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Sesavali

Tanamedrove samedicino -biologiur kvlevebSi far -
Tod gamoiyeneba monacemebis statistikuri damuSaveba

arsebuli kanonzomierebis gamosavlenad, rac, ZiriT adad,
ganp robebulia praqtikaSi kompiuteruli tegnologiebis
farTo danergviT. agedan gamomdinare, sul ufro izrd e-
boda interesi gqarTul enaze saxelmZRvanelos an sacnob a-
ros mimarT, sadac mocemuli igneboda is maTematikur -
statis tikuri meTodebi, romlebic gamoiyen eba Klinikur -
egsperimentaluri monacemebis damuSav  ebisTvis.

termini "biometria~ (berZnuli sityvidan bios £ si -

cocxle da  metroni zoma) pirvelad me -19 saukunis damdegs
(1889 w.) gamoCnda mecnierebaSi, rogorc axali mimarTuleba
biologiaSi da miznad isaxavda m  aTematikuri meTodebis ga m
oyenebas biologiur kvlevebSi. cota mogvianebiT, kerZod,
1899 wels gaCnda sxva dasaxeleba ‘variaciuli statistika~,
xolo ufro mogvianebiT ( 1901 w.)- “biologiuri statist i-
ka~, romelic dResac farTod gamoiyeneba biometriasTan
erTad.

fo rmaluri TvalsazrisiT, biometria warmoadgens

biologiaSi gamoyenebuli maTematikuri meTodebis erT o-
bliobas, romelic ZiriTadad nasesxebia albaTobis T e-
oriisa da maTematikuri statistikis disciplinebidan. ga n-

sakuTrebiT mWidro kavSiri aqvs biometrias maTematikur
st atistikasTan, romlis Sedegebsac igi, ZiriTadad, iyenebs.
Tavis mxriv, biometria garkveul zegavlenas axdens maTema t-
ikuri statistikis ganviTarebaze.

amrigad, biometria aris gamoyenebiTi mecnierebis
dargi, romelic swavlobs biosamedicino informaciis
Sekrebis, sistematizaciisa da damuSavebis sakiTxebs alba T-
obis Teoriisa da maTematikuri statistikis meTodebis ga m-
oyenebiT. biometria, rogorc damoukidebeli samecniero
disciplina, Camoyalibda me  -19 saukunis meore naxevarSi,
Tumca, misi saTaveebi unda veZioT me -17saukuneSi, roca 1614
wels gamoCnda santarios wigni “statistikuri medicina~,
xolo 1680 wels gamovida borelis wigni “cxovelebis mo Z-
raoba«.
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albaTobis Teoria da maTematikuri statistika a Rmo
cenda mel7 saukuneSi erTmaneTisgan damoukideblad. a |-
baTobis Teoriis Camo yalibebas stimuli misca azartulma

TamaSebma. mis ganviTarebaSi didi wvlili miuZRviT x. h iu-
gensis, i. bernulis, p. laplasis, k. gausisa da s. puasonis
Sromebs, xolo SemdgomSi, p. CebiSevis, markovisa da a. li  a-
punovis gamokvlevebs. gansakuTrebiT didia a. ko Imog o-
rovis roli albaTobis Teoriis, rogorc maTematikuri

mecnierebis, Camoyalibebis sagmeSi. albaTobis Teoria wa r-

moadgens maTematikis dargs, romelic Seiswavlis SemTx -
veviTi movlenebis k anonzomierebas.

rac Seexeba maTematikur statistikas, igi Seigmna im
dro isaTvis ganviTarebul gveynebSi, sadac wamoiWra moT -
xovnilebebi demografiaSi, vaWrobaSi, janmrTelobis dac -
vasa da sxva sameurneo sferoebSi aRweriTi statistikis
mimarT. amasSi didi Rvawli miuZRvis a. ketels, romelmac pa r-
alelurad Segmna biometriis safuZveli.

biometriis ganviTarebaSi didi Rvawli miuZRviT

f. galtonsa da k. pirsons, romlebzedac didi gavlena igo nia
darvinis moZRvrebam. f. galtonma gamoaqveyna mTeli rigi
originaluri naSromebi anTropologiasa da genetikaSi, s a-

dac gamoyenebulia maTematikuri sta tistikis meTodebi.
londonis universitetis profesorma k. pirsonma ganaviTara

f. galtonis mier dawyebuli sagme da Segmna biometriis m a-
Tematikuri aparati. kerZod, man Semoitana iseTi cnebebi,
rogoricaa "xi  -kvadrati~, “saSualo kvad ratuli gadaxra~,
“variaciis koeficienti~. mas ekuTvnis korelaciisa da r e-
gresiis gaumjobesebuli meTodebi. 1901 wels pirsonma
daiwyo Jurnal “biometriis~ gamocema.

f. galtonis da k. pirsonis dawyebuli sagme ga a-

grZeles v. gosetma (stiudenti) da r. fiSerma, romlebmac
bio metriis ganviTar ebaSi udidesi Rvawli Seitanes. ga n-
sakuTrebiT didia r. fiSeris roli maTematikuri statist i-
kisa da biometriis ganviTarebaSi axali meTodebisa da
cnebebis SemotaniT.

statistikuri meTodebis gamoyeneba biosamedicino
kvlevebSi sul ufro da ufro izrdeba kompiuterul i tegn i-
kisa da tegnologiebis srulyofasTan erTad. dReisaTvis
arsebobs informaciis statistikuri damuSavebis mravali
kompiuteruli sistemebi, romlebic orientirebulia Win-
R I ettt It
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dowsis operaciul sistemaze. maT Soris SeiZleba g amowoT
iseTi paketebi, rogoricaa Statigica, SPSS, Statgraphics, SAS, Excel
da sxva, romlebic farTod gamoiyenebian nebismieri saxis
informaciis damuSave bisaTvis.

albaTobis Teoriis safuzvl ebi

1. xdomiloba da misi albaToba

1.1. xdomilobis klasifikacia

albaTobis Teoriis erT -erTi  ZiriTadi cnebaa
xdomilobis cneba. movlenas an faqgts, romelic warmo i Soba
cdis Sedegad, xdomiloba ewodeba. cda (egsperimenti)
ewodeba iseT mogmedebas, romlis drosac srul deba

garkveul pirobaTa komplegsi, rac aucilebelia raime
movlenis wa r mosagmnelad. xdomilobis umar tives magaliTs
warmoadgens monetis agdebis Sedegi. am magaliTSi cdas wa r-
moadgens monetis agdeba, xolo xdomilobas - am agdebis
Sedegi. am cdaSi gvagvs gerbisa da cifris gamoCenis xdom i-
lobebi. xdomilobebs, rogorc wesi, aRniSnaven laTinuri
anbanis didiaso ebiT A,B,C,...

xdomiloba SeiZleba iyos SeTavsebadi da Se u-
Tavsebadi. or xdomilobas ewodeba Tavsebadi , Tu erTi
maTganis moxdena iwvevs an ar gamoricxavs meore xd o milobis
moxdenas imave cdaSi. winaaRmdeg SemTxvevaSi, xdomilobebi
ignebian SeuTavsebadi . SeuTavsebadi xdomilobebis
magaliTia gerbisa da cifris gamoCena monetis agdebis
cdaSi.

xdomilobas ewodeba utyuari , Tu igi a ucileblad
moxdeba mocemuli cdis pirobebSi. magaliTad, no r maluri
atmosferuli wnevis pirobebSi wyali iyineba nulovani te m-
peraturis dros. xdomil obas ewodeba SeuZlebeli , Tu igi

ar SeiZleba moxdes mocemuli cdis pirobebSi. magaliTad,
Tovlis mosvla, roca atmosferos temperatura dade biTia.
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xdomilobas ewodeba SemTxveviTi , Tu cdis Sed egad
igi SeiZleba moxdes an ar moxdes. magaliTad, srolis
Sedegad mizanSi moxvedra. erT -erTi mniSvnelovani cn  ebaa
xdomilobebis sruli jgufis cneba. cdis dros ra ndeni me
xdomiloba adgens  srul jgufs , Tu cdis Sedegad aucil e-
blad moxdeba erT -erTi maTgani mainc. magaliTad, cifrisa
da gerbis gamoCena monetis agdebis dros adgenen xdom i-
lobaTa srul jgufs.

A xdomilobis mopirdapire xdomiloba ewodeba

Axdomilobas, romelic aucileblad moxdeba, Tu ar
moxdeba A xdomiloba. mopirdapire xdomilobebi Se u-
Tavsebadi arian da adgenen xdomilobaTa srul jgufs. mag.

Tu damzadebuli prod uqciis partia Sedgeba vargisi da wuni
produqciisgan, maSin erT  -erTi produgciis Semowmebisas,

igi SeiZleba iyos vargisi an wuni (A an ﬂ).

1.2. mogmedebebi xdomilobebze

albaTobis TeoriaSi, SemTxveviTi xdomilobebis

Seswavlisas, meta d mniSvnelovan cnebas warmoadgens
Sekrebis (gaerTianebis) da namravlis (TanakveTis) cnebebi.

ori A da B xdomilobebis jami ewodeba iseT xdomil o bas,
romelic xdeba maSin da mxolod maSin, roca xdeba A da B
xdomi lobebidan erTi mainc:

C=A+B an C=AS8 B.
analogiurad, ramdenime xdomilobebis jami ewodeba xdom i-

lobas, romelic mdgomareobs Tundac erT -erTis moxd enaSi:
E=A+B+C+ - +N.
A da B xdomilobebis namravli ewodeba Q xdomilobas, r o-

melic mdgoma reobs A da B xdomilobebis erTdroulad
moxdenasSi:

Q=A0B an Q=A1B.
analogiurad, ramdenime xdomilobebis namravli ewo deba
xdomilobas, romelic mdgomareobs am xdomilobaTa
erTdroulad moxdenaSi:

W=A®B & O N

R R R I,
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xdomilob ebis jamisa da namravlis gansazRvridan gamomd -
nareobs:

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 aRiniSneba Semdegnairad: BEA Tu B
xdomilo ba ekuTvnis A xdomilobas, maSin adgili aqvs
Semdeg tolobebs:

A+B=A da AB=B.
xdomilobaTa jamisa da namravlis cnebebs gaa iaT Tval -
saCino geometriuli interpretacia. magaliTad, iseTi,
rogoric warmodgenilia Semdeg naxazze:

A+B

@@ @

1.3. xdomilobis albaToba

xdomilobaTa raodenobrivi SedarebisaTvis, imis
mixedviT, Tu ramdenad SesaZlebelia maTi moxdena,
SemoRebulia garkveuli zoma, romelsac ewodeba xdom i-

lobis albaToba. amrigad, xdomilobis albaToba ewodeba am
xdomilobis moxdenis SesaZl eblobis obieqturi xarisxis
ricxviT zomas. arsebobs SemTxveviTi xdomilobis albaT o-
bis gansazRvris ori meTodi: uSualo da statistikuri.
A SemTxveviTi xdomilobis moxdenis alb aToba mo-

cemuli cdisaTvis uSualod gamoiTvleba Semde gnairad:

m

n
sadac, P(A) i A xdomilobis albaTobaa ; n 7 SemTxvevaTa

saerTo raodenoba ; m T A xdomilobis xelSemwyob SemT -
xvevaTa raodenoba.
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SemTxvevas ewodebaxelSemwyobi , Tu am SemTxvevis
moxdena iwvevs mocemuli xdomilob  is moxd enas.

albaTobis gansazRvridan gamomdinareobs Semdegi
Sedegebi:

1. SemTxveviTi A xdomilobis albaToba dadebiTi
sididea, romelic akmayofilebs Semdeg pirobebs:

0CPA)C1.
marTlac, radgan xelSemwyob SemTxvevaTa raodenoba m no-
Tavsebulia  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 P(A)=—=—=1.
n n

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 m o-
Tavsebulia 2 TeTri da 3 Savi burTula. ras udris imis a I-
baToba, rom SemTxveviT amoRebuli burTula TeTri ferisa
igneba?

