
saqarTvelos teqnikuri universiteti

E

elguja yubaneiSvili

xelovnuri neironuli qselebi

medicinaSi

leqciebis kursi

Tbilisi 2013



e. yubaneiSvili. xelovnuri neironuli qselebi medicinaSi

2

Sesavali

SeiZleba iTqvas, rom neironuli qselebis istoria daiwyo maSin, 
roca adamiani dainteresda azrovnebis problemiT. arsebobs mravali 
hipoTeza adamianis azrovnebis bunebis Sesaxeb.Aam sakiTxebis ganxilva, 
romelic mimdinareobda filosofosebsa, fiziologebsa da fsiqologebs 
Soris moitana mcire Sedegi, radgan TviT es problema, Seswavlis 
TvalsazrisiT, sakmaod rTulia.

Aadamianis nervuli sistemis funqciebisa da struqturebis 
gaZlierebulma kvlevebma neirobiologebi da neiroanatomebi miiyvana 
garkveul progresTan, kerZod Tavis tvinis neironebSi signalebis 
gavrcelebis TvalsazrisiT. magram, TiTqmis ucnobi rCeboda nervuli 
sistemis funqcionirebis sakiTxebi. dagrovili codnis safuZvelze 
dadginda, rom aseuli miliardi neironi, romlebic dakavSirebulni 
arian erTmaneTTan, qmnian sistemas, romelic Tavisi SesaZleblobiT 
dadad aRematebian Tanamedrove superkompiuterebs.

neironebis funqcionerebis da maTi kavSirebis ukeT Seswavlam 
mkvlevarebs saSualeba misca SeeqmnaT neironis maTematikuri modelebi 
TavianTi Teoriebis Sesamowmeblad. gairkva, rom es modelebi ara marto 
imeoreben Tavis tvinis zogierT funqciebs, aramed SeuZliaT Seasrulon 
garkveuli funqciebi. aqedan gamomdinare, Camoyalibda da dRemde rCeba 
neironis modelirebis ori mizani, romlebic erTmaneTs avseben. pirveli 
maTgania fiziologiis da fsiqologiis doneze adamianis nervuli 
sistemis funqcionerebis gageba da meore _ Seiqmnas gamoTvliTi 
sistemebi (xelovnuri neironuli qselebi), romlebic Seasruleben Tavis 
tvinis funqciebis msgavs qmedebebs.

termini `neironuli qselebi~ warmoiSva me-20 saukunis 40-an wlebSi. 
am sferoSi ZiriTadi Sedegebi dakavSirebulia u. makkaloxis, u. pitsis, 
d. hebis, f. rozenblantis, m. minskis, d. hopfildis da sxva mecnierebis 
kvlevebze.

pirveli xelovneri neirois modeli 1943 w u. makkaloxma da u. 
pitsma Seqmnes da Camoayalibes Tavis tvinis funqcionirebis Teoriis 
ZiriTadi debulebebi.

1949w d. hebma gamoTqva idea Tavis tvinis neironebis SeerTebis 
Sesaxeb da Camoayaliba neironis swavlebis kanoni, romelic Semdgom 
gadaiqca xelovnuri neironuli qselebis swavlebis sastarto wertilad.

1957w f. rozenblantma daamuSava perseptronis organizebis da 
funqcionirebis principebi da SemogvTavaza teqnikuri realizacia 
msoflioSi pirveli neirokompiuteris MARK- is saxiT.

1959w gamoqveynda m. minskis da s. peipertis naSromi `perseptronebi~, 
sadac naCvenebi iyo perseptronebis (laparakia erTSrian perseptronze)
gamoyenebis SezRudvebze, ramac gamoiwvia xelovnuri neironuli qselebis 
mimarT interesis ori aTeuli wliT gaqroba. miuxedavad amisa, zogierTi 
mecnieri (kohoneni, grosbergi, andersoni da sxebi) Seupovrad 
ganagrZnobdnen kvlevebs da ukve 80-iani wlebis dasawyisSi mividnen im 
daskvnamde, rom mravalSriani perseptronis saSualebiT SesaZlebelia 
mravali praqtikuli amocanis gadawyveta da maT Soris iseTebis, rasac 
erTSriani perseptroni ver axerxebda.
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mecnierebis aqtiobam afeTqebiTi xasiaTi miiRo 1987w rodesac 
Catarda xelovnur neironul qselebSi oTxi umsxvilesi TaTbiri da 500-
ze metma samecniero naSromebis gamoqveynebam, ramac gamoiwvia problemis 
fenomenaluri zrdis siCqare.

gakveTili, romelic SeiZleba miviRoT neironuli qselebis 
ganviTarebis istoriidan gamoisaxeba klarkis kanoniT, romelic 
Camoayaliba mweralma da mecnierma artur klarkma. Aam kanoniT 
mtkicdeba, rom Tu didi sapatio mecnieri laparakobs, rom raime 
SeiZleba Sesruldes, maSin is TiTqmis yovelTvis marTalia. Tu mecnieri 
ambobs, rom es SeuZlebelia Sesruldes, maSin is TiTqmis yovelTvis 
cdeba. mecnierebis ganviTarebis istoria warmoadgens Secdomebis da 
nawilobriv simarTlis matianes. is rac dRes eWvs ar iwvevs, xval 
SeiZleba ignorirebuli iyos. 

faqtebis arakoreqtulma aRqmam SeiZleba gamoiwvios samecniero 
kvlevebis paralizireba. minskis brwyinvale samecniero naSromma 
daamuxruWa xelovnuri neironuli qselebis ganviTareba. magram, eWvs ar 
iwvevs is, rom amiT neironuli qselebis ganviTareba, dausabuTebuli 
optimizmiT da saWiro Teoriuli bazis uqonlobiT, ar dazaralebula.

1. biologiuri neironi da misi maTematikuri modeli

1.1. bunebrivi neironi da masSi mimdinare procesebi

neironi warmoadgens nervuli sistemis ujreds da sxva 
ujredebisagan imiT gansxvavdeba, rom mas gaaCnia mTeli rigi gamoTvliTi 
funqciebi. miuxedavad neironis mravalferovnebisa isini ZiriTadad 
Sedgebian erTi da igive daniSnulebis elementebisagan: ujredis sxeuli 
(soma), dendritebi da aqsonebi. sqematurad neironi warmodgenilia Semdeg 
naxazze:



e. yubaneiSvili. xelovnuri neironuli qselebi medicinaSi

4

cnobilia, rom mozrdili adamianis tvinis neironebi ar aRdgebian, 
isini kvdebian. Ees imas niSnavs, rom neironis yvela komponenti 
uwyvetliv unda icvlebodes, xolo masala unda ganaxldes saWiroebis 
SemTxvevaSi.

Uujredis sxeuli anu soma, romelic moqceulia membranul garsSi, 
aregulirebs ujredSi mimdinare procesebs. igi marTavs neironis 
energiis xarjvas da aregulirebs ujredSi mimdinare mraval sxva 
procesebs. ujredis sxeulis gare membranas gaaCnia nervuli impusebis 
(moqmedebis potencialebi) generirebis unikaluri unari, romelic 
warmoadgens nervuli sistemis sicocxlisaTvis saWiro funqcias da misi 
gamoTvliTi unaris centrs. soma Tavisi formis mixedvidan gamomdinare 
arCeven aTasobiT neironis tips, romelTac gaaCniaT Cveulebriv 5-dan 100 
mikrometris sigrZis diametri.

somas daniSnulebaa Semosuli impulsebis akumulireba (ajamva). Tu 
somas polarizaciis procesi ufro mzardia vidre depolizaciisa, maSin 
ajamvis garkvuli xarisxis miRwevisas igi ganimuxteba da aqsonSi Cndeba 
Sesabamisi signali. ganmuxtvis Semdeg neirons garkveuli drois 
ganmavlobaSi aRar SeuZlia Semosul signalze reagireba. drois am 
monakveTs, romelic SeiZleba gagrZeldes wamis measedebidn ramdenime 
wamamde, latenturi periodi ewodeba. latenturi periodis gavlis Semdeg 
neironi modis sawyis `muSa~ mdgomareobaSi. 

Ddendritebis daniSnulebaa garemodan miRebuli signalebis 
gatareba da gardaqmna. gardaqmnaSi igulisxmeba signalis damuxruWeba 
anu Semcireba, an gazrda. Ddendritebis saSualebiT garemodan an sxva 
neironebidan gamomavali signalebi moxvdebian somaSi. amrigad, 
dendritebi warmoadgenen ganStoebad struqturas, romlebic gamodian 
somidan da maTze ganlagebulia sinafsuri SenaerTebi, romlebic 
Rebuloben sxva aqsonebidan signalebs. Ddendritebis mier signalebis 
gatarebis procesi damokidebulia sinafsur kavSirebze da misi diametris 
cvlilebebze. ase magaliTad, diametris Semcireba SeiZleba iwvevdes 
signalis gazrdas, xolo diametris gadideba_Semcirebas anu 
damuxruWebas.

Aaqsoni warmoadgens ganutotebel nervul boWkos, romlis 
daniSnulebaa neironis mier gamomuSavebuli signalis gatareba. Aaqsons 
gaaCnia ganStoebebi, romelTa saSualebiT igi ukavSirdeba sxva aqsonebs, 
dendritebs da maTi saSualebiT sxva neironebs. aqsonSi signali gvaqvs 
im SemTxvevaSi, rodesac soma ganimuxteba. impulsebis amplituda 
ganmuxtvis Zalis miuxedavad mudmivia, magram icvleba maTi sixSire. 
dendritebSi misi diametris cvlilebebiT da sinafsebis saSualebiT 
xdeba akrZalvis, arCevis da TanakveTis operaciebi, anu logikuri `da~, 
`an~ da `ara~ moqmedebebi. aqsoni SeiZleba iyos mokle (0,1 mm) da grZeli, 
romlis sigrZe aRemateba 1m da romelic ganTavsebulia adamianis 
sxeulis sxva nawilebSi. 

Aaqsonis daboloebas gaaCnia uamravi ganStoeba, romelTa daboloeba 
warmoadgenen sinafsebs, saidanac signali dendritebis saSualebiT 
gadaecema sxva neironebs, xolo zogierT SemTxvevaSi somas. 

sinafs gaaCnia sferosebrivi forma, sadac ganTavsebulia 
buStulebi, romlebic Seicaven neirotransmiterul molekulebis did 
raodenobas. rodesac impulsi gadis aqsonSi zogierTi misi buStulebi 
gamoanTavisufleben Tavis Semadgenlobas sinafsur xvrelSi, romlebsac 
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iWeren dendritis specialuri receptorebi da xdeba maTi danergva 
ujredis sxeulSi. Aarsebobs 30-ze meti saxis neirotransmiterebi, 
romelTagan zogi warmoadgens amgznebs da iwveven ujredis agznebas da 
zogierTi gamoimuSavebs gamosaval impulsebs. sxvebi warmoadgenen 
damuxruWebis  neirotransmiterebs, romlebic cdiloben impulsis 
Semcirebas an Caqrobas.

soma Semosul signalebs ajamavs da Tu ajamuli signali 
zRurblur signalze metia, gamoimuSavebs impuls, romelic aqsonis 
gavliT gadaecema sxva neironebs.

Ddaskvnis saxiT CamovayaliboT Semdegi:
1. funqcionalurad neironi signalebs Rebulobs Semavali arxebis 

anu dendritebis saSualebiT garemodan an sxva neironebisagan sinafsebis 
saSualebiT.Aaqedan signalebi moxvdebian somaSi.

2. somaSi moxvedrili signalebi aijamebian sxva analogur 
signalebTan erTad da rodesac jamuri signali gadaaWarbebs garkveul 
zRurblur mniSvnelobas moxdeba somas ganmuxtva da neironis 
gamosavalze anu aqsonze gaCndeba impulsi.

3. neironis mier gamomuSavebul signals aqsoni gaatarebs da mis 
boloebze arsebuli sinafsebis saSualebiT gadascems sxva neironebs, 
romlebic Tavis mxriv SeiZleba aRigznon an piriqiT damuxruWden. sinafs 
gaaCnia garkveuli intesioba anu wona, romelic Seesabameba neironis 
sinafsur aqtiobas.

1.2.  xelovnuri neironis modeli

Yyoveli neironi, Tavis tvinis neironis analogiurad, xasiaTdeba 
Tavisi mimdinare mdgomareobiT, romelic SeiZleba iyos agznebuli an 
damuxruWebuli. Mmas gaaCnia sinafsebis jgufi anu erTmimarTulebiani 
Semavali kavSirebi, romlebic SeerTebulni arian sxva neironebis 
gamosasvlelebTan. Ggarda amisa mas gaaCnia aqsoni _ mocemuli neirois 
gamosasvleli kavSiri, romlis saSualebiTac signali (agznebuli an 
damuxruWebuli) miewodeba Semdegi neironebis sinafsebs. xelovnuri 
neironis modeli ase SeiZleba warmovadginoT:

pirveli miaxloebiT xelovnuri neironi, romelsac zojer 
maTematikur neironsac uwodeben, warmoadgens bunebrivi neironis 
Tvisebebis imitacias. xelovnuri neironis Sesavalze Sedis garkveuli 
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raodenobis signalebis erToblioba nxxx ,......,, 21 , romelTagan TiToeuli 

maTgani waroadgens sxva neironis gamosavals. Ees Semomavali signalebi 
Seesabamebian biologiuri neironis sinafsebSi gamaval signalebs. 
TiToeuli sinafsi xasiaTdeba sinafsuri kavSiris sididiT an  misi wonis 

wj koeficientiT.

TiToeuli Semavali signali xj mravldeba Sesabamis woniT wj
koeficientebze da ijameba ajamvis ∑ blokSi (sumatori). TiToeuli 

woniTi koeficienti Seesamameba sinafsuri kavSiris e.w. `Zalas~ da maTi 
saSualebiT xdeba neironebis agznebis regulireba. Aajamvis bloki 

Seesabameba somas da Tu misgan gamosul signals avRniSavT R simboloTi, 

maSin gveqneba:

∑ ′=⋅=
i

ii XWxwR .   ∑
=

⋅=
n

i
ii xwR

1
 ( )RFy =

sumatoridan miRebuli R signali, romelic axasiaTebs neironis 
reaqcias, miewodeba aqtivaciur anu maxasiaTebel (gadacemis) F funqcias. 
Tu am funqciiT gamoTvlili mniSvneloba, romelic warmoadgens neironis 
gamosaval signals, raime T zRrulbze metia, maSin neironis gamosavalze 
vRebulobT signals. Tu neironis gamosaval signals avRniSavT Y
simboloTi, maSin gveqneba:

( ) ( )TRFTXWFY −=−′= .

daskvnis saxiT CamovayaliboT Semdegi cnebebi:
1. neironis mimdinare mdgomareoba ganisazRvreba formuliT:

 

 ∑
=

+=
n

j
ijiji TxwY

1

,           (2.1)

sadac  njx j ,.....,2,1, = Semavali signalebia,

 ijw _ woniTi koeficientebia,

 Ti _ zRurbluri mniSvnelobaa.
2. dadebiTi wonis koeficientebi Seesabamebian sinafsebis agznebas, 

xolo uaryofiTebi _ damuxruWebas. Tu 0=ijw , maSin kavSiri i –ur da j-ur 
neironebs Soris ar arsebobs.

3. aqtivaciuri funqciiT miRebul signals neironi gardaqmnis 

gamosaval ( )ii RFY = signalad. zogadad, aqtivaciis funqcia warmoadgens 

arawrfiv funqcias, romliTac xdeba agznebis gatarebis procesis 
modelireba.

1.3. aqtivaciuri funqciebis saxeebi

aqtivaciuri funqcia sxvadasxva saxisaa da igi SeiZleba CaiTvalos 
xelovnuri neironis arawrfiv maZlierebel maxasiaTeblad. gaZlierebis 

koeficienti ganisazRvreba, rogorc fardoba Y signalis nazrdisa R
signalis nazrdze. arsebobs aqtivaciis funqciebis nairsaxeoba. 
ganvixilod zogierTi maTgani, romlebic ufro xSirad gamoiyenebian 
praqtikaSi.
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zRurbluri aqtivaciuri funqciebi. Tu neironis zRurblur 
mniSvnelobas anu neironis mgrZnobiarobas aRvniSnavT T-Ti, maSin 
gveqneba:

∑ −⋅=
i

ii TxwR

neironis gamosaval Y signals SeuZlia miiRos erTi an nulis toli 
mniSvneloba Semdegnairad:

y = 1 , roca TR ≥ da y = 0, roca 0<R .
Aaqtivaciis funqcia miiRebs Semdeg saxes (nax. 2.2 a):

Nnax. 2.2
da mas erTeulovani naxtomis (xevisaidis) funqcia ewodeba. Ggarda amisa, 
neiroqselebSi xSirad gamoiyeneba kordinantTa saTavis mimarT 
simetriuli zRurbluri mniSvneloba (nax.2.2 b):

 y = +1 , roca 0>R da   y = _ 1 , roca 0≤R
aseT aqtivaciur funqcias niSnis (kibiseuli) funqcia ewodeba.

wrfivi aqtivaciuri funqciebi. Qqvemod moyvanil naxazze (nax.2.3 a) 
warmodgeilia SeuzRudavi cvalebadobis RY = aqtivaciuri funqciis 
grafikuli gamosaxuleba. wrfivi aqtivaciuri funqcia SeiZleba iyos 
SezRuduli cvalebadobis (nax. 2.3 b):

 y = _ 1 , roca 1−<R ,  Ry = , roca 11 ≤≤− R ,  y = 1, roca 1>R .

 Nnax. 2.3
sigmaidaluri funqcia. praqtikaSi ufro xSirad gamoiyeneba 

sigmaidaluri (sigma) funqcia. (funqcias sigmaidaluri uwodes imis gamo, 
rom grafikulad igi waagavs `S~ asos). sigmaidaluri aqtivaciuri 
funqcia maTematikurad  ase gamoisaxeba:
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{ }aR
Y

−+
=

exp1
1

.

xSirad am funqcias standartuls uwodeben da roca ( ) 0≥− TR , maSin Y = 
0 .grafikulad sigma funqcias aqvs Semdegi saxe:

Nnax. 2.4

Tu sigmaidaluri funqciis gamosaxulebaSi a koeficients SevamcirebT, 

maSin funqcia xdeba ufro damreci da roca a = 0 igi 0,5 doneze 

gadaiqceva horizontalur wrfed. a-s gazrdisas (R=0) wertilSi 
sigmaidaluri funqcia garkveuli formiT uaxlovdeba erTeulovani 
naxtomis funqcias. sigmaidaluri funqciis gamosaxulebidan Cans, rom 
neironis gamosavali mniSvneloba imyofeba (0,1) diapazonSi.

sigmaidaluri funqciis erT-erT Rirebulebas warmoadgens misi 
pirveli rigis warmoebulis martivi saxe:

( ) ( )[ ]RFRaFy −=′ 1
unda aRiniSnos, rom  sigmaidaluri funqcia diferencirebadia mTeli 
abscisis RerZis mimarT. Aam Tvisebis gamo igi xSirad gamoiyeneba 
neiroqselebis swavlebis procedurebSi. Ggarda amisa, mas gaaCnia unari 
gaaZlieros dabali signalebi ufro Zlierad, vidre didi signalebi, rac 
iwvevs didi signalebiT gajerebis Tavidan acilebas.

hiperboluri tangesis funqcia. garda sigmaidaluri funqciisa 
praqtikaSi xSirad gamoiyeneba hiperboluri tangesis funqcia, romelic 
sigma funqciis msgav funqcias warmoadgens im gansxvavebiT, rom igi 
simetriulia koordinantTa saTavis mimarT da R =0 wertilSi nulis 
tolia (nax. 2.4 b).Aamitom mas xSirad simetriul sigmaidalur funqciasac 
uwodeben. 

RR

RR

ee
eeY −

−

+
−

=

radialur-bazisuri aqtivaciuri funqciebi. Bbolo wlebSi 
gavrceleba hpova neironulma qselebma, romelTa neironebs gaaCniaT 
aqtivaciuri funqcia gausis funqciis saxiT (nax. 2.5):









−= 2

2

2
exp

σ
Ry ,
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sadac R evklides manZilia neironis Semaval X veqtorsa da aqtivaciuri 

funqciis C centrs Soris: CXR −= , σ - gausis funqciis parametria, 

romelic gviCvenebs farjris siganes.

Nnax. 2.5
daskvnisaTvis unda aRvniSnoT, rom zemod moyvanili aqtivaciuri 

funqciebi, garda zRurblurisa (nax. 2.2a) da SezRuduli cvalebadobis 
wrfivi funqciebisa (nax. 2.3b), warmoadgenen uwyvet diferencirebad 
funqciebs. wrfivi funqcia (nax. 2.3a) asrulebs Semavali R mniSvnelobebis 
simravlis gardaqmnas misive identur usasrulo cvalebadebis Y
simravleSi. zRrubluri aqtivaciuri funqciebi R simravlis 

erTobliobas gardaqmnis binarul simravleSi ( y = 0 da y = 1  an y = -1 

da y = +1 ). danarCeni aqtivaciuri funqciebi R simravles gardaqmnian 
SezRuduli sididis (0,1) neironis Y gamosaval simravleSi.

2. xelovnuri neironuli qselis daxasiaTeba

neironuli qselis aqtualoba.
A
adamianis Tavis tvinSi informaciis damuSaveba mniSvnelovnad 

gansxvavdeba im meTodebisagan, romlebic miRebulia kompiuterSi. Tavis 
tvini warmoadgens uaRresad rTul, arawrfiv, paralelur kompiuters. 
mecnierebma daamtkices, rom Tavis tvini Sedgeba uamravi raodenobis 
struqturul elementebisagan _ nervis ujredebisagan, romlebsac 
neironebi ewodeba.

Aadamianis tvins gaaCnia neironebis iseTi muSaobis organizacia, 
rodesac xdeba konkretuli amocanebis (saxeTa garCeva, mgrZnobialobis 
organoebis signalebis damuSaveba, motoruli funqciebi da bevri sxva 
moqmedebebi) mravaljer ufro swrafad damuSaveba vidre amas asrulebs 
Tanamedrove yvelaze swrafi kompiuteri. aseTi amocanis magaliTad 
SegviZlia moviyvanoT Cveulebrivi mxedveloba. tvini Tanmimdevrulad 
asrulebs saxeTa garCevis mTel rig amocanebs (magaliTad, nacnobi saxis 
garCeva ucnob garemoSi). amisaTvis mas sWirdeba daaxloebiT 100 – 200 
miliwami, maSin roca analogiuri amocanis da Tundac ufro martivi 
sirTulis amocanebis amoxsnisaTvis kompiuters sWirdeba gacilebiT 
didi dro (zojer dReebi).
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sxva magaliTad SegviZlia moviyvanoT Ramuras lokatori, romelic 
warmoadgens eqo-lokatoris aqtiur sistemas. Ramuras lokators, garda 
obieqtamde manZilisa, gaaCnia informacia obieqtis siswrafeze, mis 
zomaze da misi nawilebis zomaze, agreTve mis azimutze da obieqtis 
moZraobis simaRleze. miRebul signalidan am informaciis 
gamoyofisaTvis Ramuras mcire zomis tvini asrulebs rTul neironul 
gamoTvlebs. mfrinavi Ramuras eqo-lokacia Tavisi maxasiaTeblebis 
xarisxiT da swrafmoqmedebiT mniSvnelovnad aWarbebs Tanamedrove 
yvelaze ufro rTul sainJinro sistemebs.

neironuli qselebis Seqmna gamowveuli iyo adamianis Tavis tvinis 
muSaobis principebis Sesaswavlad, rac Tavis mxriv es gamoiwvevs 
xelovnuri neironuli qselebis ganviTarebaze zemoqmedebas. dReisaTvis 
neironuli qselebi, adamianis tvinTan SedarebiT, warmoadgenen metad 
umniSvnelo modelebs miuxedavad maTi garkveuli warmatebuli 
gamoyenebisa.

