კოდირების თეორია


kodirebis Teoria ganviTarda informaciis Teoriis safuZvelze da Camoyalibda damoukidebel samecniero mimarTulebad, romelic mWidrod aris dakavSirebuli maTematikis iseT disciplinebTan, rogoricaa algebra, albaTobis Teoria, maTematikuri statistika, ricxvTa Teoria da sxv.
informaciis kodirebis magaliTebia: genetikuri kodi, sametyvelo ena da damwerloba, internetSi cifruli informaciis gadacema, kosmosur obieqtebTan saimedo kavSiris ganxorcieleba da a.S. orobiTi cifris, 0 an 1 simbolos, pozicias ewodeba biti (bit, binary digit). biti _ orobiTi erTeuli _ aris, agreTve, informaciis raodenobis zomis erTeuli.
samyaros mTlianobis erT-erTi niSandoblivi Tviseba misi informaciuli mTlianobaa.
informaciis formirebis da gadacemis dros aucileblad iqmneba informaciuli garemo, romlis safuZveli aris informaciuli sinergiuloba (urTierT-SeTanxmebuloba, urTierTTanwyoba). informaciuli garemo Tvisobrivad msgavs da saerTo struqturaTa warmoqmnas ganapirobebs; maT asaxvas da gavrcelebas emsaxureba koduri sistemebi ise, rogorc es genetikuri kodis meSveobiT xdeba.
aqedan gamomdinareobs, rom nebismieri kodi (damwerlobis raime nimuSi, pirobiTi niSnebi Tu sxv.) Seicavs garkveul informacias. zogi maTgani struqturuli da funqciuri mniSvnelobisaa, magaliTad, genetikuri kodi (qromosomebis struqtura); zogi ki gamiznulia mxolod informaciis damuSavebisa da gadacemisaTvis, Tumca mkveTri sazRvris gavleba maT Soris xSirad SeuZlebelia.




ganvixiloT informaciis gadacemis principuli sqema kavSiris diskretuli orobiTi arxis meSveobiT. davuSvaT, rom drois garkveul  SualedSi gadaicema calkeuli ri simbolo. drois SedarebiT grZel  SualedSi SeiZleba gadaices  simbolo, n-mimdevroba simboloebisa, anu veqtori

                                    



Sadac  veqtoruli sivrcea  velze, e.i. .






fizikurad kavSiris arxSi gadaicema garkveuli simZlavrisa da energiis signalebi. signalis gadacemas drois  SualedSi pirobiTad Seesabameba , xolo pauzas _  simbolo. davuSvaT, rom kavSiris arxSi orobiTi simbolos uSecdomod gadacemis albaToba aris ; Secdomis albaToba ;  aris albaToba imisa, rom 1-is gadacemis SemTxvevaSi arxis meore mxares miviRebT 0-s an 0-is gadacemisas _ 1-s.
ganixileba diskretuli orobiTi simetriuli arxi damoukidebeli SecdomebiT, anu arxi mexsierebis gareSe, romlis principuli sqema mocemulia 1.3 suraTze.










            sur. 1.3. orobiTi simetriuli arxi.


ganvixiloT informaciis wyaro, rogorc  SemTxveviTi sidide kavSiris orobiTi arxis Sesasvlelze. davuSvaT, rom kavSiris arxis Sesasvlels informaciis wyarodan miwodeba ara  mniSvnelobebi (simboloebi, ricxvebi da sx.), aramed kodirebuli veqtorebi:

                ,               (2)





sadac  (), veqtoruli sivrcea  velze. igulisxmeba, rom informaciis wyaros mier generirebuli informaciis TiToeuli  mniSvneloba ganicdis kodirebas da gadadis orobiTi cifrebis diskretul mimdevrobaSi, anu (2) veqtorSi.




























davuSvaT, rom , e.i. wyaros mier generirebuli  simboloebi toli albaTobebisaa. ganvixiloT am SemTxvevaSi  ganuzRvrelobis zomis erTeuli da entropiis da informaciis raodenoba. Tu , , maSin  (), rac niSnavs, rom informaciis wyaros entropia erTi orobiTi erTeulis (erTi bitis) tolia; erTi bitis tolia, aseve, informaciis wyaros  () veqtorebis ganzomilebac, magaliTad, , . Tu , , maSin  (), rac niSnavs, rom entropia ori bitis tolia; ori bitis tolia informaciuli  () veqtorebis ganzomilebac: , , ,  da a.S.  mniSvnelobisaTvis  da informaciuli  veqtoris ganzomileba aris , anu orobiTi (2) veqtoris  raodenobis simbolo Seicavs  bit entropias. amrigad, SeiZleba miviRoT, rom ganuzRvrelobis erTeulia biti da  ganzomilebis yoveli veqtori (toli albaTobebis SemTxvevaSi) Seicavs  bit informacias. sazogadod, koduri veqtoris erTi orobiTi cifri SeiZleba Seicavdes erT bitze nakleb informacias, Tu wyaros mier generirebuli simboloebi aratolalbaTuria.

informaciis optimaluri kodireba                                                                             

optimaluri kodirebis amocana




davuSvaT, rom informaciis wyaro warmoadgens  SemTxveviT sidides albaTobebiT. informaciis wyaros gamosasvlelze  simboloebi informaciuli Setyobinebebia. amitom TiToeuli Setyobineba Seicavs  wyaros entropiis tol informacias.
wyaros entropia gamoiTvleba SEmdegi gamosaxulebis mixedviT:

.







magaliTi 1. gamovTvaloT  wyaros entropia, rodesac  simboloebis albaTobebia: , , . informaciis wyaros entropia TiToel  () simboloze Seadgens

 biti/simb.   (1.7.1)

maSasadame, Setyobinebebis TiToeuli  simbolo Seicavs 1,5 bit informacias.








sur. 1.4. informaciis gadacemis principuli sqema.



