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Sesavali 

 
 Tanamedrove samedicino-biologiur kvlevebSi farTod gamoiyeneba 
monacemebis statistikuri damuSaveba arsebuli kanonzomierebis gamo-
savlenad, rac, ZiriTadad, ganpirobebulia praqtikaSi kompiuteruli te-
qnologiebis farTo danergviT. aqedan gamomdinare, sul ufro izrdeboda 
interesi qarTul enaze saxelmZRvanelos an sacnobaros mimarT, sadac mo-
cemuli iqneboda is maTematikur-statistikuri meTodebi, romlebic gam-
oiyeneba klinikur-eqsperimentaluri monacemebis damuSavebisTvis.  
 formaluri TvalsazrisiT, biostatistika warmoadgens biologiaSi 
gamoyenebuli maTematikuri meTodebis erTobliobas, romelic ZiriTadad 
nasesxebia albaTobis Teoriisa da maTematikuri statistikis disci-
plinebidan. gansakuTrebiT mWidro kavSiri aqvs biometrias maTematikur 
statistikasTan, romlis Sedegebsac igi, ZiriTadad, iyenebs. Tavis mxriv, 
biometria garkveul zegavlenas axdens maTematikuri statistikis ganvi-
Tarebaze. 
 amrigad, biostatistika aris gamoyenebiTi mecnierebis dargi, romelic 
swavlobs biosamedicino informaciis Sekrebis, sistematizaciisa da da-
muSavebis sakiTxebs albaTobis Teoriisa da maTematikuri statistikis 
meTodebis gamoyenebiT. biostatistika, rogorc damoukidebeli samecniero 
disciplina, Camoyalibda me-19 saukunis meore naxevarSi, Tumca, misi sa-
Taveebi unda veZioT me-17 saukuneSi, roca 1614 wels gamoCnda santarios 
wigni `statistikuri medicina~, xolo 1680 wels gamovida borelis wigni 
`cxovelebis moZraoba”. 
 albaTobis Teoria da maTematikuri statistika aRmocenda me-17 
saukuneSi erTmaneTisgan damoukideblad. albaTobis Teoriis Camoyalibebas 
stimuli misca azartulma TamaSebma. mis ganviTarebaSi didi wvlili mi-
uZRviT x. hiugensis, i. bernulis, p. laplasis, k. gausisa da s. puasonis 
Sromebs, xolo SemdgomSi, p. CebiSevis, markovisa da a. liapunovis 
gamokvlevebs. gansakuTrebiT didia a. kolmogorovis roli albaTobis Te-
oriis, rogorc maTematikuri mecnierebis, Camoyalibebis saqmeSi. albaTobis 
Teoria warmoadgens maTematikis dargs, romelic Seiswavlis SemTxveviTi 
movlenebis kanonzomierebas.  
 rac Seexeba maTematikur statistikas, igi Seiqmna im droisaTvis 
ganviTarebul qveynebSi, sadac wamoiWra moTxovnilebebi demografiaSi, 
vaWrobaSi, janmrTelobis dacvasa da sxva sameurneo sferoebSi aRweriTi 
statistikis mimarT. amaSi didi Rvawli miuZRvis a. ketels, romelmac par-
alelurad Seqmna biometriis safuZveli. 
 biostatistikis ganviTarebaSi didi Rvawli miuZRviT f. galtonsa da 
k. pirsons, romlebzedac didi gavlena iqonia darvinis moZRvrebam. f. gal-
tonma gamoaqveyna mTeli rigi originaluri naSromebi anTropologiasa da 
genetikaSi, sadac gamoyenebulia maTematikuri statistikis meTodebi. lon-
donis universitetis profesorma k. pirsonma ganaviTara f. galtonis mier 
dawyebuli saqme da Seqmna biometriis maTematikuri aparati. kerZod, man 
Semoitana iseTi cnebebi, rogoricaa `xi-kvadrati~, `saSualo kvadratuli 
gadaxra~, `variaciis koeficienti~. mas ekuTvnis korelaciisa da regresiis 
gaumjobesebuli meTodebi. 1901 wels pirsonma daiwyo Jurnal `biometriis~ 
gamocema. 
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 f. galtonis da k. pirsonis dawyebuli saqme gaagrZeles v. gosetma 
(stiudenti) da r. fiSerma, romlebmac biostatistikis ganviTarebaSi udide-
si Rvawli Seitanes. gansakuTrebiT didia r. fiSeris roli maTematikuri 
statistikisa da biostatistikis ganviTarebaSi axali meTodebisa da 
cnebebis SemotaniT. 
 statistikuri meTodebis gamoyeneba biosamedicino kvlevebSi sul 
ufro da ufro izrdeba kompiuteruli teqnikisa da teqnologiebis  
srulyofasTan erTad. dReisaTvis arsebobs informaciis statistikuri da-
muSavebis mravali kompiuteruli sistemebi, romlebic orientirebulia Win-

dows-is operaciul sistemaze. maT Soris SeiZleba gamovyoT iseTi paketebi, 
rogoricaa Statistica, SPSS, Statgraphics, SAS, Excel da sxva, romlebic farTod gam-
oiyenebian nebismieri saxis informaciis damuSavebisaTvis. 
 

 

 

albaTobis Teoriis safuZvlebi 

 

 

1 xdomiloba da misi albaToba 

 

 

1.1 xdomilobis klasifikacia 

 

 albaTobis Teoriis erT-erTi ZiriTadi cnebaa xdomilobis cneba. 
movlenas an faqts, romelic warmoiSoba cdis Sedegad, xdomiloba ewodeba. 
cda (eqsperimenti) ewodeba iseT moqmedebas, romlis drosac sruldeba 
garkveul pirobaTa kompleqsi, rac aucilebelia raime movlenis warmosaq-
mnelad. xdomilobis umartives magaliTs warmoadgens monetis agdebis 
Sedegi. am magaliTSi cdas warmoadgens monetis agdeba, xolo xdomilobas 
– am agdebis Sedegi. am cdaSi gvaqvs gerbisa da cifris gamoCenis xdomi-
lobebi. xdomilobebs, rogorc wesi, aRniSnaven laTinuri anbanis didi 
asoebiT A,B,C,... 
 xdomiloba SeiZleba iyos SeTavsebadi da SeuTavsebadi. or xdomi-
lobas ewodeba Tavsebadi, Tu erTi maTganis moxdena iwvevs an ar gamori-
cxavs meore xdomilobis moxdenas imave cdaSi. winaaRmdeg SemTxvevaSi, 
xdomilobebi iqnebian SeuTavsebadi. SeuTavsebadi xdomilobebis magaliTia 
gerbisa da cifris gamoCena monetis agdebis cdaSi. 
 xdomilobas ewodeba utyuari, Tu igi aucileblad moxdeba mocemuli 
cdis pirobebSi. magaliTad, normaluri atmosferuli wnevis pirobebSi wy-
ali iyineba nulovani temperaturis dros. xdomilobas ewodeba SeuZ-
lebeli, Tu igi ar SeiZleba moxdes mocemuli cdis pirobebSi. magaliTad, 
Tovlis mosvla, roca atmosferos temperatura dadebiTia. 
 xdomilobas ewodeba SemTxveviTi, Tu cdis Sedegad igi SeiZleba 
moxdes an ar moxdes. magaliTad, srolis Sedegad mizanSi moxvedra. erT-
erTi mniSvnelovani cnebaa xdomilobebis sruli jgufis cneba. cdis dros 
ramdenime xdomiloba adgens srul jgufs, Tu cdis Sedegad aucileblad 
moxdeba erT-erTi maTgani mainc. magaliTad, cifrisa da gerbis gamoCena 
monetis agdebis dros adgenen xdomilobaTa srul jgufs. 

 A xdomilobis mopirdapire xdomiloba ewodeba A xdomilobas, rome-
lic aucileblad moxdeba, Tu ar moxdeba A xdomiloba. mopirdapire 
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xdomilobebi SeuTavsebadi arian da adgenen xdomilobaTa srul jgufs. mag. 
Tu damzadebuli produqciis partia Sedgeba vargisi da wuni produqciis-
gan, maSin erT-erTi produqciis Semowmebisas, igi SeiZleba iyos vargisi an 

wuni (A an A ). 
 

 

 

1.2 moqmedebebi xdomilobebze 

 
 albaTobis TeoriaSi, SemTxveviTi xdomilobebis Seswavlisas, metad 
mniSvnelovan cnebas warmoadgens Sekrebis (gaerTianebis) da namravlis 
(TanakveTis) cnebebi. ori A da B xdomilobebis jami ewodeba iseT xdomi-
lobas, romelic xdeba maSin da mxolod maSin, roca xdeba A da B xdomi-
lobebidan erTi mainc:  

C = A + B     an   C = A   B. 
analogiurad, ramdenime xdomilobebis jami ewodeba xdomilobas, romelic 
mdgomareobs Tundac erT-erTis moxdenaSi: 
                              E = A + B + C + ··· + N . 
A da B xdomilobebis namravli ewodeba Q xdomilobas, romelic 
mdgomareobs A da B xdomilobebis erTdroulad moxdenaSi: 

Q = A   B      an   Q= A   B. 

analogiurad, ramdenime xdomilobebis namravli ewodeba xdomilobas, ro-
melic mdgomareobs am xdomilobaTa erTdroulad moxdenaSi: 

W = A  B  C  ···  N 
xdomilobebis jamisa da namravlis gansazRvridan gamomdinareobs: 

A + A = A     da   AA = A . 
zogjer erTi, mag. B xdomilobis moxdena iwvevs meore A xdomilobis 
moxdenas. maSin amboben, rom B xdomiloba Sedis A xdomilobaSi da aRin-

iSneba Semdegnairad: B  A. Tu B xdomiloba ekuTvnis A xdomilobas, maSin 
adgili aqvs Semdeg tolobebs: 

A + B = A     da   AB = B . 
xdomilobaTa jamisa da namravlis cnebebs gaaCniaT TvalsaCino geometri-
uli interpretacia. magaliTad, iseTi, rogoric warmodgenilia Semdeg nax-
azze: 
 

 
 
 

 

 

1.3 xdomilobis albaToba 

 

 xdomilobaTa raodenobrivi SedarebisaTvis, imis mixedviT, Tu ram-
denad SesaZlebelia maTi moxdena, SemoRebulia garkveuli zoma, romelsac 
ewodeba xdomilobis albaToba. amrigad, xdomilobis albaToba ewodeba am 
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xdomilobis moxdenis SesaZleblobis obieqturi xarisxis ricxviT zomas. 
arsebobs SemTxveviTi xdomilobis albaTobis gansazRvris ori meTodi: 
uSualo da statistikuri. 
 A SemTxveviTi xdomilobis moxdenis albaToba mocemuli cdisaTvis 
uSualod gamoiTvleba Semdegnairad: 

                                    
n

m
AP )( ,                        (1.1) 

sadac, P(A) – A xdomilobis albaTobaa; n  – SemTxvevaTa saerTo raodenoba; m 

– A xdomilobis xelSemwyob SemTxvevaTa raodenoba. 
SemTxvevas ewodeba xelSemwyobi, Tu am SemTxvevis moxdena iwvevs mo-

cemuli xdomilobis moxdenas. 
 albaTobis gansazRvridan gamomdinareobs Semdegi Sedegebi: 
 1. SemTxveviTi A xdomilobis albaToba dadebiTi sididea, romelic 
akmayofilebs Semdeg pirobebs: 

0  P(A)  1. 
marTlac, radgan xelSemwyob SemTxvevaTa raodenoba m moTavsebulia 0-sa da 
n-s Soris, amitom albaToba, gamoTvlili (1.1) formuliT yovelTvis 
akmayofilebs am pirobas. 
 2. utyuar xdomilobaTa albaToba erTis tolia. marTlac, radgan m = 

n ,  amitom 1)( 
n

n

n

m
AP . 

3. SeuZlebeli xdomilobis albaToba nulia tolia. marTlac, radgan 
m = 0 ,  amitom P(A) = 0.  

albaTobis gansazRvris (1.1) formulas xSirad uwodeben `klasikurs~. 
ganvixiloT magaliTi. yuTSi moTavsebulia 2 TeTri da 3 Savi burTula. ras 
udris imis albaToba, rom SemTxveviT amoRebuli burTula TeTri ferisa 
iqneba? 

TeTri burTulas amoRebis xdomiloba aRvniSnoT A-Ti. radgan, n = 5  da  

m = 2  amitom  P(A) = 
5

2 . 

albaTobis klasikuri gamoTvlis dadebiTi Tviseba isaa, rom igi ar 
moiTxovs cdis Catarebas da efuZneba logikur msjelobas. albaTobis uSu-
alo gansazRvra SeiZleba gamoyenebul iqnes mxolod im SemTxvevaSi, roca 
SemTxveviTi xdomilobebi adgenen SeuTavsebad tolSesaZlo xdomilobaTa 
srul jgufs. aseTi situaciebi praqtikaSi iSviaTad gvxvdeba, amitom 
xdomilobis albaTobis gansazRvrisaTvis ufro xSirad mimarTaven statis-
tikur meTods. 

jer ganvixiloT xdomilobis fardobiTi sixSiris cneba. amisaTvis 
CavataroT raime cda, romlis dros SeiZleba moxdes an ar moxdes A 
xdomiloba. vTqvaT, Catarda aseTi n cda. A xdomilobis fardobiTi sixSire 
ewodeba sidides, romelic miiReba A xdomilobis moxdenis raodenobis Se-
fardebiT cdaTa mTel raodenobaze, e.i. 

n

m
AP )(* , 

sadac,  P*
(A) – A xdomilobis fardobiTi sixSirea; 

            n  – cdaTa saerTo raodenoba; 
            m – cdebis raodenoba, rodesac moxda A Axdomiloba. 
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cdaTa mcire raodenobis SemTxvevaSi, xdomilobebis fardobiT 
sixSires SemTxveviTi xasiaTi gaaCnia. magram, cdebis raodenobis zrdasTan 
erTad, xdomilobebis fardobiTi sixSire TandaTan kargavs Tavis Sem-
TxveviT xasiaTs da uaxlovdeba xdomilobis albaTobas. am faqtSi kargad 
Cans did ricxvTa kanonis moqmedeba, romlis Teoriuli dasabuTeba mogvca 
cnobilma Sveicarielma mecnierma iakob bernulim. did ricxvTa kanoni 
amtkicebs, rom A xdomilobis fardobiTi sixSire miT ufro axlos iqneba 
misive albaTobasTan, Tu cdaTa raodenobas usasrulod gavzrdiT. 
 magaliTi. srolis Catarebis Semdeg mizanSi moxvedris fardobiTi 
sixSire 0,8-is tolia. ramden gasrolas hqonda adgili, Tu cnobilia, rom 
igi mizans 12-jer moxvda? 

       Tu mizanSi moxvedris xdomilebas A-Ti aRvniSnavT, maSin P

(A) = 0,8,  

 m = 12,  e.i.  0,8 = 
n

12
,  aqedan  15n .  

albaTobis statistikuri gansazRvris dadebiTi Tviseba isaa, rom is 
efuZneba realur eqsperiments. nakli isaa, rom albaTobis saimedo gan-
sazRvrisaTvis, saWiroa cdebis didi raodenobis Catareba, rac Zalze 
xSirad ekonomiurad miuRebelia. 
 albaTobis geometriuli gansazRvra. vTqvaT, sibrtyeze gvaqvs D are, 
romlis farTobia SD da masSi moTavsebulia raime d are Sd farTobiT. D are-
Si alalbedze isvrian wertils. 
 

 

  

saZiebelia imisi albaToba, rom es wertili moxvdeba d areSi. aqve 
igulisxmeba, rom wertilis moxvedris albaToba D aris nebismier wertilSi 
Tanabaria. am SemTxvevaSi wertilis d areSi moxvedris albaToba gamoiTv-
leba Semdegnairad: 

D

d

S

S
P  . 

amrigad, Tu raime W sivrce warmoadgens sasrul monakveTs (figuras, 
sxeuls), maSin raime A xdomilobis geometriuli albaToba ewodeba am 
xdomilobis Sesabamisi monakveTis sigrZis (figuris farTobis, sxeulis 
moculobis) Sefardebas W sivrcis Sesabamisi monakveTis sigrZesTan (figu-
ris farTobTan, sxeulis moculobasTan). 
 magaliTi. R radiusian wreSi Caxazulia tolferda samkuTxedi. ras 
udris imis albaToba, rom wertili moxvdeba samkuTxedSi? 
 

4137,0
4

33

4

33
2

2








R

R
P . 
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1.4 kombinatorikis ZiriTadi formulebi 

 

1. gamravlebis wesi. vTqvaT saWiroa miyolebiT SevasruloT k 
raodenebis moqmedeba. amasTan, pirveli moqmedeba SeiZleba SevasruloT 

1n xerxiT, meore – 2n xerxiT da a. S. k moqmedebamde, romelic SeiZleba Se-

vasruloT kn  xerxiT. maSin m raodenebis xerxi, romlebic SeiZleba Se-

vasruloT yvela k moqmedebiT tolia: 

                       rnnnm  21 . 
         magaliTi. vTqvaT gvaqvs 5 sxvadasxva halstuxi, 8 perangi da 3 kos-
tumi. erT kompleqtSi maTi gamoyenebis saerTo variantebis raodenoba to-
lia: 120385 m  

 gamravlebis wesi xSirad gamoiyeneba erTi da igive simravlidan ele-
mentebis mravaljeradi gamoyenebis raodenobis gamosaTvlelad, magaliTad, 
cifrebiani nomrebis Sesadgenad. am SemTxvevaSi simravlis elementi gam-
oyenebis Semdeg isev ubrundeba simravles. maSin amboben, rom sruldeba 
amorCeva dabrunebiT. k simravlis erTi da igive n raodenobis elementisTvis 

raodenobis moqmedebis Sesrulebis xerxis raodenoba m tolia:   knm      
   magaliTi. davuSvaT saketebis kodirebisaTvis iyenebenxuT cifrs 

 0-dan 5-mde, maSin kodebis raodenoba tolia:  12553 m . 
 

 2. gadanacvleba. ganvixiloT n elementTa erToblioba. nebismierad da-
valagoT elementebi erTi meores miyolebiT. Sedegad miviRebT elementTa 
Tanmimdevrobis erT-erT SesaZlo variants, romelsac gadanacvleba ewodeba. 
n elementis yvela SesaZlo gadanacvlebaTa ricxvi, romelic aRiniSneba 

nP simboloTi, ganisazRvreba Semdegi formuliT: 

!nPn   , 

sadac     121!  nnnn  da mas faqtoriali ewodeba. 

 magaliTi. magidis garSemo zis 7 adamiani. maTi sxvadasxva gada-

nacvlebis raodenoba tolia: 5040!77 P .  
 
 3. wyoba. davuSvaT, yuTSi moTavsebulia n raodenobis gadanomrili 

burTula da Semdeg yuTidan viRebT erTmaneTis miyolebiT m raodenobis 
burTulas. miviRebT m elementisgan Semdgar mowesrigebul simravles. Tu 
gavimeorebT cdas, maSin vRebulobT sxvadasxva simravleebs. n-elementiani 
simravlis yovel m-elementian dalagebul qvesimravles  nm   ewodeba 

wyoba n elementisagan m-ad. n-elementiani simravlis yvela SesaZlo m-

elementian wyobaTa ricxvi aRiniSneba m
nA  simboloTi da ganisazRvreba 

formuliT: 

 
nmo

mn

n
Am

n 



!

!
 . 

gadanacvleba warmoadgens ganlagebis kerZo SemTxvevas, roca m = n amitom  

n
m
n PA  . 

   GALmagaliTi. jgufSi 9 gogonaa da 11 biWi. warmomadgenlobiT forumze am 
jgufidan irCeven 3 pirovnebas, romlebic SerCevis Semdeg Rebuloben rigiT 
nomers da qmnian mwkrivs. aseTi mwkrivebis Seqmnis raodenoba tolia: 
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6840181920

!17

!20

!320

!203
20 


A . 

4. jufTeba. mocemulia n raodenobis elementTa erToblioba. 
gvainteresebs, ramdeni xerxiT SeiZleba am erTobliobidan SevarCioT m 
raodenobis elementebi. elementis SerCevis rigiTobas, ganlagebasTan 
SedarebiT, am SemTxvevaSi mniSvneloba ar aqvs. e.i. vRebulobT aramowes-
rigebul simravleebs. garda amisa, cdaSi amoRebuli elementi ukan ar 
brundeba, amitom saqme gvaqvs amorCevasTan dabrunebis gareSe. 
 n-elementiani simravlis yovel m-elementian aramowesrigebul qves-
imravles  nm   ewodeba jufTeba n elementidan m-ad. n-elementiani sim-

ravlis yvela SesaZlo m-elementian jufdebaTa ricxvi aRiniSneba m
nC sim-

boloTi da ganisazRvreba Semdegi formuliT:  

 
nm

mnm

n
C m

n 


 0
!!

!
 . 

magaliTi 1. yuTSi moTavsebulia 10 burTula. yuTidan iReben or-or 
burTulas. ras udris ori burTulas amoRebis yvela SesaZlo mniSvnelo-
baTa raodenoba? 

45
21

910

!8!2

!102
10 







C  . 

jufTebaTa ricxvi, gadanacvlebaTa ricxvi da wyobaTa ricxvi da-
kavSirebulia erTmaneTTan Semdegi formuliT: 

m
nn

m
n CPA   . 

albaTobis gamosaTvlelad xSirad gamoiyeneba jufTebaTa ricxvi. ganvix-
iloT magaliTi. 
 magaliTi 2.  yuTSi moTavsebulia 7 TeTri da 3 Savi burTula. ras 
udris imis albaToba, rom SemTxveviT amoRebuli ori burTulidan, orive 
TeTri iqneba?        

ori TeTri burTulas amoRebis xdomiloba aRvniSnoT A-Ti. maSin 

 
n

m
AP   . 

ori burTulas amoRebis yvela SesaZlo SemTxvevaTa raodenoba tolia: 

45
21

910

)!210(!2

!102
10 







Cn . 

TeTri burTulebis amoRebis SesaZlo SemTxvevaTa raodenoba iqneba:  

21
21

672
7 




Cm . 

amrigad,   
15

7

45

21
)( AP . 
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1.5 albaTobis Teoriis ZiriTadi Teoremebi 

 

 praqtikaSi xdomilobebis albaTobis gamosaTvlelad, ZiriTadad, 
iyeneben arapirdapir meTodebs, romlebic saSualebas gvaZleven erTi cno-
bili xdomilobis albaTobiT gamovTvaloT sxva xdomilobebis albaTobebi. 
arapirdapiri meTodebis gamoyenebisas vsargeblobT albaTobis Teoriis Zi-
riTadi TeoremebiT. aseTi Teorema oria: albaTobebis Sekrebisa da albaTo-
bebis gamravlebis Teoremebi. 
  

albaTobebis Sekrebis Teorema. ori SeuTavsebadi xdomilobebis jamis 
albaToba tolia am xdomilobebis albaTobebis jamisa. 
                                                            P(A+B) = P(A) + P(B) .                               (1.2) 
marTlac, Tu n cdidan A xdomiloba moxda m-jer, xolo B – k-jer, maSin  


n

k
BP

n

m
AP )(,)(  

radgan A da B xdomilobebi SeuTavsebadi arian, amitom 

n

km
BAP


 )( . 

Tu am mniSvnelobebs CavsvamT (1.2) formulaSi, miviRebT igiveobas. Teorema 
damtkicebulia. 
 es Sedegi SegviZlia ganvazogadod nebismieri raodenobis SeuTavsebad 
xdomilobebze. maSin gveqneba: 
















 l

i

i

l

i

i APAP
11

)( . 

albaTobebis Sekrebis Teoremidan gamomdinareobs Semdegi Sedegebi: 
 1. Tu A1, A2 ,..., An xdomilobebi adgenen SeuTavsebad xdomilobaTa srul 
jgufs, maSin  





n

i

iAP
1

1)( . 

 2. urTierTmopirdapire xdomilobaTa albaTobebis jami erTis tolia. 

P (A) + P( A ) = 1. 
zogjer, praktikuli amocanebis amoxsnisas, ufro  advilia  raime  A 

xdomilobis albaTobis gansazRvra misi mopirdapire A  xdomilobis albaT-

obiT:   ).(1)( APAP   
Tu saqme gvaqvs Tavsebad xdomilobebTan, maSin albaTobis Sekrebis 

Teorema ase Camoyalibdeba: ori Tavsebadi xdomilobaTa albaTobebis jami 
tolia: 

P(A + B) = P(A) + P(B) – P(AB) . 
Tu gvaqvs sami xdomiloba, maSin 

P(A + B + C) = P(A) + P(B) + P(C)  P(AB)  P(AC)  P(BC) + 

+ P(ABC) . 
zogadad, l xdomilobis dros gveqneba: 

)...()1(

...)()()(

21
1

,,,

l
l

kji

kji

ji

ji

i

i

i

i

AAAP

AAAPAAPAPAP
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magaliTi. vTqvaT, latariaSi TamaSdeba 1000 bileTi. aqedan, erTi 
igebs 500 lars, 10 bileTi – 100 lars, 50 bileTi – 20 lars da 100 bileTi 
– 5 lars. danarCeni bileTebi arafers ar igeben. vyidulobT erT bileTs. 
gvainteresebs, ras udris imis albaToba, rom Cven movigebT ara umetes 20 
larisa. mogebis xdomiloba aRvniSnoT A-Ti. 20 lari mogebisa – A1-iT, 100 
lari mogebisa – A2-iT  da 500 lari mogebisa A3-iT. cxadia, rom A = A1+ A2 + A3. 
albaTobis Sekrebis Teoremis Tanaxmad,  

.061,0001,001,005,0

1000

1

1000

10

1000

50
)()()()( 321



 APAPAPAP
 

 albaTobebis gamravlebis Teoremis Camoyalibebamde ganvixiloT ram-
denime gansazRvreba. 
 1. A xdomilobas ewodeba damoukidebeli B xdomilobisagan, Tu A 
xdomiloba ar aris damokidebuli imaze, moxda Tu ara B xdomiloba. 
 2. A xdomilobas ewodeba B xdomilobaze damokidebuli, Tu A xdomi-
lobis albaToba damokidebulia imaze, moxda Tu ara B xdomiloba. 
 3. A xdomilobis albaTobas, gamoTvlils im pirobiT, rom adgili 
hqonda B xdomilobas, ewodeba A xdomilobis pirobiTi albaToba da aRin-
iSneba P(A|B) an PB(A) simboloTi. 
       cxadia, rom Tu A  da  B  xdomilebebi erTmaneTis  mimarT damoukide-

belni arian, maSin  ),()( APBAP   xolo Tu isini damokidebulni  arian, maSin  

).()( APBAP   

             
   albaTobebis gamravlebis Teorema. ori A da B xdomilobis 

namravlis albaToba tolia erT-erTi maTganis moxdenis albaTobis 
namravlisa meore xdomilobis pirobiT albaTobaze im pirobiT, rom adgili 
hqonda pirvel xdomilobas. e.i. 
                                           P(AB) = P(A) P(B | A),  an  P(AB) = P(B) P(A | B).                          (1.3) 
marTlac, vTqvaT n cdidan A xdomiloba moxda m-jer, xolo B – k-jer. 
radgan A da B xdomilobebi ar arian Tavsebadi, amitom maTi erTdrouli 
moxdenis raodenoba aRvniSnoT l-iT. maSin gveqneba: 


n

m
AP

n

l
ABP )(;)(  

gamovTvaloT B xdomilobis albaToba, roca A xdomiloba ukve moxda, e.i. 

m

l
ABP )|( . 

Tu am mniSvnelobebs CavsvamT (1.3) formulaSi, miviRebT igiveobas. Teorema 
damtkicebulia. 
 (1.3) formula SeiZleba ganzogaddes TanamamravlTa nebismieri 
sasruli raodenobisaTvis: 

)...|()...|()|()( 121213121

1



















 nn

n

i

i AAAAPAAAPAAPAPAP . 

albaTobebis gamravlebis Teoremidan gamomdinareobs Semdegi Sedegebi: 
 1. ori A da B Tavsebadi xdomilobebis erTdrouli moxdenis albaTo-
ba nulis tolia P(AB) = 0. 



 

–––––––––––––––––––––––––––––––– 

ე. ყუბანეიშვილი.  ბიოსტატისტიკა 

 

11 

 2. Tu A xdomiloba damokidebulia B xdomilobaze, maSin B xdomi-
lobac damokidebulia A xdomilobaze. 
 3. damoukidebel xdomilobaTa namravlis albaToba tolia am xdomi-
lobaTa albaTobebis namravlisa. 

















 n

i

i

n

i

i APAP
11

)( . 

magaliTi 1. yuTSi aris ori TeTri da sami Savi burTula. yuTidan 
mimdevrobiT iReben or burTulas. vipovoT albaToba imisa, rom orive bur-
Tula TeTria. 
 aRvniSnoT ori TeTri burTulas amoRebis xdomiloba A-Ti. Tavis 

mxriv, A = A1  A2, sadac, A1  aris TeTri burTulas pirvelad amoRebis xdomi-
loba, A2 – TeTri burTulas meored amoRebis xdomiloba. albaTobebis 
gamravlebis Teoremis Tanaxmad gveqneba: 

1,0
4

1

5

2
)|()()( 121  AAPAPAP .  

magaliTi 2. pirveli msrolelis mizanSi moxvedris albaTobaa 0,8, 
xolo meoresi – 0,6. msrolelebma moaxdines TiTo gasrola. ras udris imis 
albaToba, rom mizanSi moaxvedrebs romelime maTgani? 
 A-Ti aRvniSnoT pirveli msrolelis mizanSi moxvedris xdomiloba, B-
Ti – meore msrolelis mizanSi moxvedris xdomiloba. C-Ti aRvniSnoT ro-
melime maTganis mizanSi moxvedris xdomiloba. cxadia, rom C = A + B.  

radgan A da B xdomilobebi Tavsebadi da damoukidebelni arian, ami-
tom 

P(C) = P(A) + P(B) – P(A)P(B) = 0,8 + 0,6 – 0,8 ∙ 0,6 = 0,92. 

 

 

 
1.6  sruli albaTobis formula. baiesis formula  

 

 albaTobebis Sekrebisa da gamravlebis Teoremebidan gamomdinareobs 
sruli albaTobis formula. Tu A xdomiloba SeiZleba moxdes mxolod im 
pirobiT, rom moxda Tundac erTi xdomiloba H1,H2,...,Hn xdomilobebisagan 
Semdgar SeuTavsebad xdomilobaTa sruli jgufidan, maSin A xdomilobis 
moxdenis albaToba gamoiTvleba formuliT:  





n

i

ii HAPHPAP
1

)|()()( , 

romelsac sruli albaTobis formula ewodeba. gamoviyvanoT es formula. 
 radgan H1,H2,...,Hn xdomilobaTa erToblioba qmnis xdomilobaTa srul 
jgufs, amitom A xdomiloba SeiZleba moxdes erT-erTi am xdomilobasTan 
erTad. e.i. 

A = AH1 + AH2 + ··· +AHn . 
radgan H1,H2,...,Hn SeuTavsebadi xdomilobebia, amitom AH1,AH2,...,AHn xdomi-
lobebic SeuTavsebadia. Tu gamoviyenebT albaTobebis Sekrebis Teoremas, 
miviRebT: 

             



n

i

in AHPAHPAHPAHPAP
1

21 )()()()()( .                (1.4) 
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A  da Hi   xdomilobebis namravli iqneba: 
P(AHi) = P(Hi)P(A | Hi) . 

Tu am gamosaxulebas CavsvamT (1.4) formulaSi, miviRebT sruli albaTobis 
formulas: 





n

i

ii HAPHPAP
1

)|()()( . 

aq moyvanil H1,H2,...,Hn xdomilobebs hipoTezebs uwodeben. 
 magaliTi. gvaqvs sami yuTi. pirvel yuTSi aris ori TeTri da erTi Sa-
vi burTula, meore yuTSi – sami TeTri da erTi Savi, mesame yuTSi – ori 
TeTri da ori Savi burTula. romelime erT-erTi yuTidan amoviRoT erTi 
burTula. vipovoT ras udris imis albaToba, rom es burTula TeTria. 
ganvixiloT sami hipoTeza. H1 – pirveli yuTis SerCeva, H2 – meore yuTis 
SerCeva, H3  – mesame yuTis SerCeva. TeTri burTulas amoRebis xdomiloba 
aRvniSnoT A-Ti. radgan hipoTezebi tolSesaZlo xdomilobebi arian, amitom 

P(H1) = P(H2) = P(H3) =
1

3
. gamovTvaloT A xdomilobis pirobiTi albaTobebi 


2

1
)|(;

4

3
)|(;

3

2
)|( 321 HAPHAPHAP  

sruli albaTobis formulis gamoyenebiT miviRebT: 

36

23

2

1

3

1

4

3

3

1

3

2

3

1
)( AP . 

 

baiesis formula. praqtikaSi farTod gamoiyeneba baiesis formula. 
vTqvaT, mocemulia SeuTavsebad xdomilobaTa sruli jgufi H1,H2,...,Hn da am 
xdomilobebis aprioruli (cdamde) albaTobebi P(H1),P(H2),···,P(Hn). Catarda 
cda, romlis Sedegad moxda A xdomiloba. saWiroa gamovTvaloT aposteri-
oruli (cdis Semdgomi) albaTobebi, e.i. Semdegi pirobiTi albaTobebi 
P(H1|A),P(H2|A),...,P(Hn|A). albaTobebis gamravlebis Teoremis Tanaxmad, 

P(AHj) = P(A) P(Hj | A)  da   P(AHj) = P(Hj) P(A | Hj). 

am gamosaxulebaTa marcxena mxareebi tolia, maSin  

P(A) P(Hj | A) = P(Hj) P(A | Hj) , 
aqedan  

P(Hj | A) = 
)(

)|()(

AP

HAPHP jj ,  sadac, P(A)  0 . 

Tu P(A)-s gamovsaxavT sruli albaTobis formuliT, miviRebT: 

P(Hj | A) = 




n

j

jj

jj

HAPHP

HAPHP

1

)|()(

)|()(
. 

am formulas ewodeba baiesis formula. 
 magaliTi. sam yuTSi  moTavsebulia erTi da igive saxis produqcia. 
pirvel yuTSi aris 10 cali, romelTagan 3 arastandartulia. meoreSia 15 
cali, aqedan 5 arastandartulia da mesameSi 20 cali, aqedan 6 arastandar-
tulia. erT-erTi yuTidan alalbedze iReben erT produqcias da igi, 
vTqvaT, aRmoCnda arastandartuli. ras udris imis albaToba, rom es 
produqti amoRebulia meore yuTidan? 
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 aRvniSnoT H1, H2, H3-iT hipoTezebi imis Sesaxeb, rom alalbedze 
amoRebuli produqti miekuTvneba 1, 2 da 3 yuTs. maSin maTi aprioruli al-
baTobebi erTmaneTis tolia 

3

1
)()()( 321  HPHPHP . 

amoRebuli arastandartuli produqciis moxdenis xdomiloba aRvniSnoT A-
Ti. gamovTvaloT A xdomilobis pirobiTi albaTobebi H1, H2, H3  hipoTezebis 
dros 


10

3
)|(;

3

1

15

5
)|(;

10

3
)|( 321 HAPHAPHAP  

baiesis formulis gamoyenebiT miviRebT: 

14

5

10

3

3

1

10

3

3

1
3

1

3

1

)|( 2 













AHP . 

 

 

 

 

2 SemTxveviTi sidideebi 

 

2.1 SemTxveviTi sididis cneba da  

misi ganawilebis kanoni 

 
 SemTxveviTi sidide ewodeba sidides, romelsac SeuZlia cdis Sedegad 
miiRos esa Tu is mniSvneloba, amasTan, winaswar ar aris cnobili, kerZod, 
romeli. SemTxveviTi sididis cneba warmoadgens albaTobis TeoriaSi fun-
damentalur cnebas da TamaSobs metad mniSvnelovan rols maTematikur 
statistikaSi. SemTxveviTi sidideebi aRiniSnebian didi laTinuri asoebiT 
X,Y,Z,..., xolo maTi Sesabamisi mniSvnelobebi – mcire laTinuri asoebiT x,y,  

z,... 
 SemTxveviTi sidideebi SeiZleba daiyos or klasad: diskretulad da 
uwyvetad. diskretuli ewodeba iseT SemTxveviT sidides, romelic 
Rebulobs sasrul an usasrulo Tvlad konkretul mniSvnelobebs. 
magaliTad, n partiaSi defeqturi detalebis raodenoba, satelefono 
sadgurSi gamoZaxebis raodenoba, mizanSi moxvedramde srolis raodenoba 
da sxv. uwyveti ewodeba iseT SemTxveviT sidides, romelic gazomvis 
Sedegad Rebulobs Yyvela SesaZlo mniSvnelobas raRac sasrul an 
usasrulo intervalidan. magaliTad, fizikuri sididis gazomvis cdomile-
ba, Carxze detalis damzadebis sizuste, el. aparaturaSi tranzistorebis 
utyuari muSaobis dro da sxv. 
 SemTxveviTi sidide warmoadgens SemTxveviTi xdomilobebis ab-
straqtul gamosaxulebas. amasTan, advili SesaZlebelia xdomilobidan 
SemTxveviT sidideze gadasvla. magaliTad, davuSvaT, tardeba cda, romlis 
Sedegadac SeiZleba moxdes an ar moxdes A xdomiloba. A xdomilobis 
nacvlad ganvixiloT X SemTxveviTi sidide, romelic udris erTs, Tu A 

xdomiloba moxda da udris nuls, Tu A xdomiloba ar  moxda. cxadia, am 
SemTxvevaSi, X warmoadgens diskretul SemTxveviT sidides, romelsac gaaC-
nia ori SesaZlo mniSvneloba 0 da 1. 
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 SemTxveviTi sididis dasaxasiaTeblad ar aris sakmarisi misi yvela 
SesaZlo mniSvnelobebis CamonaTvali. aucilebelia agreTve imisi codna, 
Tu ramdenad xSirad gvxvdeba misi esa Tu is mniSvneloba cdebis Sedegad, 
e.i. saWiroa mocemuli iyos misi moxdenis albaToba. 
 vTqvaT, X diskretuli SemTxveviTi sididea, romelic cdebis Semdeg 
iRebs Semdeg SesaZlo mniSvnelobebs: 
                                                  X = x1, X = x2, X = x3, ··· ,X = xn  .                      (2.1) 

SemTxveviTi sididis es CamonaTvali SeiZleba ganvixiloT, rogorc 
cdis Sedegad miRebuli xdomilobebi. am xdomilobebis albaTobebi 
aRvniSnoT Pi-iT. maSin gveqneba: 

P(X = x1) = p1,  P(X = x2) = p2, ··· ,P(X = xn) = pn . 

 (2.1) xdomilobebi qmnian SeuTavsebad xdomilobaTa srul jgufs. aqedan 
gamomdinare, X SemTxveviTi sididis yvela SesaZlo mniSvnelobaTa albaTo-
bebis jami erTis tolia, e.i. 

                  1)(
11

 


n

i

i

n

i

i pxXP .                  (2.2)      

es jamuri albaToba raRacnairad ganawilebulia calkeul mniS-
vnelobaTa Soris. SemTxveviTi sidide srulad iqneba albaTurad aRwerili, 
Tu mocemuli iqneba es ganawileba, e.i. Tu zustad mivuTiTebT, ra albaTo-
bisaa nebismieri xdomiloba (2.1)-dan. amiT Cven davadgenT SemTxveviTi 
sididis e.w. ganawilebis kanons. 
 SemTxveviTi sididis ganawilebis kanoni ewodeba nebismier Tanafar-
dobas, romelic amyarebs kavSirs SemTxveviTi sididis SesaZlo mniSvnelo-
bebsa da maT Sesabamis albaTobebs Soris. SemTxveviTi sididis Sesaxeb Cven 
vityviT, rom igi emorCileba mocemul ganawilebis kanons. 
 SemTxveviTi sididis ganawileba SeiZleba mocemuli iyos cxrilis 
saxiT, ganawilebis funqciis saxiT da ganawilebis simkvrivis saxiT. 
 ganawilebis cxrilis saxiT warmodgena SesaZlebelia mxolod dis-
kretuli SemTxveviTi sidideebisaTvis, romelTac aqvT sasruli raodenobis 
mniSvnelobebi. uwyvet SemTxveviT sidides gaaCnia SesaZlo mniSvnelobaTa 
usasrulo simravle. amitom misTvis aseTi cxrilis Sedgena SeuZlebelia. 
aseT SemTxvevaSi mosaxerxebelia ganawilebis funqciis gamoyeneba. 
 ganawilebis funqcia warmoadgens SemTxveviTi sididis ganawilebis 
kanonis warmodgenis yvelaze zogad saxes. igi gamoiyeneba rogorc dis-
kretuli, aseve uwyveti SemTxveviTi sidideebisaTvis. Cveulebriv, igi aRin-
iSneba F(x) simboloTi. 
 ganawilebis funqcia gansazRvravs imis albaTobas, rom X SemTxveviTi 
sidide miiRebs dafiqsirebul x-ze nakleb mniSvnelobas, e.i. 

