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amocnobis saimedoobis prognozireba klasterirebis  

Sedegebis mixedviT 

oTar verulava, Tea Todua, laSa verulava 
saqarTvelos teqnikuri universiteti 

reziume 

ganixileba amocnobis procesis prognozirebis problema klasterirebis Sedegebze 
dayrdnobiT. kerZod, Semotanilia saxeebis (klasterebis) gavlenis zonis cneba, ris 

saSualebiTac xdeba amocnobis procesSi SesaZlo Secdomebis prognozireba. mocemulia 
gavlenis zonebis TanakveTisa da araTanakveTis SemTxvevebi. rogorc am ukanasknelis kerZo 
SemTxveva, ganxilulia arakompaqturi klasterebic.  

sakvanZo sityvebi: saxeTa amocnoba. klasterireba. gavlenis zonebi. prognozireba.  

 

1. Sesavali 

amocnobis saimedoobis prognozirebisaTvis gamoiyeneba klasterirebis procesi 
ranguli kavSirebiT [1,2,3], romlis Sedegebi saSualebas gvaZlevs davadginoT klasterebis 
Semdegi maxasiaTeblebi: 

1. klasterebis raodenoba; 
2. TiToeul klasterSi Semavali realizaciebis nusxa da maTi raodenoba; 
3. klasteris agebis maxasiaTebeli – agebis rangis mniSvneloba; 

4. klasterebis ganmxoloebis maCvenebeli – rangebis gamotovebebis raodenoba. 
klasterirebis oTxive maxasiaTebeli warmoadgens skalarebs, romelTa mniSvneloba 

miT ufro sandoa, rac ufro metia realizaciaTa raodenoba TiToeuli saxis saswavlo 

nakrebSi. realizaciaTa simravlis warmomadgenlobiTobis piroba sakmaod mkacri moTxovnaa 
da misi dakmayofileba praqtikuli amocanebisaTvis xSirad ver xerxdeba, amitom iyeneben 
empiriul kriteriums, rac SemdegSi gamoixateba: rac metia receptoruli velis 

ganzomileba, miT meti unda iyos realizaciebis raodenoba TiToeuli saxis saswavlo 
nakrebebSi. 

warmovadginoT ramdenime cneba klasterirebis Sedegebis Sesafaseblad.  

gansazRvra 1. klasteri kompaqturia, Tu masSi gaerTianebulia mxolod erTi saxis 
realizaciebi, winaaRmdeg SemTxvevaSi klasteri arakompaqturia.  

gansazRvra 2. saxe kompaqturia, Tu igi warmodgenilia mxolod kompaqturi 

klasterebiT, winaaRmdeg SemTxvevaSi saxe arakompaqturia.  

 

2. amocnobis saimedoobis prognozireba kompaqturi saxeebisaTvis 

davuSvaT, saxeTa realizaciebis X simravle klasterirebulia da miRebulia 
klasterirebis zemoT mocemuli maxasiaTeblis mniSvnelobebi. simartivisaTvis davuSvaT, 

rom saxeTa   simravlidan aRebulia ori iA   da jA  elementi, romlebisTvisac unda 

ganisazRvros sworad amocnobis an Secdomis daSvebis albaTobebi.  

davuSvaT, rom iA  da jA  saxeebi kompaqturia da maTi Sesabamisi klasterebis 

ganlageba niSanTa sivrceSi analogiuria sur. 1-ze naCvenebi SemTxvevisa.  
ganvsazRvroT sxvadasxva klasterebSi Semaval realizaciebs Soris minimaluri 

manZili, rac warmoadgens simravleebs Soris hausdorfis metrikas.  

davuSvaT, hausdorfis metrika xorcieldeba ii AX ∈  da jj AX ∈  realizaciebze 

(sur. 1). ganvsazRvroT maqsimaluri manZili iX  da jX  realizaciebidan Tavisave 

klasterSi Semaval realizaciebamde, romlebic 1-el naxazzea warmodgenili Sesabamisad 

gX  da lX  wertilebiT – realizaciebiT. 
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SemovxazoT iX  da jX  wertilebidan (realizaciebidan) hipersferoebi (wrewirebi) 

gi XX  da lj XX  radiusebiT.  

gansazRvra 3. iA  saxis gavlenis zona jA  saxis mimarT ewodeba niSanTa sivrcis im 

nawils, romelic SemosazRvrulia gi XX  radiusiT Semowerili hipersferoTi.  

gansazRvra 4. jA  saxis gavlenis zona iA  saxis mimarT ewodeba niSanTa sivrcis im 

nawils, romelic SemosazRvrulia lj XX  radiusiT Semowerili hipersferoTi. 

miviRoT mxedvelobaSi, rom zemoT moyvanili gansazRvrebebi SesaZlebelia 

gamoviyenoT saxeTa A simravlis elementebis nebismieri wyvilisaTvis.  
ganvixiloT gavlenis zonebis ganlagebis ramdenime SemTxveva: 
1. gavlenis zonebi ar ikveTeba. 

iA  da jA  saxeebisaTvis es niSnavs, rom gi XX  da lj XX  radiusiani 

hipersferoebi ar ikveTebian (sur.1), rac aRiwereba Semdegi gamosaxulebiT: 

  giljgi XXXXXX <+     (1) 

ranguli kavSirebiT klasterirebis Sedegebis mixedviT ki gveqneba Semdegi 
utoloba:      

                 );();();( jiljgi XXRankXXRankXXRank <+  

2. gavlenis zonebi ikveTeba (nax.2). 
cxadia, rom gavlenis zonebis gadakveTa ar niSnavs klasterebis TanakveTas, radgan 

aseT SemTxvevaSi dairRveoda saxeebis kompaqturobis piroba.   

