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leqcia 1. Sesavali. 

gamoTvliTi (informatikuli) neiromecnierebis (Computational Neuro-
science) sagnis Sesavali. neiromecnierebis saTaveebi : biologiisa da 
fiziologiis, fsiqologiis, diskretuli maTematikis, kibernetikis, 
statistikuri fizikisa da sinergetikis miRwevebi. kompiuteruli 
modelirebis roli. neiromecnierebis filosofiuri safuZvlebi. is-
toriuli mimoxilva. kursis struqtura. saswavlo da gacnobiTi 
xasiaTis literatura.L  

«Tvali CaukariT kompiuters da igi migixvdebaT». gasuli saukunis 

90-ani wlebis dasawyisSi aseTi saTauriT uZveles da pativsacem ga-
zeT «New York Times»-Si gaCnda statia, romelic mouTxrobda mkiT-

xvels Tanamedrove miRwevebisa da mimarTulebebis Sesaxeb  inteleq-

tualuri kompiuteruli sistemebis sferoSi. am mimarTulebis ganvi-

Tarebis magistralur gzaTa Soris gamocemis eqspertebma gamoyves : 

• informaciis damuSavebis paralelizmis maRali xarisxis 

mqone kompiuterebi, romlebsac SeuZlia ama Tu im amocanis 

dayofa nawilebad da maTi erTdroulad damuSaveba, rac sa-

boloo jamSi mniSvnelovnad amcirebs gamoTvlaTa saerTo 

dros ;  

• kompiuterebi, romlebSic informaciis gadasacemad optika 

gamoiyeneba, eleqtronuli signalebis nacvlad. optikuri 

signalebis gamoyeneba ukve dawyebulia monacemTa gadasacemad 

kompiuterebs Soris ;  

• kompiuterebi neironuli qselebiT, romlebic Cveni Taname-

drove Sexedulebebis Tanaxmad moqmed tvinTan analogiiT 

momuSave manqanebs warmoadgens.  
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swored es ukanaskneli, mesame, mimarTuleba, romelic arsebiTad 

pirvel ors eyrdnoba, leqciaTa winamdebare kursis ZiriTad Temas 

warmoadgens. amasTan erTad, yuradReba gamaxvilebulia xelovnuri 

neironuli qselebis mimarTulebis mxolod erT sferoze, saxel-

dobr, neiroinformatikaze - mecnierebaze, romelic Seiswavlis in-

formaciis kompiuterebiT damuSavebas neironis msgavsi xerxebiT. 

sxvadasxva diagnostikuri informaciis nairnairobas (mravalferovne-

bas), did moculobasa da winaaRmdegobriobas wina planze gamoaqvs 

aseTi informaciis damuSavebis SemZle fizikuri sistemebis Zebnis 

problema. am kompleqsuri amocanis amoxsna mWidrodaa dakavSirebu-

li axal sainformacio teqnologiebTan, romelTa Soris mniSvnelo-

vani adgili ukavia saxeTa gamocnobisa da kategorizaciis meTodebs. 

neironuli qselebi – mZlavri da sadReisod, albaT, saukeTeso me-

Todia saxeTa gamocnobis amocanaTa gadasawyvetad situaciebSi, ro-

ca eqsperimentul monacemebs informaciis mniSvnelovani fragmentebi 

aklia, xolo arsebuli informacia ukiduresad damaxinjebulia. pa-

ralelurobis maRali xarisxi, romelic neirosistemaTa agebisas 

advilad gansaxorcielebelia, operatorisaTvis miuRweveli mocu-

lobis informaciis damuSavebas uzrunvelyofs drois iseT Suale-

debSi, romlebic gazomvaTa dasaSveb xangrZlivobaze naklebia an ma-

Ti Sesadarisia. 

oTxmociani wlebis mijnaze mniSvnelovan Sedegebs miaRwies sruliad 

axalgazrda sinergetikaSi - arawonasworul sistemaTa TviTorgani-

zaciis Semswavlel mecnierebaSi. sistematizeba Cautarda faqtebs da 

Catarda mravalricxovani axali eqsperimenti neirofiziologiaSi, 

saxeldobr, dawvrilebiT gairkva calkeul neoronTa agebuleba da 

moqmedebis meqanizmi ; Camoyalibda muSaobis principi da Seiqmna pir-

veli eleqtronuli gamomTvleli manqana paraleluri arqiteqtu-

riT. etyoba, am garemoebam neironuli qselebis intensiur kvlevasac 

Seuwyo xeli asociaciuri mexsierebis modelTa rolSi.  

farTo interesi neironuli qselebis mimarT hopfildis (Hop-
field J.J., 1982) naSromis gamoqveynebis Semdeg gaCnda, romelmac uCve-

na, rom izingis (Ernst Ising, 1900–1998, germaneli da amerikeli fizi-
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kosi da maTematikosi) neironebTan1 dakaSirebuli amocana SeiZleba 

daviyvanoT rigi iseTi modelis ganzogadebaze, romelic im momenti-

saTvis iyo Seswavlili mouwesrigebel sistemaTa fizikaSi. hopfil-

dis qselis muSaoba (romelic dawvrilebiT fizikur literaturaSi 

ganixileba) mdgomareobs orobiTi kodebis matricis sawyisi 

«spinuri portretis» relaqsaciaSi erT-erT stacionarul mdgoma-

reobamde. nebismieri aseTi mdgomareoba swavlebis wesiT (hebis we-

siT) ganisazRvreba. amrigad, mocemuli qseli gamocnobis amocanebi-

saTvis SeiZleba gamoviyenoT. 

1986 wels gamovida rumelhartis, hintonisa da viliamsis (Rumel-
hart D.E., Hinton G.E., Williams R.J., 1986) naSromi, romelic Seicavda 

pasuxs xangrZlivi drois ganmavlobaSi neiroinformatikis ganviTa-

rebis Semaferxebel SekiTxvaze : rogor mimdinareobs ierarqiuli 

fenovani neironuli qselebis swavleba, romlebisTvisac jer kidev 

gasuli saukunis ormocian-ormocdaaTian wlebSi «klasikosebis» mi-

er damtkicebuli iyo universaloba amocanaTa farTo klasisaTvis? 

momdevno wlebSi hintonis mier wamoyenebulma SecdomaTa Seqceuli 

gavrcelebis algoriTma uamravi cvlileba ganicada. 

arsebuli algoriTmebi xasiaTdeba damuSavebis detalizaciis sxvada-

sxva xarisxiT, maTi paraleluri realizebis SesaZleblobiT, agreT-

ve aparatuli Sesrulebis arsebobiT. am algoriTmebis aseTi nair-

nairoba da mravalferovneba uzrunvelyofs sxvadasxva meTodebis Se-

darebiTi maxasiaTeblebis mixedviT gamokvlevis gansakuTrebul aq-

tualobas. 

amJamad neiromecniereba siWabukis mdgomareobidan mowifulobaSi ga-

dadis. neironuli qselebis TeoriaSi da gamoyenebebSi ganviTareba 

mravali sxvadasxva mimarTulebiT midis : xorcieldeba axali ara-

wrfivi elementebis Zebna, romlebsac rTuli koleqtiuri qcevis 

realizeba SeeZleba neironTa ansamblSi, proeqtdeba neironuli qse-

lebi axali arqiteqturiT, mimdinareobs gamoyenebis sferoebis Zebna 

gamosaxulebaTa damuSavebis, saxeTa da metyvelebis garCevis siste-

                                                 
1 arsebobs gansacvifrebeli analogia hopfoldis qselebsa da izingis magni-

tur spinur sistemaTa modelebs Soris. 
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mebSi, robotul teqnikaSi da sxv. mniSvnelovani adgili mocemul 

gamokvlevebSi tradiciulad maTematikur modelirebas ukavia. 

neironuli qselebisa da maT safuZvelze agebuli gamomTvleli sis-

temebis TeoriaSi sistematuri kursis daweris aucilebloba, umTav-

resad, ganisazRvreba samamulo saswavlo monografiebis ararsebobiT 

am Temaze. garda amisa, am Temas jer ar daukavebia Tavisi adgili 

qarTuli universitetebis tradiciul kursebs Soris. da, 

miuxedavad imisa, rom amerikis perspeqtiul gamokvlevaTa sammarTve-

los (DARPA) samrewvelo eqspertebi varaudoben axali neiroqse-

luri teqnologiebis masobrivi gavrcelebis dawyebas axal aTas-

wleulSi, msoflios sainformacio industriaSi neironuli qsele-

bis Teoriuli gagebisa da praqtikuli gamoyenebis ukve dRevandeli 

done sul ufro aSkarad moiTxovs profesiul codnas am sferoSi.  

mocemuli kursis mTavar amocanas warmoadgens praqtikuli Sesavali 

informaciis damuSavebis Tanamedrove meTodebSi da sistemebSi, rom-

lebic samecniero literaturaSi gaerTianebulia terminiT Computa-
tional Neuroscience (gamoTvliTi, informatikuli neiromecniereba), 

agreTve axali Taobebis gamomTvleli da sainformacio sistemebis 

agebis perspeqtiul midgomaTa gaSuqeba. gansaxilveli Temis Tavise-

bureba mis sadisciplinaTSoriso xasiaTSi vlindeba. neiromecniere-

bis CamoyalibebaSi Tavisi wvlili mraval mecnierebas aqvs Setani-

li. esenia biologia da umaRlesi nervuli moqmedebis fiziologia, 

aRqmis fsiqologia, diskretuli maTematika, statistikuri fizika 

da sinergetika, da, ra Tqma unda, kibernetika, da, ra Tqma unda, 

kompiuteruli modelireba.  

leqciebi Seicavs ZiriTad informacias bunebrivi (biologiuri) nei-

ronuli qselebisa da maTi maTematikuri modelebis – xelovnuri 

neironuli qselebis – organizaciis principebis Sesaxeb. es infor-

macia aucilebelia neiroqseluri algoriTmebis sinTezisaTvis praq-

tikul amocanaTa gadasawyvetad. am mizniT naSromSi Setanilia ori 

Sesavali Tema maTematikuri (leqcia 2) da biologiuri (leqcia 3) 

cnobebiT. kursis formaluri maTematikuri SigTavsi dayvanilia mi-

nimumamde. igi wrfivi algebrisa da diferencialuri gantolebebis 

sabazo codnas eyrdnoba. amitom leqciaTa kurss rekomendacia Sei-
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Zleba gaewios gamosayeneblad sainJinro specialobebis studentebi-

saTvis, agreTve gamoyenebiTi mimarTulebebis maTematikosebisaTvis da 

programistebisaTvis. 

kursis ZiriTadi Sinaarsi 

• Sesavali, cnobebi biologiidan, umaRlesi nervuli moqmede-

bis fiziologiidan, fsiqologiidan, kibernetikidan, statis-

tikuri fizikidan da diskretuli maTematikidan ;  
• biologiuri neironi da misi maTematikuri modeli ;  
• perseptroni, wrfivi gancalkevebadoba da rozenblatis Teo-

rema swavlebis Sesaxeb ;  
• neironuli qselis swavleba rogorc kombinatoruli opti-

mizaciis amocana ;  
• hebis wesi, hopfildis modeli da misi ganzogadoebani ;  
• ierarqiuli neironuli qselebi ;  
• SecdomaTa Seqceuli gavrcelebis algoriTmi ;  
• lipman-hemingis, hext-nilsenis, koskos modelebi ;  
• neironul qselebSi informaciis warmodgenis wesebi (xerxe-

bi, meTodebi) ;  
• Tanamedrove neiroqseluri arqiteqturebi, fukuSimas kogni-

troni da neokognitroni ;  
• adapturi rezonansis Teoria ;  
• genetikuri Zebnis algoriTmebi neironuli qselebis topo-

logiis asagebad da swavlebisaTvis ;  
• adapturi klasteruli analizi da kohonenis TviTorgani-

zaciis ruka (baraTi) ;  
• sasruli avtomatebi da neironuli qselebi ;  
• daskvna – neiromecnierebis dRevandeloba, meeqvse Taobis 

neirokompiuterebi, neiroprocesorebi, maTematikuri uzrun-

velyofa, mecnieruli da komerciuli gamoyenebani.  
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leqcia 2. cnobebi umaRlesi maTematikidan. 

veqtoruli sivrce. bazisi. orTogonaluri proeqciebi. hipersfero-
ebi da hiperzedapirebi. matricebi. wrfivi gardasaxvebi..  

neironuli qselebis aRwerisaTvis maTematikur enad tradiciulad 

veqtoruli da matriculi algebris aparati gamoiyeneba. vzRudavT 

ra _ Txrobis maqsimaluri simartivis misaRwevad _ zogadmaTemati-

kuri cnobebis nakrebs mxolod am aparatiT, gvinda aRvniSnoT, rom 

Tanamedrove neiromecnierebaSi maTematikis sxva ganyofilebebic far-

Tod gamoiyeneba. maT Sorisaa diferencialuri gantolebebi, romle-

bic ixmareba neironuli qselebis gasaanalizeblad uwyvet droSi, 

agreTve neironis dawvrilebiTi modelebis asagebad ; furie analizi 

sistemis qcevis aRwerisaTvis kodirebisas sixSirul areSi ; opti-

mizaciis Teoria swavlebis algoriTmebis Seqmnis safuZvlad ; maTe-

matikuri logika da bulis algebra binaruli (orobiTi) qselebis 

Sesaswavlad da sxva. am leqciaSi gadmocemuli masala sacnobo xa-

siaTs atarebs da sisruleze pretenzias ar acxadebs. amomwuravi 

cnobebi Teoriidan gantmaxeris wignSi SeiZleba moinaxos, agreTve 

wrfivi algebrisa da analizuri geometriis standartul kursebSi. 

veqtoruli sivrceebi. 

ZiriTad struqturul elements neironuli qseliT informaciis da-

muSavebis aRweraSi warmoadgens veqtori – veqtoris komponentebad 

wodebuli ricxvebis mowesrigebuli nakrebi. Semdgom veqtorebi la-

Tinuri ( ), , ,a b c x  asoebiT iqneba aRniSnuli, xolo skalarebi (ric-

xvebi) – berZnuli ( ), , ,α β γ θ  asoebiT. matricaTa aRniSvnisaTvis ki 
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gamoyenebuli iqneba mTavruli laTinuri asoebi. gansaxilveli amo-

canis TaviseburebaTa Sesabamisad veqtoris komponentebi SeiZleba 

iyos namdvili ricxvebi, mTeli ricxvebi (magaliTad, gamosaxulebis 

sikaSkaSis gradaciaTa aRsaniSnavad), agreTve bulis ricxvebi «noli, 

erTi» an «minus erTi, erTi». ( )1 2, , , nx x x x=   veqtoris komponente-

bi SeiZleba ganvixiloT mis koordinatebad n -ganzomilebian sivrce-

Si. namdvili komponentebis SemTxvevaSi es sivrce nR  simboloTi 

aRiniSneba da n  namdvili ricxviT Sedgenili yvela SesaZlo er-

Tobliobis nakrebs Seicavs. amboben, rom x  veqtori nR  sivrces 

miekuTvneba (an x  veqtori nR  sivrcidanaa). momavalSi, Tu Cven 

dagvWirdeba veqtorTa nakrebi, maT danomvras zeda indeqsebiT ganva-

xorcielebT, raTa ar moxdes maTi gaigiveba komponentTa numeracias-

Tan : { }1 2, , , kx x x . 

ganxilvisas Cven ar ganvasxvavebT cnebebs veqtori (komponentTa mo-
wesrigebuli erToblioba) da saxe (saxis TvisebaTa an niSanTa er-
Toblioba). niSanTa erTobliobis arCevisa da informaciuli (sain-

formacio) veqtoris formirebis xerxebi (wesebi) konkretuli gamo-

yenebebiT ganisazRvreba. 

 

             a)                                b) 

nax. 2.1. veqtorebis magaliTebi : a) bulis veqtori 25 komponentiT, 

romlebic gadanomrilia striqonebis gaswvriv, b) namdvili veqtori 4R  

sivrcidan 

namdvili komponentebis Semcveli veqtorebis simravle wrfiv veqto-

rul V  sivrced wodebuli ufro zogadi cnebis kerZo SemTxvevaa, 
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Tu misi elementebisaTvis gansazRvrulia « + » veqtoruli Sekrebisa 

da « ⋅ » skalarze gamravlebis operaciebi, romlebic qvemoT Camo-

Tvlil Tanafardobebs akmayofilebs (aq , ,x y z  - veqtorebia V -dan, 

xolo ,α β  - skalarebi R -dan) :  

1. x y y x+ = + , Sedegi miekuTvneba V -s 
2. ( )x y x yα α α⋅ + = ⋅ + ⋅ , Sedegi miekuTvneba V -s  

3. ( ) x x xα β α β+ ⋅ = ⋅ + ⋅ , Sedegi miekuTvneba V -s  

4. ( ) ( )x y z x y z+ + = + + , Sedegi miekuTvneba V -s  

5. ( ) ( )x xα β α β⋅ ⋅ = ⋅ ⋅ , Sedegi miekuTvneba V -s  
6. x x x∃ ∀ ⇒ V V- dan : - dan + =  (arsebobs nulovani 

elementi) 
7. 0 , 1x x x x∀ ⋅ = ⋅ =V0 da 1 skalarebisaTvis, - dan gvaqvs :  

pirvel Tvisebas komutaciurobis Tvisebas uwodeben, meore da mesame 

Tvisebas – distribuciulobis Tvisebas, xolo meoTxe Tvisebas -  

Semotanili operaciebis asiciaciurobis Tvisebas. wrfivi veqtoru-

li sivrcis magaliTs nR  sivrce warmoadgens Sekrebisa da gamrav-

lebis operaciebiT komponentebisaTvis. 

ori veqtoruli sivrcis elementisaTvis SeiZleba ganisazRvros ma-

Ti skalaruli (Sinagani) namravli : ( ) 1 1 2 2, n nx y x y x y x y= + + + . 

skalarul namravls gaaCnia simetriulobos, aditiurobisa da wrfi-

vobis Tvisebebi TiToeuli Tanamamravlis mimarT : 

1. ( ) ( ), ,x y y x=  

2. ( ) ( ), ,x y x yα α⋅ = ⋅   

3. ( ) ( ) ( ), , ,x y z x z y z+ = +   

4. ( ), 0,x x ≥  amasTan erTad ( ), 0x x x= ⇔ =   
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Tu ori veqtoris skalaruli namravli nulis tolia, es xsenebuli 

veqtorebis urTierTorTogonalurobas niSnavs, Cveulebrivi geomet-

riuli warmodgenebis Sesabamisad.  

ori gansxvavebuli saxe (an veqtori) SeiZleba ama Tu im zomis 

msgavsebas amJRavnebdes. msgavsebis xarisxis maTematikuri aRwerisa-

Tvis veqtorul sivrces SeiZleba skalaruli metrika gaaCndes - 

( ),d x y  manZili nebismier or x  da y  veqtors  Soris. sivrces, 

mocemuli metrikiT, metrikuls uwodeben. metrikisaTvis unda 

sruldebodes arauaryofiTobisa da simetriulobis pirobebi, agreT-

ve samkuTxedis utoloba : 

1. ( ) ( ), 0, , 0d x y d y x x y≥ = ⇔ = amasTan erTad  
2. ( , ) ( , )d x y d y x=   
3. ( ) ( ) ( ), , , ,y d x z d x y d y z∀ ≤ +   

Semdgomi ganxilvisas, ZiriTadad, ori metrika iqneba gamoyenebuli – 

evklides manZili da hemingis metrika. evklides metrika koordinat-

Ta marTkuTxa sistemisaTvis Semdegi formuliT ganisazRvreba : 

( ) ( ) ( ) ( )2 2 2
1 1 2 2,E n nd x y x y x y x y= − + − + + − . 

hemingis Hd  manZili ki, Cveulebriv, bulis veqtorebisaTvis gamoi-

yeneba (maTi komponentebis warmodgena 0 –iT da 1_iT xdeba) da ud-
ris orive veqtorSi erTmaneTisagan gansxvavebul komponentTa 

ricxvs.  

veqtorebisaTvis x  normis _ x  veqtoris sigrZis _ cneba Semo-
aqvT. sivrces, romelSic veqtorebis normaa gansazRvruli, normire-
buli ewodeba. normas Semdegi Tvisebebi unda gaaCndes : 

1. 0, 0x x x≥ = ⇔ =  amasTan erTad   

2. x xα α⋅ = ⋅   
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3. x y x y+ ≤ +   

sivrces evklides metrikiTa da normiT evklides sivrces uwodeben. 

namdvili niSnebis Semcveli saxeebisaTvis momavalSi Cven saqme gveq-

neba swored evklides sivrcesTan. n  ganzomilebis bulis veqtore-

bis SemTxvevaSi gansaxilveli sivrce hemingis metrikis mqone n -gan-

zomilebiani hiperkubis wveroTa simravles warmoadgens. manZili or 

wveros Soris ganisazRvreba maTi SemaerTebeli umoklesi gzis sig-

rZiT, romelic wiboTa gaswvrivaa gadazomili.  

neiroqseluri gamoyenebebisaTvis mniSvnelovan SemTxvevas warmoa-

dgens garkveuli tipis veqtorTa simravle : yoveli aseTi veqtoris 

komponentebi [ ]0, 1  monakveTis namdvili ricxvebia. xsenebuli veqto-

rebis simravle ar aris wrfivi veqtoruli sivrce, radgan maT jams 

SeiZleba gaaCndes komponentebi mocemuli monakveTis farglebs ga-

reT. magram msgavsi veqtorebis wyvilisaTvis SenarCunebulia skala-

ruli namravlisa da evklides manZilis cnebebi.   

meore saintereso magaliTs, romelic mniSvnelovania praqtikuli 

TvalsazrisiT, erTnairi (magaliTad, erTeulovani) sigrZis  veq-

torTa simravle warmoadgens. xatovnad rom vTqvaT, am veqtorebis 
«daboloebebi» miekuTvneba erTeulovani radiusis hipersferos n -

ganzomilebian sivrceSi. hipersferoc aseve ar aris wrfivi sivrce 

(kerZod, warmodgenili ar aris nulovani elementi).  

veqtorTa simravlis ganmsazRvreli niSnebis mocemuli erTobliobi-

saTvis SeiZleba am niSnebis sxvadasxva xarisxiT mqone veqtorebis 

iseTi minimaluri nakrebis  formireba, rom mis safuZvelze, nakre-

bis veqtorTa wrfivi kombinirebiT, SesaZlebeli iqneba yvela danar-

Ceni veqtoris formirebac. aseT nakrebs sivrcis bazisi ewodeba. 

ganvixiloT es mniSvnelovani cneba ufro dawvrilebiT. 

1 2, , , mx x x  veqtorebi wrfiad damoukidebelia, roca maTi nebismie-

ri 1 2
1 2

m
mx x xα α α⋅ + ⋅ + + ⋅  wrfivi kombinacia nulad ar iqceva, 

Tu, ra Tqma unda, yvela 1 2, , , mα α α  konstanta erTdroulad ar 
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udris nuls. bazisi SeiZleba Seicavdes n  wrfivad damoukidebeli 

veqtoris nebismier kombinacias, sadac n  _ sivrcis ganzomilebaa. 

avirCioT wrfivad damoukidebeli 1 2, , , mx x x  veqtorebis garkveuli 

sistema, sadac m n< . am veqtorebis yvela SesaZlo wrfivi kombina-

cia m  ganzomilebis wrfiv sivrces aformirebs, romelic sawyisi 

n − ganzomilebiani sivrcis L qvesivrce anu wrfivi garsi iqneba. 
cxadia, rom L qvesivrceSi m  veqtoris Semcveli arCeuli sabazo 

sistema bazisis rols iTamaSebs. wrfivi garsis mniSvnelovan kerZo 

SemTxvevas warmoadgens qvesimravle, romlis ganzomileba erTiT 

naklebia sawyisi sivrcis ganzomilebaze ( )1m n= − . mas hipersibr-

tye ewodeba. samganzomilebiani sivrcis SemTxvevaSi igi Cveulebrivi 

sibrtyea. hipersibrtye or nawilad yofs sivrces. hipersibrtyeTa 

erToblioba ki sivrces ramdenime simravled anawilebs, romelTaga-

nac TiToeuli Seicavs veqtorebs niSnebis axlo (msgavsi) nakrebiT, 

riTac veqtorTa klasifikacia xorcieldeba. 

ori qvesivrcisaTvis SeiZleba SemovitanoT maTi urTierT-

orTogonalurobis cneba. ori 1L  da 2L  qvesivrce 

urTierTorTogonaluria, Tu erTi qvesivrcis nebismieri elementi 

meore qvesivrcis TiToeuli elementis orTogonaluria.  

nebismierad arCeuli wrfivad damoukidebeli veqtorebi aucileblad 

urTierTorTogonaluri rodia. magram zogierT gamoyenebaSi moxer-

xebulia swored orTogonalur sistemebTan muSaoba. amisaTvis auci-

lebeli xdeba sawyisi veqtorebis gaorTogonaleba. gram-Smidtis 

gaorTogonalalebis klasikuri procesi SemdegSi mdgomareobs : 

wrfivad damoukidebeli aranulovani 1 2, , , mx x x  veqtorebis 

sistemis gamoyenebiT rekurentulad ageben 1 2, , , mh h h  

orTogonaluri veqtorebis sistemas. pirvel 1h  veqtorad irCeven 

sawyis 1x  veqtors. nebismieri momdevno ( i − uri) ih  veqtori yvela 

wina veqtoris orTogonaluri unda gaxdes, risTvisac ix − s unda 
gamoakldes misive proeqciebi yvela adrindel veqtorze : 



 15 

( )1

2
1

,i ji
i i j

jj

x h
h x h

h

−

=

= − ⋅∑  . 

Tu am dros romelime ih  veqtori miRebulTa Soris nulis tol 

mniSvnelobas iZens, misi gadagdeba xdeba. SeiZleba vuCvenoT, rom, 

agebis Sesabamisad, veqtorebis aseTi sistema orTogonaluri iqneba, 

ese igi TiToeul veqtorSi mxolod misTvis unikaluri niSnebi aR-

moCndeba warmodgenili.  

Semdeg warmodgenili iqneba veqtorebze wrfivi gardaqmnebis Teori-

uli aspeqtebi. 

matricebi da veqtorebis wrfivi gardaqmnebi. 

msgavsad imisa, Tu rogor iyo ganxiluli veqtori _ erTi indeqsiT 

(komponentis an niSnis nomriT) gansazRvruli obieqti, SesaZlebe-

lia orindeqsiani obieqtis, matricis, Semotanac. es ori indeqsi 

matricis striqonebsa da svetebSi ganlagebul ijA  komponentebs 

gansazRvravs. amasTan pirveli i  indeqsi striqonis nomers iZleva, 

xolo meore j  indeqsi – svetis nomers. sainteresoa aRiniSnos, 
rom naxazze 2.1.a) gamosaxuleba SeiZleba ganixilobedos an rogorc 

veqtori 25 komponentiT, an rogorc matrica xuTi striqoniTa da 

xuTi svetiT. 

erTnairi ( )n m×  ganzomilebis ori A  da B  matricis jami warmo-

adgens imave ganzomilebis C  matricas sawyisi matricebis Sesabami-

si komponentebis jamis toli komponentebiT : ij ij ijC A B= + . matrica 

SeiZleba gamravldes skalarze, amis Sedegad imave ganzomilebis ma-

trica miiReba, romlis TiToeuli komponenta am skalarzea gamrav-

lebuli. ori ( )A n l×  da ( )B l m×  matricis namravli aseve ( )C n m×  

matricas warmoadgens, romlis komponentebi Semdegi TanafardobiT 

moicema : 
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1

l

ij ik kj
k

C A B
=

= ⋅∑  . 

aRsaniSnavia, rom gadasamravlebeli matricebis ganzomilebebi SeTan-

xmebuli unda iyos – pirveli matricis svetebis ricxvi ( l ) meore 
matricis striqonTa ( l ) ricxvs unda udrides.  
mniSvnelovan kerZo SemTxvevaSi, roca meore matrica veqtors war-

moadgens (ese igi matricas, romlis erT-erTi ganzomileba erTis 

tolia; veqtor-svetis SemTxvevaSi 1m = ), mocemuli wesi gansaz-

Rvravs matricis gamravlebis xerxs veqtorze : 

1

l

i ik k
k

c A b
=

= ⋅∑  . 

gamravlebis Sedegad aseve c  veqtori miiReba, amasTan kvadratuli 

( ),A l l  matricisaTvis misi ganzomileba Tanamamravli b  veqtoris 

ganzomilebas udris. kvadratuli A  matricis Tavisuflad arCevi-

sas nebismieri ( )y T x=  wrfivi gardaqmna SeiZleba aigos, romliTac 

erTi  ( x ) veqtori imave ganzomilebis meore ( y ) veqtorad garda-

isaxeba : y Ax= . ufro zustad : imisaTvis, rom erTi veqtoris 

meore veqtorad gardasaxva, aRniSnuli T  simboloTi, wrfivi iyos, 

aucilebeli da sakmarisia ( ) ( ) ( )1 2 1 2T x x T x T xα β α β⋅ + ⋅ = ⋅ + ⋅  to-

lobis Sesruleba, sadac 1x  da 2x  – ori veqtoria, xolo α  da 

β  – ricxvebs warmoadgens. SeiZleba vuCvenoT, rom veqtorebis ne-

bismier wrfiv gardasaxvas sawyisi veqtoris gamravleba Seesabameba 

garkveul matricaze. 

Tu A  matricis x  veqtorze gamravlebis zemoT moyvanil formu-

laSi am veqtoris komponentebi ucnobia, xolo A  matrica da b  

veqtor-Sedegi garkveulia, maSin A x b=  gamosaxulebis Sesaxeb sau-

broben rogorc wrfiv algebrul gantolebaTa sistemaze x  veqto-
ris komponentebis mimarT. sistemas erTaderTi amonaxsni gaaCnia, Tu 

kvadratuli A  matricis striqonebiT gansazRvruli veqtorebi 

wrfivad damoukidebelia. 
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matricaTa gansakuTrebiT xSirad gamoyenebul kerZo SemTxvevebs 

diagonaluri matricebi warmoadgens, sadac yvela elementi mTavari 

diagonalis gareT nulis tolia. diagonalur matricas, romlis 

mTavari diagonalis yvela elementi erTs udris, I  erTeulovan ma-
tricas uwodeben. erTeulovani matriciT gansazRvruli wrfivi 

gardasaxva igivuria : nebismieri x  veqtorisaTvis I x x= .  

matricebisaTvis, gamravlebisa da Sekrebis operaciaTa garda, gansaz-

Rvrulia agreTve transponirebis operacia. transponirebuli TA  

matrica miiReba sawyisi A  matricidan striqonTa Secvlisas svete-

biT : ( )Tij jiA A= . matricebs, romlebic transponirebisas ar icvle-

ba, simetriul matricebs uwodeben. simetriuli S  matricis ijS  

komponentebisaTvis adgili aqvs ij jiS S=  Tanafardobas. yoveli dia-

gonaluri matrica, cxadia, erTdroulad simetriulicaa. 

erTnairi ganzomilebis kvadratuli matricebis sivrce Sekrebisa da 

skalarze elementobriv (elementobiT) gamravlebis Semotanili ope-

raciebiT wrfiv sivrces warmoadgens. misTvis aseve SeiZleba metri-

kisa da normis Semotana. nulovan elementad miiCneven matricas, 

romlis yvela elementi nulis tolia.   

dasasruls aRvniSnoT zogierTi igiveoba operaciebisaTvis matriceb-

ze. nebismieri A , B  da C  matricebisaTvis, agreTve I  erTeulo-

vani maricisaTvis adgili aqvs Semdeg Tanafardobebs :  

1. IA AI A= =  

2. ( ) ( )AB C A BC=   

3. ( )A B C AB AC+ = +   

4. ( )TTA A=   

5. ( )T T TA B A B+ = +  

6. ( )T T TAB B A=  

am TanafardobaTa damtkiceba sasargeblo savarjiSod gamodgeba. 

2. neironuli qselebi 
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leqcia 3. biologiuri neironi da misi kibernetikuli modeli. 

neirobiologia. bilogiuri neironi, misi aRnagoba da funqciebi. nei-
ronebis qselebad gaerTianeba. neironuli qselebis biologiuri cva-
lebadoba da swavleba. neironis kibernetukuli modeli – makkalo-
kisa da pitsis formaluri neironi. neironis swavleba sikaSkaSis 
sazRvris gamovlenis amocanaSi. 

es leqcia gamomTvleli (informatikuli) neironuli qselebis Sem-

swavleli mecnierebis biologiur safuZvlebs eZRvneba. wina leqciis 

msgavsad, masala aqac sacnobo xasiaTs atarebs da gankuTvnilia 

mkiTxvelisaTvis, romelsac specialuri codna biologiaSi ar gaaC-

nia. ufro Rrma profesiuli cnobebis mopoveba SeiZleba n. grinis, 

u. stautisa da d. teiloris rusulad naTargmn wignSi, agreTve 

g. Seperdis monografiaSi. gacnobiTi xasiaTis sakiTxav literatu-

ridan ki f. blumis, a. leizersonisa da l. hofstedteris wigns 

unda gaewios rekomendacia. 

mTeli am kursis farglebSi Cveni mTavari mizani iqneba im meTodebi-

sa da kibernetikuli sistemebis kvleva, romlebic tvinis funqciaTa 

imitirebas axorcielebs sainformacio amocanaTa gadawyvetisas. xe-

lovnuri gamomTvleli sistemebis agebis msgavsi gza bunebrivad 

unda CaiTvalos – umaRlesi biologiuri organizmebi, da gansakuT-

rebiT adamiani, advilad Zlevs da arTmevs Tavs aseT _ maTematikuri 

ganxilvisaTvis ukiduresad rTul _ problemebs. maT ricxvs mie-

kuTvneba, magaliTad, mxedvelobiTi, smeniTi, sensoruli da sxva ti-

pis saxeebis gamocnoba, mexsiereba an sxeulis moZraobis mdgradi 

marTva. biologiuri safuZveli am funqciaTa Seswavlisas Zalze 

mniSvnelovania, bunebrivi mravalferovneba gansakuTrebulad mdidar 
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sawyis masalas iZleva xelovnuri modelebis mimarTuli Seqmnisa-

Tvis. 

leqciis daskvniT nawilSi warmodgenili iqneba neironis klasikuri 

kibernetikuli modeli – makkalokisa da pitsis egreT wodebuli 

formaluri neironi. formaluri neironis zogierTi Tviseba ki fer-

TaAgadasvlis sazRvris deteqtirebis amocanaze Seiswavleba («Savi-

TeTri» gadasvla martiv gamosaxulebaSi).  

neirobiologiis meTodi. 

neirobiologiis sagans nervuli sistemis da misi mTavari organos 

_ tvinis _ Seswavla miekuTvneba. principul sakiTxs am mecnierebi-

saTvis nervuli sistemis aRnagobasa da mis funqcias Soris Tana-
fardobis gamorkveva warmoadgens. amasTan ganxilva ramdenime doneze 

xdeba : molekulis, ujredis, calkeuli organos, mTlianad orga-

nizmisa da Semdeg socialuri jgufis. amrigad, klasikuri neirobio-

logiuri midgoma mdgomareobs Tanamimdevrul winsvlaSi elementa-

ruli formebidan maTi garTulebis mimarTulebiT. 

Cveni praqtikuli miznebisaTvis amosaval wertilad ujreduli done 

iqneba. Tanamedrove Sexedulebebis Tanaxmad, swored am doneze cal-

keul ujredSi mimdinare elementaruli molekuluri qimiur-biolo-

giuri procesebis erToblioba ayalibebs mas informaciis umartive-

si gadamuSavebis SemZle elementarul procesorad.  

biologiuri neironi. 

tvinis ujreduli struqturis elements nervuli ujredi _ neiro-
ni _ warmoadgens. neirons Tavis aRnagobaSi mravali saerTo niSani 

gaaCnia bioqsovilis sxva ujredebTan : neironis tani (sxeuli) gar-

Semortymulia plazmuri membraniT, romlis SigniT citoplazma, 

birTvi da ujredis sxva Semadgeneli komponentia warmodgenili. ma-

gram nervuli ujredi arsebiTad gansxvavdeba sxvebisagan Tavisi 

funqciuri daniSnulebiT. neironi informaciis miRebas, elementa-

rul gardaqmnas da sxva neironebisaTvis Semdgom gadacemas asru-
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lebs. informacia nervuli aqtivobis impulsTa saxiT gadaicema. es 

impulsebi eleqtroqimiuri bunebisaa. 

neironebi metismetad sxvadasxvagvarisaa formiT, romelic damokide-

bulia maT adgilmdebareobaze nervul sistemaSi da funqcionirebis 

Taviseburebebze. naxazze 3.1. naCvenebia «tipuri» neironis agebuleba. 

ujredis sxeuli Seicavs ori tipis mraval datotvlil gamona-

zards. pirveli tipis gamonazardebs dendritebs uwodeben totebga-
Slili xis varjTan (kronasTan) msgavsebis gamo. isini Semavali ar-

xebis rols TamaSobs sxva neironebis nervuli impulsebisaTvis. es 

impulsebi Sedis  3 _ 100 mkm zomis ujredis somaSi anu tanSi da 
iwvevs mis specifikur agznebas, romelic Semdeg meore tipis gamom-

yvan wamonazardSi – aqsonSi _ vrceldeba. aqsonTa sigrZe, Cveuleb-

riv, mniSvnelovnad aRemateba dendritebis zomebs da calkeul SemT-

xvevebSi aTeul santimetrebs da metrebsac ki aRwevs. kalmaris 

(TavfexianTa klasis zRvis moluskis) giganturi aqsonis sisqe da-

axloebiT milimetrs Seadgens da swored masze Catarebuli dakvir-

vebebi gamoiyenes neironebs Soris nervuli impulsebis gadacemis 

meqanizmis gamosarkvevad. 

neironis tani, romelic gamtari ionuri xsnariTaa avsebuli, gar-

Semortymulia mcire gamtarobis 75 angstremamde (erTi angstremi 

santimetris measmilioneds Seadgens ; Svedi fizikosis Angström-is 

gvaris mixedviT) sisqis membraniT. membranis Siga zedapirsa da gare-

mos Soris eleqtrul potencialTa sxvaoba iqmneba. es xorcieldeba 

ionuri tumboebis molekuluri meqanizmis saSualebiT : tumboebi 

dadebiT K+  da Na+  ionebis sxvadasxva koncentracias uzrunvel-

yofs ujredis SigniT da mis gareT. neironis membranis gamWvirva-

loba seleqtiuri xasiaTisaa am ionebisaTvis. simSvidis mdgomareoba-

Si myofi ujredis aqsonis SigniT ionebis aqtiuri transporti 

cdilobs SeinarCunos kaliumis ionebis koncentracia ufro maRal 

doneze, vidre natriumis ionebis, maSin roca aqsonis garSemo arse-

bul siTxeSi Na+  ionebis koncentracia ufro maRal doneze rCeba. 

meti Zvradobis mqone kaliumis ionebis pasiuri difuzia iwvevs maT 

intensiur gamosvlas ujredidan, rac ganapirobebs garemos mimarT 

mis saerTo uaryofiT simSvidis potencials, romelic daaxloebiT 
65−  milivolts Seadgens. 
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nax. 3.1. biologiuri neironis agebulebis zogadi sqema.  

sxva neironebis mastimulirebeli signalebis zemoqmedebiT aqsonis 

membrana dinamikurad icvlis Tavis gamtarobas. es maSin xdeba, roca 

jamuri Sinagani potenciali 50−  mv masStabis zrurblur mniSvne-

lobas gadaaWarbebs. membrana mokle droiT, romelic daaxloebiT 2 

miliwams Seadgens, icvlis Tavis polarobas (depolarizdeba) da 

qmedebis potencials aRwevs, rac 40+  milovolts udris daaxlo-

ebiT. mikrodoneze es aixsneba membranis gamWvirvalobis xanmokle 

momatebiT (gazrdiT) Na+  ionebisaTvis da maTi aqtiuri SesvliT 

aqsonSi. SemdgomSi imisda mixedviT, Tu rogoria kaliumis ionebis 

gamosvla, dadebiTi muxti membranis Sida mxridan icvleba uaryofi-

TiT da daaxloebiT 200 mikrowamis xangrZlivobis egreT wodebuli 

refraqterobis periodi dgeba. am drois ganmavlobaSi neironi 

mTlianad pasiuri rCeba da praqtikulad ucvlelad inarCunebs po-

tencials aqsonis SigniT daaxloebiT 70−  milivoltis doneze. 
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ujreduli membranis depolarizaciis impulsi, romelsac spaiki 
(ingl. spike) ewodeba, aqsonis gaswvriv praqtikulad milevis gareSe 

vrceldeba da lokaluri ionuri gradientebis wyalobiT arsebobs. 

spaikis gadaadgilebis siCqare SedarebiT dabalia da wamSi asidan 

aTasamde santimetrs Seadgens. 

neironis agzneba spaikis saxiT gadaecema sxva neronebs, romlebic 

amrigad gaerTianebulia nervuli impulsebis gamtar qselSi. membra-

nis ubnebs aqsonze, sadac ganTavsebulia mocemuli neironis aqsonis 

kontaqtis are sxva neironebis dendritebTan, sinafsebs (berZn. 

synapsis _ SeerTeba, kavSiri) uwodeben. rTuli agebulebis mqone si-

nafsis areSi xdeba neironebs Soris informaciis gacvla agznebis 

Sesaxeb. sinafsuri gadacemis meqanizmebi sakmarisad rTuli da 

mrafalfeniania. maTi buneba SeiZleba iyos qimiuri da eleqtruli. 

qimiur sinafsSi impulsebis gadacemaSi monawileobs gansakuTrebuli 

qimiuri nivTierebebi _ neiromediatorebi, romlebic membranis loka-

luri ubnis gamWvirvalobis cvlilebebs iwvevs. gamomuSavebuli me-

diatoris tipis mixedviT sinafs SeiZleba axasiaTebdes amgznebi, aR-

mZvreli (agznebis efeqturad gamtari) an mamuxruWebeli moqmedeba. 

