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I  

1.1 Sesavali 

termin “fazilogika”-s gaaCnia ori gansvavebuli mniSvneloba – farTe da 
viwro. es gansxvaveba miTiTebuli iyo l. zades mier: “viwro gagebiT, 

fazilogika,  FLn, aris logikuri sistema, romelic isaxavs miznad 

miaxloebiTi msjelobebis formalizacias. am azriT, FLn aris mravalniSna 

logikis gafarToeba. farTo azriT, fazilogika, FLw, daaxloebiT sinonimia 

fazisimravlis Teoriisa, FST, romelic warmoadgens klasebis Teorias 

aramkafio sazRvriT.  FST  gacilebiT farToa vidre FLn da Seicavs mas 

rogorc erTerT “ganStoebas”. 

 Cveni mTvari mizania yvelaze mniSvnelovani mravalniSna logikis  

mkacri logikuri Tvisebebis detaluri ganxilva, romlis WeSmaritobis 

mniSvnelobaTa simravle warmoadgens erTeul intervals [0,1] 

(propoziciuli da predikatuli logikis). 

 saidan warmoiSveba WeSmaritobis mniSvnelobebi ? upirvelesad, ratom 

erTeuli intervali? da meore, ras niSnavs, rom winadadebis WeSmaritobis 

xarisxi aris  0.7? SemoqTavazebT tipiur magaliTs kiTxvis saxiT:  giyvarT 
haidni? da Tqven unda airCioT erTerTi oTxi SesaZlo pasuxidan: 

absoluturad diax, metnaklebad, ufro ara, absoluturad ara. an Tqven 

SegiZliaT iqonioT sxva skala 11 SesaZleblobebiT, da a. S.. 

 meore qvekiTxvasTan dakavSirebiT, ras niSnavs, rom winadadebis 

WeSmaritobis xarisxi aris 0.7, Cven unda ganvasxvavoT, rogorc klasikur 

logikaSi, atomuri da Sedgenili winadadebebis SemTxveva. propoziciul 

SemTxvevaSi Cven vmuSaobT mxolod atomuri winadadebebis WeSmaritobis 

SefasebebiT.  

 mravalniSna logikebis umravlesoba WeSmarit-funqcionaluria. es 

niSnavs, rom Sedgenili formulis WeSmaritobis xarisxi, romelic agebulia 

misi Semadgenlobebisgan logikuri kavSirebis (implikaciisa, koniunqciisa 

da a. S.) gamoyenebiT warmoadgens Semadgenlobebis WeSmaritobis xarisxis 

funqcias  - kavSirebis WeSmaritobis funqciebi. 

 

1.2.1 bulis propoziciuli logikis mimoxilva 
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bulis (klasikur) propoziciul logikaSi propoziciebi 

(gamonaTqvamebi) an WeSmaritia an mcdari. Cven viyenebT “WeSmaritobas” da 

“mcdarobas” ori WeSmaritobis mniSvnelobebisTvis. TiTqmis yovelTvis 

gaigivebulia WeSmaritobis mniSvneloba “WeSmariti” ricxv 1 da “mcdari” 

ricxv 0. gamoyenebulia propoziciuli cvladebi p1, p2, … . WeSmaritobis 

Sefaseba (an Sefaseba) aris asaxva e, romelic aniWebs yovel propoziciul 

cvlad p-s mis WeSmaritobis mniSvnelobas  e(p)-s. formulebi aigeba 

propoziciuli cvladebis da propoziciuli konstantebis 0, 1 kavSirebis 

saSualebiT: implikacia , koniunqcia , diziunqcia , eqvivalentoba  da 

uaryofa . formulebi ganisazRvreba Semdegnairad: propoziciuli 

cvladebi da propoziciuli konstantebi formulebia; Tu   da  

formulebia, maSin (  ), (  ), (  ), (  ),  formulebia. sxva 

formulebi ar arsebobs. 

WeSmaritobis funqcionaluri principi  gveubneba, rom formulis 

Semadgeneli nawilebi WeSmaritobis mniSvnelobebi calsaxad gansazRvraven 

Sedgenili formulis WeSmaritobis mniSvnelobas. es miiRweva kavSirebis 

WeSmaritobis funqciebis gansazRvriT Semdegnairad: 

 

 () 
1 
0 

0 
1 

 

   

    

 

 (aq () aris   -is WeSmaritobis funqcia,      -is, da a.S.). amis 

gamoyenebiT, yoveli Sefaseba e farTovdeba calsaxad yvela formulebze 

(romelic agreTve aRiniSneba  e –Ti) Semdegnairad:  

e() = ()e(), 

e( ) =  (e()  e()), 

e( ) =  (e()  e()), 

e( ) =  (e()  e()), 

e( ) =  (e()  e()). 

 1 0 
1 
0 

1 0 
1 1 

 1 0 
1 
0 

1 0 
0 0 
       

 1 0 
1 
0 

1 0 
1 0 

 1 0 
1 
0 

1 0 
0 1 
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 es SeiZleba aisaxos Semdegi cxriliT: 

 

p q p  q (p  q)  q 
1 
1 
0 
0 

1 
0 
1 
0 
 

1 
0 
1 
1 

1 
1 
1 
0 

 

1.2.2  formula -is ewodeba tavtologia Tu  e() = 1 formula -is 

nebismieri SefasebisaTvis. formulebi   da   arian semantikurad 

eqvivalenturebi Tu e() = e()  nebismieri e-aTvis.  

lema 1.2.3 Semdegi formulebi bulis tavtologiebia, nebismieri  da  

formulebisaTvis: 

 

  (  0), 

1  (0  0), 

(  )  (  ), 

(  )  ((  )  ), 

(  )  ((  )  (  )). 

Sedegi 1.2.4 bulis propoziciul aRricxvaSi yoveli formula semantikurad 
eqvivalenturia formulisa, reomelic agebulia propoziciuli cvladebis 

da konstanta 0-is gamoyenebiT mxolod   -is saSualebiT. 

 cxadia, wina lemis eqvivalentobebi miuTiTeben rogor unda 

movaSoroT warmatebiT uaryofa, 1, koniunqcia, diziunqcia da eqvivalentoba. 

lema 1.2.5  nebismieri , ,  formulebisaTvis, Semdegi formulebi bulis 
tavtologiebia: 

  (  )                          (Bool 1) 

(  (  ))  ((  )  (  )                                 (Bool 2) 

(   )  (  )                                          (Bool 3) 
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 Cven am formulebs viRebT bulis logikis deduqciuri sistema Bool –

Tvis. 1.2.4 –is Tanaxmad Cven SemovifarglebiT formulebiT, romlebic 

agebulia propoziciuli cvladebis da 0-is saSualebiT mxolod -is 

gamoyenebiT.  

gansazRvreba 1.2.6  Bool –is aqsiomebs  warmoadgenen   formulebi     (Bool 1), 

(Bool 2), (Bool 3)  (nebismieri , ,  formulebisaTvis). gamoyvanis wess 

warmoadgens modus ponensi:  da    formulebidan gamoiyvaneba 

formula .  

 damtkiceba Bool –Si  aris formulebis mimdevroba 1, ... , n iseTi, rom 

i  aris an Bool –is aqsioma an gamomdinareobs winamdebare formulebidan j, 

k  (j, k < i) modus ponensis saSualebiT. formula damtkicebadia (an Teoremaa)  

(aRiniSneba rogorc |_  ), Tu is damtkicebis bolo wevria Bool –Si.  

lema 1.2.7 (koreqtuloba.) yoveli formula, romelic damkicebadia  Bool –Si 

aris bulis tavtologia. 

gansazRvra 1.28 Teoria aris formulaTa  simravle, romelsac uwodeben 

Teoriis specialur aqsiomebs. damtkiceba  T TeoriaSi aris formulebis 

mimdevroba 1, ... , n iseTi, rom i  aris an Bool –is aqsioma an Teoria T-es 

specialuri aqsioma an gamomdinareobs winamdebare formulebidan j, k  (j, k 

< i) modus ponensis saSualebiT. formula damtkicebadia (an Teoremaa)  

(aRiniSneba rogorc T|_  ), Tu is damtkicebis bolo wevria. Sefaseba e aris 

T-es modeli, Tu e() =1 nebismieri T.  

