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Sesavali 

 
neironuli qselebi farTod gamoiyeneba yvelgan, sadac saWiroa 

prognozirebis, klasifikaciis, klasterizaciis, optimizaciis, warmoebis 
procesebis marTvis da sxva praqtikuli amocanebis gadawyveta. 
neiroqseluri teqnologiebi SeiZleba gamoyenebuli iyos damoukideblad 
an monacemTa analizis tradiciul meTodebTan erTad, sadac is 
warmoadgens mniSvnelovan danamats. 
 klasikuri statistikuli meTodebis umetesoba ZiriTadad 
dakavSirebulia maTematikuri modelebis agebaSi, romlebic dafuZnebulni 
arian ama Tu im daSvebebze da Teoriul mosazrebebze. (magaliTad, 
saZebni damokidebuleba wrfivia, cvladebs gaaCniaT normaluri 
ganawileba da bevri sxva). 
 neiroqseluri midgomebi Tavisufalia modeluri SezRudvebisagan. 
is erTnairad gamoiyeneba rogorc wrfivi, aseve rTuli arawrfivi 
damokidebulebebis dros. gansakuTrebiT sainteresoa neiroqseluri 
teqnologiebis gamoyeneba, roca ucnobia parametrebs Soris 
damokidebuleba. garda amisa, neiroqselebs gaaCniaT metad unikaluri 
Tviseba, romelic warmoadgens TviTswavlebas. swavlebis procedura 
Sedgeba sinafsuri wonebis regulirebaSi, raTa miRweuli iyos 
cdomilebis funqciis minimizacia. 
 neiroqseluri programuli produqti STATISTICA Neural Networks (SNN) 
warmoadgens neironuli qselebis modelebis Seqmnis da analizis mZlavr 
da swraf saSualebas. neiroqselis agebisaTvis saWiroa SeirCes cvladebi 
(ricxviTi an nominaluri), romlebic moqmedeben Sedegze. programaSi 
gaTvaliswinebulia Semavali da gamomavali cvladebi. cvladebi aris 
ori saxis: damokidebuli (gamomavali cvladebi) da damoukidebeli 
(Semavali cvladebi), romlebic gamoiyenebian qselis Sesaswavlad. 
 arsebobs agreTve, kategorialuri cvladebi, romlebic Seicaven 
mTel ricxvebs an teqstur mniSvnelobebs da miekuTvnebian damajgufebel 
cvladebis kategorias. kategorialuri cvladis tipiur magaliTs 
warmoadgens sqesi ori mniSvnelobiT (mamrobiTi da dedrobiTi). 
 programaSi SeiZleba gamoviyenoT amocanis amoxsnis ori 
instrumenti: gadawyvetis ostati (Intelligent Problem Solver) da qselis 
konstruqtori (Custom Network Designet). amocanis amosaxsnelad gadawyvetis 
ostats sWirdeba didi dro (romelsac is amas kargad iyenebs), 
gansakuTrebiT ganzomilebis Semcirebis dros. qselis konstruqtoris 
mTavari Tviseba is aris, rom misi saSualebiT SesaZlebelia neironuli 
qselis ageba winaswar mocemuli parametrebiT: qselis tipi (topologia, 
arqiteqtura), faruli Sreebis raodenoba da sxva.  
 neiroqselis agebaSi monawile amonarCevi (obieqtebi, saxeebi, 
movlenebi) ori saxisaa: saswavlo da testuri (sakontrolo). saswavlo 
amonarCevis dakvirvebebi gamoiyenebian qselis swavlebisaTvis. testirebis 
amonarCevis dakvirvebebi ar gamoiyenebian qselis swavlebis procesSi, 
isini gamoiyenebian swavlebis Semdgom qselis sabolao SefasebisaTvis. 
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 swavlebis procesis avtomaturi damTavreba xdeba maSin, roca 
qseli yvela magaliTs daamuSavebs mocemuli swavlebis cdomilebis 
gaTvaliswinebiT. amis Semdeg SesaZlebelia mocemuli neironuli qselis 
gamoyeneba nebismieri saxis axali Semavali monacemebis damuSavebisaTvis.  

 
 

 
praqtikuli samuSao 1 
 
 
 

Tanamedrove   neiroqseluri programuli produqtis  STATISTICA 

Neural Networks (SNN)  gacnoba regresiuli analizis magaliTze. 
  
  
  
programasTan muSaobis procedura zogadad Sedgeba Semdegi bijebisagan 

 

biji 1. Neural Networkssa starto programis gacnoba.  
STATISTICA Neural Networksprogramis gamosaZaxeblad CavtvirTod 

STATISTICA 7 sistema da Statistics meniuSi movniSnoT brZaneba Neural Networks.  

 

 
 

ekranze gamodis STATISTICA Neural Networks(SNN) programis sastarto 
fanjara, romelsac aqvs Semdegi saxe: 
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fanjris Problem type CarCoSi SegviZlia SevarCioT analizis sxvadasxva 
tipi: Regression (regresia), Classification (klasifikacia), Time Series (droiTi 
mwkrivebi) da Cluster Analysis (klasteruli analizi). SevarCioT romelime 
maTgani, magaliTad regresia. 

Select analysis velSi SevarCioT analizis instrumenti Intelligent Problem 

Solver (gadawyvetis ostati) an Custom Network Designet (qselis 
konstruqtori). damwyebi momxmareblisaTvis rekomendirebulia SeirCes 
gadawyvetis ostati, xolo gamocdili momxmareblisaTvis _ qselis 
konstruqtori. SevarCioT gadawyvetis ostati.  
 Advanced (damatebiTi) CanarTis CarTvis Semdeg  
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SesaZlebelia damatebiTi instrumentebis gamoyeneba, magaliTad, 
ganzomilebis Semcireba, kodis generatori da sxva. 
 
 
biji 2 monacemebis failis CatvirTva. 
  