Cveulebriv, erTi neironis yvela gamonazardze erTisa da imave 

mediatoris gamomuSaveba xdeba da amitom neironi mTlianobaSia 

funqciurad mamuxruWebeli an amgznebi (aRmZvreli). es mniSvnelova-

ni SeniSvna sxvadasxva tipis neironebis arsebobis Sesaxeb momdevno 

TavebSi arsebiTad iqneba gamoyenebuli xelovnuri sistemebis dapro-

eqtebisas. 

neironuli qselebi. 

gamonazardebSi agznebaTa gadacemis saSualebiT erTmaneTTan urTier-

Tmoqmedi neironebi qmnis neironul qselebs. gadasvla calkeuli 

neironis ganxilvidan neironuli qselebis Seswavlaze bunebrivi na-

bijia neirobiologiur ierarqiaSi.  

adamianis centralur nervul sistemaSi neironTa saerTo ricxvi 

( )10 1110 10− -s aRwevs da amasTan erTad TiToeuli nervuli ujredi 

dakavSirebulia saSualod 3 410 10−  sxva neironTan. dadgenilia, rom 
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Tavis tvinSi neironebis erToblioba 1 3mm  masStabis moculobaSi 

qmnis garkveuli funqciuri datvirTvis matarebel, SedarebiT damo-

ukidebel, lokalur qsels. 

erTmaneTisagan struqturiTa da daniSnulebiT gansxvavebuli neiro-

nuli qselebis ramdenime (Cveulebriv, sam) ZiriTad tips gamoyofen. 

pirvel tips ierarqiuli qselebi Seadgens, romlebsac xSirad 

vxvdebiT sensorul da mamoZravebel gzebSi. aseT qselebSi informa-

cia Tanamimdevruli gadasvlis procesSi gadaicema ierarqiis erT 

donidan meoreze.   

 

nax. 3.2. martivi refleqtoruli neironuli qselis struqtura. 
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neironebi ori damaxasiaTebebli tipis SeerTebas qmnis – konvergen-
tuls, roca erTi donis neironTa didi ricxvi Semdegi donis nei-
ronTa nakleb raodenobasTan Sedis kontaqtSi, da divergentuls, 
roca kontaqtebi momdevno ierarqiuli fenebis neironTa sul ufro 

zrdad raodenobasTan myardeba. konvergentul da divergentul Se-

erTebaTa SeTavseba (Sexameba, Sewyoba) sainformacio gzebis mraval-

jerad dublirebas uzrunvelyofs, rac neironuli qselis saimedo-

obis gadamwyvet faqtors warmoadgens. ujredTa nawilis daRupvis 

SemTxvevaSi qselis moqmedebas SemorCenili neironebi uzrunvel-

yofs. neironuli qselebis meore tips lokaluri qselebi miekuT-
vneba. maTi formireba gavlenis SezRuduli sferos mqone neironebiT 

xdeba. likaluri qselebis neironebi informaciis damuSavebas ierar-

qiis erTi donis farglebSi awarmoebs. amasTan erTad funqciurad 

lokaluri qseli SedarebiT izolirebul mamuxruWebel an amgzneb 

(amZrav) sruqturas warmoadgens. mniSvnelovan rols TamaSobs 

agreTve egreT wodebuli divergentuli qselebi erTi SesasvleliT. 
aseTi qselis fuZeSi myof sakomando (mbrZanebel) neirons SeuZlia 

gavlena moaxdinos erTdroulad mraval neironze da amitom qselebi 

erTi SesasvleliT gvevlineba SemTanxmebel elementad yvela tipis 

neiroqseluri sistemis rTul SeuRlebaSi.   

ganvixiloT sqematurad neironuli qseli, romelic qmnis martiv 

refleqtorul wreds agznebis gadacemiT gamaRizianeblidan mamoZra-

vebel kunTamde (nax. 3.2.).  

garegani gamaRizianeblis signali mgrZnobiare receptorul ujre-

debTan dakavSirebuli sensoruli neironebiT aRiqmeba. sensoruli 

neironebi ayalibebs ierarqiis pirvel (qveda) dones. maT mier gamo-

muSavebuli signalebi lokaluri qselis neironebs gadaecema, rom-

lebic divergentul da konvergentul SeerTebebTan Sexamebul uam-

rav pirdapir da Seqceul kavSirs (e.w. ukukavSirs) Seicavs. 

lokalur qselebSi gardasaxuli signalis xasiaTi motoruli nei-
ronebis agznebis mdgomareobas gansazRvravs. es neironebi, romlebic 

gansaxilvel qselSi ierarqiis zeda dones Seadgens, xatovnad rom 

vTqvaT, «gadawyetilebas iRebs», rac gamoixateba zemoqmedebiT kun-

Tovani qsovilis ujredebze nervul-kunTuri SeerTebebis saSuale-

biT. 
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biologiuri cvalebadoba da neironuli qselebis swavleba. 

neironuli qselebis ZiriTadi tipebis struqtura winaswar gansaz-

Rvrulia genetikurad. amasTan erTad gamokvlevebi SedarebiTi 

neiroanatomiis sferoSi mowmobs imaze, rom agebulebis ZiriTadi 

gegmis mixedviT tvini Zalian araarsebiTad Seicvala evoluciis 

procesSi. magram deterministuli neirouli struqturebi avlens 

cvalebadobis Tvisebebs, rac ganapirobebs maT adaptacias funqcioni-

rebis konkretuli pirobebisadmi. 

genetikur winaswargansazRvrulobas adgili aqvs agreve calkeuli 

neironebis TvisebaTa mimarTac, rogoricaa, magaliTad, gamoyenebuli 

neiromediatoris tipi, ujredis forma da zoma. cvalebadoba ujre-

dul doneze sinafsuri kontaqtebis plastikuribaSi vlindeba. 
neironis metaboluri aqtiurobis xasiaTi da sinafsuri membranis 

gamWvirvaloba SeiZleba icvlebodes neironis xangrZlivi gaaqtiure-

bis (aqtivizaciis) an damuxruWebis pasuxad. sinafsuri kontaqti 

«iwvrTneba» funqcionirebis pirobaTa Sesabamisad.  

cvalebadoba qselis doneze dakavSirebulia neironebis Tavisebure-

basTan. nervuli qsovili praqtikulad moklebulia ujredTa dayo-

fis gziT regeneraciis unars, rac esoden damaxasiaTbeleia qsovil-

Ta sxva tipisaTvis. magram neironebi axali wamonazardebisa da axa-

li sinafsuri kontaqtebis formirebis unars avlens. rigi eqsperi-

mentebisa nervuli gzebis winaswarganzraxuli dazianebiT mowmobs, 

rom neironuli wamonazardebis ganviTarebas Tan sdevs konkurencia 

sinafsuri ubnebis flobisaTvis. mTlianobaSi es Tviseba uzrunvel-

yofs neironuli qselebis funqcionirebis mdgradobas maTi calkeu-

li komponentebis _ neironebis _ SedarebiTi arasaimedoobis piro-

bebSi.   

neironuli qselebisa da calkeuli neironebis TvisebaTa specifiku-

ri cvalebadoba safuZvlad udevs maT unars iswavlos, gaiwvrTnas, 

gaiwafos – ganicados adaptacia funqcionirebis pirobebisadmi praq-

tikulad morfologiuri struqturis ucvlelobis pirobebSi. mag-

ram mainc unda SevniSnoT, rom neironebis mcire jgufebis cvaleba-

dobisa da swavlebis ganxilva pasuxis gacemis saSualebas ar iZleva 
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SekiTxvebze wvrTnis Sesaxeb fsiqikuri moqmedebis umaRles formeb-

Tan (inteleqtTan, abstraqtul azrovnebasTan da metyvelebasTan) 

dakavSirebul doneze.    

axla ki neironebis modelebisa da xelovnuri neironuli qselebis 

ganxilvamde, reziumes saxiT, CamovayaliboT zogadi faqtologiuri 

debulebebi biologiuri neironuli qselebis Sesaxeb. aq Cven veyrd-

nobiT f. blumis, a. leizersonisa da l. hofstedteris wigns. 

nervuli sistemis ZiriTad moqmed elementebs neironebad wodebuli 

calkeuli ujredebi warmoadgens. maT mravali saerTo niSani gaaCnia 

sxva tipis ujredebTan, magram amasTan erTad neironebi Zalian gan-

sxvavdeba am ujredebisagan Tavisi konfiguraciiTa da funqciuri da-

niSnulebiT. nervuli impulsebis gadacemisas da damuSavebisas nei-

ronebis aqtivoba regulirdeba membranis TvisebebiT, romlebic si-

nafsuri mediatorebis zemoqmedebiT SeiZleba Seicvalos. neironis 

biologiuri funqciebi aseve SeiZleba Seicvalos da adaptacia gani-

cados funqcionirebis pirobaTa Sesabamisad. neironebi erTiandeba 

neironul qselebad. maTi ZiriTadi tipebi, agreTve tvinis gamtari 

gzebis sqemebi genetikurad winaswar daprogramebulia. ganviTarebis 

procesSi SesaZlebelia neironuli qselebis lokaluri saxecvla 

axali kavSirebis damyarebiT neironebs Soris. unda aRiniSnos ag-

reTve, rom nervuli sistema, neironebis garda, sxva tipis ujredeb-

sac Seicavs. 

formaluri neironi. 

istoriul aspeqtSi pirvel naSromad, romelmac Teoriuli saZir-

kveli Cauyara neironebisa da neironuli qselebis xelovnuri mode-

lebis Seqmnas, uoren s. makkalokisa da valter pitsis mier 1943 

wels gamoqveynebuli statiaa miCneuli («nervul aqtivobasTan Sexe-

baSi myofi ideebis logikuri aRricxva»). makkalokisa da pitsis 

Teoriis mTavari principi mdgomareobs imaSi, rom umaRles nervul 

moqmedebasTan SexebaSi myofi nebismieri movlena SeiZleba gaanalize-

buli da gagebuli iyos rogorc garkveuli aqtivoba mxolod ori 

mdgomareobis («yvelaferi an araferi») mqone logikuri elementebi-

sagan Sedgenil qselSi. amasTan erTad nebismieri logikuri gamosa-
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xulebisaTvis, romelic xsenebuli avtorebis mier Camoyalibebul 

pirobebs akmayofilebs, SeiZleba logikuri elementebis qselis pov-

na am gamosaxulebasTan SeTanxmebuli qceviT. sadiskusio sakiTxebi, 

romlebic exeba fsiqikis, cnobierebisa da misTananis modelirebis 

SesaZleblobas, am saleqcio kursis CarCoebs miRma rCeba.     

 

nax. 3.3. makkalokisa da pitsis formaluri neironis funqciuri sqema. 

SemdgomSi «formaluri neironis» saxelwodebiT aRiarebuli aseTi 

logikuri elementis modelisaTvis gavrcelda nax. 3.3.-ze naCvenebi 

sqema. Tanamedrove TvalsazrisiT formaluri neironi ramdenime Se-

sasvlelisa da erTi gamosasvlelis mqone martivi procesoris maTe-

matikur models warmoadgens. «dendritebis» meSveobiT miwodebuli 

Semavali signalebis veqtori gardaiqmneba neironis mier «aqsoniT» 

gamotanil gamomaval signalad sami funqciuri blokis gamoyenebiT : 

lokaluri mexsierebis, Sekrebisa da arawrfifi gardaqmnis. 

lokaluri mexsierebis veqtori Seicavs informacias woniT Tanamam-

ravlebze, romlebiTac Semavali signalebi interpretirebuli iqneba 

neironis mier. es cvladi wonebi plastikuri sinafsuri kontaqte-

bis grZnobierebis analogs warmoadgens. wonaTa arCeviT neironis 

esa Tu is integraluri funqcia miiReba. 
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Sekrebis blokSi saerTo Semavali signalis dagroveba xdeba, rome-

lic SesasvlelTa awonil jams udris da igi, Cveulebriv, net  sim-
boloTi aRiniSneba : 

1

n

i i
i

net W x
=

= ∑  . 

makkalokisa da pitsis modelSi warmodgenili ar aris Semavali 

signalebis dayovnebebi, amitom net -is mniSvneloba gansazRvravs nei-

ronis mier aRqmul srul gareSe agznebas. neironis gamoZaxili amis 

Semdeg aRiwereba principiT «yvelaferi an araferi», ese igi cvladi 

arawrfiv zRurblur gardasaxvas ganicdis, romlis drosac Y  ga-

mosasvleli (neironis aqtivaciis mdgomareoba) erTis tol mniSvne-

lobas iZens, Tu net > Θ , da 0Y =  winaaRmdeg SemTxvevaSi, roca 

net ≤ Θ . Θ  zRurblis mniSvneloba, romelsac xSirad nulis to-

lad miiCneven, aseve lokalur mexsierebaSi inaxeba. 

formaluri neironebi qselebad SeiZleba gaerTiandes neironebis er-

Ti jgufis gamosasvlelTa SerTvisas (Sekvrisas) neironebis meore 

jgufis SesasvlelebTan, da aseT kibernetikur sistemas saTanadod 

SerCeuli wonebiT SeuZlia nebismieri logikuri funqciis warmo-

dgena. miRebuli neironuli qselebis Teoriuli aRwerisaTvis logi-

kuri predikatebis aRricxvis maTemaTikuri ena unda gamoeyenebiaT. 

unda aRiniSnos, rom dResac ki, makkalokisa da pitsis naSromis ga-

moqveynebidan eqvsi aTeuli wlis gavlisas, nebismieri funqciis gan-

mxorcielebeli logikuri neironuli qselebis sinTezis amomwuravi 

Teoria, rogorc Cans, ar arsebobs. yvelaze warmatebuli aRmoCnda 

gamokvlevebi mravalfeniani (mravalSriani) sistemebisa da simetriu-

li kavSirebis mqone qselebis sferoSi. modelebis umravlesoba Ta-

vis safuZvelSi eyrdnoba formaluri neironis sxvadasxva saxecva-

lebas (modifikacias). formaluri neironis mniSvnelovan ganviTare-

bas analogur (uwyvet) signalebze da arawrvif ( )Y f net=  gardama-

val funqciaTa sxvadasxva tipze gadasvla warmoadgens. aRvweroT 

gardamaval funqciaTa is tipebi, romlebsac gansakuTrebiT xSirad 

xmaroben.  
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• (makkalokosa da pitsis mier ganxiluli) zRurbluri funq-

cia : 

( )
1,
0,

net
Y f net

net
> Θ

= =  ≤ Θ
 

• wrfivi funqcia, agreTve misi varianti – wrfivi funqcia 

uaryofiTi signalebis CaxSobiT :  

( )
,

0,
net net

Y f net
net

> Θ
= =  ≤ Θ

 

• sigmoiduri funqcia :  

( )
( )( )
1

1 exp
Y f net

net
= =

+ − −Θ
 

rogorc jer kidev s. grosbergi miuTiTebda, sigmoidur funqcias 

gaaCnia SerCeviTi grZnobiereba sxvadasxva intensivobis signalebis 

mimarT, rac Seesabameba biologiur monacemebs. udidesi grZnobiereba 

SeimCneva zRurblis areSi, sadac net  signalis mcire cvlilebebi 

gamosasvlelis mniSvnelovan cvlilebebs iwvevs. piriqiT, signalis 

variaciebis mimarT zRurbluri donis Zalian zeviT an qveviT sig-

moiduri funqcia mgrZnobiare ar aris, vinaidan misi warmoebuli di-

di da mcire argumentis SemTxvevaSi nulisaken miiswrafvis.  

amJamad ganixileba agreTve formaluri neironebis maTematikuri mo-

delebi, romlebic iTvaliswinebs arawrfiv korelaciebs Sesasvle-

lebs Soris. makkalokisa da pitsis neironebisaTvis Seqmnilia eleq-

troteqnikuri analogebi pirdapiri aparatuli modelirebis gansa-

xorcieleblad.  
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neironis gawvrTna (gawafva) Savi da TeTri ferebis sazRvris 

deteqtirebisaTvis. 

formaluri neironis unari swavlebisadmi vlindeba wonebis W  veq-

toris mniSvnelobaTa cvlilebis SesaZleblobaSi, romelic biolo-

giuri neironebis sinafsTa plastikurobas Seesabameba. ganvixiloT 

formaluri neironis swavleba sazRvris deteqtirebis umartivesi 

amocanis magaliTze. davuSvaT, rom gvaqvs saxe, romelic Sedgenilia 

Savi da TeTri ujredebis erTganzomilebiani mimdevrobiT. Savi uj-

redebi erTeulovan signals Seesabameba, xolo TeTri – nulovans. 

formaluri neironis Sesasvlelebze signali myardeba mocemuli sa-

xis momijnave ujredTa wyvilebis tol mniSvnelobebze. neironi yo-

velTvis swavlobs agznebasa da erTeulovani gamomavali signalis 

gamocemas, Tu misi pirveli Sesasvleli (nax. 3.4.-ze _ marcxena) Se-

erTebulia TeTr ujredTan, xolo meore (marjvena) – SavTan. amri-

gad, neironi saxis naTeli tonidan muq tonze gadasvlis sazRvris 

deteqtorad unda gamoiyenebodes. 

 

 

nax. 3.4.  orSesasvleliani formaluri neironi, romelic amuSavebs Savi da 
TeTri ujredebis erTganzomilebiani mimdevrobiT warmodgenil saxes. 

 

neironis mier Sesasrulebuli funqcia Semdegi cxriliT ganisaz-

Rvreba : 
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 Sesasvleli 1 Sesasvleli 2 saWiro gamosasvleli 

1 1 0 

1 0 0 

0 1 1 

0 0 0 

mocemuli amocanisaTvis neironis wonebisa da zRurblis mniSvnelo-

bebi yovelgvari swavlebis specialuri proceduris gareSec ganisa-

zRvreba. advilad SeiZleba davrwmundeT, rom saWiro moTxovnebs 

1 20, 1, 1W WΘ = = − = +  nakrebi akmayofilebs. muqidan naTelisaken ga-

dasvlis sazRvris deteqtirebis amocanis SemTxvevaSi ki wonebs ad-

gili unda Seecvalos.  

zogad SemTxvevaSi wonebis gadasawyobad neironis swavlebisas Seq-

mnilia sxvadasxva algoriTmebi, romlebic ganxiluli iqneba forma-

luri neironebisagan Sedgenili konkretuli tipis neironuli qse-

lebis mixedviT. 
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leqcia 4. rozenblatis perseptroni. 

umartivesi neironuli qseli – rozenblatis perseptroni. wrfivi 
gancalkevebadoba da Teorema perseptronis swavlebis Sesaxeb. 

am da momdevno leqciebSi Cven SevudgebiT literaturaSi aRwerili 

xelovnuri neironuli qselebis ZiriTadi modelebisa da Sesabamisi 

amocanebis uSualo ganxilvas. daviwyebT perseptroniT – kiberneti-

kul ganxorcielebamde (realizaciamde) miyvanili pirveli neiroqse-

luri paradigmiT (nimuSiT, magaliTiT). 

rozenblatis perseptroni. 

erT-erT pirvel xelovnur wreds, romelsac percefciis (aRqmis ; 

laT. percepcio) da aRqmul stimulze reaqciis formirebis unari 

gaaCnda, rozenblatis perseptroni (perceptron) warmoadgens (F. Ro-
senblatt, 1957). perseptroni misi avtoris mier ganixileboda ara 

rogorc konkretuli teqnikuri mowyobiloba, aramed rogorc tvi-

nis muSaobis modeli. unda aRiniSnos, rom gamokvlevaTa ramdenime 

aTwleulis Semde Tanamedrove gamokvlevebi xelovnuri neironuli 

qselebis dargSi iSviaTad isaxavs aseT mizans. 



 33 

 

nax. 4.1. rozenblatis elementaruli perseptroni. 

umartivesi klasikuri perseptroni Seicavs neironis msgavs sami ti-

pis elementebs (ix. nax. 4.1.). maTi daniSnuleba saerTo jamSi Seesa-

bameba wina leqciaSi ganxiluli refleqtoruli neironuli qselis 

neironebs. S -elementebi qmnis sensoruli ujredebis baduras (ba-

disebr garss) signalebis misaRebad gare samyarodan. amis Semdeg 

signalebi asociaciuri anu A -elementebis fenas miewodeba (gamosa-

xulebis gasamartiveblad kavSirebi (bmebi) S -ujredebidan A -ujre-

debamde nawilobrivadaa naCvenebi). mxolod asociaciuri elementebi, 

romlebic formalur neironebs warmoadgens, informaciis arawrfiv 

damuSavebas awarmoebs, da aseT elementebs kavSirebis (bmebis) cva-

lebadi wonebi gaaCnia. dafiqsirebuli wonebis mqone R -elementebi 

ki qmnis perseptronis reaqciis signals Semaval stimulze. 

rozenblati aseT neironul qsels samfenians uwodebda, magram Tana-

medrove terminologiiT, romelic leqciaTa am kursSia daculi, 

warmodgenil qsels erTfenianad ganixilaven, radgan mas neiropro-

cesoruli elementebis mxolod erTi fena gaaCnia. erTfeniani per-
septroni S -dan A -mde damyarebuli sinafsuri kavSirebis (bmebis) 

W  matriciT xasiaTdeba. am matricis ijW  elementi Seesabameba kav-

Sirs (bmas), romelic i -ur S -elementidan j -ur A -elementamde 

midis.  

3    

 

3. neironuli qselebi 
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kornelis saaviacio laboratoriaSi MARK-1 perseptronis eleq-

troteqnikuri modeli daaproeqtes, romelic 8  gamomaval R -ele-

ments da 512  A -elements Seicavda. maTi SeerTeba sxvadasxva kombi-
naciiT iyo SesaZlebeli. am perseprtronze anbanis asoebisa da geo-

metriuli saxeebis gamosacnobad eqsperimentebis mTeli seria Catar-

da. 

rozenblatis naSromebSi gakeTda daskvna imis Sesaxeb, rom ganxilu-

li arqiteqturis neironul qsels nebismieri logikuri funqciis  

asaxva (aRwarmoeba) SeeZleba, magram, rogorc es mogvianebiT m. min-

skisa da s. peipertis mier iyo naCvenebi (M.Minsky, S.Papert, 1969), 
xsenebuli daskvna zusti ar aRmoCnda. gamovlinda erTfeniani per-

septronebis auridebeli (moucilebeli, mouSorebeli) SezRudvebi 

da amis Semdeg ZiriTadad perseptronis mravalfeniani variantis 

ganxilva daiwyes, romelSic procesoruli elementebis ramdenime 

fena arsebobs. 

dRevandeli poziciebidan erTfeniani perseptroni ufro istoriul 

interess warmoadgens, magram mis magaliTze SesaZlebelia ZiriTadi 

cnebebisa da neironuli qselebis swavlebis martivi algoriTmebis 

Seswavla.  

Teorema perseptronis swavlebis Sesaxeb. 

qselis swavleba TiToeuli neironis woniTi koeficientebis gada-

wyobaSi (dayenebaSi) mdgomareobs. davuSvaT, rom gvaqvs veqtorTa 

( ), , 1, ,x y pα α α =   wyvilebis simravle, romelsac maswavlebeli 

(gamwafveli, gamwvrTneli) a(mo)nakrebi ewodeba. neironul qsels 

mocemul maswavlebel (gamwafvel, gamwvrTnel) a(mo)nakrebze naswav-

li (gawvrTnili, gawafuli) vuwodoT, Tu qselis Sesasvlelebze 

TiToeuli xα  veqtoris miwodebisas gamosasvlelebze yovelTvis 

Sesabamisi yα  veqtori miiReba. 

f. rozenblatis mier wamoyenebuli swavlebis meTodi mdgomareobs 

wonaTa matricis iteraciul gadawyobaSi, romelic TanamimdevrobiT 
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amcirebs cdomilebas gamomaval veqtorebSi. algoriTmi ramdenime 

bijs Seicavs : 

biji 0.  yvela neironis wonaTa ( )0W t =  sawyisi mniSvne-

lobebi SemTxveviT sidideebad miiCneva.  

biji 1.  qsels xα  Semavali saxe miewodeba, Sedegad gamoma-

vali y y
α α≠  saxis formireba xdeba. 

biji 2.  gamoiTvleba qselis mier gamosasvlelze daSvebu-

li cdomilebis ( )y y
αα αδ = −  veqtori. Semdgomi 

idea imaSi mdgomareobs, rom woniTi koeficiente-

bis veqtoris cvlileba mcire cdomilebaTa areSi 

gamosasvlelze gaCenili cdomilebis proporciuli 

unda iyos, an nulis toli, Tu es cdomileba 

nuls udris.  

biji 3.  wonaTa veqtorebis modificireba 

( ) ( ) ( )TW t t W t xα αη δ+ ∆ = + ⋅ ⋅  

formuliT xorcieldeba. aq 0 1η< <  _ swavlebis 

temps, xolo T  _ transponirebis niSans warmoad-

gens, dabolos,  t  da t t+ ∆  _ bijTa wina da mom-

devno momentebia. 

biji 4.  1 – 3 bijebi meordeba yvela maswavlebeli veqto-

risaTvis. mTeli a(mo)nakrebis wardgenis erT 

cikls epoqa ewodeba. swavleba ramdenime epoqis ga-

vlis Semdeg sruldeba, saxeldobr : an a) roca 

iteraciebis daaxloeba moxdeba, ese igi wonebis 

veqtoris cvlileba Sewydeba, an b) roca sruli, 

yvela veqtoriT dajamebuli, absoluturi cdomi-

leba garkveul mcire mniSvnelobaze naklebi gaxde-

ba. 
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mesame bijze gamoyenebuli formula Semdeg garemoebebs iTvaliswi-

nebs : a) modificirebas wonaTa matricis mxolod is komponentebi 

ganicdis, romlebic Sesasvlelebis aranulovan mniSvnelobebs Seesa-

bameba ; b) wonis nazrdis niSani cdomilebis niSans Seesabameba, ese 

igi dadebiTi Secdoma ( 0δ >  da, amrigad, gamosasvlelis mniSvnelo-

ba naklebia saWiroze) kavSiris (bmis) gaZlierebas iwvevs ; g) yove-

li neironis swavleba danarCeni neironebis swavlebisagan damouki-

deblad xorcieldeba, rac _ biologiuri TvalsazrisiT Zalian 

mniSvnelovan _ swavlebis lokalurobis princips Seesabameba.   

swavlebis am meTods f. rozenblatma uwoda «koreqciis meTodi Se-

cdomis signalis ukugadacemiT». mogvianebiT ufro farTod 

«δ _wesis» saxelwodeba gavrcelda. warmodgenili algoriTmi mas-
wavlebliT swavlebis algoriTmTa mniSvnelovan klass miekuTvneba, 

vinaidan cnobilia rogorc Semavali veqtorebi, aseve gamomavali 

veqtorebis saWiro mniSvnelobebi (sxvanairad rom vTqvaT, warmodge-

nilia maswavlebeli, romelsac moswavlis pasuxis siswore SeuZlia 

Seafasos). 

rozenblatis mier damtkicebuli Teorema δ -wesiT ganxorcielebu-

li swavlebis krebadobis Sesaxeb gveubneba, rom perseptrons nebis-

mieri maswavlebeli a(mo)nakrebis Seswavla (aTviseba) SeuZlia, Tu 

gansaxorcielebeli funqcia perseptronis mier realizebad funqcia-

Ta klass miekuTvneba, anu, sxvanairad, Tu perseptrons am a(mo)na-

krebis warmodgenis unari gaaCnia.   

wrfivi gancalkevebadoba da perseptronuli warmodgenadoba. 

TiToeuli perseptronis neironi formalur zRurblur elements 

warmoadgens, romelic erTeulovan mniSvnelobebs iRebs, Tu jamuri 

awonili Sesasvleli garkveul zRurblur mniSvnelobaze metia : 

1,

0,

ij i j
i

j
ij i j

i

W x
y

W x

 > Θ
= 

≤ Θ


∑
∑

 . 
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amrigad, wonebisa da zRurblis mocemuli sidideebis pirobebSi nei-

rons gamomavali aqtivobis gansazRvruli mniSvneloba gaaCnia Sesas-

vlelebis yoveli SesaZlo veqtorisaTvis. Sesasvlel veqtorTa sim-

ravle, romelzec neironi aqtiuria ( 1y = ), gancalkevebulia aseT 

veqtorTa simravlisagan, romelzec neironi pasiuria ( 0y = ), Semde-

gi gantolebiT aRwerili hipersibrtyiT : 

0ij i j
i

W x −Θ =∑ . 

maSasadame, neirons SesasvlelTa veqtorebis mxolod ori iseTi sim-

ravlis gancalkeveba SeuZlia, romlisTvisac erTi simravlis meore 

simravlisagan wamkveTi hipersibrtye arsebobs. aseT simravleebs 

wrfivad gancalkevebadi ewodeba. es cneba magaliTze davasuraToT.  

davuSvaT, rom gvaqvs neironi, romlisTvisac Semavali veqtori sib-

rtyis ganmsazRvrel mxolod or ( )1 2,x x  bulis komponents Seicavs. 

mocemul sibrtyeze veqtorTa SesaZlo mniSvnelobebi erTeulovani 

kvadratis wveroebs Seesabameba. yovel wveroSi gansazRvrulia nei-

ronis aqtivobis saWiro (moTxovnili) mniSvneloba : 0 (nax. 4.2.-ze 

– TeTri wre) an 1 (Savi wre imave naxazze). unda dadgindes : arse-

bobs Tu ara neironis wonebisa da zRurblTa iseTi nakrebi, romel-

zec am neirons sxvadasxva feris wreTa gancalkeveba SeeZleba?  

naxazze 4.2. warmodgenilia erT-erTi iseTi situacia, roca amis ga-

keTeba SeuZlebelia TeTri da Savi wreebis simravleTa wrfivi ganu-

calkevebadobis gamo.  
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nax. 4.2. TeTri wreebi ar SeiZleba ganvacalkevoT Savebisagan erTi wrfiT. 

am naxazisaTvis neironis saWiro (moTxovnili) aqtivoba ganisazR-

vreba cxriliT, romelSic advili amosacnobia XOR -funqciis («ga-

momricxveli an»-is) WeSmaritobis Semdegi tabula : 

X1 X2 Y 

0 0 0 

1 0 1 

0 1 1 

1 1 0 

funqciis sxvadasxva mniSvnelobebis Sesabamis argumentTa simravle-

ebis wrfivi ganucalkevebadoba imas niSnavs, rom logikur mowyobi-

lobebSi esoden farTod  gamoyenebuli XOR -funqcia ar SeiZleba 

warmodgenili iyos formaluri neironiT. misi swored aseTi mok-

rZalebuli SesaZleblobebi iqna gamoyenebuli f. rozenblatis per-

septronuli mimarTulebis kritikisaTvis m. minskisa da s. peipertis 

mxridan.    
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argumentTa ricxvis gazrdisas mdgomareoba kidev ufro katastro-

fuli xdeba : fardobiTi raodenoba funqciebisa, romlebsac wrfivi 

gancalkevebadobis Tviseba gaaCnia, mkveTrad mcirdeba. maSasadame, 

mkveTrad izRudeba funqciaTa is klasi, romelic perseptroniT Sei-

Zleba iyos realizebuli (egreT wodebuli perseptronuli warmod-
genadobis Tvisebis mqone funqciebis klasi). Sesabamisi monacemebi 

moyvanilia Semdeg cxrilSi :  

 

cvladebis ric-

xvi N  

SesaZlo logikuri 

funqciebis sruli 

raodenoba 
( )22

N

 

maT Soris wfri-

vad gancalkeve-

badi funqciebi 

1 4 4 

2 16 14 

3 256 104 

4 65536 1882 

5 > 1000000000 94572 

rogorc vxedavT, erTfeniani perseptroni ukiduresad SezRudulia 

Tavis SesaZleblobebSi zustad warmoadginos winaswar mocemuli 

logikuri funqcia. unda aRiniSnos, rom mogvianebiT, gasuli sauku-

nis samocdaaTiani wlebis dasawyisSi, es SezRudva gadalaxuli iqna 

neironebis ramdenime fenis SemotaniT, magram kritikulma ganwyobam 

da damokidebulebam klasikuri perseptronis mimarT Zalian Seasus-

ta interesi xelovnuri neironuli qselebis sferoSi da daamuxru-

Wa samecniero kvlevebi am dargSi.  

dasasruls SevCerdeT im problemebze, romlebic Ria darCa f. ro-

zenblatis publikaciis Semdeg. am amocanebis nawili mogvianebiT 

gadawyda (da nawilobrivad ganxilulia momdevno leqciebSi), 

zogierTi ki srul Teoriul ganxilvas dResac moiTxovs.  
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1. simravleTa wrfivi gancalkevebadobis pirobis praqtikuli 

Semowmeba. rozenblatis Teorema warmatebuli swavlebis ga-

rantias mxolod perseptronulad warmodgenad funqciebisa-

Tvis iZleva, magram arafers ambobs imis Sesaxeb, Tu rogor 

gamovavlinoT praqtikulad es Tvieseba swavlebamde.  
2. ramdeni biji iqneba saWiro iteraciuli swavlebis dros? 

sxva sityvebiT : gaWianurebuli, gajanjlebuli swavleba 

SeiZleba iyos rogorc funqciis warmoudgenadobis Sedegi 

(da am SemTxvevaSi igi arasdros dasruldeba), aseve ubra-

lod algoriTmis Tavisebureba.  
3. rogor gavlenas axdens swavlebaze saxeTa wardgenis mimdev-

roba swavlebis epoqis ganmavlobaSi?  
4. saerTod Tu aqvs δ -wess upiratesobebi wonaTa martiv ga-

dasinjvasTan (gadarCevasTan) SedarebiT, anu Tu warmoadgens 

igi swrafi swavlebis konstruqciul algoriTms? 

5. rogori iqneba swavlebis xarisxi, roca maswavlebeli 

a(mo)nakrebi veqtorTa SesaZlo wyvilebis mxolod nawils 
Seicavs? rogori iqneba perseptronis pasuxebi axal veqto-

rebze? 

ukanaskneli sakiTxi ukavSirdeba informatikuli (gamoTvliTi) nei-

romecnierebis Rrma Sreebs. isini Seexeba xelovnur sistemaTa unars 

ganazogados SezRuduli individualuri gamocdileba situaciebis 

ufro farTo klasze, roca gamoZaxili winaswar cnobili ar aris 

neiroqselisaTvis. situacia, sadac sistemas uxdeba axal saxeebTan 

muSaoba, tipuria, radgan yvela SesaZlo magaliTis raodenoba eqs-

ponenturad swrafad izrdeba cvladTa ricxvis momatebasTan erTad, 

amitom praqtikaSi qselis individualuri gamocdileba yovelTvis 

principulad ar aris sruli. 

ganzogadebis SesaZleblobebi neiroqselebSi dawvrilebiT iqneba gan-

xiluli Semdeg leqciaSi.  
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leqcia 5. neironul qselebSi swavlebis procesTa Tvisebebi. 

neironuli qselebis swavleba magaliTebze. ganzogadebaTa (kategori-
ebis) formireba swavlebisas. neironuli qselis niSanTvisebiTi da 
konfiguraciuli (fazuri) sivrce. swavleba rogorc mravalfaqto-
riani optimizaciis amocana.  

magaliTebze neironuli qselis swavlebis amocana. 