ლემა 1.2.9 (mkacri koreqtuloba.) Tu T|_, maSin  WeSmaritia T-es yovel 

modelSi (e.i. roca e T-es modelia, maSin e() =1). 

 

Teorema 1.2.10 deduqciis Teorema. davuSvaT ,    T Teoriis formulebia. 

(T {})|_  maSin da mxolod maSin, roca T|_(  ). 

Teorema 1.2.10  (sisrule.) (1) nebismieri  formulisaTvis,  damtkicebadia 

Bool –Si  maSin da mxolod maSin, roca is bulis tavtologiaa. 

 (2) (mkacri sisrule.) davuSvat T aris Teoria,  formula. T|_ maSin 

da mxolod maSin, roca  WeSmaritia T-es nebismier modelSi. 
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1.2.13  literali aris Semdegi formis formula: pi  an  pi, sadac pi  aris 

proposiciuli cvladi. n sigrZis elementaruli koniunqcia aris aris 

formula n
i=1Li , sadac   Li  aris literali. 

lema 1.2.14 (normaluri forma). nebismieri formula, romelic ar Seicavs 

propoziciul cvladebs garda p1,…,pn, semantikurad eqvivalenturia sasruli 

raodenoba elementaruli koniunqciebis diziunqciisa. 

 

1.3 bulis (klasikuri) predikatuli aRricxva 

gansazRvreba 1.3.1 predikatuli ena Sedgeba predikatTa aracarieli 

simravlisgan, yoveli maTgani dadebiTi naturaluri ricxviT – 

ramdenadgiliania is da sagnobrivi konstantTa (SesaZlo carieli) 

simravlisgan.  predikatebi zogadad aRiniSnebian P, Q, R, …   simboloebiT, 

konstantebi c,d, ….  simboloebiT. logikuri simboloebi arian sagnobrivi 

cvladebi  x, y, …, logikuri kavSiri -  , WeSmaritobis konstantebi 0, 1 da 

kvantori . danarCeni kavSirebi (, , , ) ganisazRvreba iseve rogorc 

propoziciul aRricxvaSi; arsebobis kvantori  ganisazRvreba rogorc 

. termebs warmoadgenen sagnobrivi cvladebi da sagnobrivi konstantebi. 

 atomur formulebs gaaCniaT saxe P(t1, … , tn), sadac P aris n-adgiliani 

predikati da t1, … , tn aris termebi. Tu  da  formulebia da x sagnobrivi 

cvladia, maSinP   , (x), 0, 1  formulebia; yoveli formula aigeba 

atomuri formulebidan mocemuli wesis saSualebiT.  

 L iyos predikatuli ena. M = M, (rP)P, (mc)c sruqturas   L predikatuli 

enisTvis gaaCnia aracarieli domeini M, yoveli n-aruli P predikatisTvis 

n-aruli mimarTeba rP  M
n
  M-ze (romelic warmoadgens  (m1, … , mn)  n-ulebis 

simravles M
n–dan, sadac rP(m1, … , mn)=1  (m1, … , mn) rP,  da yovel sagnobriv  

c konstantas Seusabamebs romeliRac element mc-es  M–dan.  

gansazRvreba 1.3.3   L iyos predikatuli ena da M = M, (rP)P, (mc)c sruqtura   

L enisTvis.  M–Sefaseba sagnobrivi cvladebisTvis aris asaxva v, romelic 

aniWebs yovel sagnobriv x cvlads elements v(x) M, xolo v(c) = mc) M. Tu  

v, v’ ori Sefasebaa, maSin v x v’  niSnavs, rom v(y) = v’(y)  nebismieri y 

cvladisTvis, romelic gansxvavebulia  x-gan.   
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 M–Sefaseba v SegviZlia gavafarTovoT yvela formulebze 

Semdegnairad.  

v(P(t1, … , tn)) = rP(v(t1), … , v(tn)); 

                                                    v(  ) = v()  v(); 

                                                    v(0) =0;  v(1) =1; 

                                                    v((x)) = min { v’(): v x v’}. 

gansazRvreba 1.3.4  formulis Tavisufali da bmuli cvladebi ganisazRvreba 

Semdegnairad: 

- WeSmaritobis konstantebi ar Seicaven arc bmul da arc Tavisufal 

cvladebs. 

- Tu  atomuria, vTqvaT P(t1, … , tn),  x aris Tavisufali -Si, Tu x aris 

erTerTi  t1, … , tn –gan; arcerTi cvladi -Si ar aris bmuli. 

- cvladi x aris Tavisufali    -Si, Tu is Tavisufalia an   -Si 

an  -Si; x aris bmuli    -Si, Tu is bmulia an   -Si an  -Si. 

- cvladi x aris bmuli (x) -Si da ar aris Tavisufali (x) -Si. 

nebismieri cvladi y, romelic gansxvavebulia x-gan, aris 

Tavisufali an bmuli  (x) -Si, Tu is Tavisufalia an bmulia  -Si. 

gansazRvreba 1.3.6 ganvsazRvroT Sedegi, romelic miiReba term t-s 

CanacvlebiT cvlad x-is nacvlad   -Si, aRniSvnaSi (x/t). 

- Tu  atomuria, maSin (x/t) miiReba yvela x-ebis CancvlebiT  -Si t-

Ti. 0(x/t) = 0; 1(x/t) = 1. 

- (   )(x/t)  aris   (x/t)    (x/t)   

- [(x)](x/t)  aris  (x)   (cvlilebis gareSe); yoveli y cladisTvis, 

romelic gansxvavebulia x-gan, [(x)](x/t)  aris  (y)[(x/t)]. 

analogiurad Cven SegviZlia ganvsazRvroT qveformulis cneba: 

- yoveli formula  aris Tavis Tavis qveformula. 

- Tu  aris -s an -is qveformula, maSin  aris   -is 

qveformula. Tu  aris -s qveformula, maSin   aris  (x)-is 

qveformula.   

gansazRvreba 1.3.7  cladi y aris Canacvlebadi  x-sTvis formula  -Si, Tu 

ar arsebobs  -is qveformula (x) saxis, romelic Seicavs x-s Tavisuflad 

 -Si. 
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gansazRvreba 1.3.8  (1)  iyos L enis formula da M = M, (rP)P, (mc)c sruqtura   

L enisTvis.  -is WeSmaritobis mniSvneloba M–Si aris 

|||| M = min{v(): v  M-Sefasebaa}. 

(2) L enis formula  aris tavtologia, Tu |||| M=1 nebismieri M struqturi-

saTvis.  

gansazRvreba 1.3.9  Bool bulis (klasikur) predikatTa aRricxvis logikuri 

aqsiomebi Sedgeba bulis (klasikur) propoziciuli aRricxvis aqsiomebisgan 

damatebuli Semdegi kvantorebis logikuri aqsiomebi: 

(1) (x)(x)  (t)  (t Canacvlebadia x-Tvis  (x)-Si)                              

(1)  (x)(  )  (  (x))  (x ar aris Tavisufali –Si) 

 gamoyvanis wesebia modus ponensi ( da    - dan gamomdinareobs ) 

da ganogadoebis wesi ( -dan gamoiyvaneba (x)). 

gansazRvreba 1.3.10  davuSvaT, rom  T aris  Bool-is Teoria, M aris 

struqtura T-s enisTvis. M aris T-s modeli, Tu T-s yvela aqsiomebi 

WeSmaritia M–Si, e. i. |||| M=1 nebismieri  T.  

gansazRvreba 1.3.11  (mkacri sisrule) (1) nebismieri    formulisaTvis  

damtkicebadia Bool-Si (Teoremaa) maSin da mxolod maSin, roca  

tavtologiaa. 

