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S e s a v a l i 
 

  
 informaciis miReba, gadacema, damuSaveba da Senaxva _ es adamianis 

moRvaweobis dinamiurad ganviTarebadi da perspeqtiuli sferoa 

ukanasknel aTwleulSi. mTel msoflioSi aTeul aTasobiT msxvili, 

saSualo da mcire  firmebi, romelTa wliuri brunva aseuli 

miliardobiT dolaria, dakavebulia informaciis gadacemis sxvadasxva 

sistemebisa da mowyobilobebis damuSavebiT, warmoebiT, gayidviTa da 

eqspluataciiT. 

 informaciis gadacemisaTvis gankuTvnil sxvadasxva sistemebsa da  

gadacemis meTodebSi garkveva, maTi agebisa da muSaobis saerTo 

principebis gageba da informaciis gadacemis sistemebis damuSavebisaTvis 

Tanamedrove midgomebis Seswavla warmoadgens  winamdebare kursis mizans.  

 upirveles yovlisa, ganvsazRvroT Seswavlis sagani. 

 cnobilia, rom informaciis gadacemis radioteqnikuri sistemebi  

gankuTvnilia ara raime obieqtis, energiis an signalebis gadacemisaTvis, 

aramed informaciis gadacemisaTvis. am sistemebSi eleqtromagnituri 

talRebi (signalebi) gamoiyeneba mxolod rogorc informaciis 

gadamtanebi wyarodan momxmareblamde. amaSi mdgomareobs maTi mTavari 

gansxvaveba sxva mraval radioteqnikur sistemasTan SedarebiT, romlebic 

aseve axorcieleben radiosignalebis gadacemasa da miRebas. informaciis 

gadacemis radioteqnikur sistemebs, anu, sxvanairad, damakavSirebeli 

tipis radioteqnikur sistemebs, miekuTvneba radiokavSiris (maT Soris 

fiWuri radiosatelefono kavSiris), radiomauwyeblobisa da telexedvis 

(maT Soris Tanamgzavruli), radioarxebiT gazomvebis Sedegebis 

gadacemisaTvis gankuTvnili radiotelemetruli sistemebi da sxva. 

 gasazomi tipis radioteqnikuri sistemebi, kerZod, radiolokaciuri 

da radionavigaciuri sistemebi, traeqtoruli gazomvis sistemebi, garemos 

parametrebis gazomvisaTvis gankuTvnili sistemebi da sxva, informaciis 

gadacemis radioteqnikuri sistemebisagan gansxvavdebian imiT, rom 

sasargeblo informacia zed edeba signals (an aRiZvreba signalSi) 

garemosTan da obieqtebTan am ukanasknelis urTierTqmedebis procesSi da 

asaxavs am obieqtebisa da gavrcelebis aris parametrebsa da Tvisebebs. 
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mimReb punqtSi sasargeblo informacia gamoiyofa signalidan 

eleqtromagnituri velis Sesabamisi parametrebis gazomvis gziT. 

 ras warmoadgens informacia da raSi mdgomareobs misi gadacemis 

arsi? arsebobs amis sakmaod mravali gansazRvreba, Tumca ukanasknel 

periodamde yvelaze metad adeqvaturad iTvleboda Senoniseburi 

gansazRvreba, romlis mixedviTac informacia gaurkvevlobis sazomia 

(imis dasaxelebis xarisxi, rac gadacemisaTvisaa gankuTvnili). 

Sesabamisad, informaciis gadacemis mizania mocemuli gaurkvevlobis 

moxsna. 

 informaciis es klasikuri gansazRvreba pirvelad iqna Semotanili 

klod Senonis mier 1948 wels daweril SromaSi "kavSirgabmulobis 

maTematikuri Teoria", ramac mravali aTwleulis ganmavlobaSi 

gansazRvra is midgomebi informaciis gadacemis meTodebisa da sistemebis 

analizisa da damuSavebisadmi, romlebic dResac umTavresad am 

gansazRvrebazea orientirebuli. am midgomis Sesabamisad informaciis 

miRebis kvalobaze ixsneba gaurkvevloba. amasTanave, rac meti informacia 

miiReba, miT naklebia mimRebis gaurkvevlobis xarisxi.  

 informaciis gadacemis sistemebis Teoriisa da praqtikis 

ganviTarebam droTa ganmavlobaSi gamokveTa mTeli rigi Seusabamobebi 

aRniSnul gansazRvrebasa da im Sedegebs Soris, romlebic zogjer  

gacilebiT ukeTesia arsebuli Teoriis mier nawinaswarmetyvelebulTan 

SedarebiT. magaliTad, Senoniseburi midgoma sulac ar iTvaliswinebs 

informaciis sargeblianobisa da misi gacnobierebis xarisxs, sagnis an 

movlenis Sesaxeb aprioruli codnis arsebobas da sxva. es midgoma 

mimarTulia ara codnis  gazrdisaken, aramed _ ucodinrobis 

Semcirebisaken, anu garkveuli gagebiT is pasiuria. amasTan dakavSirebiT 

ukanaskneli ori aTwleulis ganmavlobaSi mimdinareobs TiTqosda uryevi 

gansazRvrebebisa da informaciis gadacemis Teoriuli safuZvlebis 

gadasinjva. mocemuli kursis Seswavlis dros ganxiluli iqneba rogorc 

klasikuri midgoma, aseve aRniSnuli sakiTxis mimarT arsebuli 

Tanamedrove Sexeduleba. 
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1. informaciis gadacemis safuZvlebi 
 

1.1. informaciis gadacemis radioteqnikuri sistemis modeli 
 

informaciis gadacemis radioteqnikuri sistemebis Seswavla 

daviwyoT sayovelTaod miRebuli modelebis ganxilviT, romlebic 

naTels fens maTi agebis saerTo principebsa da kanonzomierebebs. 

 zogadi saxiT informaciis gadacemis radioteqnikuri sistemis 

modeli SeiZleba warmovadginoT Semdegi saxiT (nax. 1.1). 

 

    informaciis     gadamcemi      kavSiris         mimRebi       informaciis 
       wyaro                          arxi                            mimRebi 

 

nax. 1.1. informaciis gadacemis radioteqnikuri sistemis modeli 
 

 1.1 naxazze warmodgenili modeli Tumca Seicavs informaciis 

gadacemis nebismieri sistemisaTvis damaxasiaTebel ZiriTad elementebs, 

igi mainc warmoadgens informaciis gadacemis radioteqnikuri sistemis 

aRweris umartives ilustracias, vinaidan praqtikulad igi ar asaxavs im 

moqmedebebs, romlebic unda ganxorcieldes (an SeiZleba ganxorcieldes) 

informaciis gadacemisaTvis wyarodan momxmareblamde. am TvalsazrisiT 

ufro srulyofilia informaciis gadacemis (Senaxvis) sistemis 1.2 naxazze 

warmodgenili modeli, romliTac visargeblebT momavalSi. unda 

aRiniSnos, rom sinamdvileSi informaciis gadacemisas (Tanac ara mxolod 

radiotalRebis gamoyenebiT) da optikur diskebze, magnitur matareblebze 

da kompiuterebis mexsierebaSi misi  Senaxvisas warmoqmnili problemebi  

erTmaneTs Zalian gavs, ris gamoc aseve identuria maTi gadawyvetis 

meTodebi d teqnikuri mowyobilobebis struqtura. 

 

nax. 1.2. informaciis gadacemis (Senaxvis) sistemis modeli 
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 mokled davaxasiaToT am modelis elementebis daniSnuleba da 

funqciebi. 

 1. informaciis an Setyobinebis wyaro _ fizikuri obieqti, sistema 

an movlenaa, romelic aformirebs gadasacem Setyobinebas. Setyobineba ki 

_ es aris obieqtis (sistemis an movlenis) aRmweri raime fizikuri 

sididis mniSvneloba an cvlileba. rogorc wesi, pirveladi Setyobinebebi 

(sityva, musika, gamosaxulebebi, garemos parametrebis gazomvis Sedegebi 

da sxva) warmoadgenen araeleqtruli bunebis droiT funqciebs. kavSiris 

arxSi gadacemis mizniT es Setyobineba gardaiqmneba eleqtrul signalad, 

romlis cvlileba droSi λ(t)  asaxavs gadasacem Setyobinebas. 

gansakuTrebiT ukanasknel periodSi gadasacemi Setyobinebebis 

mniSvnelovani nawili Tavisi bunebiT signalebs ki ar warmoadgens, 

aramed isini SeiZleba iyos ricxvebis masivebi, teqsturi an sxva saxis 

failebi da maTi magvari ram. aseTi tipis Setyobinebebi SeiZleba 

warmovadginoT Λ veqtorebis saxiT. 

 2. wyaros koderi. sawyisi Setyobinebebis udidesi nawili (sityva, 

musika, gamosaxulebebi da a.S.) gankuTvnilia adamianis SegrZnebis 

organoebis uSualo aRqmisaTvis da zogadad cudadaa misadagebuli 

kavSiris arxebis saSualebiT maTi efeqturi gadacemisadmi. amitom, 

rogorc wesi, xorcieldeba Setyobinebebis  (λ(t)  an Λ) kodireba. 

kodirebis procesSi Cveulebriv rTaven uwyveti λ(t) Setyobinebis 

diskretizaciasac, anu mas warmoadgenen elementaruli diskretuli {λi} 

Setyobinebebis mimdevrobis saxiT. 

 zogadad kodirebis cneba gulisxmobs Setyobinebis A{λi} (i=1,2,...,K) 

alfavitis gardasaxvas (gardaqmnas) garkveuli wesiT SerCeuli koduri 

simboloebis ℜ{xj} (j=1,2,…,N) alfavitad. Cveulebriv (magram ara 

aucileblad), koduri simboloebis alfavitis zoma dim ℜ{xj} naklebia an 

mniSvnelovnad naklebia wyaros alfavitis dim A{λi} zomaze. SetyobinebaTa 

kodirebas SeiZleba hqondes sxvadasxva mizani, kerZod _ gadasacemi 

monacemebis moculobis Semcireba (monacemTa SekumSva, kompresia), drois 

erTeulSi gadasacemi informaciis raodenobis gazrda, gadacemis 

utyuarobis amaRleba, gadacemisas saidumloebis uzrunvelyofa da a.S. 
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 informaciis gadacemis radioteqnikuri sistemis wyaros kodirebis 

cnebaSi vigulisxmoT informaciis moculobis Semcireba (SekumSva, 

kompresia) misi gadacemis siCqaris amaRlebis an misi gadacemisaTvis 

saWiro sixSireTa zolis Semcirebis mizniT. 

 wyaros kodirebas zogjer uwodeben ekonomiur, siWarbis gareSe an 

efeqtur kodirebas, agreTve monacemTa SekumSvas (kompresias). mocemul 

SemTxvevaSi efeqturoba gulisxmobs monacemTa moculobis Semcirebis 

(SekumSvis) xarisxs, romelsac uzrunvelyofs kodirebis procesi. 

 Tu SekumSva xdeba ise, rom SekumSuli (kompresirebuli) monacemebiT 

SesaZlebeli iqneba sawyisi informaciis aRdgena absoluturad zustad, 

maSin kodirebas ewodeba aradamrRvevi. igi gamoiyeneba teqsturi 

informaciis, cifruli monacemebis, kompiuteruli failebis da a.S.  

gadacemis an Senaxvisas, anu iq, sadac dauSvebelia sawyis da aRdgenil 

monacemebs Soris Tundac umniSvnelo gansxvaveba. 

 xSirad araa aucilebeli wyarodan momxmareblisaken informaciis 

gadacema absoluturi sizustiT, miTumetes, rom kavSiris arxSi 

yovelTvis arsebobs xelSeSlebi, ris gamoc absoluturad zusti 

gadacema principSi SeuZlebelia. aseT SemTxvevebSi SeiZleba 

gamoyenebuli iyos damrRvevi kompresia, romelic uzrunvelyofs sawyisi 

Setyobinebis aRdgenas ama Tu im xarisxiT SekumSvis Sedegad miRebuli da 

sawyisTan miaxloebuli saxiT. 

rogorc wesi, SekumSvis darRvevadi meTodebi gacilebiT efeqturia 

daurRvevad meTodebTan SedarebiT. 

 amrigad, wyaros koderis gamosasvlelze gadasacemi gadasacemi Aλ(t) 

an Λ Setyobinebis Sesabamisad formirdeba koduri simboloebis X 

mimdevroba, romelsac informaciuli mimdevroba ewodeba da romelic rac 

SeiZleba naklebi zomis SemTxvevaSic ki uzrunvelyofs sawyisi 

Setyobinebis absoluturad zustad (an miaxloebiT) aRdgenas. 

 3. arxis koderi. kavSiris xelSeSlebiani arxiT informaciis 

gadacemisas mimRebSi monacemebi SeiZleba miRebul iqnas SecdomebiT. Tu 

aseT Secdomebs gaaCnia mcire sidide da warmoiqmnebian sakmaod iSviaTad, 

maSin informacia SeiZleba gamoiyenos momxmarebelma. SecdomaTa didi 

raodenobis SemTxvevaSi ki miRebuli informaciis gamoyeneba ar SeiZleba. 
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 kodireba arxSi, anu xelSeSlamdgradi kodireba, warmoadgens 

gadasacemi monacemebis damuSavebis meTods, romelic uzrunvelyofs im 

Secdomebis raodenobis Semcirebas, romlebic warmoiqmneba xelSeSlebian 

arxebSi gadacemis procesSi. arsebobs informaciis xelSeSlamdgradi 

kodirebis mravali sxvadasxva meTodi, Tumca TiToeuli maTganis 

SemTxvevaSi gadasacem SetyobinebaSi SeyavT specialurad Seqmnili 

siWarbe (gadasacem kodur mimdevrobebs umateben Warb simboloebs), 

romelic mimReb mxares iZleva warmoqmnili Secdomebis aRmoCenisa da 

gasworebis saSualebas. amrigad, Tu wyaros kodirebisas xdeba 

SetyobinebaSi arsebuli bunebrivi siWarbis mocileba an Semcireba, arxSi 

kodirebisas _ gadasacem SetyobinebaSi Segnebulad SeaqvT siWarbe. amis 

Sedegad arxis koderis gamosasvlelze formirdeba koduri simboloebis 

Y(X) mimdevroba, romelsac kodur mimdevrobas uwodeben. 

 unda aRiniSnos, rom informaciis gadacemisas rogorc 

xelSeSlamdgradi kodireba, aseve monacemTa SekumSva (kompresia) araa 

aucileblad Sesasrulebeli operaciebi. es procedurebi da maTi 

Sesabamisi blokebi informaciis gadacemis radioteqnikuri sistemis 

struqturul sqemaSi SeiZleba ar arsebobdes. Tumca aman SeiZleba 

gamoiwvios sistemis xelSeSlamdgradobis mniSvnelovani danakargebi, 

gadacemis siCqaris mniSvnelovani Semcireba da informaciis gadacemis 

xarisxis gauareseba. amitom praqtikulad yvela Tanamedrove sistema 

(umartivesi sistemebis garda) unda Seicavdes da aucileblad Seicavs 

kidec monacemTa rogorc efeqtur, aseve xelSeSlamdgrad kodirebas. 

 4. modulatori. informaciis gadacemis radioteqnikuri sistemis 

modulatoris funqciebia wyaros Setyobinebis an koderis mier 

gamomuSavebuli koduri mimdevrobebis SeTanxmeba kavSiris arxis 

TaviseburebebTan da kavSiris saerTo arxiT (rogoricaa radioarxi) didi 

raodenobis Setyobinebis gadacemis SesaZleblobis uzrunvelyofa.  

 marTlac, uwyveti λ(t) da diskretuli Λ gadasacemi Setyobinebebidan 

umravlesi maTgani da agreTve maTi kodirebis Sedegebi _ koduri 

simboloebis X  da  Y  mimdevrobebi warmoadgenen SedarebiT 

dabalsixSirul signalebs SedarebiT farTo zoliT (ΔF≤1 mhc, ΔF∼f0). 

amave dros efeqturi gadacema eleqtromagnituri talRebis 

(radiotalRebis) gamoyenebiT SesaZlebelia mxolod sakmaod 
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maRalsixSiruli signalebisaTvis (f0≥1…1000 mhc da ufro zeviT), 

romlebsac gaaCnia SedarebiT viwrozolovani speqtrebi (ΔF<<f0). amitom 

modulatorma wyaros λ(t) (Λ) Setyobinebebi an maTi Sesabamisi koduri X  

da Y mimdevrobebi unda gardaqmnas S(t, λ(t)), S(t, Y(λ(t))) signalebad (moaxdinos 

SetyobinebaTa zeddeba signalebze), romelTa Taviseburebebi SesaZlebels 

gaxdida radioarxebis saSualebiT (an sxva arsebuli _ satelefono, 

optikuri da a.S. arxebiT) maT efeqtur gadacemas. amasTan informaciis 

gadacemis im mravali sistemis Sesabamisi signalebi, romlebic muSaoben 

saerTo radioarxSi, iseTi unda iyos, rom uzrunvelyofili iyos yvela 

wyarodan miRebuli Setyobinebis damoukidebeli gadacema informaciis 

yvela mimRebamde. 

 dReisaTvis arsebobs signalebis modulaciis mravali meTodi, 

romlebsac gansxvavebuli efeqturoba gaaCniaT da romlebic 

uzrunvelyofen informaciis gadacemas ama Tu im xarisxiT. maT Soris 

yvelaze martivia uwyveti signalebis amplituduri, sixSiruli da fazuri 

modulaciebi. winamdebare kursSi ganxiluli iqneba agreTve informaciis 

gadacemis radioteqnikur sistemebSi gamoyenebuli signalebis 

modulaciis ufro Tanamedrove da ufro efeqturi meTodebi, maT Soris 

iseTebi, romlebic gamoiyeneben farTozolovan xmauris msgavs signalebs. 

amasTan, modulaciis procedura ganxiluli iqneba ara ubralod S(t)  

signalis parametrebis cvlileba gadasacemi λ(t) Setyobinebis 

mniSvnelobaTa mixedviT, aramed rogorc Setyobinebis gardaqmna 

signalad.  

 5. kavSiris arxi.  ganmartebis Tanaxmad, informaciis gadacemis 

radioteqnikuri sistema informaciis gadacemis sistemaa, romelic 

wyarodan momxmareblisaken informaciis gadamtanad iyenebs 

eleqtromagnitur talRebs an radiotalRebs, xolo gavrcelebis ared 

_garemomcvel sivrces anu radioarxs. amaSi mdgomareobs informaciis 

gadacemis radioteqnikuri sistemis mTavari gansxvaveba informaciis 

gadacemis sxva sistemebTan SedarebiT, romlebic iyeneben sadenian, 

boWkovan-optikur, akustikur da sxva msgavs arxebs. sxva mxriv, 

araarsebiTi detalebis mxedvelebaSi miuReblad, aseTi sistemebis 

struqtura da ZiriTadi elementebis funqciebi identuria. 
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 radioarxis SeiZleba ganvixiloT rogorc informaciis gadacemis 

radioteqnikuri sistemis erT-erTi rgoli, romlis Sesasvlels miewodeba 

gadamcemis S(t,λ(t)) signali, xolo gamosasvlelze miiReba U(t) signali, 

romelsac Cveulebriv miRebul rxevas uwodeben.  

 arsebobs didi an mcire sirTulis radioarxis mravali modeli, 

Tumca zogadad signali S(t,Y(λ(t))), gaivlis ra kavSiris arxs, miileva 

(sustdeba), droSi yovndeba (fazuri Zvra) da xmauriandeba. am SemTxvevaSi 

miRebuli U(t) rxevas aqvs Semdegi saxe. 

   U(t)=εS(t-τ,Y(λ(t)))+n(t),                            (1.1) 

sadac ε - milevaa, τ - droiTi dayovnebaa, xolo n(t) – kavSiris arxSi 

arsebuli xmaurebia. 

 mimRebi. informaciis gadacemis radioteqnikuri sistemis mimRebis 

daniSnulebaa miRebuli U(t) rxevidan Tavis gamosasvlelze maqsimalurad 

SesaZlo sizustiT aRadginos gadacemuli λ(t) Setyobineba (an Λ). 

xelSeSlebis arsebobis gamo miRebuli (aRdgenili, aRwarmoebuli) 

Setyobineba zogadad gansxvavdeba gagzavnili Setyobinebisagan. miRebul 

Setyobinebas vuwodoT Sefaseba (mxedvelobaSia Setyobinebis Sefaseba) da 

avRniSnoT gagzavnili Setyobinebis aRmniSvneli simboloTi, oRond 

davumatoT niSani ∗, anu misi aRniSvna iqneba λ∗ (t) an Λ∗. miRebuli rxevidan 

Setyobinebis Sefasebis aRdgenis (aRwarmoebis) procesi sazogadod 

moicavs ramdenime etaps. 

 6. demodulatori. Setyobinebis λ∗(t)  (an Λ∗) Sefasebis aRdgenisaTvis 

sistemis mimRebma, upirveles yovlisa, miRebuli U(t) rxevisa da 

gadacemisas gamoyenebuli signalis saxisa da modulaciis meTodis 

Sesaxeb monacemTa gaTvaliswinebiT unda moaxdinos im koduri Y∗(λ(t) 

mimdevrobis Sefaseba, romelsac miRebul r mimdevrobas uwodeben. am 

proceduras demodulacias, deteqtirebas an signalis miRebas uwodeben. 

amasTan demodulacia unda iseTnairad ganxorcieldes, rom miRebuli r  

mimdevroba minimalurad gansxvavdebodes gadacemuli koduri Y 

mimdevrobisagan. gadawyvetis meTodis mixedviT miRebuli U(t) mimdevrobis 

demodulaciis amocana ZiriTadad emTxveva xelSeSlebis fonze signalis 

optimaluri miRebis amocanis sxvadasxva variantebs (optimaluri 

aRmoCena, ori an ramdenime signalis optimaluri garCeviToba da a.S.).  
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 7. arxis dekoderi. zogadad miRebuli r mimdevrobebi Secdomebis 

arsebobis gamo SeiZleba gansxvavdebodnen gadacemuli koduri Y 

sityvebisagan. aseTi Secdomebis raodenoba damokidebulia kavSiris arxSi 

xelSeSlebis doneze, signalis gadacemisaTvis SerCeul gadacemis 

siCqaresa da modulaciis meTodze da, agreTve, U(t) rxevis miRebis 

(demodulaciis) meTodze. arxis dekoderis amocanaa aRniSnuli 

Secdomebis aRmoCena da SeZlebisdagvarad maTi gasworeba. miRebul r 

mimdevrobaSi SecdomaTa aRmoCenisa da gasworebis proceduras arxis 

dekodirebas uwodeben. r-is dekodirebis Sedegia informaciuli 

mimdevrobis X∗ Sefaseba. xelSeSlamdgradi kodisa da kodirebisa da 

dekodirebis  meTodebis SerCeva unda ganxorcieldes ise, rom rac 

SeiZleba naklebi raodenobis gausworebeli Secdoma aRmoCndes arxis 

dekoderis gamosasvlelze. 

 informaciis gadacemis (Senaxvis) sistemebSi xelSeSlamdgradi 

kodireba/dekodirebis sakiTxebs dReisaTvis eTmoba gansakuTrebuli 

yuradReba, vinaidan aseTi midgoma iZleva informaciis gadacemis xarisxis 

mniSvnelovani gaumjobesebis saSualebas. xSir SemTxvevaSi, rodesac 

miRebuli informaciis utyuarobisadmi wayenebuli moTxovnebi Zalian 

mkacria (magaliTad, monacemTa gadacemis kompiuteruli qselebSi, marTvis 

distanciur sistemebSi da sxva), gadacema xelSeSlamdgradi kodirebis 

gareSe saerTod SeuZlebelia. 

 8. wyaros dekoderi. vinaidan gadacemis procesSi wyaros (λ(t), Λ) 

informaciam misi ufro kompaqturad (an ufro moxerxebulad) warmodgenis 

mizniT ganicada kodireba (monacemTa SekumSva, ekonomiuri kodireba, 

wyaros kodireba), amitom mimRebSi miRebuli X∗ mimdevrobidan saWiroa 

informaciis sawyisi (an TiTqmis sawyisi) saxiT aRdgena. X∗-is saSualebiT 

Λ∗-s aRdgenis proceduras wyaros dekodireba ewodeba da is SeiZleba 

iyos an ubralod kodirebis Sebrunebuli procedura (aradamrRvevi  

kodireba/dekodireba), an kidev Λ∗-s aRdgena moxdes miaxloebulad, 

romelic bevrad an naklebad iqneba gansxvavebuli Λ-sagan (damrRvevi  

kodireba/dekodireba).  X∗-is mixedviT Λ∗-s aRdgenis operacias 

aucileblobis SemTxvevaSi mivakuTvnoT agreTve uwyveti λ∗(t) funqciis 

aRdgena Λ∗-s diskretuli mniSvnelobebis nakrebis mixedviT.  
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 unda aRiniSnos, rom ukanasknel dros informaciis gadacemis 

sistemebSi ekonomiuri kodirebis ganxorcielebas sul ufro TvalsaCino 

adgili uWiravs, vinaidan igi xelSeSlamdgrad kodirebasTan erTad 

aRmoCnda gadacemis siCqaris gazrdisa da xarisxis gaumjobesebis yvelaze 

efeqturi xerxi. 

 ufro detalurad ganvixiloT informaciis gadacemis 

radioteqnikuri sistemis ZiriTadi elementebi, romelTagan pirvelia 

informaciis wyaro. 

 

  

1.2. informaciis wyaro 

 

 informaciis an Setyobinebis wyaro gadasacemi Setyobinebis 

maformirebeli obieqti, sistema an movlenaa, xolo Setyobineba obieqtis 

(sistemis an movlenis) amsaxveli raime fizikuri sididis mniSvneloba an 

cvlilebaa. rogorc wesi, pirveladi Setyobinebebi (sityva, musika, 

gamosaxulebebi, garemomcveli samyaros parametrebis gazomvebi da a.S.) 

warmoadgenen araeleqtruli bunebis (akustikuri rxeva, temperatura, 

raime sibrtyeze sikaSkaSis ganawileba da sxva) drois  λ(t), an sxva 

argumentebis λ(x,y,z) funqciebs. kavSiris arxiT gadacemis mizniT es 

Setyobinebebi Cveulebriv gardaiqmnebian eleqtrul signalad, romlis 

cvlilebac droSi λ(t) asaxavs gadasacem informacias. aseT Setyobinebebsa 

da signalebs uwodeben uwyvet, an analogur Setyobinebebsa da signalebs 

da maTTvis sruldeba Semdegi piroba. 

λ∈(λmin., λmax), t∈(0,t),                                                                (1.2) 

anu aseTi Setyobinebebisa da signalebisaTvis rogorc funqciis, aseve 

argumentis mniSvneloba uwyvetia an gansazRvrulia uwyveti intervalis 

nebismieri mniSvnelobisaTvis rogorc λ-s, aseve t-s mixedviT (nax 1.3,a,b). 
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     λ(t)                                                                          λ(t) 

    λmax                                                                                                                λmax  
 
 
 
 
 

    λmin                                                                                                                λmin 
                                t                                                                              t   
                    a                                       b  
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      λ2                                                                                                                
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                                t                  t1  t2                         tn       t    
                    g                                       d               
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      λM                                                                                                               λM 
 
 
 
 

      λ2                                                                                                                  λ2 
      λ1                                                                                                                  λ1 
                     t1  t2                         tn       t                                     t1  t2                         tn       t 
                   e                                        v               
 

nax. 1.3. Setyobinebebisa da signalebis saxeobebi 
 

mravali Setyobineba, kerZod ki iseTebi, rogoricaa Semsrulebeli 

mowyobilobebisadmi gacemuli brZanebebi, satelegrafo Setyobinebebi, 

teqsturi informacia da sxva, diskretuli xasiaTis matarebelia. amasTan 

an A(λi) Setyobinebis alfabeti warmoadgens sasrulo Tvlad  

                               λI= λ1, λ2, …, λk,  i=1, K                                              (1.3) 

simravles (diskretuli anu an mniSvnelobaTa mixedviT dakvantuli 

Setyobinebebi, nax. 1.3,g), an signalebi gadaicema drois diskretul  

   t=t1, t2, …, tm,  i=1, M                                                    (1.4) 
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momentebSi (droSi diskretuli Setyobinebebi, nax. 1.3,d), an kidev erTica 

da meorec (droSi da mniSvnelobaTa mixedviT diskretuli signalebi, anu, 

rogorc maT uwodeben sxvanairad cifruli signalebi an Setyobinebebi, 

nax.1.3,e,v). 

gansakuTrebiT ukanasknel periodSi gadasacemi Setyobinebebidan 

mravali maTgani (monacemTa paketebi,sxvadasxva parametrebis cifruli 

gazomvebis Sedegebi, cifruli fotosuraTebi, teqsturi, grafikuli an 

sxva saxis failebi da sxva) Tavisi bunebiT ar warmoadgens signals. 

aseTi tipis Setyobinebebi SeiZleba warmovadginoT ricxvebis masivebis an 

Λ veqtorebis saxiT. 

rogorc zemoT moyvanili magaliTebidan Cans, gadacemisaTvis 

gankuTvnili Setyobinebebis (an maTi amsaxveli signalebis) 

mravalnairobis miuxedavad maTi umravlesoba SeiZleba miekuTvnos 

mxolod ramdenime erTmaneTisagan arsebiTad gansxvavebul saxes, kerZod: 

1. droSi uwyveti (analoguri) Setyobinebebi (signalebi). 

2. drois mixedviT diskretuli (diskretizirebuli) Setyobinebebi 

(signalebi). 

3. donis (mniSvnelobaTa) mixedviT diskretuli (dakvantuli) 

Setyobinebebi (signalebi). 

rogorc Cans, erTi SexedviT aseT Zalze gansxvavebuli signalebs, 

rogoricaa uwyveti da diskretizirebuli signalebi (ix. nax. 1.3), gaaCniaT 

mravali saerTo da isini erTmaneTTan dakavsirebulia funqcionaluri 

damokidebulebiT, romelsac amyarebs Teorema diskretizaciis Sesaxeb. 
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1.3. diskretizaciis Teorema 

 

 telekomunikaciis Teoriis gansakuTrebulad mniSvnelovan nawils 

warmoadgens egreT wodebuli Teorema anaTvlebis Sesaxeb. igi iZleva 

realur informaciul signalebs Soris umravles uwyvet signalebsa 

(sityva, musika, satelevizio gamosaxulebebis aRmweri eleqtruli 

signalebi, sxvadasxva radioteqnikuri sistemebis wredebis signalebi da 

sxva) da drois calkeul momentebSi am signalebis mniSvnelobebs (egreT 

wodebul anaTvlebs) Soris. aRniSnuli kavSiris gamoyenebaze aigeba 

Tanamedrove cifruli radioteqnika, kerZod, bgeriTi da satelevizio 

signalebis gadacemisa da Senaxvis cifruli meTodebi, satelefono da 

fiWuri kavSiris cifruli sistemebi, cifruli Tanamgzavruli 

telexedvis sistemebi, da a.S. SeiZleba iTqvas ufro metic: signalebis 

damuSavebis teqnikis momavali mis cifrul realizaciaSia. gaivlis kidev 

10_20 weli da Cven mxolod movigonebT signalebis formirebis, miRebis, 

damuSavebisa da SenaxvisaTvis gamoyenebul tradiciul analogur 

meTodebs. informaciuli signalebis damuSavebasTan dakavSirebuli mTeli 

praqtikuli radioteqnika gadava cifrul realizaciebze. 

 diskretizaciis Teorema, anu, rogorc mas kidev uwodeben 

kotelnikovis Teorema an uitekeris Teorema, formirdeba Semdegi saxiT: 

SezRuduli speqtris mqone uwyveti X(t) funqcia, anu funqcia, romelsac 

Tavis  

                                                                                                        ∞ 

  F{X(t)}= ∫ X(t) e -j2πƒ t dt   .                                                    (1.5) 
                                                                                                   -

 
∞ 

speqtrSi ar gaaCnia iseTi sixSiris Semdgenebi, romlebic moTavsebulia 

ƒ∈(-Fm , Fm) zolis gareT, mTlianad ganisazRvreba Δt<1/Fm intervaliT 

(diskretizaciis periodiT) daSorebul drois diskretul ti momentebSi 

formirebuli (aRebuli) X(ti) anaTvlebis mimdevrobiT. 

 aRniSnuli Teoremis damtkiceba emyareba signalebsa da maT 

speqtrebs Soris calsaxa Sesabamisobas. sxva sityvebiT rom vTqvaT, Tu 

signalebi erTnairia, maSin maTi Sesabamisi speqtrebic iqneba erTnairi da, 

piriqiT, Tu speqtrebi erTnairia, maSin signalebic erTnairi iqneba.  

 ganvixiloT diskretizaciis Teoremis umartivesi damtkiceba, 

risTvisac Tavdapirvelad vaCvenoT, Tu rogoraa dakavSirebuli {X(ti)} 
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anaTvlebis diskretuli mimdevrobis speqtri uwyveti X(t) funqciis 

speqtrTan.  

 uwyveti X(t) funqciis anaTvlebis mimdevroba SeiZleba 

warmovadginoT  X(t)-sa da  Δt periodis mqone δ-impulsebis perioduli 

mimdevrobis namravlis saxiT:  

                                                    ∞ 
X(ti)=X(t) ∑ δ(t_iΔt).                                                      (1.6)  

                                                                             -∞  
maSin diskretizirebuli X(ti) funqciis speqtri (furies gardasaxva) 

SeiZleba Caiweros Semdegi saxiT: 

                                                               ∞             ∞                                                ∞      ∞ 
F{X(ti)}=  ∫ X(t)  ∑ δ(t_iΔt) e -j2πƒ t dt=∑   ∫ X(t) e -j2πƒ tδ(t_iΔt) dt ,                    (1.7) 

                                                          -
 
∞          i = -

 
∞                                       i = -

 
∞ 

 
-
 
∞ 

anu δ-funqciis "filtraciis" Tvisebis gaTvaliswinebiT (1.7) formula 

miiRebs saboloo saxes:  

                                                                                                             ∞ 
F{X(ti)}= ∑  X(iΔt) e -j2πƒ i Δt .                                               (1.8)  

                                                                                                       i = -
 
∞ 

  

 araa Zneli imis SemCneva, rom periodulad diskretizirebuli X(iΔt) 

funqciis speqtri aseve periodulia, romlis periodia 1/Δt. 

 marTlac, 

                                                      ∞                      -j2π(1_m/Δt)iΔt     ∞                     -j2πƒiΔt      -j2πm i 
XΔ(ƒ+m/Δt)=∑ X(iΔt) e                           = ∑ X(iΔt) e                e                = XΔ(ƒ) .  (1.9) 

                                i= - ∞                                                              i= - ∞ 

 aseTive Sedegi, oRond gansxvavebuli xerxiT, SeiZleba miviRoT, Tu 

gavixsenebT, rom droiT areSi funqciebis gadamravlebas Seesabameba maTi 

speqtrebis xveva. aRniSnulis gaTvaliswinebiT  

                                                                                                   ∞                                                                ∞ 

                  F{X(ti)}=F   X(t) ∑  δ(t_iΔt)   = F{X(t)}⊗F   ∑  δ(t_iΔt)    .               (1.10)  
                                                                      i= - ∞                                                        i= - ∞ 

 "meseriseburi funqciis" speqtrs aseve aqvs δ-impulsebis perioduli 

mimdevrobis saxe, romlis sixSirea Δƒ=1/Δt, anu 

 

                                                                                       ∞                                                ∞ 
 F   ∑  δ(t_iΔt)   = (1/Δt) ∑  δ(ƒ_k/Δt) .                                (1.11) 

                                                                                    i= - ∞                                        k= - ∞ 
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 Tu gaviTvaliswinebT δ-funqciis "filtraciis" Tvisebas, maSin 

xvevis ganxorcielebis Sedegad miviRebT: 

                                                                                                                                  ∞ 
F   X(ti)   =(1/Δt) ∑ FX(t)(ƒ_k/Δt) .                                   (1.12) 

                                                                                   k= - ∞ 

 amrigad, diskretizirebuli X(i, Δt) funqciis speqtri miiReba sawyisi 

X(t) funqciis speqtris 1/Δt  periodiT gameorebis gziT. 

