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adamiani, rogorc gonieri arseba (laT - Homo Sapiens), uZvelesi droidanve 

cdilobda sakuTari rogorc fizikuri, aseve gonebrivi saqmianobis Semsubuqebasa 
da misi mwarmoeblurobis amaRlebas. 

pirveli amocanis gadasawyvetad man Tavdapirvelad daiwyo sxvadasxva saxis 
primitiuli samuSao iaraRebis (wamaxvilebuli qvisa da Zvlis iaraRebis, badeeb-
is, berketebisa da a.S.) damzadeba, xolo meore amocanis gadasawyvetad – aseve 
primitiuli saTvleli saSualebebis (Zvel saberZneTSi - “abakebis”, CineTSi - 
“suan-panebis”, iaponiaSi – “serobianebis”, egeosis zRvaSi arsebul kunZul 
salaminSi - “salaminuri dafebisa” [37] da a.S.) gamogoneba.      

zemoT aRniSnuli orive mimarTulebiT saqmianoba adamians dRemde ar Seuwyve-
tia da moRvaweobis orive sferoSi igi permanentulad aRwevs mniSvnelovan war-
matebebs. fizikur SromasTan dakavSirebuli problemebis gadawyvetis procesSi 
saukuneebis ganmavlobaSi miRweuli warmatebebis realizebis Sedegia Cven garSe-
mo dRes arsebuli superTanamedrove sawarmoebi, xolo gonebrivi Sromis proble-
mebis gadawyvetis procesSi miRweuli warmatebebis Sedegad, XX saukunis Sua pe-

w     i     n     a     s     i     t     y     v     a     o   b   a 

 
      “zedapiruli codna siamovnebisa da Rirsebis nacvlad 
   garcxvens, an ubralod, sasacilo mdgomareobaSi gayenebs.” 
                          f. Cesterfildi (1694-1773) 

 

  (valeri sapoJnikovi,  

Валерий В.Сапожников) 
  

 

  (vladimer sapoJnikovi,  
  Владимир В.Сапожников) 
  

 

          didi  pativiscemiTa da siyvaruliT Cems  maswav-
leblebs ,“mimosvlis gzaTa peterburgis saxelmwifo 
universitetis”  profesorebs – valeri vladimeris  
Ze sapoJnikovsa da  vladimer vladimeris  Ze sapoJ-
nikovs,  maTTan gatarebuli  Zalze nayofieri da sa- 
intereso wlebisaTvis !       
 

       C  большим уважением и любовью моим учителям, 
профессорам «Петербургского  государственного уни- 
верситета  путей  сообщения»,  Валерию  Владимиро-
вичу    Сапожникову    и    Владимиру     Владимировичу 
Сапожникову, годы работы под  руководством  кото-
рых  были  наиболее  плодотворными и  интересными    
в  моей жизни! 
 

http://www.3dmax.ru/modeling/lessons/292.html
http://www.3dmax.ru/modeling/lessons/292.html
http://www.3dmax.ru/modeling/lessons/292.html
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riodSi damuSavebuli iqna kompiuteruli sistemebi. pirveli maTgani Tu maRal-
mwarmoebluri materialuri teqnologiebis gamoyenebis saSualebiT materialuri 
produqtebis damzadebis saSualebas iZleva, meore maTganma materialur produq-
tebze aranaklebi mniSvnelobis mqone sainformacio produqtebis dasamzadeblad 
saWiro sainformacio teqnologiebs Cauyara safuZveli da umokles droSi isini 
arnaxul simaRleebze aiyvana.  

zemoT aRwerili reloba warmoadgens filosofiuri mizez-Sedegobrivi kate-
goriis kidev erT gamovlinebas, romlis ZaliTac amqveynad umizezod araferi ar 
xdeba da romelic cnobilma ingliselma klasikosma uiliam Seqspirma  (1564- 1616) 
Tavis ukvdav “mefe lirSi” mxatvrulad ase gamoxata: “araraisgan ar iqneba ara-
raica” (mTargmnelebi ivane maCabeli da ilia WavWavaZe). 

kompiuterul sistemebsa da sainformacio teqnologiebs Seiswavlis sabune-
bismetyvelo mecniereba, romelic amerikaSi cnobilia “kompiuteruli mecnierebis”  
saxelwodebiT (“Computer Science”), xolo CvenTan da evropaSi – “informatikis” 
saxelwodebiT. masSi ganixileba kompiuteruli sistemebis:  

  Teoriuli safuZvlebi; 
  teqnikuri saSualebebi (HARDWARE); 

  programuli saSualebebi (SOFTWARE); 

  algoriTmuli saSualebebi (BRAINWARE); 

  qselebad gaerTianebisa da maTSi dasamuSavebeli informaciis dacvis saki-
Txebi 

Cveni mizania qarTveli studentebisaTvis etapobrivad movamzadoT CamoTvlili 
nawilebis Sesabamisi damxmare saxelmZRvaneloebi. mocemuli wigni warmoadgens am 
mimarTulebiT gadadgmul pirvel nabijs, romelic eZRvneba kompiuteruli siste-
mebisa da sainformacio teqnologiebis Teoriuli safuZvlebis sakvanZo 
sakiTxebis ganxilvas.              

avstrieli cnobili fizikosis ludvig bolcmanis (1844- 1906 w.w.) Tanaxmad 
“karg Teoriaze ufro praqtikuli araferi aris”, magram misi praqtikuli xibli 
civi formulebis yru kedliTaa dafaruli. rogorc mefistofeli gvimtkicebs, 
“uRimRamoa, Zvirfaso megobaro, yvela Teoria, xolo mwvanea oqrovani xe 
cxovrebisa” (Grau, teurer freund, ist alle theorie und grün des lebens goldner baum. i.goeTe, 

fausti, I moqmedeba, IV scena). am uRimRamobis nawilobriv mainc gasafantavad vcdi-
lobdi TiToeuli gansaxilveli sakiTxi iseTi faqtebiT Semevso, romlebic mas 
sainteresos gaxdida da, amasTanave, mkiTxvels Tvalsawieris gafarToebaSi daexma-
reboda. moxaruli viqnebi Cemi mcdeloba zogierTi mkiTxvelis mowonebas mainc 
Tu daimsaxurebs.          

 mecnierulad damtkicebulia, rom adamianis mier grZnobis organoebiT aR-
qmul mTel informaciaSi 80% Tvalis mier aRqmul informacias ukavia. amitom 
wignze muSaobisas didi dro davuTme iseTi specialuri grafikuli formebis da-  
muSavebas, romelic, Cemi TvalsazrisiT, mkiTxvels gadmocemuli masalis aRqmas 
gauadvilebs. moxaruli viqnebi miRebuli Sedegi Tu mkiTxvelis mowonebas daim-
saxurebs.     

“istoria - cxovrebis maswavlebelia” gvmoZRvravda Zveli romaeli moazrovne 
ciceroni (Cvens welTaRricxvamde 106-43 w.w), xolo espaneli geniosis servan-
tesis (1547-1616 w.w) azriT “istoria Cveni saqmianobis saganZuri, warsulis mo-
wme, awmyoSi magaliTis momcemi da cxovrebis maswavlebeli, momavalSi ki – mosa-
lodneli saSiSroebis Sesaxeb Cveni mafrTxilebelia”. amitom wignze muSaobisas 
vcdilobdi ganuxrelad damecva istorizmis principi.  

http://ru.wikipedia.org/wiki/1564_%D0%B3%D0%BE%D0%B4
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mecnierebas titanuri SromiT qmnian da anviTareben konkretuli adamianebi, 
romelTa saxeebi axalgazrdebisaTvis ucnobi ar unda iyos; amitomac vecade na-
Sromi gamoCenil mecnierTa suraTebiT gamemdidrebina. 

Ddamxmare saxelmZRvanelo masSi warmodgenili sakiTxebis imaze ufro Rrmad 
ganxilvis saSualebas iZleva, vidre es programiT moeTxoveba students. visar-
geble ra am SesaZleblobiT, Sevecade meCvenebina ara marto ama Tu im problemis 
gadawyvetis Sedegi, aramed Tavad am gadawyvetis procesic. imedi maqvs, rom da-
interesebul pirs es daexmareba analitikuri azrovnebis srulyofaSi.  

I TavSi ganmartebulia informaciis raoba da gadmocemulia gamoTvliTi 
teqnikis ganviTarebis mokle istoria; II TavSi ganxilulia Tvlis sistemebTan 
dakavSirebuli sakiTxebi, naCvenebia ricxvebis saSualebiT bgeriTi, simboluri da 
grafikuli informaciis warmodgenis gzebi da gadmocemulia informaciis ra-
odenobrivi Sefasebis problemebi; III TavSi ganxilulia e.w. “kompiuteruli 
ariTmetikis” sakiTxebi; IV TavSi Camoyalibebulia informatikis logikuri sa-
fuZvlebi, xolo bolo, V TavSi moyvanilia logikis algebris praqtikaSi ga-
moyenebis magaliTebi. zemoT ganxiluli zogierTi sxva sakiTxi, ramdenadme 
scildeba wminda Teoriul sferos, magram migvaCnia, rom aseTi “gadaxra” sasar-
geblo da aucilebelia Teoriulsa da praqtikul sakiTxebs Soris arsebuli ur-
Rvevi kavSiris ilustrirebisa da maTi erTi mTlianobis saxiT warmodgenisaTvis. 
elementalur logikur funqciaTa funqcionalurad sruli sistemebi mniS-
vnelovania ara marto wminda Teoriuli TvalsazrisiT, aramed maTi udidesi praq-
tikuli Rirebulebis gamoc, radgan swored aseT sistemebSi Semavali funqciebis 
marealizebuli logikuri elementebiTaa SesaZlebeli nebismieri kompiuteruli 
sistemis aparaturuli uzrunvelyofis realizeba; sxva sityvebiT rom vTqvaT, am 
elementebis (anu ventilebis) erTobliobiT warmoiqmneba kompiuteruli uzrun-
velyofis asagebad saWiro “samSeneblo masalis” sruli nomenklatura. aseve, 
logikis algebra, romelic didi xnis ganmavlobaSi praqtikul Rirebulebas mo-
klebul wminda Teoriul moZRvrebad iTvleboda, Turme kompiuteruli uzrun-
velyofis mowyobilobebis iseTi maTematikuri modelia, romelic am mowyobilo-
bebis Seqmnamde didi xniT adre iqna damuSavebuli. misi gamoyenebiTaa SesaZlebe-
li aRniSnuli mowyobilobebis analizisa da sinTezis amocanebis formalizebuli 
gadawyveta. ganxiluli da maTi msgavsi mravali magaliTidan gamomdinareobs, rom  
Teoria iqmneba praqtikisaTvis da praqtika Teoriis gamaterializebis pro-cesia.  

didi mcdelobis miuxedavad, mocemuli wigni, albaT mainc ar iqneba Tavisu-
fali calkeuli uzustobebisa Tu Secdomebisagan, risTvisac winaswar vixdi bo-
diSs; misi gaumjobesebisaken mimarTul TiToeul SeniSvnasa Tu rCevas didi si-
amovnebiT miviReb.    
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          kompiuteri (ing. Computer – “gamomTvleli”), mravalmniSvnelovani 

          terminia, romelsac yvelaze xSirad informaciis damamuSavebeli  

         programulad marTvadi eleqtronuli mowyobilobis aRsaniSnavad 

viyenebT. 

zemoT moyvanil gansazRvrebaSi gamoyenebuli termini “informacia” miekuTvneba 
erT-erT umniSvnelovanes terminTa jgufs, radgan adamianis mTeli cxovreba ama 

Tu im saxiT dakavSireulia rogorc gare, ise sakuTari Sinagani samyarodan mi-

Rebuli informaciis aRqmas, dagrovebasa da gadamuSavebasTan. rogorc samecniero 

kategoria, “informacia” erTmaneTisagan gansxvavebuli uamravi disciplinis (fizi-

kis, biologiis, filosofiis, maTematikisa da a.S.) Seswavlis sagania; aRniSnulis 

miuxedavad misi zusti mecnieruli gansazRvreba dRemde ar arsebobs da gansa-
zRvrebis nacvlad gamoiyeneba cneba informaciis Sesaxeb. gansazRvrebisagan cneba 
imiT gansaxvavdeba, rom mecnierebisa da teqnikis sxvadasxva sferoSi cnebis for-

mulirebas ise axdenen, rom misi Sinaarsi maqsimalurad Seesabamebodes konkre-

tuli disciplinis Seswavlis sagansa da gadasawyvet amocanebs. uzogadesi fi-

losofiuri meTodi iZleva informaciis cnebis erTaderT formulirebas, romlis 

Tanaxmadac igi realuri samyaros asaxvas warmoadgens. gamoyenebiTi saxis kerZo 
meTodebi informaciis cnebis sxvadasxva formulirebebs gvTavazobs. kerZod, ase-

Ti meTodebis dros informacia SeiZleba ganxiluli iyos, rogorc:  

  raime saqmis mdgomareobis mauwyebeli Setyobineba; monacemebi raimes Sesaxeb; 

gadasacemi modeli; 

 nebismier procesSi arsebuli mravalferovnebis gadacema, asaxva; asaxuli 

mravalferovneba; 

 Setyobinebis miRebis Sedegad ganusazRvrelobis Semcireba; 

 saqoneli, romelic warmoadgens gansazRvruli miznis miRwevisaTvis saWiro 

codnis yidva-gayidvis obieqts da a.S. 

          Tavdapirvelad miaCndaT, rom sityva “informacia” (ingl. Informati-  

         on - ganmarteba, gadmocema) mxolod adamianis gonebisaTvis damaxasi- 

         aTebel raobas warmoadgenda da mas ganmartavdnen, rogorc 

“adamianebis mier zepirad, werilobiT an raime sxva formiT gadacemul codnas, 

cnobas, Setyobinebas, uwyebas”. Semdeg aseTi midgoma TandaTan gafarTovda, 

ganzogadda da informacia miCneul iqna zogadad materiisaTvis damaxasiaTebel 

iseTive sayovelTao Tvisebad, rogoricaa moZraoba, sivrce, dro da a.S. aseTi 

midgomis dros iTvleba, rom realur obieqts aqvs sakuTar mdgomareobaSi sxva 

realuri obieqtis mdgomareobis adekvaturad asaxvis unari; pirvel obieqts 

pirobiTad vuwodoT amsaxi, xolo meores – asasaxi obieqti. amsaxi obieqtis 

mdgomareobaSi asasaxi obieqtis mdgomareobis asaxvis faqti sxva araferia, Tu 

 1            

 2                          

   “vinc flobs informacias, igi flobs samyaros” 

        naTan-maier rotSildi (1777—1836)  

 

1.1. informaciis raoba 

 

           I   T a v i    

informatizacis zogadi sakiTxebi 
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ara masSi asasaxi obieqtis Sesaxeb informaciis arseboba. aRsaniSnavia, rom amsax 
da asasax obieqtebis mdgomareobebs Soris urTierTSesabamisobis damyarebisTanave 

amsax obieqtSi Cndeba informacia asasaxi obieqtis mdgomareobis Sesaxeb. 

magaliTad, rogorc ki damyardeba urTierTSesabamisoba voltmetris isris mdeba-

reobasa da voltmetrze modebuli Zabvis sidides Soris, voltmetrSi gaCndeba 

informacia mis mier gasazomi Zabvis sididis Sesaxeb. 

         zemoT aRniSnulis Tanaxmad, informacia materialuri samyarosaTv- 

        is damaxasiaTebeli asaxvis procesis produqtia, amitom misi  

         naTlad gagebisaTvis zogadad ganvixiloT asaxvis raoba da misi Se-

saZlo formebi.   

 

 

 

 

 Semecneba ewodeba adamianis gonebaSi obieqturi realobis adekvatur asaxvas 

da igi mxolod adamianis gonebisaTvis damaxasiaTebeli asaxvis umaRlesi formaa; 

 fsiqika (berZ. psychikos – “sulieri”) umaRlesad organizebuli materiis 

mier obieqturi realobis asaxvas ewodeba, romelic rogorc adamianisaTvis, aseve 

cxoveliTvisac damaxasiaTebel asaxvis formas warmoadgens; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  gaRizianebadoba warmoadgens ujredSida warmonaqmnebis, qsovilebisa da 

organoebis unars struqturisa da funqciis SecvliT upasuxos garemos yo-

velgvar cvlilebas. aRniSnuli struqturisa da funqciis SecvliT xdeba gare-

mos zemoqmedebis asaxva da, maSasadame, garkveuli informaciis warmoSoba. asaxvis 

ganxiluli forma damaxasiaTebelia yvela cocxali organizmisaTvis, e.i. adamiani-

saTvis, cxovelisaTvis, mcenarisa da umartivesi organizmebisaTvis; 

a 

s 

a 

x 

v 

a 

Semecneba 

fsiqika 

 

 

 

 

 

 

gaRizian-    

ebadoba 

 

 

 

 

 

 

urTierT- 

zemoqmede- 

bis damax- 

 sovreba 

 

 

 

 

 

 

araorgan- 

  uli 
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li samya-  

  ro 
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adamiani 

 

 

 

 

 

 

asaxvis forma amsaxi subieqti/obieqti 

nax. 1.1. cocxal da aracocxal bunebaSi arsebuli asaxvis formebi  

 

 

 3                          

asaxva ewodeba informaciis miRebis, Senaxvisa da gadacemis unars. misi saxe-
ebia Semecneba, fsiqika, gaRizianebadoba da urTierTzemoqmedebis damaxsovreba 

(nax.1.1). cal-calke ganvixiloT TiToeuli maTgani. 
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  urTierTzemoqmedebis damaxsovreba araorganuli bunebisa da elementaluri 

nawilakebis, e.i. mTlianad materiisaTvis, damaxasiaTebeli asaxvis umartivesi 

formaa; ase, magaliTad, minerali “asaxavs” uZveles dros momxdar movlenebs da 

amdenad mas aqvs informatiulobis Tviseba, romelsac geologia iyenebs dasaxuli 

konkretuli amocanebis gadasawyvetad. informatiulia garkveuli winadadebebis 

Semcveli saqmiani werilic, ramdenadac igi garkveuli dawesebulebebisa Tu uwye-

bebis miznebs asaxavs. 

zemoT aRniSnulidan gamomdinare SegviZlia davaskvnaT, rom informaciis, ro-

gorc asaxvis produqtis, formirebis unari aqvs rogorc adamians, aseve zogadad 

cocxal da aracocxal bunebas. igi ar warmoadgens arc materiasa da arc energi-

as. zemoT moyvanili magaliTebisaTvis mineralSi an saqmian werilSi arsebuli 

informacia SeiZleba gaqres mineralisa da saqmiani werilis gaqrobisas, magali-

Tad, maTi dawvis SemTxvevaSi. 

  informaciis Taviseburebaa is, rom igi mxolod organizebuli struqturis 

mqone obieqtebis anu sistemebis urTierTzemoqmedebis SemTxvevaSi SeiZleba war-

moiSvas; amasTanave, aucilebeli ar aris, rom aRniSnuli sistemebis elementebs 

uTuod adamianebi warmoadgendnen: informaciis gacvla SesaZlebelia moxdes co-

cxal da aracocxal bunebas, adamianebsa da mowyobilobebs Sorisac. ase magali-

Tad, mineralSi Tavmoyrili informacia adamianTan urTierzemoqmedebisas mJRav-

ndeba, xolo mcenareebi, aRiqvams ra sinaTles, dRisiT Slis, xolo RamiT xuravs 

Tavis yvavilebs, mzesumziras ki mzisken misi yvavilebis orientirebis unaric ga-

aCnia.  

         informacia, rogorc asaxvis produqti, Cveulebriv gulisxmobs ori 

        obieqtis arsebobas, romelTaganac erT-erT (asasax) obieqts ewodeba  

     informaciis wyaro, xolo meore (amsax) obieqts – informaciis mimRebi 
(nax. 1.2).    

 

 

 

         

                      

 

      

 

 

 

 

 

 

 

 

informaciis amsaxveli 

  s i g n a l e b i 

  informaciis 

 w y a r o 

 informaciis 

m i m R e b i 

informaciis gavrce- 

    lebis are 

nax. 1.2. informaciis gacvlis struqturuli  komponentebi  

 

 

 4                          



9 
 

wyarodan mimRebamde informacia garkveul areSi gavrcelebis unaris mqone ma-

terialur-energetikuli (magaliTad, eleqtruli, bgeriTi, Suquri da a.S.) signa-

lebis saxiT gadaicema. signali (laT. Signium – “niSani”) ewodeba dakvirvebis 

obieqtis mdgomareobis Sesaxeb garkveuli Setyobinebis (informaciis) gadamtan 

fizikur process (movlenas).  

informacia SeiZleba gadaices uwyvetad an diskretulad. amaze damokidebule-

biT ganasxvaveben uwyvet da diskretul informacias. pirvel SemTxvevaSi infor-

maciis gadasacemad gamoiyeneba iseTi saxis cvladi signali (Zabva, deni da a.S.), 

romelic droSi dakvirvebis obieqtis mdgomareobis cvlilebis analogurad 

icvleba. aseT signals analoguri signali ewodeba. meore SemTxvevaSi informacia 
gadaicema calkeuli signalebis mimdevrobis saxiT da aseT signals diskretuli 

signali ewodeba.  
analoguri signalebis saxiT warmodgenil informaciis gadamamuSavebel 

kompiuters  analoguri kompiuteri, xolo diskretuli signalebis saxiT warmo-

dgenili informaciis gadamamuSavebel kompiuterebs – diskretuli anu cifruli 

kompiuteri ewodeba. saxelwodeba “cifruli” imitom gamoiyeneba, rom zemoT aR-

niSnuli mimdevrobis Semadgeneli calkeuli signalebi garkveul abstraqtul 

cifrebTan identificirdeba. 

aRsaniSnavia, rom garda analoguri da cifruli kompiuterebisa, dReisaTvis 

gamoCndnen impulsuri, optikuri da kvanturi kompiuterebic, magram isini viwro-

specializebul an saeqsperimento kompiuterebis klass miekuTvneba da maTi gan-

xilva scildeba mocemul disciplinaSi gansaxilveli sakiTxebis farglebs.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ti 

b) 

Is. j+1 

 Is. j 

a) 

bgeriTi talRebi mudmivi magniti 

Is. 

Rd. 

koWiani dengamtari  membrana 

 dIs. 

 

 0 

t 

Is. 

 

ti+1 

 dt 

nax. 1.3.  mikrofoniT analoguri signalis warmoqmnis magaliTi 
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             analoguri signalis cnebis TvalnaTlad gacnobierebisaTvis ga- 

             nvixiloT mikrofonis yvelaze metad gavrcelebuli eleqtro-  

          dinamikuri mikrofonis funqcionirebis magaliTi (nax.1.3). igi war-

moadgens mudmivi magnitiT Seqmnil Zlier magnitur membranasTan mierTebul 

koWian dengamtars (ix. nax. 1.3,a). bgeriTi rxevebiT warmoqmnili wneva zemoqmedebs 

Txel membranaze; es ukanaskneli iwyebs rxevas, romlis sidide bgeris rogorc 

amplitudis, aseve sixSiris proporciulia; 

membranis zemoqmedebiT rxevas iwyebs koWiani dengamtariT warmoqmnili Caketi-

li konturi, rac konturis gadamkveTi magnituri nakadis cvlilebas iwvevs; es 

ukanaskneli konturSi warmoSobs eleqtromagnituri induqciis Zalas, romlis 

sidide bgeriTi rxevebis rogorc amplitudis, aseve sixSiris proporciulia. 

 eleqtromagnituri induqciis Zala konturSi aRZravs Is dens, romelsac 

eqneba bgeriTi rxevebis amplitudisa da sixSiris cvlilebis analogurad cvladi 

sidide; amitom mas bgeris analogur signals uwodeben. t droze Is denis damoki-

debulebis Is = f(t) funqcias aqvs 1.3,b naxazze naCvenebi damokidebulebis analo-

guri saxe. rogorc aRniSnuli naxazidan Cans, t argumentis usasrulod mcire dt 

nazrds funqciis mniSvnelobis usasrulod mcire dIs. nazrdi Seesabameba, rac Is= 

= f(t) funqciis uwyvetobis niSania; e.i analoguri signali warmoadgens uwyvet, 

anu aranaxtomiseburi zrdis unaris mqone signals.  

rogorc qvemoT vaCvenebT, argumentis diskretizacia analoguri signalis dis-

kretul anu wyvetil signalad gardaqmnis saSualebas gvaZlevs, xolo Semdgom  

dakvantvis meTodis gamoyenebiT mas SeiZleba mivceT ricxviTi saxe.  

         zemoT moyvanili masalis safuZvelze informaciis cneba SeiZleba im- 

         gvarad ganvsazRvroT, rom misi Sinaarsi maqsimalurad Seesabamebo-  

       des kompiuteruli sistemebis Semswavleli disciplinis Seswavlis 

sagansa da mis mier gadasawyvet amocanebs. kerZod:  

 

 

 

 

 

 

mocemuli gansazRvrebidan gamodis, rom: 

  informacia obieqturia, vinaidan igi materiisTvis damaxasiaTebel asaxvis 

Tvisebas warmoadgens; 

  informacia mxolod obieqtebis urTierTzemoqmedebiT warmoSobili signa-

lebis saxiT arsebobs; 

  informaciis “mimRebis” “awyobaze” damokidebulebiT erTi da igive informa-

cia sxvadasxva adresatis mier sxvadasxvanairad SeiZleba iqnes interpretirebu-

li.  

adamiani signalebs aRiqvams grZnobis organoebiT da maT identificirebas ax-

dens tvinis saSualebiT. amitom, magaliTad, sxvadasxva smenadobis mqone adamiani 

erTi da igive bgeriT signals sxvadasxvanairad aRiqvams, xolo yru saerTod ver 

aRiqvams mas. teqnikaSi informaciis mimRebebi signalebs sxvadasxva sazomi da mar-

registrirebeli aparaturis saSualebiT afiqsirebs; amitom rac ufro maRali 

 6                          

 5                          

informacia warmoadgens realuri samyaros obieqturi asaxvis specifikur 

formas, romlisTvisac damaxasiaTebelia Semdegi sami Tavisebureba: 

1) asaxva xdeba signalebis erTobliobis warmoSobis gziT; 

2) signalebi vlindeba “informaciis mimRebTan” maTi urTierTmoqmedebis 

procesSi; 

3) informaciis mimRebi saSualebas iZleva moxdes garemodan signalebis 

gamoyofa, maTi registrireba da ama Tu im kriteriumebis Sesabamisad aRniSnuli 

signalebis identificireba.  
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mgrZnobierebiT axdens mimRebi signalebis registrirebas da rac ufro srulyo-

fili algoriTmebiT axdens maT damuSavebas, miT ufro didi moculobis infor-

maciis miRebis saSualebas gvaZlevs igi. 

          informaciis xarisxi momxmareblis saWiroebasTan informaciis Se- 

        sabamisobis ganmsazRvreli parametria. vinaidan momxmareblis saWiro-  

       eba Seqmnil viTarebaze damokidebulebiT icvleba, amitom informaciis 

xarisxi warmoadgens fardobiT parametrs. SeiZleba gamovyoT misi maxasiaTebeli 

Semdegi Tvisebebi (nax. 1.4): 

   obieqturoba gviCvenebs informacia Tu ramdenadaa damoukidebeli rogorc 

arsebul Sexedulebebze, aseve misi miRebisa da damuSavebis meTodebze; rac ufro 

naklebi subieqturobis elementi Seaqvs informaciaSi arsebul Sexedulebebs, 

agreTve misi miRebisa da damuSavebis meTodebs, miT ufro metia misi obieqtu-

roba; 

  sisrule aris informaciaSi arsebuli maxasiaTebelTa raodenobisa da sa-

kmarisobis funqcia; kerZod, srulad iTvleba  informacia, romelic Seicavs swo-

ri gadawyvetilebis misaRebad saWiro minimaluri raodenobis maxasiaTeblebs. in-

formaciaSi naklebi an Warbi maxasiaTeblebis arseboba amcirebs misi gamoyenebis 

safuZvelze miRebul gadawyvetilebaTa efeqturobas. 

 

       

     

 

 

 

 

 

 

 

 

  utyuaroba gansazRvravs informaciis sworad aRqmadobas. obieqturi 

informacia yovelTvis utyuaria, magram utyuari informacia SeiZleba iyos ro-

gorc obieqturi, aseve subieqturi; 

  adekvaturoba saqmis realur obieqtur mdgomareobasTan informaciis Sesaba-

misobis xarisxis maCvenebelia; 

  xelmisawvdomoba gansazRvravs Tu ramdenadaa SesaZlebeli informaciis mi-

Reba; 

  aqtualoba drois mimdinare momentTan informaciis Sesabamisobis xarisxis 
maCvenebelia; 

  emociuroba adamianebisaTvis sxvadasxva emociis gamowvevis Tvisebaa. infor-
maciis am Tvisebas mediainformaciis mwarmoeblebi iyeneben. rac ufro Zlieria in-

formaciis mier gamowveuli emocia, miT ufro maRalia aseTi informaciisaTvis 

yuradRebis miqcevisa da misi damaxsovrebis albaToba. 

 7                          

adekvaturoba 

obieqturoba   sisrule  utyuaroba 

 aqtualoba  emociuroba 

 i n f o r m a c i i s      T v i s e b i 

xelmisawvdomoba 

nax. 1.4. informaciis Tvisebebi 
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gare samyarodan informaciis miReba, misi analizi da generireba warmoadgens 

adamianis erT-erT ZiriTad funqcias, romliTac igi gansxvavdeba danarCeni cocxa-

li samyarosagan. 

 

 

1.2. sakvanZo cnebebi, gansazRvrebebi da debu-  

Mlebebi mokle istoriuli eqskursis fonze 

 

              “cnebis gansazRvra umniSvnelovanes rols TamaSobs Teoriul 

                da praqtikul  saqmianobaSi. sagnis mniSvnelobis Sesaxeb codnis 
                mokle saxiT gamoxatva sinamdvilis Semecnebis arsebiTi momentia.” 
                                    v.i. kirilovi, a.a.starCenko “logika” [27] 
                  “istoria – cxovrebis maswavlebelia”; “istoriis arcodna - 
              A  mudmivad bavSvad darCenas niSnavs”  
                              ciceroni (106 -43 Cven w/aRricxvamde) 
            

         informacias sazogadoebaSi aqvs garkveuli funqciebi, romelTaganac 

         mTavaria: SemecnebiTi funqcia, romlis mizania axali informaciis  

       miReba; sakomunikacio funqcia, romlis mizania adamianebs Soris urTi- 

erTobis uzrunvelyofa da mmarTvelobiTi funqcia, romlis mizania  uzrunvel-

yos informaciis mimRebi marTuli sistemis mizanmimarTuli qceva.  

zemoT CamoTvlili funqciebidan yuradReba gavamaxviloT mmarTvelobiT fun- 

qcize; kerZod, ganvixiloT informaciis safuZvelze avtomaturi da/an avtomati-

zebuli sistemis mier mmarTveli zemoqmedebis warmoqmnis procesi. aRniSnuli ze-

moqmedebis warmosaqmnelad informaciaze garkveuli moqmedebis Catarebaa saWiro, 

rac warmoadgens sainformacio procesisa da sainformacio sistemis gansaz-

Rvrebis formirebis safuZvels. 

 

 

 

 

 

 

 

 

 

 

 

 

vinaidan informaciis materialuri gadamtanebi signalebia, amitom zemoT Camo-

Tvlili etapebi faqtobrivad signalebis mimoqcevisa da gardaqmnis etapebia 

(nax.1.5). mokled ganvixiloT TiToeuli maTgani. 

1) informaciis Sekrebis (aRqmis) etapze xorcieldeba raime obieqtis 

(procesis) Sesaxeb informaciis mizanmimarTuli amoReba da gaanalizeba; amis Se-

degad formirdeba obieqtis saxe da xdeba misi amocnoba-Sefaseba. am etapze mTava-

 1                          

  sainformacio procesi ewodeba informaciaze Sesasrulebeli moqmedebebis 

erTobliobas   

 

 sistema (berZ. systëma – mTeli, nawilebisagan Sedgenili; SeerTeba) ewodeba 

erTmaneTTan da gare sagnebTan urTierTzemomqmed sxvadasxvagvar elementebis an 

nawilebis mowesrigebul erTobliobas, romlebic gaerTianebulia da funqcioni-

rebs saerTo miznis misaRwevad.   

 

 
 

          sainformacio sistema ewodeba dasaxuli miznis miRwevis mizniT infor-  

     maciis Sesanaxad, dasamuSaveblad da gadasacemad gamoyenebuli saSuale-  

    bebis, meTodebisa da personalis urTierTdamokidebul erTobas. 

  

                       
 

2                          
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ria xelSeSlebisagan (e.w. xmaurisagan) sasargeblo informaciis gamoyofa, rac 

xSirad Zalian Znelia. aRqmis (Sekrebis) umartivesi saxea obieqtSi garkveuli 

mdgomareobis arsebobisa da ararsebobis faqtis dadgena; pirveli faqti pirobiT 

aRiniSneba sityviT “diax” anu cifriT “1”, xolo meore faqti ki sityviT “ara”, 

anu cifriT “0”.  aRqmis ufro rTuli saxea obieqtis mdgomareobaTa parametre-

bis gazomva.  

2) momzadebis (gardaqmnis) etapze xdeba informaciis pirveladi gardaqmna. am 

etapze sruldeba iseTi operaciebi, rogorebicaa normalizacia, analogur-cifru- 

li gardaqmna, daSifvra da a.S. zogjer am etaps aRqmis damxmare etapad ganixila-

ven.  

informaciis zemoT aRniSnuli aRqmisa da momzadebis etapebis Catarebis Sede-

gad formirdeba gadacemis, Senaxvisa da damuSavebisaTvis mosaxerxebeli formis 

signali. 

3) gadacemis etapze informacia erTi adgilidan (gamgzavnidan) meore adgilze 

(mimReb-adresatTan) gadaigzavneba. gadasacemad gamoiyeneba sxvadasxva fizikuri bu-

nebis (yvelaze xSirad, eleqtruli, eleqtromagnituri da optikuri) arxebi. ga-

dacemis procesSi signalebi ganicdis sxvadasxva saxis xelSeSlebis zegavlenas. 

aRniSnuli arxebis boloSi signalis amoRebas aqvs misi meoradi aRqmis saxe.    

 

 

 

 

 

 

 

 

 

 

 

 

       

 4) meoradad aRqmuli informaciis damuSavebis (gardaqmnis) etapze dgindeba 
informaciis zogadi da arsebiTi urTierTdamokidebulebebi, romlebic aucilebe-

lia sistemis funqcionirebisaTvis. am etapze (iseve, rogorc sxva etapebze) in-

formacias gardaqmnis uSualod sainformacio teqnika, an adamiani.  

zogadad informaciis damuSaveba niSnavs informaciis gardaqmnas, romlis dro-

sac viyenebT logikisa da maTematikis kanonebs, “saR azrze” dafuZnebul intu-

icias, ganzogadoebul cdas, miRebul Sexedulebebsa da qcevis normebs. DamuSave-

bis Sedegad miiReba agreTve informacia, romelic sxva formiT iqneba warmodgeni-

li (magaliTad, raRac niSnebis mixedviT iqneba mowesrigebuli), an romelSic mo-

Tavsebuli iqneba pasuxebi dasmul kiTxvebze. damuSavebis procesis formalizebis 

SemTxvevaSi igi SeiZleba teqnikurma saSualebebmac Seasrulos. am sferoSi mni-

nax. 1.5. sainformacio sistemebSi informaciis 
        mimoqcevisa da gardaqmnis etapebi  

   

 

 

 obieqti 

(procesi) 

 

momxmarebeli 

 

 

Sekreba 

(aRqma) 

 

 momzadeba 

(gardaqmna) 

 

gadacema 

 

 

Senaxva 

 

 

gadacema 

 

 

 gamosaxva 

(aRwarmoeba) 

 

signalebis (informaciis) mimoqcevisa da gardaqmnis etapebi 

avtomatizebuli sistema 

 damuSaveba 

(gardaqmna) 
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Svnelovani cvlilebebis moxdena dakavSirebulia informaciis universaluri gar-

damqmnelis – kompiuteris gamoCenasTan; kerZod, kompiuteris Seqmnis Semdeg ga-
Cnda cnebebi: monacemebi da monacemebis damuSaveba. 

 

 

 

 

 

 

5) Senaxvis etapze Semdgomi gamoyenebis mnizniT informacia Caiwereba dam-
xsomebel mowyobilobaSi. informaciis Sesanaxad ZiriTadad gamoiyeneba naxevrad-

gamtaruli, magnituri da optikuri mzidebi.  

6) informaciis gamosaxvis (aRwarmoebis) etapi win unda uswrebdes iseT eta-

pebs, romlebSic monawileobs adamiani. am etapis mizania adamians informacia  

iseTi mowyobilobebis daxmarebiT miawodos, romlebsac mis grZnobis organoebze 

zemoqmedeba SeuZlia.  

         sainformacio sistemis struqtura da masSi mimdinare sainformacio  

         procesebi SeiZleba sqemuri saxiT warmovadginoT (nax.1.6). masSi ga- 

        moyenebuli informaciis Setanis, damuSavebisa da gamotanis blokebi 

warmoqmnis sainformacio sistemis aparaturul da programul saSualebebs. uku-

kavSiri SeiZleba ganxorcieldes rogorc adamianebis, aseve programul-aparatu-

ruli saSualebebiT. ukukavSiris arxiT miRebuli informacia Sesasvleli infor-

maciis koreqtirebisTvisaa gankuTvnili, xolo gamosasvleli informacia gadawyve-

tilebis misaRebad gamoiyeneba.  

 

 

 

 

 

 

 

 

 

 

 

 

 

sainformacio sistema SeiZleba qvesistemebis erTobliobis saxiTac warmova-

dginoT. qvesistema raime niSnis mixedviT sistemisagan gamoyofili garkveuli na-

wilia. 

sainformacio sistemebis klasificireba SesaZlebelia mravali sxvadasxva niS-

nis mixedviT movaxdinoT; magaliTad, gamoyenebis sferos mixedviT  sainformacio 
sistemebi iyofa administraciul, saswavlo, samedicino, samxedro da a.S. sisteme-

bad; teritoriuli dayofis mixedviT ganasxvaveben raionis, qalaqis, dabis, avto-

nomiuri respublikisa da a.S. sistemebs; konkretuli sainformacio procesebis 

organizaciis SesaZleblobebis mixedviT ganasxvaveben sainformacio-sacnobaro, sa-

 3                          

informaciis  

  Setanis  

   bloki 

informaciis  

 damuSavebis  

   bloki 

informaciis  

 gamotanis  

   bloki 

 

organizaciis 

personali an  

sxva sainfor-  

macio sistema 
 ukukavSiri  

 

nax. 1.6. sainformacio sistemis ganzogadebuli struqtura 

          

   

 

 

monacemebis damuSaveba ewodeba monacemebze sxvadasxva, upirveles yovlisa, 

ariTmetikuli da logikuri, operaciebis Catarebas, romlis Sedegadac miiReba 

obieqturad aucilebeli axali monacemebi. 

 

monacemebi ewodeba formalizebuli (kodirebuli) saxiT warmodgenil faq-

tebsa da cnobebs, romlebic ama Tu im saxis mzidSia (mexsierebaSia) Cawerili 

da romelTa damuSaveba teqnikuri saSualebebiT (upirveles yovlisa, kompiute-

rebiT) aris SesaZlebeli. 
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informacio-saZiebo sistemebs, monacemebis damuSavebisa da gadacemis sistemebs, 

kavSirgabmulobis sistemebsa da a.S. 

sainformacio sistemaSi sainformacio procesis procedurebi SeiZleba Ses-

ruldes xeliT an sxvadasxva teqnikuri saSualebebis (kompiuterebis, sateleko- 

munikacio saSualebebis, periferiuli da saorganizacio-teqnikuri saSualebebis) 

gamoyenebiT, e.i. moxdes sainformacio sistemebis avtomatizeba. kompiuterebi da 

Sesabamisi programuli uzrunvelyofa radikalurad cvlis informaciis damuSave-

bis meTodebsa da teqnologias. amitom araavtomatizebuli da avtomatizebuli 

sainformacio sistemebi erTmaneTisagan Tvisobrivad gansxvavdeba. 

araavtomatizebuli sainformacio sistema ewodeba sainformacio sistemas, 

romelSic informaciis damuSavebis yvela operacias mmarTvelobiTi muSakebi in-

formaciis damuSavebis teqnikuri saSualebebis gamouyeneblad asruleben. 

avtomatizebuli sainformacio sistema ewodeba sainformacio sistemas, ro-

melSic sainformacio procesis rutinuli operaciebis mniSvnelovan nawils spe-

cialuri meTodebis gamoyenebiT damuSavebuli algoriTmebis marealizebeli teqni-

kuri saSualebebi asrulebs adamianis Caurevlad an am ukanasknelis minimaluri 

CareviT.  

        avtomatizebuli sainformacio sistemebis umravlesoba lokalur si-    

        stemebs warmoadgens; isini dawesebulebebis, warmoebebis doneze fun-   

      qcionirebs. dRes mTeli Zalisxmeva aseTi sistemebis jer korporati-

ul, xolo Semdeg – regionalur da globalur sistemebad gaerTianebisaken aris 

mimarTuli. 

erT qselSi sxvadasxva saxis informaciis gaerTianeba saSualebas gvaZlevs in-

formacia warmatebiT gamoviyenoT administraciul mmarTvelobasTan, dagegmvasTan, 

samecniero kvlevebTan, konstruqtorul damuSavebebTan, warmoebis teqnologias-

Tan, momaragebasTan da aRricxvasTan dakavSirebuli farTo speqtris amocanebis 

gadasawyvetad. 

Uufro maRali donis sistemebi rogorc funqcionurad aseve maTi teqnikuri 

realizaciis mixedviT warmoadgens teritoriulad ganwertebul ierarqiul si-

stemebs.  

teritoriulad ganwertebuli sistemebis urTierTzemoqmedebis uzrunvelsa-

yofad saWiroa gamoviyenoT kavSirgabmulobis grZeli da saimedo arxebi, xolo 

dasamuSavebeli informaciis moculobis gazrda moiTxovs maRalmwarmoebuli kom-

piuterebis gamoyenebas.  

ekonomikuri TvalsazrisiT gamarTlebulia avtomatizaciisaTvis aucilebeli 

zemoT CamoTvlili Zviri teqnikuri saSualebebi (kompiuterebi, kavSiris arxebi) 

da damuSavebuli informacia (monacemebis baza) koleqtiurad iqnes gamoyenebuli, 

risTvisac Seiqmna koleqtiuri moxmarebis sainformacio-gamomTvleli qselebi. 

 misawodebeli informacia Tu raime obieqtidan (procesidan) amoiReba, xolo 

formirebuli gamosasvleli informacia imave obieqtis mdgomareobis mizanmi-

marTuli cvlilebisaTvis iqneba gamoyenebuli, maSin aseT avtomatizebul sainfo-

rmacio sistemas marTvis avtomatizebuli sistema (mas) ewodeba. am ukana-

sknelSi ZiriTad mmarTveli zemoqmedebebs irCevs anu gadawyvetilebebs iRebs ada-

miani.  

            marTva da informacia sxvadasxva (teqnikur, biologiur an soci- 

           alur) sistemebSi marTvis zogadi principebis Semswavleli mecni-  

           rebis – kibernetikis (laT. kybernētikē - marTvis xelovneba) Zi-

riTadi cnebebia.  

 4                          

 4                         



16 
 

cneba “kibernetika” pirvelad XIX  saukunis pirvel naxevarSi SemoiRo fran-

gma fizikosma andre mari amperma, romelmac kibernetika uwoda adamianebisa da sa-

zogadoebis marTvis sakiTxebis Semswavlel mecnierebas. 

 

                         

 

 

 

 

 

 

 

 

 

 

 

marTvis nebismieri sistema Seicavs marTvis obieqtsa da subieqts. 

 

 

 

 

 

 

 

 

marTvis sistemebs, romlebSic adamianebi marTvis obieqtebis saxiT iReben mo-

nawileobas, menejmentis (ingl. management  - “marTva”, “xelmZRvaneloba”, “administracia”, 

“direqcia”) sistemas uwodeben.  

 

 

 

 

marTvis funqciebis Sesruleba evaleba marTvis aparats, romelic moicavs 

calkeuli funqciebis Semsrulebel samsaxurebsa da ganyofilebebs, kerZod, sage-

gmo da saafinanso ganyofilebebs, buRalterias, momarageba-gasaRebis ganyofilebas 

da a.S. marTvis kerZo funqciebis Semsrulebeli urTierTdakavSirebuli orga-

noebis erToblioba warmoqmnis marTvis sistemis struqturas.  

andre mari amperi  

 (1774 – 1836) 

norbert vineri  

 (1894– 1964) 

Tanamedrove  gagebiT kibernetika ewodeba mecnierebas, romelic nebismieri 

fizikuri bunebis organizebul sistemaSi arsebul kavSirebsa da marTvas (TviT-

marTvas) erTiani poziciidan Seiswavlis. misi fuZemdebelia amerikeli maTe-

matikosi norbert vineri.   

 

 
marTvis sistema warmoadgens gasakontrolebeli obieqtebisa da maTze zemo-

qmedi saSualebebis Sesaxeb monacemebis Sesakrebad gankuTvnili saSualebebis 

sistematizebul (mkacrad gansazRvrul) nakrebs, romelic garkveuli miznebis 

misaRwevadaa gankuTvnili. 

 

 
marTvis obieqts warmoadgens garkveuli miznis miRwevisaken mimarTuli 

samuSaoTa kompleqsis Semsrulebeli da amisaTvis aucilebeli materialuri, fi-

nansuri da sxva saxis resursebis mflobeli koleqtivi. 

 

 
marTvis subieqti axdens ekonomikuri obieqtis funqcionirebis miznebis 

formirebas da akontrolebs am miznebis misaRwevad saWiro qmedebebis Sesrule-

bas.  

 

 

marTva ewodeba marTvis obieqtze ganxorcielebul mizanmimarTul zemoqmede-

bas, romelic cvlis an inarCunebs marTvis obieqtis mdgomareobas. misi ZiriTadi 

funqciebia dagegmva, aRricxva, analizi, kontroli da regulireba.  
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gamoyofen ekonomikuri obieqtis marTvis strategiul, taqtikur (funqci-

onalur) da operatiul (mimdinare) doneebs. 

marTvis strategiul doneze muSavdeba grZelvadiani miznebis misaRwevad saWi-

ro gadawyveta. aq ganisazRvreba mizani, agreTve sruldeba saprognozo dagegmva. 

marTvis danarCeni funqciebi aq ar ganixileba.   

marTvis taqtikur (funqcionalur) doneze muSavdeba saSualovadiani, mimdina-

re da operatiul-kalendaluri gegmebi da kontroldeba maTi Sesruleba. sakon-

trolo funqciebis mniSvnelovani nawili realizdeba sabuRaltro da statikuri 

aRricxvis daxmarebiT, romelic iyenebs pirveladi aRricxvis monacemebs da ajgu-

febs maT saWiroebis Sesabamisad. am doneze didi adgili eTmoba analizisa da  

misgan gamomdinare regulirebis funqciebis Sesrulebas. 

marTvis operatiul (mimdinare) doneze  realizdeba operatiuli aRricxvis 

funqciebi, romlebic marTvis obieqtSi momxdari yvela cvlilebis Sesaxeb pirve-

ladi informaciis Sekrebis saSualebas gvaZlevs. swored es informacia gadaecema 

momdevno dones da ufro srulyofili aRricxvisa da analizisaTvis gamoiyeneba. 

marTva efuZneba informacias. marTvis procesSi warmoiSoba marTvis subieqtsa 

da obieqts, agreTve maTsa da gare ares Soris cirkulirebadi sainformacio naka-

debi.  

ekonomikuri obieqtis mdgomareobis Sesaxeb informaciisa da garedan Semosu-

li informaciis safuZvelze marTvis subieqti gansazRvravs ekonomikuri obieqtis 

mizans da gamoimuSavebs marTvis obieqtze gansaxorcielebel zemoqmedebas (pirda-
piri kavSiri). 

ekonomikur obieqtSi garkveuli cvlilebebi xdeba misi funqcionirebis pro-

cesSi. marTvis subieqti iRebs informacias am cvlilebebis Sesaxeb (ukukavSiri) 
da gare zemoqmedebebis (sadireqtivo informaciis, kontragentebisagan mosuli in-

formaciebis da a.S.) gaTvaliswinebiT gamoimuSavebs axal mmarTvelobiT gadawyve-

tebs da xelaxla zemoqmedebs marTvis obieqtze. 

        Sroma odiTganve warmoadgenda adamianis saqmianobis erT-erT ZiriTad 

        saxes, romelic misi arsebobisaTvis iyo aucilebeli. igi misgan go-

nebrivi da fizikuri Zalebis maqsimalur mobilizebas moiTxovda. vinaidan adami-

ani flobda aRniSnuli Zalebis SezRudul resursebs, amitom misi Zalisxmeva yo-

velTvis iyo mimarTuli aRniSnuli resursebis efeqturi gamoyenebisaken; Tavda-

pirvelad igi fizikuri Zalebis maqsimalurad efeqturi gamoyenebis problemis 

gadawyvetiT iyo dakvebuli; am mizniT igi qmnida iseT sxvadasxva saxis samar-

jvebsa da iaraRebs, romlebic mas fizikuri Zalis maqsimalurad dazogvis saSu-

alebas aZlevda. 

   am mimarTulebiT revoluciuri mniSvneloba hqonda ingliseli gamomgoneblis 

jeimz uatis (1736 – 1819) mier orTqlis manqanis gamogonebas, romelmac adamians 

saSualeba misca xeliT Sroma Seecvala manqanuri SromiT.   
 

 

 

 

 

 

 

manqanur Sromaze masobrivad gadasvlam XIX  saukunis pirvel naxevarSi 

Sromis mwarmoeblurobis naxtomiseburi amaRleba gamoiwvia da am faqts sa-

mrewvelo revolucia ewoda.  
 

 5                          

samrewvelo revoliciis Sedegad xelis Sromaze dafuZnebuli manufaqturuli 

warmoebis msxvil manqanur warmoebad gardaqmnis process industrializacia 

(laT. industria – “saqmianoba”)  ewodeba. industrializacia gulisxmobs msxvili 

manqanuri warmoebisa da qveynis materialur-teqnikuri bazis Seqmnas. msoflios 
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         industrializaciam minimumamde Seamcira Sromis procesSi adamianis    

          mier dasaxarji fizikuri Zalis wili, magram saTave daudo gone- 

        brivi Zalis wilis swraf zrdas. ase magaliTad, meoce saukunis da-

sawyisamde Sromis procesis normalurad organizebisaTvis saWiro gamoTvliTi 

samuSaoebis Sesasruleblad Cveulebrivi saangariSoebi, ariTmometrebi an umarti-

vesi klaviSur-perforaciuli manqanebi Tu iyo sakmarisi, aRniSnuli periodis 

Semdeg cxadi gaxda, rom isini am samuSaoebs ukve optimalurad ver asrulebda. 

amis klasikuri magaliTia sabWoTa akademikos leonid vitalis Ze kantoroviCis 
mier 1939 wels gamoqveynebuli naSromi “warmoebis organizaciisa da dagegmvis 

maTematikuri meTodebi”. masSi mocemuli meTodebi warmoebis optimaluri marTvis 

saSualebas iZleoda, magram isini iseTi didi moculobis maTematikuri gamoTvle-

bis Catarebas moiTxovda, rom  didi xnis ganmavlobaSi maTi praqtikaSi gamo-

yeneba SeuZlebeli iyo. aRniSnuli meTodebis gamoyenebiT amerikelma mecnierma ta-

iling Carlz kupmansma (Tjalling Chartes Koopmans) daamuSava wrfivi dagegmarebis 
saxelwodebis kompiuteruli meTodi, romelmac revoluciuri roli Sesarula 

warmoebis Sromis nayofierebis amaRlebaSi  da 1975 wels orive mecniers nobe-
lis premia mieniWa “resursebis optimalurad ganawilebis TeoriaSi Setanili 

RvawlisaTvis”.   
          zemoT moyvanili magaliTidan Cans, Tu rogori revoluciuri ro- 

          li iTamaSa kompiuterma kacobriobis ganviTarebis istoriaSi. je-  

       imz uatis orTqlis manqanam Tu warmoebis industrializacias daudo 

saTave, kompiuteris gamoCeniT daiwyo industriuli sazogadoebidan sainformacio 

sazogadoebaze gadasvlis procesi. aRniSnul process, informatizaciis procesi 

ewoda. zogadad: 

 

 

 

 6                          

 7                         

mowinave qveynebSi industrializaciis procesi ZiriTadad gasuli saukunis 

pirvel naxevarSi dasrulda, ris Sedegadac Camoyalibda industriuli sazo-

gadoeba.  

 

informatizacia warmoadgens teritoriulad ganawilebuli sainformacio re-

sursebis gamaerTianebel politikasa da process, romlebic satelekomunikacio 

infrastruqturis agebisa da ganviTarebiskenaa mimarTuli. 

 

 t. C. kupmansi 

 (1810 – 1985) 

 

l.v. kantoroviCi 

  (1912– 1986) 
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kompiuteri miekuTvneba universaluri gamomTvleli manqanebis jgufs, romle-

bic, cariel adgilze ar Seqmnila. Tvlis unaris mqone mowyobilobebis Seqmnas 

didi xnis istoria aqvs. CvenTvis cnobil pirvel mTvlel mowyobilobas warmo-

adgens abaki (Zv. berZ. , ἀβάκιον, laT. abacus – “dafa”  ), anu “saTvleli dafa” 
romelic Cvens welTaRricxvamde V saukuneSi Zvel saberZneTsa da romSi gamoiye-

neboda ariTmetikuli operaciebis Sesasruleblad. Semdeg aRniSnuli dafa  davi-

wyebuli iqna da daaxloebiT X saukuneSi igi aRadgina da Tvlis aTobiTi siste-

mis gamoyenebis safuZvelze gaaumjobesa herbert avrilelma (SemdgomSi romis pa-

pi silvestr II); swored moskovis biblioTekaSi aRmoCenili avrilielis xelna-

weris gacnobis survili daasaxela cnobili mwerlis m.bulgakovis (1891 – 1940)  
romanis “ostatisa da margalitas” mTavarma moqmedma pirma volandma moskovSi 
misi Camosvlis mizezad. aRniSnuli dafis gamoyenebiT herberti mravalniSna ri-

cxvebze ariTmetikul moqmedebebs uswrafesad asrulebda, ris gamoc mas Taname-

droveebi jadoqrobis unaris mqoned miiCnevdnen. 

 

                    

 

 

abakis Semdgomi modificireba XV saukunisa da XVI saukunis dasawyisSi mo-

axdina leonardo da vinCma. 1642 wels 19 wlis frangma maTematikosma da fizi-

kosma blez paskalma Seqmna  “paskalinas” saxelwodebiT cnobili amjamavi manqana, 
romelsac Sekrebisa da gamoklebis operaciebis Sesruleba SeeZlo.  paskalis man-

qana warmoadgenda erTmaneTTan dakavSirebuli mravali kbilis mqone meqanikur mo-

wyobilobas. Sesakrebi ricxvebi manqanaSi amkrefi Tvlebis saTanadod Sebrunebis 

gziT Seitaneboda. Tvlebis raodenoba Sesatani aTobiTi ricxvis Tanrigebis ra-

odenobas udrida; TiToeul Tvals Seesabameboda garkveuli Tanrigi da masTan da-

tanili iyo 0-dan 9-mde cifrebiT danomrili danayofi. ricxvis Sesatanad Tvali 

saWiro iyo saTanado ciframde Segvetrialebina. 

Sekrebis maTematikuri operaciis avtomaturi Semsrulebeli pirveli mowyo-

biloba meqanikuri saaTis bazaze iyo Seqmnili. aseTi meqanikuri manqana pirvelad 

1623 wels  aRwera tiubingeis universitetis profesorma v.Sikardma; damzadebu-
li iyo erTaderTi aseTi manqana, romelic 6-niSna ricxvebze ariTmetikuli ope-

raciebis Sesasruleblad iyo gankuTvnili. Sikardis manqana Sedgeboda ajamvis, ga-

mravlebisa da ricxvebis Camwer sami damoukidebeli mowyobilobisagan; Sekrebisas 

_ Sesakrebi ricxvebi, xolo gamoklebisas – saklebi da maklebi, TanamimdevrobiT 

romiseuli rekonstruirebuli 

         a b a k i  

 

herbert avrileli 

 ( 946 – 1003) 

        

 

http://upload.wikimedia.org/wikipedia/commons/b/b5/RomanAbacusRecon.jpg
http://upload.wikimedia.org/wikipedia/commons/b/b5/RomanAbacusRecon.jpg


20 
 

Seitaneboda uSualod operaciis Sesrulebis win. gamravlebis operaciis Sesas-

ruleblad gamoiyeneboda cxriluri (cxavuri) gamravlebis meTodi. Sikardis man-

qanaSi gamoyenebuli principuli sqema klasikur sqemad iqna miCneuli; igi (an misi 

modifikacia) momdevno mTvleli manqanebis umravlesobaSi manam gamoiyeneboda, sa-

nam meqanikuri detalebi eleqtromeqanikuri detalebiT ar iqna Secvlili.  

 

                         
 

 

 

 

1694 wels germanelma maTematikosma da filosofma gotfrid vilhelm 

leibnicma gamoigona oTxive ariTmetikuli operaciis Semsrulebeli ariTmometri 

(berZ. arithmos – “ricxvi”, “Tvla” da metro – “zoma”, “gamzomi”).  misi mTavari 

nawili iyo e.w. safexurebrivi lilvaki – sxvadasxva sigrZis mqone kbilebiani ci-

lindri, romelic mTvlel Tvalze zemoqmedebda. lilvakis gaswvrivi gadaadgi-

lebiT SeiZleboda saWiro raodenobis kbilebTan misi modeba, risi meSveobiTac 

xdeboda saWiro cifris dayeneba. laibnicis ariTmetikuli manqana arsebiTad war-

moadgenda msoflioSi pirvel ariTmometrs, romelic saSualebas iZleoda 8-Tan-

rigiani samravlisa da 9-Tanrigiani mamravlis gadamravlebiT formirebuliyo 16-

Tanrigiani namravli. paskalis manqanisagan gansxvavebiT masSi gamoyenebuli iyo 

principulad axali gamomTvleli mowyobiloba, romelic mniSvnelovnad amcirebda 

gamravlebisa da gayofis SesrulebisaTvis saWiro dros. aRniSnul ariTmometrs 

hqonda mTeli rigi naklovanebebic, romlebic SemdgomSi gamosworda. yvelaze di-

di popularoba moipova peterburgSi (ruseTi) moRvawe Svedi inJinris v.g. odne-
ris mier 1877 wels konstruirebulma ariTmometrma.  

           zemoT ganxilul mowyobilobebSi ariTmetikuli gamoTvlebis Ses- 

           asruleblad programuli marTva ar gamoiyeneboda. aRniSnuli 

          marTvis gamoyenebiT meqanikuri gamomTvleli manqanis Seqmnis idea 

pirvelad wamoayena da am ideis realizebas miuZRvna mTeli sicocxle ingliselma 

maTematikosma  da gamomgonebelma Carlz bebijma.  aseT manqanas man analizuri 

manqana uwoda da igi Tanamedrove kompiuteris meqanikur winapradaa miCneuli. 

eleqtromeqanikuri saelemento bazis SezRudulma funqcionalurma SesaZleblo-

bebma Carlz bebijs saSualeba ar misca srulad ganexorcielebina Tavisi Cana-

fiqri, magram aman ver daCrdila mis mier gaweuli titanuri Sroma da igi samar-

Tlianad iTvleba programuli gamomTvleli manqanebis Seqmnis fuZemdeblad. misi 

ideiT iyo Sepyrobili cnobili poetis jorj baironis qaliSvili ada lavleisi, 
romelmac zemoT aRniSnuli analizuri manqanisaTvis dawera programa da es iyo 

 8                         

leonardo da vinCi 

  (1452 – 1519)  

 

leonardo da vinCis 

      abaki 
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msoflioSi Seqmnili pirveli programa; ase rom, ada lavleisi iTvleba mso-

flioSi pirvel damprogramebelad.  
    

         

                                   

                             

         

        

                                                               

 

 

           gamoTvliTi manqanis funqcionirebisaTvis programuli marTvis be- 

           bijiseuli idea pirvelad iqna realizebuli harvardis universi- 

           tetis axalgazrda maTematikosis hovard eikenis mier. misi 

xelmZRvanelobiT momuSave inJinerTa jgufma IBM-Tan dadebuli kontraqtis Ses-  

abamisad 1941 wels aawyo daprogramebadi gamomTvleli manqana. misi Semoklebuli 

saxeli iyo Mark I, rac gaSlilad ikiTxeba rogorc  “avtomaturi mimdevrobebiT 

marTvadi gamomTvleli”  (“Automatic Sequence Controlled  Cflculator”). pirveli 

testirebis warmatebiT gavlis Semdeg igi 1946 wels harvardis universitetSi 

 9                         

  gotfrid vilhelm laibnici  

       (1646– 1716) 

blez paskali  

 (1623– 1662) 

“paskalina”  

 

leibnicis ariTmometri  

 

vilhelm Sikardi 

  (1592– 1635) 

Sikardis manqana  

 

http://инсайт-амк.рф/wp-content/uploads/2011/09/Pascalina.jpg
http://инсайт-амк.рф/wp-content/uploads/2011/09/Pascalina.jpg
http://инсайт-амк.рф/wp-content/uploads/2011/09/Pascalina.jpg
http://инсайт-амк.рф/wp-content/uploads/2011/09/Pascalina.jpg
http://инсайт-амк.рф/wp-content/uploads/2011/09/Pascalina.jpg
http://инсайт-амк.рф/wp-content/uploads/2011/09/Pascalina.jpg
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gadaitanes da iq iqna formalurad amuSavebuli. mocemuli kompiuteri Seicavda 

765000 detals (eleqtromagnitur releebs, gadamrTvelebs da a.S.), iwonida da-

axloebiT 4,5 tonas, misi sigrZe iyo TiTqmis 17 metri, simaRle – 2,5 metri, 

xolo masSi gamoyenebuli SemaerTebeli sadenebis sigrZe TiTqmis 800 kilometrs 

aRwevda. ZiriTadi gamomTvleli modulebi sinqronizirdeboda 15 metriani lil-

viT, romlis brunvasac uzrunvelyofda 5 cxenis Zalis (4 kilovatis) mqone el-

eqtruli Zrava. faqtobrivad Mark I gaumjobesebul ariTmometrs warmoadgenda, 
romelic Cveulebrivi saxeluriani xelsawyoebis gamomyenebeli daaxloebiT 20 

operatoris Sromas cvlida, magram vinaidan mas daprogramebis unari hqonda, ami-

tom xSirad mas realurad moqmed kompiutersac uwodeben.  

                  .  

 

            mkacrad Tu vimsjelebT, pirvel avtomatur daprogramebad univ- 

            ersalur cifrul kompiuters warmoadgens germaneli mecnieris 

            konrad cuzes  mier 1939-1941 wlebSi damuSavebuli manqana Z3. 

igi imarTeboda naxmari kinofirisagan damzadebuli perfobaraTiT da masSi 

Setana-gamotanis operaciebi oTxi Rilakisagan Semdgari cifruli klaviaturiT 

sruldeboda; aRniSnuli kompiuteri Seicavda daaxloebiT 2600 reles, romel-

Taganac 1400 reles saSualebiT warmoiqmneboda mexsierebis moduli, 600 rele-

sagan – ariTmetikuli moduli da danarCeni releebisagan – marTvis sqemebi. praq-

tikulad damzadebuli iqna erTaderTi aseTi kompiuteri da igi 1944 wels gan-

xorcielebuli sahaero dabombvis dros iqna ganadgurebuli.  

           msoflioSi pirveli didi universaluri eleqtronuli cifruli 

           kompiuteri aSS-is armiis SekveTiT balistikuri kvlevebis cen-  

        trSi amerikeli mecnierebis j. moClisa da j. ekertis xel-

mZRvanelobiT iqna agebuli. misi saxelwodebaa ENIAC ( Electronic  Numberical  In-

tergrator  and  Computer) da igi 1946 wlis 14 Tebervals iqna amuSavebuli. 

kompiuteri Seicavda 17468 eleqtronul milaks, 7200 kristalur diods,  

4100 magnitur elements da ikavebda 300 m2-is tol farTs. 

                              industrializaciis dawyebas Tu saTave daudo jeimz uatis or-   
        Tqlis Zravis gamoCenam, kompiuteris gamoCena informatizaciis da-  

         wyebis mizezi gaxda.  

industrializaciis mizani iyo adamianis fizikuri saqmianobis maqsimaluri 

Semsubuqeba, informatizaciam ki adamianis gonebrivi saqmianobis maqsimalurad ga-

iolebas daudo saTave. pirveli maTgani komfortuls xdida adamianis fizikur 

saqmianobas da zrdida am ukanasknelis margi qmedebis koeficients; meore maTgani 

 10                         

 11                         

  v.t. odneri 

 (1845– 1905) 
odneris ariTmometri 

  

 12                         
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adamianis gonebrivi saqmianobis komfortulobisa da margi qmedebis koeficientis 

amaRlebazea orientirebuli. 

 

                                

 

 

                                                       

 

 

orTqlis Zravis meSveobiT Seqmnili manqanebiT adamiani gadaamuSavebs 

materialur nedleuls da garkveul produqcias iRebs. kompiuteri adamians mis-

Tvis xelmisawvdomi informaciis gadamuSavebiT axali informaciis miRebis saSu-

alebas aZlevs. analogiis princips Tu gamoviyenebT, sawyis, anu gadasamuSavebel 

informacias SeiZleba nedleuli, xolo saboloo, anu gadamuSavebis Sedegad miRe-

bul informacias – produqti vuwodoT. pirvel SemTxvevaSi produqti Tvi-

sobrivad gansxvavdeba nedleulisagan, xolo meore SemTxvevaSi – Sinaarsobrivad. 

Sromis sagans, romelmac Sromis zemoqmedebiT garkveuli cvlileba ganicada 

da Semdeg gadamuSavebas saWiroebs, nedleuli ewodeba. informatizaciamde mxo-
lod ori saxis, kerZod samrewvelo da sasoflo-sameurneo, nedleuls ganixilav-

dnen da isini (nax.1.7) materialuri formis nedleulebs miekuTvnebodnen. 

kompiuteris saSualebiT informaciis damuSavebis dawyebis Semdeg nedleulis 

zemoT moyvanili ganmartebis pirobebs informaciac akmayofilebs. marTlac, kompi-

uterisaTvis miwodebamde aucilebelia informaciam garkveuli cvlileba gani-

cados, kerZod, miiRos iseTi forma, romelic aucilebelia kompiuteris mier 

 Carlz bebiji 

 (1791– 1871) 

 bebijis “analizuri manqana” 

  

 ada lavleisi 

 (1815– 1852) 

 konrad cuze 

 (1910– 1995) 

http://www.krugosvet.ru/images/1003920_3920_101.jpg
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misi aRqmisaTvis. aseTi saxis informacia SemdgomSi kompiuteris saSualebiT unda 

gadamuSavdes, raTa miiRos produqtis, anu saboloo informaciis saxe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

zemoT aRniSnulidan gamomdinare, informatizaciis Sedegad warmoiSva nedle-

ulis kidev erTi nairsaxeoba – informacia, romelic aramaterialuri formis ne-

dleuls warmoadgens (ix. nax. 1.7).  

             xeliT warmoebaze dafuZnebul wvril xeliT warmoebas xelosnoba                                    
          ewodeba. gotingemis (germania) universitetis filosofiis pro- 

        fesorma iohan bekmanma 1772 wels, e.i. industrializaciis dawyebamde 

didi xniT adre, xelosnobis problemebis Semswavleli mecnierebis saxelwodebi-

saTvis SemoiRo termini teqnologia (Zv. berZ.  - “ostatoba”,  - “az-
ri”, “meTodika”). SemdgomSi aRniSuli terminis Sinaarsi gafarTovda da zogadad 

warmoebis problemebis Semswavleli mecnierebis aRmniSvnel terminad gardaiqmna. 

 

 

 

 

 

 

 

 

nax. 1.7.  bunebaSi arsebuli nedleulis klasifikacia 

 

xelovnuri 

 materialuri 

aramaterialuri 

samrewvelo 

 sasoflo - 

 sameurneo 

 

 

mineraluri 

mcenareuli 

cxoveluri 

saTbob-ener- 

 getikuli   

 

marcvleuli 

samTo qimi- 

   uri 

samSeneblo 

informacia 

 SemecnebiTi 

sakomunikacio 

mmarTvelobiTi 

 

n 

 

e   

 

d 

 

l 

 

e 

 

u 

 

l 

 

i 

 13                         

      xeliT warmoebidan samanqano warmoebaze gadasvlis, e.i. industrializaciis 

Semdeg teqnologia ewoda nedleulis, masalis, naxevfarfabrikatebis an nakeTobe- 

bis miReba-damuSavebis saSualebebisa da wesebis erTobliobas, romelic xorciel-

deba  mrewvelobis  sxvadasxva dargSi,  mSeneblobaSi da a.S. igi warmoadgens same- 

cniero  disciplinas, romelic  amuSavebs da srulyofs aseT saSualebebsa da we- 

sebs.  am periodSi Camoyalibda  teqnologiebis iseTi saxeobebi, rogorebicaa manqa- 
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 iohan bekmani 

 (1739– 1811) 

    industriuli sazogadoebisTvis damaxasi-

aTebeli teqnologiis ZiriTadi komponentebia: 

materialuri nedleulisa da masalebis momza-

deba, materialuri produqtis momzadeba, mom-

xmareblebisaTvis nawarmoebi produqtebis mi-

wodeba. aseTi saxis teqnologias materialuri 

teqnologia vuwodoT. 
    informatizaciis Sedegad teqnologiaTa 

zemoT CamoTvlili klasi Seivso sainformacio 

teqnologiis cnebiT. sainformacio teqnolo- 

logiaSi sawyis masalad (nedleulad) infor- 

macia gamoiyeneba; am dros saboloo produq- 

tic informaciaa, magram igi warmoadgens obi-

eqtis, procesis an movlenis Sesaxeb Tvisob-

rivad axal informacias. sainformacio teqno-

logiis komponentebia: monacemebis (pirveladi    

naTmSeneblobis teqnologia, mSeneblobis teqnologia, liTonTa teqnologia, qso-

vilTa teqnologia, qimiuri teqnologia  da a.S. 

 

 hovard eikeni 

 (1900– 1973) 
kompiuteri Mark I 

  

kompiuteri  ENIAC  Tanamedrove 

     kompiuteris fonze 

  

j. moCli (1907–1980) 

j. ekerti (1919-1995) 
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informaciis) Sekreba, monacemebis damuSaveba, Sedegobrivi informaciis miReba da 

momxmareblebisaTvis misi gadacema. zogadad: 

 

 

 

 

 

   ukanasknel periodSi termin “sainformacio teqnologiis” nacvlad xSirad 

iyeneben termins kompiuteruli teqnologia. 

 

 

 

     

 

xSirad kompiuterul teqnologiebs kompiuterul mecnierebebsac (Computer 

Sciense) uwodeben da rogorc samecniero disciplina igi XX sauknis 30-iani 

wlebis Sua periodSi algoriTmebis Teoriisa da maTematikuri logikis SerwymiT 

warmoiSva. mas saTave eleqtronuli gamomTvleli manqanebis (kompiuterebis)  ga-

mogonebam daudo.  

   

 

 

 

formatika. igi nawarmoebi iqna sityvebis informacia (information) da avtomatika 
(automatiqe) urTierTSerwymiT (informatika = informacia + avto-mati-

ka). informatikisadmi miZRvnil CemTvis xelmisawvdom TiTqmis yvela saxelmZRva-

mneloSi aRniSnuli terminis warmomSob qveyanad safrangeTi, xolo warmoSobis 

TariRad  XX saukunis 60-iani wlebis Sua periodia miCneuli. aRniSnuli mosa-

zrebis sawinaaRmdegod internetSi muSaobisas aRmovaCine, rom germanelma mecni-

erma karl steinbuxma jer kidev 1957  wels gamoaqveyna monografia ―Informa-

tik: automatische informations ver arbeitung‖ (―informtika: informaciis avtomatu-

ri damuSaveba”) da es warmoadgens pirvel naSroms, romelSic gamoCnda termini 

“informatika”. aRniSnulidan gamomdinare Tavs nebas vaZlev ar daveTanxmo miRe-

bul Sexedulebas da mocemuli terminis avtorad germaneli mecnieri karl ste-

inbuxi miviCnio.  

 alan tiuringi 

 (1912– 1954) 

 14                         

  kompiuteruli mecnierebis sferoSi gamo-

qveynebul pirvel samecniero naSromad iTvleba 

ingliseli maTematikosis, logikosisa da 

kriptografis, britaneTis imperiis ordenis 

kavaleris alan tiuringis mier 1936  wels 

gamoqveynebuli cnobili samecniero statia 

“On Computable Numbers, with   an Application 

to the Entscheidungsproblem",  romelSic Semo-

Tavazebul hipoTekur gamomTvlel manqanas 

SemdgomSi samecniero literaturaSi tiurin- 

gis manqanis saxelwodebiT moixsenieben. 

        XX saukunis Sua wlebSi terminebis 

              “sainformacio teqnologiisa”  

   ”(Information technology)  da  “kompi-

uteruli mecnierebis” (computer science ) 

nacvlad SemoRebuli iqna axali termini in-             

    sainformacio teqnologia ewodeba disciplinebis farTo klass da adamianis 

saqmianobis sferoebs, romlebic dakavebulia monacemebis Seqmnis, Senaxvis, mar-

Tvisa da damuSavebis problemebis gadawyvetiT, romlis drosac SeiZleba gamo-

TvliTi teqnikac iqnes gamoyenebuli.  
 

    kompiuteruli teqnologia warmoadgens Teoriuli da praqtikuli codnis 

erTobliobas, romelsac gamoTvliTi teqnikis, daprogramebis, sainformacio sis-

temebisa da teqnnologiebis sferoSi dasaqmebuli specialistebi iyeneben TavianT 

saqmianobaSi.  
 



27 
 

   informatikis problemebisaTvis miZRvnili saerTaSoriso kongresis (1978) mi-

er SemoTavazebuli iqna informatikis  gansazRvreba. “informatika” warmoadgens  

informaciis damamuSavebeli sistemebis daproeqtebis, agebis, gamoyenebisa da mate- 

          

                

 

 

           materialuri teqnologiiT gaTvaliswinebuli problemebis gadaw- 

          yvetiT adamianTa SezRuduli raodenobis jgufebi iyo dakavebuli; 

           rac Seexeba sainformacio teqnologias, igi meTodurad ikavebs 

wamyvan adgils sazogadoebis saqmianobis uklebliv yvela, maT Soris 

sapasuxismgeblo gadawyvetilebis miRebasTan dakavSirebul sferoebSic; aR-

niSnulis gamo sasicocxlo mniSvneloba aqvs zustad iqnes dadgenili sazogado-

ebis cxovrebaze sainformacio teqnologiebis zemoqmedebaTa SesaZlo Sedegebis 

sruli CamonaTvali. es uaqtiuresi problemaa, radgan ukve cnobilia is faqti, 

rom aRniSnul zemoqmedebas pozitiuris garda SeiZleba negatiuri xasiaTic hqon-
des. ase, magaliTad: 

  kompiuterebi sul ufro da ufro farTod gamoiyeneba iseT sistemebSi 

(magaliTad, atomur reaqtorebSi, SeiaraRebaSi da a.S.) mimdinare teqnikuri pro-

cesebis marTvisaTvis, romelTa parametrebis reglamentirebul farglebs gareT 

gasvlam SeiZleba ara marto msxvili avariebi, aramed globaluri katastrofebic 

gamoiwvios. aseTi procesebis marTvis sistemebisaTvis damaxasiaTebel specifikur 

Taviseburebas warmoadgens is garemoeba, rom maT drois umcires monakveTebSi di-

di moculobis urTulesi informaciis damuSaveba unda uzrunvelyos. aRniSnulis 

gamo, jer erTi, ganuwyvetliv izrdeba sistemebis sirTule da, meorec, aRniS-

nul sistemaSi gamoyenebuli mravali milioni samanqano brZanebisagan Semdgar 

programul uzrunvelyofaSi Secdomebis ararsebobis garantia praqtikulad SeuZ-

lebelia. aRniSnul Secdomebs SeiZleba daematos: 

_  aparaturis amovardnebi an mtyunebebi,  

_  personalis provokaciuli an diversiuli moqmedebebi,  

_ eleqtronuli virusebiT kompiuterebis dasnebovneba da a.S.  

advili warmosadgenia samxedro daniSnulebis sistemebSi aseTi SemTxvevebis 

Sedegebi. sxva sityvebiT, Tanamedrove pirobebSi ara marto informaciis damuSa-

 karl steinbuxi 

   (Karl Steinbuch) 

  (1917 – 2005) 

 15                         

rialur-teqnikuri  momsaxurebis sakiT-

xebis momcvel cnebas, romelSic ganixi- 

leba rogorc manqanebi, mowyobilobebi, 

maTematikuri uzrunvelyofa da organiza- 

ciuli sakiTxebi, aseve samrewvelo, kom-  

erciuli, administraciuli da social- 

ri zemoqmedebis mTeli kompleqsi. 

   cnobilma rusma  akademikosebma a. p. 

erSovma da b.n. naumovma informatika 

Semdegnairad gansazRvres: 

    

            
     informatika warmoadgens sabunebi-  

 nebismetyvelo mecnierebas, romelic Se-  

 iswavlis  informaciis zogad Tvisebe-   

 bs, agreTve misi damuSavebis (Sekrebis, 

 Senaxvis, gardaqmnis, gadanacvlebisa da  

 gacemis) procesebs, meTodebsa da saSu- 

 alebebs.         
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vebis sistemebi unda davicvaT garemos zemoqmedebisagan, aramed garemocaa dasa-

cavi aRniSnuli sistemis mier damuSavebuli informaciis zemoqmedebisagan. uzrun-

velyofili unda iyos ara marto sistemaSi Semavali, dagrovili da gadamuSa-

vebadi informaciis usafrTxoeba, aramed garemos sainformacio usafrTxoebac.                   

  saqmianobis mraval sferoSi kompiuterebis gamoyeneba adamianis uflebebis 

darRvevis potenciur SesaZleblobas mkveTrad zrdis, radgan axali sainforma-

cio teqnologiebis masobrivi danergva afarToebs adamianebze dosiebis Sedgenis, 

maTi satelefono saubrebis mosmenis, eleqtronuli fostis arasanqcirebuli wa-

kiTxvis, anabrebis gakontrolebis, kompiuteruli TvalTvalis da a.S. SesaZle-

blobas; 

   izrdeba saavtoro uflebisa da sakuTrebis (gansakuTrebiT kompiuteruli 

produqtebis sakuTrebis) uflebis darRvevis safrTxe; 

   informatizacia SeiZleba socialuri daZabulebis wyaroc gaxdes da a.S.  

sainformacio teqnologiebis zemoT CamoTvlili da sxva SesaZlo negatiuri 

aspeqtebi mxedvelobaSi unda miviRoT informatizaciis amocanebis gadawyvtis 

dros. es problemebi aucileblad unda iyos Tanamedrove informatikis Seswavlis 

sagani.  

 

 

 

 

 

        samyaroSi arsebuli cocxali da aracocxali bunebis mravalmiliar- 

       diani warmomadgenlebis mier urTierTasaxvis procesSi usasrulo ra- 

      odenobis sxvadasxva saxisa da formis informaciebi warmoiSveba. isini 

Cvens aRqmaze zemomqmedi specifikuri gamaRizianeblebia, romlebic axdenen Cveni 

aRqmis gadatvirTvas. aRniSnuli gamaRizianeblebis (informaciebis) gaazrebisaT-

vis Cven vaxdenT zogadi maxasiaTeblebis mixedviT calkeul jgufebad maT dayo-

fas, anu klasificirebas. 

    

 

 

 

 

1.8 naxazis Tanaxmad ganasxvaveben klasifikaciis ierarqiul, fasetur da des-

kriptorul sistemebs. 

klasifikaciis ierarqiuli sistemis gamoyenebisas iTvleba, rom 

obieqtebis sawyisi simravle (romlis klasificirebac anu dayofa unda moxdes) 

moTavsebulia klasifikaciis nulovan doneze; igi iyofa SerCeuli saklasifika-

cio niSnis mixedviT klasebad, romlebic Tavsdeba klasifikaciis pirvel doneze; 

Semdeg pirvel doneze arsebuli TiToeuli klasi sakuTari sakvalifikacio niS-

nebis mixedviT iyofa qveklasebad. am dros warmoSobili yvela qveklasi Tavsdeba 

klasifikaciis meore doneze da a.S. klasifikaciis ierarqiul sistemas aqvs e.w. 

“xismagvari struqtura”, romelSic “xis Ziri anu tania” klasifikaciis nulovani 

done, xolo xis tanidan gamomavali totebi ki – klasifikaciis pirveli, meore 

da a.S. doneebi. 

 sistemis Rirsebebia  agebis simartive da  ierarqiuli struqturis sxvada-

sxva totebze damoukidebeli sakvalifikacio niSnis gamoyenebis SesaZlebloba, 

1.3. klasifikaciis saxeebi da informaciis 

klasificireba 

  

 

   klasifikacia (laT. classis – Tanrigi da  facere - vakeTeb) ewodeba sagnebis (mov- 

lenebis, cnebebis) erTobliobis dayofas klasebad, jgufebad, Tanrigebad raime ni-

San-Tvisebis mixedviT.   

 1                         
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xolo naklia _ agebis struqturis sixiste, rac arTulebs struqturaSi raime 

cvlilebis Setanas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

klasifikaciis faseturi sistema warmoadgens calkeuli jgufebis 

(fasetebis) nakrebs, romelTaganac TiToeuli maTgani Seicavs erTtipur obieq-

tebs, magaliTad “vercxlis monetebis qisa”, ”Zvirfaseulobis zardaxSa”, “xora-

giani xurjini”, “produqtebiani macivari” da a.S. klasifikaciis wina sistemisagan 

gansxvavebiT mocemuli sistema saSualebas gvaZlevs klasifikaciis niSnebad wode-

buli fasetebi (frang. facette – “mijna”, “zRvari”) avirCioT erTmaneTisagan  da-
moukideblad da klasificirebadi obieqtebis azrobrivi Sinaarsisagan damouki-

deblad.  

sistemis Rirsebebia sistemis martivad modificirebisa da klasificirebis 

didi raodenobis niSnebis gamoyenebis SesaZlebloba, xolo naklia – didi raode-

nobis obieqtebis arsebobis dros misi agebis sirTule. 

klasifikaciis deskriptoruli (aRweriTi) sistema warmo-

adgens zemoT ganxiluli sistemebis gaerTianebas da iTvaliswinebs iseTi des-

kriptorebis (sakvanZo sityvebisa da sityvaTaSeTanxmebebis) leqsikonis Seqmnas, 

romelTa Sorisac SeiZleba damyardes: 

sinonimuri kavSirebi, romlebic gviCvenebs sakvanZo sityvebis, rogorc sinoni-

mebis, garkveul erTobliobas, magaliTad: studenti _ mowafe _ mswavleli (iseve 

rogorc klasifikaciis faseturi sistemis dros); 

gvarsaxeobrivi kavSirebi, romlis drosac obieqtebis garkveuli klasi Sedis 

ufro warmomadgenlobiT klasSi, magaliTad: universiteti _ fakulteti _ ka-

Tedra (iseve rogorc klasifikaciis ierarqiuli sistemis dros); 

asociaturi kavSirebi, romlis drosac erTiandeba saerTo Tvisebebis mqone 

deskriptorebi, magaliTad: studenti _ gamocda – universiteti. 

 informaciaTa klasificirebisaTvis gamoiyeneba Sereuli sistema, romlis 

drosac mTeli informacia ramdenime sxvadasxva niSnis mixedviT klasificirdeba.    

        dReisaTvis informacia sazogadoebis erT-erTi ZiriTadi resursia da   

        Semdegi ZiriTadi niSnebiT klasificirdeba (nax.1.9):  

           1. warmoSobis sferos mixedviT ganasxvaveben elementalur, 

biologiur da socialur informaciebs. elementaluri informacia asaxavs 

aracocxal movlenebsa da procesebs, biologiuri informacia – cxoveluri da 

mcenariuli samyaros procesebs, xolo socialuri informacia – adamianTa sazo-

gadoebis movlenebs. 

 

 

k  l  a  s  i  f  i  k  a  c  i  a 

3.klasifikaciis deskri- 

  ptoruli (aRweriTi)  

    s i s t e m a 

1. klasifikaciis ierar- 

    qiuli sistema 

  

2. klasifikaciis fase- 

    turi sistema 

nax.1.8. klasifikaciis saxeebi 

 2                         
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2. gadacemis xerxis mixedviT ganasxvaveben audialur, taktilur da 

organoleptikur informaciebs. audialuri informacia aris smenis organoebiT 

aRqmadi, taktiluri informacia (laT. tactilis – “Sexeba”) – SegrZnebebiT (SexebiT) 

aRqmadi, xolo organoleptikuri informacia – gemoTi da surnelebiT aRqmadi 

informacia;      

3. asaxvis xerxis mixedviT ganasxvaveben teqstursa da grafikul in-

formaciebs; 

nax. 1.9. informaciis klasifikaciis struqturuli sqema 

klasificirebis ZiriTadi niSnebi 
informaciis 

s a x e e b i 
 

6.1.pirveladi 

6.2.meoreuli 

6.3.saSualedo 

6.4.Sedegobrivi 

6.damuSa- 

vebis sta- 

diis mixe- 

  dviT    
 

4.1...aqtiuri 

4.1..pasiuri 

4.obieqtze 

zemoqmede- 

bis mixed- 

  viT  

 

3. asaxvis 
  xerxis 

 mixedviT 

3.1.teqsturi 

3.2.grafikuli 

  

 nulovani done. i n f o r m a c i a 

11.1..arasak- 

   marisi 
 11.2.sakmarisi 
 11.1.Warbi 
 

11.gajerebado- 

Bbis xarisxis 

  mixedviT 
 

8.1.sasargeblo 

8.2.usargeblo 

8.sargebliano- 

bis mixedviT  
 

10.1.cvladi 

10.3.mudmivi 
 

10.2. pirobi-  

Tad mudmivi 

 

10.stabilu-  

 robis mi- 

  xedviT 

 

9.obieqtisa- 

dmi mimarT- 

ebis mixed- 

   viT 
 

9.1.Sesasvleli 

9.2.gamosas- 

   vleli 

5.1.samecniero 

5.2.teqnikuri 

5.3.ekonomi- 

   kuri 

5.4.politikuri 

5.5.socialuri 

5.6.samarTlebrivi 

5.adamianis 

saqianobis 

sferos 

mixedviT  
 

2.3.organoleptikuri 

2.1.audialuri 

2.2.taktiluri 

2. gadace-

mis xer- 

xis mixed- 

  viT 

1.1.elementaluri 

1.2 biologiuri 

1.3.socialuri 

1.warmoSo-

bis sfer- 

os mixed- 

  viT  

 

7.warmoSobis 

adgilis mi- 

  xedviT  
 

7.2.garegani

o 

7.1.Sinagani 

12.marTvis  

 funqciis 

 mixedviT 
 

12.2 sagegmo 

12.3.saaRricx- 

     vo 

12.4.analiti- 

   kuri 

12.1.normatul- 

 -sacnobaro 
 

13.sazoga- 

doebrivi 

daniSnu- 

lebis mi-

xedviT  
 

13.1.piradi 

13.2.masobrivi 

informaciis 

s a x e e b i 
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4. obieqtze zemoqmedebis mixedviT ganasxvaveben aqtiursa da 

pasiur informaciebs. aqtiuri informacia ewodeba uSualod obieqtze zemoqmed 

informacias, xolo pasiuri informacia ki iseT informacias, romelic aseT zemo-

medebas ar axdens; 

5. adamianis saqmianobis sferos mixedviT ganasxvaveben samecni-

ero, teqnikur, ekonomikur, politikur,socialursa da samarTlebriv informaci-

ebs; 

6. damuSavebis stadiis mixedviT ganasxvaveben pirvelad, meoreul, 

saSualedo da Sedegobriv informaciebs. pirveladi informacia uSualod obi-

eqtis moqmedebis procesSi warmoSobili da sawyis stadiaSi registrirebuli in-

formaciaa; meoreuli informacia miiReba pirveladi informaciis damuSavebis Se-

degad (igi SeiZleba warmoadgendes saSualedo an Sedegobriv informacias, e.i. es 

ori informacia meoreuli informaciis nairsaxeobebia); saSualedo informacia 

Semdgom gamoTvlebSi sawyis monacemebad gamosayenebeli informaciaa; Sedegobrivi 

informacia warmoadgens pirveladi da saSualedo informaciebis damuSavebis pro-

cesSi warmoSobili iseTi informaciaa, romelic uSualod mmarTvelobiTi gada-

wyvetilebis gamomuSavebisaTvis gamoiyeneba; 

7. warmoSobis adgilis mixedviT ganasxvaveben Sinagan da garegan 

informaciebs; Sinagani informacia obieqtis SigniT, xolo garegani informacia 

obieqtis farglebs gareT warmoSobili informaciaa; 

8. sargeblianobis mixedviT ganasxvaveben sasargeblo da usargeblo 

informaciebs; 

9. obieqtisadmi mimarTebis mixedviT ganasxvaveben Sesasvlel da 

gamosasvlel informaciebs. Sesasvleli informacia obieqtisaTvis miwodebuli in-

formaciaa, xolo gamosasvleli informacia warmoadgens iseT informacias, ro-

melsac mocemuli obieqti awodebs meore obieqts; 

10. stabilurobis mixedviT ganasxvaveben cvlad, pirobiTad mudmiv da 

mudmiv informaciebs. cvladi (mimdinare) informacia xSirad cvladi, pirobi-

TbiTad mudmivi informacia _ iSviaTad cvladi, xolo mudmivi informacia – 

arasdros cvladi  informaciaa; 

11. gajerebadobis xarisxis mixedviT ganasxvaveben arasakmaris, sa-

kmarissa da Warb informaciebs;  

12. marTvis funqciis mixedviT ganasxvaveben normatul-sacnobaro, 

sagegmo, saaRricxvo da analitikur informaciebs. normatul-sacnobaro infor-

macia Seicavs sxvadasxva normatul da sacnobaro monacemebs; sagegmo informacia 

asaxavs obieqtis samomavlo parametrebs; saaRricxvo informacia axasiaTebs mar-

Tvis obieqtis moqmedebas drois garkveul warsul periodSi; analitikuri in-

formacia warmoadgens informacias, romelic warmoiSveba dawesebulebis samewar-

meo-sameurneo da finansuri saqmianobis maCveneblebis Sefasebis procesSi; 

13. sazogadoebrivi daniSnulebis mixedviT ganasxvaveben maso-

briv da pirad informaciebs. unda SevniSnoT, rom masobriv informacias warmo-

adgens zemoT CamoTvlili ekonomikuri, politikuri, socialuri da a.S. informa-

ciebi.  

informaciis ganxiluli klasifikacia srulyofilad ver CaiTvleba, radgan 

samyaroSi arsebul informaciaTa mravalferovneba da maTi klasificirebis miz-

nebis swrafad cvlebadoba damatebiTi saklasifikacio niSnebis Semotanis winapi-

robebs qmnis.    
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informacias gaaCnia rTuli struqturuli ierarqia, romelic gansazRvravs 

mis agebulebas da gamoyofs am agebulebis elementebs – struqturul sainforma-

cio erTeulebs. umartives struqturul sainformacio erTeuls warmoadgens e.w. 

rekviziti; rekvizitebi xatovnad SeiZleba SevadaroT “sainformacio atomebs” 

romelTa urTierTdakavSirebiT warmoiSveba iseTi Sedgenili struqturuli sain-

formacio erTeulebi, rogorebicaa maCvenebeli, dokumenti, masivi, nakadi da sain-

formacio baza. mokled ganvixiloT zemoT CamoTvlili umartivesi da Sedgenili 

struqturuli sainformacio erTeulebi. 

   

rekvizitebi warmoadgens logikurad dauyofad elementalur struqtu-

rul sainformacio erTeulebs, romelic asaxavs obieqtis, procesis, movlenis  

gansazRvrul Tvisebebs. erTmaneTisagan ganasxvaveben rekvizit-niSansa da rekvi-

zit-fuZes. 

rekvizit-niSani axasiaTebs obieqtis an procesis Tvisobriv mxares (aseTebia, 

magaliTad, masalis dasaxeleba, gazomvis erTeuli, mimwodeblis dasaxeleba da 

a.S.), xolo rekvizit-fuZe axasiaTebs obieqtis, procesis an movlenis raodenob-

riv mxares (miRebuli masalis raodenobas).  

rekvizit-fuZeebis damuSavebis dros sruldeba ariTmetikuli operaciebi, xo-

lo rekvizit-niSnebis damuSavebis dros – logikuri operaciebi (dajgufeba, da-

xarisxeba da a.S.). 

cneba “rekvizitis” sinonimebia: sityva, elementi, atributi. 

calke aRebul rekvizit-fuZeebsa da rekvizit-niSnebs ar aqvs ekonomikuri az-

ri, amitom maT Sexamebulad iyeneben. 

 

maCvenebeli ewodeba erTi rekvizit-fuZesa da erTi an ramdenime rekvi-

zit-niSnis Semcvel Sedgenil sainformacio struqturul sainformacio erTe-

uls. 

maCvenebeli erTi mxriv rTuli erTeulia, romelic axasiaTebs obieqtis ra-

odenobriv da Tvisobriv mxareebs, xolo meore mxriv minimaluri Sedgenili sa-

informacio erTeulia, romelsac aqvs informatiuloba da amitom SeuZlia war-

moqmnas dokumenti. 

 

dokumenti ewodeba erTi an ramdenime maCveneblis erTobliobas.  

  

masivi warmoadgens sxvadasxva erTgvarovan dokumentebSi arsebuli informa-

ciebis erTobliobas.  

 

nakadi ewodeba marTvis erTi funqciasTan dakavSirebul masivebis nakrebs. 

 

sainformacio baza warmoadgens mTlianad mmarTvelobiTi samuSaos ma-

xasiaTebeli nakadebis erToblobas.  

 

sainformacio bazis resursebis gamosaTvlelad aucilebelia raodenobrivad 

iqnes Sefasebuli informacia. informaciis raodenobrivi Sefasebis sakiTxebs gan-

1.4. informaciis struqturuli 

 erTeulebi 
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vixilavT meore TavSi, axla ki SevniSnavT, rom am mizniT Semotanilia bitis, ba-

itis  da maTgan nawarmoebi terminebi. 

meore TavSi davinaxavT, rom specialuri meTodikebis gamoyenebiT informacia 

SeiZleba Sefasdes rogorc raodenobrivad, aseve Tvisobrivad. aseT Sefasebebs di-

di mniSvneloba aqvs informaciis Senaxvis organizaciisa da misi damuSavebis teq-

nologiis doneebze.   

      

 

 

       miRebuli gansazRvrebis Tanaxmad informatizacia warmoadgens teri-  

      toriulad ganawilebuli sainformacio resursebis gaerTianebis poli-  

      tikasa da am politikasTan dakavSirebul procesebs (ix. gv.19).  

sainformacio resursebis gaerTianebiT dakavebulia sociumi (sazogadoeba), 

romelmac am miznis misaRwevad saWiroa gamoiyenos garkveuli saxis sainformacio 

teqnologiebi. amisaTvis sazogadoebis calkeuli wevrebis saqmianobis sxvadasxva 

sferoSi aucilebelia dainergos sxvadasxva saxis sainformacio teqnologiebi. 

 

 

 

   informatizaciis cnebis gansazRvrebaSi sakvanZoa termini “sainformacio 

resursebi”. ganvsazRvroT igi: 

 

 

 

 

 

 

 

ukanasknel gansazRvrebaSi gamoyenebuli termini monacemebi formalizebuli 

(kodirebuli) saxiT warmodginili faqtebi da cnobebia (ix. gv.14), e.i. specifi-

kuri formis informacias warmoadgens. 

moyvanili gansazRvrebebis analizi gviCvenebs, rom rogorc “monacemebi”,  ase-

ve “dokumentebi” informaciebis nairsaxeobebia, romelTa damuSavebiT arian daka-

vebuli sazogadoebis calkeuli wevrebi.  

informaciis damuSaveba adamianma uZvelesi droidan daiwyo. mas sakuTari ar-

sebobis uzrunvelsayofad odiTganve uxdeboda fizikuri (materialuri) da goneb-

rivi (inteleqtualuri) saqmianobis urTierTSexameba. magaliTad, pirvelyofili 

adamianis mier sakvebi produqtebis mopovebas Tu fizikuri (materialuri) 

saqmianobis Tavisebur formad miviCnevT, mopovebuli sarCos “samarTlianad” gana-

wileba da saTadarigod Sesanaxi maragis raodenobis gansazRvra gonebrivi (inte-

leqtualuri) saqmianobis Canasaxovan formad SeiZleba CaiTvalos. pirvel Sem-

TxvevaSi igi Tu materialur resursebs “amuSavebda”, meore SemTxvevaSi - infor-

maciis “damuSavebiT” iyo dakavebuli. cxadia, rom Tavdapirvelad adamiani ZiriTa-

dad materialuri resursebis damuSavebiT iyo dakavebuli da informaciis da-

muSavebas, anu “inteleqtualur" saqmianobas umniSvnelo dros uTmobda.  

adamianis cxovrebaSi “sainformacio saqmianobis” wilis moculoba TandaTan 

da mdovred (adamianis “inteleqtualuri” ganviTarebis kvalobaze) izrdeboda, ma-

1.5. sazogadoebis informatizaciis 

s  a  k  i  T  x  e  b  i  

    

 

 1                         

   adamianis saqmianobis sxvadasxva sferoSi sainformacio teqnologiebis da-

nergvas ewodeba sazogadoebis informatizacia.  

 

sainformacio resursebi ewodeba:  

1) utyuari informaciis efeqturad miRebisaTvis organizebuli monacemebis 

erTobliobas; 

2) calkeul dokumentebsa da dokumentebis calkeul masivebs; 

3) sainformacio sistemebSi (arqivebSi, fondebSi, monacemebis bankebsa da sxva 

sainformacio sistemebSi) dacul dokumentebsa da dokumentebis masivebs. 
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gram materialur sferoSi miRweuli zogierTi konkretuli warmatebebi kardina-

lurad cvlida sainformacio saqmianobis xasiaTs da mTlianad arsebuli sazoga-

doebrivi urTierTobebis naxtomiseburi, anu revoluciuri gardaqmnis mizezi xde-

boda. 

       

 

 

  

civilizaciis ganviTarebis istoriaSi dafiqsirebulia oTxi sainformacio re-

volucia. mokled ganvixiloT TiToeuli maTgani. 

pirveli sainformacio revolucia dakavSirebulia damwerlobis warmoSobas-

Tan (Cvens welTaRricxvamde mesame aTaswleuli). misi meSveobiT momavali Taobi-

saTvis dagrovili informaciis gadacema gaxda SesaZlebeli. am revoluciis Sem-

dgom periodSi SezRudulad gamoiyeneboda sainformacio resursebi, monacemebis 

damuSaveba xeliT xdeboda da amitom codnam warmoebaze arsebiTi zegavlena ver 

moaxdina. 

meore sainformacio revoluciis (XVII saukune) mizezi gaxda wignebis 

beWdvis dawyeba. man mZlavri biZgi misca kulturuli da saorganizacio saqmiano-

bis ganviTarebas. am revoluciis Semdeg daiwyo codnis tiraJireba da man warmo-

ebaze gavlenis moxdenas daudo saTave. 

mesame sainformacio revolucia (XIX saukune) eleqtroobis gamogonebam  ga-

moiwvia, romlis Sedegadac gamoCnda telegrafi, telefoni, radio da televizo-

ri. am revoluciis Semdeg nebismieri moculobis informaciis operatiulad gada-

cema gaxada SesaZlebeli. 

meoTxe sainformacio revolucia (XXsaukune) mikroprocesoris gamogonebas-

Tan aris dakavSirebuli. mikroprocesorebis safuZvelze kompiuterebi (eleqtro-

nuli gamomTvleli manqanebi) iqna damuSavebuli, romlebic Semdgom kompiuterul 

qselebad da monacemebis gadamcem sistemebad (sainformacio komunikaciebad) gaer-

Tianda. moxda sazogadoebis kompiuterizacia.  