Tu monacemTa faili gaxsnili ar aris, maSin STATISTICA 7 sistemis 
fanjaraSi gavxsnaT meniu File + Oupen Examples. ekranze gamosul Oupen    

STATISTICA Data File  fanjaraSi gavxsnaT Datasets saqaRalde da Sesabamisi 
failis dasaxelebaze davawkapunoT (Click). 
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biji 3. cvladebis moniSvna. 
  

amisaTvis programis sastarto fanjaraSi Click Variables Rilakze da 
ekranze gamosul Select input(independent), outp(dependent) and Selector vaeiables 

movniSnoT Semavali (damoukidebuli), gamomavali (damokidebuli) da 
damajgufebeli cvladebi. Continuous outputs (uwyveti gamomavali) velSi Cven 

SemTxvevaSi, unda movniSnoT z cvladi. Continuous inputs (uwyveti Semavali) 

velSi _ x da y cvladebi. Categorical inputs (Semavali gategorialuri) velSi, 
Cveni amocanidan gamomdinare, Factor 1 da Factor 2. Subset variable 

(qvesimravleebad dayofa) ar warmoadgens aucilebels. igi gankuTvnilia 
im cvladebis mosaniSnad, romlebic Seicaven kodebs monacemebis 
dasayofad saswavlo da testur simravleebad. analizis gasagrZeleblad 
Click OK Rilakze. 
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biji 4. analizis xangrZlivobis da qselis raodenobis dayeneba. 
  

vbrundebiT sastarto fanjaraSi da kvlav OK. ekranze gamodis 
Intelligent Problem Solver fanjara, 
 

 
 
sadac CavrTod Quick CanarTi. Networks tested  da Networks retained velebSi 
analizis tipidan da amocanidan gamomdinare CavweroT Sesabamisi 
mniSvnelobebi (100 da 5). 
 
 
 
biji 5. qselis tipis SerCeva. 
  

CavrTod Types CanarTi da Network types to test velSi movniSnoT qselis 
an qselebis tipebi: Llinear(wrfivi),  PNN or GRNN (albaTuri neiroqseli an 
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ganzogadoebuli regresiuli neiroqseli), Radial basis function (radialur-
bazisuri funqcia),  Three layer perceptron (samSriani regresia),  Four layer 

perceptron (oTxSriani regresia).  Semdeg OK. 

  
 

 
 
 klasifikaciis amocanebSi ZiriTadad gamoiyenebian mravalSriani 
perseptronebi, radialur-bazisuri funqcia, albaTuri neiroqseli(PNN) 
da wrfivi qseli. amasTan Semavali monacemebi unda iyos ricxviTi da ara 
nominaluri. 
 regresiis amocanebSi ZiriTadad gamoiyenebian mravalSriani 
perseptronebi, radialur-bazisuri funqcia, ganzogadoebuli regresiuli 
neiroqseli (GRNN) da wrfivi qseli. 
 droiTi mwkrivebis analizis ZiriTadi mizania momavali 
mniSvnelobebis prognozireba. rogorc wesi, prognozirebadi cvladi 
ricxviTi mniSvnelobisaa, amitom droiTi mwkrivis prognozireba 
warmoadgens regresiis kerZo SemTxvevas. magram STATISTICA 7 sistemaSi es 
SezRudva ar aris gaTvaliswinebuli da amitom SesaZlebelia nominaluri 
(anu saklasifikaciuri) droiTi mwkrivis prognozirebac. aqedan 
gamomdinare, droiTi mwkrivis prognozirebis amocanaSi gamoiyeneba yvela 
tipis neiroqseli (amocanidan gamomdinare qselis tipi unda 
miesadagebodes regresias an klasifikacias).  

 klasterizaciis amocanebSi ZiriTadad gamoiyenebian kohonenis 
qseli da mravalSriani neironuli qselebi. qselis tipis moniSvnis 
Semdeg OK. 
 
 
 



9 
 

 

ე.ყუბანეიშვილი,  მ.მესხია   ნეიროქსელური ტექნოლოგიები.  პრაქტიკული 
 

 
biji 6. qselis swavlebis procedura. 
  

qselis tipis SerCevis Semdeg ekranze jer gamodis swavlebis proceduris 
fanjara da Semdeg Sedegebis  Results (Run Models) fanjara, 
 

 
 
sadac programas gamoaqvs saukeTeso qselebi, romelTa mniSvnelovan 
maCveneblebs warmoadgenen: Profile(qselis tipi), TrainPerformance(swavlebis 
efeqtianoba), Select. Perf. (SerCevis efeqtianoba), TestPerf. (testirebis 
efeqtianoba), Train Error(swavlebis cdomuleba), SelectError (SerCevis 
cdomileba), TestError (testirebis cdomileba). 

Profile svetSi warmodgenilia: qselis tipi, romelic aRwerilia 
neiroqselis topologiiT anu qselis klasiT, romelsac is miekuTvneba 
(magaliTad, MLP_perseptroni, Semavali da gamomavali cvladebis 
raodenoba, faruli Sreebis raodenoba da TiToeuli Sris elementebis 
raodenoba). 

 miRebul Segegebidan Cans, rom qselis faruli Sris elementebis 
raodenobis gazrdiT, izrdeba Sedegis sizuste. unda avRniSnoT, rom 
yvela models aqvs SesaZlebloba yovel axal dakvirvebaze ganazogados 
Sedegi. 
 
 
 
 
biji 7. neironuli qselis SerCeva. 

 

Click Select models (modelis moniSvna) Rilakze daDAekranzeDgamosul 
cxrilSi movniSnoT me-3 qseli, radgan mas gaaCnia yvelaze kargi Sedegi. 
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Semgeg Click OK. 

