
 

   Semamoklebeli simboloebis Sesaxeb qarTul enaSi 

 anotacia 

naSromSi keTdeba paraleli aRniSvnaTa TeoriaSi ganmartebul Semamoklebel 

simboloebsa da qarTul bunebriv enaSi arsebul Semamoklebel sityvebs 

Soris, da naCvenebia rom Tu qarTul enis mcire fragments Tu ganvixilavT 

rogorc ganviTarebis raRac etapze myofi 𝑇 tipis enad, maSin sityvebi 

romlebic qarTulSi axdenen sxvadasxva enobrivi Tu azrovnebiTi formebis 

Semoklebas, ganixileba rogorc Semamoklebeli simbolo da mieTiTeba Tu 

romeli tipis Semamoklebeli simboloa da rac mTavaria da rac aris 

naSromis mizani esaa imis Cveneba Tu rogor itvirTeba aRniSvnaTa Teoriis 

formalurad ganviTarebis mqone unaris maTematikuri ena bunebrivi qarTuli 

enis mkacri maTematikuri meTodebiT SeswavlaSi. 
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1. Sesavali  

xelovnuri inteleqtis amocanis Camoyalibebam, da misi gadaWris kvlevisas 

miRebulma Sedegebma miiyvana mecniereba im daskvnamde rom saWiro iyo, 

bunebrivi enebis mkacri, formalur-maTematikuri meTodebiT, Seswavla.  rasac 

mohyva sazRvargareT moyva lingvistur-maTematikuri xazebis ganviTareba. 

ZiriTadad viTardeboda ori samecniero xazi, xomskiseuli da montegiuseuli, 

amaTgan pirveli  gvTavazobda iseTi nakeTobis, avtomatis moZiebas romelic, 

SeZlebda aego sityviTi masalis safuZvelze am enisTvis damaxasiaTebeli 

yvela SesaZlo swori enobrivi gamosaxuleba, xolo meore anu montegiu, 

romelic  Tvlida, rom bunebriv enas da maTematikur enas Soris didi 

gansxvaveba ar aris, swori enobrivi abstragirebis gzit moeZia maTi 

interpretirebadi formaluri saxeebi, igi axerxebda sintaqsur 

konstruqciebTan semantikuri Sinaarsebis mikavSirebas. mis saxels ukavSirdeba 

bunebrivi enis farglebSi, maTematikur-semantikuri kvlevebis ganviTareba. 

bunebrivi qarTuli enis mkacri maTematikuri meTodebiT SeswavlisaTvis, 

bunebrivia da cxadia rom ar gamodgeba sazRvargareTSi miRweuli Sedegebis 

gadmoqarTuleba, qarTuli enis gansxvavebuli bunebis gamo. swored am 

miznebiT dawyebuli kvlevebis Sedegad Camoyalibda msoflxedva romlis 

mixedviTac, qarTuli da maTematikuri ena erTtipobrivi enebia, rac imas 

niSnavs rom rogorc maTematikur enaSi yoveli simbolo xasiaTdeba 

adgilianobiT, adgilis tipiT da Sedegis tipiT iseve xasiaTdeba qarTuli 

enis sityvebi. 

rogorc kvlvebma aCvenes, aRniSvnaTa Teoria, mniSvnelovnad itvirTeba 

qarTulis mkacri maTematikuri meTodebiT Seswavlisas, ris mcire 

dasabuTebadac SeiZleba CaiTvalos es naSromi. 

is faqti rom bunebriv enaSi bevri sityva ganisazRvreba sxva sityvebiT, 

gvafiqrebinebs rom am bevr sityvaSi arian iseTebic romlebic calsaxad 

ganisazRvrebian ufro “martivi” sityvebiT, romlebsac “Zireulsac” vuwodebT. 

anu Tu Cven gvaqvs mkacrad gaazrebuli ras niSnavs es Zireuli sityva, 

gaviazrebT maT mier gansazRvrulsac, anu Tu gvaqs anbanSi “Zireuli” 



sityvebi, da romelime sityva ganisazRvreba am sityvebiT calsaxad, maSin es 

sityva iqneba Semokleba im sityvebisgan gakeTebuli enobrivi formisa 

romlebiTac is ganisazRvra, da kidev mniSvnelovania is rom  Tu enaSi 

gaCndeba axali sityva romelic ganisazRvreba adre gansazRvruli sityvebiT 

maSin misi mniSvnelobac calsaxad ganisazRvreba, anu faqtiurad enis 

ganviTarebisa da Secvlis SemTxvevaSi rac aucileblad moxdeba formalizmic 

uproblemod Seicvleba. es mosazreba rom ubralod mosazrebaa araa da rom 

qarTulSi rom marTlac arsebobs sityvebi, iseTebi romlebic arian sxva 

sityvebiT gakeTebuli formebis Semokleba sabuTdeba am naSromSi, miuxedavad 

ganxiluli magaliTebis arcTu ise didi ricxvisa, naSromis daskvniT nawilSi  

miTiTebulia mTeli rigi Semamoklebeli ideebis romlebic agreTve 

Semamoklebeli sityvebi arian. 

 

 

 

2. Τ formaluri Teoria  

Τ Teoriis alfabetSi gveqneba zogierT an yvela qvemoT CamoTvlili 

simboloebidan. 

1) propziciuli asoebi, es aris saerTo saxeli propoziciuli cvladebis 

𝑃0,𝑃1,𝑃2,... (1) da propoziciul konstantebis, romelTa Soris arian ZiriTadi 

sakuTrivi konstantebi 𝑡 da 𝑓 da ZiriTadi arasakuTrivi propoziciuli 

konstantebi 𝑃0
, , 𝑃1

,, 𝑃2
, ,... … (2). am ukanasknelebis garda SeiZleba iyos sasruli an 

Tvladi raodenobiT sxva ZiriTadi propoziciuli konstantebic. 

2) 𝑆0,𝑆1,𝑆2,... (3) sagnobrivi cvladebi da 𝑆0
, , 𝑆1

, , 𝑆2
, ,... …(4) arasakuTrivi 

sagnobrivi konstantebi.  amaT garda SeiZleba iyos sasruli an Tvladi 



raodenobiT ZiriTadi sakuTrivi an araskuTrivi konstantebi. sagnobrivi aso 

aris sagnobriv cvladebisa da sagnobriv konstantebis saerTo saxeli. 

3) ZirTadi martivi logikuri operatorebi (sasruli an Tvladi 

raodenobiT): operatoris logikuroba niSanvs imas, rom is moqmedebs 

formulebze da Tu Sedegic formulaa mas ewodeba relaciuri logikuri 

operatori, xolo Tu Sedegi termia maSin mas ewodeba substanciuri 

logikuri operatori. amaTgan pirvelebs ZiriTad logikur kavSirebs an 

ZiriTad propoziciuli kavSirebs uwodeben. 

SeniSvna  zemoT Cven vaxseneT formula da termi ise rom isini ar 

gangvimartia magram isini naxsenebia arian mxolod im mizniT rom moxdes 

terminebis sworad gageba da maTTvis swori Sinaarsis micema. 

4) predikatuli asoebi: es aris 𝒏-adgiliani predikatuli cvladebis  

𝑃0
𝑛 , 𝑃1

𝑛 , 𝑃2
𝑛 ,... 𝑛 = 1,2, …… (5) da ZiriTadi arasakuTrivi 𝒏-adgiliani predikatuli 

konstantebis 𝑃0
𝑛    , 𝑃1

𝑛    , 𝑃2
𝑛    ,... 𝑛 = 1,2, …… (6) saerTo saxeli am ukansknelebis garda 

SeiZleba iyos sasruli an Tvladi raodenobiT sakuTrivi an arasakuTrivi 𝑛-

adgiliani predikatuli konstantebi. 

5) 𝒏-adgiliani substanciuri funqcionaluri cvladebi φφ0
𝑛 , φ1

𝑛  φ2
𝑛 ,... 𝑛 =

1,2, …… (7) da ZiriTadi arasakuTrivi 𝒏-adgiliani substanciuri 

funqcionaluri konstantebi φ0
𝑛    ,  φφ1

𝑛     ,  φ2
𝑛    , ... 𝑛 = 1,2, …… (8) garda am 

ukansknelebisa SeiZleba iyos sakuTrivi an araskuTrivi 𝑛-adgiliani 

substanciuri funqcionaluri konstantebi Tvladi an sasruli raodenobiT. 𝑛-

adgiliani substanciuri funqcionaluri cvladebis da 𝑛-adgiliani 

substanciuri funqcionaluri konstantebis saerTo saxeli aris 𝒏-adgiliani 

funqcia an 𝒏-adgiliani substanciuri funqcionaluri aso an 𝒏-adgiliani 

specialuri substanciuri funqcionaluri aso. 

6) ZiriTadi martivi logiko-specialuri operatorebi (sasruli an Tvladi 

raodenobiT): eseni  arian an relaciuri an substanciuri imisda mixedviT 

Sedegi formulaaa Tu termi. logiko-specialuri operatori moqmedebs 

rogorc termebze aseve formulebze anu misi adgilebidan nawili termebis 

nawili ki formulebis adgilebia. 



SeniSvna Cven isev visargebleT sityvebiT termi da formula ise rom ar 

gangvimartia isini, rac isev da isev sakiTxis Sinaarsuli gagebis mizniT 

gakeTda. 

7) ZiriTadi operatoruli niSnebi  (Tvladi an sasruli raodenobiT) 

TiToeuli maTgani aris  a) an logikuri an specialuri an logiko-

specialuri b) an relaciuri an substanciuri g) an sruli an arasruli 

(nawilobrivi).  

amasTan igulisxmeba rom  Τ Teoriis alfabeti Semdegi ori pirobidan erTs 

mainc akmayofilebs (𝒂) Τ Teoriis alfabeti Seicavs an propoziciul 

cvladebs (1) an propoziciul konstantebs (2) da Τ TeoriaSi aris erTi mainc 

aranuladgiliani logikuri operatori. (𝒃) Τ Teoriis alfabeti Seicavs an 

sagnobriv cvladebs (3) an sagnobriv konstantebs (4) da Τ TeoriaSi aris erTi 

mainc aranuladgiliani specialuri operatori. amas garda moiTxoveba rom 

sruldebodes Semdegi 2 piroba (𝒄) Tu Τ Teoriis alfabeti (1)-(8) 

mimdevrobebidan erT wevrs mainc Seicavs maSin Seicavs am mimdevrobidan yvela 

wevrs. (𝒅) Tu Τ TeoriaSi aris erTi aranuladgiliani specialuri operatori 

maSin sruldeba (𝒃).  