(2) nebismieri    formulisaTvis da nebismieri T TeoriisaTvis, T|_Bool()  (e. 

i. T-Si damtkicebadia ) maSin da mxolod maSin, roca |||| M=1 nebismier T-s 

modelSi. 

gansazRvreba 1.3.12   Teoria T winaamRdegobrivia, Tu romeliRac -Tvis, T-Si 

damtkicebadia  da  damtkicebadia . T arawinaamRdegobrivia, Tu ar aris 

winaamRdegobrivi. 

Sedegi 1.3.13  T arawinaamRdegobrivia maSin da mxolod maSin, roca mas 

gaaCnia modeli.  

 

1.4. funqcionaluri simboloebi; algebraTa mravalsaxeobebi 
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aq Cven ganvixilavT bulis predikatul logikas funqcionaluri 

symboloebiT.  am logikaSi Cven gvaqvs formulebi msgavsad x +y = y + x. erTis 

mxriv, es logika srulad daiyvaneba Bool logikamde; meores mxriv, 

formulebi msgavsad zemod moyvanilisa (termebis toloba) Zalian 

sasargebloa sxvadasxva algebrebis klsaebis gansazRvrisTvis. 

gansazRvreba 1.4.1 predikatuli ena I funqcionaluri simboloebiTurT 

Sedgeba predikatTa simboloebis P, Q, …  aracarieli simboloebisgan (Tavisi 

adgilebis miTiTebiT) simravlisgan, sagnobrivi konstantebis c, d, … 

(SesaZlo carieli) simravlisgan da funqcionalur simboloebis F, G, …  

(aracarieli) simravlisgan (Tavisi adgilebis miTiTebiT). termebi 
ganisazRvreba Semdegnairad: sagnobrivi cvladebi da sagnobrivivi cvladebi 

aris termebi; Tu F aris n-aruli funqcionaluri simbolo da t1, … , tn 

termebia, maSin F(t1, … , tn)  termia; sxva termebi ar arsebobs. M = M, (rP)P, 

(mc)c,(fF)F sruqturas   I predikatuli enisTvis gaaCnia aracarieli domeini M, 

yoveli n-aruli P predikatisTvis n-aruli mimarTeba rP  M
n
  M-ze (romelic 

warmoadgens  (m1, … , mn)  n-ulebis simravles M
n–dan, sadac rP(m1, … , mn)=1  

(m1, … , mn) rP,), fF :M
n
  M  aris  n-aruli operacia M-ze,   da yovel sagnobriv  

c konstantas Seusabamebs romeliRac element mc-es  M–dan. 

Tu gvaqvs Sefaseba r sagnobrivi cvladebisTvis, maSin r(t)  t termisTvis 

ganisazRvreba Semdegnairad:  

r(x) M yoveli sagnobrivi x cvladisTvis, 

r(c) = mc M  yoveli sagnobrivi c konstantasaTvis, 

r(F(t1, … , tn)) = fF(r(t1), … , r(tn)). 

formula -is Sefaseba r() ganisazRvreba iseve, rogorc 1.3.3-Si. 

gansazRvreba 1.4.3  logikuri aqsiomebi aris igive, rac 1.3.9-Si, oRond 

Canacvladebadobis gansazRvreba modificirebulia Semdegnairad: 

termi t Canacvlebadia x-sTvis -Si, Tu yoveli y cvladisTvis Semavali t-Si, 

arcerTi (x)  saxis -is qveformula ar Seicavs x-is Tavisufal 

Semavlobas -Si. 
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gansazRvreba 1.4.11 algebra aris M, f1, … , fn saxis struqtura, sadc f1, … , fn 

aris operaciebi M–Si. aseTi algebra aris bunebrivi struqtura I  

predikatuli enisa, romelsac gaaCnia tolobis predikati = da Sesabamisi 

adgiliani funqcionaluri simboloebi F1, … , Fn.  

gansazRvreba 1.4.12  I iyos eana (=, F1, … , Fn)  n funqciebiT, K struqturebis 

klasi I eanisTvis (= intrpretirebulia rogorc igiveoba). K aris 

mravalsaxeoba, Tu arsebobs T tolobebis (I –s atomuri formulebi), iseTi, 

rom K aris I –s yvela M struqturebis klasi (= intrpretirebulia 

rogorc igiveoba), iseTi, rom yvela tolobebi T-dan WeSmaritia M –Si. 

SeniSvna 1.413  naxevarjgufebi, meserebi, bulis algebrebi hqmnian 

mravalsaxeobas. 

gansazRvreba 1.4.14 davuSvaT gvaqvs I eanis (tolobiT) struqturebi  M1= 

MM1, f1, … , fn, M2=M, g1, … , gn.  

(1) M1 aris M2-is qvealgebra, Tu  M1 aris M2-is qvesimravle da yoveli 

i = 1, … , n,  fi  aris gi –is SezRudva M1
ar(fi

)-ze. 

(2) M1 aris M2-is homomorfuli saxe, Tu arsebobs asaxva h M2-dan M1-

ze, romelic komutirebs operaciebTan, e. i. yoveli i = 1, … , n, da 

nebismieri a1, … , anM2, h(a1, … , an) = g(h(a1), … , h(an)). 

(3) pirdapiri namravli iI Mi aris algebra  M= MM, f1, … , fn, sadac 

M={a:  a =(a1, … , ai, … ), aiMi} da n adgiliani fi operaciisaTvis fi(a1, … , 

an) = (fi(a11, … , a1n), fi(a21, … , a2n), … ,  fi(aj1, … , ajn), …  ), sadc  a1=( a11, a12, a13, 

... ), a2=( a21, a22, a23, ... ),  ... , an=( an1, an2, an3, ... ). 

Teorema 1.4.15 bikhofis Teorema. algebraTa klasi aris mravalsaxeoba maSin 

da mxolod maSin, roca is Caketilia qvealgebrebi, homomorfuli asaxvebis 

da pirdapiri namravlebis mimarT.   

 

1.5  meserebi da bulis algebrebi. 

gansazRvreba 1.5.1 algebra L = L, ,  aris meseri, Tu  L –Si WeSmaritia 

Semdegi tolobebi:  

                               x  x = x                  x  x = x                    (idempotenturoba) 

                            x  y = y  x             x  y = y  x                (komutaciuroba) 
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          x  (y   z) = (x  y)  z              x  (y   z) = (x  y)  z    (asociaciuroba) 

                     x  (x  y) =  x                      x  (x  y) =  x                (STanTqmis)      

 

lema 1.5.3  L = L, ,   iyos meseri.  

(1) nebismieri a,bL,    a  b = a maSin da mxolod maSin, roca a  b = b. 

(2) mimarTeba  x  y   gansazRvrulia rogorc x  y =  x (equivalenturad,   

x  y =  y).                                                                              

maSin L,  aris dalagebuli simravle da: 

x  y   x,  x  y   y,  (z)((z  x  z  y)  z  x  y); 

x  x   y,  y  x   y,  (z)((x  z  y  z)  x  y  z). 

3)  meores mxriv, Tu L,   aris dalagebuli simravle, sadac elementTa 

yovel wyvils gaaCnia misi supremumi da infimumi, maSin Cven vuSvebT x  y = 

inf(x,y),  x   y = sup(x,y) da vRebulobT algebras  L, , , romelic meseria. 

gansazRvreba 1.5.4  yoveli L = L, ,    meserisTvis, dalagebas  

winamdebare lemidan uwodeben dalagebas gansazRvrul L-iT an ubralod L 

-is dalagebas. Cven vaigivebT  L, , -s  L, , , -Tan.  

lema 1.5.5  yovel L meserSi  da  aris araklebadi  dalagebis mimarT. 

gansazRvreba 1.5.6   L meseri distribuciulia, Tu  an  toloba 

  x  (y  z) = (x  y)  (x  z),   

an toloba 

x  (y  z) = (x y)  (x  z), 

WeSmaritia  L-Si.  