Tavisi organizaciisa da funqciuri daniSnulebis mixedviT xelov-

nuri neironuli qseli ramdenime SesasvleliTa da gamosasvleliT 

Semavali stimulebis – gare samyaros Sesaxeb sensoruli informa-

ciis – gamomaval mmarTvel signalebad garkveul gardasaxvas asru-

lebs. gardaqmnili stimulebis ricxvi qselis SesasvlelTa n  rao-

denobas udris, xolo gamomavali signalebis ricxvi gamosasvlelTa 

m  raodenobas Seesabameba. n  ganzomilebis yvela SesaZlo Semavali 
veqtoris erToblioba X  veqtorul sivrces qmnis, romelsac amie-

ridan Cven niSanTvisebiT sivrces vuwodebT. Sesabamisi sivrceebis 

ganxilvisas igulisxmeba  Sekrebisa da skalarze gamravlebis Cveu-

lebrivi veqtoruli operaciebis gamoyeneba (dawvrilebiT ix. leq-

cia 2). analogiurad, gamomavali veqtorebi aseve qmnis niSanTvisebiT 

sivrces, romelic Y  simboloTi aRiniSneba. axla neironuli qseli 

SeiZleba ganixilebodes rogorc garkveuli mravalganzomilebiani 

funqcia :F →X Y , romlis argumenti SesasvlelTa niSanTvisebiT 

sivrces miekuTvneba, xolo mniSvneloba – gamomaval niSanTvisebiT 

sivrces. 

qselis neironTa sinafsuri woniTi koeficientebis nebismieri mniS-

vnelobebis pirobebSi qseliT realizebuli funqcia aseve nebismie-

ria. saWiro funqciis misaRebad ki wonaTa specifikuri (gansakuTre-
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buli) arCevaa aucilebeli. yvela neironis yvela woniTi koeficien-

tis mowesrigebuli erToblioba W  veqtoris saxiT SeiZleba war-

movidginoT. aseTi veqtorebis simravle ki qmnis veqtorul sivrces, 

romelsac mdgomareobaTa sivrce anu konfiguraciuli (fazuri) siv-
rce ewodeba da W  simboloTi aRiniSneba. termini «fazuri sivr-

ce» movida mraval nawilakTa statistikuri fizikidan, sadac am 

sityvebiT sistemis Semadgeneli yvela nawilakis koordinatebisa da 

impulsebis erToblioba aRiniSneba. 

veqtoris mocema konfiguraciul sifrceSi mTlianad gansazRvravs 

yvela sinafsur wonas da, amrigad, qselis mdgomareobasac. mdgoma-

reobas, romlis drosac qseli dakisrebul funqcias asrulebs, qse-

lis *W  naswavl mdgomareobas uwodeben. SevniSnoT, rom mocemuli 

funqciisaTvis naswavli mdgomareoba SeiZleba ar arsebobdes an 

erTaderTi ar iyos. axla swavlebis amocana formalurad konfigu-

raciul sivrceSi raRac nebismieri 0W  mdgomareobidan naswavl 

mdgomareobaSi gadasvlis procesis agebis ekvivalenturia (tolfa-

sia).  

saWiro funqcia calsaxad aRiwereba niSanTvisebiTi X  sivrcis Ti-

Toeuli veqtorisaTvis Y  sivrcidan raRac veqtoris Sesabamisobis 

mocemiT. erTneironiani qselis SemTxvevaSi sazRvris deteqtirebis 

amocanidan, romelic mesame leqciis boloSia ganxiluli, saWiro 

funqciis sruli aRwera veqtorTa mxolod oTxi wyvilis mocemiT 

miiRweva. magram zogad SemTxvevaSi, rogorc, magaliTad, videogamo-

saxulebasTan muSaobisas, niSanTvisebiT sivrceebs SeiZleba maRali 

ganzomileba gaaCndes, amitom bulis veqtorebis SemTxvevaSic ki 

funqciis calsaxa gansazRvra erTob uzarmazari xdeba (im pirobiT, 

cxadia, rom funqcia cxadad ar aris mocemuli, magaliTad, formu-

liT ; magram cxadi saxiT mocemuli funqciebisaTvis, Cveulebriv, 

neiroqseluri modelebiT maTi warmodgenis moTxovnileba arc war-

moiqmneba). mraval praqtikul SemTxvevaSi saWiro funqciebis mniS-

vnelobebi argumentis mocemuli mniSvnelobebisaTvis eqsperimentidan 

an dakvirvebebidan miiReba da, maSasadame, cnobilia veqtorebis mxo-

lod SezRuduli erTobliobisaTvis. garda amisa, funqciis cnobili 

mniSvnelobebi SeiZleba cdomilebebs Seicavdes, xolo calkeuli mo-

nacemebi SeiZleba nawilobriv ewinaaRmdegebodes kidec erTmaneTs. am 
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mizezebis gamo neironuli qselis winaSe, Cveulebriv, arsebuli ma-
galiTebis safuZvelze funqciis miaxloebiTi warmodgenis amocana 

dgas. veqtorebs Soris Sesabamisobebis magaliTebs, romlebic mkvle-

varis gankargulebaSia, an yvela magaliTidan specialurad SerCeul 

gansakuTrebulad warmomadgenlobiT monacemebs maswavlebel a(mo)na-
krebs uwodeben. maswavlebeli a(mo)nakrebi, Cveulebriv, veqtorTa 

wyvilis mocemiT ganisazRvreba, Tanac yovel wyvilSi erTi veqtori 

stimuls Seesabameba, xolo meore – moTxovnil (saWiro) reaqcias. 

neironuli qselis swavleba mdgomareobs maswavlebeli a(mo)nakrebis 

stimulTa yvela veqtorze moTxovnili (saWiro) reaqciebis miRebaSi 

neironebis woniTi koeficientebis arCevis gziT. 

kibernetikis zogadi problema, romelic mocemuli funqciuri qce-

vis xelovnuri sistemis agebas gulisxmobs, neironuli qselebis 

konteqstSi saWiro xelovnuri qselis sinTezis amocanad ganixile-

ba. igi Semdeg qveamocanebs SeiZleba Seicavdes : 1) gadasawyveti amo-

canisaTvis arsebiTi niSnebis arCeva da niSanTvisebiTi sivrceebis 

formireba ; 2) gadasawyveti amocanis adekvaturi neironuli qselis 

arqiteqturis arCeva an daproeqteba ; 3) maswavlebeli a(mo)nakrebis 

miReba niSanTvisebiTi sivrceebis yvelaze warmomadgenlobiTi, eqs-

pertTa azriT, veqtorebidan ; 4) neironuli qselis swavleba mas-

wavlebel a(mo)nakrebze.  

unda aRiniSnos, rom pirveli sami qveamocana neironul qselebTan 

muSaobis garkveul eqspertul gamocdilebas moiTxovs, da aq ar ar-

sebobs amomwuravi formaluri rekomendaciebi. es sakiTxebi mTeli 

am kursis manZilze ganixileba sxvadasxva neiroqselur arqiteqtu-

rebTan dakavSirebiT, maTi swavlebis TaviseburebaTa da gamoyenebaTa 

ilustraciebiT. 

klasifikacia da kategorizacia. 

im SemTxvevaSi, roca gamomavali niSanTvisebiTi sivrce warmoadgens 

diskretul CamonaTvals monacemTa ori an meti jgufiT, neironuli 

qselis amocanaa miakuTvnos Semavali veqtorebi erT-erT am jgufs. 

aseT SemTxvevaSi amboben, rom neiroqseluri sistema monacemTa kla-
sifikaciasa da kategorizacias asrulebs.  
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es ori inteleqtualuri amocana, etyoba, erTmaneTisagan unda gan-

vasxvavoT. termini klasi garkveuli niSnebisa da wesebis mixedviT 

gamoyofili da dajgufebuli sagnebisa da cnebebis (saxeebis) erTo-

bliobad SeiZleba ganisazRvros. klasifikacia garkveuli saxis mo-
Tavsebas gulisxmobs klasSi am formaluri wesebiT niSnebis 

erTobliobis safuZvelze. kategoria ki (Tu am cnebis specifikur 
filosofiur xasiaTs movwydebiT) saxeTa mxolod garkveul zogad 

Tvisebebs da saxeTa Soris kavSirebs (bmebs) adgens. kategorizaciis 
(ese igi mocemuli saxis romelime kategoriasTan kavSiris garkve-

vis) amocana gacilebiT ufro naklebadaa gansazRvruli, vidre kla-

sisadmi mimarTebis problema. sxvadasxva kategoriebis sazRvrebi 

aramkafioa, bundovani, da, Cveulebriv, Tavad kategoria formaluri 

ganmartebis safuZvelze ki ar aRiqmeba, aramed mxolod sxva katego-

riebTan Sedarebis Sedegad. klasebis sazRvrebi ki, piriqiT, sakmari-

sad zustadaa gansazRvruli _ saxe mocemul klass miekuTvneba, Tu 

mas am klasisaTvis damaxasiaTebeli niSnebis aucilebeli raodenoba 

gaaCnia. 

maSasadame, klasifikatorma (maklasificirebelma sistemam) unda da-

adginos : ekuTvnis Tu ara saxe erT-erT formalurad gansazRvrul 

klass. aseTi amocanis magaliTebia mcenareTa klasifikacia botanika-

Si, qimiur nivTierebaTa klasifikacia maTi Tvsebebisa da SesaZlo 

reaqciaTa tipebis mixedviT, da masTanani. formaluri niSnebi 

«Tu ,  maSin» tipis wesebis saSualebiT SeiZleba ganisazRvros, 

xolo sistemebi, romlebic aseT wesebs iyenebs, saeqsperto sisteme-
bis saxelwodebiTaa cnobili. neironul qselebze agebuli klasifi-

katorebis gamoyenebis tradiciul ares maRali energiebis eqsperi-

mentuli fizika warmoadgens, sadac erT-erT aqtualur amocanad 

eqsperimentSi daregistrirebuli _ elementarul nawilakebTan da-

kavSirebuli _  movlenebis simravlidan mxolod mocemuli eqsperi-

mentisaTvis saintereso xdomilobaTa gamoyofa miaCniaT. 

kategorizaciis problema erTi safexuriT ufro maRla dgas sir-

Tulis mixedviT klasifikaciasTan SedarebiT. misi Tavisebureba isaa, 

rom, saxis mikuTvnebis garda romelime jgufisaTvis, aucilebelia 

Tavad am jgufebis dadgena, ese igi kategoriebis formireba.  
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maswavlebliT swavlebis SemTxvevaSi (magaliTad, perseptronSi) ka-

tegoriaTa formireba «sinjebisa da Secdomebis meTodiT» xorciel-

deba cnobili _ eqspertis mier micemuli _ pasuxebis mqone magali-

Tebis safuZvelze. kategoriaTa formireba Zalian gvagonebs swavle-

bis process cocxal organizmebSi da amitom eqsperts, Cveulebriv, 
«supervizors» anu maswavlebels uwodeben. maswavlebeli swavlebas 

kavSirebis parametrTa da, ufro iSviaTad, Tavad qselis topologi-

is cvlilebis saSualebiT marTavs. 

kategorizatoris amocanas warmoadgens ganzogadebuli niSnebis 

formireba magaliTebis erTobliobaSi. magaliTebis raodenobis gaz-

rdisas araarsebiTi, SemTxveviTi niSnebis Serbileba an sulac waSla 

xdeba, xolo xSirad gamovlenili niSnebi Zlierdeba, Tanac am dros 

kategoriaTa sazRvrebis TandaTanobiT dazustebasac aqvs adgili. 

kargad naswavl neiroqselur sistemas SeuZlia niSnebis amoReba axa-
li _ sistemisaTvis adre ucnobi _ magaliTebidan da maT safuZvel-

ze misaRebi gadawyvetilebebis miReba. 

mniSvnelovania xazi gaesvas gansxvavebas ori tipis «codnis» Tavise-

burebebs Soris : erTi mxriv, arsebobs aracxadi «codna», romelic 

xelovnurma neironulma qselma daimaxsovra, da, meore mxriv, cxadi, 

formaluri «codna», Cadebuli saeqsperto sistemebSi. zogierTi 

msgavseba da gansxvaveba maT Soris warmodgenilia Semdeg cxrilSi. 

 

  saeqsperto sistemebi neiroqseluri 

sistemebi 

codnis wyaro eqspertis formalizebu-

li gamocdileba, gamoxa-

tuli logikuri mtkice-

bebis – wesebis da faqte-

bis _ saxiT, romlebsac 

uciloblad iRebs siste-

ma  

eqspert-maswavleblis, 

romelic arCevs maga-

liTebs swavlebisa-

Tvis, da neironuli 

sistemis, romelic am 

magaliTebze swavlobs, 

erToblivi gamocdile-

ba 
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codnis xasiaTi «marcxena naxevarsferos» 

formalur-logikuri co-

dna wesebis saxiT  

«marjvena naxevarsfe-

ros» asociaciuri co-

dna qselis neironebs 

Soris kavSirebis sa-

xiT 

codnis 

ganviTareba 
wesebisa da faqtebis er-

Tobliobis (codnis ba-

zis) gafarToebis saxiT  

swavlebis gagrZelebis 

formiT magaliTebis 

damatebiT mimdevroba-

ze, kategoriaTa saz-

Rvrebis dazustebiT 

da axali kategoriebis 

formirebiT  

eqspertis 

roli 
wesebis safuZvelze saeq-

sperto sistemis codnis 

srul moculobas iZleva 

awarmoebs damaxasiaTe-

beli magaliTebis Ser-

Cevas da amasTan ar 

asabuTebs specialurad 

Tavis arCevans  

xelovnuri 

sistemis roli  
faqtebisa da wesebis mim-

devrobis Zebna azris da-

samtkiceblad  

individualuri gamo-

cdilebis formireba 

magaliTebisa da kate-

gorizaciis safuZvel-

ze miRebuli katego-

riebis formiT  

 

gansxvaveba saeqsperto da neiroqselur sistemaTa xasiaTSi ganapi-

robebs gansxvavebas maTi gamoyenebis sferoebSic. saeqsperto siste-

mebi gamoiyeneba viwro sagnobriv sferoebSi kargad struqturirebu-

li codniT, magaliTad, konkretuli tipis danadgarebis dazianebaTa 

klasifikaciisas, farmakologiaSi, sinjebis qimiuri Sedgenilobis 

analizisas da a.S. neironuli qselebi ki, CamoTvlili sferoebis 

garda, gamoiyeneba amocanebSi naklebad struqturirebuli informa-
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ciiT, magaliTad, saxeTa, xelnaweri teqstis gamocnobisas, metyve-

lebis analizisas da sxv. 

neironuli qselis swavleba maswavlebliT _ mravalfaqtoriani 

optimizaciis amocana. 

cneba optimizaciis amocanis Sesaxeb. 

optimizaciis Teoriis gamoyeneba neirouli qselebis swavlebisaTvis 

Zalian mimzidvelia, radgan optimizaciis mravali kargi da mosinju-

li meTodi arsebobs, romelic standartul kompiuterul progra-

mamdea miyvanili. swavlebis procesis Sepirispireba (Sedareba) ra-

Rac optimumis Zebnis procesTan arc biologiur safuZvlebs aris 

moklebuli, Tu garemo pirobebTan organizmis adaptaciis elemente-

bi sakvebis optimaluri raodenobis, energiis optimaluri xarjvis 

da a.S. aspeqtSi ganixileba. optimizaciis meTodebis dawvrilebiTi 

ganxilva cdeba leqciaTa am kursis CarCoebs, amitom aq Cven Semovi-

farglebiT mxolod ZiriTadi cnebebiT. sakiTxis ufro Rrmad Se-

swavla b. bandis wigniT SeiZleba. 

erTi namdvili cvladis ( )f x  funqcia aRwevs lokalur minimums 

raRac 0x  wertilze, Tu arsebobs am wertilis iseTi δ -are, rom 

yvela x -saTvis am aridan, ese igi 0x x δ− <  pirobis Sesrulebi-

sas, adgili aqvs ( ) ( )0f x f x>  utolobas.   

funqciis sigluvis TvisebaTa Sesaxeb damatebiTi varaudis gareSe, 

mxolod mocemuli ganmartebis gamoyenebiT, SeuZlebelia minimumis 

wertilis utyuarad (sarwmunod) dadgena, vinaidan nebismieri are 

wertilebis kontinuums Seicavs. minimumis miaxloebiTi ZebnisaTvis 
ricxviTi meTodebis gamoyenebisas mkvlevari ramdenime problemas 

SeiZleba waawydes. jer erTi funqciis minimumi SeiZleba erTaderTi 

ar iyos, meorec da praqtikaSi xSirad globaluri da ara lokalu-

ri minimumis dadgena esaWiroebaT, magram, Cveulebriv, yovelTvis 

rCeba eWvi : xom ar gaaCnia funqcias kidev erTi, napovnze ufro 

Rrma, minimumi? 
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mravalganzomilebian sivrceSi funqciis lokaluri minimumis maTema-

tikur ganmartebas igive saxe aqvs, Tu x  da 0x  wertilebs 

veqtorebiT SevcvliT, xolo modulis nacvlad normas gamoviyenebT. 

mravali cvladis (mravali faqtoris) funqciisaTvis minimumis Zebna 
arsebiTad ufro Znel amocanas warmoadgens, vidre erTi cvladis 

funqciisaTvis. es dakavSirebulia upirveles yovlisa imasTan, rom 

funqciis mniSvnelobis Semcirebis lokaluri mimarTuleba SeiZleba 

ar Seesabamebodes minimumis wertilisaken moZraobis mimarTulebas. 

garda amisa, ganzomilebis zrdasTan erTad swrafad izrdeba funqci-

is gamosaTvlelad saWiro danaxarjebi. 

optimizaciis amocanis amoxsna metwilad xelovnebas warmoadgens ; 

nebismier situaciaSi ueWvelad momuSave da efeqturi zogadi meTo-

debi ar arsebobs. im meTodebs Soris, romlebsac xSirad mimarTaven, 

SeiZleba gamovyoT nelderis simpleqs-meTodi, zogierTi gradientu-

li meTodi, agreTve SemTxveviTi Zebnis meTodebi. me-9 da me-15 

leqciebSi optimizaciis amocanis gadasawyvetad mowvis imitaciisa 

da genetikuri Zebnis meTodebi ganixileba, romlebic SemTxveviTi 

Zebnis meTodTa ricxvSi Sedis.  

maSin, roca nebismieri damoukidebeli cvladi diskretulia da 

garkveuli fiqsirebuli nakrebidan erTi mniSvnelobis miReba Seu-

Zlia, mravalganzomilebiani optimizaciis amocana ramdenadme martiv-

deba. am dros Zebnis wertilTa simravle sasruli xdeba da, maSa-
sadame, amocana SeiZleba, Tundac Teoriulad, gadawydes sruli ga-

darCevis gziT. optimizaciis amocanebs Zebnis sasruli simravliT 

kombinatoruli optimizaciis amocanebs uwodeben. 

kombinatoruli amocanebisaTvis aseve arsebobs miaxloebiTi amonax-

snis Zebnis mravali meTodi, romelic wertilebis gadarCevis gar-

kveul strategias axorcielebs gamoTvlaTa moculobis arsebiTi 

Semcirebis uzrunvelyofiT. aRsaniSnavia, rom mowvis imitacia da 

genetikuri algoriTmi kombinatoruli optimizaciis amocanebSic 

SeiZleba gamoviyenoT.   
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optimizaciis amocanis dasma neironuli qselis swavlebisas. 

davuSvaT, rom gvaqvs neironuli qseli, romelic axorcielebs Sesa-

svlelTa niSanTvisebiTi X  sivrcidan X  veqtorebis gardasaxvas 

gamomavali Y  sivrcis Y  veqtorebad, rac   :F →X Y   saxiT 

CavweroT. qseli W  mdgomareobaSi imyofeba mdgomareobaTa W  siv-

rcidan. amis Semdeg davuSvaT, rom gvaqvs ( ), , 1, ,X Y pα α α =   mas-

wavlebeli a(mo)nakrebi. ganvixiloT sruli E  Secdoma, romelsac 

qseli W  mdgomareobaSi uSvebs : 

( ) ( ) ( ) 2
; ;i i

i
E E W F X W Y F X W Yα α α α

α α

 = = − = − ∑ ∑∑ . 

SevCerdeT sruli Secdomis or Tvisebaze. jer erTi, ( )E E W=  

Secdoma warmoadgens W  mdgomareobis funqcias, romelic mdgomare-

obaTa sivrcezea gansazRvruli da, ganmartebis Tanaxmad, arauaryo-

fiT mniSvnelobebs iZens. meorec, raRac *W  naswavl mdgomareobaSi, 

roca qseli Secdomebs ar uSvebs maswavlebel a(mo)nakrebze, moce-

muli funqcia nulis tol mniSvnelobas iRebs. amrigad, naswvli 

mdgomareobebi Semotanili ( )E W  funqciis minimumis wertilebs 

warmoadgens.  

maSasadame, neironuli qselis swavlebis amocana Secdomis funqciis 

minimumis Zebnis amocanas warmoadgens mdgomareobaTa sifrceSi da, 

amrigad, misi amoxsnisaTvis optimizaciis Teoriis standartuli me-

Todebis gamoyeneba SeiZleba. es amocana mravalfaqtoriani amocane-

bis klass ekuTvnis : ase, magaliTad, N  Sesasvleliani da M  ga-

mosasvleliani erTfeniani perseptronisaTvis saqme exeba minimumis 

Zebnas N M×  ganzomilebis sivrceSi.  

praqtikaSi SeiZleba gamoiyenebodes neironuli qselebi mdgomareo-

bebSi Secdomis garkveuli mcire mniSvnelobiT, roca es mdgomareo-

bebi ar warmoadgens zustad Secdomis funqciis minimumebs. sxvanai-

rad rom vTqvaT, amonaxsnad miiCneva garkveuli mdgomareoba *W  na-

swavli mdgomareobis aridan. am dros Secdomis dasaSvebi done  

4. neironuli qselebi 
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konkretuli gamoyenebiTi amocanis TaviseburebebiT, agreTve momxma-

reblisaTvis swavlebaze gasawevi danaxarjebis misaRebi moculobiT 

ganisazRvreba. 

amocana 

ori Sesasvlelisa da erTi gamosasvlelis mqone erTfeniani persep-

tronis sinafsur woniT koeficientebs 1−  da 1+  mniSvnelobebis 

miReba SeuZlia. zRurblis mniSvneloba ki nuls Seadgens. ganixileT 

aseTi logikuri «da» funqciis perseptronis swavlebis amocana 

mravalfaqtoriani optimizaciis problemad. 
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leqcia 6. mravalfeniani perseptroni. 

erTfeniani neironuli qselebis SezRuduloba. neironuli qselis 
ierarqiuli organizaciis aucilebloba. mravalfeniani perseptroni. 
SecdomaTa ukugavrcelebis algoriTmi.  

neiroqselur arqiteqturaTa ierarqiuli organizaciis aucilebloba. 

wina leqciebSi Cven wavawydiT erTfeniani qselebis SesaZleblobebze 

dadebul ukiduresad mkacr SezRudvebs da, kerZod, klasTa wrfivi 

gancalkevebadobis moTxovnas. biologiuri qselebis agebulebis 

Taviseburebani ubiZgebs mkvlevars ufro rTuli, saxeldobr, 

ierarqiuli arqiteqturebis gamoyenebisaken. idea SedarebiT martivia 

_ ierarqiis dabal doneebze klasebi ise gardaiqmneba, rom miviRoT 

wrfivad gancalkevebuli simravleebi, romlebic, Tavis mxriv, 

warmatebiT iqneba gamocnobili neironebis mier ierarqiis momdevno 

(maRal) doneebze. 

magram ZiriTad problemas, romelic tradiciulad zRudavs SesaZlo 

qselur topologiebs umartivesi struqturebiT, swavlebis pro-

blema warmoadgens. swavlebis etapze qsels maswavlebel a(mo)nakre-

bad wodebuli garkveuli Semavali nimuSebi waredgineba da miRebu-

li gamomavali reaqciebis gamokvleva xdeba. swavlebis mizani mdgo-

mareobs mocemul maswavlebel a(mo)nakrebze dakvirvebuli reaqciebi-

saTvis saWiro (adekvaturi) saxis micemaSi sinafsuri bmebis mdgoma-

reobaTa cvlilebiT. qsels naswavlad miiCneven, Tu yvela reaqcia 

stimulTa mocemul nakrebze adekvaturia. maswavlebliT swavlebis 

mocemuli klasikuri sqema iTxovs SecdomaTa cxad codnas TiToeu-
li neironis funqcionirebisas, rac, udavod, Znelia ierarqiuli 

sistemebisaTvis, sadac uSualod mxolod Sesasvlelebi da gamosa-
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svlelebi kontrolirdeba. garda amisa, aucilebeli siWarbe ierar-

qiul qselebSi iwvevs imas, rom swavlebis mdgomareoba mravali 
xerxiT SeiZleba iyos realizebuli, rac gaurkvevlobis elfers 

aniWebs Tavad «neironis mier daSvebuli Secdomis» cnebas.  

esoden seriozuli siZneleebis arseboba mniSvnelovnad aferxebda 

progress neironuli qselebis sferoSi gasuli saukunis  oTxmoci-

ani wlebis Suamde, roca ierarqiuli qselebis swavlebis efeqturi 
algoriTmebi iqna miRebuli. 

mravalfeniani perseptroni. 

ganvixiloT ierarqiuli qseluri struqtura, romelSic erTmaneT-

Tan dakavSirebuli neironebi (qselis kvanZebi) ramdenime fenadaa ga-

erTianebuli (nax. 6.1). aseTi arqiteqturebis agebis SesaZleblobaze 

jer kidev f. rozenblatma miuTiTa, magram man ver SeZlo swavlebis 

problemis gadawyveta. qselis neironTSorisi sinafsuri kavSirebi 

isea mowyobili, rom yoveli neironi ierarqiis mocemul doneze 

iRebs da amuSavebs signalebs ufro dabali donis TiToeuli neiro-

nisagan. amrigad, mocemul qselSi neiroimpulsebis gavrcelebis ga-

moyofili mimarTuleba arsebobs _ Semavali fenidan erTi (an ramde-

nime) faruli fenis gavliT neironebis gamomaval fenisaken. aseTi 

topologiis neiroqsels Cven ganzogadebul mravalfenian persep-
trons an, Tu es gaugebrobas ar gamoiwvevs, ubralod perseptrons 
vuwodebT.  
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nax. 6.1. mravalfeniani perseptronis struqtura (perseptrons xuTi 

Sesasvleli, farul fenaSi sami neironi da gamomaval fenaSi erTi neironi 
gaaCnia). 

perseptroni warmoadgens qsels, romelic makkalokisa da pitsis 

formaluri neironebis ramdenime Tanamimdevrulad SeerTebuli feni-

sagan Sedgeba. ierarqiis yvelaze dabal doneze sensoruli elemen-

tebisagan Sedgenili Semavali fena imyofeba, romlis amocana mxo-

lod Semavali informaciis miRebiTa da qselSi gavrcelebiT amoi-

wureba. Semdeg midis erTi an, ufro iSviaTad, ramdenime faruli 
(maluli) fena. yovel neirons farul fenaze erTi gamosasvleli 

da ramdenime Sesasvleli gaaCnia, romlebic wina fenis gamosasvle-

lebs an uSualod 1 2, , , nX X X  Semaval sensorebs uerTdeba. neiro-

ni woniTi koeficientebis unikaluri w  veqtoriT xasiaTdeba. fe-

nis yvela neironis wona ayalibebs matricas, romelsac Cven V  an 

W  simbolos mivawerT. neirons misi Sesasvlelebis awonili jamis 
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gamoangariSeba da am jamis gamomaval signalad arawrfivi gardasaxva 

evaleba :  

                               1 1 exp i i
i

y W x
   

= + − −Θ       
∑  .                 (6.1) 

ukanaskneli, gamomavali, fenis neironTa gamosasvlelebi klasifika-

ciis ( )Y Y X=  Sedegs aRwers. perseptronis muSaobis Tavisebureba-

ni Semdegi xasiaTisaa. yoveli neironi ierarqiis wina donis neiro-

nebidan masTan mosuli signalebis Sejamebas axdens sinafsTa mdgoma-

reobis Sesabamisi wonebiT da sapasuxo signals iZleva (agznebul 

mdgomareobaSi gadadis), Tu miRebuli jami zRurblur mniSvnelobas 

aRemateba. perseptrons gadahyavs ierarqiis yvelaze dabali donis 

neironTa agznebis xarisxis maCvenebeli Semavali saxe umaRlesi do-

nis neironebiT gansazRvrul gamomaval saxeSi. am ukanasknelTa rao-

denoba, Cveulebriv, SedarebiT mcirea. neironis agznebis mdgomareo-

ba maRal doneze Semavali saxis ama Tu im kategoriis maCvenebelia. 

tradiciulad analoguri logika ganixileba, roca sinafsuri kavSi-

rebis dasaSvebi mdgomareobebi nebismieri namdvili ricxvebiT ganisa-

zRvreba, xolo neironTa aqtivobis xarisxebi _ namdvili ricxvebiT 

0 -dan 1 -mde. zogjer ikvleven agreTve modelebs diskretuli 

ariTmetikiT, romelSic sinafsi bulis ori cvladiT xasiaTdeba : 

aqtivobiT ( 0  an 1) da polarobiT ( 1−  an 1+ ), rac samniSna lo-

gikas Seesabameba. neironebis mdgomareobaTa aRwera ki am dros bu-

lis erTi cvladis saSualebiT SeiZleba xdebodes. mocemuli dis-

kretuli midgoma neironuli qselis mdgomareobaTa konfiguraciul 

sivrces sasrul xasiaTs aniWebs, imaze rom aRara vTqvaT ra upira-

tesobebia aparatuli realizaciis TvalsazrisiT. 

aq, ZiriTadad, aRwerili iqneba mravalfeniani qselis klasikuri va-

rianti analoguri sinafsebiT da neironTa gadacemis sigmoiduri 

funqciiT, romelic (6.1) formuliT ganisazRvreba.  
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SecdomaTa ukugavrcelebis meTodiT swavleba. 

mravalfeniani qselis swavlebisaTvis 1986 wels rumelhartis, hin-

tonisa da viliamsis (Rummelhart D.E., Hinton G.E., Williams R.J., 
1986) mier wamoyenebuli iyo SecdomaTa ukugavrcelebis (error back 
propagation) algoriTmi. didZali publikacia mravalfenian qselebSi 

swavlebis am algoriTmis gamoyenebis Sesaxeb praqtikulad adastu-

rebs mis principul SesaZleblobas. 

imTaviTve Cndeba marTebuli, safuZvliani SekiTxva : ratom ar Sei-

Zleba mravalfeniani perseptronis swavlebisaTvis rozenblatis uk-

ve cnobili δ -wesis (ix. leqcia 4) gamoyeneba? pasuxi imaSi mdgoma-

reobs, rom rozenblatis meTodis gamosayeneblad aucilebelia nei-
ronTa ara mxolod mimdinare y   gamosasvlelebis, aramed moTxov-

nili swori Y  mniSvnelobebis codna. mravalfeniani qselis Sem-

TxvevaSi xsenebuli swori mniSvnelobebi mxolod gamomavali fenis 
neironebisaTvisaa cnobili. gamosasvlelTa moTxovnili (saWiro) 

mniSvnelobebi faruli fenebis neironebisaTvis ki ucnobia, rac, bu-

nebrivia, zRudavs δ -wesis gamoyenebas. 

ukugavrcelebis ZiriTadi idea faruli fenebis neironebisaTvis Sec-

domis Sefasebis miRebaSi mdgomareobs. SevniSnoT, rom gamomavali 

fenis neironebis mier daSvebuli cnobili Secdomebi faruli fene-

bis neironTa jer kidev ucnobi Secdomebis Sedegad Cndeba. rac uf-
ro metia faruli fenis neironsa da gamomaval neirons Soris si-

nafsuri kavSiris mniSvneloba, miT ufro did gavlenas axdens wina 

fenis Secdoma momdevno fenis Secdomaze. maSasadame, faruli fene-

bis elementTa Secdomis Sefaseba SeiZleba miviRoT momdevno fene-

bis SecdomaTa awonili jamis saxiT. swavlebisas informacia ierar-

qiis dabali fenebidan maRali fenebisaken vrceldeba, xolo qseliT 

daSvebuli Secdomebis _ Seqceuli mimarTulebiT, rac meTodis da-

saxelebaSic poulobs asaxvas. 

gadavideT am algoriTmis dawvrilebiT ganxilvaze. notaciis (piro-

biT niSanTa sistemis) gasamartiveblad SemovifargloT situaciiT, 

roca qsels mxolod erTi faruli fena gaaCnia. Sesasvlelebidan 

faruli fenisaken mimarTuli woniTi koeficientebis matrica  W  
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asoTi warmovadginoT, xolo faruli da gamomavali fenis SemaerTe-

beli wonebis matrica V  simboloTi aRvniSnoT. indeqsebisaTvis Sem-
degi SeTanxmebebi SemoviRoT : Sesasvlelebi mxolod i  indeqsiT ga-
davnomroT, faruli fenis elementebi _ j  indeqsiT, xolo gamosa-

svlelebi, Sesabamisad, k  indeqsiT. 

davuSvaT, rom qseli ( ), , 1, ,X Y pα α α =   a(mo)nakrebze swavlobs. 

neironTa reaqciebi nusxuri y  asoebiT aRvniSnoT, xolo neironTa 

jamuri awonili Sesasvlelebi _ nusxuri x  asoebiT (saTanado in-
deqsTa gamoyenebis pirobebSi). 

algoriTmis saerTo struqtura meoTxe leqciaSi ganxiluli aRwe-

ris msgavsia wonaTa dazustebis formulaTa garTulebiT.  

cxrili 6.1. Secdomis ukugavrcelebis algoriTmi.  

biji 0.  yvela fenis yvela neironis wonaTa ( )0V t =  da 

( )0W t =  sawyisi mniSvnelobebi miCneulia SemTxveviT si-

dideebad. 

biji 1.  qsels X α  Semavali saxe miewodeba, Sedegad gamomavali 

y Y α≠  saxe miiReba. am dros neironebi TanamimdevrobiT 

fenidan fenisaken Semdegi formulebiT funqcionirebs :  

farul fenaSi 

( );j ij i j j
i

x W X y f xα= =∑  ; 

gamomaval fenaSi  
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( );k jk j k k
j

x V y y f x= =∑  . 

aq ( )f x  _ (6.1) formuliT gansazRvruli sigmoiduri 

funqciaa.  

biji 2.  qselis kvadratuli Secdomis funqcionals mocemuli Se-

mavali saxisaTvis Semdegi forma aqvs :  

( )2
1 2 k k

k
E y Yα= −∑  . 

mocemuli funqcionalis minimizeba unda moxdes. optimi-

zaciis klasikuri gradientuli meTodi argumentis ite-

raciul dazustebaSi mdgomareobs Semdegi formulis Se-

sabamisad :  

( ) ( )1jk jk
jk

EV t V t h
V
∂

+ = − ⋅
∂

 . 

Secdomis funqcia cxadi formiT ar Seicavs jkV  wonaze 

damokidebulebas, amitom visargebloT rTuli funqciis 

aracxadi diferencirebis formulebiT : 

( );k k k
k

E y Y
y

αδ∂
= = −

∂
 

( )1 ;k
k k k

k k k

yE E y y
x y x

δ
∂∂ ∂

= ⋅ = ⋅ −
∂ ∂ ∂
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( )1 .

k k

jk k k jk

k k k j

y xE E
V y x V

y y yδ

∂ ∂∂ ∂
= ⋅ ⋅ =

∂ ∂ ∂ ∂

= ⋅ − ⋅

 

aq gaTvaliswinebulia ( )f x  sigmoiduri funqciis sasar-

geblo Tviseba : misi warmoebuli mxolod Tavad funqci-

is mniSvnelobiT ganisazRvreba, radgan ( ) ( )1f x f f′ = − . 

amrigad, V  gamomavali fenis wonaTa gadasawyobad saWi-

ro yvela sidide miRebulia. 

biji 3.  am bijze faruli fenis wonaTa gadawyoba sruldeba. gra-

dientuli meTodi kvlav iZleva :  

 

( ) ( )1ij ij
ij

EW t W t h
W
∂

+ = − ⋅
∂

. 

warmoebulTa gamoangariSeba imave formulebiT xorciel-

deba, jδ  SecdomisaTvis ramdenadme garTulebuli formu-

lis garda :  

( )1 ;k
k k k

k k k

yE E y y
x y x

δ
∂∂ ∂

= ⋅ = ⋅ −
∂ ∂ ∂

 

( )1 ;

k
j

kj k j

k k k jk
k

xE E
y x y

y y V

δ

δ

∂∂ ∂
= = ⋅ =

∂ ∂ ∂

= ⋅ − ⋅

∑

∑
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( )
( ) ( )( )

1

1 1 .

j j

ij j j ij

j j j i

k k k jk j j i
k

y xE E
W y x W

y y X

y y V y y X

α

α

δ

δ

∂ ∂∂ ∂
= ⋅ ⋅ =

∂ ∂ ∂ ∂

= ⋅ − ⋅ =

 
= ⋅ − ⋅ ⋅ − ⋅ 
 
∑

 

aq swored SecdomaTa ukugavrcelebis principi iqna gamo-

yenebuli : kerZo warmoebulebi aRebulia mxolod mom-
devno fenis cvladebiT. miRebuli formulebis saSuale-

biT faruli fenis neironTa wonebis modificireba xdeba. 