TiToeul ZiriTad operatorul niSans miewereba naturaluri ricxvebis 

wyvili romelsac wonas vuwodebT. Tu 𝝈 operatoruli niSnis wonaa  𝒏,𝒎 , 

maSin 𝝈𝒂𝟏…𝒂𝒎 tipis sityvas, sadac 𝒂𝟏…𝒂𝒎  arian (1) - (8) midevrobis asoebi, 

ZiriTadi Sedgenili operatori, anu ZiriTadi kvantori ewodeba. imisda 

mixedviT, Tu rogoria 𝝈 operatoruli niSani, 𝝈𝒂𝟏…𝒂𝒎  aris an logikuri, an 

specialuri, an logiko-specialuri, an relaciuri, an substanciuri, an 

sruli, an arasruli.  

TiToeul ZiriTad operators wonis saxiT miwerili aqvs nulisgan 

gansxvavebuli naturaluri ricxvi, ise rom (𝑛,𝑚) woniani operatoruli 

niSnisgan miRebuli operatoris wonaa 𝑛, (5) - (8) mimdevrobebis wevrebis wonaa 

maTi zeda indeqsi. operators woniT 𝑛 ewodeba 𝒏-adgiliani, xolo 



operatorul niSans woniT  𝑛,𝑚  ewodeba 𝒏-adgiliani 𝒎-aruli.  𝜎𝑎1 …𝑎𝑚 

gamosaxulebaSi 𝑎1 …𝑎𝑚asoebs ewodebaT operatoruli asoebi. 

TiToeul ZiriTad 𝑛-adgilian logiko-specialur operatorul niSans da 

Sesabamisad operators wonis garda kidev miewereba logikurobis maCvenebli 

aracieli dalagebuli (𝑛1 …𝑛𝑘)     1 ≤ 𝑛1 < ⋯ < 𝑛𝑘 ≤ 𝑛 sistemis saxiT. 

aseve yovel ZiriTad arasrul 𝑛-adgilian operatorul niSans miewereba 

bmulobis  maCvenebli aracarieli dalagebuli (𝑛1 …𝑛𝑘)     1 ≤ 𝑛1 < ⋯ < 𝑛𝑘 ≤ 𝑛 

sistemis saxiT, rac aseve miewereba am operatoruli niSnisgan miRebul 

Sedgenil operators (kvantors). 

bunebrivia miviCnioT, rom 𝑛-adiliani logikuri, Sesabamisad specialuri 

operatoruli niSnebis logikurobis maCvenebeli aris (1,2,....𝑛), Sesabamisad ( ) 

(aq  ( ) carieli sistemaa). sruli operatoruli kvantoruli niSnis bmulobis 

maCvenebili aris (1,2,..., 𝑛). 

Τ Teoriis ZiriTadi operatorebisgan moiTxoveba rom sruldebodes Semdegi 

pirobebi: 

 1) Tu ori Sedgenili operatoridan, romlebic miRebulia 𝝈 ZiriTadi 

operatoruli niSnisgan erTis operatoris me-𝑘-e operatorul asos SevcvliT 

meore operatoris me-𝑘-e operatoruli asoTi, miviRebT Sedgenil operators. 

 2) Tu Sedgenil operatorSi SevcvliT operatorul konstantas misive 

tipis kvantoruli asoTi miviRebT operators. 

    3) Tu Sedgenil operatorSi SevcvliT operatorul cvlads misi tipis 

cvladiT miviRebT operators. 

formula da termi Τ TeoriaSi 

1. propoziciuli asoebi arian formulebi, sagnobrivi asoebi arian termebi. 



2. Tu 𝝈 aris ZiriTadi 𝑛-adgiliani logikuri operatori, Sesabamisad 

specialuri operatori, Sesabamisad logiko-specialuri operatori (𝑛1 …𝑛𝑘)  

logikurobis maCvenebliT da 𝐴1 … 𝐴𝑛 arian formulebi, Sesabamisad termebi, 

Sesabamisad  𝐴𝑛1
… 𝐴𝑛𝑘

 aris 𝐴1 … 𝐴𝑛 mimdevrobis iseTi maqsimaluri 

qvemimdevroba, romlis yvela wevria formula, maSin  𝝈𝐴1 … 𝐴𝑛 aris an 

formula an termi, imisda mixeviT relaciuria Tu substanciuria 𝝈. 

formulis da termis saerTo saxelia forma. formulebs ewodebaT 

propoziciuli formebi xolo termebs sagnobrivi formebi. 

SeniSvna Cveni amocanisaTvis araa saWiro davafiqsiroT Τ Teoriis 

aqsiomebi da gamoyvanis wesebi da amitom ara gavakeTebT amas.  

SeniSvna SemdegSi SeiZleba terms vuwodoT 𝑒-tipis forma xolo 

formulas 𝑡-tipis forma. 

SeniSvna 𝜎𝑋1 … 𝑋𝑛 gamosaxulebas, sadac 𝜎 aris 𝑛-adgiliani ZiriTadi 

specialuri operatori da 𝑋1 … 𝑋𝑛 arian sagnobrivi asoebi ewodeba 

atomaluri formula. 

 

sailustraciod moviyvanoT sxvadasxva operatorebis magaliTebi maTematikaSi 

da enaSi.  

1. logiko-relaciuria 𝐴 niSnavs, rom 𝐴: 𝑇𝑛 →  𝑇, anu 𝐴 moqmedebs ra 

formulebze Sedegad gvaZlevs isev formulas, amis magaliTebad gamodgeba 

kavSirebi ∧, ∨,→,↔  

2. logiko-specialuri 𝐴 niSnavs, rom 𝐴: 𝑇𝑛 →  𝐸, anu 𝐴 operatoris 

moqmedebis Sedegi 𝑡-tipis formaze, anu formulaze aris 𝑒-tipis forma, anu 

termi. aseTi operatoris magaliTad gamodgeba 𝜏𝑥 , enaSi sityvebi vinc, rac, 

romelic.. 



3. specialur-relaciuria 𝐴 niSnavs, rom 𝐴: 𝐸𝑛 →  𝑇,  anu 𝐴 operatori 

moqmedebs termebze da Sedegad gvaZlevs formulas. aseTi operatoris 

magaliTebad gamodgebian predikatebi. mag. >, =,≥,≤ da a.S., qarTul enaSi 

predikatebis analogebia zmnebi magaliTad cems; murTazi cems zazas.  

termebidan murTazi da zaza cems predikatiT miviReT gamonaTqvami, anu 

formula. 

4. specialur-substanciuria 𝐴 niSnavs, rom 𝐴: 𝐸𝑛 →  𝐸, anu 𝐴 moqmedebs 

termebze da Sedegic aris termi. aseTi operatoris magaliTebia Cveulebrivi 

funqciebi. specialur-substanciuria operatoris enobrivi magaliTi aris 

zedsarTavi saxeli, mag: wiTeli, wiTeli vaSli,  wiTelma, rogorc 

operatorma, imoqmeda vaSlze, rogorc termze, da Sedegad mogvca termi. 

5. logiko-specialur relaciuria 𝐴 niSnavs, rom 𝐴: 𝑇𝑚 × 𝐸𝑛 →  𝑇, anu 

𝐴 moqmedebs rogorc termebze, ise formulbze da Sedegad gvaZlevs formulas. 

aseTi operatoris magaliTi maTematikaSi aris 𝐴 𝑎, 𝑏, 𝑃 =  (𝑎 > 𝑏) ↔ 𝑃 , sadac 

𝑎, 𝑏 termebia da 𝑃 formulaa. enaSi aseTi operatoris magaliTia fiqrobs rom, 

Tvlis rom, mag: sandro Tvlis, rom orjer ori oTxia. Tvlis, rom operatori 

moqmedebs termze sandro da formulaze orjer ori oTxia  da Sedegad 

gvaZlevs formulas. 

6. logiko-specialur substanciuria 𝐴 niSnavs, rom 𝐴: 𝑇𝑚 × 𝐸𝑛 →  𝐸,  anu 𝐴 

moqmedebs rogorc termebze ise formulebze da da Sedegs gvaZlevs 

formulas. aseTi operatoris magaliTi maTematikaSi iqneba  𝐴 𝑥, 𝑃 =

𝐼 𝑦 𝑃 𝑦 =𝑡  𝑥 . enaSi aseTi operatoris magaliTia is Rori, romelic rkozea 

gazrdili. aq oradgiliani operatoria “is ..., romelic ...”. amasTan, misi 

pirveli, termisTvis gankuTvnili adgili Cven magaliTSi ukavia terms Rori, 

xolo misi meore, formulisTvis gankuTvnili adgili ukavia formulas 

rkozea gazrdili. 

sxvadasxva maTematikur TeoriebSi Cndeba saWiroeba SemovitanoT 

Semamoklebeli simboloebi, romlebsac warmoebul simboloebsac uwodeben 

xolme. Semamoklebeli simbolo, rogorc saxelidanac Cans, iZleva enaSi 



arsebuli didi gamosaxulebis mokled Caweris saSualebas (mkacr ganmartebas 

qveviT moviyvanT) da igi, Teoriis enobrivi TvalsazrisiT, axali, warmoebuli 

simboloa. amasTan, Tu Τ Teoriis alfabets davumatebT am axlad Semotanil 

Semamoklebel simbolos, miviRebT am axali Semamoklebuli simboloT 

gafarToebul Teoriasa da enas.  

