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maTematikis dafuZnebisa da swavlebis meTodikis kaTedraze 2004 wels 

Camoyalibebuli ,,maTematikuri da bunebrivi enebis logikis” specializaciis 

da saxelmwifo miznobrivi programis - ,,kompiuteris sruli programul-

momsaxureobiTi moqceva bunebriv qarTul enobriv garemoSi” - miznebisa da 

amocanebis gaTvaliswinebiT kursis momzadebaze muSaobda jgufi (fil. mec. 

doqtori vladimer lekiaSvili, fil. mec. doqtori eTer soselia, fil. mec. 

kandidati marine ivaniSvili) mTavari mecnier TanamSromlis konstantine 

fxakaZis xelmZRvanelobiT. wignis saboloo variantis momzadebasa da 

redaqtirebaSi mniSvnelovani wvlili Seitanes maTematikis dafuZnebisa da 

swavlebis meTodikis kaTedris docentebma givi nadibaiZem, vaxtang fxakaZem da 

filologiur mecnierebaTa doqtorma kaxa gabuniam. jgufi madlobas uxdis 

maT TanamSromlobisaTvis. 
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winaTqma wignis 

qarTuli gamocemisaTvis 

 

kursi mzaddeba Comski-montegiuseuli logikur-lingvisturi mimarTulebis 

damfuZneblebis, samecniero wreebSi sayovelTaod aRiarebuli avtorebis barbara hol 

partis, alis ter miulenis da robert edvard uolis im sauniversiteto 

saxelmZRvanelos mixedviT, romlis saTauria ,,maTematikuri meTodebi 

enaTmecnierebaSi”. am saxis qarTuli gamocemis ararsebobis pirobebSi kursis 

momzadebas akademikos Tamaz gamyreliZis, profesorebis daviT gordezianis, hamlet 

melaZisa da Tamaz TevzaZis rekomendaciebis safuZvelze srulad daeWira mxari ivane 

javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis meToduri sabWos mier. 

mTargmnelTa jgufis gadawyvetilebiT winamdebare gamocemas winaTqmad Tan erTvis 

Sesabamis sferoebSi moRvawe specialistebis recenziebi, romlebic TiTqmis amomwuravi 

sisruliT warmoaCenen saxelmZRvanelo kursis miznebs, SesaZlo gamoyenebaTa areebsa 

da, sazogadod, am tipis saxelmZRvanelo kursebis Semdgomi ganviTarebis perspeqtivebs. 

 

 

mTargmneli redaqtorebi: k. fxakaZe, l. lekiaSvili 

mTargmnelebi: e.soselia, m. ivaniSvili 

 

 

P. S. nebismieri saxis SeniSvna an mosazreba, Seexeba es wignis am pirvel 

qarTul gamocemaSi uneblied gaparul Secdomasa Tu teqstTan dakavSirebul 

sxva ufro siRrmiseul Tvalsazriss, Cveni mxridan gagebuli iqneba rogorc 

TanamSromloba, rac, bunebrivia, Tvisobrivad waadgeba saxelmZRvanelo kursis 

Semdgomi dasrulebuli gamocemis miznebs. 

  

 

 

 

 

r e c e n z i a 

 

 gavecani ,,logikisa da enis gaerTianebul qarTul jgufSi” k. fxakaZis 

xelmZRvanelobiT momzadebul b. partis, alis ter miulenisa da r. uolis wignis - 

..maTematikuri meTodebi enaTmecnierebaSi” pirveli ori nawilis Targmans, romelic 

erTiandeba saTauriT - ,,maTematikuri da bunebrivi enebis zogadi logikuri 

safuZvlebi~. 

 2004 wlis 18 ivnisis meqanika-maTematikis fakultetis samecniero sabWos 

gadawyvetilebiT ,,maTematikis dafuZnebisa da swavlebis meTodikis kaTedra”   

gafarTovda ,,maTematikuri da bunebrivi enebis logikis” specializaciiT, rac 

qarTuli bunebrivi enobrivi sistemis Tanamedrove logikur-lingvisturi meTodebiT 

Seswavlisa da misi maTematikuri dafuZnebis mizniT aucilebeli sauniversiteto 

swavlebis ganviTarebisken gadadgmuli pirveli mniSvnelovani nabiji gaxldaT. 
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ukve maSin, kaTedraze, gamoikveTa azri imis Taobaze, rom kaTedris dasaxelebaSi 

asaxuliyo misi es axali, zogadqarTuli enobriv-kulturuli TvalsazrisebiT metad 

mniSvnelovani mimarTuleba, rac, Tavis mxriv, qarTuli bunebrivi enobrivi sistemis 

manqanebTan inteleqtualuri urTierTobis enad modificirebis problemis maRali 

aqtualobiTaa ganpirobebuli. _ gasagebia, rom kaTedraze mimdinare zemoxazgasmuli 

procesebi pirdapir kavSirSia Tbilisis saxelmwifo universitetisa da gamoyenebiTi 

maTematikis institutis saxelmwifo miznobrivi programiT - ,,kompiuteris sruli 

programul-momsaxureobiTi moqceva bunebriv qarTul enobriv garemoSi” - moxazul 

miznebTan, romelTa Rrma sazogado kulturuli Rirebulebebi araerTxel iqna 

xazgasmuli. 

amgvarad, unda iTqvas, rom sarecenziod warmodgenili naSromi pirdapir 

pasuxobs kaTedris dRevandel miznebsa da mis perspeqtiul interesebs (rogorc 

dafuZnebis, ise swavlebis meTodikis TvalsazrisebiT). Tumca, igi aqtualuria ara 

mxolod aRniSnuli TvalsazrisebiT. 

kaTedris meTodisturi specifikisa da kompetenciis gaTvaliswinebiT saWirod 

miviCnie xazgasmiT dameWira mxari ukve gamokveTili TvalsazrisisaTvis imis Taobaze, 

rom sarecenziod warmodgenili kursi, garda zemoaRniSnuli fundamenturi 

mniSvnelobebis mqone miznobrivi programisa emsaxureba maTematikuri da bunebrivi 

enebis farglebSi logikurad gamarTuli msjelobiTi unar-Cvevebis ganviTareba-

Camoyalibebis metad mniSvnelovan saqmes. aqedan gamomdinare, saWirod miviCnev am 

kursis CarTvas pedagogiuri specifikebis mqone fakultetebzec. _ es arsebiTad 

Seuwyobs xels zogadi unarebis ganviTarebaze prioritetulad orientirebuli 

saswavlo sistemisaTvis aucilebeli da Tanamedrove moTxovnebis Sesabamisi 

pedagogiuri kadrebis momzadebas. 

garda amisa, saWirod da SeiZleba iTqvas aucilebladac miviCnev sarecenziod 

warmodgenil naSromSi ganxiluli sakiTxebis meToduri Sejerebisa da pedagogikuri 

gadamuSavebis safuZvelze mesame safexuris saskolo saxelmZRvanelo kursis 

Semzadebas rogorc sabunebismetyvelo, ise humanitaruli seqtoris moswavleebisaTvis, 

rac, vfiqrob, arsebiTad da saerTo saskolo sivrcisaTvis unificirebulad gadaWris 

zogadi unarebis ganviTarebasa da maT testirebasTan dakavSirebuli problemebis 

ZiriTad Semadgenlebs. 

  

 

maTematikis dafuZnebisa da swavlebis meTodikis 

kaTedris gamge, 

profesori Tamaz TevzaZe 

 

 

 

r e c e n z i a 

 

 gavecaniT ,,logikisa da enis gaerTianebul qarTul jgufSi” k. fxakaZis 

xelmZRvanelobiT momzadebul b. partis, alis ter miulenisa da r. uolis wignis - 

..maTematikuri meTodebi enaTmecnierebaSi” pirveli ori nawilis Targmans, romelic 

erTiandeba saTauriT - ,,maTematikuri da bunebrivi enebis zogadi logikuri 

safuZvlebi”. 

wigni uaRresad aqtualuria aramarto maTematikuri (kerZod, maTematikuri 

logikis), aramed filologiuri ganxris specialistebisTvisac. aRsaniSnavia, rom 

dResdReobiT praqtikulad aranairi yuradReba ar eqceva enis logicisturi 
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damuSavebis problemebs, rac did uxerxulobas qmnis humanitarul fakultetebze. 

migvaCnia, rom rogorc iuristebisTvis, ise lingvistebisaTvisac aucilebelia 

Tanamedrove maTematikuri lingvistikis uaxlesi monapovrebis gacnoba-aTviseba. 

winaaRmdeg SemTxvevaSi kvlav davrCebiT sagnobriv izolaciaSi da SeuZlebeli gaxdeba 

saerTaSoriso standartebze Cveni rogorc sabunebismetyvelo, ise humanitaruli 

dargebis gadayvana. 

 ganaTlebis sistemis reformirebis konteqstSi am proeqtis ganxilva aseve 

aqtualuria. logikuri azrovnebis ganviTarebis gareSe, logikurad gamarTuli 

enobrivi azrovnebis gareSe dRes ukve warmoudgenelia Tanamedrove maswavlebeli. am 

TvalsazrisiTac wigni saWiro da aucilebelia pedagogTa seqtorisTvis Tanamedrove 

moTxovnebis Sesabamisad maswavleblis Camosayalibeblad. 

 rekomendacias vaZlevT am proeqtze momuSave jgufs, rom es wigni gamoqveyndes 

sauniversiteto saxelmZRvanelod.  

 

 

ganaTlebisa da mecnierebis saministros proeqt `ilia WavWavaZis” 

maTematikis jgufis koordinatori 

zaqaria giunaSvili  

 

ganaTlebisa da mecnierebis saministros proeqt `ilia WavWavaZis” 

qarTuli enis da literaturis jgufis koordinatori 

kaxa gabunia 

 

 

 

r e c e n z i a 

 

gavecani ,,logikisa da enis gaerTianebul qarTul jgufSi” momzadebul b. 

partis, a. ter miulenisa da r. uolis wignis - ..maTematikuri meTodebi 

enaTmecnierebaSi” pirveli ori nawilis Targmans, romelic erTiandeba saTauriT - 

,,maTematikuri da bunebrivi enebis zogadi logikuri safuZvlebi”. 

zogadi unarebis testireba da masTan dakavSirebuli zogadi unarebis 

ganviTareba miznad isaxavs maTematikuri da bunebriv-enobrivi saSualebebiT 

mowodebuli informaciis adekvaturi aRqmisa da damuSavebis, logikuri msjelobis, 

movlenaTa Soris arsebiTi mimarTebebis wvdomis Cvevebis Camoyalibeba-gaRrmavebas. es 

yvelaferi arsebiTad emyareba rogorc maTematikisTvis damaxasiaTebel zogad logikur 

xedvebs, ise im enobrivi sistemis logicistur da fsiqologicistur Taviseburebebs, 

romlis farglebSic mimdinareobs saswavlo procesi. 

aqedan gamomdinare, sarecenziod warmodgenili naSromi, romelSic ZiriTadad 

ganixileba maTematikuri da bunebrivi enebis  urTierTmimarTebani da maTi rogorc 

zogadi, ise kerZo enobrivi Taviseburebani, metad aqtualuria. miT ufro, rom, 

samwuxarod, qarTul enaze jer kidev ar arsebobs analogiuri xasiaTis 

sauniversiteto saxelmZRvanelo kursi. garda amisa, udavoa, rom dRes ukve mimdinare 

reformiT gansazRvrul prioritetul interesTa WrilSi zemoaRniSnuli 

saxelmZRvanelo kursi saWiro da aucilebelia Tanamedrove moTxovnaTa Sesabamisi 

pedagogTa seqtoris Camosayalibeblad. 

amgvarad, rekomendacias vuwev am kursze momuSave jgufs (jgufis xelmZRvaneli 

k. fxakaZe), rom es wigni gamoqveyndes sauniversiteto saxelmZRvanelod. 
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Sefasebisa da gamocdebis erovnuli centris 

zogadi unarebis jgufis xelmZRvaneli 

sofo doliZe 

 

 

 

r e c e n z i a 

 

 gavecani ,,logikisa da enis gaerTianebul qarTul jgufSi” k. fxakaZis 

xelmZRvanelobiT momzadebul b. partis, alis ter miulenisa da r. uolis wignis - 

..maTematikuri meTodebi enaTmecnierebaSi” pirveli ori nawilis Targmans, romelic 

erTiandeba saTauriT - ,,maTematikuri da bunebrivi enebis zogadi logikuri 

safuZvlebi”. 

 mogexsenebaT, rom dRes saswavlo-samecniero sivrce iyofa sabunebismetyvelo da 

humanitarul seqtorebad, romelTagan pirveli ZiriTadad xasiaTdeba gazomvebiT, more 

ki interpretaciebiT, rac Tvisobrivad zustad asaxavs am sferoebis ganmasxvavebel 

Semadgenlebs. Tumca, deduqciuri da induqciuri msjelobebi anu kerZo da zogadi 

xasiaTis logikurad swori, mizez-Sedegobrivi daskvnebis gamoyvana pirvelsawyisad 

gansazRvruli mocemulobebis safuZvelze, iseve rogorc ukve SemoTavazebuli 

dasabuTebebis logikurad dafuZnebuli kritikuli analizi Tanabrad mniSvnelovania 

nebismierad aRebuli inteleqtualuri (samecniero) sferosaTvis. 

aRniSnulidan gamomdinare, miviCnev, rom sarecenziod warmodgenili naSromi 

aqtualuria ara mxolod meqanika-maTematikis fakultetisa da am fakultetze axlad 

Camoyalibebuli ,,maTematikuri da bunebrivi enebis logikis” specializaciisaTvis,  

aramed sazogadod. 

warmodgenili naSromis gansakuTrebul aqtualobas ganapirobebs isic, rom 

samwuxarod, jer kidev, analogiuri xasiaTis qarTuli saxelmZRvanelo kursi ar 

arsebobs, rac, Tavis mxriv, imiT aixsneba, rom qarTuli logikur-lingvisturi 

samecniero sferos realuri (rogorc saswavlo, ise samecniero TvalsazrisebiT) 

formirebis procesi mxolod axla iwyeba. 

gamomdinare zemoTqmulidan da imis gaTvaliswinebiTac, rom ivane javaxiSvilis 

saxelobis Tbilisis saxelmwifo universitetis meTodur sabWos (ix. aRniSnuli 

sabWos 2003 wlis 17 aprilis sxdomis oqmi N8; sxdomis Tavmjdomare, profesori g. 

jaiani) ukve ganxiluli aqvs aRniSnuli sakiTxi, mxars vuWer sarecenziod 

warmodgenili naSromis sauniversiteto saxelmZRvanelod gamoqveynebas. _ es arsebiTad 

Seuwyobs xels meqanika-maTematikis da informatikis fakultetebis studentebis 

integracias (CarTavs) ivane javaxiSvilis saxelobis Tbilisis saxelmwifo 

universitetisa da i. vekuas saxelobis gamoyenebiTi maTematikis institutis 

saxelmwifo miznobriv programaSi - ,,kompiuteris sruli programul-momsaxureobiTi 

moqceva bunebriv qarTul enobriv garemoSi”, romlis mizanic maTematikuri enis 

gavliT qarTuli enis manqanebTan inteleqtualuri urTierTobis enad modificirebaa, 

rac, dRes ukve, gamomdinare zogadqarTuli enobriv-kulturuli Tvalsazrisebidan, 

gansakuTrebuli mniSvnelobis mqone amocanadaa gansazRvruli. 

garda zemoaRniSnulisa, saWirod miviCnie sarecenziod warmodgenili naSromis 

Taobaze meTqva Semdegi: kursi, romelic garda zemoaRniSnuli fundamenturi 

mniSvnelobis mqone miznobrivi programisa emsaxureba maTematikuri da bunebrivi enebis 

(Cvens SemTxvevaSi, prioritetulad, bunebrivi qarTuli enis) farglebSi logikurad 

gamarTuli deduqciuri da induqciuri msjelobaTa zogadi unar-Cvevebis ganviTarebas, 
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anu, uxeSad rom vTqvaT, qarTul enaSi swori, logikurad koreqtuli (gamarTuli) 

gansjiTi unarebis formireba-ganviTarebas, mniSvnelovania da specifikaTa 

gaTvaliswinebiT adaptirebuli saxiT unda iswavlebodes sxvadasxva fakultetebze. 

maT Soris gansakuTrebulad mniSvnelovnad miviCnev am kursis CarTvas iuridiuli da 

pedagogiuri specifikebis mqone fakultetebze: ramdenadac, pirvel SemTxvevaSi - es 

aamaRlebs logikurad dafuZnebuli samarTlebrivi gansjis kulturas, xolo, meore 

SemTxvevaSi - saSualebas mogvcems movamzadoT zogadi unarebis ganviTarebaze 

prioritetulad orientirebuli saswavlo sistemisaTvis saWiro da aucilebeli 

pedagogiuri kadrebi. 

da bolos, isev saskolo reformasTan da aq prioritetulad moxazul 

umniSvnelovanes miznebTan dakavSirebiT: saWirod miviCnev sarecenziod warmodgenil 

naSromSi (,,maTematikuri da bunebrivi enebis zogadi logikuri safuZvlebi”) 

ganxiluli sakiTxebis Sesabamisi meToduri da miznobrivi gadamuSavebis  safuZvelze 

(iqneb igive saTauriTve) mesame safexuris saskolo saxelmZRvanelo kursis momzadebas, 

romliTac Tanabrad daitvirTebian rogorc sabunebismetyvelo, ise humanitaruli 

seqtoris moswavleebi, rac arsebiTad da saerTo saskolo sivrcisaTvis 

unificirebulad moxsnis zogadi unarebis ganviTarebasa da maT testirebasTan 

dakavSirebul problemebs.  

 

 

fizika-maTematikis mecnierebaTa doqtori, 

profesori avTandil gagniZe. 
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Sesavali 

 

es wigni Seiqmna manamde arsebuli ori Sesavali kursis safuZvelze. esenia: 

barbara hol partis `maTematikis safuZvlebi~ da robert uolis `maTematikuri 

lingvistikis Sesavali~, romlebic 1984-86 wlebSi amerikis SeerTebul StatebSi 

gamoica. avtorebma male dainaxes am wignebis Sesworebisa da xelaxali gamocemis 

saWiroeba. am mizniT maT gadawyvites Zalebis gaerTianeba. male proeqts, romlis 

mizanic iyo winamdebare wignis - `maTematikuri meTodebi lingvistikaSi~ - gamocema, 

SeuerTda alis ter miuleni. 

misi winamorbedebis msgavsad, es wigni gansazRvrulia studentebisaTvis, 

romlebic Seiswavlian logikasa da lingvistikas, Tumca misi gamoyeneba SeuZlia 

yvelas, visac surs gaecnos diskretuli maTematikis im nawils, romelic farTod 

gamoiyeneba Tanamedrove lingvistur TeoriebSi. Cven vcdilobdiT simravleTa Teoriisa 

da maTematikuri logikis iseTi Sesavali kursis gakeTebas, romelic ZiriTadad 

mxolod saSualo skolis masalis Sesabamis maTematikur codnas daeyrdnoboda. da 

marTlac, ramdenadac wignis A da B nawilebiT warmodgenili maTematika exeba ara 

imdenad uwyvet struqturebs, magaliTad iseTebs, rogoric wrfe da sivrcea, aramed 

ufro iseT diskretul monacemebs, rogoric anbanur asoTa mimdevrobebia, mkiTxveli 

SedarebiT advilad ipovis am masalis msgavsebasa da siaxloves saSualo skolis 

algebrasTan, vidre formalur ariTmetikasTan, an analizur geometriasTan. amgvarad, 

Cveni erT-erTi ZiriTadi mizani iyo is, rom mogvemzadebina sasafuZvlo xasiaTis 

Sesavali kursi simravleTa Teoriasa da maTematikur logikaSi, radganac es swored 

is disciplinebia, romlebic aucilebelia enaTmecnierebaSi da ara mxolod 

enaTmecnierebaSi warmodgenili im mniSvnelovani formaluri xasiaTis naSromebis 

gasagebad, romelTa ricxvi dRiTi dRe izrdeba.  

wignis didi nawili eTmoba imis Cvenebas, Tu simravlur-Teoriuli da 

formalur-logikuri saSualebebiT rogor igeba ufro da ufro rTuli da saintereso 

struqturebi. amasTan, sauniversiteto kursis saaTobrivad SezRuduli  moculobis 

gaTvaliswinebiT vcdilobdiT mkiTxvelisaTvis gasagebad gveCvenebina is, Tu rarig 

sasargeblo SeiZleba aRmoCndnen es struqturebi sxvadasxva lingvistur sferoebSi. 

magaliTad, C nawilSi dalagebisa da operaciis cnebebidan amosvliT isazRvreba iseTi 

algebruli struqturebi rogorebicaa jgufi, naxevradjgufi, monoidi. aqve ganixileba 

bulisa da heitingis algebrebisa da algebruli meseris cnebebi, romlebmac 

centraluri roli iTamaSes im bolodroindel naSromebSi, romelTa ZiriTadi mizani 

movlenebis (xdomilebebis), masis terminebis, koleqtiuri da distribuciuli 

moqmedebebisa da sxva amgvari semantikebis formaluri kvleva iyo. wignis D nawili 

eTmoba predikatuli logikis zogad formalur modelebsa da simravlur-Teoriul 

semantikebs. aRniSnuli sakiTxebis ganxilvisas arsebiTad gaTvaliswinebulia 

inglisuri enis erTi, garkveulad SezRuduli, magram Zireulad mniSvnelovani nawili, 

ris safuZvelzec Semdgom ukve ganixileba ganzogadebuli kvantorebis Teoria da is 

problemuri sakiTxebi, romlebic intensionalur konstruqciebs ukavSirdeba. E 

nawilSi ganxilulia sakiTxebi im samecniero sferodan, romelsac, tradiciulad, 

`maTematikuri lingvistikis~ saxeliT moixseniebdnen da romelic formaluri enebisa 

da avtomatebis Teorias aerTianebda. am nawilSi Semodis agreTve inglisuri enis 

araregularobis damtkicebac da aseve damtkiceba imisa, rom Sveduri germanuli ar 
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warmoadgens konteqstisagan Tavisufal enas. aqvea warmodgenili masalebi iseTi 

formaluri enebis Sesaxeb rogorebicaa, magaliTad, indeqsirebuli enebi, enebi xeebiani 

konstruqciebiT da kategorizebuli enebi, romlebsac gardamavali adgili uWiravT 

konteqstisgan Tavisufal da konteqstze damokidebul enebs Soris. am nawilSi 

warmodgenilia agreTve mcire msjeloba transformaciuli gramatikis `standartuli 

Teoriis~ zogadi maTematikuri Tvisebebis Sesaxeb. 

ase uxeSad warmodgenili aRweridanac albaT cxadia, rom C, D da E nawilebi, 

TiToeuli cal-calke, warmoadgenen A da B nawilebSi gadmocemuli masalis 

erTmaneTisagan damoukidebel gagrZelebebs. winamdebare wignSi masala bevrad ufro 

metia, vidre amas erTsemestriani an Tundac erTwliani kursi iTvaliswinebs. amdenad, 

maswavlebels mouxdeba masalis SerCeva jgufis codnis donisa da interesebis 

gaTvaliswinebiT. misTvis ki, vinc am sakiTxebs pirvelad ecnoba, ufro gonivruli 

iqneba, Tu ar waikiTxavs pirvel rva Tavs TanamimdevrobiT. umjobesia paralelurad 

gaecnoT simravleTa Teoriisa da logikis elementarul nawilebs, xolo SedarebiT 

rTuli masala aqsiomaturi sistemebis Sesaxeb, romelic B nawilis merve TavSia 

mocemuli, droebiT gverdze gadadoT. Tavebisa da nawilebis bolos warmodgenilia 

savarjiSoebi, romelTa pasuxebi SegiZliaT naxoT wignis bolos. am savarjiSoebis 

daxmarebiT studentebi, romlebic klasTan erTad mecadineoben da isinic, vinc 

damoukideblad swavloben, SeZleben Seamowmon Tu rogor gaiges Sesabamisi masala. 

nawili masalisa, romelic, Tu gulaxdilni viqnebiT, ufro sasurvelia, vidre 

aucilebeli, gadatanilia danarTSi. rasakvirvelia, yoveli nawilis bolos ipoviT 

miTiTebebs literaturasTan dakavSirebiT. 

oriode sityva unda iTqvas imis Sesaxebac, rac ar Sevida Cvens wignSi. ar 

gvicdia, rom Segvetana albaTobis Teoria da statistika, romelic gamoiyeneba 

glotoqronologiaSi, teqstSi sityvebisa da konstruqciebis sixSireTa gamoTvlisas 

da faqtobrivad, nebismieri saxis eqsperimentis monacemebis analizisas. ar Segvitania 

talRaTa Teoriis maTematika, romelic akustikur fonetikaSi gamoiyeneba da arc is 

gamoTvliTi maTematika, romelic avtomatTa Teoriis safuZvlebs scildeba da 

romliTac sargebloben gamoTvliT lingvistikasa da manqanur TargmanSi masalis 

avtomaturi analizisaTvis gamoyenebadi algoriTmebis sirTuleebis daTvlisas. Cveni 

azriT, usasruloa im maTematikuri meTodebis raodenoba, romlebic SeiZleba 

sabolood sasargeblo aRmoCndes lingvisturi problemebis gadasawyvetad. amdenad, 

iseTi wigni, rogoric Cvenia, verasdros ver iqneba amomwuravi. 

roca am wignze vmuSaobdiT zemoaRniSnuli miznis garda, Cven kidev erTi mizani 

gvqonda. amasTan dakavSirebiT movaxdenT citirebas im wignis Sesavlidan, romlis 

saTauria - `maTematika lingvistebisaTvis - safuZvlebi~: 

am wignis Soreuli da ufro zogadi mizani aris is, rom maTematika gaxdes 

metad misaRebi, nakleb gaugebari da, vimedovnebT, sasiamovnoc ki im 

studentebisaTvis, romlebsac umweobis gancdis gamo an imitom, rom ar uyvarT, 

Tavi Sors uWiravT maTematikisagan. bevri kargi saxelmZRvanelo daiwera aq 

ganxilul sakiTxebze, magram mkiTxvelisagan maTi umetesoba gulisxmobs 

maTematikis codnis sakmaod maRal dones, Tumca ara imitom, rom am wignebSi 

ganxiluli sakiTxebi moiTxovs amas, aramed imitom, rom saswavlo programebis 

umetesobaSi iseTi Temebi, rogoricaa formaluri sistemebi da avtomatTa 

Teoria, rogorc wesi, pirvel saswavlo wels ar iswavleba. am sagnebs 

mogvianebiT gadian, roca ukve naswavli aqvT sakmaod didi raodenobiT sxva 

logikuri da maTematikuri sagnebi. ra Tqma unda, mxolod am erTi wigniT ver 

gaxdebiT Semoqmedi mkvlevari maTematikur lingvistikaSi an maTematikis 
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romelime aq ganxilul dargSi, magram unda dagvijeroT, rom es wigni ueWvelad 

SegiqmniT mtkice safuZvels imisaTvis, rom ZiriTadad gaerkveT rogorc 

lingvistikaSi, ise socialur da sxva bihevioristul mecnierebebSi aqtiurad 

gamoyenebad formalistur meTodebSi. amasTanave, am kursis gavlis Semdeg, Tqven 

meti TviTdajerebiT SeZlebT gaagrZeloT maTematikisa da logikis Semdgomi 

Seswavla. 

 

es wigni bevri Cveni kolegis monawileobiT momzadda. gansakuTrebuli madloba 

gvinda gadavuxadoT fred landmens, devid douTis, paolin iakobsons, jon eCemendis, 

tom hukaris, arnold zuikis, kreig robertss da piter lazersons, romlebmac 

xelnawerSi gaicnes am wignis adrindeli versia da zogierTi nawili sacdelad 

daamuSaves TavianT klasebSi. Cven maTi didad madlobelni varT im kritikisa da 

winadadebebisaTvis, ramac teqstSi bevri ram ukeTesobisaken Secvala.  usazRvrod 

didi dro dauTmes teqstis kompiuterul momzadebas qeiTi adamCikma, luis konoverma, 

jon broliom, averi andiusma da kJiSek rozvadovskim. maTve moaxdines teqstis 

`lateqsireba~ da gaamzades igi gadasaRebad. maTi moTmineba da erTguleba usasruloa 

da swored maT unda vumadlodeT, rom wignis fasi savsebiT misaRebia. gvinda madloba 

gadavuxadoT lauri kartunens, ani zaanens, mark arinszainsa da stiven veislers 

mxardaWerisTvis, gamxnevebisTvis da gulRia maspinZlobisTvis. Cveni gulwrfeli 

madloba, agreTve, martin sriveners, kluveris akademiuri gamomcemlobidan, wignis 

gamocemis periodSi gamoCenili mudmivi mxardaWeris, gagebisa da moTminebisaTvis. 

madlierebiT aRvniSnavT, rom sistemuri ganviTarebis fondma didi daxmareba gagviwia 

granti 650 saxiT, romelic barbara partim moipova xelnaweris momzadebis periodSi 

da, aseve, madlobelni varT groningenis universitetisa, im samecniero-kvleviTi 

grantisaTvis, romelic 1985-86 wlebSi moipova alis ter miulenma.  

avtorebi SeTanxmdnen, rom nebismieri Secdoma, gamotoveba da sxvadasxva saxis 

uzustobebi mxolod maTi bralia. 
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nawili A 

simravleTa Teoria 

 

 

 

 

Tavi 1 

simravleTa Teoriis ZiriTadi cnebebi 

 
 

 

1. 1 simravlis cneba 
 

simravle aris erTmaneTisagan gansxvavebuli sagnebis garkveuli erToblioba 

gagebuli rogorc erTi mTeli. simravlis ganmsazRvreli erTobliobis Semadgenel 

sagnebs am simravlis wevrebs anu Semadgenlebs uwodeben. simravlis wevrebi SeiZleba 

iyvnen sruliad gansxvavebuli bunebis sagnebi. magaliTad, wiTeli sagnebis simravle 

SeiZleba aerTianebdes manqanebs, sisxlis ujredebs, wiTlad gaferadebul figurebs. 

simravlis wevri SeiZleba iyos konkretuli sagani, rogoricaa magaliTad romelime 

manqana, an sisxlis esa Tu is ujredi, an esa Tu is fizikuri bgera. simravlis wevri 

SeiZleba iyos garkveuli saxis abstraqciac, rogoricaa magaliTad ricxvi ori, an 

inglisuri bgera p, an winadadebis cneba Cinur enaSi. amgvarad, erT simravleSi 

SeiZleba gavaerTianoT sruliad nebismieri sagnebi, maSinac ki, Tu maT araferi aqvT 

saerTo garda imisa, rom isini axla ukve am erTi romeliRac simravlis wevrebi arian. 

simravleTa Teoriis da, Sesabamisad, am wignis pirveli A nawilis mTavari amocana 

aris im kanonebis Seswavla-gamokvleva, riTac simravleebi xasiaTdebian imis 

gaTvaliswinebiT, rom aranairi yuradReba ar eqceva maTi Semadgenlebis realur 

sagnobriv bunebas. 

 simravle SeiZleba iyos an didi, magaliTad, dRes arsebuli adamianebis 

simravle, an patara, magaliTad, am wignis avtorebis simravle. simravle SeiZleba iyos 

an sasruli, magaliTad, am wignis mkiTxvelebis simravle, an 2 da 98407 ricxvebs 

Soris ganTavsebuli naturaluri ricxvebis simravle, an usasrulo, magaliTad, 

bunebrivi enis winadadebebis simravle, an naturaluri ricxvebis simravle - nuli, 

erTi, ori, sami, ... da a.S.. simravlis zemomoyvanili aRwerileobiTi gansazRvrebis 

Tanaxmad simravlis wevri SeiZleba iyos abstraqtuli saganic. es imas niSnavs, rom 

simravlis wevri garkveul SemTxvevebSi SeiZleba iyos romeliRac sxva simravlec. 

amgvarad, simravle SeiZleba iyos romelime sxva simravlis wevric da, amavdroulad, 

wevrebad Seicavdes sxva simravleebsac. simravlis am rTuli da Tavisufali bunebis 

wyalobiT simravleTa Teoria maTematikuri da lingvisturi sakiTxebis mZlavr 

saanalizo iaraRad iqca.  

 simravle SeiZleba gansazRvrulad (mocemulad) CaiTvalos maSinac ki, roca 

Cveni pirovnuli codna misi wevrebis Sesaxeb araamomwuravi da arasrulia. romael 

imperatorTa simravle mkacrad gansazRvrulia, miuxedavad imisa, rom misi wevrebi araa 

sayovelTaod cnobili. aseve, mkacrad gansazRvrulia dawyebiTi skolis maswavlebelTa 

simravle, miuxedavad imisa, rom Zneli dasadgenia am simravlis SemadgenelTa rogorc 
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odenoba, ise vinaoba. simravle rom mkacrad gansazRvruli iyos, amisaTvis saWiroa 

dadgindes is principi, romlis mixedviTac nebismieri obieqtis Sesaxeb SegveZleba 

gavarkvioT aris Tu ara is mocemuli simravlis wevri. magaliTad, Cveni amJamindeli 

miznebisaTvis SeiZleba ubralod davuSvaT, rom wiTeli sagnebis simravle mkacrad 

gansazRvrulia da yuradReba ar mivaqcioT im viTarebas, rom ar arsebobs zusti 

sazRvari wiTelsa da narinjisfers Soris.  

 mxolod erTi wevriT Sedgenil simravles erTwevrian anu erTSemadgenlian 

simravles uwodeben. magaliTad, erTSemadgenliania simravle, romelic mxolod Sengan 

Sedgeba. arsebobs kidev erTi gansakuTrebuli simravle, romelic arcerT wevrs ar 

Seicavs da es simravle cariel, anu uwevro, anu uSemadgenlo simravled iwodeba. 

termini carieli simravle Tavidan SeiZleba metismetad ucnauradac mogveCvenos, 

magram mxolod aseTad SegviZlia warmovidginoT oTxkuTxa wreebis simravle an 

simravle yvela im sagnebisa, romelTagan TiToeuli ar emTxveva da ar warmoadgens 

TviTon Tavis Tavs (e.i. romelTagan TiToeuli araa Tavis Tavis igivuri). garda amisa, 

amgvari cnebisa da amgvarad gagebuli carieli simravlis arseboba maTematikurad 

savsebiT gamarTlebulia. Tu SemovifarglebiT im daSvebiT, rom simravle unda 

Seicavdes sul cota erT wevrs mainc, maSin simravleebis Sesaxeb Camoyalibebul 

zogad debulebebSi saWiro gaxdeba gansakuTrebuli damatebiTi pirobebis 

gaTvaliswineba saganTa carieli anu uSemadgenlo gaerTianebisaTvis. - sazogadod, 

maTematikis principi ganzogadebisaken swrafvaa, maSinac ki, roca trivialuri, 

SezRuduli SemTxvevebi ganixileba. 

simravleTa TeoriaSi miRebulia Semdegi SeTanxmebebi: simravleebs aRvniSnavT A, 

B, C,... simboloebiT, xolo simravlis wevrebs a, b, c,... simboloebiT, zogjer ki x, y, 

z,... simboloebiT. mimarTeba „aris wevri‟ anu „wevria‟ Caiwereba Semdegi specialuri  

simbolos meSveobiT. amgvarad, Canaweri bA Semdegnairad ikiTxeba - ‘b aris A 
simravlis wevri‟. zogjer igives Semdegnairadac kiTxuloben - ‘b  A simravlis wevria‟. 

mosaxerxebelia agreTve „wevria‟' mimarTebis uaryofis aRniSvna. mas  simboloTi 

aRniSnaven. amgvarad, Canaweri bA Semdegnairad  ikiTxeba - ‘b ar aris A simravlis 

wevri‟. cnobilia, rom simravle SeiZleba iyos sxva simravlis wevric. amgvarad, imas, 

rom A simravle aris B simravlis wevri, Semdegnairad CavwerT - AB da zemoT 

gakeTebul SeTanxmebas, rom simravlis wevrebi patara asoebiT aRiniSneba, ar 

gaviTvaliswinebT. 

 

 

1. 2 simravlis mocemis wesebi 
 

arsebobs simravlis mocemis (gansazRvris, aRweris) sami gansxvavebuli gza. 

esenia: (1) simravlis wevrebis sruli siis mocema anu simravlis wevrebis sruli 

CamoTvla-Camowera; (2) iseTi Tvisebis gansazRvra, romlis mixedviTac nebismieri 

obieqtisaTvis SesaZlebeli iqneba gavarkvioT aris Tu ara igi mocemuli simravlis 

wevri; (3) wesebis iseTi erTobliobis gansazRvra, romliTac warmoiqmneba mxolod 

gansasazRvravi simravlis wevrebi. 

ganvixiloT TiToeuli cal-calke: 

 

 (1) simravlis mocema wevrebis CamoTvlis gziT: im SemTxvevaSi, roca simravlis 

wevrebis raodenoba sasrulia, SesaZlebelia garkveuli siis saxiT am simravlis yvela 

wevris Camowera anu CamoTvla. simravlis amgvari gansazRvrisas figuralur anu 

simravlur frCxilebSi erTmwkrivad Camoiwereba am simravlis Semadgenlebis saxelebi, 
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romlebsac erTmaneTisgan mZimeebiT an wertilmZimeebiT gamoyofen xolme. magaliTad, 

simravle, romlis wevrebia msoflios ugrZesi mdinare, amerikis SeerTebuli Statebis 

pirveli prezidenti da ricxvi sami, SesaZlebelia Caiweros Semdegnairad: 

  

(1-1) {mdinare amazoni, jorj vaSingtoni, 3} 

 

SeniSvnis saxiT davZenT: pirveli is, rom simravlis siiTi saxiT mocemisas 

simravlis TiToeuli wevrisTvis gamoiyeneba an uSualod misi saxeli, an misi 

garkveuli aRwerilobiTi, arauSualo dasaxeleba. magram, simravle Sedgeba Tavad 

dasaxelebuli sagnebisagan da ara maTi am an uSualo, an aRwerilobiTi saxelebisagan. 

Cvens magaliTSi simravlis wevria SeerTebuli Statebis prezidenti, romlis saxelia 

‛jorj vaSingtoni‟, rac imas niSnavs, rom Cveni simravlis wevria Tavad es pirovneba 

da ara misi es saxeli. zustad igive simravle aRniSnuli pirovnebis sxva aRweris 

gamoyenebiT SeiZleboda Caweriliyo Semdegnairad: 

 

(1-2) {mdinare amazoni, amerikis SeerTebuli Statebis pirveli prezidenti, 3}. 

  

ra Tqma unda, simravle SeiZleba Seicavdes enobriv obieqtebsac, magaliTad 

saxelebs. gaugebrobis Tavidan asacileblad sakuTriv is saxelebi, romlebic 

simravlis wevrebia, Caiwereba calmag brWyalebSi. amdenad, simravle  

 

(1-3) {mdinare amazoni, ‛jorj vaSingtoni‟, 3}  

 

unda ganvasxvavoT (1-1) simravlisagan, ramdenadac igi Seicavs mdinares, saxelsa da 

ricxvs, magram ar Seicavs pirovnebas, romelic iyo amerikis SeerTebuli Statebis 

pirveli prezidenti. mniSvnelovania SevniSnoT, rom erTi da igive simravle SeiZleba 

aRiweros sxvadasxva CanawerebiT mocemuli siebis meSveobiT, sadac gansxvavebulad 

gamoxatul Canawerebs araferi aqvT saerTo garda imisa, rom erTsa da imave obieqtebs 

aRniSnaven. da meorec, ramdenadac es simravleebs anu erTobliobebs exeba, unda 

aRiniSnos, rom mxolod Cveni weris marcxnidan marjvniv mimarTulebasTanaa 

dakavSirebuli is, rom simravlis wevrebi garkveuli TanamimdevrobiT Caiwereba. 

TumcaRa, imis sruliad sapirispirod, rasac amgvari Cawera gvavaraudebinebs, (1-1) 

simravleSi  ar aris arc rigiT pirveli, arc rigiT meore da arc rigiT mesame wevri. 

nakleb gaugebrobebTan aris dakavSirebuli aRniSvna, romelic zogjer gamoiyeneba da 

romelic warmodgenilia qvemoT (1-4) Canaweris saxiT.  

 

 (1-4)    jorj vaSingtoni 

        3 

   mdinare amazoni 

 

Tumca, mxolod imis gamo, rom siis gafantul Caweraze bevrad ufro mosaxerxebeli 

misi erT xazSi Caweraa, upiratesobas, rogorc wesi, am ukanasknels aniWeben. 

 simravlis mocemis am wesTan dakavSirebiT unda aRiniSnos isic, rom simravlis 

siiTi aRwerisas, siaSi misi romelime wevris saxelis ramdenjerme aRniSvna ar cvlis 

am simravleSi am wevris wevrobis statuss. magaliTad, gansxvavebuli Canawerebi 

 

(1-5) {a, b, c, d, e, e, e, e}           da          (1-6)     {a, b, c, d, e} 
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aRniSnaven erTmaneTisgan arafriT gansxvavebul, erTi da igive simravleebs. 

Semdegi debuleba simravleTa Teoriis erT-erTi Zireuli SeTanxmebidan 

gamomdinare Tvalsazrisia: nebismierad aRebuli obieqtisaTvis da nebismieri 

simravlisaTvis es obieqti an aris am simravlis wevri, an ar aris. klasikur 

simravleTa TeoriaSi dauSvebelia naxevradwevroba an mravaljeradi wevroba. aseve 

dauSvebelia simravlis wevrobis sxva raRac xarisxobrivi daxasiaTebac. Tumca, iyo 

mcdeloba `aramkafio simravleTa Teoriis” Camoyalibebisa (ix. zade (1987)). 

 didi anu mraval wevriani sasruli simravleebis siis saxiT mocema xSir 

SemTxvevebSi rTuli da arapraqtikulia. aseT pirobebSi, Tu Cans sruli siis 

ganmsazRvreli raime kanonzomiereba, SesaZlebelia siis Semokleba. magaliTad, nulidan 

asis CaTvliT xuTis jerad ricxvTa simravle Semoklebuli siis saxiT Semdegnairad 

Caiwereba: 

 

(1-7) {0, 5, 10, 15, ... , 95, 100} 

 

 (2) simravlis mocema wevrebis predikatuli daxasiaTebis gziT: simravleebis 

siiTi Cawera, mkacrad rom vTqvaT, SeiZleba gamoviyenoT mxolod sasruli 

simravleebisaTvis. TumcaRa, zogjer, Semoklebuli saxiT, igi gamoiyeneba sxvadasxva 

sayovelTaod cnobili usasrulo simravleebis Casaweradac. magaliTad, mTeli 

dadebiTi ricxvebis simravle zogjer amgvarad aRiniSneba: {1, 2, 3, 4, ... }. Tumca, 

usasrulo simravlis aRsawerad umjobesia moviZioT iseTi predikatulad gaformebuli 

Tviseba, romliTac xasiaTdebian am usasrulo simravlis wevrebi da mxolod isini. 

simravlis mocemis am wess, mokled, simravlis gansazRvris predikatul wess 

uwodeben. qvemoT naCvenebia simravlis predikatuli gansazRvris klasikuri sqemis 

erTi kerZo magaliTi: 

 

(1-8) {x │ x aris luwi ricxvi, romelic metia 3-ze} 

 

vertikaluri xazi, romelic mosdevs x cvladis pirvel gamoCenas, ikiTxeba rogorc 

„simravle yvela iseTi ... , romelTaTvisac samarTliania, rom ... ‟. amgvarad, (1-8) 

CanawerSi ganTavsebuli mTliani gamosaxuleba Semdegnairad unda wavikiTxoT: 

„simravle yvela iseTi x-ebisa, romelTaTvisac samarTliania, rom x aris luwi ricxvi, 

romelic metia 3-ze‟. aq x warmoadgens cvlads, romelic gvexmareba simravlis 

wevrobis Tvisebis predikatuli saxiT CamoyalibebaSi. sazogadod, cvladiT 

warmodgenilia xolme ara erTi romelime garkveuli obieqti, aramed nebismieri, 

romelsac mocemuli predikatuli Tviseba miemarTeba. SevniSnoT, rom predikatuli 

wesiT SeiZleba aRiweros rogorc sasruli, ise usasrulo simravleebi. magaliTad, 

predikati anu mimarTeba „x aris luwi ricxvi, romelic metia 3-ze da, amavdroulad, 

naklebia 9-ze‟ gansazRvravs sasrul simravles {4, 6, 8}. SevniSnoT isic, rom erTi da 

igive Tvisebis gamomxatveli ori gansxvavebuli predikatuli gamosaxuleba erTsa da 

imave simravles gansazRvravs. magaliTad, 

 

(1-9) {x │ x unaSTod iyofa 2-ze da an metia 4-ze, an tolia 4-is} 

 

igive simravles gansazRvravs, romelic zemoT (1-8) predikatuli gamosaxulebiTac iyo 

mocemuli. 

 predikatulad SeiZleba ganisazRvros simravlis elementebi am elementebis sxva 

saganTan (an sagnebTan) predikatul kavSirSic. magaliTad, simravle 
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(1-10) {x │ x aris wigni da igi ekuTvnis meris} 

 

Sedgeba ara sazogadod wignebisagan, aramed mxolod im wignebisagan, romlebic meris 

ekuTvnis. 

 

raselis paradoqsi: simravleTa Teoriis Camoyalibebis adreul periodSi 

nebismieri gaazrebadi Tviseba miiCneoda raime simravlis ganmsazRvrel Tvisebad. 

magram, bertran raselma 1901 wels daasabuTa, rom simravlis cnebis amgvar gagebas, 

romelic erTi SexedviT savsebiT misaRebia, paradoqsamde mivyavarT.  

 raselma SeniSna, rom Tu CavTvliT, rom simravleebi moicema maTi wevrobis 

ganmsazRvreli TvisebebiT, maSin zogierTi simravle SeiZleba sakuTari Tavis wevri 

aRmoCndes, zogierTi ki ara. magaliTad, yvela spiloebis simravle ar aris spilo da, 

amdenad, es simravle ar aris sakuTari Tavis wevri, magram yvela abstraqtuli 

cnebebis simravle unda moicavdes sakuTar Tavs, rogorc wevrs, radgan Tavad es 

simravlec abstraqtuli cnebaa. maSasadame, „simravle aris sakuTari Tavis wevri‟ da 

„simravle ar aris sakuTari Tavis wevri‟, rogorc simravleTa erTobliobaze savsebiT 

gaazrebadi Tvisebebi, unda warmoadgendnen simravleTa ganmsazRvrel Tvisebebs. aqedan 

gamomdinare, gansazRvrulad unda CaiTvalos is U simravle, romelic warmoadgens 

yvelaUim simravleTa simravles, romlebic ar arian sakuTari Tavis wevrebi (U= {x│x 

 x }). axla davsvaT kiTxva U simravlis Sesaxeb: aris is sakuTari Tavis wevri Tu 

ara? Teoriulad dasaSvebia Semdegi ori SemTxveva: (i) Tu UUar aris sakuTari Tavis 

wevri, maSin is akmayofilebs U simravlis ganmsazRvrel Tvisebas da, amdenad, igi unda 

iyos U simravlis wevri, e.i. sakuTari Tavis wevri; (ii) Tu U simravle aris sakuTari 

Tavis wevri, maSin igi ar akmayofilebs U simravlis ganmsazRvrel Tvisebas da, 

amdenad, U ar aris U simravlis anu sakuTari Tavis wevri. amgvarad, orive 

SemTxvevaSi, U gind iyos, gind ar iyos sakuTari Tavis wevri, vRebulobT logikur 

winaaRmdegobas. aqedan bunebrivad keTdeba daskvna, rom aseTi simravle saerTod ar 

SeiZleba arsebobdes. arada, kantoris simravleTa TeoriaSi araferi ar gamoricxavda 

amgvari simravleebis arsebobas. aqedan gamomdinare, raselis paradoqsi, miuxedavad 

imisa, rom mas Semdeg misi bevri gansxvavebuli, Tumca ki arsebiTad ekvivalenturi 

versiebi daiZebna, TavisTavad metad mniSvnelovani Sedegi iyo. Tumca, kidev ufro meti 

mniSvneloba mieniWa mas iqidan gamomdinare, rom Tu manamde logikosebi da 

maTematikosebi cdilobdnen eCvenebinaT, rom simravleTa Teoria SeiZleboda mTeli 

maTematikis safuZvlad qceuliyo, axla ukve Tavad simravleTa Teoriis safuZvlebSi 

amgvari paradoqsis aRmoCenam bevri maTgani daaeWva ukve farTod gamoyenebad da kargad 

cnobil maTematikur cnebebSi. TumcaRa maTematikaSi muSaoba grZeldeboda 

Cveulebrivad, TiTqosda aRniSnuli fundamenturi krizisi aranair dabrkolebas ar 

warmoadgenda. piriqiT, gaCnda bevri axali idea, rogorc am paradoqsis Tavidan 

asacileblad, ise mis asaxsnelad da imisTvisac, rom aRniSnuli paradoqsis Sedegebi 

maTematikisaTvis umtkivneulo gamxdariyo. erTi amgvari idea, romelic Tavad raselis 

mier iqna SemoTavazebuli, iyo tipTa Teoria. am Teoriam warmatebuli gamoyeneba hpova 

rogorc bunebrivi enebis (magaliTad, montegius gramatika (ix. nawili D)), ise 

programuli enebisa da maTi semantikebis kvlevisas. Tumca, sazogadod, am sakiTxebis 

detaluri ganxilva Cveni wignis interesTa sazRvrebs scildeba, iseve rogorc tipTa 

Teoria da simravlur-Teoriuli paradoqsebis sxva gadawyvetebi. miuxedavad 

aRniSnulisa, sakiTxTan dakavSirebiT SegiZliaT ixiloT simravleTa Teoriis 

aqsiomatizacia am wignis 8.2.8 paragrafSi. 
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(3)simravlis mocema wevrebis warmomqmneli rekursuli wesebiT: sasruli 

simravleebi martivad moicema wevrebis ubralo CamoweriT da, amdenad, maT 

zemoaRniSnuli saxis paradoqsebamde arasodes ar mivyavarT. amgvarad, isini raselis 

paradoqsTan dakavSirebiT aranair cvlilebebs ar iTxovdnen. usasrulo 

simravleebisTvis ki im umartives gzad, romelic, erTi mxriv, agvacilebda amgvar 

paradoqsebs da, meore mxriv, mogvcemda saSualebas arawinaaRmdegobrivad gangvesazRvra 

maTematikisTvis Rirebul simravleTa didi umetesoba, iqca iseTi wesebis Camoyalibeba, 

romlebic sawyisi sasruli monacemebis safuZvelze TandaTanobiT mogvcemdnen 

gansasazRvri simravlis wevrebs. magaliTad, E={4, 6, 8,...} simravlis wevrebi 

SesaZlebelia warmoiqmnas Semdegi wesis mixedviT: 

 

(1-11) a) 4  E 

 b) Tu x  E, maSin x + 2  E 

 c) araferi sxva ar ekuTvnis E simravles 

 

 mocemuli wesis pirveli punqtis mixedviT 4 aris E simravlis wevri; am wesis 

meore punqtis ramdenjerme gamoyenebiT vadgenT: ramdenadac  4E, maSasadame 6E; 

ramdenadac 6E, maSasadame 8E; da a.S.; wesis mesame nawili gvarwmunebs, rom 

nebismieri sxva ram, rac a) da b) punqtebiT ar moicema, rogorc E simravlis wevri, 

ar ekuTvnis E simravles.  

simravlis wevrTa warmomSob anu warmomqmnel wesebs Semdegi zogadi saxe aqvT: 

Tavdapirvelad, wesis pirvel nawilSi, pirdapiri miniSnebis gziT warmodgenilia 

gansasazRvravi simravlis wevrTa raRac sasruli odenoba (xSirad mxolod erTi); 

Semdeg, wesis meore nawiliT, mocemulia „Tu, ... maSin‟ saxis gamonaTqvamTa aseve 

sasruli odenoba, romelTagan TiToeuli aris garkveuli pirobiTi mimarTeba 

gansasazRvravi simravlis wevrebs Soris, ris safuZvelzec, am simravlis wevrebi da 

mxolod isini aigebian am „Tu, ... maSin‟ saxis pirobiTi gamonaTqvamebis nebismieri iseTi 

jaWvuri gamoyenebiT, romlis dasawyisSia wesis pirvel nawilSi pirdapiri miniSnebis 

gziT ukve mocemuli gansasazRvravi simravlis erTi an ramdenime wevri; amasTanave, 

wesis mesame nawili gveubneba, rom is, rac ar moicema wesis pirveli da meore 

nawilebis meSveobiT, ar SeiZleba iyos gansasazRvravi simravlis wevri. aq mokled 

aRwerili rekursuli meqanizmi ufro dawvrilebiT ganixileba 8.1.1 paragrafSi. 

 wevrobis Tvisebis mixedviT simravleebis gansazRvris adreuli predikatuli 

meTodi praqtikaSi kvlav SemorCa, ramdenadac igi sakmaod mosaxerxebelia da 

maTematikaSi simravleTa Teoriis am meTodis logikurad SezRudul gamoyenebebs, 

Cveulebriv, arc paradoqsuli SemTxvevebi ar ukavSirdeba. amgvarad, Tu ar CavTvliT 

specialur Sromebs TviT simravleTa TeoriaSi, maTematikaSi usasrulo simravleTa 

mocemis zemoT aRwerili orive meTodi ganurCevlad da farTod gamoiyeneba. 

 

 

1. 3 igivurobisa da odenobiTobis mimarTebebi simravleTa TeoriaSi 
 

Cven ukve vnaxeT, rom gansxvavebuli siiTi da gansxvavebuli predikatuli 

CanawerebiT SeiZleba ganisazRvros erTi da igive simravle. amiT, arapirdapiri 

nagulisxmevobiT Cven ukve davuSviT simravleTa igivurobis cneba, rac simravleTa 

TeoriisaTvis metad mniSvnelovan daSvebas warmoadgens: ori simravle igivuria maSin, 
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da mxolod maSin, roca isini zustad erTi da igive wevrebisgan arian Sedgenilni. 

magaliTad: 

 

(1-12) {1, 2, 3, 4, 5, 6}  
 

da 

 

(1-13) {x │ x aris 7-ze naklebi dadebiTi mTeli ricxvi} 

 

da 

 

(1-14) a) 1  A 

  

b) Tu x  A  da Tu x naklebia 6-ze, maSin x + 1  A 

  

g) araferi sxva ar ekuTvnis A simravles 

 

aris sami gansxvavebuli gansazRvreba, magram imis gamo, rom TiToeuli maTgani 

simravlis wevrebad irCevs zustad erTsa da imave sagnebs, vambobT, rom isini erTi da 

igive simravles gansazRvraven. simravlur-Teoriuli igivurobis aRsaniSnavad 

gamoiyeneba tolobis niSani „=‟. amgvarad, SegviZlia davweroT, rom: 

 

(1-15) {1, 2, 3, 4, 5, 6} = {x │ x aris 7-ze naklebi dadebiTi mTeli ricxvi} 

 

 tolobis niSani gamoiyeneba agreTve simravleebis dasaxelebisas. magaliTad, 

Canaweri „vTqvaT, B={1, 2, 3, 4, 5, 6}‟ niSnavs imas, rom (1-12)-iT warmodgenil 

simravles B davarqviT. rogorc wesi, yoveli konkretuli konteqstis SemTxvevaSi 

SesaZlebeli iqneba gamovicnoT Tu risTvis gamoiyeneba niSani „=‟ -  simravlisTvis 

saxelis dasarqmevad, Tu imis aRsaniSnavad, rom ori adre ganxiluli simravle 

igivuria. 

 simravleTa igivurobis cnebidan gamomdinareobs, rom carieli simravle 

erTaderTia, ramdenadac misi igivuria nebismieri simravle, romelsac Semadgenlebi ar 

gaaCnia. amitomac, oTxkuTxa wreebis simravle da im sagnebis simravle, romlebic ar 

arian sakuTari Tavis igivurni, erTi da igive simravleebia. SevniSnoT, rom carieli 

simravlisaTvis arasodes ar gamoiyeneba simravleTa siiTi CamowerisTvis Cveuli 

aRniSvna da rom, rogorc wesi, carieli simravle aRiniSneba specialuri simboloTi - 

Ø. 

 simravlis wevrTa ricxvi gagebulia, rogorc simravlis mTavari anu 

raodenobrivi maxasiaTebeli da mas simravlis simZlavres anu odenobas uwodeben. igi 

Caiwereba Semdegnairad - │A│an #(A). nebismieri sasruli simravlis odenoba 

gamoixateba naturaluri ricxviT. magaliTad, (1-12) CanaweriT gansazRvruli 

simravlis odenoba aris 6 da, ramdenadac, (1-13) da (1-14) Canawerebi gansazRvravs 

imave simravles, cxadia, rom maTi odenobac aris 6 da rom isini gansazRvraven erTi 

da imave odenobis mqone simravleebs. gasagebia, rom gansxvavebul simravleebsac 

SeiZleba hqondeT erTi da igive odenoba. usasrulo simravleebic xasiaTdebian 

odenobiT, Tumca maTi odenoba  naturaluri ricxviT ar gamoisaxeba. magaliTad, 

naturalur ricxvTa simravlis odenoba gaigeba rogorc „alef-nuli‟, rac 

Semdegnairad Caiwereba - 0. igi ar warmoadgens naturalur ricxvs. aq aRniSnuli da 
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usasrulo simravleebTan dakavSirebuli sakiTxebi ufro detalurad ganixileba 

meoTxe TavSi. 

 

 

1. 4 qvesimravleebi 
 

gansazRvriT, roca A simravlis TiToeuli wevri amave dros B simravlis 

wevria, AAsimravle B simravlis qvesimravled iwodeba. simravleTa Soris 

qvesimravleobis zemoT gansazRvruli mimarTeba Semdegnairad aRiniSneba - AB. 

gasagebia, rom B simravle SeiZleba Seicavdes sxva wevrebsac imaT garda, romlebic 

Sedian A simravleSi. Tumca, qvesimravleobis mimarTebisas es ar aris aucilebeli 

moTxovna. amgvarad, gamodis, rom yoveli simravle amavdroulad aris sakuTari Tavis 

qvesimravle. im qvesimravleobis mimarTebas, romelic ar ganixilavs simravles 

sakuTari Tavis qvesimravled sakuTrivi qvesimravleobis mimarTeba ewodeba, da igi 

Semdegnairad aRiniSneba - AB. qvesimravleobis mimarTebis uaryofis anu 

araqvesimravleobis mimarTebis aRsaniSnavad ubralod gadavxazavT qvesimravleobis 

simbolos. magaliTad, A⊈B niSnavs, rom A ar aris B simravlis qvesimravle, rac, 

Tavis mxriv, imas niSnavs, rom A simravleSi arsebobs erTi mainc iseTi wevri, 

romelic ar aris amavdroulad B simravlis wevri.  

aq warmodgenili gansazRvrebebi ilustrirebulia Semdegi magaliTebiT: 
 

(1-16) a)  {a, b, c}  {s, b, a, e, g, i, c} 

 b)  {a, b, j} ⊈{s, b, a, e, g, i, c} 

 g)  {a, b, c}  {s, b, a, e, g, i, c} 

 d)  Ø  {a} 

 e)  {a, {a}}  {a,b, {a}} 

 v)  {{a}} ⊈ {a} 

 z)  {a} ⊈ {{a}}, magram {a}  {{a}}  

 
qvesimravlis cnebis gansazRvridan gamomdinareobs, rom carieli simravle 

nebismieri simravlis qvesimravlea. amgvarad, nebismieri A simravlisTvis adgili aqvs 

mimarTebas - Ø  A. marTlac, Tu gaviTvaliswinebT, rom Ø simravles wevrebi 

saerTod ar gaaCnia, gamonaTqvami imis Taobazed, rom Ø simravlis TiToeuli wevri 

amavdroulad A simravlis wevricaa, miuxedavad imisa, rom igi faqtobriv azrs 

moklebulia, ar mtyundeba, rac mis WeSmaritebas adasturebs. igive SeiZleba 

davasabuToT sxvagvaradac: – ra SemTxvevaSi SeiZleba iTqvas, rom Ø simravle ar aris 

A simravlis qvesimravle? - qvesimravlis gansazRvrebis Tanaxmad, Ø simravleSi unda 

arsebobdes erTi mainc iseTi wevri, romelic amavdroulad ar aris A simravlis 

wevri. es ki SeuZlebelia, ramdenadac Ø simravles saerTod ar gaaCnia wevri da, 

amgvarad, arc ki gveZleva im daskvnis gasakeTebeli safuZveli, rom romelime maTTagani 

amavdroulad ar aris A simravlis wevri, rac kidev erTxel adasturebs imas, rom 

ØA. gamomdinare iqidan, rom Cveni msjeloba ar iyo damokidebuli imaze, Tu A 

romel konkretul simravles warmoadgenda, SegviZlia davaskvnaT, rom ØA WeSmaritia 

nebismierad aRebuli A simravlisaTvis.  

SevniSnoT, rom, sazogadod, {Ø}⊈{a}, miuxedavad imisa, rom Ø{a}. es aixsneba 

imiT, rom {Ø} simravle aris ara carieli simravle, aramed erTwevriani simravle, 

romlis es erTaderTi wevri Tavad es Ø simravlea. amdenad, sazogadod, ar aris 
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marTali, rom {Ø} simravlis TiToeuli wevri aris, agreTve, {a} simravlis wevri. 

amgvarad, dasabuTda, rom {Ø}⊈{a}. 

zemoganxiluli simravlis wevrobisa da simravlis qvesimravleobis mimarTebebi 
warmoadgenen nawilsa da mTels Soris mimarTebebis magaliTebs. magram, amavdroulad, 

es mimarTebebi sruliad gansxvavebuli mimarTebebia da isini erTmaneTSi ar unda 

avurioT. qvesimravle, rogorc amas saxelwodebac gviCvenebs, yovelTvis aris 

simravle, maSin roca wevri SeiZleba iyos da SeiZleba arc iyos simravle. {dedamiwa, 

venera, marsi} simravlis wevria marsi, magram igi araa am simravlis qvesimravle. 

erTwevriani simravle {marsi}, romlis es erTaderTi wevri aris marsi, {dedamiwa, 

venera, marsi} simravlis qvesimravlea, radganac am erTwevriani simravlis TiToeuli 

wevri anu, faqtiurad, misi es erTaderTi wevri, amavdroulad, aq ganxiluli meore 

simravlis wevricaa. amasTanave, miuxedavad imisa, rom yoveli simravle sakuTar TavTan 

qvesimravleobis mimarTebaSia, srulebiT ara naTeli, saerTod, SeiZleba ki, rom 

Tundac romelime simravle iyos sakuTar TavTan wevrobis mimarTebaSi. - rogorc 

zemoT vnaxeT, amgvari SesaZleblobis daSveba bunebrivad badebs raselis paradoqsul 

sqemas. yuradReba miaqcieT, rom simravlis cnebaSi gasarkvevad arsebiTia 

erTmaneTisagan ganvasxvavoT planeta marsi da erTwevriani simravle {marsi}. 

simravleebi, romlis wevrebi simravleebia, masalis pirvelad gacnobisas, 

xSirad, gaugebrobebs warmoSoben. magaliTad, ganvixiloT simravle A={b, {c}}. A 

simravlis wevrebia b da {c}. wina ganxiluli msjelobidan SegviZlia davaskvnaT, rom 

b⊈A  da, rom {b}A. igivenairadve vaskvniT, rom {c}⊈A, radgan c ar aris A 

simravlis wevri, maSin rodesac {{c}}A, radgan {{c}} simravlis yoveli wevri, 

saxeldobr {c}, aris A simravlis wevric. mkiTxvelma zemoT ganxilul magaliTTan 

dakavSirebiT TviTonve unda  daadasturos Semdegi gamonaTqvamebis samarTlianoba: 

{b}A;  cA;  {{c}}A;  {b,{c}}A;  {b, {c}}A;  {{b, {{c}}}A. 
wevrobisa da qvesimravleobis mimarTebebs Soris Semdegi arsebiTi gansxvaveba 

ukavSirdeba Cvens wina SeniSvnas simravleTa simravlis Sesaxeb. rogorc vnaxeT, Tu 

bX da XC, maSin araa aucilebeli, rom bC. Tumca, elementi b SeiZleba iyos C 

simravlis wevri da Tuki asea, es iqneba SemTxveviTi Tviseba C simravlisa, magram ara 

logikurad aucilebeli da gamomdinare  bX da XC pirobebidan. maSin rodesac, Tu 

AB da BC, uciloblad WeSmaritia isic, rom AC; e.i. Tu A simravlis yoveli 

wevri amavdroulad aris B simravlis wevri da, aseve, Tu B simravlis yoveli wevri 

amavdroulad  aris C simravlis wevri, maSin, cxadia, WeSmaritia isic, rom A 

simravlis yoveli wevri amavdroulad aris C simravlis wevri. magaliTad, iqidan, rom 

{a}{a,b} da {a, b}{a,b,c} logikurad  gamomdinareobs {a}{a,b,c} gamonaTqvamis 

WeSmariteba. maSin rodesac, a{a} da {a}{{a},b}, magram a{{a},b} (aq, ra Tqma unda, 

ivaraudeba, rom a da b gansxvavdebian erTmaneTisagan). 

 

 

1. 5 simravlis xarisxi 
 

zogjer saWiro xdeba ganvixiloT simravle, romlis wevrebia mocemuli A 

simravlis yvela qvesimravle. am simravles A simravlis xarisx simravles, zogjer ki 

mokled, A simravlis xarisxs uwodeben da igi Semdegnairad aRiniSneba - (A). 

vTqvaT, A={a,b}; maSin A simravlis xarisxi (A) iqneba {{a},{b},{a,b},Ø}. saxelwodeba 

`simravlis xarisxi~ dakavSirebulia Semdeg cnobil faqtTan: Tu A simravlis 

odenobiToba gamoixateba n naturaluri ricxviT, maSin (A) simravlis odenobiToba 
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aris 2n, anu 2 ayvanili n xarisxSi, anu 22 ... 2 (n-jer). zogjer A simravlis 

xarisxi aRiniSneba rogorc 2A. 

 

 

1. 6 gaerTianeba da TanakveTa 
 

axla gavecnobiT or simravlur operacias, romlebic, moqmedeben ra or 

simravleze, Sedegad iZlevian erT axal simravles. 

 ori A da B simravlis gaerTianeba Caiwereba rogorc AB da aris simravle, 

romlis wevrebia is, da mxolod is Semadgenlebi, romlebic miekuTvnebian an mxolod 

A simravles, an mxolod B simravles, an erTdroulad orives. predikatul aRniSvnebSi 

am gansazRvrebas Semdegi saxe aqvs: 

 

(1-17) AB =def  {x │ xA  an  xB} 

 

SevniSnoT, rom „an‟ kavSiri (1-17) formulaSi gagebulia ara rogorc 

macalkavebeli (e.i. eqskluziuri), aramed rogorc maerTebeli (e.i. inkluziuri) „an‟ 

kavSiri, rac ganapirobebs imas, rom gansasazRvri simravlis Semadgeneli SeiZleba 

erTdroulad iyos A da B simravleebidan orives wevri. ganvixiloT ramdenime 

magaliTi: 

 

(1-18) vTqvaT, K = {a,b}, L = {c,d}  da  M = {b,d}, maSin: 

  

 KL = {a,b,c,d} 

 KM = {a,b,d} 

 LM = {b,c,d} 

 (KL)M = K(LM) = {a,b,c,d} 

 KØ = {a,b} = K 

 LØ = {c,d} = L 
 

simravluri gaerTianebis operacia martivad SeiZleba ganvazogadoT da 

gamoviyenoT erTdroulad orze meti simravlis mimarT. am SemTxvevaSi gaerTianebis 

niSani iwereba im simravleTa simravlis win, romlebsac vaerTianebT. magaliTad: 

{K,L,M} tolia yvela im wevrebis simravlisa, romlebic miekuTvnebian erT-erTs mainc 

K, L, da M simravleebidan. amgvarad, {K,L,M}={a,b,c,d}. 

simravleTa TeoriaSi didi xania arsebobs simravluri operaciebis sqematurad 

warmomdgeni meTodi, romelsac venis diagramul meTods uwodeben. am meTodis mixedviT 

simravleebi gamoisaxebian rogorc wreebi da am simravleebis wevrebad am wreebis 

wertilebi ganixileba. amasTan, rogorc es 1-1 naxazzea gamosaxuli, nawilobriv 

TanamkveTi wreebis saxiT warmodgenilia savsebiT nebismierad SerCeuli ori 

nawilobriv TanamkveTi simravle. 1-1 naxazze are 1 aerTianebs im elementebs, romlebic 

miekuTvnebian A simravles, magram ar miekuTvnebian B simravles; are 2 aerTianebs im 

elementebs, romlebic miekuTvnebian B simravles, magram ar miekuTvnebian A simravles; 

are 3 aerTianebs im elementebs, romlebic erTdroulad miekuTvnebian rogorc A, ise 

B simravles; naxazze are 4 aerTianebs im wertilebs, romlebic am ori A  da B 

simravleebidan arc erTs ar miekuTvneba. gasagebia, rom, yovel konkretul SemTxvevaSi, 

am areebidan erTi, an ramdenime SeiZleba carielic aRmoCndes. 

 



20 

 

                    4         A                      B 

                       
 

nax. 1-1: venis diagrama nebismieri ori A da B simravlisaTvis. 

 

A da B simravleTa gaerTianeba venis diagramaze gamoisaxeba am simravleeebis 

Semadgeneli nawilebis imgvari daStrixviT, rogorc es naCvenebia 1-2 naxazze. 

 

                             A                    B 

 
  
 

nax. 1-2: simravleTa gaerTianeba AB 

 

meore simravluri operaciiT, romelsac axla gavecnobiT, nebismieri ori A da 

B simravlisagan miiReba erTi axali simravle, romlis wevrebic am A da B 

simravleebis is, da mxolod is Semadgenlebia, romlebic erTdroulad orive 

simravles miekuTvnebian. am operacias ewodeba A da B simravleTa TanakveTa da 

Caiwereba rogorc - AB. predikatul aRniSvnebSi es simravluri operacia 

Semdegnairad ganisazRvreba: 

 

(1-19) AB =def  {x │xA da  xB} 

 
      magaliTad, (1-18) mocemulobidan K da M simravleebis TanakveTa aris 

erTwevriani simravle {b}, ramdenadac b aris erTaderTi elementi, romelic 

miekuTvneba K da M simravleebidan orives. ganvixiloT kidev ramdenime magaliTi: 

 

(1-20) KL =                        K =  

 LM = {d}                     (KL) M = K(LM) =  

 KK = {a,b} = K            K(LM)= {b} 
  

nebismieri ori A da B simravlis TanakveTis zogadi SemTxveva venis diagramis 

saxiT warmodgenilia 1-3 naxazze. 

 

 

 

      1                   

 

 

 3         2 
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                  A                 B 

 
 nax. 1-3: simravleTa TanakveTa A  B 

 

SesaZlebelia simravluri TanakveTis operaciis iseTive ganzogadeba, rogorc es 

Cven gavakeTeT gaerTianebis SemTxvevaSi, da misi gamoyeneba erTdroulad sami an samze 

meti simravlis mimarT: magaliTad, {K,L,M}=. nebismierad aRebuli sami A, B da C 

simravleebis TanakveTa venis diagramis saxiT gamosaxulia 1-4 naxazze. aq Savi feriT 

moniSnulia is nawili, romelic saerToa AB, AC da BC simravleebisaTvis. roca 

venis diagrama samze met simravles moicavs, cxadia, rom misi diagramuli gamosaxva 

rTulia da es, albaT, nakleb sasargeblocaa. Tumca, martiv SemTxvevebSi, venis 

diagrama gagebinebis TvalsazrisebiT metad Rirebuli warmosaxviTi saSualebaa. 

 

 

                                                                A 

 
                                BB             C  

 

nax. 1-4: venis diagrama {A,B,C} simravlisaTvis. daStrixulia AB, BC 

da AC simravleebi, Savi feriTaa daStrixuli {A,B,C} simravle 

 

amocana: aageT venis diagrama nebismierad aRebuli sami simravlis 

gaerTianebisaTvis. 

 

 

1. 7 sxvaoba da damateba 
 

nebismieri ori A da B simravlisaTvis ganisazRvreba sxvaobad wodebuli 

oradgiliani simravluri operacia. A da B simravleebis sxvaoba Semdegnairad 

Caiwereba: AB. am operaciiT A simravles „akldeba‟ yvela da, amasTan, mxolod is 
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wevrebi, romlebic B simravlesac miekuTvnebian. predikatuli CanawerebiT es operacia 

Semdegnairad ganisazRvreba: 

 

(1-21) AB =def  {x│xA  da  xB} 

 

AB simravles zogjer A simravlis mimarT B simravlis damatebasac uwodeben. 

cxadia, rom (1-18) mocemulobis L da M simravleebisaTvis LM = {c}, radgan c aris L 

simravlis is erTaderTi wevri, romelic ar miekuTvneba M simravles. Tu A da B 

simravleebs arcerTi saerTo wevri ar gaaCniaT, maSin B simravlis gamoklebiT A 

simravles arc araferi akldeba. aseT SemTxvevaSi AB=A. SevniSnoT: miuxedavad imisa, 

rom nebismieri A da B simravleebisaTvis AB=BA da AB=BA, sazogadod, 

AB=BA arasworia. is, rom am operaciis Sedegze simravleTa rigi gavlenas axdens 

savsebiT bunebrivi gamoCndeba, Tu mas garkveulad gavaigivebT CvenTvis skolis 

kursidan nacnob gamoklebasTan. venis diagrama simravleTa AB sxvaobisaTvis 

gamosaxulia 1-5 naxazze. 

  

 ramdenime damatebiTi magaliTi: 

 

(1-22) KM = {a} 

LK = {c,d} = L 

ML = {b} 

K = {a,b} = K 

K =  
 

 

           A                   B 

 

 
 nax. 1-5: simravleTa sxvaoba AB 

 

gamoklebis operacia unda ganvasxvavoT damatebis operaciisagan. A simravlis 

damateba Caiwereba rogorc A da igi aris simravle, romelic agebulia yvela, da 

mxolod im wevrebisagan, romlebic ar ekuTvnian A simravles. predikatul aRniSvnebSi 

A simravle Semdegnairad ganisazRvreba: 

 

(1-23) A =def  {x│xA} 

 

(1-23) gansazRvrebasTan dakavSirebiT bunebrivad Cndeba kiTxva: rani arian da 

saidan modian is wevrebi, romlebic ar miekuTvnebian A simravles? - pasuxi am 

kiTxvaze Semdegia: yoveli gamonaTqvami, romelic iZleva simravles, TavisTavad 

gulisxmobs manamde ukve arsebul saganTa garkveul sayrden erTobliobas, romelic am 

simravlis momcemi gamonaTqvamis diskursis universums warmoadgens. magaliTad, roca 
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diskursi (anu saazrovno sivrce) ricxvTa Teoriaa mis universumad (anu am saazrovno 

sivrcis saganTa samyarod) SeiZleba moviazroT yvela namdvili ricxvebis simravle. 

samwuxarod, SeuZlebelia erTxel da samudamod sayovelTaod gamosadegi diskursisa 

da universumis calsaxa da arawinaaRmdegobrivi gansazRvra. Tanac ise, rom am 

universumSi Sediodes „yvelaferi‟ is, mxolod romelTaganac igeba simravleebi. es 

SeuZlebelia imitom, rom amgvari universaluri are, cxadia, unda moicavdes 

simravluri TvalsazrisebiT iseT paradoqsul sagnebsac, rogoricaa „yvela simravleTa 

simravle‟. amdenad, konkretuli msjelobis diskursis universumi damokidebulia am 

konkretul msjelobaze da, Sesabamisad, igi am konkretul msjelobasTan erTad 

icvleba. amasTan, icvleba daaxloebiT iseve, rogorc icvleba „yvelaferi‟ da „yvelani‟ 

saxis sityvebis mniSvnelobebi sxvadasxva winadadebebiT mocemul sxvadasxva 

msjelobebSi. im SemTxvevaSi, rodesac diskursis universums raime gansakuTrebuli 

saxeli ar hqvia, mis aRsaniSnavad iyeneben xolme U simbolos. rodesac mocemuli 

msjelobis diskursis universumi isedac cxadia, an araZalismieria mocemuli 

msjelobisaTvis, igi SeiZleba pirdapiri gziT arc iyos gansazRvruli. TumcaRa, iseT 

SemTxvevebSi, rodesac diskursis universumi araorazrovnad da gasagebad ar aris 

gansazRvruli, damatebis operaciac calsaxad da garkveulad veRar isazRvreba. 

maSasadame, A simravlis damateba aris diskursis universumis im Semadgenlebis 

simravle, romlebic ar miekuTvneba A simravles. amgvarad: 

 

(1-24) A = UA 
 

 
  

nax. 1-6: simravluri damatebis operacia A. 

