
saqarTvelos teqnikuri universiteti 
 
 
 

 

revi CogovaZe,  ramaz xuroZe 
 
 

 
xelovnuri neironuli 

qselebi  
 
 
 
 
 

 
 
 
 

D                                                          
damtkicebulia stu-s   

                           saswavlo-meToduri   
                    sabWos mier 

 
 
 

Tbilisi 
2006 



 2 

 
 

GEORGIAN TECHNICAL UNIVERSITY 
 

 
Revi  Chogovadze,  Ramaz Khurodze 

 
 

Artificial  Neural   Networks  
 
 
 

 
 
 

 
 

                                                   Approved by the 
Educational Methodical 

                                                               Council of  GTU 
 
 

Tbilisi  
2006 

 



 3 

Dr. Prof.  Revi  (Revaz)  Alex  Chogovadze  
was born in Tbilisi, Georgia in 1944.  He 
graduated from the Georgian Technical 
University, and later completed the post graduate 
studies of the Scientific Research Institute of 
Control Problems of the USSR  Academy  of  
Sciences in  Moscow.  Between 1973-2002 was: 
the Department Head, and later General Manager 
of the Republican Computing Center; Vice-

president of the State Agricultural Technical Services Corporation; and 
State Counsellor of the Government of Georgia.  Since 2003 is the 
Head of the Scientific Research Laboratory and the Associate 
Professor of the Artificial Intelligence Department at the Georgian 
Technical University.  He is the author of numerous scientific 
publications and monographs in the field of Associative Parallel 
processors, Pattern recognition and Artificial Neural Networks theory. 
 
 
------------------------------------------------------------------------------------- 
         

 
Dr. Prof. Ramaz Adolf   Khurodze  was born in 
Tbilisi, Georgia in 1944.He graduated from the 
Georgian Technical University, and later 
completed the post graduate studies of the 
Scientific Research Institute of Control 
Problems of the USSR Academy of  Science in  
Moscow. Between 1972-1993 was: the 
Department Head of the Institute of Control 

Systems; Deputy Ministry of Public Education; Prorector of Georgian 
Technical University, since 1994 he is a Rector of GTU. In 2002 
became a corresponding member of the Georgian Academy of 
Sciences.  He has published more than 100 articles and monographs,  
his scientific interests include: Reliability Theory, Recognition systems  
and  Artificial Neural Networks theory. 
 



 4 

 
 
Uuak 621.391 
 
 
     ganxilulia xelovnuri inteleqtis 
disciplinis perspeqtiuli mimarTuleba -  
xelovnuri neironuli qselebis Teoria, romelic  
informaciis damuSavebis alternatiul teqnologias 
warmoadgens. naSromSi sistematizebulia Sesabamisi 
samecniero da saswavlo-meTodologiuri masalebi,  
yuradReba eTmoba neiroinformatikis qarTuli 
samecniero terminologiis dadgenasa da daxvewas.   
warmodgenili Teoriuli masalis dauflebis Semdeg 
aRwerili xelovnuri neironuli qselebis 
umetesobis realizeba SesaZlebelia personalur 
kompiuterze. 
      gaTvaliswinebulia bakalavriatis, magistra-
turisa da doqtoranturis studentebisaTvis, 
gamoadgebaT agreTve saTanado momzadebis mqone 
sxvadasxva dargis specialistebs, romlebic 
dainteresebulni arian TavianT sferoSi 
neirokompiutingis gamoyenebiT.  
 

 

 

recenzentebi:   prof.  oTar  verulava 
                prof.  zurab wveraiZe 
 
 

 

 

 



 5 

winasityvaoba 
 

     mecnierebis is sferoebi, romlebic Seiswavlis 
adamianis inteleqtualuri moqmedebis modelirebis 
SesaZleblobas, gansakuTrebul adgils ikavebs 
Tanamedroveobis mravali problemis gadawyvetaSi. 
bunebrivi inteleqtualuri sistemebis Seswavlam 
aCvena, rom es mimarTuleba uaRresad perspeqtiulia 
mecnierebisa da teqnikis praqtikulad yvela  
dargisaTvis, pirvel rigSi Znelad formalizebadi 
da/an rTuli problemebis gadasawyvetad. aseTi tipis 
amocana mravlad aris medicinaSi, kriminalistikaSi, 
fsiqologiaSi,  samxedro saqmeSi, fiziologiaSi, 
biologiaSi, sociologiaSi, qimiaSi,  fizikisa da 
teqnikis im sferoebSi, romlebic dakavSirebulia 
saxeTa amocnobasa da saukeTeso gadawyvetilebis 
arCevasTan.  
     xelovnuri inteleqtis disciplina 
kompleqsuri xasiaTisaa, igi intensiuri formirebis 
stadiazea. misi Semadgenlobis Sesaxeb sxvadasxva 
avtorebs sxvadasxva xedva aqvT, Tumca xelovnuri 
inteleqtis sferos calsaxad miakuTvneben iseT 
mimarTulebebs, rogoric aris saxeTa amocnoba, 
neiroinformatika (xelovnuri neironuli qselebi), 
robotika, manqanuri swavleba, kognitiuri swavleba,  
eqspertuli sistemebi, genetikuri algoriTmebi. 
xelovnuri inteleqtis sfero STambeWdavia ara 
marto mecnierebisa da teqnikis, aramed praqtikuli 
gamoyenebis TvalsazrisiTac. msoflios 
ganviTarebul qveynebSi erTmniSvnelovnad aris 
aRiarebuli xelovnuri inteleqtis sistemebis 
danergvis aucilebloba biznesSi da saxelmwifo 
struqturebSi. magaliTad,  amerikis SeerTebuli 
Statebis warmatebuli kompaniebis umetesobas 
danergili aqvs xelovnuri inteleqtis sistemebi 
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iseTi procesebis samarTavad, rogoric aris 
strategiuli dagegmva, finansebis da marketingis 
menejmenti, resursebis gadanawileba, klientebis 
momsaxureba, warmoebis efeqturobisa da 
maRalproduqtiulobis gazrda, produqciaze 
moTxovnis gansazRvra da a.S.  saxelmwifo 
struqturebi xelovnuri inteleqtis sistemebs 
iyeneben makroekonomikuri procesebis, sagadasaxado 
da fiskaluri sferoebis, sabanko seqtoris, soflis 
meurneobis, energetikis, mrewvelobisa da sxva 
dargebis prognozirebisa da marTvisTvis. 
xelovnuri inteleqtis sistemebs umniSvnelovanesi 
funqcia akisria prognozirebis sferoSic, xolo  
zusti prognozebis gakeTeba XXI saukunis 
sazogadoebis udidesi moTxovnileba da amasTanave 
aucileblobac aris.  aseTi prognozebis gakeTebis 
efeqturi meTodebis Ziebas ki xelovnuri 
inteleqtis sistemebTan mivyavarT.  xelovnuri 
inteleqtis meTodebs SeuZlia sakmarisad zusti 
prognozebis gakeTeba iseTi Zneladprognozirebadi 
movlenebis, rogoric aris adamianis qceva da 
janmrTeloba, amindi, sportuli TamaSebi, 
ekonomikuri maCveneblebi, safondo birJis 
tranzaqciebi da mravali sxva.            
     msoflios wamyvani samecniero centrebi     
bolo wlebSi    gansakuTrebul yuradRebas 
uTmoben xelovnuri inteleqtis disciplinis 
uaRresad saintereso da perspeqtiuli mimarTulebis 
-  xelovnuri neironuli qselebis Teoriisa da 
praqtikis ganviTarebas.  xelovnuri neironuli 
qselebis agebis problemas, romelic mWidrod 
ukavSirdeba adamianis centralur nervul sistemaSi 
informaciis Senaxvisa da gadamuSavebis procesebs,  
gaaCnia gadawyvetis ori mimarTuleba: erTi 
ganixilavs bunebrivi neironisa da neironuli 
qselebis analogiuri xelovnuri neironuli  
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qselebis agebas, rasac mniSvnelovnad zRudavs 
biologiuri neironisa da neironuli qselebis 
funqcionirebis urTulesi meqanizmebis mxolod 
nawilobrivi codna; meore mimarTuleba gulisxmobs 
bunebrivi inteleqtualuri sistemebisagan 
gansxvavebuli xelovnuri sistemebis agebas, rac 
praqtikulad xsnis SezRudvebs informaciis 
damuSavebis axali gzebis Ziebisas. informaciis 
damuSavebis im aspeqtebSi, sadac bunebrivi 
neiroqselebis mkvlevarTa azriT daskvnebi 
utyuaria, SesaZlebelia biologiuri neironisa da 
neironuli qselebis modelireba analogiis didi 
xarisxiT, sxva SemTxvevaSi SeiZleba davuSvaT 
adekvaturobis nebismieri xarisxi, anu  am ori 
mimarTulebis sinTezi unda miviCnioT Znelad 
formalizebadi problemebis efeqturi gadawyvetis 
erT-erT perspeqtiul gzad.   
    jon fon neimanis kompiuteruli paradigmisa da 
gamoTvliTi teqnikis elementuri bazis 
mniSvnelovani ganviTarebis miuxedavad, ramac 
maRali paralelizmis gamoTvliTi sistemebisa da 
superkompiuterebis Seqmna ganapiroba, bolomde ver 
wydeba rigi problemebi, maT Soris adamianisa da 
kompiuteris efeqturi urTierTqmedebis, iseTi 
amocanebis xarisxiani gadawyvetis, romelTa 
algoriTmebis Seqmna gaZnelebulia an zogjer 
SeuZlebelic, amasTan mravalprocesoriani 
sistemebis mwarmoebloba izrdeba mxolod rogorc 
procesorebis raodenobis logariTmi (miaxloebiT), 
anu rac ufro metad izrdeba procesorebis 
raodenoba, miT naklebad izrdeba sistemis  
mwarmoebloba, miT metia gamoTvlebis Rirebuleba, 
xolo informaciisa da brZanebebis gacvlis 
efeqturi organizacia aseT sistemebSi Tavad xdeba 
rTuli mecnieruli problema. naTeli xdeba, rom 
maRali paralelizmis mravalprocesoriani 
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gamoTvliTi sistemebis ganviTarebis am gzas 
naklebad aqvs perspeqtiva bevri rTuli gamoTvliTi 
amocanisaTvis, swored amitom kvlevebi warmoebs 
axali kompiuteruli paradigmebis Sesaqmnelad. 
cxadi xdeba, rom saxeTa amocnobisa da msgavsi 
Znelad formalizebadi, rTuli amocanebi unda 
gadawydes informaciis damuSavebis axali, 
gansxvavebuli meTodebiT. erT-erT aseT 
alternatiul teqnologias warmoadgens 
neirokompiutingi, anu informaciis damuSaveba 
xelovnuri neironuli qselebiT, romlebSic 
signalebis paraleluri damuSavebis principi 
xorcieldeba didi raodenobiT procesoruli 
elementebis - formaluri neironebis sxvadasxva 
konfiguraciis mqone jgufebad an Sreebad 
gaerTianebis gziT, xolo procesoruli elementebis 
daprogramebis nacvlad xorcieldeba formaluri 
neironebis ’’swavleba’’gadasawyveti amocanis 
magaliTebis gamoyenebiT. miCneulia, rom am 
mimarTulebis  ganviTarebiT mniSvnelovani nabiji 
iqneba gadadgmuli xelovnuri inteleqtis 
Seqmnisaken. xelovnuri inteleqtualuri  sistemis 
ageba swavlebis procesebis efeqturi 
ganxorcielebis gareSe SeuZlebelia, amitom  
xelovnuri neironuli qselebis kvlevebis 
umniSvnelovanes sagans warmoadgens maTi swavlebis 
efeqturi algoriTmebis SemuSaveba. sxva 
alternatiuli paradigmebis ZiebasTan erTad, 
aucilebelia rogorc koneqcionisturi, aseve 
oscilatoruli xelovnuri neironuli qselebis 
swavlebis axali meTodebisa da procedurebis 
SemuSaveba da Seswavla, rasac xeli unda Seuwyos 
winamdebare naSrommac.  
     xelovnuri neironuli qselebis ideologias, 
Cveni azriT, gaaCnia sami ZiriTadi wyaro – adamianis 
centraluri nervuli sistemis fiziologiis, 
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maRali paralelizmis gamoTvliTi sistemebisa da 
saxeTa amocnobis Teoriis debulebebi da meTodebi. 
es wyaroebi, agreTve biologiuri neironis modelis 
-xelovnuri (formaluri) neironis struqtura da 
Tvisebebi, erTSriani da mravalSriani xelovnuri 
neironuli qselebi detalurad aris ganxiluli [1] 
naSromSi.     
    winamdebare naSromSi yuradReba gamaxvilebulia 
diskretuli da uwyveti neironuli qselebis 
swavlebis sxvadasxva meTodebisa da algoriTmebis 
mimarT, ganxilulia xelovnuri neironuli qselebis 
swavlebis stoqastikuri meTodebi, agreTve 
hopfildis xelovnuri neironuli qselebi, 
asociaciuri qselebis sxvadasxva saxeobebi da 
Sesabamisi swavlebis meTodebi, gadasawyveti 
amocanebis adeqvaturi  neironuli qselebis 
sinTezis procedurebi sxv.  
     xelovnuri neironuli qselebis TeoriaSi 
gamoyenebuli cnebebis Sesabamisi samecniero 
terminologia sabolood ar aris Camoyalibebuli, 
amitom yuradReba eTmoba rigi gansazRvrebebis 
dazustebas. avtorebi eyrdnobodnen rogorc 
sazRvargareTis mravalferovan publikacias 
neiroinformatikaSi, aseve sakuTar gamokvlevebs 
xelovnuri neironuli qselebisa da saxeTa 
amocnobis  TeoriaSi, winamdebare naSromSi 
sistematizebulia Sesabamisi samecniero da 
saswavlo-meTodologiuri masalebi.  
     naSromis zogierTi aspeqtis daxvewas xeli 
Seuwyo im gamocdilebam, romelic dagrovda 
saqarTvelos teqnikuri universitetis xelovnuri 
inteleqtis departamentSi neiroinformatikis 
safuZvlebis  leqciebis kursis wakiTxvis Sedegad. 
yvela saqmian SeniSvnasa da winadadebas avtorebi 
kmayofilebiTi miiReben da gaiTvaliswineben 
momdevno publikaciebSi.  
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Tavi I.  xelovnuri neironi da neironuli 
qselebi 

 
1.1.  neirokompiutingis problemis mokle mimoxilva 

 
     bunebrivi inteleqtualuri sistemebis 
modelireba aqtualuria pirvel rigSi rTuli da 
Znelad formalizebadi problemebis gadasawyvetad, 
romlebic mravlad aris mecnierebis, teqnikis, 
ekonomikisa da kulturis yvela sferoSi. aseTi 
problemebis rigs miekuTvneba saxeTa amocnobis, 
klasterirebis, funqciaTa aproqsimaciis, 
asociaciuri mexsierebis, prognozirebis, 
optimizaciis, informaciis filtraciisa da 
SekumSvis, dinamiuri sistemebis identifikaciisa da 
sxva msgavsi rTuli amocanebi. maTi gadawyvetis 
alternatiuli gzebis Ziebisas perspeqtiuli 
mimarTulebaa xelovnuri inteleqtualuri 
sistemebis gamoyeneba. informaciis damuSavebis erT-
erT aseT alternatiul teqnologias warmoadgens 
neirokompiutingi, anu informaciis damuSaveba 
xelovnuri neironuli qselebiT.   
     xelovnuri neironis pirveli logikuri modeli 
1943w. aRweres Tavis pionerul naSromSi v. mak-
kalokma da v. pitsma, maT Semoitanes  “zRurbluri 
logikuri neironis cneba”.  mak-kalokisa da pitsis 
formaluri neironi SedarebiT martivia, igi 
bazisuria sxva modelebisaTvis da dResac yvelaze 
gavrcelebulia.  
     xelovnuri neironuli qselebis Teoriis 
ganviTarebisaTvis gansakuTrebiT mniSvnelovani iyo   
d. hebis  1949w. gamoqveynebuli naSromi. man wamoayena 
biologiuri neironis sinafsebis “swavlebis 
postulati”, romelic eyrdnoboda hipoTezas 
swavlebis procesebis dros tvinSi neronTaSorisi 
kavSirebis ganuwyveteli cvlilebebis Sesaxeb, ris 
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Sedegadac iqmneba neironuli ansamblebi. es idea 
aRmoCnda Zalze nayofieri mravali mkvlevarisaTvis. 
n. roCesterma, j. holandma da sxv. 1956 w. Caatares  
hebis swavlebis  postulatis modelireba 
eleqtronuli gamoTvliTi manqanis saSualebiT.  
a. uitlim 1956 w.  aCvena, rom modificirebadi 
sinafsebis gamoyenebiT xelovnur neironul qsels 
SeuZlia ”iswavlos” binaruli realizaciebis 
klasifikacia. xelovnuri neironuli qselebis 
Teoriis ganviTarebisaTvis mniSvnelovania 
 f. rozenblatis, m. minskis da s. peipertis 
naSromebi. saetapo iyo f. rozenblatis 
perseptronisadmi miZRvnili naSromi (1958 w.), 
SemdgomSi perseptronul midgomas ganixilavda 
mravali mkvlevari. perseptronisagan gansxvavebuli 
swavlebis procedurebi SeimuSaves b. vidroum da   
m. hofma neiroqselisaTvis adaline “neurons” (1960 w.).  
SemdgomSi b. vidroum studentebTan erTad SeimuSava 
erT-erTi pirveli swavladi neironuli struqtura 
Madaline (1960 w.).   axali nabiji iyo j. kouenis mier 
formalur neironSi sigmoiduri aqtivaciis 
funqciis Seyvana (1967 w.). 
      m. minskis da s. peipertis cnobilma naSromma  
”perseptronebi” (1969 w.), sadac Teoriulad maRal 
doneze mkacrad iyo damtkicebuli erTSriani 
perseptronebis SesaZleblobebis SezRuduloba, 
didi xniT Seaferxa xelovnuri neironuli qselebis 
Teoriis ganviTareba, vinaidan bevrma mkvlevarma 
dakarga neironuli qselebisadmi interesi.   
     xelovnuri neironuli qselebis Teoriis 
ganviTarebis meore etapi iwyeba j. hopfildis mier 
srulkavSirebiani neiroqselis SemuSavebiT, agreTve 
t. kohonenis 1982w. gamoqveynebuli naSromiT. 
gansakuTrebiT mniSvnelovani iyo mravalSriani 
neironuli qselebis swavlebis ukugavrcelebis 
algoriTmisa da misi modifikaciebis SemuSaveba, 
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romelic sxvadasxva dros, erTmaneTisagan 
damoukideblad, SeimuSava ramdenime mkvlevarma.      
dReisaTvis Seqmnilia xelovnuri neironuli 
qselebis arqiteqturis mravali saxeoba da maTi 
Sesabamisi swavlebis meTodi.  xelovnuri neironuli 
qselebis yvelaze mniSvnelovani modelebi 
ganxilulia momdevno TavebSi. 
 

 
1.1.1. neirokompiutingiT gadasawyveti amocanebis 

prototipebi 
 

     warmovadginoT xelovnuri neironuli qselebis 
gamoyenebiT gadasawyveti ZiriTadi problemebi, 
romelTa wre Zalze farToa. neironuli qseli 
zogadad wyvets mravalganzomilebiani funqciebis  
aproqsimaciis amocanas, anu mocemuli magaliTebis 
nakrebis ganmazogadebeli mravalganzomilebiani 
asaxvis agebis amocanas. 
     funqciaTa aproqsimacia.     vTqvaT, mocemulia 

saswavlo   nakrebi   {(x1,y1), (x2,y2),…..,(xn,yn)},   anu 
neironuli qselis Semavali da gamomavali 
monacemebis (veqtorebis) wyvilebi, romlebic 

xmauriT damaxijebuli ucnobi F(x) funqciis mier 
aris generirebuli. aproqsimaciis mizania ucnobi 
F(x) funqciis Sefasebis povna. neironuli qselis 
gamomavali signalebis tipi gansazRvravs ucnobi 
funqciis aproqsimacia miiRebs klasifikaciis Tu 
regresiis saxes. im SemTxvevaSi, Tu gamomavali 
signalebi diskretulia, aproqsimacia miiRebs 
klasifikaciis saxes, xolo Tu gamomavali 
signalebi uwyvetia, funqciis aproqsimacia miiRebs 
regresiis saxes.    naSromSi [8] damtkicebulia 
Teorema, rom mravali cvladis  nebismieri uwyveti 
funqciis miaxloeba nebismieri sizustiT SeiZleba 
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wrfivi funqciebis wrfivi kombinaciebis da 
superpoziciebis  da erTi argumentis  nebismieri 
erTi arawrfivi funqciis meSveobiT. am Teoremidan 
gamomdinareobs, rom neironuli qseli aproqsimaciis 
universalur saSualebas warmoadgens da SeuZlia 
nebismieri uwyveti avtomatis nebismieri sizustiT 
imitacia.  funqciaTa aproqsimacia aucilebelia 
mravali sainJinro da samecniero amocanis 
modelirebis dros. 
     saxeTa klasifikacia. amocana cnobilia agreTve 
rogorc saxeTa amocnoba maswavlebliT; winaswar 
gansazRvrulia saxeTa ramdenime klasi, maTgan erT-
erTs unda miekuTvnos amosacnobi saxe, romelic 
waredgineba neironul qsels Semavali signalebiT -
saxis niSanTa veqtoriT (realizaciiT). amocanebis 
am jgufs miekuTvneba anbanis amocnoba, sisxlis 
ujredebis klasifikacia, eleqtrokardiogramis 
signalebis klasifikacia, sametyvelo signalebis 
amocnoba da mravali sxva. 
     klasterireba (kategorireba). amocana cnobilia 
agreTve rogorc saxeTa klasifikacia maswavleblis 
gareSe. klasteri gansazRvrebiT aris nebismieri 
simravlis iseTi qvesimravle, romelSic obieqtebi 
gaerTianebulia raime niSnis an niSnebis mixedviT, 
xolo klasterireba warmoadgens obieqtTa 
mocemuli simravlis raime niSnis an niSnebis 
mixedviT aragadamkveT qvesimravleebad dayofa-
dajgufebis process. klasterirebis amocanebis 
ganmasxvavebeli niSania, rom ar gvaqvs saswavlo 
nakrebi klasebis miTiTebiT, anu veqtorebis 
maswavlebeli wyvilebi.   klasterirebis procedura 
efuZneba saxeTa msgavsebas, igi aTavsebs erT 
klasterSi msgavs saxeebs. neironuli qselebiT 
klasterireba gamoiyeneba monacemTa SekumSvisaTvis, 
monacemTa Tvisebebis kvlevisaTvis, codnis 
mopovebis amocanebSi da sxva. 
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     prognozireba. zusti prognozebis gakeTeba 
sazogadoebis udidesi moTxovnileba da amasTanave 
aucileblobac aris, vinaidan prognozireba 
mniSvnelovan gavlenas axdens gadawyvetilebebis 
miRebaze.   

     vTqvaT, mocemulia n diskretuli anaTvali 

{y(t1),……..,y(tk)} drois t1, t2,….tk mimdevrobiT 
momentSi, saWiroa drois romelime momaval tk+1 

momentSi  y(tk+1)  mniSvnelobis prognozireba..  
neirokompiutingis meTodebs SeuZlia iseTi 
Zneladprognozirebadi movlenebis sakmarisad zusti 
prognozebis gakeTeba, rogoric aris adamianis 
janmrTeloba da qceva, amindi, ekonomikuri 
maCveneblebi, sportuli TamaSebi, korporatiuli 
gayidvebi, safondo birJis tranzaqciebi da mravali 
sxva.  
     optimizacia. optimizaciis algoriTmis mizania 
iseTi gadawyvetilebis monaxva, romelic 
akmayofilebs SezRudvebis sistemas da amave dros 
uzrunvelyofs miznobrivi funqciis maqsimizirebas 
an minimizirebas. optimizaciis amocanebi mravlad 
aris ekonomikaSi, medicinaSi, maTematikaSi, fizikisa 
da teqnikaSi. 
optimizaciis amocanis klasikuri magaliTia 
komivoiaJoris cnobili amocana. 
     marTva.  vTqvaT, mocemulia dinamiuri sistema 

{u(t), y(t)},  sadac  u(t)   aris Semavali mmarTveli 

zemoqmedeba, y(t)  aris sistemis gamosasvlelis 

mniSvneloba  drois t  momentSi.  etalonuri 
modeliT marTvis sistemebSi marTvis mizani aris 

iseTi u(t)   Semavali mmarTveli zemoqmedebis 
gaangariSeba, romelic etalonuri modelis 
Sesabamisad uzrunvelyofs sistemis sasurvel 
traeqtorias. magaliTad  SeiZleba moviyvanoT 
Zravis optimaluri marTvis amocana.  
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     asociaciuri mexsiereba. adamianis mexsiereba 
asociaciuria, anu  raime informaciis gagebam 
SesaZlebelia masTan dakavSirebuli sxvadasxva 
movlenebisa da sagnebis gaxseneba gamoiwvios, maSin 
rodesac tradiciuli fon neimanis arqiteqturis 
kompiuteris mexsierebidan sasurveli informaciis 
moZieba mxolod am informaciis zusti misamarTis 
miTiTebiT aris SesaZlebeli, xolo  aRniSnul 
informaciasTan dakavSirebuli sxvadasxva 
movlenebisa da sagnebis Sesaxeb informacia maTi 
zusti misamarTebis miTiTebis gareSe miuwvdomelia. 
ukukavSirebiani neironuli qselis garkveuli  
Tvisebebi ganapirobebs asociaciuri mexsierebis 
formirebis SesaZleblobas, romelic adamianis 
asociaciuri mexsierebis msgavsia. asociaciur 
mexsierebas, romelic formirebulia neironuli 
qseliT, SeuZlia adamianis mexsierebis msgavsad, 
saWiro informaciis mocemuli nawilis mixedviT 
moiZios mexsierebidan sruli informacia, mas 
gaaCnia ganzogadebis unari, SeuZlia gamoimuSaos 
swori reaqciebi maSinac, rodesac neiroqselis 
Sesasvlels miewodeba nawilobriv araswori 
(damaxinjebuli) an arasruli saxe. 
 