 

Semamoklebeli simbolos gansazRvravad gamoiyeneba “________” aRniSvna, rac 

Semdegnairad ikiTxeba “ ... aris Semokleba  ...” 

amgvarad, aRniSnaTa TeoriaSi Semamoklebeli simboloebisTvis ganixileba 

𝜎𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛_______𝐵 

saxis gansazRvrebebi, sadac 𝐵 aris Zveli, anu gasafarToebeli Teoriis 

alfabetis asoebiT (sityvebiT) Sedgenili sityva (winadadeba),  xolo marcxena 

mxares mdgomi gamosaxuleba aris misi Semokleba, 𝜎 ki aris am gansazRvriT 

gansazRvrebadi axali Semamoklebeli simbolo. aq 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛  arian 

metacvladebi da Tanac: an (1) TiToeuli 𝐴𝑖 metacvladis mniSvnelobaTa are 

aris Teoriis yvela formulebis klasi an (2) TiToeuli 𝐴𝑖 metacvladis 

mniSvnelobaTa area yvela Termebis klasi an (3) zogierTi metacvladis 

mniSvnelobaTa area yvela formulebis klasi da danarCeni 𝐴𝑖 metacvladebis 

mniSvnelobaTa area yvela Termebis klasi. garda amisa, yoveli metacvladi 𝑎𝑖-

s mniSvnelobaTa are aris iseTi 𝐾𝑖 kvantoruli asoebis klasi, romelic 

Seicavs yvela cvlads, romelTa tipic emTxveva misi romelime elementis tips 

da yvela kvantoruli tipis konstantebs romelic emTxveva mis romelime 

elementis tips. 

imis mixedviT Tu rogoria 𝐵, gvaqavs Semamoklebeli simboloebis gansazRvris 

sxvadasxva tipebi. sul aris 7 tipi. Cveni mizania moviZioT enaSi 

Semamoklebeli. 

 



I tipis Semamoklebeli simboloebi 

Semamoklebeli simbolo aris I tipis, Tu sruldeba Semdegi pirobebi:  

(a) Semamoklebeli simbolos gansazRvris marjvena mxare aris 𝑇 Teoriis 

forma, romelic Sedgenilia 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 metacvladebis gamoyenebiT ise, rom 

TiToeuli maTgani Sedis am formaSi, da yvela cxadi saxiT arsebuli 

kvantoruli asoebi da aseve 𝑎1 …𝑎𝑚 metaasoebi dabmulebi arian. amasTan, 

moiZebneba 1,2, … 𝑛 mimdevrobis iseTi qvemimdevroba 𝑛1 …𝑛𝑙 , rom yoveli 𝐴𝑛1
…𝐴𝑛𝑙

 

metacvladi imyofeba iseTi kvantoris moqmedebis arealSi, romlis 

operatorul asoTa Soris gvxvdebian 𝑎1 …𝑎𝑚 metaasoebi da mxolod isini, da 

danarCeni 𝐴𝑗 -ebi ar imyofebian kvantoris moqmedebis areSi. amas garda 𝑛1 …𝑛𝑙 

mimdevroba carielia maSin, da mxolod maSin roca 𝑚 = 0. B 

(b) Tu 𝑎1
′ , … , 𝑎𝑚

′  aris 𝑎1 …𝑎𝑚 metacvladebis mniSvnelobebis nebismieri sistema, 

da 𝐵′ ≈ (𝑎1
′ , … , 𝑎𝑚

′ /: 𝑎1 …𝑎𝑚 )𝐵 (aq " ≈ " aRniSanvs grafikul tolobas, 

xolo"/: " erTdoul Casmas), maSin Tu 𝑎 aris 𝐵′-is iseTi aso, romelic 

Seesabameba 𝐵 formis kvantorul asos, da 𝑎∗ aris 𝐵′ gamosaxulebis iseTi aso, 

romelic aris romelime 𝑎𝑗
′  asos CasmiTi  Semosvla, maSin arcerTi 𝑎 da 𝑎∗  

asoebidan ar moqmedebs meoreze.  (b) piroba SegviZlia sxvanairad 

CamovayaliboT: “Tu 𝑎 aris 𝐵 formis aso da 1 ≤ 𝑖 ≤ 𝑚, maSin arcerTi 𝑎𝑖 da 𝑎 

asoebidan ar moqmedebs sxvaze. (𝑎𝑖  asos nebismieri mniSvnelobisTvis misi 

mniSvnelobaTa aredan)” 

moviyvanoT I tipis Semamoklebeli simbolos ramodenime magaliTi: 

1. ∅________𝜏𝑋∀𝑥(𝑥 ∉ 𝑋)  

2. ∃𝑥𝐴________ − ∀𝑥 − 𝐴 an 

3. ∀𝑥𝐴________ − ∃𝑥 − 𝐴  

4. 𝑡________𝑓 → 𝑓 

5. [−𝐴]________𝐴 → 𝑓 

6. [𝐴 ↚ 𝐵]________ − [𝐵 → 𝐴] 



7. [𝐴⋁𝐵]________[𝐴 → 𝐵] → 𝐵 

8. [𝐴 ∧ 𝐵]________[𝐴 → 𝐵] ↚ 𝐵 

9. [𝐴 ↔ 𝐵]________[𝐴 → 𝐵]⋀[𝐵 → 𝐴] 

10. [𝐴 ↮ 𝐵]________[𝐴 ↚ 𝐵]⋁𝐵 ↚ 𝐴] 

11. [𝐴 ← 𝐵] ________𝐵 → 𝐴 

kidev bevri magaliTis moyvana SeiZleba. 

I tipis Semamoklebeli simboloebis klass aqvs sami qveklasi 1. 𝑚 = 𝑛 = 0; 

2.𝑚 = 0⋀𝑛 ≠ 0 3. 𝑚 ≠ 0 da qviaT Sesabamisad  I1, I2, I3 tipis Semamoklebeli 

simboloebi. cxadia, rom I1 SemTxvevaSi 𝜎 aris an propoziciuli konstanta, an 

sagnobrivi, anu substanciuri konstanta, imis da mixedviT, Tu rogoria 𝐵. I2 

tipis SemTxveveaSi 𝜎 n-adgiliani operatoria da, Sesabamisad, marcxena mxares 

aqvs 𝜎𝐴1 … 𝐴𝑛 saxe.  I3 tipis SemTxvevaSi marcxena mxareSi mdgomi 𝜎 aris 

operatoruli niSani (𝑛,𝑚) woniT (𝑛1 …𝑛𝑙) bmulobis maCvenebliT. 

 II tipis Semamoklebeli simboloebi  

Semamoklebeli simbolo aris II tipis Tu sruldeba Semdegi pirobebi:  

(a1) Semamoklebeli simbolos gansazRvris marjvena mxare aris 𝑇 Teoriis 

forma, romelic Sedgenilia 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛𝑏1 …𝑏𝑘 metacvladebis gamoyenebiT 

ise, rom TiToeuli maTgani Sedis am formaSi, sadac 𝑏𝑖  aris metaaso romelic 

mniSvnelobebs iRebs an romelime tipis kvantoruli asoebis klasidan an 

romelime tipis  cvladis klasidan (𝑖 = 1,2, …𝑘). amas garda, 𝐵 formis yoveli 

kvantoruli aso romelic cxadi saxiTaa, da aseve metasoebi 𝑎1 …𝑎𝑚 , 𝑏1 …𝑏𝑘 

arian dabmulebi. da kidev, arsebobs (1,2, … , 𝑛) mimdevrobis iseTi qvemimdevroba 

𝑛1 …𝑛𝑙 , rom  𝐴𝑛1
…𝐴𝑛𝑙

 metacvladebidan nebimeiri imyofeba iseTi kvantorebis 

moqmedebis qveS, romelTa operatorul asoebs Soris arian 𝑎1 …𝑎𝑚 asoebi da 

maT garda am operatorul asoebs Soris SeiZleba Segvxdes mxolod zogierTi 

𝑏1 …𝑏𝑘 metaasoebidan, xolo danarCeni 𝐴𝑗 metacvladebi SeiZleba iyon mxolod 

iseTi kvantorebis moqmedebis areSi, romlis operatorul asoebs Soris 



SeiZleba iyvnen mxolod 𝑏1 …𝑏𝑘 metaasoebidan zogierTi an yvela. amasTan, 

𝑛1 …𝑛𝑙  mimdevroba maSin, mxolod maSin aris carieli, roca 𝑚 = 0, da bolos,  

𝑏1 …𝑏𝑘   mimdevrobaSi 𝑏𝑗 metaasoebis rigi Semamoklebeli simbolos gansazRvris 

marjvena mxareSi arsebul gamosaxulebaSi maTi Semosvlebis bunebrivi rigis 

mixedviT ganisazRvreba.  

(b) Tu 𝑎1
′ , … , 𝑎𝑚

′  aris 𝑎1 …𝑎𝑚 metacvladebis mniSvnelobebis nebismieri sistema 

da 𝐵′ ≈ (𝑎1
′ , … , 𝑎𝑚

′ /: 𝑎1 …𝑎𝑚 )𝐵 maSin, Tu 𝑎 aris 𝐵′ gamosaxulebis iseTi aso, 

romelic Seesabameba 𝐵 formis kvantorul asos, da 𝑎∗ aris 𝐵′ gamosaxulebis 

iseTi aso,  romelic aris romelime 𝑎𝑗
′   asos CasmiTi  Semosvla, maSin arcerTi 

𝑎 da 𝑎∗  asoebidan ar moqmedebs meoreze.   

(g) 𝑏1 …𝑏𝑘  metacvladebi, sxva metacvladebisgan gansxvavebiT, Tavis 

mniSvnelobebs ar iReben sxva metacvladebisgan damoukideblad. 

𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛𝑏1 …𝑏𝑘 metacvladebis mniSvnelobebaTa 

𝑎1
′ , … , 𝑎𝑚

′ , 𝐴1
′ , … , 𝐴𝑛

′ , 𝑏1
′ , … , 𝑏𝑘

′   sistema daSvebadia maSin, da mxolod maSin, roca 

sruldeba Semdegi ori piroba: (g1) 𝑏1
′ , … , 𝑏𝑘

′   asoebi gansxvavdebian erTmaneTisgan 

da 𝑎1
′ , … , 𝑎𝑚

′  asoebisgan. amis garda, isini ar arian 𝐴1
′ , … , 𝐴𝑛

′  formebis 

Tavisufali asoebi, da arcerT maTgans ar aqvs Semosvla 𝑇 Teoriis  

metacvladebisgan Sedgenil 𝐵 formaSi. (g2) 𝑏1
′ , … , 𝑏𝑘

′  asoebis indeqsebi arian 

minimalurebi. (igulisxmeba, rom 𝑎1
′ , … , 𝑎𝑚

′  asoebisa da 𝐴1
′ , … , 𝐴𝑛

′  formebis arCevis 

Semdeg (g1) da (g2) pirobebiT calsaxad isazRvreba jer 𝑏1
′ , Semdeg isev (g1) da 

(g2) pirobebis gamoyenebiT aseve calsaxad isazRvreba 𝑏2
′   da a.S..) 

cxadia Tu 𝑘 = 0 maSin sruldeba I tipis Semamoklebeli simboloebisTvis 

moTxovnili Tvisebebi, anu yvela I tipis  Semamoklebeli simbolo  

amavdroulad aris II tipis simboloc. amasTan, analogiurad I tipisa,  II tipis 

Semamoklebeli simboloebis klasic iyofa sam qveklasad: 1. 𝑚 = 𝑛 = 0; 2.𝑚 =

0⋀𝑛 ≠ 0 3. 𝑚 ≠ 0 da am qveklasebSi Sesabamisad  II1, II2, II3 tipis Semamoklebeli 

simboloebi erTiandebian. II tipis iseTi Semoklebul simbolo, romlisTvisac 

𝑘 ≠ 0, uwodeben sakuTriv II tipis simbolos. 



moviyvanoT II tipis Semamoklebeli sombolos ramodenime magaliTi (cxadia, 

zeviT moyvanili  I tipis simboloebis magaliTebi aqac gamodgebian). 

1. 𝑡________∀𝑥(𝑥 = 𝑥) 

2. [𝐴 ⊆ 𝐵]________∀𝑥[𝑥 ∈ 𝐴 → 𝑥 ∈ 𝐵], aq 𝐴 da 𝐵 nebismieri termebia, da 𝑥 

nebismieri iseTi sagnobrivi cvladia, romelsac ar aqvs Tavisufali 

Semosvlebi 𝐴 da 𝐵 termebSi. 

III tipis Semamoklebeli simboloebi  

𝑇𝑠 simboloTi avRniSnoT Teoria, romlis alfabetic miiReba 𝑇 Teoriis 

alfabetisagan 𝑆𝑇
𝑛+1 Casmis operatoris damatebiT 𝑛 = 1,2 , . . . , 𝑛 (𝑆𝑇

𝑛+1 aRniSvnis 

nacvlad xandaxan visargeblebT  𝑆𝑛+1  aRniSvniT).  Semamoklebeli simbolo 

aris III tipis Tu sruldeba Semdegi pirobebi:  

(a𝑠) Semamoklebeli simbolos gansazRvris marjvena mxare aris 𝑇𝑠 Teoriis 

forma, romelic Sedgenilia 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 metacvladebis gamoyenebiT ise, rom 

TiToeuli maTgani Sedis am formaSi, da yvela cxadi saxiT arsebuli 

kvantoruli asoebi da aseve 𝑎1 …𝑎𝑚 metaasoebi dabmulebi arian. amas garda 

moiZebneba 1,2, … 𝑛 mimdevrobis iseTi qvemimdevroba 𝑛1 …𝑛𝑙 , rom yoveli 𝐴𝑛1
…𝐴𝑛𝑙

 

metacvladi imyofeba iseTi kvantoris moqmedebis arealSi, romelis 

operatorul asoTa Soris gvxdebian 𝑎1 …𝑎𝑚 metaasoebi da mxolod isini, da 

danarCeni 𝐴𝑗 metacvladebi ar imyofebian kvantoris moqmedebis areSi. amasTan, 

𝑛1 …𝑛𝑙 mimdevroba carielia maSin, da mxolod maSin, roca 𝑚 = 0. 

(b𝑠) Tu 𝑎1
′ , … , 𝑎𝑚

′  aris 𝑎1 …𝑎𝑚 metacvladebis mniSvnelobebis nebismieri sistema 

da 𝐵′ ≈ (𝑎1
′ , … , 𝑎𝑚

′ /: 𝑠 𝑎1 …𝑎𝑚 )𝐵, maSin Tu 𝑎 aris 𝐵′ gamosaxulebis iseTi aso, 

romelic Seesabameba 𝐵 formis kvantorul asos, da 𝑎∗ aris 𝐵′ gamosaxulebis 

iseTi aso, romelic aris romelime 𝑎𝑗
′  asos CasmiTi  Semosvla, maSin arcerTi 𝑎 

da 𝑎∗  asoebidan ar moqmedebs meoreze.   



(d) vTqvaT  𝑇 Teoriis raime gafarToebaa 𝑇𝛼 , romelic ar Seicavs Casmis 

operatorul niSans,  da 𝛼 aris 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 metacvladebis mniSvnelobebis 

nebismieri sistema 𝑇𝛼 Teoriis mimarT. maSin 𝑇𝛼 Teoriis forma, romelic 

miiReba Semamoklebeli simobolos gansazRvris marcxena mxareSi 𝛼 sistemis 

CasmiT da  𝑇𝛼  Teoriis 𝐵
∗ formas, romelic aRniSnavs 𝐵𝑟

′ formas, aqvT 

Tavisufali kvantoruli asoebis erTnairi sistema. sadac 𝐵𝑟
′ aris 𝑇𝛼𝑟 Teoriis 

forma, romelic miiReba 𝐵 formisgan, masSi Casmis nebimieri operatoruli 

niSnis igive wonis pirdapiri Casmis operatoruli niSniT SecvliT da Semdeg 

miRebulSi 𝛼 sistemis CasmiT. 

mtkicdeba, rom I tipis Semamoklebeli simbolo aris agreTve mesame tipis 

Semamoklebeli simbolo. iseTi III tipis Semamoklebel simbolos, romelic 

araa I tipis, ewodeba sakuTriv III mesame tipis Semamoklebeli simbolo. 

kerZod eseTia Semdegi tipis Semokleba: ∃𝑋𝐴________(𝜏𝑋𝐴/𝑋)𝐴, sadac 𝑋 nebismieri 

kvantoruli sagnobrivi asoa, 𝐴 nebismieri formulaa, da 𝜏𝑋 aris nawarmoebi 

an ZiriTadi logikur substanciuri kvantori. es Semamomklebeli simbolo, 

cxadia, ar aris arc I tipis da arc II tipis. 

IV tipis Semamoklebeli simboloebi  

Semamoklebeli simbolo aris IV tipis Tu sruldeba Semdegi pirobebi:    

(a1𝑠)Semamoklebeli simbolos gansazRvris marjvena mxare aris 𝑇𝜉 Teoriis 

forma, romelic Sedgenilia 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛𝑏1 …𝑏𝑘 metacvladebis gamoyenebiT 

ise, rom TiToeuli maTgani Sedis am formaSi, sadac 𝑏𝑖  aris metaaso romelic 

mniSvnelobebs iRebs an romelime tipis kvantoruli asoebis klasidan an raime 

tipis  cvladis klasidan. (𝑖 = 1,2, …𝑘) amas garda, 𝐵 formis yoveli 

kvantoruli aso, romelic cxadi saxiTaa masSi, da aseve metasoebi 

𝑎1 …𝑎𝑚 , 𝑏1 …𝑏𝑘 arian dabmulebi. da kidev, arsebobs (1,2, … , 𝑛) mimdevrobis iseTi 

qvemimdevroba 𝑛1 …𝑛𝑙 , rom  𝐴𝑛1
…𝐴𝑛𝑙

 metacvladebidan nebismeiri imyofeba iseTi 

kvantorebis moqmedebis qveS, romelTa operatorul asoebs Soris arian 𝑎1 …𝑎𝑚 



metaasoebi da amaT garda mxolod zogierTi 𝑏1 …𝑏𝑘 metaasoebidan SeiZleba 

Segvxdes miTiTebuli kvantorebis operatorul asoTa Soris, da danarCeni 𝐴𝑗 

SeiZleba iyos mxolod iseTi kvantorebis moqmedebis areSi, romlis 

operatorul asoebSic 𝑏1 …𝑏𝑘 metacvladebidan mxolod zogierTi gvxdeba. 

𝑛1 …𝑛𝑙  mimdevroba maSin, da mxolod maSin aris carieli, roca 𝑚 = 0, da 

bolos,  𝑏1 …𝑏𝑘   mimdevrobaSi 𝑏𝑗 metaasoebs , rigi bunebrivad isazRvreba 

Semamoklebeli simbolos gansazRvris marjvena mxareSi, maTi Semosvlis 

rigiT.  

(b𝑠) Tu 𝑎1
′ , … , 𝑎𝑚

′  aris 𝑎1 …𝑎𝑚 metacvladebis mniSvnelobebis nebismieri sistema 

da 𝐵′ ≈ (𝑎1
′ , … , 𝑎𝑚

′ /: 𝑠 𝑎1 …𝑎𝑚 )𝐵, maSin Tu 𝑎 aris 𝐵′ gamosaxulebis iseTi aso, 

romelic Seesabameba 𝐵 formis kvantorul asos, da 𝑎∗ aris aso 𝐵′ 

gamosaxulebis sieTi aso, romelic aris romelime 𝑎𝑗
′  asos CasmiTi Semosvla, 

maSin arcerTi 𝑎 da 𝑎∗  asoebidan ar moqmedebs meoreze.   

(g) 𝑏1 …𝑏𝑘  metacvladebi, sxva metacvladebisgan gansxvavebiT, Tavis 

mniSvnelobebs ar iReben sxva metacvladebisgan damoukideblad. anu, 

𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛𝑏1 …𝑏𝑘 metacvladebis 𝑎1
′ , … , 𝑎𝑚

′ , 𝐴1
′ , … , 𝐴𝑛

′ , 𝑏1
′ , … , 𝑏𝑘

′   mniSvnelobaTa 

sistema daSvebadia maSin, da mxolod maSin, roca sruldeba Semdegi ori 

piroba (g1) 𝑏1
′ , … , 𝑏𝑘

′   asoebi gansxvavdebian erTmaneTisgan da 𝑎1
′ , … , 𝑎𝑚

′  asoebisgan, 

amis garda, isini ar arian Tavisufali asoebi 𝐴1
′ , … , 𝐴𝑛

′  formebisa, da arcerT 

maTgans ar aqvs Semosvla 𝑇𝑠 Teoriis metacvladebisgan Sedgenil 𝐵 formaSi. 

