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nawili 1. baiesuri qselebi da gadawyvetilebis analizi 

Tavi 1 

albaTuri informatika 

1.1 ra aris informatika? 

dasavleT evropis umetes nawilSi informatika niSnavda inglisuri 

`kompiuteruli mecnierebis~ uxeS Targmans, romelic warmoadgens gamoTvliTi 

procesebis Semswavlel disciplinas. ra Tqma unda, kompiuterul mecnierebebs 

Soris programebsa da informatikaSi aris Tanxvedrebi, magram isini erTmaneTs ar 

emTxveva. informatikis programa Cveulebriv ikvlevs iseT sagnebs, rogoricaa 

biologia da medicina maSin, roca kompiuteruli mecnierebis programebi amas ar 

akeTeben. ase rom, evropuli ganmarteba araa sakmarisi, radgan mis gansamartavad 

amJamad sxva terminia gamoyenebuli aSS-Si. 

imisaTvis rom Segveqmnas warmodgena informatikaze, ganvixiloT sufiqsi `ika~ 

rac niSnavs mecnierebas, xelovnebas an raimes arsis Seswavlas. magaliTad 

`lingvistika~ _ es aris enis bunebis Seswavla, `ekonomika~ _ es aris warmoebis da 

saqonlis ganawilebis Seswavla, xolo `fotonika~ _ esaa eleqtromagnituri 

energiis gamokvleva, romlis erTeulsac warmoadgens fotoni. amis 

gaTvaliswinebiT informatika unda iyos informaciis Semswavleli. marTlac 

WordNet 2.11 informatikas gansazRvravs rogorc `informaciis Segrovebas, 

damuSavebas, Senaxvas da Cawerili informaciis klasifikaciasTan dakavSirebul 

mecnierebas~. imisaTvis rom CavwvdeT am gansazRvrebas, aucilebelia ganimartos 

sityva `informacia~. leqsikonebis umetesobaSi mocemuli ganmartebebi ar moicaven 

raime konkretuls. e.i. isini gansazRvraven informacias rogorc raime codnis an 

monacemTa erTobliobas, rac niSnavs imas, rom vrCebiT codnis da monacemTa 

gansazRvris situaciaSi. imisaTvis, rom mivaRwioT informatikis konkretul 

ganmartebamde, Tavdapirvelad ganvsazRvroT ras niSnavs monacemebi, informacia da 

codna. sawyis (erTeul) monacemTa bazaSi vgulisxmobT simboloebis striqons, 

romelic SeiZleba aRviqvaT rogorc erTeuli. magaliTad, G nukleoditi GATC2 

                         

1 WordNet® is a large lexical database of English. Nouns, verbs, adjectives and adverbs are grouped into sets of cognitive 

synonyms (synsets), each expressing a distinct concept. Synsets are interlinked by means of conceptual-semantic and lexical 

relations. 
2 GATC Guanine, Adenine, Thymine, Cytosine (nucleotides that make up DNA) 
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nukleoditur mimdevrobaSi warmoadgens sawyiss (anu datum erTeuls), sfero 

`kibo~ samedicino monacemTa bazaSi warmoadgens sawyiss, xolo sfero 

`qarwaRebuli~ filmebis monacemTa bazaSi datumia (sawyisi?). miaqcieT yuradReba, 

rom erTi simbolo, sityva an sityvaTa jgufi SeiZleba iyos sabaziso konkretuli 

gamoyenebidan gamomdinare. maSin monacemebi metia vidre erTi monacemTa baza. 

informaciis mixedviT mxedvelobaSi gvaqvs monacemiT mocemuli mniSvneloba. 

magaliTad, samedicino bazaSi monacemebi `jo smiti~ da `kibo~ imave CanawerSi 

niSnavs, rom jo smits aqvs kibo. codnaSi vgulisxmobT gamonaTqvams, romelic 

arsebuli informaciidan axali informaciis miRebis saSualebas gvaZlevs. 

magaliTad, davuSvaT, rom Cven gvaqvs codnis Semdegi elementi (dictum)3: 

Tu mcenaris Rero xisebri masalisaa 

da vertikalur mdebareobaSia 

da arsebobs erTi ZiriTadi Rero 

maSin mcenare xea. 

Sedgom davuSvaT, rom mcenares Soridan vuyureb Cems ukana ezoSi da vakvirdebi, 

rom Rero xisaa, xolo misi mdebareoba vertikaluria da mas erTi Rero aqvs. 

Semdeg viyenebT ra zemoT moyvanil codnis elements, SegviZlia gamovitanoT axali 

informacia imis Sesaxeb, rom Cems ukana ezoSi mcenare xea.  

bolos, informatikas vsazRvravT rogorc disciplinas, romelic iyenebs 

mecnierebis da teqnikis meTodologias informaciis mimarT. es exeba informaciaSi 

monacemTa organizebas, informaciidan codnis SeZenas, arsebuli informaciidan da 

codnidan axali informaciis Seswavlas da miRebuli codnis da informaciis 

safuZvelze gadawyvetilebebis miRebas. Cven viyenebT teqnikas im algoriTmis 

Sesadgenad, romelic iZens codnas informaciidan da romelic swavlobs codnidan 

da informaciidan miRebul informacias. Cven mecnierebas viyenebT am algoriTmis 

sizustis Sesamowmeblad. 

DSemdeg, Cven moviyvanT ramdenime magaliTs imisas, Tu rogori midgoma aqvs 

informatikas sxva disciplinebTan. 

am wignSi koncentracias vaxdenT informatikis iseT sferoze, rogoricaa  

finansuri informatika. finansuri informatika TavisTavSi moicavs informatikis 

                         

3 codnis aseTi elementi iqneboda eqspertuli sistemis nawili, romelic garkveul wesebze 
iqneboda dafuZnebuli.  
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meTodebis gamoyenebas fulis da sxva aqtivebis marTvaSi. kerZod es exeba im riskis 

gansazRvras, romelic dakavSirebulia zogierT finansur organizaciasTan. 

magaliTis saxiT SegveZlo SegvemuSavebina instrumenti, romelic  gaaumjobesebda 

portfelis riskis analizs.  

  sanam davamTavrebT am ganyofilebas, modi vimsjeloT informatikasa da axal 

gamonaTqvam `monacemTa inteleqtualur analizs~ Soris urTierTkavSirze. termins 

`monacemTa inteleqtualuri analizi~ vxvdebiT codnis gamovlenis da monacemTa 

inteleqtualuri analizis pirvel saerTaSoriso konferenciaze, romelic Catarda 

1995 wels. mokled, monacemebis mopoveba aris didi raodenobis dakvirvebis 

monacemebidan ucnobi codnis eqstrapoliaciis procesi. SegaxsenebT, rom Cven 

vsaubrobdiT informatikis problemebze (1) informaciaSi monacemTa organizebaze, 

(2) informaciidan codnis Seswavlaze, (3) arsebuli codnidan da informaciidan 

axali informaciis Seswavlaze da (4) codnisa da informaciis safuZvelze 

gadawyvetilebis miRebaze. teqnikurad rom vTqvaT, monacemTa inteleqtualuri 

analizi aris informatikis qvesfero, romelic procedurebidan mxolod pirvel 

ors iyenebs. magram orive termini isev ganicdis ganviTarebas da zogierTi adamiani  

monacemTa inteleqtualuri analizis dros eyrdnoba oTxive proceduras. 

 

1.2 albaTuri informatika 

XX saukunis 60-ian wlebSi SemuSavebuli iqna rigi axali formalizmebi 

ganusazRvrelobis dasamuSaveblad, maT Soris sandoobis faqtorebi, dempster-

Saferis mtkicebulebaTa Teoria, fazi logika, da fazi simravleebis Teoria. 

albaTobis Teorias gaaCnia ganusazRvrelobis formaluri aqsiomatikuri azriT 

Camoyalibebis did xnis istoria. neopolitanma [1990] daupirispira albaTobis 

Teoriis gamoyenebis sxvadasxva midgomebi da argumentebi. am argumentebs aq ar 

warmovadgenT. piriqiT, Cven ganvixilavT albaTobis Teorias gzad, romelic  

gamoiyeneba ganusazRvrelobis samarTavad da xsnis Tu ratom viyenebT 

informatikul algoriTms dasaxasiaTeblad, romelic iyenebs albaTur modelur 

midgomas. 

evristikuli algoriTmi iyenebs keTilgonierebis (Common Sense rule)  wess 

problemis gadasaWrelad. Cveulebriv, evristikul algoriTms ar aqvs Teoriuli 
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safuZveli da amitom ar gvaZlevs saSualebas davamtkicoT Sedegebi, romelic 

dafuZnebulia sistemasTan dakavSirebul varaudebze.  

abstraqtuli modeli warmoadgens Teoriul konstruqcias, romelic gamosaxavs 

fizikur procesebs cvladebis simravliT da maT Soris raodenobrivi 

urTierTobebis (aqsiomebis) simravliT. Cven viyenebT modelebs, raTa gonivrulad 

moviqceT idealizebul CarCoebSi da amiT gavakeToT prognozi/gansazRvreba 

sistemis  Sesaxeb.  Cven maTematikurad SegviZlia es prognozi/gansazRvreba 

davamtkicoT, rom aris `swori~, magram isini sworia mxolod im mxriv, rom modeli 

zustad pasuxobs sistemas. amitom modelze dafuZnebuli algoriTmi  akeTebs 

prognoz/gansazRvrebas romelime modelis CarCoebSi. algoriTmebi, romlebic 

akeTeben prognoz/gansazRvrebas albaTobis Teoriis CarCoebSi, efuZneba 

algoriTmis models. Cven SegviZlia davamtkicoT  albaTobis Teoriis aqsiomebze 

damyarebuli am algoriTmebis Sedegebi, romlebsac ganixilavT Tav 2-Si. Cven 

yuradRebas gavamaxvilebT aseT algoriTmebze am wignSi. kerZod, warmovadgenT 

algoriTmebs, romlebic iyeneben baiesis qsels albaTobis Teoriis farglebSi.  
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Tavi 2 

albaToba da statistika 

am TavSi ganixileba wignis darCenili nawilis wasakiTxad saWiro albaTuri da 

statistikuri monacemebi. 2.1 ganyofilebaSi warmovadgenT albaTuri Teoriis 

safuZvlebs, xolo 2.2 ganyofilebaSi – SemTxveviT sidideebs. 2.3 ganyofilebaSi 

mokled ganvixilavT albaTobis mniSvnelobas. 2.4 ganyofilebaSi vaCvenebT Tu 

rogor gamoiyeneba SemTxveviTi cvladebi praqtikaSi. bolos, 2.5 ganyofilebaSi 

ganixileba iseTi koncefciebi statistikaSi, rogoricaa dispersia da kovariacia. 

 

2.1 albaTobis safuZvlebi 

albaTuri sivrceebis gansazRvris Semdeg ganvixilavT pirobiT albaTobas, 

damoukideblobas da pirobiT damoukidebulobas, aseve baiesis Teoremas. 

 

2.1.1 albaTuri sivrce 

SegiZliaT gaixsenoT albaTobis gamoyeneba iseT situaciebSi, rogoricaa 

saTamaSo banqodan zeda kartis naxati, monetis agdeba an urnidan burTis amoReba. 

am procesebs Cven vuwodebT eqsperiments. albaTobis Teoria dakavSirebulia 

eqsperimentebTan, romelTac gaaCniaT sxvadasxva Sedegebis nakrebi. yvela Sedegis 

nakrebs uwodeben xdomilebaTa sivrces an erTobliobas. maTematikosebi Cveulebriv 

amboben `arCeviT sivrces~, xolo sociologebi Cveulebriv uwodeben `mosaxleobas~, 

Cven vuwodebT xdomilebaTa sivrces. am martiv mimoxilvaSi vvaraudobT, rom  

xdomilebaTa sivrce sasrulia. xdomilebaTa sivrcis nebismier qvesimravles 

vuwodebT xdomilebas. xolo qvesimravles, romelic mxolod erT elements Seicavs 

vuwodebT elementarul xdomilebas.      

magaliTi 2.1 vTqvaT, gvaqvs Cveulebrivi banqos dastidan zeda banqos amoRebis 

eqsperimenti. maSin simravle:  

E = gulis valeti; jvris valeti; yvavis valeti da aguris valeti 

aris xdomileba, da simravle 

F={gulis valeti} 

aris elementaruli xdomileba. 

xdomilebis arsi mdgomareobs imaSi, rom qvesimravlis erT-erT elements 

warmoadgens eqsperimentis Sedegi. wina magaliTSi xdomilobis mniSvnelobas 
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warmoadgens is, rom kartis naxati aris oTxi valetidan erT-erTi, xolo 

elementaruli xdomileba aris is, rom karti aris gulis valeti. 

Cven darwmunebuli varT, rom xdomileba Seicavs eqsperimentis Sedegs realur 0 

da 1 ricxvebs Soris. am ricxvs uwodeben xdomilebis albaTobas. sasrul 

xdomilebaTa sivrceSi albaToba 0 niSnavs, rom xdomileoba ar Seicavs Sedegs, 

maSin roca albaToba 1 niSnavs, rom Cven darwmunebulebi varT rom es asea. maT 

Soris moTavsebuli mniSvnelobebi warmoadgenen rwmenis sxvadasxva xarisxs. 

Semdegi ganmarteba formalurad gansazRvravs albaTobas, roca albaTobaTa sivrce 

sasrulia.   

gansazRvreba 2.1. davuSvaT, gvaqvs xdomilebaTa sivrce W, romelic Seicavs n 

sxvadasxva elements; rogoricaa, 

Ω = {��,��,… ,��}. 

funqcias, romelic aniWebs TiToeul xdomilebas �(�) namdvil ricxvs, 

uwodeben albaTur funqcias W simravlis qvesimravleze, Tu igi akmayofilebs 

Semdeg pirobebs: 

1. 0 ≤ �(��)≤ 1   1≤ � ≤ �-sTvis 

2. �(��)+ �(��)+  … + �(��)= 1. 

3. TiToeuli xdomilobisaTvis, romelic ar warmoadgens elementarul 

xdomilobas, �(�) aris elementaruli xdomilobaTa albaTobebis jami, romelTa 

Sedegebi mdebareoben �-Si. magaliTisaTvis, Tu 

� = {��,��,��}, 

maSin  

�(�)= �(��)+ �(��)+ �(��). 

(Ω,�) wyvils uwodeben albaTur sivrces.  

ramdenadac albaToba ganisazRvreba rogorc funqcia, romlis gansazRvris 

aresac warmoadgens simravle simravleebis, Cven �({��})–is nacvlad unda CavweroT 

�(��), romelic aRniSnavs elementaruli xdomilobis albaTobas, magram 

simartivisaTvis amas ar vakeTebT. amgvaradve �(��,��,��) –is nacvlad davwerT 

�({��,��,��})-s. 

albaTobis miniWebis yvelaze martiv xerxs warmoadgens gulgrilobis principis 

gamoyeneba, romelSic naTqvamia, rom Sedegebi unda vigulisxmoT 

TanabaralbaTurad, Tu ar gagvaCnia maTi erTmaneTisagan garCevis mizezi. am 
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principis Tanaxmad, Tu gvaqvs � elementaruli xdomiloba, TiToeulis 

albaToba    
�

�
 -is tolia.  

magaliTi 2.2. vTqvaT agdeben monetas. maSin xdomilobaTa sivrce iqneba 

Ω = {aversi, reversi}, da, gulgrilobis principis Tanaxmad, mivaniWebT  

�(aversi)= �(reversi) = 0,5. 

unda aRiniSnos, rom albaTuri sivrcis ganmartebaSi araferia naTqvami imis 

Sesaxeb, rom avers da reverss unda mivaniWoT 0,5 albaToba. Cven SegveZlo 

�(aversi)= 0,7 da �(reversi) = 0,3 migveniWebina. magram ar gagvaCnia mizezi imisa, rom 

erTs meoreze metad unda velodoT, amitom vaZlevT erTnair albaTobas. 

magaliTi 2.3. vTqvaT, eqsperimenti iyos 52 banqos dastidan zeda kartis naxatis 

gamocnoba, maSin Ω Seicavs 52 kartis saxes, da gulgrilobis principis Tanaxmad 

Cven vaniWebT �(�)= 1
52�  -s TiToeul � ∈ Ω -dan. magaliTad, 

�(gulis valeti)=
�

��
. 

xdomilobebi 

� = { gulis valeti; jvris valeti; yvavis valeti; aguris valeti 

niSnavs, rom amoRebuli karti valetia. misi albaToba tolia 

�(�)= �(gulis valeti) + �(jvris valeti) + �(yvavis valeti) + �(aguris valeti) 

=
�

��
+

�

��
+

�

��
+

�

��
=

�

��
. 

albaTobebis sivrceebisaTvis gvaqvs Teorema 2.1, romlis damtkicebasac vtovebT 

davalebis saxiT. 

Teorema 2.1 vTqvaT (Ω,�) albaTuri sivrcea. maSin 

�(Ω)= 1. 

0 ≤ �(�)≤ 1 nebismieri � ⊆ Ω-sTvis. 

Ω -s nebismieri ori � da � qvesimravlisaTvis, roca � ∩ � = ∅ 

�(� ∪ �)= �(�)+ �(�). 

sadac  ∅ aRniSnavs cariel simravles. 

magaliTi 2.4. davuSvaT Tqven iRebT zeda karts banqos dastidan. aRvniSnoT 

`dedofliT~ simravle, romelic 4 dedofals Seicavs da `mefiT~ simravle, 

romelic 4 mefes Seicavs. Semdeg   

�(dedofali∪mefe) = �(dedofali)+�(mefe)=
�

��
+

�

��
=

�

��
. 
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ramdenadac `dedofali~∩ `mefe~= ∅. `yvaviT~ aRvniSnoT simravle, romelic 13 

yvavisagan Sedgeba. simravleebi `dedofali~ da `yvavi~ ar arian araTanamkveTi; 

amdenad, maTi albaTobebi ar aris aditiuri. Tumca Zneli araa imis damtkiceba, rom 

zogadad 

 �(� ∪ �)= �(�)+ �(�)− �(� ∩ �). 

Aamgvarad,  

�(dedofali∪yvavi)= �(dedofali)+�(yvavi) - �(dedofali∩yvavi)= 

=
1

13
+
1

4
−
1

52
=

4

13
 

 

2.1.2 pirobiTi albaToba da damoukidebloba 

daviwyoT gansazRvrebiT. 

gansazRvreba 2.2 vTqvaT � da � iseTi xdomilobebia, rom �(�)≠ 0, maSin � -iT 

mocemuli �-s pirobiTi albaToba, romelic aRiniSneba ase �(�|�), moicema 

Semdegnairad: 

�(�|�)=
�(� ∩ �)

�(�)
 

Cven SegviZlia mivxvdeT am ganmartebas, Tu ganvixilavT im albaTobebs, 

romlebic miekuTvneba xdomilobas gulgrilobis principis gamoyenebiT.  am 

SemTxvevaSi  �(�|�),  rogorc zemoT iyo aRniSnuli, warmoadgens � ∩ �-Si 

elementebis fardobas  �-Si elementebis raodenobasTan. amas Cven Semdegnairad 

vaCvenebT. vTqvaT  � aris xdomilebaTa raodenoba xdomilebaTa sivrceSi, �� iqneba 

xdomilebaTa ricxvi � ∩ �-Si. maSin 

�(� ∩ �)

�(�)
=

���
��

��
��
=
���
��

 

romelic warmoadgens � ∩ �-Si xdomilobebis raodenobis fardobas �-Si 

xdomilobebis ricxvTan. rac Seexeba mniSvnelobas, �(�|�)  aris Cveni rwmena imisa, 

rom � Seicavs Sedegs, romlis Sesaxeb viciT rom is �-Sia. 

magaliTi 2.5. isev aviRoT banqos dastidan zeda karti. vTqvaT `valeti~ (Jeck) 

iyos 4 valetis nakrebi,  RedRoyalCard iqneba eqvsi wiTeli samefo kartis4 simravle 

da `klubi~ (club) iyos simravle 13 club-is, maSin: 

                         

4 samefo karti – valeti, dedofali da mefe. 
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�(����)=
4

52
=

1

13
 

�(����|������������)=
�(����∩ ������������)

�(������������)
=
2 52⁄

6 52⁄
=
1

3
 

�(����|����)=
�(����∩����)

�(����)
=

� ��⁄

�� ��⁄
=

�

��
. 

miaqcieT yuradReba wina magaliTs, �(����|����)= �(����). es niSnavs, rom club 

kartis amoReba ar cvlis valetis amoRebis albaTobas. vambobT, rom ori 

xdomileba am SeTxvevaSi damoukidebelia, rac gamoixateba Semdegi gansazRvrebiT. 

gansazRvreba 2.3. ori xdomileba � da � damoukidebelia Semdegi pirobebidan 

xorcieldeba erTi mainc: 

�(�|�)= �(�) da P�(�)≠ 0,�(�)≠ 0. 

�(�)= 0 an  �(�)= 0. 

gansazRvrebaSi ori xdomiloba damoukidebelia maSinac ki, Tu es � pirobiTi 

albaTobiT mocemuli �-ia. amis mizezi damoukideblobis simetriulobaa. e.i., Tu 

�(�)≠ 0  da �(�)≠ 0, maSin  �(�|�)= �(�)  da mxolod da mxolod �(�|�)= �(�). 

Zneli araa imis damtkiceba, rom � da � damoukidebelia mxolod da mxolod maSin, 

rodesac �(� ∩ �)= �(�)�(�). 

Tu Tqven adre Seswavlili gaqvT albaToba, albaT gaecaniT damoukideblobis 

koncefcias. magram damoukidblobis ganzogadeba, e.w pirobiTi damoukidebloba ar 

ganixileba mraval Sesaval teqstSi. es koncefcia ganixileba am wignis danarTSi, 

amis Sesaxeb SemdgomSi vimsjelebT. 

gansazRvreba 2.4. ori xdomiloba � da � � -iT mocemuli pirobiTad 

damoukidebelia, Tu �(�)≠ 0 da Semdegi pirobebidan erT-erTi xorcieldeba: 

�(�|� ∩ �)= �(�|�) da P�(�|�)≠ 0,�(�|�)≠ 0. 

�(�|�)= 0 an  �(�|�)= 0. 

yuradReba miaqcieT, rom gansazRvreba identuria damoukideblobis 

gansazRvrebis �-is gamoklebiT. ganmarteba migvaniSnebs, rom � da � 

damoukideblebi arian, radgan viciT, rom Sedegi aris �-Si. Semdegi magaliTi 

axdens amis ilustrirebas. 
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nax. 2.1. gulgrilobis principis gamoyenebiT TiToeul obieqts vaniWebT 1 13⁄ -is tol albaTobas  

 

magaliTi 2.6. vTqvaT W aris nax. 2.1-ze gamosaxuli yvela obieqtis simravle. 

gulgrilobis principis gamoyenebiT TiToeul obieqts vaniWebT 1 13⁄  -is tol 

albaTobas. vTqvaT Black iyos yvela Savi obieqtis nakrebi, White _ yvela TeTri 

obieqtis simravle, Square yvela kvadratuli obieqtis simravle, xolo A iyos 

yvela im obieqtis simravle, romelic Seicavs ` A ~-is. maSin Cven gveqneba: 

                           
13

5
)( AP  

�(�|������)=
3

8
 

sadac, A da Square ar aris damoukidebeli. Tumca, 

�(�|�����)=
3

9
=
1

3
 

�(�|������∩ �����)=
2

6
=
1

3
 

Cven vxedavT, rom A da Square arian pirobiTad damoukidebeli mocemuli Black-is. 

garda amisa, 

�(�|� ℎ���)=
2

4
=
1

2
 

�(�|������∩ � ℎ���)=
1

2
 

sadac, A da Square arian pirobiTad damoukidebeli mocemuli White-is. 

Semdeg Cven ganvixilavT mniSvnelovan wess, romelsac moicavs pirobiTi 

albaToba. vTqvaT, gvaqvs n xdomileba nEEE ,...,, 21  iseTive rogorc 

��∩ �� = ∅           � ≠ �-sTvis 

da 

�� ∪ �� ∪ … ∪ �� = Ω 
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aseT xdomilebebs ewodeba urTierTgamomricxavi da amomwuravi.  Semdeg sruli 

albaTobis kanoniT sxva danarCeni F xdomilebisaTvis: 

�(�)= �(� ∩ ��)+ �(� ∩ ��)+ ⋯ + �(� ∩ ��)            (2.1) 

Tqven mogeTxovebaT daamtkicoT wesi savarjiSoebSi. Tu �(��)≠ 0, maSin �(� ∩

��)= �(�|��)�(��). amitom, Tu �(�� )≠ 0 yvela i -sTvis, kanoni xSirad mocemulia 

Semdegi formiT: 

�(�)= �(�|��)�(��)+ �(�|��)�(��)+ ⋯ + �(�|��)�(��)        (2.2) 

magaliTi 2.7 vTqvaT, igive monacemebi gvaqvs, rogorc magaliT 2.6-Si. maSin, 

sruli albaTobis kanonis mixedviT: 

�(�)= �(�|�����)�(�����)+ �(�|� ℎ���)�(� ℎ���)= 

= �
1

3
� �

9

13
� + �

1

2
� �

4

13
� =

5

13
 

 

 

 

 

2.1.3 baiesis Teorema 

cnobili albaTobebidan Tqven SegiZliaT gamovTvaloT pirobiTi albaTobebi 

TqvenTvis saintereso xdomilebebisaTvis Semdegi Teoremis gamoyenebiT: 

Teorema 2.2 (baiesi). ori iseTi xdomilobisaTvis � da �, romelTaTvisac �(�)≠ 0  

da �(�)≠ 0, gvaqvs 

�(�|�)=
�(�|�)�(�)

�(�)
 .    (2.3) 

garda amisa, imis gaTvaliswinebiT, rom gvaqvs urTierTgamomricxavi da 

amomwuravi � raodenobis ��,��,… ,�� xdomiloba, iseTebi, rom �(��)≠ 0 yvela �-sTvis, 

adgili aqvs Semdegs 1 ≤ � ≤ � -sTvis: 

�(��|�)=
�(�|��)�(��)

�(�|��)�(��)��(�|��)�(��)�⋯ ��(�|��)�(��)
    (2.4) 

damtkiceba. 2.3 tolobis misaRebad pirvel rigSi  unda gamoviyenoT pirobiTi 

albaTobis ganmarteba aseTi saxiT: 

�(�|�)=
�(�∩�)

�(�)
 da    �(�|�)=

�(�∩�)

�(�)
. 

Semdeg yovel tolobas vamravlebT marjvena mxaris mniSvnelze, raTa vaCvenoT, 

rom 
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�(�|�)�(�)= �(�|�)�(�) 

radgan orive tolia �(� ∩ �). sabolood, Cveni Sedegis misaRebad am ukanasknel 

tolobas vyofT )(FP . 

 2.4 tolobis misaRebad jer unda gamovsaxoT � sruli albaTobis kanonis 

gamoyenebiT (2.2 toloba), 2.3 mniSvnelSi. 

wina Teoremis orive formulas uwodeben baiesis Teoremas imitom, rom misi 

originaluri versia SemuSavebuli iyo tomas baiesis mier (gamoqveynebuli iyo 1763 

wels). pirveli saSualebas iZleva gamovTvaloT �(�|�), Tu  cnobilia �(�|�), �(�) 

da �(�), xolo meore saSualebas iZleva gamovTvaloT �(��|�), Tu viciT �(�|��) da 

�����   1 ≤ � ≤ �-sTvis. Semdegi magaliTi axdens baiesis Teoremis gamoyenebis 

ilustrirebas. 

magaliTi 2.8. vTqvaT W aris nax. 2.1-ze gamosaxuli yvela obieqtis simravle, da 

TiToeuls am obieqtebidan mivaniWoT 1 13⁄  albaToba. vTqvaT, A aris yvela im 

obieqtis simravle, romelic Seicavs ` A ~-s, � aris yvela im obieqtis simravle, 

romelic Seicavs ` �~-s, xolo Black iyos yvela Savi obieqtis simravle. maSin 

baiesis Teoremis Tanaxmad: 

�(�����|�)=
�(�|�����)�(�����)

�(�|�����)�(�����)+ �(�|� ℎ���)�(� ℎ���)
= 

=
�
1
3�(

9
13)

�
1
3��

9
13�+ �

1
2�(

4
13)

=
3

5
 

rac igivea, rasac miviRebdiT uSualod �(�����|�)-is gamoTvliT. 

wina magaliTSi Cven SegviZlia aseve martivad gamovTvaloT �(�����|�) uSualod. 

2.4. ganyofilebaSi davinaxavT baiesis Teoremis gamoyenebis sargeblianobas. 

 

2.2 SemTxveviTi cvladebi 

am ganyofilebaSi warmovadgenT SemTxveviTi cvladis formalur ganmartebas da 

maTematikur Tvisebebs. 2.4. ganyofilebaSi vaCvenebT, Tu rogor xdeba maTi 

SemuSaveba praqtikaSi.  

gansazRvreba 2.5 (Ω;�) albaTuri sivrcisaTvis � SemTxveviTi cvladi aris 

funqcia, romlis gansazRvris area Ω. 

� ares uwodeben � sivrces. 
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magaliTi 2.9. vTqvaT Ω Seicavs eqvswaxnaga kamaTelis agdebis Sedegad miRebuli 

wyvilebis yvela Sedegs, da TiToeul � maTgans mivaniWoT 1 36⁄ . maSin Ω 

warmoadgens Semdegi dalagebuli wyvilebis simravles: 

Ω = {(1,1),(1,2),(1,3),(1,4),(1,5),(1,6),(2,1),(2,2),… ,(6,5),(6,6)}. 

vTqvaT,   � SemTxveviTi cvladi aniWebs TiToeul dalagebul wyvils am wyvilis 

jams da vTqvaT, SemTxveviTi cvladi � kenti ricxvebis jams aniWebs `kents~ (odd), 

xolo Tu wyvilSi erTi mainc luwia `luws~ (even). Semdegi cxrili gviCvenebs � 

da �-is zogierT mniSvnelobas: 

 

�-is sivrcea {2,3,4,5,6,7,8,910,11,12}, xolo �-is {kenti,luwi}. 

� SemTxveviTi cvladisTvis Cven viyenebT � = � iseTi qvesimravlis aRsaniSnavad. 

igi Seicavs yvela elements � ∈ Ω, romelsac SesabamisobaSi mohyavs �   �-is 

mniSvnelobasTan, e.i.  

� = � warmoadgens Semdeg xdomilobas {� iseTi, rom �(�)= �} 

miaqcieT yuradReba � da �-s Soris sxvaobas. patara � aRniSnavs � sivrceSi 

nebismier elements, xolo � _ funqciaa. 

magaliTi 2.10. vTqvaT Ω, � da � iseTivea rogorc es magaliT 2.9-Sia. Semdeg 

� = 3 warmodgens Semdeg xdomilobebs {(1,2),(2,1)} da �(� = 3)=
�

��
.  

SevniSnoT, rom  

∑ �(� = �)= 1�∈�����(�) . 

magaliTi 2.11. vTqvaT Ω, � da � iseTivea, rogorc es magaliT 2.9-Sia. 

∑ �(� = �)= �(� = ���)+ �(� = ����)=
�

���∈����� (�) +
��

��
= 1 . 

�(� = �)  -s vuwodoT � SemTxveviTi cvladis albaTuri ganawileba. Cven xSirad 

viyenebT �-s � = � xdomilobis warmosadgenad, amitom �(� = �)  -is nacvlad vwerT 

�(�)-s. 

vTqvaT Ω, � da � iseTivea, rogorc es magaliT 2.9-Sia. maSin Tu � = 3 
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�(�)= �(� = �)=
�

��
. 

erTida imave Ω xdomilobis sivrceze ori � da � SemTxveviTi cvladisaTvis 

viyenebT � = �, � = � qvesimravlis aRsaniSnavad, romelic Seicavs � ∈ Ω-is yvela 

elements, da aisaxebian �  �-Si da �  �-Si. e.i.  

� = �, � = � warmoadgens Semdeg xdomilobas { � iseTi, rom �(�)= �}∩ { � iseTi, 

rom (�)= �} . 

magaliTi 2.12. vTqvaT Ω, � da � iseTivea, rogorc es magaliT 2.9-Sia. Sedeg 

� = 4,� = ��� (kenti) warmoadgens Semdeg xdomilobas {(1,3), (3,1)}, 

 da amdenad 

�(� = 4,� = ���)= 1 18⁄  

 

�(� = �,� = �) -s vuwodebT �-is da �-is erTobliv albaTur ganawilebas, Tu 

� = {�,�}, mas aseve vuwodebT � -s erTobliv albaTur ganawilebas. garda amisa 

xSirad ixmareba `erToblivi ganawileba~ an `albaTobebis ganawileba~. 

Sesamokleblad Cven xSirad vxmarobT �-sAda  �-s � = � da � = � xdomilobebis 

aRsaniSnavad da amitom Cven xSirad davwerT �(�,�)-s �(� = �,� = �)–is aRsaniSnavad. 

es koncefcia vceldeba sam an ufro met SemTxveviT cvladzec. magaliTad, �(� =

�,� = �,� = �) warmoadgens SemTxveviTi cvladebis �-is, �-is da   �-is albaTobebis 

ganawilebebis gaerTianebul funqcias, da Cven xSirad vwerT �(�,�,�)-s.  

magaliTi 2.13. vTqvaT Ω, � da � iseTivea, rogorc es magaliT 2.9-Sia. Semdeg Tu 

� = 4-s da � = ���(kenti)-s, 

�(�,�)= �(� = �,� = �)= 1 18⁄ . 

Tu Cven gvinda mivuTiToT, magaliTad, � da � SemTxveviTi cvladebis yvela 

mniSvneloba, zogjer �(� = �,� = �) –s an �(�,�)-is nacvlad vwerT �(�,�)–s. 

magaliTi 2.14. vTqvaT Ω, � da � iseTivea, rogorc es magaliT 2.9-Sia. is 

imisTvisaa SerCeuli, gvaCvenos, rom �-isAda  �-is nebismieri mniSvnelobisaTvis 

�(� = �,� = �)< 1 2⁄ . 

magaliTad, rogorc es naCvenebia 2.12 magaliTSi. 

 �(� = 4,� = ���)= 1 18< 1 2⁄⁄ . 

Cven SegviZlia kvlav davadasturoT es faqti Semdegnairad: � da �-is yvela 

mniSvnelobisaTvis gvaqvs, rom 
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�(�,�)< 1 2⁄ . 

magaliTad, Tu Cven mivaniWebT � = {�,�} da � = {�,�}. Cven gamoviyenebT � = � -s 

(� = �,� = �)-is warmosadgenad, da Cven xSirad vwerT �(�)-s �(� = �)-s nacvlad. 

magaliTi 2.15. vTqvaT Ω, �,� da � iseTivea, rogorc es magaliT 2.9-Sia. 

Tu � = {�,�}, � = {�,�}, � = 4 da� = ���, maSin 

�(� = �)= �(� = �,� = �)= 1 18⁄ . 

SegaxsenebT sruli albaTobis kanons (2.1 da 2.2 tolobebi). ori � da � 

SemTxveviTi cvladiebisTvis es tolobebi ase Caiwereba: 

 �(� = �)= ∑ �(� = �,� = �)� .          (2.5) 

�(� = �)= ∑ �(� = �|� = �)�(� = �)�      (2.6) 

savarjiSos saxiT aCveneT es. 

magaliTi 2.16. vTqvaT Ω, �,� da � iseTivea rogorc es 2.9 magaliTSia, maSin 2.5 

tolobis Tanaxmad: 

P�(� = 4)= ∑ �(� = 4,� = �)�  = 

= �(� = 4,� = ���)+ �(� = 4,� = ����)=
�

��
+

�

��
=

�

�
. 

magaliTi 2.17 isev, vTqvaT Ω, �,� da � iseTivea rogorc es 2.9 magaliSia, maSin 

2.6 tolobis Tanaxmad: 

�(� = 4)= ∑ �(� = �|� = �)�(� = �)� = 

= �(� = 4|� = ���)�(� = ���)+ �(� = 4|� = ����)�(� = ����)= 

=
�

�
×

�

��
+

�

��
×

��

��
=

�

��
. 

2.5 tolobaSi �(� = �) albaTobebis ganawilebas uwodeben � –is zRvrul 

albaTur ganawilebas �(� = �,� = �) erToblivi ganawilebis mimarT, ramdenadac is 

miiReba iseTi procesis meSveobiT, romelic ricxvTa cxrilSi striqonis an svetis 

damatebis msgavsia. 

es cneba aseve pirdapiri gziT vrceldeba sami an meti SemTxveviTi cvladis 

dros. magaliTad, Tu Cven gvaqvs �,  � da �-is erToblivi ganawileba  �(� = �,� =

�,� = �), � da  �-is zRvruli ganawileba �(� = �,� = �), romlebic miRebulia �–is 

yvela mniSvnelobis SejamebiT. Tu, � = {�,�}, Cven aseve mas vuwodebT �-s zRvrul 

albaTur ganawilebas. 

Semdeg magaliTSi ganixileba SemTxveviTi cvladis is koncefciebi, romlebic 

dResdReisobiTaa cnobili.P  
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AmagaliTi 2.18. vTqvaT, Ω aris 12 individis simravle, da � TiToeuls aniWebs 

1 12⁄ -s. davuSvaT, rom individebis sqesi, simaRle da xelfasi Semdegnairia:  

 

vTqvaT, SemTxveviTi cvladebiT moicema Sesabamisad sqesi, simaRle da individis 

individualuri xelfasi, maSin am sami SemTxveviTi cvladis albaTobebis 

ganawilebas eqneba Semdegi saxe (SegaxsenebT, rom, magaliTad, �(�) warmoadgens 

�(� = �)-s): 

 

� da  �-is erToblivi ganawileba ase gamoiyureba: 

 

Semdegi cxrili aseve gviCvenebs � da  �-is erTobliv ganawilebas da axdens imis 

ilustrirebas, rom calkeuli ganawilebebi miReba SeiZleba sxva cvladebis 

erToblivi ganawilebis yvela monacemis SejamebiT: 

 

Semdegi cxrili gviCvenebs � -is, �-is da �  -s erToblivi ganawilebis ramdenime 

pirvel mniSvnelobas. sul 18 mniSvnelobaa da maTgan bevri 0-is tolia: 
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Cven vxuravT SemTxveviTi cvladebis Sesaxeb jaWvis wess, romelSic naTqvamia, 

rom mocemuli SemTxveviTi cvladebi ��,��,… ,�� gansazRvrulia imave W 

xdomilobaTa sivrceze, 

�(��,��,… ,��)= �(��|����,����,… ,��)…  × �(��|��)× �(��). 

yovelTvis, roca �(��,��,… ,��)≠ 0. am wesis damtkiceba araa rTuli pirobiTi 

albaTobis wesis gamoyenebiT. 

magaliTi 2.19. davuSvaT, rom 2.18 magaliTSi gvaqvs SemTxveviTi cvladebi. Semdeg, 

jaWvis wesis Sesabamisad �,ℎ  da  �-is yvela mniSvnelobisaTvis da �,� da � -isTvis: 

�(�,ℎ,�)= �(�|ℎ,�)�(ℎ|�)�(�) 

arsebobs sami SemTxveviTi cvladis mniSvnelobaTa rva kombinacia. cxrili 

gviCvenebs, rom toloba arsebobs ori kombinaciisaTvis: 

 

 

es moyvanilia rogorc savarjiSo imis saCveneblad, rom toloba sruldeba 

darCenili eqvsi kombinaciisaTvisac. 

 

2.2.2. SemTxveviTi cvladebis damoukidebloba 

damoukideblobis cneba bunebrivia vrceldeba SemTxveviT cvladebze. 

gansazRvreba 2.6. davuSvaT, gvaqvs (Ω,�) albaTuri sivrce da ori, Ω-ze 

gansazRvruli, � da � SemTxveviTi cvladi. maSin � da � damoukidebelni arian, Tu 

�-is yvela �  mniSvnelobisTvis da   �-is yvela �  mniSvnelobisTvis, xomilobebi � = � 

da � = � arian damoukideblebi. roca es asea, maSin vwerT: 

��(�,�), 

sadac �� damoukideblobas aRniSnavs. 



21 
 

magaliTi 2.20. vTqvaT, Ω aris Cveulebrivi banqos dastis yvela kartis simravle 

da � aniWebs TiToeul karts 1 52⁄ -s. SemTxveviTi cvladebi Semdegnairad 

ganvsazRvroT: 

 

maSin SemTxveviTi cvladebi � da � arian damoukideblebi. 

e.i. 

��(�,�), 

amis  saCveneblad, Cven unda vaCvenoT �–is da �-is yvela mniSvnelobisaTvis 

�(�|�)= �(�). 

rac naCvenebia qvemoT moyvanil cxrilSi: 

 

pirobiTi damoukideblobis cneba bunebrivad vrceldeba SemTxveviT cvladebze. 

gansazRvreba 2.7. davuSvaT, rom gvaqvs (Ω,�)  albaTuri sivrce da sami �,  � da � 

SemTxveviTi cvladi, romlebic gansazRvrulia Ω–ze. Tu  � da  � arian pirobiTad 

damoukidebelni �  mocemulobiT   �-is yvela �  mniSvnelobisTvis ,�-is yvela 

�  mniSvnelobisTvis da   �-is yvela �  mniSvnelobisTvis, maSin xdomilebebi � = � da 

� = � arian pirobiTad damoukidebelni  mocemulobiT  � = � xdomilobisagan 

damoukideblad, maSin Cven SegviZlia davweroT: 

��(�,�|�). 

magaliTi 2.21. vTqvaT, W nax. 2.1-ze mocemuli yvela obieqtis simravlea, da 

vTqvaT � aniWebs TiToeul obieqts  1 13⁄ -s. SemTxveviTi cvladebi � (formis 

mixedviT), � (asos mixedviT) da � (feris mixedviT) gansazRvrulia Semdegnairad: 
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maSin � da � pirobiTad damoukidebelni arian  � monacemiT. e.i. 

��(�,�|�). 

es rom vaCvenoT, Cven unda warmovadginoT �, � da  � yvela mniSvnelobisaTvis: 

�(�|�,�)= �(�|�) 

arsebobs sami SemTxveviTi cvladis mniSvnelobaTa rva kombinacia. cxrili 

gviCvenebs, rom toloba sruldeba ori kombinaciisaTvis: 

 

es moyvanilia rogorc savarjiSo imis saCveneblad, rom toloba sruldeba sxva 

kombinaciisaTvisac. 

gansazRvreba 2.8. vTqvaT, gvaqvs (Ω,�) albaTuri sivrce da ori, � da � simravle. 

romlebic Seicaven Ω–ze gansazRvrul SemTxveviT cvladebs. vTqvaT � da  � aris, 

Sesabamisad,� da �-Si arsebuli SemTxveviTi cvladebis mniSvnelobaTa 

simravle.  � da � simravleebs uwodeben damoukideblebs, Tu  � da  � simravleebSi 

SemTxveviTi cvladebis yvela mniSvnelobisaTvis xdomilobebi � = � da � = � arian 

damoukideblebi. Tu es asea, maSin vwerT: 

��(�,�), 

sadac �� aRniSnavs damoukidebel mniSvnelobas �-Si. 

magaliTi 2.22. vTqvaT, W aris banqos dastaSi yvela kartis simravle da � 

TiToeul karts aniWebs 1 52⁄ -s. ganvsazRvroT SemTxveviTi cvladebi Semdegnairad: 

P  

maSin {�,�} da {�} simravleebi damoukidebelni arian. e.i. 
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��({�,�},{�})                 (2.7) 

es rom vaCvenoT, unda vaCvenoT, rom �,� da  �-is yvela mniSvnelobisaTvis 

�(�,�|�)= �(�,�). 

arsebobs sami SemTxveviTi cvladis mniSvnelobaTa rva kombinacia. cxrili 

gviCvenebs, rom tolobas adgili aqvs ori kombinaciisaTvis: 

 

es moyvanilia rogorc savarjiSo imis saCveneblad, rom toloba sruldeba sxva 

kombinaciisaTvisac.  

rodesac simravle erT cvlads Seicavs, mas Cveulebriv, figuruli frCxilebis 

gareSe vwerT. magaliTad, damoukidebloba 2.7-s ase CavwerT:  

��({�,�},�).   

gansazRvreba 2.9. vTqvaT,  gvaqvs (Ω,�) albaTuri sivrce da sami, �,� da � 

simravle, romlebic Seicaven Ω–ze gansazRvrul SemTxveviT cvladebs. vTqvaT �, � 

da  � aris, Sesabamisad,�,� da �-Si arsebuli SemTxveviTi cvladebis mniSvnelobaTa 

simravle. .  � da � simravleebs uwodeben pirobiTad damoukideblebs � -s 

gaTvaliswinebiT, Tu �, � da �  simravleebSi SemTxveviTi cvladebis yvela 

mniSvnelobisaTvis, rodesac �(�)≠ 0, � = � da � = �, arian pirobiTad 

damoukideblebi � = � xdomilobis mocemulobiT. rodesac es asea vwerT: 

��(�,�|�).     

        

                 nax. 2.2 obieqtebi xuTi TvisebiT. 
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magaliTi 2.23. vTqvaT, nax. 2.2-ze mocemuli obieqtebis albaTobis miniWebisaTvis 

Cven viyenebT gulgrilobis princips da vsazRvravT SemTxveviT cvladebs 

Semdegnairad: 

 

es datovebulia savarjiSos saxiT, raTa vaCvenoT, rom �,�,�,� da �-is yvela 

mniSvnelobisaTvis: 

�(�,�|�,�,�)= �(�,�|�). 

amrigad, Cven gvaqvs 

��({�,�},{�,�}|�). 

 

 

2.3 albaTobis mniSvneloba 

Tu Tqven ar gaqvT saSualeba safuZvlianad SeiswavloT albaTobis Teoria, 

xSirad rCeba STabeWdileba, rom yvela albaToba gamoiTvleba fardobis 

saSualebiT. SemdgomSi Cven ufro dawvrilebiT ganvixilavT albaTobis 

mniSvnelobas da vaCvenebT, rom Cveulebrivi ganmarteba ar gamoxatavs mis arss. 

  

2.3.1. fardobiTi sixSiris midgoma albaTobis mimarT 

albaTobis saxelmZRvaneloSi klasikuri magaliTi exeba monetis agdebas. 

ramdenadac moneta simetriulia, Cven viyenebT gulgrilobis princips, rom 

mivaniWoT 

�(aversi) = �(reversi) = 0,5. 

vTqvaT, amis magivrad visvriT Wikarts. is aseve SeiZleba daeces oridan erTi 

gziT. vTqvaT is ecema wvetiani TaviT zemoT, romelsac davarqmevT `Tavs~, an 

kideTi gverdze daeces, romelsac `kuds~ vuwodebT. ramdenedac Wikarti araa 

simetriuli, Cven ar gagvaCnia mizezi gulgrilobis principis gamoyenebis da orive 
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Sedegis mimarT 0,5 albaTobis miniWebis. maS rogor unda mivaniWoT albaTobebi? 

monetis agdebis dros Cven vaniWebdiT  �(aversi) = 0,5, da cxadad vvaraudobdiT, rom 

Tu monetas avagdebdiT bevrjer, is daecemoda aversiT daaxloebiT naxevar 

SemTxvevaSi. Tu monetas avagdebdiT 1000-jer, is daecemoda aversiT 500-jer. 

ganmeorebiTi eqsperimentis Catarebis  Sesaxeb aseTi gageba albaTobis gamoTvlis 

(an Sefasebis mainc) saSualebas gvaZlevs. e.i. Tu Cven eqsperiments xSirad 

gavimeorebT, Cven sruliad davrwmundebiT, rom Sedegebis albaToba, im jeradobis 

dros, romelSic xdeba es cda, daaxloebiT tolia. magaliTad, studentma aagdo 

moneta 10 000-jer da is daeca aversiT 3761-jer, e.i.  

�(�����)≈
����

�� ���
= 0,3761. 

marTlac, 1919 wels riCard fon mizerma gamoiyena am wiladis zRvari 

albaTobis gansazRvrisaTvis. e.i. Tu � agdebis raodenobaa, da �� ki is raodenobaa 

ramdenjerac daeca Wikarti `TaviT~, Semdeg: 

�(�����)≡ lim�→ �
��

�
. 

am gansazRvrebaSi igulisxmeba, rom faqtobrivad zRvari miRweulia. e.i. 

igulisxmeba, rom fardoba ar icvleba. magaliTad, ar gvaqvs mizezi, rom 

vigulisxmoT, rom fardoba 100 agdebis Semdeg ar iqneba 0,5; 1000 agdebis Semdeg 0,1; 

10000 agdebis Semdeg  0,5 da a. S. mxolod eqsperimentebs SeuZlia realur samyaroSi 

daasabuTon zRvarTan miaxloeba. 1946 wels j.e. keriCma Caatara mravali aseTi 

eqsperimenti iseTi azartuli TamaSebis gamoyenebiT, romlebSic aris gulgrilobis 

principi (magaliTad, banqos dastidan kartis amoReba). misma Sedegebma aCvena, rom 

fardobiTi sixSire zRvars uaxlovdeboda da rom es zRvari miiReboda 

gulgrilobis principis gamoyenebiT. 

albaTobis mimarT aseT midgomas uwodeben albaTobis mimarT fardobiTi 

sixSiris midgomas da im albaTobebs, romlebic am midgomiT miiReba, uwodeben 

fardobiT sixSireebs.  Frequentist aris adamiani, romelic Tvlis, rom es aris 

erTaderTi gza, romliTac Cven SegviZlia miviRoT albaToba. miaqcieT yuradReba, 

rom am midgomis mixedviT Cven verasodes ver vadgenT albaTobis sizustes. 

magaliTad, Tu Cven moneta avagdeT 10000-jer da aversze daeca 4991-jer, mas 

SevafasebdiT ase: 

�(�����)≈
����

�� ���
= 0,4991.  
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sxva mxriv, Tu Cven gamoviyenebdiT gulgrilobis princips, maSin mivaniWebdiT 

�(�����)= 0,5. monetis SemTxvevaSi albaToba SeiZleba arc iyos 0,5 imitom, rom 

moneta ar SeiZleba iyos absoluturad simetriuli. magaliTad,  keriCma (1946) 

aRmoaCina, rom kamaTlis asrolisas eqvsiani ufro metjer movida, vidre erTiani. 

es imitom xdeboda, rom kamaTelze laqebi amoTxrili iyo. amgvarad kamaTeli 

yvelaze msubuqi eqvsianis mxares iyo. sxva mxriv urniT da banqoTi eqsperimentebis 

dros Cven SegviZlia darwmunebuli viyoT im albaTobaSi, romelic gulgrilobis 

principiT miiReba.   

magaliTi 2.24. vTqvaT, visvriT asimetriul eqvswaxnaga kamaTels, da 1000 

asrolis dros vakvirdebiT, rom eqvsi mxare Semdegjer modis:  

 

Amgvarad, Cven vafasebT �(1)≈ 0,25,�(2)≈ 0,15,�(3)≈ 0,2,�(4)≈ 0,7,�(5)≈ 0,28 da  

�(6)≈ 0,05. 

eqsperimentis ganmeorebiT Catarebas (rom SevafasoT fardobiTi sixSire) 

uwodeben arCevans, xolo Sedegebis nakrebs SemTxveviT arCevans (an ubralod 

nimuSs), maSin roca nakrebs, romlidanac Cven vaxdenT arCevas, uwodeben 

populacias. 

magaliTi 2.25. davuSvaT Cveni populacia aris 31-dan 85 wlamde Yyvela mamakaci 

aSS-Si, da Cven gvainteresebs sisxlis maRali wnevis mqone mamakacTa albaToba. 

maSin, Tu Cven aviRebT 10000-kacian simravles, es simravle aris Cveni arCevani. 

Semdeg, Tu 3210 aqvs sisxlis maRali arteriuli wneva, Cven mas vafasebT ase: 

�(sisxlis maRali wneviT) ≈
����

�����
= 0,321. 

teqnikurad Cven ar unda davasaxeloT populaciis am asakobriv jgufSi myofi 

yvela mamakaci. Teoria ambobs, rom am jgufis mamakacebs aqvT midrekileba maRali 

arteriuli wnevis mimarT da es midrekileba aris albaToba. es midrekileba 

SeiZleba iyos araTanabari maRali arteriuli wnevis mqoneTa jgufSi. Teoriulad 

Cven unda gvqonoda mamakacTa usasrulo raodenoba, rom gangvesazRvra albaToba. 

am asakobriv jgufSi mimdinare simravles ewodeba sasruli populacia. am asakis 
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yvela mamakacis simravlidan nawils aqvs maRali arteriuli wnevis SeZenis 

albaToba. ukanaskneli albaToba aris maRali arteriuli wnevis mqone mamakacTa 

martivi fardoba. rodesac vakeTebT statistikur daskvnas, Cven xandaxan gvsurs 

SevafasoT es sasrul populaciaSi mosaxleobis arCeviTobis mixedviT, sxva 

SemTxvevaSi Cven gvsurs SevafasoT midrekileba dakvirvebis sasruli 

mimdevrobidan. magaliTad, satelevizio Semfaseblebs Cveulebriv surT gaigon 

faqtobrivad SerCeuli adamianebidan  adamianTa ra raodenoba uyurebs Sous. meore 

mxriv medikosebs surT mamakacTa sasruli mimdevrobidan Seafason mamakacTa 

midrekileba maRali arteriuli wnevis mimarT. mkvlevars SeuZlia Seqmnas 

usasrulo mimdevroba sasruli populaciidan axali elementis SerCevamde  

SerCeuli elementis ukan dabrunebiT. amas ewodeba `CanacvlebiT SerCeva~. 

praqtikaSi es iSviaTad xdeba, magram Cveulebriv sasruli populacia imdenad didia 

statistikosebi gamartivebis mizniT uSveben varauds, rom SerCeva ase keTdeba. e.i. 

isini ar cvlian elements, magram varaudoben, rom fardoba ucvlelia Semdegi 

SerCevisaTvisac. 

SerCevisas dakvirvebad fardobiT sixSires ewodeba albaTobis maqsimaluri 

albaTuri Sefaseba (fardobiTi sixSiris zRvari), ramdenadac albaTobis albaTuri 

Sefaseba, romelsac gvaZlevs dakvirvebadi mimdevroba, SedarebiT zustia, rodesac 

Cven vvaraudobT, rom cdebi (eqsperimentis gameoreba) albaTurad damoukidebelni 

arian. 

magaliTi 2.26. davuSvaT, rom oTxjer vagdebT Wikarts da vakvirdebiT 

mimdevrobas (Tavi, kudi, Tavi, Tavi). maSin Tavebis gamoCenis maqsimaluri albaTuri 

Sefaseba aris 3 4⁄ . vTqvaT, ��,��,�� da �� iseTi SemTxveviTi cvladebia, rom �� 

warmoadgens �-uri agdebis Sedegs. Cveni SefasebiT �(��=Tavi) toli unda iyos 0,75-

is yvela �-sTvis. davuSvaT cdebi damoukidebelia, maSin: 

�(��ℎ����,�� = �����,�� = ℎ����,�� = ℎ���� = 

= �(�� = ℎ����)�(�� = �����)�(�� = ℎ����)�(�� = ℎ����)= 

=
�

�
×

�

�
×

�

�
×

�

 �
= 0 ,1055. 

 SeiZleba vaCvenoT, rom nebismieri sxva Sefaseba am mimdevrobas nakleb 

savaraudos gaxdis. magaliTad, Tu cdas vafasebT �(�� = ℎ����) 1 2⁄ -is tolad, Cven 

gvaqvs: 

�(��ℎ����,�� = �����,�� = ℎ����,�� = ℎ���� = 
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= �(�� = ℎ����)�(�� = �����)�(�� = ℎ����)�(�� = ℎ����)= 

�

�
×

�

�
×

�

�
×

�

�
= 0,0625. 

fon mizesis fardobiTi sixSiris midgomis sxva aspeqts warmoadgens is, rom 

SemTxveviTi procesi axdens Sedegebis mimdevrobis generirebas. fon mizesis 

Teoriis Tanaxmad, SemTxveviTi procesi ganisazRvreba rogorc ganmeorebadi 

eqsperimenti, romlisTvisac Sedegebis usasrulo mimdevroba miCneulia SemTxveviT 

mimdevrobad. intuiciurad, SemTxveviTia mimdevroba, romelic ar gviCvenebs 

kanonzomierebas an Sablons. magaliTad, sasruli binaruli mimdevroba `1011101100~ 

warmogvidgeba SemTxveviTad maSin, roca mimdevroba `1010101010~ araa, radgan mas 

gaaCnia Sabloni `10~, romelic meordeba xuTjer. TvalsaCinoa, rom eqsperimenti 

rogoricaa monetis agdeba da kamaTelis gagoreba WeSmaritad SemTxveviTi 

procesebia. 1971 wels iversenma da sxvebma Caatares mravali eqsperimenti kamaTlis 

meSveobiT SemTxveviTi Sedegebis mimdevrobis miTiTebiT. iTvleba, rom 

miukerZoebeli SerCeva aseve iZleva SemTxveviT mimdevrobas da amitom warmoadgens 

SemTxveviT process.  

 

2.3.2. albaTobis mimarT subieqturi midgoma 

Tu Cven QWikarts 10 000-jer avagdebT da is TaviT daecema 6000-jer, mas 

SevafasebdiT Semdegnairad _ �(ℎ����) tolia 0,6-is. zustad ra ricxvia es? aris es 

nebismieri ricxvis cifrebamde sizustiT Wikartebis TaviT dacemis raime 

albaToba? rogorc Cans, ara. marTlac, rodesac visvriT sakancelario Wikarts, 

misi forma nelnela icvleba Tavis mimarT daxris kuTxiT. ganvixiloT sxva 

magaliTi, namdvilad arsebobs mamakacebisaTvis konkretul asakSi maRali 

arteriuli wnevis mimarT zusti midrekileba? Cans isev ara. Cans, rom kartiT da 

urniT azartuli TamaSebis garda albaTobis fardobiTi sixSire mxolod 

idializebulia. miuxedavad amisa, am cnebisagan Cven gviCndeba sasargeblo 

Sexeduleba. magaliTad, Tu Wikarti 10000-jer agdebis Semdeg 6000-jer TaviT daeca, 

mas gaaCnia daaxloebiT 0,6-is toli albaToba imisa, rom Semdeg agdebazec 

Sesabamisad daeces. e.i. Cven vTvliT rom  samarTliania is, rom movigoT 40$, Tu 

Wikarti daecema TavebiT da davkargoT 1$ -60$ =60$ Tu Wikarti daecema kudebiT. 

ramdenedac fsoni iTvleba samarTlianad, sawinaaRmdego, kerZod 40$-is dakargva, 

Tu Wikarti daecema TaviT, da 60$  mogeba, Tu is daecema kudiT, aseve CaiTvleba 
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samarTlianad. ase, rom avirCevT fsonis orive mxares. albaTobis rogorc 

faseulis cnebas, romelic gansazRvravs samarTlian fsons, uwodeben albaTobis 

mimarT subieqtur midgomas, xolo am sistemaSi albaTobebs uwodeben subieqtur 

albaTobebs an rwmenas (dajerebas). subieqtivisti aris is vinc grZnobs, rom 

SegviZlia mivaniWoT albaToba am struqturis farglebSi. ufro konkretulad am 

midgomaSi xdomilobis ganusazRvrelobis subieqturi albaToba – es aris fulis � 

erTeuli, romlis micemasac (dakargvasac) daveTanxmebiT, Tu xdomiloba ar 

moxdeboda imis sanacvlod, rom miviRoT (movigoT) 1− � erTeuli Tu es moxdeba. 

 magaliTi 2.27. davuSvaT, rom Cveni azriT �(ℎ����)= 0,6. es niSnavs, rom Cven 

veTanxmebiT rom samarTliania mivceT 60$ Tu Wikarti daecema TaviT da miviRoT 40$ 

Tu es moxdeba. miaqcieT yuradReba, Tu eqsperiments gavimeorebT 100-jer da TaviT 

dacema iqneba jeradobis 60% (rogorc velodiT), Cven movigebT 60(40$) = 24$  da 

wavagebT 40(60$) = 24$. e.i. waugeblebi davrCebiT.   

albaTobis mimarT fardobiTi sixSiris midgomisagan gansxvavebiT, subieqturi 

midgoma saSualebas iZleva gamovTvaloT im xdomilobebis albaTobebi, romlebic 

ar meordeba. klasikuri magaliTi Seexeba ipodromze dadebul fsonebs. imisaTvis, 

rom miviRoT gadawyvetileba fsonis dadebis Sesaxeb, Tavidan unda ganvsazRvroT, 

ramdenad sworia Cveni varaudi, rom yvela cxeni gaimarjvebs. aRniSnuli rbola 

arc manamde gaimarTeba da arc SemdgomSi. amgvarad, Cven ar SegviZlia vnaxoT amis 

gamovlena wina rbenebSi, rom virwmunoT. ufro savaraudoa, rom am dajerebulobas 

miviRebT, cxenebis saerTo SesaZleblobis, jiSis, trasis pirobebis, Jokeebis da a.S. 

Sesaxeb dawvrilebiTi gaanalizebis safuZvelze.  cxadia, analizis safuZvelze 

yvela erTnair varaudamde ar miva. swored amitom uwodeben am albaTobebs 

subieqturs. isini konkretulad individualurebi arian. zogadad maT ar gaaCniaT 

obieqturi faseuloba, romelsac yvela unda daeTanxmos. ra Tqma unda, Tu Cven 

CavatarebdiT iseT eqsperimentebs, rogoricaa Wikartis 10000-jer agdeba da misi 

dacema TaviT 6000-jer, umetesoba daeTanxmeboda, Tavebis albaToba Seadgens 

daaxloebiT 0,6-s. marTlac, de finetma aCvena, rom Tu Cven vakeTebT raime 

gonivrul varauds Tqveni rwmenis Sesaxeb, es Tqveni albaTobaa.  

sanam am sakiTxs gavagrZelebdeT, Cven vimsjelebT albaTobasTan dakavSirebuli 

cnebis Sesaxeb, kerZod, albaTobis koeficientze. maTematikurad, Tu �(�) aris � 

xdomilobis albaToba, maSin albaTuri koeficienti Semdegnairad ganisazRvreba: 
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�(�)=
�(�)

���(�)
. 

rac Seexeba fsonebs, �(�) es aris Tanxis is nawili, romlis dakargvasac Cven 

samarTlianad vTvliT Tu � ar moxda 1 dolaris miRebis sanacvlod, Tu is 

marTlac moxda. 

magaliTi 2.28. vTqvaT � aris xdomiloba, rodesac  cxeni oldnagi igebs 

kenkutis derbs. Tu Cven vTvliT �(�)= 0,2, maSin  

�(�)=
�(�)

���(�)
=

�,�

���,�
= 0,25.  

es niSnavs, rom Cven 0.25$-is dakargvas vTvliT samarTlianad, Tu cxeni ar 

moigebs, da vibrunebT 1$-s Tu is moigebs.  

Tu Cven samarTlian fsons CamovayalibebT albaTobis TvalsazrisiT (rogorc 

es zemoT iyo ganxiluli), Cven samarTlianad CavTvlidiT 0,20$ dakargvas, Tu cxeni 

ar moigebda, 0,80$ mogebis sanacvlod, Tu is moigebda. miaqcieT yuradReba, rom 

orive meTodis dros mogebul Tanxas da wagebuls Soris fardoba 4-is tolia; 

amitom fsonis qcevis gansazRvrisas isini SeTanxmebadi arian. 

ipodromze fsonebis koeficientis Cvenebebi warmoadgenen xdomilobis 

sawinaaRmdego Sansebs, e.i. es aris imis albaToba, rom xdomiloba ar moxdeba. Tu 

�(�)= 0,2 da E  niSnavs, rom � ar axdeba, maSin 

4
8,01

8,0

)(1

)(
)( 












EP

EP
EO

 

da ipodromze �-s winaaRmdeg Sansi tolia 4 1-is winaaRmdeg. Tu Tqven fsoni �-

ze dadeT waagebT 1$-s Tu ar moxdeba, da moigebT 4$-s Tu es moxdeba. miaqcieT 

yuradReba rom es aris Sansi sarben bilikze, romelic efuZneba yvela monawilis 

fsonis Sedegs. Tu Tqven gjeraT �(�)= 0,5-s, TqvenTvis �-s winaaRmdeg Sansi tolia 

erTi erTis winaaRmdeg (Tundac fuli), da Tqven geZlevaT oTxi erTTan miRebis 

Sansi.  

zogi adamiani diskomforts ganicdis Tu subieqturi albaTobis SefasebisaTvis 

iZulebulia ganixilos fsonebi. am albaTobis dasadgenad sxva saSualebebic 

arsebobs. yvelaze popularulia Semdegi, romelic SemogvTavaza lindlim 1985 

wels. am meTodis Tanaxmad adamianma unda miaRwios azartuli TamaSebis mimarT 

ganusazRvrel Sedegs, roca ixilavs TeTri da Savi burTebis Semcvel urnas. 

individma unda gansazRvros TeTri burTebis ra raodenobisaTvis iqneboda is 
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gulgrili mcire prizis misaRebad Tu � xdomiloba moxdeboda (an WeSmariti 

iqneboda) da imave prizis misaRebad, Tu TeTri burTi iqneboda amoRebuli urnidan. 

burTebis es wili aris individualuri albaTobis Sedegi. aseTi albaTobis  

konstruireba SeiZleba binaluri Semcirebis gamoyenebiT. magaliTad, Tu Tqven 

gulgrili iyaviT, rodesac wili iyo 0,8, TqvenTvis �(�)= 0,8. Tu vinme gulgrili 

iyo, rodesac wili iyo 0,6, am adamianisaTvis �(�)= 0,6. isev arc erTi adamiani araa 

marTali da arc mtyuani. 

Secdoma iqneboda gvevarauda, rom subieqturi albaToba mxolod azartuli 

TamaSebisTvisaa mniSvnelovani. sinamdvileSi is mniSvnelovania am wignSi 

ganxiluli yvela danarTisaTvis. Semdeg ganyofilebaSi Cven vaCvenebT subieqturi 

albaTobis gamoyenebis saintereso SemTxvevebs. 

 

 

2.4. SemTxveviTi cvladebi danarTebSi 

SevniSnoT, rom 2.6 magaliTSi Cven SemTxveviTi sidide ganvsazRvreT winaswar 

Camoyalibebuli W xdomilebaTa sivrcis gareSe. Tumca maTematikurad miRebulia 

jer dakonkretdes xdomilebaTa sivrce da mere ganisazRvros am sivrceSi 

SemTxveviTi sidide, praqtikaSi es ase araa. praqtikaSi arsebobs calkeuli 

erTeuli an erTeulTa simravle, romelTac gaaCniaT garkveuli maxasiTebeli, 

romelTa mdgomareobis gansazRvrac gvsurs, magram zustad ver vsazRvravT. amitom 

vxsniT ramdenad mosalodnelia rom es konkretuli maxasiaTebeli imyofeba 

gansazRvrul mdgomareobaSi. calkeuli SemTxvevis magaliTia kanonmdebloba, 

romlis mixedviTac vcdilobT warmovadginoT SesaZlo kancerogenuli qimiuri 

nivTierebis ekonomikuri sargebeli. Cveni survilia ganvsazRvroT qimiuri 

nivTierebis SedarebiTi riski misgan sargebelis miRebis winaaRmdeg. simravlis 

magaliTs warmoadgens pacientebis simravle, romelTac msgavsi daavadebebi da 

simptomebi aqvT. am SemTxvevaSi, Cven gvsurs movaxdinoT daavadebis diagnostika 

simptomebze dayrdnobiT. rogorc 2.3.1 ganyofilebaSia miTiTebuli, maxasiaTeblebis 

aseT nakrebs ewodeba populacia da teqnikurad es aris ara yvela arsebuli 

maxasiaTeblis simravle, aramed Teoriulad erTeulTa usasrulo simravle.  

am danarTSi SemTxveviTi sidide warmoadgens modelirebuli erTeulis raRac 

maxasiaTebels da Cven ar varT darwmunebuli am maxasiaTeblis faseulobaSi. erTi 
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erTeulis SemTxvevaSi am maxasiaTebelis mniSvnelobaSi darwmunebulebi ar varT 

maSin, roca maxasiaTeblebis nakrebis SemTxvevaSi Cven ar varT darwmunebuli am 

simravlis zogierTi wevrisaTvis mis faseulobaSi. imisaTvis, rom aRmoifxvras es 

ganusazRvreloba, Cven vamuSavebT cvladebs Soris albaTur 

urTierTdamokidebulebas. rodesac arsebobs maxasiTeblebis simravle, Cven 

vvaraudobT, rom simravleSi yvela maxasiaTebels erTi da igive albaToba aqvs im 

cvladebTan dakavSirebiT, romelic modelSia gamoyenebuli. im SemTxvevaSi 

rodesac es ase ar aris,  Cveni analizi ar gamoiyeneba. qimiuri nivTierebis 

Semotanis scenaris SemTxvevaSi, misi Tvisebebi SeiZleba Seicavdes adamianze 

kancerogenuli potencialis zemoqmedebis raodenobas. Tu es CvenTvis saintereso 

Taviseburebebia, maSin Cven vaxdenT SemTxveviTi sidideeebis adamianze zemoqmedebas 

da kancerogenuri potencialis idencifirebas (simartivisaTvis Cveni ilustraciebi 

moicavs ramdenime cvlads. faqtobrivad, danarTebSi Cveulebrivad amaze meti 

gamoiyeneba). pacientebis nakrebis dros maxasiaTeblebis interesi SeiZleba 

moicavdes iseTi daavadebis arsebobas an ararsebobas rogoricaa filtvis kibo, 

SeiZleba Tu ara iseTi daavadebebis gamovlena, rogoricaa gulmkerdis 

redgenografia, arsebobs mizezebi iseTi daavadebis, rogoricaa mweveloba. am 

maxasiaTeblebis gaTvaliswinebiT Cven movaxdendiT SemTxveveiTi cvladebis 

gulmkerdis rentgenis, filtvis kibos da mowevis istoriis identificirebas. 