F(x) = P(X <  x) . 
aqedan gamomdinare, F(x) funqcia damokidebulia x-ze, amitomaa, rom mas 
ganawilebis funqcias uwodeben. ganawilebis funqcia miiReba albaTobebis 
Tanmimdevruli ajamviT da diskretuli SemTxveviTi sididisTvis warmoad-
gens wyvetil safexurovan texil wirs, xolo uwyveti SemTxveviTi sididi-
saTvis – uwyvet wirs.       
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 ganvixiloT ganawilebis funqciis zogadi Tvisebebi. 
 1. ganawilebis F(x)  funqcia dadebiTia da (2.2) formulis Tanaxmad, 
moTavsebulia nulsa da erTs Soris  

                               0 F(x)  1. 

 2. F(x)  funqcia zrdadia. e.i. roca x2  x1, maSin   F(x2)  F(x1). 
 3. minus usasrulobaSi ganawilebis funqcia nulis tolia  

                 F() = 0. 
 4. plius usasrulobaSi ganawilebis funqcia erTis tolia 

                 F() = 1. 
ganawilebis funqcias zogjer uwodeben ganawilebis integralur 

funqcias an ganawilebis integralur kanons. 
uwyveti SemTxveviTi sidide SeiZleba warmodgenili iyos ara mxolod 

ganawilebis integraluri funqciiT, aramed ganawilebis diferencialuri 
funqciiTac, romelic warmoadgens integraluri funqciis pirvel war-
moebuls: 

f (x) = F (x) . 
zogjer f (x) funqcias uwodeben ganawilebis diferencialur kanons an 

ganawilebis simkvrivis funqcias. mruds, romelic gamosaxavs SemTxveviTi 
sididis ganawilebis simkvrives, ewodeba ganawilebis mrudi. 
 

 
 

ganvixiloT ganawilebis simkvrivis funqciis Tvisebebi: 
 1. ganawilebis simkvrive dadebiTi funqciaa 

f (x) > 0 . 
 2. integrali usasrulo sazRvrebiT ganawilebis simkvrividan erTis 
tolia 






1)( dxxf . 

 geometriulad ganawilebis simkvrivis ZiriTadi Tvisebebi niSnavs 
imas, rom igi yovelTvis imyofeba abscisaTa RerZis zemoT da mis mier 
SemosazRvruli sruli farTobi erTis tolia. 
 mxedvelobaSi unda viqonioT, rom ganawilebis funqcias ara aqvs 
ganzomileba, xolo ganawilebis simkvrivis funqciis ganzomileba Sem-
TxveviTi sididis ganzomilebis Sebrunebuli sididea. 
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 ganawilebis funqcia SeiZleba gamovsaxoT ganawilebis simkvrivis 
funqciiT Semdegi formuliT: 






x

dxxfxF )()( . 

 ganawilebis funqciis saSualebiT SeiZleba gamovTvaloT X SemTxvevi-

Ti sididis raime [, ] intervalSi moxvedris albaToba. amisaTvis ganvix-

iloT Semdegi sami xdomiloba: xdomiloba A, rodesac X < , xdomiloba B, 

rodesac X <  da xdomiloba C, rodesac  < X < . cxadia, rom A xdomiloba 
warmoadgens or B da C SeuTavsebad xdomilobaTa jams, e.i. A = B + C. albaT-
obis Sekrebis Teoremis Tanaxmad 

P(A) = P(B) + P(C) . 
radgan 

P(A) = P(X < ) = F(),   P(B) = P(X < ) = F(), 

               P(C) = P(  < X < ) , 
amitom 

F() = F() + P(  < X < ) , 
aqedan 

P(  < X < ) = F() – F() . 
Tu mocemulia ganawilebis simkvrivis funqcia, maSin gveqneba: 

.)()()()(

)()(;)()(




























dxxfdxxfdxxfXP

dxxfFdxxfF

=

      

. 

 
magaliTi. mocemulia X SemTxveviTi sidide xxf sin5,0)(   ganawilebis 

simkvrivis funqciiT. vipovoT misi  2;0   intervalSi moxvedris albaToba 

5,00cos
2

cos5,0cos5,0sin5,0
2

0

0

2
2

0




















 





 xxdxXP  

 

 

 

2.2 pirobiTi ganawilebis simkvrivis funqcia  

 
 SemTxveviTi movlenebis Seswavlisas saqme gvaqvs ara erT, aramed ram-
denime SemTxveviT sididesTan, romlebic qmnian SemTxveviT sidideTa siste-
mas. SemTxveviT  sidideTa sistemis daxasiaTebisTvis ar aris sakmarisi vi-
codeT TiToeuli SemTxveviTi sididis ganawilebis kanoni, saWiroa vi-
codeT maT Soris damokidebulebac. es damokidebuleba SeiZleba daxasi-
aTdes e.w. pirobiTi ganawilebis kanoniT. 
 ori SemTxveviTi  X  da  Y  sididis ganawilebis funqcia ewodeba 
orargumentian   F(x, y)  funqcias, romelic tolia ori  X < x da Y < y uto-
lobis erTdroulad Sesrulebis albaTobisa. e.i. 

F(x, y) = P(X < x,Y < y) 

da mas erToblivi ganawilebis funqcia ewodeba 
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 X SemTxveviTi sididis ganawilebis kanons, gamoTvlils im pirobiT, 
rom meore, Y SemTxveviTma sididem miiRo garkveuli Y = y  mniSvneloba, ewo-
deba pirobiTi ganawilebis kanoni. igi SeiZleba warmovadginoT, rogorc 

pirobiTi ganawilebis simkvrivis funqcia  f(x  y), an rogorc pirobiTi 

ganawilebis funqcia F(x  y). pirobiTi ganawilebis simkvrivis funqciebi gan-
isazRvrebian Semdegnairad: 
 

f (x  y) = ,

),(

),(






dxyxf

yxf
 

f (y  x) = .

),(

),(






dyyxf

yxf
 

sadac  yxf ,  aris erToblivi ganawilebis simkvrivis funqcia, romelic 
ganisazRvreba Semdegnairad: 

).,(),( yxFyxf   
pirobiTi ganawilebis simkvrives axasiaTebs igive Tvisebebi, rac 

Cveulebrivi ganawilebis simkvrivis funqcias, kerZod: 

 








 .1)|()|( dyxyfdxyxf  

 pirobiTi ganawilebis simkvrivis cnebidan gamomdinare, SegviZlia Se-
movitanoT albaTobis TeoriaSi erT-erTi umniSvnelovanesi cneba – Sem-
TxveviT sidideTa damoukideblobis cneba. 
 X SemTxveviTi sididis damoukidebloba Y SemTxveviT sididesTan 
nebismieri y-Tvis SeiZleba ase Caiweros: 

f (x | y) = fx(x) . 

Tu SemTxveviTi sidide  X  damokidebulia Y-ze, maSin: 

f (x | y)  fx(x). 
Tu X sidide ar aris damokidebuli Y-ze, maSin arc Y sididea damokidebuli 

X-ze. 
 amrigad, uwyvet X da Y SemTxveviT sidideebs ewodebaT damoukidebeli, 
Tu TiToeuli maTganis ganawilebis kanoni ar aris damokidebuli imaze, Tu 
ra mniSvneloba miiRo meore SemTxveviTma sididem. winaaRmdeg SemTxvevaSi, 
SemTxveviTi sidideebi damokidebulia. damoukidebuli X da Y SemTxveviTi 
sidideTa erToblivi ganawilebis simkvrivis funqcia tolia: 

f (x, y) = fx (x)  fy (y). 
  
 
 

2.3 SemTxveviTi sididis ricxviTi 

maxasiaTeblebi 

 

 Cven viciT, rom ganawilebis kanoni SemTxveviT sidides srulad axasi-
aTebs. magram, Zalian xSirad, ganawilebis kanoni ucnobia. amitom gac-
ilebiT ufro mosaxerxebelia zogierTi raodenobrivi maCveneblebis gan-
sazRvra, romlebic SekumSuli formiT mogvawvdian informacias SemTxveviT 
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sidideze. aseT maCveneblebs uwodeben SemTxveviTi sididis ricxviT maxasi-
aTeblebs. maTgan ZiriTadia maTematikuri lodini, dispersia, sxvadasxva 
rigis momentebi, moda da mediana. 

maTematikuri lodini axasiaTebs SemTxveviT sidides ricxviT RerZze 
da gansazRvravs mis ganawilebis centrs, amitom xSirad maTematikur 
lodins uwodeben SemTxveviTi sididis saSualo mniSvnelobas. maTematikuri 
lodini aRiniSneba M an E simboloTi. ganvixiloT SemTxveviTi sidide X, 
romelic iRebs x1,x2,...,xn mniSvnelobebs p1, p2,...,pn albaTobiT, maSin maTemat-
ikuri lodini tolia: 

n

nn

ppp

pxpxpx
XM






21

2211)( . 

Tu gaviTvaliswinebT, rom p1 + p2 + ··· + pn = 1, maSin 





n

i

ii pxXM
1

)( . 

amrigad, diskretuli SemTxveviTi sididis maTematikuri lodini 
ewodeba misi yvela SesaZlo mniSvnelobebis maTsave albaTobebze namravlis 
jams. uwyveti SemTxveviTi sididisaTvis gvaqvs: 






 dxxxfxM )()( . 

moviyvanoT daumtkiceblad maTematikuri lodinis zogierTi Tvisebebi: 
 1. mudmivi sididis maTematikuri lodini udris TviT am sidides 

M(c) = c ,      c = const. 
 2. SemTxveviTi sididis mudmivi mamravli SeiZleba gatanil iqnes ma-
Tematikuri lodinis aRniSvnis gareT 

M(cX) = cM(X) . 
 3. ori SemTxveviTi sididis jamis maTematikuri lodini tolia maTi 
maTematikuri lodinebis jamisa 

M(X + Y) = M(X) + M(Y) . 
 Sedegi. ramdenime SemTxveviTi sididis jamis maTematikuri lodini 
tolia maTi maTematikuri lodinebis jamisa 

M(X + Y + Z + ··· + N) = M(X) + M(Y) + M(Z) + ··· + M(N) . 
 4. ori damoukidebeli SemTxveviTi sididis namravlis maTematikuri 
lodini tolia maTi maTematikuri lodinebis namravlisa 

M(XY) = M(X) M(Y) . 
 Sedegi. ramdenime urTierTdamoukidebeli SemTxveviTi sididis 
namravlis maTematikuri lodini tolia maTi maTematikuri lodinebis 
namravlisa 

M(XYZN) = M(X) M(Y)M(Z) ··· M(N) . 
 5. SemTxveviTi sididis Tavis maTematikur lodinTan gadaxris ma-
Tematikuri lodini nulis tolia 

M[X – M(X)] = 0 . 
 SemTxveviTi sididis mdebareobis sxva maxasiaTeblebia moda da medi-
ana. 

 moda M0 ewodeba diskretuli SemTxveviTi sididis im mniSvnelobas, 
romelsac gaaCnia udidesi albaToba. uwyveti SemTxveviTi sididisTvis moda 
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ewodeba mis im mniSvnelobas, romlis drosac ganawilebis simkvrive 
maqsimaluria. arsebobs ormodiani da mravalmodiani ganawilebebi. gvxdeba 
iseTi ganawilebebi, romelTac aqvT minimumi da ar gaaCniaT maqsimumi. aseT 
ganawilebebs uwodeben antimodalurs. 
 mediana Me  aris im wertilis abscisa, romelzedac ganawilebis 
mrudiT SemosazRvruli farTobi iyofa Suaze. unda aRiniSnos, rom Tu 
ganawileba erTmodiania da simetriuli, maSin maTematikuri lodini, moda 
da mediana erTmaneTs emTxveva. 
 dispersia da saSualo kvadratuli gadaxra. am maxasiaTeblebiT 
SeiZleba vimsjeloT SemTxveviTi sididis gafantvis Sesaxeb misi maTemat-
ikuri lodinis mimarT. SemTxveviTi sididis dispersia ewodeba X Sem-
TxveviTi sididis misi maTematikur lodinTan gadaxris kvadrats. 

D(X) = M[X – M(X)]
2
 . 

diskretuli SemTxveviTi sidideebisaTvis gveqneba: 

D(X) = 
i

n




1

[xi – M(X)]
2 

pi , 

xolo uwyveti SemTxveviTi sidideebisaTvis: 






 dxxfXMxXD )()]([)( 2 . 

dispersiis gamosaTvlelad ufro mizanSewonilia Semdegi formulis gam-
oyeneba: 

D(X) = M[X – M(X)]
2
 = M[ 2X – 2 X M(X) + 2M (X)] = M( 2X ) –                  

                                      – 2 M(X) M(X) + 2M (X) = M(X 
2
) – 2 2M (X) + 2M (X) =  

                                      = M( 2X ) – 2M (X).  

 dispersiis nakli isaa, rom misi ganzomileba SemTxveviTi sididis 
ganzomilebis kvadratis tolia da gafantvis daxasiaTebisTvis erTgvarad 
uxerxulobas qmnis. am naklisagan Tavisufalia saSualo kvadratuli gada-
xra, romelic warmoadgens dadebiT kvadratul fesvs dispersiidan 

)(XDsx  . 

ganvixiloT dispersiis zogierTi Tvisebebi: 
 1. mudmivi sididis dispersia nulis tolia  

D(c) = 0 ,  c = const. 

 2. SemTxveviTi sididis mudmivi mamravli SeiZleba gatanil iqnes dis-
persiis niSnis gareT, romelic kvadratSi unda iyos ayvanili 

D(cX) = c
2
 D(X) .  

 3. ori damoukidebeli SemTxveviTi sididis jamis dispersia tolia am 
sidideTa dispersiebis jamisa 

D(X + Y) = D(X) + D(Y) . 

 Sedegi. ramdenime urTierTdamoukidebeli SemTxveviTi sididis jamis 
dispersia am sidideTa dispersiebis jamis tolia. 

D(X + Y + ··· + N) = D(X) + D(Y) + ··· + D(N) . 
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 4. ori damoukidebeli SemTxveviTi sididis sxvaobis dispersia am 
sidideTa dispersiebis jamis tolia 

D(X – Y) = D(X) + D(Y) . 

marTlac, D(X – Y) = D(X)+D(–Y)=D(X)+(–1)
2
D(X)=D(X)+D(Y). 

 5. ori damoukidebeli SemTxveviTi sididis namravlis dispersia gan-
isazRvreba Semdegi formuliT: 

D(XY) = D(X) D(Y) + 2M (X) D(Y) + 2M (Y) D(X) . 

 magaliTi. vTqvaT, mocemulia X SemTxveviTi sididis ganawilebis sim-
kvrivis funqcia: 

















2,0

20,

0,0

)( 2

x

xax

x

xf

roca

roca

roca

 

vipovoT a koeficienti, ganawilebis funqcia, maTematikuri lodini, 
dispersia da saSualo kvadratuli gadaxra. radgan 

1)(

2

0

 dxxf , 

amitom 

    .

    , 

 da

aqedan

838

3

8

3
)()(

8

3
)(

8

3
1

3

8

3
)(

3

0

3

0

2

0

2

0

2
3

2

0

2

2

0

xx
dxxdxxfxFxxf

aax
a

dxaxdxxf

x
xx








 

ganvsazRvroT maTematikuri lodini: 

5,1
48

3

8

3
)()(

0

242

0

3

2

0

 
x

dxxdxxxfxM  

dispersia da saSualo kvadratuli gadaxra: 

D(X) = M( 2X ) – 2M (X) . 

.  ; 

; 

39,015,015,0)5,1(4,2)(

4,2
58

3

8

3
)()(

2

0

252

0

4

2

0
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xsXD

x
dxxdxxfxXM

 

 SemTxveviTi sididis ZiriTad ricxviT maxasiaTebelTa ganzogadebas 
warmoadgens SemTxveviTi sididis momentis cneba. arCeven ori saxis moments: 
sawyiss da centralurs. sawyisi momentebidan gansakuTrebuli mniSvneloba 
aqvs pirveli rigis moments, romelic warmoadgens maTematikur lodins. 
maRali rigis sawyisi momentebi, ZiriTadad, gamoiyeneba centraluri momen-
tebis gamosaTvlelad. diskretuli SemTxveviTi sididisaTvis k-uri rigis 
centraluri momenti gamoiTvleba formuliT: 
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n

i

i

k

ik pXMx
1

)( , 

xolo uwyveti SemTxveviTi sididisaTvis gveqneba: 

 




 dxxfXMx
k

k )()( . 

pirveli rigis centraluri momenti, rogorc formulidan Cans, nulis 
tolia, xolo meore rigis momenti warmoadgens dispersias. 
 mesame rigis centraluri momenti axasiaTebs ganawilebis asimetrias. 
Tu SemTxveviTi sidide Tavisi maTematikuri lodinis mimarT simetriuladaa 
ganawilebuli, maSin mesame rigis centraluri momenti nulis tolia. am mo-
mentis saSualebiT gamoiTvleba asimetriis koeficienti 

3

3

x

x
s

A


 , 

sadac, 3
xs  – saSualo kvadratuli gadaxraa ayvanili kubSi. 

ganawilebis mruds gaaCnia dadebiTi asimetria, roca Ax > 0 da uaryofiTi, 
roca Ax < 0 . 
 meoTxe rigis centraluri momenti gamoiyeneba ganawilebis mrudis 
wamaxvilebis xarisxis dasaxasiaTeblad. es Tviseba aRiwereba e.w. eqscesis 
koeficientis saSualebiT, romelic gamoiTvleba Semdegi formuliT: 

3
4

4 



x

x
s

E , 

sadac, 4
xs  – saSualo kvadratuli gadaxraa ayvanili meoTxe xarisxSi. 

 miRebulia, rom normalurad ganawilebuli mrudisTvis eqscesis 
koeficienti nulis tolia da es Sedegi miRebulia etalonad, romelTanac 
Sedardebian sxva ganawilebis mrudeebi. mruds, romelsac ufro maRali wve-
ro aqvs, vidre normalurs, e.i. ufro maxvilwveroiania, Seesabameba dadebi-
Ti eqscesa, xolo mruds, romelsac ufro dabali da brtyeli wvero aqvs – 
uaryofiTi eqscesa. 
 

 

 

. 
 

3 SemTxveviTi sidideebis ZiriTadi 

ganawilebis kanonebi 

 

 

3.1 binomuri ganawilebis kanoni 

 
 binomuri kanoniT ganawilebulia ZiriTadad Tvisebrivi parametrebi. 
vTqvaT, A  da B xdomilobebs aqvT mxolod diqotomiuri Sedegi (mag. `ki~, 
`ara~, `+~, `–~). A xdomilobis albaToba P(A) = p yoveli cdisaTvis iyos mud-
mivi. aqedan gamomdinare, B xdomilobis albaTobac P(B) = q iqneba mudmivi 
sidide. cxadia, p + q = 1. vTqvaT, Catarda n cda  da  A  xdomiloba  moxda  m-
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jer, maSin  B  xdomiloba moxdeboda (n – m)-jer. Sedegis xdomilobis al-
baToba gamoiTvleba bernulis formuliT: 

.)1(
)!(!

!
)( mnmmnmm

nn pp
mnm

n
qpCmP  


  

radgan Pn(m) albaToba dakavSirebulia binomis Cn
m  gaSlasTan, amitom 

m SemTxveviTi sididis am ganawilebas binomuri ganawileba ewodeba. igi 
warmoadgens diskretuli SemTxveviTi sididis ganawilebas, radgan m iRebs 
garkveul mTel mniSvnelobebs m = 0,1,2,3,...,n. binomurad aris ganawilebuli 
ara marto alternatiuli maCveneblebi, aramed iseTi maCveneblebic, rom-
lebTac gaaCniaT ara ori, aramed ufro meti Sedegi. 
 binomuri kanoniT ganawilebuli X SemTxveviTi sididis maTematikuri 

lodini tolia M(X) = np, xolo saSualo kvadratuli gadaxra – npqsp  . 

 binomuri ganawilebis simkvrivis grafiki damokidebulia cdebis n 

raodenobaze da mosalodneli Sedegis p albaTobaze. roca p = 0,5, binomuri 

mrudi simetriulia. Tu p   q,  maSin binomur mruds gaaCnia asimetria, rome-
lic | p – q | sxvaobis zrdasTan erTad izrdeba. 
 

 

 

 

 

3.2 puasonis ganawileba 

 

 rodesac mosalodneli Sedegis albaToba Zalzed mcirea, magaliTad, 
erTis measedi an meaTasedia, maSin ganawilebis mrudi Zalian asimetriulia. 
aseTi iSviaTi xdomilobis ganawilebis sixSire SeiZleba gamoiTvalos pua-
sonis formuliT: 

a
m

n e
m

a
mP 

!
)( , 

sadac, m aris n damoukidebeli cdis mosalodneli xdomilobaTa sixSire, a 

– puasonis ganawilebis parametria (a > 0). 
puasonis ganawilebis simkvrivis grafikebi, romlebic a sididezea 

damokidebuli, naCvenebia Semdeg naxazze: 
 
 

 
  

irkveva, rom puasonis kanoniT ganawilebuli X SemTxveviTi sididis 
maTematikuri lodini da dispersia puasonis ganawilebis a parametris to-
lia, e.i. M(X) = D(X) = a. puasonis ganawilebis es Tviseba xSirad gamoiyeneba 
praqtikaSi X SemTxveviTi sididis puasonis ganawilebaze hipoTezis Sesa-
mowmeblad. amisaTvis saWiroa gamovTvaloT SemTxveviTi sididis maTemat-
ikuri lodini da dispersia. Tu maTi mniSvnelobebi erTmaneTis tolia an 
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axlos arian, maSin miaxloebiT SegviZlia CavTvaloT, rom am SemTxveviT 
sidides gaaCnia puasonis ganawileba. 
 

 

 

 

 

3.3 Tanabari ganawileba 

 

 uwyvet X SemTxveviT sidides [a, b] intervalSi aqvs Tanabari 
ganawileba (Tanabradaa ganawilebuli), Tu misi ganawilebis simkvrive am in-
tervalSi mudmivia, xolo mis gareT nulis tolia, e.i. 

















.const,0

,

,0

)(

cbx

bxac

ax

xf

         , 

    , 

    , 

 roca

 roca

 roca

 

ganawilebis simkvrives da ganawilebis funqcias aqvT Semdegi saxe:  
 

 
vipovoT c mudmiva. radgan ganawilebis mrudiT SemosazRvruli 

farTobi erTis tolia, amitom 

    .     .  e.i.aqedan
ab

xf
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ccdxdxxf

b
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1
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ganawilebis funqcia tolia: 

e.i.
1

( ) ( )  ,    ( ) .

x x x

aa a

x x a x a
F x f x dx dx F x

b a b a b a b a

 
    

      

maTematikuri lodini:  

2)(22
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xolo dispersia: 
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xxD
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ganawilebis simetriis gamo asimetriis koeficienti nulis tolia. vipovoT 
eqscesis koeficienti. 
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 ganvixiloT Tanabrad ganawilebuli X SemTxveviTi sididis [a, b] inter-

valis raime [, ] SualedSi moxvedris albaToba 
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3.4 maCvenebliani ganawileba 

 

 uwyveti SemTxveviTi X sididis maCvenebliani (eqsponencialuri) 
ganawileba ewodeba iseT ganawilebas, romlis simkvrivis funqcias aqvs 
Semdegi saxe: 












 ,   , 

   ,  

 roca

 roca

0

00
)(

xe

x
xf

x
 

sadac,  – mudmivi dadebiTi ricxvia. 
 Cven vxedavT, rom maCvenebliani ganawileba ganisazRvreba mxolod er-

Ti parametriT  , rac migvaniSnebs mis dadebiT mxareze. ganawilebisa da 
simkvrivis funqciebs aqvT Semdegi saxe: 
 

 
vipovoT ganawilebis funqcia: 

.01)()(  







 xedxedxxfxF x

x

x

x

    , roca  

ganvsazRvroT maTematikuri lodini da dispersia: 

  .
1112

)()()(

.
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222
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sXMXMXD

dxexdxxxfXM x

  ; 

 

amrigad, maCvenebliani ganawilebisaTvis maTemati- kuri lodini da 
saSualo kvadratuli gadaxra erTmaneTis tolia. maCvenebliani ganawileba 
xSirad gvxdeba saimedobis Teoriisa da masobrivi momsaxurebis amocanebSi. 
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3.5  normaluri ganawileba 

 

 normaluri ganawileba yvelaze ufro gavrcelebuli ganawilebis ka-
nonia. normaluri ganawilebis ZiriTadi Tviseba imaSi mdgomareobs, rom 
sxva ganawilebebi miiswrafvian normaluri ganawilebisaken. normaluri 
ganawilebis kanons eqvemdebarebian mxolod uwyveti SemTxveviTi sidideebi. 
amitom normaluri ganawileba, romelic aRiniSneba N(a,s) simboloTi, 
SeiZleba mocemuli iyos ganawilebis simkvrivis an ganawilebis funqciis 
saxiT. 
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 normaluri ganawilebis simkvrivis grafiks ewodeba normaluri mrudi. 
mas aqvs zarisebuli forma da simetriulia x = a wertilze gamavali wrfisa, 

xolo abscisaTa RerZebs asimptoturad uaxlovdeba, roca x  . 
 rogorc normaluri ganawilebis simkvrivis formulidan Cans, norma-
luri ganawileba ganisazRvreba a da s parametrebiT. ganvsazRvroT es para-
metrebi. vipovoT normalurad ganawilebuli SemTxveviTi sididis maTemat-
ikuri lodini da dispersia 
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meore integrali nulis tolia, rogorc integrali kenti funqciidan 
simetriul zRvrebSi. pirveli integrali warmoadgens puasonis cnobil in-
tegrals 






 dtte
2

, 

amitom, 

a
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XM 


)( . 

e.i. a warmoadgens maTematikur lodins. vipovoT dispersia 
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aqac, Tu gamoviyenebT axal cvlads, (3.1) formulidan miviRebT 
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Tu gamoviyenebT nawilobiTi integrirebis xerxs, sabolood miviRebT 
2)( sXD  , e.i. s

2
 parametri warmoadgens dispersias. normaluri ganawilebis 

standartuli gadaxra )(XDs   warmoadgens manZils saSualosa da 

ganawilebis mrudis gadaRunvis wertils Soris, anu iseT wertils Soris, 
sadac mrudi amozneqilobas CazneqilobiT cvlis. 
 amrigad, naTeli xdeba normaluri ganawilebis mrudis a da s para-
metrebis statistikuri azri da isini srulad gansazRvraven mrudis 
mdebareobas ricxviT RerZze da mis formas. 
 ganvixiloT normaluri ganawilebis zogierTi Tvisebebi: 
 1. simkvrivis funqcia gansazRvrulia mTel ox RerZze, e.i. x-is yovel 
mniSvnelobas Seesabameba funqciis garkveuli mniSvneloba. 
 2. x-is yvela mniSvnelobisaTvis (rogorc dadebiTi, aseve uaryofiT-
isTvis) simkvrivis funqcia dadebiTia, e.i. normaluri mrudi moTavsebulia 
ox RerZis zeda naxevarsibrtyeSi. 
 3. simkvrivis funqciis zRvari x-is zrdisas udris nuls 

0)(lim 


xf
x

. 

 4. simkvrivis funqcias x = a wertilSi gaaCnia maqsimumi, romelic to-
lia: 




2

1
)(

s
af . 

 5. simkvrivis funqciis grafiki simetriulia x = a wertilze gamavali 
wrfis mimarT. 
 6. kenti centraluri momentebi nulis tolia. 
 7. asimetriisa da eqscesis koeficientebi nulis tolia. 
 8. normaluri mrudis forma a (maTematikuri lodinis) parametris 
sididis Secvlisas ar icvleba. maTematikuri lodinis gazrdisas an Sem-
cirebisas, mrudis grafiki Sesabamisad gadainacvlebs marcxniv an marjvniv. 
 9. s parametris Secvlisas icvleba mrudis forma.     s-is zrdisas 
ganawilebis mrudis maqsimaluri ordinata mcirdeba da piriqiT, s-is Sem-
cirebisas – izrdeba. 
       radgan normaluri ganawileba damokidebulia or parametrze (a,s), am-
itom misi cxrilis saxiT warmodgena sakmaod rTulia. aqedan gamomdinare, 
praqtikaSi farTod gamoiyeneba standartizirebuli (standartuli) norma-
luri ganawileba, romelic miiGReba X  SemTxveviTi sididis Z – gardaqmniT: 

s

aX
Z


 . 

miRebuli Z sididis maTematikuri lodini da dispersia tolia: 

  ,0)()(
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Tu Z mniSvnelobas CavsvamT normaluri ganawilebis simkvrivis fun-
qciis gamosaxulebaSi, maSin miviRebT standartizirebul normalur 
ganawilebas NN(0,1) arametrebiT, romlis ganawilebis simkvrivis funqcias 
aqvs Semdegi saxe: 
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ganawilebis F(z) funqcia dakavSirebulia laplasis (z) funqciasTan  
Semdegi tolobiT: 
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biostatistikis meTodebi 

 

 

4 biostatistikis arsi 

 
 biostatistika, iseve rogorc maTematikuri statistika, aris ma-
Tematikis nawili, romelic swavlobs SemTxveviT sidideze warmoebuli 
dakvirvebebis Sedegebis Sekrebis, sistematizaciisa da damuSavebis 
meTodebs arsebuli kanonzomierebis gamovlenis mizniT. statistikur 
meTodebs safuZvlad udevs eqsperimentaluri monacemebi, romlebTac 
statistikur monacemebs uwodeben. 
 rogorc cnobilia, SemTxveviT sidideze yvelaze zusti cnobebi 
SeiZleba miviRoT, Tu CavatarebT am SemTxveviTi sididis maqsimalurad 
bevr gazomvas. SemovitanoT generaluri erTobliobis cneba. 
 generaluri erToblioba anu statistikuri populacia ewodeba yvela 
SesaZlo dakvirvebaTa erTobliobas, romlebic SeiZleba miviRoT Sem-
TxveviTi sididis gazomviT. generaluri erTobliobis Semadgenel wevrTa 
raodenobas ewodeba am generaluri erTobliobis moculoba anu 
ganzomileba. 
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 praqtikulad, generaluri erTobliobis miReba TiTqmis SeuZlebelia 
sxvadasxva mizezis gamo, garda gamonaklis SemTxvevaSi, roca generaluri 
erToblioba Sedgeba wevrTa sasruli raodenobisgan. aqedan gamomdinare, 
rogorc wesi, Cven saqme gvaqvs sasruli raodenobis dakvirvebebTan, rom-
lebsac amonarCevi ewodebaT. 
 amonarCevi erToblioba an ubralod amonarCevi (SerCeva, amokrefa) 
ewodeba im dakvirvebebis (obieqtebis) erTobliobas, romlebic amoRebulia 

generaluri erTobliobidan. dakvirvebaTa mwkrivi nxxx ,..,, 21  ganixileba, 

rogorc n moculobis amonarCevi sasruli an usasrulo generaluri erTo-
bliobidan. amonarCevi yovelTvis sasruli raodenobisaa. 
 maTematikuri statistikis kvlevis erT-erT ZiriTad meTods war-
moadgens e.w. SerCeviTi meTodi. meTods, romelic akeTebs daskvnas amonar-
Cevis maxasiaTeblebisa da Tvisebebis safuZvelze, generaluri erTobliobis 
ricxviT maxasiaTeblebze da ganawilebis kanonis Sesaxeb, ewodeba SerCevi-
Ti meTodi. 
 imisaTvis, rom X SemTxveviTi sididis ganawilebis kanoni an misi 
ricxviTi maxasiaTeblebis Sesaxeb msjeloba iyos efeqturi, aucilebelia, 
rom amonarCevi iyos warmomadgenlobiTi (reprezentatiuli), e.i. sakmaod 
kargad warmoadgendes Sesaswavl SemTxveviT sidides. 
 arseboben specialuri meTodebi warmomadgenlobiTi amonarCevis 
misaRebad, romelTa arsi daiyvaneba imaze, rom generaluri erTobliobis 
yovel elements hqondes Tanabari albaToba imisa, rom moxvdes amonarCevSi. 
amonarCevis reprezentatiuloba miiRweva randomizaciiT (inglisuri sity-
vidan random-SemTxveviTi) anu, sxvanairad rom vTqvaT, generaluri erTo-
bliobidan elementebis SemTxveviTi amokrefiT. amonarCevis SemTxveviToba 
miiReba an meqanikuri meTodebiT, romlebic efuZneba generaluri erTobli-
obis nawil-nawil dayofas, anda maTematikuri meTodebiT, magaliTad, monte-
karlos meTodiT. 
 iyenebs ra albaTobis Teoriis meTodebs, maTematikuri statistikis 
mizania, amonarCevis saSualebiT Seafasos generaluri erTobliobis maxasi-
aTeblebi. albaTobis Teoriidan viciT, rom SemTxveviT sidides gaaCnia 
garkveuli saxis ganawilebis funqcia misi Sesabamisi ricxviTi maxasia-
TeblebiT (mag. maTematikuri lodini an sxva sawyisi da centraluri momen-
tebi), romlebsac SemdgomSi Teoriuls vuwodebT, xolo amonarCevis saSu-
alebiT miRebul mniSvnelobebs – SerCeviTs anu empiriuls. 
 maTematikur statistikaSi Zalian xSirad gamoiyeneba `Tavisuflebis 
xarisxis~ cneba. Tavisuflebis xarisxi aris gamonaTqvami, romelic 
nasesxebia fizikidan, sadac igi axasiaTebs obieqtis moZraobas. Tu obieqts 
aqvs SesaZlebloba imoZraos mxolod sworxazovnad, maSin mas aqvs erTi 
Tavisuflebis xarisxi. obieqts, romelsac SeuZlia sibrtyeze moZraoba, 
gaaCnia ori Tavisuflebis xarisxi da a.S. Tu gamovalT Tavisuflebis 
xarisxis aseTi geometriuli interpretaciidan, maSin igi SeiZleba ase gan-
isazRvros:  

kn  , 

sadac,  _ Tavisuflebis xarisxia; 
   n _ amonarCevis ganzomileba, romliTac ganisazRvreba Sesafasebeli 

parametri; 
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k _ damatebiTi parametrebis raodenoba, romlebic      ganisazRvrebi-
an igive amonarCeviT da Sedian  Sesafasebeli parametris gamosax-
ulebaSi. 

magaliTad, dispersiisTvis   ,
1

1

1

22 






n

i

ix xx
n

 k = 1, radgan  dispersiis 

formulaSi aris erTi damatebiTi cvladi – saSualo ariTmetikuli x , ro-

melic ganisazRvreba igive amonarCeviT. aqedan gamomdinare,  = n – 1. 

 

 

 
5 monacemebis klasifikacia da maTi 

warmodgenis meTodebi.  sixSiruli analizi 
 

 obieqtis Seswavlisas saWiroa misi mTeli rigi maCveneblebis gazomva 
da dafiqsireba. dakvirvebisa Tu fizikuri gazomvebis Sedegad miRebul in-
formacias uwodeben Sesaswavli obieqtis pirvelad (nedl, daumuSavebel) 
monacemebs, xolo am monacemTa erTobliobas – statistikur erTobliobas. 
sazogadod, monacemebi aris obieqtTa raime simravlis maxasiaTebelTa 
dakvirvebuli mniSvnelobebis erToblioba. am erTobliobis yovel wevrs 
dakvirveba, monacemi anu monacemi wertili ewodeba. 
             Tavdapirveli monacemebis dalagebis, dajgufebisa da erTiani 
mimoxilvis meTodologia Seadgens deskrifciul anu aRweriT statistikas. 
unda gvaxsovdes, rom monacemTa gaerTianeba SesaZlebelia maTi erTgva-
rovani niSnebis mixedviT. termini `niSnis~ qveS igulisxmeba Tviseba, riTac 
erTi sagani gansxvavdeba meorisgan. niSnebs gaaCniaT cvalebadobis Tviseba 
da amitom maT variants uwodeben. sazogadod, yvela monacemi (niSani) 
cvalebadia da eqvemdebareba uSualod gazomvas. isini pirobiTad SeiZleba 
davyoT Tvisebriv da raodenobriv monacemebad.  
 Tvisebrivi monacemebi fizikurad ar izomeba, isini mxolod aRiricxe-
ba ama Tu im niSnis yofna-aryofnis saSualebiT. magaliTad, pacientSi ama 
Tu im simptomis arseboba an ararseboba, pacientTa klasifikacia avadmyo-
fobis simZimis mixedviT da sxv. Tvisebrivi monacemis konkretul dones 
atributi ewodeba. 
  raodenobrivi monacemebi eqvemdebareba uSualod gazomvebs. isini 
pirobiTad SeiZleba davyoT or klasad: diskretulad da uwyvetad. gavix-
senoT, rom uwyvetia iseTi sidide, romelsac SeuZlia miiRos yvela Sesa-
Zlo mniSvneloba raRac garkveuli intervalis farglebSi. mag. maqsimaluri 
arteriuli wnevis mniSvneloba, pulsis sixSire, sisxlSi leikocitebis 
raodenoba da sxv. Tu xdeba raime monacemebis Tvla, mag. operaciebis 
ricxvi, mwyobridan gamosuli xelsawyoebis raodenoba da sxva, romlebic 
diskretulad icvlebian, maSin maT diskretuli monacemebi ewodebaT. 
 cvalebad Tvisebriv da raodenobriv monacemebs maTematikur statis-
tikaSi ewodeba cvladi SemTxveviTi sidideebi, romlebic laTinuri 
alfavitis didi asoebiT aRiniSneba X,Y,Z,..., xolo maTi ricxviTi monacemebi 
Sesabamisad mcire laTinuri asoebiT – x x xn1 2, ,..., ;  y y ym1 2, ,...,  da a.S.    

 monacemebis zemoT moyvanili klasifikaciis gaTvaliswinebiT 
arsebobs gazomvis sami skala: nominaluri, rigiTi da ricxviTi. 
 nominaluri skala warmoadgens gazomvis umartives dones da gam-
oiyeneba Tvisebrivi (kategoriuli, binaruli) monacemebis gasazomad. 
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rodesac kategoriebs Soris arsebobs garkveuli mimarTeba an rigi, maSin 
Tvisebrivi monacemebi izomeba rigis skalis gamoyenebiT. dakvirvebebi aqac 
klasificirebulia, magram maT Soris arsebobs `metobis~ an `naklebobis~ 
mimarTeba. mag. saxsrebiT daavadebuli avadmyofebi klasificirdebian 
avadmyofobis simZimis mixedviT oTx klasad, sadac pirveli klasi 
Seesabameba normalur aqtivobas, xolo meoTxe klasi – invalidis etliT 
moZraobas. 
 raodenobrivi monacemebi izomebian ricxviT skalaze, romelic iyofa 
intervalur anu uwyvet skalad da diskretul skalad. uwyvet skalaze 
izomeba uwyveti SemTxveviTi sidideebi, xolo diskretul skalaze – dis-
kretuli SemTxveviTi sidideebi. 
 Tvisebrivi maCveneblebis warmodgena. vTqvaT, amonarCevis n elementebi 
xasiaTdeba erTi Tvisebrivi maCvenebliT, romlis mimarT SesaZlebelia ori 

msjeloba `niSani aris~ (aRvniSnoT A-Ti) da `niSani ar aris~ ( A ). maSin 
dakvirvebebi SeiZleba ase warmovadginoT: 
 

i 1 2 3 . . . n 

niSani A A  A  . . . A 

 
ufro ukeTesia, Tu movaxdenT maT dajgufebas. maSin gveqneba: 
 

varianti A A  

sixSire mA  m
A

 

cxadia, rom sixSireTa jami  
i

i nm . sixSire esaa ricxvi, romelic 

gviCvenebs, Tu ramdenjer gvxvdeba mocemuli varianti (mniSvneloba) amonar-
CevSi. ganvixiloT erToblioba, romlis elementebi xasiaTdeba ori alter-
natiuli niSniT A  da B. maSin monacemebis dajgufebis Sedegad viRebT 
Semdeg cxrils, romelsac oTxujrediani anu (2x2) tipis cxrili ewodeba.  
 