(g2) 𝑏1
′ , … , 𝑏𝑘

′  asoebis indeqsebi arian minimalurebi. (igulisxmeba rom 

𝑎1
′ , … , 𝑎𝑚

′  asoebisa da 𝐴1
′ , … , 𝐴𝑛

′  formebis arCevis Semdeg (g1) da (g2) pirobebiT 

calsaxad ganisazRvreba jer 𝑏1
′ , Semdeg isev (g1) da (g2) pirobebis gamoyenebiT 

calsaxad ganisazRvreba 𝑏2
′   da a.S..) 

(d ) vTqvaT  𝑇 Teoriis raime gafarToebaa  𝑇𝛼  , romelic ar Seicavs Casmis 

operatorul niSans, da 𝛼 aris 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 , 𝑏1 …𝑏𝑘 metacvladebis 

mniSvnelobaTa nebismieri sistema 𝑇𝛼 Teoriis mimarT, maSin 𝑇𝛼 Teoriis forma, 

romelic miiReba Semamoklebeli simbolos gansazRvris marcxena mxareSi 𝛼 



sistemis CasmiT da  𝑇𝛼  Teoriis 𝐵
∗formas, romelic aRniSnavs 𝐵𝑟

′ formas, aqvT 

Tavisufali kvantoruli asoebis erTnairi sistema. sadac 𝐵𝑟
′ aris 𝑇𝛼𝑟 Teoriis 

forma, romelic miiReba 𝐵 formisgan masSi yoveli Casmis operatoruli 

niSnis igive wonis pirdapiri Casmis operatoruli niSniT Secvlis da Semdeg 

miRebulSi 𝛼 sistemis Casmis Sedegad. 

advili dasanaxia, rom yvela III tipis simbolo aris iseTi IV tipis simbolo 

romelSic 𝑘 = 0. amasTan, cxadia isic, rom yvela I tipis Semamoklebeli 

simbolo amavdroulad IV tipis simbolocaa. 

V tipis Semamoklebeli simboloebi  

Semamoklebeli simbolo aris V tipis Tu sruldeba Semdegi pirobebi:    

(a ) gansazRvris marjvena mxare 𝐵 aris metamaTematikuri gamosaxulebaa, 

romelic Seicavs zustad 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 metacvladebs, da romelic gaxdeba 𝑇 

Teoriis calsaxad gansazRvruli forma masSi 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 metcvladebis 

mniSvnelobaTa nebismieri sistemis CasmiT. amas garda, sabolood, formaSi 

SeiZleba gvxdebodes mxolod iseTi Semamoklebeli simboloebi da ZiriTadi 

an nawarmoebi operatorebi romlebic arian an 𝐵 gamosaxulebaSi, an 

𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 metcvladebis mniSvnelobebis ganxilul sistemaSi. 

(d ) vTqvaT 𝛼 aris 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 metacvladebis mniSvnelobaTa raime sistema 𝑇 

Teoriis mimarT, maSin 𝛼 sistemis CasmiT gansazRvraSi, 𝑇 Teoriis formas, 

romelic gansazRvris marcxena mxareSi miiReba da 𝑇 Teoriis formas, 

romelic gansazRvris marjvena mxareSi miiReba da aRiniSneba 𝐵′ 

gamosaxulebiT, aqvT Tavisufali asoebis erTidaigive sistema. 

(e ) Tu 𝑎1
′ , … , 𝑎𝑚

′ , 𝐴1
′ , … , 𝐴𝑛

′   da 𝑎1
′ , … , 𝑎𝑚

′ , 𝐴1
′′ , … , 𝐴𝑛

′′ , arian 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 

metacvladebis mniSvnelobaTa iseTi sistemebi, rom 𝐴𝑖
′ ≃ 𝐴𝑖

′′  (𝑖 = 1,2…𝑛), maSin am 

sistemebis gansazRvris marjvena mxareSi CasmiT miRebuli formebi 

kongruentulia.  (“ ” aRniSnavs kongruentulobas, 𝐴 da 𝐵 formebs ewodebaT 



kongruentulni, Tu maT aqvT erTnairi sigrZe, da kanonikuri asaxvisas (asaxvas 

erTnairi sigrZis  𝐴 da 𝐵 formebs Soris ewodeba kanonikuri, Tu 𝐴 

gamosaxulebis 𝑖-ur simbolos Seesabameba 𝐵 gamosaxulebis 𝑖-uri simbolo) 𝐴 

gamosaxulebis yovel dabmul asos Seesabameba 𝐵 gamosaxulebis igive tipis 

aso da 𝐴 gamosaxulebis yovel Tavisufal asos Seesabameba 𝐵 gamosaxulebis 

igive aso).  

VI tipis Semamoklebeli simboloebi  

Semamoklebeli simbolo aris V tipis Tu sruldeba Semdegi pirobebi:    

(a ) gansazRvris marjvena mxare 𝐵 aris metamaTematikuri gamonaTqvami, 

romelic Seicavs zustad 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛𝑏1 …𝑏𝑘 metacvladebs, da romelic 

gaxdeba 𝑇 Teoriis calsaxad gansazRvruli forma masSi 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛𝑏1 …𝑏𝑘 

metcvladebis nebismieri mniSvnelobebis sistemis Casmisas. amas garda, 

sabolood formaSi SeiZleba gvxdebodes mxolod iseTi Semamoklebeli 

simboloebi da ZiriTadi an nawarmoebi operatorebi romlebic arian 𝐵-Si an 

𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 metcvladebis mniSvnelobebis ganxilul sistemaSi. amas garda 

𝑏𝑖  aris metaaso, romlis mniSvnelobaTa aris an yvela raime kvantorul asoTa 

klasi, an raime tipis yvela cvladis klasi.  

(g*) 𝑏1 …𝑏𝑘  metacvladebi, sxva metacvladebisgan gansxvavebiT, Tavis 

mniSvnelobebs ar iReben sxva metacvladebisgan damoukideblad. 

𝑎1
′ , … , 𝑎𝑚

′ , 𝐴1
′ , … , 𝐴𝑛

′ , 𝑏1
′ , … , 𝑏𝑘

′   , 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛𝑏1 …𝑏𝑘 -is mniSvnelobebis sistema 

daSvebadia maSinda mxolod maSin roca sruldeba Semdegi ori piroba:                                          

(g1*) 𝑏1
′ , … , 𝑏𝑘

′   asoebi gansxvavdebian erTmaneTisgan da 𝑎1
′ , … , 𝑎𝑚

′  -sgan, amis garda 

ar arian Tavisufali asoebi 𝐴1
′ , … , 𝐴𝑛

′  formebisa, da arcerT maTgans ar aqvs 

Semosvla metamaTematikur gamonaTqva  𝐵 -Si.                                               

(g2*) 𝑏1
′ , … , 𝑏𝑘

′ -is indeqsebi arian minimalurebi. 

(d ) vTqvaT 𝛼 aris 𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 metacvladebis mniSvnelobebis raime sistema 

𝑇-s mimarT, maSin 𝛼-s CasmiT gansazRvraSi, 𝑇 Teoriis formas romelic 



gansazRvris marcxena mxareSi miiReba da 𝑇 Teoriis formas romelic 

gansazRvris marjvena mxareSi miiReba, aqvT Tavisufali kvantoruli asoebis 

erTidaigive sistema. 

(e ) Tu 𝑎1
′ , … , 𝑎𝑚

′ , 𝐴1
′ , … , 𝐴𝑛

′ 𝑏1
′ , … , 𝑏𝑘

′   da 𝑎1
′ , … , 𝑎𝑚

′ , 𝐴1
′′ , … , 𝐴𝑛

′′ 𝑏1
′′ , … , 𝑏𝑘

′′ ,  𝑎1 …𝑎𝑚𝐴1 …𝐴𝑛 -is 

metacvladebis mniSvnelobaTa iseTi sistemebia rom 𝐴𝑖
′ ≃  𝐴𝑖

′′  𝑖 = 1,2…𝑛, maSin am 

sistemebis gansazRvris marjvena mxareSi CasmiT miRebuli formebi 

kongruentulia.  

 kavSiri sxvadasxva tipis Semamoklebel simboloebs Soris 

rogorc sxvadasxva tipis Semamoklebeli simboloebis gansazRvrisas ukve 

avRniSneT, ama Tu im tipis Semamoklebeli simbolo agreTve SeiZleba iyos 

sxva tipis Semamoklebeli simboloc. is faqti, rom 𝐴 tipis Semamoklebeli 

simbolo aris  𝐵 tipisac, CavweroT Semdegnairad 𝐴 ⟶ 𝐵. 𝐴 ⟶ 𝐵 da 𝐵 ⟶ 𝐶 

Canaweris magivrad CavweroT 

𝐴 ⟶ 𝐵 ⟶ 𝐶. 

mtkicdeba rom adgili aqvs 

Semdegs:   

anu, adgili aqvs Semdegs simravlur diagramas  

 

                                        zogi CarTva trivialuria, magaliTad:                  

                                           I ⟶ II  es cxadia Tu k = 0. 

                                           aseve cxadia, rom  III ⟶ IV.     

                                     II ⟶ IV. es imitom rom II pirobebis     

                                           Sesrulebis SemTxvevaSi sruldeba   

IV ⟵ II ⟵ I ⟶ III ⟶ IV 

      ↓  ↓ 

      V ⟶ VI 



 (d ). arc sxva CarTvebis marTobulobis Cvenebaa rTuli da Cveni miznebisTvis 

aucilebeli, amitom ar gavakeTebT amas.          

arsebobs kidev, egreT wodebuli meSvide tipi, Tumca man didi gamoyeneba ver 

hpova. Cveni  winaswari dakvirvebiT da azriT bunebriv enaSi xSiri unda iyos 

msgavsi tipis Semamoklebeli simboloebi. Tu vTqvaT enaSi ar gvaqvs sakuTriv 

konstantebi magram gvaqvs cvladebi, sakuTrivi konstantebis Semosatanad 

xSirad iyeneben Semdegnair gansazRvras romelic propoziciuli konstantis 

ar qonis SemTxvevaSi propoziciuli cvladebiT gansazRvravs propoziciuli 

konstantas.    magaliTad 𝑡________𝑝⋁ − 𝑝     𝑓________𝑝 ∧ −𝑝.  