1.2. xelovnuri neironuli qselebis aqsiomatika 
 

     xelovnuri neironuli qselebis Teoria, 
rogorc aRniSnuli iyo formirebis etapzea, rac 
ganapirobebs problemebis dasmisa da ZiriTad 
gansazRvrebaTa mravalferovnebas. arsebobs 
neiroqselebis mravali arqiteqtura da swavlebis 
mravali algoriTmi, xolo sxvadasxva avtorebi 
neiroqselebTan dakavSirebul cnebebs iyeneben an  
mkacri gansazRvrebebis gareSe, an gansxvavebuli 
interpretaciiT imisda mixedviT, Tu modelirebis 
ra principebi da meTodebia gamoyenebuli. saWiro 
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xdeba am cnebebis aqsiomatikurad gansazRvra an 
dazusteba. bunebrivi neironisa da neironuli 
qselebis biomorfologiuri agebulebidan 
gamomdinare aqsiomatikuri cnebebi, romelTa 
meSveobiT unda aigos am obieqtebis modelebi, 
SeiZleba ramdenime jgufad daiyos. qvemoT 
mocemulia sxvadasxva neiroobieqtebis 
aqsiomatikuri gansazRvrebebi.   
     gansazRvreba 1.2.1. erT calke aRebul 
biologiuri (bunebrivi) neironis models ewodeba 
xelovnuri anu formaluri neironi. 

     gansazRvreba 1.2.2. bunebrivi neironis somaSi 
Semavali signalebis akumulirebis procesis 
modelad miviCnevT ajamvis proceduras, xolo TviT 
somas models ewodeba amjamavi elementi. 

     gansazRvreba 1.2.3. biologiuri neironis 
sinafsuri kavSiris modeli warmoadgens 
gamravlebis elements, romelic axorcielebs 
signalis mniSvnelobis skalarul gamravlebas 
raime ricxvze, romelic asaxavs an maZlierebel 
kavSirs, an mamuxruWebel kavSirs. 

     gansazRvreba 1.2.4. skalarul sidideebs, 
romelzec mravldeba signalebis mniSvnelobebi, 
sinafsuri kavSirebis woniTi koeficientebi, anu 
SemoklebiT sinafsuri wonebi ewodeba. 

Tu woniTi koeficientis mniSvneloba erTze 
metia, maSin sinafsuri kavSiri aris maZlierebeli 
(amgznebi), Tu woniTi koeficientis mniSvneloba 
erTze naklebia, maSin sinafsuri kavSiri aris 
mamuxruWebeli. 

cnobilia, rom biologiuri neironis aqsonur 
arxebs gaaCnia gadamrTvelis Tviseba garkveuli 
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zRurbluri mniSvnelobiT, romelic swavlebis 
procesSi SeiZleba Seicvalos.  

gansazRvreba 1.2.5. biologiuri neironis 
aqsonuri kavSiris models, romelSic 
ganxorcielebulia gadamrTvelis Tviseba, ewodeba 
formaluri neironis arawrfivi gardamqmneli 
elementi, anu aqtivaciis elementi. 

      formaluri neironis arawrfivi 
gardamqmneli elementi axdens amjamavi elementidan 
gamosuli signalis modificirebas, Sedegad 
neironis aqsonze miiReba neironul qselSi 
Semdgomi procedurebis Casatareblad ufro 
moxerxebuli modificirebuli  signali.  

     gansazRvreba 1.2.6.  neironuli Sre ewodeba 
formaluri neironebis garkveuli wesiT 
dakavSirebul erTobliobas, romelsac gaaCnia 
saerTo receptoruli veli (signalebis elementebis 
nakrebi), garkveuli funqciuri daniSnuleba da 
sadac SesaZlebelia swavlebis procesis 
ganxorcieleba.  

     gansazRvreba 1.2.7.  neironul Sres, sadac xdeba 
garemodan Semosuli signalebis aRqma da am gare 
zemoqmedebis Sesabamisi veqtoris elementebis  
neironuli qselis momdevno Sris formalur 
neironebze  raime cvlilebis gareSe ganawileba, 
ewodeba mimRebi anu nulovani Sre.     

     gansazRvreba 1.2.8.  neironuli Sres, romelic 
winamdebare Sresa da garemos ukavSirdeba, ewodeba 
neironuli qselis gamomavali Sre. 

     gansazRvreba 1.2.9.  neironul Sreebs, romlebic 
mimReb, anu nulovan Sresa da gamomaval Sreebs 
Soris mdebareobs ewodeba saSualedo anu faruli 
Sreebi. 
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     gansazRvreba 1.2.10. xelovnuri neironuli 
qseli warmoadgens formaluri neironebis an/da 
neironuli Sreebis garkveuli wesiT dakavSirebul 
erTobliobas, romlebic erTmaneTsa da garemos 
ukavSirdeba formaluri neironebis parametrebiT 
gansazRvruli kavSirebiT da sadac SesaZlebelia 
swavlebis procesis ganxorcieleba.  

     gansazRvreba 1.2.11. xelovnuri neironuli 
qselis gamosasvleli  signalebis mimdinare 
mniSvnelobebis simravles ewodeba neironuli 
qselis mdgomareoba.  
     miviRoT, rom xelovnur neironul qselSi, 
gansxvavebiT bunebrivi neironuli qselisagan,   
gvaqvs e. w. idealuri arxebi, romlebic 
daumaxinjeblad da myisierad gadascemen signalebs 
momdevno elementebs  

 

1.3. formaluri neironis struqtura da Tvisebebi 

     xelovnuri anu formaluri neironi 
warmoadgens calke aRebuli biologiuri neironis 
iseT models, romelSic gaTvaliswinebulia misi 
mxolod gamorCeuli integraluri Tvisebebis 
rekonstruqcia, anu  modelSi ugulebelyofilia 
biologiuri neironis Tvisebebis gacilebiT ufro 
rTuli kompleqsi.  biologiuri nervuli ujredebis 
analogiurad TiToeuli xelovnuri anu formaluri 
neironi xasiaTdeba Tavisi mimdinare mdgomareobiT 
da SeiZleba iyos agznebuli an damuxruWebuli.        
formalur neirons  aqvs mravali Sesasvleli 
(dendriti) da sinafsuri kavSirebis jgufi, agreTve 
erTi – gamosasvleli (aqsoni), romliTac am 
neironis gamomavali signali (agznebis an 
damuxruWebis) gadaecema momdevno neirons, zogjer 
ki sakuTar  Tavsac.      formaluri neironi 
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Sedgeba sami tipis elementisagan: gamravlebis 
elementebi (sinafsebi, maTi raodenoba Semavali 
veqtoris ganzomilebis tolia); amjamavi elementi 
(zogjer uwodeben adaptur sumators); arawrfivi 
gardamqmneli elementi (aqtivaciis elementi).  

     sinafsebi aZlierebs an asustebs neironSi 
Semaval signals imis mixedviT, Tu rogoria 
Sesabamisi sinafsuri kavSiris Zala anu woniTi 
koeficienti. Tu woniTi  koeficienti erTze metia 
Semavali signali gaZlierdeba, xolo Tu woniTi  
koeficienti erTze naklebia, signali Sesustdeba.      
1.1 suraTze naCvenebia formaluri neironis 
struqtura.  
  

 
 
 

sur. 1.1. formaluri neironis struqtura. 
 

formaluri neironis mimdinare mdgomareoba 
ganisazRvreba rogorc misi Sesasvlelebis 
Sewonili jami  

  
1

n

i i
i

S w x b
=

= +∑ ,                         (1.1) 

xolo formaluri neironis  gamomavali signali  

Y 

 
 
 

∑ 
 
 

w1 wi wn w2 

x1 

x2 

xi 

xn 

S  F 
 
 
 
 

wix
 

 

b 
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aris misi mimdinare mdgomareobis funqcia:              

1
( ) ( )

n

i i
i

y F S F w x b
=

= = +∑ ,                             (1.2) 

sadac wi  aris sinafsuri wona (weight),    i =1, 2 ... n; 
xi - Semavali veqtoris elementi,  i = 1, 2 ... n; 
n - Semavali veqtoris ganzomileba;   b - wanacvlebis   
mniSvneloba (bias); S- Sejamebis Sedegi (sum) ,   
zogjer iyeneben  NET  aRniSvnas;   y - neironis 
gamomavali signali, iyeneben  OUT  aRniSvnasac;    
F - arawrfivi gardaqmna (aqtivaciis funqcia). 
formaluri neironis maTematikuri modeli 
gviCvenebs, rom arawrfivi gardamqmneli elementi 
axorcielebs erTi argumentis _ amjamavi elementis 
gamosasvlelis arawrfiv funqcias, xolo mTlianad 
formaluri neironi ki veqtoruli argumentis 
skalarul funqcias. arawrfivi gardamqmneli 
elementi axdens amjamavi elementidan gamosuli 
signalis modificirebas, ris Sedegadac neironis 
aqsonze miiReba neiroqselSi Semdgomi 
procedurebis Casatareblad ufro moxerxebuli 
modificirebuli signali. yvelaze xSirad 
aqtivaciis funqciebad iyeneben zRurblur da 
sigmoidur funqciebs. Tu aqtivaciis  F funqcia S 
Sewonili jamis sididis cvlilebis diapazons 
aviwroebs ise, rom S-is nebismieri mniSvnelobisas 
aqsonze miRebuli signali y ekuTvnis garkveul 
sasrul intervals, maSin F funqcias uwodeben 
,,SemkumSav’’ funqcias. SemkumSav funqciad iyeneben 
sigmoidur funqciebs, kerZod log-sigmoidur 
funqcias 

                                   
1( ) .

1 sF S
e α−=

+
                        (1.3) 
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erT calke aRebul formalur neirons SeuZlia 
saxeTa amocnobis umartivesi procedurebis 
Sesruleba, xolo neironuli gamoTvlebis 
efeqturobas ganapirobebs mravali  neironis 
gaerTianeba xelovnur neironul qselebSi.  
 

1.4. erTSriani da mravalSriani xelovnuri 
neironuli qselebi 

 
    umartivesi neironuli qseli Sedgeba neironebis 
jgufisagan, romlebic gaerTianebulia erT SreSi 
(sur. 1.2), sadac wreebiT aRniSnulia e.w. nulovani 
Sre, romelic ar asrulebs gamoTvliT operaciebs, 
aramed anawilebs qselSi Semaval signalebs 
gamomTvlel neironebze, romlebic gamosaxulia 
marTkuTxedebiT.    
 
 

 
 
 

sur. 1.2.  erTSriani xelovnuri neironuli qseli. 
 
X Semavali veqtoris elementebis (x1, x2,…. xn)  
namravli  Sesabamis woniT koeficientebze (sinafsur 
wonebze) miewodeba TiToeul neirons, xolo Se-
sasvlelebis Sewonil jams (y1, y2 , ….y m) TiToeuli 

F(NET) 

F(NET) 

   x1 

F(NET) 

yn 
 

y2 
 

y1 
 

wmn 

wm1 

      x2 

w11 

w2n 

xm 

w12 

w1n 

w22 



 22 

neironi gadascems  neironuli qselis  momdevno 
komponents. sakmaod moxerxebulia sinafsuri wo-
nebis warmodgena  W  matricis elementebad. mat-
ricas aqvs m striqoni da n sveti, sadac  m aris 
Sesasvlelebis ricxvi, xolo n – neironebis ricxvi. 
magaliTad, matricis elementi w12  aris wona, 
romelic akavSirebs pirvel Sesasvlels meore 
neironTan, xolo w21 aris wona, romelic akavSirebs 
meore Sesasvlels pirvel neironTan. Aamrigad, 
gamomavali  N   veqtoris gamoTvla, romlis 
komponentebic neironebis gamosasvlelebia,  
daiyvaneba matricul gamravlebaze N=XW, sadac N  
da  X  veqtor–striqonebia. xSirad neironis 
gamosasvlels aRniSnaven OUT – iT, maSin  OUT = XW. 
mravalSrian xelovnur neironul qselebs 
erTSriani neironul qselebTan SedarebiT 
gacilebiT meti gamoTvliTi SesaZleblobebi aqvs.  
damuSavebulia  mravalSriani xelovnuri neironuli 
qselebis mravali saxeoba da Seqmnilia maTi 
Sesabamisi swavlebis algoriTmebi, romelTac 
axasiaTebs Tavisi Zlieri da susti mxareebi.  
mravalSriani neironuli qselebi  SeiZleba Seiqmnas 
Sreebis kaskaduri SeerTebiT, maSin erTi Sris 
gamosasvleli iqneba momdevno Sris Sesasvleli. 
iTvleba, rom sinafsuri wonebi uSualod 
dakavSirebulia maTi momdevno Sris neironebTan. 
amrigad, Sre Sedgeba sinafsuri wonebisa da maTi 
momdevno neironebisagan, romlebic Sewonil jamebs 
gamoiTvlian. 1.3 suraTze naCvenebia orSriani 
xelovnuri neironuli qseli.   mravalSrian qselebs 
erTSrian qselebTan SedarebiT gacilebiT meti 
SesaZleblobebi aqvs mxolod im SemTxvevaSi, Tu 
neironebis aqtivaciis funqcia iqneba arawrfivi. 
wrfivi aqtivaciis funqciis mqone orSrianiQqselis 
gamosasvleli gamoiTvleba masSi Semavali veqtoris 
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gamravlebiT pirvel woniT matricaze, Semdeg ki 
pirveli Sris mier gamomuSavebuli Sedegis 
gamravlebiT meore woniT matricaze:   (XW1) W2,   imis 
gamo, rom matricebis gamravlebas aqvs 
asociaciurobis Tviseba, gveqneba X(W1W2),  anu  
naTelia, rom orSriani xelovnuri neironuli 

 
 

sur. 1.3.  orSriani xelovnuri neironuli qseli. 
 

qseli wrfivi aqtivaciis funqciiT ekvivalenturia 
iseTi erTSriani wrfivi qselisa, romlis woniTi 
koeficientebis matrica aris pirveli da meore 
woniTi koeficientebis matricebis namravli. Aaqedan 
gamomdinareobs Sedegi: nebismieri mravalSriani 
xelovnuri neironuli qseli, romlis neironebsac 
aqvs wrfivi aqtivaciis funqcia, SeiZleba Seicvalos 
misi ekvivalenturi erTSriani neironuli qseliT. 
amrigad neironuli qselis gamoTvliTi 
SesaZleblobebis gazrdisaTvis aucilebeli pirobaa  
qselSi arawrfivi aqtivaciis funqciis Setana. 
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1.5. xelovnuri neironuli qselebis klasifikacia 
 
    xelovnuri neironuli qselebis klasifikacia 
SesaZlebelia sxvadasxva niSnis mixedviT. 

neironul qselSi Sesrulebuli funqciis 
mixedviT TviT neironebi iyofa Semaval, saSualedo 
(farul) da gamomaval neironebad. Semaval 
neironebs miewodeba gare zemoqmedebis Sesabamisi 
veqtori, romlis elementebsac igi gadascems sxva 
neironebs cvlilebebis gareSe, anu Semavali 
neironebi zegavlenas ar axdenen qselis gamoTvliT 
SesaZleblobebze, aramed emsaxureba pirveli 
simravlis ganawilebas pirveli Sris neironebze, 
xolo saSualedo da gamomavali neironebi (1.1) da 
(1.2) gamosaxulebebis Sesabamisad, asrulebs 
gamoTvliT procedurebs da Sedegebs gadascems sxva 
neironebs an qselis gamosasvlels.  
     formaluri neironis struqturis mixedviT 
neironuli qselebis dayofa SeiZleba homogenur da 
heterogenur qselebad. homogenuri qselebi 
(erTgvarovani qselebi) Sedgeba erTi tipis 
neironebisagan, romelTac erTnairi aqtivaciis 
funqcia aqvs, xolo heterogenur qselebSi Semaval 
neironebs aqvs sxvadasxva aqtivaciis funqciebi. 

formaluri neironis aqtivaciis funqcia 
gansazRvravs aris neironuli qseli diskretuli 
(binaruli) Tu uwyveti (analoguri).  diskretuli 
neironuli qseli operirebs binaruli sidideebiT, 
anu TiToeuli neironis gamosasvlelma SeiZleba 
miiRos logikuri nulis (damuxruWebuli 
mdgomareoba) an logikuri erTis (agznebuli 
mdgomareoba) mniSvneloba. uwyveti neironuli qseli 
ki operirebs namdvili ricxvebiT, aseTi qselebis 
aqtivaciis funqciebi warmoadgens sxvadasxva saxis 
sigmoidur funqciebs. 
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     topologiis TvalsazrisiT neiroqselebi oTx 
saxeobad iyofa: srulkavSirebiani neiroqselebi; 
mravalSriani neiroqselebi; lokalurkavSirebiani 
neiroqselebi; arastruqturirebuli neiroqselebi.    
srulkavSirebian qselebSi TiToeuli neironi Tavis 
gamomaval signals gadascems yvela neirons, maT 
Soris sakuTar Tavsac, yvela Semavali signali 
miewodeba yvela neirons, xolo qselis gamomaval 
signalebad SeiZleba gamoyenebuli iyos qselis 
funqcionirebis ramdenime taqtis Semdeg yvela an 
zogierTi neironis gamomavali signali.     
mravalSrian neironul qselebSi neironebi 
gaerTianebulia Sreebad. Sres ayalibebs neironebi, 
romelTac aqvT saerTo Semavali signalebi, anu 
saerTo receptoruli veli. 

neironebis raodenoba SreSi SeiZleba iyos 
nebismieri da ar aris damokidebuli maT 
raodenobaze sxva SreebSi. zogadad, neiroqselSi 
SeiZleba iyos ramdenime Sre, romlebic marcxnidan 
marjvniv inomreba. Semaval Sres nulovan nomers 
aniWeben, amiT xazi esmeba imas, rom Semavali Sre ar 
awarmoebs gamoTvliT procedurebs. Semavali da 
gamomavali Sreebis garda, SeiZleba arsebobdes 
ramdenime saSualedo, anu faruli Sre (rogorc 
wesi, maTi raodenoba xuTs ar aRemateba). romelime 
k Sris neironebis gamosasvlelebidan (k+1) momdevno 
Sris neironebis SesasvlelebTan kavSirebs ewodeba 
mimdevrobiTi kavSirebi. Tavis mxriv, mravalSriani 
neiroqselebi sam jgufad iyofa: monotonuri 
neironuli qselebi; pirdapiri gavrcelebis 
neironuli qselebi; ukukavSirebiani neironuli 
qselebi.      monotonur qselebSi TiToeuli Sre, 
garda ukanasknelisa, Sedgeba ori blokisagan, anu 
amgznebi da mamuxruWebeli neironebis jgufebisagan. 
blokebs Soris kavSirebic aseve iyofa amgzneb da 
mamuxruWebel kavSirebad. erTi Sris Semadgenel 
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neironebs Soris kavSirebs, ewodeba lateraluri 
kavSirebi. pirdapiri gavrcelebis neironul 
qselebSi, rogorc wesi, TiTeuli k Sris neironis 
gamomavali signali miewodeba (k+1) Sris TiToeuli 
neironis Sesasvlels; Tumca SesaZlebelia, rom k 
Sre daukavSirdes uSualod romelime (k+p) Sres.  
     ukukavSirebian neironul qselebSi signalebi 
gadaecema rogorc momdevno Sres, aseve romelime 
winamdebare Sres. aseT qselebSi SeiZleba ori 
ZiriTadi saxeobis gamoyofa: 
     a) cikluri neiroqselebi, sadac ukanaskneli 
Sre Tavis gamomaval signalebs gadascems pirvel 
Sres, yvela Sre Tanabrad aris uflebamosili 
miiRos qselSi Semosuli signalebi da gasces 
qselidan gamomavali signalebi; 
     b) rekurentuli srulkavSirebiani neironuli 
qselebi, aq TiToeuli Sre srulkavSirebiania, 
signalebis gadacema xdeba rogorc Sridan Sreze, 
aseve sakuTriv Sris neironebs Soris, amasTan, 
samuSao cikli sam etapad iyofa - signalebis miReba 
winamdebare Srisagan; signalebis gacvla Sris 
SigniT; gamomavali signalebis gamomuSaveba da 
gadacema momdevno SrisaTvis. 
     lokalurkavSirebian neironul qselebSi 
neironebi ukavSirdeba Tavis uaxloes oTx, eqvs an 
rva topologiur mezobels.  

iseT neiroqselebs, romelTa mikuTvnebac 
zemoT aRwerili sami jgufisaTvis SeuZlebelia, 
uwodeben arastruqturirebul neironul qselebs. 
     arsebobs sinqronuli da asinqronuli 
xelovnuri neiroqselebi.  sinqronul qselebSi 
drois yovel momentSi Tavis mdgomareobas icvlis 
mxolod erTi neironi, xolo asinqronul qselebSi 
Tavis mdgomareobas erTdroulad icvlis neironTa 
jgufi an mTlianad Sre.   
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Tavi II.  xelovnuri neironuli qselebis 
swavleba  

 
2.1.xelovnuri neiroqselebis swavlebis problema 

  
    xelovnuri neironuli qselis yvelaze 
mniSvnelovani Tviseba aris is, rom mas aqvs 
”swavlebis” unari (zogjer ixmareba termini 
”treningi”). swavlebis   mizania   qselis  
gamosasvlelebze Semavali signalebis Sesabamisi 
sasurveli, an masTan miaxloebuli gamomavali 
signalebis mniSvnelobebis miReba. TiToeuli 
Semavali da gamomavali signalebis simravle 
ganixileba, rogorc veqtori. swavleba xorcieldeba 
qselisaTvis Semavali veqtorebis TanmimdevrobiTi 
wardgeniT da imavdroulad, garkveuli procedurebis 
Sesabamisad, qselis parametrebis gadawyobiT ise, rom 
TiToeuli Semavali veqtori gamoimuSavebs Sesabamis 
gamomaval veqtors. xelovnur neironul qselebSic, 
iseve rogorc zogadad amomcnob sistemebSi, 
ganasxvaveben swavlebis algoriTmebs maswavlebliT 
(supervised   learning) da maswavleblis gareSe (self-organized 
learning), swavlebis amA paradigmebis CarCoebSi 
Seqmnilia neironuli qselebis swavlebis mravali 
algoriTmi da maTi modifikacia.  
      erTSriani neironuli qselebis swavleba 
SesaZlebelia mxolod maswavlebliT, xolo 
Sesabamisi algoriTmi SedarebiT martivia, vinaidan 
erTaderTi Sris aqsonebis (aq da SemdgomSi aqsonis 
qveS igulisxmeba signalis mniSvneloba neironis 
gamosasvlelze) sasurvel mniSvnelobebs 
gansazRvravs maswavlebeli da sinafsuri wonebis 
gadawyobis procesi mimdinareobs aqsonebze 
Secdomis minimizirebiss mimarTulebiT. cnobilia, 
rom erTSriani  neironuli qselebis gamoTvliTi da 
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Sesabamisad swavlebis SesaZleblobebi principulad 
aris SezRuduliD(minski m., peiperti s.), amitom aseTi 
qselebi ar iZleva rTuli amocanebis gadawyvetis 
SesaZleblobas. mravalSriani neironuli qselebis 
(sadac es SezRudvebi moxsnilia) swavlebis 
procesebi ki dakavSirebulia seriozul 
problemebTan, vinaidan ucnobia TiToeuli Sris 
(ukanasknelis garda) gamosasvlelebis - aqsonebis 
optimaluri mniSvnelobebi, xolo mTlianad qselis 
swavlebis procesis ganxorcieleba mxolod 
ukanaskneli  Sris gamosasvlelebze  Secdomebis  
sidideebis  gansazRvriTa da gamoyenebiT 
SeuZlebelia.  am problemis gadaWras cdiloben 
TiToeuli SrisaTvis Semavali signalebis 
nakrebebis Sesabamisi gamomavali signalebis 
nakrebebis SemuSavebiT, rac xSirad ararealuria, 
vinaidan saWiroa Zalze didi moculobis 
Sromatevadi gamoTvliTi operaciebs Sesruleba.  
meore gzaa sinafsuri wonebis dinamikuri 
modificireba, proceduras axorcieleben bijurad, 
amasTan irCeven gansakuTrebiT sust sinafsur 
kavSirebs, cvlian maT mcire sididiT ama Tu im 
mimarTulebiT da inaxaven mxolod im cvlilebebs, 
romlebmac gamoiwvies Secdomis Semcireba mTlianad 
qselis gamosasvlelebze, magram es meTodic 
moiTxovs metad didi moculobis rutinul 
gamoTvlebs.  mesame gzaa swavlebis ukugavrcelebis 
algoriTmis gamoyeneba, Tumca am  algoriTmiT 
rTuli amocanis gadawyvetisas neiroqselis 
swavlebis procesi SeiZleba miuReblad didxans 
gagrZeldes, an saerTod ver dasruldes. amas 
Cveulebriv ori mizezi aqvs, neironuli qselis 
egreT wodebuli ”dambla” an moxvedra lokalur 
minimumSi. swavlebis procesSi koreqciebis Sedegad 
sinafsurma wonebma SeiZleba Zalze didi 
mniSvnelobebi miiRos, amis gamo neironebis 
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umetesoba signalis didi mniSvnelobebis pirobebSi 
funqcionirebs im areSi, sadac aqtivaciis funqciis 
warmoebuli Zalze mcire sididea. imis gamo, rom 
swavlebis procesSi ukumimarTulebiT gagzavnili 
Secdomis signali warmoebulis  proporciulia, 
swavlebis procesi SeiZleba gaCerdes. Mproblemis 
gadalaxvas cdiloben swavlebis siCqaris  
koeficientis SemcirebiT, rac Tavis mxriv iwvevs 
procesis gaxangrZlivebas. lokaluri minimumis 
maxeebi emuqreba yvela im algoriTms, romelic 
agebulia minimumis Ziebis principze. am problemis 
daZlevas cdiloben swavlebis  stoqastikuri 
meTodebiT - axorcieleben qselis sinafsuri 
wonebis fsevdoSemTxveviT cvlilebebs, amasTan 
inarCuneben iseT cvlilebebs, romlebic 
erTmaneTTan aaxloebs faqtobrivi gamomavali 
signalebisa da sasurveli gamomavali signalebis 
mniSvnelobebs. stoqastikuri meTodebis 
gamoyenebisas SeiZleba moinaxos qselis sinafsuri 
wonebis koreqciis iseTi strategia, romelic 
aiZulebs wonebs miiRos globaluri minimumis 
mniSvneloba, Tumca am meTodebis gamoyenebac 
dakavSirebulia did sirTuleebTan. magaliTad, 
bolcmanis stoqastikuri meTodiT xelovnuri 
neironuli qselebis swavleba xSirad iTxovs 
kompiuteruli drois miuReblad did resurss, 
masTan SedarebiT koSis meTodi amcirebs qselis 
swavlebis dros, Tumca es maCvenebeli SeiZleba 
mainc didi aRmoCndes. swavlebis xangrZlivobis 
Semdgomi Semcireba SesaZlebelia e. w. xelovnuri 
Tbotevadobis meTodiT, romelic rTulia da 
praqtikulad ar gamoiyeneba.  zemoT CamoTvlili 
procedurebis efeqturoba mniSvnelovnad aris 
damokidebuli eqsperimentatoris gamocdilebasa da 
subieqtur mosazrebebze.  sxvadasxva arqiteqturis 
neironuli qselebi da maTi swavlebis meTodebi 
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ganxilulia mraval naSromSi, magaliTad [1],[8],[11], 
Seqmnilia neironuli qselebis swavlebis 
algoriTmebis farTo speqtri, gansazRvrulia maTi 
zRvruli SesaZleblobebi, magram miuxedavad amisa 
neironuli qselebis swavlebis problemebi 
Teoriulad bolomde jer ar aris Seswavlili.  
     xelovnuri neironuli qseli warmoadgens 
paralelur ganawilebul gamoTvliT sistemas, 
romlis agebis principebi dakavSirebulia 
neirofiziologiur warmodgenebTan, vinaidan 
xelovnuri neironuli qselis Semadgeneli 
elementebis - formaluri neironebis Tvisebebi 
msgavsia biologiuri  neironebis zogierTi 
elementaruli funqciisa, xolo qselis 
struqturuli organizacia nawilobriv emsgavseba 
tvinis anatomiur agebulebas. miuxedavad 
zedapiruli analogiisa, xelovnur neironul qsels 
aqvs adamianis tvinis msgavsi zogierTi Tviseba, 
kerZod, is magaliTebze ”swavlobs”, axali 
magaliTebis mimarT anzogadebs warsul 
gamocdilebas, SeuZlia Semosuli Warbi 
informaciidan amokribos arsebiTi Tvisebrivi 
niSnebi, amasTan qsels  SeuZlia Secvalos Tavisi 
reaqcia garemos cvlilebebis adekvaturad.    
swored es Tvisebebi aZlierebs misdami interess. 
SemuSavebuli da Seswavlilia xelovnuri 
neironebisa da neironuli qselebis mravali 
gansxvavebuli modeli, romelic met-naklebad 
analogiuria misi biologiuri prototipisa.   