A      
B
 B B sul 

A ABm  
BA

m  mA  

A  m
AB

 
BA

m  m
A

 

sul mB  m
B

 n 

 
raodenobrivi maCveneblebis warmodgena. davuSvaT, rom unda Se-

viswavloT raime diskretuli SemTxveviTi sidide X, romlis ganawilebis 
kanoni ucnobia. ganawilebis kanonis SefasebisaTvis an statistikuri max-
asiaTeblebis gamoTvlisaTvis tardeba damoukidebeli gazomvebis seria 

nxxx ,...,, 21 . gazomvebis Sedegad miRebuli masala warmovadginoT cxrilis 

saxiT: 

i 1 2 ... n 

xi x1 x2 ...  xn 

 
am cxrils ewodeba statistikuri mwkrivi. igi warmoadgens statistikuri 
masalis warmodgenis pirvelad formas. 
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 didi raodenobiT gazomvis SemTxvevaSi statistikuri masalis cxri-
lis saxiT warmodgena mouxerxebelia da misi saSualebiT praqtikulad 
SeuZlebelia gamosakvlevi X SemTxveviTi sididis ganawilebis kanonis 
dadgena. amitom, mizanSewonilia monacemebis dajgufeba. kerZod, gazomvis 
Sedegad miRebuli mniSvnelobebiT gamovTvaloT mi  sixSireebi an fardobi-
Ti sixSireebi        

p
m

n
i

i*  ,  i = 1,2,...,k. 

amis Semdeg viRebT sixSirul cxrils, romelsac aqvs Semdegi saxe: 
 

xi x1 x2 . . . xk 

mi m1 m2 . . . mk 

*
ip  p1

*  p2
*  . . . pk

*  

 
cxrili sworadaa Sedgenili, Tu sruldeba Semdegi pirobebi: 

nm
k

i

i 
1

    da    



k

i

ip
1

* 1 . 

aseTi sixSiruli cxriliT warmodgenil statistikur mwkrivs ewodeba var-
iaciuli mwkrivi. 
 TvalsaCinoebisaTvis sixSiruli cxrilis magivrad iyeneben mis graf-
ikul gamosaxulebas, sadac abscisaTa RerZze gadazomilia variaciuli 
mwkrivis mniSvnelobebi, xolo ordinatTa RerZze – maTi Sesabamisi fardo-
biTi sixSireebi. 

 
miRebul mruds uwodeben ganawilebis mravalkuTxeds an ganawilebis 

sixSiris poligons. 
 Tu Seiswavleba uwyveti SemTxveviTi sidide, maSin dajgufeba 
mdgomareobs SemTxveviTi sididis cvalebadobis intervalis Tanabari sigr-
Zis k raodenobis kerZo intervalebad dayofaSi da am intervalebisTvis mi 

sixSireebisa da 
iP  fardobiTi sixSireebis gamoTvlaSi. 

 intervalebis raodenoba airCeva nebismierad, Cveulebriv, 5-dan 15-mde. 
intervalis optimaluri sigrZis gansazRvrisTvis iyeneben sterjesis for-
mulas:  

n

xx
h

lg32,31

minmax




 , 

sadac, minx  da maxx  amonarCevis minimaluri da maqsimaluri mniSvnelobebia, n 

– amonarCevis ganzomileba. miRebuli h sidide, umjobesia, davamrgvaloT. 
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magaliTad, Tu h < 1, maSin davamrgvaloT meaTedamde, sxva SemTxvevaSi – 
mTelamde. 
 pirveli intervalis sawyisad rekomendebulia miviRoT Semdegi mniS-
vneloba:  

 

2
min

0 h
xx  .   

meore intervalis dasawyisad, romelic emTxveva pirveli intervalis bo-

los –     hxx  01  da a.S. manam, sanam ar miviRebT intervals, romelSic mox-
vdeba maxx  mniSvneloba. am gziT miviRebT intervalur variaciul mwkrivs, 
romelic SeiZleba warmovadginoT Semdegi sixSiruli cxrilis saxiT:  
 

 
 
dagrovili sixSireebi miiReba sixSireebis Tanamimdevruli ajamviT, daw-
yebuli pirveli intervalidan.  
 TvalsaCinoebisaTvis umjobesia, intervaluri variaciuli mwkrivi 
warmovadginoT grafikulad e.w. histogramis saSualebiT. histograma aigeba 
Semdegnairad: abscisaTa RerZze gadaizomeba kerZo intervalebi da Ti-
Toeul maTganze aigeba oTxkuTxedi, romlis farTobi udris mocemuli in-
tervalis sixSires. ordinatTa RerZze gadazomili maCveneblis mixedviT 
histograma iyofa or tipad: 1) fardobiTi sixSireebis histograma, anu, 
rogorc mas zogjer uwodeben, normirebuli histograma da 2) procentebSi 
gamosaxuli sixSireebis histograma (procentuli histograma). am SemTxve-

vaSi, ordinatTa RerZze gadaizomeba 100* iP  sidideebi.  
am ori tipis histogramis gamoyenebis upiratesoba isaa, rom isini 

gvaZleven erTi da igive intervalebze agebuli sxvadasxva histogramebis 
Sedarebis saSualebas. 

 
magaliTi.  mocemulia 5 wlamde bavSvebis sisxlis nakadis siCqare (wm-

Si) 7  10  9  6  7  9  10  7  9  6  12  8  9  10  9  8  10  8  12  11  8  9  7  10  6  11 9  11  10  11  9  11  

10  8  9  7  8  9  8  10  (n = 40). avagoT GQGPOhistograma, empiriuli ganawilebis sim-
kvrivisa da ganawilebis funqciebis grafikebi. 

SevadginiT sixSiruli cxrili. amisaTvis ganvsazRvroT kerZo inter-
valis sigrZe: 
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h 






 

12 6

1 3 32 40

6

1 5 312
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  5,5
2

1
60 x .   sixSirul cxrils eqneba Semdegi saxe: 

 

cxrili sworadaa Sedgenili, radgan 40
7

1


i

im  da pi

i

*



 

1

7

1 . avagoT 

normirebuli histograma. 
 

                
 

Tu mravalkuTxedis zeda gverdebis Sua wertilebs SevaerTebT 
mrudiT, maSin es mrudi miaxloebiT gvaZlevs warmodgenas empiriuli 
ganawilebis simkvrivis f 

*
(x) funqciis saxeze. Cveni magaliTis empiriuli 

ganawilebis simkvrivis grafikuli gamosaxulebidan Cans, rom bavSvebis 
sisxlis nakadis siCqaris mniSvnelobebi daaxloebiT normaluradaa 
ganawilebuli. 
 Tu abscisaTa RerZze gadaizomeba kerZo intervalebi, xolo ordinat-
Ta RerZze – dagrovili fardobiTi sixSireebi da miRebul wertilebs Se-
vaerTebT, maSin miviRebT grafiks, romelsac kumulatiuri grafiki ewodeba. 
pirveli intervalis qveda zRvris mniSvnelobas iReben nulis tolad. Cveni 
magaliTisaTvis gveqneba:  
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 am gziT miRebuli grafiki warmoadgens SemTxveviTi sididis empiri-

uli ganawilebis )(* xF  funqciis miaxloebiT mniSvnelobas. 
  

monacemebis TvalsaCino warmodgenisaTvis, histogramis garda, zogjer 
gamoiyeneba foTlebiani Reroebis msgavsi diagrama. aseTi diagramis 
asagebad, gavataroT vertikaluri wrfe da mis marjvniv CavweroT cifrebis 
umciresi Tanrigebi, romlebsac foTlebi ewodebaT, xolo marcxena mxares 
– cifrebis zeda Tanrigebi, romlebsac Reroebi ewodebaT. dakvirvebaTa Re-
roebad dayofa xdeba cifrebis Tanrigebis raodenobis gaTvaliswinebiT. 
magaliTad, Tu Reroebi warmodgenilia erTTanrigiani cifrebiT, maSin 
dayofa xdeba erTeulebiT, orTanrigiani cifrebis dros – aTeulebiT da 
a.S. aqve unda SevniSnoT, rom aseTi dayofa pirobiTia da SesaZlebelia 
dayofis sxva kriteriumis gamoyeneba. 
 magaliTi. vTqvaT, mocemulia 32 pacientis asaki (wl.):60, 72, 25, 81, 32, 80, 

61, 73, 34, 65, 74, 45, 66, 63, 48, 62, 42, 65, 49, 54, 61, 52, 75, 57, 31, 58, 59, 69, 51, 82, 67, 72. 
avagoT foTlebiani Reroebis msgavsi  diagrama. 

 
Reroebi foTlebi 

2 

3 

4 

5 

6 

7 

8 

5 

241 

5892 

427891 

0156325197 

23452 

102 
 

foTlebiani Reroebis msgavsi diagrama histogramis msgavsia, magram aq 
SenarCunebulia indivindualuri mniSvnelobebi. garda amisa, misi saSu-
alebiT advilad dgindeba amonarCevis minimaluri da maqsimaluri mniS-
vnelobebi; romeli monacemi gvxdeba yvelaze xSirad; romeli yvelaze iSvi-
aTad da sxva. nakli is aris, rom misi  gamoyeneba didi moculobis amonar-
CevisaTvis naklebad mosaxerxebelia. 
 Tu monacemebi mocemulia procentebSi an fardobiTi sixSireebis sax-
iT, maSin maTi TvalsaCino warmodgenisTvis iyeneben wriul diagramas. wri-
uli diagramis asagebad saWiroa vipovoT centruli kuTxeebi Semdegnairad: 

 p360   an   
100

360
a

 , 

sadac p  – fardobiTi  sixSirea, a – procenti.  zogjer wriul diagramebs 
moculobiT saxes aZleven. 
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magaliTi. dizenteriiT daavadebul pacientTa raodenoba 90-ia. aqedan, 
47 pacients (52%) aReniSneba msubuqi, 22-s (24%) saSualo, 14-s (16%) mZime da 
7-s (8%) sakmaod mZime forma. monacemebi warmovadginoT wriuli diagramis 
saxiT. amisaTvis gamovTvaloT centruli kuTxeebi. 

1= 360  0,52 = 187,    3 = 360  0,16 = 58, 

2 = 360  0,24 = 86,    4 = 360  0,08 = 29. 

wriul diagramas eqneba Semdegi saxe: 
 

 
 

 
6 maTematikur  statistikaSi  gamoyenebuli 

ZiriTadi ganawilebis kanonebi 

 
stiudentis ganawileba. vTqvaT, X SemTxveviTi sidide ganawilebulia 

normalurad. ganawilebis simkvrivis formulaSi, rogorc viciT, argumen-
tad Sedian generaluri erTobliobis maTematikuri lodini a da saSualo 
kvadratuli gadaxra s, romlebic, rogorc wesi, ucnobebi arian. amonarCevis 
dros Cven vsargeblobT maTi SefasebebiT, kerZod, saSualo ariTmetikuliT 
x  da saSualo kvadratuli gadaxriT x . aqedan gamomdinare, ingliselma 

maTematikosma k. gosetma ipova 

n
ax

t
x


  

sididis ganawilebis kanoni, sadac generaluri parametri s Secvlilia misi 
SefasebiT x . aRmoCnda, rom amonarCevis saSualosa da generalur saSu-
alos Soris sxvaobis ganawilebis simkvrivis mrudsa da funqcias aqvs 
Semdegi saxe: 

 
 

  























 









 








t
t

tf   ,1

2

2

1

1 2

1

2

, 

sadac, )(    warmoadgens gama funqcias. f (t) funqcias uwodeben stiudentis 

ganawilebas (t-ganawileba) =n–1 Tavisuflebis xarisxiT. 
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 stiudentis ganawilebis simkvrive a  da  parametrebze araa 
damokidebuli. is ganisazRvreba mxolod amonarCevis n moculobiT. es 
Tavisebureba warmoadgens stiudentis ganawilebis Rirsebas. t-ganawilebis 
maTematikuri lodini da dispersia tolia: 

  0tM ,    
2


tD , 

xolo mediana da moda nulis tolia. Tavisuflebis xarisxis zrdasTan er-
Tad, stiudentis ganawileba swrafad uaxlovdeba normalurs. kerZod, roca 

 = 50, stiudentis ganawileba TiTqmis ar gansxvavdeba normalurisgan. 
aqedan gamomdinare, stiudentis ganawileba farTod gamoiyeneba mcire 
amonarCevebis dros (cxrili mocemulia danarTSi).  
  


2
 (xi-kvadrati) ganawileba. ganvixiloT n damoukidebeli SemTxveviTi 

sidideebi X X X n1 2 ,..., , romlebic normalurad arian ganawilebulni a a an1 2, ,...,  

maTematikuri lodinebiTa da s s sn1 2, ,..., saSualo kvadratuli gadaxrebiT. 

yoveli am SemTxveviTi sididisTvis SemovitanoT standartizirebuli Sem-
TxveviTi sidide 

ni
s

ax
Z

i

ii
i ,...,2,1, 


    . 

standartizirebuli cvladebis kvadratebis jams 

                              22
2

2
1

2 ... nZZZ   

ewodeba 2
 SemTxveviTi sidide  = n Tavisuflebis xarisxiT. 2 SemTxveviTi 

sididis ganawilebis simkvrivis funqcias aqvs Semdegi saxe:  
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 rogorc ganawilebis simkvrivis funqciidan Cans, 
2
 ganawileba ar 

aris damokidebuli arc X SemTxveviTi sididis maTematikur lodinze da 
arc dispersiaze, is damokidebulia mxolod amonarCevis moculobaze. vi-
povoT maTematikuri lodini da dispersia: 
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2
 ganawilebis simkvrive rTuli funqciaa da misi integrireba sakmaod 

rTulia, amitom Sedgenilia 2
 ganawilebis specialuri cxrilebi (ix. dan-

arTi). 
  

fiSeris ganawileba. vTqvaT, mocemulia damoukidebeli SemTxveviTi 
sidideebi X X X n1 2, ,..., , ,,...,, 21 mYYY  romlebic normalurad arian ganawilebu-

li N(0,1) parametrebiT. uganzomilebo SemTxveviT sidides  








m

j

j

n

i

i

Yn

Xm

F

1

2

1

2

 

gaaCnia fiSeris ganawileba (F-ganawileba) 1 = n mricxvelisa da 2 = m mniS-
vnelis Tavisuflebis xarisxiT. ganawilebis funqcias aqvs Semdegi saxe: 
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rogorc vxedavT, F SemTxveviTi sididis ganawilebis simkvrive rTuli 

gamosaxulebaa da igi damokidebulia mxolod 1 da 2 Tavisuflebis 
xarisxebze. Ees gvaZlevs saSualebas, raTa SevadginoT F-ganawilebis spe-
cialuri cxrilebi (ix. danarTi). 
 F-ganawilebas gaaCnia dadebiTi asimetria da, amonarCevis moculobis 
zrdasTan erTad, uaxlovdeba normalur ganawilebas. 
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7 ZiriTadi statistikuri maxasiaTeblebi 

 

 
 cnobilia, rom ganawilebis kanoni SemTxveviT sidides srulad axasi-
aTebs, magram Zalian xSirad ganawilebis kanoni ucnobia. amitom, zogjer 
gacilebiT ufro mosaxerxebelia zogierTi raodenobrivi maCveneblebis 
(statistikuri maxasiaTeblebis) codna, romlebic mogvawvdian informacias 
SemTxveviTi sididis Sesaxeb. garda amisa, SedarebiTi amocanebis gad-
awyvetisas, SesaZlebelia, rom ori SemTxveviTi sididis ganawilebis sim-
kvrivis funqciebi iyos erTnairi, magram isini SeiZleba gansxvavdebodnen 
erTmaneTisgan statistikuri maxasiaTeblebiT, romlebic pirobiTad SeiZle-
ba davyoT sam jgufad: ganawilebis mdebareobis, cvalebadobisa da formis 
maxasiaTeblebad. 
 

 

 

7.1 ganawilebis mdebareobis maxasiaTeblebi 

 

 ganawilebis mdebareobis anu centraluri tendeciis sazom maxasi-
aTeblebs miekuTvneba saSualo sidideebi, moda, mediana da kvantili. 
arsebobs saSualo sidideTa ramdenime saxe: saSualo ariTmetikuli, saSu-
alo geometriuli, saSualo kvadratuli, saSualo kuburi da sxv. AmaTgan 
yvelaze ufro gavrcelebulia saSualo ariTmetikuli.  
 vTqvaT, mocemulia X SemTxveviTi sididis x x xn1 2, ,...,  amonarCevi. maSin 
saSualo ariTmetikuli ganisazRvreba formuliT: 





n

i

ix
n

x
1

1
. 

 amrigad, saSualo ariTmetikuli aris amonarCevis TiToeul monacemze 
mosuli jamur dakvirvebaTa wili, anu saSualo raodenoba. Tu monacemebi 

mocemulia variaciuli mwkrivis saxiT, maSin 



k

i

ii xm
n

x
1

1
 da mas awonil (Se-

wonil) saSualo sidides uwodeben. aq, mi – variantebis sixSireebia, xi – in-

tervalebis saSualo mniSvneloba, k – intervalebis raodenoba. Tu gvaqvs 
ramdenime jgufis saSualo sidideebi da gvinda gamovTvaloT maTi saerTo 
saSualo, maSin gveqneba: 













k

i

i

k

i

ii

k

kk

n

xn

nnn

xnxnxn
x

1

1

21

2211 . 

 saSualo ariTmetikulis miaxloebiTi mniSvneloba SeiZleba ase gan-
isazRvros: 

2

maxmin xx
x


 , 

sadac, xmin da xmax amonarCevis minimaluri da maqsimaluri mniSvnelobebia. 
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 saSualo ariTmetikuli gviCvenebs erTobliobis ganlagebas 
Cveulebriv ricxviT RerZze, xolo saSualo geometriuli – logariTmul 
RerZze. saSualo geometriuli gamoiTvleba Semdegi formuliT: 

ng xxxx  21   an   



n

i

ig x
n

x
1

log
1

log . 

saSualo geometriuls iyeneben im SemTxvevaSi, roca dakvirvebaTa 
raodenoba xasiaTdeba geometriuli proporciebiT. rogorc saSualo ge-
ometriulis formulidan Cans, misi gamoyeneba SesaZlebelia, Tu  sruldeba 
piroba  xi > 0,  i=1,2,...,n. 

 saSualo mniSvneloba aris erT-erTi ZiriTadi statistikuri maxasi-
aTebeli, romelic gamoiTvleba yvela monacemebis meSveobiT da Seicavs met 
informacias, vidre mdebareobis sxva maxasiaTeblebi. saSualos gaaCnia 
mTeli rigi  mniSvnelovani Tvisebebi. 
 1. Tu amonarCevis mniSvnelobebs SevamcirebT an gavzrdiT raime c 
mudmiviT, maSin saSualo mniSvnelobac mcirdeba an izrdeba igive c sidid-
iT. marTlac, 
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n
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i

n

i

i cxnc
n

xc
n

x
n

cx
n

x
1 11

1111
. 

2. Tu amonarCevis yovel mniSvnelobas gavamravlebT an gavyofT raime 
c mudmivze, maSin saSualo mniSvnelobac c-jer icvleba. marTlac, 
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 3. amonarCevis TiToeuli mniSvnelobis saSualo sididesTan sxvaobis 
jami nulis tolia. marTlac, 
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 miuxedavad imisa, rom saSualo ariTmetikuli warmoadgens erT-erT 
umniSvnelovanes maxasiaTebels, mas gaaCnia nakli. kerZod, igi Zalze 
mgrZnobiarea iseTi monacemebis gazrdaze an Semcirebaze, romlebic mkveT-
rad gansxvavdebian ZiriTadi monacemebisagan. amrigad, ranJirebuli vari-
aciuli mwkrivis kidura maCveneblebi saSualo ariTmetikulze axdenen Zli-
er zegavlenas, rac metad araxelsayrelia imis gamo, rom es maCveneblebi 
ar warmoadgens tipiurs am SemTxveviTi sididisTvis. magaliTad, Tu amonar-
Cevis romelime mniSvneloba icvleba c erTeuliT, maSin saSualo mniS-

vneloba icvleba 
n

c  erTeuliT. 

 aqedan gamomdinare, bevr SemTxvevaSi erTobliobis ganzogadebul max-
asiaTeblad mizanSewonilia struqturuli saSualoebis, kerZod medianisa 
da modas gamoyeneba. 
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 mediana Me aris saSualo mniSvneloba, romlis mimarT statistikuri 
mwkrivi iyofa or Tanabar nawilad da igi dakvirvebaTa ranJirebuli 
(dalagebuli zrdadobiT an klebadobiT) mwkrivis SuaSi mdgari elementis 
mniSvnelobis tolia. kerZod, Tu n kentia, maSin mediana tolia ranJirebuli 
mwkrivis SuaSi myofi elementisa, Tu n luwia, maSin – ranJirebuli mwkrivis 
SuaSi myofi ori mniSvnelobis saSualo ariTmetikulisa. e.i. gveqneba: 
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 intervaluri anu dajgufebuli monacemebisTvis mediana gamoiTvleba 
Semdegnairad: pirvel rogSi pouloben im intervals, sadac mediana imyofe-
ba. amisTvis saWiroa gamovTvaloT intervalebis dagrovili saxSireebi im 

mniSvnelobamde, sanam igi 
2

n -s  gautoldeba an meti gaxdeba. is pirveli 

intervali, romlis dagrovili sixSire 
2

n -ze metia, aris medianuri inter-

vali anu intervali, sadac mediana imyofeba. am SemTxvevaSi mediana gamoi-
Tvleba Semdegi formuliT: 

M a
h

m

n
me

e

i

i

  








0

2
, 

sadac, a0 – medianuri intervalis sawyisi (qveda zRvris) mniSvnelobaa, h – 

intervalis sigrZe, me – medianuri intervalis sixSire, mi – medianuri in-
tervalis win (marcxniv) mdebare intervalis dagrovili sixSire. 

mdebareobis maCveneblebs Soris mediana warmoadgens erT-erT mdgrad 
maxasiaTebels. masze ar moqmedebs monacemebis `didi~ da `mcire~ mniS-
vnelobebi. magaliTad, mediana ar Seicvleba amonarCevis maqsimaluri mniS-
vnelobis gasamkecebiTac ki. 
 moda M0 ewodeba statistikuri mwkrivis im mniSvnelobas, romelic 
yvelaze ufro xSirad gvxvdeba amonarCevSi. dajgufebuli (sixSiruli) 
monacemebisaTvis moda gamoiTvleba Semdegnairad: jer saWiroa ganisazGRv-
ros modaluri intervali. intervals, romelsac gaaCnia yvelaze didi 
sixSire, ewodeba modaluri intervali anu iseTi intervali, sadac modaa 
moTavsebuli. moda gamoiTvleba Semdegi formuliT: 

 

210

10
00

2 mmm

mmh
aM




 , 

sadac, a0 – modaluri intervalis sawyisi (qveda zRvris) mniSvnelobaa, h – 
intervalis sigrZe, m0 – modaluri intervalis sixSire, m1 – modaluri in-
tervalis win mdebare (marcxniv  myofi) intervalis sixSire, m2 – modaluri 
intervalis Semdgomi (marjvniv myofi) intervalis sixSire.  
 mcire amonarCevebisTvis moda SeiZleba iyos arastabiluri. samagi-
erod, didi amonarCevis dros igi mdgradi maxasiaTebelia da reagirebs 
amonarCevis elementebis mxolod zogierT cvlilebaze da ara yovelgvarze, 
rogorc saSualo ariTmetikuli. 
 
 mdebareobis struqturul maCveneblebs miekuTvneba kvantili. kvantili 
zogadi cnebaa da sawyis monacemebs ricxviTi RerZis mimarT yofs garkveu-
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li proporciebiT. kvantilis Semadgeneli nawilebia kvartili, decili da 
procentili (percentili). 
 

kvartili aris sami Q1, Q2 da Q3 mniSvneloba, romlebic ranJirebul 
mwkrivs yofen oTx Tanabar nawilad (kvartebad). kvintili (kvinta-xuTi) 
aris oTxi K1,K2,K3 da K4 mniSvnelobebi, romlebic mocemul erTobliobas 
yofen xuT Tanabar nawilad. cxra D1,D2,...,D9 decili mwkrivs yofs aT Tana-
bar  nawilad,  xolo 99 percentili P1,P2,...,P99 mwkrivs yofen 100 Tanabar 
nawilad. 
 praqtikaSi, ZiriTadad, gamoiyeneba P3,P10,P25,P50,P75, P90 da P97 percen-
tilebi. magaliTad, P25 da P75 percentili Seesabameba Q1 da Q3 kvartilebs da 
maT Soris moTavsebulia amonarCevis wevrTa 50%. P50 percentili, romelic 
Q2 kvartils Seesabameba, medianas tolia, e.i. P50 = Me. garda amisa, percen-
tili Zalze mosaxerxebelia monacemebis ganzogadebisTvis. mag. Tu P5 = 10,7, 
xolo P15 = 16,8, SeiZleba iTqvas, rom monacemebis 5% naklebia 10,7 sidideze, 
xolo 10% imyofeba 10,7-sa da 16,8-s Soris. 
 radgan sxvadasxva kvantilebs Soris arsebobs garkveuli ur-
TierTkavSirebi, 

3,2,1,;4,3,2,1,;9,...,2,1, 252010  kPQjPKiPD kkjjii      , 

amitom sakmarisia vicodeT percentilis mniSvneloba, romelic gamoiTvleba 
Semdegi formuliT: 














 

i

i

p

j mk
m

h
xP qv , 

sadac, qvx – intervalis qveda zRvruli mniSvnelobaa, romelic Seicavs Pj 

percentils; h – intervalis sigrZea; k
L nj


100

, n – dakvirvebaTa saerTo 

raodenobaa; Lj – percentilis rigi (magaliTad, P25 da P75 percentilebis ri-
gi tolia Sesabamisad 25% da 75%); mp – intervalis sixSire, romelic per-

centils Seicavs; 
i

im – dagrovili sixSire.   

magaliTi. vTqvaT, mocemulia sixSiruli cxrili  

xi 5 6 7 8 9 10 11 12 

mi 4 7 13 15 7 9 6 3 

mi 4 11 24 39 46 55 61 64 

 

saWiroa vipovoT 50%-iani percentili P50. gamovTvaloT k. k 



50 64

100
32 . es 

mniSvneloba metia  
i

im 24 -ze da naklebia  
i

im 39 -ze. amitom xqv veZeboT 

me-7 da me-8 intervalis (klasis) mniSvnelobebis Sua, e.i.  

  03,8
15

2432
5,7;15;5,787

2

1
50 


 Pmx p     qv . 

analogiurad gamoiTvleba intervaluri mwkrivisTvisac. 

x [2500;2600[ [2600;2700[ [2700;2800[ [2800;3000[ 

mi 2 5 13 20 

mi 2 7 20 40 
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x [3000;3100[ [3100;3200[ [3200;3300[ [3300;3400] 

mi 16 17 4 3 

mi 56 73 77 80 

k 



50 80

100
40 , es Seesabameba me-4 intervals, e.i. xqv= 2800; mp = 20;   h = 100;   P50 = 

2800 + 100
40 20

20


 = 2900. 

bolo wlebSi gansakuTrebuli popularobiT sargeblobs monacemTa 
simravlis grafikuli daxasiaTeba – boqsploti, romelic mdgradi sazome-
bis QQ1, Q3, IQR, medianas meSveobiT saSualebas iZleva, gamoikveTos mona-
cemTa simravlis zogierTi Taviseburebani, kerZod, ganlagebis centri, 
gafantulobis gavrcoba da simetriulobidan gadaxra. da bolos, moxdes 
amovardnili dakvirvebebis identifikacia. IQR  sidide ganisazRvreba for-
muliT:  IQR = Q3 – Q1  da mas kvartilTaSoriso gabnevis diapazoni ewodeba 

(IQR  Interquartil range). 

                    
 
   

 

 

7.2 ganawilebis cvalebadobis maxasiaTeblebi 

 

Cven ukve ganvixileT mdebareobis maCveneblebi. sakmarisia Tu ara es 
maCveneblebi amonarCevis dasaxasiaTeblad? dasmul kiTxvaze pasuxis 
gasacemad ganvixiloT Semdegi magaliTi. vTqvaT, mocemulia ori amonarCevi 
                        X :  8  9  10  10  13 
                        Y :  1  5  10  16  18 
gamovTvaloT maTi saSualo ariTmetikulebi: 

 

  1018161051
5

1

1013101098
5

1





y

x

 

e.i. orive amonarCevis saSualo sidideebi erTmaneTis tolia, magram cxadad 
Cans, rom  Y Y amonarCvis elementebi cvalebadoba ufro Zlieria vidre X 
amonarCevisa, radgan X amonarCevis wevrebi ufro mWidrod arian koncen-
trirebulni Tavisi saSualos irgvliv, vidre  Y amonarCevisa.  

aqedan gamomdinare, saSualo maCvenebelTan erTad statistikuri 
mwkrivis sruli daxasiaTebisaTvis unda ganisazRvros cvalebadobis max-
asiaTeblebic. 
 statistikuri mwkrivis cvalebadobis martiv maCvenebels warmoadgens 
gabnevis diapazoni R, romelic ganisazRvreba mocemuli x1, x2, ... ,xn amonar-

Cevis maqsimaluri da minimaluri mniSvnelobebis sxvaobiT, e.i. minmax xxRx  . 

igi gviCvenebs, Tu ra diapazonSi icvleba SemTxveviTi sidide X. zemod 

ganxiluli magaliTisaTvis gveqneba: 17118;5813minmax  yx RxxR . 
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gabnevis diapazonis sidideze did gavlenas axdens artefaqturi mniS-
vnelobebi. garda amisa, is ar Seicavs informacias, Tu rogoraa gabneuli 
danarCeni monacemebi maqsimalur da minimalur mniSvnelobebs Soris. 
 statistikuri mwkrivis cvalebadobis mniSvnelovan maxasiaTebels 
warmoadgens dispersia (laTinuri sityva dispersio-gafantva) an variansa (in-

glisuri sityva-variance-variacia). dispersia aRiniSneba 2
x  an Var(X) sim-

boloebiT da warmoadgens saSualodan gadaxrebis kvadratebis saSualo 
ariTmetikuls 
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variaciuli mwkrivisTvis gveqneba: 
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imisaTvis, rom dispersiis Sefaseba iyos gadauadgilebadi, igi iyofa 
ara n-ze, aramed (n-1) sidideze (ix. § 9.1). 
 dispersia SemTxveviTi sididea, romelic Tavisive saSualo mniS-
vnelobis irgvliv gafantvis maxasiaTebels warmoadgens da misi 
ganzomileba SemTxveviTi sididis ganzomilebis kvadratis tolia. iseve 
rogorc saSualo ariTmetikuls, dispersiasac gaaCnia Semdegi ZiriTadi 
Tvisebebi: 
 1. Tu amonarCevis yovel mniSvnelobas SevamcirebT an gavzrdiT raime 
c mudmiviT, amiT dispersiis mniSvneloba ar icvleba. marTlac, 
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analogiurad mtkicdeba sxvaobis dros. 
 2. Tu amonarCevis TiToeul mniSvnelobas gavyofT an gavamravlebT 
erTi da igive c mudmivze, maSin dispersia Sesabamisad mcirdeba an izrdeba 
c

2 sididiT. marTlac, 
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 dispersiis garda variaciis mniSvnelovan maxasiaTebels warmoadgens 

saSualo kvadratuli gadaxra 2
xx  . es maxasiaTebeli, romelsac zogjer 
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standartul gadaxras uwodeben, gamoisaxeba imave fizikur erTeulSi, 
romliTac amonarCevis elementebia gamosaxuli. amitom is ufro mo-
saxerxebelia, vidre dispersia. rac ufro metad ganicdis parametri 
cvlilebas, miT  ufro didia standartuli gadaxra da piriqiT, rac ufro 
sustia es cvlileba, miT ufro mcirea saSualo kvadratuli gadaxra. 
 saSualo kvadratuli gadaxris miaxloebiTi mniSvneloba gan-
isazRvreba Semdegi formuliT: 

k

xx
x

minmax  , 

sadac, k koeficientia, romlis mniSvneloba damokidebulia amonarCevis n 
moculobaze ise, rogorc es Semdeg cxrilSia warmodgenili. 
 

n 2-5 6-15 16-49 50-200 201-1000 >1000 

k 2 3 4 5 6 7 

 dispersia da saSualo kvadratuli gadaxra absoluturi sidideebia 
da izomeba igive fizikuri erTeuliT, riTac amonarCevis elementebia gazo-
mili. amitom, rodesac saWiroa sxvadasxva erTeulebSi gamosaxuli 
cvladebis Sedareba, umjobesia gamoviyenoT variaciis fardobiTi 
maCvenebeli. erT-erTi aseTi maCvenebelia variaciis koeficienti, romelic 
pirsonma Semoitana da ganisazRvreba Semdegi formuliT: 

%,100
x

V x  

sadac, x – saSualo kvadratuli gadaxraa, x – saSualo ariTmetikuli. var-
iaciis koeficienti uganzomilebo sididea, romelic gamosaxulia procen-
tebSi. misi gamoyenebis dros saWiroa mxedvelobaSi gvqondes Semdegi gare-
moebani: jer erTi, igi mkveTrad izrdeba asimetriuli ganawilebis dros; 
amis garda, Tu mocemul parametrs aqvs mcire an ubralod uaryofiTi mniS-
vnelobebi, maSin variaciis koeficientma SeiZleba 100%-s gadaaWarbos. es 
yvelaferi ramdenadme amcirebs am maCveneblis fass da garkveulad zRudavs 
mis gamoyenebas praqtikaSi. 

 

 

 

 
 

7.3 ganawilebis formis maxasiaTeblebi 

 

ganawilebis formis maxasiaTeblebidan ganvixiloT eqscesa da asi-
metria. vizualurad X SemTxveviTi sididis ganawilebis asimetria SeiZleba 
dadgindes ganawilebis simkvrivis funqciis an histogramis saSualebiT. 
yvela ganawilebis wirs gaaCnia asimetriis sxvadasxva xarisxi. Tu Sem-
TxveviTi sidide Tavisi maTematikuri lodinis mimarT simetriuladaa 
ganawilebuli, maSin asimetria nulis tolia. aqedan gamomdinare, norma-
luri ganawilebis mruds asimetria ar gaaCnia. zogadad, asimetriis daxasi-
aTebisTvis mesame rigis centraluri momentis saSualebiT gamoiTvleba as-
imetriis koeficienti:  
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sadac, 3
x  – saSualo kvadratuli gadaxraa ayvanili mesame xarisxSi. Tu 

mocemulia variaciuli mwkrivi, maSin 
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 , 

roca As = 0, ganawilebis wirs ar gaaCnia asimetria. ganawilebas gaaCnia 
dadebiTi asimetria, roca As > 0 da uaryofiTi, roca As < 0.  

 
  
ganawilebis mrudis wamaxvilebis xarisxis dasadgenad gaoiyeneba eqscesis 
koeficienti Ex, romelic gamoiTvleba meoTxe rigis centraluri momentis 
saSualebiT Semdegi formuliT: 
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variaciuli mwkrivisaTvis gveqneba:  
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ii

x

xxm
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E , 

sadac, 4
x  – saSualo kvadratuli gadaxraa ayvanili meoTxe xarisxSi. 

 normaluri ganawilebis mrudisTvis eqscesis koeficienti Es = 0. igi 
miRebulia etalonad, romelTanac Sedardebian sxva ganawilebis mrudeebi. 
mruds, romelsac ufro maRali wvero aqvs vidre normalurs, e.i. ufro 
maxvilwveriania, Seesabameba dadebiTi eqscesa, xolo mruds, romelsac 
ufro dabali da brtyeli wvero aqvs – uaryofiTi eqscesa. 
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magaliTi 1. mocemulia kardiogenur SokSi myofi pacientebis sisto-

luri wnevis mniSvnelobebi (x). gamovTvaloT statistikuri maxasiaTeblebi. 
SevadginoT Semdegi cxrili: 

 

# ix  xxi    2xxi    3xxi    4xxi   

1 98 3,40 11,56 39,30 133,63 

2 92 – 2,60 6,76 – 17,58 45,70 

3 103 8,40 70,56 592,70 4978,71 

4 85 – 9,60 92,16 – 884,74 8493,47 

5 88 – 6,60 43,56 – 287,50 1897,47 

6 94 – 0,60 0,36 – 0,22 0,13 

7 96 1,40 1,96 2,74 3,84 

8 105 10,40 108,16 1124,86 11698,59 

9 95 0,40 0,16 0,064 0,026 

10 90 – 4,60 21,16 – 97,34 447,75 

 946 – 356,40 472,28 27699,32 

 

saSualo ariTmetikuli 60,94
10

9461

1

 


n

i

ix
n

x . 

medianas gansazRvrisaTvis movaxdinoT monacemebis ranJireba: 85  88  90  92  94  

95  96  98  103  105. radgan n = 10, amitom  

  5,94)9594(
2

1

2

1

2

1
)6()5(

1
22


































xxxxM

nne . 

mocemul amonarCevs moda ar gaaCnia, radgan ranJirebul mwkrivSi 
erTnairi sididis monacemebi ar gvxvdebian.  

gabnevis diapazoni:  2085105minmax  xxRx ; 

dispersia:     60,39
9

40,356

1

1

1

22 


 


n

i

ix xx
n

; 

saSualo kvadratuli gadaxra:   29,66,392  xx ; 

variaciis koeficienti:   %65,6
6,94

10029,6
%100 







x
V x ; 
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asimetriis koeficienti:   
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eqscesis koeficienti: 
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magaliTi 2. me-6 TavSi moyvanili magaliTisTvis, sadac monacemebi 
warmodgenilia sixSiruli cxrilis anu variaciuli mwkrivis saxiT, gam-
ovTvaloT ZiriTadi statistikuri maxasiaTeblebi. amisaTvis SevadginoT 
Semdegi cxrili: 

interv. xi  
mi

 

xxi 

 

2)( xxm ii 

 

3)( xxm ii 

 

4)( xxm ii 

 

[5,5;6,5[ 6 3 -2,95 26,11 -77,02 227,20 

[6,5;7,5[ 7 5 -1,95 19,01 -37,07 72,30 

[7,5;8,5[ 8 7 -0,95 6,32 -6,00 5,70 

[8,5;9,5[ 9 10 0,05 0,03 0,00 0,00 

[9.5;10.5[ 10 8 1,05 8,82 9,26 9,72 

[10,5;11,5[ 11 5 2,05 21,01 43,08 88,31 

[11,5;12,5] 12 2 3,05 18,61 56,75 173,07 

    99,91 11,00 576,30 

n = 40,   k = 7.   saSualo   ariTmetikuli toliaa:   


k
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ii xm
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x
1

1
 

95,8)122...7563(
40

1
 . medianuri intervali aris me-4 intervali, 

radgan   .20
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mi  aqedan gamomdinare, mediana tolia: 
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)1520(1
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me-4 intervali modaluri intervalicaa, radgan mas gaaCnia udidesi sixSire 
(m = 10), amitom 
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87102
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mmm
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aM ; 

dispersia:         56,2
39

91,99

1
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k
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iix xxm
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; 

saSualo kvadratuli gadaxra:      60,156,22  xx ; 

gabnevis diapazoni:      661217  xxRx ; 

variaciis koeficienti:    %88,17
95,8

10060,1
%100 







x
V x ; 
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asimetriis koeficienti:    
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7.4 Tvisebrivi maCveneblebis statistikuri 

maxasiaTeblebi 

 
 Tvisebrivi monacemebis dros saSualo mniSvnelobebis gamoTvla 
uazrobaa. am SemTxvevaSi, mis magier iyeneben fardobiT sixSires an pro-
cents. Tu amonarCevis moculobaa n, xolo romelime p niSnis arsebobis 
raodenoba – m, maSin misi fardobiTi sixSire tolia: 

n

m
p 

. 

 alternatiuli monacemebis dros, rodesac erTi m-ganzomilebiani p 

maCvenebeli dapirispirebulia meore q maCvenebelTan, maSin fardobiTi 
sixSireebi tolia: 

n

m
p 

;   
 


 p

n

mn
q 1 , 

xolo  procentebSi: 

%;100









n

m
p   %100   pq . 

cxadia, rom 1  qp  an 100%%   qp . 
 cvalebadobis maCveneblebidan SeiZleba ganisazRvros saSualo 
kvadratuli gadaxra 

    qpppp 1    an    %100%   ppp . 

es maCveneblebi cvalebadobis TvalsazrisiT erTnairad axasiaTebs 
orive alternatiul maCvenebels. Tu alternatiuli jgufebi warmodge-
nilia absoluturi ricxvebiT, maSin 

 qnpp . 

 miRebuli standartuli gadaxra p  damokidebulia *p -ze da aRwevs 

maqsimalur mniSvnelobas, roca 5,0p , xolo nulis tolia, roca 0p  an 

1p . Tu amonarCevis moculoba sakmaod didia, maSin centraluri zRvari-

Ti Teoremebidan gamomdinare, p  Sefasebas gaaCnia normaluri ganawileba, 
rasac ver vityviT mcire amonarCevis dros. maTematikur statistikaSi 
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mtkicdeba, rom Tu 5np  da 5)1(  pn , maSin fardobiTi sixSire p  
daaxloebiT normaluradaa ganawilebuli. 
 