 

 
 

Sedegebis Results(Run Models) fanjaris Quick CanarTSi Click Descriptive 

statistics(aRweriTi statistika)-is Rilakze. ekranze gamodis regresiis 
Secdomebis  cxrili, 
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sadac  warmodgenilia Data Mean (monacemebis saSualo sidide), Data S.D. 
(monacemebis saSualo kvadratuli gadaxra), Еrror Mean(prognozis 
saSualo cdomileba), Еrror S.D.(prognozis cdomilebis saSualo 
kvadratuli gadaxra), Abs. E. Mean (prognozis saSualo absoluturi 
cdomileba), S.D.Ratio (prognozis saSualo kvadratuli gadaxris 
cdomilebis fardoba monacemebis saSualo kvadratul gadaxrasTan), 
Correlation (korelaciis mniSvneloba realur da prognozirebad 
mniSvnelobebs Soris). 
 S.D.Ratio warmoadgens erT-erT yvelaze ufro mniSvnelovan da 
gamoyenebad maCvenebels. misi mniSvneloba [0;1] diapazonSi icvleba da 
damokidebulia yoveli mniSvnelobis cdomilebaze (niSanze ar aris 
damokidebuli). amasTan is sakmaod mgZnobiarea amovardnebis mimarT. 

empiriuli gamokvlebebis Sedegad Camoyalibda garkveuli wesi, 
romlis Tanaxmad Tu S.D.Ratio < 0,2 sidideze, maSin iTvleba, rom 
neiroqseli SerCeulia kargad. Tu S.D.Ratio mniSvneloba moTavsebulia 
[0,2:0,4] diapazonSi, maSin iTvleba, rom qseli SerCeulia 
damakmayofileblad, xolo roca S.D.Ratio > 0,4 sidideze, maSin qseli 
cudad aris SerCeuli. 
 miRebul Sedegebidan Cans,rom me-3 qselis standartuli gadaxra 
(S.D.Ratio)  0,088 tolia. e.i. qseli kargad aris SerCeuli. 

Nneiroqselis SerCevis erT-erT mniSvnelovan meTods warmoadgens kros-
Semowmebis meTodi, sadac gamoiyeneba testuri amonarCevi. testuri amonarCeviT 
miRebuli Sedegis sizuste dardeba saswavlo amonarCeviT miRebuli Sedegis 
sizustes. Tu testuri amonarCevi iZleva daaxloebiT igive Sedegs, rasac 
saswavlo amonarCevi, maSin iTvleba, rom modelma gaiara kros_Semowmeba. 

Tu Sedegebis Results(Run Models) fanjris Subets used to generale resultsc 
(SerCevis Sedegebis gamoyvana)-is velSi Overall (sruli) opciis magivrad 
CavrTavT All (separately) (yvela calke) opcias, maSin es mogvcems saSulebas 
miviRoT  cxrili, sadac SerCevis Sedegebi  yvela modelisaTvis calke 
aris warmodgenili. 
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rogorc cxrilidan Cans S.D.Ratio sidide yvela am modelisaTvis TiTqmis 
erTnairia da naklebia 0,2 sidideze. 

sawyisi monacemebis dayofa saswavlo da testur simravleebad 
xorcieldeba monacemebis dayofiT garkveuli proporciiT. magaliTad, 
saswavlo amonarCevi _ 2/3, xolo testuri _ 1/3. gaCumebis principiT 
dakvirvebebi iyofa sam qvesimravled @2 : 1 : 1 SefardebiT. ase magaliTad, 
Tu gvaqvs 50 saswavlo dakvirveba, maSin 25 iqneba sakontrolo da Semdegi 
25 _ satesto. 
 dakvirvebis grafikis asagebad CavrTod CanarT Plots (grafiki)  . da  
X –axis (RerZze)-is velSi SevarCioT  Predicted(prognozireba),  xolo  Y-

axis(RerZze) _ Observed(dakvirveba). 
 

 
 
avgoT X da Ycvladebis damokidebulebis grafiki. amisaTvis  Click GraphX 

versus Y Rilakze.  ekranze gamodis damokidebulebis grafiki 



13 
 

 

ე.ყუბანეიშვილი,  მ.მესხია   ნეიროქსელური ტექნოლოგიები.  პრაქტიკული 
 

 
 
saidanac Cans, rom grafiki faqtiurad idealurad devs swor xazze. am 
Sedegis miReba mosalodneli iyo , radgan rogorc Sedegebis Results(Run 

Models) fanjaraSi Cans me-5 modelis swavlebis Secdoma Seadgens mxolod 
0,15%. 
 neironuli qselis  arqiteqturis asagebad Sedegebis Results(Run 

Models) fanjaraSi CavrTod Advanced CanarTi 
 

 
da Click Network Archition(qselis arqiteqtura)-is Rilakze. ekranze gamodis 
neiroqselis grafi. 
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qsels aqvs pirdapiri gavrcelebis  struqtura oTxi Semavali cvladiT, 
erTi faruli SriT, romelic Seicavs erT elements  da erT 
erTelementian gamomaval Sres. modelis agebis sizuste, testirebis 
efeqtianobis TestPerf. maCveneblidan gamomdinare, 2,25% toloa, rac 
arasakmarisi Sedegia. 
 imisaTvis, rom sabolaod davrwmundeT neiroqselis SerCevis sisworeSi 

Results(Run Models fanjaraSi CavrTod Predictions CanarTi da Click Predictions 

Rilakze. ekranze gamodis Sedegebis cxrili, 
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sadac marcxena svetSi mocemulia z-is WeSmariti mniSvnelobebi, xolo 
marjvena svetSi _ neiroqselis mier prognozirebuli mniSvnelobebi. 
rogorc cxrilidan Cans, miRebuli Sedegebi aradamakmayofilebelia. 

gansakuTrebiT cudi Sedegia, roca z Rebulobs nulTan miaxloebul 
mniSvnelobebs. am SemTxvevaSi cdomileba sakmaod didia. aseve didia 

cdomileba, roca  z < 0,2 sidideze. roca z > 100 , maSin Sedegi ase Tu ise 
damakmayofilebelia. 
 
biji 8. qselis redaqtireba. 

 
STATISTICA Neural Networks sastarto fanjaraSi CavrTod Advanced 

(damatebiTi) CanarTi 
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da Select  analysis  velSi movniSnoT Network Set Editor.  Semdeg Click OK. ekranze 
gamodis  Neural Networks File Editor fanjara. 
 

 
 
CavrTod Networks CanarTi. am dialogiur fanjaraSi  SeiZleba 
davaTvalieroT, amovirCioT da davalagoT sxvadasxva neironuli qselebi 
da ansamblebi.  
 qselis Seswavlis Semdeg SegviZlia wavSaloT zogierTi maTgani. 
qselis wasaSlelad Neural Networks File Editor fanjaraSi CavrTod Advanced  

CanarTi da 
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ekranze gamosul fanjaraSi Click Delete models Rilakze. ekranze gamodis 
Select Networks and/or Ensembles fanjara. 
 

 
movniSnoT wasaSleli qseli an qselebi da Semdeg Click OK. 