 

 

 

 

sazogadoebis kompiuterizaciam sayovelTao informatizacia gaxada SesaZlebe-

li. Tanamedrove kompiuterebi nebismieri informaciis damuSavebis Sedegebis ope-

ratiulad miRebisa da dagrovebis SesaZleblobas iZleva.  

sazogadoebis informatizaciis dros ZiriTadi yuradReba eqceva adamianis ne-

bismieri saxis saqmianobaSi WeSmariti da amomwuravi codnis droulad gamoyene-

bis uzrunvelyofisaken mimarTul kompleqsur RonisZiebebs. 

informatizaciis warmatebulad realizebisaTvis sasurvelia davicvaT Taname-

drove sazogdoebis mier damuSavebuli Semdegi zogadi principebi: 

  msoflioSi mecnierebisa da teqnikis miRwevebis farTod gamoyeneba; 

  vaWrobisa da sxva msgavsi dargebis nacvlad mecnierulad tevadi dargebis 

(gansakuTrebiT sainformacio seqtoris) prioritetuli ganviTareba; 

  saxelmwifo da kerZo informatizaciaSi mniSvnelovani safinanso saSualebe-

bis Cadeba.  

        informatizaciis procesis Sedegad yalibdeba sainformacio sazoga- 

        doeba, romelic manipulirebs ara marto materialuri obieqtebiT,  

      aramed codniTac. 

sainformacio revolucia ewodeba informaciis damuSavebis sferoSi kardina-

luri cvlilebebis Sedegad sazogadoebrivi urTierTobebis naxtomiseburad 

gardaqmnas. 

 

sazogadoebis kompiuterizacia ewodeba adamianis saqmianobis sxvadasxva sfe-

roSi eleqtronuli gamomTvleli manqanebis (kompiuterebis) danergvasa da 

ganviTarebas.  

 

 2                         



35 
 

 

 

   

 

 

Tanamedrove saxelmwifoSi bunebrivi, adamianuri da teqnologiuri resur-

sebis gverdiT yvelaze Zvirfas resurss warmoadgens e.w. sainformacio resursi. 

 

sainformacio resursebis damuSavebis safuZvelze SesaZlebelia sainformacio 

produqtebis miReba. 

 

 

 

 

iseve rogorc tradiciuli saxis resursebisa da produqtebis gamoyenebisas, 

sainformacio resursebisa da produqtebis gamoyenebis dros aucilebelia vico-

deT: 

  sad inaxeba sainformacio resursebi da produqtebi; 

  ramdenad xelmisawvdomia isini; 

  vina aris maTi mflobeli; 

  vis esaWiroeba isini; 

  rogoria maTi Rirebuleba.    

zemoT CamoTvlil kiTxvebze pasuxis miReba SeiZleba sainformacio bazarze, 

romelsac sainformacio resursebisa da produqtebis bazarsac uwodeben. 

 

 

 

 

 

 

sainformacio bazari ver iarsebebs saTanado infrastruqturis gareSe, ro-

melsac warmoqmnis am bazris momsaxure sxvadasxva saxelmwifo da kerZo organi-

zaciebi. 

sainformacio bazari pirobiTad Semdeg xuT seqtorad SeiZleba daiyos: 

pirveli seqtori gankuTvnilia specialuri (samecniero, teqnikuri da profe-

siuli) resursebisa da produqtebis gasayidad; 

meore seqtori - saqmiani (statistikuri, komerciuli da finansuri) resur-

sebisa da produqtebis gasayidad; 

mesame seqtori - samomxmareblo (axali ambebis, literaturis, garTobis) re-

sursebisa da produqtebis gasayidad; 

meoTxe seqtori - (saSualo, umaRlesi, gadasamzadebeli) saganmanaTlebo  re-

sursebisa da produqtebis gasayidad; 

mexuTe seqtori - uzrunvelyofisaTvis gankuTvnili sainformacio saSualebe-

bis (programuli produqtebis, teqnikuri saSualebebis, konsultirebisa da a.S.) 

gasayidad; 

sainformacio momsaxurebis gasawevad aucilebelia kompiuteruli an arakompi-

uteruli saxis monacemTa bazis Seqmna. SeiZleba gamovyoT Semdegi eqvsi saxis 

aseTi momsaxureba: 

  pirveladi wyaros miwodeba; 

   sainformacio sazogadoeba ewodeba Tanamedrove sociums, romelSic adamianTa 

umravlesoba dakavebulia informaciis warmoebiT, SenaxviT, damuSavebiTa da gavr-

celebiT.   

 

sainformacio produqti ewodeba Semdgomi gavrcelebisaTvis mwarmoeblis 

mier formulirebuli monacemebis erTobliobas. 

 

 

sainformacio bazari warmoadgens inteleqtualuri Sromis produqtebis va-

WrobisaTvis gankuTvnil ekonomikur, saorganizacio da samarTlebriv urTierTo-

baTa sistemas. am dros produqtebisa da momsaxurebebis mimwodeblebia  saTanado 

resursebis mflobeli sxvadasxva komerciuli firmebi, xolo momxmareblebi – 

sakuTari amocanebis gadamwyveti iuridiuli da fizikuri pirebi.    
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  sainformacio nakeTobis gamoSveba; 

  monacemTa bazaSi informaciis moZieba; 

  monacemTa daSorebul bazaSi distanciurad SeRweva; 

  informaciis damuSaveba (Targmanebis, mimoxilvebis damzadeba); 

  programuli uzrunvelyofisa da sainformacio teqnologiebis damuSaveba. 

Tanamedrove adamiani aRWurvili unda iyos saTanado codniT da gaaCndes gar-

kveuli donis sainformacio kultura. 

 

 

 

 

 

 

 

 

 

 

     pirvel paragrafSi formirebuli gansazRvrebis Tanaxmad avtomatizebu-  

     li sainformacio sistemaSi monacemebis damuSavebis specialuri meTode-  

   bisa da gamoTvliTi, sakomunikacio da sxva teqnikuri saSualebebis kom-

pleqsis gamoyenebis meSveobiT, marTvis sainformacio procesi avtomatizebulia 

garkveuli Sedegobrivi informaciis mosamzadeblad; es ukanaskneli sWirdeba aR-

niSnuli sistemis momxmarebel specialists misTvis dakisrebuli marTvis funqci-

ebis Sesasruleblad da amitom avtomatizebulma sainformacio sistemam unda 

uzrunvelyos am informaciis misTvis gadacema. 

zemoT aRniSnulidan gamomdinare, avtomatizebuli sainformacio sistema Se-

icavs Semdeg sam ZiriTad komponents (nax.1.10):      

   informacias, romelic warmoadgens marTvis sistemis rogorc nedleuls 

(sagans), aseve produqts; 

   sainformacio teqnologias, romelic moicavs informaciis damuSavebis 

saSualebebsa da meTodebs; 

   personals, romelic sainformacio teqnologiis gamoyenebiT axdens sain-

formacio procesis realizebas.  

       sainformacio sistemis Sesasvlelze arsebobs pirveladi informacia  

      marTvis obieqtSi Sesasrulebeli yvela cvlilebis Sesaxeb. igi warmo- 

     adgens sainformacio sistemis sagans, romelic fiqsirdeba operatiuli 

aRricxvis funqciebis Sesrulebis Sedegad. sainformacio sistemaSi pirveladi in-

formacia (sainformacio teqnologiis nedleuli) gardaiqmneba gadawyvetilebis 

misaRebad vargis informaciad, romelsac Sedegobriv informacias uwodeben. igi 

warmoadgens sainformacio sistemis mier warmoebul produqts. Sedegobriv in-

formaciad pirveladi informaciis formalurad gardaqmnis procedurebis nawils 

avtomatizebul sainformacio sistemaSi winaswar dasaxuli algoriTmebis mixed-

viT teqnikuri saSualebebi adamianis uSualod Carevis gareSe axdens.  

zemoT aRniSnuli ar niSnavs, rom sainformacio sistemas SeuZlia mTlianad 

avtomatur reJimSi imuSaos. marTvis sistemis mmarTveli personali:  

  gansazRvravs rogorc pirveladi da Sedegobrivi informaciis Sedgenilobasa 

da struqturas, aseve pirveladi informaciis Sekrebisa da registraciis wess; 

  akontrolebs pirveladi informaciis sisrulesa da utyuarobas; 

sainformacio kultura gulisxmobs informaciasTan mizanmimarTuli muSaobis 

unarsa da teqnikuri saSualebebis bazaze damuSavebuli sainformacio teqnologi-

ebis gamoyenebiT aRniSnuli informaciis miRebis, damuSavebisa da gadacemis cod-

nas.    

 

1.6. avtomatizebuli sainformacio 

sistemis struqturuli agebuleba 

    

 

 1                         

 2                         
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  gansazRvravs Sedegobriv informaciad pirveladi informaciis gardaqmnis Se-

srulebis Tanamimdevrobas da akontrolebs gardaqmnis procesis mimdinareobis 

siswores. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

garda amisa, aRsaniSnavia, rom dRemde sustadaa avtomatizebuli pirveladi 

in-formaciis Sekrebis procedura da amitom teqnikur saSualebebSi igi xSirad 

mmarTvel personals Seaqvs. 

informaciis gardamqmneli teqnikuri saSualebebis umniSvnelovanesi nawilia 

kompiuterebi, romlebic garkveuli programebis gamoyenebiT monacemebs avtomatu-

rad amuSavebs.   

Tanamedrove avtomatizebul sainformacio sistemebSi sainformacio procesis 

procedurebi decentralizebulia da kompiuterTan momxmareblis dialogur re-

JimSi muSaobiT sruldeba. es momxmarebels saSualebas aZlevs akontrolos mona-

cemebis gardaqmnis procesi da operatiulad moaxdinos saWiro kalapotiT misi 

mimarTva. amiT gansxvavdebi isini did eleqtronul gamomTvlel manqanebze dafu-

Znebuli avtomatizebuli sainformacio sistemebisagan, romlebSic informaciis 

damuSavebis procesi centralizebulad sruldeba da gancalkevebulia mmarTveli 

personalisagan. am ukanasknels mxolod saboloo Sedegebi miewodeba. mas Tu aR-

niSnuli Sedegebi ama Tu im mizezis (magaliTad, sawyis monacemebSi Secdomebis  

dagvianebiT aRmoCenis) gamo ar awyobs, maSin igi iZulebulia mimarTos saTanado 

samsaxurebs gaimeoron misTvis saintereso amocanis gadawyvetis procesi. 

amgvarad, Tanamedrove avtomatur sainformacio sistemebSi sainformacio pro-

cesis avtomatizebulad Sesasrulebeli procedurebi marTvis funqciebTan aris 

integrirebuli. sakuTar ZiriTad funqciebTan erTad am procedurebs uSualod 

mmarTveli personali asrulebs. ufro metic, mmarTvel specialists, iyenebs ra 

profesiuli kompiuteruli momzadebis armqone momxmarebelze orientirebuli 

sainstrumento programul saSualebebs, xSirad Tavad SeuZlia moaxdinos monace-

ukukavSiri 

avtomatizebuli sainf-

ormacio sistemis 

uzrunvelyofa 

  maTematikuri; 

  samarTlebrivi; 

   teqnikuri; 

  meToduri; 

  programuli; 

   sainformacio; 

  lingvisturi; 

  organizaciuli; 
  ergonomikuli. 

nax. 1.10. avtomaturi sainformacio sistemis struqtura 

pirdapiri kavSiri; 

marTvis  obieqti (resursebi) 

sainformacio teqnolo-

giebi 

   monacemebis Sekreba da 

registracia; 

  personalur kompiuter- 

Si monacemebis Setana; 

  monacemebis gadacema; 

  monacemebis Senaxva da 

dagroveba; 

  monacemebis damuSaveba; 

  momxmareblamde Sedego- 

brivi informaciis mitana. 

  Sedegobrivi informaci- 

is formireba; 

avtomaturi sain- 

formacio sistema 

ekonomikuri  obieqti 

informacia 

mmarTveli 

personali 

 (marTvis 

 aparati) 
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mebis misTvis aucilebeli  damuSavebis procedurebis avtomatizeba, dasvas amoca-

na da Sesarulos damprogrameblis roli. 

dasasruls SevniSnavT, rom Tanamedrove gagebiT termini “sainformacio sis-

tema” sainformacio procesebis avtomatizebas gulisxmobs. amitom ukanasknel pe-

riodSi cnebebs “sainformacio sistema” da “avtomatizebuli sainformacio siste-

ma” tolZalovan cnebebad miiCneven, Tumca unda gvaxsovdes, rom sainformacio 

sistemebSi SeiZleba informaciis araavtomatizebuli damuSavebis teqnologiac 

iyos gamoyenebuli.      

         avtomatizebul sainformacio sistemebSi informaciis gadamuSavebis  

       procesi Tavisi arsiT materialur warmoebaSi gamoyenebuli teqnolo- 

    giuri procesis analogiuria. am ukanasknelis Sesasruleblad radgan 

sxvadasxva teqnikuri saSualebebi (Carxebi, mowyobilobebi, xelsawyoebi da a.S.) 

aris gamoyenebuli, amitom aRniSnuli mowyobilobebis analoguri saSualebebisa 

da meTodebis gamoyenebaa saWiro informaciis gadamuSavebis procesis realizebis-

Tvisac.  

informaciis gardaqmnis sxvadasxva etapebze sxvadasxva sainformacio teqno-

logiebi anu sainformacio procedurebis Sesrulebis sxvadasxva saSualebebi da 

meTodebi gamoiyeneba. amgvarad sainformacio teqnologiisaTvis damaxasiaTebelia 

Semdegi ori mdgeneli: 

  teqnologiuri procesi, romelic gansazRvravs informaciis gardaqmnis eta-

pebsa da procedurebs; 

  saSualebebisa da meTodebis erToblioba, romlebic sainformacio procesis 

procedurebis Sesrulebis dros gamoiyeneba. 

sainformacio procesis realebisaTvis SeiZleba sxvadasxva saSualebebi da me-

Todebi iqnes gamoyenebuli. maTi saxiT ganisazRvreba sainformacio teqnologiis 

ganviTarebis done. Tanamedrove sainformacio teqnologiebisaTvis damaxasiaTebe-

lia Semdegi Taviseburebebia: 

  specialistebi, rogorc saboloo momxmareblebi, sainformacio procesSi aq-

tiurad uSualod kompiuterebiT aRWurvil samuSao adgilebidan iReben monawi-

leobas; 

  kompiuteruli qselebis areSi SesaZlebelia dokumentebis koleqtiuri da-

muSaveba; 

  gamoiyeneba erTiani sainformacio baza da momxmarebelTa farTo wris TiTo-

eul warmomadgenels misTvis miniWebuli uflebamosilebis farglebSi SeuZlia 

aRniSnul bazaSi SeRweva; 

  muSaobis interaqtiuli reJimis arseboba, romelic informaciis damuSavebis 

procesSi Carevisa da saWiroebis SemTxvevaSi amocanebis gadawyvetis procesis mi-

mdinareobis Secvlis SesaZleblobis saSualebas iZleva; 

  megobruli xasiaTis samomxmareblo interfeisis arsebobas, komfortuli 

muSaobis uzrunvelsayofad momxmarebels sTavazoben specialurad Sedgenil 

menius, misTvis organizebulia mokarnaxis sistema, mas SeuZlia daubrundes ukve 

Sesrulebel qmedeebebs da axleburad Seasrulos isini da a.S. 

  warmoSobili amocanebis gadawyvetebis dros gamoyenebuli sxvadasxva pro-

gramuli kompleqsebis (teqsturi redaqtorebis, cxriluri procesorebis, speci-

alizebuli ekonomikuri programebisa da a.S.) integrireba; 

  gamoyenebis konkretuli pirobebisadmi unificirebuli sistemebis adaptacia 

(Sewyoba, Segueba).  

 

 

 3                         
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          arsebuli mravalferovani sainformacio teqnologiebidan gamoyo- 

         fen Semdegi ori saxis sainformacio teqnologias: 

        1. uzrunvelmyof sainformacio teqnologiebs, roml-

lebic nebismieri amocanis gadawyvetis dros instrumentariumad gamoiyeneba.  

isini sakmaod mravalferovania da orientirebulia umartivesi (magaliTad, teq-

sturi procesorebiT dokumentebis damuSavebis) amocanebidan dawyebuli, urTu-

lesi (magaliTad, eqspertul sistemebSi gadawyvetis miRebis) amocanebiT  da-

mTavrebuli sxvadasxva klasis amocanebze.  

    

        

 

 

 

  
2. funqcionalur sainformacio teqnologiebs, romlebic kon-

kretul sagnobriv sferoSi axdens amocanebis gadawyvetis teqnologiis realize-

bas ramdenime sxvadasxva uzrunvelmyofi teqnologiis kombinaciis gamoyenebis me-

SveobiT. uzrunvelmyofi teqnologiebis sirTuleebze damokidebulebiT isini gan-

kuTvnilia an mxolod avtomatizebuli sainformacio sistemebis damproeqtebeli 

specialistebisaTvis, an maTi gamoyeneba SeuZliaT mmarTvelobiTi aparatis farTo 

wris warmomadgenlebsac (romlebic kompiuteruli teqnikis sferoSi araprfe-

sionalebi arian).  ase magaliTad, monacemebis damuSavebis mravali sistema Se-

icavs: saSualebebs, romlebic damprogrameblebs programaTa sagnobrivad-orienti-

erebuli sistemebis Seqmnis saSualebas aZlevs da instrumentebs, romlis daxma-

rebiTac araprofesional momxmarebels (magaliTad, ekonomists) monacemebis saku-

Tari bazis Seqmna SeuZlia. 

raime sagnobrivi sferos avtomatizebis dros sxvadasxva programuli 

saSualebebiT realizebuli ramdenime uzrunvelmyofi sainformacio teqnologiis 

erTdroulad gamoyeneba xdeba saWiro. magaliTad, saWiro xdeba buRaltruli aR-

ricxvis programiT formulirebuli monacemebis eqsportireba ekonomikuri ana-

lizis Casatareblad saWiro cxrilur procesorSi an finansuri analizis speci-

alur programaSi. amis gamo gansakuTrebul mniSvnelobas iZens gamoyenebuli 

programuli areebis integrireba (Sepirapireba).  

avtomatizebul sainformacio sistemasa da sainformacio teqnologias Soris 

arsebobs Semdegi ori gansxvaveba: 

1. gansxvavebuli miznebi. avtomatizebuli sainformacio sistemis ZiriTadi mi-

zania miRebuli iqnes Sedegobrivi informacia da igi miewodos mmarTvel muSaks, 

raTa am ukanasknelma SeZlos garkveuli gadawyvetilebis miReba. rac Seexeba sain-

formacio teqnologias,  misi mizania saTanado saSualebebisa da sainformacio 

procesis proceduraTa realizaciis meTodebis gamoyenebiT uzrunvelyos informa-

ciis damuSavebis zustad gansazRvruli moqmedebebis Sesruleba.  

2. gansxvavebuli struqturuli Tanafardobebi. avtomatizebuli sainformacio 

sistema warmoadgens ares, romelSic realizdeba sainformacio teqnologiebi. 

rac Seexeba sainformacio teqnologiebs, isini SeiZleba arsebobdes konkretuli 

sainformacio sistemis garec; magaliTad, aseTebia uzrunvelmyofi sainformacio 

teqnologiebi.  

 

        

 4                         

    instrumentariumi  ewodeba: 1. garkveuli saxis instrumentebis nakrebs, raime 

specialobaSi gamoyenebuli instrumentebis erTobliobas (magaliTad, qirurgiuli 

instrumentariumi) 2. (gadataniT) raime miznis misaRwevad an raimis gansaxorciel-

eblad gamoyenebuli saSualebebis erTobliobas (magaliTad, mmarTvelobiTi 

sabuRal-tro aRricxvis instrumentariumi).   
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         avtomatizebuli sainformacio sistemis funqcionirebisaTvis auci- 

         lebelia saSualebebis, meTodebisa da RonisZiebebis mTeli kompleq- 

      qsis arseboba, amitom aRniSnul sistemas aqvs Semdegi cxra qvesistema 

(ix. nax. 1.10):  

 

1. sainformacio uzrunvelyofis qvesistema; igi warmoadgens 

sistemis sainformacio fondis agebisaTvis, misi funqcionirebisa da gamoyenebisa-

Tvis saWiro saSualebebisa da meTodebis erTobliobas; 

erTmaneTisagan ganasxvaveben avtomatizebuli sainformacio sistemis “sainfor-

macio fondisa” da “sainformacio bazis” cnebebs. sainformacio fondi moicavs 

rogorc qaRaldur dokumentebSi, aseve samanqano damxsomeblebSi (mzidebSi) da-

fiqsirebul ekonomikuri obieqtis mTel informacias, xolo sainformacio baza _ 

mxolod samanqano damxsomeblebSi dafiqsirebul informacias.  

sainformacio uzrunvelyofa iyofa garemanqanur da Sidamanqanur uzrunvel-

yofebad.   

garemanqanur sainformacio uzrunvelyofas warmoqmnis informaciis klasifika-

torebisa da kodifikatorebis sistema, agreTve dokumentaciisa da dokumentebis 

mimoqcevis maorganizebeli sitemebi. avtomatizebuli sistemebi iyenebs zogadkav-

Sirul, dargobriv da lokalur klasifikatorebs. pirveli ori saxis klasifika-

torebis damuSaveba xdeba centralizebulad, xolo ukanaskneli klasifikatori 

konkretul ekonomikur obieqtSi personalis uSualo monawileobiT muSavdeba. 

aucilebelia uzrunvelyofili iyos yvela saxis klasifikatoris SeTavsebadoba.  

dokumentaciis sistema moicavs pirvelad, gamosasvlel da normatiul-sac-

nobaro dokumentebs. 

pirvelad dokumentebs miekuTvneba dargTaSorisi da dargobrivi dokumentebi, 

agreTve Tavad ekonomikur obieqtSi dasamuSavebuli dokumentebi.  

dargTaSorisi dokumentebi Sedis pirveladi saaRricxvo dokumentaciis unifi-

cirebuli formebis albomebSi, romlebic dokumentaciis unificirebuli sistemis 

nawilia. 

gamosasvleli dokumentebi asaxavs Sedegobriv informacias, romelic formir-

deba kompiuteriT da warmoidgineba nabeWdi dokumentis saxiT. isini iyofa saaR-

ricxvo registrebis Sesabamis standartul angariSgebebad da specializebul ma-

reglamentirebel angariSgebebad. ukanasknelebs miekuTvneba saxelmwifo angariS-

mgebloba, romelsac gaaCnia unificirebuli tipuri formebi, dargobrivi da regi-

onaluri angariSgebebi. 

normatul-sacnobaro dokumentebi Seicavs pirobiTad mudmiv informacias nor-

mativebis, agreTve materialuri da SromiTi danaxarjebis, fasebis, tarifebisa da 

a.S. Sesaxeb.   

dokumentebis momoqcevis sistema gansazRvravs dokumentebis mimoqcevis raci-

onalurad organizebul sqemas am dokumentebis warmoSobis momentidan maTi gamo-

yenebisa da arqivebSi Cabarebis momentamde. kompiuteruli sistemebis arsebobis 

pirobebSi sasurvelia uzrunvelyofili iyos dokumentebis mimoqcevis sruli av-

tomatizacia.A 

Sidamanqanuri sainformacio uzrunvelyofa moicavs avtomatizebuli sainfor-

macio sistemis sainformacio bazas. 

 

 

 

 

 5                         

sainformacio baza ewodeba informaciis samanqano damxsomebel mowyobilobeb-

Si (informaciis mzidebSi) Senaxvis gansazRvruli wesebis dacviT Senaxuli mona-

cemebis erTobliobas.               
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avtomatizebul sainformacio sistemebSi sainformacio baza warmodgenilia 

pirobiTad mudmivi da mudmivi masivebis saxiT. 

pirobiTad mudmiv masivebs miekuTveba specialuri saxiT organizebuli da 

kompiuterebis xangrZliv mexsierebaSi Senaxuli yvela saxis klasifikatorebi. 

aseTi masivebi Seicavs Semdeg cnobarebs:  

  sabuRaltro aRricxvis, analizuri aRricxvis obieqtebis angariSgebaTa ge-

gmas; 

  normatiul da sxva damxmare informacias; 

  unificirebuli pirveladi dokumentebis ZiriTad formebs; 

  buRaltruli da statistikuri angariSmgeblobis formebs.  

mudmiv masivebs miekuTveba: 

  sameurneo operaciebis Sesaxeb mimdinare monacemebis masivebi; 

  saangariSo periodis dasawyissa da boloSi sinTetur da analitikur anga-

riSebSi arsebuli monacemebi naSTebis Sesaxeb; 

  pirveladi dokumentebis masivebi. 

aRniSnuli monacemebis organizebisa da Senaxvis xerxebi gamoyenebuli pro-

gramuli uzrunvelyofis TaviseburebebiT ganisazRvreba da SeiZleba gansxvavdebo-

des erTmaneTisagan.  

 

2. teqnikuri uzrunvelyofis qvesistema; igi warmoadgens infor-

maciis Sekrebis, registraciis, gadacemisa da damuSavebis teqnikuri saSualebebis, 

agreTve avtomatizebuli sainformacio sistemis sainformacio teqnologiebiT 

uzrunvelmyofi saofise teqnikis saSualebebis kompleqss. Tanamedrove avtomati-

zebuli sistemebi SeiZleba orientirebuli iyos kompiuterebis rogorc avtono-

miur, aseve qselur gamoyenebaze. ukanasknel SemTxvevaSi teqnikuri mowyobilobe-

bis qvesistema specialur qselur mowyobilobebsac Seicavs.  

 

3. maTematikuri uzrunvelyofis qvesistema; igi warmoadgens 

amocanebis gadasawyveti algoriTmebis aRwerisaTvis gamoyenebuli maTematikuri 

saSualebebis, agreTve avtomatizebuli sainformacio sistemis programul uzrun-

velyofaSi gamoyenebuli informaciis warmodgenisa da interpretaciis modelebis 

erTobliobas. 

ekonomikuri amocanebis umravlesoba miekuTvneba struqturizebul amocanebs, 

romlebsac gaaCnia gadawyvetis zusti algoriTmi da, maSasadame, SesaZlebelia ma-

Tematikuri modeliT maTi warmodgena. aseTi amocanebis gadamwyveti algoriTmebi 

ar saWiroebs rTuli maTematikuri aparatis gamoyenebas da isini damuSavebul 

normatul aqtebsa da instruqciebSi arsebuli ekonomikuri gamoTvlebis Catare-

bis wesebis aRweraze aris dafuZnebuli.  

Tavad amocanebis gadasawyveti algoriTmebis avtomatizebuli sainformacio 

sistema moicavs sagnobrivi sferos ZiriTadi Taviseburebebis amsax, magram pro-

gramul uzrunvelyofaSi sxvadasxvagvarad realizebuli modelebis mTel siste-

mas. aRniSnul modelebs miekuTvneba: 

   dokumentebis mimoqcevis organizaciis modeli. igi gansazRvravs sain-

formacio bazaSi arsebul Canawerebis sistemaSi dokumentebis formirebis, Senax-

vis, damuSavebisa da transformaciis wess; 

  sawyisi monacemebis avtomatizebuli damuSavebis konceftualuri modeli; 

   maCvenebelTa sistemis modeli, romelic asaxavs maCveneblebis agebisa da 

interpretirebis wess;   
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   funqcionaluri amocanebis gadawyvetis models – standartuli, 

mravaljeradad ganmeorebadi da erTmagi operaciebis realizaciis algoriTmebs;  

zemoT CamoTvlili modelebis realizaciis Taviseburebebi gansazRvravs pro-

gramuli uzrunvelyofis gamoyenebis teqnologiis specifikas da mniS-

vnelovanwilad mis funqcionalur SesaZleblobasac. 

maTematikuri uzrunvelyofa asaxulia dokumentaciaSi, romelSic aRwerilia 

amocanebi, moyvanilia maTi gadawyvetis modelebi da algoriTmebi, agreTve testu-

ri da sakontrolo magaliTebi.  

maTematikuri uzrunvelyofis dasamuSaveblad iwveven maTematikuri meTodebis 

mcodne specialistebs, romlebisTvisac nacnobia sagnobrivi sfero da romlebsac 

SeuZliaT marTvis amocanebis gadawyvetis wesis formalizebuli aRwera. 

 

4. meToduri uzrunvelyofis qvesistema; igi warmoadgens 

sakanonmdeblo, normatiuli, sabuRaltro aRricxvis, finansuri da sainvesticio 

analizis, agreTve codnis sxva sferoebis aqtebisa da instruqciebis erTobli-

obas, romelic saSualebas gvaZlevs davamuSaoT ekonomikuri informacis garda-

qmnisa da gadawyvetilebis miRebis iuridiuli mxardaWeris uzrunvelyofis for-

mirebisaTvis saWiro algoriTmebi.  

 

5. lingvisturi uzrunvelyofis qvesistema; igi warmoadgens 

avtomatizebuli sainformacio sistemebis damuSavebisa da funqcionirebis pro-

cesSi gamoyenebuli xelovnuri enebis, terminebisa da gansazRvrebebis sistemas. 

masSi Sedis: 

  informaciis struqturuli erTeulebis (rekvizitebis, maCveneblebis, doku-

mentebis, masivebis, nakadebis) aRmweri enebi; 

  sainformacio bazis monacemebis marTvisaTvis saWiro enebi; 

  amocanebis gadasawyveti amocanebis aRsaweri enebi; 

  sainformacio-saZiebo sistemebSi gamoyenebuli enebi; 

  specialuri daniSnulebis enebi. 

 

  6. programuli uzrunvelyofis qvesistema; igi warmoadgens 

marTvis avtomatizebul sistemaSi monacemebis damuSavebisa da gadacemis progra-

mebis, agreTve maTi gamoyenebis dokumentaciis kompleqss. masSi Sedis sistemuri, 

damxmare da gamoyenebiTi (specializebuli) programuli uzrunvelyofebi. mokled 

ganvixiloT TiToeuli maTgani. 

sistemuri programuli uzrunvelyofa ewodeba gamoTvliTi teqnikis, qseluri 

mowyobilobebis saSualebebisa da sxvadasxva programuli uzrunvelyofis fun-

qcionirebis mmarTvel operaciul sistemebs.  

damxmare programuli uzrunvelyofa warmoadgens funqcionaluri amocanebis 

gadasawyveti programebis funqcionirebisa da momxmareblebisaTvis damatebiTi 

servisis uzrunvelyofisaTvis aucilebeli programuli saSualebebis erTobliob-

as. aseTi programuli uzrunvelyofa moicavs: 

  monacemebis bazebis marTvis sistemebs; 

  programebis interpretatorebs, romlebic damuSavebulia daprogramebis ma-

interpretirebeli sistemebis mier; 

  programebis funqcionirebisaTvis aucilebel sxvadasxva gare biblioTekebs; 

  daarqivebisa da arasanqcirebuli SeRwevisagan monacemebis dacvis saSu-

alebebs da a.S. 
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ase, magaliTad, ekonomikuri daniSnulebis mravali programuli produqti ga-

moiyeneba monacemebis Senaxvisa da monacemebis bazebis marTvis sistemebSi SeRwevi-

saTvis da maT gareSe funqcionireba ar SeuZlia.  

mravali programa angariSebis formirebas Microsoft Exel-is formatSi axdens, 

amitom am angariSebis dasaTvaliereblad aucilebelia kompiuterSi arsebobdes an 

Tavad cxriluri Exel procesori, an am formatis failebis dasaTvalierebeli 

programebi.   

angariSebis dasaTvalierebeli an monacemebis SetaniTvis saWiro zogierTi Ta-

namedrove programa moiTxovs kompiuterSi arsebobdes web-gverdebis dasaTvali-

erebeli raime programa da misi ararsebobisas igi normalurad ver funqcioni-

rebs.        

 gamoyenebiTi programuli uzrunvelyofa warmoadgens funqcionaluri 

amocanebis gadawyvetis algoriTmebis uSualod marealizebeli specializebuli 

programebis erTobliobas.  

7. samarTlebrivi uzrunvelyofis qvesistema; igi warmoadgens 

avtomatizebuli sainformacio sistemis Seqmnisa da funqcionirebis dros samar-

Tlebrivi urTierTobebis mareglamentirebeli samarTlebrivi normebis erTobli-

obas. 

avtomatizebuli sainformacio sistemis damuSavebis etapze samarTlebrivi uz-

runvelyofa moicavs normatiul aqtebs, romlebic dakavSirebulia: 

  sistemis dammuSavebelsa da SemkveTs Soris saxelSekruleblo urTierTo-

bebTan; 

  sistemis damuSavebis procesis gadaxrebis daregulirebasTan; 

  sxvadasxva resursebiT damuSavebis procesis uzrunvelyofasTan. 

avtomatizebuli sainformacio sistemis funqcionirebis etapze samarTlebrivi 

uzrunvelyofa gansazRvravs: 

  marTvis procesSi sistemis statuss; 

  avtomatizebuli sainformacio sistemis calkeuli struqturebis kompe-

tenciebsa da maTi funqcionirebis organizacias; 

  avtomatizebuli sainformacio sistemis funqcionirebis usafrTxoebis sa-

marTlebriv uzrunvelyofas. 

8. organizaciuli uzrunvelyofis qvesistema; igi warmoadgens 

avtomatizebuli sainformacio sistemis Seqmnisa da funqcionirebis procesSi  

teqnikur saSualebebTan, programul uzrunvelyofasTan da erTmaneTs Soris aR-

niSnuli sistemis TanamSromlebis urTierTzemoqmedebis mareglamentirebeli saSu-

alebebisa da meTodebis erTobliobas. 

avtomatizebuli sainformacio sistema warmoadgens “adamiani-manqana” sistemas 

da amitom ver ifunqcionirebs misi eqspluataciis wesebis mcodne personalis 

arsebobis gareSe. amasTanave, erTmaneTisagan unda gavmijnoT sistemis momxmare-

beli da momsaxure personali.  

momxmarebel personals warmoadgenen sakuTari profesiuli amocanebis gadasa-

wyvetad avtomatizebuli sainformacio sistemis uSualod gamomyenebeli marTvis 

aparatis TanamSromlebi. momsaxure personals miekuTvneba sistemis funqcionire-

bis uzrunvelsayofad saWiro funqciebis Semsrulebeli TanamSromlebi; isini 

uzrunvelyofen teqnikuri saSualebebisa da programuli uzrunvelyofis muSa 

mdgomareobaSi yofnas, sainformacio bazis daculobas. 

msxvil ekonomikur obieqtebze avtomatizebuli marTvis sistemis momsaxure 

personali Cveulebriv Sedis dawesebulebis marTvis avtomatizebuli sistemis 

momsaxure specializebuli qvedanayofis SemadgenlobaSi. rogorc wesi, eseni war-
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moadgenen sakomunikacio, gamoTvliTi, agreTve mmarTvelobiTi da sainJinro teqni-

kuri samuSaoebis meqanizaciisa da avtomatizaciisaTvis gamoyenebul teqnikur sa-

SualebaTa kompleqsis (romelsac SemoklebiT orgteqnika anu saorganizacio 

teqnika ewodeba) momsaxurebis profesiuli Cvevebis mqone teqnikur specialis-

tebs. xSirad aseT qvedanayofs uwodeben sainformacio teqnologiis ganyofile-

bas, xolo mis TanamSromlebs – sainformacio teqnologiebis specialistebs. 

isini Semdegi ori mimarTulebiT saqmianoben: 

  sainformacio sistemis ageba da ganviTareba (damproeqteblebis jgufi); 

  teqnikuri da programuli uzrunvelyofis Tanxleba (Tanxlebis jgufi). 

sainformacio teqnologiis pirveli mimarTulebis specialistebi: 

  aproeqteben dawesebulebis avtomatizebul sainformacio sistemas; 

  awesrigeben sainformacio nakadebs; 

  qmnian kompiuterebis gamoyenebiTi informaciis damuSavebis teqnologias; 

  ayeneben komiuterebsa da programul uzrunvelyofas; 

  aproeqteben da amontaJeben gamoTvliT qsels; 

  uzrunvelyofen avtomatizebuli sainformacio sistemis aparaturul-pro-

gramuli kompleqsis danergvisa da Tanxlebis procesis Sesrulebas; 

  aswavlian da amzadeben momxmareblebs. 

arc Tu ise iSviaTad maT funqciebSi Sedis avtomatizebuli sainformacio 

sistemis funqcionirebisaTvis saWiro programuli uzrunvelyofis damuSavebac. 

sistemis daproeqtebisa da Seqmnis procesSi sainformacio teqnologiis ganyofi-

lebis specialistebi amuSaveben sxvadasxva ganyofilebebisa da TanamSromlebis mi-

er sistemis eqspluataciis reglamentebs, agreTve samarTlebriv uzrunvelyofas. 

saqmianobis meore mimarTulebas uzrunvelyofs sistemis administratori da 

eqspluataciis jgufi.  

sistemis administratori: 

  pasuxs agebs qselis resursebis ganawilebaze;   

  gansazRvravs monacemebTan momxmareblis SeRwevis uflebebs; 

  gansazRvravs momxmareblis mier monacemebis damuSavebis funqciebs; 

  akontrolebs Tu rogor icavs momxmarebeli misTvis miniWebul uflebebsa 

da rogor asrulebs masze dakisrebul funqciebs. 

eqspluataciis jgufi uzrunvelyofs: 

  usafrTxoebas, konfidenciurobasa da monacemebis mTlianobas (ebrZvis amo-

vardnebs, virusebs, arasanqcirebul SeRwevebs); 

  monacemTa bazis administrirebas; 

  monacemebis Setanis grafikebis damuSavebas da maTi Sesrulebis kontrols; 

  mimdinare SekeTebisa da mowyobilobebis profilaktikis gegma-grafikebis Se-

dgenas da a.S. 

mcire ekonomikur obieqtebSi aseTi qvedanayofis funqciebi SeiZleba daviyva-

noT teqnikis martiv momsaxurebasa da muSa mdgomareobaSi programuli uzrun-

velyofis Senaxvaze. amas axorcielebs sainformacio teqnologiis erTi an ramde-

nime specialisti. 

dawesebulebaSi sainformacio teqnologiis sakuTari ganyofilebis arsebobis 

drosac avtomatizebuli sainformacio sistemis agebisa da ganviTarebis funqciebi 

Zalian xSirad gadaecema gareSe firmebs, romlebic daspecializebulia tiraJire-

badi programuli produqtebis danergvasa da adaptaciaze an SekveTili programu-

muli uzrunvelyofis damuSavebaze. 
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9. organizaciuli uzrunvelyofis qvesistema; igi warmoadgens 

avtomatizebuli sainformacio sistemis Seqmnisa da funqcionirebis procesSi spe-

cialistebis maRalefeqturi da uSecdomo saqmianobisaTvis saWiro optimaluri 

pirobebis SeqmnisaTvis gankuTvnili saSualebebisa da meTodebis erTobliobas. igi 

moicavs sxvadasxva dokumentaciebis kompleqss, romlebSic mocemulia: 

  samuSao adgilebisadmi wayenebuli moTxovnebi; 

  personalis, programuli uzrunvelyofis (ekranebis dizaini) muSaobis pi-

robebi da a.S. 

  am moTxovnebis realizaciis yvelaze mizanSewonili xerxebis nakrebi da ma-

Ti realizaciis ergonomikuli eqspertiza; 

  meTodebis, saswavlo-meToduri masalebisa da teqnikuri saSualebebis kom-

pleqsi, romlis meSveobiTac SesaZlebelia formulirebuli iqnes personalis mom-

zadebis donisadmi wasayenebeli moTxovnebi da Seiqmnas kadrebis SerCevis siste-

ma; 

  marTvis avtomatizebuli sistemis pirobebSi specialistebis muSaobis maRa-

li efeqturobis uzrunvelmyofi meTodikebis nakrebi. 

                    

 

 

 

 

       konkretul dawesebulebaSi organizebuli avtomatizebuli sainforma- 

        cio sistema aigeba am dawesebulebaSi momuSave specialistebisaTvis 

      avtomatizebuli samuSao adgilebis Seqmnis gziT. aRniSnulidan gamom-

dinare avtomatizebuli samuSao adgili warmoadgens avtomatizebuli sainforma-

cio sistemis Semadgenel nawils da igi SeiZleba Semdegnairad ganisazRvros:  

 

.     

 

   

 

 

 

 

Semoklebulad avtomatizebuli samuSao adgili gansazRvruli saxis saqmiano-

bis avtomatizaciisaTvis gankuTvnili programul-teqnikuri kompleqsia, romel-

Sic teqnologiuri mowyobilobebi, rogorc wesi, SCADA– sistemebis saSualebiT 

imarTeba.   

SCADA (ingl. “Supervisory Control And  Data Acquisition” – “monacemebis dispetCe-

ruli marTva da Sekreba”) warmoadgens monitoringis an marTvis obieqtis Sesaxeb 

informaciis Sekrebis, gardaqmnis, asaxvisa da daarqivebis sistemis dasamuSaveb-

lad an realur droSi misi muSaobisaTvis gankuTvnil programul pakets.  

programebis paketi, anu, rogorc xSirad mas uwodeben, gamoyenebiTi programe-

bis paketi (ingl. “application package”), Tavis mxriv, warmoadgens sagnobriv are-
Si arsebuli garkveuli klasis amocanebis gadasawyvetad gankuTvnili modulebis 
nakrebs; moduli ewodeba programis funqcionalurad damTavrebul nawils, rome-

lic sxva programebSi gamosayeneblad aris gankuTvnili da gaformebulia gancal-

kevebuli failis saxiT an gaaCnia dasaxeleba, xolo sagnobrivi are  warmoad-

1.7. avtomatizebuli samuSao adgilis  

daxasiaTeba da klasifikacia 

    

 

 1                         

avtomatizebuli samuSao adgili ewodeba specialistisaTvis mowyobil iseT 

samuSao adgils, romelic imisaTvis, rom aRniSnul specialists SeeZlos monace-

mebis damuSavebis gziT moaxdinos misi profesiuli funqciebis Sesasruleblad 

saWiro informaciis formireba, aRWurvilia personaluri kompiuteriT, program-

uli uzrunvelyofiTa da individualuri an koleqtiuri moxmarebis sainformacio 

resursebiT.      
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gens yvela im sagnebis simravles, romelTa Tvisebebi da urTierTdamokidebulebe-

bi ganixileba mocemul konkretul samecniero TeoriaSi. 

       dawesebulebaSi arsebuli ganyofileba, romelSic momuSave TanamSrom- 

        lebi avtomaturi samuSao adgilebiT arian uzrunvelyofilebi, war- 

    Bmoadgens aRniSnuli dawesebulebis avtomatizebul qveganyofilebas. 

masSi informaciis dasamuSaveblad saWiro rutinuli samuSaos mniSvnelovan na-

wils asrulebs kompiuteri. miuxedavad amisa, specialists SeuZlia aqtiurad Ca-

erios monacemebis damuSavebis amocanebis gadawyvetis procesSi da damoukideb-

lad moaxdinos iseTi informaciis formireba, romelic mas dasabuTebuli gada-

wyvetilebis miRebis saSualebas miscems.  

kompiuteri organulad Seeerwya specialistis samuSao teqnologias da gada-

iqca misTvis mudmivad gamosayenebel sagnad. amave dros informaciis damuSavebis 

formalur-logikuri aspeqtebidan aqcentis gadatana moxda gadawyvetilebebis mi-

Rebis procesze. aseTi teqnologia amcirebs rogorc saqaRalde dokumentebis na-

kads, aseve Sesasrulebeli samuSaoebis Sromatevadobas, amaRlebs muSakebis pro-

fesiul dones da maTi muSaobis komfortulobas.  

iseve rogorc Sromis organizaciis xeliTi Sesrulebis teqnologiis dros, 

specialists sruli personaluri pasuxismgebloba ekisreba mTel procesze, mag-

ram tradiciuli funqciebis Sesrulebis gagrZelebasTan erTad mas personaluri 

kompiuteris operatoris rolis Sesrulebac evaleba da informaciis avtomaturi 

damuSavebis procesis uSualo monawilec xdeba.  

avtomatizebuli samuSao adgili Semdeg xuT ZiriTad komponents moicavs:  

personalur kompiuters; 

informaciis damuSavebisaTvisaTvis saWiro programebis kompleqss; 

maswavlebel sistemas (momxmareblisaTvis gankuTvnil dokumentaciis 

hiperteqstur sistemas; karnaxis integrirebul sistemas; saniSnebis, ma- 

Cveneblebisa da cnobarebis sistemas,; kontrolisa da Secdomebis aRmo- 

Cenis sistemas); 

 avtomatizebuli samuSao adgilis awyobis saSualebebs (gamoTvle- 

   Bis algoriTmebs; analitikur da teqnologiur parametrebs; iseT mowyo- 

    bilobebs, rogorebicaa printeri, skaneri, modemi; saekrano formebis er- 

    nomikas da a.S.); 

   avtomatizebuli samuSao adgilis eqspluataciis saSualebebs  

   (klasifikatorebs; saangaroSo formebis generators; kavSiris arxebiT  

   monacemebis miReba-gagzavnis instrumentariums, monacemebis bazis admi- 

   nistrators, konkretuli momxmareblebis muSaobis monitorings).  

zemoT CamoTvlilis garda avtomatizebuli samuSao adgili kompleqtdeba 

programebis gamosayeneblad saWiro dokumentaciebiTa da meTodikuri masalebiT, 

agreTve informaciis damuSavebis samuSaoTa Sesrulebis reglamentebiT. 

          avtomaturi samuSao adgilebi SeiZleba funqcionirebdes avtonomi- 

          urad an kompiuteruli qselis SemadgenlobaSi. muSaobis avtonomi- 

        uri reJimis dros avtomatizebul samuSao adgils qmnian calkeuli 

funqcionaluri amocanebis gadasawyvetad; maT ar SeuZlia ekonomikuri obieqtis 

mTeli sainformacio baza operatiulad gamoiyenos, xolo sxvadasxva avtomatize-

bul samuSao adgilebs Soris informaciis gacvla samanqano damxsomebeli mowyo-

bilobebis (informaciis mzidebis) daxmarebiT xorcieldeba. aseTi samuSao adgi-

lebi dRes ukve iSviaTad gamoiyeneba. 

kompiuteruli qselebis SemadgenlobaSi muSaobis dros SesaZlebelia: 

 2                         

 3                         

 1. 

 2. 
 3. 

 4. 

 5. 
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  avtomatizebul samuSao adgilebs Soris informacia gaicvalos kavSiris 

arxebiT; 

  gaerTiandes marTvis obieqtebis sainformacio sivrce da organizebuli iq-

nes masSi nebismieri muSakis SeRwevis organizeba aRniSnuli muSakis uflebamosi-

lebis farglebSi. 

avtomatizebuli samuSao adgilidan SeiZleba teritoriulad daSorebul qve-

danayofebze misaerTeblad da saerTo daniSnulebis gare sainformacio samsaxu-

rebSi (sainformacio-saZiebo sistemebSi, monacemebis bazebSi da a.S.) SesaRwevad 

SeiZleba gamoyenebuli iqnes ara marto lokaluri, aramed globaluri qselebic.  

TiToeuli avtomatizebuli samuSao adgili damoukidebel qvesistemad ganixi-

leba da erTobliobaSi isini warmoqmnis erT mTlianobas. aRniSnulis gamo ganyo-

filebis gamgesaTvis operatiulad xelmisawvdomi gaxdeba gadawyvetilebis misaRe-

bad saWiro damuSavebuli informacia, rac daexmareba mas uxelmZRvanelos funq-

cionaluri amocanebis gadawyvetis process da moaxdinos calkeuli specialis-

tebis muSaobis Sedegebis integrireba. imave dros SenarCunebuli iqneba TiToe-

uli specialistis avtonomiuri muSaobis SesaZlebloba. 

 dawesebulebis saorganizacio struqtura gansazRvravs avtomatizebuli          

samuSao adgilebis nomenklaturas (raodenobas), xolo miznebisa da funqciebis 

danawevreba, agreTve TanamSromlebs Soris movaleobebis ganawileba – konkretu-

li avtomatizebuli samuSao adgilebis funqcionalur Sinaarss (konkretul 

samuSao adgilze gadasawyveti amocanebis Semadgenlobas).  

TanamSromlebis mier Sesasrulebeli funqciebis specifikaze damokidebulebiT 

TiToeuli maTgani sxvadasxva sainformacio da programul resursebs saWiroebs. 

samuSaoebis ganawileba damokidebulia rogorc teqnikur bazaze, aseve specialis-

tebis kompiuteruli momzadebis donezec! rogorc wesi, avtomatizebuli samuSao 

adgili organizdeba samuSaoTa arsebuli ganawilebis Sesabamisad. samuSaoebis mo-

culobasa da kompiuterebis saerTo raodenobaze damokidebulebiT erT samuSao 

adgilze SesaZlebelia erTmaneTisagan gansxvavebuli amocanebis gadawyveta. Sesa-

Zlebelia samuSaoebis Sesruleba imgvarad iqnes organizebuli, rom erTi amocana  

ramdenime samuSao adgils Soris ganawildes.       

         nebismier specialists (buRalters, sakredito-sabanko sistemis spe- 

          cialists, iurists da a.S.) masze dakisrebuli movaleobis warma-  

        tebiT Sesasruleblad sWirdeba hqondes saTanadod aRWurvili samu-

Sao adgili. 

 

 

 

 

 

 

zemoT moyvanil ganmartebaSi gamoyenebulia termini “ergonomika”. ergonomikis 

saerTaSoriso asociaciis (ingl. International Ergonomics Association, SemoklebiT 

IEA) 2010  wels am terminis ganmarteba ase iqna formulirebuli: 

ergonomika (Zv. berZ. “ἔργον‖ – “samuSao” da “ νόμος” – “kanoni”) ewodeba ada-

miansa da sistemis sxva elementebs Soris urTierTzemoqmedebis Semswavlel same-

cniero disciplinas, agreTve adamianis keTildReobis uzrunvelsyofad da siste-

mis saerTo mwarmoeblurobis optimizaciisaTvis am disciplinis Teoriis princi-

pebis, monacemebisa da meTodebis gamoyenebis sferos.   

 

 4                         

samuSao adgili warmoadgens muSakis yofnisaTvis gamoyofil da misi Sromis 

gamomyenebeli saSualebebis ganTavsebis zonas, romelic organizebulia  teqniku-

ri da ergonomikuli normativebis dacviT da aRWurvilia sxvadasxva mowyobilo-

bebiT, romlebic aRniSnul muSaks sWirdeba mis winaSe dasmuli amocanebis war- 

matebulad da moxerxebulad gadawyvetisaTvis.  
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avtomatizaciis xarisxze damokidebulebiT ganasxvaveben Semdegi sami saxis sa-

muSao adgils (nax. 1.11): 

nax. 1.11. samuSao adgilebis klasifikaciis fragmenti, romelSic  

    detalizebulia avtomatizebuli samuSao adgilebis saxeebi  

 avtomatizaciis xa- 

  risxis mixedviT  

klasificirebis niSnebi avtomatizebuli samuSao adgilebis 

      s  a  x  e  e  b  i 

1. TanamSromle- 

bis raodenobisa  

da Sesasrulebe- 

li funqciebis  

   mixedviT 

1.1. individualuri avtomatize- 

   buli samuSao adgilebi 

1.2. jgufuri avtomatizebuli 

     samuSao adgilebi 

2. gadasawyveti 

funqcionaluri 

amocanebis mixe- 

   d v i T 

2.1. unikaluri avtomatizebuli 

       samuSao adgilebi 

2.2. masobrivi avtomatizebuli 

      samuSao adgilebi 

3. specializa- 

ciis  mixedviT 

 

3.1. xelmZRvanelis avtomatize- 

    buli samuSao adgilebi 

3.2. specialistebis avtomati- 

    zebuli samuSao adgilebi 

3.3. teqnikuri muSakebis avto- 

  matizebuli samuSao adgilebi 

 4. agebisaTvis     

 gamoyenebuli 

 teqnikuri ba-    

 zis  mixedviT 

 

4.1. didi egm-is bazaze agebuli 

avtomatizebuli samuSao adgi-  

            lebi 

4.2. personaluri kompiuteris 

bazaze agebuli avtomatizebuli 

     samuSao adgilebi 

  s a m u S a o    a d g i l e b i 

avtomatizebuli  

samuSao adgilebi 

   

xeliT samuSao 

  adgilebi 

   

 meqanizebuli sa-  

 muSao adgilebi 
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  xeliT samuSao adgils, romelSic muSakis gankargulebaSia specialuri ave-

ji (magida, skami, karadebi da a.S.), telefoni, saxazavebi, cxrilebi da sxva dam-

xmare saSualebebi; 

  meqanizebul samuSao adgils, romelic xeliT samuSao adgilSi aresebul 

saSualebebs garda damatebiT Seicavs umartives an daprogramebad kalkulato-

rebs; 

  avtomatizebul samuSao adgils, romelic damatebiT aRWurvilia saTanado 

programuli uzrunvelyofis mqone personaluri kompiuteriT. avtomatizebuli 

samuSao adgilis arsebobis dros informaciis Senaxvisa da damuSavebis ZiriTadi 

operaciebis Semsrulebelia gamomTvleli teqnika, xolo specialisti asrulebs 

mmarTvelobiTi gadawyvetilebis misaRebad aucilebeli iseTi operaciebis iseT na-

wils, romelic moiTxovs SemoqmedebiT midgomas.      

1.11 naxazze mocemulia avtomatizebuli samuSao adgilebis klasifikacia. mok-

led davaxasiaToT avtomatizebuli samuSao adgilebis saxeebi, romlebic aRniS-

nul naxazzea mocemuli.  

1.1.  individualuri avtomatizebuli samuSao adgilebi iqmneba sxvadasxva 

rangis xelmZRvaneli muSakebisaTvis; 

1.2.  jgufuri avtomatizebuli samuSao adgilebi gankuTvnilia pirebisaTvis, 

romlebic amzadeben Semdgomi gamoyenebisa da mmarTvelobiTi gadawyvetilebebis 

misaRebad aucilebel informaciebs (buRaltrebisaTvis, finansistebisaTvis, saqmis 

mwarmoeblebisaTvis da a.S. organizebuli avtomatizebuli samuSao adgilebi); 

2.1. unikaluri avtomatizebuli samuSao adgilebi warmoadgens arastan- 

ndartuli amocanebis gadasawyvetad organizebul viwrospecializebul samuSao 

adgilebs; 

2.2.  masobrivi avtomatizebuli adgilebi iqmneba sxvadasxva dargSi tipuri  

amocanebis gadasawyvetad; 

3.1  xelmZRvanelis avtomatizebuli samuSao adgilisaTvis damaxasiaTebeli 

unda iyos Caketiloba, rac imas niSnavs, rom man srulad unda uzrunvelyos  

xelmZRvanelis avtonomiuri muSaoba. xelmZRvanelis mier Sesasrulebeli ZiriTa-

di funqciebi (operatiuli marTva da gadawyvetilebis miReba) gansazRvravs moce-

muli samuSao adgilisadmi wayenebul Semdeg moTxovnebs: 

unda arsebobdes operatiuli da sarwmuno informaciiT mudmivad Sevse- 

badi  sakmaod ganviTarebuli sainformacio baza, romlis nawilis gamoyeneba  

SeeZleba SezRuduli raodenobis pirebs, xolo misi calkeuli fragmenteb- 

is gamoyenebis ufleba mxolod xelmZRvanels eqneba; 

uzrunvelyofili unda iyos operatiuli kavSiri informaciis sxva (ga-

reSe) wyaroebTan; 

SesaZlebeli unda iyos informaciis operatiulad mopoveba; 

informacia warmodgenili unda iyos aRsaqmelad mosaxerxebeli formiT; 

unda arsebobdes gadawyvetilebis miRebis procesis mxardamWeri progra-

muli saSualebebi. 

3.2.    specialistis avtomatizebul samuSao adgilma saSualeba unda misces 

specialists yvela aucilebeli informaciis maqsimalurad gamoyenebis gziT gada-

wyvitos mis win mdgari nebismieri funqcionaluri amocana. TanamSromlis profe-

siuli orientacia gansazRvravs mocemuli samuSao adgilisadmi wayenebul Semdeg 

moTxovnebs: 

SesaZlebeli unda iyos monacemebis personaluri da korporaciuli 

bazebis gamoyeneba; 
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uzrunvelyofili unda iyos operatiuli kavSiri informaciis damate-

biT (gareSe) wyaroebTan; 

SesaZlebeli unda iyos dagrovili gamocdilebis gamoyenebiT gasaana-

lizebeli procesebis modelireba; 

uzrunvelyofili unda iyos sistemis mravalfunqcionalurobisa da 

moqnilobis maRali done. 

3.3. teqnikuri muSakis avtomatizebulma samuSao adgilma SesaZlebloba unda 

misces teqnikur muSaks Tavi aaridos yoveldRiurad rutinuli samuSaoebis Ses-

rulebas, romlebic garkveuli profesiuli Cvevebis qonas saWiroebs. muSakis 

profesiuli orientacia gansazRvravs mocemuli samuSao adgilisadmi wayenebul 

moTxovnebs, kerZod, SesaZlebeli unda iyos: 

informaciis Setana (operatorisa da memanqanesaTvis); 

kartoTekebisa da arqivebis Sedgena (arqivariusebisaTvis); 

xelmZRvanelis yoveldRiuri piradi gegmis gakontroleba; 

Semomavali da gamavali dokumentaciis damuSaveba (werilebis ganyofi-

ilebis inspeqtorisaTvis) da a.S.  

4.1. didi egm-is bazaze agebuli avtomatizebuli samuSao adgili specialis-

tebs saSualebas aZlevs sakuTari sainformacio-gamoTvliTi centris TanamSrom-

lebis ZalisxmeviT ganxorcielebuli teqnikuri da programuli mxardaWeriT ga-

moiyenos monacemebis didi masivebi. aqve unda aRiniSnos, rom avtomatizebuli sa-

muSao adgilebis organizebisaTvis didi egm-is gamoyenebas zRudavs Semdegi faq-

torebi:  

operaciuli sistemisadmi wayenebuli moTxovnebis sixiste; 

gamoyenebuli programuli saSualebebis arasakmarisi moqniloba; 

momxmareblisadmi (aradamprogramebelisadmi) gamoTvliTi sistemis su-

sti orientacia;  

gamoTvliTi saSualebebis teqnikuri da programuli uzrunvelyofis 

specialuri qvedanayofis arsebobis aucilebloba; 

samanqano resursebis maRali Rirebuleba.  

4.2. personaluri kompiuteris bazaze agebuli avtomatizebuli samuSao adgi-

li warmoadgens avtomatizebuli samuSao adgilis Seqmnis yvelaze martiv da gav-

rcelebul variants, radgan igi Tavisufalia didi egm-is bazaze agebuli avto-

matizebuli samuSao adgilisaTvis damaxasiaTebeli yvela naklovanebisagan.     
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1.8. yvela gza midis ... ricxvebisaken! 

 

            “nebismieri sagani SeiZleba ricxvis saxiT warmovadginoT”; 
                 “samyaros marTaven ricxvebi; samyaroSi yvelaferi aris ricxvi”; 

                                          piTagora 
 

               “piTagorelebma TavianT swavlebaSi gamoxates antikuri ada- 
            mianis udidesi miswrafeba maTematikurad zusti logikuri azr- 
            ovnebisa da rogorc sakuTari sivrcul-geometriuli, aseve st-   
            ruqturul-ricxviTi mimarTebebis gaTvaliswinebiT samyaros aT-   
            visebisaken” 
                                                     a.T.losevi 
        

              cifruli da analoguri kompiuterebi (ix. 1.1 paragrafi) Sesa- 

              bamisad axdenen wyvetili (diskretuli) da uwyveti (analogu-  

                  ri) formis signalebis damuSavebas.  

wyvetiloba da uwyvetoba materiis agebulebisa da misi ganviTarebis dama-

xasiaTebeli filosofiuri kategoriebia. nebismieri obieqti garkveuli Sinagani 

struqturis mqone konkretuli saxis (mTlianobis) realobaa; obieqtis Sinagan 

struqturulobis, sirTulis faqts gamoxatavs wyvetilobis anu diskretulobis 

kategoria, xolo mis mTlian saxes _ uwyvetobis anu analogurobis kategoria. 

sagnis an movlenis amomwuravad aRweraSi naCvenebi unda iyos rogorc misi Sinaga-

ni struqtura, aseve mTliani saxe, risi miRwevac marto diskretuli an marto 

analoguri midgomis gamoyenebiT SeuZlebelia; aucilebelia es midgomebi erTma-

neTs avsebdnen, e.i. isini urTierTdamatebiTi midgomebia. 

aRsaniSnavia, rom wyvetilobisa da uwyvetobis kategoriebi umniSvnelovanes 

rols TamaSoben ganviTarebis procesis aRweris drosac. ganviTarebas SeiZleba 

hqondes naxtomiseburi an memkvidreobiTi saxe; naxtoms Seesabameba wyvetilobis, 

anu diskretulobis kategoria, xolo memkvidreobiTobas – uwyvetobis, anu ana-

logurobis kategoria. 

samyaros uwyveti anu analoguri buneba aqvs, magram samyaros aRqma, gaazreba 

da masze zemoqmedebis moxdena mxolod diskretuli (wyvetili) mniSvnelobebiTaa 

SesaZlebeli. samyaro warmoadgens Tavis tvinis qerqis mier im susti eleqtruli 

impulsebis (anu, diskretuli sidideebis) interpretaciis Sedegs, romelsac igi 

umartivesi nervuli ujredebis – receptorebisagan iRebs. “is, rac Cven viciT – 

SezRudulia (e.i. diskretulia, a.d.), xolo rac ar viciT – usasruloa” 

aRniSnavda cnobili frangi maTematikosi da astronomi pier-simon laplasi (1749 

– 1827).    

             analoguri kompiuteri ricxviT monacemebs analoguri fizikuri  

            sidideebis (siCqaris, sigrZis, denis, Zabvis, wnevisa da a.S.) daxmar- 

            ebiT aRawarmoebs. misi muSaobis Sedegebs aqvs qaRaldze an oscilo-

gramis ekranze gamosaxuli grafikebis an garkveuli procesis gasakontroleblad 

da funqconirebisaTvis saWiro eleqtruli signalebis saxe. aseTi kompiuterebi 

idealurad mosaxerxebelia sawarmoo procesebis avtomaturi kontrolisaTvis, 

radgan isini momentalurad reagirebs Semavali monacemebis sxvadasxva cvlilebeb-

ze. 

analoguri kompiuterebi farTod SeiZleba gamoviyenoT zogierTi saxis same-

cniero kvlevebSi; kerZod, iseT mecnierebebSi, romlebSic Sesaswavli situaciebis 

  1                           

  2                           
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imitirebis unaris mqone iafi eleqtruli an meqanikuri mowyobilobebia gamo-

yenebuli. mTel rig SemTxvevebSi aseTi kompiuterebi SeiZleba iseT amocanebze 

muSaobis drosac gamoviyenoT, romelTa amoxsnis dros mkacri sizustis dacva 

savaldebulo ar aris. kerZod, isini SeiZleba gamoviyenoT diferencialuri gan-

tolebebis amosaxsnelad, agreTve integrirebisa da diferencirebebis dros.  

analoguri kompiuterebis ZiriTadi Rirsebebia: maRali swrafmoqmedeba, mcire 

masa, gabaritebi da Rirebuleba, gamoyenebis simartive (magaliTad, masze muSaobi-

saTvis aucilebeli ar aris daprogramebis iseTi rTuli enebis Seswavla, rogo-

rebicaa paskali, C+ da a.S.). 

analoguri kompiuterebis ZiriTadi naklia operaciebis Catarebis dros Se-

zRuduli sizuste; am dros daSvebuli cdomilebis sidide kompiuteris damz-

adebis teqnologiasa da xarisxzea damokidebuli; man calkeul SemTxvevebSi Sei-

Zleba 10%-sac gadaaWarbos. amoxsnis sizuste mcirdeba kompiuteris struqtura-

Si arsebuli gamravlebis blokebis raodenobis gazrdis kvalobaze. 

analoguri kompiuterebisaTvis damaxasiaTebeli zemoT formulirebuli Ziri-

Tadi nakli xatovnad SeiZleba ase CamovayaliboT; sayovelTaod Tu aris cnobili 

rom “orjer ori udris oTxs” e.i. Tu udavoa toloba 2 x 2 = 4, analoguri 

kompiuterisaTvis aRniSnuli toloba iRebs saxes: 2 x 2=4 ± 3%, e.i. zemoT mo-

yvanili gamoTqma ase gardaiqmneba: “orjer ori daaxloebiT udris oTxs”; uka-

nasknel tolobaSi arsebuli procenti Sekrebis operaciebis mravaljeradad game-

orebisas ikribeba da misma jamurma sididem SeiZleba dauSvebel (winaswar gauTva-

liswinebel) mniSvnelobas miaRwios. 

zemoT aRniSnulis garda analogur sistemas aqvs Semdegi naklovanebebi: 

   Sesasrulebeli funqciebis gafarToeba moiTxovs analoguri sistemis 

struqturis Secvlas, rac mTel rig teqnikur problemebTanaa dakavSirebuli; 

   funqcionirebis algoriTmebis sirTulis gazrdiT izrdeba analoguri sis-

temis asagebad saWiro danaxarjebi; 

   rTuli gadasawyvetia sistemis funqcionirebisaTvis saWiro monacemebis Se-

naxvis problema; 

   analoguri sistemis “dabereba” da cveTa auaresebs masSi Cawerili infor-

maciis xarisxs da a.S. 

zemoT CamoTvlili Rirsebebisa da naklovanebebis gamo analoguri kompiute-

rebis gamoyenebis areali ar aris farTo  da maT gamoyeneba SezRuduli mocu-

lobis samecniero kvlevebis drosaa mizanSewonili. maT zogierT SesaZlo gamo-

yenebaze Cven zemoT visaubreT. 

 dRes farTod gavrcelebul universalur kompiuterebs warmoadgens. cifru-

li kompiuterebi; maTi agebisaTvis gamoyenebul teqnologias cifruli teqno-

logia ewodeba.   

          uwyveti bunebis mqone samyaro informacias sakuTari Tavis Sesaxeb  

        droSi uwyveti signalebis saxiT gvawvdis; rogorc zemoT aRvniSneT, 

        adamians maTi aRqma da gaazreba mxolod wyvetili mniSvnelobebiT 

SeuZlia. maSasadame, adamiani, rogorc biologiuri arseba, uwyveti signalebis 

wyvetil signalebad gardaqmnis unariTaa aRWurvili. mecnierebis mier damuSave-

buli iqna aRniSnuli unaris xelovnurad realizebis meTodi, ramac wyvetil si-

gnalebad uwyveti, anu analoguri signalebis gardamqmneli xelovnuri mowyo-

bilobebis Seqmna gaxada SesaZlebeli. sanam zemoT aRniSnuli meTodis arsisa da 

masTan dakavSirebuli zogierTi sakiTxis ganxilvas SevudgebodeT, aRvniSnavT, 

rom cneba “wyvetils” Seesabameba termini “diskretuli”; es ukanaskneli miRe-
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buli iqna laTinuri sityvisagan diskretus, rac qarTulad “dayofils”, “dacal-

kevebuls” niSnavs. SemdgomSi Cven mxolod aRniSnul termins gamoviyenebT.  

            gare da Siga samyarodan gadmocemuli uwyveti informaciis yvelaze 

         srulyofilad damamuSavebel bunebriv qmnilebas warmoadgens adami- 

         ani. aRniSnuli informaciis miRebas, damaxsovrebas da aRqmas igi 

daaxloebiT 100 miliardi neironisagan warmoSobili nervuli sistemis 

daxmarebiT axdens. 

anatomiurad adamianis nervuli sistema Sedgeba centraluri nervuli da pe-

riferiuli nervuli sistemebisagan. centraluri nervul sistema moicavs Tavis 

da zurgis tvins, xolo periferiuli nerevuli sistema gankuTvnilia centralur 

nervul sistemasTan sxeulis calkeul organoebis dasakavSireblad. 

Tavis tvini Sedgeba erTmaneTTan sinafsurad (mis Sesaxeb qvemoT gveqneba sa-

ubari) dakavSirebuli daaxloebiT 86 miliardi neironisagan. aRniSnuli kavSire-

bis saSualebiT erTmaneTze urTierTmoqmedebis Sedegad neironebi warmoSobs 

rTul eleqtrul impulsebs (neironul impulsebs), romlebic mTlianad akon-

trolebs adamianis qmedebebs. Tavis tvinis kvlevebis mimarTulebiT bolo wleb-

Si miRweuli mniSvnelovani warmatebebis miuxedavad Tavis tvinis funqcionirebis 

mravali detali dRemde amoucnobi rCeba. calkeuli neironebis funqcionireba sa-

kmaod kargadaa axsnili, magram Zalian sqematuri saxiTaa axsnili tvinis, ro-

gorc garkveuli mTlianobis, mier aTasobiT da milionobiT neironis urTierT-

zemoqmedebis organizebis, saTanado signalebis formirebisa da maTi damaxsovrebis 

procesi. am sferoSi damakmayofilebeli Sedegebis miRebisaTvis jer kidev didi 

gamokvlevebia Casatarebeli. rac Seexeba zurgis tvins, misi daniSnulebaa ada-

mianis tanis, menjis, kidurebis, muclisa da mkerdis Rrus Sinagani organoebis 

kontroli da, rogorc gamokvlevebiTaa dadgenili, Sedgeba 31 wyvili specialuri 

Rerovani neironisagan  

centralur nervul sistemaSi mimdinare procesebis ganxilva scildeba moce-

mul saxelmZRvaneloSi gansaxilveli sakiTxebis farglebs da yuradRebas mxo-

lod misTvis gadasacemi signalebis gamomuSavebis procesze SevaCerebT.  

periferiebSi ganawilebuli daaxloebiT 14 miliardamde periferiuli neiro-

nisagan warmoiqmneba sxvadasxva qvesistemebi (qselebi), romelTa garkveuli nawi-

li ganawilebulia adamianis iseT organoebSi rogorebicaa Tvali, yuri, ena, cxvi-

ri, kani; isini Sesabamisad warmoqmnis mxedvelobis, smenis, gemovnebis, ynosvisa da 

Sexebis organoebs da maT zogadad SegrZnebis organoebi ewodeba. SegrZnebis 

organoebis ZiriTadi daniSnulebebia: 

   miiRos garedan mosuli signalebi; 

   gardaqmnas iseTi saxis signalebad, romelTa aRqma, damaxsovreba da damu-

Saveba mosaxerxebelia Tavis tvinisaTvis; 

   gardaqmnili signalebi gadaawodos Tavis tvins. 

 aRniSnulidan gamomdinare, SegrZnebis organoebi SeiZleba ganvixiloT, ro-

gorc specifikuri saxis biologiuri gadamwodebi anu sensorebi (ing. sensor – 

“mgrZnobiare (aRmqmeli) elementi”, “gadamwodi”), romlebic maTze moqmed signa-

lebs awodebs Tavis tvins.  

          ganvixiloT rogor aRiqvamen miRebul signalebs biologiuri sens- 

          sorebi – SegrZnebis organoebi da ra saxis signalebad gardaqmnian 

          maT isini. aRniSnuli sensorebi neironebiTaa agebuli. neironi (Zv. 

berZ. νεῦπον — “boWko”, “nervi”) warmoadgens nerviuli sistemis struqturul-

funqcionalur erTeuls, romelsac zogjer sxvadasxva avtorebi nevronis, 

nevrocitisa da nerviuli ujredis saxelwodebiTac moixseneben. 

  4                           
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neironuli qselis umsxvilesi Teoretikosia uoren mak-kaloxi (Warren 

McCulloch), romelic norbert vinerTan erTad iTvleba kibernetikis “mamad”.  

 

 

 

 

 

 

uoren mak-kaloxma da misma moswavlem valter pitsma Camoayalibes hipoTeza, 

romlis Tanaxmadac neironi orobiT ricxvebze operaciebis Camtarebel eleq-

tronul mowyobilobad ganixileba. maT SemogvTavazes xelovnuri neironis mode-

li, romelTa meSveobiT agebul qsels, rogorc qvemoT vaCvenebT, SeuZlia aRqmu-

li uwyveti signalebi gardaqmnas orobiT ricxvebad. mak-kaloxma da pitsma 

agreTve daasabuTes, rom xelovnuri neironebisagan agebul qsels potenciurad 

nebismieri ariTmetikuli (ricxviTi) da logikuri operaciebis Sesrulebis unari 

gaaCnia. 

zogadad, uoren mak-kaloxisa da valter pitsis mier miRebuli iqna Semdegi 

Sedegebi: 

  daamuSaves neironis, rogorc umartivesi procesoruli elementis modeli, 

romelic Sesasvleli signalebis veqtorisa da woniTi koeficientebis skalaruli 

gadamravlebis gziT gamoiTvlis gadacemiT funqcias (gadacemiT funqcia gviCvenebs 

neironis gamosasvleli signali Tu rogoraa damokidebuli aRniSnuli neironis 

Sesasvlebze moqmedi signalebis Sewonil jamze); 

  SemogvTavazes neironebisagan agebuli qselis konstruqcia logikuri da 

ariTmetikuli operaciebis Sesasruleblad; 

  gamoTqves dasabuTebuli varaudi imis Sesaxeb, rom maT mier zemoT aRniS-

nul qsels gaaCnia swavlis, saxeebis amocnobisa da miRebuli informaciis ganzo-

gadebis unari. 

  uoren mak-kaloxisa da valter pitsis mier  dawyebuli kvlevebi SemdgomSi 

gaagrZela amerikelma maTematikosma stiven koul klinma. man uoren mak-ka- 

loxisa da valter pitsis mier umartivesi avtomatis saxiT warmodgenili ne- 

ironis modeli aRwera regularul simravled wodebuli sakuTari maTematik- 

uri sistemis gamoyenebiT; Teoriuli informatikisaTvis daamuSava specialuri 

algebruli struqtura, romelsac regularuli gamosaxulebebis algebra anu 

klinis algebra ewodeba. rogorc Cvens kvlevebSi vaCveneT [4; 5], regularuli 

gamosaxulebebis gamoyeneba mniSvnelovnad amartivebs garkveuli klasis diskre-

tuli mowyobilobebis agebis process. 

uoren mak-kaloxi 

  (1898-1969) 

 

valter pitsi 

 (1923-1969) 
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        mak-kaloxisa da pitsis daSvebebis  Sesabamisad, nerviuli ujredi 

             anu neironi Sedgeba sxeulisagan (e.w. somasgan), saidanac aqsonebad  

           (Zv.berZ. ἀξον -  “RerZi”) wodebuli amozrdili nervuli boWkoebi erT 

an ramdenime bolo firfitas uerTdeba. bolo firfitebi iyofa mapolarizebel 

da demapolarizebel firfitad (erTi bolo firfita erTdroulad ar SeiZleba 

iyos rogorc  mapolarizebeli, aseve demapolarizebelic). 

     1.8 naxazze neironis sxeuli (soma)  pirobiTad patara samkuTxediTaa 

aRniSnuli, misgan amozrdili aqsoni – samkuTxedidan amosuli wrfis monakveTiT, 

romelic bolo firfitasTanaa SeerTebuli; amasTanave  mapolarizebeli bolo 

firfita msxvili wertiliT, xolo demapolarizebeli bolo firfita – patara 

wriT aris aRniSnuli.   

 

                                                       

 

 

drois erTmaneTisagan Tanabrad daSorebul momentebSi (romlebic droiT 

skalaze arsebul mTel ricxvebad SeiZleba ganvixiloT) qselis TiToeuli ne-

ironi SeiZleba iyos polarizebul an depolarizebul (mSvid) mdgomareobaSi. 

polarizebul mdgomareobaSi yofnis dros neironi gamoimuSavebs nervul impulss, 

xolo depolarizebul mdgomareobaSi yofnis dros aRniSnul impulss ar gamo-

imuSavebs. 

drois nebismier t momentSi Sesasvleli neironis polarizeba an depolarize-

ba ganisazRvreba qselis mimarT gare pirobebiT. SeiZleba vivaraudoT, rom TiTo-

eul maTganTan mierTebulia mgrZnobiare aRmqmeli organo (magaliTad, receptor-

ri), romelic garemomcvel areSi saTanado pirobebis SemTxvevaSi iwvevs Sesa-

svleli neironis polarizebas.  

Siga neironisaTvis drois t momentSi polarizebisaTvis mis sxeulze (somaze) 

t-1 momentSi unda zemoqmedebdes h-ze (h  N, sadac N naturaluri ricxvebis 

simravlea) aranaklebi raodenobis mapolarizebeli firfita da arc erTi demapo-

larizebeli firfita; mocemul SemTxvevaSi h-s neironis zRurbli ewodeba; na-

xazze  Siga neironis zRurblis  mniSvneloba  misi sxeulis (somas) gamomxatvel 

patara samkuTxedSia Cawerili. Siga neironi polarizdeba, Tu polarizebulia mi-

si zRurblis toli an meti raodenobis mapolarizebeli Sesasvleli neironi  da 

stiven koul klini 

   (1909-1994) 

 

     nervuli qseli warmoadgens 

sasruli raodenobis neironebisagan Sed-

genil biologiur “mowyobilobas”, romel-

Sic Semavali nebismieri neironis bolo 

firfita exeba erTze ara umetes (imave an 

sxva) neironis sxeuls (somas), romelsac 

igi apolarizebs; aRniSnuli firfitisa da 

sxeulis Sexebis adgilze warmoSobil kon-

taqts sinafsi (berZ. σύναψιρ, σςνάπτειν —
“Semoxveva”; “xelis moWera”; “gadaxveva) 

ewodeba.  

   qselSi Semaval neironebs, romelTa sxe-  

ulebsac ar exeba arc erTi bolo fir-

fita, Sesasvleli neironebi ewodeba (maTi 

raodenoba kerZo SemTxvevebSi SeiZleba 

nulis tolic iyos), xolo danarCen 

neironebs – Siga neironebi ewodeba.  

 
 

  6                           
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ar aris polarizebuli arc erTi arc demapolarizebeli neironi, romlebic  mis 

sxeulTan (somasTan) sinafsebs warmoqmnis.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.12 naxazze naCvenebi umartivesi nervuli qseli, romelic Seicavs sam Sesas-

vlel da erT Siga neirons (realurad aRniSnuli neironebis raodenoba gacile-

biT metia). Sesasvleli neironebia a; b da c, xolo Siga neironia _ P neironi. Se-

sasvleli neironebidan mapolarizebelia a; b, xolo demapolarizebeli _ c neiro-

ni. Siga P neironis zRurbli 1-is tolia, e.i. h = 1 (realur neironul qselebSi 

Siga neironis zRurbli yovelTvis 1-ze metia, magram mocemuli daSveba amarti-

vebs gadmocemas).  

ganxilul SemTxvevaSi drois t momentSi Siga P neironis polarizebisaTvis 

drois t-1  momentSi polarizebuli unda iyos a; b neironebidan erT-erTi an 

orive da ar iyos polarizebuli c neironi. neironis depolarizebuli mdgomare-

oba aRiniSneba cifriT 0, xolo polarizebuli mdgomareoba – cifriT 1. 

 Siga P neironis mdgomareobas gansazRvravs Sesasvleli a; b da c neironebis 

mdgomareobebi, amitom P neironis mdgomareobiT realizdeba garkveuli funqcia, 

romlis argumentebia a; b; c neironebis mdgomareobebi; maTematikurad aRniSnuli 

funqcia Caiwereba rogorc P = f(a,b,c). vinaidan mocemul funqciaSi rogorc argu-

mentebi, aseve Tavad funqcia iRebs mxolod or, kerZod 0-is an 1-is tol, mni-

Svnelobebs (a; b; c; P  (0,1)), amitom mas orobiTi funqcia ewodeba. orobiT fun-

qcias, rogorc SemdgomSi vaCvenebT, logikur an bulis  funqciasac uwodeben. 

Cven mier ganxiluli P = f(a,b,c) funqcia a,b,c argumentebis mniSvnelobaTa 

TiToeul nakrebze garkveul mniSvnelobas miiRebs; kerZod, 010 nakrebze igi mi-

iRebs 1-is tol mniSvnelobas rac niSnavs Semdegs: “mapolarizebuli a; b neirone-

bidan Tu polarizebulia b da araa polarizebuli a neironi (e.i. aseTi saxis po-

larizebuli neironebis raodenoba P neironis zRurblis tolia) da araa pola-

rizebuli demapolarizebeli c neironi, maSin polarizebuli iqneba Siga P neiro-

ni”.    

nax. 1.12.  neironuli qselis mier orobiTi funqciis formirebis magaliTi 

  

 

          

 

1 

a      b      c        P 

 

0      0      0        0 

0      0      1        0 

0      1      0        1 

0      1      1        0 

1      0      0        1 

1      0      1        0 

1      1      0        1 

1      1      1        0 

a) b)

) 

neironuli qseli 

qseliT realizebuli funqciis  

  WeSmaritobis  cxrili 

 

          

Siga neironi 

Sesasvleli 

 neironebi 

P 

a b c 
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P = f(a,b,c) funqcia a,b,c argumentebis TiToeul SesaZlo mniSvnelobas Tu 

mivuwerT P argumentis mniSvnelobas, miviRebT 1.12,b naxazze naCveneb cxrils. 

orobiTi cvladebis 1-is tol mniSvnelobas maTi WeSmariti mniSvneloba, xolo 

0-is tol mniSvnelobas – yalbi mniSvneloba ewodeba. radgan WeSmaritebis Zieba 

kacobriobis erTi mTavari mizanTagania da 1.12,b cxrilis msgavsi cxrilebi Tva-

lis erTi gadavlebiT gvaZlevs gansaxilveli funqciebis WeSmariti mniSvnelobe-

bis povnis saSualebas, amitom maT pirobiTad WeSmaritobis cxrili uwodes (Tum-

ca analoguri msjelobis ZaliT maTTvis SesaZlebelia siyalbis amomcnobi cxri-

lebic ewodebinaT, radgan isini funqciis yalbi mniSvnelobebis amocnobis saSu-

alebasac gvaZlevs). 

zemoT aRniSnulis safuZvelze SeiZleba davaskvnaT, rom 1.12,b naxazze moyva-

nilia 1.12,a naxazze naCvenebi neironuli qselis mier realizebuli funqciis 

WeSmaritobis cxrili. 

dasasruls SevniSnavT, rom zemoT gamoyenebuli terminebi 1897 wels SemoiRo 

ingliselma fiziologma Carlz skot Seringtonma (Charles Scott Sherrington, 1857–
1952), romelsac neironebis funqciasTan dakavSirebuli aRmoCenis gamo britanel  

eleqtrofiziolog edgar duglas edrianTan (Edgar Douglas Adrian, 1889–1977) er-

Tad 1932 wels nobelis premia mieniWa.  

          nulebisa da erTianebisagan Semdgar ricxvebs orobiTi ricxvebi 

         ewodeba. zemoT aRniSnulis Tanaxmad, adamiani mis grZnobis organo- 

        ebze moqmed uwyvet (analogur) signalebs orobiTi ricxvebis for-

miT warmodgenil diskretul signalebad aRiqvams da maT dasamuSaveblad gadas-

cems Tavis tvins.  

Mmaqsimalurad gamartivebuli msjelobis Tanaxmad Tavis tvini: 

   imaxsovrebs miRebul orobiTi ricxvebis mqone signalebs, romlebsac pi-

robiTad dasamuSavebeli orobiTi signalebi vuwodoT; 

   gamoimuSavebs dasamuSavebel orobiT ricxvebze Casatarebeli operaciebis 

ganmsazRvrel instruqciaTa (brZanebaTa) mimdevrobebs, romelTa erTobliobebi 

Tavisebur bunebriv samoqmedo programebs warmoqmnis; 

   formirebuli samoqmedo programebis realizebis gziT pirvelad orobiT 

signalebs gardaqmnis aseve orobiT signalebad, romlebsac pirobiTad damuSavebu-

li orobiTi signalebi vuwodoT; 

   damuSavebuli orobiTi signalebi gadaecema adamianis marTvis organoebs da 

xdeba maTi marTva. 

zemoT aRwerili procedura, romlis blok-sqema 1.13 naxazzea warmodgenili, 

ver asaxavs adamianis organizmis nervul sistemaSi mimdinare urTules fizi-

ologiur procesebs, magram naTlad gamoxatavs im realobas, rom aRniSnuli sis-

tema operirebs orobiTi ricxvebis saxiT warmodgenil diskretul, e.i dis-

kretul signalebze. masze naCvenebi A  tipis kvanZis daniSnulebaa SegrZnebis or-

ganoebze moqmedi analoguri saxis signalebi gardaqmnas tvinisTvis dasamuSaveb-

lad mosaxerxebeli saxis diskretil signalebad, xolo B  tipis kvanZis daniS-

nulebaa gamoimuSaos adamianis Semsrulebeli organoebis mmarTveli orobiTi sig-

nalebi. 

       zemoT aRniSnulis Tanaxmad, adamianis nervuli sistema gamoiyenebs ara  

      analogur, aramed diskretul (orobiTi ricxvebis saxiT warmodgenil)  

      signalebs. 
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orobiTi saxis signalebis gamoyenebis faqtiT buneba gvaswavlis, rom swored 

aseT ricxvebad gardaqmnili informaciaa mosaxerxebeli rogorc dasamaxsovreb-

lad, aseve damuSavebisaTvis. “bunebaSi yvelaferi brZnuladaa mowyobili, yvela 

Tavis saqmiT unda iyos dakavebuli da am sibrZneSia ganivTebuli cxovrebis uze-

naesi samarTlianoba” aRniSnavda udidesi italieli mxatvari da mecnieri le-

onardo da vinCi, xolo ingliseli filosofosi frensis bekoni (1561-1686) 

gvafrTxilebda, rom “buneba emorCileba imas, vinc Tavad emorCileba bunebas”. 

bunebisadmi brZnuli damorCilebis erT-erT gamoxatulebas SeiZleba mivaku-

TvnoT adamianis mier cifruli teqnologiis damuSavebis faqti. sainteresoa 

termin “cifruli teqnologiis” etimologia. sityva “cifrulis” inglisuri Se-

satyvisi forma “digital‖ miRebulia laTinuri sityvisagan “digitus”, rac  “TiTs” 

niSnavs. vinaidan adamianebi mcire raodenobis sagnebis TvlisaTvis TiTebs iyeneb-

dnen, amitom swored TiTebi iqna miRebuli cifrebis sinonimebad. Cveulebriv, Ti-

TebiT mxolod mTeli (naturaluri) ricxvebis daTvlaa SesaZlebeli. aqedan ga-

momdinare  sityva “cifruli” (“digital‖) gamoiyeneba nebismieri obieqtis aRsani-

Snavad, romlebic Tavisi muSaobisas diskretul mniSvnelobebs iyenebs.  

           cifruli teqnologia (ing. Digital technology)  efuZneba signalebis 

         warmodgenas ara uwyveti speqtris, aramed analoguri doneebis dis- 

       kretuli zolebis saxiT. TiToeuli zolis farglebSi arsebuli yve-

la done signalis erTnair mdgomareobas warmoadgens. analoguri teqnolo-

giisagan gansxvavebiT cifrul teqnologiaSi xdeba ara uwyveti, aramed dis-

kretuli signalebis damuSaveba. garda amisa, sasurvelia signalis gamosaxvisaTvis 

mcire raodenobis mniSvnelobaTa nakrebi iyos gamoyenebuli. realurad aRniSnuli 

raodenoba oris tolia da isini aRiniSneba cifrebiT: 0 da 1. aRniSnuli cif-

rebiT gamoxatul signalebs orobiTi signalebi ewodeba. 

  9                           

nax. 1.13. adamianis SegrZnebis organoebze moqmedi analoguri signalebis 

         orobiTi ricxvebis formis diskretil signalebad gardaqmnis 

                       gamartivebuli blok-sqema   
 

periferiuli nervuli sistema 

    (A  tipis   kvanZi) 

 

centraluri nervuli sistema 

    (B   tipis  kvanZi) 

 

analoguri 

signalebi 

 nervuli 

q s e l i 

 

 dasamuSavebeli 

 orobiTi for- 

 mis signalebi 

 

T a v i s 

t v i n i 

   

 

 marTvis organoebi 

 

 

 damuSavebuli 

 orobiTi for- 

 mis signalebi 
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cifruli teqnologiiT damzadebul sistemas, e.i. sistemas, romelSic orobi-

Ti signalebi gamoiyeneba, cifruli sistema ewodeba. cifruli sistemebis upira-

ratesobebia Semdegi: 

   cifruli signalebi SeiZleba daumaxinjeblad gadaices. magaliTad, erTi-

anebisa da nulianebis mimdevrobaTa saxiT gadacemuli uwyveti bgeriTi signalebi 

uSecdomod SeiZleba aRvadginoT, Tu gadacemis procesSi warmoSobili xelSeSle-

bi aRniSnuli cifrebis identificirebis SesaZleblobas mogvcems; 

  kompiuteruli cifruli sistemebi programuli uzrunvelyofis daxmarebiT 

imarTeba, ris gamoc maTi funqciebis gafarToeba-Secvla aparaturuli saSu-

alebebis Seucvlelad SeiZleba movaxdinoT. Zalian xSirad es SesaZlebelia sis-

temebis damamzadebeli qarxnebis monawileobis gareSe, ubralod programuli 

uzrunvelyofis ganaxlebis gziT movaxdinoT; 

  realizebuli algoriTmebis sirTulis gazrdiT ar rTuldeba cifruli si-

stemebis konstruqcia (analogur sistemebSi ki aRniSnuli sistemebis konstruq-

cia rTuldeba); 

  cifrul sistemebSi informacia gacilebiT ufro martivad SeiZleba Sevina-

xoT, vidre analogur sistemebSi; cifruli sistemebisadmi damaxasiaTebeli da-

brkolebamdgradoba saSualebas gvaZlevs monacemebi daumaxinjeblad SevinaxoT me-

xsierebaSi da aseve daumaxinjeblad amoviRoT mexsierebidan. 

cifrul sistemebs axasiaTebs Semdegi naklovanebebi: 

   zogierT SemTxvevebSi cifruli sistemebi imaze met energias moixmars, vi-

dre imave amocanis gadasawyvetad analogur sistemas dasWirdeboda; amitom ana-

logur sistemebTan SedarebiT isini ufro met siTbos gamoyofen da sistemaSi 

quleris (cifruli sistemis gagrilebis sistemis) gamoyeneba xdeba saWiro. es 

garemoeba zRudavs batareebidan mkvebav portatul mowyobilobebSi cifruli 

sqemebis gamoyenebas. magaliTad, aRniSnulis gamo sabaziso sadguridan mosuli ra-

diosignalebis gasaZliereblad da asawyobad mobilur telefonebSi xSirad iye-

nebs mcire simZlavrian analogur interfeisebs; 

   cifruli sqemebi zogjer analogur sqemebze Zviria;   

   cifrul signalad analoguri signalis gardaqmnis dros SeiZleba arsebob-

des informaciis danakargebi. maTematikurad es movlena SeiZleba aRvweroT, ro-

gorc damrgvalebis Secdoma. 

   zogierT sistemaSi cifruli monacemebis romelime fragmentis dakargvis  

an gafuWebis dros SeiZleba mTlianad Seicvalos monacemTa didi blokebis Sina-

arsi.  

              kompiuteruli sistema warmoadgens informaciis programulad  

              damuSavebisaTvis adamianis mier Seqmnil xelovnur mowyobilo- 

               bas. bunebrivi gamomTvleli sistemis analogiurad masac unda 

hqondes 1.13 naxazze naCvenebi bunebrivi A da B tipis kvanZebis analoguri xe-

lovnurad sinTezirebuli kvanZebi, romlebic Sesabamisad A
(1)

 da B
(2)

 simboloebiT 

aRvniSnoT.   

A
(1)

 tipis kvanZis daniSnulebaa aRiqvas garedan mosuli analoguri signali da 

igi gardaqmnas orobiT signalad, romlis damaxsovreba da damuSaveba mosaxerxe-

beli iqneba B
(2)

 tipis kvanZSi arsebuli saTanado mowyobilobisaTvis. aRniSnuli-

dan gamomdinare mocemul kvanZi unda Seicavdes (nax.1.14): 

  analoguri signalis aRmqmel sensors; 

  aRqmuli analoguri signalis diskretul signalad gardamqmnel mowyo-

bilobas anu  analogur-cifrul gardamqmnels (acg-s). 

10                         
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   fiqsirebuli diskretuli signalis orobiTi kodebiT makodirebel mowyo-

bilobas, romelsac pirobiTad orobiTi koderi vuwodoT.  

cxadia, rom kompiuteris Sesasvlelze Tu raime diskretuli signali moqme-

debs, igi acg-s gverdis avliT uSualod orobiT koders miewodeba.   

B
(1)

 tipis kvanZSi Tavmoyrilma mowyobilobebma unda uzrunvelys: 

    A
(1)

 tipis kvanZidan miRebuli orobiTi signalebis damaxsovreba; amisaTvis 

aRniSnuli signalebi unda Caiweros specialur maxsovrobis mowyobilobaSi, anu 

SemoklebiT mexsierebaSi. mexsierebaSi Caweril aRniSnul orobiT signalebs sa-

wyisi monacemebi ewodeba;  

  monacemebis damuSavebisaTvis saWiro instruqciebis (brZanebebis) formireba, 

romelTa erTobliobas kompiuteruli programa ewodeba; 

  kompiuteruli programis Sesabamisad monacemebis damuSaveba da axali oro-

biTi signalebis formireba;  

  formirebuli orobiTi signalebis damaxsovreba, anu mexsierebaSi Cawera, 

ris Sedegadac isini axal monacemebad gadaiqceva; 

   wina punqtSi aRniSnuli monacemebi iyofa saSualedo da saboloo monace-

mebad. saSualedo monacemebs kompiuteruli programa gamoiyenebs Semdgomi gamo-

Tvlebis organizebisaTvis, xolo sabolo monacemebi gadaecema Semsrulebel mo-

wyobilobebs marTvisaTvis. 

Tavis tvins gaaCnia mis mier damaxsovrebuli orobiTi saxis diskretuli si-

gnalebis dasamuSaveblad saWiro instruqciebis (brZanebebis) TviTinicirebis una-

ri, rasac moklebulia adamianis mier sinTezirebuli xelovnuri mowyobilobebi.     

 amitom mexsierebaSi arsebuli monacemebis dasamuSaveblad saWiro kompi-

uteruli programa Cvn unda davamuSavoT da misi Semadgeneli instruqciebi Cavwe-

roT B
(1)

 tipis kvanZSi arsebul mexsierebaSi; ibadeba kiTxva, amisaTvis SeiZleba 

Tu ara gamoviyenoT aRniSnul kvanZSi arsebuli is mexsiereba, romelSic monace-

mebia Cawerili. 

harvardis universitetis profesoris hovard eikenis xelmZRvanelobiT 1941 

wels konstruirebul gamomTvlel manqana Mark I-Si monacemebi da programis in-

struqciebi (brZanebebi) sxvadasxva mexsierebis mowyobilobebSi iyo Cawerili. 

aseTi arqiteqturis kompiuterebs Semdeg harvarduli arqiteqturis kompiutere-

bi ewoda. 

1946 wels pristonis universitetis mecnierebma artur biorksma (Arthur 

Burks), herman goldstainma da jon fon neimanma gamoaqveynes statia “Preliminary 

Discussion of the Logical Design of an Electronic Computing Instrument” (―eleq-

tronuli gamomTvleli mowyobilobis logikuri konstruirebis winaswari gan-

xilva”), romelSic sxva winadadebebTan erTad (maT Cven calke ganvixilavT), 

wamoayenes monacemebisa da programebis erTsa da igive mexsierebaSi Senaxvis idea. 

aRniSnuli avtorebidan yvelaze cnobil mecniers jon fon neimani warmoadgenda, 

amitom statiaSi formirebuli winadadebebis gamoyenebiT konstruirebul kompi-

uterebs fon neimanis arqiteqturis mqone kompiuterebi uwodes. zogierTi avto-

ri termin “fon neimanis arqiteqturis” nacvlad pristonis universitetis sapa-

tivcemlod, sadac muSaobdnen statiis avtorebi, xmarobs termins “pristonuli 

arqiteqtura”.  

fon neimaniseuli arqiteqturis mqone pirvel kompiuteria 1948 wlis 21 

ivniss manCesteris universitetSi (didi britaneTi) amoqmedebuli kompiuteri 

“manCesteruli Mark I”, romelic zemoT aRniSnuli kompiuter Марк I-is pro-

totips warmoadgens. aseTive arqiteqturis mqone meore kompiuteri EDSAC 

(ingl. Electronic Delay Storage Automatic Computer – eleqtronuli Seyovnebiani 
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avtomaturi kompiutri) 1949 wlis 6 maiss aamuSaves kembrijis universitetis 

mecnierTa jgufma. Tanamedrove kompiuterebis absolutur umravlesobas fon ne-

imaniseuli arqiteqtura gaaCniaT, Tumca arseboben hibriduli arqiteqturis 

kompiuterebic, romlebSic harmoniuladaa Serwymuli harvarduli da fon neimani-

seuli (pristonuli) arqiteqturis calkeuli elementebi.  

 

 

     

 

 

 

 

1.14 naxazze moyvanil struqturaSi fon neimaniseuli arqiteqturaa gamoyene-

buli. rogorc aRniSnuli naxazidan Cans, damprogrameblemis mier Sedgenili ko-

mpiuteruli programis instruqciebi saTanado orobiTi kodebiT kodirebis, e.i. 

orobiT ricxvebad gardaqmnis Semdeg Caiwereba imave mexsierebaSi, romelSic oro-

biTi ricxvebis saxis monacemebia Cawerili. maSasadame, mexsiereba warmoadgens 

orobiTi ricxvebis specifikur “sawyobs”, romelTaganac orobiTi ricxvebis erTi 

nawili monacemebs warmoadgens, xolo meore nawili – kompiuteruli programe-

bis instruqciebs. 

saSualedo da saboloo monacemebi miiReba sawyis monacemebze kompiuteris 

programis instruqciebiT gaTvaliswinebuli ariTmetikul-logikuri operaciebis 

Sesrulebis gziT. aRniSnul operaciebs asrulebs specialurad konstruirebuli 

ariTmetikul-logikuri mowyobiloba, romlis funqcionirebasac xelmZRvanelobs 

marTvis mowyobiloba.  

kompiuteris programa warmoadgens garkveuli Sinaarsis mqone pasiuri in-

struqciebis (brZanebebis) pasiur erTobliobas. aRniSnuli erTobliobis gaaqti-

ureba niSnavs masSi Semavali instruqciebiT gaTvaliswinebuli qmedebebis Sesru-

lebis dawyebas.  

kompiuterul programaSi Semavali TiToeuli instruqciis realizebisaTvis 

saWiro qmedebaTa mimdinareobas procesi, xolo aRniSnul procesSi monawile mo-

wyobilobebis erTobliobas procesori ewodeba.  