Tu neironul qselSi ramdenime faruli fenaa, maSin uku-

gavrcelebis procedura TanamimdevrobiT gamoiyeneba yo-

veli maTganisaTvis, dawyebuli im fenidan, romelic gamo-

mavali fenis winaa, da damTavrebuli im feniT, romelic 

Semavali fenis merea. amasTan yvela formula inarCunebs 

Tavis saxes, magram gamomavali fenis elementebis Secvla 

Sesabamisi faruli fenis elementebiT xdeba. 

biji 4.  1 _ 3 bijebi  yvela maswavlebeli veqtorisaTvis meor-

deba. swavleba sruli Secdomis mcire mniSvnelobis an 

iteraciaTa dasaSvebi ricxvis miRwevisas mTavrdeba, ro-

gorc es rozenblatis meTodSia. 

rogorc meore-mesame bijebis aRweridan Cans, swavleba daiyvaneba 

Secdomis funqcionalis optimizaciis amocanis amoxsnamde gradien-

tuli meTodiT.  Secdomis ukugavrcelebis mTeli «gemo da lazaTi» 

imaSi mdgomareobs, rom misi SefasebisaTvis faruli fenebis neiro-

nebisaTvis SeiZleba miviRoT momdevno fenis SecdomaTa awonili ja-

mi. 

h  parametrs swavlebis tempis azri gaaCnia da igi sakmarisad mcire 

unda iyos meTodis krebadobisaTvis. krebadobis Sesaxeb aucilebelia 

ramdenime damatebiTi SeniSvnis gakeTeba. jer erTi, praqtika gviCve-

nebs, rom ukugavrcelebis meTodis krebadobis siswrafe Zalian ne-

lia. krebadobis dabali tempi yvela gradientuli meTodis «geneti-
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kur sens» warmoadgens, radgan gradientis lokaluri mimarTuleba 

sulac ar emTxveva mimarTulebas minimumisaken. meorec da, wonaTa 

gadawyoba damoukideblad xorcieldeba maswavlebeli a(mo)nakrebis 

saxeTa TiToeuli wyvilisaTvis. amasTan funqcionirebis gaumjobese-

ba romelime mocemul wyvilze SeiZleba, saerTod rom vTqvaT, iw-

vevdes muSaobis gauaresebas wina saxeebze. am TvalsazrisiT kreba-

dobis sarwmuno garantiebi ar arsebobs (meTodis gamoyenebis Zalze 

farTo praqtikis garda). 

gamokvlevebiT naCvenebia, rom maswavlebeli a(mo)nakrebis saSuale-

biT mocemuli nebismieri funqciuri asaxvis warmosadgenad neironTa 

sul ori fenaa sakmarisi. magram praqtikaSi, rTuli funqciebisaTvis, 

erTze meti faruli fenis gamoyenebas neironTa sruli raodenobis 

ekonomiis mocema SeuZlia. 

dasasruls gavakeToT SeniSvna neironTa zRurblebis Sesaxeb. advi-

li SesamCnevia, rom neironis Θ  zRurbli ( 1)− -is tol fiqtiur 

0x  SesasvlelTan mierTebuli damatebiTi 0W  wonis ekvivalentad 

SeiZleba iyos miCneuli. marTlac, Tu davuSvebT, rom 0W = Θ , 

0 1x = −  da Sejamebas nulidan daviwyebT, maSin SeiZleba ganvixiloT 

nulovani zRurblis mqone axali neironi erTi damatebiTi Sesas-

vleliT : 

1 1

0 0
1 0

( 1)
n n

i i i i
i i

n n

i i i i
i i

y f W x f W x

f W x W x f W x

= =

= =

   
= −Θ = +Θ⋅ − =   

   
   

= + ⋅ =   
   

∑ ∑

∑ ∑
 . 

neironTa zRurblebis Sesatyvisi damatebiTi Sesasvlelebi nax.6.1.-ze 

naCvenebia muqi kvadratebiT. am SeniSvnis gaTvaliswinebiT, Sesas-

vlelTa simravleze Sejamebis yvela formula, romelic ukugavrce-

lebis algoriTmSia mocemuli, nulis toli indeqsiT iwyeba. 
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leqcia 7. sxva ierarqiuli arqiteqturebi. 

sameTauro neironebi da grosbergis neironebi-deTeqtorebi. principi: 
«gamarjvebuls Tan miaqvs yvelaferi» (WTA _ Winner Take All). lip-
man-hemingis modeli. kohonenis TviTorganizaciis ruka. Semxvedri ga-
vrcelebis qselebi. 

am leqciaSi ganxiluli iqneba erTgvarovani (erTisa da imave tipis 

neironebiT Sedgenili) da araerTgvarovani neironuli qselebis kom-

ponentebi. ierarqiul arqiteqturaTa zogierTi upiratesoba _ gan-

zogadebis ufro ganviTarebuli unari, mkacri SezRudvebis ararse-

boba warmodgenad asaxvaTa tipebze neironuli funqciis simartivis 

SenarCunebiT da veeberTela paralelurobis Tviseba informaciis 

damuSavebisas _ ukve Seswavlili iyo Cvens mier wina leqciaSi, mra-

valfeniani perseptronisa da SecdomaTa ukugavrcelebis meTodiT 

misi swavlebis ganxilvisas. axla ki Cven gavecnobiT sxva midgomebs 

neiroqselebis agebisa da swavlebis meTodebisadmi, saxeldobr, 

swavlebisadmi umaswavleblod TviTorganizaciis safuZvelze. 

grosbergis varskvlavebi. 

biologiuri kibernetikis gariJraJze stefan grosbergis gamokvle-

vebSi asaxuli ideebi mraval momdevno neiroqselur Ziebas daedo 

safuZvlad. amitom Cven viwyebT ierarqiuli struqturebis ganxil-

vas grosbergis Semavali da gamomavali varskvlavebis konfiguraci-

iT (S. Grossberg, 1969). 

neirons Semavali varskvlavis formiT gaaCnia N  raodenobis 

1 2, , , NX X X  Sesasvleli, romlebsac 1 2, , , NW W W  wonebi da Sesa-
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svlelTa awonil jamad warmodgenili erTi Y  gamosasvleli Seesa-

bameba. Semavali varskvlavi swavlobs signalis gamotanas gamosa-

svlelze yovelTvis, roca ki Sesasvlelebze garkveuli veqtori Se-

dis. amrigad, Semavali varskvlavi Tavisi Sesasvlelebis erToblivi 

mdgomareobis deteqtors warmoadgens. swavlebis procesi Semdegi 

iteraciuli formuliT aisaxeba :  

( ) ( ) ( )( )1i i i iW t W t X W tα+ = + −  . 

swavlebis α  temps 0.1 masStabis sawyisi mniSvneloba aqvs da swav-

lebis procesSi igi TandaTanobiT mcirdeba. awyobis procesSi nei-

roni gasaSualebul maswavlebel veqtorebs eufleba. 

grosbergis gamomavali varskvlavi sawinaaRmdego funqcias asrulebs 

_ sameTauro neironis funqcias, roca signalis Semosvlisas Sesa-

svlelze mas gansazRvruli veqtori gamoaqvs gamosasvlelebze. am 

tipis neirons erTi Sesasvleli da 1 2, , , MW W W  wonebis M  gamo-

sasvleli gaaCnia, romlebic swavlobs formuliT : 

( ) ( ) ( )( )1i i i iW t W t Y W tβ+ = + −  . 

mizanSewonilia 1β ≈  mniSvnelobiT dawyeba da swavlebis procesSi 

misi TandaTanobiTi Semcireba nulamde. iteraciuli procesis kreba-

dobis Sedegi maswavlebeli veqtorebis erTobliobidan miRebuli 

krebiTi saxe iqneba.  

grosbergis varskvlavTa formis neironebis Taviseburebas mexsiere-

bis lokaluroba warmoadgens. Semavali varskvlavis formis TiToe-

ul neirons mxolod «Tavisi» _ misi Sesabamisi _ saxe axsovs da 

ugulebelyofs yvela danarCens. nebismieri gamomavali varskvlavisa-

Tvis aseve damaxasiaTebelia mxolod konkretuli sameTauro funq-

cia. mexsierebis saxe mibmulia garkveul neironTan da srulebiTac 

ar Cndeba neironTa simravlis urTierTqmedebis Sedegad qselSi.  
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«gamarjvebuls Tan miaqvs yvelaferi» (WTA - Winner Take All) 
principi lipman-hemingis modelSi. 

ganvixiloT amocana ξ  saxis raRac kX  klasSi moxvedris Sesaxeb, 

roca es klasi gansazRvrulia mocemuli kx  sabiblioTeko saxeebiT. 

maswavlebeli a(mo)nakrebis TiToeuli mocemuli saxe uSualod gan-

sazRvravs Tavis sakuTar klass da, amrigad, amocana «uaxloesi» 

saxis Zebnaze daiyvaneba. ori orobiTi ( )0 1−  saxis SemTxvevaSi man-

Zili maT Soris hemingis xerxiT SeiZleba ganisazRvros rogorc da-

umTxvevel komponentTa ricxvi. axla, yvela wyvili ( ),k
kρ ρ ξ= X  

manZilis gamoTvlis Semdeg, dasadgeni klasi ganisazRvreba umciresi 

manZiliT maT Soris. 

am amocanis neiroqseluri amonaxsnis miReba lipman-hemingis (Lip-
pman R., 1987) arqiteqturis safuZvelze SeiZleba. qsels erTnairi 

neironebis erTi fena gaaCnia, da am neironTa raodenoba klasTa 

ricxvis tolia. amrigad, nebismieri neironi «pasuxs agebs» Tavisi 

klasisaTvis. TiToeuli neironi dakavSirebulia yvela Sesasvlel-

Tan, romlis ricxvi gansaxilav sabiblioTeko saxeTa ganzomilebas 

udris. kavSirebis wonebs normirebuli sabiblioTeko saxeebis tol 

sididebad miiCneven : 

/m m m
n n i

i
W x x 

=  
 
∑  . 

aq m
nW  _ kavSiris (bmis) wonaa n -ur Sesasvlelidan m -ur neiro-

namde (ix. nax. 7.1.). neironul qselSi ξ  veqtoris Sesaxeb informa-
ciis Semosvlis procesi uiteracioa. amasTan Tavdapirvelad Semava-

li veqtoris normireba xdeba  

/n n i
i

s ξ ξ 
=  

 
∑  
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formulis safuZvelze, da neironebi aqtivobis sawyis doneebs iZ-

ens : 

( ) ( )0 1 2m m
n n

n
y f s W 

= −Θ 
 

∑  . 

aq ( )f x  - neironis gadacemis funqciaa (sxvanairad - aqtivaciis 

funqcia). mas ise irCeven, rom igi nuls udris, Tu 0x < , 

da ( )f x x= , roca 0x > . Θ  zRurblTa mniSvnelobebs ki, Cveuleb-

riv, nulis tolad miiCneven. 

 

nax. 7.1. lipman-hemingis neironuli qseli. 

Semomavali veqtoris Semosvlisas sawyis agznebas iZens yvela nei-

roni, romlis mexsierebis veqtorTa skalaruli namravli Semaval 

veqtorze zRurbls aRemateba. SemdgomSi maT Soris unda SeirCes 

erTi, romlisTvisac igi maqsimaluria. amis miRweva xdeba «latera-

luri damuxruWebis» (laT. lateralis _ gverdiTi) principze agebuli 

damatebiTi ukukavSirebis SemotaniT neironebs Soris. TiToeuli 

neironi mamuxruWebel (uaryofiT) zemoqmedebas iRebs yvela danarCe-
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ni neironisagan maTi agznebis donis proporciulad, da amgzneb (da-

debiT) zemogmedebas ganicdis sakuTari Tavis mxridan. neironul fe-

naSi lateralur kavSirTa wonebis normireba ise xdeba, rom jamuri 

signali amgznebi iyos mxolod maqsimaluri sawyisi aqtivobis mqone 

neironisaTvis. danarCeni neironi damuxruWebas ganicdis : 

( ) ( ) ( )( ) ( )1 1 1m m n

n m
y t f y t M y t

≠

 
+ = − + 

 
∑  . 

iteraciaTa garkveuli t  ricxvis Sesrulebisas yvela neironisa-

Tvis, erTis garda, ( )f x  funqciis argumentis mniSvneloba uaryo-

fiTi xdeba, rac maT my  aqtivobas nulad aqcevs. erTaderTi, aqtiu-

rad darCenili neironi, gamarjvebulad unda CaiTvalos. swored igi 

miuTiTebs im klass, romelsac ekuTvnis Semotanili saxe. aseTma me-

qanizma miiRo saxelwodeba : «gamarjvebuls Tan miaqvs yvelaferi» 

(Winner Take All _ WTA). WTA–s meqanizmi sxva neiroqselur arqi-

teqturebSic gamoiyeneba. mis safuZvelSi Cadebul lateraluri da-

muxruWebis princips Rrma biologiuri safuZvlebi gaaCnia da Zali-

an farTodaa gavrcelebuli cocxali organizmebis neironul qse-

lebSi. 

lipman-hemingis neiroqseluri paradigma (berZn. paradigma _ magali-

Ti, nimuSi) warmoadgens models mexsierebis pirdapiri struqtu-

riT. sabiblioTeko saxeebSi moTavsebuli informaciis ganzogadeba 

sulac ar xdeba, igi uSualodaa damaxsovrebuli sinafsur kavSireb-

Si (bmebSi). mexsiereba aq ar aris ganawilebuli, vinaidan erTi nei-

ronis dazianebis SemTxvevaSi mTlianad ikargeba informacia mexsie-

rebis misi Sesabamisi mTeli saxis  Sesaxeb.  

kohonenis TviTorganizaciis baraTi (ruka). 

hemingis qselis sawinaaRmdegod kohonenis (T.Kohonen, 1982) modeli 

miwodebuli informaciis ganzogadebas asrulebs. kohonenis neironu-

li qselis muSaobis Sedegad miiReba saxe, romelic maswavlebeli  

a(mo)nakrebidan amoRebuli veqtorebis ganawilebis rukas warmoad-

gens. amrigad, kohenenis modelis Tanaxmad, Semaval saxeTa sivrceSi 

5. neironuli qselebi 

 



 66 

klasterebis (ingl. cluster – saerTo niSniT gaerTianebul obieqtTa 

erToblioba) povnis amocanis amoxsna sruldeba. 

mocemuli qselis swavleba umaswavleblod xdeba TviTorganizaciis 

safuZvelze. swavlebis mimdinareobis mixedviT neironTa wonebi 

klasterebis centrebisaken miiswrafvis. klasteri am SemTxvevaSi 

maswavlebeli a(mo)nakrebis veqtorTa jgufadaa gagebuli. sainforma-

cio amocanaTa amoxsnis etapze qsels Sehyavs wayenebuli saxe erT-

erT Sedgenil (Camoyalibebul) klasterSi da amiT miuTiTebs kate-

gorias, romelsac es saxe ekuTnvis.  

 

nax. 7.2. kohonenis rukis magaliTi. yoveli kvadratis zoma Sesabamisi 

neironis agznebis xarisxs Seesabameba. 
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ganvixiloT kohonenis neironuli qselis arqiteqtura da swavlebis 

wesebi ufro dawvrilebiT. kohonenis qseli, lipman-hemihgis qselis 

msgavsad, neironebis erTi fenisagan Sedgeba. yoveli neironis Sesa-

svlelTa ricxvi Semavali saxis ganzomilebas udris. neironebis 

raodenoba ki ganisazRvreba wvrilmanebis gamodevnebis im xarisxiT, 

romliTac surT sabiblioTeko saxeTa nakrebis klasterizaciis gan-

xorcieleba. neironTa sakmarisi raodenobisa da swavlebis kargi pa-

ramtrebis pirobebSi kohonenis neironul qsels SeuZlia ara mxo-

lod saxeTa ZiriTadi jgufebis gamoyofa, aramed miRebuli klaste-

rebis «nazi struqturis» dadgenac. amasTan msgavs Semaval saxeebs 

neironuli aqtivobis aseTive msgavsi rukebi Seesabameba. 

swavleba iwyeba kavSirebis (bmebis) m
nW  matricisaTvis SemTxveviTi 

mniSvnelobebis micemiT. SemdgomSi TviTorganizaciis procesi wari-

marTeba, romelic mdgomareobs wonaTa saxecvalebaSi Sesasvlelze 

maswavlebeli a(mo)nakrebis veqtorTa miwodebisas. yoveli neironisa-

Tvis SesaZlebelia Sesasvlelis veqtoramde misi manZilis gansaz-

Rvra :  

( ) ( )( )
2

1

N
m

m i i
i

d x t W t
=

= −∑  . 

amis Semdeg irCeven *m m=  neirons, romlisTvisac es manZili mini-

maluria. swavlebis mimdinare t  bijze modificirebuli iqneba mxo-

lod im neironebis wonebi, romlebic *m  neironis aridanaa : 

( ) ( ) ( )( )1m m m
n n n nW t W t x t Wη+ = + −  . 

Tavdapirvelad nebismieri neironis areSi qselis yvela neironi im-

yofeba, magram Semdeg es are viwrovdeba. swavlebis etapis dasrule-

bisas mxolod uaxloesi neironis wonaTa dazusteba midis. swavle-

bis ( ) 1tη <  tempi drois ganmavlobaSi aseve mcirdeba. maswavlebeli 

a(mo)nakrebis saxeTa wardgena Tanamimdvrulad xdeba da yovelTvis 

wonaTa Sesworeba keTdeba. kohonenis neironuli qselis swavleba 

Semavali veqtorebis damaxinjebul versiebzec SeiZleba : swavlebis 
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procesSi damaxinjebaTa Serbileba da waSlac ki xorcieldeba, Tu 

isini sistematur (gamudmebul) xasiaTs ar atarebs.  

rukis warmodgenis TvalsaCinoebisaTvis kohonenis neironebis organ-

zomilebian matricebad mogvareba SeiZleba, amasTan gamarjvebuli 

neironis ared matricis  (striqonebisa da svetebis mixedviT) mezo-

beli elementebi miiCneva. saboloo Sedegis Sesabamisi ruka moxerxe-

bulia organzomilebian gamosaxulebad warmovadginoT, romelzec 

neironTa agznebis sxvadasxva xarisxebi gansxvavebuli farTobis 

kvadratebiT moicema. kohonenis 100  neironis mixedviT agebuli ru-

kis magaliTi naCvenebia nax. 7.2.-ze.  

yoveli neironi atarebs informacias klasteris _ Semaval saxeTa 

sivrceSi arsebuli Senadedis _ Sesaxeb da ayalibebs mocemuli jgu-

fisaTvis krebiT saxes. amrigad, kohonenis neironul qsels ganzoga-

debis unari gaaCnia. konkretul klasters ramdenime neironic Sei-

Zleba Seesabamebodes veqtorTa wonebis axlo mniSvnelobebiT. ami-

tom erTi neironis dazianeba imdenad mniSvnelovani da kritikuli 

ar aris kohonenis neironuli qselis muSaobisaTvis, rogorc amas 

hemingis qselis SemTxvevaSi hqonda adgili. 

Semxvedri gavrcelebis neironuli qseli. 

Semxvedri gavrcelebis (counter propagation) arqiteqtura warmatebiT 
aerTianebs kohonenis qselis upiratesobas, romelsac informaciis 

ganzogadebis SesaZlebloba ganapirobebs, da grosbergis gamomavali 

varskvlavis swavlebis simartives. Semxvedri gavrcelebis qselis 

Semqmneli r. hext-nilseni (R.Hecht-Nielsen, 1987) rekomendacias 

iZleva gamoviyenoT es arqiteqtura sistemaTa swrafi modelirebisa-

Tvis kvlevaTa sawyis etapebze, xolo SemdgomSi, Tu amis saWiroeba 

gaCnda, gadavideT swavlebis gacilebiT ufro Zvir, magram zust me-

Todze SecdomaTa ukugavrcelebiT. 

Semxvedri gavrcelebis neironuli qseli veqtorTa wyvilebis 

( ),X Yα α  a(mo)nakrebze X Y→  asaxvis warmodgenas swavlobs. am 

qselis SesaniSnav Taviseburebas miekuTvneba unari Seiswavlos agre-



 69 

Tve XY  erTobliobis sakuTar TavSive asaxva. amasTan, ganzogadebis 

waylobiT, ( )XY  wyvilis aRdgenis saSualeba Cndeba erTi-erTi cno-

bili  ( X  an Y ) komponentis safuZvelze. gamocnobis etapze mxo-

lod X  veqtoris wardgenisas (nulovani sawyisi Y -iT) pirdapiri 

asaxva _ Y -is aRdgena _ xdeba da, piriqiT, Tu cnobilia Y , maSin 

SesaZlebelia misi Sesabamisi X -is aRdgena. pirdapiri da Sebrune-

buli, aseve calkeuli ararsebuli komponentis aRdgenis hibriduli 

amocanis amoxsnis SesaZlebloba aniWebs mocemul neiroqselur 

arqiteqturas unikaluri instrumentis statuss. 

Semxvedri gavrcelebis qseli neironTa ori _ kohonenisa da gros-

bergis _  fenisagan Sedgeba (ix. nax. 7.3.). funqcionirebis (gamocno-

bis) reJimSi kohonenis fenis neironebi muSaobs principiT «gamar-

jvebuls Tan miaqvs yvelaferi» da gansazRvravs klasters, romel-

sac Semavali saxe miekuTvneba. amis Semdeg grosbergis fenis gamoma-

vali varskvlavi kohonenis fenaSi gamarjvebuli neironis signaliT 

qmnis qselis gamosasvlelebze Sesabamis saxes. 

 
nax. 7.3. Semxvedri gavrcelebis qselis arqiteqtrura (gamosaxulebis 

gasamartiveblad yvela kavSiri ar aris naCvenebi). 
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kohonenis fenis wonaTa swavleba maswavleblis gareSe xorcieldeba 

TviTorganizaciis safuZvelze (ix. wina punqti). Tavdapirvelad Se-

mavali (analoguri) veqtoris normireba xdeba mimarTulebis Senar-

CunebiT. swavlebis erTi iteraciis ganxorcielebis Semdeg gamarjve-

buli neironi ganisazRvreba, romlis agznebis mdgomareoba erTis 

tolad yendeba, da Semdeg misi Sesabamisi grosbergis varskvlavis 

wonaTa modificirebac SeiZleba. kohonenisa da grosbergis neironTa 

swavlebis tempebi SeTanxmebuli unda iyos. kohonenis fenaSi gamar-

jvebulis aridan yvela neironis wonaTa swavleba mimdinareobs, vi-

dre es are TandaTanobiT erT neironamde ar Seviwrovdeba. 

Semxvedri gavrcelebis naswavl qsels interpolaciis reJimSic Seu-

Zlia funqcionireba, roca kohonenis fenaSi toveben ara erT, aramed 

ramdenime gamarjvebuls. maSin maTi aqtivobis doneTa proporciuli 

normireba xdeba, raTa jamSi isini erTs Seadgendes, xolo 

gamomavali veqtori grosbergis aqtiuri varskvlavebis gamomaval 

veqtorTa jamiT ganisazRvreba. amrigad, neironuli qseli wrfiv in-

terpolacias awarmoebs ramdenime klasteris Sesabamis gamomaval 

veqtorTa mniSvnelobebs Soris. magram interpolaciis reJimi Sem-

xvedri gavrcelebis qselSi imdenad Seswavlili ar aris, rom mis 

farTo gamoyenebas rekomendacia gaewios.  
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leqcia 8. hopfildis modeli. 

ukukavSiriani qselebis konfiguracia da mdgradoba. hopfildis mo-
deli. hebis swavlebis wesi. asociaciuri mexsiereba. saxeTa gamo-
cnoba.  

hopfildis models (J.J.Hopfield, 1982) gansakuTrebuli adgili uWi-

ravs neiroqselur modelTa rigSi. aq pirvelad gaxda SesaZlebeli 

kavSiris damyareba arawrfiv dinamikur sistemebsa da neironul qse-

lebs Soris. qselis mexsierebis saxeebi dinamikuri sistemis mdgrad 

zRvrul – mizidvis – wertilebs (atraqtorebs) Seesabameba (laT. 

attractio - miziduloba). gansakuTrebiT mniSvnelovani aRmoCnda ara-

wrfivi dinamikuri sistemebis (da saerTod statistikuri fizikis) 

maTematikuri aparatis gadatanis SesaZlebloba neironul qselebze. 

amasTan erTad hopfildis qselis mexsierebis moculobis Teoriuli 

Sefasebisa da qselis parametrTa im aris gansazRvris SesaZlebloba 

gaCnda, sadac saukeTeso funqcionireba miiRweva. 

am leqciaSi Cven ganvixilavT ukukavSiriani qselebis saerTo Tvise-

bebs, davadgenT swavlebis wess hopfildis qselisaTvis (hebis wess) 

da gadavalT xsenebuli neironuli qselis mexsierebis asociaciuri 

Tvisebebis mimoxilvaze saxeTa gamocnobis amocanaTa amoxsnis aspeqt-

Si.  

ukukavSiriani qselebi. 

Cvens mier adre ganxiluli perseptroni miekuTvneba qselebis klass 

informaciis gavrcelebis mimarTuli nakadiT da ar Seicavs ukukav-

Sirebs. funqcionirebis etapze yoveli neironi Tavis funqcias – 
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sxva neironebisaTvis agznebis gadacemas – zustad erTjer asru-

lebs. neironTa mdgomareobebis dinamika uiteracioa. 

ramdenadme ufro rTulia dinamika kohonenis qselSi. neironebis 

konkurentuli Sejibreba miiRweva iteraciebiT, romlebSic informa-

cia neironebs Soris mravaljer gadaicema. 

zogad SemTxvevaSi SeiZleba ganvixiloT nebismieri ukukavSirebis 
Semcveli neironuli qseli (ix. nax. 8.1.) ; ukukavSirebiT gadacemu-

li agzneba ubrundeba mocemul neirons da igi xelmeored asrulebs 

Tavis funqcias. biologiur lokalur neiroqselebze dakvirvebebi 

mravalgvari ukukavSiris arsebobas adasturebs. neirodinamika aseT 

sistemebSi iteraciuli xdeba. es Tviseba arsebiTad afarToebs nei-

roselur arqiteqturaTa tipebis simravles, magram erTdroulad 

axal problemaTa gaCenas iwvevs. 

 

 

nax. 8.1. pirdapiri gavrcelebis (A) da ukukavSiriani qselebis (B) 
fragmentebi. 

neironTa mdgomareobebis uiteracio dinamika, rogorc Cans, yovel-

Tvis mdgradia. ukukavSirebi SeiZleba iwvevdes aramdgradobaTa gaCe-
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nas, msgavsad im situaciebisa, romlebic radioteqnikur sistemebSi 

warmoiqmneba dadebiTi ukukavSiris pirobebSi. neironul qselSi ara-

mdgradoba neironebis mdgomareobaTa moxetiale, cTomil Senacvle-

badobaSi vlindeba, rasac stacionarul mdgomareobaTa gaCena ar 

mohyveba. zogad SemTxvevaSi pasuxi SekiTxvaze nebismieri ukukavSi-

riani sistemis dinamikis mdgradobis Sesaxeb ukiduresad rTulia da 

dRemde Ria rCeba. 

qvemoT Cven SevCerdebiT neiroqseluri arqiteqturis mniSvnelovan 

kerZo SemTxvevaze, romlisTvisac mdgradobis Tvisebebi dawvrile-

biTaa Seswavlili.  

neirodinamika hopfildis modelSi. 

ganvixiloT N  formaluri neironiT Sedgenili qseli, romelSic 

TiToeuli neironis agznebis , 1,iS i N=  xarisxs mxolod ori 

{ }1, 1− +  mniSnelobis miReba SeuZlia. nebismier neirons kavSiri 

gaaCnia yvela danarCen jS  neironTan, romlebic Tavis mxriv dakavSi-

rebulia masTan. i -ur neironidan j -ur neironamde kavSiris Zala 

ijW  simboloTi aRvniSnoT. 

hopfildis modelSi kavSirTa simetriulobis ij jiW W=  piroba da 

mxolod nulovani 0iiW =  diagonaluri elementebis arseboba igu-

lisxmeba. samwuxarod, am pirobas araviTari kavSiri ar aqvs biolo-

giuri qselebTan, sadac, piriqiT, Tu erTi neironi agznebas gadas-

cems meores, maSin es ukanaskneli, umravles SemTxvevaSi, pirvelTan 

uSualod dakavSirebuli ar aris. magram swored kavSirebis sime-

triuloba, rogorc es momdevno masalidan gaxdeba cxadi, arsebiT 

gavlenas axdens dinamikis mdgradobaze.  

TiToeuli neironis jS  mdgomareobis cvlileba hopfildis modelSi 

makkalokisa da pitsis formaluri neironebisaTvis miRebuli cnobi-

li wesis Sesabamisad xdeba. mis Sesasvlelebze t  momentSi Semosu-
li iS  signalebi kavSirebis (bmebis) matricis ijW  elementebiT 
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aiwoneba da aijameba, riTac Semavali signalis Zalis sruli done 

ganisazRvreba :  

j ij i
i j

h W S
≠

= ∑  . 

Semdeg 1t +  momentSi neironi icvlis Tavisi agznebis mdgmareobas 

h  signalis donisa da TiToeuli neironis individualuri T  

zRurblis mixedviT : 

( ) ( )
( ) ( )

( ) ( ) ( )

1 1,
1 1, .

1 ,

j j j

j j j

j j j j

S t h t T
S t h t T

S t S t h t T

 + = − <
 + = + >
 + = =

 

yvela neironis agznebis mdgomareobaTa cvlileba erTdrouladac 

SeiZleba xdebodes da aseT SemTxvevaSi paraleluri dinamikis Sesa-
xeb laparakoben. aseve ganixileba mimdevrobiTi neirodinamikac, roca 
drois mocemul momentSi mxolod erTi neironis mdgomareobis 

cvlileba xdeba. mravali gamokvlevis Sedegad dadginda, rom neiro-

nuli qselis mexsierebis Tvisebebi praqtukulad ar aris damokide-

buli dinamikis tipze. neiroqselis modelirebisas Cveulebriv kom-

piuterze ufro moxerxebulia neironTa mdgomareobis mimdevrobiT 

Secvla. hopfildis neiroqselebis aparatul realizaciebSi ki para-

leluri dinamika gamoiyeneba. 

yvela neironis agznebis iS  mniSvnelobaTa erToblioba drois gar-

kveul momentSi qmnis qselis mdgomareobis S  veqtors. neirodina-

mika iwvevs mdgomareobis veqtoris ( )tS  kanoniT cvlilebas. neiro-

qselis mdgomareobaTa sivrceSi mdgomareobis veqtori traeqtorias 

aRwers. es sivrce qselisaTvis, romelSic TiToeuli neironi agzne-

bis ori doniT xasiaTdeba, cxadia,  neironTa N  ricxvis toli 

ganzomilebis hiperkubis wveroTa simravles warmoadgens. hiperkubis 

wveroTa koordinatebis mniSvnelobaTa SesaZlo nakrebebi 

(ix. nax. 8.2.) swored mdgomareobis veqtoris SesaZlo mniSvnelobebs 

gansazRvravs. 
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nax. 8.2. oTxganzomilebiani hiperkubis proeqcia sibrtyeze. naxazze naCvenebi 

sami wertili oTxneironiani qselis SesaZlo mdgomareobaTa magaliTs 
warmoadgens.  

axla mdgomareobaTa cvlilebis dinamikis mdgradobis problema gan-

vixiloT. vinaidan drois TiToeul bijze garkveuli i -uri neironi 
icvlis Tavis mdgomareobas ( )i ih T−  sididis niSnis Sesabamisad, qve-

moT moyvanili Tanafardoba yovelTvis aradadebiTia : 

( ) ( )( ) ( )1 0i i i i iE S t S t h T∆ = − + − ⋅ − ≤  . 

maSasadame, Sesabamis E  sidides, romelic calkeul iE  mniSvnelo-

baTa jams warmoadgens, neirodinamikis procesSi mxolod Semcireba 

an Tavisi mniSvnelobis SenarCuneba SeuZlia : 

( )1 2 ij i j i i
i j i i

E W S S S T
≠

= − ⋅ +∑∑ ∑  . 

aseTi gziT Semotanili E  sidide mdgomareobis ( )E E= S  funqcias 

warmoadgens da mas hopfildis neironuli qselis energetikuli 
funqcia an ubralod energia ewodeba. vinaidan qselis dinamikaSi 

E -s arazrdadobis Tviseba gaaCnia, igi am qselisaTvis erTdroulad 

liapunovis (А.М. Ляпунов, 1892) funqcias warmoadgens. aseTi dina-
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mikuri sistemis qceva mdgradia mdgomareobis nebismieri sawyisi 

( )0t =S  veqtorisaTvis da kavSirebis (bmebis) nebismieri simetriu-

li W  matricisaTvis nulovani diagonaluri elementebiT. amasTan 

erTad dinamika liapunovis funqciis erT-erT minimumze damTavrdeba, 

Tanac yvela neironis aqtivoba Semaval h  signalebs daemTxveva niS-

niT. 

( )E S  energiis zedapirs mdgomareobaTa sivrceSi erTob rTuli 

forma aqvs lokaluri minimumebis didi raodenobiT, rac, xatovnad, 

daliandagebul sabans gvagonebs. minimumis Sesabamisi stacionaruli 

mdgomareobebi SeiZleba interpretirebuli iqnes rogorc neironuli 

qselis mexsierebis saxeebi. evolucia aseTi saxisaken Seesabameba 

mexsierebidan amoRebis process. kavSirebis (bmebis) nebismieri W  

matricis pirobebSi saxeebic nebismieria. qselis mexsierebaSi raime 

gaazrebuli informaciis Casawerad saWiroa W  wonaTa gansazRvru-

li mniSvneloba, romlis miReba swavlebis procesSi SeiZleba xor-

cieldebodes. 

hebis swavlebis wesi. 

hopfildis qselisaTvis swavlebis wesi donald hebis (D. Hebb, 
1949) gamokvlevebs eyrdnoba, romelmac ivarauda, rom ori neironis 

SemaerTebeli sinafsuri kavSiri gaZlierdeba, Tu swavlebis proces-

Si orive neironi SeTanxmebulad ganicdis agznebas an damuxruWebas. 

martivma algoriTma, romelSic swavlebis aseTi meqanizmia realize-

buli, hebis wesis saxelwodeba miiRo. dawvrilebiT ganvixiloT igi. 

davuSvaT, rom mocemulia saxeTa maswavlebeli , 1, pαξ α =  a(mo)na-

krebi. mogveTxoveba W  kavSirebis (bmebis) matricis miRebis proce-

sis ageba. am matricis Sesabamis neironul qsels stacionarul 

mdgomareobebad maswavlebeli a(mo)nakrebis saxeebi unda gaaCndes 

(neironebis zRurblTa T  mniSvnelobebi, Cveulebriv, nulis tolad 

miiCneva). 

erTi maswavlebeli saxis SemTxvevaSi saWiro matricas hebis wesi 

iZleva : 
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ij i jW ξ ξ= ⋅  . 

vuCvenoT, rom S ξ=  mdgomareoba stacionarulia aseTi  matricis 

mqone hopfildis qselisaTvis. marTlac, i  da j  neironTa nebismie-
ri wyvilisaTvis maTi urTierTqmedebis energia ξ  mdgomareobaSi 

Tavis minimalurad SesaZlebel ( ) ( )1 2 1 2ij i j i jE ξ ξ ξ ξ= − = −  mniSvne-

lobas aRwevs. 

amasTan erTad sruli E  energia ( ) 21 2E N= − ⋅  sididis tolia, 

rac globalur minimums Seesabameba. 

sxva saxeTa dasamaxsovreblad iteraciuli procesis gamoyeneba Sei-

Zleba : 

( ) ( 1) ( ) ( ) (0), 0, 1,ij ij i jW W W pα α α αξ ξ α−= + ⋅ = =  . 

kavSirebis (bmebis) sruli matricis miRebas igi hebis formiT uz-

runvelyofs :  

( ) ( )

1

p

ij i jW α α

α

ξ ξ
=

= ⋅∑  . 

saxeTa erTobliobis mdgradoba araa ise cxadi, rogorc erTi saxis 

SemTxvevaSi. zogierTi gamokvleva adastuebs, rom hebis wesiT nas-

wavl neironul qsels, saSualod, qselis didi N  zomebis pirobeb-

Si, maqsimum 0.14p N≈ ⋅  sxvadasxva saxis Senaxva SeuZlia. mdgrado-

ba naCvenebi SeiZleba iqnas orTogonalur saxeTa erTobliobisaTvis, 

roca 

( ) ( ) ( )

1

1,
1

0,

N

j j
j

N α β
αβ

α β
ξ ξ δ

α β=

=
⋅ ⋅ = =  ≠
∑  . 



 78 

am SemTxvevaSi yoveli αξ  mdgomareobisaTvis i -uri neironis jamu-
ri ih  Sesasvlelis namravli misi aqtovobis i iS αξ=  sidideze da-

debiTi aRmoCndeba. amrigad, Tavad αξ  mdgomareoba mimzidvel mdgo-

mareobas (mdgrad atraqtors) warmoadgens : 

0i i i j j i
j

h Nα β β α α

β

ξ ξ ξ ξ ξ
  

⋅ = ⋅ = >  
   

∑ ∑  . 

maSasadame, hebis wesi uzrunvelyofs hopfildis qselis mdgradobas 

orTogonalur saxeTa SedarebiT umniSvnelo raodenobis mocemul 

nakrebze. Semdeg punqtSi Cven SevCerdebiT miRebuli neironuli qse-

lis mexsierebis Taviseburebebze. 

mexsierebis asociaciuroba da gamocnocbis amocana. 

hopfildis neironuli qselis mdgomareobaTa mimdevrobiTi Sena-

cvlebadobis dinamikuri procesi garkveul stacionarul mdgomareo-

baSi sruldeba, romelic ( )E S  energetikuli funqciis lokalur 

minimums warmoadgens. energiis arazrdadoba dinamikis procesSi iw-

vevs  S -is iseTi lokaluri minimumis arCevas, romlis mizidulo-

bis «auzSi» (arealSi), sawyisi 0S  mdgomareobac (qselisaTvis Tav-

dapirvelad miwodebuli saxec) xvdeba. am SemTxvevaSi agreTve ambo-

ben, rom 0S  mdgomareoba S -is minimumis «fialaSi (TasSi, jamSi)»  

imyofeba. 

mimdevrobiTi dinamikis dros stacionarul mdgomareobad arCeuli 

iqneba iseTi S  saxe, romelic calkeuli neironebis mdgomareobaTa 

cvlilebis minimalur ricxvs moiTxovs. vinaidan ori binaruli 

veqtorisaTvis komponentebis cvlilebaTa minimaluri ricxvi, rom-

lebiTac erTi veqtori meoreSi gadaiyvaneba, hemingis ( )0,Hρ S S  man-

Zils warmoadgens, aqedan SeiZleba davaskvnaT, rom qselis dinamika 

energiis uaxloes _ hemingis mixedviT _ lokalur minimumze mTavr-

deba. 
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davuSvaT, rom S  veqtori mexsierebis garkveul idealur saxes Se-

esabameba. maSin 0S  mdgomareobidan S  mdgomareobaSi evolucia (ga-

dasvla) SeiZleba SevadaroT S  idealuri saxis TandaTanobiT aR-

dgenis proceduras misi damaxinjebuli (xmauris Semcveli an ara-

sruli) 0S  aslis saSualebiT. informaciis wakiTxvis procesis 

aseTi Tvisebebis mqone mexsiereba asociaciuria : Zebnisas garkveuli 

mTlianobis damaxinjebuli nawilebis aRdgena arsebuli daumaxinje-

beli fragmentebiT xdeba maT Soris arsebuli asociaciuri kavSire-

bis safuZvelze. 

hopfildis qselis mexsierebis asociaciuri xasiaTi xarisxobrivad 

ganasxvavebs mas Cveulebrivi, samisamarTo, kompiuteruli mexsierebi-

sagan. ukanasknelSi saWiro informaciis amoReba misi sawyisi werti-

lis (mexsierebis ujredis) misamarTiT xorcieldeba. misamarTis (an 

Tundac misamarTis erTi bitis) dakargvisas mTeli sainformacio 

fragmenti miuwvdomelia. asociaciuri mexsierebis gamoyenebisas ki 

informaciaSi SeRweva uSualod misi SinaarsiT xdeba, ese igi nawi-
lobriv cnobili damaxinjebuli fragmentebiT. informaciis nawilis 

dakargva an misi damaxinjeba informaciuli xmauriT ar iwvevs SeR-

wevis katastroful SezRudvas, Tu darCenili informacia sakmari-

sia idealuri saxis amosaRebad. 

idealuri saxis Zebnas arsebuli arasruli an sainformacio xma-

uriT damaxinjebuli versiis safuZvelze saxis gamocnobis amocana 
ewodeba. Cvens leqciaSi hopfildis neironuli qseliT am amocanis 

amoxsnis Taviseburebani naCvenebi iqneba magaliTebze, romlebic miRe-

bulia qselis modelis gamoyenebiT personalur kompiuterze. 

ganxilul modelSi qseli 10 10×  ganzomilebis matriciT mowesri-

gebul 100  neirons Seicavda. qselis swavleba hebis wesiT xdeboda 

sam idealur saxeze - M , A  da G  laTinuri asoebis Sriftul 

moxazulobebze, dawerilobebze (ix. nax. 8.3.). swavlebis dasrulebi-

sas neiroqsels neironTa sawyis mdgomareoebebad saxeTa sxvadasxva 

damaxinjebuli versiebi miewodeboda, romlebic SemdgomSi mimdevro-

biTi dinamikiT stacionarul mdgomareobebSi gadadioda.  
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nax. 8.3. maswavlebeli a(mo)nakrebis idealuri saxeebi. muqi kvadratebi 

Seesabameba neironebs (+1) mdgomareobaSi, naTeli kvadratebi ki _ 
(-1) mdgomareobaSi.  

gamosaxulebaTa yoveli wyvilisaTvis naxazebze 8.4., 8.5., 8.7. mar-

cxena saxe warmoadgens sawyis mdgomareobas, xolo marjvena – qse-

lis muSaobis Sedegs, miRweul stacionarul mdgomareobas. 

 

 

            Aa)                                b) 

nax. 8.4. (a) – erT-erTi idealuri saxe stacionarul wertils 
warmoadgens. (b) – sxva SriftiT mocemuli saxe warmatebiT gamoicnoba. 
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             a)                                 b) 

nax. 8.5. (a, b) – sainformacio xmauris Semcveli saxeebi warmatebiT 

gamoicnoba. 

 

  

 

 

nax. 8.6. saxe misi mcire fragmentis safuZvelze gamoicnoba.  

