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Sesavali 

codna warmoadgens uwyvetad ganviTarebad konceptualur warmonaqmns, 

ramdenadac erTxel Camoyalibebisas igi katalizuri xdeba Semdgomi codnis 

aRmoCenisTvis (Hampson-Jones,2011). rogorc leqtorebi, Cven pasuxismgeblebi varT 

saukeTeso saswavlo kontinuumis uzrunvelyofisTvis kargad momzadebuli saswavlo 

gegmis, sakmarisi da saTanado wyaroebis, kargad organizebuli Sefasebis meTodebis 

saSualebiT studentTa saerTo saganmanaTleblo miznebis mxardamWeri sistemis 

SemuSavebaSi saboloo programuli Sedegebis misaRwevad. ramdenadac Sefaseba 

swavlebisa da swavlis efeqturobisa da adekvaturobis cocxal komponentebs 

Soris moiazreba, instituti movalea Seamowmos da uzrunvelyos Sefasebis xarisxi.  

zogadad, umaRlesi saganmanaTleblo institutebi studentTa kiTxvarebs 

kursis dasrulebis bolos iyeneben swavlebis xarisxis Sesafaseblad. ramdenadac 

studentTa mosazrebebi mniSvnelovania, isini CarTul unda iqnes xarisxis Sefasebis 

sistemaSi, cxadia, rom swavlebis xarisxi unda aixsnas mniSvneladi safuZvlis mqone 

sxvadasxva saSualebis gamoyenebiT. 

arsebobs xarisxis kontrolisa da gaumjobesebis sxvadasxva meTodi. Cveni 

varaudiT, sakiTxi gamocdis gazomvasa da xarisxs Soris mimarTebaSi mdgomareobs da 

Tuki swavleba da Sefaseba mravalgazomilebadia da integrirebuli kursisa da  

Sesabamisi gamocdis farglebSi, SesaZloa, amgvari saganmanaTleblo procesi 

zrdides ganaTlebis xarisxsa da dones. gazomvis TeoriaSi arsebobs 

ganzomilebianobis kvlevis  ramdenime modeli da Multidimentional Item Response 

Theory (MIRT) (mravalganzomilebianobis sakiTxebze reagirebis Teoria) zogadi 

principebis nacvlad Semodis axali midgoma da aqtualuri gamocdis 

ganzomilebianoba dgindeba winapirobiT kursebsa da Sesabamis gamocdasTan 

mimarTebaSi.  

am konteqstSi, pirveli sanimuSo modeli ganisazRvreba da misi Sedareba 

xdeba aqtualur modelTan. Semodis axali meTodologiis makonstruirebeli 

principuli komponentebi. aqtualuri modelis  saTanado aTvisebis done TiToeuli 
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ganzomilebisTvis da agreTve, aqtualuri gamocdis internaluri ganzomilebebis 

saerTo Sedegis gavlenis pirobebis daSvebadoba, gansazRvruli gonivrul  

safuZvlebze. kursis xarisxi ki dgindeba misi ganzomilebadobis Sesabamisad. 

Tezisebis struqtura. pirveli Tavi warmoadgens literaturis mimoxilvas. am 

TavSi mocemulia gazomvis Teoria, gazomvis bazisis wminda maTematikuri safuZveli, 

statistikasa da gazomvis Teorias Soris gavlena da mimarTebebi. naCvenebia 

gazomvis skalebis maTematikuri gansazRvruloba da statistikur analizSi 

gazomvis saTanado, koreqtuli skalis SerCevis mniSvneloba. kvlevis am nawilSi 

gazomvis Teoriebs Soris warmodgenilia CTT da IRT, MIRT modelebis 

fundamenturi wesebi. aRniSnul sam modelSi dadgenilia ganzomilebianobis 

mniSneloba; mokled mocemulia faqtoruli analizi IRT da MIRT modelebSi. 

warmodgenilia kursis damdgeni ganzomilebianobis ZiriTadi principebi da  am 

ganzomilebadobis gamoyeneba xarisxis kontrolis mizniT.  

mTlianobaSi, meore Tavi formaluria da meTodologiis Teoriul 

gansazRvrebas eZRvneba, romelic unda gamoiyenebodes gamocdis Sida, internaluri 

ganzomilebianobis dadgenisa da determinaciisTvis. am TavSi mocemulia problemis 

definicia, sanimuSo modelisa da aqtualuri modelis terminologia,  pirobiTi 

ganawilebis koncefciis safuZvelze zogadi mravalganzomilebianobis problemis 

gadaWris meTodi, multikolinearulobis mokle ganmarteba, ganxilulia am 

problemis gadawyvetis gzebi ori mimarTulebiT, rogorc SeTanxmebis (?an 

kvadratuli amofesvis) meTodi da rogorc pirobiTi molodini konkretuli 

magaliTebis CvenebiT. damoukidebeli cvladebis matricis dabali ranJirebis 

intervalis gaTanabreba (Low rank tensor approximation) da SVD algoriTmi 1-

ranJirebis intervalebis gaTanabrebis (1-rank tensors approximation)  saSualebiT 

gamosaxulia ganmeorebiTi meTodebiT SVD problemis gadasaWrelad. amis Semdeg, 

internaluri implicituri ganzomilebebis aRwerisa da problemis winapirobebis 

zemoqmedebis gansazRvris mizniT, Teoriulad detalurad ganixileba SVD da 

principuli komponentebi axali midgomis safuZvelze. bolos, warmodgenilia 

mosalodneli (sanimuSo) gamocdis Sedegebisa da aqtualuri gamocdis Sedegebis 

dasaSvebi daaxloebis (an sazRvrebis) aRwera. 
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me-3 TavSi empiriuli kvlevebi ganxilulia multivariaciul monacemTa 

analizis procedurebisa da principuli komponentebis mixedviT 

mravalganzomilebiani regresiuli analizis procedurebis safuZvelze.  2.5.1 da 

2.5.2 moyvanili meTodologiebis gamoyenebiT ganzomilebianobis dadgena mocemulia 

gamocdebis wanapirobebebis (wanamZRvrebis) siZlieris mixedviT. aqtualuri modelisa 

da sanimuSo modelis Sedareba, sanimuSo modelis internaluri ganzomilebebis 

sasurveli ganawilebis dadgenisa da aqtualuri modelis internaluri 

ganzomilebebis SefasebiTi ganawilebebis daaxloeba (an sazRvrebi) miRebulia 

mniSvneladobis testebis saSualebiT. sasurveli regresiis koeficientebisa da 

SefasebiTi koeficientebis saboloo Sedegis gavlenebis Sedarebisas  statistikuri 

daaxloeba (an sazRvrebi) mTlianobaSi mowmdeba t-test–is meSveobiT.  

meTodologia 

multivariaciul monacemTa analizis teqnikebze dayrdnobiT MatLab 

programirebis ena da Microsoft Excel Software gamoiyeneba saWiro 

statistikuri analizis implimentaciisTvis. warmodgenilia varaudebi imis Sesaxeb, 

rom xarisxebi ganawilebulia normaluri an logikuri ganawilebebis Sesabamisad. 

umTavresad, gamocdebis sami gansxvavebuli jgufi (aqtualuri da winapirobebebi) 

iwarmoeba rogorc arakorelilebadi, dabali korelaciis da multikolinearuli. 

