informaciis Teoria da kodireba

Sesavali
	sityva ~kodi~ umravlesobisaTvis iwvevs erTidaigive asociacias. yvelam kargad icis, rom kodebi da Sifrebi gamoiyeneba saidumlo informaciis gadacemisaTvis. es garkveulwilad marTalia, magram garda am gamoyenebisa, arsebobs kidev gamoyenebis meore sferoc, romlis mniSvnelobac albaT ufro didia. esaa monacemebis gadacemis sistemebSi saimedobisa da efeqturobis uzrunvelyofa. am amocanis gadawyveta SeuZlebelia sxvadasxva maTematikuri meTodebis gamoyenebis gareSe. amitomacaa, rom kodirebis Teoria warmoadgens gamoyenebiTi maTematikis erT-erT mniSvnelovan nawils.

1. kodireba _ istoria da pirveli nabijebi
	kodebi Seiqmna uZveles droSi, kriptogramebis (Zvel berZnulad _ saidumlo wera) saxiT da iyenebdnen Setyobinebebis saidumlod CawerisaTvis. jer kidev Zveli berZeni istorikosi herodote (VI saukune Zv. w.a.) moixseniebs saidumlo werilebs, romelTa wakiTxvac mxolod adresatebs SeeZloT. spartelebs hqondaT specialuri meqanikuri mowyobiloba, romlis saSualebiT werilebi iwereboda saidumlod. iulius cezarsac hqonda Tavisi saidumlo anbani. Sua saukuneebSi saidumlo Sifrebis Seqmnaze muSaobdnen gamoCenili filosofosebi da maTemetikosebi frensis bekoni, fransua vieta, jerolamo kardano da a.S. 
droTa ganmavlobaSi Seiqmna namdvili rTuli Sifrebi. erTi maTgani dResac gamoiyeneba da atarebs abati tritemiusis saxels. teqstebis kodirebis sxvadasxva xerxebi gamoiyeneboda romis papisa da evropis mefeebis karebzec. teqstebis daSifvrasTan erTad iqmneboda deSifraciis xelovnebac anu kriptoanalizi.
saidumlo Sifrebi gamoyenebulia mraval deteqtiur romanSi. maTgan erT-erTi upirvelesia edgar pos ~oqros xoWo~, romelSic mxatvruladaa aRwerili teqstis daSifvraca da gaSifvrac. teqstebis gaSifvris mimarT edgar pos hqonda optimisturi damokidebuleba. misi erT-erTi gmiris sityvebia: - rom adamianis gonebas ar SeuZlia iseTi ramis mofiqreba, rasac is ver amoxsnida. asi wlis Semdeg es mosazreba uaryofili iqna klod Senonis mier, romelmac safuZveli Cauyara informaciis Teorias. Senonma aCvena rogor unda Seiqmnas kriptograma, romlis gaxsnac SeuZlebeli iqneba (ra Tqma unda daSifvris meTodi ucnobia).
kodirebis Teoriis ufro mniSvnelovan gamoyenebas warmoadgens monacemebis kodireba kavSiris arxebSi gadasacemad. kodirebis am meTodebis azrs warmoadgens ara monacemebis daSifvra, aramed is, rom kavSiris arxebSi monacemebis gadacema gaxdes swrafi, mosaxerxebeli da saimedo. am miznisaTvis gankuTvnili kodirebis sitema Seufardebs gadasacemi teqstis simboloebs, zogjer sityvebsac da mTel frazebsac ki, garkveuli simboloebis kombinacias, romelsac kods an kodur sityvas uwodeben. Setyobinebis kodirebis aseT sistemaSi gadayvanis process kodirebas uwodeben, sawinaaRmdego process, romlis drosac miRebuli signalebisagan sawyisi teqsatis aRdgena xdeba, dekodirebas uwodeben.
istoriulad Setyobinebis gadacemisaTvis gankuTvnili pirveli kodis Seqmna dakavSirebulia satelegrafo aparatis Semqmnel semuel morzes saxelTan, romelic cnobilia morzes anbanis saxelwodebiT. am kodis mixedviT gadasacemi teqstis yovel simbolos an cifrs Seesabameba mokle (wertili) da grZeli (tire) impulsebis garkveuli Tanmimdevroba. impulsebi erTmaneTisagan gamoyofilia pauzebiT. telegrafiaSi aseve farTod gavrcelebul meore kods warmoadgens bodis kodi, romelSic gamoiyeneba ori elementaruli signali _ impulsi da pauza. amasTan, yoveli simbolos Sesabamisi kodi Sedgeba xuTi signalisagan.
kodebs, romlebSic gamoiyeneba mxolod ori, erTmaneTisagan gansxvavebuli signali, uwodeben orobiT kodebs. am signalebis aRniSvnisaTvis mosaxerxebelia cifrebis 0 da 1-is gamoyeneba. maSin koduri sityvebi SeiZleba warmodgeneili iqnas rogorc 0-ebis da 1-ebis garkveuli Tanmimdevroba.
orobiTi kodireba mWidrodaa dakavSirebuli dixotomiis principTan. avxsnaT es principi konkretul magaliTze. vTqvaT vinmem Caifiqra [0,7] diapazonSi moTavsebuli ricxvi. gamomcnobs ufleba aqvs dasvas SekiTxvebi, romlebzec pasuxebi SeiZleba iyos mxolod ~ki~ an ~ara~. kiTxvebi unda daisvas iseTnairad, rom rac SeiZleba swrafad amovicnoT Cafiqrebuli ricxvi.
yvelaze trivialuri gzaa gaviaroT mocemul diapazonSi yvela ricxvi nebismieri TanmimdevrobiT. aseT SemTxvevaSi warmatebis mxolod imedi SeiZleba gvqondes. garantirebuli Sedegis misaRwevad unda avirCioT garkveuli strategia. SekiTxvebiT SeiZleba zusti pasuxi ver miviRoT, magram Sedegs yovel nabijze mivuaxlovdebiT. pirveli SekiTxva SeiZleba iyos: ~moTavsebulia Tu ara ricxvi SualedSi 0-dan 3-mde~? orive SesaZlo pasuxi ~ki~ da ~ara~ erTnairad migvaaxloebs SedegTan, orive SemTxvevaSi gamoikveTeba oTxi SesaZlebloba (Tavdapirvelad SesaZleblobebis raodenoba iyo 8).
pirvel SekiTxvaze Tu miviReT dadebiTi pasuxi, maSin meore SekiTxva iqneba _ ~xom ar aris Cafiqrebuli ricxvi 0 an 1~? pirvel SekiTxvaze uaryofiTi pasuxis Semdeg meore SekiTxva iqneboda _ ~xom araa Cafiqrebuli ricxvi 4 an 5~? meore SekiTxvaze nebismieri pasuxis Semdeg, arCevani rCeba ori SesaZleblobidan. e.i. pasuxis gasarkvevad sakmarisia erTi SekiTxva. amgvarad, Cafiqrebuli ricxvis gamosacnobad saWiro gaxda sami SekiTxvis dasma. sam SekiTxvaze naklebi SekiTxvebiT garantirebuli Sedegis miRweva SeuZlebela.
SesaZlo pasuxebs ~ki~ da ~ara~ Tu aRvniSnacT 0 da 1-ebiT, maSin pasuxebi SeiZleba Caiweros 0-ebis da 1-ebis TanmimdevrobiT. mag., Tu Cafiqrebuli ricxvi iyo 0, maSin samive SekiTxvis pasuxi iqneboda ~ki~, rasac Seesabameba Tanmimdevroba 000. Cafiqrebuli ricxvi Tu iyo 3, maSin pasuxi iqneboda ~ki~, ~ara~, ~ara~, rasac Seesabameba Tanmimdevroba 011. pasuxebis gaanalizebiT SeiZleba SevadginoT cxrili.
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)Tu gavixsenebT aTvlis orobiT sistemas, davinaxavT, rom qveda striqonSi mocemulia zeda striqonSi Cawerili ricxvebis orobiTi Canawerebi.
aRvniSnoT, rom 0-dan 7-mde ricxvebis magivrad SeiZleba aviRoT nebismieri 8 Setyobineba, romelTa kodirebisaTvisac sakmarisi iqneboda nulebisa da erTianebisagan Semdgari kodebi, sigrZiT 3. Tu aviRebT nulebisa da erTianebisagan Semdgar ufro grZel kodebs, maSin maTi saSualebiT SesaZlebelia moxdes Setyobinebebis nebismieri sasruli raodenobis kodireba.
3 orobiTi Tanrigis saSualebiT SesaZlebelia 23=8 Setyobinebis kodireba. oTxi orobiTi Tanrigis saSualebiT SesaZlebelia orjer meti raodenobis Setyobinebebis kodireba 24=16. sazogadod ki n Tanrigiani orobiTi kodis saSualebiT SeiZleba moxdes 2n raodenobis Setyobinebis kodireba. amitomac, Tu saWiroa 125 Setyobinebis (an kombinaciis) kodireba, maSin Tanrigebis raodenoba unda iyos 7, radganac 27=128. aqedan gamomdinareobs, rom Tu gvWirdeba M Setyobinebis kodireba, maSin n Tanrigiani orobiTi kodi sakmarisi iqneba mxolod maSin Tu 2nM, anu rodesac nlog2M.
pirveli, vinc mixvda, rom kodirebisaTvis sakmarisia mxolod ori simbolo, iyo frensis bekoni. kriptografiuli miznebisaTvis igi gamoiyenebda xuTTanrigian orobiT kodebs  (bodos kodis msgavsad), romlebic Sedgenili iyo simboloebisagan 0, L. 
jerjerobiT Cven ganvixileT mxolod umartivesi SemTxvevebi, magram SeiZleba aRvniSnoT, rom orobiT kodebTan erTad gamoiyeneba agreTve kodebi, romlebSic gamoiyeneba ara ori, aramed meti elementaruli signali, an rogorc maT uwodeben koduri signalebi. koduri signalebis simravles ki uwodeben kodur alfavits. n simboloiani sityvebis saerTo raodenoba, rolebSic gamoiyeneba d raodenobis simbolo, ki gamoiTvleba ganxiluli SemTxvevis analogiurad da tolia dn.

2. Sifrebi
saidumlo weris meTodebi damuSavebulia didi raodenobiT. maTgan erT-erTi yvelaze martivi, magram farTod gavrcelebuli meTodia e.w. CasmiTi meTodi, romlis arsic SemdegSi mdgomareobs. dasaSifri teqstis yovel simbolos SeuTavseben garkveul simbolos (asoebs xSirad SeuTavseben isev asoebs) da teqstis kodirebisas mis yovel simbolos cvlian Sesabamisi simboloebiT. edgar pos moTxrobaSi ~oqros xoWo~ gamoyenebulia daSifvris swored aseTi meTodi.
moTxrobaSi avtori gviCvenebs, rom aseTi piqtogramis gaSifvra ar warmoadgens did sirTules. aseTi kriptogramis gaSifvra emyareba im faqts, rom sxvadasxva enaze Sinaarsobrivad gamarTul teqstebSi sxvadasxva asoebi gvxvdeba sxvadasxva sixSiriT. aseve moxdeba am teqstis Sesabamisi simboloebisaTvisac. zogierTi kombinacia gamoiyeneba xSirad, zogierTi ki saerTod ar gamoiyeneba. 
calkeuli simboloebis da maTi kombinaciebis sixSiris analiziT (swored ase iqceoda edgar pos gmiri) didi albaTobiT SeiZleba aRdgenili iqnas daSifruli teqstis asoebi. teqstis zogierT nawilSi Tu iqmneba orazrovneba, misi garkvevac SeiZleba teqstis SinaarsiT. am meTods uwodeben sixSiruli analizis  (
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)meTods da dafuZnebulia simboloebis gamoyenebis sixSireebis winaswar codnaze. asoebis aseTi winaswar cnobili sixSireebi rusuli enisaTvis mocemulia 2-e cxrilSi.
xSirad asoebisaTvis ~е~ da ~ё~, da ~ь~ da ~ъ~ kodireba xdeba erTnairad, amitomac cxrilSi isini gamoyofili araa.
rogorc cxrilidan Cans, rusul enaSi yvelaze xSirad gamoyenebadi asoa ~о~, romlis gamoyenebis sixSirecaa 0,090. 2-e cxrilSi miTiTebuli araa haris (xarvezi _ sityvebs Soris gamotovebuli adgili) gamoyenebis sixSire, romelic yvelaze maRalia da 0,175-is tolia.
2-e cxrilis monacemebiT SevecadoT aseTi daSifruli teqstis gaSifvras: 
Цярснсмщи ямякзж онкдждм мд снкыйн гкю онгрсямнбнцмщф йпзоснвпялл мн б гптвзф рктцяюф нм ркнемдд.
kriptogramis gaSifvrisaTvis daviTvaloT masSi calkeuli asoebis gamoyenebis sixSire, Sedegebi mocemulia 3-e cxrilSi.
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yvelaze xSirad gamoiyeneba aso ~н~, amitomac SeiZleba vivaraudoT, rom is warmoadgens aso ~о~-s. am daSvebis Semdeg ganvixiloT gamoyenebis yvelaze maRali sixSiris mqone aso ~м~. kriptogramaSi gamoyenebulia orasoiani kombinacia ~мн~. radganac ~н~ davuSviT, rom aris aso ~о~, amitom unda vivaraudoT, rom aso ~м~ unda iyos Tanxmovani. Tanxmovnebidan 2-e cxrilis monacemebis mixedviT yvelaze xSiri asoebia ~т~ da ~н~. ganvixiloT SemTxveva, rodesac aso ~м~ aRniSnavs aso ~н~-s. Semdgomi analiziT davinaxavT, rom meore daSvebas ver mivyavarT sasurvel Sedegamde.
amgvarad, Tu aso ~м~-s Seesabameba aso ~н~, maSin ganvixiloT kriptogramaSi gamoyenebuli orasoiani kombinacia ~мд~, romelSic aso ~д~ albaTurad unda warmoadgendes xmovans. aso ~д~-saTvis yvelaze albaTuri xmovanebia ~а~, ~е~ da ~и~. maTgan avarCioT aso ~е~, radganac kriptogramaSi gamoyenebul sityvas ~ркнемдд~ mxolod am SemTxvevaSi SeiZleba hqondes gaazrebuli axsna. amgvarad, gaSifrulia ukve sami aso: ~н~-s Seesabameba aso ~о~, ~м~-s Seesabameba aso ~н~ da ~д~-s ki aso ~е~. gavarCioT kombinacia ~ямякзж~. masSi aso ~я~ didi albaTobiT SeiZleba aRniSnavdes xmovan asos, romelTaganac yvelaze albaTuria ~а~ da ~и~. sxva daSvebis SemTxvevaSi sityva ~ямякзж~ gaugebari xdeba. gamovcadoT aso ~а~. cnobili asoebi SevcvaloT maTi Sesabamisi asoebiT, ucnobebi ki wertilebiT, miviRebT ~ана...~. eqvs asoiani sityvebi amgvari dasawyisiT cnobilia: ~анализ~, ~аналог~, ~ананас~, ~анатом~. aso ~я~-saTvis rom Segvefardebina aso ~и~, maSin amgvari daSvebisaTvis miviRebdiT sityvas ~ини...~, aseTi SesaZlo sityva ki leqsikonSi ganxiluli araa. CamoTvlili sityvebis analiziT amorCeuli unda iqnas sityva ~анализ~. amgvarad, gaiSifra kriptogramis kidev oTxi aso: ~я~, ~к~, ~з~ da ~ж~. maT SeesabamebaT ~а~, ~л~, ~и~ da ~з~. 
sityvaSi ~онкждм~ cnobilia yvela aso, garda pirvelisa. SevcvaloT cnobili asoebi, miviRebT ~.олезен~. cxadia, rom ucnobi aso unda iyos aso ~п~, e.i. aso ~о~-s Seesabameba aso ~п~.
amoucnobi dagvrCa kidev ori xSiradgamoyenebadi aso ~о~ da ~р~. kriptogramaSi ganvixiloT kombinacia ~ркнемдд~, romelic Cveni daSvebis Semdeg SeiZleba wavikiTxoT Semdegnairad ~.ло.нее~. am sityvis wakiTxvis bevri varianti arsebobs, maTgan yvelaze albaTuria ~сложнее~, amgvarad, ~р~ unda iyos ~с~, xolo ~е~ _ ki ~ж~.
kriptogramis amoucnobi asoebidan yvelaze xSirad gvxvdeba aso ~с~. 2-e cxrilis monacemebiT darCenili Tanxmovnebidan yvelaze xSirad gamoiyeneba aso ~т~. davuSvaT, rom aso ~с~-s Seesabameba aso ~т~.
miRebuli daSvebebis safuZvelze SevecadoT aRvadginoT kriptogramaSi daSifruli teqsti, miviRebT:
.астотн.. анализ полезен не тол..о .л. по.стано.о.н.. ..ипто..а.. но . ....и. сл..а.. он сложнее
konteqstis analiziT SeiZleba davadginoT sami sityva mainc: ~.астотный~ aRniSnavs sityva ~частотный~-s, ~тол..о~ _ ~только~ da ~.л.~ _ ~для~. am informaciiT teqsti miiRebs ukve Semdeg saxes:
Частотный анализ полезен не только для подстано.очны. к.ипто..а.. но . д...и. сл.чая. он сложнее.
amis Semdeg kriptogramis sruli gaSifvra ukve aRar warmoadgens sirTules:
Частотный анализ полезен не только для подстановочных криптограмм, но в других случаях он сложнее.

CasmiTi kriptogramebis arasaimedoba (maTi gaSifvris simartive) didi xnis win SeniSnes da sxvadasxva dros moifiqres daSifvris sxvadasxva meTodebi. maT Soris mniSvnelovani adgili uWiravs gadaadgilebiT kriptogramebs. aseTi kriptogramebis Sedgenis dros mTeli teqsti iyofa asoebis erTidaigive raodenobis Semcvel jgufebad da maTSi xdeba asoebis garkveuli wesiT gadaadgileba. jgufi Tu sakmaod grZelia (SeiZleba mTeli teqstic ki iyos), maSin SesaZlo gadaadgilebebis raodenoba sakmaod didia da aqedan gamomdinareobs gadaadgilebiTi kriptogramebis mravalferovneba.
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)ganvixiloT gadaadgilebiTi kriptogramebis erTi saxeoba, romlis Sedgenac xdeba e.w. gasaRebi sityvis gamoyenebiT. dasaSifri teqstis asoebi winaswar iwereba marTkuTxa cxrilSi striqonebis mixedviT. gasaRebi sityvis asoebi iwereba svetebis Tavze da miuTiTebs am svetebis mimdevrobas (numeracias). kodirebuli teqstis misaRebad unda amoviweroT asoebi svetebis mixedviT, maTi numeraciis gaTvaliswinebiT. vTqvaT dasaSifri teqsti aseTia: ~В связи с создавшимся положением отодвигаем срок возвращения домой. Рамзай~. am teqstSi 65 asoa. dasaSifrad gamoviyenoT cxrili (cxrili 4) ganzomilebiT 11X6. gasaReb sityvad gamoviyenoT eqvsasoiani sityva ~запись~. svetebi gadavnomroT gasaRebi sityvis asoebis alfavituri Tanmimdevrobis mixedviT. miiReba Semdegi koduri cxrili:
aRwerili wesiT asoebis amoweriT miviRebT Semdeg kriptogramas:
Ссшоидмвщомвсвпноеиадаязмомирзноавоилевсоемзздсжоговийииаяетакряр
adresatisaTvis gasaRebi sityva iseve rogorc daSifvris meTodi, ra Tqma unda winaswar cnobilia da daSifrul teqsts Tavisuflad waikiTxavs. magram maTTvis, visac aseTi gasaRebi ar gaaCnia, daSifruli teqstis gaSifvra sakmaod rTulia, Tumca ki ara SeuZlebeli. am amocanis gadasawyvetad sixSiruli analizis ar gamodgeba.
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)gasaRebi sityvis gamoyeneba aucilebeli araa. SeiZleba agveRo raime ricxvi da misi cifrebis mixedviT mogvexdina svetebis numeracia.
arsebobs Sifrebis mTeli rigi, romlebSic gamoiyeneba erTdroulad CasmiTi da gadaadgilebiTi kodireba. Sifri SeiZleba kidev ufro metad iyos garTulebuli Tu amasTan erTad teqstis yoveli simbolos kodirebisaTvis gamoyenebuli iqneba ara erTi, aramed ori an ramdenime simbolo. amis magaliTi mocemulia 5-e cxrilSi. 6X6 ganzomilebis cxrilSi SemTxveviTi principiT ganlagebulia rusuli anbanis asoebi, mag. ise, rogorc Cvens cxrilSi. yoveli asos kodirebisaTvis gamoiyeneba ori _ pirveli miuTiTebs striqonis nomers, xolo meore ki svetis nomers. mag., aso ю–s Seesabameba 31, xolo sityvas ~шифр~ ki Seesabameba 51022304.
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nax. 1
)Zalian gavrcelebuli Sifri iyo e.w. cezaris Sifri. misi azri mdgomareobs imaSi, rom mTeli alfaviti daiZvreba erTi an ramdenime poziciiT marjvniv an marcxniv. ganxilul magaliTSi gamoyenebulia erTi poziciiT marcxniv cikluri daZvra, anu alfavitis pirvel asos a-s Seesabameba alfavitis ukanaskneli aso я. cezaris Sifris gaSifvrisaTvis SeiZleba gamoyenebuli iqnas sakmaod martivi xerxi _ e.w. zolebis meTodi. winaswar mzaddeba zolebi, romlebzec alfavituri TanmimdevrobiT iwereba anbanis yvela aso. mag., gasaSifria kriptograma ~онкдждм~. zolebi mivadgaT erTmaneTs iseTnairad, rom ikiTxebodes mocemuli sityva (nax, 1). zolebis gaswvriv gadaadgilebiT davadgenT, rom erTaderTi gaazrebuli sityva, romelic ikiTxeba aris ~полезен~ da is warmoadgens kidevac kriptogramis gaSifvras. amiT dgindeba Zvris zomac. amis Semdeg ukve advilad waikiTxeba kriptogramis danarCeni sityvebic.
kriptoanalizisaTvis ufro meti sirTuleebia tritemiusis saxelTan dakavSirebul SifrSi. is warmoadgens ganxiluli Sifrebis gaerTianebas. teqstis daSifvris procesi mimdinareobs Semdegnairad. alfavitis asoebi mimdevrobiT gadanomrilia ricxvebiT 0, 1, . . . , 30. Caiwereba dasaSifri teqsti asoebiT an maTi Sesabamisi ricxvebiT. gasaRebi sityva gameordeba imdenjer, rom dasaSifri teqstis yoveli asos qveS eweros gasaRebi sityvis romelime aso. mag., dasaSifria erT-erT wina magaliTSi daSifruli teqsti: ~ В связи с создавшимся положением отодвигаем срок возвращения домой. Рамзай ~. gasaReb sityvad ki aRebulia sityva ~запись~.
Setyobinebis yoveli aso unda davZraT alfavitis gaswvriv Semdegi wesis mixedviT: teqstis morigi asos nomeria m, gasaRebi sityvidan misi Sesabamisi asos nomeri ki aris k. teqstis aso kriptogramaSi unda Seicvalos asoTi, romlis nomeric miiReba formuliT l=m+k (Tu m+k<31) an l=m+k-31 (Tu m+k31). am wesis Sesabamisad dasaSifri teqstis pirveli aso ~в~ unda daiZras 7 poziciiT da miviRebT aso ~й~-s. teqstis Semdegi aso ~с~ ucvleli rCeba, radganac unda daiZras 0 poziciiT. moyvanili formulebis ganzogadeba SeiZleba Semdegnairad Caiweros: l= (m+k) mod 31. 
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)dasaSifri teqsti da gasaRebi sityva gadaviyvanoT cifrul saxeSi da CavweroT cxrilis saxiT (cxrili 6).
Sesabamisi ricxvebis SekrebiT miiReba ricxvebis mimdevroba, romelic warmoadgenen ukve daSifruli teqstis asoebis rigiT nomrebs:
9.17.17.7.24.4.24.17.29.15.21.27.9.24.23.20.3.26.22.14.26.22.23.1.20.8.20.20.0.14.21.4.17.16.20.27.12.12.1.24.0.6.15.2.29.15.19.12.7.25.20.21.25.26.11.14.27.22.26.12.7.12.22.8.26.
am ricxvebis Sesabamisi asoebiT Secvlis Sedegad miviRebT ukve daSifrul teqsts _ kriptogramas:
йссзшдшсюпхьйшчфгыцоыцчбфиффаохдсрфьмбшажпвюпумзщфхщылоьцымзмциы
adresatisaTvis gasaRebi sityva Tu winaswar cnobilia, maSin am kriptogramis gaSifvra ar warmoadgens did sirTules, gamoyenebuli unda iqnas formula:
m=(l-k) mod 31.
gasaRebi sityva ki Tu cnobili ar iqneba, maSin kriptogramis gaSifvra Zalian Znelia, Tumca ki cnobilia aseTi faqtebic. saqme imaSia, rom gasaRebi sityva periodulad meordeba da es gameorebadoba garkveulad aisaxeba kriptogramaze, rac SeiZleba aRmoCenili iqnas statistikuri meTodebiT. jer gairkveva gasaRebi sityvis sigrZe. TandaTan iqmneba safuZveli analizisaTvis da ase TandaTan SeiZleba gaiSifros daSifruli teqsti.
amgvarad, ganvixileT daSifruli teqstebis Seqmnis magaliTebi. Sifrebis Semdgomi garTuleba SesaZlebelia maTi gaerTianebiT an kombinirebiT, magram am SemTxvevaSi rTuldeba ukve aseTi Sifris gamoyeneba, rogorc teqstebis daSifvrisaTvis, aseve gaSifvrisaTvisac.