TeTri burTulas amoRebis xdomiloba aRvni SnoT A-

Ti.radgan , n=5 da m= 2 amitom P(A) = %

albaTobis klasikuri gamoTvlis dadebiTi Tviseba
isaa, rom igi ar moiTxovs cdis Catarebas da efuzZneba
logikur msjelobas. albaTobis uSualo gansazRvra SeiZl e-
ba gamoyenbul ignes mxolod im SemTxvevaSi, roca Se m-
TxveviTi xdomilobebi adgenen SeuTavsebad tolSesaZlo
xdomilobaTa srul jgufs. aseTi situaciebi praqtikaSi i S-
viaTad gvxvdeba, amitom xdomilobis albaTobis gansazRvr i-
saTvis ufro xSirad mima  r Taven statistikur meTods.

jer ganvixiloT xdomilobis fardobiTi sixSiris
cneba. amisaTvis CavataroT raime cda, romlis dros Sei Zleba
moxdes an ar moxdes A xdomiloba. vTqvaT, Catarda aseTi n
cda . A xdomilobis fardobiTi sixSire ewodeba sidides, r o-

melic miiReba A xdomilobis moxdenis rao denobis Se-
fardebiT cdaTa mTel raodenobaze, e.i.

T T
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P*(A)=%",

sadac, P'(A)i A xdomilobis fardobiTi si xSirea;

N i cdaTa saerTo raodenoba;

mi cdebis raodenoba, rodesac moxda A Axd miloba.

cdaTa mcire raodenobis SemTxvevaS i, xdomilobebis
fardobiT sixSires SemTxveviTi xasiaTi gaaCnia. magram,
cdebis raodenobis zrdasTan erTad, xdomilobebis fard o-
biTi sixSire TandaTan kargavs Tavis SemTxveviT xasiaTs da
uaxlovdeba xdomilobis albaTobas. am faqtSi kargad Cans

did ricxvTa kanonis mogmedeba, romlis Teo riuli d a-
sabuTeba mogvca cnobilma Sveicarielma mecnierma iakob
bernulim. did ricxvTa kanoni amtkicebs, rom A xdomilobis
fardobiTi sixSire miT ufro axlos igneba misive albaT o-
basTan, Tu cdaTa raodenobas usasrulod gavzrdiT.

magaliTi . sro lis Catarebis Semdeg mizanSi mo x-
vedris fardobiTi sixSire 0,8is tolia. ramden gasrolas
hgonda adgili, Tu cnobilia, rom igi mizans 12-jer mo xvda?

Tu mizanSi moxvedris xdomilebas A-Ti aR vniSnavT,

maSinP’(A) = 0,8, m=12 e.i. 0,8 =1F2’ agedan n=15.

albaTobis statistikuri gansazRvris dadebiTi
Tviseba isaa, rom is efuzZneba realur eqsper i ments. nakli
isaa, rom albaTobis saimedo gansazRvrisaTvis, saWiroa
cdebis didi raodenobis Catareba, rac Zalze xSirad
ekono miurad miuReb elia.

albaTobis geometriuli  gansazRvra . VvTgvaT,
sibrtyeze gvaqvs D are, romlis farTobia S da masSi -
Tavsebulia raime dare § farTobiT . D areSi ala | bedze

isvrian wertils.

> (D
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saZiebelia imisi albaToba, rom es wertili mo xvdeba d
areSi. agve igulisxmeba, rom wertilis moxvedris albaToba

D aris nebismier wertilSi Tanabaria. am SemTx vevaSi wert i-
lis dareSi moxvedris albaToba gamoiTv leba Semdegnairad:
Sy
S

amrigad, Tu raime W sivrce warmoadgens sasrul m  o-
nakveTs (figuras , sxeuls), maSin raime A xdomilobis g e-

P=

ometriuli albaToba ewodeba am xdomilobis Sesabamisi m o-
nakveTis sigrZis (figuris farTobis, sxeulis moc ulobis)
Sefardebas W sivrcis Sesabamisi monakveTis sigrZesTan
(figuris farTobTan, sxeulis moculoba sTan).

magaliTi . R radiusian wreSi Caxazulia tolfer da
samkuTxedi. ras udris imis albaToba, rom wertili mo xvdeba

sankuTxedSi?

P_3\/§R2 _3J3

=———=—-9°0413%
4pR 4p

1.4. kombinatorikis ZiriTadi formulebi

1. gamravlebis wesi. vTqgvaT saWiroa miyolebiT S e-
vasruloT  kraodenebis mogmedeba. amasTan, pirveli mogmed-
ba SeiZleba SevasruloT n,xerxiT, meore - n,xerxiT daa.S. Kk

mogmedebamde, romelic SeiZleba SevasruloT n, xerxiT. ma -

Sin m raodenebis xerxi, romlebic SeiZleba Sevasrulo T
yvela kmogmedebiT t olia:
m=n, (G, Q0 .
magaliTi . vTgvaT gvagvs 5 sxvadasxva halstux i, 8
perangi da 3 kostumi. erT kompleqtSi maTi gamoyenebis
saerTo variantebis raodenoba tolia: m=5@3=12C

gamravlebis wesi xSirad gamoiyeneba erTi da igive
simravlidan elementebis mravaljeradi gamoyenebis raod e-
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nobis gamosaTvlelad , magaliTad , cifrebiani nomrebis
Sesadgenad. am SemTxvevaSi simravlis elementi g amoyenebis
Semdeg isev ubrundeba simravle s. maSin amboben, rom srul-
deba amorCeva dabrunebiT . k simravlis erTi da igive nrao -
denobis elementisTvis raodenobis mogmedebis Sesrulebis
xerxis raodenoba  mtolia:
m=nk.

magaliTi . davuSvaT saketebis kodirebisaTvis iye -

neben xuT cifrs  0-dan 5-mde, maSin kodebis raodenoba tolia:

m=5°% =12E.

2. gadanacvleba . ganvixiloT n elementTa erTobl i-

oba. nebismierad davalagoT elementebi erTi meores miyol e-
biT. Sedegad miviRebT elementTa Tanmimdevrobis erT -erT
SesaZl o variants, romelsac gadanacvleba ewodeba. nele-

mentis yvela SesaZlo gadanacvlebaTa ricxvi, romelic aRi -
niSneba P, si nboloTi, ganisazRvreba Semdegi formuliT:
P,=n,
sadac ni=n(n- 1)(n- 2) (@i da mas fagtoriali ewo  deba.
magaliTi . magidis garSemo zis 7 adamiari. maTi sxve
dasxva gadanacvlebis raodenobat  olia: P, =71=504C

3. wyoba. davuSvaT, yuTSi moTavsebulia  n raodenobis
gadanomrili burTula da Semdeg yuTidan viRebT er T maneTis

miyolebiT ~ m raodenobis  burTulas. miviRebT m elementi  s-
gan Semdgar mowesrigebul simravles. Tu gavimeorebT cdas,
maSin vRebulobT sxvadasxva simravileebs. n-elementiani si  m-

ravlis yovel Mm-elementian dalagebul gvesimra vl es (m¢ n)
ewodeba wyoban elementisagan m-ad. n-elementiani si  mavlis
yvela SesaZlo m-elementian wyobaTa ricxvi aRiniSn eba AT
simboloTi da ganisazRvreba form uliT:

m_ N
A‘_(n-m)! o¢tmen .

T T
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gadanacvleba warmoadgens ganlagebis kerZo SemTxvevas, r  o-
ca m= namitom A"'=P,.

MAGATI . jgufSi 9 gogonaa da 11 biwi. wa momad
genlobiT forumze am jgufidan irCeven 3 pirovnebas, ro m-

lebic SerCevis Semdeg Rebuloben rigiT nomers da gmnian
mwkrivs. aseTi mwkrivebis Segmnis raodenoba tolia:

A== Th 200901 8=684C.

4. jufTeba . mocemulia n raodenobis elementTa
erToblioba. gvainteresebs, ramdeni xerxiT SeiZleba am
erTobliobidan SevarCioT M raodenobis elementebi. el e-
mentis SerCevis rigiTobas, ganlagebasTan SedarebiT, am Se m-
TxvevaSi mniSvneloba ar aqgvs. e.i. vRebulobT a r amowes
rigebul simravleebs. ga rda amisa, cdaSi amoRebuli eleme  n-
ti ukan ar brundeba, amitom sagme gvaqgvs amorCevasTan
dabrunebis gareSe.

n-elementiani simravlis yovel Mm-elementian ar a-
mowesrigebul qvesimravles (m¢ n) ewodeba jufTeba nel e-
nentidan m-ad. n-elementiani simravlis yvela SesaZlo m
elementian jufdebaTa ricxvi aRiniSneba C.'simboloT i da
ganisazRvreba Semdegi formuliT:

n!
Cl=—— O¢men.
m(n- m)!

magaliTi . yuTSi moTavsebulia 10 burTula. yuT  idan
iR eben or -or burTul as. ras udris ori burTulas amoRebis
yvela SesaZlo mniSvnelobaTa raodenoba ?

10 10
Clzo =—_=——=45,
2@ 1Q

jufTebaTa ricxvi, gadanacvlebaTa ricxvi da wy o-

baTa ricxvi dakavSirebulia erTmaneTTan Semdegi form u-

IiT:
AT =R, @
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albaTobis gamosaTvlelad x Sirad gamoiyeneba jufT  ebaTa
ricxvi. ganvixiloT magaliTi.

magaliTi . yuTSi moTavsebulia 7 TeTri da 3 Savi
burTula. ras udris imis albaToba, rom SemTxveviT
amoRebuli ori burTulidan, orive TeTri igneba ?

ori TeTri burTulas amoRebis xdomil o ba aRvniSnoT
A-Ti. maSin

m
P(A) -

ori burTulas amoRebis yvela Sesa Zlo SemTx vevaTa raod e-
noba tolia:

2 10 109
= ClO = = =
2(10-2)! 1Q
TeTri burTulebis amoRebis SesaZlo SemTxvevaTa raoden o-
ba igneba:

45.

m=C72=%=21.

amrigad , P(A) =j—;'=115.

1.5. albaTobis Teoriis Zir i Tadi Teoremebi

praqgtikaSi xdomilobebis albaTobis gamosaTvl elad,
ZiriTadad, iyeneben arapirdapir meTodebs, romlebic saS u-
alebas gvaZleven erTi cnobili xdomilobis albaTobiT ga m-
ovTvaloT sxva xdomilobebis albaTobebi. arapirdapiri
meTodebis gamoyenebisas vsargeblobT a | baTobis Teoriis
ZiriTadi TeoremebiT. aseTi Teorema oria: albaTobebis
Sekrebisa da albaTobebis ga nravlebis Teoremebi.

albaTobebis Sekrebis Teorema . ori SeuTavsebadi
xdomilobebis jamis albaToba tolia am xd omilobebis a |-
baTobebis jamisa.

P(A+B) = P(A) + P(B) . (1.2)
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marTlac, Tu n cdidan A xdomiloba moxda mtjer, xolo
t k-jer, maSin

P(A)=%], P(B)=EC

radgan A da B xdomilobebi SeuT avsebadi arian, amitom
m+Kk
P(A+B)=——.
n
Tu am mniSvnelobebs CavsvamT(1.2) formulaSi, miviRebT igi
eobas. Teorema damtkic ebulia.
es Sedegi SegviZlia ganvazogadod nebismieri raod
nobis SeuTavsebad xdomilobebze. m aSin gvegneba:

a.. o .
PEA AB=8 P(A).

