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neironisa da neironuli qselebis swavleba ukukavSiris 

gamoyenebiT qarTuli simboloebis amocnobis magaliTze 

oTar verulava, ia iremaZe, zurab wverikmazaSvili 

saqarTvelos teqnikuri universiteti 

reziume 

naSromSi warmodgenilia erTi neironisa da dakavSirebuli neironebis simravlis 
swavlebis procesi saxeTa amocnobis problemis gadawyveta, romelic dayofilia or 
etapad. pirvel etapze xdeba TiToeuli saxisTvis erTi neironis swavleba, saswavlo 
nakrebis realizaciebis gamoyenebiT, meore etapze “naswavli” neironebi erTiandebian 

qselSi. gaerTianebis kriteriumia saxeebs Soris maqsimaluri gansxvavebulobis miRweva, 
ise rom, ar daikargos Sedgenili saxis aRweris msgavseba sakuTar TavTan. 
SemoTavazebulia amocnobis procesSi Secdomis gasworebis meTodi, romlis saSualebiTac 

xdeba saxis aRweris koreqtireba Secdomis aRmofxvris paralelurad. neironuli qselis 

swavlebis algoriTmi realizebulia C ++  enaze. miRebilia uSecdomo amocnoba erTi 

Sriftis yvela kegelisaTvis. 
sakvanZo sityvebi: neironuli qseli. swavleba. amocnoba. etalonuri aRwerebi. 

1. Sesavali 

saxis etalonuri aRweris ageba saxeTa amocnobaSi da amocnobis procesis 
organizeba, rogorc wesi, warmoadgenen damoukidebel problemebs. am wesisagan 
gansxvavebiT arseboben amomcnobi sistemebi, sadac gadawyvetilebis miReba-amocnoba 

dakavSirebulia etalonuri aRwerebis formaze da Sinaarsze. magaliTad, Tu etalonuri 
aRwerebi warmoadgenen binarul veqtorebs an matricebs, maSin, msgavsebis zomis SerCevisas 
da gadawyvetilebis miRebisas, gamoiyeneba Sesabamisi maTematikuri aparati, magaliTad, 

binaruli realizaciebisaTvis- bulis algebra; 
Tu realizaciebi SemTxveviTi procesebis ganxorcielebisT miRebuli informaciaa, 

maSin gamoiyeneba maTematikis statistikuri analizis aparati da a.S. 

saxeTa amocnobaSi, praqtikulad araa cnobili amomcnobi sistemebi, romlebic etalonuri 
aRwerebis asagebad gamoiyenebs uSualod amocnobis process. maTgan gansxvavebiT, mocemul 
naSromSi SemuSavebulia etalonuri aRwerebis Seqmnis meTodi, romelic iyenebs amocnobis 

proceduras, rac SesaZlebelia ganxorcieldes amocnobis procesSi formirebadi 
neironuli qselis saSualebiT. 

miviRoT, rom neironuli qseli Sedgeba imdeni neironisagan, ramdenicaa amosacnobi 

saxeebi. avRniSnoT amosacnobi saxeebi { }A  simravliT, xolo neironebi { }Ne  simravliT. 

Sesabamisad gveqneba: 

{ } { }Card A Card Ne I= =  

rac niSnavs, rom gvaqvs I  raidenobis saxe da Sesabamisad, neironic. 
TiToeul neirons gaaCnia imdeni dendriti, ra simZlavrisac aris niSanTa simravle. 

avRniSnoT niSanTa simravle { }x -iT, xolo dendritebis simravle { }De -Ti, Sesabamisad 

gveqneba: 

{ } { }Card x Card De N= =  

sadac - N  niSanTa raodenobaa saxeTa  mocemuli { }A  simravlisaTvis. 

formirebadi neironuli qseli warmoadgens srulkavSirebian struqturas, sadac 

TiToeuli neironis Sesasvlelze miewodeba realizaciis veqtori an matrica { }X x=  

(nax.1).  aq mocemulia ucnobi realizacia X , romelic miewodeba I  neirons, Tavisi { }x  

komponentebis saSualebiT. aRvweroT amocnobis procesi erTi iNe  neironisaTvis, rac 

mocemulia me-2 naxazze. 
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nax.1 