SemTxveviTi cvladebis idetificirebis Semdeg TiToeuli maTganisaTvis 

ganvasxvavebT urTierTgamomricxav da amomwurav mniSvnelobebs. SesaZlebelia 

SemTxveviTi cvladis mniSvneloba – es sxvadasxva mdgomareobaa, romelic SeiZleba 

miiRos maxasiaTebelma. magaliTad, mdgomareoba filtvis kibo SeiZleba iyos an ar 

iyos, mdgomareoba gulmkerdis rentgeni SeiZleba iyos dadebiTi an uaryofiTi, 

xolo mweveloba SeiZleba iyos ki an ara, sadac ki SeiZleba niSnavdes, rom 

pacienti eweva dReSi erT an met kolof sigarets bolo 10 wlis ganmavlobaSi. 

SemTxveviTi cvladebis SesaZlo mniSvnelobebis gamijvnis Semdeg (e.i. maTi 

sivrceebis), vafasebT SemTxveviTi cvladebis albaTobebs, gvaqvs ra maTi 

mniSvnelobebi. Tumca, zogadad, Cven uSualod ar ganvsazRvravT SemTxveviTi 

cvladis ganawilebis mniSvnelobas erTobliv albaTobaSi. piriqiT, vadgenT 

CvenTvis xelmisawvdomi SemTxveviTi cvladebis albaTobas.  SemdgomSi, baiesis 

Teoremis gamoyenebiT,  am cvladebiT mixedviT SeiZleba vimsjeloT CvenTvis 
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saintereso xdomilobis albaTobis miRebis Sesaxeb. Semdegi magaliTi axdens amis 

ilustrirebas. 

magaliTi 2.29. vTqvaT, sems gadawyvetili aqvs daqorwindes da miiRos 

qorwinebaSi Sesvlis licenzia. im mdgomareobaSi, romelSic is cxovrobs 

aucilebelia gaiaros testi sisxlis analizze ELISA (fermenti dakavSirebuli 

imunosorbentuli analizTan), romelic avlens Sidss (adamianis imunodeficitis 

virusi). semi gaivlis tests da is dadebiTi aRmoCndeba Sidsze. ramdenad 

savaraudoa, rom semi SidsiT inficirebulia? testis sizustis gareSe, sems 

namdvilad ar gaaCnia SesaZlebloba gaigos, ramdenadaa savaraudo, rom is aiv 

inficirebulia. monacemebi, romlebic gvxvdeba aseT testebSi es aris WeSmaritad 

dadebiTi maCvenebeli (mgrZnobeloba) da WeSmaritad uaryofiTi maCvenebeli 

(specifikuroba). WeSmaritad dadebiTi maCvenebeli aqvT adamianTa im nawils, 

romelTac es infeqcia aqvT, rodesac testi dadebiTia. magaliTad,  ELISA -sTvis 

10000 adamianis ricxvis misaRebad es adamianebi unda iyvnen aiv inficirebulad 

identificirebulni. es keTdeboda Western Blot -is gamoyenebiT, romelic aiv 

infecirebis standartul oqros tests  warmoadgens. im adamianebidan romlebmac 

ELISA-s testi gaiares, 9990-s hqonda dadebiTi Sedegi. amgvarad WeSmariti dadebiTi 

maCvenebeli Seadgens 0,999-s. WeSmarit uaryofiT maCvenebels warmoadgens adamianTa 

is nawili, romlebsac ar aqvT infeqcia, romelTa testi uaryofiTia. ELISA -sTvis 

10000 adamianis ricxvis misaRebad am adamianebs ar unda hqondeT aiv infeqciis 

faqtorebis riski. amaTgan 9980-s uaryofiTi ELISA testis Sedegi aqvs. garda amisa 

20-ma dadebiTad testirebulma monazonma Western Blot–is gamoyenebiT uaryofiTi 

Sedegi miiRo. amgvarad WeSmariti uaryofiTi maCvenebeli Seadgens 0,998-s, rac 

niSnavs, rom 0,002 uaryofiTi maCvenebeli tyuilia. amitom Cven vaxdenT Semdegi 

SemTxveviTi cvladebis da subieqturi albaTobebis formulirebas: 

�(����� = �������|��� = �������)= 0.999         (2.8) 

�(����� = �������|��� = ������)= 0.02         (2.9) 

SeiZleba gagikvirdeT, ratom veZaxiT amas subieqtur albaTobas, rodesac is 

monacemebis mixedviT gvaqvs miRebuli. SegaxsenebT, rom sixSiruli modgomiT Cven 

verasodes gavigebT faqtobriv fardob iTsixSires (obieqturi albaTobebi). Cven 

mxolod SegviZlia SevafasoT isini monacemebis mixedviT. magram subieqturi 

moidgomis CarCoebSi, Cven SegviZlia wilobrivad toli dajerebuloba (subieqturi 
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albaTobebi) miviRoT monacemebidan. Cven SegviZlia vaCvenoT, rom semi TiTqmis 

aucileblad aiv inficirebulia, ramdenadac testi amdenad zustia. miaqcieT 

yuradReba arc 2.8 tolobaSi da arc 2.9 tolobaSi araa imis albaToba, rom semi 

SidsiTaa daavadebuli. ramdenadac viciT, rom sems ELISA testis dadebiTi Sedegi 

aqvs, amdenad albaToba iqneba: 

�(��� = �������|����� = ��������). 

am albaTobis gamoTvla SegviZlia baiesis Toremis saSualebiT Tu Cven viciT 

�(��� = �������). SegaxsenebT, rom semma Caabara sisxli analizze mxolod imitom, 

rom amas saxelmwifo iTxovda. man es gadawyvetileba ar miiRo imitom rom, egona 

raRac mizeziT SidsiT inficirebuli iyo. Aamgvarad, semis Sesaxeb gvaqvs mxolod 

is informacia, rom is mamakacia im StatSi, sadac cxovrobs. amgvarad Tu semis 

Statis 100 000 kacidan, romlebic aiv inficirebulebi arian, is erTia, Cven vaniWebT 

Semdeg subieqtur albaTobas: 

�(��� = �������)= 0,0001. 

Aaxla gamosaTvlelad gamoviyenoT baiesis Teorema 

 �(�������|��������)= 

=
�(��������|�������)�(�������)

�(����������|�������)�(�������)+ �(��������|������)�(������)
= 

=
(0,00001)

(0,999)(0,00001)+ (,0002)(0,99999)
= 

= 0,00497. 

sakvirvelia, magram Cven sakmarisad varT darwmunebulebi imaSi, rom semi araa 

aiv inficirebuli. 

iseT albaTobas, rogoricaa   �(��� = �������) uwodeben wina albaTobas, imitom 

rom konkretul modelSi es aris raRac xdomilobis albaToba iqamde, vidre axali 

informaciis gamoyenebiT am modelis CarCoebSi ar moxdeba am xdomilobis 

albaTobis ganaxleba. Secdoma ar iqneba, Tu vifiqrebT, rom es aris albaToba 

axal informaciamde. �(��� = �������|����� = ��������) saxis albaTobas uwodeben 

momdevno albTobas, radgan es aris xdomilobis albaToba, romelic axali 

informciis safuZvelze ganaxlda romeliRac modelis farglebSi. wina magaliTSi, 

miuxedavad imisa rom testi sakmarisad zustia, wina albaTobis simciris mizezi 

imaSi mdgomareobs, rom adrindeli albaToba Zalian mcirea. Semdegi magaliTi 
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gviCvenebs, Tu rogor SeuZliaT gansxvavebul wina albaTobas dramatulad 

Secvalos situacia.  

magaliTi 2.30. vTqvaT, meri da misi qmari cdiloben Svilis yolas da qali 

eWvobs, rom is fexmZimedaa. is itarebs tests fexmZimobaze, romlis WeSmariti 

dadebiTi maCvenebelia 0,99 da cru dadebiTi maCvenebelia 0,02. Semdeg davuSvaT, rom 

yvela im qalis 20%, romlebmac es testi gaiara, namdvilad fexmZimedaa. Bbaiesis 

Teoremis gamoyenebiT gveqneba: 

�(�������|��������)= 

=
�(��������|�������)�(�������)

�(����������|�������)�(�������)+ �(��������|������)�(������)
= 

=
(�,��)(�,�)

(�,��)(�,�)�(�,�)(�,�)
= 0,92523. 

Tumca meris testi semis testTan SedarebiT naklebad zusti iyo, is 

savaraudod fexmZimedaa, Tumca semi araa aiv inficirebuli. es gamowveulia 

winaswari informaciiT. arsebobda mniSvnelovani winaswari albaToba (0,2), rom meri 

iyo orsulad, radgan mxolod is qalebi gadiodnen tests, romlebic eWvobdnen 

rom orsulad iyvnen. meore mxriv, semi itarebda tests ubralod imitom, rom mas 

surda daqorwineba. Cven ar gvqonda wina informacia, romliTac is aiv 

inficirebuli iyo. 

wina or magaliTSi Cven miviReT dajerebuloba (subieqturi albaToba) uSualod 

monacemebSi dakvirvebadi nawilisagan. miuxedavadD imisa, rom es xSirad xdeba, amis 

aucilebloba ar aris. zogadad, Cvens dajerebulobas viRebT warsulis Sesaxeb 

informaciidan, rac imas niSnavs, rom es dajerebuloba warmoadgens mTeli Cveni 

gamocdilebis Semadgenel nawils da ara ubralod dakvirvebad fardobiT 

sixSireebs. amis magaliTebs vnaxavT wignSi. amis ilustrirebaa Semdegi magaliTic.  

magaliTi 2.31. davuSvaT, me vgrZnob, rom ������–is dacemis albaToba tolia 

0,4-is, dRes minimum 1%-iT mainc aiwevs. es ufuZneba Cems codnas, rom guSindeli 

vaWrobis Semdeg ramdenime didi kompaniis teqnologiur seqtorSi SesaniSnavi 

mogeba dafiqsirda da moulodnelad cnobili gaxda, rom aSS-is nedli navTobiT 

momarageba gaizarda. garda amisa, Tu dRes ������ gaizrdeba minimum 1%-iT, me 

vrZnob, rom arsebobs 0,1 albaToba imisa, rom Cemi favoriti safondo ���� dRes 

10%-iT aiwevs. Tu dRes ������ ar gaizrdeba minimum 1%-iT, me vrZnob, rom arsebobs 

mxolod 0,02 albToba imisa, rom Cemi favoriti safondo ���� dRes 10%-iT aiwevs. 
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me amaSi imitom var darwmunebuli, rom ���� -is efeqturoba dakavSirebulia 

teqnikuri seqtoris zogad mwarmoeblobasTan. me Sevamowme ���� vaWrobis daxurvis 

Semdeg da SevamCnie, rom is gaizarda 10%-ze metad. ras udris imis albaToba, rom 

������-ma aiwia aranakleb 1%-isa? baiesis Teoremis gamoyenebiT gvaqvs: 

D �(������ = ��1%|���� = ��10%)= 

=
�(��10%|��1%)�(��1%

�(��10%|��1%)�(��1%)+ �(��10%|��� ��1%)�(��� ��1%)
= 

=
(�,�)(�,�)

(�,�)(�,�)�(�,��)(�,�)
= 0,769. 

wina sam magaliTSi Cven gamoviyeneT baiesis Teorema cnobili subieqturi 

albaTobebidan Semdgomi subieqturi albaTobis gamosaTvlelad. mkacrad rom 

vTqvaT, amis gakeTeba SegviZlia mxolod subieqturi midgomis farglebSi. anu, 

rogorc mkacri sixSireebi amboben, Cven arasodes SegviZlia gavigoT zusti 

albaTobebi, maTTvis verasodes gamoiyeneben baiesis Teoremas.AmaT SeuZliaT 

mxolod analizi, Tu rogor gamoTvalon sandoobis intervali monacemTa 

safuZvelze ucnobi albaTobis mniSvnelobis gamosaTvlelad. es meTodebi 

ganixileba nebismier klasikur statistikur teqstSi. amdenაd subieqtivistebi arian 

isini, romlebic iyeneben baiesis Teoremas. maT xSirad baiesianebs uwodeben. 

 

2.5 statistikuri koncefciebi 

Semdeg Cven ganvixilavT statistikis ZiriTad cnebebs. miuxedavad imisa, rom 

Cven warmovadgenT masalas diskretuli cvladebisaTvis, cnebebi pirdapiri wesiT 

vrceldeba uwyvet cvladebzec. 

2.5.1 mosalodneli mniSvneloba 

gansazRvreba 2.10. davuSvaT, Cven gvaqvs diskretuli ricxviTi SemTxveviTi 

cvladi �, romlis sivrcea  

 {��,��,… ,��} 

maSin mosalodneli mniSvneloba  �(�) iqneba Semdegnairi: 

�(�)= ���(��)+ ���(��)+ ⋯ + ���(��). 

magaliTi 2.32. vTqvaT, gvaqvs iseTi simetriuli matrica, romlis TiToeuli 

mxaris albaToba gviCvenebs 1 6⁄ -s. vTqvaT, � aris SemTxveviTi cvladi, romlis 

mniSvneloba gviCvenebs kamaTelis agdebiT miRebul ricxvs, Semdeg: 

�(�)= 1�(1)+ 2�(2)+ 3�(3)+ 4�(4)+ 5�(5)+ 6�(6)=Y 
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= 1�
�

�
�+ 2�

�

�
�+ 3�

�

�
�+ 4�

�

�
�+ 5�

�

�
�+ 6�

�

�
�= 3,5. 

Tu Cven kamaTels bevrjer avagdebT, gveqneba molodini, rom Cvenebis ricxvebis 

saSualo daaxloebiT 3,5 iqneba. 

magaliTi 2.33. davuSvaT, gvaqvs SemTxveviTi cvladebi �(simaRle) da � (xelfasi), 

romelic aRwerilia 2.18 magaliTSi. SegaxsenebT, rom isini sqesze, simaRlze da 

xelfasze dayrdnobiT Semdegi cxrilis mixedviT iyvnen ganawilebulni 

 

ASemdeg 

�(�)= 64�
�

��
�+ 68�

�

��
�+ 70�

�

��
�= 66,33. 

�(� )= 30,000�
�

��
�+ 40,000�

�

��
�+ 50,000�

�

��
�= 40,000. 

�-is mosalodnel mniSvnelobas aseve uwodeben saSualos da xandaxan ase 

aRniSnaven ��. situaciaSi, rodesac albaTobebi moicema imis Sesabamisad, Tu 

ramdenjer Cndeba mniSvneloba populaciaSi (rogorc es wina magaliTSi iyo), es 

aris ubralod mosaxleobis yvela wevrze aRebuli saSualo maCvenebeli. miviRebT 

Semdeg Teoremas, romlis damtkicebasac savarjiSos saxiT vtovebT da romelic 

exeba or damoukudebel SemTxveviT cvladebs: 

Teorema 2.3. Tu � da � damoukidebeli SemTxveviTi cvladebia, maSin 

�(��)= �(�)�(�). 

magaliTi 2.34. vTqvaT � aris SemTxveviTi cvladi, romlis mniSvneloba 

gviCvenebs simetriuli kamaTelis agdebiT miRebul ricxvs, da � cvladia romlis 

mniSvnelobaa 1, Tu aversi warmoadgens swori monetis agdebis Sedegs da 0, Tu 

Sedegi reversia. maSin � da � damoukidebelni arian. Semdeg vaCvenoT, rom �(��)=

�(�)�(�) rogorc es wina TeoremaSi iyo nagulisxmevi. am mizniT: 



38 
 

�(��)= (1× 1)�(1,1)+ (2× 1)�(2,1)+ (3× 1)�(3,1)+ 

+(4× 1)�(4,1)+ (5× 1)�(5,1)+ (6× 1)�(6,1)+ 

+(1× 0)�(1,0)+ (2× 1)�(1,0)+ (3× 0)�(3,1)+ 

+(4× 0)�(4,0)+ (5× 0)�(5,0)+ (6× 1)�(1,0)= 

1�
�

�
��

�

�
�+ 2�

�

�
��

�

�
�+ 3�

�

�
��

�

�
�+ 4�

�

�
��

�

�
�+ 5�

�

�
��

�

�
�+ 6�

�

�
��

�

�
�= 1,75. 

garda amisa 

�(�)�(�)= 3,5× 5= 1,75. 

 

 

 

 

2.5.2 dispersia da kovariacia 

mosalodneli mniSvneloba aris Semajamebeli statistika, romelic xSirad 

migvaniSnebs, Tu miaxloebiT ra mniSvnelobebi SeiZleba arsebobdes populaciaSi. 

dispersia gviCvenebs ramdenad Sorsaa faqtobrivi mniSvneloba mosalodneli 

mniSvnelobisagan. SemdgomSi Cven ganvixilavT dispersias. 

gansazRvreba 2.11. davuSvaT, Cven gvaqvs diskretuli ricxviTi SemTxveviTi 

cvladi �, romlis sivrcea  

 {��,��,… ,��} 

maSin dispersia ���(�) warmodgenili iqneba Semdegi formuliT: 

���(�)= �(|� − �(�)|�). 

Semdegi Teorema dispersiis martivad gamoTvlis saSualebas iZleva. mis 

damtkicebas savarjiSos saxiT vtovebT. 

Teorema 2.4. gvaqvs 

���(�)= �(��)− (�(�))�. 

magaliTi 2.35. davuSvaT, gvaqvs 2.32 magaliTSi aRwerili matrica. maSin 

�(��)= 1��(1)+ 2��(2)+ 3��(3)+ 4��(4)+ 5��(5)+ 6��(6)=Y 

= 1� �
�

�
�+ 2� �

�

�
�+ 3� �

�

�
�+ 4� �

�

�
�+ 5� �

�

�
�+ 6� �

�

�
�= 15,167. 

ase, rom 

���(�)= �(|� − �(�)|�)= 15,167− (3,5)� = 2,917. 

imisaTvis rom erTnairi rigis sidideebi SevadaroT, dispersias xSirad aqceven 

standartul gadaxrad �� , romelic Semdegi formuliT moicema: 
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�� = ����(�). 

magaliTi 2.36. wina magaliTSi ganxiluli matricisaTvis: 

�� = √2,917= 1,708. 

magaliTi 2.37. davuSvaT, arsebobs ori sazogadoeba, erTi sazogadoeba Sedgeba 

`amazonebisagan~, xolo meore `pigmeebisagan~. amasTan pirvel sazogadoebaSi yvela 

daaxloebiT 7 futis simaRlisaa, xolo meore sazogadoebaSi simaRliT 

daaxloebiT 4 futisebi arian. davuSvaT, Semdeg rom orive sazogadoebaSi arsebobs 

garkveuli raodenoba adamianebisa. davuSvaT, � aris SemTxveviTi cvladi, romelic 

warmoadgens calkeuli pirebis simaRleebs or kombinirebul sazogadoebaSi. Semdeg 

Zneli ara imis Cveneba, rom 

�(�)= 5,5 

                              �� = 1,5. 

magaliTi 2.38. axla davuSvaT, rom arsebobs sazogadoeba, romelSic TiToeulis 

simaRle daaxloebiT 5,5 futia. maSin 

�(�)= 5,5 

                              �� = 0. 

wina ori magaliTi gviCvenebs, rom mxolod mosalodnel mniSvnelobas ar 

SeuZlia gviTxras bevri imaze, rasac veliT mosaxleobaSi faqtobrivi 

mniSvnelobebis Sesaxeb. pirvel magaliTSi verasodes davinaxavT 5,5 futis 

simaRlis adamianebad, maSin rodesac meore magaliTSi mxolod amas vxedavT. 

standartuli gadaxra warmodgenas gviqmnis imaze, ramdenad Sorsaa faqtobrivi 

mniSvneloba mosalodnelisagan. Tumca es aris mxolod Semajamebeli statistikuri 

da savaraudo mniSvneloba. mosalodneli mniSvneloba da statistikuri gadaxra, 

zogadad, ar Seicavs yvela informacias albaTur ganawilebebSi. zemoT meore 

magliTSi isini amas akeTeben maSin, roca pirvel magaliTSi SeiZleba mravali sxva 

ganawileba iyos, romlebic iZlevian imave mosalodnel mniSvnelobas da 

standartul gadaxras. momdevno gansazRvreba exeba or SemTxveviT sidides Soris 

urTierTdamokidebulebas. 

gansazRvreba 2.12. vTqvaT, gvaqvs ori diskretuli ricxviTi SemTxveviTi sidide 

� da  �.   maSin � da  �-is kovariacia moicema Semdegnairad: 

���(�,�)= �([� − �(�)][� − �(�)]). 
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���(�,�)-s xSirad ase aRniSnaven ��� . Semdegi Teorema mocemulia 

dasamtkiceblad savarjiSos saxiT. 

Teorema 2.5. gvaqvs: 

 ���(�,�)= �(��)− �(�)�(�) 

wina Teoremidan cxadia, rom 

���(�,�)= ��� (�), 

da 

���(�,�)= ���(�,�).  

magaliTi 2.39. davuSvaT, gvaqvs SemTxveviTi sidideebi 2.33 magaliTSi. Semdeg  

�(�� )= 

= (64× 30 000)�(64,30 000)+ (64× 40 000)�(64,40 000)+ 

+(64× 50 000)�(64,50 000)+ (64× 30 000)�(64,30 000)+ 

+(68× 40 000)�(68,40 000)+ (68× 50 000)�(68,40 000)+ 

+(70× 40 000)�(7040 000)+ (70× 50 000)�(70,50 000)= 

(64× 30 000)�
2

12
� + (64× 40 000)�

3

12
� + (64× 40 000)�

1

12
� + 

+�68× 30 000��
�

��
�+ �68× 40 000��

�

��
�+ �68× 50 000��

�

��
�+ 

+�70× 40 000��
�

��
�+ �70× 50 000��

�

��
�= 2 658 333. 

aqedan gamomdinare: 

���(�,� )= �(�)�(� )= 

= 2 658 333− 66,33× 40 000= 5133. 

� da  �-s Soris fardobis mimarT korelacias TviTon ar gaaCnia didi 

mniSvneloba. amis gamo Cven viTvliT  misgan korelaciis koeficients. 

davuSvaT, gvaqvs ori diskretuli ricxviTi SemTxveviTi sidide � da  �. maSin 

korelaciis koeficienti moicema Semdegi formuliT: 

�(�,�)=
���(�,�)

����
. 

magaliTi 2.40. davuSvaT, gvaqvs SemTxveviTi sidideebi 2.33 magaliSi. 

Semdegi mocemulia magaliTis saxiT saCveneblad: 

�� = 2,516, 

�� = 7071. 

Semdeg gveqneba: 
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�(�,� )=
���(�,�)

����
=

����

�,���×����
= 0,2885.  

miaqcieT yuradReba   �(�,� ) dadebiTia da 1-ze naklebi. korelaciis koficienti 

-1-sa da +1-s Soris mdebareobs.  0-ze meti mniSvneloba miuTiTebs, rom cvladebi 

dadebiTad korelirebulni arian, xolo 0-ze naklebi mniSvneloba gviCvenebs, rom 

cvladebi uaryofiTad arian korelirebulni. dadebiTad korelirebis dros Cven 

mxedvelobaSi gvaqvs, rom erTis gazrda iwvevs meoris gazrdas, uaryofiTis dros 

ki vgulisxmobT, rom erTi izrdeba. zemoT moyvanil magaliTSi xelfasi izrdeba 

simaRlis zrdasTan erTad. ese igi maRal xalxs ufro maRali xelfasi aqvT. 

Semdegi Teorema axdens am Sedegebis konkretizacias (romlis damtkicebasac aq ar 

ganvixilavT). 

Teorema 2.6. nebismieri ori � da  � ricxviTi SemTxveviTi sididisaTvis, 

|�(�,�)|≤ 1. 

garda amisa 

�(�,�)= 1 

maSin da mxolod maSin, Tu arseboben iseTi � > 0 da � mudmivebi rom 

� = �� + � 

da  

�(�,�)= −1. 

maSin da mxolod maSin Tu arseboben iseTi � < 0 da � mudmivebi rom 

� = �� + �. 

da bolos Tu � da  � arian damoukidebelni maSin 

�(�,�)= 0. 

magaliTi 2.41. vTqvaT, � aris ricxvi, romelic gviCvnebs simetriuli kamaTlis 

agdebis raodenobas, da �aris orjer meti ricxvi, romelic aisaxeba. amgvarad 

� = 2�. 

wina Teoremis Tanaxmad, �(�,�)= 1. vaCvenoT es uSualod: 

���(�,�)= �(��)− �(�)�(�) 

(1× 2)�
1

6
� + (2× 4)�

1

6
� + (3× 6)�

1

6
� + 

+(4× 8)�
1

6
� + (5× 10)�

1

6
� + (6× 12)�

1

6
� − (3,5)(7,0)= 5,833 

aqedan gamomdinare: 
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�(�,�)=
���(�,�)

����
=

�,���

�,���×�,���
= 1. 

magaliTi 2.42. vTqvaT, � aris SemTxveviTi sidide, romelic gviCvenebs 

simetriuli kamaTlis agdebis ricxvs, da � -is SemTxveviTi cvladi, romlis 

mniSvneloba uaryofiTi ricxvia. amgvarad, 

� = −�. 

wina Teoremis Tanaxmad, �(�,�)= −1. magaliTis meSveobiT es uSualod vaCvenoT. 

magaliTi 2.43. iseve, rogorc 2.34 magaliTSi, vTqvaT  � aris SemTxveviTi sidide, 

romelic gviCvnebs simetriuli da kamaTlis agdebis ricxvs, da � iyos SemTxveviTi 

cvladi, romlis mniSvneloba tolia 1-is Tu agdebis Sedegi aversia da 0-is toli 

Tu agdebis Sedegi reversia. wina Teoremis Tanaxmad, �(�,�)= 0. magaliTis 

meSveobiT es uSualod vaCvenoT. 

SevniSnoT, rom Teorema ar gveubneba, rom  �(�,�)= 0 mxolod da mxolod maSin, 

roca X da  Y damoukidebelni arian. marTlac, X da  Y SeiZleba determinebulad 

iyvnen erTmaneTze damokidebulni da jer isev hqondeT korelaciis nulovani 

koeficienti. Semdegi magaliTi axdens amis ilustrirebas. 

magaliTi 2.44. vTqvaT, X simravle tolia {-1,-2,1, 2}-is, romelTagan TiToeulis 

albaTobaa 0,25, vTqvaT  Y simravle iyos {1,4} da vTqvaT  � = ��, maSin �(��) 

Semdegnairad gamoiyureba: 

�(��)= (−1)(1)�(� = −1,� = 1)+ (−1)(4)�(� = −1,� = 4)+ 

+(−2)(1)�(� = −2,� = 1)+ (−2)(4)�(� = −2,� = 4)+(1)(1)�(� = 1,� = 1)+ (1)(4)�(� =

1,� = 4)+ (2)(1)�(� = 2,� = 1)+ (2)(4)�(� = 2,� = 4)= 

= −1�
�

�
�− 4(0)− 2(0)− 8�

�

�
�+ 1�

�

�
�+ 4(0)+ 2(0)+ 8�

�

�
�= 0. 

vinaidan �(�)= 0,Cven vaskvniT, rom  �(�,�)= 0. 

Cven vxedavT, rom korelaciis koeficienti ar warmoadgens X da  Y-s Soris 

damokidebulebis zogad sazoms. is ufro wrfivi damokidebulobis zomas 

warmoadgens. nax. 2.3-ze gamosaxulia gabnevis diagramebi, romelic romeliRac 

ganawilebebTan dakavSirebul koleraciis koeficientebis ilustrirebas axdens. 

gabnevis TiToeul diagramaSi wertils warmoadgens erTi wyvili (�,�), romelic 

xvdeba X da  Y-is saerTo ganawilebaSi. 
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nax. 2.3. ori SemTxveviTi cvladisaTvis ramdenime korelaciis koeficienti  

 

vamTavrebT TeoremiT, romelic gvaZlevs ramdenime SemTxveviTi cvladis jamis 

dispersias, romelis damtkicebasac savarjiSos saxiT vtovebT. 

Teorema 2.7. SemTxvevTi sidideebisaTvis  ��, ��, ... , �� gvaqvs 

���(�� + �� + ⋯ + ��)=����(

�

���

��)+ 2����(��,

���

��). 

ori X da  Y SemTxveviTi sididisaTvis es toloba aseTia: 

���(� + �)= ���(�)+ ���(�)+ 2���(�,�). 

SevniSnoT, rom Tu   X da  Y damoukideblebi arian maTi jamis dispersia maTi 

dispersiebis jamis tolia. 

 

2.5.3 wrfivi regresia 

xSirad gvsurs vivaraudoT, rom arsebobs wrfivi damokidebuleba or 

SemTxveviT sidides Soris da Semdeg cdiloben Seiswavlon, am SemTxveviT nimuSebs 
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Soris urTierTkavSiri, romelic aRebulia im populaciidan romelzedac aris 

gansazRvruli es SemTxveviTi sidideebi. 

mizans warmoadgens is, rom gvqondes SesaZlebloba movaxdinoT erTi cvladis 

mniSvnelobebiT meoris prognozireba. amisaTvis gamoiyeneba wrfivi regresia. 

SemdgomSi mokled ganvixilavT wrfiv regresias. aq Cven ar daviwyebT Teoriis 

SemuSavebas, ubralod ganvixilavT teqnikas, gamoyenebiTi statistikis teqsts, 

iseTis, romelic aviTarebs Teorias. 

martivi wrfivi regresia 

martiv wrfiv regresiaSi Cven vvaraudobT, rom gvaqvs  X damoukidebeli cvladi, 

iseTi Y damokidebuli cvladi, rom 

� = �� + ��� + ��,     (2.10)     

sadac �� aris, Semdegi Tvisebebis mqone,   X-is �-ze damokidebuli SemTxveviTi 

sidide. 

X-dan �-is yvela mniSvnelobisaTvis  ��  Cveulebriv 0 mniSvnelobiTaa 

ganawilebuli. 

X-dan �-is yvela mniSvnelobisaTvis  ��-s gaaCnia iseTive standartuli gadaxra �. 

  ��- SemTxveviTi sidideebi yvela �-isTvis urTierTdamoukideblebi arian. 

SevniSnoT, rom es daSvebebi gulisxmoben, rom Y mosalodneli mniSvneloba, 

romelic mocemulia X-dan �-is mniSvnelobebiT, moicema Semdegi formuliT: 

�(�|� = �)= �� + ���. 

idea imaSi mdgomareobs, rom Y mosalodneli mniSvneloba warmoadgens  �-is 

determinebul wrfiv funqcias. magram, Y-dan �-is faqtobrivi mniSvneloba calsaxad 

ar ganisazRvreba X-is mniSvnelobiT SemTxveviTi wevris  �� Secdomis gamo. 

rogorc ki gavakeTebT am daSvebebs ori SemTxveviTi sididisaTvis, Cven 

gamoviyenebT martiv wrfiv regresias, imisaTvis rom vecadoT aRmovaCinoT   X da  Y-s 

Soris 2.10 tolobaSi naCvenebi wrfivi damokidebuleba. moviyvanoT magaliTi. 

magaliTi 2.45. American Express-ma ivarauda, rom American Express baraTebze 

xarji gaizarda baraTis mfloblebis mier gavlili gazrdili milebis 

raodenobasTan erTad. sakiTxis gasarkvevad sakvlevma firmam SemTxveviT SearCia 25 

baraTis mflobeli da miiRo monacemebi, romlebic naCvenebia 2.1 cxrilSi. nax 2.4-ze 

naCvenebia monacemTa gabnevis diagrama. Cven vxedavT, rom Cndeba wrfivi 

damokidebuleba (Y) dolarsa da (X) mils Soris. 
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 �� da  ��-is mniSvnelobaTa SefasebisaTvis, vpoulobT  �� da ��-is mniSvnelobebs 

romlebic axdenen Semdegi gamosaxulebis minimizacias: 

∑ [��− (�� + ����)]
��

��� , 

sadac, � SerCevis zomaa, xolo �� da �� X da  Y-is mniSvnelobebia SerCevis �-uri 

elementisaTvis. es mniSvnelobebi warmoadgenen Cvens Sefasebebs. Amas Cven ar 

ganvixilavT rogorc aq minimaluri mniSvnelobis povnas. nebismier statistikur 

paketebs, rogoricaa MINITAB, SAS  an SPSS gaaCnia wrfivi regresiis moduli. Tu 

visargeblebT erT-erTi am paketiT wrfivi regresiuli analizisaTvis, romelic 

efuZneba cxril 2.1-is monacemebs, miviRebT: 

�� = 274,8     �� = 1,26.  

amgvarad, wrfivi damokidebuleba fasdeba rogorc: 

� = 274,8+ 1,26� + ��. 

 

cxrili 2.1 mili da dolarebi American Express baraTis 25 mflobelisaTvis 

 

statistikuri paketis sxva informacia, romelic gamoyenebuli iqna magaliTSi 

2.45 wrfivi regresiis analizisaTvis moicavs Semdegs: 
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�� = 96,5%. 

mokled ganvixilavT TiToeul sidides. 

SE koeficienti: es aris sidide, romelsac uwodeben koeficientis standartul 

Secdomas, da romelic saSualebas gvaZlevs davrwmundeT imaSi Tu ramdenad 

axlosaa Cveni miaxloebebi WeSmarit �� da  �� mniSvnelobebTan (wrfivi 

damokidebulebis gaTvaliswinebiT). SegaxsenebT, rom normaluri simkvrivis 

funqciisaTvis masis 95% xvdeba im intervalSi, romlis bolo wertilebi 

saSualod ±1,96-jer standartuli gadaxraa. ase rom Tu �� ��-saTvis SE 

koeficientia, Cven 95% SegviZlia darwmunebuli viyoT, rom 

���(�� − 1,96��,�� + 1,96��). 

 

nax. 2.4. American Express baraTis 25 mflobelisaTvis milebis mixedviT dolarebis 

gabnevis wertilebi 

magaliTSi 2.45 Cven SegviZlia 95%-iT darwmunebulebi viyoT, rom 

��  �  (274,8− 1,96× 170,3, 274,8+ 1,96× 170,3)= (−58,988, 608,588)  

  ��  �  (1,255− 1,96× 0,0497,1,255+ 1,96× 0,0497 )= (1,158,1,352). 

SevniSnoT, rom   ��  -is SefasebaSi SeiZleba ufro darwmunebulebi viyoT. 

T: gvaqvs 

� =
�����������

�������������
 



47 
 

rac ufro didia T-s mniSvneloba ufro metad SeiZleba viyoT darwmunebulebi, 

rom Sefaseba axlosaa WeSmarit mniSvnelobasTan. miaqcieT yuradReba magaliTSi 

2.45, rom T sakmarisad didia  ��-sTvis da arc ise didi  ��-sTvis. 

�: Tu parametris ( �� an  ��) WeSmariti mniSvneloba 0-is tolia, es niSnavs, rom 

monacemebis mopovebis albaToba ufro savaraudoa, vidre Sedegis. magaliT 2.45-Si, 

Tu  �� = 0, maSin monacemebis mopovebis albaToba ufro savaraudoa, vidre Sedegi, 

romlic 0,12-ia, xolo Tu  �� = 0, maSin monacemebis mopovebis albaToba ufro metad 

savaraudoa, vidre Sedegi, romelic 0-ia. amitom Cven SeiZleba Zalian 

darwmunebulebi viyoT, rom  �� ≠ 0, maSin roca ver viqnebiT ise darwmunebulni 

imaSi, rom  �� ≠ 0. es niSnavs, rom monacemebi Zlierad gulisxmobs �-is �-ze wrfiv 

damokidebulebas, magram nakleb savaraudoa, rom mudmiva 0-is tolia. 

��: es sidide, romelsac determinaciis koeficients uwodeben, warmoadgens 

procentebSi Caweril korelaciis koeficientis kvadrats. amgvarad misi 

mniSvneloba Seadgens 0%-dan 100%-mde mniSvnelobebs. 0%  mniSvneloba niSnavs, rom 

X da  Y-is nimuSebs Soris ar aris wrfivi damokidebuleba, maSin roca 100% 

mniSvneloba niSnavs, rom arsebobs idealuri wrfivi damokidebuleba. cxadia, rac 

ufro didia ��-is mniSvneloba, miT ufro didia imis rwmena, rom marTlac 

arsebobs wrfivi damokidebuleba X-s da  Y-s Soris. 

mravlobiTi wrfivi regresia 

mravlobiTi wrfivi regresia analogiuria martivi wrfivi regresiis, imis 

gamoklebiT, rom am dros arsebobs erTze meti damoukidebeli cvladi. ese igi, Cven 

vvaraudobT, rom gvaqvs  � raodenobis damoukidebeli ��,��,… ,�� cvladi da 

damokidebuli   Y cvladi iseTi, rom: 

� = �� + ���� + ���� + ⋯ + ���� + ���,��,…,�� , 

sadac  ���,��,…,�� iseTivea, rogoric aRwerilia 2.5.3 paragrafis dasawyisSi. 

magaliTi 2.46. davuSvaT miwodebis kompanias surs gamoiZios mZRolebis 

mgzavrobis droze damokidebuleba ganvlili milebis da miwodebis raodenobis 

mixedviT. vTqvaT gvaqvs monacemebi cxril 2.2-Si.  Cven viRebT Semdeg Sedegebs aseT 

monacemebze dayrdnobili regresiuli analiziT: 

�� = −0,869, 

�� = 0,062, 

�� = 0,923. 



48 
 

amgvarad, wrfivi damokidebuleba fasdeba rogorc 

� = −0,8689+ 0,061�� + 0,923�� + �����. 

ufro metic, Cven gvaqvs Semdegi: 

 

�� = 90,4%. 

Cven vxedavT, rom SegviZlia sakmaod darwmunebuli  viyoT wrfivi 

damokidebulebis arsebobaSi or cvladis pirobebSi, magram mudmivi wevri savsebiT 

SeiZleba 0-is toli iyos. 

 

 

savarjiSoebi 

paragrafi 2.1 

savarjiSo 2.1 vTqvaT, eqsperimenti iyos 52 banqos dastidan zeda kartis naxatis 

gamocnoba. vTqvT �����  iyos xdomiloba, roca guls viRebT, da ��������� iyos 

xdomiloba roca samefo karti modis. 

gamovTvaloT �(�����). 

gamovTvaloT �( ��������� ). 

gamovTvaloT �(����� ∪ ���������). 

savarjiSo 2.2 daamtkiceT Teorema 2.1. 

savarjiSo 2.3. magaliTma 2.5 gviCvena, rom banqos dastidan zeda kartis 

gaTamaSebaSi xdomiloba (����) araa damokidebuli xdomiloba (����)-ze. e.i. gvaCvena, 

rom �(����|����)= �(����). 

aCveneT, rom xdomiloba ���� araa damokidebuli xdomiloba ����-ze. e.i. aCveneT, 

rom �(����∩ ����)= �(����)�(����). 

aCveneT, rom zogadad, Tu �(�)≠ 0 da   �(�)≠ 0, maSin �(�|�)= �(�) mxolod da 

mxolod maSin, roca  �(�|�)= �(�) da TiToeuli maTgani sruldeba mxolod da 

mxolod maSin, roca  �(� ∩ �)= �(�)�(�). 

savarjiSo 2.4. � simravlis damateba Sedgeba   Ω-s yvela im elementisagan 

romelic araa �-Si da aRiniSneba ��-iT. 
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aCveneT, rom  � damoukidebulia �-sgan maSin da mxolod maSin, roca �� 

damoukidebulia �-sgan, samarTliania mxolod da mxolod maSin, roca �� 

damoukidebulia ��-sgan. 

magaliTma 2.6 aCvena, rom nax. 2.1-ze gamosaxuli obieqtebisaTvis, �  da  

������ arian pirobiTad damoukidebelni mocemuli ����� da mocemuli � ℎ���-sTvis. 

vTqvaT, � aris yvela obieqtis simravle, romelic Seicavs ~ � ~-s, da ������ -s aris 

yvela mrgvali obieqtis simravle. gamoiyeneT miRebuli Sedegi imisaTvis, rom 

daaskvnaT rom � da ������, � da ������ da �-s, da ������ arian erTmaneTisagan 

pirobiTad damoukidebelni mocemulobiT ����� an � ℎ���-sTvis. 

savarjiSo 2.5. aCveneT, rom banqos dastidan zeda kartis gaTamaSebaSi 

xdomiloba � = {�ℎ,��,�ℎ} da xdomiloba � = {�ℎ,��,�ℎ} arian pirobiTad 

damoukidebelni, xdomiloba � = {�ℎ,��,��,��} mocemulobiT. gansazRvreT, 

warmoadgenen Tu ara � da � pirobiTad damoukidebelni �̅ mocemulobiT. 

savarjiSo 2.6. daamtkiceT zogadi albaTobis wesi, romelic gveubneba, rom Tu 

Cven gvaqvs � raodenobis urTierTeqskluziuri da amomwuravi  ��,��, ..., �� 

xdomiloba, maSin nebismieri sxva � xdomilobisaTvis: 

�(�)= �(� ∩ ��)+ �(� ∩ ��)+ ⋯ + �(� ∩ ��). 

savarjiSo 2.7. vTqvaT Ω aris nax.2.1-ze gamosaxuli yvela obieqtis simravle, da 

mianiWeT TiToeul obieqts 1 13⁄  albaToba. vTqvaT  � aris simravle yvela 

obieqtisa romelic Sedgeba ` �~ da ������  aris simravle, romelic Sedgeba 

kvadratuli obieqtebisagan. pirdapir gamoTvaleT �(�|������) baiesis Teoremis 

gamoyenebiT. 

paragrafi  2.2 

savarjiSo 2.8. ganvixiloT magaliT 2.18-Si moyvanili albaTuri sivrce da 

SemTxveviTi sidideebi. 

ganvsazRvroT �-is da � -s erToblivi ganawileba, ganvsazRvroT  � -is da �-is 

erToblivi ganawileba, da danarCeni mniSvnelobebi �-is, �-is da � -is erTobliv 

ganawilebaSi. 

aCveneT, rom �-is da � -s erToblivi ganawileba SeiZleba miRebuli iqnas �-is, �-

is da � -is erTobliv ganawilebebis SejamebiT � -s yvela mniSvnelobis mixedviT. 
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savarjiSo 2.9. vTqvaT mocemuli gvaqvs albaTobebis erToblivi ganawilebebi. 

gamoiyeneT zogadi albaTobis kanoni, imis saCveneblad, rom zogad SemTxvevaSi 

nebismieri SemTxveviTi sididis ganawileba miiReba sxva cvladebis yvela 

mniSvnelobis mixedviT SejamebiT. 

savarjiSo 2.10. jaWvis wesi gvamcnobs, rom � SemTxveiTi sididisaTvis 

��,��,… ,�� , romlebic gansazRvrulia imave SesarCev  Ω sivrceze: 

�(��,��,… ,��)= �(��|����,����,… ,��)… × �(��|��)× �(��),  

rodesac   �(��,��,… ,��)≠ 0. damtkiceT es wesi. 

savarjiSo 2.11. gamoiyeneT savarjiSo 2.4-is Sedegebi (1) im daskvnis 

gasakeTeblad, rom es mxolod aucilebeli iyo magaliT 2.20-Si �(�,�)= �(�,�|��)-is 

saCveneblad �-is da  �-s yvela mniSvnelobisaTvis. 

savarjiSo 2.12. vTqvaT, gvaqvs ori SemTxveviTi sididide  � da �  {��,��} da {��,��} 

sivrceebiT Sesabamisad. 

gamoiyeneT savarjiSo 2.4.-is Sedegebi (1) im daskvnis gasakeTeblad, rom Cven 

gvWirdeba mxolod vaCvenoT �(��|��)= �(��) ��(�,�) daskvna. 

SeadgineT magaliTi, romelic aCvenebs, rom Tu � -s da �  -s orives erTad 

gaaCnia sivrceebi, romlebic orze met mniSvnelobas Seicavs, maSin Cven gvWirdeba 

imis Semowmeba, warmoadgens ki �(�|�)= �(�) �-s da  �-is yvela 

mniSvnelobisaTvis  ��(�,�) daskvnis gakeTeba. 

savarjiSo 2.13. ganvixiloT magaliTSi 2.18 moyvanili albaTuri sivrce da 

SemTxveviTi sidideebi. 

arian � da  �  damoukidebelni? 

arian � da  �  pirobiTad damoukidebelni � mocemulobiT? 

Tu es patara nimuSi miuTiTebs cvladebs Soris albaTur urTierTobaze raRac 

populaciaSi, ra mizezobrivi urTierTobi SeiZleba iqnas gaTvaliswinebuli am 

damokidebulebisaTvis da pirobiTi damokidebulebisaTvis? 

savarjiSo 2.14. magaliTSi 2.23 is datovebulia savarjiSos saxiT yvela 

mniSvnelobis gamosasaxad �-is �, �-is �, �-is �, �-is � da �-is �, rom  

�(�,�|�,�,�)= �(�,�|�). 

aCveneT es. 
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paragrafi  2.3 

savarjiSo 2.15. keriCma [1946] Caatara eqsperimenti _ bevrjer aagdo moneta da 

aRmoaCina, rom fardobiTi sixSire, rogorc Cans uaxlovdeba zRvars. e.i. man 

aRmoaCina, rom 100 agdebis Semdeg fardobiTi sixSire SeiZleba yofiliyo 0,51, 1000 

agdebis Semdeg SeiZleba yofiliyo 0,508, 10 000, agdebis Semdeg SeiZleba yofiliyo 

0,5003, xolo 100 000 agdebis Semdeg es SeiZleba yofiliyo 0,50006. Sabloni imaSi 

mdgomareobs, rom 5 aTwiladis mZimidan pirvel adgilzea yvela fardobiT 

sixSireSi pirveli 100 agdebis Semdeg, 0 meore adgilzea 1000 agdebis SemTxvevaSi 

yvela fardobiT sixSireSi da a.S. aagdeT moneta aranakleb 1000-jer da daakvirdiT 

miiRebT Tu ara analogiur Sedegebs. 

savarjiSo 2.16. aarCieT raime mosalodneli xdomiloba. es SeiZleba iyos 

sportuli xdomiloba an is, rom Tqen miiRebT am kursSi `�~-is. gansazRvreT Tqveni 

albaToba lindlis [1985] meTodis gamoyenebiT urnidan burTis amoRebis 

gaTamaSebis ganusazRvreli xdomilobis SedarebisaTvis. 

paragrafi  2.4 

savarjiSo 2.17. gulmaviwyma eqTanma baton nguens wamlis tableti yovldRe 

unda misces. imis albaToba, rom mas mocemul dRes tabletis micema daaviwydeba, 

tolia 0,3-is. Tu is miiRebs wamals, albaToba imisa rom mokvdeba, tolia 0,1-is. Tu 

ar miiRebs _ albaToba iqneba 0,8. dRes batoni ngueni gardaicvala. gamoiyeneT 

baiesis Teorema imis albaTobis gamosaTvlelad, rom eqTans daaviwyda misTvis 

tabletis micema. 

savarjiSo 2.18. texasSi navTobis WaburRili SeiZleba gaiburRos profesor 

neapolitanis fermaSi. iqidan gamomdinare, rac moxda analogiur fermebSi, Cven 

vsjelobT navTobis arsebobis albaTobaze, romlis mniSvneloba aris 0,5, marto 

bunebrivi airis arsebobis albaToba SeiZleba iyos 0,2 da imis albaToba, rom arc 

erTi iyos da arc meore 0,3-ia. Tu navTobi iqneba, geologiuri gamokvleva mogvcems 

dadebiT Sedegs 0,9 albaTobiT; Tu airi iqneba, is mogvcems dadebiT Sedegs 0,3 

albaTobiT, da Tu arc erTi araa dadebiTi albaToba, iqneba 0,1-is toli. vTqvaT 

testi dadebiTad brundeba. gamoiyeneT baiesis Teorema navTobis arsebobis 

albaTobis gamosaTvlelad. 

paragrafi  2.5 

savarjiSo 2.19. vTqvaT agdeben Cveulebriv eqvswaxnaga kamaTels. moTamaSe 

miiRebs dolarebis raodenobas, romelic asaxavs wertilebs kamaTelze garda 
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gamonaklisa, roca mova xuTi an eqvsi wertili, am SemTxvevaSi moTamaSe dakargavs 5 

an 6 dolars Sesabamisad. 

gamoTvaleT mosalodneli Tanxa, romelsac moTamaSe moigebs an waagebs. 

gamoTvaleT fuladi Tanxis dispersia da standartuli gadaxra moTamaSe 

moigebs an waagebs.  

Tu TamaSi 100-jer gameordeba, gamoTvaleT yvelaze meti ramdeni SeuZlia 

moigos moTamaSem, ramdeni SeiZleba waagos da Tanxa, romlis mogebis an wagebis 

molodini SeiZleba hqondes moTamaSes.  

savarjiSo 2.20. daamtkiceT Teorema 2.3. 

savarjiSo 2.21. daamtkiceT Teorema 2.4. 

savarjiSo 2.22. daamtkiceT Teorema 2.5. 

savarjiSo 2.23. daamtkiceT Teorema 2.7. 

savarjiSo 2.24. vTqvaT, gvaqvs Semdegi monacemebi kolejis 10 studentis Sesaxeb 

maTi saSualo Sefasebebi (���) da gamosaSveb gamocdaze miRebuli qulebi  (���):    

 

- SeimuSaveT (���)-s (���)-sTan Sedarebis gabnevis diagrama.  

- gansazRvreT SerCevis kovariacia. 

- gansazRvreT nimuSis korelaciis koeficienti. ras geubnebaT es sidide 

am or cvlads Soris urTierTdamokidebulebis Sesaxeb? 

savarjiSo 2.25. ganixiloT isev savarjiSo 2.24-Si moyvenili monacemebi. 

zogierTi statistikuri paketis gamoyenebiT, iseTis rogoricaa MINITAB SeasruleT 

wrfivi regresia ��� −sTvis ���-s TvalsazrisiT aCveneT �� da  �� mniSvnelobebi da 

��-s koeficientisaTvis, TiToeuli  �-sTvis da �-sTvis mniSvnelobebi. aCveneT ��. 

gvaZleven es Sedegebi wrfiv damokidebulebas ���-s da  ���-s Soris? ar geCvenebaT, 

rom mudmiv wevrs mniSvneloba aqvs? 
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savarjiSo 2.26. davuSvaT, gvaqvs igive monacemebi, rac gvqonda savarjiSo 2.24-Si 

imis damatebiT, rom axla Cven aseve gvaqvs ojaxis Semosavlebis monacemebi 

Semdegnairad: 

  

zogierTi statistikuri paketis gamoyenebiT, iseTis rogoricaa MINITAB 

SeasruleT wrfivi regresia   ���-sTvis ���-s TvalsazrisiT. aCveneT ��, ��da  �� 

mniSvnelobebi da ��-s koeficientisaTvis, TiToeuli  �-sTvis da �-sTvis 

mniSvnelobebi. aCveneT ��. rogorc Cans Cven gavaumjobeseT prognozirebis sizuste 

���-sTvis, roca gaviTvaliswineT Semosavlebi? 

savarjiSo 2.27. davuSvaT, gvaqvs igive monacemebi rac gvqonda savarjiSo 2.24-Si 

imis damatebiT, rom axla gvaqvs aseve monacemebi amerikuli kolejebis 

studentebis Sefasebis Sesaxeb (���) Semdegnairad: 

 

zogierTi statistikuri paketis gamoyenebiT, iseTis rogoricaa MINITAB, 

SeasruleT wrfivi regresia  ���-sTvis ���-s da ���-s TvalsazrisiT. aCveneT ��, �� 

da  �� mniSvnelobebi da ��-s koeficientisaTvis,  �-sTvis da �-sTvis 

TviToeulisaTvis mniSvnelobebi. aCveneT ��. rogorc Cans, Cven gavaumjobeseT 
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prognozirebis sizuste ���-sTvis, roca gaviTvaliswineT ���-s qulebi. da Tu ara, 

ras fiqrobT amis asaxsnelad? 

savarjiSo 2.28. gamoiyeneT savarjiSo 2.27-is monacemebi da zogierTi 

statistikuri paketis gamoyenebiT, iseTis rogoricaa MINITAB SeasruleT wrfivi 

regresia  ���-sTvis ���-s TvalsazrisiT. aCveneT �� da �� mniSvnelobebi da ��-s 

koeficientisaTvis,  �-sTvis da �-sTvis TviToeulisaTvis mniSvnelobebi. aCveneT ��. 

daukavSireT es Sedegi savarjiSo 2.27-Si miRebul Sedegs.  
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Tavi 3 

baiesuri qselebi 

3.1 ra aris baiesuri qseli? 

SegaxsenebT, rom Tavi 2-is magaliTSi 2.29 Cven gamovTvaleT jos aiv virusis 

matareblis albaToba, romelic mas daudginda ����� testis dadebiTobiT, kerZod, 

vicodiT, rom 

�(����� = �������|��� = �������)= 0.999          

�(����� = �������|��� = ������)= 0.02   

da        

�(��� = �������)= 0,0001. 

ASemdeg gamosaTvlelad gamoviyeneT baiesis Teorema: 

 �(�������|��������)= 

=
�(��������|�������)�(�������)

�(����������|�������)�(�������)+ �(��������|������)�(������)
= 

=
(0,00001)

(0,999)(0,00001)+ (,0002)(0,99999)
= 

= 0,00497. 

am gamoTvliT miRebuli informacia Sejamebulia nax. 3.1-ze, romelic 

warmoadgens orkvanZian/cvladian baiesis qsels. gaiTvaliswineT, rom es aris 

SemTxveviTi cvladebis ���-s da �����-is mier mimarTuli acikluri grafi (���) da 

mizezobrivi urTierToba ���-dan da �����-mde kideebiT. e.i. aivis (���-is) arseboba 

mizezobriv zemoqmedebas axdens imaze, aris Tu ara testis Sedegi dadebiTi; amitom 

aris kideebi ���-dan da �����-mde. garda imisa, rom naCvenebi ��� warmoadgens 

mizezobriv urTierTobebs, nax. 3.1-ze naCvenebia  aivis gavrcelebis wina albaToba 

da �����-is pirobiTi albaTobebis ganawilebebi mis mSobelTa aivis TiToeuli 

mniSvnelobis gaTvaliswinebiT. sazogadod, baiesis qseli Sedgeba ���-isgan, 

romelTa waxnagebi warmoadgenen SemTxveviT sidideebs Soris damokidebulebebs, 

romlebic xSirad (magram ara yovelTvis) mizezobrivia; TiToeuli cvladis 

albaTobebis wina ganawilebebi es aris fesvi ���-Si; arafesvi cvladis 

albaTobebis pirobiTi ganawileba moicema TavianTi mSoblebis mniSvnelobaTa 

nakrebidan. Cven gamoviyeneT terminebi `kvanZi~ da `cvladi~ urTierTSesatyvisebi, 

roca vmsjelobT baiesis qselebze. 
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ნახ 3.1 ორკვანძიანი ბაიესის ქსელი 

modi movaxdinoT ufro rTuli baiesis qselis ilustrireba, ganvixiloT 

sakredito baraTebTan dakavSirebuli TaRliTobis aRmoCenis problema. davuSvaT, 

Cven ganvsazRvreT Semdegi cvladebi, rogorc problemasTan kavSiris mqoneebi: 

 

 

cvladi რა არის ცვლადი 

 

 

 

 

 

 

 

yvela es cvladi erTmaneTTan aris dakavSirebulni. e.i.sakredito baraTis 

qurdi, ufro mosalodnelia yidulobdes gazs da Zvirfaseulobas, xolo Suaxnis 

qalebi ufro yiduloben sauvelirio nawarms maSin, roca axalgazrdebi ufro 

metad samkaulebs yiduloben. nax. 3.2-ze naCvenebia DAG jgufi, romelic 

warmoadgens am mizezobriv damokidebulebebs. miaqcieT yuradReba, rom isini aseve 

gviCveneben TiToeuli fesvis gareSe cvladis pirobiT ganawilebas misi mSoblebis 

mniSvnelobaTa TiToeul nakrebSi cvlad Jewelry–Si sami mSobelia, da arsebobs am 

თაღლითობა(�) 

გაზი(�) 

სამკაულები(�) 

ასაკი(�) 

sqesi(�) 

მიმდინარე შესყიდვა თუ გაყალბებულია 

ბოლო 24 საათში გაზის შეძენა მოხდა 

შეძენილია თუ არა სამკაული ბოლო 24 საათში 

ბარათის მფლობელის ასაკი 

ბარათის მფლობელის სქესი 
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mSoblebis mniSvnelobaTa TiToeuli kombinaciisaTvis albaTobebis pirobiTi 

ganawileba. DAG da pirobiTi ganawileba erTad Sedgenen baiesis qsels. 

 

ნახ 3.2 საკრედიტო ბარათის გაყალბების გამოვლენის ბაიესის ქსელი 

Tqven SeiZleba gqondeT ramdenime kiTxva am baiesis qselTan dakavSirebiT. 

pirveli, Tqven SeiZleba ikiTxoT: `ra mniSvneloba aqvs mas?~ e.i. ra sasargeblo 

informacia SeiZleba miviRoT misgan? SegaxsenebT, rogor gamoviyeneT baiesis 

Teorema �(��� = �������|����� = ��������)-is gamosaTvlelad nax. 3.1-ze gamosaxuli 

baiesis qselSi mocemuli informaciidan gamomdinare. analogiurad, Cven SegviZlia 

gamovTvaloT sakredito baraTis gamoyenebis TaRliTobis albaToba, am baiesis 

qselSi sxva cvladebis mniSvnelobebi. MmagaliTad, Cven SegviZlia gamovTvaloT 

�(� = ���|� = ���,�= ���,� =< 30,� = ������). Tu es albaToba sakmarisad maRalia Cven 

SegviZlia uarvyoT mimdinare SeZena an moviTxovoT damatebiTi identifikacia ise, 

rogorc es moxda nax. 3.1-ze gamosaxuli baiesis sqemis dros. baiesis Teoremis 

gamoyeneba gamoTvlisas araa martivi, es ufro rTuli algoriTmis gamoyenebiT 
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xdeba. meore, Tqven SeiZleba ikiTxoT, rogor miviReT qselSi albaTobebi. isini 

SeiZleba miRebul iqnes eqspertis subieqturi gansjiT an am sferoSi mocemuli 

monacemebiT. me-4 TavSi Cven ganvixilavT monacemTa mixedviT Seswavlis meTodebs, 

xolo II da III nawilebSi moviyvanT maTi eqspertebisagan miRebis da monacemebidan 

Seswavlis magaliTebs. bolos Tqven SeiZleba ikiTxoT, ratom vcdilobT asakis da 

sqesis cvladebis CarTvas, maSin roca baraTis mflobelis asaks da sqess 

araviTari kavSiri ara aqvs imasTan iyo Tu ara baraTi moparuli (gayalbebuli). e.i. 

TaRliTobas aranairi mizezobrivi gavlena ar aqvs mflobelis asakze da sqesze da 

piriqiT. Mizezi, risTvisac es cvladebi SemovitaneT, sakmaod daxvewilia. es 

imasTanaa dakavSirebuli, rom TaRliTobas, asaks da  sqess saerTo efeti aqvT, 

kerZod, saiuveliro nawarmis yidva. maSasadame, roca Cven viciT, rom SeZenilia 

saiuveliro nawarmi, sami cvladi albaTurad damokidebuli aRmoCndeba, imis gamo, 

rasac fsiqologebi diskontirebas uwodeben. magaliTad, Tu saiuveliro nawarmi 

nayidi iyo bolo 24 saaTis ganmavlobaSi, maSin izrdeba gayalbebis albaToba. 

magram, Tu baraTis mflobeli saSualo asakis qalia, gayalbebis albaToba 

mcirdeba (diskontirebiT), imitom rom aseTi qalebi midrekilni arian samkaulebis 

yidvisken. e.i. is faqti, rom baraTis mflobeli saSualo asakis qalia, xsnis 

saiuveliro nawarmis yidvas. meore mxriv, Tu baraTis mflobeli axalgazrda kacia, 

gayalbebis albaToba izrdeba, ramdenadac aseTi kacebi nakleb savaraudoa, rom 

SeiZenen saiuveliro samkaulebs.   

Cven araoficialurad warmovadgineT baiesis qselebi, maTi Tvisebebi da 

sargeblianoba. SemdgomSi Cven formalurad ganvaviTarebT maT maTematikur 

Tvisebebs. 

 

 

 

3.2 baiesis qselebis Tvisebebi 

baiesis qselis ganmartebis Semdeg, vaCvenoT Cveulebriv rogor arian isini 

warmodgenilni 

3.2.1 baiesis qselis gansazRvreba 

upirveles yovlisa ganvixiloT ���-is gansazRvreba. orientirebul grafs 

warmoadgens (�,�) wyvili, saadac � sasruli aracarieli simravlea, romlis 
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elementebs kvanZebs (an wveroebs) uwodeben, xolo � aris � elementebis 

dalagebuli wyvilebis simravle.  � - s elementebs uwodeben mimarTul kideebs, da 

Tu (�,�)∈ �, Cven vambobT, rom arsebobs wibo �-dan �-mde. nax. 3.3 orientirebuli 

grafia 

 

nax. 3.3. orive grafika warmoadgens orientirebul grafs; mxolod erTi (�) -dan 

warmoadgens mimarTul aciklur grafs. 

am naxatze kvanZebis nakrebia 

� = {�,�,�,� }, 

da wiboebis simravle aris: 

� = {(�,�),(�,�),(�,� ),(� ,�),(�,�)} 

orientirebul grafSi gza es aris iseTi kvanZebis [��,��,… ,��]  mimdevroba, rom 

(����,��)∈ � 2 ≤ � ≤ � –sTvis. magaliTad, [�,�,� ,�] es aris gza nax. 3.3 (�) gamosaxul 

mimarTul grafSi. orientirebul grafSi jaWvi warmoadgens iseTi 

[��,��,… ,��] kvanZebis mimdevrobas, rom (����,��)∈ � an(��,����)∈ �  2 ≤ � ≤ � –sTvis. 

magaliTad, [�,� ,�,�] jaWvs warmoadgens nax. 3.3 (�) gamosaxuls orientirebul 

grafSi, magram es gza araa. cikli orientirebul grafSi es aris gza kvanZidan 

TavisTavamde. nax. 3.3 (�)-Si [�,� ,�,�] warmoadgens �-dan �-mde cikls. magram nax. 3.3 

(�)-Si  [�,� ,�,�] ar warmoadgens cikls, imitom rom is gza araa. mimarTul � grafs 

uwodeben mimarTul aciklur grafs (���) Tu is ar Seicavs ciklebs. nax. 3.3 (�) 

���-ia, xolo nax. 3.3 (�)  _ ara. 

mocemulia ��� � = (�,�)  da �-Si � da � kvanZebi,  �-s uwodeben �-is mSobels, 

Tu arsebobs waxnagi �-dan   �  da �-mde, �-s uwodeben �-is STamomavals da �-s 
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uwodeben �-is winapars, Tu arsebobs gza �-dan �-mde da �-s uwodeben �-is 

araSTamomavals, Tu    � ar aris �-is STamomavali da � ar aris �-is mSobeli5. 

axla Cven SegviZlia CamovayaliboT Semdegi gansazRvreba: 

gansazRvreba 3.1. davuSvaT, rom gvaqvs SemTxveviTi cvladebis � erToblivi 

albaTobebis ganawileba raRac � simravleSi da ��� � = (�,�). vityviT, rom (�,�) 

akmayofilebs markovis pirobebs Tu TiToeuli � ∈ � cvladisaTis  � pirobiTad 

damoukidebelia misi yvela araSTamomavlis simravlidan, mSoblebis yvela 

simravlis gaTvaliswinebiT. Tavi 2-is paragraf 2.2.2-Si Semotanili aRniSvnis 

gamoyenebiT, romelic niSnavda Tu   �-is mSoblebis simravles da araSTamomavlebis 

simravles Sesabamisad aRvniSnavT �� da ��-Ti, maSin: 

��(�,��|��). 

Tu  (�,�) akmayofilebs markovis pirobebs, maSin (�,�)-s vuwodebT baiesis qsels. 

magaliTi 3.1. gavixsenoT Tavi 2-is nax. 2.1, romelic isev Cans nax. 3.4-ze. Tavi 2-is 

magaliT 2.21-Si Cven mivaniWeT naxatze TiToeul obieqts �   1 13⁄  da ganvsazRvreT 

es cvladebi simravleze, romlic am obieqtebs Seicavs:  

 

ნახ 3.4: შემთხვევითი ცვლადები L და S არ არიან დამოუკიდებელი, მაგრამ ისინი არიან 

პირობითად დამოუკიდებელი  C მოცემულობით. 

 

cvladi mniSvneloba am mniSvnelobis Sesabamisi Sedegi 
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ყველა ობიექტი, რომელიც შეიცავს "�" 

ყველა ობიექტი, რომელიც შეიცავს "�" 

ყველა კვადრატული ობიექტი 

ყველა წრიული ობიექტი 

ყველა შავი ობიექტი 
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ყველა თეთრი ობიექტი 

Semdgom Cven vaCveneT, rom � da  � pirobiTad damoukidebelni arian � 

mocemulobiT. e.i. Tu gamoviyenebT Tavi 2-Si Semotanil aRniSvnas, gveqneba: 

��(�,�|�). 

ganvixiloT   ��� � nax.3.5-ze. am ���-sTvis gvaqvs Semdegi: 

 

 

nax. 3.5. � ,� da  � -s albaTobaTa erToblivi ganawileba warmoadgens baiesis 

qsels am ���-iT. 

imisaTvs, rom (�,�)-m daakmayofilos markovis piroba, Cven unda gvqondes: 

��(�,�|�) 

                                                                      ��(�,�|�). 

SevniSnoT, rom ramdenedac �-s ar gaaCnia araSTamomavlebi, Cven ar gvaqvs 

pirobiTi damoukidebloba   �-sTvis. ramdenadac damoukidebloba simetriulia, 

��(�,�|�) gulisxmobs   ��(�,�|�)-s. amitom markovis pirobiT gaTvaliswinebuli 

pirobiTi damoukidebloba dakmayofilebulia da (�,�) aris baiesis qseli. 

SemdgomSi Cven damatebiT movaxdenT markovis pirobis ilustrirebas ufro 

kompleqsuri ���-iT. 

magaliTi 3.2. ganvixiloT   ��� � nax.3.6-ze. Tu (�,�) akmayofilebs markovis 

pirobas �,�,�,�  da �-s raRac �  albaTuri ganawilebiT, maSin 

Cven gveqneboda  Semdegi pirobiTad dmoukidebli sidideebi: 



62 
 

 

 

3.2.2 baiesis qselis warmodgena 

baiesis qseli  (�,�) gansazRvrebis Tanaxmad warmoadgens ��� �-s da � 

albaTobebis erTobliv ganawilebas, romlebic akmayofileben markovis pirobas. 

maSin nax. 3.1-ze da nax. 3.2-ze ratom vaCvenebT baiesis qsels rogorc  ���–is da 

albaTobaTa pirobiTi ganawilebebis nakrebs? Amisi mizezi is aris, rom (�,�) 

akmayofilebs markovis pirobas maSin da mxolod maSin, rodesac � tolia misi 

pirobiTi ganawilebebis namravlis. kerZod, Cven gvaqvs aseTi Teorema. 

Teorema 3.1. (�,�) akmayofilebs markovis pirobas (Sesabamisad warmoadgens 

baiesis qsels), maSin da mxolod maSin, roca � tolia misi pirobiTi ganawilebebis 

namravlis yvela kvanZSi, romlebic ganawilebebi arsebobisas mocemulia �-Si 

mSoblebiT yovel jerze.  