TiToeuli gamocda simulirebulia 200 studentisTvis. am gamocdebis mixedviT, 

SemuSavebulia oTxi gansxvavebuli SemTxveva. am winapirobebis (wanamZRvrebis) 

normaluri ganawileba warmodgenilia maTi histogramebis TvalsaCinoebiT. 

principuli komponenturi analizisa (Principal Component Analysis (PCA) da 

calkeuli mniSvnelobis danawevrebis (Singular Value Decomposition (SVD) 

meTodologia gamoiyeneba marjvena da marcxena singularuli veqtoruli 

matricebis, calkeuli mniSvnelobisa da principuli komponentebis gamosaxvisTvis. 

MatLab gamoiyeneba winapirobebis (wanamZRvrebis) xarisxebisa da principuli 

komponentebis, agreTve, am winapirobebis (wanamZRvrebis) principul komponentebad 

gardaqmnis saCveneblad. pirobiTi molodinis Teoria da multivariaciul monacemTa 

analizi gamoiyeneba aqtualuri gamocdis SefasebiTi regresiuli koeficientebis 

sapovnelad, romelic aq ganisazRvreba rogorc internaluri ganzomilebebis 
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ganawilebebi aqtualuri gamocdis farglebSi. mravalganzomilebiani regresiuli 

analizi ganxilulia aqtualuri gamocdis winapirobebisa (wanamZRvrebis) da 

principul komponentebTan mimarTebaSi. principuli komponentebis orTogonaloba 

gamoiyeneba winapirobebs (wanamZRvrebs) Soris kolinearulobis Tavidan acilebis 

mizniT. aqtualuri gamocdis TiToeuli SefasebiTi regresiuli koeficientis 

daaxloebisa da miRebis sanimuSo modelis regresiis koeficientebTan SedarebisTvis 

gamoiyeneba mniSvneladobis testi (t-test).  mniSvneladobis testi agreTve, 

gamoiyeneba aqtualur da sanimuSo modelebs Soris saboloo Sedegis gavlenis 

sasurveli dasaSvebi donis  identifikaciisTvis. regresiuli analizis gamoyenebisa 

da TiToeuli internaluri ganzomilebisa da saboloo Sedegis gavlenis 

gansazRvris mizniT  MatLab kodi simartivisTvis Cawerilia da implimentirebuli. 

kodirebis Sedegebi warmodgenilia statistikuri Sejamebis saxiT konkretuli 

SemTxvevis kvlevis (case study) sazRvrebSi.  

kvlevis mizani 

 internaluri ganzomilebebis cnebis gansazRvra; 

 internaluri ganzomilebebis maTematikuri modelisa da aqtualur 

gamocdebze maTi gavlenis dizaini; 

 Teoriuli definicia da regresiis koeficientebis Sefaseba principuli 

komponentebis safuZvelze da internaluri ganzomilebebis faqtorebis 

ganawilebebis Sefaseba; 

 internaluri ganawilebebis maTematikuri modelis regresiis koeficientebis 

Sefaseba pirobiTi ganawilebis meTodologiisa da multivariaciuli 

regresiuli analizis saSualebiT arakorelirebadi internaluri 

ganzomilebebisTvis; 

 principuli komponentebis analizis obieqtebis (principuli komponentebi, 

Eigenvalues mniSvnelobebi, gardaqmnis matricebi) gansazRvra Singular 

Value Decomposition meTodologiis saSualebiT Zlier korelirebadi 

cvladebisTvis; 
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 internaluri ganzomilebebis TiToeuli ganawilebis Teoriuli definicia da 

dasaSvebi daaxloeba da am ganawilebebis saboloo Sedegis  gavlenebi 

aqtualur da sanimuSo modelebze; 

 TiToeuli SefasebiTi regresiuli koeficientis daaxloeba da misaRebi 

Sedareba mniSvneladobis testis saSualebiT aqtualuri gamocdisa da 

sasurveli sanimuSo koeficientebisTvis;  

 SefasebiTi internaluri ganzomilebebis saboloo Sedegis gavlenis 

daaxloeba da misaRebi Sedareba sanimuSo modelis internaluri 

ganzomilebebis ganawilebis saboloo Sedegis gavlenasTan mniSvneladobis 

testis gamoyenebiT; 

 singularuli veqtoruli marcxena da marjvena matricebisa da calkeuli 

mniSvnelobebis gamoTvlebis iteraciuli meTodis implimentacia; 

 MatLab programirebis enis gamoyeneba saTanado kodis Casawerad 

implimentaciebis dokumentirebisaTvis. 

gamokvlevis siaxle 

mravalganzomilebianobis sakiTxebze reagirebis Teoriuli analizis 

(Multidimantional Item Response Theory)  miuxedavad testis sazRvrebSi arsebul 

sxvadasxva sakiTxebs Soris am kvlevaSi Semotanilia gansxvavebuli midgoma. 

gamocdaSi internaluri (implicituri) ganzomilebianobis arseboba moiZieba 

ramdenime daaxloebuli kursis gamocdaTa unarebis doneebis siZlieris mixedviT, 

romelic aq moixsenieba rogorc winapirobiTi gamocdebis xarisxebi. am winapirobiTi 

gamocdebis gamoyenebiT dgindeba da aRiwereba aqtualuri gamocdis 

ganzomilebianoba mimdinare kurssa da winapirobiT kursebs Soris. am TvalsazrisiT, 

principul komponentebze dafuZnebuli axali meTodologia gamoiyeneba. SesaZloa, 

aqtualuri kursisa da aqtualuri gamocdis adekvaturoba da xarisxi dadgindes 

aqtualuri gamocdis mravalganzomilebianobis SemuSavebis Sesabamisad.  

mecnieruli da praqtikuli mniSvneloba 

am kvlevaSi gamoiangariSeba regresiuli komponentebi:  



8 
 

1. mocemulia singularuli veqtoruli gamoTvla da winapirobiT 

gaangariSebaTa calkeuli mniSvnelobebi; 

2. formulebis (formulebi..) gamoyenebiT ganisazRvreba regresiuli 

koeficientebi.  

ramdenadac winapirobiTi gamocdebi arakorelirebadi, naklebad 

korelirebadi an TiTqmis srulad kolinearulia, es midgoma (SVD 

algoriTmTan erTad (Rank Tensors Approximation saSualebiT (ix. 2.53.2)) 

iZleva inversiuli kovariaciuli matricis gamoTvlisgan Tavis aridebis 

SesaZleblobas, sul mcire SeTanxmebis meTodebis proceduras da uSvebs mis 

gamoyenebas regresiuli koeficientebis moZiebisTvis martivad α=Vβ 

saSualebiT.  

multikolinearul SemTxvevaSi, Zlieri kolinearulobis Tavis 

aridebis mizniT gamoiyeneba standartuli regresiuli procedura 

orTogonalur principul komponentebze. mocemuli regresia iZleva β 

koeficientebs, romlebic SeiZleba gardaiqmnan α-ad α=Vβ saSualebiT. 