 

 
nax.2 

me-2 naxazze { }x  simravlis elementebi Sedis { }W  woniTi koeficientebis Sesabamis 

elementebSi. { }W  woniTi koeficientebi warmoadgenen dendritebis gamtarunarianobas Tu 

1W ≥ , an winaRobas (damuxruWebas) Tu 1W ≤ . rogorc wesi woniTi koeficientebi 

akmayofileben pirobas: 0W > . dentritebSi gamavali signali mravldeba woniT 

koeficientze da Sedegebi aijameba neironis somaSi: n nn
x W∑ , somidan gamomavali signali 

Net  warmoadgens namdvil ricxvs, romelic ( )F •  funqciisa da Z  zRurblis saSualebiT 

gamoimuSavebs neironis gamomaval signals Out  Semdegi gamosaxulebis mixedviT: 

                       
( )
( )

, 1
, 1

F Net Z Out
F Net Z Out

≥ =
< =

maSin
maSin

                         (1) 

( )•F  funqciad yvelaze xSirad gamoiyeneba safexuriani (perseptronebSi) da 

sigmoiduri funqcia. analizurad amocnobis procesis aRwera SesaZlebelia Semdegi 
gamosaxulebiT: 

X ni
n

ni xNetNe ω∑=⇒ }1,0{=⇒Ζ iout         (2)                                             

Tu   1 iOut X A= ⇒ ∈ ;      Tu  0 iOut X A= ⇒ ∉  

(2) gamosaxulebaSi simbolo  aRniSnavs predikats ,,waredgineba~, xolo simbolo 

⇒  predikats ,,miiReba~. amocanis gadawyveta gulisxmobs { }ω   woniTi koeficientebis 

iseT SerCevas (cvlilebebs), rac uzrunvelyofs ucnobi realizaciis swor amocnobas. 

woniTi koeficientebis SerCeva – cvlilebis procesi erTdroulad warmoadgens 
etalonuri aRwerebis formirebis process, romelSic gamoyenebulia cnobili, anu 
saswavlo nakrebis realizaciis amocnobis procedurebi. 

 



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS -  No 1(8), 2010  

 235

2. problemis gadawyvetis ZiriTadi principebi 

nebismieri { }AAi ∈   saxis aRwera avRniSnoT iA -iT. nebismieri aRwera unda gavdes 

Tavis saxes, rac warmoadgens naSromSi formirebuli neironuli qselis swavlebis 
meTodis pirvel princips. swavlebis pirveli principi SeiZleba warmovadginoT 
analizurad:          

             0 1;i iA A i IΘ → =                    (3) 

sadac simbolo Θ  gulisxmobs ,,gansxvavebas~ iA  saxesa da mis iA  etalonur  aRweras 

Soris da ara mxolod sxvaobas. swavlebis meore principi gulisxmobs, rom erTi, 

magaliTad,  iA  saxis aRwera unda gansxvavdebodes meore, magaliTad  jA   saxis 

aRwerisagan: 

       maxi jA A  i,  j =1; I  , i  jΘ → ≠                         (4) 

(3) da (4) gamosaxulebebi ganapirobeben swavlebis procesis dayofas or nawilad. 
pirveli, sakuTari saxis formireba, gamosaxuleba (3)-is mixedviT, meore miRebuli 
aRweris Secvla (4) gamosaxulebis dasakmayofileblad ise, rom ar dairRves (3) 

gamosaxulebiT mocemuli piroba. 
mesame principi gulisxmobs, rom neironuli qselis swavlebis procesSi gamoiyeneba 

mxolod dajildoebis procedura. es niSnavs, rom woniTi koeficientebis cvlileba xdeba 

garkveuli kriteriumebis mixedviT, amasTan mxolod maTi mniSvnelobebis gazrdiT. Tu 
koeficientebis cvlilebis saWiroeba ar arsebobs, maSin maT mniSvnelobebs vtovebT 
ucvlelad. 