  

 

6. neironuli qselebi 
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             a)                                 b) 

nax. 8.7. (a) – yalb saxisaken relaqsaciis magaliTi. (b) – marcxena (a) 

suraTisaTvis informaciis damateba swor gamocnobas uzrunvelyofs. 

saxe naxazze 8.4.(a) arCeuli iyo qcevis adekvaturobis testirebisa-

Tvis idealur amocanaze, roca wardgenili gamosaxuleba zustad 

Seesabameba informacias mexsierebaSi. am SemTxvevaSi erTi bijiT miR-

weul iqna stacionaruli mdgomareoba. saxe naxazze 8.4.(b) damaxasi-

aTebelia teqstis gamocnobis amocanebisaTvis Sriftisagan damouki-

deblad. sawyisi da saboloo gamosaxulebebi, eWvs gareSea, msgavsia, 

magram aba erTi cadeT da auxseniT es manqanas! 

davalebebi naxazze 8.5. damaxasiaTebelia realur gamoyenebaTaTvis. 

neiroqselur sistemas praqtikulad mTlianad damaxinjebuli sain-

formacio xmauriT saxeebis gamocnobis unari gaaCnia. amocanebi, 

romlebic Seesabameba naxazebs 8.6. da 8.7.(b), avlens hopfildis qse-

lis SesaniSnav Tvisebas asociaciiT gamoicnos saxe misi mcire 

fragmentis safuZvelze. qselis muSaobis umniSvnelovanes Tavisebu-

rebas yalbi saxeebis generacia warmoadgens. yalbi saxisadmi relaq-

saciis magaliTi naCvenebia naxazze 8.7.(a). yalbi saxe energiis 

mdgrad lokalur eqstremums warmoadgens, magram arc erT idealur 

saxes ar Seesabameba. garkveuli azriT igi gvevlineba krebiT saxed, 

romelmac Tvisebebi memkvidreobiT miiRo idealuri TanamoZmeebisagan. 

situacia yalbi saxiT Semdegi martivi azris tolfasia : «sadRac 

me ukve minaxavs es» (gaixseneT fsiqologiaSi franguli fraza 

«déjà-vu» _ ukve nanaxis iluzia, paramnezia, mexsierebis mcdaroba, 

cru mogoneba!). 
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mocemul umartives amocanaSi yalbi saxe «araswor», «mcdar» amo-
naxsns warmoadgens da amitom sazianoa. magram, unda vifiqroT, rom 

qselis msgavsi ganzogadebis unari warmatebiTac SeiZleba, albaT, 

gamoviyenoT. damaxasiaTebelia, rom sasargebli informaciis mocu-

lobis gazrdisas (SeadareT nax. 8.7.(a) da nax. 8.7.(b)) sawyisi mdgo-

mareoba moTxovnili stacionaruli mdgomareobis mizidulobis are-

Si xvdeba da saxis gamocnobac xdeba.  

daskvniTi SeniSvnebi hopfildis modelis Sesaxeb. 

saintereso Tvisebebis miuxedavad, neironuli qseli hopfildis mo-

delSi srulyofilebas moklebulia. mas mexsierebis SedarebiT mok-

rZalebuli moculoba gaaCnia, romelic qselis neironTa N  ric-

xvis proporciulia, maSin roca samisamarTo mexsierebis sistemas 

2N  sxvadasxva saxis Senaxva SeuZlia N  bitis gamoyenebiT. garda 

amisa, hopfildis neironul qsels ar SeuZlia gamocnobis amocanaTa 

gadawyveta, Tu gamosaxuleba wanacvlebulia an mobrunebulia misi 

sawyisi damaxsovrebuli mdgomareobis mimarT. esa da sxva naklulo-

vaneba gansazRvravs dRes saerTo damokidebulebas hopfildis mode-

lisadmi : igi ufro Teoriuli azrTwyobaa, romelic moxerxebulia 

kvlevebisaTvis, vidre sayoveldReo gamoyenebisaTvis gankuTvnili 

praqtikuli saSualeba.   

momdevno leqciebSi Cven ganvixilavT hopfildis modelis ganviTare-

bas, hebis wesis zogierT saxecvalebas, romliTac mexsierebis mocu-

loba izrdeba, agreTve hopfildis modelis alabTur ganzogadebaTa 

gamoyenebas kombinatoruli optimizaciis amocanebSi. 
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leqcia 9. hopfildis modelis ganzogadebebi da gamoyenebebi. 

hopfildis modelis albaTuri ganzogadebebi da bolcmanis statis-
tikuri manqana. koskos ormxrivmimarTuli asociaciuri mexsiereba. 
informaciis warmodgena kombinatoruli optimizaciis amocanis gada-
mwyvet hopfildis qselSi. neirogamoTvlebi da neiromaTematika. ga-
moTvliTi procesebis organizacia neirokompiuterebSi.  

hebis wesis saxecvalebebi. 

sinafsuri mexsierebis tevadobis SemosazRvrulobam, agreTve hop-

fildis modelSi hebis wesiT naswavli klasikuri neironuli qse-

lis yalbi mexsierebis problemam xeli Seuwyo mravali kvlevis ga-

Cenas, romlis mizani am SezRudvaTa moxsna iyo. amasTan gansakuTre-

buli yuradReba eqceoda swavlebis wesTa saxecvalebas. 

hebis matrica saxeTa gaorTogonalebiT. 

wina leqciaSi dadginda, rom maswavlebeli a(mo)nakrebis saxeTa 

orTogonaluroba Zalian xelsayrel garemoebas warmoadgens, 

vinaidan am SemTxvevaSi SesaZlebelia maTi mdgradi Senaxvis 

uzrunvelyofa mexsierebaSi. zusti orTogonalurobis dros 

mexsierebis maqsimaluri tevadoba miiRweva, romelic N -s udris – 

orTogonalur saxeTa maqsimalur SesaZlo ricxvs N  komponentTa 

simravleSi. 

orTogonalur saxeTa swored am Tvisebazea damyarebuli hebis wesis 

gaumjobesebis erT-erTi yvelaze gavrcelebuli xerxi : damaxsovre-

bis win neironul qselSi sawyis saxeTa gaorTogonaleba xdeba. 
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gaorTogonalebis procedura ki mexsierebis matricas axal formas 

aZlevs : 

( ) ( ) 1

,
ij i jW Bα µ

αµ
α µ

ξ ξ −= ∑  . 

aq 1B−  _ B -s Sebrunebuli matricaa : 

( ) ( )
i i

i
B α µ
αµ ξ ξ= ∑  . 

mexsierebis matricis aseTi forma p N<  saxis Semcveli nebismieri 

nakrebis aRdgenas uzrunvelyofs. magram am meTodis arsebiT naklu-

lovanebas misi aralokaluroba warmoadgens : or neirons Soris 

kavSiris swavleba yvela danarCeni neironis mdgomareobaTa codnas 

moiTxovs. garda amisa, swavlebis dawyebamde winaswar unda iyos 

cnobili yvela maswavlebeli saxe. axali saxis damateba qselis 

kvlav swavlebas moiTxovs. amitom aseT midgomas saerTo araferi 

aqvs hopfild-hebis qselis sawyis biologiur safuZvlebTan, Tumca-

Ra praqtikulad igi misi funqcionirebis SesamCnev gaumjobesebas 

iwvevs. 

uaris Tqma sinafsTa simetriaze. 

meore midgomas hebis wesis gasaumjobeseblad sinafsur SeerTebaTa 

simetriaze uaris Tqma warmoadgens. mexsierebis matrica Semdegi 

formiT SeiZleba airCes : 

( )( ) ( ) 1ij i j ijW Pα α

α

ξ ξ 
= ⋅ − 
 
∑  . 

matricis ijP  elementebi { }0, 1  simravlidan marTavs kavSiris (bmis) 

arsebobas an ararsebobas i -ur neironidan j -ur neironamde. 
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mexsierebis tevadobis gadidebas aseT modelSi, ZiriTadad, P  ma-

tricasTad dakavSirebuli Tavisuflebis axali xarisxebis gaCeniT 

SeiZleba mivaRwioT. magram zogad SemTxvevaSi Znelia aseTi matri-

cis arCevis algoriTmis dasabuTeba. aRsaniSnavia is faqtic, rom 

dinamikuri sistemisaTvis arasimetriuli matriciT mdgradoba sru-

lebiTac ar warmoadgens savaldebulo Tvisebas. 

gadaviwyebis (gadaCvevis) algoriTmebi. 

zedmeti, usargeblo informaciis gadaviwyebis SesaZlebloba biolo-

giuri mexsierebis erT-erT SesaniSnav Tvisebas warmoadgens. am Tvi-

sebis gamoyenebis idea hopfildis xelovnur neiroqselSi «saicrad» 

martivia : maswavlebeli a(mo)nakrebis saxeTa damaxsovrebisas maTTan 

erTad yalbi saxeebis damaxsovrebac xdeba. da swored am yalbi sa-

xeebis «daviwyebaa» saWiro. 

Sesabamisi algoriTmebisaTvis gadaviwyebis (gadaCvevis) algoriTmebis 

saxelwodebaa miRebuli. maTi arsi aseTia.   

wvrTnis pirvel fazaSi qselis swavleba hebis standartuli wesiT 

xorcieldeba. mexsiereba ivseba WeSmariti saxeebiT da mravali yal-

bi informaciiT. Semdeg fazaSi (gadaviwyebis fazaSi) qsels garkveu-

li (SemTxveviTi) (0)λ  saxe miewodeba. evoluciis Sedegad qseli 
(0)λ  mdgomareobidan raRac ( )fλ  mdgomareobaSi gadadis, romelic 

maswavlebeli a(mo)nakrebis didi moculobis pirobebSi, ufro xSi-

rad, yalbi aRmoCndeba. axla kavSirebis matrica SeiZleba gaswordes 

am yalbi mdgomareobis Sesabamisi energiis minimumis siRrmis Sesa-

mcireblad : 

( ) ( ) ( ) ( )1 f f
ij ij i jW t W t ε λ λ+ = − ⋅  . 

gadaviwyebis ε  xarisxad garkveuli mcire ricxvis arCeva xdeba, 

rac sasargeblo mexsierebis umniSvnelo gauaresebis garantias 

iZleva, Tu ( )fλ  mdgomareoba yalbi ar aRmoCnda. «gadaviwyebis ram-

denime seansis» Semdeg qselis Tvisebebi umjobesdeba (J.J.Hopfield et 
al., 1983) 



 87 

mocemul proceduras firmaluri Teoriuli dasabuTeba ar gaaCnia, 

magram praqtikulad igi uzrunvelyofs neironuli qselis ufro 

regularul energetikul zedapirsa da sasargeblo saxeTa mizidu-

lobis auzebis moculobis gadidebas. 

ormxrivmimarTuli asociaciuri mexsiereba. 

asociaciuri mexsierebis neiroqseluri arqiteqturebi Semdgom gan-

viTarebas bart koskos naSromebSi (B. Kosko, 1987) poulobs. man wa-

moayena heteroasociaciuri mexsierebis modeli, romelSic saxeTa 

wyvilebs Soris arsebuli asociaciebis damaxsovreba xdeba. damaxso-

vreba ise xorcieldeba, rom qselisaTvis erT-erTi saxis wardgeni-

sas wyvilis meore wevris aRdgena xdeba.   

saxeTa damaxsovreba maT Soris arsebuli asociaciebis saSualebiT 

damaxasiaTebelia adamianis mexsierebisaTvis. saWiro informaciis 

gaxseneba (aRdgena) asociaciaTa jaWvis (mimdevrobis) agebiT SeiZle-

ba xdebodes. ase, magaliTad, quCaSi qarxnis sakvamuridan kvamlis 

danaxvisas SesaZlebelia, rom CarTul gazquraze Sin darCenili 

Caidani gaixsenoT.        

ormxrivmimarTuli qseli koskos modelSi neironTa ori _ A  da 

B  _ fenisagan Sedgeba. kavSirebi fenebs Soris isea mowyobili, rom 

erTi fenis yoveli neironi meore fenis TiToeul neironTanaa da-

kavSirebuli. fenebis SigniT kavSirebi neironebs Soris ar arsebobs, 

neironebis raodenoba yovel fenaze sxvadasxva SeiZleba iyos. dasa-

maxsovreblad ( )( )
, , 1,a b p

α
ξ ξ α =  saxeTa wyvilebia gankuTvnili. 

swavleba hebis wesiT xorcieldeba : 

( ) ( )( )( ) ( )

1

p
a b

ij i jW
α α

α

ξ ξ
=

= ∑  . 

sistemis dinamika paraleluria da Semdegi formulebiT aisaxeba : 
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a

b

N

i ji j
j

N

j ji i
i

b f W a

a f W b





                




 . 

aq { }, 1,j aa j N=  - A  fenis neironTa aqtivobis mdgomareobebia, xo-

lo { } , 1,i bb i N=  - B  fenis. neironul f  funqciad zRurbluri 

funqcia an sigmoidi SeiZleba gamoiyenebodes. erTnairi fenebisa da 

maswavlebel wyvilebSi erTnairi saxeebis kerZo SemTxvevaSi koskos 

qseli hopfildis modelis ekvivalenturia mTlianad.   

iteraciuli dinamikis procesSi A  fenis neironTa mdgomareobebi 

iwvevs B  fenis neironTa mdgomareobebis cvlilebas, isini ki, Tavis 

mxriv, A  neironTa mdgomareobebis modifikacias axdens, da ase Sem-

deg. iteraciebi, iseve rogorc hopfildis qselSi, krebadia, radgan 

kavSirebis (bmebis) matrica  simetriulia. qselisaTvis mxolod A  

fenis saxis wardgenisas aRdgenili iqneba agreTve B  fenis Sesaba-

misi saxec da, piriqiT. 

koskos qsels agreTve avtoasociaciurobis (TviTasociaciurobis) 
Tvisebac gaaCnia : Tu A  da B  fenebze erTdroulad cnobilia sa-

xeTa garkveuli fragmentebi, maSin dinamikis procesSi wyvilis ori-

ve saxe iqneba erTdroulad aRdgenili. 

determinirebuli da albaTuri neirodinamika. 

wina leqciaSi ganxiluli iyo hopfildis klasikuri modeli oro-

biTi neironebiT. neironebis mdgomareobaTa droSi cvlileba deter-

minirebuli wesiT aRiwereboda, romliTac calsaxad ganisazRvrebo-

da qselis yvela neironis agznebis xarisxi drois mocemuli momen-

tisaTvis. 

evolucia hopfildis qselis mdgomareobaTa sivrceSi mTavrdeba 

stacionarul wertilze – energiis lokalur minimumze. am mdgoma-

reobaSi nebismieri neironis aqtivobis yovelgvari cvlileba akrZa-
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lulia, radgan es qselis energiis zrdas iwvevs. Tu gavagrZelebT 

analogiis gatarebas klasikur neirodinamikasa da fizikis statis-

tikur (dinamikur) sistemebs Soris, maSin SesaZlebeli gaxdeba nei-

ronTa statistikuri ansamblis temperaturis cnebis SemoRebac. 

hopfildis qselis qceva statistikuri sistemis nulovan tempera-

turas (srul gayinvas) Seesabameba.  

mkacrad nulovani temperaturis ( )0T =  pirobebSi bolcmanis sta-

tistikuri ( )exp E T−∆  faqtori SeuZlebels xdis energiis 

gazrdas. aranulovan temperaturebze gadasvla ( )0T >  mniSvnelov-

nad amdidrebs dinamikas : sistemas ukve aranulovani albaTobiT Se-

uZlia gadasvlebi E  energiis gazrdiT da axal statistikur 

mdgomareobaTa monaxulebac. 

davubrundeT neironul qselebs. romelime neironisaTvis gadasvlis 

SesaZlebloba meti energiis mqone mdgomareobaSi niSnavs uaris 

Tqmas mdgomareobaTa cvlilebis determinirebuli kanonis Sesabami-

sad moqmedebaze. aranulovani temperaturebis pirobebSi neironis 

mdgomareoba albaTurad ganisazRvreba : 

( ) ( )( )
( ) ( )( )

1 ,

1 , 1

i i i

i i i

S t sign h t P

S t sign h t P

 + = −Θ


+ = − −Θ −

albaTobiT    

albaTobiT
 . 

gadasvlis albaToba mdgomareobaSi energiis zrdiT miT naklebia, 

rac metia sxvaoba saboloo da sawyis mdgomareobaTa 2E  da 1E  

energiebs Soris. statistikur sistemebSi es albaToba bolcmanis 

formuliT ganisazRvreba : 

( )2 1

1

1 exp
P

E E
T

=
 −

+ −  
 

 . 
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Zneli SesamCnevi ar aris, rom dabal temperaturaTa zRvarSi 

( )0T →  xsenebuli P  albaToba erTisaken miiswrafvis, da dinamika 

Cveulebriv determinirebul neirodinamikaSi gadadis. 

maRal temperaturebze ( )T E>> ∆  ki 1 2P = , ese igi neironis 

mdgomareobis cvlileba arasgziT ar ukavSirdeba am neironis arc 

wina mdgomareobas, arc ( )h t  «neironuli velis» mniSvnelobas. 

qselis mdgomareoba mTlianad qaosurad, areul-dareulad icvleba 

da situacia arafriT gvagonebs mexsierebian sistemas. 

aranulovani temperaturebis pirobebSi neironuli sistemis qceva 

ukve ar emorCileba liapunovis dinamikas, radgan qselis energia 

droTa ganmavlobaSi monotonurad ar mcirdeba. amasTan erTad, saer-

Tod rom vTqvaT, qselis sruli stabilizaciac ar xdeba – mdgoma-

reoba ganagrZobs cvlilebas, romlis drosac  E T∆ ∝ . 

Tu axla qselis temperatura iwyebs TandaTanobiT Semcirebas, ener-

giis didi cvlileba sul ufro naklebad SesaZlebeli xdeba da 

sistema iyineba minimumis areSi. Zalian mniSvnelovania aRiniSnos, 

rom gayinva didi albaTobiT ganxorcieldeba yvelaze Rrma da far-

To minimumis TasSi (fialaSi, jamSi), sxvanairad rom vTqvaT, qseli 

upiratesad energiis globalur minimums aRwevs. 

mdgomareobis mdore (neli) gagrilebis (gacivebis) da lokalizaci-

is procesi dabali energiebis areSi liTonTa mowvis procesis ana-

logiuria (msgavsia), romelic mrewvelobaSi foladis wrTobisas 

gamoiyeneba, amitom am procesma mowvis imitaciis saxelwodeba mii-

Ro.  

neiroqselis dinamikaSi nulisagan gansxvavebuli temperaturis Semo-

tana aumjobesebs mexsierebis Tvisebebs, radgan sistema kargavs yalb 

saxeTa Sesabamisi mcire lokaluri minimumebis «aRqmis» unars. mag-

ram amis safasuria uzustobani saxeTa aRdgenisas sistemis sruli 

stabilizaciis uqonlobis gamo minimumis wertilze. 
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hopfildis qselis gamoyenebebi kombinatoruli optimizaciis 

amocanebSi.  

hopfildis neironuli qselis mexsierebis asociaciuroba ar warmo-

adgens mis erTaderT Rirsebas, romelic praqtikaSi gamoyenebas pou-

lobs. am arqiteqturis sxva mniSvnelovan TvisebaTa ricxvs ekuT-

vnis misi liapunovis funqciis Semcireba neirodinamikis procesSi. 

maSasadame, hopfildis modeli SeiZleba ganixilebodes rogorc qse-

lis energiis saxiT mocemuli miznobrivi funqciis optimizaciis 
algoriTmi. 

nebismieri miznobrivi funqcia, romlis minimizacia SesaZlebelia 

neironuli qseliT, sakmarisad mravalricxovan klass warmoadgens :  

masSi xvdeba yvela biwrfivi da kvadratuli forma simetriuli 

matriciT. meore mxriv, maTematikur problemaTa Zalian farTo wre 

SeiZleba Camoyalibdes optimizaciis amocanaTa enaze. maT ricxvs 

miekuTvneba iseTi tradiciuli amocanebi, rogoricaa variaciuli sa-

xiT warmodgenili diferencialuri gantolebebi; wrfivi algebris 

amocanebi da arawrfiv algebrul gantolebaTa sistemebi, sadac amo-

naxsni garkveuli sididis minimizaciis formiT iZebneba, da sxva. 

aseTi amocanebis gadasaWrelad neironuli qselebis gamoyenebis Se-

saZleblobaTa Seswavlam dRes axali mecnieruli disciplinis – 

neiromaTematikis _ Camoayalibebas Seuwyo xeli.  

neironuli qselebis gamoyeneba tradiciuli maTematikuri amocanebis 

amosaxsnelad Zalian mimzidvelad gamoiyureba, radgan neiroproce-

sori warmoadgens sistemas paralelurobis ukiduresad maRali do-

niT informaciis damuSavebisas. leqciaTa am kursSi neiro-optimiza-

torebis gamoyenebas Cven ramdenadme gansxvavebuli amocanebisaTvis 

ganvixilavT, saxeldobr, kombinatoruli optimizaciis amocanebisa-

Tvis. 

resursTa optimaluri ganTavsebisa da dagegmvis, marSrutebis arCe-

vis, avtomatizebuli daproeqtebisa da sxva mraval amocanas, dasmis 

garegnuli moCvenebiTi simartivis pirobebSi, gaaCnia amonaxsni, rom-

lis miReba variantebis mxolod sruli gadarCevis Sedegad SeiZle-
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ba. xSirad variantebis raodenoba swrafad izrdeba amocanaSi 

struqturul elementTa N  ricxvis zrdasTan erTad (magaliTad, 

rogorc N -is faqtoriali : !N ), da zusti amonaxsnis Zebna N -is 

praqtikulad sasargeblo mniSvnelobebisaTvis aSkarad miuRebeli 

xdeba Rirebulebis gamo. aseT amocanebs arapolinomurad rTul anu 

NP -srul amocanebs uwodeben. Tu xerxdeba aseTi amocanis Camoya-
libeba liapunovis funqciis optimizaciis terminebSi, maSin neiro-

nuli qseli miaxloebiTi amonaxsnis Zebnis Zalian mZlavr instru-

ments iZleva. 

ganvixiloT NP -sruli problemis klasikuri magaliTi – egreT 

wodebuli komivoiaJoris (moxetiale vaWris) amocana. sibrtyeze N  

qalaqia ganlagebuli. TiToeuli maTgani geografiuli koordinate-

bis ( ), , 1,i ix y i N=  wyviliTaa gansazRvruli. erTma vinmem, nebismieri 

punqtidan dawyebiT, unda moinaxulos es qalaqebi da amasTan TiToe-

uli mxolod erTxel. problema mdgomareobs mogzaurobis marSru-

tis arCevaSi gzis minimalurad SesaZlo saerTo sigrZiT. 

SesaZlo marSrutebis saerTo raodenoba 
!

2
N
N

 sidides udris, da 

maT Soris umciresis povna gadarCevis meTodiT Zalian Sromatevadi 

procesia. misaRebi miaxloebiTi amonaxsni SeiZleba vipovoT neironu-

li qselis saSualebiT, risTvisac, rogorc es ukve aRiniSna, amoca-

na xelaxla unda Camoyalibdes liapunovis funqciis optimizaciis 

enaze (J.J. Hopfield, D.W. Tank, 1985). 

qalaqebis saxelebi mTavruli ( ), , ,A B C D  asoebiT aRvniSnoT. ne-

bismieri marSrutis warmodgena SesaZlebelia cxrilis saxiT, ro-

melSic erTiani mocemuli qalaqis Sesabamis striqonSi gansazRvravs 

mis nomers marSrutSi. 
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                        cxrili 9.1. marSruti B A C D− − −   

 qalaqis nomeri marSrutSi 

qalaqi 1 2 3 4 ... 

A 0 1 0 0 ... 

B 1 0 0 0 ... 

C 0 0 1 0 ... 

D 0 0 0 1 ... 

... ... ... ... ... ... 

cxrilis ujreds X  striqonisa da i  svetis gadakveTaze Sevupiri-
spiroT X iS  neironi { }0, 1 -dan. mocemuli neironis aqznebuli mdgo-

mareoba miuTiTebs imaze, rom X  qalaqis monaxuleba marSrutSi un-

da moxdes i -ur etapze. SevadginoT optimaluri marSrutis Zebnis 

amocanis ( )E S  miznobrivi funqcia. masSi 4  Sesakrebi Seva :  

( ) 1 2 3 4E S E E E E= + + +  . 

pirveli sami Sesakrebi asaxavs im faqts, rom marSruti dasaSvebia 

da saTanado SezRudvebs akmayofilebs. saxeldobr, nebismieri qala-

qis monaxuleba erTjer ufro metad ar SeiZleba (matricis TiToe-

ul striqonSi erT erTianze meti warmodgenili ar aris), TiToeu-

li nimriT erT qalaqze metis monaxuleba ar unda xdebodes (yovel 

svetSi erT erTianze meti ar aris) da, garda amisa, monaxulebaTa 

saerTo raodenoba qalaqebis N  ricxvs udris (matricaSi sul 

zustad N  erTiania ganTavsebuli). aqedan gamomdinare : 
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1

2

2

3

2

2

2

X i X j
X i j i

X i Y i
i X Y X

X i
X i

E S S

E S S

E S N

α

β

γ

≠

≠


 =

 =

   = −   

∑∑∑

∑∑∑

∑∑

 . 

rogorc vxedavT, samive Sesakrebi dasaSveb marSrutebze nulis to-

li xdeba, da iZens nulze met mniSvnelobebs dauSvebel marSruteb-

ze. ukanaskneli, meoTxe Sesakrebi marSrutis minimizirebas axdens : 

( )4 1 12 XY X i Y i Y i
X Y X i

E d S S Sη
+ −

≠

= +∑∑∑  . 

aq XYd  simboloTi aRniSnulia manZili X  da Y  qalaqebs Soris. 

SevniSnavT, rom gzis X Y−  monakveTis Setana (CarTva) jamSi mxo-

lod maSin xdeba, roca Y  qalaqi X  qalaqis mimarT an wina punq-
tia, an momdevno. α , β , γ  da η  Tanamamravlebs SesakrebTa far-

dobiTi wonebis azri aqvs miniWebuli. 

hopfildis qselisaTvis liapunovis funqciis saerTi saxe moicema 

Semdegi gamosaxulebiT (ix. wina leqcia) : 

1
2 X i Y j X i Y j X i X i

X Y i j X i
E W S S S= − + Θ∑∑∑∑ ∑  . 

oTxi Sesakrebis Semcveli miRebuli miznobrivi funqcia liapunovis 

funqciis formiT aRmoCndeba warmodgenili, Tu qselis wonaTa da 

zRurblTa mniSvnelobebs Semdegi saxiT avirCevT : 
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( )
( )

( )1 1

1

1

,

.

X i Y j XY ij

ij XY

XY ji ji

X i

W

d

N

α δ δ

β δ δ

γ

η δ δ

γ
+ −

= − ⋅ ⋅ − −

− ⋅ ⋅ − −

− −

− ⋅ ⋅ +

Θ = −

 

axla SeiZleba hebis algoriTmiT swavleba Seicvalos miTiTebuli 

wonebisa da zRurblebis pirdapiri micemiT neiroqselisaTvis, da 

miRebuli sistemis dinamika gamoiwvevs komivoiaJoris marSrutis 

sigrZis Semcirebas. am amocanaSi mizanSewonilia albaTuri dinamikis 

gamoyeneba mowvis imitaciiT, radgan energiis globaluri minimumi 

met interess warmoadgens. 

hopfildisa da tenkis mier aRwerili modeli Semowmda gamoTvliT 

eqsperimentSi. neironuli qseli axerxebda optimalurTan miaxloe-

buli amonaxsnebis povnas misaReb droSi ramdenime aTeuli qalaqis 

Semcveli amocanisaTvis. Semdgom periodSi mravali publikacia gaC-

nda neiroqseluri optimizatorebis sxvadasxvagvar gamoyenebaTa Se-
saxeb. dasasruls ganvixiloT erT-erTi aseTi gamoyeneba _ amocana 

simboluri kodis gaSifvris Sesaxeb.  

davuSvaT, rom mocemulia garkveuli (sakmarisad grZeli) teqsturi 

Setyobineba, dawerili romelime enaze , , , ,A B C Z  alfabetisa da 

«intervalis» simbolos gamoyenebiT. am ukanasknels sityvaTa gan-

calkeveba evaleba. mocemuli Setyobineba isea kodirebuli, rom Ti-
Toeul simbolos, «intervalis» CaTvliT, garkveuli simbolo upi-

rispirdeba , , ,i j k  mimdevrobidan. saWiroa Setyobinebis gaSifvra. 

mocemuli amocana agreTve NP -sruli amocanebis klass miekuTvne-

ba : Sifris gasaRebTa saerTo raodenoba faqtorialuradaa damoki-

debuli alfabetis simboloTa ricxvze. miaxloebiTi neiroqseluri 

amoxsna SeiZleba eyrdnobodes im faqts, rom yovel enaSi calkeul 

simboloTa  da  simboloTa konkretuli wyvilebis gaCenis sixSire-

ebs savsebiT gansazRvruli mniSvnelobebi gaaCnia (magaliTad, qar-
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Tul enaSi « a » asos gaCenis sixSire SesamCnevad aRemateba «j » 

asos gaCenis sixSires, « ni » marcvali sakmaod xSirad Cndeba, xo-

lo, magaliTad, « Ww » SeerTeba saerTod SeuZlebelia, albaT). 

simboloebisa da maTi wyvilebis gaCenis iP  da ijP  sixSireebi kodi-

rebul SetyobinebaSi uSualod SeiZleba gamoiTvalos. mere, gveqneba 

ra Cvens gankargulebaSi enis simboloebisa da maTi wyvilebis gaCe-

nis sixSireTa AP  da ABP  mniSvnelobebi, saWiro gaxdeba am sidide-

Ta gaigiveba kodisaTvis gamoTvlil mniSvnelobebTan. saukeTeso Ta-

namTxveva saWiro gasaRebs mogvcems. 

am amocanis miznovrivi funqcia xuT Sesakrebs Seicavs. pirveli sami 

Sesakrebi mTlianad emTxveva pirvel sam wevrs komivoiaJoris amoca-

nis gamosaxulebaSi energiisaTvis. isini gansazRvravs gasaRebis misa-

Rebobas (enis yovel simbolos kodis erTi sombolo Seesabameba). 

danarCeni Sesakrebi calkeuli simboloebisa da maTi wyvilebis si-

xSireTa kodSi da enaSi damTxvevis moTxovnas asaxavs. 

srul gamosaxulebas miznobrivi funqciisaTvis Semdegi saxe aqvs : 

( )

( )

1 2 3

2

,

2

( )

2

2

AB ij Ai B j
AB i j

A i Ai
Ai

E S E E E

P P S S

P P S

χ

ε

= + + +

+ − +

+ −

∑

∑

 . 

miznobrivi funqcia _ iseve, rogorc amocanaSi komivoiaJorisaTvis 

_ liapunovis funqciaze daiyvaneba, ris Semdeg neironuli qseli sa-

Wiro gaSifvras asrulebs. 

amocanebi 

1. uSualo gamoTvliT darwmundiT, rom maswavlebeli a(mo)nakrebis 

yvela saxe qselis mdgrad mdgomareobebs warmoadgens hebis matri-

cis orTogonalurobis pirobebSi. 
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2. komivoiaJoris amocanisaTvis miiReT ( )E S  miznobrivi funqciis 

warmodgena liapunovis funqciis formiT. 

3. gamoiyvaneT hopfildis qselis energetikuli funqcia programu-

li kodisa da monacemebis narevTa  mravalprocesorian _ «hiperku-

bis» tipis _ arqiteqturaSi optimaluri ganTavsebis amocanisaTvis. 

amoxsna (Терехов С.А., Олейников П.В., 1994). am arqiteqturis mra-
valprocesorian kompiuterSi procesorebi ganlagebulia mravalgan-

zomilebiani kubis wveroebSi. TiToeuli procesori dakavSirebulia 

Tavis uaxloes kvanZebTan. yovel procesors gamoeyofa (daeniSneba) 

programis kodis garkveuli fragmenti da lokaluri monacemebi. ga-

moTvlaTa procesSi procesorebs Soris informaciis gacvla xdeba, 

amasTan programaTa Sesrulebis siCqare Senelebas ganicdis. Setyobi-

nebis gadagzavnaze daxarjuli dro miT metia, rac ufro daSorebu-

lia erTmaneTisagan informaciis gacvlaSi monawile procesorebi. 

saWiroa kodisa da monacemTa narevis iseTnairad ganlageba realur 

procesorebSi, rom maqsimalurad Semcirdes informaciis gacvlasTan 

dakavSirebuli danakargebi. 

komivoiaJoris amocanasTan analogiiT procesorebi mTavruli asoe-

biT aRvniSnoT, xolo narevTa nomrebi – laTinuri indeqsebiT. Tu 

XYd  _ hiperkubis wiboebis gaswvris gadazomili  (hemingis) manZi-

lia procesorebs Soris, xolo ijD  - i -ur da j -ur narevTa Soris 
gadasacemi informaciis moculobas warmoadgens, maSin saZiebeli 

amonaxsni XY ijd D∑  jamis minimizacias unda axdendes. amitom mizno-

brivi funqcia Semdegi saxiT Caiwereba :  

( ) ( ) ( )1 2 3 2 X i Y j XY ij
i j X Y

E S E E E S S d Dη= + + + ∑∑∑∑  . 

Semdeg am gamosaxulebas liapunovis funqciis forma eZleva. ric-

xviTi eqsperimentebi 3 , 4  da 5 ganzomilebis hiperkubebze gviCve-

nebs, rom neiroqseluri midgomis gamoyeneba sainformacio gacvlebis 

ricxvTa 1,5 -jer Semcirebis miRebis  (da, Sesabamisad, kompiuteris  
mwarmoeblurobis gazrdis) saSualebas iZleva zogierTi amocanisa-

Tvis.  

 

7. neironuli qselebi 
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leqcia 10. fukuSimas neokognitroni. 

fukuSimas kognitroni da neokognitroni. swavlebis wesebi. saxeTa 
invariantuli gamocnoba neokognitronis mier.  

am leqciaSi Cven gadavdivarT zogierTi _ SedarebiT axali _ Ta-

namedrove arqiteqturis ganxilvaze. maT Soris, upirveles yovlisa, 

unda aRiniSnis neokognitroni da misi saxecvalebebi. momdevno leq-

ciaSi ki ganxiluli iqneba adapturi  rezonansis Teoriaze agebuli 

qselebis variantebi. 

kognitroni : TviTorganizebadi mravalfeniani (mravalSriani) 

neiroqseli. 

kognitronis Seqmna (K. Fukushima, 1975) neirofiziologebisa da 

fsiqologebis, agreTve neirokibernetikis sferos adamianis aRqmis 

sistemis SeswavliT dakavebuli specialistebis ZalaTa sinTezis na-

yofi iyo. mocemuli neironuli qseli erTdroulad warmoadgens 

rogorc mikrodoneze mimdinare aRqmis procesebis models, aseve sa-

xeTa gamocnobis teqnikuri amocanebisaTvis gamosayenebel gamom-

Tvlel sistemas. 

kognitroni Sedgeba ori _ mamuxruWebeli da amgznebi _ tipis nei-

ronTa ierarqiulad dakavSirebuli fenebisagan. yoveli neironis ag-

znebis mdgomareoba misi mamuxruWebeli da amgznebi Sesasvlelebis 

jamiT ganisazRvreba. sinafsuri kavSirebi (bmebi) midis erTi fenis 

(pirveli fenis) neironebidan Semdegisaken (meore fenisaken). mocemu-

li sinafsuri kavSiris mimarT pirveli fenis Sesabamisi neironi 

presinafsuria, xolo meore fenis neironi – postsinafsuri. post-
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sinafsuri neironebi dakavSirebulia pirveli fenis ara yvela nei-

ronTan, aramed mxolod maTTan, romlebic postsinafsur neironTa 

kavSirebis (bmebis) lokalur ares ekuTvnis. mezobeli postsinafsu-

ri neironebis kavSirTa (bmaTa) areebi gadafarulia, amitom mocemu-

li presinafsuri neironis aqtivoba gavlenas moaxdens ierarqiis 

momdevno fenebis postsinafsuri neironebis sul ufro farTo are-

ebze. 

amgznebi postsinafsuri neironis (nax. 10.1.-ze :  i  neironis) Sesa-
svleli am neironis amgzneb ( 1a , 2a  da 3a ) SesasvlelTa E  jamis 

mamuxruWebel SesasvlelTa (saubaria 1b  Sesasvlelze da Sesa-

svlelze X  neironidan) I  jamTan fardobiT ganisazRvreba : 

,j j j j
j j

E a u I b v= =∑ ∑  , 

sadac u  _ amgznebi Sesasvlelia a  woniT, v  – mamuxruWebeli Se-

sasvlelia b  woniT. yvela wonas dadebiTi mniSvneloba gaaCnia. E  

da I  sidideTa safuZvelze gamoiTvleba jamuri zemoqmedeba i -ur 
neironze : 

( ) ( )( )1 1 1inet E I= + + − . 

misi gamomavali iu  aqtivoba Semdeg inet  doneze yendeba, Tu 

0inet > . winaaRmdeg SemTxvevaSi gamosasvleli nulovan mniSvneloba-

ze dgeba. jamuri zemoqmedebis formulis analizi gviCvenebs, rom 

mcire I  damuxruWebis pirobebSi es zemoqmedeba amgzneb da mamu-
xruWebel signalTa sxvaobis tolia. xolo im SemTxvevaSi, roca 

orive xsenebuli signali mZlavria, zemoqmedeba fardobiT Semoisaz-

Rvreba. reaqciis aseTi Taviseburebebi zemoqmedebaTa farTi diapa-

zonSi moqmed biologiur neironTa reaqciebs Seesabameba. 
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nax. 10.1. me- 2  fenis postsinafsuri i  neironi dakavSirebulia pirveli 

(1 ) fenis sam  (1 , 2  da 3 ) neironTan kavSirebis (bmebis) areSi da (muqi 

feriT naCveneb) or mamuxruWebel neironTan. mamuxruWebeli X  neironi 

axorcielebs lateralur damuxruWebas i  neironis konkurenciis areSi. 

presinafsur mamuxruWebel neironebs kavSirTa (bmaTa) igive are ga-

aCnia, rac gansaxixlvelad aRebul amgzneb postsinafsur i  neirons. 
amasTan aseTi mamuxruWebeli neironebis 1c , 2c  da 3c  wonebi moce-

mulia da swavlebis procesSi ar icvleba. maTi jami erTis tolia 

da, amrigad, samuxruWe presinafsuri neironis gamosasvleli udris 

amgznebi presinafsuri neironebis saSualo aqtivobas kavSirTa (bma-

Ta) areSi : 

v c ui j jj
= ∑  . 

amgzneb neironTa wonebis swavleba «gamarjvebuls Tan miaqvs yvela-

feri» (WTA - Winner Take All) principiT xdeba konkurenciis areSi 
_ mocemuli amgznebi neironis romeliRac areSi. am bijze saxecva-

lebas mxolod maqsimalurad agznebuli neironis ia  wonebi ganic-

dis : 
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a qc ui j jδ =  , 

sadac jc  _ pirvels fenaSi j  neironis kaSiris (bmis) mamuxruWebe-
li wonaa, ju  _ am neironis agznebis mdgomareobas warmoadgens, xo-

lo q  _ swavlebis koeficientad miCneuli sididea.  meore fenis i  
mamuxruWebeli neironis wonaTa saxis Secvla amgzneb SesasvlelTa 

jamis mamuxruWebel SesasvlelTa jamTan fardobis proporciulad 

xdeba : 

( )/ 2 /i j j j j
j j

b q a u c uδ = ∑ ∑  . 

im SemTxvevaSi, roca konkurenciis areSi (me- 2  fenaze) gamarjvebu-

li ar aris, rogorc amas adgili aqvs, magaliTad, swavlebis dasa-

wyisSi, wonaTa awyoba sxva formulebiT xorcieldeba : 

; ; 0i j j i k k
k

a q c u b q c u q qδ δ′ ′ ′= = < <∑  . 

swavlebis mocemuli procedura aqtiuri neironebis amgznebi kavSi-

rebis (bmebis) Semdgom zrdasa da pasiur neironTa damuxruWebas iw-

vevs. amasTan erTad me- 2  fenaSi TiToeuli neironis wonaTa awyoba 

garkveuli saxis mimarT xdeba, romlis miwodebas swavlebisas gansa-

kuTrebiT xSirad aqvs adgili. am saxis axali wardgena gamoiwvevs 

Sesabamisi neironis agznebis maRal dones, xolo sxva saxeTa gaCeni-

sas misi aqtivoba mcire darCeba da CaxSobili aRmoCndeba latera-

luri damuxruWebis procesSi.  

konkurenciis areSi lateraluri damuxruWebis ganmxorcielebeli 

X  neironis wonebi aramodificirebadia da maTi jami erTis tolia. 

amasTan erTad, meore fenaSi sruldeba iteraciebi, romlebic konku-

rentuli iteraciebis msgavsia lipman-hemingis qselSi. ukanaskneli 

me-7 leqciaSi iyo ganxiluli Cvens mier. 
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SevniSnavT, rom meore fenis maxlobel neironTa konkurenciis gada-

faruli areebi sxva neironebis SedarebiT mcire raodenobas Seicavs, 

amitom konkretul gamarjvebul neirons mTeli meore fenis damu-

xruWeba ar SeuZlia. maSasadame, konkurentul brZolaSi meore fe-

nis ramdenime neirons SeuZlia gamarjveba, da Sesabamisad informaci-

is ufro sruli da saimedo gadamuSavebis uzrunvelyofa. 

saerTod kognitroni warmoadgens erTmaneTTan mimdevrobiT dakavSi-

rebul fenaTa ierarqias, rogorc es zeviT iyo ganxiluli wyvili-

saTvis «fena 1 _ fena 2 ». amasTan erTad fenis neironebi qmnis ara 

erTganzomilebian jaWvs (mimdevrobas), rogorc nax. 10.1.-ze, aramed 

faravs sibrtyes, adamianis mxedvelobis qerqis Sreuli (Sreebrivi) 

agebulebis msgavsad. TiToeuli fena informaciis ganzogadebis Tavis 

dones axorcielebs. Semavali fenebi mgrZnobiarea calkeuli elemen-

taruli struqturebis _ magaliTad, garkveuli orientaciis an fe-

ris wirebis _ mimarT. momdevno fenebi ki ufro rTul ganzogade-

bul saxeebze reagirebs. ierarqiis umaRles doneze aqtiuri neiro-

nebi qselis muSaobis Sedegs _ garkveuli saxis gamocnobas _ gan-

sazRvravs. yoveli _ umetes nawilSi axali _ saxisaTvis gamomavali 

fenis aqtivobis suraTi unikaluri iqneba. amasTan erTad igi Senar-

Cundeba am saxis damaxinjebuli an xmauriT Secvlili versiis 

wardgenisas. amrigad, informaciis damuSaveba kognitronis mier aso-

ciaciebisa da ganzogadebebis formirebiT xdeba.   

kognitronis avtori fukuSima am qsels simboloebis (arabuli ci-

frebis) optikuri gamocnobisaTvis iyenebda. eqsperimentebSi igi mi-

marTavda qsels neironTa oTxi feniT. neironebi mowesrigebuli iyo 

12 12×  matricebad. TiToeuli neironis kavSirebis are 5 5×  zomis 

kvadrats warmoadgenda, xolo konkurenciis midamos 5 neironis 

toli simaRlisa da siganis rombis forma gaaCnda. swavlebis parame-

trebi 16, 2q q′= =  tolobebiT ganisazRvreboda. Sedegad ganxorci-

elda sistemis warmatebuli swavleba cifrebis xuT saxeze. isini 

asoTa im suraTebs waagavda, romlebsac Cven hopfildis qselisaTvis 

vixilavdiT). amasTan swavlebis 20  ciklamde Catareba aRmoCnda sa-

Wiro yoveli suraTisaTvis. 
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nax. 10.2. erTmaneTis mimarT wanacvlebuli «erTnairi» saxeebi iTxovs maTi 

«identurobis» dasadgenad gamocnobis invariantul xasiaTs nebismieri 

Zvrebis mimarT. 

warmatebuli gamoyenebebisa da mravali Rirsebis miuxedavad, _ ro-

goricaa, magaliTad, neirostruqturisa da swavlebis meqanizmebis 

biologiur modelebTan Sesabamisoba, informaciis damuSavebis para-

leluroba da ierarqiuloba, mexsierebis ganawilebuloba da asoci-

aciuroba _ kognitrons Tavisi naklulovanebebic gaaCnia. maT Soris 

mTavaria, albaT, am qselis uunaroba gamoicnos saxe, romelic Tavi-

si sawyisi mdgomareobis mimarT wanacvlebuli an mobrunebuli aris. 

ase, magaliTad, ori suraTi nax. 10.2.-ze adamianis TvalsazrisiT, 

udavod, erTisa da imave cifris _ xuTis _ saxes warmoadgens, mag-

ram kognitrons ar ZaluZs SeamCnios es msgavseba.  