kohonenisa da sxva mkvlevarebis mier 
ganviTarebulia swavlebis meTodebi maswavleblis 
gareSe. es meTodebi ar saWiroebs miznobriv 
veqtorebs, anu qselis gamomavali veqtori ar unda 
Sedardes idealur pasuxs, saswavlo nakrebi 
Sedgeba mxolod Semavali veqtorebisagan-
realizaciebisagan. sinafsuri wonebis gadawyobis 
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algoriTmi muSaobs ise, rom qselis gamosasvlelze 
miRebuli iqnes SeTanxmebuli gamomavali veqtorebi, 
anu qselisaTvis sakmarisad msgavsi Semavali 
veqtorebis wardgenis Sedegad qselma unda 
gamoimuSaos erTnairi gamomavali signalebi. 
amrigad, swavleba maswavleblis gareSe gamohyofs 
saswavlo nakrebis statistikur Tvisebebs da msgavs 
veqtorebs ajgufebs klasebad. 

neironuli qselebis swavlebis Tanamedrove 
algoriTmebis umetesoba efuZneba d. hebis 
koncefciebs. d. hebma wamoayena maswavleblis gareSe 
swavlebis iseTi modeli, romelSic sinafsuri wona 
izrdeba, Tu agznebulia orive neironi – gadamcemi 
da mimRebi. amrigad, qselis is sinafsebi da 
Sesabamisi gzebi, romlebic xSirad gamoiyeneba, 
Zlierdeba. am modeliT kargad aixsneba miCvevisa da 
swavlebis fenomeni biologiur organizmebSi.  

xelovnur neiroqselSi, sadac gamoiyeneba 
swavlebis hebis modeli, sinafsuri wonebis gaZli-
ereba ganisazRvreba gadamcemi da mimRebi neironebis 
agznebis doneebis namravliT: 

 
                   wij(n+1)=wij(n)+α OUTiOUTj,                               (2.1.) 

 
sadac  wij(n)  aris gadawyobamde sinafsuri wonis 
sidide i neironidan j neironamde;  wij(n+1) –
gadawyobis Semdeg sinafsuri wonis sidide i 
neironidan j neironamde;  α  - swavlebis siCqaris 
koeficienti; OUTi  -  i neironis gamosasvleli da j 
neironis Sesasvleli; OUTj - j neironis 
gamosasvleli.     

swavlebis hebis modeli SedarebiT martivia. 
bolo wlebSi damuSavebulia swavlebis ufro 
efeqturi algoriTmebi, romlebic xasiaTdeba 
swavlebis ufro maRali siCqariT da saswavlo 
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nakrebis maxasiaTeblebis SedarebiT didi diapa-
zoniT. xelovnuri neironuli qselis kidev erTi 
mniSvnelovani Tviseba aris is, rom mas aqvs 
ganzogadebis (Generalization) unari, rac niSnavs, rom 
neironuli qseli iZleva swor pasuxTan 
miaxloebul Sedegs maSinac, rodesac waredgineba 
iseTi realizaciebi, romlebic ar Sedioda 
maswavlebel simravleSi. Nneiroqsels rom ar 
hqondes aseTi Tviseba, maSin is iqneboda mxolod 
damaxsovrebis meqanizmi.    

 
 

2.2. neironuli qselebis swavlebis algoriTmebi 

     swavlebis algoriTmebi, romlebic xelovnuri 
neironuli qselebis  umniSvnelovanesi elementia, 
warmoadgens kvlevebis  ZiriTad  obieqts.  
swavlebis algoriTmi gansazRvravs sistemis iseT 
maxasiaTeblebs, rogoric aris swavlebis dro, 
amocanis gadawyvetis sizuste, gamoTvliTi 
operaciebis raodenoba swavlebis TiToeul bijze 
da sxv. pirvel xelovnur amomcnob sistemad da 
Tanamedrove neiroqselebis prototipad iTvleba 
amerikeli mecnieris f. rozenblatis mier 1958 wels  
Seqmnili perseptroni. perseptronuli  algoriTmi,  
rogorc  tvinis  meqanizmebis gamartivebuli   
modeli (rogorc miiCnevda f. rozenblati) maSin 
ganxorcielda aparaturuladac. im periodis  
naSromebSi ZiriTad maTematikur aparatad 
gamoiyeneboda gadawyvetilebaTa miRebis 
statistikuri meTodebi, agreTve zRurbluri 
logikis meTodebi. Semdgom periodSi, kompiuterebis 
evoluciam SesaZlebeli gaxada gadasvla 
modelirebis programul meTodebze.   amomcnobi 
sistemebis Teoriis ganviTarebasTan erTad Seiqmna 
amocnobis procesis modelirebis axali 



 33 

saSualebebi: saxeTa analizisa da amocnobis 
sintaqsuri meTodi, aramkafio simravleebis Teoria, 
optimalurobis Teoria, ranguli kavSirebis Teoria,  
da a.S.  swavlebis procesebis efeqturi 
ganxorcieleba maRalsaimedo amomcnobi sistemis 
agebis umniSvnelovanesi faqtoria. xelovnuri 
inteleqtualuri sistemebis swavlebis procesebi 
ganxilulia mraval naSromSi, maTgan gansakuTrebiT 
mniSvnelovania i. cipkinis da v. vapnikis naSromebi, 
agreTve m. aizermanis, e. bravermanis, l. rozonoeris 
naSromebi, sadac swavlebis ZiriTadi maTematikuri 
aparati swavlebis rogorc stoqastikuri, aseve 
determinirebuli procesebisaTvis aris 
rekurentuli procedurebi. SedarebiT naklebad 
iyeneben swavlebis ararekurentul, rogorc wesi, 
logikur meTodebs.   aseT   naSromebs miekuTvneba 
m. bongardis, o. verulavas da sxv. naSromebi.      
zogadad amomcnob sistemebSi swavlebis procesebi 
gamoiyeneba saxeTa aRwerisa da gadawyvetilebaTa 
mimRebi wesebis formirebis dros. swavlebis iseT 
algoriTms, sadac gadamuSavebuli informaciis 
zrdasTan erTad swavlebis mizani sul ufro ukeT 
xorcieldeba da miiswrafis garkveuli cnobili 
zRvarisaken, ewodeba krebadi algoriTmi (an 
procesi). swavlebis dros xSirad gamoiyeneba 
iteraciuli procedurebi Sesabamisi miznobrivi 
funqciebiT. agebuli iteraciuli procedurebis 
krebadobis xarisxis kvlevisaTvis gamoiyeneba 
sxvadasxva maTematikuri meTodebi, kerZod 
optimizaciis meTodebis kargad damuSavebuli 
aparati. iteraciis yovel bijze xdeba miznobrivi 
funqciis gamoTvla da Sedareba wina bijze miRebul 
SedegTan, Sedegis mixedviT xorcieldeba Semdeg 
bijze Sesasrulebeli moqmedebebi.  ganasxvaveben 
swavlebis determinirebul (araparametrul) da 
stoqastikur anu statistikur (parametrul) 
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meTodebs. swavlebis determinirebul procesebSi 
gamoTvlebisas uSualod gamoiyeneba saswavlo 
nakrebis realizaciebi. swavlebis stoqastikuri 
procesebisaTvis apriorulad unda iyos cnobili 
realizaciaTa ganawilebis kanonebi. Tu saxeTa 
niSnebi erTmaneTze aris damokidebuli, maSin 
saWiroa erToblivi statistikuri ganawilebis 
kanonebis dadgena, rac saswavlo nakrebis 
realizaciaTa Zalze did raodenobas moiTxovs, 
amitom mravalganzomilebiani saxeebisaTvis am 
meTodebis gamoyeneba SezRudulia.   arasakmarisi 
informaciis SemTxvevaSi swavlebis procesebs 
ganixilavs adapturi sistemebis Teoria, sadac 
Seswavlilia rogorc parametruli, aseve 
araparametruli swavlebis procesebi. adaptur 
sistemebSi yoveli axali informaciis gamoCena 
warmoadgens iteraciis erT bijs, sadac xdeba 
miznobrivi funqciis an misi gradientis 
mniSvnelobis gamoTvla da amis safuZvelze 
amocnobisaTvis saWiro erTi an ramdenime 
parametris formireba.  swavlebis procesi 
CaiTvleba damTavrebulad, Tu gamoTvlil 
parametrTa mniSvnelobebis cvlileba ar scildeba 
dasaSveb farglebs.   

 
2.3. perseptronuli neironi da misi swavleba 
 

     xelovnuri neironuli qselebis sistematuri 
Seswavla pirvelebma daiwyes mak-kalokma da pitsma 
(1943w). 2.1. suraTze naCvenebia maT mier SemuSavebuli 

neironis modeli, sadac amjamavi ∑ elementi 

TiToeul Semaval x signals amravlebs w sinafsur 
wonaze da ajamebs Sewonil namravlebs. Tu jami 
metia winaswar dadgenili zRurblis mniSvnelobaze, 
maSin neironis gamosasvlelze aris logikuri 
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signali ,,erTi’’, Tu naklebia zRurblis 
mniSvnelobaze, maSin neironis gamosasvlelze iqneba 
signali ,,nuli’’.  am sistemam da mravalma msgavsma 
miiRo perseptronis (perception  - aRqma) dasaxeleba. 
XX saukunis samocian wlebSi perseptronma didi 
interesi da optimizmi gamoiwvia, magram male  

 
 

sur. 2.1. mak-kalokis da pitsis neironis modeli. 

 
rom perseptrons ar SeeZlo zogierTi martivi 
amocanis gadawyveta. magaliTad, erTSrian 
perseptrons ar SeuZlia iseTi martivi logikuri 
funqciis ganxorcieleba, rogoric aris logikuri 
aratolmniSvneloba. miuxedavad SezRuduli 
SesaZleblobisa, perseptronma mniSvnelovani roli 
iTamaSa neirokompiutingis ganviTarebaSi.  
     imisaTvis, rom neiroqsels hqondes praqtikuli 
Rirebuleba, unda vipovoT misi swavlebis meTodis 
povni, anu sinafsuri wonebisa da zRurblebis 
saWiro mniSvnelobebis gamoTvlisaTvis 
aucilebelia Sesabamisi algoriTmi. aseTi 
algoriTmi Seqmna frenk rozenblatma. perseptronis 
swavleba SesaZlebelia mxolod maswavlebliT, 
romelic neiroqselis mimarT gareSe elementia. 
maswavleblis funqciaa sistemis qcevis Sefaseba da 
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misi modificirebis marTva, anu neiroqselis 
parametrebis gadawyoba.  

2.2. suraTze warmodgenilia perseptronis 
swavlebis algoriTmi, swavleba mimdinareobs 
Semdegnairad: saxeTa simravlis realizaciebi 
rigrigobiT miewodeba perseptronis Sesasvlels da 
sinafsuri wonebis gadawyoba grZeldeba sanam 
perseptronis gamosasvlelze  miiRweva signalis 
sasurveli mniSvneloba yvela realizaciisaTvis.  
     ganvixiloT perseptronis swavlebis magaliTi. 
vTqvaT, mis Sesasvlels miewodeba sxvadasxva 
cifrebis gamosaxulebebi, Cveni mizania perseptrons 
vaswavloT kenti da luwi cifrebis garCeva, anu 
gamosasvlelze unda miviRoT “erTi~, Tu 
waredgineba kenti cifri da - `nuli~, Tu 
waredgineba luwi cifri. vTqvaT, X Semavali 
veqtori aris cifris realizacia, maSin veqtoris 
TiToeuli elementi (x1,  x 2, …. x n ) unda gamravldes 
W  sinafsuri wonebis veqtoris Sesabamis elementze 
(w1,  w2, …. wn ), xolo namravlebi aijamos. amis Semdeg 
unda Catardes zRurbluri operacia: Tu Sewonili 
jami aRemateba neironis zRurbls, maSin 
gamosasvlelze iqneba signali “erTi~( y = 1 ); Tu 
Sewonili jami naklebia neironis zRurblze, maSin 
gamosasvlelze iqneba signali `nuli~( y = 0), anu 
pirvel SemTxvevaSi perseptroni gviCvenebs, rom 
amosacnobad wardgenilia kenti cifri, xolo meore 
SemTxvevaSi - wardgenilia luwi cifri. 
perseptronis swavlebisaTvis cifris realizacia X 
waredgineba Sesasvlels da gamoiTvleba  y 
gamosasvleli. Tu pasuxi sworia sinafsuri wonebi 
ar icvleba; Tu pasuxi arasworia, maSin im 
sinafsuri wonebis, romlebic araswori Sedegis 
gamaZlierebel Sesasvlelebs ukavSirdeba, iseTi 
modificireba unda moxdes, rom Secdoma Semcirdes.  
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2.4. uwyveti neironuli qselebis delta-wesiT 
swavlebis algoriTmi 

 
     swavlebis aRwerili algoriTmi, romelic 
diskretuli neironuli qselebisaTvis aris 
gankuTvnili, SeiZleba ganzogaddes uwyveti 
neironuli qselebisaTvis. amisaTvis saWiroa δ  
sididis Semotana, romelic warmoadgens sxvaobas 
qselis gamosasvlelze sasurveli, anu miznobrivi 
(target) signalisa da gamosasvlelze realurad 
miRebul  Y  signalis sidideebs Soris:  δ  = ( T – Y).  
Tu δ =0, maSin T=Y, anu gamosasvlelze miRebulia 
swori pasuxi. es SemTxveva Seesabameba 4.2. suraTze 
warmodgenili algoriTmis B  bloks; Tu δ   metia 
nulze, es Seesabameba algoriTmis C  bloks; xolo, 
Tu δ  naklebia nulze, es situacia Seesabameba 
algoriTmis D bloks. yvela am SemTxvevisaTvis 
swavlebis aRwerili algoriTmi ZalaSia, Tu δ  
gamravldeba Semavali veqtoris TiToeul xi  
elementze da es δ xi  namravli aRemateba Sesabamis 
sinafsur wonas. Gganzogadebis mizniT, unda 
SemovitanoT swavlebis η  siCqaris koeficienti, 

romelic unda gamravldes δ xi  sidideze, rac 
mogvcems sinafsuri wonebis saSualo sididis 
marTvis SesaZleblobas. algebrul formaSi 
gveqneba:                                     

i ixηδ∆ =  
wi(n+1) = wi(n) + i∆  

sadac i∆   aris i-uri Sesasvlelis koreqcia, xolo 

wi(n+1) _ i-uri sinafsuri wonis mniSvneloba koreq-
ciis Semdeg; wi(n)  aris i-uri sinafsuri wonis 
mniSvneloba koreqciamde.  neironuli qselebis 
delta-wesiT swavlebis algoriTmi warmodgenilia 
2.3. suraTze. gasaTvaliswinebelia, rom 
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perseptronis swavlebis algoriTmis praqtikuli 
ganxorcielebis dros SesaZloa wavawydeT Semdeg 
siZneleebs: zogjer rTulia konkretuli saswavlo 
nakrebisaTvis imis dadgena sruldeba Tu ara 
wrfivad ganmxoloebadobis kriteriumi; praqtikul 
amocanebSi, rodesac qselis Sesasvlelze swrafad 
icvleba realizaciebi, SesaZlebelia kriteriumi 
drois zog momentSi Sesruldes, xolo drois sxva 
momentSi ara; SesaZlebelia damtkicdes, rom qselis 
swavleba damTavrdeba sasruli raodenobis bijebis 
Semdeg, Tumca, es raodenoba SeiZleba aRmoCndes 
astronomiuli sidideebis Tanazomadi da cxadia, 
praqtikisaTvis miuRebeli; ar aris damtkicebuli, 
rom zemoT ganxiluli swavlebis algoriTmi ufro 
swrafia, vidre sinafsuri wonebis gadawyoba maTi 
yvela SesaZlo mniSvnelobis gadasinjvis meTodiT. 
CamoTvlili problemebi aqtualuria Tanamedrove 
neiroqseluri kvlevebisaTvisac.  
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sur. 2.2. perseptronis swavlebis rozenblatis algoriTmi. 
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sur. 2.3. neironuli qselebis delta-wesiT swavlebis 
algoriTmi. 
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2.5. pirdapiri gavrcelebis mravalSriani neironuli 
qselebi 

     pirdapiri gavrcelebis mravalSriani 
neironuli qselebi, romelsac zogi avtori 
mravalSrian perseptronsac uwodebs, xelovnuri 
neironuli qselebis nebismier sxva arqiteqturasTan 
SedarebiT yvelaze ufro xSirad gamoiyeneba da 
neirokompiutingis ZiriTadi muSa modelia.        
mravalSrian neironul qsels aqvs N  Sre. pirveli 
Sris TiTeuli neironi iRebs signalebs qselis 
yvela Sesasvlelisagan. meore Sris TiToeuli 
neironi iRebs signalebs pirveli Sris yvela 
aqsonisagan, mesame Sris TiToeuli neironi iRebs 
signalebs meore Sris yvela aqsonisagan  da a.S. 
gamomaval Sremde, romlis aqsonebi mierTebulia 
qselis gamosasvlelebTan.  mravalSriani neironuli 
qselis formaluri aRwera  moxerxebulia 
matriculi algebris enaze. cxadia, rom pirveli 
Sris yvela neironis woniTi koeficienti (w11, w12 , … 
w1c , … wdc)  SeiZleba warmovadginoT  c x d   
ganzomilebis  W(1) matricis elementebad. matricas 
aqvs c striqoni da d sveti, sadac  c aris qselis 
Sesasvlelebis ricxvi, xolo d – pirveli Sris 
neironebis ricxvi. analogiurad aigeba W(2) matrica, 
romlis TiToeuli elementi wij

(2) axasiaTebs pirveli 
Sris i  -uri neironis sinafsuri kavSiris wonas 
meore Sris  j -ur neironTan. amrigad, W(n)  matricis  
TiToeuli elementi  wij

(n)  axasiaTebs (n-1)  Sris i  -
uri neironis sinafsuri kavSiris wonas n-uri Sris  
j -ur neironTan. mravalSriani neironuli qselis 
muSaobis procesi SeiZleba aRiweros ase: 

y(k)=F(y(k-1)W(k)),         k = 1…N 



 42 

sadac  F aris aqtivaciis arawrfivi funqcia 
(arawrfivi gardaqmna);     y(0)  - qselis Semavali 
veqtori;   y(N)  - qselis gamomavali veqtori;                    
y(k)  - k - uri Sris gamomavali signali;  N – Sreebis 
raodenoba. wrfivi aqtivaciis funqciis mqone 
neironebisagan Sedgenili mravalSriani Qqselis 
gamosasvleli gamoiTvleba ase: 

y(N)= y(0)W(1) W(2)…W(N) = y(0)W   sadac  W=W(1) W(2)…W(N).  

Aaqedan gamomdinareobs Sedegi daskvna: nebismieri 
mravalSriani xelovnuri neironuli qseli, romlis 
neironebsac aqvs wrfivi aqtivaciis funqcia, 
SeiZleba Seicvalos misi ekvivalenturi erTSriani 
neironuli qseliT. amrigad qselis funqcionirebis 
xarisxi mTlianad aris damokidebuli neironebis 
aqtivaciis funqciasa da sinafsuri kavSirebis woniT 
koeficientebze, anu  pirdapiri gavrcelebis 
mravalSriani neironuli qselebis formireba 
gulisxmobs, rom neironebs aqvs arawrfivi 
aqtivaciis funqcia, romelic gansazRvravs aseTi 
qselebis gazrdil SesaZleblobebs. mravalSriani 
neironuli qselis warmodgena SeiZleba ’’Savi 
yuTis’’ saxiT, romelsac aqvs N Sesasvleli da K 
gamosasvleli da romelic garkveuli Sida 
kanonebiT gardasaxavs Semaval veqtors gamomaval 
veqtorad. mravalSriani neironuli qseli 
warmoadgens safuZvels rigi sxva qselis agebisas 
(magaliTad, ukugavrcelebis neironuli qseli). 

2.6. swavlebis  ukugavrcelebis algoriTmi 

     mravalSrian xelovnur neironul qselebs, 
rogorc iyo aRniSnuli, gacilebiT meti 
gamoTvliTi SesaZleblobebi aqvs erTSrian 
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neironul qselebTan SedarebiT, magram mravali 
wlis ganmavlobaSi ar arsebobda   mravalSriani 
neironuli qselebis Teoriulad dasabuTebuli 
swavlebis algoriTmi. Aam garemoebam, didi xniT 
Seaferxa neiroinformatikis ganviTareba. 
ukugavrcelebis algoriTmi warmoadgens neironuli 
qselebis swavlebis meTods, romelsac aqvs  
 

 
 

sur. 2.4. ukugavrcelebis qselebSi gamoyenebuli formaluri 
neironi. 

 

Sesabamisi mkacri maTematikuri dasabuTeba. 
garkveuli SezRudvebis miuxedavad, ukugavrcelebis 
proceduram mniSvnelovnad gazarda xelovnuri 
neironuli qselebis gamoyenebis areali.  

2.4. suraTze naCvenebia formaluri neironi, 
romelic gamoiyeneba ukugavrcelebis qselebis 
asagebad. receptorebisagan an winamdebare Sris 
neironebisagan formalur neirons miewodeba 
signalebis simravle, romlis TiToeuli elementi 
mravldeba sinafsur wonaze da Semdeg namravlebi 
aijameba. aseTi NET jamebi unda iqnes gamoTvlili 
TiToeuli neironisaTvis, ris Semdegac xdeba NET-

F(NET) 
 x2 OUT  

  ∑ xiwi                      

NET 
   

   w2 

wn 

 x1 w1 

 x n 
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is modificireba F aqtivaciis funqciiT da 
sabolood miiReba OUT signali: 

         NET = ∑ xiwi                 OUT = F (NET).                        (2.2) 
 
aqtivaciis funqciad  yvelaze ufro xSirad 
ukugavrcelebis proceduraSi gamoiyeneba log-
sigmoiduri funqcia  

                                   NETe1
1OUT −+

= .                                    (2.3) 

 
2.5. suraTze naCvenebia es SemkumSavi funqcia, 

romelic gamomavali signalis cvlilebas aviwroebs 
ise, rom  OUT  icvleba nulidan erTamde. 
mravalSrian neironul qselebs erTSrian qselebTan 
SedarebiT gacilebiT meti SesaZleblobebi aqvs 
mxolod im SemTxvevaSi, Tu neironebis aqtivaciis 
funqcia iqneba arawrfivi. Cven SemTxvevaSi, 
arawrfivobas uzrunvelyofs sigmoidi; igi 
uzrunvelyofs agreTve gaZlierebis avtomatur 
kontrols _ signalis sididis zrdasTan erTad 
misi gaZliereba mcirdeba, anu neironi 
funqcionirebs signalis farTo diapazonSi. Sedegad 
Zlier signalebs qseli aRiqvams gajerebis gareSe, 
xolo susti signalebi gaivlis qsels zedmeti 
Sesustebis gareSe.  sigmoidis garda, ukugavrce-
lebis proceduraSi SesaZlebelia sxva arawrfivi 
funqciebis gamoyenebac, im pirobiT, rom isini, iseve 
rogorc sigmoidi, diferencirebadni unda iyvnen 
gansazRvris mTels areze; Tumca, sigmoidis 
gamoyeneba gansakuTrebiT moxerxebelia, vinaidan 
misi warmoebuli, romelic aucilebelia 
ukugavrcelebis proceduris Sesasruleblad, 
martivi saxisaa  
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         F/(NET)= OUT)OUT(1
NET
OUT

−=
∂
∂

.                        (2.4) 

mravalSriani xelovnuri neironuli qseli, romlis 
swavlebac SesaZlebelia ukugavrcelebis  
proceduriT, naCvenebia 2.6 suraTze. neironebis 
 
 

 
sur. 2.5. sigmoiduri aqtivaciis funqcia. 

 
pirveli Sre asrulebs mxolod Semavali 
signalebis miRebisa da ganawilebis proceduras, 
anu Semavali signalebi gaivlis pirveli Sris 
neironebs rogorc gamanawilebel wertilebs 
Sesabamisi sinafsuri wonebisaken raime gardaqmnis 
gareSe, xolo momdevno Sris neironebi gamoiTvlis  
NET   da  OUT signalebs ise, rogorc es aRwerilia 
zemoT. swored amitom suraTze naCvenebi 
ukugavrcelebis neironuli qseli ganixileba 
rogorc orSriani qseli, xolo gamanawilebel Sres 
ewodeba nulovani. ukugavrcelebis proceduris 
gamoyeneba SesaZlebelia nebismieri raodenobis 
Sreebis mqone xelovnuri neironuli qselebisaTvis. 
amasTan, am algoriTmis gamoyeneba SeiZleba rogorc 

NET 

0,5 

1,0 

OUT 
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pirdapiri gavrcelebis, aseve ukukavSirebiani 
neironuli qselebis swavlebisaTvis. neironuli 
qselebis swavlebis mizania misi sinafsuri wonebis 
iseTi SeTanawyoba, rom Semavali signalebis    
 

 
 
 

sur. 2.6. ukugavrcelebis neironuli qseli. 
 