 

nax. 3.6. markovis probis gamomsaxveli ��� 

 

magaliTi 3.3. Cven vaCveneT, rom �  , � da �  SemxveviTi cvladebis albaTobebis 

erToblivi ganawilebebi, romlebic gansazRvrulia nax. 3.4-ze, Seadgenen baiesis 

qsels ���-iT nax. 3.5-ze. SemdgomSi Cven vaCvenebT, rom wina Teorema samarTliania, 

romelic gviCvenebs, rom � tolia misi pirobiTi ganawilebebis namravlis �-Si. nax. 

3.7-ze naCvenebia es pirobiTi ganawilebebi. Cven isini miviReT uSualod nax. 3.4-dan. 
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magaliTad, ramdenadac maTgan 9 Savi obieqtia (��) da 6 maTgani  - kvadratuli (��), 

Cven SegviZlia gamovTvaloT 

�(��|��)=
�

�
=

�

�
. 

amave gziT gamoiTvleba sxva pirobiTi ganawilebebic. imisaTvis, rom vaCvenoT, 

erToblivi ganawileba warmoadgens pirobiT ganawilebebis namravls, Cven 

aucileblad unda vaCvenoT, rom �-is, �-is da �-s yvela mniSvnelobisaTvis: 

�(�,�,�)= �(�|�)�(�|�)�(�) 

sul gvaqvs sami cvladis rva kombinacia. vaCvenoT, rom es toloba 

samarTliania erTi maTganisaTvis.  Semdeg savarjiSos saxiT vaCvenoT, rom is 

sruldeba sxvebisaTvisac. am mizniT, uSualod nax. 3.4-danac Cans, rom 

�(��,��,��)=
2

13
 

 

nax. 3.7-ze baiesis qseli warmoadgens nax. 3.4-ze gamosaxuli obieqtebis 

simravleze gansazRvrul � ,� da   � SemTxveviTi cvladebis albaTobaTa 

ganawilebas. 

nax. 3.7-dan Cven gvaqvs: 

�(��|��)�(��|��)�(��)=
�

�
×

�

�
×

�

��
. 

Teorema 3.1-is Tanaxmad, Cven SegviZlia  ��� �-is da pirobiTi albaTobis 

gamoyenebiT warmovadginoT  (�,�) baiesis qseli. CvenTvis aucilebeli araa 

erTobliv ganawilebaSi yvela mniSvnelobis Cveneba. es mniSvnelobebi SeiZleba 

gamoTvlili iqnas pirobiTi ganawilebebidan. amitom Cven baiesis qsels yovelTvis 

wamovadgenT rogorc pirobiT ganawilebas, rogorc esa gakeTebulia naxatebze 3.1, 
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3.2 da 3,.7, amaSi mdgomareobs baiesis qselis reprezentatiuli siZliere. Tu gvaqvs 

cvladebis didi raodenoba, erTobliv ganawilebaSi gvaqvs bevri mniSvneloba. 

magram Tu ��� iSviaTia, maSin pirobiT ganawilebaSi cota mniSvneloba rCeba. 

magaliTad, davuSvaT yvela cvladi orobiTia da erToblivi ganawileba 

akmayofilebs markovis pirobas nax. 3.8-ze mocemuli ���-iT. maSin arsebobs 2�� =

1024 sidide erTobliv ganawilebaSi, magram mxolod 2+ 2+ 8× 8 = 68 arsebobs 

pirobiT ganawilebaSi. miaqcieT yuradReba, rom am gamoTvlaSi arc ki vrTavT 

zedmet parametrebs. magaliTad, nax. 3.7-ze mocemul baiesis qselSi araa imis 

aucilebloba, rom �(��)= 4 13⁄  imitom, rom �(��)= 1− �(��). ase rom Cven mxolod 

gvWirdeba imis Cveneba, rom  �(��)= 9 13⁄ . Tu gamovricxavT zedmet parametrebs, 

mxolod 34 mniSvneloba dagvrCeba pirobiT ganawilebaSi ���-sTvis nax. 3.8-ze, 

magram kidev 1023 _ erTobliv ganawilebaSi. Cven vxedavT, rom baiesis qseli aris 

struqtura, romelic warmoadgens erToblivi albaTobis ganawilebas. 

mniSvnelovania gvesmodes, rom Cven ar SegviZlia aviRoT romelime ���-i da 

erToblivi ganawileba, romelic am ���-Si pirobiTi ganawilebebis namravlis 

tolia. es samarTliania mxolod im SemTxvevaSi, Tu Sesrulebulia markovis 

piroba. Semdegi magaliTi axdens amis ilustrirebas. 

 

nax. 3.8 Tu yvela cvladi orobiTia, xolo erToblivi ganawileba akmayofilebis 

markovis pirobas am ���-iT, erTobliv ganawilebaSi 1024 mniSvnelobaa, magram mxolod 68 
aris pirobiT ganawilebebSi. 
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magaliTi 3.4. isev ganvixiloT �  , � da �  SemxveviTi cvladebis albaTobebis 

erToblivi ganawilebebi, romlebic gansazRvrulia nax. 3.4-ze mocemul obieqtebis 

simravleze. nax. 3.9 gviCvenebs maT pirobiT ganawilebas ���-sTvis am naxatze. 

miaqcieT yuradReba, rom Cven aRar vuCvenebT Warb paramertebs Cvens naxatebze. Tu 

�-m daakmayofila markovis piroba mocemuli ���-iT, Cven unda gvqondes ��(�,�), 

ramdenadac �-s ar gaaCnia mSoblebi,  da � aris �-is erTaderTi araSTamomavali. 

amis damtkiceba savarjiSos saxiT rCeba, imisaTvis rom vaCvenoT, rom es 

damoukidebloba ar sruldeba. garda amisa, am  ���-Si � ar udris misi pirobiTi 

ganawilebebis namravls. magaliTad, pirdapir nax. 3.4-dan gvaqvs, rom  

�(��,��,��)=
�

��
= 0,15385. 

nax. 3.9-dan gvaqvs: 

�(��|��,��)�(��)�(��)=
�

�
×

�

��
×

�

��
= 0,15779. 

rogorc Cans Cven Tavsatexi gvaqvs. Cvens mizans warmoadgens warmoadginoT 

erToblivi ganawileba, mokled ���-is da ���-sTvis pirobiTi ganawilebebis 

(baiesis qselis) gamoyenebiT, da ara erTobliv ganawilebaSi yvela mniSvnelobis 

CamoTvla. magram Cven ar viciT romeli  ��� gamoviyenoT manamade, sanam ar 

SevamowmebT sruldeba Tu ara markovis piroba, zogadad, amis Sesamowmeblad 

aucilebelia Tu ara gvqondes erToblivi ganawileba. aqedan zogad gamosavals 

warmoadgens mizezobrivi ���-is ageba, romelic warmoadgens ���-s, romelSic 

arsebobs kide �-dan �-mde, Tu � iwvevs �-s. nax. 3.1 da 3.2 warmoadgenen mizezobrivs 

maSin, roca am TavSi warmodgenili sxva ���-ebi ar warmoadgenen mizezobrivebs. 

SemdgomSi ganvixilavT, Tu ratom unda akmayofilebdes mizezobrivi  ��� markovis 

pirobas cvladebis alaTobebis ganawilebiT D ���-Si. A ���-is miRebis meore gza 

aris misi monacemebis mixedviT Seswavla. es meore xerxi ganixileba me-4 TavSi. 

 

 

  

3.3 mizezobrivi qselebi rogorc baiesis qselebi 

vidre ganvixilavT, mizezobrivi ��� xSirad ratom unda akmayofilebdes 

markovis pirobas cvladebis alaTobebis ganawilebiT D ��� -Si, movaxdinoT 

mizezobriobis cnebis formalizeba. 
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3.3.1 mizezobrioba 

mizezis operatiuli gansazRvrebis warmodgenis Semdeg, Cven vaCvenebT am 

gansazRvrebis Sesabamis mizezis identifikaciis yovlismomcvel magaliTs. 

mizezis operatiuli ganmarteba 

mizezis erT-erTi leqsikonuri ganmarteba aris `pirovneba, movlena an piroba, 

romelic pasuxismgebelia moqmedebaze an Sedegze~. Tumca es gansazRvreba 

sasargebloa, is ra Tqma unda sabolood ar ganmartavs mizezobriobas. magram es 

ganmarteba Suqs fens mizezobrivi kavSirebis indetifikaciis operatiul meTodebს. 

e.i. Tu � cvladis moqmedeba iRebs raRac mniSvnelobas, romelsac drodadro 

icvlis, Tu iRebs  � mniSvnelobas, maSin Cven varaudobT, rom � pasuxismgebelia  �-

is mniSvnelobis Secvlaze, da Cven vaskvniT, rom � warmoadgens �-is mizezs. 

 ufro formalurad Cven vambobT, rom vaxdenT �-is manipulirebas, roca 

vaiZulebT �-s miiRos romeliRac mniSvneloba da vambobT, rom � iwvevs �-s, Tu 

arsebobs �-iT raRac manipulaciebi, rasac mivyavarT �-is albaTobebis ganawilebis 

cvlilebamde. Cven vvaraudobT, rom �-is manipulirebas mivyavarT �-is albaTobebis 

ganawilebis cvlilebamde, maSin �-is nebismieri mniSvnelobis miRebasac 

mivyavarT �-is albaTobebis ganawilebis cvlilebamde. amgvarad, Cven varaudobT, 

rom mizezebi da maTi Sedegebi statistikurad korelirebulni arian. magram, 

ramdenadac amis Sesaxeb male vimsjelebT, cvladebi SeiZleba kolerilebulni 

iyvnen ise rom ar iwvevdnen erTmaneTs. manipulacia  Sedgeba randonmizebuli 

kontrolirebadi eqsperimentisagan (���), romelic iyenebs romeliRac subieqtebis 

konkretul populacias (magaliTad, adamianebs, rolebsac awuxebs tkivili mkerdSi) 

romeliRac specifikur konteqstSi (magaliTad, amJamad isini ar iReben aranair 

wamals gulmkerdis tkivilis gasayuCeblad da cxovroben gansazRvrul 

geografiul arealSi). mizez-Sedegobrivi kavSiriD aRmoCenilia mosaxleobis am 

erTobliobisaTvis da am konteqstSi. modi ganvixiloT, rogor xdeba es 

manipulacia. jer Cven ganvsazRvravT mosaxleobas, romlis ganxilvasac vapirebT. 

Cveni SemTxveviTi cvladebi warmoadgenen am iuridiuli pirebis Taviseburebebs. 

Semdeg varkvevT im mizezobriv damokidebulebebs, romlis gamokvlevac gvsurs. 

davuSvaT Cven vcdilobT gavarkvioT aris Tu ara � cvladi � cvladis mizezi. 

maSin Cven virCevT ramdenime subieqts mosaxleobidan. TiToeuli arCeuli 

obieqtisaTvis vaxdenT �-is mniSvnelobiT manipulacias ise, rom misi yoveli 
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SesaZlo mniSvneloba gvaZlevdes subieqtebis erTsa da imave raodenobas (Tu � 

uwyvetia, maSin �-is mniSvnelobas virCevT Tanabari ganawilebis Sesabamisad). imis 

Semdeg, rac mocemuli obieqtisaTvis �-is mniSvneloba dadgenilia, Cven vzomavT �-

is mniSvnelobas am obieqtisaTvis. rac ufro meti saboloo monacemi aCvenebs � 

da  �-s Soris damokidebulebas, miT meti mxardamWeri monacemia, romelic gviCvenebs, 

rom � iwvevs  �-s. �-is manipulacia SeiZleba warmodgenili iqnas � cvladebis 

saxiT, romlebic gareSe cvlads warmoadgenen Sesaswavli sistemis mimarT. �-dan 

TiToeuli �� mniSvnelobisaTvis arsebobs �-is erTi �� mniSvneloba;  �-is yvela 

mniSvnelobisaTvis  albaTobebi erTnairia; da roca �   ��-is tolia, maSin �   ��-is 

tolia. e.i. �-sa da  �-s Soris damokidebuleba determinebulia. monacemTa 

mxardaWera, rom   � iwvevs  �-s, imdenad, ramdenadac monacemebi miuTiTeben imaze, rom 

�(��|��)≠ �(��|��) � ≠ �-sTvis. manipulacia sinamdvileSi warmoadgens mizez-

Sedegobrvi kavSiris gansakuTrebul saxes, romelsac Cven vvaraudobT 

Tavdapirvelad da aris Cveni kontrolis qveS, ase rom SegvZlia ganvsazRvroT da 

aRmovaCinoT sxva mizezobrivi urTierTobebi.  

manipulaciis ilustracia  

Cven vaxdenT am ideebis demonstrirebas uaxloesi siaxleebis yovlismomcvel 

magaliTTan dakavSirebiT. farmacevtuli kompania ����� awarmoebs preperat 

finasterids keTilTvisebiani prostatuli hiperplaziiT (���) daavadebuli 

mamakacebisaTvis. Aanekdotur mtkicebaze dayrdnobiT, iyo versia, rom arsebobs 

korelacia samkurnalo prepatatis gamoyenebasa da Tavze Tmis zrdas Soris. 

vTqvaT, �����-ma populaciidan SemTxveviT arCevani gaakeTa, romelic interess 

warmoadgenda, da am nimuSidan gamomdinare, arsebobs korelacia finasteridis 

gamoyenebasa da Tmis amosvlas Soris. maT unda daaskvnan, rom finasteridi iwvevs 

Tmis zdras, da Sesabamisad gayidon is rogorc Tmis cvenis sawinaaRmdego 

prepareati? es araa aucilebeli. arsebobs arc Tu ise cota mizez-Sedegobrivi 

axsna ori cvladis korelaciisaTvis. Amas Cven SemdgomSi ganvixilavT. 



68 
 

 

nax.3.10. am grafebze kideebi warmoadgens mizezobriv zemoqmedebas. oTxive Mmizezobrivi 

damokidebuleba SeiZleba aixsnas �-is da �-s korelaciiT.  
 

SesaZlo mizez-Sedegobrivi kavSirebi. vTqvaT, � iyos finasteridis gamoyenebis 

cvladi da � Tmis amosvlasaTan dakavSirebuli cvladi. �-is da �-is faqtobriv 

mniSvnelobas aqvs axlandeli  mniSvneloba. Cven SegveZlo gamogveyenebina an 

uwyveti an diskretuli mnSvnelobebi. Tu. �-ma gamoiwvia �,  maSin isini namdvilad 

statistikurad kolireben, magram amas aseve eqneba adgili, Tu �-m gamoiwvia � an 

Tu maT hqondaT garkveuli dafaruli saerTo mizezi �. Tu Cven warmovadgenT 

mizezobriv gavlenas mimarTuli waxnagiT, nax 3.10-ze naCvenebia es sami 

SesaZlebloba plus kidev erTi nax. 3.10 (a),  romelic gviCvenebs hipoTezas imis 

Sesaxeb, rom  � iwvevs �-s, rasac Cven ukve veWvobT, rom es asea. Tumca SeiZleba 

iyos, rom � iwvevs �-s [nax. 3.10 (b)]. Tqven SeiZleba amtkicoT, rom domeinis 

codnaze dafuZnebuli gonivruli ar Cans. Tumca Cven rodesac vakeTebT 

statistikur analizs, amas zogadad vakeTebT ara imitom rom gvaqvs domeinis 

codna.  ise mxolod korelaciis safuZvelze mizezobrivi urTierTobebi [nax. 3.10 

(a) da (b)] Tanabrad gonivrulia. am domenSic ki � iwvevs �-s, SesaZlebeli Cans. 

adamianma SesaZloa Tmis amosayvanad gamoiyena romeliRac sxva produqti, 

rogoricaa minoqsidili, romelmac Tma amouyvana, aRfrTovanda da gadawyvita 

scados finasteriti, romlis Sesaxebac mas gagonili hqonda, rom is iwvevs 

ganmeorebiT Ymis zrdas. mesame SesaZlebloba [naCvenebia nax.3.10 (g)-ze] imaSi 

mdgomareobs, rom � da �-s aqvT garkveuli dafaruli saerTo mizezi �, romelic 

iTvaliswinebs maT statitikur korelcias. magaliTad, adamianma, romelic 



69 
 

Sewuxebulia Tmis cvenis gamo, SeiZleba scados rogorc finasteridi, ise 

minoksidili Tmis aRsadgenad. minoksidils SeuZlia gamoiwvios Tmis zrdis 

aRdgena maSin, roca finasterids ar SeuZlia. am SemTxvevaSi finasteridis 

gamoyenebis mizezs warmoadgens adamianis SeSfoTeba da Tmis zrda (arapirdapir 

minoqsidilis gamoyeneba), maSin roca bolo ori ar aris mizez-Sedegobriv 

kavSirSi. meoTxe SesaZlebloba imaSi mdgomareobs, rom Cveni nimuSi (an kidev 

mTeli mosaxleoba) Sedgeba adamianebisagan, romelTac aqvT efeqti (SeiZleba 

dafaruli) rogorc �-ze, ise �-ze. magaliTad, davuSvaT, rom finasteridi da Tmis 

amousvlelobasTan dakavSirebuli SiSi erTdroulad warmoadgenen hiportoniis 

mizezs,6 xolo Cveni arCevani Sedgeba pirovnebebisagan, romelTac hipertonia  � 

aqvT. Cven vambobT, rom kvanZi iqmneba, rodesac viciT, misi mniSvneloba im 

modelisaTvis, romelic amJamad igeba. amitom vambobT   � cvladi iqmneba Cveni 

magaliTis TiToeuli obieqtisaTvis erTi da imave mniSvnelobiT. es situacia 

gamosaxulia nax. 10 (d)-ze, sadac �-iT CamonaTvali niSnavs cvladis Seqnas. rogorc 

wesi, zogadi efeqtis Seqmna iwvevs mis mizezebs Soris damokidebulebas, 

ramdenadac TiToeuli mizezi xsnis efeqtis warmoqmnas, rac sxva mizezs nakleb 

sarwmunos xdis. rogorc aRvniSneT, amas fsiqologebi diskontirebas uwodeben. 

maSasadame, es Tu asea, diskontireba xsnis � da �-s Soris korelacias.  am tipis 

damokidebulebas  SerCeviTobas7 uwodeben. xolo SesaZlebloba (romelic araa 

gamosaxuli nax.10-ze) aris is, rom   � da � saerTod araa mizezobrivad 

dakavSirebuli erTmaneTTan. am situaciis yvelaze mniSvnelovani magaliTi imaSi 

mdgomareobs, rom Cveni pirebi warmoadgenen droSi wertilebs, xolo Cveni 

SemTxveviTi sidideebi warmoadgenen Tvisebebs mniSvnelobebs drois am sxvadasxva 

momentebSi. aseTi SemTxveviTi sidideebi xSirad korelireben raime cxadi miziz-

Sedegobrivi kavSiris gareSe. magaliTad, Tu Cveni misaxleoba Sedgeba droSi 

wertilebisagan, � _ aris dou jonsis saSualo mocemul droSi, da  � aris 

                         

6 ar arseobs aranairi mtkicebuleba, rom finasteridi an Tmis cvenis SiSi iwvevs hipertonias es 
mxolod ilustrirebisTvisaa gankuTvnili.  

 
7 es SeiZleba moxdes, Tu Cveni nimuSi mosaxerxebeli nimuSia, romliTac monawileebi airCevian 

mkvlevrisaTvis moxerxebulobis kuTxiT. mkvlevari ar cdilobs garantiebis micemas, rom nimuSi 
warmoadgens ufro didi poulaciis zust warmomadgenels. mocemuli magaliTis konteqstSi igi 
dasaSvebia Tu es mosaxerxebelia mkvlevrisaTvis, daakvirdes hipertoniiT hospitalizebul 
mamakacebs.  
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profesor neapolitanis Tmis varcxniloba mocemul droSi, maSin � da � 

korelirdebian8. miuxedavad amisa, isini ar arian mizezobrivad dakavSirebulni. 

zogi amtkicebs, rom arsebobs dafaruli saerTo mizezebi, romlebic Cveni gazomvis 

unars scildeba. Cven SemdgomSi am sakiTxs aRar ganvixilavT. Cven mxolod gvsurs 

aRvniSnoT aseT korelaciebTan dakavSirebuli sirTuleebi. zemoT aRniSnulidan 

gamomdinare, vxedavT, rom Cven ar SegvZlia gamoviyvanoT mizez-Sedegobrivi kavSiri 

or cvlads Soris im faqtidan, rom isini statistikurad korilebulni arian.   

miaqcieT yuradReba, rom nax. 3.10-ze naCvenebi oTxidan nebismieri mizez-

Sedegobrivi kavSiri SeiZleba moxdes kombinaciaSi, romelsac mivyavarT �-is da �-s 

korelaciamde. magaliTad, es SeiZleba isic iyos, rom finasterids SeuZlia Tmis 

zrda gamoiwvios da ganmeorebiT Tmis amosvlasTan dakavSirebulma mRelvarebam 

SeiZleba gamoiwvios finasteridis gamoyeneba, rac imas niSnavs, rom Cven SeiZleba 

gvqondes mizezobrivi kvanZi an ukukavSirebi. amitom Cven gveqneboda mizez-

Sedegobrivi kavSirebi orive nax. 3.10 (a)-sa da nax. 3.10 (b)-ze. 

 ar SeiZleba cxadi iyos, Tu ori cvladi saerTo mizeziT ratom korelireben. 

ganvixiloT winamdebare magaliTi. davuSvaT, rom � warmoadgens  �-is da �-s saerTo 

mizezs, da arc erTi arc � da arc � ar iwvevs erTmaneTs. maSin � da � 

korelirdebian radgan � iwvevs �-s, da � da  � korelirdebian radgan � iwvevs �-s, 

rac imas niSnavs, rom � da � tranzitulad arian dakavSirebulni �-iT. es aris 

ufro deteluri axsna. magaliTisaTvis davuSvaT, rom ℎ� aris �-is mniSvneloba, 

romelsac gaaCnia mizezobrivi gavlena �-ze, romelic iRebs �� mniSvnelobas da �-

ze, romelic iRebs �� mniSvnelobas. maSin �-s hqonda �� mniSvneloba, maSin 

TiToeuli misi mizezTagani ufro savaraudo gaxdeba, radgan erT-erTi maTgani 

pasuxismgebeli unda gaxdes. amgvarad, �(ℎ�|��)> �(ℎ�). axla ramdenadac ℎ�-is 

albaToba gaizarda, ��-is albaTobac gaizrdeba, ramdenedac ℎ� iwvevs ��-s. 

aqedan gamomdinare, �(��|��)> �(��), rac imas niSnavs, rom � da � 

kolerildebian. 

                         

8 სამწუხაროდ, მისი თმის ვარცხნილობა არ დაბრუნდა 2003 წელს. 
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nax. 3.11. ��� ikvlevs iwvevs Tu ara � �-s. 

 

merkis manipulaciis gamokvleva. mas Semdeg, rac merkma ver SeZlo im daskvnis 

gakeTeba, finasteridi Tmis aRdgenas iwvevs mxolod misi ubralo korelaciiT Tu 

ara, maT gaakeTes manipulaciis gamokvleva imisaTvis, rom daemtkicebinaT es 

hipoteza. kvleva Catarda 18-dan 41 wlamde 1879 mamakacze msubuq da zomier Tmis 

cvenaze kinkrexoze da safeTqlebze. mamakacTa naxevars aZlevdnen 1 ml 

finasterids, xolo meore naxevars 1 ml placebos. Semdeg cxrilSi mocemulia 

kvlevaSi arsebuli cvladebis SesaZlo mniSvnelobebi manipulaciis � cvladis 

CaTvliT: 

 

���-is gamoyeneba im hipotezis Sesamowmeblad, rom  � iwvevs �-s naCvenebia nax. 

3.11-ze. arsebobs gamosakvlevi sistemis garSemo ovali (� da � da maTi SesaZlo 

mizezobrivi kavSirebi) imisaTvis, rom manipulacia xdeba sistemis gareT. nax. 3.11-ze 

kideebi warmoadgens mizezobriv zemoqmedebas.  Semdegi monacemis �(��|��)≠

�(��|��) mxardaWeris gaTvaliswinebiT, ��� mxars uWers hipotezas imis Sesaxeb, rom 

� iwvevs �-s. merkma gadawyvita, rom `Tmis mniSvnelovani zrda~ ganexila 

damoukidebli dermatologis SexedulebiT. damoukidebeli dermatologebis 

komisiam Seafasa mamakacebis suraTebi 24-Tviani mkurnalobis Semdeg. eqspertTa 
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jgufma aRniSna, rom Tmebis mniSvnelovani zrda demonstrirebuli iyo im 

mamakacebis 66%-Si, romlebic iRebdnen finasterids, im 7% mamakacebTan SedarebiT, 

romlebic iRebdnen placebos. am SedegebiT Cveni albaTobis safuZvelze, gvaqvs 

�(��|��)≈ 0,67 da �(��|��)≈ 0,7. ufro analitikuri analizisas mamakacTa mxolod 

17%, romlebic iRebdnen finasterids, aReniSna Tmis dakargva (ganisazRvreba 

rogorc sabaziso donidan Tmebis nebismieri Semcireba). piriqiT, placebos jgufis 

72%-ma dakarga Tma. merki mivida daskvnamde, rom finasteridi namdvilad iwvevs 

Tmis zrdas da 1997 wlis 22 dekembers ganacxada, rom aSS-is produqtebze da 

wamlebze kontrolis administraciam unda gasces marketikuli ufleba propeciaze 

(��) (finasteridi 1mg) mamakacebis Tmis cvenis samkurnalod (androgenetikuri 

alopecia), mxolod mamakacebis samkurnalod gamoyenebze. 

 

3.3.2 mizezobrioba da markovis piroba 

pirvel rigSi, Cven ufro mkacrad ganvsazRvravT mizezobriv ���-s. amis Semdeg 

mivuTiTebT markovis mizezze da vikamaTebT imaze, Tu ratom unda sruldebodes is. 

mizezobrivi ���-ebi 

mizezobrivi grafi – es aris orientirebuli grafi, romelic Seicavs 

mizezobrivad dakavSirebul SemTxveviT � cvladebs iseTebs, rom yvela �,� ∈ �-

sTvis arsebobs waxnagi �-dan �-mde maSin da mxolod maSin Tu  � warmoadgens  � 

pirdapir mizezs. pirdapiri mizezSi igulisxmeba, rom �-iT manipulirebas mivyavarT 

� albaTobebis ganawilebis SecvlasTan, da ar arsebobs grafis cvladebis 

simravleSi iseTi �  cvladebis simravlis qvesimravle, rom Tu gvecodineboda 

cvladebis mniSvneloba   � -Si, �-iT manipulireba ukve aRar Secvlis  � albaTobebis 

ganawilebas. mizezobrivi grafi aris mizezobrivi ��� Tu mimarTuli grafi 

acikluria (e.i. ar arsebobs mizez-Sedegobrivi kavSirebi). 

YmagaliTi 3.5. testosteroni (�), rogorc cnobilia gadaiqceva hidro- 

testosteronad (���) da  warmoadgens hormons, romelic aucilebelia ereqciuli 

funqciisaTvis (�). Catarebuli iqna gamokvleva virTxebSi am cvladebs Soris 

mizez-Sedegobriv kavSirze. isini axdendnen manipulirebas testosteridze dabal 

dozebamde da aRmoaCines, rom ereqciuli funqcia dabali iyo testosteridis 

dozis miuxedavad. bolos maT daafiqsires ��� maRal doneebze da aRmoaCines, rom 

ereqciuli funqcia maRali iyo testosteridis dozis miuxedavad. amitom maT 
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Seityves, rom mizezobrivi grafi Seicavs mxolod �, ��� da � cvladebs,   � 

warmoadgens ���-is pirdapir mizezs, ��� warmoadgens �-s pirdapir mizezs, Tumca 

� warmoadgens �-s mizezs ,is araa pirdapiri mizezi. amgvarad mizezobriv ��� 

erTia nax.3.12-ze.  

miaqcieT yuradReba, rom Tu ��� cvladi araa ���-Si nax.3.12-ze, maSin iqneboda 

waxnagi �-dan �-Si ���-ze gamavali mimarTuli gzis nacvlad. zogadad, Cveni 

waxnagebi yovelTvis warmoadgens mxolod indentificirebul cvladebs Soris 

damokidebulebas. Cans, Cveulebriv Cven SegviZlia warmovadginoT Sualduri, 

amoucnobi cvladebi TiToeuli kidis gaswvriv. ganvixiloT Semdegi magaliTi: 

vTqvaT � aris asanTis gakvris xdomiloba, da � aris xdomiloba, romelic 

Seesabameba asanTze cecxlis gaCenas, da arc erTi sxva xdomiloba ar ginixileba, 

maSin � warmoadgens �-s pirdapir mizezs. magram Tu Cven davumatebT �-s, asanTis 

wveris gogirdze siTbos im raodenobam miaRwia, rom JangbadTan davakavSiroT, 

maSin Cven ukve ver vityviT, rom  �-m uSualod gamoiwvia �,  aramed �-m uSualod 

gamoiwvia � da �-m uSualod gamoiwvia �. Sesabamisad, Cven vambobT, rom � 

warmoadgens Suamavals �-sa da �-s Soris, Tu � iwvevs � da � uSualod iwvevs �-s. 

miaqcieT yuradReba, rom am intuiciur axsnaSi cvladis saxeli gamoiyeneba 

aseve cvladis mniSvnelobisaTvis. magaliTad, � cvladi, romlis mniSvnelobaa 

cecxli an ar aris cecxli, � aseve gamoiyeneba imis  aRsaniSnavad, rom asanTi 

anTia. cxadia, rom Cven SegviZlia davamatoT meti mizez-Sedegobrivi kavSirebi. 

magaliTad, Cven SegveZlo dagvematebina � cvladi, romelic gviCvenebs gadakeTda 

Tu ara asanTis wvero uxeS zedapirad. maSin � gamoiwvevs �, romelic gamoiwvevs � 

da a.S. Cven SegveZlo ufro Sors wavsuliyaviT da aRgvewera qimiuri reaqcia, 

romelic warmoiSoba gogirdis JangbadTan SeerTebiT. namdvilad, Cven Segvilia 

warmovadginoT movlenaTa usasrulo gagrZeleba nebismieri mizezobrivi 

aRwerilobiT. Cven vxedavT, rom dasakvirvebeli cvladebis simravle 

damkvirvebelzea damokidebuli. rogorc Cans, adamiani, iTvaliswinebs ra 

sensoruli Seyvanebis did simravles, SerCeviT iwers SesamCnev xdomilebebs da 

aviTarebs maT Soris urTierTobebs da Sedegebs Soris damokidebulebebs. aqedan 

gamomdinareobs, da ar vvaraudobT, rom iq arseboben mizezobrivad dakavSirebuli 

cvladebi, ufro swori Cans mxolod vivaraudoT, rom mocemul konteqstSi an 
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danarTSi, Cven vaxdenT gansazRvruli cvladebis identifikacias da vqmniT maT 

Soris mizez-Sedegobrivi kavSirebis nakrebs.  

mizezobrivi markoviseuli varaudi 

Tu Cven davuSvebT, rom � SemTxveviTi sidideebis � albaTobebis dakvirvebadi 

ganawileba akmayofilebs markovis pirobas mizezobrivi ��� �-iT, romelic Seicavs 

cvladebs, Cven vambobT, rom vakeTebT mizezobriv markoviseul varauds, da (�,�)--s 

veZaxiT mizezobriv qsels. ratom unda gavakeToT mizezobrivi markoviseuli 

varaudi? am kiTxvaze pasuxis gasacemad moviyvanoT ramdenime magaliTi. 

magaliTi 3.6. isev ganvixiloT situacia, romelic dakavSirebulia 

testosteronTan (�),  ���-sTan da ereqciul funqciasTan (�). manipulaciis 

gamokvlevam gviCvena, rom Tu Cven vqmniT ���-s, �-s mniSvneloba araa damokidebuli 

�-s mniSvnelobaze. amgvarad, arsebobs imis eqperimentuli mtkiceba, rom markovis 

piroba sruldeba sam cvladiani mizezobrivi jaWvisTvis. 

magaliTi 3.7. mowevis istoria (�), rogorc cnobilia iwvevs orives, rogorc 

bronqits (�) ise filtvebis kibos (�). filtvebis kibo da bronqiti iwvevs 

daRlilobas (�), maSin roca mxolod filtvebis kibos SeuZlia migviyvanos 

gulmkerdis dadebiT redgenogramamde (�). cvladebs Soris ar arsebobs sxva mizez-

Sdegobrivi kavSirebi. nax. 3.13 gviCvenebs am cvladebis Semcvel mizezobriv ���-s. 

am ���-isTvis mizezobrivi markoviseuli varaudi iwvevs Semdeg pirobebiT 

damoukideblobebs: 
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Nnax. 3.13. mizezobrivi ���. 

 

 

nax. 3.13-ze gamosaxuli mizezobrivi kavSiris gaTvaliswinebiT, Cven ar veliT, 

rom bronqiti da filtvis kibo damoukideblebi iyvnen imitom, rom Tu vinmes 

hqonda filtvis kibo, savaraudoa, rom is eweoda (ramdenadac mowevam SeiZleba 

gamoiwvios filtvis kibo), rac ufro savaraudos xdis mowevis meore efeqts, 

kerZod bronqitis arsebobas. magram, Tu Cven gvecodineboda, rom viRac eweoda, ukve 

metad iqneboda savaraudo, rom adamians bronqiti hqonda. imis codna, rom maT  

filtvis kibo aqvT ar zrdis mowevis albaTobas (rac axla aris 1), rac imas 

niSnavs, rom mas ar SeuZlia Secvalos bronqitis warmoSobis albaToba. e.i. �  

cvladi icavs �-s �-is gavlenisagan da warmoadgens markovis mizezobriv pirobas. 

analogiurad, gulmkerdis dadebiTi rentgenis suraTi zrdis filtvis kibos 

albaTobas, rac Tavis mxriv, zrdis mowevis albaTobas, da amavdroulad zrdis 

bronqitis albTobas. amgvarad, gulmkerdis rentgenografia da bronqiti ar 

warmoadgenen damoukideblebs. magram, Tu Cven gvecodineboda, rom adamians 

filtvis kibo hqonda, gulmkerdis rentgens ar SeeZlo filtvis kibos albaTobis 

Secvla da amiT Secvlos bronqitis warmoqmnis albToba. amgvarad, � 

damoukidebulia �-isgan � pirobiT, rac warmoadgens markovis mizezobriv pirobas. 

amgvarad, Tu Cven vqmniT mizezobriv grafs, romelic Seicavs � da � cvladebs, 

Tu  �-s da �-s ar gaaCniaT dafaruli saerTo mizezebi (e.i. mizezebi, romlebic ar 

mdebareoben Cvens grafSi), Tu ar arsebobs mizez-Sedegobrivi gzebi � -dan ukan �-

mde (e.i. Cveni grafi ���-ia), da Tu ar gagvaCnia SerCevis kriteriumi (e.i. 

albaTobebis ganawilebebi ar miiReba im populaciidan, sadac zogadi efeqti 

populaciis yvela wevrisaTvis erTnairi dgindeba), maSin Cven TvliT, rom � da � 

damoukideblebi arian, Tu Cven SevTanxmdebiT cvladebis nakrebze, maT Soris 

minimum erTi cvladi mainc aris mizez-Sedegobrivi  �-dan �-mde TiToeul gzaSi. 

ramdenadac �-is yvela mSoblis simravle aseTi simravlea, Cven vTvliT, rom 
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markovis pirobas adgili aqvs �-s da �-is mimarT. amrigad, vaskvniT, rom 

mizezobrivi markoviseuli varaudi gamarTlebulia mizezobrivi grafisTvis, Tu 

sruldeba Semdegi pirobebi:  

1. ar aris saerTo dafaruli mizezebi. e.i. yvela saerTo mizezi warmodgenilia 

grafze. 

2. ar aris mizez-Sedegobrivi kavSirebi. e.i. Cveni grafi ���-s warmoadgens. 

3. ar arsebobs SerCevis kriteriumi. 

SevniSnoT, rom markovis pirobisaTvis unda iyos waxnagi �-dan �-mde, roca aris 

mizezobrivi gza �-dan �-mde, imaT garda romlebic Seicaven  cvladebs Cvens 

grafSi. magram es piroba ar moiTxoveba, ramdenadac es dakavSirebulia 

mizezobrivi grafis gansazRvrebasTan. SegaxsenebT, rom mizezobriv grafSi 

arsebobs waxnagi �-dan �-mde, Tu � warmoadgens � -is pirdapir mizezs.  

SesaZlebelia yvelaze xSirad darRveuli pirobebi imaSi mdgomareobdes, rom iq 

ar iyos damaluli saerTo mizezebi. am pirobas Cven ganvixilavT saboloo 

magaliTiT. 

 

nax. 3.14. mizezobrivi markoviseuli varaudi ar iqneboda Sesrulebuli  ���-isTvis (a)-

Si Tu arsebobs dafaruli saerTo mizezi, rogorc es naCvenebia (b)-Si. 

 

magaliTi 3.8. davuSvaT, rom Cven gvinda SevqmnaT mizezobrivi ���, romelic 

Seicavs cvladebs gacieba (�), cemineba (�) da cxviridan dena (�). ramdenadac 

gacieba iwvevs rogorc ceminebas ise cxviridan denas, da arc erT maTgans ar 

SeuZlia gamoiwvios erTmaneTi, nax. 3.14 (a)-ze Cven SevqmniT ���-s. ���-isTvis 

markovis mizezobrivi piroba gamoiwvevda ��(�,�|�)-s. magram Tu iarsebebda �-is da 
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�-is dafaruli saerTo mizezebi rogorc es gamosaxulia nax. 3.14 (b)-ze, es 

pirobiTi damoukidebloba ar gatardeba imitom, rom maSinac ki Tu �-mniSvneloba 

cnobili iyo, � Secvlis �-is albaTobas, romelic Tavis mxriv Secvlis �-is 

albaTobas. marTlac, arsebobs sul cota kidev erTi mizezi ceminebis da 

cxviridan denis, kerZod Tivis cxeleba. amitom, rodesac Cven vakeTebT mizezobriv 

markoviseul varauds, darwmunebulebi unda viyoT, rom gamovavlineT yvela saerTo 

mizezi. 

 

1.3.3  markovis piroba mizezobriobis gareSe 

Cven vamtkicebdiT, rom mizezobrivi ��� xSirad akmayofilebs markovis pirobas 

SemTxveviTi sidideebis albaTobebis erToblivi ganawilebiT ���-Si. es ar niSnavs, 

rom baiesis qselSi ���-Si waxnagebi unda iyos mizezobrivi. e.i. ���-ma SeiZleba 

daakmayofilos markovis piroba ���-Si cvladebis albaTobebis ganawilebiT 

waxnagebis gareSe, romlebic mizezobrivebs warmoadgenen. magaliTad, Cven vaCveneT, 

rom �, � da � SemTxveviTi sidideebis � albaTobebis erToblivi ganawileba, 

romlebic gansazRvrulia nax. 3.4-ze gamosaxuli obieqtebis simravliT, 

akmayofileben markovis pirobas nax. 3.5-ze gamosaxuli ���-iT. magram Cven ar 

daviwyebT imis mtkicebas, rom obieqtebis feri iwvevs maT formas an asos, romelic 

maTze weria. rogorc sxva magaliTi, Tu Cven SevcliT waxnags nax. 3.12-ze ���-Si, 

miviRebT ���-s � → ��� → �, axali ��� aseve akmayofilebs markovis pirobas 

SemTxveviTi sidideebis albaTobebis erToblivi ganawilebiT, magram waxnagi ar 

iqneba mizezobrivi. 

 

3.4 daskvna baiesis qselSi 

rogorc adre aRvniSneT, baiesis Teoremis standartuli gamoyeneba warmoadgens 

dasknas orkvanZian baiesis qselSi. didi baiesis qselebi wyveten didi raodenobis 

cvladebis albaTobebis erToblivi ganawilebis problemas. magaliTad, nax. 3.2, 

romelic isev Cndeba nax. 3.15-ze, warmoadgens cvladebis albaTobebis erTobliv 

ganawilebas, romlebic dakavSirebulia sakredito baraTebiT TaRliTobasTan. am 

qselSi daskvna Sedgeba zogierTi cvladis (an cvladebis erTobliobis) pirobiTi 

albaTobis gamoTvlisagan, imis gaTvaliswinebiT, rom sxva cvladebi iqmneba 

garkveuli mniSvnelobiT. magaliTad, Cven SegviZlia gamovTvaloT sakredito 
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baraTis gamoyenebiT TaRliTobis albaToba monacemebiT: SeZenilia gazi, SeZenilia 

saiuveliro nakeTobebi da baraTis mflobeli mamakacia. am daskvnis 

Sesasruleblad Cven gvWirdeba rTuli algoriTmebi. pirveli, vaCvenebT rogor 

viyenebT am algoriTmebidan erTs markovis pirobis da baiesis TeoremiT daskvnis 

gasakeTeblad.  Semdeg Cven miuTiTebT naSromebs, romlebSic aRwerilia zogierTi 

algoriTmi. bolos mogvyavs am algoriTmebiT daskvnis gakeTebis magaliTebi. 

 

 

nax. 3.15 ბაიესური ქსელი საკრედიტო ბარათის გაყალბების გამოვლენისთვის. 

 

3.4.1 daskvnis magaliTebi 

ramdenime magaliTi mogvyavs imis sailustraciod, Tu rogor SeiZleba markovis 

pirobasTan dakavSirebuli pirobiTi damoukideblebis gamoyeneba baiesis qselSi 

daskvnis gasakeTeblad. 

magaliTi 3.9. ganvixiloT baiesis qseli nax. 3.16 (a)-ze. yvela cvladis winaswari 

albaToba SeiZleba gamoiTvalos sruli albaTobis kanonis mixedviT: 

�(��)= �(��|��)�(��)+ �(��|��)�(��)= (0,9)(0,4)+ (0,8)(0,6)= 0,84 

�(��)= �(��|��)�(��)+ �(��|��)�(��)= (0,7)(0,84)+ (0,4)(016)= 0,652 
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 �(��)= �(�|��)�(��)+ �(��|��)�(��)= (0,5)(0,652)+ (0,6)(0,348)= 0,5348. 

es albaTobebi naCvenebia nax. 3.16 (b)-ze. SevniSnoT, rom TiToeuli cvladisaTvis 

gamoTvla iTxovs informacias, romelic gansazRvrulia misi mSoblisaTvis. 

ganvixiloT es meTodi, rogorc Setyobinebis gadacemis algoriTmi, romelSic 

gadis misi bavSvis yvela kvanZi Setyobineba romelic saWiroa bavSvis albaTobis 

gamosaTvlelad. cxadia, rom es algoriTmi gamoyeneba nebismierad grZeli 

gadabmuli siis an xisaTvis. 

  

nax. 3.16. baiesis qseli Cndeba (a)-Si, xolo am qselSi cvladebis wina albaTobebi 
naCvenebia (b)-ze. TiToeul cvlads aqvs mxolod ori mniSvneloba, amitom (a)-ze naCvanebia 
mxolod erTis albaToba. 

 

magaliTi 3.10. axla davuSvaT � iqmneba ��-sTvis. ramdenadac markovis piroba 

gulisxmobs, rom TiToeuli cvladi pirobiTad araa damokidebuli �-ze, maSin misi 

mSoblis gaTvaliswinebiT, Cven SegviZlia gamovTvaloT danarCeni cvladebis 

pirobiTi albaTobebi isev sruli albaTobis kanonis gamoyenebiT (mxolod axla im 

informaciis fonze, rom � = ��) da gagzavnili Setyobinebebi qvemoTaa CamoTvlili: 

�(��|��)= 0,9 

�(��|��)= �(��|��,��)�(��|��)+ �(��|��,��)�(��|��) 

                                             = �(��|��)�(��|��)+ �(��|��)�(��|��) //markovis piroba  
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= (0,7)(0.9)+ (0,4)(0,1)= 0,67 

�(��|��)= �(��|��,��)�(��|��)+ �(��|��,��)�(��|��) 

                   = �(��|��)�(��|��)+ �(��|��)�(��|��) 

                   = (0,5)(0,67)+ (0,6)(1− 0,67)= 0,533. 

cxadia, rom es algoriTmi gamoyeneba nebismierad grZeli gadabmuli siis an 

xisaTvis. 

wina magaliTSi naCvenebia, Tu rogor SegviZlia gamoviyenoT qveviT 

gavrcelebuli Setyobinebebi qvemoT Seqmnili cvladebis pirobiTi albaTobebis 

gamosaTvlelad. Semdeg vaCvenebT, rogor gamovTvaloT  zemoT Seqmnili cvladebis 

pirobiTi albaTobebi. 

magaliTi 3.11. davuSvaT, rom �  iqmneba ��-sTvis (da sxva cvladebi ar iqmneba). 

Cven SegviZlia gamoviyenoT zemoT gavrcelebuli Setyobinebebi danarCeni 

cvladebis pirobiTi albaTobebis gamosaTvlelad. pirveli, Cven gamoviyenebT 

baiesis Teoremas �(��|��)-is gamosaTvlelad: 

�(��|��)=
�(��|��)�(��)

�(��)
=
(0,5)(0,652)

0,5348
= 0,6096 

Semdeg �(��|��)-is gamosaTvlelad isev viyenebT baiesis Teoremas: 

�(��|��)=
�(��|��)�(��)

�(��)
. 

Cven ver vasrulebT am gamoTvlas imitom, rom ar viciT �(��|��). amA 

mniSvelobis miReba SegviZlia qvemoT gavrcelebis gamoyenebiT Semdegnairad: 

�(��|��)= (�(��|��)�(��|��)+ �(��|��)�(��|��). 

am gamoTvlis Semdeg, aseve �(��|��) (ramdenadac � sWirdeba es sidide), da 

Semdeg ganvsazRvravT �(��|��), Cven gavivliT �(��|��)-s da �(��|��)-s �-sken. Semdeg 

viTvliT P�(��|��) da �(��|��) TanmimdevrobiT: 

.
)(

)()|(
)|(

)|()|()|()|(()|(

1

111
11

1221111111







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xyPyPxyPyPxP





 

es gamoTvlebi rCeba savarjiSos saxiT. cxadia, rom gavrcelebis es aRmavali 

sqema nebismierad grZeli gadabmuli siisTvis gamoiyeneba. 

Semdegi magaliTi gviCvenebs rogor movabrunoT xeSi kuTxeebi. 

magaliTi 3.12. ganvixiloT baiesis qseli nax. 3.17-ze. vTqvaT �  Seqmnilia ��-

sTvis. axlaxans zemoT aRweril gavrcelebis algoriTmis gamoiyenebiT viTvliT 
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�(��|��), rasac moyveba �(��|��). Semdeg vagrZelebT qvemoT gavrcelebis algoriTmis 

gamoiyenebiT �(��|��)-is gamoTvlas, rasac moyveba �(��|��), mas vtovebT savarjiSos 

saxiT am mizniT.  

 

 

 

3.4.2 Sedegis algoriTmebi da paketebi 

lokaluri damoukideblobis gamoyenebiT, rogorc es iyo wina qveganyofilebaSi. 

�����-ma [1986,1988] SeimuSava Setyobinebis gadacemis algoriTmi baiesis qselSi 

daskvnis gakeTebisaTvis. jensen et olis mier Seqmnil meTodze dafuZnebiT [1990] 

SemuSavda Sedegis algoriTmi, romelic moicavda baiesis qselSi 

araorientirebuli gasamkuTxedebuli grafis gamoyofas da iseTi xis Seqmnas, 

romlis wverobi warmoadgenen am gasamkuTxedebuli grafis eSvebs. aseT xes 

uwodeben gadasvlis xes. pirobiTi albaTobebi gamoiTvleba gadasvlis xeze 

Setyobinebis gadacemiT. lim da d’ ambroziom [1994] aiRes sxva midgoma. maT 

SeimuSaves algoriTmi, romelic albTobebis erToblivi ganawilebidan CvenTvis 

saintereso zRvruli ganawilebis gamoTvlis optimaluri gzis moZenis 

aproksimacias axdens. isini amas simboluri albaTobis daskvnas uwodeben (���). 

 

nax. 3.17 ფიგურა 3.17: ბაიასური ქსელი. თითოეული ცვლადი მხოლოდ ორი შესაძლო 

მნიშვნელობითაა; ასე რომ მხოლოდ ერთი ალბათობა ნაჩვენებია. 
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yvela am algoriTms uaresi SemTxveva aqvs arapolinomiuri dro. es araa 

gasakviri ramdenadac baiesis qselSi daskvnis problema naCvenebi iyo �� − ℎ��� 

[������,1990].  am Sedegis fonze baiess qselSi daskvnisaTvis  Seiqmna aproqsimaciis 

algoriTmebi. erTi aseTi algoriTmi, albaTobis Sewonva, SemuSavebuli iyo 

ermaneTisagan damoukideblad [���� ��� �ℎ���,1990] -sa da [�ℎ��ℎ��� ��� ����,1990]-Si. 

[����� ��� ����,1993]-Si damtkicebuli iyo, rom baiesis qselSi aproqsimaciuli 

daskvnis problema aseve �� - simZimisaa. magram arsebobs baiesis qselis 

SezRuduli klasebi, romlebic savaraudod eqvemdebarebian poliamialuri droiT 

problemis gadawyvetas. marTlac, Sewonili albaTobiT varianti, romelic 

warmoadgens yvelaze uares polinoms im dromde, sanam qseli ar Seicavs 

eqstremalur pirobiT albaTobebs, gamoCnda  [����ℎ�� ��� �����,1996]-Si.  

parqtikosi ar unda SeSfoTdes algoriTmis yvela im raodenobiT, romlebic 

Camoyalibda baiesis qselSi paketebis saxiT. zogierTi maTgani qvemoTaa naCvenebi. 

 

 

 

nax 3.18 გაყალბების გამოვლენა Bbaiesis ქსელში ნახ 3.15 განხორციელდა Netika-ს გამოყენებით 

 

am wignSi daskvnisTvis Cven viyenebT ������ –s.   

 

3.4.3 ������ –s gamoyenebiT daskvna 

SemdgomSi Cven movaxdenT baiesis qselSi daskvnis gakeTebaSi ������-s 

gamoyenebis ilustrirebas. nax. 3.18 gviCvenebs nax 3.15-ze TaRliTobis aRmoCenis 
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qsels, romelic xorcieldeba ������–s gamoyenebiT. SevneSnoT, rom ������ iTvlis 

da gviCvenebs cvladebis wina albaTobebs imis magivrad, gviCvenos albaTobebis 

pirobiTi ganawilebebi. albaTobebi naCvenebia procentebSi. magaliTad, is faqti, 

rom `samkaulebis~ kvanZSi `diaxis~ Semdeg 0,077-ia niSnavs:  

�(�������= ���)= 0,0077. 

bolo 24 saaTis ganmavlobaSi saiuveliro nawarmis SeZenis wina albaToba 

gadaixdeba nebismieri konkretuli baraTiT. 

imis Semdeg rac iqmneba cvladebi, ������ gviCvenebs am egzemplarebiT Seqmnili 

sxva cvladebis pirobiT albaTobebs. nax. 3. 19 (a)-ze Cven SevqmeniT egzemplari 30 

wlamde asaki, xolo sqesi - mamakaci. amgvarad, is faqti, rom `samkaulebis~ kvanZSi 

diaxis Semdeg 0,010-ia niSnavs:  

�(�������= ���|��� = ���30,��� = ����)= 0,00010. 

miaqcieT yuradReba, rom  � TaRliTobis albaToba ar Seicvala. es is aris 

rasac Cven veliT. pirveli, markovis piroba ambobs, rom TaRliToba damoukidebeli 

unda iyos asakisa da sqesisagan. meore, rogorc Cans, isini damoukideblebi unda 

iyvnen. e.i. is faqti, rom baraTis mflobeli aris axalgazrda adamiani, ar unda 

gamoiTqvas meti an naklebi varaudi, rom baraTi TaRliTurad gamoiyeneba. nax. 3.19 

(b)-s igive egzemplarebi gaaCnia rogorc es nax. 3.19 (a)-zea naCvenebi, imis 

gamoklebiT, rom Cven aseve SevqmeniT ������� `diaxisaTvis~ egzemplari. SeniSvnaa, 

rom � TaRliTobis albaToba axla Seicvala. pirveli, saiuveliro nawarmis SeZena 

xdis � TaRliTobas ufro savaraudos. meore, is faqti, rom baraTis mflobeli 

axalgazrda mamakacia niSnavs, rac nakleb savaraudoa, rom baraTis mflobeli 

ganaxorcielebs yidvas, rac TaRliTobas ufro savaraudos xdis. 
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nax. 3.19. (a)-Si asaki Seqmnili iyo 30 welze naklebi, xolo sqesi Seqmnili iyo 
mamakacisaTvis. (b)-Si Seqmnili iyo 30 welze naklebi, sqesi Seqmnili iyo mamakacisaTvis da 
saiuveliro nawarmi Seqmnili iyo diaxisaTvis. 

 
nax. 3.20 (a)-ze da (b)-ze sawvavi da saiuveliro nawarmi Seqmnili iyo diaxisaTvis. 

magram nax. 3.20 (a)-ze baraTis mflobeli – axalgazrda mamakacia, xolo nax. 3.20 (b)-

ze es xandazmuli qalia. es axdens saiuveliro nawarmis yidvis diskontirebas. 

rodesac baraTis mflobeli axalgazrda mamakacia, � TaRliToba - diax maRalia 

(0,0909). magram rodesac es xandazmuli qalia, is kvlavindeburad dabalia (0,0099). 

imitom, rom faqti, rom baraTis mflobeli xandazmuli qalia, ganmartavs 

saiuveliro nawarmis yidvas. 

 

3.5. rogor viRebT albaTobebs? 

aqamde Cven ubralod vaCveneT Cven mier warmodgenil baiesis qselebSi 

albaTobebis pirobiTi ganawileba. Cven ar gvainteresebda Tu rogor miviReT isini. 

magaliTad, sakredito baraTis TaRliTobis magaliTze Cven ubralod ganvacxadeT, 

rom �(��� = ���30)= 0,25. Tumca rogor miviReT es da kidev sxva albTobebi? 

rogorc am Tavis dasawyisSi iyo naxsenebi, isini SeiZleba miRebul iqnes an am 

sferoSi eqspertis subieqturi gansjiT, an isini SeiZleba gavigoT monacemebidan. 

me-4 TavSi Cven monacemebidan gavigebT, xolo II da III nawilebSi moviyvanT maTi 

eqspertTagan mopovebis da monacemebis mixedviT gagebis magaliTebs. aq vaCvenebT 

maTi gansazRvris gamartivebis or meTods. pirveli meTodi exeba SemTxvevas, 
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rodesac kvanZs mxolod ramdenime mSobeli gaaCnia, maSin roca meore meTodi exeba 

kvanZebs, romlebic  uwvet SemTxveviT sidideebs warmoadgenen. 

 

3.5.1 xmauris �� − ���� modeli 

pirobiTi albaTobebis miRebis problemis ganxilvis Semdeg, rodesac � kvanZs 

aqvs ramdenime mSobeli, Cven warmovadgenT modelebs, romlebic wyveten am 

problemas. 

mravalricxovan mSoblebTan dakavSirebuli sirTule 

davuSvaT, rom filtvis kibo, bronqiti da tubekulozi iwveven daRlilobas da 

saWiroa am urTierTobis, rogorc samedicino diagnozis sistemis nawilis 

modelireba. ���-is nawili, romelic mxolod am oTx cvlads exeba warmodgenilia 

nax. 3.21-ze. 

 

ნახ. 3.21: ჩვენ უნდა შევაფასოთ რვა პირობითი ალბათობა F კვანძისთვის 

Cven unda SevafasoT rva pirobiTi albaToba � kvanZisaTvis, am kvanZis mSoblis 

rva kombinaciidan TiToeulisaTvis cal-calke. e.i.  Cven unda SevafasoT Semdegebi:  

 

sakmaod Zneli iqneboda am mniSvnelobebis an monacemebidan an eqspert eqimisagan 

mopoveba. magaliTad, imisaTvis, rom miviRoT �(� = ���|� + ���,� = ���,� = ��)-is 

mniSvneloba uSualod monacemebisagan, Cven dagvWirdeba adamianTa didi populacia, 

romlebsac, rogorc cnobilia, aqvT rogorc bronqiti,  aseve tuberkulozi, magram 

ar aqvT filtvis kibo. imisaTvis rom es mniSvneloba uSualod eqspetisagan miiRon, 
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eqspertisTvis cnobili unda iyos daRlilobis albaToba, roca arsebobs ori 

avadmyofoba da mesame – ara. Semdeg Cven gaCvenebT am pirobiTi albTobis miRebis 

arapirdapir gzas. 

xmauris �� − ���� ZiriTadi modeli  

xmauris �� − ���� modeli miekuTvneba im SemTxvevas, rodesac cvladebs Soris 

urTierToba Cveulebriv warmoadgens mizezobriv gavlenas, da TiToeul cvlads 

ori mniSvneloba aqvs. nax. 3.21-ze mocemuli magaliTi warmoadgens tipur magaliTs. 

imis nacvlad, rom SevafasoT rvave albaToba, Cven vafasebT TiToeuli mizezis 

mizezobriv Zalas misi efeqturobisaTvis. mizezobrivi Zala aris im mizezis 

albaToba, romelsac mivyavarT im efeqtamde rodesac mTlianad mizezi arsebobs. 

nax. 3.21-ze Cven vaCveneT bronqitis mizezobrivi Zala �� daRlilobisaTvis aris 0,6. 

navaraudevia, rom broqiti yovelTvis migviyvans daRlilobamde,  Tu romelime 

ucnobi meqanizmi ar aferxebs amis mimdnareobas, da es daTrgunva xdeba dris 40%-

Si. drois 60%-Si bronqits mivyavarT daRlilobamde. amJamad Cven vfiqrobT, rom 

efeqtis yvela mizezi Camoyalibebulia  ���-Si, da efeqti ver warmoiSoba Tu, sul 

mcire erTi misi mizezi arsebobs. am SemTxvevaSi maTematikurad gvaqvs: 

�� = �(� = ���,� = ��,� = ��). 

tuberkulozis da filtvis kibos mizezobrivi Zala daRlilobisTvis aseve 

naCvenebia nax. 3.21-ze. es sami mizezobrivi Zala ar unda iyos dasadgenad zedmetad 

rTuli, rogorc rvave pirobiTi albaToba. magaliTad, rom miviRoT 

��  monacmebidan, saWiroa adamianTa populacia, romelTac aqvT mxolod filtvis 

bronqiti da ar aqvT sxva daavadebebi. imisaTvis, rom �� eqspertebisagan miviRoT, 

eqspertisaTvis aucilebelia mxolod daadginos sixSire, romliTac bronqiti 

iwvevs daRlas.  

Cven SegviZlia miviRoT rva pirobiTi albaToba, romlebic Cven dagvWirdeba, 

miviRoT sami mizezobrivi Zalidan, Tu Cven gavakeTebT kidev erT varauds. Cven 

unda vivaraudoT, rom is meqanizmebi, romlebic axdenen mizezebis daTrgunvas, 

moqmedeben erTmaneTisagan damoukideblad. magaliTisaTvis, meqanizmi, romelic 

xels uSlis bronqitis Sedegad daRlilobis moqmedebas, damoukidebelia im 

meqanizmisagan romelic xels uSlis tuberkulozis Sedegad daRlilobis 

warmoqmnas. maTematikurad es varaudi Semdegnairad gamoiyureba: 

�(� = ��|� = ���,� = ���,� = ��)= (1− ��)(1− ��) 
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                             = (1− 0,6)(1− 0,7)= 0,12. 

miaqcieT yuradReba, rom wina tolobaSi Cven vaxdenT bronqitis da 

tuberkulozis ganpirobebas orive arsebobs da filtvis kibo ar arsebobs. am 

SemTxvevaSi daRliloba unda moxdes, Tu bronqitis da tuberkulozis mizezobrivi 

efeqtebi erTdroulad ar warmoadgenen xelisSemSlelebs. vinaidan Cven 

vvaraudobT, rom, rom isini moqmedeben damoukideblad, albaToba imisa rom orive 

efeqti xelisSemSlelia aris albaToba im Sedegisa, rom yoveli maTgani 

xelisSemSlelia, romelic aris (1− ��)(1− ��). 

amgvarad, Tu arsebobs samive mizezi, Cven gvaqvs: 

�(� = ��|� = ���,� = ���,� = ���)= (1− ��)(1− ��)(1− ��) 

                             = (1− 0,6)(1− 0,7)(1− 0.8)= 0,024. 

miaqcieT yuradReba, roca arsebobs meti mizezi, ufro nakleb savaraudoa, rom 

daRliloba ar iarsebebs. es is aris, rasac velodiT. Semdeg magaliTSi Cven 

gamoviTvliT rvave pirobiT albaTobas, romelic saWiroa nax. 3.21-ze gamosaxuli 

� kvanZisaTvis. 

magaliTi 3.13. vTqvaT Cven vuSvebTY varaudebs xmauris model �� − ����-Si, da 

bronqitis, tuberkulozis da filtvis kibos mizezobrivi Zala daRlilobisTvis 

naCvenebia nax. 3.21-ze. Semdeg: 

�(� = ��|� = ��,� = ��,� = ��)= 1 

�(� = ��|� = ��,� = ��,� = ���)= (1− ��)= (1− 0,8)= 0,2 

�(� = ��|� = ��,� = ���,� = ��)= (1− ��)= (1− 0,7)= 0,3 

�(� = ��|� = ��,� = ���,� = ���)= (1− ��)(1− ��) 

= (1− 0,7)(1− 0,8)= 0,06 

�(� = ��|� = ���,� = ��,� = ��)= (1− ��)= (1− 0,6)= 0,4 

�(� = ��|� = ���,� = ��,� = ���)= (1− ��)(1− ��)= (1− 0,6)(1− 0,8)= 0,08 

�(� = ��|� = ���,� = ���,� = ��)= (1− ��)(1− ��) 

= (1− 0,6)(1− 0,7)= 0,12 

�(� = ��|� = ���,� = ���,� = ���)= (1− ��)(1− ��)(1− ��) 

               = (1− 0,6)(1− 0,7)(1− 0,8)= 0,024. 

miaqcieT yuradReba, ramdenadac cvladebi orobiTia, es aris erTaderTi 

mniSvneloba, romlebic unda davazustoT. sxva albaTobebi calsaxad 

ganisazRvreba. magaliTad, 
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�(� = ���|� = ���,� = ���,� = ���)= 1− 0,024= 0.976. 

Tumca Cven modelis ilustrireba movaxdineT sami mizeziT, cxadia is 

nebismieri raodenobis mizezze vrceldeba. Cven modelSi gavamuqebT varaudebs, 

roca mas warmovadgenT. Semdeg SevajamebT maT da gaCvenebT zogad formulas. 

xmauris modeli �� − ���� qmnis Semdeg sam varauds:  

1. mizezobrivi Seferxeba: es varaudi gulisxmobs raRac meqanizmis arsebobas, 

romelic aferxebs misi zemoqmedebis mizezis warmoSobas, aseve mizezis arsebobas 

mivyavarT efeqtis arsebobamde maSin da mxolod maSin, roca es meqanizmi 

gamorTulia. 

2. gamonaklisisagan damoukidebloba: es varaudi gulisxmobs, rom meqanizmi 

romelic Trgunavs erT mizezs, araa damokidebuli im meqanizmze, romelic xels 

uSlis sxva mizezebs. 

3. angariSvaldebuleba: es varaudi gulisxmobs, rom efeqti SeZleba warmoiSvas 

mxolod maSin, roca misi erTi mizezTagani mainc arsebobs da ar iblokeba.   

xmauris �� − ���� modelisaTvis zogadi formula Semdegia: vTqvaT �-s aqvs � 

mizezi ��, ��, … ,�� , yvela cvladi orobiTia, da Cven vvaraudobT xmauris �� − ���� 

models. vTqvaT �� iyos ��-is mizezobrivi Zala �-saTvis. anu, 

��= �(� = ���|�� = ��,�� = ��,… ,��= ���,… ,�� = ��). 

maSin, Tu � aris kvanZebis simravle, romlebic Seqmnili iyo diaxisaTvis, 

�(� = ��|�)= � (1− ��)

����� ������∈�

 

 

nax. 3.22 (a)-Si albaTobebi warmoadgenen mizezobriv Zalas xmauris �� − ���� modelSi. 
(b)-Si is albaTobebia, romlebsac vikvlevT. 

 
 

Jonvadi xmauris OR-Gate modeli 
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xmauris model �� − ����-Si daSvebuli sami varaudidan angariSvaldebulebis 

Sesaxeb varaudi nakleb gamarTlebulad Cans. magaliTad, daRlilobis SemTxvevaSi, 

ra Tqma unda, daRlilobis sxva mizezebic arsebobs, rogoricaa profesor 

neapolitanis leqciis mosmena. Aamgvarad, nax. 3.21-ze modeli ar Seicavs 

daRlilobis yvela mizezs, xolo angariSvaldebulebis Sesaxeb varaudi araa 

gamarTlebuli. rogorc Cans, bevr, Tu ara umetes SemTxvevaSi, darwmunebulebi ar 

varT, rom Cven efeqtis yvela cnobili mizezi SvimuSaveT. SemdgomSi Cven vaCvenebT 

models, romelic angariSvaldebulebas miuReblad xdis. am modelis formulis 

gamoyvana araa martivi da intuitiurad gasagebi, rogorc is, romelic 

gamoiyeneboda sabaziso xmauris �� − ���� modelSi. amgvarad, Cven jer warmovadgenT 

models, gamomdinareobis gareSe, Semdeg vaCvenebT mis gamomdinareobas. 

 

Jonvadi xmauris OR-Gate formula  

 

Jonvadi xmauris OR-Gate modeli varaudobs, rom yvela mizezi, romelic ar iyo 

Camoyalibebuli, SeiZleba Tavi moiyaros erT sxva � mizezSi da es gamoxatuli 

mizezebi �-Tan erTad akmayofileben sam varauds xmauris �� − ���� modelSi. es 

gamoixateba daRlilobis magaliTSi nax. 3.22 (a)-ze. am naxatis albaTobebi 

warmoadgenen mizezobriv Zalas xmauris �� − ���� modelSi. magaliTad.   

��� = �(� = ���|� = ���,� = ��,� = ��,� = ��). 

Cven ver SevZeliT am mniSvnelobis dadgena, imitom rom ar viciT, arsebobs Tu 

ara � amJamad. Nax. 3.22 (b)-ze is albaTobebia, romlebsac Cven realurad vadgenT. 

TiToeuli sami gamovlenili mizezisTvis. naCvenebi albaToba aris efeqtis 

arsebobis albaToba, ramdenadac darCenili ori gamoxatuli mizezi ar arsebobs. 

magaliTad, 

�� = �(� = ���|� = ���,� = ��,� = ��). 

aRvniSnoT ��� da �� albaTobebs Soris gansxvaveba. ukanaskneli ar wamoadgens 

pirobas �-is mniSvnelobaze. maSin roca pirveli aris. �� albaToba gansxvavebulia 

sxva albaTobebisagan. es aris imis albaToba, rom efeqti iarsebebs, Tu arc erTi 

gamoxatuli mizezTagan ar iarsebebs. anu 

�� = �(� = ���,|� = ��,� = ��,� = ��). 

kidev erTxel aRvniSnavT, rom ar mogvixdenia H -is ganpirobeba.   
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Jonvadi xmauris OR-Gate zogadi formula aseTia (gamoyvana qveganyofilebaSia): 

vTqvaT, �-s aqvs � mizezi ��, ��, … ,�� , yvela cvladi orobiTia, da Cven vvaraudobT, 

Jonvadi xmauris �� − ���� models. davuSvaT, 

��= �(� = ���|�� = ��,�� = ��,… ,��= ���,… ,�� = ��)         (3.1)   

�� = �(� = ���|�� = ��,�� = ��,… ,�� = ��).                   (3.2) 

maSin, Tu � diaxisaTvis Seqmnili kvanZebis simravlea, 

�(� = ��|�)= (1− ��)∏
����

����
� ���� ������∈�

. 

magaliTi 3.14. gamovTvaloT pirobiTi albaTobebi nax. 3.22 (b)-ze gamosaxuli 

qselisaTvis. Cven gvaqvs: 

01),,|( pnoLnoTnoBnoFP   

                            91.01   

�(� = ��|� = ��,� = ��,� = ���)= (1− ��)
1− ��
1− ��

= 1− 0.8= 0.2

 

�(� = ��,|� = ��,� = ���,� = ��)= (1− ��)
1− ��
1− ��

= 1− 0.7= 0.3

 

�(� = ��|� = ��,� = ���,� = ���)= (1− ��)
1− �� 
1− ��

1− ��
1− ��

 

                                              =
(���.�)(���.�)

���.�
= 0.3 

�(� = ��|� = ��,� = ��,� = ��)= (1− ��)
1− ��
1− ��

 

                                             = 1− 0.6= 0.4 

�(� = ��|� = ���,� = ��,� = ���)= (1− ��)
1− ��
1− ��

1− ��
1− ��

 

                                          =
(���.�)(���.�)

���.�
= 0.089 

�(� = ��|� = ���,� = ���,� = ��)= (1− ��)
1− ��
1− ��

1− ��
1− ��

 

                                        =
(���.�)(���.�)

���.�
= 0.133 

�(� = ��|� = ���,� = ���,� = ���)= (1− ��)
1− ��
1− ��

1− ��
1− ��

1− ��
1− ��

 

=
(1− 0.6)(1− 0.7)(1− 0.8)

(1− 0.1)(1− 0.1)
0.030. 
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 savarjiSoebi 

paragrafi 3.1 

savarjiSo 3.1 3.3. magaliTSi is davtoveT savarjiSos saxiT �,� da �-s yvela 

mniSvnelobis Semdegnairad asaxvisaTvis: 

�(�,�,�)= �(�|�)�(�|�)�(�). 

aCveneT es. 

savarjiSo 3.2. ganixileT albaTobebis erToblivi ganawileba 3.1. magaliTSi. 