- i=1

albaTobebis Sekrebis Teoremidan gamomdinareobs Se ndegi

Sedegebi:
1.Tu Ag As,..., Ay xdomilobebi adgenen SeuTavs
xdomilobaTa srul jgufs, maSin

n
a P(A)=1.
i=1
2. urTierTmopirdapire xdomilobaTa albaTob
jami erTis tolia.
P(A) +P(A)=1.
zogjer, praktikuli amocanebis amoxsnisas, ufro
advilia raime A xdomilobis albaTobis gansazRvra misi

mopirdapire A xdomilobis alb  aTobiT: P(A) =1- P(A).

ebad

ebis

Tu sagme gvaqvs Tavsebad xdomilobebTan, m aSin a-

baTobis Sekrebis Teorema ase Camoyalibdeba: ori Tavsebadi
xdomilobaTa albaTobebis jami t olia:

P(A+B) =P(A) + P(B) 1 P(AB).
Tu gvaqvs sami xdomiloba, maSin
P(A+B+C)=P(A) + P(B) + P(C) - P(AB) - P(AC) - P(BC) +
+ P(ABQ) .
zogadad , | xdomilobis dros gv egneba:

T T T T T T TTTTITITITITIviviT
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P@ A8 a P(A)- a P(AA)+a P(AAA)-
i,j,k
+(-D" 1P(AA2--A)
magaliTi . vTqgvaT, latariaSi TamaSdeba  1000bileTi.
agedan, erTiigebs 500lars, 10bileTi - 100lars, 5O0bileTi

- 20 lars da 100 bileTi - 5 lars. danarCeni bileTebi
arafers ar igeben. v  yidulobT erT bileTs. gvainteresebs,

ras udris imis albaToba, rom Cven movigebT ara umetes 20
larisa. mogebis xdomiloba aRvniSnoT A-Ti. 20 lari m o-

gebisa £ A;-iT , 100lari mogebisa t Ax-iT da 500 lari no-

gebisa As-iT. cxadia, rom A=A+ A, + As. albaTobis S ekrebis
Teoremis Tanaxmad,
10 1

P(A) = P(A) +P(A,) + P(A) =
(A =PIA)TP(A)+PIA) = 1000 1000 1000
=0,05+0,01+0,001= 0,061

albaTobebis gamravlebis Teoremis Camoyalib ebamde
ganvixiloT ramdenime gansa zRvreba.
1. A xdomilobas ewodeba damoukidebeli B xdomi-

lobisagan, Tu A xdomiloba ar aris damokidebuli imaze,
moxda Tu ara B xd o miloba .
2. A xdomilobas ewodeba B xdomilobaze damoki -

debuli , Tu A xdomilobis albaToba damokid ebulia imaze,
moxda Tu ara B xdomiloba
3. A xdomilobis albaTobas, gamoTvlils im pir o biT,

rom adgili hqonda B xdomilobas, ewodeba A xdomi lobis
pirobiTi albaToba da aRiniSneba P(A|B) an Pg(A) simbol o-
Ti .

cxadia, rom Tu A da B xdomilebebi er TmaneTis mi
marT damoukidebelni arian, maSin P(A{B) =P(A), xolo Tu

isini damokidebulni a  r ian, maSin P(A{B) . P(A).
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albaTobebis ga mravlebis Teorema . ori A da B
xdomilobis namravlis albaToba tolia erT -erTi ma T ganis
moxdenis albaTobis namravlisa meore xdomilobis pirobiT
albaTobaze im pirobiT, rom adgili hgonda pirvel xdom i-
lobas. 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, xo-
lo B t k-jer. radgan A da B xdomilobebi ar arian
Tavsebadi, amitom maTi erTdrouli moxdenis raodenoba
aRvniSnoT I-iIT. maSin gvegneba:

P(AB) = p(a) = ¢
n n

gamovTvaloT B xdomilobis  albaToba, roca A xd omiloba

ukve moxda, e.i.

mm&:#.

Tu am mniSvnelobebs CavsvamT(1.3) formulaSi, miviRebT igi V-
eobas. Teorema damtkic ebulia.

(1.3) formula SeiZleba ganzogaddes Tanamamra  viTa
nebismieri sasruli raoden o bisaTvis:

oA
P A §= P(AP(A, | A)P(A | AA)..P(A | AR A1)

albaTobebis gamravlebis Teoremidan gamomdinareobs
Semdegi Sedegebi:

l.ori A da B Tavsebadi xdomilobebis er T drouli
moxdenis albaToba nulis tolia P(AB) = 0.

2. Tu A xdomiloba damokidebulia B xdomiloba ze,
maSinB xdomilobac damokidebulia A xdomil obaze.

3. damoukidebel xdomilobaTa namravlis alb aToba
tolia am xdomilobaTa albaTobebis namra vlisa.

AR/ 0§ R
P Ag=Q P(A).
Ci=t T+ i=1
magaliTi 1 . yuTSi aris ori TeTri da sami Savi bu r-
Tula. yuTidan mimdevrobiT iReben or burTulas. vipovoT
albaToba imisa, rom oriv. e burTula TeTria.
CT T T T TR i
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aRvniSnoT ori TeTri burTulas amoRebis xdomiloba
A-Ti. Tavis mxriv, A=A OA, sadac, A, aris TeTri bu r-

Tulas pirvelad amoRebis xdomiloba, At TeTri burTulas
meored amoRebis xdomiloba. albaTobebis gamravlebis T e-
oremis Tanaxmad gveqgneba:

2 ..
P(A) = P(A)P(A,|A) =2 G =01,
magaliTi 2 . pirveli msrolelis mizanSi moxvedris

albaTobaa 0,8 xolo meoresi - 0,6. msrole lebma moaxdi nes
TiTo gasrola. ras udris imis albaToba, rom mizanSi
moaxvedrebs romelime ma T gani?

A-Ti aRvniSnoT pirveli msrolelis mizanS i mox-
vedris xdomiloba, B-Ti - meore msrolelis mizan Si- mox-
vedris xdomiloba. C-Ti aRvniSnoT romelime maTganis miza n-
Si moxvedris xdomiloba. cxadia, rom C=A+B

radgan Ada B xdomilobebi Tavsebadi da damoukid e-
bel ni arian , amitom

P(C)= P(A) +P(B)i P(AP(B)=0,8+06i0, 8 A 0, 6

1.6. sruli albaTobis formula. baiesis fo r mula

albaTobebis Sekrebisa da gamravilebis Teorem ebidan
gamomdinareobs sruli albaTobis formula. Tu A xdomi-
loba SeizZleba moxdes mxolod im pir o biT, rom moxda Tundac
erTi xdomiloba Hi,H,,... Hn xdomilobebisagan Semdgar Se u-

Tavsebad xdomilobaTa sruli jgufidan, maSin A xdomi-
lobis moxdenisa | baToba gamoiTvleba formuliT:

n
P(A) =a P(H)P(A[H)),
i=1
romelsac sruli albaTobis formula ewodeba. gamov i-
yvanoT es formula.
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radgan Hg,H,,...H, xdomil obaTa erT oblioba gmnis
xdomilobaTa srul jgufs, amitom A xdomiloba SeiZ leba
moxdes erT -erTi am xdomil obasTan erTad. e.i.
A =AH;+ AH,+ --- +AH,.
radgan Hq,H,,...H, SeuTavsebadi xdomilobebia, amitom
AH3,AH,,... AH, xdomilobebic SeuTavsebadia. Tu gamoviy e-
nebT al baTobebis Sekrebis Teoremas, miviRebT:
P(A) = P(AH,) + P(AH,) + Q> P(AH,) = a P(AH;). (1.4)
i=1
A da H; xdomil o bebis namravli igneba:
P(AH) = P(H)P(A | H) .
Tu am gamosaxulebas CavsvamT (1.4) formulaSi, miviRebT
srulia | baTobis formulas:

n
P(A) =& P(H,)P(A[H)).

i=1

ag moyvanil Hjy,H,,... H, xdomilobebs hipoTezebs uwod eben.
magaliTi . gvaqvs sami yuTi. pirvel yuTSi aris ori

TeTri da erTi Savi burTula, meore yuTSi - sami TeTri da
erTi Savi, mesame yuTSi - ori TeTri da ori Savi bu r Tula.
romelime erT -erTi yuTidan amoviRo T erTi burTula. v i-
povoT ras udris imis albaToba, rom es burTula TeTria.

ganvixiloT sami hipoTeza. Hi £ pirveli yuTis SerCeva, Hy, b
meore yuTis SerCeva, Hs; t mesame yuTis SerCeva. TeTri bu r-
Tulas amoRebis xdomiloba aRvniSnoT A-Ti. radgan hip o-
Tezebi tolSesaZ lo xdomilobebi arian, amitom P(H;) =

P(H,) = P(H,) =% . gamovTvaloT A xdomilobis pirobiTi a I-
baTobebi
2 3 1.
P(A|H) ==; P(A|H,)=—; P(A|H;)==C(
(I1)3 (AlH;) 7 (|3)2

sruli albaTobis formulis gamo yenebiT miviRebT:

P(A)_—c§+lc§-+1 =23
32 36

TT T 7777 7 T0rirerorrrorrennT 1
AT BT B RV 18

o



baiesis formula. pragtikaSi farTod g amoiyeneba
baiesis formula. vTqvaT, mocemulia SeuTavsebad xd 0 mi-

lobaTa sruli joufi Hi,Hy,...H, da am xdomilobebis ap -
rioruli (cda mde) albaTobebi P(H,),P(H,),--- ,P(H,). Catar da

cda, ro mlis Sedegad moxda A xdomiloba. saWiroa ga -
movTvaloT aposter ioruli ( cdis Semdgomi) albaTobebi, e.i.

Semdegi pirobiTi albaTobebi P(H4|A),P(H,A),...P(H,A). al-
baTobebis gamravlebis Teoremis Tana  xmad,

P(AH) =P(A) P(H;|A) da P(AH) = P(H;) P(A|H)).
am gamosaxulebaTa marcxena mxareebi tolia, maSin
P(A) P(H; | A) = P(H;) P(AHy) ,

agedan
P(H.)P(A|H.
P(H;|A) = (H)PA J), sadac, P(A), 0.
P(A)
Tu P(A)-s gamovsaxavT sruli albaTobis form uliT, mi -
viRebT:
P(H)P(A |H,
oty = _PEHDPEATH))

- .
a P(H)P(A [H))
j=1

am formulas ewodeba baiesis formula.

magaliTi . sam yuTSi moTavsebulia erTi da  igive sa x-
is produqcia. pirvel yuTSi aris 10 cali, romelTagan 3
arastandartulia. meoreSia 15 cali, agedan 5 arastanda r-
tulia da mesameSi 20 cali, agedan 6 arastandartulia. erT -
erTi yuTidan alalbedze iReben erT produqcias da igi,
vTqgvaT, aRmoCnda arastandart  uli. ras udris imis albaToba,
rom es produqti amoRebulia meore yuT i dan?

aRvniSnoT Hgy, H,, Hz-iT hipoTezebi imis Se saxeb, rom
alalbedze amoRebuli produgti mi ekuTvneba 1, 2 da 3 yuTs.
maSin maTi aprioruli albaTobebi erTmaneTis tolia

P(H,) = P(H,) = P(H;) =
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amoRebuli arastandartuli produqciis moxdenis xd 0 mi-

loba aRvniSnoT  A-Ti. gamovTvaloT A xdomilobis piro -
biTi albaTobebi Hi, H,, H3 hip o Tezebis dros

3 5 1 3.,

P(A|H,))=—; P(A|H,)=—==; P(A|H,;)=—(

(|1)10 (|2)153 (|3)10

baiesis formulis gamoyenebiT miv i RebT:

5
P(H | =— 33 =2
143 .1, 35 14

3

380" 3" 102

1 .
3

1.7. cdebis game o reba. bernulis formula

vTqvaT, vatarebT cdebs da vakvirdebiT raime Adomi-
lobis moxdenis faqts. Tu yoveli cdisaTvis Adomilobis
moxdenis albaToba ar aris damokidebuli sxva cdebis Sede 0-
ebze, maSin iseT cdaTa mimdevrobas, romlis nebismieri cdis
Sedegi gavlenas ar axdens mo ndevno cdebis SesaZlo SedegTa
albaTobaze, damoukidebel cdaTa mimdevroba ewodeba.

davuSvaT, rom erTi da igive pirobebSi Catarda n
damoukidebeli cda, romelTa Sedegad SeiZleba moxdes A

A

xdomiloba  P(A) = p albaTobiT an misi mopirdapire

xdomiloba  P(A)=1- p albaTobiT. aseT cdas orSed egiani,
anu binaruli cda ewodeba.

ganvixiloT B xdomiloba, romlis drosac A xdomi-
loba moxda m+jer:

B=AA A AA QA . (1.5)
m- jer (n- m)-jer
cdebis damoukideblobis gamo, (1.5) f ormulis
marjvena mxareSi gvagvs SeuTavsebad xdomilobaTa erT o-
blioba. amitom, Tu gamoviyenebT albaTobebis namravlis T e-

or emas, masin
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aseTi sidide gveqneba TiToeuli cdisaTvis. radgan
cdebi urTierTdamoukidebelia, amitom albaTobebis Sek -
rebis Teoremis Tanaxmad gvegneba:

R =CIp (- p" " =Cp g™ " (1.6)
sadac, C[ - " aris jufTebaTa ricxvi n element i-
m(n- m)!
dan m elementad. miRebul  (1.6) formulas bernulis form u-
la ewodeba.
bernulis formula pragtikulad gamousa degari
xdeba, roca cdaTa n raodenoba sakmaod didia. arsebobs
muar -laplasis miaxloebiTi formula, romelsac aqvs
Semdegi saxe:
1
P°—f(x),
" Jopa (X)
sadac,
X
f(x)——e 2. x=m NP
\/_ Jnpq
standartuli normaluri ganawilebis simkvrivis f(X)
funqciis mniSvnelobebi dadebiTi argumentisaTvis moc e-
mulia specialur cxrilebSi (ix. danarTi). x-is uar yofiTi
mniSvnelobis dros f (X) mniSvnelobis moZebnisas unda gavi T-
valiswinoT am funqciis luwoba f(1 x) =1 (x).
magaliTi . albaToba imisa, rom xaratis mier dam -
zadebuli detali standartuli igneba, 0,8is tolia. v -

povoT imis albaToba, rom 10000 damzadebuli detalidan
8020aRmoCndeba standar tuli.
gvagvs n = 10000; p=10,8; g=1i 0,8 = 0,2;m = 8020
masin:
1

J1000@,8M,2

Foooo™

f(x)=4—lof(x);
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- 8020 c:i Q0000 )& ¢ (05 =03521

1

Ploooo™ Z)GD’SSZ 1=0,0088

2. SemTxveviTi sidide ebi

2.1. SemTxveviTi sididis cneba da

misi ganawilebis ka noni

SemTxveviTi sidide ewodeba sidides, romelsac Se u-
Zlia cdis Sedegad miiRos esa Tu is mniSvneloba, amasTan,
winaswar ar aris cnobili, kerZod, romeli. Sem TxveviTi
sididis cneba warmoadgens alba  Tobis TeoriaSi fundame n-
talur cnebas da TamaSobs metad mniSvnelovan rols m a-
Tematikur statistikaSi. Sem TxveviTi sidideebi aRiniSneb i-
an didi laTinuri asoebiT X,Y,Z,..., xolo maTi Sesabamisi
mniSvnelobebi - mcire laTinuri asoebiT XY, Z,...