1.14 naxazze naCvenebi xelovnurad gamartivebuli SemTxvevisaTvis procesori 

mxolod ariTmetikul-logikur mowyobilobasa da marTvis mowyobilobas Seicavs. 

realuri kompiuteruli sistemebis procesors gacilebiT rTuli struqtura 

aqvs, magram struqturis sirTulis zrda ar cvlis mis ZiriTad daniSnulebas, 

romelsac zemoT aRniSnuli procesis Catareba warmoadgens.     

jon fon neimani 

 (1903 – 1957) 

 

artur biorksi 

(1915 – 2008) 

 

herman goldstaini  

  (1913 – 2004) 

 

http://upload.wikimedia.org/wikipedia/commons/d/d6/JohnvonNeumann-LosAlamos.jpg
http://upload.wikimedia.org/wikipedia/commons/d/d6/JohnvonNeumann-LosAlamos.jpg
http://upload.wikimedia.org/wikipedia/commons/d/d6/JohnvonNeumann-LosAlamos.jpg
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              kompiuteruli sistema dasamuSavebel signalebs orobiTi ricxvebis  

          formis mqone monacemebis saxiT inaxavs Tavis mexsierebaSi; amave 

mexsierebaSia Cawerili programis calkeuli instruqciebis Sesabamisi orobiTi 

ricxvebi (kodebi). gamodis, rom mexsiereba ricxvebis Taviseburi “sawyobia”; rac 

11                         

nax. 1.14. kompiuterSi gamoTvliTi procesis organizebis 

gamartivebuli blok-sqema 
 

marTvis  mowyobiloba 

   

programis instruq- 

 ciebis gardaqmna 

 orobiT kodebad 

m e x s i e r e b a 

  

  

 ariTmetikul-logi- 

 kuri mowyobiloba 

 

B tipis  k v a n Z i  

Semsrulebeli 

 mowyobiloba 

p r o c e s o r i 

  

  

orobiTi ricxveb- 

   is Setana 

  

kompiuterSi prog- 

  ramis Setana 

signalis aRmqm- 

 eli sensori 

  a c g  

  A tipis    

k v a n Z i 

 o r o b i T i 

  k o d e r i 

analoguri 

 signali 

 

diskretuli 

  signali 
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Seexeba procesors, sadac aRniSnul ricxvebze ariTmetikuli da logikuri ope-

raciebi sruldeba, igi SeiZleba ricxvebis damamuSavebel “wisqvils” SeiZleba 

SevadaroT. 

ricxvebze ariTmetikuli da logikuri operaciebis Catarebis Sedegad miiReba 

axali orobiTi ricxvebi; es ukanasknelebi kompiuterul sistemas SeuZlia garda-

qmnas stereo bgerebad an samganzomilebian gamosaxulebebad da momxmarebeli 

zRaprul samyaroSi Seiyvanos! cxadia, rom kompiuterulma sistemam “dRis sina-

Tleze” gamoitana da yvelasaTvis TvalsaCino gaxada ricxvebis arsSi damaluli 

potenciuri SesaZleblobebi; am SesaZleblobebze fiqri pirvelad jer kidev Cvens 

welTaRricxvamde mexuTe saukuneSi moRvawe genialurma berZenma moazrovnem piTa-

goram daiwyo, romelsac kompiuterze arc ki SeeZlo eocneba! man da misma mos-

wavleebma daamuSaves mwyobri moZRvreba ricxvebis Sesaxeb. miuxedavad am moZRvre-

bis mistiuri xasiaTisa, masSi uxvadaa gabneuli mravali racionaluri marcvali 

da amdenad igi aqtualobas dRemde ar kargavs. aRniSnuli moZRvrebis damuSavebisa 

da skolaSi naswavli cnobili Teoremis eleganturi damtkicebis garda, piTago-

ras saxelTan termin “filosofiis” SemoRebacaa dakavSirebuli.  

mowafeebis mtkicebiT  kiTxvaze Tu vin iyo igi, piTagoram upasuxa: “me brZeni 

(sophos) ara  var,  me var sibrZnis moyvare (philosophos) – filosofosi”. 

   miiCneva, rom piTagoras saxeli par  excellence   (e.i. umTavresad)  ricxvis kon-  

cefciasTanaa dakavSirebuli. igi amtkicebda, rom “bedniereba (evdonomia) warmo-

adgens ricxvis srulofilobis codnas” da rom “ricxvi msgavsia yoveli sagnisa”.     

am or mtkicebaSia moqceuli arsi mTeli filosofiuri mimdinareobisa, romelTa 

warmomadgenlebs piTagorelebi ewodeba. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cnobili iuridiuli frazis interpretirebas Tu movaxdenT, SegviZlia vTqvaT, 

rom “piTagoreizmi es aris ricxvebi, mxolod ricxvebi da sxva araferi ricx-

vebis garda”. aRsaniSnavia rom isini ricxvebs Cvengan gansxvavebulad aRiqvamdnen; 

      piTagora 

(Cvens welTaRricxvamde 

    570 – 490 ww) 

 

   

  evdonomizmi (berZ. eudaimonia – 

bedniereba)  warmoadgens eTikur mi- 

marTulebas, romelic zneobis amosa- 

val principad da umaRles kriteri- 

umad miiCnevs bednierebas. zneobrivia  

iseTi qceva, romelsac  bednierebisa- 

ken mivyavarT, Tvlidnen antikuri xa- 

nis filosofosebi; isini bednierebas 

sxvadasxvanairad gansazRvravdnen; pi- 

Tagorelebi miiCnevdnen, rom  bedni- 

ereba sxva araferia, Tu ara ri- 

cxvebis srulyofili codna. 

     piTagorelebis Tanaxmad bedni- 

ereba samyaros  atributia; samyaro 

Tavis mxriv harmoniulia da vinaidan 

harmonia mxolod ricxobrivad SeiZ- 

leba gamoisaxos, amitom samyaroc  

Tavad ricxvia. am ricxvis srulyo- 

fil codnas ki bednierebisaken miv- 

vyavarT. aseT religiur-filosofiur   

swavlebas piTagoreizmi ewodeba. 
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kerZod, maTTvis ricxvebi garkveuli saxis “mkvriv”, “sxeulovan” realobebs war-

moadgens. 

antikur epoqaSi TiTqmis yvela filosofosi ganicdida piTagorelebis, e.i. 

ricxvebis Sesaxeb moZRvrebis gavlenas; Tanamedrove periodSi ricxvebisaken 

ltolva Semcirebis nacvlad piriqiT, ise gaizarda, rom ricxvebiT mecnierebis 

garda sazogadoebis ufarToesi masebic dainteresda.   

              antikuri filosofosebisagan gansxvavebiT, Tanamedrove adamianisa- 

              Tvis ricxvma dakarga sxeulebrivi forma da usxeulo gaxda. ase-  

           Ti usxeulo ricxvi ukve ara realuri sagnebis, aramed mxolod sa-

kuTari Tavis reprezententad (e.i. warmomadgenlad) ganixileba.  

Tanamedrove piTagoreizmis damaxasiaTebel Taviseburebas warmoadgens is gare-

moeba, rom sagans ara sakuTari surviliT vaigivebT garkveul ricxvTan, aramed 

sagani nervul sistemaSi Tavad warmoSobs (rogorc 1.12 naxazze moyvanili mak-ka-

loxisa da pitsis modelidan Cans)  misTvis “sasurvel” ricxvs, anu, xatovnad 

rom vTqvaT, Tavad sagania garkveuli saxis ricxvad sakuTari Tavis gaigivebis 

“Semomqmedi”.     

neironul sistemaSi bunebrivad xdeba sagnis cifrireba, e.i. iseT “idealur” 

ricxvad gardaqmna, romelic sagnis saukeTesod aRqmas uzrunvelyofs. kompiuter-

Si organizebul xelovnur cifrirebas kodireba ewodeba.  

kodirebis procesis organizebisaTvis winaswar unda damuSavdes kodebi. kode-

bis damuSavebis procesiT dakavebulni arian kodirebis Teoriis specialistebi, 

xolo kodebis SerCeva da kodirebis procesis Sesruleba damprogrameblebis pre-

rogativaa. zemoT xazgasmul “idealuri” ricxvis sinonimi mocemul SemTxvevaSi 

“idealuri” kodia. damprogramebels kodebis SerCevisas aqvs SefardebiTi da ara 

absoluturi Tavisufleba, radgan Mmis mier SerCeuli kodi garkveul kriteri-

umebs unda akmayofilebdes. 

           Tanamedroveobis udides aRmoCenas warmoadgens gamocdilebisa da  

           codnis – informaciaSi, xolo am ukanasknelis – ricxvebSi konv-  

       ertirebis (logikur-struqturuli formis SenarCunebiT gardaqmnis) 

universaluri sqemis damuSaveba (romelic Semoklebuli saxiT zemoT ganvixileT). 

bgera, suraTi, wigni, gamocdileba, survili – saTanado sqemebis saSulebiT SeiZ-

leba ricxvebad gardaiqmnas (anu, rogorc amboben, moxdes maTi cifrireba, e.i. 

cifrebad gardaqmna). 

 aRniSnulma sqemam saTave daudo axal realobas, romelsac virtualuri 

(warmosaxviTi) realoba ewodeba. virtualuri realobis warmoSobiT Tanamedrove 

piTagoreizmi Tvisobrivad iseT axal doneze avida, romelsac am mimarTulebis 

fuZemdebelic ver warmoidgenda. piTagorelebisaTvis ricxvi rCeboda ricxvad, 

xolo cxovreba – cxovrebad. axla yvelaferi sxvagvaradaa: realuri samyaros 

gverdiT arseboba daiwyo virtualurma samyarom; amasTanave, rogori abstraqtu-

lic ar unda iyos virtualuri samyaro, masSi arsebuli meqanizmebi realur sa-

myaroSi wamoWrili mravali problemis gadawyvetis saSualebas iZleva. sain-

formacio sazogadoebas ricxvebTan urTierTobas imperatiuli (aucilebeli) xa-

siaTi aqvs. ricxvebi gamoiyeneba ara marto mecnierebasa da warmoebaSi, aramed yo-

veldRiur Cvens cxovrebaSi. ricxvebad gadaqceul samyaroSi ricxvebs cxadad 

imitom ver vxedavT, rom maT moaxerxes gare samyarodan Cvens Sinagan samyaroSi 

gadabargeba; axla isini Cvens fsiqikas ebrZvian gaafTrebiT da am brZolaSi ga-

marjvebis SemTxvevaSi albaT Cven aRvmoCndebiT ricxvebis SigniT, rac SeiZleba 

katastrofuli aRmoCndes kacobriobisaTvis.  

12                         

13                         
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sainformacio sazogadoebaSi ricxvebze operirebis gareSe radgan arseboba 

warmoudgenelia, amitom Semdgom ramdenime Tavs swored ricxvebisa da maTze ari-

Tmetikul-logikuri operaciebis Seswavlas davuTmobT.  
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           kompiuteruli Teoriis mcodne specialistebi kompiuterebis dam-  

           uSavebaze saubrisas xazs usvamen am sferoSi logikis algebris,  

          algoriTmebis Teoriis, kibernetikisa da sxva disciplinebis mniS-

vnelobebs; am dros xSirad iviwyeben, rom Tanamedrove kompiuteris winaprebad 

miCneuli saTvleli mowyobilobebi (abakebi, ariTmometrebi) am disciplinebis ga-

moCenamde didi xniT adre iyo damuSavebuli da rom kompiuteris Seqmnis idea 

swored TvlasTan dakavSirebuli problemebis gadawyvetis procesSi daibada. es 

ukanaskneli ki uSualod Tvlis sistemebTan aris dakavSirebuli.  

   zemoT aRwerili Tavisebureba marto kompiuteruli specialistebisaTvis ar 

aris damaxasiaTebeli. frangi maTematikosis anri lui lebegis (1875 – 1941) wig-

nis “sidideebis gazomva” winasityvobaSi cnobili sabWoTa akademikosi a.n.kolmo-

gorovi (1903 – 1987) aRniSnavda: “dasrulebuli maTematikuri Teoriis daufle-

bis Semdeg maTematikosebs xSirad dasCemdebaT xolme sircxviliT uyurebdnen am 

Teoriis warmoSobis saTaveebs; ZiriTadi cnebebisa da daSvebebis wyalobiT kri-

stalurad moelvare Teoriis gverdiT maT WuWyian da usiamovno samuSaod eCvene-

baT am cnebebisa da daSvebebis warmoSobis saTaveebis CiCqna. ... swored aseTi ten-

denciis winaaRmdeg ilaSqrebs lebegi”.  

analogiuri midgoma SeimCneva informatikosebSic, romlebic Tvlis sistemebis 

ganxilvas SedarebiT nakleb yuradRebas uTmoben da yuradRebas, maTi azriT, 

ufro mniSvnelovani sakiTxebis ganxilvaze amaxvileben. 

migvaCnia ra aseTi midgoma pedagogiurad gaumarTleblad, mocemul Tavs swo-

red Tvlis sistemebis warmoSobis saTaveebis ganxilviT daviwyebT.        

L          Tvlis sistemis sworad SerCeva mniSvnelovania informatikis ise- 

          Ti sakiTxebis dadebiTad gadawyvetisaTvis, rogorebicaa ariTmeti- 

        kul-logikur operaciaTa simartivisa da kompiuteris SefardebiTi 

ekonomiurobis maCvenebelTa minimizaciis uzrunvelyofa. uSualod kompiuterul 

sistemebTan dakavSirebuli sakiTxebis ganxilvamde mizanSewonilad migvaCnia co-

taodeni dro davuTmoT Tvlis sistemebis warmoSobis istoriis calkeuli frag-

mentebis gadmocemas, romelTa codna sasargeblo iqneba mkiTxvelis Tvalsawieris 

gafarToebisaTvis.            

poziciur principze dafuZnebul CvenTvis cnobil pirvel sistemas warmo-

adgens Cvens welTaRricxvamde daaxloebiT 2000 wlis winaT Zveli babilonebis 

 1            

 2            

            II    T a v i       

KkompiuterebSi informaciis 

warmodgenis sakiTxebi    

 

            “awmyo, Sobili warsulisagan, aris mSobeli momavalisa”  

                                    gotfrid laibnici  

 

2.1. Tvlis sistemebis warmoSobis 

istoriidan 
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mier damuSavebuli samocobiTi sistema. arsebobs am sistemis warmoSobis ori hi-

poTeza. 

pirveli hipoTezis Tanaxmad, Tvlis samocobiTi sistema astronomiuli warmo-

Sobisaa da ukavSirdeba evfratis vakeze pirvelad mcxovreb sumerielTa tomebs; 

ciur sxeulebze dakvirvebis Sedegad maT CaTvales, rom weliwadi Sedgeboda 60-

is jeradi 360 raodenobis dRisagan da amitom daamuSaves Tvlis samocobiTi sis-

tema.  

meore hipoTeza emyareba TiTebiT Tvlis princips. am hipoTezis Tanaxmad, ev-

fratis vakeze erTmaneTs Sexvda ori xalxi, romelTaganac erT-erTi maTgani 

Tvlis dros iyenebda or xelze arsebul, xolo meore – erT xelze arsebul 

TiTebs. pirveli maTganisaTvis Tvlis dros gamoyenebuli cifrebis raodenoba iyo 

aTis toli, xolo meore maTganisaTvis – eqvsis toli. marTalia, erT xelze Ti-

Tebis raodenoba xuTis tolia, magram cifr eqvss meore SemTxvevaSi Seesabamebo-

da erT muStad Sekruli TiTebi. am ori sistemis SerwymiT iqna formirebuli 

Tvlis samocobiTi sistema. 

Cven vemxrobiT Tvlis sistemebis astronomiuli warmoSobis hipoTezas da 

amitom yuradRebas swored am hipoTezaze gavamaxvilebT.  

          filosofosebis, arqiteqtorebis, maTematikosebis, mxatvrebis yur- 

         adReba uZveles droidan miiqcies sworma mravalwaxnagebma. maT xib- 

      lavdaT am figurebis silamaze, srulyofileba da harmonia. Zveli 

berZnuli filosofiis gageba silamazisa da harmoniis cnebebis gamouyeneblad Se-

uZlebelia. platonisaTvis silamaze warmoadgenda Tavisebur esTetikur ideas, 

romlis Semecneba gansakuTrebulad STagonebul mdgomareobaSi yofnis dros Se-

iZleboda; aristoteles mixedviT silamaze sagnis maTematikur proporciebSi iyo 

ganivTebuli da misi wvdomis SesaZleblobas maTematikuri saqmianoba iZleoda; pi-

Tagora silamazis cnebas ara marto zogadi samyaros suraTs ukavSirebda, aramed 

mas moralur-religiur Sinaarssac aZlevda; silamazis gagebis problemis gada-

wyvetas did dros uTmobda demokritec da a.S.   

       swori mravalwaxnagi amozneqili geometriuli figuraa, romlis yve-       

       la waxnagi erTnairi swori mravalkuTxedia, xolo waxnagebTan arse-  

     buli kuTxeebi _ erTmaneTis tolia.  

 

     

 

 

arsebobs uamravi mravalkuTxedi, magram maT Soris mxolod xuTi warmoadgens 

swor mravalkuTxeds. marTalia isini uZvelesi droidanaa cnobili, magram maT 

dRes Zvel saberZneTSi Serqmeuli saxelebiT movixseniebT. TiToeuli figuris sa-

 3            

 4           

tetraedri 
geksaedri 

 (kubi) 
oqtaedri 

dodokaedri 
ikosaedri 

nax. 2.1 platonuri sxeulebi 
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xelwodeba gamoxatavs Tu ramden waxnags (romelic berZnulad “edras” niSnavs) 

Seicavs igi; am dros gamoyenebulia ricxvebi: 

 

 

 

 

 

zemoT aRniSnulis safuZvelze mravalwaxngebis saxelwodebebia: tetraedri 

(e.i. oTxwaxnaga), geksaedri (e.i. eqvswaxnaga; mas kubsac uwodeben), oqtaedri (e.i. 

rvawaxnaga), dodokaedri (e.i. Tormetwaxnaga) da ikosaedri (e.i. ocwaxnaga). 

 cnobilma berZenma filosofosma platonma (Zv.w.aR. 428 an 427 – 348 an 347 

ww) swori mravalwaxnagebi mistikuri SinaarsiT aRWurava; misi azriT tetraedri 

ganasaxierebda cecxls, vinaidan misi wveroebi cecxlis aliviT zemoTken iyvnen 

mimarTulni; yvelaze garSemodinebadi (mokvercxili) formis ikosaedri _ wyals, 

yvelaze mdgradi konstruqciis mqone geksaedri (kubi) – miwas, xolo oqtaedri 

– haers ganasaxierebda; rac Seexeba dodokaedrs, mas igi mTlianad samyaros ganma-

saxierebel yvelaze mTavar mravalwaxnagad Tvlida. SemdgomSi zemoT CamoTvlil 

swor mravalwaxnagebs platonis sapativcemlod platonuri sxeulebi ewoda 

(nax.2.1). maTi ZiriTadi monacemebi 2.1 cxrilSia moyvanili.    

 

 

     

 

 

 

 

 

 

 

 

       babilonsa da Zvel egvipteSi kalendrebis Sedgenisas did mniSvnelo- 

       bas aniWebdnen giganti planetebidan yvelaze did planeta iupiters, 

     romelic mzis garSemo Semovlas daaxloebiT 12 wels andomebs. plane-

tis mier mzis garSemo SemovlisaTvis saWiro wlebis raodenobas am planetis 

cikli ewodeba; e.i. iupiteris cikli 12 wlis tolia. Aaranakleb rols TamaSob-

da saturnic, romlis ciklic 30 wels udris. sakralur planetebad iupiterisa 

da saturnis miCnevis gamo maTi ciklebis (12-isa da 30-is) umciresi saerTo je-

radi ricxvi 60 (60=5x12=2x30) Zveli kalendris Semdgenlebma miiCnies mzis sis-

temis ZiriTad ciklad 60.  

ricxv 60-s gansakuTrebul ricxvad miiCnevdnen kidev imitom, rom igi dakav-

Sirebulia uZvelesi droSi samyaros harmoniis simboloebad miCneul gansakuTre-

buli mniSvnelobis mqone platonur sxeul dodokaedrTan (ix. nax. 2.1). am sxe-

ulis waxnagebia swori xuTkuTxedebi, anu pentogramebi, xolo mis zedapirze 

cxr. 2.1.  platonuri sxeulebis parametrebi 

 5            

tetra, rac niSnavs 4-s; 

geksa, rac niSnavs 6-s 

oqta, rac niSnavs 8-s;  

dodeka, rac niSnavs 12-s; 

ikosa, rac niSnavs 20-s. 
 

mravalwaxnagis    wveroebis    wiboebis        waxnagebis raodenoba da  

 saxelwodeba     raodenoba    raodenoba         maTi saxelwodebebi  

 

                                       

               

                                                

   

                                                 

                                                 

                                                        

 ikosaedri                                                    

 

  

 

 

dodokaedri 

oqtaedri 

20 30 

30 12 

6 

8 

4 6 

12 

12 

4 swori samkuTxedi 

8 swori samkuTxedi 

6 kvadrati 

20 swori samkuTxedi 

12 swori xuTkuTxedi (pen- 

        tograma) 

 

geksaedri 

  (kubi) 

tetraedri 

cxr. 2.1  platonuri sxeulebis ZiriTadi monacemebi 
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arsebuli kuTxeebis raodenoba 5 x 12 = 60-is tolia, rac Seesabameba mzis siste-

mis zemoT aRniSnul 60-wlian cikls. dodokaedrs aqvs 30 wibo (saturnis ci-

kli) da 12 waxnagi (iupiteris cikli). am ricxvebis namravliT miiReba ricxvi 

30x12=360. swamdaT ra dodokaedris magiuri ricxviTi simbolikis, Zvelma babi-

lonelebma Tvlis sakuTari sistemis fuZed airCies ricxvi 60; analoguri mize-

ziT Zvelma egviptelebma weliwadi dayves 12 Tved (dodokaedris waxnagebis ra-

odenoba), xolo TiToeul TveSi gaaerTianes 30 dReE (dodokaedris wiboebis ra-

odenoba); Tormeti Tvis ocdaaTze (TveSi dReebis raodenoba) namravls daumates 

5 dRe (pentogramis kuTxeebis raodenoba), romlebic gamoacxades sadResaswaulo 

dReebad da ar Seiyvanes arcerT TveSi. amis Sedegad miiRes, rom TiToeuli weli 

Sedgeboda 12x30+5=365 dRisagan. aqve SevniSnavT, rom drois aRricxvisa da ku-

Txuri sidideebis gasazomadac egviptelebma dodokaedris “magiuri” ricxvebi ga-

moiyenes.         

        ricxvebis aRniSvnis poziciuri sistema materialuri kulturis ist- 

        riis erT-erT ZiriTad miRwevad iTvleba; mis SeqmnaSi mravali xalxi  

     iRebda monawileobas. axali eris me-6 saukuneSi msgavsi sistema maias 

tomebSic warmoiSva. gavrcelebulia Sexeduleba, rom maias tomebis mier damuSa-

vebuli Tvlis sistemis fuZed gamoyenebuli iyo ricxvi 20, rac adamianis TiTe-

bis raodenobis gamomxatveli ricxvia. 

maias tomebi weliwads hyofden 20 dRis Semcvel 18 Tved; weliwadSi arse-

buli dReebis raodenobis gamosaTvlelad ki 20-isa da 18-is namravls umatebdnen 

ricxv 5-s da babilonelebis msgavsad 365 dRes iRebdnen.  

iTvaliswineben ra maias tomis maRal kulturul dones, mkvlevrebi Tvlian, 

rom misi warmomadgenlebi icnobdnen “platonur sxeulebs” (ix. nax. 2.1) da maT 

wliuri kalendris asagebad dodokaedris nacvlad airCies ikosaedri. am uka-

nasknels aqvs 20 waxnagi,  30 wibo (rogorc dodokaedrs) da 12 wvero; TiToe-

ul wveroSi ikribeba 5 kuTxe, e.i. ikosaedris kuTxeebis raodenoba 5x12=60-is 

tolia. amgvarad, ikosaedris ricxviTi maCveneblebic mzis sistemis 12-, 30- da 

60-wlian ciklebTanaa dakavSirebuli.  

         Cven yoveldRiur gamoTvlebSi viyenebT Tvlis aTobiT sistemas, ro- 

         mlis winaprad iTvleba Cveni welTaRricxvis daaxloebiT XII sauk- 

      uneSi Camoyalibebuli indusuri aTobiTi sistema. cnobili frangi maTe-

matikosi pier simon laplasi poziciuri principis gamoyenebiT Tvlis sistemebis 

agebis gulmxurvale momxre iyo da aRfrTovanebas ver malavda Tvlis aTobiTi 

sistemis mimarT. kerZod, igi aRniSnavda, rom “cxra niSnis saSualebiT nebismieri 

ricxvis gamosaxvis Sesaxeb azri, romlis drosac TiToeuli niSnis (cifris) sa-

erTo mniSvneloba misi sakuTari mniSvnelobis garda ricxvSi mis mier dakavebul 

adgilzea (poziciazea) damokidebuli, imdenad martivia, rom es simartive aRniS-

nuli azris saocrebis aRqmas aZnelebs; am meTodis gaTavisebis sirTule kargad 

Cans berZnuli mecnierebis udidesi geniosebis arqimedes (Cvens welTaRricxvamde 

287-212 ww.) apolonis (igulisxmeba apolon tianeli, romelmac saswaulmoqme-

dis saxeli moixveWa; daibada I saukuneSi, gardaicvala 98 an 100 wels) maga-

liTze, romlebisaTvisac aRniSnuli azri dafaruli aRmoCnda”. 

savaWro praqtikaSi indo-arabuli aTobiTi sistemis gamoyenebis Tavdajere-

buli momxre iyo cnobili italieli maTematikosi leonardo pizaneli (fibonaCi, 

1170–1250), romelmac maTematikuri ganaTleba arabul qveynebSi miiRo. igi wer-

da: “indusuri cxra niSnis 9; 8; 7; 6; 5; 4; 3; 2; 1 da zephiruum-is 

saxelwodebis mqone niSan 0-is daxmarebiT nebismieri ricxvis daweraa SesaZle-

 6             

 7            
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beli”.  fibonaCma aq sityviT “zephiruum” gadmosca arabuli sityva “as-sifr”, rac 

niSnavs “cariels”; am ukanasknelidan iqna miRebuli yvelasaTvis cnobili termini 

“cifri”.   

 
 

                
 

 
                    zemoT Cven saubari gvqonda Tvlis samocobiT, ocobiT da aTobiT  

          sistemebze, romlebisTvisac fuZeebad gamoyenebuli iyo Sesabamisad 

ricxvebi 60; 20 da 10. SemdegSi aRmoCnda, rom Tvlis sistemis fuZed SeiZleba 

gamoyenebuli yofiliyo nebismieri (rogorc naturaluri, aseve namdvili) ricxvi 

da am gziT Seqmniliyo Tvlis usasrulo raodenobis sistemebi. am sistemebs So-

ris kompiuteruli teqnikis ganviTarebis Sedegad pirvel adgilze gavida Tvlis 

orobiTi sistema, romelSic nebismieri ricxvi SeiZleba cifrebis 0-isa da 1-is 

garkveuli mimdevrobis saxiT gamoisaxos. 

Tvlis orobiTi sistemis formis Canasaxebi msoflios mravali xalxis kul-

turul memkvidreobaSia aRmoCenili. SevCerdebiT mxolod Semdeg or magaliTze: 

  Zvel egvipteSi Tavis droze farTod iyo gavrcelebuli gaormagebis 

principze dafuZnebuli gamravlebisa da gayofis meTodebi; 

  CineTSi momuSave iezuitma misionerma buvem (Bouvet) cnobil germanel  fi-

losofoss gotfrid laibnics miwera, rom iq arsebobs gamoucnobi warwera, ro-

mlis avtorad iTvleba Cvens welTaRricxvamde 25-e mcxovrebi Cineli imperator-

ri, CineTis imperiis damfuZnebeli, mecnierebisa da xelovnebis did mfarveli fo 

gi; aRniSnuli warwera Sedgeba grZeli da mokle xazebis mwkrivebisagan (nax. 

2.2,a); Tvlis orobiT sistemas Tu gamoviyenebT da grZel xazebs SevcvliT cifr 

1-iT, xolo mokle xazebs – cifr 0-iT, maSin miviRebT orobiT sistemaSi Cawe-

ril naturaluri ricxvebs (nax. 2.2,b).   

 

 

 

 

 

 

 

 leonardo pizaneli 

(fibonaCi 1170-1250) 

pier simon laplasi  

    (1749-1827) 

 8           

0 0 1 0 0 1 0 0 1 0 0 1 

 0 0 0 0 1 1 0 0 0 0 1 1 

 0 0 0 0 0 0 0 0 1 0 1 1 

 

a) b) 

nax. 2.2 Cinuri gamoucnobi warwera da misi amocn-  

     nobisaTvis orobiTi ricxvebis gamoyeneba  
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orobiTi ricxvebis Seqmnaze mravali mecnieri muSaobda. am maTematikosebs 

Soris iyo fibonaCic, romelmac Tavis wignSi “Liber abaci “ Camoayaliba “berke-

tul sasworze tvirTebis asawonad woniTi girebis saukeTeso sistemis SerCevis 

amocana”. problemis srulyofilad gadawyvetis pativi ergo gotfrid laibnics, 

romelmac 1697 wels daamuSava orobiTi ariTmetikis wesebi. laibnici ise iyo 

aRfrTovanebuli miRweuli SedegiT, rom am aRmoCenis pativsacemad specialu-ri 

medalic ki gamouSva! es maTematikis istoriaSi iyo uiSviaTesi SemTxveva, ro-

desac medliT dajildoebis Rirsi gaxda maTematikuri aRmoCena. 

zemoT aRniSnulis miuxedavad laibnici ar iyo orobiTi sistemiT aTobiTi 

sistemis Secvlis momxre. igi winaswarmetyvelurad varaudobda, rom orobiTi si-

stemis gamoyenebiT gamoTvlebis procesis kvleva momavalSi aucileblad migvi-

yvanda axal aRmoCenebamde; amis ganmapirobebel mizezad igi miiCnevda im realo-

bas, rom umartives sawyisebze ricxvebis dayvaniT yvelgan saocari wesrigi damya-

rdeboda. 

          laibnicis winaswarmetyveleba axda 1946 wels amerikeli mecniere- 

           bis artur biorkeris, herman goldstainisa da jon fon neimanis  

          Cven mier pirvel TavSi aRniSnuli statiis gamoqveynebis Semdeg. am 

statiaSi Camoyalibebuli principebidan (romelic neimanis principebis saxel-

wodebiTaa cnobili) pirveli principi moiTxovda, rom eleqtronul kompiutereb-

Si informaciis kodirebis universalur xerxad miCneuliyo orobiTi ricxvebis 

saxiT warmodgenili koduri sityvebiT kodirebis xerxi, e.i. kompiuteruli gamo-

TvlebisaTvis gamoyenebuli yofiliyo Tvlis orobiTi sistema! ase, rom Tu sayo-

facxovrebo gamoTvlebisaTvis sakmarisia skolaSi naswavli Tvlis aTobiTi sis-

temisa da aTobiTi ariTmetikis codna, kompiuteris SigniT mimdinare gamoTvleb-

Si gasarkvevad damatebiT Tvlis orobiTi sistemisa da orobiTi ariTmetikis 

Seswavla dagvWirdeba. 

amgvarad babilonelebis mier Tvlis poziciuri principis aRmoCena, Semdeg 

indusebis mier Tvlis aTobiTi sistemis Camoyalibeba da, bolos, laibnicis mier 

orobiTi ariTmetikis damuSaveba SeiZleba mivakuTvnoT epoqaluri mniSvnelobis 

maTematikur aRmoCenebs, romlebmac arsebiTi gavlena moaxdina zogadad materi-

aluri kulturis ganviTarebaze da kerZod, kompiuteruli teqnikis damuSavebaze! 

            axal realobaSi Zveli meTodis gamoyenebisas calkeuli xarveze-  

            bis saxiT Tavs aucileblad iCens aRniSnuli meTodisaTvis dama-  

            xasiaTebeli Sinagani faruli SezRuduloba da Cndeba misi aRmo-

fxvris gziT Zveli meTodis “gaTanadroulobis” moTxovna. ase moxda maSinac, ro-

desac XX saukunis Sua periodSi dasamuSavebel kompiuterul sistemebSi gamosa-

yeneblad SeirCa gotfrid laibnicis mier XVII saukuneSi damuSavebuli klasi-

kuri orobiTi ariTmetika. aRniSnuli ariTmetikisaTvis damaxasiaTebelia mTeli 

rigi SezRudvebi, romelTa Sorisac umTavresia uaryofiTi ricxvebis warmodge-

nis problema da orobiTi ricxvebis e.w. “nulovani siWarbe”. 

gansakuTrebiT arasasurvelia meore SezRuduloba. ricxvebis orobiTi warmo-

dgenis “nulovani” siWarbe niSnavs, rom Tvlis aseT sistemebSi ar arsebobs im 

Secdomebis aRmoCenis meqanizmi, romlebic garegani da Sinagani gavlenebis gamo 

aucileblad warmoiSveba kompiuterul sistemebSi. im pirobebSi, rodesac kaco-

brioba sul ufro da ufro xdeba kompiuteruli revoluciis mZevali da rakete-

bis, TviTmfrinavebis, atomuri reaqtorebis marTvis urTulesi amocanebis gad-

awyvetis dros igi swored kompiuterebze amyarebs mTel imedebs, cxadia Secdome-

bis aRmoCenis efeqturi meqanizmiT kompiuterSi gamoyenebuli Tvlis sistemis 

aRWurvis problema uaqtiures problemaTa rigs miekuTvneba. 

 9           

 10           
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orobiTi sistemebisaTvis damaxasiaTebeli zemoT aRniSnuli xarvezebis aRmosa-

fxvrelad kompiuteruli eris dawyebamdec moxda Tvlis sistemasTan dakavSire-

buli ramdenime maTematikuri aRmoCena. erT-erTi maTgania poloneli logikosis 

ian lukaseviCis (1878 – 1956) mier 1920 wels damuSavebuli samniSna logika, 

romelic warmoadgens Tvlis orobiT sistemaSi gamoyenebuli orobiTi logikis 

martiv gagrZelebas. orobiTi logikis SemTxvevaSi x cvladi iRebs or, kerZod, 

WeSmaritsa da yalb mniSvnelobas; pirvels Tu aRvniSnavT cifr 1-iT, xolo me-

ores – cifr 0-iT, gveqneba: x(1; 0); e.i. miviRebT ori gansxvavebuli niSnisagan 

Sedgenil, anu orobiT ricxvebs. samobiTi logikis dros x cvladi damatebiT 

iRebs mesame, kerZod, ganusazRvrel mniSvnelobas; mas Tu aRvniSnavT rogorc  ̅-s, 

gveqneba: x(1;  ̅; 0); e.i. viRebT sami gansxvavebuli niSnisagan Sedgenil, anu sa-

mobiT ricxvebs. 

1959 wels moskovis universitetSi n.p. brusencovis xelmZRvanelobiT damu-

Savda kompiuteri “Сетунь”, romelSic gamoyenebulma Tvlis samobiTma sastemam, 

kompiuterebis istoriaSi pirvelad dasva tolobis niSani uaryofiT da dadebiT 

ricxvebs Soris. aman saSualeba mogvca Tavi agveridebina uaryofiTi ricxvebis 

warmosadgenad sxvadasxva “xrikebis” (Sebrunebuli da damatebiTi kodebis) mofi-

qrebisaTvis. aRniSnulma garemoebam, agreTve programebis damuSavebisaTvis samobi-

Ti logikis gamoyenebam SesaZlebeli gaxada Seqmniliyo Zalian srulyofili 

struqtura, romlis realizacia moxda Сетунь-is arqiteqturaSi. Сетунь warmo-
adgens imis naTel magaliTs, Tu rogor mniSvnelovan gavlenas axdens Tvlis 

sistema kompiuteris arqiteqturaze. amerikeli mecnieri, stenfordis universite-

tis profesori, saqarTveloSi sayovelTaod cnobili monografia-bestseleris 

“daprogramebis xelovnebis” (rusul enaze) avtori donald ervin knuti aRni-

Snavs, rom kompiuterebisaTvis orobiTi komponentebis masobrivad warmoebis  ga-

moTvliTi teqnikis istoriaSi jer kidev umniSvnelo adgili ukavia samobiT kom-

piuterebs; magram samobiTi logika orobiT logikaze eleganturi da efeqturia 

da momavalSi kacobrioba albaT isev daubrundeba samobiTi kompiuterebis damu-

Savebas.         

         dasasruls, ramdenime sityviT SevexebiT Tvlis orobiTi sistemisa- 

           Tvis damaxasiaTebel “nulovani siWarbisgan” Tavis acilebis Se- 

       saZleblobas. Cven mier zemoT ganxiluli Tvlis poziciuri sis-

temebis b fuZed gamoyenebuli iyo ricxvebi 60;20;10;2;3; e.i. ganxiluli siste-

 9           

samobiTi kompiuteri “Сетунь” n.p. brusencovi (1925) 

http://upload.wikimedia.org/wikipedia/commons/8/8e/%D0%A1%D0%BD%D0%B8%D0%BC%D0%BE%D0%BA_%D0%A1%D0%B5%D1%82%D1%83%D0%BD%D1%8C.JPG
http://upload.wikimedia.org/wikipedia/commons/8/8e/%D0%A1%D0%BD%D0%B8%D0%BC%D0%BE%D0%BA_%D0%A1%D0%B5%D1%82%D1%83%D0%BD%D1%8C.JPG
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mebisaTvis b{60; 20; 10; 3} da maT Sesabamisad ewodeba samocobiTi, ocobiTi, 

aTobiTi, orobiTi da samobiTi sistemebi.  

Tvlis konkretuli poziciuri sistemiT gamosaxuli ricxvis Tanrigebis “wo-

nebis” ganmsazRvreli ricxvebis mimdevrobas mocemuli Tvlis sistemis bazisi  

ewodeba. zemoT CamoTvlil sistemebSi bazisis gamomsaxveli nebismier ricxvTa 

mimdevrobebi n = 0; 1; 2; 3; ... xarisxSi q fuZis ayvanis gziT miiReba; kerZod, sa-

mocobiT sistemaSi gamoyenebuli bazisi q=60 ricxvis n = 0; 1; 2; 3; ... xarisxSi 

ayvaniT miiReba: 

 

 60n
; …, 603; 602; 601, 600. 

 

sistemebs, romlebSic fuZis maCvenebeli b ricxvis axarisxebis gziT miReb-

buli bazisi gamoiyenebs b-sistemebi vuwodoT.   

amerikelma maTematikosma jorj bergmanma 1957 wels gamoqveynebul statiaSi 

“A Number System With Irrational Base” SemogvTavaza, rom Tvlis poziciuri 

sistemis bazisad gamogveyenebina “oqros kveTis” gamomxatveli  = 
   √ 

 
 

ricxvis n = ... ; ±n; ... ; ±3; ±2; ±1; 0; ...  xarisxSi ayvaniT miRebuli ricxvebis 

mimdevroba:  

 

 

   

 

 

 

Tvlis orobiTi sistemis Tanrigebis wonebad n
 (n=0; ±1; ±2; ±3, ...) ricxvTa 

mimdevrobebis gamoyenebisas miiReba iracionaluri  = 
   √ 

 
 ricxviT nawarmoebi 

bazisis mqone Tvlis “orobiTi sistema”; aRniSnul sistemas, zemoT naxsenebi q-

si-stemisagan  gansxvavebiT, -sistema ewodeba; avtoris patisacemad mas xSirad 
bergmanis sistemadac moixseneben. igi ase gamoisaxeba: 

AA =  ∑  
i
 , 

sadac A aris nebismieri namdvili ricxvi; ai – orobiTi cifrebi (ai{0;1}) ,  

jorj bergmani (1945) 

sainteresoa is garemoeba, rom 

 ricxvs Tu aviyvanT raime n-

ur xarisxSi, maSin 
n
 ricxvi 

SeiZleba wina ori (kerZod, 

n-1 da  n-2) xarisxis jamis sa- 

xiT gamoisaxos, e.i. samarTli- 

ania toloba: 


n 

= 
n-1 

+ 
n-2

, 
sadac n mniSvnelobebs iRebs 

mTeli ricxvebis  

   {0; ±1; ±2; ±3, ...} 
simravlidan. 

 

..., n
;  …, 3; 2; 1, 0; -1, -2; -3; 

...    
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i = 0; ±1; ±2; ±3, ...  ; i 
– Tvlis sistemaSi i –uri cifris wona, xolo 

i 

– Tanrigis “wonas” gamosaxavs. 

garegnulad “bergmanis sistema” TiTqos arafriT gansxvavdeba Tvlis klasi-

kuri orobiTi sistemisagan, magram es mxolod miraJuli msgavsebaa! saqme isaa, 

rom garegnulad orobiTi sistemis msgavs bergmanis sistemaSi gamoyenebulia ara 

2-is, aramed oqros proporciis gamomsaxveli  = 
   √ 

 
 ricxvis xarisxebi, rac 

miRebul sistemas Semdeg maTematikur Tvisebas aniWebs: klasikuri orobiTi 

sistema Tu “araWarb sistemas” warmoadgens, bergmanis sistema “Warbi sistemaa”; 

sistemis siWarbes metad didi praqtikuli mniSvneloba aqvs; kerZod, aseTi siste-

mis gamoyenebis SemTxvevaSi SegveZleba: 

  gavakontroloT ariTmetikuli operaciebis sworad Sesruleba e.i. avagoT 

mtyunebamdgradi procesori; 

  analogur-cifrul gardamqmnelebSi movaxdinoT Secdomebis koreqcia e.i. mi-

vaniWoT mas TviTkontrolis unari; 

  kavSirgabmulobis asagebad movaxdinoT koduri mimdevrobebis TviTsin-

qronizacia da a.S. 

aRsaniSnavia, rom Tvlis aseTi saintereso sistema jorj bergmanma Seqmna da 

amerikis metad prestiJul Jurnal “Mathematics Magazine” –Si gamoaqveyna ... 12 

wlis asakSi! kaliforniis universitetSi maTematikosad momuSave jorj bergmani 

msoflioSi swored bavSvobis asakSi damuSavebuli Tvlis aRniSnuli originalu-

ri sistemiTaa cnobili!  

 

 

2.2. Tvlis sistemebis zogadi mimoxilva 

                     “maTematikaSi Semoqmedebis mTeli xelovneba simbolo- 
                   dan momdinareobs da rac ufro warmatebulia simbolo, 
                   miT ufro Zlieria igi” 
                                     laibnici – markiz lopitals 
                  
        didi xnis ganmavlobaSi ricxvi mxolod obieqtebis raodenobrivi da-   

        xasiaTebisa da maTi danomvrisaTvis gamoyenebul abstraqciad miiCneo- 

     da, magram  adamianis moRvaweobis sferos gafarToebis kvalobaze misi  

Sinaarsi ganuwyvetliv mdidrdeboda da mraval sxva funqciasac iZenda. amis Sede-

gad dReisaTvis ricxvis, ricxvuli informaciisa da cifruli monacemebis cnebebi 

informatikis fundamentur cnebebad gadaiqca. 

ricxvis cnebasTan uSualodaa dakavSirebuli meore mniSvnelovani cneba – 

Tvlis sistema, romlis qveSac igulisxmeba cifruli niSnebiT an simboloebiT 

ricxvebis Caweris xerxebisa da wesebis erToblioba. Tvlis sistemebma unda uz-

runvelyos: 

   mniSvnelobaTa gansaxilvel diapazonSi ricxvis nebismieri mniSvnelobis 

warmodgenis SesaZlebloba; 

  warmodgenis erTaderToba (simboloebis TiToeuli kombinacia mxolod erT 

mniSvnelobas an raodenobas unda Seesabamebodes); 

  ricxvebze operaciebis Catarebis simartive.  

   

 1           
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       Tvlis sistema warmoadgens ricxvebis dasaxeleba-aRniSvnisaTvis auci- 

       lebeli xerxebisa da wesebis erTobliobas, romelic saSualebas gva- 

    Zlevs urTierTcalsaxa Sesabamisoba davamyaroT nebismier ricxvsa da sas-

ruli raodenobis simboloebisagan Semdgar mis gamosaxulebas Soris.   

Tvlis nebismier sistemaSi, upirveles yovlisa, SeirCeva garkveuli simbolo-

ebis (sityvebis an niSnebis) erToblioba, romelsac alfabeti ewodeba. es ukanas- 

kneli gvexmareba dadgenili operaciebis Catarebis gziT gamovsaxoT nebismieri 

raodenoba. nebismieri raodenobis gamosaxulebas ricxvi, xolo alfabetis simbo-

loebs – cifrebi ewodeba. alfabetSi Semavali simboloebi erTmaneTisagan unda 

gansxvavdebodes da winaswar unda iyos cnobili TiToeuli maTganis mniSvneloba. 

 

 

 

 

 

 

 

 

 

 

 

ricxvebSi Semavali cifrebis mniSvnelobis gansazRvris wesze damokidebule-

biT erTmaneTisagan ganasxvaveben Tvlis arapoziciur, poziciur da Sereul siste-

mebs.  

Tvlis arapoziciur sistemaSi garkveuli raodenobis aRmniSvneli simbolos  

(cifris) mniSvneloba ricxvSi mis mier dakavebul adgilze (poziciaze) ar aris 

damokidebuli. aqve unda aRiniSnos, rom  SeiZleba arsebobdes ricxvSi simbolo-

ebis (cifrebis) ganlagebis garkveuli wesi. 

Tvlis arapoziciuri sistemebia: 

  Tvlis binomialuri sistema; masSi ricxvebis warmosadgenad binomialuri 

koeficientebia gamoyenebuli; 

  Tvlis romauli sistema; 

  Tvlis berZnuli sistema; 

  naSTebis klasTa sistema. masSi ricxvebis warmodgenisaTvis gamoiyeneba da-

qviTvis cneba da Cinuri Teorema naSTebis Sesaxeb; 

  Tvlis Stern-brokos sistema; es aris dadebiTi racionaluri ricxvebis Ca-

weris xerxi, romelic Stern-brokis xis gamoyenebazea dafuZnebuli; 

zemoT CamoTvlili sistemebidan mokled gavixsenebT saskolo algebris kur-

sidan cnobil Tvlis romaul arapoziciur sistemas. aRniSnuli sistema dRes ga-

moiyeneba wignis Tavebis, TxzulebaTa nakrebebis tomebis, sakuneebis dasanomrad. 

aRniSnul sistemaSi cifrebad laTinuri mTavruli asoebia gamoyenebuli. cxril 

2.2-Si moyvanilia romauli cifrebi da maTi mniSvnelobebi. 

 

 

 2          

T  v  l  i  s      s  i  s  t  e  m  e  b  i 

Tvlis arapoziciuri 

 s i s t e m e b i 

 

 Tvlis poziciuri 

 s i s t e m e b i 

 

  Tvlis Sereuli 

 s i s t e m e b i 

 

nax. 2.3  Tvlis sistemebis klasifikacia cifrebis 

       mniSvnelobis gansazRvris niSnis mixedviT  
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Tvlis mocemul sistemaSi ricxvebi Semdegi wesebis mixedviT iwereba:  

  marcxniv mdgari cifri Tu marjvniv mdgar cifrze naklebia, maSin  marjvena 

ricxvs unda gamovakloT marcxena ricxvi  (           maSasadame 5–1 = 4,  

         maSasadame, 50-10-40); 

  marjvniv mdgari cifri Tu naklebia an tolia marcxniv mdgar cifrze, ma-

Sin es cifrebi ikribeba (                                           

 magaliTad, ricxvi 1964 Tvlis romaul sistemaSi ase Caiwereba:  

 

 

aq cxraasi miiReba aTasidan asis (M-C) gamoklebiT; samoci miiReba ormocda-

aTisa da aTis SekrebiT (L+X), xolo oTxi miiReba xuTidan erTis gamoklebiT 

(V-I). 

zogadad Tvlis arapoziciuri sistemis gamoyenebiT ricxvebis Cawera da maTze 

ariTmetikuli operaciebis Sesrulebis wesebi rTulia, amitom dReisaTvis Tvlis 

poziciuri sistemebia gavrcelebuli.      

Tvlis poziciuri sistemis dros ricxvis CanawerSi arsebuli garkveuli ra-

odenobis aRmniSvneli simbolos (cifris) mniSvneloba ricxvSi mis mier dakave-

bul adgilze damokidebulebiT icvleba. poziciuri numeraciis Seqmna Sumerebsa 

da Zvel babilonelebs miewereba. aseTi numeracia Semdeg indusebma ganaviTares. 

Tvlis poziciur sistemaSi, rogorc qvemoT davinaxavT, gadamwyvet rols siste-

mis b fuZe  TamaSobs, amitom maT xSirad b-ur sistemebsac uwodeben. gamoTvliT 

teqnikaSi ZiriTadad aseTi sistemebia gamoyenebuli, amitom maT calke ganvi-

xilavT; 

Tvlis Sereuli sistema warmoadgens Tvlis poziciuri sistemis ganzogadebas 

da arcTu iSviaTad maT Tvlis poziciur sistemebsac miakuTvneben. Tvlis Sere-

uli sistemis b fuZed aiReba  ara romelime konkretuli ricxvi, aramed ricxve-

bis zrdadi  mimdevroba da masSi TiToeuli x ricxvi masSi warmodgeni-

lia rogorc wrfivi kombinacia:  

, 

sadac  koeficientebi, romlebsac cifrebsac uwodeben, garkveul moTxovnebs 

unda akmayofilebds. Tvlis Serul sistemaSi x ricxvis Canawers uwodeben k in-

deqsis Semcirebis kvalobaze  misi cifrebis CamonaTvals, dawyebuls pirveli 

aranulovani cifridan; Tvlis Sereuli sistemis yvelaze cnobili magaliTia wa-

mebze gadayvaniT d dRe-Ramis, h saaTis, m wuTisa da s wamis gamosaxva; igi ud-

ris: (d.24.60.60  +  h. 60.60  +  m. 60  +  s) wams.  

Tvlis Sereuli sistemebia: 

  Tvlis fibonaCuri sistema; masSi fibonaCis ricxvebia gamoyenebuli; fibo-

naCis ricxvebi warmoadgens Semdegi mimdevrobis elementebs: 

0, 1. 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597 . . . , 

romelSic TiToeuli momdevno ricxvi wina ori ricxvis jamis tolia; 

I V X L D C M 

  cxrili 2.2. romauli cifrebi da maTi mniSvnelobebi         

mniSvnelobebi 

romauli cifrebi 

1000 500 100 50 10 5 1 

IV:  1 < 5, 

XL:  10 < 50,   

VI :  5 + 1 = 6;  VIII: = 5+1+1+1 =8;   XX : 10+10=20). 

X 

X 

   

 

 

MCMLXIV     (M=1000;  CM=900;  LX=60;  IV=4).   

X 

X 
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  Tvlis faqtorialuri sistema, romelSic fuZed faqtorialebis mimdevro-

bebia gamoyenebuli; naturaluri n ricxvis faqtoriali aRiniSneba rogorc n! da 

igi warmoadgens 1-dan dawyebuli n-is CaTvliT damTavrebuli yvela naturaluri 

ricxvis namravls:  

 

  magaliTad: 6! = 1 · 2 · 3 · 4 · 5 · 6 = 720. 

gansazRvrebis ZaliT iTvleba, rom 0! = 1  

   Tvlis maias tomiseuli sistema. maias tomebi, rogorc wina paragrafSi  

aRvniSneT, Tvlis ocobiT sistemas iyenebdnen. CawerisaTvis gamoyenebul ZiriTad 

niSnebs warmoadgenda wertilebi (erTianebi) da monakveTebi (xuTeulebi) 

 

 

2.3. Tvlis poziciuri sistemebi 

 

                   “Tvlis aTobiTi sistemis upiratesoba zoologiuria da  
                ara maTematikuri; xelze aTis nacvlad rva TiTi rom gvqon-  
                oda, maSin kacobrioba rvaobiT sistemas gamoiyenebda.” 
                                       n.n.luzini (1883 – 1950)  
                   “aucilebelia SevimecnoT induqciis saSualebiT, vinaidan 
                (swored) aseTi aRqma warmoSobs zogads” 
                              aristotele (Cvens w.aR-mde 384-322)  
                      

        Tvlis poziciur sistemaSi, rogorc wina paragrafSi aRvniSneT, cif- 

        ris mniSvneloba ricxvis gamosaxulebaSi mis mier dakavebuli adgil- 

        is Sesabamisad ganisazRvreba.  

Tvlis mocemul sistemaSi nebismieri ricxvis gamosaxvisaTvis gamoyenebuli 

simboloebis (cifrebis) mowesrigebul  A ={ao; a1;  … ; an} simravles ewodeba mo-

cemuli sistemis alfabeti, alfabetis simboloebis (cifrebis) raodenobis gamom-

saxvel b = n+1  ricxvs _ fuZe,  xolo Tavad sistemas _ Tvlis b-obiTi sistema.  

 

 

 

Tvlis yvelasaTvis nacnobi poziciuri sistemaa saskolo ariTmetikidan yve-

lasaTvis kargad cnobili Tvlis 10-obiTi (aTobiTi) sistema.  am sistemis alfa-

betia A(10) ={ ao=0; a1=1; a2=2; a3=3; a4=4; a5=5 a6=6; a7=7; a8=8; a9=9}, xolo fuZe 

_ b = 9 + 1=10,  e.i. am sistemaSi nebismieri ricxvis Casawerad mxolod aTi sxva-

dasxva simbolo (cifri) gamoiyeneba. am cifrebiT Caiwereba nulidan dawyebuli 

erTmaneTis momdevno pirveli aTi ricxvi; rac Seexeba 10-ze met danarCen ricxvs, 

maTi CawerisaTvis axali cifrebis ar Semotana saWiro ar aris.  

Tvlis aTobiTi sistema imazea dafuZnebuli, rom TiToeuli Tanrigis 10 er-

Teuli mezobeli ufrosi Tanrigis erT erTeulSi erTiandeba (e.i. mezobeli 

ufrosi Tanrigis erTi erTeuli udris wina umcrosi Tanrigis aT erTeuls), ami-

tom TiToeul Tanrigs aqvs 10-is garkveuli xarisxis toli wona (misi wona 10-

is garkveul xarisxSi ayvaniT miiReba). aqedan gamomdinare, erTi da igive cifris 

mniSvneloba ganisazRvreba ricxvis werilobiT gamosaxulebaSi mis mier dakavebu-

li adgiliT, romelic ricxv 10-is xarisxiT xasiaTdeba.  

 

 

 1         

Tvlis poziciuri sistemis fuZe ewodeba Tvlis mocemul sistemaSi ricxvebis 

gamosaxvisaTvis gamoyenebul sxvadasxva simboloebis (cifrebis) raodenobas. 
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Tvlis aTobiTi sistemis struqturis agebis mailustrirebeli sqema 2.4 na-

xazze ricxv 444 44-is magaliTzea moyvanili. aRniSnuli ricxvis mTeli nawilis 

Tanrigebi danomrilia ricxvebiT 0; 1 da 2, xolo wiladuri nawili – ricxvebiT 

-1 da -2. TiToeul Tanrigs Seesabameba igive ricxvebiT danomrili sxvadasxva si-

maRlis mqone virtualuri “safexuri”, romlebic “dakavebuli” aqvT ricxvSi Se-

maval simboloebs (cifrebs). n (n{2;1;0;-1;-2}) nomris virtualur safexurs (da 

maSasadame, n nomris Tanrigs) gaaCnia 10n-is toli “wona”. masze  “mokalaTebuli” 

(e.i. Sesabamis Tanrigze mdgari) cifris sruli mniSvneloba am cifris sakuTari 

mniSvnelobisa da safexuris wonis namravlis tolia; magaliTad, #2 safexurze 

mokalaTebuli (e.i. #2 Tanrigze mdgari) cifr 4-is sruli mniSvneloba 4  102 = 

4 100 = 400-is, xolo #-1 safexurze mokalaTebuli (e.i. #-1 Tanrigze mdgari)   

cifr 4-is sruli mniSvneloba - 4 10-1 = 4 0,1 = 0,4-is tolia. ase miiReba gan-

saxilvel ricxvSi Semavali TiToeuli simbolos (cifris) sruli mniSvneloba; 

ricxvis sruli mniSvneloba udris misi warmomqmneli simboloebis (cifrebis) 

ariTmetikul jams; e.i. gansaxilveli 444.4 ricxvis sruli mniSvneloba iqneba: 

 

           

                           

 

analogurad: 

 

 

 

nax. 2.4.  Tvlis aTobiTi sistemis stuqturis 

          agebis mailustrirebeli sqema 

     

ricxvis mTeli nawili 

     

Tanri- 

gi #-2 

 

Tanri- 

gi #-1 

 

Tanri- 

gi #0 

 

Tanri- 

gi #1 

 

Tanri- 

gi #2 

 

ricxvis wiladuri  

  n a w i l i 

     

4 4 
4 4 

4

 
 

4 

#2 

safe- 

xuri 

 

 

#1 

safe- 

xuri 

 

#0 

safe- 

xuri 

 
wona 

10-2= 

=0,01 

 

#-2 sa- 

fexuri 

 

 

#-1 

safe- 

xuri 

 

 

wona 

100= 

 =1 

 

wona 

102= 

=100 

 

wona 

10-1= 

=0,1 

 

wona 

101= 

=10 

 

945 = 9  102 + 4  101 + 5  100 = 900 + 40 + 5; 

 

444 4 = 4 102 +4  101 + 4  100 + 4  10-1 +4 10-2 = 

   = 400 + 40 + 4 + 0,4 + 0,04.               
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Tanrigebis (virtualuri “safexurebis”) wonebis ganmsazRvreli ricxvebis mim-

devrobas Tvlis mocemuli sistemis bazisi ewodeba; Tvlis aTobiTi sistemis ba-

ziss warmoadgens 10-is xarisxisagan warmoSobili mimdevroba: 

 

 

 

       zemoT ganxiluli kerZo SemTxvevebis ganzogadebidan gamomdinareobs,  

     rom 10-is xarisxebad daSlis gziT nebismieri n-niSna A ricxvi SeiZle-  

    ba warmovadginoT polinomis (mravalwevris) saxiT:  

                 
                                                      

 

 

 

romlis koeficientebis mimdevroba warmoadgens n-niSna A ricxvis aTobiT Cana-

wers: 

                                          

 

ricxvis mTeli da wiladuri nawilebis ganmacalkevebeli wertili (saskolo 

ariTmetikaSi gamoyenebuli mZimis nacvlad) gamoiyeneba am mimdevrobaSi TiToeuli 

poziciis konkretuli mniSvnelobebis fiqsirebisaTvis da aTvlis wertils war-

moadgens. 

zogadad Tvlis b-obiTi sistemis asagebad aucilebelia ganisazRvros: 

    b-fuZe; 

    b raodenobis sxvadasxva simbolosagan Sedgenili A alfabeti; 

  sistemis ..., Q
n
, … , Q

3
, Q

2
, Q

1
, Q

0
, Q

-1
, Q 

-2
, … , Q

m
, … bazisi; b da Q sidi-

deebi, rogorc wesi, erTmaneTs emTxveva, e.i. b = Q; Tumca gvaqvs am wesidan ga-

daxris SemTxvevebic; magaliTad, arsebobs sistemebi, romlebSic:  

 1) Q warmoadgens uaryofiT ricxvs, e.i. Q{-1, -2, -3, …}; aseT SemTxvevaSi 

miRebul Tvlis sistemebis saxelwodebebs win emateba prefiqsi “nego”; e.i. miiRe-

ba Tvlis nego-orobiTi, nego-samobiTi da a.S. sistemebi; 

 2) Q warmoadgens racionalur, iracionalur, transcendentul an kompleq-

sur ricxvs. erT-erTi SemTxveva, rodesac Q = , sadac   aris oqros kveTis gamom-

xatveli 
   √ 

 
 ricxvi  Cven 2.1 paragrafSi ganvixileT; aseT sistemas ewodeba 

bergmanis, anu –sistema. 

         Tvlis sistemebSi fuZed SeiZleba nebismieri naturaluri b ricxvi  

         gamoviyenoT. alfabetad Cveulebriv aiReba erTmaneTis momdevno mTe-  

         li ricxvebi 0-dan dawyebuli (b-1)-is CaTvliT damTavrebuli. 

Tvlis orobiT   sistemaSi nebismieri ricxvis Casawerad gamoiyeneba cifrebi 0,1, 

 2        

 3        

40538 26 =4  104 + 0  103 + 5  102 + 3  101 + 8  100 + 2  10-1 + 

+ 6  10-2 =40000 + 0 + 500 + 30 + 8 + 0,2 + 0,06       

               

 

     

..., 10n
, … , 10

3
, 10

2
, 10

1
, 10

0
, 10

-1
, 10 

-2
, … , 10

m
, … 

 

A(10) = an-1  an-2… a1 a0   a-1… a-m …                                       (2.2) 

 

 

   A(10)  = an-1  10
n-1

  +  an-210
n-2  

+  …  +  a1  
101  

+  a0  10
0 

 + 

                   
+ a-110

-1
+…+a-m10

-m 
,                                                  (2.1)       

 

     

1304 5 = 1  103 + 3  102 + 0  101 + 4  100 + 5  10-1 = 

      = 1000 + 300 + 0 + 4 + 0,5;     
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e.i. A(2) ={0,1}; Tvlis samobiT sistemaSi – cifrebi 0, 1, 2, e.i. A(3) ={0,1,2}; 

xuTobiT sistemaSi – cifrebi 0,1,2,3,4, e.i. A(5) ={0,1,2,3,4}   da a.S. rodesac 

arabuli cifrebi sakmarisi ar aris b10 fuZis mqone Tvlis sistemis alfabetis 

yvela simbolos aRniSvnisaTvis, maSin cifrebis aRniSvnisaTvis gamoiyeneba laTi-

nuri asoebi A, B, C, D, E, F. 

 naturaluri fuZis mqone Tvlis b-obiTi sistemis B(b) baziss warmoqmnis b
x, 

x = …, n, …2, 1, 0, -1, -2, …, -m, … ricxvebis  mimdevroba.    

2.3 cxrilSi moyvanilia Tvlis zogierTi sistemis parametrebi (fuZeebi, 

alfabetebi da bazisebi). SevniSnavT, rom b  10 - fuZis mqone Tvlis sistemis 

alfabetebSi gamoyenebuli A; B; C; D; E; F cifrebisaTvis samarTliania tolobebi 

A = 10; B = 11; C = 12; D = 13; E = 14; F = 15.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          mTel ricxvTa Z simravleSi Semavali nebismieri b Z ricxvi SeiZ- 

         leba gamoviyenoT Tvlis sistemis fuZed; es saSualebas gvaZlevs  

saTanado A(b) alfabetisa da B(b)  bazisis SerCevis Semdeg avagoT Tvlis b-obiTi 

sistema. Z simravlis usasrulobidan gamodis, rom arsebobs usasrulo ra-

 4        

A (16)={0;1;2;3;4;5;6;7;8;9;A;B; C;D;E;F}                               

B (16)=16
n-1

,…,16
2
,16

1
,16

0
,16

-1
,… ,16

m
 

                               

A (12)={0;1;2;3;4;5;6;7;8;9;A;B}                               

B(12)=12
n-1

,…,12
2
,12

1
,12

0
,12

-1
,… , 12

m
 

                               

A (10)={0;1;2;3;4;5;6;7;8;9}                               

B(10)=10
n-1

,…;10
2
,10

1
,10

0
,10

-1
,10

-2
,…,10

m
 

                               

A (8)={0;1;2;3;4;5;6;7}                                 

B (8) = 8
n-1

, … ,8
2
,8

1
,8

0
,8

-1
,8

-2
, … ,8

m
 

                               

A (5)={0;1;2;3;4}                                 

B (5) = 5
n-1

, … ,  5
2
,5

1
,5

0
,5

-1
,5

-2
, … 

,5
m

 

                               

A (4)={0;1;2;3}                                 

B (4) = 4
n-1

, … , 4
2
,4

1
,4

0
,4

-1
,4 

-2
, … ,4

m
 

                               

A (3)={0;1;2}                                

B (3) =3
n-1

, … ,  3
2
,3

1
,3

0
,3

-1
,3

-2
, … ,3

m
 

                               

A (2)={0;1} 

B (2) = 2
n-1

, … , 2
2
,2

1
,2

0
,2

-1
,2

-2
, … ,2

m
                               

Tvlis sistemis alfabeti / 

  Tvlis sistemis bazisi 

 

sistemis 

f u Z e 

 

Tvlis sistema 

 

TeqvsmetobiTi 

 

TormetobiTi 

 

aTobiTi 

 

rvaobiTi 

 

xuTobiTi 

 

oTxobiTi 

 

samobiTi 

 

orobiTi 

 

b=2 
 

b=3 
 

b=4 
 

b=5 
 

b=8 
 

b=10 
 

b=12 
 

b=16 
 

cxrili 2.3. Tvlis zogierTi sistemebis parametrebi  
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odenobis Tvlis sistemebi. nebismieri b Z fuZis mqone Tvlis sistemaSi n-niSna 

A(b) ricxvis Cawera gulisxmobs Semdegi saxis gamosaxulebis Semoklebuli saxiT 

Caweras:  

 

 

sadac ak aris Tvlis sistemis cifrebi, anu A(b) alfabetSi arsebuli simbo-

loebi,  n  da m Sesabamisad mTeli da wiladuri Tanrigebis raodenobebi, xolo  

A(b) – Tvlis b-obiTi sistemaSi A ricxvis Canaweri. 

Tvlis b-obiTi sistemaSi A ricxvis gamosaxulebas warmoadgens ak cifrebis 

mimdevroba. magaliTad, b = 12, 8, 4, 3, 2 fuZeebis mqone sistemebSi aTobiTi 

ricxv 35-is (Semoklebulad aRvniSnoT, rogorc 35(10)) Canawerebs eqnebaT 3.3 

cxrilSi moyvanili formebi. cxrilis Tanaxmad Tvlis sxvadasxva sistemebSi aR-

niSnuli ricxvis Canawerebs eqneba saxe: 2B(12) =35(10) =43(8) =203(4) =1022(3) = 

100011(2).     

 

 

 

 

 

 

 

 

 

 

 

 

2.4 cxrilidan Cans, rom Tvlis sistemis fuZis SemcirebiT mcirdeba gamo-

yenebuli cifrebis raodenoba, magram izrdeba Tanrigebis raodenoba; ase, magali-

Tad, ricxv 35-is Casawerad Tvlis TormetobiT, aTobiT da rvaobiT sistemebSi  

or-ori Tanrigia gamoyenebuli, maSin rodesac oTxobiT, samobiT da orobiT sis-

temebSi Tanrigebis raodenoba Sesabamisad samamde, oTxamde da eqvsamdea gazrdili. 

          informaciis gadamcem, Semnaxvel da gardamqmnel sistemebSi Tvlis si- 

           temebis safuZvelze sxvadasxva saxis kodebi aigeba.  

 

 

 

 

nebismieri diskretuli Setyobinebinebebi an SetyobinebaTa niSnebi SeiZleba 

ricxvebiT davnomroT, rac ricxvebiT am niSnebis Secvlis SesaZleblobas gva-

Zlevs. analoguri (uwyveti) sidideebic SeiZleba ricxvebis saxiT warmovadginoT, 

Tu maT sanimuSo zomebTan Sedarebis gziT gavzomavT; maSasadame, orive SemTxveva-

Si Setyobinebebis gadacema an Senaxva ricxvebis gadacemasa da Senaxvaze daiyvane-

    1     0     0     0     1     1      

    5     4     3     2     1     0      

                  1     0     2     2      

                        2     0     3      

                              4     3      

                              3     5      

                              2     B      

 ricxvebis Caweris   

Semoklebuli forma 

    
TormetobiTi 

rvaobiTi 

aTobiTi 

oTxobiT

i 
samobiTi 

orobiTi 1  25 + 0  24  + 0  25 +0  25 + 1  25 +1  25  
      

T a n r i g e b i s   n u m e r a c i a 

ricxvebis Caweris polinomuri  forma 

    

Tvlis 

sistema 

    

1  33 + 0  32  + 2  31 +0  25 + 2  30 
  

 

  

2  42 + 0  41  + 3  40  
  

 
4  81 + 3  80   

  

3  101 + 5  100   
  

2  121 + B  120   
  

cxrili 2.4. aTobiTi ricxvi 35 Tvlis sxvadasxva sistemebSi   

    

 5        

kodi ewodeba sxvadasxva saxis informaciis warmodgenisaTvis gamoyenebuli 

pirobiTi niSnebis (simboloebis) sistemas. 

 

 

A(b)= an-1b
n-1

 + an-1b
n-2

 + …+ a1b
1
 + a0b

0
 + a-1b

-1 
+…+ a-mb

-m
  = akbk ∑ 

n-1 

k= -m 

,      (2.3), 
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ba. ricxvebi Tavis mxriv Tvlis raime sistemis saSualebiT SeiZleba gamoisaxos. 

amgvarad miiReba Tvlis mocemuli sistemis safuZvelze agebuli kodi. 

ricxvis TiToeul Tanrigs SeiZleba SevuTanadoT eleqtuli signalis raime 

parametri, vTqvaT, A amplituda. 2.5 naxazze moyvanilia sxvadasxva amplitudisa 

da  xangrZlivobis mqone impulsebis saSualebiT ricxv 35-is gamosaxvis magali-

Ti (Tvlis sxvadasxva sistemebis dros).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

informaciis gadamcem, Semnaxav da gardamqmnel sistemebSi gamoyenebis moxerxe-

bulobis TvalsazrisiT Tu gavaanalizebT Tvlis sistemebsa da maT safuZvelze 

agebul kodebs, davinaxavT, rom rac ufro didia Tvlis  sistemis b fuZe, miT 

ufro naklebi raodenobis Tanrigebia saWiro mocemuli ricxvis warmodgenisaTvis. 

ricxvis Tanrigebis raodenobis Semcireba amcirebs am ricxvis gamomsaxveli kodis 

gadacemisaTvis saWiro dros; aqedan gamomdinare, Tvlis sistemis fuZis gazrdiT 

mcirdeba ricxvis gamomsaxveli kodis gadacemisaTvis saWiro dro.  

b = 12 b = 10 b = 8 b = 4 b = 3 

b = 2 

2B 35 43 203 1022 

100011 

A 

t 

  

t 

A 

  

t 

   

A 

 

t 

A 

   

A 

t 

  

Tvlis sis- 

temis fuZe 

 ricxvis Ca- 

naweri (ri- 

cxvis kodi)  

 

 

eleqtruli 

 signalebi 

 (koduri 

kombinacia) 

 

 

 

t 

A 

     

Tvlis sis- 

temis fuZe 

 ricxvis Ca- 

naweri (ri- 

cxvis kodi)  

 

 

eleqtruli 

 signalebi 

 (koduri 

kombinacia) 

 

 

nax. 2.5. Tvlis sxvadasxva sisteme- 

        bis dros ricxv 35-is ga- 

        mosaxva signalebis saxiT 
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samagierod, Tvlis sistemis fuZis gazrdiT mniSvnelovnad maRldeba sxvada-

sxva simboloebis Sesabamisi elementaluri signalebis maformirebeli da amom-

cnobi aparaturisadmi wayenebuli moTxovnebi. kerZod, rac ufro maRalia Tvlis 

sistemis b fuZe, miT ufro meti raodenobis mdgradi mdgomareoba unda hqondes 

gamomTvleli mowyobilobebis logikur elementebs. 

aRniSnuli garemoebebis gaTvaliswinebiT: 

 

 

 

 

yvelaze efeqtur Tvlis sistemas warmoadgens iseTi sistema, romlis efeqtu-

robis maCvenebeli minimaluria. 

ricxvebis Casawerad SerCeuli Tvlis sistemis b fuZisa da Tanrigobrivi ba-

dis N sigrZis namravli aRvniSnoT C simboloTi: 

                            C = b N                                                            (2.4) 

ricxvis TiToeuli Tanrigis warmodgena xdeba ara b raodenobis mqone erTi 

elementiT, aramed b raodenobis elementebiT, romelTaganac TiToeuls gaaCnia 

erTi mdgradi mdgomareoba; aqedan gamomdinare (2.4) gamosaxuleba gansazRvravs 

mowyobilobaTa pirobiT raodenobas, romelic Tvlis gamoyenebuli sistemis Sem-

TxvevaSi saWiroa ricxvis warmodgenisaTvis daixarjos. amis gamo (2.4) gamosa-

xulebas sistemis ekonomiurobis maCvenebeli ewodeba. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N raodenobis Tanrigebis mqone maqsimaluri ricxvi, romlis gamosaxva Sesa-

Zlebelia b fuZis mqone Tvlis sistemis daxmarebiT, ganisazRvreba gamosaxule-

biT 

                                                            Ab max = b
N
 – 1.                                     (2.5) 

(2.5) gamosaxulebidan SeiZleba ganvsazRvroT, Tu ra sigrZe unda hqondes 

Tanrigobriv bades imisaTvis, rom SesaZlebeli iyos Ab max ricxvis warmodgena:  

                                                    N = logb (Ab max + 1).                                       (2.6) 

ukanaskneli gamosaxulebis gaTvaliswinebiT (2.5) gamosaxuleba iRebs Semdeg 

saxes: 

                          C = b logb (Ab max + 1).                                   (2.7) 

  Tvlis sistemis efeqturobis maCveneblad SeiZleba aviRoT ricxvi, romelic 

udris sxvadasxva simboloebis b raodenobisa da nebismieri ricxvis gamosaxvisa-

Tvis saWiro Tanrigebis N raodenobis namravls. 

cxrili 2.5.  F = f (b) funqciis  

           mniSvnelobebi   

b        2        3          4         6         8       10 

F    1,000  0,946  1,000  1,148  1,133  1,505 

F 

2 

1 

7 6 5 4 3 2 

b 

nax.2.6. Tvlis sistemis fuZe- 

 ze SefardebiTi ekonomiurob- 

 is maCveneblis damokidebuleba  
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davuSvaT, rom b warmoadgens uwyvet sidides. maSin C sidide SeiZleba b 

argumentze damokidebul funqciad ganvixiloT, e.i. gveqneba, rom C = f(b); zomis 

erTeulad Tu miviRebT erTi mdgradi mdgomareobis mqone pirobiT elements, ma-

Sin Tvlis ori sistemis urTierTSedarebisaTvis SeiZleba SemovitanoT ekonomi-

urobis fardobiTi maCvenebeli, romelic saSualebas mogvcems Tvlis nebismieri 

sistema SevadaroT Tvlis orobiT sistemas : 

 

 

                                                       

b argumentis sididis Sesabamisad funqciis mniSvnelobas eqneba 2.5 cxrilSi 

naCvenebi saxe. 

2.6 naxazze moyvanilia Tvlis sistemis b fuZeze SefardebiTi ekonomiurobis 

F maCveneblis damokidebuleba im daSvebiT, rom es ukanaskneli warmoadgens 

uwyvet funqcias. grafikis qveda wertili Seesabameba     pirobis mixedviT 

gansazRvrul F = f(b) funqciis minimums, rac b = e = 2,72 –is tolia.  

aRniSnulidan gamomdinareobs, rom pirobiTi mowyobilobebis minimaluri dana-

xarji gvaqvs Tvlis samobiTi sistemis gamoyenebis SemTxvevaSi. am garemoebas Cven 

2.1 paragrafSic gavusviT xazi moskovis universitetis profesor n.p. brusencevis 

xelmZRvanelobiT samobiTi kompiuter «Сетунь»-is damuSavebis faqtis aRniSvnis 
dros. swored amitom miiCnia stenfordis universitetis profesorma donald 

ervin knutma (1938 w.) samobiTi logika yvelaze elegantur da efeqtur logi-

kad.   

Tvlis samobiT sistemas umniSvnelod CamorCeba Tvlis orobiTi da oTxobiTi 

sistemebi. gacilebiT nakleb efeqturia aTobiTi da sxva sistemebi. logikuri 

elementebis realzaciis moxerxebulobisa da maTSi ariTmetikul-logikuri moqme-

debebis Sesrulebis simartivis niSnis mixedviT, Tvlis sistemebis Sedarebis Se-

degad, dReisaTvis upiratesoba orobiT sistemas mieniWa. marTlac: 

   orobiTi sistemis Sesabamis logikur elementebs saWiroa mxolod ori 

mdgradi mdgomareoba gaaCndes; 

   signalebis erTmaneTisagan ganrCevadobis amocana am SemTxvevaSi daiyvaneba 

signalebis gamomJRavnebadobis (impulsis arseboba-ararsebobis faqtis dadgenis) 

amocanamde, rac gacilebiT martivia;  

   orobiT sistemebSi ariTmetikuli da logikuri operaciebic advili Sesa-

srulebelia. 

zemoT aRniSnulis miuxedavad, mxedvelobidan ar unda gamogvrCes samobiTi si-

stemis perspeqtulobis faqti.   

 

 

2.4. Tvlis erTi sistemidan meore 

sistemaSi ricxvebis gadayvana 

 

       sxvadasxva amocanis gadawyvetis dros gvixdeba Tvlis sxvadasxva si- 

        stemis gamoyeneba. kerZod: 

        yoveldRiur cxovrebaSi Cven viyenebT Tvlis aTobiT (b=10 fuZis 

mqone) sistemas; 

(2.8) 

db 

dF 
= 0 

 1        

b logb (Ab max + 1) 

[2 logb (A2 max + 1)] 

 

F = 

 

. 
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   kompiuterSi saWiro damisamarTebis procesis realizebisaTvis da dapro-

gramirebisaTvis  sasurvelia Tvlis TeqvsmetobiT (b=16 fuZis mqone)  sistemis 

gamoyeneba; 

   gasuli saukunis 50-60-ian wlebSi daprogramebasa da kompiuterul doku-

entaciaSi farTod gamoiyeneboda Tvlis rvaobiTi (b=8 fuZis mqone) sistema, ro-

melic dRes praqtikulad mTlianad gamodevna Tvlis TeqvsmetobiTma sistemam. mi-

uxedavad amisa, aTobiTi sistemidan rvaobiT sistemaSi ricxvebis gadayvanis tra-

dicia dRemdea SenarCunebuli kalkulatorebsa da daprogramebis mTel rig eneb-

Si. garda amisa, rvaobiTi sistema dRes gamoiyeneba UNIX-is tipis operaciul 

(LINUX, FreeBSD) sistemebSi failebiTan da katalogebTan SeRwevis uflebis gan-

sazRvrisaTvis; 

   kompiuterebSi monacemebis damuSavebisaTvis ZiriTadad gamoiyeneba Tvlis 

orobiTi (b=2 fuZis mqone)  sistema; 

  ekonomiurobis fardobiTi maCveneblis minimizirebisaTvis perspeqtiul 

sistemas warmoadgens Tvlis samobiTi (b=3 fuZis mqone) sistema; 

aRniSnulidan gamomdinare, Cven sakmaod xSirad vdgebiT Tvlis romelime sis-

temiT warmodgenili ricxvis sxva sistemaSi gadayvanis aucileblobis winaSe. 

      ganvixiloT Tvlis erT-erTi sistemidan meore sistemaSi ricxvebis ga- 

      dayvanis amocana. davuSvaT, rom cnobilia b fuZis mqone Tvlis siste-  

      maSi n-niSna A(b) ricxvis Canaweri: 

 

A(b)=an-1b
n-1

 + an-1b
n-2

 + …+ a1b
1
 + a0b

0
 + a-1b

-1
+…+ a-mb

-m
  =         ,     (2.9) 

 

sadac ai  aris b-obiTi sistemis cifrebi (0  ai   b-1). 

    d fuZis mqone Tvlis sistemaSi igive ricxvis n-niSna A(d) ricxvis Canawers 

eqneba saxe: 

 

  A(d) = cn-1 d
n-1

 + cn-2 d
n-2

 + …+ c1d
1
 + c0d

0
 + c-1d

-1
+…+ c-md

-m
  =         ,  (2.10) 

sadac ci aris Tvlis d-obiTi sistemis saZebni cifrebi (0  ci   d-1). am dros 

SeiZleba mxolod dadebiTi ricxvebis gamoyenebis SemTxveviT davkmayofildeT, ra-

dgan nebismieri ricxvis gadayvana daiyvaneba am ricxvis modulis gadayvanamde, 

romelsac saWiro niSani miewereba. 

Tvlis b-obiTi sistemidan Tvlis d-obiTi sistemaSi ricxvebis gadayvana piro-

biTad aRvniSnoT rogorc: 

                            A(b)A(d) .                                                    

ariTmetikas, romelSic b-obiT ricxvebi gamoiyeneba, b-obiTi ariTmetika ewo-

deba; analogiurad, d-obiTi ariTmetikaSi gamoiyeneba d-obiT ricxvebi.  Tvlis 

erTi sistemidan meoreSi ricxvebis gadayvanis dros  saWiroa winaswar gaviTva-

liswinoT, Tu romeli ariTmetikis gamoyenebiT unda ganvaxorcieloT gadayvanisa-

Tvis saWiro moqmedebebi. 

sistemidan sistemaSi ricxvebis gadayvanis dros gamoyenebuli meTodebisa da 

wesebis klasifikacia 2.7 naxazzea mocemuli. ganvixiloT aRniSnul naxazze moyva-

nili wesebi. 

       Tavdapirvelad ganvixiloT Tu rogor gadaiyvaneba b fuZis mqone  

       sistemaSi mocemuli nebismieri A ricxvi d fuZis mqone sistemaSi Se- 

 2       

akbk ∑ 

n-1 

k= -m 

ckdk  ∑ 

n-1 

k= -m 

 3      
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     nacvlebis wesis gamoyenebiT. aRniSnuli wesi gulisxmobs Tvlis b fuZis 

mqone sistemisaTvis Sedgenili (2.9) polinomis gamoTvlisaTvis gamoyenebuli 

iqnas Tvlis d fuZis mqone sistema. sxva sityvebiT (2.9) gamosaxulebis d-obiTi 

gamosaxulebis misaRebad aRniSnul gamosaxulebaSi arsebuli yvela ai cifri da 

b ricxvi unda SevcvaloT d–obiTi gamosaxulebebiT da SevasruloT d–obiTi 

ariTmetikis operaciebi (e.i aRniSnul gamosaxulebaSi gamoyenebuli b–obiTi 

ariTmetikis operaciebi SevcvaloT d–obiTi ariTmetikis operaciebiT).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tvlis b–obiT sistemaSi A(b) = an-1 an-2 …a1 a0 a-1a-m   saxiT Cawerili n-niSna A 

ricxvis aTobiT sistemaSi gadayvana daiyvaneba aTobiTi ariTmetikis gamoyenebiT 

A(10) = an-1b
n-1

 + an-2b
n--2

 + …+ a1b
1
 + a0b

0
 + a-1b

-1
 +…+ a-mb

-m mravalwevris 

mniSvnelobis gamoTvlamde. magaliTebi 2.6 cxrilSia moyvanili.  

       ganvixiloT gayofis wesis gamoyenebiT b fuZis mqone Tvlis sistemaSi 

       mocemuli mTeli A ricxvis d fuZis mqone sistemaSi gadayvnis SemTx-  

     veva. mTeli ricxvebisaTvis (2.9) da (2.10) gamosaxulebebi gardaiqmnebian  

Semdeg gamosaxulebebad:  

                                     A(b) = an-1b
n-1

+ an-2b
n-2

 + …+ a1b
1
 + a0 ,                             (2.11) 

                                     A(d) = cn-1d
n-1

 + cn-2 d
n-2

 + …+ c1d
1
 + c0  .                                       (2.12) 

sadac ai  aris b-obiTi sistemis cifrebi (0  ai   b-1), xolo ci  aris d-obiTi 

sistemis cifrebi (0  ci   d-1). 

radgan A(b)=A(d), amitom SeiZleba (2.11) gamosaxulebis marcxena nawili 

gavutoloT (2.12) gamosaxulebis marjvena nawils da davweroT:  

               A(b) = cn-1d 
n-1

 + cn-2d 
n-2 

+ …+ c1d 
1
 + c0 ,                            (2.13) 

nax.2.7. ricxvebis sistemidan sistemaSi 

      gadayvanis wesebis klasifikacia  

 

 

 

      

 

Tvlis  b-obiTi sistemidan Tvlis b-obiT sistemaSi 

      ricxvebis gadayvana   A(b)A(d) 

  d-obiTi  ariTmetikis 

g a m o y e n e b i T 

      

  b-obiTi  ariTmetikis 

g a m o y e n e b i T                  

      

  gayofis wesis 

  gamoyenebiT                  

      

 gamravlebis wes- 

 is gamoyenebiT                  

      

 Senacvlebis we- 

 sis gamoyenebiT                  

      

mTeli ricxve- 

 bis gadayvana                

      

swori wilad- 

ebis gadayvana                

      

Senacvlebis wesi yvelaze xSirad gamoiyeneba Tvlis nebismier sistemiT gamo-

saxuli ricxvebis gadasdayvanad Tvlis aTobiT sistemaSi. 

 

 4      
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sadac ci aris Tvlis d-obiTi sistemis saZebni cifrebi.  

c0 cifris gansazRvrisaTvis (2.13) tolobis orive mxare gavyoT d ricxvze; 

amasTanave, aRniSnuli tolobis marcxena mxareze arsebuli A(b) ricxvis d ri-

cxvze gayofisas visargebloT b–obiTi ariTmetikis wesebiT (radgan A(b)  ricxvi 

Tvlis b–obiTi sistemis gamoyenebiTaa Cawerili). (2.13) gamosaxuleba zogadad  

miiRebs saxes:  

            [A(b)/d] = cn-1d
n-2

 + cn-2 d
n-3

 + …+ c1 + c0 /d .                            (2.14)  

 

   

 

 

 

 

 

 

 

 

 

 

 (2.14) gamosaxulebis marcxena mxareSi mdgar [A(b)/d]  ricxvSi erTmaneTisagan 

ganvacalkevoT mTeli da wiladi nawilebi:  

               [A(b)/d] = [A(b)/d]mTeli  +  [A(b)/d]wiladi ,                    (2.15) 

 

sadac [A(b)/d]mTeli   aris ganayofis mTeli nawili, anu arasruli ganayofi, xolo  

                                

 [A(b)/d]wiladi =        _ ganayofis wiladuri nawili anu A(b) ricxvis d ricx-  

 

vze gayofis Sedegad miRebuli naSTi. 

(2.15) SevitanoT (2.14)-Si: 

 

 

mxedvelobaSi Tu miviRebT, rom ci<d (e.i. c0/d warmoadgens (2.16) gamosaxulebis 

wiladur nawils) da (2.16) gamosaxulebaSi erTmaneTs cal-calke gavutolebT 

mTel da wiladur nawilebs, miviRebT: 

             [A(b)/d]mTeli   =   cn-1d
n-2 

+ cn-2 d
n-3

+ …+ c1 ,               (2.17) 

 

                                                  

(2.18) gamosaxulebidan gamodis, rom: 

                       

                     c0   =  naSTs,                             (2.19) 

e.i. c0 udris A(b) ricxvis d ricxvze gayofis Sedegad miRebul naSTs. 

cxrili 2.6 Senacvlebis wesiT ricxvebis sistemidan sistemaSi gadayvanis magaliTebi   

    

13,1(10) 

63(10) 

690 (10) 

174 (10) 

314 (10) 

1   1   0   1,  1    (2) 1   2
3 

+ 1   2
2
 + 0   2

1 
 + 1   2

0 
+  1   2

-1 

 2  3
3
 + 0  3

2 
+ 2  3

1
 + 1  3

0 
    

3  6
3
 + 1  6

2
 + 0  6

1
 + 6  6

0 

 2   8
2 

+ 5   8
1
 + 6   8

0 

 1   12
2 

+ E   12
1 

+ 2   12
0 

A(2)A(10) 

A(6)A(10) 

A(8)A(10) 

A(16)A(10) 

A(3)A(10) 

Tanrigebis 

 numeracia 

 

2   0   2   1          (3)   

3   1   0   6          (6)  

 2   5   6          (8) 

 1   E   2         (16) 

operacia 

3  2   1   0    -1 

(16)  5 

 gadasayvani 

r i c x v i  

 

Sedegi  

 

Sesasrulebeli  moqmedebebi  

 

b 

  naSTi 

   d 

(2.16)   naSTi 

   d 

 

 [A(b)/d]mTeli  +                      = cn-1d
n-2

 + cn-2 d
n-3

 + …+ c1 + c0 /d  

 

 

  naSTi 

   d 

 

=   c0 /d (2.18) 
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(2.17) gamosaxulebis Tanaxmad cn-1d
n-2

 + cn-2 d
n-3

 + …+ c1 warmoadgens mTel 

ricxvs; mas Tu pirobiTad aRvniSnavT   
  ricxviT, SegviZlia davweroT: 

                 
  = A(b)/d]mTeli   = cn-1d 

n-2
 + cn-2 d 

n-3
 + …+ c1 .                    (2.20)  

radgan     
  mTeli ricxvia, amitom Semdegi c1 koeficientis gansasazRvris 

mizniT misTvisac SeiZleba  gavimeoroT igive procedura da a.S. es procesi ga-

grZeldeba manam, sanam arasruli ganayofi nulis toli ar gaxdeba, e.i. sanam ar 

Sesruldeba piroba:  

                        [    
 /d]mTeli  = 0 .                       (2.21) 

radgan yvela operacia sruldeba Tvlis b fuZis mqone sistemaSi, amitom 

saZebni ci koeficientebi am sistemiT iqneba warmodgenili; amitom aucilebelia 

isini d–obiTi cifrebiT CavweroT.  

 

 

         amgvarad, Tvlis b–obiTi sistemidan  b–obiTi ariTmetikis saSual- 

         lebebiT mTeli dadebiTi ricxvebis d–obiT sistemaSi gadayvanis we- 

            si SeiZleba aseTi saxiT CamovayaliboT.  

 

 

 

 

 

 

 

 

 

 

 

2.8,a naxazze naCvenebia aTobiTi ricxv 53-is orobiT sistemaSi gadayvanis, xo-

lo 2.8,b naxazze - aseve aTobiTi ricxv 75-is TeqvsmetobiT sistemaSi gadayvanis 

magaliTebi. gadayvanis dros Sesasrulebeli operaciebi aRniSnul naxazzea naCve-

nebi. rogorc aRniSnuli naxazebidan Cans 53(10) = 110101(2) da 75(10) = 4B(16). 

               ganvixiloT gamravlebis wesis gamoyenebiT b fuZis mqone Tvlis sist- 

       emaSi mocemuli swori A(b) wiladis d fuZis mqone sistemaSi gadayvan-  

       is SemTxveva. swori wiladebisaTvis (2.9) da (2.10) gamosaxulebebi 

gardaiqmneba  Semdeg gamosaxulebebad: 

                                    A(b) = a-1b
-1

 + a-2b
-2

+ …+ a-mb
-m 

+ … ,                           (2.22) 

                                    A(d) = c-1d
-1

+ c-2 d
-2

 + …+ c-md
-m 

+ …  ,                                    (2.23) 

sadac ai  aris b-obiTi sistemis cifrebi (0  ai   b-1), xolo ci  aris d-obiTi 

sistemis cifrebi (0  ci   d-1). 

radgan A(b)=A(d), amitom SeiZleba (2.22) gamosaxulebis marcxena nawili 

gavutoloT (2.23) gamosaxulebis marjvena nawils da davweroT: 

                   A(b) = c-1d
-1

+ c-2 d
-2

 + …+ c-md
-m 

+ …  ,                          (2.24) 

 5     

gayofis wesi yvelaze xSirad gamoiyeneba mTeli aTobiTi ricxvebis gadasayva-

nad Tvlis nebismier sxva sitemaSi. 

 

Tvlis b fuZis mqone sistemidan mTeli A(b) ricxvi rom gadaviyvanoT Tvlis 
d fuZis mqone sistemaSi aucilebelia:  

A(b) ricxvi gavyoT Tvlis b fuZis mqone sistemiT gamosaxul d ricxvze; 
miviRebT pirveli ganayofis mTel cn-1d 

n-2
+ cn-2 d 

n-3 
+ …+ c1 nawilsa da c0 naSTs. 

es ukanaskneli warmoadgens Tvlis fuZis mqone Cawerili saZebni ricxvis c0 
cifrs;  

miRebuli mTeli cn-1d
n-2 

+ cn-2 d
n-3 

+ …+ c1 nawili meored gavyoT Tvlis b fuZis 
mqone sistemiT gamosaxul d ricxvze; miviRebT me-2-e ganayofis mTel  cn-1d

n-3  
+   

+ cn-2 d
n-4

 + …+ c2 nawilsa da c1 naSTs. es ukanaskneli warmoadgens Tvlis fuZis 
mqone Cawerili saZebni ricxvis c1 cifrs; 

aRniSnuli operaciis me-3-ed Sesrulebis Sedegad miviRebT saZebni ricxvis c2 
cifrs, me-4-ed Sesrulebis Sedegad – c3 cifrs da a.S. me-n-ed Sesrulebis 

Semdeg – cn-1 cifrs; 

  ci, i=0,1,2,…,(n-1) cifrebi CavweroT maTi miRebis Sebrunebuli Tanamimdev-

robiT da miviRebT saZebn n-niSna A(d) = cn-1 cn-2… c1 c0 ricxvs.  
 

 

 6   
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sadac ci  aris Tvlis d-obiTi sistemis saZebni cifrebi. 

c-1-is gansasazRvravad (3.24) tolobis orive nawili gavamravloT d ricxvze; 

amasTanave,  marcxena  nawilSi gamravlebis operaciis Sesrulebisas visargebloT   

b–obiTi ariTmetikis wesebiT (radgan CvenTvis cnobilia Tvlis b–obiT sistemaSi 

A(b) ricxvis Canaweri). radgan d
-1

d =1, d
-2

d=d
-1

, … , d
-m

d =d
-m+1

,  amitom miviRebT: 

                               [A(b)  d]  = c-1+ c-2 d
-1

 + …+ c-md
-m+1 

+ …  ,                        (2.25) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

a) 

 

nax.2.8. gayofis wesis saSualebiT 

    sistemidan sistemaSi mTeli  

   ricxvebis gadayvanis magaliTebi 

 

 

 

      

 

 

     

ganayofi 

mTeli naSTi 
gasayofi gamyofi 

53 26 

13 

6 

3 1 

0 

0 

0 

1 

1 

1 

2 

2 

2 

2 

2 

2 

26 13 

6 

3 

1 1 

1 ) 1 0 1 0 1 ( 
(2) 

A(2)= 
Sedegis Caweris  

 Tanamimdevroba 

 

16 0 4 4 

 

 

75 16 11=B 4 

gasayofi gamyofi ganayofi 

mTeli wiladi 

( A(16)= 4 B )(16) 

Sedegis Caweris 

 Tanmimdevroba 

  

 

b) 
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 [A(b) d] namravlSi gamovyoT mTeli [A(b) d]mTeli da wiladuri [A(b) d]wiladi 

nawilebi: 

               [A(b)  d] = [A(b) d]mTeli + [A(b) d]wiladi.             (2.26) 

(2.25) gamosaxulebaSi mTeli ricxvia c-1, xolo wiladuri ricxvi - c-2 d
12

 + 

…+ c-md
-m+1 

+ … , amitom SegviZlia davweroT (2,26) tolobis marjvena nawilSi 

arsebuli TiToeuli Sesakrebis gamosaxuleba: 

                    [A(b)  d]mTeli = c-1 ,                         (2.27) 

              [A(b)  d]wiladi =  c-2 d
-1 

+ …+ c-md
-m+1 

+ …                           (2.28)  

amgvarad, (2.26) mravalwevris umcrosi c-1 koeficienti ganisazRvreba Tanafa-

rdobiT: 

                     c-1  = [A(b)   d]mTeli.  

[A(b)d]wiladi wiladuri nawili aRvniSnoT     
  simboloTi da (2.28) gamosa-

xuleba ase gadavweroT: 

                        
   =  c-2 d

-1
 + …+ c-md

-m+1 
+ …                              (2.29) 

     
  gamosaxuleba swori wiladi da c-2 koeficientis gansasazRvravad mis mi-

marT SeiZleba gavimeoroT zemoT aRwerili procedura; kerZod igi SeiZleba d 

ricxvze gavamravloT. 

es procesi manam gagrZeldeba, sanam wiladuri nawilis namravli nulis toli 

ar gaxdeba, e.i. sanam ar Sesruldeba piroba: 

                     [     
  d ]wiladi = 0,                        (2.30) 

an sanam ar iqneba miRweuli ricxvis warmodgenis moTxovnili sizuste. 

vinaidan yvela zemoT aRwerili operacia sruldeboda b-ariTmetikis wesebis 

gamoyenebiT, amitom miRebuli saZebni ci koeficientebi warmodgenili iqneba Tvlis 

b fuZis mqone sistemis saSualebiT, amitom aRniSnuli koeficientebi saWiroa d-

obiTi ricxvebad gardavqmnaT.  

 

 

         

        amgvarad, Tvlis b–obiTi sistemidan  b–obiTi ariTmetikis saSual- 

        ebebiT  wesieri wiladebis d–obiT sistemaSi gadayvanis wesi SeiZle- 

        ba aseTi saxiT CamovayaliboT. 

ccccccccccccccccccccccccccccccc 

 

 

 

 

 

 

 

 

 

 

 

 7  

gamravlebis wesi yvelaze xSirad gamoiyeneba aTobiT sistemiT gamosaxuli wesieri 

wiladebis nebismier sxva sistemaSi gadasayvanad. 

 

swori A(b) wiladi Tvlis  b-obiTi sistemidan Tvlis d-obiT sistemaSi rom 
gadaviyvanoT saWiroa:  

 A(b) ricxvi gavamravloT b–obiTi sistemis gamoyenebiT Caweril d ricxvze; 

miRebuli namravlis wiladuri nawili xelaxla gavamravloT ricxvze da es 
procesi gavagrZeloT manam, sanam morigi miRebuli wiladuri nawili nulis toli ar 
gaxdeba an ar iqneba miRweuli d–obiT sistemaSi A(b) ricxvis gamosaxvis moTxovnili 
sizuste; 

gamravlebis Sedegad miRebuli ricxvebis mTeli nawilebi d–obiTi cifrebiT 
gamovsaxoT; SevadginoT am cifrebis mimdevroba. mimdevrobaSi cifrebi unda Sevides maTi 
Sesabamisi mTeli ricxvebis miRebis rigiTobis dacviT; 

 d–obiTi cifrebiT formirebuli mimdevroba warmoadgens Tvlis d–obiT sistemaSi 
gadayvanil A(d) ricxvs; 

ricxvis gadayvanis sizuste Tu mZimis Semdeg j raodenobis niSnis arsebobas 
moiTxovs, maSin gadayvanis zRvruli absoluturi cdomileba gamoiTvleba formuliT:  

 

2 

  

 

        
Q = 

  

 

(2.29) 
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Sedegis Caweris 

 Tanmimdevroba 

   

a) 

samravli mamravli 
namravli 

mTeli wiladi 

0,2 2 0 0,4 

2 0 0,8 0,4 

2 1 0,6 0,2 

2 1 0,8 0,6 

A(2) = (0, 1 0 0 1 )(2) 

A(8)  = (0,    2  7  0)(8) 

b) 

mamravli samravli 
namravli 

mTeli wiladi 

0,36 8 2 0,88 

0,88 8 7 0,08 

0,08 8 0 0,08 

Sedegis Caweris 

 Tanmimdevroba 

   
nax.2.9. gamravlebis wesis saSualebiT sistemidan sistemaSi swori  

              wiladebis gadayvanis magaliTebi  
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2.9 naxazze moyvanilia aTobiTi A(10)=0,2 da A(10) =0,36 ricxvebis Sesabamisad 
Tvlis orobiT da rvaobiT sistemebSi gadayvanis magaliTebi. gadayvanis dros Se-

sasrulebeli operaciebi aRniSnul naxazzea naCvenebi.  

2.9,a naxazidan Cans, rom aTobiTi A(10)=0,2 ricxvi warmoadgens zust ricxvs, 

magram orobiT sistemaSi gadayvanis Semdeg igi periodul A(2)=0,(0011) aTwila-

dad gadaiqceva (frCxilebSi moTavsebulia wiladis periodi).  

2.9,b naxazis Tanaxmad aTobiT A(10)=0,36 ricxvs Tu rvaobiT sistemaSi gadavi-

yvanT, maSin miviRebT A(8)=0,270 ricxvs; am dros gadayvanis zRvruli absolutu-

uri cdomileba iqneba:           

 

 

      gansakuTrebul yuradRebas imsaxurebs b fuZis mqone Tvlis sistemidan 

      ricxvis iseTi d fuZis mqone sistemaSi da piriqiT gadayvanis SemTxve-

va, rodesac b da d ricxvebi erTmaneTTan dakavSirebulia TanafardobiT: 

                           b  =  d
K

 , 

sadac mTeli dadebiTi ricxvia. aseT SemTxvevaSi d–obiTi sistemidan b-obiT si-

stemaSi ricxvebis gadasayvanad, e.i. A(d)A(b) operaciis Sesasruleblad, saWiroa 
SevasruloT Semdegi operaciebi: 

 

 

 

 

 

 

b-obiTi sistemidan d–obiT sistemaSi ukugadasvlisaTvis, e.i. A(b)A(d) opera-

ciis Sesasruleblad, Tvlis b–obiTi sistemis TiToeuli cifri unda SevcvaloT 

misi d –obiTi gamosaxulebebiT. 

magaliTad: 

                0001 1001 1001 0110(2) = 1996(16); 

                    100 010 101 110 (2) = 4256(8); 

                   01 21 21 12(4) = 1996(16); 

                     525(9) = 12 01 12(3); 

            B58E3(16) = 1011 0101 1000 1110 0011(2). 