 
 

biji 9. neiroqselis Senaxva.  
 
. neironuli qselebis Sesanaxad  vbrundebiT sastarto fanjaraSi. 

CavrTod Networks/Ensembles (qselebi / ansamblebi) CanarTi 
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Click  Save  network  file  as.. Rilakze. ekranze gamodis amave dasaxelebis Save  

network  file  as.. fanjara 
 

 
 

sadac File name velSi CavweroT Sesanaxi failis saxeli (fails aqvs 

gafarToeba ..snn). SevarCioT failis Senaxvis adgili (magaliTad, Desktop, 

Local Disk (C) da sxva). Semdeg Click Save Rilakze. 
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daaxloebiT aseTi proceduriT xdeba STATISTICA 7 sistemaSi 
neironuli qselebiT sxvadasxva tipis amocanebis gadawyveta. 
 
 
 
 
praqtikuli samuSao 2 
 
 

funqciis aproqsimacia 

 
mocemulia ori cvladis ucnobi funqcia, romelebic 

warmodgenilni arian  1000 mniSvnelobebiT intervalSi  [0,10] x [0,10].  
igulisxmeba, rom wertilebi, sadac mocemulia funqciis mniSvnelobebi, 
mocemul kvadratSi ganawilebulia SemTxveviT. 

Uunda avagoT maTematikuri modeli, romelic aRwers 
damokidebulebas funqciis mniSvnelobasa da damoukidebeli cvladebis 
mniSvnelobebs Soris. funqciis grafikuli gamosaxuleba mocemulia 
Semdeg naxazze: 

 
 
 

gavxsnaT xyzfunqcia. monacemTa faili, romelic Sedgeba sami 
cvladisagan: X,Y,Z. X da Y–damoukidebeli cvladebia, xolo cvladi 
Z_damokidebuli. 
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.amocanis amoxsnis klasikuri midgoma mdgomareobs imaSi, rom pirvel 
bijze vagebT mravlobiTi regresiis models. aSkaraa, rom 
damokidebuleba arawrfivia da amitom yvela wrfivi modelebi mogvcemen  
"cud" Sedegs. Aam magaliTisTvis avagoT neiroqseluri modeli. 
 sastarto panelis  STATISTICA Neural Networks  gamosaZaxeblad, 
meniudan  Statistics SevarCioT  brZaneba Neural Networks. ekranze gamodis 
STATISTICA Neural Networks(SNN) fanjara, 
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sadac  CavrTod Quick CanarTi da Problem type velSi SevarCioT 
amocanis tipi  Regression, xolo Select analysis velSi amoxsnis meTodi – 
Intelligent Problem Solver (gadawyvetis ostati). 

cvladebis mosaniSnad Click Variables Rilakze da ekranze gamosul 

fanjaraSi movniSnoT Continuous Outputs:(uwyveti gamomavali) velSi z cvladi, 

xolo Continuous Inputs(uwyveti Semavali) velSi – x,y cvladebi. Semdeg OK. 
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vbrundebiT STATISTICA Neural Networks (SNN) fanjaraSi da kvlav OK. 
ekranze gamodis Intelligent Problem Solver(gadawyvetis ostati)-isfanjara. 
qselis tipis SesarCevad CavrTod Types(tipi) CanarTi. 
 

 
 
rogorc Cans es amocana topologiurad axlos aris iseT neiroqselur 
arqiteqturasTan, romelic efuZneba radialur_bazisur funqciebs, amitom 
Network types to test velSi CavrTod Radial basis function (radialuri bazisuri 
funqcia)-is opcia. 

CavrTod Quick(swrafi) CanarTi, 
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sadac Optimization time  (analizis xangrZlivoba)   jgufis Networks tested 
(qselebis testireba) velSi CavweroT 100, xolo  qselis Sesanaxad 
Networks retained (qselis SenarCuneba) velSi CavweroT cifri 5 , raTa 
programam Seinaxos 5 saukeTeso qselis varianti. Semgeg Click OK Rilakze. 
ekranze gamoCndeba neiroqselis swavlebis dialogiuri Training In 

Progress(mimdinareobs Seswavla) fanjara. 
 

 
 
Zebnis dasrulebis Semdeg ekranze gamoCndeba Sedegebis Results(Run Models) 
(Sedegebi) fanjara. 
 

 
 

Click Select models (modelis moniSvna) Rilakze daDAekranzeDgamosul 
Sedegebis cxrilSi movniSnoT me-5 modeli, radgan mas gaaCnia yvelaze 
kargi Sedegi. 
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Semdeg OK. 

 

 
 

 dakvirvebebis grafikis asagebad CavrTod CanarT Plots (grafiki)  da  
X –axis (RerZze)-is velSi SevarCioT  Predicted (dakvirveba),  xolo  Y-

axis(RerZze) _ Observed (prognozireba). 
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avgoT X da Y cvladebis damokidebulebis grafiki. amisaTvis  

Click  GraphX versus Y Rilakze.  ekranze gamodis damokidebulebis grafiki, 

 
saidanac Cans, rom grafiki faqtiurad idealurad devs swor xazze. am 
Sedegis miReba mosalodneli iyo, radgan rogorc Sedegebis Results(Run 

Models) fanjaraSi Cans me-5 modelis swavlebis cdomileba Seadgens 
mxolod 0,08%. 

Sedegebis Results(Run Models) fanjaris Quick CanarTSi Click Descriptive 

statistics (aRweriTi statistika)-is Rilakze. ekranze gamodis regresiis 
Secdomebis  cxrili, 
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miRebul Sedegebidan Cans,rom me-5 qselis standartuli gadaxrebis 
fardobis sidide S.D.Ratio  0,0119 tolia, rac sakmaod kargi maCvenebelia. 

Tu Sedegebis Results(Run Models) fanjaris Subets used to generale resultsc 
(SerCevis Sedegebis gamoyvana)-is velSi Overall (sruli) opciis magivrad 
CavrTavT All (separately) (yvela calke) opcias, maSin es mogvcems saSulebas 
miviRoT  cxrili, sadac SerCevis Sedegebi  yvela amonarCevisaTvis 
calke gamodis. 