SemTxveviTi sid ideebi SeiZleba daiyos or ki asad:
diskretulad da uwyvetad. diskretuli ewodeba iseT Sem-
TxveviT sidides, romelic Rebulobs sasrul an usasrulo
Tvlad konkretul mniSvnelobebs. magaliTad, n partiaSi
defeqturi detalebis raodenoba, satelefono sadgurSi
gamoZaxebis raodenoba, mizanSi moxved ramde srolis raod e-
noba da sxv. uwyveti ewodeba iseT SemTxveviT sidides, r o-
melic gazomvis Sedegad Rebulobs Yyvela SesaZlo mni S-
vhelobas raRac sasrul an wusasrulo intervalidan.
magaliTad, fizikuri sididis ga zomvis cdomileba, Carxze
detalis damzadebis sizuste, el. aparaturaSi tranzist o-

rebis utyuari muSaobis dro da sxv.

SemTxveviTi sidide warmoadgens SemTxveviTi xdom -
lobebis abstraqtul gamosaxulebas. amasTan, advili Ses a-
Zlebelia xdomilobidan SemTxveviT sidideze gadasvla.
magaliTad, davu SvaT, tardeba cda, romlis Sedegadac

SeiZleba moxdes an ar moxdes A xdomiloba . A xdomilobis
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nacvlad ga nvixiloT X SemTxveviTi sidide, ro  melic udris
erTs, Tu A xdomiloba moxda da udris nuls, Tu A xdomi-

loba ar moxda. cxadia, am SemTxvevaSi, X warmoadgens di s-
kretul SemTxveviT sidides, romelsac gaaCnia ori SesaZlo
mniSvneloba Oda 1.

SemTxveviTi sididis dasaxasiaTeblad ar aris
sakmarisi misi yvela SesaZlo mniSvnelobebis C amonaTvali.
aucilebelia agreTve imisi codna, Tu ramdenad xSirad
gvxvdeba misi esa Tu is mniSvneloba cdebis Sedegad, e.i.
saWiroa mocemuli iyos misi moxdenis alb aToba.

vTgvaT, X diskretuli SemTxveviTi sididea, ro -
melic cdebis Semdeg iRebs Semdeg SesaZlo mniSvnel obebs:

X=Xy, X=Xo, X=Xg, -+ X=Xy . (2.1)
SemTxveviTi sididis es CamonaTvali SeiZleba ganvi X-
iloT, rogorc cdis Sedegad miRebuli xdomilobebi. am
xdomilobebis albaTobebi aRvniSnoT P-iT. maSin gvegneba:

P(X=X1) =p1, P(X=X3) =p2, -+ ,P(X=X) =pn.
(2.1) xdomilobebi gmn ian SeuTavsebad xdomil obaTa srul

jgufs. agedan gamomdinare, X SemTxveviTi sididis yvela
SesaZlo mniSvnelobaTa albaTobebis jami erTis tolia, e.i.

n n
aPX=x)=a p =1. (2.2)
i=1 i=1
es jamuri albaToba raRacnairad ganawileb ulia
calkeul mniSvnelobaTa Soris. SemTxveviTi sidide sr ulad

igneba albaTurad aRwerili, Tu mocemuli igneba es
ganawileba, e.i. Tu zustad mivuTiTebT, ra albaTobisaa
nebismieri xdomiloba (2.1ydan. amiT Cven davadgenT Sen-
TxveviTi sididis e.w. ganawil ebis kano ns.

SemTxveviTi sididis ganawilebis kanoni ewodeba
nebismier Tanafardobas, romelic amyarebs kavSirs Se m-
TxveviTi sididis SesaZlo mniSvnelobebsa da maT Sesabamis
albaTobebs S oris. SemTxveviTi sididis Sesaxeb Cven vityviT,
rom igi emorCileba mocemul ganawile bis kanons.

SemTxveviTi sididis ganawileba SeiZleba moc emuli
iyos cxrilis saxiT, ganawilebis funqciis saxiT da
ganawilebis si  nkvrivis saxiT.
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ganawilebis cxrilis saxiT warmodgena SesaZleb e-
lia mxolod diskretuli SemTxveviTi sidideebisaTvis, r o-
melTac aqvT sa sruli raodenobis mniSvnelobebi. uwyvet
SemTxveviT  sidides gaaCnia SesaZlo mniSvnelobaTa
usasrulo si  nravle. amitom misTvis aseTi cxrilis Sedgena
SeuZlebelia. aseT SemTxvevaSi mosaxerxebelia ganawilebis
fu nqciis gamoyeneba.

ganawilebis  fungcia warmoadgens  SemTxveviTi
sididis ganawilebis kanonis warmodgenis yvelaze zogad
saxes. igi gamoiyeneba rogorc diskretuli, aseve uwyveti

SemTxveviTi sidideebisaTvis. Cveulebriv, igi aRiniSneba
F(X) simboloTi

ganawilebis funqcia gansazRvravs imis albaT obas,
rom X SemTxveiTi sidide miiRebs dafigsirebul X-ze

nakleb mniSvnel obas, e.i.

F(X) =P(X< Xx).
agedan gamomdinare, F(X) fungcia damokidebulia X-ze, ami-
tomaa, rom mas ganawilebis funqcias uwodeben. ganawiebis
funqcia miiReba albaTobebis Tanmimdevruli ajamviT da
disk retuli SemTxveviTi sididisTvis wa r moadgens wyvetil
safexurovan texil wirs, xolo uwyveti SemTxveviTi sidid i-
saTvis - uwyvet wirs.

F(X) F(X)
1,0 T 1,0y
Ol XXX ' " X 0
ganvixiloT ganawilebis funqciis zogadi Tvis ebebi.

1. ganawilebis F(X) f unqcia dadebiTia da  (2.2)fo r-
mulis Tanaxmad, moTavsebulia nulsa da erTs Soris
0¢ F(x) ¢ 1.
2. F(X) fungcia zrdadia. e.i. roca X22 X1 maSin
F(x2) 2 F(xa).
3. minus usasrulobaSi ganawilebis funqgcia nulis
tolia  F(-o) =0
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4. plius usasrulobaSi ganawilebis funqgcia e r Tis

toia F(r)=1

ganawilebis funqcias zogjer uwodeben ganawilebis
integralur funqcias an ganawilebis int egralur kanons.

uwyveti SemTxveviTi sidide SeiZleba warmodgenili
iyos ara mxolod ganawilebis integra luri funqciiT, ar  a-
med ganawilebis diferencialuri funqciiTac, romelic
warmoadgens integraluri funqciis pirvel warmo ebuls:

f()=Fi(x).

zogjer  f (X) fungcias uwodeben ganawilebis di f e-

rencialur kanons an ganawilebis simkvrivis fungcias

mruds, romelic gamosax avs SemTxveviTi sididis g  anawilebis
simkvrives, ewodeba ganawil ebis mrudi.

f(3)

0

ganvixiloT ganawilebis simkvrivis funqciis Tvi -
sebebi:
1. ganawilebis simkvrive d  adebiTi fungciaa
f(x)>0.
2. integrali usasrulo sazRvrebiT ganawilebis si m-
kvri vidan erTis tolia

+ o

Af ()dx=1.

geometriulad ganawilebis simkvrivis  ZiriTadi
Tvisebebi niSnavs imas, rom igi yovelTvis imyofeba abscis a-
Ta RerZis zemoT da mis mier Sem o sazRvruli sruli farTobi
erTis tolia.

mxedvelobaSi unda vigonioT, rom ganawil ebis fu n-
gcias ara aqvs ganzomileba, xolo ganawilebis simkvrivis
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fungciis ganzomileba SemTxveviTi sididis ga nzomilebis
Sebrunebuli sididea.

ganawilebis funqcia SeiZleba gamovsaxoT ganawi -
lebis simkvrivis funqciiT Semdegi form uliT:

F(x) = )I;]f (x)dx.

ganawilebis funqciis saSualebiT SeiZleba gamov -

TvaloT X SemTxveviTi sididis raime [a, b] intervalSi mo  x-
vedris albaToba. amisaTvis ganvixiloT Semdegi sami xdom i-

loba: xdomiloba A, rodesac X < b, xdomiloba B, rodesac
X < a da xdomiloba C, rodesac a < X < b. cxadia, rom A

xdomiloba warmoadgens or B da C SeuTavsebad xdomi-
lobaTa jams, e.i. A = B + C. albaTobis Se krebis Teoremis
Tanaxmad

P(A) =P(B) + P(C) .
radgan
P(A) =P(X<b) =F(b), P(B) =P(X<a)=F(a),
P(C) =P(a <X<b),

amitom
F(b) =F() +P(a <X<b),
agedan
P(a <X<b)=F(b)i F@) .
Tu mocemulia ganawilebis simkvrivis fungcia, maSin gveqn e-
ba:
b a
F(b) = ﬁf (x)dx; F(a)= ﬁf (x)dxO
- b a - b
P(a<X<b)= ff (x)dx- fif (dx= fyf (x)dx
-o -o a
magaliTi . mocemulia X SemTxveviTi sidide
f(x) =0,5sinx ganawilebis simkvrivis funqciiT. v i povoT

misi [O;p/2] intervalSimo  xvedris albaToba
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o ~ B o ~
P%K X <%8:0,5ﬁ;in xdx=-0,5co 2 = 0,53@052- cosD8=O,5
G - 0 g -

2.2. SemTxveviT sidideTa sistema

SemTxveviTi movlenebis Seswavlisas sagme gvaqvs ara
erT, aramed ramdenime SemTxveviT sididesTan, romlebic
gmnian SemTxveviT sidideTa si stemas. SemTxveviT sidideTa
sistemis ganxilvisas xelsayrelia geometriuli interpr e-
taciis gamoyeneba. ase magaliTad, ori Sem  TxveviTi sidide
SeiZleba ganvixiloT, rogorc SemT xveviTi  wertili
sibrtyeze X da y koordinatebiT, sami Sem TxveviTi sidide,
rogorc wertili samganzomilebian sivr ceSi da a.S. zog a-
dad, n-raodenobis SemTxveviT sidi deTa sistema SeiZleba
ganvixiloT, rogorc wertili n-ganzomilebian sivrceSi an
rogorc  N-ganzomilebiani v eqtori.

SemTxveviT sidideTa sistemis ganxilvisas Semov i-
fargloT ori sididiT, radgan yvela is Sedegi, romelic
miiReba ori sididis SemTxvevaSi, advilad vrceldeba
nebismieri raodenobis SemTxveviT sidideebze. ganvixiloT
ori  SemTxveviTi sididis ganawilebis funqcia da
ganawilebis simkvrivis fu ngcia.

ganawilebis fungcia . ori Se mTxveviTi X da Y si-
didis ganawilebis funqcia ewodeba orarg umentian  F(X, y)

funqgcias, romelic tolia ori X < XdaY <yuto lobis
erTdroulad Sesrulebis albaTobisa. e.i.