 (1.12) formulidan cxadia agreTve, rom k=0-Tvis   

                                                             F   X(ti)   =(1/Δt) F{X(t)} ,                                     (1.13)  
     k=o 

anu diskretizirebuli funqciis speqtris Semdgeni k=0-Tvis mudmivi 1/Δt 

mamravlis sizustiT emTxveva sawyisi uwyveti X(t) funqciis speqtrs.  

 amrigad, Tu X(ti) mimdevrobis sruli (perioduli) speqtridan raime 

saSualebiT gamovyofT mxolod Semdgens, romlisTvisac k=0, maSin 

diskretuli  X(ti) mimdevrobidan srulad aRdgeba sawyisi uwyveti X(t) 

funqcia.  

 (1.13) formulidan gamomdinareobs, rom X(ti) mimdevrobis speqtridan 

sawyisi X(t) signalis speqtris gamoyofa SesaZlebelia idealuri dabali  

sixSireebis filtriT, romlis sixSiruli maxasiaTebelia 

   Δt  | ƒ |≤1/2Δt , 
                           H(ƒ) =                                                                                (1.14) 
                                                                      0, |ƒ |>1/2Δt . 

amasTanave speqtris sxvadasxva k-s Sesabamisi Semdgenebi SeiZleba 

gancalkevdnen maTi urTierTgadaufaraobis SemTxvevaSi. speqtris 

Semdgenebis gadaufaraoba ki uzrunvelyofili iqneba Semdegi pirobis 

Sesrulebisas: 

                            Fm ≥ (1/Δt) ,   anu  Δt ≤ 1/Fm  ,                                            (1.15) 

saidanac gamomdinareobs diskretizaciis Δt  intervalis (periodis) is 

mniSvneloba, romelic uzrunvelyofs sawyisi X(t) signalis aRdgenas misi 

anaTvlebis mimdevrobis saSualebiT. 

 anaTvlebis diskretuli mimdevrobidan uwyveti signalis aRmdgeni 

filtris impulsuri maxasiaTebeli SeiZleba miRoT (1.14) formuliT 

warmodgenili misi sixSiruli maxasiaTeblis furies gardaqmniT da mas 

aqvs Semdegi saxe: 

        h(τ)=F-1{ H(ƒ)}=sinc(2πFmτ)  .                                              (1.16) 
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 Tu X(ti) impulsur mimdevrobas gavatarebT h(τ) impulsuri 

maxasiaTeblis mqone filtrSi, maSin miviRebT sawyis uwyvet signals: 

                         ∞                ∞  ∞ 
X(t)= ∫ X(ti)h(τ_t)dτ=∫   ∑  X(iΔt) δ(t_iΔt)sinc(2πFm(t_τ))dτ= 

                                                       _∞              _∞ i =_∞ 

 
                  ∞        ∞                               ∞        

     =∑ X(iΔt) ∫ δ(t_iΔt)sinc(2πFm(t_τ))dτ= ∑  X(iΔt) sinc(2πFm(t_ iΔt)) .             (1.17)  
               i=_∞      _∞                              i= _∞ 

 uwyveti X(t) funqciis diskretizaciisa da anaTvlebis X(ti) 

diskretuli mimdevrobidan misi aRdgenis procesi warmodgenilia 1.4 

naxazze. 

 amrigad, funqciis anaTvlebis X(iΔt) diskretuli mimdevrobis 

saSualebiT yovelTvis SesaZlebelia sawyisi  uwyveti  X(t) funqciis 

aRdgena, Tu anaTvlebi aRebuli iyo Δt ≤ 1/2Fm  intervaliT (periodiT). es 

ki imaze metyvelebs, rom uwyvet da diskretul signalebs Soris ar 

arsebobs principialuri gansxvaveba. SezRuduli speqtris mqone 

nebismieri uwyveti signali (xolo yvela realur signals gaaCnia 

SezRuduli speqtri) SeiZleba gardaiqmnas diskretul mimdevrobad, xolo 

Semdeg Tavisi diskretuli anaTvlebis saSualebiTAaRdgenil iqnas 

absoluturi sizustiT. es garemoeba iZleva:  uwyveti Setyobinebebis 

wyaroebis  diskretuli mimdevrobebis wyaroebis saxiT ganxilvis 

saSualebas; iq, sadac aucilebeli da mosaxerxebelia, SeiZleba gadavideT 

diskretuli Setyobinebebis analizze; uwyveti Setyobinebebis gadacema 

SeiZleba ganxorcieldes diskretuli formiT da ase Semdeg. 
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nax. 1.4. uwyveti X(t) funqciis droiTi diskretizaciis procesis  
amsaxveli droiTi da speqtruli diagramebi 
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1.3.1. realuri signalebis diskretizaciis 
praqtikuli sakiTxebi 

 
 kavSiris arxebiT gadasacemi Setyobinebebi (sityva, musika, 

satelevizio signali, telemetruli monacemebi da a.S.) praqtikulad 

SezRuduli speqtris mqone funqciebia. magaliTad, zeda Fm sixSire 

daaxloebiT tolia: metyvelebisaTvis _ 3,5 khc, musikisaTvis _ 10...12 khc 

(damakmayofilebeli aRwarmoebis SemTxvevaSi), satelevizio 

signalebisaTvis _ 6 mhc. 

 garkveuli arakoreqtuloba mdgomareobs imaSi, rom anaTvlebis 

Teorema damtkicebulia drois SeuzRudavi t∈(_∞, ∞) intervalisaTvis. 

Sesabamisad {X(i Δt), i =0, ±1, ±2, …} anaTvlebi qmniam usasrulo mimdevrobas. 

magram realur pirobebSi X(t)  Setyobinebebs aqvT dasawyisi da 

dasasruli da, Sesabamisad, sasrulo T<∞  xangrZlivoba. speqtris 

finiturobisa da Setyobinebis sasrulo xangrZlivobis pirobebi, mkacrad 

rom vTqvaT, erTmaneTis Seusabamoa. Teoriulad sasrulo xangrZlivobis 

funqciis speqtrs F∈(_∞,∞) diapazonis sixSiris nebismieri 

mniSvnelobisaTvis gaaCnia nulisagan gansxvavebuli mniSvnelobebi. maSin 

diskretizaciis Δt bijis (periodis) nebismieri SerCevisas speqtris 

gverdiTi zolebi (ix. nax. 1.4) gadaifarebian (gadaikveTebian), ris gamoc 

dabali sixSireebis Tundac idealuri filtris gamosasvlelze, romlis 

CamoWris sixSirea F=1/2Δt, X∗(t) signali aRdgeba sawyisi X(t) signalisagan 

gansxvavebulad. jer erTi, waikveTeba speqtris is sixSiruli Semdgenebi, 

romlebisTvisac |ƒ|>F, da meore, filtris gatarebis zolSi eqceva 

speqtris perioduli gagrZelebis "kudebi". 

 amasTanave, yovelTvis SesaZlebelia diskretizaciis Δt bijis (anu 

signalis speqtris zeda zRvruli Fm=1/2Δt sixSiris) iseTnairi SerCeva, 

romlis drosac speqtris ƒ>1/2Δt  sixSireebze arsebul wakveTad "kudebSi" 

Tavmoyrili ΕΔ  energia mTeli signalis Εx energiasTan SedarebiT imdenad 

mcire aRmoCndes, rom SesaZlebeli iyos misi ugulvebelyofa. filtris 

gamosasvlelze aRdgenili X∗(t) signalis Secdoma damokidebulia ΕΔ/Εx  

fardobaze da igi Δt-s (an F=1/2Δt-s) saTanadod SerCevis SemTxvevaSi 

SeiZleba gavxadOT nebismier mocemul mniSvnelobaze naklebi. sruliad 

naTelia, rom Tu SetyobinebaTa droiTi diskretizaciiT gamowveuli 
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damaxinjebebi aRmoCndeba gacilebiT naklebi im damaxinjebebTan 

SedarebiT, romlebic gamowveulia kavSiris arxSi arsebuli da 

informaciis gadacemis mocemuli sistemis teqnikuri pirobebiT 

gansazRvruli xelSeSlebis dasaSvebi sididiT, maSin aseTi damaxinjebebi 

araarsebiTia da amitom SesaZlebelia maTi ugulvebelyofa.        

 amrigad, miaxloebiT SeiZleba miviRoT, rom realuri Setyobinebebi 

sasrulo T xangrZlivobisaa da imavdroulad maTi speqtrebi SezRudulia 

Fm sixSiriT. amasTanave (1.17) usasrulo mwkrivi gardaiqmneba im n 

raodenobis aranulovani anaTvlebis sasrulo mwkrivad, romelic 

daaxloebiT Setyobinebis xangrZlivobis diskretizaciis intervalTan 

(periodTan) fardobis tolia:   

   n≅T/Δt=2FmT .                                                            (1.18)  

 diskretizaciis Teoremis ZiriTadi formulebi im signalebisaTvis, 

romlebic nulisganaa gansxvavebuli sasrulo t∈(0,T) intervalSi, 

SeiZleba warmovadginoT Semdegi saxiT:  

                                                                            n_1   

X(t)= ∑ X(iΔt)sinc(2πFm(t_Δt)) ,  n=2Fm ;                                     (1.19) 
                                                         i=0 

                                                                                     T                                       n_1 

   Ex=∫ X2(t)dt=(1/2Fm)∑ X2(iΔt) ;                                              (1.20) 
                                                                                 0                                          i=0 

                                                                                                            
∞ 

  EΔ≅2 ∫  |Fx(ƒ)|2dƒ .                                                       (1.21)  
                                                                                                      1/2Δt 

 da bolos, im SemTxvevaSi, rodesac signali {X(t), t∈0,T)} mocemulia 

sasrulo raodenobis X(0), X(Δt),…,X(kΔt) anaTvlebis saxiT, maSin (1.17) _ 

(1.19) formulebSi, Sesabamisi zusti formulebisagan gansxvavebiT, 

mizanSewonili iqneboda miaxloebiTi tolobis niSnis (≅) dasma. Tumca, 

Cveulebriv, amas ar akeTeben. 

 kidev erT miaxloebas, romelic sinamdvileSi ver Sesruldeba, 

warmoadgens aRmdgeni filtris H(ƒ) amplitudur-sixSiruli 

maxasiaTeblis "idealuroba". saqme imaSia, rom idealurad sworkuTxa 

amplitudur-sixSiruli maxasiaTeblis mqone filtrs gaaCnia usasrulo 

xangrZlivobis impulsuri gardamavali maxasiaTebeli da misi praqtikuli 

realizacia SeuZlebelia. sasruli impulsuri gardamavali maxasiaTeblis 

mqone filtrebs gaaCniaT Teoriulad usasrulo zoli. rTuli araa imis 
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Cveneba, rom aRmdgeni filtris impulsuri gardamavali maxasiaTeblis 

sasrulo xangrZlivobis X∗(t)  signalze gavlenas igive xasiaTi aqvs, 

rogorc X(t) funqciis dakvirvebis intervalis SezRudulobas. 

 amrigad, mocemuli amplitudur-sixSiruli maxasiaTeblis mqone 

dabali sixSireebis filtrisaTvis yovelTvis SeiZleba SeirCes 

diskretizaciis iseTi Δt  biji (periodi), rom misi amplitudur-sixSiruli 

maxasiaTeblis ƒ >1/2Δt  sixSireebze, anu am maxasiaTeblis  "kudebSi" 

gaJonili EΔ energia imdenad mcire iyos MmTliani signalis Ex energiasTan 

SedarebiT, rom SesaZlebeli iyos misi ugulvebelyofa. amis gamo 

praqtikaSi realuri X(t)  Setyobinebebis diskretizaciis bijs (periods) 

iReben ramdenadme naklebs, xolo Sesabamisad, diskretizaciis sixSires _ 

ramdenadme mets (ukidures SemTxvevaSi 30_50%-iT) Teoriul variantTan 

SedarebiT.  

 

1.4. organzomilebiani signalebis  

(gamosaxulebaTa) diskretizacia 

 
 informaciis gadacemis radioteqnikuri sistemebis saSualebiT 

gadasacem SetyobinebaTa sul ufro did nawils ikavebs signalebi, 

romlebic ara mxolod drois λ(t) (sityva, musika da sxva), aramed mTeli 

rigi sxva cvladebis funqciaa (magaliTad, λ(x,y), λ(x,y,t) – statikuri da 

dinamiuiri gamosaxulebebi, fizikuri velebis rukebi da a.S.). amasTan 

dakavSirebiT bunebrivia kiTxva _ SesaZlebelia Tu ara aseTi 

mravalganzomilebiani signalebis (ramdenime cvladis funqciebis) 

diskretizacia ise, rogorc es keTdeba droiTi signalebisaTvis (an erTi 

cvladis sxva funqciebisaTvis)? 

 aRniSnul kiTxvaze pasuxs iZleva organzomilebiani (an zogadad 

mravalganzomilebiani) signalebis Sesaxeb diskretizaciis Teorema, 

romlis mixedviTac: ori cvladis λ(x,y)  funqcia, romlisTvisac furies 

organzomilebiani gardasaxva 

                                    ∞ 
FF{λ(x,y)}=∫∫ λ(x,y)exp(_j2πƒxx) exp(_j2πƒyy)dxdy                             (1.22) 

                                      _∞ 

nulis tolia  ƒx ≥ƒxmax da ƒy ≥ƒymax pirobebis Sesrulebisas, calsaxad 

ganisazRvreba x da  y cvladebis sibrtyis Tanabrad daSorebul 
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wertilebSi am funqciis mniSvnelobebiT, Tu diskretizaciis intervali 

akmayofilebs Δx≤1/2ƒx ,  Δy≤1/2ƒy pirobas. organzomilebiani funqciis 

diskretizaciis procedura ilustrirebulia 1.5a,b,g naxazebze.  

 

                                 a 

 

b 

 

g�� 

nax. 1.5. organzomilebiani gamosaxulebis droiTi diskretizaciis nimuSi  

 organzomilebiani diskretizaciis Teoremis damtkiceba, iseve 

rogorc erTganzomilebianis SemTxvevaSi, emyareba calsaxa Sesabamisobas 

signalebsa da maT speqtrebs Soris: erTnair gamosaxulebebs 

(organzomilebian funqciebs) Seesabameba erTnairi speqtrebi da, piriqiT, 

Tu ori funqciis speqtrebi erTnairia, maSin es funqciebic erTnairia 

(isini erTmaneTis tolia). 
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 organzomilebiani diskretizirebuli funqciis furies FF{iΔx, jΔy)} 

gardasaxva (speqtri) FF{iΔx, jΔy)} miiReba sawyisi uwyveti λ(x,y)  funqciis 

speqtris perioduli gagrZelebiT sixSiruli sibrtyis (kΔfx, lΔfy)  

wertilebSi (nax. 1.6), sadac  fx  da fy egreT wodebuli "sivrciTi 

sixSireebia", romlebic Cveulebrivi "droiTi" sixSiris analogebia da 

asaxaven organzomilebiani λ(x,y) funqciis cvlilebebis siCqares 

Sesabamisi (x da y) koordinatebis mixedviT (msxvil fragmentebs 

Seesabameba  dabali sixSireebi, xolo wvril detalebs _ maRali).  

 yovelive es analizurad SeiZleba Caiweros Semdegi saxiT: 

                                                                                                                             ∞      ∞ 
FF{iΔx, jΔy)}=(1/Δx)(1/Δy)∑   ∑  λ(fx_kΔfx , fy_lΔfy) .                      (1.23) 

                                                     k= -∞
 
  l= - ∞ 

 1.6 naxazidan Cans, rom Tu sruldeba FF{iΔx, jΔy)}  speqtris 

perioduli gagrZelebebis gadaukveTadobis piroba, rac samarTliania 

Δx≤1/2ƒx max  da  Δy≤1/2ƒy max  pirobebis Sesrulebisas, maSin idealuri 

organzomilebiani  

                                                     П(fx / Δfx)⋅П(fy / Δfy),  | ƒx|≤1/2Δx , | ƒy|≤1/2Δy , 
            H(ƒx ,ƒy ) =                                                                                       (1.24)  

                                                              0, |ƒx|>1/2Δx , |ƒy|>1/2Δy . 

saxis sixSiruli maxasiaTeblis mqone dabali sixSireebis filtris 

saSualebiT diskretizirebuli FF{iΔx, jΔy)} funqciis saSualebiT 

absoluturad zustadaa SesaZlebeli sawyisi uwyveti FF{λ(x,y)} da, 

Sesabamisad, TviT funqciis aRdgena.  
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nax. 1.8.  

  

 

 

nax. 1.6. diskretizirebuli organzomilebiani funqciis 
furies gardaqmnis Sedegi 

 

amrigad, zemoaRniSnuli msjelobidan Cans, rom ar arsebobs 

principialuri gansxvaveba erTganzomilebiani da organzomilebiani 

(mravalganzomilebiani) funqciebis diskretizaciebs Soris. orive 

SemTxvevaSi diskretizaciis Sedegs warmoadgens funqciis anaTvlebis 

erToblioba. gansxvaveba SeiZleba iyos mxolod diskretizaciis bijis 

sidideSi, anaTvlebis raodenobasa da maTi mimdevrobis rigiTobaSi.  

 

 
 

1.5. SetyobinebaTa dakvantva. dakvantvis Secdomebi 
 

 wina paragrafebSi dasabuTebulia, rom praqtikulad nebismieri λ(t) 

({λ(x,y)}) Setyobinebis gadacema SeiZleba SevcvaloT misi im λi=λ(iΔt) 

anaTvlebis anu ricxvebis gadacemiT, romlebic erTmaneTs miyvebian 

diskretulobis Δt≤1/2Fm  (Δx≤1/2fx , Δy≤1/2fy) intervaliT. Sedegad amisa λ(t) 

Setyobinebis SesaZlo mniSvnelobaTa uwyveti (usasrulo) simravles 

enacvleba misi diskretuli {λ(iΔt)} mniSvnelobebis sasrulo raodenoba. 

Tumca TviT am ricxvebs gaaCnia doneTa (mniSvnelobaTa) uwyveti Skala, 

ris gamoc maTi absoluturad zusti warmodgenisaTvis, magaliTad, 

fx 

fy 

fy 

fx 
1/Δx 

1/Δy 
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aTobiT (an orobiT) formaSi Teoriulad Tanrigebis usasrulo 

raodenobaa saWiro. amasTanave, praqtikaSi sulac araa aucilebeli 

nebismieri ricxvis (maT Soris  λi-s)  mniSvnelobaTa warmodgena 

absoluturi sizustiT.   

 jer erTi, Tavad SetyobinebaTa wyaroebs gaaCniaT SezRuduli 

dinamiuri diapazoni da isini sawyis Setyobinebebs aformireben 

garkveuli sididis damaxinjebebiTa da SecdomebiT. isini SeiZleba iyos 

didi an mcire, magram Setyobinebis aRwarmoebis absoluturi sizustis 

miRweva mainc SeuZlebelia.     

 meorec, kavSiris arxebiT SetyobinebaTa gadacema yovelTvis xdeba 

sxvadasxva saxis xelSeSlaTa fonze. amitom miRebuli Setyobineba 

(Setyobinebis λ∗(t)  an Λ∗ Sefaseba) garkveuli xarisxiT yovelTvis 

gansxvavebulia gadacemuli Setyobinebisagan, rac imas niSnavs, rom 

kavSiris arxSi xelSeSlebis arsebobisas praqtikulad SeuZlebelia 

SetyobinebaTa absoluturad zusti gadacema. 

 da bolos, SetyobinebaTa gadacema xdeba mimRebis mier mati aRqmisa 

da gamoyenebis mizniT. informaciis mimRebs ki warmoadgenen adamianis 

SegrZnebis organoebi, ama Tu im operaciis Semsrulebeli meqanizmebi da 

sxva., romlebsac sasrulo garCevis unarianoba gaaCniaT, anu isini ver 

SeniSnaven umniSvnelo gansxvavebas sawyisi Setyobinebis absoluturad 

zust da aRwarmoebuli (aRdgenili) Setyobinebis miaxloebul 

mniSvnelobebs Soris. mgrZnobiarobis zRvari sxvadasxva SemTxvevaSi 

SeiZleba iyos sxvadasxva, Tumca igi yovelTvis arsebobs. 

 aRniSnuli SeniSvnebis gaTvaliswinebiT SetyobinebaTa 

diskretizaciis procesi SeiZleba gavagrZeloT, kerZod ki movaxdinoT 

misi λi anaTvlebis dakvantva (diskretizacia mniSvnelobaTa mixedviT).     

 dakvantvis Sedegad λi∈(λmin , λmax) anaTvlebis mniSvnelobaTa uwyveti 

simravle icvleba A{λi} alfabetis diskretuli {λ(1),…, λ(m)} simravliT. amis 

Sedegad λi ricxvebis mniSvnelobebi SeiCvleba maTi miaxloebuli 

(uaxloes dasaSveb donemde damrgvalebuli) mniSvnelobebiT. mezobel 

dasaSveb λi, anu dakvantvis, doneebs Soris Δ=λi+1_λi  intervals dakvantvis 

bijs uwodeben. 

 cnobilia Tanabari da araTanabari dakvantva. umravles SemTxvevaSi 

gamoiyeneba Tanabari dakvantva (nax. 1.7), romelic  Cvens mier dawvrilebiT 
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iqneba ganxiluli. am SemTxvevaSi dakvantvis biji Δ=λi_λi_1=Const. Tumca 

zogjer garkveuli upiratesobebs iZleva araTanabari dakvantva (nax. 1.8), 

romlis drosac dakvantvis Δi  sxvadasxvaa sxvadasxva λi –saTvis. 

  X(t)                                                                          X(t)   
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

                      
 
     nax. 1.7. Tanabari dakvantvis           nax. 1.8. araTanabari dakvantvis 
            ilustracia                             ilustracia 
 

 dakvantva iwvevs SetyobinebaTa damaxinjebas. Tu λi=λ(iΔt) anaTvlis 

dakvantviT miRebuli dakvantuli  Setyobinebaa λiq, maSin  

                                  λiq=λi +ξi  ,                                                         (1.25)  

sadac ξi  sxvaobaa dakvantul λiq Setyobinebasa (uaxloes dasaSveb 

mniSvnelobasa) da elementaluri λi Setyobinebis namdvil mniSvnelobas 

Soris da mas dakvantvis xmaurs uwodeben. informaciis gadacemis 

procesze dakvantvis xmauri arsebiTad igive gavlenas axdens, rasac 

xelSeSlebi kavSiris arxSi. xelSeSlebi, iseve rogorc dakvantva, iwvevs 

kavSiris sistemis mimReb nawilSi miRebuli λ∗i  Sefasebebis garkveuli 

sididiT  gansxvavebas namdvil λi  mniSvnelobasTan SedarebiT.   

 imis gamo, rom SetyobinebaTa dakvantva iwvevs Secdomebis 

warmoqmnasa da informaciis garkveuli nawilis dakargvas, SeiZleba 

Δ(λ) 

ξ(t) ξ(t) 

λq λq 

λ λ 

t 

t 

t 

t 

Δ(λ) 

Δ 

Δ +1 
+2 

+N/2 

-1 

-2 
-N/2 
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ganisazRvros aseTi danakargebis fasi d(λ ,λq) da dakvantviT gamowveuli 

Secdomis saSualo sidide D(q): 

D(q)=< d(λ ,λq) >  .                                                       (1.26) 

 xSirad danakargebis funqciis (danakargebis fasis) saxiT iyeneben 

Semdegi saxis kvadratul funqcias: 

 d(λ ,λq)= |λ  _ λq|2 .                                                         (1.27) 

 am SemTxvevaSi dakvantvis Secdomebis sazomad gamoiyeneba am 

Secdomebis dispersia. Δ bijis mqone Tanabari N-doniani dakvantvis 

SemTxvevaSi dakvantvis Secdomebis dispersia ganisazRvreba Semdegnairad: 

                                                                     N   λiq + Δ/2                                                           N        Δ/2 

  D(q)≅∑    ∫  (λ  _ λq)2  f(λ)d(λ) = (1/N)∑    ∫ ξ2
i f(ξi)dξi .                     (1.28) 

                      i=1 
 
λiq _ Δ/2                                                          i=1  _ Δ/2 

 dakvantvis Secdomis absoluturi mniSvneloba ar aRemateba 

dakvantvis bijis naxevars Δ/2  da maSin dakvantvis doneebis sakmarisad 

didi N raodenobisa da  Δ-s mcire sididis SemTxvevaSi dakvantvis 

Secdomebis albaTobaTa ganawilebis f(ξi) simkvrive SeiZleba CaiTvalos 

Tanabrad +Δ/2 …_Δ/2 intervalze:  

                                  1/Δ, |ξi |≤Δ/2 , 
 f(ξi)=                                                                                    (1.29) 

                                  0, |ξi |≥Δ/2  .  
 

amis Sedegad dakvantvis Secdomis absoluturi D(q)=σ2
q mniSvneloba 

ganisazRvreba TanafardobiT 

                                                                                              N    + Δ/2 

D(q)= σ2
q =(1/NΔ)∑   ∫ ξ2i dξI=N(1/NΔ)Δ3/12=Δ2/12                               (1.30) 

                                                                                           i=1  _Δ/2 

da dakvantvis Δ bijis Sesabamisi SerCeviT igi SeiZleba gavxadoT rac 

SeiZleba mcire an winaswar mocemuli (dasaSvebi) sididis toli. 

 SetyobinebaTa anaTvlebis gadacemis sizustis Sesaxeb SeiZleba 

gamoiTqvas igive mosazrebebi, rac droiTi diskretizaciis SecdomaTa 

Sesaxeb.: dakvantvis xmaurebi an dakvantviT gamowveuli damaxinjebebi araa 

mniSvnelovani, Tu es damaxinjebebi naklebia im SecdomebTan SedarebiT, 

romlebic ganpirobebulia xelSeSlebiTa da dasaSvebi teqnikuri 

pirobebiT. magaliTad, sityvisa da musikis gadacemisas, damaxinjebebi 

praqtikulad SeumCnevelia, Tu yvela anaTvals SemTxveviTad Sevcvlit 

0,1...1%-iT, gamosaxulebaTa gadacemisas _ 1%-iT da a.S. profesional 
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eqspertsac ki ar SeuZlia SeamCnios damaxinjebebi musikalur nawarmoebSi, 

Tu dakvantva xorcieldeba 0,001%-ze ukeT (dakvantvis doneTa raodenoba 

N>100000, anaTvlebis warmodgenis sizustea 16...17 orobiTi Tanrigi). 

telemetrul sistemebSi dakvantvis doneTa raodenoba damokidebulia 

informaciis aRwarmoebis sizustis saWiro sidideze da, agreTve, im 

mimwodebis sizusteze, romlebic agroveben am informacias. amasTan 

dakvantvisas mimwodebis mier miRwevadi an moTxovnili sizustisadmi 

gadameteba araa mizanSewonili aparaturis sirTulisa da gadacemisaTvis 

danaxarjebis gazrdis gamo. ufro metic, kavSiris xelSeSlebiani arxiT 

gadacemisas SeiZleba warmoiqmnas iseTi situaciebi, rodesac Setyobinebis 

λ∗i Sefasebis aRwarmoebis (aRdgenis) xarisxi gadamcemSi am Setyobinebis 

ufro uxeSad dakvantvisas aRmoCndes mniSvnelovnad ukeTesi, vidre zusti 

dakvantvis SemTxvevaSi. am sakmaod aranaTel, magram informaciis 

gadacemis zogadi Teoriidan gamomdinare movlenaze momavalSi 

SevCerdebiT ufro dawvrilebiT. 

 amrigad, naCvenebia, rom praqtikulad nebismieri λ(t) ({λ(x,y)}) 

Setyobinebis winaswar mocemuli nebismieri sizustiT gadacema SeiZleba 

Seicvalos diskretulobis Δt≤1/2Fm  (Δx≤1/2fxmax, Δy≤1/2fymax)  intervaliT 

dacilebuli mTeli  λiq=λq(i Δt) ricxvebis gadacemiT. amiT λ(t) ({λ(x,y)}) 

Setyobinebis  SesaZlo mniSvnelobaTa uwyveti (usasrulo) simravle 

Seicvleba A{λiq}  (i=1,2,…N) alfabetis mTeli ricxvebis sasrulo 

simravliT. 

sxva sityvebiT rom vTqvaT, axla SeiZleba signalebTan ise vimuSaoT, 

rogorc cifrebTan. es ki iZleva maTi damuSavebisa da analizisaTvis 

analogur formaSi praqtikulad ararealizebadi nebismieri sirTulis 

cifruli algoriTmebis, informaciis gadacemis sistemebSi cifruli 

meTodebisa da Tanamedrove cifruli integraluri teqnologiebis 

gamoyenebis saSualebas.  

 amrigad, Cven gavarkvieT, rom radioeleqtronul sistemebSi 

informaciis matareblebs an gadamtanebs warmoadgens eleqtruli 

signalebi, romlebsac aformireben am informaciis wyaroebi. im 

SemTxvevebSic ki, rodesac pirveladi informacia araeleqtruli 

bunebisaa (sityva, musika, gamosaxulebebi, teqstebi, monacemTa paketebi da 

a.S.), igi sabolood mainc gardaiqmneba eleqtrul signalebad da Semdeg 
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Seinaxeba an gadaicema kavSiris arxebiT. es signalebi Cveulebriv uwyveti 

xasiaTisaa, anu isini gansazRvrulia drois nebismieri momentisaTvis an 

Tavisi arsebobis usasrulo raodenobis wertilebSi. gacilebiT 

mosaxerxebulia sasrulo zomis mqone monacemebTan, magaliTad, ricxvebis 

sasrulo zomisa da SezRuduli raodenobis Tanrigebis mqone masivebTan 

"urTierToba". swored diskretizaciis zemoT ganxiluli Teorema iZleva 

amis SesaZleblobas.  

 

1.6. informaciis raodenoba. SetyobinebaTa wyaros entropia 
 
 SetyobinebaTa sxvadasxva wyaroebis erTmaneTTan SedarebisaTvis 

saWiroa Semotanili iyos raRac raodenobrivi sazomi, romelic 

SesaZlebels gaxdida obieqturad Sefasebuliyo SetyobinebaSi arsebuli 

informacia. aseTi sazomi pirvelad iqna Semotanili klod Senonis mier 

1948 wels, xolo SemdegSi igi ufro mkacrad iqna gansazRvruli 

a.i.xinCinis mier. ganvixiloT Senonis informaciuli midgomis safuZvlebi. 

 yovelgvar informacias momxmarebeli Rebulobs Setyobinebis 

miRebis semdeg, anu gamocdilebis Sedegad. mimReb mxares miRebul 

Setyobinebas sasargeblo informacia gaaCnia mxolod im SemTxvevaSi, Tu 

arsebobs gaurkvevloba wyaros mdgomareobis Sesaxeb. Tu cda damTavrdeba 

mxolod erTi SedegiT da damkvirvebelma winaswar icis cdis Sedegi, 

maSin maSin is veraviTar informacias ver Rebulobs. magaliTad, Tu 

Segatyobineben, rom mze aRmosavleTidan amodis, maSin es Setyobineba 

araviTar informacias ar Seicavs, vinaidan yvelam icis, rom es namdvilad 

asea. iseT movlenaSi, rogoricaa mzis yoveldRiuri amosvla 

aRmosavleTidan, araferia gaurkveveli. aseTi movlenis albaToba erTis 

tolia da Setyobinebis mier motanili informaciis raodenoba nulis 

tolia. informacia gaCndeba mxolod maSin, rodesac wyaros eqneba 

SesaZlo mdgomareobaTa ukidures SemTxvevaSi erTze meti raodenoba. 

 ganvixiloT wyaro, romelic gascems urTierTdamoukidebeli 

diskretuli Setyobinebebis {λi} mimdevrobas, romelTagan TiToeul 

maTgans SetyobinebaTa A(λi)= λ1, λ2, λ3,…,λK  alfabetidan (K_wyaros 

alfabetis zomaa) SearCeven SemTxveviTi kanoniT. aseTi wyaros mier 

gamomuSavebul Setyobinebebs vuwodoT martivi Setyobinebebi. 
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 yoveli λi  elementaruli Setyobineba am Setyobinebis mimRebisaTvis 

Seicavs garkveul informacias. ganvsazRvroT am informaciis 

raodenobrivi zoma da gavarkvioT, Tu razea is damokidebuli. 

 manam, sanam damyardeba kavSiri, informaciis mimRebs yovelTvis 

gaaCnia meti an naklebi gaurkvevloba imiasTan dakavSirebiT, Tu 

SetyobinebaTa SesaZlo raodenobidan romeli λi  Setyobineba iqneba 

gadacemuli. 

 sruliad cxadia, rom am gaurkvevlobis (ganusazRvrelobis), anu  λi   

Setyobinebis moulodnelobis xarisxi, damokidebulia ama Tu im 

Setyobinebis gadacemis albaTobaze. magaliTad, Tu romelime λi   

Setyobinebis gadacemis albaToba maRalia, maSin gadacemamde 

momxmarebelma TiTqmis icis is, Tu romeli Setyobineba iqneba 

gadacemuli, da misi miReba momxmarebels TiTqmis ar moutans raime axal 

informacias.  

 amrigad, cxadia, rom elementarul λi  SetyobinebaSi arsebuli 

informaciis raodenoba warmoadgens am Setyobinebis gadacemis P(λi) 

albaTobis funqcias: 

J(λi)=ϕ{P(λi)} ,                                                            (1.31) 

 ganvsazRvroT am ϕ  funqciis saxe.  amisaTvis moviTxovoT, rom 

informaciis raodenobis J(λi)  zomam daakmayofilos Semdegi ori 

intuitiuri Tviseba (moTxovna): 

 1. Tu λi Setyobinebis amorCeva winaswaraa gansazRvruli (P(λi)=1 _ 

gaurkvevloba ar arsebobs), maSin am SetyobinebaSi arsebuli informaciis 

raodenoba nulis tolia: J(λi)=ϕ{1}=0. 

 2. Tu wyaro mimdevrobiT irCevs λi  da λj Setyobinebebs da aseTi 

amorCevis albaToba P(λi ,λj) aris λi  da λj  Setyobinebebis erToblivi 

albaToba, maSin am or elementarul SetyobinebaSi arsebuli informaciis 

raodenoba toli iqneba TiToeul maTganSi arsebuli informaciis 

raodenobaTa jamisa. 