Aadamianis Tavis tvini da kompiuteri asruleben sxvadasxva 
amocanebs da gaaCniaT sxvadasxva Tvisebebi. Adamianis tipiur tvins 
gaaCnia 1000- jer meti neironi, vidre maRali klasis kompiuteris 
logikuri elementebia. muras kanonis Tanaxmad da imis gaTvaliswinebiT, 
rom zogierTi gamoTvlebiT tvinSi neironebis raodenoba unda 
gaomargdes daaxloebiT yovel 2 – 4 milioni wlis Semdeg, SesaZlebelia 
imis prognozireba, rom kompiuteris logikuri elementebis raodenoba 
gautoldeba Tavis tvinis neironebis raodenobas daaxloebiT 2020 
wlisaTvis. rasakvirvelia es prognozi arafers gveubneba, radgan 
elementebs Soris arsebuli sxvaoba umniSvneloa gadarTvis siswrafesa 
da paralelizmis xarisxTan SedarebiT. dReisaTvisKkompiuteris 
mikrosqemebs SeuZliaT TiToeuli brZanebis Sesruleba nanowamze nakleb 
siCqariT, maSin rodesac neironebi muSaoben milionjer ufo nakleb 
siCqariT. am nakls tvini anazRaurebs imiT, rom tvinSi yvela neironi
moqmedebs erTdroulad, maSin roca Tanamedrove kompiuterebs gaaCniaT 
mxolod erTi procesori (magram ramodenime birTviT) an mcire 
raodenobis procesorebi. amrigad, miuxedavad imisa, rom kompiuters 
gaaCnia milionze meti gadarTvis siCqare aRmoCnda, rom Tavis tvinis 
gadarTvis siCqare daaxloebiT gamodis 100000 – jer ufro swrafi.

neironuli qselebis Tvisebebi.

xelovnuri neironuli qselebi axdenen Tavis tvinis zogierTi 
movlenebis demonstrirebas. magaliTad, cdebis SedegebiT swavloben, 
ganazogadeben wina precendentebs da Semosul informaciidan iReben 
mniSvnelovan Tvisebebs. miuxedavad aseTi msgavsebisa, yvela rTuli 
neironuli qselebisaTvis realuri `inteleqtis~ demonstriteba imyofeba 
Wiayelis inteleqtze dabla. magram, ar SeiZleba ignorireba gaukeTod 
zogierTi neiroqselebis  funqcierebis msgavsebas adamianis Tavis tvinis 
qmedebasTan SedarebiT. es SesaZleblobebi, dReisaTvis ragind 
SezRuduli unda iyos, mivyevarT im azramde, rom adamianis 
inteleqtualur SesaZleblobaSi siRrmiseuli CaZieba, agreTve mravali 
revolociuri Sedegebi, arc ise Soreuli periodis saqmea. ganvixiloT 
neiroqselebis zogierTi Tvisebebi.
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1. swavleba. xelovnur neironul qselebi gare samyarosTan 
mimarTebaSi SeuZliaT Tavisi qcevis Secvla. Semavali signalebis 
miwodebis Semdeg neiroqselebs SeuZliaT TviTregulireba, raTa 
miRweuli iyos saWiro reaqcia. damuSavebuli iyo neiroqselebis 
swavlebis mravali algoriTmi TavianTi mZlavri da susti mxareebiT. 
miuxedavad amisa, mainc rCeba garkveuli problemebi qselis swavlebasTan 
dakavSirebiT.

2. ganzogadoeba. swavlebis Semdeg qselis gamosavali garkveul 
zRvramde SeiZleba iyos aramgZnobiare Semavali signalebis umniSvlelo 
cvlilebebis mimarT. qselis Sinagani Tviseba xmauris fonze dainaxos 
saxe, metad mniSvnelovania saxeTa garCevis amocanebis gadasawyvetad. es 
gvaZlevs saSualebas gadavlaxoT mkacri sizustis is moTxovnebi, 
romlebic sWirdeba kompiuters da gza gauxsnas iseTi sistemebis Seqmnas, 
romelTac SeuZlia saqme hqondes arasrulyofil garemosTan, sadac 
realurad Cven vcxovrobT.

3. abstragireba. zogierT xelovnur neiroqsels gaaCnia Semomavali 
sinalebidan arsis gamoyofa. magaliTad, qsels SeiZleba SevaswavloT 
damaxinjebuli `a~ asos Tanmimdevrobaze. garkveuli swavlebis Semdeg Tu
qsels mivawvdiT aseT damaxinjebul obieqts, maSin qseli gvaZlevs 
obieqtis srulyofil saxes (am SemTxvevaSi `a~asos). Aqedan gamomdinare, 
garkveuli azriT qseli swavlobs imis warmoqmnas, rac adre mas ar 
uswavlia.

4. gamoyeneba. xelovnuri neironuli qseli panacias ar warmoadgens. 
isina albaT ar gamodgebian iseTi amocanebis amosaxsnelad, rogoricaa 
magaliTad xelfasis daricxva, magram isini Seucvlelni arian iseTi 
amocanebis amosaxsnelad, romelTac ver umklavdebian gamoTvliTi 
sistemebi.

neironuli qselebis upiratesobebi.

cxadia, rom neironuli qselebis siZliere damokidebulia jer 
erTi informaciis paralelur damuSavebaze da meore TviTswavlebis anu 
ganzogadoebis unarze. termin `ganzogadoebis~ qveS igulisxmeba saWiro 
Sedegis miReba iseT monacemebisagan, romlebic ar gvxdebian
neiroqselebis swavlebis procesSi. es Tviseba saSualebas iZleva 
neiroqselma gadawyvitos rTuli (maStaburi) amocanebi, romlebic 
dReisaTvis iTvlebian Znelad amosaxsnelebi.

moviyvanoT neiroqselebis upiratesobebi tradiciul gamoTvliT 
sistemebTan SedarebiT.

1. amocanebis amoxsna ucnobi kanonzomierebis SemTxvevaSi.
mravlobiT magaliTebze swavlebis Semdeg neiroqselebs SeswevT iseTi 
amocanebis amoxsnis unari, sadac ucnobia damokidebuleba qselSi 
Semaval da gamomaval sidideebs Soris. rogorc wesi, tradiciuli 
maTematikuri meTodebi da eqspertuli sistemebi am SemTxvevebSi uZlurni 
arian.

cdomilebis ukugavrcelebis algoriTmis Seqmnam xeli Seuwyo 
neiroqseluri teqnologiebis farTo gamoyenebas sxvadasxva tipis 
amocanebis gadasawyvetad. mravalSriani perseptronis saSualebiT 
SesaZlebeli gaxda iseTi maTematikuri modelebis Seqmna, romlebic 
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asruleben rTul mravalganzomilebian asaxvas Semavali parametrebis X 
veqtorisa gamosaval Y veqtorze.

tradiciuli maTematikuri modelebi aigeboda bunebis 
fundamentaluri kanonebis gamoyenebiT. am modelebis ganxilvis 
Sedegebidan gamomdinareobda maTematikuri formulebis an 
diferencialuri gantolebebisaTvis sasazRvro amocanebis Camoyalibeba.  
neiroqselebma Seqmnes maTematikuri modelebis agebis sxva midgomebi. 
Seiqmna imis saSualeba, rom avagoT maTematikuri modelebi fizikis, 
qimiis, biologiis, medicinis da sxva kanonebis gareSe, mxolod 
empiriuli cdis (amonarCevis swavleba) saSualebiT. aseTi modelebi 
TviTon iyeneben arsebul kanonebs da maT efeqturad iyeneben farTo 
speqtris praqtikuli amocanebis amoxsnisaTvis.

monacemebidan codnis amoRebis aseTi axali instrumenti 
saSualebas iZleva xelaxla aRmovaCinoT bunebis ganviTarebis 
fundamentaluri kanonebi, gamovavlinoT adre ucnobi da Seuswavleli 
damokidebulebebi da kanonzomierebebi da aqtiurad gamoviyenoT isini 
konkretuli praqtikuli amocanebis amosaxsnelad.

2. Semavali monacemebis xmaurTan mdgradoba. neironul qselebs 
gaaCniaT muSaobis unari im SemTxvevebis dros, rodesac qselSi 
Semomavali informacia Seicavs mraval arainformatiul monacemebs da 
xmaurs. am SemTxvevaSi ar aris aucilebeli sawyis monacemebidan maTi 
winaswari gamoricxva, radgan neiroqseli TviTon gamoavlens amocanis 
amoxsnisaTvis naklebad misaReb maCveneblebs da ugulvebelyofs maT.

3. garemomcveli garemos SecvlasTan adaptireba. neironul qselebs 
gaaCniaT unari moaxdinon adaptireba garemos Secvlis dros. kerZod, 
neiroqseli, romelic erT garemoSi iyo naswavli, advilad SeZlebs 
gadamzadebas axal garemoSi. ufro metic, arastacionarul garemoSi, 
sadac statistikuri maCveneblebi droSi icvleba, SesaZlebelia Seiqmnas 
neiroqselqbi, romelTa gadamzadeba xdeba realur droSi. rac ufro 
didia qselis adaptirebis SesaZleblobebi, miT ufro mdgradia qselis 
muSaoba arastacionarul garemoSi.

unda gvaxsobdes, rom adaptiurobas yovelTvis ar mivyevarT 
mdgradobisaken, zogjer mas moaqvs srulad sawinaaRmdego Sedegi.
magaliTad, droSi swrafad cvalebadi parametebis mqone adaptur 
sistemas SeuZlia swrafi reagireba ucxo SeSfoTebebze, rac iwvevs 
muSaobaSi Seferxebas. imisaTvis, rom gamoviyenoT adapturobis yvela 
Tviseba, saWiroa sistemis ZiriTadi parametrebi iyvnen sakmaod 
stabulurni, raTa ugulvebelyoT garemos xmauri. garda amisa, sistema 
unda iyos sakmaod moqnili, raTa uzrulvelyos garemos cvilebebze 
reaqcia.

4. zemaRali siCqare. neironul qselebs gaaCniaT zemaRali siCqare, 
rasac uzrunvelyofs informaciis masiuri paraleluri damuSaveba.

5. neiroqselis aparatuli realizaciis uarisTqmis mdgradoba.
neironuli qseli potenciurad uarisTqmis mimarT mdgradia. es imas 
niSnavs, rom araxelsayreli pirobebisas qselis warmadoba mniSvnelovnad 
ecema. magaliTad, Tu dazianebulia romelime neironi an misi kavSirebi, 
maSin damaxsovrebuli informaciis amoReba Zneldeba. magram, miiReba ra 
mxedvelobaSi qselSi informaciis Senaxvis ganawileba, amitom mxolod 
neironuli qselis struqturis seriozuli dazianeba gamoiwvevs mis 
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muSaobaze zegavlenas. aqedan gamomdinare, neiroqselis muSaobis 
xarisxis Semcireba warmoebs nela.

N
neironul qselSi codnis warmodgena.

N
neironul qselSi codnis warmodgena mdgomareobs SemdegSi: 

rogori informaciaa saWiro da es informacia fizikurad rogor 
warmovadginoT misi Semdgomi gamoyenebisaTvis. aqve unda SevniSnoT, rom 
inteleqtual sistemebSi warmatebuli Sedegi damokidebulia codnis 
karg warmodgenaze. es exeba neironul qselebsac, romlebic 
ganekuTvnebian xelovnuri inteleqtis calke klass. radgan Semavali 
signalebis warmodgenis forma SeiZleba iyos mravalferovani, amitom 
misaRebi neiroqselis Seqmna warmoadgens SemoqmedebiT process.

neironuli qselis ZiriTad amocanas warmoadgens gare samyaros 
modelis saukeTesod Seswavla dasmuli amocanebis amosaxsnelad. gare 
samyaros codnaSi igulisxmeba ori tipis informacia:

_ gare samyaros cnobili mdgomareoba warmodgenili sarwmuno 
faqtebiT. aseT inforacias ewodeba aprioruli;

_ gare samyaroze dakvirebebi (gazomvebi) miRebuli sensorebis 
saSualebiT, romlebic adaptirebulni anian konkretul pirobebTan, 
sadac unda ifunqciuros neironulma qselma. Cveulebriv aseTi gazomvebi 
sakmao doziT Seicaven xmaurs, romelic potenciurad SeiZleba gaxdes 
cdomilebis wyaro.

saswavlo magaliTebi SeiZleba iyos markirebuli an markirebis 
gareSe.  markirebul Semomaval signals Seesabameba Sesabamisi gamoZaxili 
(reaqcia). aramarkirebuli magaliTebi Sedgebian erTi Semavali signalis 
ramodenime sxvadasxva realizaciebisagan. nebismier SemTxvevaSi 
magaliTebis nakrebi, iqnebian isini markirebuli Tu aramarkirebuli, 
warmoadgenen Sesaswavli dargobrivi sferos codnas, romlis 
safuZvelze warmoebs neironuli qselis swavleba.

wyvil signalTa simravle, romelic Sedgeba erTi Semavali 
signaliT da meore misi Sesabamisi gamosavali signaliT, ewodeba 
neiroqselis saswavlo monacemebi an amonarCevi. Mmonacemebi, romlebic 
gamoiyenebian neiroqselis swavlebisaTvis, unda Seicavdnen rogorc 
dadebiT aseve uaryofiT magaliTebs.

magaliTisaTvis ganvixiloT cifrebis garCevis amocana. aq Semavali 
signali (gamosaxuleba) warmoadgens Savi da TeTri wertilebisagan 
Semdgar matricas. TiToeuli gamosaxuleba warmoadgens TeTr fonze 
aTidan erT-erT xelnawer cifrs, romelic miewodeba neironuli qselis 
Sesasvlels. zogadad swavlebis amonarCevi Sedgeba didi raodenobis 
xelnaweri cifrebisagan, romlebic asaxaven situacias, romelic 
realurad SeiZleba warmoiSvas praqtikaSi. aseTi amonarCevis SemTxvevaSi 
neiroqseli Seiqmneba Semdegnairad:

pirvel rigSi SeirCeva neironuli qselis Sesabamisi arqiteqtura, 
sadac Semavali Sris ganzomileba Seesabameba gamosaxulebis wertilebis 
raodenobas, xolo gamosavali Sre Sedgeba 10 neironisagan, romelebic 
Seesabamebian cifrebs (0,1,2,3,4,5,6,7,8,9). amis Semdeg xdeba arsebuli 
swavlebis amonarCeviT neiroqselis woniTi koeficientebis regulireba. 
qselis muSaobis am reJims swavleba ewodeba.
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neironuli qselis swavlebis efeqtianoba (testireba) mowmdeba 
mraval magaliTze, romlebic gansxvavdebian swavlebis procesSi 
gamoyenebuli magaliTebisagan. am dros qselis Sesasvlels miewodeba 
gamosaxuleba, romlisTvisac cnobilia miznobrivi gamosavali. qselis 
efeqturi swavleba mowmdeba garCevis Sedegis realur cifrTan 
SedarebiT. neironuli qselis muSaobis am etaps ewodeba ganzogadoeba.

neironul qselSi codnis warmodgena sakmaod rTuli problemaa. 
miuxedavad amisa, SesaZlebelia gamovyoT oTxi zogadi wesi.

wesi 1. msgavsi Semavali signalebi saWiroa erTiani warmodgeniT 
Camoyalibeba. kerZod, isini unda klasificirdebodnen rogorc erTi 
kategoria. arsebobs mravali midgoma Semavali signalebis msgsvsebis 
dasadgenad. zogadad msgavseba ganisazRvreba evklides manZiliT.

wesi 2. neironul qselSi sxvadasxva klasis elementebs unda 
gaaCndeT rac SeiZleba meti gansxvavebuli warmodgena.

wesi 3. Tu romelime Tviseba mniSvnelovania, maSin neiroqselSi misi 
warmodgenisaTvis saWiroa didi raodenobis neironebis gamoyeneba. 
magaliTisaTvis…moviyvanoT radaris mier obieqtis (magaliTad 
TviTmfrinavis) aRmoCenis amocana, rodesac garemoSi arsebobs garkveuli 
xmauri, romelic gamowveulia, magaliTad, sxva obieqtebidan signalis 
arekvliT, rogoricaa saxli, xeebi, Rrubeli da sxva. aseTi radaris 
efeqtianoba izomeba ori albaTuri sididiT:

_ aRmoCenis albaToba anu albaToba imisa, rom obieqtis arsebobis 
SemTxvevaSi radari mas aRmoaCens;

_ cru gangaSis albaToba anu albaToba imisa, rom sistema obieqts 
aRmoaCens maSin, roca is sinamdvileSi ar arsebobs.

zojer am or mniSvnelobas pirveli da meore gvaris Secdomems 
uwodeben. Nneiman-pirsonis kriteriumis Tanaxmad obieqtis aRmoCenis  
albaToba unda iyos maqsimaluri, xolo cru gangaSis albaToba 
minimaluri. aseTi situaciis dros metad mniSvnelovania is, rom Semavali 
signali unda Seicavdes miznis informacias. mesame wesi gviCvenebs, rom 
gadawyvetilebis miRebis procesSi signalSi obieqtis arsebobis Sesaxeb 
neironul qsels unda gaaCndes didi raodenobis neironebi. nebismier 
SemTxvevaSi neironebis gazrda iwvevs miRebuli Sedegis sarwmunoebis 
gazrdas da xmaurTan mdgradobas.

wesi 4. neiroqselis struqturaSi unda iyos CaSenebuli aprioruli 
informacia, rac iwvevs qselis arqiteqturis da swavlebis procesis 
gamartivebas. qselis swori konfiguracia uzrunvelyofs mis 
specializacias, romelic metad mniSvnelovania Semdegi mosazrebidan 
gamomdinare:

_ bioloiuri qseli, romelic uzrunvelyofs mxedvelobiTi da 
smeniTi informaciis damuSavebas, metad specializirebulia;

_ specializirebuli qselis swavlebisaTvis saWiroa mcire 
monacemebi. Am dros swavlebis process sWirdeba mcire dro da qsels 
gaaCnia ganzogadoebis kargi Tviseba;

_ specializirebul neironul qselebs gaaCniaT didi 
gamtarunarianoba;

_ specializirebuli neironuli  qselebis xarjebi mcirea, radgan 
maTi zomebi mniSvnelovnad mcirea, vidre srulkavSirebiani qselebisa.
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3. xelovnuri neironuli qselis arqiteqtura

3.1 neironuli qselis struqtura

M xelovnuri neironuli qseli warmoadgens neironebis erTobliobas, 
romlebic erTmaneTTan dakavSirebulni arian. yvela neironis 
aqtivaciuri (gadacemis) funqciebi qselSi fiqsirebulni arian, xolo 
wonebi warmoadgenen qselis parametrebs da SesaZloa maTi cvlileba.

qselis Sesasvlelze ricxvebis miwodeba iwvevs qselis gamosavalze 
garkveul ricxvTa erTobliobis warmoqmnas. amrigad, neironuli qselis 
muSaoba Sedgeba Semavali X veqtoris gardaqmnaSi gamomaval Y veqtorSi, 
Tanac es gardaqmna xorcieldeba qselis woniTi koeficientebis 
saSualebiT. praqtikulad nebismieri amocana SeiZleba daviyvanoT iseT 
amocanamde, romlis amoxsna SesaZlebelia neironuli qselis saSualebiT.

neironuli qselis Sesaqmnelad saWiroa ori etapis gavla:
_ neiroqselis struqturis (arqiteqturis) SerCeva;
_ qselis wonebis SerCeva (swavleba).
miuxedavad imisa, rom erT neirons SeuZlia Seasrulos umartivesi 

garCevis operacia, ufro rTuli amocanebis gadasaWrelad saWiroa 
neironebis gaerTianeba qselis saxiT. qselSi neironebis mier 
Sesrulebuli funqciebidan gamomdinare, neironebi SeiZleba davyoT sam 
tipad:

_ Semavali neironebi. es iseTi neironebia, romlebsac miewodebaT 
Semavali veqtori. aq, rogorc wesi, ar xdeba raime gamoTvliTi
operaciebi, informacia gadaecema qselis gamosaval neirons misi 
aqtivaciuri funqciis saSualebiT/

_ gamosavali neironebi. es iseTi neironebia, romlebic 
warmoadgenen neironuli qselis gamosavals.

_ Sualeduri neironebi. es reironebi warmoadgenen xelovnuri 
neironuli qselis safuZvels, sadac xdeba informaciis gardaqmna.

Nneironebis erToblioba qselSi qmnian Sres. Sre Seicavs 
erTgvarovan neironebs saerTo Semavali signalebiT. Sereebis raodenoba 
neironul qselSiASeiZleba iyos nebismieri. qedan gamomdinare, arCevan 
erTSrian da mravalSrian xelovnur neironul qselebs. erTSriani 
neironuli qselis blok-sqema warmodgenilia Semdeg naxazze:
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sqemaze aRniSnuli rgolebi gamoiyeneba mxolod Semavali signalis 
ganawilebisaTvis. maT ar gaaCniaT raime gamoTvliTi funqcia da amitom 
isini Sred ar SeiZleba CaiTvalos.

woniTi koeficientebis W matricas gaaCnia m striqoni da n sveti, 
sadac n qselis Sesasvlelis raodenobaa, m _ neironebis raodenobaa. 
magaliTad, w23 aris wona, romelic aerTianebs qselis meore Sesasvlels 
mesame neironTan. Aamrigad, gamosavali Y veqtoris gansazRvra, romlis 
komponentebia yi neironebis gamosasvlelebi, daiyvaneba Semdeg matricul 
namravlze: XWY = , sadac Y da X –veqtori-striqonebia.

orSriani xelovnuri neironuli qseli SeiZleba ase warmovadginoT:
 

Arogorc vxedavT, mravalSriani qseli SeiZleba SevqmnaT Sreebis 
kaskadebiT, sadac erTi Sris gamosasvleli meore Sris Sesasvlelia. 
Sris gamosasvleli signali ganisazRvreba Semavali veqtoris pirveli 
woniT matricaze gamravlebiT da Semdgom miRebuli Sedegis gamravlebiT 

meore Sris woniT matricaze, e.i. 21 )( WXW anu  ( )21WWX . mravalSriani 
kavSiri neiroqselis gamosavalTan, faruli Sre ewodeba. neironuli 
qselis Sesavali SeiZleba ganvixiloT rogorc nulobani Sre, romlis 
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neironebi gamoiyenebian mxolod rogorc gamanawilebeli, sadac ar 
sruldeba signalebis ajamvis da gardaqmnis operaciebi. garda Semavali 
da gamomavali Sreebisa, neironuli qselebi Seicaven erT an ramodenime 
farul Sreebs/

orSriani wrfivi neironuli qseli eqvivalenturia erTSriani 
qselisa, romlis wonis matrica miiReba orive Sris woniTi matricebis 
gadamravlebiT. aqedan gamomdinare, nebismieri mravalSriani wrfivi 
neironuli qseli SegviZlia SevcvaloT misi eqvivalenturi erTSriani 
qseliT.

erTSriani qseli sakmaod SezRudulia Tavisi gamoTvliTi 
SesaZleblobebiT. imisaTvis, rom qselis SesaZlebloba erTSrian
qselTan SedarebiT gaizardos, saWiroa gamoviyenoT arawrfivi aqtivaciis 
funqcia.

zemoT ganxilul neironul qselebs ukukavSiri ar gaaCniaT da 
amitom maT pirdapiri gavrcelebis qselebs uwodeben. aseT qselebs 
mexsiereba ar gaaCniaT da maTi gamosavali mTlianad ganisazRvreba 
mimdinare Semavali signalebiT da wonebiT.

ukukavSiriani qselis SemTxvevaSi gamosavali signali ubrundeba 
Semosasvlels da aqedan gamomdinare, gamosavali signali ganisazRvreba 
rogorc mimdinare Semomavali signaliT, aseve wina gamosavali 
signalebiT. am mizezis gamo ukukavSirebian qsels SeiZleba gaaCndes 
adamianis moklevadiani  mexsierebis msgavsi Tvisebebi. erTSriani 
ukukavSirebiani qseli SeiZleba ase warmovadginoT:
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3.2. neironuli qselebis klasifikacia
N

N neironuli qselebis klacifikacia warmodgenilia Semdeg naxaze:

swavlebis saxeebiT neironuli qselebi iyofa:
_ qselebi, romlebic iyeneben swvlebas maswavlebiT,
_ qselebi, romlebic iyeneben swvlebas maswavlebis gareSe.

swavleba maswavlebiT gulisxmobs Semdegs. yovel Semaval 
veqtorisaTvis arsebobs miznobrivi veqtori (swori pasuxi), romelic 
warmoadgens sasurvel gamosaval veqtors. maT erTad ewodebaT 
swavlebis wyvili. Cveulebriv neiroqselis swavleba xorcieldeba 
garkveuli raodenobis aseTi swavlebis wyvilebis saSualebiT. 
Sesaswavli veqtorebis simravle Tanmimdevrulad miewodeba neiroqselis 
Sesasvlels. cdomilebis gansazRvrisaTvis qselis gamosavali dardeba 
Sesabamis miznobriv veqtors da xdeba yoveli veqtorisaTvis sinafsuri 
woniTi koeficientebis koreqtireba. woniTi koeficientebi ise unda 
dareulides, rom gamosavali veqtori (pasuxi) rac SeiZleba axlos iyos 
miznobriv veqtorTan.

swavleba maswavlebis gareSe anu TviTswavlebis qselebi 
warmoadgenen, neironis biologiuri safuZvlebis TvalsazrisiT, 
swavlebis gacilebiT damajerebel models. aseT qselebs ar sWirdebaT 
miznobrivi veqtorebi da Sesabamisad Sedarebis operaciebis Catareba. 
swavlebis simravle Sdgeba mxolod Semavali veqtorebisagan. swavlebis 
algoriTmi woniTi koeficientebis koreqtirebas ise axdens, rom 
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miRebuli iyos SeTanxmebuli gamosavali veqtori. e.i. ise, rom sakmaod 
axlos mdggari Semavali veqtorebi iZleodnen erTnair gamosaval 
veqtors.

arsebibs agreTve Sereuli swavlebis aloriTmi, romlis drosac 
woniTi koeficientebis nawili ganisazRvreba maswavlebis, xolo meore 
nawili _ maswavlebis gareSe.

wonebis koreqtireba. Aaq gvaqvs fiqsirrebuli kavSirebiani qselebi, 
romlisTvisac woniTi koeficientebi, amocanis pirobidan gamomdinare, 
SeirCeva Tavidan da dinamikuri kavSirebis qselebi, romlisTvisac 
swavlebis procesSi xdeba sinafsuri wonebis koreqtireba.