 

garkveul simravles (Semaval X veqtors) 
Seesabamebodes sasurveli gamomavali signalebis 
simravle (miznobrivi T veqtori). swavlebis 
procesis ganxorcielebisas vTvliT, rom yoveli 
Semavali veqtorisaTvis arsebobs misi mewyvile 
miznobrivi veqtori, orive veqtors erTad ewodeba 
maswavlebeli wyvili. im SemTxvevaSi, Tu qselma 
unda amoicnos saxeTa romelime simravle, saWiro 
gaxdeba imdenive maswavlebeli wyvilis formireba, 
ramdeni saxec aris amosacnobi. aseT jgufs ewodeba 
maswavlebeli simravle. swavlebis dawyebis win 
TiToeul sinafsur wonas unda mieniWos raime 
sawyisi mniSvneloba. praqtikaSi cdiloben, rom 

 

X   T 
Secdoma 

OUT 



 47 

sawyis sinafsur wonebs mieniWos mcire SemTxveviTi 
ricxviTi mniSvnelobebi, raTa swavlebis procesSi 
neironuli qseli ar gadaitvirTos sinafsuri 
wonebis didi mniSvnelobebiT da Tavidan iqnes 
acilebuli zogierTi paTologiuri SemTxveva. 
ukugavrcelebis algoriTmis gamoyenebiT neironuli 
qselebis swavlebisaTvis saWiroa Semdegi 
procedurebis Catareba: 

1. morigi maswavlebeli wyvilis arCeva da 
Semavali veqtoris wardgena qselisaTvis; 

2. qselis realuri OUT  gamosasvlelis 
gamoTvla; 

3. qselis realur OUT  gamosasvlelsa da 
miznobriv (Target) gamosasvlels Soris 
sxvaobis gamoTvla; 

4. qselis sinafsuri wonebis koreqtireba ise, 
rom Semcirdes Secdoma (sxvaoba); 

5. bijebis (1, 2, 3, 4) ganmeoreba maswavlebeli 
simravlis TiToeuli wyvilisaTvis manam, 
sanam Secdoma ar gaxdeba misaRebi sididis. 

gamoTvlebi TanmimdevrobiT xorcieldeba 
neironuli qselebis Sreebis mixedviT, magaliTad 
2.6 suraTze naCvenebi qselisaTvis jer unda 
gamoiTvalos j Sris gamosasvlelebi, romlebic  k 
Sris Sesasvlelebad gamoiyeneba da maTi meSveobiT 
gamoiTvalos k Sris gamosasvlelebi, romlebic 
qmnis  qselis gamosasvlel OUT veqtors.  mesame 
bijze miznobriv (Target) gamosasvlels unda 
gamoakldes qselis Sesabamisi realuri OUT 
gamosasvleli, rac mogvcems qselis Secdomas (Error), 
romelic meoTxe bijze gamoiyeneba sinafsuri 
wonebis koreqciisaTvis. amasTan, wonebis cvlilebis 
niSani da sidide ganisazRvreba swavlebis qvemoT 
mocemuli algoriTmis Tanaxmad. am oTxi bijis 
sakmarisi raodenobiT ganmeorebis (iteraciis) 
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Semdeg, qselis realur OUT  gamosasvlelsa da 
miznobriv (Target) gamosasvlels Soris sxvaoba unda 
Semcirdes misaReb sididemde, maSin CaiTvleba, rom 
qselis swavleba damTavrebulia. Aamis Semdeg 
sinafsuri wonebis koreqcia aRar xdeba da qselis 
gamoyeneba SeiZleba praqtikuli amocanebis 
gadasawyvetad. pirveli da meore bijebi ganixileba 
rogorc signalis pirdapiri gavrceleba, xolo 
mesame da meoTxe bijebi SeiZleba CavTvaloT 
signalis ukugavrcelebad, Aanu am dros 
gamoTvlili Secdomis signali qselSi vrceldeba 
ZiriTadi signalis gavrcelebis sapirispiro 
mimarTulebiT da gamoiyeneba sinafsuri wonebis 
gadawyobisaTvis. signalis pirdapiri da 
ukugavrceleba ganvixiloT ufro dawvrilebiT da 
es procedurebi gamovsaxoT maTematikuri formiT. 
     pirdapiri gavrcelebis procedura. veqtoruli 
formiT Ppirveli da meore bijebi Semdegnairad 
SeiZleba warmovadginoT: qsels waredgineba Х  
Semavali veqtori da gamosasvlelze miiReba O 
gamomavali veqtori, veqtoruli wyvili Х  da Т unda 
aviRoT maswavlebeli simravlidan. sinafsuri 
wonebi ganixileba rogorc matrica W, maSin 
veqtoruli notaciiT qselis SrisaTvis gamoTvliTi 
procesi aRiwereba Semdegi gamosaxulebiT: 

О = F(XW). (2.5) 
mocemuli Sris gamomavali veqtori imavdroulad 
aris momdevno SrisaTvis Semavali veqtori, amitom 
ukanaskneli Sris gamosasvleli veqtoris 
gamosaTvlelad aucilebelia  (2.5) proceduris 
ganxorcieleba TiToeuli SrisaTvis, dawyebuli 
qselis Sesasvlelidan.  
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sur. 2.7. sinafsuri wonis gadawyoba gamomaval SreSi.  

 p   q ∑  

∑  
 

NET q.k. 

OUT q.k 

 η  

  T 

OUTp,j    

wpq,k(n) 

wpq,k(n+1) 

δq,k OUTp,j    

  Δwpq,k  

        δ 

   F/  
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      ukugavrcelebis procedura. ganvixiloT 
gamomavali Sris sinafsuri wonebis gadawyoba. 
vinaidan gamomavali Sris TiToeuli neironisaTvis 
mocemuli gvaqvs miznobrivi mniSvneloba, amitom 
sinafsuri wonebis gadawyoba advilad SeiZleba 
ganvaxorcieloT modificirebuli delta-wesis 
mixedviT, rac ganxiluli iyo zemoT. SedarebiT 
ufro rTulia faruli Sreebis swavlebis 
procedurebi, vinaidan Sedarebis operaciis 
Casatareblad maTTvis ara gvaqvs miznobrivi 
mniSvnelobebi. 2.7 suraTze naCvenebia erTi 
sinafsuri wonis swavlebis procesi F j  faruli 
Sris р neironidan k gamomavali Sris q  neironamde. 
Secdomis sidides miviRebT, Tu miznobriv 
mniSvnelobas (Target)  gamovaklebT k  gamomavali Sris 
neironis OUT signals. Semdeg Secdomis sidide 
unda gamravldes aqtivaciis funqciis warmoebulze, 
romelic k gamomavali Sris am neironisaTvis aris 
gamoTvlili, rac mogvcems δ sidides 

               δ = OUT(1 – OUT)(Target – OUT).                   (2.6) 
amis Semdeg δ mravldeba im j neironis OUT sidideze, 
saidanac gamodis es sinafsuri wona. namravli Tavis 
mxriv unda gamravldes η swavlebis siCqaris 
koeficientze (Cveulebriv, igi 0,01-dan 1,0-mde 
farglebSia), xolo Sedegi unda daematos sinafsur 
wonas. aseTive procedurebi unda Sesruldes 
TiToeuli sinafsuri wonisaTvis faruli Sris 
neironidan gamomavali Sris neironamde: 
 

Δwpq,k = η δq,k OUTp,j                               (2.7) 
wpq,k(n+1) = wpq,k(n) + Δwpq,k,                (2.8) 

 
sadac  wpq,k(n)  aris sinafsuri wona faruli Sris p 
neironidan gamomavali  Sris q neironamde n bijze 
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koreqciamde. amasTan, indeqsi k ekuTvnis im Sres, 
sadac mTavrdeba mocemuli wona;  wpq,k(n+1) _ 
sinafsuri wona (n+1) bijze, anu koreqciis Semdeg;  
δq,k  aris δ  sidide gamomavali k Sris q neironisaTvis;  
OUTp,j  aris  j  faruli Sris р neironis OUT-is 
mniSvneloba;  η_ swavlebis siCqaris koeficienti, 
romelic sinafsuri wonebis cvlilebis saSualo 
sididis marTvis SesaZleblobas iZleva. 
     wonebis gadawyoba farul SreSi. ganvixiloT 
erTi neironi, romelic ekuTvnis gamomavali Sris 
winamdebare farul Sres. Ees neironi pirdapiri 
gavrcelebis procesSi Tavis gamomaval signals 
gadascems gamomavali Sris neironebs, maTi 
damakavSirebeli sinafsuri wonebis saSualebiT. 
swavlebis procesSi ki es sinafsuri wonebi muSaobs 
sapirispiro mimarTulebiT, anu sidides gaatarebs 
gamomavali Srisagan ukan, faruli Srisaken, amasTan, 
TiToeuli es wona unda gamravldes gamomavali 
Sris im neironisδ sidideze, romelsac igi 
ukavSirdeba. faruli Sris neironis 
SeTanawyobisaTvis aucilebeli δ sidide miiReba 
yvela aseTi namravlis SejamebiT da Sedegis 
gamravlebiT aqtivaciis  funqciis warmoebulze 









−= ∑

q
kpq,kq,jp,jp,kq, δ)OUT(1OUTδ w .                    (2.9) 

     farul SreSi sinafsuri wonis gadawyobis 
procedurebi naCvenebia 2.8 suraTze. mas Semdeg, rac 
δ sidide miRebulia, SeiZleba Catardes pirveli 
faruli Sris kuTvnili sinafsuri wonebis 
gadawyobis procedurebi (2.7) da (2.8) gantolebebis 
mixedviT, sadac indeqsebi Sris Sesabamisad iqneba 
modificirebuli. 
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sur. 2.8. sinafsuri wonis gadawyoba farul SreSi. 

mocemuli faruli Sris TiToeuli neironisaTvis  
miRebul unda iqnes δ sidide da Sesruldes am 
farul SresTan dakavSirebuli yvela sinafsuri 
wonis gadawyoba. es procesi meordeba yvela Sris 
mimarT neiroqselis Semosasvlelis mimarTulebiT, 
sanam damTavrdeba qselis yvela sinafsuri wonis 
gadawyoba, anu neiroqselis swavlebis mizniT xdeba 
Secdomis signalis ukugavrceleba, rac aisaxa 
algoriTmis dasaxelebaSi. 
 

2.7. ukugavrcelebis algoriTmis daCqarebis 
meTodebi 

 
     neironuli qselebis swavlebis ukugavrcelebis 
algoriTmis mravali gaumjobeseba da ganzogadeba 
iqna SemoTavazebuli mkvlevarebis mier. ganvixiloT 

 p     

 

  

   J Sre(faruli)     k Sre 
 

OUTi 

  i Sre 
 

w12k 

w11k 

w1nk 

neironi p 
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maT Soris yvelaze perspeqtiuli midgomebi.                 
ukugavrcelebis algoriTmiT swavlebis daCqarebis 
erT-erT meTods ewodeba impuls-meTodi, sadac 
sinafsuri wonis koreqciis gamosaxulebas emateba 
wevri, romelic sinafsuri wonis wina cvlilebis 
proporciulia. rogorc ki koreqciis operacia 
Catardeba, misi mniSvneloba unda iqnes 
damaxsovrebuli da gamoyenebuli yvela Semdgomi 
koreqciis modifikaciisaTvis. koreqciis 
gantolebebis modifikacia xdeba Semdegnairad: 
 

            Δwpq,k(n+1)= η δq,k OUTp,j + α Δwpq,k(n);            (2.10) 

           wpq,k(n+1) = wpq,k(n) + Δwpq,k(n+1),                       (2.11)                   
sadac  α  aris  impulsis koeficienti (Cveulebriv, 
iReben  0,9 sidides). literaturaSi aRniSnulia, rom 
impuls-meTodi karg Sedegs iZleva mxolod 
zogierTi amocanis gadawyvetisas.  

     ukugavrcelebis algoriTmis erTi gaumjobeseba 
efuZneba eqsponencialur dagluvebas, romelsac 
zogierT SemTxvevaSi SeiZleba hqondes upiratesoba:  

            Δwpq,k(n+1)= (1-α ) δq,k OUTp,j + α Δwpq,k (n).               (2.12) 

Semdeg gamoiTvleba sinafsuri wonis cvlilebaLLLLEBA 

                          wpq,k(n+1) = wpq,k(n) + ηΔwpq,k(n+1),                 (2.13)  
sadac  α  aris  Sesworebis koeficienti, romlis 
cvlileba xdeba 0,0-dan 1,0-mde diapazonSi. Tu α  
udris 1,0, maSin axal koreqcias ukuvagdebT da 
meordeba wina koreqcia; xolo nulsa da erTs 
Soris areSi, sinafsuri wonis koreqcia moxdeba α -s 
proporciuli sididiT. swavlebis siCqaris  
koeficienti η  sinafsuri wonebis cvlilebis 

saSualo sididis marTvis SesaZleblobas iZleva.  
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     ukugavrcelebis algoriTmis krebadobis 
daCqarebis kidev erTi meTodi arsebobs, romelsac 
ewoda meore rigis ukugavrceleba. igi sinafsuri 
wonebis saWiro koreqciis ufro zusti 
SefasebisaTvis iyenebs meore rigis warmoebulebs. 
literaturaSi naCvenebia, rom meore rigis 
ukugavrceleba optimaluria im gagebiT, rom 
Sefasebis gaumjobeseba SeuZlebelia kidev ufro 
maRali rigis warmoebulebis gamoyenebis gziT.     
es meTodi moiTxovs damatebiT gamoTvlebs, amitom 
calke gamokvlevaa saWiro imis dasamtkiceblad, 
rom gamarTlebulia aseTi midgoma. 
     v. stornetas da b. hubermans aRwerili aqvT 
ukugavrcelebis qselebis swavlebis 
maxasiaTeblebis gaumjobesebis saintereso meTodi, 
sadac miTiTebulia, rom faruli neironebis 
Sesasvlelebisa da gamosasvlelebis zogadad 
miRebuli dinamikuri diapazoni nulidan erTamde ar 
aris optimaluri. binaruli Semavali veqtoris 
SemTxvevaSi saSualod naxevari am veqtoris 
elementebisa iqneba nuli da Sesabamisad, am 
SesasvlelebTan dakavSirebuli sinafsuri wonebis 
swavleba ar moxdeba, vinaidan sinafsuri wonis 
koreqciis sidide Δwpq,k  proporciulia im neironis 
gamomavali signalis donisa, romelic OUTp,j-s  
gamoimuSavebs. maSin nulovani done iwvevs imas, rom 
sinafsuri wona ar icvleba. napovnia Semdegi 
gamosavali: binaruli mniSvnelobebi qselis 
Sesasvlelebze Secvlilia +0,5 da _0,5  
mniSvnelobebiT, xolo aqtivaciis funqcias emateba 
wanacvleba _0,5; maSin aqtivaciis funqcia iRebs 
Semdeg saxes:                                                              

                         NETe1
1

2
1OUT

−+
+−= .                         (2.14) 
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Sedegad  ukugavrcelebis algoriTmis krebadobis 
dro mcirdeba saSualod  30-dan 50 procentamde. Aes 
aris praqtikuli modifikaciis kargi magaliTi,  
roelmac arsebiTad gaaumjobesa algoriTmis 
maxasiaTeblebi. swavlebis ukugavrcelebis 
algoriTmi SeiZleba  swavlebis ukugavrcelebis 
algoriTmi SeiZleba gamoyenebul iqnes  agreTve 
ukukavSirebiani neironuli qselebisaTvis, 
risTvisac damuSavebulia Sesabamisi meTodikebi. 
         swavlebis ukugavrcelebis algoriTmi 
warmatebiT gamoiyeneba mravalferovani praqtikuli 
amocanebis gadawyvetis dros. aqve unda aRiniSnos 
isic, rom zogierTi rTuli amocanis gadawyvetisas 
swavlebis procesi SeiZleba Zalze didxans 
gagrZeldes, an saerTod ver moxdes neiroqselis 
swavleba. aseT warumateblobas Cveulebriv ori 
mizezi aqvs, egreT wodebuli qselis dambla an 
moxvedra lokalur minimumSi. swavlebis procesSi 
koreqciebis Sedegad sinafsurma wonebma SeiZleba 
Zalze didi mniSvnelobebi miiRos. amis gamo, 
neironebis umetesoba OUT signalis didi 
mniSvnelobebis pirobebSi funqcionirebs im areSi, 
sadac aqtivaciis funqciis warmoebuli Zalze mcire 
sididea. imis gamo, rom swavlebis procesSi 
ukumimarTulebiT gagzavnili Secdomis signali 
aris warmoebulis proporciuli, swavlebis procesi 
SeiZleba gaCerdes. Ees problema Teoriulad 
sustad aris Seswavlili. Mmis gadalaxvas 
cdiloben η bijis SemcirebiT, rac, Tavis mxriv 
iwvevs swavlebis procesis gaxangrZlivebas, amitom 
Aam problemis Seswavla grZeldeba. 
     Qqselis lokalur minimumSi moxvedris 
problema da misi daZlevis xerxebi naCvenebi iqneba 
swavlebis stoqastikuri meTodebis ganxilvis dros. 
р шага 

 



 56 

2.8. Semxvedri gavrcelebis qselebi 
 
     Semxvedri gavrcelebis neiroqselebis 
SesaZleblobebi gacilebiT aRemateba erTSriani 
neiroqselebis SesaZleblobebs, xolo ukugavrce-
lebis neiroqselebTan SedarebiT, swavlebisaTvis 
SeiZleba dasWirdes asjer naklebi dro, Tumca 
Semxvedri gavrcelebis neiroqselebis gamoyenebis 
areali SezRudulia, vidre ukugavrcelebis 
neiroqselebis. Semxvedri gavrcelebis neiroqselebi 
karg Sedegs iZleva iseTi amocanebis gadawyvetisas, 
sadac SeuZlebelia swavlebis xangrZlivi 
procedurebis Catareba. Ggarda amisa, am qselebs 
aqvs sxva saintereso Tvisebebi, rasac qvemoT 
ganvixilavT.  Semxvedri gavrcelebis neiroqselebSi 
gaerTianebulia ori cnobili algoriTmi: kohonenis 
TviTorganizebadi ruka da grosbergis varskvlavi. 
maTi gaerTianeba gvaZlevs iseT Tvisebebs, romlebic 
cal-calke arc erTs ara aqvs. Semxvedri 
gavrcelebis neiroqselebs aqvs ganzogadebis unari. 
swavlebis procesSi Semavali veqtorebi asocirdeba 
Sesabamis gamomaval veqtorebTan.  veqtorebi 
SeiZleba iyos binaruli an uwyveti. 

swavlebis procesis damTavrebis Semdeg 
Semavali veqtoris wardgena gvaZlevs saWiro 
gamomaval veqtors. Semxvedri gavrcelebis 
neiroqselebis ganzogadebis unari iZleva imis 
SesaZleblobas, rom miviRebT swor pasuxs maSinac 
ki, rodesac qsels waredgineba mcired 
damaxinjebuli an arasruli Semavali veqtori. 
aseTi Tvisebebis gamo, Semxvedri gavrcelebis 
neiroqselebs iyeneben signalebis gasaZliereblad, 
saxeTa amocnobisaTvis, aRdgenisaTvis da sxv. 
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sur. 2.9. Semxvedri gavrcelebis neiroqselis gamartivebuli 
struqtura. 

 
qselis funqcionirebis ganxilvis gasaadvileblad 
2.9 suraTze naCvenebia Semxvedri gavrcelebis 
pirdapiri moqmedebis neiroqselis gamartivebuli 
struqtura. suraTze naCvenebi Semavali Sris 
TiToeuli neironi ukavSirdeba pirveli Sris 
(kohonenis Sris) TiToeul neirons calkeuli wmn  
sinafsuri woniT. Ees sinafsuri wonebi ganixileba, 
rogorc W  wonebis matrica. analogiurad, 
kohonenis Sris TiToeuli neironi ukavSirdeba 
meore Sris (grosbergis Sris) TiToeul neirons 
calkeuli vnp sinafsuri woniT. Ees sinafsuri 
wonebi Seadgens V wonebis matricas. Yyovelive es 

K1 

K2 

Kn Gp 

G1 

G2 

I1 

I2 

Im 

kohonenis 
neironebi 

grosbergis 
neironebi 

 x2 

 x1 

 xn 

wmn 
vnp 

 w1 veqtori 
 

v1 veqtori 

y1 
 

yp 
 

y2 
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zemoT ganxiluli neiroqselebis msgavsia, Tumca 
gansxvaveba mdgomareobs im operaciebSi, rasac 
asrulebs kohonenis da grosbergis neironebi. 
Semxvedri gavrcelebis neiroqseli, iseve rogorc 
mravali sxva neiroqseli funqcionirebs or reJimSi. 
pirveli reJimi aris normaluri (muSa) reJimi, 
rodesac qsels waredgineba Semavali veqtori  Х da 
miiReba gamomavali veqtori Y;  meore aris 
swavlebis reJimi, rodesac qsels waredgineba 
Semavali veqtori  Х  da xdeba sinafsuri wonebis 
iseTi koreqtireba, rom miviRoT sasurveli T 
gamomavali veqtori. 
     normaluri funqcionirebis reJimi.  Semxvedri    
gavrcelebis neiroqselebis pirveli Sre (kohonenis 
Sre) funqcionirebs ise, rom misi mxolod da 
mxolod erTi neironis gamosasvlelze SeiZleba 
iyos logikuri erTi mocemuli Semavali 
veqtorisaTvis, yvela danarCeni neironi iZleva 
logikur nuls (amboben, rom SreSi aris erTi 
gamarjvebuli neironi). Qqselis TiToeul 
Sesasvlels kohonenis neironi uerTdeba masTan 
dakavSirebuli sinafsuri wonebis saSualebiT. 
magaliTad, 2.9 suraTze naCvenebia К1 kohonenis 
neironi, misi sinafsuri wonebi  w11, w21, …, wm1 
Seadgens W1 wonebis veqtors da nulovani Sris 
meSveobiT ukavSirdeba X Semavali veqtoris 
Semadgenel х1, x2, …, xm, signalebs. kohonenis neironis 
NET  gamosasvleli gamoiTvleba Cveulebrivad   
                    NETj = w1jx1 + w2jx2 + … + wmjxm,                      (2.15) 
 
sadac  NETj  aris kohonenis j-uri neironis  NET 
gamosasvleli 
                       ∑=

i
ijijNET wx .                                      (2.16) 

veqtoruli formiT iqneba                                                                  
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                            N = XW,                                                 (2.17) 
sadac  N aris kohonenis  Sris  NET  gamomavali 
veqtori. kohonenis  Sris is neironi aris 
gamarjvebuli, romelsac aqvs NET-is maqsimaluri 
mniSvneloba. Ggamarjvebuli neironis 
gamosasvlelze iqneba logikuri erTiani, xolo 
kohonenis  Sris yvela danarCeni neironis 
gamosasvlelze iqneba logikuri nuli. 
    grosbergis Sre funqcionirebs msgavsi wesiT. 
misi gamosasvleli NET aris kohonenis  Sris  
k1,k2, ..., kn  gamosasvlelebis, romlebic Seadgens К 
veqtors, Sewonili jami. sinfsuri wonebi  v11, v21, ..., 
vnp  Seadgens  V veqtors, maSin grosbergis neironis 
NET  gamosasvleli gamoiTvleba Semdegnairad: 
 

     ∑=
i

ijijNET wk ,                        (2.18) 

sadac  NETj  aris grosbergis  j-uri neironis  NET  
gamosasvleli. igi veqtoruli formiT ase Caiwereba:  
   

Y = KV,                                              (2.19) 
sadac  Y aris  grosbergis  Sris gamomavali 
veqtori; K  - kohonenis  Sris  gamomavali veqtori;  
V – grosbergis Sris sinafsuri wonebis matrica.     
imis gamo, rom kohonenis Sre funqcionirebs ise, 
rom mocemuli Semavali veqtorisaTvis mxolod 
erTi neironis gamosasvlelze SeiZleba iyos 
logikuri erTiani, xolo yvela danarCeni neironi 
iZleva logikur nuls, cxadia,  K veqtoris mxolod 
erTaderTi elementia erTis toli da amitom 
gamoTvlebi Zalze martivdeba.Ffaqtobrivad 
grosbergis Sris TiToeuli neironi    gvaZlevs im 
sinafsur wonas, romelic akavSirebs  am neirons 
kohonenis Sris aranulovani signalis momcem 
erTaderT neironTan. 
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     kohonenis Sris swavleba. kohonenis Sre 
Semxvedri gavrcelebis neiroqselebSi axdens 
Semavali veqtorebis klasifikacias msgavs 
jgufebad, risTvisac sinafsuri wonebis iseTi 
gadawyoba unda moxdes, rom msgavsma Semavalma 
veqtorebma kohonenis Sris erTi da imave neironis 
aqtivizacia gamoiwvios. amis Semdeg, grosbergis 
Sris amocana aris sasurveli gamomavali 
signalebis formireba. kohonenis Sre aris 
TviTswavladi anu swavlebis meTodia mawavleblis 
gareSe. amitom winaswar ar aris cnobili, Tu 
romeli neironis aqtivizacia moxdeba, amis 
aucilebloba arc aris. aucilebelia mxolod imis 
uzrunvelyofa, rom swavlebis Sedegad qselma 
SeZlos msgavsi veqtorebis erTad dajgufeba, anu 
aramsgavsi veqtorebis ganmxoloeba.  
    mizanSewonilia Semxvedri gavrcelebis neiro-
qselebisaTvis warsadgeni veqtorebis winaswari 
normalizeba. amisaTvis warsadgeni veqtoris 
TiToeuli komponenti unda gaiyos veqtoris 
sigrZeze. veqtoris sigrZe aris kvadratuli fesvi 
veqtoris komponentebis kvadratebis jamidan, 
romelic algebruli formiT ase gamoisaxeba:     

 
2
n

2
2

2
1

i
i

...
'

xxx
xx

+++
= .                    (2.20) 

 
amiT warsadgeni veqtori gardaiqmneba igive 

mimarTulebis erTeulovan veqtorad, anu 
erTeulovani sigrZis veqtorad n-gazomilebis 
sivrceSi.  
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sur. 2.10. warsadgeni veqtoris normalizebis magaliTi. 