meoTxe principis mixedviT, saswavlo nakrebis arasworad amocnobili realizaciebi 
waredgineba neirons xelmeored amosacnobad mxolod mas Semdeg, rac Seicvleba 
(gaizrdeba). 

winaswar SerCeuli, an gansazRvruli, woniTi koeficientebi. es procesi ganmeordeba 
manam, sanam cnobili realizacia swored iqneba amocnobili. 
swavlebis pirvel etapze, rodesac xdeba erTi saxis aRweris ageba anu Tavisi saxis 

etalonuri aRweris Seqmna woniTi koeficientebis cvlilebebis saSualebiT, gamoiyeneba 
mxolod erTi neironi sur. 2, es principi warmoadgens mexuTe princips, romelic 
moqmedebs manam, sanam swavlebis procesidan gamomdinare, cnobili gaxdeba, rom mocemuli 

saxisaTvis erTi neironis woniTi koeficientebis cvlilebiT aigeba saWiro Tvisebebis 
mqone etalonuri aRwera. 

swavlebis pirveli etapis aRwera. neironuli qselis erTi elementis anu erTi 

saxis etalonuri aRweris ageba, mexuTe principis Tanaxmad, warmodgenilia erTi neironis 
swavlebis procesiT. am procesis zogadi struqturuli sqema mocemulia sur. 2-ze. ufro 
detalurad da konkretulad aRniSnuli procesi warmodgenilia sur. 3-ze, sadac mTeli 

saswavlo nakrebis realizaciebidan amokrefilia iA  saxis realizaciebi, romlebic 

TanmimdevrobiT, (2) gamosaxulebis Tanaxmad, waredgineba iNe  neirons. wardgineba 

gulisxmobs iX  realizaciis  { }nix  komponentebis gamravlebas Sesabamisi dendritis 

woniT { }niw  koeficientebze, rac sur.3-ze naCvenebia grafis Sesabamisi wveroebiT, 

suraTis marcxena mxares, TiToeuli dendritidan miRebuli namravlis mniSvnelobebi 

somaSi    (naCvenebia   wrewiriT) aijameba da miiReba iNet  sidide, romelsac neironis 

reaqciasac uwodeben. Semdeg iNet  sidide waredgineba ((2) gamosaxulebis mixedviT) 

arawrfiv rgols, romelSic manamde moTavsebulia winaswar SerCeuli zRurbli iZ , da 

( )iNetF  funqciis saSualebiT viRebT neironis gamosaval iOut  signals (1) 

gamosaxulebis mixedviT  iNe  neironis gamosavali signali, aqsonSi generirebuli 

impulsi dardeba sasurvel Sedegs iTar , romelic imis gamo, rom amosacnobi iA  saxis 
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iX realizacia amosacnobad miewodeba Tavis iNe  neirons, tolia 1-is. amis gamo grafis 

wvero warweriT 1=iTar  Sedis grafis meore wveroSi, sadac gamoangariSdeba  

iii TarOut ∆=−  sidide. Tu gansxvaveba sasurvel iTar  da arsebul  iOut   signalebs 

Soris ar arsebobs, maSin grafis wveros,  warweriT 1+= ii -is saSualebiT gadavdivarT 

iA  saxis saswavlo nakrebis Semdeg 1+iX  realizaciaze, Tu es realizacia indeqsiT 

iMi ≤+1 ,  sadac iM  warmoadgens }{ iX  simravlis simZlavres, winaaRmdeg  SemTxvevaSi 

mocemuli saxis swavlebis procesis pirveli etapi damTavrebulia saswavlo nakrebis 
realizaciaTa amowurvis gamo. 