  λi  da λj  Setyobinebebis erTdrouli gamoCenis P(λi ,λj) albaToba, 

rogorc cnobilia, ganisazRvreba sruli albaTobis formuliT: 

P(λi ,λj)= P(λi) P(λj/λi)= P⋅Q .                                              (1.32) 
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 maSin, zemoaRniSnuli me-2 moTxovnis Sesabamisad, unda 

dakmayofildes Semdegi piroba: 

ϕ{ P⋅Q }=ϕ{ P }+ϕ{ Q } .                                                  (1.33) 

 advilia imis mixvedra, rom zemoaRniSnul or moTxovnas 

akmayofilebs Semdegi saxis funqcia: 

J(λi)=alogP(λi) .                                                         (1.34) 

 amasTan, rogorc a koeficienti, aseve logariTmis fuZe iqneba 

SemTxveviTad SerCeuli. Tumca, informaciis raodenobis dadebiTi 

ricxviT gamosaxvis mizniT a=_1.  logariTmis fuZed ki Cveulebriv irCeven 

2-s. maSin 

                               J(λi)=_log2P(λi) .                                                        (1.35) 

 informaciis gazomvis aseTnairad gansazRvrul erTeuls uwodeben 

informaciis orobiT erTeuls, anu bits. magaliTad, elementaruli 

Setyobinebebidan amorCeuli iqneba romelime λi  Setyobineba da igi 

gadaicema P(λi)=1/8  albaTobiT, maSin amboben, rom masSi arsebobs 

log2(1/8)=3 biti informacia. 

 zogjer logariTmis fuZed irCeven naturalur ricxvs e.  am 

SemTxvevaSi informaciis sazomia naturaluri erTeuli _ nati. 

 erT elementarul λi  SetyobinebaSi Tavmoyrili informaciis 

raodenoba jer kidev srulad ar axasiaTebs Setyobinebis wyaros. 

elementaruli Setyobinebis erT jgufs SeiZleba gaaCndes bevri 

informacia, magram gadaicemodes iSviaTad, sxva jgufi ki SeiZleba 

gadaicemodes xSirad, magram gaaCndes naklebi informacia. amitom 

Setyobinebis wyaro SeiZleba daxasiaTdes informaciis saSualo 

raodenobiT, romelic gadaangariSebulia erT elementarul 

Setyobinebaze. mas uwodeben "wyaros entropias" da igi ganisazRvreba 

Semdegnairad: 

                                                                                            K 

H(λ)=_∑ P(λi)⋅log P(λi) ,    i=1, K.                                          (1.36) 
                                                                         i=1 

 entropia, rogorc wyaros informatiulobis raodenobrivi sazomi, 

xasiaTdeba Semdegi TvisebebiT: 
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 1. entropia nivTieri, SezRuduli da arauaryofiTi sididea. misi es 

Tvisebebi gamomdinareobs H(λ)_s gamosaxulebidan da, agreTve, imis 

gaTvaliswinebidan, rom  0 < P(λi) < 1 . 

 2. determinirebuli Setyobinebebis entropia nulis tolia (H(λ)=0), 

Tu Tundac erT-erTi Setyobinebis albaTobaa 1. 

 3. entropia maqsimaluria, Tu λi  Setyobinebebi TanabaralbaTuria, 

anu Tu P(λ1)= P(λ2)=…= P(λK)=1/K . maSin  

                                                                                                          K 

H(λ)=_(1/K)∑ log(1/K)=logK .                                                (1.37) 
                                                                                                       i=1 

 rogorc (1.37) formulidan Cans, TanabaralbaTuri Setyobinebebis 

SemTxvevaSi entropia izrdeba wyaros alfabetis moculobis (anu 

SetyobinebaTa raodenobis) zrdasTan erTad. araTanabaralbaTuri 

elementaruli λi  Setyobinebebis SemTxvevaSi entropia, Sesabamisad, 

mcirdeba.  

 4. orobiTi (K=2) wyaros entropia SeiZleba icvlebodes nulidan 

erTamde. marTlac, ori λ1  da λ2   Setyobinebis maformirebeli sistemis 

(wyaros) entropia 

H(λ)=_ P(λ1)⋅log P(λ1)_ P(λ2)⋅log P(λ2)= P(λ1)⋅log P(λ1)_{1_ P(λ1)} ⋅log{1_ P(λ1)} .     (1.38) 

 (1.38) formulidan Cans, rom entropia nulis tolia, Tu P(λ1)=0 da 

P(λ2)=1, an Tu P(λ1)=1  da P(λ2)=0 . amasTanave entropia maqsimaluri, anu 1 

bitis toli iqneba im SemTxvevaSi, rodesac P(λ1)=P(λ2)=1/2 . 

  

 

1.6.1. rTuli Setyobinebebis entropia. wyaros siWarbe 

 
 wyaros zemoT ganxiluli maxasiaTeblebi (informaciis raodenoba 

da entropia) gansazRvruli iyo mxolod erT wyarosaTvis, romelic 

gamoimuSavebs urTierTdamoukidebeli (martivi) Setyobinebebis nakads, anu 

wyarosaTvis maxsovrobis gareSe. realur SemTxvevebSi wyaros mier 

gamomuSavebuli elementaruli Setyobinebebis damoukidebloba sakmaod 

iSviaTi movlenaa. ufro xSirad ki piriqiT xdeba _ arsebobs Zlieri 

determinirebuli, anu statistikuri kavSiri erTi an ramdenime wyaros 

Setyobinebis elementebs Soris. magaliTad, teqstis gadacemisas 

calkeuli asoebis gamoCenis albaTobebi damokidebulia maT gamoCenamde 
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teqstSi arsebul (winmswreb) asoebze. kerZod, qarTuli teqstisaTvis Tu 

gadacemulia aso "x", maSin mis Semdeg "a"-s gadacemis albaToba 

gacilebiT maRalia, vidre "b"-si, xolo "x"-s Semdeg "h" serTod ar 

gvxvdeba qarTul teqstSi. msgavsi suraTi SeiniSneba gamosaxulebaTa 

gadacemisas, kerZod ki gamosaxulebis mezobeli elementebi TiTqmis 

erTnairi sikaSkaSisa da ferisaa. 

 monacemTa gadacemisa da Senaxvisas aseve xSiria mravali iseTi 

wyaros arseboba, romlebic aformireben statistikurad 

urTierTdakavSirebul Setyobinebebs. aseTi wyaroebis mier gamomuSavebul 

Setyobinebebs rTuli Setyobinebebi, xolo Sesabamis wyaroebs _ 

maxsovrobian wyaroebs uwodeben. 

 naTelia, rom statistikurad urTierTdakavSirebuli elementebiani 

Setyobinebebis entropiisa da informaciis raodenobis gansazRvrisas ar 

SeiZleba mxolod upirobo albaTobebiT Semofargvla. am SemTxvevaSi 

aucileblad saWiroa agreTve calkeuli Setyobinebis gamoCenis pirobiTi 

albaTobis gaTvaliswineba. 

 ganvsazRvroT ori urTierTdamokidebuli wyaros mier 

gamomuSavebuli rTuli Setyobinebis entropia (analogiurad 

ganisazRvreba erTi maxsovrobiani wyaros mier gamomuSavebuli rTuli 

Setyobinebis entropia. 

     davuSvaT, rom pirveli wyaros mier gamomuSavebuli Setyobinebebi 

Rebuloben x1, x2, x3,…,xk mniSvnelobebs, romelTa albaTobebia, Sesabamisad, 

P(x1),P(x2),P(x3),…,P(xk), xolo meore wyaros mier gamomuSavebuli 

Setyobinebebia y1, y2, y3,…, ym,  romelTa albaTobebia  P(y1), P(y2), P(y3),…, P(ym).  

 SetyobinebaTa ori X  da Y wyaros erToblivi entropia SeiZleba 

ganisazRvros Semdegnairad: 

                                                                                               k    m 

H(X,Y)=_∑  ∑ P(xi , yj)⋅log P(xi , yj) ,                                         (1.39)   
                                                                                             i=1  j=1  

sadac P(xi , yj) xi  da  yj   Setyobinebebis erTdrouli gamoCenis albaTobaa. 

vinaidan erToblivi P(xi , yj) albaToba beisis formulis mixedviT 

ganisazRvreba rogorc 

P(xi , yj)= P(xi )⋅ P(yj / xi)= P( yj) ⋅ P(xi / yj) ,                                        (1.40) 

amitom erToblivi entropiis gamosaxuleba SeiZleba Caiweros Semdegi 

saxiT: 
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                                                                                     k     m 

H(X,Y)=_∑  ∑ P(xi )⋅P(yj / xi)⋅log{P(xi)⋅P(yj / xi) = 
                                                                                 

 i=1   j=1 

                                       k                                           m                           k                   m 

=_∑ P(xi )⋅log P(xi ) ⋅∑ P(yj / xi ) _∑ P(xi ) ⋅∑ P(yj / xi ) ⋅log P(yj / xi ) .                (1.41) 
                                    i=1                                        j=1                          i=1                j=1 

 radganac xi  Setyobinebis gadacemas aucileblad Seesabameba Y 

ansamblidan erT-erTi (nebismieri) Setyobinebis gadacema, amitom 

                                                                                                   m 

∑ P(yj / xi )=1                                                             (1.42) 
                                                                                                j=1 
da erToblivi H(X,Y) entropia ganisazRvreba Semdegi formuliT: 

                                        k                                       k                m                                                                     k 

H(X,Y)=_∑P(xi)⋅logP(xi)_∑P(xi)⋅∑P(yj / xi )⋅logP(yj / xi )=H(X)+∑P(xi)⋅ H(Y/xi).        (1.43) 
                                     i=1                                    i=1            j=1                                                                      i=1 

sadac H(Y/xi)  egreT wodebuli kerZo pirobiTi entropiaa, romelic 

asaxavs Y  Setyobinebas im pirobebSi, rodesac arsebobs xi Setyobineba. 

(1.43) formulis me-2 Sesakrebi warmoadgens H(Y/xi)-is gasaSualebas yvela 

xi Setyobinebis mixedviT da mas Y wyaros saSualo pirobiTi entropia 

ewodeba X Setyobinebis gadacemis pirobebSi. da bolos: 

H(X,Y)= H(X)+ H(Y/X) .                                                    (1.44) 

 amrigad, ori Setyobinebis erToblivi entropia tolia erT-erTi 

maTganis upirobo da meoris pirobiTi entropiebis jamisa. 

 SeiZleba aRiniSnos rTuli Setyobinebebis entropiis ZiriTadi 

Tvisebebi: 

1. statistikurad damoukidebeli X  da Y Setyobinebebis SemTxvevaSi 

erToblivi entropia TiToeuli wyaros entropiaTa jamis tolia: 

H(X,Y)= H(X)+ H(Y) .                                                         (1.45) 

vinaidan  H(Y/X)=H(Y) . 

2. X  da Y  Setyobinebebis statistikurad srulad damokidebulebis 

SemTxvevaSi erToblivi entropia erT-erTi Setyobinebis upirobo 

entropiis tolia. amasTan meore Setyobineba ar umatebs informacias. 

marTlac, SetyobinebaTa sruli statistikuri damokidebulebis 

SemTxvevaSi pirobiTi P(yj / xi )  da P(xi / yj ) albaTobebi an nulis an erTis 

tolia. maSin  

P(xi / yj )⋅logP(xi / yj )= P(yj / xi )⋅logP(yj / xi )=0                                   (1.46) 

da, Sedegad, H(X,Y)= H(X)= H(Y) . 
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 3. pirobiTi entropia icvleba  

0 < H(Y/X) < H(Y)                                                        (1.47) 

SualedSi. 

 4. ori wyaros erToblivi entropiisaTvis yovelTvis samarTliania 

Semdegi Tanafardoba: 

H(X,Y)≤ H(X)+ H(Y) ,                                                     (1.48) 

amasTanave toloba sruldeba mxolod SetyobinebaTa damoukidebeli 

wyaroebisaTvis. 

 ZemoaRniSnulidan gamomdinare, SeiZleba iTqvas, rom elementarul 

SetyobinebaTa Soris kavSiris arsebobisas wyaros entropia mcirdeba, 

Tanac miT ufro metad, rac ufro Zlieria kavSiri SetyobinebaTa 

elementebs Soris. 

  amrigad, SetyobinebaTa wyaroebis informatiulobis Sesaxeb 

SeiZleba gakeTdes Semdegi daskvnebi: 

 1. wyaros entropia da informaciis raodenoba miT metia, rac ufro 

didia wyaros alfabetis zoma. 

           2. wyaros entropia damokidebulia SetyobinebaTa statistikur 

Tvisebebze. entropia maqsimaluria, Tu wyaros Setyobinebebi 

TanabaralbaTuri da statistikurad damoukidebelia.  

 3. im wyaros entropia, romelic gamoimuSavebs araTanabaralbaTur 

Setyobinebebs, yovelTvis naklebia maqsimalurad miRwevad sidideze. 

 4. elementarul Setyobinebebs (wyaros maxsovrobas) Soris 

statistikuri kavSirebis arsebobisas misi entropia mcirdeba. 

 magaliTisaTvis ganvixiloT wyaro, romelic gamoimuSavebs qarTuli 

alfavitis a, b, g, ... , h asoebs, romelTa raodenoba, rogorc cnobilia, 33-

ia. simartivis mizniT CavTvaloT, rom maTi saerTo raodenoba (alfavitis 

zoma) K=25=32. 

qarTuli alfavitis yvela asoniSans rom erTnairi albaToba 

qondes da isini statistikurad damoukidebeli rom iyos, maSin erT 

simboloze  gadaangariSebuli saSualo entropia  

H(λ)max=log232= 5 biti/asoniSanze . 

 Tu axla gaviTvaliswinebT teqstSi asoebis gamoCenis sxvadasxva 

albaTobas, maSin saangariSo entropiaa 

H(λ)=4,39 biti/asoniSanze . 
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 or da sam mezobel asoniSnebs Soris korelaciis (statistikuri 

kavSiris) gaTvaliswinebiT entropia mcirdeba, Sesabamisad  

H(λ)=3,52 biti/asoniSnamde da H(λ)=3,05 biti/asoniSnamde . 

 Tu korelacias gaviTvaliswinebT rva da ufro meti raodenobis 

asoniSnebs Soris, maSin entropia Semcirdeba  

H(λ)=2,0 biti/asoniSnamde  

da Semdeg rCeba ucvleli. 

 imasTan dakavSirebiT, rom erTi da imave zomis mqone alfabetis 

realur wyaroebs SeiZleba qondes sruliad gansxvavebuli entropia (es 

ki ara marto teqstia, aramed SeiZleba iyos sityva, musika, 

gamosaxulebebi da a.S.), Semoaqvt wyaros iseTi maxasiaTebeli, rogoricaa 

siWarbe 

ρwy.= 1_H(λ)/H(λ)max=1_H(λ)/logK , 

sadac H(λ) realuri wyaros entropiaa, logK maqsimalurad miRwevadi 

entropiaa im wyarosaTvis, romlis alfabetis raodenobaa K. maSin 

literaturuli teqstis siWarbe, magaliTad, toli iqneba: 

ρwy.= 1_(2 biti/asoniSanze)/(5 biti/asoniSanze)=0,6 . 

 sxva sityvebiT rom vTqvaT, kavSiris arxiT teqstis gadacemisas aTi 

gadacemulidan yoveli eqvsi asoniSani ar atarebs araviTar informacias 

da amitom isini SeiZleba ar gadaices yovelgvari danakargis gareSe. 

 aseTive, Tu ufro meti (ρwy.=0,9…0,95) ara siWarbe gaaCnia informaciis 

sxva (sityva, gansakuTrebiT ki musika, satelevizio gamosaxulebebi da 

sxva) wyaroebs. 

 zemoaRniSnulidan gamomdinare, ismis sruliad samarTliani 

SekiTxva: saWiroa ki davakavoT informaciis matarebeli an kavSiris arxi 

im simboloebis gadacemiT, romlebsac praqtikulad araviTari informacia 

ar gadaaqvT, an kidev SesaZlebelia Tu ara sawyisi Setyobinebis iseTi 

gardaqmna, rom informacia "Caetios" amisaTvis saWiro simboloebis 

minimalur raodenobaSi? 

 aRmoCnda, rom ara marto SesaZlebelia dasmul kiTxvaze dadebiTi 

pasuxis arseboba, aramed aucilebelicaa. DdReisaTvis informaciis 

gadacemisa da kavSiris mravali arsebuli radioteqnikuri sistema 

ubralod ver imuSavebda, maTSi rom ar xorcieldebodes aRniSnuli saxis 

kodireba. ar iarsebebda GSM  da GDMA standartebis cifruli fiWuri 
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kavSiri, ar imuSavebda cifruli Tanamgzavruli telexedvis sistemebi, 

Zalze araefeqturi iqneboda Internet-is muSaoba, xolo rac Seexeba 

lazeruli diskidan videofilmis naxvas an kargi musikis mosmenas, amaze 

laparakic ki ver iqneboda. yovelive es uzrunvelyofili xdeba aRniSnul 

sistemebSi informaciis efeqturi, anu ekonomiuri kodirebis 

realizaciiT. 

Tanamedrove radioteqnikis aRniSnuli mimarTulebis (ekonomiuri, 

anu uWarbo kodirebis Teoriisa da teqnikis safuZvlebis) Seswavlas 

eTmoba winamdebare kursis Semdegi nawili.    
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2. ekonomiuri kodirebis safuZvlebi 

   ������ ���������� ����������� 
informaciis gadacemis radioteqnikuri sistemis gamoyenebiT 

gadasacemi Setyobinebebi (sityva, musika, satelevizio gamosaxulebebi da 

a.S.) umTavresad gankuTvnilia adamianis mgrZnobelobis organoebis 

aRqmisaTvis da isini Cveulebriv cudadaa Tavsebadi kavSiris arxis 

saSualebiT maTi efeqturi gadacemisadmi. amitom gadacemis procesSi 

isini, 

rogorc wesi, eqvemdebarebian kodirebas. 

 ra aris kodireba da ratom iyeneben mas? sazogadod kodirebaSi 

igulisxmeba Setyobinebis A{ λi }, ( i = 1,2…K ) alfabetis gardaqmna garkveuli 

saxiT SerCeuli koduri simboloebis ℜ{ xj  }, ( j = 1,2…N ) alfabetad. 

Cveulebriv (magram ara auvileblad) koduri simboloebis alfabetis 

zoma dim ℜ{ xj  } naklebia an bevrad naklebia wyaros alfabetis dimA{ λi } 

zomaze. 

 SetyobinebaTa kodirebas SeiZleba gaaCndes sxvadasxva mizani. 

magaliTad, es SeiZleba iyos kodireba informaciis gasaidumloebis 

mizniT. amasTan A{λi} alfabetis elementarul λi  Setyobinebebs 

Seusabameben, magaliTad, im specialuri koduri cxrilebis cifrebis an 

asoebis  mimdevrobebs, romlebic cnobilia mxolod informaciis 

gamgzavnisa da mimRebis mier. 

 kodirebis meore magaliTad SeiZleba moviyvanoT diskretul λi  

SetyobinebaTa gardaqmna aTvlis erTi sistemidan meoreSi (aTobiTi 

sistemidan orobiTSi, rvaobiTSi da a.S., arapoziciuridan poziciurSi, 

asoebis alfabetis cifrulSi gadayvana da sxva).)  

 informaciis saarxo kodireba, anu xelSeSlamdgradi kodireba 

SeiZleba gamoyenebuli iyos xelSeSlebiani arxiT gadacemisas 

warmoqmnil SecdomaTa raodenobis SemcirebisaTvis. 

 da bolos, SetyobinebaTa kodireba SeiZleba ganxorcieldes 

informaciis moculobis Semcirebisa da misi gadacemis siCqaris gazrdis 

an gadacemisaTvis saWiro sixSireTa zolis Semcirebis mizniT. aseT 

kodirebas uwodeben ekonomiur, uWarbo an efeqtur kodirebas. kursis 

mocemul nawilSi swored aseTi saxis kodireba iqneba ganxiluli. 

Cveulebriv kodirebis process win uZRvis (da masSia CarTuli) uwyveti 
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λ(t) Setyobinebis diskretizacia, da dakvantva, anu misi gardaqmna 

elementaruli { λiq } diskretuli Setyobinebebis mimdevrobad. 

 manam, sanam gadavidodeT ekonomiuri kodirebis sakiTxze, mokled 

gavarCioT Tavad kodirebis proceduris arsi.  

wyaros   K  tevadobis A{λi} alfabetis  nebismieri diskretuli λi 

Setyobineba SeiZleba kodirebuli iyos ℜ{xj} alfabetis Sesabamisi wesiT 

SerCeuli koduri  xj  simboloebis mimdevrobiT.  

magaliTad, nebismieri ricxvi (xolo λi  SeiZleba miviCnioT ricxvad) 

SeiZleba aTvlis mocemul poziciur sistemaSi Caiweros Caiweros Semdegi 

saxiT:    

λi = M = xn−1⋅m n-1 + xn-2⋅m n-2 +… + x0⋅m 0,                                  (2.1) 

sadac: m   aTvlis sistemis FfuZea;  x0 … xn-1   m-is xarisxebis win arsebuli 

koeficientebia; x ⊂ 0, m - 1. 

 vTqvaT, magaliTad, λi = M = 59.  maSin m = 8-is SemTxvevaSi mis kods 

eqneba saxe 

M = 59 = 7·81  + 3·80 =738 . 

TuU m = 4, maSin : 
M = 59 = 3⋅42 + 2⋅41+ 3⋅40 = 3234 . 

da bolos, im SemTxvevaSi, rodesac m = 2, maSin 

M = 59  = 1⋅25 + 1⋅24 + 1⋅23 + 0⋅22 + 1⋅21 + 1⋅20  = 1110112 . 

amrigad, ricxvebi 73, 323  da 111011  Sesabamisad SeiZleba CaiTvalos 

M  =  59-is rvaobiT, oTxobiT da orobiT kodebad.  

kodis fuZe, principSi, SeiZleba nebismieri iyos, Tumca yvelaze 

metad mainc orobiTi kodebia (anu kodebi 2-is fiZiT) gavrcelebuli, 

romlebisTvisac koduri ℜ{ xj }  simboloebis alfabetis zoma oris tolia 

(xj ⊂ 0,1). orobiTi, anu mxolod nulianebisa da erTianebis Semcveli 

kodebi martivad formirdeba da gadaicema kavSiris arxebiT da, rac 

mTavaria, isini warmoadgens cifruli eleqtronuli gamomTvleli 

manqanebis Sida samuSao enas, rac imas niSnavs, rom isini yovelgvari 

gardaqmnebis gareSe SeiZleba damuSavdes cifruli saSualebebiT. amitom, 

im dros, rodesac saubari exeba kodirebas an kodebs, umTavresad 

mxedvelobaSi aqvT swored orobiTi kodebi. amitomac momavalSi 
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ZiriTadad ganvixilavT orobiT kodirebas. kodebis warmodgenis an 

mocemis umartives xerxs warmoadgens koduri cxrilebi, romlebic 

gviCveneben Sesabamisobas λi Setyobinebebsa da Sesabamis kodebs Soris 

(cxrili 2.1).  

       cxrili 2.1  

������ ��������� � ��� 

kodebis aRweris TvalnaTeli da moxerxebuli meTodia maTi 

warmodgena koduri xis saxiT (nax. 2.1).���� �������� �������� �����  

nax. 2.1. Tanabari samTanriga kodis  

warmodgena koduri xis gamoyenebiT 

 

romelime wertilidan (koduri xis fuZidan) mocemuli kodisaTvis 

koduri xis asagebad atareben Stoebs (0 an 1). koduri xis mwvervalebze 

pouloben wyaros alfabetis asoebs, Tanac yovel asoniSans Seusabameben 

Tavis mwvervals da Tavis gzas fuZidan mwvervalisaken. magaliTad, 

asoniSan a_s Seesabameba kodi 000, asoniSan v_s _ 101 da a.S.  

2.1 naxazze gamosaxuli koduri xiT miRebul kodi warmoadgens 

Tanabar samTanriga kods.  

aso λi ricxvi 

λi 
kodi 

10-is fuZiT 
kodi 

4-is fuZiT 
kodi 

2-is fuZiT 

a 0       0       00           000 
b 1       1       01           001 
g 2       2       02           010 
d 3       3       03           011 
e 4       4       10           100 
v 5       5       11           101 
z 6       6       12           110 
T 7       7       13           111 

     
           fuZe        kvanZebi 

         
   0           1 
              mwvervali 
          0         1   0  1 
 
  0 1 0    1    0      1         0  1 
 
  
 
      a   b    g     d      e      v         z          T 
      1   2   3     4     5       6          7           8 
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Tanabari kodebi farTod gamoiyeneba Tavisi simartivisa da 

kodireba_dekodirebis procesis moxerxebulobis gamo, rac gamoixateba 

SemdegSi: yovel asoniSans Seesabameba bitebis erTnairi raodenoba; 

bitebis mocemuli raodenobis mixedviT koduri cxrili iZleva Sesabamisi 

asoniSnis gansazRvris saSualebas. 

Tanabar kodebTan erTad SeiZleba gamoyenebuli iyos araTanabari 

kodebic. am SemTxvevaSi wyaros alfabetis yoveli asoniSnis kodireba 

xdeba simboloTa sxvadasxva raodenobiT. magaliTad, a _ 10, b _ 110, g 

_1110 da a.S. 

araTanabari kodirebisaTvis kodur xes SeiZleba qondes 2.2 naxazze 

naCvenebi saxe.  

 
 
 
 
 
 
 

nax. 2.2. araTanabari kodirebis mailustrirebeli koduri xe 

 

aRniSnuli kodis gamoyenebisas asoniSan a-s Sesabamisi kodia 1, 

asoniSan b-si _ 0, g-si _ 11 da a.S.  Tumca, SeiZleba SevniSnoT, rom 

magaliTad teqstis abba  1001-iT kodirebisas Cven ver SevZlebT mis 

dekodirebas calsaxad, vinaidan aseTive kods iZleva Semdegi frazebi:  

za, ava da de. aseTi kodebi, romlebic ver uzrunvelyofen calsaxa 

dekodirebas, dayvanadi an araprefiqsuli kodebi ewodebaT. praqtikaSi 

isini SeuZlebelia gamoyenebuli iyos specialuri gamyofi simboloebis 

gareSe. aseTi tipis kodebis gamoyenebis magaliTia morzes anbani, 

romelSic wertilebisa da tireebis garda arsebobs asoniSnebis 

gamomyofi specialuri simboloebi da sityvebi. magram es ukve araa 

orobiTi kodi.  

Tumca SeiZleba aigos araTanabari aradayvanadi kodebi, romelTa 

saSualebiT SesaZlebelia calsaxa dekodireba. amisaTvis saWiroa, rom 

a 

T 

0 

0 

0 

0 

1 

1 

1 

1 
b 

g d e v 

z 
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alfabetis yvela asoniSans Seesabamebodes magaliTad iseTi koduri xis 

mwvervalebi, romelic naCvenebia 2.3 naxazze. am SemTxvevaSi arcerTi 

koduri kombinacia ar warmoadgens meoris dasawyiss, ris gamoc 

gamoiricxeba dekodirebis aracalsaxoba. aseT araTanabar kodebs 

prefiqsul kodebs uwodeben.    

 
 
 
 
 
 
 
 

���.  
 
 
 
 
 
 
 

nax. 2.3. prefiqsuli kodis agebis mailustrirebeli koduri xe 

 

araTanabari kodebis miReba da dekodireba gacilebiT ufro 

rTuli proceduraa Tanabari kodebis SemTxvevasTan SedarebiT. amasTanave 

rTuldeba dekodirebisa da sinqronizaciis aparatura, radganac 

Setyobinebis elementebis (asoebis) miReba xdeba araregularuli. ase, 

magaliTad, pirveli 0-is mirebisas dekoderma koduri cxrilis meSveobiT 

unda gaarkvios, Tu romel asoniSans Seesabameba miRebuli mimdevroba. 

vinaidan aseTi asoniSani ar arsebobs, is unda daelodos momdevno 

simbolos mosvlas. Tu es momdevno simbolo iqneba 1, maSin pirveli 

asoniSnis dekodireba damTavrdeba da is iqneba b. im SemTxvevaSi ki, 

rodesac meore miRebuli simbolo iqneba 0, maSin dekoderi unda 

daelodos mesame simbolos mosvlas da a.S. 

mainc risTvis gamoiyeneba araTanabari kodebi, Tu isini ase 

mouxerxebelia? 

ganvixiloT K=8 moculobis (tevadobis) mqone alfabetidan λi 

Setyobinebebis kodirebis magaliTi nebismieri n-Tanriga orobiTi kodis 

saSualebiT. 

1 

1

0

0
a 

b 

g 

1 0 

d 

0

e 

1 
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vTqvaT, Setyobinebis wyaro gascems erTnairi albaTobis a_dan  

T_mde 8 asoniSnisagan (P(λi)=1/8) Sedgenil raRac teqsts. koderi am 

asoniSnebs Seusabamebs Tanabar samTanriga kods (ix. cxrili 2.1).   

ganvsazRvroT aseTi alfabetis maformirebeli wyaros ZiriTadi 

informaciuli maxasiaTeblebi:����� �������� ��������� ������ ��������� 

����� �������_ wyaros entropia � ��  � ��  

( )H P Pi i
i

K
λ = −

=
∑ log

1
, ( )H Kλ = =log 3 ; 

 _ wyaros siWarbe 

( )
ρ

λ
и

H
K

= − =1 0
log

; 

 _ kodis simboloTa saSualo raodenoba 

n n Pi i
i

K

i
= ⋅ = ⋅ =

= =
∑ ∑

1 1

8
3 1

8
3 ; 

_ kodis siWarbe     

( )
ρ

λ
k

H
n

= − =1 0 . 

 

 amrigad, TanabaralbaTuri asoniSnebiani Setyobinebebis kodirebisas 

SerCeuli (Tanabari) kodis siWarbe aRmoCnda nulis toli. 

 amjerad davuSvaT, rom teqstSi sxvadasxva asoniSnebis gamoCenis 

albaTobebi sxvadasxvaa (cxrili 2.2). �� 

cxrili 2.2 

a b g d e v z T 

Рa=0.6 Рb=0.2 Рg=0.1 Рd=0.04 Рe=0.025 Рv=0.015 Рz=0.01 РT=0.01

 

 

am SemTxvevaSi wyaros entropia 

( )H P Pi i
i

K
λ = −

=
∑ log

1
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iqneba naklebi da igi   ( )H λ  = 1.781_is tolia. 

 aRniSnuli Tanabari samTanriga kodis gamoyenebisas erT 

Setyobinebaze gadaangariSebuli simboloebis saSualo 

raodenoba������������ �������������� ���� 

.nPnPnn
K

i
i

K

i
ii 3

11
==== ∑∑

==

 

maSin kodis siWarbe iqneba  

( ) 410
3
781111 ..

n
H

k ≈−=−=
λρ , 

anu igi sakmaod mniSvnelovani sididisaa (10 simbolodan saSualod 4 

simbolos ar gadaaqvs araviTari informacia). 

 imis gamo, rom araTanabaralbaTuri Setyobinebebis kodirebisas 

Tanabar kodebs gaaCnia didi siWarbe, gadawyvites araTanabari kodebis 

gamoyeneba, romelTa koduri kombinaciebis xangrZlivoba SeTanxmebuli 

iqneboda sxvadasxva asoniSnis gamoCenis albaTobasTan. 

 aseT kodirebas statistikur kodirebas uwodeben. 

 statistikuri kodirebisas araTanabar kodebs iseTnairad irCeven, 

rom ufro albaTuri asoniSnebi gadaices kodis ufro mokle 

kombinaciebiT, xolo nakleb albaTuri _ ufro grZeliT. amis sedegad 

mcirdeba koduri jgufis saSualo sigrZe Tanabari kodirebis 

SemTxvevasTan SedarebiT. 

aseTi kodirebis erT-erT meTodi SemoTavazebulia xafmenis mier. 

xafmenis araTanabari kodis koduri xis ageba sxvadasxva albaTobis mqone 

rva λi  Setyobinebidan erTis gadacemisaTvis warmodgenilia 2.3 cxrilSi.   
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 aRniSnuli kodisaTvis simboloTa saSualo raodenobaa 

,.Pnn
i

ii 8251
8

1
== ∑

=

 

xolo kodis siWarbe 

( ) ,.
.
.

n
H

k 030
8251
781111 ≈−=−=

λρ
 

anu igi erTi rigiT naklebia Tanabar kodirebasTan SedarebiT. 

 statistikuri kodirebis meore umartives xerxs warmoadgens 

kodireba Senon-fanos meTodiT. am algoriTmis mixedviT kodireba 

xorcieldeba Semdegnairad: 

 _ Tavdapirvelad Setyobinebis alfabetis yvela asoniSans Caweren 

maTi albaTobis klebadobis niSniT; 

 _ Semdeg asoniSnebis mTlian erTobliobas dayofen albaTobaTa 

jamis mixedviT daaxloebiT tol or jgufad; erT-erT maTgans (jgufSi 

SeiZleba iyos simboloTa nebismieri raodenoba, maT Soris _ erTi) 

aniWeben simbolos "1", xolo meores _ simbolos "0"; 

 _ aRniSnuli jgufebidan TiToeul maTgans kvlav yofen (Tu es 

SesaZlebelia) or nawilad, romelTagan TiToeul maTgans aniWeben "1"-s 

da "0"-s da a.S. 

 Senon-fanos meTodiT kodirebis procedura ilustrirebulia 2.4 

cxrilSi.  

 

    cxrili 2.3 

asoni-
Sani 

albaToba 

Рi 
koduri xe kodi ni ni ⋅ Pi

  a 

  b 

  g 

  d 

  e 

  v 

z 

  T 

   0.6 
   0.2 
   0.1 
  0.04 
 0.025 
 0.015 
  0.01 
  0.01 

1 
01 
001 

0001 
00001 
000001 

0000001 
00000001 

1 
2 
3 
4 
5 
6 
7 
8 

0.6 
0.4 
0.3 

0.16 
0.125
0.08 
0.07 
0.08 
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cxrili 2.4 

asoni-
Sani Р(λi ) I II III IV V kodi ni ⋅ PI 

a 0.6 1     1 0.6 
b 0.2 1   011 0.6 
g 0.1 

1 
0   010 0.3 

d 0.04 1   001 0.12 
e 0.025 1  0001 0.1 
v 0.015  00001 0.075 
z 0.01 1 000001 0.06 
T 0.01 

0 
0 

0 
0 

0 000000 0.06 

aseTnairad miRebuli kodisaTvis erT asoniSanze gadaangariSebuli 

orobiTi simboloebis saSualo raodenoba tolia 

91
7

0
.Pnn

i
ii ≈=∑

=

, 

xolo kodis siWarbea  

,.
.

.
k 060

91
78111 ≈−=ρ  

anu is gacilebiT naklebia Tanabar kodirebasTan SedarebiT. 

 yuradReba mivaqcioT im faqts, rom rogorc xafmenis, aseve Senon-

fanos kodisaTvis wyaros erT simboloze gadaangariSebuli orobiTi 

simboloebis saSualo raodenoba uaxlovdeba wyaros entropias, magram 

mainc araa misi toli. es aris Sedegi uxmauro kodirebis Teoremisa 

(Senonis pirveli Teoremisa) wyarosaTvis, romelic amtkicebs Semdegs: 

 nebismieri wyaros kodireba SesaZlebelia orobiTi mimdevrobiT 

wyaros λi  simboloze gadaangariSebuli orobiTi simboloebis iseTi 

raodenobisas, romelic rac SeiZleba metad axloa entropiasTan, da 

SeuZlebelia kodis iseTi sigrZis miRweva, romelic naklebia H(λ) 

entropiaze. 