 

gansazRvreba 1.5.9   algebra  L = L, , , 0, 1,   aris bulis algebra, Tu     

L, ,  distribuciuli meseria, 0 aris L-is umciresi elementi,  1 aris L-is 

udidesi elementi da   aris damateba, e. i. tolobebs, romlebic 

gansazRvraven distribuciul mesers, emateba Semdegi WeSmariti tolobebi  

L-Si: 
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x  0 = 0                  x  1 = 1, 

x   x = 1, 

x   x = 0.  

     gansazRvreba 1.5.11 L iyos meseri da X  L. X-is supremumi aris elementi 

aL, romelic aris X-is umciresi zeda sazRvari, e. i. b  a  nebismieri bX da 

roca   b  c  nebismieri bX, maSin a  c. Cven vwerT sup X   X-is supremumisTvis. 

analogiurad (dualurad) ganisazRvreba X-is infimumi, rogorc udidesi 

qveda sazRvari. 

 SeniSvna 1.5.12 SesaZlebelia, rom X-s ar gaaCndes supremumi; magram, Tu is 

arsebobs is calsaxad ganisazRvreba. analogiurad infimumisaTvis. L meseri 

aris sruli, Tu yovel X  L gaaCnia Tavisi sup da inf.  
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II 

mravalniSna propoziciuli aRricxva 

 

2.1   namdvil ricxvTa WeSmaritobis mniSvnelobebi, t-normebi da maTi 

rzidualoba 

aRvniSnoT, rom TavSi Cven ganvixilavT propoziciul logikas. 
WeSmaritobis mniSvnelobaTa simravle warmoadgens [0,1] intervali, sadac 1 

warmoadgens absolutur WeSmaritobas, xolo 0 absolutur mcdarobas.  

Cven ganvixilavT iseT logikur aRricxvebs sdac yovel kavSir c-es, vTqvaT 

binarul kavSirs, gaaCnia WeSmaritobis funqcia fc:[0,1]
2
  [0,1] ( e. i. fc(x,y)[0,1]   

nebismieri x,y[0,1]), romelic yoveli wyvili ,  formulebisTvis 

WeSmaritobis xarisxi Sedgenili formulisaTvis c(,)  ( an c Tu ase 

ufro mosaxerxebelia) ganisazRvreba Semadgeneli formulebis WeSmaritobis 

xarisxebiT.  

mravalniSna logika aris klasikuri logikis ganzogadoeba im gagebiT, rom 

WeSmaritobis 0, 1 mniSvnelobebze WeSmaritobis funqciebi erTmaneTs 

emTxveva.  

gansaZRvreba 2.1.1  t-norma aris binaruli operacia   [0,1]-ze (e. i. t:[0,1]
2
  

[0,1]), romelic akmayofilebs Semdeg pirobebs: 

(i)  komutaciuri da asociaciuria, e. i. nebismieri x,y,z[0,1],    

x  y = y  x, 

(x  y)  z = x  (y  z), 

(ii)  araklebadia orive argumentis mimarT, e. i. 

x1  x2                    x1  y   x2  y, 

y1  y2                    x  y1   x  y2, 

(iii) 1  x = x  da  0  x = 0  nebismieri x[0,1].   

    aris uwyveti t-norma, Tu is t-normaa da asaxva uwyvetia  [0,1]
2-dan  [0,1]-

Si.  

magaliTi 2.1.2 mniSvnelovani uwyveti t-normebi warmodgenilia Semdegi 

magaliTebiT: 
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(i) lukaseviCis t-norma: x  y = max(0, x + y  1), 

(ii) goedelis t-norma: x  y = min(x,y), 

(iii) namravlis t-norma: x  y = xy  (namdvil ricxvTa namravli). 

lema 2.1.4  davuSvaT, rom  aris uwyveti t-normaa. maSin arsebobs erTaderTi 

operacia x  y, romelic akmayofilebs pirobas (x  z)  y maSin da molod 

maSin, roca z  (x  y), saxeldobr x  y = max{z : x  z  y}, nebismieri x,y,z[0,1]. 

damtkiceba. nebismieri x,y[0,1] davuSvaT x  y = sup{ z : x  z  y}. davuSvaT, 

fiqsirebuli z-Tvis f(x) = xz; f  uwyvetia da araklebadi da maSasadame 

komutirebs sup–Tan. maSasadame 

x (x  y) = x sup{ z : x  z  y} = sup{ x  z : x  z  y}  y. 

e. i. x  y = max{z : x  z  y}. erTaderToba cxadia.              

gansazRvreba 2.1.5 operacias x  y 2.1.4-dan uwodeben t-normis reziduums. 

advilad mtkicdeba Semdegi  

lema 2.1.6  yoveli  t-normisaTvis da misi   reziduumisaTvis 

(i) x  y maSin da mxolod maSin, roca x  y = 1. 

(ii) 1  x = x. 

Teorema 2.1.7 Semdegi operaciebi warmoadgenen sami t-normis reziduums:      

x  y = 1, Tu x  y  da  

(i) lukaseviCis implikacia: x  y = 1 x + y 

(ii) goedelis implikacia: x  y = y 

(iii) gogenis implikacia: x  y = y/x, Tu x > y. 

   

 gansazRvreba 2.1.8 SemdgomSi Cven ganvixilavT [0,1] intervals rogorc 

algebras, romelic aRWurvilia operaciebiT min da max, fiqsirebuli t 

normiT  da misi reziduumiT , aseve elementebiT 0, 1. es algebra 

aRiniSneba  L()-iT. Cven gamoviyenebT  da   min da max aRsaniSnavaT. 

 SevniSnoT, rom dalageba  ganisazRvreba: x  y  maSin da mxolod maSin, 

roca  x  y = x. 
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  lema 2.1.9 nebismieri uwyveti t normisTvis , Semdegi tolobebi WeSmaritia  

L()-Si: 

(i) x  y = x  (x  y), 

(ii) x  y = ((x  y)  y)  (y  x)  x)). 

gansazRvreba 2.1.11 reziduumiT  gansRvravs Sesabamis damatebas            

()x = (x  0) (uaryofa). 

lema 2.1.12 Semdegi operaciebi warmoadgenen gansxvavebuli t normebis 

damatebebs: 

(i) lukaseviCis uaryofa ()x = 1  x. 

(ii) goedelis uaryofa ()0 = 1, ()x = 0  roca x >0. 

SemdgomSi, -iT aRvniSnavT uwyvet t normas; Cven gamovikvlevT komutaciur 

dalagebul naxevarjgufs  [0,1], , . gavixsenoT, rom elementi x 

idempoteturia, Tu x  x = x. e. i.  orive 0 da 1 idempotenturia; t normas 
SeiZleba gaaCndes an ar gaaCndes sxva idempotenturi elementebi. 

  

2.2. bazisuri mravalniSna logika  

Tu Cven vafiqsirebT t-normas , maSin Cven vafiqsirebT propoziciul 

aRricxvas (romlis WeSmaritobis mniSvnelobaTa simravle aris [0,1]):  

aRebulia (mkacri) koniunqciis  WeSmaritobis funqciisTvis, -is 

reziduumi xdeba implikaciis WeSmaritobis funqciad. 

gansazRvreba 2.2.1 propoziciuli aRricxvas PC(), romelic mocemulia -iT, 

gaaCnia propoziciuli cvladebi p1, p2, … , kavSirebi ,  da WeSmaritobis 

konstanta 0  0-sTvis. formulebi ganisazRvreba Cveulebrivi gziT: yoveli 

propoziciuli cvladi formulaa; 0 formulaa; Tu ,  formulebia, maSin 

  ,    formulebia. danarCeni kavSirebi ganisazRvreba Semdegnairad: 

    aris   (  ), 

    aris ((  )  )  ((  )  ), 

  aris   0, 

    aris (  )  (  ). 
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propoziciuli cvladebis Sefaseba aris asaxva e, romelic aniWebs yovel 

propoziciul p cvlads mis WeSmaritobis mniSvneloba e(p)[0,1]. es asaxva 

farTovdeba yvela formulebze Semdegnairad: 

e(0) = 0, 

e( ) =  (e()  e()), 

e( ) =  (e()  e()). 