mocemuli SefasebiTi α koeficientebi gamoiyeneba rogorc aqtualuri 

gamocdis ganzomilebebis ganawilebebi. Sesabamisad, mravalganzomilebianobis 

dadgena xdeba winapirobiT kursebsa da Sesabamis gamocdebTan mimarTebaSi. 

naSromis struqtura da moculoba 

Tezisuri naSromi moicavs 134 gverds da Sedgeba 3 Tavis, gamoyenebuli 

wyaroebis CamonaTvalisa da grafikebisa da cxrilebis  danarTi sagan. 

problemis gansazRvra 

davasaxeloT moTxovnaTa erToblioba, romelic ganisazRvreba 

saganmanaTleblo dawesebulebis mier rogorc sanimuSo gamocdis modeli, xolo 

amis Semdeg realuri (aqtualuri) gamocdis Sedegebi, romlebic aqtualur models 

warmoadgenen. amas mivyavarT Semdegi problemis gansazRvrasTan: aqtualuri 

modelis sanimuSo modelTan daaxloebis (siaxlovis) Sefaseba.  



9 
 

axla Cven gagvaCnia orive modeli maTematikuri formiT. am TvalsazrisiT, 

Semogvaqvs parametrebi sanimuSo modelisTvis: α0 aris M-is sasurveli xvedriTi 

wili, romelic ganisazRvreba winapirobebis (wanamZRvrebis) meSveobiT (igi SeiZleba 

iyos, magaliTad, M-is 30%) 

(formula...) TiToeuli k winapirobis (wanamZRvris) xvedriTi wili; 

aRvniSnoT winapirobebis (wanamZRvrebis) jamuri xvedriTi wili rogorc 

(formula...) 

SezRudvis (1) mniSvneloba advilad gasagebi xdeba, rom aqtualuri gamocdis 

winapirobebisa (wanamRvrebis) an internaluri ganzomilebebis saboloo Sedegis 

gavlena unda udrides calkeuli ganzomilebebis martiv jams.  

zemoT moyvanili formula gulisxmobs, rom winapirobebis (wanamZRvrebis) 

jami gansazRvravs amis gaTvaliswinebiT aqtualuri gamocdis SesaZlo  α0% 

gaangariSebas.  

da cxadi xdeba, rom: 

(formula..…) aris SesaZlo gaangariSebaTa xvedriTi wili, romelic 

ganisazRvreba aqtualuri gamocdis codnis meSveobiT.  

amrigad, sanimuSo modeli warmodgenilia αί
0-is mniSvnelobebis erTobliobis 

saSualebiT, roca (ί=1,2,…,k) (1), sadac k  winapirobebis (wanamZRvrebis) ricxvia.  

sanimuSo gamocdis Sedegebi SeiZleba warmodgenili iqnes Semdegi wrfivi 

modelis saxiT: 

(formula..) matricis aRniSvnis sistemaSi 

(formula..), sadac γ warmoadgens empiriul gaangariSebaTa intervalis 

veqtors (α,formula..) iZleva (γ..) gaangariSebis xvedriT wils saboloo Sedegis 

ganayofs, da amdenad (1- αί
0) γ aris wili, romelic ganisazRvreba unaris mixedviT 

disciplinis sazRvrebSi, romelic winapirobebis mier ar aris gaTvaliswinebuli.  
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amdenad, winapirobebis (wanamZRvrebis) Sedegebis matricis arsebobis 

SemTxvevaSi, jer gvaqvs sanimuSo modelis parametrebi (formula..) da Semdeg 

vaxdenT misi siaxlovis Sedarebas aqtualuri modelis parametrebTan (formula..). 

ori veqtoris siaxlove unda ganixilebodes rogorc gamocdis Sedegebis dadebiTi 

Sefaseba, radgan internaluri ganzomilebebis struqtura akmayofilebs xarisxis 

moTxovnebs, gamovlenils sanimuSo modelis mier.  

zemoT aRniSnuli debuleba warmoWris ganzomilebebis bunebrivi SezRudvis 

problemas, dadgenils SefasebiT koeficientebze: (formula..) 

mniSvneloba (3) gulisxmobs, rom SefasebiTi koeficientebis jami unda 

uaxlovdebodes α0-s. Cven Semogvaqvs ori cneba: 

1. siaxlove TiToeuli ganzomilebisTvis; 

2. siaxlove mTlianobaSi. 

aRsaniSnavia, rom sixlovis testireba mTlianobaSi gatarebuli SezRudvis 

testirebis (3) eqvivalenturia. 

modeli (2) parametrebis Sefaseba warmoadgens mravalganzomilebiani wrfivi 

regresiis parametrebis Sefasebis problemas. unda ganvixiloT am modelis        

midgomebis ori SemTxveva: 

1. xy matricis (winapirobebis gaangariSebebi) veqtorebi arian 

arakolerilebadi an dabali korelaciis: es gulisxmobs, rom maTi 

kovariaciuli matrica singularulia da maTi inversiuli matrica 

arsebobs.  

2. xy matricis veqorebi Zlier korelirebadia: rac niSnavs, rom maTi 

kovariaciuli matrica singularulia, xolo maTi inversiuli 

matrica ar arsebobs, an misi determinanti 0-s uaxlovdeba, aqedan 

gamomdinare, matrica gaumarTavia; cxadia, rom es SemTxvevebi 

moiTxovs gansxvavebul midgomebs.  

internaluri ganzomilebebis determinacia da winapirobebis (wanamZRvrebis) 

gansazRvra 
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principuli komponentebis meTodi 

singularul mniSvnelobaTa danawevreba (The Singular Value 

Decomposition) (Hardle,W.; Simar, L., 2003) wrfivi algebris erT-erT mniSnelovan 

instrumentad iTvleba. singularuli mniSvnelobebis danawevrebaSi cnobilia, rom 

nebismieri matrica (formula..) SeiZleba warmodgenili iqnes rogorc sami matricis 

produqti. esenia marcxena singularuli veqtoruli matrica (formula..), 

singularuli L mniSvnelobebi, romelic SeiZleba naCvenebi iqnes rogorc 

diagonaluri matrica arauaryofiTi CanawerebiT, da marjvena singularul 

veqtoris (formula..) gadaxra. x danawevrebis singularuli mniSvneloba mocemulia: 

(formula..),  

sadac UU da V unitaruli matricebia, U svetebi arian XTX-is 

orTonormaluri veqtorebi (eigenvectors) da L diagonaluri matrica, romelic 

Seicavs  mniSvnelobebis (eigenvalues) kvadratul fesvebs U-dan, an V-dan daRmaval 

rigSi (Baker,2013).  