 

rogorc vxedavT, (1-23) predikatul gansazRvraSi x cvladis gansazRvris ared 

anu simravled, saidanac es cvladi mniSvnelobebs Rebulobs, nagulisxmevobiT 

moiazreba mTliani simravluri universumi. sxvaTa Soris, zustad igivegvari viTareba 

gvaqvs (1-17) da (1-19) predikatuli gansazRvrebebis SemTxvevaSic.  

 zemoT, 1-6 naxazze, gamosaxulia venis diagrama, sadac daStrixuli nawili 

Seesabameba A simravlis damatebas. 

                           

 

1. 8 zogierTi simravluri igiveobani 
 

qvemoT ganxiluli iqneba is kanonebi, romlebic logikurad gamomdinareoben 

simravleebis Sesaxeb zemoT gakeTebuli gansazRvrebebidan. maTgan ufro sasargebloni 

warmodgenilia 1-7 cxriliT. cxrilSi gaerTianebisa da TanakveTis operaciebis 

Tvisebebis aRmweri msgavsi kanonebi dawyvilebulia da, Sesabamisad, isini 

saxeldebulni arian maTTvis  tradiciuli da ukve gavrcelebuli saxelwodebebiT. 

         

A 

U
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Cven, amjerad, ar vapirebT am kanonebis gamomxatvel gamonaTqvamebSi Semavali X, Y da Z 

simravluri cvladebis mniSvnelobaTa nebismieri sistemisaTvis maTi formalurad 

mkacri, maTematikuri damtkicebebis agebas. es damtkicebebi warmodgenili iqneba 7.6 

paragrafSi. amjerad, Cven SevecdebiT davrwmundeT maT WeSmaritebaSi mxolod 

gansazRvrebebidan amosvliTa da venis diagramebis agebiT. 

 

1. idempotenturobis kanonebi: advili misaxvedria, rom nebismieri X 

simravlisaTvis XX igivea, rac X, ramdenadac yvelaferi is, rac aris X an X 

simravleSi, advilad jamdeba im yvelafrad, rac aris Tavad am X simravleSi. igive 

iTqmis im elementebis Sesaxeb, romlebic erTdroulad arian X simravlesa da X 

simravleSi, amdenad: XX=X. 

  2. komutaciurobis kanonebi: cxadia, rom yvelaferi is, rac miekuTvneba an X, an 

Y, an orive simravles erTdroulad, amavdroulad aris yvelaferi is, rac 

miekuTvneba an Y, an X, an orive simravles erTdroulad; amgvarad, XY=YX. 

dasabuTeba amgvaradve mimdinareobs TanakveTis SemTxvevaSic. 

 

1. idempotenturobis kanonebi 

 

   (a) XX = X           (b) XX = X 

 

2. komutaciurobis kanonebi 

 

   (a) XY = YX     (b) XY = YX 

 

3. asociaciurobis kanonebi 

 

   (a) (XY)Z = X(YZ)         (b) (XY)Z = X(YZ) 

 

4. distribuciulobis kanonebi 

 

(a) X(YZ) = (XY)(XZ) 

(b) X(YZ) = (XY)(XZ) 

 

5. identurobis kanonebi 

 

    (a) X = X       (g) X =  

   (b) XU = U       (d) XU = X  

 

6. damatebis kanonebi 

 

   (a) XX = U       (g) XX =  

  (b) (X) = X       (d) XY = XY 

 

7. de morganis kanonebi 

 

   (a) (XY) = XY      (b) (XY) = XY 

 

8. Tavsebadobis principi 
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(a) XY maSin, da mxolod maSin, roca XY = Y 

(b) XY maSin, da mxolod maSin, roca XY = X 

 

 
cxrili 1-7: zogierTi ZiriTadi 

simravluri igiveobani 

 

3. asociaciurobis kanonebi: asociaciurobis kanonebi gveubneba, rom Sedegze im 

rigs, romliTac simravleebs operaciulad vaerTebT, mniSvneloba ara aqvs arc maSin, 

roca maT gaerTianebis operaciiT vaerTebT da arc maSin, roca isini TanakveTis 

operaciiT erTdebian. imas, rom es marTlac asea, TvalnaTliv davinaxavT, Tu 

warmovidgenT Sesabamisi venis diagramebis agebis process. gvaqvs sami urTierT 

gadamkveTi wre, romlebic aRniSnulia X, Y da Z asoebiT. jer davStrixoT XY, 

Semdeg davStrixoT Z, riTac saboloo jamSi daiStrixeba am sami wris SigniT 

ganTavsebuli mTliani are, rac (XY)Z simravles Seesabameba. axla daviwyoT 

Tavidan da jer davStrixoT YZ, xolo Semdeg X. cxadia, daStrixvis qveS isev 

igive are moxvdeba. 

4. distribuciulobis kanonebi:   am kanonebis sailustracio venis diagramebis 

ageba cotaTi Tavsatexi amocanaa. 1-8 naxazze gamosaxulia X(YZ) formulis venis 

diagrama. aRsaqmelad rom ufro advili yofiliyo, X davStrixeT vertikaluri 

xazebiT, (YZ) ki horizontaluri xazebiT. Sesabamisad, am ori simravlis TanakveTa 

gamosaxulia rogorc ormagad (jvaredinad) daStrixuli are. 1-9 naxazze 

gamosaxulia (XY)(XZ) formulis diagrama. XY daStrixulia vertikalurad, 

xolo XZ ki horizontalurad. gaerTianebas warmoadgens are, romelic 

daStrixulia an erTmagi an ormagi daStrixviT. amgvarad, pirveli agebisas ormagad 

daStrixuli are daemTxva meore agebisas ormagad an erTmagad daStrixul ares. 

mkiTxvels axla ukve Tavad SeuZlia distribuciulobis kanonebis (a) SemTxvevis 

Sesabamisi venis diagramebis ageba.  

                                

   X 

 
                                   Y                    Z 

 

nax. 1-8 venis diagrama X(YZ) formulisaTvis  

X daStrixulia vertikalurad, YZ daStrixulia horizontalurad, 

X(YZ) ki ormagad.  

                                 

 

  X 
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                              Y                     Z 

 

nax. 1-9: venis diagrama (XY)(XZ) formulisaTvis  

XYdaStrixulia vertikalurad, XZ daStrixulia horizontalurad,  

xolo (XY)(XZ) mTlianad warmoadgens daStrixul ares. 

 

5. identurobis kanonebi: identurobis kanonebi martivad gaigeba gaerTianebis, 

TanakveTis, carieli simravlisa da universaluri simravlis gansazRvrebebidan 

gamomdinare. yvelaferi is, rac aris an X simravleSi an  simravleSi an oriveSi 

erTad, advilad jamdeba im yvelafrad, rac aris X simravleSi. danarCen SemTxvevebSic 

dasabuTeba analogiuria zemomoyvanilisa. 

6. damatebis kanonebi: damatebis kanonebic aseve martivad gaigeba damatebis 

gansazRvrebidan gamomdinare, Tumca, albaT, aq daxmarebas gagviwevs venis diagrama, 

romelic warmodgenilia 1-6 naxazze. (d) SemTxveva ufro gasagebi gaxdeba, Tu 

SevxedavT 1-5 naxazs da ganvixilavT im ares, romelic Seesabameba A simravlis 

TanakveTas B simravlis damatebasTan. 

7. de morganis kanonebi:  de morganis kanonebi simetriuli wyvilebis saxiTaa 

warmodgenili. (a) SemTxveva: yvelaferi is, rac ar aris arcerTSi, arc X da arc Y 

simravleSi (e.i (XY)), aris yvelaferi is, rac ar aris X simravleSi da, 

amavdroulad, ar aris Y simravleSi (e.i XY). (b) SemTxveva: yvelaferi is, rac ar 

aris erTdroulad oriveSi (e.i. (XY)), amavdroulad, ar aris erTSic da ar aris 

meoreSic (e.i. XY). Tu es SemTxveva uceb SedarebiT nakleb cxadad geCvenaT 

daixmareT venis diagrama. 

8. Tavsebadobis principi: Tavsebadobis princips aseTi saxeli imitom daerqva, 

rom igi exeba gaerTianebisa da TanakveTis operaciebisa da qvesimravleobis mimarTebiT 

ganpirobebuli Tavsebadobis urTierTobis sakiTxebs. Tu warmovidgenT venis diagramas, 

romelSic X simravlis Sesabamisi wre mTlianad moTavsebulia Y simravlis Sesabamis 

wreSi, rac predikatulad XY CanaweriT gamoisaxeba, maSin advilad davinaxavT, rom 

XY=Y. meore mxriv, Tu viciT, rom XY=Y, maSin standartuli venis diagramis is 

are, romelic Sesdgeba X simravlis mxolod im Semadgenlebisagan, romlebic 

amavdroulad ar arian Y simravlis Semadgenlebi, carieli simravle iqneba. yvela sxva 

SemTxvevaSi, gaerTianeba ar iqneboda Y simravlis toli. amgvarad, X simravlis 

Semadgenlebi mTlianad moTavsebulia Y simravlis wreSi, rac imas niSnavs, rom XY. 

mtkiceba (b) SemTxvevaSic analogiurad viTardeba. 

 

zogierTi am kanonis ufro kargad gagebaSi SeiZleba dagvexmaros analogiebi 

algebridan: cnobilia, rom Sekrebisa (+) da gamravlebis () operaciebi 

eqvemdebarebian komutaciurobis algebrul kanonebs: 
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(1-25) nebismieri x da y ricxvebisaTvis:  

x + y = y + x     da   x  y = y  x 

 
analogiuradvea asociaciurobis kanoni: 

 

(1-26)  nebismieri x, y da z  ricxvebisaTvis: 

    (x + y) + z = x + (y + z)     da    (x  y)  z = x  (y  z) 

 

Tumca, amgvar algebrul analogiebs adgili ara aqvs zemoganxiluli mTeli 

rigi simravluri kanonebisaTvis. ase magaliTad, sazogadod, swori ar aris is, rom 

x+x=x da arc is, rom xx=x. miuxedavad amisa, algebraSic, analogiurad 

zemoaRwerilisa + da  operaciebi erTmaneTs distribuciulobis kanoniT 

ukavSirdebian: 

 

(1-27) nebismieri x, y da z ricxvebisaTvis: 

  x  (y + z) = (x  y) + (x  z) 

magram, Sesabamisi simravluri operaciebisagan gansxvavebiT, Tu + da  

algebrul operaciebs urTierT CavanacvlebT distribuciis kanoni aRar moqmedebs. 

amgvarad, sazogadod, araa swori, rom x+(yz)=(x+y)(x+z). magaliTad, vTqvaT, x=1, 

y=2 da z=3. aseT pirobebSi zeda gamosaxulebis marcxena mxaris mniSvnelobaa 7, 

xolo marjvena mxarisa ki - 12. 

identurobis simravluri kanonebis algebrul-ariTmetikul analogebad miiCneva 

x+0=x, x0=0 da x1=x kanonebi, sadac 0 TamaSobs carieli, xolo 1 ki universaluri 

simravlis rols. Tumca, aq mxolod nawilobriv analogiasTan gvaqvs saqme, radgan, 

sazogadod, x+1 ar udris 1. 

maSasadame, vnaxeT, rom arsebobs simravleTa algebra da rom igi, garkveulwil, 

analogiuria im saskolo algebrisa, romelic gamravlebasa da Sekrebas exeba, TumcaRa 

simravleTa algebras Tavisi gansakuTrebuli Tvisebebic aqvs. am faqtis winaSe kidev 

erTxel davdgebiT, rodesac meeqvse TavSi gamonaTqvamTa logikas ganvixilavT. garda 

amisa, meTormete TavSi naxavT, rom saSualo skolidan TqvenTvis nacnobi algebra da 

axlaxan gacnobili simravleTa algebra kerZo magaliTebia imisa, rasac sazogadod 

bulis algebras uwodeben. 

 

amJamad Cvens interess ar warmoadgens simravleTa algebris mTliani 

struqturis Seswavla, aramed, ubralod, gvinda vaCvenoT, rom zemoaRwerili 

igiveobebiT SeiZleba visargebloT simravlur gamosaxulebebze operirebisas. kerZod, 

irkveva, rom nebismier simravlur gamosaxulebaSi esa Tu is simravle yovelTvis 

SeiZleba CavanacvloT misi toli simravliT da rom amgvari Canacvlebis Sedegad 

yovelTvis vRebulobT gamosaxulebas, romelic aRniSnavs imave simravles, rasac 

sawyisi gamosaxuleba aRniSnavda. ase magaliTad, A(BC) gamosaxulebaSi de 

morganis kanonis Sesabamisad SeiZleba (BC) CavanacvloT misi igivuri BC 

gamosaxulebiT da, Sesabamisad, miviRoT A(BC) gamosaxuleba, romelic, iqidan 

gamomdinare, rom (BC) da BC simravleebSi erTi da igive wevrebia, cxadia, imave 

simravles aRniSnavs, rasac Tavdapirveli A(BC) gamosaxuleba aRniSnavda. 

es meTodi SeiZleba gamoviyenoT rTuli simravluri gamosaxulebebis 

gasamartiveblad (ix. (1-28)), an simravleTa Sesaxeb sxva debulebaTa WeSmaritebis 

dasamtkiceblad (ix. (1-29) da (1-30)). sazogadod, ufro mosaxerxebelia amgvari 

simravluri gamoyvanebi warmodgenili iqnes striqonuli Canawerebis vertikaluri  
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mimdevrobis saxiT, sadac yovel striqonze miTiTebulia is kanoni, romlis mixedviTac 

Sesabamisi gamosaxuleba gamoiyvaneba wina striqonis gamosaxulebidan. 

 

 

(1-28) magaliTi: gaamartiveT (AB)(BC) gamosaxuleba. 
  

1. (AB)(BC)     

2. (AB)(BC)  de morganis kanoni 

3. A(B(BC))  asociaciurobis kanoni 

4. A((BB) C)  asociaciurobis kanoni 

5. A(UC)   damatebis kanoni 

6. A(CU)   komutaciurobis kanoni 

7. AU    identurobis kanoni 

8. U    identurobis kanoni 

 
  

(1-29) magaliTi: aCveneT, rom (AB)(AC)=A(BC). 

 

1. (AB)(AC) 

2. (AB)(AC)  de morganis kanoni 

3. A(B(AC))  asociaciurobis kanoni 

4. A((BA)(BC)) distribuciulobis kanoni 

5. (A(BA))(A(BC)) distribuciulobis kanoni 

6. (A(AB))(A(BC)) komutaciurobis kanoni 

7. ((AA)B)(A(BC)) asociaciurobis kanoni 

8. (B)(A(BC)) damatebis kanoni 

9. (B)(A(BC))          komutaciurobis kanoni 

10. (A(BC))  identurobis kanoni 

11. (A(BC))  komutaciurobis kanoni 

12. A(BC)   identurobis kanoni 

13. A(BC)   damatebis kanoni 

 
 

(1-30) magaliTi: aCveneT, rom XY XY 
 
Tavsebadobis principis mixedviT, es gamosaxuleba WeSmaritia maSin, da mxolod maSin, 

roca (XY)(XY) = XY. qvemoT swored am ukanasknelis dasabuTebas 

warmovadgenT. 

  

1. (XY)(XY)      

2. ((XY)X)((XY)Y)      distribuciulobis kanoni 

3. (X(XY))((XY)Y)      komutaciurobis kanoni 

4. ((XX)Y)((XY)Y)      asociaciurobis kanoni 

5. ((XX)Y)(X(YY)        asociaciurobis kanoni 

6. (XY)(XY)                  igivurobis kanoni (orjer) 

7. XY          igivurobis kanoni 
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striqonTa aseTi mimdevroba iZleva im faqtis formalur mtkicebas, rom bolo 

striqonSi warmodgenili simravle udris simravles, romelic pirvel striqonSia 

warmodgenili. damtkicebis sakiTxs ufro detalurad Cven Semdgom ganvixilavT. is 

mkiTxveli ki, romelic ecdeba savarjiSoebSi mocemuli amocanebis amgvarad amoxsnas, 

ueWvelad waawydeba damtkicebebTan dakavSirebul cnobil sirTuleebs: kerZod, maSin 

roca sakmaod martivia ukve agebuli damtkicebis sisworis Semowmeba, SeiZleba 

sakmaod rTuli aRmoCndes swori damtkicebis amgebi gzis moZebna. amgvarad, Tu 

gadasawyveti gvaqvs amocana, vTqvaT iseTi, rogoric (1-29) magaliTiT aris mocemuli, 

SeiZleba pirvelsawyisi gamosaxulebis saboloo gamosaxulebamde mimyvani gzis 

povnamde bevri warumatebeli gzis gavla mogvixdes. amdenad, mosalodnelia, rom 

zogjer ramdenjerme mogviwios damtkicebis ukve arCeuli gzis Sewyveta da gamoyvanis 

Tavidan dawyeba. 

 

 

 

 

 

 

savarjiSoebi 

 

 

 

1. mocemulia Semdegi simravleebi: 

 

A = {a, b, c, 2, 3, 4}  E = {a, b, {c}} 

B = {a, b}   F =  
C = {c,2}   G = {{a, b}{c,2}} 
D = {b, c} 
 

gansazRvreT, Semdegi gamonaTqvamebi  WeSmaritia Tu mcdari: 

 

 (a) cA  (z) DA  (n) BG 

 (b) cF  (T) AC  (o) {B}G 

 (g) cE  (i) DE  (p) DG 

 (d) {c}E  (k) FA  (J) {D}G 

 (e) {c}C           (l) EF  (r) GA 

 (v) BA  (m) BG  (s) {{c}}E 
 
2. nebismieri S simravlisaTvis: 

 

(a) aris Tu ara S simravle {S} simravlis wevri? 

(b) aris Tu ara {S} simravle {S} simravlis wevri? 

(g) aris Tu ara {S} simravle {S} simravlis qvesimravle? 

(d) romelia is simravle, romlis erTaderTi wevria {S}? 

 

3. dawereT Semdegi simravleebis rekursuli da predikatuli gansazRvrebebi. 

gaxsovdeT, rom siaSi rigs mniSvneloba ara aqvs. amgvarad, ar SeiZleba iseTi 
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sityvebis gamoyeneba, rogoricaa `pirveli~ an `ukanaskneli~. gaxsovdeT agreTve, rom 

rekursuli wesi SeiZleba Seicavdes erTze met `Tu ... maSin~ tipis gamonaTqvams. 

 

(a) {5, 10, 15, 20, . . .} 

(b) {7, 17, 27, 37, . . .} 

(c) {300, 301, 302, . . . , 399, 400} 

(d) {3, 4, 7, 8, 11, 12, 15, 16, 19, 20, . . .} 

(e) {0, 2, -2, 4, -4, 6, -6, . . .} 

(f) {1, 1/2, 1/4, 1/8, 1/16, . . .} 

 

4. ganixileT Semdegi simravleebi: 
  

S1 = {{}, {A}, A}    S6 =  

 S2 = A      S7 = {} 

 S3 = {A}     S8 = {{}} 

 S4 = {{A}}     S9 = {, {}} 
 S5 = {{A}, A}  
 

upasuxeT qvemoT mocemul SekiTxvebs. - gaxsovdeT, rom,  roca simravleSi 

erTze meti wevria, simravlis wevrebi erTmaneTisagan mZimiT gamoiyofa da rom 

mocemuli simravlis qvesimravle iqmneba am simravlis nuli, an meti wevris 

simravlur frCxilebSi moTavsebiT. 

 

S1 - S9 simravleebidan: 

 (a) romlebia S1 simravlis wevrebi? 

 (b) romlebia S1 simravlis qvesimravleebi? 

 (g) romlebia S9 simravlis wevrebi? 

 (d) romlebia S9 simravlis qvesimravleebi? 

 (e) romlebia S4 simravlis wevrebi? 

(v) romlebia S4 simravlis qvesimravleebi?  
 
5. gansazRvreT TiToeuli Semdegi simravle wevrebis siis CamoweriT: 
  

(a) ({a, b, c})   (g) ({}) 

 (b) ({a})             (d) (({a, b}))          (e) ()  

 
6. mocemulia simravleebi A, ... , G (ix. savarjiSo 1). CamowereT Semdegi  simravleebis 

wevrebis sia: 
  

(a) BC  (z) AE  (J) BA 

 (b) AB  (k) CD  (r) CD 

 (g) DE  (l) BF  (s) EF 

 (d) BG  (m) CE  (t) FA 

 (e) DF  (n) BG  (f) GB 

 (v) AB  (p) AB 
 
7. ganvixiloT pirveli savarjiSoTi mocemuli simravleebi: davuSvaT, rom diskursis 

universumi aris {A, B, C, D, E, F, G}. CamowereT Semdegi simravleebis wevrebi: 
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(a) (AB)C    (T) DE 

 (b) A(BC)    (k) F(AB) 

 (g) (BC)(CD)    (l) (AB)U 

 (d) A(CD)    (m) (CD)U 

 (e) (AC)(AD)    (n) CD 

 (v) G     (J) GF 

 (z) (DE)     (r) (BC) 

 
8. vTqvaT, mocemulia A={a, b, c}, B={c, d} da C={d, e,f} simravleebi. 
 
(a) ra iqneba:  
 

 (i) AB     (v) B 

 (ii) AB     (vi) A(BC) 

 (iii) A(BC)     (vii) AB 
 

(b) a ekuTvnis Tu ara {A, B} simravles? 

(g) a  ekuTvnis Tu ara AB simravles? 
 
9. simravluri igiveobebis gamoyenebiT aCveneT, rom nebismieri A, B da C 

simravleebisaTvis: 
 

(a) ((AC)(BC))  (AB) 

(b) A(BA) =  
 

10. aCveneT distribuciulobis (a) wesis samarTlianoba X(YZ) da (XY)(XZ) 

gamosaxulebebisaTvis venis diagramebis agebis gziT.  

 

11. ori A da B simravlis simetriuli sxvaoba ganisazRvreba rogorc im, da mxolod 

im Semadgenlebis simravle, romelTagan nebismieri ekuTvnis an A simravles, an B 

simravles, magram ar ekuTvnis orives erTdroulad. 

  

A+B =def  (AB)(AB) 
 
 (a) daxazeT ori simravlis simetriuli sxvaobis venis diagrama. 

  

(b) simravluri igiveobebis gamoyenebiT aCveneT, rom  A+B=(AB)(BA). aCveneT, 

rom (AB)(BA) simravlis venis diagrama emTxveva (a) SekiTxvisas agebul 

diagramas. 

 

(g) aCveneT, rom nebismieri A da B simravlisaTvis, adgili aqvs: A+B=B+A. 

 

(d) gamosaxeT qvemoT mocemuli simravleebi gaerTianebis, TanakveTis da 

damatebis operaciebiT da gaamartiveT simravluri igiveobebis gamoyenebiT. 

 

  (i)  A + A (iv) A + B, sadac AB 

  (ii)  A + U (v)  A + B, sadac AB =  
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  (iii)  A +  
 

(e) aCveneT, rom ((AB)(BA)) = A BB 

 

(f) aCveneT, rom (AB) B maSin, da mxolod maSin, roca A B 

 

12. zedsarTavebs, romelebic gamomdinare maTive Sinaarsidan logikurad mimarTebadni 

arian TavianT Tavze vuwodoT avtologikuri. im zedsarTavebs, romelTa TavianT Tavze 

mimarTva, gamomdinare maTive Sinaarsidan logikurad dauSvebelia, vuwodoT 

heterologikuri. magaliTad, ‘English’ da ‘long’ avtologikuri, xolo ‘French’ da „short’ 

heterologikur zedsarTavebia. 

aCveneT, rom zedsarTavi ‘heterologikuri’ badebs iseTsave winaaRmdegobas, 

rogoric raselis paradoqsSia. raselis paradoqsis es varianti cnobilia grelingis 

paradoqsis saxelwodebiT. 

 

 

 

 

 

 

 

Tavi 2 

mimarTebebi da funqciebi 

 

 

 

 

 

2. 1 dalagebuli wyvili da dekartuli namravli 
 

gavixsenoT, rom simravlis wevrebs Soris rigiToba anu dalageba ar ivaraudeba. 

miuxedavad amisa, dalagebuli wyvili, romelic a, b saxiT Caiwereba, Cveulebrivi 

anu daulagebeli simravleebis meSveobiT ganisazRvreba. am CanawerSi a ganixileba 

dalagebuli wyvilis pirvel wevrad, b ki meore wevrad. dalagebuli wyvili Semdegi 

simravluri CanaweriT moicema: 

 

(2-1) a, b =def  {{a},{a,b}} 

 

 a,b wyvilis pirvel wevrad miiCneva erT Semadgenliani {a} simravlis wevri, 

xolo meore wevri aris {a,b} simravlis is wevri, romelic ar miekuTvneba {a} 

simravles. amgvarad, wyvilis daulagebeli simravluri gagebis miuxedavad, 

SesaZlebeli gaxda dalagebuli wyvilisTvis damaxasiaTebeli rigiTobis pirobis 

dakmayofileba. SeiZleba iTqvas, rom dalagebuli wyvilebisaTvis damaxasiaTebelia 

Semdegi: a,bb,a. es imitom, rom, sazogadod, {{a},{a,b}}{{b},{a,b}}. marTlac, 

a,b=b,a maSin, da mxolod maSin, roca a=b. es gansazRvreba SeiZleba ganvavrcoT 

dalagebul sameulebze da, agreTve, nebismieri n naturaluri ricxvisaTvis, igi 



33 

 

SeiZleba ganivrcos dalagebul n-eulebzec. dalagebuli sameuli Semdegnairad 

ganisazRvreba: 

 

(2-2) a, b, c  =def  a,b, c 
 
 intuiciuri TvalsazrisebiT SeiZleba ufro bunebrivic yofiliyo dalagebuli 

wyvilis erT-erT amosaval, ZiriTad cnebad ganxilva. magram, imis gamo, rom zogadi 

maTematikuri principebi iTxoven ZiriTadi cnebebis minimumamde dayvanas, igi amgvarad 

ar ganixileba. 

 vTqvaT, ukve mocemuli gvaqvs A da B simravleebi. aseT SemTxvevaSi Cven 

SegviZlia avagoT dalagebuli wyvilebi mxolod am A da B simravleebis gamoyenebiT. 

kerZod, Cven SegviZlia avagoT iseTi wyvilebi, romelTa pirveli wevri A simravlis 

wevria, meore ki B simravlisa. gansazRvriT, A da B simravleebis dekartuli 

namravli aris simravle, romelic Sedgeba yvela zemoaRwerili saxis wyvilisagan. A 

da B simravleebis dekartuli namravli Caiwereba rogorc - AB da igi predikatuli 

gziT Semdegnairad ganisazRvreba: 

 

(2-3) AB =def  {x, y xA  da  yB}  

 

aqve SevniSnoT, rom gansazRvris Tanaxmad, Tu an A, an B udris  simravles, 

maSin AB=. qvemoT warmodgenilia dekartuli namravlis ramdenime magaliTi: 

 

(2-4) vTqvaT, K = {a, b, c} da L = {1, 2}, maSin 

 

    KL = {a, 1, a, 2, b, 1, b, 2, c, 1, c, 2} 

  LK = {1, a, 2, a,1, b, 2, b, 1, c, 2, c} 

  LL = {1, 1, 1, 2, 2, 1, 2, 2} 
 

yuradReba miaqcieT, rom dekartuli namravlis wevrebi ar arian dalagebulni 

erTmaneTis mimarT. amgvarad, miuxedavad imisa, rom nebismieri dekartuli namravlis 

TiToeuli wevri dalagebuli wyvilia, Tavad dekartuli namravli dalagebuli 

wyvilebis Cveulebrivi anu daulagebeli simravlea. 

zogjer, dalagebuli wyvilebis M simravlisaTvis, mniSvnelovani xdeba 

gansazRvra im umciresi dekartuli namravlisa, romlis erT-erT qvesimravles es M 

simravle warmoadgens. is ori umciresi A da B simravle, romelTaTvisac MAB, 

Semdegnairad ganisazRvreba - A={a a,bM, erTi romelime b elementisaTvis mainc} 

da B={b a, bM, erTi romelime a elementisaTvis mainc}. am A,  Sesabamisad, B 

simravles uwodeben M simravlis gegmils pirvel, Sesabamisad, meore koordinatze. ase 

magaliTad, Tu M={1,1, 1,2, 3,2} simravles, maSin simravle {1,3} iqneba M 

simravlis gegmili pirvel koordinatze, simravle {1,2} ki iqneba M simravlis 

gegmili meore koordinatze. aqedan gamomdinare, {1,3}{1,2} aris is umciresi 

dekartuli namravli, romlis erT-erTi qvesimravle zemoganxiluli M simravlea. 

 

 

2. 2 mimarTeba 
 

sagnebs Soris bunebrivi mimarTeba aris am sagnebs Soris arsebuli garkveuli 

bunebrivi kavSiri. xolo is, rac Cven gaazrebuli gvaqvs sagnebs Soris maTematikur 
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mimarTebad, aris is, rac bunebaSi am sagnebs Soris an arsebobs, an ar arsebobs, magram 

rac azrovnebaSi amave sagnebs Soris Cvens mier gaazrebul urTierTdamokidebulebas 

asaxavs. magaliTad, mimarTeba „dedaa‟ anu, rac TiTqmis igivea, „aris deda‟ arsebulad 

gaiazreba „dedebsa‟ da maT „Svilebs‟ Soris. magram, igive mimarTeba mxolod „Svilebs‟, 

an mxolod „dedebs‟ Soris arsebulad ver azrdeba. gardamavali zmnebi rogorc wesi 

mimarTebebs aRniSnaven. ase magaliTad, zmna „kocna‟ SeiZleba ganvixiloT obieqtTa iseT 

wyvilebze gansazRvruli abstraqtuli mimarTebis aRniSvnad, romelTa pirveli wevri 

kocnis meore wevrs. zemoT qvesimravleobis mimarTeba gansazRvruli iyo rogorc 

mimarTeba simravleebs Soris. nebismieri simravlis nebismieri wevri SeiZleba 

garkveulad davakavSiroT an sxva, an imave simravlis wevrTan an wevrebTan. 

SeTanxmebiT, Canaweri Rab an, rac igivea, aRb niSnavs imas, rom a obieqti b 

obieqtTan R mimarTebiT gansazRvrul kavSirSia. Canaweri RAB gveubneba, rom A da 

B simravleebis elementebs Soris azrdeba R mimarTebiT gansazRvruli kavSiri da rom 

am simravleebis zogierTi wevri erTmaneTTan R mimarTebiT gansazRvrul kavSirSi anu 

R mimarTebaSia, zogierTi ki ara. aseT SemTxvevaSi vambobT, rom R aris mimarTeba A 

simravlidan B simravleSi. rodesac mimarTeba akavSirebs erTi da igive A simravlis 

elementebs, maSin vambobT, rom R mimarTeba gansazRvrulia A simravleSi. R 

mimarTebis gegmils misi pirveli koordinatis gaswvriv uwodeben R mimarTebis 

gamosvlis ares, xolo R mimarTebis gegmili misi meore koordinatiT iwodeba R 

mimarTebis Casvlis ared. amgvarad, nebismieri R mimarTeba A simravlidan B simravleSi 

SeiZleba ganvixiloT rogorc am A da B simravleebis AB dekartuli namravlis 

raRac qvesimravle. samwuxarod, jer kidev ar arsebobs sayovelTaod miRebuli  

terminebi im A da B simravleebisaTvis, romelTa qvesimravleebicaa R mimarTebis 

gamosvlis are da Casvlis are. kidev erTxel SevniSnoT, rom zemoT SemoTavazebulia 

bunebrivad arsebuli mimarTebebis simravlur-Teoriuli modelirebis, anu maTi 

dalagebul wyvilTa simravleze gansazRvrul {a,baRb} saxis maTematikur 

mimarTebebze dayvanis erTi gza. ase magaliTad, mimarTeba „dedaa‟, romelic 

ganisazRvreba yvela dRes arsebul adamianTa H simravleze, aris HH simravlis iseTi 

qvesimravle, anu dalagebul wyvilTa iseTi simravle, rom am simravleSi Semavali 

TiToeuli wyvilis pirveli wevri aris amave wyvilis meore wevris deda. maTematikaSi 

cnobilia A da B simravleebs Soris arsebuli R mimarTebebis sqematurad 

warmomdgeni meTodi iseTi isrebis gamoyenebiT, romlebic gamodian A simravlis 

wevrebidan da miemarTebian B simravlis wevrebisken. 

 

 

 
  

nax. 2-1: mimarTeba R: A  B 

  

 

a  

 

 

 

           b  

         c 

 

        d 

 

 e 
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2-1 naxazze rgolebiT gamoxatulia A={a,b} da B={a,d,e} simravleebi da 

isrebiT warmodgenilia simravluri mimarTeba R={a,d,a,e,b,c}. miaqcieT yuradReba, 

rom gamosvlis aris erTi wevri mimarTebam SeiZleba daakavSiros Casvlis aris erTze 

met wevrTan. RAB mimarTebis R damatebiTi mimarTeba, rogorc simravle, 

Semdegnairad ganisazRvreba: 

 

(2-5) R =def   (AB)R 
 

amgvarad, R Seicavs AB dekartuli namravlis yvela im wyvils, romlebic ar 

miekuTvnebian R mimarTebas. aqve SevniSnoT, rom (R)=R. nebismieri RAB mimarTebis 

inversirebuli anu Sebrunebuli mimarTeba aRiniSneba rogorc R-1 da igi Seicavs R 

mimarTebis yvela wyvilis pirveli da meore wevrebis SebrunebiT miRebul yvela 

wyvils. anu, R mimarTebis Sebrunebuli R-1 mimarTeba R mimarTebis wevrebis SebrunebiT 

miRebuli wyvilebisagan Sedgeba. magaliTad, vTqvaT, A={1,2,3} da vTqvaT, RAA aris 

{3,2,3,1,2,1} simravle, romelic A simravleSi „metia‟ mimarTebas gansazRvravs. am 

SemTxvevaSi R mimarTebis damatebiTi R mimarTeba aris {1,1,1,2,1,3,2,2,2,3,3,3} 

simravle, romelic, Tavis mxriv, aris A simravleSi gansazRvruli „an naklebia an 

toli‟ mimarTeba. am R mimarTebis Sebrunebuli anu inversirebuli R-1  mimarTeba iqneba 

{2,3,1,3,1,2} simravle. igi A simravleSi gansazRvrul „naklebia‟ mimarTebas 

warmoadgens. SevniSnoT, rom (R-1)-1 = R da Tu RAB, maSin R-1
BA, magram RAB. 

  

amjerad Cveni msjeloba exeboda oradgilian mimarTebebs, e.i. dalagebul 

wyvilTa simravleebs. analogiuradve ganixileba mimarTebebi, romlebic Sedgeba 

dalagebuli sameulebisagan, oTxeulebisagan da a.S.. sazogadod, maTematikaSi, 

nebismieri n naturaluri ricxvisaTvis daiSveba da ganixileba n-adgiliani 

mimarTebebi. 

 

2. 3 funqcia 
 

 simravlur-Teoriuli midgomebiT funqcia ganisazRvreba rogorc garkveuli 

saxis mimarTeba. R mimarTeba A simravlidan B simravleSi iwodeba funqcionalur 

mimarTebad anu funqciad maSin, da mxolod maSin, roca dakmayofilebulia Semdegi 

pirobebi: 

 

1. gamosvlis aris arcerTi wevri ar wyvildeba Casvlis aris gansxvavebul 

wevrebTan. 

2. R mimarTebis gamosvlis are emTxveva Tavad A simravles. 

 

zemoT naTqvami niSnavs, rom AB dekartuli namravlis raime qvesimravle maSin, 

da mxolod maSin SeiZleba CaiTvalos funqciad, roca A simravlis TiToeuli a 

wevrisaTvis am mimarTebis iseTi dalagebuli wyvilebis odenoba, romelTa pirveli 

koordinati A simravlis es a wevria, tolia erTis. 

magaliTisaTvis ganvixiloT A={a,b,c} da B={1,2,3,4} simravleebi. A simravlidan 

B simravleSi gansazRvruli Semdegi mimarTebebi warmoadgenen funqciebs: 

 

(2-6) P = {a, 1, b, 2, c, 3} 

Q = {a, 3, b, 4, c,1} 

R = {a, 3, b, 2, c, 2} 
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Semdegi mimarTebebi ki ar warmoadgenen funqciebs A simravlidan B simravleSi. 

 

(2-7) S = {a, 1, b, 2} 

T = {a, 2, b, 3, a, 3, c,1} 

V = {a, 2, a, 3, b, 4} 
 
aq S mimarTeba ar akmayofilebs funqciis gansazRvriT moTxovnil meore pirobas 

gamomdinare iqidan, rom mimarTebiTi wyvilebis pirveli wevrebis simravle {a,b} ar 

emTxveva A simravles. T mimarTeba ar akmayofilebs funqciis gansazRvriT moTxovnil 

pirvel pirobas gamomdinare iqidan, rom a dawyvilebulia B simravlis or 

gansxvavebul wevrTan. V mimarTebis SemTxvevaSi darRveulia mimarTebis 

funqcionalurobis orive piroba. 

funqciebze msjelobisas Cven ZiriTadad igive terminologias gamoviyenebT, 

rasac viyenebdiT mimarTebebTan dakavSirebiT. amgvarad, funqcia, romelic warmoadgens 

AB simravlis qvesimravles, iwodeba funqciad A simravlidan B simravleSi, xolo 

funqcias, romelic AA simravlis qvesimravlea, uwodeben funqcias A simravleSi. is, 

rom ‘F aris funqcia A simravlidan B simravleSi‟. mokled Semdegnairad Caiwereba - 

‘F:AB’. zogjer funqciis gansazRvris aris Semadgenels funqciis arguments, xolo 

mniSvnelobaTa aris masTan dawyvilebul Semadgenels funqciis mniSvnelobas uwodeben. 

amgvarad, (2-6) magaliTiT ganxilul P funqciasTan dakavSirebiT SeiZleba iTqvas, rom 

c argumentze funqciis mniSvneloba aris ‘3’. Cveulebriv, es faqti Semdegnairad 

Caiwereba P(c)=3, sadac funqciis dasaxeleba win uswrebs arguments, romelic 

Cawerilia frCxilebSi, xolo funqciis mniSvneloba iwereba tolobis niSnis marjvena 

mxares. 

„gardaqmna‟, „asaxva‟, „gadasaxva‟, „Sesabamisoba‟ arian „funqciis‟ farTod 

gavrcelebuli sinonimebi da xSirad Canawers ‘F(a)=2’ kiTxuloben Semdegnairad: ‘F 

funqcia a-s gardaqmnis 2-ad‟. amgvari midgomiT funqcia warmogvidgeba rogorc 

aqtiuri procesi, romelic argumentebs gardaqmnis maT mniSvnelobebad. funqciaTa 

amgvari gageba erTgvarad myardeba amgvar midgomaTa bunebriobiT maTematikaSi, sadac 

funqciaTa umetesoba argumentebs awyvilebs mniSvnelobebTan formulebiT, romlebic 

aigeba iseTi operaciebiT, rogorebicaa Sekreba, gamravleba, gayofa da a.S.. magaliTad, 

F(x)=2x+1 aris funqcia da im SemTxvevaSi, Tu igi gansazRvrulia mTel ricxvTa 

simravleze, igi awyvilebs 1-s 3-Tan, 2-s 5-Tan, 3-s 7-Tan da a.S.. meore mxriv, 

aRniSnuli funqcia SegviZlia gaviazroT rogorc procesi, romelic moicema da 

ganisazRvreba Semdegi wesiT - `imisaTvis, rom vipovoT F funqciis mniSvneloba 

nebismierad aRebul x-ze, saWiroa x jer gavamravloT 2-ze da Semdeg miRebul Sedegs 

davumatoT 1~. mogvianebiT vnaxavT, rom rig SemTxvevebSi momgebiania funqciebi 

ganxilul iqnan rogorc garkveuli saxis gardamqmnelebi, romlebic maT SesasvlelSi 

Sesul obieqtebs gardaqmnian axal obieqtebad, romlebsac maTsave gamosasvlelSi 

iZlevian, rogorc gardaqmnis saboloo Sedegebs. jerjerobiT ki, Cven SevCerdebiT 

mxolod fuqciaTa araprocesualur, simravlur-Teoriul gaazrebebze. amgvarad, 

funqcia F(x)=2x+1 ganixileba rogorc dalagebul wyvilTa garkveuli simravle, 

romelic Semdegi predikatuli CanaweriT ganisazRvreba: 

 

(2-8) F = {x, y  y=2x1}  (aq x da y nebismieri mTeli ricxvebia). 
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 avtorebi, romlebic funqcias ganixilaven rogorc gardamqmnels, zogjer, 

dalagebul wyvilTa simravles, romelic miiReba funqciis gansazRvris aris 

TiToeuli wevris dawyvilebiT masze am gardamqmnelis zemoqmedebis Sedegad miRebul 

wevrTan, gardamqmnelis grafs uwodeben. SevniSnoT, rom RerZTa sakoordinato 

sistemaSi funqciis grafikad wodebul obieqtsa da aq grafad wodebul cnebebs Soris 

msgavseba ar aris SemTxveviTi. 

 

SevniSnoT isic, rom mimarTeba, romelic funqciis gansazRvrebaSi mocemuli 

pirobebidan akmayofilebs pirvels, magram ar akmayofilebs meores, zogjer, mainc 

ganixileba rogorc funqcia. Tumca, aseT funqciebs, danarCenebisagan gamosarCevad, 

SeTanxmebiT, „nawilobriv funqciebs‟ uwodeben. magaliTad, mimarTeba, romelic namdvil 

ricxvTa dalagebul a,b wyvils gadasaxavs a:b  ganayofSi anu mimarTeba, romelic 

magaliTad 6,2 wyvils uTanadebs 3-s, xolo 5,2 wyvils ki - 2,5-s, ar aris 

gansazRvruli im SemTxvevaSi, roca b=0. Tumca, es mimarTeba yvela im wevrze, 

romelzedac gansazRvrulia, calsaxaa anu erTmniSvnelobiania, rac imas niSnavs, rom 

igi gamosvlis aridan aRebul nebismier Semadgenels mniSvnelobad uTanadebs 

mniSvnelobaTa aris erTaderT Semadgenels da, amdenad, igi mxolod gamosvlis areSi 

akmayofilebs funqciis gansazRvris orive pirobas. amgvarad, mkacrad Tu vimsjelebT, 

Cveni gansazRvris Tanaxmad igi ar warmoadgens funqcias, magram, miuxedavad amisa, 

aseTi mimarTebebi iwodebian nawilobriv funqciebad da maT funqciis ganzogadebul 

saxeebad ganixilaven. rac bunebrivia, radgan A simravlidan B simravleSi 

gansazRvruli nebismieri nawilobrivi anu nawilobriv gansazRvruli funqcia A 

simravlis garkveul qvesimravleze srul anu srulad gansazRvrul funqcias 

warmoadgens. SemdgomSi, saWiroebis SemTxvevaSi, termins „funqcia‟ gamoviyenebT iseTi 

calsaxa, anu erTmniSvnelobiani, anu erTi-erTze mimarTebebisaTvis, romelTa gamosvlis 

anu gansazRvris are SeiZleba arc emTxveodes A simravles da mxolod mis nawils 

warmoadgendes. 

zogjer saWiroa specialurad aRiniSnos emTxveva Tu ara A simravlidan B 

simravleSi gansazRvruli funqciis mniSvnelobaTa are B simravles. sazogadod, 

funqcias gansazRvruls A simravlidan B simravleSi, Si-asaxvas anu Si-funqcias 

uwodeben. magram, Tu funqciis Casvlis anu mniSvnelobebis are emTxveva B simravles, 

maSin funqcia ze-asaxvad anu ze-funqciad iwodeba. amgvarad, nebismieri ze-funqcia 

amave dros aris Si-funqciac, magram ara piriqiT. 2-2 naxazze igive saxis diagramebis 

meSveobiT, rac sazogadod mimarTebebisaTvis gamoiyeneba, gamosaxulia sami funqcia. 

mkiTxvelisTvis gasagebi unda iyos, rom naxazze ganxiluli F da G funqciebi arian  

ze-funqciebi, xolo H ki - ara. _ ra Tqma unda, samive es funqcia warmoadgens Si-

funqcias. 

 

 

        A                 C                            A                  D                        A                  C  

 
             F                                                 G                                              H  
 

nax. 2-2: Si da ze funqciebis magaliTebi 

 

  a 

  b 

  c 

  1 

  2 

  3 

  a 

  b 

  c 

  1 

  2 

  3 

   1 

 

   2 

  a 

  b 

  c 
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 gansazRvriT, F:AB funqcias uwodeben erTze-erTi funqcias im, da mxolod im 

SemTxvevaSi, Tu B simravlis arcerT wevrze ar aisaxeba A simravlis erTze meti 

Semadgeneli. 2-2 naxazze F funqcia aris erTze-erTi funqcia, xolo G _ ara, radgan 

G funqciis SemTxvevaSi 2-ze aisaxeba A simravlis ara erTi, aramed ori - b da c 

Semadgenlebi. arc H funqciaa erTze-erTi, radgan H(b)=H(c)=3. (2-8) predikatuli 

CanaweriT mocemuli F funqcia aris erTze-erTi, radganac yoveli mTeli kenti y 

ricxvisaTvis arsebobs erTaderTi mTeli x ricxvi, iseTi rom y=2x+1. aqve SevniSnoT 

is, rom F ar aris mTel ricxvTa simravleSi gansazRvruli ze-funqcia. marTlac, 

cxadia, rom x cvladis arcerTi mniSvnelobisaTvis F funqciis mniSvneloba ar xdeba 

luwi ricxvi. sazogadod, nebismieri funqcia, romelTagan zogierTi SeiZleba erTze-

erTic iyos, gaigeba rogorc erTze-bevri, rac imas niSnavs, rom funqcionaluri 

mimarTebebisaTvis daSvebulia is, rom Casvlis aris erT wevrTan erTdroulad 

wyvildebodes gamosvlis aris erTze meti anu bevri wevri. - amgvarad, am midgomebiT, 

nebismieri funqcia SeiZleba daxasiaTdes rogorc erTze-bevri da mxolod zogierTi, 

da ara yvela, amavdroulad SeiZleba daxasiaTdes rogorc erTze-erTi. Tumca, 

Cveulebriv, termini `erTze-bevri~ gamoiyeneba im funqciaTa mimarT, romlebic 

faqtobrivad ar warmoadgenen erTze-erTi funqciebs. 

  

 erTze-erTi funqcia, romelic amave dros ze-funqcia (magaliTad  F funqcia 2-

2 naxazze), urTierTcalsaxa anu erTi-erTi Sesabamisobad iwodeba. aseTi funqciebi 
gansakuTrebiT sainteresoa, radganac nebismieri maTganis inversireba anu Sebruneba 

aseve funqcias iZleva. aqve SevniSnoT, rom mimarTebebisaTvis gansazRvruli inversiisa 

da damatebis operaciebi funqciebisTvisac igivenairad ganisazRvreba. 2-2 naxazze G 

funqciis inversia anu Sebruneba ar iZleva funqcias, radganac Sebrunebisas 2 

erTdroulad aisaxeba b da c elementebze. aseve, H-1  ar aris funqcia, Tundac imitom, 

rom aq 2-s saerTod ar moepoveba saxe. 

 

 amocana: aris Tu ara (2-8) predikatuli CanaweriT gansazRvruli F fuqciis 

inversia funqcia? aris Tu ara F funqcia urTierTcalsaxa Sesabamisoba? 

 

2. 4 kompozicia 
 

erTi da igive mniSvnelobaTa arisa da gansazRvris aris mqone ori F:AB da 

G:BC funqciiT igeba axali GF gamosaxulebiT aRniSnuli funqcia, romelic A 

simravles gadasaxavs C simravleSi da romelsac F da G funqciaTa kompozicias 

uwodeben. F da G funqciaTa GF  kompozicia predikatuli CanawerebiT Semdegnairad 

ganisazRvreba: 

 

 

(2-9) GF =def  {x, z  arsebobs erTi mainc iseTi y, rom x,yF da y,zG} 
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nax. 2-3: F da G funqciebis kompozicia 

 

 

2-3 naxazze ganixileba F da G funqciebi da maTi kompozicia. SevniSnoT, rom 

aRniSnul magaliTSi F aris Si-funqcia, maSin rodesac G ze-funqciaa da arcerTi 

maTgani ar aris erTze-erTi. magaliTi gviCvenebs, rom kompoziciebis miReba 

SesaZlebelia im funqciebisganac, romlebsac zemoT aRniSnuli gansakuTrebuli 

Tvisebebi ar axasiaTebT. SesaZlebelia gvqondes iseTi SemTxvevac, roca pirveli 

funqciis Casvlis ares araferi aqvs saerTo meore funqciis gamosvlis aresTan. am 

SemTxvevaSi, cxadia, ar arsebobs iseTi y, rom x,yF da y,z G. aseT SemTxvevaSi 

gamodis rom dalagebul wyvilTa simravle, romliTac GF kompozicia isazRvreba, 

carielia. 2-3 naxazze F warmoadgens pirvel sakompozicio funqcias, xolo G meores. 

funqciaTa rigs maTi kompoziciuri SeerTebisas didi mniSvneloba aqvs, ramdenadac 

GF funqcia, sazogadod, ar aris FG funqciis toli. aqedan gamomdinare, TiTqosda 

bunebrivia GF Canaweri keTdebodes da ikiTxebodes piriqiTi rigiT. Tumca, Tu 

gamovalT iqidan, rom F funqciis mniSvneloba a argumentis nebismieri 

mniSvnelobisaTvis aris F(a), xolo G funqciis mniSvneloba F(a) argumentisaTvis 

aris G(F(a)) da rom kompoziciis gansazRvris Tanaxmad, (GF)(a) da G(F(a)) erTi da 

igive mniSvnelobis mqone gamosaxulebebia, SemoTavazebuli aRniSvnis bunebrioba 

gasagebi gaxdeba. 

 

   a 

b 

 

c 
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          F: K  L 

G  F: K  M 
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 L M 
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  G: L  M 
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nax.2-4: kompozicia identur funqciasTan 

 

F:AA  funqcia, romelic F={x,x xA} predikatuli CanaweriT ganisazRvreba, 

identur anu igivur funqciad iwodeba da aRniSneba idA gamosaxulebiT. idA funqciiT A 

simravlis TiToeuli elementi Tavis TavSi aisaxeba. nebismieri F funqciis rigiT 

nebismieri kompozicia am F funqciis Sesabamis igivur funqciasTan iZleva funqcias, 

romelic amave F funqciis tolia. aRniSnulTan dakavSirebiT ixileT naxazi 2-4. 

 vTqvaT F:AB nebismieri erTze-erTi ze-funqcia. aseT SemTxvevaSi, cxadia, rom 

aseTivea F-1  mimarTebac da rom adgili aqvs Semdeg tolobebs: 

 

 

(2-10)  F-1
F = idA  

 FF-1 = idB 
 

 

(2-10) tolobebi grafikulad ilustrirebulia 2-5 naxazze. 

 

 

zemoT gansazRvruli funqciaTa kompoziciis cneba Tavisuflad SeiZleba 

ganzogaddes mimarTebebzec. davuSvaT, mocemuli gvaqvs RAB da S BC mimarTebebi. 

R da S mimarTebebis kompozicia aRiniSneba SR gamosaxulebiT da igi Semdegi 

predikatuli CanaweriT ganisazRvreba: 

 

SR = {x,z arsebobs erTi mainc iseTi y, rom x,yR da y,zS}. 

 

  a 

  b 

  c   

  a 

  b 

  c   

  1 
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  3   

  1 

  2 

  3   

  1 
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  3   

  a 

  b 

  c   

A B B 

A A B 

 

F idB 

idB  F = F 

   F  idA = F 

 

  F idA 
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nax. 2-5: urTierTcalsaxa funqciis kompozicia missave inversiasTan 

 

 

        A                 B                            B                  C                        A                  C  

 
                                                                                                              

        R ABB      S  BC   SR  AC 

 
 

nax. 2-6: R da S mimarTebaTa kompozicia 

  

 

nebismieri RAB mimarTebisaTvis adgili aqvs Semdeg tolobebs: 

 

 

(2-11) idBR = R 

RidA =R 
 

SevniSnoT, rom A simravleSi gansazRvruli idA igivuri funqcia, cxadia, 

amavdroulad warmoadgens mimarTebas da mas A simravleSi gansazRvrul igivur 

mimarTebasac uwodeben. 

 

 (2.10) tolobebi araa marTebuli im mimarTebebisaTvis da, Sesabamisad, arc im 

funqciebisaTvis, romlebic ar warmoadgenen urTierTcalsaxa Sesabamisobebs. Tumca 

nebismieri erTze-erTi R:AB mimarTebisaTvis adgili aqvs Semdegs: 

 

(2-12) R-1 
R  idA 
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  b 
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RR-1  
 idB 

 aqve unda iTqvas, rom Cveni zogadi SeniSvnebi samadgiliani, oTxadgiliani da 

a.S. mimarTebebTan dakavSirebiT, bunebrivia, vrceldeba funqciebzec. amasTan, cxadia, 

rom funqciis gansazRvris ared SeiZleba ganvixiloT dalagebul n-eulTa nebismieri 

simravle, Tumca funqcionaluri asaxvisas TiToeul aseT n-euls mniSvnelobad unda 

Seesabamebodes mniSvnelobaTa aris erTi, da mxolod erTi Semadgeneli. magaliTad, 

aseTia funqcia, romelic gadasaxavs naturalur ricxvTa nebismier wyvils maT jamSi. 

 

 

 

 

 

savarjiSoebi 

 

 

1. mocemulia A={b,c} da B={2,3}. 

 

 

(a) gansazRvreT Semdegi simravleebi wevrTa siis CamoweriT: 

 

 

(i) AB 
   

(ii) BA 
   

                          (iii) AA 
   

         (iv) (AB)B 
 

       (v) (AB)B 
 

              (vi)  (AB)(BA) 
 

 

(b) TiToeulisaTvis miuTiTeT WeSmaritia igi, Tu mcdari: 

 

 

(i) (AB)(BA)= 
 

(ii) (AA)(AB) 
 

(iii) (c, c)(AA) 
 

(iv) {b, 3, 3, b}(AB)(BA) 
 

(v) AA 
 

(vi) {b, 2, c, 3} warmoadgens mimarTebas  A-dan B-Si. 
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(vii) {b, b} warmoadgens mimarTebas A-Si. 

 

(g)     ganvixiloT Semdegi mimarTeba A-dan (AB)-Si: 

 
 

R = {b, b, b, 2, c, 2, c, 3} 
 
 
(i) gansazRvreT R-is gamosvlisa da Casvlis areebi. 

 

(ii) gansazRvreT R mimarTebis damatebiTi mimarTeba R  da 

Sebrunebuli mimarTeba R-1. 

 

(iii) udris Tu ara (R)-1  mimarTeba (damatebis Sebrunebuli 

mimarTeba) (R-1) mimarTebas (Sebrunebuli mimarTebis 

damatebas)? 

 

 

2. mocemulia A={a,b,c} da B={1,2}. ramdeni gansxvavebuli mimarTeba 

SeiZleba ganisazRvros A-dan  B-Si? ramdeni maTgania funqcia? 

funqciaTagan ramdenia ze-funqcia? ramdenia erTze-erTi? arsebobs Tu ara 

funqcia, romlis Sebrunebuli mimarTeba, kvlav funqciaa? – CamoayalibeT 

igive saxis SekiTxvebi mimarTebebze da upasuxeT.  

 

 

3.    mocemulia A = {1, 2, 3, 4} simravleSi gansazRvruli mimarTebebi: 

 

R1 = {1, 1, 2, 1, 3, 4, 2, 2, 3, 3, 4, 4, 4, 1} 
 

R2 = {3, 4, 1, 2, 1, 4, 2, 3, 2, 4, 1, 3} 
 

(a) gansazRvreT kompoziciebi R2  R1 da R1  R2. aris Tu ara maT 

Soris toloba? 

 

(b) aCveneT, rom R1
-1
R1idA da rom R2

-1
R2⊈idA.  

 
 

4. 2-3 naxazze ganxiluli F da G funqciebisaTvis aCveneT, rom: 

 

(a) (GF)-1=F-1  G-1 

 

(b) (a) tolobis msgavs tolobebs adgili aqvs 2-6 naxazze ganxiluli 

R da S mimarTebebisaTvisac. 
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Tavi 3 

mimarTebebis Tvisebebi 

 

 

 

 

 

3.1. refleqsuroba, simetriuloba, tranzituloba da bmuloba 

  
oradgilian mimarTebaTa zogierT xSirad gamoyenebad TvisebasTan imdenjer 

gviwevs urTierToba, rom xelsayreli xdeba maTi saxeldeba, rac maTTvis specialuri 

saxelebis SerCevas gulisxmobs. aseTebidan Cven ganvixilavT refleqsurobis, 

simetriulobis, tranzitulobis da bmulobis Tvisebebs. SevniSnoT, rom es Tvisebebi 

ganixileba mxolod erT raime A simravleSi gansazRvruli AA tipis 

mimarTebebisaTvis da rom isini gansxvavebul A da B simravleebs Soris arsebuli AB 

tipis oradgiliani mimarTebebisaTvis ar ganisazRvreba.  

 

 

refleqsuroba: 

 

ganvixiloT nebismieri A simravle da am A simravleSi gansazRvruli nebismieri 

R mimarTeba. gansazRvriT, R aris refleqsuri maSin, da mxolod maSin, roca A 

simravlis nebismieri x elementisaTvis  dalagebuli wyvili (x,x) aris R mimarTebis 

wevri.  

ganvixiloT simravle A={1,2,3} da am simravleze gansazRvruli R1={(1,1),(2,2), 

(3,3),(3,1)} da R2={(1,1),(2,2)} mimarTebebi. R1 aris refleqsuri, radgan is Seicavs 

dalagebul wyvilebs (1,1), (2,2), (3,3). R2={(1,1), (2,2)} mimarTeba ar aris refleqsuri, 

radgan dalagebuli wyvili (3,3) ar aris misi wevri. amgvarad, R2 mimarTeba ar 

akmayofilebs refleqsurobis gansazRvris im moTxovnas, romlis mixedviTac A 

simravleSi gansazRvruli refleqsuri mimarTeba A simravlis nebismieri x wevrisaTvis 

unda Seicavdes (x,x) saxis yvela dalagebul wyvils. refleqsurobis gansazRvris kidev 

erTi gza Semdegia: A simravleSi gansazRvruli R mimarTeba  aris refleqsuri maSin, 

da mxolod maSin, roca igive A simravleSi gansazRvruli idA igivurobis mimarTeba R 

mimarTebis qvesimravlea. ase magaliTad, mimarTeba „Xi aris dabadebuli imave dRes, ra 

dResac Yi‟ adamianTa simravleSi gansazRvruli refleqsuri mimarTebaa, radgan 

nebismieri vinme dabadebulia imave dRes, ra dResac Tavad igia dabadebuli. 

mimarTebas, romelic ar aris refleqsuri, ewodeba ararefleqsuri. magram, Tu 

amavdroulad, is ar Seicavs (x,x) saxis arcerT dalagebul wyvils anu arcerT wyvils 

erTi da igive  pirveli da meore wevrebiT, maSin mimarTebas irefleqsurs uwodeben. 

R3={(1,2),(3,2)} aris zemomoyvanil A simravleSi irefleqsuri mimarTebis magaliTi. 

irefleqsuroba ufro mkacri pirobaa, vidre ararefleqsuroba, radgan yoveli 

irefleqsuri mimarTeba aris ararefleqsuri, magram ara piriqiT. mimarTeba „Xi aris 

Yze ufro maRali’ adamianTa simravleSi aris irefleqsuri, rac TavisTavad imasac 

niSnavs, rom igi ararefleqsurica. Tumca, mimarTeba „Xi aris Yis finansuri 

mxardamWeri‟ ararefleqsuria, magram, miuxedavad amisa, igi ar aris irefleqsuri, 
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radgan zogierTi adamiani SeiZleba finansurad TviTonve iyos Tavisi Tavis 

mxardamWeri. SevniSnoT, rom A simravleSi gansazRvruli R mimarTeba ararefleqsuria 

maSin, da mxolod maSin, roca idAR da irefleqsuria maSin, da mxolod maSin, roca 

RidA. 

simetriuloba: 

 

mocemulia nebismieri A simravle da am A simravleSi gansazRvruli nebismieri 

R mimarTeba. gansazRvriT, R aris simetriuli maSin, da mxolod maSin, roca R 

mimarTebis TiToeuli (x,y) wyvilisTvis, (y,x) wyvilic aseve R mimarTebis wevria. 

mniSvnelovania SevniSnoT, rom es gansazRvreba ar iTxovs AA dekartuli namravlis 

yoveli dalagebuli wyvilisTvis imas, rom is R mimarTebis wevri iyos. am 

gansazRvrebiT R mimarTebis simetriulobisaTvis sakmarisia is, rom R mimarTebaSi 

myof nebismier dalagebuli wyvilTan erTad R mimarTebaSi iyos agreTve am  wyvilis 

Sebrunebuli wyvilic. 

qvemoT warmodgenilia {1,2,3} simravleSi gansazRvruli simetriuli mimarTebebis 

ramdenime magaliTi: 

 

(3-1)    {(1,2), (2,1), (3,2), (2,3)} 

          {(1,3), (3,1)} 
              {(2,2)} 
 

{(2,2)} simetriuli mimarTebaa, radgan am mimarTebaSi Semaval TiToeul 

dalagebul wyvilTan erTad (e.i. (2,2) wyvilTan erTad) am wyvilis Sebrunebuli 

wyvili, anu misi pirveli da meore wevrebis gadaadgilebiT miRebuli dalagebuli 

wyvili (e.i isev igive (2,2) wyvili), aseve am mimarTebis wevria.  

Xi naTesavia Yis aris adamianTa simravleSi gansazRvruli simetriuli 

mimarTebis magaliTi. Tu R mimarTebis erTi mainc (x,y) wyvilisTvis misi Sebrunebuli 

(y,x) wyvili ar aris R mimarTebaSi, maSin R arasimetriuli mimarTebaa. mimarTeba Xi 

aris Yis da adamianTa simravleSi gansazRvruli arasimetriuli mimarTebaa, magram Tu 

igive mimarTebas ganvixilavT qalTa sqesis adamianTa simravleze, maSin is 

simetriulia. 

 

Semdegi mimarTebebi {1,2,3} simravleSi gansazRvruli arasimetriuli 

mimarTebebia:  

 

(3-2) {(2,3), (1,2)} 

{(3,3), (1,3)} 
       {(1,2), (2,1), (2,2), (1,1), (2,3)} 
 

R mimarTebas uwodeben asimetriuls, Tu R mimarTebis arcerTi (x,y) 

wyvilisTvis wyvili (y,x) ar aris R mimarTebaSi. mimarTeba Xi ufrosia Yze dRes 

arsebul adamianTa simravleSi gansazRvruli asimetriuli mimarTebaa. iqidan 

gamomdinare, rom asimetriulobis gansazRvrebaSi ar aris moTxovna x da y elementebis 

gansxvavebulobaze, SegviZlia davaskvnaT, rom nebismieri asimetriuli mimarTeba 

amavdroulad irefleqsuria. qvemoT moyvanilia {1,2,3} simravleSi asimetriuli 

mimarTebebis magaliTebi: 

  

(3-3)     {(2,3), (1,2)} 
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       {(1,3), (2,3), (1,2)} 
       {(3,2)} 
 

R mimarTebas uwodeben anti-simetriuls, Tu nebismieri (x,y) da (y,x) wyvilebidan 

oriveni mxolod maSin arian R mimarTebaSi, roca x=y. es gansazRvreba gveubneba 

mxolod imas, rom Tu (x,y) da (y,x) wyvilebi arian R mimarTebaSi, maSin x da y arian 

erTi da igiveni. aq ar aris moTxovnili, rom (x,x) wyvili ekuTvnodes R mimarTebas A 

simravlis yoveli, an Tundac romelime x elementisTvis. - anu, mimarTebas ar Wirdeba 

iyos refleqsuri, imisaTvis, rom iyos anti-simetriuli. 

 

Semdegni arian {1,2,3} simravleSi gansazRvruli anti-simetriuli mimarTebebi: 

  

(3-4)      {(2,3), (1,1)} 

        {(1,1), (2,2)} 
        {(1,2), (2,3)} 

 

 

tranzituloba: 

 

R mimarTeba aris tranzituli maSin, da mxolod maSin, roca (x,y) da (y,z) 

dalagebul wyvilebTan erTad R mimarTebaSia (x,z) dalagebuli wyvilic. 

vinaidan gansazRvreba ar iTxovs x, y da z elementebis gansxvavebulobas, 

momdevno (3-5) mimarTeba, imis gaTvaliswinebiT, rom x=y=z=2, akmayofilebs 

tranzitulobis pirobas, 

 

(3-5)   {(2,2)} 

 

(3,6) mimarTeba ar aris tranzituli, radgan, miuxedavad imisa, rom (3,2) da 

(2,3) am mimarTebis wevrebi arian, (3,3) ar aris misi wevri. 

 

(3,6)   {(2,3), (3,2), (2,2)} 

 

qvemoT aris warmodgenili tranzituli mimarTebebis kidev ramdenime magaliTi: 

 

(3-7)    {(1,2), (2,3), (1,3)} 

        {(1,2), (2,1), (1,1), (2,2)} 
        {(1,2), (2,3), (1,3), (3,2), (2,1), (3,1), (1,1), (2,2), (3,3)} 
 

 
„Xi winaparia Yis‟ adamianTa simravleSi gansazRvruli tranzituli mimarTebaa. Tu 

mimarTeba ar akmayofilebs tranzitulobis moTxovnebs, anu Tu mimarTeba ar aris 

tranzituli, maSin is iwodeba aratranzitulad. R mimarTebas uwodeben intranzituls, Tu R 

mimarTeba arcerT (x,y) da (y,z) wyvilTan erTad ar Seicavs (x,z) wyvils.  ase magaliTad, 

mimarTeba „Xi dedaa Yis‟ adamianTa simravleze gansazRvruli intranzituli mimarTebaa. 

 

(3-6), iseve rogorc momdevno ori mimarTeba, aratranzituli mimarTebebia. 

 

(3-8)   {(1,2), (2,3)} 

       {(1,2), (2,3), (1,3), (3,1)} 
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(3-8) mimarTebebidan pirveli mimarTeba, iseve rogorc momdevno ori mimarTeba, 

intranzituli mimarTebebia. 

 

(3-9)   {(3,1), (1,2), (2,3)} 

 {(3,2), (1,3)} 
 

 

bmuloba: 

 

A simravleSi gansazRvruli R mimarTeba aris bmuli maSin, da mxolod maSin, 

roca A simravlis yoveli ori gansxvavebuli x, y wevrisaTvis samarTliania is, rom 

(x,y) da (y,x)  wyvilebidan erTi mainc R mimarTebis Semadgenelia. 

SevniSnoT, rom bmulobis gansazRvreba, iseve rogorc refleqsurobis 

gansazRvreba, miemarTeba A simravlis yvela wevrs. garda amisa, gansazRvrebaSi 

naxsenebi (x,y)  da  (y,x) wyvilebisgan calsaxad moiTxoveba is, rom maTi pirveli da 

meore wevrebi erTmaneTisgan gansxvavdebodnen. miuxedavad amisa, bmulobis mimarTebaSi 

ar ikrZaleba (x,x) formis wyvilebis arseboba, Tumca isini araZalismierni arian 

mimarTebis bmulobis sakiTxisaTvis. 

 

momdevno mimarTebebi  {1,2,3} simravleSi bmuli mimarTebebi arian: 

 

(3-10) {(1,2), (3,1), (3,2)} 

{(1,1), (2,3), (1,2), (3,1), (2,2)} 
 

Semdegi mimarTebebi, romlebic {1,2,3} simravleSi ar akmayofileben bmulobis 

moTxovnebs arian arabmuli: 

 

(3-11)  {(1,2), (2,3)} 
{(1,3), (3,1), (2,2), (3,2)} 

 

qvemoT, refleqsurobis, simetriulobis, tranzitulobis da bmulobis 

TvalsazrisebiT ganvixilavT predikatuli gansazRvrebebiT mocemul ramdenime 

mimarTebas. 

 

(3-12) magaliTi: Rf simboloTi aRvniSnoT „Xi mamaa Yis‟ fraziT adamianTa H 

simravleSi gansazRvruli oradgiliani mimarTeba. Rf aris irefleqsuri 

(aravin ar aris Tavisi Tavis mama), asimetriuli (Tu „xi mamaa yis‟ 

WeSmaritia, maSin „yi mamaa xis‟ dauSvebelia iyos WeSmariti), 

intranzituli (Tu „xi mamaa yis‟  da Tu „yi mamaa zis‟, maSin, cxadia, „xi 

aris babua zisa da ara mama‟) da arabmuli (H simravleSi aris iseTi 

gansxvavebuli x da y individebi,  rom arc „xi mamaa yis‟ da arc „yi mamaa 

xis‟ ar aris WeSmariti). 

(3-13) magaliTi: R simboloTi aRvniSnoT „Xi metia Yze‟ fraziT yvela dadebiT 

mTel ricxvTa Z={1,2,3,4...} simravleSi gansazRvruli mimarTeba. Z 

simravle, iseve rogorc R simravle, Seicavs wevrebis usasrulo 

raodenobas, magram, miuxedavad amisa, mTeli ricxvebis Tvisebebze 

dayrdnobiT Cven SegviZlia davadginoT R mimarTebis garkveuli Tvisebebi. 

R aris irefleqsuri (arc erTi ricxvi ar aris Tavis Tavze meti), 
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asimetriuli (Tu „Xi metia Yze‟ WeSmaritia, maSin cxadia, rom „Yi metia 

Xze‟ ar aris WeSmariti), tranzituli (Tu x>y da y>z, maSin x>z) da 

bmuli (mTeli x da y ricxvebis yoveli gansxvavebuli wyvilisaTvis an 

x>y an y>x). 

(3-14) magaliTi: Ra simboloTi aRvniSnoT cocxal adamianTa H simravleSi „xi 

aris imdenive wlis ramdenisac yi‟ fraziT gansazRvruli mimarTeba. Ra 

aris refleqsuri (yoveli adamiani aris imdenive wlis ramdeni wlisac 

TviTon aris), simetriuli (Tu xi aris imdenive wlis ramdenisac aris yi, 

maSin yi aris imdenive wlis ramdenisac aris xi), tranzituli (Tu xi da 

yi arian erTi da igive asakis da aseve arian  yi da zi, maSin xi aris 

imdenive wlis ramdenisac aris zi) da arabmuli (H simravleSi arian 

gansxvavebuli adamianebi, romlebic ar arian erTi da imave asakis). 

 

 

3.2. mimarTebebis diagramebi 
 

 refleqsurobis, simetriulobisa da tranzitulobis cnebebis ukeT gaazrebaSi 

xels Segviwyobs maTi diagramuli gamosaxva. diagramebze gansaxilveli simravleebis 

wevrebi moicemian naturaluri ricxvebiT gadanomrili wertilebiT. gasagebia, rom 

maTi raimegvari specialuri moniSvna am SemTxvevaSi aramiznobrivia. amasTan, is, rom 

simravlis raime x wertili mimarTulia (e.i. dawyvilebulia) simravlis y wertilTan 

anu is, rom x,yR, diagramaze gamoisaxeba x wertilidan y wertilisken mimarTuli  

isriT. magaliTad, 

 

    
nax. 3.1 R mimarTebis diagrama 

 

naxazi 3.1 wamogvidgens mimarTebas 
 

  R={(1, 2), (2,1), (2,2), (1,1), (2,3), (3,3)} 
 

 diagramidan cxadad Cans, rom mimarTeba aris refleqsuri, radganac TiToeul 

wertils Tan axlavs maryuJi da rom igi arasimetriulia, radganac 3-i ar aris  

misgan mimarTuli isriT dakavSirebuli 2-Tan, maSin rodesac 2-i aseTi isriT 

kavSirdeba 3-Tan. am mimarTebas ver vuwodebT verc asimetriuls da verc 

antisimetriuls, radgan 1-ic dakavSirebulia 2-Tan da 2-ic dakavSirebulia 1-Tan. es 

mimarTeba aratranzitulia, radgan, miuxedavad imisa, rom 1--i ukavSirdeba 2-s da 2-i 

ukavSirdeba 3-s, 1-i ar aris dakavSirebuli 3-Tan. mimarTeba ar aris intranzituli 

masSi (1,1) wyvilis arsebobis gamo. 

1 2 

3 
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 Tu mimarTeba bmulia, maSin diagramaze nebismieri wertili erTi mainc 

pirdapiri isriT unda ukavSirdebodes yvela danarCen wertils. rogorc vxedavT, R ar 

aris bmuli, radganac diagramaze wertilebi 1-i da 3-i pirdapiri isriT ar arian 

dakavSirebulni erTmaneTTan. 

 
       

3.3. inversiisa da damatebis Tvisebebi 
 

davuSvaT R aris mimarTeba, romelic xasiaTdeba refleqsurobis, simetriulobis, 

tranzitulobisa da bmulobis Tvisebebidan an mxolod erTiT, an erTdroulad 

ramdenimeTi. qvemoT ganixilulia is, Tu ra TvisebebiT SeiZleba xasiaTdebodes 

zemoganxiluli saxis garkveuli konkretuli R mimarTebisgan inversiisa da damatebis 

operaciebiT miRebuli R-1 da R mimarTebebi. 

1. vTqvaT R aris A simravleSi gansazRvruli raime refleqsuri mimarTeba. 

refleqsurobis Tvisebis gansazRvridan, A simravlis yoveli xA wevrisaTvis 

(x,x)R. aqedan gamomdinare, radganac R-1 mimarTeba R mimarTebis TiToeuli 

dalagebuli wyvilisTvis Seicavs am wyvilis pirveli da meore wevrebis 

gadanacvlebiT miRebul dalagebul wyvilsac, cxadia, rom AA simravlis nebismieri 

(x,x) wyvili aris rogorc R, ise R-1 mimarTebis wevri. amgvarad, dasabuTda, rom 

refleqsuri R mimarTebis inversiuli anu Sebrunebuli mimarTeba agreTve refleqsuri 

mimarTebaa. rac Seexeba R mimarTebis damatebiT R mimarTebas, gansazRvriT, igi Seicavs 

AA dekartuli namravlis yvela iseT dalagebul wyvils, romelic ar Sedis R 

mimarTebaSi. aqedan gamomdinare, radganac A simravlis nebismieri xA wevrisaTvis, R 

Seicavs (x,x) saxis dalagebul wyvils, SegviZlia davaskvnaT, rom R ar Seicavs 

arcerT aseT wyvils, rac imas niSnavs, rom refleqsuri mimarTebis damatebiTi 

mimarTeba irefleqsuria. 