1. aCveneT, rom � akmayofilebs markovis pirobas nax. 3.31 (a)-ze  mocemuli ���-

iT da rom  � tolia am ���-Si misi pirobiTi ganawilebebis namravlis. 

2. aCveneT, rom � akmayofilebs markovis pirobas nax. 3.31 (b)-ze mocemuli ���-iT 

da rom  � toli araa am ���-Si misi pirobiTi ganawilebebis namravlis. 

3. aCveneT, rom � ar akmayofilebs markovis pirobas nax. 3.31 (g)-ze mocemuli 

���-iT da rom  � toli araa am ���-Si misi pirobiTi ganawilebebis namravlis. 

savarjiSo 3.3.  SeqmeniT obieqtebis ganlageba imis msgavsad, rogorc es nax. 3.4-

zea naCvenebi, magram asoebis, formebis da feris sxva ganlagebiT, ise, rom Tu 

SemTxveviTi �,� da � sidideebi gansazRvrulia rogorc magaliT 3.1–Si, maSin 

erTaderTi damoukidebloba an cvladebs Soris pirobiTi damoukidebloba aris 

��(�,�). akmayofilebs Tu ara es ganawileba markovis pirobas nax. 3.31-ze gamosaxuli 

nebismieri ���-iT. Tu asea, romliT (romlebiT)? 

savarjiSo 3.4. ganvixiloT magaliT 3.1-Si ganmartebuli nax. 3.4-ze gamosaxuli 

obieqtebis mimarT gansazRvruli SemTxveviTi sidideebis erToblivi ganawileba. 

davuSvaT, Cven viTvliT nax. 3.1-ze mocemuli ���-isTvis ganawilebebis ganawilebas 

da viRebT maT produqts. Teorema 3.1 gveubneba, rom es produqti warmoadgens im 

albaTobebis erTobliv ganawilebas, romlebic warmoadgenen baiesis qsels am ���-

iT. warmoadgens es Tu ara SemTxveviTi sidideebis faqtobriv  ganawilebas?  

paragrafi 3.2 

savarjiSo 3.5. profesori morisi ikvlevda sqesobrivi niSniT diskriminacias 

samsaxurSi miRebisas. man misca damqiravebel personals Tanabari raodenobis 

mamakacTa da qalTa reziumeebi da Semdeg ikvlevda, iyo Tu ara maTi Sefasebebi 

Sedgenili sqesis mixedviT. roca man warmoadgina misi kvlevebis Semajamebeli 

dokumenti fsiqologiur JurnalSi, recezentebma uaryves es dokumenti, radgan es 
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aris msuqani xelebiT manipulaciis magaliTi. SeiswavleT msuqani xelebiT 

manipulaciis koncefcia da axseniT ratom fiqrobdnen isini amas. 

savarjiSo 3.6. ganvixiloT samedicino codnis Semdegi nawili: tuberkuliozma 

da filtvis kibom SeiZleba gamoiwvios qoSini da gulmkerdis dadebiTi 

rentgenograma. bronqiti qoSinis kidev erTi mizezia. aziaSi bolo droindelma 

vizitma SeiZleba gamoiwvios tuberkulozis albaTobis gazrda. mowevam SeiZleba 

gamoiwvios rogorc filtvis kibo, aseve bronqiti. SeqmeniT ���, romelic 

warmoadgens am cvladebs Soris damokidebulebas an Tqveni subieqturi mosazrebis, 

an monacemTa safuZvelze daasruleT baiesis konstruqcia am ���-Si pirobiTi 

albaTobis mniSvnelobis gansazRvriT.  

savarjiSo 3.7. axseniT ratomaa, rom Tu Cven gavauqmebT wibos ���-Si nax 3.12-ze 

rom miviRoT ��� � → ��� → �, axali ��� aseve akmayofilebs markovis pirobas 

cvladebis albaTuri ganawilebiT. 

 

paragrafi 3.3 

savarjiSo 3.8. gamoTvaleT �(��|��)  nax. 3.16-ze mocemuli baiesis qsels 

gaTvaliswinebiT.  

savarjiSo 3.9. gamoTvaleT �(��|��)  nax. 3.17-ze mocemuli baiesis qsels 

gaTvaliswinebiT.  

savarjiSo 3.10. gamoTvaleT �(��|��,��)  nax. 3.17-ze mocemuli baiesis qsels 

gaTvaliswinebiT.  

savarjiSo 3.11. ������-s gamoyeneba aviTarebs baiesis qsels nax. 3.2-ze, gamoiyeneT 

es qseli Semdegi pirobiTi albaTobebis gansazRvrisaTvis: 

 

nax. 3.32. navaraudevia, rom gamoyenebuli iqneba xmauris �� − ���� modeli 
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1. �(� = ���|��� = ����). es pirobiTi albaToba gansxvavdeba �(� = ���)-sgan? 

axseniT ratom aris an ar aris. 

2. �(� = ���|�= ���). es pirobiTi albaToba gansxvavdeba �(� = ���)-sgan? axseniT 

ratom aris an ar aris. 

3. �(� = ���|��� = ����,�= ���). es pirobiTi albaToba gansxvavdeba �(� = ���|�=

���)-sgan? axseniT ratom aris an ar aris. 

4. �(� = ���|� = ���). es pirobiTi albaToba gansxvavdeba �(� = ���)-sgan? axseniT 

ratom aris an ar aris. 

5. �(� = ���|�= ���). es pirobiTi albaToba gansxvavdeba �(� = ���)-sgan? axseniT 

ratom aris an ar aris. 

6. �(� = ���|�= ���,� = ���). es pirobiTi albaToba gansxvavdeba �(� = ���|� = ���)-

sgan? axseniT ratom aris an ar aris. 

7. �(� = ���|� =< 30). es pirobiTi albaToba gansxvavdeba �(� = ���)-sgan? axseniT 

ratom aris an ar aris. 

8. �(� = ���|� =< 30,�= ���). es pirobiTi albaToba gansxvavdeba �(� = ���|�=

���)-sgan? axseniT ratom aris an ar aris. 

paragrafi 3.4 

savarjiSo 3.12. vTqvaT, xmauris �� − ���� modeli da mizezobrivi Zala 

gamosaxulia nax. 3.32-ze. gamovTaloT albaToba � = ��� mSoblebis mniSvnelobis 

yvela kombinaciisaTvis.  

savarjiSo 3.13. vTqvaT, Jonvadi xmauris OR-Gate modeli da Sesabamisi 

albaTobebi naCvenebia nax. 3.33-ze. gamovTaloT albaToba � = ��� mSoblebis 

mniSvnelobis yvela kombinaciisaTvis. SeadareT miRebuli Sedegi savarjiSo 3.12-Si 

miRebul Sedegs. 

 

nax. 3.33. navaraudevia Jonvadi xmauris OR-Gate modeli 
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Tavi 4 

Bbaiesis qselis Seswavla 

4.1 parametrebis Seswavla 

Cven SgviZlia SeviswavloT, mxolod monacemebidan parametrebi, rodesac 

albaTobebi warmoadgenen fardobiT sixSireebs, romlebic ganvixileT Tavi 2-is 

2.3.1 paragrafSi. amrigad, es msjeloba exeba mxolod aseT albaTobebs. Tumca 

meTodi efuZneba mkacr maTemetikur Sedegebs, romlebic miRebulia individis 

subieqturi mosazrebis modelirebis gziT, TviTon meTodi sakmaod martivia. aq Cven 

ubralod warmovadgenT meTods. Tavidan Cven ganvixilavT erTi parametris 

Seswavlas, xolo Semdeg vaCvenebT, rogor Seiswavleba yvela parametri baiesis 

qselSi. 

 

4.1.1. erTi parametris Seswavla 

binomialuri cvladis albaTobis meTodis wardgenisas, Cven am meTods 

ganvavrcobT mravalwevris cvladebze. bolos, Cven warmovadgenT rekomendaciebs 

albaTobebis mimarT wina mosazrebebis CamoyalibebisaTvis.  

binomialuri cvladebi 

sakiTxs SeviswavliT magaliTebis mimdevrobis saSualebiT. 

magaliTi 4.1. SegaxsenebT Tavi 2-is paragraf 2.3.1.-is dasawyisSi moyvanil 

msjelobas. Cven aRvniSneT, rom Wikarti SeiZleba daeces wvetiT zemoT, romelsac 

`Tavi~ davarqviT, an is SeiZleba daeces kidiT da miwasTan Sexebis wertiliT, 

romelsac `kudi~ vuwodeT. ramdenadac Wikarti simetriuli araa, Cven ar gvaqvs 

safuZveli miviRoT gulgrilobis principi da mivaniWoT 0,5 albaToba orive 

SemTxvevvas. amitom Cven gvWirdeba monacemebi Tavebis albaTobis Sesafaseblad. 

vTqvaT, Cven visvriT Wikarts 100-jer, da is TaviT daeca 65-jer. maSin Cven 

SegviZlia SevafasoT: 

�(ℎ����)≈
��

���
= 0,65. 

am Sefasebas, romelic miiReba Tavebis raodenobis agdebis raodenobaze 

gayofiT, uwodeben albaTobis maqsimaluri damajereblobis Sefasebas (���). Tu � 

cdaSi � Tavia, albaTobis ��� tolia: 

�(ℎ����)≈
�

�
. 
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���-is gamoyeneba gonivrulia, Tu Cven ar gvaqvs albTobis Sesaxeb wina 

mosazreba. magram es arc ise gonivrulia, Tu Cven gavaqvs winaswari mosazrebebi. 

ganvixiloT Semdegi magaliTi.  

magaliTi 4.2. vTqvaT, Tqven jibidan amoRebul monetas 10-jer agdebT da is 

yovelTvis aversiT ecema. Semdeg ���-is gamoyenebiT vafasebT: 

�(ℎ����)≈
10

10
= 1. 

imis Semdeg rac moneta 10-jer aversiT daeca, Cven ver davdebdiT niZlavs imaze, 

rom TiTqos darwmunebulebi varT, rom me-11 agdebis Sedegi aversi iqneba. imitom 

rom Cveni mosazreba �(ℎ����)-sTan dakavSirebiT ar aris ���-is mniSvneloba 1-is . 

vTqvaT, gvjera, rom monetebi Cvens jibeebSi samarTliania, TuQCven amis magivrad 

mxars vuWerT rom �(ℎ����)= 0,5 yvela 10 asrolisas ecema aversiT? es SeiZleba 

gonivruli mogveCvenos 10 agdebisaTvis, magram es arc ise gonivruli Cans, Tu 1000 

agdebaze daeca aversiT. am SemTxvevaSi Cven eWvi gviCndeba rom moneta ise iyo 

awonili, rom aversze dacemuliyo. Cven gvWirdeba meTodi, romelic TavisTavSi 

moicavs wina mosazrebebs monacemebTan erTad. standartuli gza amisaTvis aris 

albaTobis Semfasebeli, raTa dadgindes mTeli � da  � ricxvebi ise, rom Sedegi 

ekvivalenturi iyos imis rac dainaxa Semfasebelma pirveli � -jer agdebis dros (am 

SemTxvevaSi Tavebi), xolo meore SemTxvevaSi Sedegi xdeba �-jer � = � + � cdis 

dros, maSin Semfaseblis wina albaTobebi iqneba: 

�(ℎ����)=
�

�
,    �(�����)=

�

�
. 

Tavebze da kudebze � = � + � cdaSi dakvirvebis Semfaseblis Semdgomi albTobebi 

iqneba 

�(ℎ����|�,�)=
���

���
     �(�����|�,�)=

���

���
.     (4.1) 

am albaTobas uwodeben maqsimalur momdevno albaTobas (���). miaqcieT 

yuradReba, rom Cven gamoviyeneT `=~ simbolo da ara `≈ ~, da albaToba davwereT 

rogorc pirbiTi albaToba da ara rogorc Sefaseba. amis mizezi is aris, rom es 

baiesuri teqnikaa. baiesianebi amboben, rom es mniSvneloba maTi albaTobaa 

(mosazrebaa), romelic emyareba monacemebs, imis magivrad, rom Tqvan _ es aris 

albaTobis Sefaseba (fardobiTi sixSire). Secvlis unarTan dakavSirebuli es 

varaudi gamoyenebulia  4.1 tolobaSi.  Secvlis unarTan dakavSirebuli varaudi, 

romelic pirvelad SemuSavebuli iyo 1937 wels finetis mier, imaSi mdgomareobs, 
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rom adamiani aniWebs imave albaTobas erTnairi sigrZis yvela mimdevrobebs, 

romlebic igive Sedegis erTnair raodenobas Seicavs. magaliTad, individi erTi da 

imave albaTobas aniWebs Tavebis (�) da kudebis (�)Semdeg or mimdevrobas: 

 

garda amisa, individi aniWebs imave albaTobas 10 agdebisagan Sedgenil 

nebismier sxva mimdevrobas, romlebsac gaaCniaT 4 Tavi da 6 kudi. neopolitanma 

detalebSi ganixila Secvlis SesaZlebloba da miiRo 4.1 toloba. aq Cven 

vTanxmdebiT, rom tolobas gaaCnia intuiciuri safuZveli. 

SemdgomSi moviyvanT met magaliTs. am magaliTebSi Cven gamoviTvliT mxolod 

pirveli Sedegis albaTobas, imitom rom meore Sedegis albaToba calsaxad 

ganisazRvreba misiT. 

magaliTi 4.3. vTqvaT, Tqven gadawyviteT Tqveni jibidan mravaljer aagdoT 

moneta. mas Semdeg rac Tqven igrZnobT, rom fardobiTi sixSire daaxloebiT 0,5 

Zalian savaraudoa, Tqven SeiZleba gaiziaroT Tqveni winaswari gamocdileba 

romelic ekvivalenturia imis, rom dainaxoT 50 Tavi  100 agdebaSi. aqedan 

gamomdinare Tqven SegiZliaT warmoadginoT Tqveni mosazreba � = 50 da � = 50-iT. 

Semdeg � = 50+ 50= 100,  da Tqveni wina albaToba Tavebis Sesaxeb aris: 

�(ℎ����)=
�

�
=

��

���
= 0,5. 

100 agdebaSi 48 Tavis naxvis Semdeg Tqveni momdevno albaToba iqneba 

�(ℎ����|48,52)=
���

���
=

�����

�������
= 0,49. 

�(ℎ����|48,52) -Si xazs marjvniv 48,52 aRniSvna warmoadgens xdomilobas, romlis 

drosac moxda 48 Tavi da 52 kudi. 

magaliTi 4.4. davuSvaT, gadawvetili gaqvT mravaljer aagdoT Wikarti. misi 

stuqturidan gamomdinare, Tqven SeiZleba gagiCndeT mosazreba, rom is TaviT unda 

daeces agdebis naxevarjer, magram Tqven darwmunebuli ar xarT ise, rogoc es 

jibidan monetis agdebis dros iyaviT. Tqven SeiZleba gagiCndeT mosazreba, rom 

Tqveni wina gamocdileba ekvivalenturia imis, rom 6 agdebidan 3 Tavia. maSin Tqveni 

momdevno albaToba iqneba: 

�(ℎ����)=
�

�
=

�

�
= 0,5. 

100 agdebidan 65 Tavis danaxvis Semdeg Tqven momdevno albaToba aris: 

�(ℎ����|65|35)=
���

���
=

����

�����
= 0,64. 
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magaliTi 4.5. vTqvaT, Tqven gadawyviteT SeamowmoT individebi aSS-Si da 

gaarkvioT ixexaven Tu ara isini kbilebs. am SemTxvevaSi SeiZleba gagiCndeT 

mosazreba, rom Tqveni winaswari gamocdileba ekvivalenturia imis, rom 20 

Semowmebulidan 18 adamiani ixexavs kbilebs. Tqveni winaswari albaToba kbilebis 

gaxexvis Sesaxeb aris: 

�(����ℎ��)=
�

�
=

��

��
= 0,9. 

100 kacis arCevis da imis garkvevis Semdeg, rom aqedan 80 ixexavs kbilebs, Tqveni 

momdevno albaToba iqneba 

�(����ℎ��|80,20)=
���

���
=

�����

������
= 0,82. 

Tqven SeiZleba gagiCndeT mosazreba, rom Tu gvaqvs albaTobis mimarT sruli 

ignorireba, Cven SeiZleba aviRoT � = � = 0. magram ganvixiloT Semdegi magaliTi. 

magaliTi 4.6. davuSvaT, rom Cven vapirebT SevarCioT ZaRlebi da ganvsazRvroT 

Wamen Tu ara isini im kartofilis Cifsebs, romlebsac Cven vTavazobT. ramdenadac 

Cven warmodgena ar gvaqvs esa Tu is konkretuli ZaRli SeWams Tu ara kartofilis 

Cifsebs, Cven vaniWebT � = � = 0, rac niSnavs � = 0+ 0 = 0. radgan Cven ar SegviZlia 

� gavyoT �-ze, Cven ar gvaqvs winaswari albaToba. vagrZelebT, vTqvaT Cven 

vamowmebT erT ZaRls, da es ZaRli Wams kartofilis Cifss. Cveni albaToba, rom 

Semdegi ZaRli SeWams kartofilis Cifs axla aris  

�(����|1,0)=
� + �

� + �
=
0+ 1

0+ 1
= 1 

es mosazreba arc ise gonivrulia, ramdenadac am Sedegidan gamodinare 

vrwmundebiT, rom yvela ZaRli Wams kartofilis Cifss. aseTi sirTuleebis gamo, 

rogoric esaa, da albaTobis wina ignorirebis gamo ufro mkacri maTematikuri 

Sedegebi Cveulebriv modelirdeba � = � = 1-is aRebiT, rac niSnavs � = 1+ 1= 2. Tu 

am mniSvnelobebs gamoviyenebT momdevno albaTobis nacvlad, rodesac SevniSneT 

rom SerCevis dros pirvelma ZaRlma SeWama kartofilis Cifsi, maSin momdevno 

albaToba am saxis iqneba: 

�(����|1,0)=
���

���
=

���

���
=

�

�
. 

xandaxan gvWirdeba � da �-sTvis wiladuri mniSvnelobebi. ganvixiloT es 

magaliTi. 

magaliTi 4.7. SuSis panelebi maRalsarTulian SenobebSi zogjer imsxvreva da 

cviva Zirs. zogad SemTxvevaSi daaxloebiT 39 damsxvreuli panelia. mflobelebs 
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msxvrevis mizezis gamosarkvevad, surdaT gaeanalizebinaT damsxvreuli panlebi, 

magram maT mxolod samis aRdgena SeZles. aRmoCenili iyo, rom  es sami paneli 

Seicavs nikel-sulfids (���), sawarmoo defeqti, romelmac SeiZleba migviyvanos 

panelis gatexvamde. imisaTvis, rom gaerkviaT unda eCivlaT Tu ara warmoebaze 

pasuxismgebelisaTvis, mesakuTreebs Semdeg undodaT gaerkviaT, ra iyo imis 

albaToba, rom 39-ve paneli Seicavda ���-s, amitom isini daukavSirdnen minis 

eqsperts.   

minis eqspertma Tqva, rom damtvreuli panelebidan mxolod 5% Seicavs ���-s. 

Tumca ���-s gaaCnia tendencia gavrceldes sawarmoo ubnebze. amitom imis 

gaTvaliswinebiT, rom pirveli paneli, romelic aRebuli iyo gatexili panelebis 

produqtis konkretuli partiidan, Seicavs ���-s, eqsperts gauCnda mosazreba, rom 

albaToba imisa, rom meore paneli aseve Seicavs ���-s 0,95-ia. cnobili iyo, 39-ve 

paneli erTi da imave warmoebisa iyo. amgvarad Cven vaxdenT eqspertis wina 

mosazrebis modelirebas �,  �, da � = � + � sidideebis gamoyenebiT, rogorc es 

ganxiluli iyo zemoT, Cven unda vicodeT, rom wina albaToba mocemulia 

Semdegnairad: 

�(���)=
�

�
= 0,5. 

ufro metic, eqspertis momdevno albaToba pirvel panelis ���-s aRmoCenis 

Semdeg unda iyos mocemuli ase: 

�(���|1,0)=
���

���
= 0,95. 

� da �-isTvis bolo ori gantolebis amoxsna gvaZlevs  

� =
�

���
  � =

��

���
. 

es aris �  da   �-s  Sefasebis alternatiuli meTodi.  kerZod, Cven vafasebT 

pirveli Semowmebis albaTobas. Semdeg Cven vafasebT albaTobas meore 

SemowmebisaTvis, viTvaliswinebT ra, rom pirveli warmoadgens `warmatebas~. 

rodesac gvaqvs  � -sa da   �-s mniSvnelobebi Cven SegviZlia ganvsazRvroT ramdenad 

savaraudoa, rom nebismieri sxva 36 paneli (Semdegi erTi nimuSi) Seicavs ���-s imis 

Semdeg, rac aRmoCenili iyo, rom pirveli sami nimuSi Seicavs. es albaToba moicema 

Semdegi formuliT: 

�(���|3,0)=
���

���
=

� �����⁄

�� �����⁄
= 0,983. 
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miaqcieT yuradReba, ���-is Sesaxeb eqspertis albaToba rogor swrafad icvleba 

Zalian mciredan Zalian didamde. es imasTanaa dakavSirebuli, rom � -s da �-is 

mniSvneloba sakmaod mcirea. Cven ufro metad gvainteresebs, Seicavs Tu ara ���-s 

danarCeni 36 paneli. savarjiSos saxiT naCvenebia, rom es albaToba ganisazRvreba 

Semdegnairad 

∏
� �������⁄

�� �������⁄
��
��� = 0,866. 

mravalwevriani cvladebi 

is meTodi, romelic axlaxans ganvixileT, martivadD vrceldeba mravalwevrian 

cvladebze. davuSvaT � aris mniSvnelobaTa raodenoba, romelic SeuZliaT miiRon 

cvladebma, da ��, ��,… ,�� � Sedegia. Semdeg ganvsazRvravT ��, ��,… ,�� ricxvebs, ise 

rom Cveni eqsperimenti ekvivalenturi iyos imis, rom pirveli Sedegi xdebodes   ��-

jer meore Sedegi xdebodes  ��, . . ., da bolo Sedegi xdebodes ��-jer. Cveni wina 

albaToba yvela cdis win iqneba Semdegi: 

�(��)=
��

�
 �(��)=

��

�
  . . . �(��)=

��

�
, 

sadac � = �� + �� + ⋯ + ��. vinaidan ��-s xorcieldeba ��-jer, �� _ ��-jer, . . . , �� 

_ �� -jer � = �� + �� + ⋯ + �� cdaSi, Cveni momdevno albaTobebi iqneba Semdegi: 

 

magaliTi 4.8. vTqvaT, gvaqvs asmetriuli eqvswaxnga kamaTeli da Cven gvaqvs 

mcire warmodgena TiToeuli gverdis gamoCenis albaTobaze. magram Cans, rom yvela 

gverdis gamoCena erTnairad savaraudoa. amitom Cven vaniWebT:  

�� = �� = ⋯ = �� = 3. 

maSin Cveni wina albaTobebi aris Semdegi: 

�(1)= �(2)= ⋯ = �(6)=
��

�
=

�

��
= 0,16667. 

davuSaT Semdeg Cven vagdebT kamaTels 100-jer Semdegi SedegebiT: 
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maSin Cven gvaqvs: 

�(1|10,15,5,30,13,27)=
�� + ��
� + �

=
3+ 10

18+ 100
= 0,110, 

�(2|10,15,5,30,13,27)=
�� + ��
� + �

=
3+ 15

18+ 100
= 0,153, 

�(3|10,15,5,30,13,27)=
�� + ��
� + �

=
3+ 5

18+ 100
= 0,067, 

�(4|10,15,5,30,13,27)=
�� + ��
� + �

=
3+ 30

18+ 100
= 0280, 

�(5|10,15,5,30,13,27)=
�� + ��
� + �

=
3+ 13

18+ 100
= 0,136, 

�(6|10,15,5,30,13,27)=
�� + ��
� + �

=
3+ 27

18+ 100
= 0,254. 

meToduri rekomendaciebi wina mosazrebis formulirebisaTvis 

SemdgomSi Cven moviyvanT zogierT rekomendacias im mniSvnelobaTa SesarCevad, 

romlebic warmoadgenen Cvens wina mosazrebebs. 

orobiTi cvladebi. orobiTi cvladebisaTvis meToduri rekomendaciebi 

Semdegia: 

1. � = � = 1: Cven am mniSvnelobebs viyenebT, rodesac vgrZnobT, rom saerTod ar 

viciT albaTobis mniSvnelobis Sesaxeb. Cven aseve SegveZlo es mniSvnelobebi 

gamogveyenebina obiqturobis misaRwevad im gagebiT, rom Cven ar vasaxelebT arc 

erT Cvens mosazrebas Seswavlis algoriTmis mimarT. mxolod vasaxelebT im faqts, 

rom rogorc viciT ukeTes SemTxvevaSi SeiZleba moxdes ori rame. magaliTad 

SeiZleba gamoviyenoT is, rodesac Cven vswavlobT filtvis kibos albaTobas 

mowevis monacemebidan gamomdinare, da gvsurs Sedegebi vacnoboT samecniero 

sazogadoebas. samecniero sazogadoeba ar iqneba dainteresebuli Cveni wina 

versiiT; ufro metic, is dainteresdeboda mxolod imiT, Tu ra monacemebic 

gvqonda. arsebiTad, rodesac Cven am monacemebs viyenebT, momdevno albaToba 

warmoadgens im piris mosazrebas, romelsac ar gaaCnia albaTobis mimarT wina 

mosazreba. 
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2. �,� > 1: es mniSvnelobebi niSnavs, rom Cven migvaCnia, rom es aris pirveli 

Sedegis � �⁄  -sTan tolobis albaToba. rac ufro didia � -sa da   �-s mniSvnelobebi, 

miT ufro gvjera amis. aseT mniSvnelobebs viyenebT maSin, rodesac gvinda Tavs 

movaxvioT Cveni mosazrebebi fardobiTi sixSiris Sesaxeb Seswavlis algoriTms. 

magaliTad, Tu vagdebT monetas jibidan, Cven SegveZlo agveRo � = � = 50. 

3. �,� < 1: es mniSvnelobebi niSnavs, rom Cven vTvliT rom erT-erTi Sedegis 

albaTobis metobas, Tumca ar migvaCnia, rom es erTia. Tu aviRebT � = � ≈ 0 (TiTqmis 

0-s), maSin TiTqmis garkveuli gvaqvs, rom erT-erTi Sedegi 1-Tan axlosaa. aseT 

mniSvnelobebs viyenebT maSin, rodesac gvinda Tavs movaxvioT Cveni mosazrebebi 

fardobiTi sixSiris Sesaxeb Seswavlis algoriTms. 4.7. magaliTSi naCvenebia 

SemTxveva, romelSic Cven unda avirCioT 1-ze naklebi mniSvneloba. miaqcieT 

yuradReba, rom aseTi wina mosazrebebi swrafad wailekeba xolme monacemebis mier. 

magaliTad, Tu � = � = 0,1, da Cven davinaxeT pirveli Sedegi �� xdeba erT 

gamocdaSi, Cven gveqneba: 

�(��|1,0)=
�,���

�,���
= 0,917.                 (4.2) 

intuiciurad Cven vfiqrobdiT, apriorad rom Sedegebidan erT-erTis albaToba 

maRali iyo. ��-is mniSvnelobis miRebis faqti, gvafiqrebinebs, rom es aris Sedegis 

albaToba. 

mravalwevriani cvladebi meToduri rekomendaciebi ZiriTadad igivea, rogorc 

es iyo orobiTi cvladis dros, magram sicxadisaTvis Cven maT gavimeorebT. 

1. �� = �� = ⋯ = �� = 1: Cven am mniSvnelobebs viyenebT, rodesac vgrZnobT, rom 

saerTod ar viciT albaTobis mniSvnelobis Sesaxeb. Cven aseve SgveZlo es 

mniSvnelobebi gamogveyenebina obiqturobis misaRwevad im gagebiT, rom ar 

vasaxelebT arc erT Cvens mosazrebas Seswavlis algoriTmis mimarT. Cven mxolod 

vasaxelebT im faqts, rom rogorc viciT ukeTes SemTxvevaSi � ram SeiZleba moxdes. 

magaliTad, SeiZleba iyos dabali, saSualo da maRali arteriuli wnevis albaToba 

im monacemebidan, romelic gvsurs vacnobT samecniero sazogadoebas.  

2. �� = �� = ⋯ = �� > 1: es mniSvnelobebi niSnavs, rom Cven migvaCnia, rom �-uri 

mniSvnelobis albaToba daaxloebiT �� �⁄ -is tolia. rac ufro didia ��-s  

mniSvnelobebi, miT ufro gvjera amis. aseT mniSvnelobebs viyenebT maSin, rodesac 

gvinda Tavs movaxvioT Cveni mosazrebebi fardobiTi sixSiris Sesaxeb Seswavlis 
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algoriTms. magaliTad, Tu vapirebdiT agvegdo Cveulebrivi kamaTeli, SegveZlo 

agveRo �� = �� = ⋯ = �� = 50.  

3. �� = �� = ⋯ = �� < 1: es mniSvnelobebi niSnavs, rom Cven vTvliT, rom albaT, 

mxolod zogierTi Sedegia savaraudo. aseT mniSvnelobebs viyenebT maSin, rodesac 

gvinda Tavs movaxvioT Cveni mosazrebebi fardobiTi sixSiris Sesaxeb Seswavlis 

algoriTms. magaliTad, davuSvaT, rom msoflioSi arsebobs 1 000 000 sxvadasxva 

saxeoba da Cven gadawyvetili gvaqvs daveSvaT ukacriel kunZulze. Cven SeiZleba 

vivaraudoT, rom ar aris Zalian bevri saxeoba romlebic iq arian. amitom Tu Cven 

ganvixilavT albaTobebs ris Sedegadac savaraudod SeiZleba did raodenobiT 

sxvadasxva saxeobebi Segvxvdes. amitom Cven SegviZlia aviRoT ��= 1 1 000 000⁄  

yvelasTvis. 

 

nax. 4.1: parametrebis Sesaswavlad inicializebuli baiesis qseli warmodgenili (a)-Si, 
romelic emyareba nax. 4.2. (b)-Si warmodgenil monacemebs. 

 
 

4.1.2. yvela parametris Seswavla baiesis qselSi 

baiesis qselSi yvela parametris Seswavlis meTodi advilad gamomdinareobs 

erTi parametris Seswavlis meTodidan. movaxdinoT binomialuri cvladebis 

meTodis ilusrtireba. is advilad vrceldeba mravalwevra cvladebis SemTxvevaze.  

meTodis demonstrirebis Semdeg Cven vimsjelebT zomis ekvivalentur SerCevaze. 

Seswavlis parametrebis gansazRvris procedura 
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ganvixiloT orkvanZiani baiesis qseli nax. 4.1 (a)-ze. is inicializebulia 

parametrebis Sesaswavlad. qselSi TiToeuli albaTobisaTvis aris wyvili (���,���). 

� axdens cvladis indeqsacias, xolo � axdens cvladis (�) mSoblis mniSvnelobis 

indeqsacias. magaliTad, (���,���) wyvili aris pirveli (�) cvladisaTvis, da misi 

mSoblis pirveli mniSvneloba (am SemTxvevaSi ar aris erTi mSoblis mniSvneloba, 

ramdenadac � ar aqvs mSobeli). (���,���) wyvili aris meore (�) cvladisaTvis, da 

misi mSoblis pirveli mniSvneloba, kerZod ��. (���,���) wyvili aris meore (�) 

cvladisaTvis, da misi mSoblis meore mniSvneloba, kerZod ��. Cven vcdilobdiT 

warmogvedgina winaswari ignorireba albaTobis yvela mniSvnelobis mimarT ���=

���=1 aRebiT. Cven viTvliT wina albaTobebs ubralod wyvilebis gamoyenebiT, 

rogorc amas vakeTebdiT, roca vixilavdiT erT parametrs. Cven gvaqvs: 

�(��)=
���

�������
=

�

���
=

�

�
, 

�(��|��)=
���

�������
=

�

���
=

�

�
, 

�(��|��)=
���

�������
=

�

���
=

�

�
. 

rodesac viRebT monacemebs, Cven viyenebT (���,���) wyvils �-uri cvladis 

warmosadgenad rodesac cvladis mSobels �-uri mniSvneloba aqvs. davuSvaT Cven 

gvaqvs ��� = 6  imitom, rom �� xdeba 6-jer, da ��� = 4, imitom rom  �� xdeba 4-jer. 6-

jer �� xdeba, �� 5-jer xdeba da �� erTxel.   

 
nax. 4.2 monacemebi 10 SemTxvevaze 

 

amgvarad, ��� = 5  da ��� = 12. �� 4-jer xdeba, �� _ 2-jer da �� _ 2-jer. amgvarad, 

��� = 2 da  ��� = 2. rom ganvsazRvroT monacemTa safuZvelze wina albaTobebis 

ganawileba, Cven vaaxlebT TiToeul pirobiT albaTobas, am pirobiTi albaTobebis 
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gaTvaliswinebiT (gadaTvliT). imis Semdeg, rac mogvindeba baiesis qselis 

ganaxleba, Cven gadaviTvliT (���,���) wyvilebis mniSvnelobebs. amitom gvaqvs: 

 

Semdeg viTvliT parametrebis axal mniSvnelobebs: 

�(��)=
���

�������
=

�

���
=

�

��
, 

�(��|��)=
���

�������
=

�

���
=

�

�
, 

�(��|��)=
���

�������
=

�

���
=

�

�
. 

ganaxlebuli qseli naCvenebia nax. 4.1 (b)-ze. 

 

nax. 4.3. parametrebis SeswavlisaTvis inicializebuli baiesis qseli warmodgenili (a)-
Si, xolo nax. 4.2-ze mocemul monacemebze dafuZnebuli ganaxlebuli qseli warmodgenilia 
(b)-ze. 

 
eqvivalenturi nimuSis zoma 

arsebobs problema imasTan dakavSirebiT, Tu rogor wamovadgineT wina 

ignorirebebi wina ganyofilebaSi. miuxedavad imisa, rom TiTqos bunebrivia 



105 
 

miTiTebuli ���= ���= 1 warmoadgens yvela pirobiTi albaTobis wina uaryofas, 

aseTi miniWeba araTavsebadia im metaforiiT, romelsac viyenebT am mniSvnelobebis 

formulirebisas. SegaxsenebT, rom albaTobis Semfasebelma � da �-s mniSvnelobebi 

ise unda SearCios, rom cdis Sefaseba ekvivalenturi iyos imis, rom pirveli 

Sedegs adgili hqondes �-jer � + � cdaSi. amitom Tu Cven davadgenT ��� = ��� = 1, 

maSin Semfaseblis gamocdileba ekvivalenturi iqneba, rom man �� dainaxos erTxel 

2 cdaSi. magram Tu davuSvebT ��� = ��� = 1-s, maSin Semfaseblis gamocdileba 

ekvivalenturi iqneba imis, rom man  �� dainaxa erTxel 2-jer ��-is moxdenis dros. es 

ar aris Tavsebadi. pirveli, jer Cven vambobT, rom �� moxda erTxel; Semdeg Cven 

vambobT, rom is moxda orjer. am araTavsebadobasTan erTad Cven viRebT ucnaur 

Sedegebs, Tu Cven gamoviyenebT wina pirobebs. ganvixiloT nax. 4.3 (a)-ze gamosaxuli 

parametruli SeswavlisaTvis baiesis qseli. Tu Cven ganvaaxlebT am qsels nax. 4.2-

ze mocemuli monacemebiT, Cven miviRebT nax.4.3 (b)-ze gamosaxul qsels. nax. 4.3.(a)-ze 

��� ekvivalenturia nax. 4.1 (a)-ze gamosaxulis garkveuli azriT. e.i. Cven vambobT, 

rom ori ��� markovuri ekvivalentia Tu maT igive pirobiTi damoukidebloba aqvT. 

nax. 4.1 (a)-ze da. 4.3.(a)-ze gamosaxuli ���-ebi markovuri ekvivalentia, radgan orive 

���-s ar gaaCnia pirobiTi damoukidebloba. rogorc Cans, Tu Cven vgulisxmobT 

igive wina mosazrebebs ekvivalenturi ���-iT, Semdeg monacemebis safuZvelze 

ganawilebebi erTnairi unda iyos. am SemTxvevaSi, Cven vcdilobT warmovadginoT 

wina ignorireba, rogorc yvela SesaZlo albToba nax. 4.1 (a)-ze da nax. 4.3 (a)-ze 

gamosaxul qselSi. amitom monacemebze damyarebuli momdevno ganawilebebi nax. 4.2-

ze unda iyos erTnairi. magram nax. 4.1 (b)-ze gamosaxuli baiesis qselidan gvaqvs: 

�(��)=
7

12
= 0,583, 

maSin roca nax. 4.3 (b)-ze gamosaxuli baiesis qselidan gvaqvs: 

�(��)= �(��|��)�(��)+ �(��|��)�(��)= 

=
�

�
×

�

�
+

�

�
×

�

�
= 0,578. 

Cven vxedavT, rom miviReT sxvadasxva momdevno albaTobebi. aseTi Sedegebi ara 

marto ucnauria, aramed miuRebelic, ramdenadac nax. 4.1 (a)-ze da nax. 4.3 (a)-ze Cven 

SevecadeT baiesis qselSi gagekeTebina imave mosazrebebis modelireba, magram 

dasrulda sxvadasxva momdevno mosazrebebiT. Cven SegviZlia aRmovfxraT es 

sirTule eqvivalenturi nimuSis zomis gamoyenebiT. anu Cven mivuTiTebT ��� da ��� 
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mniSvnelobebs, romlebsac SeiZleboda gvqonoda wina nimuSSi, romelic asaxavs 

���-Tan dakavSirebul pirobiT damoukideblobas. magaliTad, mocemulia qseli 

� → �, Tu Cven mivuTiTebT, rom ��� = ��� = 1-s, maSin es niSnavs, rom  wina nimuSs 

unda hqondes orjer ��. amitom Cven unda mivuTiToT ��� = 2. analogiurad, Tu Cven 

mivuTiTebT, rom ��� = ��� = 1-s, maSin es niSnavs, rom  wina nimuSs unda hqondes 

orjer ��. amitom Cven unda mivuTiToT ��� = 2. gaiTvaliswineT, rom Cven ar vambobT, 

rom gvaqvs wina nimuSi. vsaubrobT im albaTobaze, rodesac Semfaseblis mosazreba 

warmodgenilia wina nimuSiT. nax. 4.4-ze naCvenebia wina baiesis qseli, romelSic 

gamoyenebulia ekvivalenturi nimuSis zoma. SevniSnoT, rom ��� da ��� mniSvnelobebi 

warmoadgenen Semdeg wina nimuSebs: 

 

savarjiSos saxiT davtoveT imis Cveneba, rom Tu Cven ganvaaxlebT nax. 4.4-ze 

mocemul baiesis qsels nax. 4.2-ze mocemuli monacemebis gamoyenebiT, miviRebT imave 

mocemul ganawilebis albaTobas. es Sedegi, zogadad, samarTliania. Amas Cven 

Teoremis saxiT CamovayalibebT, magram formalurad unda ganvmartoT wina 

ekvivalenturi nimuSis zoma.  
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nax. 4.4. parametrebis Seswavlis baiesis qseli, romelic Secavs wina ekvivalenturi 
nimuSis zomas. 

 
gansazRvreba 4.1. davuSvaT, mocemulia baiesis qseli parametrebis Seswavlis 

mizniT binomialuri cvladebis SemTxvevaSi. Tu arsebobs iseTi � ricxvi, rom 

yvela � da �-sTvis: 

���+ ���= �(ра��)× �, 

sadac ра�� niSnavs �-uri cvladis mSoblebis �-uri instiracias maSin Cven 

vambobT rom aqvs wina ekvivalenturi nimuSis zoma �. 

TavisTavad am gansazRvrebis gageba cota rTulia. Semdegi Teorema iZleva gzas, 

warmovadginoT ganawileba ise, rogorc es xSirad gvsurs gavakeToT. 

Teorema 4.1 davuSvaT, Cven mivuTiTeT baiesis qselze parametrebis Seswavlis 

mizniT binomialuri cvladebis SemTxvevaSi da mivaniWeT yvela � da �-sTvis: 

���= ���=
�

���
. 

sadac � aris dadebiTi mTeli ricxvi da  �� �-uri cvladis mSoblebis 

instiraciis raodenoba. maSin tolqmed baiesis qsels gaaCnia ekvivalenturi 

nimuSis zoma �, da baiesis qselSi albaTobebis erToblivi ganawileba 

erTgvarovans warmoadgens. Cven SegviZlia warmovadginoT wina ignorireba wina 

Teoremis meSveobiT � = 2-sTvis. Semdegi magaliTi gviCvenebs teqnikas: 

 

nax. 4.5. mocemul ���-Si (a)-ze �da� binomialuri cvladebia, (b)-ze parametrebis 
Seswavlis baiesis qseli warmoadgens wina ignorirebebs 

 

magaliTi 4.9. davuSvaT, rom Cven viwyebT nax. 4.5 (a)-ze gamosaxuli ���-idan, da 

� da � binomialuri cvladebia. mivaniWoT � = 2. Semdeg, Tu visargeblebT Teorema 

4.1-Si gamoyenebuli meTodiT, gveqneba: 
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��� = ��� =
�

���
=

�

�×�
= 1, 

��� = ��� = ��� = ��� =
�

���
=

�

�×�
= 0,5. 

Cven viRebT parametrebis Sesaswavlad baiesis qsels nax. 4.5 (b)-ze. 

SevniSnoT, rom wina magaliTSi miviReT wiladuri mniSvnelobebi ���, ���, ��� 

da ���-sTvis, romlebic SeiZleba mogveCvenos ucnaurad. magram am mniSvnelobaTa 

jami tolia: 

��� + ��� + ��� + ��� = 0,5+ 0,5+ 0,5+ 0,5= 2. 

amgvarad, es wiladuri mniSvnelobebi Tanxmdeba im metaforasTan, romelic 

ambobs, rom Cven warmovadgenT �(�)-is wina ignorirebas imaSi darwmunebiT, rom 

Semfaseblis gamocdileba ekvivalenturia imis, rom man dainaxa ori cda (ix. 

ganyofileba 4.1.1). qvemoT moyvanilia imis imitaciuri axsna, Tu ratom unda iyos es 

mniSvnelobebi wiladuri. ganyofileba 4.1.1-dan SegaxsenebT, rom Cven viyenebT 

wiladur mniSvnelobebs Tu vTvliT imis albaTobas, rom erT-erTi Sedegis 

albaToba maRalia, magram ar vakonkretebT kerZod romelis. rac ufro naklebia 

mniSvneloba, miT ufro maRalia albaToba imis, rom is SemTxvevaa. axla rac ufro 

meti mSobeli hyavs cvlads, miT ufro naklebia ���-is da  ���-is mniSvnelobebi, roca 

mivaniWebT � = 2-s. intuiciurad es gonivruli Cans imitom, rom rodesac cvlads 

bevri mSobeli hyavs Cven viciT mSobelTa mniSvnelobebi, Cven viciT bevri 

cvladebis mdgomareobis Sesaxeb da aqedan gamomdinare imis albaTobac, rom erT-

erTi Sedegis albaToba maRalia. 
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nax. 4.6. mocemul ���-Si (a)-ze �,   � da �  binomialuri cvladebia, (b)-ze parametrebis 
Seswavlis baiesis qseli warmoadgens wina ignorirebebs 

 

magaliTi 4.10. davuSvaT, Cven viwyebT nax. 4.6. (a)-ze mocemuli ���-iT da  � da � 

binomialuri cvladebia. Tu Cven mivaniWebT � = 2-s. da visargeblebT Teorema 4.1-Si 

gamoyenebuli meTodiT, maSin: 

   

Cven viRebT parametrebis SeswavlisaTvis baiesis qsels nax. 4.6 (b)-ze 
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nax. 4.7. �,   � da �  -is TiToeuli ganawileba akmayofilebs markovis pirobas am sruli 
���-iT 

 

ცხრილი 4.1 მონაცემები 12 მუშაკზე. 

 

4.2 saswavlo stuqtura (modelis SerCeva) 

saswavlo struqtura moicavs baiesis qselSi monacemebisagan ���-is Seswavlas. 

Cven gvsurs SeviswavloT ���, romelic akmayofilebs markovis pirobas im � 

albaTobebis ganawilebiT, romliTac xdeba monacemTa generireba. miaqcieT 

yuradReba, rom Cven ar viciT  �; is rac viciT _ es monacemebia. aseTi  ���-is 

Seswavlis process uwodeben modelis SerCevas. 

magaliTi 4.11. davuSvaT gvsurs movaxdinoT amerikeli muSebisaTvis sqesis, 

simaRlis da xelfasis � albTobebis ganawilebis modelireba. Cven SegviZlia 

miviRoT monacemebi 12 muSakis mixedviT, romlebic figurireben cxril 4.1-Si. Cven 

ar viciT � albTobebis ganawileba. magram am monacemebidan gvsurs SeviswavloT 

���, romelic albaT akmayofilebs markovis pirobas �-Ti. Tu Cveni erTaderTi 

mizani iqneboda ubralod raRac ���-is Seswavla, romelic akmayofilebs markovis 

pirobas �-Ti, Cveni amocana trivialuri iqneboda, ramdenadac � albaTobebis 

ganawileba akmayofilebs markovis pirobas TiToeuli sruli ���-iT, romlebic 

Seicaven cvladebs, romlebzec gansazRvrulia �. amas Cven vaCvenebT oTxi cvladis 
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Semcveli ���-is meSveobiT. pirveli, SegaxsenebT, rom sruli ��� warmoadgens 

���-s, romelsac gaaCnia sazRvari cvladebis TiToeul wyvils Soris. Semdeg, 

ganvixiloT nax. 4.7-ze gamosaxuli sruli ���. ���-Si ToiToeul cvlads ar hyavs 

araSTamomavali (SegaxsenebT, rom am wignSi Cven ar ganvixilavT mSoblebis 

araSTamomavlebs). amitom TiToeuli cvladi trivialurad damoukidebelia misi 

mSoblebiT mocemuli araSTamomavlebis, da markovis piroba sruldeba. amis 

gasarkvevad kidev erTi gza arsebobs is, rom jaWvis  wesis Tanaxmad (ix. Tavi 2 

paragrafi 2.2.1 ),  �-is,   �-is –� −is  �  -s yvela �,�,�  da �-s yvela 

mniSvnelobisaTvis: 

�(�,�,�,�)= �(�|�,�,�)�(�|�,�)�(�). 

amgvarad � tolia misi pirobiTi ganawilebebis namravlis ���-Si nax. 4.7-ze, 

rac niSnavs, rom Tavi 3-is Teorema 3.1-is Tanaxmad � akmayofilebs markovis pirobas 

am ���-iT. SegaxsenebT, rom Cvens mizans warmoadgens baiesis qselis meSveobiT 

warmovadginoT albaTobis ganawileba lakonurad. sruli ��� ar gvaZlevs amas, 

imitom rom Tu arsebobs  � binominaluri cvladi, maSin bolo cvladi sruli  ��� -

Si moiTxovs 2��� pirobiT ganawilebas. imisaTvis rom mokled warmovadginoT � 

ganawileba Cven unda movZebnoT meCxeri ��� (erTi ramdenime kidis Semcveli), 

romelic akmayofilebs markovis pirobas �-Ti. Semdeg or ganyofilebaSi mocemulia 

amis gasakeTeblad ori meTodi. 

 

4.3 SezRudvaze dafuZnebuli Seswavlis struqtura. 

Semdeg Cven ganvixilavT swavlebis sxva teqnikas, romelsac SezRudvaze 

dafuZnebuli swavleba ewodeba. SezRudvaze dafuZnebuli midgomis CarCoebSi Cven 

vcdilobT vipovoT ���, romlisTvisac markovis piroba gulisxmobs yvela da 

mxolod im pirobiT damoukideblebs, romlebic warmoadgenen CvenTvis saintereso 

cvladebis � albaTobebis ganawilebebs. pirveli, Cven vaCvenebT SezRudvaze 

dafuZnebul midgomas, romelic gviCvenebs, rogor SeviswavloT albaTobebis 

ganawilebebis mimarT sando ���. Semdeg mosdevs msjeloba Canergili sandoobis 

Sesaxeb. bolos, warmovadgenT mizezobriobis Seswavlas. 

4.3.1. � mimarT sando ���-is Seswavla 

SegaxsenebT, rom (�,�)Pakmayofilebs sandoobis pirobas, Tu yvela da mxolod 

pirobiTi damoukidebloba �-Si dakavSirebulia �-sTan. imis ganxilvis Semdeg, Tu 
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ratom gvsurs SeviswavloT  � albaTobis ganawilebis mimarT sando ���, Cven 

movaxdenT aseTi ���-is Seswavlis ilustrirebas. 

ratom gvsurs sando ��� 

ganvixiloT isev Tavi 2-is nax. 2.1-ze gamosaxuli obieqtebi, romlebic aseve 

figurireben me-3 TavSi nax. 3.4-ze. Tavi 2-is magaliTSi 2.1 Cven �  mivaniWeT 1 13⁄  

naxatze gamosaxul TiToeul obieqts da ganvsazRvreT es SemTxveviTi sidideebi 

simravleze, romelic Seicavda Semdeg obieqtebs: 

 

 

nax. 4.8. Tu �-Si erTaderT pirobiT damoukideblobas warmoadgens ��(�,�|�), maSin � 

akonkretebs markovis pirobas ���-iT (a)-Si da (b)_Si, � akonkretebs sandoobis pirobas 
mxolod ���-iT (a)-Si 

 

 
Semdeg vaCveneT, rom � da � pirobiTad damoukidebelni arian �  mocemlobiT. 

Tavi 2-is paragraf 2.2.2-Si Semotanili aRniSvnis gamoyenebiT, Cven vaCveneT, rom 

��(�,�|�) 

Tavi 2-is magaliT 3.1-Si Cven vaCveneT, rom � akmayofilebs markovis pirobas ���-

iT nax. 4.8 (a)-ze. magram   � aseve akmayofilebs markovis pirobas suli  ���-iT nax. 

4.8 (b)-ze. � ar akmayofilebs markovis pirobas ���-iT nax. 4.8 (g)-ze, ramdenedac es 

��� ar iwvevs ��(�,�) da es damoukidebloba araa �-Si. ��� nax. 4. 8 (b)-ze ar 

warmoadgens �-s Zalian kargad, imitom rom is ar iwvevs damoukideblobis pirobas 

am �-Si, kerZod ��(�,�|�). es warmoadgens sandoobis pirobis darRvevas. mxolod nax. 

4. 8 (a)-ze gamosaxuli aris �-s sando ���. Tu Cven SevZlebT movZebnoT �-s sando 
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���, Cven mivaRwevT mizans, lakonurad warmovadginoT �. rogorc vxedavT yvela �-

s ar aqvs sando ���. magram Tu ��� �-s sandoa (SeiZleba erTze metic) SedarebiT 

martivia maTi aRmoCena. SemdgomSi Cven ganvixilavT sando ���-is Seswavlas. 

sando ���-is Seswavla 

Cven vvaraudobT, rom mosaxleobidan im obieqtebs varCevT, romlebzedac 

ganisazRvreba SemTxveviTi sidideebi, da viciT nimuSSi CarTuli pirebisaTvis 

interesis cvladebis mniSvnelobebi. nimuSi SeiZleba iyos SemTxveviTi, an is 

SeiZleba miRebuli iyos pasiuri monacemebidan. am nimuSidan vaskvniT, rom 

cvladebs Soris pirobiTi damoukideblobaa. Cveni ndoba SesaswavlE ���-Si imaze 

meti araa, rac Cveni ndobaa pirobiTi damoukidelebis mimarT. 

 

 

nax. 4.9 Tu pirobiTi damoukidebeli mniSvnelobebis simravle aris {�(�,�)}, unda 

gvqondes ���  (b)-Si, xolo Tu is aris ∅, Cven unda gvqondes (a)-Si ���-ebidan erTi. 
 
magaliTi 4.12. es rCeba savarjiSos saxiT, imisaTvis, rom vaCvenoT monacemebi, 

romlebic naCvenebia 4.11. magaliTSi. axdenen am pirobiTi damoukideblobis 

demonstrirebas: 

��(����ℎ�,���� |���). 

aqedan gamomdinare, am monacemebiT SegviZlia darwmunebulebi viyoT, rom es 

pirobiTi damoukidebloba didia mosaxleobaSi.  

Semdeg moviyvanT magaliTebis Tanmimdevrobas, romelSic SeviswavliT 

albaTobebis ganawilebis mimarT sandoobas. es magaliTebi gvaCveneben Tu rogor 

SeiZleba gamovicnoT sando ��� pirobiTad damoukideblebidan, Tu aseTi arsebobs. 

kidev erTxel aRvniSnoT, rom ��� sandoa pirobiTi damoukideblebis mimarT, rac 

Cven monacemebidan SevityeT. albTobaTa ganawilebaSi es pirobiTi damoukidebloba 

mTeli mosaxleobisTvisaa. 
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magaliTi 4.13. vTqvaT � aris Cveni dakvrvebadi cvladebis simravle, � = {�,�} da 

�-Si pirobiTi damoukideblebis simravle tolia 

{�(�,�)}. 

Cven gvsurs vipovoT sruli ��� �-sTvis. Cven ar SeiZleba gvqondes nax. 4.12 (a)-

ze gamosaxuli ���–ebidan arc erTi. Amizezi isaa, rom isini ar iwveven � da �-is 

damoukideblobas, rac imas niSnavs, rom sandoobis piroba ar sruldeba. amgvarad, 

Cven unda gvqondes ��� nax. 4.9 (b)-ze. Cven vaskvniT, rom � aris sando ���-sTvis 

nax. 4.9 (b)-ze. 

 

 

nax. 4.10 Tu pirobiTi damoukidebeli mniSvnelobebis simravle aris {��(�,�)}, unda 

gvqondes ���  (b)-Si, xolo Tu is aris {��(�,�|�)}  Cven unda gvqondes (a)-Si ���-ebidan 
erTi. 

 

magaliTi 4.14. � = {�,�} da �-Si pirobiTi damoukideblebis simravle carieli 

simravlea 

∅. 

anu, ar arsebobs damoukidebloba. Cven gvsurs vipovoT sruli ��� �-sTvis. Cven 

ar SeiZleba gvqondes ��� nax. 4.9 (b)-ze. Amizezi isaa, rom isini ar iwveven � da �-

is damoukideblobas, rac imas niSnavs, rom markovis piroba ar kmayofildeba. 

amgvarad, Cven unda gvqondes nax. 4.9 (b)-ze gamosaxuli ���-ebidan erTi. Cven 

vaskvniT, rom � aris sando orive ���-sTvis nax. 4.9 (a)-ze. 

wina magaliTi gviCvenebs, rom ar arsebobs unikalur ���-is saWiroeba, 

romliTac albaTobebs ganawileba sandoa. 

magaliTi 4.15. vTqvaT, � = {�,�,�} da �-Si pirobiTi damoukideblebis simravle 

tolia: 

{��(�,�)}. 
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Cven gvsurs vipovoT ��� sando �-sTvis. 4.14. magaliTSi moyvanili mizezis gamo 

ar SeiZleba ���-Si iyos �-sa da �-s Soris kideebi. garda amisa, 4.15. magaliTSi 

moyvanili mizezis gamo unda arsebobdes wiboebi �-sa da �-s da  �-sa da �-s Soris. 

Cven ar SeiZleba gvqondes romelime nax. 4.10 (a)-ze gamosaxuli ���–ebidan. mizezi 

isaa, rom es ���–ebi iwveven �(�,�|�)-s, da es pirobiTi damoukidebloba araa 

warmoadgenli. ase rom markovis piroba ar dakmayofilda. garda amisa, ���–ebi ar 

iwveven �(�,�)-s. amgvarad, ��� unda iyos iseTi, rogoric naCvenebia nax. 4.10 (b)-ze. 

Cven vaskvniT, rom � aris sando ���-sTvis nax. 4.10 (b)-ze. 

magaliTi 4.16. vTqvaT, � = {�,�,�} da �-Si pirobiTi damoukideblebis simravle 

tolia: 

{��(�,�|�)}. 

Cven gvsurs vipovoT ��� sando �-sTvis. adre moyvanili mizezis gamo unda 

arsebobdes mxolod wiboebi �-sa da �-s da  �-sa da �-s Soris. Cven ar SeiZleba 

gvqondes ��� nax. 4.10 (b)-ze. mizezi isaa, rom es ��� aiwveven �(�,�)-s, da es 

pirobiTi damoukidebloba araa warmodgenli. ase rom markovis piroba ar 

dakmayofilda. ase rom, Cven unda gvqondes nax. 4.10 (a)-ze gamosaxuli ���-ebidan 

erTi. Cven vaskvniT, rom � aris sando yvela ���-sTvis nax. 4.10 (a)-ze. 

axla CamovayaliboT Teorema. am etapze Tqveni intuicia unda eWvobdes, rom es 

simarTlea. 

 

nax. 4.11 Tu pirobiTi damoukidebeli mniSvnelobebis simravle aris 

{��(�,{�,� }),��(�,{�,�})}, unda gvqondes ���  (g)-Si. 
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Teorema 4.4. Tu (�,�)Pakmayofilebs sandoobis pirobas, maSin �-sa da �-s Soris 

kideebi arseboben maSin da mxolod maSin, roca � da � ar warmoadgenen pirobiTad 

damoukideblebs cvladebis nebismieri simravlis gaTvaliswinebiT.  

magaliTi 4.17. vTqvaT, � = {�,�,�,� } da �-Si pirobiTi damoukideblebis simravle 

tolia: 

{��(�,�),   ��(� ,{�,�}|�)} 

Cven gvsurs vipovoT ��� sando �-sTvis. Teorema 4.4-is Tanaxmad bmulebi 

(mimarTulebis gareSe wiboebi) iseTebi unda iyos, rogoric es nax. 4.14 (a)-zea 

naCvenebi. Cven unda gvqondes nax. 14 (b)-ze naCvenebi mimarTuli wiboebi imitom, rom 

gvaqvs ��(�,�). amitom Cven aseve unda gvqondes nax. 4 14 (g)-ze naCvenebi mimarTuli 

kide imitom, rom Cven gvaqvs ��(� ,�). Cven vaskvniT, rom � aris sando ���-sTvis nax. 

4.14 (g)-ze. 

 

nax. 4.12: pirobiTi damoukideblebis simravle aris 

{��(�,{�,� }),   ��(� ,{�,�}|�)}, da aCven vcdilobT vipovoT ��� sando �-sTvis, miviRebT grafs 

(b)-ze, romelic araa ���.  

 

magaliTi 4.18. vTqvaT, � = {�,�,�,� } da �-Si pirobiTi damoukideblebis simravle 

tolia: 

{��(�,{�,� }),   ��(� ,{�,�}|�)} 

Cven gvsurs vipovoT ��� sando �-sTvis. Teorema 4.4-is Tanaxmad Cven  unda 

gvqondes nax. 4.12 (a)-zea naCvenebi bmulebi. axla, Tu Cven gvaqvs jaWvi  � → � → � ,  

� ← � ← �  an� ← � → � , maSin Cven ar gvaqvs  ��(�,�). maSasadame Cven gvaqvs � → � ← �  

jaWvi. analogiurad, Cven unda gvqondes � → � ← � jaWvi. amitom Cveni grafi unda 

iyos iseTi, rogoric es nax. 4.12 (b)-zea gamosaxuli. magram es grafi ar wamoadgens 

���-s. aq problema isaa, rom ar aris �-sTvis sando ���. 
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magaliTi 4.19. isev � = {�,�,�,� } da �-Si pirobiTi damoukideblebis simravle 

tolia: 

{��(�,{�,� }),   ��(� ,{�,�}|�)} 

rogorc wina magaliTSi iyo naCvenebi, �-sTvis ��� ar aris sando. magram es ar 

niSnavs, rom Cven ar SegviZlia �-s warmodgenis ufro mokle gza movnaxoT, vidre 

sruli ���–is gamoyenebaa. � akmayofilebs markovis pirobas nax. 4.16 (a)-ze 

gamosaxuli TiToeuli ���–iT. e.i. 4.16 (a)-ze gamosaxuli ��� iwvevs:  

{��(�,�), ��(�,�)}, 

da es pirobiTi damoukidebli  sidideebi mdebareoben �-Si, xolo 4.16 (b)-ze 

gamosaxuli ��� iwvevs: 

{��(�,�),��(�,� )}, 

da es pirobiTi damoukidebli  sidideebi mdebareoben �-Si. magram ar 

akmayofileben sandoobis pirobas am ���-ebidan nebismierTan imitom, rom nax. 4.13. 

(a)-ze ��� ar iwvevs ��(�,� )-s, xolo nax. 4.13. (b)-ze ���ar iwvevs ��(�,�)-s. 

TiToeuli am ���-dan imdenad lakonuria, ramdenadac Cven SegviZlia 

warmovadginoT albaTobebis ganawilebebi. amitom, rodesac ar arsebobs 

� albTobebis ganawilebisaTvis sando ���, Cven jer kidev SegviZlia ufro mokled 

warmovadginoT  �, vidre sruli ���-is gamoyenebiT. struqturis Semswavleli 

algoriTmi cdilobs ipovos ufro SemWidroebuli warmodgena. TiToeuli cvladis 

alternativis raodenobaze damokidebulebiT, nax. 4.16-ze erT-erTi ��� SeiZleba 

faqtobrivad ufro mokled warmovadginoT, vidre danarCenebi, ramdenadac is 

nakleb parameters Seicavs. SezRudvaze damyarebul logoriTmis Seswavla ver 

poulobs gansxvebas am ors Soris, magram qulebze dafuZnebuli arCevs. 

 

nax. 4.13. Tu pirobiTi damoukideblebis simravle aris 
{��(�,{�,� }),   ���,{�,�})}, markovis piroba dakmayofilebulia orive am ���-iT. 
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4.4. mizezobrivi swavleba 

umetes danarTSi procentebis mniSvnelobebs erTmaneTTan SemTxveviTi 

damokidebuleba aqvT. magalTad, cvladebi 4.11. magaliTSi gavlenas axdens 

simaRleze da SeiZleba gamoiwvios mizezobrivi efeqti xelfasze. Tu cvladebi 

mizezobrivad dakavSirebulni arian, Cven SegviZlia gavigoT raime maT mizez-

Sedegobriv kavSirze, rodesac vswavlobT monacemebidan ���-is struqturas. magram 

amisaTvis Cven garkveuli varaudi unda gavakeToT. Cven am varaudebze da 

mizezobriv swavlebaze vimsjelebT SemdegomSi.  

 

4.4.1. mizezobrivi sandoobis varaudi 

gavixsenoT Tavi 3 paragrafi 3.3.2-dan, rom Tu davuSvebT � SemTxveviTi 

sidideebis simravlis � dakvirvebadi ganawilebis albaToba akmayofilebs markovis 

pirobas mizezobrivi ��� �-iT, romelic Seicavs cvladebs, Cven vambobT, rom 

vakeTebT mizezobriv markovis varauds, da mas vuwodebT (�,�)Ymizezobriv qsels. 

ufro metic, Cven mivediT daskvnamde, rom mizezobrivi markovis varaudi 

gamarTlebulia Ymizezobrivi qselisTvis, Tu Sesrulebulia Semdegi pirobebi: 

1. ar arsebobs dafaruli saerTo mizezebi, 

2. ar arsebobs mizez-Sedegobrivi kavSirebi. e.i. Cveni grafi ��� –ia, 

3. SerCevis gadaxra ar arsebobs. 

gavixsenoT Tavi 3-is paragraf 3.1-Si diskusia sakredito baraTebiT TaRliTobis 

Sesaxeb. davuSvaT, rom TaRliTobasac da sqessac aqvT mizezobrivi efeqti 

saiuveliro nawarmis SeZenaze da am cvladebs Soris araa sxva raime mizez-

Sedegobrivi kavSiri. maSin mizezobrivi ���, romelic Seicavs sam cvlads aris 

iseTi, rogorc nax. 4.18 (a)-ze warmodgenili. Tu Cven gavakeTebT mizezobriv 

markovis varauds, Cven unda gvqondes ��(�����,���). 
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nax. 4.14. Tu mizezobrivi erTaderT damokidebulebas warmoadgens is, rom �����-s da 

���-s aqvT �������-ze mizezobrivi gavlena, maSin mizez-Sedegobrivi ��� aris erTi (a)-Si. 
Tu Cven gavakeTebT mizezobriv markovis varauds, mxolod ��� (g)-Si gamoiricxeba, Tu Cven 

vakvirdebiT ��(�����,���). 
 
DAGaxla davuSvaT, rom Cven ar viciT cvladebs Soris mizez-Sedegobrivi 

kavSiri, magram Cven vakeTebT markovis varauds da Cven vswavlobT mxolod pirobiT 

damoukideblobas ��(�����,���) monacemebidan. SegviZlia Tu araDdavaskvnaT, rom 

mizezobrivi ��� unda iyos iseTi, rogorc es naCvenebia nax. 4.18(a)-ze? ara ar 

SegviZlia, radgan � aseve akmayofilebs markovis pirobas nax. 4.18 (b)-ze naCvenebi 

���-iT. es cota Zneli gasagebia. magram SegaxsenebT, rom Cven vvaraudobT da amas 

vakeTebT im pirobiT, rom ar viciT mizez-Sedegobrivi kavSiri cvladebs Soris. 

ramdenedac Cven viciT, isini SeiZleba iyos rogorc es nax. 4.14 (b)-zea gamosaxuli. 

Tu nax. 4.14 (b)-ze ��� aris mizezobrivi ���, mizezobrivi markovis varaudi mainc 

Sesrulebuli iqneba, maSin �-Si erTaderTi pirobiTi damokidebloba aris 

��(�����,���), imitom rom es ��� akmayofilebs markovis pirobas �-Ti. amgvarad, 

marto mizezobrivi markovis varaudis gakeTebiT Cven ver ganvasxvavebT mizezobriv 

���-ebs nax. 4.14 (a) da (b)-ze, romlebic efuZneba ��(�����,���) pirobiT 

damoukideblobas. mizezobrivi markovis varaudi saSualebas gvaZlevs gamovricxoT 

is mizezobrivi ���-ebi, romlebic im pirobiT damoukideblebs Seicaven, romlebic 

ar mdebareoben �-Si. nax. 4.14 (g)-ze  erTi aseTi ���-ia. Cven gvWirdeba gavakeToT 

mizezobriv sandoobaze varaudi da davaskvnaT mizezobrivi   ��� aris iseTi, 

rogorc nax. 4.14 (a)-ze. es varaudi Semdegia: Tu davuSvebT � SemTxveviTi sidideebis 

simravlis � dakvirvebadi ganawilebis albaToba akmayofilebs sandoobis pirobas 

mizezobrivi �-iT, romelic Seicavs cvladebs, maSin Cven vambobT, rom vakeTebT 

varauds mizezobriv sandoobaze. Tu Cven vakeTebT varauds mizezobriv sandoobaze, 
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Semdeg vipoviT unikalur ��� -s, romelic � –s sandoa, ���-Si wiboebi unda 

warmoadgendnen mizezobriv gavlenas. es naCvenebia Semdeg magaliTebSi.  

 

Nnax. 4.15. finasteridi da ereqciis funqcia damoukideblebi arian. 