     

 

 
8 ucnobi parametrebis statistikuri Sefaseba 

 

 
8.1 parametrebis Sefasebis cneba 

 

 amonarCevis maxasiaTeblebi – saSualo ariTmetikuli, saSualo 
kvadratuli gadaxra, dispersia da sxva – SemTxveviTi sidideebia, rom-
lebic icvlebian TavianTi generaluri parametrebis – generaluri saSu-
alos, standartuli gadaxris an dispersiis garSemo. amonarCevis maxasi-
aTeblebi ganixilebian, rogorc miaxloebiTi mniSvnelobebi, ris gamoc 
aucilebelia maTi Sefaseba.  

 vTqvaT, * aris ucnobi  parametris statistikuri Sefaseba. davuSvaT, 

rom n-ganzomilebiani amonarCevidan napovnia *
1  Sefaseba. gavimeoroT cda, 

e.i. generaluri erTobliobidan  amoviRoT igive ganzomilebis sxva amonar-

Cevi da misi saSualebiT miviRoT *
2

 Sefaseba. Tu cdas mravaljer   

gavimeorebT, miviRebT **
2

*
1 ,...,, k

 Sefasebebs, romlebic erTmaneTisagan gan-

sxvavdebian. amrigad, * Sefaseba SeiZleba ganvixiloT, rogorc SemTxveviTi 

sidide, xolo **
2

*
1 ,...,, k  ricxvebi, rogorc misi SesaZlo mniSvnelobebi. 

 CamovayaliboT is ZiriTadi Tvisebebi, romlebic unda gaaCndes ucnobi 
parametris `karg~ Sefasebas. Sefasebis sizustisa da imedianobis 

TvalsazrisiT, sasurvelia, rom ucnobi parametris Sefaseba * SeZlebis-

dagvarad mWidrod iyos koncentrirebuli Sesafasebeli 
 parametris 

irgvliv. anu, sxva sityvebiT rom vTqvaT, -s garSemo * gabneva (gafantva) 
unda iyos umciresi. aqedan gamomdinare, Sefaseba unda akmayofilebdes gad-
auadgilebadobis, safuZvlianobisa da efeqturobis moTxovnilebebs. 

 gadauadgilebadi ewodeba iseT statistikur * Sefasebas, romlis ma-
Tematikuri lodini ucnobi parametris tolia amonarCevis nebismieri 
ganzomilebis dros, e.i. 

M(
*
) =  .      

xSirad, gadauadgilebad SefasebasTan erTad, gamoiyeneba asimp-
totiurad gadauadgilebadi, e.i. iseTi Sefaseba, romlisTvisac amonarCevis 

moculobis gazrdisas M(
*
)  . 

gadaadgilebadi ewodeba iseT Sefasebas, romlis maTematikuri lod-

ini Sesafasebeli parametris toli ar aris, e.i. M(
*
)  . 

efeqturi ewodeba iseT statistikur Sefasebas, rodesac mocemul 
amonarCevs gaaCnia umciresi SesaZlo dispersia. 

safuZvliani ewodeba Sefasebas, Tu amonarCevis ganzomilebis 
gazrdisas, Sefaseba raRac albaTobiT uaxlovdeba Sesafasebel parametrs, 

e.i. lim (| | )*

n
P


     1. magaliTad, Tu gadauadgilebadi Sefasebis dispersia, 

roca n, miiswrafvis nulisaken, maSin aseTi Sefaseba safuZvliania. 
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amrigad, rodesac veZebT ucnobi parametris Sefasebas, unda gaviT-
valiswinoT Sefasebis zemoT moyvanili moTxovnebi. ganvixiloT maTemat-
ikuri lodinisa da dispersiis Sefasebebi.     

maTematikuri lodinisa da dispersiis SefasebisaTvis ganvixiloT X 

generaluri erTobliobidan nxxx ,...,, 21  amonarCevi, sadac, xi warmoadgenen 

damoukidebel da erTnairad ganawilebul SemTxveviT sidideebs. aRvniSnoT 
maTematikuri lodini M[xi] = a da dispersia D[xi] = s

2. ganvixiloT amonar-
Cevidan miRebuli saSualo ariTmetikulis x  maTematikuri lodini  da dis-
persia: 

    a
n

na
xM

n
x

n
MxM

n
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.   

e.i. amonarCevis saSualo ariTmetikuli aris generaluri erTobliobis ma-
Tematikuri lodinis gadauadgilebadi Sefaseba, xolo saSualo ariTme-
tikulis dispersia n-jer mcirea, vidre SemTxveviTi X sididis dispersia. 

 amrigad, Tu SemTxveviTi sidide normaluradaa ganawilebuli N(a,s) 
parametrebiT, maSin maTematikuri lodinis gadauadgilebad Sefasebas gaaC-
nia minimaluri dispersia. aqedan gamomdinare, saSualo ariTmetikuli war-
moadgens generaluri erTobliobis maTematikuri lodinis efeqtur Se-
fasebas. 
 ganvixiloT dispersiis Sefaseba. kerZod, davadginoT, aris Tu ara 

amonarCeviT miRebuli dispersia 2
x  generaluri s

2 dispersiis gad-
auadgilebadi Sefaseba.amisaTvis ganvsazRvroT dispersiis maTematikuli 
lodini: 

     .
11

)( 222
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1

222 xMXMxMx
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Mxx
n

MM
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i
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Tu gamoviyenebT dispersiis gansazRvris formulas       xMXMXD 22  ,     
maSin gveqneba: 

          2
2

222222 ,)( a
n

s
xMxDxMasxMXDXD  .  

e.i. miviReT:          
n

n
sa

n

s
asM x

122
2

222 
 . 

aqedan gamomdinareobs, rom SerCeviTi dispersia 2
x  aris generaluri 

s
2 dispersiis gadaadgilebadi Sefaseba. gadauadgilebad Sefasebas miviRebT, 

Tu ganvixilavT 2
x  Sesworebul mniSvnelobas. amisaTvis, igi unda ga-

vamravloT 
n

n 











1
 sidideze, romelsac beselis Sesworebas uwodeben, maSin 

gveqneba: 

 









n

i

ixx xx
nn

n

1

222 .
1

1

1
ˆ  

 mcire amonarCevis dros beselis Sesworeba sagrZnoblad gansxvavdeba 
erTisagan, xolo roca amonarCevis n moculoba izrdeba, igi swrafad 
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miiswrafvis erTisken da roca   n > 50 praqtikulad gansxvaveba 2ˆ
x  da 2

x  
Soris umniSvneloa. 
 arsebobs parametrTa Sefasebis ori meTodi: wertilovani da inter-
valuri. parametris wertilovani Sefaseba ganisazRvreba erTi mniSvnelo-
biT, xolo intervaluri – ori ricxviT. ganvixiloT es Sefasebebi. 
 

 

8.2 parametrTa Sefasebis wertilovani meTodebi 

 
 ganvixiloT ucnobi parametrebis wertilovani Sefasebis ZiriTadi 
meTodebi. esenia momentTa meTodi da maqsimaluri dasajerobis meTodi. 
aqedan yvelaze martivi Sefasebis meTodia – momentTa meTodi, romelic 
Semoitana ingliselma statistikosma pirsonma. am meTodis Teoriuli sa-
fuZveli emyareba did ricxvTa kanons, romlis Tanaxmad didi moculobis 
mqone amonarCevisTvis amonarCevis momentebi generaluri erTobliobis mo-
mentebis tolia. 
 momentTa meTodis arsi SemdegSi mdgomareobs: xdeba ganawilebis Te-

oriuli  da empiriuli m momentebis gatoleba. Teoriuls vuwodebT gen-
eraluri erTobliobis momentebs, xolo empiriuls – amonarCevis sa-
fuZvelze miRebul momentebs. vTqvaT, saSualoebiT unda Sefasdes ara erTi, 

aramed ramdenime k ucnobi parametri **
2

*
1 ,...,, k . saWiroa vipovoT generaluri 

erTobliobis pirveli, meore da a.S. k-uri rigis Teoriuli momentebi: 

 1 (
**

2
*
1 ,...,, k ) ,  2 (

**
2

*
1 ,...,, k ) ,...,  k (

**
2

*
1 ,...,, k ) 

da Semdeg Sesabamisi empiriuli momentebi: 

     m X X X m X X X m X X Xk k k k1 1 2 2 1 2 1 2, ,..., , , ,..., ,..., , ,..., . 

Tu am momentebs erTmaneTs gavutolebT, 

 j (
**

2
*
1 ,...,, k ) = mj (X1, X2, ... ,Xk) ,    j = 1,2,...,k, 

miviRebT sistemas, romlis amonaxsni **
2

*
1 ,...,, k

 iqneba ucnobi parametrebis 
statistikuri Sefaseba. 
 momentTa meTodi gamoirCeva simartiviT, magram misi saSualebiT 
miRebuli Sefasebebi xSirad gadaadgilebadia da naklebad efeqturi. gam-
onakliss warmoadgens mxolod normaluri ganawilebis SemTxveva, romlis 
drosac momentTa meTodi iZleva efeqtur da safuZvlian Sefasebebs. 
 momentTa meTodiT miRebuli Sefasebebis Tvisebebis Seswavlisas, in-
gliselma maTematikosma fiSerma SemogvTavaza parametrTa Sefasebis ufro 
saimedo meTodi – maqsimaluri dasajerobis meTodi. am meTodis ZiriTadi 
arsi mdgomareobs SemdegSi: vTqvaT, mocemulia X SemTxveviTi sidide da 

misi ganawilebis simkvrive f
 
(X,), romelic damokidebulia Sesafasebel  

ucnob parametrze. 
 Tu X1,X2,...,Xn damoukidebeli SemTxveviTi sidideebia, maSin dasajero-
bis funqcia ewodeba Semdeg gamosaxulebas: 

                                      L = f (X1,)f (X2,)f (Xn,) .                                              (9.1) 
ucnobi  parametris Sesafaseblad SevarCioT iseTi *

 mniSvneloba, romlis 

(9.1) tolobaSi -s magivrad Casmisas miviRebT L funqciis maqsimalur mniS-

vnelobas. aseT *
 Sefasebas uwodeben maqsimaluri dasajerobis Sefasebas. 

 L funqciis maqsimizaciisas igulisxmeba, rom X1,X2,...,Xn  mniSvnelobebi 

dafiqsirebulia, xolo cvlad sidides warmoadgens  parametri. Tu L fun-
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qcia diferencirebadia  parametris mimarT, maSin misi maqsimumis mosaZebnad 
saWiroa, rom 

                  0


L
.                         (9.2) 

Tu L funqcia aradiferencirebadia -s mimarT, maSin maqsimumis mosaZebnad 
gamoiyeneba maTematikis sxva meTodebi, rac xSirad did gamoTvlebTanaa da-
kavSirebuli. xSirad (9.2) tolobis nacvlad gamoiyeneba Semdegi toloba: 

                  0
ln




 L
,                        (9.3) 

radgan cnobilia, rom L da lnL funqciebis eqstremumebi erTmaneTs emTxveva, 
e.i. erTi da igive mniSvnelobis wertilebSi miiRebian. 
 maqsimaluri dasajerobis meTodis saSualebiT SevafasoT normalu-
rad ganawilebuli X SemTxveviTi sididis a da s parametrebi. vTqvaT, gvaqvs 
amonarCevi x x xn1 2, ,.., . rogorc viciT, normalurad ganawilebuli SemTxveviTi 

sididis ganawilebis simkvrivis funqcias aqvs Semdegi saxe: 

 
 2

22

1

2

1
,,

ax
se

s
saxf




 . 

Sesabamisad, maqsimaluri dasajerobis funqcias eqneba Semdegi saxe: 

 
 

   


































n

i

i

n
n

n

i

in

ax
s

s

ax
ss

L

1

2

2
2

1

2

2

2

1
exp2

2

1
exp

2

1

 

CavweroT maqsimaluri dasajerobis logariTmuli funqcia 

   



n

i

i ax
s

n
snL

1

2

22

1
2ln

2
lnln . 

gavawarmooT es funqcia a da s parametrebiT, maSin gveqneba: 

 ,
1ln

1
2 







n

i

i ax
sa

L
 

     






n

i

i ax
ss

n

s

L

1

2

3

1ln
. 

amrigad,  miviReT gantolebaTa Semdegi sistema: 

                     

 

 























n

i

i

n

i

i

ax
ss

n

ax
s

1

2

3

1
2

0
1

0
1

.                             (9.4) 

radgan 
1

0
2s
 , amitom (9.4) sistemis pirveli gantolebidan gveqneba: 

  0
1




n

i

i ax  ,  aqedan   xx
n

a
n

i

i  
1

1
. 

e.i. a parametri yofila saSualo ariTmetikulis Sefaseba. (9.4) sistemis 
meore gantoleba gadavweroT Semdegnairad: 
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  0
11

1

2

2









 



n

i

i ax
s

n
s

. 

radgan 
1

0
s
 , amitom   0

1

1

2

2









 



n

i

i ax
s

n , aqedan  

 



n

i

i xx
n

s
1

222 1
. 

e.i. miviReT dispersiis gadaadgilebadi Sefaseba. gadauadgilebadi 
SefasebisaTvis, rogorc viciT, saWiroa dispersiis formulaSi koreqtivis 
Setana. maSin miviRebT: 

 






n

i

i xx
n

1

22

1

1
. 

momentTa meTodTan SedarebiT, maqsimaluri dasajerobis meTods gaaC-
nia mTeli rigi upiratesobani, kerZod: 
 1. es meTodi iZleva safuZvlian Sefasebas; 
 2. Tu arsebobs efeqturi Sefaseba, maSin mas iZleva maqsimaluri da-
sajerobis meTodi; 
 3. Sefasebebi asimptoturad efeqturia. 
 meTodis nakli mdgomareobs imaSi, rom zogjer am meTodiT miRebuli 
Sefaseba gadaadgilebadia, rac moiTxovs formulaSi Sesworebis Setanas. 
aqve unda aRvniSnoT, rom amonarCevis moculobis zrdisas, maqsimaluri da-
sajerobis meTodi iZleva asimptoturad gadauadgilebad Sefasebas. 
 
 
  

 
8.3 statistikuri Secdomebi. 

 
Cven vnaxeT, rom amonarCevis saSualebiT miRebuli stastistikuri anu 

SerCeviTi maxasiaTeblebi, rogorc wesi, Tavisi absoluturi mniSvnelobiT 
ar emTxvevian Sesabamisi generaluri erTobliobis maxasiaTeblebs. 
stastistikuri maxasiaTeblis gadaxras mis Sesabamis generalur maxasi-
aTeblebTan uwodeben stastistikur Secdomas an reprezentatiulobis 
Secdomas. 
 statistikuri Secdomebi gamowveulia amonarCevis sasrulobiT. rac 
ufro didia amonarCevis moculoba, miT ufro mcirea statistikuri 
Secdoma. 
 reprezentatiulobis Secdomis gamosaTvlelad iyeneben amonarCevis 
saSualebiT miRebul dispersias an saSualo kvadratul gadaxras, ro-
melsac zogjer stastistikur kvadratul Secdomas uwodeben. 
 Tu SemTxveviTi sididis X ganawilebis kanoni arc ise Zlier gan-

sxvavdeba normalurisgan da amonarCevis moculoba arc ise mcirea (n  30), 
maSin saSualo ariTmetikulis stastistikuri Secdoma gamoiTvleba for-
muliT: 

n

x
x


  

da saSualo ariTmetikuli ase Caiwereba xx  .  
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xSirad sainteresoa vicodeT, Tu ra sizustiT aris gamoTvlili esa 
Tu is saSualo ariTmetikuli (gansakuTrebiT maSin, rodesac saSualo 
sidideebi sxvadasxva fizikur erTeulebSi arian warmodgenili), maSin si-
zuste SeiZleba ganisazRvros formuliT: 

100
x

Cs x



 %   an   
n

V
Cs  , 

sadac, V – variaciis koeficientia procentebSi, n – amonarCevis 
ganzomilebaa. sizustis am maCvenebels gaaCnia Tavisi cdomileba, romelic 
ganisazRvreba Semdegi formuliT: 

2

1002

1










Cs

n
CsCs . 

danarCeni statistikuri maxasiaTeblebis Secdomebi ase ganisazRvreba: 

– dispersiis:  
n

x

2

2

2




 ; 

– saSualo kvadratuli gadaxris:  
n

x

2


 ; 

– variaciis koeficientis: 

n

VV

n

V
V

21002

1

1

2












 ; 

– medianis:    
n

x

xMe





 2533,1

2
; 

– asimetriis koeficientis: 

)3)(1(

)1(6






nn

n
sA ; 

– eqscesis koeficientis: 

)5)(3()1(

)3)(2(24
2 




nnn

nnn
xE ; 

sadac,  n _ amonarCevis ganzomilebaa.  
– fardobiTi sixSiris:   

n

qp

n

pp
p







)1(

. 

Tu fardobiTi sixSire procentebSia gamosaxuli, maSin 

n

pp
p

%)100%(
%

 
 . 

 
magaliTi. §8.3-Si moyvanil pirvel magaliTSi miRebuli statistikuri 

maxasiaTeblebisaTvis ganvsazRvroT statistikuri Secdomebi. 

saSualo ariTmetikulis:  99,1
10

29,6





n

x
x ; 

saSualo ariTmetikulis gamoTvlis sizuste: 
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  %;10,2100
6,94

99,1
100 




x
Cs x  

dispersiis:   86,8
20

6,39

2

2

2 





n

x

x
; 

saSualo kvadratuli gadaxris:   41,1
20

29,6

2





n

x ; 

variaciis koeficientis:   49,1
20

65,6

2


n

V
V ; 

asimetriis koeficientis: 

61,0
)310)(110(

)110(6

)3)(1(

)1(6












nn

n
sA ; 

eqscesis koeficientis:  

)5)(3()1(

)3)(2(24
2 




nnn

nnn
xE 92,0

)510)(310()110(

)310)(210(1024
2





 . 

 
amrigad, miviReT: 
saSualo ariTmetikuli:    99,160,94 x ; 

dispersia:    86,860,392 x ; 

saSualo kvadratuli gadaxra:    41,129,6 x ; 

variaciis koeficienti:    49,165,6 V ; 

asimetriis koeficienti:    61,019,0 sA ; 

eqscesis koeficienti:    92,023,1 xE . 
     
 

 

 8.4  parametrTa Sefasebis intervaluri meTodi 

 

 mcire moculobis amonarCevebis dros parametrTa Sefasebis wertilo-
vani meTodebi iZleva mniSvnelovan cdomilebebs. amitom maTi gamoyeneba 
praqtikaSi mizanSewonili ar aris. aseT dros farTod iyeneben parametrTa 
Sefasebis intervalur meTods. 
 vTqvaT, mocemuli amonarCeviT miRebuli statistikuri maxasiaTebeli 


* warmoadgens  parametris Sefasebas. cxadia, rom rac ufro naklebia | – 


*
| sxvaoba, miT ufro ukeTesia Sefasebis xarisxi, anu miT ufro zustia Se-

faseba. sxva sityvebiT rom vTqvaT, Tu    0  da |  – 
*
|<    (9.5),  maSin rac 

ufro naklebi iqneba , miT ufro zusti iqneba Sefaseba.  praqtikulad, 
statistikuri meTodebi ar gvaZlevs imis saSualebas, rom kategoriulad 

davamtkicoT, rom * Sefaseba akmayofilebs (9.5) utolobas. Cven SegviZlia 
mxolod imis Tqma, rom (9.5) utoloba sruldeba raRac  1  albaTobiT 

(mniSvnelovnebis done  ix. §10.1). 

   parametris Sefasebis ndobis albaToba ewodeba im   1  albaTo-

bas, rodesac sruldeba (9.5) utoloba. Cveulebriv, ndobis albaToba 
winaswar aris xolme mocemuli da sazogadod, mas iReben erTTan axlos, 
kerZod, 0,95; 0,99 an 0,999 sidideebis tolad. 
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 vTqvaT, albaToba imisa, rom (9.5) utoloba sruldeba, aris  
P(| – 

*
| < ) =     . 

Tu SevcvliT (9.5) utolobas misi tolfasovani utolobiT    – <  
– 

*
 <    

an   * 
–   <  < *

 + , maSin miviRebT: 

                                                           P(
*
 –  <  < 

*
 + ) =  .                              (9.6) 

am gamosaxulebis interpretacia SeiZleba Semdegnairad: albaToba imisa, 

rom ]
*
 – ; *

 + [ intervalSi moqceulia ucnobi parametri ,  tolia .  par-

ametris ndobis intervali  ]
*
 – ; *

 + [  ewodeba iseT intervals, romlis 

mimarT winaswar mocemuli     ndobis albaTobiT SeiZleba imis mtkice-

ba, rom is Seicavs 
 ucnob parametrs. rogorc (9.6) formulidan Cans, 

ndobis intervalis sigrZe damokidebulia or sidideze: ndobis  albaToba-
ze  da amonarCevis n moculobaze. 
 normalurad ganawilebuli SemTxveviTi sididisaTvis ndobis inter-
valis gansazRvris zogadi sqema Semdegia: 

 1. F(x,) ganawilebis funqciis generaluri erTobliobidan amoRebuli 

amonarCeviT axdenen  parametris wertilovan Sefasebas. 

 2. ganixilaven SemTxveviT sidides, magaliTad, Y(), romelic 

damokidebulia -ze da cnobilia misi ganawilebis simkvrivis funqcia  f 

(y,). 
 3. dauSveben ndobis albaTobis  1  mniSvnelobas. 

 4. gamoiyeneben ra f (y,) ganawilebis simkvrivis funqcias, pouloben c1 

da c2 ricxviT mniSvnelobebs ise, rom sruldebodes Semdegi piroba: 

      
2

1

1,21

c

c

dyyfcycP . 

 
 

 

rogorc wesi, c1 da c2 mniSvnelobebs pouloben Semdegi pirobebidan:    

        
2

1


 cyP   da   

2
2


 cyP  

e.i. naxazze daStrixuli farTobebis jami unda udrides   -s. am 
sqemis gamoyenebiT ganvixiloT normaluri ganawilebis kanonis a da s para-
metrebis ndobis intervalebi. 

 
generaluri saSualo ariTmetikulis ndobis intervali. vTqvaT, moce-

mulia normalurad ganawilebuli SemTxveviTi sidide X  N(a, s), sadac, a 
da s ucnobia. generaluri erTobliobidan amoRebuli amonarCevis saSu-
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alebiT movaxdinoT x  saSualo ariTmetikulisa da   saSualo kvadratu-
li gadaxris wertilovani Sefasebebi. ganvixiloT SemTxveviTi sidide  

n
ax

n

ax
t









 , 

romelsac gaaCnia stiudentis ganawileba  = n–1 Tavisuflebis xarisxiT. 
albaToba imisa, rom SemTxveviTi sidide t moxvdeba [;]

;
2

;
2





 tt  intervalSi, 

gamoiTvleba Semdegi formuliT:     

                       




































:
2

0
;

2
;

2

)(2

t

dttft

n

ax
tP                          (9.7) 

 

 
 

Tu davuSvebT, rom es albaToba  1–  sididis tolia, maSin 






1)(2

;
2

0

t

dttf  

da stiudentis ganawilebis cxrilidan  mniSvnelovnebis donisa da  
Tavisuflebis xarisxis mixedviT SeirCeva 




:
2

t  kritikuli wertili. amrigad, 

gveqneba: 














 









 1

:
2

:
2 n

tax
n

tP ,     

an                         












 









 1

:
2

:
2 n

txa
n

txP .              (9.8) 

amrigad, ndobis intervali (1 – ) albaTobiT Seicavs generaluri 
erTobliobis saSualo ariTmetikulis mniSvnelobas. saSualo ariTmetiku-
lis Sefasebis sizuste tolia: 

                          
n

t






:

2

.                             (9.9) 

 (9.8) formulidan gamomdinareobs, rom Tu amonarCevis n moculobas 
gavzrdiT, maSin ndobis intervalis sigrZe da, Sesabamisad, saSualo ariT-
metikulis Sefasebis cdomilebac mcirdeba. Tu ndobis albaTobas 

gavzrdiT, maSin gaizrdeba ndobis intervalis sigrZe da, Sesabamisad,  si-

zuste Semcirdeba. Tu  da  mniSvnelobebs winaswar davuSvebT, maSin 



 

–––––––––––––––––––––––––––––––– 

ე. ყუბანეიშვილი.  ბიოსტატისტიკა 

 

58 

SegviZlia vipovoT amonarCevis is minimaluri mniSvneloba, romelic uzrun-
velyofs Sefasebis saWiro sizustes. amisaTvis (9.9) formulidan gvaqvs: 

2

22

:
2









t

n . 

magaliTi. §8.3-Si ganxilul pirvel magaliTSi gamoTvlili saSualo 
ariTmetikuliTa 6,94x  da standartuli gadaxriT 29,6  ganvsazRvroT 
generaluri erTobliobis saSualo ariTmetikulis a ndobis intervali. 

ndobis albaToba aviRoT  = 0,95 toli. maSin  = 1 –  = 0,05. stiudentis 

ganawilebis cxrilidan  da  = n – 1 sidideebiT SevarCioT 26,2
;

2




t , maSin 

saSualo ariTmetikuli Sefasebis sizuste tolia: 

.50,4
10

29,626,2

;
2











n

t  

generaluri saSualo ariTmetikulis ndobis intervali iqneba: 
5,46,945,46,94  a , 

anu 90,1 < a < 99,1 e.i. generaluri saSualo ariTmetikuli 0,95 albaTobiT 
moTavsebulia ]90,1; 99,1[ intervalSi. imisaTvis, rom gavzardoT saSualo 

ariTmetikulis Sefasebis sizuste, romelic ar aRemateba, magaliTad,  = 2 
sidides, saWiroa amonarCevis Semdegi minimaluri raodenoba: 

50
4

6,3926,2 2




n . 

generaluri saSualo kvadratuli gadaxris ndobis intervali. 

vTqvaT, mocemulia normalurad ganawilebuli SemTxveviTi sidide X  N(a, 

s), romlis a da s parametrebi ucnobia. n-ganzomilebiani amonarCeviT 
movaxdinoT a maTematikuri lodinisa da s saSualo kvadratuli gadaxris 
wertilovani Sefasebebi, e.i. 

xa    da  s . 
saSualo kvadratuli gadaxris ndobis intervalis asagebad ganvixiloT 
sidide 

 
2

2
2 1

s

n 
 , 

romelsac gaaCnia 2 ganawileba =n–1 Tavisuflebis xarisxiT. 

 

  albaToba imisa, rom 2  SemTxveviTi sidide moxvdeba ]c1; c2[ intervalSi 
tolia: 
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2

1

22
2

2
1

c

c

dfccP .               (9.10) 

davuSvaT, rom es albaTobebi (1 – ) sididis tolia, maSin c1 da c2 wertilebi 
ganisazRvrebian Semdegi pirobebis gaTvaliswinebiT: 

  ;
2

2
2 

 cP     
2

1
2 

 cP . 

Tu am gantolebebs amovxsniT, miviRebT c1   da c2 kvantilebis mniSvnelobebs 

 
2

;11
2
c ;   2

;2
2
c ;    = n – 1. 

(9.10)  warmovadginoT Semdegnairad: 
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2
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2

;

2

;1

2

2

2

;
2222

111

1

1 n
s

n
P

n

s
P  

                                = 1 –  . 

amrigad,     121 sP , 
sadac, 

2

;

1

2

1






n
,   

 
2

;1

2

2

1






n
. 

zogierT maTematikuri statistikis saxelmZRvaneloSi mocemulia 1 da 2 

koeficientebis mniSvnelobebi  da  sidideebis gaTvaliswinebiT (ix. dan-
arTi). 

magaliTi. §8.3-Si ganxilul pirvel magaliTSi gamoTvlili saSualo 
kvadratuli gadaxriT 29,6x  ganvsazRvroT generaluri erTobliobis 

saSualo kvadratuli gadaxris s ndobis intervali: 

21  xx s . 

s ndobis intervalis cxrilebidan (ix. danarTi)  = 0,05  da 

 = n – 1 = 9 mniSvnelobebiT viRebT 1 = 0,69 da 2 = 1,83 e.i. 
83,129,669,029,6  s  anu 51,1134,4  s . 

 amrigad, generaluri saSualo kvadratuli gadaxra 0,95 albaTobiT 
moTavsebulia ]4,34; 11,51[ intervalSi. 

 

 

 

 

9 hipoTezebis statistikuri Semowmebis 

parametruli meTodebi 

 

 

9.1 statistikuri hipoTezis cneba 

 
 parametrebis wertilovani da intervaluri Sefasebebi warmoadgenen 
statistikuri kvlevis erT-erT sawyis etaps. kvlevis saboloo mizans 
SeiZleba warmoadgendes sxvadasxva teqnologiuri procesebis SedarebiTi 
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Sefaseba, gamzomi xelsawyoebis maxasiaTeblebis Sedareba da a.S. aseTi ti-
pis amocanebs SedarebiT amocanebs uwodeben. 
 maTematikurad, Sedarebis amocanebs uwodeben hipoTezebis statisti-
kur Semowmebas. statistikuri hipoTeza es aris nebismieri gamonaTqvami gen-
eralur erTobliobaze, romlis Semowmeba SeiZleba amonarCevis mixedviT. 
 Tu mocemuli amonarCevebi normaluradaa ganawilebuli, maSin unda 
gamoviyenoT hipoTezebis Semowmebis parametruli meTodebi, xolo roca 
ganawilebis kanoni ucnobia an gansxvavdeba normalurisgan – arapara-
metruli meTodebi. 

statistikuri hipoTezebi iyofa hipoTezebad, romlebic exeba 
ganawilebis kanonebs da hipoTezebad, romlebic exeba ganawilebis para-
metrebs. magaliTad, Tu ganawilebis kanoni ucnobia, maSin aris imis sa-
fuZveli, rom mas gaaCnia garkveuli saxe, magaliTad, A. Camoyalibdeba 
hipoTeza: generaluri erToblioba ganawilebulia A kanonis saxiT. 

SesaZlebelia iseTi SemTxveva, roca ganawilebis kanoni cnobilia, 

xolo misi parametrebi – ucnobi. Tu gvaqvs imis safuZveli, rom  parametri 

tolia raime 0 niSvnelobisa, maSin dauSveben hipoTezas: =0. SesaZlebelia 
sxva hipoTezebic, mag. ori da ramdenime parametrebis tolobis Sesaxeb, 
amonarCevis damoukideblobis Sesaxeb da sxv. 

hipoTezis WeSmaritebis dasadgenad, yvelaze zusti da uSecdomo 
msjeloba SeiZleba Catardes mxolod mTeli generaluri erTobliobis 
gamokvlevis Sedegad. magram, praqtikulad, sxvadasxva mizezebis gamo, aseTi 
kvlevis Catareba SeuZlebelia. amrigad, msjeloba generaluri erTobliobis  
ganawilebis  funqciis saxeze an ganawilebis funqciis parametrebis Sesaxeb 
statistikuri hipoTezis WeSmaritebasa an mcdarobaze, tardeba mxolod 
amonarCevis erTobliobisTvis. 

amonarCevis gamoyenebas statistikuri hipoTezebis Sesamowmeblad, 
ewodeba daSvebuli hipoTezis WeSmaritebis an  mcdarobis statistikuri 
damtkiceba. 
 zogadad, daSvebul hipoTezasTan erTad, ganixileba alternatiuli 
(konkurirebuli) hipoTeza. Tu daSvebuli hipoTeza uaryofili iqneba, maSin 
mis adgils daikavebs alternatiuli hipoTeza. am TvalsazriiT, statisti-
kuri hipoTezebi iyofa nulovan da alternatiul hipoTezebad. 
 nulovani ewodeba daSvebul (ZiriTad) hipoTezas da aRiniSneba H0: 
simboloTi. sazogadod, nulovani hipoTeziT mtkicdeba, rom Sesadarebel 
sidideebs Soris gansxvaveba ar aris, xolo arsebuli gadaxrebi aixsneba 
mxolod da mxolod amonarCevis SemTxveviTi cvalebadobiT. 
 alternatiuli ewodeba H1:  hipoTezas, romelic nulovani hipoTezis 
konkurentia im TvalsazrisiT, rom Tu nulovani hipoTeza uaryofili iqne-
ba, maSin miiReba alternatiuli. 

daSvebuli hipoTeza SeiZleba iyos WeSmariti an mcdari, amitom 
saWiroa misi Semowmeba. amonarCevis monacemebiT statistikuri hipoTezis 
Semowmebisas, yovelTvis arsebobs mcdari gadawyvetilebis miRebis riski. es 
aixsneba amonarCevis moculobis sasrulobiT, ris gamoc Znelia zustad 
dadgindes ganawilebis funqciis saxe an misi parametrebis mniSvnelobebi. 
aqedan gamomdinare, statistikuri hipoTezis Semowmebisas, SesaZlebelia, 
daSvebul iqnes ori tipis Secdoma, anu, rogorc maT uwodeben, pirveli da 
meore gvaris Secdoma. 
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 pirveli gvaris Secdoma ewodeba iseT Secdomas, rodesac xdeba 
WeSmariti nulovani hipoTezebis uaryofa. pirveli gvaris Secdomis 

moxdenis albaTobas, romelic aRiniSneba  simboloTi, ewodeba mniSvne-

lovnebis done. umetes SemTxvevaSi,  mniSvnelobas iReben 0,05 an 0,01-is 

tolad. magaliTad, Tu  = 0,05, es imas niSnavs, rom 100-dan 5 SemTxvevaSi 
SesaZlebelia davuSvaT pirveli gvaris Secdoma, e.i. vuaryoT swori hipo-
Teza. 
 meore gvaris Secdoma ewodeba iseT Secdomas, rodesac xdeba mcdari 
nulovani hipoTezis miReba. meore gvaris Secdomis moxdenis albaToba 

aRiniSneba  simboloTi. 

 statistikuri kriteriumebis  mniSvnelovnebis donis SerCeva 
damokidebulia Sedegis simZimeze, romelsac iwvevs pirveli da meore 
gvaris Secdomebi. magaliTad, Tu pirveli gvaris Secdomis moxdena iwvevs 

met danakargebs, vidre meore gvaris Secdomis moxdena, maSin -s mniS-
vneloba unda miviRoT rac SeiZleba naklebi. raRa Tqma unda, ar SeiZleba, 

rom  = 0, radgan am SemTxvevaSi miRebuli iqneba yvela nulovani hipoTeza, 

maT Soris mcdaric. unda gvaxsovdes, rom rac ufro mcirea -s mniSvnelo-
ba, miT ufro naklebad xdeba nulovani hipoTezis uaryofa. 
 statistikuri hipoTezebis Semowmeba xdeba mocemuli amonarCeviT 
miRebuli monacemebis safuZvelze statistikuri kriteriumebis gamoyenebiT. 
 statistikuri kriteriumi (testi, statistika) ewodeba raime K Sem-
TxveviT sidides, romlis saSualebiTac xdeba daSvebuli nulovani hipo-
Tezis miReba an uaryofa. nulovani hipoTezis Sesamowmeblad, amonarCevis 
monacemebiT gamoiTvleba kriteriumSi Semavali sidideebis kerZo mniSv-
nelobebi da miiReba TviT statistikuri kriteriumis kerZo mniSvneloba. 
 vTqvaT, raime nulovani hipoTezis Sesamowmeblad, romelic exeba 
ganawilebis parametrebs, gvaqvs K statistika, romlis ganawilebis sim-
kvrivis funqcia f (K) cnobilia. 

 
 

aq, Km aris K-s maTematikuri lodini.   
22

;
1 

KK  intervals ewodeba K Sem-

TxveviTi sididis dasaSveb mniSvnelobaTa are, romlisTvisac nulovani 
hipoTeza miiReba.   

2
1

; 
 K  da   ;

2

K  intervalebs ewodebaT nulovani hipo-

Tezis gadaxris areebi anu K kriteriumis kritikuli areebi, sadac xdeba 
nulovani hipoTezis uaryofa. Tu kritikuli areebi moTavsebulia maTemat-
ikuri lodinis marjvniv da marcxniv, maSin kritikul areebs ewodebaT or-
mxrivi, xolo K kriteriumis mniSvnelobas – ormxrivi kriteriumi. 
winaaRmdeg SemTxvevaSi, saqme gvaqvs calmxriv, kerZod marcxena (roca  K < 

Km), an marjvena (roca K > Km) kritikuli areebTan. kritikuli wertilebi 
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(sazRvrebi)  
22

;
1 

KK  ewodebaT im wertilebs, romlebic gamoyofen kritikul 

areebs dasaSveb mniSvnelobaTa arisgan.  
 nulovani hipoTezis Semowmeba statistikuri K kriteriumiT  xdeba  
Semdegnairad: Tu gvaqvs ormxrivi kritikuli are, maSin raime nulovani 

hipoTezis H0: K1 = K2 alternatiuli hipoTeza iqneba: H1: K1  K2. am SemTxveva-

Si, kritikuli (sasazRvro) wertili 
 ;

2

K  moiZebneba 
2


 mniSvnelovnebis 

donisa da  Tavisuflebis xarisxis mixedviT. Tu Cvens mier gamoTvlili 
statistika 


;

2

KK , maSin ara gvaqvs safuZveli nulovani hipoTezis uar-

sayofad, winaaRmdeg SemTxvevaSi, roca 


;
2

KK , nulovani hipoTeza uar-

yofili iqneba alternatiulis sasargeblod. 
 Tu gvaqvs mxolod marcxena kritikuli are, maSin nulovani da al-
ternatiuli hipoTezebi ase Camoyalibdeba:    H0: K1 = K2 ,  H1: K1 < K2 .   

 

 
 

kritikuli wertili :K  SeirCeva  mniSvnelovnebis donisa da  

Tavisuflebis xarisxis saSualebiT. Tu  :)1(KK , maSin nulovani hipoTeza 

miiReba, winaaRmdeg SemTxvevaSi, roca  :)1(KK , nulovani hipoTeza uar-

yofili iqneba alternatiuli hipoTezis sasargeblod.  
 analogiurad, roca gvaqvs marjvena kritikuli are, maSin nulovani da 
alternatiuli hipoTezebi ase Camoyalibdeba: H0: K1 = K2,   H1: K1 > K2. 

 
kritikuli wertili K; SeirCeva  mniSvnelovnebis doniTa da  

Tavisuflebis xarisxiT. Tu  ;KK , maSin nulovani hipoTeza uaryofili 

iqneba H1 hipoTezis sasargeblod,  winaaRmdeg SemTxvevaSi, roca  ;KK , 

ara gvaqvs safuZveli nulovani hipoTezis uarsayofad. 
sazogadod, rac ufro didia K kriteriumis mniSvneloba, miT ufro 

didia gansxvaveba Sesadarebel sidideebs Soris.   
  

kriteriumis simZlavre damokidebulia meore gvaris Secdomis 

moxdenis  albaTobaze. igi aRiniSneba M simboloTi M = 1 – . Tu simZlavre 
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izrdeba, maSin Sesabamisad mcirdeba  albaToba. Tu  sidides Se-
vamcirebT, maSin Semcirdeba pirveli gvaris Secdoma da izrdeba meore 
gvaris Secdoma, rac, Tavis mxriv, iwvevs kriteriumis simZlavris Sem-
cirebas. 

 generaluri erTobliobisaTvis  = 0 da  = 0. aqedan gamomdinare, 
pirveli da meore gvaris Secdomebis moxdenis albaTobebis erTdrouli 
Semcireba SesaZlebelia amonarCevis ganzomilebis gazrdiT. 

amrigad, kriteriumis simZlavris gazrda SeiZleba amonarCevis mocu-

lobis gazrdiT. magram, Tu amonarCevis moculoba mcirea, maSin  mniS-

vneloba unda aviRoT arc ise mcire, radgan mcire n da  iwvevs krite-
riumis simZlavris Semcirebas. 

calmxrivi da ormxrivi kritikuli areebis Sedarebisas unda aRin-
iSnos, rom calmxriv kriteriums gaaCnia ufro didi simZlavre, vidre or-

mxrivs, radgan ormxrivi kritikuli aris dros viRebT 
2

  mniSvnelobas, 

rac iwvevs rogorc kritikuli wertilis mniSvnelobis gazrdas, aseve  
sididis gazrdasac da sabolood, simZlavris Semcirebas. amitom, umjobesia 
calmxrivi kritikuli aris gamoyeneba, Tu nulovani hipoTeza amis saSu-
alebas iZleva. ase magaliTad, Tu gvinda davadginoT, ramdenad efeqturia 
axali preparatiT mkurnaloba ZvelTan SedarebiT, unda aviRoT calmxrivi 
kriteriumi. magram, Tu gvinda erTmaneTs SevadaroT ori axali meTodi, 
maSin saWiroa gamoviyenoT mxolod ormxrivi kriteriumi, radgan calmxrivi 
kriteriumi TiTqmis ar aris mgrZnobiare meore meTodTan mimarTebaSi. 

aqve unda SevniSnoT, rom araparametrul kriteriumebs, parametrul 
kriteriumebTan SedarebiT, gaaCniaT mcire simZlavre. magram, Tu gvaqvs 
mcire ganzomilebis amonarCevi, maSin araparametruli kriteriumis gam-
oyeneba ufro efeqturia parametrulTan SedarebiT. 