2. vTqvaT R aris A simravleze gansazRvruli simetriuli mimarTeba. davsvaT 

kiTxva: xasiaTdeba Tu ara R mimarTeba igive TvisebiT? - davuSvaT, rom R mimarTebis 

R damatebiTi mimarTeba ar aris simetriuli da vnaxoT, ra miiReba am daSvebidan. 

arasimetriuli mimarTebis gansazRvrebidan gamomdinare, Tu R ar aris simetriuli, 

maSin arsebobs iseTi (x,y)R,  rom (y,x)R. radgan (y,x)R, unda davaskvnaT, rom 

(y,x)  ekuTvnis R mimarTebis damatebas, romelic Cvens SemTxvevaSi Tavad R mimarTebaa. 

magram, radgan R aris simetriuli, R mimarTebas (y,x)  wyvilTan erTad unda 

ekuTvnodes (x,y) wyvilic. es, imis gaTvaliswinebiT, rom erTi da igive dalagebuli 

(x,y) wyvili erTdroulad SeuZlebelia iyos R da R mimarTebebis wevri, iZleva 

winaaRmdegobas. es ki imas niSnavs, rom zemoT gakeTebuli daSveba SeuZlebelia iyos 

WeSmariti da rom nebismieri R simetriuli mimarTebis R damatebiTi mimarTeba aseve 

simetriulia. amgvarad, Tu R aris A simravleSi gansazRvruli raime simetriuli 

mimarTeba, maSin R mimarTebis damatebiTi R mimarTeba agreTve simetriulia da piriqiT. 

gasagebia, rom am piriqiTi SemTxvevis mtkiceba miiReba zustad igive msjelobaSi R da 

R gamosaxulebebis urTierT CanacvlebiT. zemoganxiluli aris sawinaaRmdegos daSvebis 

gziT mtkicebis erTi magaliTi. mtkicebis am meTods logikaSi winaaRmdegobamde 

miyvanis anu reductio ad absurdum meTods uwodeben. es meTodi xasiaTdeba iseTi 

daSvebis gakeTebiT, romelsac dasamtkicebeli debulebis WeSmaritebis SemTxvevaSi 

mcdar daskvnamde mivyavarT. Sesabamisad amisa, amgvari daSvebis safuZvelze ukve 

miRebuli mcdari anu winaaRmdegobrivi daskvna saSualebas iZleva uarvyoT daSvebuli 

da davaskvnaT dasamtkicebeli. meeqvse TavSi Cven gavecnobiT gamoyvanebis anu 
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mtkicebebis sxvadasxva wesebs, romelTa meSveobiT Cven SevZlebT avagoT gamoyvanebi 

sruli maTematikuri sizusteebis gaTvaliswinebiT. 

 

3-2 cxriliT Sefasebulia R aracarieli mimarTebisgan inversiis da damatebis 

operaciebiT miRebuli R-1 da R mimarTebebi mimarTebaTa ZiriTadi Tvisebebis 

SenarCunebis TvalsazrisiT. cxrilis Semadgeneli TiToeuli wesi SeiZleba damtkicdes 

Sesabamisi cnebaTa gansazRvrebebisa da simravleTa Teoriis kanonebis safuZvelze. 

Tumca, radgan jer ar gangvixilia damtkicebis formaluri cneba, Cven aq ar 

gTavazobT maT mkacr, maTematikur damtkicebebs. miuxedavad amisa, kargi iqneba Tu 

SeecdebiT araformaluri saSualebebiT darwmundeT xazTa gaswvriv mocemuli 

kanonebis sisworeSi. am TvalsazrisebiT isini kargi savarjiSoebia Tqveni codnis 

Sesamowmeblad. 

 

 

R (ara ) R-1 R 

refleqsuri  refleqsuri  irefleqsuri  

irefleqsuri irefleqsuri refleqsuri 

simetriuli simetriuli (R-1 = R) simetriuli 

asimetriuli asimetriuli ara-simetriuli 

antisimetriuli antisimetriuli damokidebulia R – ze 

tranzituli tranzituli damokidebulia R – ze 

intranzituli intranzituli damokidebulia R – ze 

bmuli bmuli damokidebulia R – ze 

 
cxrili 3-2:  mimarTebis ZiriTadi Tvisebebis Senaxvis cxrili  

maTze inversiisa da damatebis operaciebiT moqmedebisas 

 

 

3.4. ekvivalentobis mimarTeba da dayofa 
 

ekvivalentobis (erTidaigiveobis) mimarTeba mimarTebebis gansakuTrebulad 

mniSvnelovani klasia. mimarTeba iwodeba ekvivalentobis anu (erTidaigiveobis)  

mimarTebad Tu igi erTdroulad aris refleqsuri, simetriuli da tranzituli. 

tolobis mimarTeba ekvivalentobis mimarTebis yvelaze kargad cnobili magaliTia. „Xs 

aqvs imave feris Tma, rac Ys‟ da „Xi aris imave asakis, ra asakisac aris Yi‟ 

ekvivalentobis mimarTebis magaliTebia. ekvivalentobis mimarTebebi ZiriTadad 

gamoiyeneba simravleebis dasayofad iseT urTierT aragadamkveT qvesimravleebad, 

romelTa wevrebi am mimarTebiT erTi da igiveni anu ekvivalenturni arian. 

yoveli konkretuli ekvivalentobis mimarTebiT simravle, romelSic es mimarTebaa 

gansazRvruli, bunebrivad iyofa urTierT aragadamkveT qvesimravleebad. romlebsac am 

simravleSi am mimarTebiT gansazRvrul ekvivalentobis anu erTidaigiveobis klasebs  

uwodeben. nebismieri R ekvivalentobis mimarTebisaTvis, [[x]] gamosaxulebiT aRiniSneba 

yvela iseTi y Semadgenlebis simravle, romelTaTvisac (x,y)R. amgvarad, Tu R aris 

ekvivalentobis mimarTeba, maSin [[x]] aris am R mimarTebiTa da x SemadgenliT mocemadi 

ekvivalentobis klasi. mimarTeba „Xi aris imave asakis, ra asakisac aris Yi‟ adamianTa 

simravles wlovanebis mixedviT yofs asakobriv jgufebad, rac saboloo jamSi erTi 

da igive wlovanebis adamianTa simravleebs ekvivalentobis sxvadasxva klasebad 

ayalibebs. cxadia, rom es gansxvavebuli asakobrivi jgufebi anu ekvivalentobis es 
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gansxvavebuli klasebi urTierT aragadamkveT simravleebs warmoadgenen, radganac 

TiToeuli pirovneba SeiZleba iyos mxolod erTi, misTvis damaxasiaTebeli asakisa da, 

Sesabamisad, ekuTvnodes mxolod erT, am asakiT gansazRvrul ekvivalentobis klass 

miuxedavad imisa, am asakis adamianebi ramdenimea, Tu mxolod erTi. – am ukanasknel 

SemTxvevaSi, cxadia, rom mxolod am erTi adamianiT yalibdeba misi asakis Sesabamisi 

ekvivalentobis klasi. simravlis danawevrebas am simravlis iseT aracariel urTierT 

aragadamkveT qvesimravleebad, romelTa gaerTianeba mTlianad faravs pirvelsawyis 

simravles, simravlis dayofas uwodeben. 

amgvarad, A simravlis dayofa aris A simravlis aracarieli qvesimravleebis 

iseTi erToblioba, rom (1) am erTobliobis yoveli ori gansxvavebuli  da  

qvesimravlesTvis  da (2) am erTobliobis Semadgeneli qvesimravleebis 

gaerTianeba A simravlis tolia. dayofis cneba ar ganisazRvreba da ar gaigeba 

carieli simravlisaTvis. simravlis qvesimravleebi, romlebic am simravlis dayofis 

wevrebi arian, am dayofis ujredebad iwodebian. 

magaliTisaTvis ganvixiloT A={a, b, c, d, e} simravle. P={{a, c}, {b, e}, {d}} aris A 

simravlis samujrediani dayofa, radgan {a, c}{b, e}=, {d}{b, e}=, {a, c}{d}= da, 

amavdroulad,  {{a, c}, {b, e}, {d}}=A.          

 

momdevno simravleebi arian igive A simravlis dayofebi: 

 

(3-15)    P1={{a,c,d}, {b,e}} 
 P2={{a}, {b}, {c}, {d}, {e}} 

             P3={{a, b, c, d, e}} 
 

P3 aris A simravlis trivialuri dayofa. am dayofiT A simravle  mxolod erT 

simravled iyofa. SevniSnoT, rom am tipis trivialuri dayofebic akmayofilebs 

dayofis gansazRvrebas. 

  

momdevno simravleebi ar arian A simravlis dayofebi: 

 
(3-16)     C={{a, b, c}, {b, d}, {e}} 

  D={{a}, {b, e}, {c}} 
 

C simravle ar akmayofilebs dayofis gansazRvrebas, radgan {a,b,c}{b,d}. arc 

D simravle warmoadgens A simravlis dayofas, radgan {{a},{b,e},{c}}A. 

 
aRsaniSnavia mWidro ormxrivi kavSiri simravleebis sxvadasxva dayofebsa da igive 

simravleebze gansazRvrul ekvivalentobis sxvadasxva mimarTebebs Soris. marTlac, A 

simravlis nebismieri dayofisTvis, R={(x,y) / x da y arian mocemuli dayofis erTi da 

igive ujredSi} aris A simravleSi gansazRvruli ekvivalentobis mimarTeba. 

amavdroulad, A simravleze gansazRvruli nebismieri R ekvivalentobis mimarTebisTvis, 

arsebobs A simravlis iseTi dayofa, romlisTvisac A simravlis nebismieri ori x da 

y wevri erTsa da imave ujredSia maSin, da mxolod maSin, roca x da y am R mimarTebiT 

urTierT dakavSirebulni arian. amgvarad, nebismieri R mimarTebiT A simravleSi 

gansazRvruli ekvivalentobis klasebi arian amave R mimarTebiT A simravleze 

gansazRvruli dayofis ujredebi. A simravleze gansazRvruli ekvivalentobis 

mimarTeba zogjer A simravlis dayofis warmomqmneladac iwodeba. 

 

magaliTisTvis ganvixiloT simravle A={1,2,3,4,5} da ekvivalentobis mimarTeba 
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                            c 

                                                                                                     d            c            b           a  

                  b                            c              b                 a 

  

(3-17)    R={(1,1),(1,3),(3,1),(3,3),(2,2),(2,4),(4,2),(4,4),(4,5),(5,4),(5,5),(5,2),(2,5)} 

 

romlis refleqsurobasa, simetriulobasa da tranzitulobaSi mkiTxveli martivad 

darwmundeba. am mimarTebaSi 1 da 3, iseve rogorc 2, 4 da 5 erTmaneTTan 

dakavSirebuli arian yvela SesaZlo gziT, magram pirveli jgufis arcerTi wevri ar 

ukavSirdeba meore jgufis arcerT wevrs. maSasadame, R, rogorc ekvivalentobis 

mimarTeba, gansazRvravs ekvivalentobis klasebs {1,3} da {2,4,5} da, Sesabamisad, 

warmoqmnis  A simravlis dayofas. 

  

(3-18)    PR={{1, 3}, {2, 4, 5}} 
 
axla vTqvaT, piriqiT, mocemulia A simravlis  Semdegi Q dayofa. 

 

(3-19)     Q={{1, 2}, {3, 5}, {4}} 
 
RQ mimarTeba, romelic Sedgeba mxolod iseTi (x,y) wyvilebisagan, 

romelTaTvisac es x da y arian Q danawevrebis erTi da igive ujredis wevrebi da 

romelic simravlurad Semdegnairad gamoisaxeba 

 

(3-20)     RQ={(1, 1), {1,2), (2,1), (2,2), (3,3), (3,5), (5,3), (5,5), (4,4)} 
 

aris refleqsuri, simetriuli da tranzituli da, amdenad, is A simravleze 

gansazRvruli  ekvivalentobis mimarTebaa. 

 

„Xi imave kontinentzea, romelzecaa Yi‟ fraziT A={safrangeTi, Cile, nigeria, 

ekvadori, luqsemburgi, zambia, gana, san marino, urugvai, kenia, ungreTi} simravleze 

ganisazRvreba ekvivalentobis mimarTeba, romliTac A iyofa Semdeg sam ekvivalentobis 

klasad: (1) A1={safrangeTi, luqsemburgi, san marino, ungreTi} (2) A2={Cile, 

ekvadori, urugvai} da (3) A3={nigeria, zambia, gana, kenia}. 

 

 

3.5  dalageba 
 

dalageba ewodeba iseT oradgilian mimarTebas, romelic tranzitulia da 

damatebiT aris an (i) refleqsuri da antisimetriuli, an (ii) irefleqsuri da 

asimetruli. pirvel SemTxvevaSi dalageba iwodeba aramkacr (anu sust), meore 

SemTxvevaSi ki - mkacr (anu Zlier) dalagebad. 

magaliTisTvis ganvixiloT A={a,b,c,d} simravle. Semdegi mimarTebebidan TiToeuli 

A simravleze gansazRvruli aramkacri dalagebaa: 

 
(3-21)          R1={(a,b), (a,c), (a,d), (b,c), (a,a), (b,b), (c,c), (d,d} 
                    R2={(c,b), (c,a), (b,a), (b,b), (a,a), (c,c), (d,d)} 
                    R3={(d,c), (d,b), (d,a), (c,b), (c,a), (b,a), (a,a), (b,b), (c,c), (d,d)} 
 

es dalagebebi mimarTebiTi diagramebiT gamosaxulia 3-3 naxazze, risi meSveobiTac 

martivad davrwmundebiT, rom TiToeuli maTgani namdvilad refleqsuri, 

antisimetriuli da tranzitulia. 
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  d                        d                                                  
 

 

 
 

 

naxazi 3-3: (3-21) tolobebiT mocemuli aramkacri dalagebebis diagramebi  

 
am aramkacr R1, R2 da R3 dalagebebs bunebrivad Seesabameba qvemoT ganxilul 

mkacri S1, S2 da S3  dalagebebi: 

 

(3-22)          S1={(a,b), (a,c), (a,d), (b,c)} 
                    S2={(c,b), (c,a), (b,a)} 
                    S3={(d,c), (d,b), (d,a), (c,b), (c,a), (b,a)} 
 
cxadia, rom TiToeuli maTgani miiReba Sesabamisi susti mimdevrobisgan yvela 

(x,x) saxis wyvilis amogdebiT. piriqiT, nebismieri mkacri mimarTebis Sesabamisi 

aramkacri mimarTebis misaRebad sakmarisia am mkacr mimarTebas davumatoT (x,x) saxis 

yvela wyvili A simravleSi arsebuli nebismieri x elementisaTvis.  

naxazi 3-4: (3-22) tolobebiT mocemuli mkacri dalagebebis diagramebi  

 

aramkacri dalagebis mimarTebis kidev erT magaliTad ganvixiloT simravleTa 

nebismier  C simravleSi R={(X,Y) \ XY} tolobiT gansazRvruli mimarTeba. Cven ukve 

aRvniSneT, rom qvesimravleobis mimarTeba aris tranzituli da refleqsuri. igi aris 

amavdroulad antisimetriuli, radganac nebismieri X da Y simarvleebisaTvis, iqidan, 

rom XY da YX SegviZlia davaskvnaT, rom X=Y (es damtkicdeba meSvide TavSi). am 

aramkacri dalagebis Sesabamisi mkacri dalagebaa „Xi aris Yis sakuTrivi qvesimravle‟. 

adre, (3-13) magaliTSi, vnaxeT, rom mimarTeba „Xi metia Yze‟ dadebiT mTel 

ricxvTa simravleSi aris irefleqsuri, asimetriuli da tranzituli. aqedan 

 

 

 

                            c 

                                                                                                     d            c            b           a  

                  b                            c              b                 a 

    a                                                                 

                                                                    d    

                        d 

 

 

                 S1                                              S2                                                     S3 
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gamomdinare, SegviZlia davaskvnaT, rom igi mkacri dalagebis mimarTebaa. (SekiTxva: ra 

mimarTebiT ganisazRvreba Sesabamisi aramkacri dalageba?) 

zogierTi terminologiuri SeTanxmeba: vTqvaT R aris dalageba, an mkacri an 

aramkacri, da (x,y)R. amasTan, davuSvaT isic, rom es x da y erTi da igive simravlis 

gansxvavebuli Semadgenlebia (wevrebia). aseT SemTxvevaSi erTi da igive Sinaarsobrivi 

datvirTvebiT iTqmeba, rom (R mimarTebiT anu R mimarTebis mixedviT)  „xi aris yis 

winmswrebi‟, an rom „xi aris yis winamdebare‟, an rom „xi aris yis winapari‟ an rom „yi 

aris xis Semdgomi‟, an rom ‘yi aris xis memkvidre‟. es gamoTqmebi urTierT 

ekvivalenturi terminebia. davuSvaT, xi aris yis winmswrebi da, amasTan, xy. maSin, Tu 

ar arsebobs xisa da yisagan gansxvavebuli iseTi zi, rom xi aris zis winmswrebi da, 

amavdroulad, zi aris yis winmswrebi, vambobT, rom „xi aris yis uSualo winmswrebi‟, an 

rom „xi aris yis uSualo winamdebare‟, da a.S., anu, sxva sityvebiT rom vTqvaT, xi 

aris yis uSualo winmswrebi, Tu dalagebaSi xsa da ys Soris ar arsebobs sxva raime 

wevri im simravlisa, romelzedac es dalagebaa gansazRvruli. SevniSnoT, arcerTi 

simravlis arcerTi Semadgeneli ar SeiZleba iqnes gagebuli Tavis Tavis uSualo 

winamdebared, radganac gansazRvrebaSi moTxovnilia x da y Semadgenlebis 

gansxvavebuloba. 

 

(3-21) da (3-22) magaliTebiT mocemul R1 da S1 dalagebebSi, b aris a da c 

Semadgenlebs Soris. amitom, Tumca a winamorbedia csi, a ar aris cs uSualo 

winamorbedi. R2 da S2  dalagebebSi, c aris uSualo winamorbedi bsi da b aris 

uSualo winamorbedi asi. 

 

 

 

 

 

 

 

  

 

 

 

 

 
figura 3-5  

(3-21) dalagebebis uSualo winamorbedobrivi diagramebi 

 

simravleSi gansazRvruli mkacri Tu aramkacri dalagebis mimarTebis diagramuli 

gamosaxva martivdeba da ufro gasagebic xdeba, Tu simravlis wevrTan isriT mxolod 

mis uSualo winamorbeds davakavSirebT. darCenili kavSirebi SeiZleba dadgindes 

gamomdinare iqidan, rom mimarTeba tranzitulia. amasTan, imisaTvis, rom ganvasxvavoT 

erTmaneTisagan mkacri da aramkacri dalagebebi, unda davakvirdeT mxolod aramkacri 

dalagebebisaTvis damaxasiaTebel e.w. „refleqsur‟ maryuJebs. amgvarad, Tu (3-21) 

magaliTiT mocemuli dalagebebis diagramebs avagebT amgvari gamartivebuli midgomebiT 

miviRebT 3-5 naxazze gamosaxul figurebs. gasagebia, rom Sesabamisi mkacri dalagebebis 

diagramebis misaRebad sakmarisia TiToeuli Semadgenlis Tavze arsebuli 

refleqsurobis maryuJis moSla. 

 

 

 

                            c 
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ganvixiloT kidev ramdenime sasargeblo da xSirad gamoyenebadi cneba, romlebic 

ganisazRvrebian dalagebaTa gansakuTrebuli Tvisebebis mqone wevrebisaTvis. vTqvaT 

mocemulia A simravleze gansazRvruli raime R dalageba. 

 

1. A simravlis x wevri iwodeba simravlis minimalur anu qvekidura wevrad 

maSin, da mxolod maSin, roca A simravleSi ar arsebobs iseTi wevri, 

romelic win uswrebs xs (mag.: a wevri R1 da S1 dalagebebSi;  c da d wevrebi  R2 

da S2 dalagebebSi; d wevri R3 da S3 dalagebebSi). 

2. A simravlis x wevri iwodeba simravlis umcires anu qveukidures wevrad 

maSin, da mxolod maSin, roca x win uswrebs A simravlis misgan gansxvavebul 

yvela sxva wevrs. (mag.: a wevri R1 da S1 dalagebebSi; d wevri R3 da S3 

dalagebebSi). 

3. A simravlis x wevri iwodeba simravlis maqsimalur anu zekidura wevrad 

maSin, da mxolod maSin, roca A simravleSi ar arsebobs iseTi wevri, 

romelic x wevris Semdgomia (mag.: c da d wevrebi R1 da S1 dalagebebSi; a da d 

wevrebi R2 da S2 dalagebebSi; a wevri R3 da S3 dalagebebSi ). 

4. A simravlis x wevri iwodeba simravlis udides anu zeukidures wevrad 

maSin, da mxolod maSin, roca x aris A simravlis yvela misgan gansxvavebuli 

wevris Semdgomi (mag. a elementi R3 da S3  dalagebebSi). 

 

SevniSnoT, rom a wevri R1 da S1 dalagebebSi erTdroulad aris rogorc 

qvekidura, ise qveukiduresi wevri, maSin roca c da d wevrebi imave dalagebaSi arian 

zekidura, magram ara zeukiduresi wevrebi (magaliTad, c ar aris d elementis Semdgomi 

wevri); d wevri R2 da S2 dalagebebisaTvis erTdroulad aris rogorc qvekidura, ise 

zekidura wevri, magram ar aris arc zeukiduresi da arc qveukiduresi. (3-13) 

magaliTSi R mimarTebiT gansazRvruli dalagebisaTvis 1 aris rogorc qvekidura, ise 

qveukiduresi wevri (1 aris Z simravlis yvela danarCeni wevris winamdebare da, 

Sesabamisad, Z simravleSi cxadia ar arsebobs misi winamdebare), magram am dalagebaSi 

ar moiZebneba misi arc zekidura da arc zeukiduresi wevri. daakvirdiT imas, rom 

dalagebebSi gamoyenebul termin “udidesis” Sinaarsi ar aris aucilebeli daemTxves 

saSualo skolidan TqvenTvis nacnob termin “udidesis” Sinaarss. 

umciresi wevri, Tu aseTi saerTod arsebobs dalagebaSi, erTaderTia (Tu 

davuSvebdiT ori umciresi wevris arsebobas, maSin TiToeul maTgani unda yofiliyo 

meoris winamdebare, rac daarRvevda asimetriasac da antisimetriasac). gasagebia, rom 

analogiuria viTareba udides wevrTan dakavSirebiT. dalagebaSi minimaluri, iseve 

rogorc maqsimaluri wevri SeiZleba iyos erTze meti (mag. c da d wevrebi R2 da S2 

dalagebebSi). Tumca, SesaZlebelia isic, rom dalagebas ar hqondes arc erTi maTgani. 

ase magaliTad, dalagebas ,,ufro didi vidre” gansazRvruls mTel ricxvTa {0, 1, -1, 

2, -2, . . .} simravleze ara aqvs arc maqsimaluri (e.i. zekidura), arc minimaluri (e.i. 

qvekidura), arc udidesi (e.i. zeukiduresi) da arc umciresi (e.i. qveukiduresi) wevri. 

Tu mkacri an aramkacri dalageba amavdroulad aris bmuli, maSin mas srul, 

zogjer ki wrfiv dalagebas uwodeben. wrfivi dalagebis magaliTebia zemoT 

ganxiluli R3 da S3 mimarTebebi da R mimarTeba (3-13) magaliTidan. maTi 

gamartivebuli diagramebi warmoadgenen erT mTlian jaWvSi gabmul elementebs. R1 

dalagebis diagrama  ar aris sruli, radgan d da c ar ukavSirdebian erTmaneTs. zogjer, 

avtorebi, nacvlad terminebisa dalageba da dalagebuli simravle iyeneben ufro 

ganzogadebul terminebs nawilobrivi dalageba da nawilobrivad dalagebuli 
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simravle, rac arc ise moxerxebuli terminebia, radgan, am SemTxvevaSi, zogierTi 

nawilobrivi dalageba gamodis sruli. miuxedavad amisa, Cven, zogjer, am wignSi 

swored am terminebiT visargeblebT. 

dasasruls, Cven SevexebiT zogierT iseT cnebas, romlebTanac xSirad mogviwevs 

urTierToba dalagebebTan dakavSirebiT. A simravle iwodeba R mimarTebiT savsebiT 

dalagebul simravled, Tu R aris A simravlis sruli dalageba da, garda amisa, Tu A 

simravlis yvela qvesimravleSi moiZebneba R dalagebis mimarT umciresi elementi. 

magaliTad, naturalur ricxvTa N={0,1,2,3,...} simravle ,,naklebia” mimarTebiT 

savsebiT dalagebuli simravlea (es dalageba sruli dalagebaa da, amasTan, N 

simravlis yvela qvesimravle am dalagebiT Seicavs umcires elements). rac Seexeba 

mTel ricxvTa Z={0,1,-1,2,-2,...} simravles, igi imave mimarTebiT srulad ar lagdeba, 

radgan nebismieri mTeli ricxvisaTvis arsebobs masze naklebi mTeli ricxvi. 

aRsaniSnavia, rom yvela sasruli wrfivad dalagebuli simravle amavdroulad savsebiT 

dalagebulia. 

A simravleze gansazRvruli R mimarTeba mkvrivia, Tu yoveli (x,y)R (xy), 

wyvilisaTvis arsebobs iseTi zA, rom xz, yz da, amasTan, (x,z)R da (z,y)R. 

simkvrive namdvil ricxvTa simravlis metad mniSvnelovani damaxasiaTebeli Tvisebaa. es 

simravle Cven SegviZlia warmovidginoT rogorc usasrulo swor xazze mkvrivad 

ganlagebul wertilTa simravle. amasTan, cxadia, rom mimarTeba ,,aris ufro didi 

vidre” ar iZleva mkvriv dalagebas naturalur ricxvTa simravleze, maSin rodesac 

igive mimarTeba mkvrivad alagebs namdvil ricxvTa simravles. 

 

 

 

 

 

 

 

savarjiSoebi 

 

 

 

1. (a) gamoikvlieT yvela adamianebis simravleSi gansazRvruli Semdegi 

mimarTebebis maxasiaTebeli Tvisebebi. yovel konkretul SemTxvevaSi gaakeTeT 

yvelaze Zlieri Sefaseba anu ararefleqsuri mimarTeba, Tu is irefleqsurica, 

SeafaseT irefleqsurad. 

 

     (i)   xi aris yis Svili  

     (ii)  xi aris yis Zma  

    (iii)  xi aris yis STamomavali  

    (iv)  xi aris yis biZa  

    

  (b) Tqveni romeli pasuxi Seicvleba, Tu es mimarTebebi ganisazRvreba mxolod 

mamrobiTi sqesis adamianebis simravleSi? 

 

 

2. gamoikvlieT momdevno mimarTebebis Tvisebebi da gaarkvieT aris Tu ara 

romelime maTgani ekvivalentobis mimarTeba? gaakeTeT dayofa, romelsac is 

warmoqmnis Sesabamis simravleSi (Tu Tqven ar gaqvT naTeli warmodgena 
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sakiTxze, SeecadeT varaudiT moiZioT raime Rirebuli daSveba, CamoayaliboT is 

naTlad da gaakeToT savarjiSo masze dayrdnobiT). 

 
(a)     M={(x,y) \  x da y   aris minimaluri wyvili inglisuri gamoTqmebisa} 

 

(b)  C={(x,y) \ x da y arian inglisuri metyvelebis bgerebi damatebiT 

distribuciaSi} 

 

(g)     F={(x, y) \ x da y arian inglisuri metyvelebis alofonebi} 

 

(d)    A={(x, y) \ x da y arian inglisuri bgerebi Tavisufal variaciaSi} 

 

(e)    Q aris simravleTa raRac simravleze „Xis wevrTa odenoba emTxveva Yis 

wevrTa odenobas‟ predikatuli fraziT gansazRvruli mimarTeba. 

 

 

 

3. davuSvaT A={1,2,3,4} 

 
(a)  gamoikvlieT momdevno mimarTebebis, maTi Sebrunebulebisa da maTi damatebebis 

Tvisebebi. Tu romelime mimarTeba aRmoCndeba ekvivalentobis mimarTeba, aCveneT 

dayofa, romelic am mimarTebiT warmoiqmneba A simravleze. 

 
R1={(1,1), (2,1), (3,4), (2,2), (3,3), (4,4), (4,1)} 
 

R2={(3,4), (1,2), (1,4), (2,3), (2,4), (1,3)} 
 

R3={(2,4), (3,1), (3,4), (2,2), (1,3), (4,3), (4,2)} 
 
R4={(1,1), (2,4), (1,3), (2,2), (3,1), (4,4), (3,3), (4,2)} 
 
(b) ipoveT is ekvivalentobis mimarTeba, romelic iZleva A  simravlis Semdeg 

dayofas -  P={{1},  {2,3}, {4}}. 

 
(g)  A simravlis ramdeni gansxvavebuli dayofaa SesaZlebeli? 

 

 

4. ra Secdomaa daSvebuli Semdeg msjelobaSi, romliTac mtkicdeba, rom 

refleqsuroba aris Sedegi simetriulobisa da tranzitulobisa? (birkofi da 

makleini (1965)). - Tu (x,y)R, maSin (y,x)R, radganac, Cveni daSvebiT, es R 

aris simetriuli. Tu orive (x,y) da (y,x) aris R mimarTebaSi, maSin (x,x) unda 

iyos R mimarTebaSi, am R mimarTebis tranzitulobis gamo. amgvarad, damtkicda, 

rom es R mimarTeba refleqsuria. 

 

 

5. vTqvaT A={1, 2, 3, 5, 6, 10, 15, 30}  da R mimarTeba A simravleze ganisazRvreba 

rogorc  

                 
R={(x, y) \ xi  yofs  ys unaSTod}. 
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(a) CamoTvaleT R mimarTebis wevrebi da aCveneT, rom igi aris aramkacri 

nawilobrivi dalageba da rom igi ar aris sruli dalageba. 

 

(b) aageT gamartivebuli diagrama am dalagebisaTvis da daadgineT yvela 

minimaluri, maqsimaluri da, Sesabamisad, udidesi da umciresi elementebi. 

 

(g) gaakeTeT igive (B) simravleze (B={a,b,c}) „qvesimravlea‟ fraziT 

mocemuli mimarTebisaTvis. 

 

 

 

 

 

 

 

 

Tavi 4 

usasruloba 

 

 

 

 

 

wina TavSi gakvriT SevexeT ricxviT simravleebs, kerZod, dadebiTi mTeli 

ricxvebis simravles, romelsac intuiciurad usasrulo simravled ganvixilavdiT. 

axla usasrulobis cnebas ufro dawvrilebiT SeviswavliT. 

Cven ver davkmayofildebiT usasrulobis iseTi gansazRvrebebiT, rogoricaa, 

magaliTad, „romelic arasdros ar sruldeba‟, an „romlis amomwuravi gadaTvlac 

principulad SeuZlebelia‟, radgan es gamonaTqvamebi iseTive bundovania, rogorc TviT 

gansasazRvri termini „usasrulo‟. Cven gvWirdeba imgvari gansazRvreba, romelSic 

gamoyenebuli iqneba Cvens xelT ukve arsebuli simravlur-Teoriuli cnebebi da 

romelic Tavsebadi iqneba usasrulo simravleebze Cvens intuiciur warmodgenebTan. 

ramdenadac, usasrulo simravle garkveuli azriT ufro ,,didia~ nebismier sasrul 

simravleze, Tavdapirvelad ganvsazRvravT imas, Tu ras niSnavs is, rom ori simravle 

sididiT erTmaneTis tolia, an is, rom isini ar arian erTmaneTis toli. 

 

 

4.1 ekvivalenturi simravleebi da odenobiToba 
 

vambobT, rom ori A da B simravle erTi da igive raodenobis wevrebs Seicavs 

anu arian ekvivalenturni (e.i. tolodenni) maSin, da mxolod maSin, roca arsebobs 

urTierTcalsaxa asaxva erTi simravlisa meoreze. marTlac, radgan urTierTcalsaxa 

asaxva aris funqcionaluri erTze-erTi ze-asaxva SegviZlia davaskvnaT, rom A da B 

simravleebs Soris urTierTcalsaxa asaxva A simravlis yovel wevrs awyvilebs B 

simravlis zustad erT wevrTan da piriqiT. aseT SemTxvevaSi marTlac SeiZleba 
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iTqvas, rom am simravleebs erTi da igive anu toli raodenobis wevrebi aqvT. imas, 

rom A da B simravleebi ekvivalenturni anu tolodenni arian, ase aRvniSnavT: A ~ B. 

terminebi toli da ekvivalenturi ar unda avurioT erTmaneTSi. toli 

simravleebi erTi da igive wevrebisgan igeba, maSin roca ekvivalenturi simravleebi 

erTi da igive raodenobis wevrebisagan arian agebulni. amdenad, toli simravleebi 

aucileblad tolodenebic arian, magram ara piriqiT. niSandoblivia isic, rom 

ekvivalentobis gansazRvrebaSi araferia naTqvami iq moTxovnili urTierTcalsaxa 

Sesabamisobis kerZo bunebis Sesaxeb, iTqva mxolod is, rom aseTi unda arsebobdes. 

sasruli simravleebis SemTxvevaSi tolodenobis aseT gansazRvras bunebriv da 

mosalodnel Sedegebamde mivyavarT. simravle, romelic oTxi gansxvavebuli wevrisgan 

Sedgeba, SeiZleba urTierTcalsaxad avsaxoT nebismier iseT simravleze, romelic aseve 

zustad oTx wevrs Seicavs. amasTan, vercerT aseT simravles urTierTcalsaxad ver 

avsaxavT vercerT iseT simravleze, romelic Sedgeba oTxze meti an naklebi wevrisgan. 

ekvivalentobis anu tolodenobis mimarTeba, rogorc amas saxelic migvaniSnebs, aris 

iseTi mimarTeba, romlis safuZvelzec yvela erTi da igive raodenobis wevrebis 

Semcveli simravle erTiandeba tolodenobis erTsa da imave klasSi. tolodenobis 

yovel klasTan SegviZlia davawyviloT raRac ricxvi, romelic tolodenobis am 

klasSi Semavali simravleebis wevrTa raodenobis aRmniSvnelad miiCneva. aseT ricxvs 

kardinalur anu raodenobriv ricxvs uwodeben. sasruli simravleebis kardinaluri 

ricxvi zustad Seesabameba am simravleebis wevrTa raodenobis gamomxatvel 

naturalur ricxvebs. amdenad, nebismieri 4 wevriani A simravlis kardinaluri ricxvi 

anu odenoba aris 4 da, rogorc pirvel TavSi iTqva, es Semdegnairad aRiniSneba: |A|=4. 

 

 

              P                                E 
  FF 

 

 
 

 

 

                                . 

                                . 

                                .  

 

 
naxazi 4-1: dadebiT mTel da dadebiT mTel wyvil ricxvTa 

urTierTcalsaxa asaxva 

 

usasrulo simravleebisaTvis tolodenobis zemomoyvanili gansazRvreba sakmaod 

ucnaur viTarebebs warmoSobs. magaliTad, ganvixiloT dadebiT mTel ricxvTa simravle 

P, dadebiT wyvil mTel ricxvTa simravle E da F funqcia, romelic yovel dadebiT 

mTel x ricxvs gadasaxavs 2x ricxvSi, rogorc es 4-1 naxazzea naCvenebi.  

nebismieri dadebiTi mTeli ricxvis orze gamravlebiT yovelTvis calsaxad 

gansazRvrul dadebiT mTel wyvil ricxvs viRebT. es imas niSnavs, rom F funqciis 

mniSvnelobaTa are E simravlea. amasTan, F aris erTze-erTi funqcia, radgan nebismieri 

x da y mTeli ricxvebisaTvis Tu 2x=2y, maSin x=y. amis garda, F aris ze-funqcia, 

radgan E simravlis nebismieri wevrisTvis anu nebismieri y luwi ricxvisTvis 

arsebobs iseTi x  mTeli ricxvi, rom 2x=y. amdenad, F aris urTierTcalsaxa asaxva 

 1 

 2 

 3 

 4 

 . 

 . 

 . 

 

 

  2 

  4 

  6 

  8 

  . 

  . 

  . 
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da, Sesabamisad, P da E, romlebic tolodeni simravleebia, Seicaven erTi da igive 

raodenobis wevrebs. es ucnauri Sedegia, radgan E aris P simravlis sakuTrivi 

qvesimravle da Cven SeCveulni varT im azrs, rom simravle Tavis nebismier sakuTriv 

qvesimravleze `didi~ anu ,,metodeni” unda iyos. magram, Tuki simravleTa 

raodenobrivi tolobis kriteriumad miviRebT zemogansazRvrul tolodenobis cnebas, 

maSin imis aRiarebac mogviwevs, rom zogjer simravle da misi sakuTrivi qvesimravle 

SeiZleba toli raodenobis wevrebs Seicavdnen. iseve rogorc, Tuki Cven vityodiT, 

rom simravle yovelTvis `didia~ anu ,,metodenia” Tavis sakuTriv qvesimravleze, maSin 

isic unda dagveSva, rom sxvadasxva raodenobiT daxasiaTebadi simravleebi SeiZleba 

urTierTcalsaxad esabamebodnen erTmaneTs, rac aseve sakmaod ucnauri viTarebaa. 

amgvarad, nebismier SemTxvevaSi vRebulobT ucnaur viTarebas. Tumca, yovelTvis, roca 

aRmoCndeba, rom simravle aseT ucnaur Tvisebebs amJRavnebs, irkveva, rom es swored is 

simravlea, romelsac, intuiciurad, usasrulos vuwodebT xolme. aqedan gamomdinare, 

usasrulo simravles ase ganvsazRvravT: 

gansazRvreba 4.1 simravle iwodeba usasrulod maSin, da mxolod maSin, roca is 

Tavisi sakuTrivi qvesimravlis tolodenia. 

 

(4-1) magaliTi: {a, b} alfabetze gansazRvruli yvela sasruli sigrZis striqonebis 

A* simravle aris usasrulo. marTlac, cxadia, rom A* simravleSi Semavali yvela im 

striqonTa simravle, romelic iwyeba b asoTi, anu B={b, ba, bb, baa, bab, bba,...} 

simravle, A* simravlis sakuTrivi qvesimravlea. asaxva H, romelic  naCvenebia 4-2 

naxazze, aris urTierTcalsaxa Sesabamisoba, radgan A* simravleSi Semavali yoveli x 

striqonisaTvis arsebobs B simravleSi Semavali erTaderTi bx striqoni da piriqiT 

(aq e aris carieli striqoni). e.i. A* aris usasrulo simravle da A* ~ B.  

(4-2) magaliTi: naturalur ricxvTa simravle N={0,1,2,3,...} usasrulo simravlea. 

marTlac, ganvixiloT simravle P={1,2,3,4,...}, romelic N simravlis sakuTrivi 

qvesimravlea da gavakeToT 4-3 naxazze naCvenebi gadasaxva, romliTac yoveli n 

naturaluri ricxvi gadadis (n+1) ricxvSi. N simravlis yovel wevrs aq Seesabameba 

P simravlis erTaderTi wevri da piriqiT. amdenad, G aris urTierTcalsaxa asaxva da, 

Sesabamisad, N aris usasrulo simravle da P ~ N. 

e 

a 

b 

aa 

ab 

ba 

bb 

aaa 

. 

. 

    . 

 

 

 

   b 

  ba 

  bb 

 baa 

 bab 

 bba 

 bbb 

 baaa 

   . 

   . 

   . 

 

   

    

       A*                                        B 

 

 

                              

H 

     . 

     . 

     . 
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naxazi 4-2: {a, b}* simravlis erTi-erTi gadasaxva 

Tavis sakuTriv qvesimravleze 

 

              PN                                P 

  FG 

 

 

 

 

   . 

                               . 

                               . 
 

 
 

 

 

naxazi 4-3: asaxva, romelic gviCvenebs, rom N simravle 

 aris Tavisi sakuTrivi qvesimravlis ekvivalenturi. 

 
advili dasanaxia, rom arcerTi sasruli simravle ar SeiZleba iyos Tavisi 

romelime sakuTrivi qvesimravlis tolodeni. magaliTad, aviRoT {a,b,c} simravle da 

misi nebismieri sakuTrivi qvesimravle. usasrulo simravleebis gansazRvrebaSi erTi 

punqti zogjer gaugebrobas iwvevs: moTxovnilia simravlis sul mcire erTi iseTi 

sakuTrivi qvesimravlis arseboba, romelic am simravlis tolodenia. gansazRvrebaSi 

araa naTqvami, rom usasrulo simravle tolodeni iyos Tavisi yvela sakuTrivi 

qvesimravlisa, rac, cxadia, verasdros ver Sesruldeba. magaliTad, N ar aris {0,3,18} 

simravlis tolodeni, romelic misi sakuTrivi qvesimravlea. 

 

 

4.2 simravleTa Tvladoba 
 

 ukve aRiniSna, rom yovel sasrul simravles SegviZlia SevusabamoT naturaluri 

ricxvi, romelic mis odenobas gamoxatavs da rom erTnairi odenobis simravleebi 

qmnian ekvivalentobis (tolodenobis) klasebs. tolodeni usasrulo simravleebic 

SeiZleba gavaerTianoT klasebSi, romelTa yvela wevrsac erTi da igive odenoba 

eqnebaT, magram aseT ekvivalentobis klass kardinalur ricxvad ver SevusabamebT verc 

erT dadebiT mTel ricxvs. es gamomdinareobs im faqtidan, rom TiToeuli mTeli 

ricxvi aris romelime sasruli simravlis kardinaluri ricxvi da arcerTi usasrulo 

simravle ar SeiZleba iyos arcerTi sasruli simravlis tolodeni, radgan sasrul da 

usasrulo simravleebs Soris ar SeiZleba arsebobdes urTieTcalsaxa Sesabamisoba. 

miuxedavad amisa, mosaxerxebeli iqneboda gvqonoda garkveuli simboloebi, romlebiTac 

aRvniSnavdiT usasrulo simravleebis kardinalur ricxvebs. erT-erTi aseTi simboloa  

 aRniSnavs naturaluri ricxvebis simravlisa da yvela misi 0א .(alef nuli) 0א

tolodeni simravlis kardinalur ricxvs. xazi unda gaesvas imas, rom 0א, rogorc 

ukve vTqviT, araa naturaluri ricxvi, e.i. is ar aris N={0,1,2,3,...} simravlis wevri. 

yoveli naturaluri ricxvis Sesabamisi kardinaluri ricxvi arsebobs, magram 

arseboben iseTi kardinaluri ricxvebic, magaliTad 0א, romelTa Sesabamisi 

naturaluri ricxvebi ar arseboben. kardinaluri ricxvebi SeiZleba gagebul iqnen 

 0 

 1 

 2 

 3 

 4 

 . 

 . 

 . 

 

 

  1 

  2 

  3 

  4 

  5 

  . 

  . 

  . 

 

  . 
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rogorc pasuxi kiTxvaze, Tu ramdeni wevria simravleSi. Tu Cven davsvamT kiTxvas 

„sul ramdeni naturaluri ricxvia?‟ an „sul ramdeni dadebiTi mTeli ricxvia?‟ _ 

pasuxi iqneba kardinaluri ricxvi 0א. 

gansazRvriT, simravle, romelic aris naturalur ricxvTa simravlis 

tolodeni da romlis kardinaluri ricxvia 0א, iwodeba gadaTvladad anu gadaTvlad 

usasrulobad. simravle, romelic an sasrulia an Tvladi usasrulobaa, iwodeba 

Tvladad. Cven vnaxeT, rom dadebiT mTel luw ricxvTa simravle (E 4-1 naxazze) aris 

Tvladi. moviyvanoT kidev ramdenime sxva magaliTic: 

 

(4-3) magaliTi: mTel ricxvTa Z={0, +1, _1, +2, _2, +3, _3, . . . } simravle aris 

usasrulod Tvladi anu gadaTvladi, rasac N da Z simravleebs Soris arsebuli 

urTierTcalsaxa Sesabamisoba adasturebs. 

 

            Z = {0,  +1, –1, +2, –2, +3, –3, . . . } 
                            

                          F 
 
                      N = {0,   1,    2,   3,   4,    5,   6, . . . }  

 

funqcia F: Z → N asea gansazRvruli: 

 
  
                  0        roca x = 0     

          F(x) =     2x – 1       roca x dadebiTia 

                  _2x      roca x uaryofiTia 
 
 
 F rom marTlac urTierTcalsaxa Sesabamisobaa, iqidanac Cans, rom Z simravlis 

dadebiT ricxvebs urTierTcalsaxad Seesabameba N simravlis kenti ricxvebi, Z 

simravlis uaryofiT ricxvebs _ N simravlis luwi ricxvebi, xolo Z simravlis 

ricxvi 0 SesabamisobaSia N simravlis ricxvTan 0. 

 

(4-4) magaliTi: nulisgan gansxvavebul naturalur ricxvTa Sebrunebuli ricxvebis 

S={ ,,,,,,
6
1

5
1

4
1

3
1

2
1

1
1 ...} simravle aris gadaTvladi. es Cans S da N simravleebs 

Soris arsebuli Semdegi urTierTcalsaxa SesabamisobiT: 
 

            S = { ,,,,,,
6
1

5
1

4
1

3
1

2
1

1
1 . . .}  

                            

                          G                                                                      G(x) = 
x
1 – 1 

 
                      N = {  0,   1,    2,    3,   4,    5,   . . . }  
 

 
(4-5) magaliTi: dadebiTi mTeli kenti ricxvebis simravle F={1, 3, 5, 7, 9, ... } aris 

gadaTvladi. marTlac, N simravlesTan misi erTi-erTi urTierTcalsaxa 

Sesabamisoba SeiZleba aseTic iyos: 
 

            F =  {1,    3,    5,    7,    9,  . . . } 
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                          H                                                              H(x) = 
2
1x  

 
                      N =  {0,    1,    2,    3,    4,   . . . }  
 

Cven vnaxeT, rom dadebiT mTel ricxvTa P simravles, dadebiT mTel luw 

ricxvTa E simravles da dadebiT mTel kent ricxvTa F simravles aqvT erTi da igive 

kardinaluri (odenobiTi) ricxvi. ramdenadac P=E∪F, vinmem SeiZleba ifiqros, rom P 

met wevrs Seicavs, vidre E an F simravleebi, magram es ase araa. amdenad, araa 

aucilebeli, rom ori usasrulo simravlis gaerTianebas ufro didi kardinaluri 

ricxvi hqondes vidre gaerTianebaSi Semaval simravleebs aqvT. 

 

 

arsebobs Tu ara dadebiT mTel ricxvTa simravleze ufro didi anu ufro 

odeni simravleebi? _ intuiciurad SeiZleba CavTvaloT, rom aseTia N×N dekartuli 

namravlis dalagebul wyvilTa simravle. magram, Tu wyvilebs iseTi TanamimdevrobiT 

gadavTvliT, rogorc es naCvenebia isrebiT 4-4 naxazze, vnaxavT, rom N×N simravlesa 

da N simravles Soris SeiZleba damyardes urTierTcalsaxa Sesabamisoba. Tumca, am 

SemTxvevaSi, rTulia imis damtkiceba, rom es Sesabamisoba marTlac urTierTcalsaxaa. 

  

‹0,0›      ‹0,1›       ‹0,2›       ‹0,3›     . . . 
 

‹1,0›      ‹1,1›       ‹1,2›       ‹1,3›     . . . 
 

‹2,0›      ‹2,1›       ‹2,2›       ‹2,3›     . . . 
 

‹3,0›      ‹3,1›       ‹3,2›       ‹3,3›     . . . 
 
               .        .         .        .  
               .        .         .        .  
               .        .         .        .  
      

naxazi 4-4: (N × N) simravlis wevrTa gadaTvla. 

 
 

N × N = {‹0,0›, ‹0,1›, ‹1,0›, ‹0,2›, ‹1,1›, ‹2,0›, ‹0,3›, ‹1,2›, ‹2,1›, . . .} 

 

   

 

    N   =  {   0,         1,         2,        3,        4,         5,        6,        7,         8,    . . . }  

 
naxazi 4-5: urTierTcalsaxa Sesabamisoba 

 (N × N) da N simravleebs Soris. 

 

aseve, vinmem SeiZleba ifiqros, rom racionalur ricxvTa raodenoba aRemateba 

naturaluri ricxvebisas, radgan nebismier or naturalur ricxvs Soris arsebobs 

racionalur ricxvTa usasrulo odenoba. gaixseneT, rom nebismieri racionaluri 

ricxvi SeiZleba warmodgenil iqnes ori mTeli ricxvis fardobis saxiT x/y, sadac 
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y≠0. magram, irkveva, rom am simravleebs Sorisac SeiZleba damyardes urTierTcalsaxa 

Sesabamisoba, rac maT tolodenobaze metyvelebs. 

zemoaRniSnuli urTierTcalsaxa Sesabamisobis asagebad CamovweroT dadebiTi 

racionaluri (e.i. wiladuri) ricxvebi Semdegi matricis saxiT: 

 

1/1, 2/1, 3/1, 4/1, 5/1, 6/1, . . . 

1/2, 2/2, 3/2, 4/2, 5/2, . . . 

1/3, 2/3, 3/3, 4/3, . . . 

1/4, 2/4, 3/4, . . .  

1/5, 2/5, . . . 

1/6, . . . 

. . .  

Tavdapirvelad am matricis elementebs Semdegnairad SevusabamebT dadebiT mTel 

ricxvebs: viwyebT zeda marcxena kuTxiT da mivyvebiT diagonalebs, romlebsac 

erTmaneTis miyolebiT gavavlebT zeda rigidan ukiduresi marcxena svetisken. am 

Sesabamisobis pirveli ramdenime wevri iqneba: 1/1 _ 1, 2/1 _ 2, 1/2 _ 3, 3/1 _ 4, 2/2 _ 

5, 1/3 _ 6, 4/1 _ 7, da a. S.. es im gadaTvlis analogiuria, romelic 4-4 naxazze iyo 

naCvenebi. amis Semdeg uaryofiT racionalur ricxvebs analogiurad vawyvilebT 

uaryofiT mTel ricxvebTan, xolo ricxvs 0 vawyvilebT ricxvTan 0, riTac sruldeba 

mTel da racionalur ricxvebs Soris urTierTcalsaxa Tanadobis damyarebis procesi. 

amis Semdeg viyenebT naturalur ricxvebsa da mTel ricxvebs Soris 4-3 magaliTSi 

ukve damyarebul urTierTcalsaxa Sesabamisobas, riTac viRebT urTierTcalsaxa 

Sesabamisobas naturalur da racionalur ricxvebs Soris. gasagebia, rom TiToeuli 

racionaluri ricxvi am proceduris Sedegad ramdenjerme Caiwereba, magaliTad 1/2 

aseve mogvecema 2/4-is, 3/6-is da a. S. saxiT. magram, roca ukve vaCveneT, rom arsebobs 

urTierTcalsaxa Sesabamisoba am ufro did simravlesa da naturalur ricxvebs 

Soris, imis gakeTeba, rom CamovuyveT am CamonaTvals da amovyaroT is racionaluri 

ricxvebi, romlebic manamde erTxel ukve Segvxvdnen sxva formiT da, amasTan, 

gameorebis mizeziT amogdebuli ricxvis momdevno wevrebi CamonaTvalSi ukan 

gadmovwioT iq warmoqmnili carieli adgilebis Sesavsebad, siZneles ar warmoadgens. 

winaswar gansazRvruli proceduris gamoyenebiT simravlis wevrebis urTierTcalsaxa 

asaxvas naturaluri ricxvebis simravlesTan,  zogjer, simravlis wevrTa efeqtur 

gadaTvlas uwodeben. 
 

 

4.3 araTvladi simravleebi 

 
 rogorc irkveva arsebobs ara mxolod mTel ricxvTa dalagebuli wyvilebis 

efeqturi gadaTvlis procedura, aramed aseve SesaZlebelia efeqturad gadaviTvaloT 

mTel ricxvTa dalagebuli sameulebi, oTxeulebi da, sazogadod, mTel ricxvTa 

dalagebuli n-eneulebi sruliad nebismieri naturaluri n-isaTvis. 

 

 amocana: CamoayalibeT mTel ricxvTa dalagebuli sameulebis srulad 

gadamTvleli procedura, romelic dalagebuli oreulebisaTvis ukve zemoT aRwerili 

sworxazovani bijiTi procesis msgavsi iqneba. 

 

 zemoaRniSnulidan gamomdinare, naturalur ricxvTa N simravlis arcerTjeradi 

dekartuli namravli ar mogvcems iseT simravles, romlis kardinaluri ricxvi 0א 
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kardinalur ricxvze metia. erT dros iTvleboda, rom saerTod ar arseboben iseTi 

simravleebi, romelTa kardinaluri ricxvi 0א kardinalur ricxvze metia. magram, 

germanelma maTematikosma georg kantorma, romelic klasikuri simravleTa Teoriis 

fuZemdeblad iTvleba, daamtkica, rom nebismieri A simravlisTvis A simravlis 

xarisxobriv simravles A simravleze meti kardinaluri ricxvi aqvs. amdenad, 

damtkicda, rom N simravlis xarisxobrivi simravlis kardinaluri ricxvi metia  0א 

kardinalur ricxvze. 

 

 Teorema 4.1 (kantori (1845-1918)): nebismieri A simravlisTvis |A|<|(A)| 

 
 damtkiceba: arsebobs (A) simravlis iseTi funqcionaluri gadasaxva A 

simravleSi, romelic (A) simravlis nebismier erTelementian simravles uTanadebs A 

simravlis imave elements, xolo (A) simravleSi Semaval yvela danarCen simravles 

uTanadebs A simravlis erT romelime gansazRvrul elements. es funqcia ze-asaxvaa, 

radgan, asaxvis pirobis pirveli nawilidan gamomdinare, cxadia, rom A simravlis 

yovel wevrze (A) simravlis sul mcire erTi wevri mainc aisaxeba. aqedan 

gamomdinare, |A|<|(A)| an |A|=|(A)|, e.i. (A) simravlis odenobaze sul cota 

SeiZleba iTqvas is, rom igi araa A simravlis odenobaze naklebi. axla vaCvenoT, rom 

ar arsebobs iseTi F funqcia, romelic A simravles urTierTcalsaxad gadasaxvas 

(A) simravleze da rom aqedan gamomdinare es simravleebi ar SeiZleba iyvnen 

tolodenni (ekvivalenturni). davuSvaT, rom aseTi F:A→(A) arsebobs. maSin, cxadia, 

rom A simravlis yoveli wevri gadaisaxeba A simravlis romelime qvesimravleze. 

zogadad, A simravlis zogierTi wevri gadaisaxeba A simravlis iseT qvesimravleze, 

romlis wevri Tavadac aris, zogierTi - ara. 4-6 naxazze F funqciiT 0 da 2 

gadaisaxebian iseT simravleebze, romlis wevrebi Tavad isinic arian, 3 da 1 ki - ara. 

axla, davuSvaT, B simravle Sedgeba A simravlis mxolod im wevrebisgan, romlebic am 

F funqciiT  gadaisaxebian amave wevris ar Semcvel  qvesimravleze; e. i. B={xA | 

xF(x)}. cxadia, B simravle A simravlis qvesimravlea da, amdenad, igi (A) 

simravlis erT-erTi Semadgenelia. daSvebis Tanaxmad, F aris ze-funqcia, rac imas 

niSnavs, rom A simravleSi unda arsebobdes erTi iseTi wevri mainc, romelic am B 

simravleSi aisaxeba. es wevri iyos y. axla ki davsvaT kiTxva, es y  aris Tu ara B 

simravlis wevri? 

 

0 

1 

2 

3 

. 

. 

. 

  

 

 

 

       {0} 

  {2, 5, 6} 

 {2, 29, 81} 

{2, 3, 4, 5, . . .} 

         . 

         . 

         .      

       A                                        (A) 

 

 

                              

F 

      . 

      . 

      . 

 

 
naxazi 4-6: simravlesa da mis xarisxobriv simravles Soris 

pirobiTad daSvebuli erTze-erTi Sesabamisobis ilustracia. 

 



66 

 

1. Tu yB, maSin is aris A simravlis iseTi Semadgeneli, romelic F funqciiT  

aisaxeba iseT simravleSi, romlis erT-erTi wevri TviTonac aris, rac 

gamomdinare B simravlis ganmsazRvreli pirobidan niSnavs imas, rom igi ar 

unda ekuTvnodes B simravles. amgvarad, Tu yB, maSin yB. - miviReT 

winaaRmdegoba! 

 

2. Tu yB, maSin is aris A simravlis erT-erTi iseTi Semadgeneli, romelic ar 

Sedis im simravleSi, romelSic gadaisaxa; ase rom, B simravlis gansazRvris 

Tanaxmad, is unda Sediodes B simravleSi. amgvarad, Tu yB, maSin yB. isev 

winaaRmdegobas viRebT! 

 

es ormagi winaaRmdegoba, romelic raselis paradoqss mogvagonebs, gviCvenebs, 

rom daSveba, romlis Tanaxmadac F aris urTierTcalsaxa Sesabamisoba, mcdaria. 

amdenad, SeuZlebelia, rom |A|=|(A)| da, Sesabamisad, vaskvniT, rom |A|<|(A)|. am 

mniSvnelovani Teoremidan gamomdinareobs is, rom arsebobs alef nulze didi 

kardinaluri ricxvi, romelsac, sasruli simravleebis analogiiT, sadac nebismieri n-

wevriani simravlis xarisxobrivi simravle 2n wevrs Seicavs,  2
א

0  gamosaxulebiT 

aRniSnaven. magram 2
א

0 ar gamoxatavs arc mTel da arc romelime namdvil ricxvs, 

radgan 2 xarisxad 0א ar aris interpretirebadi ariTmetikuli operacia. 

Tu avagebT (N) simravlis xarisxobriv simravles, miviRebT kardinalur 

ricxvs 22
א

0, romelic metia 2
א

0 kardinalur ricxvze; (((N))) simravlis 

kardinaluri ricxvi iqneba 222א
0

 da a.S.. amgvarad, kantoris Teorema gvaZlevs 

usasrulo kardinalur ricxvTa mzard usasrulo rigs: 2 > 0א
א

0 < 22
א

0 < ... . 

araTvladi simravlis kidev erTi magaliTia 0 da 1 ricxvebs Soris 

ganTavsebuli namdvil ricxvTa simravle Tavad am 0 da 1 ricxvebis CaTvliT. am 

simravles [0,1] gamosaxulebiT aRniSnaven. cnobilia, rom nebismieri namdvili ricxvi 

warmoidgineba mTeli, wiladuri da arawiladuri ricxvebis garkveuli kombinirebiT. 

arawiladuri ricxvebis magaliTebia iseTi iracionaluri ricxvebi, rogorebicaa 

5 , , 3

3
1 2  da a. S.. es iseTi ricxvebia, romelTa gamoxatvac ar SeiZleba ori mTeli 

ricxviT Semdgari wiladis saxiT. ricxvTa TeoriaSi damtkicebulia isic, rom 

nebismieri namdvili ricxvi, sulerTia is racionaluri iqneba Tu iracionaluri, 

SeiZleba Caiweros mTeli ricxvisa da usasrulo aTwiladis kombinirebiT, romelic am 

mTeli ricxvis Semdgom mdebare wertils mosdevs. magaliTad, wiladi 
3
1  SeiZleba 

Caiweros rogorc 0.3333333..., sadac sami wertili gviCvenebs, rom samianebis es rigi 

usasrulod grZeldeba. wiladi 
2
1  SeiZleba warmodgenil iqnes an rogorc 0.5 an 0.50 

an 0.500 da a.S., anda rogorc perioduli (ganmeorebadi) usasrulo aTwiladi _ 

0.4999999... . am bolo debulebis damtkiceba moiTxovs am usasrulo aTwiladis 

geometriul progresiad gadaazrebas. magram, arsebobs am sakiTxis sakmarisi 

damajereblobiT amxsneli Semdegi martivi ariTmetikuli meTodic: 

 cnobilia, rom 
9
1 =0.11111... da 1=9(

9
1 ). aqedan vRebulobT 

1=9(0.11111...)=0.99999.... 

nebismieri arawiladuri ricxvis aTwiladuri gamosaxuleba usasrulo 

aTwilads iZleva, magram, wiladuri anu racionaluri ricxvebisgan gansxvavebiT, igi 

ar Seicavs cifrebis ganmeorebad Tanamimdevrobebs anu ar aris perioduli.  

 [0,1] intervalis araTvladobis damtkicebis kantoriseuli meTodi gulisxmobs 

daSvebas, rom am simravlis yoveli ricxvi erTaderTi gziT warmoidgineba 0 mTeli 
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ricxvisa da usasrulo aTwiladis meSveobiT. magram, amisaTvis unda SevTanxmdeT, rom 

is racionaluri ricxvebi anu is sasruli aTwiladebi, romlebic 0-ebis usasrulo 

rigiTac Caiwerebian, magaliTad, rogoricaa 0.5000..., gamoxatuli iqnen 9-ebis 

usasrulo rigiT, magaliTad rogorc 0.4999... . axla ki gavakeToT daSveba, romlis 

mcdarobac SemdgomSi damtkicdeba. kerZod, davuSvaT, rom simravle [0,1] aris Tvladi. 

Tu es asea, maSin misi wevrebi SeiZleba dalagdes iseTi wrfivi TanamimdevrobiT, 

romelSic Seva [0,1] intervalis yvela wevri. 4-7 naxazze es mimdevroba 

x1,x2,x3,…,xn,... vertikaluri rigis saxiTaa warmodgenili da tolobis niSnis 

marjvniv mocemulia TiToeuli xi ricxvis aTwiladuri gamosaxuleba. indeqsirebuli a 

simboloebiT aRniSnulia aTwiladebSi Semavali konkretuli cifrebi; magaliTad, a13 

aris am Tanamimdevrobis pirveli ricxvis aTwiladuri nawilis mesame cifri. 

 axla ki vaCvenoT, rom am [0,1] simravleSi arsebobs iseTi y ricxvi, romelic 

ar Sedis x1,x2,x3,…,xn,... mimdevrobaSi. ganvixiloT ricxvi, romelic Semdegnairad 

ganisazRvreba: misi mTeli nawili aris 0; misi pirveli aTwiladuri cifri, ay1, 

gansxvavdeba a11-isagan; misi meore aTwiladuri cifri ay2 gansxvavdeba a22 cifrisagan 

da, sazogadod, misi n-uri aTwiladuri cifri ayn gansxvavdeba ann cifrisgan. aqedan 

imis gaTvaliswinebiT, rom [0,1] simravlis TiToeuli ricxvi warmoidgineba erTaderTi 

aTwiladuri saxiT, SegviZlia davaskvnaT, rom  y ar SeiZleba iyos x1-is toli, 

radgan es ricxvebi gansxvavdebian erTmaneTisgan pirveli aTwiladuri cifriT. y aseve 

ar SeiZleba iyos x2-is toli, radgan isini gansxvavdebian erTmaneTisgan meore 

aTwiladuri cifriT. zogadad ki, y ar SeiZleba iyos am mimdevrobis Tundac romelime 

xn ricxvis toli, radgan es ukanaskneli gansxvavebuli iqneba y-isgan  n-uri 

aTwiladuri cifriT. arada, cxadia, rom ase gansazRvruli usasrulo aTwiladi 

y=0.ay1ay2ay3 ... ayn ...  aris [0,1] simravleSi Semavali ricxvi. amgvarad, ar 

dasturdeba Cveni varaudi imis Taobaze, rom [0,1] simravlis elementebi SeiZleboda 

warmogvedgina wrfivi mimdevrobis saxiT da amdenad, es simravle araTvladia. 

winaaRmdegobis daSvebis meTodiT mtkicebis es konkretuli magaliTi cnobilia 

agreTve rogorc diagonaluri mtkicebis meTodi. am meTodis es dasaxeleba bunebrivad 

ganpirobebulia y-is agebis TaviseburebiT: kerZod y agebulia ise, rom igi yoveli 

aTwiladuri cifriT gansxvavdeba 0.a11a22a33...ann... ricxvisagan, romelic, Tavis mxriv, 

agebulia am kvadratuli matricis diagonalze ganlagebuli cifrebisagan. 

 

 
zemoaRniSnuli amtkicebs, rom [0,1] simravlis kardinaluri ricxvi metia 0א 

kardinalur ricxvze, magram amiT ar ganisazRvreba is, Tu ra ricxvia [0,1] simravlis 

odenoba. kantorma SeZlo eCvenebina, rom [0,1] aris mTel ricxvTa xarisxobrivi 

simravlis ekvivalenturi da rom misi kardinaluri ricxvi aris 2
א

0. igive odenobis 

mqonea Semdegi simravleebi: namdvil ricxvTa simravle, wrfis yvela wertilebis 

     x1 = 0.a11a12a13 . . . a1n . . . 

     x2 = 0.a21a22a23 . . . a2n . . . 

     x3 = 0.a31a32a33 . . . a3n . . . 
     .             . 
     .             . 
     .             . 
    xn = 0.an1an2an3 . . . ann . . . 
     .             . 
     .             . 
     .             . 

 
   naxati 4-7: [0, 1]-is savaraudo warmodgena 
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simravle, sibrtyis yvela wertilebis simravle, n ganzomilebiani sivrcis yvela 

wertilebis simravle, mTel ricxvTa simravlis yvela qvesimravleTa simravle da sxva. 

 

mravali wlis ganmavlobaSi gadauWrel problemad rCeboda kiTxva imis 

Taobazed arsebobs Tu ara 2 ,0א
א

0, 22
א

0 da a. S. ricxvebisgan gansxvavebuli 

kardinaluri ricxvebi. magaliTad, arsebobs Tu ara iseTi kardinaluri ricxvi  , 

rom 0א<  <2
א

0 an, sxva sityvebiT rom vTqvaT, arsebobs Tu ara iseTi simravle, 

romelsac N da (N) simravleebis Sualeduri odenobiToba aqvs. varaudi, rom am 

kiTxvaze pasuxi uaryofiTi iqneboda, cnobilia kontiniumis hipoTezis saxeliT. es 

sakiTxi sabolood 1963 wels gadawyda. roca p. j. koenma aCvena, rom SeuZlebelia 

kontiniumis hipoTezis an damtkiceba an uaryofa simravleTa Teoriis tradiciuli 

daSvebebis safuZvelze. sakiTxi imdenad mniSvnelovan movlenad Sefasda, rom cnoba mis 

Sesaxeb daibeWda ,,New York Time”-is imave 1963 wlis 14 noembris nomris 37 

gverdze. amdenad, kontiniumis hipoTeza simravleTa Teoriis sxva aqsiomebidan 

damoukidebeli debulebaa da, Sesabamisad, simravleTa Teorias SesaZlebelia daematos 

is, an misi uaryofa ise, rom is arc Warbi iqneba da arc winaaRmdegobas ar Seitans am 

TeoriaSi. 

 

Semdeg magaliTebSi warmodgenilia diagonaluri da zogierTi sxva meTodic, 

romlebsac iyeneben imis saCveneblad, rom mocemuli simravlis kardinaluri ricxvi 

metia 0א-ze. 

  

(1) orobiTi sistemiT warmodgenili yvela namdvili x ricxvebis (0x<1) 

simravle. am simravlis mimarT zustad iseve SeiZleba gamoviyenoT diagonaluri 

meTodi, rogorc aTwiladebiT warmodgenil [0,1] intervalis ricxvTa simravlis 

mimarT. ramdenadac am SemTxvevaSi ricxvebis amgebi TiToeuli cifri aris an 0, an 1. 

mtkicebis miznebisaTvis sakmarisi xdeba diagonaluri meTodiT y-is SerCevisas 

gaviTvaliswinoT, rom Tu ann=0, maSin ynn=1, xolo Tu ann=1, maSin ynn=0. ricxvebis 

orobiT aRniSvnaze mxolod imitom gavamaxvileT yuradReba, rom xSirad ufro 

martivia urTierTcalsaxa mimarTebis damyareba orobiTad warmodgenil namdvil 

ricxvTa simravlesTan, vidre aTobiT sistemaSi warmodgenil namdvil ricxvTa igive 

simravlesTan. 

 

 

(2) naturalur ricxvTa simravlis yvela qvesimravleTa (N) simravle. am 

magaliTSi Cven gamoviyenebT meTods, romelic araa calsaxad `diagonaluri~, magram 

sakmaod axlosaa masTan. 4-1 Teoremis Tanaxmad Cven ukve viciT, rom am simravlis 

kardinaluri ricxvi 0א kardinalze didia, amdenad aRniSnuli magaliTi ganixileba 

mxolod aq warmoCenili damtkicebis meTodis sailustraciod. 

 

davuSvaT, (N) simravles aqvs igive kardinaluri ricxvi, rac naturalur 

ricxvTa simravles, e.i. 0א. maSin, SesaZlebeli iqneba (N) simravlis yvela wevris, 

e.i. N simravlis yvela qvesimravlis gadaTvla garkveuli wrfivi meTodiT. vTqvaT 

(N) simravlis es sruli gadaTvlaa S0, S1, S2, ... mimdevroba. aseT pirobebSi Cven 

S0,S1,S2,... qvesimravleebidan Semdegi martivi meTodiT SegviZlia avagoT N simravlis 

axali, mimdevrobaSi ukve arsebulebisagan gansxvavebuli S* qvesimravle: 
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davuSvaT, rom naturaluri ricxvi 0 aris S* qvesimravlis wevri maSin, da 

mxolod maSin, roca 0 ar aris S0 qvesimravlis wevri, anu davuSvaT, rom 0S* 

maSin, da mxolod maSin, roca 0S0. 

 

davuSvaT, rom 1S* maSin, da mxolod maSin, roca 1S1. 

 

davuSvaT, rom 2S* maSin, da mxolod maSin, roca 2S2. 

 

sazogadod: davuSvaT, rom nS* maSin, da mxolod maSin, roca nSn.  
 
aseT SemTxvevaSi, cxadia, rom S* aris naturalur ricxvTa simravle, anu N 

simravlis qvesimravle, romelic gansxvavdeba gadaTvlaSi Semavali TiToeuli 

qvesimravlisgan sul mcire erTi wevriT mainc. Tu nebismieri n naturaluri 

ricxvisTvis nSn, maSin, cxadia, rom S*=, da cxadia isic, rom aseT pirobebSi S* anu  

 ar SeiZleba Sediodes S0,S1,S2,... gadaTvlaSi. amdenad, es CamonaTvali arcerT 

SemTxvevaSi ar aris sruli da amitomac (N) simravlis kardinaluri ricxvi 0א 

kardinalur  ricxvze meti unda iyos. 

 

 

(3) sasrul alfabetze gansazRvruli yvela enebis simravle. vTqvaT mocemulia 

alfabeti V={a0, a1, a2, ... ,an}; am V alfabetiT Sedgenili winadadeba ganvsazRvroT 

rogorc V alfabetis wevrebis nebismieri sasruli jaWvi (davuSvaT ganmeorebebic). V 

alfabetis winadadebaTa nebismier simravles V alfabetze gansazRvrul enas uwodeben. 

  

Tavdapirvelad davasabuToT, rom V alfabetze gansazRvruli yvela winadadebis 

simravlis kardinaluri ricxvia 0א. amisTvis vaCvenoT, Tu rogor SeiZleba dalagdes 

es winadadebebi erT wrfiv xazSi. jer gavakeToT yvela 1 simboloiani winadadebis 

gadaTvla, Semdeg yvela 2 simboloiani winadadebisa da a.S.. yoveli jgufis farglebSi 

winadadebebi SesaZlebelia Camoiweros alfabeturi TanamimdevrobiT, a0 iqneba pirveli 

simbolo, an ki - bolo. CamonaTvali ase daiwyeba: 

 

 

a0 
a1 
. 
. 
. 
an 
a0a0 
a0a1 
. 
. 
. 
a0an 
a1a0 
a1a1 
. 
. 
. 
a1an 
a2a0 
. 
. 
. 
anan 
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a0a0a0 
. 
. 
. 
ananan 
a0a0a0a0 
. 
. 
.  
 

 

ramdenadac naTelia, rom yvela winadadeba Sedis am CamonaTvalSi, isini SeiZleba 

gadainomros 0, 1, 2, ... ricxvebiT da ase damyardes urTierTcalsaxa Tanadoba 

winadadebaTa am simravlesa da naturalur ricxvTa simravles Soris. 

mas Semdeg, rac davadgineT, rom V alfabetze gansazRvruli yvela winadadebebis 

simravlis kardinaluri ricxvi aris 0א, SegviZlia isic vaCvenoT, rom V alfabetze 

gansazRvruli yvela enaTa simravlis kardinaluri ricxvi ufro didia. gTavazobT 

amis damtkicebis sam sxvadasxva meTods. 

 

(i) (diagonaluri mtkiceba) davuSvaT, rom V alfabetze gansazRvruli yvela 

enebis simravlis kardinaluri ricxvia 0א da rom L0, L1, L2, ... aris am enebis 

gadaTvla. Cven ukve gvaqvs meTodi, romlis saSualebiTac gadaiTvleba V alfabetis 

yvela winadadeba s0, s1, s2, ... mimdevrobad. amdenad, SegviZlia avagoT 0 da 1 

cifrebisagan Sedgenili usasrulo kvadratuli matrica, sadac xi
k
 aris 0, Tu si ar 

Sedis, xolo  xi
k
  aris 1, Tu si Sedis Lk enaSi. 

 

 magaliTad, ena, romelic mxolod kentnomriani winadadebebisgan Sedgeba, 

warmodgenili iqneba 010101 mimdevrobiT. ena, romelic Seicavs mxolod erT 

simboloian winadadebebs anu mxolod a0, a1, a2, . . . an  winadadebebisgan Semdgari ena 

warmodgenili iqneba mimdevrobiT, romlis pirveli n+1 elementi iqneba erTi, yvela 

danarCeni ki - nuli.  

 

           s0     s1      s2      s3      s4     . . . 
 

              L0      x
0

0   x 0

1     x 0

2     x 0

3      x 0

4    . . . 

 

              L1      x
1

0   x 1

1     x 1

2     x1

3      x 1

4    . . . 

       

              L2      x
2

0   x 2

1    x 2

2     x 2

3      x 2

4    . . . 

 

                    L3          x
3

0   x 3

1     x 3

2     x 3

3      x 3

4    . . . 

 

              L4      x
4

0   x 4

1     x 4

2     x 4

3     x 4

4    . . . 

 
               .         .       .        .        .        .    
               .         .       .        .        .        .    
               .         .       .        .        .        .    
 

 

axla ukve Cven SegviZlia avagoT iseTi L*=x *

0 x *

1 x *

2 ...x *

m ...
 
orobiTi ricxviT 

mocemadi ena, romelic gansxvavebuli iqneba zemoCamoTvlili enebisagan. amas ase 

gavakeTebT: vTqvaT x *

0 =0, Tu x 0

0 =1, xolo x *

0 =1 Tu x 0

0 =0. analogiurad, vTqvaT x *

1  
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gansxvavdeba x 1

1 , xolo x *

2  gansxvavdeba x 2

2  cifrisagan da a.S.; sazogadod, vTqvaT 

x *

m =0, Tu x m

m =1, xolo x *

m =1, Tu x m

m =0. aqedan da zemoT gakeTebuli SeTanxmebebidan 

gamodis, rom sm Sedis L* enaSi maSin, da mxolod maSin, Tu sm ar Sedis Lm enaSi, 

rac imas niSnavs, rom L* sul mcire erTi winadadebiT mainc gansxvavdeba CamonaTvalSi 

arsebuli yvela danarCeni enisagan. iqidan gamomdinare, rom es procedura SeiZleba 

gamoyenebul iqnes nebismieri sasruli alfabetis enebis nebismieri aseTi CamonaTvalis 

mimarT, SegviZlia davaskvnaT, rom aseTi CamonaTvali saerTod ar SeiZleba arsebobdes 

da, amdenad, sasruli V alfabetis yvela enebis simravlis kardinaluri ricxvi metia 

 .kardinalur ricxvze 0א

  

(ii) meore mtkiceba im mtkicebis analogiuria, romelic zemoT moyvanil (2) 

magaliTSi (N) simravlis mimarT gamoviyeneT. vTqvaT, S aris V alfabetze 

gansazRvruli yvela SesaZlo winadadebebis simravle. maSin, ramdenadac V alfabetze 

gansazRvruli nebismieri ena aris V alfabetze gansazRvruli winadadebebis raRac 

simravle da V alfabetze gansazRvruli winadadebebis yoveli simravle aris V 

alfabetze gansazRvruli ena, V alfabetze gansazRvruli yvela enebis simravle aris 

S simravlis yvela qvesimravleTa simravle, anu (S). axla davuSvaT, rom V 

alfabetze gansazRvruli yvela enebis simravlis kardinaluri ricxvia 0א. maSin Cven 

SegveZleba erT CamonaTvalSi CamovweroT yvela ena, anu (S) simravlis yvela wevri  

- L0, L1, L2, ... . axla ki, am yvelaferze dayrdnobiT da Semdegi zogadi meTodiT avagoT 

L0, L1, L2, ... enebisgan gansxvavebuli axali L* ena (aq viyenebT S simravlis Semadgeneli 

winadadebebis ukve zemoT dadgenil gadaTvlas). davuSvaT, rom s0L* maSin, da mxolod 

maSin, roca s0L0 da rom s1L* maSin, da mxolod maSin, roca s1L1 da a.S.; 

sazogadod, davuSvaT, rom smL* maSin, da mxolod maSin, roca smLm. amdenad, L* 

aris S simravlis iseTi qvesimravle, romelic gansxvavdeba L0,L1,L2,... CamonaTvalis 

TiToeuli enisagan erTi wevriT mainc, rac adasturebs imas, rom es CamonaTvali ar 

SeiZleba sruli iyos. amgvarad, damtkicda, rom V alfabetze gansazRvruli yvela 

SesaZlo enebis simravlis kardinaluri ricxvi, romelic (S) simravlis kardinalur 

ricxvs emTxveva, ar SeiZleba iyos 0א. 