 

magaliT 4. 20. SegaxsenebT, rom magaliT 4.22-Si Cven vaCveneT, rom Tu, � = {�,�,�} 

da �-Si pirobiTi damoukideblebis simravle tolia: 

{��(�,�)}. 

maSin mxolod �-s erTaderTi sando ��� aris iseTi, rogorc nax. 4.13 (b)-zea. Tu 

gavakeTebT varauds mizezobriv sandoobaze, maSin es ��� unda iyos mizezobrivi 

���, rac imas niSnavs, rom SegviZlia davaskvnaT  � da � TiToeuli � −is mizezia. 

es igive situaciaa, rogoric naCvenebi iyo zemoT TaRliTobas, sqessa da 

saiuveliro nawarmTan dakavSirebiT. aqedan gamomdinare Cven vakeTebT varauds 

mizezobriv sandoobaze da Cven SegviZlia davaskvnaT, rom mizezobrivi ��� aris 

iseTi, rogorc nax. 4.18 (a)-zea, romelic efuZneba ��(�����,���) pirobiT 

damoukideblobas. 

magaliTi 4.21. 4.23 magaliTSi Cven vaCveneT, rom Tu,  � = {�,�,�} da �-Si 

pirobiTi damoukideblebis simravle tolia: 

{��(�,�|�)}, 

maSin yvela ��� nax. 4.13 (a)-ze aris sando �-sTvis. Tu gavakeTebT varauds 

mizezobriv sandoobaze, SegviZlia davaskvnaT, rom  erT-erTi  ��� mizezobrivi 

���-ia, magram Cven ar viciT romeli. 

magaliTi 4.22. magaliT 4.25-Si Cven vaCvneT, rom Tu � = {�,�,�,� } da �-Si 

pirobiTi damoukideblebis simravle tolia: 

{��(�,�),   ��(� ,{�,�}|�)} 

mxolod �-s erTaderTi sando ��� aris iseTi, rogorc nax. 4.14 (g)-zea. amgvarad, 

SegviZlia davaskvnaT  � da � TiToeuli � −is mizezia da � � -s mizezia. 

rodisaa gamarTlebuli varaudi mizezobriv sandoobaze? es moiTxovs adre 

naxseneb mizezobriv markovis varaudisaTvis sam pirobas plus erTiT meti, rasac 

Cven Semdeg ganvixilavT. SegaxsenebT Tavi 3-is paragraf 3.3.1-dan, rom farmacetulma 
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kompania �����-ma SeimuSava preparati finasteridi, romelic efeqturi aRmoCnda 

uZlurebis samkurnalod. gagaxsenebT Tavi 3-is paragraf 3.6.3-dan, rom finasteridi 

amas aRwevs mamakacebSi dehodro-testosteronis (���)  SemcirebiT, da ��� 

aucilebelia ereqciuli funqciisaTvis. ase rom mizezobrivi kavSiri finasterids, 

���-s da ereqciul disfunqcias Soris aris naCvenebi nax. 4.19-ze. Tavi 3-is 

paragraf 3.6.3-dan gaixseneT imis Sesaxeb, rom farTomasStabianma manipulirebam 

gviCvena, rom finasteridi axdens mizezobriv moqmedebas   ���-is doneze, magram ar 

axdens mizezobriv efeqts ereqciul disfunqciaze . mizez-Sedegobrivi kavSiri 

finasterids, ���-s da ereqciul disfunqcias  (�)   Soris, rogorc dadginda, 

cxadad iyo naCvenebi nax. 4.19-ze? Cven veliT, rom mizezobrivi saSuamavlo 

gadascems efeqts Tavisi winamorbedidan mis Semdgoms, magram am SemTxvevaSi es ase 

araa. axsna imaSi mdgomareobs, rom finasterids ar SeuZlia done dawios garkveul 

zRvrul doneze dabla, da es done aris ereqciisaTvis aucilebeli done. amgvarad 

gvaqvs �(�,�). 

markovis piroba ar iwvevs �(�,�)-s mizezobrivi ���-isTvis nax. 4.19-ze. es 

mxolod gulisxmobs �(�,�|���)-s. amgvarad, mizezobrivi sandoobis varaudi araa 

gamarTlebuli. Tu gavigebT pirobiT damoukideblobas monacemebis mixedviT 

cvladebis albaTobebis ganawilebaSi, Cven gvecodineboda damoukideblebis Semdegi 

simravle: 

{��(�,�),��(�,�|���)}. 

ar arsebobs iseTi ���, romelic iwvevs am orive pirobiT damoukideblebs. ase 

rom ar arsebobs ���, romelsac am monacemebiT SevityobdiT. 

Cveulebriv, mizezobrivi sandoobis varaudi gamarTlebulia, rodesac adre 

CamoTvlili markovis mizezobrivi varaudisaTvs sami piroba Sesrulebulia da 

rodesac ar gvaqvs mizez-Sedegobrivi kavSirebi, ise rogorc finasteridis 

magaliTSi. ase rom mizezobrivi sandoobis varaudi mizezobrivi grafisaTvis 

Cveulebriv gamarTlebulia, Tu sruldeba Semdegi pirobebi: 

1. ar arsebobs saerTo dafaruli mizezebi. e.i. yvela gavrcelebuli mizezi 

warmodgenilia grafze. 

2. ar arsebobs mizez-Sedegobrivi kavSirebi. e.i. Cveni grafi waarmoadgens ���-s. 

3. SerCevis gadaxra ar arsebobs. 
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4. yvela Sualeduri mizezi gadascems gavlenas Tavisi winamorbedisagan mis 

Semdgoms. 

 

 

 

4.5 swavlebisaTvis programuli paketebi 

paragraf 4.4.1-Si aRweril mosazrebaze dayrdnobiT, ������� �� ��.-ma [1993,2000] 

SeimuSava algoriTmi, romelic poulobs �-s sando ���-s �-Si pirobiTi 

damoukideblebidan. ������� �� ��.-ma [1993,2000] ganaxorciela algoriTmi, romelic 

Seiswavlis ���-s, romelSic � sandod aris Canergili � -Si arsebuli pirobiTi 

damoukideblebisagan, roca aseTi ��� arsebobs. algoriTmi ganxorcielda ������ 

programul paketSi [Scheines et al., 1994], romelic SeiZleba gadmoiweroT ufasod 

Semdegi saitidan 

 

 1997 wels ���� SeimuSava evristikuli Zebnis algoriTmi, romelsac ewodeba 

������ ���������� �����ℎ (���) da gaaCnia Semdegi Tvisebebi: Tu ��� iqneboda �-s 

sando, maSin �-s sando ��� -is moZebnis albaTobis zRvari iqneboda 1-is toli, 

radganac monacemTa simravlis zoma miiswrafis usasrulobisaken. ������ 

programul pakets aseve gaaCnia moduli, rommelic iyenebs am algoriTms baiesuri 

informaciis kriteriumTan (���) erTad imisaTvis, rom Seiswavlos baiesuri qseli 

monacemebidan. 

swavlebis sxva baiesuri paketebi Semdegs moicavs:   

 

savarjiSoebi 

paragrafi 4.1 

savarjiSo 4.1. eqsperimentisaTvis, romelsac ori Sedegi aqvs da romlis 

gameorebac Tqven usasrulod SegiZliaT (magaliTad Wikartis agdeba), gansazRvreT 



123 
 

� da  � TiToeuli Sedegis SemTxveveis raodenoba, romelsac Tqven wina 

gamocdilebis ekvivalenturad TvliT. gansazRvreT pirveli Sedegis albaToba.  

savarjiSo 4.2. vivaraudoT, rom Cemi winaswari gamocdileba SedarebiTi 

sixSiris Sesaxeb imis ekvivalenturia, rom konkretul barSi davinaxe 14 mweveli da 

6 aramweveli. 

1. Semdeg gadavwyvite gamomekiTxa barSi mweveli adamianebi. rogoria Cemi 

albaToba imisa, rom pirveli adamiani iqneba mweveli? 

2. davuSvaT, 10 kacis gamokiTxvis Semdeg miviRe es monacemebi (1 niSnavs, rom 

adamiani eweva, xolo 2 niSnavs, rom es adamiani ar eweva): 

 

rogoria Cemi albaToba imisa, rom Semdegi gamokiTxuli adamiani iqneba 

mweveli? 

3. davuSvaT 1000 kacis gamokiTxvis Semdeg (es didi baria), me vigeb, rom 312 

mwevelia. rogoria Cemi albaToba imisa, rom Semdegi gamokiTxuli mwevelia? es 

albaToba rogor edreba Cems wina albaTobas? 

savarjiSo 4.3. 4.7. magaliTSi  savarjiSos saxiT davtoveT imis Cveneba, rom 

Secavs Tu ara ���-s danarCeni 36 paneli, es albaToba ganisazRvreba Semdegnairad: 

∏
� �������⁄

�� �������⁄
��
��� = 0,866. 

aCveneT es. 

savarjiSo 4.4. davuSvaT, me vuyureb semis da deivis rbolebs ramdenjerme da 

semi aTletikurad SedarebiT CamorCeba deivs. amitom me vaZlev sems pirveli 

rbolis mogebis 0,1-is tol albaTobas. Tumca vfiqrob, rom Tu semi erTxel 

moigebs, Cveulebriv man unda moigos xolme. amitom imis gaTvaliswinebiT, rom semi 

igebs pirvel rbolas, me vaZlev Semdegi mogebis 0,8-is tol albaTobas. 

1. magaliT 4.7-Si naCvenebi meTodis gamoyenebiT gamoTvaleT Cemi � da �-s wina 

mniSvnelobebi. 

2. gamoTvaleT imis albaToba, rom semi moigebs pirvel 5 rbolas. 

3. davuSvaT, rom semma moigo pirveli 5 rbolidan 4. gansazRvreT Cemi 

albaToba imisa, ro semi moigebs me-6 rbolas. 

savarjiSo 4.5. ipoveT marTkuTxa bloki (ara kubi) da aRniSneT gverdebi. 

gansazRvreT ��,��,… ,�� mniSvnelobebi, romlebic warmoadgenen Tqvens winaswar 

albTobebs TiToeuli gverdis mosvlis mimarT, rodesac Tqven es bloki gadaagdeT. 
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1. rogoria imis albaToba, rom TiToeuli gverdi mova pirvel gadagdebaze? 

2. gadaagdeT bloki 20-jer. gamoTvaleT Tqveni albaToba TiToeuli gverdis 

mosvlisa Semdeg gadagdebaze. 

savarjiSo 4.6. davuSvaT, rom Cven vapirebT SevarCioT xalxi, romlebic bolo 10 

wlis ganmavlobaSi yoveldRiurad or an met kolof sigarets eweodnen. Cven unda 

ganvsazRvroT aris Tu ara TiToeuli adamianis sistoluri arteriuli wneva ≤ 100-

ze, 101-120, 121-140, 141-160, Tu ≥161-ze. gansazRvreT mniSvnelobebi ��,��,… ,��, 

romlebic warmoadgenen TiToeuli diapazonis arteriuli wnevis albaTobebs. 

1. Semdeg SearCieT aseTi mwevelebi. rogoria TiToeuli aseTi sisxlis 

diapazonis Tqveni albaToba pirveli SerCeuli mwevelisaTvis?  

2. vTqvaT 100 kacis SerCevis Semdeg miviReT Semdegi Sedegebi: 

 

gamoTvaleT TiToeuli diapazonis albaToba Semdegi calkeuli SerCeuli 

mwevelisaTvis. 

savarjiSo 4.7. davuSvaT gvaqvs nax. 4.6 (b)ze mocemuli parametrebis 

SeswavlisaTvis baiesis qseli da gvaqvs Semdegi monacemebi: 

 

gansazRvreT ganaxlebuli baiesis qseli parametrebis SesawavlisaTvis. 
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nax. 4.16 ��� 

savarjiSo 4.8. gamoiyeneT Teorema 4.1-is meTodi parametrebis SesawavlisaTvis 

baiesis qselis Sesaqmnelad 1, 2, 4 da 8–is ekvivalenturi nimuSis zomebiT nax. 4.16-

ze gamosaxuli ���-sTvis. 

paragrafi 4.4 

savarjiSo 4.9. vTqvaT, � = {�,�,�,�,� } da �-Si pirobiTi damoukideblebis 

simravle tolia: 

{��(�,�),   ��({� ,�},{�,�}|�) ��(�,{�,�,�}|� )}. 

ipoveT �-s sando yvela ���. 

savarjiSo 4.10. vTqvaT, � = {�,�,�,�,� } da �-Si pirobiTi damoukideblebis 

simravle tolia: 

{��(�,�),��(�,�) ��(�,�) ��(�,{�,�,�}|� )}. 

ipoveT �-s sando yvela ���. 

savarjiSo 4.11. vTqvaT, � = {�,�,�,�,� } da �-Si pirobiTi damoukideblebis 

simravle tolia: 

{��(�,�|�),��{�,{�,� }|{�,�}) ��({�,�,�}� |�)}. 

ipoveT �-s sando yvela ���. 

savarjiSo 4.12. vTqvaT, � = {�,�,�,� ,�,�,�} da �-Si pirobiTi damoukideblebis 

simravle tolia: 

{��(�,�|�)  ��(�{�,�,�,�}|� )  ��(�,{�,�,� ,�}|�)��(�,{�,�,�,� }|{�,�})}. 

ipoveT �-s sando yvela ���. 

savarjiSo 4.13. vTqvaT, � = {�,�,�,� ,�} da �-Si pirobiTi damoukideblebis 

simravle tolia: 

{��(�,{�,� }|�)  ��(�,{�,�}|�}. 
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1. arsebobs �-s sando raime  ���? 

2. ipoveT iseTi ���-ebi, romlebic �-Si sandod aris Canergili. 

paragrafi 4.6 

savarjoSo 4.14. gamoiyeneT ������ (an sxva nebismieri qselis Seswavlis baiesuri 

algoriTmi) cxril 4.1-Si moyvanili monacemebiT SeiswavleT ���. Semdeg 

SeiswavleT parametrebi ���-sTvis. SegiZliaT eWvi SeitanoT ���-is mier raime 

mizezobriv gavlenaSi? 

savarjiSo 4.15. cxril 4.1-Si moyvanili monacemTa 9-jer gameorebis gziT 

SeadgineT monacemTa faili, romelic Seicavs 120 Canawers.  gamoiyeneT ������ (an 

sxva nebismieri qselis Seswavlis baiesuri algoriTmi) cxril 4.1-Si moyvanili 

monacemebiT SeiswavleT ��� am didi monacemTa simravlidan. Semdeg SeiswavleT 

parametrebi am ���-sTvis. SeadareT es Sedegebi savarjiSo 4.18-Si miRebul 

Sedegebs. 

savarjiSo 4.16. vTqvaT gvaqvs Semdegi cvladebi: 

 

da Semdegi monacemebi: 
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gamoiyeneT ������ (an sxva nebismieri qselis Seswavlis baiesuri algoriTmi) 

SeiswavleT ��� am monacemebidan. Semdeg SeiswavleT parametrebi am ���-sTvis. 

SegiZliaT eWvi SeitanoT ���-is mier raime mizezobriv gavlenaSi?  

savarjiSo 4.17. savarjiSo 4.16-Si moyvanili monacemTa 9-jer gameorebis gziT 

SeadgineT monacemTa faili, romelic Seicavs 190 Canawers.  ������ (an sxva 

nebismieri qselis Seswavlis baiesuri algoriTmi) SeiswavleT ��� am didi 

monacemTa simravlidan. Semdeg SeiswavleT parametrebi am ���-sTvis. SeadareT es 

Sedegebi savarjiSo 4.16-Si miRebul Sedegebs. 
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Tavi 5 

gadawyvetilebis analizis safuZvlebi 

zogadad, baiesis qselSi daskvnis safuZvelze miRebuli informacia SeiZleba 

gamoyenebul iqnes gadawyvetilebamde misasvlelad, amasTan beiesis qseli 

TavisTavad ver girCevT gadawyvetilebas. am TavSi, Cven ganvavrcobT baiesis qselis 

struqturas ise, rom qselma realurad mogvces rekomendacia. aseT qsels ewodeba 

gavlenis diagrama. paragraf 5.1 gvacnobs gadawyvetilebaTa xeebs, romlebic 

maTematikurad ekvivalenturia gavlenis diagramis, magram aqvs didi magaliTebis 

(instance) warmodgenis sirTule, vinaidan maTi zoma  eqsponencialurad izrdeba 

cvladebis ricxvTan erTad. paragraf 5.2-Si Cven ganvixilavT gavlenis diagramebs, 

romelTa zoma mxolod wrfivad izrdeba cvladebis raodenobasTan erTad. bolos, 

paragraf 5.3-Si gagacnobT dinamikur baiesis qsels da gavlenis diagramebs, 

romelic axdens drois ganmavlobaSi cvalebadi SemTxveviTi cvladebis 

modelirebas. bevri magaliTi am TavSi exeba aqciebis bazars. 

  

5.1 gadawyvetilebaTa xeebi 

gadawyvetilebaTa xeebis Sesaxeb zogierTi martivi magaliTis moyvanis Semdeg 

Cven ganvixilavT maTi gamoyenebis zogierT sakiTxs. Semdeg SemogTavazebT metad 

kompleqsur magaliTebs. 

5.1.1 martivi magaliTi 

daviwyoT Semdegi magaliTiT: 

magaliTi 5.1. vTqvaT, rom Tqveni favoriti safondo ������-ma daiwia 

avtoritetuli analitikosis gamo, da is ecema 40$-dan 10$-mde. Tqven grZnobT, rom 

es kargi SenaZenia, magram arsebobs bevri ganusazRvreloba. ������-is 

yovelkvartaluri mogebis Sesaxeb angariSgebas male gamouSveben da fiqrobT, rom 

is kargi iqneba, ramac dadebiTad unda imoqmedos mis sabazro Rirebulebaze. magram 

Tqven aseve fiqrobT, rom arsebobs didi albaToba imis, rom mTeli bazari daecema, 

rac negatiurad imoqmedebs   ������-s sabazro Rirebulebaze. Tqveni 

ganusazRvrelobis raodenobrivi Sefasebis mizniT, bazris dacemis albaToba Tqven 

0,25 albaTobiT SeafaseT, am SemTxvevaSi ivaraudeT, rom Tvis bolos ������ 

daiwevs 5$-mde. Tu bazari ar daecema, maSin Tqven fiqrobT, rom Tvis bolos 

������ iqneba an 10$ an 20$ mogebis Sesaxeb angariSze damokidebulebiT. Tqven 
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gulisxmobT, rom orjer savaraudoa iyos 20$, vidre 10$. amgvarad Tqven aniWebT 0,5 

albaTobas imas, rom ������ Seadgens 20$-s da 0,25 albaTobas imas, rom is Tvis 

bolos iqneba 10$. axla Tqven wyvetT – iyidoT ������-is 100 aqcia 1000$-ad, Tu 

datovoT 1000$ bankSi, sadac is gamoimuSavebs 0,005 procents Semdeg TveSi. 

gadawyvetilebis miRebis erT-erT gzas warmoadgens ganisazRvros Tqveni 

investiciis mosalodneli mniSvneloba ������-Si da Sedardes es mniSvneloba 

fulis im raodenobas, romelic Tqven geqnebaT Tu fuls bankSi CadebT. vTqvaT, � 

aris SemTxveviTi sidide, romlis mniSvneloba aris Tqveni erTi Tvis 1000$ 

investiciis Rirebuleba, Tu Tqven SeiZenT ������-s. Tu  ������ eRireba 5$, Tqveni 

investicia eRireba 500$;  Tu is darCeba 10$-is doneze, Tqveni investiciebi Sedagens 

1000$-s; magram Tu is miaRwevs 20$-s, is eRireba 2000$. aqedan gamomdinare: 

�(�)= 0,25(500$)+ 0,25(1000$)+ 0,5(2000$)= 1375$. 

Tu fuls bankSi datovebT, Tqveni sainvesticio Rirebuleba iqneba: 

1,005(1000$)= 1005$. 

Tu Tqven xarT e.w. mosalodneli mniSvnelobis maqsimizatori, Tqveni 

gadawyvetileba iqneba iyidoT ������, imitom rom am gadawyvetilebas aqvs ufro 

maRali mosalodneli Rirebuleba. 

 

nax. 5.1. gadawyvetilebaTa xe, romelic warmoadgens magaliT 5.1-Si moyvanil problemis 
nimuSs. 

 

wina magaliTSi moyvanili problema SeiZleba warmodgenili iyos 

gadawyvetilebaTa xis saxiT. es xe naCvenebia nax. 5.1-ze. gadawyvetilebaTa xe 

Seicavs ori tipis kvanZs: SesaZleblobis (anu ganusazRvreli) kvanZebi, romlebic 

warmodgenen SemTxveviT cvladebs da gadawyvetilebaTa kvanZebi, romlebic miRebul 

gadawyvetilebebs warmoadgenen. Aam kvanZebs Semdegnairad gamovsaxavT: 
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-   - SesaZleblobis kvanZi 

 

-    - gadawyvetilebaTa kvanZi       

gadawyvetileba warmoadgens im da urTierTgamomricxav da amomwurav qmedebebis 

nakrebs, riTac SeiZleba gadawyvetilebis miReba. TiToeul  qmedebas uwodeben 

alternativas gadawyvetilebaSi. arsebobs kide, romelic gamodis gadawyvetilebaTa 

kvanZidan TiToeuli gadawyevetilebaSi  alternativisaTvis. nax. 5.1-ze Cven gvaqvs 

gadawyvetilebis kvanZi � ori alternativiT: ` ������-is yidva~ da `1000$-is 

datoveba bankSi~. SemTxveviTi sididis TiToeuli SesaZlo SedegisaTvis 

(mniSvnelobisaTvis) arsebobs gadawyvetilebaTa kvanZidan gamomavali erTi kide. 

Cven giCvenebT am kideze Sedegis albaTobas da kididan marjvniv Sedegis 

sargeblianobas. Sedegis sageblianoba warmoadgens gadawyvetilebis miRebaSi 

pasuxismgebeli Sedegis mniSvnelobas. rodesac fuladi Tanxa didi araa saerTo 

simdidresTan SedarebiT, Cven Cveulebriv, Sedegis sargeblianobad SeiZleba aviRoT 

fulis is raodenoba, romelic daxarjuli iyo am Sedegis misaRebad. am TavSi Cven 

gavakeTebT am daSvebas. im SemTxvevaze msjeloba, rodesac Cven am daSvebas ar 

vakeTebT, ganxilulia Tavi 6-is paragraf 6.1-Si. amgvarad, magaliTad, Tu Tqven 

yidulobT ������-is 100 aqcias da  ������ iwevs 20$-mde, Cven varaudobT, rom am 

Sedegis sargeblianoba TqvenTvis Seadgens 2000$-s. nax. 5.1-ze gvaqvs SesaZleblobis 

kvanZi ������ sami SesaZlo Sedegis sargeblianobiT, kerZod 500$, 1000$ da 2000$. 

SesaZleblobis kvanZis mosalodneli sargeblianoba �� ganisazRvreba rogorc mis 

SedegTan dakavSirebuli sargeblianobis mosalodneli mniSvneloba. 

gadawyvetilebis alternativis mosalodneli sargeblianoba ganisazRvreba rogorc 

SesaZleblobis kvanZis mosalodneli sargeblianoba, romelsac maSin vxvdebiT, Tu 

es gadawyvetileba miRebulia. Tu arsebobs gansazRvruloba, rodesac aRebulia  

alterntiva, mosalodneli sargeblianoba – es aris am gansazRvruli Sedegis 

mniSvneloba. amgvarad, 
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nax. 5.2 gadawyvetili gadawyvetilebaTa xe, romelic mocemulia nax. 5.1-ze gamosaxul 
gadawyvetilebaTa xis saxiT. 

 

��(���������)= ��(������)= 0.25(500$)+ �,25(1000$)+ 0,5(2000$)= 

= 1375$, 

��(�����1000$ �� ����)= 1005$. 

saboloo jamSi, gadawyvetilebis mosalodneli sargeblianoba ganisazRvreba 

rogorc yvela savaraudo alternativisagan mosalodneli sargeblianobebis 

maqsimumi. amgvarad, 

��(�)= max (1375$,1005$)= 1375$. 

arCeulia alternativa, romelsac udidesi mosalodneli sargeblianoba aqvs. am 

mosalodneli sargeblianobis gansazRvris process uwodeben gadawyvetil 

gadawyvetilebaTa xes. misi gadawyvetis Semdeg Cven isriT kvanZebze vaCvenebT 

arCeuli alternativisaken. gadawyvetil gadawyvetilebaTa xe, romelic mocemulia 

nax. 5.1-ze gamosaxuli gadawyvetilebaTa xiT, naCvenebia nax. 5.2-ze. problemis 

komponentebis dadgenis mTeli procesi, rogorc gadawyvetilebaTa xe (an gavlenis 

diagrama), gadawyvetilebis xis gadawyveta (an gavlenis diagrama), mgrZnobelobis 

analizi (ix. Tavi 6 paragrafi 6.4) da SesaZloa am nabijebis gameoreba aris 

gadawyvetilebaTa analizi. 

ganvixiloT kidev erTi magaliTi. 

magaliTi 5.2. vTqvaT Tqven imyofebiT igive situaciaSi, rogorSic iyaviT 

magaliT 5.1-Si, garda imisa, rom Tqven fuli bankSi ki ar datoveT, aramed gaakeTeT 

sxva arCevani, SeiZineT ofcioni ������-ze. ofcioni Rirs 1000$, es uflebas 

gaZlevT ������ 500 aqciis SeZenis uflebas erT TveSi TiToeuli aqcia 11$-ad. 

xolo Tu ������  aris 5$ da 0$ TiToeul aqciaze erT TveSi, Tqven ar gamoiyenebT 
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ofcions,  da waagebT 1000$-s. amasTan, Tu ������aris 20$ TiToeul aqciaze erT 

TveSi, Tqven gamoiyenebT ofcions da 1000 $-is investicia eRireba: 

$45000$)11$20(500  . 

 

nax. 5.3. gadawyvetilebaTa xe, romelic axdens sanvesticio gadawyvetilebis 

modelirebas ������-is mimarT, rodesac sxva arCevani aris ������-ze ofcionis yidva. 
 

nax. 5.3-ze naCvenebia gadawyvetilebaTa xe, romelic warmoadgens am problemis 

magaliTs. am xidan Cven gvaqvs: 

��(��� ������)= ��(�������)= 0,25(0$)+ 0,259(0$)= 0,5(4500$)= 2250$. 

SegaxsenebT, rom ��(���������) mxolod 1375$-ia. amitom Cveni gadawyvetileba 

iqneba ofcionis yidva. savarjiSos saxiT vtovebT gadawyvetil gadawyvetilebaTa 

xis Cvenebas. 

miaqcieT yuradReba, rom nax. 5.3-ze warmodgenili gadawyvetilebaTa xe 

simetriulia maSin, roca nax. 5.2-ze ara. mizezi isaa, rom Cven vawydebiT igive 

ganusazRvrel xdomilobas miuxedavad imisa, TuU ra gadawyvetilebaa miRebuli. 

mxolod Sedegis sargeblianobaa gansxvavebuli. 

vidre gavagrZelebT, ganvixiloT problema, romelic SeiZleba aRmocendes. 

Tqven SegiZliaT dasvaT kiTxva, rogor SeuZlia adamians mivides 0,25, 0,5 da 0,25 

albaTobebamde magaliT 5.1-Si. es albaTobebi xSirad ar warmoadgens fardobiT 

sixSireebs; es ufro subieqturi albaTobebia, romlebic warmoadgenen individebis 

gonivrul ricxviT rwmenas. adamiani maTTan midis situaciis frTxili Sefasebis 

gziT. subieqturi mosazrebis meTodebi mokled ganxiluli iyo Tavi 2-is paragraf 
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2.3.2-Si. miuxedavad amisa, Tqven SeiZleba amtkicebdeT, rom adamians aucileblad 

unda sjerodes samze meti momavali mniSvnelobis arseboba ������-is wilisaTvis. 

rogor SeiZleba individualuri moTxvna iyos erTaderTi SesaZlebeli 

mniSvnelobebi 5$, 10$ da 20$? Tqven marTali xarT. magram, Tu sakuTari 

mosazrebebis Semdgomi dazusteba ar moaxdens gavlenas gadawyvetilebaze, amis 

gakeTeba aucilebeli araa. amitom, Tu gadawyvetilebis mimRebi piri Tvlis, rom 

meti mniSvnelobis Semcveli modeli ar migviyvans sxva gadawyvetilebamde, 

sakmarisia gamoviyenoT modeli, romelic Seicavs mxolod mniSvnelobebs 5$, 10$ da 

20$. 

 

5.1.2. ufro rTul gadawyvetilebaTa xeebis gadawyveta 

gadawyvetilebaTa xeebis gadawyvetis zogadi algoriTmi sakmaod martivia. axla 

droa davlagdeT marcxnidan marjvniv gadawyvetilebaTa xeze. e.i. nebismieri kvanZis 

marjvniv meore kvanZi Cndeba am kvanZis Semdeg. xis gadawyveta Semdegnairad xdeba: 

  dawyebuli marjvnidan 

gadavdivarT marcxniv 

mosalodneli sargeblianobis SemTxveviT kvanZebze gadacema; 

gadawyvetilebis kvanZebze maqsimumebis gadacema; 

sanam ar miiRweva fesvi. 

axla warmovadgenT gadawyvetilebis xiT modelirebis ufro rTul magaliTebs.  

magaliTi 5.3. davuSvaT nensi aris azartuli moTamaSe da is ganixilavs ���-is 

aqciebis TiTo 10$-ad SeZenis SesaZleblobas. aqciebis es raodenoba imdenad 

maRalia, rom Tu is maT SeiZens, es gavlenas iqoniebs bazaris aqtivobaze da awevs 

���-is fass. is aseve fiqrobs, rom samrewvelo indeqs ��� ����� ���������� �������-is 

saerTo Rirebuleba aseve moaxdens gavlenas ���-is fasze. is grZnobs, rom erTi 

Tvis Semdeg  ���  iqneba an 10 000 an 11 000, da ��� eRireba an 15$ an 10$ aqciaze. 

misi sxva arCevania 100 000$–is ofcionis yidva ���-ze. es varianti mas saSualebas 

aZlevs iyidos 50 000 ���-is aqcia TiTo 15$-ad erTi Tvis ganmavlobaSi. am 

problemis gasaanalizeblad is adgens Semdeg albaTobebs: 

�(��� = 5$|�������� = ������,��� = 11 000)= 0,2 

�(��� = 5$|�������� = ������,��� = 10 000)= 0,5 

�(��� = 5$|�������� = ��� ������,��� = 11 000)= 0,3 
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�(��� = 5$|�������� = ��� ������,��� = 10 000)= 0,6. 

garda amisa is aniWebs 

�(��� = 11 000$)= 0,6. 

 

nax. 5.4. gadawyvetilebaTa xe, romelic warmoadgens nensis gadawyvetilebas ���-s 
yidvaze an ���-ze ofcionebis yidvaze.  

 
Pproblemis es magaliTi moyvanilia gadawyvetilebaTa xis meSvebiT nax. 5.4-ze. 

Semdeg Cven vwyvetT xes: 

��(����)= (0,2)(50 000$)+ (0,8(200 000$)= 170 000$ 

��(����)= (0,5)(50 000$)+ (0,5(200 000$)= 125 000$ 

��(��� ���)= ��(��� �)= (0,6)(170 000$)+ (0,4)(125 000$)= 152 000$ 

��(����)= (0,3)(0$)+ (0,7)(250 000$)= 175 000$ 

��(����)= (0,3)(0$)+ (0,4)(250 000$)= 100 000$ 

��(���  ������)= ��(��� �)= (0,6)(175 000$)+ (0,4)(100 000$)= 145 000$ 

��(�)= max (152 000$,145 000$)= 152 000$. 

gadawyvetili gadawyvetilebis xe naCvenebia nax. 5.5-ze. ���-is SeZenis 

gadawyvetileba. 
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 wina magaliTi axdens gadawyevtilebis xeebiT problemis ilustrirebas. e. i. 

gadawyvetiebis xiT magaliTis warmodgena izrdeba eqsponencialurad magaliTis 

zomis zrdasTan erTad. miaqcieT yuradReba, rom magaliT 5.3-Si erTi elementiT 

metia, vidre magaliT 5.3-Si; e.i. masSi Setanlia ���-is mimarT ganusazRvreloba. 

magram misi warmodgena orjer metia. ase rom sakmaod Znelia gadawyvetilebaTa xiT 

didi magaliTis warmodgena. Semdgom ganyofilebaSi Cven vnaxavT, rom diagramaze es 

problema gavlenas ar axdens. manamade moviyvanT sxva magaliTebs. 

 

nax. 5.5 nax. 5.4-ze mocemuli gadawyvetilebaTa xis gadawyvetili gadawyvetilebaTa xe. 

 

 magaliTi 5.4. sems aqvs SesaZlebloba SeiZinos 1996 wlis avtomobili ��������� 

10 000$-ad, da mas aqvs SemoTavazeba, rom viRac mzad aris gadaixados avtomobilSi 

11 000$, Tu is karg meqanikur formaSia. semi arkvevs rom gadamcemis garda yvela 

meqanikuri paqti karg mdgomareobaSia. Tu gadamcemi cud mdgomareobaSia sems misi 

aRdgena daujdeba 3000$. mas gayidamde mouwevs manqanis SekeTeba. amgvarad is 

miiRebs mxolod 8000$-s, Tu is iyidis avtomobils, romlis gadamcemi cud 
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mdgomareobaSia. mas TviTon ar SeuZlia gansazRvros gadamcemis mdgomareoba. 

magram hyavs megobari, romelsac SeuZlia gauSvas gadamcemi testirebaze. testi ar 

warmoadgens absoluturad zusts. piriqiT, drois 30%-Si testi Tvlis, rom kargi 

gadamcemi cudia, da drois 10%-Si _ rom cudi gadamcemi kargia. rom 

warmovadginoT gadamcemsa da tests Soris urTierTdamokidebuleba, Cven 

ganvsazRvravT Semdeg SemTxveviT sidideebs: 

 

wina msjeloba gulisxmobs, rom Cven gvaqvs Semdegi pirobiTi albaTobebi: 

�(���� = ��������|���� = ����)= 0,3, 

�(���� = ��������|���� = ���)= 0,9. 

garda amisa, semma icis, rom 1996 wlis avtomobil ���������–ebis 20%-s aqvT 

cudi gadamcemi. anu 

�(���� = ����)= 0,8. 

semi apirebs sTxovos megobars testis ufasod Catareba, xolo Semdeg is 

gadawyvets iyidos Tu ara avtomobili.  

 

nax. 5..6. gadawyvetilebaTa xe, romelic warmoadgens magaliT 5.4-Si moyvanil problemas.  
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am problemis magaliTi warmodgenilia gadawyvetilebaTa xeSi nax. 5.6-ze. pirvel 

rigSi aRvniSnavT, rom Tu is ar yidulobs manqanas, Sedegi mxolod 10 000$-s 

Seadgens. es imitom rom momavalis wertili ise axlosaa, rom Cven am interesis 

ugulvelyofa SegviZlia, rogorc umniSvnelosi. gaiTvaliswineT, rom am xis 

albaTobebi araa miTiTebul magaliTSi. isini unda gamoiTvalos dadgenili 

albaTobebiT _ amas Cven Semdeg gavakeTebT. zeda wiboze albaToba, kvanZis 

teqstidan gamomdinare, es wina albaTobaa, rom testi dadebiTia. is Semdegnairad 

gamoiTvleba (SevniSnoT, rom viyenebT Semoklebul aRniSvnebs): 

�(��������)= �(��������|����)�(����)+ �(��������|���)�(���)= 

= (0,3)(0,8)+ (0,9)(0,2)= 0,42. 

zeda wiboze albaToba, ����� kvanZidan gamomdinare, es aris gadamcemi kargia, 

Tu testi dadebiTia. amas Cven baiesis Teoremis gamoyenebiT viTvliT: 

�(����|��������)=
�(��������|����)�(����)

�(��������)
= 

=
(0,3)(0,8)

0,42
= 0,571429. 

xeSi darCenili albaTobebis gansazRvras vtovebT rogorc savarjiSos. Semdeg 

vwyvetT xes: 

��(�����)= (0,571429)(11 000$)+ (0,428571)(8000$)= 9714$ 

 

nax. 5.7. nax. 5.6-iT mocemuli gadawyevtilebaTa xis gadawyvetili gadawyvetilebaTa xe 
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��(��)= max (9713$,10 000$)= 10 000$ 

��(�����)= (0,9665517)(11 000$)+ (0,034483)(8000$)= 10 897$ 

��(��)= max (10 897$,10 000$)= 10 897$. 

Cven ar gvWirdeba teqsturi kvanZis mosalodneli mniSvnelobis gamoTvala, 

imitom rom mis marcxniv aranairi gadawyvetileba ar aris. gadawyvetili 

gadawyvetilebaTa xe naCvenebia nax. 5.7-ze. gadawyevetileba mdgomareobs imaSi, rom 

ar unda iyido manqana, Tu testi dadebiTia da unda iyido, Tu testi uaryofiTia. 

wina magaliTi gviCvenebs gadawyvetielebaTa xeebTan dakavSirebl kidev erT 

problemas, rac imaSi mdgomareobs, rom albaTobebi, romlebic aucileblia 

gadawyevtilebaTa xeSi, yovelTvis araa iseTi, romlebic CvenTvis advilad 

misaRwevia. amitom Cven isini unda gamovTvaloT saerTo albaTobis kanonis da 

baiesis Teoremis gamoyenebiT. Cven davinaxavT, rom gavlenis diagramebs es 

problema ar aqvT. ganvixiloT sxva magaliTebi. 

magaliTi 5.5. davuSvaT semi igive situaciaSi imyofeba, rogoric magaliT 5.4-Sia, 

mxolod axla testi araa ufaso. piriqiT is Rirs 200$. amitom semma unda 

gadawyvitos gaataros manqana testze, iyidos manqana testirebis gareSe, Tu 

Seinaxos 100 000$. gadawyvetilebaTa xe, romelic am magaliTis problemas 

warmoadgens, naCvenebia nax. 5.8-ze. SevniSnoT, rom testirebis SemTxvevaSi Sedgebi 

200$-iT naklebia, vidre maTi Sesabamisi Sedegebi magaliT 5.4-Si. es imitom xdeba, 

rom testireba 200$ Rirs. SevniSnoT, rom Tu manqana nayidi iqneba testirebis 

gareSe, kargi gadamcemis albaToba ubralod wina albaTobas warmoadgens 0,8-s. es 

imitom xdeba, rom ar iqna warmodgenili aranairi testi. amitom Cvens erTaderT 

informacias gadamcemis Sesaxeb winaswari informacia warmoadgens. Semdeg Cven 

vwyvetT gadawyvetilebaTa xes. amis Cveneba rCeba davalebis saxiT. 
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nax. 5.8. gadawyvetilebaTa xe, romelic warmoadgens magaliT 5.5-Si mocemul problemas.  

 

��(��)= 9800$ 

��(��)= 10 697$. 

aqedan gamomdinare: 

��(����)= (0,42)(9800$)+ (0,58)(10 697$)= 10 320$. 

garda amisa, 

��(�����)= (0,8)(11 000$)+ (0,2)(8000$)= 10 400$. 

bolos:  

��(��)+ max (10 20$,10 400$,10 000$)= 10 400$. 

amitom semis gadawyvetilebaa, iyidos manqana testirebis gareSe. es rCeba 

davalebad, rom aCvenoT gadawyvetili gadawyvetilebaTa xe. 
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Semdegi ori magaliTi gviCvenebs SemTxvevas, rodesac Sedegebi ar warmodgenen 

ricxviTs. 

 

nax. 5.9. gadawyvetilebaTa xe, romelic warmoadgens magaliT 5.6-Si mocemuli problemis 
magaliTs 

 

magaliTi 5.6. davuSvaT, rom leonardom axlaxans SeiZina axali kostiumi, 

apirebs wavides samsaxurSi da rogorc Cans iwvimebs. leonardos didi gza aqvs 

gasavleli matareblidan ofisamde. amdenad, man icis, rom Tu iwvimebs da mas ar 

eqneba qolga, misi kostiumi gafuWdeba. qolga aucileblad daicavda mis kostiums 

wvimisagan, Tumca mas sZuls diskomforti, romelsac uqmnis qolgis yoveldRiuri 

tareba. is grZnobs, rom arsebobs 0,4 albaToba imisa, rom iwvimebs, amis 

gaTvaliswinebiT waiRebs ki is qolgas? gadawyvetilebaTa xe, romelic warmoadgens 

mocemuli problemis magaliTs, naCvenebia nax. 5.9-ze. Cven ver gadavwyvetT am xes, 

imitom rom masSi Sedegebis ricxviTebs ar warmoadgenen. Cven SegviZlia mivceT maT 

ricxviTi mniSvneloba, rogorc es qvemoTaa naCvenebi. cxadia, rom Sedegebis 

mimdevroba cudidan saukeTesomdea: 

1. kostiumi gafuWebulia 

2. kostiumi araa gafuWebuli, diskomforti 

3. kostiumi araa gafuWebuli. 

sargeblianobas vaniWebT 0-s yvelaze uares Sedegs da sargeblianobas 1-s  _ 

saukTeso Sedegs. amgvarad, 

�(���� ������)= 0 

�(���� ��� ������)= 1. 
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nax. 5.10 gadawyvetilebaTa xe ricxviTi mniSvnelobebiT, romelic warmoadgens magaliT 
5.6-Si mocemul problemas. 

 

Semdeg Cven ganvixilavT latareebs �� (SemTxveviTi kvanZebi), romelSic Lleonardo 

iRebs Sedegs `kostiumi araa gafuWebuli~ � albTobiT da Sedegs `kostumi 

gafuWebulia~ 1- � -is toli albaTobiT. sargeblianoba `kostumi araa gafuWebuli, 

diskomforti~ SeiZleba ganisazRvros latarea ��-s mosalodneli sargeblobiT, 

romlisTvisac leonardo iqneba gulgrili latarea ��-s da `kostiumi araa 

gafuWebuli, diskomfortSi~ darwmunebulobas Soris. Cven maSin gvaqvs 

�(���� ��� ������,�������������)≡  

≡ ������= ��(���� ��� ������)+ (1− �)�(���� ������)= 

= �(1)+ (1− �)0= �. 

vTqvaT, Lleonardo wyvets � = 0,8. maSin:  

�(���� ��� ������,�������������)= 0,8. 

am ricxviTi mniSvnelobebiT gadawyvetilebaTa xe naCvenebia nax. 5.10-ze. Cven am 

gadawyvetilebaTa xes Semdegnairad vwyvetT: 

��(�)= (0,4)(0)+ (0,6)(1)= 6 

                   EU��(�)= max (0,6,   0,8)= 0,8. 

Amitom miRebuli gadawyvetilebaa – waiRos qolga. 

meTodi, romelic gamoyenebuli iyo ricxviTi mniSvnelobebis misaRebad wina 

magaliTSi, advilad vrceldeba im SemTxvevazec, rodesac gvaqvs samze meti Sedegi. 

magaliTad, davuSvaT, rom `kostiumi araa gafuWebuli, diskomforti~ da `kostiumi 

araa gafuWebuls~ Soris gvaqvs meoTxe Sedegi `kostiumi midis  mwmendavTan~ 

upiratesobis mixedviT. Cven ganvixilavT latareas  ��-s, romelSic leonardo iRebs 
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Sedegs `kostiumi araa gafuWebuli~ � albaTobiT da Sedegs `kostumi araa 

gafuWebuli, diskomforti~ 1− � albaTobiT. `kostiumi midis  mwmendavTan~ _ am 

Sedegis sargeblianoba ganisazRvreba latarea ��-s mosalodneli sargeblobiT, 

romlisTvisac leonardo iqneba gulgrili latarea ��-s da `kostiumi midis  

mwmendavTan~ Soris. Semdeg Cven gvaqvs: 

�(���� ���� �� ��������)≡  

≡ ������= ��(���� ��� ������)+ (1− �)�(���� ��� ������,�������������)= 

= �(1)+ (1− �)0,8= 0,8+ 0,2�. 

vTqvaT Lleonardo wyvets � = 0,6. maSin  

�(���� ���� �� ��������)= 0,8+ (0,2)(0,6)= 0,92. 

Semdeg Cven moviyvanT magaliTs samedicino sferodan. 

magaliTi 5.7. 15 wlis ufrosklasel amits sabolood daudgines streptokokuri 

infeqcia, da is Tvlis, rom SeuZlia Caitaros mkurnaloba, romelic daavadebuli 

yeliT dReebis raodenobas amcirebs 4-dan 3-mde. man gaigo, rom mkurnaloba aris 

anafilaqsiis gamo 0,000003 alabaTobiT sikvdilis mizezi. unda gaiaros Tu ara man 

mkurnaloba? 

Tqven SeiZleba amtkicoT, rom Tu is SeiZleba mokvdes, man es mkurnaloba ar 

unda Caitaros, Tumca sikvdilianobis albaToba imdenad mcirea, rom SegviZlia 

gavwioT mcire riski imisaTvis, rom movipovoT raRac CvenTvis Rirebuli. 

magaliTad, mravali adamiani riskavs daiRupis avtokatastrofaSi samsaxurSi 

misvlis dros. Cven vxedvT, rom ar SegviZlia am riskze damyarebuli mkurnalobis 

gamoricxva. maS ra unda gaakeTos amitma? Semdeg Cven gavakeTebT gadawyvetilebis 

analizs imis Sesaxeb Tu ra rekomendaciis gavuwioT mas gadawyvetilebis miRebaSi. 

nax. 5.11-ze naCvenebia gadawyvetilebaTa xe, romelic wamoadgens amitis 

gadawyvetilebas. am problemis gadasawyvetad saWiroa SevafasoT am xeSi Sedegebi. 

Cven es SegviZlia gavakeToT xarisxiT koreqtirebuli mosalodneli sicocxlis 

xangrZlivobis (����) gamoyenebiT. Cven vTxovT amits daadginos, erTi wliT yelis 

tkiviliT sicocxle Rirs yelis tkivilis gareSe erTi weli sicocxles. Cven aseT 

wels vuwodebT `karg wels~ vTqvaT, rom is ambobs, rom es Rirs 0,9 weli, anu 

amitisaTvis 1 weli yelis tkiviliT tolia 0,9 kargi welis. 
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Semdeg viyenebT mudmiv proporciul kompromiss. e.i. Cven vvaraudobT, rom 

droiTi kompromisi, romelic mtkivan yelTanaa dakavSirebuli, araa damokidebuli 

masTan gatarebul droze. am varaudis gaTvaliswinebiT: 

� weli yelis tkiviliT   tolia    0,9� kargi wlis. 

 

nax. 5.11. gadawyvetilebaTa xe, romelic axdens amitis gadawyvetilebis modelirebas 
streptokokuri infeqciis gamo mkurnalobasTan dakavSirebiT. 

   

0,9 mniSvnelobas ewodeba droze damokidebulebiT xarisxis regulireba yelis 

tkivilisaTvis. meore gza amis dasanaxavad aris is, rom amiti daTmobs sicocxlis 

0,1 wels, raTa aicilos Tavidan yelis tkivili sicocxlis 0.9 wlis ganmavlobaSi. 

axla Tu davuSvebT, rom � aris drois is raodenoba, rodesac am infeqciis gamo 

amits yelis tkivili eqneba, da � iqneba amitis darCenili sicocxlis xangrZlivoba, 

Cven ����-s Semdegnairad ganvsazRvravT: 

����(�,�)= (� − �)+ 0,9�. 

mosalodneli sicocxlis xangrZlivobis grafikebidan gamomdinare Cven 

vsazRvravT, rom amitis darCenili sicocxlis xangrZlivoba 60 welia. Tu dReebs 

gardavqmniT wlebad gveqneba Semdegi: 

3DdRe = 0,008219 weli 

4 dRe = 0,010959 weli. 

amgvarad, amitis  ����-ebi Semdegia: 

 

����(60 �����,3 ���� �ℎ���� ����)= 60− 0,008219+ 0,9(0,008219)= 59,999178, 

����(60 �����,4 ���� �ℎ���� ����)= 60− 0,010959+ 0,9(0,010959)= 59,998904. 
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nax. 5.12-ze naCvenebia nax. 5.11-ze gamosaxuli gadawyvetilebaTa xe ����-ebiT 

Sevsebuli faqtobrivi SedegebiT. Semdeg Cven gadavwyvetT am xes: 

��(�����)= ��(�)= (0,999993)(59,99917800+ (0,0000030)(0)= 

= 59,998858 

��(�� ��� �����)= 59,998904 

��(�)= max (59,998758,59,998904)= 59,998904. 

amgvarad, gadawyvetilebaa mkurnalobis ar Catareba, magram mcirediT. 

 

nax. 5.12. nax. 5.11-ze gamosaxuli gadawyvetilebaTa xe ����-ebiT Sevsebuli faqtobrivi SedegebiT. 

 

magaliTi 5.8. es magaliTi warmoadgens wina magaliTis gadamuSavebas. 

sinamdvileSi streptokokurma infeqciam SeiZleba migviyvanos gulis revmatiul 

daavadebamde (���), romelic nakleb savaraudoa Tu avadmyofi mkurnalobs. kerZod, 

Tu Cven pacients vkurnalobT, gulis revmatiuli daavadebis albaToba Seadgens 

0,00013, Tu ar vumkurnalebT avadmyofs, albaToba tolia 0,00063. revmatiuli guli 

daavadebuli iqneba mTeli cxovrebis ganmavlobaSi. amitom amitma unda 

gaiTvaliswinos yovelive es. pirvel rigSi, man unda gansazRvros droze 

damokidebulebiT xarisxis regulireba rogorc gulis revmatiuli daavadebisaTvis 

calke Tu daavadebul yelTan erTad. davuSvaT is gansazRvravs Semdegs: 

1 weli ��� -iT    tolia    0,15 kargi weli. 

1 weli yelis tkiviliT da ��� -iT    tolia    0,1 kargi wlis. 

maSin Cven gvaqvs: 

 

����(60 �����,���,3 ���� �ℎ���� ����)= 0,15�60−
�

���
�+ 0,1�

�

���
�= 8,999589  
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����(60 �����,���,4 ���� �ℎ���� ����)= 0,15�60−
4

365
� + 0,1�

4

365
� = 8,999452. 

 

Cven ukve gamovTvaleT ����-ebi 3 da 4 DdRisaTvis mxolod yelis tkivilis 

dros wina magaliTSi.  nax. 5.13-ze naCvenebia Sedegobrivi gadawyvetilebaTa xe. Cven 

vwyvetT am xes Semdegnairad: 

 

nax. 5.13. gadawyvetilebaTa xe gadamuSavebuli gulis revmatiuli daavadebis dros 
amitis gadawyvetilebis modelirebis Sesaxeb. 

 

��(�����)= ��(�)= (0,999997)(59,998515)+ (0,000003)(0)= 59,998335 

��(�� ��� �����)= ��(����)= 

= (0,000063)(8,999452)+ (0,999937)(59,998904)= 59,995691 

��(�)= max (59,998335,59,995691)= 59,998335. 

ase, rom axla  gadawyvetilebaa  mkurnaloba, magram isev mcirediT. 

Tqven SegiZliaT amtkicoT, rom wina or magaliTSi mosalodneli 

sargeblianoba umniSvnelod mcirea, ramdenadac niSnadi cifrebis raodenoba 

pirdapir dasadgenad gacilebiT metia, vidre amitis Sefasebis niSnadi cifrebi. Ees 

argumenti gonivrulia. Tumca gadawyvetilebaTa sargeblianobebi esoden axlosaa 

erTmaneTTan, imitom rom orive anafilaqsiiT sikvdilis da gulis revmatiuli 

daavadebis albaTobebis rkali pataraa. zogadad, aseT situacia yovelTvis xdeba. 
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davalebis saxiT gadamuSaveT wina magaliTi gulis revmatiuli daavadebis 0,13 

albaTobiT 0,000063-is nacvlad. 

kidev erT mosazrebas samedicino gadawyvetilebis dros warmoadgens finansuri 

Rirebuleba. am SemTxvevaSi Sedegis mniSvneloba warmoadgens SedegTan 

dakavSirebuli rogorc ����-is, ise finanasuri danaxarjebis funqcias. 

  

5.2. gavlenis diagramebi 

paragraf 5.1-Si gadawyvetilebaTa xeebTan dakavSirebiT Cven aRvniSneT ori 

sirTule. pirveli, magaliTis problemis gadawyvetilebaTa xiT warmodgenis dro 

gadawyveta izrdeba eqsponencialurad magaliTis zomis zrdasTan erTad. meore, 

gadawyvetilebis xisTvis saWiro albaToba yovelTvis xelmisawvdomi araa CvenTvis. 

SemdegSi Cven moviyvanT problemis gadawyvetis  magaliTebis alternatiul 

warmodgenas, kerZod gavlenis diagramas, romelsac ar gaaCnia am sirTuleebidan 

arc erTi. pirvelad Cven ganvixilavT mxolod magaliTis problemas gavlenis 

diagramis meSveobiT. Semdeg paragraf 5.2.2-Si vmsjelebT gavlenis diagramebis 

gadawyvetaze.   

 

5.2.1. gavlenis diagramebiT warmodgena 

gavlenis diagrama Seicavs sami tipis kvanZs: SemTxveviTi (anu ganusazRvreli) 

kvanZebi, romlebic SemTxvevT sidideebs warmoadgenen; gadawyvetilebis kvanZebi, 

romlebic gadawyvetilebis miRebas warmoadgenen; da erTi sargeblianobis kvanZi, 

romelic SemTxveviT sidides warmoadgens, mis SesaZlo mniSvnelobebs warmoadgenen 

Sdegebis sargeblianobebi. Cven maT Semdegnairad gamovsaxavT:   

 

 

              -SesaZleblobis kvanZi 

 

           -gadawyvetilebaTa kvanZi   

 

           - sargeblianobis kvanZi 

gavlenis diagramaze wiboebs Semdegi mniSvneloba aqvT: 

 

                              - kvanZis mniSvneloba albaTuria 
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              mSoblis mniSvnelobis mixedviT.   
 

           - mSoblis mniSvneloba cnobilia gadawyvetiebis miRebis   momentSi; 
amitom kideebi mimdevrobas warmoadgens. 

  

           - kvanZis mniSvneloba determinebulia mSoblis mniSvnelobaze 
damokidebulebiT. 

 

gavlenis diagramaze SemTxveviTi kvanZebi akmayofileben albaTobebis 

ganawilebiT markovis pirobas. e.i. TiToeuli �  SemTxveviTi kvanZi ara 

naTesavebisagan damoukideblad pirobiTad damoukidebelia, misi yvela mSoblis 

simravlis gaTvaliswinebiT.  

 

nax. 5.14. gavlenis diagrama, romelic axdens ������-is yidvaze Tqveni gadawyvetilebis 
modelirebas. 

 

amgvarad, gavlenis diagrama faqtobrivad warmoadgens baiesis qsels, romelic 

Sevsebulia kvanZebis da kvanZis sargeblianobebis gadawyvetebiT.Ggavlenis 

diagramaSi unda arsebobdes kvanZebis gadawyvetis mowesrigebuloba, romelic 

emyareba im wesrigs, romelSic miiReba gadawyvetileba. wesrigi moicema 

gadawyvetilebis kvanZebs Soris wiboebis gamoyenebiT. magaliTad, Tu Cven gvaqvs 

Semdegi wesrigi: 

��,��,��, 

maSin aris wiboebi ��-dan ��-mde da ��-mde da wibo ��-dan ��-mde. 
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rom movaxdinoT gavlenis diagramebis ilustrireba, warmogidgenT im problemis 

magaliTebs, im magaliTebSi, romlebic mocemulia gavlenis diagramebis mixedviT 

gadawyvetilebaTa xeebis Sesaxeb miZRvnil TavSi.  

magaliTi 5.9. gaixseneT magaliTi 5.1, romelSic vTvlidiT, rom albaToba imis, 

rom Tvis bolos ������ eRireba 5 dolari, Seadgens 0,25-s, 20 dolari _ 0,5-s, 

xolo 10 dolaris albaToba iqneba 0,25. Tqveni misaRebia gadawyvetileba _ an 

SeiZinoT 1000$-ad 100 aqcia an 1000$ datovoT bankSi 0,005%-ad. nax. 5.14 mocemulia 

problemis magaliTis gavlenis daiagrama. miaqcieT yuradReba am diagramis 

zogierT aspeqts. ar arsebobs aranairi wibo �-dan ������-mde, imitom rom Tqveni 

gadawyvetileba ������-is SeZena ar axdens gavlenas mis saqmianobaze (Cven 

vvaraudobT, rom Tqveni 100 aqcia araa sakmarisi imisTvis, rom gavlena iqonios 

bazris aqtivobaze). ������-dan  �-mde ar aris wibo, radgan im dros, rodesac Tqven 

iRebT gadawyvetilebas Tqven ar iciT ������-is erTi Tvis mniSvneloba. aris 

wiboebi ������-dan  � da � −mde imitom, rom Tqveni sargeblianoba damokidebulia 

������-is awvevaze da yidulobT Tu ara mas. miaqcieT yuradReba, Tu mas ar 

yidulobT, sargeblianoba imisda miuxedavad Tu ra  mosdis  ������-s, erTnairia. ai 

ratom vwerT �(�2,�)= 1005$-s.   � cvladi warmadgens ������-is yvela SesaZlo 

mniSvnelobas. 

magaliTi 5.10. gaixseneT magaliTi 5.2, romelSic igive situaciaa, rac magaliT 

5.1-Si imis gamoklebiT, rom Tqveni arCevani iyo gageyidaT an ������ an ofcioni 

������-ze. SegaxsenebT, rom Tu ������, Seadgens 5$ an 0$-s erT aqciaze erTi Tvis 

ganmavlobaSi, Tqven ar gamoiyenebdiT, Tqvens variants, da Tqven dakargavdiT 1000$-

s; da Tu ������ Seadgenda 20$-s aqciaze erTi Tvis ganmavlobaSi, ATqven 

gamoiyenebT Tqvens ofcions da Tqveni 1000$-is investicia eRireba 4500$. nax. 5.15-ze 

naCvenebia gavlenis diagrama, romelic am problemis magaliTs warmoadgens. 

SegaxsenebT, rodesac Cven warmovadgineT es magaliTi gadawyvetlebaTa xiT (nax. 

5.3), xe simetriuli iyo, ramdenadac Cven gvqonda erTi da igive ganusazRvreli 

xdomiloba iqidan gamomdinare ra gadawyvetilebac iyo miRebuli. es simetria Tavs 

iCens gavlenis diagramaSi imiT, rom sargeblianobis � kvanZis mniSvneloba 

damokidebulia SemTxveviT ������ kvanZze, gadawyvetilebis  � kvanZis 

mniSvnelobisagan damoukideblad.  
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nax. 5.15. gavlenis diagrama, romelic axdens ������-is yidvaze Tqveni gadawyvetilebis 
modelirebas, rodesac Tqveni sxva arCevani ofcionis yidvaa. 

 

magaliTi 5.11. gavixsenoT magaliTi 5.3, romelSic  nensi ixilavda ���-s 10 000 

aqciis yidvas TiTos 10$-ad an an 100 000$–ad ���-ze ofcionis yidvas, rac 50 000 

aqciis yidvis saSualebas micemda 15$-ad aqciaze erTi Tvis ganmavlobaSi. is 

Tvlida, rom erTi Tvis Semdeg ��� iqneboda 10 000 an 11 000 da ��� iqneboda 5$ an 

20$ aqciaze. bolos, SegaxsenebT, rom is aniWebda Semdeg albaTobebs:  

�(��� = 5$|��� = 11 000,�������� = ������)= 0,2  , 

�(��� = 5$|��� = 11 000,�������� = ��� ������)= 0,3 , 

�(��� = 5$|��� = 10 000,�������� = ������)= 0,5 , 

�(��� = 5$|��� = 10 000,�������� = ��� ������)= 0,6 , 

�(��� = 11 000$)= 0,6. 
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nax. 5.16 gavlenis diagrama axdens nensis gadawyvetilebis modelirebas ���-is an ���-ze 

oფcionis yidvasTan dakavSirebT 

nax. 5.16-ze naCvenebia gavlenis diagrama, romelic am problemis magaliTs 

warmoadgens. miaqcieT yuradReba, rom ���-is mniSvneloba mxolod  ���-s 

mniSvnelobaze araa damokidebuli, aramed aseve � gadawyvetilebazec. es imitom, 

rom nensis gadawyvetilebam SeiZleba gavlena iqonios bazris aqtivobaze. Semdeg 

SevniSnoT, rom am magaliTs erTiT meti komponenti aqvs, vidre im magaliTs, 

romelic 5.10-Si gvxvdeba, da Cven gvWirdeba mxlod erTi kvanZis damateba gavlenis 

diagramiT amis warmosadgenad. amgvarad, warmodgena izrdeba wrfivad magaliTis 

zomis zrdasTan erTad. amis sapirispirod, SegaxsenebT, rom maSin, rodesac 

warmovadgendiT gadawyvetilebaTa xes, warmodgena izrdebda eqსponencialurad. 

magaliTi 5.12. gavixsenoT magaliTi 5.4, romelSic sems hqonda  saSualeba eyida 

avtomanqana  ��������� 10 000$-ad, da mas hqonda SemoTavazeba, romelTac Tanaxma iyo 

gadaexadaT 11 000$ manqanaSi, Tu is saukeTeso meqanikur formaSi iqneboda. 

SegaxsenebT, rom Tu gadamcemi cudi iqneboda, sems mouwevda daexarja 3000$, rom 

gayidvamde aRedgina is. Aamitom mas mxolod 8000$ darCeboda, Tu is avtomobils 

SeiZenda da misi gadamcemi cudi iqneboda. bolos gavixsenoT, rom mas hyavda 

megobari, romelsac SeeZlo Caetarebina testi gadamcemze, da Cven gvqonda Semdegi: 

�(���� = ��������|���� = ����)= 0,3, 

�(���� = ��������|���� = ���)= 0,9 , 
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�(���� = ����)= 0,8. 

 

nax. 5.17. gavlenis diagrama, romelic axdens avtomanqana   ��������� yidvaze semis 
gadawyvetilebis modelirebas. 

 
nax. 5.17-ze naCvenebia gavlenis diagrama, romelic am problemis magaliTs 

warmoadgens. miaqcieT yuradReba, rom aris isari ����-dan ����-sken, imitom rom 

testis mniSvneloba albaTuradaa damokidebuli gadamcemis mdgomareobaze da 

arsebobs isari ����-dan �-sken imitom, rom testis Sedegi cnobili iqneba 

gadawyvetilebis miRebis dros. e.i. � mosdevs ����-s mimdevrobiT. miaqcieT 

yuradReba, rom gavlenis diagramaze gamosaxulia is albaTobebi, romlebic viciT. 

Cven ar dagvWirda sruli albaTobis kanoni da baiesis Teorema maT gamosaTvelad, 

rogorc es gavakeTeT, maSin rodesac magaliTi warmovadgineT gadawyvetilebaTa 

xis meSveobiT.  

magaliTi 5.13. gaixseneT magaliTi 5.5, romelSic semi imave situaciaSi imyofeba 

im gansxvavebiT, rom testi ar iyo ufaso. piriqiT, es 200$ Rirs. amrigad, sems 

mouwia gadaewyvita Caetarebina Tu ara testireba, eyida manqana Semowmebis gareSe, 

Tu Seenaxa 10 000$. nax. 5.18-ze naCvenebia gavlenis diagrama, romelic am problemis 

magaliTs warmoadgens. miaqcieT yuradReba, rom aris wibo �-dan �-mde imitom, rom 

� gadawyvetileba miiReba � gadawyvetilebamde. SevniSnoT aseve, rom arsebobs wibo 

�-dan �-mde imitom, rom � testi mxolod maSin tardeba, Tu Cven viRebT �1 

gadawyvetilebas. 

Semdeg Cven vaCvenebT ufro rTul magaliTebs, romlebic Cven ar warmovadgineT 

gadawyvetilebTa xis meSveobiT. 
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nax. 5.18. gavlenis diagrama, romelic axdens avtomanqana   ��������� yidvaze semis 

gadawyvetilebis modelirebas, rodesac man unda gadaixados testirebis safasuri. 

 
magaliTi 5.14. davuSvaT, igive situacia, rogoric 5.13 magaliTSi iyo, magram 

Semdegi cvlilebiT. pirveli semma icis, rom ���������-is 20% damzadebli iyo 

qarxanaSi, sadac awarmoebdnen limonebs, da 80% damzadebuli iyo qarxanaSi, 

romelic awarmoebda atmebs. garda amisa, man icis, rom limonebis 40%-s aqvs kargi 

gadamcemi da atmebis 90%aqvs kargi gadamcemi. aseve, limonebis 5%-s aqvs 

SesaniSnavi generatori, xolo atmebis 80%-s aqvs SesaniSnavi generatori. Tu 

cvladi denis generatori gaumarTavia (ar varga), sems daujdeba 600$ misi SekeTeba, 

vidre manqanas gayidis. nax. 5.19-ze naCvenebia gavlenis diagrama, romelic am 

problemis magaliTs warmoadgens. miaqcieT yuradReba, rom gavlenis diagramaSi 

SemTxveviTi kvanZebis erToblioba warmadgens baiesis qsels. magaliTad, ���� da 

��� ar warmoadgenen damoukideblebs, magram isini pirobiTad damoukideblebi arian 

��� mocemulobiT. 
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nax. 5.18. gavlenis diagrama, romelic axdens avtomanqana   ��������� yidvaze semis 

gadawyvetilebis modelirebas, rodesac cvladi denis generatori SeiZleba iyos 

gaumarTavi. 

Cven vamTavrebT didi SemTxveviTi problemis magaliTiT medicinaSi. 

magaliTi 5.15. vaTqvaT, avadmyofs aqvs filtvebis arasruli ujredovani 

karinoma. pirveladi simsivne diametrSi Seadgens 1 sm-s, gulkerdis rentgenograma 

gviCvenebs, rom simsivne ar ekvris gulmkerdis kedels an Suasayars da damatebiTi 

damuSavebiT ar gamovlinda calkeuli metastazis niSnebi. am situaciaSi sasurvel 

mkurnalobas warmoadgens Torakotomia. mkurnalobis alternatiuli variantia 

dasxiveba. Torakotomiis gadawyvetilebis dros principuli mniSvnelobaa – 

Suasayrisebuli metastazebis albaToba. Tu Suasayrisebuli metastazebi arseboben, 

maSin Torakotomia ukuCvenebis safrTxes Seicavs, ramdendac es ayenebs pacients 

sikvdilis riskis qveS jamrTelobisaTvis sargebelis garSe. Tu metastazebi araa, 

Torakotomia iZleva mniSvnelovan upiratesobas gadarCenis kuTxiT manam, sanam 

pirveladi simsivne ar miwvdeba calkeul organoebs.  

Cven gvaqvs ori testi Suasayaris Sesafaseblad. es aris kompiuteruli 

tomografia (�� ����) da mediastinoskopia. am problemas gaaCnia sami gadawyveta. 

pirvel rigSi, pacientma unda gaiaros komputeruli tomografia? meore, am 
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gadawyvetilebis da ��  Sedegis gaTvaliswinebiT, pacientma unda Caitaros  

mediastinoskopia? mesame, am gadawyvetis da gamokvlevis nebismieri Sedegis 

gaTvaliswinebiT unda Caitaros pacientma Torakotomia? 

��-s SeuZlia aRmoaCinos saSualo zomis metastazebi. testi absoluturad 

zusti araa. ufro metic, Tu Cven davuSvebT, rom ������ aris cvladi, romlis 

mniSvneloba damokidebulia Suasayaris metastazebze da �����  aris cvladi, 

romelic warmodgens ���� -s da  ����-s imaze damokidebulebiT dadebiTia Tu ara 

��, Cven gvaqvs: 

 �(����� = ����|������ = �������)= 0.82, 

P�(����� = ����|������ = ������)= 0.19. 

 Mediastinoskopia – es aris invaziuri testi Suasayris limfur kvanZebSi imis 

gansazRvrisaTvis, gavrcelda Tu ara simsivne am kvanZebSi.  Tu Cven davuSvebT 

����� aris cvladi, romlis mniSvnelobaa ���� da  ���� imaze damokidebulebiT 

mediastinoskopia dadebiTia Tu ara, Cven gvaqvs:  

�(����� = ����|������ = �������)= 0.82, 

              P�(����� = ����|������ = ������)= 0.005. 

mediastinoskopiam SeiZleba gamoiwvios sikvdili. davuSvebT � gadawyvetilebas, 

romelic exeba hqondes Tu ara mediastinoskopia, �1 _ iqneba hqondes arCevani, �2 – 

ar hqondes, xolo ������ℎ iyos cvladi, romlis mniSvnelobebia da �����, imaze 

damokidebulebiT kvdeba Tu ara pacienti mediastinoskopiisagan. Cven gvaqvs: 

�(�������ℎ = ����|� = �1)= 0,005, 

�(�������ℎ = ����|� = �2)= 0. 