 

2.5. kompiuterebSi ricxviTi   

informaciis warmodgena  

 

       kompiuteris mexsierebaSi informacia Caiwereba orobiTi ricxvebis sa- 

       xiT (ix. paragrafi 1.3), romelTa erToblioba warmoqmnis cifrul   

      orobiT kods (ix. paragrafi 2.3, nax.2.5). orobiTi informaciis 

Sesanaxad kompiuteris struqturaSi realizebulia didi raodenobis mexsierebis 

ujredebi da registrebi (ingl. regestr – “Setanili”, “Cawerili”). 

 

 8  

 = 2-13 8 
-4 

2
 

 1 

. 

sawyis d–obiT sistemaSi warmodgenili A(d) ricxvis CanawerSi arsebuli 
cifrebi mZimidan marcxniv da marjvniv davajgufoT K raodenobis cifrebi-
sagan Semdgar mimdevrobebad (saWiroebis SemTxvevaSi ufrosi Tanrigis mar-
cxniv an umcrosi Tanrigis marjvniv Sesabamisad davumatoT saWiro raodeno-
bis nulebi); 

TiToeuli mimdevroba CavweroT Tvlis b–obiTi sistemis erTi cifriT; 
miviRebT saZebn ricxvs; 
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aRniSnul ujredebis umravlesobas n-is toli sigrZeebi aqvT, e.i. isini n ra-

odenobis bitebis Sesanaxad gamoiyeneba (biti ewodeba erT orobiT Tanrigs). aseT 

ujredSi Senaxul informacias ewodeba sityva. rva bitisagan Semdgar orobiT ri-

cxvs baiti ewodeba. ori baitisagan Semdgari orobiTi ricxvi 2.10 naxazzea naCve-
nebi.          

 

 

 

 

 

 

 

mexsierebis ujredebi da registrebi mexsierebis elementebisagan Sedgeba. 

mexsierebis aRniSnul eleqtronul elements ori mdgradi mdgomareoba aqvs da 

drois nebismier momentSi erT-erT aseT mdgomareobaSia: tranzistori imyofeba 

gamtar an gaumtar mdgomareobaSi, kondensatori damuxtulia an ganmuxtulia, 

specialur naxevargamtarul masalas gaaCnia maRali an dabali kuTri winaRoba da 

a.S. aRniSnuli fizikuri mdgomareobidan erT-erTi warmoSobs mexsierebis elemen-  

tis maRali donis gamosasvlel Zabvas, xolo meore maTgani – dabali donis ga-

mosasvlel Zabvas. maRali donis Zabvad Cveulebriv iTvleba 4-5 voltis sididis, 

xolo dabali donis Zabvad – 0 voltis sididis Zabva. maRali donis Zabva Cve-

ulebriv logikur (orobiT) erTianad, xolo dabali donis Zabva – logikur 

(orobiT) nulad miiReba (SesaZlebelia Sebrunebuli kodirebis gamoyenebac, rode-

sac logikur erTianad Tvlian dabali donis, xolo logikur nulad – maRali 

donis Zabvas). 

         2.11 naxazze naCvenebia garkveuli Sesasvleli signalis zemoqmedebis 

         gavleniT  mexsierebis aseTi elementis (magaliTad, registris erTi 

         Tanrigis) mdgomareobis Secvlisas mis gamosasvlelze formirebuli 

signali. 0-idan 1-Si da piriqiT 1-dan 0-Si gadasvla myisierad ar xdeba, magram 

drois garkveul momentebSi es signali iRebs mniSvnelobebs, romlebsac kompi-

uteris elementebi aRiqvams rogorc 0-s an rogorc 1-s.  

kompiuteris mexsiereba Seicavs sasruli raodenobis sityvebs, xolo sityvebi 

Sedgeba sasruli raodenobis bitebisagan, amitom kompiuterSi warmosadgeni in-

formaciis moculoba misi mexsierebis tevadobiTaa SezRuduli, xolo cifruli 

informacia kompiuterSi mxolod garkveuli sizustiT SeiZleba iqnes warmodgeni-

li;  

 

 

 

0   1   0   0   1   0   1   0   0   1   1   0   0   1   0   1 

ufrosi  biti  biti umcrosi  biti 

baiti baiti 

sityva 

nax.2.10. bitis, baitis da sityvis mailustrirebeli sqema  

   

 

 

      

 

mexsierebis ujredi ewodeba kompiuteris damxsomebeli mowyobilobis dami-

samarTebad minimalur elements, xolo registri – n Tanrigiani orobiTi ricxve-

bis Senaxvisa da maTze garkveuli operaciebis Sesasruleblad gamoyenebul mimde- 

vrobiTi an paraleluri konfiguraciis mqone logikur (orobiT) mowyobilobas.  

  

 

 

 

 2 
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kompiuterSi gamoiyeneba orobiTi ricxvebis warmodgenis Semdegi ori forma: 

  bunebrivi forma anu fiqsirebuli wertiliani (mZimiani) forma; 

  normaluri forma anu mcuravi wertiliani (mZimiani) forma 

mokled ganvixiloT TiToeuli maTgani. 

 

 

 

 

 

 

 

 

 

 

 

fiqsirebuli wertiliani ricxvebisaTvis gankuTvnil Tanrigobriv bades kompi-

uterSi zogadad aqvs 2.12 naxazze naCvenebi saxe. aseTi formis gamoyenebis dros 

ricxvebis modulis diapazonia: 

                  2-m
    |A|   2n

  - 2-m .                                               (2.30) 

romelime operaciis Catarebis Semdeg Tu miiReba ricxvi, romelic cdeba 

dasaSveb diapazons, maSin Tanrigobrivi bade gadaivseba, rac daarRvevs kompi-

uteris normalur muSaobas. Tanamedrove kompiuterebSi ricxvebis warmodgenis 

bunebrivi forma damxmare formas warmoadgens da mxolod mTeli ricxvebisaTvis 

gamoiyeneba. 

 

niSani  2n-2
                 2

1 
       2

0 

n  

2-1  2-2          2-m 

m 

nax. 2.12.  Tanrigobrivi bade fiqsirebuli wertiliani formisaTvis  

0 

1 

2 

3 

4 

5 

“0” “0” “1” 

signal “1”-is 

Sesabamisi Za- 

 bvebis are 

idealuri 

 signali 

realuri 

 signali 

signal “0”-is 

Sesabamisi Za- 

 bvebis are 

kvebis wyaroebis 

 Zabva voltebSi 

t 

nax.2.11. orobiTi signalis grafikuli warmodgena  

 

 

   

 

 

      

 

        fiqsirebuli wertilis (mZimis) gamoyenebis SemTxvevaSi ricxve- 

         bi gamoisaxeba cifrebis mimdevrobis saxiT, romelSic nebismieri ri-  

        cxvis mTeli da wiladuri nawilebis ganmacalkevebel wertils (mZim- 

es) mudmivad erTi da igive adgili ukavia. 

 3 
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Tvlis orobiTi sistemis dros (e.i. rodesac b=2) mantisas Tanrigebis ra-

odenoba Tu n ricxvis, xolo xarisxis Tanrigebis raodenoba (niSnadi Tanrigebis 

CauTvlelad) r ricxvis tolia, maSin mcuravi wertiliani (mZimiani) ricxvebis 

diapazoni iqneba:  

                   2-n 
 2-k   N   (1 – 2-n

) 2k
                               (2.32) 

sadac k = (2r
 – 1). 

ricxvebis warmodgenis normaluri forma Tanamedrove kompiuterebSi ricxve-

bis warmodgenis ZiriTad formad iTvleba. 

       uniSno mTeli ricxvebis warmodgena kompiuterSi. mTeli ricxve- 

       bi kompiuterSi SeiZleba warmodgenili iyos uniSnod an niSniT. uni-  

      Sno mTeli ricxvebi kompiuteris mexsierebaSi Cveulebriv erTi an ori 

baitis  tol adgils ikavebs (cxr.2.7). ricxvebis mniSvnelobebi erTbaitiani 

formatis dros 00000000(2)_dan  11111111(2)_mde, xolo orbaitiani formatis 

dros -                                        icvleba. ganvixiloT magali- 

Tebi         

a) ricxv 72(10) = 1001000(2)-s erTbaitur formaSi eqneba saxe: 

 

  

 

      b) igive ricxvs orbaitur formaSi eqneba saxe: 

 

 

  

 5 

Tanrigebis nomrebi 

ricxvis bitebi  0    1    0    0    1    0    0    0    

0 1 2 3 4 5 6 7 

0  0  0  0  0  0  0  0  0  1  0  0  1  0  0  0   

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Tanrigebis 

 nomrebi 

 ricxvis bitebi  

  

 

cxrili 2.7. uniSno mTeli ricxvebis 

       mniSvnelobaTa diapazonebi     

      1         0    28 – 1          0     255 

 baitebis    d   i   a   p   a   z   o   n   i 

raodenoba  Canaweri xarisxiT   Cveulebrivi Canaweri  

           

 
      2         0    216 – 1         0    65535 

00000000 00000000-dan 11111111 11111111-mde         

          mcuravi wertilis (mZimis) gamoyenebis dros TiToeuli ricxvi  

          cifrebis ori jgufis saxiT gamoisaxeba. cifrebis pirvel jgufs  

           mantisa, xolo meore jgufs – xarisxi ewodeba; mantisis absolu-

turi sidide (moduli) nulze naklebi unda iyos, xolo xarisxad mxolod mTe-

li ricxvi unda iyos gamoyenebuli. zogadad mcurav wertilian (mZimian) ricxvs 

aqvs Semdegi forma: 

                           A = ±M    ,                       (2.31) 

sadac M aris ricxvis mantisa (laT. mantissa – “darTva”, “danamati”); igi warmo-

adgens ricxvs, romlis absoluturi niSani erTze naklebia, e.i. |M |< 1; p –ricx-

vis xarisxi (p mTeli ricxvia);    b – Tvlis sistemis fuZe. 

 

 4 
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     g) ricxv 65535-s orbaitur formaSi eqneba saxe: 

 

           

 

 

       niSniani mTeli ricxvebis warmodgena kompiuterSi. kompiuteris mexs-                           

       ierebaSi niSniani mTeli ricxvebi Cveulebriv ikaveben erTi, ori an   

     oTxi baitis tol adgils (cxr.2.8) 

 

 

 

 

 

 

cifrul kompiuterebSi niSniani mTeli ricxvebis Caweris Semdegi sami forma 

gamoiyeneba: 

  niSniani mTeli ricxvebis warmodgena pirdapiri kodiT; 

  niSniani mTeli ricxvebis warmodgena damatebiTi kodiT; 

  niSniani mTeli ricxvebis warmodgena Sebrunebuli kodiT; 

mokled ganvixiloT TiToeuli maTgani 

        niSniani mTeli ricxvebis warmodgena pirdapiri kodiT. pirdapiri 

        kodis sityvebi garegnulad orobiTi kodis sityvebis identurebia da 

        isini zogadi saxiT Caiwereba rogorc an-1an-2 … a1 a0. gansxvaveba is aris, 

rom orobiTi kodis SemTxvevaSi umaRles TanrigSi mdgari an-1{0;1} cifri Sedis 

koduri sityvis gamomxatveli ricxvis SemadgenlobaSi, xolo pirdapiri kodis 

SemTxvevaSi igi ar ekuTvnis aRniSnul ricxvs da gamoxatavs danarCen Tan-rigebSi  

 

 

 

 

 

 

 

 

 

 

 

11 12 13 14 15 10 0 1 2 3 4 5 6 7 8 9 

Tanrigebis 

 nomrebi 

 ricxvis bitebi  

  

 

1  1   1  1  1  1   1   1  1  1  1   1  1  1  1   1   

 7 

 6 

cxrili 2.8. niSniani mTeli ricxvebis mniSvnelobaTa diapazonebi     

 baitebis       d   i   a   p   a   z   o   n   i 

raodenoba  Canaweri xarisxiT     Cveulebrivi Canaweri  

                     

 
      1       -27     27 – 1              0       65535 

      2       -215    215 – 1           -32768     32767 

      4       -231    2131 – 1      -2147483648    2147483647 

ricxvis niSani “+” 

0   0   0   0   0   0   0   1 

ricxvi  1(10) = 1(2) 

0   1   1   1    1   1    1   1 

ricxvis niSani “+” 

ricxvi 127(10) = 1 1 1 1 1 1 1(2) 

1   0   0   0   0   0   0   1 

-1 ricxvis pirdapiri kodi 

ricxvis niSani “-” 

0   1   1   1    1   1    1   1 

-127 ricxvis pirdapiri kodi 

ricxvis niSani “-” 

a) 

b) 

nax. 2.13.  dadebiTi (a) da uaryofiTi (b) ricxvebis 

         warmodgena pirdapiri kodebis saxiT 
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mdgari cifrebisagan  warmoqmnili n-1an-2 … a1 a0 ricxvis niSans; kerZod, Tu an-1 = 

0, maSin an-1an-2 … a1 a0  ricxvi dadebiTi niSnisaa, xolo Tu an = 1, maSin an-1an-2 

… a1 a0  warmoadgens uaryofiT ricxvs (nax.2.13). aRniSnulidan gamomdinare n 

Tanrigs ewodeba niSnuri Tanrigi. niSnur Tanrigze mdgar cifrs Tu aRvniSnavT 

    simboloTi, maSin pirdapiri kodis kodur sityvas eqneba saxe:    an-2 … a1 a0 .     

 pirdapiri kodisaTvis samarTliania gamosaxuleba: 

                                       

 

sadac n aris kodis Tanrigebis raodenoba; anS - niSnis Tanrigis mniSvneloba. 

magaliTad, 1011 saxis pirdapir kods Tvlis aTobiT sistemaSi eqneba saxe: 

              A(10) = (-1)
1 

[ 0  2
2
 + 1  2

1
 + 1  2

0 
]  = - 3 

               pirdapiri kodebis saSualebiT ricxvebis warmodgenis dros gamoiyen- 

       ba dadebiTi da uaryofiTi ricxvebi, rac arTulebs kompiuteris  

      stuqturas. aseT SemTxvevaSi sxvadasxva niSnebiani ori ricxvis 

Sekrebis operaciis Sesasruleblad Semdegi sami qveoperaciis Sesrulebaa saWiro: 

 qveoperacia I. Sesakrebi ricxvebidan ganisazRvros udidesi absoluturi mni-

Svnelobis (modulis) mqone ricxvi; 

 qveoperacia II. didi absoluturi mniSvnelobis ricxvs gamoakldes meore ri-

cxvi; 

 qveoperacia III. miRebul Sedegs mieniWos udidesi absoluturi mniSvnelobis 

(modulis) mqone ricxvis niSani. 

erTi operaciis sam qveoperaciad daSlis Tavidan asacileblad kompiuterSi 

uaryofiTi ricxvebis warmodgena xdeba damatebiTi an Sebrunebuli kodebis 

gamoyenebiT. es saSualebas gvaZlevs sxvadasxva niSnebiani ori ricxvis Sekreba 

SevcvaloT dadebiTi ricxvebis SekrebiT, rac ariTmetikul-logikuri mowyo-

bilobis (ix. nax.1.10) struqturis gamartivebis saSualebas iZleva.      

                pirdapiri kodidan damatebiT kodebSi ricxvebis gadayvanis arsi avxs- 

        naT saskolo ariTmetikidan kargad cnobili aTobiTi ricxvebis maga- 

        liTze. am mizniT ganvixiloT virtualuri n =2 Tanrigiani kompiuteri, 

romelic operirebs aTobiT ricxvebze. aseTi kompiuteris registris Tanri-

gobrivi bade 2.13,a naxazzea naCvenebi. masSi SeiZleba Caiweros ricxvebi 00; 01; 

02; ...; 99. aRniSnuli ricxvebis raodenoba b
n
 = 102 =100-is tolia (nax.2.13,b).  

 

 

 

 

 

 

 

 

 

 

anS 
(-1) A(10) = ∑ 

i =0 

n-2 

ai 2
i 

(2.33) 

 8 

 9 

+ 

nax.2.13. damatebiTi kodis arsis mailustrirebeli naxazebi 

a) 

g) 

b) 

1 

 101     100   0      0       

  0      1 

  0      2 

  9      9 

  8     7 

  6     9 

  5      6 

= 100 
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davuSvaT, rom Cvenma virtualurma kompiuterma unda Sekribos sxvadasxva ni-

Sniani A(10)1 = 87 da A(10)2 = -31  ricxvebi, e.i. Seasrulos operacia: 

                    A(10)1 + A(10)2 = 87+(-31).                  (2.34) 

U uaryofiTi aTobiTi A(10)2 Sesakrebis mniSvneloba SevcvaloT ricxviT, romelic 

unda davumatoT am Sesakrebis absolutur  |A(10)2| =31 mniSvnelobas, raTa miRebu-

li iqnes b
n
 = 102= =100 ricxvi. miRebul Sedegs A(10)2 ricxvis 100-mde damateba 

an ubralod damateba vuwodoT da aRvniSnoT |A(10)2|dam. simboloTi. cxadia, rom: 

              |A(10)2|dam. = 100 - 31 = 100 + A(10)2 = 69.               (2.35) 

(2.34)- gamosaxulebaSi A(10)2 ricxvi SevcvaloT misi |A(10)2|dam. damatebiT da 

Cveni virtualuri kompiuteris saSualebiT SevasruloT operacia: 

                A(10)1 + |A(10)2|dam.  = 87 + 69.                (2.36) 

kompiuteris mier aRniSnuli operaciis Sesrulebis Sedegi 2.13,g naxzzea 

naCvenebi. rogorc naxazidan Cans, Sekrebis Sedegad miiReba samniSna ricxvi 156; 

vinaidan Cveni virtualuri aTobiTi kompiuteri orTanrigiania, miRebuli ricxvis 

umaRles Tanrigze mdgari ricxvi 1 ver moTavsdeba kompiuteris Tanrigobriv ba-

deSi da daikargeba, rac miRebuli SedegisaTvis ricxv 100-is daklebis tolfa-

sia. 

(2.35) gamosaxulebis Tanaxmad, uaryofiT Sesakrebs daemata 100, xolo kompi-

uterSi Sesrulebuli manipulaciebis saSualebiT miRebul Sedegs daaklda igive 

ricxvi 100. e.i Sesrulda operacia: 

       A(10)1 + |A(10)2|dam. – 100 = A(10)1 + | A(10)2 +100| - 100 = 

                         = 87 + |-31 + 100| - 100 = 87 + 69 – 100 = 56.                           (2.37) 

aqedan gamomdinare, kompiuteris registrSi darCenili ricxvi 56 warmoadgens 

(2.34) operaciis Sesrulebisas misaReb Sedegs. 100-is gamoklebis operaciis arsia 

is, rom ar xdeba gaTvaliswineba mesame aTobiTi Tanrigis kodisa.  

ganxiluli magaliTidan Cans, rom damatebiTi kodebis SemoRebiT SesaZlebelia 

sxvadasxva niSniani ricxvebis Sekrebis operacia daviyvanoT dadebiTi ricxvebis 

Sekrebis operaciamde da Tavidan aviciloT erTi operaciis sam qveoperaciad da-

Slis aucilebloba.  

 

         amgvarad, Tvlis b fuZis mqone sistemiT warmodgenili n-Tanrigiani 

         mTeli K ricxvis damateba ewodeba sxvaobas: 

                          M = b
n
 - |K|.                                                  (2.38) 

radgan sxvadasxva mTeli dadebiTi n-Tanrigiani ricxvebis saerTo raodenoba b
n-s 

tolia [(0-dan (bn-1)-mde],  amitom  am ricxvebidan naxevari [(0-dan 
  

 
  )-mde] 

ganixileba rogorc dadebiTi, xolo  meore naxevari – rogorc  uaryofiTi (anu 

rogorc pirvel naxevarSi Sesuli ricxvebis damatebebi). aseTi ricxvebis srul 

nakrebs ewodeba damatebiT kodiT warmodgenili ricxvebi (cxr.2.9). [6; 10]                                           

damatebebis (uaryofiTi ricxvebis kodebis) miRebis sisworis Sesamowmeblad 

0 kodis zemoT da qvemoT simetriulad ganTavsebuli ricxvebi unda SevkriboT. 

magaliTad:  

a) 5-Tanrigiani aTobiTi ricxvebisaTvis: 

               

 

 

 

 

 

99999 + 00001 = 1 00000; 

99998 + 00002 = 1 00000; 

 

 

50001 + 49999 = 1 00000  
 

 10 
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    b) 4-Tanrigiani TeqvsmetobiTi ricxvebisaTvis: 

           
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FFFF  +  0001  =  1 0000 

FFFE  + 00000000 –  

 00011111 

 

 0002  =  1 0000 

 

 

 

d
 
a 
d
 
e 
b 
i 
T
 
i 
 
 
r
 
i 
c
 
x
 
v 
e 
b 
i 
 

u
 
a 
r
 
y 
o
 
f
 
i 
T
 
i 
 
 
 
r
 
i 
c
 
x
 
v 
e 
b 
i 

 d  a  m  a  t  e  b  i  T  i        k  o  d  e  b  i :   

 

5-Tanrigiani 

aTobiTi ri- 

cxvebis pir- 

dapiri kodi 

 

5-Tanrigiani 

aTobiTi ri- 

  cxvebis  

 

 4-Tanrigiani 

TeqvsmetobiTi  

  ricxvebis  

 

      16-Tanrigiani 

        orobiTi  

       ricxvebis  

 
 -50 000        50 000     

         -2          99 998         FFFE                 1  111  1111  1111  1110                

  -49 998        50 002 

 -49 999        50 001 

 

   -32 769        67 231 

   -32 768        67 232         8000        1 000 0000 0000 0000                   

   -32 767        67 233         8001         1 000 0000 0000 0001                   

         -3          99 997         FFFD                 1  111  1111  1111  1101                               

         -1          99 999         FFFF                  1  111  1111  1111  1111                    

          0          00 000         0000        0 000 0000 0000 0000 

         +2          00 002        0002                    0 000 0000 0000 0010       

    +1          00 001         0001         0 000 0000 0000 0001 

 

         +3          00 003         0003        0 000 0000 0000 0011 

 

   +32 766       32 766          7FFE                0  111  1111  1111  1110          

   +32 767       32 767          7FFF                0  111  1111  1111  1111         

   +32 768       32 768          

 

   +49 998      49 998          

   +49 999      49 999          

cxrili 2.9. ricxvebis damatebiTi kodebi 

0 00 000 0000 0 000 0000 0000 0000 
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 g) 16-Tanrigiani orobiTi ricxvebisaTvis: 

 

 

 

 

 

magaliTebidan Cans, rom aseTi Sekrebis Sedegad miiReba ricxvebi:  

                      105 = (1 00 0000)(10), 

                        164 = (1 0000)(16), 

 

                216 = (1 0 000 0000 0000 0000)(2). 

   ricxvebis Tanrigianoba radgan Sesabamisad 5; 4 da 16 raodenobis TanrigebiTaa 

SezRuduli, amitom miRebuli jamebis ufros TanrigebSi arsebuli erTianebi ar 

gaiTvaliswineba, vinaidan isini “cdebian” Tanrigobriv bades. aRniSnulidan gamom-

dinare, TiToeuli jami nulis tolia, e.i. sididiT erTnairi da niSnebiT gansxva-

vebuli ricxvebis Sekrebis Sedegad miiReba nuli, rac adasturebs uaryofiTi ri-

cxvebisaTvis kodebis miRebis siswores.  

           ricxvis damateba SeiZleba miviRoT zemoT moyvanili gamoklebis ope- 

           raciis Seusruleblad. amis saCveneblad (2.38) gamosaxuleba ase gad- 

        avweroT: 

                 M = b
n 

- |K| = [(b
n
 – 1) - |K|] + 1.                                (2.39) 

Aam gamosaxulebaSi arsebuli (bn
 – 1) ricxvi Sedgeba umaRles (p-1) TanrigSi 

mdgari n raodenobis cifrebisagan; sxva sityvebiT rom vTqvaT (b
n
 – 1) ricxvi 

warmoadgens b fuZis mqone Tvlis sistemaSi gamoyenebuli yvelaze maRali cifri-

sagan Semdgar n-Tanrigian ricxvs. magaliTad 2.9 cxrilSi ganxilul aTobiT, 

TeqvsmetobiT da orobiT sistemebSi gamoyenebuli yvelaze maRali cifrebia Sesa-

bamisad 9; F da 1;  amitom (b
n
 – 1) ricxvs eqneba saxe 

  5-Tanrigiani aTobiTi ricxvebis SemTxvevaSi – (10
5
 – 1) = 99999;  

  4-Tanrigiani TeqvsmetobiTi ricxvebis SemTxvevaSi – (16
4
 – 1) = FFFF; 

    16-Tanrigiani orobiTi ricxvebis SemTxvevaSi – 

                                     - (216
– 1) = 1 111 1111 1111 1111. 

aRniSnulis gamo (b
n
 – 1) - |K| sxvaoba  SeiZleba miviRoT (p-1) ciframde K 

ricxvSi Semavali TiToeuli cifris damatebis (anu, Semavsebeli ricxvis) povnis 

gziT; am ukanasknels Tu davumatebT 1-s, maSin miviRebT K ricxvis saZebn damate-

biT kods. 

magaliTad, davuSvaT, rom viyenebT Tvlis aTobiT sistemis 2-Tanrigian ricx-

vebs, mocemuli gvaqvs ricxvi -31 da saWiroa vipovoT am ricxvis damatebiTi ko-

di. aseT SemTxvevaSi (2.39) miiRebs saxes: 

   M = 10
2 

- |-31| = [(10
2
 – 1) - 31] + 1 = [(100 -1) – 31] + 1 =  

                                                          = [ 99 - 31 ] + 1 = 68 + 1 = 69  ,                (2.40) 

rac emTxveva (2.35) gamosaxulebiT miRebul Sedegs.  

                        Tvlis orobiT sistemaSi gamoyenebuli TiToeuli cifris 1-mde da- 

            mateba (1-mde Semavsebeli ricxvi) udris am cifris inversias (0-is 

        inversiaa 1, xolo 1-is inversia – 0), amitom (2.39) gamosaxulebis 

daxmarebiT metad martivia orobiTi ricxvis damatebiTi kodis povnis wesi, 

romelic SeiZle-ba ase iqnes formulirebuli: 

 10 

 11 

1 111 1111 1111 1111 + 0 000 0000 0000 0001 = 1 0 000 0000 0000 0000 

1 111 1111 1111 1110 + 0 000 0000 0000 0010 = 1 0 000 0000 0000 0000 
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magaliTi. vipovoT 16-Tanrigiani K = 0 000 0010 1100 0101 ricxvis dama-

tebiTi kodi. visargebloT zemoT formulirebuli wesebiT: 

K1) mocemuli K ricxvis TiToeuli cifris inversirebiT miviRoT mocemuli 

ricxvis Sebrunebuli  ̅  kodi: 

                      ̅ = 1 111 1101 1100 1010; 

K ricxvis Sebrunebul  ̅  kodze 1-is mimatebis gziT miviRebT K ricxvis Se-

sabamis damatebiT kods: 

                     1 111 1101 0011 1010 

                                                    

                   1 111 1101 0011 1011 

maSasadame,  K = 1 111 1101 1100 1010  ricxvis  damatebiT  kods  warmoadgens  

 ̅ +1 = 1 111 1101 0011 1011 ricxvi. maTi Sekreba gvaZlevs 216 =                  

(10 000 0000 0000 0000)(2) ricxvs. miRebuli Sedegis udides TanrigSi mdgari 

cifri 1 cdeba 16-Tanrigobriv bades, amitom igi ar gaiTvaliswineba da Sekrebis 

Sedegad miiReba nulovani Sedegi, rac adasturebs Catarebuli operaciis siswo-

res.  

           orobiTi ricxvis damatebiTi kodis ufrosi biti asrulebs ricxvis  

            niSnis funqcias, e.i. dadebiTi ricxvebisaTvis igi 0-is toli iqneba,  

            xolo maTi damatebebisaTvis (uaryofiTi ricxvebisaTvis) – 1-is 

toli. amave dros dadebiTi ricxvebi damatebiT kodebSi iseve gamoisaxeba, 

rogorc pirdapir kodSi – orobiTi ricxvebiT, romlis niSnur TanrigSi dgas 

cifri 0.  

damatebiTi kodisaTvis samarTliania Tanafardoba: 

                                       

                                                                                     

 

   

                                       

 

 

xolo    

 
  - ricxvis damatebiTi kodis i-uri cifrebia. 

magaliTad, orobiT ricxvs Tu damatebiT kodSi aqvs saxe 1011, maSin aseTi 

ricxvis aTobiTi Canaweri iqneba: 

              

 

 

       uaryofiTi orobiTi mTeli ricxvebis warmodgena Sebrunebuli kodiT.                                                           

               uaryofiTi orobiTi ricxvis Sebrunebuli kodis misaRebad saWiroa  

       ricxvis absoluturi mniSvnelobis orobiTi kodis TiToeuli cifris 

invertireba movaxdinoT; es niSnavs imas, rom aRniSnul kodSi arsebuli nulebi 

 12 

(2.41)   

 
 2i

, 
∑    
i =0 

n-2 

A(10) = anS (-2
n-1

) + 

 A(10) = 1   (-2
3
) + [ 0   2

2  
+ 1   2

1 
 + 1   2

0
]  = -8 + 3 = -5.       

 

 13 

+ 1 

0, dadebiTi ricxvebisaTvis 

1, uaryofiTi ricxvebisaTvis 
sadac anS = ;      n - samanqano sityvis Tanrigianobaa, 

n-niSna orobiT K ricxvis Sesabamisi damatebiTi kodis sapovnelad saWiroa: 

1) movaxdinoT K ricxvis TiToeuli cifris inversireba (e.i. cifrebi 0 

SevcvaloT cifrebiT 1, xolo cifrebi 1 SevcvaloT cifrebiT 0), ris Sedegadac 

miiReba K ricxvis inversirebuli (Sebrunebuli) ricxvi, romelic aRvniSnoT  ̅ 

simboloTi. 

2) K ricxvis Sesabamisi damatebiTi kodis misaRebad SevasruloT operacia: 

  ̅ +1 
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SevcvaloT erTianebiT, xolo erTianebi - nulebiT. am dros unda gvaxsovdes, rom 

uaryofiT ricxvebze Casatarebeli yvela operacia samanqano sityvis formatSi 

sruldeba. es niSnavs, rom orobiT ricxvs marcxniv miewereba imdeni nuli, ramde-

nic aucilebelia saWiro raodenobis Tanrigebis arsebobis uzrunvelsayofad. 8-

Tanrigiani samanqano sityvebis magaliTebi 2.15 naxazzea moyvanili. 

 

 

 

 

 

 

 

 

Sebrunebuli kodisaTvis samarTliania Semdegi Tanafardoba:   

    

                                                                                                            

 

 

  xolo    
   - ricxvis Sebrunebuli kodis i-uri cifrebia. 

magaliTad, orobiT ricxvs Tu damatebiT kodSi aqvs saxe 1010, maSin aseTi 

ricxvis aTobiTi Canaweri iqneba: 

 

 

dadebiTi ricxvebisaTvis anS = 0 da Sebrunebul kodSi ricxvis warmodgena 

mTlianad emTxveva pirdapir da damatebiT kodebSi am ricxvis warmodgenas. 

amgvarad, dadebiTi ricxvebi rogorc pirdapir, aseve Sebrunebul da damate-

biT kodebSi erTnairad gamoisaxeba: niSnis TanrigSi maT aqvT cifri 0. 

Cveulebrivad kompiuterSi Seyvanis dros uaryofiTi ricxvebi avtomaturad 

gardaiqmneba Sebrunebul an damatebiT orobiT kodebad; aseTi saxiT xdeba me-

xsierebaSi maTi Senaxva, agreTve gadaadgileba da operaciebSi monawileoba. kompi-

uteridan aseTi ricxvebis gamotanis dros isini xelaxla gardaiqmneba uaryofiT 

aTobiT ricxvebad. 

   dadebiTi ricxvebisaTvis pirdapiri, Sebrunebuli da damatebiTi kodebi erTma-

neTs emTxveva. 

2.6. kompiuterebSi namdvili ricxvebis   

warmodgenis problema  

   

      namdvili ricxvi warmoadgens maTematikur abstraqcias, romelic war- 

     moiSva gare samyaros geometriuli da fizikuri sidideebis gazomvis sa-  

        WiroebisaTvis, agreTve iseTi operaciebis Casatareblad, rogorebicaa 

amofesva, logariTmebis gamoTvla da algebruli gantolebebis amoxsna. 

  
  2i

, 
∑    
i =0 

n-2 

A(10) = anS (-2
n-1

+1) + (2.42) 

0, dadebiTi ricxvebisaTvis 

1, uaryofiTi ricxvebisaTvis 
sadac anS = ;  n - samanqano sityvis Tanrigianobaa, 

 A(10) = 1   (-2
3
 + 1) + [ 0   2

2  
+ 1   2

1 
 + 0   2

0
]  = -7 + 2 = -5.       

 

 1 

ricxvi: -1; 

ricxvis modulis kodi: 00000001; 

ricxvis Sebrunebuli kodi: 11111110;  

 
1  1  1  1  1  1  1  0 

ricxvi: -127; 

ricxvis modulis kodi: 01111111; 

ricxvis Sebrunebuli kodi:10000000; 

 
1  0  0  0  0  0  0  0 

a) b) 

nax. 2.15. 8-Tanrigiani samanqano sityvebis magaliTebi 
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kompiuterSi namdvili ricxvebis warmodgena aucilebelia iseTi amocanebis ga-

dasawyvetad, rogorebicaa: 

  orbitidan miRebuli suraTebiT okeaneSi mowinaaRmdegis wyalqveSa navis aR-

moCena; 

  balistikuri raketebisa da kosmosuri aparatebis traeqtoriebis gamoTvla 

da a.S.  

Cven mier zemoT ganxiluli mTeli ricxvebis simravle usasruloa, magram 

yovelTvisaa SesaZlebeli iseTi raodenobis Tanrigebis SerCeva, rom SesaZlebeli 

iyos nebismieri mTeli ricxvis zustad warmodgena.  

namdvili ricxvebis simravle ara marto usasruloa, aramed uwyveticaa; 

uwyvetoba niSnavs, rom nebismier ragind uaxloes or ricxvs Soris arsebobs 

usasrulo raodenobis namdvili ricxvebi. aseTi simravlis dros ra raodenobis 

Tanrigebic ar unda aviRoT, garkveuli operaciebis Sesrulebis procesSi yovel-

Tvis SeiZleba warmoiSvas iseTi namdvili ricxvi, romlis zustad warmodgena Se-

uZlebeli iqneba.  

aRniSnulidan gamomdinare, namdvili ricxvebis warmodgenisaTvis saWiroa ise-

Ti forma iqnes SerCeuli, rom misaRebi iyos aRniSnuli ricxvebis rogorc si-

zuste, aseve diapazoni. 

 sizustesa da miRebuli mniSvnelobebis diapazons Soris kompromisuli gada-

wyvetis erT-erT SesaZlo xerxs warmoadgens namdvili ricxvebis warmosadgenad 

mcuravi mZimiani (wertiliani) ricxvebis formis gamoyeneba (ix. gamosaxuleba 

(2.31)):   

                        A = ±M    ,                        

sadac M aris ricxvis mantisa, romelic warmoadgens absoluturi mniSvnelobiT 

erTze nakleb ricxvs (|M |< 1); p –ricxvis xarisxia (p mTeli ricxvia), xolo  b 

– Tvlis sistemis fuZe. 

 

 

 

magaliTad, aTobiTi 347.38 da orobiTi 1101.01 ricxvi SeiZleba ase iqnes war-

modgenili: 

 

 

 

 

 

 

 

zemoT ganxiluli magaliTebidan Cans, rom ricxvis mTeli da wiladuri nawi-

lis gamyofi wertili     sididis cvlilebaze damokidebulebiT icvlis Tavis 

adgils; e.i. misi ganTavsebis adgili zustad ki ar aris dafiqsirebuli, aramed 

“curavs”; amitom ewodeba ricxvis warmodgenis aseT formas mcuravi wertiliani 

forma.  

 

 

 

 

programebSi namdvili ricxvebis Casawerad CvenTvis kargad nacnobi mZimis na-

cvlad gamoiyeneba wertili, amitom maTi Caweris formas mcuravi wertiliani 

forma ewodeba.  

 

      1101 01 = 110101  10-10  = 1101 01  100  = 11 0101  1010 = 

             = 0 110101  10100  = 0 0100101  10101  

               

               

     

347 38 = 347380 10-3 = 34738 10-2 = 34738 10-1 = 347 38 100 = 3 4738 101 = 

       = 3 4738 102 = 0 34738 103 = 0 034738 104    
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        “mcuravi” wertili Tu mantisis pirveli cifris win aris ganTavseb- 

         li, maSin mantisisaTvis gamoyofili fiqsirebuli raodenobis Tanr-  

      igebis dros SesaZlebelia ricxvis maqsimaluri raodenobis niSnadi 

cifrebis Cawera iqnes uzrunvelyofili; es zrdis ricxvis warmodgenis si-

zustes. aqedan gamodis, rom mantisa unda iyos swori wiladi (|M| < 1), ro-

melSic wiladuri nawilis (e.i. wertilis Semdeg mdgari) pirveli a cifri 

gansxvavdeba nulisagan   (|M| = 0,a…); radgan Tvlis orobiTi sistemisaTvis nu-

lisagan gansxvavebuli cifri erTis tolia, e.i.  a = 1, amitom aseTi sistemis 

gamoyenebis SemTxvevaSi  |M| = 0,1…; 

 swori wiladis saxiT gamosaxul ricxvs, romelSic wiladuri nawilis pir-

veli cifri gansxvavdeba nulisagan, normalizebuli ricxvi ewodeba. Tvlis oro-

biT sistemaSi normalizebuli mantisa yovelTvis warmoidgineba 0,5-dan 1-mde di-

apazonSi mdebare aTobiTi n ricxviT, e.i sruldeba piroba  

                              0,5  n < 1.                        (2.43) 

Tvlis aTobiT da orobiT sistemebSi warmodgenili normalizebuli ricxvebis 

magaliTebia: 

 

 

 

                         

kompiuterSi namdvili ricxvebis warmosadgenad, rogorc wesi, gamoiyeneba Sem-

degi sami saerTaSoriso standartuli formati: 

 erTmagi sizustis formati; 

 ormagi sizustis formati;  

 gafarToebuli sizustis formati. 

aRniSnuli formatebi ricxvebs sxvadasxva sizustiT warmoadgens, magram maTi 

struqturebi erTnairia (nax. 2.16). 

 

 

 

 

 

 

saWiroa aRiniSnos, rom namdvili ricxvebis warmosadgenad gamoyenebuli ze-

moT aRniSnuli formatebi, romlebSic mantisis Sesanaxad m raodenobis Tanri-

gebia gamoyofili, SesaZlebelia gamoviyenoT m–Tanrigiani mTeli ricxvebis abso-

luturad zustad warmodgenisaTvisac. sxva sityvebiT rom vTqvaT, nebismieri mTe-

li ricxvi, romlis Tanrigebis raodenoba m-s ar aRemateba, daumaxinjeblad Se-

iZleba gardaiqmnas namdvil formatad.    

         n-Tanrigiani normalizebuli ricxvis xarisxis Casawerad gamoiyene- 

                  ba wanacvlebis mqone kodi. aseTi kodi saSualebas gvaZlevs xarisx- 

      ebze operaciebi uniSno ricxvebze Casatarebeli operaciebis msgavsad 

CavataroT; es zogadad amartivebs Sedarebis, Sekrebisa da gamoklebis operaciebs, 

 2 

     aTobiTi sistema                      orobiTi sistema 

   865 28 = 0 86528  103     - 101 01 = - 0 10101  211 (xarisxi 11(2) = 3(10) 

   -0 000067 = - 0 67  10
4   0 000011 = 0 11  2-101 (xarisxi -100(2) = -4(10)) 

  

   

 

n - 1 n - 2 m  m - 1  1  0 

x a r i s x i mantisis absoluturi 

m n i S v n e l o b a 
mantisis 

 niSani 

nax. 2.16.  namdvili ricxvebis warmodgenis formatis zogadi struqtura   

 3 
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maT Soris Tavad normalizebuli ricxvebis Sedarebis operaciasac. aseTi kodebis 

didi mniSvnelobis gamo maT qvemoT calke ganvixilavT. 

niSnis warmosadgenad gamoiyeneba erTi biti. aRniSnuli biti Tu 0-is tolia, 

maSin saqme gvaqvs dadebiT namdvil ricxvTan, xolo Tu igi 1-is tolia, maSin – 

uaryofiT namdvil ricxvTan;  

mantisa, romelsac “wiladic” ewodeba, gviCvenebs warmosadgeni namdvili ri-

cxvis niSnad cifrebs. mantisis Casawerad Cven mier zemoT ganxiluli pirdapiri 

kodi SeiZleba gamoviyenoT.    

rac ufro meti raodenobis Tanrigebi gamoiyofa mantisis Casawerad, miT uf-

ro metia ricxvis warmodgenis sizuste. rac ufro met Tanrigebs Seicavs xari-

sxi, kompiuterSi gamoyenebuli formatis dros miT ufro farToa ricxvebis war-

modgenis diapazoni; es niSnavs, rom miT ufro metia umcires da udides ricx-

vebs Soris moTavsebuli ricxvebis raodenoba.  

          ramdenadme dawvrilebiT ganvixiloT namdvili ricxvebis warmosad- 

          genad gamoyenebuli saerTaSoriso standartuli formatebi. 

            erTmagi sizustis formati gamoiyeneba 32-Tanrigiani norma-

lizebuli namdvili ricxvebis warmosadgenad; misi zogadi struqturuli sqema 

2.17 naxazzea naCvenebi.  

 

 

 

 

 

 

  

 

rogorc naxazidan Cans, erTmagi sizustis formatis dros niSnis Casawerad 

gamoiyofa erTi, xolo xarisxis Casawerad – 8 (23-dan dawyebuli 30-is CaTvliT 

damTavrebuli) biti. mantisa Taviseburad Caiwereba. vinaidan Tvlis orobiTi sis-

temis gamoyenebis dros mantisis pirveli cifri yovelTvis 1-is tolia, igi 

mexsierebaSi ar inaxeba da faruli biti ewodeba; mantisis Casawerad mexsierebaSi 

mxolod 23 (0-dan dawyebuli 22-is CaTvliT damTavrebuli) bitia  gamoyofili. 

am ukanasknels, rogorc 2.16 naxazidan Cans, emateba faruli biti, da mantisis 

Casawerad sul (23+1)=24 raodenobis biti gamoiyeneba. mantisis aseTi saxiT wa-

rmodgena ramdenadme amaRlebs namdvil ricxvebze Casatarebeli operaciebis Se-

srulebis siCqares. 

 

 

 

 

 

 

 4 

nax. 2.18. namdvili ricxvebis warmodgenis 

       ormagi sizustis formati 
 

faruli biti 

niSani 

0/1 0/1  0/1         0/1               0/1  0/1                   0/1               

xarisxi (11 biti) mantisa (52 + 1 biti) 

1 

0 51 52 62 

nax. 2.17. namdvili ricxvebis warmodgenis erTmagi sizustis formati 

niSani 

0/1 0/1  0/1         0/1               0/1  0/1                   0/1               

xarisxi (8 biti) mantisa (23 + 1 biti) 

1 

0 22 23 30 

faruli biti 
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aRniSnuli formatis gamoyenebis dros namdvili ricxvebis warmodgenis diapa-

zonia 10-42... 1038.  

  ormagi sizustis formati gamoiyeneba 64-Tanrigiani normalizebuli na-

mdvili ricxvebis warmosadgenad; misi zogadi struqturuli sqema 2.18 naxazzea 

naCvenebi.  

rogorc naxazidan Cans, ormagi sizustis formatis dros niSnis Casawerad ga-

moiyofa erTi, xolo xarisxis Casawerad – 11 (52-dan dawyebuli 62-is CaTvliT 

damTavrebuli) biti. mantisis Casawerad mexsierebaSi 52 (0-dan dawyebuli 51-is 

CaTvliT damTavrebuli) bitia  gamoyofili. mas emateba faruli biti da amis ga-

mo mantisis Casawerad sul (52+1)=53 raodenobis biti gamoiyeneba.  

aRniSnuli formatis gamoyenebis dros namdvili ricxvebis warmodgenis diapa-

zonia 10-324 ... 10308.    

    gafarToebuli sizustis formati gamoiyeneba 80-Tanrigiani aranorma-

lizebuli namdvili ricxvebis Sesanaxad (nax.2.19). 

 

 

 

 

 

 

 

mocemul SemTxvevaSi niSnis Casawerad gamoyofilia erTi, xolo xarisxis Ca-

sawerad – 15 (64-dan dawyebuli 78-is CaTvliT damTavrebuli) biti. faruli bi-

ti ar gamoiyeneba da mantisis Casawerad sul gamoyofilia mexsierebaSi arsebuli 

64 (0-dan dawyebuli 63-is CaTvliT damTavrebuli) biti.    

       ganvixilo namdvili ricxvebis mcuravi wertiliani formiT warmodge-  

      nis magaliTi. 

aTobiTi -247,375  ricxvi warmovadginoT namdvili ricxvebisaTvis gankuTvnil 

zemoT ganxilul formatebSi. amisaTvis igi, upirveles yovlisa, gardavqmnaT 

orobiT ricxvad: 

               (247,375)(10) = 11110111.011(2).  

miRebuli ricxvisaTvis WeSmariti xarisxi +7(10) = 111(2)-is tolia. wana-

cvlebuli kodis gamoyenebis SemTxvevaSi xarisxi Semdegnairad iqneba warmodgeni-

li: 

  erTmagi sizustis formatisaTvis: 134(10) = 10000110; 

  ormagi sizustis formatisaTvis:  1030(10) = 10000000110; 

  gafarToebuli sizustis formatisaTvis: 16390(10) =100000000000110.  

2.20 naxazze gansaxilveli ricxvi warmodgenilia zemoT ganxiluli formate-

bis gamartivebuli gamosaxulebebiT. 

normalizebuli formiT SeuZlebelia warmodgenili iyos niSniani nuli; aseTi 

ricxvis warmosadgenad kompiuterSi darezervebulia mantisis da xarisxis speci-

aluri mniSvnelobebi (nax.2.21); mantisisa da xarisxis aseTive specialuri mni-

Svnelobebia darezervebuli  niSniani usasrulobis warmosadgenadac (nax. 2.22). 

 

 

 

 5 

niSani 

xarisxi (15 biti) mantisa  (64 biti) 

0/1 0/1 0/1 0/1 0/1 0/1 0/1 

0 63 64 78 

nax. 2.19. namdvili ricxvebis warmodgenis gafarToebuli sizustis formati 
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sainteresoa aRiniSnos, rom kompiuterul mecnierebaSi cnobil mecnier fon 

neimans (romelsac fenomanuri mexsierebis gamo SeeZlo daemaxsovrebia yvelaferi, 

rac ki odesme gaegona, enaxa Tu waekiTxa [36]) miaCnda, rom nebismier mcodne ma-

Tematikoss SeeZlo ricxvis wiladuri nawilis damaxsovreba da 1952 wels kons-

truirebul IAS kompiuterSi ar gamoiyena mcuravi wertiliani ricxvis damamuSa-

vebeli procesori. aseTi procesori pirvelad IBM firmam gamoiyena 1956 wels 

mis mier gamoSvebul eleqtronul milakian 704–tipis kompiuterSi. 
 

2.7. wanacvlebuli anu siWarbis mqone 

kodi 

 

      wanacvlebuli anu siWarbis mqone orobiTi kodi gamoiyeneba mcura- 

       vi wertiliani ricxvebis xarisxis Casawerad. rogorc wina paragraf- 

Si vaCveneT, mcuravi wertilis formiT ricxvebis warmodgenis dros xarisxebad 

SeiZleba gamoyenebuli iqnes rogorc dadebiTi ise uaryofiTi mTeli ricxvebi. 

aRniSnul ricxvebs Tu SevcvliT wanacvlebuli orobiTi kodebiT, maSin xarisxis 

maCveneblebad gamoyenebuli iqneba mxolod dadebiTi orobiTi ricxvebi; es ama-

rtivebs xarisxebze Sedarebis, Sekrebisa da gamoklebis operaciebis Sesrulebas. 

garda amisa, wanacvlebul kodebs gaaCnia metad saintereso Semdegi Tviseba: 

 1 

= ±  0 0 0 0 0 0 0 0 0 0 

 mantisa 

1 1  1  1  1  1  

 

0/1 

niSani 

xarisxi 

nax. 2.22. niSniani usasrulobis warmodgena 

= ± 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  1 

 mantisa  

0/1 

niSani 

xarisxi 

nax. 2.21. niSniani nulis warmodgena 

nax.2.20. ricxvis warmodgena gamartivebuli saerTaSoriso formatebiT  

faruli 

b i t i  niSani 

erTmagi sizustis 

ormagi sizustis 

gafarToebuli 

  sizustis 

 x a r i s x i 

100000000000110 

  10000000110 

   10000110 1 

1 

1 

1 

1 

1111011101100         00 

111011101100       00 

111011101100       00 

   m a n t i s a     
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 A1 da A2 ricxvebis xarisxis maCveneblad gamoyenebuli wanacvlebuli [A1]w. 

da [A2]w. kodebisaTvis Tu sruldeba [A1]w. < [A2]w. utoloba, maSin A1 < A2.  

erTmagi, ormagi da gafarToebuli formatiT warmodgenili namdvili ricx- 

vebis Tanrigebis maqsimaluri raodenobebi Sesabamisad 24-is, 53-isa da 64-is to-

lia, xolo maT xarisxebad gamoiyeneba Sesabamisad 8; 11 da 15 Tanrigebiani wana-

cvlebuli koduri sityvebi.  zemoT formulirebuli Tvisebis Tanaxmad 24-, 53- 

da 64-Tanrigebiani ricxvebis Sedarebis operaciebi SesaZlebelia daviyvanoT Sesa-

bamisad  8-, 11- da 15-Tanrigebiani ricxvebis Sedarebis operaciebamde, rac gaci-

lebiT advili Sesasrulebelia. 

zemoT aRniSnulidan gamomdinare, ganvixiloT wanacvlebuli, anu siWarbis 

mqo-ne orobiTi kodis formirebis procesi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         wanacvlebuli kodis formirebis zogadi algoriTmi aseTia: 

              1. SevarCioT Tanrigobrivi badis n sigrZe (n warmoadgens ricxvs 

            romelic gviCvenebs wanacvlebuli koduri sityvebis Casawerad gamo- 

yofili Tanrigebis raodenobas; magaliTad, kompiuterSi namdvili ricxvebis Casa-  

werad Tu SerCeulia saerTaSoriso standartiT gaTvaliswinebuli erTamagi si-

zustis, ormagi sizustis an gafarToebuli sizustis formati, maSin n-is mni-

Svnelobad  unda SevarCioT Sesabamisad 8, 11 an 15 ricxvebi); 

2. svetis saxiT (erTmaneTis qvemoT) klebadobis niSnis mixedviT CamovweroT 

n–Tanrigiani yvela orobiTi ricxvi; 

3. Camowerili orobiTi ricxvebidan amovarCioT 2n-1
 mniSvnelobis mqone ri-

cxvi da mas aTvlis saTave vuwodoT; aseTia ricxvi, romelSic cifri 1 dgas 

mxolod n-1 TanrigSi, xolo yvela danarCeni Tanrigi Sevsebulia cifrebiT 0. 

magaliTad n = 8; 11, 15-is dros aTvlis saTaveebs warmoadgens ricxvebi, rom-

melTa mniSvnelobebia Sesabamisad: 27 = 128; 210 = 1024; 214 = 16384. aseTi 

ricxvebia: 

                        10000000; 

                    10000000000; 

                  10000000000000; 

rogorc Cans, TiToeuli aseTi ricxvisTvis cifri 1 mxolod (n-1)-e TanrigSia 

moTavsebuli, xolo danarCeni Tanrigebi 0-ebiTaa Sevsebuli. 

4. aTvlis saTaved SerCeul n-Tanrigian orobiT ricxvs mivaniWoT aTobiTi 

mniSvneloba 0 da CavTvaloT, rom misi saSualebiT warmodgenilia aTobiTi  ri-

cxvi 0; 

 5. aTvlis saTavis zemoT mdebare n-Tanrigian orobiT ricxvebs zrdis kva-

lobaze mivaniWoT aTobiTi mniSvnelobebi 1; 2; 3; ... da CavTvaloT, rom maTi sa-

SualebiT warmodgenilia Sesabamisad dadebiTi aTobiTi ricxvebi 1; 2; 3; ...;  

6. aTvlis saTavis qvemoT mdebare n-Tanrigian orobiT ricxvebs klebadobis 

kvalobaze mivaniWoT aTobiTi mniSvnelobebi -1; -2; -3; ... da CavTvaloT, rom maTi   

saSualebiT warmodgenilia Sesabamisad uaryofiTi aTobiTi ricxvebi -1; -2; -3; 

...; 

7. n-Tanrigiani orobiTi ricxvebis erTobliobas, romlebiTac warmodgenilia 

aTobiTi ...; 3; 2; 1; 0; -1; -2; -3; ... ricxvebi, ewodeba wanacvlebuli kodi anu 2n-

1
  siWarbis mqone orobiTi kodi; es ukanaskneli saxeli kods imitom ewodeba, 

rom masSi Semavali TiToeuli orobiTi ricxvis mniSvneloba 2n-1
-iT aRemateba 

mis mier warmodgenili aTobiTi ricxvis mniSvnelobas.    

8. algoriTmis dasasruli. 

 

 2 
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Tanrigebis badis sigrZe Tu 3-is an 4-is tolia, am SemTxvevaSi zemoT for-

rmulirebuli algoriTmiT formirdeba Sesabamisad 23-1=4 da 24-1=8 siWarbis mqo-

ne orobiTi kodebi. aseTi kodebis formirebis procesi Sesabamisad 2.10a,b naxaze-

bze moyvanil cxrilebSia ilustrirebuli. 

3-Tanrigobrivi badis gamoyenebis SemTxvevaSi wanacvlebis mqone formatSi 

aTobiTi 3; 2; 1; 0; -1; -2; -3; -4 ricxvebi warmoidgineba 3-Tanrigiani Semdegi 

orobiTi ricxvebiT: 111; 110; 101; 100; 011; 010; 001; 000 (nax.2.23,a). 

 4-Tanrigobrivi badis gamoyenebis SemTxvevaSi wanacvlebis mqone formatSi 

aTobiTi 7; 6; 5; 4; 3; 2; 1; 1; 0; -1; -3; -4; -5; -6; -7; -8  ricxvebi warmoidgineba 

4-Tanrigiani orobiTi ricxvebiT: 1111; 1110; 1101; 1100; 1011; 1010; 1001; 1000; 

0111; 0110; 0101; 0100; 0011; 0010; 0001; 0000 (nax.2.21,b).          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

      {3;2;1;0;-1;-2;-3;-4} = 

= {111;110;101;100;011;010;001;000}. 

  

             {7;6;5;4;3;2;1;0;-1;-2;-3;-4;-5;-6;-7;-8} = 

{1111;1110;1101;1011;1010;1001;1000;0111;0110;0101;0100;0011;0010;0001;0000}. 

 

 

    

  

aTvlis saTave 

   8       1000        0   

koduri 

kombna- 

ciis no- 

  meri 

kodi 

8-is 

siWar- 

 biT 

 

   

aTob- 

 iTi 

mniSvn- 

eloba 

  

  

 

   

      15       1111         7 

           

 

      14       1110        6         

7 

           

 

      13       1101         5        

7 

           

 

      12       1100        4         

7 

           

 

      11       1011         3         

7 

           

 

      10       1010        2         

7 

           

 

      9        1001        1          

7 

           

       7        0111        -1          

7 

           

 
      5        0101       -3          

7 

           

 

      4        0100       -4          

7 

           

 

      3        0011       -5          

7 

           

 

      2        0010       -6          

7 

           

 

      1        0001       -7          

7 

           

 

      0        0000      -8          

7 

           

 

      6        0110       -2          

7 

           

 

koduri 

kombna- 

ciis no- 

  meri 

kodi 

4-is 

siWar- 

 biT 

 

   

aTob- 

 iTi 

mniSvn- 

eloba 

  

  

 

   

       7       111          3       

       6       110         2       

       5       101         1       

       4       100         0                 

       3       011         -1       

       2       010        -2       

       1       001        -3       

       0       000        -4       

 nax.2.23.  4-is siWarbis (a) da 8-is siWarbis mqone (b) orobiTi kodebis  

        (wanacvlebuli kodebis) formirebis mailustrirebeli cxrilebi 

      

a) 
b) 
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            3 da -3 ricxvebi wanacvlebis mqone formatSi 3-Tanrigobrivi badis 

            SemTxvevaSi Sesabamisad iRebs 111 da 001 ricxvebis (nax.2.23,a) sa- 

           xes, e.i. 111=3, xolo 001=-3. Cveulebriv, orobiTi kodis SemTxvevaSi 

111 nakrebs Seesabameba aTobiTi ricxvi 7, xolo 001 kombinacias – aTobiTi 

ricxvi 1, e.i. 111=7 da 001=1. Amgvarad, Cveulebriv, orobiT kodsa da wana-

cvlebul kodSi warmodgenil koduri kombinaciebis mniSvnelobebs Soris sxva-

obebi iqneba:   

                       7 – 3 = 4  da  1 – (-3) = 4. 

radgan sxvaobebi 4-is tolia, amitom wanacvlebuli kodis TiToeuli koduri 

kombinacia 4-iT Warbobs Cveulebrivi orobiTi kodis Sesabamis kombinacias; amis 

gamo 3-Tanrigianma wanacvlebulma kodma miiRo 4-is toli siWarbis mqone kodis 

saxelwodeba.  

igive 3 da -3 ricxvebi wanacvlebis mqone formatSi 4-Tanrigobrivi badis 

SemTxvevaSi iRebs Sesabamisad 1011 da 0101 ricxvebis (nax.2.23,a) saxes, e.i. 

1011=3, xolo 0101=-3. Cveulebriv, orobiTi kodis SemTxvevaSi 1011 nakrebs Se-

esabameba aTobiTi ricxvi 11, xolo 0101 kombinacias – aTobiTi ricxvi 5, e.i. 

1011=7 da 0101=5. amgvarad, Cveulebriv, orobiT kodsa da wanacvlebul kodSi 

warmodgenil koduri kombinaciebis mniSvnelobebs Soris sxvaobebi iqneba:   

                       11 – 3 = 8  da  5 – (-3) = 8. 

radgan sxvaobebi 8-is tolia, amitom wanacvlebuli kodis TiToeuli koduri 

kombinacia 8-iT Warbobs Cveulebrivi orobiTi kodis Sesabamis kombinacias; amis 

gamo 4-Tanrigianma wanacvlebulma kodma miiRo 8-is toli siWarbis mqone kodis 

saxelwodeba. 

zogadad n-Tanrigian wanacvlebuli kodis siWarbe, Cveulebriv, kodur 

kombina-ciasTan SedarebiT 2n-1–is tolia, amitom mas zogadad siWarbis mqone 

kodsac uwodeben.  

mocemuli kodebi gamoiyeneba mcuravi mZimiani ricxvebis xarisxebis gamosa- 

xvisaTvis. ase, magaliTad, davuSvaT rom xarisxis maCvenebeli ricxvis gansaTa-

vseblad ricxvTa badeSi 8 Tanrigia gamoyofili, e.i. xarisxis maCveneblad mxo-

lod n=8 Tanrigiani orobiTi ricxvis gamoyenebaa SesaZlebeli. aseT SemTxvevaSi 

xarisxis maCveneblad Tu Cveulebriv orobiT kods gamoviyenebT, maSin xarisxis  

maCvenebeli orobiTi ricxvebi -128-dan +128-mde diapazonSi iqneba moTavsebuli, 

anu xarisxis maCveneblad gamoyenebuli iqneba rogorc dadebiTi, aseve uaryofiTi 

orobiTi ricxvebi. 

mocemul SemTxvevaSi xarisxis maCveneblad Tu gamoviyenebT 28-1=27=128-is to-

li siWarbis mqone wanacvlebul kods, maSin xarisxis maCvenebeli orobiTi ricx-

vebi moTavsebuli iqneba 0-dan 255-mde diapazonSi, anu xarisxis maCveneblad gamo-

yenebuli iqneba mxolod dadebiTi orobiTi ricxvebi, rac warmoadgens Cveulebriv 

orobiTi kodis nacvlad wanacvlebuli anu siWarbis mqone kodis gamoyenebis upi-

ratesobas.   

 

2.8. bgeriTi informaciis warmodgena 

orobiTi kodebiT 

 

    bgera warmoadgens sahaero areSi gavrcelebul drekad gaswvriv talRas. 

     kompiuteris mier wakiTxvadi formiT misi warmodgenisaTvis Semdegi  

    operaciebi sruldeba (nax. 2.24): 

 3 

 1 
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  mikrofonis (m-is) saSualebiT bgeriTi talRa gardaiqmneba analogur eleq-

trul signalad;   

  mikrofonis daxmarebiT miRebuli bgeris analoguri eleqtruli signali 

diskretizaciis, dakvantvisa da kodirebis operaciaTa meSveobiT warmoidgineba 

orobiTi kodebis saxiT; 

   miRebuli orobiTi kodebi miewodeba kompiuters, sadac moxdeba misi dama-

xsovreba (mexsierebaSi Cawera) da, saWiroebis SemTxvevaSi, saTanadod damuSaveba.   

        bgeris analogur eleqtrul signals orobiT kodebad gardaqmnis e.w.  

        analogur-cifruli gardamqmneli, anu SemoklebiT acg (ix.nax.2.24). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

zogadad analogur-cifruli gardaqmna Sedgeba Semdegi sami etapisagan: 

  diskretizacia; 

  donis mixedviT dakvantva; 

  kodireba. 

 

 

 

 

 

 

 

nax. 2.24. bgeriTi signalis damuSavebis sqema 

U U 

t t 

bgera m acg kompiuteri 

bgeris eleqt- 

ruli analogi 

 

diskretizaciiT 

orobiTi kodis 

  formireba  

 

kodis damuSaveba 

 

drekadi tal- 

 Ra sahaero 

 a r e S i 

 

 

analogur-cifruli gardamqmneli (ingl. Analog-to-digital converter; ADC) ewodeba 

diskretul kodad Semavali analoguri signalis gardamqmnel mowyobilobas. 

acg, rogorc wesi, warmoadgens orobiT cifrul kodad Zabvis gardamqmnel ele-

qtronul mowyobilobas. ukugardaqmna xorcieldeba cifrul-analoguri garda-

mqmneliT (ingl. Digital-to-analog converter; DAC), anu SemoklebiT cag-iT. 

 

diskretizacia ewodeba uwyveti drois funqciis gardaqmnas diskretuli dro-

is funqciad, xolo diskretizaciis procesi warmoadgens uwyveti funqciis Se-

cvlas am funqciis mier drois fiqsirebul momentebSi miRebuli calkeuli mni-

Svnelobebis erTobliobiT. 

 

 2 
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uwyveti funqciis calkeuli mniSvnelobebis aRebis momentebs Soris arsebul 

droiT intervals diskretizaciis periodi ewodeba da aRiniSneba Td simboloTi. 

diskretizaciis procesis dros aRniSnuli periodis sidide SeiZleba iyos mu-

dmivi (e.i. Td=const) an cvladi (e.i. Td=var). pirvel SemTxvevaSi saqme gvaqvs 

Tanabarzomier diskretizaciasTan, xolo meore SemTxvevaSi – araTanabarzomier 

diskretizaciasTan. simartivisaTvis Cven mxolod Tanabarzomier diskretizacias 

ganvixilavT. 

uwyveti u(t) signalis diskretizaciis Td periodi (ix. nax.2.23,b) kotel-

nikovis Teoremis Sesabamisad SeirCeva da ganisazRvreba formuliT: 

                      Td = 
 

    
 ,                                          (2.44) 

sadac FmR aris u(t) signalis speqtrSi arsebuli umaRlesi sixSire.    

Dsignalis mniSvnelobaTa mTel diapazons skala ewodeba, romelic SeiZleba 

iyos uwyveti an diskretuli (anu wyvetili). 

 

 

 

uwyveti u(t) signalis dakvantvisaTvis misi skala (e.i. mniSvnelobebis mTeli 

diapazoni) iyofa h-is tol nawilebad (ix. nax.2.25,g) anu kvantebad; h-s uwode-

ben dakvantvis bijs. 

 

 

 

dakvantvis procesis dros signalis nebismieri myisi mniSvneloba icvleba ne-

badarTuli mniSvnelobebis sasrul simravleSi Semavali mniSvnelobebidan erT-

kvanti (laT. “quantum” – “ramdeni”) fizikuri terminia da raime sididis 

ganuyofad nawils ewodeba.  

 

uwyveti skalis mqone raime signalis gardaqmnas diskretuli skalis mqone 

signalad aRniSnuli signalis dakvantva ewodeba.  

 

 

nax. 2.25.  analogur-cifr-  

 uli gardaqmnis procesi 

Td 

b) 

0 
t 

u(t) 

a) 

0 
t 

u(t) 

t 

3 7 5 4 3 5 

u(t) 
d) 

1 1 1 0 1 1 1 1 0 0 0 1 1 1 0 0 1 1 

g) 

u(t) 

t 

h 

1 

3 

4 

2 

5 
6 

7 

0 
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erTi mniSvnelobiT. aRniSnul simravleSi Semaval mniSvnelobebs dakvantvis done-

ebi ewodeba. 

diskretizaciisa da dakvantvis Semdeg u(t) signali iRebs 2.25,g naxazze moce-

mul saxes.  

u(t) signalis diskretizirebuli mniSvneloba, romelic dakvantvis or dones 

Soris aris moqceuli, igivdeba dakvantvis uaxloes donesTan, an uaxloes maRal 

(dabal) donesTan. es iwvevs dakvantvis Secdomebs, romlebic yovelTvis dakvan-

tvis bijze naklebia; aqedan gamomdinare naTelia, rom dakvantvis h bijis Semci-

rebiT mcirdeba dakvantvis Secdomebi, magram izrdeba dakvantvis doneebis raode-

noba. gardaqmnis procesis daCqarebis, gamartivebisa da gaiafebis mizniT saWiroa 

SevarCioT dakvantvis maqsimalurad dasaSvebi iseTi biji, romlis drosac warmo-

Sobili Secdomebi dasaSveb zRvars ar scdeba. 

   2.25 naxazze naCvenebi magaliTisaTvis dakvantvis doneTa raodenoba rvis tol- 

ia. doneebi SeiZleba davnomroT aTobiTi ricxvebiT  da  Semdeg  isini gadaviyvan- 

oT Tvlis orobiT sistemaSi. rva donisaTvis sakmarisia sami orobiTi Tanrigi. am  

SemTxvevaSi signalis TiToeuli diskretuli mniSvneloba gamoisaxeba orobiTi 

kodiT. gansaxilveli u(t) signalis dakvantvisaTvis anaTvlebis aRebis wertilebSi 

aRniSnuli signalis mniSvnelobad Tu aviRebT dakvantvis uaxloes maRal doneTa 

mniSvnelobebs, maSin 2.25,g naxazidan gamomdinare miviRebT aRniSnul mniSvneloba-

Ta Semdeg mimdevrobas: 654567. mocemul mimdevrobaSi mdgari aTobiT ricxvebi 

SevcvaloT maTi Sesabamisi orobiTi ricxvebiT (cxr. 2.10). am process diskretu-

li mniSvnelobebis kodireba ewodeba. mocemuli mimdevrobis TiToeuli wevris 

kodirebis Sedegad miviRebT orobiT ricxvs: 110101100101110111, romelic warmo-

adgens 2.25,a naxazze mocemul uwyvet u(t) signalis diskretul (cifrul) for-

mas; igi SeiZleba gardavqmnaT orobiT signalad (2.25,d) da mivawodoT kompi-

uters.  

 

 

 

 

 

 

 

 

 

amgvarad, analoguri signalis  diskretizaciis, dakvantvisa da kodirebis Se-

degad miReba n-Tanrigiani koduri signali, romlis Semadgeneli calkeuli ele-

mentebi erTmaneTs misdevs diskretizaciis Td periodis dacviT. diskretizaciisa 

da dakvantvis operaciebis racionalurad Sesrulebis SemTxvevaSi: 

  mcirdeba informaciis Senaxvasa da damuSavebaze saWiro danaxarjebi;  

  mcirdeba informaciis damuSavebis dro, rac jamurad mniSvnelovan ekonomi-

kur efeqts gvaZlevs.  

magaliTisaTvis ganvixiloT cifrul sistemebiT (magaliTad, internetiT) bge-

riTi signalis gadacemis magaliTi. saerTaSoriso sakonsultacio komitetis re-

komendaciebis Tanaxmad, telefoniTa da telegrafiT satelefono Setyobinebebis 

    3             011 

    5             101 

    4             100 

    5             101 

    3             011  

    7             111 

      

donis mni- 

Svneloba 

donis mniSvnelobis 

orobiTi warmodgena 

cxr. 2.10. doneTa mniSvnelobebis 

  gamosaxva orobiTi ricxvebiT amgvarad, analoguri signalis   

diskretizaciis, dakvantvisa da kodi-

rebis Sedegad miiReba n-Tanrigiani 

koduri signali, romlis Semadgeneli 

calkeuli elementebi erTmaneTs mis-

deven diskretizaciis Td periodis 

dacviT. diskretizaciisa da dakvant-

vis operaciebis racionalurad Sesru- 

lebis SemTxvevaSi: 

mcirdeba informaciis Senaxvasa da 

damuSavebaze saWiro danaxarjebi;  
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gadasacemad sakmarisia sixSiris 300-dan 3400 hercamde zoli da 35 decibelamde 

dinamikuri diapazoni. am monacemebisaTvis eqsperimentuladaa gansazRvruli 

marcvlovani ganrCevadoba da igi Seadgens 90 %-s. radgan realur satelefono 

arxSi sixSireTa mocemuli zoli filtris saSualebiT gamoiyofa, romelsac si-

xSiruli maxasiiaTeblis sasruli vardna aqvs, amitom standartuli satelefono 

arxis speqtris saangariSo siganed iyeneben 4 kilohercis tol zols. 

aseTi signalisaTvis diskretizaciis Td periodi ase gamoiTvleba: 

           Td = 
 

  
 = 

 

    
 = 

 

     
 = 

 

 
 = 125 mikrowami. 

Mdiskretizaciis mocemuli periodi da sixSire gadacemis cifruli sisteme-

bis standartebis damuSavebis safuZvlad miiReba. 

analoguri signalis amplitudis dakvantuli mniSvnelobebis kodirebisaTvis, 

rogorc wesi, gamoiyeneba 7- an 8-Tanrigiani orobiTi kodi; dakvantvis doneebis  

N raodenoba pirvel SemTxvevaSi dakvantvis doneebis raodenoba N = 27 = 128-is, 

xolo meore SemTxvevaSi N = 28 = 256-is tolia. es uzrunvelyofs xarisxobrivi 

bgeriTi signalis gadacemas, romlis amplitudis mixedviT D dinamikuri diapazo-

ni pirvel SemTxvevaSi udris  

                                          D = 2lg128 = 42 decibels, 

xolo meore SemTxvevaSi –  

                    D = 2lg256 = 48  decibels.  

aseTi cifruli nakadis gadacemis siCqare pirvel SemTxvevaSi udris  

                     8 khc x 7 biti =56 kbiti/wm-s, 

xolo meore SemTxvevaSi - 

                        8 khc x 8 biti = = 64 kbiti/wm-s.   

 

2.9. simboluri informaciis warmodgena 

orobiTi kodebiT 

       kompiuteris “TvalsazrisiT” teqsti Sedgeba calkeuli simboloebi- 

       sagan. simboloebs miekuTvneba ara marto asoebi, aramed cifrebi, sasv-  

      eni niSnebi, specialuri niSnebi (rogorebicaa magaliTad , , , % da 

a.S.). aRsaniSnavia is garemoeba, rom signalad iTvleba sityvebs Soris arsebuli 

daSorebac (e.w. probeli), e.i. cariel adgilsac aqvs Tavisi aRniSvna. 

operatiul mexsierebaSi teqsti SeiZleba SevitanoT klaviaturis daxmarebiT; 

klaviaturis klaviSebze dawerilia CvenTvis nacnobi asoebi, cifrebi, sasveni ni-

Snebi da sxva simboloebi. operatiul mexsierebaSi isini orobiTi kodebis saSu-

alebiT xvdeba. es niSnavs, rom TiToeuli simbolo warmoidgineba orobiTi kodiT.  

TiToeuli simbolosaTvis garkveuli orobiTi ricxvis anu kodis SeTanadebas 

kodireba ewodeba. SeTanadebisaTvis gamoiyeneba orobiTi ricxvebis sxvadasxva 

jgufebi. erT-erT yvelaze gavrcelebul jgufs warmoadgens 00000000-dan da-

wyebuli da 11111111-iT damTavrebuli (anu, Tvlis aTobiTi sistemis gamoyenebis 

dros 0-dan dawyebuli da 255-iT damTavrebuli) orobiTi ricxvebi. amgvarad, 

adamiani simboloebs erTmaneTisagan maTi moxazulobis meSveobiT ganasxvavebs, 

xolo kompiuteri – maTTvis mikuTvnebul orobiTi kodebiT. 

simboloebis kodirebisaTvis gamoiyeneba e.w. koduri cxrili. koduri cxrili 

ewodeba cxrils, romelSic: 

 moyvanilia kompiuteruli alfabetisaTvis gamoyenebuli yvela simbolo; 

 1 
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 TiToeuli simbolos gverdiT miTiTebulia orobiTi ricxviT gamosaxuli mi-

si rigiTi nomeri, romlis mixedviTac Sedgenili kodi (rogorc es 2.11 naxazzea 

naCvenebi) gamoiyeneba mocemuli simbolos kodirebisaTvis.  

kodirebis gziT simboloebis orobiT ricxvebad gardaqmna imisaTvis aris sa-

Wiro, rom kompiuteruli sistemis ZiriTad elements – mikroprocesors – mxo-

lod maTze SeuZlia garkveuli operaciebis Catareba.  

       ganvixiloT kompiuteris operatiul mexsierebaSi laTinuri aso A-s  

       Caweris magaliTi (nax. 2.26). aRniSnuli aso kodirebulia orobiTi 

     koduri 01000001 sityviT. personaluri kompiuteri operatiul 

mexsierebaSi aso A-s Sesatanad magnitur mzidze aRniSnuli asos gamosaxulebas 

ki ar qmnis, aramed simboloebis specialur kodur cxrilSi Cawers mis Sesabamis 

orobiT 01000001 ricxvs. miuxedavad amisa, monitoris ekranze Cven vxedavT aso 

A-s gamosaxulebas. gamartivebuli saxiT es SeiZleba ase avxsnaT. 

kompiuteris mexsierebaSi winaswaraa Senaxuli e.w. Sriftis faili, romelSic 

orobiTi sityvebis gverdiT moTavsebulia am sityvebis Sesabamisi simboloebi 

(Cvens SemTxvevaSi orobiT ricxv 01000001-is gverdiT moTavsebulia simbolo A). 

procesori gaanalizebs miRebul orobiT sityvas da monitoris ekranze gamo-

itans am orobiTi sityvis Sesabamis simbolos (ganxilul SemTxvevaSi aso A -s).  

aseve xdeba printeriT teqstis beWdvis drosac, oRond im gansxvavebiT, rom aso  

A-s gamosaxuleba gamoitaneba ara monitoris ekranze (anu, displeize), aramed qa-

Raldze.  

 

   

 

    

 

 

 

 

 

 

 

 

 

 

 
          simboloebis orobiT ricxvebad gardaqmnis operacia kompiuters aZlevs  

    ara marto teqstis akrefis, aramed iseTi operaciebis moqnilad da efeq- 

   turad Sesrulebis unarsac, romelTa realizeba warmoudgenelia moaxdi-

nos nebismierma sabeWdma manqanam. kerZod, personalur kompiuters SeuZlia ara 

marto qaRaldze dabeWdos teqsti, aramed daimaxsovros teqsturi monacemebi, 

moaxdinos maTi modificireba, maRali siCqariT gadaugzavnos teqsti sxva mom-

 3 

aso “A”-s orobiTi kodi 

mexsiereba 

                  

 

 

0   1   0   0   0   0   0   1 

A 

klaviatura 

klaviSi  A 

operatiuli 

nax. 2.26.  operatiul mexsierebaSi laTinuri aso “A”-s 

        Sesabamisi orobiTi kodis Setanis ilustracia 

            

   

 2 



116 
 

 

xmarebels an miiRos misgan gamogzavnili teqsti, imuSaos ara marto erT kon-

kretul, aramed (saTanado programuli uzrunvelyofis arsebobis SemTxvevaSi) 

mraval sxvadasxva enaze Sedgenil teqstebze. ukanasknel SemTxvevaSi warmoSobil 

erTaderT sirTules warmoadgens is garemoeba, rom didi raodenobis sim-

boloebis Semcvel enebze (magaliTad iaponuri enis msgavsi enebi) Sedgenil teq-

stebze muSaobisas dagvWirdeba simboloebis kodirebisaTvis (dasanomrad) gamovi-

yenoT grZeli (bevri raodenobis bitebis Semcveli) orobiTi kodebi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cxr. 2.11. kodirebis ASCII cxrilis struqturuli agebuleba  

k o m e n t a r i 

                                                                     cxrilis sabaziso nawili. moicavs   

                             mmarTvel simboloebs, romlebsac ar                                         

                             Seesabameba simboloebi. maTi funqcie- 

                             bia monitorze an dasabeWdad teqstis  

                              gamotana, bgeriTi signalis miwodeba, 

                             teqstis moniSvna da a.S..                       

                                

                                  

 

                                                                             cxrilis gafarToebuli (nacionalu- 

                             ri) nawili; mas koduri furceli ewod- 

                             ba  da moicavs  128 kods (dawyebuls  

                             10000000-dan  da  damTavrebuls  

                             11111111-iT.) arsebobs sxvadasxva saxis 

                             koduri furclebi da TiToeuli danom- 

                             rilia. 

                               gamoiyeneba laTinurisagan gansxvavebu- 

                             li nacionaluri alfabetis, fsevdogra- 

                             fikisa da specialuri niSnebis gansaTav- 

                             seblad.  

                       

 aTobiTi     orobiTi nome- 

  nomeri      ri (kodi)       

                                                                        cxrilis saerTaSoriso standartuli 

                            (inglisuri) nawili; moicavs laTinuri   

                             alfabetis mTavrul da nusxur asoebs,           

                            arabul cifrebs, sasven niSnebs, sxvadasva 

                            saxis frCxilebs, komerciulsa da sxva  

                            saxis niSnebs. 

                               32-e nomris mqone simboloa probeli, 

                             e.i. teqstSi carieli pozicia; danarCeni 

                             simboloebi garkveuli niSnebiT gamo- 

                             isaxeba. 

                              

 

0 - 31 

 

 

00000000 –  

- 00011111 

 

32 - 127 

 

00100000 –  

- 01111111 

 

127 - 255 
10000000- 

 -11111111 

 



117 
 

 

inglisur enaze muSaobisas gamoiyeneba 7-bituri koduri cxrili, romlis sa-

xelwodebaa ASCII (American Standad Code for Information Inter-change – “amerikuli 

standartuli kodi informaciis gasacvlelad”); 1963 wels Seqmnili aRniSnuli 

cxrili 128 simbolos kodirebis saSualebas iZleva (radgan bits mxolod ori, 

kerZod, “1”-isa da “0”-is toli, mniSvneloba SeiZleba hqondes da Tu viyenebT 7 

bits, maSin am raodenobis bitebisagan 27 = 128 orobiTi ricxvis formirebaa Se-

saZlebeli). aRniSnuli koduri cxrili aamoqmeda aSS-s standartizaciis ANSI 

(American National Standard Institut) institutma; dRes igi farTod gamoiyeneba 

mini- da mikroeleqtrul gamomTvlel manqanebSi, maT Soris personalur kompi-

uterebSi. aqve SevniSnavT, rom didi gamomTvleli manqanebisaTvis gamoiyeneba ko-

duri EBCDIC (Extended Binary Coded Decimal Interchnge Coide –“informaciis ga-

cvlis gafarToebuli orobiT-aTobiTi kodi”) cxrili, romelsac ar ganvixilavT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

koduri ASCII cxrilSi Camowerilia 128 simbolo da TiToeuli simbolos 

gverdiT miTiTebulia misi rigiTi nomris gamomxatveli 7-bituri orobiTi ricx- 

vi. aRniSnuli 7-bituri orobiTi ricxvis win darezervebulia erTi (merve) biti, 

romelic SeiZleba gamoyenebuli iqnes: 

  kodur sityvebSi wyvili raodenobis erTianebis uzrunvelsayofad; amisa-

Tvis, kenti raodenobis erTianebis Semcveli 7-bituri ricxvis win iwereba biti 

“1”, xolo luwi raodenobis erTianebis Semcveli 7-bituri ricxvis win – biti 

“0”; es amaRlebs kodebis daculobas; kerZod, koduri sityvis iseT damaxinjebas, 

romlis drosac masSi Semavali erTianebis raodenoba kenti gaxdeba, kompiuteri 

aRmoaCens; 

 k o d iK             

                

000101010  23  ETB   

00010101  21   NAK 

00010101   22   SYN 

000101010  24 CAN 

CAN    
000101010  25  EM    

 K             aRni- 

               Svna   

00000000  0  NUL 

 K            aRni- 

              Svna   
 k o d iK             

                

00000001   1  SOH 

00000010   2 STX 

00000011   3  ETX 

00000100  4  EOT 

00000101   5  ENQ 

00000110   6 ACK 

00000111   7  BEL 

00001000  8   BS 

00001001   9  HT 

 K            aRni- 

              Svna   
 k o d iK             

                

00001010  10   LF 

00001011   11   VT 

00001100  12    FF 

00001101   13   CR 

00001110   14   SO 

00001111   15    SI 

00010000  16   DLE 

00010001  17   DC1 

00010010  18   DC2 

00010011   19  DC3 

00010100  20    DC4 

00010100  26    SUB 

00010100  27   ESC 

00010100  28     FS 

00010100  29     GS 

00010100  30     RS 

00010100  31     US 

cxr. 2.12. ASCII koduri cxrilis sabaziso nawili 
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  danarCen 7 bitTan erTad simboloebis dasanomrad; aseT SemTxvevaSi orobi-

Ti koduri sityvebis raodenoba izrdeba da xdeba 28 = 256-is toli; es 256 si-

mbolos kodirebis saSualebas mogvcems. 

iaponuris msgavs enebSi simboloebis raodenoba ramdenime aTeul aTass 

aRwevs;  aseT  SemTxvevaSi simboloebis dasanomrad gamoiyeneba minimum 16 biti (2      

baitis sigrZis orobiTi ricxvebi, romlebic 216 = 65536 simbolos kodirebis 

saSualebas gvaZlevs, xilo koduri cxrili 65536 poziciisagan Sedgeba. 

            Tanamedrove kompiuterebi yvelaze efeqturad amuSavebs 8-is jeradi 

            simboloebisagan Semdgar monacemebs. amas ganapirobebs is garemoeba,  

           rom maTi eleqtronuli sqemebi swored aseTi (8, 16, 32, 64 an 128 

da a.S.) raodenobis bitisagan Semdgari orobiTi ricxvebis gadacema-miReba-

damuSavebasaTvis aris konstruirebuli. amis gamo kodirebis nebismieri sxva, 

vTqvaT 10-bituri an 27-bituri, meTodi mouxerxebeli da araefeqturia kompi-

uterSi gamosayeneblad. 

meore mxriv, simboloebis kodirebisaTvis (dasanomrad) Zalian grZeli orobi-

Ti ricxvebis gamoyeneba mniSvnelovnad amcirebs kompiuteris muSaobis efeqtu-

robas. magaliTad, kodirebisaTvis 24 bitis toli orobiTi ricxvebis gamoyeneba 

msoflioSi arsebuli yvela damwerlobis asoebis kodirebis saSualebas mogvcemda 

(224 = 16777216), magram calke aRebuli enebis absolituri umravlesobis si-

mboloebis kodirebisaTvis sruliad sakmarisia 8 biti sigrZis orobiTi ricxvis 

gamoyeneba, radgan masSi arsebuli simboloebis raodenoba 256-s ar aRemateba. 

amitom maTi kodirebisaTvis 24-bituri orobiTi ricxvebis gamoyeneba kompiuters 

TiToeul simboloze muSaobisas iZulebuls gaxdida daemuSavebina sruliad 

arasaWiro 16 biti, rac gaauaresebda mis teqnikur maCveneblebs.   

         kodirebis ASCII cxrilis struqtura (cxr.2.11) Sedgeba sabaziso, sa- 

        erTaSoriso standartuli (inglisuri) da gafarToebuli (nacionaluri)  

nawilebisagan (ix. cxrili 2.11).    

sabaziso nawilSi (cxr. 2.12) ganTavsebulia e.w. mmarTveli kodebi, romlebic 

enis arc erT simbolos ar Seesabameba; amis gamo es kodebi ar gamoitaneba arc  

monitoris ekranze da arc sabeWd mowyobilobaze. isini marTavs sxva monacemebis 

gamotanis process. 

2.12 cxrilSi mocemulia mmarTveli brZanebebis saxelwodebebis abreviaturebi. 

mokled ganvixiloT es brZanebebi.   

 

                      

 

           

 

 

 

 

 

      

 

 

 

  

 4 

 5 

SOH -    Start of Heading; “saTauris dasawyisi”;       
 

STX -    Start of Text;  “teqstis dasawyisi”; 

 ETX -    End of Text  ”teqstis dasasruli”; am brZanebis Sesabamisi 

00000011 kodi gaaCnia Ctrl-C simbolosac; 
 EOT -    End of Transmission; “gadacemis dasasruli”.  UNIX sistemaSi ana-

logiuri kodi aqvs Ctrl-D simbolosac;  
 

ENQ -    Enquire; “gTxovT dadasturebas”; 

 ACK -    Acknowledgement; “vadastureb”; 

 BEL -    Bell; “bgeriTi signali” ; gamoiyeneba daprogramebis C da  C++ ene- 

bSi da aRiniSneba rogorc \a; 

 
 

NUL  - NUL; “nuli”;       
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SI       - Shift In; “dabal registrze gadarTva”;  

 DLE   - Data Link Escape;  “momdevno simboloebi specialuri Sinaarsisaa”;  

 DC1   - Device Control 1 “mowyobilobis marTvis 1-li simbolo”;    

 DC2   - Device Control 2 “mowyobilobis marTvis me-2 simbolo”;    

 DC3   - Device Control 3 “mowyobilobis marTvis me-3 simbolo”;    

 DC4   - Device Control 4 “mowyobilobis marTvis me-4 simbolo”;    

 NAK  - Negative AcKnowledgment; “ar vadastureb”;     

 SYN   - Synchronization; “sinqronizacia”; 

     

 

ETB   - End of Text Block; “teqsturi blokis dasasruli”; 

 

     

 

CAN  - Cancel; “gauqmeba”; 

 

     

 

EM    - End of Medium; “mzidis dasasruli”; 

 

     

 

SUB    

- 

SUBstitute; “striqonqveSa indeqsi”; 

 

 

     

 

ESC   - ESCape; gamosasvleli; 

 

 

     

 

FS    - File Separator;  “failebis damyofi (damacalkevebeli)”; 

 

 

     

 

GS    - Group Separator; “jgufebis damyofi (damacalkevebeli)”;   

 

 

 

     

 

RS    - Record Separator; “Canaweris damyofi (damacalkevebeli”);   

 

 

 

     

 

BS   -    Backspace; “erTi simboloTi dabruneba”; Slis wina simbolos; 

 
 

HT   -    Horizontal Tabulation; “horizontaluri tabulacia”. daprogramebis 

bevr enaSi mas aRniSnaven rogorc \t;  

 
 

LF   -    Line Feed; “striqonis gadayvana”; axli teqsturi failis TiToeuli 

striqonis boloSi gamoyenebul operaciul sistemaze damokide-

bulebiT iwereba an es simbolo, an CR, an orive maTgani (jer 

CR, xolo Semdeg - LF);  
 

 
 

VT   -    Vertical Tab; “vertikaluri tabulacia”; 

 
 

FF  -      Form Feed; “axali gverdi”;  

 
 

CR   -    carriage return "dgimTamwis dabruneba”; daprogramebis bevr enaSi am 
simbolos aRniSnaven rogorc \r; zogierT operaciul sistemaSi 

igi aRiniSneba rogorc Ctrl-M da iwereba teqsturi failis TiTo-

euli striqonis boloSi LF–is win;  
 

 
 

US    - Unit Separator; “modulis damyofi (damacalkevebeli”);   

 

 

 

     

 

SO     - Shift Out; “Secvale lentis feri”. gamoiyeneba inglisuri kodirebi-

dan nacionalur kodirebaze gadasasvlelad;  
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cxr. 2.13. ASCII koduri cxrilis saerTaSoriso 

           standartuli nawili (dasawyisi)  

    kodi         simbolo      kodi       simbolo 

simbolo      
 00100000    32  probeli  00111001   57      9         

 00100001    33     !      00111010   58      :         

 00100010    34     "      00111011   59      ;         

 00100011    35     #      00111100   60      <         

 00100100    36     $      00111101   61      =         

 00100101    37     %     00111110   62      >        

 00100110    38     &     00111111    63      ?         

 00100111     39     '     01000000   64     @          

 00101000    40     (     01000001   65     A A          

 00101001    41      )     01000010   66     BB         

 00101010    42     *      01000011   67   C (C)        

 00101011     43    +      01000100   68     DD         

 00101100     44    ,      01000101   69     E E 

 00101101     45     -     01000110   70      F F        

 00101110     46     .     01000111   71      G G G       

 00101111     47     /     01001000   72      HH        

 00110000    48     0     01001001   73      IH        

 00110001    49     1      01001010  74     J (J)        

 00110010    50     2      01001011   75     KK        

 00110011     51     3     01001100   76      L L       

 00110100    52     4     01001101    77     M M        

 00110101    53      5     01001110   78      NN       

 00110110    54      6     01001111   79      O O        

 00110111     55      7    01010000   80      P P         

 00111000    56      8     01010001   81      Q Q         
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cxr. 2.13. ASCII koduri cxrilis saerTaSoriso 

           standartuli nawili (dasasruli)  

 01011011     91      [     01110100   116     s (s)B         

    kodi         simbolo      kodi       simbolo 

simbolo      
 01010010    82    R (R)    01101011   107    k (k)         

 01010011     83     S (S)    01101100  108     l (l)         

 01010100    84    T (T)   01101101   109    m (m)         

 01010101    85     U      01101110   110    n  (n)         

 01010110    86     V      01101111   111     o (o)        

 01010111     87    W (W)   01110000  112      p        

 01011000    88     X      01110001  113      q         

 01011001     89     Y     01110010   114     @          

 01011010    90    Z (Z)    01110011   115     r (r) 

A          

 01011100     92     \     01110101    117       t (t)       

 01011101     93     ]      01110110   118     v (v)D         

 01011110     94     ^      01110111   119    w (w) E 

 01011111     95     _      01111000  120     z F        

 01100000    96     '      01111001   121    y (y)  G       

 01100001    97    a (a)    01111010   122    z (z)H        

 01100010    98    b (b)    01111011   123      {H        

 01100011    99    c (c)    01111100   124      |        

 01100100    100   d (d)    01111101   125     }K        

 01100101    101   e (e)     01111110  126     ~L       

 01100110    102    f (f)    01111111   127     DEL 

M        
 01100111    103     g (g)                    

 01101000    104    h (h)              O        

 01101001    105     i (i)              P         

 01101010    106    j (j)         Q         
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          kodirebis ASCII cxrilis im nawilSi, romelSic ganTavsebulia 32-dan      

     dawyebuli 127-is CaTvliT damTavrebuli rigiTi nomris mqone simbolo- 

    ebi, Setanilia inglisuri enis alfabeti, amitom mas aRniSnuli cxrilis                    

inglisur nawili ewodeba da saerTaSoriso standartad iTvleba; amave nawilSia 

ganTavsebuli sasveni niSnebi, sxvadasxva saxis frCxilebi, arabuli cifrebi, ari-

Tmetikuli operaciebis niSnebi da sxva damxmare simboloebi (cxr.2.13). igi saSu-

alebas gvaZlevs  vaCvenoT  Tu  ra  saxiT  warmoidgineba  inglisuri enaze da-  

werili nebismieri sityva kompiuteris mexsierebaSi. magaliTad, 2.25 naxazze na-

Cvenebia sityvebis “file”da “bade” kompiuteris mexsierebaSi warmodgenis magaliTi.  

            kodirebis ASCII cxrilis gafarToebul (nacionalur) nawilSi (ix. 

            cxr.2.11) moTavsebulia fsevdografikis simboloebi, sxvadasxva evr- 

          opuli qveynebis nacionaluri enebis alfabetebi da specialuri 

niSnebi. simboloebis masSi ganTavsebis gaTvaliswinebiT xdeba sazRvargareTuli 

warmoebis programebis absoluturi umravlesoba.  

  bolo periodSi vrceldeba teqsturi monacemebis kodirebis universaluri 

cxrili UNICOD.  masSi simboloebi kodirdeba ara 8-, aramedD16-Tanrigiani or-

obiTi ricxvebiT. igi 216=65536 simbolos kodirebis SesaZleblobas iZleva.   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                ASCII kodi msoflioSi arsebuli enebidan yvelaze metad inglisur  

         enasTan aris misadagebuli. magaliTad, germanul enaSi arsebobs e.w. 

       umlautebi, xolo frangul enaSi arsebobs specialuri striqonzeda 

(diakratikuli) niSnebi. evropis zogierTi qveynis enebSi arsebobs ramdenime aso, 

romelic ar Sedis ASCII–simboloTa nakrebSi, slavur an arabul enebs ki sru-

 6 

 7 

nax.2.27. kompiuteris mexsierebaSi sityvebis  

        warmodgenis mailustrirebeli sqema  

 kafe 

  f i l e 

  

0  1  1  0  1  0  1  1 

0  1  1  0  0 0  0  1 

0  1  1  0  0  1  1  0 

0  1  1  0  0  1  0  1 

   

  

0 1  1  0  0  1  1  0 

0 1  1  0  1  0  0  1 

0 1  1  0  1  1  0  0 

0  1  1  0  0  1  0  1 

   

           s i t y v a                   m e x s i e r e b a 

                      

mexsierebis 8 bituri ujredebi 

 8 
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liad sxvanairi alfabeti aqvs, xolo Cinur enaSi alfabetis nacvlad iero-

grafebia gamoyenebuli.  

kompiuterebi mTel msoflioSi vrceldeba da amitom programuli uzrunvel-

yofis dammuSaveblebi dainteresebulebi arian sakuTari produqcia im qveynebSic 

gaavrcelon, sadac momxmarebelTa umravlesoba ar laparakobs inglisurad da 

damwerlobaSi simboloTa sul sxva nakrebebs gamoiyenebs.  

zemoT aRniSnulidan gamomdinare, bunebrivad warmoiSva ASCII kodis 

gafarToebis problema. misi gadawyvetis pirveli mcdelobisas ASCII –sim-

boloebs daumates kidev 128 simbolo, ris Sedegadac miiRes Latin-1-is saxelwo-

debis mqone 8-Tanrigiani nakrebi. am axalma standartma miiRo saxelwodeba IS 646. 

kodur cxrils daemata Strixebisa da diakritiul niSnebiani laTinuri asoebi. 

problemis gadawyvetis Semdgomi mcdelobis dros damuSavebuli iqna IS 8859 

standarti da misi sami, kerZod IS 8859-1, IS 8859-2 da IS 8859-3 varianti. IS 8859  

standartSi enis an enaTa jgufis gansasazRvrad Semotanili iqna 256 simbolo-

sagan Sedgenili nakrebi, romelsac  ewoda koduri gverdi. IS 8859-1 standartSi 

aRniSnul nakrebs warmoadgens Latin-1; IS 8859-2 standarti moicavs laTinuri 

alfabetis mqone slavur (Cexur, polonur da ungrul) enebs, xolo IS 8859-3 

standarti aRwers Turqul, maltis, galur enebs, esperantos da a.S. aseTi mi-

dgomis ZiriTadi naklia is, rom programulma uzrunvelyofam unda akontrolos, 

Tu kerZod romel kodur gverdTan aqvs mas saqme da, amave dros, enebis areva 

dauSvebelia. amasTanave koduri cxrilebis gareT rCeboda msoflioSi arsebuli 

zogierTi (mag, iaponuri, Cinuri da a.S.) enebi.               

                     problema sabolood gadawyda Unicode-s saxelwodebis kodirebis  

          axali sistemis SeqmniT, romelic saerTaSoriso IS 10646 standar-   

         tad iqna aRiarebuli. mocemuli standartis dros simboloebis 

kodireba xdeba ara 8-Tanrigiani orobiTi ricxvebiT, aramed 16-Tanrigiani orobi-

Ti ricxvebiT. Teqvsmeti Tanrigi saSualebas iZleva sakuTari unikaluri kodiT 

uzrunvelyofili iqnas 216 = 65536 sxvadasxva simbolo.  

sistema Unicode-m gadawyvita mravali, magram ara absoluturad yvela pro-

blema. magaliTad, laTinuri da mravali sxva enebis alfabetebi mowesrigebulia, 

xolo ierografebi ki ara; amitom inglisuri, germanuli, franguli, rusuli da 

a.S. enebis programebs SeuZliaT sityvebi alfabetis mixedviT ganalagos am sity-

vebSi Semavali asoebis kodebis Sedarebis gziT, xolo iaponuri an Cinuri enebis 

programebs leqsikonSi simboloebis TanamimdevrobaTa gamosaTvlelad damatebiTi 

cxrilebi sWirdebaT. 

kidev axal problemas warmoadgens salaparako enaSi axali terminebis gaCena. 

maTi gamoCena anbanisagan Sedgenili sityvebis SemTxvevaSi axal kodebs ar saWi-

roebs, magram ierogrifebis SemTxvevaSi aseTi kodebis SemoReba aucilebelia. 

garda axali terminebisa, aucilebelia sul mcire 20000 axali sakuTari da ge-

ografiuli dasaxelebebis (ZiriTadad Cinur enaze) damateba, asamoqmedebelia bra-

ilis Sriftic da a.S.  

am da msgavsi sxva problemebis gamo sabolood aRmoCnda, rom 65536 koduri 

sityva araa sakmarisi yvela arsebuli moTxovnis dasakmayofileblad; amitom 

1996 wels gansazRvruli iqna Teqvsmeti damatebiTi 16-Tanrigiani sibrtyeebi da 

koduri sityvebis saerTo raodenoba  

zrdili.            