 

(iii) mesame mtkiceba aris erTi zogadi meTodis erTi kerZo magaliTi: imis 

saCveneblad, rom mocemuli simravlis kardinaluri ricxvi metia 0א kardinalur 

ricxvze, sakmarisia vaCvenoT, rom arsebobs am simravlis urTierTcalsaxa Sesabamisoba 

iseT simravlesTan, romlis Sesaxebac viciT, rom misi kardinaluri ricxvi metia 0א 

kardinalze. ramdenadac, ukve viciT, rom [0,1] intervalSi orobiTi aRniSvnebiT 

mocemul namdvil ricxvTa simravlis kardinaluri ricxvi metia 0א kardinalze, Cven 

V alfabetze gansazRvruli yvela enaTa simravlis kardinaluri ricxvis Sesafaseblad 

davamyarebT urTierTcalsaxa Tanadobas am simravlesa da zemoaRweril simravles 

Soris. 

yoveli ena warmovadginoT 0 da 1 cifrebis usasrulo mimdevrobis saxiT ise, 

rogorc es iyo aRwerili pirvel damtkicebaSi. Tumca, amjerad, Cven ar varaudobT, 

rom enebis gadaTvla SesaZlebelia, radgan ukve vnaxeT, rom amgvar daSvebas 

winaaRmdegobamde mivyavarT. aseT SemTxvevaSi, cxadia, rom TiToeuli ena SeiZleba 

dawyvildes erTaderT namdvil ricxvTan [0,1] intervalidan, radgan TiToeuli enis 

maxasiaTebeli usasrulo aTwiladi, romelic 0 da 1 cifrebis usasrulo mimdevrobaa 

aRniSnavs zustad erT, da mxolod erT namdvil ricxvs aRniSnuli intervalidan, rac 

sabolood asrulebs winamdebare mtkicebas. 
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es sami meTodi Tanabrad qmediTia. pirvel ors is upiratesoba aqvs, rom ar 

moiTxovs romelime iseTi simravlis winaswar codnas, romlis kardinaluri ricxvic 

 ,kardinalze metia. magram, Tuki viciT aseTi simravle, es mesame meTodi, xSirad 0א

ufro mosaxerxebelicaa. garda amisa, mxolod mesame meTodi iZleva saSualebas 

zustad dadgindes simravlis kardinaluri ricxvi im simravlis meSveobiT, romlis 

kardinaluri ricxvi ukve cnobilia. zemoT moyvanil magaliTebSi yvela im simravles, 

romlis kardinaluri ricxvic 0א kardinalur ricxvze meti iyo, hqonda namdvil 

ricxvTa simravlis toli kardinaluri ricxvi, Tumca, ganxilul magaliTTa 

umetesobaSi Cven es ar dagvimtkicebia. arada, Cven ar SegviZlia aseTi faqti 

TavisTavad cxadad CavTvaloT, radgan, rogorc ukve vnaxeT, arsebobs 0א kardinalur 

ricxvze ufro didi kardinaluri ricxvebis faqtiurad usasrulo raodenoba. 

simravles, romelic ar aris Tvladi, araTvlads anu aragadaTvlad usasrulobas 

uwodeben.  

 

 

4.4 usasrulo da SemousazRvreli 
 

xSirad uWirT `usasrulo~ da `SemousazRvreli~ terminebiT mocemuli cnebebis 

garCeva, gansakuTrebiT iseT gamonaTqvamebSi, rogoricaa „inglisuri winadadebebis 

sigrZe SemousazRvrelia‟ an „inglisuri winadadebebi sigrZiT SemousazRvrelia‟. 

SemousazRvreli niSnavs „zeda zRvris armqones‟, e. i. iseTi zRvruli mniSvnelobis 

armqones, romelsac utoldeba an romelzec naklebia yvela sxva SesaZlo mniSvneloba. 

orive citirebuli winadadeba ubralod imas niSnavs, rom ar arsebobs iseTi 

fiqsirebuli sigrZe, rom nebismieri inglisuri winadadebis sigrZe an mas 

utoldebodes an masze naklebi iyos da es ar ewinaaRmdegeba gamonaTqvams, rom yvela 

(anu TiToeuli) inglisuri winadadeba sasruli sigrZisaa. im daSvebidan, rom 

inglisuri winadadebebis sigrZe aris SemousazRvreli, SeiZleba gakeTdes daskvna, rom 

inglisur winadadebaTa simravle usasruloa (ix. momdevno savarjiSoebSi meoTxe 

amocana), magram aseTi daSvebis safuZvelze ar SeiZleba davaskvnaT, rom erTi 

romeliRac inglisuri winadadebis sigrZe usasruloa. 

 

sxva magaliTebi: 

 

(1) amozneqili mravalkuTxedebis gverdebis raodenoba SemousazRvrelia, 

ramdenadac nebismieri n gverdiani mravalkuTxedisTvis arsebobs mravalkuTxedi 

gverdebis n+1 raodenobiT. miuxedavad amisa, cxadia, rom nebismier mravalkuTxedSi 

gverdebis raodenoba yovelTvis sasrulia. 

(2) ganvixiloT 0<x<1 utolobiT gansazRvruli namdvil ricxvTa simravle. am 

simravleSi ar arsebobs udidesi namdvili ricxvi, magram, miuxedavad amisa, am 

simravleSi namdvil ricxvTa sidide SemosazRvrulia, ramdenadac ricxvi 1 simravleSi 

Semaval yvela ricxvze metia. amgvarad, am SemTxvevaSi simravlis wevrTa sidide 

SemosazRvrulia, magram Tavad simravle usasruloa. 

(3) romelime konkretuli inglisuri leqsikonis gaTvaliswinebiT im inglisuri 

winadadebebis sigrZe, romlebSic ar meordeba arcerTi sityva, SemosazRvrulia. aseT 

winadadebaTa sigrZis zeda sazRvrad gamodgeboda mocemuli leqsikonis sityvebis 
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saerTo raodenoba. am sakiTxis ganxilvisas ara aqvs mniSvneloba, realurad SeiZleba 

Tu ara aigos aseTi sigrZis winadadeba. 

 

rogorc am magaliTebidan Cans, terminebi „SemosazRvruli‟ da „usazRvro‟ 

gamoiyeneba funqciaTa mniSvnelobebis an simravlis wevrebis sxvadasxva tipis 

maxasiaTeblebis mimarT; es terminebi ar aRweren simravleTa odenobas, rogorc amas 

akeTebs termini „sasruli‟ an „usasrulo‟. mkacrad Tu vimsjelebT, uazrobaa 

„SemousazRvrel simravleze‟ laparaki, Tumca aseTi fraza garkveul konteqstSi 

SeiZleba romelime ufro grZeli frazis Semoklebul formad iqnes gagebuli. 

gaugebrobis Tavidan asacileblad umjobesi iqneboda saerTod ar gamogveyenebina 

terminebi „SemousazRvreli‟ da „SemosazRvruli‟ da zemomotanili winadadebis msgavsi 

frazebi Segvecvala aseTi gamonaTqvamiT - „inglisur enaSi ar arsebobs winadadebebis 

sigrZis SemzRudavi raime zeda sazRvari‟. amgvarad, rodesac teqstSi Segvxvdeba 

termini „SemousazRvreli‟, kargi iqneba Tu kiTxvis gagrZelebamde jer gavarkvevT, xom 

ar aris SesaZlebeli misi zemomoniSnuli formiT Secvla ise, rom aman raime 

orazrovneba ar gamoiwvios. 

 

 

 

 

 

savarjiSoebi 

 

 

1.  aCveneT, rom simravleTa Soris tolodenobis mimarTeba faqtiurad 

ekvivalentobis mimarTebaa. 

 

 

2. aCveneT, rom 10-is mTeli xarisxebis simravle {10, 100, 1000, 10,000, ...} 

Tvladi usasrulo simravlea. 

3.  aCveneT, rom yvela uaryofiTi mTeli ricxvebis simravle usasruloa. 

 

 

4. vTqvaT, qvemoT mocemuli daSvebebi WeSmaritia: 

 

(i) inglisuri winadadebebis Casawerad sakmarisia sasruli alfabeti, romelic 

Sedgeba 26 asosgan, punqtuaciis niSnebisagan da carieli adgilisagan. 
 
(ii) yoveli winadadeba aris (i)-Si mocemuli alfabetis sasruli jaWvi. 
 
(iii) inglisuri winadadebebisTvis ar arsebobs sigrZis zeda zRvari. e.i. 

nebismieri winadadebisaTvis SeiZleba aigos ufro grZeli winadadeba masze 

sxva winadadebis mierTebiT.  
 
rogoria am SemTxvevaSi yvela inglisuri winadadebis simravlis kardinaluri 

ricxvi? - pasuxi daasabuTeT. 
 

 



74 

 

5.  sastumros mepatrones aqvs sastumro, romlis oTaxebis raodenoba aris 

Tvladi usasruloba; maTi nomrebia 1, 2, 3, 4, 5. ... . SabaTs RamiT sastumroSi 

aRar iyo Tavisufali oTaxi, magram movida jo dou da dabinaveba moiTxova. 

sastumros Tavazianma mepatronem gamoiyena Tavisi Sida telefoni da TiToeul 

stumars Txova, rom Tu misi oTaxis nomeri iyo n, gadasuliyo oTaxSi nomriT 

n+1. amgvarad, jo dous Sexvda oTaxi 1. magram, kviras yvelam kidev erTi RamiT 

darCena gadawyvita. amasobaSi movida fexburTis gundi moTamaSeTa usasrulo 

Tvladi raodenobiT da yoveli wevrisTvis TiTo oTaxi moiTxova. rogor 

ganaTavsebs maT sastumros Tavaziani mflobeli? 
 
 

6. warmovidginoT, rom dedamiwa moTavsebulia gigantur kuze, es ku ki or sxva 

gigantur kuzea mokalaTebuli, is ori ku - sam kuze da ase „dausruleblad‟ (anu 

ar arsebobs kuTa yvelaze qveda fena).1 

  

(a) vTqvaT, yoveli ku aris romelime monoTeisturi seqtis RvTaeba (yovel 

seqtaze - TiTo ku). rogoria yvela aseTi seqtebis simravlis kardinaluri 

ricxvi? 

 

(b) warmovidginoT, rom yvela am kuTa simravlis yoveli qvesimravle aris 

romelime seqtis RvTaeba (aTeisturis, monoTeisturis, poliTeisturis; es 

ukanaskneli moicavs RvTaebaTa rogorc sasrul, ise usasrulo raodenobas). 

rogoria yvela aseTi seqtebis simravlis kardinaluri ricxvi? 

(gaiTvaliswineT, rom or gansxvavebul seqtas, miuxedavad imisa, rom isini 

ar eTayvanebian kuTa zustad erTsa da imave simravles, SeiZleba ramdenime 

saerTo ku hyavdes RvTaebad.) 

 

 

7. kardinaluri ricxvebi qmnian Tavis sakuTar gamoTvliT sistemas, romelsac 

aqvs Tavisi kardinaluri ariTmetika. am savarjiSoSi mocemulia am sistemis 

ZiriTadi cnebebi. vTqvaT, A da B aris araTanamkveTi simravleebi, sasruli an 

usasrulo, da a=|A| da b=|B|. axla ganvsazRvroT kardinaluri mimateba 

(aRiniSneba  ) da kardinaluri gamravleba (aRiniSneba  ): 

                                                 
1
 am amocanas safuZvlad udevs legendaruli ambavi, romelic moTxrobilia j. r. rosis aseve 

legendaruli, magram amave dros sruliad realuri sadoqtoro disertaciis SesavalSi (Constraints 

on Variables in Syntax; by J. R. Ross, MIT 1967). ramdenadac am disertaciis mxolod nawilebia 

gamoqveynebuli, Cven am anekdots mogawvdiT ise, rogorc es Tavad rosisgan mogvismenia: uiliam jeimsi 

kiTxulobda leqcias kosmologiasa da mzis sistemis struqturaze. leqciis Semdeg masTan patara 

xandazmuli qalbatoni midis da eubneba: `mister jeims, Tqveni Teoria imis Sesaxeb, rom mze mzis 

sistemis centria da rom dedamiwa aris burTi, romelic mis garSemo brunavs, bevrisTvis sakmaod 

damajereblad JRers, magram mcdaria. me ukeTesi Teoria maqvs~. `romeli Teoria, madam?~ Tavazianad 

dainteresda jeimsi. `am Teoriis Tanaxmad, Cven im dedamiwis qerqze vcxovrobT, romelic giganturi kus 

baqanzea moTavsebuli~. jeimsma ar moisurva am patara absurduli Teoriis gacamtvereba Tavis 

mecnierul argumentTa mTeli arsenalis gamoyenebiT da gadawyvita Tavazianad mieTiTebina 

oponentisTvis misi poziciis sust mxareebze. `Tu Tqveni Teoria simarTles Seesabameba, madam, is ku 

raRaze dgas?~ ikiTxa man. `Zalian Wkviani kaci xarT, mister jeims, da es Zalian kargi SekiTxvaa~, 

uTxra patara xandazmulma qalbatonma, `magram me maqvs pasuxi. ai isic: pirveli ku dgas meore, 

gacilebiT masze didi kus baqanze, romelic dgas zustad mis qveS~. `ki magram, es meore ku raRaze 

dgas?~ dainteresda jeimsi. amaze ki patara xandazmulma qalbatonma rixiT miugo: `araferi gamogivaT, 

mister jeims, _ kuTa rigs dasasruli ar aqvs~. 
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                       ab = |(A ∪ B)| 

 
                    ab = |(A × B)| 

 
roca orive A da B simravle sasrulia, kardinaluri mimateba da gamravleba 

igive Sedegs iZleva, rasac Sesabamisi ariTmetikuli operaciebi mTel ricxvebze. 

magram, roca erT-erTi maTgani usasruloa es operaciebi aRar emTxveva nacnob 

ariTmetikul operaciebs. ipoveT iseTi A da B simravleebis magaliTebi, 

romelTaTvisac WeSmaritia Semdegi tolobebi: 
 

                    (a)   0א1 = 0א 

                    (b)  0א2 = 0א 

 (g)  0א0א = 0א 

  (d)  0א0א = 0א 
 
aris Tu ara operaciebi  da  komutaciuri da asociaciuri? 

 
 

8. SeiZleba damtkicdes, rom 0א aris umciresi usasrulo kardinaluri ricxvi. 

ganvixiloT am mtkicebis Semdegi damabneveli kontrmagaliTi. avirCioT iseTi x 

kardinaluri ricxvi, rom 2x=0א. x ar SeiZleba iyos sasruli, radgan 2-is 

sasrul ricxvze axarisxebiT, miviRebT sasrul ricxvs; magram x arc 0א-is toli 

SeiZleba iyos, radgan kantoris Teoremis Tanaxmad 2
א

 aqedan gamomdinare, x .0א<0

aris 0א-ze mcire usasrulo kardinaluri ricxvi. - ra Secdomaa am msjelobaSi?    

 

 

 

 

nawili B  

logika da formaluri sistemebi 

 

 

 

 

 

Tavi 5 

logikisa da formaluri sistemebis  

sasafuZvlo cnebebi 

 

 

 

 

5.1 formaluri sistemebi da modelebi  
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 formalizacia da aqsiomatizacia mniSvnelovania mecnieruli Teoriebis 

dafuZnebis sul ufro mzardi moTxovnebidan gamomdinare. evklidem daafuZna geometria 

imis CvenebiT, rom sasayrdene WeSmaritebebad miCneuli da, Sesabamisad, aqsiomebad anu 

Zireul debulebebad wodebuli mcire odenobis faqtebidan SesaZlebelia logikurad 

gamoviyvanoT geometriuli figurebis ukve kargad cnobili Tvisebebis amsaxveli 

WeSmariti gamonaTqvamebis sakmarisad didi nawili. niutonma ki, imis CvenebiT, rom sami 

Zireuli debulebis safuZvelze SesaZlebelia aixsnas planetebisa da saganTa 

moZraobis ukve cnobili kanonebi, daafuZna meqanika. orive SemTxvevaSi pirvelsawyisi 

daSvebebi miCneuli iyo WeSmarit debulebebad. evklides sistemaSi isini ganixileboda 

,,TviTcxad”, niutonis sistemaSi ki - ,,cdiseulad dadasturebul” WeSmaritebebad. 

rogorc pirvel, ise meore SemTxvevaSi es Teoriuli sistemebi dakavSirebuli iyo 

garkveul obieqtebTan. evklidesTan es obieqtebi iyo wertilebi da wrfeebi,  

niutonis SemTxvevaSi ki, saqme gvqonda uSualod fizikur obieqtebTan.     

 araevkliduri geometriis ,,aRmoCenis” erT-erTi mniSvnelovani Sedegi iyo is, 

rom gasagebi gaxda Teoriuli sistemebis formaluri anu sintaqsuri da 

interpretaciuli anu Sinaarsuli aspeqtebis urTierTgancalkavebis rogorc 

SesaZlebloba, ise saWiroeba. 

 evklides aqsiomebs Soris aris ,,paralelobis postulatad” wodebuli erTi 

cnobili debuleba, romelic Semdegnairad yalibdeba. 

 

paralelobis postulati: nebismier L wrfeze ara mdebare nebismier P wertilze 

gaivleba L wrfis paraleluri (e.i. aragadamkveTi) erTi, da mxolod erTi L  wrfe. 

 

 imis gamo, rom es postulati „nakleb TviTcxadad‟ miiCneoda, ganxorcielda misi 

danarCenebisagan gamoyvanis mravali mcdeloba. Tumca, yvela es mcdeloba 

warumateblad dasrulda. n. lobaCevskim da j. boluam XIX saukunis dasawyisSi 

erTmaneTisagan sruliad damoukideblad kidev erTxel cades paralelobis 

postulatis damtkiceba sawinaRmdegos daSvebis gziT, romelic Cven ukve ganvixileT 

3.3 paragrafSi mimarTebebisaTvis damatebis Tvisebis mtkicebisas. maT kvleva daiwyes 

daSvebiT, rom P wertilze SeiZleba gavlebul  iqnes L wrfis paraleluri (e.i. 

aragadamkveTi) erTze meti  wrfe, magram nacvlad imisa, rom mieRoT navaraudevi 

winaaRmdegoba, maT faqtiurad pirvelad aages pirveli araevklidurad wodebuli 

geometria. maT mier SemoTavazebuli aqsiomaTa sistema aRmoCnda arwinaaRmdegobrivi 

anu Tavsebadi (am cnebebs Cven ganvixilavT 8 TavSi). mogvianebiT rimanma aago kidev 

erTi araevkliduri geometria, romelSic paralelobis postulati Canacvlebuli iyo 

postulatiT, romlis mixedviT L wrfis gareT mdebare P wertilze saerTod 

SeuZlebeli iyo L  wrfis paraleluri wrfis gavleba. anu, am postulatis mixedviT 

nebismieri ori gansxvavebuli wrfe aucileblad kveTdnen erTmaneTs. am SemTxvevaSic 

aranairi winaaRmdegoba ar warmoiqmna. es aRmoCenebi aranairad ar uaryofdnen evklides 

geometrias. Tumca. maT sazogadod ganapirobes fundamenturi cvlilebebi aqsiomebTan 

damokidebulebaSi. adre aqsiomebi ganixileboda rogorc absoluturi WeSmaritebis 

gamomcnobi da aRmweri saSualebebi, magram rimanis, lobaCevskis da boluas Semdeg 

daiwyo maTi araabsolutur, aramed SeTanxmebiT xasiaTis Sinaarsebad gadaazreba. 

amasTan, am aqsiomebidan logikuri gamoyvanebiT miRebul debulebebs ganixilavdnen 

rogorc ukve arsebuli SeTanxmebebis safuZvelze garkveulad gamoTvladi 

mniSvnelobebis mqone gamonaTqvamebs. amgvarad, Cven aRar vayenebT kiTxvas aris Tu ara 

romelime erTi garkveuli konkretuli aqsioma WeSmariti mTliani, absoluturi 

azriT. amis nacvlad vambobT, rom igi, iseve rogorc danarCeni sxva, SeiZleba iyos, an 
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ar iyos aseTi. - sxvagvari midgomiT azri ar eqneboda aqsiomaTa garkveuli 

erTobliobis sxvadasxva SesaZlo modelebis Ziebas. 

am midgomebiT evklides geometria misTvis damaxasiaTebeli Cveulebrivi 

terminologiiT unda gaviazroT evklidis aqsiomatizaciis erT winaswarnagulisxmev 

kerZo modelad, romelic warmoadgens wertilebis, wrfeebisa da im figurebis 

abstragirebul erTobliobas, romlebic farglisa da saxazavis meSveobiT igebian. 

amgvarad, imisaTvis, rom igi gaviazroT formaluri sistemis saxiT, jer unda 

SevusabamoT sityvebs „wertili‟ da „wrfe‟ pirvelsawyisi aRniSvnebi, vTqvaT iseTebi. 

rogorebicaa „p’ da  ‘L’. Semdgom amisa, iseTi terminebisa da cnebebis gansazRvrebebSi 

rogorebicaa „paraleluroba‟, „samkuTxedi‟ da a.S. sityvebi „wertili‟ da „wrfe‟  

TandaTanobiTi unda CavanacvloT am aRniSvnebiT, rac am cnebebis ‟wertilisa‟ da 

„wrfis‟ pirvelsawyisi cnebebiT gansazRvras niSnavs. amis Semdeg, Tu sibrtyeze aviRebT 

raime fiqsirebul wrewirs da „p’ aRniSvnas (e.i. „wertils‟) gaviazrebT rogorc „am 

wrewris Sida wertili‟, xolo ‘L’ aRniSvnas (e.i. „wrfes‟) rogorc „am wrewiris Ria 

boloebiani qorda‟ („wrewiris Ria boloebiani qorda‟ aris wrewiris SigniT mdebare 

swori xazi, romelic ragind uaxlovdeba wrewirs, magram ar exeba mas), maSin vnaxavT, 

rom mocemul wertilze SesaZlebelia mocemuli wrfis erTze meti paraleluri anu 

aragadamkveTi wrfis gavleba (nax.5.1).                           

 

                  
                               

                              naxazi 5-1 

 
                               

 marTlac, Tu gamovalT AB wrfidan da C wertilidan, Cven SegviZlia avagoT, 

magaliTad, DCE da FCG wrfeebi, romelTagan TiToeuli AB wrfis paraleluria, 

ramdenadac, rogorc ar unda gavagrZeloT, anu rac ar unda axlos miviyvanoT es 

wrfeebi wris sazRvrebTan, isini arasdros ar gadakveTen AB wrfes. aqedan 

gamomdinare, es interpretacia ar akmayofilebs evklides aqsiomatikas da, amdenad, igi 

mis models ar warmoadgens. es interpretacia aris modeli bolua-lobaCevskis 

araevkliduri geometriisa. xSirad, Cven swored modelis agebis meSveobiT vamtkicebT 

xolme ama Tu im aqsiomaTa sistemis Tavsebadobas („Tavsebadoba‟ da „aqvs modeli‟ 

cnebebis urTierTkavSiri ganixileba 8 TavSi (qvenawili 2)). nebismieri sistema an/da 

struqtura romelSic evklides yvela aqsioma aris WeSmariti iwodeba evklides 

aqsiomaTa sistemis modelad. sibrtyis geometria aris evklides sistemis 

standartuli anu nagulisxmevi modeli, radgan upirvelesad swored is hqonda 

,,azrad” evklides, rodesac anviTarebda miseul aqsiomatur Teorias. 

 

A  B 

F 

C 
E 

D 
G 
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 zogadi logikuri TvalsazrisebiT kvanturi meqanikis ganviTareba niutonis 

fizikur sistemasTan mimarTebaSi zemoganxilulis analogiuri movlenaa. dResac 

WeSmaritad iTvleba yvela is kanoni, romelic niutonma gamoiyvana mis mierve 

SerCeuli sami ZiriTadi principis safuZvelze. magram, axla miiCneva, rom es kanonebi 

samarTliania garkveulad gamartivebul, makroskopul samyaroSi. namdvilad arsebuli 

fizikuri samyaro dRes aRar ganixileba niutonis fizikuri sistemis modelad. 

  

zemoaRweril fizikur da geometriul SemTxvevebSi jer aigo konkretuli 

modelebi, maTi formalizeba gakeTda mogvianebiT. es gza erT-erTi miRebuli meTodia 

sxvadasxva empirikuli da maTematikuri xasiaTis kvlevebis SemTxvevaSi, Tumca igi ar 

aris mecnieruli Ziebebis dRes gamoyenebadi erTaderTi meTodi. dadasturda, rom 

momgebiania formaluri sistemebis abstraqtuli Seswavla, ramdenadac, rogorc 

aRmoCnda, mTel rig gansxvavebul sistemebs aqvT Tvisobrivad urTierTmsgavsi 

struqturebi, rac maTi formalizebisas msgavsi midgomebis gamoyenebisken gvibiZgebs. 

formaluri sistemis abstraqtuli Seswavla iZleva Sedegebs, romlebic sazogadod 

Zalismieria formaluri sistemis nebismier SesaZlo modelSi. garda amisa, Tu Cven 

vaCvenebT, rom garkveuli sistema misi zogadi formaluri struqturiT 

ekvivalenturia raime sxva kargad nacnobi sistemisa, maSin Cven saSualeba gveZleva 

ukve nacnob sistemaSi miRebuli codna gadavitanoT am axal, jer kidev Seuswavlel 

sistemaSi. 

 

 sazogadod, nebismieri formaluri sistema Sedgeba: 

 

(i)   ZiriTadi cnebebis raime aracarieli simravlisagan; 

 

(ii) aqsiomebisagan anu, ZiriTadi cnebebis Sesaxeb Camoyalibebuli da WeSmaritad 

miCneuli debulebebisagan; 

 

(iii) saSualebebisagan, romelTa mixedviT aqsiomebze dayrdnobilebs gamogvyavs axali 

WeSmariti debulebebi. esenia:  

 

(a) an gamoyvanis cxadad aRwerili rekursuli wesebi; 

 

(b) an im enis logika, romliTac aqsiomebia Camoyalibebuli. - rogorc wesi  es 

aris predikatTa logika; 

 

(g) an ar aris gamoyvanis aranairi cxadad moniSnuli wesebi da, Sesabamisad, 

dasaSvebia nebismieri ramis gamoyvana ,,rac ki logikurad gamoiyvaneba” 

aqsiomebidan. 

 

sintaqsurad ufro mkacri formaluri sistemebi (erT-erT aseTs Cven gavecnobiT 

merve TavSi) rogorc wesi sargebloben gamoyvanis (iiia) saxis saSualebebiT. 

  

sxvadasxva samecniero Teoriebisa da maTematikis sxvadasxva mimarTulebebis 

formalizebisas, rogorc wesi, cxadad aniSneben an, ukidures SemTxvevaSi, 

nagulisxmeobiT Tanxmdebian im sasafuZvlo logikisa da gamoyvanis im sasafuZvlo 

formebis Taobaze, romlebiTac maT msjelobebisas unda isargeblon. amasTan, 

marTebuli msjelobebisa da gamoyvanebisTvis sazogadod damaxasiaTebeli formebi 
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logikis ZiriTadi Sesaswavli obieqtebia. - am wignis am nakveTis umetesi nawili 

swored am sakiTxebis zogad ganxilvas eZRvneba. amgvarad, Cven viyenebT logikas anu 

logikur enas raTa vimsjeloT iseT sistemebze, rogorebicaa simravleTa Teoria, 

geometria, fizika. ena, romliTac Cven vmsjelobT sxva sistemebze, meta-enad, xolo 

ena, romliTac sistemaSi vmsjelobT sistemis obieqtebze, obieqtur-enad iwodeba. 

gasagebia, rom gansxvaveba am ori tipis enebs Soris pirobiTia. ase magaliTad, Cven 

SegviZlia gamoviyenoT simravleTa Teoriis ena, romelic am TeoriaSi obieqtur-enad 

ganixileba, rogorc meta-ena da misi meSveobiT romelime fizikur sistemaze 

vimsjeloT. sxvadasxva bunebrivi enebi qmnian enaTa im erTaderT sakmarisad mdidar 

klass, romelTac axasiaTebT ra maTive meta-enis srulad mierTebuloba, sakuTar TavSi 

ar ganarCeven da erTmaneTisagan ar gamoyofen meta-enasa da obieqtur-enas. - Cven 

inglisurze inglisurad vsaubrobT. Tumca, lingvistikaSi, agreTve ganviTarebulia 

specialuri ena, raTa visaubroT konkretuli winadadebebis konkretul gramatikul 

struqturebze da konkretuli sityvebis konkretul gramatikul Tu aragramatikul 

mniSvnelobebze. 

  

am wignis merve TavSi, Cven davubrundebiT formalur sistemebTan, maT 

aqsiomatizaciebTan da modelebTan dakavSirebul sakiTxebs, sadac daveyrdnobiT ukve 

maSin sakmarisi moculobiT dazustebul zogad logikur codnas da ganvixilavT 

ramdenime saintereso magaliTs. garda amisa, vnaxavT, Tu rogor keTdeba Tavad 

logikuri sistemis aqsiomatizacia. manamde ki, SevniSnoT, rom sazogadod, nebismieri 

logikuri Teoriis aqsiomatizirebuli varianti unda Sedgebodes: 

  

 (i) enobrivi gamosaxulebebis ganmsazRvreli sintaqsisagan; 

  

 (ii) aqsiomaTa sistemisagan, romelic amave Teoriis enobrivi saSualebebiT 

moicema; 

 

(iii) gamoyvanis wesebis cxadad miniSnebuli simravlisagan, romelTa meSveobiT 

ukve damtkicebul Teoremebsa da aqsiomebze dayrdnobiT gamoiyvaneba (mtkicdeba) 

axali Teoremebi.  

 

 

5.2 bunebrivi enebi da formaluri enebi  
 

 is enebi, romelzedac vmetyvelebT da romliTac Cveulebriv vurTierTobT 

xolme erTmaneTTan arian enebi, romelTac Cven bunebriv enebs vuwodebT. bunebrivi 

enebi arian bavSvobaSi pirvel enad SeZenili (gamomuSavebuli) enebi, anu is enebi, 

romliTac vsargeblobT sruliad nebismieri saurTierTobo miznis SemTxvevaSi. meore 

mxriv, formaluri enebi, rogorc wesi, Seqmnilia (agebulia) adamianebis mier 

garkveuli praqtikuli miznebis gaTvaliswinebiT. magram, miuxedavad imisa, rom es 

enebi arian xelovnurad Seqmnili enebi, gamoyenebisas maT SeiZleba ganicadon 

garkveuli gafarToebiTi, evoluciuri xasiaTis cvlilebebi. formaluri enis erT-erTi 

magaliTia simravleTa Teoriis ena, romelsac Tqven ukve gaecaniT am wignis A nawilSi. 

formaluri enebis magaliTebia agreTve logikuri ena, romelsac gavecnobiT am nawilis 

meeqvse da meSvide TavebSi, Cveulebrivi ariTmetikis ena, programuli enebi, 

rogorebicaa paskali, fortrani, prologi, lispi da yvela maTi SesaZlo „dialeqtebi‟. 

garda amisa, aris kidev garkveuli SeTanxmebiTi Sinaarsis mqone pirobiT aRniSvnaTa 
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iseTi sistemebi, romlebic aseve SeiZleba iwodebodnen „enad‟. magaliTad, aseTebia: 

musikaluri sanoto sistema, sagzao SuqniSanTa sistema, morzes kodireba da a.S.. 

miuxedav amisa, maT jer-jerobiT Cveni ganxilvis saganTa aris gareT davtovebT. 

lingvistebis da gansakuTrebiT ki semantikosebis erT-erTi yvelaze ufro metad 

mniSvnelovani mizani aris iseTi formaluri enis moZieba, romelic srulad warmoaCens 

bunebrivi enebis siRrmiseul arss. kerZod, bunebrivi enebis Sinaarsuli mxaris aRwera-

daxasiaTeba aris ZiriTadi mizani nebismieri gramatikis semantikuri Semadgenlisa, 

miuxedavad  imisa, is aris formaluri Tu bunebrivi enis gramatika. iseve rogorc 

nebismieri sxva saxis mecnieruli kvleva, semantikuri problemebis kvlevac 

orientirebulia problemis sruli gadaWrisken TandaTanobiT msvlelobaze da, 

Sesabamisad, igi miznobrivad irCevs Sinaarsis problemis mxolod garkveul nawilebs 

da am nawilebis mxolod garkveul Semadgenlebs da formalur enebs iyenebs rogorc 

saSualebas am arCeuli sakiTxebis saanalizod. logika maTematikis dafuZnebis 

problematikis is ganStoebaa, romlis farglebSic ganviTarda da Camoyalibda mTeli 

rigi gansakuTrebulad mniSvnelovani formaluri enebi da Teoriebi. am Teoriebs 

Sorisaa pirveli rigis logikac, romelic am nawilSi Semoitaneba da romelic dRes 

erT-erTi yvelaze ufro metad cnobili da yvelaze ufro xSirad gamoyenebadi Teoria. 

ukve aRiniSna, rom logikuri ena SeiZleba gamoyenebul iqnes rogorc meta-ena. aseT 

SemTxvevasTan gvaqvs saqme, rodesac msjeloba midis simravleTa Teoriis obieqtebze 

da, sazogadod, simravleTa Teoriaze, rogorc obieqtur-Teoriaze. aRsaniSnavia, rom 

logikuri ena SeiZleba aseve gamoyenebul iqnes sxva nebismier obieqtur TeoriaSic 

aqsiomebidan Teoremebis gamomyvani msjelobebis formalizaciis mizniT. am wignis erT-

erTi mizani aris safuZvlebis ganviTareba logikis da formaluri enebis iseT 

bunebriv enebSi gamoyenebisaTvis, rogoric inglisuria. wignis D nawili eZRvneba 

amgvar gamoyenebebs da, garda amisa, rig aqtualur sakiTxebs bunebrivi enebis 

semantikaSi. Tumca, manamde, Cven iZulebulni varT SeviswavloT logika da isic, Tu 

rogor gamoviyenoT igi. Tumca, isic cxadia, rom logikis Seswavlas ukavSirdeba ara 

mxolod zemoaRniSnuli, aramed sxva mniSvnelovani gamoyenebebic rogorc lingvistur, 

ise aralingvistur sferoebSi. 

 

 

5.3 sintaqsi da semantika                
 

bunebriv Tu formalur enobriv sistemebSi gansxvaveba sintaqssa da semantikas 

Soris daaxloebiT iseTivea, rogori gansxvavebebic aris Teoriuli sistemis iseT 

Semadgenlebs Soris rogorebic arian, erTi mxriv, ZiriTadi cnebebi, ZiriTadi 

debulebebi (aqsiomebi), gamoyvanisa Tu gadaweris wesebi, da Teoremebi da, meore mxriv,  

formaluri sistemis modelebi da interpretaciebi. Tumca, formisa da Sinaarsis 

gancalkeveba, romelic antikuri xanis problemad iTvleba, dResac qmnis garkveul 

siRrmiseul sirTuleebs. enobriv sistemebSi zogjer ver xerxdeba gaivlos mkafio 

gamyofi xazi semantikur da sitaqsur sakiTxebs Soris. rogorc Cans maT gaaCniaT 

bevri iseTi Tviseba, romlebic erTdroulad ukavSirdebian rogorc sintaqsur, ise 

semantikur sakiTxebs. miuxedavad amisa, arsebobs saerTo SeTanxmeba, romlis 

mixedviTac cxadad ganirCeva erTmaneTisagan sintaqsuri da semantikuri Semadgenlebi. 

ase magaliTad, aqsiomebis, gamoyvanebisa da gadaweris formaluri wesebis safuZvelze 

maTematikurad mkacri damtkicebebis ageba sintaqsur problematikad iTvleba, maSin 

rodesac garkveuli aqsiomaTa sistemis arawinaaRmdegobriobis (Tavsebadobis) mtkiceba 

imis CvenebiT, rom am aqsiomaTa sistemas aqvs modeli semantikuri xasiaTis 
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problematikad aris miCneuli. sintaqsur aspeqtebad miiCneva is formirebulobis, 

warmoqmnis, mtkicebis da sxva cnebebi, romlebic ganisazRvrebian gamosaxulebebTan 

mikavSirebuli terminebiT. semantikur aspeqtebad miiCneva WeSmaritebis, gamoyvanis da 

sxva iseTi cnebebis iseTi Tvisebebi, romlebic gaaCniaT gamosaxulebebs da romlebic 

dakavSirebulni arian modelebTan da interpretaciebTan da, amavdroulad, ar arian 

dakavSirebulni erTmaneTTan, rogorc gamosaxulebebTan. 

 

 formaluri sistemebis Seswavlisas mkafiod dadasturda analizisa da 

mtkicebebis rogorc sintaqsuri, ise semantikuri meTodebis Rirebuleba da 

mniSvneloba. am oridan vercerTze ver vityviT, rom is ufro arsebiTia, an ufro 

kanonieri. rodesac vfiqrobT raime konkretuli kiTxvis pasuxze, an imaze, xasiaTdeba 

Tu ara mocemuli formaluri sistema ama Tu im konkretuli TvisebiT, irkveva, rom, 

garkveul SemTxvevebSi, maTgan TiToeuli SeiZleba iyos ufro pirdapiric da 

xelsayrelic, vidre meore. logikis metaTeoriis mravali mniSvnelovani Sedegi 

ukavSirdeba sintaqsisa da semantikis urTierTmimarTebebs. aRsaniSnavia, rom iseTi 

samecniero disciplina, rogoricaa modelebis Teoria, mkafiod aris dakavSirebuli 

semantikuri saSualebebis gamoyenebasTan logikasa da maTematikaSi. 

 

  programa, romelic Seiswavlis sistemebs mxolod sintaqsurad yovelgvari 

cxadi Tu aracxadi mcdelobis gareSe ganixilos maTi Sinaarsuli Semadgenlebic, 

iwodeba formalisturi kvlevebis programad, romelic maTematikis dafuZnebis 

sferoSi cnobilia hilbertis programad, xolo generaciul gramatikaSi sintaqsis 

damoukidebeli Seswavlis Comskis programad. es ukanaskneli dRes ukve wina programis 

erTgvar srul gafarToebad fasdeba. Tanamedrove generaciuli sintaqsi formaluri 

enebisa da avtomatebis maTematikuri Teoriis erT-erTi ganStoebaa, rac zemoT 

gakeTebuli savaraudo Sefasebis pirvel sintaqsur iniciativad unda CaiTvalos, 

ramdenadac mas saqme aqvs mxolod teqstTa gadamwer da simboloTa dammuSavebel 

sistemebTan. semantika, ,,formaluri semantikis” Tanamedrove tradiciuli CarCoebiT 

ganStovda logikasa da modelebis TeoriaSi da, Sesabamisad amisa, man bevri ram aiRo 

im meTodebisagan, romlebic logikosebis mier logikisa da formaluri enebis Teoriis 

farglebSi ukve damuSavebuli iyo. ironias iwvevs is, rom termini ,,formaluri 

semantika” iqca standartul saxelad semantikisadmi im modelur-Teoriuli midgomisa, 

romelic, rogorc ukve aRiniSna, namdvilad ar warmoadgens formalisturs zemoT 

aRniSnuli mkacri azriT. 

 

 logikis gareT termini semantika xSirad bevrad ufro farTo SinaarsiT gaigeba, 

kerZod ki, rogorc nebismieri ram, rac garkveulad dakavSirebulia mniSvnelobasTan. 

garda amisa, lingvistikaSi aris am terminis gamoyenebis mravali sruliad 

gansxvavebuli are, romelTa gaTvaliswinebiT dResac mimdinareobs diskusiebi, Tu 

rogor unda ganisazRvros misi Teoriuli, sufTa mecnieruli CarCoebi. erTi 

TvalsazrisiT orazrovnebis problemebi calsaxad miekuTvneba bunebrivi enebisaTvis 

damaxasiaTebel semantikur problematikas. amasTan, ukve cxadia, rom erTmaneTisgan 

unda ganirCes e.w ,,sintaqsuri” da ,,semantikuri” orazrovnebebi. momdevno TavSi Cven 

daveyrdnobiT am terminis logikisTvis damaxasiaTebel da bevrad ufro mkafiod 

Camoyalibebul gamoyenebas, romlis mixedviTac semantika Seiswavlis formalur 

sistemebsa da maT interpretaciebs Soris urTierTmimarTebebs. 
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5.4 gamonaTqvamTa logikisa da predikatuli logikis Sesaxeb 
 

meeqvse da meSvide TavSi Cven SeviswavliT or logikur sistemas: gamonaTqvamTa 

logikas, romelsac zogjer propoziciul aRricxvas, zogjer ki gamonaTqvamTa 

aRricxvasac uwodeben da predikatul logikas, romelic pirveli rigis predikatTa 

aRricxvadac iwodeba. TiToeuli maTgani ganxiluli iqneba rogorc sakuTari 

sityvaris anu alfabetis mqone formaluri ena, sakuTari sintaqsuri da semantikuri 

wesebiT. Tumca, Cven vnaxavT, rom am enebis sintaqsuri da semantikuri wesebi  bevrad 

ufro martivia  nebismieri bunebrivi enis sintaqsur da semantikur wesebze. es 

simartive maTi upiratesobaa, rac, ra Tqma unda, ganpirobebulia imiT, rom maTi 

konstruirebisas gamiznuli iyo Tavidan agveSorebina orazrovneba da sxva bunebrivi 

enebisaTvis damaxasiaTebeli sirTuleebi. magaliTad, am logikuri enebis winadadebebi 

arian mxolod deklaraciuli da, Sesabamisad amisa, am enebSi ar ganixileba 

interogaciuli, imperatiuli, performaciuli da sxva bunebrivi enebidan kargad 

cnobili tipis winadadebebi. garda amisa, am logikur enebSi rTuli winadadebebis 

Camosayalibeblad winadadebebis erTmaneTTan SemaerTebeli saSualebebi Zlier 

SezRudulia. Tqven am enebSi naxavT uxeS analogebs bunebrivi enidan TqvenTvis nacnob 

winadadebaTa iseTi logikuri makavSireblebisa rogorebicaa da, an, ar, Tu ... maSin, da 

maSin, da mxolod maSin, Tumca Tqven aq ver naxavT verc uxeS analogebs enaSi 

arsebuli iseTi kavSirebisa, rogorebicaa radgan, sanam, Tumca, magram da sxva kidev 

mravali enobrivi kavSiri. predikatTa logikaSi Tqven naxavT agreTve bunebrivi enis 

zogierTi iseTi ganmsazRvrelebis mewyvileebs rogorebicaa zogierTi, yvela, arcerTi, 

TiToeuli, yoveli, magram ver naxavT mewyvileebs iseTebisa rogorebicaa umetesoba, 

bevri, cotaodeni, ramodenime, naxevari da a. S.. logika, rogorc samecniero 

disciplina, Seiswavlis azrovnebas, rogorc fiziologiaSi arsebuls da ara rogorc 

fiziologiur process, romelic fsiqologiis Seswavlis sagania. amasTan, logika 

Seiswavlis azrovnebas im mizniT, rom gamoarCios misi marTebuli da WeSmariti 

formebi misive aramarTebuli da araWeSmariti formebisagan. magaliTad, Cven 

intuiciurad vxvdebiT, rom msjeloba (5-1) marTebulia, ramdenadac daskvna anu swori 

xazis qvemoT ganTavsebuli winadadeba aris gardauvali Sedegi xazis zemoT 

ganTavsebuli winapirobebisa. sxvagvarad rom vTqvaT, es imas niSnavs, rom Tu Cven 

SevTanxmdebiT (5-1) msjelobis winapirobebis WeSmaritebaSi, maSin, logikurad, Cven 

veranairad ver uarvyofT daskvnis samarTlianobas. 

 
      

  (5-1)    yvela adamiani mokvdavia (aris mokvdavi) 

            sokrate adamiania (aris adamiani)  

  amgvarad,  sokrate mokvdavia (aris mokvdavi) 

 

 amis sapirispirod, advilad davaskvniT, rom (5-2) msjeloba aramarTebulia: 

  

  (5-2) yvela kata ZuZumwovaraa (aris ZuZumwovara) 

       yvela ZaRli ZuZumwovaraa (aris ZuZumwovara)  

    amgvarad,  yvela kata ZaRlia (aris ZaRli) 
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es imitom, rom (5-2) dasabuTebaSi (msjelobaSi) kidevac Tu davuSvebT 

winapirobebis WeSmaritebas, Cven mainc SevZlebT Sedegis anu daskvnis uaryofas. 

 

 nebismieri formaluri logikuri sistema Cafiqrebulia iseT sistemur 

aRricxvad, romelic efuZneba Cvens romelime zemoaRniSnulgvar intuiciur daskvnas. 

ganxiluli magaliTebis SemTxvevaSi es formaluri logikuri sistema predikatTa 

logikaa. sazogadod, amgvari gamoyenebebisas logikuri ena gvemsaxureba rogorc 

bunebrivi enis erTgvari gamartivebuli modeli. igi agebulia ise, rom warmodgenili 

msjelobebis samarTlianobis gamoTvla SesaZlebeli gaxdes martivi da dasabuTebuli 

midgomebiT. nebismieri enobrivi msjelobis marTebulobis sakiTxi martivad SeiZleba 

Semowmdes, Tu jer gavakeTebT mis Targmans logikur enaSi da Tan davasabuTebT am 

Targmanis samarTlianobas. ase magaliTad, (5-1) msjeloba predikatTa logikis enaSi 

SeiZleba iTargmnos rogorc (5-3). meSvide TavSi vnaxavT, rom es samarTliani 

Targmania.  

 

 

    (5-3)           (x)(H(x) → M(x)) 
                       H(s) 

            ∴      M(s) 
 

 

 cxadia, rom amgvari midgomis warmateba damokidebulia Targmanis sizusteze. _ 

mxedvelobaSi gvaqvs logikuri enebis iseTi ZiriTadi Tvisobrivi maxasiaTebeli, 

rogoricaa WeSmaritoba da mcdaroba. 

 

 erT-erTi gamarTleba zemoaRwerili gziT msjelobebis damuSavebisa is aris, 

rom bunebriv enaSi garegnulad gansxvavebuli msjelobebi xSirad dasabuTebaTa anu 

msjelobaTa erTi da igive formebs iZlevian. ase magaliTad, Cven vnaxavT, rom (5-1) 

dasabuTebidan SegviZlia vawarmooT aseve marTebuli, magram misgan gansxvavebuli 

dasabuTeba masSi sakuTari da sazogado saxelebis sistemuri CanacvlebiT: 

 

 

(5-4)   yvela kurdReli mRrnelia (aris mRrneli) 

            peteri kurdRelia (aris kurdReli)  

  amgvarad,  peteri mRrnelia (aris mRrneli) 

 

 

 cxadia, rom samarTlianoba (5-1) da (5-4) dasabuTebebisa ar aris 

damokidebuli maTSi arsebuli iseTi sityvebis mniSvnelobebze rogorebicaa adamiani, 

sokrate, kurdReli, peteri, mokvdavi, mRrneli, aramed aris Sedegi im zogadi 

logikuri sqemisa, romlis mixedviTac es sityvebi arian ganlagebulni. Cven agreTve 

vnaxavT, rom sityva yvela Semadgeneli nawilia am sqemisa, rac dasturdeba imiT, rom 

Tu CavanacvlebT mas sityviT zogierTi miviRebT mcdar dasabuTebas: 

  (5-5)  zogierTi adamiani mokvdavia (aris mokvdavi) 

            sokrate adamiania (aris adamiani)  

  amgvarad,  sokrate mokvdavia (aris mokvdavi) 
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 SevniSnoT, rom (5-5) dasabuTebis daskvna, miuxedavad imisa, rom igi 

WeSmaritebaa, logikurad ar gamomdinareobs winapirobebidan. amgvarad, Cven SegviZlia 

vTqvaT, rom (5-1) da (5-4) dasabuTebebi arian kerZo SemTxvevebi (5-6) logikuri 

sqemis mqone WeSmariti anu marTebuli dasabuTebisa. 

 

 

(5-6)      yvela Xi  Yia (aris Yi) 

                ai  Xia (aris Xi)  

     amgvarad,   ai  Yia  (aris Yi)  

  

 analogiurad, (5-2) aris kerZo magaliTi dasabuTebis Semdegi aramarTebuli  

sqemisa: 

 

(5-7)           yvela Xi  Yia (aris Yi) 

               yvela Zi  Yia (aris Yi)  

      amgvarad,  yvela Xi  Zia (aris Zi)  

 

 amgvarad, nebismieri logikuri ena isea agebuli, rom uzrunvelyofili iqnes 

rogorc Targmnis, ise dasabuTebis mcdarobisa Tu WeSmaritobis gamomTvleli martivi, 

efeqturi gzebi. predikatTa logika, rogorc ukve vnaxeT, amuSavebs zemoganxiluli 

saxis sqemebs, maSin rodesac gamonaTqvamTa logikaSi aseTi sqemebi ver muSavdeba, 

radganac igi agebulia mxolod dasabuTebaTa iseTi sqemebis dasamuSaveblad, romelTa 

samarTlianoba damokidebulia iseT kavSirebze, rogorebicaa da, an da Tu ... maSin da 

ar aris damokidebuli iseT sityvebze rogorebicaa yvela da zogierTi.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tavi 6 

gamonaTqvamTa logika 
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6.1 sintaqsi 
 

 gamonaTqvamTa logikis sintaqsi Zalian martivia. Cven vgulisxmobT, rom misi 

ZiriTadi sityvari Seicavs p,q,r,s, ... simboloebiTa da maTi indeqsirebuli calebiT 

warmodgenil atomalur anu ganuyofel gamonaTqvamTa usasrulo simravles. amasTan: 

 

gansazRvreba 6.1 

 

1. nebismieri atomaluri gamonaTqvami aris winadadeba anu wesebiT agebuli 

formula (wafi), mokled, formula. 

2. nebismieri formula, romelsac win uzis simbolo  (negacia anu uaryofa), 

aris agreTve formula anu gamonaTqvami. 

3. nebismieri ori (ara aucileblad gansxvavebuli) formulisagan igeba axali 

formula anu gamonaTqvami maT Soris & (koniunqciis anu da-kavSiris),  

(diziunqciis anu an-kavSiris), → (kondiciurobis anu gamomdinareobis), ↔ 

(bikondiciurobis anu ormxrivgamomdinareobis anu igivurobis) aRmniSvneli 

simbolos CaweriTa da miRebuli gamosaxulebis frCxilebSi CasmiT. 

 

 

qvemoT moyvanilia gamonaTqvamTa logikis formulebis ramdenime magaliTi. es 

magaliTebi agebulia zemoT gansazRvruli wesebis gamoyenebiT: 

 

(6-1) p 

q 

(p  q) 

 (p↔ p) 

 r     

   r 

((((p & q)  q) → r) ↔ s) 

 

 

Semdegi gamosaxulebebi ar arian gamonaTqvamTa logikis formulebi: 

 

 

(6-2) pq   

p 

pq              

p  q   (aklia gare frCxilebi!) 

 (p)   (atomaluri formulebi ar Caismebian frCxilebSi!) 

( p)   (uaryofiT agebuli formulebi ar Caismebian frCxilebSi!) 

 

SeniSvna: kiTxvadobis gamartivebis mizniT, zogjer, gare frCxilebs gamovtovebT 

xolme. anu, zogjer, (p(q&r)) gamosaxulebis nacvlad visargeblebT p(q&r) 

gamosaxulebiT da mas (p(q&r)) formulis Semoklebul (anu arasrul) formalur 

saxed CavTvliT. 
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 logikuri enebi da Teoriebi, rogorc ukve aRvniSneT, igeba bunebrivi 

enebisaTvis damaxasiaTebeli zogadi logikuri konstruqciebis rac SeiZleba martivi 

da adekvaturi asaxvisaTvis. Cvens SemTxvevaSi, logikuri kavSirebi &, , →, ↔ 

gaTvaliswinebulni arian inglisuri enis im da (and), an (or), Tu ... ,maSin (if ... then) 

da maSin, da mxolod maSin (if and only if) kavSirebis mewyvileebad, romlebic bunebriv 

enebSi deklaraciuli anu SetyobinebiTi anu TxrobiTi winadadebebis dasakavSireblad 

gamoiyenebian. magaliTad, winadadebaSi joni eweva da meri xvrinavs (John smokes and 

Mary snores) aseTi aris sityva da (and). TxrobiTi winadadebebis im nawilebs, 

romlebic ar Seicaven iseT winadadebriv operatorebs rogorebicaa da, an, Tu ... 

,maSin, maSin, da mxolod maSin da ar sityvebi, gamonaTqvamTa logikaSi atomaluri anu 

ganuyofeli anu martivi formulebi eTanadebian. gamonaTqvamTa logikis Semdegi , &, 

, →, ↔ simboloebidan uaryofis operatori erTadgiliani logikuri operatoria. 

danarCenebi, rogorc oradgiliani operatorebi, gamonaTqvamTa logikaSi logikur 

kavSirebad iwodebian. maTi samoqmedo anu saoperatoro adgilianobis aseTi gageba 

ganpirobebulia imiT, rom uaryofis operatori mxolod erT formulaze operirebiT 

iZleva axal formulas, maSin rodesac danarCenebi axal formulas ori formulis 

dakavSirebiT da maTze erTdrouli operirebiT iZlevian. inglisur enaSi uaryofis 

operatoris erT-erTi bunebriv enobrivi mewyvile aris ar (not) kavSiri winadadebaSi 

jons nebavs ar wasvla (John will not leave). Tumca, inglisur enaSi, fraza es ar 

aris is SemTxveva, roca (it is not the case that) miiCneva logikuri uaryofis 

operatoris ufro zust formalur mewyviled. magaliTisaTvis ganvixiloT winadadeba 

es ar aris is SemTxveva, roca jons nebavs wasvla (it is not the case that John will 

leave), romelic azrobrivad gamoricxavs jons nebavs wasvla (John will leave) 

winadadebiT mocemul Sinaarsul viTarebas da, Sesabamisad, igi mis logikur uaryofas 

warmoadgens. SevniSnoT, rom is, rac gamonaTqvamTa logikaSi `martiv” deklaraciul 

anu TxrobiT winadadebad ganixileba, sinamdvileSi SeiZleba sintaqsurad sakmaod 

rTuli winadadebac iyos. ase magaliTad, winadadeba jonis ganuwyveteli weva meris 

miaCnda misi gauTavebeli xvelebis mizezad ar Seicavs arcerT Cvens mier zemoT 

moniSnul winadadebriv makavSirebels da, Sesabamisad, igi, miuxedavad misi rTuli 

sintaqsuri konstruqciisa, gamonaTqvamTa logikaSi martiv anu ganuyofel anu 

atomalur winadadebad gaigeba. 

 

 ramdenime sityva terminologiaze: vTanxmdebiT, rom inglisuri enis iseTi 

winadadebebi, rogoricaa, vTqvaT, joni eweva (John smokes), gamoxatavs gamonaTqvams 

da, amjerad, ignorirebas vukeTebT iseT pragmatul sakiTxebs, rogorebicaa metyveli 

piri da konteqsti. amasTan, 'debulebis' ufro zogadi cnebis Tavidan aridebis mizniT 

visargeblebT cnebiT 'gamonaTqvami' da mas ufro bunebrivi SinaarsiT gaviazrebT, 

radganac wina termini dagvWirdeba xolme bunebrivi cnebebisagan gansxvavebuli da 

maTematikurad dazustebuli Sinaarsebis gamosaxatavad. sinonimuri winadadebebi, 

magaliTad, parizi aris safrangeTis dedaqalaqi (Paris is the capital of France) da 

safrangeTis dedaqalaqi parizia (France’s capital is Paris) CvenTvis erTi da igive 

winadadebebia, maSin rodesac araerTazrovan winadadebas imdenive winadadebis 

gamomxatvelad miviCnevT ramden gansxvavebul azrsac igi gamoxatavs. amgvari 

inglisuri winadadebis magaliTia Visiting relatives can be annoying. 

amocana: moifiqreT araerTazrovan winadadebaTa magaliTebi qarTulisaTvis. 

6.2. semantika: WeSmarituli mniSvnelobebi da WeSmarituli cxrilebi 
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 gamonaTqvamTa logikis semantika iseve martivia, rogorc misi sintaqsi. 

igulisxmeba, rom nebismier atomalur gamonaTqvams mieniWeba 1 (WeSmariti) da 0 

(mcdari) WeSmarituli mniSvnelobebidan erT-erTi. amgvarad, gamonaTqvamTa logika 

ormniSvnelobiani logikaa. maTematikaSi sazogadod or mniSvnelobian logikaze ufro 

met mniSvnelobebiani logikuri sistemebic Seiswavleba, magram maT Cven amjerad aq ar 

SevexebiT. aRniSnulTan dakavSirebiT SegiZliaT ixiloT am wignis BII damateba. 

gamonaTqvamTa logikis nebismieri Sedgenili anu araganuyofeli anu araatomaluri 

formula agreTve Seisabamebs erT, da mxolod erT WeSmaritul mniSvnelobas, 

romelic ganisazRvreba (1) sintaqsurad misi Semadgeneli atomaluri anu ganuyofeli 

gamonaTqvamebis WeSmarituli mniSvnelobebiT, da (2) misi (anu am Sedgenili 

formulis) sintaqsuri struqturiT, rac am formulis logikuri operatorebiTa da 

maTi urTierTganlagebiT moicema. magaliTad, (p&q) formulis WeSmarituli 

mniSvneloba ganisazRvreba p da q formulebis WeSmarituli mniSvnelobebiTa da & 

logikuri kavSiris WeSmaritulobis funqciiT, rac, Tavis mxriv, & logikuri 

kavSiris WeSmaritulobis cxriliT isazRvreba. es cxrili gviCvenebs, Tu rogor 

SeiZleba iqnes gamoTvlili (p&q) saxis formulis WeSmarituli mniSvneloba, rodesac 

cnobilia misi uSualo sintaqsuri Semadgenlebis (anu p da q formulebis) 

WeSmarituli mniSvnelobebi. Cven qvemoT gavaSuqebT zemoganxiluli logikuri 

operatorebis ganmsazRvrel WeSmaritul cxrilebs da, amasTan, gavakeTebT mcireoden 

SeniSvnebs am logikuri operatorebisa da maTi inglisuri mewyvileebis Sesadareblad. 

gaviTvaliswinoT, rom P, Q, da a.S. simboloebi gamoiyeneba sruliad nebismieri (e.i. 

rogorc ganuyofeli, ise Sedgenili) formulebis aRsaniSnavad.  

 

6.2.1 uaryofa 
 

uaryofa sapirispiroTi cvlis im gamonaTqvamis WeSmaritul mniSvnelobas, 

romelsac igi uerTdeba. nebismieri P formulisaTvis, Tu P aris WeSmariti, maSin P 

aris mcdari da, piriqiT, Tu P aris mcdari, maSin P aris WeSmariti. es yvelaferi 

Sejamebulia WeSmaritulobis cxrilSi 6-1 naxazze. 

 

                      P    ~P 
                      1       0 
                      0    1 
 

cxrili 6-1: uaryofis WeSmaritulobis cxrili 

 

cxadia, rom logikuri uaryofa aris garkveulad gamartivebuli saxe bunebrivi 

enebis winadadebaTa uarmyofeli nawilakisa. qarTulSi, iseve rogorc inglisurSi, 

winadadebaTa uaryofa xSirad keTdeba zmnur frazasTan ar (not) nawilakis mierTebiT. 

ase magaliTad, joni aris aq (John is here) da joni ar aris aq (John is not here). 

inglisurSi uaryofas zogjer akeTeben do nawilakis sxvadasxva formebis 

gamoyenebiTac. magaliTad, joni eweva (John smokes) da joni ar eweva (John does 

not smoke). nebismier SemTxvevaSi, Sinaarsuli TvalsazrisebiT, amgvari moqmedebebis 

Sedegia is, rom vRebulobT Tavidan aRebuli winadadebis sapirispiro WeSmarituli 

mniSvnelobis mqone winadadebas. Tumca, zogjer, uarmyofeli ar (not) nawilaki ar 

iZleva logikurad gamomricxavi WeSmarituli mniSvnelobis mqone winadadebas. 

magaliTad: joni unda wavides (John must leave) da joni unda ar wavides (John 

must not leave). es is SemTxvevebia, roca bunebriv enobrivi uaryofa da logikuri 
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uaryofa erTmaneTs ar Seesabamebian. ufro meti sizustiT logikuri uaryofis 

funqcionirebas bunebriv enaSi Seesabameba sapirispiro garemoebrivi Sinaarsis 

ganmsazRvreli fraza - es ar aris is SemTxveva, roca (it is not the case that). am 

midgomebiT vRebulobT, rom es ar aris is SemTxveva, roca joni unda wavides (it is 

not the case that John must leave) fraza aris joni unda wavides (John must leave) 

frazis logikuri uaryofa, rac am frazebiT mocemuli viTarebebis sapirispirobas anu 

maTi Sinaarsebis srul urTierT gamomricxavobas niSnavs. 

 
redaqtoris SeniSvna: Cven inglisuri winadadeba John must not leave vTargmneT ara 

tradiciuli, aramed, vuwodoT ase, pirdapiri sityva-sityviTi TargmaniT rogorc joni 

unda ar wavides. es gavakeTeT, raTa mkiTxvelisaTvis gasagebi yofiliyo avtorebis mier 

SemoTavazebuli problemis arsi, romelic arsebiTad ganpirobebulia inglisuri enis 

martivi winadadebebis semantikuri, sintaqsuri da morfologiuri TaviseburebebiT, 

rasac, Tavis mxriv, inglisuri enis sityvebiT mowodebuli Sinaarsebis qarTulisagan 

gansxvavebuli formalur-logikuri urTierTmimarTebebi ganapirobebs. - amiT ixsneba is, 

rom qarTulisaTvis igive movlena araproblematuria. qarTulSi winadadebebi joni 

unda wavides da joni ar unda wavides arian dapirispirebuli anu logikurad 

urTierT gamomricxavi Sinaarsis winadadebebi, maSin rodesac winadadebebi  joni unda 

wavides da joni unda ar wavides, iseve rogorc maTi inglisuri mewyvileebi, aseTebi 

ar arian. - es faqti kidev erTxel adasturebs qarTuli enisa da fregeseuli 

predikatuli maTematikuri enis erTtipobriobas, rasac Cven pirvelad oTxi wlis win 

gavusviT xazi. _ aqve Cans mizezebi imisa, rac qarTuli enis erT-erTi fundamenturi 

maxasiaTebelia da rac qarTul martiv winadadebaSi e.w. ormagi uaryofis daSvebulobaa. 

- e.w. ormagi uaryofa imitom, rom maTgan mxolod erTia predikatuli uaryofa. aseT 

winadadebebSi arsebuli meore uaryofa cxadia ar asrulebs predikatuli uaryofis 

funqcias, rac, ra Tqma unda, logikuri siWarbe iqneboda. ase magaliTad, winadadeba 

jons nebavs wasvla (John will leave) ar nawilakTan erTad qarTulSi Semdeg oTx 

variantad iSleba: ori ar nawilakiani - jons ar nebavs ar wasvla, erTi ar 

nawilakiani - jons ar nebavs wasvla da jons nebavs ar wasvla, arcerTi ar 

nawilakiani - jons nebavs wasvla. Tu davakvirdebiT or ar nawilakian winadadebas 

jons ar nebavs ar wasvla, gasagebi gaxdeba, rom am winadadebis pirveli ar nawilaki 

akeTebs predikatul uaryofas, maSin rodesac meore ar nawilaki uaryofs ara 

predikatul Sinaarss, aramed im Sinaarss, romelzedac am predikatiT vmsjelobT. - es 

metad mniSvnelovani SeniSvnaa. Targmnisas aq mokled moxazul siRrmiseul gansxavebaTa 

ar gaTvaliswineba xSirad ganapirobebs faqtobrivad damaxinjebuli Targmanebis 

gakeTebas. arada, dResac, qarTuli enisa da ucxo enebis urTierT mimarTebebis 

swavleba mimdinareobs am logikuri siRrmeebis gauTvaliswineblad, risi upirvelesi 

mizezi aris is, rom zemoaRniSnuli logikuri TvalsazrisebiT qarTuli ena dRemde 

arc ki Seiswavleboda. da bolos, ratom irCevs qarTuli inglisurisgan gansxvavebiT 

prioritetulad predikatul uaryofebs da ratom ikavebs Tavs inglisuri ena aseTi 

predikatuli uaryofebisagan? - es is umniSvnelovanesi kiTxvebia, romlebzedac 

maTematikurad dasabuTebuli pasuxebis moZiebaSi Tavad maTematikuri ena da am 

maTematikuri enisaTvis damaxasiaTebeli maTematikuri midgomebi gvexmareba. _ ,,logikisa 

da enis gaerTianebuli qarTuli jgufi” ukve wlebia fundamenturad ikvlevs qarTuli 

enis zogad logikur Taviseburebebs da, maT Soris, am sakiTxebsac. 

 

 

6.2.2 koniunqcia anu da-kavSiri 
 

Tu bunebrivi enis or SetyobinebiT anu TxrobiT winadadebas SevaerTebT da 

(and) kavSiriT, cxadia, miviRebT ufro did winadadebas, romelic WeSmaritia, Tu 
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SeerTebuli winadadebebidan orive WeSmaritia da mcdaria, Tu SeerTebuli 

winadadebebidan an erT-erTi, an orive mcdaria. magaliTad, Tu joni eweva (John 

smokes) da jeini xvrinavs (Jane snores) winadadebebidan orive WeSmaritia, maSin 

WeSmaritia aseve winadadeba joni eweva da jeini xvrinavs (John smokes and Jane 

snores), xolo Tu am winadadebis Semadgeneli zemoaRniSnuli winadadebebidan an 

erTi, an orive mcdaria, maSin mcdaria agreTve maTi da dakavSirebiT miRebuli 

winadadebac. aRniSnulis Sesabamisad igeba & logikuri kavSiris WeSmaritulobis 

cxrili:    

        

       P   Q   ( P & Q )  

                           1    1      1  

                           1    0      0  

                           0    1      0  

                           0    0      0  

                                            
cxrili 6-2: da-kavSiris (koniunqciis) 

WeSmaritulobis cxrili 

 

SevniSnoT, rom P da Q arian cvladebi, romlebiTac aRiniSneba sruliad 

nebismieri formulebi da rom cxrilis oTxi rigi Seesabameba am cvladebisaTvis 

WeSmarituli mniSvnelobebis miniWebis oTx gansxvavebul SesaZleblobas.  

 rogorc mosalodneli iyo, arsebobs magaliTebi, romlebSic & ar enacvleba 

bunebrivi enis da (and) kavSirs. da kavSirs zogjer enaSi droiTi elferic dakravs, 

rac, Tavis mxriv, sruliad ignorirebulia & logikuri kavSiris SemTxvevaSi. ase 

magaliTad, jonma miiRo Sxapi da Caicva (John took a Shower and he got dressed) da  

jonma Caicva da Sxapi miiRo (John got dressed and he took a Shower) winadadebebSi 

da kavSiri am winadadebebiTve mocemul movlenaTa Soris garkveul droiT 

rigiTobazec gvkarnaxobs, rac zemoganxiluli winadadebebiT nagulisxmevi Sinaarsebis 

gansxvavebulobis erTaderTi mizezia. gamonaTqvamTa logikaSi p&q da q&p formulebs 

yovelTvis erTi da igive WeSmarituli mniSvnelobebi aqvT. ufro metic, gamonaTqvamTa 

logikaSi p&p formula iseT formulad gaigeba, romlis WeSmarituli mniSvneloba 

emTxveva p formulis WeSmaritul mniSvnelobas, maSin rodesac bunebriv enebSi aseTi 

gaormagebuli konstruqciebiT an saerTod ar vsargeblobT, anda vsargeblobT 

gansakuTrebuli da damatebiTi garemoebebis teqstSi Sinaarsuli gatarebis mizezebiTa 

da/an miznebiT. magaliTad, winadadebaSi joni eweva da eweva (John smokes and John 

smokes) da logikur kavSirad ar gaigeba. 

 bunebrivi enidan gamonaTqvamTa logikis enaSi Targmnisas, xSirad, da (and) 

kavSirisgan gansxvavebuli enobrivi kavSirebic & logikuri kavSiriT iTargmnebian. 

magaliTad, winadadeba joni eweva, TumcaRa meri xvrinavs (John smokes but Mary 

snores) gamonaTqvamTa logikaSi SeiZleba iTargmnos (p&q) saxis winadadebad, sadac, 

cxadia, & logikuri kavSiri ar iZleva arc moulodnelobis da arc, vTqvaT, 

gakvirvebulobis Taobaze saTargmni winadadebiT gamoxatul Sinaarss. daaxloebiT 

aseTivegvari viTareba SeiZleba Seiqmnas iseT enobriv kavSirebTanac, rogorebicaa 

ramdenadac (however), Tumca (although),  magram (but), miuxedavad imisa, rom 

(despite the fact that), da a. S.. 
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 bunebriv enebSi, vTqvaT iseTebSi, rogorebicaa qarTuli da inglisuri da (and) 

kavSiriT garda winadadebebisa SesaZlebelia davakavSiroT saxeluri da zmnuri 

frazebi. magaliTad, joni da meri (John and Mary), ewevian da svamen (smokes and 

drinks). SevniSnoT, rom am enobrivi kavSirebis amgvar enobriv operirebas 

gamonaTqvamTa logikis enaSi araferi ar Seesabameba. ufro metic, gamonaTqvamTa 

logikaSi Cven sruli ignorireba gavukeTeT winadadebaTa Sinagan struqturas. 

aRsaniSnavia, rom, zogjer, winadadebebi, romlebic Seicaven zemoaRwerili saxis 

frazul da-makavSireblebs SesaZlebelia ganxilul iqnen rogorc elifsisuri formebi 

Sesabamisi da-kavSiriani winadadebebisa. ase magaliTad, winadadeba joni da meri eweva 

(John and Mary smoke) SesaZlebelia ganxilul iqnes rogorc Semoklebuli forma 

winadadebisa joni eweva da meri eweva (John smokes and Mary smokes) da, aqedan 

gamomdinare, igi gamonaTqvamTa logikaSi SeiZleba iTargmnos (p&q) saxis formuliT. 

Tumca, yvela frazuli da-dakavSireba ar daiyvaneba da-kavSiriT agebuli winadadebis 

elifsisur warmodgenamde, raSic martivad vrwmundebiT Semdegi winadadebebis 

safuZvelze: joni da meri Sexvdnen erTmaneTs niu-orkSi (John and Mary met in New 

York),  merim Seuria wiTeli da lurji saRebavi (Mary mixed red and blue paint). 

 

6.2.3 diziunqcia anu an-kavSiri 
   

logikuri an-kavSiri Semdegi WeSmaritulobis cxriliT ganisazRvreba: 

 

            P   Q   ( P ∨ Q )  
                .            1    1      1  

                            1    0      1  

                            0    1      1  

                            0    0      0                                             

  

cxrili 6-3: an-kavSiris (diziunqciis)   

WeSmaritulobis cxrili 

 

amgvarad, ori gamonaTqvamis diziunqcia WeSmaritia, Tu erTi mainc maTgani 

WeSmaritia da mcdaria mxolod im SemTxvevaSi, Tu orive maTgani mcdaria. am 

logikuri kavSiris uxeSi enobrivi Sesabamisia an (or) kavSiri iseT winadadebaSi, 

rogoricaa magaliTad joni eweva an jeini xvrinavs (John smokes or Jane snores). 

ase gansazRvruli  logikuri kavSiri iwodeba inkluziur diziunqciaT, romelic 

maSinac WeSmaritia, roca misi orive diziunqti WeSmaritia, maSin rodesac bunebriv 

enobrivi an (or) kavSiri ufro metad eqskluziurad funqcionirebs, rac imas niSnavs, 

rom an (or) enobrivi kavSiriT miRebuli winadadebis WeSmaritebis SemTxvevaSi 

gamoiricxeba am winadadebis orive Semadgenlis erTdrouli WeSmariteba. magaliTad: 

Tqven SegiZliaT miirTvaT supi an (Tqven) SegiZliaT miirTvaT salaTa, magram ara 

orive erTad (You may have soup or You may have salad, but not both). Tumca, 

bunebriv enebSi, sazogadod, eqskluziuria Tu inkluziuri an kavSiri, Tu igi 

orazrovania da misi eqskluziuri da inkluziuri funqcionireba konteqstur da sxva 

pragmatikul faqtorebzea damokidebuli, es jer kidev sakamaTo da aracxadi faqtia. 

laTinuri vel da aut  xSirad mohyavT xolme bunebriv enaSi inkluziuri, Sesabamisad, 

eqskluziuri diziunqciis ganmsazRvreli enobrivi saSualebebis magaliTebad, Tumca, 
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aqac ar aris yvelaferi cxadi da naTeli. nebismier SemTxvevaSi,  logikuri kavSiri 

araorazrovnad inkluziuria, razec cxadad metyvelebs misi cxrilis pirveli rigi. 

Cvens gamonaTqvamTa logikaSi eqskluziuri diziunqciisaTvis ar arsebobs 

standartuli aRniSvna, Tumca aseTi rom yofiliyo, gasagebia, rom misi cxrili 

iqneboda zustad igivenairi, rogoric aris 6-3 cxrili, oRond mniSvnelobaTa svetis 

pirvel striqonSi ar iqneboda 1 da mis nacvlad iqneboda 0. 

 

 bunebriv enebSi frazuli diziunqciis (anu frazuli an kavSiris) Sesaxeb 

SeiZleba gakeTdes imis analogiuri SeniSvnebi, rac ukve gakeTda frazul koniuqciaze. 

magaliTad, winadadeba (erT-erTi mainc) joni an meri eweva ((Either) John or Mary 

smokes) SeiZleba ganvixiloT rogorc joni eweva an meri eweva (John smokes or 

Mary smokes) winadadebis elifsisi da, amgvarad, igi gamonaTqvamTa logikaSi 

SeiZleba iTargmnos (pq) saxis formuliT. inglisur enaSi problematurad iTvleba 

Semdegi saxis winadadeba A doctor or a dantist can write prescriptions (romlis 

pirdapiri Targmania eqims an dantists SeuZlia gamoweros recepti), sadac e.w. 

nagulisxmevi inetrpretaciiT receptis gamowera SeuZlia orives, eqimsac da 

dantistsac. anu, aq is, rom es (e.i. receptis gamowera) an mxolod erTs SeuZlia, an 

mxolod meores, logikur SesaZleblobaTa Soris ar igulisxmeba. amgvarad, amgvar 

SemTxvevebSi Targmani (pq) saxis formulis nacvlad iZleva (p&q) saxis formulas.  
 

redaqtoris SeniSvna: qarTulSi an-kavSiris (iseve rogorc da-kavSiris) rogorc 

saxeluri frazebis makavSireblis logikuri funqcionirebis srulad amxsnel-amsaxveli 

kanonebis moZieba jer kidev Ria, Seuswavleli sakiTxia. ufro metic, inglisuri 

enobrivi sistemisagan gansxvavebiT aq Cven mxolod pirveli safexuris kiTxvebze gvaqvs 

pasuxebi. Tumca, Cveneuli predikatuli, logikur-lingvisturi midgomebiT 

zemoganxiluli problema amomwuravad ixsneba: am midgomebiT qarTulSi saxelur anu 

samsjelo frazaTa an-makavSirebeli maTematizirdeba simravluri gaerTianebis 

operaciad. ase magaliTad, winadadebaSi dauZaxa eqims an dantists, is, visac dauZaxes, 

aris {eqimi}{dantisti} simravlis wevri (elementi). amasTan, dauZaxa msjeli sityvis 

predikatuli, logikur-semantikuri Taviseburebidan gamomdinare igi zemoganxilul 

winadadebaSi msjelobs {eqimi}{dantisti} simravlis erT, romeliRac konstantur 

elementze, rac ukve arapredikatul gamonaTqvamTa logikaSi Targmnisas eqskluziur an-

makavSirebels iTxovs. igive midgomebiT, winadadebaSi eqims an dantists SeuZlia 

gamoweros recepti, is, visac SeuZlia gamoweros recepti, iseve rogorc es iyo wina 

winadadebaSi, aris {eqimi}{dantisti} simravlis elementi. Tumca, axla ukve, SeuZlia 

msjeli sityvis predikatuli, logikur-semantikuri Taviseburebidan gamomdinare igi 

winadadebaSi msjelobs {eqimi}{dantisti} simravlis ara erT, romeliRac konstantur 

elementze, aramed am simravleze gansazRvrul cvladur mocemulobaze (anu cvladze), 

rac ukve arapredikatul gamonaTqvamTa logikaSi Targmnisas cxadia da-makavSirebels 

iTxovs. 