 

 
nax.3 
 

ganvixiloT SemTxveva, rodesac 0≠∆ i , romelsac swavlebis algoriTmis aRmwer 

principul sqemaze (sur. 3) Seesabameba grafis 0=∆ i  wveros gamosasvleli moniSnuli, 

,,__~ niSniT. 

cxadia, rom aseT SemTxvevaSi saWiroa neironis woniTi koeficientebis Secvla im 

mizniT, rom iX  realizaciis amocnoba gavxadoT swori. amisaTvis swavlebis procesSi 

aucilebelia dasajildoebeli piqselebis amorCevis algoriTmi, romelsac asaxavs grafis 
wvero warweriT: dasajildovebeli piqselebis arCeva. dasajildovebeli piqselebis 

numeracia mocemulia ,, k ~ indeqsiT. piqselebis arCevis kriteriumebi SeiZleba  
mravalgvari iyos, magram yvelaze gavrcelebulia martivi da kargad aprobirebuli 
meTodi: jildovdeba piqselebi, romelTa mniSvnelobebi erTis tolia, rac niSnavs, rom 

iX   realizaciis koordinatebi romlebisTvisac sruldeba piroba  ,1=kx  xolo  

koordinatebi, sadac 0=nx  ar jildovdeba, cxadia, rom am SemTxvevaSi kn ≠ . 

aRniSnuli bloki dakavSirebulia grafis wveroebTan, romliTac varkvevT 
dasajildovebelia Tu ara Sesabamisi piqseli. dajildovebis procedura aRniSnulia 
grafis wveroebiT, romlebSic Cawerilia gamosaxuleba: 

                          ( )
  

ki ki iW W f= + ∆                             (5) 
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( )if ∆  funqciis an misi mniSvnelobis arCeva ZiriTadad evristikulia, magram 

damokidebulia garkveul garemoebebze. kerZod   ( )if ∆   mniSvneloba sakmaod mcire unda 

iyos, rom ar gamoiwvios qselis gadavseba. imis gamo, rom meore principis Tanaxmad iX   

arasworad amocnobili realizacia xelmeored waredgineba Secvlili woniTi 

koeficientebiT iNe  neirons imdenjer sanam amocnoba gaswordeba,  ( )if ∆  -is Zalian 

mcire mniSvneloba gamoiwvevs iteraciebis  anu ganmeorebiTi wardgenis raodenobis 

gazrdas, rac  araa sasurveli, radgan gaizrdeba gamoTvlebis raodenoba da Sesabamisad, 
swavlebisTvis saWiro dro. 

gamosaxuleba (5)-iT mocemuli grafis wvero dakavSirebulia { }niw koeficientebis 

wveroebTan, rac niSnavs, rom es koeficientebi, saWiroebis SemTxvevaSi, izrdeba, rac 

iwvevs Sesabamisi iNet  sididis gazrdas iteraciis yovel bijze, rac iteraciis romelime 

bijze imdenad gazrdis iNet  -is mniSvnelobas, rom dakmayofildeba piroba: 

1; =⇒≥∑= ininini OutZwxNet  

es niSnavs, rom iX  realizaciis amocnoba sworia, anu Secdoma gamosworebulia. 

cxadia, rom es procedura ganmeordeba  iX  saxis saswavlo nakrebis yvela 

realizaciisaTvis, rac uzrunvelyofs maT swor amocnobas. es faqti warmoadgens 
swavlebis pirveli etapis mizans da misi dasrulebis pirobasac. 
 

neironuli qselis swavlebis meore etapi. saxeTa aRwerebis ageba sxva saxeebTan 
mimarTebaSi. neironuli qselis swavlebis pirveli etapis Sedegebia saxeTa aRwerebisagan 

neiroetalonebis { }EΝ  simravlis miReba, romlebic uzrunvelyofen ,,Tavisi~ saswavlo 

nakrebis realizaciebis uSecdomo amocnobas. swavlebis meore etapis mizania, rom 
miRebulma neiroetalonurma aRwerebma sworad amoicnon sxva saxis realizaciebic. 