      

 

 9 

65536 + 16  65536 = 1 114 112-mde iqna ga-  
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2.10. grafikuli informaciis warmodgena 

orobiTi kodebiT 

 

               grafikul informacias miekuTvneba sxvadasxva saxis gamosaxulebebi      

       (naxatebi, suraTebi, videogamosaxulebebi, naxazebi da a.S.). arsebobs 

       maTi warmodgenis Semdegi ori xerxi: 

  rastruli grafikis xerxi, romlis drosac grafikuli obieqti formirde-

ba gamosaxulebis garkveuli raodenobis elementebis erTobliobis saxiT. aRni-

Snul gamosaxulebis elementebs ewodeba piqselebi (ingl. pixsel warmoadgens ga-

mosaxuleba picture element-is abrevviaturas, rac sityva-sityviT niSnavs gamosa-

xulebis, naxatis elements). piqseli ewodeba rastrul grafikaSi umcires or-

ganzomilebian gamosaxulebas, romelTa meSveobiTac formirdeba gamosaxuleba. pi-

qseli warmoadgens garkveuli feris mqone ganuyofad oTkuTxovani an mrgvali 

formis obieqts. rac ufro metia gamosaxulebis farTobis erTeulSi arsebuli 

piqselebis raodenoba, miT ufro detaluria aRniSnuli gamosaxuleba. rastruli 

gamosaxuleba warmoadgens kompiuteris monitorze, qaRaldze an sxva amsax mo-

wyobilobebsa da masalebze piqselebis an feradi (Cveulebriv, oTkuTxedovani) 

wertilebis bades.  

  veqtoruli grafikis xerxi, romlis drosac grafikuli gamosaxuleba 

formirdeba xazebis, veqtorebisa da wretilebisagan. 

         ganvixiloT Sav-TeTri gamosaxulebis rastruli formirebis xerxi.  

        aseT SemTxvevaSi gamoiyeneba ruxi feris piqselebi. 2.26,a naxazze na-  

       Cvenebia 8 sxvadasxva gradaciis mqone ruxi feris piqseli; isini 

marcxnidan marjvniv ganlagebulia maTi ruxi feris intensiurobis zrdadobis 

mixedviT. movaxdinoT 3-Tanrigiani orobiTi ricxvebiT mocemuli piqselebis 

ferebis intenseurobebis (sikaSkaSis) Semdegnairad kodireba: rac ufro maRalia 

mocemuli piqselis ruxi feris intensiuroba, miT ufro didi 3-niSna orobiTi 

ricxvi mivaniWoT mas. aseT kodirebas vuwodoT feris intensiurobaTa kodireba 

intensiurobebis  zrdadobis mixedviT. aseTi kodirebis dros piqselisadmi 

miniWebuli orobiTi ricxvi gviCvenebs misi feris intensiurobas: rac ufro didi 

orobiTi ricxvia piqselisaTvis miniWebuli, miT ufro maRalia misi feris 

intensiuroba.   

 aRniSnuli piqselebiT gamosaxulebis agebis procesis gasamartiveblad Seva-

rCioT maqsimalurad kontrastuli feris mxolod ori piqseli. aseTebia orobiTi 

000 da 111 ricxvebiT kodirebuli piqselebi (nax.2.28,b). maTi daxmarebiT agebuli 

figura 2.28,g naxazzea naCvenebi. am ukanasknelis “gacifrovnebisaTvis”, e.i orobi-

Ti ricxvebis erTobliobad gadasaqcevad, saWiroa SevasruloT Semdegi algo-

riTmi: 

 

 

 

 

 

 

 

 

 1 

 2 

1. 2.28 naxazze arsebuli TiToeuli piqseli SevcvaloT misTvis miniWebuli 

orobiTi ricxviT (000-iT an 111-iT); 

2. wina punqtSi miRebuli orobiTi ricxvebi ise ganvaTavsoT, rogorc maTi 

Sesabamisi piqselebia ganTavsebuli 2.28,g naxazze; 

3. algoriTmis dasasruli. 
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mocemuli algoriTmis Sesrulebis Sedegad miRebuli grafikuli gamosaxul-

eba 2.28,g naxazzea naCvenebi; igi SeiZleba gardavqmnaT orobiTi ricxvebis erTo-

bliobad. gamosaxulebasa da orobiTi ricxvebis miRebul erTobliobas Soris 

arsebobs urTierTcalsaxa damokidebuleba; amis gamo erT-erTis arsebobis Sem-

TxvevaSi SeiZleba aRvadginoT meore. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gamosaxulebis damaxsovrebis unari ar aqvs kompiuteris mexsierebas, magram 

masSi SeiZleba CavweoT orobiTi ricxvebis miRebuli erToblioba, romelsac igi 

daimaxsovrebs; saWiroebis SemTxvevaSi mexsierebis mier damaxsovrebuli orobiTi 

ricxvebis mimdevroba SeiZleba monitoris ekranze gardaiqmnas saTanado gamosaxu-

lebad an printeris saSualebiT es gamosaxuleba amoibeWdos qaRaldze.  

rva gansxvavebuli intensiurobis mqone ruxi piqselis gamoyenebiT agebuli 

grafikuli gamosaxulebis (naxatia an suraTis) xarisxi dabalia. maRali xarisxis 

Sav-TeTri gamosaxulebis misaRebad saWiroa agebisaTvis gansxvavebuli intensi-

urobebis raodenoba 256-mde gavzardoT, e.i gamoviyenoT 256 gradaciis mqone ru-

xi piqselebi. maTi kodirebisaTvis aucilebelia 8-Tanrigiani orobiTi ricxvebis 

gamoyeneba (28 = 256). kodireba unda movaxdinoT feris intensiurobis zrdadobis 

mixedviT.   

 

       feradi gamosaxulebis rastruli warmodgena emyareba ferebis Serevis     

       Sesaxeb germaneli maTematikosisa da fizikosis herman grasmanis (Her- 

         mann Grassmann) mier formulirebul Semdeg sam kanons:  

 

 

 

 3 

d) 

nax.2.28. Sav-TeTri sistemis dros piqselebis Seferilobe- 

    bis 3-Tanrigiani kodebiT kodirebisa da piqselebis ga-  

    moyenebiT gamosaxulebis agebis ilustrireba 

a) 

000 001 010 011 100 101 110 111 

 piqselebis 

Seferilobebi 

piqselebis 

 kodireba 

 

piqselebis kodirebiT miRe- 

buli ricxvebis erToblioba  

0 0 0 0 1 0 0 0 0 0 
0 0 0 1 1 1 0 0 0 0 
0 0 1 1 1 1 1 0 0 0 
0 1 1 1 1 1 1 1 0 0 
0 0 0 0 1 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 
0 0 1 0 1 0 0 0 0 0 
0 0 1 1 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

g) 

SerCeuli piqselebis- 

agan miRebuli figura 

b) 

SerCeuli piqsele-  

bi da maTi kodebi 

0 1 
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rmodgenisaTvis grasmanis moZRvrebis Tanaxmad, upirveles yovlisa, aucilebelia 

SevarCioT sami ZiriTadi feri da TiToeuli ferisaTvis CavataroT iseTive mani-

pulaciebi, rogorc zemoT CavatareT ruxi ferisaTvis.  

          herman grasmanis Teoriaze dayrdnobiT SemuSavebuli feradi gamosaxu-   

       lebis formirebis erT-erTi xerxia RGB-meTodi. meTodis saxelwode-  

      ba miRebulia ZiriTad ferebad SerCeuli wiTeli (Red), mwvane (Green) 

da lurji (Blue) ferebis inglisuri saxelwodebebis pirveli asoebisagan. aRni-

Snuli meTodi eyrdnoba imas, rom adamianis Tvali nebismier fers aRiqvams 

rogorc zemoT aRniSnuli ZiriTadi (wiTeli, mwvane da lurji) ferebis Sekrebis 

Sedegad miRebul fers; magaliTad: 

  yviTeli feri miiReba wiTeli da mwvane ferebis SekrebiT; 

  cisferi miiReba mwvane da lurji ferebis SekrebiT; 

  mewamuli feri miiReba wiTeli da lurji ferebis SekrebiT da a.S. 

Sav-TeTri gamosaxulebis misaRebad monitoris erTsa da igive wertilisaken 

mimarTuli iyo erTi, kerZod ruxi feris sxivi da aRniSnul sxivs gaaCnda 256 

gradacia (intensiuroba); feradi piqselis misaRebad monitoris ekranis erTsa da 

igive wertilisken mimarTuli unda iyos ara erTi, aramed erTdroulad sami 

sxvadasxva, kerZod wiTeli, mwvane da lurji feris Suqi.  

TiToeuli feris kodirebisaTvis Tu gamoviyenebT erT bits, maSin nulovani 

biti aRniSnuli feris ararsebobis, xolo erTis toli biti piriqiT – misi 

arsebobis gamomxatveli iqneba. maSasadame, piqselis erTi feris kodirebisaTvis 

sul 3-biti (TiToeul ZiriTad ferze TiTo) iqneba sakmarisi. davuSvaT, rom pi-

rveli biti Seesabameba wiTel, meore biti – mwvane, xolo mesame biti – lurj 

fers. maSin yviTel fers aRniSnavs kodi 110(2) (wiTeli da mwvane ferebi aris, 

xolo lurji feri – ar aris), cisfer fers _ kodi 011(2) (wiTeli feri ar 

aris, aris mwvane da lurji ferebi)  da a.S. 

 

 

 

herman grasmani 

(1809 – 1877) 

  4 

   1. samganzomilebadobis kanoni: nebismi-  

eri feri SeiZleba formirdes sami Ziri- 

iTadi feris kombinirebiT; 

 

   2. uwyvetobis kanoni: SesaZlebelia ne- 

bismier ferTan  usasrulod axlomdebare 

feris SerCeva; 

 

 
   3. aditiurobis (Sekrebis) kanoni: fere-  

bis SereviT miRebuli kombinirebuli feri 

mxolod Semadgenel ferebzea damokidebuli.  

 

 

 

  zemoT formulirebuli kanonebi udevs sa- 

fuZvlad ferebis Sesaxeb Tanamedrove Teori- 

as. 

   feradi gamosaxulebis rastrulad wa- 
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kodirebis zemoT aRwerili sqemis dros TiToeul piqsels rva SesaZlo feri-

dan (23=8) SeiZleba hqondes erT-erTi feri. TiToeuli ZiriTadi feris kodi-

rebisaTvis Tu gamoviyenebT 8 bits anu 1 baits (nax.2.29), rogorc es dRes fa-

rTod gamoiyeneba, SesaZlebeli gaxdeba TiToeul ZiriTad fers mivceT 256 gra-

dacia; konkretuli ZiriTadi feris calke aRebul gradacias aRniSnuli feris 

garkveuli intensiuroba (sikaSkaSe) Seesabameba; amitom 8-bituri (1-baituri) 

orobiTi ricxvebiT faqtobrivad gamoyenebuli ZiriTadi ferebis gradaciebi (in-

tensiurobebi) aRmoCndeba kodirebuli. sxvadasxva intensiurobis ZiriTadi fere-

bis SekrebiT gansxvavebuli feri miiReba, romelTaganac TiToeuli konkretuli 

piqseliT iqneba warmodgenili. gamosaxuli ferebis anu piqselebis saerTo N ra-

odenoba Semdegnairad ganisazRvreba:  

 

 

mocemuli sqemis dros kompiuteris mexsierebaSi erTi piqselis Sesanaxad 24 

biti anu 3 baiti iqneba saWiro.  

           wiTeli R, mwvane G da lurji B  feris intensiurobebis kodirebisa- 

          Tvis gamoyenebul ricxvebs Tu Sesamamisad  ̆,  ̆ da  ̆ simboloebiT aR- 

         vniSnavT, maSin calke aRebuli TiToeuli piqselis kodi pirobiT 

samjeradi (  ̆   ̆  ̆  ricxviT SeiZleba aRvniSnoT; mocemul aRniSvnaSi   ̆   ̆  ̆ 
ricxvebidan TiToeuli maTgani Sesabamisad wiTeli R, mwvane G da lurji B 

feris intensiurobas (sikaSkaSes) gviCvenebs. 

samjeradi (  ̆   ̆  ̆  ricxvis saxelwodebad gamoiyeneba laTinuri termini 

tripleti (laT. triplus – “samjeradi”).   ̆   ̆  ̆ ricxvebi SeiZleba gamoisaxos 

Tvlis rogorc orobiT, aseve aTobiT sistemaSi. meore SemTxvevaSi mniSvnelovnad 

mcirdeba tripletis Canaweris sigrZe. 

     2.30,a naxazze mocemulia sxvadasxva ferebis Sesabamisi tripletebi, 

romlebSic gamoyenebulia   ̆   ̆  ̆ ricxvebis eqstremaluri (minimaluri da maqsi-

maluri) mniSvnelobebi. am dros miiReba maqsimaluri intensiurobis jamuri fe-

rebi. cxadia, rom   ̆   ̆  ̆ ricxvebma SeiZleba miiRon eqstremalur mniSvnelobebs 

Soris arsebuli nebismieri saSualedo mniSvnelobebi, rac cvlis jamurad miRe-

buli ferebis intensivobebs (Seferilobebs). 

     2.30,a naxazidan Cans, Tvlis aRniSnuli sistemis gamoyenebis dros triple-

tebis sigrZe  sakmaod  didia,  rac araekonomiurs  xdis  maT  Canawerebs.    ̆ 

   ̆  ̆  ricxvebs Tu Tvlis aTobiT sistemis gamoyenebiT gamovsaxavT, maSin 

tripletebis Canawerebi kompaqturebi gaxdeba (nax. 2.30,g). 

 

 

 

 

  5 

24   b i t i 

8   b i t i 8   b i t i 8   b i t i 

wiTeli lurji mwvane 

nax. 2.29. feradi gamosaxulebis kodireba 

 N = 256   256   256 = 16 777 216. 
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2.28,a,g naxazis Tanaxmad maqsimaluri intensiurobis mqone jamur: 

  cisferi fers Seesabameba (00000000, 11111111, 11111111) anu (0, 256, 256) 

tripleti; igi miiReba maqsimaluri intensiurobis mqone mwvane da lurji fere-

bis SekrebiT;  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

      

 wiTeli   mwvane   lurji  

(0000000

0  

 f e r i  

 wiTeli  

 mwvane  

 lurji  

 cisferi  

mewamuli  

yviTeli  

 TeTri 

 S a v i 

(11111111  00000000  00000000)  

 11111111  00000000)  (0000000

0  
 11111111 )  (0000000

0  

00000000  

 11111111 )  11111111  

(11111111  

(0000000

0  
00000000   11111111 ) 

(11111111   11111111  00000000)  

 (11111111   11111111   11111111 ) 

00000000  00000000)  

00000000       0 

 11111111       255  

wiTeli (255, 0, 0) 

yviTeli (255, 255, 0) 

TeTri (255, 255, 255) 

mwvane (0, 255, 0) 

cisferi (0, 255, 255) 

mewamuli (255, 0, 255) 

lurji (0, 0, 255) 

Aa) 

b) 

Ag) 

 nax.2.30.  feriTi RGB meTodi    
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  mewamul fers Seesabameba (11111111, 00000000, 11111111) anu (256, 0, 256) 

tripleti; igi miiReba maqsimaluri intensiurobis mqone wiTeli da lurji fere-

bis SekrebiT;  

  yviTel fers Seesabameba (11111111, 11111111, 00000000) anu (256, 256, 0) 

tripleti; igi miiReba maqsimaluri intensiurobis mqone wiTeli da mwvane fere-

bis SekrebiT;     

samive   ̆   ̆  ̆ sidides Tu erTi da igive mniSvneloba eqneba, magaliTad (53, 

53, 53), (148, 148, 148), (195, 195, 195) da a.S., maSin jamurad garkveuli inte-

nsiurobis (sikaSkaSis) mqone ruxi feri miiReba. minimaluri intensiurobis (sika-

SkaSis) ruxi feri gadaiqceva Sav ferad, xolo maqsimaluri sikaSkaSis ruxi fe-

ri – TeTr ferad; maTi tripletebi iqneba: 

  Savi ferisaTvis: (00000000, 00000000, 00000000) anu (0, 0, 0); 

  TeTri ferisaTvis: (11111111, 11111111, 11111111) anu (256, 256, 256).     

        monitorze gamotanili ferebi monitorze miiReboda ZiriTadi fereb- 

        bis Sesabamisi sxivebis daSuqebiT. sxvagvaradaa saqme poligragiul  

        warmoebaSi qaRaldze sxvadasxva ferebis gamosaxvisas. am SemTxvevaSi 

TeTr qaRaldze, romelzedac sxvadasxva ferebi unda iqnes datanili, ecema Te-

Tri feris Suqi, romelic yvela ZiriTadi ferebis SekrebiTaa miRebuli. Cven 

aRviqvamT qaRaldidan anarekl Suqs, romelsac aqvs garkveuli feri. am ukanas-

knelis misaRebad qaRaldze datanilma saRebarma nivTierebam dacemuli TeTri fe-

ris sxividan unda STanTqos yvela feri, garda im ferisa, romlis miRebac Cven 

gvsurs. e.i. mocemul SemTxvevaSi ferebi miiReba TeTri (255, 255, 255) feridan 

mdgeneli (wiTeli, mwvane an lurji) feris gamoklebiT. kerZod, wiTeli mdgene-

lis gamoklebis Sedegad miiReba (0, 255, 255) tripleti, romelsac Seesabameba 

cisferi feri; mwvane mdgenelis gamoklebiT - (255, 0, 255) tripleti, romelsac 

Seesabameba mewamuli feri, xolo lurji mdgenelis gamoklebiT – (255, 255, 0) 

tripleti, romelsac Seesabameba yviTeli feri. 

ferebis miRebis meTodisTvis, romlis drosac TeTri feridan misi mdgenele-

bi gamoiricxeba, ZiriTad ferebad iTvleba zemoT xazgasmuli cisferi, mewamuli 

da yviTeli ferebi. meTodis saxelwodebad miRebulia cisferi (Cyan), mewamuli 

(Magenta) da yviTeli (Yellow) ferebis inglisuri saxelwodebebis pirveli aso-

ebisagan formirebuli abreviatura: CMY-meTodi ewodeba. meTodis naklia is, 

rom misi gamoyenebis dros ver xerxdeba maRalxarisxovani Savi feris miReba; Ar-

niSnuli naklis gamosasworeblad ZiriTad ferebs  Savi (blacK) feri da meTodma 

miiRo CMYK-meTodis saxelwodeba. 

       gamosaxulebis cifrebad gardaqmnis, anu, misi gacifrebis dros obieq-                      

       tivis daxmarebiT aRniSnuli gamosaxuleba proecirdeba rastrad wo- 

     debul m raodenobis striqonebisa da raodenobis n svetebis Semcvel 

SuqmgrZnobiare matricaze. matricis TiToeuli elementia umciresi zomis wer-

tili, romelic feradi gamosaxulebis dros Sedgeba wiTeli, mwvane da lurji 

feris sami SuqmgrZnobiare gadamwodisagan. Semdeg TviToeuli feris Sesabamisi 

wertilebis sikiSkaSis intensiuroba mTeli rastris masStabiT saTanado cifreb-

ad gardaiqmneba.  

sami ZiriTadi feris Sesabamisi TiToeuli wertilis sikaSkaSis kodirebisTvis 

8 bitis (1 baitis) gamoyenebis dros miviRebT Tvalis mier aRsaqmel          

224 =16777216 raodenobis sxvadasxva fers, romelic uaxlovdeba adamianis mxe-

dvelobis mier aRsaqmeli ferebis raodenobas. 24 Tanrigisagan Semdgari orobiTi 

kodiT feradi grafikis warmodgenis reJims ewodeba sruli feradovnebis anu 

  6 

  7 
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True Color-is reJimi. cxadia, rom bgeriTi monacemebis analogiurad grafikuli 

monacemebic mexsierebis mowyobilobebSi Zalian did adgils ikavebs. magaliTad, 

Tanamedrove TvalsazrisiT, Zalian mokrZalebul monitors gaaCnia 800 x 600 ra-

odenobis mqone wertilebi; am SemTxvevaSi True Color-is reJimSi warmodgenili 

gamosaxuleba daikavebs 

    

tol moculobas. 

feris umaRlesi xarisxiT gamosaxva Tu savaldebulo ar aris, rastris Ti-

Toeuli wertili kodirdeba 16 bitiT anu 2 baitiT; am dros miiReba 216 = 

65536 raodenobis erTmaneTisagan gansxvavebuli feri. 16 Tanrigisagan Semdgari 

orobiTi kodiT feradi grafikis warmodgenis reJims ewodeba maRali fera-

dovnebis anu High Color-is reJimi.  

reJims, romlis drosac rastris erTi wertilis kodirebisaTvis gamoiyeneba 

8 biti, anu 1 baiti, kodirebis indeqsuri reJimi ewodeba. am dros uzrunvelyof-

lia erTmaneTisagan gansxvavebuli 28 = 256 raodenobis feris arseboba. es ar 

aris sakmarisi ferebis mTeli gamis gadmosacemad. TiToeuli wertilis kodi am 

dros gamoxatavs ara uSualod fers, aramed palitrad wodebul ferebis 

cxrilSi arsebuli garkveuli feris nomers (indeqss). palitra grafikuli mona-

cemebis mqone failebs unda mimagrdes da unda moxdes maTi gamoyeneba gamosaxu-

lebis aRwarmoebis dros. 

rastruli meTodebis erT-erT naklia gamosaxulebis zomebis nebismier 

arCeul mniSvnelobamde proporciulad Secvlis sirTule. gamosaxulebis gadi-

debis erTaderT xerxs arsebiTad Tavad piqselis zomebis gazrda warmoadgens; es 

ukanaskneli ki iwvevs marcvlovanobas (piqselizacias) - gamosaxuleba “marcvlo-

vani” xdeba.     

        grafikuli informaciis warmodgenis veqtoruli xerxebi saSualeb-                

        as gvaZlevs Tavidan aviciloT rastruli meTodebisaTvis damaxasi- 

      aTebeli problema, romelic warmoiSveba gamosaxulebis masStabis 

cvlilebis dros. am SemTxvevaSi gamosaxuleba warmoidgineba wrfeebisa da mrude-

ebis erTobliobaTa saxiT. mowyobilobam gamosaxulebis Semadgeneli garkveuli 

konfiguraciis piqselebi ki ar unda aRawarmoos, aramed detalurad unda aRwe-

ros gamosaxulebis warmomqmneli wrfeebisa da mrudeebis urTierTganlageba. am 

monacemebis safuZvelze mowyobiloba qmnis mza gamosaxulebas. 

dawvrilebiTi teqnologiebis daxmarebiT aris aRwerili Tanamedrove printe-

rebisa da monitorebis mier gamoyenebuli sxvadasxva Sriftebi. aRniSnuli teqno-

logiebi saSualebas gvaZlevs simboloebis zomebi farTo zRvrebSi vcvaloT da 

miviRoT sxvadasxva masStabis Sriftebi. aseT teqnologiebs miekuTvneba: 

   Microsoft  da Appl  kompaniebis mier damuSavebuli True Type saxelwodebis 

teqnologia;  

   Adoble Systems kompaniis mier damuSavebuli PostScript saxelwodebis te-

qnologia da a.S. 

veqtoruli meTodebi farTod gamoiyeneba daproeqtebis avtomatizebul si-

stemebSi; maTi saSualebiT SesaZlebelia: 

  monitoris ekranze gamovsaxoT rTuli samganzomilebiani obieqtebis gamosa-

xulebebi 

  movaxdinoT ekranze gamosaxuli obieqtebis manipulireba. 

800  600  24 = 11 520 000 bitis = 1 440 000 baitis  

 8 
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veqtoruli teqnologiis naklia is, rom, rastruli teqnologiisagan gansxva-

vebiT, igi saSualebas ar gvaZlevs miviRoT obieqtebis  fotografiuli sizustis 

gamosaxuleba.  

 

 

 

2.11. informacia, rogorc ganusazRvre- 

lobis moxsnis saSualeba 

 

       informaciis raime wyarodan garkveuli informaciis miRebamde Cven-  

       Tvis ucnobia Tu ra mdgomareobaSi imyofeba aRniSnuli wyaro, e.i.  

        igi warmoadgens Tavisebur Sav yuTs, romlis ganusazRvreloba maq-

simaluri, anu 1-is tolia. 

sainformacio procesebis realizaciis dros informacia sxvadasxva formiT 

gadaitaneba informaciis wyarodan mimRebamde. gadatanisaTvis SeiZleba gamoyenebu-

li iqnes bunebrivi an xelovnuri (formaluri) enis niSnebi da simboloebi, ro-

melTa saSualebiTac informacias eZleva Setyobinebis saxe.   

 

 

 

gamosakvlev sistemad ganvixiloT informaciis diskretuli wyaro (diskretu-

li Setyobinebebis wyaro), romelic warmoadgens sasruli raodenobis ai , i = 1,2, 

…, N mdgomareobebis mqone fizikuri sistemas.  

sistemis mdgomareobebis srul A = {a1, a2 , … , aN} simravles informaciis Te-

oriaSi abstraqtuli alfabeti, anu Setyobinebebis wyaros alfabeti, xolo masSi 

Semaval calkeul a1, a2 , … , aN mdgomareobas - am alfabetis asoebi ewodeba.  

aseTi sistema drois TiToeul momentSi SesaZloa SemTxveviT gadavides mdgo-

mareobaTa sasrul A simravleSi Semaval nebismier ai mdgomareobaSi. am dros am-

boben, rom sxvadasxva mdgomareobebi realizdeba wyaros mier maTi amorCevis Se-

degad.          

vinaidan realobaSi wyaro zogierT mdgomareobas xSirad, xolo danarCenebs - 

iSviaTad irCevs, amitom zogadad igi SeiZleba A ansamblis saSualebiT davaxasi-

aToT. ansambli warmoadgens mdgomareobebis iseT erTobliobas, romelSic Semava-

li TiToeuli ai mdgomareobis qvemoT miTiTebulia sistemis mier am mdgomareoba-

Si gadasvlis pi albaToba: 

 

     

 

 

 

 

SemovitanoT informaciis wyaros mier mdgomareobis amorCevis ganusazRvre- 

lobis zoma. igi SeiZleba im informaciis zomadac ganvixiloT, romlis miRebis 

Semdeg utyuarad gvecodineba Tu ra mdgomareoba amoirCia informaciis wyarom, 

e.i. aRmoifxvreba wyaros mier mdgomareobis amorCevis ganusazRvreloba 

informaciis axlad Semotanilma zomam unda daakmayofilos Semdegi sami piroba: 

Setyobineba ewodeba gadacemisaTvis gamoyenebuli niSnebis (simboloebis) erTo- 

bliobis saxiT informaciis warmodgenis formas. 

A 
a1 a2 an 

… p1 p2 pN 

… 

=

 
 … 

, amasTanave ∑  

 

   

 

 

= 1. (2.45) 

 1 
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1. informaciis wyaros mier amosarCevi mdgomareobis raodenobis gazrdisas 

Sesabamisad unda izrdebodes informaciis zoma; am dros mxedvelobaSi ar unda 

miviRoT informaciis wyaros iseTi mdgomareobebi, romlebsac wyaro arasodes 

amoirCevs. aseTi mdgomareobis amorCevis albaToba nulis tolia  da maT wyaros 

dauSvebeli mdgomareoba ewodeba. 

2. informaciis wyaros Tu erTaderTi mdgomareobis amorCeva SeuZlia, maSin 

mis mier mdgomareobis amorCevis ganusazRvreloba nulis tolia da amdenad, aseT 

SemTxvevaSi miRebuli informaciis sidide 0-is toli unda iyos; 

3. informaciis zoma unda akmayofilebdes aditurobis, anu Sekrebadobis 

pirobas, romelic ase formulirdeba: N da M raodenobis TanabaralbaTuri 

mdgomareobebis mqone ori damoukidebeli wyaros Tu mdgomareobaTa Ni, Mj wyvi-

lis erTdroulad marealizebel erT sainformacio wyarod ganvixilavT, maSin ga-

erTianebuli wyaros ganusazRvreloba sawyisi wyaroebis ganusazRvrelobebis jami 

unda iyos. vinaidan informaciis gaerTianebuli wyaros mdgomareobebis saerTo 

raodenoba N M–is tolia, amitom, saZebni funqcia unda akmayofilebdes Semdeg 

pirobas:    

ganusazRvrelobis zomad ar SeiZleba informaciis wyaros mdgomareobis N 

raodenoba aviRoT, radgan N=1-is SemTxvevaSi, rodesac ganusazRvreloba nulis 

tolia (ar arsebobs), miviRebdiT erTis tol ganusazRvrelobas, rac ewinaaRmde-

geba zemoT formulirebul me-2 pirobas.  

 

 

 

      zemoT formulirebuli samive piroba Sesruldeba, Tu TanabaralbaTur  

      mdgomareobian informaciis wyarosa da misi maxasiaTebeli A ansamblis 

          ganusazRvrelobis zomad miviRebT ara misi mdgomareobis N raodeno-

bas, aramed am raodenobis logariTms: 

 

  

                                                                      

aseTi zoma daakmayofilebs zemoT moyvanil samive pirobas. marTlac: 

     N-is zrdiT monotonurad izrdeba H(A), e.i. sruldeba 1-li piroba; 

     Tu  N = 1, maSin log 1 = 0, e.i. sruldeba me-2 piroba; 

     log NM = log N + log M, e.i sruldeba  me-3 piroba. 

aRniSnuli zoma 1928 wels SemogvTavaza amerikelma mecnierma ralf vinton laion 

hartlim (Ralph Vinton Lyon Hartley), amitom (2.47) formulas hartlis formulasac 

uwodeben.  

    hartlis formulaSi logariTmis fuZis SerCevas principuli mniSvneloba  ara 

aqvs da mxolod gazomvis  masStabs  an erTeuls gansazRvravs.  

logariTmis fuZeze damokidebulebiT gamoiyeneba gazomvis Semdegi erTeulebi: 

  bitebi; am dros logariTmis fuZe 2-is tolia: 

 

                   H(A) = log2N  .                                                               (2.48) 

 

     natebi; am dros logariTmis fuZe neperis anu eileris e ricxvis (e =        

= 2,71828…) tolia:  

                   H(A) = logeN = ln N  .                                                       (2.48) 

    

 

 

 

f(NM) = f(N) + f(M). (2.46) 

 2 

H(A) = log N. (2.47) 
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       hartlis formula SeiZleba empiruladac, anu eqsperimentis Cautare- 

       bladac miviRoT. (berZ. empiria – gamocdileba. empiruli _ bunebriv  

      pirobebSi dakvirvebiT da ara eqsperimentiT miRebuli). 

 N=2 Sedegis mqone cdas orobiTi cda vuwodoT. igi (2.48) formulis Tana-

xmad erTi bitis tol informacias Seicavs (log22=1). aseT SemTxvevaSi samarTli-

ania Semdegi mtkicebulebebi:   

   ori TanabaralbaTuri xdomilobisagan Semdgar situaciaSi ganusazRvrelo- 

bis mosaxsnelad erTi orobiTi cdis Catareba da, maSasadame, erTi biti informa-

ciaa sakmarisi; amitom ori TanabaralbaTuri xdomilobisagan Semdgar ganusa-

zRvrelobas erTi biti informacia Seesabameba. 

   oTxi TanabaralbaTuri xdomilobisagan Semdgar situaciaSi ganusazRvre-

lobis mosaxsnelad ori orobiTi cdis Catareba da, maSasadame, ori biti info- 

rmaciaa sakmarisi; amitom  oTxi TanabaralbaTuri xdomilobisagan Semdgar ganusa-

zRvrelobas ori biti informacia Seesabameba. 

   rva TanabaralbaTuri xdomilobisagan Semdgar ganusazRvrelobas sami biti 

informacia Seesabameba; 

   Teqvsmeti TanabaralbaTuri xdomilobisagan Semdgar ganusazRvrelobas 

oTxi biti informacia Seesabameba da a.S.  

zemoT moyvanil msjelobas Tu gavagrZelebT, SeiZleba davaskvnaT, rom 32 

banqosagan Semdgari dastidan amoRebuli erTi banqos gamosacnobad 5 biti infor-

maciaa sakmarisi, e.i. sakmarisia xuTi iseTi kiTxvis dasma, romelzedac unda ga-

eces pasuxi “diax” an “ara”.   

amgvarad, Setyobineba N raodenobis TanabaralbaTuri variantidan Tu erT-erT  

variantze migviTiTebs, maSin mas CvenTan log2 N raodenobis informacia moaqvs. ma-

rTlac, zemoT ganxiluli magaliTebisaTvis Sesabamisad gvaqvs: log2 2=1;  log2 4=2;   

log2 8=3;   log2 16=4;   log2 32=5  da a.S. 

hartlis formula sityvierad SeiZleba ase CamovayaliboT: 

 

(r.v.l. hartli. 1888-1970) 

  

  

  

  

 3 

     ditebi; am dros logariTmis 

fuZe 10-is tolia:  

 

       

radgan Tanamedrove kompiuter-

uli sistemis asagebad gamoiyeneba 

ori mdgradi mdgomareobis mqone 

elementi, amitom informatikaSi 

ganusazRvrelobis erTeuli (2.48) 

formuliT ganisazRvreba, mas oro-

biTi erTeuli, anu biti ewodeba 

da ase ganisazRvreba:  

 

H(A) = log10N = lg N 

 

(2.50) 

 

   biti warmoadgens ori Tana-

baralbaTuri xdomilebidan erT-

erTi xdomilebis amorCevis dros 

arsebul ganusazRvrelobas.  
 

http://upload.wikimedia.org/wikipedia/commons/0/01/Hartley_ralph-vinton-lyon-001.jpg
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       SemoTavazebuli midgoma iseTi praqtikuli amocanebis gadawyvetis sa- 

       Sualebas iZleva, romelTa drosac informaciis wyaros yvela  SesaZ- 

        lo mdgomareobas erTnairi albaToba aqvs. 

zogadad informaciis wyaros mier mdgomareobis realizaciis ganusazRvrel- 

obis xarisxi ara marto am wyaros mdgomareobebis raodenobaze, aramed mdgomare-

obaTa albaTobebzec aris  damokidebuli. magaliTad, informaciis wyaros Tu 

0,999 da 0,001 albaTobebis mqone ori SesaZlo mdgomareoba gaaCnia, maSin mis 

mier mdgomareobis amorCevis ganusazRvreloba gacilebiT naklebia, vidre Tanabar 

albaTobebiani ori mdgomareobis mqone wyaros mier mdgomareobis amorCevis 

ganusazRvreloba; aseT SemTxvevaSi Sedegi praqtikulad winaswar SeiZleba viwina-

swarmetyveloT (realizebuli iqneba 0,999 albaTobis mqone mdgomareoba).  

amerikelma mecnierma klod Senonma amorCevis H ganusazRvrelobis zomis cne-

ba ganazogada im SemTxvevisaTvis, rodesac H ganusazRvreloba  ara marto info-

rmaciis wyaros mdgomareobaTa raodenobaze, aramed am mdgomareobebis albaTobe-

bzec (A alfabetis ai simboloTa amorCevis pi albaTobebzec) aris damokidebuli. 

aRniSnuli zoma gviCvenebs saSualod erT mdgomareobaze mosul ganusazRvrelo-

bas, mas informaciis diskretuli wyaros entropia (berZ. ἐντροπία — “mobru-

neba”, “gardaqmna”) ewodeba da Semdegi formuliT ganisazRvreba:   

 

   

 

ganusazRvreloba Tu gvinda orobiT erTeulebSi gavzomoT, maSin logariTmis 

fuZed unda ori aviRoT:   

 

 

Tanabari albaTobebis mqone mdgomareobis amorCevis dros samarTliania Se-

mdegi piroba: 

      

am ukanasknels Tu SevitanT (2.52)-Si, maSin miviRebT zemoT moyvanil har-

tlis (2.47) formulas.  

         ganusazRvrelobis gazomvisaTvis klod Senonis mier SemoTavazebul  

       ganzomilebas entropia imitom ewoda, rom (2.52) gamosaxuleba for-  

       miT fizikuri sistemisaTvis adre bolcmanis mier gansazRvruli 

entropiis gamosaxulebis msgavsia. Termodinamikis meore kanonis Tanaxmad, 

Caketili sivrcis H entropia ganisazRvreba gamosaxulebiT: 
    

 

 

 

sadac Mn  aris mocemul sivrceSi molekulebis raodenoba, mi  ki – (vi + v) si-

CqariT  moZravi molekulebis raodenobaa. 

       informaciis raodenoba im xarisxis tolia, romelSic unda aviyvanoT 2, raTa 

miviRoT amosarCevi TanabaralbaTuri variantebis saerTo raodenoba. 

 4 

∑  

 

   

 

 

H = - log2 pi (2.52) 

p1 = p2 = … = pN  = 1/N. 

 

 

(2.53) 

 

 
 5 

ln H = ∑  

 

   

 

 

 

  
 

 

  

  
 

 

, (2.54) 

∑  

 

   

 

 

H = - log pi (2.51) 
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radgan mi/ Mn imis albaTobaa, rom molekulas aqvs (vi + v)-s toli siCqare, 

amitom H-is gamosaxuleba SeiZleba ase CavweroT:  
                                                  

 

 

 mocemuli formula emTxveva (2.51) formulas: orive SemTxvevaSi H sidide 

axasiaTebs sistemis sxvadasxvagvarobas. 

(2.48) da (2.51) formulebis gamoyenebiT SegviZlia ganvsazRvroT Setyobinebe-

bis A wyaros alfabetis siWarbe, romelic gviCvenebs Tu ramdenad racionalu-

rad gamoiyeneba mocemuli alfabeti: 

 

 

sadac Hmax(A) aris (2.47) formulis daxmarebiT gamoTvlili maqsimaluri Sesa-

Zlo entropia, xolo  H(A) – wyaros entropia, gamoTvlili (2.52) formulis 

daxmarebiT.  

magaliTisaTvis gamoviTvaloT inglisuri teqstis maformirebeli informaciis 

wyaros entropia da siWarbe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dasmuli amocanis gadasawyvetad saWiroa gamoviyenoT inglisur teqstSi 

inglisuri enis alfabetSi Semavali asoebis gamoyenebis albaTobebi. isini 

dadgenilia eqsperimentulad da (2.14) cxrilSia mocemuli.  

 (2.51) formuliT gamoviTvaloT inglisuri A alfabetis H(A) entropia:  

 

 

D = [Hmax(A) – H(A)] / [Hmax(A)], (2.56) 

ln pi . ∑  

 

   

 

 

H = -    (2.55) 

probeli 

 a s o 

    E 

    T 

    O 

    A 

    N 

    I 

   0,2 

 albaToba 

  0,105 

  0,072 

  0,065 

  0,063 

  0,058 

  0,055 

   H 

 a s o 

   D 

   L 

   C 

   F 

   U  

   M 

 0,047 

 albaToba 

 0,035 

 0,028 

 0,023 

 0,023 

 0,023 

 0,021 

   W 

 a s o 

   G 

   B 

   V 

   K 

   X 

   J 

 0,012 

 albaToba 

  0,011 

 0,010 

  0,008 

 0,003 

  0,001 

 0,001 

    R   0,052    P  0,018       Q  0,001 

    S   0,052    Y  0,012    Z  0,001 

cxrili 2.14. inglisur alfabetSi Semavali asoebis gamoyenebis albaTobebi 
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(2.47) formuliT vipovoT  inglisuri A alfabetis maqsimaluri Hmax(A) en-

ntropiis mniSvneloba (miviRebT im daSvebiT, rom alfabtSi Semavali yvela asos 

albaToba erTmaneTis tolia da 1/27  0,037-s udris)  

 

                  Hmax(A) = log227 = 4,75 (biti/simbolo).  

informaciis ganxiluli wyaros siWarbe vipovoT (2.56) formuliT: 

                     D(A) = (4,75-4,03)/0,75 = 0,15.                

 

2.12. informaciis raodenobis gazomvis 

sakiTxisaTvis 

 

 

 

        kompiuterul sistemebs Seiswavlis informatika. pirvel TavSi moyva- 

       nili gansazRvrebis Tanaxmad, igi fundamentur sabunebismetyvelo me-

cnierebas warmoadgens; mecnierebis erT-erT dargad informatikis miCneva imdenad  

udavoa, rom amerikaSi mas “kompiuterul mecnierebasac” («computer science») 

uwodeben. mecniereba ki cnobili rusi mecnieris mendeleevis Tanaxmad, iwyeba iq, 

sadac iwyeba gazomvebi. ufro metic, [31]-is Tanaxmad gazomva warmoadgens mimar-

Tulebas, romliskenac midis ganviTareba, gafarToeba, evolucia da amdenad, mas 

ara marto wminda mecnieruli, aramed didi praqtikuli mniSvnelobac aqvs.  

gazomvis mizani specialuri teqnikuri saSualebebis daxmarebiT Catarebuli 

cdiT fizikuri sididis raodenobiTi mniSvnelobis povnaa da zogadad gazomva ase 

ganisazRvreba:  

 

 

 

formulirebuli gansazRvrebis Tanaxmad, gazomvis procesis realizebisaTvis 

aucilebelia winaswar iqnes dadgenili: 

  gasazomi sidide; 

  gazomvis miRebuli erTeulebi. 

 

 

 

 1 

“mecniereba iwyeba iq, sadac iwyeba gazomvebi.” 

         d.i. mendeleevi (1834 —  1907) 
 

gazomva ewodeba gamzomi saSualebebis daxmarebiT Sesrulebul moqmedebebis 

erTobliobas, romlis mizania napovni iqnes gazomvis miRebul erTeulebSi ga-

mosaxuli gasazomi sididis mniSvneloba. 

 

  

  

         H(A) =   --  0,2 log20,2  --  0,105 log20,105  --  0,072 log20,072  -- 0,065  log20,065    –  

                -- 0,063 log20,063   –   0,058 log20,058   –  0,055 log20,055   – 0,052  log20,052   – 

                – 0,052 log20,052    –   0,047 log20,047   –  0,035 log20,035  – 0,028 log2 0,028    – 

                 – 0,023 log2 0,023    –  0,023 log2 0,023  –   0,023 log2 0,023  – 0,021 log2 0,021   –  

                – 0,018 log2 0,018    –  0,012 log2 0,012   –  0,012 log2 0,012  – 0,011 log2 0,011   –                             

                  – 0,010 log2 0,010    –  0,008 log2 0,008   –  0,003 log2 0,003  – 0,001 log2 0,001   –  

                – 0,001 log2 0,001   –   0,001 log2 0,001   –  0,001 log2 0,001  =   

                                                      =  4,03 (biti/simbolo) .                                                                                                                    
 

 

 

http://en.wikipedia.org/wiki/Computer_science
http://ru.wikipedia.org/wiki/1834_%D0%B3%D0%BE%D0%B4
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     informatika disciplinaTaSorisi mecnierebaa, romlis kvlevis sagani  

     aris informacia. igi informaciis analiziT, SekrebiT, klasificirebiT, 

    manipulirebiT, SenaxviT, amoRebiT, gadaadgilebiTa da sivrceSi gadacemiT 

aris dakavebuli. aRniSnulis gamo zogierTi avtori mas informaciis mecni-

erebasac («information science») uwodebs da cxadia, rom swored informaciaa is 

specifikuri sidide, romlis gazomvac warmoadgens informatikis, rogorc mecni-

erebis erT-erT ZiriTad amocanas. rac Seexeba am sididis gasazomad miRebul 

erTeulebs, maTi dadgenis sami aspeqti arsebobs, romelTa mokled ganxilva Se-

adgens mocemuli paragrafis mizans.    
        informaciaze garkveuli operaciebis Casatareblad mas Setyobinebis  

        saxiT warmoadgenen. Setyobineba garkveuli niSnebisa da simboloebis 

        erTobliobaa, xolo aseT erTobliobas semiotikad (semiologiad) 

wodebuli mecniereba Seiswavlis.  

 

 

 

 

                                                

        

 

semiotikis ZiriTadi sakiTxebi sabWoTa mecnieris iuri mixeilis Ze lotma-

nisa da amerikeli mecnieris Carlz uiliams morisis fundamentur naSromebSia 

damuSavebuli. lotmanis azriT semiotika warmoadgens mecnierebas urTierTobis 

procesSi gamoyenebuli sakomunikacio sistemebisa da niSnebis Sesaxeb, xolo mo-

risi mas metamecnierebad miiCnevs. 

 

 

 

 

 

 

 

 

 

 

 2 

i.m.lotmani (1922-1993) C.u. morisi (1901-1979) 

semiotika, anu semiologia (berZ. σημειωτική,  - “niSani”) ewodeba niSnebisa  
da am niSnebisagan Sedgenil sistemebis Semswavlel mecnierebas.                  

 

metamecniereba (Zv. berZ. μετὰ  - “Soris”, “Semdgom”) iTvleba universalur 

mecnierebad, romlis mizani sxvadasxva mecnierebaTa saerTo enis - e.w. metaenis  

saSualebiT aRniSnuli mecnierebebis dasabuTeba da Seswavlaa.    

 

 

 3 

http://en.wikipedia.org/wiki/Information_science
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Lotman_um.JPG
http://philosopedia.org/index.php/File:Cmorris6.jpg
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Lotman_um.JPG
http://philosopedia.org/index.php/File:Cmorris6.jpg
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     Setyobineba, rogorc niSnebis erToblioba, semiotikis TvalsazrisiT  

      Seiswavleba sintaqsur, semantikur da pragmatul doneebze (nax.2.31).  

   amaTgan, sintaqsur doneze Seiswavleba Setyobinebis Sinagani, xolo seman-

tikur  da pragmatul doneebze – garegani Tvisebebi. mokled ganvixiloT TiTo-

euli maTgani.   

 

 

 

 

 

 

 

   sintaqsur (berZ.σ syntaxis -“Tanadeba, Tanawyoba, dakavSireba”) doneze ganixi- 
leba Setyobinebis Semadgenel niSnebs Soris arsebuli Tanafardobebi, romelTa 

ZaliTac aris formirebuli aRniSnuli Setyobinebis struqtura;  

   semantikur (berZ. sëmantikos – “aRmniSvneli”) doneze ganixileba Setyobi- 

nebis azrobrivi Sinaarsi, informaciis wyarosTan misi damokidebuleba, kerZod  

niSnebsa da maT mier aRniSnul sagnebs, moqmedebebs, Tvisebebs Soris arsebuli   

Tanafardobebi;  

   pragmatul (berZ. pragma, naT. br. Pragmatos – “saqme”, “moqmedeba”) doneze 

ganixileba Setyobinebasa da mis mimRebs Soris arsebuli damokidebulebebi, ker-

Zod, ganisazRvreba Tu ra samomxmareblo Rirebulebisaa Setyobineba misi mimRebi- 

saTvis. 

zemoT CamoTvlil TiToeul doneze informaciis analizis dros wamoiWreba 

am donisaTvis damaxasiaTebeli specifikuri problemebi. mokled ganvixiloT  Ti-

Toeuli maTgani. 

        sitaqsur doneze wamoiWreba Setyobinebebisa da da maTi mate-  

        rialuri mzidebis – signalebis gadacemasTan dakavSirebuli wminda 

      teqnikuri problemebi, romelTa gadaWra aucilebelia:   

   maqsimalurad SesaZlebel maCveneblebTan axlos mdebare maCveneblebis mqo- 

ne axali sainformacio sistemebis asagebad; 

   arsebuli sainformacio sistemebis gamoyenebis efeqturobis asamaRleblad. 

mimRebisaTvis Setyobinebebis, rogorc garkveuli niSnebis erTobliobebis, mi-

tanis problemebis ganxilvisas sintaqsur doneze mxedvelobaSi miiReba: 

- mzidis saxe; 

- informaciis warmodgenis xerxi; 

- Setyobinebebis gadacemisa da damuSavebis siCqareebi; 

- informaciis warmodgenisaTvis gamoyenebuli kodebis zomebi; 

- aRniSnuli kodebis saimedooba da maTi gardaqmnebis sizuste da a.S. 

zemoT CamoTvlili gasaTvaliswinebeli sakiTxebis Sinaarsi gviCvenebs, rom  

aRniSnul doneze xdeba Setyobinebebis Sinaarsisa da maTi miznobrivi daniSnule- 

bisagan sruli abstrahireba (laT. abstractio – “mocileba”, “moSoreba” – raime  

sagnis an movlenis araarsebiTi niSnebis ugulebelyofa da arsebiTi niSnebis 

gamoyofa azrovnebaSi). am doneze mxolod sintaqsuri poziciebidan ganxilul 

 4 

  

  

  

 

nax.2.31. Setyobinebis Seswavlis doneebi 

Setyobinebis Seswavlis doneebi 

sintaqsuri done semantikuri done pragmatuli done 

 5 
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informacias Cveulebriv monacemebs uwodeben, radgan misi azrobrvi Sinaarsi 

sruliad ugulebelyofilia. 

informaciis Tanamedrove Teoria ZiriTadad swored am donis problemebs 

ikvlevs. kvlevis procesSi igi eyrdnoba “informaciis raodenobis” cnebas, rome-

lic Setyobinebis formirebisaTvis niSnebis gamoyenebis sixSiris zomaa da ar 

asaxavs gadasacemi Setyobinebis arc Sinaarssa da arc mniSvnelobas. aRniSnulis 

gamo zogjer amboben rom informaciis Tanamedrove Teoria sintaqsur doneze 

imyofeba [7].  

 

        semantikuri donis problemebi dakavSirebulia: 

           gadasacemi informaciis azris formalizebasa da mis gaTvaliwine-  

       basTan; 

    obieqtis saxisa da Tavad obieqtis Sesabamisobis xarisxis gansazRvras- 

Tan. 

am doneze: 

_ gaanalizdeba informaciaSi asasaxi cnobebi; 

_ ganixileba azrobrivi kavSirebi; 

_ formirdeba cnebebi da warmodgenebi; 

_ mJRavndeba informaciis azri, Sinaarsi da xdeba maTi ganzogadeba. 

am donis problemebi Zalian rTulia, radgan informaciis azrobrivi Sinaarsi 

raime enaze warmodgenili Setyobinebis semantikaze ufro metad Tavad informaci- 

is mimReb subieqtze (obieqtze) aris damokidebuli. 

 

       pragmatul doneze dgindeba Tu ra sargebeli moutana momxma-  

     rebels informaciis miRebam da gamoyenebam. am donis problemebi gansaz-  

    Rvravs sakuTari miznis miRwevisaTvis saWiro gadawyvetilebis gamosamu-

Saveblad Tu ramdenad sasargeblo da faseulia momxmareblisaTvis mis mier 

gamoyebuli informacia.      

am dros ZiriTadi sirTulea is rom, erTi da igive informaciis sargebliano-

ba, jer erTi, sxvadasxva momxmareblisaTvis SeiZleba sxvadasxagvari iyos, da, 

meorec, es sargeblianoba mTel rig iseT faqtorebzea damokidebuli, 

rogorebicaa, magaliTad, informaciis droulad miReba da am informaciis 

gamoyenebis SesaZleb-loba. 

informaciis mitanis siCqaris mimarT wayenebul maRal moTxovnebs xSirad is 

garemoeba ganapirobebs, rom mmarTveli zemoqmedeba drois realur masStabSi, un-

da sruldebodes; es imas niSnavs, rom aRniSnuli zemoqmedeba iseTive siCqariT 

unda xorcieldebodes, ra siCqariTac icvleba samarTi obieqtebis an procesebis 

mdgomareobebi. informaciis mitanis an misi gamoyenebis dagvianebas SeiZleba kata-

strofuli Sedegebi mohyves.    

         sintaqsuri donis informaciis zomebi. aRniSnuli do-  

       nis informaciis raodenobrivi Sefaseba informaciis Sinaarsobriv mxa- 

      resTan araa dakavSirebuli da igi axasiaTebs gaupirovnebel infor-

macias, romelic obieqtisadmi azrobriv damokidebulebas ar gamoxatavs. amitom 

mocemuli zoma saSualebas gvaZlevs SevafasoT Tavisi bunebiT iseT gansxvavebul 

obieqtebSi cirkulirebadi sainformacio nakadebi, rogorebicaa kavSirgabmulobis  

sistemebi, kompiuterebi, marTvis sistemebi, cocxali organizmis nervuli sis-

temebi da a.S. 

sintaqsuri informaciis gasazomad, rogorc 2.32 naxazze Cans, gamoiyeneba mo-

culobiTi da entropuli midgomebi. mokled ganvixiloT TiToeuli maTgani.  

 6   

  

 7 

 8 
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 moculobiTi midgomis dros Semoitaneba informaciis (monacemebis) moculo-

bis Vm parametri, xolo entropuli midgomis dros – informaciis raodenobis I 

parametri. ganvixiloT orive maTgani.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   informaciis (monacemebis) moculoba (moculobiTi midgoma). 

sainformacio procesebis realizebis dros informacia gadaicema raime alfabetis 

asoebis erTobliobisagan Semdgari  Setyobinebebis saxiT. aRniSnuli erTobliobi- 

saTvis yoveli axali simbolos (asos) mimateba zrdis am erTobliobiT warmodge- 

nili informaciis raodenobas. erTi asosagan Semdgari erTobliobiT gamosaxul 

SetyobinebaSi Semavali informaciis raodenobas Tu informaciis erTeulad 

miviRebT, maSin nebismier sxva SetyobinebaSi arsebuli informaciis (monacemebis) 

Vm moculoba am SetyobinebaSi  Semavali simboloebis (Tanrigebis) raodenobis  

toli iqneba. radgan erTi da igive informacia mravali sxvadasxva xerxiT (sxva- 

  

moculobiTi midgoma entropuli midgoma  tezaurusuli midgoma 

sintaqsuri donis informaciis gazomva 
semantikuri donis infor- 

ciis gazomva 

 

  informaciis gasazomad gamoyenebuli midgomebi 

nax. 2.32. sintaqsuri da semantikuri donis informaciaTa Sefasebis midgomebi  

 
dasaxeleba 

aRniS- 

 vna 

1 b 

 

8 biti 1 baiti 

 
1 kb 

 

210 baiti=1024 biti  1 aTasi baiti = 103 baiti 

 

1 kilobaiti 

 
1 mgb 

 

220 baiti=1024 kilobaiti  1 milioni baiti = 106 baiti 

 

1 megabaiti 

 
1 gb 

 

230 baiti=1024 megabaiti  1 miliardi baiti = 109 baiti 

 

1 gigabaiti 

 
1 trb 

 

240 baiti=1024 gigabaiti  1012 baiti (tonabaiti)  

 

1 terabaiti 

 
1 ptb 

 

250 baiti=1024 terabaiti  1015 baiti  

 

1 petabaiti 

 
1 ekb 

 

260 baiti=1024 petabaiti  1018 baiti  

 

1 eksabaiti 

 
1 ztb 

 

270 baiti=1024 eksabaiti  1021 baiti  

 

1 zetabaiti 

 
1 itb 

 

280 baiti=1024 zetabaiti  1024 baiti  

 

1 iotabaiti 

 

S   e   n   i   S   v   n   a 

cxr. 2.15. kompiuteruli informaciis moculobis raodenobis erTeulebi 



141 
 

 

dasxva alfabetebis gamoyenebiT) SeiZleba gadaices, amitom Sesabamisad icvleba  

informaciis (Setyobinebis) zomis erTeulebi. 

Tvlis aTobiT sistemaSi erT Tanrigs aqvs 10-is toli wona da Sesabamisad 

informaciis zomis erTeuls warmoadgens diti (aTobiTi Tanrigi, ixileT wina pa-

ragrafi); aseT SemTxvevaSi n–Tanrigiani ricxvis saxiT warmodgenil Setyobine-

baSi Semavali informaciis (monacemebis) moculoba Vm =n ditis toli iqneba. ma-

galiTad, oTxTanrigian 1948 ricxvi Seicavs Vm = 4 ditis toli moculobis 

informacias. 

Tvlis orobiT sistemaSi erT Tanrigs aqvs 2-is toli wona da Sesabamisad 

informaciis zomis erTeuls warmoadgens biti (bit (binary digit) _ orobiTi Tan-

rigi, ixileT wina paragrafi); aseT SemTxvevaSi  n–Tanrigiani ricxvis saxiT 

warmodge-nil SetyobinebaSi Semavali informaciis (monacemebis) moculoba Vm =n 

bitis toli iqneba. magaliTad, rva Tanrigian orobiT 10110110 ricxvs aqvs     

Vm = 8 bitis toli moculobis informacia.  

Tanamedrove kompiuterul sistemebSi bitebiT monacemebis gazomvisas zomis 

minimalur erTeulad farTod gamoiyeneba zomis gafarToebuli erTeuli, rome-

lic raodenobrivad 8 bits udris da mas baiti ewodeba. ufro didi moculobe-

bis gamoyenebisas zomis kidev ufro didi erTeulebi (kilobaiti, megabaiti da 

a.S.) gamoiyeneba (2.15 cxrili). yuradReba unda mivaqcioT im faqts, rom orobiTi 

(kompiuteruli) informaciis sistemaSi “kilo”, “mega” da a.S. windebulebiani zo-

mis erTeulebis misaRebad ZiriTadi erTeuli mravldeba ara 103 = 1000-ze,    

106 = 1000000-ze da a.S., aramed 210 = 1024-ze, 1020 = 1048576-ze da a.S.   

    informaciis (monacemebis) raodenoba (entropuli midgoma).  

sintaqsur doneze informaciis gazomvis problemis gadasawyvetad informati-

kaSi Semotanilia e.w. sainformacio entropiis cneba. gavarkvioT am axali termi-

nis arsi.    

 

 

 

 

sainformacio entropia gviCvenebs Sesaswavli obieqtis an procesis Sesaxeb 

codnis arasrulyofilobas, ganusazRvrelobas. rac ufro naklebad vicnobT aRni-

Snul obieqts Tu process, miT ufro arasrulyofili da ganusazRvreli codna 

gvaqvs mis Sesaxeb, e.i miT ufro maRalia sainformacio entropia. obieqtis an 

procesis Sesaswavlad aucilebelia misgan garkveuli saxis Setyobineba miviRoT 

da am TvalsazrisiT orive maTgani SeiZleba Setyobinebis wyarod ganvixiloT.  

 

 

 

Setyobinebis wyarodan miRebul Setyobinebebs aRniSnuli wyaros Sesaxeb Cven-

Tan moaqvs informaciis raRac I raodenoba. am dros SeiZleba adgili hqondes Se-

mdeg ori SemTxvevas:  

 1.  motanili informacia CvenTvis nacnobia. aseT SemTxvevaSi wyaros Sesaxeb 

misgan verafer axals ver vigebT; aseT SemTxvevaSi igi ucvlelad tovebs wyaros 

sainformacio entropias, anu ver zrdis (srulyofils ver xdis) wyaros Sesaxeb 

  

sabunebismetyvelo mecnierebebSi entropia mravali elementisagan Semdgari si-

stemis uwesrigobis zomad aris miCneuli. aseTi midgomis dros rac ufro maRa-

lia aRniSnuli uwesrigoba, miT ufro metia entropia da piriqiT, sistemis mowe-

srigebis kvalobaze igi mcirdeba. absoluturad mowesrigebuli sistemis entropia 

nulis tolia.     

  sainformacio entropia warmoadgens Setyobinebis wyaros ganusazRvrelobas, 

ganusazRvrelobad ki iTvleba is faqti, Tu ramdenad ucnobia informaciis mim-

RebisaTvis (damkvirveblisTvis) informaciis mocemuli wyaro (sistema, obieqti).  
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Cvens codnas; amitom informaciis miRebuli I raodenoba nulis tolad miiCneva, 

e.i. I=0. 

2.  motanili informacia CvenTvis axalia. aseT SemTxvevaSi raRac ucnobs vi-

gebT wyaros Sesaxeb. amiT mcirdeba wyaros sainformacio entropia anu izrdeba 

(srulyofili xdeba) wyaros Sesaxeb Cveni codna; amitom informaciis miRebul I 

raodenobas aqvs 0-ze meti raodenoba, e.i. I > 0.  rac ufro metia motanili info-

rmaciis raodenoba, miT ufro metad mcirdeba Setyobinebis wyaros sainformacio 

entropia (ganusazRvreloba). aRniSnulidan gamomdinare, swored entropiis Semci-

rebis faqti SeiZleba gamoviyenoT informaciis raodenobrivi SefasebisaTvis da 

davaskvnaT Semdegi: 

 

 

 

Setyobineba rac ufro metad amcirebs Setyobinebis wyaros sainformacio en-

tropias (ganusazRvrelobas), miT ufro met I informacias Seicavs igi da, piri-

qiT, Tu ucvlelad tovebs aRniSnul entropias, maSin igi faqtobrivad ar Se-

icavs informacias, anu I=0.      

Amgvarad, entropiuli midgomis dros informaciad iTvleba raime procesis 

(cdis, gazomvis da a.S.) msvlelobaSi gamqrali ganusazRvrelobis raodenobrivi 

sidide. am dros ganusazRvrelobis zomad Semoitaneba H entropia da informa-

ciis raodenoba gamoiTvleba formuliT: 

 

sadac Hapr aris Sesaswavli sistemis an procesis mdgomareobis Sesaxeb apri-

oruli (Setyobinebis miRebamdeli) entropia, xolo Haps _ aposterioruli (Se-

tyobinebis miRebis Semdgomi) entropia. 

cdis msvlelobis dros, rodesac arsebuli ganusazRvreloba moixsneba (e.i. 

rodesac Haps = 0 ), maSin miRebuli informaciis raodenoba sawyis entropias daem-

Txveva I = Hapr.-s toli gaxdeba. 

                 semantikuri donis informaciis zomebi. semantikur in-  

        formaciad iTvleba momxmareblis mier Setyobinebidan gamotanili  

      azrobrivi Sinaarsi. mis gasazomad sayovelTaod miRebuli raode-

nobrivi zomebi  dReisaTvis ar arsebobs. informaciis semantikur Sesafaseblad 

gamoyenebul cnobil midgomebs Soris yvelaze metadaa gavrcelebuli tezauru-

suli midgoma; am dros miRebul SetyobinebaSi arsebuli azri fasdeba mimRebis 

tezaurusTan misi  SeTanadebis gziT, mimRebis unariT gaigos da aRiqvas miRebu-

li Setyobineba. marTlac, imisaTvis rom gaigos da gamoiyenos miRebuli informa-

cia, mimRebs unda gaaCndes codnis garkveuli maragi. sagnis sruli ucodinaroba 

mas saSualebas ar  miscems sagnis Sesaxeb miRebuli Setyobinebidan gamoitanos 

sasargeblo informacia. rac ufro meti icis sagnis Sesaxeb, miT ufro meti sa-

sargeblo informaciis  gamotana SeuZlia mimRebs Setyobinebidan.  

cnobebsa da codnas, romlebic mimRebs (momxmarebels) aqvs informaciis 

wyaros Sesaxeb, momxmareblis tezaurusi ewodeba. SetyobinebiT momxmarebeli 

axal cnobebs an codnas Tu miiRebs informaciis wyaros Sesaxeb, igi maT Seitans 

sakuTar tezaurusSi da gazrdis mis moculobas. Tu Setyobinebas momxmareblisa-

Tvis axali cnobebi an codna ar moaqvs, maSin igi maT sakuTar tezaurusSi ar 

Seitans da tezaurusis moculoba ucvleli darCeba. 

 9 

    informaciis I raodenoba warmoadgens Sesaswavli obieqtis (procesis) sa-

informacio entropiis (ganusazRvrelobis) Semcirebis zomas. 

I = Hapr - Haps , (2.57)  
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SetyobinebaSi arsebuli semantikuri informaciis raodenoba misi meSveobiT 

momxmareblis tezaurusis nazrdis proporciulia.   

 

 

 

 

 

 

 

 

 

 

momxmarebeli mcire raodenobis semantikur informacias aRiqvams (mocemuli 

Setyobinebis zemoqmedebiT tezaurusi mcired icvleba); zRvrul SemTxvevaSi, 

rodesac Stz    ∞, momxmarebelma “yvelaferi icis” da Setyobinebidan amoRebu-

li Setyobineba mas ar sWirdeba da Setyobineba Seicavs nulis tol semantikur 

informacias.  

mimRebs Setyobinebidan maqsimaluri raodenobis semantikuri informacia maSin  

amoaqvs, rodesac misi sakuTari tezaurusi SeTanxmebulia SetyobinebaSi arsebuli  

azrobriv SinaarsTan  (Stz = Stz opt). aseT SemTxvevaSi Semomavali informacia 

gasagebia mimRebisaTvis, igi Seicavs SemdgomSi sakuTar tezaurusSi Sesatan mis-

Tvis adre ucnob monacemebs.  

aRniSnulidan gamomdinare, SetyobinebaSi arsebuli semantikuri informaciis 

raodenoba fardobiTi sididea. erTsa da igive Setyobinebas azrobrivi mniSvnelo-

ba SeiZleba hqondes ufro ganviTarebuli tezaurusis mqone (kompententuri) mi-

mRebisaTvis da uazro iyos arasakmarisad ganviTarebuli tezaurusis mqone (ara-

kompententuri) momxmareblisaTvas. 

semantikuri informaciis raodenobis fardobiT zomad gamoiyeneba Sinaarsiano-

bis C koeficienti, romelic ganisazRvreba rogorc semantikuri informaciis Is 

raodenobis fardoba mis Vm moculobasTan: 

                      

informaciis semantikuri Sefasebis kidev erT midgomas, romelic mecniereba-

mcodneobaSi gamoiyeneba, warmoadgens is, rom gasaanalizebel dokumentSi (Setyo-

binebaSi, publikaciaSi) arsebuli informaciis semantikur Rirebulebad miiReba 

sxva dokumentebSi misi damowmebebis (masze miTiTebebis) raodenoba. konkretuli 

maCveneblebi formirdeba sxvadasxva amonakrebebSi damowmebaTa (miTiTebaTa) raode-

nobebis statastikuri damuSavebis safuZvelze).  

 

 

 

 

 

        amgvarad, miRebuli Setyobinebebi- 

dan momxmareblis mier amoRebuli da 

Semdeg sakuTar tezaurusSi CarTuli 

semantikuri informaciis Is raodeno- 

ba damokidebulia aseTi informaciis  

aRsaqmelad  Stz  tezaurusis momza-

debis  (sisrulis) xarisxze (naxazi 

2.33).  tezaurusi Tu sakmarisad ar 

aris ganviTarebuli,  maSin momxmare- 

bels  Setyobinebidan mcire raodeno- 

bis  semantikuri informacia amoaqvs,  

xolo zRvrul SemTxvevaSi, rodesac 
Stz=0-s (mimRebs ar gaaCnia sawyisi cod- 

na), igi saerTod ver aRiqvams mosul Se- 

tyobinebas (ar SeuZlia gaigos igi). sakma-

od  ganviTarebuli  tezaurusis drosac 

 

  

C = Is/ Vm (2.58) 

nax.2.33. momxmareblis mier aRqmuli se-  

 mantikuri informaciis raodenobis da- 

 mokidebuleba tezaurusze Is=f(Stz) 

 

  

Stz opt 

Is 

Stz 
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                   pragmatuli donis informaciis zoma gansazRvravs Tu 

        ramdenad sasargebloa (Rirebulia) informacia momxmareblisaTvis mis  

      win dasmuli miznis misaRwevad.  

       

 

amgvarad, am dros informaciis Rirebuleba izomeba informaciis erTeulebSi, 

mocemul SemTxvevaSi – bitebSi. 

(2.59) gamosaxulebiT gamoTvlil sidides SeiZleba hqondes uaryofiTi niSa-

ni, e.i. SeiZleba arsebobdes uaryofiTi Rirebulebis informaciac. aseTi infor-

macia uaryofiT informaciad iTvleba; igi zrdis sawyis ganusazRvrelobas (en-

tropias) da amcirebs miznis miRwevis albaTobas, ris gamoc mas dezinformacia 

ewodeba. 
 

 

 

 

 

 

 

 

 

 

       
  Aaposteriori (laT. a posteriori – Semdgomidan) – cdaze, faqtebze, cdidan gamomdina- 
re; 
    apriori (laT. a priori – winmdebaredan) – cdisgan damoukidebeli, imTaviTve arsebu-
li;   

tezaurusi (berZ. θησασρός – “saganZuri”) farTo gagebiT warmoadgens codnis erTo-
bliobas, romelic gaaCnia momxmarebels (sistemas), xolo viwro gagebiT igi mocemuli enis 
sityvebsa da sxva azrobriv elementebs Soris arsebuli semantikuri kavSirebis amsaxavi da 
lesikonis saxiT formirebuli codnis maragia; ganmartebiTi leqsikonisagan gansxvavebiT, te-
zaurusi saSualebas gvaZlevs azri gavigoT ara marto gansazRvrebebis daxmarebiT, aramed 
sxva cnebebTan da maT  jgufebTan sityvis TanafardobiTobis damyarebis gziTac; am ukanaskne-
lis SemweobiT tezaurasi xelovnuri inteleqtis sistemaTa monacemebis bazis Sesavsebadac 
SeiZleba gamoviyenoT.     
 

10 

a.a. xarkeviCi (1904-1965) 

 

   erT-erTi pirvelTagani, romelmac prag- 

matuli donis  informaciis Sefasebis pro- 

blemaze daiwyo muSaoba, iyo sabWoTa mecni- 

eri aleqsandre aleqsandres Ze xarkeviCi.  

   man SemogvTavaza informaciis Rirebule- 

bis zomad  migveRo dasaxuli miznis misaR-

wevad  aucilebeli informaciis raodenoba, 

e.i.  gamogveTvala  miznis miRwevis albaTo- 

bis nazrdi. ase magaliTad, Tu informaciis 

miRebamde miznis miRwevis albaToba  p0–is 

toli  iyo da informaciis miRebis Semdeg 

igi p1–is toli gaxda, maSin informaciis  

Rirebulebad unda miviRoT p1/ p0 fardobis 

logariTmi:   

    
 

I = log2 p1 - log2 p0 = log2   
  

  
 

 

(2.59) 

. 
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              pirvelyofil sazogadoebidan dawyebuli dRevandeli dRiT damTavre- 

        buli adamiani ganuwyvetliv miiswrafvis civilizebuli srulyofi- 

   lebisaken. am miswrafebis damadasturebel didebul literaturul Zegls 

warmoadgens ukvdavi legenda promeTes Sesaxeb. promeTe ganaTlebis saxea. igi 

warmoadgens adamianis gonisaTvis damaxasiaTebeli winaswarWvretis simbolos, 

romlis Tanaxmadac wignisa da sxvadasxva gamoTvlebisaTvis aucilebeli “ricx-

vTa Tvlis” gareSe kacobrioba Tavs ver daaRwevs sibneles. swored es aqvs xaz-

gasmuli esqiles (Cv. w.aRricxvamde 525-456) poema “mijaWvul promoTeSi” 

(mTargmneli a.quTaTeli), sadac promeTe aRniSnavs:     

 

    

 

esqileseuli sibrZne didebulad gamoxata germanelma mxatvarma, klasicizmis 

mimdevarma henrix fridrix fiugerma Tavis SedevrSi “promoTe”, romelSic naCve-

nebia bneleTiT garemocul adamians Tu rogor uciskrovnebs cxovrebas wignisa 

da mecnierebis siyvarulis simbolo – promeTe.  

 

 
 

 1                            

  “kacni mxedvelni, - usinaTlod 

                mainc rCebodnen, 

  ismendnen, magram ar esmodaT  

                 da miaTrevdnen 

  raRac nislian, Zilismomgvrel 

           dReTa grZel Wapans. 

   . . . . . 

   da me vuCvene cis mnaTobTa 

               Casvla, amosvla. 

   vaswavle Tanac yvela sibrZnis 

             saTave – wigni, 

   ricxvT angariSi  da STavn- 
              erge STagonebuli 

    mexsiereba – eg muzaTa 

              deda mSobeli” 

      

    

   h.f.fiugeri (1751-1818) “promeTe” 

3.1 ariTmetikuli operaciebis Sesruleba 

Tvlis poziciuri sistemebis  

gamoyenebis dros 

 

 

              “maTematika mecnierebis dedofalia, xolo  

           ariTmetika – maTematikis dedofali” 

                                                 k.f. gausi (1777-1855)  

                 III   T a v i    

ariTmetika kompiuterebisaTvis 

 

http://commons.wikimedia.org/wiki/File:Heinrich_fueger_1817_prometheus_brings_fire_to_mankind.jpg?uselang=ru
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 “angariSi da gamoTvla – TavSi wesrigis safuZvelia”, gvaswavlis cnobili 

Sveicarieli pedagogi i.h.pestaloci (1746-1827). 

swored ariTmetikuli operaciebi miekuTvneba im “jadosnur” operaciaTa ri-

cxvs, romelTa Sesrulebis wyalobiTac daimkvidra kompiuterma gonieri xelov-

nuri mowyobilobis saxeli. amitom ramdenadme detalurad ganvixiloT 

aRniSnul operaciebTan dakavSirebuli zogierTi sakvanZo sakiTxi.  

      kompiuterul teqnologiaSi, agreTve avtomatikisa da kavSirgabmul- 

        obis mowyobilobebSi ZiriTadad Tvlis orobiTi sistemebi gamoiyen- 

      eba; amas ganapirobebs is garemoeba, rom Tvlis sxva sistemebTan Seda-

rebiT orobiT sistemebs gaaCnia mTeli rigi upiratesobebi. kerZod: 

  Tvlis orobiTi sistemis realizebisaTvis sakmarisia mxolod ori mdgra-

di mdgomareobis mqone mowyobiloba; aseTi mdgradi mdgomareobis magaliTebia 

masalis (magnituri lentis an diskis) damagnitebuloba an ganmagnituloba, kon-

densatoris damuxtuloba an ganmuxtuloba, Zabvis arseboba an ararseboba, per-

fobaraTze naxvretis arseboba an ararseboba da a.S. 

  Tvlis orobiTi sistemis gamoyenebis dros informacia ufro saimedod da 

dabrkolebamdgradad SeiZleba iqnes warmodgenili;  

  informaciis logikuri gardaqnebisaTvis SesaZlebelia gamoyenebuli iqnes 

jorj bulis mier damuSavebuli logikis algebris (bulis algebris) meTodebi; 

  Tvlis orobiTi sistemis dros yvelaze martivadaa SesaZlebeli ariTmeti-

kuli operaciebis Sesruleba.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aTobiTi 

0 0 0 0 0 

0 0 0 0 1 
0 0 0 1 0 

0 0 0 1 1 
0 0 1 0 0 
0 0 1 0 1 

0 0 1 1 0 
0 0 1 1 1 

0 1 0 0 0 
0 1 0 0 1 

0 1 0 1 0 

0 1 0 1 

 

1 

0 1 1 0 

 

0 
0 1 1 0 

 

1 

0 1 1 1 

 

0 

0 1 1 1 

 

1 

1 0 0 0 

 

0 
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1 
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1 0 0 1 

 

1 

1 0 1 0 
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orobiTi rvaobiT

i 

TeqvsmetobiTi 

cxrili 3.1. aTobiTi, orobiTi, rvaobiTi da TeqvsmetobiTi ricxvebis magaliTebi  

 2                           
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orobiTi sistemis naklia didi ricxvebis Casawerad mniSvnelovani raodeno-

bis cifrebiani ricxvebis gamoyenebis aucilebloba. kompiuterisaTvis es nakli 

araarsebiTia, magram arsebiTia orobiTi ricxvebis gamomyenebeli adamianisaTvis. 

amitom informaciis “xeliT” kodirebis aucileblobis SemTxvevaSi (romelsac 

adgili aqvs samanqano enaze programis Sedgenisas), Tvlis orobiTi sistemis 

nacvlad, sasurvelia gamoviyenoT Tvlis rvaobiTi an TeqvsmetobiTi sistema. 

amas ganapirobebs Semdegi faqtorebi:  

  rvaobiTi da TeqvsmetobiTi ricxvebi TiTqmis iseve advilad ikiTxeba, ro-

gorc aTobiTi ricxvebi; 

  orobiT ricxvebTan SedarebiT rvaobiTi da TeqvsmetobiTi ricxvebis Casa-

werad Sesabamisad 3-jer da 4-jer naklebi Tanrigebia saWiro; 

  aTobiT ricxvebTan SedarebiT rvaobiTi da TeqvsmetobiTi ricxvebi gaci-

lebiT martivad SeiZleba gardavqmnaT orobiT ricxvebad. 

3.1. cxrilSi mocemulia Tvlis aTobiTi, orobiTi, rvaobiTi da Teqvsmetobi-

Ti sistemis gamoyenebiT Cawerili ricxvebis magaliTebi; 

 

 

 

 

 

 

 

 

 

rvaobiTi sistemidan orobiT sistemaSi ricxvebis gadasayvanad rvaobiTi 

ricxvis TiToeuli cifri unda SevcvaloT misi ekvivalenturi orobiTi tri-

adiT (sami bitisagan Semdgari orobiTi ricxviT) (nax3.1,a); 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tvlis orobiTi, rvaobiTi da TeqvsmetobiTi sistemebis meSveobiT warmodgeni-

li ricxvebi kompiuteruli sistemebis gamoyenebiT informaciis damuSavebis pro-

cesebSi gamosayenebladaa mosaxerxebeli, amitom aRniSnul ricxvebze Sesasrule-

beli operaciebis Semswavlel maTematikis nawils pirobiTad kompiuterebze ori-

entirebuli ariTmetika (Zv. berZ. , ἀριθμός –“ricxvi”-dan miRebuli termini ἀριθ-

μητική), anu “ariTmetika kompiuterebisaTvis” vuwodoT. TiToeuli CvenTaganisaT-

vis bavSvobidanve nacnobi saskolo ariTmetika mxolod aTobiT ricxvebze Casata-

rebeli operaciebis SeswavliTaa dakavebuli. 
 

6 7 3 2 

673,2 (8) = 1 1 0 1 1 1 0 1 1 , 0 1 0 (2) 

1  1B5,D (16)  =  1 0 1 1  0 1 0 1 ,  1 1 0 1 (2) 

1  11  5  13  

10110100,10111 (2) =  10  110  100 , 101  110 =  

2  6  4  5  6  

264,56 (8) 

10101001 , 10111 (2) = 1010 1001 , 1011 1000 (2) = A9,B8 (16) 

A 9 B 8 

a 

b 

g 

d 

nax. 3.1 Tvlis erT-erTi sistemidan meore   

    sistemaSi ricxvebis gadayvanis wesebi   
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TeqvsmetobiTi sistemidan orobiT sistemaSi ricxvebis gadasayvanad Teqvsme-

tobiTi ricxvis TiToeuli cifri unda SevcvaloT misi ekvivalenturi orobiTi 

tetradiT (oTxi bitisagan Semdgari orobiTi ricxviT) (nax3.1,b); 

orobiTi sistemidan rvaobiT sistemaSi ricxvis gadasayvanad orobiTi ricxvi 

mZimidan marcxniv da marjvniv unda davyoT treadebad (sameulebad) da TiToe-

uli treada SevcvaloT ekvivalenturi rvaobiTi cifriT (nax.3.1,g);  

orobiTi sistemidan TeqvsmetobiT sistemaSi ricxvis gadasayvanad orobiTi 

ricxvi mZimidan marcxniv da marjvniv unda davyoT tetradebad  (oTxeulebad) 

da TiToeuli tetrada SevcvaloT ekvivalenturi TeqvsmetobiTi cifriT 

(nax.3.1,d).  

       Tvlis orobiT, rvaobiT da TeqvsmetobiT sitemebSi Sekrebis, gamok- 

       lebis, gamravlebisa da gayofis  operaciebi  Tvlis aTobiT sistema- 

      Si Sesasrulebeli analoguri operaciebis msgavsad sruldeba, oRond 

Sekrebisa da gamravlebis specifikuri cxrilis gamoyenebaa aucilebeli. aRniS-

nuli cxrilebis ganxilvamde gavecnoT n-Tanrigiani dadebiTi ricxvebis Sekreb-

is zogad princips.  

3.2 naxazze moyvanilia mTeli dadebiTi n-Tanrigiani A = a(n-1)…ak…a1 a0  da  

B = b(n-1)…bk…b1 b0 ricxvebis Sekrebis principis mailustrirebeli sqema; aRni-

Snuli principis Tanaxmad, ricxvebis Sesakrebad saWiroa maTi Tanrigebi Sevkri-

boT Semdegi wesis dacviT: 

                      ck + bk + ak  = ck+1 sk ,                                           (3.1) 

ck aris gadatana k-1 Tanrigidan k TanrigSi; bk , ak warmoadgens B da A SesakrebTa 

k-uri Tanrigebs; sk aris k-uri Tanrigebis jami, xolo ck+1 aris gadatana k-1 Ta-

nrigSi;             k = 0; 1; 2 ; ... ; (n-1). 

 

 

        

 

 

 

 

 

 

 

 

jamis Tanrigebi umcrosi Tanrigidan dawyebuli TandaTan formirdeba. nulo-

vani TanrigisaTvis (k = 0) gadatana c0 ar arsebobs, amitom (3.1) gamosaxuleba 

iRebs saxes b0 + a0  = c1 s0. 

 (n-1) Tanrigidan n TanrigSi cn = 1 gadatanis formorebisas araswori Sedegi 

miiReba, radgan Tanrigobrivi badis gadavsebis gamo aRniSnuli gadatana ikargeba. 

aRniSnuli gadavsebis ararsebobisaTvis aucilebelia sruldebodes piroba: 

                      | A + B | < Q
n 

,                                                  (3.2)  

sadac aris Q Tvlis sistemis fuZe.  

 3                           

nax. 3.2. mravalTanrigiani  ricxvebis Sekrebis wesebi 

Tanrigebi 

gadatanebi 

B Sesakrebi  

A Sesakrebi  

A + B jami  

 

a0 ak ak+1   an+1 

s0  sk sk+1  
sn+1 

b0   bk bk+1  bn+1 
+ 

a1 

b1 

+ 

s0 

c1 
 

ck ck+1 cn+1 

+ 

+ 

+ 

+ 

+ 

cn 

+ 

+ 

0 1 k k+1 n+1 n 
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3.2 cxrilSi mocemulia (3.1) formulis mixedviT orobiTi ricxvebis k-uri 

Tanrigebis Sekrebis yvela SesaZlo varianti. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        S e k r e b a. Tvlis orobiTi, rvaobiTi da TeqvsmetobiTi sis- 

       temebisaTvis agebuli Sekrebis cxrilebi 3.2 naxazzea mocemuli. igi  

       gamoiyeneba 3.1 naxazze naCvenebi wesebis mixedviT ricxvebis Tanrig-

obrivi Sekrebis dros. 

3.3 naxazze moyvanili cxrilebis gamoyenebiT ganvixiloT orobiT, rvaobiT 

da TeqvsmetobiT sistemebSi ricxvebis Sekrebis magaliTebi (3.1 da 3.2 magali-

Ti).  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gamosasvleli sidideebi Sesasvleli sidideebi 

B Sesakrebis 

   k-uri bk      

  Tanrigi 

 

k+1-Tanrg-

Si ck+1  ga- 

  datana  

 

  k-uri ck 

 Tanrigis 

 gadatana  

 

k-uri Tan- 

rigis ck+1   

   jami 

  

 

A Sesakrebis 

   k-uri ak      

  Tanrigi 

 0 0 0 0 0 
0 0 1 0 1 
0 
0 
1 
1 
1 
1 

1 
1 
0 
0 
1 
1 

0 
1 
0 
1 
0 
1 

0 
1 
0 
1 
1 
1 

1 
0 
1 
0 

0 
1 

cxrili 3.2. orobiT ricxvTa Tanrigebis Sekrebis SesaZlo variantebi  

 4                            

  gadatana gadatana 

gadatana 

= 

g 

a 

b 

1 

 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

 

1, 

 

 

 

 

 

 

 

 

 

 

 

1

  

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

1, 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

+ 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

1, 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

0 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

11001001,01(2) = 2
7+26+23+20+2-2 = 201,25(10)    

 

 

 

 

 

 

 

 

 

        SevkribeT aTobiTi ricxve- 

  bi 141,5  da  59,75 Tvlis  

  orobiT, rvaobiT da Teqvsm- 

      etobiT sistemebSi  

      pasuxi: 141,5+59,75 = 

201,25(10) = 11001001,01(2) = 

    311,2(8) = C9,4(16) 

10001101,1 (2) + 111011,11 (2) 

215,4 (8) + 73,6 (8) 8D,8 (8) + 3B,C(16) 

Oo r o b i T i     s i s t e m a 

rvaobiTi  sistema TeqvsmetobiTi  sistema 

8 

 

 

 

 

 

 

D, 

 

 

 

 

 

 

8 

 

 

 

 

 

 

3 

 

 

 

 

 

B, 

 

 

 

 

 

C 

 

 

 

 

 

+ 

 

 

 

 

 

1 

 

 

 

 

 

 

1 

 

 

 

 

 

 

4 

 

 

 

 

9, 

 

 

 

 

C 

 

 

 

 

C9,4 (16) = 12 16
1 + 9 160 + 4 16-1 = 

         = 201,25(10) 

   

 

 

2 

 

 

 

 

 

 

1 

 

 

 

 

 

 

5, 

 

 

 

 

 

 

4 

 

 

 

 

 

 

7 

 

 

 

 

 

3, 

 

 

 

 

 

6 

 

 

 

 

 

+ 

 

 

 

 

 

1 

 

 

 

 

 

 

1 

 

 

 

 

 

 

1 

 

 

 

 

 

 

2 

 

 

 

 

1, 

 

 

 

 

1 

 

 

 

 

3 

 

 

 

 

311,2(8) = 3 8
2 + 1 81 + 1 80 + 

       + 2 8-1 = 201,25(10)  

 m  a  g  a  l  i  T  i     3.1.  

1 
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+ 0 1 2 3 4 5 6  7  

0 

1 

2 

3 

4 

5 

6 

7 

0 1 2 3 4 5 6  7 

1 2 3 4 5 6 7  10 

2 3 4 5 6 7 10  11 

4 5 6 7 10 11 12  13 

5 6 7 10 11 12 13  14 

6 7 10 11 12 13 14  15 

7 10 11 12 13 14 15  16 

3 4 5 6 7 10 11  12 

rvaobiT sistemaSi Sekrebis cxrili 

0 

0 

10 

1 

1 1 

1 

+ 

0 

orobiT sistemaSi  

Sekrebis cxrili 

 

a) 
b) 

nax.3.3.  Sekrebis cxrilebi Tvlis 2-obiTi (a), 8-obiTi (b),  

          da 16-obiTi (g) sistemebisaTvis 

 TeqvsmetobiT sistemaSi Sekrebis cxrili 

b) 

0 1 2 3 4 5 6  7  8 9 A B C D E  F  + 

3 3 4 5 6 7 8 9  A  B C D E F 10 11  12  

4 4 5 6 7 8 9 A  B  C D E F 10 11 12  13  

5 5 6 7 8 9 A B  C  D E F 10 11 12 13  14  

6 6 7 8 9 A B C  D  E F 10 11 12 13 14  15  

F F 10 11 12 13 14 15  16  17 18 19 1A 1B 1C 1D  1E  

0 0 1 2 3 4 5 6  7  8 9 A B C D E  F  

1 2 3 4 5 6 7  8  1 9 A B C D E F  10  

2 2 3 4 5 6 7 8  9  A B C D E F 10  11  

7 7 8 9 A B C D  E  F 10 11 12 13 14 15  16  

8 8 9 A B C D E  F  10 11 12 13 14 15 16  17  

A A B C D E F 10  11  12 13 14 15 16 17 18  19  

9 9 A B C D E F  10  11 12 13 14 15 16 17  18  

B B C D E F 10 11  12  13 14 15 16 17 18 19  1A  

C C D E F 10 11 12  13  14 15 16 17 18 19 1A  1B  

E E F 10 11 12 13 14  15  16 17 18 19 1A 1B 1C  1D  

D D E F 10 11 12 13  14  15 16 17 18 19 1A 1B  1C  
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    gamokleba. gamokleba warmoadgens Sekrebis Sebrunebul operacias,  

    amitom Tvlis orobiTi, rvaobiTi da TeqvsmetobiTi sistemebisaTvis age- 

  buli Sekrebis cxrilebi (ix.nax.3.2) SeiZleba gamoviyenoT gamoklebis ope-

raciis Sesrulebis drosac. aRniSnul cxrilebSi marcxena ganapira svetSi Camo- 

werilia maklebebi, zeda ganapira mwkrivSi – sxvaobebi, xolo aRniSnul svetsa 

da mwkrivs Soris arsebul ujredebSi naCvenebia saklebebi. 3.2 naxazze moyvani-

li cxrilebis gamoyenebiT Tvlis orobiT, rvaobiT da TeqvsmetobiT sistemebSi 

ricxvebis gamoklebis principi ilustrirebulia 3.3 magaliTis, xolo mraval-

Tanrigiani orobiTi, rvaobiTi da TeqvsmetobiTi ricxvebis gamoklebis procesi 

naCvenebia 3.4 magaliTis saxiT.        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a b g 

6 (8) 1 7 + 
(8) 

+ 

25 

1 

17 

6 

TeqvsmetobiTi sistema rvaobiTi sistema orobiTi sistema 

F (16) 6 (16) + 

10101(2) = 2
4+22+20 = 

  = 16 + 4 + 1 = 21(10) 

15 

+ 

1 

F 

6 

    SevkribeT aTobiTi 15 da 6 ricxvebi Tvlis orobiT, rvaobiT da Teqvsme-   

tobiT sistemebSi          pasuxi: 15 + 6 = 21(10) = 10101(2) = 25(8) = 15(16)  

25(8) = 2 8
1 + 5 80 = 

     = 16 + 5 = 21(10) 

       

15(16) = 1 16
1 + 5 160 = 

     = 16 + 5 = 21(10) 

       

(2) 
+ 1 1 1 1 (2) 1 1 0 

0 

1 1 

1 

1 0 

1 

1 

1 1 1 

+ 

0 1 1 

1 

0 

 m  a  g  a  l  i  T  i     3.2.  

gadatana 
gadatana gadatana 

 5                            

           10(2) , 10(8) da 10(16)  ricxvebs gamovakloT erTiani 

                               
orobiTi sistema                               rvaobiTi sistema                               TeqvsmetobiTi sistema                               

sesxi                               

1                               
10                               

1                               

-                               

1                               

sesxi                               

1                               
10                               

1                               

-                               

7                               

sesxi                               

1                               
10                               

1                               

-                               

F

                               

a b g 

 m  a  g  a  l  i  T  i     3.3.  
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    gamravleba. Tvlis sxvadasxva poziciur sistemebSi mravalniSna ri- 

    cxvebis gadasamravleblad SeiZleba gamoviyenoT qveSmiweris Cveulebrivi  

   algoriTmi, oRond erTniSna ricxvebis gadamravlebiTa da SekrebiT miRe-

buli Sedegebi Tvlis mocemuli sistemisaTvis agebuli gamravlebisa da Sekreb-

is cxrilebidan unda aviRoT. Sekrebis cxrilebi zemoT ganvixileT (ix. nax. 

3.2), xolo gamravlebis cxrilebi 3.4 da 3.5 naxazebzea mocemuli.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) 

b) 

0 4 10 20 24 30  34 

× 

0 

1 

2 

3 

4 

5 

6 

7 

0 1 2 3 4 5 6  7 

0 3 6 11 14 17 22  25 

14 

0 5 12 17 24 31 36  43 

0 7 16 25 34 43 52  61 

0 6 14 22 30 36 44  52 

0 0 0 0 0 0 0  0 

0 2 4 6 10 12 14  16 

0 1 2 3 4 5 6  7  

gamravleba Tvlis rvaobobiT sistemaSi 

 

0 

0 

 1 

1 

0 1 

0 

× 

0 

gamravleba Tvlis 

orobiT sistemaSi 

 

nax.3.4. gamravlebis cxrilebi 

  Tvlis 2-obiTi (a) da 8-ob- 

  obiTi (b) sistemebisaTvis 

 6                           

sesxebi sesxebi 1 1 

 m  a  g  a  l  i  T  i     3.4.  

a 

11001001,01 (2) – 111011,11(2) 

(2) (2) 

311,2 (8) – 73,6 (8) C9,4 (16) – 3B,C (16) 

o r o b i T i     s i s t e m a    

10001101,1 = 27+23+22+20+2-1 = 141,5 

       201,25 –s gamovakloT 59,75 

 Tvlis orobiT, rvaobiT da Teqv- 

        metobiT sistemebSi  

rvaobiTi   sistema    TeqvsmetobiTi  sistema    

-  
3 1 1 ,  2  
7  3 ,  6  

2  1 5 , 4  

   1   1   

215,4 (8) = 2 8
2 + 1 81 +5 80 + 

        + 4 8-1 = 141,5 (10) ; 

8D,8(16) = 8 16
1 + D 160+ 

        + 8 16-1 = 141,5(10)   

9 ,  -  

   1   
C 4  
3 B ,  C

  8 D , 8  

       pasuxi: 201,25(10) – 59,75(10) = 

  = 141,5(10) = 10001101,1(2) = 

  = 215,4(8) = 8D,8(16)    

b g 

 - 
0  1 , 1 1 0 0 1 0 0 1  

0  0  1  1  1  0  1  1 , 1  1  

1  0  0  0  1  1  0  1 , 1  0  

sesxebi 1 1 1 
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gamravlebis cxrilis simartivis gamo gamoTvlis orobiT sistemaSi gam-

ravlebis procesi samravlis Zvrisa da Tanrigebis Sekrebis operaciebamde 

daiyvaneba. 3.5 da 3.6 magaliTebSi ilustrirebulia gamravlebis procesi.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   gadavamravloT  ricxvebi 5 da 6 Tvlis 2-, 8- da 16-obiT sistemebSi     

                        pasuxi: 5 6 = 30(10) = 11110(2) = 36(8) = 1E(16)  

1 

1 0 

1 0 1 

1 1 0 

1 0 1 

1 
+ 

1 0 1 1 

× 

orobiTi sistema 

11110(2) = 2
4+23+22+21 = 

       = 16+8+4+2 =30(10)  

 

5 

6 
× 

36 

101(2) 110(2) 5(8) 6(8) 5(16) 6(16) 

5 

6 
× 

1 E 

36(8) = 3 8
1+6 80 = 

     = 24+6 = 30(10) 

 

36(16) = 1 16
1+E 160 = 

   = 16+14 = 30(10) 

 

rvaobiTi sistema TeqvsmetobiTi sistema 

a b g 

 m  a  g  a  l  i  T  i     3.5.  

A 

A 

2 0 2 4 6 8 A C  E  10 12 14 16 18 1C  1E  

9 

A8 

B4 

0 1 2 3 4 5 6  7  8 9 A B C D E  F  × 

0 0 0 0 0 0 0 0

0  

0  0 0 0 0 0 0 0  0  

1 1 2 3 4 5 6  7  0 8 9 A B C D E  F  

4 0 4 8 C 10 14 18  1C  20 24 28 2C 30 34 38  3C  

1A 

3 0 3 6 9 C F 12  15  18 1B 1E 21 24 27 2A  2D  

5 0 5 F 14 19 1E  23  28 2D 32 37 3C 41 46  4B  

6 0 6 C 12 18 1E 24  2A  30 36 3C 42 48 4E 54  5A  

7 0 7 E 15 1C 23 2A  31  38 3F 46 4D 54 5B 62  69  

8 0 8 10 18 20 28 30  38  40 48 50 58 60 68 70  78  

0 A 14 1E 28 32 3C  46  50 5A 64 6E 78 82 8C 96  

0 9 12 1B 24 2D 36  3F  48 51 5A 63 6C 75 7E  87  

B 0 B 16 21 2C 37 42  4D  58 63 6E 79 84 8F 9A  A5  

C 0 C 18 24 30 3C 48  54  60 6C 78 84 90 9C A8  B4  

E 0 E 1C 2A 38 46 54  62  70 7E 8C 9A B6 C4  D2  

D 0 D 1A 27 34 41 4E  5B  68 75 82 8F 9C A9 B6  C3  

F 0 F 1E 2D 3C 4B 5A

A  

69  78 87 96 A5 C3 D2  E1  

gamravleba TeqvsmetobiT sistemaSi 

 

nax.3.5. gamravlebis cxrili Tvlis 16-obiTi  sistemisaTvis 
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 m  a  g  a  l  i  T  i     3.6.  

+ 
g 

b 

a 

1110011(2)  110011(2) 

1 1 1 0 0 1 1 

1 1 0 0 1 1 
× 

1 1 1 0 0 1 1 

1 1 1 0 0 1 1 

1 1 1 0 0 1 1 

1 1 1 0 0 1 1 

1 1 0 0 1 0 1 1 1 0 1 0 1 

o r o b i T i    s i s t e m a 

rvaobiTi sistema 

3 

1 

6 

1 3 

3 1 

6 
× 

5 
2 6 2 1 

5 3 3 1 

163(8)  63(8) 

TeqvsmetobiTi sistema 

73(16)  33(16) 

9 

3 7 
× 

3 3 

9 5 1 

9 5 1 

E 6 1 

1011011101001(2)=2
12+210+29+ 

  +27+26+25+23+20 = 5865(10) 

13351(8)= 1 8
4 + 3 83 + 3 82 + 

   + 5 81 + 1 80 = 5865(10) 

16E9(16)= 1 16
3 + 6 162 +  

   + E 161 + 9 160 = 5865(10) 

gadavamravloT ricxvebi 115 da 51   

Tvlis 2-, 8- da 16-obiT sistemebSi 

  

  115(10)=1110011(2)=163(8)=73(16); 

   51(10)=110011(2)=63(8)=33(16); 

     pasuxi: 115 51 = 5865(10) =  

      = 1011011101001(2) =  

      = 13351(8) = 16E9(16) 

+ 

+ 

+ 

+ 

 m  a  g  a  l  i  T  i     3.7.  

a b g 

100011(2) : 1110(2) 

  
- 

1 1 1 0 
1 

1 1 1 0 1 0 0 0 1 1 

1 1 1 0 

1 1 0 

1 0 , 1 

- 

0 

orobiTi sistema 

  

10,1(2)=2
1+20+2-1=2,5(10)  

rvaobiTi sistema 

  
4 3(8) : 1 6(8) 

  

TeqvsmetobiTi sistema 

  
2 3(16) : E(16) 

  

2,4(8)=2 8
0+1 8-1=2,5(10)  2,4(8)=2 8

0+1 8-1=2,5(10)  

- 

- 

0 

7 0 

7 0 

2 3 E 

2, 8 1 C 

- 

- 

0 

4 3 1 6 

7 0 

7 0 

2, 4 3 4 

 35 gavyoT 14-ze Tvlis 2-obiT, 8-obiT da16-obiT sistemaSi.  35(10)=100011(2)= 

 =43(8)=23(16); 14(10)=1110(2)=16(8)=E(16)                      pasuxi:  35:14=2,5(10)=2,4(8)=2,8(16) 

 

             pasuxi:  35:14=2,5(10)=2,4(8)=2,8(16) 
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     gayofa. Tvlis mocemul sistemebSi gamoiyeneba kuTxuri miweriT gay- 

     ofis wesi. orobiTi ricxvebis gayofa Zalian martivia, radgan ganayo- 

    fis TiToeuli momdevno ricxvi SeiZleba iyos mxolod nuli an erTi. 

3.7 da 3.8 magaliTebSi ilustrirebulia gayofis procesi.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      yoveldRiur cxovrebaSi adamiani iyenebs Tvlis aTobiT sistemas. ci- 

       frul mowyobilobebSi aTobiTi ricxvebis Sesanaxad da dasamuSaveb- 

         lad saWiroa isini orobiTi kodebis saxiT iqnes warmodgenili, e.i. 

gamoyenebuli iqnes Tvlis orobiTi sistema. zemoT aRniSnuli (orobiTi da aTo-

biTi) sistemebis zogadi Tvisebebis urTierTSerwymiT damuSavebuli iqna kompro-

misuli sistema, romelmac orobiT-aTobiTi sistemis saxelwodeba miiRo. 

3.2. Tvlis orobiT-aTobiTi  

sistema 

 
“vin giSlis gamoigono ultobi denTi?” 

         kozma prutkovi 

  

 
 1                           

 7                            

1 3 3 5 1(8) : 1 6 3 (8) 

- 

- 

- 

0 

 m  a  g  a  l  i  T  i     3.8.  

o r o b i T i       s i s t e m a 

1011011101001(2) : 1110011(2) 

1110011(2) = 2
5+24+23+21+20 = 51(10) 

    5865 gavyoT 115-ze 

  Tvlis orobiT, rvaob- 

  iT da TeqvsmetobiT si- 

  stemaSi; 

 
5865(10)=13351(8)=16E9(16)= 

   = 1011011101001(2); 

115(10) = 163(8) = 73(16) = 

      = 1110011(2) 

      

 

 

pasuxi: 5865 : 115 = 

51(10) = 110011(2) = 63(8) = 

         = 33(16) 

 

  

      

 

 

rvaobiTi     sistema TeqvsmetobiTi     sistema 

1 6 E 9(16) : 1 7 3 (16) 

3 3(16) = 3 16
1 + 3 160 = 51(10) 

a 

5 1 3 3 1 1 6 3 

6 3 1 2 2 6 

5 3 1 

5 3 1 

- 

- 

0 

- 

- 

3 3 

E 1 6 9 7 3 

1 9 5 

1 5 9 

1 5 9 

0 

6 3(8) = 6 8
1 + 3 80 = 51(10) 

b g 

1 1 1 0 0 1 1 

1 1 1 0 0 1 1 

1 1 1 0 0 1 1 

1 1 1 0 0 1 1 

1

0 

1 0 0 1 1 
1 1 1 0 0 1 1 

0 0 0 1 0 0 0 1 

1 1 0 0 1 0 0 1 

1 0 1 1 0 1 1 1 0 1 0 0 1 

1 0 0 1 1 1 1 
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aTobiTi cifrebis gamomsaxvel orobiT ricxvebs orobiTi koduri sityvebi 

ewodeba, xolo am ukanasknelebisagan warmoqmnil M simravles – orobiTi kodi. 