Semavali informacia ori saxisaa: analoguri anu namdvil ricxvTa 
formiT warmodgenili monacemebi da orobiTi, sadac Semavali 
informacia warmodgenilia orobiT (0,1) kodis saSualebiT.

pirdapiri gavrcelebis qselebis yvela kavSirebi mimarTulia 
mkacrrad Semavali Sris neironebidan gamosavali Sris neironebisaken. 
aseT qselebs miekuTvnebian perseptronebi, radialur _ bazisuri 
funqciebis qselebi da albaTuri neiroqselebi.

rekurentul anu ukukavSirebian qselebSi signali gamosavali Sris 
neironebidan an faruli Sris neironebidan gadaecema ukan Sesasvleli 
Sris neironebis Sesasvlelebs. aseT qselebs miekuTvnebian hopfildis, 
hemingis, kohonenis, adapturi rexonansuli Teoriis da sxva neiroqselebi.

4. perseptroni

erT-erT pirvel neironul qsels warmoadgens perseptoni, romelic 
1957 w. daamuSava f. rozenblantma. rogorc wesi, perseptroni ewodeba 
erTSrian neironul qsels, sadac yvela neironi iyenebs erTeulovan 
naxtomisebriv aqtivaciur funqcias. erTneironul martiv perseptrons 
aqvs Semdegi saxe:

Tu ajamuli signali ∑
=

=
n

i
ii xwR

1
metia zRurblze, maSin neironis 

gamosavali signali Y = 1, winaaRmdeg SemTxvevaSi Y = 0. 
ganvixiloT f. rozenblantis mier damuSavebuli perseptroni, 

romlis blok-sqema warmodgenilia Semdeg naxaze:
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perseptronis mimReb mowyobilobad aRebulia baduras 
fotoeleqtruli modeli, kerZod receptorebis S are, romelic Sedgeba 
ramdenime aseuli fotowinaRobebisgan da romelic Tvalis baduris 
analogiuria da aRiqvams garedan Semosul signalebs. receptorebis ares 
TiToeuli elementi SeiZleba iyos or mdgomareobaSi – aRgznebul da 
araRgznebulSi, imisda mixedviT ecema Tu ara Sesabamis fotowinaRobis 
areSi warmodgenili gasarCevi figuris konturi. TiToeuli elementis 
gamosasvlelze miiReba signali, romelic erTis tolia Tu elementi 
aRgznebulia da nulis tolia, roca elementi ar aris aRgznebuli.

receptorebis gamosasvlelebi mierTebulia asociaturi Sris e.w. A
elementebTan SemTxveviTobis principiT da igi ucvlelia eqsperimentis 
bolomde. A elementi warmoadgens sumators ramdenime SesasvleliT da 
erTi gamosasvleliT. A elementi awarmoebs mis Sesasvlelze miwodebuli 
signalebis algebrul ajamvas da miRebuli mniSvneloba Tu aRemateba 
raime T zRurblur mniSvnelobas, maSin A elementi aRigzneba da 
gamosasvlelze gvaZlevs signals, romelic erTis tolia. winaaRmdeg 
SemTxvevaSi gamosasvlelze gveqneba nuli. e.i.
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−

=

∑

∑
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iij
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iij
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Txr

Txr
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roca
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sadac rij=1, roca  i –uri receptori mierTebulia  Aj elementTan da 

rij=-1, roca  i –uri receptori mierTebulia Aj elementTan uaryofiTi 

niSniT. roca  i –uri receptori Aj elementTan ar aris mierTebuli, 

maSin rij= 0. A elementis gamosavali signalebi mravldebian Sesabamis wi
woniT koeficientebze da Semdeg aijamebian

∑
=

=
m

j
jj xwR

1
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ajamuli signali miewodeba e. w. reagirebis elements anu  R-
elements. Tu R dadebiTia an nulis toli, maSin R elementi 
gamosasvlelze iZleva erTs, xolo roca R uaryofiTia, maSin nuls. e. i.







<

≥
=

.0,0
,0,1

R
R

Y
roca

roca

dauSvaT, rom receptorebis areSi daprogramebulia figurebi, 
romlebic miekuTvnebian or sxvadasxva klass. Tu SesaZlebelia 
perseptroni miviyvanoT iseT mdgomareobaSi, rom sakmaod saimedod 
gamosasvlelze mogvces erTi, roca mis Sesasvlelze erTi klasis 
figuraa da nuli, roca meore klasis figuraa, maSin perseptrons gaaCnia 
ori saxis garCevis unari.

roca saxeTa raodenoba orze metia, maSin woniTi koeficientebis 

simravle { }w mocemuli unda iyos yvela saxisaTvis cal-calke. aseve, 

reagirebis R elementebis raodenoba toli unda iyos saxeTa 
raodenobisa. gasarCevi obieqti miekuTvneba im saxes, romlis R elementis 
gamosavali signali udidesia. 

5 xelovnuri neironuli qselebis swavleba

5.1 erTSriani neironuli qselis swavleba

rogorc avRniSeT, neironuli qselebi gamoiyenebian saxeTa garCevis, 
prognozirebis da arawrfivi damokidebulebis (arawrfivi regresia) 
amocanebis gadasawyvetad. amisaTvis saWiroa neironuli qselebis 
swavleba. metad mniSvnelovania is faqti, rom neironuli qselebis
swavleba SesaZlebelia. gasuli saukunis 60 wlebSi rozenblantma 
daamtkica Teorema erTSriani perseptronis swavlebis Sesaxeb.

neironis swavleba niSnavs SevatyobinoT mas Tu ra gvida misgan. 
swavlebis procesi Zalian waagavs bavSvis alfavitis swavlebas. roca 
bavSvs vuCvenebT `a~ asos Cven vekiTxebiT `romeli asoa es?~. Tu pasuxi 
arasworia, veubnebiT swor pasuxs. bavSvi imaxsovrebs am pasuxs, e.i. mis 
mexsierebaSi xdeba garkveuli cvlilebebi saWiro mimarTulebiT. 
vimeorebT am process sxva asoebisaTvis manam, sanam bavSvi mtkiced ar 
daimaxsovrebs alfavitis yvela asos. zogadad aseT proces ewodeba 
`swavleba maswavlebiT~. 

neironuli qselis swavlebisas viqceviT analogiurad. sadac 
swavlebis zogadi idea SemdegSi mdgomareobs: dasawyisSi neironuli 
qselis Sesasvlels miewodeba saswavlo X amonarCevi cnobili SedegebiT 

da vakvirdebiT qselis gamosaval signals ijwXFY )(= . woniT 

koeficientebis da TiToeuli neironis aqtivaciis zRurbluri 
mniSvnelobis regulirebiT qsels vaiZulebT mis gamosavalze miviRoT 
sasurveli Sedegi. amis Semdeg, sagamocdo amonarCeviT vamowmebT 
neironuli qselis muSaobis sizustes. magaliTad, klasifikaciis 
amocanaSi Cven SegviZlia moviTxovoT, rom qselma 90%-iT sworad 



e. yubaneiSvili. xelovnuri neironuli qselebi medicinaSi

22

Caataros saxeebis klasifikacia. prognozirebis amocanebSi Cveni mizani 
SeiZleba iyos prognozirebis sizuste, romelic ar unda aRematebodes 
winaswar mocemul mniSvnelobas. Tu neironuli qseli pasuxobs 
wayenebul moTxovnebs, maSin misi gamoyeneba praqtikul kvlevebSi ukve 
SesaZlebelia.

Teoriulad neironuli qselis Seqmnis safuZvels warmoadgens 
Semdegi mtkicebuleba: nebismieri ganzomilebis Semaval-gamomaval 

{ } NrYX kk ,....,2,1,, = erTobliobisaTvis arsebobs orSriani erTgvarovani 
neironuli qseli nebismieri raodenobis neironebiT da sigmaidaluri 

aqtivaciis funqciiT, sadac Yyovel Semomavali kX veqtori qmnis 

gamosaval kY veqtors. amrigad, mravalganzomilebiani furqciis 
warmodgenisaTvis SeiZleba gamiyenebuli iyos erTgvarovani xelovnuri 
neironuli qseli, romelsac gaaCnia mxolod erTi faruli Sre  
sigmaidaluri gadacemis funqciis neironebiT.

swavlebis hebis wesi

ganvixiloT swavlebis procesis algoriTmi metad martiv 
rozenblatis erTSrian perseptonis magaliTze. qvemoT moyvanil naxaze 
naCvenebia perseptronis umartivesi varianti, romlis daniSnulebaa 
gaarCios ricxvebi erTmaneTisagan. 

warmovidginoT matrica, romelic Seicavs 12 fotoelements, 
romlebic ganlagebuli arian 4 horizontalur mwkrivSi. yovel mwkrivSi 
moTavsebulia 3 fotoelementi. fotoelementebis matricaze xdeba 
baraTis zeddeba, sadac warmodenilia cifri (Cveni magaliTisaTvis 
ricxvi 4). Tu fotoelementze moxvdeba cifris romelime fragmenti, maSin 
es fotoelementi gamoimuSavebs signals, romelic erTis tolia, 
winaaRmdeg SemTxvevaSi – nulis. rogorc naxazidan Cans, pirveli 

fotoelementi iZleva x11=0 sinals, meore fotoelementi – x12 = 1 signals
da a.S. 

amis Semdeg signalebi gamravldeba Tavis Sesabamis woniT 
koeficientebze da xdeba maTi ajamva. 
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j

n

j
j xwR ∑

=

=
1

miRebuli jamuri R signali dardeba zRurblur mniSvnelobas da Tu 
Sedegi damakmayofilebelia, maSin gamosavali sinali Y = 1, winaaRmdeg 
SemTxvevaSi Y = 0. e.i.  
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≥
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.0,0
,0,1
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R

Y
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roca

rogorc Y logikur gamosaxulebidan Cans, am SemTxvevaSi gamoiyeneba 
Semdegi saxis kibiseburi aqtivaciis funqcia:

perseptronis mizania gamosavali signali iyos Y = 1 toli, roca baraTze 
aRbeWdilia cifri 4 da Y = 0 – sxva ricxvebis dros.

es  mizani miiRwea perseptonis swavlebiT, romelic mdgomareobs 

woniTi wj koeficientebis koreqtirebaSi. Tu gamosavali signali Y = 1, 
maSin koeficientebis koreqtireba ar aris saWiro, radgan perseptronis 
reaqcia sworia. magram, Tu gamosavali signali arasworia, e.i. Y = 0 , maSin 
saWiroa im woniTi koeficientebis gazrda, rolebic axdenen neironis 

aRgznebas. Cven SeTxvevaSi saWiroa w12, w31, w41 da a.S. koeficientebis 
koreqtireba, anu am SeTxvevaSi maTi mniSvnelobebis gazrda.

amrigad, SegviZlia CamovayaliboT woniTi koeficientebis 
koreqtirebis Semdegi iteraciuli procedura:

biji 1. warmovadginoT Semavali saxe da ganvsazRvroT perseptonis 
gamosavali YYsignali.

biji 2. a) Tu gamosavali sworia, maSin gadavideT 1 - bijze.
biji 2. b) Tu gamosavali signali arasworia da nulis tolia, maSin 

izrdeba gaaqtivebuli Semomavali sinalebis koeficientebi, magaliTad, 
woniT koeficientebs daumatoT yvela Semomavali sinali: 

 ( ) ( ) jjj xtwtw +=+1  

biji 2. g) Tu gamosavali signali arasworia da erTis tolia, maSin 
saWiroa Semomavali signalis woniTi koeficientebis Semcireba, 
magliTad ase:

 ( ) ( ) jjj xtwtw −=+1
biji 3. gadavideT 1 – bijze an davamTavroT Seswavlis procesi.
moyvanil aloriTmSi bij 2. b)-s uwodeben hebis pirvel wess, xolo 

bij 2. g) – hebis meore wess. es algoriTmi pirvelad SemovTavaza hebma 
1949w. unda SevniSnoT, rom hebis wesi mogvagonebs cxovelebis gawvrTnis 
`maTraxi – tkbileuli” – is meTods an bavSvis aRzrdis process 
waxalisebisa da dasjis principis gamoyenebas.
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swavlebis delta-wesi.

zemod ganxiluli swavlebis aloriTmi SeiZleba warmovadinoT 
zogadi formis saxiT. Tu d – Ti aRvniSnavT saWiro gamosaval sinals, 
maSin yovel iteraciaze SesaZlebelia ganisazRvros sxvaoba saWiro d
signalsa da realur Y signals Soris e.i. ε = (d – Y).  roca ε = 0, maSin is 
Seesabameba bij 2. a)-s im SemTxvevaSi, roca gamosavali sidide WeSmaritia. 
roca 0>ε Seesabameba bij 2. b), xolo roca 0<ε Seesabameba bij 2. g) –s.

perseptronis wavlebis algoriTmi hebis wesis saSualebiT 
mTavrdeba, Tu iteraciul process warvmarTavT Semdegi formulebiT:

( ) ( )
jj

jjj

xw
wtwtw

ε=∆

∆+=+1

sadac wj(t) da wj(t+1) Sesabamisad perseptronis koeficientebis Zveli da 
axali mniSvnelobebia,  j- Semavali signalis rigiTi nomeria.

SesaZlebelia miviRoT analogiuri iteraciuli formula neironis 
T zRvruli mniSvnelobis reulirebisaTvis, Tuki mas ganvixilavT, rogoc 

neironis damatebiTi Semomavali x0 sinalis woniT koeficientad. x0
sinalis mniSvneloba -1 tolia.

( ) ( ) .,1 ε−=∆∆+=+ TTtTtT
iteraciul formulebSi SesaZlebelia swavlebis λ koeficientis 

Semotana, romlis saSualebiTac SesaZlebelia woniTi koeficientebis 
koreqtireba

., λελε −=∆=∆ Txw jj

perseptronis swavlebis algoriTms, romelic iyenebs am 
formulebs, ewodeba delta-wesi. 

qemoT moyanil naxazze warmodgenilia perseptronis sqema, romelic 
gankuTvnilia laTinuri alfavitis asoebis gasarCevad. aseT perseptrons 
gaaCnia 26 neironi, e.i. alfavitis TiToeul asos Seesabameba erTi 

neironi. iTvleba, rom pirveli neironis gamosavali y1 unda iyos erTis 
toli roca perseptrons gasarCevad miewodeba aso `A~ da nulis toli 

yvela danarCeni asoebisaTvis. meore neironis gamosavali y2 unda iyos 
erTis toli roca neirons `B~ aso miewodeba da nulis toli yvela 
danarCeni asoebisaTvis da a.S.
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mocemuli perseptronis swavlebis algoriTmi Sedgeba Semdegi 
bijebisagan:

1. SemTxveviTi ricxvebis gadamwodiT neironebis yvela woniT 

koeficientebs wij da zRvrul Ti sidideebs mieniWebaT raime mcire 
mniSvnelobebi.

2. perseptrons miewodeba alfavitis romelie aso da 
fotoelementebis sistemis saSualebiT gamoimuSavebs gamosaval veqtors 

.12,...2,1, =jx j

3. TiToeuli neironi awarmoebs Semomavali signalebis ajamvas:

∑
=

=
12

1j
jiji xwR

da gamoimuSavebs gamomaval sinals yi=1 , roca ii TR ≥ da yi=0 , roca ii TR < .

4. yoveli neironisaTvis ganisazRvreba cdomileba:

( )iii yd −=ε ,

sadac di- perseptronis swori pasuxis veqtoria (magaliTad, `A~asosaTvis 

d1=1, d2=0, …..,d26 =0 ).
5. xdeba neironis woniTi koeficientebis da zRvruli 

mniSvnelobebis koreqtireba:
( ) ( )

( ) ( ) ,,1

,,1

iiiii

jiijijijij

TRtRtT
xwwtwtw

λε

λε

−=∆∆+=+

=∆∆+=+

sadac t – iteraciis riiTi nomeria.
6. gavimeoroT 2 – 5 bijebi saWiro raodenobamde.

zemod moyvanili perseptronis sqema, romelic gankuTvnilia 
alfavitis asoebis gasarCevad, SeiZleba gamoviyenoT sxva praqtikuli 
amocanebis, magaliTad, samedicino diagnostikuri amocanebis 
gadasawyvetad. yvelaferi damokidebulia imaze, Tu ra azrs mivaniWebT 

Semomaval xi da gamomaval yi  signalebs.
gadasawyveti amocanebis sfero mniSvnelovnad gafarTovdeba Tuki 

perseptrons vaswavliT ara marto binaruli mniSvnelobebis (0 da 1), 
aramed uwyveti signalebis gamotanasac. aseTi ganzogadoebuli 
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perseptronis Seqmna SesaZlebelia, Tuki aqtivaciis funqciad 
gamoviyenebT ara kibisebur, aramed sigmaidalur funqcias. praqtikulad 
sigmaidaluri funqcia uzrunvelyofs klasikuri zRvruli funqciis 

aproqsimacias. sigmaidalur funqciisaTvis miRebulia ( )RFy σ= aRniSvna.

delta – wesis ganzogadoebuli algoriTmi

SemovitanoT ramodenime gansazRvreba. perseptrons ewodeba 
adalaini, roca mas gaaCnia erTi gamosavali da sigmaidaluri aqtivaciis 
funqcia. Tu perseptrons gaaCnia mravali gamosavali, maSin mas ewodeba 
madalaini (inglisuri sityvebidan ADAptive LInear NEuron da Many ADALINE).
aseTi uwyveti aqtivaciuri funqciis perseptronis gamoCenam gamoiwvia 
misi swavlebis mimarT axleburi midgoma. uidroum da hofma 

SemogvTavazes saWiro di da realuri yi gamosavali signalebis sxvaobebis 
saSualo kvadratuli cdomilebis minimizacia:

( )
2

12
1 ∑

=

−=
I

i
ii ydε , (5.1)

sadac I – perseptronis gamosavali arxebis raodenobaa.
ganvixiloT perseptronis, romelsac gaaCnia J Sesasvleli da I

gamosavali, woniTi koeficientebis koreqtirebis algoriTmi. saSualo 

kvadratuli cdomileba ε warmoadgens woniTi koeficientebis 

mravalganzomilebian funqcias. e.i. ( )ijwεε = da wij kordinantTa sivrceSi 

geometriulad igi waagavs mravalganzomilebian zedapirs _ 
hiperzedapirs.

Pperseptronis swavleba SeiZleba warmovadginoT iseTi woniTi 
koeficientebis wij moZebnaSi, romlebic Seesabamebian hiperzedapiris 
yvelaze minimalur wertils. aseTi tipis amocanas ewodeba optiizaciis 

amocana, romlis daniSnulebaa wij parametrebis sivrceSi ( )ijwεε =
funqciis minimizacia.

Aarsebobs optimizaciis amocanis amoxsnis mravali meTodi. Yvelaze 
martiv meTods warmoadgens woniTi koeficientebis SemTxveviTi cvlileba 
da Semdeg cdomilebis gamoTvla. Mmagram, ufro efeqturi meTodia 
gradientis daSvebis meTodi, romlis Tanaxmad yoveli woniTi 

koeficientis cvlileba ijw∆ warmoebs hiperzedapiris gradientis 

sawinaRmdego mimarTulebiT.Ee.i.

 
ij

ij w
w

∂
∂

−=∆
ε

η ,    (5.2)

sadac η _ swavlebis siCqaris koeficientia.

saSualo kvadratuli cdomileba ε warmoadgens rTul funqcias, 

romelic pirvel rigSi damokidebulia perseptronis gamomaval yi 
signalebze. Amitom:

 
ij

i

iij w
y

yw ∆∂
∂

∂
∂

=
∆∂
∂ εε

   (5.3)

Aaq ( )Rfy σ= , sadac ∑
=

=
J

j
jiji xwR

1

. maSasadame:
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∂

∂
∂
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∂
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Tu (4.1) gamosaxulebas gavawarmoebT yn – iT, sadac [ ]Jn ,1∈ , maSin miviRebT:

( )nn
n

yd
y

−−=
∂
∂ε

, e.i.   ( )ii
i

yd
y

−−=
∂
∂ε

. (5.5)   

Tu CavsvamT (5.4 ) da (5.5 ) (5.3 ) formulaSi da miRebul Sedegs (5.2) 
formulaSi, sabolaod miviRebT:

( ) ( )[ ] ( ) ( ) j
T

iijiiij xRfydxRfydw σσ ηη −=−−−=∆ . (5.6)

Ees gamosaxuleba miRebulia neironebisaTvis, romelTac gaaCniaT 

nebismieri tipis aqtivaciuri funqciebi. Magram, Tu ( )Rfσ sigmaidaluri 

funqciaa, maSin

( ) ( ) ( ) ( )( )RfRf
R

Rf T −=







−+

= 1
exp1

1
σ . (5.7)

Tu am gamosaxulebas CavsvamT (5.6)UformulaSi, maSin miviRebT:

 ( ) ( ) ( )( ) ( ) ( ) jiiiijiiij xyyydxRfRfydw −−=−−=∆ 11 ηη σ AM (5.8)

Aamrigad miviReT erTSriani perseptronis swavlebis Semdeg iteraciuli
formula:

 ( ) ( ) ijijij wtwtw ∆+=+1 , (5.9)

sadac            ( ) ( )iiiiiji yyydxwij −−==∆ 1, δλδ . (5.10)

am algoriTms ewodeba delta – wesis ganzogadoebuli algoriTmi, 
romlis upiratesoba mdgomareobs iteraciis ufro swraf krebadobaSi da 
Semavali da gamomavali uwyveti signalebis ufro zust damuSavebaSi.
yovelive es iwvevs perseptronis mier amocanebis amoxsnis sferos 
gafarToebas.
 

erTSriani neironuli qselis SezRudva

rogorc ukve avRniSeT, f. rozenblantma SesZlo erTSriani 
perseptronis saSualebiT alfavitis asoebis garCeva. es im droisaTvis 
iyo mniSvnelobani miRweva da wingadadgmuli nabiji adamianis azrovnebis 
Semecnebis sferoSi. magram, perseptronis mier gadasawyveti amocanebis 
sfero TandaTan farTovdeboda. samecniero sferos gaSlasTan erTad 
warmoiSva siZneleebi, kerZod aRmoCnda, rom zogierTi axali amocanis 
gadawyveta perseptrons ar SeuZlia, Tumca es amocanebi garegnulad 
mniSvnelovnad ar gansxvavdebodnen im amocanebisagan, romlebsac 
perseptroni warmatebulad wyvetda. saWiro gaxda warmoSobili 
paradoqsis axsna, siRrmiseuli analizi da neironuli qselis Teoriuli 
bazis Seqmna.

perseptronis ganviTarebis Semdegi etapi iyo m.minskis da 
s.paipertis mier gamoqveynebuli wignis `perseptronebi~-s gamoqveyneba. am 
wignSi maTematikuri sizustiT damtkicebuli iyo is ,rom principSi 
erTSrian perseptrons ar Zalums mravali praqtikuli amocanebis 
gadawyveta. maT Soris iyo logikuri operaciis `gamomricxavi an~- is 
realizacia.MMMMMDA

`gamomricxavi an~ warmoadgens bulis orargumentian funqcias, 
romelmac SeiZleba miiRos `WeSmariti~ an `mcdari~ mniSvneloba. 
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`WeSmarit~ mniSvnelobas funqcia Rebulobs maSin, roca funqciis erT-
erTi argumenti (da ara orive) aris `WeSmariti~. sxva SemTxvevebSi 
funqcia Rebulobs `mcdar~ mniSvnelobas. funqcias aqvs Semdegi saxe:

 y = (x1∧ x2)∨(x2∧x1)                         (1)
amocana mdgomareobs erTSriani perseptroiT movaxdinoT (1) funqciis 

realizireba ori x1 , x2 Semavali da erTi gamomavali y mniSvnelobiT.
Tu avRniSnavT `WeSmarit~ sidides erTiT, xolo `mcdars~ nuliT, 

maSin Semavali sinalebis yvela SesaZlo kombinaciebi ( )21 , xx sibrtyeze 

SeiZleba warmovadginoT oTxi A1 ,A2 ,B1 ,B2 wertilis saxiT, rogorc es 
naCvenebia Semdeg naxaze:

 
magaliTad, A1 wertils Seesabameba Semavali signalebis x1 = 0 da x2 = 0 
mniSvnelobebi, xolo A2  wertils ki x1 =1 da x2 =1. (1) formulis Tanaxmad, 
perseptronis Semavali da gamomavali signalebis Sesabamisobebi 
moyvanilia Semdeg cxrilSi:

 wertilebi x1 x2 y
A1 0 0 0
A2 1 1 0
B1 1 0 1
B2 0 1 1

erTSriani perseptroni, romelic gamosaxulia qvemoT moyvanil naxaze,

awarmoebs Semdeg gardaqmnebs:  2211 xwxwR += (2). y =1 
,roca TR ≥ da y =0 , roca TR < . Tu (2) 
gantolebaSi R-s SevcvliT T–Ti, maSin miviRebT:

Txwxw =+ 2211 (3).