 Znelia am Teormis gadaWarbebuli Sefaseba Tanamedrove 

radioteqnikisaTvis _ igi adgens informaciis kompaqturi warmodgenis 

sazRvrebs, romelTa miRweva SesaZlebelia misi swori kodirebisas.    
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2.1. monacemTa kompresiis (SekumSvis) mizani  

da kompresiis sistemebis tipebi 

 
 informaciis gadacema da Senaxva moiTxovs sakmaod did danaxarjebs  

da informaciis rac ufro did raodenobasTan gvaqvs saqme, miT ufro 

Zviria rogorc gadacema, aseve Senaxva. samwuxarod kavSiris arxebiT 

gadasacemi an Sesanaxi monacemebis didi nawili araa kompaqturad 

warmodgenili. umTavresad es monacemebi inaxeba iseTi formiT, rom 

SesaZlebeli iyos maTi martivad gamoyeneba. magaliTad: wignebis 

Cveulebrivi teqstebi, teqsturi redaqtorebis ASCII  kodebi,  
eleqtronul-gamomTvleli manqanebis orobiTi kodebi, monacemTa Sekrebis 

sistemebis signalebis anaTvlebi da a.S. Tumca gamoyenebis TvalsazrisiT  

monacemTa aseTi SedarebiT martivi warmodgena moiTxovs orjer, samjer 

da zogjer asjer met adgils maTi SenaxvisaTvis da sixSireTa zols 

maTi gadacemisaTvis imasTan SedarebiT, rac sinamdvileSia saWiro. amitom 

monacemTa kompresia (SekumSva) Tanamedrove radioteqnikis erT-erTi 

aqtualuri mimarTulebaa.  
 amrigad, wyaros mier gamomuSavebuli monacemebis komresiis mizania 

maTi kompaqturi warmodgenis uzrunvelyofa ufro ekonomiuri Senaxvisa 

da kavSiris arxebiT gadacemisaTvis. 

 monacemTa gadacemisas ekonomiuri kodirebis proceduris 

gansakuTrebulobis gamo igi gamovyoT informaciis gadacemis 

radioteqnikuri sistemis zogadi sqemidan da dawvrilebiT ganvixiloT 

kursis mocemul nawilSi. 

 monacemTa komrpesiis sistemis pirobiT struqturas aqvs Semdegi 

saxe:  

        wyaros                  monacemTa                   aRdgenili  

      monacemebi →  koderi →  kompresia  → dekoderi →  monacemebi  

  
warmodgenil sqemaSi wyaros mier gamomuSavebuli monacemebi 

ganvsazRvroT rogorc wyaros monacemebi, xolo maTi kompaqturi 

warmodgena _ rogorc kompresirebuli (SekumSuli) monacemebi. monacemTa 

kompresiis sistema Sedgeba wyaros koderisa da dekoderisagan. koderi 

wyaros monacemebs gardaqmnis kompresirebul monacemebad, xolo 

dekoderis daniSnulebaa kompresirebuli monacemebidan wyaros 



 

 51

monacemebis aRdgena. dekoderis mier formirebuli aRdgenili monacemebi 

SeiZleba an absoluturad zustad daemTxves wyaros sawyis monacemebs, an 

umniSvnelod gansxvavdebodes maTgan. 

arsebobs monacemTa kompresiis sistemebis ori tipi: 

1. kompresiis (SekumSvis) sistemebi informaciis danakargebis gareSe 

(daurRvevadi kompresia); 

2. kompresiis (SekumSvis) sistemebi informaciis danakargebiT  

(rRvevadi kompresia). 

 

2.1.1. kompresia informaciis danakargebis gareSe 
 

danakargebis gareSe kompresiis sistemebSi dekoderi wyaros 

monacemebs aRadgens absoluturad zustad, ris gamoc kompresiis 

(SekumSvis) sistemis struqturas Semdegi saxe eqneba: 

monacemTa veqtorebi X → koderi → B(X) →  dekoderi →  X 

wyaros im monacemebis veqtori X, romelic eqvemdebareba 

kompresias, warmoadgens sasrulo sigrZis X= (x1, x2, …, xn)  mimdevrobas. xi  

anaTvlebi, romlebic qmnian X  veqtors, SeirCeva monacemTa sasrulo A  

alfabetidan.  amasTanave monacemTa veqtoris zoma n  SezRudulia, magram 

igi SeiZleba iyos rac SeiZleba didi. amrigad, wyaro Tavis 

gamosasvlelze monacemebis saxiT aformirebs  A  alfabetis X 

mimdevrobas, romlis sigrZea n. 

koderis gamosasvlelze miRebuli kompresirebuli monacemebi, 

romlebic Semavali X  veqtoris Sesabamisia, warmovadginoT orobiTi 

B(X)=(b1,b2,…bk)  mimdevrobis  saxiT,  romlis  zoma   k   damokidebulia X-

ze.  

B(X)-s vuwodoT koduri sityva, romelsac koderi aniWebs X  veqtors (an 

vuwodoT koduri sityva, romelSiac koderi gardaqmnis X  veqtors). 

vinaidan kompresiis sistema daurRvevadia, amitom erTnair Xl = Xm   

veqtorebs unda Seesabamebodes erTnairi koduri sityvebi B ( Xl ) = = B ( Xm ).  

kompresiis ganxorcielebisas bunebrivad warmoiSveba kiTxva, 

ramdenad efeqturia kompresiis (SekumSvis) esa Tu is sistema. vinaidan, 

rogorc cnobilia, ZiriTadad gamoiyeneba mxolod orobiTi kodireba, 
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amitom aseT sazoms SeiZleba warmoadgendes kompresiis koeficienti r, 

romelic ganisazRvreba Semdegi fardobis saxiT:   

      wyaros monacemTa zoma (bitebSi)                    n log 2 (dim A)
                     r  =                                                                                        =                                      ,    (2.2) 

    kompresirebul monacemTa zoma (bitebSi)                       k                                  

sadac dim A  monacemebis A  alfabetis zomaa. 

 amrigad, kompresiis koeficienti r =2  niSnavs imas, rom 

kompresirebul monacemTa moculoba orjer naklebia wyaros monacemTa 

moculobasTan SedarebiT. rac ufro metia kompresiis r koeficienti, miT 

ukeT muSaobs monacemTa kompresiis sistema. 

 kompresiis r koeficientTan erTad kompresiis (SekumSvis) sistemis 

efeqturoba SeiZleba daxasiaTdes kompresiis siCqariT R      
R = k/n                                                             (2.3)  

da "wyaros monacemebis erT anaTvalze gadaangariSebuli koduri bitebis 

raodenobiT". sistema, romelsac gaaCnia kompresiis didi koeficienti, 

uzrunvelyofs kompresiis nakleb siCqares. 

 

2.1.2. kompresia informaciis danakargebiT 

 

 kompresiis sistemaSi informaciis danakargebiT (anu rRvevad 

sistemaSi) kodireba xorcieldeba iseTnairad, rom dekoders ar SeuZlia 

wyaros monacemebis aRdgena sawyisi saxiT. Sesabamisi sistemis 

struqturul sqemas aqvs Semdegi saxe:  

X → damkvantavi  →  Xq  → ararRvevadi koderi  →  B (Xq)  →  dekoderi  →  X* 

iseve rogorc wina sqemaSi, am SemTxvevaSic X = ( x1, x2,… xn )  sawyis 

monacemTa veqtoria, romelic ganicdis kompresias, xolo X*=( x1, x2,… xn ) 

aRdgenili veqtoria. am sqemaSi CarTulia kompresiis elementi _ 

damkvantavi, romelic ar arsebobs ararRvevadi kompresiis sqemaSi.   

damkvantavi sawyisi monacemebis X  veqtorisagan aformirebs Xq  

veqtors, romelic saSualokvadratuli manZilis (cdomilebis) 

TvalsazrisiT axloa X  veqtorTan. damkvantavis muSaoba emyareba 

alfabetis zomis Semcirebas (umartivesi damkvantavi axdens monacemTa 

damrgvalebas uaxloes mTel ricxvamde). 
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Semdeg koderis saSualebiT xdeba dakvantuli monacemebis Xq   

veqtoris ararRvevadi kompresia ise, rom uzrunvelyofili xdeba calsaxa 

Sesabamisoba Xq sa da B(Xq)_s Soris (Xl 
q=Xm 

q _saTvis sruldeba piroba 

B(Xl
q)=B(Xm 

q)). Tumca mTlianobaSi sistema rCeba rRvevadi, vinaidan or 

sxvadasxva X veqtors SeiZleba Seesabamebodes erTi da igive veqtori X* . 

rRvevadi koderi xasiaTdeba ori maxasiaTebliT _ kompresiis R siCqariTa 

da damaxinjebaTa D  sididiT, romlebic ganisazRvreba rogorc 

  R = k/n, 

  D = (1/n) ∑(xi - x*i)2.                                                        (2.4) 

 R  parametri axasiaTebs wyaros erT anaTvalze gadaangariSebul 

kompresiis siCqares bitebSi, D  ki warmoadgens saSualokvadratul 

gansxvavebas X* da X  Soris. Tu erTmaneTs SevadarebT or rRvevad 

kompresiis ganmaxorcielebel sistemas, romelTa siCqareebi da 

damaxinjebaTa sidideebia Sesabamisad R1 , D1  da  R2 , D2 , maSin pirveli 

maTgani ukeTesia, Tu R1 < R2   da  D1 < D2 .  Tumca, samwuxarod, SeuZlebelia 

rRvevadi kompresiis iseTi sistemis ageba, romelic SesaZlebels gaxdida 

erTdroulad R siCqarisa da D damaxinjebaTa Semcirebas, vinaidan es ori 

parametri erTmaneTis ukuproporciulia. amitom danakargebiani kompresiis 

sistemis mizani SeiZleba iyos an siCqaris minimizacia damaxinjebaTa 

mocemuli mniSvnelobisaTvis, an umciresi Secdomebis miReba kompresiis 

mocemuli siCqarisas.  

monacemTa ararRvevadi an rRvevadi kompresiis sistemis SerCeva 

sawyisi SesakumSi monacemebis tipzea damokidebuli. teqsturi monacemebis, 

kompiuteruli programebis, dokumentebis, naxazebisa da a.S. kompresiisas 

sruliad naTelia, rom gamoyenebuli unda iyos ararRvevadi meTodebi, 

vinaidan aucilebelia sawyisi monacemebis aRdgena absoluturi sizustiT. 

sityvis, musikaluri monacemebisa da gamosaxulebaTa kompresiisas ki 

piriqiT, xSirad iyeneben rRvevad kompresias, vinaidan praqtikulad 

SeumCneveli damaxinjebebis SemTxvevaSi is uzrunvelyofs R  siCqaris 

naklebobas mTeli rigiT, zogjer ori rigiTac ki. zogadad rRvevadi 

kodireba, rogorc wesi, uzrunvelyofs kompresiis koeficientis 

gacilebiT mniSvnelovan sidides ararRvevad kompresiasTan SedarebiT. 
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qvemoT moyvanilia ramdenime magaliTi, romelTa saSualebiTac naTeli 

efineba kompresiis proceduris ganxorcielebis aucileblobas da 

ilustrirebulia ekonomiuri kodirebis umartivesi meTodebi da 

monacemTa kompresiis efeqturoba. 

magaliTi 1. davuSvaT, rom wyaro generirebs 512x512 elementian 

cifrul gamosaxulebas (kadrs), romelic Seicavs 256 fers. TiToeuli 

feri waqrmoadgens {0,1,2… 255} simravlis erT-erT ricxvs. maTematikurad 

es gamosaxuleba warmoadgens 512x512 zomis matricas, romlis TiToeuli 

elementi ekuTvnis {0,1,2… 255} simravles (gamosaxulebis elementebs 

piqselebsac uwodeben). Tavis mxriv {0,1,2… 255} simravlis TiToeuli 

piqseli SeiZleba warmodgenili iyos orobiT formaSi 8 bitis 

gamoyenebiT. amrigad, wyaros zoma bitebSi Seadgens 8x512x512=221 megabits 

(mgbiti). am SemTxvevaSi erT gigabaitian myar diskze moTavsdeba 

daaxloebiT SeukumSavi gamosaxulebis 5000 kadri (daaxloebiT 5-wuTiani 

videorgoli). Tu movaxdenT am gamosaxulebis 10-jerad (kompresiis 

koeficienti r=10), maSin imave diskze ukve SevZlebT TiTqmis erTsaaTiani 

videofilmis ganTavsebas! 

   davuSvaT, agreTve, rom Cven gvinda sawyisi gamosaxulebis gadacema 

satelefono xazis saSualebiT, romlis gamtarunarianobaa 14000 biti/wm. 

amisaTvis saWiro iqneba 21000000 biti/14000 biti/wm≅3 wT-is toli dro. 

magram monacemTa 40-jeradi (r=40) kompresiisas ki amisaTvis saWiro iqneba 

sul 5 wm! 

magaliTi 2. wyaros SesakumS monacemebad SevarCioT gamosaxulebis 

4x4 zomis fragmenti, romelic Seicavs 4 fers: R="wiTeli", 

O="narinjisferi", Y="lurji", G="mwvane" : 

 
R R O Y 
R O O Y 
O O Y G 
Y Y Y G 
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movaxdinoT am gamosaxulebis skanireba striqonebad da TiToeul 

fers mivaniWoT Sesabamisi intensivoba, magaliTad, R = 3,  O = 2, Y = 1  и  G = 0, 

ris Sedegadac miviRebT monacemTa X = (3,3,2,1,3,2,2,1,2,2,1,0,1,1,1,0) veqtors. 

monacemTa kompesiisaTvis gamoviyenoT koderi, romlis muSaoba emyareba 

wyaros monacemebis kodur sityvebSi gadakodirebis Semdeg cxrils  

(cxrilis SerCevis sakiTxi gadavdoT samomavlod).  

koderi 

anaTvlebi koduri sityva 

3 001 
2 01 
1 1 
0 000 

kodirebis mocemuli cxrilis gamoyenebiT X veqtoris TiToeuli 

elementi SevcvaloT Sesabamisi koduri mimdevrobiT (egreT wodebuli 

kodireba maxsovrobis gareSe). kompresirebul monacemebs (kodur B(X) 

sityvas) eqneba Semdegi saxe: 

B(X) = ( 0,0,1,0,0,1,0,1,1,0,0,1,0,1,0,1,1,0,1,0,1,1,0,0,0,1,1,1,0,0,0). 

amasTanave kompesiis koeficienti r=32/31≅1,03. Sesabamisad kompresiis 

siCqare R = 31/16≅1,94  biti/anaTvalze. 

magaliTi 3. erTmaneTs SevadaroT ori sxvadasxva koderi, 

romlebic axorcieleben monacemTa erTi da imave veqtoris SekumSvas 

(kompresias).  

X = ABRACADABRA . 
pirvelia koderi maxsovrobis gareSe, romlis analogiuricaa 

ganxiluli wina magaliTSi (X veqtoris yoveli elementis kodireba xdeba 

sxva danarCeni elementebisagan damoukideblad _koderi maxsovrobis 

gareSe). misTvis kodirebis cxrils eqneba Semdegi saxe: 

 

koderi 1 

simbolo koduri sityva 

A 0 
B 10 
R 110 
C 1110 
D 1111 
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meore koderi mimdinare simbolos kodirebisas iTvaliswinebs misi 

winamdebare (winmswrebi) simbolos mniSvnelobas, ris gamoc mimdinare A 

simbolosaTvis koduri sityva sxvadasxva RA, DA da CA SexamebebSi iqneba 

sxvadasxva, anu, sxva sityvebiT rom vTqvaT kods gaaCnia maxsovroba 

wyaros erT simboloze. 

koderi 2 

simbolo, winmswrebi simbolo koduri sityva 

(A,-) 1 
(B,A) 0 
(C,A) 10 
(D,A) 11 
(A,R) 1 
(R,B) 1 
(A,C) 1 
(A,B) 1 

 

monacemTa X = ABRACADABRA  veqtoris Sesabamis kodur sityvebs 

am ori cxrilis gamoyenebiT kodirebisas eqneba Semdegi saxe: 

B1(X) = 01011001110011110101100, 

B2(X) = 10111011111011. 
amrigad, koderi 1-is (maxsovrobis gareSe) gamoyenebisas kompresiis 

siCqarea 23/11 = 2,09 biti simboloze maSin, rodesac koderi 2-saTvis igi 

tolia 13/11=1,18 bitisa simboloze. amis gamo meore koderis gamoyeneba, 

miuxedavad misi sirTulisa, ufro mimzidvelia (mizanSewonilia). 
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2.2. kodebi maxsovrobis gareSe. xafmenis kodebi 
 

umartives kodebs, romelTa safuZvelze SesaZlebelia monacemTa 

kompresiis ganmaxorcieleba, warmoadgenen kodebi maxsovrobis gareSe. 

aseT kodSi monacemTa sakodirebeli veqtoris yoveli simbilo icvleba 

koduri sityviT, romelic ekuTvnis orobiTi simboloebis an sityvebis 

prefiqsul simravles.  

orobiTi S mimdevrobebis prefiqsuli simravle ewodeba orobiTi 

mimdevrobebis iseT sasrulo simravles, romelSic am simravlis arcerTi 

mimdevroba ar warmoadgens S_is arcerTi sxva mimdevrobis prefiqss, anu 

sawyiss.  

magaliTad, orobiTi sityvebis S1 = {00, 01, 100, 110, 1010, 1011} simravle 

warmoadgens orobiTi mimdevrobebis prefiqsul simravles, vinaidan Tu 

SevamowmebT S_is 30 SesaZlo erToblivi (wi wj) kombinaciidan nebismier 

maTgans, maSin cxadi gaxdeba, rom wi arasodes iqneba wj_is prefiqsi 

(sawyisi). meores mxriv, S2= {00, 001, 1110} simravle ar warmoadgens orobiTi 

mimdevrobebis prefiqsul simravles, vinaidan 00 mimdevroba amave 

simravlis sxva (001) mimdevrobis prefiqsia (sawyisia). 

amrigad, Tu aucilebelia monacemTa k zomis A alfabetiani  

romelime X = (x1, x2,… xn) veqtoris kodireba, maSin kodireba kodiT 

maxsovrobis gareSe xorcieldeba Semdegnairad:  

_ adgenen A  alfabetis a1, a2, aj ... ,ak   simboloebis srul sias, 

romelSic aj aris X_Si sixSiris mixedviT  gamoCenis j_ri simbolo. es imas 

niSnavs, rom siaSi pirveli iqneba alfabetSi SedarebiT xSirad arsebuli 

simbolo, meore ki ufro iSviaTad arsebuli simbolo da a.S; 

_ yovel aj  simbolos orobiTi S mimdevrobebis prefiqsuli 

simravlidan uniSnaven (Seusabameben) kodur wj  sityvas;  

_ koderis gamosasvlelze Rebuloben yvela orobiTi sityvis 

gaerTianebis Sedegad formirebul saerTo mimdevrobas.  

prefiqsuli simravleebis formireba da maTTan muSaoba 

simravleTa Teoriis calke seriozuli Temaa, romelic aRniSnuli kursis 
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farglebs scildeba, Tumca mainc mogvixdeba ramdenime aucilebeli 

SeniSvnis gakeTeba.  

Tu S = {w1, w2, ... , wk} prefiqsuli simravlea, maSin SeiZleba 

ganisazRvros iseTi ricxvebisagan Sedgenili raome v(S) = (L1, L2, ... , Lk), 

veqtori, romlebic warmoadgenen Sesabamisi prefiqsuli mimdevrobebis 

sigrZeebs (Li -  wI_is sigrZea ).  

(L1, L2, ... , Lk) veqtors, romelic Sedgeba araklebadi dadebiTi 

ricxvebisagan, uwodeben kraftis veqtors. 

1222 21 ≤−++−+− L...LL k .          (2.5)  

  am utolobas kraftis utoloba ewodeba. misTvis samarTliania 

Semdegi mtkicebuleba: Tu S romelime prefiqsuli simravlea, maSin v(S) 
kraftis veqtoria.  sxva sityvebiT rom vTqvaT, prefiqsul simravleSi 

orobiTi mimdevrobebis sigrZeebi akmayofileben kraftis utolobas. 

Tu (2.5) utoloba gadadis mtkice tolobaSi, maSin aseT kods 

kompaqturs uwodeben. am kods gaaCnia mocemuli alfabetiani kodebidan 

umciresi sigrZe, anu igi optimaluria. 

qvemoT moyvanilia umartivesi prefiqsuli simravleebis magaliTebi 

da maTi Sesabamisi kraftis veqtorebi: 

S1 = {0, 10, 11}    da   v(S1) = (1, 2, 2); 

S2 = {0, 10, 110, 111}    da    v(S2) = (1, 2, 3, 3); 

S3 = {0, 10, 110, 1110, 1111}   da    v(S3) = (1, 2, 3, 4, 4); 

S4 = {0, 10, 1100, 1101, 1110, 1111}   da  v(S4) = (1, 2, 4, 4, 4, 4); 

S5 = {0, 10, 1100, 1101, 1110, 11110, 11111}   da  v(S5) = (1, 2, 4, 4, 4, 5, 5); 

S6 = {0, 10, 1100, 1101, 1110, 11110, 111110, 111111}  da  v(S6) = (1,2,4,4,4,5,6,6). 

davuSvaT, rom dasamuSavebelia kodi maxsovrobis gareSe monacemTa 

im X =(x1, x2,… xn) veqtoris kompresiisaTvis, romlis k simbolos zomis (k 

raodenobis simbolos Semcveli) alfabetia A. ganxilvisaTvis 

SemovitanoT egreT wodebuli sixSireTa F = (F1, F2, ... , Fk) veqtori, sadac Fi 
aris X veqtorSi A alfabetis SedarebiT xSirad arsebuli i-ri simbolos 

gamoCenis raodenobaa. X-is kodireba movaxdinoT kodiT maxsovrobis 
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gareSe, romlisTvisac kraftis veqtoria  L = ( L1, L2, ... , Lk ). maSin koderis 

gamosasvlelze miRebuli orobiTi koduri B(X)  mimdevrobis sigrZea 

L*F = L1*F1 + L2*F2 + ... + Lk*Fk .                              (2.6) 

saukeTeso kodi maxsovrobis gareSe iqneboda kodi, romlisTvisac 

B(X) sigrZe aRmoCndeboda minimaluri. aseTi kodis damuSavebisTvis 

saWiroa kraftis L veqtoris povna, romlisTvisac L*F  namravli iqneboda 

minimaluri. 

SesaZlo variantebis martivi gadarCeva kraftis veqtoris 

povnisaTvis  saukeTeso xerxi araa, gansakuTrebiT ki k-s didi 

mniSvnelobisaTvis.  

xafmenis algoriTmi, romelic mas ewoda misi gamomgoneblis devid 

xafmenis pativsacemad, iZleva F-saTvis kraftis optimaluri L veqtoris 

povnis saSualebas, anu iseTi veqtorisa, romlisTvisac L*F namravli 

minimaluria. F_saTvis optimaluri L_is gamoyenebiT miRebul kods 

xafmenis kods uwodeben. 

 

2.2.1. xafmenis algoriTmi 

 
xafmenis algoriTmi realizacias ukeTebs statistikuri kodirebis 

ideas prefiqsuli simravleebis gamoyenebiT da igi muSaobs Semdegnairad: 

1. alfavitis yvela simbolo amovweroT teqstSi maTi gamoCenis 

zrdadobis an klebadobis albaTobis rigiTobis mixedviT. 

2. umciresi albaTobebis mqone ori simbolo mimdevrobiT 

gavaerTianoT axal Sedgenil simbolod, romlis gamoCenis albaToba 

CavTvaloT misi Semdgeni simboloebis albaTobaTa jamis tolad. 

sabolood aseTnairad aigeba xe, romlis TiToeul kvanZs gaaCnia mis 

qvemoT arsebuli yvela kvanZis  jamuri albaToba. 

3. mivsdioT xis yoveli foTlisaken mimaval gzas yoveli 

kvanZisaken mimarTulebis moniSvniT (magaliTad, marjvniv _1, marcxniv _ 

0). aseTnairad miRebuli mimdevroba qmnis TiToeuli simbolos Sesabamis 

kodur xes (nax. 2.4). 

avagoT koduri xe Semdegi alfabetis mqone SetyobinebisaTvis:    
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    a b g d e 

 10 5 8 13 10 

 b g a e d 

 5 8 10 10 13 

 a e bg d 

 10 10 13 13 

 bg d ae 

 13 13 20 

 ae bgd 

 20 26 

 aebgd    

 46   
 
 
 
 
 
 
 
 
 

 
 
 

nax. 2.4. xafmenis algoriTmis mailustrirebeli koduri xe         

          2.2.2. entropiis sazRvrebi xafmenis kodisaTvis �������� 
��� ���� �������� 

rogorc cnobilia, araxelSeSlebiani arxisaTvis formulirebuli 

Senonis Teorema X veqtoris entropiis saSualebiT gansazRvravs 

kompresiis (SekumSvis) xarisxis zeda sazRvars. xafmenis kodisaTvis 

vipovoT kompresiis xarisxis zeda da qveda sazRvrebi.  

vTqvaT, xafmenis kodiT monacemTa X veqtoris kodirebisas R(X) 

kompresiis siCqarea, romelic ganisazRvreba rogorc fardoba 

R = k/n,                                                              (2.7) 
da romelic izomeba erT asoniSanze gadaangariSebul bitebSi (orobiTi 

simboloebis raodenobaSi). saWiroa R(X)_is sazRvrebis povna, romlebic 

gamosaxulia X veqtoris entropiiT. 

0 1 

g b 

0 

0 0 

1 

1 1 

e a d 
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vTqvaT n sigrZis monacemTa veqtoria X  da X_Si simboloebis 

sixSireTa veqtoria (F1, F2, ... , Fk). maSin entropia  

                                    ∑
=

=
k

i i
i F

nF
n

XH
1

2
1 )(log)( .                                         (2.8) 

SevecadoT H(X) entropiisa da kompresiis R(X) xarisxis (siCqaris) 

erTmaneTTan Semdegi saxiT dakavSirebas: 

LFn
)X(R i

k

i
i∑

=
=

1

1 ,                                                (2.9) 

sadac  (L1, L2, ... , L ) –xafmenis kodis kraftis zusti veqtoria 
X_saTvis.������  

Xlogy e=  mrudi amoburculia, anu is yovelTvis Tavsdeba 

sakuTari mxebis qveS garda Sexebis wertilisa. kerZod, igi arsebobs y =  x 

– 1 wrfis qvemoT, garda x=1 wertilisa, vinaidan es wrfe y=logeX mrudis 

mxebia wertilSi x=1. amrigad, SeiZleba CavweroT utoloba 

1−≤ xXloge ,          x > 0,       x ≠  1.                        (2.10) 

(2.10) formulaSi CavsvaT F/Lnx ii2−= •   da orive mxare 

gavamravloT Fi/n_ze, ris Sedegadac miviRebT 

n/FL)
n/F

L
(log)n/F( i

i

i
ei i −−≤

−
22 .                                (2.11) 

 utolobis orive mxare (nawili) avjamoT i_s mixedviT. marjvena 

nawilis jami iqneba nulis toli, radganac 2 Li−   da Fi/n jamebidan 

TiToeuli maTgani erTis tolia. Sedegad, 

02
11

≤−+− ∑∑
==

)L(log)n/F()n/F(log)n/F( ie

k

i
iie

k

i
i  .                 (2.12) 

da bolos, Tu logariTms e_s fuZiT gadaviyvanT 2_is fuZian 

logariTmze, miviRebT  

H(X) ≤ R(X).                                                         (2.13) 

ganvixiloT kraftis  (L1* , L2* , ... , Lk*) veqtori, romelSic koduri 

sityvebis  Li*  sigrZeebi simboloTa sixSireebTan dakavSirebulia 

Semdegnairad: 
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Li* Δ  [ - log2 ( Fi / n ) ] .                                    (2.14) 

maSin 

[ ]12
111 +−≤≤= ∑∑∑ −−− )n/F(logFnLFnLFn)X(R i

i
i

*
i

i
ii

i
i  ,        (2.15) 

sadac gaTvaliswinebulia, rom [u] ≤  u + 1. utolobis marjvena nawili ki 

udris (H(X) + 1)_s.  

bolos ki yovelive zemoT miRebulis gaerTianebiT miviRebT 

H(X) ≤  R(X) ≤  H(X) + 1.                                                 (2.16) 

 

xafmenis meTodis naklovanebebi 

rogorc wina msjelobidan Cans, xafmenis kodebis SemTxvevaSi 

yvelaze did sirTules warmoadgens SesakumSi monacemebis yoveli 

tipisaTvis albaTobaTa Sesabamisi cxrilis arsebobis aucilebloba. es 

problemas ar warmoadgens, Tu cnobilia, rom ikumSeba qarTuli an 

inglisuri teqsti, rodesac kodersa da dekoders SeiZleba qarTuli da 

inglisuri teqstebis Sesabamisi koduri xe. zogadad ki, rodesac ucnobia 

Semavali monacemebis simboloTa albaTobebi, maSin xafmenis 

statistikuri kodebi araefeqturia.  

am problemis gadawyvetas warmoadgens sakodirebeli monacemebis 

statistikuri analizi, romelic sruldeba monacemTa pirveli ganxilvis 

safuZvelze (pirveli etapi) koduri xis agebiT. rac Seexeba uSualo 

kodirebas, igi xdeba meore etapze. 

Tumca, simarTlea, rom arsebobs xafmenis kompresiis dinamiuri 

versia, romelic xafmenis kodur xes agebs wakiTxvisa da aqtiuri 

SekumSvis dros. Sesabamisi xe sistematurad axldeba imisaTvis, rom man 

asaxos Semavali monacemebis albaTobaTa cvlileba. Tumca praqtikulad 

es algoriTmic gamoirCeva seriozuli SezRudulobiT da, garda amisa, 

uzrunvelyofs kompresiis SedarebiT mcire efeqturobas. 

xafmenis kodis kidev erTi naklovanebaa is, rom maTTvis koduri 

sityvis minimaluri sigrZe SeuZlebelia erTze naklebi iyos maSin, 

rodesac sruliad SesaZlebelia, rom Setyobinebis entropia toli iyos 

0,1 da 0,01 bitisa/asoniSanze. am SemTxvevaSi xafmenis kodi xdeba 
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mniSvnelovnad Warbi. problema SeiZleba gadawydes algoriTmis 

gamoyenebiT simboloTa blokebisadmi, magram am SemTxvevaSi rTuldeba 

kodireba/dekodirebis procedura da mniSvnelovnad farTovdeba koduri 

xe, romelic saboloo jamSi unda SevinaxoT kodTan erTad. 

da bolos, xafmenis kodi uzrunvelyofs kodis saSualo sigrZes, 

romelic entropias emTxveva mxolod im SemTxvevaSi, rodesac wyaros 

simboloTa albaTobebi warmoadgenen oris mTel uaryofiT xarisxebs: 1/2  

= 0,5;  1/4 = 0,25;  1/8 = 0,125; 1/16 = 0,0625 da a.S. praqtikaSi ki aseTi 

situacia sakmaod iSviaTad gvxvdeba an kidev igi SeiZleba Seiqmnas 

simboloTa blokirebiT aqedan gamomdinare yvela SedegiT. 

 
 
 

2.3. kodebi maxsovrobiT 

Cveulebriv ganixilaven ori tipis kodebs maxsovrobiT: 

_ blokuri kodebi; 

_ kodebi sasrulo maxsovrobiT. 

blokuri kodebi monacemTa veqtors yofs mocemuli sigrZis 

blokebad da Semdeg TiToeul bloks cvlian orobiTi sityvebis 

prefiqsuli simravlis koduri sityviT. koduri sityvebis miRebul 

mimdevrobas koderis gamosasvlelze aerTianeben orobiT striqonSi. 

blokuri kodis Sesaxeb amboben, rom is k_ri rigis blokuri kodia, Tu 

yvela blokis sigrZea k.  

magaliTisaTvis meore rigis blokuri kodis gamoyenebiT SevkumSoT 

monacemTa X = (0, 1, 1, 0, 1, 0, 0, 1, 1, 1, 1, 0, 0, 1, 0, 1) veqtori.  

Tavdapirvelad  X veqtori  davyoT blokebad, romelTa sigrZeebia 2:  

01, 10, 10, 01, 11, 10, 01, 01. 

es blokebi ganvixiloT rogorc axali {01, 10, 11} 
"hiperalfabetis" elementebi. axali alfabetis simboloebisadmi kodis 

Sesabamisobis uzrunvelyofis mizniT ganvsazRvroT blokebis 

mimdevrobaSi damatebiTi alfabetis gamoCenis sixSireTa veqtori. es 

veqtoria (4, 3, 1), rac imas niSnavs, rom yvelaze ufro xSirad arsebuli 



 

 64

bloki 01 gamoCnda oTxjer, gamoCenis sixSiris mixedviT Semdegi bloki 10 

_ samjer, xolo yvelaze iSviaTi bloki 11 _ mxolod erTjer. 

sixSireTa (4, 3, 1) veqtorisaTvis kraftis optimaluri veqtoria (1, 

2, 2). amrigad, monacemTa ganxiluli X veqtoris SemTxvevaSi meore rigis 

optimaluri blokuri kodisaTvis koderi ganisazRvreba 2.5 cxrilis 

mixedviT.   

 cxrili 2.5 

koderis cxrili 

bloki koduri sityva 

01 0 

10 10 

11 11 

 
 

yoveli blokis SecvliT misi Sesabamisi koduri sityviT miviRebT 

koduri sityvebis mimdevrobas: 

0, 10, 10, 0, 11, 10, 0, 0. 
maTi gaerTianebiT ki miviRebT koderis gamomaval mimdevrobas: 

B(X) = ( 0, 1, 0, 1, 0, 0, 1, 1, 1, 0, 0, 0 ). 