 

lema 2.2.2 nebismieri  da  formulebisaTvis  

e( ) =  min(e(),e()), 

e( ) =  max(e(),e()). 

 e. i. 1 tavtologia aris formula, romelic absoluturad WeSmaritia 

nebismieri SefasebisaTvis. Cven vapirebT amovarCioT iseTi formulebi, 

romlebic 1 tavtologiebia yovel  PC()-is (nebismieri  t normisTvis) 

aqsiomebisaTvis da CamovayalibebT logikas, romelic iqneba saerTo yvela 

danarCeni PC() logikebisTvis. 

gansazRvreba 2.2.4  Semdegi formulebi warmoadgenen BL bazisuri logikis 

aqsiomebs: 

(A1) ( → ) → (( → ) → ( → )) 

(A2) ( & ) →   

(A3) ( &  ) → ( & )  

(A4) ( & ( → )) → ( & ( → ))  

(A5a) ( → ( → )) → (( & ) → )  

(A5b) (( & ) → ) → ( → ( → ))  

(A6) (( → ) → ) → ((( → ) → ) → )  

(A7) 0 →   

BL –is gamoyvanis wesia modus ponensi: 
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,        

lema 2.2.6 BL-is yvela aqsioma 1 tavtologiaa yovel PC()-Si. Tu  da        

   1 tavtologiebia PC()-Si, maSin -c 1 tavtologiaa PC()-Si. e. i., 

yoveli formula, romelic damtkicebadia PC()-Si 1 tavtologiaa yovel 

PC()-Si. 

 

lema 2.2.7 BL-Si mtkicdeba implikaciis Semdegi Tvisebebi: 

(1)   (  ) 

(2) (  (  ))  (  (  )) 

(3)     

lema 2.2.8 BL-Si mtkicdeba mkacri koniunqciis Semdegi Tvisebebi: 

(4) (  (  ))   

(5) (  (  (  )) 

(6) (  )  ((  )  (  )) 

(7) ((1  1)  (2  2))  ((1  2)  (1  2)) 

(8) (  )      (  ), (  (  ))  ((  )  ). 

 

lema 2.2.9 BL-Si mtkicdeba min koniunqciis Semdegi Tvisebebi: 

(9) (  )  , (  )  , (  )  (  ) 

(10) (  )  (  (  )) 

(11) (  )  (  ) 

(12) ((  )  (  ))  (  (  )) 

lema 2.2.10 BL-Si mtkicdeba max diziunqciis Semdegi Tvisebebi: 

(13)   (  ),   (  ), (  )  (  ) 

(14) (  )  ((  )  )) 

(15) (  )  (  ) 

(16) ((  )  (  ))  (  )  . 

Sedegi 2.2.11 BL-Si mtkicdeba 

   (11’)  ((  )  (  ))  (  (  )), 
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   (16’)  ((  )  (  ))  (  )  . 

 lema 2.2.12 BL-Si mtkicdeba uaryofis Semdegi Tvisebebi: 

(17)   (  ), kerZod,    da (  )  0. 

(18) (  (  ))   

(18’)  (  )  (  ) 

(18’’)  (  )  (  ) 

gansazRvreba 2.2.13 1 aRniSnavs 0  0. 

lema 2.2.14 BL-Si mtkicdeba 

(19) 1 

(20)   (1  ), 

(20’)  (1  )   

lema 2.2.15 BL-Si mtkicdeba  da  dmatebiTi Tvisebebi: 

(21) (  (  ))  ((  )  ) 

((  )  )  (  (  ))  (-is asociaciuroba), 

(22) analogiurad asociaciuroba -sTvis, 

(23)     (  ),  (  (  ))   

lema 2.2.16 BL-Si mtkicdeba 

(24)   ,  (  )  (  ), (  )  (  )  (  ), 

(25) (  )  (  ), (  )  (  ) 

(26) (  )  ((  )  (  )), 

(27) (  )  ((  )  (  )), 

(28) (  )  ((  )  (  )), 

(29) (  )  ((  )  (  )). 

gansazRvreba 2.2.17  BL –is Teoria  aris raRac formulaTa simravle T. 

damtkiceba T TeoriaSi aris formulebis 1, ... , n, romlis yoveli wevri 

aris an BL –is aqsioma, an ekuTvnis T-s (specialuri aqsiomebi) an 

gamomdinareobs mimdevrobis winamdebare wevrebidan gamoyvanis wesis modus 

ponensis saSualebiT. 
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 T|   niSnavs, rom  damtkicebadia (Teoremaa) T-Si, e. i. is damtkicebis 

bolo wevria. Semdegi aris deduqciis Teoremis varianti:  

Teorema 2.2.18  T iyos Teoria da ,  formulebi. T  {}|   maSin da 

mxolod maSin, roca arsebobs n iseTi, rom T |  
n
    (sadac  

n 
 aris   ... 

   n jer). 

damtkiceba. davuSvaT, rom n > 1 da T |  
n
  . maSin  T | (  

n-1
)  ,          

T |   ( 
n-1

  ),  maSasadame T  {}|  
n-1

  . igive proceduris gameorebiT 

sabolood miviRebT  T  {}|  , da maSasadame T  {}|  .   

 exla davuSvaT, rom T  {}|   da 1, ... , k      T  {} Sesabamisi -is 

damtkiceba  T-Si. induqciiT davamtkicoT, rom yoveli j = 1, … , k, arsebobs nj  

iseTi, rom T |  
nj

  j. Sedegi cxadia, Tu  j aqsiomaa an equTvnis T  {}. Tu 

j aris modus ponensis Sedegi winamdebare formulebidan i , i  j, maSin 

induqciis daSvebis Tanaxmad Cven gvaqvs T |  
n
  i, T |  

m
  (i  j), maSadame 

(7)-is Tanaxmad, T | ( 
n
   

m
)  (i  (i  j)), e. i. T |  

n+m
  i  (ixile (4)). amiT 

dasrulda damkiceba.                                                   

gansazRvreba 2.2.20  T Teoria winaamRdegogrivia Tu  T | 0; sxva SemTxvevaSi 

arawinaamRdegobrivia.  

lema 2.2.21  T arawinaamRdegobrivia maSin da mxolod maSin, roca T |   

nebismieri -aTvis.  

damtkiceba. Tu T amtkicebs nebismier formulas, maSin is amtkicebs 0. 

piriqiT, Tu T | 0, maSin T |  , vinaidan T | 0     (aqsioma A7).              

lema 2.2.22  Tu T  {}  winaamRdegobrivia, maSin romeliRac n-Tvis,          

T | ( 
n
).    

damtkiceba. Tu T  {}| 0, maSin, deduqciis Teoremis Tanaxmad, arsebobs 

iseTi n, rom T |  
n
  0.                                                

lema 2.2.23  BL-Si mtkicdeba mtkicdeba Semdegi distribuciuli kanonebi: 

(30) (  (  ))  ( )  ( ),   (  )  (  )  (  ) 

(31) ( (  ))  ((  )  (  )), (  ( ))  (( ) ( )) 

 

 lema 2.2.24  BL-Si mtkicdeba  

(32) (  )  (  )  ((  )  (  )),                                 
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(  )  (  )  ((  )  (  )) 

(33) (  )n  (  )n,  n-Tvis, sadac  n
  aris   ...  , n jer. 