Tu miRebul (3) gantolebaSi x1  da x2 
cvladebia, xolo T, w1 da w2 mudmivebi, maSin ( )21 , xx sbrtyeze (3) 
gantoleba gamoisaxeba swori xaziT, romlis daxriloba ganisazRvreba 

w1 da w2 woniTi koeficientebiT da T zRvruli mniSvnelobiT. im 
wertilebebisaTvis, romlebic am swor sazze mdebareoben, sruldeba R = T
toloba da perseptronis gamosavali erTis tolia. im 
wertilebebisaTvis, romlebic ganlagebulni arian swori xazis qvemoT 
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perseptronis gamosavali sidide nulis tolia. im wertilebebisaTvis, 
romlebic ganlagebulni arian swori xazis zemoT perseptronis 
gamosavali sidide erTis tolia. aqedan gamomdinare, (3) gantolebas 
uwodeben zRvrul swor xazs.

zemod moyvanili cxrilis Tanaxmad, A1  da A2 wertilebSi 
perseptronis gamosavali unda iyos nulis toli, xolo B1 da B2 
wertilebSi – erTis toli. magram, amisaTvis zRvruli swori xazi ise 
unda iyos warmodgenili, rom A1  da A2 wertilebi unda imyofebodnen am 
xazis qvemoT, xolo  B1 da B2 wertilebi – zemoT, rac yovlad 
SeuZlebelia. es imas niSnavs, rom ra mniSvnelobebic ar unda mivaniWoT 
woniT koeficientebs da zRurbls, erTSrian neironul qselebs ar 
SeuZlia `gamomricxavi an~ funqciis warmodgena. 

garda  `gamomricxavi an~ funqciis realizebis problemisa, .minskis 
wignSi moyvanilia sxva amocanebic, romelTa gadawyveta erTSrian 
neironul qselebs ar SeuZliaT.

5.2 mravalSriani neironuli qselis swavleba

`perseptronebi~ wignis gamosvlam mecnierebs Soris Soki gamoiwvia. 
sayovelTao optimizmi Secvala pesimizma, ramac gamoiwvia neironuli 
qselis ganviTarebis garkveuli Seferxeba. miuxedavad amisa, calkeuli 
mecnierebi mainc ganagrZnobdnen mecnierul kvlevebs. bevr mkvlevars 
esmoda, rom saWiro iyo perseptronis struqturis garTuleba. aRmoCnda, 
rom `gamomricxavi an~ funqciis problema SeiZleba gadawydes orSriani 
neironuli qselis saSualebiT, magaliTad ise, rogorc es 
warmodgenilia Semdeg naxaze:

warmodgenili perseptronis muSaoba sruldeba Semdegi algoriTmiT:

perseptroni 1 :     ( ) 211 5,05,0 xxR −+= ,

 y1 = 1, roca TR ≥1 ,

 y1 = 0, roca R1 < T.
 

perseptroni 2 :     ( ) 212 5,05,0 xxR +−= ,

 y2 = 1, roca TR ≥2 ,

 y2 = 0, roca R 2 < T.
 

 perseptroni 3 :      R1 = 1y1 + 1y2 ,
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  y3 = 1, roca TR ≥2 ,

 y3 = 0, roca R 2 < T.
am formulebis saSualebiT, advilad SeiZleba warmovadginoT 

perseptronis Semavali da gamomavali signalebis Sesabamisobebi 
mocemuli T =0,5 zRvruli mniSvnelobisaTvis Semdeg cxrilSi:

M mkvlevarebs esmodaT, rom mravalSriani neironuli qselebi 
afarToeben amosaxsnel amocanaTa klass, magram problema iqneboda aseTi 
neirnuli qselebis swavleba. Mmartivi hobis wesi da misi 
modificirebuli delta – wesi vargoda mxolod gamosavali Sris 
neironebis woniTi koeficientebis koreqtirebisaTvis, maSin roca 
neironuli qselis Siga(faruli) SreebisaTvis igi gamousadegari iyo.

cdomilebis ukugavrcelebis algoriTmi.

mravalSriani neironuli qselis swavlebis efeqtuli algoriTmi 
Seiqmna 1986w. rumelhardis mier, romelsac ewodeba cdomilebis 
ukugavrcelebis algoriTmi. meTodma Tavisi dasaxeleba miiRo imitom, 
rom misi funqcirebis dros qselis gamosavali cdomileba, romelic 
ganisazRvreba iteraciis yovel bijze, vrceldeba neironul qselSi 
gamosavali Sridan Semosasvlelamde (e.i. signalis gavrcelebis 
sawinaRmdegod). swored am dros xdeba faruli Sreebis neironebis 
woniTi koeficientebis gansazRvra.

ganvixiloT cdomilebis ukugavrcelebis algoriTmis idea 
orSriani neroqselis swavlebis dros. orSrian qsels gaaCnia R Semavali, 
I gamomavali da J faruli Sris neironebi. Gamosavali Sris sinafsuri 
wonebis koeficientebis koreqtireba davtovoT igive, rogorc erTSriani 

perseptronis dros, oRond xj SevcvaloT yj simboloTi. Ee.i. gveqneba:

( ) ( ) ijijij wtwtw ∆+=+1

iiij yw ηδ=∆

( ) ( )iiiii yyyd −−= 1δ (5.11)
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Ffaruli Sris sinafsuri neironebis koeficientebi SevecadoT maTi 

koreqtireba igive formulebiT, sadac i – uri indeqsi SevcvaloT j –Ti, 

xolo j – n – iT. e.i.

niij yw ηδ=∆ , ( ) ( )jjjjj yyyd −−= 1δ .

Cxadia, rom bolo gamosaxulebaSi yn magivrad unda gamoviyenoT xn . 
magram aq gaurkvevelia ( )jj yd − neironuli cdomilebis gansazRvra, 

romelic faruli SrisaTvis ucnobia. avtoris idea mdgomareobda imaSi, 
rom am cdomilebis magivrad gamoviyenoT gamosavali Sris jamuri 
cdomileba gamravlebuli Sesabamis sinafsuri kavSirebis Zalaze. Ee.i.

( ) ∑
=

=−
I

i
ijijj wyd

1
δ .

amrigad faruli SrisaTvis sabolaod gveqneba:

njjn xw ηδ=∆

( )∑
=

−=
J

j
ijijjj wyy

1

1 δδ (5.12)

Tu am ideas gamoviyenebT, advilia nebismieri raodenobis faruli 
Sriani neiroqselebis swavlebisaTvis cdomilebis ukugavrcelebis 
algoriTmis Camoyalibeba. Nneironis mier gamoTvlil jams sasurvelia 
daumatoT raime sidide, romelsac wanacvleba (zRurbli aRebuli minus 
niSniT) ewodeba

0
1

i

J

j
ijj wwxR += ∑

=

. (5.13)

0iw wanacvleba moicema iseve, rogorc sinafsuri wonebi ijw , anu 

SemTxveviTi ricxvebis generatoris saSualebiT. neironis gardaqmnis 
formulaSi wanacvlebis Setana SeiZleba interpretirebuli iyos, 

rogorc kidev erTi Semavali x0 signalis damateba, romelic yovelTvis 
erTis tolia. amitom (5.13) gamosaxuleba SegviZlia ufro komaqturad 
warmovadginoT:

  ∑
=

=
J

j
ijj wxR

1

, Tu miviRebT x0  =1.

cdomilebis ukugavrcelebis algoriTmi warmovadginoT 
mravalSrian neiroqselisaTvis, romelsac gaaCnia Semavali Sre 0=k , 
ramodenime faruli Sre 1,.....2,1 −= Kk da gamosavali Sre Kk = . aseTi 
neironuli qseli warmodgenilia Semdeg naxaze:
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Semavali Sris neironebi maTematikur gardaqmnebs ar awarmoeben, 
isini mxolod gadascemen Semomaval signalebs pirveli Sris neironebs. 
CavTvaloT, rom yoveli k- uri Sre Seicavs Hk neironebs. amrigad, qsels 
gaaCnia N=H0 Sesavali da M=Hk gamosavali. algoriTmSi gamoyenebulia 

Semdegi aRniSvebi: i – (k -1) – iuri Sris neironis rigiTi nomeri, l – (k + 1) –
iuri Sris neironis rigiTi nomeri.

Bbiji 1. wanacvlebis da sinafsuri wonebis inicializacia.AciklSi

1,.....,2,1,,.....,2,1,,....,2,1 −=== kk HjHiKk wanacvlebas da sinafsuri k
ijw wonebs 

SemTxveviTi ricxvebis generatoriT eniWebaT minimaluri mniSveelobebi, 

magaliTad [ ]1,1− intervalidan.
Bbiji 2. saswavlo amonarCevidan qsels miewodeba Semavali 

( )qNq xxxX ,....,, 21= veqtori da misi Sesabamisi sasurveli gamosavali 

veqtori ( )qMq dddD .....,, 21= veqtori, sadac q _ saswavlo amonarCevis 

magaliTis rigiTi nomeria.

Bbiji 3. pirdapiri gatareba. ciklSi kHiKk ,.....,2,1,,....,2,1 ==

gamoiTvleba k – uri Sris i – uri neironis gamosavali signalebi:

( ) ( ) ( )








= ∑

−

=

−
1

0

1
kH

j

k
j

k
ij

k
i ywfy σ ,

sadac ( ) ( )1
00

0 ,1, −== k
jj yxxy da qselis gamosavali signalebi ( )r

ii yy = .

Bbiji 4. ukugatareba. ciklSi  ,,....,2,1,1,.....,1, kHiKKk =−=

1,....,2,1 −= kHi ganisazRvrebian sinafsuri wonebi:
( ) ( ) ( ) ( ) ( ) ( )11 +∆+=+ twtwtw k

ij
k

ij
k

ij ,

sadac   ( ) ( ) ( ) ( )11 −=+∆ k
j

k
i

k
ij ytw ηδ ,

Tanac gamosavali SrisaTvis Kk = (5.11) Tanaxmad:

   ( ) ( ) ( )iiii
k

i yyyd −−= 1δ ,  

xolo sxva SemTxvevisaTvis (5.12) Tanaxmad gveqneba:

( ) ( ) ( )( ) ( ) ( )∑
+

=

++−=
1

1

111
kH

l

k
li

k
l

k
i

k
i

k
i wyy δδ .

Bbiji 5. gavimeoroT 2 – 4 bijebi saWiro raodenobiT.
algoriTmis meore bijze xdeba axali veqtoris miwodeba qselis 

Sesasvlelze, meordeba 2 – 5 bijebi da a.S. manam sanam ar moxdeba yvela 
gamosacnobi saxis miworebaqselis Sesasvlelze. magaliTad, Tu gvinda 
qarTuli alfavitis asoebis gamocnoba, maSin swavlebis algoriTmi unda 
gavimeoroT 33 – jer.

algoriTmis mexuTe bijze ukve Seswavlil magaliTebze 
ganisazRvreba gasaSualoebuli saSualo kvadratuli cdomileba:

( )∑∑
= =

−=
Q

q

M

i
yi i

d
Q 1 1

21
ε , (5.13)

sadac Q _ magaliTebis saerTo raodenobaa (qarTuli SriftisaTvis Q = 
33).

Ggarda saSuali kvadratuli cdomilebisa, SesaZlebelia 
ganisazRvros absoluturi cdomilebis maqsimaluri mniSvneloba:

 [ ]( ) QqMiyd qii ,....,2,1,,....,2,1,max ==−=ε . (5.14)
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Iteraciuli procesi mTavrdeba, roca ε gansazRvruli (5.13) an (5.14) 
formulebiT miaRwevs winaswar daSvebul mniSvnelobas.

Eexla dauSvaT, rom qselis Sesasvlel fotoelementebis tabloze 
miewoda romelime aso, romelic Sesrulebulia sxva 
SriftiT.Ffotoelementebi Camoayalibeben X Semaval signals, romelic 
ar daemTxveva arc erT swavlebis asoebis veqtors. Tu Srifti Zalzed ar 
gansxvavdeba Sesaswavli Sriftebisagan da neiroqseli kargad aris
daproeqtirebuli da naswavli, maSin is gansazRvravs Y veqtors, sadac 
neironis gamosavali, romelic Seesabameba Sesasvlel asos, eqneba 
maqsimaluri mniSvneloba. amrigad, miuxedavad Semomavali saxis 
damaxinjebisa da dabrkolebebisa neiroqseli iZleva swor daskvnas saxis 
romelime klasTan mikuTvnebis Sesaxeb. Nneironuli qselis Tvisebas, 
rodesac swavlaSi ar monawile Semavali saxeebis mimarT Rebulobs swor 
gadawyvetilebas, ewodeba ganzogadoebis Tviseba.

cdomilebis ukugavrcelebis algoriTmis problmebi.

Mmiuxedavad imisa, rom cdomilebis ukugavrcelebis algoriTmis
martivi procedurisa da misi gamoyeneba farTo klasis amocanebis 
amoxsnisaTvis, mas gaaCnia seriozuli naklovanebebi. Uupirveles yovlisa 
unda aRiniSnos neironuli qselis swavlebis didi dro, magaloTad 
rTuli amocanebis amosaxsnelad zogjer sWirdeba dReebi an sulac 
SeiZleba ver iswavlos. Ees naklovanebebi SeiZleba gamowveuli iyos 
Semdegi, qvemod moyvanili faqtebis gamo.

1. qselis paralizi (dambla). Nneiroqselebis swavlebis procesSi 
woniTi koeficientebma SeiZleba miiRon Zalze didi mniSvnelobebi. aman 
SeiZleba gamoiwvios is, rom yvela an neironebis umetesoba qselis 
gamosavalze mogvcems did mniSvnelobebs, sadac aqtivaciis funqciis 
warmoebulis roli iqneba sakmaod dabali. radgan swavlebis procesSi 
cdomileba proporciulia am warmoebulis, amitom swavlebis procesi 
SeiZleba SeCerdes. Teoriulad es problema naklebad aris Seswavlili. 
praqtikaSi am problemis gadawyvetis erT-erTi meTodia swavlebis 
procesis bijis Semcireba, magram es Tavis mxriv gamoiwvevs swavlebis 
drois gazrdas. sxvadasxva evristikuli meTodebi jer-jerobiT 
ganixilebian rogorc eqsperimentaluri meTodebi.

2. lokaluri minimumebi. rogorc aRvniSneT, cdomilebis 
ukugavrcelebis algoriTmi iyenebs gradientul meTods anu cdomilebis 
zedapirze wonebis uwyveti koreqtirebiT awarmoebs qvemoT daSvebas 
minimumis mimarTulebiT. rTuli amocanis cdomilebis zedapirs SeiZleba 
gaaCndes ramodenie minimumi da amis gamo qseli SeiZleba moxdes iseT 
lokalur minimumze, romlis gverdiT arsebobdes ufro didi sididis 
minimumi. e.i. saqme gvaqvs globaluri minimumis gansazRvrebasTan, rac am 
meTodiT ar miiRweba.

3. bijis zoma. cdomilebis ukugavrcelebis algoriTms gaaCnia 
krebadobis Tviseba. es efuZneba imas, rom wonebis koreqtireba unda 
xdebodes usasrulod mcire sididiT. cxadia, rom amis praqtikaSi 
Sesruleba SeuZlebelia. bijis zoma unda iyos sasruli sididis. Tu 
bijis zoma mcirea, maSin krebadoba sakmaod nelia, xolo Tu bijis zoma 
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didia, maSin SeiZleba moxdes neiroqselis paralizeba an mudmivi 
aramdgradoba. 

4. droebiTi aramdgradoba. Tu qseli swavlobs, magaliTad 
alfavitis asoebs, maSin ar aqvs azri vaswabloT `B~, Tu am dros is 
iviwyebs `A~-s. swavlis procesi iseTi unda iyos, rom qselis swavleba 
unda xdebodes yvela saswavlo obieqtiT (am SemTxvevaSi asoebiT) da maT 
Soris ukve naswavli obieqtebiTac. aqedan gamomdinare, wonis 
koeficientebis koreqtireba unda xdebodes yvela obieqtisTvis, rac 
moiTxovs damatebiT mexsierebas. es meTodi SeiZleba aRmoCndes uvargisi 
roca neiroqseli imyofeba mudmivad cvalebad garemoSi. aseT situaciaSi 
swavlebis procesi SesaZlebelia arasodes iyos krebadi.

Ddaskvnis saxiT SeiZleba iTqvas, rom miuxedavad mravali naklisa 
cdomilebis ukugavrcelebis algoriTmi mainc rCeba Zalze popularul 
meTodad (gansakuTrebiT saxeTa garCevis amocanebis gadasawyvetad), ori 
praqtikuli mizezis gamo: es algoriTmi realizebisaTvis martivia da is 
uzrunvelyofs rTuli amocanebis amoxsnis efeqtianobas.

Aarsebobs meTodebis jgufi, romlebic ar iyeneben miznobrivi 
funqciis warmoebulis gamoTvlas da amitom maT aragradientul 
meTodebs uwodeben. magram isini mniSvnelovnad CamorCebian efeqtianobis 
TvalsazrisiT gradientis meTodebs da amitom maTi gamoyeneba 
neiroqselebis swavlebisaTvis ararekomendirebulia. arsebobs agreTve 
neiroqselebis swavlebis evristikuli meTodebi, romlebsac, rogorc 
wesi, ar gaaCniaT mkacri Teoriuli dasabuTeba. 

5.3 genetikuri algoriTmi

Nneironuli qselebis swavlebis algoriTmebSi problemas 

warmoadgensMswavlebis siCqaris ηEparametri, romelic gansazRvravs 
optimizaciis bijis sigrZes. martiv meTods warmoadgens swavlebis mTel 

periodSi ηEparametris mudmiv sidided dafiqsireba. am dros 

mizanSewonilia neiroqselis yovel SrisaTvis  η-s mivaniWoT sidide, 
magaliTad Semdegi empiriuli formuliT:

 







≤

in
1minη ,

sadac ni _ Sris i-uri neironis Sesasvlelebis raodenobaa.

sxva meTodikaSi igulisxmeba swavlebis procesSi ηEsididis 
dinamiuri cvlilebebi miznobrivi funqciis cdomilebis gaTvaliswinebiT.
procesis swrafi krebadobisaTvis cdiloben cdomilebis Semcirebisas 

ηEparametris gazrdas, magram ar unda dauSvaT misi mniSvnelobani 
gazrda.

dReisaTvis neiroqselebis swavlebis ZiriTad problemas 
warmoadgens cdomilebis funqciis metad rTuli forma mravali 
lokaluri minimumebiT. Yvela zemod ganxilul meTodebs mivyevarT erT-
erT lokalur minimumamde, romelic mdebareobs swavlebis sawyis 
wertilis midamoSi. Tu aseTi minimumis povnis Semdeg neiroqselis 
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swavlebis cdomileba aradamakmayofilebelia, maSin woniT koeficientebs 
aZleven SemTxveviTi sididis namatebs da swavleba iwyeba sxva 
wertilidan. xSirad aseTi swavlebis pocesi Rebulobs xangrZliv 
eqsperimentalur xasiaTs, rodesac iyeneben sxvadasxva optimizaciis 
algoriTmebs sxvadasxva parametrebis gamoyenebiT.

aqedan gamomdinare, aqtualuria globaluri optimizaciis 
meTodebis ganviTareba, anu iseTi meTodebis damuSaveba, romlebic 
saSualebas iZlevian mravaleqstremaluri miznobrivi funqciiT 
globaluri minimumis moZebnas. sxva aseT meTodebs Soris yvelaze 
mniSvnelovania genetikuri algoriTmis idea, romelic pirvelad d. 
holandbam 1970w. SemogvTavaza. algoriTmi Sedgeba bunebrivi 
optimizaciuri procesebis imitaciaSi, romlebic viTardebian cocxali 
organizmis evoluciis dros.

rogorc cnobilia, evoluciis Teoriis safuZvlebi C. darvinis mier 
iyo formirebuli 1859w Tavis cnobil naSromSi `saxeebis warmoSoba 
bunebrivi SerCevis gziT~. evoluciis Teoriis Tanaxmad buneba yvela 
cocxalis optimizacias awarmoebs ori biologiuri meqanizmis _ 
bunebrivi SerCevis da genetikuri memkvidreobis saSualebiT. bunebrivi 
SerCevis arsi mdgomareobs imaSi, rom Seguebuli pirebi ufro 
gadarCebian da moaqvT didi STamavloba, vidre naklebad Seguebulebs.

genetikuri memkvidreobis meqanizmi mdgomareobs SemdegSi. 
nebismieri cocxali organizmis TiTqmis yvela ujreds gaaCnia
qromosomebis nakrebi, romlebic atareben informacias mTeli organizmis 
Sesaxeb. qromosomis ZiriTad nawils warmoadgens dezoqsiribonukleinis 
mJavis molekulis (dnm) Zafi, romelic Sedgeba oTxi SenaerTisagan _ 
garkveuli TanmimdevrobiT mimdinare nukleotidebisagan. nukleotidebi 
aRiniSnebian A, T ,C,  G asoebiT da maTi msvlelobis rigiTobiT xdeba 
organizmis yvela genetikuri Tvisebebis kodireba.