1.4 suraTze mocemulia kavSiris arxSi informaciis gadacemis principuli sqema. informaciis kodirebis, gadacema-miRebis da dekodirebis procesi Semdegi TanamimdevrobiT xorcieldeba: informaciis  wyaros  simboloebi wyaros koders gadahyavs orobiTi cifrebis mimdevrobaSi; am etapze, iTvaliswineben optimaluri kodirebis meTodebs; Semdgom, kodirebuli orobiTi mimdevroba kavSiris arxis koderiT damuSavebis Semdeg miiRebs koduri veqtorebis (signalebis) saxes, romliTac, gadacemis saimedoobis amaRlebis mizniT gaswordeba kavSiris arxSi arsebuli Secdomebis garkveuli nawili. formirebuli signalebi (modulaciisa da demodulaciis meTodebis saSualebiT) gadaicema kavSiris arxSi. mimReb mxareze miRebul signalebs (SesaZloa damaxinjebuls) kavSiris arxis dekoderi, gaasworebs ra Secdomebs, daubrunebs im saxes, rac maT hqonda informaciis wyaros koderis gamosasvlelze, da bolos, informaciis wyaros dekoderis gamosasvlelze miiReba pirveladi  SetyobinebaTa mimdevroba.

1 magaliTSi informaciis wyaros entropia 1,5 bitia, amitom informaciis wyaros koderis Sesasvlelze TiToeuli Setyobinebis  simbolo Seicavs 1,5 bit informacias. davuSvaT, rom informaciis wyaros koderSi kodirebis etapi ganvaxorcieleT Semdegi SesabamisobiT:

;

                        ;                      (3)

.

(3) gamosaxulebidan Cans, rom Setyobinebebi kodirebulia  organzomilebian veqtorebad.



ra raodenobis informacias Seicavs kodirebuli TiToeuli orobiTi erTeuli (biti)? Setyobinebis  simboloze da mis Sesabamis  veqtorze modis 1,5 biti informacia, e.i. mimdevrobis yoveli 0 da 1 cifri Seicavs  bit informacias.

kodirebis optimalobis TvalsazrisiT daskvna aseTia: kodirebuli mimdevrobis TiToeuli orobiTi cifri Seicavs SesaZlo maqsimaluri informaciis mxolod 75%-s. am SemTxvevaSi optimaluri kodirebis mizniT (3) Sesabamisoba ise unda avagoT, rom TiToeul orobiT cifrze mosuli informacia erT bits mivuaxlooT. amrigad, saWiroa, rom kodirebuli orobiTi veqtorebis ganzomilebis saSualo  mniSvneloba maqsimalurad mivuaxlooT SesaZlo minimalur mniSvnelobas.
optimaluri kodirebis amocana cnobili samecniero-teqnikuri sferos informaciis SekumSvis _ Semadgeneli nawilia. SekuSvis mizani kodirebuli orobiTi erTeulebis_ bitebis ricxvis Semcirebaa. maTi raodenobis Semcireba SesaZleblobas gvaZlevs gadavceT informacia ufro swrafad da SevinaxoT ufro ekonomiurad. SekumSva saSualebas iZleva, magaliTad, Caiweros meti informacia disketaze, “gaizardos” myari diskos zoma, gaizardos modemis moqmedebis siswrafe.






SekumSva SeiZleba ganvaxorcieloT garkveul sazRvramde. gasaTvaliswinebelia ori SemTxveva: pirveli  X SemTxveviTi sididis kodirebisas   ricxvis minimalur sazRvars gan-sazRvravs  sididis  entropia (2 da 3 Teoremebi); meore  SekumSva SeiZleba ganxorcieldes iseTi simravlis mimarT, romlis elementebi SemTxveviTi sididis elementebs ar warmoadgens, magaliTad, veqtoruli  sivrcis  qvesimravlis ara  SemTxveviTi veqtorebi. maTTvis minimalur sazRvars gansazRvravs  ricxvis mniSvneloba.


qvemoT kodirebis optimalurobis TvalsazrisiT ganxilulia meTodebi, romlebic ZiriTadad k. Senonis, r. fanos, d. hafmenis mier aris miRebuli. es meTodebi exeba  SemTxveviTi Setyobinebebis kodirebuli mimdvrobis SekumSvas. SekuSvis amocanis gadawyvetis meTodologiis saerTo Sefaseba kompleqsuria, e.i. iTvaliswinebs, rogorc kodirebuli cifrebis saSualo  ricxvs, aseve, informaciis SekumSvis da aRdgenis algoriTmis sirTules, siswrafes, operaciaTa raodenobas da a.S.

 Senonfanos meTodi









1.1 cxrilSi mocemulia  wyaros Setyobinebebis kodirebis procesis amsaxveli monacemebi. pirvel svetSi mocemulia informaciis wyaros  () Setyobinebebi; meore svetSi  informaciis wyaros koderis mier kodirebuli  Setyobinebebis Sesabamisi () () veqtorebi, rogorc (3) gamosaxulebaSia, magaliTad, , , da a.S.; mesame svetSi  Setyobinebebis albaTobebi; meoTxeSi  Setyobinebebis albaTobebis logariTmis uaryofiTi mniSvnelobebi; mexuTeSi  Senon-fanos optimaluri meTodiT kodirebuli veqtorebi (sityvebi), romelTa ganzomilebebi toli ar aris.
pirvel or svetSi mocemuli Sesabamisoba warmoadgens kodirebis amocanis araoptimalur gadawyvetas. 
          


    cxrili 1.1. optimaluri kodirebis magaliTi

	

Setyobinebebi
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magaliTi 2. davuSvaT, rom mocemulia  Setyobinebebis garkveuli mimdevroba. ganvsazRvroT kodirebul mimdevrobaSi informaciis raodenoba Setyobinebaze. vTqvaT, SetyobinebaTa mimdevrobaa: ; Sesabamisi kodirebuli cifruli momdevrobaa ; cxadia, rom kodirebul mimdevrobaSi veqtorebis ganzomilebis saSualo mniSvneloba Setyobinebis  simboloze aris , radgan yovel simbolos Seesabameba erTsa da imave ganzomilebis, kerZod, samganzomilebiani kodirebuli veqtori , sadac . 
2 magaliTSi kodireba araoptimaluria imis gamo, rom, rogorc 1 magaliTSi, kodirebuli mimdevrobebis TiToeuli biti Seicavs erT bitze nakleb informacias. marTlac, mocemuli informaciis wyaro informaciis wyaros koders awvdis

                             (3)

 bit





informacias TiToeul  Setyobinebaze. Setyobinebis kodirebisaTvis gamoyenebulia  orobiTi erTeuli. amitom kodirebuli mimdevrobis yoveli orobiTi cifri,  an , erTi bitis nacvlad Seicavs  bit infor-macias.
SeiZleba Tu ara kodirebis ufro efeqturad ganxor-cieleba?
am kiTxvaze dadebiT pasuxs gvaZlevs 2 da 3 Teoremebi, Tumca Teoriul SesaZleblobas ar gamoricxavs Semdegi martivi gamoTvlebic.