 

 
me-2 naxazze gamosaxuli SemTxveva SesaZloa warmoavadginoT Semdegi 

utolobiT: 
XiXg + XjXl  > XiXj                           (2) 
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ranguli kavSirebis mixedviT gveqneba:  
Rank(Xi;Xg)+Rank(Xj;Xl)>Rank(Xi;Xg) 

amocnobis saimedoobis prognozireba emyareba Semdeg aqsiomebs: 

aqsioma 1. nebismieri saxis realizaciebi sxva saxis mimarT SesaZloa gamoCndes 
mxolod Tavis gavlenis zonaSi am saxis mimarT.  

aqsioma 2. amocnobis prognozirebuli saimedooba ganisazRvreba mocemuli saxis 

gavlenis zonaSi arsebuli realizaciebis raodenobis fardobiT klasterSi moTavsebul 
realizaciebis mTel raodenobasTan.  

aRvniSnoT iA  saxis realizaciebis raodenoba iM -iT, xolo ijM -iT im 

realizaciebis raodenoba, romelic ganlagda jA  saxis gavlenis zonaSi. amocnobis 

Secdomis (avRniSnoT 
−

ijP -iT) Sesafaseblad aqsioma 2-is mixedviT, gveqneba: 

i

ij
ij M

M
P =−

         (3) 

sadac 
−

ijP - Secdomis albaTobaa, Iji ,1, = , .ji ≠  

sworad amocnobis albaTobebisaTvis, avRniSnoT 
+

ijP , gveqneba: 

−+ −= ijij PP 1  

aqsioma 1-dan gamomdinare, Tu gavlenis zonebi ar ikveTeba, maSin am zonebSi sxva 

saxis realizaciebis gamoCenis albaToba tolia nulis, Sesabamisad, gveqneba  0=ijM  da 

gamosaxuleba 3-is mixedviT miviRebT, rom 0=−
ijP  ⇒   1=+

ijP  

amocnobis saimedoobis Sesafaseblad gamoviyenoT gavlenis zonebis TanakveTis 
maqsimaluri siganis fardoba klasterebs Soris hausdorfis metrikiT gansazRvrul 

manZilTan. TanakveTis zonis maqsimaluri sidide me-2 naxazze aRniSnulia 21QQ  manZiliT. 

mis manZilis gamosaTvlelad gamoviyenoT Semdegi gamosaxuleba: 

)( 2121 jiji XQQXXXQQ +−=     (4) 

;111 QXXXQX jji −=  22 QXXXXQ ijij −= . CavsvaT gamosaxuleba (4)-Si 

11QX  da jXQ2 miRebuli mniSvnelobebi; miviRoT mxedvelobaSi, rom gii XXQX =1  da 

ljj XXQX =2 ; martivi gardaqmnebiT miviRebT:  

giljji XXXXXXQQ ++−=21    (5) 

imis gamo, rom 21QQ  sidide manZilia da amis gamo dadebiTi sididea, aseve 

saimedoobis mniSvnelobebi mxolod arauaryofiTi skalarebia, amitom miviRoT, rom  

||21 giljji XXXXXXQQ ++−=   (6) 

amocnobis saimedoobis Sesafaseblad gveqneba: 

ji

giljji
ij XX

XXXXXX
P

|| ++−
=−

  (7) 

igive SeiZleba viangariSoT ranguli kavSirebiT miRebuli gamosaxulebebis mixedviT, 
risTvisac gamoviyenoT (2) utoloba, romelic gadavweroT Semdegnairad: 

 0));();(()( <+− ljgiji XXRankXXRankXXRank  (8)  

 rogorc (8) gamosaxulebidan Cans, miRebuli sxvaoba uaryofiTi sididea, amitom 
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(7) gamosaxulebis msgavsad visargebloT sxvaobis absoluturi mniSvnelobiT. Sesabamisad, 

ranguli kavSirebiT amocnobis saimedoobis  Sesafaseblad gveqneba: 

);(
|));();(();(|

ji

ljjiji
ij XXRank

XXRankXXRankXXRank
P

+−
=−

  (9) 

sadac ji, = I;1 , ji ≠ . 

(7) gamosaxulebiT visargebloT maSin, rodesac klasterireba araa Sesrulebuli 
ranguli kavSirebiT, xolo gamosaxuleba (9)-iT – ranguli kavSirebiT klasterirebisas.  