Tu gamocnoba damokidebuli ar aris saxeTa mdgomareobaze, orienta-

ciaze, xolo zogjer zomaze da sxva deformaciaze, maSin mas inva-
riantuli gamocnoba ewodeba Sesabamisi gardaqmnis mimarT. mecnierTa 

jgufma k. fukuSimas xelmZRvanelobiT, ganaviTara ra kognitroni, 

axali neiroqseluri paradigmac Seqmna  – neokognitroni, romelsac 

invariantuli gamocnoba SeuZlia.    

neokognitroni da saxeTa invariantuli gamocnoba. 

fukuSimas axali naSromi 1980 wels gamoqveynda. neokognitronma, 

miuxedavad imisa, rom mas mravali saerTo Tviseba akavSirebda Tavis 

winaparTan _ kognitronTan, erTdroulad mniSvnelovani cvlileba 

da garTuleba ganicada axali neirobiologiuri monacemebis gaCenis 

Sesabamisad (Hubel D.H., Wiesel T.N., 1977, da sxv.). 
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neokognitroni neironul fenaTa ierarqiisagan Sedgeba. TiToeul 

fenaSi ki sibrtyeTa masivia warmodgenili.  masivis yoveli elemen-

ti neironebis sibrtyeTa wyvilisagan Sedgeba. pirvel sibrtyeze 

ganlagebulia egreT wodebuli martivi neiroujredebi, romlebic 

signalebs wina fenisagan iRebs da garkveul saxeebs gamoyofs. am 

saxeebs Semdeg meore sibrtyis rTuli neironebi amuSvabes. am 

neironTa amocana mdgomareobs imaSi, rom gamoyofili saxeebi 

aRmoCndes naklebad damokidebuli maT mdgomareobaze. 

sibrtyeTa TiToeuli wyvilis neironebi swavlobs reagirebas gan-

sazRvrul saxeze, romelic warmodgenilia garkveuli orientaciiT. 

sxva saxisaTvis an saxis mobrunebis sxva kuTxisaTvis saWiroa sibr-

tyeTa axali wyvili. amrigad, informaciis didi moculobis piro-

bebSi, neokognitroni warmoadgens struqturas sibrtyeebisa da nei-

ronTa fenebis mniSvnelovani raodenobiT. 

martivi neironebi mgrZnobiarea Semavali saxis mcire aris mimarT, 

romelsac recefciuri (laT. receptio - miReba) an, rac igivea, 

kavSirebis (bmaTa) are ewodeba. martivi neironi modis agznebul 

mdgomareobaSi, Tu mis recefciur areSi garkveuli saxe Cndeba. 

martiv ujredTa recefciuri areebi mTel gamosaxulebas efineba da 

alag-alag gadafarulia. rTuli neironebi iRebs signalebs martiv 

ujredebisagan, amasTan rTuli neironis asagznebad sakmarisia 

nebismieri martivi neironis erTi signali. amiT rTuli ujredi 

reagirebs gansazRvrul saxeze misi deteqtirebis mawarmoebeli 

martivi neironisagan da, maSasadame, am saxis mdebareobisagan 

damoukideblad. 

informaciis gavrcelebisas fenidan fenisaken neironuli aqtivobis 

suraTi sul ufro naklebad mgrZnobiare xdeba saxis orientaciisa 

da mdebareobis, xolo garkveul sazRvrebSi, misi zomis mimarT. ga-

momavali fenis neironebi saboloo invariantul gamocnobas awarmo-

ebs. 
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nax. 10.3. neokognitronis zogadi sqema. kavSirebis (bmis) areebi naCvenebia 
didi TeTri, xolo konkurenciis areebi – mcire muqi wreebiT. 

neokognitronis gawvrTna kognitronis ukve ganxiluli swavlebis 

msgavsad xdeba. amasTan mxolod martivi ujredebis sinafsuri wone-

bi icvleba. mamuxruWebeli neironebi kavSirebis (bmebis) areSi _ ne-

ironTa saSualo aqtivobis nacvlad _ iyenebs kvadratul fesvs Se-

sasvlelTa kvadratebis awonil jamidan : 

( )2

i j j
j

v b u= ∑  . 

aseTi formula mamuxruWebeli ujredis aqtivobisaTvis naklebad 

mgrZnobiarea saxis zomis mimarT. wonaTa swavlebisaTvis martivi 

neironis arCevis Semdeg, igi fenis warmomadgenlad ganixileba, da 
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yvela danarCeni neironis wonebi aseTive wesebiT iwvrTneba. amrigad, 

TiToeuli martivi ujredi swavlobs erTnairad da gamocnobisas 

erTnairi reaqciiT pasuxobs erTnair saxeebze. 

dasamuSavebeli informaciis moculobis Sesamcireblad neironTa re-

cefciuri velebi fenidan fenaze gadasvlisas farTovdeba, xolo 

neironTa raodenoba mcirdeba. gamomaval fenaSi TiToeul sibrtyeze 

mxolod erTi neironi rCeba, romlis recefciuri veli faravs wina 

fenis saxis mTel vels. 

sazogadod neokognitroni Semdegnairad funqcionirebs. Semavali ga-

mosaxulebis aslebi pirveli fenis martivi ujredebis TiToeul 

sibrtyes miewodeba. Semdeg yvela sibrtye paralelurad 

funqcionirebs da informacias momdevno fenas gadascems. gamomavali 

fenis miRwevisas, sadac TiToeuli sibrtye erT neirons Seicavs, 

aqtivobis raRac saboloo ganawileba myardeba. gamocnobis Sedegze 

miuTiTebs is neironi, romlis aqtivoba maqsimaluri aRmoCnda. 

amasTan arsebiTad sxvadasxvagvar Semaval gamosaxulebebs gamocnobis 

sxvadasxva Sedegebi Seesabameba.  

neokognitronma warmatebiT warmoaCina Tavi simboloebis gamocnobi-

sas. aRsaniSnavia, rom am qselis struqtura araCveulebrivad rTu-

lia da gamoTvlaTa moculoba Zalian didia, amitom neokognitronis 

kompiuteruli modelebi metismetad Zviri iqneba samrewvelo gamoye-

nebisaTvis. SesaZlo alternativas, rasakvirvelia, aparatul an op-

tikur realizaciebze gadasvla warmoadgens, magram maTi ganxilva 

cdeba leqciaTa am kursis CarCoebs. 
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leqcia 11. adapturi rezonansis Teoria. 

stabilurobis-plastikuribis problema saxeTa gamocnobisas. stefan 
grosbergisa da geil karpenteris adapturi rezonansis principi. 
neiroqseluri arqiteqturebi adapturi rezonansis Teoriis safuZ-
velze ( arT  neiroqseluri arqiteqturebi).  

aRqmis stabilurobis-plastikurobis dilema. 

stabilurobis-plastikuribis problema erT-erT yvelaze rTul da 

Znelad gadasawyvet amocanas warmoadgens aRqmis mamodelirebeli xe-

lovnuri sistemebis agebisas. gare samyaros aRqmis xasiaTi cocxali 

organizmebiT (da, upirveles yovlisa, adamianis mier) mudam dakavSi-

rebulia Semdegi dilemis gadawyvetasTan : romeliRac saxe «axal» 

informacias warmoadgens, da, maSasadame, reaqcia masze unda iyos sa-

Zebno-SemecnebiTi, am saxis SenaxviT mexsierebaSi, an es saxe «Zve-

li», ukve nacnobi suraTis, variantia, da am SemTxvevaSi organizmis 

reaqcia unda Seesabamodes ufro adre dagrovebul gamocdilebas. 

ukanasknel SemTxvevaSi am saxis specialuri damaxsovreba saWiro ar 

aris. amrigad, aRqma erTdroulad plastikuria, adaptirebulia 

axal informaciasTan, da amasTan erTad stabiluria, ese igi ar ana-
dgurebs mexsierebas Zvel saxeTa Sesaxeb. 

wina leqciebSi ganxilul neironul qselebs am amocanis gadawyve-

tis unari ar gaaCnia. ase, magaliTad, mravalfeniani perseptroni, 

romelic ukugavrcelebis meTodiT swavlobs, maswavlebeli informa-

ciis mTel pakets imaxsovrebs, amasTan erTad, swavlebis procesSi, 

maswavlebeli a(mo)nakrebis saxeTa wardgena gamosacnobad mravaljer 

xdeba. yoveli mcdeloba _ Seaswavlo perseptrons axali saxe _ ga-

moiwvevs sinafsuri kavSirebis modifikacias wina saxeTa Sesaxeb ar-
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sebuli mexsierebis struqturis arakontrolirebadi ganadgurebiT, 

zogad SemTxvevaSi. maSasadame, perseptrons ar SeuZlia axali in-

formaciis damaxsovreba, saWiro xdeba qselis mTlianad xelaxla 

swavleba.  

analogiur situacias aqvs adgili kohonenis da lipman-hemingis qse-

lebSi, romlebic TviTorganizaciis safuZvelze swavlobs. mocemuli 

qselebi yovelTvis dadebiT Sedegebs iZleva klasifikaciis dros. es 

ki imas niSnavs, rom aseT neironul qselebs ar SeuZlia axali sa-

xeebis gancalkeveba Zvel saxeTa damaxinjebuli an xmauriT daziane-

buli versiebisagan.  

bostonis universitetis adaptur sistemaTa centrSi stefan gros-

bergis xelmZRvanelobiT Sesrulebuli kvlevebi stabilurobis-

plastikuribis problemis sferoSi dagvirgvinda adapturi rezonan-

sis Teoriis ( arT ) agebiTa da mis safuZvelze axali tipis neiro-

qselur arqiteqturaTa SeqmniT. Cven gadavdivarT adapturi rezonan-

sis Teoriis zogadi debulebebis ganxilvaze, romlebic s. grosber-

gis mier 1976 wels iyo wamoyenebuli da mogvianebiT dawvrilebiT 

ganxiluli 1987 wlis fuZemdeblur naSromSi (S.Grossberg, G.Car-
penter, 1987). 

adapturi rezonansis principi. 

neironul qsels adapturi rezonansiT mimzidveli Tavisebureba 

gaaCnia _ igi inarCunebs plastikurobas axali saxeebis damaxsovre-

bisas, da, amave dros, axerxebs Zveli mexsierebis modifikaciis Ta-

vidan acilebas. neiroqsels siaxlis Sinagani deteqtori aqvs _ ga-

mosacnobad miwodebuli saxisa da mexsierebis SigTavsis erTmaneTTan 

Sedarebis testi. Tu Zebna mexsierebaSi warmatebiT dasrulda, maSin 

gamosacnobad miwodebuli saxis klasificireba xdeba da im neirons, 

romelmac es klasifikacia ganaxorciela, erTdroulad sinafsuri 

wonebis damazustebeli modifikacia utardeba. aseT dros amboben, 

rom qselSi adapturi rezonansi damyarda gamocnobis moTxovnis sa-
pasuxod. Tu garkveuli mocemuli zRurbluri donis sazRvrebSi 

rezonansi ar Cndeba, maSin warmatebulad siaxlis testi iTvleba, 
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da obieqti qselis mier axal saxed aRiqmeba. amasTan ar xdeba wone-

bis modifikacia im neironebSi, romlebsac rezonansi ar ganucdia. 

adapturi rezonansis TeoriaSi mniSvnelovan cnebas informaciis eg-

reT wodebuli kritikuli Tvisebebis Sabloni (critical feature pattern) 
warmoadgens. es termini uCvenebs, rom garkveul saxeSi mocemul 

TvisebaTa Soris yvela ar aris aRqmis sistemisaTvis arsebiTi. gamo-

cnobis Sedegi ganisazRvreba specifikuri, gansakuTrebuli 

kritikuli Taviseburebebis arsebobiT saxeSi. ganvixiloT es maga-

liTze. 

 

nax. 11.1. saxis kritikul TvisebaTa cnebis asaxsnelad moyvanili magaliTi. 

nax. 11.1.-ze suraTebis orive wyvils erTnairi Tviseba gaaCnia : Ti-

Toeul wyvilSi Savi wertili marjvena qveda kuTxeSi Canacvlebu-

lia TeTriT, xolo TeTri wertili marcxena qveda kuTxeSi – Sa-

viT. aseTi cvlileba suraTebis qveda ( )b  wyvilisaTvis, cxadia, 

mxolod xmaurs warmoadgens da ( )b  wyvilis orive saxe erTisa da 

imave gamosaxulebis damaxinjebul versiebad aRiqmeba. amrigad Sec-

vlili wertilebi am saxisaTvis kritikuli ar aris. 
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sul sxva situacias aqvs adgili suraTebis zeda ( )a  wyvilisaTvis. 

aq wertilTa aseTive cvlileba metad arsebiTi xdeba saxisaTvis, 

ase rom marjvena da marcxena suraTebi sxvadasxva saxes warmoad-

gens. maSasadame, saxis erTi da igive Tavisebureba SeiZleba araarse-

biTi iyos erT SemTxvevaSi, da kritikuli meoreSi. neironuli qse-

lis amocanad swori reaqciis formireba rCeba orive SemTxvevaSi : 
( )a  wyvilisaTvis _ «plastikuri» gadawyvetileba axali saxis ga-

Cenis Sesaxeb da ( )b  wyvilisaTvis _ «stabiluri» gadawyvetileba 

suraTTa TanamTxvevis Taobaze. amasTan informaciis kritikuli nawi-

lis gamoyofa avtomaturad unda xdebodes qselis muSaobisa da 

swavlebis procesSi, misi individualuri gamocdilebis safuZvelze. 

aRsaniSnavia, rom zogad SemTxvevaSi TaviseburebaTa mxolod Camo-

Tvla (igi winaswar adamianmac rom Seasrulos qselis Semdgomi mu-

Saobis garkveuli pirobebis varaudisas) sakmarisi SeiZleba ar aR-

moCndes xelovnuri neironuli sistemis warmatebiT funqcionirebi-

saTvis, Tu specifikuri kavSirebi ramdenime calkeul Tvisebas So-

ris kritikul xasiaTs atarebs. 

Teoriis meore mniSvnelovan Sedegs warmoadgens mexsierebaSi saxeTa 

Zebnis algoriTmis TviTadaptaciis aucilebloba. neironuli qseli 

gamudmebiT cvalebad pirobebSi muSaobs, ase rom Zebnis winaswar 

gansazRvruli sqema, romelic informaciis garkveul struqturas 

Seesabameba, SemdgomSi araefeqturi SeiZleba aRmoCndes am struqtu-

ris Secvlisas. adapturi rezonansis TeoriaSi amis miRweva specia-

lizebuli maorientirebeli sistemis SemotaniT xdeba, romelic 

TviTSeTanxmebulad wyvets rezonansis Semdgom Zebnas mexsierebaSi 

da iRebs gadawyvetilebas informaciis siaxlis Taobaze. maorienti-

rebeli sistema agreTve swavlobs muSaobis procesSi. 

rezonansis arsebobis SemTxvevaSi adapturi rezinansis Teoria gu-

lisxmobs mexsierebis im saxis pirdapir wvdomas, romelic gamoexmi-

ana rezonans. aseT viTarebaSi kritikuli Tvisebebis Sabloni warmo-

adgens gasaReb prototips pirdapiri SeRwevisaTvis. 
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adapturi rezonansis es da mravali sxva Tavisebureba asaxulia nei-

roqselur arqiteqturebSi, romlebmac arT  saxelwodeba miiRo. 

arT - 1  neironuli qseli. 

arT  qselebis ramdenime nairsaxeoba arsebobs. istoriulad pirveli 

iyo qseli, romelmac Semdeg arT - 1  saxelwodeba miiRo (S.Gros-
sberg, G.Carpenter, 1987). es qseli orientirebulia orobiTi infor-

maciis Semcvel saxeTa damuSavebaze. momdevno nabiji _ arT - 2  ar-

qiteqtura, romelic imave 1987 wels gamoqveynda (S.Grossberg, 
G.Carpenter, 1987), _ orientirebulia rogorc orobiT, aseve analo-

gur saxeebTan muSaobaze. sami wlis Semdeg dabeWdil SetyobinebaSi 

arT - 3  sistemis Sesaxeb (G.Carpenter, 1990) saubaria grosbergisa 
da karpenteris adapturi rezonansuli Teoriis gavrcobis Sesaxeb 

mravalfenian neiroarqiteqturebze. am leqciaSi Cven SevCerdebiT 

klasikur arT - 1  qselze. 

arT - 1  neirositema warmoadgens Semavali orobiTi saxeebis klasi-

fikators qselis mier agebuli ramdenime kategoriis mixedviT. ga-

dawyvetileba miiReba gamomcnobi fenis erT-erTi neironis agznebis 

formiT, saxisa da mocemuli kategoriis kritikul TvisebaTa Sa-

blonis msgavsebis xarisxis Sesabamisad. Tu msgavsebis es xarisxi 

mcirea, ese igi saxe arc erT arsebul kategorias ar Seesabameba, 

maSin misTvis axali klasis ageba xdeba, romelic SemdgomSi Seic-

vleba da dazustdeba sxva saxeebiT, rac kritikuli niSnebis saku-

Tari Sablonis Camoyalibebas uzrunvelyofs. am kategoriis aRweri-

saTvis gamoiyofa axali, aqamde gamomcnob fenaSi umoqmedo, neironi. 

adapturi rezonansis qselisa da misi muSaobis Teoriis sruli aR-

wera, romelic grosbergisa da karpenteris originalur publikaci-

aSia warmodgenili, erTob veeberTelaa, amitom am masalis gadmoce-

misas Cven f. uosermenis ufro gviandel wigns gamoviyenebT, xolo 

mas arT - 2 -is TaviseburebaTa da axali arT - 3  arqiteqturis zo-

gad aRweras davumatebT.  

arT - 1  qseli xuTi funqciuri blokisagan Sedgeba (nax. 11.2.) : nei-

ronTa ori _ Sedarebisa da gamocnobis _ fenisagan, da sami samarTi 
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specializebuli _ Camoyris, marTvis (1) da marTvis ( 2 ) _ neiro-

nisagan.  

 

nax. 11.2. arT - 1  neironuli qselis zogadi sqema. 

marTvis (1) neironis sawyis mniSvnelobas erTis tolad miiCneven : 

1 1G = . Semavali orobiTi X  veqtori miewodeba Sedarebis fenas, 

romelic Tavdapirvelad mas ucvlelad atarebs, amasTan Sedarebis 

fenis gamomavali C  veqtori X  veqtors udris : C X= . amas uz-

runvelyofen egreT wodebuli 2 3 -is wesis gamoyenebiT Sedarebis 
fenis neironebisaTvis. am fenis TiToeul neirons sami orobiTi Se-

sasvleli aqvs _ signali X  veqtoris Sesabamisi komponentisagan, 

signali marTvis (1) neironisagan da ukukavSiris R  signali gamo-

cnobis fenisagan (es signali sawyis momentSi nulis tolia). neiro-

nis aqtivaciisaTvis Sedarebis fenaSi saWiroa, rom sami signalidan 

ori signali mainc udrides erTs, rasac sawyis momentSi marTvis 

(1) SesasvleliTa da X  veqtoris aqtiuri komponentebiT aRweven. 

Sedarebis feniT gamomuSavebuli C  signali gamocnobis fenis nei-

ronTa Sesasvlelebs miewodeba. gamocnobis fenis yovel neirons jb  

wonebis (namdvili ricxvebis) veqtori gaaCnia, amasTan am fenis mxo-

lod erTi neironi aigzneba, romlis wonaTa veqtori yvelaze ufro 
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axlos imyofeba C -Tan. amis miRweva SesaZlebelia, magaliTad, «ga-

marjvebuls Tan miaqvs yvelaferi» tipis lateraluri damuxruWebis 

meqanizmis xarjze (ix. leqcia 7). gamarjvebuli neironis gamosas-

vleli dgeba erTis tol mniSvnelobaze, danarCeni neironi mTlianad 

damuxruWebulia. ukukavSiris signali gamarjvebuli neironisagan 

kvlav Sedarebis fenaSi Sedis sinafsuri T  wonebis saSualebiT. T  

veqtori, arsebiTad, gamarjvebuli neironiT gansazRvruli katego-

riis kritikuli niSnebis matarebelia.  

marTvis (1) neironis gamosasvleli erTis toli mxolod maSinaa, 

roca Semaval X  saxes aranulovani komponentebi aqvs da neironi 

Sesasvlelze saxis gaCenis faqtis deteqtirebas asrulebs. magram, 

roca gamocnobis fenis neironebis aranulovani R  gamoxmianeba war-

moiqmneba, marTvis (1) mniSvneloba nuldeba : 1 0G = .  

marTvis ( 2 ) neironis signali aseve erTze yendeba aranulovani X  

veqtoris SemTxvevaSi. am neironis amocanas gamocnobis fenaze aqti-

vobis CaxSoba warmoadgens, Tu qselSi araviTari informacia ar Se-

sula. 

amrigad, gamocnobis fenis R  gamoxmianebis generaciisas gamosasvle-

li 1 0G = , da axla Sedarebis fenis neironebis aqtivireba X  saxi-

sa da R  gamoxmianebis signalebiT xdeba. ori mesamedis wesi iwvevs 

Sedarebis fenis mxolod im neironis aqtivacias, romlisTvisac X -ic 

da R -ic erTs udris. amrigad, Sedarebis C  fenis gamosasvleli 

axla ukve ar emTxveva zustad X -s, aramed Seicavs X -is mxolod 

im komponentebs, romlebic gamarjvebuli kategoriis kritikul 

Tvisebebs (niSnebs) Seesabameba. adapturi rezonansis TeoriaSi am 

meqanizma X  saxis adapturi filtraciis saxelwodeba miiRo. 

axla sistemis amocanas warmoadgens pasuxis gacema SekiTxvaze : sa-

kmarisia am kritikuli niSnebis nakrebi imisaTvis, rom X  saxe sa-

bolood miekuTvnos gamarjvebuli neironis kategorias? am funqci-

as axorcielebs Camoyris neironi, romelic zomavs msgavsebas X  da 

C  veqtorebs Soris. Camoyris neironis gamosasvleli ganisazRvreba 

C  veqtorSi erTeulovan komponentTa ricxvis sawyisi X  saxis 

erTeulovan komponentTa ricxvTan fardobiT. Tu es fardoba msgav-

8. neironuli qselebi 
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sebis garkveul doneze naklebia, neironi Camoyris signals iZleva. 

es ki imas niSnavs, rom X  saxis rezonansis done savaraudo kate-

goriis niSnebTan (TvisebebTan) sakmarisi ar aris dadebiTi daskvni-

saTvis klasifikaciis dasrulebis Sesaxeb. Camoyris signalis gaCenis 

pirobad Semdegi Tanafardoba miiReba : 

C X ρ<  , 

sadac  1ρ <  _ msgavsebis parametria.  

Camoyris signali gamarjvebuli uiRblo neironis srul damuxruWe-

bas axorcielebs. es neironi qselis momdevno muSaobaSi monawileo-

bas ar iRebs.  

arT  qselSi mimdinare movlenebi klasifikaciis procesisaTvis Sem-

deg leqciaSia aRwerili TanamimdevrobiT. 
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leqcia 12. arT  qseli da misi Semdgomi ganviTareba. 

klasifikaciis procesSi mimdinare movlenebi : qselis sawyisi mdgo-
mareoba, Sedarebis faza, Zebnis faza ; arT  qselis swavleba, qse-
lis swavlebisa da funqcionirebis damaxasiaTebeli Teoremebi ; 
arT -is Semdgomi ganviTareba : - 2arT  da - 3arT  arqiteqturebi, 

- 1arT -is gadauwyveti (amouxsneli) problemebi da naklulovanebe-
bi, - 2arT  da - 3arT   qselebi. 

klasifikaciis procesSi mimdinare movlenebi. 

qselis sawyisi mdgomareoba. 

X  Semavali veqtoris komponentTa nulovani mniSvnelobebi ayenebs 

marTvis ( 2 ) neironis signals nulze, iseve rogorc gamocnobis fe-

nis neoronTa gamosasvlelebs. X -is aranulovani mniSvnelobebis ga-

Cenisas marTvis orive ( 1G  da 2G ) signali erTs utoldeba. amas-

Tan, ori mesamedis wesis Sesabamisad, Sedarebis C  fenis neironTa 

gamosasvlelebi X  veqtoris komponentTa tolia zustad. 

C  veqtori gamocnobis fenis neironTa Sesasvlelebs miewodeba. 

xsenebuli neironebi konkurentul brZolaSi adgens gamarjvebul 

neirons, romelic klasifikaciis savaraudo Sedegs aRwers. sabo-

loo angariSiT gamocnobis fenis gamomavali R  veqtori zustad 

erT erTeulovan komponents Seicavs, xolo danarCeni mniSvnelobebi 

nuls udris. gamarjvebuli neironis aranulovani gamosasvleli aye-

nebs nulze marTvis (1) signals : 1 0G = . gamarjvebuli neironi 

ukukavSiris saSualebiT gzavnis signalebs Sedarebis fenaSi, da iw-

yeba Sedarebis faza. 
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Sedarebis faza. 

Sedarebis fenaSi gamocnobis fenis gamoxmianebaTa signalebis maraos 

X  veqtoris komponentebTan Sedareba xdeba. Sedarebis fenis C  ga-

mosasvleli axla Seicavs erTeulovan komponentebs mxolod im po-

ziciebSi, romlebSic erTianebi gaaCnia X  Semaval veqtorsac da 

ukukavSiris R  veqtorsac. Tu C  da X  veqtorTa Sedarebis 

Sedegad mniSvnelovani gansxvavebebi ar gamovlinda, maSin Camoyris 

neironi araaqtiur mdgomareobaSi rCeba. C  veqtori kvlav gamoiw-

vevs gamocnobis fenaSi imave gamarjvebuli neironis agznebas, riTac 

klasifikaciis procesi warmatebiT dasruldeba. winaaRmdeg SemTxve-

vaSi gamomuSavdeba Camoyris signali, romelic daamuxruWebs gamar-

jvebul neirons gamocnobis fenaSi, da Zebnis faza daiwyeba.  

Zebnis faza. 

Camoyris mamuxruWebeli signalis moqmedebis Sedegad gamocnobis fe-

nis yvela neironi nulovan gamosasvlels iZens, da, amrigad, marT-

vis (1) neironi aqtivobis erTeulovan mniSvnelobas miiRebs. Seda-

rebis fenis C  gamomavali signali kvlav zustad X -is toli xde-

ba, rogorc es qselis muSaobis dasawyisSi iyo. magram axla gamo-

cnobis fenis konkurentul brZolaSi winaT gamarjvebuli neironi 

ar monawileobs, da napovni iqneba axali kategoria – kandidati. 

amis Semdeg Sedarebis faza  kvlav meordeba. 

Zebnis iteraciuli procesi ori SesaZlo gziT sruldeba.  

1. moiZebneba damaxsovrebuli kategoria, romlis msgavseba X  

Semaval veqtorTan sakmarisi iqneba warmatebuli klasifika-

ciisaTvis. amis Semdeg tardeba swavlebis cikli, romelSic 

modifikacias klasifikaciis momwyobi agznebuli neironis 

B  da T  veqtorTa ib  da it  wonebi ganicdis. 
2. Zebnis procesSi yvela damaxsovrebuli kategoria Semowmebu-

li aRmoCndeba, magram arc erT maTgans saWiro msgavseba ar 

moucia. am SemTxvevaSi X  Semavali saxe cxaddeba axal sa-

xed neiroqselisaTvis da mas (saxes) axali neironi gamoeyo-
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fa gamocnobis fenaSi. am neironis B  da T  woniTi veqto-

rebi  X  veqtoris tol mniSvnelobebze dgeba. 

mniSvnelovania gvesmodes, saerTod ratom xdeba saWiro Zebnis faza 

da klasifikaciis saboloo Sedegi pirvelive cdaze ar moipoveba. 

yuradRebianma mkiTxvelma, albaT, ukve miagno pasuxs am SekiTxvaze. 

arT  qselis swavleba da funqcionireba erTdroulad xorcieldeba. 

gamarjvebuli neironi gansazRvravs Semaval veqtorTa sifrceSi 
mocemuli Semavali saxis mimarT uaxloes mexsierebis veqtors, da 
sawyisi veqtoris yvela niSani kritikuli rom iyos, es swori kla-

sifikacia iqneboda. magram kritikul niSanTa simravlis stabiliza-

cia SedarebiT xangrZlivi swavlebis Semdeg xdeba. swavlebis moce-

mul fazaze Semavali veqtoris mxolod zogierTi komponenti ekuT-

vnis kritikul TvisebaTa aqtualur simravles, amitom SeiZleba mo-

iZebnos meore neiron-klasifikatori, romelic kritikul niSanTa 
simravleze sawyisi saxis mimarT ufro axlos aRmoCndeba. swored 

igi ganisazRvreba Zebnis Sedegad. 

unda aRiniSnos, rom swavlebis procesis SedarebiTi stabilizaciis 

Semdeg klasifikacia Zebnis fazis gareSe sruldeba. am dros ambo-

ben, rom yalibdeba pirdapiri SeRweva mexsierebaSi. adapturi rezo-

nansis TeoriaSi mtkicdeba pirdapiri wvdomis gaCena swavlebis pro-

cesSi. 

arT qselis swavleba. 

funqcionirebis dawyebisas neironTa B  da T  wonebi, agreTve msgav-

sebis parametri sawyis mniSvnelobebs iRebs. adapturi rezonansuli 

Teoriis Tanaxmad, es mniSvnelobebi unda akmayofilebdes Semdeg pi-

robas : 

( )1

1

b L L mi
ti

< − +

=
 , 

sadac m  _ Semavali X  veqtoris komponentTa ricxvia, xolo 

1L >  (magaliTad, 2L = ). wonaTa aseTi arCeva uzrunvelyofs swav-
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lebis mdgradobas. msgavsebis ρ  parametris arCeva gadasawyveti 

amocanis moTxovnaTa safuZvelze xdeba. am parametris maRal mniSvne-

lobaTa pirobebSi kategoriebis didi raodenoba Camoyalibdeba da 

TiToeul maTganSi mxolod Zalian msgavsi veqtorebi aRmoCndeba 

warmodgenili. ρ -s dabali donis pirobebSi ki qseli kategoriaTa 

umniSvnelo raodenobas Seqmnis ganzogadebis maRali xarisxiT. 

swavlebis procesi umaswavleblod xorcieldeba TviTorganizaciis 

safuZvelze. swavleba gamarjvebuli neironis wonebs utardeba ro-

gorc warmatebuli, aseve warumatebeli klasifikaciis SemTxvevaSi. 

amasTan B  veqtoris wonebi C  veqtoris komponentTa normalizebu-

li sididisaken miiswrafvis. 

( ) 1i i k
k

b Lc l c 
= − + 

 
∑  . 

amasTan komponentTa normalizaciis roli ukiduresad mniSvnelova-

nia. mravali erTianis Semcveli veqtorebi b  wonaTa mcire mniSvne-

lobebs ganapirobebs da, piriqiT. amrigad, 

( ) i ib c b c⋅ = ∑  

namravli masStabirebuli aRmoCndeba. xolo masStabirebis gamo veq-

torebis swori garCeva (gansxvaveba) SesaZlebeli xdeba im SemTxve-

vaSic ki, roca erTi meoris qvesimravlea. davuSvaT, rom 1X  neiro-

ni (100000)  saxes Seesabameba, xolo 2X  neironi _ (111100)  saxes. 
cxadia, rom es saxeebi gansxvavebulia. normalizaciis gareSe swav-

lebisas (ese igi, roca i ib c→ ) pirveli saxis Sesvlisas qselSi, 

igi mogvcems erTnair skalarul namravlebs, romlebic 1 -is toli 

aRmoCndeba orive ( 1X  da 2X ) neironis wonaTa SemTxvevaSi. 2X  

neirons, wonaTa mniSvnelobebSi xmauriT gamowveuli mcire gadaxre-

bis arsebobisas, SeuZlia konkurenciis mogeba. aseT viTarebaSi misi 

T  veqtoris wonebi (100000)  mniSvnelobebze dadgeba da (111100)  
saxe qsels «daaviwydeba». 
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normalizaciis gamoyenebisas ki sawyisi skalaruli namravlebi er-

Tis toli iqneba 1X  neironisaTvis da 2 5 mniSvnelobas SeiZens 

2X  neironisaTvis (roca 2L = ). aseT pirobebSi 1X  neironi dam-

saxurebulad da advilad moigebs konkurentul Sejibrebas. 

T  veqtoris komponentebi, rogorc ukve iTqva, C  veqtoris Sesaba-

mis mniSvnelobebs utoldeba swavlebisas. xazi unda gaesvas im ga-

remoebas, rom es procesi Seuqcevadia. Tu romelime jt  komponenti 

nulis toli aRmoCnda, maSin Semdgomi swavlebis procesSi Sedare-

bis fazebze Sesabamisi jc  komponenti arasodes miiRebs Svelas 

0jt =  sididisagan 2 3 -is wesiT, da, amrigad, jt -is erTeulovani 

mniSvnelobis aRdgena SeuZlebeli xdeba. swavlebas, maSasadame, Tan 

axlavs T  veqtoris komponentTa sul ufro meti raodenobis ganu-

leba, xolo darCenili aranulovani komponentebi gansazRvravs mo-

cemuli kategoriis kritikul TvisebaTa (niSanTa) simravles. es Ta-

visebureba ilustrirebulia nax. 12.1.-ze.  

 

12.1. maswavlebeli C  saxeebi da kritikul TvisebaTa agebuli T  veqtori 

– kategoriis saerTo elementTa minimaluri nakrebi. 

pirvelwyaroSi swavleba diferencialur gantolebaTa terminebSi 

ganixileba. am gantolebebidan Cvens mier miTiTebuli mniSvnelobebi 

zRvrul gadasvlaTa Sedegad miiReba. 
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axla mokled SevCerdeT adapturi rezonansuli Teoriis ZiriTad 

Teoremebze, romlebic qselis swavlebasa da funqcionirebas axasia-

Tebs. 

arT  Teoremebi. 

1. swavlebis stabiluri mdgomareobis miRwevisas erT-erTi maswav-

lebeli veqtoris wardgena swori klasifikaciiT mTavrdeba Zebnis 

fazis gareSe, pirdapiri SeRwevis safuZvelze. 

2. Zebnis procesi mdgradia. 

3. swavlebis procesi mdgradia. gamarjvebuli neironis wonaTa swav-

leba ar gamoiwvevs SemdgomSi sxva neironze gadarTvas. 