(formula..) aris orTonormaluri, Tu, 

1. (formula..) (roca ki (formula) veqtorebi ormxriv 

orTogonaluria), da, 

2. (formula..) (isini yvela unitaruli matricebia) (Lerner,2008). 

 veqtorTa erToblioba orTonormaluria, Tu TiToeuli veqtoris norma 

erTobliobaSi erTmaneTis igiveobrivia. roca U da V orTonormaluria, maTi norma 

aris (formula..). radgan U da V unitaruli matricebia, (formula..). 

cxadad Cans mimarTeba SVD da PCA Soris, romelic qvemoT mokled aris 

ganmartebuli: 

martivad PCA moiTxovs X kovariaciuli matricis mniSvnelobebisa 

(eigenvalues) da veqtorebis (eigenvectors) gamoTvlas, romelic XXT produqtia. 

ramdenadac kovariaciuli matrica aris marTkuTxa da simetriuli matrica da 

veqtorebi (eigenvectors) SeiZleba normalizebuli iqnes imgvarad, rom isini 
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orTonormalurni iyvnen, sadac =ULVT; PCA gamoyenebadia am kovariaciisadmi Semdegi 

gziT (formula..) 

sadac L2 diagonaluri matricaa, romlis diagonalur elementebs XXT 

mniSvnelobebi (eigenvalues)  (formula..) Seadgenen. aq damokidebuleba advilad 

SesaZlebelia davinaxoT: XXT mniSvnelobebis (eigenvalues)  kvadratuli fesvebi 

warmoadgenen X-is singularul mniSvnelobebs (Grodner&Grove, 2007). es kavSiri 

dagvexmareba PCA da SVD gamoviyenoT mocemuli kvlevis miznisTvis SeTanxmebis 

sazRvrebSi.  

Tu gavaormagebT 19 tolobis orive mxares marjvena singularuli  V 

veqtoris meSveobiT, toloba Semdeg saxes miiRebs: (formula..). am SemTxvevaSi, Cven 

SegviZlia gamovTvaloT principuli komponentebi marcxena U singularuli 

veqtoris gaormagebis safuZvelze da L singularuli mniSvnelobis diagonaluri 

matrica, an X matricisa da V marjvena singularuli veqtoruli matricis 

gaormagebis gziT. (formula..) (6) 

orive warmoadgenen principul komponentebs, romlebic SeiZleba aRiniSnos rogorc 

”P” da Tu Cven X-s SevcvliT X-is singularuli mniSvnelobis danawevrebiT, 

(formula..) unda iyos (formula..), da Tu UL=P, “Y” SeiZleba warmodgenili iqnes 

rogorc y=PVTα+ε (7). Tu Cven VTα-s aRvniSnavT β-d, maSin y=Pβ+ε (8). Tu Cven 

SegviZlia vipovoT amgvari β, maSin α SeiZleba gamoviyvanoT Semdegi formulidan 

VTα= β. (9) 

α veqtoris regresiis koeficientebi SeiZleba vipovoT X-is principuli 

komponentebis gamoyenebiT, romlebic aRniSnulia rogorc P. naTelia, rom pirvelad 

β unda gamoiTvalos.  

regresiis koeficientebis Teoriuli Sefaseba principuli komponentebisa da Sida 

ganzomilebebis ganawilebebis mixedviT 

β-s Sefasebis Semdeg α unda gamoiTvalos tolobidan (9). α veqtoris 

regresiis koeficientebi SeiZleba vipovoT principuli komponentebis regresiis 

meTodologiis (PC) saSualebiT. 
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2.1 definicia saSualebas iZleva Y-iT aRiniSnos (nхk) monacemTa matrica, 

sadac n≥k. nebismieri simetriuli matrica (kхk) S, romlis (i,j) elementi zomavs Yi 

da Yj cvladebs Soris kavSiris xarisxs, cnobilia rogorc asociaciuri matrica. 

statistikaSi oTxi tipis Gramian-is asociaciuri matrica (Gentle,2007) gamoiyeneba. 

Sida produqtis matrica, Cosine matrica, kovariaciuli matrica da korelaciuli 

matrica.  

oTxive tipis matricas saerTo buneba gaaCnia, Tumca maT agreTve,  gamoarCevs 

ramdenadme gansxvavebuli maxasiaTeblebi. Cven ar SevudgebiT maT ufro 

dawvrilebiT ganxilvas, mxolod gamovyofT im maxasiaTeblebs, romlebic 

regresiuli analizis dros gamoiyeneba da imave saboloo Sedegebs uzrunvelyofs 

(gamoTvliTi TvalsazrisiT). momavalSi ki ufro metad gamoviyenebT Sida 

produqtis matricas (Inner Product Matrix) kovariaciuli matricis nacvlad. 

aRsaniSnavia, rom PC matrica Sedgeba mxolod k svetebisgan, sadac k-s ricxvi L 

matricis aranulovani singularuli mniSvnelobis ricxvis tolia. amrigad, U-s 

singularuli mniSvnelobebisa da pirveli k svetebis gamoyeneba SesaZlebelia  P 

matricis nхk aRsaniSnavad rogorc veqtorebis svetebis danawevrebisa, romelic 

mocemulia qvemoT (formula..), sadac Pi aris i
th principuli komponenti. 

Cveni mizani mdgomareobs principuli komponentebis gamoyenebiT β 

koeficientebis povnasa da amis Semdeg α regresiis koeficientebis gansazRvraSi 

internaluri ganzomilebebis gavlenis identifikaciisTvis. am mxriv, mizanSewonilia 

y, P1,P2,P3,…Pk veqtorebis sistemis (IPM) Sida produqtis matricis ganxilva. roca 

veqtorebis sistemis IPM aris (formula..) 

kargad cnobili faqtia, rom monacemTa multivariaciuli normaluri 

ganawilebiTvis, y iSviaTi veqtoris pirobiTi molodinis pirobebSi garkveuli 

damoukidebeli Pi (i=1,2,…,k) cvladebisTvis, SeiZleba warmodgenili iqnes rogorc 

(formula..) 

principuli komponentebi aris geometriulad “orTogonaluri” erTmaneTis mimarT, 

roca isini warmoadgenen orTogonalur singularul veqtorebze sawyisi Canawerebis 

proeqcias. aqedan gamomdinare, cxadi xdeba, rom Σ22 qvematricis sazRvrebSi 
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diagonaluri elementebis garda yvela danarCeni wertilovani produqti nulia, 

roca Pi da Pj orTogonaluria. metic, roca singularuli veqtorebi 

orTonormaluria ||Ui||=1, (formula..) (10) da amitom Σ22 SeiZleba warmodgenili iqnes 

rogorc LT da L-is wertilovani produqti. amrigad, (formula..) (11). 

aRniSnul gamoangariSebebsa da principul  komponentebs Soris Sida 

produqtebis veqtoris gamosaTvlelad, romelic warmodgenilia rogorc Σ12, Cven 

gamogvyavs momdevno Sida produqti (formula..) (12) 

rogorc Sedegi Σ12 aris 1xk mwkrivis (an striqonis) veqtori da (Σ-1
22) aris kxk 

kvadratuli matrica, regresiis korelaciis β koeficienti unda iyos 1xk mwkrivis 

(horizontaluri) veqtori (formula..) (13) axla Cven SegviZlia α SevafasoT β-sTan 

mimarTebaSi. (formula..) (14) 

amrigad, zemoT warmodgenili midgoma moicavs or safexurs: 

3. winapirobiTi gamoangariSebebis singularuli veqtorebisa da 

singularuli mniSvnelobebis gamoTvlas; 