 

 

6.2.4 gamomdinareoba 
 

 Sedgenili kavSiri Tu ... ,maSin (if ... then) bunebriv enebSi gamoiyeneba 

mravalnairad da igi mravaljer gamxdara siRrmiseuli diskusiebis sagani. →, romelic 

gamonaTqvamTa logikaSi am Sedgenili enobrivi kavSiris uxeSi Sesabamisia, inarCunebs 

misi mravali gansxvavebuli enobrivi Tvisebebidan mxolod erT arsebiTad mniSvnelovan 

Tvisebas, romlis mixedviTac, Tu ... ,maSin kavSiriT agebuli winadadeba mcdaria 

mxolod im SemTxvevaSi, roca misi Tu-Semadgeneli (e.i. winapiroba) WeSmaritia, xolo 
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maSin-Semadgeneli (e.i. daskvna) mcdaria. magaliTad, winadadeba Tu meri wveulebazea, 

maSin jonic wveulebazea (if Mary is at the party, then John is at the party (too)) 

cxadia mcdaria, Tu meri marTla aris wveulebaze da, amavdroulad, joni ar aris 

wveulebaze.  es yvelaferi asaxulia → logikuri kavSiris cxrilis meore rigSi: 

        

       P   Q   ( P → Q )  

                           1    1      1  

                           1    0      0  

                           0    1      1  

                           0    0      1  

                                             
cxrili 6.4: gamomdinareobis WeSmaritulobis cxrili 

 

 amgvarad, rogorc es cxrilidanac Cans, zemoaRweril SemTxvevisagan 

gansxvavebul yvela sxva SemTxvevaSi (p→q) WeSmaritia, rac, swored, aris is, razec 

gamomdinareobasTan dakavSirebiT yvelaze ufro xSirad kamaToben. rodesac ismis 

kiTxva Tu meri wveulebazea, maSin jonic wveulebazea (if Mary is at the party, then 

John is at the party (too)) winadadebis WeSmarituli mniSvnelobis Taobaze, im 

SemTxvevaSi, rodesac meri ar aris wveulebaze (Mary is not at the party) Cven SeiZleba 

davibneT kidec, da gadavixaroT ufro iqiTken, rom winadadebas am SemTxvevaSi ar 

gaaCnia raime calsaxad gamokveTili WeSmarituli mniSvneloba, an kidev iqiTken, rom 

amgvari SemTxvevis dros winadadebis WeSmarituli mniSvnelobis Taobaze kiTxvis 

dasmac ki uazrobaa. im SemTxvevaSic ki, roca oriveni, meric da jonic arian 

wveulebaze, xSirad mainc gviWirs imis Tqma, rom winadadeba WeSmaritia, radgan am 

winadadebis namdvili WeSmarituli Sinaarsis gasaazreblad Cven gvWirdeba raRac, 

manamde arsebuli logikuri anu mizezobrivi kavSiris danaxva winadadebis winapirobasa 

da missave daskvnas Soris. amgvarad, rogorc Cans, es is SemTxvevaa, rodesac 

logikuri da bunebriv enobrivi kavSirebi Zlier gansxvavdebian erTmaneTisagan. - Tqven 

rogor gansjidiT Cvens im arCevans, rom aseT SemTxvevebSic winadadeba WeSmarit 

winadadebad Sefasdes? 

 Cveni pasuxi eyrdnoba or ZiriTad Tvalsazriss: (1) gamonaTqvamTa logikaSi Tu 

gamonaTqvami ar aris WeSmariti, maSin is mcdari unda iyos. (2) gamomdinareobis aseTi 

gageba iZleva saSualebas maTematikaSi samarTliani da arasamarTliani dasabuTebebis 

analizisa da amdenad, igi maTematikisaTvis tradiciul datvirTvas atarebs, Tumca es  

yvelaferi, ar SeiZleba iTqvas, rom sruliad Tavisufalia uxerxuli 

Semadgenlebisagan. 
 

redaqtoris SeniSvna: aq gamoTqmuli zogadi enobriv logikuri Tvalsazrisi dRes ukve 

aRar ganixileba amgvar problematur konteqstSi. saqme imaSia, rom fraza Tu meri 

wveulebazea, cxadia, arc imas niSnavs, rom meri wveulebazea da arc imas, rom meri ar 

aris wveulebaze. ufro metic, SeiZleba iTqvas, rom am frazas arc ki ainteresebs meri 

aris Tu ar aris wveulebaze aramed, igi im pirobiT Tu meri wveulebazea garkveuli 

Setyobinebis mosacemadaa ganwyobili, rac ganxiluli magaliTis SemTxvevaSi aris is, 

rom maSin, Turme, jonic wveulebazea. amgvarad, aseTi Setyobineba mxolod im 

SemTxvevaSi SeiZleba CaiTvalos mcdar Setyobinebad, Tu Setyobinebis winasapirobo anu 

saTuo monacemi marTldeba da, amavdroulad, amave saTuoobiT Setyobinebuli ar 

marTldeba. _ ganvixiloT ufro konkretulad: avtorebi Semdegnairad msjeloben - 

rodesac ismis kiTxva Tu meri wveulebazea, maSin jonic wveulebazea winadadebis 
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WeSmarituli mniSvnelobis Taobaze, im SemTxvevaSi, rodesac meri ar aris wveulebaze 

Cven SeiZleba davibneT kidec, da gadavixaroT ufro iqiTken, rom winadadebas am 

SemTxvevaSi ar gaaCnia raime calsaxad gamokveTili WeSmarituli mniSvneloba, an kidev 

iqiTken, rom amgvari SemTxvevis dros winadadebis WeSmarituli mniSvnelobis Taobaze 

kiTxvis dasmac ki uazrobaa. – aseTi msjeloba, dabneuli da enis logikur wesrigSi 

gauTviTcnobierebeli adamianisagan misaRebicaa, gasagebic da mosalodnelic, magram Tu 

Cven daveyrdnobiT enis logikur kanonebs (Cvens SemTxvevaSi, Tu daveyrdnobiT qarTuli 

enis logikur kanonmdeblobas), maSin iman, rom meri ar aris wveulebaze, ra Tqma unda 

xeli ar unda SegviSalos Tu meri wveulebazea, maSin jonic wveulebazea winadadebis 

WeSmarituli mniSvnelobis garkvevaSi, radgan Tu jonis Sesaxeb viciT is, rom Tu meri 

wveulebazea, maSin jonic wveulebazea, e.i. jonis Sesaxeb viciT is, rom an meri 

wveulebazea da, maSin, es jonic aris am wveulebaze, anda meri ar aris wveulebaze da, 

maSin, es joni am wveulebaze an aris, an ara, rac, Tavis mxriv, im SemTxvevaSi, roca 

meri ar aris wveulebaze WeSmaritia, radgan es joni am wveulebaze an aris, an ara 

winadadeba qarTuli enis logikis kanonebidan gamomdinare WeSmaritia sazogadod. – 

anu, Cven vTvliT, rom Tu vinme winadadebas Tu meri wveulebazea, maSin jonic 

wveulebazea, gamomdinare iqidan, rom ver flobs enis logikis kanonebs, gaiazrebs 

winadadebad meri wveulebazea da jonic wveulebazea, maSin, cxadia, is vinme, roca 

gaigebs, rom meri ar aris wveulebaze, ukeTes SemTxvevaSi daibneva, uares SemTxvevaSi 

ki CaTvlis, rom is moatyues, rodesac uTxres, rom  Tu meri wveulebazea, maSin 

jonic wveulebazeao! _ amgvarad, Tu ... ,maSin kavSirTan da gamomdinareobasTan 

dakavSirebiT zemoaRniSnuli uxerxulobebi ganpirobebulia ara enaSi da am enis 

logikaSi arsebuli bundovanebebiT, aramed im bundovanebiT, rac SeiZleba am enisa da 

am enis logikis arasrulad da arasiRrmiseulad mcodne romelime erTeulSi iyos ukve 

aRniSnulTa gamo! 

amocana: gaakeTeT zemogamoTqmuli avtoriseuli Tvalsazrisis kritikuli 

analizi im SemTxvevisaTvis, roca oriveni, meric da jonic, wveulebaze arian. 

 

 

6.2.5 igivuroba 
 

 igivurobis WeSmaritulobis cxrili mocemulia 6.5 naxazze 

 

       P   Q   ( P ↔ Q )  

                           1    1      1  

                           1    0      0  

                           0    1      0  

                           0    0      1                                             

   
cxrili 6. 5: igivurobis WeSmaritulobis cxrili 

 

 bunebrivi enis Semdegi gamosaxulebebi:  maSin, da mxolod maSin (if and only if), 

im, da mxolod im SemTxvevaSi, roca (just in case that), aucilebeli da sakmarisi 

piroba imisa, rom (is a necessary and sufficient condition for), da ara marto isini, 

gamonaTqvamTa logikaSi logikuri igivurobis kavSiriT iTargmnebian. zogjer, is, Tu 

bunebrivi enis esa Tu is gamosaxuleba gamomdinareobad unda iTargmnos Tu 

igivurobad, ar aris advili gasarkvevi. ase magaliTad, winadadeba Tu manqana gavakeTe, 

xval waval (I will leave tomorrow if I get the car fixed) SeiZleba iqnes gagebuli ise 
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TiTqosda manqanis gakeTeba aris sakmarisi piroba xval wasvlisa, anu xval SeiZleba 

sxva SemTxvevaSic wavide da isedac, TiTqosda, manqanis gakeTeba aris xval wasvlis 

ara marto sakmarisi, aramed aucilebeli pirobac. anu, xval, Tu manqana ar iqneba 

gakeTebuli, ar waval. es ukanaskneli interpretacia azrdeba maSin, roca kavSiri 

gaigeba maSin, da mxolod maSin SinaarsiT: xval  waval maSin, da mxolod maSin, Tu 

manqana gavakeTe (I will leave tomorrow if and only if I get the car fixed). maTematikaSi 

am kavSirs xSirad amokleben mmm (iff) gamosaxulebiT. maTematikuri cnebebis 

formaluri, maTematikurad mkacri gansazRvrebebi xSirad iTxoven am kavSirs. ase 

magaliTad. 

 

(6-3) Xi iwodeba Yad  (anu aris Yi) mmm, Tu (roca) Xs aqvs P Tviseba. 

 

am gansazRvrebaSi Tu ... ,maSin kavSiris gamoyeneba maSin, da mxolod maSin kavSiris 

nacvlad iZleva SesaZleblobas imisa, rom Xi iwodebodes Yad maSinac, roca mas ara 

aqvs P Tviseba. maSin, da mxolod maSin kavSiriT ki, Xi isazRvreba Yad mxolod maSin, 

roca mas aqvs es P Tviseba. 

  

WeSmaritulobis cxrilebi iZleva nebismieri rTuli (anu Sedgenili) 

gamonaTqvamis WeSmarituli mniSvnelobis gamoTvlis zogad da sistemur saSualebebs. 

amasTan, nebismier formulas bunebrivad eTanadeba WeSmarituli mniSvnelobebis iseTi 

cxrili, romlis striqonebis raodenoba tolia formulaSi Semavali atomaluri 

gamonaTqvamebis yvela SesaZlo WeSmarituli Sefasebebis raodenobisa. sazogadod, 

cxrili Sesdgeba 2n striqonisagan, Tu formula Seicavs n cal gansxvavebul 

atomalur gamonaTqvams. nebismieri formulis WeSmarituli mniSvnelobis gamoTvlis 

standartuli meTodi iTvaliswinebs formulis jer ufro Rrmad Cadebuli nawilebis 

mniSvnelobebis gamoTvlis safuZvelze maTi momcveli nawilebis WeSmarituli 

mniSvnelobebis gamoTvlas. amgvarad, imisaTvis, rom avagoT ((p&q)→(pr)) 

gamonaTqvamis WeSmarituli mniSvnelobebis cxrili SegviZlia moviqceT Semdegnairad: 

 

(I) avagoT svetebi p, q da r atomaluri gamonaTqvamebisaTvis; 

(II) avagoT svetebi (p&q) da (pr)  gamonaTqvamebisaTvis; 

(III) avagoT sveti (pr)  gamonaTqvamisaTvis, romelic miiReba (pr)  gamonaTqvamis 

mniSvnelobaTa svetis inversirebiT; 

(IV) avagoT WeSmaritul mniSvnelobaTa sveti mTeli gamonaTqvamisaTvis (p&q) da 

(pr) gamonaTqvamebis WeSmaritul mniSnelobaTa svetebisa da gamomdinareobis 

cxrilis meSveobiT. 

 

mTeli es aRwerili procesi TvalnaTliv gamoxatulia Semdegi cxriliT: 

 

p  q  r  ( p & q )  ( p ∨ r )  ~ ( p ∨ r )  ( ( p & q ) →  ~ ( p ∨ r ) )  

1 1 1 1 1 0 0 

1 1 0 1 1 0 0 

1 0 1 0 1 0 1 

1 0 0 0 1 0 1 

0 1 1 0 1 0 1 

0 1 0 0 0 1 1 

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

 

cxrili 6-6: ((p & q) →  (p  r))  

gamonaTqvamis WeSmaritul mniSvnelobaTa cxrili 

 

cxadia, rom WeSmarituli mniSvnelobebis cxrilis ageba miT ufro rTuldeba, 

rac metia gamosaTvlel gamonaTqvamSi monawile atomalur gamonaTqvamTa raodenoba. 

Tumca, Teoriulad SesaZlebelia nebismieri gamonaTqvamis sruli WeSmarituli 

cxrilis ageba. 

 

 

6.3 igivurad WeSmaritoba, igivurad mcdaroba da araerTigivuroba 

 
 gamonaTqvamebi SegviZlia davaxasiaToT maTive WeSmarituli mniSvnelobebis 

cxrilebis meSveobiT. gamonaTqvami iwodeba igivurad WeSmaritad (zogad marTebulad, 

logikurad WeSmaritad), Tu misi WeSmarituli mniSvnelobebis cxrilis bolo sveti 

Sedgeba mxolod 1-ebisagan, anu Tu gamonaTqvami WeSmaritia, miuxedavad imisa, Tu 

WeSmaritulad rogor aris Sefasebuli misi Semadgeneli atomaluri gamonaTqvamebi. 

aseT SemTxvevebSi gamonaTqvamis WeSmaritobis ZiriTadi mizezi aris misi Semadgeneli 

kavSirebisa da masSi Semavali atomaluri gamonaTqvamebis urTierT ganlageba 

(konstruqcia). gamonaTqvami iwodeba igivurad mcdarad (winaaRmdegobrivad) Tu misi 

WeSmarituli mniSvnelobebis cxrilis bolo sveti Sedgeba mxolod 0-ebisagan, anu Tu 

gamonaTqvami mcdaria, miuxedavad imisa, Tu WeSmaritulad rogor aris Sefasebuli 

misi Semadgeneli atomaluri gamonaTqvamebi. yvela danarCeni gamonaTqvami, anu yvela is 

gamonaTqvami, romelTa WeSmarituli mniSvnelobebis cxrilis bolo sveti Seicavs 

rogorc 0-ebs, ise 1-ebs, iwodeba ormxrivSesrulebadad (araerTigivurad). aseTi 

formulebis WeSmarituli mniSvneloba (anu maTi WeSmariteba an mcdaroba) 

damokidebulia maTi Semadgeneli atomaluri gamonaTqvamebis WeSmaritul Sefasebebze. 

 

qvemoT ganixileba TiToeuli zemoT ukve aRwerili saxis formulis ramdenime 

magaliTi: 

 igivurad WeSmaritebi arian: (pp), (p→p), (p→(q→p)), (p&p) 

 igivurad mcdarebi arian: (pp), (p&p), ((pq)↔(qp)) 

 araerTigivurebi arian: p, (pp), ((pq)→q), ((p→q)→p) 

 

qvemoT, saCveneblad, moyvanilia (pp) da (p&p) gamonaTqvamebis WeSmaritul 

mniSvnelobaTa cxrilebi: 

                            

p ~p (p∨~p) 

1 0 1 

0 1 1 

 

cxrili 6-7: (p p) igivurad 

WeSmariti formulis 

cxrili 

 

p ~p (p&~p) 

1 0 0 
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0 1 0 

 

cxrili 6-8: (p&p)  igivurad 

mcdari formulis 

cxrili 

 

zogadmarTebuli anu igivurad WeSmariti da winaaRmdegobrivi anu igivurad 

mcdari gamonaTqvamebis erT-erTi umniSvnelovanesi Tviseba aris is, rom am 

gamonaTqvamebis Semadgeneli nebismieri atomaluri gamonaTqvamis Canacvleba sxva 

nebismieri gamonaTqvamiT ar cvlis maT WeSmaritul mniSvnelobas. magaliTad, Tu Cven 

(pp) zogadmarTebul formulaSi p gamonaTqvams CavanacvlebT (q→r) formuliT 

miviRebT ((q→r)→(q→r)) formulas, romelic, rogorc amas 6-9 cxrilic 

adasturebs, isev zogadmarTebuli gamonaTqvamia. sazogadod, (pp) gamonaTqvamSi p 

ganuyofeli formulis nacvlad nebismieri Q formulis CasmiT (e.i. p formulis Q 

formuliT CanacvlebiT) vRebulobT (QQ) saxis formulas. amasTan, cxadia, rom Q 

formulis WeSmarituli mniSvneloba cxrilis nebismier striqonSi aris amave 

striqonSi Q formulis WeSmarituli mniSvnelobis Sebrunebuli. aqedan gamomdinare, 

(QQ) formulis cxrilis mniSvnelobaTa svetis nebismier striqonSi aris 

WeSmaritis aRmniSvneli simbolo 1. ramdenadac aRniSnul msjelobaSi Q SeiZleba iyos 

absoluturad nebismieri formula, Cven vrwmundebiT, rom (QQ) saxis formula 

zogadmarTebulia misi formis anu konstruqciis gamo, rac formulaSi atomaluri 

gamonaTqvamebisa da logikuri kavSirebis urTierTganlagebas gulisxmobs, da ara am 

formulis romelime Semadgeneli atomaluri gamonaTqvamis mizeziT. igive tipis 

msjelobiT keTdeba igive daskvna winaaRmdegobrivi gamonaTqvamebisaTvis. 

 

 

q r (q → r) ~(q → r)  ((q → r) ∨~(q → r)) 

1 1 1 0 1 

1 0 0 1 1 

0 1 1 0 1 

0 0 1 0 1 

6-9 cxrili: cxrili romelic gviCvenebs ((q → r)∨(q → r))  

gamonaTqvamis zogadmarTebulebas 

 

 xSirad Zalian mniSvnelovani xdeba vicodeT esa Tu is formula igivurad 

WeSmaritia Tu ara, da radganac WeSmaritul mniSvnelobaTa cxrilebis sididis gamo 

rig SemTxvevebSi maTi ageba mouxerxebelia, xSirad sargebloben xolme e.w. `swrafad 

uarmyofeli~ testiT, romelic sistemurad eZebs cxrilis iseT striqonebs, romelTa 

damasrulebeli ujra (anu mniSvnelobaTa svetSi ganTavsebuli ujra) ivseba mcdari 

WeSmarituli mniSvnelobis aRmniSvneli 0 simboloTi. amasTan, Tu aseTi sistemuri 

Zebnis Sedegad amgvari striqoni ar daiZebna, maSin Cven dasabuTebulad SegviZlia 

vTqvaT, rom testuri kvlevis qveS myofi gamonaTqvami zogadmarTebulia. aRniSnuli 

testi aris kerZo SemTxveva winaaRmdegobamde miyvanis wesad wodebuli gamoyvanis 

ufro zogadi meTodisa. am midgomiT, Cven vuSvebT, rom arsebobs striqoni, romelSic 

damasrulebel mniSvnelobad zis 0 da am daSvebidan gamomdinare msjelobas `mivyvebiT 

ukan~ (e.i. ukuvmsjelobT) aseTi SesaZlo  striqonis realuri agebis mizniT, amasTan, 

bunebrivia, ukumsjelobisas viTvaliswinebT imas, rom striqonSi ar unda Cagvijdes 

formulis Semadgeneli atomaluri gamonaTqvamebis winaaRmdegobrivi (anu erTmaneTis 
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gamomricxavi) WeSmarituli Sefasebebi. gavakeToT aRniSnuli proceduris ilustrireba 

erT martiv magaliTze: (p→(q→p)). davuSvaT, rom mis cxrilSi aris striqoni, 

romelic sruldeba mniSvnelobiT 0. proceduris Sesabamisad, Cven, aRniSnul 

damasrulebel mniSvnelobas qveSmiweris wesiT pirdapir vuerTebT gamonaTqvamis mTavar 

logikur kavSirs, anu im logikur kavSirs, romelic ukanaskneli operirebis wesiT 

sabolood ayalibebs gamonaTqvams. 

(p → (q → p)) 

                                                                  0 
 

Semdgom amisa, ukumsjelobiT, ukve gakeTebuli daSvebisa da gamomdinareobis im 

Tvisebis safuZvelze, rom igi mcdaria mxolod maSin, roca piroba aris 1 (WeSmariti) 

da daskvna ki 0 (mcdari), vRebulobT gamonaTqvamis mTavari operatoris (Cvens 

SemTxvevaSi gamomdinareobis marcxnidan pirveli operatoris) operandebis WeSmaritul 

Sefasebebs, rac sqematurad Semdegnairad gamoisaxeba: 

 

  (p  →  (q→p)) 

                                                               1    0       0 
 

axla, gvaqvs ra ukve p atomis WeSmarituli Sefaseba 1 mniSvnelobiT, vsvamT 

mas daskvnaSi arsebuli p atomis Semosvlis nacvlad (amis ufleba gvaqvs, radganac 

erTi striqonis gaswvriv atomis WeSmarituli Sefaseba saerToa gamonaTqvamSi am 

atomis nebismieri SemosvlisaTvis): 

 

(p  → (q→p)) 

                                                              1   0      0 1 
 

axla ukve, Tu davakvirdebiT gamomdinareobis cxrils advilad davaskvniT, rom 

Cven vimyofebiT winaamRdegobriv anu urTierT gamomricxav WeSmaritul SefasebaSi, 

radgan, erTi mxriv, (q→p) unda iyos mcdari (e.i. 0) da, meore mxriv ki, p unda iyos 

WeSmariti (e.i. 1), rac winaaRmdegobrivia, radgan gamomdinareoba mxolod maSin 

SeiZleba iyos mcdari, roca p mcdaria. amgvarad, Cven SegviZlia davaskvnaT, rom Cveni 

daSveba imis Taobazed, rom gamonaTqvamis WeSmaritul mniSvnelobaTa cxrilSi 

arsebobs striqoni, romelic mcdari WeSmarituli mniSvnelobiT sruldeba, Tavad aris 

mcdari. amgvarad, dasabuTda, rom gansaxilveli formulis cxrilis yvela striqoni 

Tavdeba WeSmarituli mniSvnelobiT 1, rac niSnavs imas, rom (p→(q→p)) aris 

zogadmarTebuli. 

 

 ganvixiloT kidev erTi magaliTi ((p→q)→p), romelic Zlier gavs ukve 

ganxilul magaliTs, magram igi misgan gansxvavebiT araerTigivuria. 

 

 nabiji 1. ((p → q) →p) 

                   0 
 nabiji 2. ((p → q)  → p) 

      1        0  0 
 nabiji 3. ((p → q) → p)  

    0  1       0  0 
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radgan (p→q) gamomdinareoba unda iyos WeSmariti da radganac p atomis 

mcdarobis SemTxvevaSi es SesaZlebelia q atomis orive SesaZlo WeSmarituli 

SefasebisaTvis, vRebulobT Semdegs:  

 

 nabiji 4. ((p→ q) → p) 

     0 1  0   0  0 

nabiji 4. ((p→ q) → p) 

     0 1  1   0  0 
 

amgvarad, 4 da 4 bijebiT miviReT, rom q SeiZleba iyos rogorc 1, ise 0, 

riTac procedura dasrulda winaaRmdegobriv WeSmaritul SefasebaSi anu 

winaaRmdegobaSi Sesvlis gareSe. es imas niSnavs, rom gamonaTqvami ((p→q)→p) ar aris 

igivurad WeSmariti, anu, sazogadod, amgvari gamonaTqvami SeiZleba iyos rogorc 

igivurad mcdari, ise araerTigivuri, magram, Cvens SemTxvevaSi, aRar aris saWiro misi 

arawinaaRmdegobriobis uarsayofad gamamartivebeli testiT sargebloba, radgan imis 

gaTvaliswinebiT, rom procesis Sedegad ganisazRvra yvela is SesaZlo WeSmarituli 

Sefaseba, romelTaTvisac formula mcdardeba, faqtiurad, ukve formulis mTeli 

cxrilia agebuli. amgvarad, cxadia, rom procesiT jer ar gansazRvruli WeSmarituli 

SefasebebisaTvis formula WeSmarit mniSvnelobas Rebulobs. 

SevniSnoT, rom es meTodi yovelTvis ar iZleva drois mogebis saSualebas, 

kerZod ki maSin, rodesac gamonaTqvami mcdar mniSvnelobas Rebulobs mraval 

erTmaneTisagan gansxvavebul WeSmaritul SefasebaSi. 

 

 

6.4 logikuri igivuroba, logikuri Sedegi da kanonebi   

 
Tu igivurobis logikuri kavSiriT, rogorc mTavari operatoriT, agebuli 

gamonaTqvami aris igivurad WeSmariti, maSin, vambobT, rom igivurobis am kavSiriT 

dakavSirebuli gamonaTqvamebi logikurad igivuri gamonaTqvamebia. magaliTad, 

WeSmaritul mniSvnelobaTa 6-10 cxrili gviCvenebs, rom (pq) da (p&q) formulebi 

arian logikurad igivurni, radganac ((pq)↔(p&q)) igivurad WeSmaritia. 

 

p q (p ∨ q) ~(p ∨ q) ~p ~q (~p&~q) (~(p ∨ q)↔ (~p&~q)) 

1 1 1 0 0 0 0 1 

1 0 1 0 0 1 0 1 

0 1 1 0 1 0 0 1 

0 0 0 1 1 1 1 1 

6-10 cxrili: ((p q) ↔ (p & q)) gamonaTqvamis 

zogadmarTebulobis damadasturebeli 

WeSmaritul mniSvnelobaTa cxrili 

 

gamonaTqvamTa logikuri igivuroba SeiZleba ganisazRvros agreTve imis 

safuZvelze, rom es gamonaTqvamebi Rebuloben erTi da igive WeSmaritul 

mniSvnelobebs maTSi Semavali atomaluri gamonaTqvamebis nebismieri SesaZlo 

WeSmarituli SefasebisaTvis (damniSvnelebisaTvis). daakvirdiT meoTxe da meSvide 

svetebs 6-10 cxrilSi. cxadia, rom Tu formulebi akmayofileben zemoSemoTavazebuli 

gansazRvrebiT mocemul pirobebs, maSin maTi igivurobis logikuri kavSiriT 

dakavSirebis Sedegad miRebuli formula iqneba igivurad WeSmariti. 
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 logikurad igivuri gamonaTqvamebi mniSvnelovan rols TamaSoben mkacri da 

dafuZnebuli msjelobaTa warmoebisas, radganac isini Tavisuflad enacvlebian 

erTmaneTs, Tanac ise, rom aranair zegavlenas ar axdenen maTi Semcveli gamonaTqvamis 

WeSmaritul mniSvnelobaze. magaliTad, Tu (pq) gamonaTqvamSi p gamonaTqvams 

CavanacvlebT misi igivuri (p&p) gamonaTqvamiT miviRebT (pq) gamonaTqvamis igivur 

(p&p)q gamonaTqvams, romlis WeSmarituli mniSvneloba p da q atomebis nebismier 

damniSvnelebaSi emTxveva igive damniSvnelebaSi Tavdapirveli formulis WeSmaritul 

mniSvnelobas. amgvarad, logikurad igivuri gamosaxulebebis urTierTCanacvleba 

yovelTvis inarCunebs WeSmaritul mniSvnelobas, anu, inarCunebs rogorc mcdarobas, 

ise WeSmaritebas. is, rom nebismierad aRebuli P da Q gamonaTqvamebi logikurad 

igivurebi arian Semdegnairad aRiniSneba PQ. SevniSnoT, rom es `ormagi isari~ aris 

ara gamonaTqvamebis makavSirebeli axali logikuri kavSiris aRmniSvneli simbolo, 

aramed pirobiT SeTanxmebuli aRniSvna imisa, rom (P↔Q) formula  igivurad 

WeSmaritia. 

Tu gamomdinareobiT agebuli gamonaTqvami zogadmarTebulia, maSin vambobT, rom 

am gamomdinareobis daskvna aris logikuri Sedegi amave gamomdinareobis winapirobisa 

an, rac igivea, rom winapirobis WeSmariteba logikurad iwvevs daskvnis WeSmaritebas. 

6-11 cxriliT ganixileba magaliTi, romelic gviCvenebs, rom q aris ((p→q)&p) 

formulis logikuri Sedegi. 

 

p q (p→q) ((p→q) & p) (((p→q) & p)→q) 

1 1 1 1 1 

1 0 0 0 1 

0 1 1 0 1 

0 0 1 0 1 
6-11 cxrili: cxrili gviCvenebs, rom q aris  

((p→ q) & p) gamonaTqvamis logikuri Sedegi 

  

formula, romelic pirvelsawyisi formulis logikuri Sedegia, iseve rogorc 

am pirvelsawyisi formulis logikurad igivuri formula, inaxavs WeSmaritebas, Tumca 

logikurad igivuri formulisagan gansxvavebiT formulis logikuri Sedegi ver 

inarCunebs sawyisi formulis mcdarobas. es ganpirobebulia imiT, rom mTliani 

gamomdinareobis igivurad WeSmariteba misi winapirobis WeSmaritebis SemTxvevaSi 

calsaxad ganapirobebs misive daskvnis WeSmaritebas (ix. 6-11 cxrilis 1-2 striqonebi), 

maSin rodesac am gamomdinareobis winapirobis mcdarobis SemTxvevaSi gamomdinareobis 

daskvna, miuxedavad imisa, rom mTliani gamomdinareoba WeSmaritia, SeiZleba iyos 

mcdaric da WeSmaritic (ix. 6-11 cxrilis 3-4 striqonebi). Semdeg TavSi Cven vnaxavT, 

rom logikuri Sedegis mimarTeba mniSvnelovani mimarTebaa, ramdenadac swored is aris 

marTebuli gamoyvanebis anu marTebuli msjelobebis amgebi erT-erTi ZiriTadi 

saSualeba. Cven vwerT PQ gamosaxulebas imis misaniSneblad, rom P aris Q 

gamonaTqvamis logikuri Sedegi. 

 

 sazogadod, Tu cnobilia, rom PQ da Tu raime gamonaTqvamSi P gamonaTqvams, 

rogorc mis nawils, CavanacvlebT Q gamonaTqvamiT, Cven ar gveZleva saSualeba 

davaskvnaT, rom aseTi CanacvlebiT narCundeba WeSmariteba. magaliTad, cnobilia, rom 

((p&p)p) (am faqtis samarTlianobas mkiTxveli advilad gadaamowmebs cxrilis 

meSveobiT), miuxedavad amisa, Cven ar SegviZlia davaskvnaT, rom ((p&p)→q)(p→q), 

anu (p&p)→q) WeSmarit gamonaTqvamSi (p&p) nawilis nacvlad misi logikuri Sedegis 
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anu p gamonaTqvamis Canacvleba ar iZleva WeSmarit gamonaTqvams. marTlac, im 

SemTxvevaSi, roca p aris WeSmariti da q aris mcdari (p&p)→q  WeSmaritia, xolo 

(p→q) ki mcdari. amgvarad, Cveni SeniSvna, rom logikuri Sedegi inaxavs WeSmaritebas, 

iTvaliswinebs mxolod mTliani gamonaTqvamis Canacvlebas misi logikuri SedegiT da 

ara romelime gamonaTqvamSi misi romelime nawilis Canacvlebas am nawilis romelime 

logikuri SedegiT. es aris is ZiriTadi gansxvaveba logikuri Sedegobis da logikuri 

igivurobis mimarTebebs Soris, razedac zemoT ukve gvqonda xazgasma da sadac Cven 

ukve aRvniSneT, rom nebismieri formulis nebismieri qveformulis (e.i misi nawili 

formulis) Canacvleba misi igivuri formuliT ar cvlis mTliani formulis 

WeSmaritul mniSvnelobas am formulebis Semadgeneli ganuyofeli formulebis 

arcerTi  damniSvnelebisaTvis. 

zogadi logikuri da maTematikuri TvalsazrisebiT mosaxerxebelia logikuri 

igivurobebis garkveuli mcire ricxvis gamoyofa imisaTvis, rom SesaZlebeli gaxdes 

yvela danarCenis maTgan gamoyvana. aseTi, yvelaze ufro xSirad gamoyenebadi kanonebi 

maT dasaxelebebTan erTad moicema 6-12 cxriliT. aq zogierTi kanoni gamoyvanadia 

danarCenebisagan da am TvalsazrisiT es cxrili siWarbesac ki ganicdis, rac 

gamarTlebulia imiT, rom miuxedavad amisa, igi mosaxerxebelia zemomoxazuli 

miznebisaTvis. gamomdinare iqidan, rom am da Semdeg TavSi am kanonebs mravaljer 

daveyrdnobiT, sasurvelia maTi rogorc gaazreba, ise damaxsovreba. Cven viyenebT T, 

Sesabamisad, F simbolos nebismierad aRebuli igivurad WeSmariti, Sesabamisad, mcdari 

gamonaTqvamis aRsaniSnavad, xolo P, Q da R simboloebiT sruliad nebismier (anu 

rogorc ganuyofel, ise Sedgenil) formulebs aRvniSnavT.  

 

gamonaTqvamTa logikis kanonebi 
 

1. idempotentobis kanonebi               2. asociaciurobis kanonebi 

(a) (P   P)  P                                            (a) (P  Q)  R  P  (QR)  

(b) (P & P)  P                                            (b) (P & Q) & R  P & (Q&R) 

 
3 komutaciurobis kanonebi               4. distribuciulobis kanonebi 

(a) (P   Q)  (Q   P)                                 (a) P  (Q & R)  (P  Q) & (PR)  

(b) (P & Q)  (Q & P)                                   (b) P & (Q  R)  (P & Q)  (P&R) 

 
5. identurobis kanonebi                  6. damatebis (sisrulis) kanonebi 

(a) (P   F)  P                                            (a) (P   P)  T 

(b) (P   T)  T                                            (b)   P  P 

(g) (P & F)  F                       (agreTve iwodeba ormagi uaryofis kanonad) 

(d) (P & T)  P                                            (g) (P &  P)  F 

 
7. de morganis  kanonebi                  8. gamomdinareobis kanonebi 

(a)  (P  Q)  (Q &  P)                          (a) (P →Q )  (P  Q)  

(b)  (P & Q)  (Q  P)                           (b) (P →Q)   (Q → P) 

                                                                     (agreTve iwodeba kontrpoziciis kanonad) 

                                       (g) (P →Q)  (P & Q ) 

 

9. ormxrivgamomdinareobis (anu igivurobis kavSiris) kanonebi 

 

(a) (P ↔ Q)  (P →Q ) & (Q  →P)        (b) (P ↔ Q)  (P & Q )  (Q &P) 
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cxrili 6-12 

 

 am igivurobebis samarTlianobaSi advilad SeiZleba davrwmundeT Cvens mier ukve 

ganxiluli cxriluri meTodiT. magaliTisaTvis aviRoT 8(a) igivuroba da ganvixiloT 

misi erT-erTi kerZo magaliTi (p→q) (~p∨q). gasagebia, rom Tu es gamonaTqvamebi 

marTla igivuri gamonaTqvamebia, maSin (p→q)↔(pq) gamonaTqvami igivurad WeSmariti 

unda iyos, rac advilad mowmdeba 6-13 cxriliT. axla, Tu gavixsenebT Cvens mier ukve 

gakeTebul SeniSvnas imis Taobazed, rom  formis ar mrRvevi Casma inarCunebs 

zogadmarTebulebas SegviZlia davaskvnaT, rom (P→Q)↔(P∨Q) gamonaTqvami 

zogadmarTebulia, rac ukve adasturebs gamomdinareobis kanonebis 8(a) kerZo 

SemTxvevas. 
 

p q (p→q) ~p (~p∨q) ((p→q)↔(~p∨q)) 

1 1 1 0 1 1 

1 0 0 0 0 1 

0 1 1 1 1 1 

0 0 1 1 1 1 

cxrili 6-13 

 

 ramdenadac logikurad igivuri gamonaTqvamebis urTierTCanacvlebiT ar icvleba 

gamonaTqvamis WeSmarituli mniSvneloba, Cven saSualeba gveZleva gamoviyenoT es 

kanonebi gamonaTqvamebis gardasaqmnelad maTive igivuri, magram ufro martivi formis 

mqone gamonaTqvamebad. am saxis proceduris saCveneblad ganvixiloT erTi martivi 

magaliTi. kerZod, vaCvenoT, rom am wesebiT (p→(qp)) gamonaTqvami daiyvaneba T 

gamonaTqvamze, anu, vaCvenoT, rom igi igivurad WeSmaritia. gamoyvanis TiToeul bijze 

gamoyenebul kanons Cven mivaniSnebT striqonis marjvena boloSi. 

 

 

(6-4)  1. (p→(q  p)) 

 2. (p (q  p)) gamomdinareobis kanoni 

 3. ((q p)  p) komutaciurobis kanoni 

 4. (q ( p  p)) asociaciurobis kanoni 

 5. (q  T)            damatebis kanoni 

 6. T      identurobis kanoni 

 

 

rogorc ukve aRvniSneT, igivuriT SeiZleba CavanacvloT nebismieri formulis 

nebismieri qveformula. amasTan, yovelTvis, aseTi Canacvlebis Sedegad miRebuli axali 

formula Tavdapirveli formulis igivuria. magaliTad, p&(qr) aris p&(q→r) 

formulis logikurad igivuri formula. amasTan, igi miiReba pirvelsawyis formulaSi 

(qr) qveformulis CanacvlebiT misive igivuri (q→r)  formuliT. ramdenadac, igivur 

formulebs aqvT erTi da igive WeSmarituli mniSvnelobebi maTi WeSmarituli 

mniSvnelobebis cxrilis nebismier striqonSi, maT, rogorc nawilebs didi formulisa, 

erTi da igive wvlili SeaqvT am didi formulis WeSmarituli mniSvnelobebis 

formirebaSi. amgvarad, gasagebia, rom aseTi CanacvlebiT didi formulis WeSmarituli 

mniSvneloba ar icvleba. am wess zogjer Casmis wesadac ixsenieben. 
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 Casmis wesi moqmedebs formulaSi misi qveformulebis Canacvlebis gziT, e.i. igi 

moqmedebs mxolod mTliani formulis sintaqsur anu formalur Semadgenlebze. am 

wess miuxedavad imisa, rom p&q da q&p formulebi igivuri formulebia, ar SeuZlia 

p&(q→r) formula gardaqmnas q&(p→r) formulad, radgan p&q da q&p formulebidan 

arcerTi ar aris  p&(q→r)  formulis sintaqsuri Semadgeneli (anu qveformula). 

 

Semdeg gamoyvanaSi, meoTxe xazze, Casmis wesis gamoyeneba moniSnulia `qve~ 

CanaweriT. es imas niSnavs, rom am bijiT damatebis kanoni gamoiyeneba ara mTlian 

formulaze, aramed mis erT, romeliRac qveformulaze. gamoyvana ar isaxavs miznad 

Tavidan aRebuli formulis gamartivebas, aramed igi gviCvenebs Tu rogor SeiZleba 

erT formulaze dayrdnobilebma gamoviyvanoT sxva, axali am formulis logikurad 

igivuri formula. aq P da Q nebismieri formulebia. 

 

(6-5) 1. P → Q 

2. P  Q     gamomdinareobis wesi 

3. Q  P         komutaciurobis wesi 

4.  Q  P    damatebis (qve) wesi 

5. Q → P K gamomdinareobis wesi 

 

SevniSnoT, rom TiTqmis igive gamoyvana gvaZlevs p→q formulis igivur q→p 

formulas. magram, radganac cnobilia, rom igivuroba ar ikargeba formulis zogadi 

formis SemnarCunebeli CasmiT, Cven SegviZlia igive gamoviyvanoT anu miviRoT am 

zogadi gamoyvanis sqemis ubralo dakonkretebiTac. 

 

 

6 . 5  bunebrivi gamoyvanebi 
 
 Cven ukve vnaxeT Tu rogor uerTdebian gamonaTqvamebi erTmaneTs sintaqsurad, 

rogor ganisazRvreba logikuri kavSirebis Sinaarsi maTi WeSmarituli cxrilebis 

meSveobiT, rogor xerxdeba am cxrilebis daxmarebiT rTuli anu Sedgenili 

gamonaTqvamebis WeSmarituli mniSvnelobebis gamoTvla, da isic, Tu rogor keTdeba 

gamonaTqvamebis igivuri gardaqmnebi (gadawerebi) cnobili logikuri kanonebis 

safuZvelze. amgvarad, Cven ukve mzada varT marTebuli msjelobebis anu gamoyvanebis 

nimuSebis ganxilvisa da analizisaTvis.  

nebismieri gamoyvanis (dasabuTebis, mtkicebis) wesi Sedgeba (1) raRac 

raodenobis gamonaTqvamebisagan, romlebsac wesis winapirobebs anu wesis pirobiT 

debulebebs uwodeben da romlebic, Tundac mxolod gamoyvanis am wesSi maTi 

pirobiTobis gamo, miCneulni arian WeSmarit gamonaTqvamebad da (2) gamonaTqvamisagan, 

romelsac gamoyvanis wesis daskvna ewodeba, da romlis WeSmaritebac iTvleba, rom 

aucileblobis wesiT ukavSirdeba zemoxsenebuli winapirobebis WeSmaritebas. Cveni 

mizania ganvsazRvroT marTebuli msjelobebis damaxasiaTebeli zogadi formebi da, 

kerZod, Cveni mizania ganvsazRvroT marTebuli gamoyvanis (anu dasabuTebis anu 

mtkicebis) wesebis is mcire odenoba, romlebsac axasiaTebT e.w. WeSmaritebis 

SenarCunebis Tviseba. yuradReba miaqcieT imasac, rom am wesebs, rogorc wesi, ar 

axasiaTebT mcdarobis SenarCunebis Tviseba. gamoyvanis wess ewodeba marTebuli maSin, 

da mxolod maSin, rodesac ar arsebobs msjelobis am wesis Semadgeneli ganuyofeli 

gamonaTqvamebis iseTi WeSmarituli Sefaseba (damniSvneleba), romelSic gamoyvanis 

wesis yvela winapiroba WeSmaritia, Sedegi ki _ mcdari; aseTi damniSvnelebis 
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arsebobis SemTxvevaSi msjelobas da, Sesabamisad, aseTi msjelobis momcem aseT wess  

aramarTebuls uwodeben. 

marTebuli msjelobis (gamoyvanis, dasabuTebis, mtkicebis) cneba mravalnairad 

isazRvreba, magram yvela es gansazRvra urTierT igivuria da yvela maTganSi 

moiTxoveba ((P1&P2& ... &Pn)→Q) saxis gamonaTqvamis igivurad WeSmaritoba, sadac 

P1,P2,...,Pn  gamonaTqvamebi gagebulia msjelobis winapirobebad, Q ki - daskvnad. 

marTebul msjelobaze (gamoyvanaze, dasabuTebaze, mtkicebaze) amgvari zogadi xedva 

ganpirobebulia marTebuli gamoyvanis wesis zemomoyvanili gansazRvriTa da imiT, rom, 

rogorc ukve vnaxeT, gamomdinareoba zogadmarTebulia maSin, da mxolod maSin, roca 

misi winapirobebis WeSmaritebis SemTxvevaSi gamoiricxeba daskvnis mcdaroba. 

marTebuli msjelobisa da igivurad WeSmaritobis cnebaTa urTierT mimarTebebi 

sxvadasxva marTebuli msjelobebis asagebad wina TavSi ganxiluli kanonebis 

gamoyenebis saSualebas iZleva. kerZod, Tu nebismieri marTebuli msjelobis 

Semadgenel ganuyofel gamonaTqvamebs CavanaclebT axali gamonaTqvamebiT da Tu amasTan 

ise, rom am CanacvlebebiT ar irRveva am marTebuli msjelobis zogadi forma, maSin 

Casmebis Sedegad miRebuli axali msjeloba agreTve marTebuli msjeloba iqneba. 

ganvixiloT bunebriv enobrivi msjelobis anu gamoyvanis erTi magaliTi, romlis 

marTebulobaSi TiToeuli Cvengani darwmundeba martivi intuiciuri gansjiT. Cven 

viyenebT  gamosaxulebas daskvnis aRsaniSnavad. igi ikiTxeba rogorc „aqedan 

gamomdinare‟, zogjer ki, mokled, rogorc „amgvarad‟. 

 

 

(6-6)     Tu jons uyvars meri, maSin meri aris bednieri 
         jons uyvars meri  

         ∴  meri aris bednieri 

 

Tu am dasabuTebas Semdegi SeTanxmebebis safuZvelze gadavTargmniT formalur 

enaze: 

 

p - jons uyvars meri 

 
q - meri aris bednieri 

 

miviRebT: 

 

 

(6-7)     p → q 

      p 

         ∴  q 

 

 

WeSmaritul mniSvnelobaTa (6-11) cxrili gviCvenebs am dasabuTebis 

marTebulobas. kerZod, gviCvenebs, rom q aris ((p→q)&p) gamonaTqvamis logikuri 

Sedegi. zogadmarTebuli formulis formis SemnarCunebeli Casmis wesis Tanaxmad, Cven 
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SegviZlia agreTve davaskvnaT, rom (((P→Q)&P)→Q) zogadmarTebulia P da Q  

metaformulebis nebismieri mniSvnelobebisaTvis. 

 

 

(6-8)     P → Q 

      P 

         ∴  Q 

 

amgvarad, SegviZlia davaskvnaT, rom (6-8) aris marTebuli msjelobis (e.i. 

gamoyvanis, dasabuTebis, mtkicebis) erT-erTi ganzogadebuli forma. msjelobis am 

formas anu sqemas tradiciulad modus-ponensis wess uwodeben. qvemoT ganixileba am 

wesis gamoyenebis kidev erTi, ufro rTuli kerZo nimuSi: 

 

(6-9)    ((rs)→t)→(r&t) 

      ((rs)→t) 

         ∴  (r&t) 

 

 

 qvemoT ganixileba magaliTi aramarTebuli dasabuTebisa: 

 

 

(6-10)    p → q 

       q 

         ∴   p 

  

WeSmaritul mniSvnelobaTa (6-14) cxrili gviCvenebs, rom (((p→q)&q)→p) 

gamomdinareoba ar aris igivurad WeSmariti. marTlac, rogorc cxrilidan Cans, 

winapirobebis WeSmaritebis SemTxvevaSic SesaZlebelia, rom daskvna iyos mcdari. 

kerZod, es xdeba maSin, roca p aris mcdari, q ki WeSmariti. 
 

p q (p → q) ((p → q) & q) (((p → q) & q) →p) 

1 
1 
0 
0 

1 
0 
1 
0 

1 
0 
1 
1 

1 
0 
1 
0 

1 
1 
0 
1 

cxrili 6-14: (((p → q) & q) → p) gamomdinareobis  

WeSmarituli mniSvnelobebis cxrili 

 

 ganvixiloT kidev erTi aramarTebuli bunebriv enobrivi msjelobis magaliTi, 

romlis formaluri Targmani  SeiZleba (6-10) sqemis msgavsi sqemis saxiT Caiweros. 

 

 

(6-11)    Tu jons uyvars meri, maSin meri aris bednieri 
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        meri aris bednieri  

         ∴  jons uyvars meri 

 

 

am SemTxvevaSi advilad Cans, rom gamoyvanis winapirobebis WeSmaritebidan ar 

gamomdinareobs daskvnis WeSmariteba. arsebobs ufro rTuli da ufro damabneveli 

aramarTebuli bunebriv enobrivi msjelobebi da aseT SemTxvevebSi ar aris 

gamoricxuli, rom vinmem aseTi aramarTebuli bunebriv enobrivi msjeloba SecdomiT 

marTebulad miiCnios. msjelobis (gamoyvanis, dasabuTebis, mtkicebis) aseT SecdomaSi 

Semyvan formebs msjelobis (gamoyvanis, dasabuTebis, mtkicebis) macdur formebs 

uwodeben. cnobilia dasabuTebis aseTi macduri formebis ori klasikuri magaliTi. 

maTgan erTs dasabuTebuli daskvnis macdur formas uwodeben, xolo meore uaryofili 

winapirobis macdur formad iwodeba. pirveli Cven ukve ganvixileT (6-10) sqemis 

saxiT. meore macdur dasabuTebas p→q da ~p winapirobebidan, daskvnad arasworad anu 

aramarTebulad gamohyavs ~ q. 

miuxedavad imisa, rom nebismieri msjelobis zogadi sqemis marTebuloba 

SeiZleba davadginoT am msjelobasTan mikavSirebuli WeSmaritulobis cxrilis 

meSveobiT, amis gakeTeba xSirad mouxerxebelia. kerZod ki, es mouxerxebelia maSin, 

roca msjeloba ganuyofeli gamonaTqvamebis did odenobas Seicavs. ase magaliTad, im 

msjelobis marTebulobis dasasabuTeblad, romelic Seicavs xuT ganuyofel 

gamonaTqvams, saWiro xdeba 25  striqoniani anu 32 xaziani cxrilis ageba. 

  

 dasabuTebaTa marTebulobis dasabuTebis erT-erTi alternatiuli gza aris 

dasabuTebis daSla Semadgenel martiv dasabuTebaTa mimdevrobad da, amis mere, 

dasabuTeba imisa, rom didi msjelobis Semadgeneli TiToeuli es martivi msjeloba 

marTebulia. magaliTisaTvis ganvixiloT (6-12) dasabuTebis marTebulobis dasabuTeba. 
 

 

(6-12)     (p→(q →(r&s))) 

         p 

         q 

 ∴  (r&s) 

 

 

 (6-12) msjelobis marTebuloba Cven SegviZlia davasabuToT imis CvenebiT, rom 

misi daskvna gamomdinareobs misi winapirobebidan dasabuTebis modus-ponensis wesis 

ori Tanamimdevruli gamoyenebiT. kerZod ki ise, rogorc es naCvenebia (6-13) 

formulaTa mimdevrobiT: 

  

 

(6-13) 1. (p → (q → (r & s))) 

           2. p 
3. q 
4.(q → (r & s))             1 da 2 striqonebidan modus-ponensis wesiT     
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5. (r & s)                      3 da 4 striqonebidan modus-ponensis wesiT 

 

 

martivi marTebuli dasabuTebis anu gamoyvanis anu msjelobis zogadi formebi, 

romlebic SeiZleba gamoviyenoT daaxloebiT iseve, rogorc zemomoyvanil magaliTSi 

modus-ponensis saxeliT cnobili wesis zogadi forma gamoiyeneba, dasabuTebis anu 

gamoyvanis anu msjelobis wesebad iwodebian. 

 

(6-15) cxrilSi ganxilulia Svidi gansxvavebuli gamoyvanis wesi da, Sesabamisad, 

maTi Svidi gansxvavebuli zogadi forma, Tumca es formebi sruliad sakmarisi iqneba 

am wignis am nawilSi ganxiluli dasabuTebebis marTebulobis dasasabuTeblad. 

logikuri igivurobebis cxrilis msgavsad, romelic Cven zemoT ganvixileT, es 

cxrilic garkveul siWarbes ganicdis. kerZod, aq ganxiluli zogierTi wesi 

SesaZlebelia gamoyvanili iqnes danarCenebisagan ukve naxsenebi logikuri igivurobebis 

gamoyenebiT. mkiTxvels vurCevT, rom gasavarjiSeblad Seecados TiToeuli aq 

arsebuli gamoyvanis wesis samarTlianobis damtkicebas e.w. cxriluri meTodiT. 

 

gamoyvanis wesebi 
 

dasaxeleba Forma magaliTi 

modus-

ponensi 

 (M.P.) 

   P → Q 
 P 

 Q 

 Tu jons uyvars meri, maSin meri aris bednieri 

jons uyvars meri  

 meri aris bednieri 

modus-

tolensi 

(M.T.) 
  

 P → Q 

  Q 

  P 

Tu jons uyvars meri, maSin meri aris bednieri 

meri ar aris bednieri 

 jons ar uyvars meri 

hipoteturi 

silogizmi 

(H.S.) 

 P → Q 
 

   Q → R 
 

 P → R 

 

Tu fredi cxovrobs parizSi, maSin fredi cxovrobs  

safrangeTSi 

Tu fredi cxovrobs safrangeTSi, maSin fredi cxovrobs  

evropaSi  

 Tu fredi cxovrobs parizSi, maSin fredi cxovrobs 

evropaSi 

dizunqciuri 

silogizmi 
(D.S.) 

 P  Q 

 P 

 Q 

fredi cxovrobs parizSi an fredi cxovrobs londonSi  

fredi ar cxovrobs parizSi 

 fredi cxovrobs londonSi 

&-gamartiveba 
(Simp) 

P & Q 

 Q 

vardebi aris wiTeli da iebi aris lurji 

 vardebi aris wiTeli 

koniunqcireba 

&-dakavSireba 

(Conj) 

P 
Q 

 P & Q            

vardebi aris wiTeli 

iebi aris lurji 

 vardebi aris wiTeli da iebi aris lurji 
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-gafarToeba 
damateba 

(Add)  

     P 

P  Q 

 

 

vardebi wiTelia 

 vardebi wiTelia an sigareti janmrTelobisTvis 

sazianoa 

                    
6-15 cxrili: gamoyvanis zogadi wesebi 

gamonaTqvamTa logikisaTvis 

 
qvemoT ganxilulia gamoyvanebi, romlebSic gamoyenebulia zemoaRwerili 

gamoyvanis wesebi. xazebi gadanomrilia maTze moxerxebulad miniSnebis mizniT. amasTan, 

garda winapirobaTa momcemi xazebisa, TiToeul xazs miwerili aqvs im xazis nomeri da 

im gamoyvanis wesis saxeli, romliTac igi miiReba moniSnul xazebze ganTavsebuli 

gamonaTqvamebidan. 

 
(6-14)  1. p → q 

  2. p   s 
  3. q → r 
  4. s → t 
  5. ~ r 
  6. ~ q  3, 5 M.T. 
  7. ~ p  1, 6 M.T 
  8. s  2, 7 D.S. 
  9  t  4, 8 M.P. 
 
 
  formulaTa (6-14) mimdevroba iwodeba t gamonaTqvamis damtkicebad 1-5 

striqonebiT mocemuli winapirobebis safuZvelze. cxadia, rom igive winapirobebi   

logikurad iwveven 6, 7 da 8 striqonebiT mocemul gamonaTqvamebsac da, Sesabamisad, 

es gamonaTqvamebic damtkicebulad SeiZleba CaiTvalos CanawerTa am (6-14) mimdevrobiT. 

marTlac, Cven SegviZlia SevwyvitoT procesi nebismier maTganTan da vTqvaT, rom es 

aris ~q,  ~p, Sesabamisad s gamonaTqvamis damtkiceba, rac, cxadia, damokidebulia 

mxolod imaze, Tu romeli maTganis damtkiceba gvaqvs Cafiqrebuli pirvelsawyisad. 

SevniSnoT, rom roca mocemulia winapirobebi da navaraudevi dasamtkicebeli daskvna, 

zogjer, martivad ar Cans is gza, romliTac am daskvnis damtkiceba miiReba, romelic, 

rig SemTxvevebSi, SeiZleba saerTodac ar arsebobdes. meore mxriv, rodesac, 

formulaTa (6-14) mimdevrobis msgavsad, ukve mocemulia garkveuli saxis mtkicebiTi 

sqema, Cven am mtkicebiTi sqemis TiToeuli xazidan sqemis TiToeul axal xazze 

gadasvlis marTebulobis gadamowmebiT martivad SegviZlia davrwmundeT imaSi, marTla 

aris Tu ara igi marTebuli mtkiceba anu damtkiceba. sazogadod, logika iZleva 

mtkicebaTa gadamamowmebel meTodebs da ara axal, jer miugnebel mtkicebaTa aRmomCen 

meTodebs1. WeSmaritebaa is, rom gamonaTqvamTa logikaSi Cven yovelTvis SegviZlia 

gavarkvioT mocemuli winapirobebidan mocemuli daskvnis gamoyvanadobadobis anu 

damtkicebadobis sakiTxi (Cven yovelTvis SegviZlia avagoT amocanis Sesabamisi 

gamomdinareobis WeSmaritul mniSvnelobaTa cxrili), magram ufro rTuli 

                                                 
1
 redaqtoris SeniSvna: dRes ukve Tanamedrove maTematikur logikaSi Seiswavleba rogorc mtkicebebis 

gadamamowmebeli meTodebi, ise axali, jer miugnebeli mtkicebebis aRmomCeni meTodebi.  
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sistemebisaTvis, magaliTad iseTisaTvis, rogoricaa Semdeg TavSi ganxiluli logikuri 

sistema, aseTi sruli da zogadi amomxsneli meTodi ar arsebobs. 

  

qvemoT ganixileba erTi mcired gansxvavebuli saxis mtkiceba, romlis sirTule 

mdgomareobs imaSi, rom winapirobebi ar arian mocemuli im standartuli formiT, 

romlebzedac gamoyvanis wesebi uSualod operireben. 

 

(6-15) (p → (q  r)) da ~ r winapirobebis safuZvelze davamtkicoT (p → q). 

 
 1. (p → (q   r))  
 2. ~ r 
 3. ~  p   (q   r)  1 gamomdinareobis wesi 

 4. (~ p   q)   r) 3 asociacurobis wesi 

 5. r   (~ p   q)  4 komutaciurobis wesi 

 6. ~ p   q  2.5 D.S. 

 7. p → q  6 gamomdinareobis wesi 

pirveli winapirobis gardaqmniT gamomdinareobis, asociaciurobis da 

komutaciurobis kanonebis gamoyenebiT Cven diziunqciuri silogizmis (D.S.) wesis 

gamoyenebis saSualeba mogveca, romelic am damtkicebaSi erTaderTi gamoyvanis wesia. 

gavixsenoT, rom gamonaTqvamSi logikurad igivurebis urTierT Canacvleba inarCunebs 

am gamonaTqvamis WeSmaritul mniSvnelobas, rac saboloo jamSi WeSmaritebis 

SenarCunebasac niSnavs. aqedan gamomdinare, mtkicebisas, roca am damtkicebis romelime 

gamonaTqvams vcvliT misi logikurad ekvivalenturi gamonaTqvamiT, Cven ar gvekargeba 

WeSmariteba. 

 

Semdegi mtkiceba iyenebs igivuriT Canacvlebis wess axali, logikurad igivuri 

gamonaTqvamebis sawarmoeblad: 

 

(6-16)  1. ~ (p → ~ q) 

  2. ~ r 
  3. ~ (~ (p & ~ ~ q))  gamomdinareoba(qve) 

  4. (p & ~ ~ q)   damateba 

  5. (p & q)   damateba(qve) 

  6. ((p & q) & ~ r)  2,5 koniunqcireba 

  7. (p & (q & ~ r))  6 asociaciuroba 

  8. (p & ~ ~ (q & ~ r)) 7 damateba(qve) 

  9. (p & ~ (q → r))  8 gamomdinareoba(qve) 

 

 

 aqedan moyolebuli Cven pirdapir aRar mivaniSnebT Casmis wesis gamoyenebaze, 

aramed aRvniSnavT xolme mxolod im logikur igivurobebs, romlebiTac mtkicebisas 

vsargeblobT.      

 

6.5.1 pirobiTi damtkiceba  
 

mtkicebebi, romelTa daskvnac Seicavs gamomdinareobas, rogorc mTavar kavSirs, 

mosaxerxebelia damtkicdes e.w. pirobiTi damtkicebis meTodiT. davuSvaT, rom 

msjeloba Sedgeba P1,P2,...,Pn winapirobebisa da Q→R daskvnisagan. am meTodis arsi 

mdgomareobs imaSi, rom msjelobis winapirobebs damxmare anu pirobiT winapirobad 
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vamatebT msjelobis daskvnis Q winapirobas da, mere, vcdilobT Q damxmare anu 

pirobiTi winapirobisa da pirvelsawyisi P1,P2,...,Pn winapirobebis gamoyenebiT R 

daskvnis gamoyvanas. pirobiTi damtkiceba mTavrdeba damxmare winapirobisa da am 

damxmare winapirobis gamoyenebiT miRebuli Sualeduri daskvnebis gadaxazviTa da 

msjelobis  damasrulebel daskvnad Q→R  formulis gamocxadebiT (daweriT). am 

meTodis marTebuloba efuZneba im faqts (am faqtis marTebuloba Tqven TviTon 

SeamowmoT) rom,   

 
((P1 & P2 & ... & Pn) → (Q → R)) 

 

gamonaTqvami aris Semdegi gamonaTqvamis logikurad igivuri gamonaTqvami (aq P1 , P2 ,..., 

Pn ,Q da R  nebismieri gamonaTqvamebia.)  

 

((P1 & P2 & ... & Pn  & Q) → R). 
 

magaliTisaTvis,  Cven avagebT (6-15) damtkicebis pirobiTi damtkicebis erT-erT 

versias. 

(6-17) (p → (q  r)) da ~ r winapirobebidan gamomdinare davamtkicoT (p → q). 

 
 

 1. (p → (q  r))        
 2. ~ r 
 3.  p  damxmare winapiroba 

 4.  q  r  1, 3 M.P. 

 5.  r  q  4 komutaciurobis 

 6.  q  2, 5 D.S. 
 7. p → q  3-6 pirobiTi damtkiceba 

 
 

pirobiTi damtkicebis Cawerisas vertikaluri xazis meSveobiT vakeTebT zols, 

romelic gviniSnavs pirobiTi damtkicebis im nawils, sadac Cven muSaoba gviwevs 

damxmare winapirobasTan erTad. pirobiTi damtkiceba, mtkicebis procesis 

dasrulebamde, e.w. pirobiTi damtkicebis wesis gamoyenebisTanave auqmebs damxmare 

winapirobas. gauqmebis Semdeg, cxadia, ikrZaleba im striqonebiT sargebloba, romlebic 

iyenebdnen ukve gauqmebul damxmare winapirobas. 

momdevno magaliTi gviCvenebs Tu rogor SeiZleba sxvadasxva pirobiTi 

damtkicebebis erTmaneTSi Calageba: 

 

(6-18): davamtkicoT, rom (p→(q&r)) gamonaTqvamidan gamomdinareobs ((q→s)→(p→s)) 

gamonaTqvami. 

 
 
 1. (p → (q & r)) 
 2.    q → s   damxmare winapiroba 

 3.    p   damxmare winapiroba 

 4.    q & r   1, 3. M. P. 

 5.      q   4 & gamartivebis wesi 

 6.       s   2, 5 M.P. 
 7.   p → s   3-6 pirobiTi damtkiceba 
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 8. ((q → s) → (p → s)) 2-7 pirobiTi damtkiceba 
 
 

pirobiTi mtkicebisas SedarebiT ufro SezRudulia mtkicebis ufro Rrmad 

Calagebuli (Cadebuli) pirobiTi nawili.  erTi donidan gamosvlas da, Semdeg, ufro 

maRal doneze gadasvlas yovelTvis win uswrebs gamomdinareobis formireba, romlis 

winapiroba aris gamosasvleli donis ganmsazRvreli damxmare winapiroba da romlis 

daskvnac aris formula, romelic amave donis ukanaskneli bijiT anu donidan 

gamomyvani bijis wina bijiT iqna miRebuli (ix. magaliTad, (6-18) damtkicebis 7 xazi). 

pirobiTi mtkicebis dabali (Rrma) donis striqonis gamoyeneba ufro maRali (nakleb 

Rrma) donis striqonSi akrZalulia (magaliTad, me-5 striqonidan q gamonaTqvamis 

gamoyeneba dauSvebelia mas Semdeg rac davtoveT misi done da me-7 striqoniT ufro 

maRal doneze gadavediT). amasTan, SevniSnoT, rom maRali donis Semadgenlis gamoyeneba 

SedarebiT dabali donis daskvnis gamosayvanad ar aris akrZaluli (magaliTad,  

striqoni 1 gamoyenebulia ufro dabali donis me-4 striqonis misaRebad). 

damxmare winapirobebad SeiZleba gamoyenebuli iqnes sruliad nebismieri saxis 

gamonaTqvami. mTavaria isini waadgnen mtkicebis interesebs. magaliTad, (6-18) 

damtkicebaSi Cven damxmare winapirobad ar gamogviyenebia s gamonaTqvami, Tumca igi me-2 

xaziT mocemuli damxmare winapirobis sruliad kanonieri formaluri nawilia. 

 

6.5.2 arapirdapiri damtkiceba 
  

gamoyvanebi, romlebic zemoT iqna ganxiluli, iwodebian pirdapir damtkicebebad: 

daskvna gamoyvanis wesebis ramdenimejeradi gamoyenebis Sedegad pirdapiri saxiT miiReba 

mtkicebis ukanasknel xazSi. arapirdapiri damtkicebisas nagulisxmevi dasamtkicebeli 

daskvnis uaryofa, anu am daskvnis negacia, ganixileba damxmare winapirobad, ris 

Semdgomac ukve pirdapiri mtkiceba mimdinareobs winaaRmdegobis gamoyvanis mizniT. im 

daSvebidan gamomdinare, rom yvela winapiroba WeSmaritia, winaaRmdegobis warmoqmnis 

SemTxvevaSi vaskvniT, rom negaciuri formis damxmare (damatebiTi) winapiroba mcdaria, 

rac misi pozitiuri formis anu dasamtkicebeli gamonaTqvamis WeSmaritebas niSnavs. 

mtkicebis am arapirdapir meTods mtkicebis winaaRmdegobamde miyvanis meTods 

uwodeben. zogjer mas sawinaaRmdegos daSvebis gziT mtkicebis meTodsac (xerxsac) 

uwodeben. amgvarad, Cven axla ukve gvaqvs imis ufleba, rom es meTodi ganvixiloT 

rogorc erT-erTi gamoyvanis wesi. igi pirobiTi damtkicebis garkveuli formaa, 

ramdenadac igi iyenebs damxmare winapirobas, magram es damxmare winapiroba ar airCeva 

nebismierad. ufro metic, igi aucileblad unda iyos uaryofa dasamtkicebeli 

gamonaTqvamisa. amasTan, es gamonaTqvami aucilebeli ar aris gamomdinareobis formis 

iyos, da, sazogadod, arc is gamoiricxeba, rom igi atomaluri formula iyos. qvemoT 

ganixileba winaaRmdegobamde miyvanis meTodiT mtkicebis erTi magaliTi: 

 

(6-19) davamtkicoT p  formula pq, q→r da  ~r  winapirobebze dayrdnobiT: 

 
 

 1. p  q 
 2. q → r 

 3. ~ r 
 4.  ~ p  damxmare winapiroba 

 5.  q     1, 4 D.S. 

 6.    r      2, 5 M.P. 
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 7.    r & ~ r  3, 6 Conj. 
 8. p   4-7 arapirdapiri damtkiceba 

 

 
striqoni 7 aSkara winaaRmdegobaa da, aqedan, arapirdapiri damtkicebis wesiT 

SegviZlia davaskvnaT, rom me-4 striqonis damxmare winapiroba mcdaria. 

 Semdegnairi midgomiT es arapirdapiri damtkiceba SeiZleba ganvixiloT rogorc 

Semdegi pirobiTi damtkicebis kerZo SemTxveva: msjelobas davamateT ra ~p formula 

damxmare winapirobad zemomoyvanili mtkicebiT gamoviyvaneT (r&~r). ris Semdgomac, 

pirobiTi mtkicebis wesiT vRebulobT (~p→(r&~r)). axla ukve agebul mtkicebas axal 

xazad davumatoT zogadmarTebuli formula ~(r&~r), risi damatebac nebismieri 

mtkicebis nebismier adgilze (striqonze) mtkicebis marTebulobas ar cvlis, radgan 

igi arasdros ar mcdardeba. amis Semdgom Cven vRebulobT ~~p modus tolnensis 

wesiT, ris Semdgomac damatebis wesis gamoyenebiT miiReba p  gamonaTqvamis mtkiceba. 

 arapirdapir damtkicebaSi, iseve rogorc pirobiT damtkicebaSi, SeiZleba 

Calagdes sxva arapirdapiri da pirobiTi damtkicebebi. yvela aseT SemTxvevaSi, ufro 

Rrmad Cadebuli nawilis Semadgenlebi ar SeiZleba gaviTvaliswinoT da vigulisxmoT 

WeSmarit gamonaTqvamebad mtkicebis ufro nakleb Rrmad Cadebul nawilebSi. amgvarad, 

ufro Rrmad Cadebul nawilebSi gamoyvanaTa gakeTebis ufro meti Tavisuflebaa, maSin 

rodesac zedapirul doneebze gamoyvanaTa gakeTebis SesaZleblobebi TandaTan ufro 

izRudeba.   

arapirdapiri damtkicebebi farTod gamoiyeneba maTematikaSi, radgan, xSirad, 

arapirdapiri damtkicebis moZieba ufro advilia, vidre Sesabamisi pirdapiri 

damtkicebisa. magaliTad, vTqvaT dasamtkicebeli gvaqvs, rom carieli simravle aris 

nebismieri simravlis qvesimravle. sawinaaRmdegos daSvebiT vRebulobT, rom cariel 

simravles aqvs wevri, rac carieli simravlis gansazRvrebas ewinaaRmdegeba. amgvarad, 

im daSvebas, rom carieli simravle ar aris nebismieri simravlis qvesimravle, 

mivyavarT winaaRmdegobamde, rac adasturebs am daSvebis  SeuZleblobas. 

 

 

6.6 beTsis cxrilebi 

 
 Teoriul kompiuterul mecnierebebsa da maTematikur logikaSi mimdinare 

Tanamedrove kvlevebi ZiriTadad viTardeba TeoremaTa avtomaturad mamtkicebeli 

manqanebis konstruirebis miznebiT. aseT gamomTvlel manqanebs 'TeoremaTa 

mamtkiceblebs uwodeben. am kvlevebis ZiriTadi mizani adamianebisaTvis damaxasiaTebeli 

TeoremaTa mamtkicebeli unarebis avtomaturi anu manqanuri realizaciaa. gasagebia, 

rom elementaruli logikuri sistemebisaTvis aq ganxiluli mamtkicebeli 

procedurebis pirdapiri avtomaturi danergva SeuZlebelia. Tu Tqven gadawyvitavT, 

rom meqanikurad anu avtomaturad gamoiyvanoT daskvna winapirobebad mocemuli 

gamonaTqvamebis raRac sawyisi simravlidan, Tqven, savaraudoa, rom garda ukve 

TqvenTvis cnobili gamoyvanis wesebiT sargeblobisa, mogiwevT  am winapirobebis, an 

maTi nawilebis Canacvleba maTive igivuri gamonaTqvamebiT. cxadia, rom praqtikuli 

TvalsazrisebiT mouxerxebelia gadamowmdes yvela SesaZlo Canacvleba Casanacvlebeli 

gamonaTqvamebis yvela SesaZlo igivuri gamonaTqvamebisaTvis, radgan gansaxilveli 

igivuri gamonaTqvamebis ricxvi, rogorc wesi, usasruloa. aseT dros Tqven xSirad 

eyrdnobiT xolme intuiciasa da evristikul gamocdilebas, imis gansasazRvravad Tu 

konkretul SemTxvevaSi, romeli gamonaTqvami unda SeirCes da romeli ara. dReisaTvis 
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aseTi intuiciuri da evristikuli midgomebi imdenad mciredaa Seswavlili, rom jer-

jerobiT TeoremaTa mamtkiceblebis konstruirebisas ar ganixileba maTi gamoyenebis 

sakiTxebi. miuxedavad amisa, Tu ki arsebobs procedura, romelic iTvaliswinebs 

gansaxilveli dasamtkicebeli magaliTis dasamtkiceblad saWiro yvela SesaZlo 

CasmaTa srul gadaTvlas, maSin  aRniSnuli proceduris manqanuri realizacia da, 

Sesabamisad, aRniSnuli tipis magaliTebis manqanuri mamtkiceblis konstruireba 

mosaxerxebelia. aseTi procedura arsebobs da igi holandieli logikosis evert 

beTsis pativsacemad semantikuri cxrilebis beTsis meTodis saxeliT aris cnobili. 

gamonaTqvamTa da CasmaTa is sasruli odenoba, romelTa safuZvelzec es meTodi iZleva 

nebismieri konkretuli gamonaTqvamis gamoyvanas, Sedgeba: 

 

1. TviTon am gamonaTqvamisagan, 

2. am gamonaTqvamis yvela qvegamonaTqvamebisagan (e.i. qveformulebisagan), 

3. winapirobebze damokidebul gamonaTqvamTa zogierTi martivi kombinaciisagan. 

 

am Caketili Sinaarsuli cxrilebis, rogorc mtkicebiTi meTodis, yvelaze 

metad RirsSesaniSnavi Tviseba aris is, rom am meTodiT nebismieri P formulis 

damtkicebaSi monawileoben mxolod am P formulis qveformulebi. am nawilSi Cven 

ganvixilavT am meTods mxolod gamonaTqvamTa logikisaTvis, xolo Semdeg TavSi Cven 

gavafarToebT meTods predikatuli logikis gamonaTqvamebze anu iseT gamonaTqvamebze, 

romlebic saSualebas iZlevian gaTvaliswinebuli iqnes maTi Sinagani struqturuli 

Taviseburebebic. 

beTsis cxrilis ZiriTadi ideis mixedviT nebismieri pirobiTi gamonaTqvami 

damtkicebulad unda CaiTvalos Tu yoveli mcdeloba misi damapirispirebeli (anu 

gamomricxavi) magaliTis agebisa, anu iseTi magaliTis agebisa, romelic uaryofs am 

pirobiTi gamonaTqvamis daskvnas, maSin rodesac mis winapirobebs adasturebs, Tavdeba 

warumateblad. amasTan, Tu aseTi gamomricxavi magaliTi arsebobs, maSin beTsis 

cxriluri meTodi agebs mas, xolo Tu aseTi gamomricxavi magaliTi ar arsebobs, maSin 

meTodi sasruli bijebis meSveobiT adasturebs am ararsebobas. damtkiceba yovelTvis 

Seicavs P1&P2&...&Pn-1 winapirobebs da Pn Sedegs, romlebic erTmaneTTan 

dakavSirebulia gamomdinareobis kavSiriT. beTsis cxrili cdilobs winapirobebis 

gaWeSmaritebas da daskvnis gamcdarebas, rac saboloo jamSi (P1&P2&...&Pn-1)→Pn 
gamonaTqvamis gamcdarebis mcdelobaa. Tu es mcdeloba damTavrda warumateblad, maSin 

cxrili ixureba, rac adasturebs imas, rom qveformulebis aranairi interpretireba 

(WeSmarituli Sefaseba) ar iZleva gamomricxavi magaliTis agebis saSualebas. xolo, 

im SemTxvevaSi, Tu zemoaRniSnuli mcdeloba damTavrda warmatebiT, maSin meTodi ara 

marto adasturebs  gamomricxavi magaliTis arsebobas, aramed gviCvenebs kidec, rogor 

avagoTY igi. 

procedura sakmaod martivia, da Cven mas gagacnobT ramdenime elementaruli 

magaliTis ganxilvis gziT, ris Semdgomac srulad CamovayalibebT cxrilis amgeb 

zogad wesebs. 

 

magaliTi 1: davamtkicoT ~~p  gamonaTqvami (p&q)  gamonaTqvamis safuZvelze. 