                     

3. aRniSvnaTa Teoriisaa da qarTuli enisa da azrovnebis  

maTematikuri Teoriis SemuSavebis amocanis 

urTierTkavSirebi  

ras vgulisxmobT, rodesac vsaubrobT bunebrivi  enisa da azrovnebis 

maTematikuri Teoriis SemuSavebaze? _ es gulisxmobs am bunebrivis enisa da 

am eniT mocemuli azrovnebis izomorfuli Teoriis SemuSavebas. amasTan, is, 

rom es SesaZlebelia qarTuli enisTvis, emyareba qarTuli enis sityvebis 

maTematikuri aRweris ukve sakmarisi ZaliT dadasturebul SesaZleblobas. 

kerZod, aq saubaria qarTuli enis sityvebis operatorul aRweraze 

adgilianobis, adgilis tipisa da aRsaweri sityvis, rogorc operatoris, 

mniSvnelobaTa tipis mixedviT. gasagebia, rom amgvarad aRwerili sityvebis 

safuZvelze enis sworad agebuli enobrivi gamosaxulebebis simravlis mkacr 

maTematikur gansazRvrebebSi moqceva sirTules aRar warmoadgens. amasTan, 

aseTi midgomebiT ena tipobrivad srulad aRweriliad iTvleba Tu moviZiebT 

enis sityvebisTvis maxasiaTebel tipTa srul bades. e.i. Tu enis nebismieri 

sityvisTvis gveqneba saSvaleba imis Tqmisa, rom igi ukve aRwerili romelime 𝛼 

tipisaa. enis amgvari aRwera uSualod iZleva Sesabamisi bunebrivi enis 



izomorfuli formaluri enis, anu izomorfuli maTematikuri enis gaazrebis 

saSvalebas, da Tan ise, rom pirvelsawyisi bunebrivi ena misi izomorfuli 

formaluri enis erT-erT interpretaciad SeiZleba iqnes ganxiluli. 

enis sityvebis sruli tipobriv aRweris SemTxvevaSi SeiZleba sworad agebuli 

enobrivi gamosaxulebis cnebis Semotana, rogorc bunebriv enaSi, ise misi 

izomorfuli aRweris Sedegad miRebuli bunebriv formalur enaSi Semdegi 

rekursuli gansazRvriT: 

 

1. bunebrivi enis sityva bunebrivi enis sworad agebuli gamosaxulebaa, Tu igi 

nuladgiliani sityvaa, an Tu misi nebismieri adgili dakompleqtebulia am 

adgilis tipis maniSnebeli simboloTi, an am adgilis tipis romelime swori 

enobrivi gamosaxulebiT. sworad agebuli enobrivi gamosaxuleba aris imden 

adgiliani, ramdeni sxvadasxva tipis aRmniSvneli, sxvadasxvagvarad 

indeqsirebuli simboloc, am enobriv gamosaxulebaSi gvxdeba. TiToeuli 

adgilis tipi gansazRvrulia am adgilis aRmniSvneli tipis ganmsazRvreli 

simbolos tipiT, xolo swori gamosaxulebis mniSvnelobaTa tipi, bunebrivad 

ganisazRvreba am swori gamosaxlebis ganmsazRvreli Tavi-operatoris 

mniSvnelobaTa tipiT. 

2. Tu 𝑎𝑛 aris 𝑛 adgiliani sworad agebuli gamosaxuleba da 𝛽1, … , 𝛽𝑛 arian 

sworad agebuli gamosaxulebebi da Tu amasTan 𝑇 𝛼𝑛 , 𝑖 = 𝑇(𝛽𝑖), (anu, Tu 𝑎𝑛 

gamosaxulebis 𝑖-uri adgilis tipi emTxveva 𝛽𝑖 gamosaxulebis tips) maSin 

𝛼𝑛𝛽1, … , 𝛽𝑛 aris sworad                                                 agebuli 

gamosaxuleba. _ am gansazRvriT Cven vRebulobT tipobrivad srulad 

aRwerili bunebrivi enis yvela sworad agebul gamosaxulebaTa simravles. 

rogorc bunebrivi qarTuli enis pirdapiri formalur-logikuri aRweris 

pirvelma Sedegebma aCvena, ar aris arsebiTi gansxvaveba bunebrivi qarTuli 

enisTvis bunebrivad damaxasiaTebel formalizmsa da frege-fxakaZiseul 

xelovnuri maTematikur enebis formalizmebs Soris. 



ufro metic, Cven miviCnevT, rom xelovnurad wodebuli maTematikuri enac 

adamianSi bunebrivad arsebobs qvecnobieri enobrivi sistemis saxiT. amgvarad, 

dRes qarTuli enis maTematikuri Teoriis SemuSavebis mizniT muSaoba warmoebs 

Semdegi enobrivi msoflxedvis gaswvriv: 

Cven erTmaneTisgan ganvarCevT adamianSi bunebrivad arsebul cnobieri da 

qvecnobieri safexuris enobriv sistemebs. amasTan, Cveni midgomebiT qvecnobieri 

safexuris bunebrivi enobrivi sistema iseTi fregeseuli maTematikuri enaa, 

romelic aRWurvilia ra prof. S. fxakaZiseuli formaluri aRniSvnaTa 

TeoriiT gansazRvruli SesaZleblobebiT, TandaTanobiTi enobrivi 

gafarToebebiT cnobier enobriv SreSi qarTul enaze gamodis. 

es aris is enobrivi msoflxedva, rac Zireulad gansazRvravs Cveni jgufisa 

da misi 

xelmZRvan

elis b-n. 

k.fxakaZis 

logikuri 

da 

lingvist

uri 

xasiaTis 

kvlevebis 

Tavisebur

ebebs. amasTan, gasagebia, rom amgvari enobrivi msoflxedvis Camoyalibeba  

arsebiTad ganpirobebeulia im damatebiTi formaluri SesaZleblobebiT, 

rasac zogadad fregeseul maTematikuri formalizms prof. S. fxakaZiseuli 

aRniSvnaTa Teoria matebs. _ am xedvebis gamoa, rom maTematikur enaze  

Targmnis montegiuseuli amocana, qarTulisTvis Seicvala maTematikur enaze 

dayvanis amocaniT. 



Temis daskvniT nawilSi moyvanili iqneba konkretuli magaliTebi. axla ki 

isev SedarebiT zogadi mosazrebebi: Tu qarTul enas SevxedavT rogorc 

zemoaRwerili sakmarisad zogadi 𝑇 maTematikuri enis romeliRac, vTqvaT me-𝑛-

e gafarToebas, maSin, cxadia, arsebobs Semamoklebeli simboloebi, romlebic 

bolo, anu gafarToebis 𝑛 − 1 etapze daemata enas. amasTan, cxadia, rom manamde 

arsebuli enac qarTuli enis nawilia da, cxadia isic, rom igi qarTuli enis 

ganviTarebis wina etapia. 

zemoT Cven saubari gvqonda azrovnebis qvecnobier Sreze da mis Sesabamis 

enobriv sistemaze. qarTulSi qvecnobieri azrovnebis Sris da misi Sesabamisi 

enobrivi sistemis predikatuli simboloebad rogorc cans k. fxakaZiseuli 

winare zmnuri semantikuri erTeulebia. davazustoT es metad mniSvnelovani 

cneba: zmnuri sityvebis arsebiTi specifiuroba imaSi mdgomareobs, riTac 

isini garkveulad gasageb, uzogades, enobriv azrovnebiT mimarTebaSi ayeneben 

amave azrovnebiT sistemaSi sxvadasxva tipis saxelebiT gaTavisebul da 

gagebul samsjelo sagnobriv Sinaarsebs da imisda mixedviT, Tu ramdeni 

saxeli yendeba konkretul azrovnebiT mimarTebiTi azrobriv mimarTebaSi, 

ganisazRvreba am winare zmnuri erTeulis adgilianoba. magaliTad: winare 

zmnuri erTeulia “wera”. igi oradgiliania, rac emyareba uzogades gagebas 

imisa, rom “viRaca unda werdes” da, Sesabamisad, “raRac unda iwerebodes” _ 

amaT gareSe “wera” ar gaigeba. meore  magaliTi: “cxovreba”, igi cxadia, igive 

mizezsi gamo, ratomac “wera” aris oradgiliani, erTadgiliani winare zmnuri 

semantikuri erTeulia. yvela saxelzmna, amavdroulad, aris winare zmnuri 

semantikuri erTeuli, magram arian iseTi winare zmnuri semnatikuri 

erTeulebic, romlebic ar arian enaSi, Tumca maTgan nawarmoebi zmnebi enis 

srulfasovani Semadgenlebia. amgvarad gamodis, rom zmnebi maTi winare 

zmnuri erTeulisgan gakeTebuli Semamoklebeli formebia. 

samagaliTod ganxiluli iqneba, qarTuli enis fragmenti rogorc romeliRac 

gafarToebis etapze myofi 𝑇 ena, da am enaSi zmnebi iqnebian alfabetSi, da 

ganvixilavT ramodenime Semoklebas, am SemoklebiT miRebul Semamoklebel 



simbolos amoviRebT alfabetidan Tu is iyo alfabetSi, anu faqtiurad 

davalT gafarToebis erTi safexuriT dabla myof enaze, da Tu ar iyo 

alfabetSi davamatebT mas da avalT gafarToebis erTi safexuriT maRla myof 

enaze. anu TviTon qarTulSic gvaqvs garkveuli Sreebi.  

 

 

1. Semamoklebeli simboloebi qarTul enaSi 

gadavideT Temis daskvniT da mTavar nawilze. ras niSnavs qarTulSi 

Semamoklebeli simboloebi? Semamoklebeli simboloebi Cven ganvsazRvreT 𝑇 

TeoriisaTvis, 𝑇 Teoriis ena aris sakmaod zogadi da moxerxebuli bevri 

ramisTvis. Cven SegviZlia SevxedoT qarTuli enis raRac nawils rogorc 𝑇 

enis romeliRac gafarToebiT miRebuls. 