ganvixiloT iA  saxis iNE  neiroetalonis mier, magaliTad jA  saxis saswavlo nakrebis 

realizaciebis amocnobis procesi, romelic (2) gamosaxulebis msgavsad aRwerilia 

Semdegi gamosaxulebiT:  

           jX ninjnijii wxNetWNe ∑=⇒= min( )
i

i i ijm
Z Net Out= ⇒           (6) 

sadac ii Mm ;1= , iM  -  iA  saxis realizaciebis raodenobaa, ijNet  warmoadgens iNe  

neironis reaqcias jA  saxis jX  realizaciaze.  jX  realizaciis amocnobisaTvis 

gveqneba:  

         1=ijOut ,  Tu   ijimiij AXNetNet ∈⇒≥ min     amocnoba arasworia     (7) 

    0=ijOut ,  Tu   ijimij AXNetNet ∉⇒<
2

min    amocnoba  sworia         (8) 

(7) da (8) gamosaxulebis gaTvaliswinebiT miiReba gadawyvetileba imis Sesaxeb, 
saWiroa Tu ara woniTi koeficientebis Secvla. cxadia, rom woniTi koeficientebi ar 
icvleba, Tu amocnoba sworia - gamosaxuleba (8) da piriqiT, icvleba Tu amocnoba 

arasworia - gamosaxuleba (7).  
swavlebis meore etapis principialuri sqema mocemulia me-4 naxazze. 

grafis wvero warweriT 0=ijOut , niSnavs, rom woniTi koeficientebi Sesacvleli 

ar aris, amitom gadavdivarT Semdeg realizaciaze { }jX simravlidan, rasac miuTiTebs 

grafis wvero warweriT  1+= jj , Tu jMj > , sadac jM  warmoadgens { }jX   

simravlis simZlavres, maSin { }jX  simravlis realizaciebis raodenoba amowurulia 

amitom swavlebis procesi mTavrdeba. 



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS -  No 1(8), 2010  

 238 

 
nax.4 

 
Tu Tu ( ) 1=−=∆ ijijij TarOutf , maSin grafis Sesabamis wverodan gadavdivarT 

dasajildovebeli piqselebis SerCevis blokSi. unda aRiniSnos, rom pirveli etapisagan 
gansxvavebiT, meore etapisaTvis es bloki aRwers umniSvnelovanes process, romelic 
uSualo zegavlenas axdens amocnobis  Sedegze, kerZod uSecdomod amocnobis 

SesaZleblobaze. 
dasajildovebeli piqselebis arCevisas unda gaviTvaliswinoT (4) gamosaxulebiT 

mocemuli piroba saxeTa gansxvavebuli aRwerebis Seqmnis Sesaxeb. Cvens SemTxvevaSi es 

moTxovna niSnavs, rom sxvadasxva saxeebisaTvis unda dajildovdes sxvadasxva piqselebi, 
romelTa raodenoba, anu gansxvavebuli piqselebis raodenoba, maqsimaluri unda iyos, rac 
uzrunvelyofs saxeTa aRwerebis maqsimalur gansxvavebulobas niSanTa sivrceSi, amasTan 

ar unda dairRves (3) gamosaxulebiT mocemuli pirobac. binarul niSanTa sivrcis 
SemTxvevebSi saxeTa niSnebi gansxvavebulia, Tu isini gazomvis Sedegad iReben gansxvavebul 

mniSvnelobebs. magaliTad iA da jA  saxeebis aRwerebisaTvis  nix  da  njx  niSnebi 

gansxvavebulia, Tu iA saxis saswavlo nakrebis yvela realizaciisaTvis gvaqvs: 1=∀ rix , 

amasTan jA  saxis igive niSani rjx  yvela realizaciisaTvis iRebs Semdeg mniSvnelobas: 

0=∀ rjx , sadac Rr ;1= ,  NR < ; an piriqiT: 0=∀ nix  da 1=∀ njx . 

ufro zogadad, gansxvavebul niSnebad unda CavTvaloT yvela niSani, romlebic 

nebismier  sxvadasxva, magaliTad iA  da jA  saxeebisaTvis akmayofilebs pirobas  

                             0nj nix x− >> .                            (9)    

cxadia, rom binarul niSanTa  sivrcis SemTxvevaSi (9) gamosaxuleba kmayofildeba; 

kerZod, gvaqvs: 1ni njx x− = . agreTve, cxadia, rom gansxvavebuli niSnebis (piqselebis) 