 

3. amocnobis saimedoobis prognozireba arakompaqturi saxeebisaTvis 

arakompaqturi saxeebi, gansazRvra 2-dan gamomdinare, gvaqvs maSin, rodesac erT 

klasterSi gaerTianebulia erTze meti saxis realizaciebi. davuSvaT, rom iA  da jA  

saxeebi arakompaqturia, romelTa Sesabamisi arakompaqturi klasteri aRvniSnoT ijCL -Ti. 

(nax.3). aq ormagi konturuli xaziT gamosaxulia ijCL  klasteri, xolo erTmagi 

konturuli xaziT da patara wrewirebiT iA  saxis, xolo samkuTxedebiT moniSnuli ariT 

jA  saxis realizaciebi. am SemTxvevaSi aucilebelia TanakveTis aris gansazRvra, anu 

TanakveTaSi moTavsebuli realizaciebis (wertilebis) nusxis Sedgena. am amocanis 

gadawyveta SesaZlebelia ranguli kavSirebiT klasterirebis meTodSi SemuSavebuli 
mezoblebis [1,3], principis gamoyenebiT, romelic emyareba klasteris agebis rangis cnebas. 

mocemul SemTxvevaSi, klasteris agebis rangi, aRvniSnoT ijr -iT, saSualebas mogvcems 

klasterSi gaerTianebuli yvela wertilisTvis ganvsazRvroT is realizaciebi, romelic 

mocemul wertilTan imyofeba ijr -is tol an nakleb Caketil rangul kavSirSi. 

 

aseTi meTodiT SevadgenT qveklasterebs TiToeuli realizaciisaTvis da maTgan 

SevarCevT mxolod iseTebs, romlebSic gaerTianebulia orive iA  da jA  saxis 

realizaciebi. aseTi qveklasterebis gaerTianeba mogvcems TanakveTis ares masSi Semavali 
realizaciebis nusxiT. 

TanakveTaSi Semavali iA saxis realizaciebisaTvis ganvsazRvroT maqsimaluri 

manZili, romelic me-3 naxazze mocemuli magaliTisaTvis xorcieldeba hX  da kX  

wertilebze. igive operacia CavataroT jA  saxis realizaciebisaTvis TanakveTis aridan; 

Sesabamisad, miviRebT mX  da nX  wertilebs. am wertilebidan SemovxazoT hipersferoebi 

radiusebiT hk XX  da .nm XX  hk XX  radiusiT SemosazRvruli hipersferoebisaTvis 

ganvsazRvroT iA  saxis im realizaciebis raodenoba, romlebic moTavsda am 
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hipersferoebSi (nax.3). aq mxedvelobaSi unda miviRoT is garemoeba, rom realizaciebi 

daTvlili unda iyos mxolod erTjer, im SemTxvevebSi, rodesac is moTavsda orive 

hipersferoSi. aRvniSnoT daTvlili realizaciebis raodenoba jiM , xolo hk XX  

radiusiT SemosazRvruli hipersferoebSi gaerTianebuli  jX  saxis realizaciebis  

raodenoba - ijM -iT. SecdomiT amocnobis albaTobisTvis gveqneba: 

i

ij
ij M

M
P =−

; 
j

ji
ji M

M
P =−

             (10) 

sadac, ji, = Ii, , ji ≠ .                         

amocnobis saimedoobis SefasebisaTvis gveqneba: 
−+ −= ijij PP 1 ; 

−+ −= ijji PP 1  

4. daskvna 

amocnobis saimedoobis Sesafaseblad gamoyenebulia e.w. saxeTa gavlenis zonebi, 

romlebic SeiZleba ganvsazRvroT klasterirebis SedegebiT. klasterirebis algoriTmebi 
unda akmayofilebdes determinirebulobis pirobebs. naSromSi gamoyenebulia ranguli 
kavSirebiT klasterirebis meTodi, magram ganxilulia amocnobis saimedoobis 

prognozirebisTvis sxva algoriTmebis gamoyenebis SesaZleblobac. 
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FORECASTING OF RELIABILITY OF RECOGNITION ON THE BASIS OF  

RESULTS OF CLUSTERING  
 

Verulava Otar, Todua Tea, Verulava Lasha 
Georgian Technical University  

Summary 
There are  considered problem of prediction of recognition process on the basis of the results of 

clustering. Introduced  notion of  influence zones for patterns (clusters). By means of influence zones 
might be prediction of possible recognition errors. In this article are considered  cases: 1. Influence 
zones are disjointed; 2. influence zones are intersected (as special case of this is discussed non-
compact clusters). 

 
ПРОГНОЗИРОВАНИЕ НАДЕЖНОСТИ  РАСПОЗНАВАНИЯ НА ОСНОВЕ  

ИТОГОВ КЛАСТЕРИЗАЦИИ 
Верулава О., Тодуа Т., Верулава Л. 

Грузинский Технический Университет 
Резюме 

Pассмотрена проблема прогнозирования процессов распознавания на основе итогов 
кластеризации. В частности, введено понятие зоны «влияния образов», с помощью которого 
определяется возможные ошибки распознавания. Рассматриваются случай, когда зоны влияния 
не пересекаются, пересекаются и как частный случай последнего, рассматриваются 
некомпактные кластеры.  
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