 

P-mniSvneloba. zogjer, ufro mosaxerxebelia, hipoTezebis Sesa-
mowmeblad gamoviyenoT sxva procedura, romelic warmoadgens zemoT ganx-
iluli meTodis Sebrunebul meTods. kerZod, imis magivrad, rom vimuSavod 

fiqsirebuli  mniSvnelovnebis doniT, SegviZlia vipovoT  -s zusti mniS-

vneloba, romlis drosac uaryofilia (miRebulia) nulovani hipoTeza. -s 
aseT mniSvnelobas aRniSnaven P simboloTi da mas P-mniSvneloba ewodeba. 
amrigad, PP-mniSvneloba aris is minimaluri mniSvnelovnebis done, rodesac 
xdeba nulovani hipoTezis uaryofa. 

Tu Z aris raime K statistikis gamoTvlis Sedegad miRebuli 

kritikuli wertili, maSin P = P(K  Z). radgan K kriteriums gaaCnia t, F, 2 an 

N(0,1) ganawilebis kanonebidan erT-erTi maTgani, amitom P-mniSvneloba gan-
isazRvreba Semdegnairad: 

P-mniS. = 1 – F(z)    calmxrivi kritikuli aris dros,  
P-mniS. = 2[1 – FF(z)]    ormxrivi kritikuli aris dros. 

F(z) warmoadgens normalizebuli normaluri ganawilebis funqciis mniS-
vnelobas, romelic aRebulia Sesabamisi cxrilidan (ix. danarTi) an gan-
isazRvreba laplasis funqciis saSualebiT (3.2) formuliT. 

  Tu  P  , maSin nulovani hipoTeza uaryofilia  mniSvnelovnebis 

doniT. Tu  PP > , maSin nulovani hipoTezis uaryofis safuZveli ar gagvaC-

nia.  
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9.2. SemTxveviTi sididis saSualo mniSvnelobis da  dispersiis mocemul 

mudmiv sididesTan Sedarebis hipoTezis Semowmeba 

  

 vTqvaT, mocemulia X generaluri erToblioba, romelsac gaaCnia nor-

maluri ganawileba N(a,s), Tanac parametrebi a da s ucnobia. amonarCevis 
saSualebiT SeiZleba miviRoT maTi wertilovani Sefasebebi x  da x . 

saWiroa SevamowmoT nulovani hipoTeza 00 : axH  alternatiulis 00 : axH   

sawinaaRmdegod. a0 warmoadgens raime winaswar cnobil hipoTetiur saSu-
alo mniSvnelobas. 
 nulovani hipoTezis Sesamowmeblad saWiroa gamovTvaloT statistika: 

10 


 n
ax

t
x

.    

Tu nulovani hipoTeza samarTliania, maSin t gamosaxulebas gaaCnia 

stiudentis ganawileba  = n–1 Tavisuflebis xarisxiT. stiudentis 

ganawilebis cxrilidan  mniSvnelovnebis doniTa da  Tavisuflebis 

xarisxiT moiZebneba kritikuli wertili  ;t . Tu  ;tt  , maSin nulovani 

hipoTeza uaryofilia alternatiulis sasargeblod, winaaRmdeg SemTx-

vevaSi, roca  ;tt  , ara gvaqvs safuZveli nulovani hipoTezis uarsayofad. 

 2
0

2
0 : H  nulovani hipoTezis Sesamowmeblad, 2

0
2

1 : H  alternati-

ulis sawinaaRmdegod, saWiroa gamovTvaloT statistika: 

2
0

2

2






n
 

da Tu nulovani hipoTeza samarTliania, maSin mas gaaCnia 2  ganawileba  = 

n – 1 Tavisuflebis xarisxiT. 2  ganawilebis cxrilidan  da  para-

metrebis saSualebiT moiZebneba kritikuli wertili 2
; . Tu  ;

2  , maSin 

H0 uaryofilia H1-is sasargeblod, xolo roca  ;
2  , maSin ara gvaqvs 

safuZveli nulovani hipoTezis uarsayofad. 

 Tu alternatiul hipoTezas aqvs 2
0

2
1 : H  saxe, maSin gamoiyeneba 2 

kriteriumi marcxena kritikuli ariT da kritikuli wertili iqneba  
2

;1  , 

xolo roca 2
0

2
1 : H , maSin saqme gvaqvs 

2 kriteriumTan marjvena 

kritikuli ariT da saTanadod, gveqneba 2
; . 

  
magaliTi. avtomaturi Carxis sizuste mowmdeba damuSavebuli detale-

bis zomis dispersiis saSualebiT, romlis sidide ar unda aRematebodes 

04,02
0   sidides. Carxis saSualebiT damuSavebul iqna 10 detali da 

miRebul iqna 2 
= = 0,09. saWiroa SevamowmoT, akmayofilebs Tu ara Carxi 

moTxovnil sizustes. mniSvnelovnebis done aviRoT 

  = 0,05 tolad. 
 rogorc mocemuli pirobidan Cans, unda SevamowmoT hipoTeza 

04,0: 2
0 H . am SemTxvevaSi alternatiuli hipoTeza iqneba 04,0: 2

1 H . gam-
oviTvaloT statistika: 
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5,22
04,0

09,0102 


 . 


2 ganawilebis cxrilidan 92,162

9;05,0  . radgan 22,5>16,92, amitom nulo-

vani hipoTeza uaryofilia alternatiulis sasargeblod, e.i. Carxi ver uz-
runvelyofs detalis damuSavebis moTxovnil sizustes. 
 
 

 
 
 
 

9.3 dispersiebis tolobis hipoTezis Semowmeba. 

fiSeris kriteriumi 

 
vTqvaT, mocemulia ori X da Y normalurad ganawilebuli N(ax, sx), N(ay, 

sy) SemTxveviTi sidide, romelTa parametrebi ucnobia. ganvixiloT amonar-
Cevebi nxxx ...,, 21  da y y ym1 2, ,..., , romelTa saSualebiTac Sevafasod yx,  saSu-

alo ariTmetikulebi da 22 , yx   dispersiebi. dispersiebis tolobis 22
0 : yxH   

nulovani hipoTezis Sesamowmeblad, unda gamoviyenoT fiSeris kriteriumi. 
amisaTvis ganvixiloT statistika: 

,
),min(

),max(

22

22

yx

yx
F




  

romelsac gaaCnia fiSeris ganawileba 1 = n – 1 (mricxvelisa) da 2 = m – 1 
(mniSvnelis) Tavisuflebis xarisxebiT. 

Tu mocemulia  mniSvnelovnebis done, maSin F  ganawilebis  cxri-

lidan 1 da 2 Tavisuflebis xarisxebis saSualebiT moiZebneba kritikuli 
wertili .

21,; F  Tu aRmoCndeba, rom 
21,;  FF , maSin nulovani hipoTeza uar-

yofilia alternatiulis sasargeblod, e.i. dispersiebi statistikurad gan-
sxvavdeba erTmaneTisgan. Tu 

21,;  FF , maSin iTvleba, rom ara gvaqvs sa-

fuZveli nulovani hipoTezis uarsayofad, e.i. dispersiebi ar gansxvavdeba 
erTmaneTisgan. 
 magaliTi. mocemulia bavSvebSi sisxlis nakadis siCqare (wm-Si), gazo-
mili ori sxvadasxva meTodiT 
                                 x:    9   5   6  12   8  7  5   9   11  8  11  5   6 

                                 y:   11  4  11  9  13  8  4  12  14  9  10  7   9 
unda SevamowmoT, gaaCnia Tu ara orive meTods erTnairi gazomvis sizuste. 

mniSvnelovnebis done aviRoT  = 0,05 tolad. CavTvaloT, rom amonarCevebi 
normalurad aris ganawilebuli. 

 SevamowmoT dispersiebis tolobis nulovani hipoTeza 22
0 : yxH  . mo-

cemuli amonarCevebisTvis gvaqvs 97,52 x  da 40,92  y . 

57,1
97,5

4,9
F ,   69,212,12;05,0 F . 

radgan 1,57 < 2,69, amitom nulovani hipoTeza miiReba, e.i. orive meTodi 
erTnairi sizustiT gansazRvravs sisxlis nakadis siCqares. 
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 igive nulovani hipoTeza SevamowmoT P-mniSvnelobiT. standartizir-
ebuli normaluri ganawilebis funqciis cxrilidan 9418,0)57,1( F . 

P=1F(1,57) =10,9418 = 0,0582  0,058. radgan 0,058 > 0,05, amitom nulovani hipo-
Teza miiReba, e.i. dispersiebi ar gansxvavdeba erTmaneTisgan. 
  

 

 
 
 
 
 

9.4 saSualoebis tolobis hipoTezis Semowmeba. 

stiudentis kriteriumi 

 

 vTqvaT, mocemulia ori X da Y normalurad ganawilebuli  N(ax, sx), 

N(ay, sy) SemTxveviTi sidide, sadac, ax, sx, ay, sy parametrebi ucnobia. ganvix-
iloT amonarCevebi nxxx ...,, 21  da y y ym1 2, ,...,  da ganvsazRvroT yx,  saSu-

aloebisa da 22 , yx   dispersiebis wertilovani Sefasebebi. 

 saSualoebis tolobis yxH :0  nulovani hipoTezis Sesamowmeblad 

iyeneben stiudentis kriteriums, romelsac zogadad aqvs Semdegi saxe: 
 
            saSualoebis sxvaoba 

        t=     

       saSualoebis sxvaobis standartuli Secdoma 

  

ganvixiloT ori SemTxveva: 

1. roca 22
yx  .  SeiZleba gvqondes ori SemTxveva: 

 a) n = m = n. ganvixiloT statistika 

n

yx
t

yx
22 


 ,  

romelsac gaaCnia stiudentis ganawileba  = 2n – 2 Tavisuflebis xarisxiT. 

b)  Tu  n  m,  maSin gveqneba: 

             
   








 








nm

mn

mn

mn

yx
t

yx

2

11 22
,            = n + m – 2. 

 

2. roca 22
yx  .   aqac ganvixiloT ori SemTxveva: 

a) Tu  n = m = n,  maSin: 



 

–––––––––––––––––––––––––––––––– 

ე. ყუბანეიშვილი.  ბიოსტატისტიკა 

 

67 

         

n

yx
t

yx
22 


 ,         

2

2

2

2

22
1

x

y

y

x

n
n











 ; 

   

  b) Tu  n  m,  maSin:  

        

mn

yx
t

yx

22 





 ,      2

11

2
22

2

2
22

















 
















 













 






m

m

n

n

mn

yx

yx

. 

mocemuli  mniSvnelovnebis doniTa da  Tavisuflebis xarisxiT 
stiudentis ganawilebis cxrilidan vpoulobT 

 ;
2

t  kritikul mniSvnelobas 

ormxrivi kritikuli aris dros. 
Tu aRmoCndeba, rom 


;

2

tt , maSin nulovani hipoTeza uaryofilia al-

ternatiulis yxH :1  sasargeblod. Tu 


;
2

tt , maSin nulovani hipoTeza 

miiReba, e.i. gansxvaveba or saSualos Soris SemTxveviTia. 
 
magaliTi. wina paragrafSi moyvanili magaliTisTvis SevamowmoT saSu-

aloebis tolobis hipoTeza yxH :0 . mniSvnelovnebis done aviRoT  = 0,05 
tolad. 

 mocemuli amonarCevebisTvis gvaqvs: 85,7x ; 31,9y . radgan 22
yx   da 

amonarCevebis ganzomileba erTnairia, amitom  

t 





7 85 9 31

5 97 9 4

13

1 34
, ,

, ,
, ,   242132  . 

stiudentis ganawilebis cxrilidan 06,224;05,0 t . radgan  1,34<2,06,  amitom nu-

lovani hipoTeza miiReba, e.i. gansxvaveba saSualo sidideebs Soris ar 
SeimCneva. 
 SevamowmoT nulovani hipoTeza P-mniSvnelobiT. 

.1802,0)9099,01(2.9099,0)34,1(  PF   radgan 0,18 > 0,05, amitom nulovani hipo-
Teza miiReba, e.i. saSualo sidideebi ar gansxvavdeba erTmaneTisgan. 
 unda gvaxsovdes, rom stiudentis kriteriumis gamoyeneba iT-
valiswinebs SemTxveviTi sidideebis normalur ganawilebasa da generaluri 
dispersiebis tolobas. Tu es pirobebi ar sruldeba, maSin t-kriteriumis 
gamoyeneba mizanSewonili ar aris. am SemTxvevaSi, ufro efeqturia arapara-
metruli kriteriumebis gamoyeneba, magaliTad U-kriteriumis. 
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9.5 ori damokidebuli amonarCevis Sedareba 

 

 praqtikaSi xSirad gvxdeba amonarCevebi, romlebic ar SeiZleba ganvix-
iloT rogorc damoukidebeli, isini erTmaneTis mimarT damokidebuli arian 
(magaliTad, monacemebi mkurnalobamde da mkurnalobis Semdeg). vTqvaT, mo-
cemulia ori aseTi damokidebuli amonarCevi nxxx ,...,, 21  da nyyy ,...,, 21 . ganvix-

iloT maT Soris sxvaobebi niyxd iii ,...,2,1,   , romlebic normalurad arian 
ganawilebuli. ganvsazRvroT sxvaobebis saSualo ariTmetikuli 





n

i

id
n

d
1

1
. 

rac ufro mcirea d  sidide, miT ufro naklebia gansxvaveba am or amonarCevs 

Soris. aqedan gamomdinare, saWiroa Semowmdes 0:0 dH  nulovani hipoTeza. 

amisaTvis ganvixiloT statistika 
d

d
t


 , sadac, 

d
  sxvaobaTa saSualo ar-

iTmetikulis Secdomaa, romelic ganisazRvreba Semdegnairad: 
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1

1
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t statistikas gaaCnia stiudentis ganawileba 1 n  Tavisuflebis xarisxiT. 
Tu  ;tt , maSin nulovani hipoTeza miiReba, e.i. amonarCevebi ar gansxvavdeba 

erTmaneTisgan. roca  ;tt , maSin nulovani hipoTeza uaryofilia da amonar-

Cevebi gansxvavdebian erTmaneTisgan. 

 magaliTi. erTi da igive pacientze gamocades ori Zilis wamali (x, y). 
Sedegebi warmodgenilia cxrilSi damatebiTi Zilis xangrZlivobiT saaTeb-
Si. gvainteresebs, aris Tu ara gansxvaveba am wamlebs Soris? SevadginoT 
Semdegi cxrili: 
 
 

# x y d d 
2
 

1 4,0 3,0 1,0 1,00 

2 3,5 3,0 0,5 0,25 

3 4,1 3,8 0,3 0,09 

4 5,5 2,1 3,4 11,56 

5 4,6 4,9 –0,3 0,09 

6 6,0 5,3 0,7 0,49 

7 5,1 3,1 2,0 4,00 

8 4,3 2,7 1,6 2,56 

   9,2 20,04 
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.365,2;7;05,080,2

)18(8

8

2,9
04,20

8

2,9

7;05,0
2







 t
d

t
d

      ; 



 

radgan 2,80 > 2,365, amitom nulovani hipoTeza uaryofilia, e.i. gan-
sxvaveba Zilis wamlebs Soris sarwmunoa. SevamowmoT nulovani hipoTeza P-
mniSvnelobiT. F(2,80) = 0,9974.   P = 2(1 – 0,9974) = 0,0052. radgan  0,0052 < 0,05, am-
itom nulovani hipoTeza uaryofilia. 

Tu gvinda ori damokidebuli amonarCevis dispersiebis tolobis 
22

0 : yxH   nulovani hipoTezis Semowmeba, maSin unda ganisazRvros Semdegi 

statistika: 
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t sidides gaaCnia stiudentis ganawileba 2 n  Tavisufleabis 

xarisxiT.  mniSvnelovnebis doniTa da  sididiT stiudentis ganawilebis 
cxrilidan moiZebneba ;t  kritikuli mniSvneloba. Tu  ;tt , maSin nulovani 

hipoTeza miiReba, e.i. dispersiebi ar gansxvavdeba erTmaneTisgan. roca  ;tt , 

maSin nulovani hipoTeza uaryofilia da dispersiebi gansxvavdebian erTma-
neTisgan. 

 
 

 
 

9.6 amonarCevSi uxeSi Secdomebis  gamovlenis meTodebi 

 

 gazomvebis Catarebis dros daculi unda iyos garkveuli pirobebi. 
kerZod, gazomvebi unda Catardes erTnair pirobebSi, erTnairi klasis 
xelsawyoebiT. miuxedavad amisa, gazomvis Sedegad miRebul erTobliobaSi 
zogjer gvxvdeba uxeSi Secdomebi, amitom is monacemi, romelic mkveTrad 
gansxvavdeba sxvebisgan, unda iqnes Sefasebuli da Tu is aRmoCndeba uxeSi 
Secdoma (artefaqti), maSin igi unda gamoiricxos erTobliobidan. uxeSi 
Secdomis Tavidan acilebis erT-erT umartives meTods warmoadgens e.w. `sami 
sigmas~ wesi, romlis arsi SemdegSi mdgomareobs: albaTobis Teoriidan cno-
bilia, rom Tu X SemTxveviT sidides gaaCnia f (x) ganawilebis simkvrive, maSin 

raime ]; [ intervalSi misi moxvedris albaToba gamoiTvleba formuliT: 
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Tu SemTxveviTi sidide normaluradaa ganawilebuli, maSin 
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vipovoT integrirebis axali zRvrebi. Tu x , maSin 
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z . e.i. gveqneba: 


































a

z

a

z

a

a

z

dzedzedzeXP

0

2

0

22

222

2

1

2

1

2

1
)( 


















a

z

a

z

dzedze

0

2

0

2

22

2

1

2

1
. 

Tu gamoviyenebT laplasis funqcias 





x t

dtex
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)( , maSin miviRebT: 
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laplasis funqciis anu albaTobis integralis mniSvnelobebi moce-
mulia specialur cxrilebSi (ix. danarTi). x-is uaryofiTi mniSvnelobeb-
isTvis )( x  funqciis mniSvnelobaTa mosaZebnad unda visargebloT am fun-

qciis kentobiT:  ( ) ( )  x x . 
 normalurad ganawilebuli mrudis maTematikuri lodinidan rogorc 

marcxniv, ise marjvniv, gadavzomoT standartuli gadaxra , 2 da 3. 
radgan normaluri  ganawileba albaTuri ganawilebaa, amitom farTobi f x( )  

mrudis qveS erTis tolia da -s saSualebiT miRebuli monakveTebis 
farTobebi procentebSi saTanadod naCvenebia Semdeg naxazzze: 

 
 gamovTvaloT ]a – 3; a + 3[ intervalSi X SemTxveviTi sididis mox-
vedris albaToba  

 

  9973,0)3()3()3(
2

1

33

2

1
33






































aaaa
aXaP

 

 amrigad, 0,9973 albaTobiT SegviZlia CavTvaloT, rom normalurad 
ganawilebuli SemTxveviTi sidide miiRebs mniSvnelobebs   3;3 aa  Sual-
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edidan, xolo albaToba imisa, rom SemTxveviTi sidide moxvdes am Sualedis 
gareT, Zalian mcirea da igi 0,0027-is tolia, e.i. es xdomiloba SegviZlia 
CavTvaloT praqtikulad SeuZlebel xdomilobad. am faqts emyareba e.w. sami 
sigmas wesi, romelic SeiZleba ase CamovayaliboT: Tu SemTxveviTi sidide 
normaluradaa ganawilebuli, maSin misi gadaxra maTematikuri lodinidan 
(saSualo ariTmetikulidan) absoluturi sididiT praqtikulad ar aRemateba 
gasamkecebul saSualo kvadratul gadaxras. 
 aqedan gamomdinare, Tu amonarCevSi gvxvdeba iseTi, vTqvaT, xj sidide, 

romelic akmayofilebs  3jxx  utolobas, maSin es sidide SeiZleba CaiT-

valos artefaqtad da gamoiricxos amonarCevidan. 
 arseboben sxva, ufro zusti testebi uxeSi gazomvebis gamosavlenad. 
ganvixiloT erT-erTi maTgani, romelsac tompsonis wess uwodeben. am Sem-
TxvevaSi, nulovani  hipoTeza Camoyalibdeba Semdegnairad: `amonarCevSi ar 
aris uxeSi gazomvebi~. am hipoTezis Sesamowmeblad, saWiroa gamoiTvalos 
Semdegi statistika: 

ni
xx

t i
i ,...,2,1, 




  , 

sadac, x  – saSualo ariTmetikulis, xolo  – saSualo kvadratuli gada-
xris Sefasebebia. 
 tompsonis wesiT, amonarCevis yvela is xj mniSvneloba, romlisTvisac 

sruldeba utoloba  ;zti    , unda CaiTvalos artefaqtad da gamoiricxos 

amonarCevidan. ;z  kritikuli mniSvneloba  mniSvnelovnebis doniTa da   = 

n – 2 Tavisuflebis xarisxiT moiZebneba specialur cxrilSi (ix. danarTi). 

magaliTi. mocemul amonarCevSi x: 23  40  9  25  38  32  37  26  28   93 x  mniS-

vneloba Zlier gansxvavdeba sxva mniSvnelobebisgan. SevamowmoT nulovani 

hipoTeza H0: ` 3x  mniSvneloba ekuTvnis mocemul amonarCevs~. amisaTvis gam-

ovTvaloT: 

896,1;07,2
59,9

67,289
.59,967,28 7;05,0 


 ztx x        da . 

radgan 2,07 > 1,896,  amitom H0 hipoTeza uaryofilia, e.i. 93 x  war-

moadgens artefaqts da igi unda gamoiricxos amonarCevidan. 
 roca amonarCevis moculoba didia da n , maSin SeiZleba 
visargebloT Semdegi aproqsimaciiT: 























 2

422

;
96

5323

4

3
1

qqq

qz ,  

sadac, q aris normalizirebuli normaluri ganawilebis kvantili. amasTan, 

2
1


q . magaliTad,  roca  = 100,  = 0,05 e.i.   q = 0,975, maSin z; = 1,956, rac 

zustad emTxveva cxrilis mniSvnelobas. 93 x  
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10 hipoTezebis statistikuri Semowmebis 

araparametruli meTodebi 

 

 

10.1 ganawilebis kanonis Sesaxeb hipoTezis 

Semowmeba 

 

 Cven ganvixileT hipoTezebis Semowmebis parametruli meTodebi, rom-
lebic exeboda SemTxveviTi sididis ganawilebis parametrebs, Tanac 
iTvleboda, rom ganawilebis kanoni cnobili iyo. magram bevr praqtikul 
amocanebSi Sesaswavli SemTxveviTi sididis ganawilebis kanoni ucnobia, e.i. 
warmoadgens hipoTezas, romelic saWiroebs statistikur Semowmebas. 
 vTqvaT, saWiroa Semowmdes hipoTeza imis Sesaxeb, rom X SemTxveviTi 
sidide emorCileba F(x) ganawilebis kanons. am hipoTezis Sesamowmeblad 

aviRoT amonarCevi x x xn1 2, ,..., , romelic miiReba X SemTxveviT sidideze n 

damoukidebeli dakvirvebiT. amonarCeviT SeiZleba aigos empiriuli gana-
wilebis funqcia F 

*
(x), magaliTad, histogramis saSualebiT. maSin nulovan 

hipoTezas eqneba Semdegi saxe: H0: F(x) = F 
*
(x). empiriuli F 

*
(x)  da Teoriuli 

F(x) ganawilebebis Sedareba xdeba pirsonis 2 Tanxmobis kriteriumiT, kol-
mogorovisa da smirnovis Tanxmobis kriteriumiT da sxv. 
  

pirsonis Tanxmobis kriteriumi. igi Zalian xSirad gamoiyeneba praqti-
kaSi. amisaTvis, X SemTxveviTi sididis cvalebadobis mTeli diapazoni da-
vyoT k raodenobis intervalebad igive wesiT, rogorc histogramis agebis 
dros. Semdeg TiToeuli intervalisTvis gamovTvaloT empiriuli sixSiree-
bi da SevitanoT es mniSvnelobebi cxrilSi. 

 

inter-
valebi 

 )2()1( ; xx   )3()2( ; xx      )()1( ; kk xx 

 
empiriuli 
sixSireebi 

mi 
m1 m2    mk 

Teoriuli 
sixSireebi 

Pi 
nP1 nP2    nPk 

 
Teoriuli sixSireebi gamoiTvleba Semdegnairad: cnobilia, rom X 

SemTxveviTi sididis  )1()( ; ii xx  intervalSi moxvedris Pi  albaToba gan-
isazRvreba formuliT:  

  ,,...,2,1,
2

1 )()1(
)1()( ki

xxxx
xXxPP

x

i

x

i
ii

i 


















































   

sadac,    – laplasis funqciaa. Tu miRebul Pi albaTobebs gavamravlebT 

amonarCevis n ganzomilebaze, maSin miviRebT TiToeuli intervalisaTvis 
Teoriuli nPi sixSireebis mniSvnelobebs. 
 Tu empiriuli sixSireebi mkveTrad gansxvavdeba Teoriulisgan, maSin 
nulovani hipoTeza uaryofili iqneba, winaaRmdeg SemTxvevaSi, igi miiReba. 
nulovani hipoTezis Sesamowmeblad gamovTvaloT statistika 



 

–––––––––––––––––––––––––––––––– 

ე. ყუბანეიშვილი.  ბიოსტატისტიკა 

 

73 

 






k

i i

ii

nP

nPm

1

2
2 , 

romelsac gaaCnia 2 ganawileba  = k – r – 1 Tavisuflebis xarisxiT. aq, r 
aris Teoriuli F(x) ganawilebis parametrebis raodenoba, romelic amonar-
Cevidan gamoiTvleba. 

 nulovani hipoTezis Sesamowmeblad saWiroa 
2 ganawilebis cxri-

lidan  mniSvnelovnebis doniTa da  Tavisuflebis xarisxiT vipovoT 2
;  

kritikuli mniSvneloba. Tu aRmoCnda, rom 2
;

2
 , maSin nulovani hipoTeza 

uaryofilia alternatiulis sasargeblod, e.i. iTvleba, rom empiriuli 
ganawilebis funqcia ar emTxveva  

Teoriuls. roca 2
;

2
 , maSin ara gvaqvs safuZveli nulovani hipoTezis 

uarsayofad. 
 
magaliTi. mocemuli n = 200 ganzomilebiani dajgufebuli statistiku-

ri X  mwkrivisaTvis 
 

inter- 
valebi 

[19;20[ [20;21[ [21;22[ [22;23[ [23;24[ [24;25] 

sixSire   
mi 

10 26 56 64 30 14 

 
SevamowmoT nulovani hipoTeza normaluri ganawilebis kanonis Sesaxeb. 
 nulovani hipoTezis Sesamowmeblad ganvsazRvroT a da s parametrebis 
wertilovani Sefasebebi 

233,1;52,1;1,22 22  xxsxa . 

gamovTvaloT X SemTxveviTi sididis intervalebSi moxvedris Pi albaTobebi. 
pirveli intervalisTvis gveqneba: 

   

.0385,0)9109,09879,0(
2

1

)70,1()51,2(
2

1
)51,2()70,1(

2

1

233,1

1,2219

233,1

1,2220

2

1
)2019(1




















 








 
 XPP

 

analogiurad miviRebT: P2 = 0,142,  P3 = 0,281, P4 = 0,299, P5 =  0,171, P6 = 0,052. 
2  

statistikis gamosaTvlelad SevadginoT Semdegi cxrili: 
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#N )()1( i
x

i
x 



 

im  Pi  nPi  2)( ii nPm 

 
i

ii

nP

nPm 2)( 

 

1 [1920[ 10 0,039 7,8 4,84 0,62 

2 [2021[ 26 0,142 28,4 5,76 0,20 

3 [2122[ 56 0,281 56,2 0,04 0,00 

4 [2223[ 64 0,299 59,8 17,64 0,29 

5 [2324[ 30 0,171 34,2 17,64 0,52 

6 [2425] 14 0,052 10,4 12,96 1,25 

   200 0,913 197,3  88,22   

 

 = 0,05;    = k – r – 1 = 6 – 2 – 1 = 3;   815,72
3;05,0  . 

radgan 2,88 < 7,815, amitom nulovani hipoTeza miiReba, e.i. mocemuli amonar-
Cevi normaluradaa ganawilebuli. 
       

 kolmogorov-smirnovis Tanxmobis kriteriumi. Tu amonarCevis mocu-
loba mcirea, maSin spirmenis Tanxmobis kriteriumis gamoyeneba SeuZlebeli 
xdeba. am SemTxvevaSi, unda gamoviyenoT kolmogorov-smirnovis Tanxmobis 
kriteriumi. amisaTvis, iseve rogorc spirmenis kriteriumis dros, unda 
movaxdinoT mocemuli amonarCevis intervaluri dajgufeba. Semdeg unda 
ganisazRvros TiToeuli intervalisTvis sixSire im , dagrovili sixSire 

 im , intervalSi moxvedris Pi albaToba da dagrovili albaToba iP , ro-

melTa saSualebiT xdeba empiriuli 
n

m
xF

i
)(* da Teoriuli ganawilebis 

 iPxF )(  funqciebis dadgena. )()(: *
0 xFxFH   hipoTezis Sesamowmeblad unda 

ganisazRvros kolmogorovis  statistikis mniSvneloba 

nxFxFnD )()(max *  . 

 mniSvnelovnebis doniT moiZebneba   kritikuli mniSvneloba, romelic 
mocemulia Semdeg cxrilSi:  

 

 0,20 0,10 0,05 0,02 0,01 0,001 

  1,073 1,224 1,358 1,520 1,627 1,950 

 

Tu aRmoCndeba, rom   , maSin nulovani hipoTeza uaryofilia, xolo 
winaaRmdeg SemTxvevaSi, ar gvaqvs safuZveli nulovani hipoTezis uar-
sayofad. 

 magaliTi. zemoT moyvanili magaliTis monacemebisTvis gamoviyenoT 
kolmogorov-smirnovis kriteriumi. amisaTvis SevadginoT Semdegi cxrili: 
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nter-
valebi 

sixS
ire 

mi 

dagrovi
li 

sixSire 

 im  

al-
baToba 

Pi 

dagr. 
alba- 
Toba 

 iP  

*
F (x) 

 

)(

)(

* xF

xF





 

[19;20[ 10 10 0,039 0,039 0,05 0,011 

[20;21[ 26 36 0,142 0,181 0,18 0,001 

[21;22[ 56 92 0,281 0,462 0,46 0,002 

[22;23[ 64 156 0,299 0,761 0,78 0.019 

[23;24[ 30 186 0,171 0,932 0,93 0,002 

[24;25] 14 200 0,052 0,984 1,00 0,016 

 

       nxFxF )()(max *  .269,0200019,0   Tu =0,05, maSin .358,105,0   

radgan 0,269 < 1,358, amitom nulovani hipoteza miiReba, e.i. amonarCevi nor-
malurad aris ganawilebuli. 
  

normaluri ganawilebis kanonis miaxloebiTi dadgena SesaZlebelia 
rogorc vizualurad, aseve statistikuri maxasiaTeblebiT. vizualuri Se-
fasebisTvis gamoiyeneba empiriuli ganawilebis simkvrivis funqciis grafi-
kuli gamosaxuleba (ix. §6), xolo statistikuri maxasiaTeblebidan – asi-
metriisa da eqscesis koeficientebi. amisaTvis, amonarCevidan, garda asi-
metriis xA  da eqscesis 

xE  koeficientebisa, unda ganisazRvros maTi 

statistikuri Secdomebi A  da E  (ix. §9.2). Tu AsA  3  da ExE  3 , maSin mo-

cemuli amonarCevi daaxloebiT normalurad aris ganawilebuli. 
 normaluri ganawilebis kanonis miaxloebiTi Sefaseba SesaZlebelia 
agreTve normaluri albaTobis grafikiT, romelic isea dagraduirebuli, 
rom Tu masze davitanT normalurad ganawilebuli amonarCevis dagrovil 
sixSireebs, gamosaxuls procentebSi, miviRebT swor xazs. 
   

 
 
 

10.2 ori amonarCevis Sedarebis hipoTezis Semowmeba 

 

  
U-kriteriumi (uilkoksoni-mana-uitnis kriteriumi). vTqvaT mocemulia 

X da Y  damoukidebeli SemTxveviTi sidideebis amonarCevebi 

mn yyyxxx ,...,,,...,, 2121   da , romelTa ganawilebis kanoni ucnobia. saWiroa 
Semowmdes hipoTeza, aris Tu ara gansxvaveba am or amonarCevs Soris. aseTi 
nulovani hipoTeza SeiZleba SevamowmoT uilkoksonis  ranguli krite-
riumis saSualebiT. zogadad, U-kriteriumiT mowmdeba Semdegi nulovani 
hipoTeza: ori damoukidebeli amonarCevi miekuTvneba erTi da igive gen-
eralur erTobliobas da maTi ganawilebis funqciebi erTnairia. es hipo-
Teza moicavs agreTve ganawilebis mdebareobis maxasiaTeblebis, kerZod me-
dianebisa da saSualo mniSvnelobebis tolobas. 

U-kriteriumis gamosaTvlelad saWiroa amonarCevebi gavaerTianoT da 
davalagoT zrdadobiT erT mwkrivSi da Semdeg gadavnomroT. amonarCevis 
TiToeuli mniSvneloba miiRebs rigiT nomers, romelsac rangi ewodeba. Tu 
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amonarCevSi gvxvdeba erTnairi sididis ramdenime maCvenebeli, maSin Ti-
Toeul maTgans unda mivaniWoT saSualo rangi. Semdeg gamoiTvleba 
sidideebi 

2

)1(
,

2

)1(
21







mm
RU

nn
RU yx , 

sadac, xR  aris pirveli amonarCevis rangebis jami 

R r xx i

i

n





 ( )

1

, 

xolo yR  – meore amonarCevis rangebis jami 

R r yy i

i

n





 ( )

1

. 

Tu viyenebT ormxriv U-kriteriums, maSin , n da m mniSvnelobebiT, sa-
dac, n m , specialuri cxrilidan moiZebneba mnU ,;  kritikuli mniSvneloba. 

Tu n m , maSin n-iT aRniSnaven didi moculobis amonarCevs. nulovani hipo-
Teza miiReba, Tu mnUUUU ,;21 ),min(  , e.i. gansxvaveba or amonarCevs Soris  

ar  arsebobs. winaaRmdeg  SemTxvevaSi, roca mnUU ,; , nulovani hipoTeza 

uaryofilia alternatiulis sasargeblod, e.i. gansxvaveba or amonarCevs 
Soris sarwmunoa. 

 Tu amonarCevis moculobebi m  , n  , maSin U statistika asimp-

toturad normalurad aris ganawilebuli 
nm

2
 saSualoTi da 

)1(
12

12  mnnm  dispersiiT. maSin sidides 

)1(

2

1

12
1 




mnnm

nmU
Z  

gaaCnia normalizirebuli normaluri ganawileba N(0,1). roca 20, mn , maSin 
kritikuli  wertilis gamosaTvlelad SeiZleba gamoviyenoT misi miax-
loebiTi mniSvneloba, romelic ganisazRvreba Semdegnairad: 

)1(
2

1
12
1

,;  mnnmnmU qmn , 

sadac, q  warmoadgens normalizirebuli normaluri ganawilebis kvantils 

da igi ganisazRvreba  mniSvnelovnebis doniT: 


















saTvis.kriteriumi calmxrivi

saTvis,kriteriumi ormxrivi  

,

,

2q  

q mniSvnelobebi sxvadasxva -Tvis mocemulia Semdeg cxrilSi: 
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magaliTi. cxrilSi mocemulia realuri sistemisa da misi imitaciuri 
modelis muSaobis maCveneblis Sedegebi. saWiroa davadginoT, aris Tu ara 
gansxvaveba realuri sistemis muSaobasa da mis models Soris. 
 

# 
realuri sistema imitaciuri modeli 

x rangi y rangi 
1 80 19 90 29,5 

2 70 1 91 31 

3 79 17,5 95 35,5 

4 74 5 90 29,5 

5 85 24 93 33 

6 89 28 83 22 

7 76 9 97 38 

8 82 21 72 3 

9 76 9 95 35,5 

10 77 13,5 84 23 

11 76 9 76 9 

12 71 2 77 13,5 

13 73 4 79 17,5 

14 94 34 92 32 

15  75 6 96 37 

16 77 13,5 87 26 

17 78 16 98 39 

18 81 20 86 25 

19   99 40 

20   76 9 

21   88 27 

22   77 13,5 

  251,3  568,5 

 

e.i. gvaqvs: 

n = 18;  m = 22;   ;5,568;3,251  yx RR   

U U

U

1 2251 3
18 19

2
80 3 568 5

22 23

2
315 5

80 3 315 5 80 3

 


  




 

, , , ,

min( , ; , ) ,

 ;   ;

 ;

 

)1(
2

1
12
1

,;  mnnmnmU qmn 91,118135396,119141
12

2218
96,12218

2

1



 . 

radgan U80,3 < 118,91, amitom gansxvaveba realur da imitaciuri modelebis 
muSaobaSi sarwmunoa. 

 
2
 kriteriumi. Tu Tvisebrivi monacemebi mocemulia oTxujrediani anu 

(2x2) cxrilis saxiT, maSin or amonarCevs Soris gansxvavebis hipoTeza 

SeiZleba Semowmdes 2  kriteriumis saSualebiT. 
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 xdomiloba 
sul 

 + – 
pirveli amonar. a b a+b 
meore amonar. c d c+d 
sul a+c b+d n 

 
ganvixiloT statistika 

))()()((

)5,0|(| 2
2

dbcadcba

nbcadn




 , 

romelsac gaaCnia 2 ganawileba  = 1 Tavisuflebis xarisxiT. a, b, c, d – uj-

redebSi monacemebis moxvedris raodenobebia (sixSireebi); n = a + b + c + d; Tu 
2

;
2

 , maSin nulovani hipoTeza uaryofilia, e.i. gansxvaveba or amonarCevs 

Soris sarwmunoa. winaaRmdeg SemTxvevaSi, roca 2
;

2
 , maSin nulovani 

hipoTeza miiReba. 
 magaliTi. oTxujredian cxrilSi mocemulia axali da Zveli 
preparatebis gamoyenebis Sedegad miRebuli monacemebi. gvainteresebs, axali 
preparatis gamoyenebiT mkurnaloba efeqturia Tu ara. 
 

mkurnaloba gardaicvala gamojanmrT. sul 
axali 15 85 100 
Zveli 4 77 81 
sul 19 162 181 

 

.81,3
1621981100

)5,908547715(181 2
2 




  

2 ganawilebis cxrilidan .84,32
1;05,0   

radgan 3,81<3,84, amitom nulovani hipoTeza miiReba, e.i. axali 
preparatiT mkurnaloba rom ufro efeqturia, ar dasturdeba. 

 
 

 

 

10.3 ori damokidebuli amonarCevis Sedareba 

 
 Tu amonarCevebi nxxx ,...,, 21  da nyyy ,...,, 21  erTmaneTis mimarT 
damokidebulia da maTi ganawilebis kanoni ucnobia, maSin umjobesia gam-
oviyenoT uilkoksonis T-kriteriumi. amisaTvis mocemuli amonarCevebidan 
ganvsazRvroT niyxd iii ,...,2,1,    sxvaobebi. miRebuli sxvaobebidan unda gam-

ovricxoT nulovani mniSvnelobebi da darCenilebis absoluturi sididiT 
ranJirebis Semdeg, maT mivaniWoT rangebi. Semdeg unda moiZebnos calke 
dadebiTi R+ da calke uaryofiTi R– sxvaobebis rangebis jami, romlebic 
unda akmayofilebdes Semdeg pirobas: 

2

)1( 
 

nn
RR . 
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nulovani hipoTeza uaryofilia, Tu   nTRRR ;,min   , sadac, nT ;  kritikuli 

mniSvneloba moiZebneba specialuri cxrilidan (ix. danarTi) an is 
SegviZlia ganvsazRvroT (roca n > 25) Semdegi aproqsimaciis gamoyenebiT: 

)12)(1(
24

1

4

)1(
; 


 nnn

nn
T qn , 

sadac, q  normalizirebuli normaluri ganawilebis kvantilia, romelic 

ganisazRvreba   mniSvnelovnebis doniT (ix. §11.2) 
  

magaliTi. cxrilSi mocemulia qerisa (x) da Svriis (y) mosavali 
(centn/h) Svidi wlis ganmavlobaSi. gvainteresebs, aris Tu ara gansxvaveba 
saSualo mosavlebs Soris. 
 