M simravlis elementebis raodenoba aTobiTi cifrebis (10-is) raodenobaze na-

klebi ar unda iyos, e.i. |M|  10; vinaidan n Tanrigiani orobiTi ricxvebis sa-

erTo raodenobaa 2n, amitom saWiroa sruldebodes piroba 2n 
 10, saidanac mi-

iReba, rom n  4; maSasadame orobiTi koduri sityvebis Semadgeneli bitebis ra-

odenoba oTxze naklebi ar unda iyos. 4-Tanrigian orobiT ricxvebs tetradebi 

an naxevarbaitebi ewodeba. tetradebis daxmarebiT SeiZleba SevadginoT 0-isa da 

1-isagan Semdgari ara 10, aramed 24= 16 sxvadasxva kombinacia. sxvadasxva 4-Ta-

nrigiani kodebi (tetradebi) 10 elementebad 16 elementis jufdebadobiT miiRe-

ba da maTi saerTo raodenoba  = 8008-is tolia; e.i. 4-Tanrigiani kodebis 

saerTo raodenobaa 8008. zogierTi maTgani 3.4 naxazze moyvanil cxrilebSia na-

Cvenebi.  

        3.6 naxazze moyvanil cxrilebSi TiToeuli kodisaTvis miTiTebulia          

         aTobiTi cifrebis kodirebisaTvis gamoyenebuli aT-aTi kombinacia,    

       romelsac nebadarTuli kombinacia ewodeba; danarCeni kombinaciebi 

kodirebisaTvis ar gamoiyeneba da maT akrZaluli kombinaciebi ewodeba. nebadar-

Tuli da akrZaluli kombinaciebis arseboba warmoadgens orobiT-aTobiTi ko-

 2                           

b) 

0

 1  

1

 1  

1

 1  

0

 1  

0

 1  

1

 1  

0 0 1

 1  

0 

0

 1  

1

 1  

1

 1  

0

 1  

0

 1  0 0 1 1 0

 1  
1

 1  

0

 1  

0

 1  

0

 1  

1

 1  
1

 1  

0

 1  

1

 1  

0

 1  

0

 1  0

 1  

1

 1  

0

 1  

1

 1  

0

 1  
0 0 0 1 1

 1  
0 1 0

 1  

0 1

 1  

1

 1  

1
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3

 1  
4
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5
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6

 1  
7

 1  
8

 1  
9

 1  
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nax.3.6. aTobiTi cifrebis kodire- 

 bisaTvis gamosayenebeli zogier-  

      Ti orobiTi kodi 

a)

0) 

0

 1  
1

 1  
2

 1  3

 1  
4

 1  5

 1  6

 1  
7

 1  
8

 1  
9

 1  

0 0 1

 1  

0 
0 0 0 0 
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1
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0 1 0

 1  

0 
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0
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1
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debis ZiriTad Taviseburebas, romliTac igi gansxvavdeba Tvlis Cveulebrivi po-

ziciuri sistemebisagan: am ukanasknelebSi nebadarTulia yvela kombinacia. 

3.5,a naxazze moyvanilia 4-Tanrigiani, xolo 3.5,b naxazze – 5-Tanrigiani ko-

debi. 4-Tanrigiani kodebis Rirsebaa is, rom isini saSualebas gvaZlevs aTobiTi 

cifrebis kodirebisaTvis minimaluri raodenobis Tanrigebi gamoviyenoT. damate-

biTi me-5 Tanrigis Semotana saSualebas gvaZlevs aRmovaCinoT kavSirgabmulobis 

xazebSi ricxviTi informaciis gadacemis procesSi warmoSobili Secdomebi.  

5-Tanrigiani “5-dan 2” kodi miekuTvneba e.w. mudmivwoniani kodebis simr-

avles. kodis wona ewodeba mis kodur sityvebSi arsebuli erTianebis raodeno-

bas. mudmivi wonis mqone kodis yvela koduri sityva erTnairi raodenobis erTi-

anebs Seicavs, e.i. mudmivia koduri sityvebis wona. “5-dan 2” kodi xSirad aRi-

niSneba rogorc 5C2-kodi; misi TiToeuli koduri sityva Seicavs or erTians, 

anu TiToeuli koduri sityvis wona mudmivia da igi 2-is tolia, aRniSnuli 

kodis nebadarTuli koduri sityvis nebismieri Tanrigis mniSvnelobis Secvli-

sas warmoiSoba akrZaluli kombinacia. kerZod, Tu koduri sityvis romelime 

nulovani Tanrigi miiRebs 1-is tol mniSvnelobas, maSin gaizrdeba am sityvis 

wona, xolo Tu romelime erTis toli Tanrigi miiRebs 0-is tol mniSvnelob-

as, maSin piriqiT – wona Semcirdeba. orive SemTxvevaSi nebadarTuli koduri 

sityva gardaiqmneba akrZalul kodur sityvad da Secdoma gamomJRavndeba. 

5-Tanrigiani 3a+2 kodSi koduri nebismieri ori koduri  kombinacia sul 

mcire or gansxvavebul Tanrigs Seicavs. amis gamo Secdoma, romelic cvlis ro-

melime koduri kombinaciis nebismier Tanrigs, warmoSobs akrZalul kombinacias. 

erTmaneTisagan ganasxveveben woniT da arawoniT kodebs. 

woniT kodebs miekuTvneba kodebi 8421, 7421, 2421, 75(-3)1 da 53(-2)1 kodebi 

(nax.3.5), romlebisTvisac aTobiTi D cifris mniSvneloba ganisazRvreba Semdegi 

gamosaxulebiT: 

                             

   

sadac dk aris tetradis k–uri Tanrigis mniSvneloba (dk{0;1}); k - tetradis 

k–uri Tanrigis wona, gamoxatuli Tvlis aTobiTi sistemiT; k=0;1;2;3;  

SevniSnavT, rom 75(-3)1 da 53(-2)1 kodebisaTvis 1-li Tanrigis 1 wona Sesabami-

sad -3-isa da -2-is tolia. 

(3.3) Tanafardoba saSualebas gvaZlevs: 

  aTobiTi D cifris cnobili mniSvnelobiT ganvsazRvroT misi d3 d2 d1 d0 

kodi, e.i. d3;  d2;  d1;  d0 Tanrigebis mniSvnelobebi; 

  cnobili (d3 d2 d1 d0) kodiT ganvsazRvroT D cifris mniSvneloba. 

 

 

 

 

 

 

 

 

(3.3) D = d3   3 + d2   2 + d1   1 + d0   0 = (d3 d2 d1 d0)(2),                  

 

D = 1   7 + 0   4 + 0   2 + 1   1  = (1 0 0 1)(2),                  

 D = 1   7 + 0   4 + 1   2 + 0   1  = (1 0 1 1)(2).                  

 

8 

9 

D = 1   7 + 0   4 + 0   2 + 0   1 = (1 0 0 0)(2),                  

 

7 

D = d3   7 + d2   4 + d1   2 + d0   1 = (d3 d2 d1 d0)(2),                  

 

magaliTi 3.9.  7421 kodisaTvis (3.3) gamosaxuleba iRebs saxes: 

 

      miRebuli gamosaxulebidan Cans, rom 7421 kodSi aTobiTi 0;1;2;3; 

4;5;6 cifrebi kodirdeba maTi ekvivalenturi 4-niSna orobiTi ricx-

vebiT; danarCeni 7, 8 da 9 cifrebis kodirebisaTvis (3.4) gamosaxule-

bis Sesabamisad Semdegi kodebi miiReba:  
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      arawoniTi kodebisaTvis (3.3) Tanafardoba ar sruldeba. aseT kodebs 

      miekuTvneba kodi 3-is siWarbiT (romelsac 8421+3-kodi ewodeba) da 

       5_Tanrigiani kodebi: 3a+2 da 5-dan 2 kodi; am ukanasknel kods xSirad 

5C2–kodsac uwodeben. zogierTi orobiT-aTobiTi kodisaTvis Semdegi Tavisebu-

rebaa damaxasiaTebeli. Dk cifris mimarT Dk cifri warmoadgens 9-mde damatebas, 

Tu sruldeba piroba    Di + Dk = 9. 

 9-mde erTmaneTis damatebas warmoadgens aTobiTi cifrebis Semdegi wyvilebi: 

(0 da 9); (1 da 8); (2 da 7); (3 da 6;) (4 da 5).  

ori aTobiTi: 

             Di = (d3,i d2,i d1,i d0,i) da    Dk = (d3,k d2,k d1,k d0,k) 

ricxvisaTvis Tu sruldeba piroba: 

        

 D 

maSin Di = (d3,i d2,i d1,i d0,i) ricxvis damateba SeiZleba miviRoT Dk = (d3,k d2,k d1,k d0,k) 

ricxvidan am ukanasknelSi nulebis erTianebiT da erTianebis – nulebiT Se-

cvlis gziT. 

(3.4) Tviseba gaaCnia 2421;  3-is siWarbiT da 3a +2 kodebs (nax.3.4); maga-

liTad, 2421 kodSi cxramde damatebis warmomqmnel 3 da 6 ricxvebs Seesabameba 

kombinaciebi 0011 da 1100, romelTaganac TiToeuli maTgani miiReba am kombina-

ciebidan Tanrigebis inversirebis gziT. 

 

 

 

 

0, Tu dj,i = 1, 

  

 

1, Tu dj,i = 0, 

  

 

j  = 0; 1; 2; 3, 

  

 

dj,i =  

 

  

 

(3.4) 

 3                           

magaliTi 3.11. (3.3) gamosaxulebis gamoyenebiT ganvsazRvroT 

orobiT-aTobiTi 75(-3)1 kodis Tanrigebis mniSvnelobebi (cxr.3.3). 
  

(d3 d2 d1 d0 )(2) cifrebi d3  7 + d2  5 - d1  3 + d0  1 

0000 

0001 

0110 

0111 

1010 

0100 

0101 

1000 

1001 

1110 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0  7 + 1  5 - 1  3 + 0  1 

0  7 + 0  5 - 0  3 + 0  1 

0  7 + 0  5 - 0  3 + 1  1 

0  7 + 1  5 - 1  3 + 1  1 

1  7 + 0  5 - 1  3 + 0  1 

0  7 + 1  5 - 0  3 + 0  1 

0  7 + 1  5 - 0  3 + 1  1 

1  7 + 0  5 - 0  3 + 0  1 

1  7 + 0  5 - 0  3 + 1  1 

1  7 + 1  5 - 1  3 + 0  1 

cxr. 3.3. 75(-3)1 kodis koduri sityvebis gamoTvla 

D = d3   8 + d2    4 + d1   2 + d0   1 = d3  2
3 
+ d2  2

2 
+ d1  2

1  
 d0 ,                  

 

magaliTi 3.10.  8421 kodisaTvis (3.3) gamosaxuleba iRebs saxes: 
                                                                                           

sadac dk{0;1};  

igi Seesabameba aTobiTi ricxvebis Canawers 2-is fuZis mqone 

Tvlis sistemaSi.  
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        uaryofiT–Tanrigiani orobiT-aTobiTi Di = - Dn-1 Dn-2 … Dk … D0 ric- 

       xvi SeiZleba warmovadginoT pirdapiri, damatebiTi da Sebrunebuli ko- 

     debis saxiT:   

 

 

 

sadac Dk = (d3,k d2,k d1,k d0,k)(2) aris tetradebi, (k=0; 1; 2; ... ; n-1); 1 warmoadgens 

uaryofiTi ricxvebis niSnis mniSvnelobas;    aris 9-mde damateba, romelsac 

aqvs Semdegi Tviseba:  

                                                        

(3.5) Tanafardobidan gamodis, rom uaryofiTi orobiT-aTobiTi ricxvebis: 

  pirdapiri kodis saxiT warmosadgenad, sakmarisia ricxvs win davumatoT 

uaryofiTi ricxvis niSani 1;     

  Sebrunebuli kodis saxiT warmosadgenad, saWiroa ricxvis tetradebi ga-

rdavqmnaT (3.6) pirobis Sesabamisad; amisaTvis (rogorc zemoT aRvniSneT), Tu 

aTobiTi cifrebis kodirebisaTvis gamoyenebulia 2421, 3a+2 an 3-is siWarbis ko-

debi, romlebisTvisac sruldeba (3.4) piroba, maSin Sebrunebuli kodi miiReba 

Dk tetradis Tanrigobrivi inversiiT, e.i.    =    ; 

  damatebiTi kodis saxiT warmosadgenad (igulisxmeba 10-mde damateba), sa-

Wiroa jer miviRoT damatebiTi kodi da miRebul Sedegs davumatoT orobiTi 

cifri 1. 

 

 

 

 

 

 

 

 

ricxvis orobiT-aTobiTi saxiT warmodgenisaTvis 8421 kodis gamoyenebis 

dros (3.6) piroba ar sruldeba. amis gamo tetradebis Tanrigobrivi inversire-

bis Sedegad miiReba ara 9-mde, aramed 15-mde damateba. magaliTad, aviRoT ricx-

vi 5(10) = 0101(2) ; 

0101 ricxvis Tanrigobrivi inversirebis Sedegad miiReba ricxvi 1010(2) =  

= 10(10); es ukanaskneli ricxvi 10 warmoadgens sawyisi ricxvis 5-is damatebas 

15-mde. aseT SemTxvevaSi orobiT-aTobiTi ricxvis SebrunebiT kodSi warmodgeni-

saTvis saWiroa CavataroT Semdegi operaciebi: 

  orobiT-aTobiTi ricxvis TiToeul tetrads davumtoT orobiTi ricxvi 

0110 (6);  

  miRebul jamze SevasruloT inversiis operacia; 

  niSnis TanrigSi CavweroT biti 1. 

damatebiTi kodis misaRebad gamoiyeneba gamosaxuleba Ddamat. = DSebr. + 1.  

  

 4                           

 

 

 

 

 

 

Dk +        1001(2) = 9(10).                    = 

 

(3.6) 

 

Dpir.=  1 Dn-1 Dn-2 … Dk … D0  (pirdapiri kodi) 

 DSebr. =   

 

 1  

 

 

 

 

 

 

 

(Sebrunebuli kodi) 

 

(3.5) 

Ddamat. = DSebr. + 1 (damatebiTi kodi)   

 +   

 

9 5 1 8 5 1 

magaliTi 3.12. aTobiTi -841 ricxvi 2421 kodis gamoyenebiT gamov-

saxoT orobiT-aTobiT formiT da miRebuli ricxvi warmovadginoT pirda-

piri, Sebrunebuli da damatebiTi kodis saxiT; 

amoxsna. a) -841 ricxvis orobiT-aTobiT formas 2421 kodis 

gamoyenebis dros eqneba saxe (ix. nax. 3.6): - 1110 0100 0001; 

b)zemoT formulirebuli wesebis Sesabamisad: Dpir =1 1110 0100 0001; 

DSebr. = 1 0001 1011 1110; Ddamat. = DSebr. +1 = 1 0001 1011 1111. 
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     zogierTi kompiuteri, magaliTad IBM meinfreimi, iyenebs orobiT-aTo-  
      biT ricxvebs. arsebobs orobiT-aTobiTi ricxvebis Sekrebis ramdenime 

    xerxi. gavecnoT 8421 kodiT warmodgenili erTTanrigiani dadebiTi ri-

cxvebis Sekrebis erT-erT aseT xerxs.   

tetradebis Sekrebisas gamoiyeneba orobiTi ariTmetikis wesebi. miRebuli 

jami Tu 9-ze meti aRmoCndeba, wamoiWreba koreqciis Catarebis aucilebloba.  

10-dan 19-erTeulamde (1010; 1011; ...; 10011) jamis toloba Semdegi niSnebiT 

SeiZleba gamovlindes: 

  Sekrebis dros Semdeg tetradaSi gadatanis saxiT Cndeba orobiTi ricxvis 

mexuTe Tanrigi (aseTebia 10000-dan 10011-mde orobiTi ricxvebi, anu 16-dan 19-

mde aTobiTi ricxvebi); 

  erTianebis arseboba a) 8-isa da 2-is wonis mqone TanrigebSi (orobiTi 

1010 da 1011 anu aTobiTi 10 da 11 ricxvebi); b) 8-sa da 4-is mqone TanrigebSi 

(1100-dan 1111-mde orobiTi anu 12-dan da 15-mde aTobiTi ricxvebi).  

koreqcia xorcieldeba miRebuli SedegisaTvis 0110 (6(10)) ricxvis mimatebiT. 

am ricxvs pirobiTad makoreqtirebeli ricxvi ewodeba. aseTi operaciis Catare-

bis aucilebloba imiT sabuTdeba, rom orobiTi ricxvis mexuTe Tanrigis wona 

16 aTobiT erTeuls Seadgens, xolo ufros tetradaSi misi gadataniT aRniSnu-

li tetradis mniSvneloba mxolod 10 aTobiTi erTeuliT izrdeba; maT Soris 

sxvaobaa 6 erTeuli, romelic ukvalod ikargeba, rac amaxinjebs saerTo Sedegs. 

aRniSnuli danakargis “asanazRaureblad” xelovnurad 6-iT unda gavzardoT im 

3.3. orobiT-aTobiTi ricxvebis 

Sekrebis Taviseburebebi 

  

 

 

 1                          

magaliTi 3.13. – aTobiTi -841 ricxvi 8421 kodis gamoyenebiT 

gamovsaxoT orobiT-aTobiT formiT da miRebuli ricxvi warmovadginoT 

pirdapiri, Sebrunebuli da damatebiTi kodis saxiT; 

amoxsna. a) -841 ricxvis orobiT-aTobiT formas 2421 kodis 

gamoyenebis dros eqneba saxe (ix. nax. 3.6): - 1110 0100 0001; 

b)zemoT formulirebuli wesebis Sesabamisad: Dpir =1 1110 0100 

0001; 

DSebr. = 1 (D2 + 0110)( D1 + 0110) ( D0 + 0110) = 1 0001 0101 1000   

 

 

 

 

 

 

  

  

5 1 9 

1 5 8 

0 0 0 1 0 1 0 1 1 0 0 0 

1 0 0 0 0 1 0 0 0 0 0 1 

0 1 1 0 0 1 1 0 0 1 1 0 
+ 

1 1 1 0 1 0 1 0 0 1 1 1 
inversia 

Ddamat. = DSebr. +1 = 1 0001 0101 1000 + 1 = 1 0001 0101 1001 
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tetradis wona, saidanac ganxorcielda gadatana. koreqciis principi magaliTe-

bis saSualebiT avxsnaT. 

 magaliTi 3.14. P gadatanis gaTvaliswinebiT SevkriboT ori A da B te-

trada sami SesaZlo SemTxvevisaTvis (nax. 3.7).    

  1-li SemTxvevis (erTTanrigiani aTobiTi 2; 6 da 9 ricxvebis 2+6+1=9  

Sekrebis operaciis Sesrulebis) dros sruldeba piroba A + B + P  9; aseT  Se-

mTxvevaSi ufros tetradaSi gadatana ar xdeba, miRebuli jami Seesabameba oro-

biT-aTobiTi kodirebis nebadarTul kombinacias, amitom koreqciis Catareba 

saWi-ro ar aris. miiReba swori Sedegi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 me-2 SemTxvevis (erTTanrigiani aTobiTi 4; 7 da 0 ricxvebis 4+7+0=11   

Sekrebis operaciis Sesrulebis) dros sruldeba 10A+B+P15 piroba. Sekrebis 

Sedegad miiReba jami 1011; miRebul ricxvSi erTianebi arsebobs im TanrigebSi, 

romelTa wonaa 8 da 2; zemoT formulirebuli wesis mixedviT es niSnavs, rom 

miRebuli Sedegi arasworia. aRniSnuli SedegisaTvis makoreqtirebeli 0110 
(6(10)) ricxvis mimatebiT miviRebT 5-Tanrigian              ricxvs. xazgsmuli 

mexuTe Tanrigi “gadadis” ufros tetradaSi da mocemuli tetradidan “miaqvs” 

16 erTeuli, ris Sedegadac tovebs swor 0001 (1(10)) Sedegs. amgvarad, mocemul 

SemTxvevaSi ganxorcielebulma koreqciam erTiani gaaCina mexuTe TanrigSi, Sem-

deg tetradaSi, romlis gadatanamac saSualeba mogvca migveRo swori pasuxi.  

10001 (17(10)) 

 nax. 3.7.  P gadatanis    

gaTvaliswinebiT A da B 

tetradebis Sekrebis sa- 

mi SemTxvevis magaliTi. 

 

1 2 9A B+P 10A+B +P15 

 P 

+ + 

1 1 1 1 

6 

2 

9 

+ 
0 0 1 0 

0 1 1 0 

1 0 0 1 

+ 

1 8 4 2 1 

1 
(11) 

(6) 

(17-16=1) 

7 

0 

4 

1 

+ 

+ 

1 

0 1 

0 1 0 0 

0 1 1 1 

1 0 1 1 

0 1 0 

1 0 0 

+ 

+ 

+ 

8 10 1 4 2 1 16 

1 0 P 

3 A + B + P  16 

0 

1 

8 10 1 4 2 1 16 

1 

1 

9 

7 

7 1 

1 1 1 1 P 

1 0 0 1 

0 1 1 1 

1 0 0 

0 1 0 

1 1 1 0 

piroba 

gadatanebi 

Sesakrebi A 

Sesakrebi B 

jami 

koreqcia 

Sedegi 

 Tanrigis wona 

piroba 

gadatanebi 

Sesakrebi A 

Sesakrebi B 

jami 

koreqcia 

Sedegi 

 Tanrigis wona 

(1) 

(6) 

(7) 

+ 

+ 

+ 

+ 

+ 



162 
 

 

  me-3  SemTxvevis (erTTanrigiani aTobiTi 9; 7 da 1 ricxvebis 9+7+1=17   

Sekrebis operaciis Sesrulebis) dros sruldeba A + B + P  16 piroba; Sedegad 

viRebT xuTTanrigian              ricxvs, romlis xazgasmuli mexuTe Tanrigi 

gadadis ufros tetradaSi; mocemul tetradas amiT akldeba 16 erTeuli, xolo 

ufros tetradas emateba 10 erTeuli. swori pasuxis misaRebad mocemul te-

tradas unda davumatoT “ukvalod gamqrali” 6 erTeuli, romelic Cven\ mier 

SerCeuli makoreqtirebeli ricxvis tolia. koreqciis Sedegad miiReba swori 

Sedegi: 0111(2)=7(10).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-li ZiriTadi SemTxveva. X da Y da- 

debiTia. Sekrebisas niSnis Tanrigebis 

CaTvliT ikribeba yvela Tanrigi. ra- 

dgan dadebiTi Sesakrebebis niSnis Ta- 

nrigebi 0-is tolebia, amitom jamis 

niSnis Tanrigic 0-is tolia. magali- 

Tad: 

 

 

 

 

miiReba koreqtuli Sedegi. 

 

Mme-2 ZiriTadi SemTxveva.  X  dadebi- 

Tia, Y – uaryofiTi da absoluturi 

mniSvnelobiT X-ze metia. magaliTad: 

 

 

 

 

 

1 1110101 aris -10-is Sebrunebuli ko- 

di, 1 1111000 ki -7_is Sebrunebuli  

kodi. miviReT koreqtuli Sedegi Seb- 

runebiT kodSi. pirdapiri kodi miiR- 

eba jamis invertirebiT:1 0000111 = -7 
  

 

3 
+ 
7 

10 

10-obiTi Canaweri 

0 0 0 0 0 0 1 1 
0 0 0 0 0 1 1 1 

+ 

0 0 0 0 1 0 1 0 

2-obiTi k o d i 

3 

-10 
+ 

-7 

2-obiTi k o d i 

0 0 0 0 0 0 1 1 

1 1 1 1 0 1 0 1 

1 1 1 1 1 0 0 0 

+ 

10-obiTi Canaweri 
1 1 1 1 1 1 0 0 
1 1 1 1 1 0 0 0 

+ 

+1 
1 1 1 1 0 1 0 0 

1 1 1 1 0 1 0 1 

2-obiTi k o d i 10-obiTi  

Canaweri 

-3 
-7 

-10 

+ 

2-obiTi k o d i 

0 0 0 0 0 1 1 0 

0 0 0 0 1 0 1 0 

1 1 1 1 1 1 0 0 
+ 

+1 

0 0 0 0 0 1 1 1 

-3 

10 
+ 

7 

 10-obiTi 

 Canaweri 

me-3 ZiriTadi SemTxveva.   X dadebi- 

Tia, Y – uaryofiTi da absolutu- 

ri mniSvnelobiT X-ze naklebia; 

magaliTad: 

 

 

 

 

 

1 1111100 aris -3-is Sebrunebuli ko- 

di. kompiuteri asworebs dasawyisSi 

miRebul arakoreqtul (7-is nacvl- 

ad 6) Sedegs niSnis Tanrigidan 1-is 

gadataniT jamis umcros TanrigSi. 

 

me-4 ZiriTadi SemTxveva. X da Y uar- 

yofiTia. magaliTad:   

  

  

 

 

    

                                 

2-obiT kodSi moyvanilia Sebrunebuli 

kodebi. miRebuli arakoreqtuli Sede- 

gi swordeba wina SemTxvevis analogi- 

urad. pirdapiri kodi miiReba jamis 

inversiiT: 1 0001010 = -10(10)  

cxr. 3.4.  Sebrunebuli kodebis dros warmoSobili 4 ZiriTadi SemTxveva 

10001 (17(10)) 
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     Kkompiuterebis umravlesobaSi maTi konstruqciis gasamartiveblad gam- 

      oklebis operacia ar gamoiyeneba da igi icvleba Sebrunebuli an dama- 

      tebiTi kodebis SekrebiT. 

  Sebrunebuli kodebis Sekrebis dros warmoiSoba oTxi ZiriTadi da ori 

gansakuTrebuli SemTxveva. 

Sebrunebuli kodebis Sekrebis dros warmoSobili oTxi ZiriTadi SemTxveva 

mocemulia 3.4 cxrilSi, xolo ori gansakuTrebuli SemTxveva – 3.5 cxrilSi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

 

 

      damatebiTi kodebis Sekreba. damatebiTi kodebis Sekrebis drosac eqv- 

      si SemTxveva warmoiSoba. 3.6 cxrilSi moyvanilia 16-Tanrigiani komp- 

      iuteris mier mTeli X da Y ricxvebis Sekrebis dros warmoSobili 

TiToeuli aRniSnuli SemTxveva.  

or (mexuTe da meeqvse) SemTxvevaSi SezRuduli Tanrigianobis gamo maxinjde- 

ba Sedegis ara marto sidide, aramed niSanic. mdgomareobis gamosasworeblad  

Sedegs unda davumatoT (me-5 SemTxvevis dros) an gamovakloT (me-6 SemTxve-

vis dros) ricxvi 216=65536.  

gamoTvlebis koreqturobis uzrunvelsayofad, Sekrebis dawyebamde saWiroa 

SesakrebTa niSnebis gaanalizebiT davadginoT misaRebi jamis niSani. araswori ni-

3.4. kompiuterSi ariTmetikuli operaciebis 

Sesrulebis Taviseburebebi 

  

 

 

 1                          

 2                          

     gadavseba 

aTobiTi Canaweri  

6  5  
+

  
9

  

7  

6  2  1  

orobiTi k o d i  

0

  

1  0

  

0

  

0

  

0

  

0

  

1  

0

  

1  1  0

  

0

  

0

  

0

  

1  

1  0

  

1  0

  

0

  

0

  

1  0

  

+

  

  1-li gansakuTrebuli SemTxveva.  X da Y dadebiTia, X+Y 2
n-1

,  sadac n aris 

ricxvebis formatis Tanrigebis raodenoba (erTbaituri formatis dros n = 8; 

2n-1
 = 2

7
 = 128). magaliTad: 

 

  ricxviTi formatis cifruli nawilis Svidi Tanrigi sakmarisi ar aris 8-

Tanrigiani jamis ganTavsebisaTvis (162(10) = 10100010(2)), amitom jamis ufrosi 

Tanrigi aRmoCndeba niSnis TanrigSi, ris gamoc jamis niSani ar daemTxveva Sesa-

krebebis niSnebs; niSnebis aRniSnuli daumTxvevloba gvatyobinebs, rom gadaivso 

Tanrigobrivi bade. 

 

 

aTobiTi Canaweri  

6  -  
-  9  

5  8  1

1  

3  
5  

+  

-  

orobiTi k o d i  

1  1  0

  

0

  

0

  

0

  

0

  

0

  1  0

  

1  0

  

0

  

0

  

0

  

0

  0

  

1  1  0

  

0

  

0

  

0

  

0

  

+

  

    -63-is Sebrunebuli kodi  

    -95-is Sebrunebuli kodi  

    g a d a v s e b a  

  me-2 gansakuTrebuli SemTxveva. XdaY uaryofiTia, |X| + |Y|   2
n-1 magaliTad: 

 

    mocemul SemTxvevaSic jamis niSani ar emTxveva Sesakrebebis niSnebs, rac  

 adasturebs Tanrigobrivi badis gadavsebas.  

 

cxr. 3.5.  Sebrunebuli kodebis dros warmoSobili 2 gansakuTrebuli SemTxveva 
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Snis mqone jamis miRebisas unda davaskvnaT, rom operacia arakoreqturad Se-

srulda. 

     ariTmetikuli operaciebis Sesrulebis gasakontroleblad kompiuteris  

     procesorSi (mowyobilobaSi, romelSic sruldeba ariTmetikuli da  

    logikuri operaciebi) arsebobs: 

  gadatanis indikatori, 

  gadavsebis indikatori;  

TiToeuli zemoT aRniSnuli indikatori Seicavs 1 bitis tol informacias 

da SeuZlia hqondes mniSvneloba: 

1 – rac niSnavs, rom indikatori dayenebulia; 

0 _ rac niSnavs, rom indikatori Camoyrilia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3                         

   1 

  

 

 

   2 

 

 

 

   3 

 

 

 

 

   4 

 

 

 

   5 

 

 

 

 

   6 

          

 

 

 

             

 

 

 

              

 

 

 

             

 

 

 

 

             
 
 

     

 

 

 

      
 

  

SemTxv-  

 evebi  

            
k o m e n t a r e b i 

        
Sesakrebebi da Sedegi 

X   0;  Y  0;  X + Y <  2
15      

 X   0;     Y < 0;      |X| < |Y|        

 

1 

+ 
0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 0 

0 1 0 0 1 0 0 0 1 1 0 0 1 0 1 1 

1 1 0 0 1 1 0 1 0 1 0 0 0 1 0 

X = + 1594  
Y = - 17563  

Z = - 15969 1 

+ 

1 1 1 0 0 1 1 0 0 0 0 0 1 1 1 

1 1 0 1 1 1 0 0 1 1 1 0 1 1 1 0 
0 1 1 1 0 1 1 0 0  0 1 0 0 0 0 0 0 

0 1 0 0 0 0 1 1 0 1 1 1 1 1 0 0 1 

+ 0 1 0 0 0 1 0 0 1 0 
0 1 1 0 1 1 

1 1 1 0 0 0 1 1 1 0 0 1 1 1 1 1 

Z=+1596

9 

X=+17563 
Y=-1594 

 Sedegi koreqturia  

 

 

 Sedegi koreqturia  

 

 

 

 Sedegi koreqturia; 

ufrosi Tanrigidan ga- 

datana ar gaiTvalisw-

ineba. 

 

  Sedegi koreqtulia; 

ufrosi Tanrigidan ga- 

datana ar gaiTvalisw- 

ineba. 

 

dadebiTi ricxvebis Se- 

krebiT miviReT uaryo- 

fiTi ricxvi; 

g a d a v s e b a 

 

 

uaryofiTi ricxvebis 

SekrebiT miviReT dade- 

biTi ricxvi; 

g a d a v s e b a 

          

1 1 1 1 1 0 0 1 1 1 0 0 0 1 1 0

 1  
1 0 1 1 1 0 1 1 0 1 1 0 0 1 0 1 + 

0 1 1 0 1 0 1 0 0 1 1 0 1 1 0 1 1 

X= -1594 
Y= -17563 

Z= -19157 

0 1 0 0 0 1 0 0 1 0 0 1 1 0 1 1 
1 0 1 0 0 1 0 1 0 1 1 0 0 1 0 1 

+ 

0 1 0 0 1 1 1 1 0 1 1 1 0 0 0 0 

X= +17563 
Y= +19157 

Z = - 28816  

1 0 1 1 1 0 1 1 0 1 1 0 0 1 0 1 
0 1 0 1 0 0 1 0 1 1 1 0 1 1 1 0 

+ 

1 0 1

0

0

0

0 

1 0 0 0 0 0 0 0 0 0 1 1 0 

X= - 17563 

Y= - 19157 

Z= + 28816 

X = + 1594  
X = + 17563  

Z = + 19157 

X   0;     Y < 0;      |X|  |Y|        

 

 X < 0;     Y < 0;    |X| + |Y| < 2
15          

        

 

 X  0;     Y  0;      X + Y  2
15 

         

        

 

X < 0;    Y < 0;     |X| + |Y|  2
15 

 

         

        

 

cxrili 3.6. damatebiTi kodebis kompiuteruli Sekrebis variantebi  
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gadatanis indikatori gviCvenebs rom moxda gadatana niSnis bitidan, xolo 

gadavsebis indikatori gviCvenebs, rom piriqiT – ganxorcielda niSnis bitSi ga-

datana.  

amgvarad, Sekrebis iseTi operaciis Sesrulebisas, rodesac ufros (niSnis) 

bitSi xdeba gadatana, procesori aamoqmedebs gadavsebis indikators; aseTi gada-

tanis ararsebobis SemTxvevaSi aRniSnuli indikatori Camoiyreba. analogiurad 

funqcionirebs gadatanis indikatoric.  

operaciis Sesrulebis Semdeg kompiuteri iZleva signals indikatorebis 

mdgomareobis Sesaxeb. indikatorebis mdgomareobebi Tu gviCvenebs, rom ariTmeti-

kuli Sedegi arasworia, maSin unda mivRoT mocemuli situaciis gamosaswore-

blad saWiro zomebi, e.i. SegviZlia vakontroloT ariTmetikuli operaciebis Se-

srulebis siswore.  

Sekrebisa da gamoklebis operaciebi warmoadgenen kompiuterSi Sesasrulebel 

ZiriTad ariTmetikul operaciebs. ufro rTuli nebismieri sxva iseTi operacia, 

rogoricaa magaliTad gamravleba, gayofa, trigonometriuli funqciebis gamo-

Tvla da a.S.,  mravaljeradad Sesasrulebel Sekrebisa da gamoklebis operaci-

ebamde daiyvaneba. ase, magaliTad, gamravlebas kompiuteri asrulebs samravlis  

mravaljeradad Zvrisa da Sekrebis operaciebis meSveobiT, xolo gayofas – gasa-

yofisaTvis gamyofis Sesabamisi damatebiTi kodis mravaljeradad mimatebis gziT. 

ariTmetikuli operaciebis Sesrulebis procesebs amgvari gamartiveba kompi-

uterSi Tvlis orobiTi sistemis gamoyenebis wyalobiTaa miRweuli. 

       mcuravi wertilis (mZimis) formatSi warmodgenili ricxvebis ariT- 

      metikuli Sekrebisa da gamoklebis dros, upirveles yovlisa, Sesakre- 

      bebis xarisxebi unda gaTanabrdes. xarisxebis gaTanabrebis procesSi 

xdeba sakuTar registrebSi Cawerili mcire xarisxebis mqone ricxvTa mantisebis 

marjvniv garkveuli raodenobis TanrigiT Zvra; Zvris aRniSnuli raodenoba ope-

radebis xarisxebis sxvaobis tolia. TiToeuli Zvris dros xarisxi erTi erTe-

uliT izrdeba. xarisxebis gaTanabrebis Semdeg ricxvebis erTanairi saxelwode-

bis Tanrigebi orive registris Sesabamis TanrigebSi aRmoCndeba ganTavsebuli; 

amis Semdeg xdeba maTi Sekreba Tu gamokleba. saWiroebis SemTxvevaSi miRebuli 

Sedegi normalizdeba Sedegis mantisis marcxniv Zvris gziT. marcxniv yovel mo-

mdevno daZvrisas Sedegis xarisxi mcirdeba erTi erTeuliT. qvemoT ganxilul 

magaliTebSi gamoTvlebis gasamartiveblad xarisxi Cveulebrivi orobiTi 

formiTaa warmodgenili.  

 

                                                                  

      

 

  

     

 

 

 

 

 4                          

0 1 1010 1 1 
+ 

1 1 1 1010 1 0 0 0 0 0 

0 

1010 1 1 1 1 0 1 1 1 0 

magaliTi 3.15. SevkriboT orobiTi normalizebuli ricxvebi 0 10111  10-1. 

da 0 1101  1010.  SesakrebTa xarisxebis sxvaoba mocemul SemTxvevaSi samis 

tolia, amitom Sekrebis dawyebis win pirveli Sesakrebis mantisa marjvniv sa- 

mi TanrigiT unda iqnes daZruli, rac xarisxis samiT gazrdis tolfasia:    
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gayofis dros gasayofis xarisxs akldeba gamyofis xarisxi, xolo mantsebze 

sruldeba gayofis Cveulebrivi operacia. ganayofad aranormalizebuli ricxvis 

miRebisas unda movaxdinoT misi normalizeba; normalizebisaTvis mantisa saWiroa 

marcxniv davZraT, riTac icvleba xarisxis mniSvneloba; kerZod, TiTo TanrigiT 

marcxniv daZvrisas xarisxi TiTo erTeuliT mcirdeba. aseve, mantisis marjvniv 

TiTo TanrigiT daZvra TiTo erTeuliT zrdis xarisxis mniSvnelobas. termini 

“mcuravi wertili (mZime)” swored imitom iqna SemoRebuli, rom ricxvis gamo-

saxulebaSi wertilis (mZimis) faqtobrivi adgilmdebareobis ganmsazRvreli or-

obiTi xarisxis mniSvneloba TiToeuli ariTmetikuli operaciis Catarebis Sem-

deg koreqtirdeba, e.i. mocemuli orobiTi sididis cvlilebis Sesabamisad ricx-

vis gamosaxulebaSi arsebuli wertili (mZime) “curavs” (icvlis adgilmdebare-

obas).       

 

 

 

   

 

     magaliTi 3.17.  SevasruloT ori orobiTi normalizebuli ricxvis 

gamravlebis operacia: 

 

 
= 1011 10101 0 ( 1 1 1 0 ) ( 0 1 0 0 1 ) 0 ( 1 1 1 0 ) 0 0 1 1 0 10(101 + 11) = 

= 0 100000101  101000  

   magaliTi 3.18.  SevasruloT ori normalizebuli ricxvis gayofis 

operacia: 

10100 0 1 1 1 1 ( ) : ( 0 1 0 1 1011 ) = ( 0 1 1 1 1 : 0 1 0 1 ) 10(100 – 11) = 

1010 = 1 1 101 = 0 1 1 

0 1 1 0 1 100 

0 0      aranormalizebuli ricxvi  1010 

0 1 0 1 0 1 1010 

1 1 0 0 1 1 0 1010 
+ 

0 1 1 0 1 

0 11101  101 
0 10101  1010  magaliTi 3.16. normalizebul               ricxvs gamovakloT ricxvi 

           . mocemul SemTxvevaSi saklebisa da maklebis xarisxebs Soris  

sxvaoba erTis tolia, amitom gamoklebis dawyebamde maklebis mantisa saWi-

roa erTi TanrigiT marjvniv davZraT: 

 

 

 

jamad miviReT aranormalizebuli ricxvi; misi normalizebisaTvis mantisa 

marcxniv ori TanrigiT unda davZraT, rac xarisxis ori TanrigiT Semcirebis 

tolfasia:            . 
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     logika (Zveli berZnuli λόγος-dan, “metyveleba”, “msjeloba”, “azri”)  

       ewodeba mecnierebas inteleqtualuri SemecnebiTi moRvaweobis forme-

bis, meTodebisa da kanonebis Sesaxeb. vinaidan aRniSnuli codna azrovnebis meSve-

obiT miiReba, amitom logikas zogjer azrovnebis Sesaxeb mecnierebadac Tvlian. 

azrovneba metyvelebaSi msjelobis saxiT gansxeuldeba, romlis kerZo gamoxa-

tulebas raimis mtkiceba an uaryofa warmoadgens; aRniSnulidan gamomdinare, lo-

gika msjelobis (mtkicebaTa da uaryofaTa) mecnierebadac SeiZleba miviCnioT. 

SexebiTi, mxedvelobiTi, gemovnebiTi, smeniTi da ynosviTi SegrZnebebis erTo-

bliobas SegrZnebiTi cda ewodeba. cnobili avstrieli eqimi, antropofosi da 

rudolf Staineris mimdevari karl kioningi (1902-1966)  SegrZnebiT cdas saku-

Tari Tavis gancdad ganixilavda. logikas, rogorc mecnierebas, Semecnebis pro-

cesSi WeSmaritebis miRwevis xerxebi ara SegrZnebiTi cdidan, anu sakuTari gan-
cdebidan, aramed adre formulirebuli codnidan gamohyavs; amitom logika sawyi-

si codnidan – daskvniTi codnis miRebis mecnierebas warmoadgens.  

daskvnebis misaRebad logikis gamoyenebis idea Caisaxa CineTSi, indoeTsa da 

Zvel saberZneTSi Camoyalibebul sam lokalur civilizaciaSi; aRniSnul civili-

zaciebSi formulirebul moZRvrebebs Soris Tanamedrove mecnierebasa da maTema-

tikaSi farTo gamoyeneba hpova Zveli berZeni filosofosis aristoteles mier 

Tavis cnobil naSromSi “organioni”  formulirebulma moZRvrebam da dRes swo-

red aristotele iTvleba logikis mecnierebis mamamTavrad, Tumca SeuZlebelia 

logikis, rogorc mecnierebis, formirebis procesSi ignorirebuli iqnes meore 

didi berZeni filosofosis platonis Rvawli. mis arc erT naSromSi uSualod 

logikis cneba ar aris formulirebuli, magram maTSi wamoWrili da gaanalizebu-

lia logikisaTvis umniSvnelovanesi Semdegi sami sakiTxi:  

  ra SeiZleba CaiTvalos WeSmaritebad da siyalbed; 

  msjelobebsa da daskvnebSi rogoria winamZRvrebs Soris arsebuli kavSire-

bis buneba; 

  ra warmoadgens cnebebis arss. 

           msjelobis dros Cven viyenebT calkeul gamoTqmebs. gamoTqma warmoad-     

      gens garkveuli winadadebis saxiT formulirebul sawyis codnas, rom- 

   lis Sesaxebac SeiZleba calsaxad iTqvas WeSmaritia Tu yalbia. msjlobis 

dros gamoyenebuli gamoTqmebi pirobiTad aRvniSnoT x1, x2, … , xn simboloebiT; amas-

Tanave CavTvaloT, rom Tu xi  { x1, x2, … , xn } gamoTqma yalbia, maSin  xi = 0, xolo 

Tu WeSmariti – maSin xi = 1. 

 1                            

4.1. logika diskretuli mowyobilobis maTema- 

tikuri modelis gansazRvris samsaxurSi  

 

 

 

              “logika azrovnebis anatomiaa” 

                                                        jon loki  (1632 - 1704) 

              “logika moazrovneTa RmerTia” 

                     lion feixtvaingeri (1884 – 1958)  

 

    

                IV  T a v i      

informatikis logikuri safuZvlebi 

 

 2                            
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aRniSnuli sawyisi codnis, anu xi gamoTqmebis analizis safuZvelze formi-

rdeba axali codna, anu daskvniTi gamoTqma. simartivisaTvis mas ubralod daskvna 

vuwodoT da pirobiTad y simboloTi aRvniSnoT. aRniSnuli daskvna Tu namdvilad 

x1, x2, … , xn gamoTqmebisagan miiReba maSin CavTvaloT, rom y= 1, xolo winaaRmdeg 

SemTxvevaSi - y = 1; 

is faqti, rom y daskvna x1, x2, … , xn gamoTqmebis funqcias warmoadgens (e.i. x1, 

x2, … , xn gamoTqmebi damoukidebeli cvladebi, anu argumentebia), da TiToeuli 

maTgani iRebs 0-is an 1-is tol mniSvnelobas, maTematikurad Caiwereba rogorc:  

            

 

miRebuli (4.1) saxis funqcias, romelSic rogorc damoukidebeli cvladebi 

(anu argumentebi) iseve Tavad funqcia mxolod 0-isa da 1-is mniSvnelobebs iRebs, 

logikuri funqcia ewodeba, vinaidan isini  x1, x2, … , xn cvladebiT aRniSnuli 

sawyisi gamoTqmebidan y daskvnis logikurad gamoyvanis saSualebas iZleva. logi-

kuri funqciebis Semswavlel algebras logikis algebra ewodeba; saskolo al-

gebraSi cvladebi nebismier mniSvnelobas iRebs; misgan gansxvavebiT logikis al-

gebraSi maT mxolod ori, kerZod 0-is an 1-is toli, mniSvnelobis miReba Se-

uZlia da amitom aRniSnul algebras xSirad orobiT cvladebs, xolo masSi Se-

saswavl funqciebs – orobiT (logikur) funqciebs uwodeben.  

logikis algebris fuZemdebelia cnobili ingliseli (irlandieli) maTemati-

kosi jorj buli. avtoris pativsacemad logikis anu orobiT algebras bulis 

algebris saxeliTac moixsenieben.  

jorj bulis mier damuSavebuli logikis algebra didi xnis ganmavlobaSi 

wminda Teoriuli xasiaTis iseT moZRvrebad iTvleboda, romelic teqnikur mecni-

erebebSi ar gamoiyeneboda. 

y = f (x1, x2, … , xn),     xi ; y { 0;1}. 

 

(4.1) 

 

platoni (Cvens welTaR- 

ricxvamde 428 – 347) 

aristotele (Cvens welTaR- 

    ricxvamde 384-322) 

http://www.krugosvet.ru/images/1011638_PH07624.jpg
http://www.krugosvet.ru/images/1011638_PH07624.jpg


169 
 

 

 aseTi Sexeduleba Secvala diskretuli mowyobilobebis gamoCenam, romlis 

wyalobiTac gafarTovda logikis algebris gamoyenebis areali da man wminda Te-

oriuli mniSvnelobis garda udidesi praqtikuli (gamoyenebiTi) mniSvnelobis ma-

Tematikuri moZRvrebis saxelic SeiZina. 

 

             
  
 

 

 

          avtomaturi marTvis sistemis elementi ewodeba garkveuli signa-   

            lis gardamqmnel mis umartives nawils. dasaxuli amocanebis Se- 

       srulebis mizniT funqcionurad gaerTianebuli elementebis erTobli-

oba warmoqmnis mowyobilobas. mis struqturaSi arsebuli nebismieri elementi 

warmoadgens Sesasvleli x signalis y signalad gardamqmnels. y=f(x) Tanafardo-

bis saxeze damokidebulebiT ganasxvaveben analogur da diskretul elementebs.  

analogur elementebSi Sesasvleli x signalis mdovred cvlilebas Tan ax-

lavs gamosasvleli y signalis aseTive mdovre, uwyveti cvlileba. diskretul 

elementebSi Sesasvleli signalis mdovred cvlilebis dros gamosasvleli si-

gnali diskretulad, naxtomiseburad icvleba da erT-erT garkveul mniSvnelobas 

meore mniSvnelobiT cvlis. diskretuli elementis ganmasxvavebel niSans warmo-

adgens is garemoeba, rom mas aqvs sasruli raodenobis mdgomareoba da am mdgoma-

reobas Sesasvleli signalis sxvadasxva doneebi Seesabameba.  

diskretul elementebs, romelebSic Sesasvleli signalis mdovred cvlileba 

iwvevs gamosasvleli signalis naxtomisebur cvlilebas, releuri moqmedebis dis-

kretuli elementebi anu, SemoklebiT, releuri elementebi ewodeba. releuri 

elementebisaTvis damaxasiaTebeli releuri maxasiaTeblebi 4.1,a naxazzea mocemu-

li. rogorc naxazidan Cans, releuri maxasiaTeblis dros Sesasvleli x sididis 

cvlileba iwvevs gamosasvleli y sididis naxtomiseburad cvlilebas, romelmac 

SeiZleba miiRos mxolod ori mniSvneloba; am mniSvnelobebidan erT-erTs, magali-

Tad signalis amplitudis dabal dones SeiZleba SevuTanadoT simbolo 0, xolo 

maRal dones – simbolo 1 (rogorc es 4.1,a naxazzea naCvenebi), Tumca SesaZlebe-

lia piriqiTac moviqceT.   

jorj buli 

(1815-1864) 

klod Senoni 

 (1916-2001) 

 3                                           

http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Shannon.jpg
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Shannon.jpg
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releuri elementis kerZo SemTxvevas warmoadgens e.w. mexsierebis elementi, 

romlis maxasiaTeblebi 4.1.,b,g naxazzea moyvanili. aRniSnuli maxasiaTeblebis Ta-

naxmad Sesasvleli signalis moqmedebis Sewyvetis Semdeg mexsierebis elementi 

wina mdgomareobaSi rCeba; sxva mdgomareobaSi gadasayvanad mas axali Sesasvleli 

signali unda miewodos. 

             

       

 

 

 

 

 

 

 

       diskretuli mowyobiloba ewodeba diskretuli elementebisagan ageb- 

      ul mowyobilobas, romelic drois diskretul momentebSi funqcionir- 

   ebs da axdens diskretuli signalebis damuSavebas.  

 

 

 

 

 

 

 

 

 

 

 

 

releuri maxasiaTeblebis mqone elementebisagan agebuli n raodenobis Sesa-

svlelisa da m raodenobis gamosasvlelis mqone diskretuli mowyobiloba Se-

iZleba warmovadginoT (n x m)-polusas saxiT (nax. 4.2.a). kerZo SemTxvevaSi, ro-

desac m = 1, igi iRebs (n x 1)-polusas saxes (nax. 4.2,b).  

simartivisaTvis ganvixiloT 4.2,b naxazze naCvenebi diskretuli mowyobiloba. 

vinaidan igi releuri maxasiaTeblebis mqone diskretuli elementebisagan aris 

agebuli, amitom Sesasvleli xi  da gamosasvleli y signali iRebs or gansxva-

y 

x(0) x(1) x 

1 

 
a 

0 

y 

x 

0 

1 

x(1) x(0) 

 
b g 

1 

x x(1) x(0) 

y 

0 

 

nax. 4.1. sxvadasxva saxis releuri maxasiaTeblebi  

 4                                           

nax.4.2.  diskretuli mowyobilobebis blok-sqemebi  

y 

x1 

x2 

xn 

diskretuli 

mowyobiloba 

y1 

ym 

y2 

x1 

x2 

xn 

diskretuli 

mowyobiloba 

a) 

b) 
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vebul mniSvnelobas, romelTaganac erT-erTs SeeTanadeba simbolo 0, xolo me-

ores –  simbolo 1, e.i. samarTliania gamosaxuleba: xi , y  {0; 1}. 

mocemuli diskretuli mowyobilobis daniSnulebaa Sesasvleli x1, x2, …, xn 

signalebis gadamuSavebis Sedegad moaxdinos gamosasvleli y signalis formireba; 

maSasadame, igi axdens Semdegi maTematikuli funqciis realizebas:  

 

 

miRebuli (4.2) gamosaxuleba emTxveva zemoT ganxilul logikur (4.1) gamo- 

saxulebas, rac saSualebas gvaZlevs davaskvnaT: 

 

 

 

 

 

 

 

 

 

  aseTi genialuri daskvnebis formulireba moaxdina cnobilma amerikelma 

inJinerma da maTematikosma klod Senonma 1938 wels gamoqveynebul statiaSi “A 

Symbolic Analysis Relay and Switching Circuits” (“releuri da gadamrTveli 

sqemebis simboluri analizi”). aRniSnuli statiis gamoqveynebis Semdeg logikis 

algebra wminda Teoriuli saxis moZRvrebidan uaRresad didi praqtikuli 

mniSvnelobis moZRvrebad gadaiqca.  

       klod Senonis zemoT aRniSnuli naSromis gamoqveynebamde ar arsebobda  

        diskretuli mowyobilobis agebis formaluri meTodi da misi konst- 

    ruireba mTlianad im codniT, gamocdilebiTa da ostatobiT iyo SesaZle-

beli, romlebic diskretuli mowyobilobis Semqnelebs TiTqmis xelovnebis do-

nemde hqondaT ayvanili. 

 klod Senonis genialuruli mignebis Sedegad napovni iqna diskretuli mo-

wyobilobis maTematikuri modeli  da aRniSnuli mowyobilobis agebis amocana 

dayvanili iqna logikuri funqciis teqnikuri realizaciis formaluri meTodebiT 

gadasawyvet amocanamde. man SesaZlebeli gaxada damuSavebuliyo diskretuli mo-

wyobilobis agebis formaluri meTodi, romlis zogadi saxe aseTia:  

 

 

 

 

 

 

        masaCusetis universitetis profesoris s.kolduelis azriT pirvel  

       releur (diskretul) mowyobilobebs warmoadgenda me-19 saukunis pi-

rvel naxevarSi sarkinigzo transportis marTvisaTvis Seqmnili signalizaciisa 

da blokirebis mowyobilobebi [17], romlebsac dRes sarkinigzo avtomatikisa da 

y = f (x1, x2, … , xn),     xi ; y { 0;1}.  

 

(4.2) 

 

 6                                     

 5                                     

  releuri elementebisagan agebuli diskretuli mowyobiloba axdens garkve- 

uli saxis logikuri funqciis realizebas; 

 nebismieri diskretuli mowyobilobisaTvis SeiZleba ganisazRvros mis mier 

realizebuli logikuri funqcia da piriqiT, nebismieri logikuri funqciisaT- 

vis SeiZleba aigos aRniSnuli funqciis marealizebeli diskretuli mowyobil- 

oba. maSasadame, diskretul mowyobilobebsa da logikur funqciebs Soris SeiZ- 

leba damyardes urTierTcalsaxa damokidebuleba da amitom logikuri funqcia  

diskretuli mowyobilobis maTematikuri modelia; 

   

 

 

    sityvierad iqnes formulirebuli diskretuli mowyobilobis funqcionire- 

bis algoriTmi; 

 formulirebuli algoriTmis mixedviT ganisazRvros diskretuli mowyobi-

lobis mier sarealizebeli logikuri funqciebi; 

 moxdes miRebuli logikuri funqciebis minimizireba; 

 minimizirebuli logikuri funqciebis gamoyenebiT moxdes diskretuli mo-

wyobilobis sinTezi. 
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telemeqanikis mowyobilobebi ewodeba. SemdegSi analogiuri mowyobilobebi Seiqm-

na sahaero transportis moZraobis marTvisaTvisac. 

Tavdapirvelad diskretuli mowyobilobebis asagebad gamoyenebuli saelemento 

baza Sedgeboda wminda meqanikuri moqmedebis elementebisagan, rac zRudavda aR-

niSnuli mowyobilobebis funqcionalur SesaZleblobebs. saelemento bazis srul-

yofilebis kvaldakval farTovdeboda diskretuli mowyobilobebis funqcional-

uri SesaZleblobebi da maTi teqnikur-ekonomikuri maxasiaTeblebi;  

diskretuli mowyobilobebis asagebad gamoyenebul saetapo mniSvnelobis ele-

mentebs, romlebmac revoluciuri roli iTamaSes aRniSnuli mowyobilobebis ga-

nviTarebis procesSi, warmoadges eleqtromagnituri releebi, tranzistorebi da 

integraluri sqemebi; aRniSnulidan gamomdinare ramdenime sityviT SevexebiT maT.   

  1935 wels amerikeli fizikosis josef henris mier eleqtromeqanikuri re-

les gamogonebam iseTi diskretuli mowyobilobebis  winapirobebi Seqmna, romel-

Ta gamoyenebiTac konstruirebuli iqna e.w. releuri, anu pirveli Taobis kompi-

uterebi; isini releuri diskretuli mowyobilobebisagan agebul universalur 

diskretul sistemebs warmoadgenda. magaliTad, 1939 wels germaneli mecnieris 

k. cuzes mier konstruirebuli daprogramebadi universaluri cifruli kompi-

uteri Z3 Seicavda daaxloebiT 2600 reles, romelTaganac 1400 rele gamoiyene-

boda mexsierebis, 600 rele – ariTmetikuli modulis, xolo danarCeni releebi 

– marTvis mowyobilobis asagebad. releuri saelemento bazis gamoyenebiT Seqmni-

li pirveli Taobis kompiuterebia: ENIAC (aSS), БЭСМ-1, «Урал» (sabWoTa kavSi-
ri) da a.S. 

  1947 wlis 16 dekembers amerikeli mecnierebis u. brateinis, j. bardinisa 

da u.Soklis mier gamogonebuli iqna tranzistori; tranzistori warmoadgens 

mcire zomis eleqtronul mowyobilobas, romelic eleqtromeqanikuri reles 

kontaqtis msgavsad eleqtrul wredSi eleqtruli denis CarTva-gamorTvis 

mizniT SeiZleba iqnes gamoyenebuli.  

 zemoT aRniSnul funqciebs reles kontaqti axdens eleqtruli wredis meqa-

nikuri SerTvisa da gawyvetis, xolo tranzistori – eleqtronuli SerTvisa da 

gawyvetis gziT. 

wredis meqanikuri gawyvetis movlena ganmartebas ar saWiroebs; rac Seexeba 

eleqtronul gawyvetas, misi arsi aseTia: wredSi CarTul tranzistors SeuZlia 

miiRos nulis an usasrulobis toli winaRoba. pirvel SemTxvevaSi wredi dens 

daubrkoleblad atarebs, e.i. wredi denisaTvis “SerTulia”, xolo meore SemTxve-

vaSi wredSi gamavali maqsimalurad mcirdeba da praqtikulad nulis toli xdeba, 

e.i. wredi denisaTvis “gawyvetilia”.  

radgan wredis komutirebis TvalsazrisiT, tranzistori eleqtromeqanikuri 

reles kontaqtebis analogur funqciebs asrulebs, amitom sqemebis asagebad kon-

taqtebis nacvlad SeiZleba tranzistorebi gamoviyenoT.  

gasuli saukunis 60-70-ian wlebSi tranzistorebis gamoyenebiT agebul kom-

piuterebs meore Taobis kompiuterebs uwodeben.  

pirveli Taobis anu releuri kompiuterebisagan gansxvavebiT, meore Taobis 

tranzistoruli kompiuterebi gamoirCeva Semcirebuli zomebiT, gafarToebuli 

funqcionaluri SesaZleblobebiTa da ukeTesi teqnikur-ekonomikuri maxasiaTebl- 

ebiT. aRniSnuli Taobis kompiuterebia IBM 7090, LARC, Stretch (aSS), Atlas (in-

glisi), МЭСМ, «Раздан», «Минск-32 (sabWoTa kavSiri) da a.S. tipis kompiutere-
bi.  
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  1958 wlis 12 seqtembers amerikeli mecnierebis j. kilbisa da r. noisis 

mier gamogonebuli iqna integraluri sqemebi. integraluri sqema warmoadgens  

(1,3x1,3)-dan (13x13)-mde zomis kristals, romelSic “Seyursulia” ramdenime aTe-

ulidan dawyebuli ramdenime aseul milionamde  damTavrebuli iseTi sxvadasxva 

eleqtronuli elementebi, rogorebicaa magaliTad, tranzistori, diodi, rezis-

tori da a.S.  

ganasxvaveben: 

mcire integraciis mqone integralur sqemebs, romelTa erT kristalSi 100-

mde elementia moTavsebuli;  

saSualo integraciis mqone integralur sqemebs, romelTa erT kristalSi 

1000-mde elementia moTavsebuli; 

didi integraciis mqone integralur sqemebs, romelTa erT kristalSi 10000-

mde elementia moTavsebuli; 

 

 

 

 

 

                                                                                                                                                                                                                    

 

 

 

                      

 

 

 

  j. henri 

(1858-1943) 

diskretuli mowyobilobebis saelemento      

bazis gamomgonebelTa galerea 

reles gamomgonebeli integraluri sqemis gamomgoneblebi 

tranzistoris   gamomgoneblebi 

  r. noisi 

(1927-1990) 

  j. kilbi 

(1923-2005) 

 u. brateini 

 (1902-1987) 

  u. Sokli 

 (1910-1989) 

 j. bardini 

 (1908-1991) 
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zedidi integraciis mqone integralur sqemebs, romelTa erT kristalSi 

10000-ze meti elementia moTavsebuli; 

magaliTad, procesori Pentium 4 warmoadgens daprogramebad integralur sqe-

mas, romelic 3,1 milionze met tranzistors Seicavs. 

mcire da saSualo integraciis mqone integraluri sqemebiT kompiuterebis 

ageba daiwyo XX saukunis 70-iani wlebis dasasrulsa da 80-iani wlebis dasa-

wyisSi. maT mesame Taobis kompiuterebi ewodeba. aseTebia IBM 360 (aSS),           

ЕС ЭВМ (sabWoTa kavSiri)  da a.S tipis kompiuterebi. 

didi da zedidi integraciis mqone integraluri sqemebiT kompiuterebis ageba 

daiwyo XX saukunis 80-iani wlebis dasasruls da maT meoTxe Taobis kompi-

uterebi ewoda. 

meoTxe Taobis kompiuterebi ori mimarTulebiT ganviTarda. ganvixiloT isini. 

pirveli mimarTuleba ukavSirdeba superkompiuterebis Seqmnas; superkompi-

uterebi warmoadgens mravalprocesorul manqanebs, romelTa swrafmoqmedebaa wam-

Si ramdenime miliardi operaciis Sesruleba; aseTi superkompiuterebia ILLIAS 4, 

Cray (aSS),  Эльбрус-2 (sabWoTa kavSiri)  da a.S tipis kompiuterebi. 
meore mimarTuleba didi da zedidi integraluri sqemebis gamoyenebiT mikro- 

da personaluri kompiuterebis SeqmnasTanaa dakavSirebuli. aseTi kompiuterebis 

pirveli warmomadgenlebia Apple, IBM PC da a.S. tipis kompiutrebi.  

 

    

 

 

       n raodenobis orobiT x1, x2, … , xn  (xi 0;1)) cvladebze damokidebul 

      orobiT  

                   y =f(x1, x2, … , xn),      xi ; y { 0;1}.                    (4.3)   

funqcias logikuri (orobiTi, an bulis) funqcia ewodeba. 

n raodenobis argumentebze damokidebuli logikuri funqciis argumentebis 

nebismieri nakrebi warmoadgens garkveul n-Tanrigian orobiTi ricxvs; radgan 

arsebobs 2n raodenobis aseTi ricxvi, amitom n raodenobis argumentebze damoki-

debuli argumentebis mniSvnelobaTa nakrebebis raodenobac 2n
-is tolia. magali-

Tad: 

   n=2 raodenobis argumentze damokidebuli logikuri y=f(x1,x2) funqciis 

argumentebis mniSvnelobaTa nakrebebis raodenoba 22
=4-is tolia (es nakrebebia 

00; 01; 10; 11) 

   n=3 raodenobis argumentze damokidebuli logikuri y=f(x1,x2, x3,) funqci-

is argumentebis mniSvnelobaTa nakrebebis raodenoba 23
=4-is tolia (es nakrebebia 

000; 001; 010 011; 100, 101, 110, 111) da a.S. 

x1, x2, … , xn  argumentebis mniSvnelobebis TiToeul nakrebze logikuri y 

fun-qcia iRebs or, kerZod 0-isa da 1-is tol mniSvnelobebs, amitom: 

 

 

 

 

4.2. logikuri funqciebis zogadi daxasiaTeba. 

Eelementaluri logikuri funqciebi  

 

 

 

 

 1                                    

      n raodenobis argumentebze damokidebuli logikuri funqciebis saerTo N 

raodenoba ganisazRvreba formuliT: 

                             N =    
                           (4.4)                      
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  n=0; 1; 2; 3; 4; 5 argumentebze damokidebuli logikuri y=f(x1,x2 , …, xn ) 

funqciis N raodenobebi 4.1 cxrilSia moyvanili.     

 

 

 

 

 

 

rogorc zemoT aRvniSneT, logikur funqciebsa da diskretul mowyobilobebs 

Soris urTierTcalsaxa damokidebuleba arsebobs, rac Semdegs niSnavs: 

 

 

 

logikuri funqciebis mixedviT diskretuli mowyobilobis agebas diskretuli 

mowyobilobis sinTezi ewodeba, xolo arsebuli diskretuli mowyobilobisaTvis 

mis mier realizebuli logikuri funqciis gansazRvras – diskretuli mowyobi-

lobis analizi. 

        specifikuri saxis logikur funqciebs warmoadgens n=0 raodeobis 

        argumentze damokidebuli logikuri funqciebi, romelTa raodenoba 

      2-is tolia (cxr.4.1). aseT funqciebs warmoadgens arc erT argumentze 

damokidebuli logikuri funqciebi, anu konstanta 0 da konstanta 1 (mudmiva 0 

da mudmiva 1). isini Sesabamisad aRvniSnoT f1 da f2 simboloebiT, e.i. f1=0 da f2=1 . 

konstanta  0-s Seesabameba mudmivad ganrTuli eleqtruli sadeni, romelSic 

deni ar gadis (cxadia, sadeni SeiZleba ganrTuli iyos meqanikurad an eleqtru-

lad), xolo konstanta 1-s – mudmivad SerTuli eleqtruli sadeni, romelSic  

deni mudmivad gadis. 

n raodenobis Sesasvlelebis mqone diskretul mowyobilobas (ix.nax.4.2) 

Seesabameba n raodenobis argumentebze damokidebuli logikuri funqcia. e.i. aseTi 

mowyobilobis sinTezisaTvis saWiroa ganvsazRvroT n raodenobis argumentebze 

damokidebuli logikuri funqcia    

4.1 cxrilidan Cans, rom argumentebis raodenobis umniSvnelo cvlileba iw-

vevs logikuri funqciebis raodenobis mniSvnelovan cvlilebas; kerZod, logiku-

ri funqciebis raodenoba argumentebis: 

2-idan 3-mde gazrdiT izrdeba 16-jer; 

3-idan 4-mde gazrdiT izrdeba 256-jer; 

4-idan 5-mde gazrdiT izrdeba 65536-jer da miiReba imdenad kolosaluri 

raodenobis (4 294 967 296) logikuri funqciebi, rom maTi individualuri gan-

xilva urTules amocanas warmoadgens. aRniSnulma garemoebam erTi SexedviTYSe-

iZleba warmoSvas diskretuli mowyobilobebis sinTezisaTvis logikuri funqci-

ebis gamoyenebis meTodis arapraqtikulobis iluzia; magram es mxolod erTi Se-

xedviT, radgan aRmoCnda, rom: 

   

 

 nebismieri sirTulis  logikuri funqcia SeiZleba gamovsaxoT 0-, 1- da 2- 

raodenobis argumentebze damokidebuli logikuri funqciebiT, romelTa raodeno-

ba 12-is tolia da romlebsac elementaluri logikuri funqciebi ewodeba.  

4 

4 294 967 296 

  n 

4 65 536 256 16   N 2 

0 1 2 3 5 

cxr.4.1.    funqciuri N = f(n)  damokidebuleba 

 2                                     

        nebismieri logikuri funqciisaTvis SeiZleba avagoT misi marealizebeli dis-

kretuli mowyobiloba da, piriqiT, nebismieri diskretuli mowyobilobisaTvis 

arsebobs mis mier realizebuli garkveuli logikuri funqcia. 
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zemoT aRniSnulidan gamomdinare, nebismieri sirTulis mqone diskretuli 

mowyobilobebis rogorc sinTezis, aseve analizis amocanis gadawyveta Sesa-

Zlebelia 12 elementaluri logikuri funqciis daxmarebiT. gavecnoT TiToeul 

maTgans. 

0 raodenobis argumentebze damokidebuli logikuri funqciebi zemoT gan-

vixileT. 

cxrils, romlis saSualebiTac logikuri funqciebi gamoisaxeba, WeSmari-

tobis cxrili ewodeba. 

 

 

 

 

erT argumentze damokidebuli logikuri y=f(x) funqciebis WeSmaritobis 

cxrils aqvs 4.2 cxrilis saxe. rogorc aRniSnuli cxrilidan Cans, arsebobs 

erT cvladze damokidebuli logikuri  y =   (x),  y =   (x),  y = f3(x)  da y = f4(x) 

funqciebi. ganvixiloT TiToeuli maTgani.  

 

 

 

 

 

 

 

  

qcia. argumentebze arsebiTad damokidebuli logikuri funqcia ewodeba iseT 

logikur funqcias, romlis nebismieri argumentis mniSvnelobis Secvla cvlis 

funqciis mniSvnelobas.  

argumentebze arsebiTad damokidebul funqciad gadagvarebuli funqciis ga-

rdaqmnis gziT SesaZlebelia Semcirdes masSi Semavali argumentebis raodenoba, 

anu moxdes argumentebis raodenobis minimizireba. minimaluri raodenobis argu-

mentebis Semcvel logikur funqcias minimaluri logikuri funqcia ewodeba. 

zemoT aRniSnulidan gamomdinare, logikuri     funqcia gadagvarebuli 

funqciaa; igi Seicavs erTaderT arguments da igic fiqtiuria; misi gamoricxviT 

miviRebT 0 argumentze damokidebul f1=0 funqcias, anu konstanta 0-s.  

gadagvarebulia logikuri            funqciac, radgan argumentis mniSvnelobisa-

gan damoukideblad igi 1-is tol mniSvnelobas iRebs. fiqtiuri argumentis gamo-

ricxvis Sedegad igi 0 argumentze damokidebul f1=1 funqciad, anu konstanta 1-

ad gadaiqceva.  

logikuri y = f3(x) funqcia imeorebs x argumentis mniSvnelobas, amitom mas ga-

meorebis funqcia ewodeba da Semdegnairad aRiniSneba: y = x.   

logikuri y = f4(x) funqcia iRebs x argumentis mniSvnelobis Sebrunebul mni-

Svnelobas, anu axdens argumentis mniSvnelobis uaryofas; amitom mas uaryofis 

  
  

 

  
  

 

x 
y 

1 

0

0 

0 0 1 

1 0 1 

  
  

 

  
  

 

f3 f4 

0 

1 

cxr. 4.2.  y=f(x) funqcieb-   

is WeSmaritobis cxrili 

 

         y =    (x)  funqcia argumentis orive mniSvnelob-

aze iRebs erTi da igive, kerZod 0-is tol mniSvne- 

lobas; e.i. argumentis mniSvnelobis cvla gavlen- 

as ver axdens funqciis mniSvnelobaze. aseT argu- 

ments fiqtiuri argumenti, xolo fiqtiuri argu- 

mentis Semcvel funqcias – gadagvarebuli logi-

kuri funqcia ewodeba.  

    gadagvarebuli logikuri funqciidan SeiZleba 

fiqtiuri argumenti gamoiricxos, ris Sedegadac 

miiReba argumentebze arsebiTad damokidebuli fun-  

 

     

  
  

 

 n raodenobis argumentebze damokidebuli logikuri funqciis gamomsaxve- 

li WeSmaritobis cxrili Sedgeba 2n raodenobis mwkrivisagan; mis marcxena na-

wilSi Camowerilia argumentebis mniSvnelobaTa yvela nakrebi da TiToeuli 

nakrebis gaswvriv marjvena nawilSi miTiTebulia is mniSvneloba, romelsac 

funqcia argumentebis mocemul nakrebze iRebs.   

   

y =     (x)     
  

 

  
  

 

y =    (x)   
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funqcia anu inversia (laT. inversion – “gadasma”) ewodeba; igi aRiniSneba, ro-

gorc y =  ̅ da ase ikiTxeba: “y udris ara x –s”. 

 

 

 

 

 

 

 

 

 

 

     or argumentze (n = 2) damokidebuli y =f(x1,x2) funqciebis WeSmaritobis 

     cxrilSi (cxrili 4.3) arsebuli 16 logikuri funqciidan 6 funcia ga- 

    dagvarebulia; kerZod, gadagvarebulia                     funqciebi. 

 gadagvarebul   da    funqciebSi arsebuli orive argumenti fiqtiuria, ra-

dgan maTi nebismieri mniSvnelobis dros pirveli iRebs 0-is, xolo meore 1-is 

tol mniSvnelobas; aRniSnuli fiqtiuri argumentebis gamoricxviT logikuri     

funqcia gadaiqceva 0-argumentze damokidebul f1 funqciad, anu konstanta 0-ad, 

xolo logikuri    funqcia – f2 funqciad, anu konstanta 1-ad. 

  logikuri   funqcia warmoadgens x1 argumentis gameorebas, xolo masSi ar-

sebuli x2 argumenti fiqtiuria. aseve,    funqcia warmoadgens x2 argumentis game-

orebas da masSi arsebuli x1 argumenti fiqtiuria. fiqtiuri argumentebis gamo-

ricxvis Sedegad pirveli gadaiqceva x1 argumentis gameorebad, xolo meore – x2 

argumentis gameorebis funqciad. maSasadame TiToeuli maTgani warmoadgens adre 

ganxilul gameorebis funqcias, romelic zemoT ganvixileT. 

 logikuri   funqcia warmoadgens x2 argumentis uaryofas, xolo masSi arse-

buli x1 argumenti fiqtiuria; aseve, logikuri    funqcia warmoadgens x1 ar-  

gumentis uaryofas, xolo masSi arsebuli x2 argumenti fiqtiuria. fiqtiuri 

argumetebis gamoricxvis Sedegad pirveli gadaiqceva x2 argumentis, xolo meore 

– x1 argumentis uaryofis funqciad. maSasadame, TiToeuli maTgani warmoadges 

adre ganxilul uaryofis funqcias, anu  inversias.  

 

 

 

 logikuri f5 funqcia (cxr. 4.3) WeSmaritia maSin da mxolod maSin, rodesac 

WeSmaritia rogorc x1, aseve  x2 argumenti; nebismier danarCen SemTxvevaSi igi 

yalbia. mocemul funqcias aqvs ramdenime saxelwodeba; kerZod mas uwodeben koni-

unqcias, anu logikur gamravlebas, anu Tanxvdenis funqcias; radgan aRniSnuli 

funqciis WeSmaritobis dros WeSmaritia x1 da x2 argumenti, amitom xSirad mas 

da funqciasac uwodeben. arsebobs aRniSnuli funqciis ramdenime simboluri 

aRniSvna;  kerZod,  mas  aRniSnaven  Semdegnairad:   y = x1  x2,  an  y = x1 ˄ x2    an  

 3                                     
,   

  

 

,              
  

 

,   
  

 

,   
   

 

,   
  

 

  
   

 

 

1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 

1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

0 1 

y 

f8 f5   
  

 

f6 f7   
  

 

  
   

 

f9 f10 f11   
  

 

f12   
   

 

 

f13 f14  

 

 

x1 x2 

0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 1 

cxr. 4.3. or argumentze damokidebuli logikuri y =f(x1,x2) funqciebi   

  
  

 

  
  

 
  

  

   
  

   
   

 

  
  

 

logikuri cvladi iTvleba WeSmaritad, Tu misi mniSvneloba 1-is tolia da 

yalbad, Tu misi mniSvneloba 0-is tolia. aRniSnuli terminebi gamoviyenoT 4.3 

cxrilSi arsebuli darCenili logikuri funqciebis ganxilvisas.  
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      ,  an  y = x1 x2 ;  

 logikuri f8 funqcia (cxr. 4.3) maSin aris WeSmariti, rodesac x1 da x2 

argumentebidan erT-erTi argumenti WeSmaritia, xolo meore yalbi; mocemul 

funqcias ewodeba oris moduliT Sekrebis funqcia da aRiniSneba Semdegnairad:   

y=x1x2. mocemuli funqcia rodesac WeSmaritia maSin misi argumentebi sxvadasxva 

mniSvnelobebs iRebs, amitom zogjer mas araerTmniSvnelianobis funqciasac 

uwodeben; igi cnobilia “gamomricxavi an funqciis” saxelwodebiTac, radgan 

WeSmaritia, misi WeSmaritobis dros gamoiricxeba orive argumentis erTdroulad 

WeSmaritoba (1-is toloba): WeSmariti unda iyos an erTi, an meore argumenti.   

 logikuri f9 funqcia (cxr. 4.3) WeSmaritia maSin, rodesac x1 da x2 argumen-

tebidan erT-erTi argumenti mainc aris WeSmariti; igi yalbi xdeba maSin da mxo-

lod maSin, rodesac misi yvela argumenti yalbia. mocemul funqcias uwodeben 

diziunqcias, an logikur Sekrebis funqcias. radgan mocemuli funqciis WeSmari-

tobis dros WeSmaritia x1 an x2 argumenti, amitom xSirad mas an funqciasac 

uwodeben. ganxiluli funqcia aRiniSneba rogorc  y = x1  x2  an  y = x1 + x2; 

 logikuri f10 funqcia (cxr. 4.3) iRebs diziunqciis f9 funqciis mniSvneloba-

Ta Sebrunebul mniSvnelobebs, amitom mas diziunqciis uaryofis funqcias uwode-

ben. xSirad mas an-ara funqciis saxelwodebiTac moixsenieben, xolo maTemati-

kur literaturaSi igi cnobilia vebis funqciis, agreTve pirsis isris saxelwo-

debiTac. aRiniSneba Semdegnairad:              an                an 

 logikuri f11 funqcia (cxr. 4.3) maSin aris WeSmariti, rodesac x1 da x2 ar-

gumentebidan orive WeSmaritia an orive yalbi. aRniSnul funqcias ekvivalen-

tobis funqcia ewodeba da aRiniSneba rogorc y = x1 ~ x2. mocemuli funqcia ro-

desac WeSmaritia maSin misi argumentebi erTnair mniSvnelobas iReben, amitom 

zogjer mas erTnairmniSvnelianobis funqciasac uwodeben; 

 logikuri f12  da f13 funqciebs (cxr. 4.3) implikaciebi ewodeba. pirveli maT-

gani aRiniSneba rogorc y = x1  x2  (ikiTxeba: “Tu x1, maSin x2“), xolo meore 

maTgani rogorc y = x2  x1  (ikiTxeba: “Tu x2, maSin x1“).  

 logikuri f6 funqcia warmoadgens f13 implikaciis Sebrunebul (inversirebul), 

xolo f7 funqcia – f12 implikaciis Sebrunebul (inversirebul) funqcias. 

 logikuri f14 funqcia (cxr. 4.3) iRebs koniunqciis f5 funqciis mniSvneloba-

Ta Sebrunebul mniSvnelobas, amitom mas koniunqciis uaryofis funqcias uwode-

ben. literaturaSi igi da-ara funqciis an Seferis funqciis  saxelwodebiTac  

aris  moxseniebuli. aRiniSneba Semdegnairad:                       an 

 an  

4.3 cxrilSi arsebuli 14 funqciidan ori funqcia warmoadgens implikacias 

da aseve ori – implikaciis uaryofis funqcia; maSasadame, sul arsebobs 12 ele-

mentaluri logikuri funqcia. 

 

                                                               

 

 

               4.3 cxrilSi moyvanil 14 elementalur logikur funqcias Soris ar- 

        is implikaciis ori da implikaciis uaryofis ori funqcia; TiTo  

      funqciiT maTi SecvliT dagvrCeba 12 elementaluri logikuri funq-

cia, romlebic 4.4. cxrilSia moyvanili.  

y = x1   x2        

y  =       ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  , y  =         ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  ,           

4.3. elementalur logikur funqciaTa  

funqcionalurad sruli sistemebi 

E 

 

 

 

 

 1                                     

y = x1  x2, an  

 

y = x1    x2 . 

y = x1 x2, y = x1 ˄ x2, 
y = x1  x2. 
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logikuri funqciebis saerTo N raodenoba argumentebis n raodenobazea da-

mokidebuli da (4.4) formuliT ganisazRvreba. argumentebis n raodenobis mcire 

sididiT zrdiT mkveTrad izrdeba logikuri funqciebis saerTo raodenoba da, 

rogorc 4.1 cxrilidan Cans, n = 5-is SemTxvevaSi aRwevs iseT sidides, rogo-

ricaa 4294967296; advili warmosadgenia argumentebis raodenobis Semdgom ga-

zrdis SemTxvevaSi Tu ra kolosalur sidides SeiZleba miaRwios funqciebis sa-

erTo raodenobam. aseTi raodenobis logikuri funqciebis individualurad ganx-

ilva praqtikulad mouxerxebelia. sabednierod aRmoCnda, rom es saWiro arc 

aris, radgan nebismieri logikuri funqcia elementaluri logikuri funqciebis 

superpozciis gziT SeiZleba gamoisaxos. 

  

 

 

 

 

 

 

 

 

 

 

 

 

                 

 

 

 

     

 

magaliTad, ganvixiloT logikuri funqciebis jgufi: y1 = x1 + x2;   y2 = x3x4  da 

y3 = x5  x6. 

 y1 funqciaSi x1 argumentis y2 funqciiT, xolo x2 argumentis y3 funqciiT Se-

cvlis Sedegad (aseTi Secvlebi dasaSvebia, radgan rogorc funqciebis, aseve 

argumentebis gansazRvrebis areebi erTmaneTs emTxveva da {0;1} simravles wa-

rmoadgens) miviRebT axal logikur y4 = x3x4 + (x1  x2) funqcias; aseve, funqciaSi 

argumentebis numeraciis SecvliT miiReba logikis axali y5 = x6  x5 funqcia. 

       ganvixiloT garkveuli elementaluri logikuri funqciebis gaerTiane- 

       biT warmoqmnili Si sistema. mocemul Si sistemaSi SeiZleba Sediodes  

    yvela (Tormetive) elementaluri logikuri funqcia, an mxolod zogi-

erTi maTgani.  

     superpozicia warmoadgens logikuri funqciebis garkveuli sistemidan (jgu-

fidan) logikis algebris axali saxis funqciebis miRebis xerxs argumentebis nu-

meraciis Secvlis da/an argumentebad sxva logikuri funqciebis gamoyenebis saSu-

alebiT. 

 2                                     

# 
saxelwodebebi   aRniSvnebi 

elementaluri   logikuri   funqciebis    

konstanta 0  y  = 0  

konstanta 1  y  = 1  

gameorebis funqcia  y  = x  

inversia (uaryofis funqcia)   y =  ̅ 

 koniunqcia (da funqcia)    y = x1 x2 

y = x1 + x2 

1 

2 

3 

4 

5 

6 diziunqcia (an funqcia)    

koniunqciis uaryofa (da-ara funqcia)    7 y = x1 x2 

diziunqciis uaryofa (an-ara funqcia)    8 y = x1 + x2 

2-is moduliT Sekrebis funqcia    9 y = x1  x2 

ekvivalentobis funqcia    10 y = x1 ~ x2 

implikacia     y = xi  xj 11 

implikaciis uaryofa      12 y = xi  xj 

cxr. 4.4. elementaluri logikuri funqciebi 
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polonuri warmoSobis mqone amerikelma maTematikosma emil leon postma da 

misma sabWoTa kolegam - sergei vsevolodis Ze iablonskim erTmaneTisagan damo-

ukideblad Camoayalibes logikur funqciaTa sistemebis funqcionaluri sisru-

lis aucilebeli da sakmarisi pirobebis ganmsazRvreli Teorema, romelic post-

iablonskis Teoremis saxelwodebiTaa cnobili da igi ase SeiZleba iyos for-

mulirebuli: 

 

 

 

 

   

 

 

 

      post-iablonskis TeoremaSi gamoynebuli terminebis gacnobierebisaTvis  

       gavecnoT logikuri funqciebis Caketil klasebs.    

 

 

 

arsebobs logikuri funqciebis Semdegi xuTi Caketili klasi: 

     0-is SemnarCunebeli logikuri funqciebis T0 klasi, romelic Seicavs 

yvela iseT logikur y =f(x1, x2, … , xn), funqcias, romelic 0-is toli xdeba mas-

Si Semavali yvela argumentis nulovani mniSvnelobis dros, e.i. romlisTvisac 

samarTliania gamosaxuleba y =f (0, 0, … , 0) = 0. 0-is SemnarCunebeli logikuri 

funqciebia, magaliTad, konstanta 0, gameorebis funqcia, koniunqcia, diziunqcia, 

2-is moduliT Sekrebis funqcia da a.S. 0-is SemnarCunebeli logikuri funqciebis 

raodenoba udris arsebuli logikuri funqciebis naxevars. 

           elementaluri logikuri  funqciebidan warmoqmnil Si sistemas ewodeba  

funqcionalurad sruli sistema, Tu igi ar Seicavs konstantebs 0-sa da 1-s da 

Tu SesaZlebelia nebismieri logikuri funqcia miRebuli iqnes am sistemaSi Se-

mavali elementaluri logikuri funqciebis superpoziciis saSualebiT.      

           elementaluri logikuri  funqciebidan warmoqmnil Si sistemas ewodeba  

funqcionalurad Sesustebuli sruli sistema, Tu igi Seicavs konstantebs 0-sa 

da 1-s da Tu SesaZlebelia nebismieri logikuri funqcia miRebuli iqnes am si-

stemaSi  Semavali elementaluri logikuri funqciebis  superpoziciis saSuale-

biT.            

           elementaluri logikuri funqciebis funqcionalurad srul sistemas bazi-

si ewodeba. minimalur funqcionalurad srul sistemas minimaluri bazisi Seesa-

bameba.           

         elementaluri logikuri funqciebidan warmoqmnili minimalurad sruli  si-

stema ewodeba iseT srul sistemas, romlisganac nebismieri elementaluri fun-

qciis gamoricxvis Sedegad miRebuli sistema ar aris funqcionalurad sruli. 

minimalurad srul sistemas minimaluri bazisi Seesabameba.             

           elementaluri logikuri funqciebis sistema funqcionalurad sruli rom 

iyos, amisaTvis aucilebelia da sakmarisia, rom igi Seicavdes Tundac erT iseT 

logikur funqcias, romelic: 

      ar inarCunebs 0-s; 

      ar inarCunebs 1-s; 

      araTviToradia; 

      arawrfivia; 

      aramonotonuria.           

 2                                     

        logikuri funqciebis Caketili klasi ewodeba logikuri funqciebis iseT 

simravles, romelic moicavs aRniSnuli funqciebis superpoziciiT miRebul ne-

bismier logikur funqunciasac.               
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     1-is SemnarCunebeli logikuri funqciebis T1 klasi, romelic Seicavs 

yvela iseT logikur f(x1, x2, … , xn), funqcias, romelic 1-is toli xdeba masSi 

Semavali yvela argumentis 1-is toli mniSvnelobis dros, e.i. romlisTvisac sa-

marTliania gamosaxuleba f(1,1,…,1) =1. 1-is SemnarCunebeli logikuri funqciebia, 

magaliTad, konstanta 1, inversia, ekvivalentobis funqcia da a.S. 0-is Semnar-

Cunebeli logikuri funqciebis raodenoba udris arsebuli logikuri funqciebis 

naxevars.  

     TviToradi logikuri funqciebis S klasi. logikuri f1(x1, x2, … , xn) da 

f2(x1, x2, … , xn) funqciebs erTmaneTis mimarT oradi funqciebi ewodeba, Tu srul- 

deba toloba:                                                            sakuTari Tavisadmi orad fun-

qcias TviToradi funqcia ewodeba. TviToradi f (x1, x2, … , xn) funqciisaTvis ma-

rTebulia toloba:       

     

 

 

 

 

 

       

        

 

TierTsawinaaRmdego mniSvnelobebs iRebs; amitom ganxiluli funqcia TviToradia. 

n raodenobis argumentebze damokidebuli   raodenobis logikuri funqciebidan 

TviToradi funqciebis raodenoba    -is tolia. TviToradi logikuri funqci- 

ebis erToblioba warmoqmnis TviToradi logikuri funqciebis Caketil klass.     

  wrfivi logikuri funqciebis L klasSi gaerTianebulia iseTi logikuri   

f (x1, x2, … , xn) funqciebi, romlebic SeiZleba Semdegi saxiT iqnes warmodgenili: 

   moyvanili gansazRvris Tanaxmad 

funqcia TviToradia, Tu argumente- 

bis urTierTsawinaaRmdego mniSvne- 

lobebze TviTonac urTierTsawina- 

aRmdego mniSvnelobebs iRebs. ganvi- 

xiloT logikuri funqcia: 

       y = x1x2 + x1x3 + x2x3  . 

misi WeSmaritobis 4.5 cxrilid-  

an Cans, rom igi argumentebis urT-  

ierTsawinaaRmdego (000 da 111), 

(001 da 110), (010 da 101), (011 da 

da 100) mniSvnelobebis dros ur- 

 

 
   

 

 √   
 

 

e. l. posti 

(1897-1954) 
s. v. iablonski 

  (1924-1998) 

0 

0 0 0 0 

0 

0 
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1 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

x1 x2 x3 x1 x2 

 

x1 x3 

 

x2 x3 

 

y 

 

cxr. 4.5. TviToradi funqciis magaliTi 

f1(x1, x2, … , xn) = f2( x1,  x2,  … ,  xn ). 

f(x1, x2, … , xn) = f( x1,  x2,  … ,  xn ). 
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           f (x1, x2, … , xn) = c0    c1x1  c2x2  …   cnxn  ,                  (4.1) 

sadac ci {0;1}, i  = 0,1,2, …, n. 

mocemul klasSi Sedis, magaliTad, Semdegi funqciebi: konstanta 0, konstanta 

1, gameorebis funqcia, inversia x =1  x,  2-is moduliT Sekrebis x1  x2  

funqcia, ekvivalentobis x1 ~ x2 = x1  x2  1 funqcia. 

   monotonuri logikuri funqciebis M klasi.  logikuri funqciebis mono-

tonurobis ganmartebisaTvis saWiroa winaswar gavecnoT orobiTi nakrebebis 

urTierTSedarebis wess. ganvixiloT Semdegi ori orobiTi nakrebi: 

                                              ,            

sadac   
 ,   

 {0;1} (i = 1,2, … ,n) da maT ewodebaT Sesabamisad orobiTi   ̂ da   ̂ 

nakrebebis komponentebi; 

 amboben, rom orobiTi   ̂ nakrebi ar aris orobiT   ̂ nakrebze meti, Tu     

  ̂ da   ̂ nakrebTa TiToeuli i–uri komponentisaTvis sruldeba Tanafardoba: 

                            
     

 ;                           (4.2) 

am dros iTvleba, rom 0  0, 1  1 da 0  1.  

orobiTi   ̂ nakrebi Tu ar aris meti   ̂ nakrebze, maSin weren, rom   ̂    ̂. 

magaliTad, 1001  1011.  

amboben, rom orobiTi   ̂ da   ̂ nakrebebis Sedareba ar SeiZleba, Tu am nakre-

bTa yvela komponentisaTvis ar sruldeba Semdegi utolobebi: 

                      
     

  an    
     

   

magaliTad, orobiTi 1010 da 0111 nakrebebis Sedareba ar SeiZleba. 

logikur f (x1, x2, … , xn) funqcias ewodeba monotonuri funqcia, Tu nebismi-

eri ori orobiTi   ̂ =‹  
   

 …  
 ›    da   ̂ = ‹  

   
 ...  

 ›  nakrebisaTvis, romlebis-

Tvisac sruldeba   ̂    ̂ piroba, marTebulia utoloba: 

                    f (  
   

 …  
 )    f (  

   
 ...  

 ) .                                    (4.3) 

aramonotonuria inversia da inversiis Semcveli nebismieri logikuri fun-

qcia. 

      logikuri funqciebis zemoT ganxiluli Caketili klasebis gamoyenebis  

        meSveobiT post-iablonskis Teoremis interpretireba SeiZleba ase  

     movaxdinoT:  

 

  

 

 

  

  

elementaluri logikuri funqciebisgan Sedgenili konkretuli sistemis 

funqcionaluri sisrulis dasadgenad mosaxerxebelia visargebloT 4.6 cxriliT, 

romelSic varskvlavebiT aRniSnulia mocemuli elementaluri logikuri funqci-

isaTvis damaxasiaTebeli Tvisebebi. am cxriligan Cans, rom funqcionalurad sru-

li sistemebia: 

  diziunqciis, koniunqciisa da inversiisagan Semdgari sistema. radgan S1 

simboloTi aRniSnuli gvaqvs yvela elementaluri logikuri funqciisagan Sedge-

   ̂ = ‹  
   

 …  
 ›    da    ̂ = ‹  

   
 ...  

 › 

 

 3                                    

. 

           elementaluri logikuri funqciebis sistema funqcionalurad sruli rom 

iyos, amisaTvis aucilebeli da sakmarisia, rom igi Seicavdes Tundac erT iseT 

logikur funqcias, romelic: 

      ar Sedis Caketil T0 klasSi; 

      ar Sedis Caketil T1 klasSi; 

      ar Sedis Caketil S klasSi; 

      ar Sedis Caketil L klasSi; 

      ar Sedis Caketil M klasSi.           
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nili funqcionalurad sruli sistema, amitom mocemuli sistema aRvniSnoT S2 

simboloTi; 

  diziunqciisa da inversiisagan Semdgari sistema; igi S3 simboloTi aRvni-

SnoT;  

  koniunqciisa da inversiisagan Semdgari sistema; igi S4 simboloTi aRvni-

SnoT; 

  erTaderTi da-ara funqciisagan Semdgari sistema; igi S5 simboloTi aR-

vniSnoT; 

  erTaderTi an-ara funqciisagan Semdgari sistema; igi S6 simboloTi aRvni-

SnoT;      

 

                                                              

 

 

 

 

 

 

 

 

 

 

 

 

 

ganxiluli funqcionalurad sruli sistemidan S2 da S3 sistemebi ar aris mi-

nimaluri, vinaidan S2 sistemidan koniunqciis gamoricxviT miRebuli S3 da dizi-

unqciis gamoricxviT miRebuli S4 sistema mainc funqcionalurad srul sistemebs 

warmoadgens. 

rac Seexeba S3, S4, S5 da S6 sistemebs, isini minimalur sistemebs warmoadgens, 

radgan maTgan nebismieri elementaluri funqciis gamoricxviT miiReba funqcona-

lurad arasruli, an carieli sistema.      

post-iablonskis Teoremis Tanaxma usasrulo raodenobis mqone logikuri 

funqciebidan nebismieri logikuri funqcia SeiZleba gamovsaxoT: 

  diziunqciis, koniunqciisa da inversiis saSualebiT; 

  diziunqciisa da inversiis saSualebiT; 

  koniunqciisa  da inversiis saSualebiT; 

  da-ara funqciis saSualebiT;  

  an-ara funqciis saSualebiT; 
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0-s ar inarCunebs 

1-s ar inarCunebs 

araTviToradia 

arawrfivia 

aramonotonuria 

elementaluri  logikuri  funqciebi 

elementaluri 

  logikuri  

  funqciis 

   Tviseba 

cxr. 4.6.  elementaluri logikuri funqciebisagan Sedgenili siste- 

     mebis funqcionaluri sisrulis dasadgeni damxmare cxrili  

* * 

* 

* 

* 

* 

* 

* 

* 

* 
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* 
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         algebra warmoadgens mecnierebas, romelic izomorfizmamde sizus- 

       tiT Seiswavlis algebrul sistemebs. 

     zemoT moyvanil gansazRvrebaSi gamoyenebuli termini izomorfizmi (ber-

Znuli sityvebisagan isos – “erTnairi”, homoios – “msgavsi” da  morphe – “forma) 

sityva-sityviT iTargmneba rogorc “erTnairi, msgavsi formebi” da igi obieqtebis 

struqturebs Soris arsebul Sesabamisobas axasiasTebs.  

Onebismieri bunebis elementebisagan Sedgenili ori sistema erTmaneTis izo-

morfulia, Tu pirveli sistemis SemadgenlobaSi arsebul TiToeul elementsa da 

kavSirs meore sistemaSi arsebuli mxolod erTi elementi da erTi kavSiri Se-

esabameba da piriqiT.  

izomorfizmamde sizustiT Seswavla niSnavs mocemuli sistemis yvela izo-

morfuli (e.i. igivuri, msgavsi formis mqone) sistemis Seswavlas.  

rac Seexeba algebrul sistemebs, igi warmoadgens simravleTa mowesrigebul 

{R; E} wyvils, romelTaganac pirvel (R) simravleSi gaerTianebulia garkveuli 

bunebis elementebi (ricxvebi, cnebebi, asoebi), xolo meore (E) simravleSi –  

operaciebi (Sekreba, gamokleba, amofesva da a.S.). 

jorj bulis mier Seqmnili logikis (an, rogorc igi uwodebda, gamoTqmebis) 

algebra warmoadgens iseT algebrul sistemas, romlisTvisac R simravleSi ga-

erTianebulia laTinuri asoebiT aRniSnuli gamoTqmebi, xolo E simravleSi – 

ori binaruli (logikuri Sekreba, anu diziunqcia da logikuri gamravleba, anu 

koniunqcia) da erTi unaruli (inversia) operacia.  

  R simravleSi Semaval laTinur asoebs logikuri  cvladebi ewodebaT; isini 

iReben 0-is tol mniSvnelobebs, Tu maTi saSualebiT aRniSnuli gamoTqmebi yal-

bia da 1-is tol mniSvnelobas – Tu isini WeSmaritia.  

vinaidan logikuri cvladebis mniSvnelobebi gamoxatavs ara garkveul sidi-

deebs, aramed WeSmaritoba-siyalbis faqts, maT logikuri mniSvnelobebi ewodebaT. 

logikur (gamoTqmebis) algebras xSirad misi Semqnelis pativsacemad, bulis 

algebrasac) uwodeben.  

saskolo algebraSi gamoyenebuli cvladebi iRebs nebismier (mTel, namdvil, 

racionalur, araracionalur) mniSvnelobebs, xolo logikuri cvladebi mxolod 

or (0-is an 1-is tol) mniSvnelobebs, amitom maT orobiT cvladebsac uwodeben. 

        saskolo algebris msgavsad logikis algebraSic samarTliania gark- 

       kveuli kanonebi. zogierT SemTxvevaSi saskolo da logikis algebraTa 

    kanonebi erTmaneTs emTxveva, magram logikis algebraSi arsebobs iseTi ka-

nonebic, romlebic saskolo algebraSi ar sruldeba. ganvixiloT logikis 

algebris ZiriTadi kanonebi. 

 

 

 

 

 

 

 

4.4. logikis (bulis) algebra da misi kanonebi 

  

ZiriTadi kanonebi  

 

 

 

  

E 

 

 

 

 

 1                                    

 2                                   

 1) asociurobis (laT. associatio – “SeerTeba”) kanoni. samarTliania rogorc 

logikis, aseve saskolo algebrisTvisac da cvladebis sxvadasxvagvarad dajgufe-

bis saSualebas iZleva:  

     x1(x2x3) = (x1x2) x3;                         (4.4) 

       x1 +(x2 +x3) = (x1 +x2) +x3.                          (4.5) 
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qvemoT moyvanili kanoonebi mxolod logikis algebrisTvis aris samarTliani. 