geni aris dnm-s jaWvis monakveTi, romelic pasuxismgebelia piris 
garkveul Tvisebebze, magaliTad Tvalis ferze, Tmis tipze, kanis ferze 
da a.S. dadgenilia,, rom adamianis genetikuri niSnebis erToblioba 
dakodirebulia daaxloebiT 60 aTasi geniT, romelTa jamuri sigrZe 
Seadgens 90 milion nukleotidebze meti.

cocxali organizmis gamravleba warmoebs mSoblebis ori sasqeso 
ujredis SerwymiT. kerZod, mSoblebis qromosomebi mWidrod 
uaxlovdebian erTmaneTs, Semdeg maTi dnm-is Zafi wydeba ramodenime 
SemTxveviT adgilebSi da qromosomebi cvlian TavianT nawilebs. amrigad 
STamomavlis  dnm-is molekulebi SemTxveviT Rebuloben rogorc mamis, 
aseve dedis genebs.

memkvidreobis miRebisas SesaZlebelia mutacia anu erT-erTi
mSoblis sasqeso ujredebSi genebis Secvla. Secvlili genebi gadaecema 
memkvidres da aniWebs mas axal Tvisebebs, romliTac is gansxvavdeba 
mSoblebisagan. Tu es axali Tvisebebi aRmoCndebian sasurvelni, e.i. 
STamomavli iqneba ufro Seguebuli garemosTan da bunebrivi SerCevis 
procesSi is gadarCeba, maSin is Seqmnis kidev ufro srulyofil 
STamomavlebs. amrigad, bunebrivi SerCeva, cvalebadoba da memkvidreobiTi 
meqanizmebi warmoadgenen biologiuri arsebebis srulyofilebis 
saSualebebs, cocxali organizmis Tvisebebis optimizaciis meTodebs, 
romlebsac buneba TviTon qmnis.
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genetikuri algoriTmi gamoiyeneba neironuli qselis woniTi 
koeficientebis optimizaciisaTvis. algoriTmi muSaobs Semdegnairad: jer 
iqmneba garkveuli raodenibis pirebis sawyisi populacia, sadac TiTeul 
maTgans gaaCnia Tavisi sakuTari qromosomi anu neiroqselis woniTi 

koeficientebis veqtori ( )′= nwwwW ,.....,, 21 . TiToeuli pirisaTvis

ganisazRvreba miznobrivi funqcia ( )Wε , romelic warmoadgens piris 
garemosTan Seguebis xarisxs. pirveladi populacia Tanabrad 
ganawildeba optimizirebuli parametrebis sivrceSi. amrigad, wertilebi, 
romlebic Seesabamebian pirebs, met-naklebad Tanabrad nawildebian 
miznobrivi funqciis zedapirze, rogorc es naCvenebia Semdeg naxazze: 

A

aq (a) naxazze naCvenebia sawyisi populaciis piris qromosomebis 
wertilebis ganlageba miznobrivi funqciis zedapirze da qroosomebis 
ganlageba n STamomavlis Semdeg (b).

pirebis SerCeva, maTi SejvarebisaTvis, saWiroa axali Taobis 
Sesaqmnelad da igi SeiZleba efuZnebodes sxvadasxva principebs. erT-erT 
yvelaze gavrcelebul princips warmoadgens elitarobis principi, 
romlis Tanaxmad SejvarebisaTvis daiSvebian yvelaze ufro Seguebuli 
pirebi, xolo naklebad Seguebuuli pirebi procesidan gamoiricxebian da 
xdeba maTi Canacvleba axlad Seqmnili STamomavlebiT. am proces 
seleqcia ewodeba.

zogadad Sejvarebis procesi mdgomareobs imaSi, rom mSoblebis 
qromasomebi SemTxveviTobis principiT gaiyofa or araTanabar nawilad, 
ros Sedegadac isini SeerTdebian ise, rom STamomavlis qromosomi 
Seicavs rogorc mamis, aseve dedis qromosomis nawilebs, ise rogorc es 
naCvenebia qvemod moyvanil naxazze:

E
am naxazze warmodenili situacia Sejvarebis Semdeg mamis qromosomi (a1

da a2 fragmentebi) dedis qromosomTan erTad (fragmentebi b1 da b2) qmnian 
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axal qromosomis wyvils, romelTagan pirvels gaaCnia a1 da b2 

fragmentebi, xolo meores _ b1 da a2 fragmentebi.
Semdeg genetikur operacias ewodeba mutacia, romelic mdgomareobs 

SemTxveviT SerCeli veqtoris (piris) SemTxveviT SerCeli elementis 
(genis) SecvlaSi SemTxveviT mocemuli dasaSvebi mniSvnelobiT. zogadad, 
mutacias ganicdis mTeli populaciis qromosomebis bitebis ara umetes 1  
_ 5%.

yvela am genetikuri operaciebiT formirdeba axali Taoba, 
romelTa pirebis raodenoba tolia wina Taobis pirebis raodenobisa. 
rogorc praqtika aCvenebs, axali Taobas, romelic Seqmnilia seleqciiT, 
SejvarebiT da mutaciiT, saSualod gaaCnia miznobrivi funqciis mcire 
mniSvnelobebi (rogorc es naCvenebia nax.b), e.i. axali Taoba warmoadgens 
ufro srulyofils.

Taobebis Secvlis procesi mTavrdeba roca iteraciis biji gaxdeba 
winaswar dasaSveb raodenobis toli an mas Semdeg, roca erT-erTi 
romelime piri iZens miznobrivi funqciis minimalur mniSvnelobas. es 
piri warmoadgens gamarjvebuls da misi qromosoma miiReba genetikuri 
algoriTmis sabolao Sedegad.

neironuli qselebis swavlebisas Cveulebriv iyeneben genetikuri 
algoriTmis sxvadasxva variantebs, romlebic dakavSirebulni arian 
parametrebis SerCevaze da seleqciis, Sejvarebis da mutaciis meTodebze. 
SesaZlebelia genetikuri algoriTmis SeTavseba sxva optimizaciis 
algoriTmebTan. ase magaliTad, swavlebis sawyis stadiaze iyeneben 
genetikur algoriTms, xolo Semdeg sxva optimizaciis algoriTms, 
magaliTad gradiertis meTodebs.

daskvnisaTvis SevniSnoT, rom genetikuri algoriTmebi, ise rogorc 
neironuli qselebi, warmoadgenen xelovnuri inteleqtis axal 
mimarTulebas. neironul qselTan SedarebiT genetikur algoriTmebs 
gaaCniaT damoukidebloba da gamoyenebis farTo speqtri. kerZod, isini 
gamoiyenebian sxvadasxva tipis optimizaciis amocanebis gadasawyvetad, 
romlebic warmoiSvebian bizneSi, ekonomikaSi, medicinaSi da adamianis 
moRvaweobis sxva sferoebSi.

6. Semxvedri gavrcelebis neironuli qselebi

6.1 qselis struqtura

realur situaciebSi nebismieri cocxali organizmi, romelic 
mudmivad urTierTqmedebs garemosTan, mudmivad ganicdis garemos 
qmedebas, rac iwvevs misi qmedebis koreqtirebas. magaliTad, Tu kata 
erTxel gadaxta anTebul Rumelze SemdgomSi is am qmedebas arasodes ar 
gaimeorebs. aseTi magaliTebis miyvana SesaZlebelia mravaljer, amitom 
maswavlebiT swavlebis meqanizmi damaxasiaTebelia nebismieri cocxali 
organizmis Tavis tvinisaTvis.

magram adamians Tavis tvins gaaCnia sxva swavlebis meqanizmic. Cven 
SegviZlia gadavwyvitoT mravali inteleqtualuri amocana winaswari 
swavlebis gareSe. magaliTad, Cven, dafiqsirebis gareSe, SegviZlia 
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SevasruloT obieqtebis klasifikacia kerZod, erTmaneTis msgavsi 
obieqtebis gaerTianeba damoukidebel klasebSi, romlebsac klasterebi 
ewodebaT. 

Semxvedri gavrcelebis neinoqseli (Sgnq) miekuTvneba hibridul 
qselebs, sadac swavleba xorcieldeba rogorc maswavlebiT, aseve 
maswavlebis gareSe. Sgnq, romelic Sedgeba ori e.w. kohonenis da 
grosbergis Sreebisagan, Tavisi maxasiaTeblebiT MmniSvnelovnad 
sWarbobs erTi faruli Sris mqone neiroqselebs. magaliTad, aseTi 
qselis swavlebis dro, saxeTa garCevis da klasifikaciis amocanebis 
gadasawyvetad, asjer ufro mcirea vidre ukukavSiriani qselebisa. Sgnq 
naklovanebas warmoadgen is, rom qseli ar iZleva zusti aproqsimaciis 
saSualebas. am SemTxvevaSi is mniSvnelovnad CamorCeba ukukavSirian 
qselebs.

Sgnq mniSvnelovan Tvisebas warmoadgens ganzogadoebis Tviseba, 
romelic saSualebas iZleva miviRoT swori gamosavali maSinac ki, roca 
qselis Sesasvelze gvaqvs arasruli an xmauris mqone veqtori. swavlebis 
procesSi Semavali veqtorebi asocirdebian Sesabamis gamosaval 
veqtorebad. es veqtorebi SeiZleba iyos orobiTi an uwyveti. swavlebis 
Sedegad formirdeba gamosavali veqtorebi, romlebic Seesabamebian 
Semaval signalebs.

Sgnq gaaCnia Tanmimdevrulad SeerTebuli ori kohonenis da 
grosbergis Sre. nax. 6.1. GnaCvenebia Sgnq gamartivebuli versia. Semavali 
signalis yoveli elementi miewodeba kohonenis Sris yvela neirons. Tavis 
mxriv, kohonenis Sris TiToeuli neironi mierTebulia grosbergis Sris 
yvela neironTan.

funqcionerebis reJimSi qsels miewodeba X signali da formirdeba 
gamosavali signali Y . swavlebis reJimSi qselis Sesasvlels miewodeba 
Semavali signali, xdeba wonebis koreqtireba raTa qselis gamosavalze 
miviRoT saWiro signali.

N

 ნახ. 6.1
nulovani Semavali Sre ar awarmoebs araviTar ariTmetikul 

operaciebs. misi daniSnulebaa moaxdinos Semomavali signalis ganStoeba. 
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nulovani Sris yoveli neironi mierTebulia pirveli Sris yovel 

neironTan wmn woniTi koeficientebiT. es wonebi ganisazRvrebian rogorc 
W matricis elementebi. analogiurad, kohonenis Sris (1 Sre) yoveli 

neironi mierTebulia grosbergis Sris (2 Sre) yovel neironTan  vnp
woniTi koeficientebiT. es woniTi koeficientebi qmnian V woniT 
matricas.

rogorc sxva neiroqselebi, Sgnq funqcionirebs or reJimSi: 
normaluri reJimi, roca Semavali X veqtori gamosavalze iZleva Y 
veqtors da swavlebis reJimi, roca qsels miewodeba Semavali veqtori da 
xdeba wonebis koreqtireba, raTa qselis gamosasvlelze miviRoT saWiro 
saxis gamosavali veqtori.

6.2 qselis normaluri funqcionireba.

kohonenis Sre. kohonenis Sre funqcionirebs principiT 
`gamarjvebuli Rebulobs yvelafers~. mocemuli Semavali veqtorisaTvis 
kohonenis Sris mxolod erTi neironi iZleva logikur erTians, xolo 
danarCenebi _ nuls. kohonenis neironis gamosavali warmoadgens Semavali 
X signalis elementebis Sewonil jaWvs

∑
=

=+⋅⋅⋅⋅++=
n

i
ijinnjjjj wxxwxwxwS

1
2211 ,                            (6.1)

sadac Sj _ kohonenis j_uri neironis gamosavalia, ),.....,,( 21 njjj wwwW = _ 

kohonenis j_uri neironis wonebis koeficientebia, ( )nxxxX ,......,, 21= _ 

Semavali signalis veqtori. (6.1) formulis matriculi saxea: XWS = , 
sadac S _ kohonenis Sris gamosavali veqtoria.

kohonenis Sris neirons, romelsac gaaCnia Sj maqsimaluri 
mniSvneloba, ewodeba `gamarjvebuli~, romlis gamosavali erTis tolia, 
xolo yvela danarCeni neironis _ nuli.

grosbergis Sre. grosbergis Srec funqcionirebs igive meTodiT, 
rogorc kohonenis Sre. misi gamosavali veqtori warmoadgens kohonenis 

Sris  gamosasvlelebis nkkk ,....,, 21 Sewonil veqtors: 

∑
=

=
n

i
ijij wxS

1
,

sadac Sj _ grosbergis j_uri neironis gamosavalia. matricul saxiT 
KVY = , sadac Y _ grosbergis Sris gamosavali veqtoria, K _ kohonenis 

Sris gamosavali veqtoria, V _ grosbergis Sris wonebis matrica.
Tu kohonenis Sre ise funqcionirebs, rom mxolod erT neirons 

gaaCnia erTis toli gamosavali, maSin K matricis mxolod erT elementi 
gansxvavdeba nulisagan da gamoTvlebi Zalze martivia. faqtiurad 
grosbergis Sris yoveli neironis wona akavSirebs am neirons kohonenis 
aranulovan neironTan.



e. yubaneiSvili. xelovnuri neironuli qselebi medicinaSi

40

6.3 qselis swavleba

qselis swavlebisas sasurvelia Semavali veqtorebis winaswari 
damuSaveba, kerZod maTi normalizacia. aseTi normalizacia sruldeba 
TiToeuli Semavali veqtoris komponemtebis gayofiT veqtoris sigrZeze.

22
2

2
1 n

ij
i

xxx

x
x

+⋅⋅⋅⋅++
= .

normalizeba iwvevs Semavali veqtoris gardaqmnas igive mimarTulebis 

erTeulovan veqtorad anu n _ ganzomilebian sivrceSi erTeulovani 
sigrZis veqtorad.

kohonenis Sris swavleba. kohonenis Sris swavleba xdeba
maswavlebis gareSe. swavlebis Sedegad Sre saSualebas iZleva gamovyoT 
ramodenime aramsgavsi Semavali veqtorebi. Tu romeli neironis aqtivacia 
moxdeba winaswar cnobili ar aris.

swavlebisas kohonenis Sres miewodeba Semavali veqtori da 
ganisazRvreba misi skalaruli namravli yvela Tavis neironebis 
veqtorebTan. skalaruli namravli warmoadgens Semavali veqtorebis 
msgavsebis zomas. maqsimaluri mniSvnelobis skalaruli namravlis 
veqtori gamocxaddeba `gamarjvebulad~ da xdeba misi woniTi 
koeficientebis regulireba anu woniTi veqtori uaxlovdeba Semaval 
veqtors.

skalaruli namravlis garda SeiZleba gamoyenebuli iyos evklides 
manZili. am SemTxvevaSi SeirCeva is neironi, romelsac gaaCnia umciresi 
manZili Semaval veqtorTan da es veqtori gamocxaddeba `gamarjvebulad~.

swavlebis procesi aRiwereba Semdegi gantolebiT:

( )CCN wxww −+= η , (6.2)

sadac Nw _ wonis axali mniSvnelobaa, romelic aerTebs Semaval x
komponents gamarjvebul neironTan, Cw - wonis wina mniSvnelobaa, η _ 

swavlebis siCqaris koeficienti.
yoveli wona, romelic dakavSirebulia kohonenis gamarjvebul 

neironTan, icvleba misi mniSvnelobis Semavali mniSvnelobasTan sxvaobis 
proporciulad. swavlebis siCqaris koeficienti cvladi sididea, 
romelsac dasawyisSi iReben 0,7 da Semdeg swavlebis procesSi 
SesaZlebelia misi mniSvnelobis TandaTanobiT Semcireba. es saSualebas 
gvaZlevs sawyisi bijebis didi mniSvnelobis aRebisaTvis, raTa swrafad 
movaxdinoT uxeSi swavleba da Semdeg mcire bijebis saSualebiT miviRoT 
sasurveli Sedegi.

Tu kohonenis Sris TiTeuli neironi asocirebulia erTi Semavali 
veqtoriT, maSin kohonenis Sris swavleba SesaZlebelia erTi bijiT. 
gamarjvebuli neironis wonebi utoldeba Sesasvleli veqtoris 

komponentebs ( )1=η . rogorc wesi, saswavlo amonarCevi Seicavs mraval 
erTmaneTis msgavs veqtorebs da qselis swavleba ise unda iyos 
organizebuli, rom TiToeulma Semavalma veqtorma unda gaaqtiuros 
mxolod erTi da igive kohonenis neironi. am neironis wonebi miiReba 
Semavali veqtorebis gasaSualebiT, romlebmac unda gaaqtiuron is.
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sawyisi woniTi veqtorebis SerCeva. swavlis dawyebamde qselis 
yvela wonebs aniWeben sawyis mniSvnelobebs. neironul qselebTan 
muSaobis sayovelTao praqtikas warmoadgens wonebisaTvis minimaluri 
mniSvnelobibis miniWeba. kohonenis Sris swavlisaTvis xdeba SemTxveviT 
SerCeuli wonis veqtoris normalizacia. swavlebis Semdeg woniTi 
veqtoris sabola mniSvneloba emTxveva normalizirebul Semomaval 
veqtors

kohonenis Sris wonebis randomizaciam swavlebis dros SeiZleba 
warmoSvas seriozuli problemebi. kohonenis iteraciuli formulis (6.2) 

Tanaxmad yoveli iteraciis Semdeg gamarjvebuli neironi Tavis wonis Nw
veqtoriT sul ufro da ufro uaxlovdeba Semomaval X veqtors. magram, 
SeiZleba aRmoCndes iseTi neironebi, romlebic Tavisi sawyisi 
mdebareobiT ise arian daSorebuli Semaval X veqtorTan, rom SeiZleba 
igi arcerTxel ar aRmoCnden gamarjvebulebi. amitom aseT neironebs 
mkvdar neironebs uwodeben. mkvdari neironebis arseboba arasasurvelia, 
radgan mcirdeba gamoTvliTi algoriTmis efeqtianoba.

mkvdari neironebis problemis gadawyveta xdeba neirofiziologiur 
dakvirvebebSi cnobili gadaRlis efeqtis meqanizmis modelirebiT. es 
efeqti mdgomareobs imaSi, rom biologiuri neironebi gamarjvebisTanave 
garkveuli droiT kargaven TavianT aqtiobas da ar monawileoben 
konkretul brZolaSi.

arsebobs neironebis gadaRlis efeqtis meqanizmis modelirebis 
ramodenime meTodi, magaliTad yvela neironSi aqtiuri potencialis 
SeyvaniT. yoveli Semavali veqtoris dros xdeba aqtiobis potencialis 
modificireba

( )
( )

( )





≠+

=−
=+

wi
N

tp

wiptp
tpi ,1

,
1

1

min1

am formulaSi minp _ potencialis minimaluri mniSvnelobaa, romelic 
neirons saSualebas aZlevs miiRos konkurentul brZolaSi monawileoba. 

Tu romelime neironis potenciali ecema minp dabla, maSin es neironi 
droebiT isvenebs da Tavis adgils uTmobs sxva neirons konkurentul 
brZolaSi monawileobisaTvis.

aseTi swavlebis Semdeg yvela neironis woniTi koeficientebis 
veqtorebi gadanawildebian ise, rom isini xdebian sxvadasxva klasteris 
centrebad, romlebic Seqmnilni arian Semavali veqtorebiT, Tanac 
klasterebis raodenoba toli iqneba qselis neironebis raodenobisa.

amrigad, kohonenis Sre maswavlebis gareSe avtomaturad 
aregulirebs Tavis woniT koeficientebs, raTa gadawyvitos Semomavali 
veqtorebis klasifiksaciis amocana.

grosbergis Sris swavleba. grosbergis Sris swavleba SedarebiT 
advilia. misi Semomavali vwqtori, romelic warmoadgens kohonenis Sris 
gamosavals, miewodeba grosbergis Sris neironebs da xdeba grosbergis 
Sris gamosavali veqtoris gansazRvra, rogorc es xdeba qselis 
normalur reJimSi muSaobisas, roca Semaval X veqtori gamosavalze 
iZleva Y veqtors. wonis koreqtireba xdeba mxolod im SemTxvevaSi, roca 
is mierTebulia kohonenis Sris im neironTan, romelic gansxvavdeba 
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nulisagan. wonebis koreqtirebis sidide proporciulia wonisa da masTan 
mierTebuli grosbergis Sris gamosavali neironis wonebs Sori 
sxvaobisa. simbolurad es ase Caiwereba:

( ) iijCiijCijN kvyvv −+= η ,

sadac ki _ nulisagan gansxvavebuli kohohehis Sris j–uri neironis 
gamosavali, yi _ sasurveli veqtoris j –uri komponenta.

dasawyisSi iReben 1,0=η tolad da Semdeg swavlebis procesSi 
TandaTanobiT amcireben. aqedan Cans, rom grosbergis Sris woniTi 
koeficientebi krebadia sasurveli veqtorebis saSualo mniSvnelobasTan, 
maSin roca kohonenis Sris wonebis koreqtireba xdeba Semavali 
veqtorebis saSualo mniSvnelobiT. 

grosbergis Sris swavleba warmoadgens swavlebas maswavlebiT, 
romelic iyenebs mocemul sasurvel gamosaval veqtorebs.

7. rekurentuli neironuli qselebi

7.1 rekurentuli qselis mdgradoba

rogorc neirofiziologiurma kvlebebma aCvena, adamianis Tavis 
tvins gaaCnia gacilebiT rTuli struqtura da neironebSoriso 
urTierTobis meqanizmebi, kerZod, bunebriv neironebs Soris gamovlinda 
didi raodenobis ara marto pirdapiri, aramed ukukavSirebic.

pirdapiri gavrcelebis neiroqselebs ar gaaCniaT ukukavSiri anu 
kavSiri gamosaval signalebsa da Semaval signalebs Soris. ukukavSiris 
ararseboba saSualebas iZleva neironuli qseli muSaobaSi iyos 
mdgradei, kerZod, maT ar SeuZliaT iseTi reJimSi Sesvla, roca qselis 
gamosavali ganuwyvetliv icvleba mdgomareobidan mdgomareobamde. 
qselis aramdgradobis miuxedavad ukukavSirian neironul qselebs 
gaaCniaT ufro farTo SesaZleblobebi, vidre Semxvedri gavrcelebis 
neiroqselebs.

rekurentuli anu ukukavSiris qselebi, romlebic gamosaval 
signals gadacemen qselis Sesasvlels, warmoadgenen dinamiur qselebs, 
radgan axali Semomavali signaliT ganisazRvreba gamosavali signali, 
romelic miewodeba qselis Sesasvlels da iwvevs Sesasvlelis 
modificirebas. Semdeg gamosavali signali kvlav ganisazRvreba da 
procesi meordeba. mdgradi qselebisaTvis aseT iteraciul procesebs 
mivyavarT iseT situaciamde, roca gamosavali signali xdeba mudmivi.

mravali neiroqselisaTvis aseTi iteraciuli procesi arasodes ar 
mTavrdeba. maSin qseli aramdgradia. aramdgrad qselebs gaaCniaT 
saintereso Tviseba da igi SeiZleba ganvixiloT rogorc qaotiuri 
sistemis magaliTi.

qselebis aramdgradobam gamoiwvia garkveuli Seferxebebi 
neiroqselebis teqnologiis ganviTarebaSi. sabednierod 1983 w koenma da 
grosbergma daamtkices Teorema, sadac Camoyalibebulia neironuli 
qselis mdgradobis sakmarisi pirobebi. kerZod, rekurentuli neiroqseli 
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mdgradia, roca woniTi matrica ( )ijwW = simetriulia da misi mTavari 

diagonalis mniSvnelobebi nulis tolia, e.i.

jiij ww = yvela ji ≠

0=iiw , yvela i- sTvis.

unda aRiniSnos, rom Teoremis es pirobebi sakmarisia, magram aucilebeli 
ar aris, e.i. rekurentuli qselebisaTvis SesaZlebelia maTi mdgradoba, 
roca ar sruldeba es pirobebi.