F(x,y) = P(X<xY <Yy
da maserToblivi ganawilebis funqgcia ewodeba. daumtki -
ceblad moviyvanoT erToblivi ganawilebis fu ngciis Zi -
riTadi Tvisebebi.
1. F(x, y) funqcia orive argumentisaTvis zrdadi fun -

qciaa, e.i.roca X > X3, maSin F(X,,y)? F(X,Y). aseve, ro ca
Y>>y;, maSin F(X,Y,) 2 F(X V,).
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2. Tu F(x, y) fu nqciis erT -erTi argumenti miisw -

rafvis plius usasrulobisken, maSin erT oblivi gana wilebis
fungcia miiswrafvis meore argumentis Sesabamisi Se m-
TxveviTi sididis ganawilebis fu nqgciisken:

lim F(xY)=F(¢ @)= B, fim Fuy) =Fe,9) =F0)

sadac Fy(x) da Fy(y) uwodeben kerZo ganawilebis fu  nqciebs.

3. Tu orive argumenti miiswrafvis plius
usasrulobisken, maSin erToblivi ganawilebis fungcia
miiswrafvis erTisken.

lim F(x,y)=1 an F(z,=)=1.
X, y- @
4. Tu romelime erTi an orive argumenti mii swrafvis

minus usasrulobisken, maSin erToblivi ganawilebis fu n-
gcia miiswrafvis nulisken.

lim F(x,y) = lim F(x,y) = lim F(x,y) =0,
X- - @ y- - @ X,y- - @
an F(-m,y)=F(X,-08)=F(-a,-a)=0.
5. koordinatTa RerZebis paralelurgverdebian

nebismier oTkuTxedSi wertilis moxvedris albaToba ga n-
isazRvreba formuliT:

y
d P@a¢ X<b,ctY<d)=

c =F(b,d) T F(a, d) 1 F(b,0+F(a,0.

a b

simkvrivis fungcia. zemoT ganxiluli ganawilebis
fungcia warmoadgens SemTxveviT sidideTa sistem is unive r-
salur maxasiaTebels, romelic gamoiyeneba rogorc di s-
kretuli, aseve uwyveti SemTxveviTi sidideebisTvis. unda
aRiniSnos, rom praqtikuli gamoyeneba ufro gaaCnia uwyvet
SemTxveviT sistemas, romlis ganawileba xasiaTdeba ara
ganawilebis funqciiT, aramed ganawilebis  simkvriviT.
ganawilebis simkvrivis funqcia warmoadgens sistemis amo m-
wurav maxasiaTebels, romlis saSualebiTac sistemis
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ganawilebis kanonis aRwera gacilebiT TvalsaCinoa, vidre
ganawilebis fu  nqciiT.
organzomilebiani sistemis ganawilebis simkvrivis

fungcia ganisazRvreba iseve, rogorc erTi SemT xveviTi
sididis dros. kerZod, Tu erToblivi g anawilebis funqcia
uwyvetia da orjer diferencirebadi, maSin erToblivi
ganawilebis simkvrivis funqcia ganisazRvreba Semde gnairad:
2
F(x,
f00y) =E Y ).

ganvixiloT e rToblivi ganawilebis simkvrivis funqciis Z i-
riTadi Tvisebebi:

1. erToblivi ganawilebis simkvrive dadebiTi fu n-
gciaa f(x,y)2 0.

2. ormagi integrali usasrulo zRvrebiT erT o blivi
ganawilebis simkvrivis fungciidan erTis tolia.

N Nf (% y)dxdy=1.

3. Tu cnobilia erToblivi ganawilebis simkvrivis
fungcia T (X, ¥), maSin SemTxveviTi wertilis (X, Y) nebismier
D areSi moxvedris albaToba ganisazRvreba form uliT:

PI(X.Y)T DI = f . y)dxdy
D

erToblivi ganawilebis funqcia SeiZleba g amovsaxoT

ganawilebis simkvr ivis funqciiT Semde  gnairad:
Xy
FO$Y) = AN (x y)dxdy

geometriulad f (X, y) fungcia SeiZleba warmovadg inoT ro -
gorc raime zedapiri, romelsac ganawilebis zedapiri
ewodeba.

magaliTi . mocemulia organzomilebiani sistemis
ganawilebis simkvrivis funqcia
a
f(xy)=

1+X2+X2y2+y2'
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vipovoT &, erToblivi ganawilebis fungcia f(x,y)daR
kvadratSi SemTxveviTi wertilis moxvedris alb aroba.
erToblivi ganawilebis simkvrivis meore Tvis ebidan
gamomdinare gveqgneba:
~ o~ a _dxdy=a n., dxdy
“ﬂ+X)a+y)

_D_I:Il‘l‘ X2 + X2y2 + y

=a“dx dy -a(arctg{ (mrctgy‘ = ap?
+x°

agedan a=}g2 CerToblivi ganawilebis fungcia t olia:

X Yy o ~O ~
! NN dxdy ge%arctgﬁ 1%1—arctgy+ 18

PO NN a0~ % 25D 22

y SemTxveviTi wertilis R kvadratSi
moxvedris albaTobat olia:

. 17 dxdy _
P[(X,Y)| D|=— =
[( ) ] p2“l1+x)(1+y)

WX

1 1 1 gyf l1pp_1
— =—arctgq_Q@rctgy| =———=—.
p? t1+x? Ol " y? p? 9(40 0 p?244 16

o lH
a Py
X
[EEN

2.3. pir obiTi ganawilebis simkvrivis fu nqcia

SemTxveviT sidideTa sistemis daxasiaT ebisTvis ar
aris sakmarisi vicodeT TiToeuli SemTxveviTi sididis
ganawilebis kanoni, saWiroa vicodeT maT Soris damoki -

TT T 7777 7 T0rirerorrrorrennT 1
AT BT B RV 3¢

o



debulebac. es damokidebuleba SeiZleba daxasiaTdes e.w.
pirobiT i g anawilebis kanoniT.

sistemis erTi, X SemTxveviTi sididis ganawilebis k a-
nons, gamoTvlils im pirobiT, rom meore, Y SemTxveiT ma

sididem miiRo garkveuli Y =y mniSvneloba, ewo deba pir o-
biTi ganawilebis kanoni. igi SeiZleba warmovadginoT,

rogorc pirobiT i g anawilebis simkvrivis funqcia f(x]y), an
rogorc p irobiTi ganawilebis fungcia F(x | y). erToblivi
ganawilebis funqciis Tvisebidan gamomd i nare, F1(x) = F(x, =)
da Fyxy) = F(o, y). agedan gamomdinae, ker Zo ganawilebis
simkvrivis fu  nqciebi tolia:

f,(¥) = Rix) = ff (x, y)dy,

f,(y) =Fi(y) = fif (x, y)dx

advilad mtkicdeba, rom sis_temis erT oblivi gana -
wilebis simkvrivis fungcia f (X, y) miiReba sistemaSi S emavali

er Ti SemTxveviTi sididis kerZo ganawilebis si nkvrivisa  (X)
da meore SemTxveviTi sididis pirobi Ti ganawilebis si m-

kvrivis  f (y | X) erTmaneTze gadamravl ebiT. e.i.
fxy)= (0 f(y[x) da f(xy)= "1 (y)f(x]y).

am tolobebs xSirad ganawilebis kanonebis gamravlebis  Te-
oremas uwodeben. pirobiTi ganawilebis simkvrivis fu ng-
ciebi ase ganisazRvreba

fy) - f(xy)

fxy) = : ,
L) Af (%, y)dx
e 1N 1Y)
f ° .
B (x, )y

-Q
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pirobiTi ganawilebis simkvrives axasiaTebs igive
Tvisebebi, rac Cveulebrivi ganawilebis simkvrivis fu n-
gcias, kerZod:

ol e}

Fif (I )dx= fif (v 10dy=1

pirobiTi ganawileb is simkvrivis cnebidan gamomd -
nare, SegviZlia SemovitanoT albaTobis Te oriaSi erT  -erTi
umniSvnelovanesi cneba - SemTxveviT sidideTa damoukid e-
blobis cneba.

X SemTxveviTi sididis damoukidebloba Y SemTxveriT

sididesTan nebismieri  y-Tvis SeiZleba ase Caiweros
fx[y) =X -
Tu SemTxveviTi sidide X damokidebulia  Y-ze, maSin:
fxly), ().
Tu X sidide ar aris damokidebuli Y-ze, maSin arc Y si didea
damokidebuli  X-ze.
amrigad, uwyvet X da Y SemTxveviT sidideebs ewo -
debaT damoukidebeli, Tu TiToeuli m aTganis g anawilebis
kanoni ar aris d amokidebuli imaze, Tu ra mniSvneloba miiRo
meore SemTxveviTma sididem. winaaRmdeg SemfixvevaSi, Sem-

TxveviTi sidideebi damokid ebulia. damouki debuli XdaY

SemTxveviTi sidideTa erToblivi g anawilebis simkvrivis
funqciato lia:
N fxy) =1 fy(y). o
magaliTi . vTqvaT, mocemulia erToblivi g anawilebis
simkvrivis funqcia:
1
f(x,y)=— \.
(%) pz(x2+x2y2+y2+1)
es toloba warmovadginoT Semdegnairad:
1 1

f(Xy)=—¢ . —f Y.
U7+ ol )
agedan Cans, rom SemTxveviTi sidideebi X da Y damoukideb e-

lia, radg an f(Xy) gamosaxulebis pirveli mamrav i
damokidebulia mxolod X-ze, xolo meore ma nravli - Y-ze.
ei. f(xy) =X ().
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2.4. SemTxveviTi sididis ricxviTi
maxasiaT eblebi

Cven viciT, rom ganawilebis kanoni SemTxveviT si -
dides srulad axasiaTebs . magram, Zalian xSirad, g anawilebis
kanoni ucnobia. amitom gacilebiT ufro mosa xerxebelia
zogierTi raodenobrivi maCveneblebis gansazRvra, ro m-
lebic SekumSuli formiT mogvawvdian informacias Se m-
TxveviT sidideze. aseT maCveneblebs uwo deben SemTxveviTi
sididi s ricxviT maxasiaTeblebs. maTgan ZiriTadia maTema  t-

ikuri lodini, dispersia, sxvadas xva rigis momentebi, moda
da mediana.
maTematikuri lodini axasiaTebs SemTxveviT si -
dides ricxviT RerZze da gansazRvravs mis ganawilebis ce n-
trs, amitom xSirad maTematikur lo dins uwodeben Se m-
TxveviTi sididis saSualo mniSvnelobas. maTematiku ri
lodini aRiniSneba M an E simboloTi. ganvixiloT Se m-
TxveviTi sidide X, romelic iRebs X1,X2,...Xn MniSvnelobebs
P1, P2,-..Pn albaTobiT, maSin maTematikuri | odini tolia:
M (X) = X Pt %P, +®D' Xn Pn
P, + P, + Q@ p,

Tu gaviTvaliswinebT, rom pi+pz+ - +py=1 naSin

.

M(X)=a xp -
i=1

amrigad, diskretuli SemTxveviTi sididis maTema -
tikuri lodini ewodeba misi yvela SesaZlo mniSvnelob ebis
maTsave albaTobebze namravlis jams. uwyveti SemT  xveviTi
sidid isaTvis gvagvs:

M (x) = nﬁ(f(x)dx.

moviyvanoT daumtkiceblad maTematikuri lodi nis
zogierTi Tvisebebi:
1. mudmivi sididis maTematikuri lodini udris TviT
am sidides
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M(c) =c, c=const

2. SemTxveviTi sididis mudmivi mamravli SeiZleba g a-
tanil ignes  maTematikuri lodinis a RniSvnis gareT
M(cX) =cM(X) .
3. ori SemTxveviTi sididis jamis maTematikuri lo d-
ini tolia maTi maTematikuri | odinebis jamisa

M(X +Y) =M(X) + M(Y) .
Sedegi. ramdenime SemTxveviTi sididis jamis maTema t-
ikuri lodini tolia maTi maTema tikuri lodin ebis jamisa
MX+Y+Z+ - +N) =M(X) + M(Y) + M(2) +--- + M(N) .
4. ori damoukidebeli SemTxveviTi sididis na mavlis
maTematikuri lodini tolia maTi maT ematikuri lodinebis

namravlisa
_ M()_(O() = M(X_)O\/I(Y) . _
Sedegi. ramdenime  urTierTdamoukid ebeli Sem -
TxveviTi sididis namravlis maTematikuri lodini tolia
maTi maTematikuri lodinebis na miavlisa

5. SemTxveviTi sididis Tavis maTematikur lodinTan

gadaxris maTematikuri lodini nulis t olia
M[XT M(X)]=0.