3. fanos kodi _ ekonomiuri kodi
rogorc ukve vnaxeT ori simbolosagan Seqmnili alfaviti sakmarisia nebismieri moculobisa da raodenobis teqstebis kodirebisaTvis. nebismieri Setyobinebis kodireba xdeboda erTidaigive sigrZis sityvebiT. es midgoma kodirebas amartivebs, magram yovelTvis mosaxerxebeli ar aris.
warmovidginoT SemTxveva, rodesac Setyobinebebis erTi jgufi unda xSirad gadaices, meore jgufi ki iSviaTad, xolo mesame jgufi ki Zalian iSviaT SemTxvevebSi. cxadia, rom pirveli jgufis Setyobinebebis kodirebisaTvis umjobesia gamoyenebuli iqnas mokle sityvebi, ufro grZeli sityvebiT ki moxdes ufro iSviaTi Setyobinebebis kodireba. amgvarad kodirebuli teqstis saerTo sigrZe Semcirdeba da Sesabamisad misi gadacemisaTvis saWiro gaxdeba ufro naklebi dro.
es idea pirvelad gamoiyena amerikelma inJinerma morzem mis mier Seqmnil kodSi. mag., morzes anbanis rusul variantSi aso ~е~ gadaicema erTi wertiliT, xolo iSviaTi aso ~ц~ ki gadaicema oTxi simbolos kombimaciiT.
maTematikaSi ama Tu im movlenis xdomilebis sixSiris sazomia misi moxdenis albaToba. movlenis albaTobas aRniSnaven Semdegnairad P(A) an ubralod P.
vTqvaT mocemulia oTxi Setyobineba A1, A2, A3 da A4 albaTobebiT: P(A1)=1/2; P(A2)=1/4; P(A3)=P(A4)=1/8. es SeiZleba gavigoT Semdegnairad, rom gadacemuli 1000 Setyobinebidan Segvxvdeba daaxloebiT 500 Setyobineba A1 tipisa, 250 Setyobineba A2 tipisa da 125_125 jer ki A3 da A4 tipis Setyobinebebi.
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)am Setyobinebebis kodireba SeiZleba moxdes orTanrigiani orobiTi ricxvebis saSualebiT ise, rogorc naCvenebia 7-e cxrilSi: 
 (
A
1
1/2
0
A
2
1/4
1
0
A
3
1/8
1
0
A
4
1/8
1
cxrili 8
)kodirebis amgvar sistemaSi aranairad araa gaTvaliswinebuli Setyobinebebis warmoSobis albaTobebi. amitom, moviqceT sxvagvarad. gavyoT Setyobinebebi or TanabaralbaTur jgufad: pirvel jgufSi moxvdeba A1 tipis Setyobinebebi, xolo meore jgufSi ki Setyobinebebi A2, A3 da A4. pirvel jgufs SevusabamoT simbolo 0, meores ki simbolo 1 (cxrili 8). es mogvagonebs ricxvebis amocnobis amocanas. gansxvaveba mxolod imaSia, rom winaT simravle iyofoda or nawilad elementebis Tanabari raodenobiT, axla ki pirvel jgufSi 1 elementia, meoreSi ki 3. magram orive am dayofisaTvis ~ki~ da ~ara~ pasuxebis albaToba Tanabaria. 
 (
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)gayofas Tu gavagrZelebT amgvarad, Semdegi dayofisaTvis pirvel jgufSi moxvdeba A2 Setyobineba _ mas SevuTavsoT simbolo 0, xolo meore jgufs, romelSic moxvda Setyobinebebi A3 da A4 _ SevuTavsoT simbolo 1. da bolos darCenili jgufic gavyoT or jgufad, romlebic Sesabamisad Seicaven Setyobinebebs A3 da A4. Sesabamisad SevusabamoT maT simboloebi 0 da 1. miRebuli cxrilidan (cxrili 8) Cans, rom A1 Setyobinebis Sesabamisi simboloa 0 da es Setyobinebebi qmnian damoukidebel jgufs. 0 CavTvaloT am tipis Setyobinebebis kodad. A2 tipis Setyobinebebma Seqmna damoukidebeli jgufi ukve ori nabijis Semdeg. pirvel nabijze Sesabamisi simbolo iyo 1, meoreze ki 0, amitom maTi kodi iqneba 10. analogiurad A3 da A4 tipis Setyobinebebis kodebi iqneba 110 da 111. amgvarad miviReT Semdegi koduri cxrili 9.
kodirebis aRwerili meTodi SemoTavazebuli iqna amerikeli maTematikosis fanos mier da mis saxels atarebs. gamovTvaloT mogeba, romlis miRebac SeiZleba Tanabari orTanrigiani kodebis gamoyenebasTan SedarebiT. davuSvaT, rom gadacemuli unda iqnas 1000 Setyobineba. Tanabari kodebis gamoyenebis SemTxvevaSi saWiro gaxdeba 2000 orobiTi simbolo.
exla vTqvaT igive pirobebSi gamoiyeneba fanos kodi. 1000 Setyobinebidan 500-jer Segvxvdeba A1 tipis Setyobineba, romelTa kodirebisaTvis gamoiyeneba 1 Tanrigiani kodi (e.i. gamoyenebuli iqneba 500 orobiTi simbolo). 250-jer Segvxvdeba A2 tipis Setyobineba, romelTa kodirebac xdeba ori simboloTi (e.i. gamoyenebuli iqneba kidev 500 simbolo). 125_125 jer Segvxvdeba kidev A3 da A4 tipis Setyobinebebi, koduri sigrZiT 3, amitom kodirebisaTvis gamoyenebuli simboloebis raodenoba iqneba 3X125+3X125=750. e.i. sul gadacemuli iqneba daaxloebiT 1750 simbolo 2000-is nacvlad. e.i. dazogili iqneba drois 1/8. zogierT SemTxvevebSi aseTi mogeba SeiZleba kidev ufro metic iyos.
amgvarad, araTanabari kodirebis ekonomiuroba anu efeqturoba gamoixateba ara calkeuli simboloebis kodebis sigrZeSi, aramed saerTo gadacemuli simboloebis kodebis saSualo sigrZeSi, romelic gamoiTvleba formuliT:

P(Ai),   
sadac li _ Ai tipis Setyobinebebis koduri sigrZea, xolo P(Ai) aris Ai tipis Setyobinebebis albaToba, xolo N _ Setyobinebebis saerTo raodenobaa.

amgvarad kodi miT ufro ekonomiuria, rac naklebia misi Setyobinebebis saSualo sigrZe . moyvanil magaliTSi Setyobinebebis saSualo sigrZe iyo:

=1x0,5+2x0,25+2x3x0,125=1,75.

Tanabari kodirebis SemTxvevaSi ki Setyobinebebis saSualo sigrZe iyo =2.
aRvweroT fanos meTodis saerTo sqema. ganvixiloT N Setyobineba maTi albaTobebis klebis mixedviT:
P(A1)  P(A2)   . . .   P(AN).
Semdeg Setyobinebebis simravle gavyoT or nawilad, iseTnairad, rom jgufebis jamuri albaTobebi rac SeiZleba axlos iyos erTmaneTTan. erTi jgufis Setyobinebebs pirvel simbolod mieniWeba simbolo 0, xolo meore jgufis Setyobinebebs ki 1. am principiT orive jgufis Setyobinebebi Tavis mxriv kidev iyofa  or-or jgufad. meore dayofa gansazRvravs koduri sityvis ukve meore simbolos. procedura grZeldeba manamde, sanam Setyobinebebis mTeli simravle ar daiSleba calkeul Setyobinebebad. amgvarad, yoveli SetyobinebisaTvis gveqneba nulebisa da erTianebisagan Semdgari koduri sityvebi.
gasagebia, rom Setyobinebebis albaToba rac ufro metia, miT ufro adre Seqmnis aseTi Setyobineba damoukidebel jgufs da Sesabamisad ufro mokle koduri sityviT iqneba is aRniSnuli. swored es garemoeba gansazRvravs fanos kodis maRal ekonomiurobas.
kodirebis aRwerili meTodi SeiZleba gamoyenebuli iqnas d raodenobis simboloebisagan Semdgari nebismieri alfavitis SemTxvevaSi. gansxvaveba mxolod isaa, rom dayofis yovel nabijze dayofa unda moxdes d raodenobis TanabaralbaTur jgufad.
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nax. 2
)fanos kodirebis algoriTms gaaCnia Zalian martivi da TvalsaCino grafikuli ilustracia. sibrtyeze dalagebuli wertilebis simravle (wertilebi) garkveuli wesiT erTmaneTTanaa dakavSirebuli monakveTebiT (waxnagebi). aseT figurebs maTematikaSi grafebs uwodeben. fanos kodis grafi moyvanilia nax. 2-ze. sawyisi wertilidan gamodis ori waxnagi, romelTagan erTi aRniSnulia simbolo 0-iT, xolo meore ki simbolo 1-iT. es pirveli dayofa Seesabameba pirvel TanabaralbaTur jgufebad dayofas. Semdegi ~sarTulis~ waxnagebi Seesabameba ukve miRebuli jgufebis kidev xelaxal TanabaralbaTur jgufebad dayofas da a.S. grafis ageba mTavrdeba maSin, rodesac Setyobinebebis simravle daiyofa erTelementian jgufebad. grafis yoveli kiduri wvero, romelTaganac axali waxnagi aRar gamodis, Seesabameba garkveul kodur sityvas. rom mivuTiToT es sityva saWiroa dasawyisidan Sesabamis wveromde gaviaroT sruli gza da CavweroT yoveli waxnagis Sesabamisi simbolo. mag., nax. 2-ze a3 wveros Seesabameba sityva 100, xolo a6 wveros ki Seesabameba sityva 1110. 
ganxiluli magaliTis grafi warmodgenilia nax. 3-ze.
fanos kodebisaTvis miRebuli grafebisaTvis yovelTvis damaxasiaTebelia, rom ar Seicaven Sekrul konturebs, amitom maT SeiZleba vuwodoT koduri xeebi. koduri xeebi SeiZleba agebuli iqnas ara marto fanos kodebisaTvis, aramed sxva kodebisaTvisac. kodirebis algoriTmis miuxedavad, yovel xes Seesabameba koduri sityvebis garkveuli simravle. mag., nax. 2-ze gamosaxuli koduri xisaTvis gvaqvs :
a1=00;      a2=01;      a3=100;       a4=101;       a5=110;       a6=1110;       a7=1111.
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nax. 4
)koduri xe SeiZleba agebuli iqnas kodisaTvis, nebismieri d fuZiT. misi yoveli waxnagi unda aRiniSnos d raodenobis simboloiani alfavitis erT-erTi simboloTi. grafis yoveli kvanZidan SeiZleba gamodiodes waxnagebi, araumetes d raodenobisa. mag., nax. 4-ze naCvenebia koduri xe samobiTi kodisaTvis, romelSic gamoyenebulia Semdegi koduri sityvebi; 0, 10, 11, 12, 121, 20, 21, 220, 221, 222.
koduri xeebis ageba xSir SemTxvevebSi iZleva Zalian mosaxerxebel geometriul warmodgenebs, romlebic SeiZleba gamoyenebuli iqnas ekonomiuri kodebis Sesaqmnelad.

4. prefiqsis Tvisebebi anu saiT wavides roboti
 (
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)araTanabari kodebis gamoyenebisas gvixdeba problemis gadawyveta, romelic axsnili iqneba 9-e cxrilSi moyvanili magaliTis safuZvelze. pirveli SexedviT gamarTlebuli iqneboda cxrilis meore da mesame koduri sityvebis damokleba, maTSi ukanaskneli Tanrigis gadagdebiT. amiT kodirebis ZiriTadi principi ar irRveva _ sxvadasxva sityvebis kodireba xdeba sxvadasxva sityvebiT. Secvlili monacemebi mocemulia 10-e cxrilSi.
vTqvaT cxrilSi mocemuli Setyobinebebi warmoadgens brZanebebs robotisaTvis: A1 _ wadi pirdapir; A2 _ mobrundi ukan; A3 _ mouxvie marcxniv; A4 _ mouxvie marjvniv. vTqvaT robotis samoqmedo programa mocemulia Setyobinebebis Semdegi mimdevrobiT:
A1  A3  A1  A4  A1  A2  A3  . . . .                         (1)
kodirebis Sedegad miRebuli mimdevroba gardaiqmneba Semdeg orobiT teqstad: 01101110111 . . .
advili warmosadgenia aseTi instruqciis miRebis Sedegad ra gaugebrobaSi aRmoCndeba roboti. saiT unda wavides roboti? pirveli svla gasagebia unda wavides pirdapir. Semdeg ra qnas? mouxvios marcxniv Tu wavides ukan, Semdeg kidev ukan. win kidev uaresi gaugebrobebia . . . 
am gaugebrobebis Tavidan acileba SesaZlebeli iqneba koduri sityvebis erTmaneTisagan dacilebiT. amisaTvis SeiZleba gamoyenebuli iqnas an droiTi dayovneba sityvebs Soris da an specialuri gamyofi niSani, romlisTvisac saWiro gaxdeba gansakuTrebuli koduri aRniSvna. erTic da meore xerxic sakmaod gaagrZelebda kodur teqsts da uvargisi gaxdeboda aseTi meTodis gamoyeneba.
kodirebisaTvis Tu gamoviyenebT sawyis kodur aRniSvnebs (cxrili 9), brZanebebis Tanmimdevroba (1) kodirebuli iqneba Semdegnairad: 011001110101100 . . .
aq ukve aRar iqneba darRveuli calsaxobis principi. pirveli sityvaa 0 _ wadi pirdapir, meore sityvaa 110 _ mouxvie marcxniv (radganac brZanebebis siaSi araa miTiTebuli sityvebi 1 an 11). am mTlian teqstSi erTmaneTis mimdevrobiT calsaxad gamoiyofa koduri sityvebi da eWvgareSea, rom roboti sworad gaignebs gzas.
amgvarad, amocanis arsi imaSi mdgomareobs, rom nebismier kodur teqstSi unda gamoiyofodes calkeuli koduri sityvebi specialuri gamyofi niSnebis gareSe. anu kodi unda akmayofilebdes moTxovnas, rom koduri simboloebis nebismieri mimdevroba SeiZleba daiyos kodur sityvebad mxolod calsaxad. kodebs, romelTaTvisac es piroba dakmayofilebulia, uwodeben calsaxad dekodirebad kodebs (zogjer maT uwodeben kodebs mZimis gareSe). 
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)yvelaze martiv da xSiradgamoyenebad calsaxaddekodirebad kodebs warmoadgenen e.w. prefiqsuli kodebi, romlebsac gaaCniaT Tviseba, rom arcerTi koduri sityva ar warmoadgens sxva koduri sityvis dasawyiss (prefiqss). kodi Tu prefiqsulia, maSin koduri Canaweris Tavidan bolomde wakiTxvisas, yovelTvis SeiZleba imis garkveva, Tu sad mTavrdeba erTi koduri sityva da iwyeba Semdegi. kodur CanawerSi Tu Segvxvda aRniSvna 110, maSin orazrovneba gamoricxulia, radganac prefiqsulobis ZaliT Cveni kodi ar Seicavs kodur aRniSvnebs 1, 11 an 1101. swoder ase xdeboda winaT ganxilul kodur CanawerSi, romelic gasagebia, rom warmoadgens prefiqsul kods.
SesaZlebelia imis dadgenac, Tu prefiqsulobis Tviseba an misi ararseboba rogor aisaxeba kodur xeze. nax. 5-ze warmodgenilia koduri xe 10-e cxrilSi mocemuli monacemebisaTvis (wreebiT aRniSnulia is wveroebi, romlebsac SeesabamebaT koduri sityvebi). amgvarad, prefiqsulobis Tviseba Tu ar sruldeba, maSin xis zogierTi Sualeduri wvero SeiZleba Seesabamebodes kodur sityvebs. fanos kodisaTvis es SeuZlebelia, radganac algoriTmis mixedviT koduri sityvis ageba mTavrdeba saboloo wveros miRwevasTan erTad. amitomac, fanos kodi warmoadgens prefiqsul kods.