 
 
rogorc cxrilidan Cans S.D.Ratio sidide yvela amonarCevisaTvis TiTqmis 
erTnairia. 
 imisaTvis, rom sabolaod davrwmundeT neiroqselis SerCevis 
sisworeSi Results(Run Models) fanjaraSi CavrTod Predictions CanarTi. 
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da Click Predictions (prognozireba)-is Rilakze.  ekranze gamodis Sedegebis 
cxrili, 
 

 
sadac marcxena svetSi mocemulia z-is WeSmariti mniSvnelobebi, xolo 
marjvena svetSi _ neiroqselis mier testuri amonarCeviT miRebuli 
prognozirebuli mniSvnelobebi. rogorc cxrilidan Cans, miRebuli 
Sedegebi  damakmayofilebelia. 
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neironuli qselis  arqiteqturis asagebad Sedegebis Results(Run 

Models) fanjaraSi CavrTod Advanced CanarTi 
 

 
 

da Click Network Archition  (qselis arqiteqtura)-is Rilakze. ekranze gamodis 
neiroqselis grafi. 
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qsels aqvs pirdapiri gavrcelebis  struqtura ori Semavali cvladiT, 
faruli Sre 16 elementiT da erTi elementi gamomaval SreSi. modelis 
agebis sizuste, testirebis efeqtianobis TestPerf. maCveneblidan 
gamomdinare, 0,08% toloa. 

SeiZleba gamovitanoT daskvna, rom qselma warmatebiT moaxdina  
Sesaswavli nakrebis struqturis garCeva da misi gamoyeneba SeiZleba 
damokidebuli cvladis mniSvnelobebis prognozirebisTvis. SevinaxoT 
modeli. ise rogorc mocemulia praqtikuli samuSao 1 _Si 

 
 

 
 
praqtikuli samuSao 3 
 
 

saxeTa garCevis amocana 

 
neironul qselebis saSualebiT SesaZlebelia saxeTa garCevis 

amocanis gadawyveta. magaliTisaTvis ganvixiloT imitirebuli monacemebi, 
warmoadgenilni cifrebis saxiT,  romlebic gamonaTebulni arian 
gaumarTavi kalkulatoris ekranze. damokidebul Digit cvladis 
dakvirvebis klasebi Seesabamebian cifrebs 0, 1, 2, 3,….. 9, … romlebic 
Seyvanilia kalkulatoris klaviSidan.  

amocanaSi gvaqvs 7 kategorialuri prediqtorebi Var1 - Var7 xazebis 
saxiT, romlebic qmnian cifrebis konfiguracias. Kkategorialuri 
prediqtoris done  (0 – ar aris; 1 - aris) gviCvenebs , gaanaTa Tu ara 
ekranze Sesabamisma xazmam im Svidi xazidan (3 horizontalurida 4 
vertikaluri), romliTac warmodgenilia gasarCevi cifri.  

Pprediqtoris cvladebis aRwera : Var1-zeda horizontaluri, Var2–
zeda marcxena vertikaluri, Var3 -zeda marjvena vertikaluri, Var4 –Sua 
horizontaluri, Var5 –qveda marcxena vertikaluri, Var6 –qveda marjvena 
vertikaluri da Var7 –qveda horizontaluri. 
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kalkulatori gaumarTavia, ase rom, rodesac  davaWerT  cifrul 
klaviaturis nebismier Rilaks,  ekranze yovelTvis ar gamoanaTebs  
Sesabamisi xazebis kombinacia. 

Statistica sistemis Datasets  biblioTekidan gavxsnaT Digit monacemTa 
faili, romlis fragmenti warmodgenilia Semdeg naxazze: 

 

 
 
 
faili warmodgens monacemebis mTel kompleqts, romelic Sedgeba 500 
dakvirvebebisagan. garCevis Sedegebi Cawerilia Digit cvladis svetSi. Var1 - 

Var7 cvladebis svetebSi warmodgenilia damoukidebeli kategorialuri 
prediqtorebis doneebi (nuli an erTi). 

mocemul magaliTSi saWiroa avagoT realuri kalkulatorisagan 
miRebuli cifrebis garCevis modeli. mizanSewonilia  neironuli qselis 
mimarT CamovayaliboT Semdegi moTxovnebi: 1) qselma unda SeZlos 
monacemTa eqstrapolireba anu Camoayalibos swori prognozi 
prediqtorebis kombinaciebze, romlebic Zalian gansxvavdebian saswavlo 
simravlisagan.  2) praqtikuli gamoyenebisaTvis prognozirebis mcire 
dro. 

miTiTebul pirobebs Seesabameba mravalSriani perseptronis 
arqiteqtura. elementebis raodenoba farul SreSi SevarCioT 5( 
klasifikacia warmoebs 10 klassSi). sazogadod, modelis agebisas 
pirveli miaxloebiT faruli Sris elementebs irCeven Semavali da 
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gamomavali elementebis jamis naxevris sididis tolad, magram Cven 
SemTxvevaSi elementebis raodenobis SerCeva ganpirovnebulia klasebis 
raodenobiTac. 
 sastarto panelis  STATISTICA Neural Networks  gamosaZaxeblad, 
meniudan  Statistics SevarCioT  brZaneba Neural Networks. ekranze gamodis 
STATISTICA Neural Networks(SNN) fanjara. 
 