Teorema 2.2.25 (34) (  )  (  ), 

(35)  (  )  ( )    

 

2.3.  rezidualuri meserebi; sisrulis Teorema 

2.3.1  wina or TavSi Cven SeviswavleT t-normebi rogorc kandidatebi 

koniunqciis WeSmaritobis funqciisa, Sesabamisi reziduumi rogorc 

implikaciis WeSmaritobis funqcia da vuCveneT sxva WeSmaritobis 

funqciebis gansazRvrebadoba  (Sesabamisi uaryofa, minimum da maqsimumi). 

yoveli fiqsirebuli   t-normisaTvis Cven vRebulobT Sesabamis 

propoziciul aRricxvas PC(); Cven CamovayalibeT logikuri aqsiomebi, 

romlebic arian 1 tavtologiebi yovel PC()–Si, ganvsazRvreT damtkiceba 

da vuCveneT mravali formulebi, romlebic damtkicebadia BL-Si. es logika 

koreqtulia (sound): yoveli damtkicebadi formula (Teorema) 1 tavtologiaa 

yovel PC()–Si. 

 exla Cven im mdgomareobaSi varT, rom SevudgeT BL-is algebraizacias. 

Cven ganvsazRvravT mravalsaxeobas algebrebisa, romelTac ewodeba        

BL-algebrebi da vuCvenebT, rom  

(i) yoveli   t-normisaTvis, erTeuli intervali [0,1] da maszed 

gansazRvruli WeSmaritobis funqciebi logikuri kavSirebisa aris 

wrfivad dalagebuli BL-algebreba. 

(ii) BL korektulia agreTve yoveli wrfivad dalagebuli BL-

algebrisTvis, e. i. yoveli damtkicebadi formula aris 1 

tavtologia yoveli aseTi meserisTvis. 

(iii) yvela formulaTa simravle, dayofili damtkicebadobis 

eqvivalentobiT, maszed gansazRvrulii operaciebiT gansazrvruls 

kavSirebiT, aris BL-algebra (arawrfivad dalagebuli).             

(iv) formula, romelic tavtologiaa yvela wrfivad dalagebuli BL-

algebrebis mimarT, tavtologiaa yvela  BL-algebrebis mimarT. es 

mogvcems Cven sasurvel sisrulis Teoremas. BL-algebrebi 

gansaZRvruli iqneba rogorc rezidualuri meserebis kerZo 

SemTxveva. 

gansazRvreba 2.3.2 rezidualuri meseri aris algebra 
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(L, , , , , 0. 1) 

oTxi binaruli operaciiT da ori constantaTi iseTebi, rom  

(i) (L, , , 0, 1)  aris meseri elementiT 1 da umciresi elementiT 0 

(meseruli dalagebis  mimarT), 

(ii) (L, , 1)  aris komutaciuri naxevarjgufi erTeuli elementiT 1 (e. i. 

aris monoidi), e.i.  aris komutaciuri, asociaciuri, 1x = x 

nebismieri x-sTvis. 

(iii)  da  hqmnian SeuRlebul weevils, e. i.  (1) z  (x  y)  maSin da 

mxolod maSin, roca  x  z  y  nebismieri  x,y,z-Tvis. 

 

gansazRvreba 2.3.3  rezidualuri meseri (L, , , , , 0. 1) aris  BL-algebra 

maSin da mxolod maSin, roca Semdegi ori toloba sruldeba nebismieri 

x,yL : 

(2) x  y  = x  (x  y) 

(3) (x  y)  (y  x) =1. 

lema 2.3.4  yovel rezidualur meserSi sruldeba Semdegi Tvisebebi 

nebismieri x,y,z-Tvis: 

(4) x  (x  y)  y  da  x  (y  (x  y)); 

(5) Tu x   y, maSin  x  z  y  z,   (z  y)  (z  x),  (y  z)  (x  z); 

(6) x   y  maSin da mxolod maSin, roca  x  y = 1; 

(7) (x  y)  z = (x  z)  (y  z); 

(8) (x  y) = ((x  y)  y)  (y  x)  x)). 

gansazRvreba 2.3.5  rezidualuri meseri (L, , , , , 0. 1) aris wrfivad 
dalagebuli, Tu misi meseruli dalageba wrfivia, e. i. nebismieri wyvili x,y-

saTvis  x  y = x  an x  y = y. 

lema 2.3.6  wrfivad dalagebuli rezidualuri meseri aris BL-algebra maSin 

da mxolod maSin, roca masSi sruldeba toloba x  y = x  (x  y).  

gansazRvreba 2.3.7  davuSvaT L = (L, , , , , 0. 1) aris BL-algebraa. 2.2.2-is 

analogiurad ganvsazRvrod L Sefaseba propoziciuli cvladebisTvis, 

rogorc asaxva e, romelic aniWebs yovel propoziciul cvlad p-s element 

e(p) –s  L -dan. rogorc cnobilia es Sefaseba gafarTovebadia formulebis 

yvela simravleze WeSmaritobis funqciebis gamoyenebiT L-ze, e. i.   
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e(0) = 0, 

e( ) =  (e()  e()), 

e( ) =  (e()  e()). 

(da maSadame e( ) =  e()  e(), e( ) =  e()  e(), e() = e()  0.) 

 formula  aris L tavtologia, Tu e() = 1 yoveli e   L SefasebisTvis. 

Teorema 2.3.9  BL logika koreqtulia BL tavtologiebis mimarT: Tu  

damtkicebadia BL- Si, maSin  aris L tavtologia nebismieri BL 

algebrisTvis. 

lema 2.3.10  BL algebris klasi hqmnis mravalsaxeobas. 

lema 2.3.16  yoveli BL algebra aris wrfivad dalagebuli BL algebris 

dekartuli namravlis qvealgebra. 

gansazRvreba 2.3.17  yovel BL formula  -s  SevusabamoT termi   

rezidualuri meseris enidan , , , , 0, 1 kavSirebis SenacvlebiT 

Sesabamisad funqcionaluri simboloebiT da konstantebiT , , , , 0,1  da 

yoveli pi  propozizionaluri cvladis Sesabamisi sagnobrivi cvladiT xi-T. 

lema 2.3.18  (1) yoveli formula, romelic aris L tavtologia yovel 

wrfivad dalagebul BL algebraSi aris L tavtologia yovel BL algebraSi. 

(2)  aris L tavtologia maSin da mxolod maSin, roca  = 1 

WeSmaritia L-Si. 

Teorema 2.3.19  (sisrule) Semdegi debulebebi eqvivalenturia: 

(i)  damtkicebadia (Teoremaa) BL –Si, 

(ii)  nebismieri wrfivad dalagebuli L   BL algebrisTvis,  aris L 

tavtologia; 

(iii) nebismieri L   BL algebrisTvis,  aris L tavtologia. 
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III 

lukaseviCis propoziciuli logika 

lukaseviCis logika miiReba, Tu davumatebT am logikis erT 1 tavtologias 

BL–is aqsiomebs, kerZod ormag uaryofis aqsiomas () 

  . 

Teorias BL + () ewodeba lukaseviCis propoziciuli logika da aRiniSneba 

L-iT. 

TviT lukaseviCis mier lukaseviCis propoziciuli logika 

aqsiomatizirebuli iyo oTxi aqsiomiT (L1) - (L4). 

3.1 lukaseviCis logika 

Cven SeviswavliT propoziciul aRricxvas  PC(L), sadac L aris lukaseviCis 

t norma – WeSmaritobis koniunqciis funqcia:                     

x  y = max(0, x + y  1). 

lema 3.1.1  (1) L|   , 

(2) L| (  )  (  ), 

(3) L| (  )  (  ), 

(4) L| ((  )  )  ((  )  ). 