SeiZleba  Semowmdes,  rom sawyisi  X   veqtoris H(X) entropia 

tolia 0.9887 bitisa/asoniSanze, xolo blokuri kodis gamoyenebis Sedegad 

miRebuli kompresiis (SekumSvis) xarisxi R(X) = 12/16 = 0.75 bits monacemTa 

erT anaTvalze da igi aRmoCnda entropiis qveda sazRvarze naklebi. 

miRebuli Sedegi TiTqosda ewinaaRmdegeba Senonis Teoremas, romelic 

amtkicebs, rom SeuZlebelia kodis iseTi saSualo sigrZis miRweva, 

romelic naklebia wyaros entropiaze. Tumca sinamdvileSi es ase araa. Tu 

yuradRebiT SevxedavT monacemTa X veqtors, maSin SevniSnavT Semdeg 

kanonzomierebas: simbolo "0"_is Semdeg SedarebiT xSiria simbolo "1"_is 

arseboba, anu pirobiTi albaToba Р(1/0) mniSvnelovnad aRemateba upirobo 

albaTobas Р(0). Sedegad, am wyaros entropia unda CaiTvalos rogorc 

rTuli Setyobinebis entropia da igi, rogorc cnobilia, yovelTvis 

naklebia martivi Setyobinebebis entropiasTan SedarebiT. 

  monacemTa (X1, X2, ...,   Xn)  veqtoris kodirebis dros kodi sasrulo 

maxsovrobiT iyenebs kodur wigns, romelic Sedgeba ramdenime sxvadasxva 
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kodebisagan maxsovrobis gareSe. monacemTa yoveli anaTvalis kodireba 

xdeba koduri wignis im kodiT maxsovrobis gareSe, romelic 

ganisazRvreba monacemTa winmswrebi (winamdebare) anaTvlebis garkveuli 

raodenobis sididiT.  

maxsovrobiani kodirebis magaliTad ganvixiloT adre ganxiluli 

klasikuri magaliTi X=ABRACADABRA. sruliad naTelia, rom am 

mimdevrobaSi Zlieria statistikuri kavSiri mis momdevno simboloebs 

Soris, romelic aucileblad gasaTvaliswinebelia kodirebis meTodis 

SerCevisas.  

 koderi maxsovrobiT mimdinare simbolos kodirebisas 

iTvaliswinebs misi winmswrebi simbolos mniSvnelobas. amrigad, koduri 

sityva mimdinare A simbolosaTvis iqneba sxvadasxva RA, DA  da CA 

SexamebebSi (sxva sityvebiT rom vTqvaT, kods gaaCnia maxsovroba wyaros 

erT simboloze) (cxrili 2.6).                          

 cxrili 2.6 

koderi 

simbolo, winmswrebi simbolo koduri sityva 

(A,-) 1 
(B,A) 0 
(C,A) 10 
(D,A) 11 
(A,R) 1 
(R,B) 1 
(A,C) 1 
(A,B) 1 

 

kodirebis Sedegia  B(X)=(10111011111011) veqtori, romlis sigrZea 11 

biti da kompresiis siCqarea R = 13/11=1,18 biti monacemTa erT simboloze 

maSin, rodesac Tanabari samTanriga kodiT kodirebisas R= 3_is dros 

saWiro iqneboda 33 biti. 

 
2.4. ariTmetikuli kodireba 

 
zemoT ganxiluli meTodebisagan gansxvavebiT, ariTmetikuli 

kodirebisas sakodirebeli simbolo (an simboloTa jgufi) icvleba maTi 
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Sesabamisi kodiT, MmTeli Setyobinebis kodirebis Sedegi icvleba 0_dan 

1_de intervalSi erTi ricxviT an aseTi ricxvebis wyviliT. sawyisi 

teqstis kodirebis mcirdeba misi amsaxveli intervali, xolo maTi 

warmomdgeni aTobiTi (an orobiTi) Tanrigebis raodenoba izrdeba. 

Semavali teqstis morigi simboloebi amcireben intervalis sidides 

modeliT gansazRvruli maTi albaTobebis mniSvnelobebis mixedviT. ufro 

albaTuri simboloebi amas akeTeben ufro naklebad, vidre nakleb 

albaTuri simboloebi da, amis gamo, Sedegs naklebi raodenobis 

Tanrigebs umateben.  

ariTmetikuli kodirebis idea naTelvyoT martivi magaliTis daxma-

rebiT.  vTqvaT,  rom  saWiroa  Semdegi teqsturi striqonis kodireba:  

radiovizir. 
koderis muSaobis dawyebamde sakodirebeli teqstis sawyisi 

intervalia [0; 1).  

sakodirebeli Setyobinebis alfabeti Seicavs Semdeg simboloebs 

(asoniSnebs): {r,a,d,i,o,v,z}. 

ganvsazRvroT Setyobinebis alfabetis TiToeuli simbolos raode-

noba (maTi albaToba) da TiToeul maTgans davuniSnoT maTi albaTobebis 

Sesabamisi intervali. imis gaTvaliswinebiT, rom sakodirebel sityvaSi 

sul 10 asoniSania, SeiZleba SevadginoT 2.7 cxrili. 

                                                   cxrili 2.7 

simbolo albaToba intervali 
a 0,1 0 _ 0,1 

d 0,1 0,1 _ 0,2 

v 0,1 0,2 _ 0,3 

i 0,3 0,4 _ 0,7 

z 0,1 0,3 _ 0,4 

o 0,1 0,7 _ 0,8 

r 0,2 0,8 _ 1 

  
cxrilSi simboloTa ganlageba SesaZlebelia nebismieri mimdevro-

biT, kerZod: teqstSi maTi gamoCenis mimdevrobis, alfabetis an albaTo-

baTa zrdadobis mixedviT da sxva, rac sulac araa principialuri saki-

Txi. amasTan kodirebis Sedegi iqneba sxvadasxva, magram efeqti _ erTi da 

igive.    
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2.4.1. kodireba 

amrigad, kodirebis dawyebamde sawyisi intervalia [0 – 1).  

Setyobinebis pirveli "r" simbolos naxvisas koderi sawyis 

intervals amcirebs axal  [0,8 _ 1)  intervalamde, romelic gamoiyofa 

aRniSnuli simbolosaTvis. amrigad, pirveli asoniSnis kodirebis Semdeg 

kodirebis Sedegi moTavsebuli iqneba ricxvebis [0,8 _ 1) intervalSi. 

koderSi Semavali Setyobinebis morigi simboloa asoniSani "a". es 

asoniSani  SetyobinebaSi  rom  yofiliyo pirveli,  maSin mas 

gamoeyofoda  

[0 _ 0.1) intervali, magram sinamdvileSi igi mosdevs "r" –s da amitom misi 

kodireba xdeba pirveli asoniSnisaTvis ukve gamoyofili intervalis 

SigniT moTavsebuli axali qveintervaliT, ris gamoc pirveli asoniSnis 

Sesabamisi intervali mcirdeba [0.80  _  0.82) mniSvnelobamde. sxva 

sityvebiT rom vTqvaT, "a" asoniSnisaTvis gamoyofili [0 _ 0.1) intervali 

axla Tasvsdeba pirveli simbolos ("r") mier dakavebul intervalSi 

(axali intervalis dasawyisi da dasasruli ganisazRvreba wina 

intervalis dasawyisisadmi am intervalis siganisa da mimdinare 

simbolosaTvis gamoyofili intervalis namravlis mimatebiT). Sedegad 

amisa miviRebT axal samuSao intervals [0.80 _ 0.82), vinaidan wina 

intervalis sigane iyo 0,2, romlis meaTedi nawilia 0,02. 

Semdeg "d" simbolos Seesabameba misTvis gamoyofili [0.1 _ 0.2) 
intervali,  rac  ukve  arsebul  muSa   [0.80 _ 0.82) intervals  amcirebs 

[0.802 _ 0.804) mniSvnelobamde.  

koderis Sesasvlelze miwodebuli momdevno simboloa asoniSani 

"i", romlisTvisac gamoyofilia fiqsirebuli [0,3 _ 0,6) intervali. ukve 
arsebuli  muSa  [0.802 _ 0.804)  intervalisaTvis  miviRebT axal muSa 

[0,8026  - 0,8032) intervals da a.S.  
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zemoaRniSnulis safuZvelze miviRebT: 

sawyisi intervali [0,0 _ 1,0)  

analizis Semdeg   [0,8 _ 1,0) 

 [0,80 _ 0,82) 

 [0,802 _ 0,804) 

 [0,8026 _ 0,8032) 

 [0,80302 _ 0,80308) 

 [0,803032 _ 0,803038) 

 [0,8030338 _ 0,8030356) 

 [0.80303488 _ 0.80303506) 

 [0.803034934 _ 0.803034988) 

 [0.8030349772 _ 0.8030349880) 

 

kodirebis Sedegia [0,8030349772 – 0,8030349880] intervali. 

sinamdvileSi ki, calsaxa dekodirebisaTvis axla ukve sakmarisia 

intervalis mxolod qveda an zeda sazRvris codna, rac imas niSnavs, rom 

kodirebis Sedegis rolSi SeiZleba gamoyenebuli iyos saboloo 

intervalis dasawyisi _  0,8030349772. ufro zustad ki saboloo 

intervalis SigniT moqceuli nebismieri ricxvis gamoyenebaa SesaZlebeli 

sawyisi Setyobinebis dekodirebisaTvis, magaliTad, ricxvi 0,80303498, 
romelic moTavsebulia aRniSnul intervalSi. amasTanave am ricxvs 

gaaCnia aTobiTi Tanrigebis SedarebiT mcire raodenoba, vidre qveda da 

zeda sazRvrebis Sesabamis ricxvebs da, Sedegad igi SeiZleba 

warmovadginoT orobiTi Tanrigebis ufro mcire raodenobiT.  
naTelia, rom rac ufro ganieria saboloo intervali, miT ufro 

mcire raodenobis aTobiTi (da, Sesabamisad, orobiTi) TanrigebiT 

SeiZleba is warmovadginoT. intervalis sigane ki damokidebulia 

sakodirebeli simboloebis albaTobaTa ganawilebaze _ ufro albaTuri 

simboloebi intervals naklebad amcireben da, Sesabamisad, kodirebis 
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Sedegs umateben naklebi raodenobis bitebs. es vaCvenoT martiv 

magaliTze.  

davuSvaT, rom saWiroa simboloTa a a a a a a a a a #  striqonis 

kodireba, sadac "a"  asoniSnis albaTobaa 0,9. am SemTxvevaSi mocemuli 

striqonis kodirebis procedura da miRebuli Sedegi iqneba Semdegi:  

�������� 

Semavali signali qveda sazRvari zeda sazRvari 

 0,0 1,0 

a 0,0 0,9 

a 0,0 0,81 

a 0,0 0,729 

a 0,0 0,6561 

a 0,0 0,59049 

a 0,0 0,531441 

a 0,0 0,4782969 

a 0,0 0,43046721 

a 0,0 0,387420489 

# 0,3486784401 0,387420489 

 

kodirebis Sedegi SeiZleba iyos, magaliTad, 0,35, romelic 

mTlianad eqceva sasrulo 0.3486784401 – 0.387420489 intervalis SigniT. am 

ricxvis orobiTi warmodgenisaTvis saWiroa & biti (ori aTobiTi Tanrigi 

daaxloebiT Seesabameba 7 orobiT Tanrigs), maSin, rodesac kodirebis 

Sedegis orobiTi warmodgenisaTvis wana magaliTisaTvis (0,80303498) 

saWiroa 27 biti!! 

2.4.2. dekodireba 

davuSvaT, rom yvelaferi is, rac cnobilia dekoderisaTvis 

teqstis Sesaxeb, esaa sasrulo intervali [0,8030349772_0,8030349880]. 
dekoderisaTvis, iseve rogorc koderisaTvis, cnobilia agreTve 

alfabetisaTvis gamoyofili intervalebis ganawilebis cxrili. dekoderi 

maSinve arkvevs, rom pirveli kodirebuli simboloa "r", vinaidan 

kodirebis Sedegi mTlianad moTavsebulia [0.8 _ 1), romelic aRniSnuli 

simbolosaTvisaa gamoyofili cxrilSi.  
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axla gavimeoroT koderis moqmedebebi: 
  
dasawyisSi                     [0.0 _ 1.0); 
analizis Semdeg      [0.8 _ 1.0). 
kodirebis Sedegidan gamovricxavT ukve cnobili pirveli "r" 

simbolos gavlenas. amisaTvis kodirebis Sedegs gamovakloT "r"-saTvis 

gamoyofili diapazonis qveda sazRvari _ (0,8030349772 – 0.8 =0,0030349772) da 
miRebuli Sedegi gavyoT "r"-saTvis gamoyofili intervalis siganeze, anu 

0,2_ze. amis Sedegad miviRebT 0,0030349772/0,2=0,015174886. es ricxvi mTlianad 

Tavsdeba"a" asoniSnisTvis gamoyofil [0 – 0,1) intervalSi. Sesabamisad, 

dekodirebuli mimdevrobis meore simbolo iqneba "a". 

vinaidan Cven ukve viciT ori dekodirebuli aso _ ra, amitom am 

intervalidan gamovricxoT "a" asoniSnis gavlena. am mizniT 0,015174886 
narCens gamovakloT "a" asoniSnis intervalis Sesabamisi qveda sazRvari, 

anu 0,015174886 – 0.0 = 0,015174886 da es Sedegi gavyoT "a" asoniSnisaTvis  

gamoyofili intervalis siganeze, anu 0,1-ze: 0,015174886/0,1=0,15174886. 

miRebuli Sedegi moTavsebulia "d" asoniSnisaTvis gamoyofil diapazonSi, 

ris gamoc morigi dekodirebuli asoniSani iqneba "d". 
kodirebis Sedegidan gamovricxoT "d" asoniSnis gavlena. miviRebT 

(0,15174886 – 0,1)/0,1 =0,5174886. es Sedegi xvdeba "i" asoniSnisaTvis 

gamoyofil intervalSi da, Sedegad, morigi dekodirebuli simbolo 

iqneba "i" da a.S. manam, sanam ar moxdeba yvela simbolos dekodireba. 

 

dekodirebuli 
ricxvi 

simbolo 
gamosasvlelze

  sazRv 
 qveda 

rebi 
zeda 

intervalis 
sigane 

0,8030349772 r 0,8 1,0 0,2 
0,015174886 a 0,0 0,1 0,1 

0,15174886 d 0,1 0,2 0,1 

0,5174886 i 0,3 0,6 0,3 

0,724962 o 0,7 0,8 0,1 

0,24962 v 0,2 0,2 0,1 

0,4962 i 0,3 0,6 0,3 

0,654 z 0,6 0,7 0,1 

0,54 i 0,3 0,6 0,3 

0,80 r 0,6 0,8 0,2 

0.0  dekodirebis  dasasruli   
 

esaa ariTmetikuli kodirebis ZiriTadi idea da misi praqtikuli 

realizacia SedarebiT rTulia. zogierTi problema SeiZleba SevniSnoT 
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uSualod  moyvanili magaliTidan. pirveli maTgani imaSi mdgomareobs, 

rom dekoders aucileblad raime xerxiT unda vacnoboT dekodirebis 

procesis damTavrebis Sesaxeb, vinaidan narCeni 0,0 SeiZleba niSnavdes 

asoniSan "a"-s an aa, aaa, aaaa da a.S. mimdevrobebs. am problemis 

gadawyveta SesaZlebelia ori xerxiT: pirveli maTgani mdgomareobs imaSi, 

rom  monacemTa kodis garda SesaZloa sakodirebeli masivis zomis 

ganmsazRvreli ricxvis Senaxva. am SemTxvevaSi dekodirebis procesi 

Sewydeba maSin, rodesac mis gamosasvlelze masivi miaRwevs aRniSnul 

zomas. meore xerxi gulisxmobs wyaros modelSi blokis dasrulebis 

mimaniSnebeli specialuri simbolos, magaliTad, #-s Casmas, ris gamoc 

dekoderis gamosasvlelze am simbolos gamoCenisTanave Sewydeba 

dekodireba. 

meore problema gamomdinareobs TviT ariTmetikuli kodirebis 

ideidan da is imaSi mdgomareobs, rom kodirebis saboloo Sedegi _ 

saboloo intervali _ cnobili gaxdeba mxolod kodirebis procesis 

damTavrebisas. amitom ismis kiTxva _ ar SeiZleba kodirebuli 

Setyobinebis gadacema manam, sanam ar moxdeba sawyisi Setyobinebis 

ukanaskneli asoniSnis miReba da ar iqneba gansazRvruli saboloo 

intervali? sinamdvileSi aseTi dayovnebis aucilebloba araa. kodirebis 

Sedegis amsaxveli intervalis Semcirebis kvalobaze misi ufrosi 

aTobiTi niSnebi (an orobiT formaSi Caweris SemTxvevaSi misi ufrosi 

bitebi) wyveten cvlilebas (ixileT kodirebis moyvanili magaliTi). amis 

sedegad es Tanrigebi (an bitebi) ukve SeiZleba gadaices. amrigad, 

kodirebuli mimdevrobis gadacema xorcieldeba mxolod garkveuli mcire 

SeyovnebiT, rac umniSvneloa da araa damokidebuli sakodirebeli 

Setyobinebis zomaze.    

da mesame problema _ esaa intervalis warmodgenis sizustis 

sakiTxi. moyvanili magaliTidan Cans, rom intervalis warmodgenis 

sizuste (misi warmodgenisaTvis saWiro aTobiTi Tanrigebis raodenoba) 

SeuzRudavad izrdeba sakodirebeli Setyobinebis sigrZis gazrdisas. es 

problema Cveulebriv wydeba sasrulo Tanrigebiani ariTmetikis 

gamoyenebiTa da registrebis Tanrigebis gadavsebisadmi kontrolis 

ganxorcielebiT.  
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2.5. kodirebis leqsikonuri meTodebi. ziva-lempelis meTodi 

praqtikulad yvela leqsikonuri meTodi ekuTvnis ebraeli 

mecnierebis zivasa da lempelis mier 1977 wels gamoqveynebul SromaSi 

aRweril algoriTmebs. maTi arsi imaSi mdgomareobs, rom SesakumSi 

teqstis frazebi icvleba im adgilis maCvenebliT, sadac isini adre 

arsebobda mocemul teqstSi.  

algoriTmebis es ojaxi iwodeba ziva-lempelis saxeliT da 

aRiniSneba rogorc LZ_kompresia (SekumSva).�es meTodi swrafad ewyoba 

teqstis struqturas da mas SeuZlia mokle funqcionaluri sityvebis 

kodireba, romlebic xSirad Cndebian teqstSi. axali sityvebi da frazebi 

SeiZleba aseve formirdes teqstSi adre arsebuli nawilebisagan. 

kompresirebuli (SekumSuli) teqstis dekodireba xorcieldeba 

pirdapir _ miRebuli maCveneblis SecvliT leqsikonis im mza fraziT, 

romelzedac miuTiTebs maCvenebeli. praqtikaSi LZ_meTodiT miiRweva 

kargi kompresia da mis umTavres Taviseburebas warmoadgens dekoderis 

Zalian swrafi muSaoba. (rdesac Cven vsaubrobT teqstze, vTvliT, rom 

xdeba monacemTa romeliRac sasrulo alfabetiani veqtoris kodireba da 

sulac araa aucilebeli, rom es mainc da mainc iyos teqsti). 
kodirebis leqsikonuri meTodebis umravlesoba atarebs ideis 

avtorebis zivasa da lempelis saxels da xSirad miaCniaT, rom yvela 

maTgani iyenebs kodirebis erTsa da imave algoriTms. sinamdvileSi ki am 

algoriTmebis ojaxis sxvadasxva warmomadgeneli Zalze Zlier 

gansxvavdebian erTmaneTisagan muSaobis detalebSi.  

kodirebis yvela leqsikonuri meTodi SeiZleba davyoT or jgufad.  
pirveli jgufis meTodebi, sakodirebel mimdevrobaSi aRmoaCenen ra 

simboloTa adre arsebul jgufs, imis nacvlad, rom gaimeoron es 

jgufebi, maT cvlian wina gameorebebis maCveneblebiT.  

algoriTmebis am jgufSi leqsikoni aracxadi saxiT arsebobs 

dasamuSavebel monacemebSi, amitom inaxeba mxolod gameorebadi 

simboloebis jgufebis maCveneblebi. 

am jgufis yvela meTodi, rogorc ukve iyo aRniSnuli, emyareba 

abraham lempelisa da iakob zivas mier damuSavebul da 1977 wels 
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gamoqveynebul LZ77 algoriTms. am jgufis SedarebiT srulyofili 

warmomadgenelia storerisa da Simanskis mier 1982 wels gamoqveynebuli 

algoriTmi LZSS, romelic moicavs am mimarTulebiT miRebul yvela 

miRwevas. 

am jgufis algoriTmebis kodirebis procedura warmodgenilia 2.5 
naxazze.  

 

 

 

 

 

 

nax. 2.5.  leqsikonuri meTodis 
pirveli jgufiT kodirebis 
procedura  

 
meore jgufis algoriT-

mebi wyaros sawyis leqsikonis 

garda damatebiT qmnian im frazebis leqsikons, romlebic warmoadgenen 

sawyisi leqsikonis simboloebis gameorebad kombinaciebs, romlebic 

gvxvdeba sawyis monacemebSi. amasTanave leqsikonis zoma izrdeba, ris 

gamoc misi kodirebisaTvis saWiro iqneba bitebis ufro meti raodenoba. 

magram am leqsikonis mniSvnelovani nawili ukve iqneba ara calkeuli 

asoniSnebi, aramed _ maTi Sexamebebi an mTliani sityvebi. im SemTxvevaSi, 

rodesac koderi aRmoaCens adre arsebul frazas, is mas cvlis 

leqsikonis am frazis Semcveli indeqsiT. amis gamo indeqsis kodis sigrZe 

miiReba ufro mcire an gacilebiT mcire frazis kodis sigrZesTan 

SedarebiT.  

am jgufis yvela meTodi emyareba zivasa da lempelis mier 

damuSavebul da 1978 wels gamoqveynebul LZ78 algoriTms. dReisaTvis 

leqsikonuri meTodebis am jgufis SedarebiT srulyofili 

warmomadgenelia teri velCemis mier 1984 wels damuSavebuli LZW   
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algoriTmi.  aRniSnuli jgufis algoriTmebis idea SeiZleba 

aixsnas 2.6 naxazis meSveobiT.  

nax. 2.6. leqsikonuri meTodis meore jgufiT kodirebis procedura 

meore jgufis algoriTmebis muSaobis axsna SedarebiT martivia, 

ris gamoc LZ_koderebis moqmedebis principis ganxilva daviwyoT LZW 

algoriTmidan. zogadad ganvixiloT LZW_koderisa da dekoderis muSaoba.    

2.5.1. kodireba 

kodirebis procesi sakmaod martivia. mimdevrobiT vkiTxulobT 

Semavali nakadis (striqonis) simboloebs da vamowmebT, aris Tu ara Cvens 

mier ukve Seqmnil cxrilSi aseTi striqoni. Tu aseTi striqoni aris, 

maSin vkiTxulobT morig simbolos, xolo Tu araa, maSin gamomaval 

nakadSi Segvaqvs wina napovni striqonis kodi, es striqoni Segvaqvs 

cxrilSi da xelaxla viwyebT Zebnas.  

vTqvaT, koderis Sesasvlels miewodeba simboloTa / WED / WE / 

WEE / WEB  saxis mimdevroba, amasTanave Semavali simboloebis alfabetis 

zoma dim A =  255. kompresiis (SekumSvis) sqemas aqvs Semdegi saxe:  
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   Semavali            gamomavali                leqsikonis 
 simboloebi             kodi                 axali simboloebi 
 
         /W                       /                          256 = /W 
         E                        W                          257 = WE 
         D                        E                           258 = ED 
         /                        D                                 259 = D/ 
        WE                                    256                               260 = /WE 
        /                                              E                          261 = E/ 
       WEE                                   260                               262 = /WEE 
       /W                      261                                          263 = E/W 
       EB                      257                                        264 = WEB 
      <END>                                 B 
 

Sedegad miviRebT gamomaval kods 
/WED<256>E<260><261><257>B. 

 ismeba kiTxva, am SemTxvevaSi rogor Seicvala gamomavali kodis 

sigrZe SemavalTan SedarebiT?  

15 asoniSniani sigrZisa da dim A = 255 zomis mqone / WED / WE / WEE / 

WEB  striqonis orobiTi  kodirebisaTvis  Tu  dagvWirdeboda 15⋅log2 255 =  

=15⋅8 = 120 biti, maSin koderis 264 asoniSnisagan Sedgenili alfabetis 10 

axali simbolos Sesabamisi sigrZis mqone gamomavali WED <256> E <260> 

<261> <257> B striqonis orobiTi kodirebisaTvi sakmarisia 10 ⋅ 9 = 90 biti. 

 
LZW_koderi muSaobas iwyebs 4K zomis leqsikonidan, romelic 

misamarTebis mixedviT Seicavs calkeuli asoniSnebisaTvis 0-dan 255-de da 

qvestriqonebisaTvis 256-dan 4095-de mimarTvebs. kodirebis procesSi 

teqsti eqvemdebareba qvestriqonebad daSlas, sadac yoveli axali 

qvestriqoni yvelaze grZelia (ukve ganxilul striqonebs damatebuli 

erTi simbolo)-sTan SedarebiT. igi kodirdeba rogorc mis prefiqss 

damatebuli damatebiTi simbolo, ris Semdegac axali qvestriqoni emateba 

leqsikons da misadmi SesaZlebeli iqneba mimarTva momavalSi.  

2.5.2. dekodireba 

kodirebuli monacemebis damuSavebis Sedegad LZW_dekoderi misgan 

aRadgens sawyis monacemebs. iseve rogorc SekumSvis (kompresiis) 

algoriTmi, dekoderi axal striqonebs umatebs yovelTvis, rodesac 
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Semaval nakadSi aRmoaCens axal kods. man Semavali kodi unda gardaqmnas 

simboloTa gamomaval striqonad da es ukanaskneli gadasces koderis 

gamosasvlels. 

LZW_dekoderis muSaobis algoriTmia: 
striqoni koderis gamosasvlelze _ /WED<256>E<260><261><257>B. 

     
     
 
     Semavali simboloebi    gamomavali striqoni    leqsikonis axali 
                                                            simboloebi    

                 /                       /             
                   W                      W                                     256 = /W 
                   E                      E                                   257 = WE 
                   D                       D                                     258 = ED 
                   256                     /W                                    259 = D/ 
                   E                       E                                    260 = /WE 
                   260                     /WE                                  261 = E/ 
                   261                     E/                                    262 = /WEE 
                   257                     WE                                   263 = E/W 
                   B                       B                                     264 = WEB 

 

kompresiis am meTodis yvelaze mniSvnelovani Rirsebaa is, rom 

axali simboloebis mTeli leqsikoni dekoders miewodeba sakuTrivi 

gadacemis gareSe. dekodirebis procesis dasasruls dekoders gaaCnia 

axali simboloebis zustad iseTive leqsikoni, romelic kodirebis 

procesSi daagrova koderma, amasTanave misi Seqmna iyo dekodirebis 

procesis nawili. 

ramdenadme gansxvavebulia LZ_meTodis pirveli gamoqveynebuli 

versiis _ LZ77_is ojaxis koderi/dekoderis muSaoba.  

LZ77_is algoriTmSi maCveneblebi mianiSneben frazebs mudmivi 

zomis im fanjaraSi, romelic win uZRvis kodis poziciebs. maCveneblebiT 

Secvlili qvestriqonis maqsimaluri sigrZe ganisazRvreba F parametriT 

(Cveulebriv gi moTavsebulia 10-dan 20-de SualedSi). es SezRudvebi 

saSualebas gvaZlevs gamoviyenoT egreT wodebuli N simbolosagan 

Sedgenili "mcocavi fanjara". maTgan pirveli N_F ukve iyo kodirebuli, 

xolo bolo F simboloebi qmnian winmswreb bufers.  
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pirvel N-F simboloebSi kodirebisas fanjrebi eZeben buferis 

Sesabamis yvelaze grZel striqons. man nawilobriv SeiZleba gadafaros 

(gadaavsos) buferi, magram TviTon SeuZlebelia iyos buferi. 

yvelaze metad napovni Sesabamisoba Semdeg kodirdeba [i, j, a] 

triadiT, sadac i  misi wanacvlebaa buferis dasawyisidan,  j _ Sesabamisobis 

sigrZea, xolo a _ pirveli simboloa, romelic ar Seesabameba fanjris 

qvestriqons. amis Semdeg fanjara gaiweva marjvniv j +1 simboloze da igi 

mzadaa algoriTmis axali (momdevno) bijisaTvis (etapisaTvis).  

yoveli maCveneblisadmi garkveuli simbolos mibma (dakavSireba) 

iZleva imis saSualebas, rom kodireba Catardeba im SemTxvevaSic ki, Tu 

Sesabamisoba ar iqneba napovni winmswrebi buferis pirveli 

simbolosaTvis.  

koderisa da dekoderisaTvis saWiro maxsovrobis moculoba (teva-

doba) izRudeba fanjris zomiT. triadaSi (i) wanacvlebis 

warmodgenisaTvis saWiro bitebis raodenobaa [log(N-F)]. triadis mier 

Secvlili simboloebis ( j ) raodenoba SeiZleba kodirebuli iyos [logF] 

raodenobis bitiT.  

dekodireba xorcieldeba Zalze swrafad da martivad. amasTanave 

senarCunebulia fanjarasTan muSaobis igive Tanmimdevroba, rac iyo 

kodirebisas, magram erTnairi striqonebis Zebnisagan gansxvavebiT igi, 

piriqiT, igi fanjridan axdens mis kopirebas momdevno triadis 

Sesabamisad.  
 

2.6. gameorebaTa sigrZis kodireba 
 

 ubnebis (anu gameorebebis) sigrZeTa kodireba SeiZleba sakmaod 

efeqturi iyos orobiTi monacemebis (magaliTad, Sav-TeTri faqsimiluri 

gamosaxulebebis, swori xazebisa da erTgvarovani ubnebis Semcveli Sav-

TeTri gamosaxulebebis, sqemebis da a.S.) kompresiisas (SekumSvisas). 

gameorebaTa sigrZis kodireba warmoadgens uZrav gamosaxulebaTa 

kompresiis farTod gavrcelebuli  JPEG algoriTmis erT-erT elements. 

 monacemTa kompresiis idea gameorebaTa sigrZis kodirebis 

safuZvelze imaSi mdgomareobs, rom sakuTriv monacemTa kodirebis 
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nacvlad kodirebas ukeTeben im ubnebis sigrZeTa Sesabamis ricxvebs, 

romlebzec monacemebi inarCuneben ucvlel mniSvnelobas. 

 davuSvaT, rom saWiroa 8x8 zomis orobiTi (orferiani) 

gamosaxulebis kodireba (nax. 2.7).  

  

        

        

        

        

        

        

        

        

 

             nax. 2.7. orferovani 8x8 zomis gamosaxuleba 
 
 
movaxdinoT am gamosaxulebis striqonuli skanireba 

(gamosaxulebaze or fers Seesabameba 0 da 1), ris Sedegadac miviRebT 

monacemTa orobiT veqtors 

X=(0111000011110000000100000001000000010000000111100011110111101111), 

romlis sigrZea 64 biti (sawyisi kodis siCqarea 1 biti gamosaxulebis erT 

elementze). 

 X  veqtorSi gamovyoT ubnebi, romlebzec monacemebi ucvlelia, da 

ganvsazRvroT maTi sigrZeebi. ubanTa sigrZeebis r mimdevroba 

warmovadginoT mTeli dadebiTi ricxvebis saxiT: 

r =(1, 3, 4, 4, 7, 1, 7, 1, 7, 1, 7, 4, 3, 4, 1, 4, 1, 4) . 

 Semdeg es mimdevroba, romelSic SeiniSneba garkveuli gameoradoba 

(erTianebisa da oTxianebis raodenoba gacilebiT aRemateba sxva 

simboloebis raodenobas), SeiZleba kodirebuli iyos raime statistikuri, 

magaliTad, xafmenis kodiT maxsovrobis gareSe, romlis Sesabamisi 

cxrilia 2.8. 
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                                                    cxrili 2.8                     

koderi 

ubnis sigrZe koduri sityva 

4 0 

1 10 

7 110 

3 111 

    

 imis saCveneblad, rom sakodirebeli mimdevroba iwyeba nulidan, 

koduri sityvis dasawyisSi davamatoT prefiqsuli simbolo 0. amis 

sedegad miviRebT 34_bitian kodur sityvas  

B(r)= ( 0100011010110101101011001110100100 ), 

anu kodis jamuri siCqare iqneba R=34/64, anu gamosaxulebis erT 

elementze 0,5 bitze odnav meti. mravali ganmeorebadi elementebis 

Semcveli ufro didi zomis gamosaxulebaTa kompresiis SemTxvevaSi 

SekumSvis (kompresiis) efeqturoba SeiZleba mniSvnelovnad ufro maRali 

aRmoCndes. 

 qvemoT moyvanilia ganmeorebaTa sigrZeebis kodirebis gamoyenebis 

magaliTi im SemTxvevaSi, rodesac cifrul monacemebSi gvxdeba nulovani 

mniSvnelobebis didi raodenoba. yovelTvis, rodesac monacemTa nakadSi 

gvxvdeba "nuli", misi kodireba xdeba ori ricxviT. maTgan pirvelia 0, 

romelic warmoadgens nulebis nakadis sigrZis kodirebis dasawyisis 

maCvenebels. Tu jgufSi nulebis saSualo raodenoba orze metia, maSin 

ganxorcieldeba SekumSva. meores mxriv, calkeuli nulebis didma raode-

nobam SeiZleba migviyvanos sakodirebeli failis zomis gazrdamdec ki:   

 

7   8   54   0   0   0   97   5   16   0   45   23   0   0   0   0   0   3   67   0   0   8 … 

 
                             

 
                               7   8   54   0   3   97   5   16   0   1   45   23   0   5   3   67   0   2   8 … 
 
 gamosaxulebaTa da bgeriTi signalebis SekumSvis (kompresiis) 

mizniT ararRvevadi kodirebis farTod gamoyenebad da martiv meTods 

warmoadgens diferencialuri kodirebis meTodi.  
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2.7. diferencialuri kodireba 
 

 diferencialuri koderis muSaoba eyrdnoba im faqts, rom monacemTa 

mravali tipisaTvis mezobel anaTvlebs Soris sxvaoba SedarebiT mcirea 

sakuTriv monacemTa didi mniSvnelobis SemTxvevaSic ki. magaliTad, ar 

SeiZleba velodeT did sxvaobebs cifruli gamosaxulebis mezobel 

piqselebs (elementebs) Soris. 

  Semdegi martivi magaliTi gviCvenebs diferencialuri (mezobel 

anaTvlebs Soris sxvaobis) kodirebis meTodis upiratesobas ubralo 

(anaTvlebs Soris urTierTkavSiris gauTvaliswineblad) kodirebis 

meTodTan SedarebiT. 

 movaxdinoT 8_bitiani (256_doniani) cifruli gamosaxulebis 

skanireba, romlis drosac, magaliTad, 10 erTmaneTis momdevno piqselebs 

gaaCnia Semdegi doneebi: 

 

144,  147,  150,  146,  141,  142,  138,  143,  145,  142. 

 Tu movaxdenT piqselebis aRniSnuli doneebis ubralod kodirebas 

maxsovrobis gareSe, maSin gamosaxulebis yoveli piqselisaTvis saWiro 

iqneba 8 biti, anu aTive piqselisaTvis _ 80_bitiani koduri sityva. 

 axla davuSvaT, rom kodirebis ganxorcielebamde gamovTvaleT 

sxvaobebi mezobel piqselebs Soris, ris Sedeadac miviRebT Semdegi saxis 

mimdevrobas: 

 144,  147,  150,  146,  141,  142,  138,  143,  145,  142 . 