 

     (2.20) gantoleba ganazogadebs ori 
ganzomilebis SemTxvevas, sadac veqtoris sigrZe 
gamoiTvleba piTagoras TeoremiT. 2.10 suraTze 
naCvenebia organzomilebiani V veqtori х - у 
koordinatebiT, sadac x = 4 da  y = 5.      
normalizebis Sedegad, (2.20) gantolebis Tanaxmad 
miviRebT axal V/ veqtors koordinatebiT x = 4/5 da 
y = 3/5,  romelsac eqneba igive mimarTuleba, magram 
erTeulovani sigrZe. samganzomilebiani veqtoris 
SemTxvevaSi, is damTavrdeboda erTeulovani sferos 
zedapirze. Ees SeiZleba ganvazogadoT nebismieri N 
ganzomilebis veqtorebze, maSin isini 
SemosazRvravdnen erTeulovan hipersferos.  
     kohonenis Sris swavlebis dros Sesasvlels 
waredgineba Semavali veqtori da gamoiTvleba misi 
skalaruli namravlebi im sinafsur wonebTan, 
romlebic ukavSirdeba kohonenis Sris yvela 
neirons. skalaruli namravlis maqsimaluri 

  4 

X 
   3/5 

  4/5 

V 

         2  

    3 
 

3 

1 

   2 

V1 
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mniSvnelobis mqone erTaderTi neironi iqneba SreSi 
gamarjvebuli da moxdeba misi wonebis gadawyoba. 
imis gamo, rom NET sidideebis gamosaTvleli 
skalaruli namravli warmoadgens msgavsebis zomas 
Semaval veqtorsa da wonebis veqtors Soris, amitom 
swavlebis procesi mdgomareobs kohonenis Sris 
iseTi neironis SerCevaSi, romlis wonebis veqtori 
yvelaze ufro axlos aris Semaval veqtorTan da am 
wonebis veqtoris Semdgom miaxloebaSi Semaval 
veqtorTan.M mimdinareobs swavlebaMmaswavleblis 
gareSe, anu qselis TviTorganizebis iseTi procesi, 
rom kohonenis Sris mocemuli neironis 
gamosasvleli iRebs mocemuli Semavali 
veqtorisaTvis maqsimalur mniSvnelobas. swavlebis 
procesi aRiwereba Semdegi gantolebiT: 

                            wн = wс + α  (x – wс),                              (2.21) 

sadac wн  aris im wonis axali mniSvneloba, romelic  
akavSirebs х  Semaval elements gamarjvebul  neiron- 
Tan; wс – aRniSnuli wonis mniSvneloba wina bijze;  
α  – swavlebis siCqaris koeficienti, romlis cvla 
SesaZlebelia swavlebis procesSi. TiToeuli wona, 
romelic ukavSirdeba kohonenis Sris gamarjvebul  
neirons, icvleba  misi mniSvnelobisa  da masTan 
dakavSirebuli Sesasvlelis mniSvnelobas Soris 
sxvaobis (x – wс) proporciulad. cvlilebis 
mimarTuleba iseTia, rom mcirdeba es sxvaoba. 2.11 
suraTze mocemulia am procesis ilustracia 
organzomilebiani veqtorebisaTvis. suraTze Wн  
aris axali sinafsuri wonis veqtori, xolo  Wс – 
Zveli sinafsuri wonis veqtori. jer vpoulobT  X –
 Wс  veqtors, risTvisac gavavlebT monakveTs Zveli 
sinafsuri wonis veqtoris bolodan X veqtoris 
bolosken; miRebul veqtors davamoklebT erTze 
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sur. 2.11. wonis veqtoris moZraoba swavlebis procesSi. 

 

naklebi sididis α   swavlebis siCqaris 
koeficientze gamravlebiT _ Sedegad viRebT 
cvlilebis δ veqtors. maSin axali sinafsuri wonis 
veqtori Wн iqneba monakveTi mimarTuli  
koordinatTa saTavidan  δ veqtoris bolosaken.Aam 
ilustraciidan naTlad Cans, rom swavlebis 
procesis efeqti SeiZleba warmovidginoT rogorc 
sinafsuri wonis veqtoris moZraoba misi sigrZis 
umniSvnelo cvlilebiT Semavali veqtoris 
mimarTulebiT. α   swavlebis siCqaris koeficients 
swavlebis dasawyisSi Cveulebriv iReben 0,7 sidides, 
romelic swavlebis procesSi SeiZleba TandaTan 
Semcirdes, anu procesis dasawyisSi keTdeba 
mozrdili nabijebi, romlebic saboloo sididesTan 
miaxloebisas TandaTan mcirdeba.  

α (x – wс) 

(x – wс) 

 x 

wс 

wн 
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     sinafsuri wonebis sawyisi mniSvnelobebis 
SerCeva. Semxvedri gavrcelebis qselis yvela 
sinafsur wonas swavlebis procesis dawyebis win 
unda mieniWos garkveuli sawyisi mniSvneloba. 
neironuli qselebis swavlebis praqtikaSi  
miRebulia sinafsuri wonebis sawyis mniSvnelobebad 
mcire SemTxveviTi sidideebis gamoyeneba. kohonenis 
Sris swavlebis dawyebamde saWiroa SerCeuli 
woniTi veqtorebis normalizeba. swavlebis 
procesis damTavrebis Semdeg woniTi veqtorebis 
saboloo mniSvnelobebi Tanxvedrili iqneba Semaval  
normalizebul veqtorebTan. amitom normalizeba 
swavlebis dawyebamde axdens woniTi veqtorebis 
miaxloebas maT saboloo mniSvnelobebeTan da 
Sedegad amoklebs swavlebis process. kohonenis 
Sris swavlebisaTvis sinafsuri wonebis sawyis 
mniSvnelobebad SemTxveviTi sidideebis gamoyenebam 
(randomizaciam) SeiZleba swavlebisas warmoiqmnas 
problemebi, radganac woniTi veqtorebi 
hipersferos zedapirze lagdeba Tanabrad, xolo 
Semavali veqtorebi, rogorc wesi, ganawilebulia 
araTanabrad da jgufdeba hipersferos zedapiris 
SedarebiT patara ubnebze. Sedegad, woniTi 
veqtorebis didi nawili imdenad iqneba daSorebuli 
nebismieri Semavali veqtoridan, rom isini ver 
mogvcemen saukeTeso Sesabamisobas. kohonenis Sris 
es neironebi usargebloni aRmoCndebian, vinaidan 
maTi gamosasvlelebi yovelTvis nulis toli iqneba. 
SeiZleba warmoiqmnas uaresi problemac: darCenili 
woniTi veqtorebis raodenoba arasakmarisi iyos 
imisaTvis, rom klasebad iqnes dayofili is 
Semavali veqtorebi, romlebic erTaneTTan axlos 
aris ganlagebuli hipersferos zedapirze. 
     damuSavebulia am problemebTan brZolis 
ramdenime met-naklebad efeqturi meTodi. erT-erTi 
maTgania amozneqili kombinaciis meTodi (convex 
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combination method), romelic  wonebs aniWebs erTnair 
sawyis mniSvnelobebs  

                                    
n

1
i =w ,                                         (2.22) 

sadac  n  aris TiToeuli  woniTi veqtoris 
elementebis raodenoba. amis gamo yvela woniTi 
veqtori Tanxvedrilia da aqvs erTeulovani sigrZe. 
Semavali veqtoris TiToeul  elements mieniWeba 
Semdegi mniSvneloba: 

             
n
α-1α ii += xx ,                                    (2.23) 

sadac  n  aris Sesasvlelebis raodenoba. 
Tavdapirvelad α   Zalze mcire sididea, ris gamoc 

Semaval veqtorebs aqvs 
n

1 -Tan miaxloebuli 

sigrZe da TiTqmis emTxveva woniT veqtorebs. qselis 
swavlebis procesSi α   TandaTanobiT izrdeba da 
uaxlovdeba erTs. Ees iZlevaAA Semavali veqtorebis 
ganmxoloebis SesaZleblobasAda sabolood maT 
eniWeba WeSmariti mniSvnelobebi.N amozneqili 
kombinaciis meTodi kargia, magram anelebs 
swavlebis process.A 
ND Semxvedri gavrcelebis qselebSi sinafsuri 
wonebisaTvis swavlebis procesis dawyebis win 
sawyisi mniSvnelobebis miniWebis problema damate-
biT Seswavlas moiTxovs. 
   kohonenis swavlebis meTods aqvs Semavali 
monacemebis simravlidan statistikuri Tvisebebis 
gamoyofis sasargeblo unari. 
     grosbergis Sris swavleba. grosbergis Sris 
swavleba SedarebiT martivia. swavlebis meTodia 
maswavlebliT. grosbergis SrisaTvis Semavali 
veqtori aris kohonenis Sris gamosasvleli, 
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romelic waredgineba grosbergis Sris neironebs da 
maTi gamosasvlelebi gamoiTvleba iseve, rogorc 
normaluri funqcionirebis reJimSi. Aamis Semdeg, 
TiToeuli  wonis koreqtireba xdeba mxolod im 
SemTxvevaSi, Tu is ukavSirdeba aranulovani 
gamosasvlelis mqone kohonenis Sris neirons. wonis 
koreqciis sidide proporciulia wonasa da 
grosbergis Sris im neironis gamosasvlels Soris 
sxvaobisa, romelsac igi ukavSirdeba:  
vijн = vijс + β  (yj – vijс)ki,                          (2.24) 
sadac   ki   aris i–uri kohonenis neironis 
gamosasvleli (nulisagan gansxvavdeba mxolod 
erTi kohonenis neironisaTvis); yj  aris sasurveli 
gamosasvleli veqtoris j–uri elementi. Tavdapir-
velad β -s  mniSvnelobas iReben ~0,1-is tols da 
swavlebis procesSi igi TandaTan mcirdeba.  
         Semxvedri gavrcelebis neironuli qselebis 
Semqmneli r. hext-nilseni TviTon aRniSnavs, rom am 
qselebs aqvs SezRuduli SesaZleblobebi 
ukugavrcelebis qselebTan SedarebiT, Tumca 
garkveuli amocanebis gadawyvetisas karg 
statistikur modelebs iZleva. Semxvedri 
gavrcelebis qselis swavleba SedarebiT swrafad 
xdeba da sworad gamoyenebisas igi zogavs 
mniSvnelovan manqanur dros. Ees qselebi 
sasargebloa gansakuTrebiT maSin, rodesac saWiroa 
sistemebis swrafi modelireba da nakleb 
mniSvnelovania didi sizuste.  
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Tavi III.   xelovnuri neironuli qselebis 
swavlebis  stoqastikuri meTodebi 

 
     stoqastikuri meTodebis gamoyeneba karg 
Sedegebs iZleva rogorc xelovnuri neironuli 
qselebis swavlebis, aseve “naswavli” qselebisagan 
sasurveli gamosasvleli signalebis miRebis, anu 
normaluri funqcionirebis reJimis dros. 
stoqastikuri meTodebi SesaZleblobas iZleva 
swavlebis procesSi davZlioT lokaluri 
minimumebis problema, Tumca am meTodebis gamoyeneba 
dakavSirebulia zogierT sirTuleebTan.  
      

3.1. swavlebis lokaluri  minimumebis problema 
 

     xelovnuri neironuli qselebis swavleba 
warmoadgens misi parametrebis (rogorc wesi, 
sinafsuri wonebis) modificirebis garkveul 
process. im SemTxvevaSi, Tu swavlebis procesi 
warmatebulia, maSin qselisaTvis Semavali 
signalebis simravlis wardgenis Sedegad qselis 
gamosasvlelze unda gamomuSavdes  sasurveli 
signalebis simravle. cnobilia, rom arsebobs 
swavlebis meTodebis ori jgufi:  determinirebuli 
da stoqastikuri. swavlebis determinirebuli 
meTodebi sinafsuri wonebis modificirebis 
proceduras axorcielebs bijurad, amasTan iyenebs 
wonebis mimdinare mniSvnelobebs, agreTve Semavali 
signalebis, sasurveli gamomavali signalebis da 
faqtobrivi gamomavali signalebis mniSvnelobebs. 
aseTi determinirebuli midgomis magaliTi aris 
perseptronis swavlebis procesi. swavlebis  
stoqastikur meTodebSi axdenen sinafsuri wonebis 
fsevdoSemTxveviT cvlilebebs; amasTan, inarCuneben 
iseT cvlilebebs, romlebic erTmaneTTan aaxloebs 
faqtobrivi gamomavali signalebisa da sasurveli 



 68 

gamomavali signalebis mniSvnelobebs. imisaTvis, 
rom vnaxoT, Tu rogor xorcieldeba es 
procedurebi, ganvixiloT tipuri orSriani 
xelovnuri neironuli qseli, romelic 3.1 suraTze 
aris naCvenebi. igulisxmeba, rom qselis neironebis 
aqtivaciis funqcia aris arawrfivi. neironuli 
qselis swavlebisaTvis SeiZleba gamoyenebul iqnes 
Semdegi procedura: 

1. SevarCioT sinafsuri wonis SemTxveviTi sidide 
da movaxdinoT misi koreqcia mcire SemTxveviTi 
sididiT. warvudginoT qsels Semavali signa-
lebis  simravle da gamoviTvaloT gamomavali 
signalebis faqtobrivi mniSvnelobebi. 
2. SevadaroT gamomavali signalebis faqtobrivi 
mniSvnelobebi sasurveli signalebis mniSvne-
lobebs da gamovTvaloT maT Soris sxvaoba. es 
procedura unda Sesruldes maswavlebeli 
wyvilis TiToeuli elementisaTvis, Semdeg 
elementebis sxvaobebi aiyvaneba kvadratSi da 
gamoiTvleba maTi jami. swavlebis mizani aris am 
sxvaobis (miznobrivi funqciis) minimizacia.  
3. SevarCioT sinafsuri wonis SemTxveviTi sidide 
da movaxdinoT misi koreqcia mcire SemTxveviTi 
sididiT. Tu koreqcia sasargebloa, anu amcirebs 
miznobriv funqcias, igi unda iqnes damaxsov-
rebuli, winaaRmdeg SemTxvevaSi unda da-
vubrundeT sinafsuri wonis Zvel mniSvnelobas. 
4. gavimeoroT 1, 2, 3 bijebi sanam miiRweva 
miznobrivi funqciis dasaSvebi dabali done, anu 
CaiTvleba, rom neironuli qselis swavlebis 
procesi dasrulebulia. 
     aRwerili procesi miiswrafvis miznobrivi 
funqciis minimizaciisaken, magram SeiZleba 
moxvdes lokalur minimumSi, rogorc maxeSi, 
radganac qseli CaTvlis, rom gadawyvetileba 
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miRebulia, Tumca Sedegi faqtobrivad 
warumatebelia. 
 

 
 
sur. 3.1. tipuri orSriani xelovnuri neironuli qseli. 

 
lokaluri  minimumebis problemis grfikuli 
ilustracia erTi sinafsuri wonis koreqciis 
SemTxvevisaTvis naCvenebia 3.2 suraTze. 
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sur. 3.2. lokaluri  minimumebis problema. 

 

vTqvaT, A wertili Seesabameba sinafsuri 
wonis sawyis  mniSvnelobas, Tu wonis cvlilebebi 
mcire sididis iqneba, nebismieri gadaxra  А 
wertilidan gazrdis T miznobrivi funqciis 
mniSvnelobas da amitom uaryofili iqneba, xolo 
sinafsuri wonis saukeTeso mniSvneloba, romelsac  
B wertili Seesabameba, verasodes iqneba miRweuli. 
sistema A wertilis lokaluri  minimumis maxeSi 
darCeba. im SemTxvevaSi, Tu wonis SemTxveviTi 
cvlilebebi didi sididis iqneba, wona ganicdis 
imdenad mkveTr cvlilebebs, rom sasurvel  
(globalur) minimumSi misi moxvedra praqtikulad 
SeuZlebelia. Aamgvari problemebis Tavidan 
acilebis sasargeblo strategia mdgomareobs bijis 
zomis TandaTanobiT SemcirebaSi didi sawyisi 
bijidan saSualo SemTxveviT bijis zomamde. Ees 
iZleva  lokaluri  minimumis maxidan Tavis 
daRwevisa da qselis saboloo stabilizebis 
SesaZleblobas.  lokaluri minimumis maxeebi 
emuqreba yvela im algoriTms, romlebic agebulia 
minimumis Ziebis principze. swavlebis  stoqastikuri 
meTodebi ki am problemis daZlevis SesaZleblobas 
iZleva, vinaidan wonebis koreqciis iseTi strategia 
SeiZleba moinaxos, romelic aiZulebs wonebs 
miiRon globaluri minimumis (B wertili)  
mniSvneloba.   miRebulia, rom globaluri minimumis 
Zieba waagavs foladis wrTobis process, amitom 
xSirad iyeneben termins _ wrTobis imitacia.      
gamdnar liTonSi atomebs axasiTebs Zlieri 
uwesrigo moZraoba, isini iswrafvian energiis 
minimumis mdgomareobisaken (am SemTxvevaSi erTiani 
kristalisaken), magram amas maRal temperaturaze 
ewinaaRmdegeba atomebis moZraobis energia. liTonis 
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TandaTanobiTi gacivebis procesSi warmoiSoba sul 
ufro dabalenergetikuli mdgomareobebi, vidre ar 
iqneba miRweuli umciresi energetikuli 
mdgomareoba, anu globaluri minimumis mniSvneloba. 
energetikuli mdgomareobebis Р(е) ganawilebas 
aRwers Semdegi gamosaxuleba: 

P(e) = exp(–e/kT), (3.1) 

sadac Р(е) aris imis albaToba, rom sistema imyofeba 
е   energiis mdgomareobaSi; k - bolcmanis mudmiva;  
Т – temperatura kelvinis skaliT. Р(е)  maRal 
temperaturaze   uaxlovdeba erTis sidides yvela 
energetikuli mdgomareobisaTvis.  temperaturis 
SemcirebasTan erTad maRalenergetikuli 
mdgomareobebis albaToba mcirdeba, xolo nulTan 
miaxloebisas imis albaToba, rom sistema imyofeba 
maRalenergetikul mdgomareobaSi, Zalze 
umniSvnelo sidide xdeba. 
 

 
3.2. swavlebis bolcmanis stoqastikuri meTodi 

 
     xelovnuri neironuli qselebis bolcmanis 
stoqastikuri meTodiT swavlebis mizniT unda 
Catardes Semdegi procedurebi:   
     1. ganisazRvros  T cvladis mniSvneloba (e.w. 
xelovnuri   ’’temperatura’’), Tavdapirvelad mas 
aniWeben did ricxviT mniSvnelobas; 
     2. waredginos qsels Sesasvleli simravle da 
gamoiTvalos   gamosasvlelebi da miznobrivi 
funqcia; 
     3. SemTxveviTi sididiT Seicvalos woniTi 
koeficienti da ganisazRvros Sesabamisi qselis 
gamosasvlelisa da miznobrivi funqciis cvlileba, 
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romelic gamowveulia woniTi koeficientis 
cvlilebiT; 
     4. miznobrivi funqciis Semcirebis SemTxvevaSi 
woniTi koeficientis cvlilebas vimaxsovrebT, Tu  
woniTi koeficientis cvlileba iwvevs miznobrivi 
funqciis gazrdas, maSin am cvlilebis Senaxvis 
albaToba gamoiTvleba bolcmanis ganawilebis 
mixedviT: 
 

          P(c) = exp(–c/kT) ,                          (3.2) 
 

sadac  P(c) aris miznobriv funqciaSi c cvlilebis 
albaToba; k _ bolcmanis mudmivas analogiuri 
mudmiva, romelic amocanis Sesabamisad SeirCeva;  
T - xelovnuri temperatura. 
     SeirCeva raime  r SemTxveviTi ricxvi nulidan 
erTamde, Tu P(c) aris r -ze meti, maSin cvlileba 
Seinaxeba, winaaRmdeg SemTxvevaSi woniT 
koeficients unda daubrundes wina mniSvneloba. Ees 
saSualebas aZlevs sistemas gaakeTos SemTxveviTi 
biji miznobrivi funqciis gauaresebisaken, riTac 
sistema amodis lokaluri minimumidan, sadac 
nebismieri mcire biji zrdis miznobriv funqcias.  
     bolcmanis stoqastikuri meTodiT xelovnuri 
neironuli qselis swavlebis dasasruleblad 
saWiroa 3 da 4 bijis gameorebaDqselis TiToeuli 
wonisaTvis. amasTan TandaTanobiT mcirdeba 
’’temperatura’’, vidre miiRweva miznobrivi funqciis 
dasaSvebi dabali done. Aam momentSiOqsels 
waredgineba momdevno Semavali veqtori da 
swavlebis procesi meordeba.Oes procedurebi 
meordeba saswavlo simravlis yvela veqtorisaTvis, 
vidre miznobrivi funqcia yvelasaTvis ar gaxdeba 
dasaSvebi sididis. mesame bijze woniTi 
koeficientis cvlilebis SemTxveviTi sidide 
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SeiZleba ganisazRvros sxvadasxva meTodiT, 
magaliTad, gausis ganawilebis Sesabamisad.  

dadgenilia, rom temperaturis Semcirebis 
siCqare unda iyos drois logariTmis 
ukuproporciuli, raTa miRweul iqnes krebadoba 
globalur minimumTan. gacivebis siCqare iqneba 
 

                                  
)log(1

)( 0

t
TtT
+

= ,                            (3.3) 

 
 sadac T(t)  aris xelovnuri temperatura rogorc 
drois funqcia; Т0 - sawyisi xelovnuri temperatura; 
t - xelovnuri dro. 
     (3.3) gantolebidan Cans, rom mosalodnelia 
gacivebis dabali siCqare, rac dadasturda 
eqsperimentulad. bolcmanis stoqastikuri meTodiT 
xelovnuri neironuli qselebis swavleba xSirad 
iTxovs manqanuri drois Zalze did resurss. 
 

3.3. swavlebis koSis meTodi 
 
     bolcmanis stoqastikuri meTodis ganviTarebas 
warmoadgens swavlebis koSis meTodi. Aam meTodSi 
bolcmanis ganawileba Secvlili aris koSis 
ganawilebiT, romelsac aqvs usasrulo dispersia, 
es ki zrdis didi bijebis albaTobas. aRniSnuli 
martivi cvlilebis Sedegad temperaturis Semcire-
bis maqsimaluri siCqare iqneba drois wrfivi sidi-
dis ukuproporciuli da ara drois logariTmis 
ukuproporciuli, rogorc es iyo bolcmanis 
stoqastikuri meTodiT swavlebisas  

                        
t

TtT
+

=
1

)( 0  .                                              (3.4) 
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 sur. 3.3. bolcmanisa da koSis ganawileba. 

 
 
Ees garemoeba mkveTrad amcirebs qselis swavlebis 
dros. koSis ganawilebas aqvs Semdegi saxe: 

                22)(
)()(

xtT
tTxP
+

= ,                                          (3.5) 

 
sadac  Р(х) aris  х sididis bijis albaToba.  
bolcmanis ganawileba da koSis ganawileba 
naCvenebia 3.3 suraTze.     miuxedavad imisa, rom 
bolcmanis meTodTan SedarebiT koSis meTodi 
mkveTrad amcirebs qselis swavlebis dros, es 
maCvenebeli SeiZleba mainc didi aRmoCndes. qselis 
swavlebis xangrZlivobis Semdgomi Semcireba 
SesaZlebelia e.w. xelovnuri Tbotevadobis 
meTodiT, romelic rTulia da naklebad gamoiyeneba.  
 
 

bolcmanis 
ganawileba 

koSis 
ganawileba 

P(x) 

0 
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3.4. hopfildis neironuli qselebi  
 

     mravalSriani xelovnuri neironuli qselebis 
is klasi, romelsac ar gaaCnia qselis 
gamosasvlelebis damakavSirebeli arxebi 
winamdebare SreebTan, anu ukukavSirebi, ganxiluli 
iyo zemoT. aseTi neironuli qselebi xasiaTdeba 
upirobo mdgradobiT, rasac gansazRvravs swored 
is garemoeba, rom maT ar gaaCnia ukukavSirebi. 
marTalia mdgradoba sistemebis  metad sasurveli 
maxasiaTebelia, magram aseTi neironuli qselebis 
SesaZleblobebi SezRudulia ukukavSirebian 
qselebTan SedarebiT. Tavis mxriv ukukavSirebiani 
qselebic zogjer avlens aramdgradobas, aseT 
SemTxvevaSi ki neironuli qseli praqtikuli 
miznebisaTvis xdeba usargeblo. ukukavSirebiani 
qseli dinamiurad reagirebs Sesasvlelis 
cvlilebaze, anu axali realizaciis miRebis Semdeg 
qseli gamoiTvlis signalis mniSvnelobebs  
gamosasvlelze, romelic ukukavSirebiT gadaecema 
qsels da gamoiwvevs Sesasvlelis modificirebas. 
amis Semdeg kvlav gamoiTvleba gamosasvleli da es 
procesi meordeba mravaljer. im SemTxvevaSi Tu 
ukukavSirebiani qseli mdgradia, iteraciebis 
Sedegad neiroqselis gamosasvlelis mniSvneloba 
Seicvleba  sul ufro mcire sididiT, sanam 
gamosasvleli gaxdeba mudmivi sidide (moxdeba 
gamosasvlelis stabilizeba). zogierTi 
konfiguraciis neironul qselSi es procesi 
arasodes ar mTavrdeba, aseT ukukavSirebian qsels 
uwodeben aramdgrad neironul qsels. CvenTvis 
sainteresoa mdgradi neironuli sistemebi, anu 
iseTi qselebi, romlebic iteraciebis Sedegad 
neironuli qselis gamosasvlelze sabolood 
gamoimuSavebs stabilur signalebs.   
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     neironuli qselis mdgradobis garkveva 
neiroinformatikis ganviTarebis pirvel etapze 
seriozul problemas warmoadgenda. 1983 wels s. 
grosbergma da m. Kkohenma  aRweres ukukavSirebiani 
neironuli qselebis iseTi qveklasi, romlis 
gamosasvlelebi iteraciebis Sedegad sabolood 
aRweven mdgrad mdgomareobas da daamtkices 
Sesabamisi Teorema. am miRwevam gza gauxsna amgvari 
rTuli qcevis mqone neironuli qselebis 
SesaZleblobebis kvlevas.  ukukavSirebiani   
neironuli qselebis Teoriasa da praqtikaSi 
mniSvnelovani wvlili Seitana j. hopfildma, amitom 
aseTi sistemebis zogierTi konfiguraciebi 
cnobilia rogorc hopfildis qselebi. 