 

gansazRvreba 3.1.3  lukaseviCis aqsiomebia: 

(L1)    (  )  

(L2)  (  )  ((   )  (   )), 

(L3)  (  )  (  ), 

(L4)  ((  )  )  ((  )  ). 
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3.2  MV-algebrebi; sisrulis Teorema  

3.2.1 rogorc Cven vnaxeT, lukaseviCis propoziciuli aRricxva L SegviZlia 

gavigoT rogorc BL bazisuri logikis sqematuri gafarToeba Semdegi 

sqemiT    . maSasadame, lukaseviCis logikisaTvis sisrule mtkicdeba 

L-algebrebis mimarT, e. i. im  BL-algebrebis mimarT, sadac sruldeba 

toloba x = ((x  0)  0).  L-algebrebi cnobilia sxva saxeliT: 

gansazRvreba 3.2.2  MV-algebra aris BL-algebra sadac sruldeba A toloba 

x = ((x  0)  0).    

gansazRvreba 3.2.4  vaisbergis algebra aris algebra A = A, , 0, romelSic 

Semdegi tolobebi sruldeba: 

davuSvaT  x = x  0, 1 = (0  0). maSin   

(W1) (1  y) = y, 

(W2)  (x  y)  ((y  z)  (x  z)) =1, 

(W3)  ((x  y)  (y  x)) =1, 

(W4)  ((x  y)  y) = ((y  x)  x). 

 

Teorema 3.2.7 (i)  Tu A  MV-algebraa, maSin A, , 0 vaisbergis algebraa. 

(ii) Tu  A = A, , 0  vaisbergis algebraa da Tu , , , , 1 gansazRvrulia 

Semdegnairad: 

 

                                                    x  y = (x   y), 

 x  y = x  (x   y), 

 x  y = (x  y)  y, 

 

maSin A’ = {A, , , , , 0, 1}  aris MV-algebra. 

 

lema 3.2.12  (1) Tu toloba  =   MV-algebris enaSi sruldeba standartul 

[0,1] MV-algebraSi WeSmaritobis funqciebiT, maSin is sruldeba yovel 

wrfivad dalagebul MV-algebraSi. 

(2)  maSasadame, Tu formula  aris  1 tavtologia standartul [0,1] MV-

algebraSi, maSin  aris A  tavtologia yoveli wrfivad dalagebul MV-

algebra A-Si. 
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(3) ufro zogadad, Tu  T aris sasruli Teoria da  WeSmaritia T Teoriis 

yovel [0,1]L modelSi, maSin yoveli wrfivad dalagebuli MV-algebra A-

sTvis,  WeSmaritia T Teoriis yovel A modelSi. 

 

Teorema 3.2.14  (sisrulis Teorema). 

(1) formula  damtkicebadia lukaseviCis logika L-Si maSin da 

mxolod maSin, roca is lukaseviCis logikis 1 tavtologiaa. 
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IV 

 

namravlis logika, goedelis logika 

 

Cven exla SeviswavliT propoziciul aRricxvas  PC(), sadac  aris 

namravlis T norma; am logikas Cven vuwodebT namravlis logikas da 

aRvniSnavT . gavixsenoT, rom Sesabamisi implikacia aris gogenis 

implikacia:  x  y = y/x, Tu x > y, da x  y = 1 Tu x  y; xolo uaryofa goedelis 

uaryofaa; namravlis koniunqcia aRiniSneba . SemdgomSi  niSnavs gogenis 

implikacias.  

 

gansazRvreba 4.1.1 -s aqsiomebi aris BL aqsiomebs damatebuli  

(1)   ((    )  (  )), 

(2)     0. 

 

lema 4.1.2 aqsiomebi aris 1 tavtologiebi [0,1] algebraSi WeSmaritobis 

funqciebiT. 

 

gansazRvreba 4.1.1 -algebra aris BL-algebra, romelic akmayofilebs  

()()z  ((x  z   y  z)  (x  y)), 

x  ()x = 0. 

 

SeniSvna 4.1.7 cxadia, rom -algebrebis klasi warmoadgens mravalsaxeobas 

da   koreqtulia  namravlis algeberebis mimarT, e. i. yoveli formula, 

romelic damtkicebadia -Si aris L  tavtologia yoveli namravlis algebra 

L–Tvis. 

 

Teorema 4.1.13  (sisrulis Teorema). 

(1) formula  damtkicebadia namravlis logika -Si maSin da mxolod 

maSin, roca is namravlis logikis 1 tavtologiaa. 

 

4.2.  goedelis logika 

bolo logika, umniSvnelovanesi logikebs Soris, romlebic mocemulia 

uwyveti T normiT aris goedelis logika  G, sadac  interpretirebulia 

rogorc minimumi. 

gansazRvreba 4.2.1 G logikis aqsiomaTa sistema warmoadgens BL logikis 

aqsiomaTa sistemas damatebuli erTi aqsioma 
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     (G)                                       (  ) 

romelic amtkicebs  -is  ((  )   formulasTan erTad) idempotent-
urobas. 

 

lema 4.2.2  G-Si mtkicdeba  (  )  (  ). 

 

goedelis logika warmoadgens intuicionisturi logikis gafarToebas. 

 

gansazRvreba 4.2.6 intuicionistur logikas  I –s gaaCnia logikuri 

kavSirebi , , ,  da  Semdegi aqsiomebi 

 

(I1)      (    ), 

(I2)  (   (    ))    ((    )    (    )), 

(I3)  (     )     ,  

(I4)  (     )     ,  

(I5)      (   (   )),  

(I6)      (    ), 

(I7)      (    ), 

(I8)   (    )  ((   )  ((     )    )), 

(I9)   (  )      

 

lema 4.2.7  G-Si mtkicdeba I-s yvela aqsiomebi. 

 

lema 4.2.2  G aris  I-s gafarToveba Semdegi aqsiomiT 

(  )  (  ). 

 

lema 4.2.10  G-Si marTebulia klasikuri deduqciis Teorema: nebismieri T 

TeoriisaTvis G-Si da formulebisTvis , ,  

T  {}|   maSin da mxolod maSin, roca T| ( ). 

 

gansazRvreba 4.2.12  BL-algebras, romelic akmayofilebs tolobas x  x = x 

ewodeba  G-algebra.  

 

lema 4.2.16 Tu toloba  =  G-algebris enaSi sruldeba standartul G-

algebraSi  [0,1]G  WeSmaritobis funqciebiT, maSin is sruldeba yvela 

wrfivad dalagebul G-algebrebSi. 
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Teorema 4.2.17  (sisrulis Teorema). 

(1) formula  damtkicebadia goedelis logika G-Si maSin da mxolod 

maSin, roca is goedelis logikis 1 tavtologiaa. 
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V 

 

mravalniSna predikatuli logika 

 

 

5.1  bazisuri mravalniSna predikatuli logika 

 

gansazRvreba 5.1.1 predikatuli ena Sedgeba predikatTa aracarieli 

simravlisgan, yoveli maTgani dadebiTi naturaluri ricxviT – 

ramdenadgiliania is da sagnobrivi konstantTa (SesaZlo carieli) 

simravlisgan.  predikatebi zogadad aRiniSnebian P, Q, R, …   simboloebiT, 

konstantebi c,d, ….  simboloebiT. logikuri simboloebi arian sagnobrivi 

cvladebi  x, y, …, logikuri kavSiri -  &, , WeSmaritobis konstantebi 0, 1 

da kvantorebi , . danarCeni kavSirebi (, , , ) ganisazRvreba iseve 

rogorc Wina TavebSi. termebs warmoadgenen sagnobrivi cvladebi da 

sagnobrivi konstantebi. 

 atomur formulebs gaaCniaT saxe P(t1, … , tn), sadac P aris n-adgiliani 

predikati da t1, … , tn aris termebi. Tu  da  formulebia da x sagnobrivi 

cvladia, maSinP   ,  & , (x), (x) 0, 1  formulebia; yoveli 

formula aigeba atomuri formulebidan mocemuli wesis saSualebiT.  