 

beTsis cxrilebis is aRniSvnebi, romlebsac aq viyenebT, Semdegnairad ganisazRvreba: 
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1. furcelze vertikaluri xazis gavlebiT gavakeToT ori sveti (aiReT sakmarisi 

sididis furceli, radgan cxrili SeiZleba gamovides imaze ufro moculobiTi vidre 

Tqven Tavidan warmogidgeniaT); 

2. davaweroT marcxena svets WeSmariti, marjvenas ki mcdari; 

3. CavweroT winapiroba WeSmariti svetis, xolo daskvna mcdari svetis pirvel 

striqonSi 

 

       WeSmariti            mcdari 
  1. (p & q)    ~ ~ p 
 

gamomdinare iqidan, rom logikuri kavSirebis cxrilebis meSveobiT viciT am 

logikuri kavSirebis Sinaarsi, Cven Semdegnairad vmsjelobT: radgan (p&q) winapirobaa, 

is gagebulia WeSmaritad da amis gaTvaliswinebiT vcdilobT ~~p daskvnis mcdarobis 

damtkicebas. amasTan, koniunqcia WeSmaritia mxolod maSin, roca misi Semadgeneli 

orive formula WeSmaritia. amgvarad, SegviZlia davaskvnaT, rom p da q WeSmaritebia. 

es informacia cxrilSi Semdegnairad Caiwereba: 

 

   WeSmariti   mcdari 

  2. p                               
  3. q                               
 

radgan axla ukve  WeSmariti svetis qveS gvaqvs mxolod atomaluri 

gamonaTqvamebi, procesis Semdgomi ganviTarebisaTvis Cven iZulebulni varT gadavideT  

svetze mcdari. Cven vaskvniT, rom radgan ormagi uaryofa mcdaria, maSin erTmagi 

uaryofa WeSmaritia, radganac uaryofa gamonaTqvamis WeSmaritul mniSvnelobas cvlis 

sapirispiroTi. es garemoeba cxrilze Semdegnairad aisaxeba: 

 

WeSmariti   mcdari 

  4. ~ p                              
 

 

Tu uaryofa WeSmaritia, maSin igive gamonaTqvami uaryofis gareSe iqneba mcdari 

da es asea imave mizezebis gamo, ra mizezebiTac iyo motivirebuli biji 4. amgvarad 

vRebulobT: 

WeSmariti   mcdari 

  5.      p 

 

axla ukve cxrilSi Cven gvaqvs mxolod atomaluri gamonaTqvamebi da amitom 

cxrilis Semdgomi ganviTareba SeuZlebelia. magram, Tu gavixsenebT Cvens SeTanxmebebs 

da im monacemebs, rac  sawyis pirobebad mogvewoda winapirobebisa da daskvnis saxiT, 

vnaxavT rom me-2 striqonis mixedviT p gamonaTqvami WeSmaritia, maSin rodesac me-5 

striqoniT igive p gamonaTqvami mcdaria. es ki SeuZlebelia, radgan p erTdroulad ver 

iqneba mcdaric da WeSmaritic. amgvarad, yovelmxriv gamarTulma msjelobam, romliTac 

Cven cxrils TandaTanobiT vanviTarebdiT migviyvana aSkara winaaRmdegobamde! aseT 

SemTxvevaSi SeiZleba vinmem ifiqros, rom cxriluri meTodi saerTod uvargisia da 

rom saerTod ar Rirs am meTodiT sargebloba, magram Tqven CqarobT daskvnis 

gamotanas. _ Cven xom cxrili Tavidanve garkveuli mizniT gavawyveT: kerZod ki im 

mizniT, rom dagveZebna atomaluri gamonaTqvamebis iseTi WeSmarituli Sefaseba, 

romelSic yvela winapiroba WeSmariti, xolo daskvna ki - mcdari iqneboda. am mizniT 
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iyo rom winapirobebi davalageT WeSmariti svetis mxares, xolo daskvna davdeT 

mcdari svetis mxares. _ mxolod amgvarma winaswarma daSvebam ganapiroba is, rom, 

iseve rogorc es xdeba xolme sawinaaRmdegos daSvebis gziT mtkicebisas, Cven aSkara 

winaaRmdegoba miviReT. es ki imas niSnavs, rom Cveni pirvelsawyisi daSveba ufleba 

moklebuli da ukve winaaRmdegobrivi iyo. es ki Tavis mxriv imas niSnavs, rom ar 

arsebobs aranairi iseTi interpretacia, romelSic winapirobebi WeSmaritia, daskvna ki 

mcdari, rac, Tavis mxriv, niSnavs imas, rom ar arsebobs SemoTavazebuli msjelobis 

aranairi uarmyofeli kerZo magaliTi. cxrili iwodeba Caketilad, Tu am cxrilis 

WeSmarit da mcdar svetSi gvxvdeba erTi da igive gamonaTqvami. SevniSnoT, rom 

Camketi gamonaTqvami ar aris aucilebeli iyos atomaluri gamonaTqvami. nebismieri 

gamonaTqvami, romelic cxrilSi erTdroulad fasdeba mcdaradac da WeSmaritadac 

iZleva aSkara winaaRmdegobas. 

qvemoT warmodgenilia am magaliTis mTliani cxrili: 

 

    WeSmariti      mcdari 

  1. (p & q)    ~ ~ p 
  2. p                               
  3. q                               
  4. ~ p                            
  5.      p 

imis saCveneblad, Tu romeli logikuri kavSiris daSliT miiReba axali xazi, 

Cven pirveli xazisagan gansxvavebuli yvela Semdegi xazi SegviZlia davaindeqsiroT am 

logikuri kavSiris aRmniSvneli simboloTi, aseve SegviZlia indeqsirebulad vaCvenoT 

es kavSiri romel svets ganekuTvneba - WeSmarits(T) Tu mcdars(F). am 

midgomebiT Cven cxrilSi indeqsebi Semdegnairad iqnebodnen warmodgenili: 2&,T, 3&,T, 

4~,F da 5~,T. _ vfiqrobT, rom am magiliTis mixedviT Tqven ukve damoukideblad 

SeZlebT Semdeg magaliTebSi striqonTa nomrebis aq aRwerilis msgavs indeqsirebas.   

 

magaliTi 2: ~ (p → q) gamonaTqvamidan gamomdinare davamtkicoT ~ p  q. 

 

imisaTvis, rom ~(p→q) winapiroba ganvixiloT WeSmaritad, xolo ~pq daskvna 

mcdarad, vxsniT zemoaRwerilisgvar Semdeg cxrils: 

 

WeSmariti   mcdari 

  1. ~ (p → q)     ~ p  q  
 

Semdeg gamonaTqvami  ~pq martivdeba da safuZvels udebs me-2 da me-3 

striqonebs. 
 

WeSmariti   mcdari 

  2      ~ p 
  3.      q 
  

 am striqonebis amgvari dakompleqteba ganpirobebulia imiT, rom diziunqcia 

mcdaria mxolod im SemTxvevaSi, roca misi Semadgeneli qveformulebi aseve mcdari 

formulebi arian. axla gavamartivoT striqoni 2. kerZod, uaryofa mxolod maSin aris 

mcdari, roca uaryofis gareSe darCenili formula WeSmaritia. amgvarad Semdegi biji 

iZleva Semdegs: 
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WeSmariti   mcdari 

  4. p                                
 
 

analogiurad, winapiroba SegviZlia gavamartivoT uaryofis moSorebiT da 

darCenili nawilis gadaweriT mcdari svetis mxares: 

 

WeSmariti   mcdari 

  5.      (p→ q) 
 

axla, iqidan gamomdinare, rom gamomdinareoba mcdaria mxolod im SemTxvevaSi, 

roca winapiroba aris WeSmariti da daskvna ki - mcdari, vRebulobT Semdegs: 

 

WeSmariti   mcdari 

  6. p     q 
 
 
 amgvarad, mTeli gamonaTqvami gamartivda (daxurdavda) da, Sesabamisad, aRar 

dagvrCa arcerTi dauSleli Sedgenili gamonaTqvami. amasTan, arc aSkara winaaRmdegoba 

ar migvRia, rac, Tavis mxriv, niSnavs imas, rom unda arsebobdes Cveni msjelobis 

(magaliTis) uarmyofeli kerZo magaliTi. marTlac, Tu p gamonaTqvams ganvixilavT 

WeSmaritad da q gamonaTqvams mcdarad, Cven miviRebT Tavdapirveli magaliTis 

uarmyofel magaliTs, rac martivad SeiZleba SevamowmoT cxriluri anu swrafi 

gamcdarebis meTodze dayrdnobiT: 

~ (p → q) →   ~  p   q  
                                                     1  1  0  0   0    0 1  0  0 
 rodesac erTi da igive atomaluri gamonaTqvami eqceva cxrilis orsave mxares 

CvenTvis gasagebi xdeba, rom masze dayrdnobiT aranairi uarmyofeli magaliTi ar 

SeiZleba iqnes agebuli, ramdenadac, cxadia, ar SeiZleba erTsa da imave magaliTSi 

erTsa da imave dros erTi da igive gamonaTqvami Sefasdes mcdaradac da WeSmaritadac. 

Semdegi magaliTi warmogvidgens Caketil cxrils, romelic q→~pq 

gamonaTqvamis zogadmarTebulobas amtkicebs. 

 

magaliTi 3. daaamtkiceT ~pq gamonaTqvami q gamonaTqvamis safuZvelze 

 

WeSmariti   mcdari 

  1. q     ~pq 
  2.      ~p 
  3.      q 
   ==========    ========== 
 
 Caketva, romelsac q gamonaTqvami warmoqmnis, cxrilis orive mxares aRiniSneba 

====== ormagi xaziT. im SemTxvevaSi, Tu Caketili cxrilis romelime mxares aris 

araatomaluri gamonaTqvami, romelic bunebrivia emorCileba Semdgomi gamartivebis 

wesebs, Cven vaskvniT, rom es araatomaluri gamonaTqvami da misi WeSmarituli 

mniSvneloba aranair gavlenas ar axdens mTliani gamonaTqvamis zogadmarTebulobaze. 

zemoganxilul magaliTSi aseTia ~p. amgvarad, Caketili cxrili SeiZleba Seicavdes 

Sedgenil, araatomalur gamonaTqvams, magram, aseT SemTxvevaSic, ar aris aranairi arc 
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aucilebloba da arc saWiroeba masze gamamartivebeli wesebiT moqmedebisa da, 

Sesabamisad, mtkicebiTi proceduris kvlav gagrZelebisa. 

  

beTsis cxrilebis agebis process sagrZnoblad arTulebs alternatiul 

interpretaciaTa ganxilvis saWiroeba. magaliTad, pq diziunqciis WeSmariteba iZleva 

sam SesaZlo interpretacias (WeSmaritul Sefasebas anu damniSvnelebas), esenia: 

WeSmaritia p, WeSmaritia q, an WeSmaritia erTdroulad orive: rogorc p, ise q. aseT 

SemTxvevebSi cxrili ixliCeba (anu xurdavdeba) am SesaZlo alternatiuli 

interpretaciebis Sesabamisad. magaliTisaTvis ganvixiloT (~pq)→(p→q) gamonaTqvamis 

beTsis cxrili. 

 

magaliTi 4:  

       WeSmariti     mcdari 

 1.    (~pq)         (p → q) 
 2.  p      
 3.               q 
 4.  41      ~p         42    q    41                       42 

        ========       ======= 
 5.                 p        
      =======          ======= 
 
 me-2 da me-3 striqonebi saerToa mTeli cxrilisTvis. me-4 striqoniT iwyeba 

cxrilis daxurdaveba anu daxleCa Semadgenel 41 da 42  qvecxrilebad, rac 

ganpirobebulia (~pq) diziunqciis WeSmaritobis pirobebiT. Sesabamisad, ~p da q 

diziunqtebidan sakuTriv TiToeuli warmoqmnis mTliani cxrilis TiTo qvecxrils da 

Cven, Sesabamisad amisa, vcdilobT TiToeuli am warmoqmnili qvecxrilis Caketvis gziT 

mTeli cxrilis Caketvas. me-4 xazSi 42  qvecxrili iketeba, imis gamo, rom q atomi 

aris cxrilis orive mxares (me-3 xazi ekuTvnis cxrilis yvela alternatiul 

qvecxrils). me-5 xazSi ki, romelic WeSmariti uaryofis gamartivebis Sedegad miiReba, 

iketeba 41 qvecxrili (am SemTxvevaSi Caketvis mizezia p atomi) 

 qvecxrili iketeba mxolod maSin, Tu arsebobs gamonaTqvami, romelic am 

qvecxrilis orive mxares ekuTvnis. qvecxrilebisgan Semdgari rTuli cxrili iketeba 

mxolod maSin, roca iketeba misi Semadgeneli yvela qvecxrili. xolo im SemTxvevaSi, 

Tu cxrili ar Caiketa, cxrilis Semadgeneli Riad darCenili qvecxrilebis meSveobiT 

Cven vpoulobT atomaluri gamonaTqvamebis iseT WeSmaritul Sefasebebs, romlebic 

iZlevian gansaxilveli formulis zogadmarTebulobis uarmyofel kerZo magaliTebs. 

anu, cxrilis Semadgeneli Riad darCenili qvecxrilebis meSveobiT igeba atomaluri 

gamonaTqvamebis iseTi damniSvnelobebi, mxolod romlebzedac cxrilSi dasamtkiceblad 

Setanili pirvelsawyisi gamonaTqvami Rebulobs mcdar WeSmaritul mniSvnelobas. 

 SevniSnoT, rom erTi Ria qvecxrilis ganviTareba iZleva erTi romelime 

gamomricxavi kerZo magaliTis agebis saSualebas, maSin rodesac axali qvecxrilebis 

gaxsna da cxrilis yvela SesaZlo qvecxrilebis ageba gvexmareba davinaxoT am 

qvecxrilebis da, Sesabamisad, mTliani cxrilis Caketvis SesaZleblobebi. sazogadod, 

cxrilis damxleCi anu damxurdavebeli wesiT sargebloba, mxolod mas Semdeg, rac 

cxrilze yvela sxva wesiT sargeblobis SesaZlebloba amoiwura, swor strategiad 

iTvleba. qvemoT mocemulia gamonaTqvamTa logikisaTvis beTsis cxriluri meTodis 

ganmsazRvreli wesebis sruli sistema: 

 

beTsis cxrilebis amgebi wesebi 
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gamonaTqvamTa zogadi 

formis dasaxeleba 

wesebi im gamonaTqvamebisaTvis 

romlebic  ganTavsebulni arian 

svetSi WeSmariti 

wesebi im gamonaTqvamebisaTvis 

romlebic ganTavsebulni arian 

svetSi mcdari 
uaryofa ~p    davdoT p svetSi mcdari       davdoT p svetSi WeSmariti  
gamomdinareoba 

p → q 
daxurdaveba!  

davdoT q qvesvetSi WeSmariti                 

davdoT p qvesvetSi mcdari 

davdoT p svetSi WeSmariti 

davdoT q svetSi mcdari 

koniunqcia p & q davdoT p da q svetSi 

WeSmariti   
daxurdaveba!  

davdoT p qvesvetSi mcdari 

davdoT q qvesvetSi mcdari  
diziunqcia p  q           daxurdaveba!  

davdoT p qvesvetSi WeSmariti 

davdoT q qvesvetSi WeSmariti 

davdoT p da q svetSi 

mcdari 

 

 qvemoT moyvanilia magaliTi cxrilisa, romelic orjer xurdavdeba. 

 

magaliTi 5. davamtkicoT (p&q) gamonaTqvami (p→q) gamonaTqvamidan gamomdinare. 

 

   WeSmariti          mcdari 

 1.       (p → q)     (p & q) 

 2. 21          22     21     p                          22           q 
 3. 31.1   q      31.2           32.1  q       32.2          31.1              31.2      p               32.1                    32.2 p 
                                          ====                                                  ==== 

cxrilis daxurdaveba me-2 striqonSi ganxorcielda mcdari koniunqciis 

daxurdavebis wesiT, romelic orive koniunqts afasebs mcdarad. Semdegi striqoni 

agrZelebs am cxrilis daxurdavebas WeSmariti gamomdinareobis daxurdavebis wesiT, 

romelic, Tavis mxriv, daskvnas afasebs WeSmaritad, xolo winapirobas mcdarad. imis 

gamo, rom am ukanaskneli daxurdavebis monacemi (e.i 1 striqoniT WeSmarit svetSi 

mocemuli dasaxurdavebeli (p→q) gamonaTqvami) ganekuTvneba ukve manamde me-2 

striqonSi daxurdavebis Sedegad miRebul orive qvecxrils, me-3 striqonSi xdeba 

ukve am daxurdavebuli qvecxrilebis meorejeradi daxurdaveba, rac am xazSi oTx 

qvecxrils warmoqmnis. imisaTvis, rom Caiketos esa Tu is qvecxrili, cxadia, 

gaTvaliswinebuli unda iqnes am qvecxrilis yvela Semadgenlebi. qvecxrilebis 

indeqsebi gviCveneben Tu zeda donis romeli qvecxrilis Semadgeneli nawilia igi. ase 

magaliTad, Cvens cxrilSi 32.1 da 32.2 qvecxrilebi 22 qvecxrilis gansxvavebuli 

Semadgeneli qvecxrilebia da isini cal-calke, magram TiToeuli maTTagani rogorc 22 

qvecxrilis nawilebi, am qvecxrilTan erTad unda gaviazroT, maSin rodesac aranairi 

ufleba ara gvaqvs da arc saWiroeba 32.1 da 32.2 qvecxrilebis 21 qvecxrilis nawilebad 

ganxilvisa da masTan erTad gaazrebisa. rogorc xedavT, Caketva warmoiqmneba mxolod 

32.1 qvecxrilSi. amgvarad, Cven vRebulobT Semdeg damapirispirebel (gamomricxav) 

kerZo magaliTebs: 

 1. p = 0 da q = 1            (31.1) 

 2. p = 0 da q = 1 an 0         (31.2) 

 3. p = 0 da q = 0       (32.2) 

 
TiToeuli aq aRwerili WeSmarituli SefasebisaTvis Cveni magaliTis 

wanamZRvari anu winapiroba WeSmaritia, daskvna ki - mcdari. 

 SeiZleba iTqvas, rom gamonaTqvamTa logikisaTvis semantikuri cxrilebis meTodi 

aris gamonaTqvamebis zogadmarTebulobis'amomxsneli procedura. amomxsneli 
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procedurebis' sakiTxi me-8 Tavis centraluri Temaa, Tumca Cven axlave SegviZlia 

gavakeToT ramdenime winaswari SeniSvna gamomdinare ukve ganxiluli cxriluri 

meTodidan: cxadia, rom nebismieri gamonaTqvami Sedgeba atomaluri gamonaTqvamebisa da 

logikuri kavSirebis sasruli odenobisagan, rac cxrilis amgeb wesebTan erTad 

ganapirobebs imas, rom nebismier SemTxvevaSi procedura dasrulebadia: amasTan, 

cxrili an iketeba da, Sesabamisad, adasturebs dasamtkicebels, an iZleva gamomricxav 

magaliTs da uaryofs mas. amgvarad, nebismieri cxrili igeba bijTa raRac sasruli 

ricxviT, rac damokidebulia dasamuSavebel gamonaTqvamSi logikuri kavSirebis 

raodenobaze. aRsaniSnavia isic, rom ar arsebobs Cacikvladi, anu usasrulod 

gagrZelebadi cxrilebi. erTaderTi ris gamoc Cvens mier aRwerili cxrilis amgebi 

procedura jer kidev ar aris srulad meqanikuri (avtomaturi) aris is, rom ar aris 

winaswar calsaxad gawerili dasaSveb bijTa Tanamimdevroba. 

 

 

 

 

 

savarjiSoebi 

 

 1. gadaTargmneT Semdegi winadadebebi gamonaTqvamTa logikis enaze. gamoiyeneT 

patara laTinuri asoebi atomaluri (ganuyofeli) gamonaTqvamebis aRsaniSnavad 

da Targmans daurTeT winasaTargmni SeTanxmebebis saxiT 'gasaRebi. - anu, 

CamowereT siis saxiT Tu romel winadadebas romeli atomaluri gamonaTqvami 

Seesabameba. (rig SemTxvevebSi ar aris gamoricxuli Tqven dagWirdeT 

gansxvavebuli atomebi erTi saxis winadadebis sxvadasxva sintaqsuri 

variantebisaTvis.) magaliTad, `Tu joni aris wveulebaze, maSin meric aris 

wveulebaze.~ Targmani: (p→q). gasaRebi: p - `joni aris wveulebaze~; q - `meri 

aris wveulebaze~. 

 

(a) an joni aris im oTaxSi an meri, da isic SesaZlebelia, rom orive iq iyos. 

(b) es xanZari gaaCina borot ganmzraxvelma, an saqvabeSi adgili qonda 

SemTxveviT afeTqebas. 

(g) rodesac wvims, balaxi sveldeba. 

(d) sems unda ZaRli, magram alisas kata urCevnia. 

(e) Tu stivi gvian mova saxlSi da ar iqneba nasadilevi, CaSuSuls 

gavucxelebT. 

(v) klarensi Rrmad ganaTlebulad CaiTvleba mxolod im SemTxvevaSi, Tu mas 

CuvaSis kiTxva SeuZlia.  

(z) marSas ar unda jonTan erTad gareT gasvla manam, sanam is wvers ar 

gaiparsavs da smas Tavs ar daanebebs. 

(k) safondo birJa warmatebulia, roca xalxs sjera, rom ekonomika viTardeba 

da Tanac, mxolod am SemTxvevaSi. 

(l) aucilebeli, magram arasakmarisi pirobebi molaparakebis dasawyebad aris 

is, rom baratariam daiviwyos tipitus winaaRmdeg ganxorcielebuli 

agresiis yvela gamovlineba. 

 

  SeecadeT Targmnisas ar dakargoT araferi garda imisa, rasac bunebrivi enis 

semantikuri Taviseburebebis gamo ver CatevT gamonaTqvamTa logikis enaSi. 
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2.  Semdegi winadadebebi mravlad Seicaven sxvadasxva saxis elifsisur anu 

nagulisxmev Semadgenlebs, imdenad, rom zogierT winadadebaSi kavSirebi 

TiTqos arc ki akavSireben winadadebis Semadgenel gamonaTqvamebs. Sinaarsis 

SenarCunebiT gadaaformulireT isini ise, rom kavSirebi akavSirebden 

gamonaTqvamebs (Tu saWiro iqneba SecvaleT kavSirebic) da wina savarjiSos 

msgavsad gaakeTeT maTi simboluri Targmani: 

  

  (a) joni da toni apireben kinoSi wasvlas, bili ki - ara. 

 (b) suzans ar uyvars xaxvi an Warxali. 

 (g) Tu arc piteri da arc fredi ar midian wveulebaze, arc me waval.  

 (d) meri Tu ar daikarga, an raime ar SeemTxva, xuT wuTSi aq iqneba. 

 (e) daTvma an mgelma biWebi SeaSina. 

 (v) wveulebas an kalaTburTis TamaSs SeeZlo bavSvebis SecdomaSi Seyvana. 

 

3. davuSvaT, rom p, q da r WeSmariti da s ki mcdari gamonaTqvamebia. ipoveT 

Semdegi gamonaTqvamebis WeSmarituli mniSvnelobebi. 

  

 (a) (p & q) & s 

 (b) p & (q & s) 

 (g) p → s 

 (d) s → p 

 (e) (p & q) ↔ (r & ~ s) 

 (k) p → ( q ↔ (r → s)) 

 
4. aageT Semdegi gamonaTqvamebis WeSmaritul mniSvnelobaTa cxrili. daakvirdiT, 

xom ar arian maT Soris logikurad urTierT igivurni. 

  

 (a) (p   ~ q) 

 (b) ~(~p & q) 

 (g) (((p  ↔ q) → p) → q) 

 (d) (p  → (q~ r)) & (p → (q~ r)) 

 (e) (((p  → q) → p) → q) 

 
5. Semdegi gamonaTqvamebisaTvis 'swrafi gamcdarebis' meTodiT moiZieT 

WeSmaritul mniSvnelobaTa is sistemebi, romelTaTvisac es gamonaTqvamebi 

Rebuloben mcdar WeSmaritul mniSvnelobas. 

 

  (a) p   q 

(b) (p   q) → (p & q) 

(g) ~(~q  q)(p → q) 

(d) (((p  → q) → r) → s) → (p → q) 

(e) ((p  q) & (r & s)) ↔ (((p & q) &r) &  s) 

 
6. gaarkvieT Semdegi gamonaTqvamebidan, romelia zogadmarTebuli, 

winaaRmdegobrivi, Sesrulebadi? 

 

 (a) p  ~ q 
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 (b) p   q 

(g) (p &  q) → (p   r) 

(d) ~p & ~( p → q) 

(e) (p  r) → ~ p  

 
7. zogierTi logikuri kavSiri SeiZleba ganisazRvros sxva logikuri 

kavSirebis meSveobiT. magaliTad, (p→q) SeiZleba ganisazRvros rogorc 

Semokleba (~p q) gamonaTqvamisa, radganac es ori gamonaTqvami logikurad 

igivurni arian. amgvarad, yvela formula, romelic Seicavs → logikur kavSirs, 

SeiZleba Canacvldes formuliT, romelic Seicavs ~,  logikur kavSirebs. 

 

(a) gansazRvreT → logikuri kavSiri  ~  da & logikuri kavSirebiT. 

(b) gansazRvreT & logikuri kavSiri  ~  da   logikuri kavSirebiT. 

(g) gansazRvreT ↔ logikuri kavSiri  &  da → logikuri kavSirebiT. 

 

(amgvarad, xuTi logikuri kavSiri SeiZleba dayvanil iqnes or, ~  da  logikur 

kavSirze) 

 

(d) aCveneT, rom SeiZleba xuTive kavSiris gansazRvra ~  da & logikuri 

kavSirebiT. 

 

8. isargebleT 6-12 cxriliT mocemuli kanonebiT da Semdegi gamonaTqvamebi 

daiyvaneT maT umartives igivur formaze. 

 

(a) (~ p & ( p & q)) 

(b) (~ p & q)  ~ ( p  q) 

(b) (~ p & (p& q))  ( p & r)  

(b) (~ p & q) ↔ ( p  q) 

(b) ((p  q) & ( p  ~ q)) →(pq) 

 
9. aageT Semdegi msjelobebis samarTlianobis formaluri damtkicebebi 

(gaiTvaliswineT, rom rig SemTxvevebSi, pirobiTi an/da arapirdapiri damtkiceba 

ufro martivad igeba!). 

 

(a)      p → q  

              q → r  

    ~r 

      ∴ ~ p 

(b)      p  

    ~r 

    (p&~r) →q 

       ∴  q 

(g)      p  q  

               ~q 

              r →~q 

       ∴  ~ r  

(d)      p→ ~q   

                r →q 

               ~ r →s 

         ∴   p→ s 
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(e)      ~ p  q  

                ~q&r 

               ~ (p  q)  →s 

        ∴ r&s 

(v)      p  (q&r)  

                ~t 

               (p  q)  →(s  t) 

     ~ p 

          ∴  r&s 

(z)      p ↔ q  

                ~p 

              (q&~r)  t 

     (s  t) →r 

         ∴ r&~q 

(T)    ~p→q  

               r → (s∨t)  

              s → ~r 

     p → ~t 

          ∴  r→ q 

(i)     p → (q & r)  

               q → s 

              r → t 

 (s & t) →~u 

              u 

          ∴ ~p 

(k)      p→ q   

                 r → s 

               ~q ∨ ~ s 

       p 

 (t &u) →r 

           ∴   ~t ~ u 

(l)     (p&q) → (p→ ( r &s))   

                (p& q)&u 

           ∴  r s 

(m)       p 

       (p&q) & (p&r)   

                  (p q) → ~r 

             ∴  p ↔ s 

 

10. gamoxateT Semdegi msjelobebi simboluri formiT da gansazRvreT, arian Tu 

ara isini zogadmarTebulebi: 

 (a) baroni mokla an msaxurma an mzareulma an mZRolma. Tu baroni 

mzareulma mokla, maSin lori mowamluli iyo, da Tu baroni mZRolma mokla, 

maSin manqanaSi bombi iyo Cadebuli. lori ar iyo mowamluli da msaxurs ar 

mouklavs baroni. aqedan gamomdinare, baroni mokla mZRolma. 

 (b) Tu adamianma ver gaigo miniSneba an ver moaswro winadadebis wakiTxva, 

maSin is araswor Rilaks daawveba an arasworad gascems pasuxs. Tu man 

arasworad gasca pasuxi, maSin drois mricxveli ar gamoirTveba. igi swor 

Rilaks daawva da drois mricxveli gamoirTo. aqedan gamomdinare, man gaigo 

miniSneba. 
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 (g) Tu wneva erTi atmosferoa, wyali duRs mxolod maSin, roca 

temperatura sul cota asi gradusia. Tu wneva erTi atmosferoa, wyali iyineba 

mxolod maSin, roca temperatura ar aris nul gradusze meti. wneva erTi 

atmosferoa da temperatura an sul cota asi gradusia, an ar aris nul 

gradusze meti. wyali ar duRs. aqedan gamomdinare, temperatura ar aris nul 

gradusze meti. 

 (d) Tu me var keTilsindisieri, maSin me var gulubryvilo. me var an 

keTilsindisieri, an gulubryvilo, anda semi iyo marTali da im maRaziis is 

gamyidveli aferistia. me ar var gulubryvilo. da im maRaziis is gamyidveli 

namdvilad aferistia. aqedan gamomdinare, semi iyo marTali. 

 (e) es konsonanturi mimdevroba, Tu is damwyebi mimdevrobaa, aris 

winavokaluri, da Tu is ar aris damwyebi mimdevroba maSin is aris uxmo. Tu is 

aris an winavokaluri an uxmo, maSin is aris Tanxmovnuri da afrikatuli 

(wripina). Tu is aris Tanxmovnuri, maSin, Tu is aris afrikatuli, maSin is 

aris daWimuli. Tu is aris daWimuli, maSin, Tu is damwyebia, is aris 

palatizirebuli (Semsubuqebuli). aqedan gamomdinare, es konsonanturi 

mimdevroba aris Semsubuqebuli da uxmo. 

        

11. vTqvaT S = {p, (pq), (pp), (p~p), (p&(q~q)), (~q→p), (p→(q→p)), (~p→q), 

(p(q&~q)), (p(q~q))} raime simravlea da R={(x,y) / xS da yS da x y} am 

simravleze gansazRvruli mimarTebaa. 

 (a) vaCvenoT. rom R logikuri igivurobis mimarTebaa. 

(b) ipoveT S simravleze R mimarTebiT gansazRvruli igivurobis klasebi. 

12. aageT Semdegi msjelobebis (gamoyvanebis) zogadmarTebulobis sakiTxis 

gamrkvevi beTsis cxrilebi: 

 

 (a)   (p→(q→r) 

  ~ (~p  r)   

                  ∴  p &~ q 

   (b)    p → q 

  q & r   

                    ∴  p & q 

  (g)    (p → q) & (s t) 

  t → q    

                  ∴ (p → q)  ~ (s → q) 

 

 13. gamosaxulebebi formalur aRricxvaSi SeiZleba Caiweros e.w. `polonuri 

CanawerebiT (frCxilebisagan Tavisufali CanawerebiT)~, romelSic logikuri 

kavSirebi ganTavsebulni arian im gamonaTqvamebis win, romlebsac isini 

akavSireben. polonur sistemaSi logikuri kavSirebi Semdegnairad aRiniSneba: N 
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(uaryofa), A (diziunqcia), K (koniunqcia), C (gamomdinareoba) da E (igivuroba). 

bolo oTxi moqmedebs uSualod mis marcxniv ganTavsebul or gamonaTqvamze; 

uaryofa mxolod erTze. qvemoT, svetis marcxena mxare Sevsebulia 

standartuli CanawerebiT, maT gaswvriv ki mocemulia maTi polonuri Cawerebi. 

                    standartuli     polonuri 

     ~p   Np 

    p q   Apq 

    p&q   Kpq 

    p→q   Cpq 

    p↔q   Epq 

    (p&q)r  AKpqr 

    p&(qr)  KpAqr 

daakvirdiT riTi gansxvavdebian erTmaneTisagan (p&q)r da p&(qr) formulebis 

polonuri Canawerebi. 

 

(a) gadaiyvaneT polonur CanawerebSi: 

 (1) ((p q) & (q r)) & (p s) 

 (2) (~p&(~p→q)) →q 

 (3)  (p q) →(( r↔s) &p) 

(b) gadaiyvaneT standartul CanawerebSi: 

 (1) ApCKNpNqKpEqr 

 (2) KANKAKEEpqrspqrs 

 (3) NCAKEpqrst 

(g) gamoxateT de morganis kanonebi polonur CanawerebSi. 

Tavi 7 

predikatuli logika 

 

 

 

 

 

7.1 sintaqsi 
 

am paragrafSi Cven ganvixilavT kidev erT logikur enas. kerZod, zogadad 

gavecnobiT e.w. predikatul logikas da am logikuri Teoriis SesaZleblobebs. am 

TeoriaSi saSualeba gveZleva rogorc (5-1) da (5-2) saxis mtkicebebis, ise 

gamonaTqvamTa logikis sxva nebismieri saxis mtkicebis analizisa. 

predikatuli logikis umartivesi gamonaTqvamebi (e. i. atomaluri formulebi) 

igeba erTi  predikatisa da termebis garkveuli odenobisagan. magaliTad, H(s) 

gamonaTqvami agebulia H predikatiTa da erTi s termiT; gamonaTqvami L(j,m) agebulia 

L predikatiTa da j da m termebiT. am formulebidan pirveli SeiZleba gamoyenebul 

iqnas rogorc Targmani frazisa sokrate adamiania, sadac sokrate warmodgenilia s 

termiT, xolo adamiania _ H predikatiT; analogiurad, L(j,m) atomaluri formula 



124 

 

SesaZlebelia ganvixiloT rogorc predikatuli logikis enaSi jons uyvars meri 

winadadebis Targmani.  

predikati, imisda mixedviT, Tu ramden terms iTxovs igi gamonaTqvamebis 

asagebad, SeiZleba iyos erTadgiliani, oradgiliani da a. S.. zemoT ganxilul 

magaliTebSi H erTadgiliani, L ki oradgiliani predikatia. Tu predikats misi 

adgilianobis maCvenebeli ricxvis aratoli raodenobis termebs mivuwerT, miviRebT 

sintaqsuri TvalsazrisebiT arasworad agebul anu arasworad formirebul 

gamosaxulebas. magaliTad, Cvens SemTxvevaSi, aseTebi iqnebodnen gamosaxulebebi H(j,m) 

da L(s). sazogadod, predikatebs aRniSnaven mTavruli laTinuri asoebiT. amasTan, ar 

aris aucilebeli maTi aRniSvna Riad gviTiTebdes termTa im raodenobaze, romelsac 

is iTxovs gamonaTqvamebis asagebad. predikatis sapredikacio adgilTa raodenoba anu 

predikatis adgilianoba naturaluri ricxviT gamoisaxeba da, Sesabamisad, predikatis 

adgilianobis maCvenebeli garda imisa, rom is sasruli naturaluri ricxvi unda iyos, 

aranairad ar izRudeba.  

aqve isic unda aRiniSnos, rom predikatuli logikis enaSi predikatis cnebis 

Sinaarsuli gageba araa aucilebeli zustad Seesabamebodes bunebriv enaSi gramatikuli 

predikatis cnebis Sinaarsul gagebas. zemoT, sokrate aris adamiani (adamiania) 

winadadebis Targmnisas, H (logikuri) predikati gamoviyeneT nacvlad (gramatikuli) 

predikatisa aris adamiani (adamiania), xolo L logikuri predikati SevusabameT 

gardamaval zmnas uyvars _ winadadebaSi jons uyvars meri, Tumca predikatuli 

logikis enaze igive fraza Tavisuflad SegveZlo gadmogveca formuliT G(m), sadac 
erTadgiliani G predikati jons uyvars frazis TargmniTi Sesabamisi iqneboda, 

romelic, Tavis mxriv, bunebriv enobrivi TvalsazrisebiT SeiZleba saerTodac ar iqnes 

ganxiluli ara Tu predikatad, aramed Tundac raime saxis Zireul gramatikul 

kategoriad1.  

predikatul logikaSi ganixileba ori principulad gansxvavebuli saxis 

termebi. pirvel maTgans uwodeben individur konstantebs (sakuTriv konstantebs). 

aseTebia zemoT moyvanili s, m da j simboloebi. rogorc dasaxeleba gviCvenebs, isini 

aRniSnaven konkretul individebs (ufro zogadad _ sagnebs) da bunebriv enobrivi 

frazebis Targmnisas, rogorc wesi, Seesabamebian sakuTar saxelebs _ mag.: jons, meris, 

sokrates. meore saxis termebi iwodebian individur cvladebad (an ubralod, 

cvladebad), romelTa aRsaniSnadac gamoiyeneba patara asoebi laTinuri anbanis bolo 

nawilidan _ v, w, x, y, z _ da, im SemTxvevaSi, Tu ufro meti raodenobis cvladebis 

Semotanis saWiroebaa, maT miewerebaT Strixebi da/an indeqsebi. Tu predikatiT 

agebuli gamosaxuleba Seicavs erT, an erTze met cvlads, mag.: H(x), L(m,y), Sedegad 
vRebulobT ara gamonaTqvams, aramed gamosaxulebas, romelsac Ria gamonaTqvami anu 

propoziciuli (WeSmarituli) funqcia ewodeba. 
nebismieri Ria gamonaTqvami kvantorTa garkveuli odenobis prefiqsuli anu 

winsarTuli miweriT gardaiqmneba gamonaTqvamad, mag.: (x)H(x), (y)L(m,y). zogadobis 

kvantors, romelic aRiniSneba  simboloTi, SeiZleba SevusabamoT iseTi saxis 

bunebriv enobrivi Sinaarsebi, rogoricaa magaliTad yvela, TiToeuli, yoveli1. 

arsebobis kvantori ki, romelic  simboloTi aRiniSneba, Seesabameba iseTi saxis 

                                                 
1redaqtoris SeniSvna: logikuri da gramatikuli predikatebis urTierTmimarTebis sakiTxi detalurad 

ganixileba naSromSi `lingvisturi mimarTebisa da logikuri brunebis sakiTxisaTvis qarTulSi” (ix. s-s 

Jurnali `qarTuli ena da logika” - 2005w., ianvari-ivnisi, Tb.).  
1
 redaqtoris SeniSvna: qarTul enaSi ukuTqmiT zmnur predikatebTan zogadobis kvantoris  funqciebs 

asruleben makvantificirebeli sityvebi arcerTi, aravin, aranairi da a.S..  
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bunebriv enobriv Sinaarsebs, rogorica zogierTi2 (igulisxmeba `sul mcire erTi 

mainc” (anu SesaZlebelia metic)). x cvladi, romelic (x)H(x) gamosaxulebaSi 

zogadobis kvantors mosdevs, imaze migviTiTebs, rom kvantifikacia momdevno 

gamosaxulebaSi ganxorcielda x cvladis mimarT. amgvari dazusteba aucilebelia, 

radgan gamosaxuleba SeiZleba Seicavdes erTze met kvantorsa da erTze met cvlads. 

magaliTad, (x)(y)L(x,y) gamosaxulebaSi L(x,y) gamosaxulebis pirveli adgili (e.i. x 
adgili) kvantificirebulia zogadobis kvantoriT, meore adgili ki (e.i. y adgili) 

kvantificirdeba arsebobis kvantoriT, maSin rodesac (x)(y)L(x,y) gamosaxulebaSi 

adgilebisda mixedviT kvantifikacia piriqiTi rigiT warmoebs. 

vTqvaT, H kvlav adamiania (aris adamiani) mimarTebas Seesabameba, maSin (x)H(x) 
gamonaTqvami SegviZlia vTargmnoT rogorc yvela individi adamiania anu yvelaferi (e.i. 

yvelanairi sagani) adamiania. amave pirobebSi (x)H(x) gamonaTqvamis erT-erTi 

TargmniTi Sesabamisi iqneboda zogierTi (e. i. erTi mainc) individi adamiania, mokled, 

romeliRaca (erTi) adamiania. Tu davuSvebT, rom m konstanta Seesabameba sityvas meri 

da L predikati sityvas uyvars, maSin (y)L(m,y) gamonaTqvami SeiZleba ganvixiloT 

Semdegi frazis Targmanad: aq aris sul cota erTi mainc iseTi individi, romelic 

meris uyvars (There is at least one individual whom Mary loves)3, an mokled, meris 

uyvars raRaca (an viRaca, da es im SemTxvevaSi, Tu yvela is individi, vizec 

vsaubrobT, adamiania). analogiurad, (y)L(m,y) Seesabameba frazas meris uyvars yvela 

individi an, Tu individSi adamianebi igulisxmeba, meris uyvars yvela. 

aqve SevniSnavT, rom garkveul SemTxvevebSi mniSvneloba ar aqvs imas, Tu romel 

asos avirCevT cvladis aRsaniSnad. (x)H(x) gamonaTqvamis nacvlad Tavisuflad 

SegveZlo dagvewera (y)H(y) an (z)H(z) gamonaTqvami, (y)L(m,y) gamonaTqvamis nacvlad 

ki - (x)L(m,x). roca gamosaxulebaSi erTze meti cvladia, Cven, ra Tqma unda, 

sxvadasxva asoebi unda gamoviyenoT gamosaxulebaSi arsebuli gansxvavebuli 

cvladebisaTvis, mag.: (x)(y)L(x,y). Tu davwerT L(x,x) formulas da Semdeg, am 

formulaSi movaxdenT x cvladis arsebobis kvantoriT kvantificirebas, miviRebT 

gamonaTqvams (x)L(x,x), romelic ase ikiTxeba: arsebobs erTi mainc iseTi individi, 

rasac (an visac) uyvars Tavisi Tavi. aq erTi da igive x termi ikavebs oradgiliani 

predikatis orive adgils. gamonaTqvamSi (x)(y)L(x,y), romlis bunebriv enobrivi 

forma aris arsebobs erTi mainc iseTi individi, romelsac uyvars yvela individi, x 
da y cvladebs individTa simravleSi SeuZliaT miiRon erTmaneTisgan gansxvavebuli 

mniSvnelobebi, magram, arc is gamoiricxeba, rom maT am simravleSi erTi da igive 

                                                 
2
 redaqtoris SeniSvna: qarTul enaSi makvantificirebeli sityva  yvela ukuTqmiT zmnur predikatebTan 

arsebobis kvantoris  funqcias asrulebs. ase magaliTad, winadadeba yvela individi ar aris adamiani 

Sinaarsulad TiTqmis arafriT ar gansxvavdeba winadadebisagan zogierTi individi ar aris adamiani. 

qarTulSi arsebobis kvantoris funqciebiT gamoiyeneba agreTve sityvebi  romeliRaca (erTi), viRaca 

(erTi), raRaca (erTi), erTi (mainc), ramdenime da a. S,. mag., ramdenime individi ar aris adamiani. 
3
 redaqtoris SeniSvna: es winadadeba, cxadia, ar aris Tanamedrove qarTulisaTvis damaxasiaTebeli 

standartuli frazireba im Sinaarsisa, romlis gadmocemac aq Cven am fraziT vcadeT mkiTxvelebamde 

avtorebiseuli da, Sesabamisad, inglisur enobrivi Tvalsazrisebis meti adekvaturobiT mitanis mizniT. 

Tanamedrove qarTuliT Cven igives Semdegnairad vityodiT: arsebobs sul cota erTi mainc iseTi 

individi, romelic meris uyvars. _ is, rom bunebrivi enobrivi sistemebis mkacri maTematikuri kvlevebi 

iTxoven sakvlevi enobrivi sistemebis logikur-lingvisturi kanonebis srul da adekvatur asaxvas da 

is, rom aRniSnuli TvalsazrisebiT qarTuli bunebrivi enobrivi sistema Zireuladve gansxvavdeba 

indoevropuli da sxva araqarTveluri tipis bunebrivi enobrivi sistemebisagan, aucileblobis wesiT 

ganapirobebs aRniSnuli mimarTulebiT adgilobrivi miznobrivi kvlevebis ganviTarebis saWiroebas. _ es 

is realobaa, rac aRniSnuli mimarTulebiT mimdinare kvlevebs mkacr maTematikur, formalur-logikur 

datvirTvebTan erTad gamokveTilad usazRvravs fundamenturi mniSvnelobis mqone qarTvelologiur 

datvirTvebsac.  
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mniSvnelobebi mieniWoT; marTlac, (x)(y)L(x,y) gamonaTqvami mxolod im SemTxvevaSia 

WeSmariti, Tu arsebobs erTi mainc iseTi individi, romelsac uyvars yvela individi 

sakuTari Tavis CaTvliT. magram, isic unda gvaxsovdes, rom is, Tu romeli 

konkretuli cvladia arCeuli, araarsebiTia  mxolod im SemTxvevaSi, roca miuxedavad 

am arCevanisa erTi da igive kvantori ukavSirdeba predikatis erTsa da imave adgils; 

mag.: (y)(x)L(y,x) gamonaTqvami aris (x)(y)L(x,y) gamonaTqvamis alfabeturi varianti; 

magram (y)(x)L(y,x) da (x)(y)L(y,x) ar arian erTmaneTis alfabeturi variantebi, 

radgan, aq ukve, erTi da igive kvantorebi ukavSirdebian L predikatis gansxvavebul 

adgilebs. 

qvemoT Cven kvlav SevexebiT kvantorebisa da cvladebis gamoyenebis rig 

Taviseburebebs. manamde ki yuradRebas gavamaxvilebT im garemoebaze, rom predikatul 

logikaSi sintaqsurad daSvebulia gamonaTqvamebisa da Ria gamonaTqvamebis erTmaneTTan 

dakavSireba anu maTi erTmaneTTan mierTeba Semdegi logikuri operatorebis 

gamoyenebiT: , &, , →, ↔; mag.: 

(7-1)     (I)      H(x) 

            (II)      H(s) 

(III)  ((x)H(x) & L(j, m)) 

(IV)  (H(s) →  (x)H(x)) 
 

(II), (III) da (IV) gamonaTqvamebi bunebriv enaSi Sesabamisad SeiZleba iTargmnos 

Semdeg winadadebebad: sokrate ar aris adamiani; yoveli individi adamiania da jons 

uyvars meri; Tu sokrate ar aris adamiani, maSin yvela individi ar aris adamiani. (I) 

formula aris ara gamonaTqvami, aramed Ria gamonaTqvami, radgan is Seicavs 

arakvantificirebul cvlads da, albaT, es aris mizezi imisa, rom igi ar Seesabameba 

arcerT TxrobiT winadadebas (Tumca, SesaZloa, misi yvelaze miaxloebuli Targmani 

iyos is ar aris adamiani (He is not human), sadac is (He) sityvis referenti araa 

dakonkretebuli). 

 
redaqtoris SeniSvna: aq, unda iTqvas, rom avtorebi, Tanamedrove logikur-

lingvisturi Tvalsazrisebis gaTvaliswinebiT, exebian metad mniSvnelovan 

problematur sakiTxs. maTi TqmiT, (I) formulis pirdapiri enobrivi Targmani ar 

arsebobs da amis mizezi, rogorc isini miiCneven, unda iyos is, rom igi aris ara 

gamonaTqvami, aramed Ria gamonaTqvami, rac am formulaSi arakvantificirebuli x 

cvladis arsebobiT aris ganpirobebuli. miuxedavad amisa, isini aRniSnuli winadadebis 

uxeS Targmanad gvTavazoben is ar aris adamiani (He is not human) winadadebas. _ 

gasagebia, rom maTi xedva aRniSnul problemaze ganpirobebulia inglisuri enis 

siRrmisuli bunebrivi TaviseburebebiT, rac, CvenTvis, am enis bunebrivad ar 

matareblebisaTvis, Znelad sawvdomia. - miuxedavad amisa, anda, piriqiT, sworedac rom 

amis gamo, Cven valdebulni varT ganvixiloT Tvisobrivad igive problematuri sakiTxi 

qarTuli enis siRrmiseuli bunebrivi Taviseburebebis gaTvaliswinebiT. _ ganvixiloT 

formula H(x), romlis uxeSi enobrivi Targmani maTive midgomebiT unda iyos is aris 

adamiani winadadeba. axla davakvirdeT qarTul winadadebebs: individi adamiania, yvela 

individi adamiania, erTi romeliRac individi adamiania, is (es) individi adamiania, erTi 

romeliRac individi ar aris adamiani, is (es) individi ar aris adamiani, arcerTi 

individi adamiania*, arcerTi individi ar aris adamiani, individi ar aris adamiani. _ 

Cveni midgomebiT (ix. damxmare sakiTxavi kursi Tanamedrove maTematikur lingvistikaSi, 

2004w., Tb.) H(x) formulis qarTul enobrivi Targmania winadadeba individi adamiania. 

anu, Cven vTvliT, rom am winadadebaSi sityva individi qarTul enobriv realizacias 

ukeTebs cvladis maTematikur ideas, rasac gvidasturebs qarTul enaSi individi 

adamiania da yvela individi adamiania winadadebebis Sinaarsuli igivuroba da individi 
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adamiania da is adamiania winadadebebis Sinaarsuli gansxvavebuloba. aqedan gamomdinare, 

CvenTvis, H(x) formulis qarTul enobrivi Targmania individi ar aris adamiani 

winadadeba, rac Sinaarsulad eigivureba arcerTi individi ar aris adamiani winadadebas. 

_ amgvarad, Cven vTvliT, rom bunebrivi qarTuli enobrivi sistemisaTvis ucxo ar aris 

maTematikuri cvladis idea, rac qarTuli enisa da maTematikuri enis zogadi 

ertipobriobis kidev erTi damadasturebeli argumentia. – am sakiTxis ganxilvisas 

gasaTvaliswinebelia isic, rom bunebrivi enis TxrobiTi winadadebebi, Cveni midgomebiT, 

yovelTvis gamoiTqmebian rogorc metyveli piris mier WeSmaritad anu marTlad 

gagebuli Sinaarsebi. rogorc Cans, swored es, da ara H(x)  formulaSi x cvladis 

arseboba, arTulebs aRniSnuli saxis Ria gamonaTqvamebis pirdapiri bunebriv enobrivi 

Targmanebis gakeTebas. _ aq aRniSnulis gaTvaliswinebiT da Cveneuli midgomebiT (II), 

(III) da (IV) gamonaTqvamebi qarTul bunebriv enobriv wesTwyobaSi Sesabamisad 

iTargmnebian Semdeg winadadebebad: mcdaria is, rom sokrate adamiania; WeSmaritia is, 

rom yvela individi adamiania da maris uyvars joni; Tu mcdaria is, rom sokrate 

adamiania, maSin mcdaria is, rom yvela individi adamiania. amave midgomebiT (I) 

gamonaTqvami iTargmneba rogorc mcdaria is, rom individi adamiania. am midgomebiT 

(x)H(x) gamonaTqvamis Targmania mcdaria is, rom arcerTi individi ar aris adamiani, 

xolo (x)H(x) gamonaTqvamisa ki  _ mcdaria is, rom zogierTi individi ar aris 

adamiani. _ aq mokled ganxilul Cveneul midgomebs, romlebic `logikisa da enis 

gaerTianebul qarTul jgufSi~ bunebrivi qarTul enobrivi wesTwyobis mkacri 

logikur-lingvisturi kvlevebis Sedegad gamoikveTa, gakvriT qvemoTac SevexebiT. 

manamde ki, mkiTxvels vTavazobT (H(s) →  (x)H(x)) da  ((x)H(x) & L(j, m))  

gamonaTqvamebis Cveneul Targmans: mcdaria is, rom Tu mcdaria is, rom sokrate adamiania, 

maSin mcdaria is, rom yvela individi adamiania; mcdaria is, rom (WeSmaritia is, rom) 

yvela individi adamiania da maris uyvars joni. _ xazgasmiT aRvniSnavT, rom Cven 

vcdilobT teqstSi arsebuli maTematikuri gamonaTqvamebis bunebriv enobrivi TargmniTi 

tolZalovnebis ise warmoCenas, rom maqsimalurad SenarCundes saxelmZRvanelo kursSi 

gatarebuli inglisur enobrivi logikur-lingvisturi Tvalsazrisebi.  

  

Ria gamonaTqvami, rac ar unda rTuli iyos is, win kvantorebis miweriT 

yovelTvis SegviZlia gardavqmnaT gamonaTqvamad. ase magaliTad, Ria gamonaTqvami H(x) 

SegviZlia gardavqmnaT an (x)H(x) an (x)H(x) gamonaTqvamad (es ukanaskneli 

Seesabameba winadadebas yvela individi ar aris adamiani (Every individual is not 

human, rac bevr msmenels SeiZleba arc mTlad cxadad da erTazrovnad eCvenos, 

magram aq igulisxmeba, rom nebismierad aRebul individze ver vityviT imas, rom is 

adamiania da rom, Sesabamisad, erTi individi mainc ar aris adamiani). 

 
redaqtoris SeniSvna: qarTul enaSi winadadeba yvela individi ar aris adamiani 

aranairi orazrovnebis matarebeli ar aris. miuxedavad amisa, Cven zemoT SevinarCuneT 

avtorebiseuli xedva da msjeloba, romelic, cxadia, exeba inglisur winadadebas 

Every individual is not human. qarTul enaSi, inglisuri enisagan gansxvavebiT, 

winadadeba yvela individi ar aris adamiani calsaxad araorazrovania da igi iseve 

gaigeba, rogorc amas avtorebi gvTavazoben zemo msjelobaSi. mizezi imisa, rom es asea, 

siRrmiseulia da, rogorc Cans,  igivea mizezi imisa, rom qarTulSi zemoaRniSnul 

winadadebasTan erTad daiSveba da azrdeba agreTve winadadeba arcerTi individi ar 

aris adamiani, romelic, rogorc ormaguaryofiani konstruqcia, inglisuri enisaTvis 

araswor sintaqsur konstruqciad ganixileba. 

        

magaliTebis saSualebiT Cven araformalurad aRvwereT predikatuli logikis 

enis sintaqsi, axla ki SemogTavazebT am enis sintaqsuri wesebis zust formulirebas. 

predikatuli logikis enis sityvari (alfabeti) Seicavs: 
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(7-2)   (I) sagnobriv (anu individur) konstantebs: j, m, . . .; 

      (II) sagnobriv (anu individur) cvladebs: x, y, z,. . . (zogjer 

indeqsirebulebsac); 
(termi sagnobrivi konstantebisa da cvladebis saerTo saxelia.) 

(III)predikatebs: P,Q,R,..., romelTagan TiToeuli xasiaTdeba nagulisxmevi 

saoperacio adgilTa raodenobis amsaxveli garkveuli sasruli ricxviT,  

romelsac predikatis adgilianobis maxasiaTebels uwodeben; 

      (IV) gamonaTqvamTa logikis xuT logikur kavSirs: , , &, →, ↔; 

      (V)  or kvantors:  da ; 
      (VI) damxmare simboloebs: (,) da [,].  

 

predikatuli logikis enis formulaTa simravle aigeba (anu warmoiqmneba) am 

enis sityvarisa da (7-3) debulebebiT mocemuli amave enis sintaqsuri (anu 

formaluri) wesebis gamoyenebiT. SemdgomSi gamonaTqvamTa simravles Cven 

ganvsazRvravT rogorc formulaTa am simravlis garkveul sakuTriv qvesimravles. 

 

(7-3)  (I) Tu P aris n-adgiliani predikati da t1,...,tn termebia, maSinEP(t1,...,tn) 

gamosaxuleba formulaa. 

(II)  Tu φ da ψ formulebia, maSin formulebia agreTve φ, (φ&ψ), (φψ), 

(φ→ψ), (φ ↔ ψ) gamosaxulebebi.  

(III) Tu φ formulaa da x sagnobrivi (anu idividuri) cvladia, maSin 

formulebia agreTve (x)φ da (x)φ gamosaxulebebi. 

(IV) gamosaxuleba aris predikatuli logikis enis formula mxolod im 

SemTxvevaSi, Tu igi SeiZleba aigos (I)-(III) wesebis sasrul ricxvjer 

gamoyenebis Sedegad. 

 

formulaTa amgebi pirveli wesi warmoqmnis e.w. atomalur anu ganuyofel 

formulebs (e.i. formulebs, romlebic ar Seicaven kavSirebsa da kvantorebs), 

magaliTad, R(x,y), P(c), K(m,x), S(x,z,m). miaqcieT yuradReba, rom logikur kavSirebs 

SeuZliaT erTmaneTs miuerTon rogorc kvantorebiani, ise ukvantoro formulebi da 

rom nebismieri kvantori maszed miweril cvladTan erTad SeiZleba win mieweros 

formulas maSinac ki, roca formula ar Seicavs am cvlads (mag., (x)P(y) sworad 

agebuli formulaa). amdenad, predikatuli logikis enis sintaqsis anu am enis 

formaluri wesebis mixedviT dasaSvebia e.w. `umizno~ kvantifikaciac (zogierT 

sistemaSi araa daSvebuli amgvari kvantifikacia, magram amas uaryofiTi mxarec aqvs: am 

SemTxvevaSi gamosaxulebaTa warmomqmneli anu formulaTa amgebi formaluri wesebis 

simravle ufro rTulia, radgan formulis win kvantoris miwera nebadarTulia 

mxolod im SemTxvevaSi, roca formula Seicavs kvantificirebad cvlads. Cven 

upiratesobas vaniWebT ufro martiv sintaqss da umizno kvantifikacias ganvixilavT 

rogorc Sinaarsulad mniSvnelobis ar mqone anu Sinaarsobrivad araZalismier, 

irelevantur operacias). 

vTqvaT, x aris cvladi da φ aris formula, romelzedac zemoaRwerili (III) 

wesis Sesabamisad kvantoris miweriT (mierTebiT) viRebT an (x)φ an (x)φ formulas. 

aseT SemTxvevaSi amboben, rom φ aris maszed mierTebuli kvantoris moqmedebis are da 

rom φ da φ formulis nebismieri nawili anu qveformula mdebareobs am kvantoris 

moqmedebis areSi. xSirad φ formulas (x)φ da (x)φ formulebis matricasac 
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uwodeben. qvemoT ganixileba ramdenime magaliTi, sadac TiToeuli kvantoris 

moqmedebis are moniSnulia qvemo xazgasmiT. 

 

(7-4)       (I)    (x)P(x) 

              (II)    (y)R(x, y) & P(y) 

             (III)    (y)(R(x, y) & P(y)) 

             (IV)    (x)(R(m) & R(j, y)) 

              (V)    (x)((y)(R(x, y)→K(x, x))                     ((x) kvantoris moqmedebis are) 

                                   EEEEEEEEEEEEEEE                          ((y) kvantoris moqmedebis are) 

            (VI)    (x)[Q(x) & (y)(P(y)→(z)S(x, y, z))]       ((x) kvantoris moqmedebis are) 

                                                    EEEEEEEEEEEEEEEEE         ((y) kvantoris moqmedebis are) 

                                   EEEEEEE           ((z) kvantoris moqmedebis are) 
 

miaqcieT yuradReba, rom (II) magaliTSi (y) daerTo R(x,y) formulas da amis 

gamo igi moeqca am arsebobis kvantoris moqmedebis areSi, ris Semdgomac mxolod, am 

operaciis Sedegad miRebuli formula & kavSiriT miuerTda P(y) formulas, romelic, 

Tavis mxriv, am (y) kvantoris moqmedebis aris miRmaa. meore mxriv, (III) magaliTSi 

arsebobis kvantori miukavSirda mTlian (R(x,y)&P(y)) formulas, romelic, Sesabamisad, 

erTi mTliani saxiT am kvantoris moqmedebis ared iqca. (IV) magaliTSi, miuxedavad 

imisa, rom saqme gvaqvs cariel kvantifikaciasTan, (x) kvantoris momdevno formula 

misi moqmedebis area. (V) da (VI) magaliTebSi xdeba im formulaTa kvantifikacia, 

romlebic ukve Seicaven kvantorebs. amdenad, SesaZlebelia, rom erTi romelime 

kvantoris moqmedebis are Sediodes sxva kvantoris moqmedebis areSic. 

 momdevno gansazRvrebaSi kvantoris moqmedebis aris cnebas gadamwyveti 

mniSvneloba eniWeba. 

 

(7-5)gansazRvreba 7.1. formulis x cvladi (x cvladis Semosvla) iwodeba formulis 

dabmul cvladad,  Tu is Sedis romelime (x) an (x) kvantoris moqmedebis 

areSi. formulis x cvladi (x cvladis Semosvla) iwodeba formulis Tavisufal 

cvladad, Tu is araa formulis dabmuli cvladi.   

 

 amgvarad, formulaSi cvladis Semosvlis dabmulobis sakiTxi ukavSirdeba 

formulis win miweril kvantorebsa da formulaSi cvladis Semosvlebs Soris 

arsebul urTierT mimarTebas. magaliTad, P(x) formulaSi x Tavisufalia, (x)P(x) 

formulaSi ki - dabmuli. (7-4,II) magaliTSi y cvladi R(x,y) formulaSi aris 

dabmuli ((y) kvantoris mier), magram P(y) formulaSi igive y cvladi Tavisufalia. 

(7-4,III) magaliTSi y cvladis orive Semosvla dabmulia. (7-4,II) da (7-4,III) 

magaliTebSi R(x,y) formulis  x cvladi aris Tavisufali, radgan igi ar Sedis x 

cvladTan dakavSirebuli kvantoris moqmedebis areSi. analogiurad, (7-4,IV) magaliTSi 

y aris Tavisufali, radgan aq erTaderTi kvantifikacia xdeba (x) kvantoriT. axla 

CvenTvis naTelia, rom `umizno~ kvantifikacia umiznoa imitom, rom is aranairad ar 

cvlis formulaSi dabmuli da Tavisufali cvladebis ganlagebas. miaqcieT yuradReba, 

rom konstantebi, mag.: m da j (7-4,IV) magaliTSi, ar SeiZleba iyvnen arc dabmuli arc 

Tavisufali, ramdenadac, gansazRvrebidan gamomdinare, mxolod cvladis dabmaa 

SesaZlebeli. (7-4,V) da (7-4,VI) formulebSi yvela cvladis yvela Semosvla 

dabmulia. SevniSnoT, rom cvladi, romelic Tavisufalia qveformulaSi, SeiZleba iyos 

dabmuli am qveformulis Semcveli vrceli formulis farglebSi, mag., aseTebia x da y 

cvladebi (7-4,VI) formulis (z)S(x,y,z) qveformulaSi. 
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 nebismieri cvladis nebismieri Semosvla, romelic gvxvdeba formulaSi, an 

dabmulia, an Tavisufali. _ aq sxva raime Sualeduri mdgomareoba gamoiricxeba. 

amasTan, cvladi SeiZleba mxolod erTgzis iyos dabmuli. magaliTad, SeiZleba vinmem 

ifiqros, rom (x)(P(x)→(x)M(x)) formulaSi M(x) formulis x cvladi dabmulia 

rogorc (x), ise (x) kvantoriT. es ase araa. _ is dabmulia mxolod (x) kvantoriT, 

xolo (x) kvantoriT ibmeba mxolod P(x) formulis x cvladi. es formula nakleb 

damabneveli iqneboda, Cven rom aq sxvadasxva cvladebi gamogveyenebina, mag., 

(x)(P(x)→(y)M(y)), romelic zemoT mocemuli formulis erT-erTi alfabeturi 

variantia. saerTod, ukeTesia formulaTa Sedgenisas Tavi avaridoT sxvadasxva 

cvladebis aRniSvnas erTi da igive asoTi im SemTxvevaSic ki, roca ori kvantori, 

romelic erTmaneTis samoqmedo areSi iWreba, isedac naTlad miuTiTebs maT 

gansxvavebulobaze (rogorc es aq ganxilul magaliTSi iyo). alfabeturi variantebis 

Temas Cven davubrundebiT 7.3 paragrafSi. 

  predikatul logikaSi gamonaTqvami iseTi formulaa, romelic ar Seicavs 

arcerT Tavisufal cvlads. amdenad, gamonaTqvamSi nebismieri cvladis nebismieri 

Semosvla dabmulia amave gamonaTqvamis (formulis) romelime kvantoriT. gamonaTqvamTa 

am simravles zogjer predikatuli logikis gamonaTqvamTa anu winadadebaTa anu 

Caketil formulaTa simravlesac uwodeben. formula, romelic Seicavs cvladis erT 

mainc Tavisufal Semosvlas, rogorc ukve aRiniSna, Ria formulad, zogjer ki, 

propoziciul funqciad iwodeba.  

 

 

7.2  semantika 
 

 am paragrafSi mocemulia predikatuli logikis semantikis araformaluri 

aRwera. am sakiTxis ufro mkacr, formalur ganxilvas SemogTavazebT amave 

saxelmZRvanelo kursis D nawilSi. 

gamonaTqvams, iseve rogorc es gamonaTqvamTa logikaSia, predikatTa logikaSi 

anu, rac TiTqmis igivea, predikatul aRricxvaSi SeiZleba mieniWos oridan erT-erTi 

WeSmarituli mniSvneloba: an 1 (WeSmariti), an 0 (mcdari). nebismieri iseTi 

gamonaTqvamis WeSmarituli mniSvneloba, romelic agebulia predikatebis, termebisa da 

kvantorebis gamoyenebiT, ganisazRvreba am misi amgebi alfabeturi simboloebis e.w. 

Sinaarsuli (anu semantikuri) mniSvnelobebiT (romlebic araa aucilebeli iyos 

WeSmarituli mniSvnelobebi). magaliTad, gamonaTqvami H(s), romelic agebulia 

erTadgiliani H predikatiTa da s konstantiT WeSmaritul mniSvnelobas Semdegnairad 

iRebs: s konstantis Sinaarsuli mniSvneloba aris raRac individi individTa raRac D 

simravlidan, romelic winaswar unda iyos gansazRvruli (aq D simravleTa Teoriis 

simravluri diskursis msgavsi cnebaa da xSirad mas asec moixsenieben). davuSvaT, rom 

D aris yvela adamianTa simravle (mxedvelobaSi gvaqvs rogorc dRes arsebuli, ise 

dRevandlamde arsebuli adamianebis simravle), xolo am simravlis is individi, 

romelic s konstantiT aRiniSneba, aris sokrate. davuSvaT isic, rom H predikatis 

semantikuri anu Sinaarsuli mniSvneloba aris D simravlidan aRebuli individebis 

raRac simravle _ vTqvaT, {sokrate, aristotele, platoni, mocarti, beThoveni}. aseT 

SemTxvevaSi H(s) gamonaTqvamis WeSmarituli mniSvneloba iqneba WeSmariti, gamomdinare 

im faqtidan, rom individi, romelic Seesabameba s konstantas, aris im simravlis wevri, 

romelic Seesabameba H predikats. meore mxriv, H predikatis Sinarsuli mniSvneloba 

rom yofiliyo simravle {maleri, prusti, miqelanjelo}, H(s) miiRebda mniSvnelobad 

mcdars, radgan sokrate am ukanaskneli simravlis wevri ar aris.  
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gamosaxulebis semantikuri mniSvnelobis aRsaniSnad Cven viyenebT ormag 

kvadratul frCxilebs. amgvarad, am SeTanxmebiT, wina magaliTi Semdegnairad aRiwereba: 

[[s =sokrate, [[H={sokrate, aristotele, platoni, mocarti, beThoveni}, da 

[[H(s)=1. 

D areze L oradgiliani predikatis semantikuri mniSvneloba aris D simravlis 

individebisagan Sedgenili dalagebuli wyvilebis simravle (e. i. D×D simravlis raRac 

qvesimravle). amasTan, gamonaTqvami L(j,m) WeSmaritad miiCneva mxolod im SemTxvevaSi, 

Tu individTa dalagebuli ‹x,y› wyvili Sedis am simravleSi da Tu, amavdroulad, x 

aris j konstantis semantikuri mniSvneloba, y ki m konstantisa. magaliTad, Tu [[j aris 

„jon doni‟ da [[m aris „Sotlandiis dedofali meri‟, maSin L(j,m) iqneba WeSmariti 

mxolod im SemTxvevaSi, Tu wyvili ‹jon doni, Sotlandiis dedofali meri› Sedis im 
simravleSi, romelic aris L predikatis semantikuri mniSvneloba. _ winaaRmdeg 

SemTxvevaSi L(j,m) mcdaria. zogadad, nebismieri K oradgiliani predikatisa da a da b 

termebisaTvis [[K(a,b)=1 maSin, da mxolod maSin, roca  ‹[[a, [[b ›[[K. 
predikatul logikaSi nebismieri gamonaTqvamis WeSmarituli mniSvneloba 

damokidebulia diskursis areze da am areze konstantebisa da predikatebisTvis 

SerCeul semantikur mniSvnelobebze. roca es yvelaferi sruladaa gansazRvruli, Cven 

vambobT, rom agebulia predikatuli logikis modeli1. ufro zustad, predikatuli 

logikis nebismieri modeli Sedgeba D simravlisa da F funqciisgan, romelic 

mniSvnelobad aniWebs: 

 

(I)  yovel individur konstantas          D simravlis raRac elements; 

 (II)  yovel erTadgilian predikats        D simravlis raRac qvesimravles; 

(III)  yovel oradgilian predikats         D×D simravlis raRac qvesimravles;   

      da sazogadod,  

(IV)  yovel n-adgilian predikats          D×D× . . .×D  simravlis qvesimravles  

 
                                             n 

(e.i. D simravlidan aRebuli 

individebisagan Sedgenili dalagebuli n-

eulebis raRac simravles). 

 

amgvarad, predikatul logikaSi iseTi gamonaTqvamebi, rogoricaa H(s) an L(j,m) 

ar arian sazogadod an WeSmariti, an mcdari, aramed isini SeiZleba iyon an WeSmariti, 

an mcdari garkveul, kerZod gansazRvrul M modelSi. Tu gvsurs im garemoebis 

xazgasma, rom semantikuri mniSvneloba ganixileba ara sazogadod, aramed romeliRaca 

kerZod gansazRvrul M modelSi, SegviZlia modelis saxeli mivuTiToT 

zemoSemoTavazebul aRniSvnaSi zeda indeqsiT, mag.: [[H(s)M =1, [[sM =sokrate. irkveva, 

rom garkveuli gamonaTqvamebi arian an WeSmaritni, an mcdarni miuxedavad arCeuli 

modelisa da aseTi gamonaTqvamebi predikatul logikaSi tavtologiur 

(zogadmarTebul), Sesabamisad kontradiqciur (zogadmcdar, winaaRmdegobriv) 

gamonaTqvamebad (formulebad) iwodebian. ramdenadac predikatTa logikaSi kavSirebi &, 

 (da sxv.) iseve ganisazRvrebian, rogorc gamonaTqvamTa logikaSi, cxadia, rom 

gamonaTqvami H(s)H(s) am logikur sistemaSi tavtologiuri anu zogadmarTebuli 

                                                 
1 readqtoris SeniSvna: bevri avtori, aseT SemTxvevaSi, nacvlad terminisa modeli iyenebs termins 

interpretacia. aseT avtorebTan termini modeli gamoyenebulia arawinaaRmdegobrivi interpretaciebis 

aRsaniSnavad.    
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gamonaTqvamia, xolo H(s)&H(s) ki – kontradiqciuri anu zogadmcdari. sxvagvarad rom 

vTqvaT, rogoric ar unda iyos mocemuli modeli, H(s) da H(s) gamonaTqvamebs 

eqnebaT urTierTsawinaaRmdego WeSmarituli mniSvnelobebi da amitom H(s)H(s) 

nebismier modelSi WeSmariti formula gamodis. iseTi gamonaTqvamebi, rogorebicaa 

H(s) an L(j,m), romelTa WeSmarituli mniSvnelobebi icvleba modelebisda mixedviT, 

iwodebian kontigentur anu ormxrivSesrulebad gamonaTqvamebad. predikatul logikaSi 

arsebobs iseTi tavtologiuri da kontradiqtuli gamonaTqvamebi, romlebic 

zemoganxiluli H(s)H(s) da H(s)&H(s) formulebisgan gansxvavebiT ar arian 

gamonaTqvamTa logikis Sesabamisi tavtologiebisa da kontradiqciebis martivi 

pirdapiri Sedegi.  

 kvantificirebul anu kvantorebian gamosaxulebaTa semantika ramdenadme ufro 

rTulia, vidre mxolod predikatebisa da termebisagan Sedgenili gamosaxulebebis 

semantika. amjerad mxolod zogadad mimovixilavT am sakiTxebs, romlebsac mkacri 

formaluri TvalsazrisebiT me-13 TavSi gavecnobiT. 

formula, romelSic yvela cvladi dabmulia, rogoricaa magaliTad (x)H(x) an 

(y)L(m,y), aris gamonaTqvami da, Sesabamisad, nebismier kerZod aRebul modelSi igi 

aris an WeSmariti, an mcdari. aseTi gamonaTqvamebi, rogorc wesi, agebulni arian 

cvladeb miwerili kvantorebisa da Ria gamonaTqvamebisagan (mag.: H(x) an L(m,y)), 

romlebic, iqidan gamomdinare, rom ar arian gamonaTqvamebi, arcerTi calsaxad 

gansazRvruli WeSmarituli mniSvnelobiT ar xasiaTdebian. miuxedavad amisa,  Caketili 

anu kvantificirebuli gamonaTqvamis WeSmarituli mniSvnelobis dadgenisas Cven 

winaswar viTvliT Sesabamisi Ria gamonaTqvamis anu propoziciuli funqciis sxvadasxva 

WeSmaritul mniSvnelobebs maTSi kvantificirebuli cvladebis adgilas am cvladebis 

sxvadasxva mniSvnelobebis anu D sainterpretacio aris sxvadasxva individebis CasmiTa 

da am Casmis Sedegad miRebuli gamonaTqvamebis WeSmarituli mniSvnelobebis 

gamoTvliT. magaliTad, (x)H(x) gamonaTqvamis WeSmarituli mniSvnelobis dasadgenad x 

cvlads rigrigobiT mniSvnelobad vaniWebT D aris TiToeul individs da x cvladis 

yoveli aseTi konkretuli damniSvnelebisaTvis veZebT H(x) gamonaTqvamis WeSmaritul 

mniSvnelobas, romelic gaigeba WeSmaritad, Tu am modelSi x cvladis es konkretuli 

[[x  mniSvneloba amave modelis mixedviT gaazrebuli [[H simravlis wevria da gaigeba 

mcdarad _ winaaRmdeg SemTxvevaSi. amasTan, Tu [[x Sedis [[H simravleSi D 

sainterpretacio aris (anu diskursis) yvela wevrisaTvis (anu individisaTvis), maSin 

(x)H(x) miiCneva WeSmaritad, xolo im SemTxvevaSi, Tu D diskursis romeliRac 

individisTvis [[x[[H, maSin (x)H(x) miiCneva mcdarad. sxvagvarad rom vTqvaT, 

(x)H(x) WeSmaritia (mocemul modelSi) maSin, da mxolod maSin, roca H(x) 

WeSmaritia D aredan aRebuli x cvladis TiToeuli mniSvnelobisaTvis. Sesabamisad, 

(x)H(x) (mocemul modelSi) WeSmaritia maSin, da mxolod maSin, roca H(x) 

WeSmaritia (am modelis) D sainterpretacio aris erTi romeliRaca individisaTvis 

mainc (e.i maSin, roca x cvladi mniSvnelobad am erT romeliRaca individs iRebs). 

ganvixiloT erTi nawilobriv aRwerili modeli. igulisxmeba, rom am modelSi 

mniSvnelobebi im predikatebsa da termebsac aqvT, romlebic ara arian cxadad 

miTiTebulni, magram simartivisTvis Cven maT aq ugulvebelvyofT.  