                 

               144,  3,    3,   - 4,   -5,   1,    -4,   5,    2,   -3 . 

 sawyisi mimdevroba sxvaobiTidan advilad aRdgeba ubralo ajamvis 

(diskretuli integrirebis) gziT: 

144,  144+3,  147+3,  150_4,  146_5,  141+1,  142_4,  138+5,  143+2,  145_3 

 

 
      144,   147,    150,    146,    141,    142,    138,    143,    145,    142 . 

 anaTvlebis (piqselebis) sxvaobebis miRebuli ricxvebidan pirvelis 

kodirebisaTvis, cxadia, saWiroa 8 biti (iseve rogorc ubralo kodirebis 

ganxorcielebisas), xolo yvela danarCeni ricxvisaTvis SeiZleba 
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gamoviyenoT 4_bitiani sityvebi (erTi maTgani niSnisaTvis, xolo 3 _ 

ricxvis modulis kodirebisaTvis). 

 amrigad, kodirebis Sedegad miviRebT kodur sityvas, romlis 

sigrZea 8+9⋅4=44 biti, anu TiTqmis orjer mokles anaTvlebis 

individualur kodirebasTan SedarebiT. 

 diferencialuri kodirebis meTodi farTod gamoiyeneba im 

SemTxvevebSi, rodesac monacemTa buneba iseTia, rom maTi mezobeli 

anaTvlebi erTmaneTisagan umniSvnelod arian gansxvavebuli. es 

Tavisebureba Seexeba bgeriT signalebs, gansakuTrebiT ki sityvas, aseve 

gamosaxulebebs, romlebSic mezobel piqselebs gaaCnia TiTqmis erTnairi 

sikaSkaSe. amavdroulad unda iTqvas, rom es meTodi sruliad ar 

miesadageba teqstebs, naxazebs an raime saxis cifrul monacemebs, 

romelTa mezobeli mniSvnelobebi erTmaneTisagan damoukidebelia. 

 

 

2.8. kompresiis meTodebi informaciis danakargebiT 
 

rogorc ukve iyo aRniSnuli, arsebobs monacemTa SekumSvis 

sistemebis ori tipi: 

1. sistemebi informaciis danakargebis gareSe (ararRvevadi 

sistemebi). 

2. sistemebi informaciis danakargebiT (rRvevadi sistemebi). 

ararRvevadi kodirebis dros sawyisi monacemebi SekumSulidan 

SeiZleba aRdges Tavdapirveli saxiT, anu absoluturad zustad. aseTi 

kodireba gamoiyeneba teqstebis, monacemTa bazebis, kompiuteruli 

programebis da a.S. kompresiisaTvis (SekumSvisaTvis), anu im SemTxvevebSi, 

rodesac dauSvebelia maTi Tundac umciresi gansxvaveba. yvela zemoT 

ganxiluli meTodi miekuTvneba swored ararRvevad meTodTa jgufs. 

samwuxarod, ararRvevadi SekumSva miuxedavad imisa, rom is Zalian 

mimzidvelia sawyisi da aRdgenili monacemebis absoluturi Tanxvedris 

gamo, gamoirCeva dabali efeqturobiT _ ararRvevadi SekumSvis 

koeficientebi iSviaTad aRemateba 3...5_s (iseTi monacemebis kodirebis 

garda, romlebic gamoirCeva erTnairi ubnebis gameorebadobis maRali 

xarisxiT da a.S.). 
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amasTan erTad unda aRiniSnos, rom Zalze xSirad ar arsebobs 

momxmareblisaTvis sawyisi monacemebis absoluturi sizustiT miwodebis 

aucilebloba. jer erTi, TviT monacemTa wyaroebs gaaCnia SezRuduli 

dinamiuri diapazoni, ris gamoc isini sawyis monacemebs gamoimuSaveben 

garkveuli donis damaxinjebebiTa da SecdomebiT. es done SeiZleba iyos 

didi an patara, magram aRwarmoebis absoluturi sizustis miRweva mainc 

SeuZlebelia. meorec, kavSiris arxebiT monacemTa gadacema da maTi 

Senaxva yovelTvis xdeba sxvadasxva saxis xelSeSlaTa TanxlebiT. amitom 

miRebuli (aRwarmoebuli) Setyobineba yovelTvis garkveuli xarisxiT 

gansxvavdeba gadacemuli Setyobinebisagan, anu kavSiris arxSi (an 

maxsovrobis sistemaSi) xelSeSlebis arsebobisas praqtikulad  

SeuZlebelia absoluturi zusti gadacemis uzrunvelyofa. da bolos, 

Setyobinebebi gadaicema da Seinaxeba mimRebis mier maTi aRqmisa da 

gamoyenebisaTvis. informaciis mimRebebi ki aris adamianis SegrZnebis 

organoebi, Semsrulebeli meqanizmebi da a.S. es ukanasknelnic 

gamoirCevian SezRuduli garCevis unarianobiT, anu isini ver amCneven 

umniSvnelo gansxvavebas aRdgenili (aRwarmoebuli) Setyobinebis 

absoluturad zust da miaxloebul mniSvnelobebs Soris. damaxinjebaTa 

mimarT mgrZnobiarobis zRvari aseve SeiZleba iyos sxvadasxva, Tumca is 

yovelTvis arsebs. 

rRvevadi kodireba iTvaliswinebs zemoaRniSnul argumentebs 

monacemTa miaxloebuli aRdgenis sasargeblod da SecdomaTa garkveuli 

doziT kontrolirebadi sididis xarjze iZleva SekumSvis iseTi 

koeficientis miRwevis saSualebas, romelic zogjer aTeulobiT 

aRemateba ararRvevadi meTodebis gamoyenebiT miRweul SekumSvis 

koeficients (SekumSvis xarisxs). 

rRvevadi SekumSvis umravlesoba efuZneba ar sakuTriv monacemTa 

kodirebas, aramed maTi wrfivi gardasaxvis Sedegebis (transformantebis), 

magaliTad, furies diskretuli (fdg), kosinusuri (kg), xaaris (xg), 

uolSis (ug) da a.S. gardasaxvebis koeficientebis (transformantebis) 

kodirebas. 

imisaTvis, rom gavigoT, ras emyareba rRvevadi SekumSvis sistemis 

efeqturoba da ratomaa gardasaxvebis gamoyenebiT kodireba 

mniSvnelovnad ufro efeqturi, vidre sawyisi monacemebis kodireba, 
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samagaliTod  ganvixiloT gamosaxulebaTa SekumSvis (kompresiis) 

popularuli meTodi JPEG   ("jipegi"), romelic Seicavs rRvevadi 

SekumSvis yvela aucilebel atributs. SevniSnoT, rom aRniSnuli 

sakiTxis ganxilvisas yuradReba gamaxvilebuli iqneba gardasaxvebiT 

kodirebis ideis mimarT da ara maT maTematikur aspeqtebze. 

aucilebeli iqneba agreTve SekumSvisaTvis gamoyenebuli wrfivi 

gardasaxvebis arsis ganxilva, vinaidan maTi fizikuri arsis codnis  

gareSe Znelia miRebuli efeqtebis mizezebis gageba. 

 

2.8.1. kodireba gardasaxvebiT. SekumSvis JPEG standarti 
 
uZrav gamosaxulebaTa kodirebis popularuli standarti JPEG  

(Joint Photographers Experts Group) warmoadgens Zalze karg ilustracias 

gardasaxvebiT kodirebis safuZvelze miRweuli rRvevadi SekumSvis 

(kompresiis) principebis axsnisaTvis. 

gardasaxvebiT kodirebis ZiriTadi idea SeiZleba naTelvyoT 

Semdegi martivi msjelobiT. davuSvaT, rom saqme gvaqvs raime cifrul 

signalTan (diskretuli anaTvlebis mimdevrobasTan). Tu TiToeuli 

maTganidan gadavagdebT orobiTi simboloebis naxevars (magaliTad, 

rvidan oTxs), maSin orjer Semcirdeba kodis siCqare R da daikargeba 

signalSi arsebuli informaciis naxevari.   

Tu signals davamuSavebT furies (an romelime sxva) gardasaxviT, 

davyofT mas or dabal da maRal sixSirul Semdgenebad, movaxdenT  

diskretizacias, TiToeul maTgans davkvantavT da mxolod 

maRalsixSiruli Semdgenebis orobiTi Tanrigebis naxevars gadavagdebT, 

maSin kodis saboloo siCqare erTi mesamediT Semcirdeba, xolo 

informaciis danakargi iqneba sul raRac 5%. 

es efeqti imiTaa ganpirobebuli, rom umravlesi signalebis 

dabalsixSiruli Semdgenebi (msxvili detalebi) Cveulebriv gacilebiT 

intensiurad gvxvdeba da isini Seicaven gacilebiT met informacias, 

vidre maRalsixSiruli Semdgenebi (wvrili detalebi). yovelive 

aRniSnuli Tanabari doziT Seexeba rogorc bgeriT signalebs, aseve 

gamosaxulebebs.    

ganvixiloT SekumSvis JPEG  algoriTmi im Sav-TeTri gamosaxulebis 

kodirebis SemTxvevaSi, romelic warmoadgens 256-doniani (8 orobiTi 
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simbolo) anaTvlebis (piqselebis) nakrebs. es yvelaze gavrcelebuli 

meTodia gamosaxulebaTa SenaxvisaTvis (arqivirebisaTvis) _ ekranze yovel 

wertils Seesabameba 1 baiti (8 biti _ 256 SesaZlo mniSvnelobebi), 

romelic gansazRvravs mis sikaSkaSes. 255 _ maqsimaluri sikaSkaSe (TeTri 

feri), 0 _ minimaluri sikaSkaSe (Savi feri). Sualeduri mniSvnelobebi ki 

adgenen ruxi ferebis mTel danarCen gamas (nax. 2.8).     

SekumSvis  JPEG  algoriTmi iwyeba gamosaxulebis dayofiT 8x8 

zomis kvadratul blokebad (8x8=64 piqseli). ratom mainc da mainc 8x8 da 

ara 2x2 an 32x32? blokis aseTi zomis SerCeva imiTaa ganpirobebuli, rom 

misi ufro mcire zomisas kodirebis efeqti iqneba mcire (1x1 zomis 

SemTxvevaSi efeqti saerTod ar arsebobs), xolo didi zomis blokebisas 

(fragmentebisas) blokis farglebSi gamosaxulebis Tvisebebi zlier 

cvalebadi aRmoCndeba, ris gamoc kvlav Semcirdeba kodirebis 

efeqturoba. 

2.8 naxazze naCvenebia ramdenime aseTi bloki (cifruli anaTvlebis 

matricebis saxiT), romlebic aRebulia gamosaxulebis sxvadasxva 

ubnebidan. SemdgomSi aseTnairad formirebuli blokebi damuSavdeba da 

kodirdeba erTmaneTisagan damoukideblad. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        nax. 2.8. gamosaxulebis dayofa (danawevreba) 8x8 zomis blokebad 
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SekumSvis meore etapia yoveli blokis mimarT diskretuli 

kosinusuri gardasaxvis (dkg)  gamoyeneba. monacemTa SekumSvisaTvis 

cdilobdnen sxvadasxva gardasaxvebis, maT Soris amisaTvis specialurad 

Seqmnili karunen-loevis gardasaxvis, gamoyenebas, romelic 

uzrunvelyofs SekumSvis maqsimalurad SesaZlo koeficientis miRebas. 

magram es ukanaskneli praqtikaSi Znelad realizebadi aRmoCnda. furies 

gardasaxva (fg) xorcieldeba Zalze martivad, magram igi ver 

uzrunvelyofs karg SekumSvas. amis gamo yuradReba SeCerda diskretul 

kosinusur gardasaxvaze, romelic warmoadgens fg_is nairsaxeobas. 

fg_gan gansxvavebiT, romelic signalis ganSlisaTvis iyenebs sinusur da 

kosinusur sixSirul Semdgenebs, dkg_Si gamoiyeneba mxolod kosinusuri 

Semdgenebi. diskretuli kosinusuri gardasaxva, iseve rogorc nebismieri 

sxva wrfivi gardasaxva, iZleva gamosaxulebaTa sivrculi warmodgenidan 

(anaTvlebis anu piqselebis nakrebi) speqtralur warmodgenaze 

(sixSiruli Semdgenebis nakrebi) gadasvlis saSualebas da piriqiT. 

IMG (x,y) gamosaxulebis diskretuli kosinusuri gardasaxva SeiZleba 

warmovadginoT Semdegi saxiT:  

DCT (u,v) = sqrt(2/N) ∑i,j  IMG (x i , y j )cos ((2i +1)π u/2N)cos ((2j +1)π v/2N),     (2.17) 

sadac N = 8,  0 < i < 7 , 0 < j < 7, anu matricul formaSi   

RES  = DCT T⋅ IMG⋅DCT  ,                                                (2.18)  

sadac DCT _ 8x8 zomis gardasaxvisaTvis bazisuri (kosinusuri) 

koeficientebis matricaa, romelsac aqvs Semdegi saxe: 
 

        .353553  .353553  .353553  .353553  .353553  .353553  .353553   .353553    

         .490393  .415818  .277992  .097887 -.097106 -.277329 -.415375 -.490246    

         .461978  .191618 -.190882 -.461673 -.462282 -.192353  .190145  .461366    

DCT =     .414818 -.097106 -.490246 -.278653  .276667  .490710  .099448 -.414486         (2.19) 

         .353694 -.353131 -.354256  .352567  .354819 -.352001 -.355378  .351435     

         .277992 -.490246  .096324  .416700 -.414486 -.100228  .491013 -.274673    

         .191618 -.462282  .461366 -.189409 -.193822  .463187 -.460440  .187195    

         .097887 -.278653  .416700 -.490862  .489771 -.413593  .274008 -.092414    
 

amrigad, gamosaxulebis 8x8 zomis (piqselebis raodenobaa 64)  

blokisadmi diskretuli kosinusuri gardasaxvis gamoyenebis Sedegad 
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miviRebT organzomnilebian speqtrs, romlis zomacaa aseve 8x8. sxva 

sityvebiT rom vTqvaT, gamosaxulebis anaTvlebis warmomdgeni 64 ricxvi 

gadaiqceva gamosaxulebis am blokis diskretuli kosinusuri gardasaxvis 

speqtris 64 anaTvlad.  

gavixsenoT, Tu ras warmoadgens signalis speqtri. esaa 

koeficientebis sidideebi, romelTanac erTad Sesabamisi speqtruli 

Semdgenebi Sedian im jamis SemadgenlobaSi, romelic sabolood iZleva 

am signals. ZiriTad speqtrul Semdgenebs, romlebadac iSleba signali, 

xSirad bazisur funqciebs uwodeben. furies gardasaxvisaTvis bazisuri  

funqciebia sxvadasxva sixSiris sinusebi da kosinusebi.  

blokebis 8x8 zomis SemTxvevaSi diskretuli kosinusuri 

gardasaxvis bazisuri funqciebi mocemulia Semdegi formuliT:  

⎥⎦
⎤

⎢⎣
⎡ +

⎥⎦
⎤

⎢⎣
⎡ +

=
16

12
16

12 ππ v)y(cosu)x(cos]y,x[b ,                  (2.20) 

xolo Tavad bazisuri funqciebi warmodgenilia 2.9 naxazze.  

 

 
 
 

nax. 2.9. diskretuli kosinusuri gardasaxvis (dkg—DCT) bazisuri funqciebi  

(0,0) indeqsebis Sesabamisi yvelaze dabalsixSiruli bazisuri 

funqcia gamosaxulia naxazis zeda marcxena kuTxeSi, xolo yvelaze 
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maRalsixSiruli _ qveda marjvena kuTxeSi. bazisuri funqcia (0,1) 

warmoadgens erTi koordinatis mixedviT kosinusoidis naxevars, xolo 

meore koordinatis mixedviT _ mudmivs (konstantas), xolo bazisuri 

funqcia (1,0) ki warmoadgens imaves, oRond mobrunebuls 900_iT.  

diskretuli kosinusuri gardasaxva gamoiTvleba gamosaxulebis 

8x8 zomis blokebis piqselebis sabazo funqciebidan TiToeulze 

elementuri gadamravlebiTa da ajamviT. amis Sedegad, magaliTad, 

diskretuli kosinusuri gardasaxvis (0,0) indeqsebiani komponenti iqneba 

gamosaxulebis blokis yvela elementis jami, anu blokis saSualo 

sikaSkaSe. (0,1) indeqsebian komponentSi erTnairi woniT saSualovdeba 

gamosaxulebis blokis yvela horizontaluri elementi (detali), xolo 

vertikalis mixedviT udidesi wona eniWeba gamosaxulebis blokis zeda 

nawilis elementebs da a.S. SeiZleba SevniSnoT, rom diskretuli 

kosinusuri gardasaxvis matricaSi rac ufro qveviT da marjvnivaa 

moTavsebuli misi komponenti, gamosaxulebis miT ufro maRalsixSirul 

detalebs Seesabameba is. 

diskretuli kosinusuri gardasaxvis speqtridan sawyisi gamosaxu-

lebis misaRebad (ukugardaqmnis Sesruleba), saWiroa (0,0) indeqsebiani 

sabazo funqcia gamravldes (0,0) koordinatebis mqone speqtrul kompone-

ntze, Semdeg mas daematos (1,0) sabazo funqciis namravli speqtris (1,0) 

koordinatis mqone komponentze da a.S.  

2.9 cxrilSi naCvenebia gamosaxulebis erTerTi blokis elemente-

bisa da misi dkg-is speqtris komponentebis (transformantebis, koefici-

entebis)  cifruli mniSvnelobebi. 

Tu yuradRebiT SevxedavT dkg_is Sedegad miRebul koeficientebs 

(komponentebs, transformantebs), maSin SevniSnavT, rom maTi sakmaod didi 

raodenoba nulis toli an Zalian mcire sididisaa (1 _ 2). eseni  maRalsi-

xSiruli Semdgenebia, romlebic (Cveulebriv) SeiZleba gadavagdoT 

(moviciloT) an davamrgvaloT uaxloes mTel mniSvnelobamde. 

aRvniSnoT dkg_is speqtris Zalze saintereso Tavisebureba:�misi 

udidesi mniSvnelobebi (komponentebi) Tavmoyrilia 2.9 cxrilis marcxena 

zeda kuTxeSi (dabalsixSiruli Semdgenebi), marjvena qveda nawili (ma-

RalsixSiruli Semdgenebi) ki Sevsebulia SedarebiT patara cifrebiT. 
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Tumca speqtrSi cifrebis saerTo raodenoba igivea, rac gamosaxulebis 

blokSi (8x8=64), anu jerjerobiT araviTari SekumSva (kompresia) ar mom-

xdara da Tu SevasrulebT ukugardaqmnas, miviRebT gamosaxulebis imave 

bloks.  

     cxrili 2.9 

sawyisi monacemebi  

139 144 149 153 155 155 155 155 
144 151 153 156 159 156 156 156 
150 155 160 163 158 156 156 156 
159 161 161 160 160 159 159 159 
159 160 161 162 162 155 155 155 
161 161 161 161 160 157 157 157 
161 162 161 163 162 157 157 157 
162 162 161 161 163 158 158 15 

dkg_is Sedegebi (komponentebi)  

235,6 -1 -12,1 -5,2 2,1 -1,7 -2,7 1,3 
    -22,6 -17,5 -6,2 -3,2 -2,9 -0,1 0,4 -1,2 
    -10,9 -9,3 -1,6 1,5 0,2 -0,9 -0,6 -0,1 
      -7,1 -1,9 0,2 1,5 0,9 -0,1 0 0,3 
      -0,6 -0,8 1,5 1,6 -0,1 -0,7 0,6 1,3 

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

JPEG algoriTmis muSaobis Semdegi etapia dakvantva (cxrili 2.10). 

dakvantva gulisxmobs dkg_is TiToeuli koeficientis gayofas 

raime cifrze dakvantvis matricis mixedviT. es matrica SeiZleba iyos 

fiqsirebuli an ufro xarisxiani da efeqturi SekumSvis (kompresiis) 

miRebis mizniT aigos (formirdes) sawyisi suraTis analizis safuZvelze. 

rac ufro metia ricxvebi, romlebzec iyofa komponentebi, miT meti iqneba 

gayofis Sedegad miRebuli nulovani mniSvnelobebi da, Sedegad, miT meti 

iqneba kompresia da SesamCnevi danakargebi.  
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cxrili 2.10 

dkg_is adre miRebuli Sedegebi (komponentebi) 

235,6 -1 -12,1 -5,2 2,1 -1,7 -2,7 1,3 

-22,6      -17,5      -6,2 -3,2 -2,9 -0,1 0,4 -1,2 

-10,9        -9,3      -1,6 1,5 0,2 -0,9 -0,6 -0,1 

-7,1        -1,9        0,2 1,5 0,9 -0,1 0 0,3 

-0,6        -0,8        1,5 1,6 -0,1 -0,7 0,6 1,3 

1,8        -0,2        1,6 -0,3 -0,8 1,5 1 -1 

-1,3        -0,4       -0,3 -1,5 -0,5 1,7 1,1 -0,8 

-2,6 1,6       -3,8 -1,8 1,9 1,2 -0,6 -0,4 

dakvantvis cxrili 

16 11 10 16 24 40 51 61 

12 12 14 19 26 58 60 55 

14 13 16 24 40 57 69 56 

14 17 22 29 51 87 80 62 

18 22 37 56 68 109 103 77 

24 35 55 64 81 104 113 92 

49 64 78 87 103 121 120 101 

72 92 95 98 112 100 103 99 

dakvantvis Sedegi  

15 0 -1 0 0 0 0 0 

-2 -1 0 0 0 0 0 0 

-1 -1 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

sruliad naTelia, rom dakvantvis cxrilis SerCevaze mniSvnelo-

vnadaa damokidebuli rogorc SekumSvis (kompresiis) efeqturoba (nule-

bis raodenoba dakvantul speqtrSi), aseve aRdgenili suraTis xarisxi.  

amrigad, Cven davamrgvaleT dkg_is Sedegebi da miviReT 

gamosaxulebis ama Tu im xarisxiT damaxinjebuli blokuri speqtri. 

kodirebis JPEG algoriTmis muSaobis Semdegi etapia dkg_is 

speqtris 8x8 zomis matricis gadasaxva wrfiv mimdevrobad ise, rom 

SeZlebisdagvarad movaxdinoT speqtris Semdgenebis erTad dajgufeba 
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yvela didi da yvela nulovani mniSvnelobebis mixedviT. naTelia, rom 

amisaTvis saWiroa dkg_is matricis komponentebis (koeficientebis) 

wakiTxva 2.10 naxazze naCvenebi mimdevrobiT, anu zigzagiseburad zeda 

marcxena kuTxidan qveda marjvena kuTxisaken. am proceduras zigzag-

skanirebas uwodeben. 

aseTi gardaqmnis Sedegad dkg_is 

dakvantuli koeficientebis 8x8 zomis matrica 

gardaiqmneba 64 ricxvisagan Sedgenil wrfiv 

mimdevrobad, romelTagan udidesi nawilia 

erTmaneTs miyolebuli nulebi. cnobilia, rom 

aseTi nakadebi SeiZleba SevkumSoT Zalze 

efeqturad gameorebaTa sigrZeebis kodirebis 

meTodis saSualebiT, rac gaTvaliswinebulia 

JPEG algoriTmSi.  

                                                                                                          nax. 2.10. zigzag-skanireba 

JPEG_kodirebis momdevno mexuTe etapze xdeba nulebis miRebuli 

mimdevrobis kodireba xdeba gameorebaTa sigrZeebis meTodis safuZvelze. 

da bolos, JPEG algoriTmis muSaobis bolo etapia miRebuli 

mimdevrobebis kodireba romelime statistikuri algoriTmis gamoyenebiT. 

Cveulebriv gamoiyeneben ariTmetikul kodirebas an xafmenis algoriTms, 

ris Sedegadac Rebuloben axal mimdevrobas, romlis zomac gacilebiT 

naklebia sawyisi monacemebis zomasTan SedarebiT.  

kodirebis bolo or etaps Cveulebriv uwodeben meorad SekumSvas. 

swored am etapze xdeba ararRvevadi statistikuri kodireba da 

monacemebis moculobis mniSvnelovani Semcireba maTTvis damaxasiaTebeli 

struqturis gaTvaliswinebiT. 

JPEG algoriTmis safuZvelze SekumSuli monacemebis dekodireba 

xdeba zustad iseve, rogorc kodireba, magram am SemTxvevaSi yvela 

operacia sruldeba ukumimdevrobiT. 

xafmenis (an LZW an ariTmetikuli kodirebis) ararRvevadi ukukodi-

rebisa (egreT wodebuli ganfuTvis) da wrfivi mimdevrobebis 8x8 zomis 

blokebad dalagebis  Semdeg xdeba speqtruli komponentebis dekvantireba 
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dakvantvis cxrilis kodirebis dros SenarCunebuli komponentebis 

saSualebiT. amisaTvis dkg_is dalagebuli 64 mniSvneloba mravldeba 

cxrilis Sesabamis ricxvebze. amis Semdeg yovel bloks gardaqmnian 

ukukosinusuri gardasaxviT, romlis Sesabamisi procedura igivea, rac 

pirdapiri gardasaxvis procedura, oRond gasnsxvaveba mxolod 

gardasaxvis matricis niSnebSia. dekodirebisas moqmedebaTa Tanmimdevroba 

da miRebuli Sedegebi warmodgenilia 2.11 cxrilSi. 

cxadia, rom aRdgenili monacemebi garkveulwilad gansxvavdeba 

sawyisi monacemebisagan. es bunebrivia imitom, rom JPEG damuSavda swored 

danakargebiT SekumSvis mizniT.  
2.11 naxazze warmodgenilia sawyisi gamosaxuleba (marjvniv) da 

aseve JPEG algoriTmis mixedviT 10-jer (marcxniv) da 45-jer (centrSi) 

SekumSuli gamosaxulebebi. ukanasknel SemTxvevaSi xarisxis gauareseba 

sruliad SesamCnevia, Tumca aseve cxadia moculobaSi mogebac.  

 
 

  

 

 
 
 
 
 
 
 
 
 

nax. 2.11. sawyisi da JPEG algoriTmiT kodirebuli gamosaxulebebi              

                                                     

 

                                                     cxrili 2.11 

dakvantuli monacemebi 

15 0 -1 0 0 0 0 0 
-2 -1 0 0 0 0 0 0 
-1 -1 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
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dekvantirebuli monacemebi 

240 0 -10 0 0 0 0 0 
-24 -12 0 0 0 0 0 0 
-14 -13 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

uku dkg_is Sedegebi 

144      146      149      152      154      156     156 156 
148      150      152      154      156      156     156 156 
155      156      157      158      158      157     156 155 
160      161      161      162      161      159     157 155 
163      163      164      163      162      160     158 156 
163      164      164      164      162      160     158 157 
160      161      162      162      162      161     159 158 
158      159      161      161      162      161     159 158 

sawyisi monacemebi  (SedarebisaTvis) 

139     144     149     153     155     155     155     155 
144     151     153     156     159     156     156     156 
150     155     160     163     158     156     156     156 
159     161     161     160     160     159     159     159 
159     160     161     162     162     155     155     155 
161     161     161     161     160     157     157     157 
161     162     161     163     162     157     157     157 
162     162     161     161     163     158     158      15 

 
 

amrigad, JPEG_SekumSva Sedgeba Semdegi etapebisgan: 

1. gamosaxulebis dayofa (danawevreba) 8x8 zomis blokebad. 

2. TiToeuli blokisadmi diskretuli kosinusuri gardasaxvis 

gamoyeneba. 

3. dkg_is koeficientebis damrgvaleba woniTi koeficientebis 

mocemuli matricis Sesabamisad. 

4. damrgvalebuli dkg_is matricis gardaqmna wrfiv mimdevrobad 

zigzagiseburi skanirebiT (wakiTxviT). 

5. gameorebaTa kodireba nulovani komponentebis ricxvis 

Semcirebis mizniT. 
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6. miRebuli Sedegis statistikuri kodireba xafmenis an 

ariTmetikuli kodis gamoyenebiT.  

dekodireba xdeba zustad iseve, rogorc kodireba, oRond 

ukumimarTulebiT. 

SekumSvis JPEG algoriTmis mniSvnelovani Rirsebebia:  

_ SekumSvis xarisxis farTo sazRvrebSi (2_dan 200_de) miRwevis 

SesaZlebloba; 

_ nebismieri Tanrigianobis mqone gamosaxulebebis damuSavebis 

SesaZlebloba; 

_ pirdapiri da ukugardaqmnebis procedurebis simetriuloba. 

naklovanebebs SeiZleba mivakuTvnoT ferebis mkveTri gadasvlis 

ubnebze Saravandis (gibsis efeqtis) arseboba da SekumSvis maRali 

xarisxis SemTxvevaSi gamosaxulebis 8x8 zomis fragmentebad danawevrebis 

SesamCnevadoba. 

2.8.2. fraqtaluri meTodi 

fraqtaluri SekumSva emyareba imas, rom gamosaxulebis ufro 

kompaqturi warmodgena xdeba iterirebadi funqciebis sistemis (Iterated 

Function System —  IFS) koeficientebis saSualebiT.  

manam, sanam ganvixilavT TviT fraqtaluri SekumSvis process, 

gavarkvioT, Tu rogor agebs gamosaxulebas IFS, anu ganvixiloT 

dekompresiis procesi.  

zustad rom vTqvaT, IFS warmoadgens samganzomilebiani afinuri 

gardasaxvebis nakrebs, romelic Cvens SemTxvevaSi erT gamosaxulebas 

gadaiyvans meoreSi. gardaqmnas eqvemdebarebian samganzomilebiani sivrcis 

wertilebi (gamosaxulebis wertilis X da Y koordinatebi da wertilis I 

sikaSkaSe).  

es procesi gamartivebuli saxiT SeiZleba warmovadginoT 

Semdegnairad: ganvixiloT fotomakopirebeli manqana (nax. 2.12), romelic 

Sedgeba ekranisagan, romelzec sawyisi gamosaxulebaa warmodgenili, da 
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linzebis sistemisagan, romelic gamosaxulebas asaxavs (aproeciebs) meore 

ekranze.  igi SeiZleba asrulebdes Semdeg moqmedebebs:  

• linzebs SeuZliaT daaproecios  gamosaxulebis nebismieri 

formis nawili axali gamosaxulebis sxva nebismier adgilas; 

• ar ikveTebian areebi, romlebSic proecirdeba gamosaxulebebi;  

• linzas SeuZlia sikaSkaSis Secvla da kontrastulobis 

Semcireba; 

• linzas SeuZlia gamosaxulebis Tavisi fragmentis sarkiseburi 

arekvla da misi mobruneba; 

• linzam unda daamasStabiros (Seamciros) gamosaxulebis Tavisi  

fragmenti.  

 
nax. 2.12. fotomakopirebeli manqana 

linzebis ganlagebisa da maTi maxasiaTeblebis regulirebis 

saSualebiT Seicleba miRebuli gamosaxulebis marTva. manqanis muSaobis 

erTi iteracia imaSi mdgomareobs, rom sawyisi gamosaxulebis saSualebiT 

proeqcirebis gziT aigeba axali gamosaxuleba, ris Semdegac es 

ukanaskneli miiCneva rogorc sawyisi gamosaxuleba. mtkicdeba, rom 

iteraciebis sedegad Cven miviRebT gamosaxulebas, romelic Sewyvets 

cvlilebas. igi damokidebuli iqneba mxolod linzebis ganlagebasa da 

maxasiaTeblebze da ar iqneba damokidebuli sawyis suraTze. am 

gamosaxulebas "uZrav wertils" an mocemuli IFS_is atraqtors uwodeben. 
Sesabamisi Teoria iZleva yoveli IFS_isaTvis zustad erTi uZravi 

wertilis arsebobis garantias.  

imis gamo, rom linzebis asaxva SemkumSvelia, yoveli linza Cvens 

gamosaxulebaSi naTlad iZleva TviTmsgavs (Tavis Tavis msgavs)  areebs. 
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TviTmsgavsobis gamo vRebulobT gamosaxulebis rTul struqturas misi 

nebismieri gadidebisas. amrigad, intuiciurad gasagebia, rom 

maiterirebeli funqciebis sistema iZleva fraqtals _ TviTmsgavs 

maTematikur obieqts.  

IFS_is daxmarebiT miRebuli gamosaxulebebidan yvelaze cnobilia 

egreT wodebuli "barnslis gvimra" (nax. 2.13), romelic moce-mulia oTxi 

afinuri gardasaxviT (anu, Cveni terminologiiT, "linzebiT"). yoveli 

gardasaxva kodirdeba zustad Tvladi baitebiT maSin, rodesac maTi 

daxmarebiT agebul gamosaxulebas SeiZleba daWirdes ramdenime megabaiti.  

 

���nax. 2.13. gamosaxuleba "barnslis gvimra".  

 
am gamosaxulebaze SeiZleba oTxi aris gamoyofa, romelTa 

gaerTia-neba moicavs mTel gamosaxulebas da romelTagan TiToeuli 

maTgani msgavsia mTliani gamosaxulebisa (ar dagaviwydeT gvimris Reros 

Sesaxeb). 

zemoaRniSnulidan gamomdinare naTeli xdeba fraqtaluri koderis 

muSaobis principi. aseve cxadia, rom SekumSvisaTvis koders daWirdeba 

sakmaod didi dro.  

faqtiurad fraqtaluri kompresia (SekumSva) _ esaa gamosaxulebaSi 

TviTmsgavsi areebis Zebna da maTTvis afinuri gardasaxvebis parametrebis 

gansazRvra. amisaTvis saWiroa gamosaxulebis sxvadasxva zomis 

fragmentebis gadarCevisa da maTi yvela SesaZlo variantis Sedarebis 

ganxorcieleba. mcire zomis gamosaxulebebisTvisac ki diskretulobis 

gaTvaliswinebis SemTxvevaSi Cven miviRebT gadasrCevi variantebis 

astronomiulad did raodenobas, amasTan gardasaxvebis klasebis 
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mkveTrad Semcirebac (magaliTad, masStabirebis xarjze) ki ar iZleva 

drois mniSvnelovan mogebas. garda amisa, ikargeba gamosaxulebis xarisxi. 

fraqtaluri kompresiis mimarTulebiT Catarebul kvlevaTa udidesi 

nawili mimarTulia arqivaciis drois Semcirebisaken, romelic saWiroa 

xarisxiani gamosaxulebis misaRebad.  

2.8.3. rekursiuli (talRuri) algoriTmi  

 

rekursiuli SekumSvis inglisurenovani dasaxelebaa wavelet 

("veivleti"). igi iTargmneba rogorc talRuri SekumSva da SekumSva 

naxtomebis gamoyenebiT. didi xania cnobilia arqivaciis es saxeoba da igi 

pirdapir gamomdinareobs areebis koherentulobis gamoyenebis ideidan. 

algoriTmi orientirebulia mdore gadasvlebis mqone Sav-TeTr da ferad 

gamosaxulebebze da igi idealuria rentgenis suraTebisaTvis. SekumSvis 

koeficienti mocemulia 5_100-is farglebSi. SekumSvis ufro didi 

koeficientis aRebisas mkveTri gadasvlebis sazRvrebze, gansakuTrebiT 

Tu isini diagonaluri mimarTulebisaa, gamosaxulebis ramdenime piqselis 

(elementis) farglebSi warmoiqmneba "kibiseburi efeqti" _ sxvadasxva 

sikaSkaSis safexurebi.  

algoriTmis idea mdgomareobs imaSi, rom sakuTriv gamosaxulebaTa 

kodirebis nacvlad inaxeba gamosaxulebis mezobeli blokebis saSualo 

mniSvnelobaTa Soris sxvaoba, romelic Cveulebriv nulTan axlosaa.  

ori a2i da a2i+1 ricxvi yovelTvis SeiZleba warmovadginoT b1
i= 

=(a2i+a2i+1)/2 da b2
i=(a2i-a2i+1)/2 saxiT. amis msgavsad ai mimdevroba SeiZleba 

wyvil-wyvilad gardaiqmnas b1,2
i  mimdevrobad.  

ganvixiloT magaliTi. vTqvaT vkumSavT ai piqselebis Semdegi rva 

mniSvnelobisagan Sedgenil striqons: (220, 211, 212, 218, 217, 214, 210, 202). 
maSin miviRebT b1i da b2i  mimdevrobebs: (215.5, 215, 215.5, 206)  da� (4.5, -3, 1.5, 4). 