davuSvaT, rom arsebobs araTanabari kodirebis meTodi, romelic Setyobinebebs Seusabamebs kodirebul veqtorebs, romelTa ganzomilebebi mocemulia me- svetSi; magaliTad:  Setyobinebebs Seusabamebs organzomilebian veqtorebs,  Setyobinebas  samganzomilebians, xolo  Setyobinebebs  xuTganzomilebian veqtorebs. Tu gaviTvaliswinebT SetyobinebaTa albaTobebs, maSin kodirebuli veqtorebis saSualo ganzomileba, rogorc diskretuli SemTxveviTi sididis maTematikuri lodini, gamoiTvleba Semdegi gamosaxulebiT:

                     ,                  (4)


sadac   kodirebuli veqtorebis ganzomilebaa. uSualo gamoTvlebiT miviRebT:

              bits,      (5)

rac mocemuli  wyaros entropiis (da informaciis raodenobis) tolia. am SemTxvevaSi kodirebis meTodi optimaluria, radgan yoveli kodirebuli orobiTi erTeuli Seicavs maqsimalur informacias  erT bits.
optimaluri kodirebis aseT SesaZleblobas qmnis Senon-fanos meTodi.
ganvixiloT Senon-fanos kodirebis meTodi.


kodirebis idea sakmaod martivia: kodireba unda ganxorcieldes ise, rom maRalalbaTur Setyobinebebs  SevusabamoT  mcire ganzomilebis  kodirebuli veqtorebi, xolo dabali albaTobisas  SedarebiT ufro maRali ganzomilebisa, rac Seamcirebs kodirebuli veqtorebis  saSualo ganzomilebas. magram, radgan miiReba araTanabari kodireba, e.i. kodirebul mimdevrobaSi sxvadasxva ganzomilebis veqtorebia, Cndeba problema,  rogor gamovarCioT calkeuli kodirebuli veqtorebi saerTo diskretul mimdevrobaSi, anu rogor vipovoT  kodirebuli veqtorebis poziciebi. problema, bunebrivia, ar aris Tanabari kodirebisas, radgan kodirebuli veqtorebis ganzomilebani winaswar fiqsirebuli da yvela veqtorisaTvis erTnairia. amitom dekodirebis mxareze kodirebuli veqtorebis gamorCeva-gamocalkeveba araviTar sirTules ar iwvevs. araTanabari kodireba  am TvalsazrisiT  qmnis damatebiT siZneles, romelic unda iyos  gaTvaliswinebuli sinTezis dros. 
araTanabar kodebs, romlebic xasiaTdebian TvisebebiT, rom dekodirebisas  SesaZlebelia kodirebuli veqtorebis poziciebis povna da veqtorebis gamorCeva-gamocalkeveba, prefiqsuli kodebi ewodeba. prefiqsuli kodebisaTvis dekodirebis mxareze aucileblad unda arsebobdes damatebiTi informacia da algoriTmuli uzrunvelyofa.







Senon-fanos meTodiT miiReba prefiqsuli kodebi. kodebis agebis procesi Semdegi TanamimdevrobiT xorcieldeba. Setyobinebebi unda davalagoT albaTobebis klebadi rigiT, rogorc 1.1 cxrilSia. kodirebis pirvel etapze SetyobinebaTa simravle iyofa statistikurad or daaxloebiT Tanabar qvesimravled (blokad), ramdenadac es aris SesaZlebeli, magaliTad, ,  Setyobinebebi mivakuTvnoT pirvel bloks, xolo   Setyobinebebi  meores. Sesabamisad, pirveli blokis kodirebuli veqtoris pirvel pozicias daikavebs cifri 0, xolo meore blokis koduri veqtorebisas  ; rogorc me- svetidan Cans, pirveli blokis (pirveli ori striqonis) kodirebuli veqtorebis pirvel pozicias warmoadgens , xolo meore blokis  . 









kodirebis meore etapisaTvis pirvel etapze  miRebuli orive bloki iyofa – TiToeuli or blokad da yovel kodirebul veqtors meore poziciaSi daemateba  an  imave wesiT da a.S. , vidre SesaZlebelia wina  etapze miRebuli  blokebis or nawilad dayofa. magaliTad, meore etapze  da  Setyobinebebi Seqmnian or qvebloks da miiReba Sesa-bamisi kodirebuli veqtorebi  da ; xolo  da  Setyobinebebi daiyofa aseve or qveblokad, amitom mesame striqonSi miiReba  veqtori, xolo meoTxedan _ mervemde striqonebis kodirebuli veqtorebis pirvel or poziciaSi aRmoCndeba ori erTiani da a.S. ganxiluli meTodiT agebuli kodebi prefiqsuli kodebia. amave dros, 1.1 cxrilis kodebi, (1.7.5)-is Tanaxmad, optimaluria. Tu ra aucilebeli pirobebi unda davakmayofiloT, rom SesaZlebeli iyos prefiqsuli kodis ageba, mocemulia d. kraftis TeoremaSi.

Teorema1. Tu  mTeli ricxvebi akmayofilebs 

                                               (6)         








utolobas, maSin arsebobs prefiqsuli kodi, romlis koduri sityvebis sigrZeebi mocemuli ricxvebis tolia, xolo  koduri anbanis moculobaa (, Tu koduri veqtorebi gansazRvrulia  velze). piriqiT, Tu romelime kodi prefiqsulia, maSin misi sityvebis sigrZeebi akmayofilebs (1.7.6) pirobas (magram Teoremidan ar gamomdinareobs, rom nebismieri kodi, romelic akmayofilebs (6) pirobas, prefiqsulia. magaliTad, Tu ; ; , kodi _  araprefiqsulia. Teorema amtkicebs, rom arsebobs prefiqsuli kodi analogiuri sigrZis koduri sityvebiT, magaliTad, ).

advilia Semowmeba, rom me- svetis mocemuli kodirebuli sityvebis sigrZeTa sidideebi akmayofilebs kraftis Teoremas. informaciis wyaros kodirebis optimaluroba ganixileba zemoaRniSnuli gagebiT, rom SesaZlebelia wyaros entropiis sididis miRweva kodirebuli sityvebis sigrZis (anu kodur simboloebze informaciis) saSualo mniSvnelobis TvalsazrisiT. 1.1 cxrilis meore svetSi koduri sityvebis TiToeuli simbolo Seicavs  

                      bit

informacias maSin, rodesac me-5 svetis kodirebuli sityvebis TiToeuli orobiTi simbolo Seicavs erT bit informacias, e.i. yoveli biti informaciisa srulad aris ganawilebuli Setyobinebis orobiT mimdevrobaSi, xolo meore svetis sityvebisaTvis wyaros erT bit informacias Seicavs mimdevrobis  simbolo.