4. (13) da (14) formulebis gamoyenebas regresiis koeficientebis 

gamosaTvlelad. 

es midgoma (SVD algoriTmTan erTad Rank Tensors Approximation-is 

daxmarebiT) saSualebas iZleva Tavidan aviciloT inversiuli kovariaciuli 

matricis gamoTvla, umciresi gaTanabrebis meTodebis procedura da martivad 

uSvebs mis gamoyenebas regresiuli koeficientebis moZiebisTvis uSualod formula 

(14) saSualebiT. 

multikolinearulobis SemTxvevaSi, viyenebT mosaZiebeli koeficientebis 

gamosaTvlelad analitikuri gamosaxulebebis nacvlad principul komponentebze 

standartul regresiul proceduras (13) da (14). es regresia iZleva β 

koeficientebs, romlebic ASeiZleba gardaiqmnan α-d formula (14) saSualebiT. 

internaluri (implicituri) ganzomilebis TiToeuli ganawilebis dasaSvebi 

daaxloebis Teoriuli definicia da aqtualur da sanimuSo modelebs Soris am 

ganawilebaTa saboloo Sedegebis gavlena 
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aRniSnuli xarisxebi SeiZleba warmovadginoT Semdegi wrfivi refresiis 

modelis saxiT y=Xα+ε, sadac alfa mniSvnelobebi SefasebiTi mniSvnelobebia; ε 

aris damoukidebeli iSviaTi  nbiSvnelobebis normaluri ganawilebis ormxriv 

mimarTuli veqtori nulovani mniSvnelobiT.  

savaraudo xarisxebi SeiZleba aRiniSnos rogorc (formula..) (15) 

sanimuSo gamocdis xarisxebi SeiZleba warmovadginoT rogorc yt=Xα0 (16), sadac α0 

aris Sida ganzomilebebis sasurveli (sanimuSo) ganawilebebi gansazRvruli 

winapirobebis mier. amis gaTvaliswinebiT, unda Sefasdes α da α0 veqtorebis sixlove 

gamocdis daSvebadobis testirebisTvis. radganac α da α0 orive k-ganzomilebiani 

veqtorebia, saWiroa orive SemTxvevis testireba: 

1. α da α0 veqtorebis TiToeuli koordinatis (TiToeul ganzomilebaSi) 

statistikuri siaxlove aris (formula..) (17) da 

2. α da α0 veqtorebis komponentebis jamTa daaxloeba, rac aris 

siaxlove mTlianobaSi (formula..) (18) 

1. statistikuri siaxlove TiToul ganzomilebaSi  

α da α0 siaxlovis Sedarebisa da H0 nulovani hipoTezebis WeSmaritebisa Tu 

mcdarobis verifikaciis mizniT, gamoiyeneba mniSvneladobis testi (Gujarati, 2004; 

Rencher, 2002), t-testi. mxedvelobaSi unda viqonioT is, rom ori an (meti) iSviaTi 

cvladebis normaluri ganawilebis jamis ganawilebac warmoadgens agreTve, 

normalur ganawilebas, romlis molodini da variacia tolia molodinebisa da 

variaciebis jamisa; am konteqstSi, mniSvneladobis testi iqneba (formula..) (19), 

sadac N: xdomilebaTa (dakvirvebebis) ricxvia, N-K: Tavisuflebis xarisxi, S: 

regresiis modelis saboloo cTomileba, Q: damoukideli cvladebis kovariaciuli 

matrica. (formula..) aris jami Secdomebis fesvidan (20), maSin (formula..) (αi 

regresiis koeficientis standartuli deviacia) (21) 

Cven SegviZlia uarvyoT nulovani hipoTeza, Tu (formula..) (22) 

roca sandoobos xarisxi aris α=0,05, da tα/2,N-k aris kritikuli mniSvneloba t-

cxrilidan. am SemTxvevaSi amboben, rom gamoTvlebi statistikurad mniSvneladia, 
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roca t-mniSvneloba xvdeba kritikul regionSi. SegviZlia vipovoT αi Semdegnairad 

(formula..) nulovani hipoTezis Sesabamisad (17) (formula..) da (formula..) 

Tu gamoTvlili mniSvneloba xvdeba dasaSveb regionSi, SegviZlia davuSvaT, rom αi 

da αi
0 Soris gansxvavebis mizezi iSviaTobaa. da SesaZlebelia davuSvaT, rom αi-αi

0 

≈0. 

2. statistikuri siaxlove mTlianobaSi 

mizanSewonilebis kriteriumebis gansazRvrisTvis unda gamoiTvalos iSviaTi 

αi(i=1,2,..,k)  cvladebis k normaluri ganawilebis jamis ganawileba araiSviaTi 

mudmivas (formula..) meSveobiT. wina SemTxvevis msgavsad, kvlav unda iqnes miRebuli 

mxedvelobaSi, rom k iSviaTi cvladis normaluri ganawilebis jami kvlavac 

normaluri ganawileba iqneba, romlis molodinebi da variaciebi tolia 

molodinebisa da variaciebisa jamisa. am SemTxvevaSi t-testi iqneba (formula..) (23) 

Tu gamoTvlili t-mniSvneloba dasaSveb regionSi xvdeba, SegviZlia 

davuSvaT, rom gansxvaveba (formula..) Soris iSviaTobis mizeziT aris 

ganpirobebuli. da SesaZlebelia nulovani hipoTezis dadastureba (formula..)  

sxva SemTxvevaSi, didi t-mniSvneloba mowmobs nulovani hipoTezis 

sawinaaRmdegod da igi ganixileba sistematur Secdomad, roca t Sefaseba misaRebi 

regionis gareT imyofeba. aqedan gamomdinare, (formula..) (24) 

raodenobrivi magaliTi: internaluri ganzomilebebis determinacia da 

winapirobebis gavlenis gansazRvra principuli komponentebis meTodiT 

Tezisuri naSromis gamoyenebiT nawilSi mocemulia 12 gansxvavebuli 

konkretuli SemTxvevis kvleva. erT-erTi maTgani qvemoT aris moyvanili SerCeviTi 

gamoyenebis saCveneblad. igi SerCeulia 3.3 ganyofilebidan. winapirobebi dabali 

korelaciisaa. 200x3 simulaciuri kvlevis Semdeg A matrica ganisazRvreba rogorc 

damoukidebuli cvladebis “Y” veqtorisa da ori winapirobiTi veqtorebis 

kombinacia. damokidebuli Y cvladi ganixileba rogorc α% interesis gamocdis 

pirobebSi. Y saxeldeba rogorc aqtualuri gamocda da X1 da X2 damoukidebeli 

cvladebis veqtorebi ganixileba Sesabamisad, rogorc winapirobiTi 1 da 
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winapirobiTi 2. (formula..) aris normaluri ganawileba da maTi ganawilebis 

normaluroba gamosaxulia qvemoT moyvanil histogramaze. 

dabali korelacia or winapirobas Soris ilustrirebulia qvemoT 

gafantulobis diagramaze. maT Soris korelacia aris 0.20. (dabali korelaciis 

monacemebis grafiki..) grafiki 12: or winapirobas Soris dabali korelaciis 

diagrama 

sanimuSo modelis internaluri ganzomilebebis sasurveli ganawileba 

ganisazRvreba rogorc α1
0=0.15, α2=0.2 winapiroba 1-sa da winapiroba 2-sTvis. 

aqtualur gamocdaSi sasurveli saboloo Sedegis gavlena Seadgens α0=α1
0+ α2

0=0.35. 