SemTxveviTi sididis mdebareobis sxva maxas ia-
Teblebia moda da mediana.

moda M, ewodeba diskretuli SemTxveviTi sididis im
mniSvnelobas, romelsac gaaCnia udidesi a | baToba. uwyveti
SemTxveviTi sididisTvis moda ewodeba mis im mniSvnelobas,
romlis drosac gan awilebis  simkvrive  magsimaluria.
arsebobs ormodiani da mr  avalmodiani ganawilebebi. gvxdeba
iseTi ganawilebebi, romelTac agvT minimumi da ar gaaCniaT
magsimumi. aseT ganawilebebs uwodeben antimod alurs.

mediana M, aris im wertilis abscisa, rome | zedac
ganawilebis mrudiT SemosazRvruli farTobi iyofa Suaze.
unda aRiniSnos, rom Tu ganawileba erTmodiania da simetr i-
uli, maSin maTematikuri lodini, moda da mediana erTmaneTs
emTxveva.

dispersia da saSualo kvadratuli gadaxra. am ma-
siaTeblebiT SeiZleba vimsjeloT S emTxveviTi sididis
gafantvis Sesaxeb misi maTematikuri lodinis mimarT. Se m-
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TxveviTi sididis dispersia ewodeba X SemTxveviTi si didis
misi maTematikur lodinTan ga d axris kvadrats.

D(X) = M[Xi M(X)]?.
diskretuli SemTxveviTi sidideebisaTvis gvegneba:

n
DX) =3 [xi MX)]’p,
i=1
xolo uwyveti SemTxveviTi sidideebisaTvis:

+ o

D(X) = fjx- M(X)]? f (x)dx.

dispersiis gamosaTvlelad ufro mizanSewonilia Se ndegi
formulis gamoyeneba:

D(X) = M[X1 M(X)]?>=M[ X2i 2X M(X) + M2 (X)] = M( X?) i
i 2MX) M(X) + M2(X) =M(X) T 2 M2(X) + M2(X) =
=M(X?) 1 M?(X).
dispersiis nakli isaa, rom misi ganzomileba Se m-
TxveviTi sididis ganzomilebis kvadratis tolia da
gafantvis daxasiaTebisTvis erTgvarad uxerx ulobas gmnis.

am naklisagan Tavisufalia saSualo kvadra tuli gadaxra,
romelic warmoadgens dadebiT kvadra tul fesvs d ispers i-

idan
s, =4/D(X) .

ganvixiloT dispersiis zogierTi Tvis ebebi:
1. mudmivi sididis dispersia nulis tolia

D(c) =0, c=const

2. SemTxveviTi sididis mudmivi mamravli SeiZleba g a-
tanil ignes dispersiis niSnis gareT, r omelic kvad ratSi
und a iyos ayvanili

D(cX) =c*D(X) .
3. ori damoukidebeli SemTxveviTi sididis jamis di S-

persia tolia am sidideTa dispersiebis jamisa
R R S E T I III
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D(X +Y) = D(X) + D(Y) .

Sedegi. ramdenime urTierTdamoukidebeli Sem -

TxveviTi sididis jamis dispersia am sidideTa dispersi ebis
jamist olia.
D(X+Y+-- +N)=D(X) +D(Y) +--- + D(N) .
4. ori damoukidebeli SemTxveviTi sididis sxva obis

dispersia am sidideTa dispersiebis jamis tolia
D(XT1Y) =D(X) + D(Y) .
marTlac , D(XT Y) =D(X)+D(1 Y)=D(X)+(i 1)2D(X)=D(X)+D(Y).

5. ori damou kidebeli SemTxveviTi sididis na mavlis
dispersia ganisazRvreba Semdegi form uliT:

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

magaliTi . vTgvaT, mocemulia X SemTxveviTi si didis

ganawilebis simkvrivis fu nqcia:
¢ 0, roca x<0
f(x)={ax2, roca 0<x<2
i 0, roca X>2
vipovoT  a koeficienti, ganawilebis funqgcia, m a-
Tematikuri lodini, dispersia da saSualo kva dratuli ga -

daxra.ra dgan,
2

Nf ()dx=1,
0
amitom

if( )d i 2d a s2_8 1 d 3
X)ax= X=—X =—a=1l, agegana=—
n W 370 3 g 8

3~2 3X X X
daf(x)——x F(x)= nf(x)dx——r'( dx=— =—
8, 830 8

ganvsazRvroT maTematikuri | o dini:

TT T 7777 7 T0rirerorrrorrennT 1
AT BT B RV 3€

o



2 2 a4
~ 33 3xX7|?
M (X) = pxf (X)dx== px’dx==—| =15
(X) Er (X) 821( sl 1
disper sia da saSualo kvadratuli ga daxra:
D(X) =M(X?)i M?(X).
2 2 52
3 3 X
M (X?)= ;i f ()dx== pxldx=="—| =24;
(X) ET( (X) 8!:?< 85
D(X)=24- (15)? =015; s, =4015=0,39.
SemTxveviTi sididis ZiriTad ricxviT ma xasia-

TebelTa ganzogadebas warmoadgens SemTxveviTi sididis m o-
mentis cneba. arCeven ori saxis moments: sawyiss da cen-
tralurs. sawyisi momentebidan gans akuTrebuli mni -
Svneloba agvs pirveli rigis moments, romelic wa r moadgens
maTematikur lodins. maRali rigis sawyisi momentebi, Z i-
riTadad, gamoiyeneba centraluri momentebis gamosa T-
vlelad. diskretuli SemT xveviTi sididisaTvis k-uri rigis
centraluri momenti gamoiTvleba form uliT:

”‘(zé[xi - M(X)]k Pi

i=1

xolo uwyveti SemTxveviTi sid i disaTvis gvegneba:

m =+fix- M (X)J £ (x)dx.

pirveli rigis centraluri momenti, rogorc fo r-
mulidan Cans, nulis tolia, xolo meore ri gis momenti war-
moadgens dispe r sias.

mesame rigis centraluri momenti axasiaTebs gana -

wilebis asimetrias. Tu SemTxveviTi sidide Tavisi maTema t-
ikuri lodinis mimarT simetriuladaa ganawil ebuli, maSin
mesame rigis centraluri momenti nulis tolia. am m 0 mentis
saSualebiT gamoiTvleba asimetriis koef i cienti
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_Mm
A==
SX
sadac, si‘ t saSualo kvadratuli gadaxraa ayv anili
kubSi. ganawilebis mruds gaaCnia dadebiTi asim  etria, roca
A,> 0 da uaryofiTi, roca A<O.
meoTxe rigis centraluri momenti gamoiyeneba
ganawilebis mrudis wamaxvilebis xarisxis dasaxasiaT eblad.
es Tviseba aRiwereba e.w. eqscesis ko eficientis saSualebiT,
romelic gamoiTvleba Semdegi fo r muliT:
E, =—%-3,
SX
sadac, sf t saSualo kvadratuli gad axraa ayvanili

meoTxe xarisxSi.

miRebulia, rom normalurad ganawilebuli mru -
disTvis eqscesis koeficienti nulis tolia da es Sedegi
miRebulia  etalonad, romelTanac Sedardebian sxva
ganawilebis mrudeebi. mruds, romelsac ufro maRali wve ro
aqvs, vidre normalurs , e.d. ufro maxvilwveroiania,
Seesabameba dadebiTi egscesa, xolo mruds, romelsac ufro
dabali da brtyeli wvero aqvs - uaryofiTi eqscesa.

2.5. organzomilebiani SemTxveviTi si stemis
ricxviTi maxasiaT eblebi

ori X da Y SemTxveviT veqtorTa (k, S) rig is sawyisi

momenti ewodeba X XY SsidideTa namravlis maTematikur
lodins da aRiniSneba ay s SimboloTi.

a. = M|x*y?|
diskretul SemTxveviT sidideTa sistemisaTvis gveqneba:
_ =n =n k
S a a % y]S plj ,
i
O T T
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sadac, p; = P(X =X,Y =Y, )
uwyvet SemTxveviT sidideTa sistemisTvis gvegneba:

o o

2 = [ffY* f (x y)dxdy

pragtikaSi xSirad gamoiyeneba pirveli rigis sawyisi mome n-
tebi, romlebic X da Y SemTxveviTi sidideebis maTema tikur
lodinebs warmoadgenen.

a1, =M|[x*v*|=M[x]=m,,

36, =M|X°Y|=M[¥]=m,.
(k, s) rigis centraluri momenti ewodeba X7 m)KY i m)
namravlis maTematikur lodins da aRiniSneba M Si NboloTi.

M =M[(XT mY“(Yi m)].

diskretuli SemTxveviTi sidideebisaTvis gvegneba:

M :é a (Xi - mx)k(Yj - my)S P;
i
xolo uwyve ti SemTxveviTi sidideebisaTvis:
Mo = Fiffx- mJ(v- mf £ (x y)dxdy

praqtikaSi yvelaze xSirad gamoiyeneba meore rigis ce n-
traluri momenti, romelic dispersias wa r moadgens.

D(X) = mo= M[(XT my*(YT m)°|=M[(XT my)?].
D(y) = m2= M[(XT m°(YT m)7]=M[(YT m)7].
praqgtikul kvlevebSi gansakuTrebul rols TamaSobs me ore

rigis Sereuli centraluri momenti m;,romelsac X da Y
SemTxveviTi sidideTa korelaciur moments an ka\Siris m o-
ments uwodeben da mas k,, simboloTi aRniSn  aven.

Key= M1 = M[(XT m)(YT m)].
dis kretuli SemTxveviTi sidideebisaTvis gvegneba:
CT T T T TR i
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ky =8 & (5 - mly, - m )y,
i

xolo uwyveti SemTxveviTi sidideebisaTvis:

ky = FiFfx- M)y~ m)f (x y)dxdy
korelaciuri momenti axasiaTebs ori SemTxveviTi
sididis kavSirs. kavSiris xarisxis S efasebisTvis gamoi yeneba
ara TviT ko relaciuri momenti, aramed uganzomilebo
sidide

— kXy
Ny = ,
S,
romelsac  Kkorelaciis koeficienti ewodeba. s, da s, wa-
moadgenen saSualo kvadratul gadaxrebs.
advilad mtkicdeba, rom damoukidebel SemTxve viT
sidideTa korelaciuri momenti da korelaciis k o eficienti
nulis tolia. w i naaRmdeg SemTxvevaSi, SemTxvdi sidideebi
damokidebulni anu korelir ebulni arian.

3. SemTxveviTi sidideebis ZiriTadi
ganawilebis kanonebi

3.1. binomuri ganawilebis kanoni

binomuri kanoniT ganawilebulia ZiriTadad Tvise -
br ivi parametrebi. vTgvaT, A da B xdomilobebs agvT mxo -
lod digotomiuri Sedegi (mag. “ki~, "ara~, “+~, ° - ~). A xdomi-
lobis albaToba P(A) = p yoveli cdisaTvis iyos mudmivi.
agedan gamomdinare, B xdomilobis albaTobac P(B) = qigne-
ba mudmivi sidide. cxadia, p+q=1. vTgvaT, Catarda ncda
da A xdomiloba moxda Mmijer, maSin B xdomiloba
moxdeboda (nT m)-jer. Sedegis xdomilobis albaToba gamo -
iTvleba be r nulis formuliT:
CT T T T TR i
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m.,.qm_n-m n! m n-m
P,(m=C.'p"q =mp @- p)™m.

radgan P,(m) albaToba dakavSirebulia binomis cr

n
gaSlasTan, amitom m SemTxveviTi sididis am ganawilebas
bi nomuri ganawileba ewodeba. igi warmoadgens diskretuli

SemTxveviTi sididis ganawilebas, radgan M iRebs garkveul
mTel mniSvnelobebs m = 0,1,2,3,..n. binomurad aris ganawi
lebuli ara marto alternatiul i maCveneblebi, aramed
iseTi maCveneblebic, romlebTac gaaCniaT ara ori, ar amed
ufro meti Sedegi.

binomuri  kanoniT ganawilebuli X SemTxveviTi
sididis maTematikuri lodini tolia M(X) = np, xolo saS u-
alo kvadratuli gadaxra - S = Jnpq.

binomuri gan awilebis simkvrivis grafiki damokide -
bulia cdebis N raodenobaze da mosalodneli Sedegis pal-
baTobaze. roca p = 0,5 binomuri mrudi sim etriulia. Tu p,
, 0, maSin binomur mruds gaaCnia asimetria, romelic [pi 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 pu a-
sonis formuliT:

_ am -a
Fr(m)=-—-e",
sadac, maris n damoukidebeli cdis mosalodneli xdom i-
lo baTa sixSire ,at puasonis ganawilebis parametri a (a>0).
puasonis ganawilebis simkvrivis grafikebi, ro m-

lebic asididezea damokidebuli, naCvenebia Semdeg naxazze:
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irkveva, rom puasonis kan oniT ganawilebuli X Sem

TxveviTi sididis maTematikuri lodini da dispersia pu a-
sonis ganawilebis  a parametris tolia, e.i. M(X) = D(X) = a
puasonis ganawilebis es Tviseba xSirad gamoiyeneba praqt i-
kaSi X SemTxveviTi sididis puasonis ganawilebaze hip o-
Tezis Ses amowmeblad. amisaTvis saWiroa gamovTvaloT Se m-
TxveviTi sididis maTematikuri lodini da dispersia. Tu m a-

Ti mniSvnelobebi erTmaneTis tolia an axlos arian, maSin m i-
axloebiT SegvizZlia CavTvaloT, rom am SemTxveviT sidides
gaaCnia puasonis g anawileba.