SevniSnoT, rom b2i–is mniSvnelobebi sakmaod axlosaa nulTan. axla b1i 

warmovidginoT rogorc ai da gavimeoroT operacia. es moqmedeba xorci-

el-deba rekursiulad, saidanac gamomdinareobs algoriTmis dasaxeleba. 
(215.5, 215, 215.5, 206)_dan miviRebT (215.25, 210.75) da (0.25, 4.75) mimdevrobebs. 

Tu miRebul koeficientebs davamrgvalebT da SevkumSavT, magaliTad, 
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xafmenis kodiT, maSin miviRebT kodirebis Sedegs. SevniSnoT, rom Cven 

gardasaxva gamoviyeneT mxolod orjer. realurad ki SeiZleba 

wavelet_gardasaxvis 4_6-jer gamoyeneba, riTac miiRweva mniSvnelovani  

SekumSva (kompresia).  

analogiurad xdeba algoriTmis realizacia organzomilebiani 

monacemebisaTvis.  

Tu Cven gvaqvs oTxi wertilisagan Sedgenili kvadrati, romelTa 

sikaSkaSeebia a2i ,2j , a2i+1 ,2j,  a2i ,2j+1   da  a2i+1 , 2j+1 , maSin  
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        (2.21) 

512x512 zomis gamosaxulebisaTvis am formulebis gamoyenebiT 

pirveli gardasaxvis Semdeg miviRebT 256x256 zomis oTx matricas (na. 2.14 

da nax. 2.15). 

B1 B2  sawyisi 
gamosaxuleba B3 B4  

 

 

 
   

 
 
 
 
 

            nax. 2.14. 512x512 zomis           nax. 2.15. 256x256 zomis oTxi  
                gamosaxuleba                        gamosaxuleba 

 
advili misaxvedria, rom pirvelad Seinaxeba gamosaxulebis Semci-

rebuli asli, meored _ piqselebis mniSvnelobaTa wyvilebis gasaSuale-

buli sxvaobebi horizontaluri mimarTulebiT, mesamed _ piqselebis mniS-

vnelobaTa wyvilebis gasaSualebuli sxvaobebi vertikaluri mimarTule-

biT, xolo meoTxed _ piqselebis gasaSualebuli sxvaobebi diagonaluri 

mimarTulebiT.  
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amis msgavsad gardasaxva SeiZleba gavimeoroT da pirveli 

matricis magivrad miviRoT 128x128 zomis oTxi matrica.  

gardasaxvis mesamed gameorebis SemTxvevaSi sabolood miviRebT 

64x64 zomis oTx matricas, 128x128 zomis sam matricas da 256x256 zomis sam 

matricas.Semdgomi SekumSva xdeba imis gaTvaliswinebiT, rom sxvaobiT 

matricebSi bevria nulis toli an nulTan axlos myofi mniSvnelobebi, 

romlebic dakvantvis Semdeg SeiZleba efeqturad SevkumSoT. 

am algoriTmis Rirsebebs SeiZleba mivakuTvnoT gamosaxulebis 

qselSi gadacemisas misi TandaTanobiTi "gamJRavnebis" SesaZleblobis 

martivi realizacia. garda amisa, vinaidan gamosaxulebis dasawyisSi Cven 

faqtiurad vinaxavT mis Semcirebul asls, amitom martivdeba  

"gauxeSebuli" gamosaxulebis Cveneba.  

mocemuli meTodi, JPEG_sa da fraqtaluri algoriTmisagan 

gansxvavebiT, araa amuSavebs 8x8 zomis blokebs. ufro zustad ki, 

amuSavebs 2x2, 4x2, 8x8 da a.S. zomis blokebs. Tumca imis gamo, rom am 

blokebis koeficientebi damoukideblad Seinaxeba, advilad SeiZleba 

aviciloT Tavidan gamosaxulebis "mozaikur" kvadratebad danawevrebis 

efeqti. 

 

2.9. moZrav gamosaxulebaTa (video) kompresiis meTodebi 

moZrav gamosaxulebebTan muSaobisas ZiriTadi problemaa 

monacemTa didi moculobis arseboba. magaliTad, kompaqt-diskze saSualo 

xarisxiT Cawerisas masSi SeiZleba Caetios ramdenime aTasi foto, 10 sT-

ze meti xangrZlivobis musika da mxolod naxevari sT-is xangrZlivobis 

video. satelevizio formatis video 720x720 wertili kadrSi da 25 kadri 

wuTSi RGB sistemaSi moiTxovs daaxloebiT 240 mbiti/wm nakads (1,8 

gbiti/wT-Si). amasTan SekumSvis Cveulebrivi meTodebi, romlebic 

orientirebulia calkeuli kadrebis (uZravi gamosaxulebebis) 

kodirebaze, ver xsnian problemas, radgan bitebis nakadis 10_20-jer 

Semcirebis SemTxvevaSic ki igi mainc praqtikuli gamoyenebisaTvis rCeba 

Zalian didi. 
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moZravi gamosaxulebebis SekumSvisas iTvaliswineben maTSi 

ramdenime tipis siWarbis arsebobas: 

_ gamosaxulebis areebis koherentuloba (erTferovneba) _ 

gamosaxulebis mezobel piqselebSi feris umniSvnelo cvlileba; 

gamosaxulebis es Tviseba gamoiyeneba misi rRvevadi kodirebisas yvela 

cnobili meTodebis gamoyenebiT;  

_ siWarbe feriT sibrtyeebSi, romelic asaxavs gamosaxulebis 

feriTi komponentebis kavSiris (korelaciis) maRal xarisxs da misi 

sikaSkaSis komponentis gansakuTrebulobas; 

_ mezobeli kadrebis msgavseba _ im faqtis gamoyeneba, rom wamSi 25 

kadris SemTxvevaSi (es ki is minimaluri sixSirea, romlis drosac 

SeumCnevelia kadrebis cvlilebiT gamowveuli cimcimi) kadrebs Soris 

gansxvaveba umniSvneloa. 

gasuli saukunis 80-iani wlebidan mravali dasavluri universiteti 

da laboratoria muSaobda cifruli videosignalis kompresiis 

algoriTmis Seqmnaze. Seiqmna Sidasafirmo standartebis sakmaod didi 

raodenoba. kvlevis es sfero Zalze specifiuri da dinamiuria, ris gamoc 

saerTaSoriso standartebi iqmneba algoriTmis damuSavebidan sul raRac 

2_3 wlis Semdeg. ganvixiloT cifruli videos sferoSi arsebuli 

standartebi. 

1988 wels standartizaciis saerTaSoriso organizaciis (ISO) 

farglebSi muSaoba daiwyo cifruli videos sferos eqspertTa MPEG  

(Moving Pictures Experts Group) jgufma. 1990 wlis seqtemberSi am jgufma 

warmoadgina kodirebis winaswari standarti MPEG-1, romelzec muSaoba 

damTavrda 1992 wels.  

aRniSnuli samuSaoebi daiwyo ara cariel adgilze da MPEG_is, 

rogorc algoriTms, yavs mravali winamorbedi algoriTmi. es, upirveles 

yovlisa, JPEG_ia, romelic statistikuri (uZravi) feradi 

gamosaxulebebis SekumSvisaTvis gaTvaliswinebuli universaluri 

algoriTmia. misi universaluroba imas niSnavs, rom igi gamosaxulebaTa 

farTo klasisaTvis iZleva arc Tu cud Sedegebs. algoriTmi iyenebs 

ramdenime gardasaxvisagan Sedgenil konveiers, romelTa Soris 

umTavresia diskretuli kosinusuri gardasaxva (dkg) da romelic 
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gamosaxulebis xarisxis SesamCnevi danakargis gareSe iZleva SekumSvis 

koeficientis farTo diapazonSi cvlilebis saSualebas. fraza "SesamCnevi 

danakargis gareSe" gulisxmobs im faqts, rom TvalisTvis praqtikulad 

SeumCnevelia gansxvaveba sawyis da aRdgenil gamosaxulebebs Soris. 

algoriTmis arsi imaSia, rom realur gamosaxulebebSi misi matricis 

kosinusebis ormag mwkrivad ganSlisas maRalsixSiruli Semdgenebis 

amplitudebi mcirea, rac iZleva maTi gadagdebis an uxeSad warmodgenis 

SesaZleblobas ise, rom igi ar aisaxos gamosaxulebis xarisxze. garda 

amisa, gamoiyeneba sxva feriT sivrceSi (YUV) gadatana, jgufuri kodireba 

da xafmenis kodireba.  

kompresiis algoriTmi  

MPEG_Si videos SekumSvis teqnologia ori nawilisagan Sedgeba:  

1. videoinformaciis siWarbis Semcireba droiT ganzomilebaSi, 

romelic eyrdnoba imas, rom mezobeli kadrebi, rogorc wesi, 

erTmaneTisagan Zlier ar gansxvavdebian;  

2. calkeuli gamosaxulebebis SekumSva. 

siWarbis Semcireba droiT ganzomilebaSi  

erTmaneTis gamomricxavi moTxovnebis dakmayofilebisa da 

algoriTmis moqnilobis gazrdis mizniT moZravi gamosaxulebis 

Semqmneli uZravi kadrebis mimdevrobidan gamoyofen kadrebis oTx tips: 

• I-kadrebi _ damoukideblad SekumSuli (I-Intrapictures);  

• Р-kadrebi _ erT gamosaxulebaze miTiTebis gamoyenebiT SekumSuli 

(P-Predicted);  

• В-kadrebi _ or gamosaxulebaze miTiTebis gamoyenebiT SekumSuli 

(В-Bidirection);  

• ВС-kadrebi _ damoukideblad SekumSuli xarisxis didi 

danakargebiT (gamoiyeneba mxolod swrafi Zebnisas).  

I-kadrebi, monacemTa nakadSi arian ra dekoderis erTgvari 

Semavali wertilebi, uzrunvelyofen Tavisufal miRwevas nebismier 

kadramde.  
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Р-kadrebi arqivirebisas iyeneben miTiTebas erT I-  an Р-kadrze da 

amgvarad zrdis mTliani filmis SekumSvis xarisxs.  

В-kadrebi, iyeneben ra miTiTebebs or (winamdebare da momdevno) 

kadrze, uzrunvelyofen SekumSvis udides xarisxs; Tavad isini ki  

misaTiTebeli kadrebis rolSi ver gamoiyenebian.  

filmSi kadrebis mimdevroba SeiZleba iyos, magaliTad, aseTi: I B B 

P B B P B B P B B P B B I B B P ...., an  I P B P B P B I P B P B ...  

I-kadris sixSires irCeven Tavisufali miRwevis moTxovnili 

droidan da xelSeSlebian arxSi nakadis gadacemis moTxovnili 

saimedobidan gamomdinare.  P da  B-kadrebs Soris Tanafardobas ki 

irCeven saWiro SekumSvis xarisxisa da dekoderis sirTulis 

gaTvaliswinebiT, vinaidan B-kadris aRdgenisaTvis unda gvqondes misi 

rogorc wina, aseve momdevno kadrebi.  

ramdenime gamosaxulebis kodirebis SemTxvevaSi erTerTi ZiriTadi 

cnebaa "makrobloki". makrobloki _ esaa 16x16=256 piqselisagan Sedgenili 

16x16 zomis matrica (gamosaxulebis zoma unda iyos 16-is jeradi). aseTi 

zoma SemTxveviT araa SerCeuli _ dkg muSaobs 8x8=64 elementisagan 

Sedgenil 8x8 zomis matricebze. SekumSvisas TiToeuli makrobloki RGB 

feriTi sivrcidan gadaiyvaneba YUV feriT sivrceSi. sikaSkaSis 

komponentis Sesabamisi Y matrica gardaiqmneba dkg-is oTx sawyis 

matricad, xolo U da V komponentebis Sesabamisi matricebi прореживаются 

yvela wyvil striqonze da svetze, ris gamoc gardaiqmneba dkg-is erT 

matricad.  

amrigad, adamianis Tvalis im Taviseburebaze dayrdnobiT, rom igi  

calkeuli wertilis fers ufro cudad arCevs, vidre mis sikaSkaSes, Cven 

uceb vRebulobT orjerad SekumSvas. 

calkeuli makroblokebi ikumSeba damoukideblad, e.i. В-kadrebSi 

makrobloki SeiZleba SevkumSoT rogorc I-bloki, Р-bloki wina kadris 

miTiTebiT, Р-bloki momdevno kadris miTiTebiT da, bolos, rogorc  В-

bloki. 
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calkeuli kadrebis kompresia 

statikuri (uZravi) gamosaxulebebis SekumSvisaTvis arsebobs 

mravali algoriTmi. maTgan yvelaze xSirad gamoiyeneba algoriTmebi 

diskretuli kosinusuri gardasaxvis (dkg) bazaze. MPEG_Si calkeuli 

kadrebis SekumSvis algoriTmi msgavsia statikuri gamosaxulebebis 

Sesabamisi JPEG algoriTmisa. gavixsenoT, Tu rogor gamoiyureba 

JPEG_kodirebis procedura. 

im makroblokebisadmi, romlebic amzadeben siWarbis Semcirebis 

algoriTms droiT ganzomilebaSi, gamoiyeneba dkg. Tavad gardasaxva 

mdgomareobs ori cvladis funqciis ormag mwkrivad ganSlaSi garkveuli 

sixSireebis kosinusebis mixedviT. diskretuli kosinusuri gardasaxvas 

sikaSkaSis mniSvnelobaTa matrica gadayavs speqtruli komponentebis 

amplitudebis matricaSi, amasTan dabali sixSireebis Sesabamisi 

amplitudebi Caiwereba matricis zeda marcxena kuTxeSi, xolo SedarebiT 

maRali sixSireebis Sesabamisi amplitudebi _ qveda marjvenaSi. vinaidan 

realur gamosaxulebebSi maRalsixSiruli Semdgenebis amplituda Zalian 

mcirea, sabolood miRebuli matricis diagonalis qvemoT arsebuli 

mniSvnelobebi an nulia, an nulTan axlosaa.  

amplitudebis miRebul matricaSi gamoiyeneba dakvantvis operacia. 

swored dakvantvis (jgufuri kodirebis) etapze xdeba ZiriTadad 

adapturi SekumSva da aqve warmoiqmneba filmis xarisxis ZiriTadi 

danakargebi. dakvantva warmoadgens amplitudebis matricis MmTel 

ricxvze elementur gayofas dakvantvis matricaze. am ukanasknelis 

mniSvnelobaTa SerCeva iZleva garkveuli sixSireebis mixedviT 

danakargebis gazrdis an Semcirebisa da Sesabamisad gamosaxulebis 

xarisxisa da SekumSvis koeficientis regulirebis saSualebas. SevniSnoT, 

rom gamosaxulebis sxvadasxva komponentebisaTvis SesaZloa gamoyenebuli 

iyos dakvantvis sakuTari matrica. 

algoriTmis Semdegi etapi mdgomareobs miRebuli 8x8 zomis 

matricis gardaqmnaSi 64_elementian veqtorad. am etaps zigzag-skanirebas 

uwodeben, vinaidan matricis elementebi dawyebuli zeda marcxena 

kuTxidan lagdeba zigzagiseburad im diagonalebis mixedviT, romlebic 

paraleluria ZiriTadi diagonalisa (ix. nax. 2.10). amis Sedegad miiReba 
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veqtori, romlis sawyis poziciebze imyofeba dabali sixSireebis 

Sesabamisi matricis elementebi (komponentebi), xolo ukanasknel 

poziciebze _ maRalsixSiruli komponentebi. amrigad, veqtoris bolos 

iqneba nulovani komponentebis Zalian didi raodenoba. 

zemoaRwerilis Semdeg meordeba yvela moqmedebebi, romlebic 

Seesabamebian uZravi (statikuri) gamosaxulebebis SekumSvis standartul 

JPEG algoriTms. 

blokebis wanacvlebis (gadaadgilebis) veqtorebis gamoyeneba 

mezobeli kadrebis msgavsobis gaTvaliswinebis umartivesi xerxi 

iqneboda winmswrebi (winamdebare) kadris yvela blokidan mimdinare 

kadris Sesabamisi blokis gamokleba. Tumca gacilebiT efeqturia im 

veqtorebis sigrZis Zebnis (povnis) algoriTmi, romlebzedac aRmoCnda 

daZruli mimdinare kadris blokebi winamdebare kadrTan SedarebiT.  

algoriTmi imaSi mdgomareobs, rom gamosaxulebis mimdinare 

kadris yoveli blokisaTvis Cven winamdebare kadris Sesabamis midamoSi 

(areSi) vpoulobT bloks, romelic axlosaa masTan garkveuli parametris 

(magaliTad, piqselebis sxvaobebis kvadratebis jamis minimumis) mixedviT. 

Tu blokebs Soris minimaluri manZili naklebia aRmoCndeba raime 

zRurblur sidideze, maSin gamomaval nakadSi yovel blokTan erTad 

SenarCundeba wanacvlebis (gadaadgilebis) veqtori, anu wina I an P_kadrSi 

maqsimalurad msgavsi blokis koordinatebi. im SemTxvevaSi, rodesac 

gansxvaveba aRemateba zRurbls, maSin mimdinare bloki ikumSeba 

damoukideblad.  

 

2.10. metyvelebis signalebis kompresiis meTodebi 

 

rac ar unda iTqvas, adamianebs soris urTierTobis ZiriTadi xerxi 

iyo da aris laparaki da da salaparako Setyobinebebis gadacema. kavSiris 

sistemebSi gadacemuli informaciis ZiriTadi nawili dResac uWiravs 

sityvas (samavTulo telefonia, fiWuri da Tanamgzavruli kavSiris 

sistemebi, da a.S.). amitom Sesabamisi signalebis efeqtur kodirebas, anu 

SekumSvas eqceva gamorCeuli yuradReba. 
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metyvelebis signalebis SekumSvis istoria iTvlis ramdenime aTeul 

wels. magaliTad, im droSi, rodesac SekveTili satelefono 

saubrisaTvis lodinis dro Seadgenda aTeulobiT saaTs, ekonomiurma 

SezRudvebma gamoiwvia egreT wodebuli J2 aparaturis dayeneba aSS_is 

transkontinentalur xazebsa da atlantikis okeaneSi Cadebul kabelze, 

romelTa arxebis zoli Seadgenda 0,3 – 3,5 khc-s. aseTi aparatura 

odesaRac muSaobda agreTve moskovi_vladivostokis xazze. misi arxebis 

xarisxi Zlivs aRwevda orbalian niSnuls, magram, miuxedavad amisa, 

gadamwyveti aRmoCnda satelefono SeerTebebis orjeradi gazrda. im dros 

arxebze momxmarebelTa moTxovnebma kavSiris xarisxi gadaaqcia 

meorexarisxovan faqtorad. dRes ki xarisxis faqtori aranakleb 

mniSvnelovania, vidre kavSiris arxebis gamtarunarianobis ekonomia. 

ganvixiloT metyvelebis signalis, rogorc ekonomiuri kodirebisa 

da kavSiris xazebiT gadacemis obieqtis, ZiriTadi Taviseburebebi da 

SevecadoT imis garkvevas, Tu signalis romel Tvisebebs emyareba misi 

SekumSva (kompresia). 

salaparako Setyobineba warmoadgens rTuli formis rxevas, 

romelic damokidebulia warmoTqmul sityvebze, xmis tembrze, intinaciasa 

da mosaubris sqessa da asakze. laparakis speqtri sakmaod ganieria da 

Seadgens daaxloebiT 50-dan 10000 hc-de diapazons, Tumca analogur 

telefoniaSi misi gadacemisaTvis odesRac uari Tqves 0,3...3,4 khc 

diapazonze gareT myof sixSirul Semdgenebze. aman ramdenadme gaauaresa  

mTeli rigi bgerebis aRqma (magaliTad, moSiSine bgerebi, romelTa 

energiis mniSvnelovani nawili Tavmoyrilia 0,3...3,4 khc diapazonis gareT), 

Tumca garCevadoba TiTqmis SenarCunda. sixSiris qvemodan SezRudva (300 

hc-de) aseve ramdenadme auaresebs aRqmas ZiriTadi tonis dabalsixSiruli 

Semdgenebis dakargvis gamo.  

warmodgenil naxazebze gamosaxulia metyvelebis signalebis 

fragmentebi, romlebic Seesabamebian xmovan (nax. 2.16) da Tanxmovan (nax. 

2.17) bgerebs, da agreTve am signalebis speqtrebi (nax. 2.18 da 2.19). 
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nax. 2.16. xmovani bgerebisagan           nax. 2.17. Tanxmovani  

bgerebisagan 
       Sedgenili signalis fragmenti         Sedgenili signalis fragmenti 

  
naxazebidan kargad Cans Sesabamisi signalebis maxasiaTeblebs soris 

gansxvaveba da, agreTve, is, rom rogorc pirvel, aseve meore SemTxvevaSi 

signalis speqtris sigane ar aRemateba 3,5 khc-s. garda amisa, SeiZleba 

aRniSnos, rom metyvelebis signalis speqtrSi dabalsixSiruli (anu 

droSi mdored cvladi) Semdgenebis done gacilebiT aRemateba 

maRalsixSiruli (swrafi) Semdgenebis dones. speqtris es arsebiTi 

araTanabroba warmoadgens aseTi signalebis kumSvadobis erTerT 

faqtors. 

 
             nax. 2.18.  nax. 2.19 

metyvelebis signalebis meore Taviseburebas, rogorc es moyvanili 

magaliTebidan Cans, warmoadgens signalis myisa mniSvnelobebis 

albaTobaTa ganawilebis (albaTobis simkvrivis) araTanabroba. kerZod, 

signalis mcire doneebi gacilebiT ufro albaTuria, vidre didi doneebi. 

es gansakuTrebiT SeimCneva iseT xangrZliv fragmentebze, romlebic 

Seesabameba metyvelebis dabal aqtivobas. aRniSnuli faqtori, rogorc 

cnobilia, aseve iZleva ekonomiuri kodirebis SesaZleblobas _ufro 

albaTuri mniSvnelobebi SeiZleba kodirebuli iyos mokle kodebiT, 

xolo naklebad albaTuri _ grZeli kodebiT.  
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metyvelebis signalebis kidev erTi Taviseburebaa maTi 

mniSvnelovani arastacionaluroba droSi: signalis Tvisebebi da 

parametrebi sxvadasxva ubnebze mniSvnelovnad gansxvavdebian 

erTmaneTisagan. amasTanave stacionalurobis intervalis zoma ramdenime 

aTeul miliwamis rigisaa. signalis es Tviseba Zalian arTulebs mis 

ekonomiur kodirebas, vinaidan moiTxovs SekumSvis sistemis adapturobas. 

es ki imas niSnavs, rom signalis yovel ubanze sistema unda ewyobodes 

signalis parametrebs. 

da bolos, metyvelebis signalebis SekumSvis organizebisaTvis 

gansakuTrebuli mniSvneloba aqvs laparakis warmoqmnis meqanizmis 

fizikis codnas. misi gamartivebuli sqwema naCvenebia 2.20 naxazze. 

 

nax. 2.20. metyvelebis warmoqmnis meqanizmis gamartivebuli sqema 

sityva formirdeba filtvebidan amosuli haeris nakadis xmis 

kvanZebsa da xmis traqtSi gavlis Sedegad. xmis traqti iwyeba xmis 

kvanZebidan misi sigrZe saSualod 15...17 sm_ia. xmis traqts, Tavisi 

rezonansuli Tvisebebis gamo, saformirebel signalSi Seaqvs yoveli 

adamianisaTvis damaxasiaTebeli sixSiruli Semdgenebis nakrebi, 

romlebsac formantebs uwodeben. maTi sixSireebi da zolebi SeiZleba 

imarTebodes xmis traqtis formis cvlilebiT, magaliTad, enis 

mdebareobis SecvliT. metyvelebis mravali koderisa da dekoderis 

umTavresi nawilia xmis traqtis modelireba cvalebadi (regulirebadi) 

parametrebiani filtris saxiT. vinaidan xmis traqtis forma SeiZleba 

icvlebodes SedarebiT mdored (Zneli warmosadgenia, rom enis mdebareoba 

icvlebodes ufro xSirad, vidre 20...30-jer 1 wm-is ganmavlobaSi), amitom 
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aseve SedarebiT iSviaTad unda axldebodes (an icvlebodes) aseTi 

filtris parametrebi (Cveuebriv yoveli 20 mwm-is Semdeg an ufro 

iSviaTad).  

amrigad, xmis traqti aRigzneba xmis kvanZebis gavliT misken 

mimarTuli haeriT. am dros warmoqmnili bgerebi maTi aRgznebis 

xerxisagan damokidebulebiT SeiZleba davyoT sam klasad:  

1. xmovani bgerebi, romlebic warmoiqmneba xmis kvanZebis vibraciis 

Sedegad, romelTa Caketva da gaReba iwvevs filtvebidan xmis traqtisaken  

momavali haeris nakadis Sewyvetas an miwodebas. amasTan xmis traqtis 

aRgzneba xdeba kvaziperioduli impulsebiT. kvanZebis gaRebisa da 

Caketvis siCqare (sixSire) gansazRvravs warmoqmnil xmamaRlobas (tons). 

misi regulireba (marTva) SesaZlebelia xmis kvanZebis formisa da 

daZabulobis da, agreTve, haeris miwodebuli nakadis wnevis cvlilebiT.  

xmovan bgerebs gaaCniaT 2...20 mwm-is toli periodis mqone ZiriTadi 

tonis periodulobis maRali xarisxi. igi kargad Cans 2.16 naxazze, sadac 

moyvanilia xmovani bgerebisagan Sedgenili metyvelebis signalis 

fragmenti. 

2. Tanxmovani bgerebi warmoiqmneba xmauris msgavsi turbulenturi 

nakadis aRZvrisas, romelic formirdeba xmis Ria kvanZebis gavliT didi 

siCqaris haeris nakadis gavlis Sedegad. aseT bgerebSi, rogorc 2.17 

naxazidan Cans, praqtikulad ar arsebobs xmis kvanZebis vibraciiT 

gamowveuli xangrZlivi perioduloba, Tumca aRiniSneba xmovani traqtis 

gavleniT gamowveuli mcire xangrZlivobis korelacia.    

3. feTqebadi xasiaTis xmebi, romlebic warmoiqmneba maSin, rodesac 

xmis Caketili traqti ucabedad gaixsneba haeris moWarbebuli wnevis 

moqmedebis Sedegad. 

zogierTi xma sufTad ar miesadageba arcerT zemoaRweril klass, 

magram isini SeiZleba ganvixiloT rogorc maTi nazavi (erToblioba).  

amrigad, metyvelebis warmoqmnis procesi SeiZleba ganvixiloT 

rogorc aRgznebis signalis gafiltvra xmis warmomqmneli traqtis mier, 

romelsac gaaCnia rogorc droSi cvladi parametrebi, aseve cvladi 

maxasiaTeblebi (nax. 2.21). 
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nax. 2.21. metyvelebis warmoqmnis procesis ilustracia  

amasTanave unda aRiniSnos, rom, metyvelebis generirebuli 

(formirebuli) signalebis mravalferovnobis miuxedavad, metyvelebis 

(salaparako) traqtis forma da parametrebi da, agreTve, aRgznebis 

xerxebi da parametrebi sakmaod erTgvarovania da isini icvlebian 

SedarebiT mdored. 2.16 da 2.17 naxazebidan kargad Cans, rom metyvelebis 

signals gaaCnia moklevadiani da xangrZlivvadiani winaswarmetyvelobis 

maRali xarisxi, rac ganpirobebulia xmis kvanZebis vibraciis 

periodulobiTa da xmis traqtis rezonansuli xasiaTiT. xmis koderebisa 

da dekoderebis umravlesoba kodis siCqaris SemcirebisaTvis iyenebs 

winaswarmetyvelebis aRniSnul SesaZleblobas da, agreTve, xmis 

warmomqmneli sistemis modelis parametrebis mdored cvlilebas. 

unda aRiniSnos, rom metyvelebis signalebis ekonomiuri kodirebis 

yvela cnobili meTodi pirobiTad SeiZleba davyoT qvemoT aRweril sam 

klasad. 

 

2.10.1. signalis formis kodireba 

metyvelebis koderebidan da dekoderebidan umartivesia signalis 

formis koderebi da dekoderebi, romlebic sruliadac ar iyeneben 

informacias imis Sesaxeb, Tu rogor formirda signali, aramed ubralod 

cdiloben aRdgenili signalis forma maqsimalurad miuaxlovon 

originals. Teoriulad isini maT Sesasvlelze miwodebuli signalis 

xasiaTis mimarTaa invariantulebi da SeiZleba gamoyenebulni iyvnen 

nebismieri, maT Soris arametyvelebis, signalis kodirebisaTvis. es 

koderebi umartivesia moqmedebis principisa da mowyobilobis 
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TvalsazrisiT, magram isini ver uzrunvelyofen SekumSvis maRal xarisxs 

(kodis dabal siCqareebs). 

signalis formis kodirebis umartivesi meTodia impulsur-koduri 

modulacia_ ikm (anu PCM _ Pulse Code Modulation), romlis gamoyenebisas 

xdeba Semavali signalis ubralod diskretizacia, Tanabari dakvantva da 

miRebuli Sedegis gardaqmna Tanabar orobiT kodad.  

metyvelebis signalebisaTvis maTi 0,3...3,4 khc standartul zolSi 

gadacemisas Cveulebriv iyeneben diskretizaciis sixSires, romelic 

Fdiskr.≥2Fmaqs.= 8 khc-is tolia. eqsperimentulad naCvenebia, rom Tanabari 

dakvantvisas metyvelebis TiTqmis idealuri xarisxis misaRebad signali 

unda daikvantos ara nakleb ±2000 doniT, anu yoveli anaTvalis 

warmosadgenad saWiro iqneba 12 biti, ris gamoc kodis jamuri siCqare 

iqneba  

R = 8000  (anaTvali/wm) ⋅12 (biti/anaTvali) =  96000 biti/wm = 96 kbiti/wm. 

araTanabari dakvantvis gamoyenebisas (anu signalis dabali 

doneebisaTvis ufro zusti da maRali doneebisaTvis ufro uxeSi skalis 

gamoyenebas ise, rom dakvantvis fardobiTi (SedarebiTi) Secdoma yvela 

donisaTvis mudmivi (erTnairi) aRmoCndes), SeiZleba mivaRwioT 

metyvelebis aRdgenili signalis iseTive subieqtur xarisxs, rogoric 

miiReboda Tanabari dakvantvisas, magram araTanabari dakvantvis 

SemTxvevaSi dakvantvis doneTa raodenoba aRmoCndeba gacilebiT naklebi, 

kerZod ki ±128. am dros signalis anaTvlebis orobiTi warmodgenisaTvis 

sakmarisi iqneba 8 biti da kodis saboloo siCqare Seadgens 64 kbiti/wm-s.  

metyvelebis signalebis statistikuri (anu maTi myisa 

mniSvnelobebis albaTobebis ganawilebis saxis) da smenis arawrfivi 

Tvisebebis (ris gamoc adamiani gacilebiT ukeT arCevs sust xmebs) 

gaTvaliswinebiT optimaluria dakvantvis logariTmuli skala, romelic 

gasuli saukunis 60-ian wlebSi miiRes rogorc standarti da igi dResac 

gamoiyeneba. Tumca arawrfivi dakvantvis evropuli da aSS-is standartebi 

ramdenadme gansxvavdeba erTmaneTisagan (μ-law  companding  и A-law 

compression), rac iwvevs signalebis xelaxali kodirebis aucileblobas. 
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amrigad, metyvelebis signalebis efeqturobisa da kodirebis 

xarisxis nebismieri SedarebisaTvis sawyisad gamodgeba kodis siCqare, 

romelic 64 kbiti/wm-is tolia.  

kodis jamuri siCqaris Semcirebis realizaciisaTvis Semdegi xerxi 

SeiZleba iyos signalis mimdinare anaTvlis winaswarmetyvelebis 

mcdeloba ramdenime winmswrebi anaTvlis mixedviT da, Semdeg, kodireba 

ara mimdinare anaTvlisa, aramed winaswarmetyvelebis Secdomisa, romelic 

warmoadgens sxvaobas mimdinare anaTvlis namdvil da mis 

nawinaswarmetyvelev mniSvnelobebs Soris. Tu winaswarmetyvelebis 

sizuste sakmaod maRalia, maSin momdevno anaTvlis winaswarmetyvelebis 

Secdoma iqneba mniSvnelovnad naklebi TviT anaTvlis mniSvnelobasTan 

SedarebiT da, amitom, misi kodirebisaTvis saWiro iqneba bitebis 

gacilebiT mcire raodenoba. amrigad, rac ufro metad iqneba 

SesaZlebeli signalis qcevis winaswarmetyveleba, miT ufro efeqturi 

iqneba misi SekumSva (kompresia). 

zemoaRwerili idea udevs safuZvlad egreT wodebul 

diferencialur impulsur-kodur modulacias _ dikm-s (DPCM) – 

kodirebis meTods, romlis drosac xdeba ara signalis anaTvlebis, 

aramed garkveuli saxiT formirebul nawinaswarmetyvelev mniSvnelobebs 

Soris gansxvavebebis kodireba. winaswarmetyvelebis umartivesi xerxia 

mimdinare anaTvlis winaswarmetyvelebisaTvis signalis wina anaTvlis 

gamoyeneba: 

x*i  =  xi –1 ,                        εi  =  xi  -  x*i .                        (2.22) 

 es egreT wodebuli nulovani rigis winaswarmetyvelebaa, romelic 

yvelaze martivi da, amave dros, yvelaze arazustia. cxadia, rom ufro 

zustia mimdinare anaTvlis winaswarmetyveleba wina ori da a.S. anaTvlis 

wrfivi kombinaciis safuZvelze: 

x*i  =  ∑ a k  xi – k ,             εi  =  xi  -  x*i .                                                               (2.23) 

samwuxarod, winaswarmetyvelebis rigis zrdis kvalobaze 

winaswarmetyvelebis sizuste yovelTvis rodi izrdeba, vinaidan signalis 

Tvisebebi anaTvlebs Soris ukve iwyebs cvlilebebs, ris gamoc 

Cveulebriv iyeneben me-2 an me-3 rigis winaswarmetyvelebas 
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2.22 da 2.23 naxazebze warmodgenilia dikm (DPCM) koderisa da 

dekoderis sqemebi.  