Tu aqtualuri gamocda sami ganzomilebisaa, ori maTgani unda ukavSirdebodes ori 

winabirobiTi gamocdiT da erTi ganzomileba Tavad aqtualuri gamocdiT. 

implicituri ganzomilebebis regresiis koeficientebis gasagebad igi unda aRiweros 

(formula..) saSualebiT. 

winapirobebis uSualo gamoyenebis sanacvlod kvlevaSi gamoiyeneba 

principuli komponentebi. pirvel rigSi, kolinearulobis Tavidan acilebisa da 

meorec, regresiis koeficientebis Sefasebis simartivisTvis warmodgenilia 

mravalganzomilebiani analizi principuli komponentebis safuZvelze. pirobiTi 

ganawilebis fundamenturi komponentebis gamoyenebiT ganisazRvreba internaluri 

ganzomilebebis ganawilebebi.  

A matricis nacvlad Semdegi B matrica miiReba mxedvelobaSi, romelic 

ganisazRvreba aqtualuri Y gamocdisa da ori principuli komponentis mier: 

(formula..). 

SVD meTodologiis gamoyenebiT marjvena da marcxena singularuli 

veqtorebi gamoiTvleba da ganisazRvreba rogorc V da U. U-s damoukidebeli 

cvladebis (winapirobebis) wertilovani produqtis principuli komponentebisa da 

matricis L singularuli mniSvnelobebis misaRebad (P=U*L) gamoiyeneba. 

rodesac Cven vicavT 2.5.2 ganyofilebaSi warmodgenil Teoriul 

procedurebs, aucilebelia Σ12 da Σ22 aRwera aRniSnuli regresiis koeficientebis 
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sapovnelad. am nawilSi Σ22 martivad ganisazRvreba rogorc LT da L-is Sida 

produqti, sadac L aris singularuli mniSvnelobebis veqtori. L-is diagonaluri 

elementebia 1181.623 da 259.66. es iZleva Σ22 da Σ22 Sefasebis SesaZleblobas Sida 

produqtis matricidan (Inner Product Matrix (IPM). aqtualuri gamocdis 

xarisxebisa da principuli komponentebis veqtorebis IPM sistema gamoiyeneba 

implicituri ganzomilebebis ganawilebebis gansazRvrisTvis. IPM aris: (formula..) 

roca y damokidebuli cvladis (aqtualuri gamocda) Sida produqti da 

winapirobebis principuli komponentebi gansazRvrulia 2.5.2 ganyofilebaSi rogorc 

(formula...), Σ12 SeiZleba napovni iqnes  MatLab-Si rogorc y-is wertilovani 

produqti da principuli komponentebi Semdegnairad: (formula..) amitom Σ12 aris 

(formula..) Σ12-s inversia aris: (formula..) 

 amrigad, Σ12Σ22
-1 iZleva βT-s da principuli komponentebis regresiis 

koeficientebi arian: (formula..) 

aqtualuri gamocdis xarisxebisa da mocemuli principuli komponentebis 

gamoyenebiT, 2.5.2. ganyofilebaSi aRwerili modelis daxmarebiT SeiZleba vipovoT 

V matricis  Semdegi marjvena singularuli veqtori: (formula..) V*β-s gamoyenebiT 

SefasebiTi implicituri ganzomilebebi arian: (formula..) 

am koeficientebis misaRebobis Sesadareblad t-statistika gamoiyeneba da es 

Sedareba xorcieldeba Semdegi kodirebis meSveobiT (formula..); 

rogorc zemoT aris naCvenebi, cTomilebis terminis garda aucilebelia 

winapirobebis mocemuli kovariaciuli matricis orive, rogorc sanimuSo, iseve 

aqtualuri modelis siaxlovis warmodgena: (formula..) 

vidre kovariaciuli matrica Σx zemoTaa da amofesvis Secdoma udris 1.3686, 

t-mniSvnelobebi napovnia rogorc 0.9211 da 0.8291 Sesabamisad, SefasebiT da 

savaraudo alfa koeficientebTan mimarTebaSi. kritikuli t-mniSvnelobis 1.6526 

mixedviT, mocemuli t-mniSvnelobebi aCveneben, rom SefasebiTi implicituri 

ganzomilebebis orive gavlenebi misaRebia Tavisuflebis xarisxisTvis 197. radgan t-

mniSvnelobebi ar aRemateba kritikul mniSvnelobas 0.05 mniSvnelad doneze, amitom 
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Cven ver uarvyofT nulovan hipoTezas, rac warmoadgens gasxvavebas SefasebiTi da 

sasurveli regresiis koeficientebs Soris da nulis tolia. garda amisa, rodesac 

vawarmoebT orive, SefasebiTi da sasurveli Sida ganzomilebebis saerTo Sedegebis 

gavlenebis siaxlovis Sedarebas,  gamoiyeneba qvemoT mocemuli Matlab kodi: 

(formula..) 

sasurveli da aqtualuri modelebis Sida ganzomilebebis ganawilebebis 

saerTo Sedegebis gavlenebis Sedarebisas -1.2371 t-mniSvneloba gamoiTvleba. es 

mniSvneloba  kidev erTxel imis maCvenebelia, rom sanam -1.2371 absoluturi 

mniSvneloba ar aRemateba t-kritikul mniSvnelobas, siaxlove mniSvneladia. es 

gaxlavT aqtualuri modelis saerTo Sedegis misaRebi gavlenis indikatori. 

aqtualur gamocdas gaaCnia keTilsaimedo mimarTeba sanimuSo modelis 

winapirobebTan. aseTive wesiT, igi aCvenebs, rom aqtualuri modeli ar moicavs da 

zomavs mxolod erT romelime unars da ar SeiZleba dakonkretdes romelime erT 

ganzomilebaze. aqtualuri modeli ori winapirobis ZaliTa da mesame mimdinare 

gamocdis gaTvaliswinebiT warmoadgens sam ganzomilebian mocemulobas. aqedan 

gamomdinare,  kursis Sefaseba xdeba ganzomilebianobisa da amavdroulad 

Tvalsazrisis xarisxis mixedviT. amitom fiqsirebuli mdgomareoba adasturebs imas, 

rom implimentirebuli kursi adekvaturi xarisxisaa fonuri codnis ufro farTo 

perspeqtivaSi saTanado gamoyenebisaTvis.  

arasasurveli aqtualuri modeli: erT-erTi SefasebiTi Sida ganzomileba da 

orive Sida ganzomilebis saerTo Sedegis gavlena mniSvnelovnad aRemateba 

“sasurvel koeficientsa da sasurvel saboloo Sedegis gavlenas”. 