1. sagnobrivi cvladebi                                                                          

vaSli, msxali, burTi, xe, ...                                                    

yvela arsebiTi saxeli Cavardeba am siaSi, anu yvela arsebiTi saxeli aris 

sagnobrivi cvladi.                                                    

sagnobrivi konstantebi                                                                  

vaSli, msxali, burTi, xe, ...                                                  



yvela arsebiTi saxeli Cavardeba am siaSi, anu yvela arsebiTi saxeli aris 

sagnobrivi konstanta.                                                     

rogorc xedavT TiToeuli arsebiTi saxeli konstantac aris da cvladic, 

gaugebroba rom ar momxdariyo Cven SegveZlo sagnobrivi konstantebi 

aRgveniSna Semdegnairad: vaSli’, msxali’, burTi’, xe’... . moviyvanoT magaliTebi 

winadadebisa sadac erTi da igive saxeli  erT SemTxvevaSi iqneba cvladi, 

xolo meore SemTxvevaSi konstanta. xe mcenarea.  am winadadebaSi cxadia xe 

aris cvladi, da gansazRvrulia igi yvela xeebis simravleze. metyevem moWra 

xe.  am winadadebaSi cxadia xe aris konstanta da aRebulia igi yvela xeebis 

simravlidan.    

2. logikuri operatorebi   

relaciuri logikuri operatorebi                                                

an, an...an, da, Tu...maSin, maSin...roca, magram, ar,...      

substanciuri logikuri operatorebi                                           

vinc, rac, romelic, ...      

3.  𝑛 adgiliani predikatebi 𝑛 = 1,2,3,4… (Cven ki ar SegvizRudia predikatebi 

adilianobiT magram, enaSi 4-ze met adgiliani predikatis magaliTi jer 

CemTvis da albaT ara marto CemTvis, ucnobia).                                                      

vwer, Wams, wers, cems, dawera, momitana, wavida, ...                                        

am siaSi moxdvdeba yvela zmna. Cven aq gviweria ise rogorc bunebriv enaSi 

Segvxdeboda iseTi formiT. ufro swori iqneboda rom dagvewera Semdegnairad:   

(vwer)3, (Wams)2, (wers)2, (cems)2, (dawera)2, (momitana)3, (wavida)1...           

adgilianobis maCvenebli miwerelia imis miwerilia Semdegi wesiT: ramden 

samsjelo sagansac iTxovs zmna imdenia misi adgilianoba. magaliTad. vWam me 

saWmels. aq vWam iTxovs or samsjelo sagans, vin Wams da ras Wams. aq SeiZleba 

SemomedavoT da miTxraT rom vWam ar iTxovs or samsjelo sagans da iTxovs 

mxolod erTs anu saWmeli zedmetia. es gamowveuli am winadadebis Sinaarsis 

gamo, imitom rom roca adamiani Wams Zalian bunebrivia rom ar dafiqsirdes 

ras Wams is da es isedac naTelia da gagebadoba ar irRveva Tu ar 

davafiqsirebT saWmels.  Cvens CamonaTvalSi aris (vwer)3 da (wers)2 , ratom 



aris erTi 3 adgiliani da meore oradgiliani,  roca faqtiurad isini 

erTidaigive zmnebia sxvadasxva pirSi, ufro naTeli rom iyos risi Tqma minda 

ganvixilav  (wers)3 da (wers)2 zmnebs, anu aq ukve pirTa Soris gansxvavebac ar 

aris. ratom aris erTi 3 adgiliani da meore 2 adgiliani? pasuxi eseTia, 

esenia sxvadasxva zmnebi romlebic ubralod erTnairad iwereba da maTi 

garCeva xdeba maTi adgilianobiT. wers is werils daTos. da giorgi wers 

sakontrolos.   am magaliTebidan Cans rom saqme gvaqvs or sxxvadasxva 

zmnasTan, romelTagan erTi moiTxovs sam samsjelo da sagans da meore or 

samsjelo sagans da Sesabamisad isini arian 3 da 2 adgiliani predikatebi. 

4. -adgiliani  funqcionaluri sibmoloebi.                                     

wiTeli, mwvane, lamazi, maxinji,...                                              

anu yvela zedsarTavi saxeli Cavardeba am siaSi. yvela es funqcionaluri 

simbolo aris erTadgiliani. ratom arian zedsarTavi saxelebi funqciebi? 

zedsarTavi saxelis moqmedeba saxelze gvaZlevs isev saxels, magaliTad Tu 

sagani iyo vaSlebis simravlidan, anu iyo vaSli, da masze vimoqmedeT Cven 

zedsarTavi saxeliT wiTeli miviReT, sagani ukve wiTeli vaSlebis 

simravlidan, anu wiTeli vaSli. simravlur interpretaciaSi zedsarTavi 

saxeli aris funqcia romelic miiReba TanakveTis oradgiliani fuqnciidan 

maSi erT adgilis dafiqsirebiT, magaliTad wiTeli vaSli = {wiTeli} {vaSli}  

sadac {wiTeli} aRniSnavs wiTeli sagnebis simravles da {vaSli} aRniSnavs 

vaSlebis simravles. zedsarTavi saxeli rogorc funqcia Tu moqmedebs  

saxelze rogorc cvladze Sedegad gvaZlevs isev cvlads, magram Sedegis 

gansazRvris are aris cvladis gansazRvris aris TanakveTa am zedsarTavis 

saxelis Tvisebis mqone sagnebis simravlesTan da Tu  zedsarTavi saxeli 

rogorc funqcia Tu moqmedebs  saxelze rogorc konstantaze Sedegad 

gvaZlevs isev konstantas, magram Sedegi aris ukve am zedsarTavis saxelis 

Tvisebis mqone sagnebis simravlisa da im simravlis, romlidanac iRebda 

konstanta mniSvnelobas, TanakveTidan. magaliTad. vaSli tkbilia. aq vaSli 

cvladia da gansazRvrulia vaSlebis simravleze, wiTeli vaSli tkbilia. aq 

cvladia wiTeli vaSli da gansazRvrulia witeli vaSlebis simravleze. 



vaSli gagorda. aq vaSli konstantaa vaSlebis simravlidan. wiTeli vaSli 

gagorda. aq wiTeli vaSli konstantaa wiTeli vaSlebis simravlidan.  

5. kvantoruli, anu operatoruli niSnebi 

yvela, yoveli, nebismieri, arcerTi...ar, araferi...ar, aravin...ar, zogierTi,   

yvela aris (1,1) wonis.            

 

moviyvanoT ramodenime magaliTi Semamoklebeli simbolosi: 

moiZebneba (arsebobs)(1,1) wonis operatoruli aso romelic Semdegi wesiT 

ganisazRvreba  moiZebnbeba𝒙𝑨________ −nebismieri 𝒙 − 𝑨 . analogiurad SegveZlo 

gangvemarta yoveli da nebismieri operatoruli niSnebi Tu isini ar 

gveqneboda enaSi da gevqneboda masSi moiZebneba.  cxadia es iqneba pirveli 

tipis Semamoklebeli simobolo, amitom is aseve iqneba yvela tipis garda 

meSvidesi. is iqneba 𝐼3 tipis. 

rogorc dRes ganviTarebulma kvelevebma aCvena da rogorc es meore naxatidan 

Cans: maTematikuri ena aris birTvSi da safuZvelSi enis is fragmenti 

romelsac Cven ganvixilavT aris misi erTerTi gafarToeba da amitom enobrivi 

da pirdapr daemTxveva logikur  s, Tumca enobrivma da m sxva funqciebic 

SeiTvisa. miuxedavad imisa rom davwereT rom alfavitSi gvaqvs Tu...maSin, 

CavTvaloT rom is ar gvaqvs alfavitSi da ganvsazRvroT an, da ara, 

kavSirebiT, an SegviZlia CavTvaloT rom gvaqvs da Semdeg isini ganvsazRvroT 

da gadavideT gafarToebis erTi safexuriT dabla myof enaSi.  

Tu...maSin aris oradgiliani logikuri kavSiri da is moicema Semdegi 

gansazRvris wesiT 

Tu 𝑨 maSin 𝑩________ara 𝑩 an 𝑨  cxadia es iqneba pirveli tipis Semamoklebeli 

simobolo, amitom is aseve iqneba yvela tipis garda meSvidesi. is iqneba 𝐼2 

tipis. 

axla ganvixiloT zogierTi, isaa (1,1) tipis operatoruli niSani da igi 

Semdegnairad ganisazRvreba  

(zogierTi 𝒙)𝑨(𝒙)________((arsebobs𝒙)𝑨(𝒙)) da ((arsebobs𝒙)(−𝑨𝒙))  

 



ganvsazRvroT axla naturaluri ricxvebi rogorc (1,1) tipis operatoruli 

niSnebi gavakeToT es Svidis magaliTze (amiT cxadia rom araferi ar icvleba 

zustad igivenairad SemiZlianebismier sxva naturalur ricxvze.) 

