulebas warmoadgens adapturi antenebis gamoyeneba, rac 

zrdis qselis gamtarunarianobas da afarTovebs radiodafarvis 

zonas [3]. 

4G qselebSi, sadac ZiriTad teqnologiebad dReisaTvis 

ganixileba WiMAX da LTE – teqnologiebi, gadacemis maRali 

siCqareebis misaRwevad gamoiyeneba sivrciT-droiTi kodireba Tavisi 

sxvadasxva variantebiT: sivrciT-droiTi blokuri kodireba, 

sivrciT-droiTi gisosisebri kodireba, sivrciT-droiTi sferuli 

kodireba. amasTanave, kodirebis yvela es meTodi erToblivad unda 

iqnes gamoyenebuli MIMO sistemebTan da modulacia-demodulaciis 

OFDM meTodebTan. nebismieri kodireba mimReb mxareze moiTxovs 

Sesabamis efeqtur dekodirebas, romelic Tavis mxriv mniSvnelovnad 

ganapirobebs teqnikuri realizaciis sirTules. magaliTad, 

sivrciT-droiTi kodirebis dros, dekodirebis saukeTeso 

maxasiaTeblebi miiReba maqsimaluri sinamdvilis meTodis 

gamoyenebiT [4], magram, am dros, K- poziciiT modulaciisa da M- 

raodenobis gadamcemi antenebis SemTxvevaSi momRebma realur 

droSi unda awarmoos K
M

  operaciis Sesruleba, rac SeiZleba 

teqnikurad ararealizebadi iyos.   
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signalebis damuSavebis (kodireba-dekodireba, modulacia-

demodulacia) yvela algoriTmis saboloo Sedegs warmoadgens 

gadacemis meTodebis SemuSaveba gazrdili speqtraluri da 

energetikuli efeqturobiT.  maRali speqtraluri efeqturoba 

saSualebas iZleva miRweul iqnas saWiro gadacemis siCqare 

sistemisaTvis (qselisaTvis) gamoyofil sixSirul zolSi, xolo 

energetikuli efeqturobis gazrda ganapirobebs gadacemis 

mocemuli siCqarisa da kavSiris arxSi signal/xelSeSlis arsebuli 

mniSvnelobis dros bitebis mixedviT Secdomis (BER) minimums. sxva 

midgomiT rom SevafasoT, energetikuli efeqturobis gazrda 

eqvivalenturia signal/xelSeSlis fardobis gazrdisa, ucvleli 

BER-isa da gadacemis siCqaris dros. 

amJamad gamoyenebuli signalebis damuSavebis meTodebi, 

gansakuTrebiT sivrciT-droiTi kodireba iZleva energetikul 

efeqturobas (0,5 – 2,5)db kodireba-modulaciis tradiciul 

meTodebTan SedarebiT [1]. Tavis mxriv, energetikuli efeqturobis 

gazrda (energetikuli mogeba) SeiZleba gamoyenebuli iqnas 

radiodafarvis zonis gazrdisaTvis. ase, magaliTad, energetikuli 

mogeba 2 db saSualebas iZleva radiotalRebi gavrceldes ufro 

did manZilze (ucvleli signal/xelSeSlis fardobis 

mniSvnelobisaTvis), e.i. gaizardos fiWis radiusi. es Tavis mxriv 

SesaZleblobas iZleva garkveuli S km2 teritoriis 

radiodafarvisaTvis gamoyenebuli iqnas naklebi raodenobis sabazo 

sadgurebi. 

Tavisufal sivrceSi radiotalRebis gavrcelebis 

SefasebisaTvis arsebobs mravali meTodi [5,6,7]. amasTanave, Tu adre 

radiotalRebis gavrceleba ganixileboda mxolod pirdapiri xedvis 

manZilze da Sesabamisad, am dros arsebuli talRebis milevaze 

moqmedi faqtorebiT, amJamad ganixileba sxva faqtorebic – 
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miyuCebebi, mravaljeradi arekvlebis moqmedeba da a.S. garkveul 

manZilze d – milevis Sesafaseblad arsebuli mravali meTodidan 

aviRoT dReisaTvis gamoyenebuli yvelaze popularuli modelebia 

[5,7]: okamura-hatas modeli,  uolfiS – ikegamas modeli da COST-

Hata-s  modeli.  