 

 

 

 

 

 

 

 

 

 

 

 

   

     

                              

  

 

 

   

                          

 3) diziunqciis mimarT (laT. distribution – “ganawileba”, “ganTavseba”) koniunqciis di-

stributulobis kanoni. samarTliania rogorc logikis, aseve saskolo algebri-

sTvisac da frCxilis gaxsnis saSualebas iZleva: 

 

  x1(x2 + x3) = x1x2  +  x1x3;                            (4.8) 

2)komutaturobis (laT. commutatio – “cvla”) kanoni. samarTliania rogorc 

logikis, aseve saskolo algebrisTvisac da operandebis gadanacvlebis saSu-

alebas iZleva: 

 
x1 x2 = x2 x1;                                (4.6) 

        x1 +(x2 +x3) = (x1 +x2) +x3.                           (4.7) 

 4) koniunqciis mimarT diziunqciis distributulobis kanoni. samarTliania 

mxolod logikis algebrisTvis, xolo saskolo algebraSi igi ar sruldeba: 

 
x1 + x2 x3  = (x1 + x2)  ( x1 + x3);                        (4.9) 

 5) idempontenturobis (tavtologiis) kanoni: 

                                                        x  x = x;                                                            (4.10) 

                                  x + x  = x;                                                          (4.11) 

 

 

 6) ormagi uaryofis kanoni: 

                                                                                                                                  (4.12) 

                                 

 

 

 X = x;   

 8) winaaRmdegobis kanoni: 

                                                                                                                                   

                                 

 

 

 x   x   = 0; (4.15) 

 7) de morganis kanoni: 

                                                                                                                                   

                                 

 

 

(4.13) 

(4.14) x1  + x2 = x1     x2 ; 

x1 x2 = x1  + x2 ; 

 9) gamoricxuli mesamis kanoni: 

                                                                                                                                   

                                 

 

 

(4.16)  x   + x   = 1. 

0 
 10) Sewebebis kanoni: 

                                                                                                                                   

                                 

 

 

(4.17) x1   x2 + x1 x2 = x1 

(x1 + x2) (x1 + x2) = x1 (4.18) 

 11) STanTqmis (absorbciis) kanoni: 

                     x1 + x1 x2 = x1 

                                                             x1 (x1 + x2)= x1 

 

 

                                                                                                                                   

                                 

 

(4.19) 

(4.20) 
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de morganis kanoni klod Senonma ganazogada nebismieri raodenobis logiku-

ri (orobiTi) cvladebisaTvis: diziunqciis da koniunqciis niSnebiT dakavSire-

buli kombinaciis invertirebiT miiReba kombinaciebi, romlebSic: 

  diziunqciis operaciebi Secvlilia koniunqciis operaciebiT; 

 

 

 

  koniunqciis operaciebi Secvlilia diziunqciis operaciebiT: 

 

 

        diziunqciisa da/an koniunqciis niSnebiT SeerTebuli uinversio da/an  

        inversiul logikuri cvladebis erToblioba warmoqmnis logikur 

      formulebs. logikis algebris zemoT ganxiluli kanonebis gamoyenebiT 

SesaZlebelia gavamartivoT logikuri formulebi. 

ganvixiloT logikis ZiriTadi kanonebis gamoyenebiT logikuri formulebis 

gamartivebis ramdenime magaliTi.  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

x1 x2 x3 … xn = x1 + x2 + x3  + … + xn ; 

x1 + x2 + x3 + … +  xn =  x1  x2  x3   …   xn . 

 3                                  

 mimdevrobiT gamoyenebulia:  de morganis, asoci- 

iurobis, gamoricxuli mesamisa da nulovani sim- 

ravlis kanonebi.  Y 

x + y ( x y )  =  x y ( x y) = 

= x x y y = 0  y y = 0 y  = 0. 

magaliTi 4.1. 

x y + x + y + x = x y + x y + 

   + x = x ( y + y ) + x  = 

           = x + x = 1. 

 pirvelad gamoyenebulia de morganis kanoni; Semdeg 

frCxilebs gareTaa gatanili x cvladi da, bolos, 

gamoyenebulia gamoricxuli mesamis kanoni. 

magaliTi 4.2. 

   pirvelad frCxilebs gareT gatanilia saerTo 

mamravlebi, xolo Semdeg gamoyenebulia universa- 

luri simravlis kanoni.  

       x y + x y z + x z p = 

  =  x ( y ( 1 + z) + z p ) = 

         = x ( y + z p). 

magaliTi 4.3. 

(4.25) 

(4.26) 

 12) universaluri simravlis kanoni: 

                     x + 1 =  1; 

                        x  1 =  x; 

 

                                                            

 

 

                                                                                                                                   

                                 

 

 

(4.21) 

(4.22) 

 13) nulovani simravlis kanoni: 

                     x + 0 =  x; 

                        x   0 =  x; 

 

                                                            

 

 

                                                                                                                                   

                                 

 

 

(4.23) 

(4.24) 
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      logikis algebraSi gansaxilveli funqciebi warmoadgens Cven mier gan- 

        sazRvrul logikur funqciebs. Cven ukve gavecaniT maTi warmodgenis 

      cxrilur formas. mocemuli paragrafis mizania SeviswavloT logikuri 

funqciebis analizuri da koordinatuli formebi, romlebic mniSvnelovan rols 

TamaSoben aRniSnuli funqciebis gardaqmnisa da gamartivebis procesebSi. 

TvalsaCinoebisaTvis Seswavlas daviwyebT sam cvladze damokidebuli logiku-

ri y=f(x1,x2,x3) funqciis ganxilviT; miRebuli Sedegebi SeiZleba ganzogadebuli 

iyos nebismieri n raodenobis argumentze damokidebuli nebismieri y=f(x1,x2,…,xn)  

funqciisaTvisac. 

        Ggamoricxuli mesamis kanonis gamomxatveli (4.16) formulis ZaliT   

       SegviZlia davweroT: 

                   

frCxilebis gaxsnisa da wevrebis dajgufebis Semdeg miviRebT: 

            

                        

(4.28) gamosaxulebis Tanaxmad konstanta 1  SeiZleba daiSalos 2n raodenobis 

koniunqciebis diziunqciad; TiToeul aseT konunqcias erTianis konstituenta anu 

minitermi ewodeba. aRsaniSnavia, rom: 

  (4.28) gamosaxulebaSi Semaval nebismier minitermSi Tu uinversio cvladebs 

SevcvliT erTianebiT, xolo inversiul cvladebs – nulianebiT, miviRebT argume-

ntebis mniSvnelobaTa im nakrebs, romelsac mocemuli minitermi Seesabameba; 

   nebismieri ori minitermi, ukidures SemTxvevaSi, erTi cvladis mniSvnelo-

biT mainc gansxvavdeba erTmaneTisagan da amitom maTi logikuri namravli (koniun-

qcia) nulis tolia.  

SemoviRoT: 

        aRniSvnebi                                                      

                                                              

da (4.28) gadavweroT Semoklebuli formiT: 

                                      , 

 

   davamtkicoT koniunqciis mimarT diziunqciis distributulobis kanoni: 

(x1 + x2)  ( x1 + x3)   =  x1x1 + x1x3 + x2x1 + x2x3  = x1+ x1x3 + x2x1 + x2x3  = x1(1+x3)+ x2x1 +  

       + x2x3  = x1+ x2x1  + x2x3  = x1(1+ x2) + x2x3  =   x1 +  x2x3    

       gamoyenebulia idempotenturobis (tavtologiis) da universaluri simravl- 

 is kanonebi.    

magaliTi 4.4. 

4.5. logikuri funqciebis analizuri formebi  

 

 

 

  

E 

 

 

 

 

 1                                  

 2                                  
(4.27) 

 

 

 

1 = ( x1 + x1 ) ( x2 + x2 ) . . .  ( x n+ xn ).  

 

 
1 = x1  x2 …   xn-1  xn   + 

=  +  x1  x2  …  xn-1  xn  +   . . .  + 

x1  x2  …  xn-1  xn  + 

 x 1  x2  …  xn-1  xn  

x1  x2  …   xn-1  xn   + 

(4.28) 

orobiTi cvladi σ  {0; 1}  

   

x  = x
0
 ,  x  = x

1 
;        

  
                                                  

                          
                                                … 1  =              

(σ1 σ2 …σn)           
(4.29) 
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sadac   diziunqciis niSania da diziunqcia aiReba σ1, σ2, ... , σn  cvladebis mni-

SvnelobaTa yvela nakrebisaTvis. 

 imisaTvis, rom sruldebodes x
σ 

= 1 toloba, aucilebelia x–sa da σ–s hqon-

deT erTnairi mniSvneloba (ix. cxrili 4.7). maSasadame                minitermi 

1-is toli xdeba xi  argumentebis mniSvnelobis erTaderTi nakrebisaTvis, kerZod 

maSin, rodesac x1 = σ1,  x2 = σ2,  … ,  xn = σn .    

   (2.29) gamosaxulebaSi Semaval miniterms, romelic Seesabameba σ1, σ2, … , σn    

                              

 

 

 

 

 

 

 

 

 

f(x1,x2,…,xn) Tu  funqcia i-uri minitermis Sesabamisi argumentebis mniSvne-

lobaTa i-ur nakrebze 0-is toli xdeba, maSin am miniterms nulovani minitermi  

vuwodoT  

analogiurad, i-ur miniterms vuwodoT erTeulovani minitermi, Tu 

f(x1,x2,…,xn)  funqcia 1-is toli xdeba am minitermis Sesabamisi argumentebis mni-

SnelobaTa i-ur nakrebze.  

igivurad nulis toli logikuri funqciis mniSvneloba 0-is tolia argu-

mentebis mniSvnelobaTa nebismieri nakrebisaTvis; aseT SemTxvevaSi (4.29) gamosa-

xulebaSi Semavali yvela minitermi nulovani iqneba; aseve, igivurad erTis toli 

logikuri funqciis mniSvneloba 1-is tolia argumentebis mniSvnelobaTa nebismi-

eri nakrebisaTvis; aseT SemTxvevaSi (4.29) gamosaxulebaSi Semavali yvela mini-

termi erTeulovani iqneba. 

igivurad 0-is da 1-is aratol nebismier or fi(x1,x2,…,xn) da fj(x1,x2,…,xn) 

funqcias erTeulovani minitermebis sxvadasxva erTobliobebi  Seesabameba. aRni-

Snuli minitermebis diziunqciis niSniT dakavSirebiT miRebul gamosaxulebas lo-

gikuri funqciis diziunqciuri srulyofili normaluri forma ewodeba da igi 

logikuri funqciis warmodgenis analizur formad gamoiyeneba. 

  magaliTad, ganvixiloT 3 argumentze damokidebuli y=f(x1,x2,x3) funqciebi.  

aRniSnuli funqciebisaTvis (4.29) gamosaxulebas eqneba saxe:      

                                           .                                                                                                                                                                                                           

                                         

sam argumentze damokidebuli logikuri funqciebis saerTo raodenoba    
= 

= 256-is tolia da zogierTi maTgani 4.7 cxrilSia moyvanili. igivurad nulis 

tolia y1 =f1 (x1,x2,x3) funqcia. igi nulis tol mniSvnelobas iRebs argumentebis 

mniSvnelobaTa nebismier nakrebze. igivurad erTis tolia y256 = f256(x1,x2,x3) 

,   
  

   
  . . .   

   
 

 

    arsebobs urTierTcalsaxa damokidebuleba (4.29) gamosaxulebaSi Semaval 

minitermebsa da logikis algebris n raodenobis cvladze damokidebuli fun-

qciis argumentebis mniSnelobaTa nakrebebs Soris. 

x σ x
σ 

0 0 0
0
 = 0 = 1 

0 1 0
1
 =  1 

1 0 1
0
 = 1 = 0 

1 1 1
1
 =  1 

cxr. 4.7. x
σ 
sididis mni- 

 Svnelobis gansazRvra   
cvladebis i-ur (i = 0, 1, ... , (2n

 – 1)) nakrebs, i-uri 

minitermi vuwodoT.  

   zemoT aRniSnul i-ur minitermSi Semaval 

uinversio cvladebs Tu SevcvliT 1-anebiT, xolo 

inversirebul cvladebs – 0-ianebiT, maSin miviRebT 

y=f(x1,x2,…,xn)  funqciis argumentebis mniSvnelobaTa  

i-ur nakrebs. maSasadame: 

    

 

  
                                                

                          
                                                1  =              

(σ1 σ2 σ3)           
(4.30) 



189 
 

 

funqcia, romelic 1-is tol mniSvnelobas iReba argumentebis mniSvnelobaTa nebi-

smier nakrebze.  

 

 

 

 

 

 

 

 

 

 

danarCeni funqciebidan nebismier or fi(x1,x2,…,xn), fj(x1,x2,…,xn) funqcias, sa-

dac i, j  (2,3,…,255), erTeulovani minitermebis sxvadasxva erTobliobebi  Seesa-

bameba; kerZod: 

y1 =f1 (x1,x2,x3) funqcias Seesabameba erTeulovani minitermebis         nakrebi; 

y4 =f1 (x1,x2,x3) funqcias Seesabameba erTeulovani minitermebis  

nakrebebi; 

y8 =f1 (x1,x2,x3) funqcias Seesabameba erTeulovani minitermebis  

      nakrebebi da a.S. 

         f(x1,x2,…,xn) funqciis argumentebis mniSvnelobaTa nakrebs, romelic  

                     miniterms Seesabameba, aqvs Semdegi saxe: σ1 σ1 ... σ1. 

    (4.29) gamosaxulebaSi Semavali TiToeuli              minitermi 

gavamravloT funqciis f (σ1 σ1 ... σ1) mniSvnelobaze. miRebul gamosaxulebaSi 0-is 

toli gaxdeba yvela is diziunqciuri wevri (minitermi), romlisTvisac sruldeba 

toloba: f (σ1σ2...σn)=0. vinaidan x + 0 = x, amitom (4.29) gamosaxulebaSi dagvrCeba 

mxolod erTeulovani minitermebi, romelTa diziunqciac f(x1,x2,…,xn) funqcias 

gamosaxavs, e.i.      

     

 

 (4.31) gamosaxuleba Seicavs mxolod iseT              minitermebs, romle- 

bisTvisac marTebulia toloba f (σ1σ2...σn)=1, amitom igi SeiZleba ase gadavweroT:  
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y1 y2 y3 y4 y5 y6 y7 y8 y9 y10 y11 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

y256 y255 y255 

cxr. 4.7. sam cvladze damokidebuli logikuri y=f(x1,x2,x3) funqciebi   

{x1 x2 x2} 

{x1 x2 x2;   x1 x2 x2}  

x1  x2  x3 } 

{x1 x2 x2;   x1 x2 x2 ; 

 3                                      
     

           
    

    
     

           
    

(4.31) 

 

 

  
                                               f(x1,x2,…,xn) =     

                          
                                                …             

(σ1 σ2 …σn)           

 f (σ1σ1...σ1) 

(4.32) 

 

 

  
                                                  

                          
                                                … f(x1,x2,…,xn) =              

f(σ1 σ2 …σn) =1          

  (4.32) formiT logikuri funqciis warmodgenas diziunqciuri srulyofili 

normaluri forma, anu SemoklebiT _ dsnf ewodeba. 
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mocemul terminSi sityva “srulyofili” gamoxatavs im faqts, rom funqciis  

gamosaxulebaSi Semavali TiToeuli minitermi (diziunqciuri wevri) Seicavs yve-

la im arguments, romelzedac damokidebulia mocemuli funqcia.  

       diziunqciuri srulyofili normaluri forma warmoadgens logikuri 

        funqciis gamosaxvis analizur formas. igi SesaZlebelia miviRoT  

    logikuri funqciis WeSmaritobis cxrilidan Semdegi algoriTmis gamoye-

nebiT (mocemul algoriTmSi 1-l da me-2 punqtebiT xdeba gansaxilveli logiku-

ri funqciis erTeulovani minitermebis gansazRvra).   

 

 

 

 

 

 

 

 

                 zemoT formulirebuli algoriTmis daxmarebiT ganvsazRv-

roT WeSmaritobis 4.8 cxriliT mocemuli logikuri funqciis diziunqciuri 

srulyofili normaluri formis gamosaxuleba.   

  

 

 

 

 

 

 

 

 

 

 

 

 

       (4.32) gamosaxulebaSi diziunqcia aviRoT yvela iseTi nakrebisaTvis,  

       romlebisaTvisac f (σ1σ2...σn)=0. miviRebT axali funqciis gamosaxuleb- 

     as, romelic 1-is tol mniSvnelobebs miiRebs argumentebis mniSvnelo-

baTa iseT nakrebebze, romlebzedac f(x1,x2,…,xn) funqcia iRebs 0-is tol mniS-

vnelobebs. aseT funqcias f(x1,x2,…,xn) inversirebuli funqcia ewodeba da aRi-

niSneba rogorc              . maSasadame:  

 

 

 4                                 

magaliTi 4.5. 

y 

1 
0 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
1 
1 
0 

x1 x2 x3 x4 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

cxr. 4.8. logikuri  

  y = f (x1,x2,x3, x4) 

  f u n q c i a   

g a d a w y v e t a: 

2. 

3. 

4. dasasruli. 

1.  0000; 0010; 0011; 0110; 1001; 1100; 1101; 1110; 

 

 +  + 

x1  x2  x3  x4;  x1  x2  x3  x4;  x1  x2  x3  x4;  

x1  x2  x3  x4 ;  x1  x2  x3  x4 ;  x1  x2  x3  x4 ; x1  x2  x3  x4;  

x1  x2  x3  x4 .  

 + 

x1  x2  x3  x4    y =  + x1  x2  x3  x4   + x1  x2  x3  x4    + 

 + x1  x2  x3  x4  x1  x2  x3  x4  x1  x2  x3  x4  

 + x1  x2  x3  x4   + x1  x2  x3  x4   ; 

 5                                 

f  (x1,x2,…,xn) 

1. logikuri funqciis WeSmaritobis cxrilidan amovirCioT mocemuli funqci-

is argumentebis is nakrebebi, romlebzedac funqcia 1-is tol mniSvnelobas  iRebs; 

2. SevadginoT argumentebis mniSvnelobaTa amorCeuli argumentebis koniunqci-

ebi; amisaTvis Tu nakrebSi argumentis mniSvneloba 1-is tolia, igi koniunqciaSi 

ucvlelad gadmoviweroT, xolo Tu igi 0-is tolia, maSin igi koniunqciaSi inve-

rsirebuli saxiT gadmoviweroT; 

3. punqt 2-Si formirebuli koniunqciebi (romlebic mocemuli funqciis  

erTeulovan mimnitermebs warmoadgenen) SevaerToT diziunqciis niSnebiT. 

4. dasasruli. 
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movaxdinoT (4.33) tolobis inversireba: 

 

 

ukanaskneli gamosaxulebis marcxenas nawilis inversirebisas Tu gamoviyenebT 

ormagi uaryofis (4.12) kanons, miviRebT:                             

                                                               

 

xolo marjvena nawilis inversirebisas Tu gamoviyenebT de morganis (4.26) ka-

nons, miviRebT diziunqciebis koniunqcias:   

 

 

 

sadac    aris koniunqciis (logikuri gamravlebis) niSani.        N  

(4.35)-sa da (4.36)-s Tu gaviTvaliswinebT (4.33)-Si, miviRebT:  

    

 

 

 

 

       koniunqciuri srulyofili normaluri formac warmoadgens logikuri 

       funqciis gamosaxvis analizur formas. igi SesaZlebelia miviRoT  

      logikuri funqciis WeSmaritobis cxrilidan Semdegi algoriTmis ga-

moyenebiT: 

 

 

 

 

 

 

 

                 zemoT formulirebuli algoriTmis daxmarebiT ganvsazRv-

roT WeSmaritobis 4.8 cxriliT mocemuli logikuri funqciis koniunqciuri 

srulyofili normaluri formis gamosaxuleba. 

 

 

 

(4.33) 

 

 

  
                                                  

                          
                                                …             

f(σ1 σ2 …σn) =0          
f  x1,x2,…,xn) =  

f  (x1,x2,…,xn) = f  (x1,x2,…,xn), 

(4.34) 

 

 

f  (x1,x2,…,xn) =   
                                                  

                          
                                                …             

f(σ1 σ2 …σn) =0          

(4.35) 

  (4.36) formiT logikuri funqciis warmodgenas koniunqciuri srulyofili norma--

luri forma, anu SemoklebiT _ ksnf ewodeba. 

 6                                

magaliTi 4.6. 

f(σ1 σ2 …σn) =0          
).  f  (x1,x2,…,xn) =   

    

 .                                         

+ … +    
                                                + (    

                       

(4.36) 

 

 

), 
f(σ1 σ2 …σn) =0          

  
                                              + … +    

                                                + (    
                       =   

                                                  
                          

                                                …             

f(σ1 σ2 …σn) =0          

(4.37) 

  1. logikuri funqciis WeSmaritobis cxrilidan amovirCioT mocemuli funqci-

is argumentebis is nakrebebi, romlebzedac funqcia 0-is tol mniSvnelobas iRebs; 

  2. SevadginoT argumentebis mniSvnelobaTa amorCeuli argumentebis diziunqci-

ebi; amisaTvis Tu nakrebSi argumentis mniSvneloba 0-is tolia, igi koniunqciaSi  

ucvlelad gadmoviweroT, xolo Tu igi 1-is tolia, maSin igi koniunqciaSi inve-

rsirebuli saxiT gadmoviweroT; 

3. punqt 2-Si formirebuli koniunqciebi (romlebic mocemuli funqciis nu-

lovan minitermebs warmoadgens) SevaerToT koniunqciis niSnebiT. 

4. dasasruli  
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        gavaanalizoT (4.37) tolobis marjvena nawili. koniunqcia aviRoT   

        yvela σ1 σ2 …σn nakrebisaTvis. simartivisaTvis CavTvaloT, rom n=2;  

       vinaidan { σ1 σ2}={00;01;10;11}, amitom miviRebT:    

 

                            

                                                    . 

 (4.38) gamosaxulebaSi Tu gavxsniT frCxilebs da gamoviyenebT winaaRmdeg- 

obis (4.15) kanons. miviRebT: 

             

                            

zogad SemTxvevaSi, rodesac argumentebis raodenoba n–is tolia, miviRebT: 

                                                      

                                     

(4.40) gamosaxulebis Tanaxmad konstanta 0 iSleba 2n raodenobis dizi-

unqciebis koniunqciebad. mis Semadgenel koniunqciur wevrebs nulis konstituen-

tebi, anu maqsitermebi ewodeba. 

adre ganxilul erTianis konstituentas xSirad mxolod konstituentas 

saxeliT moixsenieben da nulis konstituentas uwodeben antikonstituentas.  

        dsnf warmoadgens f(x1,x2,…,xn) funqciis daSlas x1,x2,…,xn cvladeb-    

       ad. zogadad aRniSnuli funqcia SeiZleba daiSalos x1,x2,…,xk  cvlad-  

     ebad, sadac 0 < k   n. im SemTxvevisaTvis, rodesac k < n, (4.30) ga-

mosaxuleba iRebs saxes: 

   

 

sadac diziunqcia aiReba x1,x2,…,xk argumentebis mniSvnelobaTa yvela SesaZlo 

σ1,σ2,…,σk nakrebisaTvis. 

(4.41) gamosaxuleba marTebuli iqneba Tu x1,x2,…,xk, xk+1,…, xn argumentebis 

mniSvnelobaTa nebismieri α1,α2,…,αk,αk+1,…,αn nakrebisaTvis igi gadaiqceva 

igiveobad. SevitanoT masSi argumentebis mniSvnelobaTa aRniSnuli nakrebi: 

                                                                  

 

(4.42) gamosaxulebaSi yvela iseTi (σ1,σ2,…,σk) nakrebisaTvis, romlebisTvisac 

sruldeba piroba: σ1 α1, σ2 α2, …, σk αk , marTebulia toloba:   
    

  ...   
  =0, 

1.  0001; 0100; 0101; 0111; 1000; 1010; 1011; 1111; 

 2.   (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), 

    (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), 

 3.   (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), 

    (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), (x1 + x2+ x3+ x4), 

 4.   dasasruli 

 

 8                                

(4.41) f(σ1,σ2,…,σk, xk+1,xk+2,…,xn),   

 

f (x1,x2,…,xk, xk+1,…, xn) =                                                                           
                                                  

                          
                                                …             

(σ1 σ2 …σk)           

            
(4.42) f (α1,α2,…,αk,αk+1,…,αn) =                                                                         

(σ1 σ2 …σk)           
f(σ1,σ2,…,σk, αk+1,…,αn).   

 

  
    

  ...   
   

 

 7                                

( ( )   
 ̅ +   

 ̅ ) +   
 ̅    

                                               
f(σ1 σ2 ) =0          

) + (    
                       = ) +   

 ̅ (   
 ̅ 

 

+   
 ̅ ( )   

 ̅   
 ̅ 

 

= 

=  (x1 + x2) (x1 + x2) (x1 + x2) (x1 + x2) (4.38) 

   
                                               

     (σ1 σ2)           
) + (    

                       = 0. (4.39) 

). 
   (σ1 σ2 …σn)           

 0 =   
    

 .                                         

+ … +    
                                                + (    

                       (4.40) 
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amitom masSi (σ1,σ2,…,σk) nakrebis nacvlad darCeba α1,α2,…,αk nakrebi; e.i. (4.42) 

miiRebs saxes:  

      

   

  Tu gaviTvaliswinebT imas, rom   
    

  ...   
   = 1, maSin (4.43) gamosaxuleba 

gadaiqceva igiveobad: f (α1,α2,…,αk,αk+1,…,αn) = f (α1,α2,…,αk,αk+1,…,αn), saidanac ga-

momdinareobs (4.41) gamosaxulebis marTobuloba. 

kerZo SemTxvevaSi rodesac k=1-s, (4.41) miiRebs saxes:  
                                   

miRebuli Sedegi saSualebas gvaZlevs nebismieri xi argumentis mixedviT dav-

SaloT logikuri f (x1,x2,…,xi-1, xi, xi+1…, xn) funqcia  Semdegnairad:    
            

 

 

ukanaskneli gamosaxuleba daedo safuZvlad Cven mier 2005 wels damuSave-

bul binaruli programebis Sedgenis formalur meTods, romelic imave wels iqna 

gamoqveynebuli mimosvlis gzaTa sankt-peterburgis saxelmwifo universitetis 

samecniero naSromebis krebulSi [13]. binaruli daprogramirebis meTodi warma-

tebiT gamoiyeneba logikuri funqciebis programuli realizaciisaTvis.  

        SemdgomSi ZiriTadad ganvixilavT diziunqciuri srulyofili norm- 

        aluri formiT warmodgenil logikur funqciebs.               ko-  

      niunqcias ewodeba elementaluri koniunqcia, Tu masSi nebismieri lo-

gikuri cvladi mxolod erTxel Sedis. elementaluri koniunqciis rangi ewodeba 

masSi Semavali cvladebis raodenobas.  

elementaluri koniunqciebis diziunqcias logikuri funqciis diziunqciuri 

normaluri forma (dnf) ewodeba. Tu dnf-Si Sedis logikuri funqciis yvela 

argumenti, igi Cven mier zemoT ganxilul dsnf-ad gadaiqceva. dsnf warmo-

adgens n–rangis elementaluri koniunqciebis diziunqcias.  

n–rangis or elementalur koniunqcias Tu aqvs       da      saxe, sadac A 

warmoadgens n-1 rangis elementalur koniunqcias, maSin maTi diziunqciis 

(logikuri Sekrebis) Sedegad miiReba A koniunqcia:  

                                                                                                                                     (4.46) 

mocemul SemTxvevaSi TiTqosda ori elementaluri koniunqciis erT elementa-

lur koniunqciad “Sewebeba” moxda; amitom (4.46) saxis gardaqmnas “Sewebebis we-

si” ewodeba. Sewebebis wesis gamoyeneba dsnf-dan dnf-is miRebis saSualebas 

gvaZlevs; 

TiToeul logikur funqcias aqvs erTaderTi dsnf da ramdenime dnf. amis 

mailustrirebel magaliTad ganvixiloT 3 argumentze damokidebuli logi-kuri 

funqcia:L 

 

mocemuli tolobis marjvena nawili Semdegnairad gardavqmnaT (gardaqmnis 

dros gamoyenebulia gamoricxuli mesamis (4.16) kanoni):  

 

      

 

            
(4.43) f (α1,α2,…,αk,αk+1,…,αn) =                                                                         

(σ1 σ2 …σk)           
f(α1,α2,…,αk, αk+1,…,αn).   

 

  
    

  ...   
   

 

f(x1,x2,…, xn) = x1    f (1,x2,…, xn)  +  x1    f (0,x2,…, xn).  (4.44) 

f(x1,x2,…,xi-1, xi, xi+1…, xn) = xi (x1,x2,…,xi-1, 0, xi+1…, xn) + 

                              + xi (x1,x2,…,xi-1, 1, xi+1…, xn) .  (4.45) 

 9                                
 

  
    

 

  
    

 

  
    

 

A xi A xi 

A xi + A xi = A ( xi + xi )  = A. 

f1(x1,x2,x3) =  x1 x2 x3  +  x1 x2 x3  +  x1 x2 x3  +  x1 x2 x3.  

 

(4.47) 

(4.48) 

x1 x2 x3  +  x1 x2 x3  +  x1 x2 x3  +  x1 x2 x3 = x1 x3 (x2 + x2)  + x1 x2 x3  +  x1 x2 x3   = 

                                          = x1 x3   + x1 x2 x3  +  x1 x2 x3  
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 (4.48) gamosaxulebas Tu SevitanT (4.47) gamosaxulebaSi miviRebT: 

 

miRebuli tolobis marjvena nawili kidev SeiZleba Semdegnairad gardaiqmnas:  

 

(4.50) gamosaxulebas Tu SevitanT (4.49) gamosaxulebaSi miviRebT: 

 

(4.47),(4.49) da (4.51) gamosaxulebebi 3 argumentze damokidebuli erTi da 

igive logikuri funqciebis analizuri gamosaxulebebia. amaTgan, (4.47) gamosaxu-

leba warmoadgens aRniSnuli funqciis diziunqciur srulyofil normalur for-

mas (dsnf-s) da igi erTaderTia mocemuli logikuri funqciisaTvis. (4.49) da 

(4.51) gamosaxulebebi ganxiluli logikuri funqciis diziunqciuri normaluri 

formebia (dnf); maSasadame, mocemul funqcias aqvs ori dnf. zogierT logi-

kur funqcias SeiZleba ufro meti raodenobis dnf-ebi gaaCndes. 

dnf-ebs Soris iseT dnf-s, romelic yvelaze mcire raodenobis logikur 

cvlads Seicavs, minimaluri diziunqciuri normaluri forma (mdnf) ewodeba. 

zemoT ganxulul SemTxvevaSi (4.49) gamosaxulebiT warmodgenili dnf Seicavs 

8, xolo (4.51) gamosaxulebiT warmodgenili dnf – 4 logikur cvlads da ar 

arsebobs ufro naklebi raodenobis cvladis Semcveli sxva dnf; maSasadame, 

(4.51) warmoadgens ganxiluli logikuri funqciis mdnf –s. 

logikuri funqciis cnobili dsnf-dan mdnf–is miRebis process logikuri 

funqciis minimizacia ewodeba. logikuri funqciebis minimizaciis ZiriTadi meTo-

debi ganxiluli gvaqvs [2]-Si.                 

 

 

                         

     elementaluri logikuri funqciebis marealizebel mowyobilobebs log- 

    ikuri elementebi ewodeba. aRniSnuli elementebis asagebad gamoyenebuli 

saelemento bazisagan damokidebulebiT ganasxvaveben meqanikur, eleqtromeqanikur 

(eleqtromagnituri releebiT agebul), eleqtronul (diodebiTa da tranzisto-

rebiT agebul), pnevmatur, hidravlikur, optikur da a.S. logikur elementebs. 

Nklod Senonis mignebis Tanaxmad, nebismieri rTuli struqturis mqone 

diskretuli mowyobiloba axdens garkveuli logikuri funqciis realizebas (ix. 

paragrafi 4.4).  es ukanaskneli SeiZleba gamoisaxos funqcionalurad sruli si-

stemis warmomqmneli elementaluri logikuri funqciebiT, xolo elementaluri 

logikuri funqciebi realizdeba logikuri elementebis saxiT. aRniSnulidan ga-

momdinare, sworia debuleba:  

 

 

 

funqcionalurad srulia: 

  yvela (Tormetive) elementaluri logikuri funqciisagan Semdgari sistema; 

  koniunqciis, diziunqciisa da inversiisagan Semdgari sistema; 

  koniunqciisa da inversiisagan Semdgari sistema; 

f1(x1,x2,x3) =  x1 x3  +  x1 x2 x3  +  x1 x2 x3.  

 

(4.49) 

x1 x3  +  x1 x2 x3  +  x1 x2 x3 = x1 x3  + x2 x3 (x1 + x1) = x1 x3  + x2 x3  

 

(4.50) 

f1(x1,x2,x3) = x1 x3  + x2 x3   

 

(4.51) 

4.6. logikuri elementebi: zogadi cnobebi 

da maTi realizaciis safuZvlebi  

 

 

 

 

 

E 

 

 

 

 

 1                                

 funqcionalurad sruli sistemis warmomqmneli elementaluri logikuri 

funqciebis marealizebeli logikuri elementebisagan warmoiqmneba saelemento 

baza, romlis gamoyenebiTac SeiZleba aigos nebismieri sirTulis mqone 

diskretuli mowyobiloba.  
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  diziunqciisa da inversiisagan Semdgari sistema; 

  koniunqciis uaryofisagan (da-ara funqciisagan) Semdgari sistema; 

  diziunqciis uaryofisagan (an-ara funqciisagan) Semdgari sistema. 

koniunqciis, diziunqciis, inversiis, da-ara funqciisa da an-ara funqciis 

marealizebel logikur elementebs Sesabamisad ewodebaT: 

  koniunqtori, da elementi;  

  diziunqtori, an elementi;  

  invertori, ara elementi; 

  da-ara elementi; 

  an-ara elementi. 

ganvixiloT tranzistorebis gamoyenebiT zemoT CamoTvlili logikuri ele-

mentebis agebis principebi.  

       tranzistorebis gamoyenebis dros logikuri cvladebis mniSvnelobebi 

      eleqtruli Zabvis saSualebiT gamoisaxeba. am mizniT saWiroa damyardes 

        garkveuli Sesabamisoba logikuri cvladebis mniSvnelobasa da Zabvis 

doneTa Soris. ganasxvaveben dadebiT da uaryofiT konvenciebs (laT. conventio – 

“SeTanxmeba”). dadebiTi konvenciis dros Zabvis dabal dones Seesabameba logikuri 

cvladis 0-is toli, xolo Zabvis maRal dones – cvladis 1-is toli mniSvnelo-

ba. uaryofiTi konvenciis dros piriqiT,  Zabvis dabal dones Seesabameba logiku-

ri cvladis 1-is toli, xolo Zabvis maRal dones – cvladis 0-is toli mniSvne-

loba. aRniSnuli konvenciebi tolZalovnebia, e.i. SeiZleba nebismieri maTgani iq-

nes gamoyenebuli. Cven gamoviyenebT dadebiT konvencias.        

     logikuri elementebis asagebad tranzistorebis gamoyenebis dros sabaz-  

     iso sqemas warmoadgens Zabvis gamyofis sqema (nax.4.3).  

 

 

 

   

 

 

 

 

 

4.3,a naxazze naCvenebi Zabvis gamyofis rezistoruli sqema Seicavs cvlad wi-

naRobis mqone Rx da mudmivi winaRobis mqone R rezistorebs. omis kanonis Tana-

xmad:  

 

 

saidanac gamomdinareobs, rom marTebulia gamosaxuleba:  

                                                                                                      

 

 2                                

 3                                

      

  
 

 

I =  

 

= 
      

 
 

 

(4.52) , 

(4.53) . 
  

 
 

 

= 
      

      
 

 

b) 

E 
_ 

+ 

R 

Rx 

Ugam.1 = IRx 

Ugam.2 = IR I 

t 

E 

Ugam.1 

        (y1  =  x )  

 

Ugam.2 

         (y2  =   x)  

 

R 

Rx 

+ 

_ 
USes. 

  (x) 

a) 

nax. 4.3.  Zabvis gamyofis rezistoruli (a) da tranzistoruli (b) sqemebi 

I 



196 
 

 

ukanaskneli gamosaxuleba warmoadgens analizuri formiT Caweril Zabvis ga-

yofis princips, romelic SeiZleba ase iqnes formulirebuli: 

 

 

 

gavaanalizoT (4.53) gamosaxuleba. masSi arsebul R rezistors aqvs gar-

kveuli mudmivi mniSvneloba, xolo Rx rezistoris winaRoba SeiZleba vcvaloT 

0-dan iseT mniSvnelobamde, romelic mniSvnelovnad gadaaWarbebs R rezistoris 

winaRobas. ganvixiloT Semdegi sami SemTxveva:  

  Tu Rx 0 da R 0 da aRniSnuli rezistorebis winaRobebi Tanazomadi sidi-

deebia, maSin Ugam.10, Ugam.20 da Zabvis vardna orive (Rx da R) rezistorze 

moxdeba, e.i. E = Ugam.1 + Ugam.2;    

  Tu Rx =0 da R 0, maSin Ugam.1=0 da Zabvis vardna mTlianad R rezitorze 

moxdeba, e.i. E = Ugam.2;  

  Tu Rx rezistoris winaRoba mniSvnelovnad aRemateba R rezistoris wina-

Robas, e.i. samarTliania utoloba Rx R, maSin R rezistoris winaRoba Rx 

rezistoris winaRobasTan SedarebiT imdenad umniSvneloa, rom igi SeiZleba 

daaxloebiTi nulis tolad CavTvaloT, e.i. davweroT: R  0; aseT SemTxvevaSi    

Ugam.2  0 da Zabvis vardna mTlianad Rx rezistorze moxdeba, e.i. E = Ugam.1;  

4.3,a naxazze naCveneb sqemaSi arsebul Rx rezistors Tu t tranzistoriT 

SevcvliT, miviRebT 4.3,b naxazze naCveneb sqemas. davuSvaT, rom am ukanasknel sqe-

maSi, rogorc naxazzea naCvenebi, Sesasvlel USes. Zabvas Seesabameba logikuri 

(e.i. orobiTi) x cvladi, xolo Ugam.1 da Ugam.2 Zabvebs Sesabamisad aseve logiku-

ri y1 da y2 cvladebi. 

gamoviyenoT dadebiTi konvencia da gavaanalizoT 4.3,b naxazze mocemuli sqe-

mis muSaoba: 

  rodesac x = 0 (e.i. USes.= 0), maSin t tranzistori Caketilia da Rx = ∞; 

aqedan gamomdinare, Rx R da amitom: y1=1 (Ugam.1=1) d y2=0 (Ugam.2=0) ; 

  rodesac x = 1 (e.i. USes. Zabva t tranzistoris gaRebis Zabvis tolia), ma-

Sin t tranzistori Riaa da Rx  0; amitom: y1=0  (Ugam.1=0) da y2=1 (Ugam.2=         

= IR = E). 

x,  y1 da y2 cvladebis zemoT moyvanili mniSvnelobebi SeiZleba warmovadginoT 

4.9 cxrilis saxiT.  rogorc mocemuli cxrilidan Cans Ugam.1-ze formirebuli   

 

         

   

           

      

 

4.3,b naxazze naCvenebi sqemis safuZvelze aigeba mameoreblisa (nax.4.4) da 

invertoris (nax.4.5) sqemebi. isini warmoadgens sabaziso sqemebs, romlebiTac 

aigeba diziunqtori, koniunqtori, da-ara, an-ara elementebi.  

 

 

  Zabvis gayofis პrincipis Tanaxmad, mimdevrobiTad SeerTebul rezistoreb- 

ze ZabvaTa vardnebi am rezistorebis winaRobebis proporciulad nawildeba.  

x y1 y2 

0 

1 

1 0 

0 1 

cxr.4.9. Zabvis ga-  

myofis parametebi       

    

  

gamosasvleli y2 signali axdens Sesasvleli x signalis in- 

versirebas, e.i aRniSnul gamosasvlelze realizdeba inve-  

rsirebis y =  x funqcia.  

  gamosasvleli y2 signali axdens Sesasvleli x  signalis 

gameorebas, e.i aRniSnul gamosasvlelze realizdeba  game-

orebis y =  x funqcia.  
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    4.4,a  naxazze moyvanilia mameore- 

blis tranzistoruli sqema, 4.4,b naxaz- 

ze – mis mier realizebuli logikuri 

funqciis WeSmaritobis cxrili, xolo 

4.4,g naxazze – logikur element mame- 

oreblis pirobiTi gamosaxuleba;    

  4.5,a  naxazze moyvanilia inverto- 

ris tranzistoruli sqema, 4.b,b naxaz- 

ze – mis mier realizebuli logikuri 

funqciis WeSmaritobis cxrili, xolo 

4.5,g naxazze – logikur element inve- 

rtoris pirobiTi gamosaxuleba. nax.4.4. mameoreblis tranzistoruli sqema 

  

x y 

0 0 

1 1 

I R 

Rx 

USes. 

 (x) 

Ugam. 

   (y = x) 

+E a) b) 

g) 

1 x 
y=x 

x y 

0 1 

1 0 Ugam. 

   (y =  x ) 

I 

+E 

USes.  

 (x) 

R 

Rx 

a) b) 

g) 

1 x y = x 

nax.4.5. invertoris tranzis- 

     toruli sqema 

  

   mameoreblis sqemaSi ramdenime tra- 

nzistoris mimdevrobiTad CarTvisas mi- 

iReba  koniunqtoris sqema (nax.4.6), xo- 

lo ramdenime tranzistoris paralelu-  

rad CarTvisas – diziunqtoris sqema 

(nax. 4.7). aseve, invertoris sqemaSi 

ramdenime tranzistoris mimdevrobiTad 

CarTvisas miiReba da-ara elementis 

sqema, xolo paralelurad CarTvisas – 

da-ara elementis sqema.    

    koniunqtoris sqemaSi (nax.4.6)  

Rx = 0 –s mxolod im SemTxvevaSi, ro- 

desac orive (t1 da t2) tranzistori 

Riaa, e.i. rodesac x1 = x2 = 1. am dros 

Zabvis vardna mTlianad R rezistorze 

xdeba da amitom y = 1. yvela danarCen 

SemTxvevaSi erTi tranzistori mainc  

    

      
Riaa, e.i. Rx = ∞.  aseT SemTxveveb- 

Si SeiZleba CavTvaloT, rom R 

0 da am rezistorze Zabvis va- 

rdna TiTqmis nulis tolia, am-  

itom y=0.  

  diziunqtoris sqemaSi (nax.4.7) 

RxR    mxolod im SemTxvevaSi, 

rodesac orive t1 da t2 tran- 

zistori daketilia, e.i. rodes-    

sac x1= x2 =0. am dros R 0 da  

Zabvis vardna mTlianad Rx rezis- 

torze xdeba, e.i. y=0. danarCen 

SemTxvevebSi Riaa erT-erTi tran-

zistori mainc; amitom Rx=0  da 

Zabvis vardna mTlianad R rezis-

torze xdeba, e.i y=1.    

 

  

   

nax.4.6. koniunqtoris tranzistoruli sqema 

  

g) 

b) 

 y= x1x2 

x1 

x2 

a) 
x1 x1 y 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 

1 

+E 

I R 

Ugam. 

  (y = x1x2) 

t2 

t1 

Rx 

USes.1 

(x1) 

USes.2 

(x2 ) 
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g) 

b) a) 

I R 

+E 

Ugam. 

 (y = x1+x2) 

USes.2 

    (x2) 

USes.1 

 (x1) 

Rx 

t1 t2 

x1 x1 y 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 y= x1 +x2 

x1 

x2 

nax.4.7.  diziunqtoris tranzistoruli sqema 

  

    da-ara elementis sqemaSi 

 (nax.4.8) Rx=0 mxolod im Sem- 

TxvevaSi, rodesac orive t1 da 

 t2 tranzistori Riaa, e.i. ro- 

desac x1= x2 =1. am dros Zabvis 

vardna Rx rezistorze (t1 da  

t2 tranzistorebis koleqtor-

emiteris wredSi) nulis tolia, 

e.i. y=0. danarCen SemTxvevebSi da-

ketilia erT-erTi tranzistori 

mainc; amitom RxR da Zabvis var-

dna mTlianad Rx rezistorze xde-

ba (R0), e.i. y=1.         

         

       

+E 

Rx 

Ugam. 

  ( y = x1x2 ) 

t2 

t1 

USes.1 

(x1) 

USes.2 

(x2 ) 

I 

 

x1 

x2 

y= x1x2 

x1 x1 y 

0 

0 

1 

1 

0 

0 

1 

1 

1 

1 

1 

0 

g) 

a) b) 

R 

nax.4.8. da-ara elementis tranzisto- 

             ruli sqema 

  

1 

x1 

x2 

g) 

x1 x1 y 

0 

0 

1 

1 

0 

0 

1 

1 

1 

0 

0 

0 

Rx 
USes.2 

     (x2) 

USes.1 

(x1) 
t1 t2 

+E 

I R 

Ugam. 

 (y = x1+x2) 

y = x1 + x2 

a) b) 

nax.4.9. an-ara elementis tranzisto- 

             ruli sqema 

  

      an-ara elementis sqemaSi 

(nax.4.9) RxR    mxolod im Sem-  

TxvevaSi, rodesac orive t1 da  

t2 tranzistori daketilia, e.i. 

rodesac x1= x2 =0. am dros Zab- 

vis vardna TiTqmis mTlianad Rx 

rezistorze xdeba da amitom  

y=1. danarCen SemTxvevebSi Riaa 

erTi tranzistori mainc, amitom 

Rx=0 da Zabvis vardna Rx rezist- 

orze TiTqmis nulis tolia, e.i. 

y=0. 

 

  

       

 

     

(4.5) – (4.9) naxazebze “a” 

asoTi aRniSnul nawilebSi 

mocemulia logikuri ele-

mentebis tranzistoruli sqe-

mebi, “b” asoTi aRniSnul na-

wilebSi – Sesabamisi log-

ikuri elementebis mier rea-

lizebuli logikur funqci-

aTa WeSmaritobis cxrilebi, 

xolo “g” asoTi aRniSnul na-

wilebSi – logikuri elemen-

tebis pirobiTi gamosaxule-

bebi. 
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      rogorc 4.3 paragrafSi aRvniSneT, elementaluri funqciebis funqcion- 

      alurad srul sistemas bazisi, xolo bazisSi Semavali funqciebis mar- 

ealizebel elementebs – bazisuri elementebi ewodeba.  

bazisSi Semavali elementaluri logikuri funqciebiT SegviZlia nebismieri 

sirTulis logikuri funqcia gamovsaxoT, xolo Sesabamisi bazisuri elemente-

biT SegviZlia nebismieri sirTulis logikuri funqciis marealizebeli diskre-

tuli mowyobiloba avagoT. 

logikis (bulis) algebraSi (ix. 4.4 paragrafi) gamoiyeneba koniunqciis, dizi-

unqciisa da inversiisagan Semdgari bazisi. igi specialurad iqna SerCeuli logi-

kis algebrisaTvis, radgan misi gamoyenebis dros martivdeba logikuri funqci-

ebis gardaqmnis procesi; aRniSnulis gamo koniunqciis, diziunqciisa da inversi-

isagan Semdgar baziss pirobiTad logikis algebris bazisi vuwodoT.    

logikis baziss Seesabameba sami bazisuri elementi: koniunqtori, dizi-

unqtori da invertori. garkveuli raodenobis aRniSnuli elementebis saSu-

alebiT SeiZleba nebismieri sirTulis diskretuli mowyobiloba avagoT; aRniSnu-

lidan gamomdinare, isini figuralurad diskretuli mowyobilobis asagebad saWi-

ro “samSeneblo masalad” SeiZleba ganvixiloT. aRniSnuli samSeneblo masalis 

nomenklatura (nairsaxeoba) samis tolia, xolo saerTo raodenoba diskretuli 

mowyobilobis sirTulezea damokidebuli.  

zemoT aRniSnuli “samSeneblo masalis” nomenklaturis (nairsaxeobis) Semci-

reba amaRlebs diskretuli mowyobilobis teqnogenurobas. aseTi Semcireba Sesa-

Zlebeli iqneboda logikis algebris bazisad rom agveRo  da-ara funqcia, ro-

melsac Seesabameba erTaderTi sabaziso elementi – da-ara elementi; 

analogur Sedegs miviRebdiT bazisad an-ara funqciis aRebis drosac, rad-

gan am SemTxvevaSic gveqneboda erTaderTi sabaziso elementi - an-ara elementi. 

aseTi gadawyvetebi ar iqna miRebuli imis gamo, rom erTi funqciis Semcveli 

zemoT CamoTvlili bazisebis gamoyeneba mniSvnelovnad gaarTulebda logikis al-

gebraSi Sesasrulebel gardaqmnebs; amitom Seqmnili situaciidan moinaxa Semdegi 

gamosavali: 

 

 

 

 

 

 

swored da-ara da/an an-ara elementebi warmoadgens sabaziso elementebs 

integralur sqemebSi, romlebSic gamoyenebulia:    

  rezistorul-tranzistoruli (RTL; РТЛ) logika (romlebic farTod iyo 

gavrcelebuli XX saukunis 60-ian wlebSi); 

  diodur-tranzistoruli logika (DTL; ДТЛ); 

  tranzistorul-tranzistoruli (TTL; ТТЛ) logika; 

4.7. logikuri funqciebis realizeba 

da-ara, an-ara elementebiT  

 

 

 

 

 

E 

 

 

 

 

 1                                

 logikis algebraSi logikur gamosaxulebaTa gardaqmnebisaTvis gamoyenebuli 

iqnes koniunqciis, diziunqciisa da inversiis operaciebi; 

gardaqmnebis Sedegad miRebuli logikuri funqciis gamosaxulebaSi koniunqci- 

is, diziunqciisa da inversiis operaciebi Seicvalos da-ara an an-ara opera-

ciebiT; 

diskretuli mowyobiloba aigos logikuri funqciis im gamosaxulebiT,  rome- 

lic Seicavs mxolod da-ara an an-ara operaciebs.  
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  metal-oqsid-naxevargamtarul tranzistorebiT agebuli komplementaruli 

(CMOS; КМОП) logika da a.S.  

mocemul TavSi ganvixilavT da-ara (an-ara) operaciebiT diziunqciis, 

koniunqciisa da inversiis operaciebis Secvlis principebs. 

       Llogikuri da-ara         da an-ara             funqciebis 

       WeSmaritobis 2.9 cxrilidan Cans, rom isini urTierTSebrunebul,  

    anu, urTierTorad funqciebs  warmoadgens e.i. sruldeba piroba: 

 

 

             

 

 

 

 

 

da-ara funqciis (ix.cxr.4.9) Sesabamisi da-ara elementis pirobiTi 

gamosaxuleba naCvenebia 4.10,a naxazze. 4.9 cxrilidan Cans, rom rodesac f1 fu-

nqciis erT-erTi (magaliTad, x2) argumentis 1-is tolia, maSin funqcia iRebs 

darCenili (Cvens SemTxvevaSi x1) argumentis mniSvnelobis Sebrunebul mniSvne-

lobas. maSasadame Tu orSesasvleliani da-ara elementis(nax.4.10,a) erT-erT Se-      

 

                                                 

 

 

 

 

 

 

 

    

 

                                         

              

 

 

 

 

 2                                       
(f1 = x1 x2) (f2 = x1 + x2) 

(4.54) f1 = f2    ( f2 = f1). 

0 

cxr.4.9.  da-ara , 

an-ara funqciebi 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

x1 x2 f1 = x1 x2 f2 = x1 + x2 

marTlac, x1 da x2 argumentebis mniSvneloba- 

Ta im nakrebebze, romlebzedac f1 funqcia iR- 

ebs 1-is tol mniSvnelobas, f2 funqcia nulis 

toli xdeba da piriqiT. amitom da-ara el-

ementisaTvis marTebuli debulebis Sebruneb-

uli (inversirebuli) debuleba marTebuli iq- 

Neba an-ara elementisaTvis da piriqiT. 

 

  

x1 x2 = x1 x2  

 

  vinaidan an-ara funqcia warmoad- 

gens da-ara funqciis Sebrunebul 

(inversirebul) funqcias, amitom an-

ara  elementiT agebul invertors 

eqneba 4.11 naxazze naCvenebi saxe. 

    ormagi uaryofis kanonis Tanax- 

mad,           , maSasadame, da-ara 

funqciis inversirebiT miiReba koni-

unqciis funqcia; es saSualebas gvaZ- 

  

sasvlelze mudmivad  mivawodebT  lo-

gikur  siganal  1-s  (nax.4.10,b), maSin  

gamosasvlelze miviRebT meore Sesasvle- 

lze arsebuli signalis inversirebul 

mniSvnelobas. vinaidan xi  signalis in- 

deqss am SemTxvevaSi mniSvneloba ara 

aqvs, amitom naxazze igi ugulvelyofi-

lia. 4.10,b naxazze naCvenebi sqema axdens 

x signalis inversirebas, maSasadame, igi 

warmoadgens invertors . da-ara el- 

ementiT agebuli invertoris zogad Sem-

TxvevaSi, rodesac misi Sesasvlelebis 

raodenoba winaswar ar aris gansazRv-

ruli, 4.10,g naxazze aris naCvenebi.            

x2 

x1 
 f = x1 x2 

 

 

 

 

1 

x 
 f = x 

 

 

 

 

f = x 

 

 

 

 

1 

x 

 

a) 

b) 

g) 

nax.4.10. invertoris realizacia  

da-ara elementis saSualebiT         

 

nax.4.11.  invertoris realizacia   

an-ara  elementis saSualebiT   

 

y = x 1 
x 

0 

a) 

y = x 

1 
x1 

0 

b) 
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Zlevs da-ara elementebis saSualebiT avagoT koniunqtori. amisaTvis mim-

devrobiT unda SevaerToT ori da-ara elementi, romelTaganac meore Seas-

rulebs invertoris funqcias (nax. 4.12). miRebuli sqemis gamosasvlelze gveqneba 

pirvel da-ara elementis Sesasvlelebze miwodebuli signalebis koniunqcia.    

 

 

 

 

 

 

 

 

 

 

 

  

                                        

 

 

 

 

 

   

 

 

                                          

 

 

 

 

 

 

 

 
f = x1 x4 + x1 x2 + x1 x3  

 

(4.55) 

 

xn 

x2 

x1 

 
1 

 f  = x1  x2 … xn 

 
 f  = x1  x2 … xn 

nax. 4.12. koniunqtoris realizeba da-ara elementebiT.    

1 

x1 

  x1 

1 

x2 

  x2 

1 

xn 

  xn 

 
 f  = x1+  x2+ … +xn 

 nax. 4.13. diziunqtoris realizeba 

  

 

 

     da-ara elementebiT   

 

= x1, x2, … , xn 

x1, x2, … , xn =  x1 + x2 + … + xn  = 

da-ara elementis Sesasvlelebze mi- 

vawodoT              signalebi (nax. 

4.13); mis gamosasvlelze miviRebT x1,      

x2, … , xn signalebis diziunqcias. mar- 

Tlac                                

             . maSasadame, 4.13 naxazze 

naCvenebi sqema warmoadgens da-ara  

elementebiT agebul diziunqtors.  

 

 

  

  

 

 

 

 

x1, x2, … , xn 

0 

x1 
1  x1 

0 

x2 
1  x2 

0 

xn 
1  xn 

1 
 f  = x1  x2… xn 

 nax. 4.15. koniunqtoris realizeba 

      an-ara elementebiT   

 

aseve, 4.13 naxazze naCveneb sqemaSi 

da-ara elementebs Tu SevcvliT 

an-ara elementebiT (nax.4.15), mi-

viRebT an-ara elementebiT real- 

izebuli koniunqtoris sqemas.  

  ganvixiloT minimaluri diziunqc- 

iuri normaluri formiT (ix. parag- 

rafi 4.5) warmodgenili logikuri 

funqcia:      

1 

xn 

x2 

x1 

 f  = x1+  x2+ … +xn 

 f  = x1 + x2 +…+ xn 

0 
1 

nax. 4.14. diziunqtoris realizeba  

       an-ara elementebiT.    

4.12 naxazze naCveneb sqe- 

maSi da-ara elementebs Tu 

SevcvliT an-ara elemente- 

biT (nax.4.14) miviRebT an-

ara elementebiT realize- 

uli diziunqtoris sqemas. 

vinaidan diziunqcia aris ko-

niunqciis Sebrunebuli (inver-

sirebuli) funqcia;                   
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mocemuli gamosaxulebis realizaciis sqema 4.16,a naxazzea mocemuli. 

movaxdinoT misi marjvena nawilis ormagi inversireba (ormagi uaryofis kanonis 

ZaliT aRniSnuli operacia logikuri funqciis mniSvnelobas ver cvlis) da 

gamoviyenoT de morganis kanoni:  

  

 

                      

                               

 

 

 

 

 

 

 

 

 

mocemuli gamosaxulebis realizaciis sqema 4.16,b naxazzea moyvanili. miRebu-

li sqemebi (ix. nax. 4.16,a,b) erTmaneTis analogiurebia da mxolod logikuri 

elementebis tipebiT gansxvavdeba erTmaneTisagan. amgvarad, SesaZlebelia Semdegi 

zogadi kanonis formulireba:   

 

 

 

 

an-ara bazisis gamoyenebiT mowyobilobebis agebis meTodika da-ara bazisis 

gamoyenebiT mowyobilobebis agebis analogiuria, oRond am dros sarealizebeli 

logikuri funqcia mdnf-is nacvlad unda minimaluri koniunqciuri normaluri 

formis (kdnf) saxiT unda iyos warmodgenili. zemoT ganxiluli funqciis 

kdnf-s aqvs Semdegi saxe:       

                                                            

mocemuli funqciis marealizebeli sqema 4.16,g naxazzea naCvenebi. wina 

SemTxvevis analogiurad movaxdinoT (4.56) tolobis marjvena nawilis ormagi 

inversireba: 

                                                               

 

maSasadame, miRebuli funqcia mxolod an-ara operaciebiT aris gamosaxuli. 

am funqciis realizebisaTvis, jer erTi, imdenive an-ara elementi gvWirdeba, 

ramdeni koniunqtori da diziunqtoria gamoyenebuli kdnf-is marealizebel 

sqemaSi, da meorec, am ukanasknelSi arsebuli elementebis an-ara elementebiT 

   minimaluri  diziunqciuri normaluri formiT (mdnf-iT) warmodgenili 

logikuri funqciis marealizebel logikur sqemaSi arsebuli elementebi 

SeiZleba da-ara elementebiT SevcvaloT, ris Sedegadac aRniSnuli funqcia 

da-ara elementebis saSualebiT agebuli aRmoCndeba.                   

f  = (x1 + x3) (x1 + x2 + x4). (4.56) 

f  = (x1 + x3) (x1 + x2 + x4)  =  x1 + x3 +  x1 + x2 + x4  =      (x1  x3)  (x1  x2  x4 ) . (4.57) 

nax. 4.16. da-ara, an-ara elementebiT logikur gamosaxulebaTa realizeba   

 

b) a) 

x1 

x4 

x1 

x2 

x1 

x3 

 

 

 

 f 

x1 

x1 

x2 

x3 

x4 

x1 

1 

 

 

 

f 

x1 

x3 

x4 

x1 

x2 

1 

1 

 

x4 

x1 

x2 

1 

x1 

x3 
1 

1 

g) d) 

f 

 

f 

 

= x1   x4    x1  x2    x1   x3             f = x1 x4 + x1 x2 + x1 x3                 

 

( x1   x4)   (x1   x2)   ( x1    x3 ) 

 

= 
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Secvlisas ucvleli rCeba elementebis Sesasvlelebis raodenobac. aRniSnulidan 

gamomdinare SeiZleba Semdegi wesis formurireba:     

 

 

 

 

(4.57) gamosaxulebis realizaciis sqema 4.16,d naxazzea moyvanili. 

mocemul paragrafSi gamoviyeneT logikuri funqciis minimaluri diziunqci-

uri da koniunqciuri formebi. qvemoT ganvixilavT karnos matricis daxmarebiT 

aRniSnuli formebis miRebis meTods. 

 

 

 

 

    rogorc 4.5 paragrafSi vaCveneT, logikuri funqciis diziunqciuri sru-   

     lyofili normaluri formidan (dsnf-dan) logikis algebris kanoneb-  

     is gamoyenebiT SesaZlebelia miRebuli iqnes diziunqciuri normaluri 

formebi (dnf-ebi), romlebic dsnf-asTan SedarebiT naklebi raodenobis 

logikur cvladebs Seicavs. 

nebismier logikur funqcias gaaCnia erTaderTi dsnf. rac Seexeba dnf-ebs, 

maTi raodenoba SeiZleba iyos 0-is toli an ramdenime.  

ramdenime dnf-ebis arsebobis SemTxvevaSi, isini erTmaneTisagan SeiZleba 

gansxvavdebodes diziunqciuri wevrebis (e.w. minitermebis anu 1-is konstituent- 

ebis) an logikuri cvladebis raodenobebiT. 

Mminimaluri raodenobis minitermebis mqone dnf-s ewodeba logikuri 

funqciis Semoklebuli diziunqciuri normaluri forma (Sdnf), xolo minima-

luri raodenobis logikuri cvladebis mqone dnf-s – minimaluri diziunqci-

uri normaluri forma (mdnf); 

 logikuri funqciis minimizaciis amocanaa am funqciis dsnf-dan misi 

mdnf-is povna. aRsaniSnavia, rom funqciis  mdnf zogjer SeiZleba daemTxves 

mis Sdnf-s, zogjer ki mis misaRebad saWiroa Sdnf-dan gamoiricxos zogierTi 

elementaluri koniunqcia.              

       funqciis diziunqciuri srulyofili normaluri formis Sesaxeb zem-  

       oT moyvanili msjeloba mTlianad SeiZleba gavrceldes mocemuli fu- 

     nqciis koniunqciuri srulyofili normaluri formisTvisac (ksnf-

sac). maSasadame, arsebobs logikuri funqciis: 

  koniunqciuri normaluri formebi (knf-ebi) romlebic ksnf–Tan Sedar- 

ebiT Seicavs naklebi raodenobis logikur cvladebs; 

  Semoklebuli koniunqciuri normaluri forma (Sknf), romelic Seicavs 

minimaluri raodenobis diziunqciur wevrebs (e.w. maqsitermebs, anu antikonsti- 

tuentebs); 

  minimaluri koniunqciuri normaluri forma (mknf), romelic Seicavs mini- 

maluri raodenobis logikur cvladebs. 

logikuri funqciis minimizaciis amocanaa am funqciis ksnf-dan misi mknf-  

-is povna. 

   minimaluri  koniunqciuri normaluri formiT (mknf-iT) warmodgenili 

logikuri funqciis marealizebel logikuri sqemaSi arsebuli elementebi 

SeiZleba an-ara elementebiT SevcvaloT, ris Sedegadac aRniSnuli funqcia 

an-ara elementebis saSualebiT agebuli aRmoCndeba.                   

4.8. logikuri funqciebis minimizaciis 

sakiTxebi 

 

 

 

 

 

 

E 

 

 

 

 

 1                                       

 2                                      
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qvemoT Cven ganvixilavT mxolod diziunqciur srulyofili normaluri fo-

rmiT warmodgenil logikur funqciebs; miRebuli Sedegebi,saWiroebis SemTxvevaSi, 

SeiZleba advilad ganzogaddes koniunqciuri srulyofil normaluri formiT 

warmodgenili logikuri funqciebisTvisac.    

        logikis algebris kanonebis saSualebiT dsnf-dan mdnf-is povnis  

        meTods logikuri funqciis minimazaciis algebruli meTodi (ix. 4.5 

     paragrafi) ewodeba. aRniSnuli meTodis naklia maRali Sromatevadoba 

da minimizaciis TiToeuli amocanisaTvis individualuri midgomis aucilebloba; 

aRniSnuli Sromatevadobis Sesamcireblad damuSavebuli iqna logikuri funqciis 

minimizaciis meTodebi, romlebSic zemoT aRniSnuli mizani minimizaciis procesi 

maqsimaluri formalizebis gziT iqna miRweuli (e.i. gamoiricxa TiToeuli Sem-

TxvevisaTvis mkacri individualuri midgomis aucilebloba). aseT meTodebs So-

ris gamoirCeva logikuri funqciebis minimizaciis: 

  analizuri meTodebi, romelTaganac farTod gavrcelda qvainisa da mak-

klaskis mier SemoTavazebuli meTodi, romelic  qvainisa da mak-klaskis meTodis 

saxelwodebiT aris cnobili;  

  koordinatuli meTodi, romelSic karnos baraTebia gamoyenebuli da amitom 

mas karnos baraTebiT minimizaciis meTodsac uwodeben. 

zemoT aRniSnuli orive meTodi Cven [2]-Si gvaqvs detalurad ganxiluli; 

amitom saerTo suraTis Sesaqmnelad mocemul SemTxvevaSi mxolod karnos 

baraTis daxmarebiT minimizebis meTodis ganxilviT SemovifarglebiT, romelic 

gamoirCeva kompaqturobiTa da TvalsaCinoebiT.   

      n raodenobis logikuri cvladebisaTvis agebuli karnos baraTi (matr- 

       ca) warmoadgens 2n raodenobis ujrebis garkveuli wesiT formirebul  

     erTobliobas. 4.17 naxazze mocemulia n = 2;3;4 raodenobis logikuri 

cvladebisaTvis agebuli karnos baraTebi (matricebi). rogorc naxazebidan Cans, 

nebismieri logikuri cvladisaTvis karnos baraTSi gamoyofilia ori mwkrivi an 

sveti mainc, romelTaganac erT-erTi maTgani gankuTvnilia am cvladis 0-is to-

li, xolo meore – 1-is toli mniSvnelobisaTvis; amasTanave, TiToeuli mwkrivi 

an sveti gankuTvnilia orze ara umetesi raodenobis cvladis mniSvnelobisaTvis; 

maTi erToblioba warmoqmnis am mwkrivis an svetis koordinatebs.  

ujris misamarTi miiReba Tu misi Sesabamisi mwkrivis koordinats marjvnidan 

mivuwerT amave ujris svetis koordinats. ujris misamarTi warmoadgens n ra-

odenobis bitebisagan Sedgenil orobiT ricxvs. bitebis Tanrigebi marcxnidan mar-

jvniv davnomroT 1; 2; ... ; n cifrebiT.  

ujris misamarTis gamomsaxveli orobiTi ricxvis i-uri Tanrigi (i{1;2;...,n}) 

vuwodoT marjvnidan i-ur adgilze mdgar cifrs. aRniSnuli ricxvis i-ur Tanri-

gSi mdgar 0-s Tu SevcvliT    simboloTi, xolo 1-s - xi simboloTi, miviRebT 

ganxiluli orobiTi ricxvis Sesabamis miniterms. magaliTad, rogorc 4.17,g naxa-

zidan Cans, mocemuli karnos meore mwkrivis koordinataa 01, xolo meoTxe sve-

tis koordinata – 10; aRniSnuli mwkrivisa da svetis gadakveTaze arsebuli  

ujris  misamarTia 0110; am ukanasknel orobiT ricxvs ki Seesabameba   

minitermi. minitermSi Semavali cvladebis raodenobas mocemuli minitermis rangi 

ewodeba. karnos baraTis nebismier ujras Seesabameba n rangis garkveuli mini-

termi (nax. 4.17,a,b,g).  

 

 

 

 3                                      

 4                                      

xi 

x1 x2 x3 x4 
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b) a) 

 

 

 

 

x1 

x3 

0 0 0 0 0 1 0 1 1 0 1 0 

x2 x1 x3 x2 x1 x3 x1 x3 x2 x1 x2 x3 

1 0 0 1 0 1 1 1 1 1 1 0 

x2 x3 x1 x2 x3 x1 x2 x3 x1 x2 x3 x1 

0 

1 

0 0 0 0 0 0 0 0 

x2 

x1 

x2 x3 

x1 

1 0 

0 0 0 1 

x1 x2 x1 x2 

1 0 1 1 

x1 x2 x1 x2 

0 

1 

x2 

x1 

x2 

nax. 4.17.  ori (a), sami (b) da oTxi (g) logikuri  

        cvladisaTvis agebuli karnos baraTebi 

x1 

x3 

0 0 0 1 
x1 x2 x4 

x2 x3 x1 x4 x3 

g) 

0 0 

0 1 

1 1 

1 0 

x1 

x2 

x3 

x4 

0 0 0 1 1 1 1 0 
x2 

x4 

0 1 0 0 
x1 x2 x3 x4 

0 1 1 0 
x1 x2 x3 x4 

0 1 1 1 
x1 x2 x3 x4 

0 1 1 0 
x1 x2 x3 x4 

1 1 0 0 
x4 x1 x2 x3 

1 1 0 1 
x1 x2 x3 x4 x2 

1 1 1 1 
x1 x2 x4 x3 

1 1 1 0 
x1 x2 x4 x3 

0 0 1 1 
x1 x2 x3 x4 

0 0 0 1 
x1 x2 x3 x4 

0 0 0 
x1 x2 x4 x3 

0 

1 0 1 1 1 0 0 1 1 0 0 0 1 0 1 0 

x3 

x2 x4 x1 x2 x1 x4 x3 x3 x2 x1 x4 

 nax. 4.18. karnos baraTis meSveobiT lo-  

 gikuri funqciis warmodgenis magaliTi   

            

1 1 

1 1 

x4 

x2 

x3 

x1 

10 

10 

x1 x2 

x3 x4 

00 

00 

01 

01 

11 

11 

n raodenobis argumentze damoki- 

debuli funqciis diziunqciuri sru- 

lyofili normaluri forma warmoad- 

gens n rangis minitermebis diziunqci- 

as. mis TiToeul wevrs n raodenobis 

cvladebisaTvis agebul karnos baraT- 

Si Seesabameba garkveuli ujra. am uj-  

rebs Tu aRvniSnavT 1-iT, xolo danar- 

Cenebs davtovebT Seuvseblad an aRvni-

SnavT 0-iT, miviRebT logikuri fu-

nqciis gamosaxvis koordinatul saxes.  

magaliTad, ganvixiloT n=4 cvlad-

ze damokidebuli logikuri funqcia:     



206 
 

 

   

mocemuli funqciis koordinatuli saxe 4.18, naxazzea naCvenebi. 

          karnos baraTis ujrebis warmomqmnel or xazs, romelTa Sorisac  

         moTavsebul mwkrivebs an svetebs Seesabameba xi cvladis 1-is toli 

       mniSvnelobebi, xi  cvladis RerZebi vuwodoT. CavTvaloT, rom baraTis 

ujra moTavsebulia xi  cvladis RerZebis Siga mxares, Tu am ujris minitermi 

Seicavs aRniSnuli cvladis uinversio gamosaxulebas. winaaRmdeg SemTxvevaSi 

CavTvaloT, rom igi moTavsebulia xi  cvladis RerZebis gare mxares.  

4.17,a,b,g naxazebze xi  cvladis RerZebi specialurad isrebiTaa miTiTebuli; 

isrebis SemaerTebeli xazebiT ki aRniSnuli RerZebis Siga mxareebia SemosazRvru-

li.  

karnos baraTi isea agebuli, rom xi RerZis sxvadasxva mxareze simetriulad 

ganlagebul minitermebs aqvs xi M da     saxe, sadac aris n-1 rangis minitermi. 

maTi diziunqcia Sewebebis wesis Tanaxmad SeiZleba minitermiT Seicvalos:      

 

 

xi  cvladis RerZis sxvadasxva mxareze simetriulad ganTavsebul ujrebs 

mezobeli ujrebi ewodeba. simetriulobis kanonis Tanaxmad, mezobeli ujrebis 

raodenoba luwia da maTi raodenoba 2d
-s  tolia, sadac d (d{0;1;...;n) – ujreb-

is simetriulobis RerZebis raodenobaa. 2d
 raodenobis mezobeli ujrebis erTo-

bliobas d-kubi vuwodoT. 

d-kubis ujredebs hkveTs xi-cvladebis raodenobis RerZebi, romlebsac d-kubis 

simetriulobis RerZebi vuwodoT. kerZod:  

  21=2 raodenobis mezobeli ujra warmoqmnis 1-kubs da mas aqvs simetri-

ulobis erTi RerZi; 

  22=4 raodenobis mezobeli ujra warmoqmnis 2-kubs da mas aqvs simetri-

iulobis ori RerZi; 

  23 raodenobis mezobeli ujra warmoqmnis 3-kubs da mas aqvs simetri-

ulobis sami RerZi da a.S.  

          d-kubis ujredebis Sesabamisi minitermebi Seicavs n-d rangis erTi 

       da igive M miniterms. igi d-kubis nebismieri ujris Sesabamisi minite-  

       rmidan am kubis simetriulobis RerZebis amoSliT miiReba. d-kubis 

ujrebis Sesabamisi minitermebis diziunqcia n-d rangis M minitermis tolia, ro-

melsac d-kubis fuZe ewodeba.  

ganvixiloT 4.19,a naxazze naCvenebi karnos matrica. misi saSualebiT          

warmodgenilia Semdegi logikuri funqcia; mis diziunqciur srulyofil normal-

ur formas aqvs Semdegi saxe:     

 

 

 

wertilovani xazebiT agebuli kvadratiT Semofarglulia 2-kubis Sesabamisi 

22=4 raodenobis ujrebi. am kubis simetriulobis RerZebia (e.i. am kubs hkveTen) 

x1 da x3 cvladebis RerZebi. kubis fuZis misaRebad ganvixiloT misi nebismieri 

ujris minitermi, magaliTad          ; am minitermidan x1 da x3 cvladebis amo- 

SliT miviRebT 2-kubis M= x2 x4 fuZes. ganxiluli 2-kubis ujrebis Sesabamisi mi-

 6                                      

(4.58) f (x1x2 x3 x4) = x1  x2  x3  x4  + x1  x2  x3  x4  + x1  x2  x3  x4  + x1  x2  x3  x4 .  

 5                                      

xi M 

 xi M + xi M = M (xi +xi) = M. (4.59) 

(4.60) 

F(x1  x2  x3  x4 )   =  x1  x2  x3  x4  +  x1  x2  x3  x4  +  x1  x2  x3  x4   +  

                           +   x1  x2  x3  x4  +    x1  x2  x3  x4   .            

x1  x2  x3  x4   
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nitermebis diziunqcia SeiZleba Seicvalos aRniSnuli fuZiT, ris Sedegadac 

(4.60) gamosaxuleba miiRebs Semdeg saxes: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

zemoT ganxiluli 2-kubSi Sedis uwyveti xazebiT agebuli marTkuTxedebiT 

Semofargluli ori 1-kubi da Tavad igi ar Sedis arc erT sxva d-kubSi. aseT d-

kubs maqsimaluri d-kubi vuwodoT. zogadad, maqsimaluri d-kubi ewodeba iseT d-

kubs, romelic ar Sedis romelime sxva d-kubis SemadgenlobaSi.  

tipuri 4-kubis M fuZeebi 4.19  naxazzea mocemuli.   

 

     

nax.4.19. tipuri 4-kube- 

bis fuZeTa gansazRvrebis  

      magaliTebi            

  

M = x2 x3 

1 

1 

x3 

x1 

x2 

x4 

1 

1 

g) b) 

M = x2 x4 

x1 

1 

1 1 

1 
x2 

x4 

x3 

M = x3 x4 

x3 

x2 

x4 

x1 

d) 

1 

1 

1 

1 

M = x2 x4 

x3 

x2 

x4 

x1 

1 

1 1 

1 

v) 

M = x1 x2 

e) x3 

x2 

x4 

x1 

1 1 1 1 

M = x4 

x1 

x3 

x4 

x2 

z) 

1 1 

1 1 

1 1 

1 1 

M = x2 

x3 

x1 

x4 

x2 

T) 

1 1 1 1 

1 1 1 1 

1 

a) 

1 

x1 

x3 

        x2 x4 + x1 x2 x3 x4  

x4 

x2 
1 

1 1 

(4.61) F(x1  x2  x3  x4 )   =   x2  x4  +  x1  x2  x3  x4 .            
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karnos baraTis gamoyenebiT logikuri funqciis minimizaciis procedura ase-

Tia: 

    

                       

 

 

 

 

 

 

        ganvixiloT magaliTi. davuSvaT, rom mocemulia oTx argumentze da- 

        mokidebuli Semdegi logikuri funqcia: 

   

 

 

 

igi Seicavs 10 miniterms, romelTaganac TiToeulis rangi 4-is tolia. lo-

gikuri funqciis diziunqciuri srulyofili normaluri formis jamuri rangi 

masSi Semavali minitermebis rangebis jams vuwodoT da pirobiTad Q asoTi aRvni-

SnoT; mocemuli funqciisaTvis Q = 40. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F(x1  x2  x3  x4 )   =  x1  x2  x3  x4  +  x1  x2  x3  x4  +  x1  x2  x3  x4   +   x1  x2  x3  x4  +  

                           +   x1  x2  x3  x4  +    x1  x2  x3  x4  +   x1  x2  x3  x4  +    x1  x2  x3  x4  +  

                           +   x1  x2  x3  x4  +   x1  x2  x3  x4 .            (4.62) 

    logikuri funqcia warmovadginoT karnos baraTis saSualebiT; 

    miRebul karnos baraTSi warmovqmnaT minimaluri raodenobis iseTi maq- 

simaluri d-kubebi, romlebSic gaerTianebuli iqneba 1-ianebiT aRniSnuli yve-

la an maqsimaluri raodenobis ujrebi; 

    ganvsazRvroT warmoqmnili d-kubebis fuZeTa gamosaxulebebi; 

    SevadginoT d-kubebis miRebuli gamosaxulebebisa da im ujrebis minite- 

rmebis diziunqciebi, romlebic ar Sedis arc erT warmoqmnil d-kubSi (Tu 

aseTi ujrebi arsebobs); 

    miRebuli gamosaxuleba warmoadgens logikuri funqciis minimalur 

diziunqciur normalur formas.    

 7                                      

nax.4.20. d-kubis formirebisa misi fuZis gansazRvris magaliTi  

A 1-kubi M=x1 x3 x4 

M=x1 x3  2-kubi B 

M=x1 x2  2-kubi C 

M=x3 x4  2-kubi D 

1 1 

1 1 

1 

1 1 1 1 

1 

x1 

x2 

x4 

x3 

SeniSvnebi:   

  2-kubi niSnavs, rom ujrebis  
mocemul  jgufs hkveTs 2 sxva- 
dasxva logikuri cvladis RerZi 
(e.i. am ujrebis simetriulobis 
RerZebis raodenoba 2-is tolia);   
  1-kubi niSnavs, rom ujrebis 
mocemul  jgufs hkveTs 1 logi- 
kuri cvladis RerZi (e.i. am uj-
rebis simetriulobis ReZebis 
raodenoba 1-is tolia);   
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zemoT moyvanili proceduris gamoyenebiT vipovoT misi minimaluri diziunqci-

uri normaluri forma. 

  mocemuli logikuri funqcia warmovadginoT karnos baraTis saSualebiT. 

miviRebT 4.20 naxazze moyvanil karnos baraTs. 

  4.20 naxazze naCveneb karnos baraTSi gamovyoT maqsimaluri d–kubebi. naxaz-

ze isini wertilovani xazebiT agebuli oTkuTxedebiTaa naCvenebi. rogorc naxazi-

dan Cans, mocemul SemTxvevaSi arsebobs sami 2-kubi da erTi 1-kubi, romlebic 

moicavs 1-ianebiT aRniSnul yvela ujras;    

   ganvsazRvroT miRebuli d–kubebis M fuZeebi: 

1) A ujrebi warmoqmnis 1-kubs da aqvs simetriulobis erTi, kerZod x2 

cvladis RerZi. aRniSnuli kubis fuZis sapovnelad sakmarisia aviRoT am kubis 

warmomqmneli erT-erTi nebismieri ujris Sesabamisi minitermi da misgan amo-

vSaloT x2 cvladi, romlis RerZic hkveTs mocemul 1-kubs. aRniSnuli operaciis 

Sesrulebis Sedegad miviRebT mocemuli kubis Semdeg fuZes: 

 

                  

2)  B ujrebi warmoqmnis 2-kubs da aqvs simetriulobis ori, kerZod x2 da x4 

cvladebis RerZebi. aRniSnuli kubis fuZis sapovnelad sakmarisia aviRoT am 

kubis warmomqmneli erT-erTi nebismieri ujris Sesabamisi minitermi da misgan 

amovSaloT x2 da x4 cvladebi, romelTa RerZebic hkveTs mocemul 2-kubs. aRni-

Snuli operaciis Sesrulebis Sedegad miviRebT mocemuli kubis Semdeg fuZes: 

 

 

   3) C ujrebi warmoqmnis 2-kubs da aqvs simetriulobis ori, kerZod x3 da x4 

cvladebis RerZebi. aRniSnuli kubis fuZis sapovnelad sakmarisia aviRoT am 

kubis warmomqmneli erT-erTi nebismieri ujris Sesabamisi minitermi da misgan 

amovSaloT x3 da x4 cvladebi, romelTa RerZebic hkveTs mocemul 2-kubs. aRni-

Snuli operaciis Sesrulebis Sedegad miviRebT mocemuli kubis Semdeg fuZes: 

 

 

 4) D ujrebi warmoqmnis 2-kubs da gaaCnia simetriulobis ori, kerZod x1 da 

x2 cvladebis RerZebi. aRniSnuli kubis fuZis sapovnelad sakmarisia aviRoT am 

kubis warmomqmneli erT-erTi nebismieri ujris Sesabamisi minitermi da misgan 

amovSaloT x1 da x2 cvladebi, romelTa RerZebic hkveTs mocemul 2-kubs; aRni-

Snuli operaciis Sesrulebis Sedegad miviRebT mocemuli kubis Semdeg fuZes: 

 

 

miviReT 4.20 naxazze arsebuli yvela d-kubis fuZe; amitom gadavideT zemoT 

moyvanili proceduris Semdeg safexurze.  

  SevadginoT miRebuli d-kubebis miRebuli gamosaxulebebis diziunqcia:      

 

   

miRebuli gamosaxuleba warmoadgens logikuri (4.62) funqciis minimalur di-

ziunqciur normalur formas. misi jamuri rangi 9-is tolia. vinaidan gansa-

zRvrebis Tanaxmad logikuri minimaluri diziunqciuri normaluri forma Seicavs 

B:       M =  x1  x2  x3  x4  =  x1  x2  x3  x4  =  x1  x2  x3  x4   =   x1  x2  x3  x4  =  x1  x3.             (4.64) 

C:       M =  x1  x2  x3  x4  =  x1  x2  x3  x4  =  x1  x2  x3  x4   =   x1  x2  x3  x4  =  x1  x2 .            (4.65) 

M =  x1  x2  x3  x4  =  x1  x2  x3  x4  = x1  x3  x4.     A: (4.63) 

(4.66) D:       M =  x1  x2  x3  x4  =  x1  x2  x3  x4  =  x1  x2  x3  x4   =   x1  x2  x3  x4  =  x3  x4 .             

f(x1  x2  x3  x4 ) = x1  x3  x4  +  x1  x3 +  x1  x2  + x3  x4  

.     

 

.         (4.67)  
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minimaluri raodenobis logikur cvladebs, amitom minimaluri iqneba misi jamuri 

rangic, e.i. SegviZlia davweroT:  Qmin = 9; rogorc vxedavT misi jamuri rangi 

(4.62) gamosaxulebis jamur rangze daaxloebiT 4,4-jer naklebia ( 
 

    
 = 

  

 
   

4,4). 

 radgan (4.62) da (4.67)  gamosaxulebebi igivuri gamosaxulebebia, amitom ma-

Ti realizaciis Sedegad miRebuli diskretuli mowyobilobebi absoluturad er-

Ti da igive funqciebs Seasrulebs; oRond (4.65) gamosaxulebis realizebiT mi-

Rebuli diskretul mowyobilobas eqneba gacilebiT martivi struqtura, rac 

mniSvnelovnad aamaRlebs mis teqnikur, ekonomikur da saimedoobiT maCveneblebs. 

 

 

  

 

 

 

      karnos baraTis ujrebis misamarTebi SeiZleba aTobiTi ricxvebiTac ga-  

      movsaxoT. amisaTvis misamarTebis maCvenebeli orobiTi ricxvebi aTvlis  

    aTobiT sistemaSi unda gadaviyvanoT. 4.21,a naxazze naCvenebia 4 cvladisa-

Tvis agebuli karnos matricis ujrebis misamarTebis aTobiTi ricxvebiT gamosax-

vis magaliTi. 

 

 

 

 

 

 

 

 

 

 

n=5 cvladebis SemTxvevaSi 25 =32 ujriani baraTis nacvlad mosaxerxebelia 

gamoviyenoT ori 16 ujriani baraTi (nax.4.21,b), romelTaganac erT-erTi Seesa-

bameba x5-is 0-is tol, xolo meore – 1-is tol mniSvnelobas. aseve, n=6 

cvladisaTvis erTi 26 =64  ujriani baraTis nacvlad mosaxerxebelia gamoviyenoT 

oTxi 16 ujriani baraTi            

      karnos baraTis saSualebiT gamosaxuli logikuri funqciis minimaluri 

      koniunqciuri normaluri formis misaRebad saWiroa ganvixiloT  

     baraTis carieli (0-ebiT moniSnuli) ujrebi. vipovoT maTi minimaluri 

raodenobis maqsimaluri d–kubebis M fuZeebi, maTSi movaxdinoT cvladebis in-

versireba da miRebuli cvladebi erTmaneTs diziunqciis niSnebiT davakavSiroT. 

aRniSnuli operaciis Catarebis Sedegad miviRebT (n-d) rangis N  maqsitermebs. 

miRebuli maqsitermebisa da d–kubebSi gauerTianebeli ujrebis (aseTi ujrebis 

arsebobis SemTxvevaSi) maqsitermebis koniunqcia warmoadgens funqciis minimalur 

 8                                      

 9                                      

nax.4.21. 4 da 5 cvladisaTvis agebuli karnos baraTebi  

10 

10 

x1 x2 

x3 x4 

00 

00 

01 

01 

11 

11 

0 1 3 2 

4 5 6 7 

8 9 10 11 

12 13 14 15 

a) b) 

20 22 18 16 

28 30 26 24 

12 14 

10 

10 

x1 x2 

x3 x4 

00 

00 

01 

01 

11 

11 

0 2 6 4 

8 10 

21 23 19 17 

29 31 27 25 

13 15 

10 

10 

x1 x2 

x3 x4 

00 

00 

01 

01 

11 

11 

1 3 7 5 

9 11 

x5 = 0 x5 = 1 

igivuri logikuri gamosaxulebebis marealizebel diskretul mowyobilobebs 

ekvivalenturi diskretuli mowyobilobebi ewodeba. gansazRvrebis Tanaxmad, ekvi-

valenturi diskretuli mowyobilobebi erTi da igive logikuri funqciebis mare-

alizebeli sxvadasxva struqturis mqone diskretul mowyobilobebia. 
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koniunqciur normalur formas. karnos nebismieri ujris maqsiterms miviRebT am 

ujris minitermisagan; amisaTvis unda movaxdinoT am ukanasknelSi arsebuli 

cvladebis invertireba da miRebuli cvladebi erTmaneTs davukavSiroT dizi-

unqciis niSnebiT.     

 

 

 

 

      

        logikur funqciebs, romlebic argunentebis TiToeul nakrebze iRebs   

        winaswar gansazRvrul mniSvnelobebs, srulad gansazRvruli lo-  

       gikuri funqciebi ewodeba. arsebobs logikuri funqciebi, romelTa 

mniSvnelobebi argumentebis zogierT nakrebze mkacrad gansazRvruli ar aris; 

aseT nakrebze maT SeuZlia miiRos nebismieri, e.i. rogorc 0-is, aseve 1-is to-li 

mniSvnelobebi; aseT funqciebs arasrulad gansazRvruli logikuri funqciebi 

ewodeba. argumentebis nakrebebs, romlebzedac funqciebis nebismieri mniSvnelobis  

miReba SeuZlia – mniSvnelobaTa neitraluri nakrebebi ewodeba. aRniSnuli nakre-

bebis Sesabamisi minitermebi da maqsitermebi Sesabamisad warmoadgenen neitralur 

minitermebs da maqsitermebs. magaliTad, WeSmaritobis 4.10 cxriliT warmodgenil     

 

 

 

 

 

 

 

 

 

 

 

 

 

            mocemuli funqciis marealizebeli diskretuli mowyobilobis fun- 

        qcionirebis mTel procesSi mis Sesasvlelze arasodes miewodeba Se- 

           sasvleli signalebis 0001, 1000, 1001 da 1110 nakrebebi, romle-

bisTvisac WeSmaritobis 4.10 cxrilSi funqciis y mniSvneloba gansazRvruli ar 

aris; aRniSnulidan gamomdinare, diskretuli mowyobilobis funqcionirebis al-

goriTmi ar dairRveva, Tu WeSmaritobis 4.10 cxrilSi funqciis y mniSvnelobas 

pirobiTad 0-is an 1-is tolad CavTvliT. aseT SemTxvevaSi nawilobrivad 

4.9. arasrulad gansazRvruli logikuri 

funqciebis minimizacia. logikur 

funqciaTa  sistemebis minimizacia 

 

 

 

 

 

 

 

E 

 

 

 

 

 1                                      

 2                                      

y 

1 
~ 
0 
0 
1 
1 
0 
0 
~ 
~ 
1 
0 
1 
0 
~ 
0 

x1 x2 x3 x4 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

cxr. 4.10 arasr-  

 ulad gansazRv- 

ruli logikuri  

   funqcia   

funqciaSi gansazRvruli ar aris argumentebis mniSvnelo-

baTa 0001, 1000, 1001 da 1110 nakrebebze amitom maTi mi-

xedviT Sedgenili x1 x2 x3 x4,  x1 x2 x3 x3,  x1 x2 x3 x4,  x1 x2 x3 x4 

minitermebi  ( x1+x2+x3+x4,   x1+x2+x3+x4,  x1+x2+x3+x4,  

x1+x2+x3+x4  maqsitermebi) warmoadgens neitralur miniter-

mebs (maqsitermebs).   

  karnos baraTze arasrulad gansazRvruli funqciis ne-  

itraluri nakrebebis  Sesabamisi funqciis mniSvnelobebi “~” 

niSnebiTaa aRniSnuli. 4.10 cxriliT gansazRvruli funqcisa-

Tvis Sedgenili karnos baraTi 4.22,a naxazzea naCvenebi. amis 

mixedviT gasazRvrul minimalur diziunqciur normalur  

formas eqneba Semdegi saxe:  

 

f(x1x2x3 x4) = x1 x2 x3  +  x2x3x4+  x1x2x3  + x1x2 x3 x4 ,     (4.68)  

romlisTvisac jamuri rangi Q = 13.     
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gansazRvruli logikuri funqcia gardaiqmneba srulad gansazRvrul logikur 

funqciad.  

Lneitraluri minitermebisaTvis funqciis mniSvnelobis nebismieri gansa-

zRvris gziT srulad gansazRvrul logikur funqciad arasruli logikuri fun-

ciis gardaqmnis wess mocemuli funqciis gansazRvrebis xelovnurad dasrulebis 

wesi vuwodoT. 

 

 

 

 

 

 

     

 

 

 

       

 

 

 

 

 

gamoviyenoT arasrulad gansazRvruli logikuri funqciis gansazRvrebis 

xelovnurad dasrulebis meTodi da: 

   CavTvaloT, rom 4.10 cxrilSi arsebuli yvela “~” niSani cifr “1”-is 

ekvivalenturia. aseT SemTxvevaSi 4.22,a naxazze naCvenebi karnos baraTi garda-

iqmneba 4.22,b naxazze naCveneb baraTad da funqciis minimalur diziunqciur no-

rmalur formas eqneba Semdegi saxe:   

 

 

romlis jamuri rangi Q=10, e.i. (4.68) gamsaxulebasTan SedarebiT daaxloebiT 

33%-iT Semcirda.  

  CavTvaloT, rom 4.10 cxrilSi 1001 nakrebis gaswvriv arsebuli “~” niSani 

“0”-is, xolo  yvela danarCeni “~” niSani - “1”-is ekvivalenturia; aseT SemTxve-

vaSi  funqciis karnos baraTs 4.22,g naxazze naCvenebi saxe eqneba, saidanac mivi-

RebT funqciis Semdeg minimaluri diziunqciur normalur formas:      

          

romlis jamuri rangi Q=7, e.i. (4.68) gamsaxulebasTan SedarebiT daaxloebiT 

47,2%-iT Semcirda. 

f(x1x2x3 x4) = x1 x2  + x1 x3+ x1x3 x4, (4.70) 

(4.69) f(x1x2x3 x4) = x1 x2  + x1 x3+  x1x2x3  + x1x3 x4, 

x1 

x4 

x2 

x3 
10 

10 

x1 x2 

x3 x4 

00 

00 

01 

01 

11 

11 

1 

1 

1 

1 

1 

~ 

~ 

~ 

~ 

x1x2x3 

x1x2x3 

x1x2x3x4 

x2x3x4 

x4 

x2 

x1 

x3 

~ 

~ 

~ 

10 

10 

x1 x2 

x3 x4 

00 

00 

01 

01 

11 

11 

1 

1 

1 

1 

1 

~ 

x1x3 x4 

x1x3 

x1x2 x3 

x1x2 

x1x2 

10 

10 

x1 x2 

x3 x4 

00 

00 

01 

01 

11 

11 

1 

1 

1 

1 

1 

~ 

~ 

~ 

x4 

x2 

x1 

x3 

x1x3 x4 

x1x3 

a) b) 

g) 

nax.4.22 arasrulad gansazRvruli logi- 

  kuri funqciis minimizaciis procesis  

            m a g a l i T i  ~ 
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    (4.70) aris 4.20 cxrilidan miRebul minimalur diziunqciur formebs Soris 

yvelaze martivi gamosaxuleba; mis mixedviT agebul diskretul mowyobilobas eq-

neba danarCeni gamosaxulebebis mixedviT agebul nebismier diskretul mowyobi-

lobaze ukeTesi teqnikuri, ekonomikuri da saimedoobiTi maCvenelebi.  

           zemoT Cven ganvixilavdiT n raodenobis x1, x2, … , xn Sesasvlelisa da  

           erTi y  gamosasvlelis mqone diskretul mowyobilobis mqone diskre- 

           tul mowyobilobas, romelic axdens logikuri y = f(x1, x2, … , xn) 

funqciis realizacias. aRniSnuli mowyobiloba warmoadgens n raodenobis Sesa-

svlelisa da m raodenobis gamosasvlelis mqone (ix. nax. 4.2) diskretuli mo-

wyobilobis kerZo SemTxvevas, romlisaTvisac m = 1. axla ganvixiloT m  1 

SemTxveva; aseTi mowyobilobis saSualebiT realizdeba logikur funqciaTa 

Semdegi sistema:     

     

 

 

 

diskretuli mowyobilobis struqturis gasamartiveblad, upirveles yovlisa, 

individualurad unda movaxdinoT (4.71) sistemaSi Semavali TiToeuli funqciis 

minimizireba. amis Sedegad miRebuli minimizirebuli funqciebi Tu Seicavs wevre-

bis erTnair erTobliobas, maSin maTi realizebisaTvis SeiZleba mowyobilobis 

erTi da igive kvanZebi gamoviyenoT, rac damatebiT gaamartivebs mowyobilobis 

struqturas. amitom logikuri funqciebis minimizaciis dros saWiroa ganisa-

zRvros zemoT aRniSnuli erTnairi wevrebis erToblioba.           

funqciaTa sistemebis minimizacia SeiZleba moxdes am sistemaSi Semavali m  

raodenobis funqciebisaTvis agebuli implikanturi matricas [15;16] an funqciebis 

urTierTdakavSirebiT miRebuli raodenobis gamosasvleliani funqciis [16] gamoye-

nebis saSualebiT. gavecnoT am ukanasknels. ganvixiloT funqciaTa sistema, ro-

mlisTvisac m = 2:      

 

 

 

 

 

 

 

 

 

 

 

 

 

 3                                      

y1 = f1 (x1, x2, … , xn), 

y2 = f2 (x1, x2, … , xn), 

 

ym = fm (x1, x2, … , xn). 

 

(4.71) 

f1 = x1 x2 x3 x4 + x1 x2 x3 x4 + x1 x2 x3 x4 + x1 x2 x3 x4 , 

f2 = x1 x2 x3 x4 + x1 x2 x3 x4 + x1 x2 x3 x4 + x1 x2 x3 x4  + x1 x2 x3 x4 .  

 

 

(4.72)  

 

 

x1 x2 x3 x4 

 

x1 x2 x3 x4 

 

a)

AA x2x3x4 
x2x3x4 

x1x3x4 x1x3x4 

x4 

x2 

x1 

x3 
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x1 x2 

x3 x4 

00 

00 

01 

01 

11 
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1 

1 

1 1 1 

1 

1 

10 

10 

x1 x2 

x3 x4 
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00 

01 

01 

11 

11 

1 

x4 

x2 

x1 

x3 

b)

AA 

nax. 4.23.  (4.72) sistemaSi Semavali logikuri   

        funqciebis Sesabamisi karnos baraTebi 

x1 x2 x3 x4 
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romelime cnobili meTodis gamoyenebiT movaxdinoT (4.72) sistemaSi Semavali 

logikuri f1 da f2 funqciebis minimizacia. 4.23,a,b naxazebze moyvanilia aRniSnuli 

funqciebis Sesabamisi karnos baraTebi, romelTa saSualebiTac miiReba maTi mini- 

mizirebuli     da    gamosaxulebebi: 

 

 

 

sistemaSi Semavali minimizirebuli               funqciebisagan erTi Φ 

funqciis misaRebad saWiroa    , i = 1; 2; … ; m funqciaSi Semavali diziunqciuri 

wevrebi aRvniSnoT Yi aso-iarliyiT da Semdeg sistemaSi Semaval funqciaTa yvela 

wevri erTmaneTs davukavSiroT diziunqciis niSnebiT. Φ funqciaSi arsebuli Yi 

aso-iarliyi gviCvenebs Tu romel  funqciaSi Sedis mocemuli diziunqciuri 

wevri. Yi aso-iarliyiT    funqciis diziunqciuri wevrebis aRniSvnis faqts Tu   

   gamosaxulebiT aRvniSnavT, maSin miviRebT: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

zemoT ganxilul magaliTSi miRebuli (4.73) sistema miiRebs Semdeg saxes:  

 

 

amitom, (4.74) gamosaxulebis Tanaxmad gveqneba: 

  

 

  
  

(4.73)  

 

 

  
  

       = x3 x4 (x1 + x2) + x1 x2 x3 x4 , 

        = x3 x4 ( x1 + x2)  + x1 x2  (x3 x4 + x3 x4) .  

 

 

  
  

  
    

    
  , , , 

  
  

  
  

  
  

  
  

  
  Yi 

  
  Y1 +   

  Y2 + …  +    
  Ym . 

 

 

Φ = (4.74) 

  
 Y1 = x3 x4 (x1 + x2) + x1 x2 x3 x4 ,  

  
 Y2 = x3 x4 ( x1 + x2)  + x1 x2  (x3 x4 + x3 x4) . 

(4.75) 

Φ = x3 x4 (x1 + x2)Y1  +  x1 x2 x3 x4 Y1  +  x3 x4 ( x1 + x2) Y2  +  

                                                            +   x1 x2  (x3 x4 + x3 x4) Y2 (4.76) 

x3 x4 + x3 x4 

x1 

x2 

x3 

x4 

x1 

x3 

x2 

x4 

1 

1 

 

1 

 

 

1 

 

 

 
1 

1 

1 

1 

 

 

nax.4.24. logikur funqciaTa sistemis minimizaciis magaliTi  

x1x2 

x3 x4 

x3 x4 

x3 x4 

x1 + x2 

x3 x4 

φ1 

φ2 

Y1 

Y2 
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erTiani Φ funqciis Sedgenis Semdeg sistemis minimizaciis amocana daiyvaneba 

masSi Semavali φYi da φYj (i;j{1,2,…,m}, ij) saxis diziunqciuri wevrebis povni-

sa da φ(Yi+Yj) saxiT maT warmodgenamde, sadac (Yi+Yj) gamosaxuleba niSnavs, rom 

φ ekuTvnis rogorc   , aseve   funqcias. amasTanave, Tu diskretuli mowyobi-

lobis asagebad gamoiyeneba kontaqturi elementebi, maSin saerTo φ nawili Sei-

Zleba Seicavdes erT cvlads (igi garkveul kontaqts Seesabameba), xolo Tu 

ukontaqto elementebi gamoiyeneba, maSin igi unda Seicavdes orze aranakleb 

cvlads. 

ukontaqto elementebis gamoyenebis SemTxvevisaTvis (4.76) gamosaxuleba mi-

iRebs Semdeg saxes: 

 

xolo kontaqturi elementebis gamoyenebis SemTxvevisaTvis – saxes: 

 

(4.78) funqciis marealizebeli diskretuli mowyobilobis sqema 4.24 naxazzea 

naCvenebi. masze punqtiruli xazebiT gamosaxuli oTkuTxedebiT gamoyofilia kvan-

Zebi,  romlebic  axdens rogorc   ,  aseve    funqciaSi  Semavali  saerTo                                             

                             wevrebis realizacias 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
    

  

(4.77) Φ  =  x3 x4 (x1 + x2) (Y1 + Y2)  +  x1 x2 [ x3 x4 Y1 + (x3 x4  + x3 x4 )Y2 ],  

                                                             

Φ = x3 x4 (x1 + x2) (Y1 + Y2)  +  x1 x2 [ x4 (x3Y1 +  x3 Y2 ] + x3 x4 Y2 ]. 