5. prefiqsis Tvisebebi da dekodirebis calsaxoba
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nax. 6
)ismeba SekiTxva: rogori SeiZleba  iyos calsaxad dekodirebadi, kerZod prefiqsuli, koduri sityvebis sigrZe? gasagebia, rom ar SeiZleba arsebobdes orobiTi prefiqsuli  kodi sityvebis sigrZiT 1, 1, 2. ufro rTuli kiTxvaa: arsebobs Tu ara orobiTi prefiqsuli kodi, romelic moicavs 100 sityvas, romelTa sigrZeebic moTavsebulia diapazonSi 1-dan 100-mde? Turme arsebobs. saZebni kodis koduri sityva moicavs 100 ~sarTuls~  _ nax. 6.
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nax. 7
)aseTi SekiTxvebi SeiZleba daisvas kidev mravali, magram pasuxebi yovelTvis konkretul SekiTxvaze unda gaeces. magram, Turme SesaZleblia dadgenili iqnas nebismieri calsaxad kodirebadi kodebis, maT Soris prefiqsulic, arsebobis pirobebi (aucilebeli da sakmarisi).
vTqvaT V={a1, a2, . . . , aN} warmoadgens prefiqsul orobiT kods, romlis Sesabamisi xec warmodgenilia nax. 7-ze. vTqvaT nk warmoadgens k sigrZis koduri sityvebis raodenobas (nk emTxveva k-uri sarTulis saboloo wveroebis raodenobas). samarTliani unda iyos utoloba
                                 nk  2k,                     (1)
radganac 2k warmoadgens orobiTi xis k-uri sarTulis wveroebis maqsimalur SesaZlo raodenobas. prefiqsuli kodisaTvis nk Sefaseba SeiZleba miRebuli iqnas gacilebiT ufro zustad (1)-Tan SedarebiT. marTlac Tu n1, n2, . . . , nk-1 warmoadgens orobiTi xis 1; 2; . . . ; k-1 sarTulebis saboloo wveroebis raodenobas, maSin koduri xis k-uri sarTulis yvela wveros raodenoba tolia:
2k – 2k-1n1 – 2k-2n2 _ . . . –2nk-1,
amitomac
nk  2k – 2k-1n1 – 2k-2n2 - . . . – 2nk-1.                                         (2)  
(2) SeiZleba Caiweros aseTnairad

2k-1n1 + 2k-2n2 + . . .  +2nk-1 + nk   2k .
ukanaskneli utolobis orive mxare gavyoT 2k-ze, miviRebT:

                                 (3)

utoloba (3) samarTliania nebismieri kL-saTvis (L_koduri siyvebis maqsimaluri raodenobaa), kerZod: 

                                  (4)
Tu l1, l2, . . . , ln warmoadgenen a1, a2, . . . , an koduri sityvebis sigrZeebs, maSin (4) utoloba Caiwereba aseTi saxiT:

2-l1+2-l2+ . . . +2-lN   1.                              (5)
es ukanaskneli warmoadgens swored im pirobas, romelsac unda akmayofilebdes orobiTi prefiqsuli kodis koduri sityvebis sigrZeebi.

kodirebis TeoriaSi (5) utolobas uwodeben kraftis utolobas. kraftis utoloba Turme warmoadgens sakmaris pirobas imisa, rom arsebobdes l1, l2, . . . , ln sigrZis koduri sityvebis mqone prefiqsuli kodi. amis dasamtkiceblad SeiZleba aseTnairad vimsjeloT. l1, l2, . . . , ln ricxvebs Soris Tu arsebobs i-s toli ni ricxvi, maSin (5) utoloba SeiZleba (4) saxiT Caiweros, sadac L warmoadgens mocemuli ricxvebidan maqsimalurs. (4)-is samarTlianobis Sedegad cxadia, rom samarTliania (3) utolobebi yvela kL-isaTvis, amdenad samarTliani iqneba (2) utolobac.
 (
L
3
2
1
nax. 8
)nax. 8-ze gamosaxulia wveroebis maqsimaluri raodenobis mqone L simaRlis xe. am xis yvela saboloo mwvervali (maTi raodenobaa 2L) imyofeba L-e sarTulze, yoveli Sualeduri wverodan ki gamodis zustad 2 waxnagi.


saWiro prefiqsuli kodis asagebad, saWiro gziT unda avarCioT 1 sigrZis mqone n1 raodenobis sityva, n2 sityva sigrZiT 2 da sazogadod nk sityva sigrZiT k (1kL) an, sxva sityvebiT rom vTqvaT, pirvel sarTulzea n1 saboloo wvero, n2 _ meoreze,..  da nk raodenoba ki k-ur sarTulze.

(2) utolobidan k=1-saTvis miviRebT n1n2, anu saWiro raodenoba ar aRemateba pirveli sarTulis wveroebis maqsimalur raodenobas. maSasadame, am sarTulze SeiZleba arCeuli iqnas n1 raodenobis saboloo wveroebi (n1 tolia 0, 1 an 2). es Tu gakeTebulia, maSin kodis agebisaTvis meore sarTulis wveroebidan (maTi raodenobaa 22=4) SeiZleba gamoyenebuli iqnas mxolod 4-2n1 (ratom?). wveroebis es raodenoba sakmarisia, radganac (2) utolobidan, rodesac k=2, gamomdinareobs

n2  4-2n1.
k=3 SemTxvevisaTvis analogiurad gamomdinareobs, rom

n3   23-4n1-2n2.
pirvel da meore sarTulebze Tu ukve arCeulia n1 da n2 saboloo wvero, maSin utolobis marjvena mxare kvlav emTxveva asagebi prefiqsuli kodis mesame sarTulze saboloo wveroebis dasaSveb raodenobas. e.i. kvlav SeiZleba airCes n3 raodenobis saboloo wveroebi mesame sarTulisTvis. saWiro kods miviRebT Tu am process gavagrZelebT k=L-mde.
koduri alfaviti Tu Seicavs d raodenobis simboloebs, maSin amgvaradve SeiZleba damtkicebuli iqnas, rom l1, l2, . . . , lN sigrZis SetyobinebebisaTvis prefiqsuli kodis arsebobisaTvis aucilebeli da sakmarisi pirobaa Semdegi utolobis arseboba:

d-l1+d-l2+ . . . +d-lN   1.                          (6)
aRmoCnda, rom (6) utolobas unda akmayofilebdes nebismieri calsaxad dekodirebadi kodis koduri sityvebis sigrZeebic. amitom, Tu arsebobs calsaxad dekodirebadi kodi, sityvis sigrZeebiT l1, l2, ... , lN, maSin arsebobs prefiqsuli kodic sityvis igive sigrZeebiT.

6. optimaluri kodi
rogorc ukve aRniSnuli iyo, ekonomiuri kodis agebis saerTo wesia: xSirad gamoyenebadi Setyobinebebis kodireba unda moxdes ufro mokle koduri sityvebiT, xolo ufro grZeli koduri sityvebi ki gamoyenebuli unda iqnas ufro iSviaTi Setyobinebebis kodirebisaTvis. swored es midgoma iyo realizebuli zemoT aRwerili kodirebis fanos meTodSi. ismeba SekiTxva: yovelTvis mivyavarT Tu ara fanos meTods yvelaze ekonomiur kodamde? irkveva, rom Turme ara. optimaluri kodis agebis meTodi, romelsac axla ganvixilavT, moiTxovs ufro daxvewil msjelobas.
vTqvaT A1, A2, ... , AN Setyobinebebs gaaCniaT albaTobebi p1, p2, ... , pN (p1p2 ... pN) da maTi kodireba xdeba l1, l2, ... , lN sigrZis mqone orobiTi sityvebiT a1, a2, ... , aN. gavarkvioT ra Tvisebebi unda gaaCndes kods, Tu is optimaluria.
1.  optimalur kodSi naklebad albaTuri Setyobinebis kodireba ar unda xdebodes ufro mokle sityviT, anu Tu pi<pj, maSin li  lj.
2.  kodi Tu optimaluria, maSin yovelTvis SeiZleba gadainomros Setyobinebebi da maTi Sesabamisi koduri sityvebi ise, rom p1p2 ... pn da am dros 



l1l2 ... lN.                                                                    (1)
marTlac, Tu pi>pi+1, maSin 1 Tvisebidan gamomdinareobs, rom li  li+1. Tu pi=pi+1, magram li>li+1, maSin Ai da Ai+1 Setyobinebebs da maT Sesabamis kodur sityvebs SevucvaloT adgilebi. am procedurebs Tu gavimeorebT saWiro raodenoba jer, miviRebT saWiro numeracias. 
(1) utolobidan gamomdinareobs, rom AN Setyobinebis kodireba xdeba aN sityviT, romlis sigrZec lN yvelaze metia.
3.  optimalur orobiT kodSi yovelTvis moiZebneba ori mainc yvelaze didi sigrZis (lN) mqone sityva, iseTebi, rom erTmaneTisagan gansxvavdebodes sityvis mxolod ukanasknel simboloSi.
marTlac, es rom ase ar iyos, maSin SesaZlebeli iqneboda aN koduri sityvis ukanaskneli simbolos gadagdeba ise, rom kodis prefiqsulobis Tviseba ar dairRves. amis Sedegad ki Semcirdeboda koduri sityvis saSualo sigrZe.
vTqvaT, rom at da aN sityvebs gaaCniaT erTnairi sigrZe da erTmaneTisagan gansxvavdebian sityvis mxolod ukanasknel TanrigSi. 1 da 2 Tvisebebis Tanaxmad SeiZleba CavTvaloT, rom lt=lt+1= ... =lN. Tu tN-1, maSin SeiZleba rolebi SevucvaloT at da  aN-1 kodur aRniSvnebs ise, rom ar dairRves (1) utoloba.
 (
nax. 9
a
N
a
N-1
a
)amgvarad, yovelTvis arsebobs iseTi ori optimaluri kodi, romelSic ori (yvelaze naklebadalbaTuri) Setyobinebis koduri aRniSvna AN-1 da AN gansxvavdeba erTmaneTisagan sityvis mxolod bolo simboloTi.
es garemoeba saSualebas gvaZlevs amocanis gadasawyvetad ganvixiloT mxolod iseTi orobiTi kodebi, romelTac AN-1 da AN yvelaze naklebalbaTuri SetyobinebebisaTvis, aN-1 da aN koduri aRniSvnebiT, gaaCniaT yvelaze didi sigrZe da erTmaneTisagan gansxvavdebian mxolod bolo simboloebiT. es niSnavs, rom saZebni kodis koduri xis aN-1 da aN saboloo wveroebi SeerTebuli unda iyos wina ~sarTulis~ erTidaigive a wverosTan (nax. 9).
ganvixiloT Setyobinebebis axali simravle A(1)={A1, A2, ... , AN-2, A}. albaTobebiT p1, p2, ... , pN-2, pN=pN-1+pN. es miiReba simravlidan {A1, A2, ... , AN-2, AN-1, AN} ori yvelaze naklebad albaTuri AN-1 da AN Setyobinebebis erT Setyobinebad gaerTianebiT. vTqvaT, rom A(1) miiReba {A1, A2, ... , AN-2, AN-1, AN} simravlis SekumSviT.
vTqvaT A(1) simravlisaTvis agebulia K(1)={a1, a2, ... , aN-2, a} koduri aRniSvnebis sistema, sxva sityvebiT rom vTqvaT, agebulia garkveuli koduri xe saboloo wveroebiT a1, a2, ... , aN-2, a. am sistemas SeiZleba SevusabamoT kodi K={a1, a2, ... , aN-2, aN-1, aN} Setyobinebebis sawyisi simravlisaTvis, romelSic aN-1 da aN sityvebi miiReba a sityvidan, Sesabamisad 0 da 1-is damatebiT. K(1)-dan K-ze gadasvlis proceduras uwodeben gaxleCas.
samarTliania Semdegi mtkiceba, romliTac SesaZlebelia optimaluri kodebis ageba: Setyobinebebis A(1) simravlisaTvis Tu K(1) kodi warmoadgens optimalur kods, maSin Setyobinebebis sawyisi simravlisaTvis K kodic warmoadgens optimalur kods.


damtkicebisaTvis davamyaroT kavSiri K da K(1) kodebis  da  saSualo sigrZeebs Soris:


 (
nax. 10
)=+p.                               (2)












davuSvaT, rom K kodi ar warmoadgens optimalur kods, e.i. arsebobs raRac K1 kodi  saSualo sigrZiT. rogorc aRniSnuli iyo, SeiZleba CavTvaloT, rom misi koduri xis (nax. 10)  da  saboloo wveroebi Seesabameba yvelaze naklebalbaTuri AN-1 da AN Setyobinebebis kodur aRniSvnebs. maSin es koduri aRniSvnebi erTmaneTisagan gansxvavdeba mxolod ukanaskneli simboloebiT. ganvixiloT kodi K(1)1={, ... , , }, romelSic sityva miiReba  da  sityvebidan ukanaskneli Tanrigis gadagdebiT.  da  saSualo sigrZeebi erTmaneTTan dakavSirebulia (2)-is msgavsi TanafardobiT:


=+p.




 utolobidan gamomdinareobs <, rac ewinaaRmdegeba K(1) kodis optimalurobas. mosazreba damtkicebulia.
amgvarad gasagebia, rom optimaluri kodis agebisaTvis SeiZleba gamoyenebuli iqnas Setyobinebebis sawyisi simravlis mimdevrobiTi SekumSvebi.
gavarCioT mimdevrobiTi SekumSvebis da gaxleCebis gamoyeneba martiv magaliTze. mocemulia simravle, romelic Sedgeba xuTi Setyobinebisagan, albaTobebiT p1=0,4; p2=p3=p4=p5=0,15. es procesi asaxulia 11-cxrilSi.
 (
cxrili 11
Setyo-bine-bebi
albaTobebi da koduri aRniSvnebi
sawyisi simravle
Setyobinebebis SekumSva
A
(1)
A
(2)
A
(3)
A
1
0,4
   1
0,4
1
0,4
1
0,6
0
A
2
0,15
010
0,3
00
0,3
00
0,4
1
A
3
0,15
011
0,15
010
0,3
01
A
4
0,15
000
0,15
011
A
5
0,15
001
)A(1), A(2), A(3) simravleebidan TiToeuli miiReba winamorbedis SekumSviT. A(3) simravle Sedgeba ori Setyobinebisagan, amitomac K(3) optimaluri kodi Seicavs or kodur aRniSvnas _ 0 da 1. K(3) kodis mimdevrobiTi gaxleCebi iZleva Setyobinebebis sawisi simravlisaTvis optimalur kods.

koduri sityvebis saS. sigrZe =0,4+4x3x0,15=2,2, romelic minimaluria Setyobinebebis mocemuli simravlisaTvis.
kodirebis aRwerili meTodi 1952 wels SemoTavazebuli iqna amerikeli maTematikosis hafmanis mier da mis saxels atarebs. SevadaroT erTmaneTs 11-e cxrilSi mocemuli optimaluri kodi fanos kods, romelic mocemulia erTidaigive SetyobinebebisaTvis.

fanos kodisaTvis daviTvaloT koduri sityvebis  saSualo sigrZe:

=2x0,4+2x2x0,15+2x3x0,15=2,3.
amgvarad, fanos kodi yovelTvis ar warmoadgens optimalur kods.
kodirebis fanos da hafmanis meTodebic SeiZleba gavrcobili iqnas koduri alfavitebisaTvis, romlebic Sedgeba simboloebis nebismieri raodenobisagan.

7. kriptograma, romlis gaSifvrac SeuZlebelia.
kriptograma, siWarbe, xmauri
Setyobinebebis kodirebisas mniSvneovania, rom mTi gadacema iyos swrafi, mosaxerxebeli da saimedo. aqamde ganvixilavdiT Setyobinebebis mxolod swrafad gadacemis saSualebebs. ganvixileT kodirebis fanos, Senonis da hafmanis meTodebi. aqedan hafmanis kodi iyo optimaluri kodic. ganxiluli meTodebi SaeiZleba CaiTvalos Tavisebur xelovnur enebad, romlebic gankuTvnilia informaciis ekonomiurad gadasacemad. cnobili salaparako bunebrivi enebi (qarTuli, rusuli, inglisuri) Turme arian Zalian araekonomiuri enebi xelovnur enebTan SedarebiT. nebismieri teqsti davyoT erTnairi n sigrZis nawilebad (sityvebs Soris Sualedi survilisda mixedviT SeiZleba CaiTvalos an ignorirebuli iqnas). rogorc adre iyo aRniSnuli, n asosagan Seiqmneba asoebis sxvadasxva kombinacia gamoyenebis sxvadasxva sixSiriT. vTqvaT gvaqvs cxrili, romelSic mocemulia romelime enisaTvis, mag., rusulisaTvis, teqstSi asoebisa da maTi kombinaciebis gamoyenebis sixSireebi. fanos meTodis gamoyenebiT teqstis nawilebi davSifroT koduri sityvebiT. sawyis teqstSi n sigrZis nawilebs SevcvliT maTi Sesabamisi koduri sityvebiT. gamoTvlebi gviCvenebs, rom n-is sakmaod didi mniSvnelobebisaTvis amgvari kodirebiT sawisi teqstis moculoba SeiZleba ganaxevrebuli iqnas da metic ise, rom teqstSi informacia ar daikargos. 
informaciis TeoriaSi arsebobs enis an teqstis siWarbis cneba. siWarbis zusti ganmarteba Znelia, magram misi arsi SeiZleba axsnili iqnas Semdegnairad: siWarbe aris teqstSi im simboloebis wili, romelTa teqstidan amogdebiT misi Sinaarsi ar ikargeba. siWarbe SeiZleba Semdegnairadac aixsnas _ es aris optimaluri kodebis gamoyenebiT teqstis SekumSvis xarisxis zoma. bunebrivi enebisaTvis damaxasiaTebelia siWarbis maRali maCvenebeli (50% da meti). optimalurad kodirebuli teqstis siWarbe ki nulTan axloa. teqstis an enis siWarbe yovelTvis cudi araa. bunebrivi enebis siWarbe adviladgasagebs xdis daweril an zepir teqstebs. orive SemTxvevaSi SeiZleba adgili hqondes garTulebebs. naweri teqstebi SeiZleba Seicavdes Semoklebebs, Secdomebs. metyvelebis dros ki adamiani SeiZleba metyvelebdes aqcentiT an enis romelime dialeqtze. am garTulebebis daZlevis saSualebs iZleva swored bunebrivi enebis siWarbe. siWarbis saSualebiT ena daculia sxvadasxva xelSemSleli faqtorebisagan im dros, rodesac optimalurad kodirebuli teqstebi absoluturad daucvelia. amis sailustraciod gamodgeba 11-e cxrilSi moyvanili fanos orobiTi kodiT kodirebuli teqsti.
aviRoT Setyobinebebis mimdevroba A2A3A5A5A1A4 da misi Sesabamisi koduri teqsti 011011111100110. vTqvaT moxda mxolod pirveli simbolos damaxinjeba. miRebuli koduri teqsti 111011111100110 gaSifvris Semdeg Caiwereba Setyobinebebis Semdegi Tanmimdevrobis saxiT A5A2A5A4A2A3.
miviReT Setyobinebebis sul sxva mimdevroba da es moxda SetyobinebebSi mxolod erTi informaciuli bitis damaxinjebis Sedegad. aseTi rame SeiZleba moxdes nebismier optimalurad kodirebul teqstTan. erTi Secdomis Sedegad erTi teqstidan SeiZleba miviRoT sul sxva teqsti (SeiZleba sruliad gaazrebuli koduri teqsti). ai aseTia teqstis optimaluri kodirebis safasuri.
kavSiris realur arxebSi Secdomebi aucileblad xdeba. Secdomebi miiReba Seferxebebis an rogorc xSirad uwodeben xmauris Sedegad. xmaurebs SeiZleba hqondeT sxvadasxva fizikuri buneba. gadacemul teqstze xmauris zemoqmedebis Semcireba SeiZleba, magram xmauris sruliad aRmofxvra ki SeuZlebelia. aqedan SeiZleba davaskvnaT, rom kavSiris realur arxebi, romlebic ganicdian xmauris zemoqmedebas, Setyobinebebis gadasacemad gamousadegaria, radganac am dros Zalian mcirdeba Setyobinebebis gadacemis saimedoba. meores mxriv ki gasagebia, rom kavSiris realur arxebSi Setyobinebebis gadacemis saimedobis gazrda SesaZlebelia mxolod kodur teqstSi garkveuli siWarbis gamoyenebiT. SemdgomSi saqme gveqneba kodirebis swored aseT sistemebTan, romlebSic gadacemis saimedobis gazrdis mizniT Semotanilia garkveuli siWarbe. aseTi kodebis Seqmnis dros yovelTvis saWiro xdeba kompromisi: erTis mxriv kodis siWarbe ar unda iyos didi (Torem damatebiTi simboloebis xarjze gaizrdeba Setyobinebebis gadacemis an damuSavebis dro); meores mxriv ki  Seferxebamedegoba (e.i. kodis Tviseba gaasworos Secdomebi) unda iyos sakmarisad maRali, rom SesaZlebeli iyos gadacemis maRali saimedobis uzrunvelyofa.
vidre daviwyebdeT kodebis Seferxebamedegobis garCevas, aRvniSnoT kidev, rom kodis siWarbe pirdapiraa dakavSirebuli kriptogramis gaSifvris sirTulesTan. CasmiTi kriptogramebi swored imitomaa martivi gasaSifri, rom inarCuneben sawyisi teqstebis siWarbes.
daSifvris sxva meTodebSi amcireben am siWarbes, magram sruliad ver aRmofxvraven, garda amisa, Tavs iCens gamoyenebuli gasaRebis specifiur TaviseburebebTan dakavSirebuli siWarbe. sruliad saidumlo, anu Znelad gasaSifri kriptograma ganTavisuflebuli unda iqnas rogorc sawyisi teqstis, aseve gasaRebi styvis siWarbisagan. aseTi kriptogramis Seqmna, rogorc ukve aRniSnuli iyo, SemoTavazebuli iqna Senonis mier da SemdegSi mdgomareobs. Tavdapirvelad mocilebuli unda iqnes sawyisi teqstis siWarbe, risTvisac gamoiyeneben efeqturi kodirebis erT-erT meTods. Semdeg aseTi teqstis mimarT gamoiyeneben Sifrs SemTxveviTi gasaRebiT. es waagavs tritemiusis Sifrs, romlisTvisac (rusuli alfavitisaTvis)
li=(mi+ki)  mod 31,
sadac mi da li Sesabamisad warmoadgenen dasaSifri teqstisa da kriptogramis i-ur asos, xolo ki ki airCeva SemTxveviTi principiT 0, 1, ... , 30 ricxvebidan ise, rom yvela ricxvi TanabaralbaTuri iyos.
aseTi, sruliad saidumlo kodis nakls warmoadgens is, rom daSifrul SetyobinebasTan erTad unda gaigzavnos agreTve SemTveviTi gasaRebis Sesaxeb informaciis Semcveli Setyobineba, radganac adresatisaTvis is winaswar cnobili araa. amitomac, kodirebis aseTi sistemis praqtikaSi gamoyeneba arasasurvelia.
arsebobs daSifvris sistemebi, romlebic ar gamoiyeneben SemTxveviT gasaRebebs da gaSifvris sirTuliT axlos arian sruliad saidumlo SifrebTan. aseTi sistema SeiZleba miRebuli iqnas e.w. morbenali gasaRebis srulyofiT. mag., winaswar SekumSul gadasacem teqsts daedeba sxva teqsti. 
teqstebis winaswari SekumSvis sawvalebeli procedurac SeiZleba Tavidan acilebuli iqnas Tu daSifvrisaTvis saWiro gasaRebad aRebuli iqneba ara erTi, aramed (sami an kidev meti) winaswar SeTanxmebuli teqsti.