 
3.4.1. ukukavSirebiani neironuli qselebis 

konfiguraciebi 
 
     erTSriani ukukavSirebiani neironuli qseli 
mocemulia 3.1. suraTze, sadac punqtiriT naCvenebia 
nulovani woniTi koeficientebi. Semavali (nulovani) 
Sris neironebi gamoTvlebis operaciebs ar 
axorcielebs, aramed warmoadgens ganStoebis 
wertilebs da gamosasvlelebidan miRebul 
signalebs ukukavSiriT miawodebs qselis 
Sesasvlelebs. nulovani Sris TiToeuli neironi 
ukavSirdeba pirveli Sris TiToeul neirons. 
pirveli Sris neironi gamoiTvlis Tavisi 
Sesasvlelebis Sewonil jams, aseTi NET jamebi 
unda iqnes gamoTvlili TiToeuli neironisaTvis, 
ris Semdegac xdeba jamebis modificireba F 
arawrfivi aqtivaciis funqciiT da sabolood 
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sur. 3.1. 

 

miiReba OUT gamosasvleli signali: 

         NET = ∑ xiwi                 OUT = F (NET).                  (3.1) 
j. hopfildis pirvel naSromSi (1982 w.) arawrfiv 
aqtivaciis F funqcias warmoadgenda zRurbluri 
funqcia. aseTi neironis gamosasvleli logikuri 
erTis tolia, Tu sxva neironebis gamosasvlelebis 
Sewonili jami Tj zRurblze metia da logikuri 
nulis tolia, Tu Sewonili jami Tj zRurblze 
naklebia. igi gamoiTvleba Semdegnairad: 

∑
≠

+=
ji

jiijj INOUTNET w ,                                        (3.2) 

OUT  = 1, Tu   NETj > Тj,          OUT  = 0,  Tu   NETj < Тj, 

OUT   sidide ar icvleba, Tu   NETj = Тj, 

INm IN1 IN2 

NE1 

NE2 

NEm 

OUT m 
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j. hopfildis aRniSnul naSromSi aRweril 
neironul qselSi TiToeuli neironis mdgomareoba 
(qselis OUT gamosasvleli  signalebis mimdinare 
mniSvnelobebis simravle) icvleboda drois 
SemTxveviT diskretul momentebSi, hopfildis 
Semdgom naSromSi aRweril qselSi kiKK neironebs 
SeuZlia Seicvalos mdgomareoba erTdroulad. imis 
gamo, rom binaruli neironis gamosasvleli  
SeiZleba iyos mxolod logikuri nuli an 
logikuri erTi, amitom aseTi neironuli qselis 
mimdinare mdgomareobas warmoadgens orobiTi 
ricxvi, romlis TiToeuli Tanrigi aris garkveuli 

neironis gamosasvleli  OUT  signali.      
hopfildis xelovnuri neironuli qselebis 
funqcionirebis meqanizmi SeiZleba warmovidginoT 
geometriulad. neironuli qselis oTxi mdgomareoba 
SeiZleba hqondes iseT qsels, romelsac 
gamosasvlel SreSi aqvs ori neironi 
(organzomilebiani sivrce). am SemTxvevaSi kvadratis 
TiToeul wveros Seesabameba sistemis oTxi 
SesaZlebeli mdgomareobidan (00, 01, 10, 11) erTi 

mdgomareoba. neironuli qselis rva mdgomareoba 
SeiZleba hqondes iseT qsels, romelsac 
gamosasvlel SreSi aqvs sami neironi 
(samganzomilebiani sivrce).  3.2. suraTze  kubis 
TiToeul wveros Seesabameba erTi mdgomareoba 
sistemis rva SesaZlebeli mdgomareobidan, 
romlebic aisaxeba samTanrigiani binaruli 
ricxvebiT  zogad SemTxvevaSi neiroqselis 
funqcionireba, romelsac gamosasvlel SreSi aqvs n  
neironi  da  neironuli qselis  2

n
  raodenobis  

sxvadasxva mdgomareoba,  SeiZleba warmovadginoT  
 n -ganzomilebiani hiperkubiT.  
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sur. 3.2.  

 
rodesac neironul qsels miewodeba axali Semavali 
veqtori (realizacia) qselis mdgomareoba gadadis 
erTi wverodan sxva wveroze, sanam mdgomareoba 
stabiluri gaxdeba. mdgradi wvero ganisazRvreba 
qselis woniTi koeficientebis, neironebis 
zRurblis sididisa da Sesasvlelebis mimdinare 
mniSvnelobebiT. im SemTxvevaSi, rodesac realizacia 
damaxinjebulia an arasrulia, maSin neironuli 
qselis stabilizeba  moxdeba im wveroSi, romelic 
aris uaxloesi sasurvel mdgomareobasTan.   
     cnobilia, rom neiroqselis SreebsSorisi 
woniTi koeficientebi  SeiZleba ganvixiloT   
rogorc W matrica.  grosbergma da kohenma 
daamtkices, rom ukukavSirebiani neironuli qseli 
mdgradia, Tu misi woniTi koeficientebis W matrica 
simetriulia da mTavari diagonali Sedgeba 
nulebisagan, anu TiToeuli i-saTvis  wij = wji    da  
wii = 0.   woniTi koeficientebis matricis 
simetriuloba aris neironuli qselis mdgradobis 
sakmarisi, magram ar aris aucilebeli piroba, anu  

010 

001 

101 111 

110 

000 

011 

100 



 80 

arsebobs mravali mdgradi sistema (magaliTad 
pirdapiri moqmedebis yvela neiroqseli), romelic 
ar akmayofilebs zemoT mocemul pirobas. aris 
iseTi magaliTebic, rodesac simetriisagan 
umniSvnelo gadaxrac ki iwvevs qselis ganuwyvetel 
oscilacias, Tumca rogorc wesi, miaxloebiTi 
simetria sakmarisia sistemis mdgradobisaTvis. 

 
3.5. asociaciuri mexsiereba 

 
     ukukavSirebiani neironuli qselis mdgradobis  
Tviseba ganapirobebs asociaciuri mexsierebis 
formirebis SesaZleblobas, romelic adamianis 
asociaciuri mexsierebis msgavsia. adamianis 
mexsiereba asociaciuria, anu  raime informaciis 
miRebam SesaZlebelia gamoiwvios adamianis mier am 
informaciasTan dakavSirebuli sxvadasxva 
movlenebisa da sagnebis gaxseneba, maSin rodesac 
tradiciuli fon neimanis arqiteqturis kompiuteris 
mexsierebidan informaciis moZieba mxolod 
sasurveli informaciis zusti misamarTis miTiTebiT 
aris SesaZlebeli, xolo  am informaciasTan 
dakavSirebuli sxvadasxva movlenebisa da sagnebis 
Sesaxeb informacia maTi zusti misamarTebis codnis 
gareSe miuwvdomelia. asociaciur mexsierebas, 
romelic formirebulia ukukavSirebiani neironuli 
qseliT, SeuZlia adamianis mexsierebis msgavsad, 
saWiro informaciis mocemuli nawilis mixedviT 
moiZios mexsierebidan sruli informacia.  
     ukukavSirebiani neironuli qseliT 
asociaciuri mexsierebis organizebisaTvis 
neironebis  parametrebi - woniTi koeficientebi 
unda SeirCes ise, rom  erTeulovani hiperkubis 
sasurvel wveroebSi warmoiqmnas minimaluri 
Secdomebi (energetikuli minimumebi). 
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    j. hopfildma SeimuSava asociaciuri mexsiereba, 
romelic formirebulia uwyveti gamosasvlelebis 
mqone ukukavSirebiani neironuli qseliT, sadac 
gamosasvlelebi icvleba plius erTidan minus 
erTamde, rac Seesabameba logikuri nulisa da 
logikuri erTis binarul mniSvnelobebs. 
dasamaxsovrebeli informaciis kodireba xdeba 
binaruli veqtorebiT, romlebic inaxeba woniTi 
koeficientebis saxiT Semdegi gamosaxulebis 
Sesabamisad  

                      ∑
=

=
1...md

)OUT(OUT dj,di,ijw                  (3.3)     

     sadac m aris dasamaxsovrebeli binaruli 
veqtorebis raodenoba;   d  - dasamaxsovrebeli 
veqtoris nomeri;  OUTi,j  -  dasamaxsovrebeli 
gamomavali  veqtoris  i - uri komponenti.  

     mas Semdeg, rac woniTi koeficientebi 
mocemulia, SesaZlebelia qselis gamoyeneba 
damaxsovrebuli gamomavali veqtoris misaRebad 
Semavali veqtoris mixedviT, romelic SeiZleba iyos 
nawilobriv araswori (damaxinjebuli) an arasruli. 
amisaTvis qselis gamosasvlelebs proceduris 
dasawyisSi miawodeben Semavali veqtoris 
mniSvnelobas, Semdeg qselis gamosasvlelebs 
moacileben Semaval veqtors, Sedegad qselis 
mdgomareoba gadadis hiperkubis erTi wverodan sxva 
wveroze, sanam mdgomareoba gastabilurdeba 
uaxloes energetikul minimumSi, Tumca es SeiZleba 
iyos ara globaluri, aramed lokaluri minimumi, 
anu qselis mdgomareoba SeiZleba gastabilurdes 
globaluri minimumis moZiebamde (saukeTeso 
gadawyvetilebis miRebamde). aRniSnuli 
arasasurveli  tendencia ganapirobebs hopfildis 
qselebis naklovani mxares.    
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    hopfildma ganixila agreTve modelebi uwyveti F  
aqtivaciis funqciiT, romelic ufro zustad asaxavs 
biologiur neironis moqmedebas, zogad SemTxvevaSi 
es SeiZleba iyos  sigmoiduri funqcia:  

 
)λNETexp(1

1)(
−+

=xF ,  

sadac λ  aris  koficienti, romelic gansazRvravs 

sigmoiduri funqciis daxrilobas. Tu λ  didia, 
maSin F adre aRweril zRurblur funqcias  

uaxlovdeba, xolo λ -s mcire mniSvnelobebi ki 
ganapirobebs funqciis nakleb damrecobas. iseve 
rogorc binaruli sistemebisaTvis, aseTi neironuli 
qselic mdgradia, Tu misi woniTi koeficientebis W 
matrica simetriulia da mTavari diagonali Sedgeba 

nulebisagan. Tu λ  didia, maSin uwyveti sistemebi 
funqcionirebs binaruli sistemebis msgavsad da 
sabolood stabiluri xdeba erTeulovani 

hiperkubis wveroebSi. λ -s SemcirebiT mdgradi 
wertilebi scildeba wveroebs  da TandaTanobiT 

qreba λ -s nulTan miaxlovebis Sesabamisad. zemoT 
aRiniSna hopfildis qselebis arasasurveli  
tendencia rac imaSi gamoixateba, rom qselis 
mdgomareoba SeiZleba stabiluri gaxdes 
globaluri minimumis monaxvamde uaxloes lokalur 
energetikul minimumSi da ara energiis funqciis 
globalur minimumSi. Aam siZnelis gadalaxvas 
cdiloben EerTi saxeobis neiroqselebiT, romlebic 
cnobilia bolcmanis manqanebis saxelwodebiT, 
sadac neironebis  mdgomareobis cvlilebebi 
ganpirobebulia ara determinirebuli, aramed 
statistikuri kanonzomierebebiT. arsebobs 
garkveuli analogia am meTodebsa da liTonTa 
wrTobis procesebs Soris, ris gamoc zogi 
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mkvlevari aseT meTodebs uwodebs wrTobis 
imitacias. 
    ukukavSirebiani neironuli qselebis dinamiuri 
qceva neirosistemebis axali, saintereso Tvisebebis 
praqtikuli gamoyenebis SesaZleblobas iZleva, 
Tumca mecnierebis winaSe ayenebs specifiur 
problemebs, amdenad ukukavSirebiani neironuli 
qselebi Semdgomi kvlevebis perspeqtiul obieqts 
warmoadgens. 
 
 
3.6.  ormxrivmimarTuli  asociaciuri  mexsiereba 

 
    adamianis mexsiereba xSirad avlens 
asociaciurobis Tvisebas, anu  raime sagani an 
movlena gvaxsenebs meore sagans an movlenas, es ki 
mesame sagans da a. S. adamianis azrebi SesaZlebelia 
gayves amgvari asociaciebis jaWvs, swored am 
Tvisebis gamoyenebiT SeuZlia adamians ukve 
daviwyebuli sxvadasxva movlenebisa da sagnebis 
gaxseneba.  
    asociaciuri mexsiereba, romelic  zemoT iyo 
warmodgenili,  mkacrad rom ganvixiloT aris 
avtoasociaciuri, es niSnavs, rom neironul qselSi 
Semavali nawilobriv araswori (damaxinjebuli) an 
arasruli saxe (realizacia) SesaZlebelia 
gasworebuli an dasrulebuli iqnas, magram 
SeuZlebelia misi asocireba sxva saxesTan. Ees 
faqti gamowveulia imiT, rom  aRniSnuli  
asociaciuri mexsierebis struqtura aris 
erTdoniani, anu gamomavali veqtori miiReba imave 
neironebze, romlebsac miewodeba Semavali veqtori. 
srulfasovan,  anu   heteroasociaciur  mexsierebas 
warmoadgens ormxrivmimarTuli  asociaciuri  
mexsiereba, romlis struqtura zogad SemTxvevaSi 
SeiZleba iyos mravaldoniani. ormxrivmimarTul  
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asociaciur  mexsierebaSi Semavali veqtori 
waredgineba neironebis erT nakrebs, xolo 
gamomaval veqtors gamoimuSavebs neironebis sxva 
nakrebi.  iseve rogorc hopfildis qselebs, 
ormxrivmimarTul  asociaciur  mexsierebasac 
gaaCnia ganzogadebis unari, mas SeuZlia 
gamoimuSaos swori reaqciebi maSinac, rodesac 
neiroqselis Sesasvlels miewodeba nawilobriv 
araswori (damaxinjebuli) an arasruli saxe. 
aRsaniSnavia, rom SesaZlebelia ormxrivmimarTuli  
asociaciuri  mexsierebis iseTi adapturi versiis 
formireba, romelic uzrunvelyofs etalonuri 
saxis gamoyofas damaxinjebuli realizaciebisagan. 
zemoTaRwerili qselebis SesaZleblobebi gvagonebs 
adamianis tvinSi mimdinare procesebs, amdenad 
neirokompiutingis  am mimarTulbis ganviTareba 
kidev erTi gadadgmuli nabiji iqneba adamianis 
azrovnebis procesebis modelirebis problemis 
gadawyvetis gzaze. 
     ormxrivmimarTuli  asociaciuri  mexsierebis 
struqtura. ormxrivmimarTuli asociaciuri  
mexsierebis sabazo konfiguracia naCvenebia 3.4. 
suraTze, sadac Cans misi msgavseba j. hopfildis 
qselebTan, naTelia agreTve Sreebis raodenobis 
gazrdis SesaZleblobac.     А Semaval veqtors 
daamuSavebs  neironuli qselis W matrica,  Sedegad 
qseli gamoimuSavebs  В gamomaval veqtors. В 
gamomaval veqtors daamuSavebs transponirebuli 

WT matrica, romelic gamoimuSavebs neironuli 
qselis axal gamomaval signalebs, romelic 
warmoadgens axal А Semaval veqtors. es procesi 
grZeldeba, sanam neironuli qseli miaRwevs 
stabilur mdgomareobas. stabiluri mdgomareobisas 
arc А veqtori da arc В veqtori ar icvleba. 
qselis formaluri neironebis mimdinare 
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mdgomareoba ganisazRvreba rogorc misi 
Sesasvlelebis Sewonili jami, xolo neironis 
gamomavali signali rogorc misi mimdinare  
 

 
 

sur. 3.4. 
 

mdgomareobis funqcia:        

)(
j

ijji ∑= waFb  

   
B  A 

WT W 

Sre 0 Sre 1 Sre 2 
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an veqtoruli formiT: 
В = F(AW), 

sadac  В aris meore Sris neironebis gamomavali 
signalebis veqtori,   А – pirveli Sris neironebis 
gamomavali signalebis veqtori,  W – pirvel da meore 
Sreebs Soris sinafsuri kavSirebis wonebis matrica,   
 F – aqtivaciis funqcia. analogiurad 

 A = F(BWT)  

sadac WT aris transponirebuli sinafsuri 
kavSirebis wonebis matrica.  
     rogorc zemoT aRiniSna (Tavi I), grosbergma 
aCvena sigmoiduri aqtivaciis funqciis gamoyenebis 
upiratesoba. ormxrivmimarTuli  asociaciuri  
mexsierebis ZiriTad versiebSi irCeven sigmoiduri 

aqtivaciis funqciis λ  konstantis  did 
mniSvnelobas, Sedegad aqtivaciis funqciis saxe 
uaxlovdeba zRurblur funqcias. Semdgom 
ganxilvaSi miviRoT, rom viyenebT  zRurblur 
aqtivaciis funqcias. miviRoT agreTve, rom pirveli 
da meore Sreebis neironebs gaaCniaT mexsiereba da  
neironebis gamomavali signalebi erTdroulad 
icvleba sinqronizaciis TviToeul taqtze, xolo 
taqtebs Soris signalebis mniSvneloba mudmivia, 
maSin neironebis qceva aRiwereba Semdegnairad:  
 
                      OUTi(n+1) = 1,            Tu  NETi(n) >0, 
                      OUTi(n+l ) = 0,            Tu NETi(n) <0, 
                      OUTi(n+l) = OUT(n),  Tu  NETi(n) = 0, 
 
sadac  OUTi(n)   warmoadgens  i-uri neironis 
gamomavali signalis  mniSvnelobas drois n 
momentSi.  nulovan Sres ar gaaCnia mexsiereba, igi 
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anawilebs meore Sris gamomaval signalebs WT 
matricis elementebze. 
 

3.7.  damaxsovrebuli asociaciebis aRdgena 
 

     ormxrivmimarTul  asociaciur neiroqselebSi 
mexsiereba, anu asociaciebi realizebulia W da  
WT sinafsuri kavSirebis wonebis matricebSi. 
TiToeuli saxe warmodgenilia ori veqtoriT, esenia 
pirveli Sris gamomavali A veqtori da masTan 
asocirebuli - meore Sris gamomavali В veqtori.    
asocirebuli saxis aRsadgenad A veqtori an misi 
nawili mokle xniT miewodeba pirveli Sris 
gamosasvlelebs, Semdeg es signalebi (A veqtori) 
moixsneba da qseli gadadis stabilur 
mdgomareobaSi, rac iwvevs meore Sris 
gamosasvlelebze asocirebuli В veqtoris 
gamomuSavebas. amis Semdeg В  veqtori zemoqmedebs 

WT transponirebuli sinafsuri kavSirebis wonebis 
matricis meSveobiT da aRadgens sawyisi A veqtoris 
zemoqmedebas pirveli Sris gamosasvlelebze. 
yoveli aseTi axali cikli azustebs pirveli da 
meore Sris gamomavali veqtorebis mniSvnelobebs, 
sanam miiRweva qselis stabilizebis wertili. 
amrigad, ormxrivmimarTuli  qseli ZiriTadad 
hopfildis avtoasociaciuri qselis msgavsad 
funqcionirebs. TiToeuli cikli sistemis 
modificirebas  axdens energetikuli minimumis 
mimarTulebiT, romlis adgilmdebareobas 
gansazRvravs woniTi koeficientebis mniSvnelobebi. 
saxeTa simravlis amocnobis mizniT qselis swavleba 
mimdinareobs saswavlo nakrebis gamoyenebiT, 
romelic A da В  veqtorebis wyvilebisagan Sedgeba. 
sinafsuri kavSirebis wonebis matrica gamoiTvleba 
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rogorc saswavlo nakrebis A da В  veqtorebis 
wyvilebis namravlebis jami 

 ∑=
i

ii
tBAW  

damtkicebulia, rom ormxrivmimarTuli asociaciuri 
neiroqselebis mwarmoeblobis amaRleba  SeiZleba 
bipolaruli veqtorebis gamoyenebiT. am SemTxvevaSi 
veqtorebis komponentebi, romlebic nulze naklebi 
an nulis tolia icvleba minus erTi sididiT (–1), 
xolo komponentebi, romlebic nulze metia, icvleba 
plus erTi sididiT (+1). 
     ormxrivmimarTul  asociaciur neiroqselebs 
gaaCnia ganzogadebis Tviseba. magaliTad, Tu A 
veqtoris rolSi neiroqsels miewodeba nawilobriv 
araswori (damaxinjebuli) an arasruli saxe, maSin 
qseli adre damaxsovrebuli В  veqtoris 
gamomuSavebis tendencias avlens, xolo  В  veqtori 
Tavis mxriv cdilobs gaasworos Secdomebi A 
veqtorSi. amisaTvis saWiro iqneba ramdenime cikli, 
magram qseli sabolood mainc aRadgens uaxloes 
damaxsovrebul saxes. 
     naCvenebia, rom arsebobs urTierTkavSiri    
ormxrivmimarTul  asociaciur neiroqselebsa da 
hopfildis neironul qselebs Soris. Tu W 
sinafsuri kavSirebis wonebis matrica aris 

kvadratuli da simetriuli, maSin W = WT. am 
SemTxvevaSi  ormxrivmimarTuli  asociaciuri 
neiroqseli gadaiqceva hopfildis avtoasociaciur 
qselad. 
     iseve rogorc hopfildis neironul qsels, 
ormxrivmimarTul  asociaciur neiroqselsac 
gaaCnia im  asociaciebis raodenobis SezRudva, 
romlis zusti aRdgena SeuZlia. am limitis 
gadaWarbebis SemTxvevaSi gamoimuSavebs araswor 
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asociaciebs. ormxrivmimarTuli  asociaciuri 
neiroqselis praqtikaSi farTod gamoyenebas xels 
uSlis sxva problemebic, Tumca simartivis gamo igi 
rCeba intensiuri kvlevebis obieqtad. 
 

 
3.8. xelovnuri neironuli qselebis sinTezis 

procedurebi 
      
     neiroqseluri teqnologiebiT Znelad formali-
zebadi amocanebis gadawyveta niSnavs am amocanebis 
adekvaturi xelovnuri neironuli qselebis sinTezs.      
neironuli qselis sinTezisas gansakuTrebuli 
mniSvneloba eniWeba niSanTa sivrcis saTanado 
SerCevas. im SemTxvevaSi, Tu parametrebis raodenoba 
mcirea, SesaZlebelia iseTi situaciebi, rodesac 
realizaciebi (Semavali veqtorebi) erTnairi 
elementebisagan Sedgeba, magram ekuTvnis sxvadasxva 
klasterebs, anu aseT situaciis dros neironuli  
qselis swavleba SeuZlebeli iqneba. meore mxriv, 
niSanTa sivrcis ganzomilebis gazrdisas SeiZleba 
saswavlo nakrebis simZlavre arasakmarisi gaxdes 
neironuli qselis swavlebisaTvis, aseT dros 
qseli mxolod daimaxsovrebs realizaciebs maTi 
ganzogadebis nacvlad da ver moaxdens saWiro 
amocanis gadawyvetas (klasterireba, prognozireba, 
saxeTa amocnoba da sxva). amocanebis dayofa 
SesaZlebelia sam jgufad: pirvel jgufs Seadgens 
iseTi amocanebi, sadac qvesimravleebad dajgufeba 
SeiZleba hipersibrtyeebiT – aseTi simravleebi 
miekuTvneba wrfivad ganmxoloebad simravleebs;  
meore jgufs Seadgens arawrfivad ganmxoloebadi 
simravleebi; mesame jgufSi Sedis iseTi amocanebi, 
sadac qvesimravleebi ikveTeba.  realuri amocanebis 
gadawyvetisas zogjer ver xerxdeba sawyisi 
monacemebis iseTi winaswari damuSaveba, rom 
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uzrunvelyofili iyos saxeTa wrfivad 
ganmxoloebadoba, rac arTulebs aragadamkveT 
qvesimravleebad dajgufebis process da 
Sesabamisad, saWiro neironuli qselebis sinTezis 
procedurebs. amrigad, mniSvnelovania imis garkveva 
aris Tu ara mocemuli saxeTa nakrebi wrfivad 
ganmxoloebadi. wrfivad ganmxoloebadobis 
problema ganxilulia meore TavSi da cnobilia, 
rom misi daZleva SesaZlebelia erTSriani 
neironuli qselisaTvis damatebiTi Sreebis 
kaskaduri mierTebiT.  aseT mravalSrian neironul 
qselebs  SeuZlia rTuli amocanebis gadawyveta.  

     cnobilia, rom obieqtTa simravle SeiZleba 
warmodgenili iyos rogorc raodenobrivi, aseve 
Tvisebrivi saxiT; amasTan, ricxviTi monacemebi 
SeiZleba icvlebodes nebismier diapazonSi, 
neironuli qselebi ki operireben namdvili 
ricxvebiT nulidan erTamde  farglebSi. amis gamo 
aucilebelia sawyisi monacemebis warmodgena 
ricxviTi formiT da maTi normireba. normirebis 
procesi gulisxmobs saxeTa niSnebis raodenobrivi 
mniSvnelobebis masStabirebas ise, rom SesaZlebeli 
iyos maTi TanabarmniSvnelovnad gamoyeneba 
neirokompiutingis procesebSi. arsebobs normirebis 
mravali meTodi, martivi wrfivi gardaqmnebiT 
dawyebuli  da eqspertuli Sefasebebis formirebiT 
damTavrebuli, romlebic ganxilulia Sesabamis 
literaturaSi, magaliTad, naSromSi [2].            

     garkveul problemas warmodgens  neironuli 
qselis mier generirebuli gamomavali sidideebis 
(Sedegebis) kodireba im SemTxvevebSi, rodesac 
klasterebis raodenoba orze metia. kodirebis 
mraval meTods Soris yvelaze martivi da 
gavrcelebulia gamomavali sidideebis warmodgena 
veqtoris saxiT, romlis elementebic Seesabameba 
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klasterebis nomrebs, anu veqtoris j-uri elementi 
Seesabameba j-ur klasters. Cveulebriv miRebulia, 
rom klasteris nomers gansazRvravs neironuli 
qselis im gamosasvlelis nomeri, romelzec aris 
signalis maqsimaluri mniSvneloba. kodirebis am 
meTodis gamoyenebisas sasurvelia sandoobis cnebis 
Semotana, anu imis raodenobrivad gansazRvra, Tu 
ramdenad sarwmunoa is, rom realizacia ekuTvnis 
amorCeul klasters. sandoobis dadgena martivad 
SeiZleba gamomavali veqtoris elementebis  
maqsimalursa da masTan uaxloes sidideebs Soris 
sxvaobis gansazRvriT. imis albaToba, rom 
neironulma  qselma swori klasterireba moaxdina 
miT ufro maRalia, rac ufro maRalia sandoobis  
maCvenebeli. 