davuSvaT, rom informaciis wyaros koderi warmoqmnis  orobiT simbolos wamSi. maSin optimaluri kodirebis SemTxvevaSi (cxrilis me- sveti) kavSiris arxis Sesavalze wamSi warmoiqmneba  biti informacia, xolo toli sigrZis sityvebiT kodirebis ganxorcielebis SemTxvevaSi (meore sveti)  biti, e.i. wyaros mier erT wamSi generirebuli informaciis kodirebisaTvis saWiroa  simbolo  erT wamze meti dro. rogorc Cans, wyaros koderSi informaciis wyaros araoptimaluri kodireba iwvevs Warbi simboloebis arsebobas da informaciis gadacemis siswrafis Semcirebas. meore mxriv, unda gaviTvaliswinoT, rom optimaluri kodirebis miRweva dakavSirebulia algoriTmul sirTuleebTan, rasac kodirebis procesi ganapirobebs.
ganxiluli magaliTi warmoaCens im faqts, rom kodirebuli simboloebis saSualo raodenoba aris SetyobinebaTa albaTobebis funqcia. optimaluri kodirebisaTvis saWiroa calkeul SetyobinebaTa  statistikurad daaxloebiT eqvivalentur simravleebad dayofa. eqvivalentur qvesimravleebad dayofis realizeba xdeba drois intervalze da, amdenad, informaciis wyaros mier warmoqmnil simboloTa didi raodenobis damuSavebasTan aris dakavSirebuli. magram, yovel SemTxvevaSi, principulad arsebobs SesaZlebloba, rom kodirebis procesis Sedegad simboloTa saSualo ricxvi wamSi mivuaxlooT minimalurs.


prefiqsuli kodebis ageba xisebri grafis meSveobiT        


davubrundeT mocemul magaliTs (cxrili 1.1). imisaTvis, rom kodirebuli sityvebi warmoadgendes prefiqsul kods, yoveli kodirebuli sityva, akmayofilebs ra kraftis 1 Teoremis pirobas, agreTve, unda daemTxves xisebri grafis bolo da ara Sualeduri kvanZis Sesabamis sityvas. marTlac, 1.5 suraTze mocemul xisebr grafze yoveli sityva Seesabameba grafis erT-erT bolo da ara Sualedur kvanZs. advilad Cans, rom, magaliTad, ,  Sualeduri kvanZebis Sesabamisi sityvebis gamoyeneba ar mogvcems prefiqsuli kodis veqtorebs. 



	



      
	
              

           
       


sur.1.5. xisebri grafi 1.1 cxrilis magaliTisaTvis.

Senon-fanos algoriTmi savsebiT Seesabameba 1.5 suraTze mocemul xisebr grafs da im ZiriTad princips, rom yoveli kodirebuli simbolo Seicavs informaciis SesaZlo maqsimalur raodenobas.

ganxiluli meTodiT miRebuli Sedegi, cxadia, yovelTvis ar iqneba optimaluri, kerZod, maSin, rodesac  sidideebi mTel ricxvebs ar warmoadgens.


hafmenis meTodi
cnobilia, rom optimaluri kodirebis SedarebiT efeqturi da procedurulad ufro konstruqciuli Sedegi miiReba ganxilulisagan gansxvavebuli d. hafmenis meTodiT.


1.2 cxrilSi ganxlulia magaliTi informaciuli wyaros optimaluri kodirebis d. hafmenis meTodiT, rac SemdegSi mdgomareobs. albaTobaTa klebadi rigiT dalagebul Setyobinebebidan bolo ori Setyobinebis albaTobaTa jami ganixileba, rogorc damxmare (Sualeduri) Setyobinebis albaToba, rac aisaxeba albaTobaTa pirvel damxmare svetSi. amasTan, aRniSnul Setyobinebebs Seesatyviseba (miewereba), Sesabamisad,  da  cifrebi kodirebuli veqtorebis   misaRebad.   Semdeg,   analogiurad,   pirveli

        cxrili 1.2. hafmenis meTodiT kodirebis magaliTi

	X(1)
Setyobinebebi
	
	                                  damxmare (Sualeduri) svetebi
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Sualeduri svetis bolo ori Setyobineba qmnis damxmare Setyobinebas saTanado  da  damatebiTi koduri cifrebiT, xolo jamuri albaToba gadaiwereba me-2 damxmare svetis simravleSi da a.S., vidre ar miviRebT erTaderT Setyobinebas erTis toli albaTobiT. Tu procesis Sedegad miRebul SetyobinebaTa Sesabamis kodirebul cifrebs sawinaaRmdego mimdevrobiT davalagebT, miviRebT kodiebul sityvebs (cxrilis bolo sveti).
imave magaliTisaTvis optimaluri kodirebis ganxor-cieleba SeiZleba warmodgenili iyos gansxvavebuli sqemuri saxiT, rac mocemulia 1.6 suraTze. 

                            
                                              







                      
          
   sur.1.6. 1.2 cxrilis magaliTis gansxvavebuli   
                   sqemuri ganxorcieleba.
kodirebul sityvaTa saSualo mosalodneli sigrZe (anu kodirebuli sityvis sigrZis, rogorc diskretuli SemTxveviTi sididis, maTematikuri lodini) Seadgens

             bits,

sadac  aris TiToeuli orobiTi kodirebuli veqtoris (sityvis) ganzomileba.


informaciis wyaros kodirebis ZiriTadi Teoremebi
Senon-fanos da hafmenis meTodebi araTanabari kodirebis meTodebia. araTanabari optimaluri  kodirebis SesaZlo ganxorcielebis Teoriul aspeqts warmoaCens k.Senonis Teorema, romelic kraftis 1 Teoremas efuZneba.




Teorema 2. Tu mocemulia  informaciis wyaro  entropiiT, maSin SesaZlebelia  moculobis anbanis simboloebis meSveobiT ise ganxorcieldes SetyobinebaTa kodireba, rom kodirebuli Tanamimdevrobebis simboloTa saSualo  raodenoba Setyobinebaze akmayofilebdes pirobas:

                 .                (7) 

ricxvi ar SeiZleba iyos naklebi (7) gamosaxulebis qveda sazRvris mniSvnelobaze. 