1. okamura-hatas modeli. am modelis Tanaxmad, saSualo 

mileva radiotalRebis gavrcelebis dros qalaqis pirobebSi da 

SemogarenSi gamoiTvleba                            

 

,      db ,                     

sadac 

69,55 26,16lg( ) 13,82lg( ) [44,9 6,55lg( ) lg( )] ( )ccir b b x mL f H H d a H     
;    

 

                         2 1 4 2( ) (1 ) ( ) [ ( ) ( ) ];x m m m m ma H U a H U a H F a H F     

                            
( ) [0,7 1,1lg( )] 1,56lg( ) 0,8;x m ma H f H f   

                            
 

                          2

2 ( ) 1,1 8,29g (1,54 );m ma H H                                                                 

                                            

                                         
4

1 4 4

300
;

300
F

f



                                                     

                                    
4

2 4 4
;

300

f
F

f



 

                                  0 (1 )((1 2 ) 4 );r r po r psS U U L U L                                          

                         
24,78lg ( ) 18,33lg( ) 40,94;poL f f     

0 0mh ccir ksL L S S B    (4.25) 

(4.26) 

(4.27) 

 (4.28) 

 (4.29) 

2

4 ( ) 4,97 3,2lg (11,75 );m ma H H 

  (6) 
 (4.31) 

 (4.32) 

 (4.33) 

 (4.34) 

 (4.30) 
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                                                22log 5,4;
28

ps

f
L

 
   

 
 

       
2

5517( 20)
27 log 1,3 ;

230 17( 20) 750

b
ks

b

fHf
S

H d

  
     

    
                                                                                   

                                                           0 125log( ) 30;B B   

          saSualo milevis (Lmh) damokidebuleba d manZilze SeiZleba 

ganisazRvros qalaqis (qalaqis Semogarenis) ganaSenianebis, sabazo 

sadgurisa da mobiluri sadguris ganlagebis simaRleebis da 

sixSiris mxedvelobaSi miRebiT. am pirobebis (parametrebis) 

dasaSvebi mniSvnelobebi moyvanilia cxr. 4.1 –Si.                                                   

 

sabazo da mobiluri sadgurebis ganlagebisaTvis 

dasaSvebi parametrebi 

parametri gansazRvra moqmedebis 
diapazoni 

Hb sabazo sadguris antenis simaRle, m 30300 

Hm mobiluri sadguris ganlagebis  

simaRle, m 

110 

U 
mcire/saSualo qalaqi – 0 

didi qalaqi – 1  
0 an 1 

UUr Ria sivrce – 0, qalaqis Semogareni – 0,5 

, qalaqi – 1 
0 , 0,5  da 1 

U B1 ganaSenianebis koeficienti saSualod 

(16) 

350 

Bd radiodafarvis manZili , km 1100 

f sixSire, mghc 1003000 

 

 (4.35) 

 (4.36) 

 (4.37) 

cxrili 4.1. 
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damokidebulebis Lmh f(d) analitikuri gamosaxulebis miReba (4.25, 

4.37) gamosaxulebebiT Zalian rTuli amocanaa, amitom kompiuteruli 

modelirebiT miRebuli iqna Sesabamisi d-s da Lmh –s mniSvneloba 

sidideebisTvis: Hb=50 m, Hm=1,5 m, U=1,  Ur=1 , B1=16 da f= 1800 mghc [15].  

Sedegebi naCvenebia  cxr.4.2-Si.  