4. swavlebis procesi sasrulia. naswavli mdgomareoba saxeTa moce-

muli nakrebisaTvis iteraciaTa sasruli raodenobiT iqneba miRweu-

li, amasTan erTad am saxeTa Semdgomi wardgena ar gamoiwvevs wona-

Ta mniSvnelobebis ciklur cvlilebebs. 

arT -is Semdgomi ganviTareba : arT - 2  da arT - 3  aqiteqturebi. 

arT - 1 -is gadauwyveteli problemebi da naklulovanebebi. 

arT  neironul qselebs, maTi SesaniSnavi Tvisebebis miuxedavad, ri-

gi naklulovaneba axasiaTebs. erT-erT maTgans qselSi sinafsuri 

kavSirebis didi raodenoba warmoadgens, damaxsovrebuli informaci-

is erTeulze gadaangariSebisas. xsenebuli kavSirebis wonaTa (maga-

liTad, T  veqtoris mdgenelTa) Soris mravali sidide nulis to-

li aRmoCndeba swavlebis Semdeg. am Taviseburebis gaTvaliswineba 

aucilebelia aparatul realizaciebSi. 

arT - 1  qseli mxolod bitur veqtorebTan samuSaod gamodgeba. es 

mouxerxebloba daZleulia arT - 2  da arT - 3  qselebSi. magram am 

arqiteqturebSi, iseve rogorc arT - 1  arqiteqturaSi, SenarCunebu-

lia arT  arqiteqturis mTavari naklulovaneba _ mexsierebis lo-
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kalizebuli xasiaTi. arT  neiroqselis mexsiereba ar aris ganawi-

lebuli, garkveul mocemul kategorias gamocnobis fenis savsebiT 

konkretuli neironi Seesabameba. misi dazianebis SemxvevaSi qreba 

mexsiereba mTeli kategoriis Sesaxeb. es Tavisebureba vai, rom ar 

iZleva saSualebas miviCnioT adapturi rezonansuli Teoriis qsele-

bi biologiuri qselebis pirdapir modelebad! biologiuri qselebis 

mexsiereba ganawilebulia. 

arT - 2  da arT - 3   qselebi. 

arT - 2  neironuli qselis ZiriTad ganmasxvavebel niSans analogur 

veqtorebTan da signalebTan muSaobis SesaZlebloba warmoadgens. 

arT - 1  arqiteqturasTan SedarebiT qselis arT - 2  arqiteqturaSi 

ganxorcielebulia zogierTi cvlileba, romelic calkeul qvesis-

temas asinqronulad funqcionirebis saSualebas aZlevs, rasac prin-

cipuli mniSvneloba aqvs aparatuli realizaciebisaTvis. 

analoguri signalebi bituri signalebisagan mniSvnelovnad gansxvav-

deba imiT, rom analogur veqtorebs ragind didi urTierTsiaxlo-

vis, urTierTmsgavsebis principuli SesaZlebloba gaaCnia (maSin ro-

ca bituri veqtorebis sivrce diskretulia). amis gamo Sedarebis 

fenis neironTa funqcionirebis mimarT damatebiTi moTxovnebi Cndeba 

_ rezonansis aris gamosayofad saWiroa ufro faqizi da mgrZnobia-

re meqanizmi. zogad gadawyvetilebad aseT viTarebaSi mravalfeniani 

arqiteqturis gamoyeneba miaCniaT, roca fenidan fenaze gadasvla 

sul ufro zust awyobas uzrunvelyofs. swored es idea xorciel-

deba arT - 2  arqiteqturaSi. gamocnobis fenis funqcionireba ki 

principulad ar icvleba. 

arT - 2  qselebs moZrav gamosaxulebaTa gamosacnobad iyenebdnen. 

warmatebiTi eqsperimentebi Sesrulebulia masaCusetsis (Massachu-
setts) teqnologiur institutSi. vinaidan arT  neirosistemebi ar 

Seicavs invariantuli gamocnobis meqanizms (neokognitronisagan gan-

sxvavebiT, ix. leqcia 10), maTTan SexamebiT saxeTa invariantuli 

warmodgenis specializebul (xSirad, araneiroqselur) sistemebsac 

iyeneben, magaliTad, furies organzomilebian gardasaxvas, an ufro 

rTul algoriTmebs. arT - 2  arqiteqturis TaviseburebaTa da gamo-
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yenebaTa ufro dawvrilebiTi ganxilva profesiul Seswavlas moi-

Txovs da Cvens miznebSi ar Sedis. 

arT  arqiteqturis ganviTarebaSi Semdeg nabijad arT - 3  qseli gax-

da. arT - 1  da arT - 2  qselebis neironTa swavlebis Taviseburebani 

am qselebis ufro msxvili ierarqiuli neirosistemebis elementebad 

gamoyenebis saSualebas ar iZleva. magaliTad, SeuZlebelia am qsele-

bis saSualebiT mravalfeniani qselebis Sedgena. amis gamo arT  

arqiteqturis pirobebSi gaZnelebulia ierarqiulad organizebuli 

informaciis warmodgena, rac damaxasiaTebelia adamianisa da cxo-

velTa aRqmis sistemebisaTvis. 

es problemebi gadawyvetilia arT - 3  qselSi, romelic mravalfenia-

ni arqiteqturis rolSi gamodis. fenidan fenaze gadasvlisas Sema-

val saxeTa kontrastireba da maTi sul ufro zogadi kategoriebis 

formiT damaxsovreba xdeba. amasTan yoveli fenis ZiriTad amocanas 

Semavali informaciis SekumSva (kompresia) warmoadgens. 

saxe Sedis adaptirebad rezonansSi, romelic fenaTa garkveul 

wyvils Soris Cndeba, Semdgom es rezonansi vrceldeba ierarqiis 

momdevno fenebze. arT - 1  da arT - 2  arqiteqturebSi rezonansis 

arasakmarisi done iwvevda Camoyris signalis generacias, rac gamoc-

nobis fenis sruli damuxriWebiT mTavrdeboda. mravalfeniani 

arT - 3  qselis SemTxvevaSi es dauSvebelia, radgan wydeba informa-

ciis nakadi. amitom arT - 3  arqiteqturaSi Semotanilia ukukavSire-

bis sinafsTa aqtivobis droze damokidebulebis specialuri meqaniz-

mi, romelic biologiuri neironis refraqteruli2 damuxruWebis 

tolfasia agznebis gadacemis Semdeg. amis gamo signalis sruli Ca-

moyris nacvlad ukukavSiris sinafsuri signalebis damuxruWeba xde-

ba, da Sedarebis fena agznebis sawyis mdgomareobas iZens axali re-

zonansis Zebnis fazis gansaxircieleblad. 

                                                 
2 refraqteroba (frang. réfractaire – Znelad aRmqmeli, Znelad SemTvisebeli, 

Seuvali) – nervis an kunTis agznebis ararseboba an daqveiTeba wina (warsu-

li, gasuli) agznebis Semdeg, agznebaSeuvaloba; damuxruWebis safuZvelia. 
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saintereso winadadebad gveCveneba agreTve mravalfenian ierarqiaSi 

iseTi fenebis gamoyeneba, romlebic arT  fenebs ar warmoadgens da 

raRac sxva arqiteqturas ekuTvnis. aseT SemTxvevaSi hibriduli 

sistema miiReba, rac axali sasargeblo Tvisebebis gaCeniT SeiZleba 

dagvirgvindes. 

adapturi rezonansuli Teoriis ganviTareba grZeldeba. Teoriis av-

torTa TqmiT, igi warmoadgens raRac arsebiTad ufro konkretuls, 

vidre filosofiuri azrTwyobaa, magram gacilebiT ufro naklebad 

konkretuls, vidre dasrulebuli programaa kompiuterisaTvis. mag-

ram ukve Tanamedrove saxiTac ki, mravalwlian istoriaze dayrdno-

biT, arT  qselebi uCvenebs TavianT warmatebul gamoyenebebs sxvada-

sxva dargSi. arT  arqiteqturam mniSvnelovani nabiji gadadga ag-

reTve plastikur-stabiluri aRqmis modelirebis zogad problema-

Sic. 
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leqcia 13. Tanamedrove arqiteqturaTa Tvisebebi. 

neironuli qselebis Tanamedrove arqiteqturebi. fundamentur kvle-
vaTa aqtualuri mimarTulebebi. neironuli qselebis programuli da 
aparatuli realizaciebi. neiroprocesorebi. samecniero da samrewve-
lo gamoyenebani.  

Tanamedrove arqiteqturaTa Tvusebebi. 

omismermindel wlebSi Sesrulebulma klasikurma gamokvlevebma da 

Semdgomma mZafrma progresma oTxmociani wlebis neiroinformatikaSi 

zogierT perspeqtiul arqiteqturaTa saerTo niSnebi (Tvisebebi) da 

kvlevaTa mimarTulebebi gansazRvra. da TumcaRa nebismieri Sefaseba 

am sferoSi erTob subieqturia, mainc SesaZlebelia garkveuli Tva-

lTaxedvis Camoyalibeba gamokveTil tendenciaTa Sesaxeb. SevCerdeT 

zogierT maTganze. 

1. Teoriuli gamokvlevebis mWidro Serwyma neironuli qsele-

bis aparatuli realizaciisaTvis saWiro axali fizikuri 

garemosa da principebis ZebnasTan. aq pirvel rigSi unda 

aRiniSnos optikuri sistemebi, rogoc wrfivi, aseve ara-

wrfivi : furie-optika, hologramebi, arawrfivi fotoref-

raqciuli kristalebi, optikuri talRmzidi boWkoebi, 

eleqtronul-optikuri mamravlebi da sxva. perspeqtiulia 

agreTve qimiuri da biologiuri garemoebi bunebrivi avto-

talRuri  TvisebebiT. yvela aseT garemoSi informaciis da-

muSavebisas realizebulia masiuri paralelurobis mniSvne-

lovani Tviseba. garda amisa, isini, rogorc wesi, «TviTre-

gulirebis» meqanizmebsac Seicavs, romlebic umaswavleblod 

swavlebis organizebis saSualebas iZleva. 
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2. arqiteqturaTa ierarqiuloba da neironTa funqciebis gana-

wileba. Tanamedrove arqiteqturebSi ramdenime sxvadasxva 

tipis fenebi an calkeuli neironebi gamoiyeneba : sameTauro 

gadamrTveli neironebi, zRurbluri neironebi, «gamarjve-

buls Tan miaqvs yvelaferi» principiT momuSave neironuli 

fenebi lateraluri damuxruWebiT. neironTa funqciebis 

aprioruli ganawileba mniSvnelovnad amartivebs swavlebas, 

radgan qseli struqturulad imTaviTve Seesabameba amocanas.  

3. umaswavleblod _ TviTorganizaciis xarjze _ swavlebis me-

TodTa upiratesi gamoyeneba. am meTodebs Rrma biologiuri 

safuZvlebi gaaCnia, isini swavlebis lokalur xasiaTs uz-

runvelyofs. es ki qselis globaluri bmulobis gamouyeneb-

lad muSaobis saSualebas iZleva. maswavleblis daxmarebiT 

neironTa mxolod gare, gamomavali fenebi swavlobs da amas-

Tan maswavleblis roli xSirad qselis muSaobis xarisxis 

zogad saeqsperto Sefasebamde daiyvaneba. 

4. gamokvlevebisa da arqiteqturebis uSualo orientacia gamo-

yenebebze. zogadi xasiaTis modelebi, rogoricaa hopfildis 

qseli an mravalfeniani perseptroni, ZiriTadad, mecnierul 

interess warmoadgens, radgan am modelebze SesaZlebelia 

SedarebiT sruli Teoriuli gamokvlevebis Catareba.  

es sia, rasakvirvelia, sruliadac ar aris amomwuravi. masSi ar Se-

sula, magaliTad, Tanamedrove gamokvlevebi hibridul neironul sa-

eqsperto sistemaTa sferodan, romlebic iyenebs rogorc formalur 

logikas, aseve asociaciur gamocnobasac. mkiTxvels Tavadac Seu-

Zlia xsenebuli tipis neironuli qselebis gaanalizeba saerTo Tvi-

sebaTa da tendenciaTa gamosavlenad. 

neiromecnierebis dRevandeloba. 

zogierTi cnoba neiromecnierebis istoriidan mkiTxvelma ukve miiRo 

SesavalSi. fundamenturi gamokvlevebi neironuli qselebisa da in-

formaciis damuSavebis inteleqtualur meTodTa TeoriaSi axal fa-

zas aRwevs 1986 wlidan Semdgari rigi specializebuli konferenci-

is Semdeg, romelic uSualod neiromecnierebas mieZRvna. 1988 wlis 

Semodgomaze daarsda neironuli qselebis saerTaSoriso sazogadoe-
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ba (INNS  _  International Neural Networks Society), romelic msoflio 

«neiroaqtivobis» koordinacias axorcielebs. 

neiromecnierebis ganviTarebis tendenciaTa erTianad miwvdoma SesaZ-

lebelia, magaliTad, neironuli qselebisadmi miZRvnili 1994 wlis 

msoflio kongresis programis ZiriTadi Tematuri sakiTxebis gada-

xedviT. es kongresi swored neironuli qselebis saerTaSoriso sa-

zogadoebis mier iyo organizebuli. 

1. biologiuri mxedveloba. am mimarTulebas saTaveSi udgas s. gros-

bergi. 

2. manqanuri mxedveloba. mimarTuleba moicavs teqnikur sistemebSi 

mxedvelobis funqciaTa modelirebis aspeqtebs. gansakuTrebuli gan-

xilvis centrSia SerCeviTi yuradRebis principebi samzeri scenis 

obieqtebis mimarT. 

3. bgera da ena. bgeris sinTezisa da gamocnobis sxvadasxva aspeqti.  

4. biologiuri neironuli qselebi. ganyofilebis Tematika moicavs 

calkeuli neironebis, moZraobisa da smenis marTvis neironuli qse-

lebis Tvisebebs, biologiur qselebSi swavlebis aspeqtebs, aseve 

biologiuri neironebidan xelovnur (siliciumis, kaJbadis) neiro-

nebze gadasvlis gzebs. 

5. neiromarTva da robototeqnika. termini «roboti» (Cexurad : mo-
nuri Sroma) pirvelad gamoiyena cnobilma Cexma mweralma karl Ca-

pekma 1920 wels piesaSi «R.U.R.». 

6. maswavlebliT swavleba. 

7. umaswavleblod swavleba. 

8. saxeTa gamocnoba. 
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9. sistemaTa prognozi da identifikacia. ganixileba rTul sistema-

Ta kibernetikuli modelirebis meTodebi neironul qselTa bazaze. 

10. neiromecniereba cnobierebis Sesaxeb. umaRlesi nervuli sistemis 

moqmedebis organizaciisa da modelirebis aspeqtebi. 

11. cnobierebis Sesaxeb mecnierebis kavSiri xelovnur inteleqtTan. 

12. aramkafio neironuli sistemebi. aramkafio logikis neiromode-

lebis ageba. 

13. signalebis damuSaveba. neironuli qselebisa da saxeTa gamocno-

bis Teoriis gamoyenebaTa erT-erTi uZvelesi sfero _ xmauridan 

signalis gamoyofa da misi Tvisebebis analizi.  

14. neirodinamika da qaosi. igulisxmeba neironuli qselebis Tvise-

baTa Seswavla am qselebis arawrfiv dinamikur sistemebad ganxilvi-

sas. 

15. aparatuli realizaciebi. perspeqtiul gamoyenebaTa sakvanZo sa-

kiTxi _ axali fizikuri principebi da garemoebi informaciis dasa-

muSaveblad. 

16. asociaciuri mexsiereba. 

17. gamoyenebebi. es ganyofileba gansakuTrebiT mravalferovania.  

18. neirogamoTvlebi da virtualuri realoba. aq ganixileba neiro-

nuli qselebis da aseT qselebze maRalparalelur gamoTvlaTa ga-

moyenebis SesaZlebloba xelovnuri realobis Sesaqmnelad. virtua-

luri realobis rTuli aparatul-programuli sistema adamianis 

mier aRqmadi gare samyaros ZiriTadi signalebis modelirebas axdens 

da reagirebs mis moqmedebaze. xsenebuli aparatul-programuli sis-

tema motyuebiT cvlis realur samyaros da am samyarod sakuTar 

Tavs warmoaCens. 
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19. qselebi da sistemuri neiromecniereba. ZiriTadi yuradReba eqce-
va signalebis droSi qcevas biologiur da xelovnur neironul 

konturebSi. 

20. maTematikuri safuZvlebi. 

zogierTi mimarTuleba _ rogoricaa, magaliTad, swavleba maswav-

leblis daxmarebiT da mis gareSe, neirodinamika da asociaciuri 

mexsiereba, saxeTa gamocnoba, maTemtikuri amocanebis amoxsna neiro-

nul qselebze _ ZiriTadi klasikuri Sedegebis saxiT iyo warmodge-

nili leqciaTa am kursSi. neiroinformatikis mravali uaxlesi sxva 

gamoyenebac, SesaZloa, cnobilia mkiTxvelisaTvis. magaliTad, gansa-

kuTrebuli interesi gaCnda neiroinformatikis gamoyenebaTa mimarT 

ekonomikasa da finansebSi, rac cdeba Cveni saleqcio kursis CarCo-

ebs.   

programuli da aparatuli uzrunvelyofa. neirokompiuteri. 

amJamad neiroqseluri produqtebis vrceli bazaria Camoyalibebuli. 

produqtebis didi umravlesoba mamodelirebeli programuli uz-

runvelyofis saxiTaa warmodgenili. wamyvani firmebi qmnis agreTve 

specializebul neiroCipebs an neirofirfitebs Cveulebrivi (ro-

gorc wesi, IBM PC AT platformis) kompiuteris misadgamis saxiT. 

amasTan programebs SeuZlia muSaoba rogorc neiro-misadgamebis ga-

reSe, aseve maTi gamoyenebiTac. ukanasknel SemTxvevaSi hibriduli 

kompiuteris swrafqmedeba asjer da aTasjer izrdeba. 

SeiZleba CamovTvaloT zogierTi cnobili da popularuli neirosis-

tema da misi mwarmoebeli. 

programebis paketi «NeuralWorks Professional II Plus». es NeuralWare 
firmis mier damuSavebuli NeuralWorks produqtis erT-erTi ukanas-
kneli versiaa. paketi Seicavs neironuli qselebis mravali arqiteq-

turis programul models (maT Soris leqciaTa am kursSi ganxi-

lulsac). firmas gamocxadebuli aqvs SUN tipis samuSao sadguri-

saTvis paketis versiisa da nCUBE paraleluri procesorebis gamo-

Svebac. 
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programebis paketi «ExploreNet 3000». profesor robert hext-nil-

senis (R.Hecht-Nielsen) mier daarsebuli  HNC firmis nawarmoebi 
produqtia. paketi farTo SesaZleblobebs iZleva monacemTa modeli-

rebisa da marTvis uzrunvelsayofad. amaCqareblis rolSi gamoiyene-

ba HNC firmis teqnikuri mowyobilobebi _ ANZA da ANZA+ nei-
roprocesorebi, romlebic erT-erT pirvel aparatul gadawyvetile-

baTa ricxvs miekuTvneba. firma sTavazobs momxmarebels agreTve ga-

moyenebiTi programebis damuSavebis saSualebas _ C enaze dafuZne-
bul daprogramebis specializebul AXON enas.  

garsi «NeuroShell 2.0». am programis Rirsebas monacemTa marTvis po-
pularul MicroSoft Excel paketTan Tavsebadoba warmoadgens, ris ga-
moc produqti gamosadegi xdeba masobrivi gamoyenebisaTvis. 

ruseTSi cnobilia agreTve taganrogis mravalprocesoriani gamom-

Tvleli sistemebis samecniero kvleviTi institutis nawarmi – cif-

ruli neirokompiuterebisaTvis gankuTvnili zedidi integraluri 

sqema, romelic 20 megahercze muSaobs da 100 000 logikur ven-

tils (ports) Seicavs. funqcionirebs agreTve neirokompiuterebis 

moskovis centri, sadac mzaddeba aparatuli sistemebi transpiute-

rebis safuZvelze. programul sistemaTa Soris unda aRiniSnos 

krasnoiarskis universitetis neirokibernetikis kaTedris produq-

cia, rostovis universitetis neirokibernetikis samecniero kvlevi-

Ti institutisa da niJni novgorodis gamoyenebiTi fizikis saxeTa 

gamocnobis sistemebi. 

1993 wels germanulma firmam Simens-ma gamoacxada im droisaTvis 
yvelaze swrafqmedi neirokompiuteris (SYNAPSE-I) gamoSvebis Se-
saxeb. es neirokompiuteri warmoadgens sistemas, romelic Seicavs 

mmarTvel (host) manqanas da specializebul neiroprocesors loka-

luri mexsierebiT sinafsuri wonebisaTvis. yovel neiroqselur pa-

radigmaSi advilad gamoiyofa neironuli qselebisaTvis damaxasiaTe-

beli operaciebis SedarebiT mcire nakrebi, romelic SeiZleba iyos 

Zalian efeqturad Sesrulebuli paralelur reJimSi specializebul 

procesorze. aseT operaciaTa ricxvs miekuTvneba, magaliTad, matri-

cebisa da veqtorebis gamravleba da Sekreba, matricaTa transponi-

reba, zRurblur gardasaxvaTa gamoangariSeba, cxrilis funqciaTa 

9. neironuli qselebi 
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paraleluri gamoTvla da sxva. ganviTarebuli logikis mqone 

algoriTmis darCenili fragmentebi, romlebic gamoTvlaTa saerTo 

droidan, Cveulebriv, mxolod ramdenime procents moiTxovs, 

warmatebiT SeiZleba iyos Sesrulebuli tradiciul kompiuterze. 

SYNAPSE-1 neirokompiuterSi aseTi host-manqanis rolSi Sun Sparc 
Station II samuSao sadguri gvevlineba. SYNAPSE-1 kompiuterSi da-
gegmili aCqareba neirooperaciebze TiTqmis rva aTass (!) Seadgens 

Tavad host-sadguris mimarT. momxmareblisaTvis gaTvaliswinebulia 

moxerxebuli da problemurad neiroqselze orientirebuli dapro-

gramebis nAPL ena, daprogramebis garemo C++ enaze da UNIX-Tavse-

badi operaciuli sistema. 

zemoCamoTvlili neirosistemebi SedarebiT Zviria da isini, ZiriTa-

dad, gankuTvnilia profesiuli gamoyenebisaTvis. saswavlo-kvleviTi 

miznebisaTvis leqciaTa am kursSi moyvanilia erTfeniani perseptro-

nis swavlebisa da gamocnobis algoriTmebis marealizebeli martivi 

programa. mkiTxvels, romelmac daprogramebis ena paskali icis, 

SeuZlia Setanisa da gamotanis modulebis damatebisas am programis 

gamoyeneba rogorc eqsperimentebis Casatareblad neironul qselze, 

aseve neiroprogramuli uzrunvelyofis Seqmnis teqnologiis asaTvi-

seblad sawyis doneze. 
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leqcia 14. neiroqselebis kompiuteruli modelireba. 

neiroqselebis imitaciuri modelirebisaTvis gankuTvnili programu-
li uzrunvelyofis Seqmnis principebi. programis blokTa struqtu-
ra da funqciebi. perseptronis swavlebis algoriTmis programuli 
ganxorcielebis magaliTi.  

neironuli qselebis gamoyenebaTa mniSvnelovani wili maTi progra-

muli modelebis gamoyenebaze modis, romlebsac, Cveulebriv, neiro-
imitatorebs uwodeben. programis Seqmna, rogorc wesi, ufro iafi 
jdeba, xolo miRebuli produqti ufro damajerebeli, mobiluri da 

moxerxebuli saxisaa, vidre specializebuli aparatura. nebismier 

SemTxvevaSi, neiroqselis aparatul realizacias yovelTvis win un-

da uZRvodes misi yovelmxrivi Seswavla Teoriis safuZvelze kompi-

uteruli modelis gamoyenebiT. 

leqciaTa kursis am nawilSi aRwerilia SedarebiT mcire, Cveuleb-

riv, individualuri moxmarebis neiroprogramaTa Seqmnis yvelaze 

zogadi proncipebi. Txrobis maqsimalurad gaadvilebis miz-

niTYSerCeulia neironuli qselis martivi arqiteqtura – erTfenia-

ni perseptroni. am qselis Teoriuli safuZvlebi meoTxe leqciaSi 

iyo ganxiluli.  

dasasruls leqciaSi moyvanilia aRweril programaTa listingebi, 

romlebic turbo paskalze IBM PC personaluri kompiuterisaTvis 

daprogramebas gacnobil mkiTxvels SeuZlia saswavlo miznebiT ga-

moiyenos an gadaakeTos sakuTari survilis Sesabamisad. 
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neiroimitatorTa Seqmnis principebi. 

neiroimitatori warmoadgens kompiuterul programas (an programa-

Ta pakets), romelic Semdeg funqciebs asrulebs : 

• neironuli qselis arqiteqturis aRwera da formireba ; 

• monacemTa Segroveba maswavlebeli a(mo)nakrebisaTvis ;  
• arCeuli neiroqselis swavleba maswavlebel a(mo)nakrebze an 

ukve naswavli qselis CatvirTva diskodan ;  
• naswavli neiroqselis testireba ;  
• swavlebisa da testirebis procesis vizualizacia ;  

• amocanaTa amoxsna naswavli qseliT ;  
• swavlebis Sedegebisa da miRebul amonaxsnTa Cawera diskoze.  

am funqciaTa sarealizaciod samrewvelo neiroimitatorebi (rogo-

ricaa, magaliTad, Neural Ware firmis Neural Works Professional II+ an 
krasnoiarskis samecniero centrSi Seqmnili MultiNeuron programuli 

paketebi) aRWuravs mkvlevars SesaZleblobaTa farTo speqtriT. 

individualur programebSi, roca momxmarebels, uwinares yovlisa, 

neiroqselis muSaobis Sedegi ainteresebs, am funqciaTa nawili 

SeiZleba maqsimalurad gamartivdes. 

amocanaTa amoxsna neiroqselebis gamoyenebiT xSirad Semdegi etape-

bisagan Sedgeba (amasTan, arc yvela etapia savaldebulo da arc ma-

Ti Sesruleba aq miTiTebuli TanamimdevrobiT). 

amocanis dasma neironuli qselis terminebSi. 

amocanis dasmas neironuli qselisaTvis garkveuli Tavisebureba ga-

aCnia da amaSi mkiTxvels ukve SeeZlo darwmuneba mTeli kursis man-

Zilze. uwinares yovlisa, aucilebelia gadawydes, ekuTvnis Tu ara 

amosaxsneli amocana neiroqselur dasmaTa erT-erT standartul 

tips, rogoricaa : klasifikaciis (kategorizaciis), funqciuri mo-

delis agebis (sistemis identifikaciis), optimizaciisa da neiroma-
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Tematikis, marTvis, dabolos, saxeTa gamocnobisa da signalebis 

damuSavebis. 

neirokompiuterisaTvis amocanis arastandartuli dasma, Cveulebriv, 

moiTxovs specialur kvlevaTa Catarebas da sxva amocanaTa amoxsnis 

did gamocdilebas. am etapze aucileblad unda gaeces pasuxi SekiT-

xvas : saWiroa saerTod mocemuli amocanis amosaxsnelad neironuli 

qseli? savsebiT SesaZlebelia (da xSirad asec xdeba), rom amonaxs-

ni algoriTmuli gziTac miiRebodes. aseT SemTxvevaSi neiroimita-

toris gamoyeneba, Cveulebriv, araefeqturia 

Semdeg unda ganisazRvros amocanaSi gamoyenebuli niSnebis (Tvisebe-

bis) sivceebi, romlebSic Setanilia am amocanisaTvis mniSvnelovani 

rolis mqone parametrebi. Tu Tqven gansaxilvel sagnobriv sferoSi 

eqsperti ar xarT, maSin am etapze mizanSewonilia konsultaciaTa 

miReba. kolegebTan urTierToba saziano arasodes iqneba, im SemTxve-

vaSic ki, Tu Tqven wamyvan specialistad gTvlian am sakiTxSi.   

TvisebaTa sivceebis agebisas gaTvaliswinebuli unda iqnas Sesabamisi 

monacemebis arseboba da xelmisawvdomoba, winaaRmdeg SemTxvevaSi 

Tqven ar geqnebaT informacia neiroqselis swavlebis gansaxorcie-

leblad. 

dabolos, friad sasargebloa neiroqselis muSaobis mosalodneli 

Sedegisa da misi Semdgomi gamoyenebis warmodgena. mraval SemTxveva-

Si es amartivebs amocanis dasmas da Sedegad ufro efeqtur amo-

naxsns iZleva. Tu miRebuli Sedegebi Tqveni molodinis Sesabamisi 

ar aRmoCnda, maSin es kidev erTi mizezi gaxdeba imisa, rom gacile-

biT ufro safuZvlianad miudgeT amocanas. 

amocanis adekvaturi neiroarqiteqturis arCeva da analizi. 

gamosayenebeli neiroqselis tipi umeteswilad nakarnaxebia dasmuli 

amocaniT. ase, magaliTad, klasifikaciis amocanisaTvis moxerxebuli 

SeiZleba aRmoCndes mravalfeniani perseptroni da lipman-hemingis 

qseli. perseptroni gamodgeba aseve sistemaTa identifikaciisa da 

prognozis amocanebisaTvis. kategorizaciis amocanaTa gadasawyvetad 
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saWiro gaxdeba kohonenis ruka, Semxvedri mimarTulebis arqiteqtu-

ra an qseli adapturi rezonansiT. neiromaTematikis amocanebi, Cveu-

lebriv, hopfildis modelis sxvadasxva modifikaciaTa gamoyenebiT 

amoixsneba. 

ukeTesia iseTi arqiteqturis gamoyeneba, romlis Tvisebebi cnobilia 

TqvenTvis, radgan es gaamartivebs Sedegebis interpretacias. gavlena 

arCevanze SeiZleba moaxdinos agreTve saTanado programaTa Tqven-

Tvis xelmisawvdomobam an miuwvdomlobam. 

monacemTa SerCeva da maswavlebeli a(mo)nakrebis formireba. 

idealuria mdgomareoba, roca SesaZlebelia ragind bevri sxvadasxva 

monacemis miReba dasmuli amocanisaTvis. aseT SemTxvevaSi mTavari 

sazrunavi isaa, rom monacemebSi ar gaCndes sistematuri Secdomebi 

da gadaxrebi (Tu, rasakvirvelia, Tavad es sakiTxi ar warmoadgens 

gamokvlevaTa sagans). maswavlebel a(mo)nakrebSi mizanSewonilia, 

uwinares yovlisa, im monacemTa Setana, romlebic neirosistemis 

Semdgomi gamoyenebis pirobebTan miaxloebul viTarebas aRwers. 

saxeTa gamocnobis zogierTi amocanis gadasawyvetad monacemTa war-

modgena saWiroa invariantuli formiT, Tu es SesaZlebelia, ra 

Tqma unda. 

praqtikuli miznebisaTvis maswavlebeli a(mo)nakrebis garkveul na-

wils ar unda mimarTavdnen swavlebisas, raTa Semdgom SesaZlebeli 

gaxdes misi gamoyeneba neiroqselis testirebisaTvis. unda gvesmo-

des, rom maswavlebel monacemTa Zalze didi a(mo)nakrebi erTob 

Seanelebs swavlebis process da Sedegis arsebiTi gaumjobesebac ar 

moxdeba. 

Tu Tqvens gankargulebaSi monacemTa friad SezRuduli moculobaa, 

maSin gasaanalizebeli xdeba misi sakmarisoba amocanis gadasawyve-

tad. Cveulebriv, es Zalian rTuli sakiTxia. erT-erT gzad amocanis 

TvisebaTa (niSanTa) sivrcis ganzomilebis Semcireba SeiZleba aRmoC-

ndes. nebismier SemTxvevaSi, maswavlebel monacemTa raodenoba neiro-

qselis gasawvrTnel parametrTa ricxvs unda aRematebodes. 



 135 

sakuTari programis Seqmna Tu arsebuli neiroimitatoris 

gamoyeneba? 

bazarze arsebuli neiroimitatorebi Seqmnilia profesionalebis mi-

er specialurad Tqveni moxerxebulobisaTvis. praqtikuli miznebisa-

Tvis umjobesia maTi gamoyeneba. es uzrunvelyofs standartebis Se-

srulebas da Tqvens mier miRebuli Sedegebis damajereblobas. 

gamonakliss Seadgens arastandartuli amocanebi da neiroqselebis 

specializebuli arqiteqturebi, am SemTxvevaSi saWiroa axali pro-

gramis Seqmna. Tqveni proeqtisaTvis teqnikuri garemos arCevisas sa-

sargebloa neiroprogramis dasawerad da monacemTa bazebis dasamuSa-

veblad arsebuli instrumentuli saSualebebis gaTvaliswineba. da-

programebis enad yvelaze ufro xSirad C  (an C + + ) gamoiyeneba. 

mcire proeqtebisaTvis paskalis an beisikis arCevac SeiZleba. 

da kidev : ar xarjoT dro kvadratuli fesvis gamosaangariSebeli 

standartuli funqciis xelaxla daprogramebaze, geTayva ! 

Sedegebis analizi. 

es amocanis amoxsnis erT-erTi yvelaze mniSvnelovani fazaa. anali-

zis sisrulisaTvis saWiroa Sedegebis TvalsaCinoebaze, sicxadeze 

zrunva, risTvisac maTi grafikuli saxiT warmodgena SeiZleba. Tu 

Sedegebis gamoyeneba kompiuterze Catarebul momdevno gamoTvlebSi 

moxdeba, maSin mizanSewonilia am Sedegebis imTaviTve warmodgena 

sxva programebisaTvis gasageb formatSi. programebs Soris monacem-

Ta mcire cxrilebis gacvlis uzrunvelsayofad teqstur warmodge-

nas SeiZleba mivmarToT. didi moculobebisaTvis ukeTesia standar-

tuli formatebis gamoyeneba. maT ricxvs miekuTvneba, magaliTad, 

Ashton-Tate firmis mier Seqmnili dBASE sistemis dbf-failebis 

formati. momxmarebels es avtomaturad darTavs nebas gamoiyenos 

xsenebuli (da mravali sxva) sistemis monacemTa damuSavebis (warmo-

dgenis, Senaxvisa da redaqtirebis) saSualebebi. 

Tu miRebuli Sedegi arsebiTad gansxvavdeba mosalodnelisagan, ma-

Sin, albaT, amocanis dasmas unda davubrundeT.  
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TumcaRa SesaZlebelia, rom Tqven axali aRmoCenis piras xarT 

PERC programis aRwera. 

am punqtSi aRwerili iqneba  umartivesi PERC  programa, romelic 

erTfeniani perseptronis swavlebas axorcielebs. magaliTis saxiT 

arCeulia Semdegi amocana. neironul qsels waredgineba veqtori, 

romelic 10  binaruli komponentisagan Sedgeba, sxvanairad, nebismie-

ri mdgeneli mxolod nuls an erTs SeiZleba udrides. qselma unda 

iswavlos gansazRvra imisa, Tu ra ufro metia veqtorSi – nulis 

Tu erTis toli mdgeneli. 

aseTi amocanis gadasawyvetad aucilebelia sul cota erTi neironi 

mainc aTi SesasvleliT da erTi gamosasvleliT (Tumca programa 

ramdenime neironis gamoyenebis saSualebasac iZleva). gansaxirciele-

beli damokidebuleba wrfivad gancalkevebad funqciaTa klass mie-

kuTvneba, amitom amonaxsnis misaRebad erTi neironic sakmarisia. 

maswavlebel a(mo)nakrebad 200  veqtori gamoiyeneba. maTi komponen-

tebis gaTamaSeba paskalis fsevdoSemTxveviT ricxvTa generatoris 

gamoyenebiT xdeba. swori pasuxi nulebisa da erTianebis ricxvis 

uSualo SedarebiT ganisazRvreba. 

swavleba meoTxe leqciaSi dawvrilebiT ganxiluli f. rozenblatis 

delta-wesiT xorcieldeba. swavlebis dasrulebisas programa Ses-

rulebul iteraciaTa ricxvsa da swavlebis miRweuli Secdomis 

mniSvnelobas iZleva. am punqtis daskvniT nawilSi moTavsebulia 

PERC  programis sruli lostingi da misi muSaobis Sedegebi. sayu-

radReboa, rom gamoTvlebis Catarebisas Tqvens kompiuterze, miRebu-

li Sedegebi SeiZleba odnav gansxvavdebodes mocemuli mniSvnelobe-

bisagan SemTxveviT sidideTa sxvadasxva mimdevrobebis gamo.  

swavlebis xarisxis testirebisaTvis Seqmnilia calke TEST  prog-

rama (romlis teqsti da muSaobis Sedegebi moTavsebulia amave leq-

ciaSi). gamoyenebel monacemTa struqturebi da programis muSaoba 

PERC  modulis msgavsia. testirebisaTvis agreTve SemTxveviTi veq-

torebi gamoiyeneba. 
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testis Sedegebi erTob damakmayofilebelia, neironulma qselma 

warmatebiT dasZlia Tavisi amocana pasuxis meore-mesame niSanSi Sec-

domamde sizustiT. am SecdomaTa interpretacia siZneles an gaugeb-

robas ar iwvevs. 

PERC programis teqsti. 

PROGRAM PERC; 
 
(* PERC - saswavlo programa *) 
(* erTfeniani perseptroni *) 
(* TariRi : 2007 wlis 3 Tebervali *) 
(* avtorebi : arCil frangiSvili, oleg namiCeiSvili *) 
(* da arCil elizbaraSvili *) 
 
CONST 
    CMaxInp = 20; 
    (* SesasvlelTa maqsimaluri ricxvi *) 
    CMaxOut = 10; 
    (* gamosasvlelTa maqsimaluri ricxvi *) 
    CMaxImages = 200; 
    (* saxeTa maqsimaluri ricxvi *) 
    CEta = 0.75; 
    (* swavlebis tempi *) 
    CError = 5.0e-3; 
    (* moTxovnili Secdomis sazRvari *) 
    CCounter = 1000; 
    (* iteraciaTa maqsimaluri ricxvi *) 
    CInitWeight = 5.0; 
    (* SemTxveviTi sinafsuri wonebis  *) 
     (* maqsimaluri sawyisi mniSvneloba *) 
    CBiasNeuron = 1.0; 
    (* neiron-zRurblis aqtivoba *) 
 
TYPE 
    TMatrix = ARRAY[0..CMaxInp,1..CMaxOut] OF REAL; 
    (* nulovani sveti Seicavs zRurblebis mniSvnelobebs *) 
    TInpVector  = ARRAY[1..CMaxInp] OF REAL; 
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    TOutVector  = ARRAY[1..CMaxOut] OF REAL; 
 
    (* qselis struqtura *) 
    TPerceptron = RECORD    
        NInp : INTEGER; 
        (* SesasvlelTa ricxvi *) 
        NOut : INTEGER; 
        (* gamosasvlelTa ricxvi *) 
        Inp  : TInpVector; 
        (* SesasvlelTa mimdinare veqtori *) 
        Out  : TOutVector; 
        (* gamosasvlelTa mimdinare veqtori *) 
        W    : Tmatrix; 
        (* kavSirebis, anu bmebis matrica *) 
    END; 
 
    (* Canaweri monacmTa bazaSi - maswavlebel anakrebSi *) 
    TBaseRecord = RECORD 
        X   : TInpVector; 
        Y   : TOutVector; 
    END; 
 
    (* monacemTa bazis struqtura *)    
    TBase = RECORD 
        NImages : INTEGER; 
        (* maswavlebel saxeTa ricxvi *) 
        Images: ARRAY[1..CMaxImages] OF TBaseRecord; 
    END; 
 
VAR 
    VNet                  : TPerceptron; 
    VBase                 : TBase; 
    VOK                   : BOOLEAN; 
    VError, VTemp, VDelta : REAL; 
    VCounter, Vi, Vj, Vk  : INTEGER; 
    VFile                 : FILE OF TPerceptron; 
 
PROCEDURE InitAll; 
 
(* 10/1 tipis neironuli qselis inicializacia *) 
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(* kavSirTa matricis sawyisi SemTxveviTi mniSvnelobebis Setana *) 
 
VAR 
    Li, Lj, Lk : INTEGER; 
BEGIN 
    WITH VNet, VBase DO 
    BEGIN 
        NInp := 10; 
        NOut := 1; 
        FOR Li := 0 TO NInp DO 
            FOR Lj := 1 TO NOut DO 
                 W[Li,Lj] := CInitWeight*(RANDOM-0.5); 
    END; 
    VOK := TRUE; 
END; 
 
PROCEDURE GetDataBase; 
 
(* 200 SemTxveviTi saxis Semcveli maswavlebeli anakrebis generacia *) 
(* erTianebis daTvla uSualod xdeba *) 
 
VAR 
    Li, Lj, Lk : INTEGER; 
BEGIN 
    VOK := TRUE; 
    WITH VBase, VNet DO 
    BEGIN 
        NImages := 200; 
        FOR Li:= 1 TO NImages DO 
        BEGIN 
            Lk := 0; 
            FOR Lj:=1 TO NInp DO 
            BEGIN 
                (* SemTxveviT 0 an 1 *) 
                Images[Li].X[Lj] := RANDOM( 2 ); 
                (* erTianebis gamoangariSeba *) 
                IF ( Images[Li].X[Lj] > 0 ) 
                    THEN Lk := Lk + 1; 
            END; 
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   (* gamosasvlelze erTiania, Tu mocemul Semaval veqtorSi *) 
   (* erTianebis ricxvi nulebis raodenobas aRemateba *) 
            IF ( Lk > (NInp-Lk) ) 
                THEN Images[Li].Y[1] := 1 
                ELSE Images[Li].Y[1] := 0 
        END; 
    END; 
END; 
 
PROCEDURE SaveNet; 
 
(* neironuli qselis parametrebis Cawera SAMPLE.DAT failSi *) 
(* mowmdeba gamotanis operaciebi *) 
(* turbo paskalis kompilatoris  +1 da -1 gasaRebebiT *) 
 
BEGIN 
    ASSIGN( VFile, 'SAMPLE.DAT' ); 
    {$I-} 
    REWRITE( VFile ); 
    {$I+} 
    VOK := (IOResult = 0); 
 
    IF VOK THEN 
    BEGIN 
        {$I-} 
        WRITE( VFile, VNet ); 
        CLOSE ( VFile ); 
        {$I+} 
        VOK := (IOResult = 0); 
    END; 
END; 
 
 
 
FUNCTION Sigmoid( Z: REAL ): REAL; 
 
(* neironis sigmoiduri gardamavali funqcia *) 
 
BEGIN 
   Sigmoid := 1.0/(1.0+EXP(-Z)); 
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END; 
 
(* ZiriTadi programa *) 
BEGIN 
    WRITELN('<< PERCEPTRON >> (neiroimitatori) '); 
    WRITELN('----------------------------------------- '); 
    VOK := TRUE; 
 
    (* inicializacia Secdomis kontroliT *) 
    RANDOMIZE; 
    InitAll; 
    IF (NOT VOK) THEN 
    BEGIN 
        WRITELN('inicializaciis Secdoma'); 
        HALT; 
    END; 
 
    (* monacemTa bazis generacia *) 
    VOK := TRUE; 
    GetDataBase; 
    IF (NOT VOK) THEN 
    BEGIN 
        WRITELN('Secdoma monacemTa bazis generaciisas'); 
        HALT; 
    END; 
 
    (* swavlebis cikli *) 
    VOK := TRUE; 
    VCounter := 0; 
    WITH VNet, VBase DO 
        REPEAT 
            VError := 0.0; 
            (* cikli maswavlebeli anakrebis mixedviT *) 
            FOR Vi := 1 TO NImages DO 
            BEGIN 
           (* morigi saxis miwodeba qselis Sesasvlelebze *) 
                FOR Vj := 1 TO NInp DO 
                BEGIN 
                    Inp[Vj] := Images[Vi].X[Vj]; 
                END; 
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(* cikli neironebis mixedviT *) 
(* aparatuli realizaciis dros paralelurad Sesruldeba! *) 
                FOR Vk := 1 TO NOut DO 
                BEGIN 
                    (* morigi neironis mdgomareoba *) 
                    VTemp := CBiasNeuron*W[0,Vk]; 
                    FOR Vj := 1 TO NInp DO 
                    BEGIN 
                        VTemp := VTemp + 
                            Inp[Vj]*W[Vj,Vk]; 
                    END; 
                    Out[Vk] := Sigmoid( VTemp ); 
 
                    (* Secdomis dagroveba *) 
                    VDelta:=Images[Vi].Y[Vk]-Out[Vk]; 
                    VError:=VError+0.5*SQR(VDelta); 
 
                 (* swavleba rozenblatis delta-wesiT *) 
                    W[0,Vk] := W[0,Vk] + 
                        CEta*CBiasNeuron*VDelta; 
                    FOR Vj := 1 TO NInp DO 
                    BEGIN 
                        W[Vj,Vk] := W[Vj,Vk] + 
                            CEta*Inp[Vj]*VDelta; 
                    END; 
                END; 
            END; 
            VCounter := VCounter + 1; 
        UNTIL ( (VCounter >= CCounter) OR 
                (VError <= CError) ); 
       (* cikli damTavrda iteraciaTa maqsimaluri ricxvis *) 
       (* an minimalurad sakmarisi Secdomis miRwevisas *) 
 
    WRITELN( 'Sesrulda ', VCounter, ' iteracia'); 
    WRITELN( 'swavlebis Secdomam Seadgina ', VError ); 
 
    (* swavlebis Sedegebis Senaxva diskoze *) 
    SaveNet; 
    IF (NOT VOK) THEN 
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    BEGIN 
        WRITELN('Secdoma diskoze Cawerisas'); 
        HALT; 
    END; 
 
    WRITE('neironuli qseli naswavlia da misi parametrebi'); 
    WRITELN('Cawerilia SAMPLE.DAT failSi'); 
END. 
 