7.2 hopfildis neironuli qseli

hopfildma armoaCina, rom iteraciul proces SeuZlia rekurentuli 
qselis gadayvana stacionarul reJimSi. Tanac qselis es stacionaruli 
mdgomareoba damokidebulia rogorc qselis sawyis mdgomareobaze, aseve 
qselis wonis matricis elementebis mniSvnelobebze.

hopfildis neironuli qselis struqturuli sqema mocemulia nax. 
7.1-ze.

nax. 7.1
hopfildis qseli Sedgeba neironebis erTi Srisagan, romelis 

neironebis raodenoba erTdroulad warmoadgenen Semaval da gamomaval 
neironebs raodenobis toli. TiToeuli neironi sinafsebiT 
dakavSirebulia sxva neironebTan. garda amisa, neironebs gaaCniaT erTi 
Semavali sinafsi, romlis saSualebiTac xdeba Semavali signalis Seyvana, 
xolo gamosavali signali, rogorc wesi, warmoiqmnebian aqsonebze. 

hopfildis qselis mier amocanis amoxsna formulirdeba 
Semdegnairad: mocemulia garkveuli raodenobis orobiTi signali. qselma 
unda SeZlos mis Sesasvelze miwodebuli araidealuri signalebidan 
gamoyos Sesabamisi sax (Tu ki aseTi arsebobs) an gaakeTos daskvna imis 
Sesaxeb, rom Semavali signalebi ar Seesabamebian arc erT saxes.
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zogadad, nebismieri signali SeiZleba aRiweros 

( )T
nxxxX ,.....,, 21= veqtoriT, sadac n _ qselis neironebis raodenobaa da 

agreTve Semavali da gamomavali veqtorebis ganzomilebaa. X veqtoris 
yoveli komponenta ix tolia an +1 an -1. aRvniSnoT k-uri saxis veqtori 

kX - Ti, xolo misi komponentebi Sesabamisad mix k
i ,...,2,1, = , sadac m –

saxeebis raodenobaa. rodesac qseli amoicnobs romelime saxes, maSin 

qselis gamosasvlelebi Seicaven am gamocnobilsaxis veqtors, e.i. kXY = , 

sadac Y _ qselis gamisasvlelebis veqtoria, e.i. ( )T
nyyyY ,....,, 21= . 

winaaRmdeg SemTxvevaSi, gamosavali veqtori ar daemTxveva arc erT 
gasarCev saxes.

qselis inicializaciis stadiaze sinafsuri wonis koeficientebi 
ganisazRvrebian Semdegnairad:








=

≠
= ∑

=

ji

jixx
w

N

k

k
j

k
i

ij

,0

,
1

aq i da j indeqsebi Seesabamebian winasinafsur da Semdegsinafsur 

neironebs, k
j

k
i xx , k-uri saxis veqtoris i-uri da j-uri elementebia.

qselis funqcionirebis algoriTmi Semdegia:
1. qselis Sesasvlels miewodeba ucnobi signali. faqtiurad misi 

Seyvana xorcieldeba aqsonebis mniSvnelobebis uSualod dayenebiT

( ) nixy ii ,....,2,1,0 == .

aqe3dan gamomdinare, sqemaSi aRniSnuli Semavali sinafsebi cxadad 
atareben piobiT xasiaTs, xolo yi –is frCxilebSi nulis yofna niSnavs 
qselis nuloban iteracias.

2. ganisazRvreba neironebis axali mdgomareoba

( ) ( )∑
=

==+
n

i
iijj njpywps

1
,.....,2,1,1

da aqsonebis axali mniSvnelobebi

( ) ( )[ ]11 +=+ psFpy ji ,

sadac F _ erTeulovani naxtomis aqtivaciis funqciaa.
3. Semowmeba. Seicvala Tu ara qselis gamosavali aqsonebis 

mniSvnelobebi. Tu Seicvala, maSin xdeba 2-e bijze gadasvla, Tu ara 
algoriTmi dasrulda. am dros gamosavali veqtori warmoadgens saxes, 
romelic aris Semavali signalis saukeTeso Sefaseba.

hopfildis qsels gaaCnia garkveuli SezRudvebi. kerZod, hopfildis
qselisaTvis dasamaxsovrebeli saxeebis raodenoba m ar unda 
aRematebodes 0,15n sidides. garda amisa, Tu ori A da B saxe Zalze 
waagaven erTmaneTs an damaxinjebulia, maSin qselma gamosavalze 
SeiZleba mogvces mcdari Sedegi: A-s magivrad miviRoT B saxe an piriqiT.
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7.3 hemingis neironuli qseli

hemingis qseli, hopfildis qselTan SedarebiT, xasiaTdeba mcire 
mexsierebiT da gamoTvlebis mcire moculobiT. hemingis qselis 
struqturuli sqema mocemulia nax. 7.2-ze.

nax. 7.2
qseli Sedgeba ori Srisagan, romelTac gaaCnia m neironi, sadac m _ 
saxeebis raodenobaa. pirveli Sris neironebs gaaCniaT n raodenobis 
sinafsebi, romlebic mierTebuli arian qselis SesasvlelebTan da 
faqtiurad hmnian nulovan Sres. meore Sris neironebi SeerTebuli arian 
erTmanenTan uaryofiTi (dasamuxruWebeli) sinafsuri ukukavSirebiT. 
yoveli neironis erTaderTi dadebiTi ukukavSiris sinapsi mierTebulia 
Tavisive aqsonTan.

hemingis qselis muSaobis idea mdgomareobs testirebuli saxis 
yvela sxva saxeebTan hemingis manZilis gamoTvlaSi. hemingis manZili 
ewodeba or erTnair ganzomilebian binarul veqtorSi gansxvavebuli 
bitebis raodenobas da ganisazRvreba Semdegi formiliT:

( ) ∑
=

−=
p

k
jkikji xxXXd

1
,

sadac p _Tanrigebis raodenooba. magaliTad, ( )1011101=iX da 

( )1001001=jX , maSin hemingis manZili tolia: ( ) 2=ji XXd .

qselma unda SearCios iseTi saxe, romelic ucnob Semaval 
veqtorTan gaaCnia hemingis minimaluri manZili da amis Sedegad xdeba 
qselis mxolod erTi gamosavlis aqtivizacia.

inicializaciis stadiaSi pirveli Sris woniT koeficientebs da 
aqtivaciis funqciis zRurbls eniWebaT Semdegi mniSvnelobebi:

mkninTxw k

k
i

ik ,.....,2,1;,....,2,1,
2

,
2

==== ,

sadac k
ix _ k-uri saxis i-uri elementia.
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meore Sris damamuxruWebeli sinapsebis woniT koeficientebs iReben 

m10 << ε garkveuli mniSvnelobebis tolad. im neironis sinapsi, 
romelic mierTebulia Tavisive aqsonTan gaaCnia +1 sididis woniTi 
koeficienti.

hemingis qselis funqcionirebis algoriTmi Semdegia:

1. qselis Sesasvlels miewodeb ucnobi ( )T
nxxxX ,.....,, 21= veqtori, 

romlis saSualebiTac ganisazRvreba pirveli Sris neironebis 
mdgomareoba:

( ) ( ) mjTxwsy j

n

i
iijjj ,.....,2,1,

1

11 =+== ∑
=

aq zeda indeqsis frCxilebSi naCvenebi sidide gviCvenebs qselis Sris 
nomers. amis Semdeg miRebuli mniSvnelobebiT xdeba meore Sris aqsonebis 
inicializacia

 ( ) ( ) mjyy jj ,.....,2,1,12 == .

2. ganisazRvreba meore Sris neironebis axali mdgomareobebi

( ) ( ) ( ) ( )( ) mjjkpypyps
m

k
kjj ,.....,2,1,,1

1

22 =≠−=+ ∑
=

ε

da maTi Sesabamisi aqsonebis mniSvnelobebi
( ) ( ) ( )( )[ ] mjpsFpy jj ,.....,2,1,11 22 =+=+

aq gamoiyeneba wrfivi aqtivaciis funqcia, Tanac F mniSvneloba unda iyos 
mniSvnelovnad didi, raTa argumentis nebismieri SesaZlo mniSvnelobam 
procesi ar miiyvanos gajerebamde.

3. SevamowmoT Seicvala Tu ara qselis meore Sris neironebis 
gamosavali sidideebi wina iteraciasTan SedarebiT. Tu Seicvala, maSin 
gadavdivarT meore bijze, Tu ara _ algoriTmis muSaoba dasrulebulia.

am algoriTmidan Cans, rom qselis pirveli Sre sakmaod pirobiTia, 
radgan mas viyenebT mxolod erTxel, algoriTmis pirvel bijze da 
Semdeg aRar gamoiyeneba. amitom pirveli Sre qselidan SeiZleba 
gamoiricxos woniTi koeficientebis matricis CanacvlebiT.

hemingis qsels, hopfildis qselisagan gansxvavebiT, gaaCnia rigi 
upiratesobebi. mas SeuZlia moZebnos minimaluri cdomileba, roca 
Semavali signalis cdomileba warmoadgens SemTxveviTs da 
damoukidebels. hemingis qselis funqcionerebisaTvis saWiroa mcire 
raodenobis neironebi, radgan TiTo saxes sWirdeba erTi neironi. garda 
amisa, hemingis qseli zogadad ufro swrafia da zusti vidre hopfildis 
qseli.

7.4 ormimarTebuliani asociaciuri mexsiereba

asociaciuri mexsiereba. adamianis mexsiereba asociaciuria anu 
grZelvadiani mexsierebaa. erTi sagani migvaniSnebs meores, meore mesames 
da a.S. zogierTma mogonebam SeiZleba warmoSvas am mogonebasTan 
dakavSirebuli sxva mogonenebic. magaliTad, ramodenime musikalurma 
taqtmam SeiZleba gamoiwvios mogonebebis mTeli gama: peizaJis, bgerebis 
da surnelis CaTvliT. garda amisa, SesaZlebelia asociaciuri 
azrovnebiT aRvadginoT daviwyebuli saxe da sxva.
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rekursiuli xelovnuri neironuli qselebi qmnian adamianis msgavs 
asociaciur mexsierebas. asociaciur mexsiereba SeiZleba iyos 
avtoasociaciuri da geteroasociaciuri. avtoasociaciuri mexsiereba 
ewodeba iseT mexsierebas, romelsac SeuZlia daasrulos an Secvalos 
saxe (obieqti), magram ar SeuZlia mocemuli saxis sxva saxeebTan 
asocireba. es faqti warmoadgens erTdonian asociaciur mexsierebas, 
sadac gamosavali veqtori warmoiqmneba im neironrbze, romlebsac 
miewodebaT Semavali veqtori. hopfildis neironuli qseli realizacias 
axdens avtoasociaciuri mexsierebas.

geteroasociaciuri mexsiereba ewodeba iseT mexsierebas, sadac 
Semavali veqtori miewodeba neironebis erT nakrebs, xolo gamosaval 
veqtorebs vRebulobT neironebis sxva nakrebze.

avtoasociaciuri mexsierebis pirveli modeli damuSavebuli iyo 
hopfildis mier. SemdgomSi b.koskom ganaviTara hopfildis idea da 1988w 
daamuSava geteroasociaciuri mexsiereba _ ormimarTebuliani 
asociaciuri mexsierebis saxiT.

ormimarTebuliani asociaciuri mexsiereba warmoadgens hopfildis 
qselis logikur ganviTarebas, sadac sakmarisia daematis meore Sre. 
ormimarTebuliani asociaciuri mexsierebis struqturuli aqema 
warmodgenilia nax. 7.3-ze

nax. 7.3
qsels SeuZlia daimaxsobros erTmaneTis mimarT asocirebuli ori 

saxe. dauSvaT, wyvili saxe warmodgenilia ( ) nixX k
i

k ,.....,2,1, == da 

( ) rkmjyY k
j

k ,.....,2,1,,.....,2,1, === , sadac r _ wyvilTa raodenobaa.

qselis Sesasvlelze ( ) njpP k
j ,.....,2,1, == veqtoris miwodeba iwvevs 

qselis meoere Sris gamosavalze  sxva ( ) mjqQ k
j ,.....,2,1, == veqtoris 

warmoqmnas, romelic Semdgom kvlav miewodeba qselis pirveli Sris 
Sesasvlebs. yoveli aseTi ciklis dros orive Sris gamosavali veqtorebi 
uaxlovdebian sawyis etalonur wyvil asocirebul veqtorebs, 
romelTagan pirveli _ X ufro msgavsia P veqtorisa, romelic qselis 
Sesasvelze pirvelad miawodes, xolo Y masTan aris asocirebuli. 
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veqtorebs Soris asociacia dakodirebulia pirveli Sris ( )1W
woniTi koeficientebis matricis saxiT. meore Sris woniTi 

koeficientebis ( )2W matrica warmoadgens pirveli Sris ( )1W matricis 

transponirebul ( )( )TW 1 matricas. unda aRiniSnos, rom grZelvadiani (an 

asociacia) mexsiereba realizirebulia W da WT  matricebis saxiT.
aseTi hopfildis qselis swavleba mdgomareobs W da WT  matricebis 

elementebis winaswar gansazRvraSi Semdegi formuliT:

mjniyxw
k

k
j

k
iij ,.....,2,1,,.....,2,1, === ∑ .

es formula warmoadgens  ∑=
k

TYXW matriculi gantolebis gaSlil 

Canawers.
ormimarTebuliani asociaciuri mexsierebis nakls warmoadgens misi 

moculoba, romelic SezRudulia. kerZod, Tu n aris Semavali Sris 
neironebis raodenoba, maSin im veqtorebis raodenoba, romelTa 

damaxsovreba qsels ar aRemateba nnL 2log5,0= sidides. ase magaliTad, Tu 

n=1024, maSin qsels SeuZlia daimaxsovros araumetes 25 saxe.
dadebiT Tvisebebs miekuTvnebian:
_ hopfildis qselisagan gansxvavebiT mas SeuZlia sxvadasxva 

ganzomilebiani Semavali veqtorebisaTvis asociaciis Seqmna, rac iwvevs 
qselis gamoyenebis sferos gafarToebas;

_ sinafsuri woniTi koeficientebis formireba sakmaod martivia da 
swrafi. amasTan qseli mdradobisaken swrafad krebadia;

_ qselSi signalebi SeiZleba iyos rogorc diskretuli aseva 

uwyveti. am ori SemTxvevisaTvis damtkicebulia qselis stabiluroba.
daskvnisaTvis SeiZleba aRiniSnos, rom hopfildis, hemingis da 

ormimarTebuliani asociaciuri mexsierebis neiroqselebi saSualebas 
iZlevian martivad da efeqturad gadawyvetili iyos saxeTa garCevis 
amocanebi sruli an damaxinjebuli informaciisaTvis.

8. radialur_bazisuri neironuli qselebi

radialur_bazisuri neironuli qseli warmoadgens orSrian 
ukukavSiris gareSe qsels, romelsac gaaCnia faruli Sre radialurad 
simetriuli faruli neironebiT. radialur_bazisuri funqcia (RBF)
ewodeba funqcias, romelic radialurad icvleba mocemuli raime C
veqtoris centris mimarT da Rebulobs aranuloban mniSvnelobebs 
mxolod centris garSemo. RBF funqciis argumentad aRebulia marZili 

mimdinare X veqtorsa da C veqtors Soris. e.i.  ( )CX −= ϕϕ .

garkveuli azriT neironebi, romlebsac gaaCnia radialur_bazisuri 
aqtivaciuri funqciebi, wamoadgenen neironebis logikur danamatebs 
kibiseburi da sigmaidaluri aqtivaciuri funqciebiT. marTlac, mak-
kalok-pitsis neironi aqtivizirdeba, roca

0≥−∑ θ
i

ii wx ,
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e.i. mas gaaCnia erTeulovani (dadebiTi) gamosavali im wertilebisaTvis, 

romlebic ganlagebuli arian hipersibrtyis 0=−∑ θ
i

ii wx erT mxares da 

nulobani (uaryofiTi) _ hipersibrtyis meore mxares (nax. 8.1a).

ნან. 8.1
RBF funqciis neironi yofs agreTve Semavali parametrebis sivrces or 
nawilad, magram am SemTxvevaSi gamyof zedapirs warmoadgens hipersfero 
(nax. 8.1b). sivrcis im wertilebisaTvis, romlebic ganlagebulni arian 
hipersferos SigniT, neironis gamosavali dadebiTia, xolo im 
wertilebisaTvis, romlebic ganlagebuli arian hipersferos gareT _ 
uaryofiTia anu nulis tolia.

radialur-bazisur neironebs gaaCniaT is upiratesoba, rom maTi 
saSualebiT advilia gamyofi zedapiris ageba, romelic uzrunvelyofs 
Semavali pirametrebis dayofas klasebad. aqedan gamomdinare, radialur-
bazisur qselebSi ar aris aucilebeli mravali faruli Sreebis 
gamoyeneba. tipiur radialur-bazisur qsels gaaCnia mxolod erTi 
faruli Sre, sadac neironebis sinafsuri wonebi erTis tolia, xolo 
Semavali da gamosavali Sreebis neironebs gaaCniaT wrfivi aqtivaciuri 
funqciebi. damtkicebulia, rom Tu aseT qsels gaaCnia faruli Sris 
sakmaod raodenobis neironebi, maSin garantirebulia saxeTa garCevis 
nebismieri amocanis gadawyveta.

ganvixiloT radialur_bazisuri neironuli qseli, romelsac 
gaaCnia N Sesasvleli, erTi gamosasvleli da faruli Sris J raodenobis 
radialur-bazisuri neironebi (nax. 8.2).

nax. 8.2
dauSvaT swavlebis magaliTebis amonarCevi Sedgeba Q raodenobis 

Semavali N ganzomilebiani veqtorebiT QqX q ,....,2,1, = da maTi Sesabamisi 
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gamosavali parametrebiT qd . Tu faruli Sris neironebis raodenoba 

toli iqneba swavlebis magaliTebis, e.i. J=Q , maSin qselis muSaoba, 

romelic gardaqmnis Xq Semomavali veqtorebs gamosaval qd parametrebad, 

SeiZleba warmovadginT Semdegnairad:

matriculi formiT gveqneba: DW =Φ . saZiebeli woniTi koeficientebis 

matrica ganisazRvreba martibad:  DW 1−Φ= (8.1).
amrigad, qselis swavlebisTvis ar gvWirdeba iteraciuli procesi. 

miRebul Sedegs aqvs Teoriuli interesi, magram praqtikuli faseuloba 
mas ar gaaCnia. saqme imaSia, rom swavlebis magaliTebis didi raodenobis 
dros J=Q pirobas mivyevarT gamoTvliT problemebTan, romelebic 
dakavSirebulni arian faruli Sris neironebis raodenobis mniSvnelovan 
zrdasTan. aqedan gamomdinare, praqtikulad  faruli Sris neironebis 
raodenobas iReben gacilebiT naklebs, vidre saswavlo magaliTebis 

raidenobaa ( )QJ << . am SemTxvevis dros Φ matrica ar warmoadgens 

kvadratuls ( )QJ ≠ da woniTi koeficientebi wj SeiZleba ganisazRvros 
qselis kvadratuli cdomilebis minimizaciis pirobidan:

( )∑ ∑
= =









−−=

Q

q

J

j
qjqj dCXw

1

2

1

ϕε

mravalSrian perseptronisagan gansxvavebiT ε cdomilebis funqcias 
ar gaaCnia lokaluri minimumebi. misi minimizaciis amocana wrfivia da 
amitom SesaZlebelia kargad nacnobi wrfivi optimizaciis amocanebis 
gamoyeneba, romlebsac swavlebis dros gaaCniaT krebadobis didi siCqare, 
vidre mravalSrian neiroqselebs.

radialur_bazisur neironul qselebSi aqtivaciur funqciad 
yvelaze ufro xSirad gamoiyeneba gausis funqcia:

 ( )










 −

−−Φ 2

2

2
exp

j

j
j

CX
CX

σ
(8.2)

gausis funqcia ganisazRvreba ori parametriT centris Cj veqtoriT da 

jσ skalaruli sididiT, romliTac mocemulia furqciis klebadoba Cj
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centrsa da mimdinare X veqtors Soris gamoTvlili evklides manZilis 
zrdisas. 

im SemTxvevaSi, roca faruli Sris neironebis raodenoba tolia 

swavlebis magaliTebis raodenobisa ( )QJ = , maSin logikuria Tu 
aqtivaciis funqciis centrad aviRebT swavlebis amonarCevis veqtorebs. 

e.i. QjXC qj ,.....,2,1, == , xolo jσ SeirCeva im mosazrebiT, rom sivrcis is 

nawili, sadac gansazRvrulia Xq veqtorebi aqtivaciis funqciis 

zegavlenis qveS unda imyofebodnen. magaliTad, jσ SeiZleba 

ganisazRvros rogorc evklides saSualo kvadratuli manZili Cj 

centrsa da uaxloes P mezobels Soris:

 ∑
=

−=
p

p
pjj CC

h 1

1
σ ,                          (8.3)

sadac p rekomedirebulia aviRoT [3_5] intervalidan. amis Semdeg woniTi 
wj koeficientebi SeiZleba ganisazRvros (8.1) formuliT.

realur situaciaSi QJ << , amitom winaswar unda movaxdinoT Xq 

veqtorebis klaserizacia anu gavaerTianoT axlosmdgomi Xq  veqtorebi 
klasterebad. Semdeg ganisazRvreba klasterebis centrebi, sadac 
aTavseben aqtivaciuri funqciebis centrebs. amis Semdeg ganisazRvreba 

aqtivaciuri funqciis farjris sigane σ , magaliTad (8.3) formuliT. 
bolo etapi Sedgeba neironuli qselis -sinafsuri wonebis gansazRvra 
(8.2) formuliT.

daskvrisaTvis SeiZleba iTqvas, rom bolo wlebSi 
radialur_bazisur neironul qselebs warmatebiT iyeneben iseTi 
amocanebis amosaxsnelad, sadac tradiciulad gamoiyeneboda 
sigmaidaluri aqtivaciuri funqciebi. am amocanebs miekuTvnebian saxeTa 
garCevis, funqciis aproqsimaciis da prognozirebis amocanebi. 

interesi radialur_bazisur neironul qselebs mimarT aixsneba 
Semdegi upiratesobebiT: qsels gaaCnia mxolod erTi faruli Sre, ris 
gamoc qselis konstruqtors moexsna Sreebis raodenobis dadgena. 
radialur_bazisuri neironuli qselebis swavleba daiyvaneba wrfivi 
optimizaciis amocanamde, amitom ar arsebobs lokaluri minimumSi 
moxvedris saSiSroeba, xolo TviT swavlebis proces sWirdeba gacilebiT 
naklebi dro vidre mravalSrian neiroqselebs.

magram radialur_bazisuri neironul qselebis proeqtirebisas 
saWiro xdeba faruli Sris neironebis optimaluri raodenobis dadgena, 
Semavali saswavlo veqtorebisaTvis klasterizaciis amocanis gadawyveta 
da aqtivaciuri funqciebis farjris siganis dadgena.
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9 adapturi rezonansuli Teoriis neironuli qselebi

adamianis tvini asrulebs gare samyarodan miRebul uwyvet 
sensorul informaciis damuSavebis rTul amocanebs. trivialuri 
infomaciis nakadidan man unda SeZlos sicocxlisaTvis saWiro 
informaciis gamoyofa, damuSaveba da saWiroebis SemTxvevaSi misi 
grZelvadian mexsierebaSi damaxsovreba. axali saxeebis damaxsovreba 
xdeba iseTi formiT, rom adre damaxsovrebuli saxeebi ar ganicdian 
modifikacias da ar daiviwyebian. es movlena qmnis dilemas: rogor rCeba 
mexsiereba plastikuri, romelsac SeuZlia axali saxeebis aRqma da imave 
dros SeirnaCuros stabiluroba, romelic iZleva imis saSualebas, rom 
saxeebi funqcierebis procesSi ar ganadgurdebian.

tradiciuli xelovnuri neironuli qselebi aRmoCndnen ususurni 
stabilurobis da plastikurobis problemebis gadaswyvetad. aq saqme 
gvaqvs urTierTgamomricxav moTxovnasTan. erTis mxriv, metad 
mniSvnelovania rom qselma aRmoaCinos axali klasis saxe, romelic ar 
iyo warmodgenili saswavlo amonarCevSi. es aris qselis plastikurobis 
Tviseba. meores mxriv, naswavli saxeebi unda darCnen mexsierebaSi. am 
Tvisebas qselis mdgradi muSaoba ewodeba. es ori Tviseba plastikuroba 
da stabiluroba urTierTgamomricxavia.

neiroqselis plastikurobis da stabilurobis problemebis  
gadasawyvetad grosbergma daamuSava adapturi rezonansuli Teoria (APT), 
romlis safuZvelze Seqmna APT qselis ori tipi APT-1 da APT-2. APT-1 
damuSavebuli iyo orobiTi veqtorebis dasamuSaveblad, xolo APT-2
SeuZlia rogorc orobiTi aseve, uwyveti veqtorebis dasamuSaveba. Cven 
ganvixilavT APT-1 neiroqsels/

9.1 APT-1 qselis arqiteqtura

APT qselis muSaobis principi SedarebiT martivia. axali veqtoris 
Semosvlisas qseli cdilobs miusadagos mas ukve arsebuli klasebi. Tu 
aseTi klasi moiZebna, maSin xdeba klasis prototipTan (etalonTan) 
Sedareba da prototipis mcireodeni modifikacia, raTa man kargad asaxos 
axali saxe. am SemTxvevaSi saxis klasifikacia amiT mTavrdeba.