                                                    

d , km 5 10 15 20 25 

Lmf , db 60 70 80 90 105 

 

2. uolfiS – ikegamis modeli. radiotalRebis milevis 

saSualo sidide am modelis Tanaxmad gamoisaxeba ase: 

                         

0

0

42,6 26lg( ) 20lg( )

,

,

WI rts msd

d f

L L L L

L

 


  



                   L                               

 sadac f – sixSirea [mghc]; L 0 32,4 20lg( ) 20lg( ).L d f    

19,6 10lg( ) 10lg( ) 20lg( ) ,

0

m ori

rts

f h L
L

     
 


;

0;

r m

rts

h h

L




                                    

10 0,354 ,

2,5 0,075( 35),

4 0,114( 55),

oriL







 


  
  

 

0 35 ;

35 55 ;

55 90 ;







 

 

 

 

 

 

                                                                     

sadac   kuTxea radiotalRebis gavrcelebis mimarTulebasa  

da quCis mimarTulebebs Soris. ; ;m r m b b rh h h h h h       

Tu Lrts +LLmsd    0 

Tu Lrts +LLmsd    0 

 

 arsebobs pirdapiri xedva  

quCis gaswvriv 

ar arsebobs pirdapiri xedva  

quCis   gaswvriv 

(4.38) 

(4.39) 

 (4.40) 

cxrili 4.2. 

radiodafarvis manZilis damokidebuleba saSualo milevaze   
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lg( ) lg( ) 9lg( );

0,

bsh a d

msd

L k k d k f b
L

   
 


0;msdL                                                         

18lg(1 ), ;

0,

b b r

bsh

h h h
L

  
 


                                                                                 (4.42) 

                   

54,

54 0,8 ,

54 0,8 ,
0,5

a b

b

k h

d
h





  

  


                     

b r

b r

b r

h h

h h

h h







    da           , km     (4.43)                        

                       

18,

18 15 ,d b

r

k h

h




 




      
b r

b r

h h

h h




                                                          (4.44) 

0,7 1
925

1,5 1
925

f

f

k
f

  
 

  
 

     

                                                                                                      (4.45) 

gamosaxulebebSi (4.38  4.45) gamoyenebuli sidideebi da maTi 

mniSvnelobebi Semdegia: b – Senobebs (nagebobebs) Soris  manZili, m; 

                - quCebis sigane, m; 

               =90 ,   hb- sabazo sadguris simaRle, (450), m; 

               hm – mimRebi sadguris ganlagebis simaRle, (13)m. 

               hr   - Senobis simaRle, m. 

kompiuteruli modelirebiT miRebuli mniSvnelobebi pirobiT: 

b=100m, =50m, hr=50m, =90, hb=30m, hm=2m iZleva Lw1f(d)  

damokidebulebas  cxr. 4.3-is saxiT. 

;b rh h  

   
0,5

0,5

d

d




 

saSualo sididis qalaqi, gareubani 

               didi qalaqi 

 

didi qalaqi 

(4.41) 
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                                                    cxrili 4.3. 

             radiotalRebis milevis saSualo sididis  

damokidebuleba radiodafarvis manZilze                                               

Lw1, db 65 75 85 110 

D d, km 1 3 5 10 

 

3. COST-Hata-s  modeli. mileva radioarxSi gavrcelebisas 

gamoiTvleba, rogorc : 

                                       Lp =K1+K2·lg(d) ,   db                  (4.46) 

sadac  LLp   - radioarxSi radiotalRebis danakargia , db–Si: 

               K1= 46,3+33,9 lg (f) -13,82 lg(Hb) - a(Hm), db. 

   K2=44,9-6,55 lg (Hb), db. 

   f – sixSirea , mghc. 

   Hb – sabazo sadguris simaRlea, m; 

  Hm  - mobiluri sadguris ganlagebis simaRle, m;  

  d  -  radiotalRebis gavrcelebis manZili, km; 

     a(Hm)= (1,1 lg(f) -0,7) Hm- (1,56 lg(f) -0,8), db. 