3.3. Tana bari ganawileba

uwyvet X SemTxveviT sidides [a, I intervalSi aqvs
Tanabari ganawileba (Tanabradaa ganawilebuli), Tu misi
ganawilebis simkvrive am intervalSi mudmivia, xolo mis g a-
reT nulis tolia, e.i.

€0, roca Xx<a,
f(x):‘:c, roca a¢xc¢h,
t0, roca x>Db, c=const

ganawilebis simkvrives da ganawi lebis funqcias aqvT
Semdegi saxe:
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C-f--------- ;
0 a b X
vipovoT C mudmiva. radgan ganawilebis mrudiT
SemosaRvruli farTobi erTis tolia, amitom
b b
1
Af (X)dx= Fgdx=1. agedan c= e f(x)=—— .
FY 090x= ff q el f(9=
ganawilebis fungcia tolia:
~ 1 X | x-a X -a
FO)=Af(Ndx = f—-dx = = ,ei F —=.
()D() Jb-a b-a, b a (3 b a
maTematikuri lodini:
b b 2 2 2
X 1 x°|p_b°-a _a+tb
M (X) = pxf (X)dx= R} dx=——-—| = =—,
()p(() aIB-a b-a2la 2b- a) 2
xol o dispersia:
"2 a+bd 1 1 1& a+bg|® (b- a)?
D(x)="€— N dx= =X~ S |o= ;
E" 2 8 b-a b-a3f 2 Hl, 12
_b-a
23
ganawilebis simetriis gamo asimetriis koeficienti
nulis tolia. vip oVvoT eqscesis koeficienti.
b o A 4
atb 1 b- a
m= PEx - g dx= ( ) :
" 2 2b-a 80
_M_ L
E,=—-3=-12
S
R R S E T I III
: 43
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ganvixiloT Tanabrad ganawilebuli XSemTxveiTi si -

didis [a, b] intervalis raime [a, b] SualedSi moxvedris  al-
baToba
b b
dx X b-a
Pla<X<h)= f’- = = .
a'o-a b-aj, b-a

3.4. maCvenebliani ganawileba

uwyveti SemTxveviTi X sididis maCvenebliani (egsp o-
nencialuri) ganawileba ewodeba iseT ganawilebas, romlis
simkvrivis funqgcias aqvs Semdegi saxe:

€0 ,roca x<O
f(x)=1 i
[le “,roca x20,
sadac, | £ mudmivi dadebi Ti ricxvia.
Cven vxedavT, rom maCvenebliani ganawileba ga n-

isazRvreba mxolod erTi parametriT | , rac migvaniSnebs mis
dadebiT mxareze. ganawilebisa da simkvrivis fungciebs aqvT
Semdegi saxe:

(9 F(¥)

0 X 0 X
vipovoT ganawilebis funqgcia:
X

X
F() = ff ()dx= fje'*dx=1- €'*, roca x2 0.
ganwsazRvroT maTematikuri lodini da dispersia:
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M (X) = pxf dzil'“dzl.
()E?((x)xp(e xI

2 .
DO)=M(X)- MX)f =5 - 5 =55 8=
amrigad, maCvenebliani ganawilebisaTvis maTemati-
kuri lodini da saSualo kvadratuli gadaxra erTmaneTis
tolia. maCvenebliani ganawileba xSirad gvxdeba saimedobis
Teoriisa da masobrivi momsaxure bis amocanebSi.

3.5. normaluri ganawileba

normaluri ganawileba yvelaze ufro gavrcelebuli
ganawilebis kanonia. normaluri ganawilebis ZiriTadi Tvi -
seba imaSi mdgomareobs, rom sxva ganawilebebi miiswrafvian

normaluri ganawilebisaken. normaluri ganawilebi s kanons
egvemdebarebian mxolod uwyveti SemTxveviTi sidideebi. am i-
tom normaluri ganawileba, romelic aRiniSneba N(a,s) si m-

boloTi, SeiZleba mocemuli iyos ganawilebis simkvrivis an
ganawilebis funqciis saxiT.

f(x)
. S
_ ]
0 U X
1 (x-a)?
f(x) = e % -a¢xto
sv2p
o (x-a)?
F()=—

. 2g? dx
zp IF
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normaluri ganawilebis simkvrivis grafiks ewodeba

normaluri mrudi. mas aqvs zarisebuli forma da simetri u-
lia X = a wertilze gamavali wrfisa, xolo abscisaTa
RerZebs asimptoturad uaxlovdeba, roca X- a,

rogorc normaluri ganawilebis simkvrivis form u-
lidan Cans, normaluri ganawileba ganisazRvreba ada spa
rametrebiT. ganvsazRvroT es parametrebi. vipovoT norm a-

lurad ganawilebuli SemTxveviTi sididis maTematikuri
lodini da dispersia

(x-a)?

ﬁe 25 dx.

M (X) = uﬁ<f(x)dx—

. . . X-a .
SemovitanoT axali cvladi — =t (3.1), m&in

sV2
X- a=tsyV2: x=a+sv2t: dx=sv2dt

M(X)— \/_ﬁa+s\/§t)e dt—\/_ﬁe dt+\/_ ﬁe “dt

meore integrali nulis tolia, rogorc integrali
kenti fungciidan simetriul zRvrebSi. pirveli integrali
warmoadgens puasonis cnobil integrals

P dt=vp,
amitom, _

M(X)—T\/_ a.

ei. a Warmoadgens maTematikur Iodlns % ipovoT dispersia

(x- &)? ay

D(X) = f{x- a)® f(x)dx= xaex-—

(X) r{ )° (%) J_ n ) n a2 y
agac, Tu gamowyenebT axal cvlads, (3.2) formulidan m -

viRebT

252u2_t2
(x- a)=sv2t, D(X)==2 f¥%e'dt.
%
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Tu gamoviyenebT nawilobiTi integrirebis xerxs, sabolood

miviRebT D(X)=s?, e.i. & parametri warmoadgens dispe r-
sias. normaluri  ganawilebis standartuli gadaxra

s=,/D(X) warmoadgens manZils saSualosa da ganawilebis

mrudis gada Runvis wertils Soris, anu iseT wertils Soris,
sadac mrudi amoz negilobas CazneqilobiT cvlis.

amrigad, naTeli xdeba normaluri ganawilebis mrud is
a da s parametrebis statistikuri azri da isini srulad
gansazRvraven mrudis mdebareobas ricxviT RerZze da mis
fo r mas.

ganvixiloT ~ normaluri  ganawilebis  zogierTi
Tvisebebi:

1. simkvrivis funqgcia gansazRvrulia mTel OX RerZ ze,

e.i. x-is yovel mniSvnelobas  Seesabameba funqciis gar kveuli
mniSvneloba.

2. X-is yvela mniSvnelobisaTvis (rogorc dadebiTi,
aseve uaryofiTisTvis) simkvrivis fungcia dadebiTia, e.i.

normaluri mrudi moTavsebulia OX RerZis zeda nax e-
varsibrtyeSi.
3. simkvrivis funqciis zRvari X-is zrdis as udris
nuls
lim f(x)=0.
X- O
4. simkvrivis fungcias X = a wertilSi gaaCnia magsi -
mumi, romelic tolia:
f(a)= 1 .
SV2p
5. simkvrivis funqciis grafiki simetriulia X =awer-
tilze gamavali wrfis mimarT.
6. kenti centraluri momentebi nulis toli a.
7. asimetriisa da eqscesis koeficientebi nulis t o-
lia.
8. normaluri mrudis forma a (maTematikuri lo -
dinis) parametris sididis Secvlisas ar icvleba. maTema t-

ikuri lodinis gazrdisas an Semcirebisas, mrudis grafiki
Sesabanisad gadainacvlebs marcxnivan mar  jvniv.
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9. s parametris Secvlisas icvleba mrudis forma.
Sis zrdisas ganawilebis mrudis magsimaluri ordinata
mcirdeba da piriqiT, Sis Semcirebisas - izrdeba.

radgan normaluri ganawileba damokidebulia or pa -
rametrze  (a,5), amitom misi cxrilis sa xiT warmodgena
sakmaod rTulia. agedan gamomdinare, pragtikaSi farTod

gamoiyeneba standartizirebuli (standartuli) norm a-
luri ganawileba, romelic miGReba X SemTxveviTi sididis Z
- gar dagmniT :
z=X"2
S

miRebuli  Z sididi s maTematikuri lodini da dispersia t o-
lia:

eX ag_1

M[Z] =M ~IMO9)- M) =0,
€ s
D(z)=pEX~22_1 ZD(X-a)=1.

€s U

Tu Z mniSvnelobas CavsvamT normaluri ganawilebis
simkvrivis ~ funqciis gamosaxulebaSi, maSin  miviRebT

stan dartizirebul normalur ganawilebas MN(0,1) ara-
metrebiT, romlis ganawilebis simkvrivis funqcias aqvs
Semdegi saxe:
f(2
0 z
1 -z 1 %2
f(z)=—=¢€ 2, F(2=—— ¢ ?dz
V20 V2o IF
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ganawilebis  F(2 funqcia dakavSirebulia laplasis
F (2 funqciasTan Semdegi tolobiT:

F(2) =%[1+ F @), (3.2)

sadac

t
F(2)= 2t

S“N
Ro;
=5

3.6. normaluri ganawileba sibrtyeze

radgan ori SemTxveviTi sididisgan Semdgari sistema
warmodgenilia SemTxveviTi wertiliT sibrtyeze, amitom
organzo milebiani sistemis normaluri ganawilebis kanons
xSirad uwodeben normalur ganawilebas sibrtyeze.

davuSvaT, X da Y damoukidebeli SemTxveviTi sidi -

deebia, romelTa normaluri ganawilebis simkvrivis fu ng-
ciebia:

Py 2
1 ¢ (y-m)p
()= 5y o rzm
svep 1 2%

maSin maTi erToblivi ganawilebis si mkvrivis fu  nqcia
ganisazRvreba Semdegi gamosaxulebiT :

TT T 7777 7 T0rirerorrrorrennT 1
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Tu organzomilebiani sistemis gafantvis centri emT -

xveva koordinantTa saTaves, maSin m, = m, = 0. Sesabamisad
gvegneba:

18x2 y2 s
flxy)= -t ex- 2L L8
2088, 1 2% 3599

da mas erToblivi normaluri ganawilebis kanonikuri forma
ewodeba.

Tu X da Y SemTxveviTi sidideebi damokidebulni ari -
an, maSin erToblivi normaluri ganawilebis simkvrivis fu n-
gcias aqvs Semdegi saxe:

_ 1 £ 1 &x-m)
f(xy)=——exg - -——
&y 2ps,s,|1- 1}, XI{ 2ft- rxr"y)g S

s
X- -m -m
| m)y-m), v 2y) 4 o
S,Sy Sy @
da igi damokidebulia xuT parametrze: m,m,,s,.s, da My -

pirobiTi normaluri ganawilebis simkvrivis fungcia
ganisazRvreba Semdegi formuliT:

YOI JRE SN S S ¥ m, - 1y, (x m )2t
- __— —/— - - - - u il
Jops,irpf 2sil-ra)e Vs, aj,

g : 2

1 ] 1 e S, 9
f(x|y)=——=—exq- ex-m - r,>(y-m ) G
Vs -y f 2slor)é R ¥

Tu Xda'Y sidideebi arakorelirebulia (rxy= 0), naSin
(3.4) gamosaxulebidan miviRebT  (3.3)formulas, ro melic wa r-
moadgens damoukidebeli  SemTxveviTi sidideebis erToblivi
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ganawilebis simkvrivis fungcias. agedan gamomdinare, Tu
normalurad ganawilebuli SemTxveviTi sidideebi arakor e-
lirebulni arian, maSin isini damoukidebelni arian.