 

(7-6) vTqvaT: 

 
 D={sokrate, aristotele, platoni, mocarti, beThoveni, tolstoi} 

 

        F(s) = sokrate                       F(m) = mocarti 
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                F(a) = aristotele                   F(b) = beThoveni 

                F(p) = platoni                       F(t) = tolstoi 

                F(H) = {sokrate, aristotele, platoni} 

                F(M) = {sokrate, aristotele, platoni, mocarti, beThoveni, tolstoi}=D 

               F(L) = {‹sokrate, sokrate›, ‹sokrate, aristotele›, ‹mocarti, beThoveni›, 
‹beThoveni, mocarti›, ‹tolstoi, platoni›, ‹platoni, mocarti›, 

‹aristotele, tolstoi›}  
 

mkiTxvels axla SeuZlia Tavad Seamowmos, rom Semdegi gamonaTqvamebi (da ara 

mxolod isini) am modelSi WeSmariti gamonaTqvamebia: 

 

        H(s), H(a), H(p), M(s), M(b), L(s, s), L(t, p) 
 

xolo Semdegi gamonaTqvamebi ki _ mcdari:  

 

                 H(m), H(b), H(t), L(a, s), L(m, m) 
 

gamonaTqvami (x)M(x) am modelSi WeSmaritia, radgan M(x) WeSmaritia imisda 

miuxedavad, Tu D simravlis wevrTagan romels miiRebs mniSvnelobad x cvladi, e. i. 

aRweril modelSi WeSmaritia M(x) formulis yvela SesaZlo M(s), M(a), M(p), M(m), 

M(b) da M(t) kerZo SemTxveva x cvladis yvela SesaZlo kerZo mniSvnelobisaTvis. aseve 

WeSmaritia (x)H(x) gamonaTqvami, radgan am modelSi, cxadia, rom H(x) WeSmaritia x 

cvladis erTi mainc mniSvnelobisaTvis. kerZod, is WeSmaritia, roca [[x aris an 

sokrate, an aristotele, an platoni. gansakuTrebuli yuradReba miaqcieT im 

garemoebas, rom is mniSvnelobebi, romlebsac x iRebs, aris D simravlis individebi 

(wevrebi) da ara enis konstanturi asoebi _ s, a, p da sxv.. aseve advili dasanaxia, 

rom Tuki (x)M(x) WeSmaritia (da diskursis are araa carieli), maSin WeSmariti 

iqneba aseve (x)M(x).  

gamonaTqvami (y)L(m,y) WeSmaritia, radgan arsebobs y cvladis erTi mainc iseTi 

mniSvneloba (kerZod, beThoveni), rom dalagebuli wyvili ‹mocarti, [[y› Sedis am 

modeliT L mimarTebisTvis moniSnul simravleSi, e. i. [[L simravleSi. magram 

(y)L(m,y) mcdaria, radgan y cvladis yvela mniSvnelobisTvis wyvili ‹mocarti, [[y› 
ar Sedis [[L simravleSi (magaliTad, ‹mocarti, sokrate› wyvili araa am simravleSi).  

zemoganxiluli gamonaTqvamebis WeSmarituli mniSvnelobebis dadgenis Semdeg 

Cven SegviZlia Cveuli gziT - propoziciuli kavSirebis WeSmarituli cxrilebis 

gamoyenebiT - ganvsazRvroT iseTi rTuli gamonaTqvamebis WeSmarituli mniSvnelobebic, 

rogorebicaa (H(s)&H(m)), ((x)M(x)H(a)) da (H(p)→(y)L(m,y)). mkiTxveli 

darwmundeba, rom mocemul modelSi es sami gamonaTqvami Sesabamisad aris mcdari, 

WeSmariti da WeSmariti.  

aseTi trivialuri araa (x)(H(x)&M(x)) gamonaTqvamis WeSmarituli 

mniSvnelobis gansazRvra, romelSic logikuri kavSiri Sedis kvantoris moqmedebis 

areSi. arsebobis kvantoriT kvantificirebuli gamonaTqvamebis mniSvnelobis 

gansazRvris wesis Tanaxmad, Cven unda davadginoT, D simravleSi arsebobs Tu ara x 

cvladis iseTi mniSvneloba, romelzedac rTuli propoziciuli funqcia H(x)&M(x) 

WeSmarit mniSvnelobas Rebulobs. Cven x cvlads mniSvnelobad unda mivaniWoT D aris 

TiToeuli individi cal-calke da gavarkvioT, aris Tu ara erTdroulad orive, H(x) 

da M(x), romelime maTTaganisaTvis WeSmariti. gasagebia, rom Tu erTi mainc aseTi 



134 

 

mniSvneloba vipoveT, maSin (x)(H(x)&M(x)) iqneba WeSmariti. gasagebia isic, rom 

winaaRmdeg SemTxvevaSi, igi iqneba mcdari. mocemul modelSi es formula WeSmaritia, 

ramdenadac arsebobs sami iseTi individi _ sokrate, aristotele da platoni _ 

romelic erTdroulad aris [[H da [[M simravleebis wevri. meore mxriv, 

(x)(H(x)&M(x)) mcdaria; yvela individi ar aris erTdroulad [[H da [[M 

simravleebis wevri. Tumca, am modelSi (x)(H(x)→M(x)) WeSmaritia, ramdenadac 

gansaxilvel modelSi x cvladisaTvis ar moiZebneba iseTi mniSvneloba, romelzedac 

(H(x)→M(x)) formula mniSvnelobad Rebulobs mcdar WeSmaritul mniSvnelobas, rac, 

Tavis mxriv, imas niSnavs, rom ganxilul modelSi ar arsebobs iseTi individi, 

romelic Sedis [[H simravleSi, magram ar Sedis [[M simravleSi.  

 

amocana: ipoveT aRweril modelSi (x)(L(m,x)→H(x)) da (x)(L(m,x)→M(x)) 

gamonaTqvamebis WeSmarituli mniSvnelobebi? 

 

gamonaTqvamebis WeSmarituli mniSvnelobebis dadgena gansakuTrebiT rTuldeba im 

gamonaTqvamebisaTvis, romlebSic zogierTi kvantori Sedis sxva kvantorebis moqmedebis 

areSi. Tumca, am SemTxvevaSic, zogadi wesebi ZalaSia, magram aseTi gamonaTqvamebis 

mniSvneloba isazRvreba, ase vTqvaT, garedan SigniT damuSavebis principiT. magaliTad, 

(x)(y)L(x,y) WeSmariti iqneba mxolod im SemTxvevaSi, Tu D simravleSi x cvladis 

nebismieri mniSvnelobisaTvis gamosaxuleba (y)L(x,y) iqneba WeSmariti. rodisaa es 

ukanaskneli WeSmariti? _ Tu arsebobs y cvladis erTi iseTi mniSvneloba mainc, 

romlisTvisac L(x,y) aris WeSmariti, da am SemTxvevaSi vgulisxmobT, rom x cvlads 

aqvs wina bijiT miniWebuli mniSvneloba; e.i. x cvlads mniSvnelobad rigrigobiT 

vaniWebT D simravlis TiToeul individs da x cvladis TiToeuli aseTi 

mniSvnelobisaTvis vadgenT (y)L(x,y) gamonaTqvamis WeSmaritul mniSvnelobas imiT, rom 

y cvladis adgilas rigrigobiT vsvamT D simravlis TiToeul individs. amasTan, 

sazogadod cxadia, rom x cvladis zogierTi mniSvnelobisaTvis (y)L(x,y) SeiZleba 

iyos WeSmariti, xolo zogierTi  danarCenisTvis mcdari, Tumca gamonaTqvami 

(x)(y)L(x,y) WeSmaritia mxolod im SemTxvevaSi, roca (y)L(x,y) WeSmaritia D aridan 

aRebuli x cvladis yvela SesaZlo mniSvnelobisaTvis. 

mocemul modelSi (x)(y)L(x,y) WeSmaritia. amaSi rom davrwmundeT, davuSvaT, 

rom x aris sokrate1; maSin (y)L(x,y) iqneba WeSmariti, roca y aris sokrate an 

aristotele. Tu x aris aristotele, maSin (y)L(x,y) iqneba WeSmariti, roca y aris 

tolstoi, da a. S.. sabolood Cven vnaxavT, rom x cvladis yoveli konkretuli 

mniSvnelobisaTvis moiZebneba y cvladis iseTi mniSvneloba, romelic L(x,y) gamonaTqvams 

WeSmarit gamosaxulebad aqcevs. an, sxva sityvebiT rom vTqvaT, D simravlis TiToeuli 

wevri erTxel mainc gvxvdeba pirvel wevrad dalagebul wyvilTa L simravlis 

romelime wevrSi. amdenad, (x)(y)L(x,y) WeSmaritia am modelSi.  

meore mxriv, am modelSi (y)(x)L(x,y) mcdaria. es formula WeSmariti 

iqneboda, y cvladis erTi iseTi mniSvneloba mainc rom arsebobdes, romlisTvisac 

(x)L(x,y) iqneboda WeSmariti, anu rom arsebobdes D simravlis erTi mainc iseTi 

wevri (individi), romelic dalagebul wyvilTa L simravleSi aris iseTi wyvilebis 

meore wevri (komponenti), romelTa pirveli wevrebis (komponentebis) erT simravled 

                                                 
1 readqtoris SeniSvna: es msjeloba iqneboda ufro koreqtuli, rom yofiliyo: maSin (y)L(x,y) iqneba 

WeSmariti, radgan am SemTxvevaSi roca y aris sokrate an aristotele L(x,y)  WeSmaritia, Tu x aris 

aristotele, maSinac (y)L(x, y) iqneba WeSmariti, radgan am SemTxvevaSi roca y aris tolstoi L(x,y)  

WeSmaritia da a. S..   
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gaerTianeba mTlian D simravles iZleva. [[L simravlis gadamowmebiT advilad 

davrwmundebiT, rom aseTi individi ar arsebobs, amdenad am modelSi (y)(x)L(x,y) 

mcdaria. 

es bolo ori magaliTi gviCvenebs, rom gamosaxulebaSi Sinaarsulad SeiZleba 

arsebiTic iyos kvantorTa rigiToba, roca erTi maTgani zogadobis, meore ki - 

arsebobis kvantoria. erTi sityviT, SesaZloa arsebobdnen iseTi modelebi, romlebSic 

erTi romeliRac gamonaTqvami WeSmaritia, xolo meore - kvantorTa Sebrunebuli 

rigiT agebuli - mcdari. is, rom es marTlac asea, TvalnaTliv gamoCndeba, Tuki 

aviRebT ufro bunebriv models. vTqvaT, D aris yvela cocxali adamianebis simravle da 

L={‹x,y›|xs uyvars yi}. maSin (x)(y)L(x,y) WeSmariti iqneba im SemTxvevaSi, Tu 

yoveli adamianisaTvis arsebobs erTi mainc iseTi adamiani, romelic mas uyvars, magram 

(y)(x)L(x,y) WeSmariti mxolod im SemTxvevaSi iqneboda, Tu iarsebebda erTi iseTi 

adamiani mainc, romelic yvelas eyvareboda. advili dasanaxia, rom SezRudul bunebriv 

modelebSi pirveli gamonaTqvami rogorc wesi WeSmaritia, xolo meore gamonaTqvami ki 

piriqiT - rogorc wesi mcdaria.  

 

axla Cven SegviZlia vnaxoT, Tu rogor iTargmneba bunebrivi enis frazebi 

predikatuli logikis enaze. magaliTad, gamonaTqvamisTvis yvela kata aris 

ZuZumwovara (All cats are mammals) Cven dagvWirdeba erTadgiliani predikatebi, 

vTqvaT C da M, imisaTvis rom SevusabamoT isini frazebs aris kata (is cat) da aris 

ZuZumwovara (is mammal). amis Semdeg gansaxilveli gamonaTqvami SegviZlia 

warmovadginoT rogorc (x)(C(x)→M(x)), romelic daaxloebiT ase SeiZleba 

gaJRerdes: gansazRvris areSi Semavali yvela individisTvis, Tu es individi aris kata, 

maSin is ZuZumwovaracaa; an, ufro mokled, yvelaferi, rac ki kataa, ZuZumwovaracaa. 

miaqcieT yuradReba, rom predikatuli gamoTvlis enaSi gakeTebul Cvens TargmanSi es 

gamonaTqvami WeSmaritia maSinac, roca gansazRvris areSi saerTod ar arian katebi, 

radgan aseT SemTxvevaSi x cvladis nebismieri mniSvnelobisTvis C(x) iqneba mcdari da, 

amdenad, mTliani pirobiTi gamonaTqvami cxadia iqneba WeSmariti. amave principiT 

gamonaTqvami arcerTi kata (ar) aris ZuZumwovara (No cats are mammals) iTargmneba 

rogorc (x)(C(x)→M(x)): yvela is, rac aris kata, amcdarebs imas, rom is aris 

ZuZumwovara. es gamonaTqvamic WeSmaritia, roca gansazRvris areSi saerTod ar arian 

katebi da es gansxvavebiT Sesabamisi bunebriv enobrivi frazisgan, romelic aseT 

SemTxvevaSi CaiTvleboda uadgilod an uazrod. _  amgvarad, Cven kvlav vxvdebiT 

nacnob situacias, kerZod ki situacias, roca bunebriv enobrivi gamonaTqvamebi da maTi 

uaxloesi logikuri Sesabamisebi arasrulad eTanxmebian erTmaneTs. 

 
redaqtoris SeniSvna: Cveni midgomebiT, romlebic zemoganxiluli TvalsazrisebiT 

principulad gansxvavdebian aq warmodgenili midgomebisagan, winadadeba yvela kata 

ZuZumwovaraa SezRudulkvantorebiani predikatuli logikis enaze iTargmneba, rogorc 

xxC:M(x), sadac C={kata}, M ki aris ZuZumwovaraa mimarTeba anu faqtiurad igive, 

rac wina magaliTSi, xolo yvela kata aris ZuZumwovara, iTargmneba rogorc 

xxC:(xM), sadac ukve  M  aris simravle, romelsac Cven Semdegnairad aRvniSnavT 

{ZuZumwovara}. SemdegSi SezRuduli kvantorebisTvis nacvlad Canawerisa xxC Cven, 

zogjer, gamoviyenebT Canawers xC. amgvarad, zeda Targmani am gamartivebuli 

midgomebiT Semdegnairad Caiwereba xC:M(x), Sesabamisad  xC:(xM). – davsvaT 

kiTxva: garda imisa, rom Cven vsargeblobT SezRudulkvantorebiani midgomebiT, riT 

aris ganpirobebuli SemoTavazebul da Cveneul midgomebs Soris aseTi fundamenturi 

gansxvavebebi? _ ganvixiloT aseTi winadadeba Tu raime (e.i. sruliad nebismieri 

individi) kataa, maSin is (e.i. es raime) ZuZumwovaracaa. Cveni midgomebiT es winadadeba 
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im maTematikur TargmanSi, romelic eyrdnoba aRniSvnaTa igive sistemas, romelsac 

viyenebdiT, iZleva  C(x)→M(x)=t cvladze damokidebul tolobas da es imitom, rom (1) 

am winadadebaSi  sityva raime enobriv realizebas ukeTebs diskursis anu nagulsixmevi 

konteqstis universumze gansazRvrul SeuzRudav cvlads da (2) es winadadeba, 

rogorc TxrobiTi winadadeba nagulisxmevobiT gvewodeba rogorc faqtobrivad 

WeSmariti gamonaTqvami. anu, faqtiurad, igi gagebulia WeSmaritebaa is, rom Tu raime 

(e.i. sruliad nebismieri individi) kataa, maSin is (e.i. es raime) ZuZumwovaracaa 

winadadebis bunebriv Sinaarsul Semoklebul saxed. axla, Tu diskursis anu 

konteqstis universums aRvniSnavT U simboloTi da imis aRsaniSnavad, rom x cvladi 

gansazRvrulia U simravleze gamoviyenebT xU Canawers zeda Targmanis ufro sruli 

formaluri saxe iqneba xU:C(x)→M(x) = t. am midgomebiT, winadadeba (I) _ WeSmaritebaa 

is, rom nebismieri ram, rac ki arsebobs, Tu kataa, maSin is ZuZumwovaracaa TargmanSi 

mogvcemda xU:C(x)→M(x)=t  formulas, romlis, SeiZleba iTqvas, enTinemuri anu 

nagulisxmevi anu elifsisuri anu Semoklebuli saxea formula (x)(C(x)→M(x)). anu, 

saxelmZRvaneloTi SemoTavazebuli klasikuri midgomebiT winadadeba yvela kata 

ZuZumwovaraa gaigivebulia winadadebasTan (II) _ nebismieri ram, rac ki arsebobs, Tu 

kataa, maSin is ZuZumwovaracaa, rac, ra Tqma unda, mkacri enobriv-logikuri 

TvalsazrisebiT arasruli adekvatizaciaa enobrivad arsebuli logikuri viTarebisa. _ 

amgvarad, calsaxad SeiZleba iTqvas, rom Cveneuli midgomebi, romlebic bunebrivi 

qarTuli enis zogad logikur-lingvistur Taviseburebebs eyrdnoba,  bevrad ufro 

meti adekvaturobiT iZleva enobrivi Sinaarsebis maTematikur Targmanebs vidre 

zemoganxiluli klasikuri midgomebi. _ ganvixiloT Semdegi winadadebebi da maTi 

maTematikuri Targmanebi: (I*) _ WeSmaritebaa is, rom Tu raime cxoveli (e.i. sruliad 

nebismieri cxoveli) kataa, maSin is (e.i. es raime cxoveli) ZuZumwovaracaa. (II*) _ 

nebismieri cxoveli, rac ki arsebobs, Tu kataa, maSin is ZuZumwovaracaa. Cveni 

midgomebiT (I*) winadadebis maTematikuri Targmania x{cxoveli}U:C(x)→M(x)=t, 

romelic (I) winadadebis maTematikuri Targmanisagan mxolod imiT gansxvavdeba, rom (I*) 

TargmanSi x cvladi {cxoveli} simravliT SezRuduli cvladia, maSin rodesac (I) 

TargmanSi igive x cvladi gansazRvrulia mTlian U simravleze, rac, bunebrivia, am 

midgomebis sasargebloT metyvelebs, radgan wminda enobriv-logikuri TvalsazrisebiTac 

(I*) winadadeba aris ufro zogadi Sinaarsis mqone (I) winadadebis kerZo anu 

SezRuduli forma {cxoveli} simravliT mocemul universumze. analogiurad 

zemoganxilulisa, gasagebia, rom (II*) winadadebis Cveneuli Targmani 

x{cxoveli}U:C(x)→M(x)=t  aris (II) winadadebis Cveneulive Targmanis iseTi kerZo 

SezRuduli forma, rogorc Tavad (II*) winadadebaa (II) winadadebasTan mimarTebaSi. _ 

amgvarad, Cveneuli midgomebi aSkarad adastureben imas, rom maTematikuri cvladis idea 

ara Tu ucxoa, aramed, SeiZleba iTqvas, rom erT-erTi sasafuZvlo Semadgenelia 

qarTuli enobriv-logikuri wesTwyobisa da am wesTwyobiT mocemuli azrovnebiTi 

wesrigisa. ufro metic, dadasturebulad SeiZleba iTqvas, rom qarTuli enobrivi 

azrovneba fundamenturad eyrdnoba araTu mxolod SeuzRudavi cvladis primitiul 

maTematikur ideas, aramed igi cnobs da saxeluri frazebiT maqsimalurad 

daxvewiladac iyenebs SezRuduli cvladebis rTul maTematikur sistemas. 

 zogierTi kata aris ZuZumwovara (Some cats are mammals) SeiZleba 

iTargmnos rogorc (x)(C(x)&M(x)), romelic WeSmaritia maSin, da mxolod maSin, 

roca gansazRvris areSi arsebobs erTi mainc iseTi individi, romelic katac aris da 

ZuZumwovarac. am SemTxvevaSi Tuki gansazRvris areSi ar iqneba arcerTi kata, 

predikatuli logikis es gamonaTqvami mcdari iqneba, Sesabamis bunebriv enobriv 

gamonaTqvamze ki SegveZlo gveTqva, rom misi amosavali piroba arasrulyofilia (yvela 

misgan gamomdinare SedegiT). unda aRiniSnos, rom am frazis Targmanad ar gamodgeba 

(x)(C(x)→M(x)) _ anu iseTive pirobiTi gamosaxuleba, rogoric ganzogadebuli 

gamonaTqvamis dros gamoviyeneT. es formula WeSmaritia, roca ar arsebobs arc erTi 

kata (antecedenti anu winapiroba yovelTvis mcdaria) an roca arsebobs erTi mainc 
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ZuZumwovara (konsekventi anu daskvna WeSmaritia).  _ marTalia, Cven veguebiT imas, 

rom bunebriv enobrivi fraza da misi logikuri Targmani zustad ar emTxveva 

erTmaneTs, magram imas mainc ar unda SeveguoT, rom gamonaTqvamebi zogierTi kata 

ZuZumwovaraa (Some cats are mammals) da an ar arsebobs arc erTi kata an 

arsebobs erTi mainc ZuZumwovara (Either there are no cats or there is at least one 

mammal) erTnairad iTargmnebodes logikis enaze1. 

 
redaqtoris SeniSvna: Cveni midgomebi TiTqmis mTlianad awesrigebs zemoT warmoqmnil 

uxerxulobebs: ase magaliTad, CvenTan, winadadeba zogierTi kata ZuZumwovaraa 

TargmanSi iZleva formulas xxC*C:M(x), xolo zogierTi kata aris ZuZumwovara ki 

_ xxC*C:(xM) formulas, romelic WeSmaritia mxolod maSin, Tu arsebobs 

sainterpretacio samyaroSi ganxiluli {kata} simravlis iseTi qvesimravle, rom misi 

yvela elementi amavdroulad ZuZumwovaraa (araa gamoricxuli, rom es qvesimravle 

emTxveodes Tavad {kata} simravles da arc is gamoiricxeba, rom es qvesimravle iyos 

erTelementiani simravle). amasTan, Tu aseTi aracarieli C* qvesimravle ar arsebobs 

maSin igi mcdarad iTvleba! – amgvarad, Cveni midgomebi, romelic qarTuli enisaTvis 

myarad damaxasiaTebeli sqemebis mkacri maTematikuri asaxvis Sedegad gamoikveTa, 

TargmanSi srulad xsnis zemoT ganxilul uxerxulobebs. am midgomebiT zogierTi kata 

araa (ar aris) ZuZumwovara TargmanSi iZleva xxC*C:(xM) da xxC*C:M(x)  

urTieTekvivalentur SezRudulkvantorebian formulebs, romelTagan nebismieri 

WeSmaritia maSin, da mxolod maSin, roca arsebobs C simravlis iseTi aracarieli C*  

qvesimravle, rom C* simravlis arcerTi elementi ar aris ZuZumwovara. _ rac Seexeba 

saxelmZRvanelo kursiT SemoTavazebul Targmans zogierTi kata aris ZuZumwovara 

winadadebisa, unda iTqvas, rom is faqtiurad aris Targmani Semdegi winadadebisa, 

arsebobs raRac, romelic kataca da ZuZumwovarac. anu, maTi midgomebiT, winadadebebi 

zogierTi kata aris ZuZumwovara da zogierTi ZuZumwovara aris kata TargmanSi 

erTmaneTisagan ar ganirCeva, maSin rodesac Cveni midgomebiT pirvelis Targmania  

xC*C:(xM)=t, xolo meoresi ki - xM*M:(xC)=t. _ amgvarad, rogorc Cans, 

Tu saxelur frazebsa da zmnur frazebs logikuri TvalsazrisebiT gavaigivebT 

(rogorc es zemoganxilul klasikur TargmanebSia!) da maT erTmaneTisagan ganurCevlad 

predikatebad davinaxavT da Tu, Sesabamisad amisa, ver davinaxavT enaSi 

                                                 
1
 redaqtoris SeniSvna: aq SemoTavazebuli msjeloba mcired cdeba koreqtulobis sazRvrebs: marTlac, 

imisaTvis, rom (x)(C(x)→M(x)) gamonaTqvami iyos WeSmariti, sakmarisia arsebobdes x cvladis erTi 

mainc iseTi [[x]] mniSvneloba, romlisTvisac C([[x]])→M([[x]])=1. – es, erTi mxriv. meore mxriv ki, 

C([[x]])→M([[x]])=1 maSin, da mxolod maSin, roca C([[x]])=0 da M([[x]])=1  tolobebidan erTi mainc 

Zalismieria, anu roca [[x]][[C]] da [[x]][[M]] gamonaTqvamebidan erTi mainc WeSmaritia, anu roca erTi 

mainc individi ar aris kata da erTi mainc individi aris ZuZumwovara winadadebebidan erTi mainc 

WeSmaritia. _ sxvagvarad igiveze gavdivarT Semdegnairi msjelobiT: 

1. (x)(C(x)→M(x))   (x)( C(x)M(x))           (gamomdinareobis gansazRvrebiT) 

2. (x)(C(x)M(x))  (x)C(x)(x)M(x)      (kvantorTa distribuciis 3 kanoniT (ix. Semdegi 

paragrafi)) 

3. (x)C(x)(x)M(x)) gamonaTqvamis enobrivi mewyvile ki cxadia aris, an arsebobs erTi mainc arakata 

an arsebobs erTi mainc ZuZumwovara da ara is, rasac zemoT avtorebi gvTavazoben. –rogorc Cans 

winadadeba an erTi mainc individi ar aris kata, Tuarada erTi mainc individi aris ZuZumwovara aris  

erTi mainc individi ar aris kata da erTi mainc individi aris ZuZumwovara winadadebebidan erTi mainc 

WeSmaritia winadadebis mokle da sruli tolZalovani. _ amgvarad, rodesac avtorebi (x)(C(x)→M(x)) 

gamonaTqvamze gveubnebian, rom es formula WeSmaritia, roca ar arsebobs arcerTi kata (antecedenti 

anu winapiroba yovelTvis mcdaria), es ra Tqma unda asea, magram, meore mxriv, es formula WeSmaritia 

maSinac, roca x cvladis gansazRvris areSi aris erTi mainc iseTi [[x]] individi, romelic ar aris 

kata (anu romelic aris arakata) da, aqedan gamomdinare, cxadia, rom (x)(C(x)→M(x)) formulis 

WeSmaritebasTan mimarTebaSi moTxovna imis Taobaze, rom gansazRvris areSi saerTod ar arsebobdes kata 

(anu rom am gansazRvris aris yoveli elementi iyos arakata), mkacri logikuri TvalsazrisebiT arc 

Tu mTlad koreqtuli moTxovnaa.  
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kvantificirebuli Tu arakvantificirebuli saxeluri frazebiT realizebul 

SezRudul cvladebsa da konstantebs (anu imas, rasac Cveneuli Targmanebi Zireulad 

eyrdnoba!) maSin, cxadia, verc imas davinaxavT, rom bunebrivi ena umjobesia ganxilul 

iqnes ara rogorc klasikuri predikatuli Teoria, aramed rogorc 

SezRudulkvantorebiani predikatuli Teoria. _ rac Seexeba imas, rom bunebrivi 

enebisaTvis cvladisa da konstantis maTematikuri ideebi ucxo ar aris, es CvenTvis, 

gamomdinare qarTuli enis pirdapiri formalur-logikuri aRweris pirveli 

Sedegebidan, araTu cxadi, aramed ukve dasabuTebuli WeSmaritebaa. – vimeorebT: Tu im 

saxelur frazebSi anu im enobriv monacemebSi, romlebic bunebriv enobriv sistemebSi 

realizebas ukeTeben cvladebsa da konstantebs, predikatebs davinaxavT, maSin,  cxadia, 

maTi (e.i. am saxeluri frazebis) meSveobiT enaSi arsebuli cvladebisa da konstantebis 

danaxva gagviWirdeba. _ am SeniSvnas davasrulebT arsebobs raRac, romelic katac aris 

da ZuZumwovarac winadadebis Cveneuli maTematikuri TargmaniT, romelic ukve 

SeTanxmebuli aRniSvnebiT Semdegi formuliT gamoisaxeba: xU:C(x)&M(x) (aq U 

simboloTi aRniSnulia nagulisxmevi diskursis universumi anu nagulisxmevi 

sainterpretacio gansazRvis are).   

 

 

7.3 kvantifikaciis kanonebi da preneqsuli forma 
 

 predikatuli logikis standartuli simravluri semantikebis gaTvaliswinebiT 

dadgenilia mniSvnelovani igiveobebi, romlebic SeiZleba miviCnioT predikatuli 

logikis kanonebad. isini farTod gamoiyeneba mtkicebaTa agebis dros da, aseve, im 

formulebis amosacnobad, romlebic arian bunebrivi enis winadadebebis maTematikuri 

TargmniTi tolZalovnebi, magram gansxvavdebian maTgan zogadi struqturuli 

TvalsazrisebiT1. nebismier formulas, romelic Seicavs Tundac erT Tavisufal x 

cvlads (mag., H(x), L(x,x), (y)L(x,y), (y)(H(x)→L(x,y)) da a. S.) aRvniSnavT Semdegi 

saxis  gamosaxulebiT: φ(x), ψ(x) da a. S..  

(x)(x) gamonaTqvamis WeSmariteba niSnavs da amtkicebs imas, rom arsebobs 

erTi mainc iseTi individi, romlisTvisac (x) aris WeSmariti; es ki imas niSnavs, 

rom am individisTvis (x) mcdaria. amdenad, aseT pirobebSi, gasagebia, rom (x)(x) ar 

SeiZleba iyos WeSmariti, radgan zogadobis kvantoriani formulis WeSmariteba (e.i. 

universalurad kvantificirebuli anu ganzogadebuli gamonaTqvamis WeSmariteba) 

moiTxovs, rom misi (x) matrica x cvladis yvela SesaZlo individuri 

mniSvnelobisTvis iyos WeSmariti; Sesabamisad, vRebulobT, rom (x)(x) WeSmaritia.  

 es msjeloba SeiZleba gamoviyenoT ukumimarTulebiTac, rac saboloo jamSi  

Sedegad iZleva pirvel kvantorul igiveobas anu kvantifikaciis pirvel kanons: 

 

(7-7) kanoni 1. kvantificirebuli formulis uaryofa: (x)(x)  (x)(x) 

 

 am kanonis Semadgenlebis Sesabamisi bunebriv enobrivi frazebis erT-erT 

wyvilad inglisurSi ganixileba Semdegi winadadebebi: ara yvelam Caabara gamocda (Not 

everyone passed the test)  da viRacam ar Caabara gamocda (Someone did not pass 

the test). 

                                                 
1
 redaqtoris SeniSvna: `logikisa da enis gaerTianebul qarTul jgufSi” ganviTarebuli kvlevebis erT-

erTi ZiriTadi Sedegi aris is, rom Cveni midgomebiT bunebrivi enis winadadebebis maTematikuri 

TargmniTi tolZalovnebi zogadi struqturuli TvalsazrisebiT arsebiTad ar gansxvavdebian maTi 

qarTul enobrivi Sesatyvisebidan, rac kidev erTi mniSvnelovani argumentia qarTuli da maTematikuri 

enebis Cvens mier ukve xazgasmuli zogadi erTtipobriobisa.  
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 ormagi uaryofis kanonis gaTvaliswinebiT (mxedvelobaSi gvaqvs is, rom   

) kanoni 1 SeiZleboda Cagvewera Semdegi misi igivuri formebiTac: 

 

(7-8) kanoni 1      (x)(x)  (x)(x) 

           kanoni 1  (x)(x)  (x)(x) 

           kanoni 1   (x)(x)  (x)(x) 

 

aseve advilad igeba am variantebis bunebriv enobrivi Sesatyvisebi. ase 

magaliTad, inglisurSi I kanonisTvis SegveZlo migvesadagebina Everyone did not 

pass the test (yvelam ar Caabara gamocda* (gagebulia, rogorc yvela CaiWra)) da No 

one passed the test (aravin Caabara gamocda* (gagebulia, rogorc yvela CaiWra)). 

 

redaqtoris SeniSvna: qarTulSi (x)(x) saxis logikuri struqturis mqone 

gamonaTqvamebi frazirdeba, rogorc yvelam Caabara gamocda, (x)(x) saxis, rogorc 

arcerTma ar Caabara gamocda, (x)(x) saxis, rogorc viRacam Caabara gamocda, (x)(x) 

saxisa ki, rogorc viRacam ar Caabara gamocda. amasTan, qarTulSi yvelam ar Cabara 

gamocda gaigeba rogorc (x)(x). amgvarad, qarTulSi dadebiT predikatTan yvela 

gaigeba rogorc zogadobis kvantori, xolo uaryofiT predikatTan zogadobis 

kvantoris funqcias Tavis Tavze iRebs arcerTi. amasTan, yvela uaryofiT predikatTan 

gaigeba, rogorc arsebobis kvantori. amavdroulad, arsebobis kvantoris funqciebs 

qarTulSi, rogorc dadebiT, ise uaryofiT predikatebTan, Tavis Tavze iReben sityvebi 

viRac (erTi mainc), raRac (erTi mainc), romeliRac (erTi mainc) da a.S.. arcerTi, 

iseve rogorc aravin, dadebiT predikatTan gaigeba rogorc zogadobis kvantori, magram 

igi, amavdroulad, uaryofiT Sinaarss sZens predikats, rac, garkveuli azriT, imas 

niSnavs, rom igi (e.i. arcerTi, iseve rogorc aravin) dadebiT predikatebTan saerTod 

ar gaigeba. _ Cven vTliT, rom universaluri tipis uaryofiTi kvantifikatorebisaTvis 

damaxasiaTebeli es zemoaRwerili viTareba, riTac inglisuri ena sistemurad 

xasiaTdeba, migvaniSnebs am enaSi kvantorebis predikatebze dominirebas. xazgasasmelia 

isic, rom es, inglisuri enisaTvis bunebrivad damaxasiaTebeli viTareba, cxadia, unda 

asaxuliyo da aisaxa kidec montegiuseul midgomebze, romlebsac am wignis qarTuli 

Targmanis meore nakveTSi gavecnobiT (mxedvelobaSi gvaqvs bunebriv enobrivi 

kvantorebis miseuli gageba). Cven vTvliT, rom am sakiTxebTan mimarTebaSi qarTulSi 

damokidebulebani sarkiseburi anu inversirebuli saxiT aris gadawyvetili: kerZod, 

rogorc Cans, qarTulisTvis sistemuria predikatuli dominireba kvantorul sityvebze 

da maT fuqciebze da ara piriqiT. - rac Seexeba im faqts, rom indoevropulisTvis 

damaxasiaTebeli sqemebi qarTulSic Semodis (mag., aravin Caabara gamocda, ara yvelam 

Caabara gamocda), amas Tavisi martivi axsna aqvs, magram is, rom isini qarTulisTvis 

mxolod araZireulad damaxasiaTebeli damxmare sqemebia unda gvesmodes! _ rac Seexeba 

kvantificirebuli formulebis uaryofis kanonebis Sesabamis formalurad ufro zust 

qarTulenobriv mewyvileebs, aq Cveneuli midgomebiT vRebulobT: 

 

 kanoni 1:  (x)(x)  (x)(x)  – mcdaria is, rom yvelam Caabara gamocda 

                              WeSmaritia is, rom viRacam ar Caabara gamocda; 

kanoni 1:   (x)(x)  (x)(x) – WeSmaritia  is, rom yvelam Caabara gamocda 

       mcdaria is, rom viRacam ar Caabara gamocda; 

kanoni 1: (x)(x)  (x)(x) _ mcdaria is, rom arcerTma ar Caabara gamocda 

          WeSmaritia is, rom viRacam Caabara gamocda; 

kanoni 1: (x)(x)  (x)(x) – WeSmaritia  is, rom arcerTma  ar Caabara gamocda  

                                 mcdaria is, rom viRacam Caabara gamocda. 
 

romelTa maTematikurad simbolizirebuli gamartivebuli saxeebia:  
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 kanoni 1:  (x)(x)  (x)(x)  – yvelam Caabara gamocda = f 

                              viRacam ar Caabara gamocda = t; 

kanoni 1:   (x)(x)  (x)(x) – yvelam Caabara gamocda = t 

       viRacam ar Caabara gamocda = f; 

kanoni 1: (x)(x)  (x)(x) _ arcerTma ar Caabara gamocda = f 

          viRacam Caabara gamocda = t; 

kanoni 1: (x)(x)  (x)(x) – arcerTma  ar Caabara gamocda = t  

                                 viRacam Caabara gamocda = f. 
 

 1 kanonisa da ormagi uaryofis kanonis ZaliT SegviZlia davaskvnaT, rom 

predikatul logikaSi ganxiluli ori kvantoridan nebismieri SesaZlebelia 

ganisazRvros meoreTi. 

kanonTa Semdegi jgufi gamonaTqvamTa logikaSi & da  logikuri kavSirebis 

distribuciulobis kanonebis analogiuria, oRond, aqve unda SevniSnoT, rom maTgan 

ori logikuri gamomdinareobaa da ara logikuri igivuroba.  

 

(7-9)  kvantorTa distribuciis kanonebi: 

 

      kanoni 2.    (x)(φ(x) & ψ(x))  (x)φ(x) & (x)ψ(x) 

       kanoni 3.    (x)(φ(x)  ψ(x))  (x)φ(x)   (x)ψ(x) 

            kanoni 4.   (x)φ(x)  (x)ψ(x)  (x)(φ(x)  ψ(x)) 

            kanoni 5.   (x)(φ(x) & ψ(x))  (x)φ(x) & (x)ψ(x) 

 

2 kanonis marcxena mxare WeSmaritia maSin, da mxolod maSin, roca gansazRvris 

aris yoveli individisTvis WeSmaritia φ(x)&ψ(x); marjvena mxare WeSmaritia maSin, da 

mxolod maSin, roca yoveli individisTvis WeSmaritia φ(x) da, amavdroulad, yoveli 

individisTvis WeSmaritia ψ(x). es ori gamonaTqvami aSkarad igivuri gamonaTqvamebia. 

analogiuri gansjiT mkiTxvels Tavad SeuZlia gadaamowmos 3 kanonis samarTlianoba.  

4 kanonis marcxena mxare WeSmaritia maSin, da mxolod maSin, roca x cvladis 

gansazRvris aris nebismieri individisTvis WeSmaritia an φ(x) an ψ(x). aseT 

SemTxvevaSi, cxadia, SegviZlia davaskvnaT, rom nebismieri individisTvis WeSmaritia 

φ(x)ψ(x), rac asabuTebs marcxnidan gamomdinareobas. is, rom adgili ar aqvs piruku 

gamomdinareobas, dasturdeba SemdegiT: gamonaTqvami, romlis Tanaxmadac gansazRvris 

aris yoveli individi an mamrobiTi an mdedrobiTi sqesisaa, ar ganapirobebs (ar 

iwvevs) imas, rom am gansazRvris areSi yvela individi mamrobiTi sqesisaa da arc imas, 

rom yvela individi mdedrobiTi sqesisaa. axla ukve mkiTxveli advilad mixvdeba, rom 

me-5 kanonic analogiurad mtkicdeba. 

2 da 3 kanonebi asaxaven ZiriTad mimarTebebs zogadobis kvantorsa da 

koniunqciasa da, Sesabamisad, arsebobis kvantorsa da diziunqcias Soris. (x)φ(x) 

WeSmaritia mxolod im SemTxvevaSi, roca φ(a) WeSmaritia da φ(b) WeSmaritia da ... , 

xolo (x)(x) WeSmaritia mxolod im SemTxvevaSi, roca an φ(a) aris WeSmariti, an 

φ(b) aris WeSmariti, an ...  . _ aq a, b,  ...   rigi moicavs x cvladis gansazRvris aris 

yvela wevrs. amdenad, zogadobis kvantoriT kvantificirebuli gamonaTqvami aris 

(a)&(b)&... saxis koniunqciis igivuri, xolo arsebobis kvantoriT kvantificirebuli 

gamonaTqvami (a)(b)... saxis diziunqciis igivuria (es dizunqcia, iseve rogorc 

wina koniunqcia, SesaZloa usasruloc iyos). amis gaTvaliswinebiT, 1 kanoni SeiZleba 

gagebul iqnas rogorc de morganis kanonis erTgvari ganzogadeba: 
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(7-10)     ((a) & (b) & ...)  (a)(b) ...  

 

kanonTa Semdegi jgufi exeba kvantorTa rigiTobas ormagad kvantificirebul 

gamonaTqvamebSi. Tu orive kvantori zogadobisaa an orive maTgani arsebobisaa, maSin 

gamonaTqvamSi maT rigiTobas mniSvneloba ar aqvs (6 da 7 kanonebi). am kanonebis 

samarTlianoba ufro naTeli gaxdeba, Tu moviSveliebT kvantorTa zemomoyvanil 

semantikur interpretaciebs. amave midgomebiT trivialurad xdeba am kanonebis 

ganzogadeba sam an metkvantorian gamonaTqvamebze. am viTarebis gamoa, rom 

(x)(y)(x,y) tipis gamonaTqvamebi xSirad mokled iwereba rogorc (x,y)(x,y). 

analogiurad, (x)(y)(z)(x,y,z) gamonaTqvamis Semokleba gvaZlevs (x,y,z)(x,y,z) 

Canawers da a. S..  

 

(7-11) kvantorTa urTierTdamokidebulebis kanonebi: 

 

       kanoni 6  (x)(y)φ(x,y)  (y)(x)(x,y) 

              kanoni 7    (x)(y)φ(x,y)   (y)(x)φ(x,y) 

       kanoni 8  (x)(y)φ(x,y)  (y)(x)φ(x,y) 

 

zemoT Cven vnaxeT, rom arsebobis da zogadobis kvantorTa rigis Secvla ar 

iZleva Tavdapirveli gamonaTqvamis igivur gamonaTqvams. miuxedavad amisa, samarTliania 

8 kanoniT mocemuli logikuri gamomdinareoba. marTlac, Tu yvelas yavs viRac, vinc 

mas uyvars (e.i. Tu (x)(y)L(x,y) (I) WeSmaritia), araa aucilebeli, rom viRac erTi 

uyvardes yvelas (e. i. (y)(x)L(x,y) (II) SeiZleba mcdaric iyos). meore mxriv, Tu 

viRac erTi uyvars yvelas anu, Tu (II) gamonaTqvami WeSmaritia, maSin (I) gamonaTqvamic 

WeSmariti iqneba _ yvelas eyoleba viRac iseTi, vinc mas uyvars. ukidures 

SemTxvevaSi, es viRac iseTi, vinc mas uyvars, iqneba is viRac erTi, romelic yvelas 

uyvars. gamonaTqvamis is kvantificirebuli saxe, romelSic arsebobis kvantori win 

uswrebs zogadobis kvantors, zogjer, gamonaTqvamis ufro Zlier saxed iwodeba, 

ramdenadac is ar gulisxmobs im situaciebs, romlebic gaTvaliswinebulia 

gamonaTqvamis e.w. ufro sust saxeSi anu gamonaTqvamis im saxeSi, romelSic zogadobis 

kvantori win uswrebs arsebobis kvantors. 

zogjer, imisaTvis, rom SevZloT am kanonebis miyeneba konkretul Caketil 

formulebze, aucilebeli xdeba kvantificirebuli cvladis alfabeturi Canacvleba. 

magaliTad, (x)F(x)&(y)G(y) gamonaTqvami 2 kanonis pirdapiri formaluri 

gamoyenebiT ar gardaiqmneba (x)(F(x)&G(x)) gamonaTqvamad. magram, Tu 

(x)F(x)&(y)G(y) gamonaTqvams mivcemT sasurvel formas masSi (y)G(y) qveformulis 

nacvlad misi igivuri (x)G(x) formulis CanacvlebiT, maSin mTeli formula miiRebs 

(x)F(x)&(x)G(x) saxes, romelic, ukve, 2 kanonis pirdapiri formaluri gamoyenebiT 

gardaiqmneba igivur (x)(F(x)&G(x)) gamonaTqvamad. formulaSi cvladis alfabeturi 

Canacvleba iTvaliswinebs (1) axali cvladis aRmniSvneli axali asoTi Zveli cvladis 

aRmniSvneli Zveli asos TiToeuli Semosvlis Canacvlebas, rac dasaSvebad miiCneva 

mxolod im SemTxvevaSi, Tu (2) es Canacvleba ar cvlis mTeli formulis kvantorul 

konfiguracias (aRnagobas). am pirobebis dacviT ganxorcielebuli Casmis Sedegad 

miiReba axali formula, romelic Zveli formulis alfabetur variantad iwodeba, da 

romelic aris pirvelsawyisi formulis logikurad igivuri. ganvixiloT am 

TvalsazrisebiT zemomoyvanili magaliTi: 
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(7-12)  (x)F(x) & (y)G(y) : (x)F(x) & (x)G(x) 

 

marcxena formulaSi y cvladi SeiZleba Canacvldes x cvladiT, radgan aseTi 

CanacvlebiT formulis yvela sxva cvladis yvela sxva Semosvla isev igive kvantoriT 

ibmeba, riTac igi iyo dabmuli am Canacvlebamde.  

 gTavazobT alfabeturi variantebis sxva magaliTebs: 

 

(7-13)  (x)((z)F(x,z) → (y)H(y,x)) : (x)((y)F(x,y) → (y)H(y,x)) 

 

miaqcieT yuradReba, rom kvantifikaciis saerTo konfiguracia ar Secvlila. 

 Semdegi formulebi ar arian erTmaneTis igivurni (ekvivalenturi) da, 

Sesabamisad, isini arc erTmaneTis alfabeturi variantebi arian. 

 

(7-14)  (x)(F(x) → (y)G(x,y)) : (x)(F(x) → (x)G(x,x)) 

 

 G(x,y) qveformulaSi x jer ibmeboda (x) kvantoriT, Canacvlebis Semdeg ki igi  

(x) kvantoriT ibmeba. 

 

(7-15)  (x)(F(x) → (y)G(x,y)) : (z)(F(z) → (y)G(x,y)) 

 

 aq ganxiluli CanacvlebiT formulis x cvladis yvela Semosvla ar 

Canacvlebula axali z cvladiT, ris gamoc G(x,y) formulaSi x iqca Tavisufal 

cvladad. 

  

 zogjer, gansakuTrebiT ki gamomdinareobis wesebis gamoyenebisas, mizanSewonilia 

yvela kvantoris gamotana formulis marcxena mxares. Semdegi kanonebis safuZvelze 

naTeli xdeba, Tu ra SemTxvevaSi SeiZleba kvantoruli prefiqsis marcxniv gadaweva 

ise, rom ar Seicvalos formulis WeSmarituli mniSvneloba.  

 

(7-16)  kvantorTa winsarTaT gamotanis kanonebi: 

        

 kanoni 9   (φ → (x)ψ(x))  (x)(φ → ψ(x)) 

        (im pirobiT, rom x cvlads ar aqvs Tavisufali Semosvla φ formulaSi.) 

 

      kanoni 10  (φ → (x)ψ(x))  (x)(φ → ψ(x))   
        (im pirobiT, rom x cvlads ar aqvs Tavisufali Semosvla φ formulaSi.) 

      

      kanoni 11   (x)φ(x) → ψ  (x)(φ(x) → ψ) 

                  (im pirobiT, rom x cvlads ar aqvs Tavisufali Semosvla ψ formulaSi.) 

 

      kanoni 12  (x)φ(x) → ψ  (x)(φ(x) → ψ) 

                  (im pirobiT, rom x cvlads ar aqvs Tavisufali Semosvla ψ formulaSi.) 

 

 es kanonebi gamoiyeneba nebismierad aRebuli formulidan misi e.w. normaluri 

preneqsuli (winsarTuli) formis asagebad, romelic amosavali formulis iseTi 

alfabeturi variantia, romlis yvela kvantori win uZRvis formulis ukve 

kvantorebisgan Tavisufal e.w. matricas. magaliTad, imisTvis, rom moviZioT (7-17) 

formulis  
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(7-17)   (x)F(x) → (y)G(y) 

 

PNF  saxe (e.i. preneqsuli normaluri forma), viyenebT me-9kanons  da viRebT: 

 

(7-18)   (y)[(x)F(x) → G(y)] 

 

 es dasaSvebia, ramdenadac (x)F(x) winapirobaSi Tavisufali saxiT ar gvxvdeba 

gadanacvlebul kvantorSi Semavali y cvladi. miRebuli formula jer kidev araa PNF 

saxis, radgan (x) kvantoris moqmedebis are aris mxolod F(x). kvantori (x) Cven 

unda gamovitanoT formulidan (x)F(x)→G(y), da es SegviZlia gavakeToT me-12 

kanonis gamoyenebiT, ramdenadac gamonaTqvamis G(y) daskvnaSi ar gvxvdeba x rogorc 

Tavisufali cvladi. Sedegad miviRebT formulas (x)(F(x)→G(y)), romelic aris (7-

18) formulis frCxilebSi Casmuli qveformulis igivuri. amgvarad, (7-17) formulis 

igivuri PNF  saxis formula iqneba: 

 

(7-19)  (y)[(x)(F(x) → G(y))] 

 

 axla SeiZleba oTxkuTxa frCxilebic movaciloT da miviRebT: 

 

(7-20)  (y)(x)(F(x) → G(y)) 

 

mkiTxvels SeuZlia Tavad darwmundes imaSi, rom Tu (7-17) gamonaTqvamis mimarT 

gamoviyenebdiT jer me-12 da Semdeg ki me-9 kanons, miviRebdiT (x)(y)(F(x)→G(y)) 

gamonaTqvams, romelic, ra Tqma unda, iqneboda (7-20) gamonaTqvamis igivuri (da, 

Sesabamisad, (7-17) gamonaTqvamis igivuric).  

zogjer, maT Soris zemoaRwerili kanonebiT sargeblobis interesebidan 

gamomdinarec, SesaZloa aucilebeli gaxdes formulis Secvla misi romelime 

alfabeturi variantiT. magaliTad, (7-17) formula warmodgenili rom yofiliyo, 

(x)F(x)→(x)G(x) alfabeturi variantiT, Cven SegveZlo gamogveyenebina me-9 kanoni 

da migveRo: 

 

(7-21)  (x)[(x)F(x) → G(x)]  

 

(miaqcieT yuradReba, rom  x cvladi araa Tavisufali (x)F(x) formulaSi). magram, aseT 

SemTxvevaSi, me-12 kanonis gamoyenebiT Cven veRar SevZlebdiT (x) kvantoris 

frCxilebs gareT gatanas, radgan [(x)F(x)→G(x)] formulis G(x) daskvnaSi 

(konsekventSi) x Tavisufalia (aseT dros aranairi mniSvneloba ar aqvs imas, rom is 

dabmulia frCxilebs gareT arsebuli (x) kvantoriT, radganac Cven saqme gvaqvs 

(x)F(x)→G(x) qveformulasTan, romlis daskvnaSic x Tavisufali cvladia). am 

problemis gadasawyvetad formula (x)F(x)→G(x) unda gardavqmnaT mis alfabetur 

variantad, ris Semdegac dasaSvebi iqneba me-12 kanonis gamoyeneba da (y)(F(y)→G(x)) 

formulis miReba. amgvarad, am gamoyvanis saboloo Sedegi aseTia: 

 

(7-22)  (x)(y)(F(y)→G(x)) 
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romelic, ra Tqma unda, (x)F(x)→(x)G(x) formulis igivuria (iseve rogorc 

igivuria (7-20) da (7-17) formulebisa).  

  

 kvantorebis winsarTaT gamotanis kanonebiT Cven SegviZlia nebismieri formula 

Semdegi martivi proceduriT gansazRvruli wesebisa da igivuri gardaqmnebis 

gamoyenebiT miviyvanoT e.w. winsarTian anu preneqsul formamde:  

 

1. atomaluri formulebi isedac preneqsuli formis formulebia (PNF formulebia). 

2. vTqvaT, φ aris φ preneqsuli (winsarTiani) formis formulis igivuri. maSin, 

(x)φ preneqsuli (winsarTiani) formis formulaa da igi (x)φ formulis  

igivuria.   

3. Tu φ aris φ winsarTiani formis (e.i. PNF) formulis igivuri, maSin φ iqneba 

φ formulis igivuri. amasTan, Tu φ Seicavs kvantorebs, gamoiyeneT I kanonebi 

igivuri winsarTiani formulis misaRebad.  

4. Tu formulas aqvs φ→ψ saxe, gardamqmneli procedura ufro rTulad igeba: 

davuSvaT φ da ψ arian Sesabamisad  φ da ψ formulebis igivuri PNF 

formulebi (e.i preneqsuli anu winsarTiani formis formulebi). SevcvaloT isini 

TavTavianTi iseTi alfabeturi variantebiT, rom maTSi ukve aRar iyos arcerTi 

grafikulad erTi da igive dabmuli cvladi. amgvari alfabeturi SecliT 

miRebul formulebs Cven Sesabamisad kvlavac φ da ψ asoebiT aRvniSnavT.  da 

bolos, φ→ψ formulaze vimuSaoT kvantorTa marcxniv gatanis wesebiT 

saZiebeli PNF formis formulis asagebad.  

 

es procedura, gamomdinare iqidan, rom predikatul logikaSi logikuri 

kavSirebi da kvantorebi srulad ganisazRvrebian  da → logikuri kavSirebiTa da  

zogadobis kvantoriT, adasturebs predikatuli logikis nebismieri formulis 

dayvanis SesaZleblobas mis ekvivalentur PNF formis formulaze. 

 

preneqsuli normaluri formis formulebis gamoyeneba, upirveles yovlisa, 

miznad isaxavs erTmaneTs Seadaros formulaTa kvantifikaciuri struqturis 

sirTulis doneebi. magram, roca predikatuli logikis enaze iTargmneba Cveulebrivi 

enobrivi winadadebebi, Targmani xSirad moiTxovs kvantorTa CarTvas gamonaTqvamTa 

SigniT, ramdenadac bunebriv enaSi kvantorebi saxeladi frazis SigniT gvxvdeba. 

magaliTad, imisaTvis, rom inglisuri fraza Some person likes every book 

((zogierT) romeliRac adamians uyvars yvela wigni) gadavTargmnoT predikatuli 

logikis enaze, Cven mogviwevs ganxilva iseTi sainterpretacio D arisa, romelSic 

Sedian yvela dRes arsebuli adamianebic da wignebic. aqedan gamomdinare, am 

winadadebis Targmanad ar gamodgeba iseTi gamosaxuleba, rogoricaa (x)(y)L(x,y), 

radgan is WeSmaritia mxolod maSin, roca D simravlis romeliRac individs aqvs L 

mimarTeba amave D simravlis yovel individTan, e.i. adamianebTanac, wignebTanac da 

yvelafer imasTanac, rac kidev SeiZleba Sediodes individTa am D areSi (simravleSi). 

aqedan ki gamodis, rom aRniSnuli Targmanis gansaxorcieleblad Cven dagvWirdeba 

erTadgiliani predikatebi, romlebic Seesabameba gamoTqmebs „aris adamiani‟ da „aris 

wigni‟. vTqvaT, P da B Sesabamisad am erTadgilian predikatebs aRniSnaven. amis 

gaTvaliswinebiT am winadadebis yvelaze ufro bunebrivi Targmani (im SemTxvevaSi, Tu 

frazis Sinaarsad vigulisxmebT imas, rom arsebobs erTi mainc iseTi adamiani, 

romelsac yvela wigni uyvars) iqneba: 
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(7-23)  (x)(P(x)&(y)(B(y)→L(x,y))) 

 
redaqtoris SeniSvna: Cveni midgomebiT, romelic prof. S. fxakaZis saxelmZRvaneloSi 

`maTematikuri logika _ safuZvlebi” aRweril SezRudul kvantorebian pirveli rigis 

Teoriul midgomebs eyrdnoba, winadadeba erT romeliRac adamians uyvars yvela wigni, 

TargmanSi ar iTxovs aris adamiani da aris wigni frazebis predikatebad ganxilvas, 

rac, saboloo jamSi, qarTuli enobriv-azrovnebiTi sistemisaTvis, Cven vTvliT, bevrad 

ufro bunebriv da srulyofil maTematikur Targmanebs iZleva! – ganvixiloT Zalian 

mokled aRniSnuli winadadebis Cveneuli maTematikuri Targmani: visargeblebT zemoT 

gakeTebuli zogadi L(x,y), P da B aRniSvnebiT, mxolod im gansxvavebiT, rom P da B 

CvenTan simravleebs aRniSnaven. Cveni midgomebiT (xP)(yB):L(x,y) SezRudul 

kvantorebiani formula zemoSemoTavazebuli winadadebis maTematikuri Targmania. 

amgvarad, Cveni midgomebiT, qarTuli martivi winadadeba TargmanSi iZleva am martivi 

winadadebis amgeb predikats da SezRudulkvantorebian winsarTs, romelic an 

zogadurad an egzistencialurad akvantificirebs saxeluri frazebiT mocemul 

simravleebs, romlebic, Tavis mxriv, iZlevian winadadebis ZiriTadi nawilis anu zmnuri 

fraziT gansazRvruli predikatis samsjelo adgilebis SemzRudvel simravleebs. 

amgvarad, qarTuli martivi winadadeba erT romeliRac adamians uyvars yvela wigni, 

agebulia uyvars(x,y) oradgiliani predikatiT, romlis samsjelo adgilebi 

SezRudulia simravleebiT {adamians} da {wigni} da romlebic am areze Sesabamisad 

kvantificirdebian romeliRac da yvela kvantorebiT. es pirvel maTematikur TargmanSi 

iZleva Cvens mier e.w. infiqsur kvantorebian formulas 

uyvars(romeliRac(adamians),yvela(wigni)), rac imis gaTvaliswinebiT, rom romeliRac aris 

arsebobis, yvela ki zogadobis tipis kvantoruli niSani, meore maTematikur TargmanSi 

iZleva x{adamians}y{wigni}:uyvars(x,y) formulas, romelic,  ra Tqma unda, 

arsebiTad gansxvavdeba zemoSemoTavazebuli klasikuri TargmaniT miRebuli 

(x)(P(x)&(y)(B(y)→L(x,y))) formulisagan da, amavdroulad, cxadia isic, rom  

Cveneuli Targmani ufro meti adekvaturobiT asaxavs saTargmni enobrivi winadadebiT 

mocemul Sinaarsul viTarebas. xazgasasmelia isic, rom Cveneuli midgomebiT miRebuli 

maTematikuri Targmanis zogadi formaluri konstruqcia arsebiTad inarCunebs 

saTargmni enobrivi winadadebis formalur kostruqcias, maSin rodesac klasikuri 

midgomebiT gakeTebuli maTematikuri Targmanisa da saTargmni bunebriv enobrivi 

winadadebis formaluri konstruqciebi arsebiTad gansxvavdebian erTmaneTisagan. am 

ukanaskneli mosazrebisa da, Sesabamisad, Cveni midgomebis upiratesobaTa kidev erTxel 

dasadastureblad es SeniSvna davasruloT cnobilia (e.i. WeSmaritia), rom arsebobs 

erTi mainc iseTi individi, romeli individic aris adamiani da, amasTan, cnobilia isic, 

rom nebismieri individisaTvis, Tu es individi aris wigni, maSin im romeliRac 

individs es individi uyvars winadadebis TargmaniT, romelic Cveneuli midgomebiT 

Semdegi formuliT gamoisaxeba xU:(P(x)&(yU:(B(y)→L(x,y))). - mkiTxveli unda 

mixvdes, rom Cvens mier zemoT ganxiluli saTargmni winadadeba amavdroulad aris is 

winadadeba, romlis Targmanic SemogvTavazes avtorebma nacvlad erT romeliRac 

adamians uyvars yvela wigni  winadadebis Targmanisa. _ aq magaliTis meSveobiT 

SevecadeT warmogveCina klasikuri midgomebisagan Zireulad gansxvavebuli da qarTuli 

enobrivi wesTwyobisaTvis bunebrivad damaxasiaTebeli Cveneuli simravlur-Teoriuli 

midgomebis sasafuZvlo Semadgenlebi (ufro detalurad ix.: 1.s-s Jurnali `qarTuli 

ena da logika~, 2005w., ianvari-ivnisi, Tbilisi; 2.damatebiTi sakiTxavi kursi 

Tanamedrove maTematikur lingvistikaSi, 2004w., Tbilisi; 3.Tbilisis V saerTaSoriso 

konferenciis Sromebi, 2003w., amsterdami; 4.Jurnali `iveria~, 2002w., Tbilisi-

parizi). 

 

aseTi formula, erTi mxriv, savsebiT akmayofilebs Targmanze Cvens moTxovnebs, 

magram im gamoyvanis wesebis gamosayeneblad, romlebic qvemoT ganixileba, formula 
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jer unda iqnes miyvanili igivur winsarTian anu PNF saxemde. (7-24) demonstrirebas 

ukeTebs imas, Tu rogor  SeiZleba (7-23) dayvanil iqnes mis igivur PNF saxeze:    
 

(7-24)  1. (x)(P(x) & (y)(B(y) → L(x, y))) 

              2. (x) (P(x) & (y)(B(y) → L(x, y)))          1, ormagi uary. 

              3. (x) (P(x) (y)(B(y) → L(x, y)))         2, de morganis kanoniT 

              4. (x) (P(x) (y) (B(y) → L(x, y)))       3, kvantorTa 1 kanoniT 

              5. (x) (P(x) → (y) (B(y) → L(x, y)))      4, gamomdinareobis kanoniT 

              6. (x) (y)(P(x) → (B(y) → L(x, y)))         5, kvantorTa 10 kanoniT 

              7. (x)(y) (P(x) → (B(y) → L(x, y)))         6, kvantorTa 1 kanoniT 

              8. (x)(y) (P(x) (B(y) → L(x, y)))         7, gamomdinareobis kanoniT 

              9. (x)(y)(P(x) & (B(y) → L(x, y)))       8, de morganis kanoniT 

             10. (x)(y)(P(x) & (B(y) → L(x, y)))               9, ormagi uaryofis kanoniT 

 

 

7.4 bunebrivi gamoyvanebi 
 

 Cven dagvWirdeba wina nawilSi ukve aRweril gamoyvanis wesebze sul raRac 

erTi-ori gamoyvanis wesis damateba, raTa SevZloT kvantificirebuli formulebis 

Semcveli gamonaTqvamebis mtkicebebis ageba. gavixsenoT, rom marTebuli msjeloba 

(dasabuTeba, mtkiceba) emyareba e.w. gamoyvanis wesebs, romlebic aucileblobis wesiT 

(e.i. logikuri gamomdinareobis wesiT) inaxaven WeSmaritebas. ZiriTadi idea, romelic 

aq muSaobs aseTia: jer viyenebT wesebs, romlebic gamoricxaven anu eliminirebas 

ukeTeben kvantorebs, Semdeg ukvantorebod darCenil matricul nawils vamuSavebT 

gamoyvanis wesebiT da bolos, formulaSi kvlav vabrunebT kvantorebs. formulebidan 

kvantorebis gamosaricxad Cven dagvWirdeba ori axali wesi _ universaluri 

dakonkreteba (gankerZoeba) (U.I. – Universal Instantiation) da egzistencialuri 

dakonkreteba (gankerZoeba) (E.I. – Existential Instantiation) da, Sesabamisad, oric _ 

formulaSi kvantorTa kvlav Semosatanad _ universaluri ganzogadeba (U.G. – 

Universal Generalization) da egzistencialuri ganzogadeba (E.G. – Existential 

Generalization). amasTan, aramarTebuli (anu araswori - incorecct) gamoyvanebis 

Tavidan asacileblad zogierTi axali wesis gamoyenebisas daculi unda iqnes 

damatebiTi pirobebi. gamoyvanis am wesebSi viyenebT formulebs (x)φ(x) da (x)φ(x), 

raTa Riad mivuTiToT im faqtze, rom sruliad nebismieri sirTulisa da sigrZis φ 

formula Seicavs x cvlads (e. i. es wesebi ar SeiZleba gamoyenebul iqnas formulaTa 

carieli kvantifkaciis mimarT).  

rogorc ukve vnaxeT, zogadobis kvantoriT kvantificirebuli formula 

WeSmaritia maSin, da mxolod maSin, roca am zogadobis kvantoriT dabmuli cvladis 

gansazRvris aridan aRebuli nebismieri mniSvnelobisaTvis am formulis matrica 

WeSmaritia. amdenad, (x)φ(x) gamonaTqvamis WeSmaritebidan Cven SegviZlia davaskvnaT, 

rom WeSmaritia am gamonaTqvamis (formulis) nebismieri iseTi kerZo magaliTi, 

romelic miiReba φ(x)  formulaSi x cvladis nacvlad misi sainterpretacio 

gansazRvris aris sruliad nebismieri wevris CasmiT (anu formulis am x cvladisaTvis 

garkveuli, oRond sruliad nebismieri mniSvnelobis miniWebiT). amgvarad, zogadobis 

kvantoriT kvantificirebuli winadadebidan yvela adamiani aris mokvdavi (mokvdavia) 

(All man are mortal) SegviZlia gamoviyvanoTY(davaskvnaT), rom Tu joni aris adamiani 
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(adamiania), is aris mokvdavi (mokvdavia) (If John is a man, he is mortal). amgvarad, 
universaluri gankerZoebis es axali wesi Semdegnairad SeiZleba Camoyalibdes: 

 

 

universaluri gankerZoeba (U.I.) 

 

             (x)φ(x)  

       ∴ φ(c) 
 
 
 aq c aris individuri konstanta, romelic Caenacvla x cvladis yovel 

Tavisufal Semosvlas gamoyvanis wesis winapirobis φ(x) matricaSi (gasagebia, rom am 

konstantis semantikuri mniSvneloba diskursis (e.i interpretaciis) gansazRvris aris 

sruliad nebismieri sagania (obieqtia)). axla, roca Cvens gankargulebaSi ukve aris 

U.I. gamoyvanis wesi, Cven SegviZlia vaCvenoT (5-3) damtkicebis siswore.  

 

 

(7-25)  1.  (x)(H(x) → M(x)) 

             2.  H(s) 
             3.  H(s) → M(s)                                                1, U.I. 
             4.  M(s)                                                             2, 3, M.P. 
 
 

ramdenadac meore winapirobaSi Semodis konkretuli individuri konstanta s da 

daskvnaSic igive konstanta figurirebs, universaluri gankerZoebis (U.I.) wesiT 

sargeblobisas es konstanta iqna gamoyenebuli. mesame striqonSi formula aRaraa 

kvantificirebuli, da amitomac SesaZlebeli gaxda gamonaTqvamTa logikis wesis 

gamoyeneba. aq modus ponensis (M. P.) wesiT gamoiyvaneba meoTxe striqonis daskvna, rac 

aris kidec saZiebeli Sedegi. 

 

imis dasamtkiceblad, rom garkveuli formula Rebulobs WeSmarit mniSvnelobas 

anu aris WeSmariti mocemuli simravlis nebismieri wevrisaTvis, Cven SegviZlia aviRoT 

gansaxilveli simravlis nebismierad arCeuli individi da davamtkicoT, rom misTvis 

formula WeSmaritia. am SemTxvevaSi, Tu mtkiceba emyareba mxolod imas, rom es 

individi aris mocemuli simravlis wevri da ara am individis sxva raime Tvisebas, 

maSin sruli ufleba gvaqvs davaskvnaT, rom es gamonaTqvami WeSmaritia simravlis 

nebismieri individisaTvis (wevrisaTvis). zustad aseT gansjas efuZneba universaluri 

ganzogadebis (U.G.) wesi: is, rac WeSmaritia gansazRvris aris nebismierad SerCeuli 

obieqtisaTvis, WeSmaritia aseve gansazRvris aris sxva nebismieri obieqtisTvisac. 

individur v konstantas Cven gamovyofT rogorc specialur simbolos aseTi 

nebismierad arCeuli obieqtis aRsaniSnavad da saWiroebis SemTxvevaSi, anu yovelTvis 

roca dagvWirdeba erTze meti aseTi simbolo, movaxdenT mis indeqsirebas da 

analogiuri miznebiT gamoviyenebT v1, v2, ..., vn, ... simboloebs. miaqcieT yuradReba, rom 

v aris individuri konstanta, amdenad φ(v) aris atomaluri gamonaTqvami da ara Ria 

formula. miuxedavad amisa, v konstantas bevri ram aqvs saerTo cvladTan, radgan is 

aRniSnavs interpretaciis gansazRvris aris (e.i. diskursis saganTa aris) sruliad 

nebismier individs da ara ukve cnobil erT romelime konkretuls. amgvari 

SeTanxmebebis Semdeg U.G. Semdegnairad yalibdeba: 
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             φ(v)  

       ∴ (x)φ(x) 
 
 
 es wesi gamoyenebulia Semdeg mtkicebaSi, romelsac warmovadgenT jer bunebrivi, 

Semdeg ki maTematikuri enobrivi saSualebebiT. 

 

 

(7-26)   yvela kurdReli aris oTxfexa 

            yvela oTxfexa aris Tbilsisxliani  

        ∴  yvela kurdReli aris Tbilsisxliani 

 

 

(7-27)   (x)(R(x) → Q(x)) 

                 (x)(Q(x) → W(x)) 

            ∴ (x)(R(x) → W(x)) 
 

 

   mtkiceba Semdegnairad mimdinareobs: 

 

      

              1.  (x)(R(x) → Q(x)) 

              2.    (x)(Q(x) → W(x)) 
              3.    R(v) → Q(v)                                        1, U.I. 
 

 

 pirveli daSveba dakonkretebulia nebismierad arCeuli v konstantiT. gavixsenoT, 

rom yoveli konstanta iZleva zogadobis kvantoriT kvantificirebuli formulis 

WeSmarit gankerZoebas: Sesabamisad, R(v)→Q(v) aris pirveli striqonis legitimuri 

anu wesismieri kerZo SemTxveva. 

 

 

              4.   Q(v) → W(v)                                         2, U.I. 
 

 

 am SemTxvevaSi Cven vaxdenT meore daSvebis gankerZoebas imave konstantiT, 

romelic mesame striqonSi avirCieT.  

 

 

              5.   R(v) → W(v)                                          3, 4, H.S. 

              6.   (x)(R(x) → W(x)                                 5, U.G. 
 

 

 radgan v nebismierad iyo arCeuli, dasaSvebia misi Semcveli gamonaTqvamis 

universaluri ganzogadeba da meeqvse striqonSi arsebuli daskvnis  gamoyvana. 

  

moviyvanoT kidev erT magaliTi, sadac zogadobis kvantoris mosacileblad 

gamoyenebulia U.I. wesi, xolo, bolos, U.G. wesiT isev xdeba misi aRdgena. 
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(7-28)     1. (x)(P(x) & Q(x)) 

               2.  (x)(R(x) → P(x)) 
               3.  P(v) & Q(v)                                             1, U.I. 

               4.  R(v) → P(v)                                          2, U.I. 

               5.  P(v)                                                          3, &-Simp.(&-gamart.) 

               6.   P(v)                                                     5, Compl. (damat.) 

               7.  R(v)                                                       4, 6, M.T. 

               8.  Q(v)                                                         3, &-Simp.(&-gamart.) 

               9.  Q(v) & R(v)                                           7, 8, Conj.(&-dakavSir.) 

             10.  (x)(Q(x) & R(x))                                 9, U.G. 
 

 

is faqti, rom φ(c) WeSmaritia, imis gaTvaliswinebiT, rom c konstantaa, 

ganixileba rogorc Ria φ(x) formulis WeSmariti kerZo magaliTis anu rogorc misi 

egzistencialuri gankerZoebis arseboba. amdenad, im faqtidan, rom φ(c) aris 

WeSmariti, Cven SegviZlia daskvnis saxiT gamoviyvanoT (x)φ(x) gamonaTqvami anu misi 

WeSmariteba. magaliTad, Tu Cven danamdvilebiT viciT, rom joni aris adamiani (an, Tu 

davuSvebT, rom es asea), maSin Cven SegviZlia davaskvnaT, rom arsebobs obieqti 

(sagani), romelic adamiania, rac daskvnis saxiT gvaZlevs imas, rom adamiani arsebobs. 

egzistencialuri (arsebulobiT) ganzogadebis wesi ase yalibdeba: 

 

 

egzistencialuri ganzogadeba (E.G.) 

 

             φ(c)  

       ∴ (x)φ(x) 
 

       

 Semdeg damtkicebaSi gamoyenebulia E.G. wesi 

 

 

(7-29)    1.   H(c) 

              2.   (x)(H(x) → M(x)) 
              3.   H(c) → M(c)                                                2, U.I. 
              4.   M(c)                                                             1, 3, M.P. 

              5.   (x)M(x)                                                       4, E.G. 
 

 

Tu arsebobis kvantoriT kvantificirebuli gamonaTqvami WeSmaritia, maSin 

arsebobs am arsebobis kvantoriT dabmuli cvladis erTi mainc iseTi mniSvneloba, 

romelic uzrunvelyofs am matricis WeSmarit gankerZoebas. amdenad, Tuki formula 

(x)φ(x) WeSmaritia, SegviZlia davaskvnaT, rom diskursis gansazRvris areSi arsebobs 

erTi mainc iseTi obieqti (sagani), rom misi gamomxatveli w konstantisTvis φ(w) 

WeSmaritia. am pirobebSi, sazogadod, φ(x) matricis zogierTi gankerZoebebi SeiZleba 

mcdaric iyos, rac, cxadia, maSin moxdeba, Tuki x cvladis is kerZo mniSvneloba, 

romliTac es gankerZoeba gakeTda ar iZleva formulis WeSmarit mniSvnelobas. Tumca, 

(x)φ(x) formulis WeSmariteba, cxadia, ganapirobebs imas, rom arsebobs igive x 

cvladis sxva iseTi mniSvneloba, romlis CasmiTac miiReba matricis WeSmariti kerZo 
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magaliTi. amgvarad, w aris U.I. wesSi v konstantis analogiuri im TvalsazrisiT, rom 

is ar gamoxatavs raRac erT konkretul individs, magram gansxvavdeba v konstantisagan 

imiT, rom individTa is CamonaTvali, romelsac is SeiZleba gamoxatavdes, moicavs ara 

mTel gansazRvris ares, aramed mis mxolod im qvesimravles, romlis wevrebic 

iZlevian mocemuli matricis WeSmarit kerZo SemTxvevebs. w saxis konstantebs, maTi am 

Tvisebis gamo, Cven gansakuTrebuli yuradRebiT unda movepyraT E.I. wesiT 

sargeblobisas. magaliTad, davuSvaT, rom (x)φ(x) da (x)ψ(x) arian erTi msjelobis 

ori gansxvavebuli daSvebebi (winapirobebi) da damtkicebaSi E.I. wesis gamoyenebiT 

moxda pirveli maTganis gankerZoeba φ(w) kerZo WeSmariti magaliTiT. aseT pirobebSi 

ukve aRar SeiZleba igive w konstantas gamoyeneba (x)ψ(x) gamonaTqvamis ψ(w) kerZo 

WeSmariti magaliTis misaRebad, radgan Cven ar gvaqvs imis garantia, rom diskursis 

interpretaciis gansazRvris areSi am w konstantiT aRniSnuli erTi da igive obieqti 

erTdroulad uzrunvelyofs orive matricas WeSmaritebas. aseT SemTxvevebSi, Tu 

gvinda rom ar daikargos gamoyvanis marTebuloba (siswore, koreqtuloba) gamoyvanisas 

unda visargebloT ori gansxvavebuli w1 da w2 konstantiT, rac, Sesabamisad, 

saSualebas mogvcems miviRoT ori gansxvavebuli φ(w1) da ψ(w2) WeSmariti kerZo 

magaliTi. amgvarad, E.I wesisTvis vawesebT Semdeg SezRudvas: egzistencialuri 

gankerZoebis wesis gamoyenebiT Semotanili axali konstanta ar unda emTxveodes imave 

damtkicebaSi imave wesiT manamde Semotanil Tundac romelime konstantas. 

egzistencialuri gankerZoebis wesi Semdegnairad yalibdeba: 

 

egzistencialuri gankerZoeba (E.I.) 

 

 

             (x)φ(x)  

       ∴  φ(w) 
 

 

(sadac w axali konstantaa). 

 

aseT pirobebSi φ(w) magaliTi, cxadia, ver iqneba gamoyenebuli universaluri 

ganzogadebis safuZvlad da, Sesabamisad, (x)φ(x) daskvnis misaRebad, radgan w SerCeul 

iqna ara „sruliad nebismierad‟, aramed diskursis gansazRvris aris individTa 

SesaZloa im ufro viwro simravlidan, romlis wevrebic akmayofileben anu WeSmarits 

xdian mocemul matricas. qvemoT mogvyavs damtkiceba, romelSic gamoyenebulia E.I. 

wesi: 

 

 

(7-30)    1.   (x)(P(x) & Q(x)) 

              2.   P(w) & Q(w)                                                            1, E.I. 
              3.   P(w)                                                                         2, &-Simp.(&-gamart.) 

              4.   (x)P(x)                                                                   3, E.G. 
 

 

 es nabiji dasaSvebia, radgan cnobilia, rom w konstanta P(w) saxiT iZleva P(x) 

formulis  erT romeliRac WeSmarit kerZo magaliTs (WeSmarit gankerZoebas). 
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              5.   Q(w)                                                                         2, Simp.(&-gamart.) 

              6.   (x)Q(x)                                                                   5, E.G. 

              7.   (x)P(x) & (x)Q(x)                                                4, 6, Conj.(&-dakavSir.) 