 
 
CavrTod  Quick  CanarTi da Problem type velSi SevarCioT amocanis tipi   
Classification, xolo Select analysis velSi amoxsnis meTodi – Custom Network 

Designet (qselis konstruqtori).  cvladebis mosaniSnad Click Variables 

Rikakze da ekranze gamosul Select input(independent), outp(dependent) and Selector 

vaeiables (movniSnoT Semavali (damokidebuli), gamomavali (damokidebuli) 
da damajgufebeli cvladebi) fanjris Continuous outputs (uwyveti 
gamomavali) velSi movniSnoT DIGIT cvladi, xolo Categorical inputs 

(Semavali gategorialuri) velSi _ VAR 1- VAR7  cvladebi.  
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Semdeg Click OK. vbrundebiT STATISTICA Neural Networks (SNN) fanjaraSi da 
kvlav OK.  ekranze gamodis Custom Network Designer  fanjara 
 

 
 
sadac Quck (swrafi)   CanarTSi SevarCioT qselis tipi Multilayer Perceptron 

(mravlobiTi  perseptroni). 
 amave fanjaraSi CavrTod Units (qselis  elementebi) CanarTi da 
Hidden layer 1 velSi miuTiToT faruli Sris  elementebis raodenoba  5. 
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amdenad, qselebis arqiteqtura  dadgenilia.  Click OK. ekranze gamodis 
Train Multilayer Perceptron (mravalSriani perseptronis swavleba)-is fajara, 
 

 
 
sadac CavrTod Phase one (pirveli faza) opcia da SevarCioT swavlebis 
Back propagation (ukugavrcelebis)cdomilebis ukugavrcelebis algoriTmi. es 
algoriTmi SeiZleba gamoyenebul iyos Statistica Neural Networks paketis 
qselebis umravlesobisaTvis, magram is gansakuTrebiT mosaxerxebelia 
mravalSriani perseptronebis swavlebisaTvis. sxva swavlebis 
algoriTmebTan SedarebiT mas sWirdeba naklebi mexsiereba da Cveulebriv 
sakmaod swrafad aRwevs dasaSveb minimaluri cdomilebis donemde.   
Epochs (epoqebi)-is velSi CavweroT 500. epoqis qveS igulisxmeba swavlis 
procesSi interaciis maqsimaluri raodenoba. Cveulebrivad epoqebis 
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raodenoba icvleba 100 -dan 1000-mde. Learning rate (swavlebis siCqare) velSi 
gaCumebis principiT dayenebuli mniSvneloba davtovoT xeluxleblad, 
radgan es sidide umetes amocanebisaTvis uzrunvelyofs swavlebis 
procesis mdgradobas.  
 unda aRiniSnos, rom swavlebis procedura unda gavimeoroT manam, 
sanam ar miviRebT swavlebis minimalur cdomilebas. swavlebis 
parametrebis dayenebis Semdeg Click OK. CairTveba swavlebis procedura da 
ekranze gamodis Results (Run Models) Sedegebis fanjara, 
 

 
 

sadac CavrTod Quick CanarTi da Click Descriptive statistics (aRweriTi 
statistika)-is Rilakze. ekranze gamodis Secdomebis  cxrili:  
Classification (klasifikacia). 
 

 
 

sadac aTive klasisaTvis warmodgenilia დაწვრილებით ინფორმაცია სწორი 

და არასწორი კლასიფიცირებული დაკვირვების რაოდენობაზე, kerZod Total (sul), 
Correct (swori), Wrong (mcdari), Unknown (ucnobia) Sedegebi da maTi 
procentuli mniSvnelobebi:  Correct (%),   Wrong (%) ,    Unknown (%). 

 rogorc cxrilidan Cans, yvelaze didi Secdoma daSvebuli iyo `9~ 
cifris garCevisas (Wrong (%) = 40%). 
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prediqtorebis mimarT mgrZobiarobis analizis Casatareblad Click 

Sensitivity Analysis (mgrZnobiarobis analizi)-is Rilakze. ekranze gamodis 
amave dasaxelebis cxrili, 
 

 
 

sadac Svidive prediqtorisTvis warmodgenilia Ratio (fardoba) da  Rank 

(rangi) mniSvnelobebi. Rank.1 შეესაბამება udides mgrZnobiarobas mocemuli 
prediqtorisaTvis. rogorc cxrilidan Cans, VAR3 (zeda marjvena 
vertikaluri) da   VAR4 (Sua horizontaluri) cvladebs SeaqvT didi 
wvlili cifrebis garCevaSi. 
  modelis Sedegi saswavlo, sakontrolo, da testuri 
simravleebisaTvis SeiZleba miviRoT Predictions (prognozireba) Rilakze 
daWeriT. prognozirebis cxrili pirveli 15 dakvirvebisTvi naCvenebia 
Semdeg naxazze: 
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 agebuli qselis arqiteqtura mosaxerxebelia warmovaCinoT 
grafikuli saxiT. grafikis asagebad Results (Run Models) Sedegebis 
fanjaraSi CavrTod Advanced  CanarTi 
 

 
 

da Click Network illustration (qselis ilustracia)-is Rilakze. ekranze 
gamodis amave dasaxelebis fanjara. 
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Tu gvinda neironuli qselis calke grafis saxiT warmodgena, maSin Click 

Network graph Rilakze 
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qselis aqtivaciis done aRniSnulia ferebiT:  wiTeli _ dadebiTi 
aqtivizaciisaTvis, mwvane _ uaryofiTi aqtivizaciisaTvis. 
 
 

 

 

 
praqtikuli samuSao 4 

 

 

 

prognozirebis amocanis gadawyveta 

 
magaliTisaTvis ganvixiloT sruli sami  wlis navTobis fasis 

monacemebi. amasTanave navTobis fasis cvla dafiqsirebulia yovel 

savaWro dRes. unda gaavanalizoT droiTi mwkrivi(Time Series) da gamovyoT 
navTobze fasis meryeobis  damaxasiaTebeli periodebi. droiTi mwkrivis 
modelis daxmarebiT saWiroa avagoT navTobis gayidvis prognozi 
winsvliT  ramdenime TviT adre da SevafasoT prognozizis sizuste. 

Statistica sistemis Datasets biblioTekidan gavxsnaT OIL navTobis fasis 
monacemTa faili, romlis fragmenti warmodgenilia Semdeg naxazze: 
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sadac DATA(TariRi) cvlaSi Cawerilia TariRebi, xolo cvladebi 2_4 

warmoadgenen TariRis Canawers sami cvladis saSualebiT day,  month,  year, 
(dRe/ Tve /weli). 

sastarto panelis  STATISTICA Neural Networks  gamosaZaxeblad, 
meniudan  Statistics SevarCioT  brZaneba Neural Networks. ekranze gamodis 
STATISTICA Neural Networks(SNN) fanjara. 