2 Teorema gansazRvravs informaciis wyaros kodirebiT miRebul veqtorTa saSualo  ganzomilebis qveda da zeda sazRvrebs. mniSvnelovania im faqtis dadgena, rom Teoriulad sidide ganisazRvreba erTi orobiTi erTeulis sizustiT, praqtikulad risi miRwevac optimaluri kodirebis meTodebiT garkveulwilad SesaZlebelia.


uSualo SemowmebiT advilia imis Cveneba, rom Senon-fanos da hafmenis meTodebiT miRebuli kodebis parametrebi akmayofilebs 1.2 Teoremis pirobebs. ganxilul SemTxvevaSi , radgan kodirebuli veqtorebi gansazRvrulia orobiT  velze.

ukeTesi Sedegi miiReba 3 TeoremiT, romelic eyrdnoba –jeradi Setyobinebebis kodirebas.

Senon-fanos da hafmenis meTodebi yovelTvis ar aRwevs (7) gamosaxulebis qveda optimaluri sazRvris mniSvnelobas (cxadia, rodesac  mniSvnelobebi ar warmoadgens mTel ricxvebs). amitom zogi avtori maT kodirebis efeqtur (da ara optimalur) meTodebs uwodebs.




mniSvnelovania is garemoeba, rom yovelTvis SesaZlebelia (Teoriulad mainc) kodirebuli sityvis  saSualo mniSvneloba nebismieri sizustiT mivuaxlooT 2 Teoremis qveda sazRvris mniSvnelobas. aRniSnulis ganxorcieleba SesaZlebeblia, Tu kodirebis meTods gamoviyenebT ara calkeuli  Setyobinebebis, aramed –jeradi Setyobine-bebis, anu Setyobinebebis –mimdevrobaTa mimarT. meTodi ganvixiloT konkretul magaliTebze.

    cxrili 1.3.   2 da 3 Teoremebis Sesabamisi 
                  magaliTebis parametrebi 
                                  
	

Setyobinebebi
	

	kodirebuli 
sityvebi
	

Setyobinebebi
	


anu 
	kodirebuli sityvebi

	x(1)
x(2)
x(3)
	2/3
1/6
1/6
	0
10
11
	x(11)
x(12)
x(13)
x(21)
x(31)
x(22)
x(23)
x(33)
x(32)
	4/9
1/9
1/9
1/9
1/9
1/36
1/36
1/36
1/36
	1
001
010
0000
0001
01100
01101
01110
01111









davuSvaT, rom  ansabli Sedgeba sami gansxvavebuli  Setyobinebisagan Sesabamisi albaTobiT: , , . Senon-fanos kodi-rebis meTodis gamoyenebiT miRebuli Sedegebi mocemulia 1.3 cxrilis pirvel sam svetSi.
kodirebul sityvaTa saSualo sigrZe aris

 biti.   (8)








mocemuli wyaros entropia  bitis tolia. kodirebis efeqturobis amaRlebis mizniT cavkeul SetyobinebaTa nacvlad gamoviyenoT Setyobinebebis –jeradi mimdevrobebi.  mniSvnelobisaTvis –Setyobinebebi Sesabamisi albaTobebiT mocemulia me-4 da me-5 svetebSi. sami damoukidebeli  Setyobinebis nacvlad gvaqvs cxra damoukidebeli  Setyobineba Sesabamisi  albaTobebiT (magaliTad,  da a.S.). me-4 svetSi mocemuli Setyobinebebis mimarT Senon-fanos meTodiT miRebuli koduri sityvebi mocemulia me-6 svetSi. kodirebul sityvaTa saSualo sigrZe (orobiT simboloTa raodenoba erTjerad Setyobinebaze) aris 

        biti,       (9)
rac, ukeTesia (8)-Tan SedarebiT da axlosaa entropiis mniSvnelobasTan.


ganxiluli magaliTisaTvis kodirebis xisebri grafebi sawyisi  Setyobinebebis da –mimdevrobebis SemTxvevaSi mocemulia, Sesabamisad, 1.6 ( a) da b) ) suraTze.


2 Teorema  SetyobinebaTa –mimdevrobebisaTvis miiRebs Semdeg saxes:
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     sur. 1.6. xisebri grafebi 1.3 cxrilis magaliTisaTvis.






Teorema 3. Tu mocemulia informaciis  wyaro mexsierebis gareSe  entropiiT da  moculobis koduri anbaniT, maSin SesaZlebelia ise ganxorcieldes SetyobinebaTa –mimdevrobebis kodireba (prefiqsuli koduri sityvebis miwera wyaros SetyobinebaTa simboloebi-saTvis), rom kodirebul simboloTa saSualo  raodenoba wyaros Setyobinebaze akmayofilebdes pirobas:

                .               (10)

 ricxvi ar SeiZleba iyos naklebi (10) gamosaxulebis qveda sazRvris mniSvnelobaze. 
3 Teoremidan gamomdinareobs, rom kodirebul sityvaTa saSualo sigrZis mniSvneloba SesaZlebelia nebismieri sizustiT mivuaxlooT (10) gamosaxulebis qveda sazRvars, anu entropiis mniSvnelobas Setyobinebis simboloze.



marTlac, Tu , maSin nebismieri mcire fiqsirebuli  sididisaTvis , amitom (1.7.10)-dan miviRebT:

,
anu

                         .                   (11)
2 da 3 Teoremebi warmoadgens ZiriTad Teoremebs, romlebic gansazRvravs uxmauro arxSi informaciis wyaros mier gadacemuli informaciis raodenobas. 	



informaciis gadacemis siswrafe

informaciis wyaros gamosasvlelze  Setyobinebis simboloebi warmoiqmneba garkveuli sixSiriT. informaciis warmoqmnis da gadacemis sixSires gansazRvravs sakuTriv wyaro, dasaxuli mizani da arxis SesaZleblobani. Tu ra raode-nobis orobiTi cifrebis, anu Sesabamisi signalebis gatareba SeuZlia fizikur arxs  es teqnikuri sakiTxia. sainteresoa ra raodenobis informacias Seicavs arxSi gadacemuli TiTo-euli orobiTi erTeuli, rodesac teqnikuri saSualebebiT uzrunvelyofilia misi saTanado siswrafiT gadacema?
ganvixiloT arxi xmauris gareSe.