saganmanaTleblo procesSi SeiZleba SevejaxoT sxvadasxva situaciebs, 

rodesac fokusireba kursis xarisxze xdeba. misaRebi, adekvaturi kursebis garda 

kursebis arasakmaris implimentacias SesaZloa adgili hqondes mTeli 

saganmanaTleblo ciklis ganmavlobaSi. sxvadasxva scenarebis gaTvaliswineba xdeba 

eqspertTa Sexedulebebis Sesabamisad, Cveni moxsenebis efeqturobis warmosadgenad 

gamokvleulia aq mocemuli arasasurveli (arakvalificiuri) SemTxveva. sasurveli 
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gavlenebi kargad organizebuli, damakmayofilebeli aqtualuri kursisTvis 

ganixileba rogorc α1
0=0.15;  α2

0=0.20. 

rogorc aRiniSna, Cvens kvlevaSi regresia ganxorcielda principul 

komponentebze. marjvena singularuli veqtoruli matrica, romlis povnac moxda 

singularuli t-mniSvnelobis danawevrebiT qvemoT aris naCvenebi (formula..) 

aqtualur gamocdaSi pirveli SefasebiTi regresiis koeficienti napovni iqna 

“α1=0.2024” da pirveli t-mniSvnelobis “0.9211” mixedviT, winapiroba 1 xvedriTi 

wili misaRebia. miuxedavad amisa, meore SefasebiTi internaluri ganzomilebis 

mixedviT α2=0.3478, mniSvneloba “2.5633” ufro didia, vidre t-kritikuli 

mniSvneloba “1.6526” Tavisuflebis xarisxisTvis 197, amitom situacia ar SeiZleba 

aixsnas rogorc iSviaTi da winapiroba 2-is ganawileba ar miiReba, amdenad arsebuli  

nulovani hipoTeza unda ugulebeliyos. 

ramdenedac ori winapirobis saboloo Sedegis gavlena udris 0.35 sanimuSo 

modelSi, aqtualur modelSi Sida ganzomilebis SefasebiTi koeficientis saboloo 

Sedegis gavlena 0.5502 tolia da es Sedegebi Zalze daSorebulia erTmaneTisgan. 

saboloo Sedegis gavlenis deviaciis (sanimuSo modelis Sida ganawilebis jami) 

Sedareba SefasebiTi modelis Sida ganawilebidan iwarmoeba sanimuSo modelis 

kovariaciis Sesabamisad, cTomileba aqtualuri modelis xarisxebsa da sasurveli 

modelis xarisxebs Soris Tavisuflebis xarisxisTvis 197 da t-mniSvneloba tolia -

2.4720 da igi ufro metia, vidre t-kriteriumis mniSvneloba “1.6526”, aqedan 

gamomdinare amgvari aqtualuri gamocda ar SeiZleba ganixilebodes rogorc 

misaRebi modeli SefasebiTi koeficientebis saboloo Sedegis gavlenis siZlierisa 

da sanimuSo koeficientebis gamoc. cxadi xdeba, rom es gamocda warmoadgens 

samganzomilebians (winapiroba 1, winapiroba 2 da aqtualuri gamocda), magram 

problema imaSi mdgomareobs, rom winamorbedi kursebis ganawileba aqtualur 

gamocdaSi Zlier aris warmodgenili.  

es situacia zemoqmedebs aqtualuri kursis xarisxze. ramdegadac meore 

winapirobis TiTqmis 35% ganmartavs mimdinare gamocdas, es SemTxveva SeiZleba 

ganvixiloT rogorc axali codnis gardaqmnis naklebobis indikatori, romelic 
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mimdinare semestrSi unda iqnes warmodgenili. aRniSnulis interpretireba 

gulisxmobs, rom aqtualuri gamocda mniSvnelovanwilad damokidebulia wina 

kursebze miRebul Zvel codnaze, ramdenadac implicituri koeficientebis saboloo 

jami daaxloebiT 0.55 tolia. es SemTxveva miuTiTebs axali kursis Zlier kavSirs 

fonur codnasTan. xarisxobrivi TvalsazrisiT, kursi unda zrdides studentebis 

unarebs; miuxedavad amisa, igi SeiZleba interpretirdes imgvarad, rom aRniSnuli 

SerCeviTi kursi mocemul garemoebas adekvaturad ar akmayofilebs. 

erT-erTi Sida ganzomilebis arasasurveli ganawileba, magram misaRebi 

saboloo Sedegi 

am ganyofilebaSi kvlevis mizani gansxvavebuli scenaris SemuSavebaSi 

mdgomareobs Cveni Teoriuli midgomis validurobis saCveneblad. am TvalsazrisiT, 

mizanSewonilia axali monacemebis gaformeba SefasebiTi axali komponentebis 

ganawilebis siZlieris safuZvelze. roca Cven martivad vaxdenT am monacemebis 

analizs uSualod MatLab kodirebiT, Cven vxedavT, rom SefasebiTi Sida 

ganzomilebebi arian Sesabamisad, 0.2524 da 0.1478 aqtualuri gamocdisTvis. amave 

dros, Sida ganzomilebebis ganawileba mocemulia rogorc 0.1500 da 0.2000 sanimuSo 

gamocdisTvis. pirveli winapirobis t-mniSvnelobis mixedviT, igi ganisazRvreba 

rogorc 1.7985 da statistikurad mniSvneladia, rom moxdes nulovani hipoTezis 

ugulvelyofa. es situacia aCvenebs, rom arsebobs gansxvaveba pirveli winapirobis 

SefasebiT Sida ganzomilebebis ganawilebasa da sanimuSo modelis pirveli 

winapirobis koeficients Soris, romelic ar SeiZleba aRiweros iSviaTobis mizeziT. 

amrigad, pirveli SefasebiTi ganawileba ar aris misaRebi. 

meore Sida ganzomilebis ganawilebis mixedviT, t-mniSvneloba miiReba 

rogorc -0.9042, rac aris is SemTxveva, romelic uSvebs meore SefasebiTi 

winapirobis ganawilebis miRebas. garda amisa, vidre SefasebiTi koeficientebis 

saboloo Sedegis gavlena daaxloebiT 40%-ia, es gavlena aqtualur gamocdaSi 

dasaSvebia, radgan t-mniSvneloba -0.6196 tolia. faqtobrivad, sasurveli saboloo 

Sedegis gavlena α0 iyo 35%. algebrulad es ar warmoadgens imdenad did 

gansxvavebas (mxolod 5%),  aqtualur gamocdaSi winapirobebis xvedriTi wilisTvis 
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es gansxvaveba SesaZlebelia misaRebi iyos t-mniSvnelobasTan mimarTebaSi. 

daskvnisTvis misi interpretireba SesaZlebelia imgvarad, rom aqtualuri gamocda 

warmoadgens samganzomilebians da igi daaxloebiT akmayofilebs sakvalifikacio 

gamocdis molodinebs.  