# 
mosavali 

d dR  
x y 

1 7,7 8,26 –0,56 1 

2 9,0 7,22 1,78 5 

3 9,4 8,43 0,97 2 

4 7,4 5,57 1,83 6 

5 7,4 6,35 1,05 3 

6 10,9 8,00 2,90 7 

7 8,0 9,13 –1,13 4 

 59,8 52,96 6,84  

saS. 8,54 7,56 0,98  

 

R R         ( )5 2 6 3 7 23 1 4 5 ;    . 

 = 0,05 da  n = 7 mniSvnelobebiT T-kriteriumis cxrilidan viRebT T0,05;7 

= 3. radgan T = min (5; 23) = 5 > 3, amitom nulovani hipoTeza miiReba, e.i. gan-
sxvaveba saSualo mosavlebs Soris ar dasturdeba. 
 

10.4 fardobiTi sixSireebis tolobis hipoTezis Semowmeba 

 

 Tu mocemulia n1 da n2 ganzomilebiani amonarCevebis fardobiTi 

sixSireebi 
1

1
1

n

m
P   da 

2

2
2

n

m
P   da gvinda SevamowmoT :0H 

1P = 
2P  nulovani 

hipoTeza, maSin unda ganvixiloT Semdegi statistika: 
 

   
2

22

1

11

21

11

n

PP

n

PP

PP
Z











 . 

Tu 
1P  da 

2P  warmoadgenen erTi da igive P  fardobiTi sixSiris Se-
fasebebs, maSin saSualo kvadratuli gadaxra SegviZlia ganvsazRvroT 
Semdegi formuliT: 

   PPp 1 ,  sadac, 
21

21*

nn

mm
P
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da Z kriteriums eqneba Semdegi saxe: 

  


















21

21

11
1

nn
PP

PP
Z . 

Z kriteriums gaaCnia normalizebuli normaluri ganawileba. amitom 
misi kritikuli mniSvnelobis moZebna SeiZleba standartizirebuli norma-
luri ganawilebis saSualebiT. radgan stiudentis ganawileba, roca 
Tavisuflebis xarisxi izrdeba, swrafad gadadis normalur ganawilebaSi, 
amitom Z-is kritikuli mniSvnelobis mosaZebnad, SeiZleba gamoviyenoT 

stiudentis ganawilebis cxrili  mniSvnelovnebis doniTa da    

Tavisuflebis xarisxiT. Tu Z < t;, maSin nulovani hipoTeza miiReba. 
winaaRmdeg SemTxvevaSi, igi uaryofilia alternatiulis sasargeblod. 

radgan Z-s gaaCnia miaxloebiT normaluri ganawileba, amitom P  Se-
fasebis sidide Semcirebulia, rac iwvevs nulovani hipoTezis Zalze 
xSirad uaryofas. es gamowveulia imiT, rom Z iRebs mxolod diskretul 
mniSvnelobebs maSin, roca normaluri ganawileba uwyvetia. am faqtis 
kompensacia SesaZlebelia, Tu gamoviyenebT ieitsis Sesworebas. maSin Z 
gamosaxulebas eqneba Semdegi saxe: 

  





























21

21

21

11
1

11

2

1

nn
PP

nn
PP

Z . 

ieitsis Sesworeba mcireodenad amcirebs Z-is mniSvnelobas, rac, 
Tavis mxriv, iwvevs normalur ganawilebasTan gansxvavebis Semcirebas. 

 
magaliTi. hemodializze myofi pacientebis Suntis Trombozis 

gamokvleva. miRebul iqna ori jgufi: pirvel jgufSi pacientebi iRebdnen 
placebos, meoreSi – aspirins (aspirini Trombozis warmoSobas xels 
uSlis). pirvel jgufSi 25 pacientidan 18-s ganuviTarda Suntis Trombozi, 
meore jgufSi – 19-dan 6-s. davadginoT, ramdenad efeqturia aspirinis gam-
oyeneba. 

gamovTvaloT fardobiTi sixSireebi 72,0
25

18
1 P ; 38,0

19

6
2 P . gaer-

Tianebuli fardobiTi sixSire tolia: 55,0
2519

186





P .  

 radgan 51811 Pn ,   571 11  Pn , 5622 Pn  da   5131 22  Pn , amitom Z 

kriteriumis gamoyeneba SesaZlebelia (ix. §7.4). 
 

  





























21

21

21

11
1

11

2

1

nn
PP

nn
PP

Z 33,2

19

1

25

1
)55,01(55,0

05,032,072,0













 . 
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 stiudentis ganawilebis cxrilidan 96,1;05,0 t . radgan 2,33 > 1,96, amitom 

nulovani hipoTeza uaryofilia, e.i. aspirinis gamoyeneba Trombis warmo-
Sobis winaaRmdeg efeqturia. 

 

 

 

 

11  korelaciuri analizi 

 

11.1 korelaciuri analizis arsi 

 

 praqtikul kvlevebSi Zalian xSirad saWiro xdeba or SemTxveviT 
sidides Soris damokidebulebis gamokvleva da Semdeg misi Sefaseba. ori 
sidide erTmaneTis mimarT SeiZleba iyos funqcionalur an sxva saxis 
damokidebulebaSi, romelsac statistikurs uwodeben, an kidev erTmaneTis 
mimarT iyvnen damoukidebelni. 

teqnikasa da sabunebismetyvelo mecnierebaSi saqme exeba X da Y 
cvladebs Soris funqcionalur damokidebulebas, roca X-is yovel Sesa-
Zlo mniSvnelobas calsaxad Seesabameba  Y-is  mniSvneloba.  realur  
samyaroSi bunebis mravali movlena mimdinareobs mravalricxovani faqto-
rebis garemocvaSi, amitom kavSiri calsaxa aRar gamodis. aq SeiZleba 
laparaki mxolod statistikur kavSirze. 
 statistikuri kavSiri mdgomareobs imaSi, rom erTi SemTxveviTi 
sidide reagirebs meore SemTxveviTi sididis cvlilebaze. SemTxveviT 
sidideTa Soris amgvar damokidebulebas ewodeba korelacia (laTinuri 
sityva correlatio-dan, rac niSnavs Tanafardobas, kavSirs). 
 korelaciuri analizis ZiriTadi amocanaa SemTxveviT sidideTa Soris 
kavSiris gamovlena. korelaciuri analizis moTxovnebia: cvladebi unda 
iyvnen SemTxveviTi sidideebi da SemTxveviT sidideebs unda hqondeT erTo-
blivi normaluri ganawileba. 

or cvlads Soris wrfivi kavSiris dasadgenad saWiroa, gamovTvaloT 
korelaciis koeficienti, xolo arawrfivi kavSirisaTvis – korelaciuri 

fardoba  (ix. §13.5). korelaciis koeficienti, romelic rxy an Corr(X, Y) sim-

boloebiT aRiniSneba, ganyenebuli ricxvia da icvleba   –1  rxy  1 farg-

lebSi. Tu 0xyr , maSin kavSiri X da Y SemTxveviT sidideebs Soris ar 

arsebobs. rac ufro Zlieria kavSiri SemTxveviT sidideebs Soris, miT 

ufro didia korelaciis koeficienti. Tu 1xyr , maSin cvladebs Soris 

arsebobs funqcionaluri kavSiri.  
 dadebiTi anu pirdapiri wrfivi kavSiris dros, roca erTi cvladis 
zrdisas izrdeba meore cvladic, korelaciis koeficients aqvs dadebiTi 
niSani da icvleba nulsa da erTs Soris. uaryofiTi, anu ukukavSiris dros, 
roca erTi cvladis zrdisas meore mcirdeba, korelaciis koeficients 
gaaCnia uaryofiTi niSani da igi icvleba 0-sa da –1 Soris. 
 korelaciis koeficienti ar aris damokidebuli aTvlis wertilsa da 
gazomvis erTeulze, e.i. X da Y sidideebi SeiZleba ramdenjerme gavzardoT 
an SevamciroT, agreTve mivumatoT an gamovakloT raime ricxvi, amiT ko-
relaciis koeficientis sidide ar Seicvleba. 
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 roca rxy = 0, maSin X da Y SemTxveviTi sidideebi arakorelirebulia. 
arakorelirebis cneba ar unda avurioT damoukideblobis cnebaSi. 
damoukidebeli sidideebi yovelTvis arakorelirebulia, magram Sebrune-
buli mtkiceba arasworia. arakorelirebuli sidideebi SeiZleba damokide-
buli iyvnen, Tanac funqcionalurad, Tumca es kavSiri arawrfivia. 
 
 

 

 

11.2 korelaciis koeficientis gansazRvris 

parametruli meTodebi 

 

 pirsonis korelaciis koeficienti. vTqvaT, X da Y SemTxveviTi 
sidideebia, romlebsac gaaCniaT erToblivi normaluri ganawileba da moce-
mulia maTi amonarCevebi x x xn1 2, ,...,  da y y yn1 2, ,..., . maSin maT Soris wrfivi 
kavSiri SeiZleba aRiweros korelaciis koeficientiT, romelic gamoi-
Tvleba Semdegi eqvivalenturi formulebiT: 

  

yx

n

i

ii

xy
n

yyxx

r







1 ; 

                

  

    



 








n
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n

i

ii

n
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1 ;           (12.1) 

     


































































































2

11

2

2

11

2

111

11

1

n

i

i

n

i

i

n

i

i

n
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n
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n
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, 

sadac, yx,  – saSualo ariTmetikulebia, x,y – saSualo kvadratuli gada-

xrebi, n – amonarCevebis ganzomileba. rxy koeficients ewodeba korelaciis 
empiriuli koeficienti an pirsonis korelaciis koeficienti. 
 praqtikulad, korelaciis koeficienti Cveulebriv ucnobia. amonar-
Cevebis mixedviT Cven SegviZlia vipovoT misi wertilovani Sefaseba, rom-
lis statistikuri Secdoma gamoiTvleba Semdegi formuliT: 

2

1 2






n

rxy

r . 

e.i. korelaciis koeficienti Caiwereba Semdegnairad: rxyr   

imisaTvis, rom gamovarkvioT, imyofebian Tu ara SemTxveviTi sidideebi 
korelaciur damokidebulobaSi, unda Semowmdes H0: rxy = 0 nulovani hipo-
Teza. amisaTvis saWiroa gamovTvaloT Semdegi statistika: 

r

xyr
t


   an  

21

2

xy

xy
r

n
rt




 , 

romelsac gaaCnia stiudentis ganawileba =n–2 Tavisuflebis xarisxiT. 

stiudentis ganawilebis cxrilidan  mniSvnelovnebis doniTa da  Tavisu-
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flebis xarisxiT moiZebneba ;t  kritikuli mniSvneloba. Tu  ;tt , maSin 

nulovani hipoTeza uaryofilia, e.i. kavSiri X da Y cvladebs Soris sarwmu-
noa. Tu  ;tt , maSin ara gvaqvs safuZveli nulovani hipoTezis uarsayofad, 

e.i. kavSiri X da Y cvladebs Soris ar arsebobs. 
 aRmoCnda, rom roca amonarCevis ganzomileba mcirea  (n < 30), korela-
ciis koeficientis sidide, gamoTvlili (12.1) formulebiT, iZleva gen-
eraluri erTobliobis korelaciis koeficientis Semcirebul mniSvnelobas. 

am SemTxvevaSi, sasurvelia rxy sididis koreqtireba 1
1

2 3

2




















r

n

xy

( )
 sididiT, 

romelzedac unda gamravldes gamoTvlili korelaciis koeficienti, e.i.  




















)3(2

1
1

2

*

n

r
rr

xy

xyxy . 

magaliTi. cxrilSi mocemulia 15 studentis simaRle (x) sm-Si da wona 
(y) kg-Si. pirsonis korelaciis koeficientiT davadginoT, arsebobs Tu ara 
kavSiri am or sidides Soris. 

 

# xi yi 
2
ix  2

iy  xi yi 

1 1,65 72,9 2,72 5314,41 120,29 

2 1,71 48,4 2,92 2342,5 82,76 

3 1,82 66,3 3,31 4395,69 120,67 

4 1,65 64,1 2,72 4108,81 105,77 

5 1,83 62,7 3,35 3931,29 114,74 

6 1,80 76,0 3,24 5776,0 136,80 

7 1,83 72,8 3,35 5299,84 133,22 

8 1,66 50,6 2,76 2560,36 83,99 

9 1,73 52,3 2,99 2735,29 90,48 

10 1,84 68,6 3,39 4705,96 126,22 

11 1,68 52,6 2,82 2766,76 88,37 

12 1,64 72,8 2,69 5299,84 119,39 

13 1,70 61,6 2,89 3794,56 104,72 

14 1,74 66,8 3,03 4462,24 116,23 

15 1,72 56,5 2,96 3192,25 97,18 

 26,0 945,0 45,14 60685,25 1640,83 

 
korelaciis koeficienti tolia: 
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. 
Sesworebuli korelaciis koeficienti tolia: 
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1
1

2

*

n

r
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xy

xyxy 33,0
122

32,01
132,0

2













  

. 
SevamowmoT 033,0:0 H  nulovani hipoTeza. 

             
2

1 2






n

rxy

r  ;26,0
13

33,01 2




      
r

xyr
t


 27,1

26,0

33,0
 . 

stiudentis ganawilebis cxrilidan   n – 2 = 13   da  =0,05 mniS-
vnelobebisaTvis vRebulobT 77,113;05,0 t . radgan 1,27 < 1,77, amitom nulovani 

hipoTeza miiReba, e.i. kavSiri simaRlesa da wonas Soris ar SeimCneva. ko-
relaciis koeficientis mniSvneloba Caiwereba Semdegnairad: 26,033,0 xyr . 

  
rogorc aRvniSneT, korelaciuri analizi gamoiyeneba im SemTxvevaSi, 

rodesac amonarCevebi normalurad arian ganawilebuli. maTematikuri 
statistikidan cnobilia, rom or cvlads Soris Zlieri statistikuri 
kavSiris dros (rxy > 0,5) korelaciis koeficientis ganawileba mcire amonar-
Cevebis dros mniSvnelovnad gansxvavdeba normalurisgan, rogorc es Semdeg 
naxazzea naCvenebi: 

 

 

 naxazze warmodgenilia n = 12 ganzomilebiani amonarCevebis empiriuli 
korelaciis koeficientebis ganawilebis mrudeebi generaluri parametris r 

= 0; 0,4 da 0,8 mniSvnelobebisTvis. rogorc naxazidan Cans, korelaciis 
koeficientis ganawilebas, rodesac misi sidide erTTan axloa, gaaCnia 
Zlieri asimetria. amitom SerCeviTi korelaciis koeficienti, romlis 
sidide 0,5-ze metia da gamoTvlilia mcire amonarCeviT, ar iqneba gen-
eraluri erTobliobis  korelaciis  koeficientis  zusti  Sefaseba. gaiT-
valiswina ra es, r. fiSerma rxy sididis magivrad SemogvTavaza Z sidide, 
romelic ase gamoiTvleba: 

xy

xy

xy

xy

r

r
Z

r

r
Z











1

1
lg15129,1

1

1
ln

2

1
    an . 

Z sididis ganawileba TiTqmis ar icvleba, radgan igi naklebadaa 
damokidebuli amonarCevis moculobaze. aqve unda aRvniSnoT, rom Tu ko-

relaciis koeficienti icvleba    –1-dan +1-mde, Z sidide icvleba –-dan 

+-mde da misi ganawileba swrafad uaxlovdeba normalurs. 
 H0: Z = 0 nulovani hipoTezis Sesamowmeblad, unda gamovTvaloT 

t Z n  3  sidide, romelsac gaaCnia stiudentis ganawileba  = n – 2 Tavisu-
flebis xarisxiT. roca  ;tt , maSin nulovani hipoTeza miiReba, winaaRmdeg 

SemTxvevaSi igi uaryofili iqneba. 
 korelaciis koeficientis zusti SefasebisTvis anu statistikuri 
kavSiri rom iyos sarwmuno, SegviZlia gamovTvaloT amonarCevis minimaluri 
ganzomileba formuliT: 
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n
t

Z
 

2

2
3 , 

sadac, t sidide aiReba stiudentis ganawilebis cxrilidan     = 0,01 da  = 

 sidideebisTvis. 
      

 korelaciis kerZo koeficienti. mravalganzomilebiani mXXX ,...,, 21  

sistemis dros, or parametrs Soris damokidebuleba SeiZleba warmoiSvas 
im mizeziTac, rom orive es parametri cotad Tu bevrad imyofebian sxva 
parametrTan an parametrebTan iseT Zlier damokidebulebaSi, rom es 
damokidebuleba iwvevdes mocemul parametrebs Soris kavSirs, roca 
realurad es kavSiri SeiZleba arc ki arsebobdes an ar iwvevdes kavSirs, 
roca realurad es kavSiri arsebobs. 
 imisaTvis, rom gamovricxoT sxva parametrebis gavlena, SemoaqvT ko-
relaciis kerZo koeficientis cneba, romlis gansazRvrisaTvis winaswar 
unda ganisazRvros korelaciuri matrica: 





















1...

............

...1

...1

21

221

112

mm

m

m

rr

rr

rr

R ,  

romlis elementebs pirsonis korelaciis koeficientebi warmoadgenen. zog-
adi saxiT korelaciis kerZo koeficienti gamoiTvleba formuliT: 

jjii

ij

pij
RR

R
r  ),...,2,1( , 

sadac, Rij – korelaciuri matricis rij elementis algebruli damatebaa; Rii, Rjj 

– Sesabamisad rii, rjj elementebis algebruli damatebebia. 
kerZod, Tu mocemulia sami X, Y da Z SemTxveviTi sididis amonar-

Cevebi, maSin korelaciis kerZo koeficientebi gamoiTvleba Semdegi formu-
lebiT:  

r
r r r

r r
xy z

xy xz yz

xz yz

( )

( )( )




 1 12 2
; 

r
r r r

r r
xz y

xz xy zy

xy zy

( )

( )( )




 1 12 2
; 

r
r r r

r r
yz x

yz yx zx

yx zx

( )

( )( )




 1 12 2
. 

korelaciis kerZo koeficienti icvleba –1-dan +1-mde da misi sarwmu-
noeba fasdeba iseve, rogorc pirsonis korelaciis koeficientis dros. 
      

magaliTi. mocemuli korelaciuri matricisaTvis (n =10) 

R 

















1 0 865 0 853

1 0 950

1

, ,

, . 

gamovTvaloT korelaciis kerZo koeficientebi. e.i. gvaqvs: rxy = 0,865,  rxz = 

0,853 da ryz = 0,950, maSin  miviRebT:  
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r
r r r

r r
xy z

xy xz yz

xz yz

( )

( )( )




 1 12 2
;335,0

027,0

055,0

)95,01)(853,01(

95,0853,0865,0

22





  

 

           r
r r r

r r
xz y

xz xy zy

xy zy

( )

( )( )




 1 12 2

;20,0
024,0

032,0

)95,01)(865,01(

95,0865,0853,0

22





  

 

           r
r r r

r r
yz x

yz yx zx

yx zx

( )

( )( )




 1 12 2

.809,0
06886,0

212,0

)853,01)(865,01(

853,0865,095,0

22





  

 
yvelaze maRali korelaciis koeficienti aRmoCnda ryz(x). SevamowmoT nulo-
vani hipoTeza H0 : 0,809 = 0. amisaTvis gamovTvaloT stastistika 

21

2

xy

xy
r

n
rt




 8210 ;05,0 ;89,315,23809,0

809,01

210
809,0

2





  . 

stiudentis ganawilebis cxrilidan t0 05 8 186, ; , . radgan 3,89>1,86, amitom nu-

lovani hipoTeza uaryofilia, e.i. kavSiri y da z cvladebs Soris sarwmunoa, 
xolo x da y da x da z cvladebs Soris – naklebad sarwmuno. marTlac, 

21

2

xy

xy
r

n
rt




 86,101,1

335,01

8
335,0

2



  

  
mravlobiTi korelaciis koeficienti. praqtikaSi xSirad sainteresoa 

Sefasdes erTi parametris kavSiri sxva danarCen parametrebTan. es SeiZleba 
gakeTdes korelaciis mravlobiTi koeficientis saSualebiT, romelic 
gamoiTvleba Semdegi formuliT: 

 
jj

pj
R

R
r

||
1),...,2,1(  , 

sadac, |R| –korelaciuri matricis determinantia, Rjj – korelaciuri 
matricis rjj elementis algebruli damateba. 

korelaciis mravlobiTi koeficienti dadebiTi sididea da icvleba 
nulsa da erTs Soris. misi sarwmunoebis SefasebisTvis ganvixiloT 
H0: rj p1 2, ,..., = 0 nulovani hipoTeza. amisaTvis saWiroa gamoiTvalos Semdegi 

statistika: 

 ,
)1(

)1(
2

),...,2,1(

2

),...,2,1(

pr

pnr
F

pj

pj








  

sadac n amonarCevis danzomilebaa. F sidides gaaCnia fiSeris ganawileba 

p1  da 12  pn  Tavisuflebis xarisxebiT. Tu 
21 ,;  FF , maSin, nulovani 

hipoTeza uaryofilia alternatiulis sasargeblod, xolo Tu  
21 ,;  FF , 

maSin nulovani hipoTeza miiReba. 
 mravlobiTi korelaciis kerZo martiv SemTxvevas warmoadgens 
damokidebuleba sam X,Y,Z cvlads Soris. maSin kavSiri, mag. X-sa da danarCen 
or Y da Z cvladebs Soris ganisazRvreba formuliT: 
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2

22

)(
1

2

yz

yzxzxyxzxy

yzx
r

rrrrr
r




 , 

sadac, rxy , rxz  da ryz  pirsonis korelaciis koeficientebia. 

  

magaliTi. zemoT ganxiluli magaliTisTvis gveqneba: 

   





2

22

)(
1

2

yz

yzxzxyxzxy

yzx
r

rrrrr
r   

;871,0
0975,0

0739,0

95,01

95,0863,0865,02853,0865,0
2

22





     

 











pr

pnr
F

pj

pj

)1(

)1(
2

),...,2,1(

2

),...,2,1(
.739,4  ;06,11

48,0

31,5

2)871,01(1

)1210(871,0
7,2;05,02

2





F  

 
radgan 11,06 > 4,729, amitom kavSiri X-sa da danarCen Y da Z cvladebs Soris 
sarwmunoa. 

 

 

 

 

11.3 korelaciis koeficientis gansazRvris  

araparametruli meTodebi 

 

 praqtikaSi xSirad amonarCevis ganawilebis kanoni ucnobia an gan-
sxvavdeba normalurisgan. am SemTxvevaSi parametruli meTodebis gamoyeneba 
SeuZlebelia. garda amisa, Tu monacemebi Tvisebrivi xasiaTisaa, maSin maT 
Soris kavSiris dadgena parametruli meTodebiT SeuZlebelia. ganvixiloT 
or cvlads Soris kavSiris dadgenis is araparametruli meTodebi, rom-
lebic ufro xSirad gamoiyeneba praqtikul kvlevebSi. 
  

spirmenis rangobrivi korelaciis koeficienti. zogjer gvxvdeba iseTi 
SemTxvevebi, roca parametrebi raodenobriv Sefasebebs ar eqvemdebarebian. 
magaliTad, vTqvaT, saWiroa SevafasoT Tanafardoba moswavleTa  jgufis 
musikalur da maTematikur niWs Soris. am SemTxvevaSi `niWis done~ aris 
cvladi sidide im azriT, rom igi icvleba erTi individumidan meoremde. 
misi gazomva SesaZlebelia, Tu yovel moswavles davuwerT niSans. magram 
aseT meTods gaaCnia araobieqturoba, radgan sxvadasxva gamomcdels erTi 
da igive moswavle SeuZlia sxvadasxvanairad Seafasos. subieqturobis ele-
menti SeiZleba gamoiricxos, Tu moswavleebi ranJirebulni iqnebian niWis 
donis mixedviT da yovel maTgans mivaniWebT rangs. 
 rangebs Soris korelacia ufro zustad asaxavs Tanafardobas 
musikalur da maTematikur niWs Soris. erT-erT  yvelaze  ufro 
gavrcelebul maCvenebels warmoadgens spirmenis rangobrivi korelaciis 
koeficienti, romelic amonarCevebis damoukidleblad ranJirebis Semdeg 
ganisazRvreba Semdegnairad: 
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nn
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3

1

2
6

1 , 

sadac, d aris X da Y SeuRlebul mniSvnelobaTa rangebs Soris sxvaoba, e.i. 
d R Ri x yi i

  . n – amonarCevis moculobaa. Tu rangebs Soris sxvaoba  di = 0,  i = 

1,2,...,n ,  maSin  rs = 1. 
 rodesac rangul mwkrivSi gvxvdeba erTnairi sididis rangebi, maSin 
spirmenis rangobrivi korelaciis koeficienti, mizanSewonilia, gamoi-
Tvalos Semdegi formuliT: 

r

d

n n T T
s

i

i

n

x y

 
  




1

6
2

1

3( ) ( )
, 

sadac, 

T t t T t tx x x y y y    
1

2

1

2

3 3( ); ( );   

tx  da ty warmoadgenen erTnairi rangebis wevrTa raodenobebs.  
spirmenis rangobrivi korelaciis sarwmunoeba mowmdeba iseve, rogorc 

pirsonis korelaciis koeficientisa. rangobrivi korelaciis koeficienti 

icvleba –1 rs  1 da is ZiriTadad gamoiyeneba im SemTxvevebSi, roca 
saWiroa swrafad Sefasdes parametrebs Soris kavSiri, Tu parametrebis 
ranJireba SesaZlebelia da am parametrebs ar gaaCniaT normaluri 
ganawileba. 

magaliTi. mocemulia 8 studentis Sefasebebi maTematikasa (x) da ucxo 
enaSi (y). gvainteresebs, arsebobs Tu ara kavSiri maTematikasa da ucxo enas 
moswrebas Soris. SevadginoT Semdegi cxrili: 

 

# x y Rx Ry d d 
2
 

1 5 4 1 2 – 1 1 

2 4 2 3 7 – 4 16 

3 4 5 3 1 2 4 

4 4 3 3 4 – 1 1 

5 3 2 5,5 7 – 1,5 2,25 

6 3 3 5,5 4 1,5 2,25 

7 2 2 7,5 7 0,5 0,25 

8 2 3 7,5 4 3,5 12,25 

 

18)]22()22()33[(
2

1
  ;39

8

1

3332 
i

xi Td ;          24)33()33(
2

1 33 yT ; 

. r

d

n n T T
s

i

i

n

x y

 
  




1

6
2

1

3( ) ( )
.49,0

)2418()88(

396
1
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38,1

49,01

6
49,0

1

2
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015,26;05,0 t . radgan, 015,238,1  , amitom maTematikasa da ucxo enas moswrebas 

Soris kavSiri ar arsebobs. 
  

asociaciis koeficienti. ori A da B Tvisebriv maCvenebels Soris 
damokidebuleba SeiZleba ganisazRvros asociaciis koeficientiT anu 
tetraqonuli kavSiris maCvenebliT. Tu mocemulia (2x2) rigis cxrili, ro-

melic Sevsebulia A da B maCveneblebis arsebobis an ararsebobis  BA,  sa-
fuZvelze, maSin asociaciis koeficienti ganisazRvreba formuliT: 

r
ad bc n

a b c d a c b d
A 

 

   

0 5,

( )( )( )( )
, 

 B B   

A a b a+b 

A  c d c+d 

 a+c b+d n 

 
sadac, a, b, c, d  –  (2x2) cxrilis ujredebSi moxvedris raodenobebia 
(sixSireebia), n= a+ b+ c+ d.  

asociaciis rA koeficientsi icvleba –1  rA  1 SualedSi da 2 krite-
riumTan arsebobs Semdegi damokidebuleba: 

n
rA

2
 . 

 asociaciis koeficientis sarwmunoeba ganisazRvreba H0 : rA = 0 nulovani 

hipoTezis SemowmebiT. nulovani hipoTeza uaryofili iqneba, roca 2

;

2

Arn . 

winaaRmdeg SemTxvevaSi,  igi miiReba. 2
;  kritikuli wertili  mniSvnelov-

nebis doniTa da  = 1 Tavisuflebis xarisxiT aiReba 2 ganawilebis cxri-
lidan. 
 rA koeficientis sarwmunoeba SeiZleba Semowmdes agreTve stiudentis 
kriteriumiT, iseve rogorc pirsonis korelaciis koeficientis dros. 

magaliTi. saWiroa davadginoT, arsebobs Tu ara kavSiri qoleris 
sawinaaRmdego acrasa da qoleriT daavadebas Soris. monacemebi moyvanilia 
Semdeg cxrilSi: 

 

 ar daavadnen daavadnen sul 

acriT 276 3 279 

acris gareSe 473 86 559 

jami 749 89 838 

 

r
ad bc n

a b c d a c b d
A 

 

   

0 5,

( )( )( )( )
215,0

31,101963

21898

89749559279

8385,0473386276





 / 

84,32

1;05,0   

radgan 838  (0,215)
2
 = 38,74 >3,84, amitom kavSiri qoleris sawinaaRmdego 

acrasa da qoleriT daavadebas Soris sarwmunoa. 
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urTierTSeuRlebulobis koeficienti. Tu Tvisebriv parametrTa 
raodenoba orze metia, maSin gamoiyeneba urTierTSeuRlebulobis koefi-
cienti anu, rogorc mas uwodeben, poliqoriuli kavSiris maCvenebeli, ro-
melic pirsonma SemogvTavaza da Cuprovma gaukeTa modernizacia: 

  111

2

2

2











yx nn
k , 

sadac, 1
1

2

2 













 



m

i yx

xy

mm

m
 ewodeba pirsonis kontingenciis koeficienti; mxy  – 

cxrilis ujredebis sixSirea; xm , ym  – cxrilis striqonebisa da svetebis 

sixSireebis jami; xn , yn –cxrilis striqonebsa da svetebSi jgufebis raode-

noba. 
 urTierTSeuRlebulobis koeficienti icvleba nulidan erTamde. nu-
lovani hipoTeza H k0 0:   uaryofili iqneba, Tu  

2
;

22
 n , 

sadac, n amonarCevis moculobaa,   11  yx nn . 

 

magaliTi. Seiswavles damokidebuleba Tmis fersa da Tvalis fers 
Soris. monacemebi moyvanilia Semdeg cxrilSi: 

 

Tvalis 
feri 

Tmis feri 
sul 

qera wblisferi wiTuri 

cisferi 170 80 5 255 

nacrisferi 70 152 8 230 

Taflisferi 68 340 7 415 

sul 308 572 20 900 

 




















20230

8

572230
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308230
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20255
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572255
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308255

170 222222
2

205,01205,11
20415

7

308415

340

308415

68 222










 ; 

                          



12

2




k ;4)13)(13(  ;28,13  ;226,0

)13)(13(

205,0 2

4;01,0 


  

                          5,184205,09002  . 

radgan 184,5 > 13,28, amitom nulovani hipoTeza uaryofilia, e.i. 
damokidebuleba Tmis fersa da Tvalis fers Soris sarwmunoa. 

 
 

 

11.4 konkordaciis koeficienti 

 

 praqtikaSi xSirad iqmneba iseTi situacia, rodesac saWiro xdeba 
eqspertTa jgufis gamoyeneba ama Tu im sakiTxis gadasaWrelad (konsili-
umis mowveva diagnozis dasasmelad, sxvadasxva normativebis dadgena, 
preparatebis Sefaseba da sxv.). aqedan gamomdinare, sasurvelia davadginoT, 
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ramdenad emTxveva eqspertTa azri erTi da imave sakiTxis ganxilvas. Tu 
gvyavs mxolod ori eqsperti, maSin Tanxmobis zomad SegviZlia miviRoT 
spirmenis rangobrivi korelaciis koeficientis sidide. magram rodesac 
eqspertTa raodenoba didia, maSin spirmenis rangobrivi korelaciis koefi-
cientis gamoyeneba mizanSewonili ar aris. 
 davuSvaT, gvaqvs obieqtebis n raodenoba da gvyavs m eqsperti, rom-
lebic afaseben am obieqtebs da axdenen maT ranJirebas (ukeTesidan uare-
sisken). ranJirebis Sedegad viRebT aseT cxrils: 

 
obieqti 

 
eqsperti  

 

1 

 

2 

 

3 ... 
 

n 

1 x11  x12  x13  ... x n1  

2 x21  x22  x23  ... x n2  

            

j x j1  x j2  x j3  ... x jn  

            

m xm1  xm2  xm3  ... xmn  

 
 eqspertTa YTanxmobis zomis dasadgenad, SegviZlia gamoviyenoT ken-
delis mier SemoTavazebuli Tanxmobis anu konkordaciis koeficienti W, 
romelic ase ganisazRvreba: 

)(

12

32

1

2

nnm

S

W

n

i

i







, 

sadac, S aris sxvaoba obieqtebis rangebis jamsa da rangebis saerTo saSu-
alo ariTmetikuls Soris, e.i.  

nixRRRS
m

k

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

 


   . 

Tu eqspertebis ranJirebul mwkrivSi gvxvdeba erTi da igive rangis 
mniSvneloba (es is SemTxvevaa, roca eqsperti ver aniWebs upiratesobas), 
maSin konkordaciis koeficienti gamoiTvleba Semdegi formuliT: 

  










m

j

j

n

i

i

Tmnnm

S

W

1

32

1

2

12

1
, 

sadac,  T t tj j j

j

 
1

12

3 , tj – j-ur mwkrivSi erTnairi rangebis raodenobaa.  

zogadad, 0  W  1. Tu eqspertTa Sefasebebi erTmaneTs mTlianad 
emTxveva, maSin W = 1, xolo Tu maTi azrebi mkveTrad gansxvavdebian erTma-
neTisgan, maSin W = 0. 

 konkordaciis koeficientis sarwmunoebis dasadgenad unda SevamowmoT 
H W0 0:   nulovani hipoTeza. aseTi nulovani hipoTezis Sesamowmeblad unda 
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gamovTvaloT Semdegi statistika: )1(2  nWm , romelsac gaaCnia 
2 gana-

wileba  = n – 1 Tavisuflebis xarisxiT. 

 Tu 2 
< 2

; , maSin nulovani hipoTeza miiReba, e.i. eqspertTa azrebi 

gansxvavdebian erTmaneTisagan, xolo roca 2 
 2

; , maSin eqspertTa azrebi 

erTmaneTs emTxveva. 
 

magaliTi.    6 eqsperti afasebs 4 farmacevtuli firmis mier gam-
oSvebul preparats. Sedegebi moyvanilia Semdeg cxrilSi: 

firmebi 
 

eqspertebi  

 

1 

 

2 

 

3 

 

4 

 
sul 

1 1 3 2 4  

2 2 1 4 3  

3 1 3 2 4  

4 3 2 1 4  

5 1 2 4 3  

6 2 3 1 4  

R 10 14 14 22 60 

S –5 –1 1 7  

S 
2
 25 1 1 49 76 

 
42,0

4436

7612

)(

12

;15
4

60
332

1

2













nnm

S

W
n

R
R

n

i

i

 

 

.07,11;56,73642,0 5;05,0

2  
.  

radgan 7,56 < 11,07, amitom nulovani hipoTeza miiReba, e.i. eqspertTa azrebi 
gansxvavdeba erTmaneTisgan. 

 

 

 

 

 

 

12 regresiuli analizis safuZvlebi 

 

 

12.1 regresiuli analizis arsi  

 

 regresiul analizSi ganixileba kavSiri erT damokidebul y cvladsa 
da erT an ramdenime damoukidebel x1,x2,...,xn cvladebs Soris, romlebic ur-
TierTdamoukidebeli unda iyvnen. es kavSiri, korelaciuri analizisagan 
gansxvavebiT, warmodgenilia regresiis gantolebis ),...,,(ˆ

21 nxxxfy   saxiT, 

romelic akavSirebs damokidebul cvlads damoukidebel cvladebTan. 
damoukidebel cvladebs zogjer prediqtorebs an regresorebs uwodeben. 
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 regresiis gantoleba warmoadgens yvelaze ufro gavrcelebul 
statistikur models, radgan, garda damokidebulebis aRwerisa, igi SeiZle-
ba gamoviyenoT informatiuli parametrebis SesarCevad da prognozirebis 
amocanis gadasawyvetad. 

regresiis gantolebis Sedgena gulisxmobs ori ZiriTadi amocanis 
gadawyvetas. pirveli mdgomareobs iseTi damoukidebeli cvladebis SerCe-
vaSi, romlebic mniSvnelovnad moqmedeben damokidebul cvladze da meore – 
regresiis gantolebis saxis SerCevaSi. 
 ganvixiloT yvelaze martivi SemTxveva, rodesac Cven gvinda aRvweroT 
or X da Y cvladebs Soris damokidebulebis funqcia. davuSvaT, rom Te-
oriulad am cvladebs Soris arsebobs martivi wrfivi damokidebuleba 

                                                            y =  +  x ,                                                  (13.1)       

sadac,   da  ucnobi mudmivi parametrebia (koeficientebia), x –
damoukidebeli, xolo y – damokidebuli cvladebia. praqtikulad, y da x 
Soris damokidebuleba calsaxad araa mkacri, radgan y-ze moqmedebs 
sxvadasxva gauTvaliswinebeli faqtorebi, SeSfoTebebi, xmauri da sxva. am-
itom (13.1) gantoleba SeiZleba ase warmovadginoT: 
                           , xy                               (13.2) 

sadac,  cvladi sididea, romelic axasiaTebs Teoriuli wiridan gadaxras. 

 imisaTvis, rom regresiis (13.2) gantoleba SerCeuli iyos sworad,  
cdomleba unda akmayofilebdes Semdeg pirobebs: 

 1.   sidide unda iyos SemTxveviTi; 
 2.  cdomlebis maTematikuri lodini unda iyos nulis toli; 

 3.  cdomlebis dispersia unda iyos mudmivi sidide; 

 4.  cdomlebis SesaZlo mniSvnelobebi unda iyvnen erTmaneTis mimarT 
damoukidebeli (arakorelirebulebi). 
 amrigad, Tu mocemulia damoukidebeli cvladis xi da misi Sesabamisi 

damokidebuli yi cvladebis mniSvnelobebi, maSin amocana mdgomareobs  da 
 parametrebis moZebnaSi. am parametrebis realuri mniSvnelobebis gan-
sazRvra SeuZlebelia, radgan Cven saqme gvaqvs sasruli raodenobis amonar-
CevTan. amitom saWiroa moiZebnos am parametrebis Sefasebebi. Tu Sefasebebs 
aRvniSnavT a da b simboloebiT, maSin gveqneba Semdegi saxis wrfivi re-
gresiis gantoleba: 

y a bx  , 
xolo zogadad, Tu saqme gvaqvs mravalganzomilebian regresiul analiz-
Tan, maSin  

 ...y a x a x a xn n   1 1 2 2 . 
amrigad, regresiuli analizis meTodi zogadad mdgomareobs 

damokidebul y cvladsa da damoukidebel X1,X2,...,Xn cvladebs Soris 
kavSiris formis dadgenaSi. es kavSiri aRiwereba  

   nn aaaXXXfy ,...,,;,...,, 2121  

maTematikuri modelis saxiT, sadac, ai ucnobi (saZiebeli) parametrebia,  – 
SemTxveviTi cdomleba. 

 Tu regresiis f funqcia wrfivia ai, i=1,2,...,n parametrebis mimarT (ma-
gram ar aris aucilebeli  X1,X2,...,Xn  damoukidebeli cvladebis mimarT), 
maSin aseT regresiul analizs wrfivi ewodeba. Tu regresiis funqcia ara-



 

–––––––––––––––––––––––––––––––– 

ე. ყუბანეიშვილი.  ბიოსტატისტიკა 

 

94 

wrfivia ai parametrebis mimarT, maSin saqme gvaqvs arawrfiv regresiul an-
alizTan.  
 wrfivi regresiis gantolebis geometriuli interpretaciisTvis 
ganvixiloT or cvlads Soris damokidebuleba 

y a bx  , 

sadac, a Tavisufali wevria da gviCvenebs regresiis gantolebis y RerZTan 

gadakveTis wertils. b parametri gviCvenebs regresiis wiris daxrilobas x 

RerZis mimarT da igi tolia  tgb . analizur geometriaSi am parametrs 
uwodeben kuTxis koeficients, xolo biometriaSi – regresiis koeficients. 
 