informaciis  gadacemis siswrafis gansazRvrisaTvis gamoiyeneba ori gansxvavebuli ganzomileba: an informaciis raodenoba (bitebSi) simboloze (igulisxmeba Setyobinebis simbolo, an kodirebuli orobiTi cifri) 

                       (biti/simb.)                  (12)
an informaciis raodenoba (bitebSi) drois erTeulze

                           (biti/wm).                   (13)
davuSvaT, rom cnobilia simboloebis gadacemis siswrafe, maSin (12) gamosaxulebidan miiReba (13) gamosaxuleba:



(biti/simb.simb./wm)biti/wm.
informaciis gadacemis siswrafe SeiZleba gamovTvaloT sxvadasxva monacemebiT. davuSvaT, rom mocemulia wyaros entropia, maSin (12) gamosaxuleba SeiZleba ase CavweroT:

                    biti/simb.               (14)


Tu davuSvebT, rom  simbolo kodirebulia  orobiTi cifrebiT, miviRebT:

                     biti/or. simb.             (15)


Tu yoveli kodirebuli orobiTi cifri Seicavs  bit informacias, da erT wamSi gadaicema  orobiTi erTeuli, maSin 

                        biti/wm.                    (16)
uxmauro arxis SemTxvevaSi informaciis wyaros mier warmoqmnili informacia arxSi ar ikargeba da mTlianad gadaicema mimReb mxareze.






magaliTi 3. 1.1 cxrilis meore svetis koduri sityvebis gamoyenebiT informaciis wyaros koderidan kavSiris arxs miewodeba  biti/or. simb. informacia. Tu davuSvebT, rom wamSi gadaicema aTasi orobiTi simbolo , maSin gadacemis siswrafe, (15) gamosaxulebis mixedviT, udris  biti/wm. mexuTe svetis koduri sityvebis Sesabamisad kavSiris arxs miewodeba bit/or.simb. informacia; Tu wamSi gadaicema  simbolo, maSin gadacemis siswrafe aris  biti/wm. 
amrigad, uxmauro arxSi informacia ar ikargeba, magram kodirebis meTodebs gaaCnia informaciis gadacemis gansxva-vebuli siswrafe, rasac naTlad asaxavs 3. magaliTi.




kavSiris arxis arasaimedooba
ganvixiloT arxi xmauris pirobebSi.


xmauri gavlenas axdens arxSi informaciis gadacemis procesze da uaryofiTad moqmedebs gadacemuli informaciis raodenobaze. informaciis gadacema arxSi SeiZleba ganvixiloT, rogorc informaciis gadacema  ansamblidan (gadamcemi mxare)  ansamblisadmi (mimRebi mxare).

_ pirobiTi entropia warmoadgens im informaciis saSualo raodenobas, romelic Secdomebis gamo ikargeba arxSi. kerZo pirobiT entropias aqvs Semdegi saxe:

              ,           (17)          





sadac  aris arxSi gadacemuli  simbolos aposte-rioruli albaToba, rodesac arxis bolos miRebulia  simbolo;  aris  ansamblis mdgomareobaTa (simboloTa) ricxvi.

Tu (17) gamosaxulebas gavasaSualoebT  ansamblis yvela mdgomareobaze, miiReba pirobiTi entropia:

                   ,             (18)


sadac  aris  ansamblis mdgomareobaTa ricxvi.


 pirobiT entropias uwodeben arasaimedoobas. is aris  signalis saSualo ganuzRvrelobis zoma. informaciis gadacemis siswrafe xmaurian arxSi Semdegi saxiT Caiwereba:

                                        (19)
([image: ] siswrafis ganzomileba aris an biti/simb an biti/wm).

amrigad, xmaurian arxSi informaciis gadacemis dros, Tu ar aris gamoyenebuli Secdomebis gamasworebeli kodi, wyaros mier warmoqmnili informaciis  nawili ikargeba arxSi.




magaliTi 4. ganvixiloT informaciis gadacema kavSiris orobiT simetriul arxSi 1.1 cxrilis mexuTe svetis koduri sityvebiT (sur. 1.3). davuSvaT, rom  , e.i. , . orobiTi simetriuli arxis pirobiT entropias aqvs Semdegi saxe:

                .             (20)
marTlac, (18) da (19) TanafardobebiT mocemuli parametrebisaTvis miviRebT:


maSasadame,

 biti/simb.,



anu, Tu erT wamSi gadaicema  simbolo, maSin biti/wm. SeiZleba iTqvas, rom sistema informacias gadascems biti/wm siswrafiT.




Tu , maSin biti/simb. an  biti/wm. am SemTxvevaSi gadacemis siswrafe udris ; informacia mTlianad ikargeba arxSi. 

kavSiris arxis gamtarunarianoba



 pirobiTi entropia udris arxSi dakargul informaciis raodenobas, rac arxSi SecdomebiT aris gamowveuli. Secdomebs, anu damaxinjebebs, adgili aqvs gadacemul signalebSi. rac ufro maRalia xmauris intensivoba, miT ufro xSiria signalis damaxinjebebi, izrdeba  albaTobebis mniSvnelobebi da  arasaimedooba.



arxis  gamtarunarianobas  gansazRvravs wyaros da arxis Tvisebebi. igi simboloebis damaxinjebis albaTobebis funqciaa. amis magaliTia orobiTi simetriuli arxi   albaTobebiT. magram  gamtarunarianoba damokidebulia informaciis wyaros entropiazec da ganisazRvreba wyaroTa SesaZlo maqsimaluri entropiis gaTvaliswinebiT:

              ,                (21)
e.i. arxis gamtarunarianoba aris gadacemis siswrafis SeasaZlo maqsimaluri mniSvneloba (gamtarunarianobis ganzomilebaa biti/simb. an biti/wm.).
magaliTi 5. orobiTi simetriuli arxis arsaimedobaa:

.



davuSvaT, rom informaciis wyaros  da  simboloebi tolalbaTuria: ; wyaros entropia maqsimaluria:

 biti/simb.

vTqvaT, arxis parametrebia (rogorc 4 magaliTSi), maSin arxis gamtarunarianoba aris:



 biti/simb,


anu, Tu  simb./wm,  biti/wm. 