8. kodebi _ antipodebi
ukve davadgineT, rom Seferxebamedegi kodebis Seqmnisas Tavidan ver avicilebT damatebiT signalebs, romlebic unda daematos araWarbi kodebis kodur sityvebs. es simboloebi ar Seicaven informacias gadasacemi Setyobinebebis Sesaxeb, magram SeiZleba mogvcen informacia gadacemis procesSi damaxinjebebis (Secdomebis) Sesaxeb. sxva sityvebiT rom vTqvaT, maTi daniSnulebaa gaakontrolon koduri sityvebis gadacemis siswore. damatebul simboloebs asec uwodeben _ sakontrolo simboloebi.
Secdomebis gasworebis yvelaze primitiuli xerxi SemdegSi mdgomareobs: yoveli informaciuli simbolo ramdenimejer meordeba, mag., simbolo 0 unda Seicvalos n raodenobis 0-sagan Semdgari blokiT, xolo 1 ki n raodenobis 1-ianis Semcveli blokiT. Secdomis Semcveli n asoiani blokis dekodirebis dros gadawyvetileba miiReba ~xmaTa umravlesobiT~. miRebul blokSi 0-ebis raodenoba Tu metia 1-ebis raodenobaze, maSin misi dekodireba xdeba rogorc 00...0 (anu iTvleba, rom gadacemuli iyo nulovani simbolo), winaaRmdeg SemTxvevaSi ki 11...1 _ anu simbolo 1. dekodirebis asTi wesiT SeiZleba aRdgenili iqnas Setyobineba, Tu Secdomebis raodenoba ar aWarbebs blokSi simboloebis raodenobis naxevars. blokis n sigrZe Tu sakmaod didi iqneba, maSin Cven Tavs davizRvevT SesaZlo Secdomebisagan, magram samagierod sagrZnoblad gaizrdeba aseTi Setyobinebebis gadacemis dro. am mizezis gamo, aseT kods (mas xSirad uwodeben kods gameorebebiT) ar gaaCnia didi praqtikuli gamoyeneba, Tumca ki misi dekodirebis wesi moicavs Zalian sasargeblo ides, romelic ukeTesad gamoiyeneba praqtikuli Rirebulebis mqone sxva Seferxebamedeg kodebSi.
davadginoT risi imedi SeiZleba gvqondes minimaluri siWarbis SemTxvevaSi, anu rodesac kodur sityvas damatebuli aqvs mxolod erTi sakontrolo simbolo. vTqvaT 12...n warmoadgens orobiT kodur sityvas. avarCioT sakontrolo simbolo n+1 im principiT, rom mis mniSvnelobaze Tanabrad axdendes gavlenas koduri sityvis yoveli Tanrigi. es bunebrivi moTxovna dakmayofilebuli iqneba Tu davuSvebT, rom n+1=(1+2+...+n) mod 2. maSin sakontrolo simbolo n+1 miiRebs 0-ovan mniSvnelobas Tu koduri sityva 12...n moicavs 1-ebis luw raodenobas da 1 kenti raodenobis SemTxvevaSi. mag., sityvidan 1010 sakontrolo Tanrigis damatebiT miviRebT sityvas 10100, xolo sityvidan 1110 ki miviRebT sityvas 11101.
Zneli ar aris imis danaxva, rom sakontrolo Tanrigis Semcvel yovel sityvaSi erTianebis raodenoba luwia, anu
1+2+...+n+n+1=0  (mod 2).                                                 (1)
davuSvaT, rom dagrZelebuli sityvis gadacemis dros moxda erTi Secdoma (anda Tu meti, maSin mxolod kenti raodenobiT). maSin damaxinjebul sityvaSi ’1’2...’n’n+1 erTianebis raodenoba gaxdeba kenti. swored es mianiSnebs gadacemul sityvaSi Secdomaze. anu saqme midis miRebul sityvaSi (1) Tanafardobis Semowmebamde, risTvisac SeiZleba damzadebuli iqnas martivi gamoTvliTi mowyobiloba _ amjamavi 2-is moduliT. amgvarad, miRebis wesi Semdegia: Tu Tanafardoba (1) sruldeba, maSin iTvleba, rom sityva miRebulia damaxinjebis gareSe, winaaRmdeg SemTxvevaSi dafiqsirebuli unda iqnas, rom adgili hqonda Secdomas da Tu SesaZlebelia, moTxovnili unda iqnas gadacemis gameoreba. cxadia, rom sxvanairad Secdomis gasworeba SeuZlebelia. mag., Tu miRebulia damaxinjebuli sityva 11100, maSin TanabaralbaTuria, rom gadacemuli sityva yofiliyo erT-erTi SemdegTagan: 01100, 10100, 11000, 11110, 11101. CamoTvlilTagan yoveli SemTxveva Seesabameba erT Secdomas, magram Secdomebis raodenoba xom SeiZleba yofiliyo 3, an sulac 5 simboloSi. 
ufro met sirTuleebs eqneba adgili Secdomebis luwi raodenobis SemTxvevaSi. maSin xom (1) Tanafardoba ar dairRveva da damaxinjebul sityvas CavTvliT sworad.
aRwerili kodi, romelsac uwodeben kods luwobis saerTo SemowmebiT, saSualebas gvaZlevs aRmoCenili iqnas Secdomebis mxolod kenti raodenoba, magram aRmouCeneli rCeba Secdomebis luwi raodenoba.
 (
1
2
3
4
5
6
7
8
9
cxrili 12
)kodi gameorebiT da kodi luwobis saerTo SemowmebiT, garkveuli TvalsazrisiT antipodebia. pirveli kodis Secdomebis gasworebis unari praqtikulad araa SemosazRvruli, magram Zalian nelia. meore Zalian swrafia (gamoiyeneba mxolod erTi damatebiTi simbolo), magram Secdomebis gasworebis unari dabalia. kavSiris realur arxebSi Secdomebi dasaSvebia ara erT, aramed met simboloebSi, amitomac kodi luwobis saerTo SemowmebiT sufTa saxiT praqtikaSi iSviaTad gamoiyeneba. ufro xSirad gamoiyeneba kodebi ramdenime sakontrolo simboloTi (Sesabamisad imdenive iqneba luwobaze Semowmebebis raodenoba). maTi saSualebiT SesaZlebelia Secdomebis ara marto aRmoCena, aramed gasworebac, Secdomebis raodenobac SeiZleba iyos ara erTi, aramed ramdenime. es yvelaferi keTdeba gacilebiT ufro swrafad, vidre kodSi gameorebebiT. es TvalsaCinod SeiZleba warmodgenili iqnas erT martiv magaliTze.
ganvixiloT orobiTi sityvebis sruli simravle sigrZiT 9 (maTi saSualebiT SesaZlebelia kodirebuli iqnas 29=512 Setyobineba). yoveli sityvis 12...9 simboloebi ganvaTavsoT cxrilSi Semdegnairad (cxrili 12):
am cxrilis yovel striqonsa da svets davumatoT TiTo-TiTo sakontrolo simbolo imgvarad, rom cxrilis yovel striqonsa da svetSi miviRoT erTianebis luwi raodenoba (cxrili 13). mag., cxrilis pirveli striqonisa da svetisaTvis Sesruldeba:
 (
cxrili 13
1
2
3
1
4
5
6
2
7
8
9
3
4
5
6
7
)1= 1+2+3  (mod 2),
4= 1+4+7  (mod 2).
analogiurad iqneba cxrilis yoveli striqonisa da svetisaTvis. aseve samarTliani iqneba 
1+2+3=4+5+6  (mod 2).
 (
cxrili 14
0
1
1
0
0
1
0
1
0
0
1
1
0
0
0
0
)Tu 12...9 sityvaSi erTianebis raodenoba luwia, maSin ukanaskneli tolobis orive jamis mniSvneloba iqneba 0, winaaRmdeg SemTxvevaSi ki 1. es saSualebas gvaZlevs 13-e cxrilSi SemovitanoT kidev erTi sakontrolo simbolo 7, romelic tolia
7=1+2+3=4+5+6  (mod 2).
magaliTad sityvisaTvis 011010001 miviRebT Semdeg cxrils:
monacemebis aseTi organizebis Sedegad SesaZlebelia gadacemis Sedegad daSvebuli nebismieri erTi Secdomis gasworeba. ufro metic, SeiZleba aRmoCenili iqnas nebismieri ori Secdoma. marTlac, Tu moxda erTi Secdoma, maSin Sesamowmebeli Tanafardoba dairRveva zustad erTi striqonisa da erTi svetisaTvis da Tanac, zustad im svetsa da striqonSi, romelSic adgili hqonda Secdomas da Secdoma ki iqneba im striqonisa da svetis gadakveTis simboloSi. Tu adgili hqonda ormag Secdomas, maSin luwobis Semowmebis darRveva moxdeba an or striqonSi, an or svetSi da an erTdroulad or svetsa da or striqonSi. am principiT xdeba Secdomis aRmoCena (magram gasworeba ki araa SesaZlebeli _ ratom?). zogierT SemTxvevaSi SesaZlebelia ufro meti Secdomis aRmoCenac. aRweril meTods aseve SeiZleba hqondes sxvadasxva ganzogadeba.

9. hemingis kodi
vTqvaT abonentisaTvis saWiroa 16 Setyobinebis gadacema. maTi araWarbi kodirebisaTvis SeiZleba gamoyenebuli iqnas oTxTanrigiani orobiTi sityvebi, magram aseT kods ar eqneba Secdomebis koreqciis SesaZlebloba. kodirebisaTvis Tu gamoviyenebT 5 Tanrigian orobiT sityvebs, maSin SesaZlebeli iqneba nebismieri erTi Secdomis aRmoCena, magram ara gasworeba. kodur sityvebs Tu davumatebT 5 sakontrolo Tanrigs, maSin kods SeeZleba erTeuli Secdomebis gasworeba da ormagi Secdomebis aRmoCena. ismeba SekiTxva: xom ar SeiZleba aseTi Sedegis misaRwevad sakontrolo Tanrigebis ufro naklebi raodenobis gamoyeneba?
Tavdapirvelad daviTvaloT rogoria erTeulovani Secdomebis gasasworeblad saWiro sakontrolo Tanrigebis raodenoba. SeiZleba davrwmundeT, rom amisaTvis ori damatebiTi simbolo sakmarisi ar aris.
vnaxoT ra gamova sami damatebiTi simboloTi. e.i. Setyobinebebis kodirebisaTvis unda gamoviyenoT orobiTi sityvebi 1234567 sigrZiT 7. Cvens mizans warmoadgens davadginoT moxda Tu ara Secdoma da Tu moxda, ra adgilze. es igivea, rom mivuTiToT 0-dan 7-mde rva ricxvidan erT-erTi (0-s Seesabameba uSecdomo gadacema).
vTqvaT, unda gadaices 1234 orobiTi sityviT kodirebuli Setyobineba. am sityvas davumatoT sami simbolo 567, romlebic ganisazRvreba tolobiT (aqac da SemdegSic tolobebi aRebulia 2-is moduliT):
5=2+3+4,
6=1+3+4,                              (1)
7=1+2+4.
imis dadgenisaTvis, rom 1234567 sityvis gadacemis dros moxda Tu ara erTeulovani Secdoma  erT-erT simboloSi, sakmarisia gamovTvaloT jami:
s1=4+5+6+7.                              (2)
am jamis mniSvneloba 1, Seesabameba pasuxs ~ki~ (Secdoma moxda), mniSvneloba 0 _ pasuxs ~ara~ (ratom?).
~ki~ pasuxis SemTxvevaSi, SevamowmoT xom ar moxda Secdoma 6, 7 simboloebSi. ~ara~ pasuxis SemTxvevaSi ki SevamowmebT xom ar moxda Secdoma 2, 3 simboloebSi. orive am SemTxvevaSi pasuxs iZleva jamis mniSvneloba:
s2=2+3+6+7.                              (3)
mag., Tu orive jamis (2) da (3) mniSvneloba 1-is tolia, maSin Secdoma moxda  6 an 7 simboloebSi. sul gvaqvs s1 da s2 jamebis mniSvnelobebis oTxi kombinacia. maTi mniSvnelobebi mocemulia 15-e cxrilSi:
 (
cxrili 15
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)oTxi SemTxvevidan TiToeulSi ori SesaZleblobidan arCeuli unda iqnas erTi. amis saSualebas mogvcems Semdegi jamis mniSvneloba:
s3=1+3+5+7.                    (4)
amgvarad gvaqvs sami Sesamowmebeli Tanafardoba:
s1=4+5+6+7=0,
                         s2=2+3+6+7=0,                (5)
s3=1+3+5+7=0,
romelTa saSualebiTac davadgenT, rom Secdoma ar momxdara, an calsaxad mivuTiTebT Secdomis adgils.
aRvniSnoT gansakuTrebiT, rom Tu moxda erTeulovani Secdoma, misi mdebareoba mieTiTeba ricxviT s1s2s3, orobiTi CanaweriT. mag., vTqvaT s1=1, s2=0, s3=1. 15-e cxrilis Tanaxmad Secdoma daSvebulia meoTxe an mexuTe TanrigSi; radganc s3=1, Secdoma yofila mexuTe TanrigSi, magram s1s2s3=101, rac swored warmoadgens ricxvi 5-is orobiT Canawers.
Cvens mier ganxiluli kodi warmoadgens hemingis kods sigrZiT 7 da oTxi informaciuli simboloTi.
zogad SemTxvevaSi, orobiTi hemingis kodis koduri sityvis sigrZe, romelsac SeuZlia erTeulovani Secdomis gasworeba, gamoiTvleba Semdegnairad 2m-1 (m _ naturaluri ricxvia). Secdomis mdebareobis gansazRvrisaTvis saWiroa m raodenobis Semowmeba, anu m raodenobis sakontrolo simbolo. darCenili 2m-1-m simbolo warmoadgens informaciul simboloebs. Semowmeba aigeba ganxiluli magaliTis analogiurad. m Semowmebis mniSvnelobebi, iseve rogorc ganxilul magaliTSi, gansazRvravs Secdomis mdebareobis nomers.
davubrundeT paragrafis daswyisSi dasmul sakiTxs. 7 sigrZis mqone hemingis kodis kodur sityvebs davumatoT kidev erTi sakontrolo simbolo 0, xolo Sesamowmebel Tanafardobebs (5) kidev erTi (luwobaze Semowmeba):
                         s0=0+1+2+3+4+5+6+7=0.                        (6)
axali kodi Seicavs isev 16 kodur sityvas, radganac, rogorc winaT, simboloebi 1, 2, 3, 4 SeiZleba aRebuli iqnas nebismieri; maT mixedviT (1) Tanafardobidan ganisazRvreba simboloebi 5, 6, 7, xolo (6) tolobidan ki ganisazRvreba 0. erTeulovani Secdomis SemTxvevaSi damatebuli Tanafardoba (6) dairRveva, xolo s1, s2, s3 mniSvnelobebi ki gansazRvravs Secdomis mdebareobis nomers. Tu moxda ormagi Secdoma, maSin (6) Tanafardoba isev Sesruldeba, magram (5) Tanafardobebidan erT-erTi mainc dairRveva (ratom?). swored amis Sedegad, SesaZlebelia aRmoCenili iqnas nebismieri ormagi Secdoma.
amgvarad, oTxi informaciuli simbolos SemTxvevaSi erTeulovani Secdomebis gasasworeblad da ormagi Secdomebis aRmosaCenad sakmarisia oTxi sakontrolo simbolos damateba. SeiZleba iTqvas, rom sakontrolo simboloebis naklebi raodenobis SemTxvevaSi amocana ar gadawydeba.
koduri sityvebis agebuli simravle 0, 1, 2, 3, 4, 5, 6, 7, romlebic akmayofileben (5) da (6) Tanafardobebs, warmoadgens gafarToebuli hemingis kodis magaliTs (sigrZiT 8 da oTxi informaciuli simboloTi).

10. uCveulo Cveulebrivi manZili

cnobilia, rom sivrceSi wertilebs Soris manZili ganisazRvreba rogorc am wertilebis SemaerTebeli wrfis sigrZe. is warmoadgens wertilebis siaxlovis zomas _ rac ufro naklebia manZili, miT ufro axlosaa ganlagebuli wertilebi erTmaneTTan. a da b wertilebs Soris manZils Tu aRvniSnavT (a,b), maSin nebismieri a, b da c wertilebisaTvis gveqneba:

1)  (a,b)0;

2)  (a,b)=0  aRniSnavs, rom a=b;


3)  (a,b)=(b,a);



4)  (a,b)+(b,c) (a,c).
(ukanasknel pirobas uwodeben samkuTxedis utolobas da niSnavs, rom samkuTxedis nebismieri gverdi ar unda aRematebodes danarCeni ori gverdis jams). 

zogjer mosaxerxebelia siaxlovis zoma ganisazRvros rogorc manZili ama Tu im simravlis elementebs Soris, Tundac es elementebi ar warmoadgendnen wertilebs Cveulebrivi gagebiT. am dros iTvleba, rom simravlis elementebs Soris manZili gansazRvrulia, Tu nebismier or a da b wertilebs SeesabamebaT namdvili ricxvi (a,b) da mocemuli simravlis nebismieri a, b da c elementebisaTvis sruldeba 1) _ 4) pirobebi. 
axla davubrundeT Cvens ZiriTad Temas. cxadia, rom kods Secdomebis gasworebis miT ufro maRali unari gaaCnia, rac ufro metad gansxvavdebian erTmaneTisagan koduri sityvebi. es azri SeiZleba ufro zustad CamovayaliboT, Tu SemovitanT manZilis cnebas n-asoiani sityvebis simravleze.

x da y or sityvas Soris (x,y) nanZili vuwodoT im poziciebis raodenobas, romlebiTac es sityvebi erTmaneTisagan gansxvavdeba. mag., x=01101 da y=00111 sityvebs Soris manZili 2-is tolia.
aseTi saxiT gansazRvrul manZils uwodeben hemingis manZils. SeiZleba davrwmundeT, rom hemingis manZilisaTvis 1) _ 4) Tvisebebi sruldeba. dasadgenia, Tu manZilis cnebis saSualebiT rogor SeiZleba Sefasebuli iqnas kodis Tviseba, aRadginos an aRmoaCinos Secdomebi. am kiTxvaze pasuxis gasacemad, SemovitanoT koduri manZilis cneba nebismieri kodisaTvis.


koduri manZili d() ewodeba  simravlidan kodur sityvebs Soris minimalur manZils:


es sidide warmoadgens kodis koreqtirebis unaris Sefasebis ZiriTad maCvenebels, radganac samarTliania Semdegi mtkiceba:
kods SeuZlia gaasworos t raodenobis Secdomebidan (da ra Tqma unda naklebi) nebismieri kombinacia maSin da mxolod maSin, rodesac koduri manZili metia vidre 2t.



marTlac, Tu d(v)>2t, maSin nebismieri x da y koduri sityvebisaTvis samarTliani iqneba (x,y)2t+1. vTqvaT, romelime x sityvis gadacemis dros moxda rt Secdoma, ris Sedegadac miRebuli iqna z sityva. maSin (x,z)=zt. amave dros manZili(z,y) romelime nebismier y sityvamde t-ze metia. ukanaskneli gamomdinareobs samkuTxedis utolobidan:



(x,z) + (z,y)  (x,y)  2t+1.
maSasadame gadacemuli sityvis aRdgenisaTvis (dekodirebisaTvis) saWiroa hemingis manZilis TvalsazrisiT miRebuli z sityvisagan uaxloesi x sityvis povna. kidev erTxel aRvniSnoT, rom dekodirebis es wesi gvaZlevs swor Sedegs Tu gadacemul sityvaSi Secdomebis raodenoba ar aRemateba t-s.

piroba d(v)>2t Tu darRveulia, maSin moiZebneba iseTi x da y koduri sityvebi, romelTa Soris manZilic (x,y)2t. maSin x sityvaSi SeiZleba t Secdomebidan moiZebnos iseTi kombinacia, rom miRebuli z sityva romelime y sityvisagan ufro naklebad iqneba dacilebuli, vidre x sityvisagan. amitom, SeuZlebeli iqneba imis dadgena, gadacemuli iyo x sityva Tu y sityva.