 

grafikze warmodgenili regresiis wiri AB, romelic gaivlis  yxM ,  

wertilSi, Seesabameba X da Y cvladebis funqcionalur damokidebulebas, 
rodesac rxy = 1. rac ufro Zlieria kavSiri X da Y cvladebs Soris, miT 
ufro uaxlovdeba regresiis wiri AB wirs da piriqiT, rac ufro sustia es 
kavSiri, miT ufro Sordeba AB wirs. Tu kavSiri cvladebs Soris ar 

arsebobs, maSin regresiis gantolebis wiri X RerZTan adgens 90kuTxes. 
 radgan regresia ganapirobebs cvladebis ormxriv korelaciur 
kavSirs, amitom regresiis gantoleba SeiZleba ase CavweroT: 

 y a b x x a b yx yx yx y xy xy    da . 

aqve unda SevniSnoT, rom arsebobs kavSiri regresiis koeficientsa da ko-
relaciis koeficients Soris 

r b bxy yx xy  , 

sadac, regresiis koeficienti SeiZleba gamovTvaloT Semdegnairad: 
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Tu korelaciis koeficienti cnobilia, maSin regresiis koeficienti 
SegviZlia ase ganvsazRvroT: 
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xyyx rbrb








    ; , 

sadac, x  da y saSualo kvadratuli gadaxrebia. 

 praqtikulad, yi cvladis realuri mniSvnelobebi ar daemTxveva re-

gresiis gantolebiT gamoTvlil iŷ  mniSvnelobebs, radgan TviT regresiis 

gantoleba aRwers am damokidebulebis saSualo mniSvnelobebs. 
 

 

 

 

 

12.2 umcires kvadratTa meTodi 

 

 Tu Y damokidebuli da X1, X2, ... ,Xn urTierTdamoukidebeli cvladebi 
normalurad arian ganawilebulni, maSin ucnobi a1, a2, ... ,an parametrebis Se-
fasebebi SeiZleba moiZebnos umcires kvadratTa meTodiT, romelic, sxva 
meTodebTan SedarebiT, iZleva albaTuri azriT saukeTeso Sedegebs. 
umcires kvadratTa meTodis arsi mdgomareobs SemdegSi: regresiis f funqcia 
ise unda SevarCioT, rom mocemuli yi mniSvnelobebis regresiis gantolebiT 
gamoTvlili yi  mniSvnelobebTan gadaxris )ˆ( iyy   kvadratebis jami iyos 
minimaluri, e.i.  

     
 


n

i

n

i

i

n

i

iinii eyyaaaxfyQ
1 1

2

1

22

21 )3.13(minˆ,...,,,  ,  

sadac, iii yye ˆ  uwodeben narCen mniSvnelobebs, anu naSTebs. 

 movZebnoT naaaa .....,, ,321 ucnobi koeficientebi, romlebic (13.3) gamo-

saxulebis marcxena mxares gadaaqceven minimumad. amisaTvis es gamosaxuleba 

gavawarmooT naaaa .....,, ,321 -iT da gavutoloT nuls, maSin gveqneba: 
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sadac,   faaaxf
a

f
nia

ij
j

- ,...,,, 21

















funqciis kerZo warmoebulebia aj parametriT 

xi wertilSi. (13.4) sistema, romelsac normalur gantolebaTa sistemas 
uwodeben, Seicavs imdenive gantolebas, ramdeni ucnobicaa. aqve unda aRin-
iSnos, rom (13.4) sistemis amoxsna aj parametrebis gansazRvrisaTvis zogadi 
saxiT ar SeiZleba, amisaTvis aucilebelia regresiis funqciis konkretuli 
saxe. 

umcires kvadratTa meTods gaaCnia Semdegi dadebiTi Tvisebebi: 
 1. am meTodiT Sefasebuli parametrebi gadauadgilebadia; 

2. parametrTa Sefasebebi safuZvliania; 
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3. parametrTa Sefasebebi efeqturia im gagebiT, rom maT gaaCniaT Sesa-
Zlo minimaluri dispersia, sxva meTodiT gamoTvlil dispersiasTan 
SedarebiT. 

 
 

12.3 wrfivi regresia 

 

 davuSvaT, rom cdis Sedegad miviReT eqsperimentalur wertilTa 

erToblioba  da avageT y-is x-Tan damokidebulebis grafiki (nax. 13.1). 

 
                   nax. 12.1                                nax. 12.2 

cnobilia, rom nebismier (xi, yi) koordinatebian n wertilze Sesa-
Zlebelia gavavloT mrudi, romelic analizurad gamoisaxeba (n – 1) xarisxis 
polinomiT ise, rom zustad gaiaros TiToeul wertilze. sakiTxis aseTi 
gadawyveta, Cveulebriv, ar iTvleba damakmayofileblad, radgan regresiis 
gantoleba gamodis maRali rigis da, rac mTavaria, aseTi regresiis gan-
toleba process aRwers damaxinjebiT (nax. 13.2). amitom, mizanSewonilia, 
rom eqsperimentaluri wertilebi ise davamuSavod, rom rac SeiZleba 
zustad aRiweros x-sa da y-s Soris damokidebulebis tendencia. 

nax. 13.1-ze warmodgenili wertilebi migvaniSnebs, rom y-sa da x-s So-
ris damokidebuleba SeiZleba gamovsaxoT wrfivi gantolebis saxiT. maSin 
regresiis gantolebas eqneba Semdegi saxe: 

y a bx  . 

umcires kvadratTa meTodis saSualebiT SevafasoT a da b parametrebi. 
rogorc viciT, 

    Q y y y a bxi i i i

i

n

i

n

     



  min
2 2

11

. 

gavawarmooT es gamosaxuleba a-Ti da b-Ti, maSin gveqneba: 
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Tu movaxdenT elementarul gardaqmnebs, maSin miviRebT Semdegi saxis nor-
malur gantolebaTa sistemas: 

y an b x

x y a x b x
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romlis amoxsnis Semdeg miviRebT: 
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 mas Semdeg, rac regresiis gantoleba SerCeulia, saWiroa SevafasoT 
rogorc regresiis gantoleba, aseve regresiis gantolebis koeficientebic. 
yvelaze mniSvnelovan moments regresiul analizSi warmoadgens regresiis 
gantolebis vargisianobis Sefaseba, anu dadgena, Seesabameba Tu ara Ser-
Ceuli gantoleba eqsperimentalur monacemebs. gantolebis vargisianoba, anu 
adekvaturoba mowmdeba fiSeris kriteriumiT 
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  warmoadgens naSTebis 

dispersias.                      

 mniSvnelovnebis doniTa da 2,1 21  n Tavisuflebis xarisxebiT 

fiSeris ganawilebis cxrilidan moiZebneba 
21 ,; F  kritikuli wertili. Tu 

21,;  FF , maSin regresiis gantoleba iTvleba adekvaturad, anu is kargad 

aRwers or cvlads Soris damokidebulebas. Tu 
21,;  FF , maSin regresiis 

gantoleba araadekvaturia da saWiroa misi Secvla. 
 regresiis a da b koeficientebis nulTan tolobis hipoTezis Sesa-
mowmeblad ganvixiloT statistika: 
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ta statistikas gaaCnia stiudentis ganawileba  = n – 2 Tavisuflebis 

xarisxiT.  mniSvnelovnebis doniTa da  sididiT stiudentis ganawilebis 

cxrilidan moiZebneba ;t  kritikuli wertili. Tu  ;tta , maSin nulovani 

hipoTeza uaryofilia da regresiis a koeficienti sarwmunoa. Tu  ;tta , 

maSin nulovani hipoTeza miiReba, e.i. regresiis koeficientis sidide unda 
CaiTvalos umniSvnelod, romelic SemTxveviT gansxvavdeba nulisagan mcire 
amonarCevis an sxva mizezis gamo. analogiurad mowmdeba b koeficientic. 

 

magaliTi. x da y cvladebis gazomvebis Sedegebi mocemulia qvemoT 

moyvanil cxrilSi. SevarCioT y a bx   saxis regresiis gantoleba. 

 

 



 

–––––––––––––––––––––––––––––––– 

ე. ყუბანეიშვილი.  ბიოსტატისტიკა 

 

98 

# xi yi xi
2  yi

2  x yi i  yi  

1 32 20 1024 400 640 24,43 

2 30 24 900 576 720 23,34 

3 36 28 1296 784 1008 26,60 

4 40 30 1600 900 1200 28,78 

5 44 31 1681 961 1271 29,32 

6 47 33 2209 1089 1551 32,58 

7 56 34 3136 1156 1904 37,47 

8 54 37 2916 1369 1994 36,38 

9 60 38 3600 1444 2280 39,65 

10 55 40 3025 1600 2200 36,93 

11 61 41 3721 1681 2501 40,19 

12 67 43 4469 1849 2881 43,45 

13 69 45 4761 2025 3105 44,54 

14 76 48 5576 2304 3648 48,34 

 724 492 40134 18138 26907  

                                                                         cxrilis gagrZeleba 

#  ii yy ˆ   2ˆ
ii yy    yyi ˆ   2ˆ yyi   

1 – 4,43 18,84 – 10,71 114,70 

2 – 0,66 0,44 – 11,80 739,24 

3 1,4 1,96 – 8,54 72,93 

4 1,22 1,49 – 6,36 40,45 

5 1,68 2,82 – 5,82 33,87 

6 0,42 0,18 – 2,56 6,55 

7 – 3,47 12,04 2,33 5,43 

8 0,62 0,38 1,24 1,54 

9 – 1,65 2,72 4,51 20,34 

10 3,07 9,43 1,79 3,20 

11 0,81 0,66 5,05 25,50 

12 – 0,45 0,20 8,31 69,06 

13 0,46 0,21 9,40 88,36 

14 – 0,34 0,12 13,20 154,24 

  51,41  1375,27 

 
 
    ;    ; 14,3571,51  yx  

              ;5435,0

724724
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              0356,771,515435,014,5ya  xb . 
Aamrigad miviReT Semdegi regresiis gantoleba: 

xy 5435,00356,7ˆ  . 
 SevamowmoT regresiis gantolebis adekvaturoba: 
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 radgan F F 0 05 1 12, ; , , regresiis gantoleba adekvaturia. SevamowmoT re-

gresiis koeficientebi:  
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radgan ta da tb metia 1,78-ze, amitom regresiis a da b koeficientebi sarwmu-
noa. 

 

. 
 

12.4. wrfivi regresiis gantolebis ndobis intervali 

 
 ganvixiloT ŷ  mniSvnelobisTvis ndobis intervalis gansazRvris sa-

kiTxi, anu iseTi intervalisa, sadac mocemuli albaTobiT damokidebuli y 

parametris realuri mniSvneloba imyofeba. 
 ndobis intervalis gansazRvrisTvis vipovoT y  mniSvnelobis disper-

sia, romelic Sedgeba a da b parametrebis dispersiebis jamisgan. normalur 
gantolebaTa sistemidan gvaqvs xbya  . CavsvaT es mniSvneloba regresiis 

gantolebaSi, maSin  
)(ˆ xxbybxxbybxay   

da dispersia tolia: 
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 ,              (13.5) 

sadac, xp – x cvladis is mniSvnelobaa, romlis Sesabamisi y paramet-
risTvis gvainteresebs ndobis intervalis sidide. (13.5) gamosaxulebidan 

gamomdinareobs, rom 2
ŷ  minimalur mniSvnelobas iRebs, roca 0)(  xxp . am 

SemTxvevaSi 
n

y

2

e2

ˆ


  . amrigad, Tu viciT y  maCveneblis dispersia, maSin ad-

vilia ganisazRvros ndobis intervali  

yty ˆ,
ˆ   , 

sadac, t; sidide ganisazRvreba stiudentis ganawilebis cxrilidan  mniS-

vnelovnebis doniTa da  = n – 2 Tavisuflebis xarisxiT.  
 aqve unda aRvniSnoT, rom ndobis es intervali gansazRvravs regresi-
is wiris (e.i. y  saSualo mniSvnelobis) mdebareobas da ar aris 
damokidebuli cvladis TiToeuli SesaZlo mniSvnelobebis mdebareobaze, 
romlebic raRac manZiliT gadaxrilni arian regresiis wiridan. amitom, Tu 



 

–––––––––––––––––––––––––––––––– 

ე. ყუბანეიშვილი.  ბიოსტატისტიკა 

 

100 

Cven gvinda y damokidebuli cvladis calkeuli mniSvnelobisaTvis gan-
isazRvros ndobis intervali, maSin (13.5) formulas unda daematos kidev 

erTi naSTebis dispersiis mniSvneloba, e.i. 2

eii bxay   gantolebas 

Seesabameba:  
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wrfivi regresiis ndobis intervali grafikulad ase SeiZleba war-
movadginoT: 

 
 

 
 

 

12.5 arawrfivi regresia 
 

 movlenaTa Soris yovelTvis ar arsebobs wrfivi damokidebuleba da 
amitom am SemTxvevaSi wrfivi regresiuli modelis gamoyeneba SeuZlebelia. 
arawrfivi damokidebulebis SemTxvevaSi, regresiis gantolebis Sesadgenad 
unda gamoviyenoT arawrfivi funqciebi. 
 ansxvaveben arawrfivi regresiis or saxes. pirvels miekuTvneba iseTi 
regresiis gantolebebi, romlebic arawrfivia cvladebis mimarT, magram 
wrfivia Sesafasebeli parametrebis (koeficientebis) mimarT. zogjer, aseT 
arawrfiv regresiis gantolebebs kvaziwrfiv regresias uwodeben. aseTi ti-
pis regresiis gantolebis koeficientebi moiZebneba umcires kvadratTa 
meTodiT. 
 meore tipis arawrfiv regresias miekuTvnebian iseTi gantolebebi, 
romlebTac axasiaTebT arawrfivoba Sesafasebeli parametrebis anu koefi-
cientebis mimarT. am SemTxvevaSi umcires kvadratTa meTodis gamoyeneba ar 
SeiZleba, e.i. unda gamoviyenoT arawrfivi umcires kvadratTa meTodi. Cven 
ganvixilavT mxolod pirveli tipis regresiis gantolebebs, radgan isini 
ufro xSirad gvxvdeba praqtikul kvlevebSi. 
 davuSvaT, rom miviReT eqsperimentalur wertilTa erToblioba 

  niyx ii ,....,2,1,,  , da avageT damokidebuleba  xfy  . 
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                    nax. 12.3                           nax. 12.4 

13.3  naxazze warmodgenili wertilebi migvaniSnebs, rom y da x Soris 
damokidebuleba SeiZleba gamovsaxoT meore rigis polinomis (parabolis) 
saxiT 

y a bx cx   2
, 

xolo 13.4  naxazze warmodgenili – bxaey ˆ  maCvenebliani an y a
b

x
   

pirveli rigis hiperbolis saxiT. garda amisa, damokidebuleba SeiZleba 
iyos logariTmuli, xarisxovani, trigonometriuli funqciebi da sxva. 
magaliTisTvis ganvixiloT paraboluri, maCvenebliani da hiperboluri 
damokidebulebebi. 
 meore rigis parabolis a, b da c koeficientebi ganisazRvrebian 
Semdegi normalur gantolebaTa sistemis amoxsniT: 
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(13.6) sistema advilad amoixsneba, Tu movaxdenT damoukidebeli cvla-
dis centrirebas, anu Tu ganvixilavT xi  cvladebis sxvaobas maT saSualo 

ariTmetikulTan, e.i. xxx ii * . maSin gveqneba: 
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 Tu gavalogariTmebT maCvenebliani damokidebulebis gantolebas 
bxaey  , igi gadaiqceva swori xazis gantolebad da SesaZlebeli xdeba 

umcires kvadratTa meTodis gamoyeneba, Cven SemTxvevaSi gveqneba: 

lny = lna + bx  

da normalur gantolebaTa sisitemas aqvs Semdegi saxe: 
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am sistemis amoxsnis Semdeg miviRebT: 
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hiperboluri damokidebulebis SemTxvevaSi 
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b
ay  , gveqneba Semdegi 
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romlis amoxsnis Semdeg miviRebT: 
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 magaliTi. dakvirvebebma gviCvena, rom Zroxis wveladoba laqtaciis 
periodis cvlilebisas icvleba ise, rogorc es naxazzea warmodgenili: 
 

 
SevadginoT Semdegi cxrili: 
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# 
laqtacia 
(Tve)  xi 

wveladoba 
(c)   yi 

xiyi xi
2
 xi

2
yi xi

3
 

1 1 18,2 18,2 1 18,2 1 

2 2 20,1 40,2 4 80,4 8 

3 3 23,4 70,2 9 210,6 27 

4 4 24,6 98,4 16 393,6 64 

5 5 25,6 128,0 25 640,0 125 

6 6 25,9 155,4 36 932,4 216 

7 7 23,6 166,5 49 1156,4 343 

8 8 22,7 181,6 64 1452,8 512 

9 9 19,2 172,8 81 1555,2 729 

 45 203,3 1030,0 285 6439,6 2025 

                              
                           

                     cxrilis  gagrZeleba 
 

# 4
ix  yi   y yi i    y yi i 

2  yyi ˆ   2ˆ yyi   

1 1 17,6 0,60 0,36 – 4,99 24,9 

2 16 20,9 – 0,8 0,64 – 1,69 2,86 

3 81 23,3 0,1 0,01 0,71 0,504 

4 256 24,8 – 0,2 0,04 2,21 4,884 

5 625 25,5 0,1 0,01 2,91 8,468 

6 1296 25,3 0,6 0,36 2,71 7,344 

7 2401 24,2 – 0,6 0,36 1,61 2,592 

8 4096 22,2 0,5 0,25 – 0,39 0,152 

9 6561 19,4 0,2 0,04 – 3,19 10,176 

 15333 203,3  2,07  61,88 

 
SevarCioT Semdegi saxis regresiis gantoleba:  

y = a + bx + cx
2
. 

cxrilis daxmarebiT SevadginoT normalur gantolebaTa sistema 

9 45 285 203 3

45 285 2025 1030 0

285 2025 15333 6439 6

a+ b+ c= ,

a+ b+ c= ,        

a+ b+ c= ,









, 

romlis amoxsnis Semdeg miviRebT:  
a = 13,466 ;      b = 4,587   da   c = – 0,436 . 

amrigad, miviReT Semdegi regresiis gantoleba: 
2436,0587,4466,13ˆ xxy  . 

CavsvaT am gantolebaSi x-is mniSvnelobebi 

x = 1     , , ,y1 13 466 4 587 1 0 436 1     = 17,6; 

                                       x = 2        , , , ,y2 13 466 4 587 2 0 436 4 20 9           
da a.S. es mniSvnelobebi mocemulia zemoT moyvanil cxrilSi da grafikze 
naCvenebia wyvetili mrudis saxiT. 
 SevamowmoT regresiis gantolebis adekvaturoba: 
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radgan 29,87 > 5,591, regresiis gantoleba adekvaturia. 
 regresiis gantolebis adekvaturobis zomad SeiZleba gamoviyenoT 
determinaciis koeficienti, romelic gamoiTvleba Semdegi formuliT: 
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n
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yy

yy

R

yy

yy

R

1

2

1

2

2

1

2

1

2

2

ˆˆ

     an . 

rac ufro didia R
2 mniSvneloba, miT ufro Zlieria adekvaturobis 

zoma. kerZod, Tu R
2 > 0,95, maSin iTvleba, rom regresiis modeli kargad 

aRwers movlenas. Tu 0,8 < R
2 < 0,95, maSin regresiis modeli 

damakmayofilebad aRwers movlenas da Tu  R
2 < 0,6, MmaSin iTvleba, rom 

modeli araadekvaturia da saWiroa misi Secvla. 
   gvaxsovdes, rom R

2-s  gaaCnia nakli, romelic imaSi mdgomareobs, 
rom determinaciis koeficientis maRali mniSvneloba SeiZleba miviRoT 
mcire amonarCevis wyalobiT. amitom saWiroa R

 2 sididis koreqtireba 

)1(
)1(

1
1

~ 22 R
mn

n
R 




 , 

sadac, n – amonarCevis ganzomilebaa, m – Sesafasebeli parametrebis 
(koeficientebis) raodenoba. 
 dadebiTi fesvi determinaciis koeficientidan gvaZlevs korelaciur 

fardobas  da Tu X da Y cvladebs Soris damokidebuleba wrfivia, maSin 

igi daemTxveva korelaciis koeficients, e.i.  =  rxy. winaaRmdeg SemTxvevaSi, 
damokidebuleba arawrfivia. 
      

 

 

12.6 naSTTa analizi 

 

 regresiis gantolebis adekvaturobisa da koeficientebis Semowmebis 
garda, xSirad mimarTaven naSTTa analizs. rogorc viciT, mocemul yi mniS-
vnelobebis regresiis gantolebiT gamoTvlil  iŷ  mniSvnelobebTan gada-
xras 

niyye iii ,....,2,1,ˆ   
ewodeba narCeni mniSvnelobebi anu naSTebi. 
 naSTTa analiziT SesaZlebelia Semowmdes is ZiriTadi daSvebebi gad-
axrebis (Secdomebis) mimarT, romlebsac efuZneba wrfivi regresia. Cven da-
vuSviT, rom regresiis mrudi wrfivia, gadaxrebi ei arian damoukidebelni, 
gaaCniaT nulovani saSualo, erTnairi (mudmivi) dispersia da ganawi-
lebulni arian normalurad. Tu SerCeuli regresiis modeli adekvaturia, 
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maSin igi met-naklebad unda akmayofilebdes daSvebis pirobebs. swored es 
idea udevs safuZvlad naSTTa analizs.  
 naSTTa analizi xorcieldeba grafikulad. aigeba )(xfe   grafikuli 
gamosaxuleba da Tu miRebul wertilTa erToblioba daaxloebiT 
erTnairadaa ganlagebuli x RerZis mimarT (Tanabrad RerZis zemoT da 
qvemoT), maSin regresiis gantoleba adekvaturia da yvela daSveba 
daaxloebiT Sesrulebulia (nax. a).  

 

 

 

 
Tu darRveulia regresiis mrudis wrfivobis daSveba, maSin naSTTa grafiks 
daaxloebiT eqneba iseTi saxe, rogorc es naCvenebia b naxazze. Tu 
darRveulia dispersiis mudmivoba, maSin daaxloebiT gveqneba g naxazze 
warmodgenili suraTi. Tu gadaxrebi damokidebulia xi-ze, maSin gveqneba 
daaxloebiT d naxazze warmodgenili suraTi. 

garda amisa, naSTebis normaluri ganawilebis kanonis Sesamowmeblad 
SegviZlia gamoviyenoT normaluri albaTobis grafiki. 

 

 

 

 

 

13  dispersiuli analizis safuZvlebi 

 

 

13.1  meTodis arsi 

 
 ori amonarCevis Sedarebis martivi meTodisgan gansxvavebiT, praqti-
kaSi xSirad gvxvdeba iseTi SemTxvevebi, sadac saWiroa erTmaneTs 
erTdroulad SevadaroT ramdenime amonarCevi, romlebic gaerTianebulia 
erTian statistikur kompleqsSi. am SemTxvevaSi saSualoebis wyvil-wyvili 
Sedareba, Tu amonarCevebis (jgufebis) raodenoba didia, mizanSeuwonelia 
ara marto meTodologiuri Secdomebis (ix. §10.5), aramed didi gamoTvliTi 
samuSaos gamo. magaliTad, Tu gvaqvs 7 amonarCevi, maSin Casatarebeli iqneba 

212
7 C  saSualoebis Sedareba. cxadia, rom jgufebis raodenobis zrdisas, 
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Sesadarebel wyvilTa raodenoba Zalze swrafad izrdeba. ase magaliTad, 14 
jgufisaTvis gveqneba 91 Sedareba. 

gaiTvaliswina ra es problema, r. fiSerma SemogvTavaza saSualoebis 
kompleqsuri Sedarebis meTodi, romelsac dispersiuli analizi (ANOVA – 

Analysis of Variance) ewodeba. dispersiuli analizis meTodi efuZneba saerTo 
dispersiis daSlas damoukidebel mdgenelebad, romlebic gamowveulia 
rogorc regulirebadi, ise araregulirebadi faqtorebiT. SemovitanoT 
ramdenime ganmarteba. 

parametrebs, romlebic raime mizeziT icvlebian, ewodebaT Sedego-
brivi. mizezebs, romlebic iwveven Sedegobrivi parametrebis cvlilebas, 
ewodebaT faqtorebi. magaliTad, sxeulis masa, mosavlianoba, moswavleTa 
moswreba da a.S. warmoadgens Sedegobriv parametrebs, romlebzedac sxva-
dasxva faqtorebi axdenen zemoqmedebas: wamlis an toqsikuri nivTierebaTa 
dozebi, sasuqis raodenoba, kvebis reJimi, fizikuri da gonebrivi sa-
varjiSoebi da sxva. arsebobs erTi da imave parametrze moqmedi mravali 
faqtori, romelTagan cdaSi (eqsperimentSi) regulirebadia mxolod 
zogierTi maTgani da maT regulirebadi faqtorebi ewodebaT. iseT faqto-
rebs, romlebic ar eqvemdebarebian regulirebas, ewodebaT arareguli-
rebadi, Tumca, maTac gaaCniaT garkveuli zemoqmedeba Sedegobriv para-
metrebze. araregulirebad faqtorebs miekuTvnebian agreTve sxva dau-
fiqsirebadi anu gauTvaliswinebeli faqtorebi. Cveulebriv, yoveli regu-
lirebadi faqtori warmodgenilia damoukidebel gradaciebad   (jgufebad), 
romelTa raodenoba damokidebulia cdis (eqsperimentis) pirobebze. 

Tu regulirebadi faqtori iwvevs mniSvnelovan zegavlenas Sedego-
briv parametrze, maSin es zegavlena aisaxeba jgufur saSualoebze, rom-
lebic statistikurad erTmaneTisgan gansxvavebuli iqnebian. TiToeuli 
jgufis SigniTac aRiniSneba cvalebadoba, romelic gamowveulia araregu-
lirebadi faqtoriT an faqtorebiT. cvalebadobis es damokidebuleba 
SeiZleba ase warmovadginoT: 

222
ef  , 

sadac, 2 –mTeli kompleqsis saerTo dispersiis Sefasebaa; 2
f  – jgufTaSo-

riso (doneTaSoriso) dispersiis Sefasebaa, romelic gamowveulia reguli-

rebadi faqtoris zegavleniT; 2
e – Sigajgufuri (naSTebis) dispersiis Se-

fasebaa, romelic gamowveulia gauTvaliswinebeli anu araregulirebadi 
faqtorebiT. 

regulirebadi faqtoris zegavlenis dasadgenad saWiroa fiSeris 

kriteriumiT Semowmdes  22: efH   nulovani hipoTeza. Tu nulovani hipo-

Teza uaryofilia  mniSvnelovnebis doniT, maSin regulirebadi faqtoris 
zegavlena Sedegobriv parametrze sarwmunoa, winaaRmdeg SemTxvevaSi regu-
lirebadi faqtoris zegavlena Sedegobriv parametrze ar SeimCneva an 
umniSvneloa. 

amrigad, dispersiuli analizi, garda saSualoebis erTdrouli 
Sedarebisa, Seiswavlis dakvirvebebze (eqsperimentze) moqmedi sxvadasxva 
faqtorebis zegavlenas, mniSvnelovani faqtorebis amorCevasa da maTi 
moqmedebebis Sefasebas. 
 analizSi CarTuli faqtorebis raodenobis mixedviT dispersiuli an-
alizi iyofa erTfaqtorian, orfaqtorian da mravalfaqtorian analizebad. 
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dispersiuli analizis Casatareblad saWiroa, rom dakvirvebebi iyos Sem-
TxveviTi sidideebi, romelTac gaaCniaT normaluri ganawileba da erTnairi 
dispersia. mxolod am SemTxvevaSia SesaZlebeli dispersiisa da maTemat-
ikuri lodinis sarwmunoebis Sefaseba da ndobis intervalebis dadgena da 
saerTod, dispersiuli analizis Catareba. ganvixiloT erTfaqtoriani dis-
persiuli analizis safuZvlebi. 

 

 

 

 

13.2 erTfaqtoriani dispersiuli analizi  

 

 vTqvaT, gvaqvs mxolod erTi A faqtori, romelic iyofa m doned 
(gradaciad). mocemulia agreTve yoveli donisaTvis dakvirvebaTa ni rodeno-
ba. davuSvaT, rom n1 = n2 = ···· = nm = n, maSin yvela dakvirveba SeiZleba war-
movadginoT Semdegi cxrilis saxiT: 
 

done 
d a k v i r v e b e b i 

saS. 
1 2 . . . j . . . n 

1 x11 x12 . . . x1j . . . x1n 1x  

2 x21 x22 . . . x2j . . . x2n 2x  

. . . . . . . . . . . . . . . . . . . . . . . . 

m xm1 xm2 . . . xmj . . . xmn mx  

 

erTfaqtoriani dispersiuli analizis Sedegebis warmodgenis models aqvs 
Semdegi saxe: 

xij  =  + i + ij , 

sadac, xij – i donis j dakvirvebis Sedegia; 

  – saerTo saSualo;  

i– efeqti, romelic gamowveulia i-uri donis A faqtoris mier; 

ij – cdomileba, gamowveuli donis SigniT Sedegebis variaciiT, rome-
lic gamowveulia sxva daufiqsirebeli (gauTvaliswinebeli) 
faqtorebis zegavleniT. 

saWiroa ganisazRvros A faqtoris zegavlena X cvladze. amrigad, xij 
cvladis saerTo dispersia SeiZleba davyoT or nawilad: erTi, romelic 
xasiaTdeba A faqtoris zegavleniT da meore – daufiqsirebeli faqtorebis 
zegavleniT. amisaTvis saWiroa ganisazRvros saerTo saSualos x  Sefaseba 
da ToToeuli donisTvis Sesabamisi saSualoebis ix Sefasebebi: 

,




 


m
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i

m

i

n

j

ij x
m

x
nm

x
11 1

11
 

.,...,2,1,
1
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mix
n

x
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iji  


     

ganvsazRvroTY  xij da x  Soris sxvaobis kvadratebis jami 
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garda amisa, (15.1) gamosaxulebis meore wevri SeiZleba ase warmovadginoT: 

   




 

 
m

i

i

m

i

n

j

i xxnxx
1

2

1 1

2 . 

maSin (15.1) SeiZleba ase warmovadginoT: 
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1

2

1 1

2  

e.i. 
Q = QA + Qe,    

sadac, QA aris doneebs Soris gadaxrebis kvadratebis jami, romelsac 
zogjer deviatas (laT. sityva Devio – gadaxra) uwodeben da axasiaTebs gan-
sxvavebas doneebs Soris. mas xSirad uwodeben gafantvas faqtorebis mimarT 
anu gafantvas, gamowveuls A faqtoris zegavleniT. Qe aris TiToeul 
dakvirvebebsa da i-ur dones Soris sxvaobebis kvadratebis jami. am jams 
uwodeben doneebs SigniT gadaxrebis kvadratebis jams da igi axasiaTebs 
gansxvavebas i-ur donis dakvirvebebs Soris. Qe-s agreTve uwodeben naSTebis 
(narCenebis) dispersias anu gafantvas, gamowveuls gauTvaliswinebeli 
faqtorebis zegavleniT. Dda bolos Q-s uwodeben saerTo, anu TiToeuli 
monacemebis saerTo saSualosTan gadaxris kvadratebis jams. 
 amrigad, Tu cnobilia Q, QA da Qe deviatebi, maSin SeiZleba Sevafasod 
Sesabamisi daspersiebi: saerTo, doneTaSoriso (jgufTaSoriso) da doneTa-
SigniTi: 

)1(
,

1
,

1

222










nm

Q

m

Q

mn

Q e
e

A
A       . 

Tu A faqtoris zegavlena yvela donisaTvis erTnairia, maSin 22
eA      da  

aris saerTo dispersiis Sefasebebi. imisaTvis, rom SevamowmoT A faqtoris 
zegavlenis sarwmunoeba, saWiroa Semowmdes Semdegi nulovani hipoTeza 

22
0 : eAH  . rogorc viciT, aseTi hipoTezis SemowmebisTvis saWiroa gan-

isazRvros fiSeris kriteriumi 

2

2

e

AF



  

1 = m – 1  da 2 = m(n –1) Tavisuflebis xarisxebiT. Tu aRmoCndeba, rom 

21;  FF , maSin nulovani hipoTeza uaryofilia da vakeTebT daskvnas A 
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faqtoris mniSvnelovani zegavlenis Sesaxeb. winaaRmdeg SemTxvevaSi, roca 

21;  FF , A faqtoris zegavlena dakvirvebebze metad umniSvneloa an saer-

Tod  adgili ara aqvs. 
 erTfaqtoriani dispersiuli analizi umjobesia warmovadginoT 
Semdegi cxrilis saxiT: 

 

dispersia 
 

kvadratebis 
jami 

Tavisuf-
lebis 
xarisxi 

disper- 
siebis 
Sefase-

ba 

F 
far- 
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F krit 

faqtorialuri 
(doneebs 
Soris) 
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SigniT) 
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2  2=m(n-1) 
2
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Q  
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Q Q QA e   =mn–1 


Q
2  

  

 mas Semdeg, roca dadgindeba Sedegobriv parametrze faqtoris 
zegavlena, SegviZlia am zegavlenis siZlieris gansazRvra, magaliTad 
snedekoris meTodis gamoyenebiT. maSin gveqneba: 

22

2
2

~

~

eA

Ah



 , 

sadac,  222 1~
eAA

n
 ,   an 

22

22

2
22

22

2

)1( eA
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e
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n
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 . 

interpretaciisaTvis h
2 sidide umjobesia procentebSi gamovsaxoT. 

  

magaliTi. Seswavlil iqna xorblis eqvsi jiSis mosavlianoba. cdebi 
Catarebul iqna oTxjer. gvainteresebs,  moqmedebs  Tu ara mosavlianobaze 
xorblis sxvadasxva jiSi? monacemebi mocemulia Semdeg cxrilSi: 

 

xorblis 
jiSi 

mosavlianoba (cent./heqt) saSualo 
mosavali 1 2 3 4 

1 26,1 29,3 30,0 27,3 28,2 

2 25,0 24,3 28,5 29,0 26,7 

3 27,2 26,4 31,0 26,4 27,8 

4 23,6 27,2 25,2 24,8 25,2 

5 0,0 33,0 36,0 29,8 32,2 

6 23,0 26,0 26,0 24,8 25.0 
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gamoTvlebis Sedegi warmodgenilia Semdeg dispersiul cxrilSi: 

 

 
dispersia 

 

kvadra- 
tebis 
jami 

Tavisu-
flebis 
xarisxi 

disper- 
siebis 

Sefaseba 

F 
far- 
doba 

F 
krit. 

faqtoria- 
luri 

(doneebs 
Soris) 

140AQ  1 = 5 282 A
 

 
F  6 4,  

F0 05 5,18, ; = 

= 3,7 

narCeni 
(doneebs 
SigniT) Qe  79 6,  

2 = 18 4,42 e    

saerTo 
 

Q  219 6,   = 25 7,882     

 

radgan F > F0,05;5;18, amitom nulovani hipoTeza uaryofilia, e.i. xorblis 
jiSebs Soris mosavlianobis gansxvaveba sarwmunoa. ganvsazRvroT mo-
savlianobaze xorblis  jiSis gavlenis siZliere: 

22

22

2

)1( eA

eA

n
h








 573,0

4,4)14(28

4,428





 ,      anu  57,3%. 

amrigad, xorblis jiSis zegavlena mosavlianobaze Seadgens 57,3%-s. 
 

 

 

 

13.3 dispersiuli analizis araparametruli 

meTodebi 

 

Tu sawyis monacemebs ar gaaCniaT normaluri ganawileba, maSin dis-
persiuli analizis Casatareblad, saWiroa gamoviyenoT araparametruli 
meTodebi. Tu doneebis dakvirvebaTa raodenobebi tolia, maSin SeiZleba 
gamoviyenoT fridmanis rangobrivi dispersiuli analizi. amisaTvis saWiroa 
yoveli donisaTvis dakvirvebebis ranJireba da rangebis dadgena. maSin 
fridmanis kriteriums gaaCnia Semdegi saxe: 

 
 


















n

j

m

i

ijR mnR
mmn 1

2

1

2 ),1(3
)1(

12
 

sadac, m – doneebis (striqonebis) raodenobaa, n – dakvirvebaTa (svetebis) 

raodenoba,
i

ijR –i-uri svetis rangebis jami. 

unda SevamowmoT hipoTeza: aris Tu ara doneebs Soris gansxvaveba. 

radgan 2
R  sidides gaaCnia 2 ganawileba, amitom kritikuli wertili 2

;  

moiZebneba 2 ganawilebis cxrilidan  da 1 m  sidideebis saSualebiT. 

Tu  2
;

2
R , maSin nulovani hipoTeza uaryofilia, e.i. gansxvaveba doneebs 

Soris sarwmunoa, winaaRmdeg SemTxvevaSi – igi ar aris sarwmuno. 
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magaliTi. janmrTeli kbilebis mqone bavSvTa sam asakobriv jgufSi 
ganisazRvra higienuri indeqsi, romelic pirobiT erTeulebSia warmodge-
nili 

   done             

dakv. 

3  wlis 4  wlis 5  wlis 

A1 R1 A2 R2 A3 R3 

1 1 1 3,0 2,5 3,0 2,5 

2 1 1 1,2 2 1,3 3 

3 1 1 2,0 2 2,2 3 

4 1 1,5 1,0 1,5 1,2 3 

5 2,6 2 2,7 3 1,3 1 

6 2,7 2 1,3 1 3,0 3 

  8,5  12,0  15,5 

 

   m = 3;  n = 6;        

 
 













n

j

m

i

ijR mnR
mmn 1

2

1

2 )1(3
)1(

12
   ; 08,44635,150,125,8

463

12 222 


  

  =  0,05;   = m – 1 = 2;   2
2;05,0 = 5,99.   radgan 4,08 < 5,99, amitom bavSvTa asakobriv 

jgufebs Soris higienuri indeqsiT gansxvaveba ar SeimCneva.  
rodesac doneebSi dakvirvebaTa raodenoba sxvadasxvaa, maSin 

SegviZlia gamoviyenoT kraskel-uolisis kriteriumi 

),1(3
1

)1(

12
2

11











 



NR
nNN

H
m

i

ij

n

j i

 

sadac, N – dakvirvebaTa saerTo raodenobaa, ni – i-uri donis dakvirvebaTa 

raodenoba. 
i

ijR  – i-uri svetis rangebis jami, romlebic miiReba gaer-

Tianebuli mwkrivis ranJirebisas. 