Sida ganzomilebebis arasasurveli ganawileba da saboloo Sedegis gavlenis 

dauSvebloba 

wina sam SemTxvevaSi gansxvavebuli SesaZleblobebi ganixileboda. amasTanave, 

meoTxe SemTxvevaSi Zalze mniSvnelovania axali scenaris SemuSaveba. axali 

monacemebis Sesabamisad, aqtualuri gamocdis Semdegi Sedegebi miiRweva.  

sasurveli sanimuSo modelis koeficientebi aRiwereba rogorc α1
0=0.15; 

α2
0=0.20. am sanimuSo parametrebisa da SefasebiTi ganawilebebis siaxlove dgindeba 

kvlav t-mniSvnelobebis mixedviT. t-mniSvnelobebi napovnia rogorc -1.7172 da -

2.1192 winapiroba 1 da winapiroba 2 Sesabamisad. orive maTgani aRemateba t-

kritikul mniSvnelobas da statistikurad Sida SefasebiTi ganzomilebis orive 

ganawileba ar aris dasaSvebi, amdenad nulovani hipoTeza ugulebelsayofia. es aris 

gamorCeuli gansxvaveba mosalodnel α1
0, α2

0 Sida ganawilebebsa da Sesabamisad, 

SefasebiT α1=0.0524; da α2=0.0778 koeficientebs Soris. am SefasebiTi regresiuli 

koeficientebis mniSvneloba gulisxmobs, rom orive winapiroba Zalze sustad 

monawileobs aqtualur gamocdaSi. 

rogorc ufro adre iqna aRniSnuli, orive winapiroba da aqtualuri 

gamocda TavisTavad efuZneba msgavs da paralelur unarebs. isini ganixileba imave 

samuSao CarCo kursebSi. am TvalsazrisiT, kursebs Soris damokidebuleba cxadia 

pedagogiuri mosazrebiT. sakiTxebze reagirebis Teoriis (Item Response Theory) 

moTxovnebis mixedviT, studentis unari invariantulia calkeul konkretul droSi. 

zogadad, “Tuki gamocdebis mdgomareoba da swavlebis done saimedoa”, maSin 

studenti warmatebulia/warumatebelia kursis farglebSi, igive studenti kvlavac 

warmatebuli/warumatebli unda iyos msgavsi an dakavSirebuli Temebisa Tu 

Sesabamisi axali kursebis sazRvrebSic. es midgoma SeiZleba ganzogaddes agreTve, 

studentTa jgufzec. aqedan gamomdinare, damokidebuleba mimdinare kurssa da 
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winamorbed kursebs Soris, romlebic aq moxseniebulia rogorc winabirobiTi 

kursebi, SesaZlebelia gaanalizdes aRniSnuli kursebis sagamocdo Sedegebis 

gaTvaliswinebiT. SeZenili codnis gamoyeneba mniSvnelovania kursis donis 

gasaumjobeseblad, radgan axali codna da axali unarebi am safuZvelze 

konstruirdeba. saganmanaTleblo procesis araadekvaturi done ar moicavs amgvar 

bazisebs. winapirobebis refleqsia unda warmoebuli iqnas kargi xarisxis gamocdaSi.  

am konteqstSi, roca kvalificiur kursSi winapirobebis mosalodneli 

gavlena ganisazRvreba 15% (α1
0=0.15), Tu winapirobis ganawileba Zalze dabalia 

(TiTqmis 5%) msgavsad zemoT moyvanili (α1=0.0524), es situacia SeiZleba 

interpretirdes rogorc adreSeZenili codnis nakleboba, an adreSeZenili codnisa 

da aqtualuri codnis kavSiris nakleboba.  

mocemulia α2
0=0.20, magram SefasebiTi ganawileba aris α2=0.0778 winapiroba 2-

isTvis. am koeficientebis mixedviT, mniSvnelobebi miiReba -1.7172 da -2.1192 da orive 

aRemateba kritikul t-mniSvnelobas (1.6526). aqedan gamomdinare, orive Sida 

SefasebiTi ganzomilebis gavlena aqtualur gamocdisTvis ar aris dasaSvebi. 

mimdinare kursSi damokidebuleba fonur informaciasa da axal codnas Soris 

sakmarisad ar miiCneva. metic, aRniSnul Sida ganzomilebebis SefasebiT ganawilebebs 

Soris saboloo Sedegis gavlena uTanabrdeba 13%-s da mosalodneli saboloo 

Sedegis gavlena ganisazRvreba rogorc 35%. t-testis meSveobiT aRiwereba am 

saboloo Sedegis gavlenebis siaxlove. SesaZloa, aqtualuri modeli da sanimuSo 

modeli Zalze daSorebulia erTmaneTisgan saboloo Sedegis gavlenis analizis 

TvalsazrisiT t-mniSvnelobis (2.7146) pirobebSi. amrigad, aqtualuri modeli ar 

aris misaRebi da dasaSvebi. aqtualuri kursi Zalze koncentrirebulia erT 

ganzomilebaze, Tavad kursze. 

daskvnebi 

kursi da Sesabamisi aqtualuri gamocda SemuSavebulia ganzomilebadobisa da 

amavdroulad, xarisxis TvalsazrisiT. ZiriTadad arakorelirebadi, dabali 

korelaciisa da multikolinearuli sami gansxvavebuli SemTxveva gamoiyofa da 

SemuSavebulia gamocdis ganzomilebianobis dadgenis mizniT. dawvrilebiT garCeulia 
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oTxi gansxvavebuli SemTxveva da aqedan gamomdinare, Sesabamisi faqtebia ganxiluli 

da interpretirebuli:  

SemTxveva 1: aqtualuri modelisa da sanimuSo modelis sasurveli siaxlove 

SemTxveva 2: arasasurveli aqtualuri modeli, roca erT-erTi SefasebiTi 

Sida ganzomilebisa da orive Sida ganzomilebis saboloo Sedegis gavlena 

aRemateba “sasurvel koeficientsa da sasurveli saboloo Sedegis gavlenas”. 

SemTxveva 3: erT-erTi Sida ganzomilebis  arasasurveli ganawileba, magram 

dasaSvebi saboloo Sedegis gavlena. 

SemTxveva 4: orive Sida ganzomilebis arasasurveli ganawileba da miuRebeli 

saboloo Sedegis gavlena. 

pirveli da mesame SemTxvevebis Sedegebis mixedviT, zogadad, amgvari 

gamocdebi arian samganzomilebiani, sakvalifikacio gamocdis  

 

 

molodinebi TiTqmis damakmayofilebelia orive SemTxvevaSi. Tumca meore 

SemTxvevaSi, kurss Zlieri damokidebuleba gaaCnia fonur codnasTan  da igi ar 

warmoadgens moTxovnad situacias. meoTxe SemTxvevaSi aqtualuri modeli da 

sanimuSo modeli Zalze daSorebulia erTmaneTisgan da es situacia ganixileba ori 

gansxvavebuli faqtis mixedviT. erTis mxriv, aqtualuri gamocda Zalze 

koncentrirebulia erT ganzomilebaze (Tavad axali kursis masalaze), rac 

winapirobebs Soris Zalze susti kavSiris maCvenebelia; meores mxriv, winapirobiT 

kurssa da aqtualur kurss Soris Zalze Zlieri damokidebuleba fiqsirdeba, 

aqtualuri gamocda aris jer kidev samganzomilebiani, magram winapirobebis 

zemoqmedeba arasasurvelad aRemateba mosalodnel ganawilebebs.  

publikaciebi 
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