11. wrfivi an jgufuri kodebi
zemoT CamoTvlili kodebidan umravlesobas gaaCnia Semdegi Tviseba: ori koduri sityvis jami an sxvaoba Tavis mxriv warmoadgens isev kodur sityvas. kodisaTvis gameorebebiT es Tviseba cxadia. kodisaTvis luwobaze saerTo SemowmebiT aseve cxadia es Tviseba, radganc Tu sityvebSi erTianebis raodenoba luwia, maSin jamSic luwi iqneba erTianebis raodenoba.
$9-Si ganxiluli iyo hemingis kodi Semowmebis pirobebiT (5). ganvazogadoT es magaliTi _ kodur alfavitad avirCioT raime sasruli veli F. am alfavitis yoveli sityva x1x2 ... xn gavaigivoT n-ganzomilebiani Ln sivrcis (x1,x2, ... , xn) veqtorTan (veqtoris koordinatebi warmoadgenen F velis elementebs). koduri sityvis Sesabamis veqtorebs vuwodoT koduri veqtori. Semowmebis pirobebi CavweroT gantolebebis saxiT:
b11x1+b12x2+ ... +b1nxn=0
b21x1+b22x2+ ... +b2nxn=0
                                                    . . . . . . . . . . . . . . . . . . . .                                              (1)
bm1x1+bm2x2+ ... +bmnxn=0
bij koeficientebiT F velidan. kods, romelic Sedgeba yvela x1x2 ... xn sityvisagan, da romelTaTvisac sruldeba (1), uwodeben kods luwobaze SemowmebiT.
aseTi kodebisaTvis sruldeba Semdegi Tviseba: Tu (a1, a2, ... ,  an) da (b1, b2, .. , bn) koduri veqtorebia (Sesabamisad (1) sistemis amoxsnebi), maSin maTi jami (a1+b1, a2+b2, ... , an+bn) aseve warmoadgens kodur veqtors da (1) sistemis amonaxsns. samarTliania (1) sistemis amoxsnis meore Tvisebac: Tu  warmoadgens velis elements da (a1, a2, ... , an) ki (1) sistemis amonaxsns, maSin (a1, a2, ... , an) veqtoric agreTve warmoadgens (1) sistemis amonaxsns. orive am Tvisebis Semowmeba SesaZlebelia (1) sistemaSi (a1+b1, a2+b2, ... , an+bn) da (a1, a2, ... , an) veqtorebis CasmiT. orive es Tviseba erTad aRniSnavs, rom kodi luwobaze SemowmebiT warmoadgens yvela n-asoiani sityvebis Ln sivrcis wrfiv qvesivrces. amis gamo, kodebs luwobaze SemowmebiT uwodeben wrfiv kodebs (orobiT wrfiv kodebs aseve uwodeben jgufur kodebsac). Ln sivrceSi Tu kodur qvesivrces gaaCnia ganzomileba k, maSin meti sicxadisaTvis gamoiyeneben termins _ wrfivi (n,k)-kodi.
mravali mizezis gamo wrfivi kodebi Zalian mniSvnelovania kodirebis TeoriaSi. maTgan erT-erTia Secdomebis aRmoCenisa da gasworebis mosaxerxebloba, rogorc es Canda $9-Si ganxilul magaliTSi. meore mizezia kodis kompaqturad Caweris SesaZlebloba. marTlac, wrfivi kodis SemTxvevaSi ar aris saWiro koduri sityvebis mTeli siis miTiTeba, radganac kodi savsebiT gansazRvrulia wrfivi gantolebebis (1) sistemiT an am sistemis matriciT (Semowmebis matriciT):


SemdegSi CavTvaloT, rom am matricis striqonebi wrfivad damoukidebelia.
	wrfivi kodirebis Rirsebas warmoadgens agreTve kodirebisa da dekodirebis martivi algoriTmebi, romelTa realizaciac martivia eleqtronuli sqemebiT.
Tu davubrundebiT winaT ganxilul magaliTebs, advilad vipoviT maT Semowmebis matricebs. mag., luwobaze saerTo Semowmebis kodSi gvaqvs mxolod erTi Semowmebis Tanafardoba x1+x2+ ... +xn=0; Sesabamisad Semowmebis matricic Sedgeba mxolod erTi striqonisagan da aqvs Semdegi saxe:
H = (111 ... 1).
gameorebebis kodis Semowmebis Tanafardobebidan
x1_x2=0,
x1_x3=0,
. . . . . .
x1_xn=0
miviRebT Semdeg Semowmebis matrics:


bolos, 7 sigrZis mqone hemingis orobiTi kodis Semowmebis matrici (es gamomdinareobs $9-is (5) Tanafardobidan) aseTnairad gamoiyureba:

                      (2)
arsebobs wrfivi kodis matriculi Caweris sxva saxec. is damyarebulia imaze, rom wrfivi sivrcis yovel qvesivrceSi SeiZleba airCes bazisi, anu veqtorebis iseTi wrfivad damoukidebeli sistema, romelTa saSualebiTac wrfivad gamoisaxeba qvesivrcis veqtorebi. vTqvaT
a1=(a11, a12, ... , a1n)
a2=(a21, a22, ... , a2n)                                                          (3)
. . . . . . . . . . . . . . .
ak=(ak1, ak2, ... , akn)
warmoadgenen wrfivi kodis bazisur veqtorebs. maSin yvela SesaZlo bazuri veqtori SeiZleba amowerili iqnas wrfivi kombinaciebiT
1a1+2a2+ ... +kak,                            (4)
sadac i koeficientebi sawyisi velis nebismieri elementebia.
	amgvarad, bazuri veqtorebis sistema (3) srulad gansazRvravs wrfiv (n,k)-kods. maTgan Sedgenil G matrics 

                                    (5)
uwodeben kodis warmomqmnel (порождающая) matrics.
aRvniSnoT, rom bazisi SeiZleba arCeuli iqnas ara erTnairi, amitom warmodgenili G matricic gansazRvrulia aracalsaxad. es samarTliania Sesamowmebeli H matricisaTvisac.
kodisaTvis ganmeorebebiT warmomqmnel matrics aqvs saxe:
G= (111 ... 1).
luwobaze saerTo Semowmebis orobiTi kodisaTvis bazur veqtorebad SeiZleba aRebuli iqnas, mag., Semdegi n_1 veqtori:
a1 = (1100 ... 0),
a2 = (1010 ... 0),
. . . . . . . . . . .
an-1= (1000 ... 1).
amitomac, matrici


warmoadgens am kodis warmomqmnel matrics.
monacemebis gadacemisaTvis wrfivi kodis gamoyenebis dros sasargebloa warmomqmneli da Sesamowmebeli matricebis codnac. warmomqmneli matricis saSualebiT mosaxerxebelia Setyobinebebis kodireba. radganac wrfiv (n,k)-kods, warmomqmneli (5) matriciT, gaaCnia qk koduri sityva ((4)-Si k koeficientebi SeiZleba arCeuli iqnas q raodenobis xerxiT), amitom misi saSualebiT SeiZleba kodirebuli iqnas q sigrZis alfavitidan k sigrZis yvela Setyobineba (i _ informaciuli simboloebia), maSin yvelaze mosaxerxebelia SevuTavsoT mas koduri veqtori a, romelic emTxveva warmomqmneli matricis (4) striqonebis wrfiv kombinacias. rTuli araa a veqtoris matriculi saxiT Cawera, risTvisac gamoviyenoT matricebis gamravlebis wesi:

a=AG=(12 ... k)                    (6)
Sesamowmebeli matricebi ZiriTadad gamoiyeneba miRebuli Setyobinebebis dekodirebisa da Secdomebis gasworebisaTvis. amaze mogvianebiT gveqneba saubari.
davadginoT rogoraa erTmaneTTan dakavSirebuli warmomqmneli da Sesamowmebeli matricebi da rogor dadgindes erTis saSualebiT meore. davubrundeT (1)-s. warmomqmneli matricis yoveli striqoni warmoadgens kodur veqtors da akmayofilebs (1)-is yvela gantolebas, anu i da j-s nebismieri mniSvnelobisaTvis
bi1aji+bi2aj2+ ... + binajn=0.                         (7)
sxva sityvebiT rom vTqvaT, warmomqmneli matricis  nebismieri striqoni da Sesamowmebeli matricis nebismieri striqoni orTogonaluria erTmaneTis mimarT. (7)-is matricul Canawers eqneba saxe:
GHT=0
(0 aq aRniSnavs nulovan matrics).
aseve aRvniSnoT, rom (1)-dan gamomdinareobs toloba



romelic samarTliania yoveli  koduri variantisaTvis.
warmomqmneli matricis mosaZebnad saWiroa (1) sistemis k=n_m wrfivad damoukidebeli amoxsnis povna. swored es amoxsnebi iqneba warmomqmneli matricis striqonebi.
magaliTi. vipovoT warmomqmneli matrici 7 sigrZis mqone hemingis kodisaTvis, romlis Sesamowmebeli matricic aris (2). am SemTxvevaSi saWiroa moiZebnos Semdegi sistemis 4 damoukidebeli amonaxsni:
x4+x5+x6+x7=0,
x2+x3+          x6+x7=0,
x1+     x3+     x5     +x7=0.  
amovxsnaT sistema x1, x2, x4 ucnobebis mimarT:
x1=x3+x5+x7,
x2=x3+x6+x7,                                                                    (8)
x4=x5+x6+x7.
x3, x5, x6, x7 ucnobebs SeiZleba nebismieri mniSvneloba mivaniWoT. maSin (8)-dan ganisazRvreba darCenili x1, x2, x4  ucnobebi.  x3, x5, x6, x7 ucnobebidan rigrigobiT TiToeuls Tu mivaniWebT mniSvnelobas 1 da danarCenebs ki 0-s, miviRebT 4 amoxsnas:
a1=(1110000),   a2=(1001100),   a3=(0101010),    a4=(1101001),
romlebic wrfivad damoukidebelia. am amoxsnebiT Sedgenili matrici


warmoadgens swored saZebn warmomqmnel matrics.
am paragrafSi ganxiluli sakiTxebis irgvliv warmoiSveba mravali SekiTxva. mag., Tu cnobilia warmomqmneli da Sesamowmebeli matricebi, rogor gamovikvlioT kodis makoreqtirebeli SesaZleblobebi; rogor movaxdinoT am SesaZleblobebis realizeba (anu rogori unda iyos dekodirebis, Secdomebis aRmoCenisa da gasworebis algoriTmebi); Secdomebis gasworebis Semdeg rogor gamovyoT informaciuli simboloebi?
Tavidan gavarCioT ukanaskneli SekiTxva. vTqvaT, Secdomebis gasworebis Semdeg miviReT raime koduri veqtori a=(a1, a2, ... , an). maSin misi Sesabamisi informaciuli simboloebi 1, 2, ... , n ganisazRvreba (6) tolobidan. sxva sityvebiT rom vTqvaT, (1, 2, ... , n) veqtori warmoadgens
a111+a212+ ... +ak1k=a1,
a121+a222+ ... +ak2k=a2,
. . . . . . . . . . . . . . . . .
a1n1+a2n2+ ... +aknk=an
wrfivi gantolebebis amonaxsns (SeiZleba damtkicdes, rom erTaderTs). 
	am amocanis gadawyveta ar moicavs principialur siZneleebs, magram SeiZleba saWiro gaxdes rTuli gardaqmnebis Catareba. informaciuli simboloebis gamoyofa sagrZnoblad advildeba, Tu kodirebisaTvis gamoyenebuli iqneba e.w. sistematuri wrfivi kodebi.
wrfiv (n,k)-kods uwodeben sistematurs, Tu mis warmomqmnel matrics aqvs saxe:

                  (9)
an saxe

                 (9’)
anu matrici miiReba k-uri rigis erTeulovani matricisaTvis raRac matricis miweriT, romelsac gaaCnia k striqoni da m=n_k sveti.
(9)-is SemTxvevaSi (6) miiRebs saxes:

a=(12 ... k) (12 ... kk+1 ... n).
amgvarad, koduri sityvis pirveli k simbolo warmoadgens swored informaciul simboloebs, xolo danarCenebi (isini warmoadgenen Sesamowmebel simbolebs) dakavSirebuli arian informaciul simboloebTan Semdegi TanafardobebiT:
ak+1=p111+p212+ ... +pk1k,
ak+2=p121+p222+ ... +pk2k,                    (10)
. . . . . . . . . . . . . . . . . .
an=p1m1+p2m+ ... +pkmk.
cxadia, rom (10) gantolebebi qmnian sistemuri wrfivi kodisaTvis Sesamowmebel Tanafardobebs.

12. dekodireba sindromiT. kidev erTxel hemingis kodis Sesaxeb
sityva ~sindromi~ Cveulebriv aRniSnavs romelime movlenisaTvis damaxasiaTebeli Tvisebebis erTobliobas. TiTqmis aseTive azri aqvs ~sindromis~ cnebas kodirebis TeoriaSic. Secdomis Semcveli veqtoris sindromi saSualebas iZleva amocnobili iqnas yvelaze albaTuri Secdomebi.
u veqtoris sindroms uwodeben s(u) veqtors, romelic ganisazRvreba gantolebiT:
s(u)=uHT.
matricebis gamravlebis wesidan gamomdinareobs, rom sindromi aris m sigrZis veqtori, sadac m aris Sesamowmebeli matricis striqonebis raodenoba. sindromis ganmartebis Tanaxmad, u veqtori maSin da mxolod maSin aris koduri (uV), rodesac misi sindromi nulovani veqtoris tolia. marTlac toloba 
uHT=0
tolfasia imisa, rom u veqtoris x1, x2, ... , xn koordinatebi akmayofileben $11-is (1) gantolebebs.
exla vTqvaT u veqtori araa koduri, maSin es veqtori aucileblad Seicavs SecdomiT simboloebs. maSin u veqtori SeiZleba warmodgenili iqnas ukanaskneli koduri veqtoris v (romelic jer araa cnobili) da Secdomis veqtoris e-s jamis saxiT:
u=v+e.                                                                (1)
cxadia, rom veqtori e=(1, 2, ... , n) Seicavs aranulovan simboloebs im poziciebSi, romlebSic u veqtori Seicavs damaxinjebul simboloebs.
mniSvnelovania, rom miRebuli u veqtorisa da Secdomis veqtoris sindromebi erTmaneTs emTxveva. marTlac, 
s(u)=(v+e) HT=vHT+eHT=eHT=s(e).                     (2)
exla ganvixiloT yvela u’ veqtoris U simravle, romelTac aqvT iseTive sindromi, rogorc u veqtors, vTqvaT a=u’_u. maSin 
s(a)=(u’_u) HT=u’HT_uHT=s(u’)_s(u)=0.
radganac s(a)=0, amitom a koduri veqtoria. sawinaaRmdego, Tu u’_u koduri veqtoria, maSin s(u’)=s(u). amgvarad, CvenTvis saintereso U simravlisaTvis gvaqvs:

U={u+aa}.


jgufebis Teoriis terminebiT es aRniSnavs, rom  qvejgufisaTvis U warmoadgens Sereul klass (Ln sivrce da misi koduri qvesivrce  SeiZleba ganxiluli iqnas rogorc jgufi da misi qvejgufi veqtorebis Sekrebis operaciasTan mimarTebaSi).
SeiZleba gavakeToT Semdegi daskvnebi:
1. or veqtors aqvs erTnairi sindromi maSin da mxolod maSin, rodesac isini miekuTvnebian koduri qvesivrcis erTidaigive Sereul klass. amgvarad, veqtoris sindromi calsaxad gansazRvravs im Sereul klass, romelsac es veqtori miekuTvneba.
2. u veqtoris Secdomis e veqtori, (2) tolobis Tanaxmad, unda moiZebnos igive Sereul klasSi, romelsac ekuTvnis TviTon u veqtori.
ra Tqma unda, Sereuli klasis miTiTeba, romelsac e veqtori miekuTvneba, jer kidev ar gansazRvravs TviTon am veqtors. cxadia, rom Sereuli klasidan e veqtorad unda airCes is veqtori, romlisTvisac e veqtorTan damTxvevis albaToba yvelaze didia. aseT veqtors uwodeben Sereuli klasis liders. Tu vivaraudebT, rom bevri Secdoma xdeba mcire albaTobiT, maSin lider veqtorad unda airCes mocemul klasSi yvelaze mcire wonis mqone veqtori da SemdegSic lideri swored ase iqneba gagebuli.
sindromis mixedviT dekodirebis algoriTmis realizaciis dros adgenen cxrils, romelSic mieTiTeba si sindromebi da ei liderebi Sesabamisi Sereuli klasebidan. dekodirebis algoriTmi SemdegSi mdgomareobs:
1. gamoviTvaloT miRebuli u veqtoris s(u) sindromebi;
2. s(u)=si sindromis mixedviT cxrilidan ganvsazRvravT ei liders Sesabamisi Sereuli klasidan;
3. ganvsazRvravT gamogzavnil v kodur veqtors rogorc sxvaobas
v=u_ei.
SeiZleba aRmoCndes, rom zogierT Sereul klasSi aRmoCndeba erTze meti lideri. damaxinjebuli u veqtori Tu moxvdeba erT-erT aseT Sereul klasSi, maSin ufro gamarTlebuli iqneba uari vTqvaT Secdomis gasworebaze da davkmayofildeT Secdomis mxolod aRmoCeniT.
miuxedavad simartivisa, sindromuli dekodirebis algoriTms gaaCnia seriozuli naklic. igi mdgomareobs SemdegSi, mowyobiloba, romelic dekodirebis am xerxis realizebas axdens, unda inaxavdes informacias liderebisa da sindromebis Sesaxeb. am informaciis moculoba ki SeiZleba sakmaod didi aRmoCndes koduri sityvebis zomieri sigrZeebis SemTxvevaSic ki (ramdenime aTeuli). amaSi advilad SeiZleba davrwmundeT _ liderebisa da sindromebis raodenoba emTxveva Sereuli klasebis raodenobas, romelic lagranJis Teoremis mixedviT Semdegnairad gamoiTvleba qmqk=qm-k. amgvarad, mag., orobiTi (50,40)-kodisaTvis miiReba 1024 lideri da amdenive sindromi, xolo (50,30)-kodisaTvis maTi raodenoba milions gadaaWarbebs.
amgvarad, sindromuli dekodirebisaTvis miviRebT an aparaturis seriozul garTulebas, an praqtikulad ver SevZlebT mis agebas. sabednierod, arsebobs kodebi, romlebic ar saWiroeben liderebisa da sindromebis cxrilebTan mimarTvas. maTgan umartivesia hemingis kodi da misi gafarToebuli varianti.
rogorc ukve viciT, hemingis orobiTi kodi aris wrfivi, zogad SemTxvevaSi aqvs sigrZe n=2m_1, asworebs erTeulovan Secdomebs da amisaTvis gamoiyenebs Semowmebebis minimalur raodenobas (es ricxvi m-is tolia). amgvarad, hemingis kodis Sesamowmebeli matrici aris m·(2m_1) rigisa. amasTan, am matricis yvela sveti unda iyos aranulovani da gansxvavebuli. yoveli sveti warmoadgens m sigrZis orobiT veqtors, sul ki gvaqvs 2m aseTi veqtori. amitomac, 2m_1 sigrZis hemingis kodis Sesamowmebeli matricis agebisaTvis unda amovweroT m sigrZis yvela aranulovani veqtori (am matricis svetebi). svetebis Tanmimdevrobas mniSvneloba ara aqvs, magram maT xSirad ise daalageben, rom yoveli svetis SigTavsi warmoadgendes misi nomris orobiT Canawers. 15 sigrZis mqone hemingis kodisaTvis Sesamowmebeli matrici aseTnairad gamoiyureba (m=4):


erTeulovani Secdomebis gasworebis algoriTmi am SemTxvevaSi sakmaod martivia. Tu u veqtori i-ur poziciaSi Seicavs SecdomiT simbolos, maSin am veqtoris s(u) sindromi emTxveva Sesamowmebeli matricis i-ur svets. amgvarad, es sindromi, romelic waikiTxeba rogorc orobiTi ricxvi, warmoadgens swored SecdomiTi simbolos nomers.
hemingis kodic zogad SemTxvevaSi uSvebs iseT srulyofas, rogorsac $9-Si (7,4)-kodi. luwobaze Semowmebis mizniT 0 Sesamowmebeli simbolos damatebiT vRebulobT ukve gafarToebul hemingis kods ormagi Secdomebis aRmoCenis damatebiTi SesaZleblobiT. misi Sesamowmebeli matrici advilad miiReba hemingis kodis matricidan: mis yovel striqons winidan unda mivuweroT 0 simbolo da miRebul striqonebs ki davumatoT erTi cali erTianebis striqoni, romelic Seesabameba luwobaze saerTo Semowmebas:
0+1+ ... +n=0.
mag., zemoT moyvanili iyo Sesamowmebeli matrici hemingis (15,11)-kodisaTvis. misgan miiReba Semdegi Sesamowmebeli matrici gafarToebuli (16,11)-kodisaTvis:

.
damaxinjebuli veqtoris sindromis gamoTvlis dros ZiriTadad SesaZlebelia ori situacia: sindromi an emTxveva Sesamowmebeli matricis erT-erT svets an ar emTxveva. pirveli SemTxveva Seesabameba sityvaSi Secdomebis kent raodenobas, xolo meore SemTxveva ki Secdomebis luw raodenobas. 
pirvel SemTxvevaSi amboben, rom adgili hqonda erTeulovan Secdomas da misi mdebareoba ganisazRvreba im svetis nomriT, romelsac daemTxva sindromi.
meore SemTxvevaSi iTvleba, rom sityvaSi adgili hqonda or an met luwi raodenobis Secdomas, Tu s(u)0. Tu s(u)=0, maSin vuSvebT, rom gadacemis dros adgili ar hqonia Secdomebs,

13. arasimetriuli Secdomebis gamsworebeli kodebi
praqtikaSi xSirad gvxvdeba arxebi, romlebic iZlevian asimetriuli xasiaTis Secdomebs, mag., romlebSic sWarbobs 01 (anu nulebis magivrad miiReba erTianebi), xolo cvlilebebi 10 sakmaod iSviaTia.
aseT SemTxvevebSic, ra Tqma unda SesaZlebelia iseTi kodebis gamoyeneba, romlebic orive saxis Secdomebs asworebs (aseTi kodi iyo Cvens mier ganxiluli hemingis kodi), magram maTi gamoyeneba ar iqneba gamarTlebuli, radganac isini moiTxoven met resursebsa da dros, da Tanac maTi SesaZleblobebi sanaxevrod tyulilad daikargeboda. amitomac, Seqmnilia specialuri kodebi, romlebic orientirebulia specialurad arasimetriuli Secdomebis gasworebaze.
aseTi kodebis arsi Semdegia: kavSiris arxebSi Tu ar xdeba cvlilebebi 10, maSin miRebul orobiT sityvebSi arcaa saWiro nulovani mniSvnelobebis mqone poziciebis Semowmeba _ isini didi albaTobiT sworadaa miRebuli. amitom, Semowmeba movaxdinoT iseTnairad, rom Semowmebis Sedegi damokidebuli iyos mxolod erTiani simboloebis Semcveli poziciebis Semowmebaze, anu ufro zustad am poziciebis nomrebze. am mizniT, nebismieri orobiTi ricxvisaTvis u=x1x2 ... xn SevadginoT jami

.                          (1)
(1) jamSi aranulovani mniSvnelobebis Sesakrebebi miiReba mxolod im poziciebSi, romlebSic iyo 1 simbolo da am Sesakrebebis mniSvnelobebi Seesabameba maT rigiT nomrebs. anu S(u) jami warmoadgens u sityvaSi erTianiani poziciebis nomrebis jams.