(4.46)        gamosaxulebidan  SeiZleba miviRoT: 

                            
1

2

10
pL K

d
K


                                                       (4.47) 

maSin radiotalRebis gavrcelebis manZilis (radiodafarvis) 

gazrda energetikuli efeqturobis gazrdis (energetikuli mogeba) 

xarjze Seadgens: 
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1

10
pL

d
K


                                                             (4.48) 

sadac d – gavrcelebis manZilis namatia, km; 

 Lp – energetikuli mogebaa, db. 

sabazo sadguri 3 seqtoriani anteniT, radiotalRebis 

gavrcelebiT d km-ze, faravs teritorias :  

                                23
3 ,

8
S d                                                              (4.49) 

Sesabamisad gazrdili d-s SemTxvevaSi  

                             23
3 ( ) ,

8
S d d                                                 (4.50) 

Lp-s cvlilebis dros (0,52,5)db – sididiT (rogorc zemoT 

iyo aRniSnuli, aseT energetikul mogebas iZleva signalebis 

damuSavebis Tanamedrove algoriTmebis gamoyeneba), (4.48)–is  

Sesabamisad  d icvleba (315)% -iT. Tu S km2 teritoriis 

radiodafarvisaTvis gamoiyeneba N=S/S sabazo sadguri, gazrdili d-

s SemTxvevaSi maTi raodenoba N=S/S  Semcirdeba (628)%-iT, rac 

mobiluri qselis agebis dros moitans mniSvnelovan ekonomiur 

efeqts.  

4.6. daskvna 

1. kvlevis eqsperimentul  etapze Semowmebuli iqna parametr 

Bit–Eror-is (bituri Secdomis albaToba) damokidebuleba 

signal/xelSeSlis mniSvnelobaze relies arxSi, orobiTi fazuri 

modulaciis dros, sivrciT-droiTi blokuri kodirebis dros.  
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2. SerCeuli modelirebis sisworis Sesafaseblad Semowmebuli 

iqna literaturaSi arsebuli modelirebis Sedegebi. kerZod, 

aRebulia SemTxveva - 2 gadamcemi da 1  mimRebi antena. Sedegma 

daadastura  modelirebis siswore. 

3. igive meTodiT gaangariSebulia BER–is damokidebuleba 

Eb/No–ze. SemTxvevisaTvis, roca gadamcemi antenebis raodenobaa – 4, 

xolo mimRebi antenebis raodenobaa – 3. damtkicebulia, rom 

modelirebis am meTodiT (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, [15, 16]. 

4. Tavis mxriv energetikuli efeqturobis gazrda SeiZleba 

gamoyenebuli iqnas radiodafarvis zonis gazrdisaTvis, radganac 

saSualebas iZleva radiotalRebi gavrceldes ufro did manZilze, 

e.i. gaizardos fiWis radiusi. es Tavis mxriv SesaZleblobas iZleva 

garkveuli teritoriis dafarvisaTvis gamoyenebuli iqnas naklebi 

raodenobis sabazo sadgurebi [17]. 
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5. 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. gansakTrebuli Sedegs iZleva kavSiris sistemebi MIMO antenebiT, 

rac zrdis arxis 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 

SesaZleblopbas iZleva garkveuli teritoriis dafarvisaTvis 

gamoyenebuli iqnas naklebi raodenobis sabazo sadgurebi, rac 

iZleva mniSvnelovan ekonomikur efeqts. 
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6. danarTi 1 

programa maTlabi 

Secdomis albaTobis damokidebuleba signal-xelSeSlis 

fardobaze BPSK orobiTi fazuri modulaciis dros alamoutis 

sivrciT-droiTi blokuri kodirebiT STBC  relies arxSi 4x3. 