neironuli qselebis sinTezis ori ZiriTadi 
midgoma aris cnobili – konstruqciuli da 
destruqciuli. konstruqciuli midgomisas 
minimaluri moculobis neironuli qselis 
moculobis TandaTanobiTi gazrdiT miiRweva 
moTxovnili sizuste. aq saWiro xdeba qselis 
moculobis yoveli gazrdis Semdeg swavlebis 
procesis xelaxali Catareba. destruqciuli 
midgomisas didi moculobis qselidan xdeba im 
neironebisa da kavSirebis moSoreba, romlebic 
neironuli qselis mier generirebul Sedegebze 
umniSvnelod moqmedeben. aucilebelia im pirobis 
Sesrulebac, rom  saswavlo nakrebSi realizaciebis 
raodenoba unda aRematebodes sinafsuri woniTi 
koeficientebis raodenobas (zogierTi SefasebiT 
aTjer), winaaRmdeg SemTxvevaSi, qseli mxolod 
daimaxsovrebs monacemebs da ver moaxdens im 
realizaciebis ganzogadebas, romlebic ar Sevida 
saswavlo simravleSi.  neironuli qselebis 
arqiteqturis SerCevisas saWiroa sxvadasxva 
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konfiguraciis struqturisa da topologiis mqone 
alternativebis Semowmeba winaswar gansazRvruli 
kriteriumebis mixedviT. neironebis aqtivaciis 
funqcia aris erT-erTi ZiriTadi faqtori, romelic 
gansazRvravs neiroqselebis swavlebis siCqares. 
misi SerCeva amocanis specifikazea damokidebuli.  
     neironuli qselebis sinTezis umTavresi 
komponenti da problema aris swavlebis 
algoriTmis SerCeva. qselebis swavleba SeiZleba 
mravali algoriTmis saSualebiT, qselebis  
sxvadasxva arqiteqturisaTvis SemuSavebulia 
swavlebis sxvadasxva algoriTmebi, romelTac aqvs 
specifikuri upiratesobebi da Aamave drosAnaklic 
[1,8,11]. yvelaze xSirad neiroqselebis 
swavlebisaTvis gamoiyeneba Secdomis koreqciis 
algoriTmebi, agreTve ukugavrcelebis algoriTmi 
da misi modifikaciebi.  
     ganxiluli mosazrebebis safuZvelze Camoyali-
bebuli  neironuli qselis sinTezis procedurebis 
elementebia:   
     bloki 1.  monacemTa momzadeba. 
1.1. monacemTa bazis Sedgena gadasawyveti amocanis  
damaxasiaTebeli magaliTebisagan; 
1.2. monacemTa bazis dayofa saswavlo da 
sakontrolo simravleebad, agreTve validaciuri 
simravlis formireba; 
     bloki 2.  monacemTa winaswari damuSaveba. 
2.1. amocanis Sesabamisi niSanTa sivrcis SerCeva, 
monacemTa  warmodgena ricxviTi formiT da maTi 
normireba;  
2.2 gamomavali sidideebis (Sedegis) kodirebis 
sistemis SerCeva. 
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B    bloki 3.  neironuli qselis arqiteqturis 
ageba, Mmisi swavleba da qselis   xarisxis Sefaseba. 
3.1. neironuli qselis struqturisa da topologiis 
SerCeva (Sreebis raodenoba, neironebis raodenoba 
SreSi, kavSirebi neironebs Soris); 
3.2. neironebis aqtivaciis funqciis SerCeva; 
3.3. neironuli qselis swavlebis algoriTmis 
SerCeva; 
3.4. neironuli qselis funqcionirebis 
kriteriumebis SerCeva (swavlebis siCqare, amocnobis 
dro, gadawyvetilebaTa sizuste, swavlebis 
procesis gamWvirvaloba da sxv.); 
3.5. neironuli qselis muSaobis xarisxis Sefaseba 
SerCeuli kriteriumebiT. 
     bloki 4. neironuli qselis arqiteqturis 
redaqtireba (struqturis, topologiis, niSanTa 
sivrcis koreqtireba). 
4.1. neironuli qselis im alternativis saboloo 
amorCeva, romelic uzrunvelyofs  saukeTeso  
Sedegebs; 
4.2. neironuli qselis muSaobis xarisxis saboloo 
Sefaseba. 
B   bloki 5.  neironuli qselis praqtikuli 
gamoyeneba da diagnostika. 
5.1.gadawyvetilebaTa miRebaze sxvadasxva faqtorebis 
gavlenis  evristikuli Sefaseba; 
5.2. amocanis gadawyvetis moTxovnili sizustis 
uzrunvelyofa, risTvisac saWiroebis SemTxvevaSi 
unda moxdes meore etapze dabruneba. 
 

3.9. neironuli qselis sinTezis magaliTi 
 
    xelovnuri neironuli qselis sinTezis 
meTodikis ilustrirebis mizniT, magaliTad 
moviyvanoT qarTuli stilizebuli anbanis 
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amocnobis avtomatizaciis amocanis gadawyvetis 
procedurebi. 
     anbanis simboloebis amocnobis amocana 
daismeba Semdegnairad: mocemulia rastruli Sav-
TeTri stilizebuli qarTuli anbanis simbolo, 
saWiroa ganisazRvros anbanis 33 simbolodan 
romelia amosacnobad warmodgenili. CamovayaliboT 
amocanis mocemuloba neironuli qselebis 
terminebiT, formulireba iqneba: 
      mocemulia neironul qselSi Semavali 
NNganzomilebis binaruli veqtori, saWiroa 
NNSesasvlelis da 33 gamosasvlelis mqone 
neironuli qselis sinTezi. amasTan, gamomavali 
veqtoris elementebi Seesabameba anbanis simboloebs 
da maqsimaluri mniSvnelobis mqone veqtoris 
elementis nomeri gansazRvravs amosacnob simbolos. 
     stilizebuli qarTuli anbanis skanirebuli 
simbolo aris rastruli Sav-TeTri gamosaxuleba, 
anu binarulelementebiani matrica: 
 

        hvxX =          }1,0{∈∀ hvx , 

 
sadac X aris N ganzomilebis mqone realizaciis 

binaruli veqtori anu matrica; Hh ,1=  - striqonis 

nomeri; Vv ,1= - svetis nomeri; H - horizontaluri 

ganzomilebis mniSvneloba; V- vertikaluri 
ganzomilebis mniSvneloba. eqsperimentuli 
kvlevebis Sedegad SerCeul iqna niSanTa sivrcis 

parametrebi: H = 22 piqseli da  V = 27 piqseli, 
maSin realizaciis veqtoris ganzomileba iqneba  

N =22*27=594. parametrebis aseTi SerCeva 
ganpirobebulia Semdegi mosazrebiT: erTi mxriv, 
realizaciis veqtoris ganzomileba unda iyos 
imdenad didi, rom ar daikargos qarTuli anbanis 
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asoebis specifikuri wanazardebi - kbilebi, agreTve 
ar moxdes primitivebis zedmeti miaxloeba, xolo 
meore mxriv _ imdenad mcire, rom rastrSi ar iyos 
arainformaciuli struqturebi. A    
     amocanis neiroqseluri terminebiT 
formulireba ganapirobebs Sedegis (qselidan 
gamomavali signalebis) kodirebis sistemis SerCevas, 
anu gamomavali Sris 33 neironi bunebrivad 
gansazRvravs anbanis TiToeuli asosaTvis unikalur 
gamomaval veqtors.          
     Nneiroqselis arqiteqturis agebisaTvis 
SeirCeva destruqciuli meTodi, xolo qseli gani-
sazRvreba rogorc orSriani pirdapiri gavrcelebis 
mimdevrobiTkavSirebiani neiroqseli, maSin 594 
neironi Seadgens pirvel Sres da 33 neironi - meore 
Sres. formaluri neironi warmoadgens mak-kalokisa 
da pitsis neirons safexurisebri aqtivaciis 
funqciiT. swavleba ganxorcieldeba Secdomis 
koreqciis wesis algoriTmis mixedviT. sasurvelia, 
rom TiToeuli simbolosaTvis saswavlo da 
sakontrolo nakrebebis realizaciebis raodenoba 
gacilebiT meti iyos sinafsuri wonebis 
raodenobaze. meTodikis yvela rekomendaciis 
SesrulebiT SesaZlebelia amocnobis maRali 
saimedoobis uzrunvelyofa.  
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Tavi IV. saxeTa amocnobis procesebis 

modelireba xelovnuri neironuli qselebiT 

     neironuli qselebis sinTezis umTavresi 
komponenti aris swavlebis algoriTmi. mravalSriani 
neironuli qselebis swavlebis procesebi, rogorc 
zemoT iyo aRniSnuli, dakavSirebulia garkveul 
siZneleebTan, vinaidan gamosasvleli Sris garda 
ucnobia sxva Sreebis aqsonebze signalebis 
mniSvnelobebi, xolo mTlianad neiroqselis 
swavlebis procesebis ganxorcieleba mxolod 
ukanaskneli  Sris gamosasvlelebze  Secdomebis  
sidideebis  gansazRvriTa da maT mixedviT qselis 
parametrebis koreqtirebiT uaRresad rTulia. 
problemis gadaWras cdiloben sxvadasxva (maT 
Soris zemoT aRwerili) meTodebiT, magram yvela 
cnobili meTodi Zneladformalizebadi amocanis 
gadawyvetisas moiTxovs metad didi moculobis 
rutinul gamoTvlebs, amitom swavlebis procesi 
SeiZleba miuReblad didxans gagrZeldes, an 
saerTod ver dasruldes. lokaluri minimumis 
”maxeebi” emuqreba yvela algoriTms, romelic 
agebulia minimumis Ziebis principze. am problemis 
daZlevas cdiloben swavlebis  stoqastikuri 
meTodebiT, romelTa praqtikuli gamoyeneba agreTve 
dakavSirebulia did sirTuleebTan.  
cxadia, rom aqtualuria xelovnuri neironuli 
qselebis swavlebis gansxvavebuli meTodebisa da 
procedurebis SemuSaveba da Seswavla.  qvemoT 
ganxilulia saxeTa amocnobis procesebis 
modelireba xelovnuri neironuli qselebiT,  sadac 
gamoyenebulia neironuli qselis swavlebis 
gansxvavebuli, e. w. avtonomiuri meTodi [4]. 
warmodgenili midgoma ar efuZneba minimumis Ziebis 
princips da amdenad gverds uvlis zemoT aRweril 
safrTxeebs, amave dros uzrunvelyofs amocnobis 
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maRal saimedoobas da  swavlebis procesebis 
ganxorcielebas misaReb droSi personalur 
kompiuterze.  
am TavSi gadmocemuli masalis srulfasovani 
aTviseba mkiTxvelisagan moiTxovs rogorc 
neironuli qselebis Teoriis, aseve saxeTa 
amocnobis Teoriis gansazRvrebebis, debulebebisa 
da meTodebis codnas. 
 

4.1. neironuli qselis swavlebis avtonomiuri 
meTodi 

 
     xelovnuri neironuli qseli, romelic 
formaluri neironebis erTobliobas warmoadgens, 
erTmaneTsa da garemos ukavSirdeba neironebis 
parametrebiT gansazRvruli kavSirebiT.       
formaluri neironis skalaruli gamosasvleli OUT  
da misi X  veqtoruli Sesasvleli dakavSirebulia 
TanafardobiT: 
 
  OUT = F (NET (x,w)),     

 NET (x,w) = Σn  xiwi   + ZNE i ,       Ii ∈ ,     Nn∈ ,                        (4.1) 

aq  da  SemdgomSi  miRebulia  aRniSvnebi:   
A  aris  amosacnob saxeTa simravle;  A i - i-uri saxe 
amosacnob saxeTa simravlidan, Ii ∈ ;    X - amosacnobi 
saxis realizaciaTa simravle anu formalur 
neironSi Semavali amosacnobi veqtorebis simravle;    
N  -  formalur neironSi Semavali veqtoris anu 
niSanTa sivrcis ganzomileba;  xn - amosacnobi saxis 
realizaciis (Semavali veqtoris) elementi, Nn∈ ;     
NE i -  i - uri formaluri neironi;      ZNE i - i - uri 
formaluri neironis zRurblis mniSvneloba;    NET - 
Semavali veqtoris (realizaciis) elementebis 
Sewonili jami, anu neironis amjamavi elementis 
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gamomavali signali; OUT -  formaluri  neironis 
gamomavali signali, neironis skalaruli 
gamosasvleli;  wn - sinafsuri woniTi koeficienti,   

Nn∈ ;       F  - arawrfivi gardaqmna (aqtivaciis 
funqcia); X i[mi] -  i -uri saxis m -uri realizacia,  

ii Mm ∈     Mi = Card {X i}; ETX i[mi] -  i -uri saxis m -uri 

realizaciis neironuli etalonuri aRwera; SETWi - i 
- uri amosacnobi saxis sawyisi neironuli aRwera;  
ETWi  -    i - uri amosacnobi saxis saboloo neironuli 
etalonuri aRwera;  
 
h – qarTuli asomTavruli simboloTi aRiniSneba 
formaluri  neironisaTvis Semavali veqtoris 
(realizaciis) wardgenis operatori. 
     miRebuli aRniSvnebiT neironisaTvis mimdinare 
realizaciis wardgenisa da realizaciis 
elementebis Sewonili jamis miRebis procedura 
Caiwereba Semdegi saxiT: 
 

                    X i  h  NEi   ⇒     ΝΕT i ,                                    (4.2) 
              ΝΕT i   =  Σn  xniwni  ,   Ii ∈ ,    Nn∈ .                  (4.3)   
 
neironis zRurblis mniSvnelobis gaTvaliswinebiT 
(zRurbluri operaciis Sedegad) formaluri 
neironis skalaruli gamosasvleli OUT  iqneba: 
 

 ΝΕT i = Σn  xniwni ≥ZNE i ⇒ OUTi =1,  Ii ∈ ,  Nn∈ .            (4.4)    
       
ΝΕT i = Σn  xniwni <ZNE i  ⇒ OUTi =0,   Ii ∈ ,  Nn∈ .      (4.5)      
                             
anu formaluri neironi SeiZleba iyos agznebuli - 
(4.4) gamosaxuleba, an damuxruWebuli - (4.5)  
gamosaxuleba.     (4.4) funqciis optimumis gansazRvra  
zRurblisa da  N parametris  mixedviT anu  niSanTa 
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sivrcis im ganzomilebis SemTxvevaSi (N  ≈  103 – 108 ) , 
rac saxeTa amocnobis amocanebSi gvxvdeba, TeoriaSi 
cnobili meTodebiT  praqtikulad SeuZlebelia 
swavlebis algoriTmebisa da parametrebis mimarT 
mkacri SezRudvebis dawesebis gareSe, rac Tavis 
mxriv uaryofiTad moqmedebs dasmuli amocanis 
gadawyvetis xarisxze. aqedan gamomdinare problemis 
gadawyvetis mizniT naSromSi [4] SemoTavazebulia 
formaluri neironebis avtonomiuri swavlebis 
meTodi, romelic saSualebas gvaZlevs swavlebis 
procesebis  strategia aigos ise, rom misi 
ganxorcielebis Sedegad miviRoT garkveuli 
kriteriumebis mixedviT saukeTeso   saxeTa neironuli 
etalonuri aRwerebi  (N parametriT), rac 
uzrunvelyofs dasmuli amocanis gadawyvetas da 
amave dros swavlebisa da amocnobis procesebis 
ganxorcielebis maRal saimedoobasa da 
operatiulobas.  
 
   neironebis swavlebis organizaciis zogadi 
strategia. formaluri neironebis avtonomiuri 
swavlebis procesebis organizaciis zogadi 
strategia naCvenebia  4.1. suraTze.  xelovnuri 
neironuli qselebis swavlebis warmodgenili 
strategia efuZneba calkeuli formaluri 
neironebis avtonomiuri swavlebis procedurebs im 
mizniT, rom maT gaarCion erTmaneTisagan saxeTa 
amocnobis TeoriaSi cnobili “sakuTari” saxisa da  
“ucxo”  saxeebis realizaciebi. amis misaRwevad  
gamoyenebulia  dixotomiis principi, romelic 
uzrunvelyofs gadawyvetilebaTa miRebas Semdegi 
TanmimdevrobiT: {A} saxeTa simravlidan gamoiyofa  
amosacnobi  A i   saxe da yvela danarCeni – anu 
pirobiTad meore saxe - {A}\ A i , Semdeg pirobiTad 
meore saxe {A}\ A i isev iyofa or saxed  – {{A}\Ai}\ A j 
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da A j saxeebad  da a.S.   kvlevis mizania  SevadginoT 
amosacnobi erTi saxis neironuli etalonuri aRwera 
garkveuli kriteriumebis dakmayofilebiT,  Tu am 
proceduras CavatarebT dixotomiis principis 
gamoyenebiT TiToeuli calke aRebuli saxisaTvis, 
maSin miviRebT TiToeuli amosacnobi saxis 
neironul etalonur aRwerebs. TiToeuli amosacnobi 
saxisaTvis qvemoT gansazRvruli kriteriumebis 
dakmayofilebiTa da garkveuli procedurebis (PRO1,  
PRO2,  PRO3) etapobrivad Sesrulebis Sedegad  
formirdeba sami tipis neironuli etalonuri 
aRwera.  imisaTvis,  rom  mivaRwioT Ai  saxis 
saswavlo nakrebis yvela realizaciis uSecdomo 
amocnobas SemoTavazebulia 
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sur. 4.1. 

NEi   formaluri neironisaTvis  erTi da igive [mi]    
realizaciis  wardgenis  h  proceduris 
mravaljeradi Sesruleba (sanam  miiRweva mocemuli 
realizaciis uSecdomo amocnoba), amis Semdeg 
gadavdivarT igive Ai  saxis momdevno realizaciaze. 
kerZod,  pirvel  etapze  arCeuli  NE i   formaluri 
neironisaTvis X i[mi]  realizaciis mravaljeradi 
wardgeniT  xdeba   TiToeuli  realizaciis  
Sesabamisi  ETX i[mi] -  i -uri saxis m -uri 
realizaciis neironuli etalonuri aRweris 
formireba, anu am etapze formirdeba Mi = Card {X i}  
raodenobis neironuli etalonuri aRwera,   meore 
etapze am  { ETX } simravlidan formirdeba 

X i [mi]   
 
 

h NEi     

  ETX 
 

     {{{A}\ A i}\ A j}\ ....\AI  da  AI 
 

PRO1 

PRO2 

  ETX 
 

  ETX 
 

PRO3 

PNEi 

 
 
 

PNEi 
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mocemuli saxis erTi  SETWi   sawyisi neironuli 
aRwera.  mesame etapze sawyisi neironuli aRweris, 
agreTve  mocemuli  Ai   saxis mini neiroportretisa 
(PNEi)  da  maqsi neiroportretis  (DNEi ) daxmarebiT 
miiReba am saxis ETWi   saboloo neironuli 
etalonuri aRwera, romelic uSecdomod amoicnobs 
“sakuTari” saxis realizaciebs da ukuagdebs  yvela 
“ucxo”  saxis  realizaciebs.   
     
             

4.1.1. saxeTa neironuli etalonuri aRwerebis 
kriteriumebis gansazRvra 

 
    formaluri neironisaTvis erTi saxis 
neironuli etalonuri aRwera warmoadgens 
sinafsuri wonebis mniSvnelobaTa simravles 
         W = w1, w2, . . .wn, . . . wN.             (4.6) 
 
     gansazRvreba 4.1.    nebismieri A i  saxis sawyisi 
neironuli aRwera  SETWi ,   Ii ∈   ewodeba iseT 
neironul etalons, romelic aerTianebs mocemuli 
saxis im niSnebs, romlebic uzrunvelyofs A i  saxis 
saswavlo nakrebis yvela realizaciis uSecdomod 

amocnobas:    
          
  ∀ X i[mi] h ΝΕ i  ⇒ ΝΕT i ( X i[mi]) ⇒ OUTi  = 1,    (4.7)   
 
imisaTvis,  rom  mivaRwioT Ai  saxis saswavlo 
nakrebis yvela realizaciis amocnobas uSecdomod 
SemoTavazebulia NEi   formaluri neironisaTvis  
erTi da igive [mi]    realizaciis  wardgenis  h  
proceduris  Sesruleba ramdenjerme (sanam  
miiRweva mocemuli realizaciis amocnoba 
uSecdomod), amis Semdeg gadavdivarT igive A i  saxis 
momdevno realizaciaze. anu es h  procedura  
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analogiuria imisa, rodesac adamians aswavlian 
raime simboloebis amocnobas TiToeuli simbolos   
ramdenjerme wardgeniT.      
     gansazRvreba 4.2.  nebismieri Ai  saxis saboloo 
neironuli aRwera (SemdgomSi etalonuri aRwera) 
ewodeba ETWi  iseT neironul etalons, romlis 
sinafsuri wonebis simravle  uzrunvelyofs Ai  saxis 
nebismieri realizaciisaTvis (4.7) pirobis 
Sesrulebas, da yvela danarCeni {A}\Ai saxis 
saswavlo nakrebis nebismieri realizaciisaTvis 
Semdegi (4.8)  pirobis  Sesrulebas: 
 

  X j [mj]  h NEi   ⇒  ΝΕT i ( X j[mj]) ⇒  OUTi  = 0 ,                  
 ∀ X j[mj] ∈{X}\{ X i},   Jj ∈ ,  j ≠  i,   

jj Mm ∈                   (4.8) 
 
     gamosaxulebebi  (4.7)  da  (4.8) warmoadgens 
saxeTa sawyisi da saboloo neironuli etalonuri 
aRwerebis formirebis kriteriumebs. 
 
 
 
 
 

4.1.2. saxeTa neironuli etalonuri aRwerebis 
formireba  

     saxeTa sawyisi da saboloo neironuli 
etalonuri aRwerebis formirebis kriteriumebis 
Camoyalibebis Semdeg unda moxdes saxeTa neironuli 
etalonuri aRwerebis formireba sakuTari saswavlo 
nakrebis realizaciebis mimarT.  saxeTa neironuli 
etalonuri aRwerebis formirebis procesSi 
zRurbluri koeficienti ar icvleba  -  ZNEi = const .  
zRurbluri koeficientis SerCevis kriteriumad 
SegviZlia gamoviyenoT zogadi debuleba 
daprogramebis moxerxebulobis Sesaxeb, anu 
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zRurbluri koeficienti unda iyos iseTi, rom 
ganxorcielebuli iteraciebis raodenoba didi ar 
iyos da amave dros iZleodes saSualebas 
SevadginoT sakmarisad zusti saxeTa neironuli 
etalonuri aRwerebi. sawyis etapze zRurbluri 

koeficienti   miviRoT  ∀ ZNEi  = N/2.     
     davuSvaT mocemulia neironis swavlebis 
sawyisi, anu nulovani bijis parametrebi - sinafsuri 
wonebi:  Wi [0] =  w1i, w2i, . . .wni, . . . wNi ,  sadac  
                   ∀ wn [0] = 0 ,         Nn∈  .                                                    (4.9)  
    procedura   PRO1 xorcieldeba  NEi   formaluri  

neironisaTvis X i[mi] ∈ {Xi} realizaciis wardgeniT,  
ris  Sedegad  SeiZleba  miviRoT  ori situacia:  
                                      
     1. Xi[mi]hNEi  ⇒  ΝΕT i h ZNE i ⇒  OUTi  = 1        (4.10)   
     2. X i[mi]hNEi  ⇒  ΝΕT i hZNE i ⇒  OUTi  = 0       (4.11)   
 
 pirveli situaciis (4.10)   ganxorcielebis 
SemTxvevaSi cxadia, rom A i  saxis sawyisi neironuli 
etalonuri aRwera SETWi  akmayofilebs misdami 
wayenebul (4.4)   kriteriums da Sesabamisad 
sinafsuri wonebis Secvla saWiro ar aris.  meore 
situaciis (4.11)   ganxorcielebis SemTxvevaSi aseve 
cxadia, rom aucilebelia sinafsuri wonebis 
gadawyobis proceduris Catareba. gadawyobis 
proceduris Casatareblad saWiroa gavaZlieroT is 
sinafsuri wonebi, romelTa Sesabamisi realizaciis 
elementebi  xni   = 1.  aseT SemTxvevaSi A i  saxis n - uri 
sinafsuri wona wni Seicvleba Semdegi 
gamosaxulebis mixedviT 

    wni [mi + 1] = wni [mi ] + ∆wni             (4.12)      
     sadac   m   warmoadgens  iteraciis  bijis  
nomers  da amave dros   gviCvenebs,   Ai  saxis   
meramdene realizacia waredgineba neiroqsels; ∆wni 
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aris  sinafsuri woniTi koeficientis clilebis 
sidide.   zogadad  im  pirobidan  gamomdinare,  
rom   saswavlo nakrebis  TiToeuli   realizaciis   
mier   sinafsuri   woniTi koeficientis  
cvlilebaSi  Setanili  wvlili   Tanabari  unda 
iyos, SegviZlia miviRoT: 

     ∆wni  =  MAK / M i                      (4.13)  
sadac   MAK   aris  manormirebeli  koeficienti,  
  Mi = Card {X i}; (rogorc cnobilia, manormirebeli 
koeficientis sidide SeiZleba SeirCes 1, 10, 100, 1000 
da a.S.). misi konkretuli mniSvneloba SeiZleba 
davuqvemdebaroT daprogramebis moxerxebulobas. 
nulovani bijis pirobebidan gamomdinare pirvel 
bijze gveqneba 

       wni [1] = wni [0] + ∆wni                 (4.14)    
gamosaxulebis Sesrulebis Sedegad miviRebT, rom         
               ΝΕT i = 0 ,   radgan      ∀ wni   = 0 ,         Nn∈  . 
aqedan gamomdinare 

                      ΝΕT i  < ZNE i   ⇒  OUTi  = 0                    (4.15)       
    
  (4.15)       gamosaxulebidan  gamomdinare da (4.14)    
gamosaxulebis mxedvelobaSi  miRebiT   sinafsuri   
woniTi   koeficientebi gaizrdeba  yvelgan,  sadac 

xni   = 1    da  gaxdeba   ∆wni –is toli.  Semdeg 
iteraciaSi vimeorebT igive X i  realizaciis   NE i   
formaluri neironisaTvis wardgenas. faqtobrivad 

igive sinafsur woniT koeficientebs miemateba ∆wni -
is toli mniSvnelobebi.  Sesabamisad swavlebis 

meore bijze gveqneba:  wni [2] = wni [1] + ∆wni ,    radgan   
∆wni   > 0 ,   amitom    wni [2]  >  wni [1], aqedan gamomdinare      
ΝΕT i [2]  > ΝΕT i [1],    aq SeiZleba gvqondes ori 
SemTxveva: 