SevecadoT vipovoT martivi piroba, romelic gamoyofs kodur sityvebs yvela danarCenTagan. es piroba movZebnoT rogorc Sedareba raime  modulis saxiT. warmovidginoT, rom ricxvi  ukve arCeulia da ganvixiloT kodi, romelic Sedgeba yvela iseTi sityvisagan =x1x2 ... xn, romelTaTvisac 


  (mod ),                                             (2)



anu Sedgeba iseTi sityvebisagan, romelTaTvisac erTianebis Semcveli poziciebis nomrebis jami unaSTod iyofa  ricxvze. aseTi kodi aRvniSnoT Semdegnairad _ . ase mag., n=-4, =5 SemTxvevisaTvis miviRebT koduri sityvebis Semdeg simravles:

={  0000,    1001,    0110,    1111  }.
Tundac yvela SesaZlo variantis gadamowmebiT SeiZleba davrwmundeT, rom mocemuli kodi Seasworebs 01 saxis nebismier erTeulovan Secdomas. mag., meore sityvaSi (1001) mesame TanrigSi Tu moxda Secdoma, maSin miviRebT sityvas _ 1011. Tu davakvirdebiT vnaxavT, rom erTeulovani Secdomis SemTxvevaSi vercerTi sxva sityvisagan ver miviRebdiT sityva 1011-s. amitom, mimRebi sityva 1011-is dekodirabas moaxdens calsaxad, CaTvlis, rom gadmocemuli sityva iyo 1001. analogiuradve xdeba sxva orobiTi sityvebisaTvisac, Tu adgili eqneba mxolod erT 01 tipis Secdomas. aRvniSnoT, rom zogierT SemTxvevaSi (magram ara yovelTvis) SesaZlebelia 01 tipis ori Secdomis gasworebac. aseT SemTxvevas ganekuTvneba mag., 0000 sityvaSi Secdoma or pirvel TanrigSi. miRebuli sityva 1100 ar warmoadgens kodurs da arc miiReboda arcerTi sityvisagan mxolod erTi damaxinjebis Sedegad. Tanac, arsebobs ormagi Secdomis mxolod erTi varianti, romelic mogvcemda sityvas 1100, es swored is variantia, romelic Cven ganvixileT.










aseTive Tvisebebi samarTliania nebismieri kodisaTvis , Tu n+1. kerZod, aseTi kodi asworebs 01 saxis nebismier erTeulovan Secdomas da maTi gasworebis algoriTmi sakmaod martivia. marTlac, vTqvaT  kodur sityavSi moxda ara umetes erTisa erTeulovani Secdoma da miviReT sityva u. Secdoma Tu moxda j-ur simboloSi, maSin cxadia, rom . radganac   (mod ), amitom –is moduliT  ricxvis gamoklebiT miviRebT j-s, anu im poziciis nomers, romelSic adgili hqonda Secdomas. Tu Secdomas adgili ar hqonia, maSin –is moduliT –s gamoklebiT miviRebT 0-s.


ganvixiloT erTeulovani Secdomebis gasworeba zemoT moyvanili –kodis magaliTze. vTqvaT, miRebuli iqna sityva u=0111. maSin   (mod 5). maSasadame Secdoma daSvebuli yofila meoTxe poziciaSi, anu gadmocemuli yofila koduri sityva 0110.



praqtikaSi ufro xSirad gamoiyeneba  kodebi –is minimaluri SesaZlo mniSvnelobiT: =n+1. swored aseTi kodebi iqna SemoTavazebuli r. varSanovisa da g. tenengolcis mier. 

 kodebs gaaCniaT kodur sityvebSi kidev erTi tipis damaxinjebebis gasworebis unari, romlebic damaxasiaTebelia arasimetriuli arxebisaTvis. esaa e.w. simboloebis amovardnebi da Camatebebi.

davuSvaT, romelime x1x2 ... xn sityvaSi moxda erTi simbolos amovardna, Sedegad miRebuli iqneba sityva u=y1y2 ... yn-1 sigrZiT n_1. vTqvaT n1 warmoadgens sityvaSi erTianebis raodenobas, xolo n0 ki nulebis raodenobas, romlebic ganlagebuli arian amovardnili simbolos marjvniv. Turme SesaZlebelia ganisazRvros n1 da n0 ricxvebis mniSvnelobebi Semdegi jamis saSualebiT






marTlac, Tu amovarda simbolo 0, maSin , xolo Tu amovarda simbolo 1, maSin . Tu  warmoadgens  sityvis wonas, maSin cxadia, rom 

                           (3)
















radganac    (mod ), maSin –is moduliT  ricxvis gamoklebiT miiReba an n1 (nulis amovardnis SemTxvevaSi) da an n-n0 (erTianis amovardnis SemTxvevaSi). (3) utolobebi gviCvenebs, rom Tu es sxvaoba ar aRemateba –s, maSin amovardnilia simbolo 0, winaaRmdeg SemTxvevaSi ki simbolo 1. pirvel SemTxvevaSi amovardnili simbolo 0 unda CavsvaT  sityvaSi imgvarad, rom mis marjvniv ganlagebuli iyos erTianebi raodenobiT, romelic miiReba –is moduliT –s gamoklebiT. Tuki es sxvaoba metia vidre , maSin  sityvaSi unda CavumatoT 1 iseTnairad, rom mis marjvniv ganlagebuli iyos nulebi raodenobiT, rac miiReba n-saTvis  ricxvis gamoklebiT. mag.,  kodis gamoyenebisas Tu miRebuli iqna sityva 101, maSin 4, xolo 2. 5-is moduliT  ricxvis gamoklebiT vRebulobT 1, da maSasadame amovardnilia simbolo 0. misi Casma unda moxdes iseTnairad, rom mis marjvniv iyos mxolod 1 erTiani. miiReba koduri sityva 1001.
analogiurad ganixileba simbolos erTeulovani Camatebis SemTxvevac. amis Semowmeba damoukidebladac SeiZleba.



vTqvaT miRebulia sityva y1y2 ... ynyn+1 sigrZiT n+1. -is moduliT -s gamoklebiT miiReba k.
1) 
Tu k=0, maSin sityvidan amogdebuli unda iqnas ukanaskneli simbolo;
2) 


Tu 0<k<, maSin  sityvidan amogdebuli unda iqnas nebismieri nulovani simbolo, romlis marjvnivac  sityvaSi zustad k raodenobis erTiania;
3) 

Tu  maSin  sityvidan amogdebuli unda iqnas pirveli simbolo;
4) 

Tu  maSin amogdebuli unda iqnas nebismieri simbolo 1, romlis marjvnivac  sityvaSi aris n+1_k raodenobis 0.


14. cikluri kodebi
mTeli rigi mizezebis gamo, wrfivi kodebidan gansakuTrebuli mniSvneloba eniWeba e.w. ciklur kodebs. pirvel rigSi maTi saSualebiT SesaZlebelia monacemebis gacilebiT ufro kompaqturi aRwera. meore _ wrfivi kodebisaTvis damuSavebuli monacemebis kodirebisa da dekodirebis algoriTmebi cikluri kodebisaTvis SeiZleba mniSvnelovnad iqnas  gamartivebuli; ufro metic, cikluri kodebisaTvis damuSavebulia monacemebis kodirebisa da dekodirebis algoriTmebi, romlebic sxva wrfivi kodebisaTvis ar iqneba vargisi. da bolos, Tavisi bunebiT cikluri kodebi yvelaze ukeTesadaa morgebuli Tanamedrove teqnikur mowyobilobebSi gamoyenebisaTvis.
cikluri kodebi martivia gamosayeneblad, magram misi Teoriuli sakiTxebi arc ise martivia. yvela im sakiTxebis gasarkvevad, rac gamoiyeneba ciklur kodebSi, saWiroa sakmaod rTuli algebruli aparatis gamoyeneba. amitomac, cikluri kodebis Semdgomi garCeva iqneba gacnobiTi.
ganvixiloT veqtoris cikluri Zvris cneba. vTqvaT mocemulia nebismieri n-ganzomilebiani veqtori a=(a0, a1, ... , an-1) koordinatebiT nebismieri F velidan (cikluri kodebis SemTxvevaSi veqtorebis koordinatebis numeracia umjobesia dawyebuli iqnas nulidan). veqtoris cikluri Zvra vuwodoT veqtors, a’=(an-1, a0, a1, a2, ... , an-2). mag., veqtorisaTvis (01101) mimdevrobiTi cikluri Zvrebi aseve warmoadgenen veqtorebs:
(10110),     (01011),     (10101),     (11010).
cikluri kodi ewodeba wrfiv kods, romelic mis nebismier veqtorTan erTad moicavs agreTve mis ciklur Zvras. sxva sityvebiT, ciklur kods gaaCnia Semdegi Tviseba: nebismieri koduri veqtoris cikluri Zvra aseve warmoadgens kodur veqtors. 
cikluri aris magaliTad kodi Semdegi warmomqmneli matriciT:

.
cikluri kodis ufro naklebad trivialuri magaliTia hemingis (7,4)-kodis eqvivalenturi kodi Semdegi Sesamowmebeli matriciT

.                     (1)
cikluri kodebis ganxilvisas, veqtorze Cveulebrivi moqmedebebis garda gamoiyeneba kidev erTi operaciac, romelic Seusabamebs yovel veqtors mis ciklur Zvras. am operaciis aRweris mosaxerxebel algebrul saSualebas warmoadgens mravalwevrebi. yovel a=(a0, a1, ... , an-1) veqtors davukavSiroT mravalwevri a(x)=a0+a1x+ ... +an-1xn-1, romlis koeficientebic emTxveva veqtoris Sesabamis koordinatebs. SemdegSi gavuigivoT erTmaneTs a veqtori da misi Sesabamisi a(x) mravalwevri. maSin a veqtoris ciklur Zvras a’=(an-1, a0, a1, ... , an-2) Seesabameba mravalwevri a’(x)=an-1+a0x+a1x2+ ... +an-2xn-2. SevadaroT erTmneTs a(x) da a’(x). a(x) mravalwevris pirveli n-1 Sesakrebis jams gavamravlebT x-ze, maSin miviRebT a’(x) mravalwevris ukanaskneli n-1 Sesakrebis jams. SeiZleba davadginoT, rom 
a’(x) = x a(x)_an-1 (xn_1).                         (2)
exla CavTvaloT, rom x warmoadgens n-uri rigis cikluri jgufis wrmomqmnel elements. maSin x-is n-uri xarisxi 1-is tolia
xn=1,                                    (3)
xolo ufro naklebi xarisxebi 1, x, x2, ... , xn-1 ki warmoadgenen sxvadasxva elementebs. amasTan, xarisxebis gadamravlebis wesi Semdegia:
xkxm=xr,                                   (4)
sadac rk+m   (mod n)   da 0r<n.
(3)-is gaTvaliswinebiT (2)_dan vRebulobT:
a’(x)=x a(x),
anu nebismieri veqtoris cikluri Zvra miiReba am veqtoris x-ze gamravlebiT.
(3) da (4) tolobebidan gamomdinareobs x-is nebismieri ori mravalwevris (n-1 –ze naklebi rigis) gadamravlebis Semdegi wesi. Tu a(x) da b(x) aris Semdegi saxis mravalwevrebi
a(x)=a0+a1x+ ... +an-1xn-1
da
b(x)=b0+b1x+ ... +bn-1xn-1,
maSin, imisaTvis, rom vipovoT maTi namravli, jer Cveulebrivad unda gavxsnaT frCxilebi, risTvisac unda gadavamravloT xk da xm (4) wesis Tanaxmad, xolo ak da bk koeficientebi ki F velSi gadamravlebis wesis mixedviT, ris Semdegac daviyvanT Sesabamis wevrebs.
magaliTi 1. vTqvaT n=5 da a(x)=1+x+x2+x4 da b(x)=1+x3+x4 warmoadgenen orobiT mravalwevrebs. maSin
a(x)b(x)=(1+x+x2+x4)(1+x3+x4)=1+x+x2+x4+x3+xx3+x2x3+x4x3+x4+xx4+x2x4+x4x4=
=1+x+x2+x4+x3+x4+1+x2+x4+1+x+x3=1+x4
amgvarad, mravalwevrebisaTvis Sekrebis operaciis garda gansazRvrulia agreTve gamravlebis operaciac (mravalwevrebis Sekrebis operacia ar saWiroebs damatebiT gansazRvras, radganac mravalwevrebi Cvens mier gaigeba rogorc veqtorebi). amasTan, cxadia, rom mravalwevrebis gadamravlebis operacia komutaciuria, asociaciuria da distribuciulia Sekrebis operaciis mimarT amitom, n-ze naklebi xarisxis yvela mravalwevris Fn simravle miTiTebuli operaciis mimarT warmoqmnis rgols. maSin cikluri kodi sufTa algebruli terminebiT SeiZleba aRwerili iqnas Semdegnairad:


wrfivi kodi warmoadgens ciklurs maSin da mxolod maSin, rodesac warmoadgens Fn rgolis ideals.



marTlac, Tu idealia, maSin yoveli koduri veqtorisaTvis (mravalwevrisaTvis) a(x) samarTliania  xa(x), anu cikluri Zvrac warmoadgens kodur veqtors.

sawinaaRmdego, Tu  cikluri kodia, maSin yoveli a(x) koduri veqtorisaTvis, misi mimdevrobiTi cikluri Zvrebic x a(x), x2a(x), ... , xn-1a(x) Tavis mxriv warmoadgenen kodur veqtorebs.
dagvrCa vaCvenoT, rom yoveli mravalwevrisaTvis
b(x)=b0+b1x+b2x2+ ... +bn-1xn-1
b(x)a(x) namravlic aseve warmoadgens kodur veqtors. gvaqvs 
b(x)a(x)=b0a(x)+b1xa(x)+b2x2a(x)+ ... +bn-1xn-1a(x).              (5)

zemoT naTqvamis Tanaxmad, (5)-Si yoveli Sesakrebi ekuTvnis kodur sivrces, maSin mTel jamsac gaaCnia igive Tviseba. amgvarad  idealia. 
jer araa cxadi, raSi gamoiyeneba Cvens mier aRwerili cikluri kodi. es cxadi gaxdeba Semdegi mosazrebidan.


Fn rgolis yovel  idealSi arsebobs g(x) mravalwevri, romlis jeradicaa  idealis nebismieri mravalwevri.


sxva sityvebiT, nebismieri mravalwevri a(x) SeiZleba warmodgenili iqnas g(x) fiqsirebuli mravalwevrisa da romelime gamosadegi S(x)Fn mravalwevris namravlis saxiT:
a(x)=g(x)S(x).                               (6)

damtkicebisaTvis ganvixiloT yvelaze mcire xarisxis mqone aranulovani mravalwevri g(x), romelic ekuTvnis ideals. Tu a(x) nebismieri mravalwevria -dan, maSin gavyoT is g(x)-ze naSTiT:
a(x)=g(x)S(x)+r(x).                             (7)



es SeiZleba gakeTebuli iqnas mravalwevris mravalwevrze gayofis Cveulebrivi wesiT. r(x) naSTis xarisxi naklebi iqneba g(x) gamyofis xarisxze. (7)-is marjvena nawilis pirveli Sesakrebi ekuTvnis -s (idealis ganmartebis Tanaxmad). radganac a(x) mravalwevric ekuTvnis -s, maSin r(x) naSTi, romelic -s ori elementis sxvaobis tolia
a(x)_g(x) S(x),
aseve unda ekuTvnodes ideals. Tu davuSvebT, rom r(x) aranulovani mravalwevria, maSin warmoiqmneba winaaRmdegoba: r(x) mravalwevrs, romelic ideals ekuTvnis, gaaCnia g(x) mravalwevris xarisxze naklebi xarisxi. maSasadame r(x)=0 da sruldeba (6) toloba. 

g(x) mravalwevrs uwodeben  idealis warmomqmnel mravalwevrs (an Sesabamisi cikluri kodis).
amgvarad, Tu cnobilia kodis warmomqmneli mravalwevri, maSin amiT cnobiloa yvela koduri mravalwevri _ bazisuri koduri veqtorebis sia. cikluri kodisaTvis ki sakmarisia mivuTiToT mxolod erTi koduri mravalwevri, kerZod, warmomqmneli mravalwevri g(x).
warmomqmneli mravalwevris mixedviT advilia cikluri kodis warmomqmneli matricis povna. vTqvaT
g(x)=g0+g1(x)+ ... +gmxm                         (8)
aris m rigis mravalwevri da k=n_m. ganvixiloT Semdegi mravalwevrebi:
g(x), xg(x), x2g(x), ... , xk-1g(x).
yvela isini koduri mravalwevrebia da maTi xarisxi ar aRemateba n-1. SeiZleba davrwmundeT, rom isini qmnian wrfivad damoukidebel sistemas Tu maT ganvixilavT rogorc veqtorebs, da yoveli koduri veqtori warmoadgens maT wrfiv kombinacias. maSasadame (8)-is veqtorebisagan Sedgenili G matrici warmoadgens cikluri kodis warmomqmnel matrics. misi rigi tolia kn da aqvs saxe

.              (9)
magaliTis saxiT ganvixiloT 7 sigrZis mqone orobiTi cikluri kodi warmomqmneli mravalwevriT g(x)=1+x2+x3=(1011000).
radganac 
xg(x)=x+x3+x4=(0101100),
x2g(x)=x2+x4+x5=(0010110),
x3g(x)=x3+x5+x6=(0001011),
amitom warmomqmneli iqneba Semdegi matrici:

.
Zneli araa davrwmundeT imaSi, rom mocemuli cikluri kodi eqvivalenturia hemingis kodisa, Sesamowmebeli matriciT

.
saerTod, SeiZleba damtkicebuli iqnas, rom hemingis yoveli kodisaTvis arsebobs misi eqvivalenturi cikluri kodi.
mniSvnelovania, rom ciklur kodebs Soris arsebobs iseTebi, romelTac SeuZliaT mebismieri mocemuli raodenobis Secdomebis gasworeba. arsebobs Semdegi Teorema:
m da t(t<(2m_1)/2) nebismieri mniSvnelobebisaTvis arsebobs 2m_1 sigrZis mqone orobiTi cikluri kodi, romelsac SeuZlia gaasworos t raodenobis an masze naklebi raodenobis Secdomebis yvela kombinacia da romelic moicavs araumetes mt raodenobis Sesamowmebel simboloebs.
am Teoremis damtkicebas aq ar moviyvanT. aRvniSnoT mxolod, rom aRwerili kodebis ageba dafuZnebulia galuas G F(q) velebis gamoyenebaze.