Torkotomias aqvs meti Sansi gamoiwvios sikvdili, vidre alternatiuli 

radiaciiT mkurnalobas. Tu Cven davuSvebT � gadawvetilebas, romelic exeba 

mkurnalobas, unda hqondes �1 – Torakotomiis Catarebis arCevani, �2 _ iqneba 

radiaciis arCevani, da �ℎ������ℎ iqneba cvladi, romlis mniSvnelobaa ���� da ����� 

imaze damokidebulebiT, gardaicvleba pacienti Tu ara mkurnalobis Sedegad, Cven 

gvaqvs  

�(�ℎ������ℎ = ����|� = �1)= 0.037, 

�(�ℎ������ℎ = ����|� = �2)= 0.002. 

sabolood, Cven gvWirdeba imis winaswari albaToba, rom Suasayaris metastazebi 

arseboben. Cven gvaqvs: 
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�(������ = �������)= 0,46. 

nax. 5.20-ze naCvenebia gavlenis diagrama, romelic am problemis magaliTs 

warmoadgens. miaqcieT yuradReba, rom Cven ganvixileT darCenili sicocxlis 

xangrZlivoba (����) da am magaliTSi finansuri danaxarji didi araa. 

mniSvnelobaTa kvanZi mxolod sicocxlis xangrZlivobaa.  

 

5.2.4 gavlenis diagramebis gadawyveta ������ -s gamoyenebiT 

Tavi 3-is paragraf 3.4.3-Si Cven vaCveneT, rogor gagvekeTebina daskvna 

programuli paketis ������-s gamoyenebiT. Semdeg Cven vaCvenebT, rogor 

gadavwyvitoT misi gamoyenebiT gavlenis diagrama. 

magaliTi 5.21. SegaxsenebT, rom nax. 5.16-ze naCvenebi iyo magaliTS 5.11 moyvanili 

problemis gavlenis diagrama. nax. 5.21-ze naCvenebia gavlenis diagrama, romelic 

damuSavebulia ������-s gamoyenebiT. gaixseneT pargaraf 3.4.3-dan, rom ������  ufro 

iTvlis da aCvenebs cvladebis wina albaTobebis ganawilebebs da ara albaTobebis 

pirobiT ganawilebebs, xolo albaTobebi naCvenebia procentebis saxiT. ������-s 

Taviseburebas warmoadgens is, rom kvanZebi asoebidan unda iwyebodnen. amitom Cven 

movaTavseT `�~ ricxviTi mniSvnelobis win. isaris kidev erTi uaryofiTi Tvisebaa 

is, rom orive SesaZlebloba da gadawyvetileba gamosaxulia marTkuTxedebis saxiT. 

N  

 

nax. 5.21. nax. 5.16-ze naCvenebi gavlenis diagrama, romelic damuSavebulia ������-s 
gamoyenebiT 
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nax. 5.22. nax. 5.18-ze naCvenebi gavlenis diagrama, romelic damuSavebulia ������-s 
gamoyenebiT. 

 

gadawyvetilebaTa � kvanZze naCvenebi mniSvneloba warmoadgens alternatiuli 

gadawyvetilebis mosalodnel mniSvnelobebs. Cven vxedavT, rom: 

�(�1)= 1,520× 10� = 152 000, 

�(�2)= 1,450× 10� = 145 000. 

amgvarad, alternatiuli gadawyvetileba, romelic axdens mosalodneli 

mniSvnelobis maqsimizacias, tolia �1-is. 

magaliTi 5.22. SegaxsenebT, rom nax. 5.18-ze naCvenebia gavlenis diagrama, 

romelic warmoadgens 5.13 magaliTSi arsebul problemas. nax. 5.22-ze naCvenebia 

gavlenis diagrama, romelic damuSavebulia ������-s gamoyenebiT. Cven vxedavT, rom 

alternatiuli gadawyvetilebaa `��� ����~, romelic axdens mosalodneli 

sargeblianobis maqsimizacias, romelic mdgomareobs testis gareSe manqanis 

yidvaSi. 

magaliTi 5.23. SegaxsenebT, rom nax. 5.19-ze naCvenebia gavlenis diagrama, 

romelic warmoadgens 5.14 magaliTSi  problemis magaliTs. nax. 5.23(a)-ze naCvenebia 

gavlenis diagrama, romelic damuSavebulia ������-s gamoyenebiT. Cven vxedavT, rom 

alternatiuli gadawyvetilebaa `��� ����~, romelic axdens mosalodneli 

sargeblianobis maqsimizacias da mdgomareobs testirebis CatarebaSi. testirebis 

Catarebis Semdeg testis Sedegi iqneba an dadebiTi an uaryofiTi da Cven maSin 

unda gadavwyvitoT viyidoT Tu ar viyidoT avtomobili. Ggavlenis diagrama 

ganaxlebulia testis CatarebisTvis da testi dadebiTi xdeba rogorc es nax. 5.23 

(b)-zea naCvenebi. Cven vxedavT, rom am SemTxvevaSi alternatiuli gadawyvetileba, 
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romelic axdens mosalodneli sargeblianobis maqsimizacias – es aris ar iyidoT 

avtomanqana. gavlenis diagrama ganaxlebulia testis CatarebisTvis da testi 

uaryofiTi xdeba rogorc es nax. 5.23 (g)-zea naCvenebi. Cven vxedavT, rom am 

SemTxvevaSi alternatiuli gadawyvetileba, romelic axdens mosalodneli 

sargeblianobis maqsimizacias – es aris avtomanqanis yidva. 

magaliTi 5.24. SegaxsenebT, rom nax. 5.20-ze naCvenebia gavlenis diagrama, 

romelic warmoadgens 5.15 magaliTis problemas. nax. 5.24(a)-ze naCvenebia gavlenis 

diagrama, romelic damuSavebulia ������-s gamoyenebiT. Cven vxedavT, rom 

alternatiuli gadawyvetilebaa `�� ����~, romelic axdens mosalodneli 

sargeblianobis maqsimizacias, romelic mdgomareobs skanirebis CatarebaSi. 

skanrebis Catarebis Semdeg Sedegi iqneba an dadebiTi an uaryofiTi da Cven maSin 

unda gadavwyvitoT gavikeToT Tu ara mediastinoskopia. Ggavlenis diagrama 

ganaxlebulia skanirebis CatarebisTvis da skanireba dadebiTi xdeba rogorc es 

nax. 5.24 (b)-zea naCvenebi. Cven vxedavT, rom am SemTxvevaSi alternatiuli 

gadawyvetileba, romelic axdens mosalodneli sargeblianobis maqsimizacias – 

aris gavikeToT mediastinoskopia. gavlenis diagrama Semdeg ganaxlebulia am 

mimarTulebiT, xolo testi, romelic  brundeba, Cndeba nax. 5.24 (g)-ze. Cven vxedavT, 

rom am SemTxvevaSi alternatiuli gadawyvetileba, romelic axdens mosalodneli 

sargeblianobis maqsimizacias – es Torakotomiis gakeTebaa. 
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nax. 5.23. (a)-Si gamoCnda nax. 5.19-is gavlenis diagrama, romelic damuSavebulia ������-s 
gamoyenebiT. Ggavlenis diagrama ganaxlebulia Catarebuli testis mixedviT da testis 
dadebiTi mniSvneloba Cndeba (b)-ze. gavlenis diagrama ganaxlebulia Catarebulia testiT 
da testis uaryofiTi mniSvneloba Cndeba (g)-ze 
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nax. 5.23. (a)-ze gamoCnda nax. 5.19-is gavlenis diagrama, romelic damuSavebulia ������-s 

gamoyenebiT. Ggavlenis diagrama ganaxlebulia �� skanireba Catarebulia da skanirebis 
dadebiTi mniSvneloba Cndeba (b)-ze. gavlenis diagrama ganaxlebulia mediastinoskopiis 
Catarebisas da testis uaryofiTi mniSvneloba Cndeba (g)-ze 

 

wina magaliTSi gasakviri araa, rom alternatiuli gadawyvetileba axdens 

mosalodneli sargeblianobis maqsimizacias  _Ees aris komputeruli tomografis 

gakeTeba, ramdenadac mas ar gaaCnia Rirebuleba. vTqvaT skanirebisas aris 

finansuri danaxarji 1000 amerikuli dolaris farglebSi. ramdenadac 

sargeblianobis funqcia Seesabameba cxovrebis xangrZlivobebs gadawyvetilebaTa 

analizis Casatareblad gardavqmnaT 1000 dolari sicocxlis wlebis erTeulad (an 

piriqiT). davuSvaT, rom pirovneba, romelic iRebs gadawyvetilebas, Tvlis, rom 1000 

amerikuli dolari misi sicocxlis 0,01 wlis ekvivalenturia. savarjiSos saxiT 

vtovebT imis garkvevas am SemTxvevaSi gadawyvetileba alternatiulia, romelic 

axdens mosalodneli sargeblianobis maqsimizacias,  Tu kvlav saWiroa skanirebis 

Catareba. 
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 savarjiSoebi 

paragrafi 5.1 

savarjiSo 5.1 gadawyviteT nax. 5.34-ze gamosaxuli gadawyvetilebaTa xe. 

savarjiSo 5.2 gadawyviteT nax. 5.35-ze gamosaxuli gadawyvetilebaTa xe. 

savarjiSo 5.3 aCveneT gadawyvetilebaTa xis gadawyveta nax. 5.8-ze gamosaxuli 

gadawyvetilebaTa xis gaTvaliswinebiT. 

savarjiSo 5.4. gamoTvaleT nax. 5.6-ze gamosaxul gadawyvetilebaTa xeSi 

pirobiTi albaTobebi 5.4 magaliTSi moyvnili pirobiTi albaTobebidan. 

savarjiSo 5.5. aCveneT ��(��)= 9800$ da ��(��)= 10 697$ nax. 5.8-ze gamosaxuli 

gadawyvetilebaTa xisTvis. 

 

nax. 5.34. gadawyvetilebaTa xe.  

 

savarjiSo 5.6. ganvixiloT magaliTi 5.6. davuSvaT, rom leonardos aqvs 

saSualeba qolgis waRebis gadawyvetilebis miRebamde, konsultacia gaiaros 

amindis prognozis Sesaxeb. Semdeg davuSvaT, rom amindis prognozi ambobs, rom 

wvims dRis 90%-Si, es danamdvilebiT wvims da dRis 20%-is ganmavlobaSi wvima ar 

modis. anu,  

�(�������� = ����)|� = ����)= 0,9, 

�(�������� = ����)|� = �� ����)= 0,2. 
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iseve rogorc adre, davuSvaT, leonardo fiqrobs, rom  

�(� = ����)= 0,4. 

aCveneT gadawyvetilebaTa xe, romelic warmoadgens am problemis magaliTs, 

romelic iTvaliswinebs magaliT 5.6 mocemul sargeblianobas. gadawyviteT es xe. 

savarjiSo 5.7. isev ganvixiloT magaliTi 5.6. davuSvaT, Tu wvims imis albaToba 

rom kostiums gawmenda dasWirdeba 0,7-ia, da imis albaToba, rom iwvimebs – 0,3. K 

kidev erTxel davuSvaT, rom 

�(� = ����)= 0,4. 

SeafaseT Tqveni sakuTari sargeblianobebi am situaciisaTvis, aCveneT 

Semajamebel gadawyvetilebaTa xe da gadawyviteT. 

savarjiSo 5.8. ganixileT magaliTi 5.8. davuSvaT, Tqveni sicocxlis 

xangrZlivoba dabadebidan Seadgens 75 wels. SeafaseT sakuTari ����  am magaliTSi 

aRwerili situaciisaTvis, aCveneT Semajamebel gadawyvetilebaTa xe da 

gadawyviteT. 

 

nax. 5.35. gadawyvetilebaTa xe ori gadawyvetiT. 
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savarjiSo 5.9. davuSvaT, 1000$-is mqone axalgazrda, potencuri kapitalisti 

jeniferi akeTebs investirebas. mas mosmenili aqvs mravali STambeWdavi ambavi imaT 

Sesaxeb, romlebmac miaRwies warmatebas safondo bazarze. amitom is gadawyvets 

gaakeTos sami ram Tavisi 1000$-iT. (1)mas SeuZlia iyidos ofcionebi ���ℎ����-ze, 

romelic saSualebas aZlevs mas iyidos ���ℎ���� -is  1000 aqcia  TiTo 22$-ad erTi 

Tvis ganmavlobaSi. (2) mas SeuZlia gamoiyenos 1000 aSS dolari ���ℎ����-is aqciebis 

sayidlad. (3) mas SeuZlia datovos 1000 dolari yovelwliuri 0,07 SemosavliT. 

amJamad, ���ℎ���� -is aqcia iyideba TiTo 20$-ad. davuSvaT Semdeg, rom is grZnobs, 

rom arsebobs 0,5 imis albaToba, rom ori Tvis ganmavlobaSi ������ iqneba 2000 da 

0,5, rom iqneba 2500. Tu iqneba 2000, is grZnobs, rom 0,3 albaTobiT  ���ℎ���� aqcia 

iqneba TiTo 23$-ad da 0,7 albaTobiT 15$-ad TiTo aqcia. Tu iqneba 2500, is grZnobs, 

rom 0,7 albaTobiT  ���ℎ���� aqcia iqneba TiTo 26$-ad da 0,3 albaTobiT 20$-ad. 

AaCveneT gadawyvetilebaTa xe, romelic warmoadgens am gadawyvetilebas, da 

gadawyviteT es xe. 

vTqvaT, �(������ = 2000)= � da, �(������ = 2500)= 1− �. gansazRreT   �-s 

maqsimaluri mniSvneloba, romlisTvisac gadawyvetileba iqneboda ofcionis yidva. 

arsebobs ki  �-s mniSvneloba, romlisTvisac gadawyvetileba iqneboda ofcionis 

yidva? 

savarjiSo 5.10. 1984 wels ������� da ����� ��� SeTanxmdnen Serwymaze. magram 

garigebamde SeTanxmeba daixura, ������-m ukeTesi fasi SesTavaza. amgvarad, Ggordon 

getma uari Tqva penzoilTan garigebaze da mihyida teqsakos. penzoilma 

dauyonebliv Seitana sarCli samarTloSi, moigo da dajilovda 11,1 milioni 

dolariT. sasamarTlos gadawyvetileba Semcirebuli iyo 2 milioni dolariT, 

magram procentebma da jarimam migviyvana iqamde, rom saerTo Tanxam Seadgina 10,3 

milion aSS dolari. jeims kinerma, teqsakos mTavarma aRmasrulebelma direqtorma, 

Tqva, rom ibrZolebda Tavis saqmeze aSS-is uzenaes sasamarTloSi, imitom rom misi 

azriT penzoili ar moqmedebda usafrTxoebis da gacvlis komiisis wesebis 

Sesabamisad, rodesac marTavda molaparakebas getTan. 1987 wels, cota xniT adre, 

vidre penzoili Seitanda sarCels teqsakos winaaRmdeg yadaRis dadebaze, teqsakom 

SesTavaza penzoils 2 milioni dolari saqmis mTliani daregulirebisaTvis. 

penzoilis Tavjdomare, hug lidke miuTiTebda, rom misi mrCevelis azriT am saqmis 
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mosagvareblad 3 miliardi doladidan 5 miliard dolaramde samarTliani 

iqneboda. 

ra unda gaakeTos lidkem? arsebobs ori aSkara arCevani: (1) mas SeuZlia miiRos 

2 milioni dolari an (2) uari Tqvas masze. vTqvaT is ganixilavs aseve 5 milionian 

SeTavazebas. is Tvlis, rom teqsako an miiRebs SeTavazebas 0,17 albaTobiT an 

uaryofs Semxvedr SeTavazebas 0,5 albaTobiT, an daubrundebian 3 milionis 

dolaris SeTavazebas 0,33 albaTobiT. Tu teqsako uars ityvis, lidke maSin 

gadawyvets uari Tqvas Tu miiRos Semxvedri winadadeba. lidke varaudobs, rom Tu 

is ubralod ar miiRebs 2 milioni dolaris winadadebas Semxvedri SeTavazebis 

gareSe, Tu teqsako uars ityvis Tavis Semxvedr SeTavazebaze, maSin saqme sabolood 

sasamarTlomde miva. Tu is mimarTavs sasamarTlos, Tvlis, rom penzoli miiRebs 

10,3 milion dolars, romlis albaToba Seadgens 0,2-s, 5 milioni dolaris 

albaToba 0,5-ia, xolo 0,3 albaTobiT isini arafers miiReben. 

aCveneT da SeadgineT gadawyvetilebaTa xe, romelic warmoadgens am 

gadawyvetilebas da gadawyviteT es gadawyvetilebaTa xe. 

ra moxda sabolood? Llidkem ubralod uari Tqva 2 milion dolarze. rogorc 

ki penzolma daiwyo yadaRis dadeba teqsakos aqtivebze, teqsakom gakotrebis 

Sesaxeb federaluri kodeqsis me-11 Tavis Tanaxmad moiTxova kreditorebisagan 

dacva. penzolma Semdeg warmoadgina finansuri reorganizaciis gegma teqsakos 

saxeliT. gegmis mixedviT, penzols unda mieRo daaxloebiT 4,1 mln. dolari. 

sabolood, ori kompania morigda 3 mln. dolarze, rogorc teqsakos finansuri 

reorganizaciis nawili.  

paragrafi 5.2 

savarjiSo 5.11. warmoadgineT savarjiSo 5.6-Si moyvanili problemis magaliTi 

gavlenis diagramiT. xeliT gadawyviteT gavlenis diagrama. ������-s an sxva 

romelime programuli paketis gamoyenebiT aageT da gadawyviteT gavlenis diagrama. 

savarjiSo 5.12. warmoadgineT savarjiSo 5.7-Si moyvanili problemis magaliTi 

gavlenis diagramiT. xeliT gadawyviteT gavlenis diagrama. ������-s an sxva 

romelime programuli paketis gamoyenebiT aageT da gadawyviteT gavlenis diagrama. 

savarjiSo 5.13. warmoadgineT savarjiSo 5.9-Si moyvanili problemis magaliTi 

gavlenis diagramiT. xeliT gadawyviteT gavlenis diagrama. ������-s an sxva 

romelime programuli paketis gamoyenebiT aageT da gadawyviteT gavlenis diagrama. 
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savarjiSo 5.14. warmoadgineT savarjiSo 5.10-Si moyvanili problemis magaliTi 

gavlenis diagramiT. xeliT gadawyviteT gavlenis diagrama. ������-s an sxva 

romelime programuli paketis gamoyenebiT aageT da gadawyviteT gavlenis diagrama. 

savarjiSo 5.15. magaliTi 5.24-is Semdeg Cven aRvniSneT, rom araa gasakviri 

alternatiuli gadawyvetileba, romelic axdens mosalodneli sargeblianobis 

maqsimizacias – es aris skanirebis Catareba, ramdenadac am skanirebis Catareba ar 

moiTxovs danaxarjs. davuSvaT skanireba moiTxovs 1000 dolaris finansuri 

danaxarjs. aseve davuSvaT, rom gadawyvetilebis mimRebi piri gadawyvets, rom 1000 

aSS dolari ekvivalenturia 0,01 sicocxlis welTan.  ������-s an sxva romelime 

programuli uzrunvelyofis gamoyenebiT aageT gavlenis diagrama, romelic am 

problemis magaliTs warmoadgens, da gansazRvreT iqneba Tu ara am SeTxvevaSi 

alternatiuli gadawyvetileba, romelic axdens mosalodneli sargeblianobis 

maqsimizacias – kidev erTxel skanirebis Catareba. 
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Tavi 6 

Semdgomi meTodebi gadawyvetilebaTa analizSi 

wina TavSi warmodgenili iyo gadawyvetilebaTa analizis safuZvlebi. aq Cven 

mogvyavs gadawyvetilebaTa analizis gamoyenebis damatebiTi meTodebi. adamianTa 

umetesoba ar miiRebs fulad gadawyvetilebebs, romlebic ubralod axdenen 

mosalodneli mniSvnelobis maqsimizacias, Tu fuladi Tanxis odenoba metia maT 

SemosavalTan SedarebiT. e.i. adamianTa umravlesoba cdilobs risks Tavi aaridos. 

amgvarad, zogadad Cven unda movaxdinoT individis riskTan damokidebulebis 

modelireba gadawyvetilebis miRebis analizis dros gadawyvetlebis miRebaSi 

rekomendaciis misacemad.  

 

6.1. riskis arCevanis modelireba 

SegaxsenebT, rom Tavi 5-is magaliT 5.1-Si Cven avirCieT alternativa udidesi 

mosalodneli mniSvnelobiT. rasakvirvelia adamiani, romelic cdilobs risks Tavi 

aaridos, albaT upiratesobas mianiWebs garantirebul 1005$-s miRebas, saboloo  

jamSi mxolod 500$-is miRebis SesaZleblobas, Tumca bevri adamiani axdens 

mosalodneli mniSvnelobis maqsimizacias Tu fuladi Tanxis odenoba metia maT 

SemosavalTan SedarebiT. idea imaSi mdgomareobs, rom grZelvadian perspeqtivaSi 

isini ukeTesobisaken daiwyeben ase keTebas. rodesac adamiani adamiani axdens 

mosalodneli mniSvnelobis maqimizacias gadawyvetilebis misaRebad, individs 

ewodeba mosalodneli mniSvnelobis maqsimizatori. meore mxriv, Tavi 5-is magaliT 

5.1-Si aRwerili situaciis gaTvaliswinebiT, adamianTa umetesoba ar axdens 100 000 

dolaris investirebas ������-Si imitom, rom es Zalian bevri fulia maT saerTo 

simdidresTan SedarebiT. im SemTxvevaSi roca adamiani ar moaxdens mosalodneli 

mniSvnelobis maqsimizacias, Cven unda movaxdinoT individis riskTan 

damokidebulebis modelireba, rom gamoviyenoT gadawyvetilebis analizi da 

rekomendacia gavuwioT gadawyvetilebas. amis gakeTebis erT-erT xerxs 

sargeblianobis funqciis gamoyeneba warmoadgens, romelic dolarebSi asaxavs 

sargeblianobis raodenobas. SemdgomSi Cven ganvixilavT aseT funqciebs. 

 

6.1.1. eqsponencialuri sargeblianobis funqcia 

eqsponencialuri sargeblianobis funqcia Semdegnairadaa moicemuli: 
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��r,(�)= 1− ��� �⁄  

am funqciaSi � parametri, romelsac ewodeba riskis tolerantoba, gansazRvravs 

rikis Tavis aridebis xarisxs, romelic modelirebulia funqciiT. � rac ufro 

mcire xdeba, funqciuri modeli miT ufro riskis amridebelia. nax. 6.1(a)-ze 

naCvenebia ����(�), xolo nax. 6.1(b)-ze naCvenebia �����(�). 

 

nax. 6.1. ����(�)= 1− ��� ���⁄  funqcia mdebareobs (a)-ze, xolo  �����(�)= 1− ��� ����⁄  
funqcia mdebareobs (b)-ze. 

 

miaqcieT yuradReba, rom orive funqcia amozneqilia (qvemodan gaxsnili)  da 

nax. 6.1 (b)-ze wrfesTan ufro axlosaa. rac ufro amozneqilia funqcia, miT ufro 

riskis Tavis amridebelia qcevis funqciiT modelireba. risk-neitalobis 

modelirebisas (e.i. mosalodneli mniSvnelobis maqsimizatorad yofnisas), Cven 

sargeblianobis eqsponencialuri funqciis nacvlad gamoviyenebT wrfes da riskTan 

dakavSirebuli qcevis modelirebisaTvis gamoviyenebT Cazneqil (zemodan gaxsnili) 

funqcias. me-5 TavSi riskis neitralurobis modelirebis bevri magaliTi iyo. aq 

Cven koncetrirebas movaxdenT riskis Tavidan acilebis qcevis modelirebaze. 

magaliTi 6.1. davuSvaT, rom me-5 Tavis magaliT 5.1-Si semma uaryo  

gadawyvetileba, da is gadawyvets rom misi riskTan tolerantoba � tolia 500-is. 

amis Semdeg semisTvis gveqneba: 

��(��� ������)= 

��( ������)= 0,25����(500$)+ 0,25����(1000$)+ 0,5����(2000$)= 

= 0,25�1− ����� ���⁄ �.+0,25�1− ������ ���⁄ �+ 0,5�1− ������ ���⁄ �= 0,86504. 

��(�����100$ �� ����)= ����(1005$)= 1− ������ ���⁄ = 0,86601. 

Aamgvarad, semi wyvets fuli bankSi datovos. 
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magaliTi 6.2. vTqvaT, rom siu naklebad riskis Tavidan amridebelia, vidre semi, 

da is yvets, rom misi riskis mimarT tolerantoba 1000-is tolia. Tu siu iRebs me-5 

Tavis magaliT 5.1-Si gadawyvetilebas, siusTvis:  

��(��� ������)= 

��( ������)= 0,25�����(500$)+ 0,25�����(1000$)+ 0,5�����(2000$)= 

= 0,25�1− ����� ����⁄ �.+0,25�1− ������ ����⁄ �+ 0,5�1− ������ ����⁄ �= 0,68873. 

��(�����100$ �� ����)= �����(1005$)= 1− ������ ����⁄ = 0,63396. 

amgvarad siu gadawyvets iyidos ������. 

 

nax. 6.2. Tqven SegiZliaT SeafasoT riskis tolerantoba �, �-is udidesi mniSvnelobis 

miTiTebiT, romlisTvisac Tqven gulgrili iqnebiT �1 da    �2 Soris. 

 

Sefaseba � 

wina magaliTebSi Cven ubralod mivaniWeT riskebi semisTvis da siusTvis. 

TqvenTvis albaT sainteresoa, rogor aRwevs adamiani Tavisi riskis tolerantobas. 

SemdgomSi Cven gaCvenebT misi Sefasebis meTods. 

esqponencialuri sargeblianobis funqciaSi Tqveni piradi �-is mniSvnelobis 

gamoTvlis erT-erTi gza mdgomareobs im TamaSis ganxilvaSi, romelSic Tqven 

igebT �$-s 0,5 albaTobiT da agebT – �$/2 0,5 albaTobiT. Tqveni �-is mniSvneloba 

warmodgens �-is udides mniSvnelobas, romlisTvisac Tqven airCevdiT latarias 

arafris mogebiT. es naCvenebia nax. 6.2-ze. 

magaliTi 6.3. vTqvaT vapirebT avagdoT samarTliani moneta. ra Tqma unda, msurs 

iseTi TamaSi, romelSic movigeb 10$-s Tu mova aversi da wavageb 5$-s Tu mova 

reversi. Tu Cven Tanxas 100$ da 500$-iT an 1000$ da 500$-iT gavzrdiT, me mainc 

momewoneba TamaSi. magram Tu Tanxas gavzrdiT 1 000 000$ da 500 000$-mde me aRar 

momindeboda TamaSi, imitom rom me Tavs uflebas ar mivcem 50%-iani SansiT 
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davkargo 500 000$. აmis msgavsad aqeT-iqiT gadasvliT (ormagi Semcirebis msgavsad), 

me SemiZlia Sevafaso Cemi piradi �-is mniSvneloba. CemTvis � daaxloebiT 20 000 

Seadgens (amden fuls profesorebi ver iReben.) 

Tქven SeiZleba gagiCndeT kiTxva am azartuli TamaSis �-is Sesafaseblad 

gamoyenebis gamo. SevniSnoT, rom nebismieri �-isTvis: 

0,5�1− ��� �⁄ �+ 0,5�1− ��(�� �)⁄ �⁄ �= 0,0083, 

da 

1− ��� �⁄ = 0. 

Cven vxedavT, rom � riskis tolerantobis mocemuli mniSvnelobisaTvis, TamaSs, 

romelSic TiToeuli igebs �$ -s 0,5 albaTobiT da agebs −  �$ 2⁄ -s 0,5 albaTobiT, 

aqvs daxloebiT igive sargeblianoba rogorc garkveuli 0$-is miRebisaTvis. Cven 

SegviZlia es faqti gamoviyenoT, xolo Semdeg sapirispiro muSaobiT SevafasoT   �. 

e.i. Cven ganvsazRvravT �-is mniSvnelobas, romlisTvisac Cven gulgrilebi 

vimyofebiT am TamaSsa da arafris miRebas Soris. 

mudmivi riskis saSiSroeba 

fulis monawileobiT problemis gadawyvetis modelirebis kidev erTi gza es 

aris gadawyvetilebis miRebis da Sedegebis Semdeg saerTo simdidris ganxilva. 

Semdegi magaliTi axdens amis ilustrirebas. 

magaliTi 6.4. vTqvaT jos aqvs sainvesticio SesaZlebloba, romelic 0,4 

albaTobiT 4000$-is miRebis da 0,6 albaTobiT 2500$-is dakargvis saSualebas 

iZleva, vTqvaT, �1 aris sainvesticio saSualebisaTvis alternatiuli 

gadawyvetileba, xolo �2 gadawyvetileba alternatiulad uaris Tqmis (e.i. is iRebs 

0$-s garkveul Tanxaze), maSin: 

�(�1)= 0,4(4000$)+ 0,6(−2500$)= 100$ 

�(�2)= 0$. 

amitom, Tu jo iqneboda mosalodneli mniSvnelobis maqsimizatori, is airCevda 

sainvesticio SesaZleblobas. Semdeg davuSvaT, rom jom detalurad gaanaliza 

Tavisi riskis tolerantoba, da man gadawyvita, rom misTvis � = 5000$. maSin 

��(�1)= 0,4�1− ������ ����⁄ �+ 0,6�1− ��(����� ����⁄ �= −0,1690 

�(�2)= 1− ��� ����⁄ = 0. 
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gadawyvetilebaTa xis gadawyveta naCvenebia nax. 6.3 (a)-ze. ase rom jos riskis 

tolerantobis gaTvaliswinebiT is am sarisko investicias ar airCevs. 

magaliTi 6.5. davuSvaT, rom jos mimdinare simdidre Seadgens 10 000 dolars, da 

mas aqvs igive saivesticio SesaZlebloba rac hqonda wina magaliTSi. jom SeiZleba 

imsjelos, rom mis axlandel simdidres aqvs arsebiTi mniSvneloba imis Semdeg, 

rac is miiRebs gadawyvetilebas da realizebis Sedegs. amitom is axdens problemis 

magaliTis modelirebas misi sabooloo da ara sainvesticio SesaZleblobidan 

mogeba wagebis TvalsazrisiT. amis gakeTebis Semdeg gvaqvs  

 ��(�1)= 0,4�1− ����� ��������� ����⁄ �+ 0,6�1− ����� ��������� ����⁄ �= 0,8418 

�(�2)= 1− ���� ��� ����⁄ = 0,8647. 

gadawyvetili gadawyvetilebaTa xe naCvenebia nax. 6.3(b)-ze. is faqti, rom misi 

axlandeli simdidre Seadgens 10 000 aSS dollars, es gavlenas ar axdens mis 

gadawyvetilebaze. alternatiul gadawyvetilebas aqamde ar aqvs ufro didi 

sargeblianoba vidre sainvesticio SesaZleblobis arCevas.  

magaliTi 6.6. Semdeg davuSvaT, rom jo uaryofs investirebis SesaZleblobas. 

magram is kargad axorcielebs sxva investiciebs momdevno wels, xolo misi saerTo 

simdidris Tanxa xdeba 100 000 dolari. davuSvaT, jos igive sainvesticio 

SesaZlebloba aqvs rac hqonda erTi wlis win. e.i. sainvesticio SesaZlebloba, 

romelic 0,4 albaTobiT 4000$-is miRebis da 0,6 albaTobiT 2500$-is dakargvis 

saSualebas iZleva. is kvlav problemas ganicdis saboloo simdidris 

TavlsazrisiT. Semdeg Cven gvaqvs 
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nax. 6.3 gadawyvetilebaTa xis gadawyveta 6.4 magaliTisTvis naCvenebia (a)-ze. imave 
magaliTis gadawyvetilebaTa xe, roca Cven vaxdenT modelirebas saerTo simdidris 
TvalsazrisiT, naCvenebia (b) da (g)-ze,is Seadgens Sesabamisad 10 000 da 100 000 aSS dolars. 

 

��(�1)= 0,4�1− ��(��� ��������) ����⁄ �+ 0,6�1− ��(��� ��������) ����⁄ �= 0,9999999976 

�(�2)= 1− ���� ��� ����⁄ = 09999999980. 

gadawyvetili gadawyvetilebaTa xe naCvenebia nax. 6.3(g)-ze, Tumca sainvesticio 

SesaZleblobis sargeblianoba axla Zalian axlosaa imasTan, rom araferi akeTos, 

is mainc isev mcirea, da man mainc araferi unda gaakeTos. 

es aris sargeblianobis eqsponencialuri funqciis Tviseba, romliTac 

individis mTlian simdidres ar SeuZlia gavlena moaxdinos im gadawyvetilebaze, 

romelic funqciis meSvebiT miiReba. aseT funqcias uwodeben, mudmivad riskis 

Tavis amridebeli sargeblinobis funqcias. Tu vinme iyenebs aseT funqcias 

pirovnebis riskis arCeviTobis modelirebisaTvis, maSin mas mouwevs gadaafasos 

funqciis parametrebi rodesac pirovnebis simdidre mniSvnelovnad icvleba. 

magaliTad, jom unda gadaafasos Tavisi riskis mimarT tolerantoba �, rodesac 

misi mTliani simdidre icvleba 10 000 $-dan 100 000 $-mde.  
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mizezi, romlis gamoc sargeblianobis eqsponencialuri funqcia axdens mudmivi 

riskis saSiSroebis demonstrirebas imaSi mdgomareobs, rom termini `saerTo 

simdidre~ auqmebs utolobas, romelic axdens ori sargeblianobis Sedarebas. 

magaliTad, ganvixiloT isev jos sainvesticio saSualeba, romelic gulisxmobs 0,4 

albaTobiT 4000$-is miRebas da 0,6 albaTobiT 2500$-is dakargvas. vTqvaT � jos 

saerTo simdidrea. pirveli utoloba Semdeg utolobaTa mimdevrobaSi axdens 

sainvesticio saSualebis da arafris aRebis sargeblianobebis Sedarebas maSin,  

rodesac ganvixilavT � saerTo simdidres, ukanaskneli utoloba ki axdens 

sainvesticio saSualebis da arafris aRebis sargeblianobebis Sedarebas, maSin 

rodesac Cven ar gavixilavT saerTo simdidres. Tu Tqven miyvebiT utolobaTa 

mimdevrobas, Tqven dainaxavT, rom yvela maTgani erTmaneTis ekvivalenturia. amitom 

saerTo simdidris ganxilvam ar SeiZleba gavlena iqonios gadawyvetilebaze: 

0.4�1− ��
�����
���� � + 0.6�1− ��(������)/�����< �1− ���/����� 

0.4�1− ���/����������/�����+ 0.6�1− ���/������(�����)/�����< 1− ���/���� 

1− 0,4����/����������/�����− 0.6����/������(�����)/�����< 1− ���/���� 

−0,4����/����������/�����− 0.6����/������(�����)/�����< −���/���� 

−0.4�������/�����− 0.6���(�����)/�����< −1 

0,4�1− ������/�����+ 0.6�1− ��(�����)/�����< 1− 1 

0,4�1− ������/�����+ 0.6�1− ��(�����)/�����< 1− ���/����. 

 

 

 

 

6.1.2 riskis Tavis amridebeli sargeblinobis funqciis klebadoba 

Tu saerTo simdidris cvlilebas SeuZlia Secvalos gadawyvetileba, romelic 

miiReba riskis Tavis amridebeli sargeblinobis funqciis gamoyenebT, maSin 

funqcias uwodeben klebad riskis Tavis amridebel sargeblianobis funqcias. aseTi 

funqciis magaliTs warmoadgens logariTmis funqcia. amas Cven vaCvenebT am 

funqciis jos riskis arCevanis modelirebis gamoyenebiT.  

magaliTi 6.7. rogorc 6.4. magaliTSi, davuSvaT, rom jos aqvs sainvesticio 

saSualeba, romelic gulisxmobs 0,4 albaTobiT 4000$-is miRebas da 0,6 albaTobiT 
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2500$-is dakargvas. isev �1 aris sainvesticio saSualebisaTvis alternatiuli 

gadawyvetileba, xolo �2  gadawyvetileba _ alternatiulad uaris Tqmis. davuSvaT, 

rom jos riskis arCevanis modelireba SeiZleba ln (�)-is gamoyenebiT. pirveli, modi 

movaxdinoT problemis magaliTis modelireba, rodesac aqvs saerTo simdidre 

10 000$-is odenobiT. maSin gveqneba: 

��(�1)= 0,4ln(10 000+ 4000)+ 0,6ln(10 000− 2500)= 9,1723 

��(�2)= ln10000= 9,2103. 

amitom, gadawyvetileba mdgomareobs imaSi, rom uarvyoT sainvesticio 

SesaZlebloba da araferi vakeToT. 

modi axla movaxdinoT problemis magaliTis modelireba, rodesac jos aqvs 

1000 000$-is saerTo simdidre. maSin Cven gvaqvs: 

��(�1)= 0,4ln(100 000+ 4000)+ 0,6ln(100 000− 2500)= 11,5134 

��(�2)= ln100000= 11,5129. 

amitom gadawyvetileba axla mdgomareobs imaSi, rom gamoviyenoT sainvesticio 

SesaZlebloba. 

 

6.2 uSualod riskis gaanalizeba 

zogierT gadawyvetilebis mimRebi SeiZleba ar iyos kmayofili personaluri 

sargeblianobis funqciis SefasebebiT da aseT funqciaze dayrdnobiT miRebuli 

gadawyvetilebebiT. piriqiT, maT SeiZleba surdeT pirdapir gaanalizeba im riskis, 

romelic alternatiul gadawyvetilebas axlavs Tan. amis gakeTebis erT-erTi gza 

mdgomareobs mosalodneli mniSvnelobis ganawilebis zomad dispersiis 

gamoyenebaSi. kidev erTi gzaa riskis portfelebis SemuSaveba. Cven vimsjelebT 

TiToeuli teqnikis Sesaxeb rigrigobiT. 

6.2.1 riskis gasazomad dispersiis gamoyeneba 

daviwyoT Semdegi magaliTidan. 

magaliTi 6.8. davuSvaT, rom patrisia iRebs gadawyvetilebas, romelic nax. 6.4-ze 

gamosaxul gadawyvetilebaTa xis saSualebiTaa modelirebuli. Tu patrisia 

ubralod moaxdens mosalodneli mniSvnelobis maqsimizacias, savarjiSos saxiT 

davtovoT imis Cveneba, rom 

�(�1)= 1220$, 

�(�2)= 1200$. 
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amgvarad, �2 aris alternatiuli gadawyvetileba, romelic axdens mosalodneli 

mniSvnelobis maqsimizacias. magram mosalodneli mniSvnelobebi TavisTavad 

arafers gveubnebian im riskis Sesaxeb, romelic dakavSirebulia alternativebTan. 

Tu Cven avirCevT �1 alternativas, maSin: 

�(2000)= 0,8× 0,7= 0,56 

�(1000)= 0,1 

�(0)= 0,8× 0,3+ 0,1= 0,34. 

 

nax. 6.4. magaliT 6.8-Si ganxiluli gadawyvetilebaTa xe.  

miaqcieT yuradReba, rom 0$-is miRebis ori gza arsebobs. e.i. �1 da  �1 Sedegebi 

SeiZleba moxdes 0,8× 0,3 albaTobiT, da �2 Sedegi _ 0,1 albaTobiT. maSin gveqneba: 

���(�1)= 

= (2000− 1220)��(2000)+ (1000− 1220)��(1000)+ (0− 1220)��(0)= 

= (2000− 1220)� × 0,56+ (2000− 1220)� × 0,1+ (0− 1220)� × 0,34= 851 600 

��� = �851,600= 922,82. 

savarjiSos saxiT vtovebT imis Cvenebas, rom 

���(�2)= 160 000 

��� = 400. 
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amitom, Tu Cven gamoviyenebT riskis zomad dispersias,  Cven vTvliT, rom �1 

kidev ufro metad sariskoa, rac imas niSnavs, rom ramdenedac patrisia riskis 

Tavis amridebelia, man SeZleba airCios �2.   

riskis zomad marto dispersiis gamoyenebam SeiZleba SecdomaSi Segviyvanos. 

amas Semdegi magaliTi gviCvenebs. 

 

nax. 65. magaliT 6.8-Si ganxiluli gadawyvetilebaTa xe.  

magaliTi 6.9. axla davuSvaT, rom patrisia iRebs gadawyvetilebas, romelic nax. 

6.5-ze gamosaxuli gadawyvetilebaTa xis saSualebiTaa modelirebuli. savarjiSos 

saxiT davtovoT imis Cveneba, rom 

�(�1)= 2900$ 

                         E���(�1)= 32 490 000 

��� = 5700 

da 

�(�2)= 900$ 

                          E���(�2)= 0 

��� = 0. 

Tu patrisia riskis zomad gamoiyenebs mxolod dispersias, man SeiZleba airCios 

alternativa   �2, ramdenedac �1-s didi dispersia aqvs. Magram darwmunebiT, rom   �1 

alternativiT ufro meti brundeba, vidre �2 alternativiT. 

Cven vxedavT, rom riskis zomad mxolod dispersiis gamoiyenebam SeiZleba 

Zalian Segviyvanos SecdomaSi. es is Secdomaa, romelsac zogierTi investori 

uSvebs. e.i. isini xedaven rom erT Tanaziar fonds bolo 10 wlis ganmavlobaSi 

SedarebiT maRali mosalodneli Semosavali aqvs, vidre meore fonds, magram uars 

amboben pirvelze, romdenadac mas aseve maRali dipersia aqvs. Tumca Tu isini 
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yovelwliur Sedegebs adevneben Tvals  da dainaxaven, rom pirveli yovelTvis 

dominirebs meoreze. 

6.2.2 riskis profilebi 

mosalodneli mniSvneloba da dispersia – es aris Semajamebeli statiskika, da 

Sesabamisad, Cven davkargavT informacias, Tu yvela Cveni Setyobineba am 

mniSvnelobebs warmoadgens. garda amisa, TiToeuli gadawyvetilebisaTvis aris 

alternativa, Cven SegveZlo yvela SesaZlo Sedegis albaTobis angariSis 

warmodgena, Tu alternativa SerCeulia. grafs, ormelic gviCvenebs am albaTobebs 

uwodeben riskis profils. 

  

nax. 6.6. riskis profili magaliT 6.8-Si mocemuli gadawyvetilebebisaTvis.  

magaliTi 6.10. isev ganvixiloT patrisias gadawyvetileba, romelic ganxiluli 

iyo magaliT 6.8-Si. am magaliTSi Cven gamovTvaleT yvela SesaZlo Sedegis 

albaToba TiToeuli gadawyvetilebisaTvis. es Sedegebi gamoviyenoT nax. 6.6-is 

asagebad. riskis am profilebidan patriciam SeiZleba dainaxos, rom arsebobs imis 

kargi Sansi, rom yvelaferi dasruldes arafriT, Tu is airCevs �1 alternativas, 
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magram mas aseve aqvs Sansi miiRos 2000$. meore mxriv, Tu is airCevs �2-s sabolood 

is miiRebs 1000$-s, magram es albaT yvelaferia rasac is miiRebs.  

 

nax. 6.7 magaliT 6.8-Si mocemuli gadawyvetilebisaTvis erToblivi riskebis profilebi. 
 

 

erToblivi riskis profili TiToeuli � TanxisTvis gvCvenebs imis albaTobas, 

rom mogeba iqneba naklebi an toli �-is, Tu alternatiuli gadawyvetileba 

arCeulia. erToblivi riskis profili erToblivi ganawilebis funqciaa. nax. 6.7 

gviCvenebs magaliT 6.8-Si mocemuli gadawyvetilebisaTvis erToblivi riskebis 

profilebs. 
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6.3 dominireba 

zogierTi gadawyvetileba ar  moiTxovs sargeblianobis funqciebis an riskis 

profilebis gamoyenebas gadawyvetilebis mimRebi pirisaTvis. Cven Semdgom 

ganvixilavT dominirebas. 

 

nax. 6.8. alternatiuli �1 gadawyvetilebis varianti determinantulad dominirebs �2 
alternatiul gadawyvetilebaze. 

 
 
 
 

6.3.1 determinebuli dominireba 

davuSvaT, gvaqvs gadawyvetileba, romlis modelireba SeiZleba nax. 6.8-ze 

gamosaxuli gadawyvetilebaTa xis meSveobiT. Tu Cven avirCievT �1 alternativas, 

yvelaze mcire Tanxa risi miRebac SegviZlia 4$-ia, maSin rodesac, Tu Cven avirCevT 

�2 alternativas, yvelaze didi Tanxa, romlis miRebac SegviZlia 3$-ia. imis 

gaTvaliswinebiT, rom simdidris  maqsimalizacia warmoadgens am gadawyvetilebaSi 

erTaderT mosazrebas, maSin ar arsebobs gonivruli argumenti, romelic 

SemogvTavazebda �2-is arCevas �1-is sanacvlod, da Cven vambobT, rom �1 

determinantulad dominirebs �2-s. zogadad, �1 alternativa determinantulad 

dominirebs  �2 alternatiul gadawyvetilebaze, Tu �1-is arCevis dros miRebuli 

sargeblianoba metia, vidre sargeblianoba, romelic miiReba �2-is arCevis dros 

SemTxveviTi kvanZebis Sedegebisagan damoukideblad. rodesac vxedavT 

determinantul dominirebas, aucilebeli araa mosalodneli sargeblianobis 

gamoTvla an riskis profilis SemuSaveba. 
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nax. 6.9 alternatiuli �2 gadawyvetileba stoqasturad dominirebs �1 alternatiul 
gadawyvetilebaze. 

 
 
 
 
 

6.3.2 stoqasturi dominireba 

davuSaT, rom gvaqvs gadawyvetileba, romelis modelirebac SeiZleba nax. 6.9-ze 

gamosaxuli gadawyvetilebaTa xis meSveobiT. Tu Sedegebi iqneba �1 da �2, Cven 

ufro met fuls miviRebT, Tu avirCevT �1-s, maSin roca, Tu Sedegebi toli iqneba 

�2 -is da �1-is Cven met fuls miviRebT, Tu avirCevT �2-s. amgvarad ar arsebobs 

determinebuli dominireba. magram orive gadawyvetilebisaTvis Sedegi erTnairia, 

kerZod 6$ da 4$, da Cven Tu avirCevT �2-s, albaToba maRalia, rom Cven miviRebT 6$-

s. amgvarad, isev ise, imis gaTvaliswinebiT, rom Tu simdidris  maqsimalizacia 

warmoadgens am gadawyvetilebaSi erTaderT mosazrebas, maSin ar arsebobs 

gonivruli argumenti, romelic SemogvTavazebda �2-is arCevas �1-is sanacvlod, da 

Cven vambobT, rom �2 alternativa stoqasturad dominirebs �1 alternativaze. 

stoqasturi dominirebis sxva SemTxveva naCvenebia nax. 6.10-ze gamosaxuli 

gadawyvetilebaTa xiT. am xeze albaTobebi erTnairia orive SemTxveviTi 

kvanZisaTvis, magram �-is SedegebisaTvis sargeblianoba maRalia. anu, Tu �1 xdeba, 

Cven viRebT 7$-s, Tu �1 aqvs adgili, maSin Cven mxolod 6$-s miviRebT, da Tu �2 _ 

Cven viRebT 5$-s, xolo Tu �2 _ maSin Cven mxolod 4$-s viRebT. amitom isev Tu 

davuSvebT, rom simdidris  maqsimalizacia warmoadgens am gadawyvetilebaSi 

erTaderT mosazrebas, maSin ar arsebobs gonivruli argumenti, romelic 
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SemogvTavazebda �2-is arCevas �1-is sanacvlod, da Cven vambobT, rom �2 

alternativa stoqasturad dominirebs �1 alternativaze. 

miuxedavad imisa, rom xSirad araa rTuli stoqasturi dominirebis aRiareba, 

koncefciis gansazRvra cota saxifaToa. erToblivi riskis profilebis 

TvalsazrisiT Cven amas vakeTebT. vambobT, rom alternativa �2 stoqasturad 

dominirebs �1 alternativaze, Tu �2-sTvis erToblivi riskis profili ��(�), 

romelic Zevs �1-sTvis erToblivi riskis profili ��(�)-is qveS Tundac �-is erTi 

mniSvnelobisaTvis da ar mdebareobs mis zemoT �-is nebismieri mniSvnelobisaTvis. 

 

 

nax. 6.9. alternatiuli �2 gadawyvetileba stoqasturad dominirebs �1 alternatiul 
gadawyvetilebaze. 

 
nax. 6.11. Tu, ��(�) aris �1-Tvis erToblivi riskis profili da ��(�) aris �2-Tvis 

erToblivi riskis profili, maSin �2 stoqasturad dominirebs �1-ze. 
 

maSasadame �-is Tundac erTi mniSvnelobisaTvis: 
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��(�)< ��(�), 

da �-is yvela mniSvnelobisaTvis: 

��(�)≤ ��(�). 

es naCvenebia nax. 6.11-ze. ratom unda iyos es stoqasturi dominirebis 

gansazRvreba? kidev erTxel SexedeT nax. 6.11-s. ar arsebobs �-is iseTi mniSvneloba, 

romlisTvisac a �$-is an ufro naklebis realizaciis albaToba ufro mcirea, Tu 

Cven avirCevT �1, vidre �2-is arCevisas. amgvarad, ar arsebobs fuladi Tanxa, 

romelic SeiZleba dasWirdes an moiTxovebodes, rom �1 gaxdes ukeTesi arCevani. 

nax. 6.12 naCvenebia ori erToblivi riskis profili, romlebic ikveTebian, rac 

imas niSnavs, rom stoqasturi dominireba ar gvaqvs. axla arCeuli alternativa 

damokidebulia mxolod individis arCevanze. magaliTad, Tu Tanxa miTiTebulia 

100$-is erTeulebSi da meris sWirdeba rogorc minimum 400 dolari, rom gadaixados 

ijara an gamoasaxleben, mas SeuZlia airCios �1 alternativa, meore mxriv, Tu sems 

sWirdeba rogorc minimum 800 dolari, rom gadaixados ijara an gamoasaxleben, mas 

SeuZlia airCios �2 alternativa. 

 

nax. 6.12 arastoqasturi dominireba 

6.3.3 kargi arCevani kargi Sedegis winaaRmdeg 

vTqvaT, rom skotma da sium miiRes gadawyvetileba, romelic modelirebulia 

nax. 6.10-ze gamosaxuli gadawyvetilebaTa xiT, skoti irCevs �1 alternativas, xolo 

siu irCevs �2 alternativas. Semdeg davuSvaT, rom viRebT �1 da  �2 Sedegebs. 

amgvarad skoti amTavrebs 6$-iT, xolo siu – 5$-iT. miiRo skotma siuze ukeTesi 

gadawyvetileba? Cven ubralod vamtkicebdiT, rom ar arsebobs �1-is arCevis 

sasargeblod gonivruli argumenti �2-Tan SedarebiT. Tu Cven am moTxovnas 
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miviRebT, axla Cven ver SevZlebT gavakeToT daskvna, rom skotma siusTan 

SedarebiT ukeTesi arCevani gaakeTa. ufro metic, skotma gaakeTa cudi arCevani 

kargi SedegiT, maSin roca sium gaaketa kargi arCevani cudi SedegiT. 

gadawyvetilebis xarisxi unda Sefasdes gadawyvetilebis miRebisas xelmisawvdomi 

informaciis safuZvelze da ara im Sedegis safuZvelze, romelic gadawyvetilebis 

miRebis Semdegaa realizebuli. 

 

6.4 mgrZnobelobis analizi 

rogorc gavlenis diagrama ise gadawyvetilebaTa xe saWiroebs, rom Cven 

SevafasoT albaTobebi da Sedegebi. xandaxan am mniSvnelobebis Sefaseba SeiZleba 

rTuli da Sromatevadi iyos. magaliTad, rTuli da Sromatevadi iqneboda imis 

gansazRvra, rom albaToba, rom 2008 wlis ianvarSi  �&� 500 iqneba 1500 maRali, 

iqneboda 0,3 an 0,35. zogjer am mniSvnelobebis Semdgomi dazusteba nebismier 

SemTxvevaSi ar iqoniebs gavlenas Cvens gadawyvetilebaze. Semdeg Cven ganvixilavT 

mgrZnobelobis analizs, romelic warmoadgens imis analizs, Tu Sedegebis da 

albaTobebis mniSvnelobebi rogor axdenen gavlenas Cvens gadawyvetilebaze. 

martivi modelis meSveobiT koncefciis danergviT, Cven vaCvenebT ufro detalur 

modelebs. 

 

6.4.1 martivi modeli 

Cven warmogidgenT magaliTebis mimdevrobas. 

 

nax. 6.13 vidre � 0,337-ze metia ���-is yidva axdens mosalodneli mniSvnelobis 
maqsimizacias. 
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magaliTi 6.11. davuSvaT, rom amJamad   ��� aqciaze 10$-s Seadgens, da Tqven 

grZnobT, rom 0,5 albaTobiT Tvis bolos is daiwevs 5$-mde, xolo 0,5 albaTobiT 

aiwevs 20$-mde. Tqven gaqvT 1000$, rom ganaxorcieloT investireba, da Tqven iyidiT 

100 aqcias an CadebT fuls bankSi da yovelTviurad miiRoT 0,005 saprocento 

ganakveTi. Tumca Tqven sakmaod darwmunebuli xarT Sedegis SefasebaSi, mainc ar 

xarT Zalian darwmunebulebi albaTobaTa SefasebaSi. am SemTxvevaSi SegiZliaT 

warmoadginoT Tqveni gadawyvetileba nax. 6.13-ze gamosaxuli gadawyvetilebaTa xis 

gamoyenebiT. gaiTvaliswineT, rom am xeSi Cven warmovadgineT  ���-is albaToba, 

romelic izrdeba � cvladiT. maSin Cven gvaqvs: 

�(��� ���)= �(2000)+ (1− �)(500) 

�(����)= 1005$. 

Cven SeviZenT ���-s, Tu �(��� ���)>  �(����), rasac adgili aqvs, Tu 

�(2000)+ (1− �)(500)> 1005. 

�-sTvis am utolobis amoxsniT, gvaqvs: 

� > 0,337. 

Cven ganvsazRvreT ramdenad mgrZnobiarea Cveni gadawyvetileba �-s mniSvnelobis 

mimarT manam, sanam vgrZnobT rom ���-is zrdis albaToba sul mcire 0,377-is 

tolia, Cven viyidiT ���-s. Cven ar gvWirdeba Cveni albaTuri Sefasebis daxvewa. 

magaliTi 6.12. davuSvaT, Tqven imyofebiT igive situaciaSi, rogoric wina 

magaliTSi iyo, imis garda, rom Tqven grZnobT, rom  ���-is Rirebulebaze gavlenas 

iqoniebs sawarmoo indeqs ��� �����-is saerTo mniSvneloba erTi Tvis ganmavlobaSi. 

amJamad ��� Seadgens 10500 da Tqven afasebT, rom Tvis bolos is iqneba an 10 000 an 

11 000. Tqven Tavdajerebuli xarT imaSi, rom imis albaToba, rom Tqveni aqcia 

gaizrdeba, damokidebulia  ��� aiwevaze Tu daiwevaze, magram Tqven ar xarT 

darwmunebuli roca afasebT ���-s aiwevs Tu daiwevs albaTobas. kerZod, Tqven 

axdenT Tqveni gadawyvetilebis modelirebas nax. 6.14-ze gamosaxuli 

gadawyvetilebaTa xis gamoyenebiT. Cven maSin gvaqvs: 
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nax.6.14. vidre � 0,122-ze metia ���-is yidva axdens mosalodneli mniSvnelobis 
maqsimizacias. 

 

�(��� ���)= �(0,6× 2000+ 0,4× 500)+ (1− �)(0,3× 2000+ 0,7× 500) 

�(����)= 1005. 

Cven SeviZenT ���-s, Tu �(��� ���)>  �(����), rasac adgili aqvs, Tu 

�(0,6× 2000+ 0,4× 500)+ (1− �)(0,3× 2000+ 0,7× 500)> 1005. 

�-sTvis am utolobis amoxsniT, gvaqvs: 

� > 0,122. 

manam sanam vgrZnobT rom ���-is zrdis albaToba sul mcire 0,122-is tolia, 

Cven viyidiT ���-s. 

mgrZnobelobis ormxrivi analizis dros Cven erTdroulad vaanalizebT Cveni 

gadawyvetilebis mgrZnobelobas ori sididis Sesaxeb. Semdegi magaliTi gviCvenebs 

aseT analizs. 

magaliTi 6.13. davuSvaT, Tqven imyofebiT igive situaciaSi, rogoric wina 

magaliTSi iyo, imis garda, Tqven darwmunebuli xarT Tqveni albaTobis SefasebaSi, 

rom ��� aiwevs, magram Tqven sulmTlad ar xar darwmunebuli imis albaTobis 

SefasebaSi, rom Tqveni aqciebi aiwevs imaze damokidebulebT ��� aiwevs Tu daiwevs. 

kerZod, Tqven axdenT Tqveni gadawyvetilebis modelirebas nax. 6.15-ze gamosaxuli 

gadawyvetilebaTa xis gamoyenebiT. Cven maSin gvaqvs: 
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nax. 6.15. am gadawyvetilebisaTvis gvWirdeba mgrZnobelobis ormxrivi analizis 
Catareba. 

 
�(��� ���)= 0,4(�× 2000+ +(1− �)× 500)+ 0,6(� × 2000+ (1− �)× 500) 

�(����)= 1005. 

Cven SeviZenT ���-s, Tu �(��� ���)>  �(����), rasac adgili aqvs, Tu 

0,4(�× 2000+ +(1− �)× 500)+ 0,6(� × 2000+ (1− �)× 500)> 1005. 

am utolobis gamartivebiT, miviRebT: 

� >
101

120
−
3�

2
. 

� = 101 120− 3� 2⁄⁄  wrfe gamosaxulia nax. 6 16-ze. wina utolobis Tanaxmad, 

gadawyvetileba, romelic axdens mosalodneli mniSvnelobis maqsimizacias – es 

aris ���-is yidva manam, sanam (�,�) wertili mdebareobs am wrfeze. magaliTad, Tu 

� = 0,6 da � = 0,1 an � = 0,3 da � = 0,8, es iqneboda Cveni gadawyetileba. magram Tu 

� = 0,3 da � = 0,1 is ar iqneboda Cveni gadawyvetileba. 
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nax. 6.16. � = 101 120− 3� 2⁄⁄  wrfe. manam sanam (�,�) wertili mdebareobs am wrfeze   axdens 
6.13 magaliTSi  mocemuli gadawyvetilebis ���-is yidvas da mosalodneli mniSvnelobis 
maqsimizacias. 

 
magaliTi 6.14 davuSvaT, Tqven imyofebiT igive situaciaSi, rogoric wina 

magaliTSi iyo, imis garda, rom TqvenTvis mouxerxebelia am modelSi raime 

albaTobis Sefaseba. magram Tqven grZnobT, imis albaToba rom ��� aiwevs Tu ��� 

aiwevs, orjer zrdis imis albaTobas, rom ��� aiwevs Tu ��� daiwevs. kerZod, 

Tqven axdenT Tqveni gadawyvetilebis modelirebas nax. 6.17-ze gamosaxuli 

gadawyvetilebaTa xis gamoyenebiT. Cven maSin gvaqvs: 

�(��� ���)= �(�× 2000+ (1− �)× 500)+ (1− �)(� 2)× 2000+ (1− � 2)× 500)⁄⁄  

�(����)= 1005. 

Cven SeviZenT ���-s, Tu �(��� ���)>  �(����), rasac adgili aqvs, Tu 

�(�× 2000+ (1− �)× 500)+ (1− �)(� 2)× 2000+ (1− � 2)× 500)⁄⁄ > 1005. 

am utolobis gamartiveba gvaZlevs: 

� >
101

150+ 150�
. 

nax. 6.18-ze gamosaxulia � = 101 (150⁄ + 150�) mrudi. gadawyvetileba romelic 

axdens mosalodneli mniSvnelobis maqsimizacias aris ��� SeZena, Tu (�,�) 

wertili Zevs am mrudis zemoT. 
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Cven aseve SegviZlia gamovikvlioT, ramdenad mgrZnobiarea Cveni 

gadawyvetilebebi Sedegis mniSvnelobis mimarT. Semdegi magaliTi axdens am 

mgrZnobelobis ilustrirebas. 

magaliTi 6.15. davuSvaT, Tqven imyofebiT magaliT 6.11-Si aRweril situaciaSi. 

magram Tqven ar xarT darwmunebilebi Tqvens SefasebaSi imis mimarT, Tu rogor 

iwevs Tu daiwevs  ���. e.i. amJamad ���-is erTi aqcia Seadgens 10$-s, da Tqven 

grZnobT, rom arsebobs 0,5 albaToba, rom Tvis bolos is aiwevs da 0,5 albaToba 

imis, rom is daecema, magram Tqven ver afasebT ramdenad maRali an dabali iqneba 

is. iseve rogorc winaT, Tqven gaqvT 1000$ investirebisaTvis, da Tqven an iyidiT 

���-is 100 aqcias an CadebT bankSi 0,005 saprocento ganakveTiT. am SemTxvevaSi 

Tqven SegiZliaT Tqveni gadawyvetilebis modelirebas nax. 6.19-ze gamosaxuli 

gadawyvetilebaTa xis gamoyenebiT. Cven maSin gvaqvs: 

 

�(��� ���)= 0,5(100�)+ 0,5(100�) 

�(����)= 1005$. 

Cven SeviZenT ���-s, Tu �(��� ���)>  �(����), rasac adgili aqvs, Tu 

0,5(100�)+ 0,5(100�)> 1005. 

am utolobis gamartiveba gvaZlevs 

� >
201

10
− �. 

 

 

nax. 6.19. es gadawyvetileba moiTxovs Sedegebis mgrZnobelobis ormxrivi analizis 
Catarebas. 
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nax. 6.20-ze gamosaxulia � = 201 10− �⁄  mrudi. Gadawyvetileba, romelic axdens 

mosalodneli mniSvnelobis maqsimizacias – es aris ���-is yidva manam, sanam (�,�) 

wertili mdebareobs am mrudis zemoT.   

 

nax. 6.20 � = 201 10− �⁄  wrfe. manam sanam (�,�) wertili mdebareobs am wrfis zemoT, 
gadawyvetileba, romelic axdens mosalodneli mniSvnelobis maqsimizacias magaliT 6.15-Si 

es aris ���-is yidva. 
 
 

6.4.2 ufro detaluri modeli 

aqamde moyvanili magaliTebi gamartivebuli iyo da amitom ar warmoadgendnen im 

gadawyvetilebis mimReb modelebs, romlebic praqtikaSi gamoiyeneba. Cven es imitom 

gavakeTeT, rom cnebebis gacnobisas ar gadagvetvirTeT Zalian bevri detaliT. 

Semdeg moviyvanT SedarebiT detaluri modelis magaliTs, romlis gamoyenebasac 

investori namdvilad SeZlebs gadawyvetilebis modelirebisaTvis.  

magaliTi 6.16. zogierTi finansuri analitikosi amtkicebs, rom mcire investors 

urCevnia investireba ganaxorcielos Tanaziar fondebSi, vidre calkeul aqciebSi. 

investors aqvs sxvadasxva tipis Tanaziari fondebis arCevani. aq ganvixilavT ors, 

sruliad sxvdasxvas. `agresiuli~ anu `zrdis~ Tanaziari fondebi axdenen 

investirebas kompaniebSi, romlebsac gaaCniaT zrdis maRali potenciali da 

Cveulebriv kargad saqmianoben, rodesac bazari zogadad kargad muSaobs, magram 

sakmaod cudad, rodesac bazari uaresdeba. `ganTavsebis~ fondebi anawileben 

TavianT investiciebs naRd fulad saxsrebs, obligaciebs da aqciebs Soris. garda 

amisa, aqciebi xSirad aris im kompaniebSi, romlebic iTvlebian `RirebulebiT~ 

investiciebad, radganac romeliRac mizezis gamo isini amJamad arasworad 
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Sefasebulad iTvlebian. aseTi fondebi Cveulebriv ufro stabiluria. anu isini 

arc  ise kargad saqmianoben, rogorc bazari kargad muSaobs an cudad, maSin roca 

bazari cudad muSaobs. davuSvaT, rom kristina gegmavs Cados momaval wels 1000$,  

da gadawyvets am fuliT investireba ganaxorcielos an zrdis fondSi an 

ganTavsebis fondSi, an Cados is erTwlian sadepozito serTifikatSi, romelis 

saprocento ganakveTia 5%. gadawyvetilebis misaRebad man unda Seqmnas modeli ras 

gaakeTebs es fondi imis safuZvelze, Tu rogor moiqceva bazari uaxloesi wlis 

ganmavlobaSi da man unda Seafasos damdeg wels bazaris saqmianobis albaToba.  

imis gaTvaliswinebiT,  rogor saqmianobdnen es fondebi gasul wlebSi, es 

saSualebas aZlevs qristinas Seafasos fondebis samomavlo qceva bazris 

saqmianobaze dafuZnebiT. is fiqrobs, rom bazari momaval wels ar iqneba 

warmatebuli imitom, rom ekonomistebi recesias varaudoben, magram mas ar aq zusti 

albaTobebis Sefasebis saSualeba. amitom is iqmnis gadawyvetilebaTaA xes nax. 6.21-

ze. am xis gaTvaliswinebiT zrdis fondi unda iyos ufro mimzidveli bankTan 

SedarebiT, Tu 

1600� + 1000�+ 300(1− � − �)> 1050. 

 

nax. 6.21. gadawyvetilebaTa xe, romelic axdens im gadawyetilebebis modelirebas, romlis alternativebia 
zrdis Tanaziari fondebi, ganTavsebis Tanaziari fondebi da banki. 

 
 

am utolobis gamartivebiT miviRebT: 
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� > (15− 26�)/14. 

am utolobaze dayrdnobiT, nax. 6..22(a) gviCvenebs ares, romelSic man unda 

airCios zrdis fondi, da ares, sadac man unda airCios banki, Tu es erTaderTi 

arCevani iqneba. miaqcieT yuradreba, rom areebi zemodan SemosazRvrulia � = 1− � 

wrfiT. mizezi isaa, rom unda gvqondes �+ � ≤ 1.  

ganTavsebis fondi sasurveli unda iyos vidre banki, Tu 

1300� + 1200�+ 900(1− � − �)> 1050. 

am utolobis gamartivebiT miviRebT: 

� > (3− 8�)/6. 

am utolobaze dayrdnobiT, nax. 6..22(b) gviCvenebs ares, romelSic man unda 

airCios ganTavsebis fondi, da ares, sadac man unda airCios banki, Tu es 

erTaderTi arCevani iqneba.  

zrdis fondi unda amjobinos ganTavsebis fonds, Tu 

1600� + 1000�+ 300(1− � − �)> 1300� + 1200�+ 900(1− � − �). 

am utolobis gamartivebiT miviRebT: 

� > (6− 9�)/4. 
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nax. 6.22. Tu fondsa da banks Soris erTaderTi arCevania, maSin kristinam unda 
gamoiyenos (a); Tu is aris ganTavsebis fonds da banks  Soris, man unda gamoiyenos (b); Tu 
aris zrdis fonsa da ganTavsebis fonds Soris, man unda gamoiyenos (g); da Tu is irCevs 
samive alternatividan, man unda gamoiyenos (d). 

 
am utolobaze dayrdnobiT, nax. 6..22(g) gviCvenebs ares, romelSic man unda 

airCios zrdis fondi, da ares, sadac man unda airCios ganTavsebis fondi, Tu es 

erTaderTi arCevani iqneba.  

bolos, yvela wina SedarebebisaTvis wrfeebi agebulia nax. 6.22 (d)-ze. am 

diagramaze mocemulia areebi, romelSic man unda airCios sami variantidan, 

rodesac samive arCevani ganixileba. 
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nax. 6.23 ganTavsebis fondis yidva axdens mosalodneli mniSvnelobis maqsimizacias. 
 

wina magaliTebSi mniSvnelobebi gazviadebuli iyo. magaliTad, Cven ar vTvliT, 

rom fondis zrda wava 60%-mde karg sabazro pirobebSi. Cven es mniSvnelobebi 

gavazviadeT imitom, rom advilad dagvenaxa nax. 6.22 (d) diagramaze gamosaxuli 

areebi. garda amisa, es magaliTi gviCvenebs, Tu rogor xdeba erT-erTi Cvenganis 

piradi sainvesticio gadawyvetilebebis miReba. savarjiSos saxiT Tqven SegiZliaT 

SeafasoT sakuTari faseulobebi da gansazRvroT romeli are Sesabameba TiToeul 

saivesticio arCevans. 