Semdeg damtkicebaSi yuradReba maxvildeba egzistencialuri gankerZoebisa (E.I.) 

da universaluri gankerZoebis (U.I.) wesebis gamoyenebis mniSvnelovan aspeqtebze: 

 

 

(7-31)    1.   (x)(T(x) & P(x)) 

              2.   (x)(P(x) → H(x)) 
              3.   T(w) & P(w)                                                             1, E.I. 
              4.   P(w) → H(w)                                                            2,U.I. 
 
 

 radgan P(x)→H(x) WeSmaritia gansazRvris aris yvela individisTvis, dasaSvebia 

U.I. gankerZoebis operaciisTvis w konstantas gamoyeneba. damtkiceba teqnikurad 

gaumarTavi iqneboda U.I. wesis gamoyenebiT jer me-2 striqonis gankerZoeba rom 

mogvexdina P(w)→H(w) gamosaxulebiT da, Semdeg, E.I. wesiT gangvekerZoebia pirveli 

striqoni T(w)&P(w) gamosaxulebiT, radgan, aseT SemTxvevaSi, w iqneboda ara axali, 

aramed ukve wina striqoniT Semosuli konstanta.  

 

 

              5.    P(w)                                                                          3, &-gamart. 

              6.    H(w)                                                                          4, 5, M.P. 

              7.    T(w)                                                                           3, &-gamart. 

              8.    T(w) & H(w)                                                              6, 7, &-dakavSireba 

              9.    (x)(T(x) & H(x))                                                      8, E.G. 
 

 

miaqcieT yuradReba, rom araswori iqneboda U.I. wesis gamoyenebiT me-8 

striqonidan (x)(T(x)&H(x)) daskvnis gamoyvana, radgan w Semotanili iyo E.I. wesis 

gamoyenebiT. 

 am msjelobis bunebriv enobrivi Sesatyvisia: 

 

 

(7-32)   zogierTi soko Sxamiania. 

            yvelaferi, rac Sxamiania, mavnebelia.  

        ∴  zogierTi soko mavnebelia. 

 

 

 qvemoT moyvanili `damtkiceba~ (msjeloba) arasworia (aramarTebulia), radgan 

ugulvebelyofilia E.I. wesis gamoyenebaze gaTvaliswinebuli SezRudvebi.  

 

 

(7-33)    1.    (x)(C(x) & V(x)) 

              2.    (x)(D(x) & V(x)) 
              3.    C(w) & V(w)                                                              1, E.I. 
              4.    D(w) & V(w)                                                              2, E.I. (araswori gamoyvana) 

              5.    C(w)                                                                           3, &-gamart. 
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              6.    D(w)                                                                           4, &-gamart. 

              7.    C(w) & D(w)                                                              5, 6, &-dakavSireba 

              8.    (x)(C(x) & D(x))                                                      7, E.G. 
 

 msjelobis aseTi zogadi forma (sqema) rom arasworia (aramarTebulia), Cans 

misi Semdegi kerZo bunebriv enobrivi  Sesatyvisidanac:  

 

 

(7-34)   zogierTi kata avia. 

            zogierTi ZaRli avia.  

           ∴  zogierTi kata ZaRlia. 

 

 

 imisaTvis, rom gamonaTqvams (formulas) an E.I., an U.I. wesis gamoyenebiT 

kvantori movaciloT, mas (e.i. kvantors) unda ekavos gamosaxulebis ukiduresi 

marcxena adgili da win ar unda uZRodes arc erTi sxva kvantori an logikuri 

kavSiri. es imas niSnavs, rom gamonaTqvamis misgan (e.i. am kvantorisgan) gansxvavebuli 

gamosaxulebiTi nawili mTlianad unda Sediodes mis (e.i. am kvantoris) moqmedebis 

areSi. amdenad, (x)(P(x)&Q(x)) formula ar SeiZleba U.I. wesiT gankerZoebul iqnas 

rogorc (P(v)&Q(v)), radgan uaryofis niSani win uZRvis kvantors. am gamosaxulebis 

gansakerZoeblad Tavdapirvelad is unda gardaiqmnas kvantorTa uaryofis wesis 

gamoyenebiT (x)(P(x)&Q(x)) gamonaTqvamad da mxolod amis Semdeg gveZleva 

SesaZlebloba E.I. wesis gamoyenebiT misi (P(w)&Q(w)) saxis kerZo magaliTis agebis. 

analogiurad zemoaRniSnulisa, ar SeiZleba E.I. wesis gamoyenebiT P(c)→(x)Q(x) 

formulis pirdapiri gankerZoeba da mis kerZo magaliTad P(c)→Q(w) gamonaTqvamis 

gamocxadeba, radgan arsebobis kvantori ar aris gamosaxulebis ukiduresi marcxena 

Semadgeneli. magram, igive kerZo magaliTis miReba SesaZlebelia (e.i. legitimuria) 

(x)(P(c)→Q(x)) gamonaTqvamidan, romelic Tavdapirveli formulis igivuria da misgan 

kvantorTa winsarTad gatanis me-9 kanonis erTjeradi gamoyenebiT miiReba. aseve ar 

SeiZleba zogadobis kvantoris pirdapiri mocilebis gziT (x)P(x)&(y)Q(y) 

gamosaxulebis universaluri gankerZoeba. marTalia, (x) kvantors formulis 

ukiduresi marcxena adgili ukavia, magram formulis danarCeni gamosaxulebiTi nawili 

srulad ar Sedis am kvantoris moqmedebis areSi. am problemis gadasawyvetad es 

gamonaTqvami Tavdapirvelad unda miviyvanoT mis preneqsul normalur formamde (PNF 

formamde), da mxolod Semdeg unda iqnes gamoyenebuli E.I. da U.I. wesebidan Sesabamisi.  

piruku operaciis dros kvantori marcxnidan ewereba gansazogadebel 

gamonaTqvams da mTlianad moicavs mas Tavis moqmedebis areSi. amdenad, P(v)Q(v) 

gamonaTqvami ar SeiZleba ganvazogadoT kvantoris SuaSi CasmiT da vTqvaT 

P(v)(x)Q(x) formulis miRebiT, iseve rogorc ar SeiZleba P(v)Q(v) gamonaTqvamis 

U.G. wesiT ganzogadebisas Sedegad miviRoT (x)P(x)Q(v) formula, radgan, am 

SemTxvevaSi, universaluri kvantoris moqmedebis areSi ar Sedis Q(v). 

SegaxsenebT, rom pirobiTi mtkicebis meTodi saSualebas iZleva damxmare 

winapirobis saxiT gavakeToT daSveba P, romelic droebiT WeSmaritad miiCneva, xolo 

P daSvebidan da Tavdapirveli winapirobebidan Tu gamoiyvaneba Q, maSin vaskvniT, rom 

Tavdapirveli winapirobebidan logikurad gamomdinareobs (e.i. Tavdapirveli 

winapirobebis logikuri Sedegia) P→Q formula. ramdenadac, pirobiT damtkicebaSi P 

mxolod im mizniT cxaddeba pirobiT WeSmaritebad, rom amis gaTvaliswinebiT 
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dasabuTdes P→Q gamonaTqvami da ramdenadac pirobiTi  mtkicebisas, sinamdvileSi,  P 

gamonaTqvami arc mtkicdeba da arc uariyofa, da ramdenadac damtkicebis dasrulebis 

Semdeg misi WeSmaritulobis sakiTxi mniSvnelobas kargavs, unda vivaraudoT, rom 

sinamdvileSi, amgvari pirobiTi mtkicebebisas, igi (e.i. P anu damxmare winapiroba) 

SeiZleba iyos sruliad nebismieri anu, rogorc WeSmariti, ise mcdari. predikatTa 

aRricxvaSi mtkicebis pirobiTi nawilis pirveli striqoni SeiZleba iyos 

kvantificirebuli formulac, mag., (x)P(x) an (x)(x)Q(x,y), an predikati 

konstanturi termebiT, mag., P(s) an L(a,b). kerZod, pirobiTi winapiroba SeiZleba 

Seicavdes v da w saxis konstantur termebsac, mag., P(v), L(w,v), sadac v konstanta, 

rogorc adre ganisazRvra, aris sainterpretacio diskursSi (e.i. areSi) sruliad 

nebismierad SerCeuli konstanta, xolo w konstanta ki aris konstanta, romelic 

uzrunvelyofs arsebobis kvantoriT kvantificirebuli garkveuli gamonaTqvamis 

WeSmarit gankerZoebas, rac sainterpretacio areSi (e.i. diskursSi) mis erTgvar 

SezRudulobas ganapirobebs. qvemoT moyvanil magaliTSi mtkicebis pirobiTi nawili 

iwyeba P(v) gamonaTqvamiT.  

 

 

(7-35)      1.   (x)((P(x)Q(x)) → R(x)) 

                2.   (P(v)Q(v)) → R(v)                                                 1, U.I. 

                3.     P(v)                                                                         damx. daSveba 
          4.   P(v)Q(v)                                                               3, Add. (-gafarToeba) 

                5.   R(v)                                                      2, 4, M.P. 

                6.   P(v) → R(v)                                                              3-5, pirob. damtkiceba 

                7.   (x)(P(x) → R(x))                                                    6, U.G. 
 

 gTavazobT am msjelobis erT-erT SesaZlo bunebriv enobriv kerZo SemTxvevas: 

  

 

(7-36)   yvela, vinc mSvidia an CxubisTavi, memarjvenea 

           ∴  yvela, vinc mSvidia, memarjvenea. 

 

 

qvemoT moyvanil damtkicebaSi pirobiT miRebuli daSveba aris P(c), sadac c aris 

konkretuli konstanturi termi. 

 

 

(7-37)      1.  (x)(P(c) → Q(x)) 

                2.   P(c) → Q(v)                                                                1, U.I. 

                3.     P(c)                                                                            damx. daSveba 

                4.     Q(v)                                                                            2, 3, M.P. 

                5.     (x)Q(x)                                                                    4, U.G. 

                6.   P(c) → (x)Q(x)                                                         3-5, pirob. damtkiceba 

                7.   (y)(P(y) → (x)Q(x))                                                6, E.G.   
 

 

yuradReba miaqcieT, rom me-7 striqonSi arsebobis kvantoris moqmedebis are 

moicavs mTel pirobiT gamonaTqvams. teqnikurad araswori iqneboda, E.G. wesiT me-6 

striqonidan rom gamogveyvana (y)P(y)→(x)Q(x), radgan aseT SemTxvevaSi arsebobis 
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kvantoriT dabmuli iqneboda pirobiTi gamonaTqvamis mxolod pirobiTi nawilis 

cvladi da, Sesabamisad, egzistencialurad ganmazogadebeli (y) kvantoris qveS ar 

moeqceoda mTliani gansazogadebeli formula, rac, rogorc ukve aRiniSna, E.G. wesis 

logikuri aRnagobidan gamomdinare dauSvebelia. magaliTad, davuSvaT, rom (x)Q(x) 

mcdari, (y)P(y) da (y)P(y) ki  WeSmariti gamonaTqvamebia. aseT pirobebSi, cxadia, 

rom (y)(P(y)→(x)Q(x)) WeSmariti gamonaTqvamia, maSin rodesac (y)P(y)→(x)Q(x) 

gamonaTqvami mcdaria. 

 

ganvixiloT zemomoyvanili msjelobis erTi bunebriv enobrivi magaliTi: 

 

 

(7-38)       Tuki jonsi mRvdelia, maSin yvela yofila amis SemZle.  

      ∴ arsebobs viRac iseTi, rom Tuki is mRvdelia, maSin yvela            

yofila amis SemZle.  

 

 cxadia, araswori iqneboda dagveskvna, rom Tuki arsebobs erTi mRvdeli mainc, 

maSin yvela yofila amis SemZle. 

 

 (7-39) aris kvantorTa distribuciis erT-erTi kanonis damtkicebis erTi 

nawili. 

 

 

(7-39)      1.   (x)(P(x) & Q(x))                                                     damxm. daSveba 

                2.     P(v) & Q(v)                                                               1, U.I. 
                3.     P(v)                                                                            2, &-gamart.  

                4.     (x)P(x)                                                                    3, U.G.        
                5.     Q(v)                                                                           2, &-gamart. 

                6.     (x)Q(x)                                                                    5, U.G. 

                7.     (x)P(x) & (x)Q(x)                                                4,6, Conj.(&-dakavSireba) 

                8.   (x)(P(x) & Q(x)) → ((x)P(x) & (x)Q(x))            1-7, pirob. damtkiceba 

 

 

 rogorc am magaliTidanac Cans, pirobiTi damtkiceba SeiZleba arc eyrdnobodes 

raime winapirobas garda im damxmare winapirobisa, romliTac uSualod iwyeba aseTi 

uwinapirobo pirobiTi damtkiceba. aseTi mtkicebebisas miRebuli pirobiTi 

gamonaTqvamis WeSmariteba araa damokidebuli raime sxva winapirobaze, rac imas 

niSnavs, rom aseTi daskvna aris tavtologiuri (e.i. zogadmarTebuli) gamonaTqvami. 

amaSi rom davrwmundeT, gavixsenoT, rom Semdegi saxis nebismieri marTebuli 

mtkicebiTi sqemisaTvis 

 

 

(7-40)           φ1 

                               φ2 

                               φ3 
            . 
            . 
            .  

         ∴ ψ 
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pirobiTi gamonaTqvami (φ1&φ2&φ3 ...)→ψ aris tavtologia. (7-39) mtkicebis pirveli 

Svidi striqoni SegviZlia ganvixiloT ara rogorc pirobiTi mtkiceba, aramed rogorc 

(x)(P(x)&(x)Q(x) gamonaTqvamis pirdapiri mtkiceba (x)(P(x)&Q(x)) winapirobis 

safuZvelze da, amdenad, Cven SegviZlia davaskvnaT, rom gamonaTqvami 

(x)(P(x)&Q(x))→(x)(P(x)&(x)Q(x) aris tavtologia. sazogadod, cxadia, rom (7-40) 

mtkicebiTi sqemiT agebul nebismier pirdapir damtkicebas Seesabameba Semdegi sqemiT 

agebuli pirobiTi damtkiceba 

 

(7-41)       1.     (φ1 & φ2 & φ3 & . . .)                                            damxm. daSveba 

          2.     φ1                                                                           1, &-gamart.(Simp.)   

                          3.       φ2                                                                                          2, &-gamart.(Simp.) 

                          4.        φ3                                                                           3, &-gamart.(Simp.) 

 

             .                                       . . . 

             .                                       . . . 

             .                                       . . . 

                 n.      ψ                                                                   wina rigebis logikuri 

Sedegi 

           n + 1.(φ1 & φ2 & φ3 & . . .) → ψ                         1, n, pirob. damtkiceba 

 

 

romelSic yvela winapiroba ganixileba ufro rogorc pirobiTi winapiroba da ara 

rogorc Tavidanve mocemuli arapirobiTi winapiroba da daskvnis saxiT gamoiyvaneba 

tavtologiuri pirobiTi gamonaTqvami. cxadia, rom es ori gansxvavebuli mtkicebiTi 

sqema saboloo jamSi  iZleva  erTi da igive gamonaTqvamis mtkicebas: kerZod ki imisa, 

rom φ1,φ2,φ3, ... winapirobebidan logikurad gamomdinareobs ψ daskvna. gansxvaveba 

mxolod imaSia, rom pirvel SemTxvevaSi viciT am winapirobebis WeSmariteba, meore 

SemTxvevaSi ki - ara. 

  

mravaljer kvantificirebuli, mag., (x)(x)P(x,y) an (x)P(x)→(x)Q(y) saxis 

gamonaTqvamebis, mamtkicebeli msjelobebis (dasabuTebebis) asagebad Cven arsebiTad 

igive wesebsa da igivenair procedurebs viyenebT, rogorebiTac vsargeblobdiT erTgzis 

kvantificirebuli gamonaTqvamebis mtkicebebisas: jer U.I. da E.I wesebiT viSorebT 

kvantorebs. mere ukve miRebuli ukvantoro formulis mimarT viyenebT zemoganxilul 

gamoyvanis wesebs da Semdeg isev vabrunebT kvantorebs E.G. da U.G. wesebis 

gamoyenebiT. mravaljer kvantificirebul gamonaTqvamebSi U.I. da E.I. wesebis gamoyenebiT 

kvantorebs TandaTan, erTmaneTis miyolebiT iSoreben. procesi iwyeba ukiduresi 

marcxena kvantoriT; am SemTxvevaSic, iseve rogorc adre, mxolod im kvantoris 

mocileba SeiZleba, romlis moqmedebis arec moicavs mTel gamonaTqvams. amisTvis 

SesaZloa Tavdapirvelad saWiro gaxdes 7.3 paragrafSi aRwerili kanonebis mixedviT 

dasamuSavebeli gamonaTqvamis gardaqmna prefiqsuli formis igivur gamonaTqvamad. 

sirTules iwvevs is moTxovna, rom U.I. da E.I wesebis Tanamimdevruli gamoyenebisas 

erTmaneTSi ar unda airios gansxvavebuli cvladebi. magaliTad, U.I. wesiT 

(x)(y)P(x,y) gamonaTqvamidan viRebT (y)P(v,y), magram Tu amis Semdeg am formulas 

isev v konstantis gamoyenebiT davakonkretebT, da P(v,v) gamonaTqvams dakonkretebis 

Sedegad gamovacxadebT, maSin Cven dagvekargeba monacemi imis Taobazed, rom P(x,y) aris 

orcvladiani, da ara erTcvladiani propoziciuli funqcia. U.G. wesis gamoyenebiT  

P(v,v) gamonaTqvamis ganzogadebis Sedegi SeiZleba iyos mxolod (x)P(x,x) da ara 
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(x)(y)P(x,y), radgan Cven ar gvaqvs ufleba P(v,v) formulaSi v konstantas zogi 

Semosvla davabaT erTi kvantoriT, zogi Semosvla ki _ meoreTi. (x)(y)P(x,y) 

formulis gankerZoebisas Cven SegveZlo gamogveyenebina ori gansxvavebuli v1 da v2 

simbolo ise, rom TiToeuls gamoexata nebismierad SerCeuli konstanta, romlebic, 

swored imitom, rom gansxvavebulni arian, P(x,y) propoziciul funqcias unarCuneben 

mis zogad oradgilian formas. miuxedavad imisa, rom gansxvavebuli cvladebis 

gankerZoebis aseT SemTxvevebSi dasaSvebia anu logikurad mizanSewonili da 

arawinaRmdegobrivia gansxvavebul simboloTa gamoyeneba, es araa aucilebeli. 

magaliTad, P(v,v) aris (x)(y)P(x,y) formulis erT-erTi legitimuri gankerZoeba 

da, amdenad, (x)(y)P(x,y) formulidan, cxadia, logikurad gamomdinareobs (x)P(x,x). 

magram, piriqiT, am ukanasknelidan ar gamomdinareobs pirveli da, amitomac, Tuki 

damtkicebaSi Cven ukve movaxdineT gansxvavebuli cvladebis Serwyma, unda gvaxsovdes, 

rom cvladebis Tavdapirveli gansxvavebuloba veRar aRdgeba ganzogadebis bijebSi.  

  

 ganvixiloT Semdegi damtkiceba: 

 

 

(7-42)    1.   (x)(y)(P(x, y) → Q(y, x)) 

               2.   (x)(y)(Q(y, x) → R(x)) 

               3.   (y)(P(v1, y) → Q(y, v1))                                                      1, U.I. 
               4.   P(v1, v2) → Q(v2, v1)                                                       3, U.I. 

               5.   (y)(Q(y, v1) → R(v1))                                                          2, U.I. 
               6.   Q(v2, v1) → R(v1)                                                            5, U.I. 

 

 

me-5 da me-6 striqonebSi gankerZoeba SeiZleboda ganxorcielebuliyo sxva 

nebismieri konstantebiTac, magram v1 da v2 konstantebis, anu imave konstantebis 

SerCevam, romlebic me-3 da me-4 striqonebSi gvxvdeboda, saSualeba mogvca me-4 da me-

6 striqonebis mimarT gamogveyenebina H.S. wesi 

 

 

            7.   P(v1, v2) → R(v1)                                                            4, 6, H.S. 

            8.   (y)(P(v1, y) → R(v1))                                                    7, U.G. 

            9.   (x)(y)(P(x, y) → R(x))                                                      8, U.G. 
 

 

me-8 da me-9 striqonebSi v1 da v2 konstantebis gaswvriv ganzogadebis 

rigiTobas aranairi mniSvneloba ar aqvs, radgan orive kvantori aris zogadobis 

kvantori. aseve, v1 da v2 konstantebisaTvis, cxadia, x da y cvladebis SerCeva moxda 

sruliad nebismierad. _ daskvna SeiZleboda asec Cagvewera (y)(x)(P(y,x)→R(y)). 

winapirobebi yvelgan rom erTi da igive v konstantiT yofiliyo 

dakonkretebuli, maSin me-7 striqoni iqneboda P(v,v)→R(v), romlis ganzogadeba da, 

Sesabamisad, (x)(P(x,x)→R(x)) gamonaTqvamis miReba SesaZlebelia erTi universalurad 

ganmazogadebeli bijiT, romelic, cxadia, am winapirobebidan aseve marTebulad 

miRebuli daskvnaa, magram es daskvna ufro kerZoa da, Sesabamisad, ufro sustica 

zemoT (7-42) msjelobiT gamoyvanil daskvnaze.  
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 gTavazobT kidev erT magaliTs marTebuli msjelobisa, romelic amuSavebs 

mravalgzis kvantificirebul gamonaTqvamebs: 

 

(7-43)  yvela, visac odesme erTi adamianisTvis mainc Seundvia, wmindania. 

      wmindanebi ar arseboben.  

       ∴ arasdros aravis aravisTvis ar Seundvia. 
 

 

 ‘xs Seundvia yisTvis’ predikatuli fraza aRvniSnoT oradgiliani F(x,y) 

predikatiT, xolo ‘x wmindania’ gamoTqmas erTadgiliani S(x) predikati SevusabamoT.  

 

 

(7-44)    1.   (x)(y)(F(x, y) → S(x)) 

               2.   (x)S(x) 

               3.   (y)(F(v1, y) → S(v1))                                                       1, U.I. 
               4.   F(v1, v2) → S(v1)                                                               3, U.I. 

               5.   (x) S(x)                                                                                  2, kvant. uary. 

               6.   S(v1)                                                                                5, U.I. 

               7.   F(v1, v2)                                                                           4, 6, M.T. 

               8.   (y) F(v1, y)                                                                     7, U.G. 

               9.   (x)(y) F(x, y)                                                                       8, U.G. 
 

 

gamonaTqvamebi, romlebic Seicaven rogorc zogadobis, ise arsebobis kvantorebs, 

qmnian damatebiT sirTuleebs im rigiTobasTan dakavSirebiT, romlis dacviTac es 

kvantorebi gamonaTqvamebSi kvlav unda aRdgnen E.G da U.G. wesebis gamoyenebiT. 

davuSvaT, rom (x)(y)L(x,y) jer gankerZovda E.I. da Semdeg ki - U.I. wesis 

gamoyenebiT da rom am gziT miRebul iqna L(w,v) gamonaTqvami. axla SeiZleba 

aRvadginoT es kvantorebi, da ra rigiTobiTac ar unda gamoviyenoT E.G. da U.G. 

wesebi miviRebT marTebul daskvnas. jer U.G. wesis, xolo Semdeg ki E.G. wesis 

gamoyeneba mogvcems Tavdapirvel gamonaTqvams, xolo Tu ganzogadeba da, Sesabamisad, 

kvantorebis aRdgena moxdeba Sebrunebuli rigiT, miviRebT (y)(x)L(x,y) gamonaTqvams, 

romelic logikurad gamomdinareobs (x)(y)L(x,y) gamonaTqvamidan. (gamonaTqvamidan 

arsebobs iseTi adamiani, romelsac yvela uyvars gamomdinareobs, rom nebismieri 

adamiani erT viRacas mainc uyvars). magram, Tu Cven mogviwevs (x)(y)L(x,y) 

gamonaTqvamis gankerZoeba, romelSic zogadobis kvantori win uswrebs arsebobis 

kvantors, xolo Semdeg movaxdenT mis ganzogadebas da kvantorebs aRvadgenT maTi 

gankerZoebis rigis mixedviT (anu Tu jer aRvadgenT pirvelad gankerZoebul 

zogadobis kvantors, xolo Semdeg meored gankerZoebul arsebobis kvantors) miviRebT 

araswor daskvnas. (x)(y)L(x,y) saxis gamonaTqvamidan (mag., yvelas uyvars erTi mainc 

adamiani), logikurad ar gamomdinareobs (y)(x)L(x,y) saxis gamonaTqvami (mag., viRac 

erTi adamiani yvelas uyvars). amgvarad, imisTvis, rom ganvazogadoT gamonaTqvami, 

romelic Seicavs rogorc v, ise w saxis konstantebs aucileblad unda vicodeT is 

rigiToba, romliTac es konstantebi Tavdapirvelad iqnen Semoyvanili U.I. da E.I. 

wesebis gamoyenebiT. Tuki jer gamoyenebul iqna U.I. wesi, Semdeg ki E.I. wesi, maSin 

ganzogadeba unda moxdes aseTi rigiT: jer E.G. wesiT da mxolod amis  Semdeg unda 

ganzogaddes U.G. wesiT, xolo Tuki E.I. wesis gamoyeneba win uswrebda U.I. wesis 
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gamoyenebas, maSin dasaSvebia E.G. da U.G. wesebis gamoyenebis nebismieri rigi. aq 

ganxiluli SezRudvis ilustrireba xdeba qvemoT mocemuli msjelobis damtkicebaSi.  

 

 

(7-45)  yvela adamians hyavs mama. 

      yvela bulgareli adamiania. 

    ∴ yvela bulgarels hyavs mama.  

 

 

 momdevno damtkicebaSi ‘xi adamiania’ gamoixateba erTadgiliani H(x) predikatiT; 

oradgiliani F(x,y) predikatiT aRniSnulia gamoTqma ‘xi aris yis mama’; erTadgiliani 

B(x) predikati ki aRniSnavs ‘xi bulgarelia’ Canawers. 

 

(7-46)   1.   (y)(x)(H(y) → F(x, y)) 

               2.   (x)(B(x) → H(x)) 

               3.   (x)(H(v) → F(x, v))                                                          1, U.I. 
               4.   H(v) → F(w, v)                                                                   3, E.I. 
               5.   B(v) → H(v)                                                                        2, U.I. 
               6.   B(v) → F(w, v)                                                                   4, 5, H.S. 
 

 

 ramdenadac v Semoyvanil iqna U.I. wesis gamoyenebiT iqamde, vidre E.I. wesis 

gamoyenebiT w konstantas SemoviyvandiT (me-3 da me-4 striqonebi), maTi ganzogadeba 

sapirispiro rigiT unda moxdes. 

 

               7.   (x)(B(v) → F(x, v))                                                            6, E.G. 

               8.   (y)(x)(B(y) → F(x, y))                                                    7, U.G. 
 

 

 maTi piriqiTi rigiT ganzogadebis SemTxvevaSi miviRebdiT (x)(y)(B(y)→F(x,y)) 

gamonaTqvams, rac Cveni bunebriv enobrivi magaliTisTvis, Semdeg daskvnas iZleva: 

arsebobs erTi iseTi adamiani mainc, romelic aris yvela bulgarelis mama. 
 

 

7.5 beTsis cxrilebi 
 

 arapredikatul gamonaTqvamTa logikaSi beTsis cxriluri meTodiT Cven 

veZebdiT gamonaTqvamebis Semadgeneli atomaluri qveformulebis iseT WeSmaritul 

Sefasebebs (damniSvnelobebs), romelTaTvisac gamonaTqvamis pirobiTi nawili xdeboda 

WeSmariti, xolo daskvniTi nawili – mcdari. amiT Cven vagebdiT mTeli gamonaTqvamis 

igivurad WeSmaritobis uarmyofel magaliTs, romelsac gansaxilveli gamonaTqvamis 

zogadmarTebulobis uarmyofeli magaliTi vuwodeT. axla SevecdebiT es meTodi 

ganvavrcoT kvantificirebul formulebze da movZebnoT individuri cvladebis iseTi 

Sefasebebi (damniSvnelobebi), romelTaTvisac mTliani dasamtkicebeli formulis 

WeSmarituli mniSvneloba xdeba mcdari. moqmedebis principi aqac iseTivea, rogoric 

gamonaTqvamTa logikis gamonaTqvamebis SemTxvevaSi iyo. kvantificirebuli dasabuTeba 

(msjeloba) marTebulia maSin, da mxolod maSin, Tuki, sabolood, am dasabuTebis 

yvela qvecxrili iketeba. kvantificirebuli formulebisTvis cxrilebis Sesadgenad 
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dagvWirdeba oTxi axali wesi, or-ori TiToeuli kvantorisTvis, da es imisdamixedviT, 

es kvantori aris cxrilis WeSmarit Tu mcdar svetSi. Tavdapirvelad gavarCevT 

ramdenime magaliTs da Semdeg ukve zustad CamovayalibebT am wesebs. 

 ganvixiloT marTebuli msjeloba, romlis winapirobaa (x)(F(x)→G(c)), xolo 

daskvna - (x)F(x)→G(c). 

rogorc viciT, zogadi gamonaTqvamis (e.i. universalurad kvantificirebuli 

formulis) WeSmariteba mowmdeba yvela im formulis WeSmarituli mniSvnelobis 

gadamowmebiT, romlebic miiRebian am formulaSi Semavali cvladebisaTvis yvela 

SesaZlo mniSvnelobebis miniWebiT da Tu gansaxilveli SemTxvevis diskursis 

Sesabamisi sainterpretacio gansazRvris are usasruloa, maSin, cxadia, aRniSnuli 

procesi dausruleblad gagrZeldeba. amitom, Cvens SemTxvevaSi, umjobesi iqneboda, Tu 

Tavdapirvelad SevecdebodiT gansaxilveli formulis beTsis cxrilis Caketvas im 

daskvnis daxurdavebiT (anu daSliT, daxleCiT), romelic Tavidanve, cxriluri 

meTodis Sesabamisad, mcdarad ganisazRvra (CaiTvala), raTa am gziT gvepovna cvladebis 

mniSvnelobaTa iseTi ganawileba (sistema, Sefaseba), romlisTvisac mTliani 

gamonaTqvami miiRebda mcdar WeSmaritul mniSvnelobas. miaqcieT yuradReba, rom 

gansaxilveli magaliTis daskvnaSi arsebobis kvantoris moqmedebis are mTlianad ar 

moicavs daskvnis gamomxatvel formulas da rom gamomdinareoba am daskvnis mTavari 

kavSiria. amdenad, mcdar svetSi Cawerili gamonaTqvamis mimarT Cven viyenebT 

pirobiTi gamosaxulebis daxurdavebis anu gamomdinareobis daSlis Semdeg wess: mcdari 

pirobiTi gamonaTqvamis winapiroba unda Sefasdes WeSmaritad, daskvna ki – mcdarad. 

aqedan gamomdinare, me-2 striqonad, WeSmarit svetSi Setanil iqna (x)F(x), xolo 

mcdar svetSi ki – G(c). radgan ukve davuSviT, rom (x)F(x) WeSmaritia, maSin, 

cxadia, unda davuSvaT isic, rom diskursis anu interpretaciis gansazRvris areSi 

unda iyos iseTi obieqti (sagani), romelsac eqneba F Tviseba. aRvniSnoT es obieqti a 

simboloTi, CavTvaloT F(a) WeSmarit gamosaxulebad da ganvagrZoT cxrilis Sevseba. 

axla dasaxurdavebeli (dasamuSavebeli) darCa mxolod Tavdapirveli zogadobis 

kvantoriani winapiroba. U.I. gamoyvanis wesis Tanaxmad, am kvantoriani winapirobis 

matrica unda iyos WeSmariti diskursis aris nebismieri obieqtisTvis (sagnisTvis); 

amdenad, is WeSmariti unda iyos a simboloTi aRniSnuli obieqtisaTvisac. amgvarad, 

zogadobis kvantoris gansakerZoeblad Cven viyenebT a gamosaxulebas da cxrilis 

WeSmarit svetSi vwerT F(a)→G(c) gamosaxulebas. axla ukve SegviZlia gamoviyenoT 

WeSmariti pirobiTi gamonaTqvamis daxurdavebis wesi, romelic amavdroulad 

axurdavebs sawyis cxrils or qvecxrilad da romlis Tanaxmadac F(a) jdeba pirveli 

qvecxrilis mcdar svetSi, xolo G(c) ki _ meore qvecxrilis WeSmarit svetSi. 
magram,  radgan F(a), iseve rogorc  G(c) erTdroulad gvxdeba cxrilis rogorc 

WeSmarit, ise mcdar svetSi, Cven vaskvniT, rom am daxurdavebis Sedegad miRebuli 

cxrilis nawilebi (e.i. qvecxrilebi) Caiketa da rom interpretaciis anu diskursis 

gansazRvris areSi ar arsebobs cvladebis iseTi Sinaarsuli damniSvneleba, romelic 

pirobas WeSmarit da daskvnas ki - mcdar gamonaTqvamad aqcevs. aqedan gamomdinare, 

gansaxilveli msjeloba (anu mtkiceba) marTlac marTebulia (anu sworia). (7-47) aris 

am msjelobis sruli cxrili: 

 

 

(7-47)         D = {c, a} 

                              WeSmariti               mcdari 
                  1.       (x)(F(x) → G(c))                           (x)F(x) → G(c) 

                  2.              (x)F(x)                                              G(c) 
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                  3.                  F(a) 
                  4.           F(a) → G(c) 
                  5.      5.1                 5.2        G(c)            5.1          F(a)      5.2 

                                                                                                                                                     

                                                                                                                           

 

 

diskursis gansazRvris aris nawili (e.i, qvesimravle), romelic am mtkicebisas 

gamoviyeneT, Seicavs mxolod a da c individuri konstantebiT aRniSnul obieqtebs. 

magram, ramdenadac a SeirCa garkveul SezRudvaSi sruliad nebismierad, Cven SegveZlo 

zustad aseTive cxrilis ageba amave SezRudvaSi nebismieri sxva oRond c 

konstantisgan gansxvavebuli konstantisTvisac. cxadia, mtkiceba sxvanairad 

warimarTeboda, Cven rom winapirobis universaluri gankerZoebisas c konstanta 

gamogveyenebina, radgan c Tavidanvea mocemuli da igi aSkarad araa SerCeuli 

gansakerZoebeli formulis moTxovnebisgan gansxvavebuli moTxovnebisadmi 

nebismierobis mixedviT. kvantificirebuli formulebis cxrilebis Sedgenisas Cven 

mxedvelobis aridan ar vkargavT mtkicebaSi gamoyenebul obieqtTa (saganTa) simravles 

da vwerT am sagnebis aRmniSvneli konstantebis CamonaTvals cxrilis gverdiT; es 

metad mosaxerxebelia im SemTxvevaSi, roca gviwevs iseTi wesis gamoyeneba, romelic 

iTvaliswinebs garkveul SezRudvebs dasamuSavebel formulaSi Semaval konstantebTan 

dakavSirebiT. 

 moviyvanoT marTebuli msjelobis odnav ufro garTulebuli magaliTi. am 

msjelobis winapirobebia (wanamZRvrebia) (x)(F(x)→G(x)) da (x)F(x), daskvna ki 

aris (x)G(x). Tavdapirvelad SevecdebiT gamoviyenoT wesebi logikuri 

kavSirebisaTvis. amgvarad, viyenebT ra WeSmaritis uaryofis wess (x)F(x) 

winapirobis mimarT (x)F(x) formulas vwerT mcdar svetSi. Semdgom amisa, 

gamomdinare iqidan, rom es formula Sefasebulia mcdar zogad gamonaTqvamad, Cven 

vaskvniT, rom unda arsebobdes iseTi obieqti, romelic amcdarebs F(x) matricas. 

davuSvaT, rom es obieqti aris a. amdenad, F(a) aris mcdari da viyenebT ra mcdaris 

uaryofis wess, vwerT F(a) gamosaxulebas WeSmarit svetSi. axla mivubrundeT 

arsebobis kvantorian daskvnas. gasagebia, rom misi mcdarad gamocxadeba amavdroulad 

niSnavs (amtkicebs) iseTi obieqtis ar arsebobas, romelic daakmayofilebda e.i. 

WeSmaritad aqcevda G(x) formulas. amgvarad, G(a) mcdarad da, Sesabamisad, G(a) 

WeSmaritad unda Sefasdes. amis Semdeg vamuSavebT pirvel winapirobas da, Sesabamisad, 

a simbolos viyenebT WeSmariti zogaduri gamonaTqvamis gansakerZoeblad, rac imas 

niSnavs, rom F(a)→G(a) aris WeSmariti. WeSmariti implikaciuri anu pirobiTi 

gamonaTqvamis daxurdavebis wesis Tanaxmad, F(a) formulas vwerT mcdar qvesvetSi, 

xolo G(a) formulas vwerT WeSmarit qvesvetSi. Semdeg G(a) WeSmariti 

qvesvetidan gadagvaqvs mcdar qvesvetSi da vketavT cxrilis orive nawils.  

 

 

(7-48)                                     D = {a} 

                              WeSmariti         mcdari 
                  1.       (x)(F(x) → G(x))               (x)G(x) 

                                (x)F(x)                                               

                  2.                                                       (x)F(x) 

                  3.                                                          F(a) 
                  4.                 F(a)                                                                 

                  5.                                                          G(a)  
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                  6.                 G(a)                                                             

                  7.           F(a) → G(a)                                                     

                  8.    8.1               8.2  G(a)    8.1   F(a)        8.2 G(a) 

                                                                                                                                                                  

                      

 

 

am cxrilidan kargad Cans, rom formulis gamamcdarebeli damniSvnelebis 

(cvladebis mniSvnelobaTa sistemis, ganawilebis) Ziebisas kargi meTodia im 

konstantebis gamoyeneba, romlebic erTxel ukve gamoyenebuli gvaqvs da, Sesabamisad, 

ukve Setanili gvaqvs diskursis sainterpretacio gansazRvris areSi. me-7 nabijze 

axali konstanta rom SegverCia, Cven mogviwevda cxrilis Sevsebis gagrZeleba da, 

Sesabamisad, cxadia, Semdeg bijSi ver mivaRwevdiT mis Caketvas. Tumca, isic cxadia, 

rom, aseT SemTxvevaSi, Cven unda gvemowmebina pirveli winapirobis cvladebis yvela 

SesaZlo mniSvnelobebi da adre Tu gvian mainc mogviwevda a konstantis Casma. ase rom, 

axali konstantebis Semoyvanamde jobia srulad Semowmdes `Zveli~ konstantebiT 

gakeTebadi yvela SesaZlo gankerZoeba (kerZo CasmiTi magaliTi). aseTi meTodi 

saSualebas mogvcems vipovoT `umciresi~ anu ,,umartivesi” uarmyofeli magaliTi, Tu 

ki is saerTod arsebobs.  

              

Semdegi magaliTiT vnaxavT, rom maSinac ki, roca cxrili iketeba ukve 

SerCeuli konstantebisaTvis, zogadi gamonaTqvamis WeSmariteba-mcdarobis sakiTxis 

gasarkvevadD Cven unda ganvagrZoT axali konstantebis Semotana da matricis 

damuSaveba (e.i. axali kerZo CasmiTi magaliTebis ageba). _ im pirobebSi, roca jer 

kidev SesaZlebelia axli konstantis Semotana, iqamde, vidre ar vipoviT Cveni daSvebis 

gamabaTilebel magaliTs, ver viqnebiT darwmunebulni imaSi, rom aseTi kontrmagaliTi 

ar arsebobs. gasagebia, rom es ganpirobebulia im potenciuri SesaZleblobebiT, rasac 

proceduraSi axali konstantis Semotana iZleva. davsvaT kiTxva: marTebulia Tu ara 

gamoyvana (x)F(x)→(x)F(x)? _ ra Tqma unda ara, radgan Tuki raRacas aqvs raRac 

Tviseba, Cven jer kidev ver davaskvniT imas, rom es Tviseba aqvs yvelafers. 

SevadginoT cxrili, romelic gvapovninebs am msjelobis gamabaTilebel magaliTs. Tu 

(x)F(x) winapiroba WeSmaritia, maSin arsebobs iseTi a, romlisTvisac F(a) WeSmaritia. 

axla, Tu zogadobis kvantoriani (x)F(x) daskvnis matricis dasakonkreteblad Cven 

gamoviyenebT igive a konstantas cxrili Caiketeba. magram es ar niSnavs imas, rom Cven 

ver vipoviT kontrmagaliTs da rom aseTi saerTod ar arsebobs; Cven ubralod Zalze 

SezRuduli viTarebis monawileni gavxdiT, kerZod, Cven aRmovCndiT `samyaroSi~, 

romelSic mxolod erTi obieqti (sagani) Sedioda, rac, bunebrivia, SeiZleba arc 

emTxveodes ,,mTlian samyaros” da, aqedan gamomdinare, amomwuravi daskvnis gakeTebamde 

Cven kidev Sesamowmebeli gvaqvs diskursis gansazRvris aris yvela danarCeni obieqtic 

(saganic). amrigad, Cven Semogvyavs axali obieqti b da vaxdenT zogadobis kvantoris 

gankerZoebas am b konstantis meSveobiT. es gvaZlevs uarmyofeli magaliTis agebis 

saSualebas, rac niSnavs imas, rom cxrili ar iketeba! _ amdenad, msjelobis 

aramarTebulobis damadasturebel anu msjelobis marTebulobis uarmyofel magaliTs 

warmoadgens modeli, romlis gansazRvris area D={a,b} da romelSic F predikatis 

interpretaciaa simravle  {a}. 

 

  

(7-49)                                       D = {a, b} 

                           WeSmariti        mcdari 
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                  1.       (x)(F(x)                             (x)F(x)  
                  2.          F(a)                            
                  3.                                                      F(a) 
                                                                                                                           

                                                                                             

                  4.                                                      F(b)         
 

 

 miaqcieT yuradReba, rom nebismieri erTwevriani gansazRvris aris SemTxvevaSi 

Cven ver avagebdiT gamabaTilebel magaliTs da rom umciresi gamabaTilebeli 

magaliTis asagebad saWiroa sul cota orwevriani gansazRvris are. SesaZloa gaCndes 

kiTxva, Tu ratom ar SemoviyvaneT axali obieqti pirdapir me-3 bijze. amis mizezi 

isaa, rom Cven imTaviTve avirCieT meTodi, romlis mixedviTac vidre axal obieqts 

SemoviyvanT, unda SevamowmoT yvela `Zveli~ obieqti. marTalia, Cven SegveZlo windawin 

gangveWvrita, rom pirvel mcdelobaze cxrili ar Caiketeboda da rom mogviwevda 

axali obieqtis Semoyvana, magram beTsis cxriluri meTodis mTavari Tviseba isaa, rom 

is iZleva msjelobaTa (dasabuTebaTa, mtkicebaTa) Semowmebis meqanikur anu avtomatur 

proceduras da aseT dros ama Tu im saxis `winaTgrZnobas~ ver davemyarebiT. axla 

ukve SegviZlia CamovayaliboT axali wesebi beTsis cxrilebisTvis. 

 

kvantorTa wesebi beTsis cxrilebisTvis 

 

kvantorTa 

dasaxeleba 

kvantori Cawerilia svetSi 

      WeSmariti 

kvantori Cawerilia svetSi                          

        mcdari 
zogadobis kerZo magaliTi (gankerZoeba) 

awarmoeT D aris nebismieri 

obieqtiT* 

 

jer awarmoeT kerZo magaliTebi 

(gankerZoeba) Zveli obieqtebiT da 

mxolod amis Semdeg daamateT D ares 

axali obieqti 

 

arsebobis jer awarmoeT kerZo magaliTebi 

(gankerZoeba) Zveli obieqtebiT da 

mxolod amis Semdeg daamateT D ares  

axali obieqti 

 

kerZo magaliTi (gankerZoeba) 

awarmoeT D aris nebismieri 

obieqtiT* 

 

* Tu D carielia da Tu Tqven ar SegiZliaT procesis gagrZeleba sxva wesebis 

(mcdari zogadobis kvantoris an WeSmariti arsebobis kvantoris wesebis) gamoyenebiT, 

maSin SemoitaneT axali obieqti; aseve, aucilebelia ukve damuSavebuli kvantorebis 

xelmeore gaaqtiureba anu maTi `ganaxleba~ yovelTvis, roca ki axali obieqti 

Semogvaqvs. 

 

   

miaqcieT yuradReba WeSmariti zogadobis kvantorisa da mcdari arsebobis 

kvantoris damuSavebis wesebis msgavsebas; am ori wesis Tanaxmad, axali obieqti 

mxolod im SemTxvevaSi emateba D ares, roca es are carielia da, amasTan, roca ar 

SegviZlia obieqtebis sxva wesebiT Semotana. Tu D carielia, am wesebis gamoyenebamde 

axali obieqti sruliad nebismierad Semogvyavs. xolo, Tu maT viyenebT aracarieli 

areebis mimarT, yovelTvis vamowmebT yvela Zvel obieqts. magram Tu danarCeni ori 

wesiT (mcdari zogadobisa da WeSmariti arsebobis wesebiT) mogvianebiT Semovida 

axali obieqti, Cven isev unda SevamowmoT, xom ar iketeba cxrili am axlad Semosuli 

obieqtiT, rac imas niSnavs, rom unda `ganvaaxloT~ WeSmariti zogadobis da mcdari 
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arsebobis kvantorTa dammuSavebeli wesebis gamoyeneba. wesebis meore wyviliT (e.i. 

mcdari zogadobis da WeSmariti arsebobis damamuSavebeli wesebiT) SeiZleba da unda 

Semotanil iqnas axali obieqtebi maSinac ki, roca cxrili ukve Caketilia yvela 

Zveli obieqtisaTvis. 

beTsis cxriluri meTodisTvis strategiulad gamarTlebulia jer kavSirebis 

wesebis gamoyeneba da mxolod amis Semdeg sargebloba kvantorTa wesebiT, am 

SemTxvevaSi arc is unda daviviwyoT, rom cxrilis daxurdavebis (gaxleCis) Sedegad 

miRebuli qvecxrili Semowmdes misi Caketvadoba ar Caketvadobis TvalsazrisebiT. 

unda gaviTvaliswinoT isic, rom cxrilis TiToeul qvecxrils aqvs sakuTari 

diskursis sainterpretacio gansazRvris are. mosalodnelia, rom ori gamabaTilebeli 

(uarmyofeli) magaliTi erTmaneTisgan gansxvavdebodes maTSi D simravlis wevrTa 

monawileobis odenobiT. Tu msjeloba Seicavs individur konstantebs, maSin cxrilis 

ageba SegiZliaT daiwyoT iseTi gansazRvris ariT, romelic imdenive gansxvavebul 

obieqts Seicavs, ramdeni gansxvavebuli individuri konstantac Sedis gadasamowmebeli 

msjelobis formulebSi. Tumca, unda gaxsovdeT, rom es midgoma ar iZleva imis 

garantias, rom Tqven SeZlebT umartivesi (anu umciresi) uarmyofeli magaliTis 

povnas.  

 gTavazobT kidev or magaliTs, romelTa gacnobisa da gaazrebis Semdeg Tqven 

SeZlebT cxrilebis Sedgenas predikatul logikaSi formalizebadi nebismieri 

msjelobisaTvis.  

 

 

(7-50)                                      D = {a, b} 

              WeSmariti          mcdari 

                  1.       (x)(y)R(x, y)                 (x)R(x, x)  

                  2. T         (y)R(a, y)                            
                  3. T               R(a, a)                                         
                  4. F                                                R(a, a) 
                                                                                                                           

                                                                                               

                  magram!                                                                                        
                  5.F                                                R(b, b) 
                  6.T              R(a, b)                       

 

  

 

amgvarad, Cven aRar dagvrCa wesebi, romlebic SeiZleba iqnen gamoyenebulni da, 

amasTan, ukve miviReT uarmyofeli magaliTi, romelic ganTavsebulia modelSi, romlis 

gansazRvris area D={a,b}, romelSic g(x)=a, g(y)=a da g(x)=b, g(y)=b tolobebiT 

moicema cvladebis sxvadasxva damniSvneleba da romelSic R predikatis gaSlaa 

R={‹a,a›, ‹a,b›}. igulisxmeba, rom yvelaferi rac ki ar Sedis R predikatis gaSlaSi 

(anu interpretaciaSi) Seva am R predikatis damatebaSi. es SeiZleboda mocemuli 

yofiliyo eqsplicituradac, Tuki ki SevTanxmdebodiT, rom warmovadgendiT nebismieri 

predikatis an mxolod dadebiT an mxolod uaryofiT gaSlebs. yuradReba miaqcieT 

imas, rom me-6 striqonSi Cven `vaaxlebT~ me-2 striqonis WeSmarit zogadur 

kvantifikacias da me-2 striqonis formulis gankerZoebas vaxdenT me-5 striqonSi 

Semotanili axali b konstantiT. 
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(7-51)                                       D = {a, . . .} 

                              WeSmariti         mcdari 

                  1.       (x)(F(x) → G(x))            (x)G(x) 

                                  (x)F(x)                                               

                  2.T            F(a)                                                 

                  3.T     (F(a) → G(a))                                                      

                  4.F                                                   G(a)                    

                  5.T                                                     F(a)  

                  6.F              G(a)                                                             

                  7.       7.1           7.2  G(a)    7.1   F(a)      7.2  

                                                                                          

                                                                                                          

 

 

 

 8.3 paragrafSi Cven ganvixilavT zogierT niSans, romlebic Tvisobrivad  

ganasxvavebs erTmaneTisagan arapredikatuli da kvantificirebuli msjelobebis beTsis 

cxrilebs. 

7.6  formaluri da araformaluri mtkicebebi  
 

 zemoT ganxiluli bunebrivi gamoyvanebis principebi SeiZleba gamoyenebul iqnas 

simravleebis Sesaxeb gamonaTqvamebis dasamtkiceblad. miaqcieT yuradReba, rom, 

magaliTad, AB aris gamonaTqvami, romelic amtkicebs, rom simravleTa A da B wyvils 

Soris Zalismieria oradgiliani predikatuli mimarTeba, romelic gamoiTqmeba fraziT 

‘aris qvesimravle’. is, rom  am gamonaTqvams vwerT AB formiT da ara rogorc (A,B), 

ganpirobebulia mxolod da mxolod simravleTa TeoriaSi tradiciulad miRebuli 

SeTanxmebebiT. analogiurad, xA aris Ria gamonaTqvami, romelic Seicavs x cvlads da 

romelSic `A~ asrulebs erTadgiliani predikatis funqcias. am pirobebSi (x)(xA) 

aris gamonaTqvami, romelic amtkicebs, rom A ar aris carieli simravle. 

gavrcobulobis (anu erTidaigiveobis) aqsioma (ori simravle erTmaneTis tolia, maSin 

da mxolod maSin, Tu isini erTsa da imave wevrebs Seicaven) SeiZleba ase Caiweros: 

  

(X,Y)(X = Y ↔ (x)(xX ↔ xY)) 

 

qvemoT formalurad mtkicdeba, rom (X,Y)(X=Y↔(XY&YX)) (ori simravle 

tolia maSin, da mxolod maSin, roca TiToeuli maTgani aris meoris qvesimravle) 

gamomdinareobs gavrcobulobis aqsiomidan, rogorc winapirobidan. 

 

  

(7-52)  1.  (X, Y)(X = Y ↔ (x)(xX ↔ xY)) 

            2.   V1 = V2 ↔ (x)(xV1 ↔ xV2)                                           1, U.I. (orjer) 

            3.   V1 = V2 ↔ (x)((xV1 → xV2) & (xV2 → xV1))        2, bikond. 

            4.   V1 = V2 ↔ ((x)(xV1 → xV2) & (x)(xV2 → xV1)) 3, kvant. distr.                                                                                                  

            5.   V1 = V2 ↔ (V1  V2 & V2  V1)                                           4,   gansazRvrebiT 

 

 

me-5 nabijze Cven ubralod CavanacvleT me-4 striqonis ori qvegamosaxuleba maTi 

Semoklebuli formebiT. 
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           6.   (X, Y)(X = Y ↔ (X  Y & Y  X))                                      5, U.G. (orjer) 

 

 

amdenad, me-6 striqonis gamosaxuleba SegviZlia mivumatoT simravleebis Sesaxeb 

arsebul WeSmarit gamonaTqvamTa CamonaTvals (ix. cxrili 1-7). 

 

 gTavazobT simravlur-Teoriuli gamonaTqvamis damtkicebis morig magaliTs, 

romelic damtkicebis gareSe mocemuli iyo 1 Tavis me-4 paragrafSi: 

 
nebismieri X, Y, da Z simravleebisaTvis Tu X aris Y-is qvesimravle da Y aris 

Z-is qvesimravle, maSin X aris Z-is qvesimravle.  

 

simbolurad igive Semdegnairad Caiwereba, 

 

(7-53) (X,Y,Z)((XY&YZ)→XZ) 
 
 Cven magaliTSi gamoyenebulia pirobiTi damtkiceba: 

 

 

(7-54)   1.   V1  V2 & V2  V3                                                 damxmare winapiroba 

             2.      (x)(xV1 → xV2) & (x)(xV2 → xV3)          1,  gansazRvrebiT 

             3.      (x)((xV1 → xV2) & (xV2 → xV3))             2, kvant. distr.(III kanoni) 

             4.      (vV1 → vV2) & (vV2 → vV3)                         3, U.I. 

             5.      vV1 → vV2                                                          4, &-gamart. 

             6.      vV2 → vV3                                                          5, &-gamart. 

             7.      vV1 → vV3                                                          5, 6, H.S. 

             8       (x)(xV1 → xV3)                                                 7, U.G. 

             9.      V1  V3                                                               8,  gansazRvrebiT 

           10.   (V1  V2 & V2  V3) → V1  V3                                1-9, pirobiTi damtkiceba 

           11.    (X, Y, Z)((X  Y & Y  Z) → X  Z)                    10, U.G. (samjer) 

 

 

7.7   maTematikuri mtkicebebis araformaluri stili 
 

 maTematikosebi iSviaTad warmoadgenen xolme damtkicebebs iseTi mkacri 

(srulad) formalizebuli stiliT, rogorsac Cven viyenebdiT, radgan SeuZliaT 

ivaraudon, rom maTi msmeneli sakmaod kargad icnobs logikur igivurobebs da 

gamoyvanis wesebs da, amdenad, ivaraudon isic, rom maTTvis sakmarisi iqneba ZiriTadi 

nabijebis monaxazic. am wignis wina paragrafebSi Cvenc viyenebdiT msgavs stils (ix. 

magaliTad me-3 Tavis me-6 paragrafi). gasagebia, rom yovelTvis unda SeiZlebodes 

aseTi araformaluri damtkicebis Sevseba iseT srulad formalizebul variantamde, 

romelic, im SemTxvevaSi, Tu daveWvdebiT mis sisworeSi, nabij-nabij advilad 

Semowmdeba. amdenad, termini `araformaluri~, roca saqme damtkicebebs exeba, niSnavs 

`SekumSuls~ anu `Semoklebuls~ da ara `daudevars~. 
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    amis sailustraciod moviyvanT (7-54) mtkicebas im formiT, rogorc es 

maTematikoss SeeZlo daewera: 

 

(7-55)  vTqvaT, X, Y da Z nebismieri iseTi simravleebia, rom XY da YZ. davuSvaT, x 

aris X simravlis nebismieri wevri. radgan XY, e.i. xY; da radgan YZ, e.i. 

xZ. amdenad, xX → xZ, anu XZ. 

 

rogorc vxedavT, aq Riad ar axseneben U.I. da U.G. wesebs, da is, rom Sedegi 

WeSmaritia yvela simravlisaTvis, naTeli xdeba konteqstisa da sityva `nebismieris~ 

gamoyenebis wyalobiT. rogorc amas damtkicebis bolo ori winadadeba mowmobs, 

igulisxmeba, rom mkiTxvelma icis  predikatis gansazRvreba da hipoTeturi 

silogizmis wesi. mTeli msjeloba mocemulia pirobiTi damtkicebis formiT, romelic 

iwyeba XY&YZ gamonaTqvamiT, magram mkiTxvelma Tavad unda gamoitanos Semajamebeli 

daskvna (XY&YZ)→(XZ) da Tavadve unda moaxdinos misi universaluri ganzogadeba. 

  

    Semdeg magaliTSi Cven vayalibebT `sakuTrivi qvesimravlis~ gansazRvrebas da 

gTavazobT im Teoremis formalur da araformalur damtkicebebs, romelic Seicavs am 

predikats. 

 

(7-56)        (X,Y)(XY ↔ (XY&X  Y)) 

 

gamosaxuleba XY aris (X=Y) gamosaxulebis alternatiuli aRniSvna. 

analogiurad, (XY), (XY) da (xY) gamosaxulebebis nacvlad SegviZlia davweroT 

xolme Sesabamisad, X⊈Y, X⊄Y da xY gamosaxulebebi. (7-56) igiveobiT 

(ekvivalentobiT)  predikati ganisazRvreba  da = predikatebis terminebSi, rac, 

Tavis mxriv,  predikatis meSveobiT SeiZleba asec gamoixatos: 

 

(7-57)        (X,Y)(XY ↔ ((x)(xX → xY) & (x)(xX ↔ xY))) 

  

Cven unda davamtkicoT: 

 

nebismieri X da Y simravleebisaTvis, Tu X aris Y simravlis sakuTrivi 

qvesimravle, maSin arsebobs Y simravlis iseTi wevri, romelic araa X 

simravlis wevri. 

 

anu, 

 

(7-58)   (X,Y)(XY → (x)(xY & xX)) 

 

 

(7-59)   damtkiceba (formaluri): 

 

 

                 1.       V1  V2                                                             damxmare winapiroba 

                 2.       V1  V2 & V1  V2                                                  1,   gansazRvrebiT 

                 3.       V1  V2                                                             2, &-gamart. 

                 4.       (V1  V2 & V2  V1)                                             3, (7-52) 
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                 5.       V1⊈V2  V2⊈V1                                                      4, de morg. 

                 6.       V1  V2                                                             2, &-gamart. 

                 7.       V2⊈V1                                                               5, 6, D.S. 

                 8.       (x)(xV2 → xV1)                                             7,   gansazRvrebiT 

                 9.       (x)(xV2 → xV1)                                              8, kvant. uary. 

               10.       (x)(xV2  xV1)                                               9, gamomd. 

               11.       (x)(xV2 & xV1)                                                 10, de morg. 

               12.    V1  V2 → (x)(xV2 & xV1)                                1-11pirobiTi damtkiceba 

               13.    (X, Y)(X  Y → (x)(xY & xX))                     12, U.G. (orjer) 

 

 

 

(7-60)  damtkiceba (araformaluri): vTqvaT, X da Y nebismieri simravleebia da, amasTan, 

XY. am mimarTebis gansazRvrebis Tanaxmad, XY da XY. cnobilia, rom X=Y 

maSin, da mxolod maSin, roca XY da YX. amdenad, radgan XY da XY, 

SegviZlia davaskvnaT, rom Y⊈X. es ki imas niSnavs, rom arsebobs iseTi x, 

romelic Sedis Y simravleSi da ar Sedis X simravleSi.  

bolos, gTavazobT binaruli mimarTebis Semcveli erTi mtkicebis formalur da 

araformalur variantebs: 

            

vaCvenoT, rom nebismieri R binaruli mimarTebisaTvis, R=(R–1)–1. 

    

Cven aq gamoviyenebT (7-52)-Si damtkicebul daskvnas, anu imas, rom nebismieri X 

da Y simravleebisaTvis X=Y maSin, da mxolod maSin, roca (XY & YX). amrigad, Cven 

jer davamtkicebT R(R–1)–1, Semdeg ki imas, rom (R–1)–1
 R  (es miRebuli proceduraa 

imis saCveneblad, rom ori simravle erTmaneTis tolia). 

 

(7-61)   damtkiceba (formaluri): 

              1.       ‹v1, v2›  V                                                           damxmare winapiroba 

       [‹v1, v2› aris nebismieri binaruli V mimarTebis nebismieri dalagebuli wyvili] 

              2.       (R)(x, y)(‹x, y›  R ↔ ‹y, x›  R–1
 )           2, inversiis gansazRvreba 

              3.       (x, y)(‹x, y›  V ↔ ‹y, x›  V–1
 )                    2, U.I. 

              4.       ‹v1, v2›  V ↔ ‹v2, v1›  V–1
                              3, U.I. (orjer) 

              5.       (‹v1, v2›  V → ‹v2, v1›  V–1) &                        4, igivuroba 

                        (‹v2, v1›  V–1 → ‹v1, v2›  V) 

              6.       ‹v1, v2›  V → ‹v2, v1›  V–1
                             5, &-gamart. 

              7.       ‹v2, v1›  V–1
                                                         1, 6, M.P. 

              8.       (x, y)(‹x, y›  V–1 ↔ ‹y, x›  (V–1)–1
               2, U.I. 

             [isev me-2 striqonis ganzogadeba, am SemTxvevaSi V–1-is mimarT] 

              9.       ‹v2, v1›  V–1 ↔ ‹v1, v2›  (V–1)–1
                      8, U.I. (orjer) 

            10.       (‹v2, v1›  V–1 → ‹v1, v2›  (V–1)–1 )&                9, igivuroba. 

                      (‹v1, v2›  (V–1)–1 → ‹v2, v1›  V–1) 

            11.       ‹v2, v1›  V–1 → ‹v1, v2›  (V–1)–1
                      10, &-gamart. 
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            12.       ‹v1, v2›  (V–1)–1
                                                   7, 11, M.P. 

            13.    ‹v1, v2›  V → ‹v1, v2›  (V–1)–1
                            1-12, pirobiTi damtkiceba 

            14.    (x, y)(‹x, y›  V → ‹x, y›  (V–1)–1)                   13, U.G. (orjer) 

            15.    V  (V–1)–1
                                                                14,   gansazRvrebiT 

            16.    (R)R  (R–1)–1
                                                       15, U.G.   

 

analogiurad aigeba mtkicebis meore nawili, anu is, rom (R–1)–1
R, rac 

mkiTxvels Tavadac SeuZlia gaakeTos.  

 

damtkicebis zemoT motanili nawilis araformaluri varianti: 

 

(7-62) damtkiceba (araformaluri): vTqvaT, R aris nebismieri binaruli mimarTeba. 

davuSvaT,  ‹x,y›R. maSin, inversiis gansazRvris Tanaxmad, ‹y,x›R–1. isev da 

isev inversiis gansazRvris Tanaxmad, Tu ‹y,x›R–1, maSin ‹x,y›(R–1)–1
. 

amrigad, Tu ‹x,y›R, maSin ‹x,y›(R–1)–1. amdenad, R(R–1)–1. 

 

 Tu es mtkiceba gankuTvnilia mkiTxvelisTvis, romelic kargad erkveva Sesabamis 

cnebebSi, is SeiZleba kidev ufro Sekvecili formiT warmovadginoT: 

(7-63) damtkiceba: vTqvaT, R aris mimarTeba da davuSvaT, rom ‹x,y›R. maSin ‹y,x›R–1 

da ‹x,y›(R–1)–1. ∴ R(R–1)–1
. 

 

 an kidev, igive damtkicebas aseTi formac ki SeiZleba qondes: 

   

(7-64) damtkiceba: trivialuri.  

 

    damtkiceba garkveulwilad aris imis Cveneba, rom raRac gamonaTqvami logikurad 

gamomdinareobs daSvebuli winapirobebidan (wanamZRvrebidan). magram, is aseve aris 

mcdeloba davarwmunoT realuri an warmosaxviTi msmeneli am logikuri kavSiris 

arsebobaSi. amitom is, Tu ramdenad miznobrivia da gamarTlebuli esa Tu is mtkiceba, 

damokidebulia imaze, Tu konkretuli msmeneli ramdenad gaTviTcnobierebulia am 

sferoSi. Tumca, cxadia, rom damtkiceba nebismier SemTxvevaSi sworad unda iqnes 

Camoyalibebuli. mtkiceba, romlis detalizaciis done Sesaferisi iqneboda logikis im 

saxelmZRvanelosaTvis, romelic damwyebTaTvisaa gankuTvnili, Zalze momabezreblad da 

pedanturad moeCveneba gamocdil maTematikoss, maSin rodesac SekumSuli damtkicebebi, 

sadac gamotovebulia araerTi logikuri nabiji, gaugebari iqneba damwyebTaTvis. am 

wignSi Semdgomi damtkicebebis agebisas saorientaciod aRebulia iseTi araformaluri 

done, romelic, vimedovnebT, ar iqneba arc metismetad detaluri da arc gaugebari. 

 

 

 

 

 

 

savarjiSoebi 
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1.  TargmneT Semdegi qarTuli winadadebebi predikatuli logikis enaze; Tavad airCieT 

cvladebi da predikatuli asoebi da ganmarteT Tqveni aRniSvnebi. Tu fiqrobT, rom 

dasaSvebia erTze meti Targmani, CawereT Tqveni variantebi da gaarCieT maT Soris 

arsebuli gansxvavebebi. rac SeiZleba srulad warmoadgineT dasabuTeba Targmanis 

kvantoruli struqturis Sesaxeb.  

 

(a)  yoveli obieqti aris Savi an TeTri.  

(b)  yvelaferi aris Savi an yvelaferi aris TeTri. 

(g)  ZaRli oTxfexaa. 

(d)  fido ZaRlia. 

(e)  yvelas uyvars viRac. 

(v)  viRac uyvars yvelas. 

(z)  aris iseTi viRac, vinc yvelas uyvars. 

(T)  Tu vinmes uyvars vinme, maSin jons uyvars Tavisi Tavi.  

(i)  jonis garda, aravis ar uyvars Tavisi Tavi. 

(k)  yvela kacs uyvars an TviTon TavisTavi, an vinme qali. 

   (l) Tu giyvars qali, akoce an daanebe Tavi. 

   (m)  Tu jons aravin ar kocnis, meri akocebs. 

   (n)  xalxs, romelic niu-iorkSi cxovrobs, uyvars es qalaqi. 

   (o)  Tu jons ar uyvars niu-iorki, is iq ar cxovrobs. 

   (p)  Tu vinmes ar uyvars niu-iorki, is ar icnobs mas.   

   (J)  Tu cxrili Caiketa, ese igi ar arsebobs uarmyofeli magaliTi. 

   (r)  aCvene mas TiTi da mTel xels wagarTmevs (daniuri andaza). 

   (s)  is, vinc xmauriania, yvelas awuxebs sakuTari Tavis garda. 

   (t)  Tu vinme xmauriania, is yvelas awuxebs. 

   (u)  Tumca aravin ar xmaurobda, joni mainc Sewuxda. 

   (f)  mas hyavs manqana, magram is velosipediTac dadis. 

   (q)  marto 18 wlamde asakis nasvami mZRolebi iwveven mZime avariebs. 

   (R)  ar ataro manqana nasvamma! 

   (y)  manqanis marTva saSiSia, Tu nasvami xar. 

   (S)  yvelaferi kargia, rac kargad mTavrdeba. 

 

 

2. gamonaTqvami (x)(y)A(x,y), sadac A(x,y) aRniSnavs ‘xma upasuxa ys’, ar iqneba yvelam 

upasuxa yvela kiTxvas winadadebis adekvaturi Targmani, radgan, rogorc es 7.3 

paragrafSi vnaxeT, gansazRvris are unda Seicavdes rogorc adamianebs, ise 

kiTxvebs. ori gansxvavebuli simravle unda warmovadginoT ori predikatiT, 

romelic implikaciuri formulis pirobaSi iqneba Cawerili. am yvelafris 

gaTvaliswinebiT, TargmneT Semdegi winadadebebi.  

 

(a) aravis ar upasuxia yvela kiTxvisTvis. 

(b) nebismier kiTxvas erTma viRacam mainc upasuxa. 

(g) erT kiTxvas mainc yvelam upasuxa. 

(d) zogierTma arcerT kiTxvas ar upasuxa. 

(e) yvelas uyvars meri, garda Tavad merisa. (gamoiyeneT I(x,y) igivurobis 

mimarTebis aRsaniSnavad) 

(v)  fredis garda yvelam upasuxa erT kiTxvas mainc. 
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(z) yvelam, vinc erT kiTxvas mainc gasca pasuxi, scada kidev romelime kiTxvaze 

pasuxis gacema. 

(T) aravis ar gaucia pasuxi im kiTxvaze, romelzec pasuxis gacema yvelam scada.  

(i) yvelam, vinc ki scada romelime kiTxvaze pasuxis gacema, upasuxa kidec mas.  

 

 

3. gaarkvieT, romeli cvladia dabmuli da romeli Tavisufali qvemoT mocemul 

gamosaxulebebSi da xazi gausviT TiToeuli kvantoris moqmedebis ares. 

 

(a)    (x)P(x)Q(x,y) 

(b)  (y)(Q(x) → (z)P(y,z)) 

(g)  (x)(P(x) → (y)(z)Q(x,y,z)) 

(d)  (x)Q(x,y) & P(y,x) 

(e)  (x)(P(x) → (x)Q(y) → (z)R(y,z))) 

 
 

4. am savarjiSos TiToeuli nawili Sedgeba qarTuli frazisagan, am frazis 

Targmanisagan predikatuli logikis enaze da ramodenime damatebiTi formulisagan. 

miuTiTeT, maTgan romeli formula aris mocemuli Targmanis igivuri 

(ekvivalenturi) da CamowereT is kanonebi da wesebi, romlebic saWiroa am 

igivurobis (ekvivalenturobis) saCveneblad. Tu formula araa mocemuli Targmanis 

ekvivalenturi, dawereT misi Sesabamisi qarTuli winadadeba. 

 

(a) yvelas yavs mama da yvela kenti ricxvi mTelia. 

  

 (SeniSvna: marTalia, didia imis cduneba, rom mocemuli formula wavikiTxoT 

rogorc „yvela adamians yavs mama ...‟, magram es uzusto wakiTxva iqneboda, 

radgan Cven ar SegvizRudavs gansazRvris are mxolod adamianebiT da arc 

SegveZlo amis gakeTeba, Tu gvindoda, rom predikatebi „kenti‟ da „mTeli‟ 

gamogveyenebina gansazRvris aris zogierTi elementis mimarT. yvela adamiani 

rom gveTargmna predikatuli logikis enaze, Cven unda dagvematebina pirobad 

predikati „adamiani‟.) 

          

      (x)(y)F(y, x) & (z)(O(z) → I(z)) 
 

          (1)   (z)(x)(y)(F(y, x) & (O(z) → I(z))) 

         (2)   (z)(y)(x)(F(y, x) & (O(z) → I(z))) 

         (3)   (x)(z)(y)(F(y, x) & (O(z) → I(z))) 
 

(b)  Tu adami ucoloa, maSin yvela kaci araa qmari. 

 

                 B(a) → (x)(M(x) → H(x)) 
 

          (1)  (x)(B(a) → (M(x) → H(x))) 

          (2)    (x)(B(a) → (M(x) → H(x))) 

          (3)    (B(a) → (x)(M(x) → H(x))) 

         (4)    B(a) → (x)(M(x) & H(x)) 
 
(g)  mcdaria is, rom Tu arsebobs raRac boroteba, maSin RmerTi araa mowyale. 
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                  ((x)E(x) → B(g)) 
 

          (1)    ((x)E(x) & B(g)) 

         (2)     (x)(E(x) → B(g)) 
 
 

5. ipoveT iseTi ori igivuri (ekvivalenturi), magram erTmaneTisagan gansxvavebuli 

formula, romelic iqneba qvemoT mocemuli winadadebebis Targmani; gamoiyeneT 

mocemuli predikatebi. 

 

(a)  yoveli mTeli ricxvisTvis arsebobs masze didi mTeli ricxvi. 

     (I(x), L(x, y)) 
(b)  an yvela martivi ricxvi kentia, an zogierTi mTeli ricxvi luwia, an orive 

erTad.  

     (P(x), I(x), O(x)) 
(g)  Tu arsebobs iseTi martivi ricxvi, romelic aris luwi, maSin yvela martivi 

ricxvi, romelic 7-ze metia, aris kenti.  

     (P(x), O(x), G(x, y)) 
 
(d)  Tu yvela kaci mokvdavia, maSin sokrate mokvdavia. 

     (H(x), M(x)) 
 

 

6.  dawereT Semdegi formulebis normaluri preneqsuli formebi: 

 

(a) ((x)A(x) & (x)B(x)) → C(x) 

(b) (x)A(x) ↔ (x)B(x) 

 

7.  daamtkiceT Semdeg gansjaTa siswore: 

 

   (a)      (x)(P(x) & Q(x)) 

                     (x)(P(x) & R(x)) 

                 ∴ (x)(R(x) & Q(x))  

 

   (b)       (x)(P(x) → Q(x)) 

                   (x)(R(x) & Q(x)) 

                ∴ (x)(R(x) & P(x)) 

 

   (g)      (x)(P(x) → Q(x)) 

                   (x)(P(x) & R(x)) 

                ∴ (x)(R(x) &Q(x)) 

 

      (d)         (x)(P(x) → Q(x)) 

                    (x)(P(x) → R(x)) 

         ∴ (x)(R(x) & Q(x)) 
 

   (e)          (x)(P(x) → Q(x)) 
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                      P(a) 
                    R(a) 

         ∴ (x)(R(x) & Q(x)) 

 

   (v)          (x)((P(x)Q(x)) → R(x)) 

                    (x)((R(x)S(x)) → T(x)) 

                  ∴ (x)(P(x) → T(x)) 

 

  

8. aageT damtkicebebi Semdegi msjelobaTa marTebulobisa (magaliTebi (a) _ (g) 

aRebulia, alisa saocrebaTa qveyanaSi avtoris, luis kerolis [k. l. dojsonis] 

wignidan simboluri logika (1896).)  

 

(a)  bavSvebi aralogikurebi arian. vercerTi maTgani, vinc ki pativiscemiT ar 

sargeblobs, ver daimorCilebs niangebs. aralogikuri adamianebi ar 

sargebloben pativiscemiT. amdenad, bavSvebs ar SeuZliaT niangebis 

damorCileba. 

 

(b) yvelas, vinc Seuracxadi araa, SeuZlia iyos logikuri. Seuracxadni ar 

gamodgebian nafic msajulebad. arcerT Sens vaJs ar SeuZlia iyos logikuri. 

amdenad, arcerTi Seni vaJi ar gamodgeba nafic msajulad. 

 

(g)  ixvebi ar cekvaven. arcerTi oficeri arasdros uars ar ambobs cekvaze. 

Sinauri frinvelebidan mxolod ixvebi myavs. amdenad, Cemi Sinauri frinvelebi 

ar arian oficrebi. 

 

(d) yvela xmovani sonorulia. yvela xSuli Cqamieria. araferi ar aris 

erTdroulad sonorulic da Cqamieric. amdenad, araferi araa erTdroulad 

xmovanic da xSulic.  

 

(e)  arc erT lingvists ar sjera analogiis principis. yvelas, bihevioristebis 

garda, sjera analogiis principis. arc erTi dietologi ar aris 

bihevioristi. deidaCemi dietologia. amdenad, arsebos iseTi viRac, vinc arc 

lingvistia da arc bihevioristi. 

 

 

9. beTsis cxriluri meTodiT daasabuTeT Semdegi gamonaTqvamebis (formulebis) 

zogadmarTebuleba. im SemTxvevaSi, Tu formula arazogadmarTebulia, aageT misi 

uarmyofeli magaliTi. 

 

 (a) (x)F(x)  (x)F(x)   

   (b) (x)(y)R(x, y)  (y)(x)R(x, y)   

 (g) (y)(x)R(x, y)  (x)(y) R(x, y) 

 
 

10. aageT Semdegi gamonaTqvamebis formaluri damtkicebebi: 

 

 (a) Tu A  B da B  C, maSin A  C.  
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 (b) Tu A  B da A ⊈ C, maSin B ⊈ C. 

 
 

11. aageT Semdegi gamonaTqvamebis araformaluri damtkicebebi: 

 

 (a) A – B  A 

(b) ((A – B)(B – A)=)  mmm, roca A = B 

   (g) A  B’ mmm, roca A da B arian urTierT araTanamkveTebi 

 (d) A  B mmm, roca A (B– A)=B 

(e) (A) (B) = (A  B) 

 (v) (A) (B)  (A  B) 

 
 

12. aageT 3-2 cxriliT mocemuli oradgiliani mimarTebebis Tvisebebis  

araformaluri damtkicebebi. im SemTxvevaSi, Tu romelime Tviseba ar aris 

calsaxad gansazRvruli, aageT magaliTebi, romlebiTac calsaxad ixsneba 

aRniSnuli aracalsaxad gansazRvrulobis mizezebi. 

 