15. kodireba da dekodireba kompiuterebSi
 (
  
nax. 11
)kompiuterebSi wrfivi da cikluri kodebis kodireba da dekodireba ra Tqma unda SeiZleba Sesrulebuli iqnas procesoris saSualebiT, magram es gamarTlebuli ar iqneboda, radganac igive samuSao SeiZleba Sesrulebuli iqnas ufro martivi mowyobilobebis saSualebiT, mag., specializirebuli procesorebis an mikroprocesorebis saSualebiT. orobiTi kodebis SemTxvevaSi am martiv mowyobilobebSi ZiriTadad gamoiyeneba ori saxis elementebi. esenia:
_ mexsierebis ujredi (anu trigeri), romelic SeiZleba imyofebodes or mdgomareobaSi. maTgan erTs Seesabameba simbolo 0, xolo meores ki simbolo 1. mexsierebis ujreds gaaCnia erTi Sesasvleli da erTi gamosasvleli.
_ orobiTi amjamavi, romelic axdens 2-is moduliT Sekrebas. amjamavs gaaCnia ori Sesasvleli da erTi gamosasvleli.
am elementebisagan Sedgenili mowyobilobebiT adviladaa SesaZlebeli orobiTi mravalwevrebis gadamravleba da gayofa. es swored is operaciebia, romlebic saWiroa cikluri kodebis gamoyenebisas. 
pirvelad ganvixiloT sqema, romlis saSualebiTac xdeba nebismieri orobiTi mravalwevris f(x) gadamravleba mravalwevrze 1+X2+X3. es sqema (nax. 11) Sedgeba mexsierebis sami ujredisa da ori amjamavisagan. avxsnaT misi moqmedebis principi.
 (
nax. 11
f(x)
)Tavdapirvelad mexsierebis yoveli ujredi Seicavs nulebs, xolo Sesasvlelze ki miewodeba f(X)=anXn + an-1Xn-1 +...+ a0 mravalwvris koeficientebi dawyebuli maRali xarisxis koeficientebiT. an koeficienti cvlilebebis gareSe gadaecema gamosasvlelze da damaxsovrebuli iqneba mexsierebis pirvel ujredSi (nax. 12, a). 
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nax. 12
)muSaobis meore taqtSi (nax. 12, b), mexsierebis pirvel ujredSi moxvdeba an-1 koeficienti, xolo an koeficienti ki gadaadgildeba (daiZvreba) mesxierebis meore ujredSi. pirveli amjamavis Sesasvlelze aRmoCndeba an da an-1 mniSvnelobebi, xolo gamosasvlelze ki maTi jami 2-is moduliT.
muSaobis mesame taqtSi (nax. 12, g) moxdeba koeficientebis Semdegi Zvra mexsierebis ujredebSi, xolo pirveli amjamavis da mTeli sqemis gamosasvlelebze iqneba jami an-2+an-1.
nax. 12, d-ze naCvenebia sqemis mdgomareoba muSaobis i-ur taqtze, anu rodesac Sesasvlelze miwodebuli iqneba an-i (in) koeficienti. 
muSaobis ukanaskneli sami taqti asaxulia  nax. 12 e, v, z-ze. 
amgvarad, sqemis gamosasvlelze miviRebT n+3 raodenobis koeficientebis Semdeg Tanmimdevrobas:
an;  an-1+an;  an-2+an-1;  an-3+an-2+an; ... ;  an-i+an-i+1+an-i+3; ... ;  a0+a1+a3;  a0+a2;  a1;  a0. 
es Tanmimdevroba ki Seesabameba Semdeg mravalwevrs:
anXn+3+(an-1+an)Xn+2+(an-2+an-1)Xn+1+(an-3+an-2+an)Xn+ ... +(an-i+an-i+1+an-i+3)Xn-i+3+ ... +(a0+a1+a3)X3+(a0+a2)X2+a1X+a0.
SeiZleba Semowmebuli iqnas, rom es mravalwevri warmoadgens zustad CvenTvis saWiro mravalwevrs _ namravls
(anXn+an-1Xn-1+ ... +a2X2+a1X+a0)(X3+X2+1).
analogiuradaa mowyobili nebismier velze nebismier mravalwevrze gamravlebis sqemac (nax. 13). 
g(X)=gmXm+gm-1Xm-1+ ... +g1X+g0.
 (
nax. 13
Sesasvleli
g
m
g
m-1
g
m-2
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g
1
g
0
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gamosasv-
leli
)am sqemaze mexsierebis ujredebSi F velis elementebi imgvaradaa Senaxuli, rom mexsierebis ujredebis gansxvavebuli mdgomareobebis raodenoba emTxveodes F velis elementebis raodenobas. mexsierebis ujredebSi xdeba Cawerili koeficientebis ara marto ~damaxsovreba~, aramed xdeba ~Zvrac~ (asruleben Zvris registris rols). amjamavebi axorcieleben Sekrebas F velze Sekrebis operaciis wesebis gaTvaliswinebiT. garda amisa, sqemaSi CarTulia damatebiTi mowyobilobebi, romlebic axorcieleben giF elementebze gamravlebas (sqemaze es mowyobilobebi naCvenebia wreebiT, romlebSic aRniSnulia Sesabamisi mamravlebi). orobiTi kodebis SemTxvevaSi amisaTvis gansakuTrebuli mowyobilobebi saWiro araa: Tu gi=1, maSin sqemis Sesabamis adgilze gamoyenebulia vertikaluri SeerTeba da orobiTi amjamavi, xolo Tu gi=0, maSin isini ar gamoiyenebian.
aseTive martivia mravalwevris mravalwevrze naSTiT gayofis sqemebic. mag., 1+X2+X3 mravalwevrze gayofis sqema (nax. 14) Semdegnairadaa mowyobili.
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CarCoebSi gamoyofilia Sualeduri naSTebi
) (
gamosas.
gasayofi
nax. 14
ganayofi
Sesasvleli
)Sesasvlelze miewodeba gasayofis koeficientebi ufrosi xarisxebidan dawyebuli, gamosasvlelze mimdevrobiT miiReba ganayofis koeficientebi. gayofis damTavrebis Semdeg ki mexsierebis ujredebSi marcxnidan marjvniv aRmoCndeba Cawerili naSTis koeficientebi umcrosi xarisxidan dawyebuli. ganvixiloT sqemis muSaobis Tanmimdevroba X5+X4+X3+X+1 mravalwevris X3+X2+1 mravalwevrze gayofisas. gayofiT vRebulobT:
 (
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nax. 15
)sqemis muSaobis pirvel sam taqtSi xdeba gasayofis ufrosi koeficientebis daZvra mexsierebis ujredebSi. amasTan, ufrosi koeficienti (X5-is) aRmoCndeba marjvena ganapira ujredSi (nax. 15, a). mTeli am drois ganmavlobaSi amjamavebis qveda Sesasvlelebze SenarCunebulia nulovani elementebi, romlebic sqemis muSaobaze gavlenas ar axdenen. Semdeg taqtSi (nax. 15, b) moxdeba ufrosi koeficientebis Zvra sqemis gamosasvlelze da amave dros miewodeba sqemaSi amjamavebis qveda Sesasvlelebs. sqemis Sesasvlelze X2 wevrisaTvis miewodeba nulovani koeficienti. mexsierebis pirvel ujredSi Caiwereba pirveli amjamavis gamomavali signali (1+0=1), meore ujredSi Caiwereba wina taqtSi pirveli ujredis SigTavsi (anu 1), mesame ujredSi ki Caiwereba meore amjamavis Sedegi (1+1=0). amgvarad, Zvris registris mexsierebis ujredSi aRmoCndeba Cawerili CarCoSi Casmuli pirveli naSTi.
nax. 15, g-ze naCvenebia sqemis mdgomareoba muSaobis kidev erTi taqtis Semdeg. Zvris registris ujredebSi axla Cawerili iqneba ukve meore Sualeduri naSTi.
muSaobis kidev erTi taqti sqemas gadaiyvans ukve saboloo mdgomareobaSi (nax. 15, d). Zvris registris mexsierebis ujredebSi Cawerili iqneba naSTis koeficientebi, xolo sqemis gamosasvlelze miRebuli simboloebis mimdevroba 1, 0, 1 ki warmoadgens ganayofis koeficientebs.
nebismier g(X) mravalwevrze naSTiT gayofis sqema moyvanilia nax. 16-ze.
mravalwevrebze gamravlebisa da gayofis Cvens mier ganxiluli sqemebi warmoadgenen kodirebis mowyobilobebs (maT xSirad uwodeben koderebs) cikluri kodebisaTvis. marTlac, gavixsenoT kodireba wrfivi (n,k)-kodiT. Tu A= 01 ... k-1 warmoadgens k sigrZis nebismier Setyobinebas, maSin mas SeiZleba SevusabamoT koduri veqtori
 (
gamosas.
gasayofi
nax. 16
ganayofi
Sesasvleli
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)=( ... k-1)G,      (1)
sadac G warmoadgens wrfivi kodis warmomqmnel matrics. 
cxadia, rom wesi ZalaSi rCeba nebismieri cikuli kodisaTvis da SeiZleba mivceT uero mosaxerxebeli forma.
Tu a(x) aris a veqtoris Sesabamisi mravalwevri da 
A(x)=0+1x+ ... +k-1xk-1
mravalwevri ki aris A Setyobinebis Sesabamisi mravalwevri, maSin (1) toloba gadava mravalwevrebis tolobaSi
a(x)=A(x)g(x),                                                             (2)
sadac g(x) warmoadgens cikluri kodis warmomqmnel matrics.
imisaTvis, rom amaSi davrwmundeT, sakmarisia (1)-Si CavsvaT G matrici $11-is (9) formulidan da SevamowmoT, rom miRebuli veqtoris koordinatebi warmoadgenen A(x)g(x) mravalwevris koordinatebs.
amgvarad, kodirebis operacia daiyvaneba mravalwevrebis gadamravlebaze. Tanac SeiZleba CavTvaloT, rom saqme exeba mravalwevrebis ubralo gamravlebas, radganac g(x)-is xarisxia m, A(x)-is xarisxi ki naklebia (n-m)-ze, maSasadame am mravalwevris xarisxebis jami naklebi iqneba n-ze. Cvens mier ganxiluli sqemebis (nax. 11 da 13) saSualebiT xdeba mravalwevrebis Cveulebrivi gamravleba. aqedan pirveli SeiZleba iyos koderi cikluri (7,4)-kodisaTvis, warmomqmneli mravalwevriT X3+X2+1, xolo meore, nebismieri cikluri kodisaTvis, g(x) warmomqmneli mravalwevriT. Tu ukanasknels Sesasvlelze miewodeba 0, 1, ... , n-1 simboloebi (A(x) mravalwevris koeficientebi), gamosasvlelze ki (2)-is Tanaxmad miiReba a(x) koduri mravalwevris koeficientebi.
gayofis sqemebis safuZvelze gansakuTrebiT mosaxerxebelia agebuli iqnas dekoderebi sistematuri cikluri kodebisaTvis, romlebSic informaciuli simboloebi gamoyofilia Sesamowmebeli simboloebisagan.
kodirebis mowyobilobebTan Cveni zedapiruli gacnobac ki sakmarisia imisaTvis, rom, davinaxoT, rom maT gaaCniaT unificirebuli struqtura. rogorc nax. 13-dan Cans, garkveuli kodisaTvis gankuTvnili kodis saxecvlilebebiT SeiZleba miRebuli iqnas sxva kodisaTvis saWiro kodirebis sqema. amitomac, mTel rig SemTxvevebSi ufro mosaxerxebelia ara garkveuli konkretuli sqemebis gamoyeneba, aramed sakmaod ganStoebuli unificirebuli sqemebis gamoyeneba, romelTa muSaobis gadawyobac SesaZlebeli iqneba maTSi ama Tu im mmarTveli programis SetaniT. swored aseT mowyobilobebs warmoadgens specializirebuli mikroprocesori.
dekodirebis amocana iTvaliswinebs Secdomebis aRmoCenasa da gasworebas da es procedura bevrad ufro rTulia, vidre kodireba. magram, amgvari, mikroprocesorebi, saSualebas iZlevian gadawyvetili iqnas es amocanac. koderebisagan gansxvavebiT, romlebc gamoiyurebian ase Tu ise standartul mowyobilobebad yovelgvari cikluri kodebisaTvis, dekoderebi gamoirCevian didi mravalferovnebiT, da Tu isini rogor gamoiyurebian, damokidebuli gamoyenebuli kodebis tipebisagan, da gansakuTrebiT dekodirebis xerxisagan.
 (
miRebuli sityva
n
 simboloiani dammaxsovrebeli mowyobiloba
sindromis gamosaTvleli mowyobiloba
kombinaciuri logikuri sqema
gasworebuli sityva
nax. 17
)sindromuli dekoderebis garda, arsebobs meTodebis mTeli rigi, romlebic ase Tu ise dakavSirebulia sindromebis gamoTvlasTan. maTgan yovelisaTvis dekoderis sqema gamoiyureba ise, rogorc naCvenebia nax. 17-ze. 
dekoderis yvelaze rTul nawils warmoadgens kombinaciuri logikuri sqema, romelic gamoTvlili sindromisaTvis aRmoaCens SecdomiTi simboloebis mdebareobas. am logikuri mowyobilobis sqemas mTlianad gansazRvravs dekodirebis algoriTmi, xolo dekoderebis logikuri sqemebis mravalferovneba ki ganisazRvreba dekoderebis mravalferovnebiT. dekoderis praqtikuli realizaciis sirTule mTlianad ganisazRvreba dekoderis logikuri sqemiT. rogorc SemdegSi vnaxavT, dekoderis praqtikuli realizaciis sirTule mTlianad ganisazRvreba logikuri sqemis tipis mixedviT. kombinaciuri sqema Zalian martivia mxolod iseTi dekoderebisaTvis, romlebic mxolod aRmoaCenen Secdomebs, an asworeben mxolod erTeulovan Secdomebs. kombinaciuri logikuri sqemebis Semdgomi gamartiveba SesaZlebelia maJoritaruli dekodirebis meTodebis gamoyenebiT.
rac Seexeba mravalwevrebis sindromis gamoTvlas, arc es warmoadgens did problemas. maTi realizebac xdeba iseve, rogorc cikluri kodebis koderebisa. amisaTvis gamoyenebuli unda iqnas mravalwevrebis gayofis sqemebi.
amaSi dasarwmuneblad, ganvixiloT H matrici, romlis svetebSic Cawerilia xi(i=0, 1, ... , n-1) mravalwevris g(x) warmomqmnel mravalwevrze gayofis Sedegad miRebuli ri(x) naSTebis koeficientebi. pirobiTad isini CavweroT Semdegi saxiT:
H=(r0(x), r1(x), ... , rn-1(x)).
SeiZleba damtkicebuli iqnas, rom mocemuli kodisaTvis H matrici warmoadgens Sesamowmebel matrics.
Tu u=(u0, u1, ... , un-1) aris miRebuli veqtori, maSin misi sindromi uHT toli iqneba 
    u0r0(x)+u1r1(x)+ ...  +un-1rn-1(x).                    (3)
gamosaxuleba (3) emTxveva 
u(x)=u0+u1x++ ... +un-1xn-1
mravalwevris warmomqmnel g(x) mravalwevrze gayofis Sedegad miRebul naSTs. amgvarad, naSTis gamomTvleli gayofis yoveli sqema (mag., nax. 16-ze warmodgenili sqema) SeiZleba gamoyenebuli iqnas, rogorc sindromis gamomTvleli dekoderis Semadgeneli nawili.
 (
damxsomebeli mowyobiloba 
n
 simbolosaTvis
...
-g
2
-g
1
-g
n-1
...
nax. 18
)nax. 18-ze warmodgenilia Secdomebis mxolod aRmoCenisaTvis gankuTvnili dekoderis sqema.
miRebuli sityva imavdroulad Seitaneba damxsomebel mowyobilobasa da gayofis sqemaSi. dammaxsovrebeli mowyobilobis ujredebis Sevsebis momentisaTvis gayofis sqemis ujredebSi miRebuli iqneba g(x) mravalwevrze gayofis Sedegad miRebuli naSTi, romelic sindromis tolia. sindromi Tu nulis tolia, maSin miRebuli sityva gadaecema adresats, winaaRmdeg SemTxvevaSi ki monacemebis miReba wydeba da gadamcem mxares gadaecema moTxovna monacemebis ganmeorebiT gadacemaze.
 (
gasworebuli sityva
miRebuli sityva
damxsomebeli mowyobiloba 
7
 simbolosaTvis
nax. 1
9
Л
)cotaTi ufro rTulia hemingis kodis dekoderis sqema, romelic asworebs erTeulovan Secdomebs. magaliTisaTvis ganvixiloT dekoderi (7,4)-kodisaTvis warmomqmneli mravalwevriT 1+x2+x3 (nax. 19). is gayofis sqemasTana da dammaxsovrebel mowyobilobebTan erTad Seicavs logikur sqemasac. ukanaskneli mowyobilia imgvarad, rom mis gamosasvlelze aRmoCndeba 1 mxolod im SemTxvevaSi, Tu Sesasvlelze mexsierebis ujredebidan miewodeba konbinacia 011, romelic Sesamowmebeli matricis ukanaskneli svetis tolia 


(romelic miRebulia zemoT aRwerili gziT, anu xi mravalwevris warmomqmnel 1+x2+x3 mravalwevrze gayofiT).
magaliTisaTvis warmovidginoT, rom u0, u1, u2, u3, u4, u5, u6 sityvaSi Secdoma moxda u3 simboloSi, anu rigiT meoTxe simboloSi. rogorc viciT, am SemTxvevaSi sindromi daemTxveva H matricis meoTxe svets, anu (101) veqtoris toli iqneba. maSasadame, muSaobis Svidi taqtis Semdeg damxsomebel mowyobilobaSi aRmoCndeba sityva u0, u1, u2, u3, u4, u5, u6, xolo gayofis sqemis sam mimdevrobiT ujredSi ki kombinacia 101. merve taqtSi dammaxsovrebeli mowyobilobidan gamsworebel amjamavs miewodeba simbolo u6, logikuri sqemis Sesasvlelze daiZvreba 101 kombinacia, mis Sesavlelze aRmoCndeba 0, da u6 simbolo cvlilebebis gareSe miewodeba mTeli sqemis gamosasvlels. Zneli ar aris SevamowmoT, rom am dros gayofis sqemis ujredebSi aRmoCndeba kombinacia 111 (merve taqtidan dawyebuli mTeli sqemis Sesasvlels miewodeba nulebi). muSaobis Semdeg sam taqtSi dammaxsovrebeli mowyobilobidan mimdevrobiT gamodis simboloebi u5, u4, u3, logikuri sqemis Sesasvlelze ki miewodeba kombinaciebi _ 111, 110, 011, xolo mis gamosasvlelze ki rigrigobiT miiReba 0, 0, 1. amitom u5 da u4 sqemis gamosasvlelze miewodeba gasworebis gareSe, xolo Secdomiani u3 simbolo ki gaswordeba. Semdegi sami taqtis gaanalizebiT davinaxavT, rom u2, u1 da u0 simboloebi gasworebuli ar iqneba. amgvarad, sqemis gamosasvlelze aRmoCndeba sityva, romelSic gasworebuli iqneba mxolod Secdomiani u3 simbolo. 

16. monacemebis kodireba kompiuterul qselebSi
16.1. kavSiris xazebis saxeebi
zogad SemTxvevaSi kompiuterul qselebSi kavSiris xazebi Sedgeba gadacemis fizikuri garemosagan da monacemebis gadacemis aparaturisagan.
 monacemebis gadacemis fizikuri garemo (medium) SeiZleba warmoadgendes kabels anu sadenebis krebuls, saizolacio da damcavi garsebiT da SemaerTebeli gasarTebiT, agreTve SiZleba iyos dedamiwis atmosfero an kosmosuri sivrce, romlebSic vrceldeba eleqtromagnituri talRebi.
monacemebis gadacemis garemos ZiriTad saxeobas warmoadgens sakabelo xazebi. es sakmaod rTul konstruqciaa. kabeli Sedgeba gamtarebisagan, romlebic daculia izolaciis ramdenime feniT: eleqtruli, eleqtromagnituri, meqanikuri da SesaZlebelia klimaturic. garda amisa, kabeli SeiZleba aRWurvili iyos gasarTebiTac. qselebSi ZiriTadad gamoiyeneba kabelebis sami saxeoba: kabeli spilenZis mavTulebis grexili wyvilisagan, koaqsialuri kabeli spilenZis ZarRviT da optikur-boWkovani kabelebi.
grexili wyvilis (tvisted pair) kabeli arsebobs ori variantiT: ekranirebuli (Shielded Twisted Pair, STP) da araekranirebuli (Unshielded Twisted Pair, UTP). gamtarebis SegrexviT mcirdeba Seferxebebis signalebis gavlena sasargeblo sisgnalebze. 
koaqsialur kabels (coaxial) gaaCnia arasimetriuli konstruqcia da Sedgeba spilenZis centraluri ZarRvisagan da izolaciis feniT gamoyofili ekranisagan. arsebobs koaqsialuri kabelebis ramdenime saxeoba, romlebic gansxvavdeba maxasiaTeblebiTa da gamoyenebis sferoebiT – lokaluri qselebisaTvis, globaluri qselebisaTvis da sakabelo televiziisaTvis. 
optikur-boWkovani kabeli (optical fiber) Sedgeba mcire (5-60 mikroni) boWkoebisagan, romlebSic vrceldeba sinaTlis signalebi. es yvelaze maRali xarisxis kabelia. is uzrunvelyofs monacemebis gadacemas Zalian maRali siCqariT (10 Gbiti/wm da meti) da gareSe Seferxebebisagan monacemebis dacvis Zalian maRali doniT.
dedamiwisa da Tanamgzavruli kavSiris radioarxebi iqmneba radiotalRebis gadacemiTa da miRebiT. arsebobs radioarxebis mravali nairsaxeoba, romlebic erTmaneTisagan gansxvavdeba gamoyenebuli sixSiruli diapazoniTa da kavSiris siSoriT. gamoiyeneba mokle, saSualo da grZeli talRebis diapazonebi, romelTac uwodeben amplituduri modulaciis sixSires (Amplitude Modulation, AM). signalebis modulaciis gamoyenebuli formis mixedviT, am talRebiT SesaZlebelia kavSiris damyareba did manZilebze, magram monacemebis gadacemis siCqare dabalia. ufro swarfia ultramokle talRebiani kavSiris arxebi, romlebSic gamoiyeneba sixSiruli modulacia (Frequency Modulation, FM) da zemaRalsixSiruli diapazoni (microwaves). zemaRali sixSiris diapazonSi (4 Ghc da meti) signalebi ukve aRar airekleba dedamiwis ionosferos mier da myari kavSirisaTvis ukve saWiroa gadamcem da mimReb antenebs Soris pirdapiri geometriuli xedva, amitom aseTi arxebi gamoiyeneba Tanamgzavruli kavSirebisaTvis. 
dReisaTvis kompiuterul qselebSi gamoiyeneba aRwerili yvela saxis gadacemis garemoebi, magram maTgan yvelaze perspeqtiulia optikur-boWkovani kavSiris arxebi. maTi saSualebiT aigeba rogorc magistraluri arxebi didi qselebisaTvis, aseve maRalsixSiruli kavSiris arxebi lokaluri qselebisaTvis. popularulia agreTve grexilwyviliani kabelebi, radganac xasiaTdebian xarisxisa da fasis SesaniSnavi SefardebiT da montaJis simartiviT. Tanamgzavruli kavSiris arxebi ki gamoiyeneba iseT SemTxvevebSi, rodesac sxva saxis arxebis gamoyeneba SeuZlebelia. 

monacemTa gadacemis aparatura. monacemTa gadacemis aparatura (Data Circuit terminating Equipment, DCE) uSualod akavSirebs kompiuterebs an lokalur qselebs kavSiris arxebTan da amgvarad warmoadgens sasazRvro mowyobilobebs. DCE-s magaliTs warmoadgens modemebi, ISDN qselebis terminaluri adapterebi, optikuri modemebi, cifrul arxebTan mierTebis mowyobilobebi. Cveulebrivad, DCE muSaobs fizikur doneze da pasuxs agebs saWiro formisa da simZlavris signalebis fizikuri aridan miRebasa da gadacemaze.
momxmareblis aparaturas, romelSic gamomuSavdeba gadasacemi sisgnalebi da mierTebulia monacemebis gadacemis aparaturasTan, uwodeben monacemTa dasrulebis mowyobilobebs (Data Terminal Equipment, DTE). DTE-s magaliTebs warmoadgens kompiuterebi an lokaluri qselebis marSrutizatorebi. es aparatura ar iTvleba kavSiris xazebis SemadgenlobaSi.
lokalur qselebSi mowyobilobebis dayofa DCE da DTE mowyobilobebad sakmaod pirobiTia. mag., lokaluri qselis adapteri SeiZleba CaiTvalos kompiuteris nawilad anu DTE, aseve SeiZleba CaiTvalos arxis nawiladac anu rogorc DCE.