(Svidi𝒙)𝑨(𝒙)________________  ∀𝒙, 𝒙𝟏…𝒙𝟕  𝑨 𝒙 ⋀𝑨 𝒙𝟏 ∧. . .∧ 𝑨 𝒙𝟕 → (  ∃𝒊, 𝒋   𝟏 ≤ 𝒊 < 𝒋 ≤

𝟖 ⋀(𝒙𝒊 = 𝒙𝒋)  ⋁ ∃𝒊  𝒙 = 𝒙𝒊 ) ⋀   ∃ 𝒙𝟏…𝒙𝟕 ( 𝑨 𝒙𝟏 ∧ …∧ 𝑨 𝒙𝟕  ⋀( (∀𝒊 ≠ 𝒋) (𝒙𝒊 ≠ 𝒙𝒋)))  aq 

gamoyenebuli, naklebia da naklebia an tolia niSnebis Semotana enaSi araa 

rTuli.  

axla mas Semdeg rac ganvmarteT naturaluri ricxvebi SemoviRoT kidev erTi 

operatoruli niSani 

ramodenime, isicaa (1,1) tipis operatoruli niSani da ganisazRvreba 

Semdegnairad 

(ramodenime𝒙)𝑨(𝒙)________an (sami𝒙)𝑨(𝒙)  an (oTxi𝒙)𝑨(𝒙) ...   an 

(ocdaCvidmeti𝒙)𝑨(𝒙) 

aq vgulisxmobT rom is intervali saidanac SeiZleba sityva ramodenime 

iRebdes mniSvnelobebs aris (3...37), Tumca amintervals imis sademonstraciod 

rom ramodenime Semamoklebeli simboloa arsebiTi mniSvneloba ar aqvs.. 

cxadia esec aris 𝐼2 tipis Semamoklebeli simbolo.  

axla ganvixiloT zmna, romelic gvaqvs anbanSi, magram avagoT am zmnis 

Semokleba sxva sityvebiT, anu gafarToebis ufro dabali donis etapze myofi 

zmnebisgan. 

viSeneb. es aris, advili dasanaxia rom es ufro rTuli konstruqciis zmna 

vidre  vTqvaT magaliTad aris vaSeneb. ganvixiloT magaliTi da am magaliTis 

safuZvelze Semdeg ganvixiloT igi rogorc ASemamoklebeli simbolo. viSeneb 

me saxls es enaSi tolfasia Semdegis vaSeneb saxls da es saxli iqneba Cemi. 

CavweroT predikatuli formiT: viSeneb(me, saxls) = vaSeneb(me, am saxls) + 

meqneba(me, es saxli) Tu gadavwerT winare zmnuri semantikuri erTeulebiT 

miiRebs saxes: viSeneb(me, saxls) = Seneba(me,saxli)+qona(me, saxli) anu zogadad 

iSenebs(𝒙, 𝒚)= Seneba(𝒙, 𝒚)+qona(𝒙, 𝒚) 



es + miRebuli Caweraa cxadia aq is Cveulebriv das niSnavs. Tu enaSi 

predikatebi iqnebian ara zmnebi aramed winare zmnuri semantikuri erTeulebi 

maSin imis safuZvelze rom bunebriv enaSi zmnebi am zmnuri semantikuri 

erTeulebidan miiReba garkveuli wesebiT, SegviZlia vTqvaT rom zmnebi arian 

Semamoklebeli simboloebi romlebic amokleben winare zmnuri semantikuri 

erTeuliT gakeTebul formas. es moxerxebulia im TvalsazrisiT rom ar 

gvWirdeba alfabetSi zmnis yvela formis damateba, es formebi miiRebian  

winare zmnuri simantikuri erTeulisgan. e.i. vuSvebT rom Cveni predikatuli 

simboloebi winare zmnuri semantikuri erTeulebi. ganvixiloT oradgiliani 

winare zmnuri semantikuri erTeuli “wer” anu  wer(𝑵i,𝑵s). am formidan 

miiReba sxvadasxva zmnebi am formaSi piris niSanTa CasmiT. magaliTad vwer, 

wer, wers... Tu vTqvaT “v” pirveli piris niSans SevxedavT rogrc operators 

maSin “vwer” zmna gamodis am operatorSi “wer”  formis Casmis Sedegi. advili 

dasanaxia rom uRlebiT mwkrivSi nebismieri zmna miiReba piris niSanSi 

rogorc operatorSi, winare zmnuri erTeulis CasmiT. analogiurad gamova “m”, 

tipis piris niSnisa da “v..var” tipis niSnis dros. axla gadavideT SedarebiT 

“rTul” zmnebze rogoric iyo magaliTad zemoT ganxiluli  viSeneb.  

ganvixiloT zmna vuwer da movaxdinoT mis gaSla Semdegnairad. 

vuwer (me, mas, mas) = wera (𝑰, 𝑶𝑰𝑰𝑰 ) + qoneba(𝑰𝑰𝑰,𝑶𝑰𝑰𝑰) an kidev ase 

vuwer (me, 𝒙, 𝒚) = wera (me, 𝒙 ) + qoneba(𝒚, 𝒙)  cxadia rom vuwer aris 

Semamoklebeli idea. vuwer aris (0,2) tipis operatoruli niSani, da cxadia is 

iqneba 𝐼3 tipis Semamoklebeli simbolo.  msgavsi  tipis magaliTebs bevrs 

vipoviT sxvadasxva winare zmnuri semantikuri erTeulebisaTvis. yvela winare 

zmnuri semantikuri erTeulisTvis gvaqvs misi Sesatyvisi zmnebi da TiToeuli 

cxadia aris Semamoklebeli simbolo, anu Semamoklebeli simboloebi qarTul 

enaSi Zalian bevria. 
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recenzia 

Tbilisis saxelmwifo universitetis zust da sabunebismetyvelo 

mecnierebaTa fakultetis bakalavr nikoloz fxakaZis 

sabakalavro naSromze: 

`Semamoklebeli simboloebis Sesaxeb qarTulSi” 

     specialobiT „algebra-geometria“ 

Tsu zust da sabunebismetyvelo mecnierebaTa fakultetis IV 

kursis studentma nikoloz fxakaZem xuTTviani kontraqtiT Tsu 

doq. k. fxakaZis xelmZRvanelobiT Seasrula sabakalavro naSromi 

Temaze `Semamoklebeli simboloebis Sesaxeb qarTulSi~ 

naSromi eTmoba iseT udaod aqtualur sakiTxs, rogoricaa 

qarTuli da frege-fxakaZiseuli formalurad ganviTarebadi 

maTematikuri enebis zogadi erTtipobrioba. 

disertantma gaarTva Tavi dasaxul mizans. misi naSromis pirveli 

nawili referatuli xasiTisaa. aq igi aSuqebs prof. S. 

fxakaZiseuli aRniSvnaTa Teoriis sasafuZvlo sakiTxebsa da 

qarTuli enis pirdapiri formalur-logikuri aRweris k. fxakaZis 

mier SemuSavebul ZiriTad ideebsa da meTodebs. ris Semdgomac 

igi akeTebs qarTuli enis sityvebis interpretirebas T Teoriis 

enis simboloebad da qarTul enaSi aSkarad arsebuli 

Semamoklebeli simboloebis (sityvebis) pirvel zogad da 

nawilobriv klasificirebas. 

sabakalavro naSromis gaswvriv 2007 - 2008 wlebSi gakeTda sami 

gamoqveyneba arn. Ciqobavas enaTmecnierebis institutis V da VI 

respublikuri konferenciis - `bunebriv enaTa damuSaveba~ - 

masalaTa krebulSi. 

udaoa, rom naSromi Sesrulebulia maRal akademiur doneze da 

misi avtori nikoloz fxakaZe imsaxurebs Sefasebas ,,friadi“. 

 

Tsu doqtori     /x. ruxaia/ 

filologis doqtori    /b. cxadaZe/   

    

 



daskvna 

 

Tbilisis saxelmwifo universitetis zust da sabunebismetyvelo 

mecnierebaTa fakultetis bakalavr nikoloz fxakaZis sabakalavro 

naSromze: 

`Semamoklebeli simboloebis Sesaxeb qarTulSi” 

specialobiT „algebra-geometria“ 

 

sabakalavro naSromiT dagegmili iyo qarTuli enis logikuri gramatikis 

farglebSi ukve arsebuli Sedegebisa da SemuSavebuli kvleviTi 

meTodebis safuZvelze qarTul enaSi prof. S. fxakaZiseuli 

Semamoklebeli simboloebis analogebis daZebna da maTi pirveli 

winaswari klasificireba. 

n. fxakaZem Seiswavla misi sabakalavro naSromisa da qarTuli enis 

logikuri gramatikisTvis sasafuZvlo mniSvnelobis monografiuli 

xasiaTis Sromebi. esenia: `aRniSvnaTa Teoriis zogierTi sakiTxi~ da 

`winare zmnuri semantikuri erTeulis cneba, piris niSanTa sakiTxi, 

integraluri da araintegraluri gagebis zmnuri sityva-Sinaarsebi da 

qarTuli zmnis arasruli, anu pirveli semantikuri klasifikacia~. gaecno 

am sakiTxTan dakavSirebul sxva Sromebsac. da sruli moculobiT 

gadaWra misi sabakalavro naSromiT mis winaSe dasaxuli amocana. 

kerZod, mis mier Catarebuli kvlevis Semdeg kidev ufro sarwmuno xdeba 

qarTuli enisa da frege-fxakaZiseuli formalurad ganviTarebadi 

maTematikuri enis zogadi erTtipobriobis Taobaze 2001 wels ukve 

gakeTebuli ganacxadis marTebuloba. _ aqve minda SevniSno, rom qarTuli 

da frege-fxakaZiseuli formalurad ganviTarebadi maTematikuri enebis 

zogadi erTtipobriobis Taobaze 2001 wels gakeTebuli ganacxadis 

marTebulobas metad mniSvnelovani damatebiTi argumentebi Seemata 

agreTve a. masxaraSvilis sabakalavro naSromebiT gamokveTili Sedegebis 

saxiT. 

amgvarad, bakalavrma n. fxakaZem savsebiT gaarTva Tavi dasmul amocanas. 

muSaobis procesSi gamoavlina momzadebis kargi Teoriuli done da 

unari damoukidebeli samecniero-kvleviTi muSaobisa. Cemi azriT misi 



sabakalavro Sroma SeiZleba Sefasebul iqnas rogorc dasrulebuli 

naSromi. amasTan, misi avtori, n. fxakaZe, imsaxurebs Sefasebas „friadi“. 

 

am daskvnis dasasruls ar SemiZlia ar avRniSno Semdegi: aranairi axsna 

da aranairi gamarTleba ara aqvs imas, rom qarTuli maTematikuri 

lingvisturi skolis gadaudebeli formirebis araerTxel dasabuTebuli 

aucileblobis miuxedavad am mizniT dRes fakultetze mimdinare 

moZraoba ar sargeblobs Sesabamisi Semxvedri safakulteto 

damokidebulebebiT! 

 

 xuTTviani kontraqtiT 

Tbilisis saxelmwifo universitetis 

doqtori        /k. fxakaZe/ 

 