k. Senonis ZiriTadi Teorema xmauriani arxebisaTvis

qvemoT ganxilulia kavSiris xmaurian arxSi informaciis gadacemasTan dakavSirebuli sakiTxebi. wina paragrafebisgan gansxvavebiT, sadac ganxilulia kodireba araTanabari sigrZis koduri sityvebiT, Semdgom ganixileba informaciis wyaros mier warmoqmnili SetyobinebaTa fiqsirebuli sigrZis ergoduli mimdevrobebi, rac k.Senonis mier gamoyenebulia kavSiris xmaurian arxSi informaciis gadacemis 4 ZiriTadi Teoremis dasamtkiceblad.







ganvixiloT fiqsirebuli sigrZis  mimdevrobebi, romlebic warmoiqmneba informaciis wyaros meSveobiT. davuSvaT, rom informacia Sedgeba wyaros  moculobis anbanis simbolebisagan. Tu informaciis wyaros D simboloTa da maTi kombinaciebis albaTobebi ar aris damoki-debuli  droze da  () albaTobebi ar icvleba  mimdevrobaTa mTel sigrZeze, maSin informaciis wyaro stacionarulia (anu simboloTa statistikuri Tvisebebi ar aris damokidebuli drois aTvlis dasawyisze).



Tu SetyobinebaTa mocemuli romelime mimdevrobis simboloebis statistikuri kanonzomierebebi sakmaod maRali isTvis erTTan miaxloebuli albaTobiT samarTliania imave wyaros SetyobinebaTa nebismieri  mimdevrobisaTvis, maSin wyaros ergodiuls uwodeben. cnobilia, agreTve, rom informaciis wyaro SetyobinebaTa damoukidebeli albaTobebiT, anu mexsierebis gareSe, ergodiulia.
ra sakiTxebi daismis sazogadod informaciis wyarosa da kavSiris arxis SeTavsebisas?

informaciis wyaros da Sesabamisad informaciis wyaros koderis gamosasvlelze informaciis warmoqmnisa da gadacemis siswrafes ganapirobebs TviT wyarosa da koderis maxasiaTeblebi: esaa _ wyaros  entropia, anu erT simboloze informaciis raodenoba (biti/simbolo) da drois erTeulSi gadacemuli informaciis raodenoba (biti/wm). cxadia, gadacemis procesis uwyvetobisaTvis unda arsebobdes Sesatyvisoba informaciis wyaros gamosasvlelze siswrafesa da wyaros koderis siswrafes Soris. aRniSnuli Sesatyvisoba Sedegad gansazRvravs informaciis gadacemis im SesaZlo siswrafes, risi ganxorcielebac saWiroa kavSiris arxSi.



TiToeuli simbolos drois erTeulSi gadacemis siswrafe kodirebis sistemis (maT Soris arxis) parametrebzea damokidebuli, xolo wyaros gamosasvlelze informaciis raodenoba  damokidebulia  wyaros  entropiaze. maSsadame, maqsimalur informacias simboloze warmoqmnis TviT informaciis wyaro, rac, rogorc zemoT vnaxeT, miiRweva im SemTxvevaSi, rodesac wyaros simboloebi tolalbaTuria. amitom mocemuli arxis fiqsirebuli arasaimedoobis pirobebSi arxis gamtarunarianobis (1.7.18) gansazRvreba iTvaliswinebs wyaros mier warmoqmnili informaciis SesaZlo maqsimums. amave dros mxedvelobaSi miiReba TiToeuli simbolos gadacemis siswrafe (drois erTeulSi _ wamSi) da Secdomebis  albaTobebi, rac mTlianobaSi Seadgens arxis gamtarunarianobis sididis mniSvnelobas.
zemoaRniSnulis gaanalizebiT miiReba Semdegi Sedegebi:
1. informaciis wyaros entropia gansazRvravs informacias, romelsac Seicavs wyaros TiToeuli simbolo. is maqsimaluria, anu TiToeuli simbolo Seicavs erT bit informacias, rodesac wyaros simboloebi tolalbaTuria;
2. informaciis udanakargod gadacemis siswrafe uxmauro arxebisTvis emTxveva wyaros entropias. Tu arxis koderis Sesasvlelze informacia orobiT simboloze maqsimaluri ar aris da gvinda misi raodenobis gazrda, amisaTvis SesaZlebelia kodireba ise ganvaxorcieloT, rom informacia simboloze nebismieri sizustiT miuaxlovdes maqsimalurs, anu Seesabamebodes 1 bit mniSvnelobas. am operaciebs asrulebs wyaros koderi, rac xorcieldeba kodirebis optimaluri meTodebis saSualebiT 1_3 Teoremebis Sesabamisad. magram, rac ufro metad vcdilobT mivuaxlovoT informaciis Semcveloba maqsimalurs, miT metia algoriTmuli, programuli da teqnikuri sirTule. amrigad,  informaciis Semcvelobis maqsimaluroba miiRweva operaciaTa sirTulis gazrdis Sedegad. swored am principuli SesaZleblobis dafiqsireba aris mniSvnelovani 1_3 TeoremebiT; 

3. kavSiris arxiT informaciis gadacemas Tan axlavs informaciis danakargebi, rac gamowveulia arxis xmauriT, anu gadacemis dros xmauriT gamowveuli SecdomebiT. informaciis gadacemis SesaZlo siswrafe da danakargebis sidide ganisazRvreba arxis  gamtarunarianobiT. 
zemoganxiluli asaxavs wyaros da arxis erToblivi samuSao procesis organizebas informaciis danakargebis pirobebSi.

realuri moTxovnileba informaciul sistemebze aseTia: gvaqvs arxi gansazRvruli  gamtarunarianobiT; mizania  gadavceT informacia udanakargod. udanakargod informaciis gadacema niSnavs gadacemas maqsimaluri saimedoobiT, anu minimaluri SecdomebiT. rogor wydeba es amocana da saerTod gadawyvetadia Tu ara, rodesac gvinda informacia xmaurian arxSi udanakargod gadavceT?
am problemas pasuxs scems k. Senonis Semdegi ZiriTadi Teorema xmauriani arxebisaTvis, Cawerili ZiriTadad im saxiT, rogorc iyo mocemuli mis naSromSi.