Tu aseTi klasis moZebna ver moxerxda, maSin iqmneba axali klasi 
da Semosuli saxe ramdenadme ganicdis modifikacias da gamoiyeneba 
rogorc axali klasis prototipi. am dros arsebuli klasebi ar 
icvlebian.

nax. 9.1 warmodgenilia APT qselis gamartivebuli konfiguracia.
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nax. 9.1
APT qseli Sedgeba xuTi funqcianuli modulisagan: neironebis ori 

Srisagan, e.w. `Sedarebis Sre~ da `garCevis Sre~ da swavlebis da 
klasifikaciisaTvis saWiro sami marTvis specializirebul neironisagan 
_  Camoyra. mimRebi 1 da mimRebi 2. ganvixiloT TiToeuli maTganis 
funqciebi.

Sedarebis Sre. Sedarebis Sre Rebulobs orobiT Semomavl X veqors. 
pirvelad igi Seucvlelad gaatarebs X veqors, raTa moxdes gamosavali C
veqtoris formireba.

Sedarebis Sris yoveli neioni Rebulobs sam orobiT Sesasvlels 
Semavali X veqoris xi komponentisagan, ukukavSiris Ri signalidan da 
mimRebi 1 gamosavalidan.

imisaTvir, rom miviRoT neironis gamosavalze erTis toli sidide, 
saWiroa, rogorc minimumi sami Sesasvlelidan ori iyos erTis toli. 
amrigad xdeba ori mesamedis wesis realizireba. dasawyisSi mimRebi 1-is 
gamosavali G1=1, raTa uzrunvelyos neironis aqtivacia. aseve R veqtoris 
komponentebi dayendeba nulis toli. Sesabamisad am momentisTvis C
veqtori X veqoris tolia ( )XC = .

garCevis Sre. Sedarebis Sris  mier gamomuSavebuli C signali 
miewodeba garCevis Sris Semaval neironebs, romlebsac gaaCniaT wonis bj
veqtori, amasTan agizneba Sris mxolod erTi neironi, romlis wonis 
veqtori yvelaze ufro axlos iqneba C signalTan. am gamarjvebuli 
neironis gamosavali dayendeba erTis tolad. danarCeni neironebi 
damuxruWebulni iqnebian. gamatjvebuli neironis signali ukukavSiriT 
kvlav miewodeba Sedarebis Sres sinafsuri wonis T veqtoris saSualebiT. 
faqtobrivad T veqtori warmoadgens msgavsobis kriteriumis matarebels, 
romelic gansazRvrulia gamarjvbuli neironis veqtoriT.

mimRebi 1. gamosavali signali 11 =G , roca Semavali orobiTi X
veqtoris Tundac erTi komponenta gansxvavdeba nulisagan. magram, Tu R
veqtoris Tundac erTi komponenta gansxvavebulia nulisagan, maSin 
dayendeba 01 =G .

mimRebi 2. iseve rogorc mimRebi 1, mimRebi 2-is gamosavali signali 
12 =G , roca Semavali orobiTi X veqtoris Tundac erTi komponenta 
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gansxvavdeba nulisagan. am neironis amocanas warmoadgens CaaxSos 
garCevis Sris aqtioba, roca qsel ar miewodeba araviTari informacia. 
garda amisa, G2 warmoadgens X veqtoris komponentebisaTvis logikur an
operacias.

Camoyra. Camoyris modulis daniSnulebaa daadginos winaswar 
mocemuli msgavsobis kriteriumi sakmarisia Tu ara X veqtors mieniWos 
gamarjvebulis statusi. amisaTvis  Camoyris moduli zomavs X da C
veqtorebs Soris msgavsobis zomas C veqtoris erTeulovani 
komponentebis raodenobis fardobiT  X veqtoris erTeulovani 
komponentebis raodenobasTan. Camoyris signali gamomuSavdeba mxolod 

maSin, roca es fardoba naklebi iqneba ρ msgavsobis parametrze, rac imas 
niSnavs, rom  X veqtoris klasifikacia ver moxerxda. Camoyris signali 
iwvevs gamarjvebuli an warumatebeli  neironis damuxruWebas, romelic 
Semdgom ver miiRebs qselis muSaobaSi monawileobas. 

9.2 APT qselis funqcionireba

APT qselis funqcionirebis procesi Sedgeba xuTi fazisagan: 
inicializacia, garCeva, Sedareba, Zebna da swavleba. ganvixiloT isini.

inicializacia. qselis funqcionirebis dasawyisSi neironebis 
woniTi veqtorebi Bj da Tj , agreTve msgavsobis ρ parametri Rebuloben 

sawyis mniSvnelobebs. Bj wonis veqtoris mniSvnelobebi ganisazRvrebian 
Semdegi utolobiT:

mL
Lbij +−

<
1

yvela i,j-isaTvis,

sadac m _ Semavali veqtoris komponentebis raodenobaa; L _ mudmiva 
metia erTze (Cveulebriv L=2); i-Sedarebis Sris gamosavali veqtoris i-uri 
komponenta; j-GgarCevis Sris gamarjvebuli neironis nomeri.

Tj wonis veqtoris mniSvnelobebi aiReba 1=ijt toli yvela i,j-
isaTvis.

msgavsobis ρ parametri (zoma) SeirCeva amocanis moTxovnebidan 

gamomdinare [0;1] intervalidan. Tu msgavsobis ρ zoma sakmaod didia, 
maSin saxeebis umetosobis klasifikacia ar moxdeba da qseli iZulebuli 
iqneba TiToeul saxes gamouyos calke neironi. es iwvevs qselis cud 
ganzogadoebas, radgan veqtoris Tundac mcire gansxvaveba klasis 
prototipTan mainc moxdeba axali klasis Seqmna. piriqiT, Tu msgavsobis
zoma sakmaod mcirea, maSin Zalze gansxvavebuli saxeebi SeiZleba 
moxvdnen erT klasSi.

samwuxarod ar arsebobs msgavsobis zomis SerCevis Teoriuli 
dasabuTeba. aqedan gamomdinare, yovel calkeul SemTxvevaSi saWiroa 
SeirCios msgavsobis zomis sidide.

Semavali X veqtoris nulovani komponentebis dros xdema mimRebi 2-
is neironebis ganuleba, amave dros ganulebulia garCevis Sris 
gamosavali neironebic. roca X veqtoris komponentebi gansxvavdebian 
nulisagan, orive mimRebis signalebi G1 da G2 dayendeba erTis toli. am 
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dros Sedarebis Sris gamosavali veqtori C ori mesamedis wesis 
Tanaxmad zustad tolia X veqtorisa.

garCevis faza. qselis Sesasvlels miewodeba X veqtori, romlis 
klasifikaciac unda moxdes. X veqtori unda Seicavdes erT an met 
nulisagan gansxvavebul komponentebs. garCevis Sris Sesasvlelze C
veqtoris miwodebis Semdeg, garCevis Sris yoveli neironisaTvis 

ganisazRvreba nakeci wonis jB veqtorsa da C veqtors Soris. is neironi, 

romlsac gaaCnia maqsimaluri nakeci gamocxaddeba gamarjvebulad, 
romlis gamosavali erTis toli iqneba, xolo danarCeni neironebis 
gamosasvlelebi iqnebian nulis toli. e.i. xdeba am nulovani neironebis 
damuxruWeba. 

amrigad, R veqtoris mxolod erTi rj komponenta xdeba erTis toli, 
xolo danarCenbi nulis tolia. radgan  R veqtori aRar warmoadgens 
nulovans, amitom G1 signali nulis toli xdeba. gamarjvebuli neironi 
ukukavSiris saSualebiT gagzavnis signals Sedarebis SreSi da daiwyeba 
Sedarebis faza.

Sedarebis faza. Sedarebis Sris gamosavali C veqtori Seicavs 
erTeulovan komponentebs mxolod im poziciebSi, sadac erTianebi 
gaaCniaT X veqtorsa da ukukavSiris R veqtors. Tu X da C veqtorebis 
Sedarebis Sedegi ar aRmoCndeba mniSvnelovnad gansxvavebuli, maSin 
Camoyris neironi rCeba aqtiuri. garCevis SreSi C veqtori kvlav iwvevs 
igive gamarjvebuli neironis agznebas, rac iwve3vs klasifikaciis 
amocanis damTavrebas. winaaRmdeg SemTxvevaSi, gamomuSavdeba Camoyris 
signali, romelic garCevis SreSi amuxruWebs gamarjvebul neirons da 
iwyeba Zebnis faza.

Sedarebis procedura tardeba Semdegnairad:
_ gamoiTvleba D sidide, romelic tolia Semavali X veqtoris 

erTeulovani komponentebis raodenobisa;
_ gamoiTvleba N sidide, romelic tolia C veqtoris erTeulovani 

komponentebis raodenobisa;
_ ganisazRvreba msgavsobis S sidide Semdegi formuliT:

D
NS = .

magaliTi. vTqvaT mocemulia

( )
( )

.8.0
5
4

.4,0011101

.5,1011101

===

==

==

D
NS

NC

DX
T

T

Zebnis faza. Camoyris damamuxruWebuli signalis moqmedebiT 
garCevis Sris yvela neironi gamosasvlelze Rebulobs nulovan 
mniSvnelobas. Sesabamisad  11 =G . kvlav Sedarebis Sris gamosavali C
signali dayendeba X signalis toli` ise, rogorc qselis muSaobis 
dasawyisSi. magram, garCevis SreSi konkurentul brZolaSi wina bijis 
gamarjvebuli neironi monawileobas ar Rebulobs da moiZebneba axali 
kanditati. amis Sendeg kvlav meordeba Sedarebis faza

Tu X veqtormam ver mogvca msgavsoba damaxsovrebuli klasebis 
verc erT prototiptan, maSin Semomavali X veqtori gamocxaddeba 



e. yubaneiSvili. xelovnuri neironuli qselebi medicinaSi

56

rogorc axali klasi da misTvis garCevis SreSi gamoiyofa axali 
neironi, romlis woniTi koeficientebi X veqtoris woniTi 
koeficientebis tolia.

rogorc vxedavT, APT qselis swavleba da funqcionireba xdeba 
erTdroulad. unda aRiniSnos, rom swavlebis procesis garkveuli 
stabilizaciis Semdeg klasifikaciis swavleba warmoebs Zebnia fazis 
gareSe.

qselis swavlebis magaliTi.. zogadad qselis swavleba xdeba 
wonebis iseTi SecvliT, rom Semomavalma veqtorma moaxdinos GarCevis 
SreSi neironebis gaaqtiuroba. garda amisa, swavlebis procesSi ar 
nadgurdebian adre damaxsovrebuli saxeebi, riTac aRmoifxvreba qselis 
droebiTi arastabiluroba.

ganvixiloT qselis swavlebis martivi magaliTi. nax. 9.2-ze 
warmodgenilia  APT qselis swavlebis asoebis garCevis tipiuri seansi.

nax. 9.2
asoebi Sedgebian 8x8 zomis patara kvadratebisagan. marcxena mxares 
warmodgenili yoveli kvadrati Seesabameba Semavali X veqtioris erTis 
tol komponentas, xolo gamotovebuli kvadratebi _ X veqtioris nulovan 
komponentebs. naxazis marjvena mxares naCvenebi saxeebi warmoadgenen 
damaxsovrebul saxeebs, romlebic warmodgenili arian Tj wonis veqtoris 
komponentebiT.

dasawyiSi qsel miewodeba `C~ aso. radgan damaxsovrebuli saxeebi 
ar arseboben, amitom xdeba am saxis pirdapiri damaxsovreba, romlis 
woniTi koeficientebi X veqtioris koeficientebis tolia.

Semdeg qsels miewodeba `B~ aso, romelic iwvevs warumatebel 
Zebnas da amitom mexsierebaSi fiqsirdeba axali saxe. analogiurad xdeba 
`E~ asos miwodebisas. Semdeg qsels miewodeba odnav damaxinjebuli `E~ 
asos versia, romelic garkveuli sizustiT Seesabameba damaxinjebul `E~ 
asos. `E~ asos qveda fexze gamotovebuli piqseli (anu kvadrati) mis 
Sesabamis C veqtoris komponents aniWebs nulovan mniSvnlobas. 
damatebiTi izolirebuli kvadrati ar moqmedebs damaxsovrebul 
veqtorze, radgan is ar Seesabameba damaxsovrebuli saxis erTians.
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meoTxe simbolos warmoadgens `E~ aso, romelsac gaaCnia ori 
damaxinjeba. radgan es saxe ar Seesabameba adre damaxsovrebul saxeebs 

( )ρ<S , amitom mis dasamaxsovreblad gamoiyofa calke neironi.

10. neiroqselebis proeqtirebis sakiTxebi

10.1 arsebobis Teoremebi

maTematikuri meTodebiT amoxsnili gamoyenebiTi amocanebis 
umetesoba daiyvaneba garkveuli saxis rTuli funqciis moZebnaSi, 
romelic asrulebs Semavali mravalganzomilebiani X parametris 
gardaqmnas gamosavali Y parametrze. aseTi funqciis Seqmnis universalur 
instruments warmoadgens neiroqseluri teqnologia.

bunebrivad ismeba kiTxva: yovelTvis SesaZlebelia Tu ara asagoT 
neironuli qseli, romelic asrulebs mocemuli nebismieri amonarCevis 
gardaqmnas da ra moTxovnebs unda akmayofilebdes neironuli qseli? 
imisaTvis , rom vupasuxoT am SekiTxvas unda gavixsenoT, rom 
neiroqselis yoveli neironi asrulebs signalebis superpozicias 
(ajamvas), romlebic miiRebian sxva neironebisagan da romlebmac am 
neironebSi gaiares arawrfivi (magaliTad sigmaidaluri) gardaqmna. 

kiTxva imis Sesaxeb SesaZlebelia Tu ara nebismieri 
mravalganzomilebiani funqciis warmodgena rogorc mcire raodenobiani 
parametrebis mqone funqciis superpozicia, ainteresebdaT maTematikosebs 
bolo ramodenime saukunis manZilze. kerZod, 1900 w. parizis 
saerTaSoriso maTematikosebis kongresze gamoCenilma germanelma 
maTematikosma daviT gilbertma warmoadgina mis mier Camoyalibebuli 23 
problema, romelTa amoxsna SeTavaza maTematikosebs. erT-erT am 
problemebidan mecamete rigiTi nomriT deklarilebuli iyo aseTi 
gardaqmnis SeuZlebloba.

magram, Semdgomma gamokvlevebma aCvena, rom gilbertis me-13 
problemas gaaCnia sxvanairi amoxsna. a. kolmogorovis da misi moswavlis 
v. arnoldis mier miRebuli iyo fundamentaluri Teoriuli dasabuTeba
aseTi gardaqmnis SesaZleblobis Sesaxeb. SemdgomSi hext-nilsenis mier es 
Sedegi damuSavebuli iyo neironul qselebSi gamosayeneblad. kerZod, 
damtkicebuli iyo, rom nebismieri wyvili simravlisaTvis, romlebic 
gansxvavdebian erTmaneTisagan Semavali da gamomavali nebismieri 

ganzomilebis veqtorebiT ( ) QqYX qq ,....,2,1,, = , arsebobs orSriani 

neiroqseli (erTi faruli SriT) sigmaidaluri aqtivaciis funqciiT da 
sasrulo raodenobis neironebiT, romlic yovel Semaval X
veqtorisaTvis ayalibebs Sesabamis gamosaval Dq veqtors. amrigad, 
damtkicebuli iyo neironuli qselis Seqmnis saSualeba, romelic 
asrulebs mocemuli nebismieri saswavlo amonarCevis gardaqmnas.
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faruli SrisaTvis neironebis saWiro raodenobis WN
gansazRvrisaTvis hext-nilsenis Teoremis Sedegad SemoTavazebuli iyo 
Semdegi formula:

   ( ) yyx
y

w
y NNN

N
QN

QN
+++










+≤≤

+
11

log1 2

, (10.1)

sadac Ny _ gamomavali signalis ganzomilebaa; Q _saswavlo amonarCevis 
elementebis raodenobaa; Nw_ sinafsuri wonebis raodenobaa; Nx _ 
Semavali signalis ganzomileba.

Tu am formuliT ganvsazRvravT sinafsuri wonebis saWiro 
raodenobas, maSin SegviZlia gamovTvaloT faruli Sris neironebis 
raodenoba:

 
yx

w

NN
NN
+

= .   (6.2)

10.2 Semavali da gamomavali patametrebis momzadeba

Sesaswavli magaliTebis warmatebul SerCevaze bevrad aris 
damokidebuli dargobrivi sferos modelirebis neironuli qselebis 
Seqmna. unda gvaxsovdes, rom dargobrivi sferos yvela parametri ar 
moqmedebs neironuli qselis gamosaval parametrebze. magaliTad, 
sxeulis temperaturis codna ver imoqmedebs pacientis diagnozis 
dasmaze, Tu ki laparakia madaliTad, fsiqiuri daavadebis Ssaxeb,

parametrebi, romlebic ar moqmedeben neiroqselis gamosaval Y
veqtorze, ewodebaT arainformatiuli (umniSvnelo). cxadia, rom aseTi
umniSvnelo parametrebis CarTva Semosaval X veqtorSi arasasurvelia.

praqtikaSi sakmaod rTulia da zogjer SeuZlebelic davadginoT 
dargobrivi sferos romeli parametria informatiuli da romeli ara. 
amitom pirvel etapze X veqtorSi CarTulia rac SeiZleba didi 
raorenobis parametri rasakvirvelia im parametrebis garda, romlebic 
cxadad arian arainformatiulebi. pirveladi neiroqselis Seqmnis da misi 
swavlebis Sedegad SesaZlebelia arainformatiuli parametrebis 
gamovlena Semdegi ori gziT:

1. Semavali neironebis woniTi koeficientebis analiziT. kerZod, 
Tu aRmoCndeba, rom romelime Semavali parametris sinafsuri wona 
umniSvneloa (naklebia neironis sxva parametrebTan SedarebiT), maSin es 
Semavali neironi Seesabameba umniSvnelo parametrs.

2. Semavali parametrebis SeSfoTebiT da neironuli qselis am 
SeSfoTebaze reaqciiT. Tu qseli ar reagirebs an sustad reagirebs 
romelime Semavali parametris Secvlaze, maSi es parametri 
arainformatiulia.

arainformatiuli parametrebis neironebis gamovlenis da maTi 
gamoricxvis Semdeg neiroqselis xarisxi umjobesdeba, radgan xdeba misi 
ganzomilebis Semcireba. unda gvaxsovdes, rom sakmaod mcire Semavali 
neironebis raodenobam SeiZleba gamoiwvios is, rom neironul qsels 
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SeiZZleba ar eyos Semavali parametrebis raodenoba mis winaSe dasmuli 
amocanis gadasawyvetad.

dargobrivi sferos parametrebi SeiZleba iyos mravalferovani. es 
SeiZleba iyos sxvadasxva diapazonSi cvalebadi sidideebi, xarisxobrivi 
maCveneblebi, iseTi rogoricaa pacientis Tmis da Tvalebis feri, TariRi 
(ricxvi, Tve, weli), grafikuli obieqtebi da sxva. radgan neiroqsels 
SeuZlia ricxviTi monacemebis damuSaveba, amitom araricxviTi monacemebi 
kodirebuli unda iyos.

neiromuli qselis SeqmnisaTvis ricxviTi monacemebi umjobisia 
warmovadginoT normirebuli saxT, e.i. movaxdinoT maTi masStabireba, 
magaliTad, [0,1] an [-1,1] intervalSi. es SeiZleba ganxorcieldes Semdegi 
martivi wrfivi gardaqmniT:

( ) aab
xx

xx
x

nn

nn
n +−

−
−

=
min.max,

min,~ ,

sadac xn  da nx~ _ i-uri parametris sawyisi da normirebuli mniSvnelobebia;

[ ]max,min, , nn xx _ n-uri parametris realuri cvalebadobis intervali; [a,b] _ 

Semavali signalis cvalebadobis misaRebi diapazoni. neiroqselis 
sasurveli gamosavali signali unda iyos kodirebuli da normirebuli 
misaReb [a,b] diapazonSi zemod moyvanili formulis saSualebiT.

10.3 proeqtirebis meTodebi da problemebi

Teoriulad nebismieri rTuli obieqtis neiroqseluri modelis 
asagebad sakmarisia gamoviyenoT erTi faruli Sris mqone neiroqseli 
qseli sigmaidaluri aqtivaciuri funqciiT. magram, praqtikaSi 
mizanSewonilia mravalSriani neironuli qselis gamoyeneba. aseT qselebs 
SeiZleba hqondeT sinafsuri wonebis mcire ganzomilebiani matrica, 
vidre orSrian qsels, romelic gankuTvnilia igive amocanebis 
gadasawyvetad.

faruli Sreebis optimaluri raodenobis gansazRvris meTodika ar 
arsebobs. praqtikaSi ufro xSirad gamoiyeneba erTi an ori faruli 
Srniani neiroqselebi Nx _ dan 3Nx_ mde.

neironuli qselis proeqtirebisas saWiroa gvaxsovdes, rom qsels 
unda SeeZlos saswavlo magaliTeze ara marto swori reagireba, aramed 
SeeZlos SeZenili codnis ganzogadoeba anu sworad reagirebdes iseTi 
magaliTebis SemTxvevebis dros, romlebic swavlebis procesSi ar ayvnen 
warmodgenilni. amisaTvis SemoawvT testebis garkveuli raodenoba, 
romlebic imave dargobrivi sferos ganekuTvnebian da romlebic 
swavlebis procesSi ar monawileobdnen. swavlebis Semdeg ganisazRvreba 
saSualo kvadratuli cdomileba (5.1). 