PERC programis muSaobis Sedegi 
 
<< P E R C E P T R O N >> (neiroimitatori)  
-----------------------------------------  
Sesrulda 243 iteracia  
swavlebis Secdomam Seadgina 4.9997994218E-03 
neironuli qseli naswavlia da misi parametrebi 

Cawerilia SAMPLE.DAT failSi 
 
TEST programis teqsti 
 
PROGRAM TEST; 
 
(* TEST – programa PERC neiroimitatoris testirebisaTvis *) 
 
CONST 
    CMaxInp     = 20; 
    CMaxOut     = 10; 
    CMaxImages  = 15; 
    CBiasNeuron = 1.0; 
 
TYPE 
    TMatrix     = ARRAY[0..CMaxInp,1..CMaxOut] OF REAL; 
    TInpVector  = ARRAY[1..CMaxInp] OF REAL; 
    TOutVector  = ARRAY[1..CMaxOut] OF REAL; 
    TPerceptron = RECORD 
        NInp : INTEGER; 
        NOut : INTEGER; 
        Inp  : TInpVector; 
        Out  : TOutVector; 
        W    : TMatrix; 
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    END; 
 
VAR 
    VNet        : TPerceptron; 
    VTemp       : REAL; 
    VCorrect    : REAL; 
    Vi, Vj, Vk  : INTEGER; 
    VOK         : BOOLEAN; 
    VFile       : FILE OF TPerceptron; 
 
PROCEDURE LoadNet; 
 
(* neironuli qselis parametrTa wakiTxva SAMPLE.DAT failidan *) 
(* mowmdeba Setanis operaciebi *) 
(* turbo paskalis kompilatoris  +1 da -1 gasaRebebiT *) 
 
BEGIN 
    ASSIGN( VFile, 'SAMPLE.DAT' ); 
    {$I-} 
    RESET( VFile ); 
    {$I+} 
    VOK := (IOResult = 0); 
 
    IF VOK THEN 
    BEGIN 
        {$I-} 
        READ( VFile, VNet ); 
        CLOSE ( VFile ); 
        {$I+} 
        VOK := (IOResult = 0); 
    END; 
END; 
 
FUNCTION Sigmoid( Z: REAL ): REAL; 
BEGIN 
   Sigmoid := 1.0/(1.0+EXP(-Z)); 
END; 
 
BEGIN 
    VOK := TRUE; 
    RANDOMIZE; 
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    (* naswavli neiroqselis parametrTa wakiTxva *) 
    LoadNet; 
    IF (NOT VOK) THEN 
    BEGIN 
        WRITELN('Secdoma failis wakiTxvisas'); 
        HALT; 
    END; 
    VOK := TRUE; 
    WITH VNet DO 
    BEGIN 
        WRITELN('<<PERCEPTRON>> (testuri programa)'); 
        WRITELN('-------------------------------'); 
        WRITELN(' SekiTxva    pasuxi    swori pasuxi  '); 
        WRITELN('-------------------------------'); 
        FOR Vi := 1 TO CMaxImages DO 
        BEGIN 
            (* SemTxveviTi saxis miwodeba Sesasvlelze *) 
            Vk := 0; 
            FOR Vj:=1 TO NInp DO 
            BEGIN 
                (* SemTxveviT 0 an 1 *) 
                Inp[Vj] := RANDOM( 2 ); 
                (* erTianebis gamoangariSeba *) 
                IF ( Inp[Vj] > 0 ) 
                THEN Vk := Vk + 1; 
            END; 
            (* swori pasuxi cnobilia ! *) 
            IF ( Vk > (NInp-Vk) ) 
            THEN VCorrect := 1.0 
            ELSE VCorrect := 0.0; 
            (* pasuxs neiroqseli iZleva *) 
            FOR Vk := 1 TO NOut DO 
            BEGIN 
                VTemp := CBiasNeuron*W[0,Vk];  
                FOR Vj := 1 TO NInp DO 
                BEGIN 
                    VTemp := VTemp + 
                         Inp[Vj]*W[Vj,Vk]; 
                END; 
                Out[Vk] := Sigmoid( VTemp ); 

10. neironuli qselebi 
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            END; 
            (* Sedegebis gamotana *)   
            FOR Vj := 1 TO NInp DO 
                WRITE( Inp[Vj]:2:0 ); 
            WRITELN('',Out[1]:4:2,'', VCorrect:2:0); 
        END; 
    END; 
    WRITELN('-----------------------------------'); 
END. 
 
TEST programis muSaobis Sedegi 
 
<<PERCEPTRON>> (testuri programa) 
------------------------------------------- 
        SekiTxva         pasuxi    swori pasuxi 
------------------------------------------- 
 0 0 0 0 1 1 1 1 0 0    0.00        0 
 0 0 1 0 0 0 0 1 0 1    0.00        0 
 1 1 0 0 0 0 0 1 0 0    0.00        0 
 1 1 1 1 0 1 0 1 1 1    1.00        1 
 0 1 1 1 0 1 1 0 0 0    0.01        0 
 1 0 1 0 1 0 1 1 1 0    0.99        1 
 1 0 1 1 1 0 0 1 1 0    0.98        1 
 1 0 1 1 1 1 0 0 1 1    1.00        1 
 1 1 0 1 1 1 1 0 1 0    1.00        1 
 1 1 0 1 1 1 0 0 0 1    1.00        1 
 0 0 0 0 1 1 0 1 0 1    0.00        0 
 1 0 0 1 0 0 0 0 0 1    0.00        0 
 1 0 0 1 0 0 0 1 1 0    0.00        0 
 0 1 0 1 1 1 0 1 0 0    0.02        0 
 1 1 1 1 1 1 0 1 1 0    1.00        1 
------------------------------------------- 
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amocanebi. 

1. PERC  programis saSualebiT SeiZleba SeviswavloT amonaxsnis 

damokidebuleba maswavlebeli a(mo)nakrebis monacemTa moculobaze. 

amis miRweva Nimages  cvladis mniSvnelobis SecvliT xdeba 

GetDataBase  qveprogramaSi. SeecadeT axsnaT testis Sedegebis gaua-
reseba, roca swavlebisas saxeTa raodenoba TandaTanobiT mcirdeba. 

2. moaxdineT PERC  da TEST  programaTa modifikacia neironis 

gardamavali funqciis tipis SecvliT. Sedegebi SeadareT. 

3. CaatareT swavlebis siCqaris damokidebulebis gamokvleva tempze 

(CEta ) da wonaTa sawyis mniSvnelobebze (CInitWeight ). axseniT 

Tqvens mier miRebuli Sedegebi.  
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leqcia 15. damatebiTi cnobebi. 

warmodgena evoluciuri algoriTmebis Sesaxeb. kombinatoruli op-
timizacia genetikuri Zebnis meTodiT. neironuli qselebi aramkafio 
logikiT. sasruli avtomatebi da neironuli qselebi.  

informaciis analizis kompiuteruli meTodebi gamudmebiT ganicdis 

srulyofas. amasTan, maTematikuri modelirebis farTod gavrcele-

bul da mtkiced damkvidrebul meTodebTan erTad, sul ufro vi-

Tardeba da gamoiyeneba sxva, aratradiciuli midgomebi. xelovnur 

neironul qselebTan dakavSirebuli erT-erTi maTgani, leqciaTa am 

kursis ZiriTad sagans warmoadgens.  

suraTis sisrulisaTvis avtorebs saWirod miiCniaT sxva meTodebis 

mokle mimoxilvac. upirveles yovlisa, yuradRebis centrSia moxve-

drili genetikuri algoriTmebi, sistemebi aramkafio logikiT da 

ujreduli avtomatebi. imisaTvis rom ar dairRves masalis gadmoce-

mis mTlianoba, am meTodebis ganxilva neiroqselur algoriTmebTan 

SefardebaSi xdeba. 

genetikuri Zebna. 

warmateba neironuli qselebis ganviTarebaSi, uwinares yovlisa, da-

kavSirebulia  mraval arqiteqturaSi Cadebul Rrma biologiur sa-

fuZvlebTan. biologiuri evoluciis zogierTi Tavisebureba, kodi-

rebisa da memkvidreobiTobis meqanizmis doneze dnm-Si, safuZvlad 

daedo samocdaaTiani wlebis dasawyisSi wamoyenebul (J.H. Holland, 
1975) e.w. genetikur algoriTmebs, romlebic gansakuTrebiT intensi-

urad viTardeba ukanasknel wlebSi.  
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nebismieri obieqti anu sistema (biologiaSi - organizmi) SeiZleba 

aRiweros niSnebis anu Tvisebebis erTobliobiT, romlebic kodire-

bulia simboloebis anu bitebis jaWviT (mimdevrobiT) da obieqtis 

genotips Seadgens. ramdenime obieqti populacias qmnis, romelic 

xasiaTdeba TiToeuli obieqtis jaWvTa nakrebiT. am obieqtTa simrav-

le populaciis genofonds gansazRvravs. 

sxvadasxva obieqts, saerTod rom vTqvaT, niSnebis sxvadasxva nakre-

bi SeiZleba gaaCndes. populaciaSi niSnebis did mravalferovnebaze, 

nairnairobaze saubroben rogorc mdidar genofondze. populaciis 

evoluciisas masSi axali obieqtebi Cndeba, romlebic memkvidreobiT 

iZens ama Tu im niSans Tavisi winaprebisagan. am dros populaciis 

zoma naklebad icvleba, rac uzrunvelyofilia obieqtebis konkuren-

tuli SerCeviT. SerCevis procesSi iseTi niSnebis an maTi erTobli-

obebis (kodonebisa3 da genebis) mimarTuli Zebna xorcieldeba, rom-

lebic mniSvnelovania garkveuli mocemuli miznobrivi funqciis _ 
magaliTad, arsebobis pirobebis mimarT obieqtis adaptaciis do-

nis _ mxriv. amitom evoluciuri algoriTmebi agreTve genetikuri 
Zebnis meTodebadac moixsenieba literaturaSi. 

informaciis damuSaveba genetikuri algoriTmiT sasargeblo niSanTa 

SerCevis or ZiriTad meqanizms iyenebs, romlebic gadmoRebulia Ta-

namedrove warmodgenebidan bunebrivi SerCevis Sesaxeb : mutaciebs 
calkeul jaWvSi da  Sejvaredinebas (ingl. crossingover _ krosin-
goveri) or jaWvs Soris. ganvixiloT es meqanizmebi ufro dawvri-

lebiT. 

001110101100001001 

  

000110100001101001  

a) sawyisi genetikuri jaWvebi 

                                                 
3 kodoni (makodirebeli trinukleotidi) _ genetikuri kodis erTeuli, nu-

kleotidur narCenTa sameuli (tripleti) dnm-Si an rnm-Si. 
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0011101 

.......01100001001 

.......00001101001 

0001101 

b) ubnis SemTxveviTi gaCena Sem-

dgomi SejvaredinebisaTvis 

0011101 

.......00001101001 

.......01100001001 

0001101 

g) kodis fragmentebis gacvla 

001110100001101001 

  

000110101100001001 

d) jaWvebi Sejvaredinebis Semdeg 

nax. 15.1. ori genetikuri jaWvis Sejvaredinebis procesi. 

nax. 15.1-ze warmodgenilia ori jaWvis Sejvaredinebisas informaciis 

gacvlis Tanamimdevruli etapebi. miRebuli axali jaWvebi (an maTgan 

erT-erTi) Semdgom periodSi SeiZleba Sevides populaciaSi, Tu maT 

mier mocemuli niSnebis nakrebi miznobrivi funqciis ukeTes mniSvne-

lobas uzrunvelyofs. winaaRmdeg SemTxvevaSi am niSanTa ganTesva 

moxdeba da populaciaSi maTi winaprebi darCeba. mutacia genetikur 

jaWvSi wertilovan xasiaTs atarebs : jaWvis romeliRac SemTxveviT 

wertilze erT-erTi kodi Seicvleba meoreTi (noli – erTiT, xolo 

erTi – noliT). 

informaciis damuSavebis xelovnur sistemaTa TvalTaxedviT geneti-

kuri Zebna optimizaciis amocanis amonaxsnis povnis specifikur me-

Tods warmoadgens. amasTan aseTi iteraciuli Zebna adaptirebadia 
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miznobrivi funqciis Tavisebirebebis mimarT : Sejvaredinebis pro-

cesSi dabadebuli jaWvebi niSanTa sivrcis sul ufro farTo areTa 

testirebas awarmoebs da upiratesad optimumis ubanSi Tavsdeba. Se-

darebiT iSviaTi mutaciebi xels uSlis genofondis gadagvarebas, 

rac optimumis iSviaTi, magram uwyveti Zebnis tolfasia niSanTa 

sivrcis yvela danarCen areSi. 

genetikuri algoriTmi SeiZleba gamoviyenoT neironuli qselis 

swavlebisaTvis. am dros jaWvis mier qselis mdgomareobis _ yvela 

woniTi koeficientis erTobliobis _ kodireba xdeba. kodi Semdeg-

nairad SeiZleba iyos mowyobili. jaWvis pirveli rva elementi wo-

naTa matricis pirveli elementis rvabitian warmodgenas Seesabameba, 

Semdegi rva _ meores, da ase Semdeg. miznobriv funqciad swavlebis 

sruli Secdoma gvevlineba. neironuli qselebis populacia naswavl 

mdgomareobisaken evolucionirebs, amasTan SerCevis procesSi sikv-

dils gadarCeba mcire Secdomebis makodirebeli neironul qselTa 

jaWvebi. 

genetikuri algoriTmi warmoadgens iseTi amocanis magaliTs, rom-

lisTvisac SesaZlebelia paralelurobis maRali xarisxis miRweva 

Tanamedrove veqtorul kompiuterebze modelirebisas. Sesasrulebel 

amocanaTa simartivis gamo saucxoo perspeqtiva gadaiSala agreTve 

specializebuli genetikuri procesorebis Sesaqmnelad. 

aramkafio logikis sistemebi. 

aramkafio logika (Fuzzy Logic) Cveulebrivi bulis logikis ganzo-

gadebas warmoadgens, romelSic orobiT ricxvebs xmaroben. es ric-
xvebi Seesabameba logikur cnebebs «WeSmariti» da «mcdari». 
aramkafio logikaSi am cnebaTa ganzogadeba xdeba yvela Sualedur 
mdgomareobaze «WeSmaritsa» da «mcdars» Soris. amis Sesabamisad, 

aramkafio logika iyenebs ricxvebs [ ]0, 1  intervalidan, romlebic 

gamonaTqvamis WeSmaritobis xarisxs asaxavs. pirvelad aramkafio 

simravleTa Teoria Camoayaliba kaliforniis universitetis 

profesorma zadem. 
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aramkafio logika nawilobriv sarwmuno da winaaRmdegobriv infor-

maciasTan urTierTobaSi myof gamoyenebiT mecnierebaTa mraval praq-

tikul moTxovnilebas eyrdnoba. aseT mecnierebaTa ricxvs miekuT-

vneba makroekonomika, arasruli informaciis safuZvelze marTvisa 

da gadawyvetilebaTa miRebis Teoria, sistemuri ekologia, romelic 

dakavebulia samrewvelo warmoebaTa teqnogenuri zemoqnedebiT gamo-

wveuli riskis SefasebiT, agreTve avariaTa Sedegebis analiziT da 

sxva. 

ricxvTa orobiTi warmodgenidan intervalurze gadasvla moiTxovs 

logikuri operaciebis ganzogadebas Sesabamis operaciebze aramkafio 

ricxvebis simravlisaTvis. amasTan, ganzogadebuli operaciebi unda 

gadadiodes klasikurSi, Tu operandebs 0  da 1 mniSvnelobebi mie-

niWeba. 

ganvixiloT aseTi ganzogadebis magaliTi.  davuSvaT, rom mocemulia 

ori, a  da b , aramkafio ricxvi. ori aramkafio ricxvis jami ewo-

deba aramkafio ricxvs, romelic maqsimalur operands emTxveva : 

( )max ,c a b a b= + = . ori aramkafio ricxvis namravli ewodeba ara-

mkafio ricxvs, romelic minimalur operands udris : 

( )min ,c a b a b= ∗ = . Semotanili ganmartebebis Sesabamisad, aramkafio 

ricxvTa simravle Caketilia mocemuli operaciebis mimarT. 

aramkafio logikis erT-erT mniSvnelovan gamoyenebaTa ricxvs ara-

mkafio saeqsperto sistemebi warmoadgens, romlebSic daskvnis lo-

gikuri wesebi aramkafio operaciebs iyenebs. aramkafio saeqsperto 

sistemebTan da aramkafio logikis sxva gamoyenebebTan gasacnobad 

iaponel avtorTa _ t. teranos, k. asais da m. sugenos _  wigns 

SeiZleba gaewios rekomendacia. 

kursis am leqciaSi Cven ganvixilavT neiroqseluri modelebis for-

mulirebas aramkafio logikis enaze. hopfildis modelSi (ix. leq-

cia 8) qselis swavlebisas hebis wesiT yvela gamoTvla dafuZnebu-

lia Sekrebisa da gamravlebis operaciebze. Tu neironTa wonebisa da 

aqtivobis mniSvnelobebis aRweras aramkafio ricxvebiT ganvaxorcie-

lebT, maSin hebis wesi SeiZleba Camoyalibdes aramkafio operaciebis 
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enaze. kavSirebis (bmebis) matricaSi ( )kξ  saxis wvlili Semdegnairad 

Caiwereba :  

( ) ( ) ( )( )min ,k k k
ij i jW ξ ξ=  . 

kavSirebis (bmebis) sruli matrica calkeul wvlilTa aramkafio 

SekrebiT miiReba : 

( )( ) ( ) ( )( )( )max max min ,k k k
ij ij i jk k

W W ξ ξ= =  . 

neironTa aqtivobis gamoTvla skalaruli namravlis gamoyenebiT 

xorcieldeba : 

( ) ( )( )( )1 max min ,i j ijj
S t S t W+ =  . 

aramkafio ariTmetikaSi warmodgenili hopfildis neironuli qseli 

Zalze moxerxebelia modelirebisaTvis Cveulebrivi Crdiliani op-

tikis gamoyenebiT. operandebis warmodgena SesaZlebelia ricxvTa si-

dideebis proporciuli farTobebis mqone marTkuTxa xvrelebiT.  

ricxvTa gasamravleblad xvrelebis erTmaneTze zeddeba unda mox-

des, am dros sinaTlis gatareba SezRuduli aRmoCndeba minimaluri 
xvreliT, romelic saWiro namravls iZleva. Sekrebisas erT sibr-

tyeze sinaTlis ori paraleluri sxivis fokusireba unda ganxorci-

eldes. yovel maTgans damoukodeblad atareben erT-erT xvrelSi. 

miRebuli sinaTlis laqa maqsimaluri xvrelis Sesabamisi aRmoCnde-

ba. hopfildis qselis Sesabamisi optikuri sqema Optics Letters Jur-
nalSi iyo Tavis droze wamoyenebuli da gamoqveynebuli. 

saWiroa aRiniSnos, rom hopfildis neironuli qselis optikuri 

realizacia hebis aramkafio wesiT bunebrivad gamoirCeva gamoTvlaTa 

didi siCqariT da paralelizmis maRali doniT. 
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ujreduli avtomatebi da neironuli qselebi. 

ujreduli avtomati ewodeba qsels, romlis yoveli elementi ic-

vlis Tavis mdgomareobas drois diskretul momentebSi Tavad ele-

mentisa da misi uaxloesi mezoblebis mdgomareobis mixedviT drois 

wina momentSi.  

sxvadasxva ujredul avtomats SeuZlia erTob sxvadasxvagvari qce-

vis Cveneba. informaciis dasamuSaveblad am qcevis adaptireba Sei-

Zleba orad ori faqtoris arCeviT, saxeldobr : a) elementis 

mdgomareobis cvlilebis kanonis da b) «uaxloesi mezoblis» cnebis 

konkretuli ganmartebis. dakvirvebuli mkiTxveli advilad SeamCnevs, 

rom savsebiT SesaZlebelia, magaliTad, hopfildis neironuli qse-

lis ganxilva ujredul avtomatad, romlis elementebi formalur 

neironebs warmoadgens. neiro-avtomatis mdgomareobis cvlilebis ka-

nonad neironTa Sesasvlelebis awonili jamis zRurbluri gardasax-

va gamoiyeneba, xolo TiToeuli elementis uaxloes mezoblebad 

avtomatis yvela danarCeni elementi ganixileba. 

ujredul avtomatTa samyaroSi arsebobs klasifikacia (S. Wolfram, 
1983), romlis Tanaxmad yvela avtomati oTx klasad iyofa cvale-

bad mdgomareobaTa dinamikis mixedviT. pirveli klasis avtomatebi 
sasruli drois gasvlis Semdeg erTgvarovan mdgomareobas aRwevs, 

romelSic yvela elementis mniSvneloba erTnairia da droSic uc-

vleli rCeba. avtomatTa meore klass miekuTvneba sistemebi, rom-
lebsac elementebis mdgomareobaTa stacionarul an droSi perio-

dul lokalizebul struqturebamde mivyavarT. mesame klass «moxe-

tiale» avtomatebi Seadgens, romlebic drois ganmavlobaSi nebismi-

eri (araperioduli) wesiT axerxebs elementTa yvela SesaZlo 
mdgomareobis naxvas da arc erT maTganSi ar yovndeba. dabolos, me-

oTxe klass Seadgens «ucnauri» avtomatebi. maTi dinamikis xasiaTi 

damokidebulia elementebis sawyisi mdgomareobis Taviseburebebze. 

zogierT sawyis mdgomareobas avtomatis erTgvarovan gadagvarebamde 

mivyavarT, sxvebs _ mdgomareobaTa cikluri Tanamimdevrobis gaCena-

mde, mesames _ elementTa aqtivobis uwyvetad cvlad  suraTebamde, 

roca am cvlilebaSi SeiniSneba sistematuroba, an igi xilulad ar 

vlindeba. 
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meoTxe tipis avtomatebs j. konveis saxelganTqmuli TamaSi «sicoc-

xle» miekuTvneba. «sicocxlis» koloniis yoveli elementi (organiz-

mi) SeiZleba omyofebodes simSvidis an aqtivobis mdgomareobaSi. 

uaxloes elementebad mocemulis mimarT oTxi misi mezobeli cxad-

deba kvadratul meserze. mSvid elementSi SeiZleba aRorZindes aq-

tivoba, Tu mis gverdiT zustad sami aqtiuri mezobeli imyofeba. 

aqtiuri elementi inarCunebs «sicocxlisunarianobas» ori aqtiuri 

mezoblis SemTxvevaSi. Tu mezoblebis ricxvi ors aRemateba, elemen-

ti iRupeba siviwrovis gamo, xolo, Tu maTi ricxvi orze naklebia, 

mas mowyeniloba, dardi klavs. TumcaRa «sicocxlis» sawyisi mdgo-
mareobis rTuli evoluciis dakvirvebam gonebis kvleviTi moqmedebi-

saTvis garkveuli sakvebis micema SeuZlia, saerTo jamSi es avtoma-

ti maTematikur gasarTobad rCeba 

magram arsebobs ujreduli avtomatebis gacilebiT ufro seriozu-

li gamoyenebebi. maT Soris, upirveles yovlisa, unda gamovyoT av-

tomatebi, romlebic diskretul sxvaobiT sqemebs axorcielebs maTe-

matikuri fizikis nair-nairi amocanisaTvis. am miznebisaTvis meore 

gvaris avtomatebi gamoioyeneba. 

avtomatis elementTa populaciis aqtivoba SeiZleba aRwerdes ag-

reTve iseT rTul movlenebs, rogoricaa kristalebis zrda Canasa-

xis mdgomareobidan, difuzia da migracia siTxis araerTgvarovan 

svretebian (forebian, forovan) garemoSi, turbulentobis gaCenisa 

da ganviTarebis Taviseburebani siTxeebisa da airebis nakadebSi, im-

pulsis gavrceleba nervul sistemaSi, simsivnis zrda biologiur 

qsovilSi, xanZrebis gavrceleba tyeSi da mravali sxva. ujreduli 

avtomatebis mravalferovan gamoyenebaTa aRwera daZabul calke yu-

radRebas imsaxurebs 

magram es ukve leqciaTa sxva kursis sagania. 

programa «sicocxle» 

axla j. konveis cnobili TamaSis - «sicocxle» - daprogramebaze 

SevCerdeT dawvrilebiT. kacma rom Tqvas, es TamaSi ki ara, aramed, 

rogorc vTqviT, virtualur organizmTa gaerTianebis evoluciis 
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ubralo modelia. am TamaSis TaobaTa mravali ricxvis erToblioba-

ze dakvirvebam raRac siamovnebac ki SeiZleba mianiWos adamians (sa-

kuTari mniSvnelovnobis garkveuli SegrZnebis gaCeniT, radgan vir-

tualuri sazogadoebis bedi mis xelSia!). 

saTamaSo moedani, ese igi am TamaSis sasicocxlo sivrce, organzo-

milebian zedapirs warmoadgens (CvenTan es toris zedapiria, romel-

sac sazRvrebi ar gaaCnia: sazRvrebis arseboba yovelTvis dakavSire-

bulia problemebTan), romelic kvadratul ujredebadaa dayofili. 

yovel ujreds rva mezobeli gaaCnia. ujredSi SeiZleba erTi orga-

nizmi iyos Casaxlebuli («cocxali» ujredi), magram SesaZlebelia, 

rom ujredi carielic iyos («mkvdari» ujredi). populaciis mocema 

pirvel TaobaSi SemTxveviT xdeba. es niSnavs, rom yoveli konkretu-

li ujredis dasaxleba garkveuli albaTobiT xorcieldeba. 

dasaxlebuli ujredebis ganawileba momdevno TaobaSi ganisazRvreba 

wesiT, romelic erTdroulad gamoiyeneba yvela ujredis mimarT: 

1. cocxali ujredi, romelsac erT cocxal mezobelze meti ar 

gaaCnia, martoobis gamo kvdeba; 

2. cocxali ujredi, romelsac oTxi an meti cocxali mezobeli 

gaaCnia, aseT Warbad dasaxlebul garemoSi iRupeba; 

3. mkvdari ujredi sami cocxali mezoblis garemocvaSi sicocxles 

ibrunebs; 

4. yvela danarCen SemTxvevaSi ujredis mdgomareoba ucvleli rCe-

ba. 

LIFE programaSi (ixile qvemoT) virtualur organizmTa gaerTiane-

bis evoluciis asaxvisas animaciis (ese igi dinamikuri, cvalebadi 

gamosaxulebis gamotanis) xerxi gamoiyeneba. efeqti aq emyareba kad-

rebis – grafikuli gamosaxulebebis - Tanamimdevrul Secvlas. 

swrafi gadasvlisaTvis populaciis amsaxveli erTi «kadridan» meo-

reze Cven or grafikul gverds gamoviyenebT. grafikuli gverdi 

warmoadgens videomexsierebis ares, romelic gamosaxulebas inaxavs. 

Tu amasTan erTad videoadapteris funqcionirebis reJimi mxolod 

erT gverdTan muSaobas uzrunvelyofs, maSin am gverdis SigTavsi 

displeis ekranze aisaxeba. muSaobis zogierT reJimSi SesaZlebelia 
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ramdenime gverdTan urTierToba. erT-erTi maTganis («vizualuri» 

gverdis) SigTavsi ekranze aisaxeba, xolo meoreze («aqtiurze»), 

romelic uxilavia momxmareblisaTvis, am dros axali gamosaxulebis 

ageba SeiZleba xorcieldebodes. aqtiur gverdze momzadebuli gamo-

saxulebis gamotana ki Semdeg ekranze SeiZleba. aseTi meTodi dasa-

Svebia, magaliTad, VGA reJimSi 640x350 garCevadobiT muSaobisas, 
vinaidan am reJimSi ori grafikuli gverdia warmodgenili. 

konstantaTa aRwerebis karSi mocemulia programis parametrebi, ro-

melTa Secvla iSviaTad mogvixdeba, amis saWiroebac rom gaCndes, da 

amitom mouxerxebelia maTi xelaxla Setana programis yoveli ga-

Svebis dros: 

1. hor – ujredebis raodenoba horizontalis gaswvriv; 

2. ver – ujredebis raodenoba vertikalis gaswvriv; 

3. cell_width, cell_height – ujredis sigane da simaRle; 

4. prob_factor – sawyisi populaciis formirebisas ujredTa 

dasaxlebulobis albaTobis ganmsazRvreli parametri. 

zomebi miTiTebulia piqselobiT. 

LIFE programis teqsti 

PROGRAM LIFE; 
 
(* LIFE – j. konveis cnobili TamaSi *) 
(* «sicocxle» *) 
(* TariRi : 2007 wlis 3 Tebervali *) 
(* avtorebi : arCil frangiSvili, oleg namiCeiSvili *) 
(* da arCil elizbaraSvili *) 
 
uses crt, dos, Graph; 
const 
  hor = 100; 
  ver = 70; 
  cell_width = 8; 
  cell_height = 6; 
  prob_factor = 0.5; 
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var 
  old_gen, new_gen : array[0..ver, 0..hor] of 0..1; 
  prob : real; 
  ch : char; 
  x_center : array[0..hor] of word; 
  y_center : array[0..ver] of word; 
  gen_count, radius, page : word; 
  ss : string[10]; 
procedure init_cells; 
var 
  j, k : word; 
begin 
  gen_count :=0; 
  for j := 0 to ver do 
    for k := 0 to hor do 
    begin 
      old_gen[j, k] := 0; 
      if random <= prob then 
        new_gen[j, k] := 1 
      else 
        new_gen[j, k] := 0; 
    end; 
end; 
procedure next_generation; 
var 
  j, k, m, prev_j, next_j, prev_k, next_k : word; 
begin 
  old_gen := new_gen; 
  for j := 0 to ver do 
  begin 
    if j = 0 then 
      prev_j := ver 
    else 
      prev_j := j - 1; 
    if j = ver then 
      next_j := 0 
    else 
      next_j := j + 1; 
    for k := 0 to hor do 
    begin 
      if k = 0 then 
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        prev_k := ver 
      else 
        prev_k := k - 1; 
      if k = hor then 
        next_k := 0 
      else 
        next_k := k + 1; 
      m := old_gen[prev_j, prev_k] 
         + old_gen[prev_j, k     ] 
         + old_gen[prev_j, next_k] 
         + old_gen[j,      prev_k] 
         + old_gen[j,      next_k] 
         + old_gen[next_j, prev_k] 
         + old_gen[next_j, k     ] 
         + old_gen[next_j, next_k]; 
      if (old_gen[j, k] = 1) and ((m <= 1) or 
                                      (m>= 4)) then 
         new_gen[j, k] := 0 
      else 
        if (old_gen[j, k] = 0) and (m = 3) then 
          new_gen[j, k] := 1 
        else 
          new_gen[j, k] := old_gen[j, k]; 
    end; 
  end; 
end; 
procedure init_screen; 
var 
  GraphDriver, GraphMode : integer; 
  j, k : word; 
begin 
  GraphDriver := VGA; GraphMode := VGAMed; 
  page := 0; 
  InitGraph(GraphDriver, GraphMode, ''); 
  if GraphResult <> grOK then 
    halt; 
  for k := 0 to hor do 
    x_center[k] := k*cell_width + cell_width div 2; 
  for j := 0 to ver do 
    y_center[j] :=j*cell_height+cell_height div 2; 
  radius := 4; 
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end; 
procedure display; 
var 
  j, k : word; 
procedure rule_plane; 
var 
  j, k : word; 
begin 
  setfillstyle(SolidFill, Blue); 
  bar(0, 0, getmaxx, 10); 
  SetColor(white); 
  outtext('Generation: '); 
  OutTextXY(250, 0, 'Q: Quit'); 
  OutTextXY(450, 0, 'Any other key: renew'); 
  str(gen_count, ss); outtext(ss); 
  SetBkColor(DarkGray); 
end;{rule_plane} 
begin 
  if gen_count <> 0 then 
    next_generation; 
  inc(gen_count); 
  page := 1 - page; 
  setactivepage(page); 
  cleardevice; 
  setcolor(yellow); 
  for j := 0 to ver do 
    for k := 0 to hor do 
      if new_gen[j, k] = 1 then 
        circle(x_center[k], y_center[j], radius); 
  rule_plane; 
  setvisualpage(page); 
end;{display} 
begin 
  init_screen; 
  repeat 
    randomize; 
    prob := 0.1 + prob_factor * random; 
    outtextxy(0, 0, 'Conway''s Game of Life'); 
    writeln; 
    outtextxy(0, 15, 'Live cells inserted at 
random'); 
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    str(prob:3:3, ss); 
    outtextxy(0, 30, 'with probability'+ ss); 
    outtextxy(0, 60, 'Press any key to start: '); 
    ch := readkey; 
    cleardevice; 
    init_cells; 
    repeat 
      display; 
      if keypressed then 
      begin 
        ch := readkey; 
        break; 
      end; 
    until false; 
    cleardevice; 
    setcolor(white); 
    if upcase(ch) = 'Q' then 
      break; 
  until false; 
  CloseGraph; 
end. 

init_cells procedura sawyisi populaciis formirebas axorcie-

lebs da new_gen masivis elementebs aniWebs nulovan da erTeu-

lovan mniSvnelobebs Casaxlebis albaTobis arCeuli mniSvnelobis 

gaTvaliswinebiT. 

next_generation procedura new_gen masivSi momdevno popula-

cias agebs TamaSis wesebis Sesabamisad. 

init_screen proceduraSi grafikuli reJimis inicializeba da 

ujredebis centrTa grafikuli koordinatebis x_center da 

y_center masivebis Sevseba xdeba.  

display procedura ZiriTad moqmedebebs asrulebs TamaSis sasico-

cxlo sivrcis (samuSao mindvris) gamosaxulebis asagebad uxilav 

aqtiur gverdze da mis gamosatanad ekranze. amas SetActivePage 
da SetVisualPage procedurebi uzrunvelyofs. maTi gamoZaxeba 

gverdebis ganmsazRvreli 0 an 1 parametrebiT xorcieldeba. pirveli 

procedura gamoZaxebisas aqtiur gverds ayenebs, xolo meore – vi-

zualurs. 

11. neironuli qselebi 
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amocanebi. 

1. CamoayalibeT ( ) ( )20.5f x x= −  funqciis minimumis povnis amocana 

[ ]0, 1  monakveTze genetikuri algoriTmisaTvis.  

2. ujreduli avtomatebis romel tips miekuTvneba hopfildis kla-

sikuri neirouli qseli? rogori tipisaa avtomati, romelsac hop-

fildis qselis albaTuri ganzogadeba iZleva Zalian maRal tempera-

turebze? ratom? 

daskvna. 

leqciaTa es kursi dasrulebulia, magram neiromecnierebaSi, ra 

Tqma unda, wertilis dasma naadrevia. avtorebs imedi aqvT, rom es 

wigni aramxolod Seasrulebs Tavis ZiriTad amocanas rogorc nei-

ronuli qselebis Teoriis sistematuri Sesavali, aramed dagvexma-

reba mivuaxlovdeT pasuxs mniSvnelovan SekiTxvaze : aris xelovnu-

ri neironuli qseli didi xnis nanatri, nalodinevi magistraluri 

mimarTuleba, romelSic gagrZeldeba xelovnuri inteleqtis meTod-
Ta ganviTareba, Tu igi moduri «axali sios dabervaa», rogorc es 

ukve araerTxel momxdara saeqsperto sistemebisa da samecniero 

kvlevaTa zogierTi sxva aparatis (magaliTad, feinmanis diagramebis) 

SemTxvevaSi? sazogadoeba maTgan revoluciur garRvevebs moeloda, 

magram, TandaTanobiT Tavs iCenda am meTodebisaTvis damaxasiaTebeli 

SezRudvebi da isini ikavedba Sesabamis (TumcaRa Rirseul) adgils 

mecnierebis zogad struqturaSi.  

dRes neironuli qselebi ar warmoadgens ukve TeoretikosTa mcire 

jgufis xvedrs. neiroqselur gamoyenebebs sxvadasxva specialobis 

inJinrebi da mkvlevarebi uerTdebian. gansakuTrebiT sasixaruloa 

progresi mTlianad eqsperimentul monacemebze dafuZnebuli sakvle-

vi movlenebis moxerxebuli neiroqseluri modelebis agebaSi. aq gan-

sakuTrebiT srulad vlindeba xelovnuri neironuli sistemebis Se-

saniSnavi Tvisebebi : informaciis damuSavebis masiuri paraleluro-

ba, mexsierebis asociaciuroba da swavlebis SesaZlebloba cdis ga-

moyenebiT. amiT axali perspeqtivebis gadaSla xdeba didZali eqspe-

rimentuli informaciis sistematizaciisaTvis codnis iseT sferoeb-

Si, sadac, tradiciulad, Znelad mkvidrdeba maTematikuri forma-

lizmi, magaliTad, medicinaSi, fsiqologiaSi da istoriaSi. 
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