 H sidides gaaCnia  2 ganawileba  = m–1 Tavisuflebis xarisxiT. m 

aris doneebis raodenoba. roca 2
;H , maSin nulovani hipoTeza miiReba, 

e.i. doneebs Soris gansxvaveba ar SeimCneva, winaaRmdeg SemTxvevaSi, roca 
2

;H  – gansxvaveba sarwmunoa. 

 magaliTi. mocemulia bavSvebis 5 jgufisaTvis sisxlis nakadis siC-
qare. jgufebi dayofilia avadmyofobis simZimis mixedviT (umZimesi – A1 
jgufi). 

 
 done 

 dakv. 
A1 A2 A3 A4 A5 

x R1 x R2 x R3 x R4 x R5 

1 30 22 36 25 25 18 14 2,5 19 10 

2 17 7,5 32 23,5 17 7,5 17 7,5 16 4,5 

3 22 12,5 42 26 24 16,5   27 19 

4 32 23,5 22 12,5 11 1   23 14,5 

5 24 16,5   14 2,5   28 20.5 

6     28 20,5   23 14,5 

7     17 7,5   20 11 

8     44 27   16 4.5 

  82,0  87,0  100,5  
10,

0 
 98,5 
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12
2
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NR
nNN

H
m
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n

j i

 

47,7283
8

5,98

2

10

8

5,100

4

87

5

82

2827

12 22222












  

 = 0,05,  = 5 – 1 = 4, 2
;  = 9,49. radgan 7,47 < 9,49, amitom doneebs Soris gan-

sxvaveba ar SeimCneva. 
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                          d a n a r T i 

standartizirebuli normaluri ganawilebis 

funqciis dtezF

tz

2

2

2

1
)(






  mniSvnelobebi 

z 0 1 2 3 4 5 6 7 8 9 

0,0 0,5000 5040 5080 5120 5160 5199 5239 5279 5319 5359 

0,1           5398  5438 5478 5517 5557 5596 5636 5675 5714 5754 

0,2    5793 5832 5871 5910 5948 5987 6026 6064 6103 6141 

0,3    6179 6217 6255 6293 6331 6368 6406 6443 6480 6517 

0,4    6554 6591 6628 6664 6700 6736 6772 6808 6844 6879 

0,5    6915 6950 6985 7020 7054 7088 7123 7157 7190 7224 

0,6    7258 7291 7324 7357 7389 7422 7454 7486 7518 7549 

0,7    7580 7612 7642 7673 7704 7734 7764 7794 7823 7852 

0,8    7881 7910 7939 7967 7996 8023 8051 8079 8106 8133 

0,9    8159 8186 8212 8238 8264 8289 8315 8340 8365 8389 

1,0 0,8413 8438 8461 8485 8508 8531 8554 8577 8599 8621 

1,1    8643 8665 8686 8708 8729 8749 8770 8790 8810 8830 

1,2    8849 8869 8888 8907 8925 8944 8962 8980 8997 9015 

1,3    9032 9049 9066 9082 9099 9115 9131 9147 9162 9177 

1,4    9192 9207 9222 9236 9251 9265 9279 9292 9306 9319 

1,5    9332 9345 9357 9370 9382 9394 9407 9418 9430 9441 

1,6    9452 9463 9474 9485 9495 9505 9515 9525 9535 9545 

1,7    9554 9564 9573 9582 9591 9599 9608 9616 9625 9633 

1,8    9641 9649 9656 9664 9671 9678 9686 9693 9700 9706 

1,9    9713 9720 9726 9732 9738 9744 9750 9756 9762 9767 

2,0 0,9773 9778 9783 9788 9793 9798 9803 9808 9812 9817 

2,1    9821 9826 9830 9834 9838 9842 9846 9850 9854 9857 

2,2    9861 9865 9868 9871 9875 9878 9881 9984 9887 9890 

2,3    9893 9896 9898 9901 9904 9906 9909 9911 9913 9916 

2,4    9918 9920 9922 9925 9927 9929 9931 9932 9934 9936 

2,5    9938 9940 9941 9943 9945 9946 9948 9949 9951 9952 

2,6    9953 9955 9956 9957 9959 9960 9961 9962 9963 9964 

2,7    9965 9966 9967 9968 9969 9970 9971 9972 9973 9974 

2,8    9974 9975 9976 9977 9977 9978 9979 9980 9980 9981 

2,9    9981 9982 9983 9983 9984 9984 9985 9985 9986 9986 

3,0 0,9987 9987 9987 9988 9988 9989 9989 9989 9990 9990 

3,1    9990 9991 9991 9991 9992 9992 9992 9992 9993 9993 

3,2    9993 9993 9994 9994 9994 9994 9994 9995 9995 9995 

3,3    9995 9995 9996 9996 9996 9996 9996 9996 9996 9997 

3,4    9997 9997 9997 9997 9997 9997 9997 9997 9998 9998 

3,5    9998 9998 9998 9998 9998 9998 9998 9998 9998 9998 

3,6    9998 9999 9999 9999 9999 9999 9999 9999 9999 9999 
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standartizirebuli normaluri ganawilebis 

simkvrivis funqciis 2

2

2

1
)(

z

ezf



  mniSvnelobebi 

z 0 1 2 3 4 5 6 7 8 9 

0,0 0,3989 3989 3989 3988 3986 3984 3982 3980 3977 3973 

0,1 3970 3965 3961 3956 3951 3945 3939 3932 3925 3918 

0,2 3910 3902 3894 3885 3876 3867 3857 3847 3836 3825 

0,3 3814 3802 3790 3778 3765 3752 3739 3726 3712 3697 

0,4 3683 3668 3653 3637 3621 3605 3589 3572 3555 3538 

0,5 3521 3503 3485 3467 3448 3429 3410 3391 3372 3352 

0,6 3332 3312 3292 3271 3251 3230 3209 3187 3166 3144 

0,7 3123 3101 3079 3056 3034 3011 2989 2966 2943 2920 

0,8 2897 2874 2850 2827 2803 2780 2756 2732 2709 2685 

0,9 2661 2637 2613 2589 2565 2541 2516 2492 2468 2444 

1,0 0,2420 2396 2371 2347 2323 2299 2275 2251 2227 2203 

1,1 2179 2155 2131 2107 2083 2059 2036 2012 1989 1965 

1,2 1942 1919 1895 1872 1849 1826 1804 1781 1758 1736 

1,3 1714 1691 1669 1647 1626 1604 1582 1561 1539 1518 

1,4 1497 1476 1456 1435 1415 1694 1374 1354 1334 1315 

1,5 1295 1276 1257 1238 1219 1200 1182 1163 1145 1127 

1,6 1109 1092 1074 1057 1040 1023 1006 0989 0973 0957 

1,7 0904 0925 0909 0893 0878 0863 0848 0833 0818 0804 

1,8 0790 0775 0761 0748 0734 0721 0707 0694 0681 0669 

1,9 0656 0644 0632 0620 0608 0596 0584 0573 0562 0551 

2,0 0,0540 0529 0519 0508 0498 0488 0478 0468 0459 0449 

2,1 0440 0431 0422 0413 0404 0396 0387 0379 0371 0363 

2,2 0355 0347 0339 0332 0325 0317 0310 0303 0297 0290 

2,3 0283 0277 0270 0264 0258 0252 0246 0241 0235 0229 

2,4 0224 0219 0213 0208 0203 0198 0194 0189 0184 0180 

2,5 0175 0171 0167 0163 0158 0154 0151 0147 0143 0139 

2,6 0136 0132 0129 0126 0122 0119 0116 0113 0110 0107 

2,7 0104 0101 0099 0096 0093 0091 0088 0086 0084 0081 

2,8 0079 0077 0075 0073 0071 0069 0067 0065 0063 0061 

2,9 0060 0058 0056 0055 0053 0051 0050 0048 0047 0046 

3,0 0,0044 0043 0042 0040 0039 0038 0037 0036 0035 0034 

3,1 0033 0032 0031 0030 0029 0028 0027 0026 0025 0025 

3,2 0024 0023 0022 0022 0021 0020 0020 0019 0018 0018 

3,3 0017 0017 0016 0016 0015 0015 0014 0014 0013 0013 

3,4 0012 0012 0012 0011 0011 0010 0010 0010 0009 0009 

3,5 0009 0008 0008 0008 0008 0007 0007 0007 0007 0006 

3,6 0006 0006 0006 0005 0005 0005 0005 0005 0005 0004 

3,7 0004 0004 0004 0004 0004 0004 0003 0003 0003 0003 

3,8 0003 0003 0003 0003 0003 0002 0002 0002 0002 0002 

3,9 0002 0002 0002 0002 0002 0002 0002 0002 0001 0001 
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aTobiTi logariTmis mniSvnelobebi 
 

n 5 6 7 8 9 10 11 12 13 

lgn 0,699 0,778 0,845 0,903 0,954 1,000 1,041 1,079 1,114 

 

n 14 15 16 17 18 19 20 21 22 

lgn 1,146 1,176 1,204 1,230 1,255 1,279 1,301 1,322 1,342 

 

n 23 24 25 26 27 28 29 30 31 

lgn 1,362 1,380 1,398 1,415 1,430 1,447 1,462 1,477 1,491 

 

n 32 33 34 35 36 37 38 39 40 

lgn 1,505 1,518 1,532 1,544 1,556 1,568 1,580 1,591 1,602 

 

n 41 42 43 44 45 46 47 48 49 

lgn 1,613 1,623 1,634 1,644 1,653 1,633 1,672 1,681 1,690 

 

n 50 51 52 53 54 55 56 57 58 

lgn 1,699 1,708 1,716 1,724 1,732 1,740 1,748 1,756 1,763 

 

n 59 60 65 70 75 80 85 90 95 

lgn 1,771 1,778 1,813 1,845 1,875 1,903 1,929 1,954 1,978 

 

n 100 

lgn 2,000 

 

 

 

 

 

 

Q kritikuli mniSvnelobebi 
 

m 2 3 4 5 6 7 8 9 

 = 0,05 1,96 2,39 2,64 2,81 2,94 3,04 3,12 3,20 

 = 0,01 2,58 2,94 3,14 3,29 3,40 3,49 3,57 3,64 

 
m 10 11 12 13 14 15 16 17 

 = 0,05 3,26 3,32 3,37 3,41 3,46 3,49 3,53 3,56 

 = 0,01 3,69 3,74 3,79 3,83 3,87 3,90 3,94 3,97 

 
m 18 19 20 21 22 23 24 25 

 = 0,05 3,59 3,62 3,65 3,68 3,70 3,72 3,74 3,77 

 = 0,01 3,99 4,02 4,04 4,07 4,09 4,11 4,13 4,15 
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laplasis 





i
2u x

i dxe)(U

0

2

2

2
 funqciis mniSvnelobebi 

Ui 0 1 2 3 4 5 6 7 8 9 

0,0 0,0000 0080 0160 0239 0319 3999 0478 0558 0638 0717 

0,1   0797 0878 0955 1034 1113 1192 1271 1350 1428 1507 

0,2   1585 1663 1741 1819 1897 1974 2051 2128 2205 2282 

0,3   2358 2434 2510 2586 2661 2737 2812 2886 2960 3035 

0,4   3108 3182 3255 3328 3401 3473 3545 3616 3688 3759 

0,5   3829 3899 3969 4039 4108 4177 4245 4313 4381 4448 

0,6   4515 4581 4647 4713 1778 4843 4907 4971 5035 5098 

0,7   5161 5223 5285 5346 5407 5467 5527 5587 5646 5705 

0,8   5763 5821 5878 5935 5991 6047 6102 6157 6211 6265 

0,9   6319 6372 6424 6476 6528 6579 6629 6679 6729 6778 

1,0 0,6827 6875 6923 6970 7017 7063 7109 7154 7199 7243 

1,1   7287 7330 7373 7415 7457 7499 7540 7580 7620 7660 

1,2   7699 7737 7775 7813 7850 7887 7923 7959 7994 8029 

1,3   8064 8098 8132 8165 8198 8230 8262 8293 8324 8355 

1,4   8358 8415 8444 8473 8501 8529 8557 8584 8611 8638 

1,5   8664 8690 8715 8740 8764 8789 8812 8836 8859 8882 

1,6   8904 8926 8948 8969 8990 9011 9031 9051 9070 9090 

1,7   9109 9127 9146 9164 9181 9199 9216 9233 9249 9265 

1,8   9281 9297 9312 9327 9342 9357 9371 9385 9399 9412 

1,9   9421 9439 9451 9464 9476 9488 9500 9512 9523 9534 

2,0 0,9545 9556 9566 9576 9586 9596 9606 9616 9625 9634 

2,1   9643 9651 9660 9668 9676 9684 9692 9700 9707 9715 

2,2   9722 9729 9736 9743 9849 9756 9762 9768 9774 9780 

2,3   9786 9791 9797 9802 9807 9812 9817 9822 9827 9832 

2,4   9836 9841 9845 9849 9853 9857 9861 9865 9869 9872 

2,5   9876 9879 9883 9886 9889 9892 9895 9898 9901 9904 

2,6   9907 9910 9912 9915 9917 9920 9922 9924 9926 9928 

2,7   9931 9933 9935 9937 9939 9940 9942 9944 9946 9947 

2,8   9949 9951 9952 9953 9955 9956 9958 9959 9960 9961 

2,9   9963 9964 9965 9966 9967 9968 9969 9970 9971 9972 

3,0 0,9973 9974 9975 9976 9976 9977 9978 9979 9979 9980 

3,1   9981 9981 9982 9983 9983 9984 9984 9985 9985 9986 

3,2   9986 9987 9987 9988 9988 9989 9989 9989 9990 9990 

3,3   9990 9991 9991 9991 9992 9992 9992 9992 9993 9993 

3,4   9993 9994 9994 9994 9994 9994 9995 9995 9995 9995 

3,5   9995 9996 9996 9996 9996 9996 9996 9996 9997 9997 

3,6   9997 9997 9997 9997 9997 9997 9997 9998 9998 9998 

3,7   9998 9998 9998 9998 9998 9998 9998 9998 9998 9998 

3,8   9999 9999 9999 9999 9999 9999 9999 9999 9999 9999 

3,9   9999 9999 9999 9999 9999 9999 9999 9999 9999 9999 
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stiudentis ganawileba 

 calmxrivi  kriteriumi 

 0,30 0,20 0,10 0,05 0,025 0,01 0,005 0,001 

         

1 0,727 1,376 3,078 6,314 12,71 31,82 63,66 318,3 

2 0,617 1,061 1,886 2,920 4,303 6,965 9,925 22,33 

3 0,584 0,978 1,638 2,353 3,182 4,541 5,841 10,22 

4 0,569 0,941 1,533 2,132 2,776 3,747 4,604 7,173 

         

5 0,559 0,906 1,440 1,943 2,447 3,143 3,707 5,208 

6 0,553 0,920 1,476 2,015 2,571 3,365 5,032 5,893 

7 0,549 0,896 1,415 1,895 2,365 2,998 3,499 4,785 

8 0,546 0,889 1,397 1,860 2,306 2,896 3,355 4,501 

9 0,543 0,883 1,383 1,833 2,262 2,821 3,250 4,297 

         

10 0,542 0,879 1,372 1,812 2,228 2,764 3,169 4,144 

11 0,540 0,876 1,363 1,796 2,201 2,718 3,106 4,025 

12 0,539 0,873 1,356 1,782 2,179 2,681 3,055 3,930 

13 0,538 0,870 1,350 1,771 2,160 2,650 3,012 3,852 

14 0,537 0,868 1,345 1,761 2,145 2,624 3,977 3,787 

         

15 0,536 0,866 1,341 1,753 2,131 2,602 2,947 3,733 

16 0,535 0,865 1,337 1,746 2,120 2,583 2,921 3,686 

17 0,534 0,863 1,333 1,740 2,110 2,567 2,898 3,646 

18 0,534 0,862 1,330 1,734 2,101 2,552 2,878 3,611 

19 0,533 0,861 1,328 1,729 2,093 2,539 2,861 3,579 

         

20 0,533 0,860 1,325 1,725 2,086 2,528 2,845 3,552 

21 0,532 0,859 1,323 1,721 2,080 2,518 2,831 3,527 

22 0,532 0,858 1,321 1,717 2,074 2,508 2,819 3,505 

23 0,532 0,858 1,319 1,714 2,069 2,500 2,807 3,485 

24 0,531 0,857 1,318 1,711 2,064 2,492 2,797 3,467 

         

 0,60 0,40 0,20 0,10 0,05 0,02 0,01 0,002 

 ormxrivi  kriteriumi 
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stiudentis ganawileba (gagrZeleba) 
 

 calmxrivi  kriteriumi 

 0,30 0,20 0,10 0,05 0,025 0,01 0,005 0,001 

         

25 0,531 0,856 1,316 1,708 2,060 2,485 2,787 3,450 

26 0,531 0,856 1,315 1,706 2,056 2,479 2,779 3,435 

27 0,531 0,855 1,314 1,703 2,052 2,473 2,771 3,421 

28 0,530 0,855 1,313 1,701 2,048 2,467 2,763 3,408 

29 0,530 0,854 1,311 1,699 2,045 2,462 2,756 3,398 

         

30 0,530 0,854 1,310 1,697 2,042 2,457 2,750 3,385 

40 0,529 0,851 1,303 1,684 2,021 2,423 2,704 3,307 

50 0,528 0,849 1,298 1,676 2,009 2,403 2,678 3,262 

60 0,527 0,848 1,296 1,671 2,000 2,390 2,660 3,232 

         

80 0,527 0,846 1,292 1,664 1,990 2,374 2,639 3,195 

100 0,526 0,845 1,290 1,660 1,984 2,365 2,626 3,174 

200 0,525 0,843 1,286 1,653 1,972 2,345 2,601 3,131 

500 0,525 0,842 1,283 1,648 1,965 2,334 2,586 3,106 

 0,524 0,842 1,282 1,645 1,960 2,326 2,576 3,090 

         

 

 

0,60 0,40 0,20 0,10 0,05 0,02 0,01 0,002 

ormxrivi  kriteriumi 
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kritikuli mniSvnelobebi  Z;m 

(tompsonis wesi) 
 

 
m 

0,01 0,05 0,10 
  

m 
0,01 0,05 0,10 

 

1 1,414 1,410 1,397  31 2,501 1,946 1,648 

2 1,715 1,645 1,559  32 2,503 1,946 1,648 

3 1,917 1,757 1,611  33 2,505 1,947 1,648 

4 2,051 1,814 1,631  34 2,507 1,947 1,648 

5 2,142 1,848 1,640  35 2,509 1,947 1,648 

6 2,207 1,870 1,644  36 2,511 1,948 1,648 

7 2,256 1,885 1,647  37 2,513 1,948 1,648 

8 2,294 1,896 1,648  38 2,514 1,948 1,648 

9 2,324 1,904 1,649  39 2,516 1,949 1,647 

10 2,348 1,910 1,649  40 2,518 1,949 1,647 

11 2,368 1,915 1,649  41 2,519 1,949 1,647 

12 2,385 1,920 1,650  42 2,520 1,950 1,647 

13 2,399 1,923 1,650  43 2,522 1,950 1,647 

14 2,411 1,926 1,650  44 2,523 1,950 1,647 

15 2,422 1,929 1,649  45 2,524 1,950 1,647 

16 2,431 1,931 1,649  46 2,525 1,951 1,647 

17 2,440 1,933 1,649  47 2,526 1,951 1,647 

18 2,447 1,934 1,649  48 2,527 1,951 1,647 

19 2,454 1,936 1,649  49 2,528 1,951 1,647 

20 2,460 1,937 1,649  50 2,529 1,951 1,647 

21 2,465 1,938 1,649  55 2,533 1,952 1,647 

22 2,470 1,939 1,649  60 2,537 1,953 1,647 

23 2,475 1,940 1,649  65 2,540 1,953 1,646 

24 2,479 1,941 1,649  70 2,542 1,954 1,646 

25 2,483 1,942 1,648  75 2,545 1,954 1,646 

26 2,486 1,943 1,648  80 2,547 1,955 1,646 

27 2,490 1,943 1,648  85 2,548 1,955 1,646 

28 2,493 1,944 1,648  90 2,550 1,955 1,646 

29 2,496 1,945 1,648  95 2,551 1,955 1,646 

30 2,498 1,945 1,648  100 2,553 1,956 1,646 
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2
 ganawileba 

 

  
 

0,50  0,30 0,20 0,10 0,05 0,025 0,01 0,001 

1 0,455 1,07 1,64 2,71 3,84 5,02 6,63 10,83 

2 1,39 2,41 3,22 4,61 5,99 7,38 9,21 13,82 

3 2,37 3,66 4,64 6,25 7,81 9,35 11,34 16,27 

4 3,36 4,88 5,99 7,78 9,49 11,14 13,28 18,47 

5 4,35 6,06 7,29 9,24 11,07 12,83 15,09 20,52 

6 5,35 7,23 8,56 10,64 12,59 14,45 16,81 22,46 

7 6,35 8,38 9,80 12,02 14,07 16,01 18,48 24,32 

8 7,34 9,52 11,0 13,36 15,51 17,53 20,09 26,12 

9 8,34 10,7 12,2 14,68 16,92 19,02 21,67 27,88 

10 9,34 11,8 13,4 15,99 18,31 20,48 23,21 29,59 

11 10,3 12,9 14,6 17,28 19,68 21,92 24,73 31,26 

12 11,3 14,0 15,8 18,55 21,03 23,34 26,22 32,91 

13 12,3 15,1 17,0 19,81 22,36 24,74 27,69 34,53 

14 13,3 16,2 18,2 21,06 23,68 26,12 29,14 36,12 

15 14,3 17,3 19,3 22,31 25,00 27,49 30,58 37,70 

16 15,3 18,4 20,5 23,54 26,30 28,85 32,00 39,25 

17 16,3 19,5 21,6 24,77 27,59 30,19 33,41 40,79 

18 17,3 20,6 22,8 25,99 28,87 31,53 34,81 42,31 

19 18,3 21,7 23,9 27,20 30,14 32,85 36,19 43,82 

20 19,3 22,8 25,0 28,41 31,41 34,17 37,57 45,32 

22 21,3 24,9 27,3 30,81 33,92 36,78 40,29 48,27 

24 23,3 27,1 29,6 33,20 36,42 39,36 42,98 51,18 

26 25,3 29,2 31,8 35,56 38,88 41,92 45,64 54,05 

28 27,3 31,4 34,0 37,92 41,34 44,46 48,28 56,89 

30 29,3 33,5 36,2 40,26 43,77 46,98 50,89 59,70 

35 34,3 38,9 41,8 46,06 49,80 53,20 57,34 66,62 

40 39,3 44,2 47,3 51,81 55,76 59,34 63,69 73,40 

50 49,3 54,7 58,2 63,17 67,50 71,42 76,15 86,66 

60 59,3 65,2 69,0 74,40 79,08 83,30 88,38 99,61 

80 79,3 86,1 90,4 96,58 101,88 106,63 112,33 124,84 

100 99,3 106,9 111,7 118,50 124,34 129,56 135,81 149,45 

120 119,3 127,6 132,8 140,23 146,57 152,21 158,95 173,62 

150 149,3 158,6 164,6 172,6 179,6 185,8 193,2 209,3 

200 199,3 210,0 216,6 226,0 234,0 241,1 249,4 267,5 
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uilkoksoni-manna-uitnis U–kriteriumi 

(calmxrivi kriteriumi  = 0,01) 
 

n1 

n2 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

3 0 0 0 0 1 1 1 2 2 2 3 3 4 4 4 5 

4 0 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 

5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

6  3 4 6 7 8 9 11 12 14 15 16 18 19 20 22 

7   6 7 9 11 12 14 16 18 19 21 23 24 26 28 

8    9 11 13 15 17 20 22 24 26 28 30 32 34 

9     14 16 19 21 23 26 28 31 33 36 38 40 

10      19 22 24 27 30 33 36 38 41 44 47 

11       25 28 31 34 37 41 44 47 50 53 

12        31 35 38 42 46 49 53 56 60 

13         39 43 47 51 55 59 63 67 

14          47 51 56 60 65 69 73 

15           56 61 66 70 75 80 

16            66 71 76 82 87 

17             77 82 88 94 

18              88 94 100 

19               101 107 

20                114 

 

 
 

uilkoksoni-manna-uitnis U–kriteriumi 

(ormxrivi kriteriumi  = 0,01) 
 

n1 

n2 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

5 0                

6 1 2               

7 1 3 4              

8 2 4 6 7             

9 3 5 7 9 11            

10 4 6 9 11 13 16           

11 5 7 10 13 16 19 21          

12 6 9 12 15 18 21 24 28         

13 7 10 13 17 20 24 27 31 34        

14 7 11 15 18 22 26 30 34 38 42       

15 8 12 16 20 25 29 33 37 42 46 51      

16 9 13 18 22 27 31 36 41 46 50 55 60     

17 10 15 19 24 29 34 39 44 49 54 60 65 70    

18 11 16 21 26 31 37 42 47 53 59 64 70 75 77 81  

19 12 17 22 28 34 39 45 51 57 63 69 75 81 87 93  

20 13 18 24 30 36 42 48 54 60 67 73 79 86 92 99 105 

21 14 19 25 32 38 44 51 58 64 71 78 84 91 98 105 112 

22 14 21 27 34 40 47 54 61 68 75 82 89 97 104 111 118 

23 15 22 29 36 43 50 57 64 72 79 87 94 102 109 117 125 

24 16 23 30 37 45 52 60 68 76 83 91 99 107 115 123 131 

25 17 24 32 39 47 55 63 71 79 88 96 104 113 121 129 135 
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fiSeris ganawileba (F ganawileba)  = 0,05 

1 

2 

1 2 3 4 5 6 8 12 20 24  

1 161 200 216 225 230 234 239 244 248 249 254 

2 18,51 19,00 19,16 19,25 19,30 19,33 19,37 19,41 19,44 19,45 19,50 

3 10,13 9,55 9,28 9,12 9,01 8,94 8,84 8,74 8,66 8,64 8,53 

4 7,71 6,95 6,59 6,39 6,26 6,16 6,04 5,91 5,80 5,77 5,63 

5 6,61 5,79 5,41 5.19 5,05 4,95 4,82 4,68 4,56 4,53 4,37 

            

6 5,99 5,14 4,76 4,53 4,39 4,28 4,15 4,00 3,87 3,84 3,67 

7 5,59 4,74 4,35 4,12 3,97 3,87 3,73 3,57 3,44 3,41 3,23 

8 5,32 4,46 4,07 3,84 3,69 3,58 3,44 3,28 3,15 3,12 2,93 

9 5,12 4,26 3,86 3,63 3,48 3,37 3,23 3,07 2,93 2,90 2,71 

10 4,97 4,10 3,71 3,48 3,33 3,22 3,07 2,91 2,77 2,74 2,54 

            

11 4,84 3,98 3,59 3,36 3,20 3,09 2,95 2,79 2,65 2,61 2,41 

12 4,75 3,89 3,49 3,26 3,11 3,00 2,85 2,69 2,54 2,51 2,30 

13 4,67 3,81 3,41 3,18 3,03 2,92 2,77 2,60 2,46 2,42 2,21 

14 4,60 3,74 3,34 3,11 2,96 2,85 2,70 2,53 2,39 2,35 2,13 

15 4,54 3,68 3,29 3,06 2,90 2,79 2,64 2,48 2,33 2,29 2,07 

            

16 4,49 3,63 3,24 3,01 2,85 2,74 2,59 2,42 2,28 2,24 2,01 

17 4,45 3,59 3,20 2,97 2,81 2,70 2,55 2,38 2,23 2,19 1,96 

18 4,41 3,56 3,16 2,93 2,77 2,66 2,51 2,34 2,19 2,15 1,92 

19 4,38 3,52 3,13 2,90 2,74 2,63 2,48 2,31 2,15 2,11 1,88 

20 4,35 3,49 3,10 2,87 2,71 2,60 2,45 2,28 2,12 2,08 1,84 

            

21 4,33 3,47 3,07 2,84 2,69 2,57 2,42 2,25 2,09 2,05 1,81 

22 4,30 3,44 3,05 2,82 2,66 2,55 2,40 2,23 2,07 2,03 1,78 

23 4,28 3,42 3,03 2,80 2,64 2,53 2,38 2,20 2,04 2,00 1,76 

24 4,26 3,40 3,01 2,78 2,62 2,51 2,36 2,18 2,02 1,98 1,73 

25 4,24 3,39 2,99 2,76 2,60 2,49 2,34 2,17 2,00 1,97 1,71 

            

26 4,23 3,37 2,98 2,74 2,59 2,47 2,32 2,15 1,99 1,95 1,69 

27 4,21 3,35 2,96 2,73 2,57 2,46 2,31 2,13 1,97 1,93 1,67 

28 4,20 3,34 2,95 2,71 2,56 2,45 2,29 2,12 1,96 1,92 1,65 

29 4,18 3,33 2,93 2,70 2,55 2,43 2,28 2,10 1,94 1,90 1,64 

30 4,17 3,32 2,92 2,69 2,53 2,42 2,27 2,09 1,93 1,89 1,62 

            

40 4,09 3,23 2,84 2,61 2,45 2,34 2,18 2,00 1,84 1,79 1,51 

60 4,00 3,15 2,76 2,52 2,37 2,25 2,10 1,92 1,75 1,70 1,39 

120 3,92 3,07 2,68 2,45 2,29 2,18 2,02 1,83 1,66 1,61 1,25 

 3,84 3,00 2,61 2,37 2,21 2,10 1,94 1,75 1,57 1,52 1,00 
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fiSeris ganawileba (F ganawileba)  = 0,01 

1 

2 
1 2 3 4 5 6 8 12 20 24  

1 4052 4999 5403 5625 5764 5859 5981 6106 6208 6234 6366 

2 98,49 99,00 99,17 99,25 99,30 99,33 99,37 99,42 99,45 99,46 99,50 

3 34,12 30,82 29,46 28,71 28,24 27,91 27,49 27,05 26,69 26,60 26,12 

4 21,20 18,00 16,69 15,98 15,52 15,21 14,80 14,37 14,02 13,93 13,42 

5 16,26 13,27 12,06 11,39 10,97 10,67 10,29 9,89 9,55 9,47 9,02 

            

6 13,74 10,92 9,78 9,15 8,75 8,47 8,10 7,72 7,39 7,31 6,88 

7 12,25 9,55 8,45 7,85 7,46 7,19 6,84 6,47 6,15 6,07 5,65 

8 11,26 8,65 7,59 7,01 6,63 6,37 6,03 5,67 5,36 5,28 4,86 

9 10,56 8,02 6,99 6,42 6,06 5,80 5,47 5,11 4,80 4,73 4,31 

10 10,04 7,56 6,55 5,99 5,64 5,39 5,06 4,71 4,41 4,33 3,91 

            

11 9,65 7,20 6,22 5,67 5,32 5,07 4,74 4,40 4,10 4,02 3,60 

12 9,33 6,93 5,95 5,41 5,06 4,82 4,50 4,16 3,86 3,78 3,36 

13 9,07 6,70 5,74 5,20 4,86 4,62 4,30 3,96 3,67 3,59 3,16 

14 8,86 6,51 5,56 5,03 4,69 4,46 4,14 3,80 3,51 3,43 3,00 

15 8,68 6,36 5,42 4,89 4,56 4,32 4,00 3,67 3,36 3,29 2,87 

            

16 8,53 6,23 5,29 4,77 4,44 4,20 3,89 3,55 3,25 3,18 2,75 

17 8,40 6,11 5,18 4,67 4,34 4,10 3,79 3,45 3,16 3,08 2,65 

18 8,28 6,01 5,09 4,58 4,25 4,01 3,71 3,37 3,07 3,00 2,57 

19 8,18 5,93 5,01 4,50 4,17 3,94 3,63 3,30 3,00 2,92 2,49 

20 8,10 5,85 4,94 4,43 4,10 3,87 3,56 3,23 2,94 2,86 2,42 

            

21 8,02 5,78 4,87 4,37 4,04 3,81 3,51 3,17 2,88 2,80 2,36 

22 7,94 5,72 4,82 4,31 3,99 3,76 3,45 3,12 2,83 2,75 2,31 

23 7,88 5,66 4,76 4,26 3,94 3,71 3,41 3,07 2,78 2,70 2,26 

24 7,82 5,61 4,72 4,22 3,90 3,67 3,36 3,03 2,74 2,66 2,21 

25 7,77 5,57 4,68 4,18 3,86 3,63 3,32 2,99 2,70 2,62 2,17 

            

26 7,72 5,53 4,64 4,14 3,82 3,59 3,29 2,96 2,66 2,58 2,13 

27 7,68 5,49 4,60 4,11 3,79 3,56 3,26 2,93 2,63 2,55 2,10 

28 7,64 5,45 4,57 4,07 3,76 3,53 3,23 2,90 2,60 2,52 2,06 

29 7,60 5,42 4,54 4,04 3,73 3,50 3,20 2,87 2,57 2,49 2,03 

30 7,56 5,39 4,51 4,02 2,70 3,47 3,17 2,84 2,55 2,47 2,01 

            

40 7,31 5,18 4,31 3,83 3,51 3,29 2,99 2,66 2,37 2,29 1,61 

60 7,08 4,98 4,13 3,65 3,34 3,12 2,82 2,36 2,20 2,12 1,60 

120 6,85 4,79 3,95 3,48 3,17 2,96 2,66 2,34 2,03 1,95 1,38 

 6,63 4,60 3,78 3,32 3,02 2,80 2,51 2,18 1,87 1,79 1,00 
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uilkoksonis T-kriteriumi 

 
 

 

ormxrivi 
kriteriumi 

calmxrivi 
kriteriumi 

 
 

 

ormxrivi 
kriteriumi 

calmxrivi 
kriteriumi 

0,05 0,01 0,05 0,01 0,05 0,01 0,05 0,01 

6 0  2  36 208 171 227 185 

7 2  3 0 37 221 182 241 198 

8 3 0 5 1 38 235 194 256 211 

9 5 1 8 3 39 249 207 271 224 

10 8 3 10 5 40 264 220 286 238 

11 10 5 13 7 41 279 233 302 252 

12 13 7 17 9 42 294 247 319 266 

13 17 9 21 12 43 310 261 336 281 

14 21 12 25 15 44 327 276 353 296 

15 25 15 30 19 45 343 291 371 312 

16 29 19 35 23 46 361 307 389 328 

17 34 23 41 27 47 378 322 407 345 

18 40 27 47 32 48 396 339 426 362 

19 46 32 53 37 49 415 355 446 379 

20 52 37 60 43 50 434 373 466 397 

21 58 42 67 49 51 453 390 486 416 

22 65 48 75 55 52 473 408 507 434 

23 73 54 83 62 53 494 427 529 454 

24 81 61 91 69 54 514 445 550 473 

25 89 68 100 76 55 536 465 573 493 

26 98 75 110 84 56 557 484 595 514 

27 107 83 119 92 57 579 504 618 535 

28 116 91 130 101 58 602 525 642 556 

29 126 100 140 110 59 625 546 666 578 

30 137 109 151 120 60 648 567 690 600 

31 147 118 163 130 61 672 589 715 623 

32 159 128 175 140 62 697 611 741 646 

33 170 138 187 151 63 721 634 767 669 

34 182 148 200 162 64 747 657 793 693 

35 195 159 213 173 65 772 681 820 718 
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 – is ndobis intervalebi 

ndobis intervalis 1 – qveda da 2 – zeda sazRvrebi 

















 



n

i

i xx
n 1

2
21 )(

1

1
 

 

 = n –1 

0,01 0,02 0,05 0,10 

1 2 1 2 1 2 1 2 

1 0,36 159 0,39 79,8 0,45 31,9 0,51 15,9 

2 0,43 14,1 0,47 9,97 0,52 6,28 0,58 4,40 

3 0,48 6,47 0,51 5,11 0,57 3,73 0,62 2,92 

4 0,52 4,39 0,55 3,67 0,60 2,87 0,65 2,37 

5 0,55 3,48 0,58 3,00 0,62 2,45 0,67 2,09 

6 0,57 2,98 0,60 2,62 0,64 2,20 0,68 1,92 

7 0,59 2,66 0,62 2,38 0,66 2,04 0,71 1,80 

8 0,60 2,44 0,63 2,21 0,68 1,92 0,72 1,71 

9 0,62 2,28 0,64 2,08 0,69 1,83 0,73 1,65 

10 0,63 2,15 0,66 1,98 0,70 1,76 0,74 1,59 

11 0,64 2,06 0,67 1,90 0,71 1,90 0,75 1,55 

12 0,65 1,98 0,68 1,83 0,72 1,65 0,76 1,52 

13 0,66 1,91 0,69 1,78 0,73 1,61 0,76 1,49 

14 0,67 1,85 0,69 1,73 0,73 1,58 0,77 1,46 

15 0,68 1,81 0,70 1,69 0,74 1,55 0,78 1,44 

16 0,68 1,78 0,71 1,66 0,75 1,52 0,78 1,42 

17 0,69 1,73 0,71 1,63 0,75 1,50 0,79 1,40 

18 0,70 1,70 0,72 1,60 0,76 1,48 0,79 1,39 

19 0,70 1,67 0,73 1,58 0,76 1,46 0,79 1,37 

20 0,71 1,64 0,73 1,56 0,77 1,44 0,80 1,36 

21 0,71 1,62 0,73 1,54 0,77 1,43 0,80 1,35 

22 0,72 1,60 0,74 1,52 0,77 1,42 0,81 1,34 

23 0,72 1,58 0,74 1,50 0,78 1,40 0,81 1,33 

24 0,73 1,56 0,75 1,49 0,78 1,39 0,81 1,32 

25 0,73 1,54 0,75 1,47 0,78 1,38 0,82 1,31 

26 0,73 1,53 0,76 1,46 0,79 1,37 0,82 1,30 

27 0,74 1,51 0,76 1,45 0,79 1,36 0,82 1,29 

28 0,74 1,50 0,76 1,44 0,79 1,35 0,83 1,29 

29 0,74 1,49 0,77 1,43 0,80 1,34 0,83 1,28 

30 0,75 1,48 0,77 1,42 0,80 1,34 0,83 1,27 

40 0,77 1,39 0,79 1,34 0,82 1,28 0,85 1,23 

50 0,79 1,34 0,81 1,30 0,84 1,24 0,86 1,20 

60 0,81 1,30 0,82 1,27 0,85 1,22 0,87 1,18 

70 0,82 1,27 0,84 1,24 0,86 1,20 0,88 1,16 

80 0,83 1,25 0,84 1,22 0,87 1,18 0,89 1,15 

90 0,84 1,23 0,85 1,21 0,87 1,17 0,89 1,14 

100 0,85 1,22 0,86 1,20 0,88 1,16 0,90 1,13 

200 0,89 1,15 0,90 1,13 0,91 1,11 0,93 1,09 
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q kritikuli mniSvnelobebi ( 

= 0,05) 

 

l 

 2 3 4 5 6 7 8 9 10 

1 17,97 26,98 32,82 37,08 40,41 43,40 45,40 47,36 49,07 

2 6,09 8,33 9,80 10,88 11,74 12,44 13,03 13,54 13,99 

3 4,50 5,91 6,83 7,50 8,04 8,48 8,85 9,18 9,46 

4 3,93 5,04 5,76 6,29 6,71 7,05 7,35 7,60 7,83 

5 3,64 4,60 5,22 5,67 6,03 6,33 6,58 6,80 7,00 

          

6 3,46 4,34 4,90 5,31 5,63 5,90 6,12 6,32 6,49 

7 3,34 4,17 4,68 5,06 5,36 5,61 5,82 6,00 6,16 

8 3,26 4,04 4,53 4,89 5,17 5,40 5,60 5,77 5,92 

9 3,20 3,95 4,42 4,76 5,02 5,24 5,43 5,60 5,74 

10 3,15 3,88 3,33 4,65 4,91 5,12 5,31 5,46 5,60 

          

11 3,11 3,82 4,26 4,57 4,82 5,03 5,20 5,35 5,49 

12 3,08 3,77 4,20 4,51 4,75 4,95 5,12 5,27 5,40 

13 3,06 3,74 4,15 4,46 4,69 4,89 5,05 5,19 5,32 

14 3,03 3,70 4,11 4,41 4,64 4,83 5,00 5,13 5,25 

15 3,01 3,67 4,08 4,37 4,60 4,78 4,94 5,08 5,20 

          

16 3,00 3,65 4,05 4,33 4,56 4,74 4,90 5,03 5,15 

17 2,98 3,63 4,02 4,30 4,52 4,71 4,86 4,99 5,11 

18 2,97 3,61 4,00 4,28 4,50 4,67 4,82 4,96 5,07 

19 2,96 3,59 3,98 4,25 4,47 4,65 4,79 4,92 5,04 

20 2,95 3,58 3,96 4,23 4,45 4,62 4,77 4,90 5,01 

          

24 2,92 3,53 3,90 4,17 4,37 4,54 4,68 4,81 4,92 

30 2,89 3,49 3,85 4,10 4,30 4,46 4,60 4,72 4,82 

40 2,86 3,44 3,79 4,04 4,23 4,39 4,52 4,64 4,74 

60 2,83 3,40 3,74 3,98 4,16 4,31 4,44 4,55 4,65 

120 2,80 3,36 3,69 3,92 4,10 4,24 4,36 4,47 4,57 

          

 2,77 3,31 3,63 3,86 4,03 4,17 4,29 4,39 4,47 
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q kritikuli mniSvnelobebi ( 

= 0,01) 

 

l 

 
2 3 4 5 6 7 8 9 10 

1 90,03 135,0 164,3 185,6 202,2 215,8 227,2 237,0 245,5 

2 14,04 90,02 22,29 24,72 26,63 28,20 29,53 30,68 31,69 

3 8,26 10,62 12,17 13,33 14,24 15,00 15,64 16,20 16,69 

4 6,51 8,12 9,17 9,96 10,58 11,10 11,55 11,93 12,27 

5 5,70 6,98 7,80 8,42 8,91 9,32 9,70 9,97 10,24 

          

6 5,24 6,33 7,03 7,56 7,97 8,32 8,61 8,87 9,10 

7 4,95 5,92 6,54 7,01 7,37 7,68 7,94 8,17 8,37 

8 4,75 5,64 6,20 6,63 6,96 7,24 7,47 7,68 7,86 

9 4,60 5,43 5,96 6,35 6,66 6,92 7,13 7,33 7,50 

10 4,48 5,27 5,77 6,14 6,43 6,67 6,88 7,06 7,21 

          

11 4,39 5,15 5,62 5,97 6,25 6,48 6,67 6,84 6,99 

12 4,32 5,05 5,50 5,84 6,10 6,32 6,51 6,67 6,81 

13 4,26 4,96 5,40 5,73 5,98 6,19 6,37 6,53 6,67 

14 4,21 4,90 5,32 5,63 5,88 6,09 6,26 6,41 6,54 

15 4,17 4,84 5,25 5,56 5,80 5,99 6,16 6,31 6,44 

          

16 4,13 4,79 5,19 5,49 5,72 5,92 6,08 6,22 6,35 

17 4,10 4,74 5,14 5,43 5,66 5,85 6,01 6,15 6,27 

18 4,07 4,70 5,09 5,38 5,60 5,79 5,94 6,08 6,20 

19 4,05 4,67 5,05 5,33 5,55 5,74 5,89 6,02 6,14 

20 4,02 4,64 5,02 5,29 5,51 5,69 5,84 5,97 6,09 

          

24 3,96 4,55 4,91 5,17 5,37 5,54 5,69 5,81 5,92 

30 3,89 4,46 4,80 5,05 5,24 5,40 5,54 5,65 5,76 

40 3,83 4,37 4,70 4,93 5,11 5,27 5,39 5,50 5,56 

60 3,76 4,28 4,60 4,82 4,99 5,13 5,25 5,36 5,45 

120 3,70 4,20 4,50 4,71 4,87 5,01 5,12 5,21 5,30 

          

 3,64 4,12 4,40 4,60 4,76 4,88 4,99 5,08 5,16 
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