Sesaswavli magaliTebiT gamowveul saSualo kvadratul 
cdomilebas swavlebis ε cdomileba ewodeba, xolo testuri 

magaliTebiT gamowveuls Tε cdomilebas ganzogadoebis cdomileba 

ewodeba. qselis Siga faruli Sreebis neironebis N raodenobis gazrda 
iwvevs swavlebis cdomilebis Semcirebas, maSin rodesac ganzogadoebis 
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cdomileba jer mcirdeba, xolo Semdgom dawyebuli garkveul N=N0 
optimaluri mniSvnelobidan izrdeba. 

amrigad, neiroqselis proeqtirebis rdos arsebobs neironebis 
saWiro raodenobis gansazRvris saWiroeba. Semavali Sris neironebis 
raodenoba unda emTxeodes Semavali X parametrebis raodenobas, romelic 
gansazRvrulia amosaxsneli amocanis pirobidan. qselis gamosavali Sris 
neironebis raodenoba unda emTxveodes gamomavali Y veqtoris 
ganzomilebas, rac aseve gansazRvrulia amocanis pirobidan. neiroqselis 
faruliSreebis raodenoba hest-nilsonis Teoremis Tanaxmad unda iyos 
ara naklebi erTisa. faruli Sreebis neironebis raodenoba miaxloebiT 
ganisazRvreba (6.1) da (6.2) formulebiT.

arsebobs faruli Sreebis neironebis optimizaciis ori meTodi 
(xerxi) destruqciuli da konstruqciuli. destruqciuli meTodi imaSi 
mdebareobs, rom dasawyisSi aigeba qseli Tavidanve maqsimaluri 
raodenobis neironebiT, Semdgom swavlebis procesSi TandaTanobiT 
gamoiricxeba zedmeti sinafsuri navSirebi da neiromebi.

arsebobs zedmeti neironebis gamoricxvis uamravi algoriTmi. maT 
Soris yvelaze martiv meTods warmoadgens im sinafsuri wonwbis 
ganuleba, romlebic neiroqselis swavlebis procesSi saSualo 
mniSvnelobasTan SedarebiT mniSvnelovnad nakleb sidides. magram, 
sinafsuri wonebis mcire mniSvnelobebi sulac ar aris aucilebeli, rom 
iwvevdes mcire zedavlenas neironebze. amitom mraval Tanamedrove 
neironul qselebSi daprogramebulia evristikuli algoriTmebi, 
romlebic garda neironebis Tanmimdevruli gamoricxvisa, aseve ikvleven 

aseTi gamoricxvis zegavlenis ara marto swavlebis ε cdomilebaze, 

aramed ganzogadoebis εT cdomilebzec.
destruqciuli algoriTmis saerTo naklovanebas warmoadgens misi 

muSaobis xangrZlivi dro, radgan dasawyisSi gamoiTvlebi warmoebs 
Warbi raodenobis neironebis mqone qselSi. am naklisagan Tavisufalia 
alternatiuli konstruqciuli algoriTmebi, sadac xdeba neironebis 
Tanmimdevruli damateba. neironebis yoveli damatebis dros xdeba qselis 

ganzogadoebis cdomilebis εT gansazRvra. yoveli axali neironis 

damateba iwvevs εT cdomilebis gazrdas, magram garkveuli swavlebis 
periodis Semdeg cdomileba xdeba SedarebiT mcire vidre iyo neironis 
damatebamde. Tumca garkveuli t0 drois momentidan axali neironis 

damateba aRar iwvevs εT cdomilebis Semcirebas, aramed xdeba misi 
gazrda, rac gulisxmobs hiperganzomilebis efeqtis dadgomas.

rCeba gaurkveveli erTi sakiTxi, kerZod neironuli qselis 
konkretulad ra adgilas unda daematos axali neironi. adgilis SerCeva
SeiZleba moxdes SemTxveviT an gamoviyenoT, magaliTad neironebis 
danawevrebis algoriTmi. am algoriTmiT saWiroa Tvalyuri vadevnoT 

imas, Tu rogor Seicvleba ijw∆ veqtori. Tu aRmoCndeba iseTi neironi, 

roca swavlebis erTi magaliTebis jgufi miiswrafvis erTi 
mimarTulebiT wij veqtoris wonebis Secvlisaken, xolo magaliTebis meore 
kgufi _ szva mimarTulebiT, maSin logikuria am neironis gaxleCa orad.
am gziT qselSi axali neironis damatebas ar mivyevarT naxtomisebriv 
qselis cdomilebis funqciis gazrdas. am SemTxvevaSi, qselis 
optimaluri struqturis da misi swavlebis procesis raodenoba 
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mcirdeba, magram algoriTmis garTuleba da damatebiTi gamoTvlebi 
neironis dawevrianobis dros, xSirad mivyevarT aseTi algoriTmis 
gamoyenebaze uaris Tqmamde.

 

11. neiroqselebi medicinaSi

biosamedicino amocanebis gadawyveta maTematikuri meTodebis 
gamoyenebiTi mimdinareobs ara erTi aseuli weli. gasuli saukunis 60-ian 
wlebSi damuSavebuli iyo analizis meTodebi, romlebic farTod 
gavrcelda da gamoiwvia mkvlevarebs Soris didi interesi. miuxedavad 
imisa, rom yvelaze yfro popularuli algoriTmebi dRemde aqtiurad 
gamoiyeneba samedicino da biologiur kvlevebSi, klinikur praqtikaSi 
maT ver poves faro gamoyeneba. es dakavSirebulia pirvel rigSi imaze, 
rom meTodebi orientirebulni arian jgufuri monacemebis damuSavebaze 
da naklebad calkeul obieqttisaTvis. meores mxriv, biosamedicino 
informaciis Taviseburebaze. ase magaliTad, meTodi, rogorc wesi, kargad 
muSaobs im jgufis obieqtebisaTvis, romlebzedac xdeboda gamokvlevebi. 
rasakvirvelia universaluri algorTmis Seqmna SeuZlebelia da amitom 
meTodis sxva jgufis mimarT moiTxovs praqtikulad TiTqmis mTlianad 
Secvlas.

samedicino sferoSi yvela amosaxsneli amocana,neiroinformaciuli 
teqnologiebidan gamomdinare, pirobiTad SeiZleba davyoT or jgufad.

1. amocanebi, romlebic gaaCniaT cnobili da garkveuli pirobebis 
nakrebi, romelTa saSualebiT saWiroa mkveTri, zusti, araorazrovani 
pasuxebi cnobili da gansazRvruli algoriTmis gamoyenebiT;

2. amocanebi, sadac SesaZlebeli ar aris yvela realuri pirobebis 
gaTvaliswineba da SesaZlebelia mxolod yvelaze mniSvenovali 
pirobebis gamoyofa, radagan piobebis garkveuli nawilis gamoyeneba ar 
xerxdeba. amitom amocanis pasuxi atarebs arazust, miaxloebiT xasiaTs 
da pasuxis Zebnis algoriTmi srulad ar aris Camoyalibebuli.

pirveli jgufis amocanebis amosaxsnelad warmatebiT SeiZleba 
gamoynebuli iyos tradiciuli kompiuteruli programebi. rac ar unda 
rTuli iyos algoriTmi, SezRuduli pirobebis (Semavali parametrebi) 
nakrebi gvaZlevs algoriTmis Seqmnis da amocanis amoxsnis konkretuli 
programis daweris saSualebas. aseTi amocanis amosaxsnelad araviTari 
azri ar arqvs neiroqseluri teqnologiebis gamoyenebas. erT-erT 
gamonaklis warmoadgens iseTi SemTxveva, rodesac pasuxis gansazRvris 
algoriTmi gvaZlevs sakmaod did da droSi gawelil pasuxebs, rac 
ewinaaRmdegeba amocanis praqtikul moTxovnebs. 

meore jgufis amocanebis amosaxsnelad neiroqselebis gamoyeneba 
gamarTlebulia yvela parametrebiT, oRond ori pirobiT: pirvel rigSi, 
neironuli qseli unda iyos universaluli arqiteqturis da swavlebis 
universaluli algoriTmiT, raTa Tavidan aviciloT yoveli konkretuli 
amocanisaTvis qselis xelaxali damuSaveba da meore _ neiroqselis 
swavlebisaTvis saswavlo magaliTebis arseboba. orive am pirobis 
Sesruleba iZleva neiroqselis Seqmnis siswrafis mkveTr gazrdas, rac 
iwvevs xarjebis Semcirebas.
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praqtikulad TiTqmis yvela biosamedicino mecniereba Sedgeba 
meore tipis amocanebisagan da swavlebisTvis sawyisi magaliTebis Seqmna 
ar warmoadgens sirTules. aseT amocanebs miekuTvnebian diagnostikis, 
diferencialuri diagnostikis, prognozirebis, mkurnalobis strategiis 
da taqtikis SerCeisa da sxva.

mravalwlianma gamokvlevebma aCvena, rom samedicino amocanebi, 
romlebsac gaaCniaT aracxadi xasiaTi da ixsnebian cxadi meTodebiT 
garkveuli sizustiT, sruliad aradamakmayofilebelia farTo 
praqtikuli gamoyenebisaTvis, konkretulad diagnostikis, prognozirebis 
da gadawyvetilebis miRebis amocanebis gadasawyvetad. swored aseTi 
aracxadi amocnebi warmoadgenen idealur sferos neioqseluri 
teqnologiebis gamoyenebisaTvis da aman gamoiwvia neironuli qselebis 
praqtikul kvlevebSi warmatebuli gamoyeneba.

amrigad, neiroqselebis gamoyenebis erT-erTi warmatebuli sferoa 
medicina. ganvixiloT rogor iqmneba neironuli qseli da rogor xdeba 
misi swavleba. jer ganvixiloT eqimis mier diagnozis dasmis procedura. 
upirveles yovlisa eqimi afiqsirebs pacientis monacemebs (saxeli, gvari, 
asaki, samuSao adgili da sxva). Semdeg, rogorc wesi, zomavs arteriul 
wnevas, awarmoebs garegnul daTvalierebas, moismens pacientis Civilebs, 
ecnoba daavadebis istorias, laboratoriuli analizis Sedegebs, 
Seiswavlis eleqtrokardiogramas da sxva. yovelive amis Sedegad eqims 
ugrovdeba 20-dan 100-mde da SesaZlebelia ufro meti parametrebi, 
romlebic axasiaTeben pacients da mis mdgomareobas. swored eseni arian 
sawyisi maCveneblebi (parametrebi), romelTa damuSavebis Sedegad, misi 
gamocdilebis da codnis bazaze eqimi Rebulobs konkretul 
gadawyvetilebas pacientis davadebis Sesaxeb anu svams diagnos.

Tu Cven gvinda neirowselis saSualebiT eqimis moRvaweobis 
modelireba, maSin upirveles yovlisa saWiroa ganisazRvros Semavali X
veqrori da gamomavali Y veqtori, mivceT mas ganzomileba da 
davazustoT misi yoveli komponenta. X veqtorSi unda gaviTvaliswinoT 
is parametrebi, romlebsac eqimi Rebulobs an gansazRvravs pacientisagan. 

magaliTad, x1 komponentad SeiZleba miviRoY dabadebis TariRi, x2 – sqesi 

(nulisa da erTis saSualebiT), x3 – pacientis wona, x4 – arteriuli wneva,

x5 – sxeulis temperatura da a.S. zedmeti ar iqneba Tu gaviTvaliswinebT 
pacientis Tvalebis fers, Tmis fers, zodiaqos niSans da sxva monacemebs, 
romlebic gansazRvraven organizmis Taviseburebebs da Sesabamisad 
moqmedeben ama Tu im davadebis warmoSobis albaTobaze. gamosaval Y
veqtorSi saWiroa mocemuli iyos yvela SesaZlo davadebis kodebi, 
romelTa aRmoCena SeuZlia eqims.

Semdeg saWiroa Sesaswavli amonarCevis Seqmna. es aris neiroqselis 
Seqmnis metad mniSvnelovani etapi, sadac programisti da eqimi-eqsperti 
(eqspertebi) perseptronis swavlebisaTvis ayalibeben saWiro raodenobis 
saswavlo magaliTebs (SemTxvevebs). Tu samuSaoSi CarTuli iqneba 
paTologanatomi, maSin cru diagnostikis raodenoba sagrZnoblad 
Semcirdeba da rasakvirvelia gaizrdeba neiroqselis muSaobis 
efeqtianoba.

amrigad, eqimi-specialistebis da programistebis xangrZlivi da 
Sromatevadi muSaobis Sedegad grovdeba Sesaswavli amonarCevis 
erToblioba, romlebic Sedgebian ori Xq da Dq wyvili veqtorebis 
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erTobliobisagan (q=1,2,...Q). Semdegi amocana mdgomareobs perseptronis 
proeqtirebaSi da swavlebaSi. perseptronis proeqtireba niSnavs faruli 
Sreebis da neironebis raodenobebis gansazRvras da aqtivaciis funqciis 
SerCevaSi. swavlebisaTvis SeiZleba gamoyenebuli iyos cdomilebis 
ukugavrcelebis algoriTmi.

neiroqselma unda SeZlos saswavlo amonarCevis nebismieri Xq 

veqtoris asaxva Y gamosaval veqtorze, romelic emTxveva (an TiTqmis 
emTxveva) Dq veqtors. garda amisa, axali pacientis SemTxvevaSi, romelic 
xasiaTdeba axali Semavali X veqtoriT, neiroqselma unda gansazRvros 
misTvis axali YY veqtori, romelic Seicavs swor diagnozs. sxva 
sityvebiT rom vTqvaT, perseptronma unda gansazRvros masSi Cadebuli 
codna, kerZod unda SeZlos axali, aqamde ar dafiqsirebuli davadebis 
diagnozis dasma.

ganvixiloT medicinaSi neiroqselebis gamoyenebis zogierTi 
yvelaze ufro saintereso magaliTebi. gansakuTrebul interes iwvevs 
jandacvis sistemaSi diagnostikuri da diferencialuri diagnostikuri 
neiroqselebis gamoyeneba. am dros SesaZlebelia gamoyenebuli iyos 
nairsaxeobis monacemebi: anamnezi, klinikuri gamokvlevis, 
laboratoriuli kvlevis Sedegebi da sxva parametrebi.

neiroqselebis gamoyenebis erT-erT yvelaze saintereso sferos 
warmoadgens kardiologia. italiaSi damuSavebuli iyo arteriuli 
hipertoniis diagnostikis da mkurnalobis neiroqseli, romelic 
Sedgeboda sami neironuli moduliT. erTi modulis pasuxi warmoadgens 
sxva modulebis Sesaval monacemebs. kvlevis dasawyisSi izomeba 
pacientis arteriuli wnevis (sistoluri da diastoluri) mniSvnelobebi 
yovel naxevar saaTSi erTi dRe-Ramis ganmavlobaSi. yoveli saaTis 
maZveneblebi gasaSualdebian. amrigad iqmneba masivi, romelic Sedgeba 48 
arteriuli wnevis mniSvnelobebiT (24 sistoluri da 24 diastoluri).

amis Semdeg pirveli moduli, romelic Sedgeba ori samSriani 
neironuli qselisagan (TiToeuli maTgani Sedgeba 2 Semavali, 4 faruli 
da 24 gamomavali neironebisagan). arsebuli monacemebiT da avadmyofis 
asakis mixedviT ganisazRvrebian Sesabamisi `saWiro~ mniSvnelobebi da 
dardebian realurs. paralelurad meore moduli, romelic warmoadgens
orSrian neironul qsels 17 Semavali da 4 gamomavali neironiT, 
arsebuli klinikuri simtomebiT (simptomatika, anamnezi) gansazRvravs 
hipertoniis samkurnalo saSualebebs, romlebic SeiZleba gamoyenebuli 
iyos pacientis samkurnalod. orive modulis gamosavali informacia 
miewodeba mesame modulis Sesasvlels. 

mesame moduli warmoadgen eqvsSrian neironul qsels, romelic 
efuZneba hipertenziuli preparatebis 4 jgufs (diuretikebi, 
betaadrenoblokatorebi, angiotenziis ingibitorebi, kalciumis arxebis 
blokatorebi). mesame modulis mizania pacierts dauniSnos dReRamiseuli 
(saaTobrivi) wamlis miRebis grafiki am oTxive (Tu saWiroa) jgufidan. 
aqedan gamomdinare, moduls gaaCnia 96 gamosavali neironi (4 preparati 
gamravlebuli 24 saaTze). yoveli gamosavali neironidan ixsneba doza, 
romelic Seesabameba erT preparats, romelic daniSnulia mimdinare erTi 
saaTisaTvis. cxadia, rom realur situaciebSi gamosavali monacemebis 
umetesoba nulis tolia.
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amrigad, paciertisaTvis iqmneba hipertoniis mkurnalobis 
optimaluri sqema. sistemis gansxvavebul Tvisebas warmoadgens eqimis 
gamocdilebis miRebis saSualeba. amisaTvis gaTvaliswinebulia 
specialuri bloki, romelsac kompiuteris ekranze gamoyavs sadReRamiso 
arteriuli wnevis mrudeebi da eqims sTavazobs Seitanos kompiuterSi 
misi azriT hipotenziis mkurnalobis saSualebebis sasurveli 
sadReRamiso doza. Setanili monacemebi moTavsdebia monacemTa bazaSi da 
nebismier dros SesaZlebelia mis gamoyenba qselis swavlebis dros. 

analogurad warmoebs periferiuli sisxlZarRvevebis daavadebis 
giagnostika. magaliTad, akustikuri signalis neiriqseluri analizi 
saSualebas Zleva gulis sarqvelebis xmauris diagnstikis warmoeba. 
kardiologiis klasikur problemas warmoadgens ekg signalis 
interpretacia. glazgos universitetis TanamSromlebi awarmoebdnen 
gamokvlevebs neioqselebis gamoyenebisas ekg diagnostikisa miokardiumis 
infaqtis dros. am SemTxvevaSi neiroqselis Semaval monacemebs 
warmoadgenenden 12 arxiani ekg da 12 arxiani veqqtorokardiogramis 
parametrebis maCveleblebi. mkvlevarebma neironul qsels Seaswavles 360 
ekg monacemebi. Semdeg xdeboda Seswavlili qselis testireba winaswar 
cnobili pasuxebiT. erTdroulad testirebis magaliTebze gamoyenebuli 
iyo logikuri meTodi (winaswar mocemuli algoriTmiT). Semdeg xdeboda 
neiroqselis pasuxebis Sedareba logikuri logariTmiT miRebul 
pasuxebTan. Sedarebam aCvena, rom bevr SemTxvevaSi neiroqselis 
mgrZnobeloba da specifiuroba aRmoCnda maRali vidre logikuri 
meTodisa.

neiroqselebSi gamoyenebuli araalgoriTmizebuli an Znelad 
algoriTmizebuli amocanebi SeiZleba davyoT or, principulad 
dansxvavebuli tipis _ klasifikaciis da prognozirebis amocanebad. 

klasifikaciis amocanebi warmoadgenen samedicino amocanebis 
farTo speqtrs, sadac pasuxi aris klasi, anu winaswar mocemul 
klasebidan erT-erTis SerCeva. klasifikacia SeiZleba iyos binaruli, 
roca mocemulia ori klasi da n- ganzomilebiani, roca mocemulia orze 
meti klasi. klasifikaciis amocanis mniSvnelovan Tvisebas warmoadgens 
erTi da mxolod erTi klasis SerCevis saSualeba. amitom diagnozis 
dasma ar SeiZleba CaiTvalos erT klasifikaciur amocanad, radgan erT 
adamians SeiZleba erTdroulad sWirdes ramodenime davadeba. erTi 
pasuxis SerCevis SeuZleblobis SemTxvevaSi (mravlobiTi SerCeva) amocana 
iyofa qveamocanebad, sadac TiToeuli maTgani warmoadgens 
identifikaciis damoukidebel amocanas.

neiroqselebis meore amocanas miekuTvnebian prognozirebis
amocanebi. isini iyofian ricxvis (erTganzomilebiani prognozireba) da 
veqtoris (ganzogadoebuli SemTxveva) prognozirebis amocanebad. 
veqtoruli prognozireba iTvaliswinebs imas, rom pasuxebi SeiZleba iyos 
erTmaneTis mimarT damoukideblad warmodgenili, romlebic
mravalganzomilebian sivrceSi qmnian wertils, romlis ganzomileba 
prognozirebadi ricxvebis tolia.

samedicino neiroqseluri eqspertuli sistemebi. rogorc cnobilia, 
tradiciuli eqspertuli sistemebi codnis inJinrebis da eqspertebis 
erToblivi muSaobis Sedegia. e.i. ZiriTadi samuSao eqspertebze modis. am 
dros wamoiWreba ori seriozuli problema.
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pirveli problema Sedgeba imaSi, rom rTuli realuri amocanis 
amoxsnisas logikuri wesebi mniSvnelovnad izrdeba. zogjer dgeba iseTi 
situacia, rom SeuZlebeli xdeba maTi gaazreba. amitom qveamocanebad 
dayofa yovelTvis ar Svelis, radgan jer erTi, amocanis dayofa 
qveamocanebad yovelTvia ar aris advili da meore _ dayofis dros 
zogjer ikargeba zogierTi urTierTkavSirebi.

meore, ufro seriozuli problema Sedgeba imaSi, rom sakmaod 
xSirad SeuZlebeli xdeba gamoTvliTi proceduris logikuri wesebiT 
gamosaxva. es problema gansakuTrebiT exeba medicinas, sadac 
gadawyvetikebis miRebis procedura ZiriTadad efuZneba eqimis 
gamocdilebas da mis intuacias. yovel aseTi SemTxvevis dros aRniSnaven, 
rom amocana algoriTmizacias ar eqvemdebareba. yoveli am 
problemisagaan Tavisufalia neoronuli qselebi.

neironuli eqspertuli sistemebs Cveulebriv sistemasTan SedarebiT 
gaaCnia Semdegi upiratesobiT:

1. neiroqselebi gadawyvetilebas Rebuloben gamocdilebis 
safuZvelze, romelsac Rebuloben damoukideblad. `damokidebuleba~ am 
SemTxvevaSi niSnavs imas, rom sistemis Semqmnels ar sWirdwba Semavali 
monacemebsa da saWiro gadawyvetilebebs Soris urTierTkavSirebis 
dadgena, garkveuli statistikuri damuSavebaze drois dakargva, 
maTematikuri aparatis SerCeva, maTematikuri modelebis Seqmna da 
Semowmeba.

2. neiroqselis miRebuli gadawyvetileba ar aris kategoriuli. 
qseli iZleva Sedegs garkveuli damajereblobis xarisxiT, rac 
momxmarebels utovebs SesaZleblobas kritikulad Seafasos pasuxi.

3. neiroqselebi iZlevian gadawyvetilebis miRebis situaciis 
modelirebis saSualebas;

4. neiroqseli pasuxs iZleva Zalian swrafad, rac iZleva misi 
gamoyenebis saSualebas sxvadasxva dinamikur sistemebSi, sadac saWiroa 
gadawyvetilebis dauyovnebeli miReba.

5. neiroqselebi amartiveben eqspertuli sistemebis Seqmnis 
saSualebebs.

miokardis infarqtis garTulebis prognozireba. miokardis 
infarqtis prognozireba metad aqtualuria da warmoadgens 
kardiologiis erT-erT urTules amocanas. stacionarSi avadmyofis 
moTavsebisTanave Catarebuli gadaudebeli procedurebis Semdeg saWiroa 
maSinve prognozirebis ganxorcialeba. prognozireba unda iyos sakmaod 
swrafi da mravaljeradi. infarqtis garTulebis prognozis miReba eqims 
xels uwyofs mizanmimarTulad warmaTos profilaqtikuri RonisZiebebi. 
prognozs SeuZlia gansazRvros xangrZlivi da intensiuri mkurnaloba 
tromboemboluri garTulebis saSiSroebisas antikoagulantebiT, 
antiariTmiuli preparatebiT _ ariTmiis profilaqtikisaTvis.

miokardis infarqtis garTulebis prognozirebis neironuli qselis 
SeqmnisaTvis SerCeuli iyo 4 garTuleba: winagulis fibrilacia. 
tromboemboluri garTulebebi, perikarditi, da gulis ukmarisobis 
warmoqmna (an gaRrmaveba). miokardis infarqtis garTulebis 
prognozirebis blok-sqema mocemulia Semdeg naxazze:
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SerCeuli iyo 32 swavlebis parametri, romlebic axasiaTeben 
pacients stacionarSi moyvanis momentSi miokardis infarqtis klinikur 
mdgomareobas, anamnezis, laboratoriuli da funqcionaluri kvlevis 
monacemebi; asaki, sqesi, infarqtis lokalizacia da siRrme 
(eleqtrokardiografiuli signalidan), anamnezSi infarqtebis raodenoba, 
stenokardiis wina periodis maxasiaTebeli, hipertoniuri daavadebis 
arseboba da sirTule, anamnezSi arsebuli gulis ritmis da 
gamtareblobis darRvevebi, endokrinuli davadebebi da sxva. 

SerCeuli parametrebis umetesoba miekuTvneba subieqtur 
kategoriebs, romlebic SerCeuli iyo klinikaSi dagrovili 
gamocdilebiT. bevri parametri Rebulobs mxolod or mniSvnelobas 0 
(simptomi ar aris) da 1 (simptomi aris). SerCeuli parametrebiT xdeba 
oTxive garTulebis prognozirebis neiroqselis swavleba. swavlebaSi 
gamoyenebuli iyo rogorc saswavlo, aseve sakontrolo amonarCevebi. 
miRebuli Sedegebi ganisazRvreba konsoliumis saSualebiT.
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