                                                             

(4.78) 

  
    

  

  φ1 = x3 x4 (x1 + x2)  da       φ 2 = x1 x2    
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              kompiuterul sistemebSi informaciis dasamuSaveblad saWiro funqciebs 

     procesori asrulebs. procesoris asagebad gamoiyeneba mikroprogramuli 

     li marTvis principebi, romlis Tanaxmadac: 

  orobiT kodebze (e.w. sityvebze) procesoris mier Sesrulebuli TiToeuli 

operacia rTuli moqmedebaa, romelic iyofa mikrooperaciebad wodebul elementa-

rul moqmedebebad; 

  mikrooperaciebis Sesrulebis Tanamimdevrobis samarTavad gamoiyeneba logi-

kuri pirobebi, romlebic Sesrulebuli mikrooperaciebis Semdeg logikuri nu-

lis an erTis saxiT asaxavs procesoris mdgomareobas;   

  procesorSi Sesasrulebeli procesi aRiwereba mikrooperaciebisa da logi-

kuri pirobebis terminebSi warmodgenili algoriTmis formiT, romelsac mikro-

programa ewodeba;    

  mikroprograma procesoris funqciis gamosaxvis formaa, romlis safuZvel-

ze ganisazRvreba procesoris struqtura da droSi misi funqcionirebis wesi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        struqturul-funqcionaluri TvalsazrisiT procesori iyofa oper- 

       aciul da mmarTvel avtomatebad (nax.5.1). 

      operaciuli avtomatis daniSnulebaa: 

 1                            

 2                            

nax. 5.1  procesoris struqtura 

procesoruli  mowyobiloba 

operaciuli 

 avtomati 

   (S) 
 

mmarTveli 

avtomati 
 

monacemebi D  

logikuri  

pirobebi 

   L  

Sedegi R  

mikrobrZanebebi Y  

“ara viqm, codna ras margebs filosofosTa brZnobisa” 

                                                                 SoTa rusTaveli  

                       

 

    

5.1. procesoruli mowyobilobebis     

funqcionirebis sakiTxebi 

 

 

               V   T a v i       

 kompiuteruli sistemebis asagebad 

 logikis algebris gamoyenebis 

 sakiTxebi   
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 R Sedegis misaRebad daamuSaos Sesasvleli sityvebis D simravle. damuSavebis 

process marTavs Y mikrobrZanebebi; TiToeuli mikrobrZaneba axdens mikroopera- 

ciaTa srul {y1; y2, …, yN} nakrebSi Semavali garkveuli mikrooperaciis Sesrule- 

bis inicirebas.   

 moaxdinos samauwyeblo signalebis L simravlis formireba; TiToeuli sama-

uwyeblo signali garkveuli logikuri pirobis saxiT gamoixateba; 

 Seinaxos Sesasvleli sityvebis D, agreTve informaciis damuSavebis proce-

sSi warmoSobili logikuri pirobebis L, Sinagani sityvebis S da gamosasvleli 

sityvebis R simravleebi.  

 zemoT CamoTvlili funqciebis Sesasruleblad operaciuli avtomati mexsie-

rebasa da kombinaciur diskretul mowyobilobebs Seicavs; am ukanasknelTa dani-

Snulebaa Seasrulos mikooperaciebi da gamoiTvalos logikuri pirobebis mniSvne-

lobebi.             

        kombinaciuri diskretuli mowyobiloba warmoadgens n x m polusas, 

        (ix.nax.4.2). mas miewodeba Sesasvleli x1, x2, … , xn signalebi, romel-  

        Ta damuSavebis Sedegad warmoiSveba gamosasvleli y1, y2, … , ym sig-

nalebi. Sesasvlel da gamosasvlel signalebs Soris kavSirs gansazRvravs raode-

nobis logikuri funqciebisagan Semdgari sistema: 

        

              

 

 

 aseTi zogadi saxis sistemebi da maTi marealizebeli mowyobilobebis blok-

sqema Cven meoTxe TavSi ganvixileT. mocemul TavSi ki SeviswavliT farTod gav-

rcelebuli zogierTi konkretuli saxis kombinaciuri diskretuli mowyobilobis 

sinTezisa da funqcionirebis sakiTxebs.  

       mmarTveli avtomati (ix. nax.5.1) gankuTvnilia Y simravleSi Semavali 

       mmarTveli signalebis generirebisaTvis. logikuri L pirobebis Sesaba-  

      misi mmarTveli signalebi mikroprogramebSi werilobiTi formiT aris 

fiqsirebuli. mikroprogramebis erTobliobis (programis) realizebas axdens pro-

cesori. aRniSnuli procesis Sesrulebis dros procesoris Sesasvlelebs miewo-

deba ama Tu im mikroprogramis Sesabamisi operaciebis kodebi; Sesasvlelebs imav-

droulad logikuri gare pirobebis Sesabamisi signalebic SeiZleba miewodebodes. 

rac Seexeba procesoris gamosasvlelebs, iq formirdeba gareSe mowyobilobebis 

marTvisaTvis saWiro signalebi.  

mmarTveli avtomati SeiZleba avagoT aparaturulad an programulad. pirvel 

SemTxvevaSi avtomati warmoadgens garkveuli logikuri elementebiT agebul rea-

lur diskretul mowyobilobas, romelic gamoimuSavebs mmarTvel brZanebebs. me-

ore SemTxvevaSi fizikuri diskretuli mowyobiloba ar arsebobs da mmarTveli 

brZanebebi mexsierebis specialur mowyobilobaSi Senaxuli mikroprogramis Se-

srulebis procesSi gamomuSavdeba.      

       zemoT aRniSnulis naTlad gaazrebisaTvis ganvixiloT umartivesi hip-                              

      oteturi procesori, romelic asrulebs       gamravlebis operacias, sa- 

     dac A=0111, xolo B=0101.  

operaciuli avtomatis agebis principis gansazRvrisaTvis visargebloT oro-

biTi ricxvebis gamravlebis wesiT, romlis drosac nawilobrivi namravlebis fo-

rmireba iwyeba mamravlis umcrosi Tanrigebidan (nax.5.2).  

 3                            

 4                           

 5                            A B 

y1 = f1 (x1, x2, … , xn), 

y2 = f2 (x1, x2, … , xn), 

 

ym = fm (x1, x2, … , xn). 

 

(5.1) 
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miRebuli nawilobrivi namravlebis Sesakrebad gamoiyeneba sumatorad wodebu-

li kombinaciuri mowyobiloba. sumatoris struqturis sirTule izrdeba Sesa-

krebi operandebis raodenobis, agreTve TiToeul maTganSi Semavali bitebis ra-

odenobis gazrdiT. aRniSnulis Tavidan asacileblad nawilobrivi namravlebis ra-

odenobisagan damoukideblad maTi SekrebisaTvis gamoiyeneba ori operandis Sesa-

krebad agebuli erTi sumatori; igi nawilobriv namravlebs droSi Tanamimdevro-

biT krebs.  

rogorc 5.2. naxazidan Cans, orobiTi ricxvebis gamravlebis Taviseburebaa is, 

rom nawilobriv mamravlebs SeuZlia miiRos mxolod ori mniSvneloba, kerZod:  

   samravl A–s toli mniSvneloba an 

   0-is toli mniSvneloba (igi warmoadgens imdeni 0–sagan Semdgar ricxvs, 

ramden bitsac Seicavs orobiTi A ricxvi). 

nawilobrivi namravlis sidide ganisazRvreba B mamravlis mimdinare Tanrigis 

mniSvnelobiT. nawilobrivi namravli Tu nulis tolia, maSin Sekrebis mikroope-

racia SeiZleba ar SevasruloT.  

zemoT aRniSnulidan gamomdinare, nawilobriv mamravlad gamoiyeneba mxolod 

orobiTi A ricxvi da amitom igi mudmivad unda SevinaxoT amisaTvis specialurad 

gamoyofil registrSi; 5.3 naxazze igi RG1 saxeliTaa aRniSnuli.  

 B mamravlis mimdinare Tanrigis aparaturad gansazRvrisaTvis aRniSnuli 

mamravli saWiroa movaTavsoT e.w. Zvris registrSi (SigTavsis marjvniv an mar-

cxniv gadaZvris unaris mqone registrSi); igi 5.3 naxazze RG2 saxeliTaa aRni-

Snuli; masSi B mamravli ise unda CavtvirToT, rom gamosasvleli signali mamrav-

lis yvelaze umcros Tanrigs Seesabamebodes. B mamravlis momdevno Tanrigis mni-

Svnelobis gansasazRvravad Sekrebis yoveli morigi mikrooperaciis Sesrulebis 

Semdeg RG2 registrSi moTavsebuli B ricxvi umcrosi Tanrigis mxareze TiTo 

TanrigiT unda gadaiZras.  

aucilebelia SevinaxoT nawilobrivi mamravlebis TiToeuli Sekrebis Semdeg 

miRebuli jami. amisaTvis operaciul avtomatSi saWiroa  mesame registric arse-

bobdes. igi 5.3 naxazze RG3 saxeliTaa aRniSnuli (ix. nax.5.3). gamravlebis ope-

raciis dawyebis win RG3 registrSi saWiroa nulebi CavtvirToT.  

gamravlebis procesi ase mimdinareobs: 

  RG1 registris SigTavsi emateba nawilobriv mamravlad gamoyenebul oro-

biT A ricxvs, romelic RG3 registrSia moTavsebuli (e.i. ikribeba RG3 da RG1 

registrebis SigTavsebi);  

× 
0 1  1 1 _ s a m r a v l i   A 

0 1 0 1 _ m a m r a v l i   B 

1 1 1 0 

0 0 0 0 

1 1 1 0 

0 0 0 0 

+ 

+ 

+ 

0 1 0 0 0 1 1 

_ 

_ 

_ 

_ 

_ 

1-li nawilobrivi namravli 

me-2 nawilobrivi namravli 

me-3 nawilobrivi namravli 

me-4 nawilobrivi namravli 

n a m r a v l i 

nax.5.2. mamravlis umcrosi Tanrigebidan dawyebuli gamravl-       

ebis wesis gamoyeneba orobiTi ricxvebis gamravlebisaTvis 
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  miRebuli Sedegi Tavsdeba RG3 registrSi (cvlis masSi arsebul SigTavss);  

  xdeba RG3 registris axali SigTavsis erTi TanrigiT  marjvniv daZvra, ra-

dgan B mamravlis TiToeuli morigi Tanrigis wona orjer izrdeba (nax. 5.3).  

rogorc vxedavT dasaxuli gamravlebis operaciis Sesrulebisas saWiro xdeba 

rogorc RG2, aseve RG3 registrebSi arsebuli SigTavsebis marjvniv daZvra; ami-

tom sasurvelia isini erT registrad gavaerTianoT; aRniSnuli gaerTianebiT wa-

rmoqmnil registrs Sedgenili registri vuwodoT da probiTad aRvniSnoT ro-

gorc RG2RG3.     

 

 

 

                          

             

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         sami registrisa da erTi sumatoris daxmarebiTYorobiTi ricxvebis   

            gamravlebis magaliTi 5.3 naxazzea moyvanili. A samravli mudmivad  

                       RG1  registrSia moTavsebuli; sawyis momentSi RG3 registrSi 

0000 ricxvi, xolo RG2 registrSi – B mamravlia moTavsebuli. A da B ope-

randebis ufros TanrigebSi cifr 0-is arseboba imas gviCvenebs, rom orive ricxvi 

dadebiTia.  

RG3 registrSi Caiwereba: 

  gamravlebis procesis msvlelobis dros _ nawilobrivi  namravlebi; 

  gamravlebis dasasruls – saboloo namravli.  

 6                              

nax. 5.3. sami registrisa da erTi sumatoriT orobiTi   

     ricxvebis gamravlebis algoriTmis ilustracia 

su
ma
t
o
r
is
aT
vi
s 
S
ig
- 
 
 
 

T
av
si
s
 
 
mi
w
o
d
eb
a 

procesis Tanamimdevroba Gg a n m a r t e b e b i 

namravli  A   B  

+ 

+ 

RG2- RG3 registris SigTavsis  

         marjvniv I Zvra   

 RG2- RG3 registris SigTavsis  

         marjvniv II Zvra   

 

RG2- RG3 registris SigTavsis  

         marjvniv III Zvra   

 RG2- RG3 registris SigTavsis  

         marjvniv IV Zvra   

 

registrebis  sawyisi mdgomareoba  

        

 

RG3 RG2 

0 0 0 0 0 1 0 1 

0 1

` 

1 1 0 1 0 1 

0 0

` 

1 1 1 0 1 0 

1 0

` 

0 0 1 1 0 1 

0 1

` 

0 0 0 1 1 0 

0 0

` 
 1 0

` 

0 0 1 1 0 1 

1 0 0 0 1 1 

0 0

` 

0 1 1 1 0 1 

0 1 1 1 

0 1 1 1 

RG1 

0 1 1 1 

da Sekreba RG2 + RG1  

        

 

da Sekreba RG2 + RG1  
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RG2 registris umcros TanrigSi arsebuli cifri pirobiTad aRvniSnoT ro-

gorc umT(RG2).  umT(RG2)-s mniSvneloba warmoadgens L1 logikur pirobas da 

gamravlebis procesSi xdeba am pirobis gansazRvra; kerZod:  

  Tu umT(RG2) = L1 = 1, maSin sruldeba Semdegi ori operacia: 

1) Seikribeba RG3 da RG2 registrebis SigTavsebi da miRebuli SigTavsi mo-

Tavsdeba RG3 registrSi. aRniSnuli operacia pirobiTad ase Caiwereba: 

 

 

2) Sedgenili RG2RG3 registris SigTavsi marjvniv erTi TanrigiT (R1-iT) 

gadaiZvreba. aRniSnuli operacia pirobiTad ase Caiwereba: 

                     

 

   Tu umT(RG2)=L1=0, maSin sruldeba erTaderTi operacia, kerZod Sedge-

nili RG2RG3 registris SigTavsi marjvniv erTi TanrigiT gadaiZvreba. aRni-

Snuli operacia pirobiTad (5.3) saxiT Caiwereba.  

5.3 naxazidan Cans, rom process aqvs cikluri xasiaTi. ciklebis n raodenoba 

mamravlis Tanrigebis raodenobis tolia (mocemul SemTxvevaSi n = 4). amitom 

procesoris sqemuri realizaciis dros operaciis damTavrebis momentis avtoma-

turad dafiqsirebisaTvis mizanSewonilia gamoviyenoT ciklis gameorebis raode-

nobis maCvenebeli ricxvidan gamoklebis operaciis Semsrulebeli mTvleli; mas 

gamomklebi mTvleli vuwodoT da pirobiTad gmT abreviaturiT aRvniSnoT. sa-

wyis mdgomareobaSi gmT-Si CaitvirTeba ciklis raodenobis maCvenebeli n ricxvi 

(Cvens SemTxvevaSi n=4(100(2))). TiToeuli ciklis damTavrebisas  mTvlelis Sig-

Tavsi 1-iT Semcirdeba; meoTxe ciklis damTavrebis Semdeg mTvleli aRmoCndeba 

carieli (masSi Cawerili iqneba ricxvi 000). mTvlelis gamosasvlels logikur 

an-ara elements Tu mivuerTebT da am ukanasknelis gamosasvlel signals lo-

gikur L2 pirobad gamoviyenebT, maSin L2=0 iqneba meoTxe ciklis dasrulebisa da 

gamravlebis operaciis damTavrebis niSani.    

            orobiTi ricxvebis mamravlebeli avtomatis struqturuli sqema    

          5.4 naxazzea naCvenebi. Sedgenili RG2RG3 registris misaRebad   

        RG3 registris umcrosi Tanrigis trigeris gamosasvleli RG2 re-

gistris ufrosi Tanrigis SesasvlelTan aris mierTebuli. 

gamravlebis operaciis Sesasruleblad mmarTveli avtomati (ix. nax. 5.1) Tana-

mimdevrulad gamoimuSavebs mmarTvel signalebs, romelTa funqciebi aseTia:   

   mmarTveli y1 signalis daxmarebiT RG3 registri nulovan mdgomareobaSi 

gadaiyvaneba;   

   mmarTveli y2 signalis daxmarebiT gmT mTvlelSi Seitaneba n=4(100(2)) 

ricxvi; 

   mmarTveli y3 signali gamoiyeneba RG3 da RG1 registrebis SigTavsebis Se-

krebis Sedegad sumatoris Sesasvlelze warmoqmnili orobiTi ricxvis misawode-

blad RG3 registrisaTvis; 

   mmarTveli y4 signali gamoiyeneba Sedgenili RG2RG3 registris SigTavsis 

marjvniv erTi TanrigiT daZvrisaTvis;  

   mmarTveli y5 signali gmT mTvlelis SigTavss erTi erTeuliT amcirebs; 

ivaraudeba, rom A da B operandebi ukve CatvirTulia registrebSi. mmarTve-

li y1 – y5 signalebi igivdeba mikrooperaciebTan. 

 

(5.2) RG3 : = RG3 + RG3 . 

(5.3) RG2RG3: = R1 (RG2RG3).  

 

 7                              
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       droiT erT intervalSi (taqtSi) Sesrulebad mikrooperaciebs mikro- 

       brZaneba ewodeba. movaxdinoT procesoruli mowyobilobis mier Se-  

      sasrulebeli mikrobrZanebebis formireba; 

  RG3 registrisa da gmT mTvlelis CatvirTvisaTvis gamoyenebuli y1; y2 mi-

krooperaciebi SeiZleba erTdroulad Sesruldes, amitom isini SeiZleba erTian 

Y1 mikrobrZanebad gavaerTianoT da aRvniSnoT rogorc Y1: = { y1; y2}; 

  RG3 da RG1 registrebis SigTavsebis RG3 + RG1 Sekrebis y3 mikrooperacia 

damoukidebel Y2 mikrobrZanebad gamovyoT da aRvniSnoT rogorc Y2: = y3 ; 

  registTa RG2RG3 wyvilis marjvniv erTi TanrigiT daZvris y4 da gmT 

mTvlelis SigTavsis erTi erTeuliT Semcirebis y5 mikrooperacia gavaerTianoT 

erT Y3 mikrobrZanebad da aRvniSnoT rogorc Y3: = { y4; y5}; 

operaciul avtomatSi formirdeba Semdegi logikuri pirobebi, romlebsac 

zogjer almebs an niSnebsac uwodeben: 

  X1, romelic gamoxatavs RG2 registris SigTavsis umcrosi Tanrigis mniSvne-

lobas; X1=1 niSnavs, rom RG2 registris SigTavsis umcrosi Tanrigis mniSvnelo-

ba 1-is tolia, rac niSnavs, rom jer sruldeba zemoT aRwerili Sekrebis opera-

ciis, xolo Semdeg Zvris operaciebi. X1=0–is dros RG2 registris SigTavsis 

umcrosi Tanrigis mniSvneloba 1-is tolia, da amitom mxolod Zvris operacia 

sruldeba; 

   X2, romelic warmoadgens gmT mTvlelis SigTavsis nulze tolobis Semo-

wmebis Sedegs; X2=1 niSnavs, rom mTvleli carielia (gmT =000) da gamravlebis 

operacia mTavrdeba X2=0–is dros iwyeba gamravlebis operaciis morigi cikli; 

         rogorc vxedavT, Cven mier ganxiluli umartivesi procesoris asa-  

         gebad saWiroa sumatoris, registebisa da mTvlelebis gamoyeneba.  

      isini warmoadgens kombinaciur diskretul mowyobilobebs, romelTa 

agebis maTematikur safuZvels logikis algebra warmoadgens. aRniSnuli algebra 

saSualebas gvaZlevs diskretuli mowyobilobebis sinezisaTvis (asagebad) gamovi-

yenoT formaluri meTodebi, romlebic maqsimalurad amartivebs agebis process 

 8                             

 9                             

            SeniSvnebi:   

    y6 –  regitrTa wyvilis SigTavsis mar- 

       jvniv erTi TanrigiT Zvra; 

    y7 – mTvlelis SigTavsis Semcireba 

        erTi ereTeuliT. 

 

1 
L2 

Q2 

Q1 

Q0 

y7 

100(2) (n = 4) 

y4 

gamomklebi 

mTvleli 

(gmT) 

B 
A 

y1 y3 y2 

sumatori 

 RG3  RG1  RG2 

P7 P6 P5 P4 

0000 

y6 

y5 

L1 

S3 S2 S1 S0 

nax. 5.4.  orobiTi ricxvebis gamamravlebeli operaci- 

        uli avtomatis struqturuli sqema 
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da, saSualebas iZleva mowyobilobis struqturaSi garkveuli siWarbis Setanis 

gziT uzrunvelyofili iqnes maTi saTanado saimedoobiTi maxasiaTeblebi.  

qvemoT ganvixilavT logikis algebris gamoyenebiT zogierTi tipuri kombina-

ciuri diskretuli mowyobilobebis agebis (sinTezis) magaliTebs. aRniSnuli mo-

wyobilobebi SeiZleba agebuli iyos rogorc aparaturulad aseve programulad.                   

 

 

      informaciis dasamuSaveblad kompiuters unda hqondes ricxviT monace-       

      mebze ZiriTadi ariTmetikuli da logikuri operaciebis Semsrulebeli  

      mowyobiloba. aseT mowyobilobas ariTmetikul-logikuri mowyobiloba 

(SemoklebiT alm) ewodeba. alm–is safuZvels warmoadgens ori mTeli ricxvis 

Sekrebis ariTmetikuli operaciis marealizebeli orobiTi sumatori.  

ganvixiloT n Tanrigiani ori orobiTi ricxvi: 

 

sadac               

mocemuli ricxvebis Sekrebas viwyebT nulovan TanrigSi arsebuli a0 da b0 

cifrebis  SekrebiT,  ris  Sedegadac viRebT orobiTi S = A + B ricxvis nulovan   

                            

  

     

 

 

                                             

 

 

 

 

Rvrulia ai; bi; pi cifrebis yvela SesaZlo mniSvnelobebisaTvis si da pi+1  cifrebis 

yvela saTanado mniSvneloba.   

nax.5.5,b-ze moyvanil cxrilSi Tu si-s aRvniSnavT f1-iT, xolo  pi+1-s – f2-iT, 

maSin igi gadaiqceva logikuri f1 da f2 funqciebis WeSmaritobis cxrilad, saida-

nac SegviZlia ganvsazRvroT am funqciebis diziunqciuri srulyofili normalu-

ri formebi:  

     

  

 

logikuri funqciebis (5.5) sistemis marealizebeli kombinaciuri diskretuli 

mowyobiloba axdens ori orobiTi ricxvis i–ur TanrigSi arsebuli cifrebis Se-

krebas. mas uwodeben srul orobiT sumators (zogierT literaturaSi mas erT-

Tanrigiani orobiTi sumatoris saxeliTac moixsenieben). movaxdinoT sruli oro-

biTi sumatoris sinTezi (nax.5.6).  

5.2. orobiTi sumatori 

 

  1                             

ai ; bi  {0;1}. 

 

0 0 

0 1 1 0 

0 1 0 1 

1 1 1 1 

a0 b0 s0 p1 

0 0 

ai bi 

0 0 0 0 0 
0 0 1 1 0 
0 
0 
1 
1 
1 

0 
1 
0 
1 
1 

0 1 1 
1 

0 
0 
1 

si(f1) pi +1(f2) 

0 
0 
1 
0 

pi 

1 

0 
1 
0 

1 1 1 1 1 

a) b) 

nax. 5.5.  orobiTi ricxvebis  

       Tanrigebis Sekreba 

TanrigSi arsebul s0 cifrsa da er-  

TiT maRal (pirvel) TanrigSi gada- 

satan  p1 {0;1}  cifrs (nax.5.5,a). 

Semdeg vkrebT pirvel TanrigSi ar- 

sebul a0; b0  da nulovani Tanrigid- 

an gadmosul p1 cifrebs; viRebT S 

ricxvis pirvel TanrigSi arsebul 

s1 cifrsa da erTiT maRal (meore) 

TanrigSi gadasatan p2 cifrs. ase    

ikribeba nebismier i {0;1; ... ;n} 

TanrigSi arsebuli cifrebi. 5.5,b 

naxazze moyvanil cxrilSi gansaz-    

A =  a1 a0 , an-1 an-2 b1 b0 ,  bn-1 bn-2 B = (5.4) 

f1 = ai bi pi + ai bi pi + ai bi pi + ai bi pi       

f2 = ai bi pi + ai bi pi + ai bi pi + ai bi pi  

 

, (5.5) 
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zemoT aRniSnuli amocanis gadasawyvetad, upirveles yovlisa, unda movaxdi-

oT (5.5) sistemaSi Semavali logikuri funqciebis minimizireba. am mizniT gamo-

viyenoT karnos baraTebi. logikuri f1 funqciisaTvis agebuli karnos baraTidan 

(nax. 5.6,a) Cans, rom aRniSnuli funqciis minimizireba SeuZlebelia (d-kubebis 

ararsebobis gamo). samagierod igi faqtobrivad warmoadgens logikuri ai; bi; pi  

cvladebis araerTmniSvnelianobis, anu 2-is moduliT Sekrebis funqcias, e.i. f1= ai 

 bi  pi ; uka-naskneli gamosaxuleba analizuradac miiReba: 

 

      

      

5.6,b naxazze moyvanili karnos baraTis Tanaxmad f1 funqciis minimalur dizi-

unqciur normalur formas aqvs Semdegi saxe: 

 

(5.6) da (5.7) gamosaxulebebis gaTvaliswinebiT (5.5) sistema miiRebs Semdeg 

saxes: 

 

                                        

romlis mixedviTac agebuli sruli sumatoris struqturuli sqema 5.6,g naxazze, 

xolo misi pirobiTi gamosaxuleba - 5.6,d naxazzea naCvenebi.  

f1 = ai bi pi + ai bi pi + ai bi pi + ai bi pi = ai ( bi pi + bi pi ) + ai ( bi pi + bi pi ) =  

                 = ai (bi  pi) + ai (bi  pi)  = ai (bi  pi) = ai  bi  pi ;          (5.6) 

f2 = ai bi + ai  pi + bi pi  , 

 

(5.7) 

 

f1 = ai  bi  pi ;   

f2 = ai bi + ai  pi + bi pi  , 

        

(5.8) 

nax. 5.6.  sruli sumatoris sinTezi 

a) b) 

g) d) 

0 

0 0 0 1 1 1 1 0 

1 1 

1 1 ai 

bi pi 

1 

f1 

ai 

bi pi 

0 

1 ai 

f2 

ai pi 
ai bi 

bi pi 

pi 

bi 
bi pi 

ai 0 0 0 1 1 1 1 0 

1 

1 1 1 

M2 
M2 

 

1  

 

f1 = si 

f2 = pi+1 

ai 

bi 

pi 

sumatori 

P 

S SM ai 

bi 

pi 

si 

pi+1 
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         n Tanrigiani ori orobiTi ricxvis Sesakrebad SeiZleba gamoviyenoT  

        erTi sruli sumatori an kaskadurad SeerTebuli n raodenobis  

     sruli sumatori;  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pirvel SemTxvevaSi sruli sumatoris Sesasvlelze TandaTanobiT miewodeba A 

da B ricxvebis i  = 0;1; … ;n TanrigebSi arsebuli cifrebi da specialuri sqemis 

saSualebiT fiqsirdeba mis S gamosasvlelze warmoSobili cifrebi. aseT suma-

tors mimdevrobiTi moqmedebis orobiTi sumatori ewodeba. misi Rirsebaa 

struqturuli simartive, xolo nakli ki – dabali swrafmoqmedeba. 

n raodenobis sruli sumatorebis kaskadurad SeerTebis Sedegad miRebuli 

orobiTi sumatoris struqturuli sqema 5.7 naxazzea moyvanili. mis Sesasvlels 

erTdrulad miewodeba Sesakrebi A da B ricxvebi. kerZod, am ricxvebis i–ur Ta-

nrigSi arsebuli ai da bi cifrebi miewodeba i–ur srul sumators. aseT suma-

tors paraleluri moqmedebis orobiTi sumatori ewodeba. marTalia, misi stru-

qtura mimdevrobiTi moqmedebis sumatorTan SedarebiT rTulia, magram xasiaTdeba 

SedarebiT maRali swrafmoqmedebiT; am ukanasknelis kidev ufro metad gazrda 

SesaZlebelia sumatoris struqturis Semdgomi garTulebis, kerZod, masSi daCqa-

rebuli gadatanebis damatebiTi blokis gamoyenebis gziT. ganvixiloT Tu rogor 

xdeba es.  

5.7 naxazze naCvenebi orobiTi sumatori Sedgeba n raodenobis logikuri do-

nisagan. TiToeul doneze gadatanis pi impulsi warmoiqmneba wina doneze gadata-

nis pi-1 impulsis warmoqmnis Semdeg, e.i. igi warmoadgens mimdevrobiT gadatanian 

 2                            

A =  a1 a0 an-1 an-2 

pn 

P P P P 

S 

an-1 an-2 a1 

bn-1 bn-2 b1 b0 

sn-1 sn-2 s1 s0 

0
 
- 
d
o
ne
 

1-
l
i 
d
o
ne
 
 
 

(n
-2

) 
d
o
ne
 
 
 

(n
-1

) 
d
o
ne
 
 
 

S SM S SM S SM SM 

a0 

pn-1 p2 p1 

b1 b0 
bn-1 bn-2 B = s0 s1 sn-2 sn-1 S = 

nax. 5.7. paraleluri moqmedebis orobiTi sumatori 
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sumators [12]. gadatanis pi impulsis formirebisaTvis Tu i droa saWiro, maSin 

gadatanis yvela impulsis formirebisaTvis saWiro maqsimaluri dro ni –s to-

li iqneba. Sekrebis procesis dasaCqareblad saWiroa Semcirdes logikur doneTa 

n raodenoba. saukeTeso SemTxvevaSi drois garkveul t1 momentSi unda warmoiqmnas 

gadatanis yvela pi impulsi, romelic drois momdevno t2 momentSi erTdroulad 

miewodeba yvela srul sumators. aseT sumators paralelur  gadataniani suma-

tori ewodeba da n = 2 donisagan Sedgeba. pirveli done Sedgeba damatebiTi gamo-

sasvleli signalebis maformirebeli n raodenobis sruli sumatorebisagan. dama-

tebiTi signalebi drois t1 momentSi erTdroulad warmoiSveba da miewodeba suma-

toris meore doneSi arsebul daCqarebuli gadatanebis bloks. es bloki drois 

momdevno t2 momentSi warmoqmnis yvela p1; p2; … , pn  impulss da miawvdis pirvel 

doneSi arsebul srul sumatorebs, ris Semdegac es ukanasknelebi ajamebs A da 

B ricxvebs.    

 

              

 

        ganvixiloT orobiT-aTobiTi ricxvebi (ix. paragrafi 3.2), romlebSic  

      aTobiTi cifrebi 8421 kodis Sesabamisi (ix. nax. 3.4) koduri sityvebiT 

      (tetradebiT) aris warmodgenili (ix. paragrafi 3.3).  

OaTobiT-orobiTi ricxvebis Sekrebisas marjvnidan marcxniv Tanamimdevrulad 

ikribeba maTSi arsebuli tetradebi; ori tetradis Sekrebis Sedegad warmoSobi-

li gadatanis erTeuli gadaitaneba momdevno tetradaSi da igi am tetradis mni-

Svnelobas 10 erTeuliT zrdis.  

ori tetradis Sekrebis Sedegad miRebuli jami  simboloTi aRvniSnoT. Ti-

Toeuli tetrada gamoxatavs garkveul aTobiT cifrs; ori aseTi tetradis Se-

krebiT miRebuli jamis maqsimaluri max mniSvneloba masSi wina tetradidan ga-

datanis arsebobis gaTvaliswinebiT 19-is tolia (max = 9+9+1=19). 5.1 cxrilSi 

-s yvela SesaZlo mniSvneloba 8421 kodis koduri sityvebiTaa warmodgenili.    

         gadatanis gaTvaliswinebiT ori erTTanrigiani ricxvis Sekrebis dros 

mcdari ( 0) Sedegi miiReba, Tu qvemoT moyvanili sami pirobidan sruldeba 

erT-erTi:  

 

 

 am pirobebis arsebobis  magaliTebi 5.1  cxrilSi sxvadasxva tonalobis muqi 

ujredebiT aris gamoyofili.     

 (5.9) pirobis arsebobisas saWiroa CavataroT koreqcia, rac miRebuli Sede-

gisaTvis orobiTi 0110 (6(10)) ricxvis mimatebas gulisxmobs.  

 (5.9) pirobebi  SeiZleba erT pirobad gavaerTianoT da gadatanis funqciis  

gamomsaxveli logikuri funqciis diziunqciuri normaluri formis saxiT Cavwe-

roT:    

 

  orobiT-aTobiTi sumatoris sqema, romelic ajamebs Sesasvlel A da B ope-

randebs da axdens miRebuli Sedegis koreqcias, 5.8 naxazzea naCvenebi. igi Se-

icavs:  

 

5.3. orobiT-aTobiTi sumatorebi 

 

 
 1                           

c4 = 1;   s3 = s2 = 1;  s3 = s1 = 1;                              (5.9) 

  

  

P1 = p4  + s3s2  + s3 s1 .                                          (5.10) 
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  4-Tanrigian orobiT sumators, romlis Sesasvlels miewodeba A3A2A1A0  da 

B3B2B1B0  tetradebis saxis mqone erTTanrigiani aTobiTi ricxvebi da P4 gadatana, 

xolo gamosasvlelze formirdeba 4-Tanrigiani S3S2S1S0 jami da Semdeg tetrada-

Si gadasatani p4 cifri; 

      struqturuli (5.10) formulis mixedviT agebul gadatanis maformirebels; 

      sami erTTanrigiani orobiTi sumatorisagan agebul koreqtors. radgan jamis 

koreqciis dros orobiT S3S2S1S0 ricxvs emateba orobiTi 0110 (6(10)) ricxvi; misi 

umcrosi Tanrigi 0-is tolia, amitom umcrosi S0 Tanrigis erTTanrigiani orobiTi 

sumatori ar gamoiyeneba (ix.nax. 5.8). mocemul koreqtorSi; 

   - SM3, SM2, SM1  sumatorebis A Sesasasvlels miewodeba Sesabamisad s3, s2, s1 

signalebi; 

   - SM2, SM1 sumatorebis B Sesasvlelebs miewodeba gadatanis maformirebelis 

gamosasvlelze arsebuli gadatanis P1 signali; 

- SM1  sumatoris Pi da SM2 sumatoris 

Bi Sesasvlels miewodebaT logikuri 0-ebi; 

  P1=1-is dros 4-Tanrigiani orobiT sumatoris gamosasvlelze formirebuli 

s3s2s1s0 Sedegi koreqtirdeba; P1=0-is dros koreqcia ar xdeba, radgan SM3, SM2, 

SM1 sumatorebis Bi Sesasvlelebs 0-ovani signalebi miewodebaT da amitom 

gamosasvleli signalia S3S2S1S0 = s3s2s1s0.     

 

 

 

 

 

A2 

B2 

A1 

B1 

P0 

A0 

B0 

4 

2 

1 

8 

 

 

1 

s3 

Ai 

Bi 

Pi P1+1 

Si SM2 

Ai 

Bi 

Pi P1+1 

Si SM1 

Ai 

Bi 

Pi P1+1 

Si SM3 

0 

0 

SM 

s2 

s1 

s0 

p4 

S3 

S2 

S1 

S0 

P4 

S3 

S2 

S1 

S0 

P1 

A3 

B3 

A3 

B3 

A2 

B2 

A1 

B1 

P0 

A0 

B0 

koreqtori 
gadatanis ma- 

formirebeli 

nax. 5.8. koreqciis unaris mqone orobiT-aTobiTi sumatori  
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       SeiZleba iseTi orobiT-aTobiTi sumatori avagoT, romelSic 4-Tanri-      

        giani sumatoris gamosasvlelze miRebuli Sedegis koreqtireba saWi-  

       ro ar aris. aseTi sumatoris agebis SesaZleblobis dasasabuTeblad 

visargebloT 5.2 cxriliT. 

aTobiTi 0-dan 9-mde cifrebisa da gadatanis p0=1 cifris SekrebiT miRebuli 

maqsimaluri ricxvi 9+9+1=19-is tolia.  0-dan dawyebuli 19-iT damTavrebuli 

yvela es aTobiTi ricxvi 5.2 cxrilis pirvel () svetSi aris moyvanili. mom-

devno xuT svetSi igive ricxvebi Cawerili 5-Tanrigiani orobiTi ricxvebis sa-

xiT. aRniSnul CanawerSi p1 warmoadgens 4-Tanrigiani orobiTi sumatoris gamosa-

svlelze warmoSobil gadatanis signals, xolo s3, s2, s1, s0 – imave gamosasvlel- 

ze miRebuli jamis warmomqmnel signalebs. bolo xuT svetSi 0-dan 19-mde aTobi-

Ti  ricxvebi warmodgenilia 8421 kodis koduri sityvebis saxiT; aseTi saxe un-

da hqondes maT 4-Tanrigiani aTobiT-orobiTi sumatoris gamosasvlelze. aRsani-

Snavia, rom P1 gadatana Seesabameba ufrosi Tanrigis mniSvnelobas, xolo S3S2S1S0 

kodi – orTanrigiani aTobiTi ricxvis umcros Tanrigs, romelic 8421 kodis ga-

moyenebiT aris warmodgenili. 

s3 = s1 = 1 p4 = 1 s3 = s2 = 1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

 p4 s3 s2 s0 s1 

1 

2 

3 

4 

5 

6 

8 

12 

9 

10 

11 

13 

14 

15 

16 

17 

18 

19 

7 

cxr. 5.1. -is gamosaxva 8421 ko-  

   dis koduri sityvebiT.  

       

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 
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1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 
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1 

1 

1 
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1 

1 

1 

1 

1 

1 

 2                           
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5.2 cxrili SeiZleba ganvixiloT: a) xuTi Sesasvlelisa da xuTi gamosa-

svlelis mqone kombinaciuri diskretuli mowyobilobis WeSmaritobis cxrilad 

(Sesasvleli signalebia p1, s3 , s2, s1  da s0 , xolo gamosasvleli signalebi - P1, S3, 

S2, S1  da S0) ;   b) kodebis gardaqmnis cxrilad. 

pirvel SemTxvevaSi aTobiT-orobiTi sumatoris sinTezis amocana gardaiqmneba 

5 Sesasvlelisa da 5 gamosasvlelis mqone kombinaciuri diskretuli mowyobilo-

bis sinTezis klasikur amocanad, xolo meore SemTxvevaSi – kodebis gardam-

qmnelis sinTezis amocanad.   

5.2 cxrilis analizi sinTezis amocanis mniSvnelovnad gamartivebis saSu-

alebas gvaZlevs; marTlac, radgan S0=s0, amitom SeiZleba asagebi kombinaciuri di-

skretuli mowyobilobis Sesasvlelebisa da gamosasvlelebis raodenobebi erTiT 

SevamciroT; garda amisa, 5.2 cxrilSi figuruli cvladebiT moniSnul mwkrivebSi 

10 

orobiT-aTobiT sumatorze 

gamosasvleli  signalebi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 orobiT sumatorze 

p1 s3 s2 s1 s0 S3 P1 
S2 S1 S0 

0 

1 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 1 

0 0 0 1 0 0 0 0 1 0 

0 0 0 1 1 0 0 0 1 1 

0 0 1 0 0 0 0 1 0 0 

0 0 1 0 1 0 0 1 0 1 

0 0 1 1 0 0 0 1 1 0 

0 0 1 1 1 0 0 1 1 1 

0 1 0 0 0 0 1 0 0 0 

0 1 0 0 1 0 1 0 0 1 

0 1 0 1 0 0 1 0 1 0 

0 1 0 1 1 0 1 0 1 1 

0 1 1 0 0 0 1 1 0 0 

0 1 1 0 1 0 1 1 0 1 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

cxr. 5.2. orobiT-aTobiTi sumatoris  

       WeSmaritobis sawyisi cxrili  

1 

2 

3 

4 

5 

6 

7 

8 

9 



229 
 

 

p1, s3, s2, s1 cvladebi erTnair mniSvnelobebs iRebs; amitom SesaZlebelia isini ga-

vaerTianoT. amis Sedegad mwkrivebis raodenoba 10-mde Semcirdeba (cxr. 5.3).  

4 argumentis mniSvnelobaTa nakrebis saerTo raodenoba 2
4
=16-s tolia, ami-

tom 5.3 cxrils p1, s3 , s2 , s1 cvladebis danarCeni 6 nakrebic (1010, 1011, 1100, 

1101,1110,1111) unda davumatoT (isini 5.3 cxrilSi muq fonzea aRniSnuli); vina-

idan aRniSnul nakrebze funqcia gansazRvruli ar aris (5.2 cxrili maT ar Se-

icavs), amitom gamosasvlelebis Sesabamisi mniSvnelobebi “~” simboloTi aRvni-

SnoT (ix. paragrafi 4.9). 

gamosasvleli signalebis gamomsaxveli logikuri funqciebis minimizacia mo-

vaxdinoT 5.9 naxazze naCvenebi karnos baraTebis saSualebiT, saidanac SeiZleba 

davweroT: 

 

 

 

 

logikur funqciaTa (5.11) sistemis mixedviT agebuli kodebis gardamqmneliani 

erTTanrigiani aTobiT-orobiTi sumatoris sqema 5.10 naxazzea mocemuli. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Sesasvleli signalebi gamosvleli signalebi 
k 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

15 

11 

12 

13 

14 

16 

0 0 0 0 ~ ~ ~ ~ 

0 0 0 0 ~ ~ ~ ~ 

0 0 0 0 ~ ~ ~ ~ 

0 0 0 0 ~ ~ ~ ~ 

0 0 0 0 ~ ~ ~ ~ 

0 0 0 0 ~ ~ ~ ~ 

cxr. 5.3. orobiT-aTobiTi sumatoris 

     WeSmaritobis saboloo cxrili             

p1 s3 s2 s1 P1 S3 S2 S1 

P1=(p1+s3) (p1+s2+s1) = p1 s3 + p1 s2 s1 ,                      S3 = p1 s1 + s3 s2 s1 ,  

S2=(p1+s3) (s3+s1) (p1+s1)  = p1 s2 + s3 s1 + p1 s1 ,     S3 = p1 s1 + p1 s3 s1 + s3 s2 s1.                   
(5.11) 
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logikur funqciaTa (5.11) sistemis mixedviT agebuli kodebis gardamqmneliani 

erTTanrigiani aTobiT-orobiTi sumatoris sqema 5.10 naxazzea mocemuli. 

 

 

 

 

 

 

 

 

 

nax.5.9.  gardaqmnis sqemis logikuri formulebis karnos baraTebi 
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       or dadebiT erTTanrigian ricxvebs Soris sxvaobis an sxvadasxva niS- 

       niani ori ricxvis algebruli jamis gamosaTvlelad visargebloT 9- 

      mde damatebiT 8421 kodad pirdapiri 8421 kodis gardaqmnis operaciiT. 

gavecnoT aRniSnul operacias. 

pirdapiri 8421 kodiT warmodgenili aTobiT-orobiTi ricxvi Sedgeba Qi te-

tradebisagan, romlebsac Seesabameba garkveuli aTobiTi k{0,1,2,…,9} cifrebi. 9-

mde damatebiT 8421 kodad misi gardaqmnisaTvis saWiroa visargebloT Semdegi 

algoriTmiT:  

 

 

 

p1 1 

A0 

B0 

A1 

B1 

A2 

s0 

s1 

s2 

B2 

A3 

B3 

2 

1 

1 

1 

p1 s1 s2 s3 s1 s2 s3 p1 
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b0 

a1 

b1 

b2 

a2 

a3 
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S2 
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P1 

SM 
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1 

 

 

1 

 

 

1 

nax. 5.10.  kodebis gardamqmneliani aToboT-orobiTi sumatori  

 1                           

5.4. orobiT-aTobiTi gamomklebi  

sumatorebi 
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zemoT formulirebuli algoriTmiT gansazRvrul operacias SemoklebiT 9-

mde damatebadi 8421 kodis gardaqmnis operacia ewodeba da WeSmaritobis saTana-

do cxrilis Sesabamisad sruldeba (cxr. 5.4).   

5.4 cxrilis svetebis erTmaneTTan SedarebiT Cans, rom: 

  

 

darCenili d2, d3 parametrebi SeiZleba miviRoT 5.11 naxazze moyvanili karnos 

baraTebis daxmarebiT. maTi Sedgenis dros gaTvaliswinebulia is faqti, rom     

k = 10  15 kombinaciebi arasodes gamoiyeneba. karnos aRniSnuli baraTebidan SeiZ-

leba davweroT:   

       

 

 

 

 

d0  = A0 ;      d1 = A1 . 

 

       

   

(5.12)      

   

d3  =  A3 A2 A1  = A3 + A2 + A1 ;        d2  = A2 A1  + A2 A1  = A2   A1 .               (5.13)                   

1. ganvixiloT 8421 kodiT warmodgenili aTobiT-orobiTi ricxvi; 

2. aTobiT-orobiTi ricxvis SemadgenlobaSi arsebuli TiToeuli Qi tetrad- 

isaTvis ganvsazRvroT misi Sesabamisi aTobiTi ki cifri; 

3. pirvel punqtSi gansazRvruli aTobiTi ki cifri SevcvaloT   ⃛=(9-k) ci-

friT; 

4. ganvsazRvroT aTobiTi   ⃛ cifris Sesabamisi oTxniSna orobiTi   ⃛ ricxvi; 
5. aTobiT-orobiT ricxvSi arsebuli TiToeuli Qi tetrada SevcvaloT oTx-

niSna orobiTi   ⃛ ricxviT; 
6. algoriTmis dasasruli.  

 

cxr. 5.4.  8421 kodis 9-mde damatebad  

         kodad gardaqmnis cxrili 

0 0 0 0 0 1 0 0 1 

1 0 0 0 1 1 0 0 0 

2 0 0 1 0 0 1 1 1 

3 0 0 1 1 0 1 1 0 
4 0 1 0 0 0 1 0 1 

5 0 1 0 1 0 1 0 0 

6 0 1 1 0 0 0 1 1 

7 0 1 1 1 0 0 1 0 

8 1 0 0 0 0 0 0 1 
9 1 0 0 1 0 0 0 0 

A3 A2 A1 A0 d3 d 2 d1 d0 

Sesasvlelelebi 

  (8421 kodi) 

       gamosasvlelebi 

    (9-mde damatebadi kodi) 
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(5.12) da (5.13) formulebis gamoyenebiT agebul mowyobilobas, romelic pir-

dapir 8421 kods gardaqmnis 9-mde damatebiT 8421 kodad, SemoklebiT garda-

mqneli vuwodoT. gardamqmneli warmoadgens gamomklebi sumatoris erT-erT mTa-

var kvanZs.   

       integraluri sqemis gamoyenebiT agebuli gamomklebi sumatoris blok- 

      sqema 5.12,a naxazzea naCvenebi. mis muSa Sesasvlels miewodeba Sesasvle- 

     li operandis calkeuli A3,A2,A1,A0 Tanrigebis signalebi; oTxi signal-

is erTobloba warmoqmnis A3A2A1A0 tetradas, romelic gadaecema rogorc gar-

damqmnelis Sesasvlelebs, aseve mmarTveli kvanZis qveda Sesasvlelebs.  

gardamqmneli (5.12) da (5.13) formulebis Sesabamisad gamoimuSavebs 9-mde  

damatebadi 8421 kodis d3d2d1d0 tetradas (kodur sityvas), romelic gadaecema 

mmarTveli kvanZis zeda Sesasvlelebs. 

sabolood mmarTveli kvanZis zeda Sesasvlelebze modebuli aRmoCndeba 

d3d2d1d0, xolo qveda Sesasvlelebze -  A3A2A1A0 tetrada (ix. nax. 5.12,a). mmar-

Tveli kvanZis daniSnulebaa am ori tetradidan erT-erTi gadasces gamomklebi 

sumatoris muSa a3a2a1a0 gamosasvlels. tetradis amorCevis brZanebas gascems 

mmarTveli Sesasvleli, romelzedac Z signali formirdeba; kerZod: 

  Tu Z=0, maSin mmarTveli kvanZi sumatoris muSa gamosasvlelisaken gzas 

uxsnis A3A2A1A0  da gzas uketavs d3d2d1d0 tetradas;  

  Tu Z=1, maSin mmarTveli kvanZi sumatoris muSa gamosasvlelisaken gzas 

uxsnis d3d2d1d0  da gzas uketavs A3A2A1A0 tetradas. 
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 nax. 5.11. karnos baraTebi 9-mde damatebad 8421 kodis gardamqmne- 

         lis gamosasvleli d3 da d3 signalebis miRebisaTvis 

 2                           
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nax. 5.12. pirdapiri 8421 kodis damatebiT kodad marTvadi gardamqmnelis 

        blokuri (a), princihuli (b) sqema da pirobiTi gamosaxuleba (g).  
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a CMP 

CMP 

CMP 

 

g) 

 a0 

 a1 
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 a3 

 A0 

 A1 
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 A3 

 Z 

 A 
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3 
Z 

a) 
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mmarTveli kvanZi 
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 mmarTveli  

Sesasvleli 
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  integraluri sqema  

d2 

d3 
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muSa Sesa- 

svlelebi 

mmarT-    

 veli 

 kvanZi 
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        gardamqmnelisa da mmarTveli kvanZis erTobliobiT miRebul mowyobi- 

        lobas marTvadi gardamqmneli ewodeba. misi principuli sqema 5.12,b  

       xolo pirobiTi gamosaxuleba –  5.12,g naxazzea moyvanili. lite-

raturaSi marTvamdi gardamqmnelis aRsaniSnavad iyeneben abreviaturas CMP (Co-

MPlement – “damatebiTi”).                  

5.11,b naxazze zemoT aRniSnuli gardamqmneli da mmarTveli kvanZi punqtiruli 

xazebiTaa Semofargluli. gardamqmnelis struqtura (5.12) da (5.13)  gamosaxu- 

lebis Sesabamisadaa agebuli; ganvixiloT mmarTveli kvanZis struqturis agebis 

principebi. 

(5.12) gamosaxulebis Tanaxmad d1 = A1, ris gamoc marTvadi gardamqmnilis a1 

gamosasvlels uSualod unda miuerTdes gardamqmnelis d1 gamosasvleli; d1 da a1 

gamosasvlelebis SemaerTebeli sadeni naxazze konturuli xaziT aris naCvenebi. 

Sesasvleli operandis Tanrigis A0 signali da gardamqmnelis d0 signali a0  

gamosasvlels ukavSirdeba ori koniunqtorisa (da-elementisa) da erTi dizi-

unqtorisagan (an-elementisagan) Semdgari logikuri L0 elementis saSualebiT; 

aseT elements 2da-ara tipis elementi ewodeba. misi zeda da-elementi 

axdenis d0 da Z signalebis, xolo qveda da-elementi –  A0   da    signalebis 

logikur gamravlebas. 

Sesasvleli operandis A2 signali da gardamqmnelis d2 signali a2 gamosasvlels 

ukavSirdeba 2da-ara tipis logikuri L2 elementis saSualebiT; misi zeda 

koniunqtori axdens d2 da Z signalebis, xolo qveda koniunqtori – A2   da 

signalebis  logikur gamravlebas.     

Sesasvleli operandis A3 signali da gardamqmnelis d3 signali a3 gamosasvlels 

ukavSirdeba 2da-ara tipis logikuri L3 elementis saSualebiT; misi zeda 

koniunqtori axdens d3 da Z signalebis, xolo qveda koniunqtori – A3   da  

signalebis logikur gamravlebas. 

Z = 0-is SemTxvevaSi Riaa 2da-ara elementebis qveda koniunqtorebi da 

muSa gamosasvlelebs miewodeba Sesasvleli operandis d3,d2,d0 signalebi,          

xolo Z = 1-is SemTxvevaSi Riaa 2da-ara elementebis qveda koniunqtorebi da 

muSa gamosasvlelebs miewodebaT 9-mde damatebiTi 8421 kodis A3,A2,A0  signalebi.        
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nax.5.13. 3-Tanrigiani gamomklebi sumatoris sqema 
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       3-Tanrigiani aTobiT-orobiTi gamomklebi sumatoris principuli sqema  

       5.13 naxazzea moyvanili. igi Seicavs sam CMPi  gardamqmnelsa da amde- 

nive aTobiT-orobiT SMi sumators (i=1,2,3). mmarTveli Z signali iRebs 0-is an 1-

is tol mniSvnelobas; amasTanave, Tu 

   Z = 0,  maSin sumatori asrulebs operandebis Sekrebis operacias; 

   Z = 1,  maSin sumatori asrulebs operandebis gamoklebis operacias; 

CMPi  gardamqmnelebi asrulebs Semdeg funqciebs:                       

 

 

sadac a = a2a1a0 = a2 10
2
 + a1 10

1
 + a0 10

2
,   A = A2A1A0 = A2 10

2
 + A1 10

1
 + A0 10

2
,          

ai, Ai  - marTvad gardamqmnelTa Sesasvlelebsa da gamosasvlelebze arsebuli 4-

Tanrigiani operandebi (tetradebi): ai = ai3 ai2 ai1 ai0,  Ai = Ai3 Ai2 Ai1 Ai0,  i = 0,1,2.  

orobiT-aTobiTi SMi sumatorebi gamoiTvlis Semdeg jams: 

      

     

sadac Si = Si3 Si2 Si1 Si0;  Bi = Bi3 Bi2 Bi1 Bi0;   Ci  aris i–uri sumatoris Sesasvlelze 

mosuli gadatanis signali, amasTanave Ci = Z;   B10,  A10,  S10 – Sesabamisad warmo-

adgens Sesasvlel operandebsa da jams Tvlis aTobiT sistemaSi. 

gamoklebis dros (Z=1) jami warmoidgineba aTobiTi damatebiTi kodis saxiT 

da mas SeiZleba hqondes dadebiTi an uaryofiTi mniSvneloba. jamis mniSvneloba 

da niSani gadatanis C3 signalis mniSvnelobiT ganisazRvreba da mas aqvs Semdegi 

saxe:                     

 

 

niSnis Tanrigs warmoadgens C3 gadatana. Sekrebis dros Tanrigobrivi bade 

rom ar gadaivsos, saWiroa sruldebodes piroba: B + A  999. 

 

 

 

 

 

 

           M 

             Kkompiuteruli sistemis funqcionirebisaTvis masSi Semaval calkeul  

       mowyobilobebs unda SeeZlos erTmaneTs Soris signalebisa da kodebis  

    urTierTgacvla. amisaTvis aucilebelia maT Soris specialuri kavSirebis 

organizeba. arsebobs Semdegi ori struqturis mqone kavSirebi:   

 ● klasikuri struqturis kavSirebi. am dros TiToeuli mowyobiloba nebis-

mier sxva mowyobilobasTan kavSiris sakuTari xaziTaa dakavSirebuli da maT So-

ris signalebisa da kodebis gacvla am xaziT xdeba; 

 

 

 

 3                           

an 
ai = 

 Ai,          Tu  Z = 0, 

(9 - Ai),  Tu  Z = 1, 
a10 = 

 A10,                Tu  Z = 0, 

(999 – A10),    Tu  Z = 1, 

Si = Bi + ai  + Ci ,   an 

  

  

 

S10 = 
B10 + A10 ,                 Tu  Z = 0, 

1000  + (B10 - A10),    Tu   Z = 0, 

S = 
B – A , Tu  ( B – A)  0;          am dros C3 = 1, 

1000-mde damatebas, Tu  ( B – A)  0;  am dros C3 = 0. 

5.5. multipleqsireba da misi gamoyeneba 

 logikuri funqciebis realizebisaTvis. 

multipleqsori da demultipleqsori  

 

 

  1                           
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 ● salturi struqturis kavSirebi. am dros damoukideblad arsebobs kavSi-

ris xazebi, romlebsac uerTdeba calkeuli mowyobilobebi (nax. 5.14). mowyobi-

lobebs Soris gasacvleli yvela signali da kodi kavSiris erTi da igive xaziT, 

oRond drois sxvadasxva momentSi gadaicema; amasTanave, kavSiris nebismier xazSi 

gadacema orive mimarTulebiT xdeba, e.i. gvaqvs ormxrivi gadacema. amis Sede-

gadDxazebis raodenoba mniSvnelovnad mcirdeba, xolo informaciis gacvlis wese-

bi (protokolebi) martivdeba. 

kavSiris xazs xSirad signalebis an kodebis nakadebis “gasadineblad” gankuT-

vnil arxad ganixilaven. erTi arxiT ramdenime informaciis gadacemas arxis Se-

mWidroeba ewodeba. signalebis an kodebis gadasacemad gankuTvnili arxebis jgufs 

salte (ingl. bus) ewodeba. 
sxva sityvebiT rom vTqvaT, klasikuri struqturis SemTxvevaSi kavSiris ar- 

xebia mierTebuli mowyobilobebTan, xolo salturi struqturis dros piriqiT   

–  kavSiris arxebTanaa mierTebuli mowyobilobebi. 

 miRebulia Semdegi gansazRvreba: 

 

 

 

signalebisa da kodebis gadacemis zemoT aRweril xerxs multipleqsuri ga-

dacema ewodeba. multipleqsuri gadacemisaTvis gankuTvnili xazebis erToblioba 

e.w. saltes warmoqmnis (ix. nax. 5.14) da amitom kavSirebis mocemulma struqtu-

ram salturi struqturis saxelwodeba miiRo    

klasikuri struqturis kavSirebis dros saWiroa didi raodenobis xazebis 

gamoyeneba da, garda amisa, nebismieri ori mowyobiloba informacias erTmaneTs 

specialuri protokolos dacviT ucvlis, e.i. mravalferovania aRniSnuli pro-

tokolebis saxeebi. kavSirebis xazebis raodenobisa da informaciis gadasacemad 

saWiro protokolebis mravalferovnebis Semcireba salturi struqturis kavSi-

rebis gamoyenebiTaa SesaZlebeli da amitom igi gamoiyeneba kompiuterul siste-

mebSi.  

 

 

multipleqsireba ( ingl. multiplexing, muxing)  warmoadgens kavSirgabmulobis 

xazis SemWidroebas, e.i. erT xazSi informaciis ramdenime nakadis erTdroulad 

gadacemas, rac zrdis arxis gamtarobis unars. 

 

nax. 5.14. salturi struqturis kavSirebi. 

mowyobiloba 1 mowyobiloba 2 mowyobiloba n 

salte 
salteSi Sema- 

 vali arxebi 
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       arsebobs multipleqsirebis Semdegi saxeebi: 

       multipleqsireba sixSiruli dacalkevebis gziT (ingl. FDM, Frequency 

Division Multiplexing);  

       multipleqsireba droiTi dacalkevebis gziT (ingl. TDM, Time Division 

Multiplexing); 
       multipleqsireba talRis sigrZis mixedviT dacalkevebis gziT (ingl. 

WDM, Wavelength Division Multiplexing) 
mokled ganvixiloT TiToeuli maTgani. 

 

 

 

 

 

 

 

 

 

 

multipleqsirebis zemoT CamoTvlili saxeebis ganxilva cdeba Cveni damxmare 

saxelmZRvanelos ganxilvis farglebs, magram TvalsaCinoebisaTvis mokled Sevexe-

biT sixSiruli danawevrebis gziT sami arxis multipleqsirebis kerZo SemTxvevas 

(nax. 5.15).   

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 2                          

sixSiruli dacalkevebis gziT multipleqsirebis dros farTo sixSiruli 

zolis mqone arxis farglebSi xdeba viwro sixSiruli zolis mqone ramdenime 

arxis ganTavseba.  

 

droiTi dacalkevebis gziT multipleqsirebis  dros monacemebi kadrebad ga-
daicema; am dros naklebi siganis (gadacemis unaris) mqone arxebidan didi siga-

nis arxze gadasvlis gamo am ukanasknelis erTi kadris farglebSi Tavisufldeba 

rezervi naklebi moculobis ramdenime kadris gadasacemad.        

 
talRis sigrZis mixedviT dacalkevebis gziT multipleqsirebis  teqnologias 

safuZvlad udevs is faqti, rom sxvadasxva sigrZeebis mqone talRebi erTmaneTi- 

sagan damoukideblad vrceldeba da maTi saSualebiT erT optikur-boWkovan kab- 

elSi ramdenime arxis organizebaa SesaZlebeli. 

 

10 20 khc 

nax. 5.15. sami arxis multipleqsireba sixSiruli dacalkevebis gziT   

10 20 khc 

dacviTi zolebi 

300–3400 hc 

I 
ar
x
i 

II
 
ar
x
i 

II
I 
ar
x
i 

  1-li 

 signali 

  me-2 

 signali 

  me-3 

 signali 

 arxebis dacalkeveba Sesasvleli arxebi gamosasvleli arxi 
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mravalarxiani kavSirgabmulobis ganviTarebis dasawyisSi kavSirgabmulobis sa-

qalaqTaSoriso arxebiT mxolod satelefono informacia gadicemoda; SemdgomSi 

kavSirgabmulobis sxva saxeebic iqna formirebuli, magram maT Soris yvelaze mra-

valricxovani dResac satelefono kavSiri rCeba. aRniSnulidan gamomdinare, gada-

cemis mravalarxiani sistemebis aparaturiT warmoSobili kavSirgabmulobis arxis 

ZiriTad tipad salaparako (bgeriTi) signalebis gadacemis uzrunvelmyofi arxi 

miiCneva. aseTi tipis arxs ewodeba tonaluri sixSiris arxi.  

tonaluri sixSiris arxi ewodeba teqnikuri saSualebebis erTobliobas, 

romelic uzrunvelyofs 300-dan 3400 hercamde sixSireTa zolSi moTavsebuli 

signalebis gadacemas, vinaidan swored aseT zolSia moTavsebuli salaparako bge-

rebi. 5.15 naxazze aseTi sami arxia naCvenebi, romlebsac Sesasvleli arxebi ewo-

deba. masze ilustrirebulia SezRuduli gamtarobis (300-3400 hc-is) mqone am 

sami arxidan gazrdili gamtarobis (10-20 kiloherci) mqone gamosasvlel arxad 

wodebuli erTi arxis formirebis procesi. aRniSnul process sixSiruli mul-

tipleqsireba ewodeba. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 5.16.  multipleqsoris daniSnulebis mailustrirebeli sqema 
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gamosasvlel arxSi Sesasvleli arxebisaTvis gamoyofilia sixSiris sakuTari 

zolebi, romlebic erTmaneTisagan specialuri dacviTi zolebiTaa dacalkevebuli. 

romelime Sesasvleli arxidan informaciis gadacemis saWiroebis warmoSob- 

bisTanave, aRniSnuli arxi multipleqsorad wodebuli specialuri mowyobi- 

lobiT dauyovneblad miuerTdeba saerTo arxs. maSasadame multipleqsori sxva  

araferia, Tu ara arxebis specifikuri saxis komutatori, romelic ramdenime  

Sesasvleli arxidan erT-erT maTgans saerTo gamosasvlel arxTan aerTebs.  

 

      Mmultipleqsori SeiZleba realizebuli iqnes: 

          aparaturulad; 

          programulad. 

gamosasvlel arxTan n raodenobis Sesasvleli arxebidan nebismieri saWiro 

maTganis komutirebisaTvis gankuTvnili multipleqsoris pirobiTi gamosaxuleba 

5.16 naxazzea naCvenebi. mas aqvs: 

     n raodenobis sainformacio D0, D1, … , Dn-1  Sesasvlelebi; 

     m raodenobis S0, S1, … , Sm-1   samisamarTo Sesasvleli; 

        erTi Y  gamosasvleli. 

 aTobiT n da m ricxvebs Soris arsebobs Semdegi damokidebuleba:   

 

                                                            

sadac log2n aRniSnavs log2n–ze aranakleb mTel dadebiT ricxvs. 

   5.16 naxazis Sesabamisad samontaJo sadenebis daxmarebiT multipleqsoris: 

             Y gamosasvleli mierTebulia gamosasvlel arxTan;  

      Di, i  (0,1, …,  n-1) Sesasvleli mierTebulia aTobiTi i ricxviT dano-

mril Sesasvlel arxTan, romelic am arxis aTobiT misamarTad iTvleba.  

Aarxebis danomvra da multipleqsoris sainformacio arxebis indeqsireba im-

gvaradaa moxdenili, rom samarTliania Semdegi mtkiceba:   

 

 

 

 

 

Sesasvleli i-uri arxis saWiroebis warmoSoba (ixileT mocemuli 

paragrafis qvepunqti 2) multipleqsoris  samisamarTo Sesasvlelze am arxis 

orobiTi misamarTis miwodebis tolfasia. samisamarTo Sesasvlelze nebismieri Se-

sasvleli arxis orobiTi misamarTis miwodebisTanave multipleqsori am arxs ga-

mosasvlel arxTan miaerTebs.  

  

           n=4 raodenobis sainformacio Sesasvlelis mqone multipleqsorisa- 

         Tvis (nax. 5.16) samisamarTo Sesasvlelebis m raodenobaa: 

    

 

aRniSnulidan gamomdinare n=4 raodenobis sainformacio Sesasvlelis mqone 

multipleqsors gaaCnia (nax.5.16):   

 

 

  3                         

m = log2n , (5.14) 

multipleqsoris sainformacio Di, i  (0,1, …,  n-1) Sesasvlelis indeqsi gviC- 

venebs am SesasvlelTan mierTebuli Sesasvleli arxis aTobiT misamarTs. aTobiTi 

i  ricxvis Sesatyvisi m bitur orobiT ricxvs Di SesasvlelTan mierTebuli Sesa- 

svleli arxis orobiTi misamarTi ewodeba.       

  4                         

m = log24 = 2 (5.15) 
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samisamarTo Si , i (0;1) Sesasvlels Tu miewodeba: 

 logikuri 0 signali, maSin igi aRvniSnoT inversirebis niSniT, e.i rogorc 

Si;  

 logikuri 1 signali, maSin igi uinversiod, e.i. Si saxiT aRvniSnoT. 

aseTi aRniSvnebis SemoRebis SemTxvevaSi SegviZlia davaskvnaT, rom ganxiluli 

multipleqsoris saSualebiT realizdeba Semdegi logikuri funqcia: 

 

 

 

sadac plusis niSnebiT diziunqciis logikuri operacia, xolo gamravlebis 

niSnebiT – koniunqciis logikuri operaciebia aRniSnuli. 

  

 

 

 

 

 

 

 

 

 

 

 

nax. 5.16.    n=4 raodenobis sainformacio Sesa-  

          svlelebiani multipleqsoris pi- 

             robiTi gamosaxuleba  

       

1 

 

 

 
 

 

 

 

1 

1 

 

 

 

Y 

S1 S0 D0 

S0 S1 D1 

D2 S1 S0 

S1 S0 D3 

& 

& 

& 

& 

S1 

D0 

D2 

D3 

D1 

S0 

  sainformacio Sesasvlelebi D0, 

D1, D2, D3; 

  samisamarTo Sesasvlelebi S0, 

S1; 

  gamosasvleli Y. 

sainformacio Sesasvlelebis 

orobiTi misamarTebi Semdegia: 

  D0 SesasvlelisaTvis 00; 

 D1 SesasvlelisaTvis 01; 

 D2 SesasvlelisaTvis 10; 

 D3 SesasvlelisaTvis 00 

sainformacio Sesasvlelze  

zemoT CamoTvlili romelime maT- 

ganis warmoSobis SemTxvevaSi ga- 

mosasvlels miuerTdeba am misam- 

arTis Sesabamisi sainformacio Se- 

sasvleli, romelTanac, rogorc 

5.16 naxazidan Cans, saTanado Se-

sasvleli arxia dakavSirebuli.  

ganxiluli multipleqsoris 

funqcionireba 5.5 cxrilSia  

ilustrirebuli.  

   

  

 

 

 

cxr. 5.5. n=4 raodenobis sainformacio Sesas- 

  vlelebiani multipleqsoris funqcionireb-  

        mailustrirebeli cxrili  

M
 
mi
sa
ma
r
T
eb
i 
 

 S1 

 

 S0 

 

 1 

 
 0 

 

 samisamarTo 

Sesasvlelebi 

 

misamarTiT gan- 

sansazRvruli  

  i indeqsi 

 

Y-Tan mier- 

Tebuli Di 

Sesasvleli   

   

  0 

 
 0 

 1 

 
 1 

 

 0 

 

 1 

 

       0  

   

 
       1  

   

 
       2  

   

 
       3  

   

 

    D0 

 

 
    D1 

 

 
    D2 

 

 
    D3 

 

 

Y = S1S0 D0 + S1S0 D1+ S1S0 D2 + S1S0 D3 , (5.16) 
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        zemoT ganvixileT oTxi sainformacio Sesasvlelis mqone multipleq-  

       sori. ufro meti raodenobis sainformacio Sesasvlelebis mqone mul-  

      tipleqsoris misaRebad aigeba multipleqsoruli xe. 5.17 naxazze 

naCvenebia 4 sainformacio Sesasvlelis mqone 0MS, 1MS, 2MS, 3MS  multi-

pleqsorisagan agebuli multipleqsoruli xe, romelic warmoadgens 16 sain-

formacio Sesasvlelis mqone multipleqsors. gamosasvlelze misaerTebeli Sesa-

svleli  0, 1, ..., 15  arxidan erT-erTi arxis amosarCevad gamoiyeneba ori samisa-

marTo Sesasvleli;   1-li samisamarTo SesasvleliT 0MS, 1MS, 2MS, 3MS  mul-

tipleqsorebidan amoirCeva is multipleqsori, romelTanac mierTebulia amosar-

Cevi arxi, xolo me-2 samisamarTo Sesasvlelis saSualebiT amorCeuli multi-

pleqsoris sainformacio SesasvlelebTan mierTebuli arxebidan amoirCeva saZebni 

arxi. 

magaliTad, davuSvaT, rom saWiroa multipleqsoris gamosasvlels miuerTdes 

me-11 Sesasvleli arxi. rogorc 5.17 naxazidan Cans, aRniSnuli arxi dakavSirebu-

lia 2MS  multipleqsoris D3 sainformacio SesasvlelTan.   
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nax. 5.17. multipleqsoruli xe 
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zemoT aRniSnuli amocanis gadasawyvetad 1-l samisamarTo Sesasvlelze unda 

mivawodoT orobiTi misamarTi 10, ris Sedegadac amoirCeva 2MS  multipleqsori; 

Semdeg me-2 sainformacio Sesasvlelze unda mivawodoT orobiTi 11 misamarTi, 

ris Sedegadac amoirCeva 2MS  multipleqsoris D3 sainformacio Sesasvleli da 

igi miuerTdeba 16 Sesasvlelian multipleqsoris Y gamosasvlels. vinaidan D3 

sainformacio Sesasvleli saZebn me-11 arxTanaa dakavSirebuli, amitom zemoT das-

muli amocana warmatebiT iqneba gadawyvetili. sabolood SeiZleba vTqvaT, rom 

me-11 arxis jamuri orobiTi misamarTi konkretuli ganxiluli SemTxvevis dro 

1011-is tolia.  

 

nax. 5.18.  К155КП7 tipis mikrosqemis Sinagani struqtura  

D0 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

S0 S1 
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Y 

К155КП7 
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& 
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& 
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& 
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& 
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        mocemuli paragrafis me-3 qvepunqtis dasawyisSi aRvniSneT, rom multi-  

      pleqsori SeiZleba realizebuli iqnes rogorc aparaturulad aseve 

    programuladac.  

multipleqsoris aparaturulad realizebisaTvis seriulad gamodis sxvada-

sxva tipis mikrosqemebi. erT-erTi aseTia К155КП7 tipis mikrosqema, romelic 

warmoadgens 8 sainformacio arxis mqone multipleqsors. misi Sinagani struqtu-

ra 5.18 naxazze, xolo pirobiTi gamosaxuleba – 5.19 naxazzea naCvenebi. mocemul 

naxazze naCvenebia SemTxveva, rodesac samisamarTo Sesasvlelze miwodebulia or-

obiTi misamarTi 101; amitom multipleqsoris mier gamosasvlel arxTan mierTebu-

lia sainformacio D5 arxTan dakavSirebuli Sesasvleli arxi (101(2)= 5(10)).   

         garda kavSirgabmulobis arxebis SemWidroebisa, multipleqsori Se-  

        iZleba warmatebiT gamoviyenoT universalur damprogramebel elemen- 

tadac, romlis meSveobiTac SevZlebT movaxdinoT logikuri funqciebis realiz- 

eba. misi arsis gasagebad visargebloT induqciis meTodiT, romlis drosac kerZo 

faqtebidan, calkeuli debulebebidan xdeba zogadi daskvnis gamoyvana (misi sapi-

rispiroa deduqciuri meTodi, romlis drosac zogadi debulebidan miiReba kerZo 

daskvna). amisaTvis ganvixiloT 5.20,a naxazze moyvanili WeSmaritebis cxrilis 

Sesabamisi sam cvladze damokidebuli logikuri y = f(x0 x1, x2) funqciis realizeba 

8 sainformacio Sesasvlelis mqone multipleqsoris (nax.5.20,b) saSualebiT. am 

dros gamoyenebuli meTodika samarTliani iqneba multipleqsoris daxmarebiT ne-

bismier cvladze damokidebuli logikuri funqciis realizebisaTvisac, oRond am 

SemTxvevaSi ganxiluli logikuri funqciis argumentebis mniSvnelobaTa nakrebe-

bis raodenoba ar unda aRematebodes aRniSnuli funqciiis realizebisaTvis gamo-

yenebuli multipleqsoris sainformacio Sesasvlelebis raodenobas. 

 

 

 

 

 

 

 

 

 

 

 

 

  logikuri y = f(x0, x1, x2) funqciis argumentebis mniSvnelobaTa nakrebebi da-

nomrilia aTobiTi i(0,1, … , 7) ricxvebiT (nax.5.20,a), romlebic warmoadgens 

multipleqsoris sainformacio Di Sesasvlelebis indeqsebs. 

 logikuri funqciis argumentebis mniSvnelobaTa im i nakrebebs, romlebzedac 

funqcia iRebs logikuri 1-is tol mniSvnelobebs, erTeulovani nakrebebi vuwo- 

  

nax. 5.19. К155КП7 tipis mikrosqema.Y gamosasvlelTan mierTebulia  

           D5 SesasvlelTan dakavSirebuli Sesasvleli arxi 
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nax.5.20. logikuri funqciis realizeba multipleqsoris gamoyenebiT: 

          a) cxriluri formiT warmodgenili logikuri funqcia; 

          b) cxriluri formiT warmodgenili logikuri funqciis re- 

          alizeba multipleqsoris meSveobiT.   

b) a) 
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Y 

nax. 5.21.  demultipleqsori. Sesasvleli arxi mierTebulia 

         Q2    gamosasvlelTan dakavSirebul arxTan  

 samisamarTo  

 Sesasvleli 

sainformacio  

 Sesasvleli 

gamosasvlelis 

   misamarTi  

Sesasvleli arxi 

Q2  gamosasvlelTan 

dakavSirebuli arxi     

(010(2)= 2(10)) 
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doT, xolo romlebzedac funqcia iRebs logikuri 0-is tol mniSvnelobebs – 

nulovani nakrebebi.  

erTeulovani nakrebebis nomrebis qvesimravle aRvniSnoT I
(1), xolo nulovani 

nakrebebis nomrebis simravle – I
(0) simboloTi. 5.20,a naxazze naCvenebi logikuri 

funqciis SemTxvevaSi I
(1) 

={2;4;7}, xolo I
(1) 

={0;1;3,6}. 

multipleqsoris sainformacio Di , iI
(1)

={2;4;7} Sesasvlelebze Tu mivaerTebT 

kvebis wyaros (logikuri 1-is tol signals), iI
(1)

={0;1;3;6} Sesasvlelebze – 

“miwas” (logikuri 0-is tol signals), xolo samisamarTo Sesasvlelebze – lo-

nax. 5.22.  demultipleqsoris sqema 
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gikur x0, x1, x2 cvladebs,  maSin aRniSnuli multipleqsori moaxdens ganxiluli 

logikuri y = f(x0, x1, x2)  funqciis realizebas. 

         demultipleqsori (nax.5.21) wyvets multipleqsoris Sebru-    

         nebul amocanas  –  mimdevrobiT monacemebs (informacias) erTaderTi  

         sainformacio D SesasvlelTan dakvSirebuli arxidan  gadascems 

ramdenime Q0, Q1, … , Q7 gamosasvlelTan dakavSirebuli arxebidan im erTaderT Qi 

arxs, romlis  i indeqsis Sesabamisi orobiTi ricxvi miwodebulia samisamarTo 

Q2, Q1, Q0 Sesasvlelebze.  

5.21 naxazze gamosaxulia SemTxveva, rodesac samisamarTo S2, S1, S0 Sesasvle- 

lebze miwodebulia i =101(2)=2(10) ricxvi; amitom sainformacio D SesasvlelTan 

dakavSirebul erTaderTi Sesasvleli arxidan mimdevrobiTi 010011 monacemebi (in-

formacia) gadaewodeba Q2  gamosasvlelTan dakavSirebul gamosasvlel arxs.  

ganxiluli demultipleqsoris Sinagani struqtura 5.22 naxazzea naCvenebi. 

multipleqsoris analogiurad demultipleqsoric SeiZleba iqnes realizebu-

li rogorc programulad, aseve aparaturuladac. zemoT ganxiluli demultip-

leqsoris aparaturulad realizebisaTvis, magaliTad, SeiZleba К155ИД7 tipis 
mikrosqema gamoviyenoT.   

 

 

 

 

 

  7                        
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-  “     “       procesi 

- diskretuli elementi       

-  “     “  mowyobiloba 

- diskretuli mowyobilobis analizi 

-  “    “    “    “    “   sinTezi 

- diskretuloba  

- demultipleqsori  

- d-kubi  

-   “  “ maqsimaluri  

- dodokaedri  

-  dokumenti 

 
e 

 

- evdonomia  

- evdonomizmi             

- EBCDIC 

-  EDSAC 

- eleqtromagnituri induqciis Zala 

- ENIAC  

- entropia  

-  “   “ aposteriuli 

-  “   “ aprioruli 

- ekvivalenturi diskretuli mowyo- 

  bilobebi  

v 

 

- veqtoruli grafikis xerxi  

 

T 

 

- Tvlis sistema  

-  “     “  bergmanis  

-  “     “  poziciuri    

-  “     “  romauli arapoziciuri  

-  “     “  Sereuli 

-  “     “  fibonaCuri     

- Tvlis sistemis ekonomiurobis 

   “     “   maCvenebeli 

-  “     “       sistemis ekonomiurobis 

               fardobiTi maCvenebeli 

-  “     “   fuZe  

 

i 

 

- izomorfizmi  

- ikosaedri  

- implikaciebi  

- industralizacia  

sagnobrivi    saZiebeli 

- 19      

- 10; 

- 111; 
- 298; 

- 216; 221; 
- 217; 

- 169; 

- 20; 23 

- 131;  
- 117;  

- 192;  

- 75; 77; 

- 144  

- 144;  

- 61;  

- 20;  

- 7;  
- 55.  

- 51; 

- 93;  

- 93; 133; 

- 10;  

- 73; 74;  

-168; 184.  

- 53;  
- 136;  
- 167;  

- 168;  

- 7;  
- 141;  

- 68.  

- 198;  

-  112  
- 113;  

- 112;  

- 168;  

- 198;  

- 178;  

- 193; 194;  

- 190;  

- 203;  

- 98;  

- 170; 
- 170; 

- 175; 

- 175; 

- 112; 

- 111; 

- 51; 
- 248; 

- 206; 

- 207; 

- 68; 

- 63; 
- 63; 

- 117; 

- 60; 

- 10; 
- 22; 

- 134; 141; 

- 124; 

- 75; 

- 76; 

- 75; 

- 76; 

- 76; 

- 68; 

- 184; 

- 17; 

- 178; 

- 116; 117;  

- 45; 

 

diziunqciuri normaluri minimaluri  

             forma - 194   

- 210. 

- 83. 

- 83; 

- 84; 

- 142; 

- 142; 

- 32. 

- 74; 

- 111; 
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- industriuli sazogadoeba  

- inversia  

- invertori (ara elementi) 

- integraluri sqema  

- informatizacia  

- informatika  

- informacia  

- informaciis adekvaturoba  

-  “     “  aqtualoba       

-  “     “  gadacemis etapi  

-  “     “  damuSaveba 

-  “     “  gamosaxvis (aRwarmoebis)  

                    etapi  

-  “     “  damuSavebis (gardaqmnis) 

                    etapi    

-  “     “  mimoqcevis etapebi  

                   (fazebi)  

-  “     “  momzadebis (gardaqmnis) 

                   etapi  

-  “     “  Sekrebis (aRqmis) 

                   etapi       

-  “     “  emociuroba  

-  “     “  mimRebi  

-  “     “  mimoqceva  

-  “     “  mmarTvelobiTi funqcia  

-  “     “  obieqturoba  

-  “     “  raodenoba  

-  “     “  sakomunikacio funqcia  

-  “     “  sisrule  

-  “     “  utyuaroba  

-  “     “  SemecnebiTi funqcia  

-  “     “  Senaxvis etapi  

-  “     “  xarisxi   

-  “     “  xelmisawvdomoba  

-  “     “  wyaro  

- iupiteris cikli  

- IS8859 -1, (IS8859-2, IS8859-3) standarti 

 

k 

 

- kanoni: aditurobis 

-  “  “  asociurobis  

-  “  “  gamoricxuli mesamis   

   “ “   de morganis   

   “ “   idempotenturobis  

-  “  “  komutaturobis  

-  “  “  koniunqciis mimarT diziunqciis  

         distributulobis  

-  “ “   nulovani simravlis   

-  “  “  samganzomilebadobis 

-  “  “   ormagi uaryofis  

-  “  “   universaluri simravlis  

-  “  “  uwyvetobis 

-   “ “   Sewebebis  

   “ “   STanTqmis (absorbciis)  

   “ “   winaaRmdegobis 

- karnos baraTi  

- kvanti  

- klasifikacia  

- kibernetika  

- kodi  

  “  “  arawoniTi  

  “  “  8421    

  “  “  7421  

  “  “  2421 

  “  “  3-is siWarbiT  

  “  “  75(-3)1 

  “  “  75(-2)1 

  “  “  3a+2 

     “  “  5-dan 2 

  “  “  woniTi  

- kodireba  

- kodirebis indeqsuri reJimi  

- koduri cxrili  

- kombinaciuri diskretuli mowyobiloba  

- kompiuteri  

    “    “   analoguri  

-   “    “   diskretuli (cifruli)  

    “    “   impulsuri  

    “    “   optikuri  

-   “    “   kvanturi  

- kompiuteruli mecniereba  

-   “    “  programa  

- konvencia  

   “   “  dadebiTi 

   “   “  uaryofiTi  

- koniunqtori (da elementi)  

- koniunqcia  

- koniunqciuri srulyofili normal- 

                uri forma (ksnf)   

-   “   “   “   “   minimaluri 

-   “   “   “   “  Semoklebuli 

- konstituenta erTianis  

-   “   “   “   nulis 

- kubi  

- kotelnikovis Teorema  

 

l 

 

- logika  

- logikis algebra  

- logikuri funqcia  

-  “  “  “ argumentebze arsebiTad 

                damokidebuli  

-  “  “  “ arasrulad gansazRvruli 

-  “  “  “ srulad gansazRvruli 

-  “  “  “ gadagvarebuli  

-  “  “  “ elementaluri  

-  “  “  “ TviToradi  

-  “  “  “ minimaluri 

- logikuri gamravlebis funqcia 

- logikuri Sekrebis funqcia 

- logikuri funqciis minimizacia  

-  “   “  “ Caketili klasi  

 

 

 

- 28; 

 

- 27; 
- 19;  

- 177; 

- 10; 

- 11; 

 

- 11; 

 

- 13; 

 

- 14; 

 - 13; 

 - 12; 

 - 13; 

 - 12; 

 

- 13; 

 

- 12; 

 

 

- 12; 

 

- 11; 

 

- 9; 

 

- 11; 

 

- 134; 142; 

 
- 12; 

 

- 11; 

 
- 11; 

 

- 12; 

 

- 14; 

 
- 11; 

 
- 11; 

 

- 8; 

 

- 173; 

- 68; 

 

- 185; 

 

- 185; 

 - 185; 

 

- 185; 

 

- 186; 

 - 185; 

 

- 185; 

 

- 185; 

 
- 204; 

 
- 112; 

 

- 81; 

 

 

- 113; 

 

- 158; 

 

- 156; 

 

- 156; 

 

- 156; 

 
- 156; 

 

- 156; 

 

- 156; 

 

- 156; 

 

- 156; 

 

- 16; 

 

 

- 130 

 

- 115; 117; 

 

- 177; 

 

- 195; 

 

- 195; 

 

- 195; 

- 217; 

 

- 197; 

- 192; 

- 187; 

- 191; 

- 6; 

 
- 9; 51; 

 - 9;  

 

- 9;  

 
- 9;  

 
-136; 261; 

 

- 60; 

 

- 203; 

- 203; 

- 68; 

 

- 112. 

 

 

- 175; 

 

 

- 168; 

 

 
- 176; 

 

 

 

 

- 176; 

 

 

- 211; 

 

 

 

 

- 211; 

 

 

 

 

- 175; 

 

 

- 176; 

 

 

- 177; 

 

 

- 178; 

 

 

- 177; 

 

 

- 194; 

 

 

- 181. 

 

 

- 

- 167; 

 

 

 

 

- 

- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

- 
- 

- 123; 

 

- 9;  

 

- 126; 

 

- 126; 

 

- 126; 

 

- 184; 

 

- 18; 

 

- 185; 

 

- 185; 

 

- 18; 

- 197; 

- 157; 
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m 

 

- marTva 

-  marTvis obieqti 

-  “  “    subieqti 

- masivi  

- maCvenebeli 

- maqsitermi  

   “    “  neitraluri  

- mexsiereba  

- mexsierebis elementi  

-   “    “   ujredi 

- Mark I  

-  metamecniereba  

- mzis sistemis ZiriTadi cikli 

- mTvleli gamomklebi 

- mikrobrZaneba  

- mikrooperacia  

- mikroprograma  

- mikroprogramuli marTvis principi  

- minimaluri diziunqciuri normaluri 

              forma (mdnf) 

-   “   “   bazisi  

- minimalurad sruli sistema  

- minitermi  

-   “   “  erTeulovani  

-   “   “  neitraluri  

-   “   “  nulovani  

- monacemebi  

- monacemebis damuSaveba  

- multipleqsireba  

- multipleqsori  

- multipleqsuri xe  

 

n 

 

- nakadi 

- namdvili ricxvi 

- nedleuli  

- nervuli sistema  

- neironi  

- neironis sxeuli  

- normalizebuli ricxvi  

 

o 

 

- orobiTi algebra  

-  “   “  koderi  

-  “   “  ricxvebi  

-  “   “  funqcia  

-  “   “  cvladi 

- oqros kveTis ricxvi  

- oqtaedri  

 

p 

 

- paskalina  

- pentograma  

- piTagoreizmi  

- pirdapiri kodi  

- pirsis isari 

- piqseli  

- platonuri sxeulebi  

- post-iablonskis Teorema  

- pristonuli arqiteqtura  

- procesi  

- procesori  

 

r 

 

- rastruli gamosaxuleba  

- rastruli grafikis xerxi  

- registri  

-   “   “  Sedgenili 

-   “   “  Zvris    

- regularuli gamosaxulebebis algebra  

- regularuli simravle  

- RGB meTodi 

- rekviziti 

- releuri elementebi  

- ricxvi  

- ricxvis mcuravi wertiliani forma 

- romauli cifrebi  

 

s 

 

- sazogadoebis informatizacia  

-   “    “     kompiuterizacia 

- samrewvelo revolucia  

- sainformacio procesi 

-  “      “    baza 

-  “      “    bazari 

-  “      “    kultura 

-  “      “    produqti 

-  “      “    sazogadoeba 

-  “      “    revolucia    

-  “      “    resursi 

-  “      “    sistema 

- samrewvelo revolucia 

- samuSao adgili   

- saturnis cikli  

- «Сетун»  
- semiotika (semiologia)  

- sensori  
- sinafsi  

- signali  

-  “  “  analoguri 

-  “  “  diskretuli  

- sistema  

-  “  “  marTvis  

- soma  

- sumatori: orobiTi  

-  “    “   aTobiT-orobiTi  

-  “    “    “    “    gamomklebi 

- superpozicia  

- sqema: an-ara elementis  

-  “ “  da-ara elementis  

-  “ “  diziunqtoris  

- 68; 

 

- 48; 

 

 

-170; 

 

 

- 93; 

 

 

- 192; 

 

 

- 211; 

 

 - 22; 

 

 

- 137; 

 

 

- 220; 

 

 

- 221; 

 

 

- 216; 

 

 

- 216; 

 

 

- 216; 

 

 

- 202; 

 

 

- 180; 

 

 

- 180; 

 

 

- 187; 

 

 

- 75; 76 

 

 
- 211; 

 

 

- 188; 

 

 

- 14 

 

 

- 14; 

 

 

- 230; 

 

 

- 241; 

 

 

- 243. 

 

 
- 100; 

 - 57; 

 

- 23; 

 - 53;  

 
- 55; 

 

- 104; 

 

- 168; 

 
- 60; 

 

 

- 57; 

 

 

- 56; 174; 

 

 

- 168; 

 
- 73; 

 

 

- 68. 

 

 - 19; 

 

 

- 63; 

 

 

- 96; 

 

 

- 124; 

 

 

- 178; 

 

 
- 182; 

 

 

- 68; 

 

 

- 68; 

 

 
- 61; 

 

 

- 60; 

 

 

- 124; 

 

 

- 124; 

 

 

  

 

- 219; 

 

 

- 218; 

 

 

- 92; 93 

 

 

- 39; 

 

 

- 54; 

 

 

- 169; 

 

 

- 126; 

 

 
- 64; 

 

 

- 94; 103; 

 

 

- 12; 

 

 

- 17; 

 

 

- 68; 

 

 

- 72; 

 

 - 9; 

 

- 10; 

 

- 10; 

 

 

- 37; 

 - 55; 

 

- 53; 

 

- 55; 

 
- 222; 227; 

 

- 225; 

 

-236; 237 

 
- 179 

 

- 198; 

 

-198; 

 
- 197; 

 

- 12; 

 

- 32; 

 

 

- 32; 

 

 

- 32; 

 

 

- 32; 

 
- 33; 35; 

 

- 34; 

 

 

- 35; 

 

 

- 35; 

 

 

- 36; 

 

 

- 41;  

 
- 35; 

 

- 47; 

 

 

- 188; 

 

 

- 12; 

 

 

 

- 16; 

 

 

 

- 16; 

 

 

- 16; 

 

 

- 16; 

 

 

- 18; 

 

 

 

- 33; 

 

 

 

- 34; 

 

 

 

- 61; 
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-  sqema:  koniunqtoris  

-  “ “  Zabvis gamyofis  

- swori mravalwaxnagi  

 

 

t 

 

- tezaurusi  

- tetraedri   

- teqnologia 

-   “     “  kompiuteruli  

-   “     “  materialuri  

-   “     “ PostScript  

-   “     “  sainformacio 

-   “     “ True Type  

-   “     “  cifruli  

- tiuringis manqana  

- tranzistori  

- tripleti  

 

u 

 

- urTierTzemoqmedebis damaxsovreba  

- uwyvetoba  

- Unicode  

 

f 

 

- feradovneba: maRali 

-   “   “     sruli 

- fibonaCis ricxvebi  

- fiqtiuri argumenti  

- fon neimanis arqiteqtura  

- fsiqika  

- funqcia: araerTmniSvnelianobis  

-  “   “  bulis  

-  “   “  gadacemis 

-  “   “  gameorebis   

-  “   “  diziunqciis (an) 

-  “   “  diziunqciis uaryofis  

                   (an-ara) 

-  “   “  erTnairmniSvnelianobis    

-  “   “  ekvivalenturobis 

-  “   “  vebis   

-  “   “  TviToradi 

-  “   “  koniunqciis (da)      

-  “   “  koniunqciis uaryofis  

                    (da-ara) 

-  “   “  logikuri   

-  “   “ monotonuri  

-  “   “ oradi  

-  “   “ oris moduliT Sekrebis 

-  “   “ uaryofis (inversia)  

-  “   “ urTierToradi 

-  “   “ Seferis  

-  “   “ wrfivi 

- funqcionurad: sruli sistema 

-   “   “   “   Sesustebulad sruli  

                           sistema  

q 

 

- qvesistema  

- quleri  

 

S 

 

- Sikardis manqana   

- SegrZnebiTi cda 

- Semecneba 

- Setyobineba 

- Sinaarsobis koeficienti 

 

 

c 

- CMY- meTodi 

- CMYK – meTodi 

- cifri  

- cifruli sistema  

-  “    “  teqnologia  

- cneba  

- cuzes gamomTvleli Z3 manqana  

 

Z 

 

- Zabvis gayofis principi  

 

w 

 

- wrfivi dagegmareba   

- wyvetiloba  

 

W 

 

- WeSmaritobis cxrili   

 

h 

 

- harvarduli arqiteqturis kompi- 

                   uteri 

- hartlis formula  

- hibriduli arqiteqturis kompiu- 

                   Uteri   

- High Color-is reJimi 

- 76; 

 

 

- 177;  

 

 

- 197; 

 
- 195; 

 

- 67. 

 

- 25; 68 

 

- 142; 144;  

 

- 8; 

 

- 26; 

 

-25 

 - 26 

 -36; 44; 

 
- 26; 

 

- 172; 

 

 

- 127. 

 

 

- 130; 

 

 

- 24; 

 

- 54; 

 

- 60; 

 

- 7; 

 

- 178; 

 - 178; 

 

- 177; 

 

 

- 178; 

 

- 178; 

 

 

- 178; 

 

- 178; 

 
- 178; 

 

- 182; 

 - 178; 

 

- 178; 

 

- 181; 

 

- 181; 

 

- 180; 

 - 180. 

 

- 220; 

 

- 18; 

 
- 59; 

 

- 19; 

 - 7; 

 
- 131. 

 

- 77; 

 
- 45; 

 - 6; 

 
- 22. 

 

- 196. 

 

- 18; 

 

- 54. 

 

- 57; 176. 

 

- 60; 

 

- 132; 

 - 61; 

 
- 130. 

 

- 167; 

 

- 173; 

 

- 129; 

 
- 129; 

 

- 176; 

 

 

- 123. 

 

- 174; 

 

 

- 143. 

 

- 54; 

 

 

- 177; 

 

- 58; 

 

- 130; 

 

 

- 130; 

 

 

- 129; 

 

 

- 181; 
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avtorisagan     

 

I Tavi.  informatizaciis zogadi sakiTxebi           

 

       informaciis raoba         

       sakvanZo cnebebi, gansazRvrebebi da debulebebi mokle  

         istoriuriuli eqskursis fonze               

       klasifikaciis saxeebi da informaciis klasifikacia  

       informaciis struqturuli erTeulebi  

       sazogadoebis informatizaciis sakiTxebi  

       avtomatizebuli sainformacio sistemis struqturu- 

          li agebuleba   

       avtomatizebuli samuSao adgilis daxasiaTeba  

             da klasifikacia 

        yvela gza midis ... ricxvebisaken !    

 

II Tavi.   kompiuterebSi informaciis warmodgenis 

                      s a k i T x e b i                

 

        Tvlis sistemebis warmoSobis istoriidan          

        Tvlis sistemebis zogadi mimoxilva         

        Tvlis poziciuri sistemebi         

        Tvlis erT-erTi sistemidan meore sistemaSi ricxve- 

            bis gadayvana   

        kompiuterebSi ricxviTi informaciis warmodgena   

        kompiuterebSi namdvili ricxvebis warmodgenis problema   

        wanacvlebuli anu siWarbis mqone orobiTi kodi        

        bgeriTi informaciis warmodgena orobiTi kodebiT  

        simboluri informaciis warmodgena orobiTi kodebiT  

        grafikuli informaciis warmodgena orobiTi kodebiT  

        informacia, rogorc ganusazRvrelobis moxsnis saSualeba          

        informaciis raodenobis gazomvis sakiTxisaTvis    

 

III Tavi.  ariTmetika kompiuterebisaTvis   

 

       ariTmetikuli operaciebis Sesruleba Tvlis poziciuri 

           sistemebis gamoyenebis dros    

       Tvlis orobiT-aTobiTi sistema    

       orobiT-aTobiTi ricxvebis Sekreba    

       kompiuterSi ariTmetikuli operaciebis Sesrulebis 

                  Taviseburebebi      

 

IV Tavi.  informatikis logikuri safuZvlebi     

 

logika diskretuli mowyobilobis maTematikuri modelis 

                 gansazRvris samsaxurSi      

s   a   r   C   e   v   i  

3 

6 - 53 

1. 1 6 

12 
1. 2. 

28 1. 3. 

66 - 144 

2. 1. 

74 2. 2. 

66 

77 2. 3. 

84 
2. 4. 

92 2. 5. 

102 2. 6. 
107 2. 7. 
110 2. 8. 
114 2. 9. 

124 2. 10. 

131 2. 11. 

136 2. 12. 

145 - 166 

145 
3. 1. 

155 3. 2. 

160 3. 3. 

163 

3. 4. 

4. 1. 

167 - 215 

167 

1. 4. 

1. 5. 1. 5. 

1. 6. 

1. 7. 

1. 8. 

32 

33 

36 

45 

51 
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        logikuri funqciebis zogadi daxasiaTeba. elementaluri 

          logikuri funqciebi     

        elementalur logikur funqciaTa funqcionalurad  

           sruli sistemebi   

        logikis (bulis) algebra da misi ZiriTadi kanonebi    

        logikuri funqciebis analizuri formebi        

        logikuri elementebi: zogadi cnobebi da maTi realiza- 

             ciis safuZvlebi   

        logikuri funqciebis realizeba da-ara, an-ara  

             elementebiT        

        logikuri funqciebis minimizaciis safuZvlebi    

        arasrulad gansazRvruli logikuri funqciebis minimiza- 

          cia. logikur funqciaTa sistemebis minimizacia     

 

 V Tavi.  Kkompiuteruli sistemebis asagebad logikis 

              algebris gamoyenebis sakiTxebi         

 

         procesoruli mowyobilobis funqcionirebis sakiTxebi      

         orobiTi sumatori  

         orobiT-aTobiTi sumatorebi   

         orobiT-aTobiTi gamomklebi sumatorebi  

         multipleqsireba da misi gamoyeneba logikuri funqciebis 

         realizebisaTvis. multipleqsori da demultipleqsori  

 

gamoyenebuli literatura   

 

sagnobrivi saZiebeli     

           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

174 
4. 2. 

178 
4. 3. 

184 4. 4. 

4. 5. 187 

194 
4. 6. 

199 
4. 7. 

203 

4. 9. 
211 

4. 8. 

216 - 248 

216 5. 1. 
222 

225 
231 

237 

249 - 251 

252 - 255 

5. 2. 

5. 3. 

5. 4. 

V5 

5. 
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         В работе рассмотрены следующие вопросы: 

 I. ОБЩИЕ ВОПРОСЫ ИНФОРМАТИЗАЦИИ (стр. 6-65): 
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                  дороги идут … к числам (стр.51). 
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                 (стр. 74);  2.3. Позиционные системы счисления (стр. 77);  2.4. Перевод чисел из одной систе- 

                 мы счисления в другую (стр. 84);    2.5.  Представление числовой информации в компьютере   
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