 

6.5. informaciis mniSvneloba 

nax. 6.23-ze naCvenebia  6.21-ze gamosaxuli gadawyvetilebaTa xe miniWebuli 

albaTobebiT. savarjiSos saxiT vtovebT imis Cvenebas, rom am mniSvnelobebis 

gaTvaliswinebiT gadawyvetileba, romelic axdens mosalodneli mniSvnelobebis 

maqsimizacias, aris ganTavsebis fondis yidva, da 

�(�)= �(���������� ����)= 1190$. 

es naCvenebia nax. 6.23-ze. gadawyvetilebis miRebamde, Cven xSirad gvaqvs 

SesaZlebloba konsultacia gaviaroT im sferos eqspertTan, romelic 

gadawyvetilebas exeba. davuSvaT, rom mimdinare gadawyvetilebebSi Cven SegviZlia 

konsultacia gaviaroT eqspert-finansur analitikosTan, romelic idealurad 

prognozirebs bazris mdgomareobas. e.i. Tu bazari gaizrdeba analitikosi gvetyvis, 

rom is izrdeba; Tu is iqneba wonasworobaSi, analitikosi ityvis, rom is iqneba 
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wonasworobaSi; Tu is daecema, analitikosi ityvis, rom is qveviT midis. Cven mzad 

unda viyoT, rom informaciisaaTvis gadavixadoT, magram ara imaze meti, rac 

informacia Rirs. Semdeg Cven gaCvenebT, Tu rogor unda gamoiTvaloT am 

faseulobis mosalodneli mniSvneloba, romelsac ewodeba srulyofili 

informaciis mosalodneli mniSvneloba. 

 

6.5.1 srulyofili informaciis mosalodneli mniSvneloba 

imisaTvis, rom gamovTvaloT srulyofili informaciis mosalodneli 

mniSvneloba, Cven vumatebT sxva alternatiul gadawyvetilebas, romelzedac 

konsultacia unda gaviaroT idealur eqspertTan. nax. 6.24-ze naCvenebia  6.23-ze 

gamosaxuli gadawyvetilebaTa xe alternatiulis damatebiT. Semdeg gaCvenebT, 

rogoria am xisaTvis albaTobebi. ramdenadac  eqsperti srulyofilia, Cven gvaqvs: 

�(������ = ���� ��|������ = ��)= 1, 

�(������ = ���� ����|������ = ����)= 1, 

�(������ = ���� ����|������ = ����)= 1. 

amitom Cven gvaqvs: 

�(��|���� ��)= 

=
�(���� ��|��)�(��)

�(���� ��|��)�(��)+ �(���� ����|��)�(����)+ �(���� ����|����)�(����)
= 

=
1× 0,4

1× 0,4+ 0× 0,5+ 0× 1
= 1. 

gasakviri araa, rom es mniSvneloba 1-is tolia, radganac eqsperti idealuria. 

es mniSvneloba ukiduresi marjvena da yvelaze maRali albaTobaa nax. 6.24-ze 

gamosaxul gadawyvetilebaTa xeSi. Amas vtovebT savarjiSos saxiT sxva 

albaTobebis gamosaTvlelad da xis gadasawyvetad. Cven vxedavT, rom  

�(������� ������� �������)= 1345$. 

SegaxsenebT, rom am analitikosTan konsultaciis gareSe alternatiuli 

gadawyvetileba, romelic axdens mosalodneli mniSvnelobis maqsimizacias aris 

ganTavsebis fondis SeZena, da 

�(�)= �(���������� ����)= 1190$. 

am or mosalodnel mniSvnelobas Soris sxvaoba aris idealuri informaciis 

mosalodneli mniSvneloba (����). anu 

���� = �(������� ������� �������)− �(�)= 1345$− 1190$= 155$. 
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es saukeTesoa, rac Cven unda gadavixadoT informaciaSi. Tu Cven am Tanxaze 

naklebs vixdiT, Cven vzrdiT konsultaciis Sedegad miRebul Cvens mosalodnel 

mniSvnelobas, xolo Tu mets vixdiT, Cven vamcirebT Cvens mosalodnel 

mniSvnelobas. 

 

-- 

nax. 6.24 maqsimaluri mosalodneli mniSvneloba idealur eqspetTan konsultaciis 
gareSe aris 1190$, am eqspertTan konsultaciiT _ 1345$. 
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nax. 6.25. nax. 6.23-ze gamosaxuli gadawyvetilebis xe warmodgenilia gavlenis diagramis 

saxiT da gadawydeba ������-s meSveobiT. 
 

naxatebze 6.23-ze da 6.24-ze Cven vaCveneT gadawyvetilebaTa xeebi imisaTvis, rom 

Tqven dagenaxaT rogor gamoiTvleba idealuri informaciis mniSvneloba. Tumca, 

rogorc es Cveulebriv SemTxvevebSi xdeba, ufro martivia gadawyvetilebis 

warodgena gavlenis diagramebis gamoyenebiT. nax. 6.25 naCvenebia nax 6.23-ze 

mocemuli gadawyvetilebTa xe, romelic diagramis saxiTaa wamodgenili da 

gadawyvetilia ������-s meSveobiT. nax. 6.26 naCvenebia nax 6.24-ze mocemuli 

gadawyvetilebTa xe, romelic diagramis saxiTaa wamodgenili da gadawyvetilia 

������-s meSveobiT. diagramaze Cven davumateT eqspertis kvanZis pirobiTi albaToba 

(gavixsenoT, rom ������ ar aCvenebs pirobiT albaTobas), SevniSnoT, rom Cven 

SegviZlia ���� miviRoT uSualod im mniSvnelobebisagan, romlebic CamoTvlilia 

gadawyvetilebaTa  � kvanZSi nax. 6.26-ze gamosaxul gavlenis diagramaSi. anu 

���� = �(�������)− �(�� ��� �������)= 1345$− 1190$= 155$.  

 

6.5.1 arasrulyofili informaciis mosalodneli mniSvneloba 

namdvili eqspertebi da testebi sinamdvileSi ar arian idealurni. ufro 

xSirad, maT aqvT unari mogvcen Sefaseba, romlebic xSirad sworia. vTqvaT gvyavs 

analitikosi, romelic iZleva sabazro aqtivobis Sefasebas 30 wlis ganmavlobaSi 

da aqvs Semdegi Sedegebi: 
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nax. 6.26 nax. 6.24-ze gamosaxuli gadawyvetilebis xe warmodgenilia gavlenis diagramis 

saxiT da gadawydeba ������-s meSveobiT. 

 

1. roca bazari izrdeboda, analitikosma Tqva, rom is gaizrdeba drois 80%-Si, 

wonasworobaSi iqneba drois 10%-Si da daecema drois 10%-Si. 

2. rodesac bazari wonasworobaSi iyo, analitikosma Tqva, rom is gaizrdeba 

drois 20%-Si, wonasworobaSi iqneba drois 70%-Si da daecema drois 10%-Si. 

3. rodesac bazari daeca, anlitikosma Tqva, rom is gaizrdeba drois 20%-Si, 

wonasworobaSi iqneba drois 20%-Si da daiwevs drois 60%-Si. 

 amitom eqspertisaTvis Cven vafasebT Semdeg pirobiT albaTobebs: 

�(������ = ���� ��|������ = ��)= 0,8 

�(������ = ���� ����|������ = ��)= 0,1 

�(������ = ���� ����|������ = ��)= 0,1 

�(������ = ���� ��|������ = ����)= 0,2 

�(������ = ���� ����|������ = ����)= 0,7 

�(������ = ���� ����|������ = ����)= 0,1 

�(������ = ���� ��|������ = ����)= 0,2 

�(������ = ���� ����|������ = ����)= 0,2 

�(������ = ���� ����|������ = ����)= 0,6. 

nax. 6.27-ze naCvenebia nax. 6.25-ze gamosaxuli gavlenis diagrama alternatiuli 

gadawyvetilebis damatebiT, romelzedac konsultacia SegviZlia gaviaroT am 

arasrulyofil eqspertTan. am diagramaze aseve vaCvenebT eqspertis kvanZis pirobiT 

albaTobebs. mosalodneli faseulobis gazrdas, romelsac viRebT aseT eqspertTan 
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konsultaciiT, uwodeben arasrulyofili informaciis mosalodneli mniSvnelobas 

(����). is mocemulia Semdegnairad 

 ���� = �(�������)− �(����� �������)= 1261,50$− 1190$= 71,50$. 

 es aris yvelaze meti, rac unda gadavixadoT am eqspertis informaciaSi. 

 

nax. 6.27. gavlenis diagrama, roelic saSualebas gvaZlevs gamovTvaloT mosalodneli 
arasrulyofili informaciis Rirebuleba. 

 

6.6 normatiuli gadawyvetilebis analizi 

gadawyvetilebis rekomendaciisaTvis am TavSi da wina TavebSi warmodgenili 

analizis meTodologias ewodeba normatiuli gadawyvetilebis analizi, 

ramdenadac meTodologia gansazRvravs, Tu rogor unda miiRon adamianebma 

gadawyvetileba da ar aRwers Tu rogor iReben adamianebi gadawyvetilebas. 1954 

wels jimi sevijma SeimuSava aqsiomebi adamianis upiratesobebis da Sexedulebebis 

Sesaxeb. Tu adamiani iRebs amas aqsiomebad, dikarma aCvena, rom individma 

gadawyvetilebis miRebisas upiratesoba unda mianiWos gadawyvetis analizis 

gamoyenebas. tverkim da kanemanma [1981] Caatares rigi gamokvlevebi, romlebic 

gviCvenebdnen, rom adamianebi ar iRebdnen gadawyvetilebas, romlebic 

Seesabamebodnen gadawyvetilebis analizis meTodologias. e.i. maTma gamokvlevebma 

aCvena, rom gadawyvetilebaTa analizi ar warmoadgens aRmwer Teorias. kanemanma da 

tverkim [1979] ganaviTares perspeqtivis Teoria, rom aReweraT, Tu rogor iReben 

adamianebi gadawyvetilebas sinamdvileSi, rodesac ar xelmZRvaneloben 

gadawyvetilebaTa analiziT. 2002 wels den kanemanma miiRo nobelis premia 

ekonomikaSi am ZalisxmevisaTvis. gadawyvetilebaTa aRweris alternatiuli Teoriaa 

sinanulis Teoriis Seqmna. 
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savarjiSoebi 

paragrafi 6.1 

savarjiSo 6.1. magaliTY6.3-Si naCvenebi meTodikis gamoyenebiT SeafaseT Tqveni 

piradi � riskis tolerantoba. 

savarjiSo 6.2. wina magaliTSi Sefasebuli � riskis mniSvnelobis gamoyenebiT, 

gansazRvreT gadawyvetileba, romelic axdens magaliT 5.1-Si mocemuli 

gadawyvetilebisaTvis mosalodneli sargeblianobis maqsimizicias. 

savarjiSo 6.3. vTqvaT, meris aqvs sainvesticio SesaZlebloba, romelic 

gulisxmobs 0,9 albaTobiT 8000 dolaris miRebas da 0,1 albaTobiT 20 000 dolaris 

dakargvas. vTqvaT, �1  iyos alternatiuli gadawyvetileba sainvesticio 

SesaZleblobis ganxorcielebis da �2 _ misi uaryofis alternatiuli 

gadawyvetileba. davuSvaT, rom meris upiratesoba SeiZleba modelirebuli iyos 

ln (�)-is gamoyenebiT.  

1.  gansazRvreT gadawyvetilebis alternativa, romelic axdens maqsimaluri 

mniSvnelobis maqsimizacias, rodesac meris gaaCnia 21 000 dolari. 

2. gansazRvreT gadawyvetilebis alternativa, romelic axdens maqsimaluri 

mniSvnelobis maqsimizacias, rodesac meris gaaCnia 25 000 dolari. 

 

 

paragrafi 6.2 

savarjiSo 6.4. gamoTvaleT magaliT 5.2-Si mocemuli gadawyvetilebis 

miRebisaTvis gadawyvetilebebis alternativebis dispersia. riskis Sefasebis 

profilebi da gadawyvetilebis alternativebis miRebisaTvis riskebis erToblivi 

profili. gansajeT, im riskis gansazRvrisaTvis, romelic TiToeul alternativas 

axlavs,  romeli ufro sasargebloa dispersiis povna Tu  riskis profilis povna. 

savarjiSo 6.5. gamoTvaleT magaliT 5.3-Si mocemuli gadawyvetilebis 

miRebisaTvis gadawyvetilebebis alternativebis dispersia. riskis Sefasebis 

profilebi da gadawyvetilebis alternativebis miRebisaTvis riskebis erToblivi 

profili. gansajeT, im riskis gansazRvrisaTvis, romelic TiToeul alternativas 

axlavs,  romeli ufro sasargebloa dispersiis povna Tu  riskis profilis povna. 

savarjiSo 6.6. gamoTvaleT magaliT 5.5-Si mocemuli gadawyvetilebis 

miRebisaTvis gadawyvetilebebis alternativebis dispersia, riskis Sefasebis 
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profilebi da gadawyvetilebis alternativebis miRebisaTvis riskebis erToblivi 

profili. gansajeT, im riskis gansazRvrisaTvis, romelic TiToeul alternativas 

axlavs,  romeli ufro sasargebloa _ dispersiis povna Tu  riskis profilis 

povna. 

paragrafi 6.3 

savarjiSo 6.7. nax. 6.28-ze gamosaxuli gadawyvetilebaTa xeSi gadawyvetilebaTa 

variantidan erTi determimantulad dominirebs? Tu ki, maSin romeli? 

savarjiSo 6.8. nax. 6.28-ze gamosaxuli gadawyvetilebaTa xeSi gadawyvetilebaTa 

variantidan erTi stoqasturad dominirebs? Tu ki, maSin romeli? SeqmeniT 

alternatiuli gadawyvetilebebisaTvis riskebis erToblivi profili. 

 

nax. 6.28 gadawyvetilebaTa xe. 
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nax. 6.29 gadawyvetilebaTa xe. 

paragrafi 6.4 

savarjiSo 6.9. davuSvaT, amJamad ������ Seadgens 3 dolars aqciaze da Tqven 

grZnobT, rom Tvis bolos 0,6 albaTobiT is daecema 2$-mde da 0,4 albaTobiT 

aiwevs 5$-mde. Tqven gaqvT investirebisaTvis 3000 dolari da Tqven an iyidiT 1000 

aqcias, an CadebT fuls bankSi yovelTviuri 0,004 saprocento ganakveTiT. Tumca 

Tqven sakmaod darwmunebuli xarT Sedegis SefasebaSi, Tqven arc Tu ise _ 

albTobaze Tqven SefasebaSi. vTqvaT  � aris albaToba, rom ������  daecema. 

gansazRvreT �-s udidesi mniSvneloba, romlisaTvis, Tqven gadawyvetT ������ -is 

yidvas. 

savarjiSo 6.10. vTqvaT, Tqven imyofebiT imave situaciaSi, rogorSic wina 

savarjiSoSi imis gamoklebiT, rom ������ Rirebuleba damokidebuli iqneba ������-

is  saerTo Rirebulebaze erTi Tvis ganmavlobaSi. amJamad ������ imyofeba 2300-Si, 

da Tqven afasebT, rom Tvis bolos is iqneba an 2000 an 2500. Tqven darwmunebuli 

xarT, roca afasebT Tqveni aqciis zrdis albaTobas imaze damokidebulebiT 

������ aiwevs Tu daiwevs, magram darwmunebiT ver afasebT imas, ������ aiwevs Tu 

daiwevs. kerZod, Tqven grZnobT, rom albaToba ������ aiwevs Tu ������ aris 0,8, 

xolo albaToba ������ aiwevs Tu ������ daiwevs aris 0,3. vTqvaT � aris ������-

is awevis albaToba. gansazRvreT �-s umciresi mniSvneloba romlisaTvis, Tqven 

gadawyvetT ������ -is yidvas. 
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saarjiSo 6.11. vTqvaT, Tqven imyofebiT imave situaciaSi rogorSic wina 

savarjiSoSi. garda amisa, rom Tqven darwmunebuli xarT ������ awevis albaTobis 

Tqveneul SefasebaSi, magram Tqven ar xarT darwmunebuli imis albaTobaSi, rom 

Tqveni aqciebi izrdeba imaze damokidebulebiT ������ aiwevs Tu daiwevs. kerZod, 

Tqven grZnobT, rom ������ aiwevs 0,7 albaTobiT. vTqvaT  � aris albaToba, rom 

������  aiwevs imis gaTvaliswinebiT, rom ������ aiwevs da � aris albaToba, rom 

������  aiwevs imis gaTvaliswinebiT, rom ������ daiwevs. gaakeTeT mgrZnobelobis 

ormxrivi analizi �  da  �-ze. 

savarjiSo 6.12. vTqvaT, Tqven imyofebiT imave situaciaSi, rogorSic wina 

savarjiSoSi, imis gamoklebiT, rom Tqven am modelSi ver axerxebT albaTobebis 

Sefasebas. magram Tqven grZnobT, rom imis albaToba, rom ������ aiwevs Tu  ������ 

aiwevs, samjer aRemateba imis albaTobas, rom ������  aiwevs Tu ������ daiwevs. 

vTqvaT, � aris ������-is awevis albaToba, da � aris albaToba, rom ������  aiwevs 

imis gaTvaliswinebiT, rom ������ daiwevs. gaakeTeT mgrZnobelobis ormxrivi 

analizi �  da  �-ze. 

savarjiSo 6.13. davuSvaT, Tqven imyofebiT savarjiSo 6.9-Si aRweril situaciaSi. 

magram Tqven ar xarT darwmunebuli Tqvens SefasebaSi  _ ramdenad aiwevs an 

daiwevs ������. anu, amJamad ������ Seadgens 3 dolars aqciaze da Tqven grZnobT, 

rom  Tvis bolos 0,5 albaTobiT is aiwevs da 0,5 albTobiT daiwevs. magram ver 

afasebT ramdenze aiwevs an daiwevs. iseve rogorc wina SemTxvevaSi Tqven gaqvT 3000 

dolari investirebisaTvis, da Tqven an unda iyidoT 1000 aqcia, an CadoT fuli 

bankSi yovelTviuri 0,004 saprocento ganakveTiT. vTqvaT,  �  iyos ������-is 

mniSvneloba, Tu is gaizrdeba, da � iyos ������-is mniSvneloba, Tu is Semcirdeba. 

gaakeTeT mgrZnobelobis ormxrivi analizi � da �-ze 

savarjiSo 6.14. davuSvaT, Cven vimyofebiT, saavarjiSo 6.16-Si aRweril 

situaciaSi, imis gamoklebiT rom zrdis fondi Seadgens 1800, 1100 da 200 dolars, 

Sesabamisad Tu bazari aiwevs, wonasworobaSi iqneba da daiwevs, maSi roca 

ganTavsebis fondi Seadgens Sesabamisad 1400, 1000 da 400 dolars. SeasruleT 

analizi savarjiSo 6.16-Si. 

savarjiSo 6.15. SeiswavleT romelime faqtobrivi Tanaziari fondebi da 

CamoayalibeT, sad igrZeniT, rom isini wonasworobaSi iqnebian Tu bazari aiwevs, 

wonasworobaSi iqneba an daiwevs. garda amisa gansazRvreT faqtobrivi fiqsirebuli 
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ganakveTi, romlis miRebac SegiZliaT bankSi. Semdeg SeasruleT analizi savarjiSo 

6.16-Si. 

savarjiSo 6.16. davuSvaT, CadeT 18 000$ mravalwlian proeqtSi. wliuri  fuladi 

nakadi Semdegi xuTi wlis ganmavlobaSi Seadgens 5000 dolars. anu, Tqven miiRebT 

5000 dolars erTi wlis Semdeg, ori wlis Semdeg, ... ,da 5000 dolars xuT 

weliwadSi.  garda amisa, Tqven SegiZliaT CadoT 10 000 dolari xuTwlian 

sadepozito serTifikatSi, romelic iZleva weliwadSi 8%-s.  

1. Tu Tqven axdenT investirebas proeqtSi an yidulobT sadepozito 

serTifikats, miaqcieT yuradReba, rom Tqven unda ganixiloT proeqtis wminda 

dayvanili Rirebuleba (���). 

2. davuSvaT, Tqven ar xarT darwmunebulebi, rom proeqti weliwadSi gadaixdis 

5000 dolars. ufro metic, Tqven 0,3 albaTobiT, rom is gadaixdis 4000$-s, 0,5 

alabTobiT, rom gadaixdis 5000$-s da 0,2 albaTobiT  6000$-s. gansazRvreT 

alternatiuli gadawyvetileba, romelic axdens mosalodneli mniSvnelobis 

maqsimizacias. 

3. davuSvaT, rom Tqven darwmunebuli xarT ara marto imaSi, rom proeqtiT 

miiRebT 5000$-s yovelwliurad, aramed imaSic, rom ver SeZlebT gansazRvroT imis 

albaToba, rom miiRebT 4000 dolars, 5000 dolars an 6000 dolars. vTqvaT � aris 

imis albaToba, rom miiRebT 4000$-s, � aris imis albaToba, rom miiRebT 5000$-s, da 

1− � − � aris imis albaToba, rom miiRebT 6000$-s. gaakeTeT mgrZnobelobis 

ormxrivi analizi �  da  �-ze. 

savarjiSo 6.17. nax. 6.21-ze gamosaxuli gadawyvetilebaTa xisaTvis SeafaseT 

sakuTari mniSvnelobebi da gansazRvreT Sedegobrivi are, romelic Seesabameba 

investiciis TiToeul variants. 

paragrafi 6.5 

savarjiSo 6.18. davuSvaT, gvaqvs nax. 6.24-ze gamosaxuli gadawyvetilebaTa xe 

imis garda, rom zrdis fondma unda Seadginos 1800 dolari, 1100 dolari da 200 

dolari Sesabamisad Tu bazari gaizrdeba, wonasworobaSi iqneba an daecema, maSin 

roca ganTavsebis fondi Seadgens 1400 dolars, 1000 dolars an 400 dolars. 

1. gamoTvaleT srulyofili informaciis mosalodneli mniSvneloba xeliT. 
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2. moaxdineT problemis magaliTis modelireba rogorc gavlenis diagrama 

������-s meSveobiT da gansazRvreT srulyofili informaciis mosalodneli 

mniSvneloba am gavlenis diagramis gamoyenebiT. 

 savarjiSo 6.19. davuSvaT, Cven gvaqvs igive gadawyvetileba rac wina 

savarjiSoSi, garda amisa, Cven SeiZleba konsultacia gaviaroT araidealur 

eqspertTan. kerZod, saeqsperto sizuste aseTia: 

 

�(������ = ���� ��|������ = ��)= 0,7 

�(������ = ���� ����|������ = ��)= 0,2 

�(������ = ���� ����|������ = ��)= 0,1 

�(������ = ���� ��|������ = ����)= 0,1 

�(������ = ���� ����|������ = ����)= 0,8 

�(������ = ���� ����|������ = ����)= 0,1. 

moaxdineT problemis magaliTis modelireba gavlenis diagrama ������-s 

meSveobiT da gansazRvreT eqspertis konsultaciis mosalodneli mniSvneloba am 

gavlenis diagramis gamoyenebiT. 

savarjiSo 6.20. ganixileT me-5 Tavis magaliT 5.10-Si ganxiluli 

gadawyevtilebis problema. warmoadgeniT problema rogorc gavlenis diagrama 

������-s meSveobiT, da gavlenis diagramis gamoyenebiT ganszRvreT ����, romelic 

Seexeba ������-s reaqcias 5 milioni dolaris mimarT. 
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nawili II 

finansuri danarTebi 

Tavi 7 

sainvesticio mecniereba 

saivesticio mecnierebaSi mniSvnelovan problemas warmoadgens portfelis 

riskis modelireba. am TavSi Cven warmovadgenT baiesis qsels portfeluri riskis 

analizisaTvis. magram Tavidan CvenTvis aucilebelia ganvixiloT investiciebis 

sferoSi standartuli Temebi, ramdenadac am masalis codna aucilebelia 

portfelis riskis analizis gasagebad. 

 

7.1 sainveticio mecnierebis safuZvlebi 

am ganyofilebaSi  ganxilulia safondo bazris safuZvlebi da aqciebSi 

investireba. magram manamde ganvixilavT procentis koncefcias. 

 

7.1.1 procenti 

daviwyoT Semdegi magaliTiT: 

magaliTi 7.1. davuSvaT, amJamad Tqven gaqvT 1000 dolari da gsurT is SeinaxoT 

samomavlod. Tqven SegiZliaT is CadoT qilaSi an seifSi. magram Tu es gaakeTeT, 

erTi weliwadSi, YTqven mainc mxolod 1000 dolari geqnebaT. amis garda Tqven 

SegiZliaT erTwliani sadepozito serTifikatis, an ��-is SeZena, romelic ixdis 

0,06-is tol fiqsirebul wliur saprocento gankveTs. banki ixdis mxolod 

fiqsirebul saprocento ganakeTs fiqsirebuli vadis Semdeg, romelic am 

SemTxvevaSi erTi welia. amitom erTi wlis Semdeg banki Tqven gadagixdiT: 

1000$× 0,06= 60$ 

Tqveni fulis sanacvlod. es Tqveni mogebaa investiciisagan. garda amisa, wlis 

bolos Tqveni investiciis Rirebuleba Seadgens: 

1000$(1+ −0,06)= 1060$. 

��-ebi ganixileba, rogorc dazRvevis depozitebSi federaluri korporaciis 

sabanko depozitebi, rac niSnavs, rom isini dazRveulebi arian 100 000 dolaris 

Tanxamde, Tu banki gadaxdisuunaroa. amitom aseT investiciebs ganvixilavT rogorc 

uriskos, magram gvesmis, rom yvelafers axlavs garkveuli riski. magaliTad, 
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qveyanas TviTon SeuZlia Seikvecos. magram riskebi romlebic sxva ganxilul 

riskebTan SedarebiT Zalian mcirea, ganixileba rogorc ar arsebuli. 

sazogadod, investirebisagan miRebul fulis nawils ewodeba investiciebze 

Semosavlis ganakveTi r . amgvarad, ��-is SemTxvevaSi, Semosavlis norma aris 

saprocento ganakveTi. Cadebul � Tanxas uwodeben ZiriTads, da im dros, romelic 

saWiroa procentis realizaciisaTvis uwodeben flobis periods. wina magaliTSi 

ZiriTadi Tanxa Seadgens 1000 dolars, xolo flobis periodi erTi welia. Tu sxva 

rames ar vgulisxmobT, flobis periodi erTi welia da r warmoadgens 

Semosavlianobis wliur gankveTs. ��-isTvis procentebi gamoiTvleba flobis 

bolos. mas martivi procenti ewodeba. am SemTxvevaSi investicisagan miRebuli 

mogeba moicema Semdegnairad: 

                          ������ = � × �,           (7.1) 

da flobis periodis bolos V investiciis mniSvneloba ganisazRvreba 

Semdegnairad: 

� = �(1+ �). 

��-is SemTxvevaSi Cveulebriv moiTxoveba deponirebisaTvis fulis datoveba 

flobis mTel periodSi. bankebi aseve sTavazoben Cveulebriv Semnaxvel angariSebs, 

romlebsac ar gaaCniaT Senaxvis moTxovnili periodi. anu Tqven am etapze 

dagrovili fulis ukan miiReba nebismier dros SegiZliaT. Tu P� ZiriTadia, � aris 

wliuri saprocento ganakveTi da � wlebis mixedviT is droa, rodesac Tqveni 

fuli iyo Semnaxvel angariSze, maSin drois � momentSi investiciis mniSvnelobaa:  

� = �(1+ ��).         (7.2) 

magaliTi 7.2. vTqvaT, Tqven gaqvT Cveulebrivi Semnaxveli angariSi, 1000$ 

depoziti da � = 0,06. eqvsi Tvis (0,5 weli) Semdeg Tqveni investiciebis Rirebulebaa:  

� = �(1+ ��)= 1000$(1+ 0,06× 0,5)= 1030$. 

wina magaliTSi dro Seadgenda erT welze naklebs. Tu dro erT welze metia, 

maSin Cveulebriv 7.2 formula ar gamoiyeneba. nacvlad amisa, erTi wlis Semdeg 

momdevno welze procenti aseve dairicxeba pirvel wels miRebuli procentis 

mixedviT. anu meore wlisTvis ZiriTads Semdegi warmoadgens �(1+ �), rac imas 

niSnavs, rom ori wlis bolos investiciebis Rirebuleba tolia �(1+ �)(1+ �)=

(1+ �)�. es procedura meordeba yovel Semdeg wels ise, rom � wlis bolos 

investiciis Rirebuleba iqneba: 
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� = �(1+ �)� 

amas ewodeba rTuli procenti da Cven vambobT, rom procenti rTuldeba 

yovelwliurad. Cven vambobT, rom `rTuldeba~, imitom rom momaval wels ZiriTadi 

warmoadgens wina ZiriTadis da daricxuli procentis jams (kombinacias).  

magaliTi 7.3. davuSvaT Tqven CadeT 1000 dolari � = 0,06 wliuri saprocento 

ganakveTiT, procenti yovelwliurad rTuldeba. maSin � = 20 wlis Semdeg 

investicia iqneba: 

� = �(1+ �)� = 1000$(1+ 0,06)�� = 3207,14$. 

gaiTvaliswineT, rom Tu ar gveqneboda rTuli procenti, Cven gveqneboda 

� = �(1+ ��)= 1000$(1+ 0,06× 20)= 2200$, 

rac mniSvnlvnad mcirea. 

xSirad procenti ufro xSirad rTuldeba, vidre weliwadSi erTxel, 

magaliTad, SeiZleba garTuldes yovelTviurad. Semdeg magaliTSi  naCvenebia, Tu 

rogori momgebiania is investorisaTvis.  

magaliTi 7.4. davuSvaT, rom wliuri saprocento ganakveTi 0,06-ia, procentebi 

rTuldeba yovelTviurad, xolo ZiriTadi – 1000 dolaria. maSin yoveTviuri 

saprocento ganakveTi aris  0,06 12= 0,005⁄ , rac niSnavs, rom 12 Tvis (erTi wlis) 

Semdeg Cven gvaqvs: 

� = 1000$(1+ 0,005)�� = 1061,68$. 

miaqcieT yuradReba, rom es mniSvneloba 1,68$-iT metia imasTan SedarebiT, 

procentebi rom yovelwliurad garTulebuliyo. 

zogadad, Tu wliuri saprocento ganakveTi  �-is tolia, Cven vadgenT 

yovelTviur procents da ZiriTadi sawyisi Tanxa �-s toli, maSin wlis bolos 

gveqneba: 

� = ��1+
�

12
�
��

. 

imis nacvlad, rom Segvedgina yovelTviuri, Cven SegveZlo Segvedgina 

yovelkvireuli, yoveldRiuri, saaTobrivi da mudmivic. mudmivi rTuli procenti 

miiReba zRvris aRebiT, ramdenadac rTuli procentis sixSire usasrulobas aRwevs 

investiciebis bolo mniSvnelobisaTvis. Tu Cven varTulebT weliwadSi �-jer, erTi 

wlis bolos gveqneba: 

� = ��1+
�

�
�
�

. 
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Cven viRebT uwyveT rTul procents, Tu aviRebT zRvars am gamosaxulebidan, 

rodesac  � miiswrafis ∞-sken. am mizniT Cven gvaqvs: 

lim
�→ �

� �1+
�

�
�
�

= ���. 

wina zRvari warmoadgens gamoTvlis standartul Sedegs. Cven vaxdenT am 

Sedegebis Sejamebas Teorema 7.1-Si.  

Teorema 7.1. davuSvaT, P� ZiriTadia, � aris wliuri saprocento ganakveTi da � 

wlebis mixedviT is droa, rodesac Tqveni fuli iyo investirebuli. Tu procenti 

rTuldeboda weliwadSi �-jer, maSin wlis bolos investiciebis Rirebuleba aris: 

� = ��1+
�

�
�
��

. 

Tu procenti uwyvetad rTuldeba, maSin �  wlis Semdeg investiciebis 

Rirebuleba aris: 

� = ����. 

magaliTi 7.5. davuSvaT wliuri saprocento ganakveTi aris 0,06 procenti 

uwyvetad rTuldeba da ZiriTadi 1000$-ia. ori wlis Semdeg:  

� = ���� = 1000$��,��×� = 1127,50$. 

 

7.1.2 wminda dayvanili Rirebuleba 

wminda dayvanili Rirebulebis cnebas warmogidgenT ramdenime magaliTiT. 

magaliTi 7.6. davuSvaT, rom jorjma gadawyvita Tavisi manqana pits miyidos 

3000$-ad. Tumca piti eubneba jorjs, rom mas cotaTi uWirs naRdi fulis mxriv da 

mas SeuZlia es fuli dReidan erTi wlis Semdeg misces. namdvilad sTavazobs pit 

jorjs 3000$-s. Tu jorji dRes miiRebda fuls, mas SeeZlo is bankSi Caedo 

nebismieri misTvis xelmisawvdom saprocento ganakveTiT da sabolood weliwadSi 

3000$-ze meti mieRo. davuSvaT saprocento ganakveTi Seadgens 0,06-s da 

yovelwliurad rTuldeba. Tu jorji dRes miiRebs 3000$-s da bankSi Cadebs, 

sabolood mas eqneba 

3000$(1+ 006)= 3180$. 

amitom pitma jorjs unda gadauxados erT weliwadSi 3180$. 

xSirad sasargebloa es sakiTxi ganvixiloT piriqiT. e.i. Cven ganvsazRvravT ra 

eRireba 3000$ erT weliwadSi. amas uwodeben fulis wminda dayvanil Rirebulebas 
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(���). amisaTvis gamravlebis magivrad Cven ubralod vyofT 1,06-ze. maSin Cven 

gveqneba: 

��� =
3000$

1+ 0,06
= 2830,19$. 

amitom piti sinamdvileSi jorjs sTavazobs 2830,19 dolars. 

magaliTi 7.7. rodesac jorji miuTiTebs pits, rom is TaRliTobs. piti eubneba 

`mismine, dRes me SemiZlia Camovide 1000$-s, magram Semdeg me SemiZlia mogce 

mxolod 1000$ erT weliwadSi, da sabolood 1000$ or weliwadSi~. realurad 

ramdens sTavazobs piti jorjs axla? dRes miRebuli 1000$ realurad Rirs 1000$. 

imisaTvis rom ganvsazRvroT erTi welSi miRebuli 1000$ -is mimdinare Rirebuleba, 

is isev unda gavyoT 1,06-ze.  rom ganvsazRvroT ori wlis Semdeg miRebuli 1000$-is 

mimdinare Rirebuleba, Cven unda ganvsazRvroT misi mimdinare Rirebuleba erTi 

wlis Semdeg da miRebuli Sedegi gavyoT 1,06-ze, rom gavigoT misi dayvanili 

Rirebuleba dRes. es ekvivalenturia 1000$-is (1,06)�-ze gayofis. amitom gvaqvs: 

��� = 1000$+
1000$

1+ 0,06
+

1000$

(1+ 0,06)�
= 2833,40$. 

magaliTi 7.8 sabolood, jorjma uTxra pits, rom mas SeuZlia gadaixados sami 

Tanabari nawiliT, rogor es pitma miuTiTa, magram mas surs, rom Tanxa dRes 

miRebuli 3000$-is eqvivalenturi iyos. gadaxdebis zoma, rom ganvsazRvroT Cven 

unda amovxsnaT Semdegi gantoleba: 

3000$= � +
�

1+ 0,06
+

�

(1+ 0,06)�
 

x-isTvis. pasuxia � = 1058,80$. 

zogadad, Tu Cven gvaqvs fuladi saxsrebis nakadi (��,��,��,… ,��) ise, rom dRes 

��, �� miRebulia drois erT periodSi, �� miRebulia drois or periodSi, . . ., �� 

miRebulia drois � periodSi, da saprocento ganakveTi TiToeul periodSi 

Seadgens r–s, maSin wminda diskonturi Rirebuleba (NPV) TiToeuli fuladi 

saxsrebis nakadisa moicema Semdegnairad: 

��� = �� +
��

(1+ �)
+

��
(1+ �)�

+ ⋯ +
��

(1+ �)�
. 
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7.1.3 aqciebi 

davuSvaT, Tqven daafuZneT mcire kompania, romelic awarmoebs iseT fexsacmels, 

romelic uzrunvelyofs elementis kvebiT masaJs, is Zalian kargad muSaobs da 

Tqven gesmiT, rom ufro meti kapitaliT Tqven SegiZliaT gaafarTovoT is ufro 

msxvil kompaniad. am kapitalis gazrdis mizniT Tqven SegiZliaT daiqiravoT 

sainvesticio-sabanko firma Tqveni kompaniis aqciebis sajarod gasayidad. rogorc 

ki amas gaakeTebT, Tqven firmas daerqmeva korporacia, xolo am aqciebis 

erTobliobas uwodeben fonds kompaniaSi. am aqciebis TiToeuli wili warmoadgens 

erT xmas kompaniis mimarT korporatiul mmarTvelobaSi. kerZo kompaniis mier 

aqciebis gamoSvebis process ewodeba pirveladi sajaro ganTavseba (Initial public 

offering -IPO). dokumetis, romelic axasiaTebs kompaniis perspeqtivebs, prospeqtusi 

mtkicdeba fasiani qaRaldebisa da safondo komisiis mier (SEC) da misi meSveobiT 

ganisazRvreba aqciebis gayidvis fasi.  

pirveladi sajaro ganTavsebis Semdeg SesaZlebelia aqciebis yidva-gayidva 

safondo birJaze, rogoricaa  niu-orkis safondo birJa (NYSE). safondo birJa 

iZleva SesaZleblobebs individebisaTvis ivaWron aqciebiT da mxolod birJis 

wevrebs aqvT saSualeba miiRon sabirJo garigebebSi monawileoba. birJaze umetesi 

adgilebis mflobelebi arian msxvili sabrokero firmebi. indvidualur 

investorebs SeuZliaT birJaze vaWroba brokerebis meSveobiT. amasTan man unda 

gadaixados sakomisio gadasaxadi savaWro momsaxurebisaTvis. dReisaTvis 

individualur investorebs SeuZliaT iolad ivaWron onlain sabrokereo firmebis 

meSveobiT, iseTiT rogorcaa ameritreidi (Ameritrade). termini aqtivi ufro zogadia, 

vidre termini aqcia. aqtivi esaa nebismieri instrumenti romlis gayidvac ioladaa 

SesaZlebeli. amasTan, aqciebi aqtivia, amasTan arsebobs sxva aqtivebi, rogoricaa 

obligaciebi, romelsac aq ar ganvixilavT. 

iseve rogorc yvela saqonlis SemTxvevaSi, aqciebis fasi izrdeba birJaze, 

rodesac gamyidvelebis raodenoba naklebia myidvelebis raodenobaze. dRevandeli 

dRis bolos maikrosoftma SesaZloa gayidos aqcia TiTo 28 $-ad, maSin roca is 

SeiZleba avides 30 $-mde xval dilisTvis da daiwios 29 $-mde saRamosTvis. aqciaze 

moTxovnis ganmsazRvreli mravali faqtori arsebobs, kompaniis mimdinare 

prospeqtis, makroekonomikuri cvladebis, rogoricaa inflacia da mwarmoebluroba,  

da SesaZloa Warbi investorebis gadawyvetilebebis CaTvliT. 
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Semosavali aqciebze 

mravali kompania Tavis aqcionerebs dividendebs uxdis. dividendebi _ es aris 

kompaniis wminda mogebidan wili, romlebic ganawilebulia kompaniis mier mis 

aqcionerebs Soris. dividendebi gaicema fiqsirebuli raodenobiT TToeul aqciaze 

gaTvliT. Dividendebi Cveulebriv gaicema yovelkvartalurad (oTxjer weliwadSi). 

rodesac vsazRvravT Semosavlis ganakveTs aqciebSi investiciebze, Cven unda 

gaviTvaliswinoT dividendis nebismieri gadaxda. aqciebisaTvis Semosavlis 

ganakveTs, im periodSi, rodesac aqcia mflobelobaSia, xSirad vuwodebT flobis 

periodis Semosavlianobis ganakveTs (HPR). 

magaliTi 7.9. vTqvaT kompania XYZ–is erTi aqcia dRes SeZenilia 10$-ad, 

gayidulia eqvsi Tvis Semdeg 12$-ad, da ar aris gadaxdili aranairi dividendi. 

maSin, flobis periodi aris eqvsi Tve da 

��� =
12$− 10$

10$
= 0.2 

magaliTi 7.10. vTqvaT gvaqvs igive situacia, rogoric wina magaliTSi iyo im 

gansxvavebiT, rom dividendi �� 1$-is odenobiT gadaxdilia TiToeul aqciaze 

flobis periodis bolos. maSin: 

��� =
1$+ 12$− 10$

10$
= 0.3 

zogadad, Tu �� erTi aqciis dRevandeli fasi, �� aris erTi aqciis fasi flobis 

periodis bolos, ��    aris dividendi erTeul aqciaze flobis periodis bolos da 

sxva dividendis gadaxda ar xdeba flobis periodis ganmavlobaSi, maSin: 

��� =
��������

��
                         (7.3) 

rodesac vyidulobT aqcias, Cven ar viciT ra iqneba Semosavlis ganakveTi. 

aqciebma SeiZleba aiwios da daiwios. amgvarad, arsebobs riski, romelic aqciis 

SeZenasTanaa dakavSirebuli. Tumca Cven ar viciT Semosavali, Cven SegviZlia 

SevecadoT SevafasoT is drois wina periodebis Semosavlis ganakveTze 

dayrdnobiT. Cveulebriv drois periodad viRebT erT wels. ganvixiloT Semdegi 

magaliTi. 

 magaliTi 7.11. XYZ aqciebs hqondaT cxrilSi naCvenebi wliuri Semosavlis 

ganakveTi: 
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maSin mosalodneli mniSvneloba �̅ da �-is standartuli gadaxra  �� moicema 

Semdegi gamosaxulebiT: 

�̅ =
(−0,05)+ (−0,08)+ (−0,12)+ (0,25)+ (0,20)

5
= 0,04. 

�� = �
(−0,05− 0,04)� + (−0,08− 0,04)� + (0,25− 0,04)� + (0,20− 0,04)�

5
= 0,153. 

wina magaliTSi gamoTvlili mosalodneli Semosavlis ganakveTi da 

standartuli gadaxra gveubneba ras unda movelodeT ���aqciebisagan momaval 

wels? ra aris aucilebeli. imisTvis rom investors mivceT warmodgena, Tu ras 

unda moelodes momaval 3 wlis, 5 wlis, 10 wlis ganmavlobaSi, saSualo wliuri 

Semosavali vadis ganmavlobaSi da Sesabamisi standartuli gadaxrebi, Cveulebriv 

gamoiTvleba kompaniisTvis da xelmisawvdomia sazogadoebisaTvis. amasTan, es 

sidideebi fardobiTia albaTobebis ganawilebis mimarT, romelic drois mocemul 

periodSi miiReba. isini arian Cveni subieqturi albaTobebis ganawilebasTan, 

romlebic miiReba imisgan, rasac momaval wels velodebiT arafardobiT. amitom 

isini mxolod raRac nawilia im informaciis, romelic gvexmareba CamovayaliboT 

Cveni albaTobebis ganawileba. aq bevri sxva faqtoria, romelic exeba kompaniis 

mimdinare perspeqtivebs da ekonomikur mdgomareobas, romelic aucilebelia 

momavali wlis gaazrebuli subieqturi  albaTobebis ganawilebis 

CamoyalibebisaTvis. amis Sesaxeb dawvrilebiT Semdeg TavebSi vimsjelebT. amJamad 

Cven gTavazobT, mxolod Semdeg magaliTs, romelic iZleva amis ganmartebas. 

davuSvaT, Tqveni megobari skolaSi da kolejSi pirveli ori wlis swavlis dros 

umetesad iRebda �. magram kolejSi swavlis mesame wlis dasawyisSi man ganacxada, 

rom gadawyvita seriozulad miudges Tavis momavals. amis Sedegi is iyo, rom man 

miaRwia saSualo �-s swavlebis mesame wels. Tqven ar daamyarebT Tqven molodinebs 

misi warmatebebis Sesaxeb kolejSi swavlebis meoTxe wels misi klasebis mixedviT, 

iqidan rodesac man swavla daiwyo saSualo skolaSi. ufro metic, Tqven aseve 

gaiTvaliswinebT mimdinare informacias masze, kerZod imas, rom gasul wels man 
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Tqva, rom gadawyvetili aqvs iswavlos da miiRos kargi Sefasebebi. zustad ase 

vafasebT kompaniis perspeqtivebs Semosavlis ganakveTze kompaniis ekonomikis 

Sesaxeb misi mimdinare informaciis gamoyenebT.  

mas Semdeg, rac miviReT Semosavlianobis ganakveTisTvis informirebuli 

subieqturi ganawileba, Cven SegviZlia miviRoT gadawyvetileba riskis 

upiratesobis Sesaxeb. Semdegi magaliTi axdens amis ilustrirebas.  

magaliTi 7.12. davuSvaT, vixilavT or aqcias ��� da  ���, da Cvens frTxil 

analizze dayrdnobiT gvjera, rom maT Semosavlianobas momaval wels gaaCnia 

Semdegi mosalodneli mniSvneloba �̅ da �� standartuli gadaxra: 

 

Semdeg davuSvaT, rom Semosavlianobis ganakveTi normaluradaa ganawilebuli. 

nax. 7.1-ze naCvenebia albaTobebis simkvrivis funqcia ori aqciisaTvis.  Tumca 

simkvrivis orive funqcias aqvs erTnairi 0,1-is toli mniSvneloba.  ���-sTvis 

Semosavlianobis ganakveTis simkvrivis funqcia ufro axlosaa 0,1-Tan, rac imas 

niSnavs, rom Cven ufro darwmunebulebi varT imaSi, rom Semosavlianobis ganakveTi 

iqneba 0,1-is toli. SegaxsenebT, rom normaluri simkvrivis funqciisaTvis masis 95%  

xvdeba saSualo mniSvnelobidan 1,96 standartul gadaxris farglebSi. amgvarad, 

���-sTvis Semosavlianobis ganakveTis Semdeg intervalSi moxvedris albaToba 0,95-

is tolia: 

(0,1− 1,96× 0,02, 0,1+ 1,96× 0,02)= (0,061,0,139), 

xolo ���-sTvis Semosavlianobis ganakveTis Semdeg intervalSi moxvedris 

albaToba 0,95-is tolia: 

(0,1− 1,96× 0,04,   0,1+ 1,96× 0,04)= (0,022,0,178). 

investorTa umetesobam airCia ��� imitom rom, rodesac Semosavlianobis 

ganakveTi erTi da igivea, isini irCeven naklebriskian investiciebs. Tumca, ��� 

arCevaSi araferia iracionaluri. riskis mimarT Tavis naklebamridebeli adamiani 

SeiZleba mzad iyos  naklebi Semosavali hqondes an folic ki dakargos didi 

Semosavlis miRebis Sansis gamo. 
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aqciebis mokle gayidva 

davuSvaT, Tqven elodebiT, rom ��� kompaniis aqciebi momavali wlis 

ganmavlobaSi gaiafdeba. Tqven fuls gaakeTebT, Tu es moxdeba aqciebis mokle 

gayidviT. aqciebis mokle gayidva gamoixateba brokerebisagan aqciebis sesxebiT da 

maTi dRes gayidviT. samomavlod investorma unda SeiZinos aqciebi bazarze da 

Secvalos nasesxebi aqciebi. Amas uwodeben mokle poziciis daxurvas. praqtikaSi 

sabrokero firma Cveulebriv sxva investorisagan sesxulobs aqciebs. mokle 

gamyidvelis angariSi unda iyos mokle gayidvebis Tanxis 50% sxva aqtivebSi mokle 

gayidvebis uzrunvelsayofad. am moTxovnad procents uwodeben moTxovnil marJas. 

garda amisa, mokle gamyidvels Cveulebriv ar SeuZlia gamoiyenos mokle 

gayidvebidan miRebuli fuli Semosavlebis generirebaze. 

MmagaliTi 7.13. davuSvaT, ���-is wili amJamad iyideba 100 dolarad, da Tqven 

gayideT 50 aqcia mokle gayidviT. Semdeg davuSvaT, rom moTxovnili marJa Seadgens 

50%-s. Semdeg Tqveni mokle gayidva Seadgens 100$× 50= 5000$, rac imas niSnavs, rom 

Tqven gqondeT 2500$ Tqvens angariSze sxva aqtivebSi. davuSvaT 2500$ saxazino 

veqsilebSi. mokle gayidvis Semdeg Tqveni angariSi iqneba Semdegi: 

 

 

nax 7.1. magaliT 7.12-Si ganxiluli Semosavlebis ganakveTisTvis simkvrivis funqcia. 

ufro gaSlili mrudi – es normaluri simkvrivis funqciaa �̅ = 0,1 da  �� = 0,04-iT, xolo 

SedarebiT wvrili - es normaluri simkvrivis funqciaa �̅ = 0,1 da�� = 0,02-iT. 
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miaqcieT yuradReba, rom Tqveni kapitali iseTivea, rogorc mokle gayidvamde 

iyo (asec unda iyos). anu, Tumca Tqven gaqvT damatebiT 5000$ naRdi fuli, Tqven 

aseve gaqvT 5000$-is toli damatebiTi pasuxismgebloba.  

davuSvaT, kompania ar ixdis dividendebs, da Tqven faravT Tqvens mokle 

pozicias erTi wlis Semdeg, rodesac aqcia 80 dolari Rirs. maSin Tqveni mogebaa 

100$× 50− 80$× 50= 1000$ 

da Tqveni flobis periodidan Semosavali moicema Semdegnairad: 

��� =
�� − ��
��

=
−4000$− (−5000$)

−5000$
= −0,2. 

SeiZleba ucnaurad mogeCvenoT, rom Tqveni Semosavelebis ganakveTi uaryofiTia, 

maSin, roca Tqven mogeba miiReT. magram Tqveni investiciebi uaryofiTi iyo, kerZod 

-5000$. Amgvarad 7.1. tolobis gamoyenebiT miviRebT 

������ = �� × ��� = (−5000$)(−0,2)= 1000$. 

Tumca mokle gayidvis ganTavsebisaTvis Cveulebriv moiTxoveba 50%-iani marJa, 

misi SenarCunebisaTvis naklebi raodenobaa saWiro, am procents uwodeben 

mxardamWer marJas.   

magaliTi 7.14. davuSvaT, Tqven magaliT 7.13-Si ganaTavseT mokle gayidva da 

mxardamWeri marJa Seadgens 35%-s.Semdeg davuSvaT, rom aqciebis fasi izrdeba 

aqciaze 150 dolaramde maSin Tqveni pasuxismgebloba xdeba: 

  50× 150$= 7500$. 

da Tqveni marJa axla aris: 

2500$

7500$
= 0,333. 

ramdenadac 33,3%<35%, Tqven iRebT damatebiTi uzrunvelyofis Setyobinebas, rac 

imas niSnavs, rom Tqven unda SeitanoT damatebiTi fuladi sasxrebis sakmarisi 

depoziti, raTa daiyvanoT Tqveni marJa 35%-mde. 

 

7.1.4 portfelebi 

arsebobs aTasobiT aqcia, rogorc aSS-Si, ise saerTaSoriso doneze, romlebic 

xelmisawvdomia. investorisaTvis portfeli – es aris investorebis mier 

ganxorcielebuli investiciebis jgufi. magaliTad, Tqveni portfeli SeiZleba 

Sedgebodes ���-is 100 aqciisa da  ���-s 200 aqciisagan. mokled, erTze meti aqciis 
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yidvis mizezs warmoadgens riskis Semcireba.  ���-s aqciebma SeiZleba aiwios 

maSinac ki, Tu ���-is aqciebi daiwevs. 

Tqveni portfelis fuladin Rirebulebis wils, romlis investirebac xdeba 

konkretul ��  aqciebSi ewodeba am aqciebis ��  wona am portfelSi. cxadia Tu 

portfelSi � aqciaa, maSin: 

���

�

���

= 1. 

magaliTi 7.15. davuSvaT, ���-is erTi aqcia 25$ Rirs, ������-is erTi aqcia 5$, 

xolo ������-is erTi aqcia 30$.  Semdeg davuSvaT, rom Tqveni portfeli Sedgeba 

���-is 200 aqciis, ������-is 400 aqcis da ������-is 100 aqciisagan. maSin Cven gvaqvs 

Semdegi: 

 

magaliTad, ���-is wona portfelSi miRebuli iyo Semdegnairad: 

���� =
5000$

10 000$
= 0,5. 

 

7.1.5 sabazro portfeli 

erTi konkretuli portfeli, romelic Cven gvainteresebs - aris sabazro 

portfeli. Sabazro portfeli Sedgeba yvela savaWro aqciisagan. Tu investors 

surs moaxdinos sabazro portfelis dublireba investoris sakuTar portfelSi, 

maSin am portfelSi TiToeuli aqciis procenti unda Seesabamebodes bazarze 

aqciis saerTo kapitalizacias. aqciis saerTo kapitalizacia warmoadgens yvela 

aqciis saerTo Rirebulebas. Semdegi magaliTi axdens am cnebis ilustrirebas. 

magaliTi 7.16. davuSvaT bazarze aris mxolod oTxi aqcia, ���, ���, ���Dda 

���, da maTi kapitalizacia bazarze aseTia: 
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Tu meris sabazro portfelis imitirebis survili eqneboda, meri moaxdenda 

Tavisi fulis 10%-is investirebas  ���-Si, 15%-is - ���-Si, 25%-is – ���-Si da 50%-

is – ���-Si.  

ubralo ilustrirebisaTvis Cven vivaraudeT, rom sabazro portfelSi mxolod 

oTxi aqciaa. sinamdvileSi arsebobs aTasobiT savaWro aqcia. amgvarad, praqtikaSi 

rTuli iqneboda, Tu SeuZlebeli ara, calkeuli investorisTvis sabazro 

portfelis imitereba. Tumca arsebobs Tanaziari fondebi da eleqtronuli savaWro 

fondebi (����), romlebic vaWroben aqciebiT da investorebs saSualebas aZleven 

CaerTon bazris msxvili segmentebis investirebaSi erTiani SeZenis ganxorcielebiT. 

amas SemdegSi ganvixilavT. 

  

7.1.6 sabazro indeqsebi 

safondo bazris indeqsi warmoadgens indicators, romelic Tvalyurs adevnebs 

aqciebis romeliRac qvesimravles. albaT yvelaze cnobil indeqss warmoadgens 

��� ����� ���������� �������, romelic dafuZnebulia `lurji Cipis~ mqone kompaniebis 

siaze. sia pirvelad Sedgenili iyo 1896 wels Carls dous da edvard Jonsis mier, 

amasTan masSi CarTuli iyo 20 kompania. magram 1928 wels is gafarTovda da 

moicavda 30 kompanias. 30 kompaniis aqciebis saerTo moculoba Seadgens ���� -is 

yvela aqciis Rirebulebis 25%-s da Jurnal ����  ������-is redaqtorebi  wyveten 

romeli kompaniebi Seitanon CamonaTvalSi da rodis ganaxorcielon cvlilebebi. 

1986 wlidan is ganaxlebuli iyo 20-ze ufro metjer da mxolod ������� �������� 

darCa 1986 wlis pirveladi siidan. siaSi myof kompaniebSi Sedian ��&� , ���, 

��������′� da ����  ������. saSualo Tavis Tavad efuZneba im portfels, romelsac 

flobs TiToeuli 30 kompaniis aqciebidan erTs. is ar emyareba kompaniis saerTo 

kapitalizacias. amas uwodeben Sewonili fasis indeqss.  

sxva kargad cnobil indeqss warmoadgens �&� 500, romelic aris aSS-is 500 

msxvili kompaniis saerTo aqciebis maCvenebeli, romelic SerCeulia bazris zomis, 
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likvidurobis da industriis mixedviT. SerCeuli jgufis warmomadgenlobis 

mizania aqciebis efeqturobis warmodgena aSS-Si. is xSirad gamoiyeneba sabazro 

portfelis saxiT. bazarSi vgulisxmobT aSS-s bazaars. TiToeuli kompania, 

romelic  am indeqsis RirebulebaSi Tavisi saerTo kapitalizaciis Sesabamisad. es 

igive meTodia, romelic gamoiyeneboda sabazro portfelis imitaciis saCveneblad 

magaliT 7.16-Si. am tipis indeqss uwodeben sabazro Rirebulebis Sewonil indeqss. 

indeqsi ���� �.�.����� − �������������� 1750 Sedgeba aSS-is mcire kompaniebisagan. 

albaT, aSS-is yvelaze warmomadgenlobiT indeqss warmoadgens ���� ℎ��� 5000 indeqsi, 

romelic moicavs ����-is da �������� ����� ���ℎ���� (����)-is yvela aqcias plus 

������-is mravali aqcia. 

arsebobs araerTi indeqsi, romelic ar miekuTvneba amerikuls, maT Sorisaa ��� 

(kanada), ������ (aiponia), ���� (didi britaneTi), da ���� ���� (hong kongi). 

�ℎ� ������ ������� ������� �������������� ������, ��������� ��� ��� ���� (���� ����) 

indeqsebi gankuTvnilia warmoadginos aSS-is da kanadis sazRvrebs gareT Seqmnili 

safondo bazrebis efeqturoba. 

arsebobs Tanaziari fondebi eleqtronuli savaWro fondebi (����), romlebic 

warmoadgenen am indeqsebidan bevrs. detalebis ganxilvis gareSe, es niSnavs, rom am 

fondebidan erTi wilis investireba xdeba yvela kompaniaSi, indeqsis CaTvliT. 

magaliTad, �������� yidis Tanaziar fondebs, romlebic warmoadgenen ���� ℎ��� 5000 

indeqss da indeqss ���� �.�.����� − ��������������. amgvarad Tu investors surs 

investireba sabazro portfelSi, romelic indeqsiTaa warmodgenili am investors 

SeuZlia ubralod SeiZinos Sesabamisi Tanaziari fondi an ���. Tu sabazro 

portfeliT Cven mxedvelobaSi gvaqvs aqciebi mTel msoflioSi, investors mouwevs 

investireba ganaxorcielos ramdenime indeqsSi sabazro portfelTan mWidrod 

dakavSirebuli portfelis misaRebad. 

 

 

savarjiSoebi 

paragrafi 7.1 

savarjiSo 7.1. davuSvaT, Tqven CadeT 2000$ da saprocento ganakveTi � = 0,05. 

1. rogoria Tqveni investiciis Rirebuleba erT weliwadSi? 

2. rogoria Tqveni investiciis Rirebuleba oTx TveSi? 



217 
 

savarjiSo 7.2. davuSvaT, Tqven CadeT 2000$, saprocento ganakveTi � = 0,05 da 

procenti rTuldeba yovelwliurad. 

1. rogoria Tqveni investiciis Rirebuleba 30 weliwadSi? 

2. ra iqneba Tqveni investiciis Rirebuleba 30 weliwadSi Tu procenti ar 

garTuldeba? 

savarjiSo 7.3. davuSvaT, Tqven CadeT 2000$, saprocento ganakveTi � = 0,05 da 

procenti rTuldeba yovelTviurad. ra iqneba Tqveni investiciis Rirebuleba 30 

weliwadSi? SeadareT miRebuli pasuxi wina savarjiSos pasuxs. 

savarjiSo 7.4. davuSvaT, Tqven CadeT 2000$, saprocento ganakveTi � = 0,05 da 

procenti rTuldeba yovelTviurad. ra iqneba Tqveni investiciis Rirebuleba 30 

weliwadSi? SeadareT miRebuli pasuxi wina or savarjiSoSi miRebul pasuxebs. 

savarjiSo 7.5. davuSvaT klaidisaTvis momdevno OoTxi wlis ganmavlobaSi 

xelmisawvdomi saprocento ganakveTi 0,05-is tolia. Semdeg davuSvaT, rom ralfs 

marTebs klaidis 9500$ da ralfi sTavazobs klaids gadauxados 2000 $ dRes da 

Semdeg momdevno TiToeuli oTxi wlis bolos. gamoTvaleT am fuladi nakadebis 

dayvanili Rirebuleba. sTavazobs ralfi klaids samarTlian garigebas? 

savarjiSo 7.6. davuSvaT klaidisaTvis momdevno OoTxi wlis ganmavlobaSi 

xelmisawvdomi saprocento ganakveTi 0,05-is tolia. ralfs marTebs klaidis 9500$ 

da ralfi sTavazobs klaids vali daubrunos xuT Tanabar partiad, erTi dRes da 

Semdeg momdevno TiToeuli oTxi wlis bolos. gamoTvaleT gadaxdebis 

samarTliani Tanxa. 

savarjiSo 7.7. davuSvaT ��� kompaniis erTi aqcia  dRes nayidi iyo 20 

dolarad, gayidulia oTxi Tvis Semdeg 25 dolarad da dividendebi ar gadaixdeba. 

gamoTvaleT flobis periodis Semosavlianoba. 

savarjiSo 7.8. davuSvaT, iseTive situacia, rogoric wina savarjiSoSi garda 

imisa, rom flobis periodis Semdeg aqciaze gadaixdeba dividendi 2$-is odenobiT. 

gamoTvaleT flobis periodis Semosavlianoba.  

savarjiSo 7.9. davuSvaT   ���-is aqciebs hqonda cxrilSi miTiTebuli wliuri 

Semosavlianobis ganakveTi: 
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gamoTvaleT �-is �̅  mosalodneli mniSvneloba da �� standartuli gadaxra. 

savarjiSo 7.10. davuSvaT  ���-is aqciebs hqonda cxrilSi miTiTebuli wliuri 

Semosavlianobis ganakveTi: 

 

gamoTvaleT �-is �̅  mosalodneli mniSvneloba da �� standartuli gadaxra. 

savarjiSo 7.11. Tu wina or magaliTSi Semosavlianobis ganakveTi daaxloebiT 

normaluradaa ganawilebuli, SeadgineT ���-s da ���-is saSemosavlo ganakveTebis 

albTobebis simkvrivis funqcia. SeadareT Sedegebi.  

savarjiSo 7.12. davuSvaT, rom ���-is aqcia amJamad iyideba 50 dolarad, da 

Tqven yidiT 200 aqcias mokle gayidviT. Semdeg davuSvaT, rom moTxovnili marJa 

Seadgens 50%-s. 

1. gamoTvaleT Semdegi: 

(a) Tqveni mokle gayidvebis raodenoba 

(b) fulis raodenoba, romelic unda gqondeT Tqvens angariSze sxva aqtivebSi. 

2. davuSvaT, kompania ar ixdis dividendebs, da Tqven faravT Tqvens mokle 

pozicias erTi Tvis Semdeg, rodesac erTi aqcia 40$ Rirs.  gamoTvaleT Semdegi: 

(a) Tqveni mogeba, 

(b) Tqveni flobis periodis Semosavlianoba. 
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Tavi 8 

realuri ofcionebis modelireba 

rodesac vdgavarT axali proeqtis ganxorcielebis winaSe, kompaniam unda 

miiRos gadawyvetileba, gaagrZelos Tu ara es proeqti. Amisi gadaWris 

standartuli gzaa mosalodnel Semosavalze dafuZnebuli analizis Catareba. 

cnobilia, rom aqcias aqvs Semosavlianobis k moTxovnili done, romelic ufro 

maRalia, vidre urisko ganakveTi misi riskis gamo, da aqciis mosalodneli wminda 

diskonturi Rirebuleba (namdvili Rirebuleba) gamoiTvleba k–s gamoyenebiT. 

analogiurad, riskiani investiciebi proeqtSi asocirdeba ganakveTTan, romelsac 

ewodeba riskianobis diskontirebis ganakveTi. igi gamoiyeneba proeqtis 

mosalodneli  wminda diskonturi RirebulebiT (NPEV). am mosalodneli wminda 

Semosavlis gansazRvrulobas ewodeba diskontirebuli fuladi nakadebis (DCF) 

analizi. Semdegi magaliTi axdens aseTi analizis ilustrirebas. 

magaliTi 8.1. davuSvaT, kompania ���������� ganixilavs axali 

maRalmwarmoebuluri sasmelis Seqmnis SesaZleblobas, romelic ar Seicavs 

kofeins. proeqtis Rirebuleba 20 milioni dolaria. ����������-Si gadawyvetilebis 

mimRebi pirebi ar arian darwmunebuli am produqtis moTxovnaSi. magram isini 

afaseben, rom produqti moaxdens fuladi nakadebis generirebas Semdegi sami 

wlisaTvis. Tu moTxovna dabali iqneba, isini moaxdenen 2 mln. dolaris foladi 

nakadis realizebas TiToeuli am wlebidan; Tu saSualo fuladi nakadi Seadgens 

10 mln. dolars TiToeul wels; da Tu is maRali iqneba, fuladi nakadi Seadgens 

15 mln. dolars. sabolood, isini afaseben, rom dabalis, saSualos da maRalis 

albaTobebi Sesabamisad 0,25, 0,50 da 0,25 Seadgens, da  riskianobis diskontirebis 

ganakveTi am proeqtisaTvis aris 0,12. es informacia mocemulia Semdeg cxrilSi: 

 

Semdeg am proeqtisaTvis Cven gvaqvs Semdegi mniSvnelobebi (yvela mniSvneloba 

miTiTebulia milionebSi): 

���� = −20$+ 0,25�
2$

1,12
+

2$

(1.12)�
+

2$

(1,12)�
� + 
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+0,5�
10$

1,12
+

10$

(1.12)�
+

10$

(1,12)�
� + 

+0,25�
15$

1,12
+

15$

(1.12)�
+

15$

(1,12)�
� = 2,22$. 

ramdenadac   ���� dadebiTia, martivi ��� analizi gveubneba, rom ����������-m 

unda ganaxorcielos investireba proeqtSi. 

martivi ��� analizi ar iTvaliswinebs TiToeul variants, romelic ����������-

s gaaCnia am proeqtis mimarT. anu isini iZulebulni arian an daiwyon es proeqti 

dRes an uari Tqvan masze. magaliTad, maT SeuZliaT gadadon dawyeba erTi an ori 

wliT, sanam isini Seamowmeben am produqtze bazris reaqcias. Tundac maT rom 

daiwyon is dRes, maT SeuZliaT uari Tqvan masze erTi-ori wlis Semdeg, Tu 

yvelaferi arc ise kargad iqneba. anu menejerebi gaagrZeleben proeqtis mimarT 

gadawyvetilebis miRebas misi dawyebis Semdegac. am uflebas _ daiwyon proeqti an 

gadaxedon strategias misi dawyebis Semdeg  _ uwodeben menejerul variants.  mas 

aseve uwodeben realur variants, rom ganvasxvavoT is finansur aqtivebze 

ofcionebisagan, iseTebis rogoricaa aqciebi. 

serkum da upalma [1995] SeimuSaves saTamaSo gadawyvetilebebis problema, 

romelic Seicavs realuri variantis bevr iseT Taviseburebas, romelic 

aRmoCenilia realur gadawyvetilebebSi, romlebic realur variants exeba. Cven 

SemdegSi warmovdgenT am problemas da vaCvenebT rogor SeiZleba misi 

gadawyvetilebis modelireba da gadawyveta gavlenis diagramis gamoyenebiT. 

landerma da Senoim [1999] pirvelebma SeimuSaves problemis gadasawyvetad gavlenis 

diagrama.  

 

8.1 realuri ofcionebis gadawyvetilebaTa problemebis gadawyveta 

Cerkum da upalma [1995] ganaviTares problema, romelic Seexeba aSS-is firmebs. 

dawyebidan yovel wels am firmas SeuZlia awarmoos erTi damatebiTi erTeuli 

romelime produqtis, SeuZlia moaxdins firmis likvidacia an gadados raimes 

gakeTeba momdevno wlisaTvis. Pproduqti iyideba did britaneTSi da arsebobs 

ganusazRvreloba dolarsa da funt sterlings Soris samomavlo gacvliT kursTan 

dakavSirebiT. Cven gaCvenebT am scenarTan dakavSirebuli magaliTebis mimdevrobas, 

romlebic TandaTan rTuldeba. pirvel magaliTs aqvs erTwliani droiTi 

intervali, meores  orwliani da mesame magaliTs _ samwliani droiTi intervali. 



221 
 

pirvel or magaliTSi, Cven Tavidan gadavwyvetT problemas gadawyvetilebaTa xis 

gamoyenebiT, kidev erTxel movaxdenT imis ilustrirebas, rom gadawyvetilebaTa xe 

da gavlenis diagrama erTi da imave problemebs wyveten. mesame magaliTSi Cven amas 

ar vakeTebT, imitom rom gadawyvetilebaTa xiT Zalian Zneli iqneba, xolo gavlenis 

diagramiT advilad gavumklavdebiT am amocanas. 

magaliTi 8.2. davuSvaT, rom aSS-is firmas aqvs erwliani sainvesticio 

SesaZlebloba, romlis mixedviT firmas SeuZlia airCios an awarmoos erTi 

erTeuli produqti drois � = 0 momentSi an ganaxorcielos likvidacia. produqti 

gaiyideba did britaneTSi. kerZod sainvesticio SesaZleblobebs aqvs Semdegi 

Tvisebebi: 

1. firmas SeuZlia awarmoos erTi erTeuli produqti. 

2. produqtis sawarmoeblad saWiroa erTi weli da Rirs 1,80 dolari wlis 

dasawyisSi  imisTvis, rom  moxdes misi warmoeba. 

3. produqti gaiyideba wlis bolos 1,00 funt sterlingad. 