 L iyos predikatuli ena da L wrfivad dalagebuli BL-algebra. L-

struqtura  M = M, (rP)P, (mc)c   L predikatuli enisTvis gaaCnia aracarieli 

domeini M, yoveli n-aruli P predikatisTvis L-fazi n-aruli mimarTeba     

rP : M
n
  L   M-ze (romelic Seusabamebs  (m1, … , mn)  n-uls simravles M

n–dan 

(m1, … , mn)-is kuTvnilebis xarixs rP(m1, … , mn)  L  fazi mimarTebas),  da yovel 

sagnobriv  c konstantas Seusabamebs romeliRac element mc-es  M–dan.  

gansazRvreba 5.1.3   L iyos predikatuli ena da M = M, (rP)P, (mc)c  L-sruqtura   

L enisTvis.  M–Sefaseba sagnobrivi cvladebisTvis aris asaxva v, romelic 

aniWebs yovel sagnobriv x cvlads elements v(x) M, xolo v(c) = mc M. Tu  v, 

v’ ori Sefasebaa, maSin v x v’  niSnavs, rom v(y) = v’(y)  nebismieri y 

cvladisTvis, romelic gansxvavebulia  x-gan.   

 M–Sefaseba v SegviZlia gavafarTovoT yvela formulebze 

Semdegnairad.  

v(P(t1, … , tn)) = rP(v(t1), … , v(tn)); 
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                                                    v(  ) = v()  v(); 

                                                   v( & ) = v()  v(); 

                                                    v(0) =0;  v(1) =1; 

                                                    v((x)) = inf { v’(): v x v’}; 

                                                  v((x)) = sup { v’(): v x v’} 

 

im SemTxvevaSi Tu infimumi da supremumi arsebobs L–Si; sxva SemTxvevaSi 

formulis WeSmaritobis mniSvneloba zogadad ganusazRvrelia. 

 struqtura  M  L-srulia, Tu saWiro infimumi da supremumi arsebobs, 

e. i. v()  gansazRvrulia yvela    da  v-sTvis. 

gansazRvreba 5.1.6  (1)  iyos L enis formula da M = M, (rP)P, (mc)c sruli L-

sruqtura   L enisTvis.  -is WeSmaritobis mniSvneloba M–Si aris 

|||| M = inf{v(): v  M-Sefasebaa}. 

(2) L enis formula  aris L-tavtologia, Tu |||| M=1L nebismieri M                     

L-struqturisaTvis da sagnobrivi cvladebis nebismieri M-

SefasebisaTvis. 

gansazRvreba 5.1.7  (1) Semdegi formulebi warmoadgenen kvantorebis 
logikur aqsiomebs: 

(1)  (x)(x)  (t)  (t Tavisufalia x–Tvis  (x)-Si) 

(1)    (t)    (x)(x)   (t Tavisufalia x–Tvis  (x)-Si) 

(2)  (x)(v  )  (v  (x))   (x  ar aris Tavisufali   v-Si) 

(2)  (x)(  v)  ((x)  v)   (x  ar aris Tavisufali   v-Si) 

(3)  (x)(  v)  ((x)  v)   (x  ar aris Tavisufali   v-Si) 

 

lema 5.1.9 aqsiomebi  (1), (2), (3), (1), (2) warmoadgenen L-tavtologiebs 

nebismieri BL–algebrisaTvis. 
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lema 5.1.10  (gamoyvanis wesebis koreqtuloba.) 

(1) nebismieri ,  formulebisaTvis,  sruli L-struqtura  M-Tvis da 

Sefaseba v-Tvis,                                                                 

                   v()   v()  v(  ); 

 

kerZod, Tu v() = v(  ) = 1L, maSin  v() = 1L. 

(2) maSasadame,  Tu  ,       1L-WeSmaritia M–Si, maSin  1L-WeSmaritia 

M–Si, 

(3) v() = v((x));  e. i.    1L-WeSmaritia M–Si, maSin (x) 1L-WeSmaritia 

M–Si. 

 

Teorema 5.1.14    iyos nebismieri formula, xolo  formulaa, romelic ar   

 Seicavs x-s TavisuflaT. maSin bazisuri mravalniSna predikatul logikaSi 

BL-Si mtkicdeba Semdegi formulebi: 

(1)  (x)(  )  (  (x))   

(2)  (x)(  )  ((x)  )   

(3)  (x)(  )  (  (x))   

(4)  (x)(  )  ((x)  )  

(5)   (x)(  )  ((x)  (x)) 

(6)   (x)(  )  ((x)  (x)) 

(7)  ((x) & (x))  (x)( & ) 

(8)  (x)  (x) 

(9)  (x)  (x) 

(10)  (x)(  )  (  (x))  (x  ar aris Tavisufali   -Si) 

(11)  (x)(  )  (  (x))   (x  ar aris Tavisufali   -Si) 

(12) (x)(  )  (  (x))  (x  ar aris Tavisufali   -Si) 

 

Teorema 5.1.23  T iyos Teoria da ,  Caketili formulebi T –s enaSi. maSin 

T  {}|   maSin da mxolod maSin, roca arsebobs n iseTi, rom T |  
n
    

(sadac  
n 

 aris   ...    n jer). 

5.2 sisrule 

gansazRvreba 5.2.1 davuSvaT  T  C logikis (romelic BL logikis 

sqematuri gafarTovebaa)  Teoriaa. 
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(1) T arawinaamRdegobrivia, Tu arsebobs formula , romelic  araa 

damtkicebadi T–Si. 

(2) T srulia, Tu yoveli wyvili ,  Caketili formulebisTvis,      

T|      an T|   . 

lema 5.2.2 T winaamRdegobrivia maSin da mxolod maSin T| 0. 

lema 5.2.3 T  srulia  maSin da mxolod maSin, roca yoveli wyvili ,  

Caketili formulebisTvis, iseTebisTvis, rom T|   ,  T-Si  mtkicdeba  an 

.  

Teorema 5.2.9 (sisrule.)  damtkicebadia T  TeoriaSi maSin da mxolod maSin, 

roca nebismieri L-algebrisTvis da T  Teoriis wrfivad dalagebuli  M       

L-modelisTvis, |||| M=1L. 

 

5.3 goedelis logikis aqsiomatizacia 

lema 5.3.3 (sisrule.) T|G  maSin da mxolod maSin, roca |||| M=1L    G-as M  

[0,1]G- modelisTvis. 

 

5.4. lukaseviCis da namravlis predikatuli logika 

lema 5.4.1 davuSvaT ,  formulebia, x ar aris Tavisufali -Si. L 

logikaSi mtkicdeba   (x)  (x). 

lema 5.4.12  L logikaSi mtkicdeba 

(x)((x)  )  ((x)((x))  )   (x  ar aris Tavisufali   -Si). 

lema 5.4.14  L logikaSi mtkicdeba 

(x)((x) & )  ((x)((x)) & )   (x  ar aris Tavisufali   -Si). 

lema 5.4.16 nebismieri naturaluri  n  1, 

(1) L| (x) 
n
  ((x))

n,  
(2) L| (x)n  n((x)). 

Teorema 5.4.25 (sisrule.) T iyos L-logikis Teoria;  L-s Caketili 

formula  aris 1-WeSmariti T Teoriis yovel modelSi [0,1]L algebrisaTvis 

maSin da mxolod maSin, roca yoveli n  1,  T-Si mtkicdeba    n
. 
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Teorema 5.4.30 L-logikis formula  aris  [0,1]L-tavtologia maSin da 

mxolod maSin, roca yoveli n  2,   aris  Ln-tavtologia. 

 

 

 