SemTxvevaSi, romlebisaTvisac (9) gamosaxuleba WeSmaritia, unda dajildovdes is piqseli 

(niSani), romlis mniSvneloba mocemuli saxisaTvis ufro metia sxva saxis imave niSnis 
(piqselis) mniSvnelobaze.  

unda aRiniSnos, rom zemoTxsenebuli kriteriumiT niSnebis dajildovebam ar 

SeiZleba gamoiwvios (3) gamosaxulebiT mocemuli pirobis darRveva imitom, rom Tu 
sruldeba swavlebis pirveli etapiT mocemuli piroba: 
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                      ininin Zwx ≥∑ ,                                      (10) 

maSin nebismieri niw  woniTi koeficientis gazrdiT (dajildovebiT) (10) utoloba 

ufro mkacri gaxdeba, rac gamoricxavs Secdomebs Tavisi saxis realizaciis sworad 
amocnobaSi. 

     ganvixiloT SemTxveva, rodesac iNe  neirons waredgineba jA  saxis jX  realizacia, 

romlis Sedegadac viRebT Secdomas: ij AX ∈ . es procesi aRiwereba Semdegi 

gamosaxulebiT: 

                 jX ijjiininjni AXOutZxNe ∈⇒=⇒≥∑⇒ 1ω              (11) 

Secdomis gasworebis mizniT (11) gamosaxulebis jami davyoT or nawilad. pirveli 

sadac 0=mjx ,  meore 1=pjx , ,m p N< . miviRebT: 

                   ninjnpipjpmimjm xxx ωωω ∑=⋅∑+∑                         (12) 

sadac Mm ;1= , Pp ;1= , NPM =+ . aRniSnuli situacia grafikulad warmodgenilia 

me-5 naxazze, sadac gansxvavebuli niSnebi mocemulia daStrixuli ariT; analizurad igive 
simravleebi SeiZleba warmovadginoT gamosaxulebebiT: 

 
                           

                     

           (13) 
 
 

 
 
 

sadac njx '  da  nix '  gansxvavebuli piqselebia (niSnebia). 

radgan, mocemul SemTxvevaSi gvinda { }niw  simravlis Secvla, amitom dajildovdeba 

am simravlis mxolod is piqselebi, romlebic gansxvavdebian { }njw  simravlis 

piqselebisagan, anu akmayofileben (13) gamosaxulebis meore pirobas. am proceduris 
ganxorcielebiT gaizrdeba (12) jamis rogorc marcxena, aseve marjvena nawili. imis gamo, 

rom (13) gamosaxulebis marcxena nawili dajildovdeba anu gaizrdeba { }njx simravlis 

mxolod is niSnebi, romlis Sesabamisi piqselebi { }njx simravlidan nulis tolia, amitom, 

dajildovebiT miRebuli jamis nazards avRniSnavT α  koeficientiT, mivumatebT 
zRurblis mniSvnelobas, gveqneba: 

                    αω +<∑ ininjn Zx                            (14) 

jamis marcxena nawilis mniSvneloba ar Seicvleba, radgan dajildovebuli 

piqselebis mniSvnelobebi { }niw  simravlidan mravldeba njx  niSnebis nulovan 

mniSvnelobebze, rac iwvevs utolobis niSnis Secvlas (12) gamosaxulebaSi da (14) 

utolobis WeSmaritebas. radgan piqselebi mxolod jildovdeba, amitom Tavisi 
realizaciebis amocnobis saimedoba rCeba igive rac gvqonda pirveli etapis Semdeg anu 
uSecdomo amocnoba. 