 

 

 

 

 

 
     nax. 2.22. dikm koderis sqema               nax. 2.23. dikm dekoderis sqema 

 

metyvelebis signalebis kodirebisas maTi mcirexangrZlivobiani 

(mxolod ramdenime anaTvalze) winaswarmetyvelebis SesaZleblobis gaTva-

liswinebiT kodis erT anaTvalze gadaTvlili (gadaangariSebuli) 

saboloo siCqare dikm-saTvis Cveulebriv Seadgens 5...6 bits, anu 40...48 

kbiti/wm-s. 

dikm-is efeqturoba ramdenadme SeiZleba amaRldes, Tu signalis 

winaswarmetyveleba da dakvantva ganxorcieldeba ara mis gasaSualebul 

maxasiaTeblebze, aramed maTi mimdinare mniSvnelobisa da am mniSvnelo-

bebis droSi cvlilebis gaTvaliswinebiT, anu adapturad. ase magaliTad, 

Tu signalis cvlilebis siCqare gaizrdeba, maSin SeiZleba dakvantvis 

bijis gazrda da, piriqiT, Tu signalma nela (mdored) daiwyo cvlileba, 

maSin SeiZleba SevamciroT dakvantvis biji. amasTanave 

winaswarmetyvelebis secdoma Semcirdeba da, Sedegad, misi kodireba 

SesaZlebeli iqneba erT anaTvalze gadaangariSebuli bitebis naklebi 

raodenobiT. kodirebis aseT xerxs adaptur dikm-s, anu adikm-s (ADPCM). 

kodirebis es meTodi ukve standartizirebulia da igi farTod 

gamoiyeneba metyvelebis SekumSvisaTvis kavSiris saqalaqTaSoriso 

cifrul sistemebSi, kavSiris mikrofiWur DECT sistemaSi, cifrul 

usadeno telefoniaSi da a.S. 4 biti/anaTvalze, anu 32 kbiti/wm siCqariani 

adikm-is gamoyeneba uzrunvelyofs metyvelebis iseTive subieqtur 

xarisxs, rogoricaa 64 kbiti/wm-iani ikm-is SemTxvevaSi, oRond adikm-isas  

kodis siCqare orjeraa Semcirebuli ikm-Tan SedarebiT. 
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dReisaTvis standartizirebulia agreTve 40, 24 da 16 kbiti/wm-iani 

adikm-ebi�(ukanasknel SemTxvevaSi signalis xarisxi ramdenadme 

gauaresebu-lia 32 kbiti/wm-ian adikm-Tan SedarebiT). amrigad, Cans, rom 

metyvelebis signalebis SekumSva maTi formis kodirebis safuZvelze 

ukeTes SemTxve-vaSi uzrunvelyofs kodis siCqaris orjerad an samjerad 

Semcirebas. siCqaris Semdgomi Semcireba iwvevs kodirebuli signalis 

xarisxis mkveTr gauaresebas. 

signalis formis zemoT aRwerili koderebi iyeneben am signalis 

aRweris wminda droiT midgomas. Tumca SesaZlebelia sxva midgomebis 

gamoyenebac, romelTa magaliTia egreT wodebuli qvediapazonebis 

kodireba (Sub-Band Coding  - SBC), romlis drosac Semavali signali 

daiyofa (an ifiltreba) ramdenime sixSirul diapazonad (qvediapazonebad 

- sub-bands) da TiToeuli qvediapazonis signalis kodireba xdeba cal-

calke, magaliTad, adikm-is teqnikis gamoyenebiT.  

vinaidan TiToeul qvediapazons gaaCnia ufro viwro zoli (yvela 

qvediapazoni jamSi iZleva sawyisi signalis zols), amitom TiToeuli 

maTganis diskretizaciis sixSire iqneba naklebi. amis Sedegad yvela qve-

diapazonis Sesabamisi kodebis jamuri siCqare ukidures SemTxvevaSi ar 

gadaaWarbebs sawyisi signalis Sesabamisi kodis siCqares. aRniSnul 

teqnikas gaaCnia garkveuli Rirsebebi. saqme imaSia, rom smenis subieqturi 

mgrZobiaroba signalebisadmi da maTi damaxinjebebisadmi sxvadasxva six-

Sireebze sxvadasxvaa. igi maqsimaluria 1...1,5 khc sixSireebze da mcirdeba 

ufro dabal da ufro maRal sixSireebze. amrigad,  smenis ufro maRali 

mgrZnobiarobis diapazonSi signals Tu davkvantavT ufro zustad, xolo 

naklebad mgrZnobiarobis diapazonebSi ufro uxeSad, maSin SeiZleba 

miviRoT mogeba kodis saboloo siCqareSi. marTlac, qvediapazonebis 

kodi-rebis teqnologiis gamoyenebisas kodirebuli metyvelebis kargi 

xarisxi miiReba 16...32 kbiti/wm siCqaris SemTxvevaSi. am dros koderi 

ramdenadme rTulia martiv adikm koderTan SedarebiT, Tumca gacilebiT 

martivia metyvelebis SekumSvis sxva efeqturi meTodebis Sesabamis 

koderebTan SedarebiT. msgavsi koderis gamartivebuli sqema signalis 

sixSiruli zolis or qvediapazonad dayofis SemTxvevaSi moyvanilia 2.24 

naxazze.  
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nax. 2.24. adikm koderis gamartivebuli sqema 

qvediapazonebis kodirebasTan axlosaa SekumSvis meTodi, romelic 

emyareba signalis wrfiv gardasaxvebs, magaliTad, diskretul kosinusur 

an sinusur gardasaxvebs. metyvelebis kodirebisaTvis gamoiyeneba 

gardasaxvis komponentebis adapturi kodirebis teqnologia ATC  (Adaptive  

Transform Coding), romlis drosac signali daiyofa blokebad, TiToeuli 

blokisadmi gamoiyeneba diskretuli kosinusuri gardasaxva da amis 

Sedegad miRebuli komponentebi (koeficientebi, transformantebi) 

ikvanteba adapturad signalis speqtris Taviseburebebis Sesabamisad. rac 

ufro mniSvnelovania gardasaxvis koeficientebi, miT ufro didi 

raodenobis bitebiT xdeba maTi kodireba. kodirebis teqnika zalian gavs 

JPEG-is, magram am SemTxvevaSi gamoiyeneba metyvelebis signalebisaTvis.  

aseTi kodirebisas signalis sakmaod damakmayofilebeli xarisxis 

SemTxvevaSi kodis miRweuli siCqarea 12...16 kbiti/wm. metyvelebis 

SekumSvisaTvis es meTodi farTod ar gamoiyeneba, vinaidan cnobilia 

masTan SedarebiT gacilebiT ufro efeqturi da realizaciis 

TvalsazrisiT martivi  kodirebis meTodebi.  

metyvelebis signalebis koderebis Semdgomi didi klasia wyaros 

koderebi.  

2.10.2. wyaros kodireba  

signalis formis koderebisagan gansxvavebiT, romlebic saerTod ar 

iyeneben informacias imis Sesaxeb, Tu rogor moxda sakodirebeli 

signalis formireba, wyaros koderebis muSaoba emyarebaswored wyaros 

models da sakodirebeli signalidan iReben informacias am modelis 
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parametrebis Sesaxeb. amasTan kodirebis Sedegia ara signalebis kodebi, 

aramed am signalebis wyaros parametrebis kodebi.  

metyvelebis kodirebisaTvis gankuTvnil wyaros koderebs vokoderebs 

(VOice CODERS) uwodeben da isini muSaoben daaxloebiT Semdegnairad. 

 xmis warmomqmneli traqti (nax. 2.25) ganixileba droSi cvladparame-

rebiani filtris saxiT, romelic aRigzneba an TeTri xmauris wyaros 

(Tanxmovani bgerebis formirebisas) an ZiriTadi tonis periodis mqone 

impulsebis mimdevrobebiT (xmovani bgerebis formirebisas).  

xmis warmomqmneli sistemis wrfivi modeli da misi parametrebi 

SeiZleba ganisazRvros sxvadasxva xerxiT, rac, Tavis mxriv, ganapirobebs  

vokoderis tips.  

metyvelebis signalis analizis Sedegad vokoderis mier miRebul da 

dekoderisaken gadacemul informacias warmoadgens xmis warmomqmneli 

filtris parametrebi, xmovani/Tanxmovani bgerebis maCvenebeli, aRgznebis 

signalis simZlavre da ZiriTadi tonis periodi xmovani bgerebisaTvis. 

signalis arastacionalurobisadmi midevnebis mizniT es parametrebi unda 

axldebodes yovel 10...20 mwm-Si.  

 

 

 

 

 

nax. 2.25. xmis warmomqmneli traqtis modeli 

vokoderi, signalis formis koderisagan gansxvavebiT, cdilobs 

aformiros signali, romelic ise JRers rogorc originasluri sityva da 

yuradRebas ar aqcevs am signalis formis gansxvavebas sawyisi signalis 

formisagan. amasTan vokoderis gamosasvlelze miRebuli kodis saboloo 

siCqare ar aRemateba 2,4 kbiti/wm-s, anu TxuTmetjer naklebia adikm-Tan 

SedarebiT!  

samwuxarod, vokoderebis mier uzrunvelyofili metyvelebis xarisxi 

Zalze Sorsaa idealurisagan, misi xmovaneba Tumca sakmaod garCevadia, 

magram absoluturad aranaturaluria (arabunebrivia). amasTanave kodis 
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siCqaris mniSvnelovani gazrdac ki praqtikulad ar aumjobesebs 

metyvelebis xarisxs, vinaidan kodirebisaTvis SerCeuli iyo xmis 

warmomqmneli sistemis Zalze martivi modeli. gansakuTrebiT uxeSia is 

varaudi, rom metyveleba Sedgeba mxolod xmovani da Tanxmovani 

bgerebisagan, xolo Sualeduri mdgomareobebi ar arsebobs.  

vokoderebi ZiriTadad gamoiyeneba samxedro saqmeSi, sadac mTavaria 

ara sityvis naturaluroba, aramed misi SekumSvis maRali xarisxi da 

kodis Zalze mcire siCqare, rac iZleva gadasacemi sityvis 

gasaidumloebis saSualebas. 

mokled ganvixiloT cnobili vokoderebis ZiriTadi tipebi.  

saarxo vokoderebi 

saarxo vokoderis tipi warmodgenili iyo jer kidev 1939 wels. igi 

iyenebs adamianis smenis sust mgrZnobiarobas signalis umniSvnelo 

fazuri (droiTi) Zvrebis mimarT.  

metyvelebis signalis daaxloebiT 20...30 mwm-is xangrZlivobis mqone 

segmentebisaTvis viwrozolovani filtrebis nakrebis saSualebiT ganisa-

zRvreba amplituduri speqtri. rac ufro metia filtrebis raodenoba, 

miT ukeT fasdeba speqtri, magram miT ufro meti bitia saWiro misi 

kodirebisaTvis da, Sedegad, miT metia kodis saboloo siCqare. zoluri 

filtrebis (zf) gamosasvlelebze miRebuli signalebi deteqtirdeba 

(gaimarTeba), gatardeba dabali sixSireebis filtrebSi (dsf), 

diskretizirdeba da orobiTad kodirdeba. ukanaskneli procedurebi 

xorcieldeba analogur-cifrul gardamsaxebSi (acg) (nax. 2.26).  

 

 

 

 

 

 

 

nax. 2.26. saarxo vokoderis gadamcemi nawili 
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aseTnairad ganisazRvreba xmis warmomqmneli traqtis mdored cvladi 

parametrebi da, garda amisa, ZiriTadi tonisa da xmovani bgerebis 

deteqtorebis saSualebiT _ aRgznebis ZiriTadi tonis periodi da niSani 

imis Sesaxeb, rom bgera xmovania Tu Tanxmovani.  

saarxo vokoderi SeiZleba realizebuli iyos rogorc cifruli, 

aseve analoguri formis saxiT da igi uzrunvelyofs sityvebis sakmaris 

garCevadobas im dros, rodesac kodis siCqare 2,4 kbiti/wm-is rigisaa. 

dekoderi (nax. 2.27) miiRebs ra koderis mier gamomuSavebul 

informacias, am ukanasknels daamuSavebs ukumimarTulebiT, ris Sedegadac 

mis gamosasvlelze miiReba metyvelebis signali, romelic garkveuli 

doziT msgavsia sawyisi signalisa.  

 

 

 

 

 

 

 

 

 

nax. 2.27. saarxo vokoderis mimRebi nawili 

 

modelis simartivis gamo Zneli warmosadgenia, rom miviRoT 

aRdgenili signalis kargi xarisxi. marTlac, saarxo vokoderebi 

ZiriTadad gamoiyeneba mxolod iq, sadac umTavresia garCevadoba da 

SekumSvis maRali xarisxi, kerZod: kavSiris samxedro saxeobaSi, aviaciaSi, 

kosmosur kavSirSi da a.S. 

homomorfuli vokoderi 

signalebis homomorfuli damuSaveba warmoadgens maTi arawrfivi 

damuSavebis meTodebis erTerT saxeobas, romelic SeiZleba efeqturad 

 
 
 
 
 
 
dmX 

cag 

cag 

xmauris 
wyaro

impulsebis 
generatori 

aRgznebis 
periodi 

xmovani/ 
Tanxmovani 

zf 

sinTezirebuli 
sityva 

arxi 

zf 



 

 117

iqnas gamoyenebuli rTuli signalebisaTvis, kerZod ki _ metyvelebis 

signalebisaTvis. 

vokoderebSi xmis warmomqmneli sistemis modelis gamoyenebis 

gaTvaliswinebiT metyvelebis signali SeiZleba warmovadginoT rogorc 

xmis traqtis impulsuri gardamavali maxasiaTeblis droiTi xveva 

aRgznebis signalTan. sixSirul areSi es Seesabameba xmis traqtis 

sixSiruli maxasiaTeblisa da aRgznebis signalis speqtris namravls. am 

namravlis galogariTmebis Sedegad miviRebT aRgznebis signalisa da xmis 

traqtis sixSiruli maxasiaTeblis speqtris logariTmebis jams. imis 

gamo, rom adamianis yuri praqtikulad aramgrZnobiarea signalis fazis 

mimarT, SeiZleba gamoviyenoT mxolod amplituduri speqtrebi: 

log(|S(ejw)|) = log(|P(ejw)|) + log(|V(ejw)|,                                  (2.24) 

sadac S(ejw)  da    P(ejw) _ metyvelebisa da aRgznebis signalis 

speqtrebia, xolo  V(ejw) _ xmis traqtis sixSiruli maxasiaTebelia. 

Tu axla  log(|S(ejw)|)_s gardavqmniT furies ukugardasaxvis 

gamoyenebiT, maSin miviRebT signalis egreT wodebul kepstrs. 

xmis signalis parametrebi droSi SedarebiT mdored icvleba (maTi 

speqtri moTavsebulia dabali sixSireebis areSi) maSin, rodesac 

aRgznebis signali swrafad oscilirebadi funqciaa (misi speqtri 

Tavmoyrilia maRali sixSireebis areSi). amis gamo metyvelebis signalis 

kepstris es Semdgenebi SeiZleba davyoT (nax. 2.28) da maTi kodireba 

movaxdinoT cal-calke. 

 

 

 

 

 

 

nax. 2.28. metyvelebis signalis speqtri 

sixSire (wamebi) I

-1[log|F(w)|2] 
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metyvelebis homomorfuli koderi/dekoderis sqema warmodgenilia 

2.29 naxazze. am sqemis gamoyenebisas SeiZleba kodis siCqaris Semcireba 

daaxloebiT 4 kbiti/wm-de.  

 

 

nax. 2.29. homomorfuli koderi/dekoderi 

formantuli vokoderebi 

rogorc iyo aRniSnuli adre, metyvelebis signalis Sesaxeb ZiriTadi 

informacia moTavsebulia misi formantebis Semdgenebis zolSi. Tu 

maRali sizustiT movaxdenT am formantebis parametrebis gansazRvrasa da  

kodirebas,  maSin  miviRebT  kodis  Zalian mcire saboloo siCqares _  

1 kbiti/wm-ze naklebs. samwuxarod, amis praqtikuli ganxorcieleba 

Zalze Znelia, ris gamoc metyvelebis formantuli vokoderebi  

jerjerobiT   farTod araa gavrcelebuli. 

vokoderebi wrfivi winaswarmetyvelebiT 

wrfivi winaswarmetyvelebis safuZvelze momuSave vokoderebi iyeneben 

xmis warmomqmneli sistemis iseTive midels, rogorc danarCeni ukve 

ganxiluli vokoderebi. maTTvis ganmasxvavebelia mxolod traqtis 

parametrebis gansazRvris meTodi. aseTi koderebisaTvis xmis traqti 

miCneulia uwyveti impulsuri gardamavali maxasiaTeblis mqone wrfiv 

filtrad, romelSic signalis yoveli momdevno mniSvneloba SeiZleba 

miRebuli iyos misi winamdebare garkveuli raodenobis mniSvnelobebis 

wrfivi kombinaciiT. 
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aRniSnul vokoderebSi metyvelebis signali daiyofa daaxloebiT 20 

mwm xangrZlivobis blokebad, romelTagan TiToeulisaTvis ganisazRvreba 

winaswarmetyvelebis filtris koeficientebi. es koeficientebi ikvanteba 

da gadaicema dekoderisaken. Semdeg metyvelebis signals atareben 

filtrSi, romelsac gaaCnia xmis traqtis maxasiaTeblis Sebrunebuli 

(uku) sixSiruli maxasiaTebeli. filtris gamosasvlelze miiReba 

winaswarmety-velebis Secdoma. winaswarmetyvelebis mowyobilobis 

daniSnulebaa korelaciis mocileba signalis mezobel anaTvlebs Soris. 

Sedegad signalSi gacilebiT mkveTrad vlindeba xangrZlivi korelacia, 

rac iZleva ZiriTadi tonis sixSiris ufro zustad gansazRvrisa da 

xmovani/Tanxmovani bgerebis mimaniSneblis gamoyofis saSualebas.  

dReisaTvis wrfivi winaswarmetyvelebis safuZvelze momuSave 

vokoderebi Zalze popularulia, vinaidan maT mier gamoyenebuli xmis 

traqtis yvela filtruli modeli muSaobs Zalian kargad. aseTi 

koderebis saSualebiT miRebuli kodebis siCqare metyvelebis 

damakmayofilebeli xarisxis SemTxvevaSi aRwevs 2,4 kbiti/wm-s.  

 

2.10.3. metyvelebis signalebis kodirebis hibriduli meTodebi  

metyvelebis kodirebis hibriduli anu kombinirebuli meTodebi avsebs 

Sualeds signalis formis koderebsa(romlebic srulebiT ar 

iTvaliswineben signalis bunebas) da wyaros koderebs (romlebic 

arsebiTad axorcieleben ara signalis, aramed am signalis warmomqmneli 

wyaros modelis parametrebis kodirebas) Soris. rogorc adre iyo 

aRniSnuli, signalis formis koderebi uzrunvelyofen metyvelebis 

Zalian karg xarisxs kodirebis 16 kbiti/wm-ze ufro maRali siCqareebis 

SemTxvevaSi, magram saerTod ar muSaoben ufro dabal sixSireebze maSin, 

rodesac vokoderebi uzrunvelyofen metyvelebis garCevadobas 2,4 

kbiti/wm da ufro mcire siCqareebis SemTxvevaSic ki, magram isini ver 

iZlevian karg xarisxs kodis nebismieri siCqarisaTvis.  

dReisaTvis ufro gavrcelebulia kodirebis hibriduli meTodebi, 

romlebic muSaoben droiT sivrceSi (anu muSaoben uSualod signalze da 

ara mis speqtrze an sxva wrfiv gardasaxvebze). es meTodebi efuZneba 

signalis analizs misi sinTezis bazaze (egreT wodebuli ABS_kodekebi). 
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es koderebi, iseve rogorc vokoderebi, iyeneben xmis traqtis models, 

oRond ramdenadme gansxvavebulad _ aRgznebis signalis SerCeva xdeba 

iseTnairad, rom uzrunvelyofilia metyvelebis  sinTezirebuli da 

sawyisi signalebis saukeTeso Tanxvedra. 

ABS_koderebi pirvelad warmodgenili iyo arc Tu didi xnis winaT 

(1982 wels) da maT pirvel saxeobas uwodes MPE_koderebi  (Multi-Pulse 

Excited_ koderebi mravalimpulsiani aRgznebiT). SemdgomSi 

SemoTavazebuli iyo ufro srulyofili RPE_koderebi (Regular-Pulse Excited 

– koderebi regularuli impulsuri aRgznebiT) da CELP_koderebi 

(Codebook-Excited Linear Predictive – koderebi aRgznebiT koduri wignabis 

gamoyenebis safuZvelze). dReisaTvis arsebobs maTi sxva saxeobebic, 

magram yvela maTgani iyenebs saerTo ideas.  

imisaTvis, rom gavigoT, Tu ra emyareba ABS_koderis  efeqturoba da 

xarisxi, pirvel rigSi ganvixiloT egreT wodebuli RELP_koderis  

(Residual Excited Linear Prediction - RELP)  muSaoba.  

Tu metyvelebis signals, romelsac gaaCnia 2.30a naxazze 

warmodgenili speqtri, gavatarebT wrfiv winaswarmetyvelSi, romelsac 

aqvs 2.30b naxazze naCvenebi sixSiruli maxasiaTebeli, maSin gamomavali 

signalis anaTvlebs Soris arsebuli (winaswarmetyvelebis Secdomis) 

korelacia mniSvnelovnad Semcirdeba. Tu winaswarmetyveleba Sesruldeba 

sakmaod kargad, maSin winaswarmetyvelis gamosasvlelze praqtikulad 

miviRebT TeTr xmaurs, romelsac gaaCnia Tanabari speqtri (nax. 2.26g). 

amasTanave TeTri xmauri (winaswarmetyvelebis Secdoma) Seicavs 

srul informacias sakodirebeli signalis Sesaxeb da Tu mas xelaxla 

gavatarebT LPC_filtrSi, romlis sixSiruli maxasiaTebeli 

warmodgenilia 2.30d naxazze, maSin Cven absoluturad zustad aRvadgenT 

metyvelebis sawyis signals. vinaidan es informacia winaswarmetyvelebis 

Secdomis speqtrSi metnaklebad ganawilebulia Tanabrad, amitom 

warmoiSva winaswarmetyvelebis E(ω) Secdomis speqtris mxolod mcire 

nawilis kodirebisa da gadacemis, xolo speqtris danarCeni nawilis 

dekoderSi aRdgenis idea. 
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nax. 2.30. metyvelebis RELP_koderis sqema da Sesabamisi speqtrebi da 

maxasiaTeblebi 

RELP_koderSi winaswarmetyvelebis Secdomis signali gatardeba 

dabalsixSirul filtrSi, romlis CamoWris sixSirea daaxloebiT 1 khc. 

filtris gamosasvlelze miRebuli signali kodirdeba formis mixedviT, 

magaliTad, dikm_koderis gamoyenebiT. dekoderSi winaswarmetyvelebis 

Secdoma aRdgeba sixSireTa daSorebul areSi, romelSic is iyo 

gadatanili koderis mier. 

RELP_koderi imuSavebda idealurad, wrfivi winaswarmetyvelebis 

procesSi rom vRebulobdeT TeTr xmaurs. Tumca metyvelebis signalSi 

kvaziperioduli formantuli Semdgenebis arsebobis gamo wrfiv 

winaswarmetyvels ar SeuZlia formantebis ZiriTadi tonis periodiani 

xangrZlivi korelaciis mocileba da isini namdvilad iarsebeben 

winaswarmetyvelebis Secdomis speqtrSi. Tu amjerad E(ω)_s gavatarebT 

dabali sixSireebis filtrSi, maSin daikargeba maRalsixSiruli 

formantuli Semdgenebi da maTi SemdgomSi aRdgena iqneba SeuZlebeli.  

RELP_koderebi iZlevian signalis arc Tu ise cud xarisxs kodis 9,6 

kbiti/wm siCqaris SemTxvevaSi, Tumca maTTvis garkveuli doziT 

damaxasiaTebelia vokoderebis naklovaneba _ aRdgenili metyvelebis 

sinTetikuri xasiaTi. amis gamo aRniSnuli koderebi yvelgan Secvala 

analogiuri principiT momuSave sxvadasxva saxeobis  ABS_koderebma. 

ABS_koderi muSaobs Semdegnairad. sakodirebeli Semavali signali 

cifrul formaSi warmodgenili misi anaTvlebis saxiT daiyofa 

A(z) )(
1
zA

sxvaobiTi signali 

en

ukufiltri
LPC-filtri 

Sn Sn 

a b g d e 
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daaxloebiT 20 mwm xangrZlivobis fragmentebad, romelTa sazRvrebSi 

signalis Tvisebebi icvleba umniSvnelod. TiToeuli fragmentisaTvis 

ganisazRvreba masinTezirebeli filtris (xmis traqtis analogis) 

mimdinare parametrebi da Semdgom airCeva aRgznebis signali, romelic, 

gatarebulia ra masinTezirebel filtrSi, minimumamde amcirebs 

gansxvavebas (Secdomas) Semaval da sinTezirebul signalebs Soris.  

amrigad, kodirebis meTodis dasaxeleba Analysis-by-Synthesis imaSi 

mdgomareobs, rom koderi aanalizebs Semaval sityvas mravali masTan 

miaxloebuli signalebis sinTezis saSualebiT. sabolood koderi 

dekoderisaken gascems informacias, romelic warmoadgens 

masinTezirebeli filtrisa da aRgznebis signalis mimdinare parametrebis 

kombinacias. sasurvelia, rom am monacemebis raodenoba iyos rac SeiZleba 

mcire. a. parametrebis mixedviT dekoderi aRadgens kodirebul sityvas, 

Tanac amas akeTebs iseTnairadve, rogorc akeTebda koderi analizis 

dros. sxvadasxva tipis ABS_koderebs Soris gansxvaveba mdgomareobs 

TiToeul maTganSi  masinTezirebeli filtris aRgznebis u(n) signalis 

SerCevaSi. Teoriulad masinTezirebeli filtris Sesasvlels unda 

miewodos aRgznebis sxvadasxva signalebis didi raodenoba imisaTvis, rom 

inaxos, Tu romeli signali miiReba mis gamosasvlelze da igi Sedardes 

sakodirebel signals. aRgznebis signali, romelic mogvcems minimalur 

awonil Secdomas orinalsa da sinTezirebul sityvebs Soris, SeirCeva 

rogorc kodirebis Sedegi. aRgznebis signalis gansazRvris swored es 

Caketili sqema (nax. 2.31) uzrunvelyofs metyvelebis maRal xarisxs kodis 

mcire siCqareebis pirobebSi.  

 

 

 

 

 

 

 

nax. 2.31. ABS koderisa da dekoderis sqemebi 
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problema mdgomareobs Sesasrulebeli operaciebis did raodenobaSi, 

romlebic saWiroa aRgznebis saukeTeso signalis SerCevisaTvis. magram 

gamoTvliTi da mikroprocesoruli teqnikis dRevandeli SesaZleblobebis 

pirobebSi es sruliad miRwevadia.  

mravalimpulsuri koderebi ( MPE_koderebi) 

rogorc ukve iyo aRniSnuli, winaswarmetyvelebis filtrSi 

metyvelebis signalis gavlisas mniSvnelovnad mcirdeba korelacia 

mezobel anaTvlebs Soris. Tumca xmovani bgerebisaTvis formantuli 

Semdgenebis arseboba iwvevs metyvelebis signalSi kvaziperiodulobisa da 

xangrZlivi maRali korelaciis warmoqmnas. es perioduloba ar 

aRmoifxvreba wrfivi winaswarmetyvelebiT da igi winaswarmetyvelebis 

signalSi iwvevs  maRalamplituduri narCilebis warmoqmnas. 

xangrZlivdroiani korelaciis mocilebisaTvis winaswarmetyvelebis 

Secdomis signali Seizleba gavataroT meore wrfiv winaswarmetyvelSi., 

romelmac unda aRmofxvras korelacia metyvelebis signalis ara mezobel 

anaTvlebs Soris, aramed winaswarmetyvelebis Secdomis mezobel 

periodebs Soris. es miiRweva winaswarmetyvelSi metyvelebis signalis 

ZiriTadi tonis periodiT droiTi dayovnebis ganxorcielebis gziT. 

∑ −−−=
i

iM
i z)z(P β1 ,                                                  (2.25) 

sadac М – ZiriTadi tonis periodia. 

2.32 naxazze naCvenebia: a _ metyvelebis sawyisi signali; b_ mokle-

droiani winaswarmetyvelebis Secdomis signali (3-jer gadidebuli); g_ 

signali orkaskada (mciredroiani+xangrZlivdroiani) winaswarmetyvelis 

gamosasvlelze (10-jer 

gadidebuli). 

 

 

 
 
nax. 2.32. sawyisi da 
winaswarmetyveli 
mowyobilobebis gamomavali 
signalebi 

 

a 

b 
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Tu axla winaswarmetyvelebis Secdomis rezurtirebul signals 

mivawvdiT erTmaneTTan mimdevrobiT SeerTebul mcire da didi 

xangrZlivobis filtrebs_winaswarmetyvelebis mowyobilobebs, maSin 

gamosasvlelze miviRebT metyvelebis sawyis daumaxinjebel signals. 

SeiZleboda winaswarmetyvelebis Secdomis miRebuli signalis kodireba 

da kavSiris arxSi gadacema da es uzrunvelyofda kidec garkveul 

ekonomias misi mniSvnelovnad mcire amplitudis gamo metyvelebis sawyis 

signalTan SedarebiT. Tumca signalis forma (nax. 2.32g) mainc sakmaod 

rTuli rCeba, rac misi kodirebisaTvis moiTxovs bitebis sakmaod did 

raodenobas. 

mravalimpulsur MPE koderebSi aRgznebis u(n) signalis rolSi 

iReben ara winaswarmetyvelebis Secdomas (nax. 2.32g), aramed oTxi_eqvsi 

impulsisagan Sedgenil mimdevrobas. TiToeuli am impulsis droiTi 

mdebareoba da maTi amplitudebi ganisazRvreba sinTezis gavliT 

analizis (ABS) proceduris procesSi manam, sanam metyvelebis sawyis da 

sinTezi-rebul signalebs Soris ar miiRweva minimaluri gansxvaveba. 

aRgznebis impulsebis parametrebs, romlebiTac xdeba Secdomis 

minimizacia, arCeven mimdevrobiT _ Tavidan pirveli impulsisaTvis, Semdeg 

meorisaTvis da a.S.  

praqtikaSi sakmarisia  impulsebis  mdebareobis  aReba  daaxloebiT  

1 mwm-is bijiTa da 5%-iani sizustiT. am SemTxvevaSi uzrunvel-

yofilia metyvelebis kargi xarisxi kodis 10 kbiti/wm siCqarisas. 

metyvelebis signalis 20 mwm-iani fragmentisaTvis gamoiyeneba aRgznebis 6 

impulsi. TiToeuli maTganis mdebareoba mocemulia 1 mwm-is sizustiT, 

romelic fragmentis xangrZlivobis 1/20-is tolia da romelic, Tavis 

mxriv, Seesabameba 5 bits impulsze. impulsis amplituda mocemulia 5%-

iani sizustiT, romelic udris 5 bits impulsze. amis Sedegad vRebulobT 

aRgznebis signalis kodis minimalur siCqares _ 6x10=60biti/20mwm. garda 

amisa, kods unda daematos mokle da didi xangrZlivobis winaswarme-

tyvelebis filtrebis mocemuli fragmentisaTvis gaangariSebuli 

parametrebi, rac daaxloebiT Sadgens 80...100bits 20mwm-ze. Sedegad miiReba 

kodis siCqare 160 biti/20 mwm=8 kbiti/wm. 
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koderebi regularuli impulsuri aRgznebiT ( RPE_koderebi) 

iseve rogorc MPE_kodeki,  Regular Pulse Excited, anu RPE_kodeki, 

aRgznebis u(n) signalad iyenebs mokle impulsebis fiqsirebul nakrebs.  

Tumca am kodeksi impulsebi ganlagebulia regularulad erTmaneTisagan 

Tanabar manZilze da koders moeTxoveba mxolod pirveli impulsis 

mdebareobisa da yvela impulsis amplitudis gansazRvra. amrigad, 

dekoders unda gadaeces ufro mcire informacia impulsebis mdebareobis 

Sesaxeb, ris gamoc aRgznebis signalSi SeiZleba CaerTos maTi meti 

raodenoba da amiT gaumjobesdes sinTezirebuli signalis miaxloeba 

originalTan. magaliTad, kodis 10 kbiti/wm siCqaris SemTxvevaSi Tu 

gamoiyeneba aRgznebis oTximpulsiani signali, maSin RPE_kodekSi ukve 

SeiZleba gamoviyenoT aTimpulsiani signali. amasTanave mniSvnelovnad 

umjobesdeba metyvelebis xarisxi.  

regularuli impulsuri aRgznebis RPE meTodi dRes farTod 

gamoiyeneba kavSiris sistemebSi, maT Soris fiWuri kavSiris GSM 

sistemaSi. 

 

 

koderebi koduri wignebis safuZvelze aRgznebiT (CELP_koderebi) 

kodirebis МPE   da  RPE meTodebi uzrunvelyofen metyvelebis karg 

xarisxs, Tu kodis siCqarea 10 kbiti/wm da meti, magram isini Zlier 

amaxinjeben signals ufro dabali siCqareebis SemTxvevaSi. saqme imaSia, 

rom aRgznebis signalis aucilebeli parametrebis (impulsebis droiTi 

mdebareoba da amplituda) saWiro sizustiT aRwerisaTvis ubralod 

sakmarisi araa bitebis raodenoba.  

zemoaRniSnulis gamo damuSavda meTodi, romelic aRgznebis 

signalad iyenebs ara impulsebis mimdevrobas, romelic mocemulia Tavisi 

parametrebis nakrebiT, aramed sxvadasxva formis aRgznebis signalebis 

biblioTekas (kodur wignebs), romlebic specialuradaa momzadebuli da 

Cawerili maxsovrobis mowyobilobaSi _ Codebook Excited Linear Prediction 

(CELP ).   
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aRgznebis signalebis formirebis CELP_koderis sqema naCvenebia 2.33 

naxazze. 

 

 

 

 

 

 

 

nax. 2.33. CELP_koderis sqema 

am SemTxvevaSi kodirebis Sedegia ara aRgznebis signalebis 

impulsebis parametrebi, aramed koduri wignis indeqsi (aRgznebis 

signalis masSi Senaxuli nimuSis nomeri) da, agreTve, misi amplituda. Tu 

koduri wigni Seicavs, magaliTad, 1024 signals, xolo signalis 

amplitudis kodireba xdeba 2...3%-iani sizustiT, maSin 20 mwm-iani 

fragmentisaTvis bitebis aucilebeli raodenobaa 10 (indeqsisaTvis) + 5 

(amplitudisaTvis)=15 biti. SedarebisaTvis avRniSnoT, rom GSM 

RPE_kodekis SemTxvevaSi gamoiyeneba 47 biti. marTalia, rom 

warmodgenili algoriTmis safuZvelze kodirebis procedura moiTxovs 

didi raodenobis gaangariSebebs, ris gamoc CELP_koderebis realizacia 

SesaZlebeli aRmoCnda mxolod ukanasknel periodSi specializirebuli 

sasignalo procesorebis gamoyenebiT, romelTa mwarmoeblurobaa wamSi 

300 milioni da meti raodenobis operacia. 

CELP algoriTmis safuZvelze ganxorcielebuli kodireba 

warmatebiT gamoiyeneba kavSiris Tanamedrove sistemebSi, romelTa 

kodebis Sesabamisi siCqareebia 16-dan 4,8 kbiti/wm-de. amasTan 16 kbiti/wm-is 

toli siCqarisaTvis CELP uzrunvelyofs metyvelebis iseTive xarisxs, 

romelic miiReba 64 kbiti/wm siCqariani ikm_is dros, xolo 4,8 kbiti/wm 

siCqaris SemTxvevaSi metyvelebis xarisxi iseTivea, rogoric 13 kbiti/wm 

siCqariani GSM RPE sistemis gamoyenebis dros. 
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