Teorema 4. davuSvaT, rom informaciis wyaros koderis gamosasvlelze informaciis siswrafea , kavSiris arxis gamtarunarianoba _ . maSin, Tu , SesaZlebelia kavSiris arxis koderis meSveobiT kodirebis iseTi sistemis ageba, rom kavSiris arxSi informaciis gadacema ganxorcieldes nebismierad mcire arasaimedoobiT, anu, Secdomebis nebismierad mcire,  albaTobiT. Tu , SesaZlebelia informaciis kodirebis ganxorcieleba ise, rom arasaimedooba iyos naklebi  sidideze; magram ar arsebobs kodirebis sistema, romelic uzrunvelyofs  sidideze nakleb arasaimedoobas. 
Teoremis damtkiceba arakonstruqciulia, e.i. ar xdeba sakuTriv kodirebis meTodis miTiTeba, aramed mtkicdeba kodirebis saTanado sistemis arseboba. sainteresoa Teoremis damtkicebis idea. idea eyrdnoba ergodiuli mimdevrobebis Tvisebebs, rac ganxilulia paragrafis dasawyisSi.


 ricxvis sakmaod didi mniSvnelobis dros – mimdevrobebis sruli simravle SeiZleba daiyos or e.w. aratipur da tipur jgufad.

aratipur jgufs qmnis mimdevrobebi, romelTa albaTobebi imdenad umniSvneloa, rom maTi jamuri albaTobac ki, Tavisi simciris gamo, naklebia nebismierad mcire   ricxvze.
tipur jgufs Seadgens mimdevrobebi daaxloebiT Tanabari: 

                        

albaTobebiT, sadac  TiToeuli simbolos albaTobaa.
aseT pirobebSi SesaZlebeblia aratipuri mimdevrobebis ugulebelyofa, radgan gadacemas nebismieri sizustiT uzrunvelyofs tipuri mimdevrobebi.
TiToeuli tipuri mimdevrobis albaToba akmayofilebs 







pirobas nebismieri  sididisaTvis. es niSnavs, rom  sidide nebismieri  sizustiT axlosaa  entropiasTan, rodesac  sakmaod didia.



radgan tipuri mimdevrobebi tolalbaTuria, kavSiris arxis koderis meSveobiT maT SeiZleba SevuTanadod toli ganzomilebis koduri veqtorebi. damtkicebis Semdgomi Tanamimdevroba aseTia: ganixileba kodebis garkveuli simravle. mtkicdeba, rom kodebis gamoyenebis Sedegad Secdomebis saSualo sidide kodebis mTel simravleze SesaZlebelia gavxadoT  sidideze naklebi. magram, Tu Secdomebis saSualo sidide kodebis simravleze naklebia -ze, maSasadame, kodebis simravleSi iarsebebs Tundac erTi kodi, romelic gadacemas ganaxorcielebs ragind mcire  sidideze naklebi SecdomebiT.
mkiTxveli Teoremebis damtkicebas da sakiTxebis srul ganxilvas SeiZleba gaecnos im literaturis meSveobiT, rac “SeniSvnebSi” aris miTiTebuli.





SeniSvnebi



2_4 Teoremebi uxmauro da xmauriani arxebisaTvis ekuTvnis klod Senons. misma Sromebma safuZveli Cauyara informaciis Teorias da kodirebis Teoriis (rogorc Secdomebis gamsworebeli kodebis) intensiur ganviTarebas. kodirebis ZiriTadi Teorema xmauriani arxisaTvis k. Senonma gamoaqveyna 1948 wels. TeoremaSi ar aris miTiTebuli, Tu rogor unda SeirCes koduri mimdevrobebi da ramdenad didi unda iyos simboloTa  ricxvi, rom Secdomis albaToba ar aRematebodes nebismier _ mocemul mcire ricxvs. masSi mTavaria imis Cveneba, rom arxis arasaimedooba principulad zRudavs ara gadacemis SesaZlo saimedoobas, aramed mxolod siswrafes. naSromSi Senonma warmoadgina Teoremis ufro sruli damtkiceba. mkacri damtkiceba Senonisagan nawilobriv gansxvavebuli ideis gamoyenebiT ganaxorciela a. fainsteinma.
optimaluri kodirebis mcired gansxvavebuli meTodi Senonisagan damoukideblad miiRo r. fanom. d. hafmenis meTodi winamorbedebTan SedarebiT ufro konstruqciulia. 
norbert vineris fundamenturi wvlili kibernetikasa da informaciis TeoriaSi sayovelTaod cnobilia. rac Seexeba winare periods informaciis Teoriisa, aRsaniSnavia h.naikvistis da r. hartlis Sromebi. r. hartlim informaciis raodenobrivi zomis gansazRvreba xdomilobis SesaZlo SedegTa ricxvs daukavSira. k.Senonis da e. uiveris naSromSi e. uiverma r. hartlis mier miRebuli Sedegebi calke statiis saxiT ganixila.
fizikaSi informaciis Teoriis gamoyenebiT dainteresebuli studentebisaTvis mivuTiTebT l. briluenis adrindel naSroms, xolo Teoriuli safuZvlebis zogadteqnikuri realizaciis sailustraciod_ v.dmitrievis wigns. sxva wyaroebis Sesaxeb cnobebis mopoveba ar warmoadgens sirTules miTiTebuli literaturisa da arsebuli bibliografiis gamoyenebiT.





amocanebi


1.1. a) informaciis wyaros gamosasvlelze  simboloebis albaTobebia: 

 
[image: ].
gamoTvaleT wyaros entropia.

b) 1.1. a) amocanaSi mocemuli parametrebis gaTvaliswinebiT ganaxorcieleT optimaluri kodireba (erT-erTi meTodiT) da aageT koduri sityvebis Sesabamisi xisebri grafi (sur. 15). SeamowmeT, aris Tu ara kodirebuli saSualo sigrZe  (gamosx. (1.7.5)) wyaros entropiis toli.


1.2. informaciuli wyaros parametrebia:  gamoTvaleT wyaros entopiis miaxloebiTi mniSvneloba. ganaxorcieleT simboloebis kodireba Senon-fanos da hafmenis meTodebiT. aageT Sesabamisi xisebri grafebi. kodirebiT miRebuli sityvebis saSualo mniSvnelobebi SeadareT wyaros entropiis mniSvnelobas.




1.3. orobiTi simetriuli arxis SemTxvevaSi (4 magaliTis mixedviT) gamoTvaleT  pirobiTi entropiis sidide, Tu  da . gamoTvaleT informaciis gadacemis  siswrafe, Tu erT wamSi gadaicema 1000 orobiTi simbolo. miRebuli Sedegi SeadareT 4 magaliTis Sedegs.      
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