 
 
CavrTod  Quick CanarTi da Problem type velSi SevarCioT amocanis tipi   
Time Series (droiTi mwkrivebi), xolo Select analysis velSi amoxsnis meTodi – 
Intelligent Problem Solver (gadawyvetis ostati).  cvladebis mosaniSnad Click 

Variables Rikakze da ekranze gamosul Select input(independent), outp(dependent) 

and Selector vaeiables (movniSnoT Semavali (damokidebuli), gamomavali 

(damokidebuli) da damajgufebeli cvladebi) movniSnoT OIL. 
 

 
 

Semdeg Click OK. vbrundebiT STATISTICA Neural Networks (SNN) fanjaraSi da 
kvlav OK. ekranze gamodis Intelligent Problem Solver fanjara. 
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CavrTod Quick (swrafi) CanarTi. jgufSi Optimization time  (analizis 
xangrZlivoba)   velSi Networks tested (qselebis testireba) CavweroT  500.  
mocemuli parametri  gansazrvravs Catarebuli analizis xangrZlivobas ( 
testirebisTvis gankuTvnili modelebis ricxvi). qselis Sesanaxad 
Networks retained (qselis SenarCuneba)  velSi CavweroT cifri 5 , raTa 
Intelligent Problem Solver (gadawyvetis ostati)  Seinaxos 5 saukeTeso qselis 
varianti. Types CanarTiT SevarCion qselis tipi 

 CavrTod Time Series CanarTi da movniSnoT opcia Treat problem as time 

series (monacemTa interpretacia rogorc drois mwkrivi) . 
 

 
 
prognozirebis fanjrad aviRoT 12, amitom Range for steps (number of steps used 

as inputs) CarCos minimum da maqsimum velebSi CavweroT 12, romelic 
Seesabameba imas, rom erTi wlis monacemebiT moxdeba momdevno erTi Tvis 
mniSvnelobis prognozireba. Click OK.  daiwyeba modelis Seswavla. 
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modelis swavlebis Semdeg ekranze gamoCndeba Results (Sedegebi) fanjara  

 

 
 
cxrilis zeda nawilSi imyofeba Senaxuli qselebis arqiteqtura da 
agebuli modelis sxvadasva xarisxis maCvenebeli. 
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gavxsnaT Dsscriptive Statistics CanarTi da Click Dsscriptive Statistics Rilakze. 
ekranze gamodis  Sedegebis cxrili 
 

 
 
sadac SD Ratio maCvenebliT da swavlebis cdomilebiT SevarCioT  me-9 
modeli 
 

 
 
dakvirvebis grafikis asagebad CavrTod CanarT Plots (grafiki)   da  X –axis 
(RerZze)-is velSi SevarCioT  Predicted (prognozireba),  xolo  Y-axis 
(RerZze) _ Observed (dakvirveba). 
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avgoT X da Ycvladebis damokidebulebis grafiki. amisaTvis  

Click GraphX versus Y Rilakze. ekranze gamodis damokidebulebis grafiki., 

 
saidanac Cans, rom grafiki faqtiurad idealurad devs swor xazze. am 
Sedegis miReba mosalodneli iyo , radgan rogorc Sedegebis Results(Run 

Models) fanjaraSi Cans me-9 modelis swavlebis cdomileba Seadgens 
mxolod 2,27%, xolo testirebis cdomileba _ 2,5%. 
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Sedegebis Results(Run Models) fanjaris Quick CanarTSi Click Descriptive 

statistics (aRweriTistatistika)-is Rilakze. ekranze gamodis regresiis 
Secdomebis  cxrili, 

 
 
miRebul Sedegebidan Cans,rom me-9 qselis standartuli gadaxrebis 
fardobis sidide S.D.Ratio  0,09 tolia, rac sakmaod kargi maCvenebelia. 

Tu Sedegebis Results(Run Models) fanjaris Subets used to generale resultsc 
(SerCevis Sedegebis gamoyvana)-is velSi Overall (sruli) opciis magivrad 
CavrTavT All (separately) (yvela calke) opcias, maSin es mogvcems saSulebas 
miviRoT  cxrili, sadac SerCevis Sedegebi  yvela amonarCevisaTvis 
(saswavlo, sakontrolo, testuri da ignorirebuli) calke gamodis.  

 

 
 
rogorc cxrilidan Cans S.D.Ratio sidide yvela amonarCevisaTvis TiTqmis 
erTnairia. 
 imisaTvis, rom sabolaod davrwmundeT neiroqselis SerCevis sisworeSi 

Results(Run Models) fanjaraSi CavrTod Predictions CanarTi 
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da Click Predictions (prognozireba)-is Rilakze.  ekranze gamodis Sedegebis 
cxrili, 

 
sadac marcxena svetSi mocemulia OLI-is WeSmariti mniSvnelobebi, xolo 
marjvena svetSi _ neiroqselis mier testuri amonarCeviT miRebuli 
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prognozirebuli mniSvnelobebi. rogorc cxrilidan Cans, miRebuli Sedegebi  
damakmayofilebelia. Nneiroqselis SerCeva SesaZlebelia agreTve, kros-
Semowmebis meTodiT (ix. praqtikulisamuSao 1). 

neironuli qselis  arqiteqturis asagebad Sedegebis Results(Run 

Models) fanjaraSi CavrTod Advanced CanarTi 
 

 
 

da Click Network illustration (qselis sqema)-is Rilakze. ekranze gamodis amave 
dasaxelebis fanjara.  
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Tu gvinda neironuli qselis calke grafis saxiT warmodgena, maSin Click 

Network graph Rilakze 
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praqtikuli samuSao 5 

 

 

 

 

cvladebis SerCeva da ganzomilebis Semcireba 
 

 
 
programis muSaoba ganvixiloT pd 2 modeluri failisaTvis, 

romelsac gaaCnia damokidebuli Y cvladi da ramodenime aTeuli 
damoukidebeli cvladebi (prediqtorebi). unda aRiniSnos, rom faili 
Seicavs prediqtorebis did raodenobas, kerZod 45, amitom 
mizanSewonilia SevarCioT informatiuli cvladebi da amiT movaxdinoT 
ganzomilebis Semcireba. sawyisi monacemebis failis fragmenti 
warmodgenilia Semdeg naxazze: 
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sastarto panelis  STATISTICA Neural Networks  gamosaZaxeblad, 
meniudan  Statistics SevarCioT  brZaneba Neural Networks. ekranze gamodis 
STATISTICA Neural Networks(SNN) fanjara, 
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sadac  CavrTod Quick CanarTi da Problem type velSi SevarCioT 
amocanis tipi  Regression, xolo Select analysis velSi amoxsnis meTodi – 
Intelligent Problem Solver (gadawyvetis ostati). 