 

% Author        : ia tskvitinidze 

% Email         : tskvitinidzeia@yahoo.com 

% Date          : 20 december 

% %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  

% Script for computing the BER for BPSK modulation in a 

% Rayleigh fading channel with Alamouti Space Time Block Coding 

% 4 transmit antenna, 3 Receive antenna 

  

clear 

N = 10^6; % number of bits or symbols 

Eb_N0_dB = [0:25]; % multiple Eb/N0 values 

  

for ii = 1:length(Eb_N0_dB) 

  

    % Transmitter 

    ip = rand(1,N)>0.5; % generating 0,1 with equal probability 

    s = 2*ip-1; % BPSK modulation 0 -> -1; 1 -> 0 

  

    % Alamouti STBC  

    sCode = zeros(2,N); 

    sCode(:,1:2:end) = (1/sqrt(2))*reshape(s,2,N/2); % [x1 x2  

...] 

    sCode(:,2:2:end) = (1/sqrt(2))*(kron(ones(1,N/2),[-

1;1]).*flipud(reshape(conj(s),2,N/2))); % [-x2* x1* ....] 

  

    h = 1/sqrt(2)*[randn(1,N) + j*randn(1,N)]; % Rayleigh channel 

    hMod = kron(reshape(h,2,N/2),ones(1,2)); % repeating the same 

channel for two symbols     

  

    n = 1/sqrt(2)*[randn(1,N) + j*randn(1,N)]; % white gaussian 

noise, 0dB variance 

  

    % Channel and noise Noise addition 

    y = sum(hMod.*sCode,1) + 10^(-Eb_N0_dB(ii)/20)*n; 
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% Receiver yMod = kron(reshape(y,2,N/2),ones(1,2)); % [y1 y1 ... 

; y2 y2 ...] 

    yMod(2,:) = conj(yMod(2,:)); % [y1 y1 ... ; y2* y2*...] 

  

    % forming the equalization matrix 

    hEq = zeros(2,N); 

    hEq(:,[1:2:end]) = reshape(h,2,N/2); % [h1 0 ... ; h2 0...] 

    hEq(:,[2:2:end]) = kron(ones(1,N/2),[1;-

1]).*flipud(reshape(h,2,N/2)); % [h1 h2 ... ; h2 -h1 ...] 

    hEq(1,:) = conj(hEq(1,:)); %  [h1* h2* ... ; h2 -h1 .... ] 

    hEqPower = sum(hEq.*conj(hEq),1); 

  

   yHat = sum(hEq.*yMod,1)./hEqPower; %[h1*y1 + h2y2*, h2*y1 -

h1y2*, ... ] 

    yHat(2:2:end) = conj(yHat(2:2:end)); 

  

    % receiver - hard decision decoding 

    ipHat = real(yHat)>0; 

  

    % counting the errors 

    nErr(ii) = size(find([ip- ipHat]),2); 

  

end 

  

simBer = nErr/N; % simulated ber 

EbN0Lin = 10.^(Eb_N0_dB/10); 

theoryBer_nRx3 = 0.5.*(1-1*(1+1./EbN0Lin).^(-0.5));  

  

p = 1/2 - 1/2*(1+1./EbN0Lin).^(-1/2); 

theoryBerMRC_nRx4 = p.^2.*(1+2*(1-p));  

  

pAlamouti = 1/2 - 1/2*(1+2./EbN0Lin).^(-1/2); 

theoryBerAlamouti_nTx4_nRx3 = pAlamouti.^2.*(1+2*(1-pAlamouti));  

  

close all 

figure 

semilogy(Eb_N0_dB,theoryBer_nRx3,'bp-','LineWidth',2); 

hold on 

semilogy(Eb_N0_dB,theoryBerMRC_nRx4,'kd-','LineWidth',2); 

semilogy(Eb_N0_dB,theoryBerAlamouti_nTx4_nRx3,'c+-

','LineWidth',2); 

semilogy(Eb_N0_dB,simBer,'mo-','LineWidth',2); 

axis([0 25 10^-5 0.5]) 

grid on 

legend('theory (nTx=3,nRx=3)', 'theory (nTx=3,nRx=4, MRC)', 

'theory (nTx=4, nRx=3, Alamouti)', 'sim (nTx=4, nRx=3, 

Alamouti)'); 

xlabel('Eb/No, dB'); 

ylabel('Bit Error Rate'); 

title('BER for BPSK modulation with Alamouti STBC (Rayleigh 

channel)'); 
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