3. daskvna 

SemuSavebulia neironuli qselis swavlebis meTodi, romelic gulisxmobs amocnobis 
procesis gamoyenebas saxeTa etalonuri aRwerebis SesamuSaveblad. aRniSnulia, rom 
swavlebis meTodi garkveulwilad analogiuria Secdomis ukugavrcelebiT swavlebis 

meTodisa [ ]3,2,1 , magram garda zemoTxsenebuli principisa gansxvavdeba aRniSnulisagan 

nax.5 
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mravali sxva parametrebiT, kerZod: amocnobis Secdomis daSvebisas icvleba neironis 
woniTi koeficientebi da igive realizacia amosacnobad waredgineba xelmeored. es 
procesi iteraciulia, anu ganmeorebiTi wardgena moxdeba manam, sanam mocemuli 

realizacia sworad amoicnoba. Teoriulad da algoriTmulad naCvenebia, rom aseTi 
procedurebis (iteraciebis) ganxorcielebiT nebismieri saxis saswavlo nakrebis 
realizaciebi amoicnoba uSecdomod. 

swavlebis meore etapze xdeba pirvel etapze miRebuli e.w. neiroetalonuri 
aRwerebis koreqcia sxva saxeebis neiroetalonebis mxedvelobaSi miRebiT, rac niSnavs 
saxeebis gansxvavebulobis fiqsaciasa da am gansxvavebebis gaZlierebas, ise rom ar 

Seicvalos pirvel etapze miRebuli swori amocnobis Sedegebi. Teoriulad da 
algoriTmulad naCvenebia, rom am miznis miRweva SesaZlebelia neironis zRurblis 
Sesabamisi cvlileba-gazrdiT da sxvadasxva saxeebis niSnebis mniSvnelobaTa 

gansxvavebulobis pirobis dacviT. 
 literatura: 

1.   Уоссермен Ф.  Неирокомпьютерная техника : теория и практика. Мир. 1992 
2. Kohonen T. Self-organization and associative memory. Springer-Verlag. Berlin. 1983 
3. verulava o., xuroZe r. amomcnobi sistemebis Teoriis safuZvlebi, 2001 
4. H. Brown, “Neuropale Netze”, Springer, 1997 
5. S. Grossberg. Adaptive pattern classification and universal recording: I Parallel developments  

and coding of neural feature detectors. Biological cybernetics 23: 121-134. 1976 
 

STUDY OF NEURONS AND NEURONAL NETWORKS WITH FEEDBACK  
ON THE EXAMPLE OF  IDENTIFICATION OF GEORGIAN SYMBOLS 
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Georgian Technical University 

Summary 
 

In this work presented  a problem of training a single neuron and associated neurons set 
to deal with Identification followed by association "trained" neurons. The learning process is 
divided into two phases. The first stage is studied one neuron to one image using the training 
assembly implementations. At the second stage of the "trained" the neurons are connected in a 
network.  The criterion for referral group is the requirement to maximize the differences 
between the individual images as well. Not to lose the similarity developed description of its 
counterpart. A method of correcting mistakes with which he corrects the description of the 
image. In parallel with the removal of recognition errors. 

 
ОБУЧЕНИЕ НЕЙРОННОВ И НЕЙРОННЫХ СЕТЕЙ С ИСПОЛЬЗОВАНИЕМ 

ОБРАТНОЙ СВЯЗИ НА ПРИМЕРЕ РАСПОЗНАВАНИЯ ГРУЗИНСКИХ СИМВОЛОВ 
Верулава О., Иремадзе И., Цверикмазашвили З. 

Грузинский Технический Университет 
Резюме 

Представлена задача обучения одного нейронна и связанных нейроннов для решения 
проблемы распознавания с последующим объединением «обучённых» нейроннов. Процесс 
обучения разделяется на два этапа. На первом этапе обучения один нейрон для одного образа с 
использованием обучающей выборки реализаций. На втором этапе «обучённые» нейронны 
объединяюстя в сеть. Критерйем объеденения является требование достижения максимального 
различия между отдельными образами так что бы не потерять сходство разработанного 
описания со своим образом. Предлогается метод исправления ошибки с использованием 
которого происходит корректировка описании образов параллельно удаляющем ошибки 
распознавания. 