cvladebis mosaniSnad Click Variables Rilakze da ekranze gamosul 
fanjaraSi avirCioT cvladebi. mocemul magaliTSi aris gamomavali  

(damokidebuli) cvladi da 46 Semavali cvladi.   
 movniSnoT Continuous Outputs (uwyveti gamomavali) velSi - y cvladi, 

romlis nomeria 44, xolo Continuous Inputs (uwyvetiSemavali) velSi –
damoukidebeli cvladebi 1-43. radgan ar gagvaCnia kategoriuli cvladi, 
amitom(Categorical Inputs) velSi cvladi ar moiniSneba. Semdeg OK. 

 

 
 

STATISTICA Neural Networks(SNN) fanjaraSi CavrTod Advance (damatebiTi) 
CanarTida amovirCioT instrumenti Feature Selection (ganzomilebis 
Semcireba ). 
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Semgeg Click OK Rilakze. ekranze gamoCndeba ganzomilebis Semcirebis 
dialogis fanjara Feature (Independent Variable) Selection, 

 

 
 

sadac Quick  CanarTSi xelmisawvdomia Semdegi meTodebi: Forward selection 

(Tanmimdevruli CarTviT). Backward selection (Tanmimdevruli gamoricxviT). 
Genetic algorithm (genetikuri algoriTmi).  
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1. Tanmimdebruli CarTvis meTodi. 

 

Feature (Independent Variable) Selection fanjaraSi CavrTod Forward selection 

(Tanmimdevruli CarTviT) opcia. gavxsnaT Interacive (interaqtiuri) CanarTi 
da amovirCioT All combinations tested (testirebis yvela kombinacia). 
 

 
 

Semdeg Click OK Rilakze. ekranze gamoCndeba neiroqselis swavlebis 
dialogiuri Feature Selection In Progress  (mimdinareobs Seswavla) fanjara. 
 
 

 
 

algoriTmis muSaobis Sedegi warmodgenilia Forwards Selection cxrilSi. 
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Tavdapirvelad cvladebi cal-calke irTvebian modelSi. iZebneba is pirveli 
cvladi, romelic iZleva yvelaze mcire Secdomas. Semdeg modeli iwyebs meore 
cvladis Zebnis proceduras, romelic amcirebs Secdomis mniSvnelobas da  a.S. 
manamde sanam axali cvladebis modelSi CarTva iwvevs cdomilebis Semcirebas. 
sabolao Sedegi Cawerilia cxrilis bolo striqonSi (Final).   
 

 
 
rogorc miRebuli Sedegidan Cans modelis mier SerCeuli mniSvnelovani 
cvladebi Semdegia:  F8, F17, F18, F27, F31, F36 da F39. amrigad, 45 
prediqtorisagan SeirCa mxolod 7. 
 

2. Tanmimdebruli gamoricxvis meTodi. 
 

Feature (Independent Variable) Selection fanjaraSi CavrTod Backward 

selection (Tanmimdevruli gamoricxviT) opcia. 
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gavxsnaT Interacive (interaqtiuri) CanarTi da amovirCioT All 

combinations tested (testirebis yvela kombinacia). 
 

 
Semgeg Click OK Rilakze.  

dasawyisSi modelSi CarTulia yvela prediqtori da Semdeg yovel bijze 
xdeba umniSvnelo prediqtoris gamoricxva. Sedegebi warmodgenilia Semdeg 
cxrilSi. 
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sabolao Sedegi Cawerilia cxrilis bolo striqonSi (Final).  
 

 
 

rogorc miRebuli Sedegidan Cans modelis mier SerCeuli mniSvnelovani 
cvladebi Semdegia:  F5, F27, F31- F35 da F39. 

 

 
3. genetikuri algoriTmi. 

 
genetikuri algoriTmi warmoadgens parametrebis SerCevis metad 

efeqtur instruments. marTalia es algoriTmi moiTxovs gamoTvlebis 
did dros, magram STATISTICA Neural Networks paketSi realizirebuli 
PNN/GRNN tipis neiroqselebi saSualebas iZlevian genetikuri 
algoriTmis muSaobis siswrafvis gazrdas. 

Feature (Independent Variable) Selection fanjaraSi CavrTod Genetic algorithm 

(genetikuri algoriTmi)-is opcia. 
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gavxsnaT Interacive (interaqtiuri) CanarTi da amovirCioT All 

combinations tested (testirebis yvela kombinacia). 
 

 
 

Genetic algorithm CanarTSi gaCumebis principiT warmodgenilia 
Population (populacia),     Generations (memkvidreoba), Mutation rate (mutaciis 
siswrafe), Crossover rate (Sejvarebis siswrafe) maCveneblebi. davtovoT es 
maCveneblebi. 
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Tu gavxsniT Advanced CanarTs vnaxavT, rom Unit penalty (jarimebis bloki)-is 
velSi gaCumebis principiT Cawerilia 0,0001 sidide. zogadad, 
rekomendirebulia jarimis sidide SevarCioT 0,0001 _ 0,0005 diapazonSi. 

 

 
 
davtovoT es maCveneblebi da Semgeg Click OK Rilakze. ekranze gamoCndeba 
neiroqselis swavlebis dialogiuri Feature Selection In Progress  

(mimdinareobs Seswavla) fanjara. 
 



58 
 

 

ე.ყუბანეიშვილი,  მ.მესხია   ნეიროქსელური ტექნოლოგიები.  პრაქტიკული 
 

 
 
swavlebis dasrulebis Semdeg ekranze gamodis Sedegebis cxrili 
 

 
 
sabolao Sedegi Cawerilia cxrilis bolo striqonSi (Final).  
 

 
 
rogorc miRebuli Sedegidan Cans modelis mier SerCeuli mniSvnelovani 
cvladebi Semdegia:  F3, F6, F10, F26,  F27,F31, F35 da F39. 
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