                 1.    ΝΕT i [2]   ≥  ZNE i   ⇒  OUTi  = 1; 
                                  2.        ΝΕT i [2]  <   ZNE i   ⇒  OUTi  = 0.   
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pirvel SemTxvevaSi swavleba damTavrebulia, xolo 
meore SemTxvevaSi  swavlebis procesi gagrZeldeba 
igive   Xi   realizaciis kvlav wardgeniT.  es procesi 
grZeldeba sanam miviRebT (4.4) pirobis Sesrulebas, 
maSin swavleba damTavrebuli iqneba.        Ai   saxis 
saswavlo nakrebis yoveli realizaciisaTvis 
ganxorcielebuli (4.12) procedura gvaZlevs 
TiToeuli realizaciis neironul aRweras, 
romelsac aRvniSnavT ETX i[mi] - iT, maTi raodenoba  
M i - is tolia. cxadia, rom M i   raodenobis 
realizaciebis neironuli aRwerebidan unda 
SevadginoT erTi SETWi sawyisi neironuli 
etalonuri aRwera, romelic Ai   saxis saswavlo 
nakrebis yoveli realizaciisaTvis daakmayofilebs 
(4.4) pirobas, rasac uzrunvelyofs PRO2 procedura.  
amisaTvis TiToeuli realizaciis neironuli 
etalonuri aRweris ETX i[mi] rastris yoveli 
piqselis Sesabamisi sinafsebisagan unda avirCioT 
maqsimaluri mniSvnelobis sinafsuri woniTi 
koeficientebi da CavweroT SETWi sawyisi neironuli 
etalonuri aRweris Sesabamis piqselis nacvlad, 
rac niSnavs, rom gvaqvs: 
 
  w*ni = max {wni [m i ]},    

ii Mm ∈ ,  Nn∈ .                           (4.16)   
 
     Teorema 4.1.   (4.16)   gamosaxulebiT mocemuli 
proceduris mixedviT amosacnobi saxis sawyisi 
neironuli aRweris SETWi formirebis Sedegi 
akmayofilebs (4.4) pirobas.      
     damtkiceba: davuSvaT, rom  (4.16)    
gamosaxulebiT mocemuli piroba sruldeba da rom 

   
              ΝΕT i  =  Σn  xni[mi] wni [mi]   ≥   ZΝΕ i                              (4.17)                                                                                                                                                                                                                                                                                                                                     
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 Tu (4.17)  gamosaxuleba WeSmaritia yvela    
ii Mm ∈    

realizaciisaTvis, maSin TiToeuli n - uri 
piqselisaTvis gveqneba erTi optimaluri  w*ni  

sinafsis mniSvneloba. (4.16)    pirobis mixedviT 
gvaqvs, rom  w*ni  ≥  wni [mi] .  aqedan gamomdinare (4.17)  
jamis Sesabamisi     wevrisaTvis Sesruldeba piroba: 
                  w*[mi]  xni  ≥  wni[mi] xni                                                        (4.18)  
rac  niSnavs, rom  (4.17)   jamis yoveli     wevri zrdis 
an ar amcirebs jamis mniSvnelobas. Sesabamisad 
gvaqvs 

          Σn w*ni [mi]  xni [mi]   ≥  Σn  wni [mi]  xni [mi]                            (4.19)  
 
 (4.17)  gamosaxulebis mxedvelobaSi miRebiT cxadi 
xdeba, rom Teorema 4.1.  damtkicebulia.   
 
    formaluri neironis zRurblis mniSvnelobis 
SerCeva. sawyisi neironuli etalonuri aRwerisaTvis 
saWiroa formaluri neironis zRurblis 
mniSvnelobis SerCeva. davuSvaT (4.16) gamosaxulebis 
mixedviT formirebuli gvaqvs  Ai   saxis sawyisi 
neironuli etalonuri aRwera  SETWi.  4.1. TeoremiT 
damtkicebulia, rom (4.4)   piroba kmayofildeba 
SerCeuli zRurblisaTvis, saWiroa SevarCioT axali 
zRurblis maqsimaluri mniSvneloba im mizniT, rom 
sxva Aj   saxeebis realizaciebma, romelTaTvisac 
dakmayofildeba (4.5)   gamosaxulebiT mocemuli 
piroba, ver moagrovon ZNEi    zRurblis  gadasalaxad 

sakmarisi ΝΕT i  is mniSvnelobebi 

       X j h  NEi  ⇒  ΝΕT i [X j ]  <   ZΝΕi               (4.20)    
amis mizezi SeiZleba iyos sinafsuri wonebis 
gazrdis faqti. am miznis gansaxorcieblad 
formirebul sawyisi neironuli etalonuri aRweras 
mivawodoT  Ai   saxis saswavlo nakrebis 
realizaciebi da yoveli mi    realizaciisaTvis 
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gamoviTvaliT ΝΕTi[mi] . miviRebT Sewonili jamebis 

mniSnelobaTa simravles {ΝΕTi [mi]}, romlis  Card = Mi. 
am simravlidan SevarCioT minimaluri elementi,  

        ΝΕT* i = min { ΝΕT i [mi] }            (4.21)   
cxadia, rom Tu Sesruldeba piroba  ZΝΕi   = ΝΕT* i, 
maSin Ai   saxis saswavlo nakrebis yvela realizacia 
gadalaxavs zRurbls da gveqneba (4.10)                          
pirobis OUT = 1 dakmayofileba. zRurblisa da 
sinafsuri wonebis SerCevis procedurebis 

ganxorcielebis Sedegad ∀ Ai   saxisaTvis miviRebT 
SETWi   sawyis neironuli etalonur aRwerebs.   
 
4.1.3. amosacnobi saxis neironuli mini portreti da 

neironuli maqsi portreti 
 

  amosacnobi saxis ETWi saboloo neironuli 
etalonuri aRweris    misaRebad “ucxo” A j saxis 
realizacia waredgineba Ai   saxis SETWi    sawyis 
etalonur neironul aRweras, formirebulma ETWi 
saboloo neironulma etalonurma aRweram unda 
gaarCios erTmaneTisagan “sakuTari” Ai    da  “ucxo” 
Aj saxis realizaciebi, anu erTdroulad unda 
dakmayofildes  (4.7)  da (4.8) pirobebi, rasac PRO3 
procedura uzrunvelyofs SETWi sawyisi neironuli 
etalonuri aRweris, agreTve A i  saxis mini 
neiroportretisa (PNEi)  da  maqsi neiroportretis  
(DNEi ) daxmarebiT.  
     amosacnobi saxis saboloo neironuli 
etalonuri aRwerebis ETWi    misaRebad anu (4.8) 
pirobis dakmayofilebisaTvis saWiro xdeba 
nebismieri saxisaTvis iseTi niSnebis da maTi 
Sesabamisi piqselebis gansazRvra, romlebic 
saswavlo nakrebis yvela realizaciisaTvis iReben 
erTis tol mniSvnelobas. 
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     mini  da  maqsi  portretebis  TeoriaSi  [2] 
mocemuli  gansazRvrebidan  cnobilia,  rom  aseT  
niSanTa gaerTianebas   ewodeba   mini  portreti,   
rac   gulisxmobs xdomilobaTa sivrcis arsebobas, 
sadac nebismieri niSnisaTvis (piqselisaTvis) 
iTvleba, rom movlena moxda, Tu es niSani iRebs 
erTis  tol  mniSvnelobas  da  movlena ar moxda, 
Tu es niSani iRebs nulis tol mniSvnelobas.   mini  
portretis   Pi  = {pni }   da  maqsi portretis Di  = {dni }   
formireba   Sesabamis  niSanTa superpoziciisa da 
rigi logikuri operaciebis ganxorcielebis 
Sedegad aRwerilia naSromebSi [12], [15].       
      (4.14) gamosaxulebis ganxorcielebiT miRebuli 
aRwerebi ar warmoadgens xdomilobaTa sivrcis 
elementebs, amitom TeoriaSi cnobili mini 
portretis gansazRvreba SeuZlebelia uSualod 
mivusadagod aq formirebul neironul etalonur 
aRwerebs,  amitom aucilebelia aqsiomatikurad 
ganisazRvros  Ai   saxis neironuli mini portreti da 
neironuli maqsi portreti.   
     gansazRvreba 4.1.     Ai   saxis neironuli mini 
portreti   PNEi   ewodeba iseT  N ganzomilebian 
binarul veqtors (matricas), romlis yvela 
elementi akmayofilebs Semdeg pirobas:   
                           pni  =  1,    Tu      wni  = w*ni  ,             
                           pni  =  0,    Tu   wni   ≠ w*ni  .           (4.22)                            
 
sadac   PNEi   aris Ai   saxis neironuli mini 
portreti:         
                           PNEi  = p1i, p2i, . . .pni, . . . pNi.  
  

gansazRvreba 4.2.    Ai   saxis neironuli maqsi 
portreti  DNEi    ewodeba iseT  N ganzomilebian 
binarul veqtors (matricas), romlis yvela 
elementi akmayofilebs Semdeg pirobas:    
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                   dni  =  1,    Tu    wni   > 0  ,             
                   dni  =  0,    Tu   wni   = 0 .                                 (4.23)        
sadac   DNEi   aris Ai   saxis neironuli maqsi 
portreti:         
                           DNEi  =  d1i, d2i, . . .dni, . . . dNi.   
 
miRebuli binaruli PNEi   da DNEi    mini da maqsi 
neiroportretebis gamoyenebiT SesaZlebeli xdeba 
formirebuli SETWi sawyisi neironuli etalonuri 
aRwerebidan PRO3 proceduriT ETWi saboloo 
neironuli etalonuri aRwerebis    miReba.  
 
 

4.1.4. saboloo neironuli etalonuri aRwerebis  
formireba 

 
          ETWi saboloo neironuli etalonuri aRweris    

formireba gulisxmobs SETWi sawyisi neironuli 
etalonuri aRweris arsebobas. davuSvaT gvaqvs      
                     SETWi =  s1i, s2i, . . .sni, . . . sNi                              (4.24) 
miRebuli aRniSvniT (3.1.4) pirobas eqneba Semdegi 
saxe: 

 ΝΕT i = Σn  xnisni ≥ZNE i   ⇒ OUTi = 1,   Ii ∈ , Nn∈ .     (4.25) 
saboloo neironuli etalonuri aRweris    

formirebisaTvis, magaliTad  Aj  saxis mimarT, zemoT 
mocemuli aRniSvnebiT (4.8)  gamosaxulebis  magivrad 
gveqneba 

 ΝΕT i ( X j[mj])= Σn  xni [mj]  sni [mi]  < ZNE i  ⇒ OUTi [mj]  =0.  (4.26) 
(4.26) gamosaxulebiT mocemuli pirobis 
dakmayofileba niSnavs, rom  Ai   saxis saboloo 
neironulma etalonurma aRweram  unda  ganasxvaos 
sxva saxeebis realizaciebi sakuTari saxis 
realizaciebisagan. davuSvaT, rom Aj  saxis  

romelime mj realizaciisaTvis (4.26) piroba ar 
kmayofildeba 



 111 

 ΝΕT i (X j[mj])= Σn  xni [mj]  sni [mi]  >ZNE i  ⇒ OUTi [mj]  =1. (4.27) 
cxadia, rom Ai  saxis neironuli etalonuri aRweris 
sinafsuri wonebi unda gadavawyoT ise, rom 
erTdroulad dakmayofildes  (4.25)  da   (4.26) 
pirobebi. SemovitanoT sinafsuri wonebis  
gadawyobis procesSi am wonebis limitirebis 
procedura, romelic gulisxmobs sinafsebisaTvis 
zRurblis dawesebas, romlis mixedviT gairkveva, Tu 
rastris romeli piqselis Sesabamisi sinafsebi 
ganuldeba da romeli piqselebis Sesabamisi 
sinafsebi gaZlierdeba ganulebuli sinafsebis 
xarjze.  aRvniSnoT ZSi – iT sinafsis zRurbli,  
maSin gveqneba 
            ZSi = a • w*i                               (4.28)                                   

sadac a = const,    (a ≈ 0,3 – 0,9 ). ganulebuli  sinafsebis 
simravle aRvniSnoT {W0

i} - iT,   maSin  {W0
i} É {Wi},  

romlis elementebi ganisazRvreba Semdegi 
gamosaxulebiT 
    wni  Î{W0

i},   Tu 0 < wni  < a • w*i  ,    Nn∈ .                  (4.29)        
neironuli  ajamvis  Sedegi-Sewonili jami  NETi     
(4.29) gamosaxulebis mxedvelobaSi miRebiT 
warmovadginoT Semdegi gamosaxulebiT 
                 NETi  =  NETOi  +  NETHi                (4.30) 
 
sadac NETOi  aris ganulebuli sinafsuri wonebi, 
NETHi  - danarCeni (araganulebuli) sinafsuri wonebi. 
Tu SevasrulebT ganulebis operacias – NETOi  = 0,  
maSin (4.30) pirobis dasakmayofileblad saWiroa  
NETOi -s sawyisi mniSvneloba gadanawildes  (4.30)  
jamis meore wevrze (NETHi).  jamis meore wevri 
Sedgeba calkeuli Sesakrebebisagan, romlebic 
SeiZleba davyoT or nawilad:  
 
             NETHi  =  NETHi

max
  +  NETHi

oth       (4.31) 
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sadac   NETHi
max  Sedgeba  Ai  saxis  PNEi     mini  

neiroportretis im    sinafsuri   wonebisagan,   
romelTac   gaaCniaT    wni

*-is mniSvnelobebi 
(namdvili ricxvebi),  n ÎN,   xolo  NETHi

oth   Sedgeba  
Ai saxis PNEi    mini neiroportretis yvela danarCeni 
sinafsuri wonebis mniSvnelobebisagan.  
 
 Teorema 4.2.  
imisaTvis, rom Ai da Aj saxeebis saswavlo nakrebis 
realizaciebisaTvis erTdroulad kmayofildebodes 
(4.25) da  (4.26)  pirobebi aucilebeli da sakmarisia, 
rom Ai saxis mini neiroportretis damateba Aj saxis 
maqsi neiroportretiT  PNEi \ DNEj   ar iyos carieli 
simravle (sur. 4.1).  
aRniSnuli pirobis formalizebuli asaxva iqneba: 

                       PNEi \ PNEj   ≠  Ø                     (4.32) 
 
damtkiceba: 
aucileblobis piroba: 
     utoloba (4.25)  WeSmariti darCeba, Tu misi 
marcxena wevris jamis Sesakrebebs SevcvliT 
tolfasi SesakrebebiT. magaliTad, raime pirobis 
mixedviT ganulebuli jamis wevrebis  mniSvnelobebs 
mivumatebT jamis sxva wevrebis  mniSvnelobebs. 
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sur. 4.1 
 
     gansazRvreba 4.3. sinafsuri woniTi 
koeficientebis nulgadawyoba ewodeba (4.25) an (4.26) 
utolobebis jamis wevrebis ganulebas da maTi 
mniSvnelobebis mimatebas jamis sxva wevrebisaTvis. 
cxadia, rom sinafsuri woniTi koeficientebis 
nebismieri nulgadawyoba 4.2 Teoremis Tanaxmad unda 
ganxorcieldes ise, rom WeSmariti iyos (4.25) da 
(4.26) utolobebi. 
     ganvixiloT (4.25) utolobis marcxena nawili, 
kerZod jami warmovadginoT ori Sesakrebis saxiT 
da davuSvaT, rom (4.26) utoloba ar aris WeSmariti  
   

      Σn  xni sni =  Σq  xqi sqi  +  Σh  xhi shi ≥ ZNE i                                         (4.33) 
 
sadac q  indeqsiT mocemulia mini neiroportretis 
Semadgeneli piqselebis (Sesabamisi sinafsuri 

q 
h  g 

PNEi/DNEi DNEi 

DNEj 
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wonebis) numeracia, xolo  h indeqsiT mocemulia 
rastris  yvela danarCeni piqselis numeracia. mini 
neiroportretis piqselebis Sesabamisi sinafsuri 
wonebis gazrda sxva piqselebis mniSvnelobebis 
xarjze yovelTvis daakmayofilebs  (4.25) utolobas, 
radgan mini neiroportretis 4.1. gansazRvrebis 
Tanaxmad es piqselebi, anu maTi Sesabamisi sinafsebi 
yovelTvis reagireben Ai saxis sawavlo nakrebis 
realizaciebze. ganulebuli piqselebis sinafsuri 
wonebis jamis nulgadawyoba niSnavs, rom  

                      shi ≠ 0,       Hh∈∀ , 
sadac  H  aris ganulebuli piqselebis raodenoba, 
xolo 

      s+
qi =sqi +∆sh ,  ∆sh  =  Σh  xhi shi /Q,  Q = const.       (4.34) 

 
sadac   s+

qi  aris sinafsuri wonebis gazrdis Sedegad 
miRebuli mniSvnelobebi, Q  -   mini neiroportretis 
piqselebis  raodenoba. cxadia, rom 
 

                  Σn  xni sni   =  Σq  xqi s+
qi                                      (4.35) 

 
radgan   Σh  xhi shj    = 0,   nulgadawyobis pirobis 
(gansazRvreba 4.3) Tanaxmad. aqedan gamomdinare  (4.25)  
gamosaxulebiT mocemuli piroba gadawyobis 
Semdegac sruldeba. amrigad aucileblobis piroba 
damtkicebulia.  
     ganvixiloT (4.25)  utolobis marjvena mxare. 
iseve rogorc wina SemTxvevaSi, jami davyoT 
ramdenime nawilad 
 

 Σn  xni snj  =  Σq  xqj sqi  +  Σg  xgj sgi +  Σh  xhj shi,        (4.36)  
 
(4.36) gamosaxulebaSi q  da g  indeqsebi aris mini 
neiroportretis garkveuli sinafsuri wonebis 
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numeracia, xolo h  indeqsi aris danarCeni 
sinafsuri wonebis indeqsacia. amasTan q  da g  
indeqsebis dasazusteblad ganvixiloT Ai saxis mini 
neiroportretis   damateba   Aj   saxis   maqsi   
neiroportretiT PNEi \ DNEj   (sur. 4.1). daStrixuli 
nawiliT suraTze mocemulia PNEi \ DNEj   damatebis 
Sesabamisi are. am aris Sesabamisi indeqsi (4.36)  
gamosaxulebaSi mocemulia q indeqsiT, xolo Ai 
saxis mini neiroportretisa da Aj saxis maqsi 
neiroportretis saerTo nawilis (TanakveTis) are g 
indeqsiT.   cxadia,  rom  nulgadawyobis  operacias  
eqvemdebareba (4.36)   gamosaxulebis jamis mxolod 

mesame wevri -   Σh  xhj shi,    kerZod SesaZlebelia h  
indeqsiani sinafsuri wonebis ganuleba, xolo 
sinafsuri wonebis gazrdis (mimatebis) operacia 
unda ganvaxorcieloT mxolod q indeqsian sinafsur 
wonebze, radgan g indeqsianebi saerToa Ai da Aj 
saxeebisaTvis, amitom maTi gazrda ar mogvcems 
sasurvel efeqts. zemoTmoyvanili msjelobidan 
gamomdinare, h  indeqsiani sinafsuri wonebis 
ganulebis Sedegad miviRebT: 

            Σn  xnj sni  =  Σq  xqj s+
qi  +  Σg  xgj sgi,           (4.37)    

 nulgadawyobis pirobis  Tanaxmad  shi  =  0,     Hh∈∀  
da  Sesabamisad Σh  xhj shi  = 0.   am operaciiT saerTo 
jami ar Seicvleboda, rom ara Semdegi garemoeba:  q 
indeqsiani sinafsuri wonebi ver gazrdis Xj    

realizaciiT miRebul  (4.26) gamosaxulebis jams, 
radgan am piqselebis Sesabamisi sinafsuri wonebi  q 
indeqsisaTvis nulis tolia. aqedan gamomdinare 
faqtobrivad gvaqvs, rom:        
                       Σh  xhj s+

hi  =  0                             (4.38)    
da Sesabamisad aseT SemTxvevaSi  (3.36) gamosaxulebis 
mixedviT gveqneba: 

                              Σn xnj sni =  Σg xgj sgi  < ZNE i                                                           
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rac niSnavs, rom (4.33) gamosaxulebiT mocemuli 
piroba SeiZleba dairRves da WeSmariti gaxdes (4.26) 
piroba, Tu (4.26) piroba mainc ar Sesrulda, maSin 
gadawyobis operacias SevasrulebT imdenjer, sanam 
ZNE i    zRurblis gazrda SegveZleba Semdegi pirobis 
Sesasruleblad: 
 

 ZNE i   = minmi {Σn   sni xni [mj]} >  maxmj{Σn   sni xnj [mj]}         (4.39)       
                                  
sakmarisobis piroba 
davuSvaT, rom (4.33) gamosaxulebiT mocemuli piroba 
WeSmaritia, xolo    PNEi \ DNEj    = Ø,   rac gamosaxulia 
4.2. suraTze. cxadia, rom aseT SemTxvevaSi (4.36)  
gamosaxulebaSi q indeqsiani sinafsuri wonebi 
 (PNEi \ DNEj  ) ar iarsebebs, ris gamoc ar iarsebebs   
ganulebuli   (h indeqsiani)    sinafsuri   wonebis 
nulgadawyobis SesaZlebloba, anu ver SevZlebT 
(4.36)  gamosaxulebis Secvlas, rac gamoiwvevs (4.26) 
pirobis Sesrulebis SeuZleblobas. amrigad 
sakmarisobis pirobac damtkicebulia, Sesabamisad 
Teorema 4.2. damtkicebulia. 
  

 
sur. 4.2 

 
 

PNEj DNEi 
 



 117 

     ganvazogadoT 4.2. Teorema A simravlis yvela 
elementis saboloo neironuli aRweris 
formirebisaTvis.     Ai saxis mini neiroportretis 
damateba Aj saxis maqsi neiroportretiT  
 PNEi \ DNEj      aRvniSnoT      PNEi (J) – iT. miRebuli 
veqtoris damateba   Ak  saxis mini neiroportretiT 
aRvniSnoT PNEi (J, k) – iT da a. S. Tu I aris saxeebis 
ricxvi, maSin Ai saxis mini neiroportretis damateba 
yvela danarCeni saxeebis maqsi neiroportretis 
mimarT warmovadginoT Semdegi gamosaxulebiT: 
         PNEi (1,2, 3, . . ., I - 1) = PNEi (•)            (4.40) 
     Teorema 4.3.      nebismieri  saxis  saboloo   
neironuli etalonuri aRwera formirebadia   
(4.2)  gansazRvrebis mixedviT, Tu (4.40)  
gamosaxulebiT gansazRvruli PNEi ( •) simravle ar 

aris carieli simravle, anu   PNEi  (•)   ≠  Ø .    
    damtkiceba:  4.1. TeoremiT gansazRvrulia Ai 
saxis mini neiroportretis is sinafsuri wonebi, 
romlebisTvisac gadawyobis operaciis 
ganxorcieleba ar arRvevs  (4.25) da (4.26) pirobebs. 
sanam arsebobs Ai saxis  mini  neiroportretis  
damateba  nebismieri raodenobis  saxeebis  mini  
neiroportretebiT,  manamde   gvaqvs  q indeqsiT 
gansazRvruli sinafsuri wonebi, romelTa 
gadawyobiT Seicvleba Ai saxis neiroetalonuri 
aRwera ise, rom ar dairRveva (4.25) da  (4.26). 
utolobebiT mocemuli pirobebi, winaaRmdeg 
SemTxvevaSi gadawyobis operacia daarRvevs (4.25) an 
(4.26)  pirobas erTad an cal-calke.  
amiT 4.3. Teorema damtkicebulia. 
    warmodgenili     formaluri neironebis 
avtonomiuri swavlebis meTodis Teoriuli da 
eqsperimentuli gamokvlevebiT miRebuli Sedegebi 
SesaZleblobas iZleva sinTezirebuli iqnes 
gadasawyveti amocanebis adeqvaturi diskretuli 
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xelovnuri neironuli qselebi da ganxorcieldes 
maTi efeqturi swavleba.   
 

 
 

sur. 4.3 
 
     swavlebis meTodis avtonomiuroba gamoixateba 
imiT, rom calkeuli formaluri neironis swavleba 
mimdinareobs sxva neironebisagan damoukideblad, 
xolo swavlebis warmatebas uzrunvelyofs 
sinafsuri wonebis zrdaze SezRudvis daweseba. 
swavlebis aseTi sqema, Cveni azriT, ufro Seesabameba 
biologiur neironSi mimdinare procesebs. meTodis 
meore ganmasxvavebeli momentia swavlebis aqtiuri 
procedurebi, rac realizebulia neironebis 
swavlebis procesebSi saxeTa amocnobis TeoriaSi 
cnobili sxvadasxva procedurebis gamoyenebiT 
(dixotomiis principi,  mini da maqsi portretebis 
meTodi da sxva), ris Sedegadac amosacnobi 
realizaciebis saswavlo nakrebi gardaiqmneba axal, 

A3 

AI 
 

Aj 
 

A1 
 

Ai 
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modificirebul saswavlo nakrebad, romelic 
uzrunvelyofs neironuli qselis ufro efeqtur 
swavlebas. aRsaniSnavia formaluri neironebis 
avtonomiuri swavlebis meTodis TvalsaCinoeba da 
gamWvirvalobis maRali xarisxi swavlebisa da 
amocnobis procesebis ganxorcielebis yvela etapze.     
Teoriuli kvlevis Sedegebi aprobirebuli iqna 
qarTuli nabeWdi simboloebis amosacnobad 
neironuli etalonuri aRwerebis misaRebad 
eqsperimentuli gamokvlevebisa da neironuli 
qselebis swavlebis procesebis organizebisaTvis.  
amocnobis Sedegebi TvalsaCinod adasturebs 
neironuli qselebis avtonomiuri swavlebis 
meTodisa da miRebuli neironuli etalonuri 
aRwerebis efeqturobasa da perspeqtiulobas, 
rogorc saimedoobis aseve operatiulobis 
TvalsazrisiT.  
     neironuli qselebis avtonomiuri swavlebis 
meTodis gamoyeneba SesaZlebelia yvela im 
obeqtisaTvis, romlis realizaciebi warmodgenilia 
Tanabarganzomilebiani binaruli veqtorebiT.  
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