4.imis magivrad, rom firmam awarmoos produqti, mas SeuZlia moaxdinos qarxnis 

likvidacia wminda likvidurobis RirebulebisaTvis, romelic 0,20$-is tolia. 

magram Tu iwarmoeba erTi erTeuli produqti, qarxanas ar aqvs likvidurobis 

Rirebuleba. 

5. mimdinare gacvliTi spot kursi Seadgens 2$ 1£⁄ . Aanu 2.00$ Rirs 1.00£. 

6. erTi wlis Semdg gacvliTi kursi Seicvleba � multifikatoruli faqtoriT. 

�-is SesZlo mniSvneloba aris � = 1,2 da � = 0,8. ufro metic 

�(� = �)= 0,631 

�(� = �)= 0,369. 

7. aSS-is urisko ganakveTi ��
�� da didi britaneTis urisko ganakveTi ��

�� orive 

0,05-is tolia. 

8. davuSvaT am sainvesticio SesaZleblobisaTvis riskianobis diskontirebis 

ganakveTi 0,105-is tolia. 

firmam unda miiRos gadawyvetileba ori alternativiT: `awarmoos~ da 

`moaxdinos likvidacia~. gadawyvetilebaTa xe am gadawyvetilebisaTvis Cndeba nax. 

8.1-ze. am gadawyvetilebaTa xis mniSvnelobebi warmoadgens wminda mimdinare  

mniSvnelobebs. SemdgomSi vaCvenebT rogor iyo es mniSvnelobebi gamoTvlili. 

Sedegis � = � mniSvneloba aris: 
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2$(1,2)

1,105
− 1,8$ = 0,372$, 

xolo Sedegis � = � mniSvneloba aris: 

2$(0,8)

1,105
− 1,8$ = 0,352$. 

 

nax. 8.1. magaliT 8.2-Si mocemuli gadawyvetilebis gadasawyveti gadawyvetilebaTa xe. 

 

aqedan gamomdinare 

�(�������)= �(�)= 0,631(0,372$)± ,369(−0,352$)= 0,105$ 

�(���������)= 0,20$. 

amgvarad  

�(�)= max (0,105$,0,20$)= 0,20$, 

da gadawyvetilebaa likvidacia. 

nax. 8.2 naCvenebia am problemis magaliTis gavlenis diagramiT gadawyveta. 

diagrama SemuSavebulia programuli pakertis ������-s gamoyenebiT. gadawyvetileba 

ori alternatividan mosalodneli mniSvneloba Cndeba � kvanZSi. es diagrama aseve 

gviCvenebs cxrils, romelic Sedgeba � mniSvnelobebisagan � da �-is kombinaciebis 

TiToeuli mniSvnelobisaTvis. diagramebis SemuSavebis paketebis, iseTis rogoric 

������–a, momxibvleloba  imaSi mdgomareobs, rom sargeblianobis kvanZebis 

mniSvnelobebis gamoTvla xeliT ar gviwevs. piriqiT, Cven SegviZlia CavweroT 

funqcia, romelic maT CvenTvis gamoTvlis. am SemTxvevaSi ������-s funqcia aseTia: 

�(�,�)= 

� == ���������? 

.20: 

2∗ �/1.05− 1.8. 
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Semdegi aris am funqciis fsevdokodi: 

��(� == ���������)���� 

�(�,�)= 20 

                      ���� 

                         �(�,�)= 2× �/1.105− 1.8. 

 

 

nax. 8.2 gadawyvetili gavlenis diagrama magaliT 8.2-Si mocemuli gadawyvetilebisaTvis. 
 
sargeblianobis mniSvnelobis xeliT gamoTvlis magivrad funqciis dawera 

drios arc Tu iseTi didi danazogia problemis am magaliTSi. magram, rogorc 

momdevno magaliTSi vnaxavT, es SeiZleba Zalian sasargeblo iyos problemis 

umetes SemTxvevaSi. 

miaqcieT yuradReba, wina magaliTSi Cveni gadawyvetileba rogor dazaralda 

gacvliTi kursis gaurkvevlobis gamo. Tu Cven gvecodineboda, rom kursi izrdeba 

(�(� = �)= 1), diskontirebis ganakveTi urisko ganakveTi iqneba. amgvarad. Cven 

miviRebdiT, rom � = � Sedegis mniSvneloba aris: 

2(1,2)

1,05
− 1,8= 0,486$, 

da 

�(�������)= �(�)= 1(0,486$)= 0,486$. 

amgvarad am SemTxvevaSi arCevani iqneboda warmoeba. 

Semdeg gadavxedavT gadawyvetilebas, romelic samomavlod unda ganvixiloT. 

magaliTi 8.3. axla davuSvaT aSS-is firma imyofeba imave situaciSi, rogoric 

iyo magaliT 8.2-Si, imis gamoklebiT, rom drois � = 1 momentSi firmas gaaCnia 

SesaZleloba awarmoos produqtis sxva erTeuli. kerZod, Cven vakeTebT Semdeg 

varaudebs: 
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 1. firmas SuZlia awarmoos produqtis erTi erTeuli am wels (� = 0) da erTi 

erTeuli momaval wels (� = 1). 

2. TiToeuli droiTi intervalisaTvis saWiroa erTi weli produqtis 

sawarmoeblad da is Rirs 1,80$ (aSS dolari) misi warmoebis dawyebis wlis 

dasawyisSi. 

3.TiToeuli periodis ganmavlobaSi produqti iyideba wlis bolos 1,00£ -ad 

(funt sterligi). 

4. � = 0  droisaTvis  firmam droebiT unda datovos bazari 0.10$ -is 

RirebulebiT. es niSnavs, rom igi ar awarmoebs produqcias � = 0 –Si. Tu firmas 

Semdeg moundeba saqonlis warmoeba � = 1 droisaTvis, maSin warmoeba mas daujdeba 

0.10$ bazarze xelaxla Sesasvlelad. 

5. � = 0-Si an � = 1 periodSi warmoebis nacvlad firmas SeuZlia qarxnis 

likvidacia wminda likviduri RirebulebiT, romelic 0.20$-is tolia. Tumca, Tu 

erTeulis warmoebulia � = 1 periodSi,  qarxanas aRar eqneba likvidaciis 

Rirebuleba � = 2 periodSi. 

6. mimdinare gacvliTi spot kursi Seadgens 2$ 1£⁄ . Aanu 2.00$ Rirs 1.00£. 

7. erTi wlis Semdg gacvliTi kursi Seicvleba � multifikatoruli faqtoriT. 

�-is SesZlo mniSvneloba aris � = 1,2 da � = 0,8. ufro metic: 

�(� = �)= 0,631 

�(� = �)= 0,369. 

8. aSS-is urisko ganakveTi ��
�� da didi britaneTis urisko ganakveTi ��

�� orive 

0,05-is tolia. 

9. riskianobis diskontirebis ganakveTi 0.105-is tolia.  

firmam unda miiRos �� gadawyvetileba sami alternativiT: `awarmoos~, 

`moaxdinos likvidacia~ da `gadados~. ukanaskneli alernativa warmoadgens 

gadawyvetilebas bazridan gamosvlis da droebiT warmoebis an likvidaciis 

gadadebis. Tu irCeven awarmoon an gadadon, maT unda airCion miiRon meore 

gadawyvetileba ori alternativiT: `awarmoon~ da `likvidacia moxdinon~. am 

gadawyvetilebisaTvis gadawyvetilebaTa xe Cndeba nax. 8.3-ze. Semdeg Cven vaCvenebT 

Tu rogor iqna gamoTvlili am gadawyvetilebaTa xidan zogierTi mniSvneloba. Tu 

Cven orjer virCevT ��� = �  da ��� = �, Sedegis mimdinare mniSvneloba tolia: 
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2$(1,2)

1,105
− 1,8$+

2$(1,2)�

(1,105)�
−

1,8$

1,105
= 1,102$. 

Tu Cven orjer virCevT ��� = �  da ��� = �, Sedegis mimdinare mniSvneloba 

tolia: 

2$(1,2)

1,105
− 1,8$+

2$(1,2)(0,8)

(1,105)�
−

1,8$

1,105
= 0,315$. 

Tu Cven gadavwyviteT gadavdoT (droebiT gamovideT), xolo Semdeg avirCioT, 

vawarmooT, ��� = �  da ��� = �, Sedegis mimdinare mniSvneloba tolia 

−10$+
10$

1,105
+
2(1,2)�

(1,105)�
−

1,8

1,105
= 0,539$. 

 

Tu Cvn gadavwyviteT gadavdoT, xolo Semdeg avirCioT movaxdinoT likvidacia, 

Sedegis mimdinare mniSvneloba tolia: 

−10$+
20$

1,105
= 0,081$. 
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Nnax. 8.3 gadawyvetilebaTa xe magaliT 8.3-Si mocemuli gadawyvetilebisaTvis. 
 
amas vtovebT savarjiSos saxiT sxva Sedegebis gamosaTvlelad. am 

mniSvnelobebis gansazRvris Semdeg, Cven gadavwyvetT gadawyvetilebaTa xes 

mosalodneli mniSvnelobebis SemTxveviT kvanZebze da kvanZebis gadawyvetisaTvis 

maqsimumebze gadacemis gziT. magaliTad, 

�(���)= 0,631(1,102$)+ 0.369(0,315$)= 0,812$. 

            �(�)= max (0,812$,0,553$)= 0,812$.  

sabolood, Cven vxedavT, rom alternatiuls `produqti~ gaaCnia yvelaze meti 

mosalodneli mniSvneloba (0,449$); ase rom, es aris Cveni gadawyvetileba. 

Nax. 8.4-ze naCvenebia am amocanis magaliTis gadawyvetili gavlenis diagrama 

cxriliT, romelic asaxavs sargeblianobis mniSvnelobas. ������-d funqcia, 

romelmac es cxrili gaakeTa, Semdegnairad gamoiyureba: 
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nax. 8.4. magaliTi 8.3-Si mocemuli gadawyvetilebisaTvis gadawyvetili gavlenis 

diagrama. 

 

miaqcieT yuradReba, ramdenad mcirea gavlenis diagrama gadawyvetilebaTa 

xesTan SedarebiT, da miaqcieT yuradReba, rom sargeblianobis mniSvnelobis  

misaRebad saWiro mtkicebulebebi SederebiT mcirea, vidre xeliT sWirdeba. 

Semdeg gadavxedavT gadawyvetilebas, romelic momavalSi unda ganvixiloT. 

magaliTi 8.4. davuSvaT, rom aSS-is firma imyofeba imave situaciSi, rogoric 

iyo magaliT 8.2-Si, imis gamoklebiT, rom drois �=1 da � = 2 momentSi firmas gaaCnia 

SesaZleloba awarmoos produqtis sxva erTeuli. kerZod, Cven vakeTebT Semdeg 

varaudebs: 

1. firmas SuZlia awarmoos produqtis erTi erTeuli am wels (� = 0), erTi 

erTeuli momaval wels (� = 1) da erTi erTeuli momaval wels (� = 2).  
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2. TiToeuli droiTi intervalisaTvis saWiroa erTi weli produqtis 

sawarmoeblad da is Rirs 1,80$ (aSS dolari) misi warmoebis dawyebis wlis 

dasawyisSi. 

3. TiToeuli periodis ganmavlobaSi produqti iyideba wlis bolos 1,00££-ad 

(funti sterligi). 

4. droebSi � = 0 da  � = 1 firmas SeeZleba droebiT gavides bazridan 0,10$-is 

fasad. Tu firma gava bazridan drois � = 0 momentSi, is eRireba 0,10$ meored 

Sesvlisas  � = 1 an � = 2 momentSi. magram araferi ar Rirs, Tu darCa  � = 1-Si. Tu 

firma Seva � = 1-Si, es eRireba 0,10$ � = 2 momentSi ganmeorebiT Sesvlisas. 

5. imis magivrad, rom awarmoos � = 0,  � = 1 an � = 2 momentSi, firmas SeuZlia 

moaxdinos qarxnis likvidacia wminda likvidaciis RirebulebisaTvis, romelic 

0,20$-is tolia. magram Tu erTeuli iwarmoeba � = 2 momentSi, qarxanas ar aqvs 

likvidurobis mniSvneloba � = 3 momentSi. 

6. mimdinare gacvliTi spot kursi Seadgens 2$ 1£⁄ . Aanu 2.00$ Rirs 1.00£. 

7. erTi wlis Semdeg gacvliTi kursi Seicvleba � multifikatoruli faqtoriT. 

�-is SesaZlo mniSvneloba aris � = 1,2 da � = 0,8. ufro metic 

�(� = �)= 0,631 

�(� = �)= 0,369. 

8. aSS-is urisko ganakveTi ��
�� da didi britaneTis urisko ganakveTi ��

�� orive 

0,05-is tolia. 

9. riskianobis diskontirebis ganakveTi 0.105-is tolia.  

firmam unda miiRos �� gadawyvetileba sami alternativiT: `awarmoos~, 

`moaxdinos likvidacia~ da `gadados~. Tu mas surs awarmoos an gadados, maT unda 

airCion meore gadawyvetileba sami alternativiT: `awarmoon~, `likvidacia 

moxdinon~ da `gadadon~. Tu meore gadawyvetilebaa _ unda awarmoos an gadados, 

man unda miiRos mesame gadawyvetileba ori alternativiT: `awarmoos~ da 

`likvidacia moaxdinos~. Cven ar vaCvenebT am problemis magaliTis gadawyvetas, 

radgan is Zalian didi iqneboda. Tumca Cven gaCvenebT gadawyvetilebaTaAxis erT 

gaangariSebas, Tu samive gadawyvetileba iwarmoeba da � yovelTvis iRebs �-s 

mniSvnelobas, Sedegis mimdinare mniSvneloba toli iqneba: 

2$(1,2)

1,105
− 1,8$+

2$(1,2)�

(1,105)�
−

1,8$

1,105
+
2$(1,2)�

(1,105)�
−

1,8$

(1,105)�
= 2,189$. 
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nax. 8.5 magaliTi 8.4-Si mocemuli gadawyvetilebisaTvis gadawyvetili gavlenis 
diagrama. 

  

am gadawyvetilebis gavlenis diagrama warmodgenilia nax. 8.5-ze. gadawyvetileba 

umaRles doneze unda warmoebdes, radgan am alternativas gaaCnia yvelaze maRali 

mosalodneli mniSvneloba (0,79457). miaqcieT yuradReba, rom gavlenis diagram arc 

ise didia. piriqiT is wina magaliTSi mocemul diagramasTan SedarebiT wrfivad 

gaizarda. Cven ar gaCvenebT sargeblianobis Semcvel cxrils, radgan is Zalian 

didia (� –s aqvs eqvsi wibo). magram ������, funqcia, romelic gamoiyeneba cxrilis 

Sesaqmnelad, arc ise rTuli dasaweria, ramdenadac mas aqvs wrfivi zrda am 

gadawyvetis TvalsazrisiT. is ase gamoiyureba: 
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8.2 gegmis Sedgena 

gavlenis diagrama menejers awvdis ara marto informacias alternativis 

umaRles doneze arCevis Sesaxeb, aramed aseve aZlevs gegmas. e.i. is informacia 

aZlevs menejers axali informaciis miRebis Semdeg momavalSi alternatiuli 

arCevanis Sesaxeb. es nCvenebia Semdeg magaliTebSi:  
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nax. 8.6. magaliTi 8.5-Si mocemuli gadawyvetilebisaTvis gadawyvetili gavlenis 
diagrama. 

 
magaliTi 8.5. davuSvaT, Cven ganvixileT magaliT 8.4-Si aRwerili situacia, Cven 

viRebT gadawyvetilebas vawarmooT � = 0 drois momentSi, xolo �0 mTavrdeba 

� mniSvnelobis miRebiT. rogori mniSvneloba unda miviRoT � = 1 drois momentSi? 

nax. 8.6-ze naCvenebia gavlenis diagrama, imis Semdeg, rac �0 iqmneba `awarmoeze~, 

xolo �0 iqmneba �-ze. alternatiuli gadawyvetileba, romelic axdenes  �1-is 

maqsimizacias axla aris `likvidacia~ 0,1710 mniSvnelobiT. amitom Cven 

gvatyobineben, rom unda SevamciroT Cveni danakargebi da gamovideT. miaqcieT 

yuradReba, rom es imis sawinaaRmdegoa, rasac akeTebs zogierTi gadawyvetilebis 

mimRebi. zogi fiqrobs, rom unda darCnen investiciebSi, rom hqondeT saSualeba 

daibrunon TavianTi danakargi. 

magaliTi 8.6 davuSvaT, Cven ganvixileT magaliT 8.4-Si aRwerili situacia, Cven 

viRebT gadawyevtilebas vawarmooT � = 0 drois momentSi, xolo �0 mTavrdeba 

� mniSvnelobis miRebiT. maSin � = 1  drois momentSi rekomendebuli gadawyvetileba 

iqneba xelaxla warmoeba. davuSvaT, Cven virCevT am alternativas, xolo �1 

mTavrdeba � mniSvnelobis miRebiT. rogori mniSvneloba unda miviRoT � = 2 drois 

momentSi? nax. 8.7-ze naCvenebia gavlenis diagrama imis Semdeg, rac orive �0 da �1 

Seqmnili iyo `awarmoesTvis~, �0 iqmneba �-ze da �1 – �-ze. alternatiuli 

gadawyvetileba, romelic axdenes  �3-is maqsimizacias, axla aris `likvidirdeba~ 

0,47923 mniSvnelobiT. amitom Cven gvatyobineben, rom unda gavideT Cveni mimdinare 

mogebiT. 
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8.3. mgrZnobelobis analizi 

riskianobis diskontirebis ganakveTi Zneli Sesafasebelia. Amitom Cven unda 

SevasruloT misi mniSvnelobis mimarT mgrZnobelobis analizi. magaliTis saxiT 

vtovebT imis Cvenebas, rom magaliT 8.4-Si gadawyvetileba iqneba warmoebis iqamde, 

sanam ganakveTi iqneba<0,267, romelic Cvens Sefasebaze orjer metia. 

imis albaToba, rom gacvliTi kursi aiwevs an daiwevs yovelwliurad aseve 

Zneli dasadgenia. savarjiSos saxiT vtovebT imis Cvenebas, rom gadawyetileba 

warmoebis iqamde iqneba, sanam  ganakveTi Seadgens >0,315, rac Seadgens Sefasebis 

naxevarze naklebs. 

 

 

 

savarjiSoebi 

paragrafi 8.1 

savarjiSo 8.1. davuSvaT, kompania ������ ganixilavT kontaqturi linzebis 

Seqmnis SesaZleblobas, romlis tarebac SeiZleba ori kviris ganmavlobaSi 

mouxsnelad. proeqtis Rirebuleba Seadgens 5 milion dolars. ������-Si 

gadawyevtilebis mimRebi pirebi ar arian am produqtis moTxovnadobaSi. magram, 

maTi SefasebiT, produqti moaxdens fuladi nakadebis generirebas momdevno oTxi 

wlis ganmavlobaSi. Tu moTxovna dabali iqneba, isini aweven fulad nakads 500 000 

dolaramde TiToeul am weliwadSi; Tu is iqneba saSualo, fuladi nakadi Seadgens 

weliwadSi 2 mln. dolars; Tu maRali iqneba, fuladi nakadi Seadgens 3 mln. 

dolars weliwadSi. Bbolos maT gamoTvales, rom dabali. saSualo da maRali 

moTxovnilebis albaTobebi Seadgens Sesabamisad 0,2, 0,6 da 0,2-s da am proeqtis 

riskianobis diskontirebis ganakveTi tolia 0,11-is. gansazRvreT am proeqtisaTvis 

����. am analizze dayrdnobiT mizanSewonilia Tu ara am proeqtis ganxorcieleba? 

savarjiSo 8.2. SecvaleT magaliTi 8.2 Semdegnairad: 

 produqtis Rirebulebaa 1,9$ (aSS dolari) 

 firmas SeuZlia qarxnis likvidacia wminda salikvidacio RirebulebisaTvis, 

romelic 0,25$-is tolia. 
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  erTi wlis Semdg gacvliTi kursi Seicvleba � multifikatoruli 

faqtoriT. �-is SesZlo mniSvneloba aris � = 1,1 da � = 0,9. ufro metic 

�(� = �)= 0,4 

�(� = �)= 0,6. 

 7. aSS-is urisko ganakveTi ��
�� da didi britaneTis urisko ganakveTi ��

�� 

orive 0,06-is tolia. 

 am sainvesticio SesaZleblobisaTvis riskianobis diskontirebis ganakveTi 

0,10-is tolia. 

1. warmoadgineT problema gadawyvetilebaTa xiT da gadawyviteT es 

gadawyvetileba. 

2.  ������-s gamoyenebiT warmoadgineT da gadwyviteT es problema gavlenis 

diagramis gamoyenebiT. 

savarjiSo 8.3. SecvaleT magaliTi 8.3 savarjiSo 8.2-Si mocemuli modifikaciiT 

1. warmoadgineT problema gadawyetitebaTa xiT da gadawyviteT es 

gadawyvetileba. 

2.  ������-s gamoyenebiT warmodgineT da gadwyviteT es problema gavlenis 

digramis gamoyenebiT.  

savarjiSo 8.4. SecvaleT magaliTi 8.4 savarjiSo 8.2-Si mocemuli modifikaciiT. 

������-s gamoyenebiT warmodgineT da gadwyviteT es problema gavlenis diagramis 

gamoyenebiT. 

paragrafi 8.2 

savarjiSo 8.5. davuSvaT, ganvixileT savarjiSo 8.4-Si aRwerili situacia, 

miviReT gadawyvetileba vawarmooT drois � = 0 momentSi, da �0 imiT mTavrdeba, 

rom iRebs �-s tol mniSvnelobas. rogoria rekomendebuli gadawyvetileba drois 

� = 1 momentSi? 

savarjiSo 8.6. davuSvaT ganvixileT savarjiSo 8.4-Si aRwerili situacia, 

miviReT gadawyvetileba, vawarmooT drois � = 0 momentSi, da �0 imiT mTavrdeba, 

rom iRebs �-s tol mniSvnelobas. 

1. rogoria rekomendebuli gadawyvetileba drois � = 1 momentSi? 

2. davuSvaT, drois � = 1 momentSi Cven virCevT vawarmooT, xolo �1 imiT 

mTavrdeba, rom iRebs �-s tol mniSvnelobas. rogoria rekomendebuli 

gadawyvetileba drois � = 2 momentSi? 
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paragrafi 8.3 

savarjiSo 8.7. aCveneT, rom magaliT 8.4-Si gadawyevetileba iwarmoeba iqamde, 

vidre riskianobis diskontirebis ganakveTi Seadgens <0,267. 

savarjiSo 8.8. aCveneT, rom magaliT 8.4-Si gadawyevetileba iwarmoeba iqamde, 

vidre gacvliTi kursi Seadgens >0,315. 

savarjiSo 8.9. CaatareT analizi mgrZnobelobaze riskianobis diskontirebis 

ganakveTis mimarT problemaSi, romelic aRwerilia savarjiSo 8.4-Si. 

savarjiSo 8.10. CaatareT analizi mgrZnobelobaze gacvliTi kursis mimarT 

problemaSi, romelic aRwerilia savarjiSo 8.4-Si. 
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Tavi 9 

gadawyvetilebis miReba venCurul kapitalze 

 damwyeb kompaniebs xSirad xeli ar miuwvdebaT sakmaris kapitalze, magram Tu 

isini SeZleben am kapitalis mopovebas, maT SeiZleba hqondeT vadaze adre 

ganviTarebis kargi potenciali. Tu kompania aseTi potencialis mqoned moiazreba, 

investorebs SeiZleba hqondeT imedi, miiRon saSualoze maRali Semosavali aseT 

kompaniebSi investirebis dros. damwyeb firmebze investorebis mier gacemul fuls 

uwodeben venCerul kapitals (��). mdidari investorebi, sainvesticio bankebi da 

sxva finansuri dawesebulebebi, rogorc wesi, afinanseben venCerul kapitals.  

venCeruli kapitalis erovnuli  asociaciis monacemebiT, 1990 wels investirebuli 

venCeruli kapitali Seadgenda 3,4 miliard dolars, romelic ganawilebuli iyo 

5458 kompanias Soris.  

venCerul kapitalSi investireba SeiZleba Zalian sarisko iyos. gamokvlevebma 

aCvena, rom mxardaWerili sawarmoebis 40% warumateblobas ganicdidnen. amitom 

gamarTlebulia axali firmis perspeqtivis frTxili analizi, vidre 

gadawyvetileba iqneba miRebuli firmis mxardasaWerad. verCeruli kapitalistebi - 

eseni arian eqspertebi, romlebic aanalizeben firmis perspeqtivebs. �������� �� ��. 

[2006] Caatara verCeruli kapitalis eqspertebis Rrma gamokiTxva da gamoiwvia am 

eqspertisagan mizezobrivi (baiesis) qseli. Semdeg maT daxvewes qseli da sabolood 

Seafases qselisaTvis pirobiTi albaTuri ganawileba venCuruli kapitalistis 

daxmarebiT. aseTi modelebi xSirad jobnian kapitalistebs, romelTa codnac 

gamoyenebuli iyo maT Sesaqmnelad. paragraf 9.1-Si warmovadgenT maT mizezobriv 

qselze damyarebul  gavlenis martiv diagramas, romelic axdens im 

gadawyvetilebis modelirebas, Rirs Tu ara mocemuli firmis investireba. es 

martivi gavlenis diagrama xelmisawvdomi Sesavalis uzrunvelsayofadaa 

gankuTvnili. paragraf 9.2-Si naCvenebia msgavsi gavlenis diagrama, romelic 

miRebulia mizez-Sedegobrivi qselidan. paragraf 9.2-Si naCvenebia gavlenis 

diagramis gamoyenebis Sedegi realuri gadawyvetilebis modelirebisaTvis.  
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nax. 9.1 martivi gavlenis diagrama, romelic modelirebas ukeTebs gadawyvertilebas 
Rirs Tu ara investireba startaf firmaSi. 

 

 

 

�.�    �� gadawyvetilebis miRebis martivi modeli 

nax.9.1-ze naCvenebia martivi gavlenis diagrama, romelSic ganxilulia imis 

Sesaxeb gadawyevtileba, Rirs Tu ara investireba startaf firmaSi. gavlenis 

diagrama SemuSavebuli iyo ������-s gamoyenebiT. ������-s mier momzadebuli Semdegi 

angariSi gviCvenebs sargebloanobebis pirobiT ganawilebas diagramaze: 
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nax.  9.2 rodesac Zireuli kvanZebi iqmneba maTi yvelaze xelsayreli mniSvnelobebiT, 
investiciis sargeblianoba izrdeba 93-ze metad. 

 

Cven vxedavT, rom mxolod sami cvladi axdens pirdapir gavlenas investiciebis 

sargeblianobaze. es cvladebia ������_����_��������_������, ��������_���� da 

��_����_���_������_���. am sami cvalidan pirveli exeba investiciebis albaTur 

dabrunebas, meore exeba risks, romelic Tan axlavs kompaniis unars dafaros 

krediti, maSin roca mesame exeba riskis gaTvaliswinebiT mosalodnel molodinebs 

imis Sesaxeb, Tu ramdenad swrafad daabrunebs firma kredits. sargeblianobebi ar 

aris mimdinare Semosavlianobebi. sargeblianoba SeiZleba ganxiluli iyos rogorc 

firmis potenciis zoma, amasTan 0 warmoadgens yvelaze dabals, xolo 1 – yvelaze 

maRals. 1 mniSvnelis mqone investiciebi SeiZleba ganxiluli iyos rogorc 

idealuri. Tu mniSvneloba ������_����_��������_������ maRalia, ��_����_���_������_��� 

dabalia da ��������_���� aris yalbi, maSin firmas gaaCnia maqsimalurad SesaZlo 

potenciali, rac ki SeuZlia warmoadginos modelma, da sargeblianoba eniWeba 95. 

amgvarad, maSinac ki roca cvladebs, romlebic UuSualod arian dakavSirebuli 
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kvanZis mniSvnelobasTan, aqvT yvelaze xelsayreli mniSvneloba, sargeblianoba 

mxolod 95 rCeba. Cven vadarebT investiciebis arCevans sargeblianobis 50-s. Tu 

investiciis sargeblianoba 50-ze naklebs Seadgens, maSin is ar CaiTvleba karg 

investiciad, da Cven avirCevdiT uari gveTqva investirebaze.  

 

 

nax. 9.3. rodesac Zireuli kvanZebi dakavSirebyulia yvelaze dabal xelsayrel 
mniSvnelobebTan, investiciis sargeblianoba Seadgens daaxloebiT 1,47-s. 

 

miaqcieT yuradReba, rom nax.9.1-ze investiciis sargeblianoba Seadgens mxolod 

11,3-s, rodesac araferia cnobili firmis Sesaxeb. es imaze miuTiTebs, rom firmis 

Sesaxeb informaciis ar qonisas firma ar ganixileba karg investiciad. nax. 9.2-ze 

naCvenebia Zireuli kvanZebiT gavlenis diagrama, romelic Seqmnilia maTi yvelaze 

xelsayreli mniSvnelobebisTvis. maSin Cven vxedavT, rom  investiciebis 

sargeblianoba 93-s aRemateba. nax. 9.3-ze naCvenebia Zireuli kvanZebiT gavlenis 

diagrama, romelic Seqmnilia maTi yvelaze dabali xelsayreli 

mniSvnelobebisTvis. maSin Cven vxedavT, rom  investiciebis sargeblianoba 

daaxloebiT 1,47-ia. 
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9.2   �� gadawyevtilebis miRebis detaluri modeli 

axlaxans ganxiluli modelis ararelisturi aspeqti imaSi mdgomareobs, rom 

Cveulebriv Cven ver SevZlebT SevafasoT aris Tu ara Sesworebuli riskis 

albaToba maRali Tu dabali. albaT, aris bevri sxva cvladi, romelic gavlenas 

axdens am cvladze, da Cven SegveZlo bevri maTaganis mniSvnelobis Sefaseba. nax. 

9.4-ze naCvenebia gavlenis diagrama, romelic emyareba srul mizezobriv models, 

romelic miRebulia eqspertuli venCeruli kapitalistisagan. am gavlenis 

diagramisaTvis albaTobebis pirobiTi ganawilebebi warmodgenilia am Tavis 

danarTSi. miaqcieT yuradReba, rom rodesac konkretuli firmis Sesaxeb araferi 

araa cnobili, firmis potencialis mosalodneli mniSvneloba isev mxolod 11,3 

rCeba. 
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nax. 9.4. venCeruli kapitalis dafinansebis gadawyvetilebis detaluri modeli. 
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nax. 9.5.  nax. 9.4-ze gamosaxuli gavlenis diagrama kvanZebiT, romelic Seqmnilia qimiur 
mrewvelobaSi firmisaTvis mniSvnelobaTa Sesafaseblad. 

 

 

9.3 realuri gadawyvetilebebis modelireba 

sistemis testirebisaTvis �������� �� ��. [2006]-ma venCerul kapitalists sTxova 

gaexsenebina warsulidan sainvesticio SesaZleblobis magaliTi, romelic man 

SearCia Dda romelic warmatebuli aRmoCnda. arCeuli iqna firma qimiur 

mrewvelobaSi. Semdeg venCerul kapitalists SesTavazes Seefasebina am firmasTan 
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dakavSirebuli, rac SeiZleba meti raodenobis cvladebis mniSvnelobebi, magram 

Sesafasebeli mniSvenelobebi venCeruli kapitalistis mier unda Sefasebuliyo 

gadawyvetilebis miRebis momentSi. nax. 9.5-ze gamosaxulia  nax. 9.4-ze gamosaxuli 

gavlenis diagrama kvanZebiT, romelic Seqmnilia am Sefasebuli 

mniSvnelobebisaTvis. miaqcieT yuradReba, rom investirebis gadawyevtilebis 

sargeblianoba Seadgens daaxloebiT 71,4-s, rac ramdenedme aRenateba sabaziso 50-is 

mniSvnelobas.  

Semdeg venCerul kapitalists SesTavazes gamoewvia sainvesticio 

gadawyvetileba, romelsac katastrofuli Sedegi hqonda da Seetana 

cvladebisaTvis Sefasebuli mniSvnelobebi im momentisaTvis roca gadawyvetileba 

iqna miRebuli. sainvesticio gadawyvetilebis sargeblianoba aRmoCnda 57,4, rac 

sabazoze jer kidev maRalia. magram rodesac Seyvanili iyo swori retrospeqtiuri 

informacia sabazro potencialis Sesaxeb, sargeblianoba aRmoCnda mxolod 25,4, 

rac Seesabameba katastroful Sedegs. amgvarad, farobiTad maRali sargeblianoba, 

rogorc Cans, aixsneba cvladebis mniSvnelobebis cudi SefasebiT.  

miaqcieT yyuradReba, rom cvladis ��ℎ��_��������_������ magaliTi ar iqmneba 

maRal an dabal doneze. piriqiT, imis albaToba rom mas gaaCnia mniSvneloba, 

icvleba 0,5-dan 0,758-mde. imis magivrad, rom SevqmnaT cvladi zusti mniSvnelobiT, 

������ saSualebas iZleva SemovitanoT cvladis axali albaToba � momxmareblis 

monacemTa safuZvelze. am SemTxvevaSi kapitalistma Seiyvana: 

�(��ℎ��_��������_������ = ���������|�)= 0,75. 

albaToba Semdeg gaxda 0,758 imitom rom cvladi Others_ Assmt _Market miTiTebuli 

iyo maRali, da am cvladebs gaaCniaT damokidebuleba Risk_Adj_Market_Pot cvladis 

meSveobiT. zustad aseve imis albaToba, rom Dynamic_Competitive _Issues xelsayreli 

iyo, gaxda 0,572, amitom kapitalisti Sevida:  

  � (Dynamic_Competitive_Issues = f avorablel|E)= 0,5. 

 

savarjiSoebi 

paragrafi 9.1 

savarjiSo 9.1 ������ –s gamoyenebiT SeimuSaveT nax. 9.1-ze naCvenebi gavlenis 

diagrama. gamoikvlieT sainvesticio gadawyvetileba SemTxveviTi kvanZebis 

sxvadasxva magaliTisaTvis. 
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savarjiSo 9.2   ������ –s gamoyenebiT SeimuSaveT nax. 9.5-ze naCvenebi gavlenis 

diagrama. 

1. SeiswavleT sainvesticio gadawyvetileba kvanZebis sxvadasxva magaliTisaTvis. 

2. Seecaded moipovoT informacia faqtobrivi firmis Sesaxeb, romelic 

cdilobda mieRo venCeruli kapitali. SeiyvaneT imdeni informacia, ramdenic iciT 

firmaze. SeadareT rekomendebuli gadawyevtileba imas rac iyo gakeTebuli firmis 

mimarT. Tu firmam miiRo dafinanseba SeadareT rekomendebuli gadawyvetileba 

Sedegs. 

 

 

danarTi 9.a 

  ������ –s mier momzadebuli Semdegi angariSi gviCvenebs albaTobebis pirobiT 

ganawilebebs da sargeblianobebs nax. 9.4-ze gamosaxul gavlenis diagramaze: 
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Tavi 10 

gakotrebis prognozireba 

imis prognozireba, firma gakotrdeba Tu ara, Zalian mniSvnelovania 

auditorebis, kreditorebis da firmis auqcionerebisaTvis. magram auditebic ki, 

romlebmac yvelaze kargad ician firmaSi arsebuli situacia, xSirad ver amCneven 

mosalodnel gakotrebas [�����,2003]. amgvarad, SemuSavda ramdenime modeli firmis 

Sesaxeb gakotrebis informaciis albTobebis prognozirebisaTvis. isini moicaven 

modelebs, romlebic efuZneba martiv erTganzomilebian analizs [������,1966], 

logistikur regresias [�ℎ����,1980], neironul qselebs [��� ��� �����,1992], 

genetikur programirebaze [����� ��� ��������,2002] da baiesis qselze 

[������ ��� ������,2001],[��� ��� �ℎ����,2006]. Cven gaCvenebT muSaobas 

[��� ��� �ℎ����,2006]-Si, ramdenadac is iZleva dawvrilebiT xelmZRvanelobas 

cvladebis arCevasa da uwveti cvladebis diskreditaziciaSi. 

Tavidan gaCvenebT qsels da Tu rogor iyo is SemuSavebuli. Semdeg ganvixilavT 

misi sizustis Sesamowmebel eqsperomentebs, bolos warmogidgenT SesaZleblo 

gaumjobesebul modelebs.  

 

nax 10.1 ubralo baiesis qseli. 

 

 

10.1 baiesuri qseli gakotrebis prognozirebisaTvis 

naCvenebi iyo, rom ubralo baiesis qselebi kargad asruleben gakotrebis 

prognozirebas [������ ��� ������,2001]. aq warmodgenili modeli eyrdnoba am 

Sedegebs da iyenebs ubralo baiesis qsels. amitom Tavidan ganvixilavT aseT 
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qselebs, xolo Semdeg SevimuSavebT gakotrebis prognozirebisaTvis ubralo 

baiesis qsels.  

 

10.1.1 ubralo baiesis qseli 

ubralo baiesis qseli  aris baiesis qseli erTi fesviT, yvela danarCeni kvanZi 

warmoadgenen fesvis Svilobil elementebs da sxva kvanZebs Soris ar aris wiboebi. 

nax. 10.1-ze naCvenebia ubralo baiesis qseli. iseve rogorc nebismieri baiesis 

qselis SemTxvevaSi, ubralo baiesis qselSi wiboebi SeiZleba warmoadgends an ar 

warmoadgens mizezobriv gavlenas. xSirad ubralo baiesis qselebi gamoiyeneba 

klasifikaciis problemis modelirebisaTvis. TiToeul problemaSi fesvis 

niSvnelobas warmoadgenen SesaZlo klasebi, romlebsac SeiZleba miekuTvnos arsi, 

xolo foTlebi – es aris klasebis niSnebi an predikatebi. Mmimdinare danarTSi 

aris ori klasi:  erTi, romelic Sedgeba im kompaniebisagan, romlebic kotrdebian, 

xolo meore im kompaniebisagan, romlebic amas ar akeTeben. maxasiTeblebi – es 

cvladebia, romelTa mniSvnelobebi xSirad unda iyods gansxvavebuli sxvadasxva 

klasis kompaniisaTvis. ramdenadac gakortrebas ar mivyavarT niSnebis gamoCenamde, 

romlebsac SeuZliaT gakotrebis provocireba, am danarTSi kideebi ar 

warmoadgenen mizezebs.   

 

 

 

 

10.1.2  gakotrebis prognozirebis qselis Seqmna 

Semdeg Cven gakotrebis prognozirebiT vqmniT ubralo baiesis qsels. Tavidan 

vsazRvravT Sesabamis cvladebs. Semdeg SeviswavliT qselis stuqturas. sabolood, 

Cven viRebT parametrebs qselisaTvis 
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cxrli 10.1. potencialuri prediqtoruli cvladebi gakotrebisaTvis. 

 

relevanturi cvladebis gansazRvreba 

sakuTari analiziT da wina gamokvlevebis mimoxilviT ��� ��� �ℎ���� [2006]-ma 

gansazRvres 20 cvladi cxril 10.1-Si, rogorc gakotrebis potencialuri 

prediqtorebi. 

saswavlo struqtura 

Semdeg gaCvenebT qselis struqtura rogor iyo miRebuli monacemebidan. pirvel 

rigSi ganvixilavT nimuSs, romlidanac iqna miRebuli monacemebi da Semdeg Cven 

warmogidgenT Seswavlis meTods am monacemebiT. winaswar gansazRvruli iyo, rom 
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baiesis qseli ubralo iqneboda. amgvarad, `saswavlo stuqturaSi~ Cven gvesmis Tu 

romeli cvladebi unda CavrToT qselSi.  

kvlevaSi gamoyenebuli tipuri firmebi iyo 1989-2002 wlebSi ZiriTad safondo 

birJebze sxvadasxva warmoebaSi sajaro savaWro firmebi. gakotrebuli kompaniebi 

gansazRvruli iyo Semdegnairad: pirvel rigSi firmebi ganlagebuli iyo 

��������� ���  ����� − �����-is gakotrebis Sesaxeb angariSis monacemTa bazis 

mixedviT. Semdeg gakotrebaze Setanili ganacxadebi ganisazRvreboda ����� −

����� ���������� ������,����� − ����� ����-is angariSebis  biblioTekaSi moZebnis 

gziT da firmebis  8− � formis mixedviT. firmebi, romlebsac ar hqondaT 

gakotrebaze ganacxadi Setanili gamoricxuli iyvnen. TiToeul gakotrebul 

firmaze gakotrebaze ganacxadis Setanamde miRebuli iyo bolo wliuri angariSi. 

Tu dro bolo wliuri angariSidan bolo gakotrebaze ganacxadis Setanidan da 

gakotrebaze registraciis TariRidan or weliwadze meti iyo, firma garicxuli 

iyo.9 am proceduram gamoiwvia 890 firmis gakotreba. 

im firmebis gamosavlenad, romlebic ar iyvnen gakotrebulebi, pirveli 500 

firma iyo SemTxveviTobis gziT arCeuli yvela aqtiuri firmidan, romlebic 

xelmisawvdomebi iyvnen ���������-Si drois TiToeul periodSi 1989 wlidan 2002 

wlamde CaTvliT. rodesac erTi wlis ganmavlobaSi arCeuli iyo gaukotrebeli 

firma, is gamoricxuli iyo Semdegi wlebis SerCevidan. am proceduris Sedegad 

miviReT 700 aqtiuri firma. maTgan 63 hqonda dakarguli monacemebi yvela 

idenficirebuli prediqtoris mixedviT, amitom isini gamoricxulni iyvnen. 

saboloo nimuSi Sedgeboda 6937 firmisagan, romlebic ar iyvnen gakotrebulni. 

amgvarad, nimuSis SerCevis saerTo zoma Seadgenda 890+6937=7827-s. 

swavlebis evristikuli meTodika. Cveni mizania warmoadgens SeviswavloT 

baiesis qseli, romelic Seicavs gakotrebisaTvis kvanZebs, TiToeuli Sesabamisi 

cvladisaTvis kvanZi cxril 10.1-Sia. Amis gasakeTeblad yvelaze swori gza iqneboda 

baiesis qselis Seswavla im nimuSidan, romelic axlaxans iyo aRwerili Tavi 4-is 

paragraf 4.6-Si aRwerili sruqturis Seswavlis erT-erTi paketis gamoyenebiT. Tu 

umetesoba firmisaTvis ar gagvaCnia 20-ve cvladiT monacemebi alternativis saxiT, 

Cven SegveZlo Segveswavla miznobrivi cvladebiT (gakotreba) markovis dafarva. 

amis  mizezi isaa, rom am nakrebSi cvladebi icaven miznobriv cvladebs sxva 

                         

9 ეს გაკეთდა იმისათვის, რომ გამოყენებული მონაცემები ყოფილიყო მიმდინარე. 
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cvladebis gavlenisagan. amitom, Tu Cven viciT maTi yvela mniSvneloba, sxva 

cvladebs ara aqvT kavSiri miznobrivi cvladebis pirobiT albaTobebTan. meores 

mxiv, Tu Cven xSirad vkargavT mniSvnelobebs markovis dafarvaSi, Cven aseve gvinda 

SeviswavloT qselis Semcveli sxva cvladebic. bevri Semswavlel  pakets 

(magaliTad ������) aseve SeuZliaT gansazRvron monacemebidan markovis dafarva.   

��� и �ℎ���� [2006]- ma gadawyvita ar gamoiyenos raime saswavlo paketi, praSak 

Senoim [kerZo mimowera] Tqva, rom maT es gadawyvetileba miiRes Semdegi mizezebis 

gamo: 

yvela saswavlo paketi gulisxmobs, rom Cven gvaqvs cvladebisaTvis SemTxveviTi 

SerCeva, romlebiTac Cven vcdilobT modelis Seswavlas. magram Cven ar gvqonda 

SemTxveviTi SerCeva. 

 is modelebi, romlebic am saswavlo paketebiT Seiswavleba, Cveulebriv 

moiTxoven Zalian didi zomis SerCevas. Cven ar gvqonda gakotrebuli firmebis 

Zalian didi arCevani.  

amis nacvlad maT SeimuSaves evristikuli meTodi raTa gaerkveuliyvnen 

markovis dafarvaSi gakotrebis cvladebSi cvladebis SerCevaSi. Semdeg isini 

gamoiyeneben am cvladebs ubralo baiesis qselSi Svilebis saxiT, romelSic 

gakotrebis cvladi iyo Zireuli. 

 

nax. 10.2 arsebobs wibo or cvlads Soris Tu isini korelirebulni arian. 

 

maTi meTodi Semdegnairad gamoiyureboda: maT hqondaT 20 predikatori cvladi 

da 1 miznobrivi cvladi, kerZod gakotrebis mdgomareoba, ris Sedegadac gakeTda 
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saerTo 21 cvladi, xolo nimuSi Sedgeboda 7827 Canawerisagan, romelSic mocemuli 

iyo am cvladebis mniSvnelobebi. am nimuSze dayrdnobiT maT gansazRvres     

korelaciis koeficienti 21 cvladidan TiToeulis sxva 21 cvlads Soris. Tu 

korelaciis koeficientis absoluturi mniSvneloba iyo >0,1-ze, isini adgendnen, 

rom ori cvladi korelirebuli iyvnen.10 am kriteriumis Tanaxmad mxolod 8 cvladi 

iyo dakavSirebuli gakotrebasTan. nax. 10.2-ze naCvenebia Sesabamisi cvladebi. or 

predikats Soris arsebobs kide Tu isini korelirebulni aRmoCndebian. 

SesaZlebelia, magaliTad ��� kolerirebs � -sTan mxolod �-is meSveobiT. anu Cven 

SeiZleboda gvqonoda: 

��(���,�|�). 

Tu es ase iqneboda, maSin ��� ar iqneboda aucilebeli markovis dafarvisTvis. 

es rom ganesazRvraT, gamoTvlili iyo pirobiTi korelaciis yvela koeficienti. am 

konkretuli cvladebisaTvis dadgenili iqna, rom: 

����(���,�|�)= −0,22. 

Tu Cven kvlav gamoviyenebT 0,1 CaWras korelaciis koeficientis absoluturi 

mniSvnelobisaTvis, es Sedegi migviTiTebs imaze, rom ��� ara damokidebuli � 

pirobiT �-ze, amitom ��� unda davtovoT qselSi. yvela Sesabamisi pirobiTi 

korelaciis koeficientis analogiurma Semowmebam gviCvena, rom arc erTi cvladi 

ar unda gamovricxoT qselidan. 

ubralo baiesis qselis Semajamebeli stuqtura gamosaxulia nax. 10.3-ze. 

miaqcieT yuradReba, rom ar Catarda araviTari Semowmeba imisaTvis, rom 

davrwmunebuliyaviT imaSi, rom pirobiTi damoukidebloba dakmayofilda qselis 

mier. magaliTad, qseli gulisxmobs: 

��(��,��|�). 

 

                         

10. ასევე გამოსცადეს 0,05, ,015 და 0,2. 0,1-ის ჩაჭრით გამოყენებისას გამოვლინდა მოდელი, რომელიც 

საუკეთესო პროგნოზირების შესაძლებლობას იძლეოდა, ხოლო ცვლადების რაოდენობა მინიმუმამდე 

შემცირდა. 
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nax.10.3 ubralo baiesis qselis struqtura gakotrebis prognozirebisaTvis. 

 

nax. 10.2-dan Cven viciT, rom �� da �� damokidebuli arian. iqneb isini 

damokidebuli rCebian �-s Sedegad. praSak Senoi [kerZo mimowera] ganixilavs am 

kritikas Semdegnairad: 

����� �����, romelsac Cven viyenebT gakotrebis modelisaTvis, aseTia: Cven 

gvesmis rom prediqtorebi ar warmoadgenen zust pirobiT damoukideblebs 

gakotrebis cvladebis gaTvaliswinebiT. arsebobs kompromisi modelis sirTulesa 

da parametrebis raodenobas Soris, romlebic aucilebelia monacemebidan 

Sefasdes. ����� ����� modelis upiratesoba mdgomareobs imaSi, rom parametrebis 

raodenoba minimumamdea dayvanili. Cven darwmunebulebi varT, rom ����� �����-is 

varaudi maqsimalurad dakmayofilda modelSi cvladebis qvesimravlis rac 

SeiZleba frTxili SerCeviT. procedura, romelic aRwers cvladebis SerCevas, 

motivirebuli iyo ����� �����-is pirobiTi damoukideblibis varaudis safuZvelze. 

parametrebis Seswavla 

umetesoba prediqtoruli cvladebisa uwyvetia, magram miznobrivi cvladi 

(gakotrebis) diskretuls warmoadgens. aseT SemTxvevaSi Cven SegviZlia 

prognozirebis ukeTesi Sedegebi miviRoT uwyveti cvladis diskreditaciis gziT 

(ix. Tavi 4-is paragraf 4.7.1-is magaliTi, romelic zurgis tvinis tramvas exeboda). 

es iyo mimdinare modelisaTvis SerCeuli gza. rodesac Cven vcdilobT gavakeToT 

prognozi, gakotrdeba Tu ara kompania, uCveulod dabali fuladi nakadi 

warmoadgens amis maCvenebels, maSin roca uCveulod maRali fuladi nakadi 

miuTiTebs, rom isini ar gakotrdebian [����� ��� ��������,2002]. saSualo 

mniSvnelobebi ar warmoadgenen indikatorebs ama Tu im formiT. gavixsenoT Tavi 3-

is paragraf 3.5.2-dan, rom aseT SemTxvevebSi Cven xSirad viRebT ukeTes Sedegebs, 
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Tu mniSvnelobebs davajgufebT TiToeul kudSi erTad, da amas akeTebs ������� −

����� meTodi. 

es meTodi cvlis uwyveti � SemTxveviTi sididis diapazons sami diskretuli 

mniSvnelobiT. mimdinare meTodSi am mniSvnelobebs warmoadgens dabali, saSualo 

da maRali. �-is albaTuri ganawilebis 18,5 procentils qvemoT �-is mniSvnelobebi 

icvleba dabali mniSvnelobiT, 18,5 da 81,5 procentilebs Soris  mniSvnelobebi 

icvleba saSualo mniSvnelobiT, da 81,5 procentialze meti mniSvnelobebi _ 

maRali mniSvnelobiT. amgvarad, 

 

�(���)= 0,185 

�(������)= 0,63 

�(ℎ��ℎ)= 0,815. 

paragraf 10.2.2-dan SegaxsenebT, rom ganxorcielebuli iyo SerCeva 7827 

Canaweridan, romelic Seicavda monacemebs 6937 gaukotrebeli firmis da 890 

gakotrebuli firmis Sesaxeb, nax. 10.4 (b). imisaTvis, rom gamoviyenoT pirson-tukis 

meTodi TiToeuli X uwyveti cvladisaTvis nax. 10.3-dan, gansazRvruli iyo �� da  �� 

wertili, ise rom X-is 18,5% mniSvneloba moxvdes ��-is qvemoT da 81,5%-is 

mniSvneloba ��-is qvemoT. Semdeg TiToeuli firmisTvis (CanawerisTvis) SerCevisas 

am firmisaTvis �-s mieniWa Semdegi diskretuli mniSvnelobebi: 

���  Tu �-s mniSvneloba firmisTvis < ��; 

������ Tu �-s mniSvneloba firmisTvis mdebareobs [��,��]-Si; 

ℎ��ℎ Tu �-s mniSvneloba firmisTvis > ��. 

es procedura gamoiyeneba nimuSSi TiToeuli firmisaTvis CH, LM, M, R, CHN da 

IFR mniSvnelobebis gansazRvrisaTvis. AU da IT cvladebi ukve iyo 0-is da 1-is toli 

orobiTi cvladebi. cvladi B ukve iyo `kis~ da `aras~ toli orobiTi cvladi. 

Semdeg, nax. 10.3-ze gamosaxuli baiesis qselisatvis pirobiTi albaTobebis 

mniSvnelobebi Seswavlili iyo  nimuSebidan. Gakotrebis nimuSi proporciit 

aRemateboda mosaxleobis proporciulobas [McKee and Greenstein, 2000]. amitom 

gakotrebis wina albaTobisaTvis raime proporciis gamoyenebis nacvlad 

gamoiyeneboda 0,5. amgvarad, Tu gakotrebis maCveneblis monacemTa albaToba metia, 

vidre gakotrebis ar warmodgenis maCveneblis (e.i albaTobaTa fardoba >1), 
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gakotrebis wina albaToba meti iqneba 0,5-ze, da winaaRmdeg SemTxvevaSi is naklebi 

iqneba 0,5-ze. 

Netica-s mier momzadebuli Semdegi angariSi gviCvenebs qselSi albaTobebis 

ganawilebas: 

 

baiesis qseli, romelic gamosaxeba Netica-s gamoyenebiT Cndeba nax. 10.4(a)-ze. nax. 

10.4 (b)-ze yvela prediqtoruli cvladiASeqmnilia maTi im mniSvnelobis mixedviT, 

romelic ufro miuTiTebs gakotrebas. nax 10.4(g) yvela prediqtoruli 

cvladiASeqmnilia maTi im mniSvnelobis mixedviT, romelic ufro naklebad 

miuTiTebs gakotrebas. Cven vxedavT, rom qselis Tanaxmad, Cven SegviZlia Zalian 

viyoT darwmunebuli gakotrebaSi an mtkicebulebaze dafuZnebul gakotrebaSi. 
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nax. 10.4 gakotrebis baiesis qseli warmodgenilia (a)-ze. (b)-ze yvela prediqtoruli 
cvladi Seqmnilia maTi mniSvnelobis mixedviT, romelic ufro miuTiTebs gakotrebas. (g)-
ze yvela prediqtoruli cvladiASeqmnilia maTi im mniSvnelobis mixedviT, romelic ufro 
naklebad miuTiTebs gakotrebas. 

 

 

10.2 eqsperimentebi 

Semdeg Cven aRvwerT eqsperimentebs, romlebic amowmeben baiesis qselis mier 

gakotrebis prognozirebis sizustes. 

 

10.2.1 meTodi 

sistemis Sesamowmeblad gamoiyeneba 10-jeradi analizi. Tavdapirvelad mTeli 

nimuSi SemTxveviTobis principiT daiyo 10 erTnair qvesimravled. Semdeg cxra 

qvesimravle SemTxveviT iqna arCeuli swavlebisaTvis nakrebis saxiT, xolo 
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darCenili qvesimravle iyo testi kompleqti. qselisaTvis standartuli 

albaTobebi amoRebuli iyo saswavlo nakrebidan. Semdeg Semajamebeli qseli 

gamoyenebuli iyo satesto nakrebSi yvela firmis gakotrebis albaTobebis 

gansazRvrisaTvis. Tu gakotrebis wina albaToba iyo >0,5-ze, prognozi iyo, rom 

firma gakotrdeba; winaaRmdeg SemTxvevaSi prognozi iyo, rom firma ar gakotrdeba. 

es procesi meordeboda 10-jer. wina paragrafebSi naCvenebi pirobiTi albaTobebi, 

miRebuli iyo 10 gamokvlevidan 1-Si; magram isini,  romlebic miRebuli iyo sxva 9 

gamokvlevaSi, daaxloebiT erTnairi iyo. 

igive analizi, Catarebuli ubralo baiesis qselis gamoyenebiT, romelic 

moicavda yvela 20 cvlad-prediqtors. 

 

cxrili 10.2. prognozirebis warmateba 9 kvanZisaTvis da 21 ubralo baiesis qselis 
kvanZisaTvis. 

 

 

 

10.2.2 Sedegebi 

Tavdapirvelad gaCvenebT zemoT aRwerili eqsperimentis Sedegebs. Semdeg mas 

SevadarebT im Sedegebs, romlebic miRebulia qselebis sxva versiebiT 

logistikuri regresiis gamoyenebiT. 

ZiriTadi eqsperimentis Sedegebi 

cxril 10.2-Si mocemulia 10 gamokvlevis  Sedegi da yvela gamokvlevisaTvis 

saSualo mniSvneloba. magaliTad, rodesac Cven vambobT, rom «% ����.�������» 



261 
 

Seadgens 81,12-s, mxedvelobaSi gvaqvs, rom 81,12% gasakotrebeli firma gakotrda. 

Cven vxedavT, rom Sedegebi sakmaod kargia da 21-kvanZian qselsac gaaCnia igive 

prognozirebis sizuste, rogoric 9 kvanZs. 

sxva diapazonis cvladebis gamoyenebiT Sedareba 

medelma gamoiyena pirson-tukis meTodi uwyveti cvladis 

diskreditizaciisaTvis, romelic cvladisTvis iZleva mxolod sam mdgomareobas. 

didi raodenobis mdgomareobebis gamoyenebisas SeiZleba ukeTesi Sedegebi 

yofiliyo miRebuli. moxda asve am hipotezis testireba. Tu � mdgomareobaTa 

ricxvia, xolo gakotrebul firmebs aqvT mniSvnelobebi ganawilebis marcxena 

ukidures kudSi (rasac adgili aqvs �,�,��,� da ���-sTvis), maSin procentilis 

saxiT gamoiyeneboda Semdegi wertilebi, romlebic gansazRvraven sazRvars: 

1

� + 1
,

2

� + 1
,

3

� + 1
,… ,

� − 1

� + 1
. 

magaliTad, Tu � = 4, wertilebi iqneboda: 

1

5
,
2

5
,
3

5
. 

���-is SemTxvevaSi gakotrebul firmebs, rogorc wesi, mniSvneloba aqvT 

ukidures marjvena kudSi. amitom am cvladebisaTvis gamoiyeneba Semdegi wertilebi: 

2

� + 1
,

3

� + 1
,

4

� + 1
,… ,

�

� + 1
. 

 

cxrili 10.3. mdgomareobebis raodenobis gavlena prognozirebis sizusteze. 
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saSualo Sedegebi mocemulia cxrilSi 10.3. im Sedegebma romlebmac ver gaiares 

�-testi, gviCvena, rom ar arsebobs mniSvnelovani sxvaoba sizustis mxriv or 

mdgomareobiansa da sam mdgomareobiansaTvis. garda amisa, sizuste misaRebia aseve 

pirson-tukis meTodis gamoyenebisas. magram rodesac mdgomareobaTa ricxvi oTxis 

tolia, gakotrebis swori prognozirebisaTvis Sedegebi statistikurad 

umniSvneloa or da sam mdgomareobasTan SedarebiT, magram Sedegebi swori 

argakotrebis prognozisTvis cudia (� < .001). amis Semdeg mdgomareobebis 

gazrdasTan erTad isini Tandatan uaresdeba. am Sedegebis erT-erTi interpretacia 

imaSi mdgomareobs, rom gakotrebul firmebs SeiZleba hqondeT eqstremaluri 

mniSvneloba TiToeuli distributivis kudSi, xolo argakotrebul firmas sxva 

kudSi. amgvarad, ori mdgomareoba sakmarisi iqneba, rom davafiqsiroT gansxvaveba, 

xolo Zalian bevr mdgomarobas mivyavarT zedmet regulirebamde. 

SeiZleba ukeTesi Sesruleba migveRo, Tu ar movaxdendiT cvladebis 

diskretizebas saerTod. es aseve Semowmebuli iyo cvladebis normaluri 

ganawilebis saxiT warmodgeniT. saSualo Sedegebi warmodgenilia cxril 10.3-is 

bolo striqonSi. �-test gauvlelma Sedegebma gviCvena, rom sizuste, rodesac Cven 

gakotrebis prognozirebisaTvis viyenebT uwyvet cvladebs, statistikurad 

umniSvneloa im sizustesTan SedarebiT, rodesac Cven viyenebT pirson-tukis 

meTods; magram aragakotrebis prognozirebis sizuste gacilebiT cudia (� < 0,001). 

 

nax. 10.5. gakotrebis prognozirebisaTvis kaskaduri ubralo baiesis qselis stuqtura 
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kaskadur ubralo baiesis qselTan Sedareba 

bevr firmas ar gaaCnia monacemebi erT an ramdenime Svilobili kvanZis mixedviT 

monacemebi nax. 10.4 (a)-ze. kerZod, 167 8 firmas aqvs arasruli mniSvneloba �� –

sTvis, 2419 firmas arasruli mniSvneloba – �-ze, 1537 firmas - arasruli 

mniSvneloba ��-ze, 2331 firmas - arasruli mniSvneloba �-ze, 964 firmas  - 

arasruli mniSvneloba ���-ze, 5345 firmas - arasruli mniSvneloba  ��-ze, 1086 

firmas  - arasruli mniSvneloba ��-sTvis, xolo 1679 firmas - arasruli 

mniSvneloba ���-sTvis. imis magivrad, rom SeviyvaniT informacia kvanZisaTvis, Cven 

SegveZlo ukeTesi Sedegebi migveRo Tu SeviyvandiT am kvnZebis mniSvnelobebis 

Sesabamis informacias. magaliTad, Tu ��-is mniSvneloba albaTuradaa 

damokidebuli ��-is mniSvnelobaze, xolo ��-is mniSvneloba ar arsebobs 

mocemuli firmisaTvis, magram ��-is mniSvneloba ar aris, maSin ��-is mniSvneloba 

gvetyvis GraRacas ��-is albaTur mniSvnelobaze, ramac Tavis mxriv, raRac unda 

gviTxras �-s albaTur mniSvnelobaze. 

Prediqtorebis prediktorebis CarTvisaTvis SemuSavebuli iyo kaskaduri 

ubralo baiesis qseli. aseT qselSi TiToeuli Svilobili kvanZi (ubralo baiesis 

umaRlesi done) warmoadgens meore donis ubralo baiesis qselis fesvs. kvanZebi 

meore donis am qselSi warmoadgenen am SvilisTvis prediqtorebs. TiToeuli 

SvilisaTvis qselSi nax. 10. 4(a)-ze Sesabamisi predikatebi Seswavlili iyo imave 

meTodis gamoyenebiT, romelic gamoyenebuli iyo gakotrebisaTvis Sesabamisi 

predikatorebis Sesaswavlad. Sedegad miviReT kaskaduri qseli nax. 10.5-ze.  

kaskadurma ubralo qselma samarTlianad gvaCvena arasabanko kompaniebis 81,12% 

gakotreba da 80,0% argakotreba. SegaxsenebT, rom analogiuri Sedegebi ubralo 

qselisTvis Seadgenda 81,12%-s da 81,85%-s. �-testis SeuzRudavma Sedegebma gvaCvena, 

rom gakotrebis prognozirebis sizusteSi gansxvaveba didi araa; Tumca kaskaduri 

qseli gacilebiT uaresia (� <  0,05) argakotrebis prognozirebisas. 

es Sedegebi mxars uWers SedarebiT ekonomiuri modelebis gamoyenebas nax. 10.4 

(a)-ze. magram, Tu kidev ufro meti monacemi ar gaaCnia mocemul firmas, SesaZloa, 

rom kaskadurma modelma ukeT imuSaos.   

logistikur regresiasTan Sedareba 

SegasxenebT Tavi 2-is paragraf 2.5.3-dan, rom wrfivi regresia xSirad gamoiyeneba 

uwyveti miznobrivi cvladebis prognozirebisaTvis. analogiuri standartul 
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statistikuri meTodika, romelsac logistikuri regresia ewodeba, gamoiyeneba, 

rodesac miznobrivi cvladebi disretuls warmoadgenen. ramdenedac logistikuri 

regresia farTod gamoiyeneba gakotrebis prognozirebis instrumentad, nax. 10.4 (a)-

ze gamosaxuli ubralo baiesis qselis modelis mwarmoebloba Sedarda amgvar 

logistikur regresias. logiსtikuri regresiis gamoyeneba ar SeiZleba roca ar 

gvaqvs monacemebi, Tu ar viyenebT ar arsebuli monacemebis mniSvnelobebis 

gansazRvrisaTvis meTodebs. amitom Sedareba Semoifargleboda rvave predikatorze 

sruli informaciis mqone firmebiT. Maman Seamcira SerCeva 1435-mde ara 

gakotrebulis da 414 gakotrebuli firmis.  

logistikuri regresiiT Seswavlili iyo Semdegi logistika: 

ln�
�

1− �
� = −4,755+ 0,933�� + 1,098�� − 3.165�� − 0,056�� − 

−2,222� − 0,391��� + 0,356�� − 0,156�. 

nax. 10.4 (a)-ze gamosaxul ubralo baiesis qsels hqonda saSualo prodiqtoruli 

sizuste 80,434% gakotrebisaTvis da 80,00% aragakotrebisaTvis, xolo logistikur 

regresias hqonda saSualo prognozirebadi sizuste 79,48% gakotrebisaTvis da 

82,02% ara gakotrebisaTvis. es Sedegebi statistikurad umniSvnelo aRmoCnda. 

SegaxsenebT, rom baiesis qselur models hqonda erTnairi prognozirebadi 

sizuste, rodesac vrTavdiT arasruli monacemebis mqone firmebs. SesaZloa, es 

aris yvelaze didi argumenti aseTi modelebis gamoyenebis sasargeblod. kerZod, 

isini advilad umklavdebian ararsebul monacemebs da sul cota am gamokvlevaSi 

maT  es gaakeTes mwarmoeblobis gauaresebis gareSe.   

 

10.2.3 diskusia 

ekonomiuri ubralo baiesis qseluri modeli nax. 10.4(a)-ze sruldeba iseve 

kargad, vidre yvela sxva ganxiluli modeli. marTlac ufro Zlieri modeli, 

romelmac moaxdina uwyveti cvladebis diskreditacia mxolod or mdgomareobaSi, 

iseTive iyo rogoric nax. 10.4 (a)-zea gamosaxuli.  rCeba kiTxva, SegviZlia ki 

gavaumjobesoT muSaoba sxva ufro rTuli modelebiT. SegaxsenebT pargrafi 10.1.2-

dan, rom praSak Senoim Tqva: `Cven gvesmis rom prediqtorebi ar warmoadgenen 

zustad pirobiT damoukideblebs, gakotrebis cvladis gaTvaliswinebiT. arsebobs 

kompromisi rTul modelebsa da parametrebis raodenobas Soris, romlebic 

aucileblad unda Sefasdes monacemebis mixedviT. ����� ����� modelis upiratesoba 
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imaSi mdgomareobs, rom parametrebis raodenoba dayvenilia minimumamde~. SeiZleba 

Cven migveRo ufro maRali mwarmoebloba, Tu Cven movaxdendiT prediqtorebs Soris 

damokidebulebis modelirebas. garda amisa, Cven SevZlebdiT sruliad uari gvaTqva 

ubralo baiesuri qselis midgomaze da gvecada Segveswavla zogadi baiesis qseli 

yvela 21 cvladis monacemebis mixedviT. sxva SesaZlo gaumjobeseba, romelsac 

SeeZlo ar gaerTulebina qseli, iqneboda mosaxleobis wilis gamoyeneba 

gakotrebebSi, rogorc gakotrebis winmswrebi albaToba. ramdenadac es baiesis 

qselia, albaTobebi warmoadgenen Cvens mosazrebebs da, rogorc aseTi, araa 

aucilebeli rom isini erTi wyarodan momdinareobdnen. 

  

 

savarjiSoebi 

paragrafi 10.1 

savarjiSo 10.1. arian ubralo baiesis qselSi Svilebi ermaneTisagan 

damoukideblebi? aris Tu ara Svilebis ermaneTisagan damoukidebloba fesvze 

damokidebulebidan gamomdinare? 

savarjiSo 10.2. ������-s gamoyenebiT SeqmeniT baiesis qseli nax. 10,4(a)ze.   

1. SeqmeniT �� dabali donisTvis. Seicvala Tu ara albaTobebis ganawileba 

sxva kvanZebisaTvis? 

2. SeqmeniT � `ki~-sTvis. axla SeqmeniT �� dabali donisTvis,  Seicvala Tu ara 

albaTobebis ganawileba sxva kvanZebisaTvis ufro? 

3. SeiswavleT  Tu foTlebis sxvadasxva egzemplarebi rogor axdenen gavlenas 

gakotrebis kvanZebis albaTobebis ganawilebaze. 

savarjiSo 10.3. SecvaleT Tqveni qseli, amisTvis gamoiyeneT sabanko kompaniebis 

SerCeuli wili rogorc gakotrebis wina albaTobebi. foTlebis sxvadasxva 

egzemplarebisaTvis SeadareT momavalSi gakotrebis kvanZis albaTobebis 

ganawilebebi am qselSi aseTive sawyis qselTan.  

paragrafi 10.2 

savarjiSo 10.4. miiReT monacemebi bank-bankpotebis Sesaxeb da gakotrebis 

Sesaxeb ��������� da ����� − ����� ���������� ������ monacemTa bazidan. Am 

monacemebidan swavloben baiesis qsels baiesis qselis saswavlo paketis 

gamoyenebiT, rogoricaa ������. SeecadeT moaxdinoT monacemTa diskretireba 
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Ceveulebrivi distributebis gamoyenebiT. SeadareT Tqveni modelis prognozirebis 

Sedegebi nax. 10.4 (a)-ze gamosaxuli qselis maCveneblebs. 
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