Sualeduri aparatura Cveulebriv gamoiyeneba didi sigrZis mqone kavSiris xazebSi. Sualeduri aparaturis saSualebiT xdeba ori ZiriTadi amocanis gadawyveta:
· signalis xarisxis gaumjobeseba;
· qselis abonentebs Soris mudmivi Sedgeneli kavSiris arxis Seqmna
lokalur qselebSi Sualeduri aparatura SeiZleba saerTod ar gamoiyenebodes, Tu kavSiris garemos sigrZe iseTia, rom saSualebas iZleva erTi saqselo adapteridan gadacemuli sisgnalebi uSualod miiRos meore saqselo adapterma Sualeduri gaZlierebis gareSe. winaaRmdeg SemTxvevaSi lokalur qselebSic gamoiyeneba iseTi Sualeduri mowyobilobebi, rogorebicaa gammeorebeli da koncentratori.
globalur qselebSi saWiroa uzrunvelyofili iqnas signalebis xarisxiani gadacema asobiT da aTasobiT kilometrze.  amitom, garkveul manZilebze dayenebuli sisgnalebis gamaZliereblebis gareSe teritoriuli kavSiris arxebis Seqmna SeuZlebelia. globalur qselebSi saWiroa agreTve sxva saxis Sualeduri aparatura – multipleqsorebi, demultipleqsorebi da komutatorebi. kavSiris arxebis Sualeduri aparatura gamWvirvalea momxmareblebisaTvis, igi mas verc amCnevs da arc iTvaliswinebs Tavis muSaobaSi. 
Sualeduri aparaturis mixedviT, kavSiris xazebi SeiZleba daiyos analogur da cifrul arxebad. analogur arxebSi Sualeduri aparatura gamoiyeneba analoguri signalebis gasaZliereblad. kavSiris aseTi xazebi tradiciulad gamoiyeneboda satelefono kavSiris xazebSi. 
cifrul kavSiris xazebSi gadasacem signalebs gaaCniaT mdgomareobebis sasruli raodenoba. rogorc wesi, elementarul signals, romelic Sualeduri aparaturis mier gadicema muSaobis erT taqtSi, gaaCnia 2 an 3 mdgomareoba, romlebic gadaicema kavSiris xazebSi marTkuTxa formis impulsebiT. aseTi signalebiT gadaicema rogorc kompiuteruli monacemebi, aseve diskretulad daSifruli xma da gamosaxuleba. diskretul cifrul arxebSi Sualeduri aparatura gamoiyeneba impulsebis formis gasaumjobeseblad da resinqronizaciisaTvis anu signalebis mimdevrobaSi periodebis aRdgenisaTvis. swraf cifrul arxebSi gamoyenebuli Sualeduri aparatura (multipleqsorebi, demultipleqsorebi, komutatorebi) muSaobs arxebis droiTi multipleqsirebis principiT (Time Division Multiplexing, TDM), rodesac nel arxs swrafi arxidan gamoeyofa drois nawili (taim-sloti an qvanti).
analoguri da cifruli kavSiris arxebis diskretuli monacemebis gadacemis aparatura erTmaneTisagan arsebiTad gansxvavdeba. kavSiris analoguri arxebi gankuTvnilia Tavisufali formis analoguri signalebis gadasacemad da araviTar moTxovnebs ar wauyenebs monacemebis gadacemis aparaturas 0-ebis da 1-ebis warmodgenis formaze. cifrul kavSiris arxebSi gadasacemi impulsebis parametrebi standartizebulia. sxva sityvebiT, cifrul kavSiris arxebSi fizikuri done gansazRvrulia ganawesiT, xolo analogur kavSiris arxebSi ki ara. 

16.2. diskretuli monacemebis fizikuri gadacemis meTodebi
kavSiris arxebSi diskretuli monacemebis gadacemisaTvis gamoiyeneba fizikuri kodirebis ori saxeoba – sinusoidaluri signalebiT da marTkuTxa impulsebis mimdevrobiT. pirvel xerxs uwodeben modulacias an analogur modulacias, rac aRniSnavs, rom kodireba xdeba analoguri signalebis parametrebis SecvliT. meore xerxs uwodeben cifrul kodirebas.

16.2.1. analoguri modulacia
analoguri modulacia gamoiyeneba viwro sixSiruli zolis kavSiris arxebSi diskretuli monacemebis gadasacemad. aseTi arxebis magaliTia satelefono kavSiris arxebi, romlebSic sixSireebis gadacema xdeba diapazonSi 300-3400 hc. amgvarad, maTi sixSiruli gatarebis zolia 3100 hc. adamianis xmas Tumca aqvs ufro maRali sixSiruli speqtri 100-dan 10000 hc-mde, magram miRebuli gadawyvetileba mainc misaReb xarisxs iZleva. gatarebis zolis sifarTis mkacri SezRudva gamowveulia imiT, rom telefoniaSi farTod gamoiyeneba arxebis SemWidrovebisa da komutaciis aparatura.
aparaturas, romelic gadamcem mxareze axorcielebs sinusoidaluri sisgnalebis modulacias, xolo mimReb mxareze ki demodulacias, uwodeben modems (modulatori-demodulatori).
analoguri modulacia warmoadgens fizikuri kodirebis saxeobas, romelis drosac informaciis kodireba xdeba muSa sixSiris amplitudis, sixSiris an fazis cvlilebiT. analoguri modulaciis ZiriTadi saxeebi naCvenebia nax. 20-ze.
	amplituduri modolaciis modemi, gadasacemi bitebis Tanmimdevrobis mixedviT, cvlis samuSao sixSiris amplitudas (nax. 20. a). Mmoyvanil SemTxvevaSi maRali amplituda Seesabameba signal 0-s, xolo dabali amplituda ki signal 1-s.
 (
 
a) amplituduri;   b) sixSiruli;   g) fazuri
nax. 20.
b)
a)
g)
)	praqtikaSi ufro farTodaa gavrcelebuli modemebi sixSiruli modulaciiT (nax. 20. b). Aam SemTxvevaSi samuSao sixSiris amplituda ar icvleba, magram icvleba misi sixSire. signali 1-saTvis gamoiyeneba erTi sixSire, xolo signali 0-saTvis ki gamoiyeneba sxva sixSire.
	fazuri modulaciis modemebSi (nax. 20. g), gadasacemi informaciis kodirebisaTvis gamoiyeneba modulaciis fazuri saxe. am SemTxvevaSi, rom Seicva-los gadasacemi signali 1-dan 0-ze an piriqiT, modemi mkveTrad scvlis samuSao sixSiris fazas.
monacemebis gadacemis siCqaris gasazrdelad swraf modemebSi gamoiyeneba modulaciis kombinirebuli meTodebi. yvelaze gavrcelebulia kvadraturuli amplituduri meTodebi (Quadrature Amplitude Modulation, QAM), romlebic damyarebulia fazuri da amplituduri modulaciebis erTdroul gamoyenebaze. ufro metic, fazuri modulacia gamoiyeneba fazis Zvris 8 mniSvnelobiT, xolo amplituduri modulacia ki amplitudis 4 doniT. magram, signalebis SesaZlo 32 kombinaciidan yvela ar gamoiyeneba. mag., tellisis kodebSi SesaZlebelia 6, 7 an 8 kombinaciis gamoyeneba sawyisi monacemebis warmosadgenad, xolo danarCeni kombinaciebi ki akrZalulia. kodirebis sistemis aseTi siWarbe saWiroa imisaTvis, rom modemebSi moxdes mcdari signalebis amocnoba. signalebis damaxinjeba ki kavSiris satelefono arxebSi arc Tu iSviaTia.

16.2.2. cifruli kodireba
diskretuli informaciis cifruli kodirebisas gamoiyeneba potencialuri da impulsuri kodebi. 
potencialur kodebSi logikuri 0-ebis da 1-ebis warmodgenisaTvis gamoiyeneba signalis mxolod potenciali, xolo frontebi, romelTa saSualebiTac xdeba impulsebis formireba, mxedvelobaSi ar miiReba. impulsuri kodirebis saSualebiT orobiTi monacemebi warmoidgineba an garkveuli polarobis impulsebis saSualebiT, an impulsis nawiliT – garkveuli mimarTulebiT potencialis vardniT (wina an ukana fronti). 
diskretuli monacemebis marTkuTxa impulsebiT gadacemis dros saWiroa arCeuli iqnas kodirebis iseTi forma, romliTac erTdroulad miRweuli iqneba ramdenime mizani:
· erTidaigive bituri siCqaris dros eqneba jamuri signalis speqtris minimaluri sifarTe;
· moaxdens gadamcemsa da mimRebs Soris sinqronizacias;
· eqneba Secdomebis amocnobis unari;
· eqneba realizaciis dabali Rirebuleba.
erTidaigive xazze signalebis speqtris SemcirebiT SesaZlebelia miRweuli iqnas monacemebis gadacemis siCqaris gazrda. garda amisa, signalebis speqtrisagan xSirad moiTxoveba, rom signalSi ar iyos mudmivi mdgeneli. es gamowveulia imiT, rom qselebSi galvanuri gancalkevebisaTvis xSirad gamoiyeneba transformatoruli sqemebi, rmlebic aferxeben mudmivi denis gavlas.
gadamcemisa da mimRebis sinqronizacia saWiroa imisaTvis, rom mimRebma zustad icodes romel momentSi unda daiwyos kavSiris xazidan monacemebis wakiTxva. kompiuterul qselebSi es problema gacilebiT ufro rTulia, vidre erTmaneTTan axlos ganlagebul mowyobilobebs Soris monacemebis gacvlisas, mag., kompiuteris Sida mowyobilobebs Soris an Tundac kompiutersa da printers Soris.
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nax. 21.
)mcire manZilebze qselebSi am problemis mogvareba xdeboda taqturi impulsebis damoukidebeli xazis gamoyenebiT (nax. 21.). monacemebis xazidan informacia moixsneba mxolod taqturi impulsis arsebobisas. qselebSi am meTodis gamoyeneba dakavSirebulia sirTuleebTan. kabelebSi gamtarebis maxasiaTeblebi araerTgvarovania. did manZilze am araerTgvarovnebam SeiZleba gamoiwvios is, rom taqturi signali mova iseTi dagvianebiT an wingaswrebiT, rom monacemebis bitis wakiTxva an gamoitovos da an moxdes erTidaigive bitis orjer wakiTxva. da meore, ufro cxadi mizezi – ekonomikuri mosazrebebi. amis gamo, qselebSi gamoiyeneba e.w. TviTsinqronizirebadi kodebi, romelTa signalebsac informaciasTan erTad gadaaqvT miTiTebebi imis Sesaxeb Tu drois romel momentSi unda moxdes morigi bitis wakiTxva. signalis mkveTri gadasvlebi warmoadgens sinqronizaciis miTiTebebs. esenia impulsebis frontebi.
damaxinjebuli monacemebis amocnoba da koreqcia rTuli gansaxorcielebelia fizikuri donis saSualebiT, amitom es problema gadatanilia ufro maRali doneebis ganawesebze: arxuli, saqselo, satransporto an gamoyenebiTi. meores mxriv, fizikur doneze Secdomebis amocnoba didad dazogavda dros, radganac mimRebs aRar dasWirdeboda kadris buferSi moTavseba.
kodirebis sistemis mimarT wayenebuli moTxovnebi winaaRmdegobrivia. amitomac, cifruli kodirebis SemdgomSi ganxiluli yoveli meTodi xasiaTdeba Tavisi dadebiTi da uaryofiTi mxareebiT.

potencialuri meTodi nulTan dabrunebis gareSe
nax. 22.a-ze naCvenebia kodirebis potencialuri meTodi, romelsac aseve uwodeben kodirebas nulTan dabrunebis gareSe (Not Return to Zero, NRZ). misi saxeli asaxavs im faqts, rom monacemis erTeulis gadacemis Semdeg ar xdeba nulTan dabruneba igive taqtis ganmavlobaSi. NRZ meTodi realizaciis TvalsazrisiT martivia, gaaCnia Secdomebis amocnobis kargi SesaZleblobebi (imitom, rom gamoiyeneba erTmaneTisagan mkveTrad gansxvavebuli potencialis ori mniSvneloba), magram ar gaaCnia TviTsinqronizaciis unari. nulebis an erTianebis grZeli Tanmimdevrobis SemTxvevaSi xazSi potencialis mniSvneloba ar icvleba, amitom mimReb mxareze SeuZlebeli xdeba monacemebis wakiTxvis momentebis gansazRvra, rac damTavrdeba SecdomiT, radganac ar arsebobs ori generatori identuri sixSiriT. es miT ufro saSiSia, rac ufro maRal sixSireze xdeba monacemebis gadacema. amis gamo, qselebSi kodirebis NRZ meTodi sufTa saxiT ar gamoiyeneba, aramed gamoiyeneba misi modificirebuli saxeebi. 


bipolaruli kodirebis meTodi alternatiuli inversiiT
NRZ kodis erT-erT nairsaxeobas warmoadgens bipolaruli kodirebis meTodi alternatiuli inversiiT (Bipolar Alternate Mark Inversion, AMI) – nax. 22. b. am meTodSi gamoiyeneba potencialis sami done – uaryofiTi nulovani da dadebiTi. logikuri nulis kodirebisaTvis gamoiyeneba nulovani potenciali, xolo logikuri erTianis kodirebisaTvis ki gamoiyeneba an dadebiTi an uaryofiTi potenciali, im pirobiT, rom yoveli momdevno erTianis potenciali unda iyos winas sapirispiro.
NRZ kodis nakli nawilobrivaa gamosworebuli AMI kodSi, erTianebis mimdevroba saSiSi aRaraa, xolo nulianebis mimdevroba ki kvlav saSiSia. AMI kodSi arsebobs SecdomiTi signalebis aRmoCenis albaToba, razec miuTiTebs signalebis polarobis mkacri monacvleobis darRveva. am principis darRveva aRniSnavs, rom xazze gaCnda an meti signali an daikarga saWiro. arakoreqtuli polarobis signals uwodeben akrZalul signals.
AMI kodis nakls warmoadgens isic, rom kavSiris arxebSi gamoiyeneba signalebis potencialis ara ori, aramed sami done.

bipolaruli impulsuri kodi
potencialuri kodirebis garda qselebSi gamoiyeneba agreTve impulsuri kodebic, romelTa drosac monacemebis warmodgena xdeba sruli impulsebis an maTi nawilebis – frontebis saSualebiT. aseTi midgomis yvelaze martiv magaliTs warmoadgens bipolaruli impulsuri kodi, romelSic erTiani warmoidgineba erTi polarobis impulsiT, xolo nuli ki meore polarobis impulsiT (nax. 22.g). yoveli impulsis xangrZliobaa taqtis naxevari. aseT kodebs gaaCniaT TviTsinqronizaciis SesaniSnavi unari, magram gamoyenebuli sixSire NRZ da AMI kodebTan SedarebiT orjer metia. es xSir SemTxvevebSi arTulebs mis gamoyenebas.

manCesteris kodi
ukanasknel periodSi lokalur qselebSi yvelaze gavrcelebul kods warmoadgenda manCesteris kodi (nax. 22.d). is gamoiyeneba Ethetnet da Token Ring teqnologiebSi. 
manCesteris kodSi nulebis da erTebis kodirebisaTvis gamoiyeneba potencialebis cvlileba anu impulsis fronti. manCesteris kodSi taqti iyofa or nawilad. informaciis kodireba xdeba potencialis cvlilebisas, romelic xdeba yoveli taqtis SuaSi. erTianis kodireba xdeba potencialis cvlilebiT dabali donidan maRalze, nulianis ki - piriqiT. manCesteris kodi xasiaTdeba TviTsinqronizaciis maRali unariT, radganac yoveli bitis gadacemisas erTxel mainc icvleba signali. manCesteris kodis gatarebis zoli ufro viwroa, vidre bipolaruli impulsuri kodirebisa. bipolarul kodTan SedarebiT manCesteris kods gaaCnia kidev erTi upiratesoba – masSi samis nacvlad gamoiyeneba signalis ori done.

 (
potencialuri kodi 
2B1Q
manCesteris kodi
potencialuri kodi 
NRZ
a
0
1
0
1
1
0
0
0
potencialuri kodi 
NRZ
potencialuri kodi 
NRZ
bipolaruli kodi 
AMI
bipolarul impulsuri kodi
_1
+1
+3
_3
nax. 22 
b
g
d
d
e
)potencialuri kodi 2B1Q
nax. 22.e-ze naCvenebia potencialuri kodi monacemebis kodirebisaTvis signalebis oTxi doniT. misi saxelwodeba 2B1Q asaxavs meTodis arss – yoveli ori biti (2B) gadaicema erT taqtSi signaliT, romelsac gaaCnia oTxi mdgomareoba (1Q). bitebis wyvils 00 Seesabameba potenciali –2,5V, wyvils 01 Seesabameba –0,833V, wyvils 11 Seesabameba +0,833V da wyvils 10 ki potenciali +2,5V. aseTi meTodis dros erTnairi signalebis mimdevrobis gadacemis dros saWiro xdeba usafrTxoebis damatebiTi zomebis miReba, radganac am SemTxvevaSi signali gadaicema mudmiv mdgenelad. bitebis SemTxveviTi mimdevrobis dros signalebis speqtri orjer viwroa NRZ kodTan SedarebiT, radganac igive bituri siCqaris pirobebSi taqtis xangrZlioba orjer izrdeba. amgvarad, 2B1Q kodis saSualebiT erTidaigive kavSiris arxSi monacemebi SeiZleba gadaices orjer ufro swrafad vidre NRZ an AMI kodebiT, magram misi realizebisaTvis saWiroa ufro mZlavri gadamcemi, imisaTvis, rom Seferxebebis signalebis fonze mimRebma mxarem SeZlos signalebis 4 sxvadasxva donis mkveTri garCeva.

7.2.3. logikuri kodireba
logikuri kodireba gamoiyeneba NRZ, AMI an 2B1Q tipis potencialuri kodirebis gasaumjobeseblad. logikuri kodirebiT unda moxdes bitebis iseTi Tanmimdevrobebis Secvla, romlebic iwvevs mudmivi mdgenelebis warmoqmnas. logikuri kodirebis meTodebs warmoadgens Warbi kodebi da skremblireba. 

Warbi kodebi
Warbi kodebi dafuZnebulia bitebis sawyisi mimdevrobebis porciebad dayofaze, romlebsac simboloebs uwodeben. yoveli sawyisi simbolo icvleba axliT, romelSic bitebis raodenoba ufro metia sawyisTan SedarebiT. mag., logikur kodSi 4B/5B, romelic gamoiyeneba FDDI da Fast Ethernet teqnologiebSi, 4 biti sawyisi sigrZis simboloebi Seicavs Warb bitebs, amitom maTSi bituri kombinaciebis raodenobac ufro metia sawyisTan SedarebiT. 4B/5B kodSi miRebul simboloebs aqvs 32 bituri kombinacia, sawyis simboloebs ki mxolod 16. amitom, miRebul kodSi SeiZleba amoirCes 16 iseTi kombinacia, romlebic ar Seicavs 0-ebis did raidenobas, xolo danarCeni kodebi ki iTvleba akrZalul kodebad (code violation). Warbi kodebis saSualebiT xdeba mudmivi mdgenelebis mocileba, kodi xasiaTdeba TviTsinqronizaciis maRali unariT da mimRebs eZleva saSualeba amoicnos damaxinjebuli bitebi. mimRebma Tu miiRo akrZaluli kodi, es niSnavs, rom xazze moxda signalis damaxinjeba. 
4B/5B kodisaTvis sawyisi da miRebuli kodebis mniSvneloba mocemulia cxrilSi.
 (
sawyisi kodi
jamuri kodi
sawyisi kodi
jamuri kodi
0000
11110
1000
10010
0001
01001
1001
10011
0010
10100
1010
10110
0011
10101
1011
10111
0100
01010
1100
11010
0101
01011
1101
10111
0110
01110
1110
11100
0111
01111
1111
11101
)4B/5B kodi unda gaices kavSiris arxSi. kavSiris arxSi gacemamde kodi kidev ganicdis cifrul kodirebas kodirebis erT-erTi potencialuri meTodis saSualebiT, romelic cudad reagirebs mxolod 0-ebis Tanmimdevrobaze. 4B/5B kodis 5 bitiani simboloebisaTvis garantirebulia, rom ar Segvxvdeba mimdevrobaSi 3-ze meti nuli.
meTodis dasaxelebaSi aso B aRniSnavs, rom elementarul signalebs gaaCnia mxolod ori mdgomareoba (binary - orobiTi). arsebobs kodebi signalebis sami mdgomareobiTac. mag., 8B/6T kodis siWarbe bevrad metia vidre 4B/5B kodisa, radgan sawyis 256 kodze modis 36=729 miRebuli simbolo.
gadakodirebis cxrilebis gamoyeneba ar aris rTuli saqme, amitom am operaciiT ar rTuldeba saqselo adapterebi da komutatorebisa da marSrutizatorebis interfeisuli blokebi.

skremblireba
skremblirebis meTodis arsi mdgomareobs imaSi, rom misaRebi kodis yoveli biti gamoiTvleba calk-calke skrembleris mier. skrembleri SeiZleba muSaobdes sxvadasxva algoriTmiT. skremblirebis Semdeg miRebuli kodi ganicdis xelaxal kodirebas potencialuri an logikur kodirebis romelime meTodiT da amis Semdeg gaicema kavSiris arxSi. mimReb mxareze fizikuri dekodirebis Semdeg miRebuli signalebis mimdevroba miewodeba deskremblers, romelic adgens sawyis monacemebs, risTvisac gamoiyenebs skrembleris funqciebis Sebrunebul funqciebs.

gamoyenebuli literatura 
1. Аршинов М.Н., Садовский Л.Е.  Коды и математика . – М.: Наука, Главная редакция физико-математической литературы, 1983г. 
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