3.7. mravalganzomilebiani sistemis
normaluri ganawilebis kanoni

biosamedicino kvlevebSi, rogorc wesi, sagme gvaqvs
ara erT an or, aramed sakmaod bevr parametrTan. vTigvaT m  o-
cemulia mravalganzomilebiani sistema, rome lic aRiwereba
X1, Xo,...X, normalurad ganawilebuli SemTxve viTi sidi -
deebiT. maSin ganawilebis s imkvrivis fungcias aqvs Semdegi
saxe:

F(Xy X0 Xo) = exif- (- X)si(x- X, @35)
y

(2p)? Sl% i 2

sadac, X sawyisi monacemebis matricaa

eX;;  Xpp Xin 9
e u
P ZX X Xon
X =( Xy, Xppooy X, ) =€ 722 2y,
(X1 X ) é... U
€ u
exml Xim2 anU
X - saSualo sidideTa veqtoria X =()_(l,)_(2,...,)_(n)',
S- kovariaciuli matricaa, romelic gan isazRvreba Semde g-
nairad:
€S; S - Spo
e u
1 .0 — N Sy Son e <
s & (x,- X)x, - xJi=g S S
m- 175 €. E‘
2 u
esnl Sna - SnnU
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da romlis mTavar diagonalze (S11:52-...5n) imyofeba di s-
persiebis mniSvnelobebi. miRebuli matrica simetriulia,

e.. Sj = Sji-

Tu movaxdenT mocemuli sistemis X1, X5,...X, SemT
xveviTi sidideebis standart izirebas (normirebas)
Z. :u
i S

masSin miviRebT korelaciur matricas

el r, .. n,o

u

Rzgﬂ 1 .. Fany)
é.. )

e u
gnl rn2 lL'J

xolo ganawilebis simkvrivis fungcias egneba Semdegi saxe:

f(2,2,,...2,)=——— 1 exg——ZR
(2p): 2
zogadad, mravalganzomilebiani sistemis normalur
ganawilebas N, _(X,S) simboloTi aRniSnaven. unda SevniS -

noT, rom Tu n=1, maSin(3.5) gamosaxuleba gardaigmneba er T-
ganzomilebian normalurad ganawilebul SemTxveviTi sidi -

dis ganawilebis simkvrivis gamosaxulebad. amrigad, (3.5
aris normaluri ganawilebis ganzogadebu lifo r mula
4. albaTobis Teoriis zRvariTi Teor emebi

albaTobis Teoria Seiswavlis kanonzomierebebs, rom -
liTac xasiaTdeba masiuri SemTxveviTi movlenebi. Tu cda Ta
raodenoba sakmaod didia, maSin SemTxveviTi mo vlenebisa da
SeriixveviTi sidideebis maxasia  Teblebi kargaven SemTxveviT
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xasiaTs da TiTgmis araSemTxveviTebi xdebian. mag. xdom i-
lobis sixSire cdaTa didi raodenobi sas xdeba stabiluri,
aseve iTgmis SemTxveviTi sididis saSualo mniSvnelobebis
mimarT. es garemoeba saSualebas iZleva, SemTxveviTi
sidideebi s dakvirvebaTa Sedegebi ga moviyenoT momavalSi
cdaTa Sedegebis prognozirebis T vis.

TeoremaTa jgufi, romlebic akavSireben SemTxve ViTi
sidideebisa da SemTxveviTi movlenebis Teoriul da egspe r-
imentalur maxasiaTeblebs, roca cdaTa raodenoba didia,
gaerTianebuli arian albaTobis Teoriis zRvariTi T e-

oremebis dasaxelebiT. agve ganvixiloT did ricxvTa kanoni
da ce ntraluri zRvariTi Teorema.

4.1. did ricxvTa kanoni

rogorc viciT, SemTxveviTi xdomilobis fardobiTi
sixSire, cdaTa mravalgzis gameorebisas, iCens statistiku r
mdgradobas, anu igi mcired gansxvavdeba raime mudmivi
sididisagan. did ricxvTa kanoni amyarebs kavSirs saSualo
sididesa da raime mudmiv sidides Soris. did ricxvTa kanoni
pirvelad Camoayaliba i.bernulim. SemdgomsSi es kanoni gana -
viTares CebiSevma, markovma da sxvebma. Cven ganvixilavT Ce-
biSevisa da bernulis Teoremebs. amisaTvis jer ganvixiloT
Celb Sevis utoloba.

CebiSevis utoloba . ganvixiloT X SemTxveviTi si -
di de, romlis maTematikuri lodinia m, da dispersia D,.
CamovayaliboT CebiSevis utoloba. Tu SemTxvev iTi sididis
Tavis maTematikur lodinTan gadaxris albaToba absol u-

turi sididiT nebismier dadebiT € ricxvze metia, maSin igi

. D s .
zemodan SemosazRvrulia —2" sididiT, e.i.
e

P(X - m]>2 e)¢%.

CebiSevis utoloba SeiZleba meorenairad Caiweros
Tu gamoviyenebT mopirdapire xdomilobis cnebas, masSin
gvegneba:
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P(X - m|<e)2 1- %.

CebiSevis Teorema. CebiSevis Teorema warmoadgens

didi ricxvTa kanonis erT -erT mniSvnelovan formas. igi
amyarebs kavSirs SemTxveviTi sididis saSualo ariTm e-
tikulsa da maTematikur lodins Soris. CamovayaliboT C e-

biSevis Teorema: damoukidebel cdaTa usasrulo gazrdiT
SemTxveviTi sididis saSualo ariTmetikuli, romelsac

gaaCnia sasruli dispersia, albaTurad krebadia Sesaba misi
maTematikuri |  odinisaken.

ganvixiloT termini “albaT urad krebadi~. X, X5,.... %,
SemTxveviTi sidideebis mimdevrobas ewodeba albaTurad

krebadi raime a sididisaken, Tu nebismieri e0 ricxv i-
saTvis sruldeba Semdegi toloba

lim P(] X, - a])=1.
n- o
amrigad, CebiSevis Teorema aRniSnavs, rom Tu
X, Xo,...X, erTnair ad ganawilebuli damoukidebeli SemTx -
veviTi sidideebia m, maTematikuri lodiniTa da Dy di s-
persiiT, m aSin nebismieri e> OsididisaTvis gvegneba:

lim P%'axi - m,
T oM

CebiSevis Teoremis arsi mdgomareobs SemdegSi: m i uxe-

3_1
<el=].
%o

davad imisa, rom calkeul damoukide bel SemTxveviT sidi -
deebs SeuZliaT miiRon Tavisi maTematikuri lodinisagan
sagrZnoblad gansxvavebuli mniSvnelobebi, didi raoden o-
bis SemTxveviT sidideTa saSualo ariTmetikuli, gar kveuli
azriT, kargavs SemTxveviTi sididis xasiaTs da maTi saS ualo
ariTmetikulis gadaxra sakmaod mcirea, roca n- Q.

CebiSevis Teoremis kerZo SemTxvevas warmoadgens
i.bernulis Teorema, romelic SemdegSi mdgomareobs:
vTqvaT, m aris A xdomilobis moxdenis ricxvi n
damoukidebel cdaSi. vigulisxmoT, rom TiToeul cdaSi
xdomil o bis moxdenis albaT oba aris P, maSin nebismieri e> 0
ricxvisa T vis adgili aqvs tolobas:
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lim Pgm -p
n- o n

1)
<eu=1,
u

sadac, m sidide A xdomilobis fardobiTi sixS i-
n

rea, xolo P L A xdomilobis moxdenis albaTobaa. am T  e-
oremebis Tanaxmad, Tu cdaTa ricxvi didia, ma Sin fardobiTi
sixSire Teoriuli albaTobis Sefasebad SeiZleba ignas
miRebuli. es Sedegi metad mniSvnelovania bevri pragtikuli
ano canebis gadasawyvetad.

Tu cdebi tardeba araerTgvarovan pirobebSi, maSin

puasonis Teoremis Tanaxmad, romelic warmoadgens bern u-
lis Teoremis ganzogadebul Teoremas, damoukidebel cd a-
Ta raodenobis zrdisas, A xdomilobis sixSire alba Turad
krebadia  Sesabamisi  albaTobebis saSualo ariTm e-
tikulisken.

amrigad, CebiSevis Teoremis Tanaxmad, SemTxveviT
sidideTa saSualo ariTmetikuli albaTurad kreb adia Sesa-

bamis maTematikur lodinTa saSualo ariTmetikulisken,
xolo bernulis Teoremis Tanaxmad, xdomilobis fardobiTi
saxSire albaTurad krebadia am xdomilobis albaT o bisken.

4.2. centraluri zRvariTi Teorema

wina paragrafSi ganxiluli Teoremebi warmoadgenen
did ricxvTa kanons sxvadasxva formiT. rogorc aRvniSneT,
did ricxvTa kanoni gamoxatavs SemTxveviTi sididis m i-
swrafebas raime mudmiv maxasiaTeblisaken, Tanac Cven sagme
ara gvaqvs SemTxveviTi sididis g  anawilebis kanonTan.
ganvixiloT ~ SemTxveviT  sidideTa mim devrobis
X1,Xp,...%n jamis zRvruli ganawilebis kanoni, rodesac Se -
sakrebTa raodenoba usasrulod izrdeba. aRmoCnda, rom Tu
Sesakreb  SemTxvevaTa sidideebi garkveul pirobebs
akmayofileben da maTi ricxvi sakmaod didia, maSin jamis
ganawilebis kanoni uaxlovdeba normalurs. Teoremebs,
romlebic am faqts asaxaven, ewodebaT zRvariTi Teor emebi.
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CamovayaliboT (daumtkiceblad) umartivesi zRvari -

Ti Teorema, romelic lindeberglevis TeoremiT aris cn o-
bili. Tu X1,X,... %, erTnairad ganawilebuli damoukideb e-
li SemTxveviTi sidi deebia m maTematikuri lodi niTa da &

n
di spersiiT, maSin Y, = a X; gamosaxulebis ga nawilebis ka -
i=1
noni miiswrafvis normalurisaken, roca n- o,
a. liapunovma es Teorema ganazogada nebismierad
ganawilebuli SemTxveviTi sididis mimarT. moviyvanoT es

Teorema daumtkiceblad. Tu X1,X5,...Xs  nebismierad
ganawilebuli  damoukidebeli SemTxveviTi sidideebia,
arsebobs mesame rigis absoluturi momenti
. 3]
. am hxk|
M QXK| ) k =1,2,... da sruldeba piroba: lim “:1—3 =0,
n- o o ~
a.n 2
2 D(X)8
Ck=1 +

n
maSin Y, =8 X, SemTxveviT sidideTa ganawilebis kanoni
i=1
miiswrafvis no  r malurisaken.
Tu Tanabrad ganawilebuli X1, Xs,... %, diskretuli
SemTxveviTi sidideebi iReben 0 an 1 mniSvnelobebs, maSin
muavri -laplasis Teorema, romelic warmoadgens centra -

luri zRvariTi Teoremis umartives saxes, SeiZleba ase
CamovayaliboT: Tu Catarda n damoukidebeli cda, sadac A
xdomiloba moxda  p albaTobiT, maSin nebismieri [a,b] in-
terva lisTvis samarTliania Semdegi Tanafardoba:
4 m-np 0 16 abh0 _da o
P& < <bQ=-d&Fa-§ Fa-8
& Jopg 2 2¢ 2= &2
sadac, mt A xdomilobis moxdenis raodenobaa, q=1171 p,
F(.) £ laplasis fungciaa. muavri -laplasis Teorema aR  wers

binomuri ganawilebis mogmedebas, roca ndidia .
CT T T T TR i
SR IR I B R, o6
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biostatistikis meTodebi

5. biostatistikis arsi

biostatistika, iseve rogorc maTematikuri stati sS-
tika, aris maTematikis nawili, romelic swavlobs Se m-
TxveviT sidideze warmoebuli dakvirvebebis Sedegebis
Sekrebis, sistematizaciisa da damuSavebis meTodebs
arsebuli kanonzomierebis gamovlenis mizniT. statistikur
meTodebs safuZvlad udevs eqgsperimentaluri monacemebi,
romlebTac statistikur monacemebs uwodeben.

r ogorc cnobilia, SemTxveviT sidideze yvelaze
zusti cnobebi SeiZleba miviRoT, Tu CavatarebT am SemTx -
veviTi sididis magsimalurad bevr gazomvas. SemovitanoT
gener aluri erTobliobis cneba.

generaluri erToblioba anu statistikuri pop u-
lacia ewodeba yvela SesaZlo dakvirvebaTa erTobliobas,
romlebic SeiZleba miviRoT SemTxveviTi sididis gazomviT.
generaluri erTobliobis Semadgenel wevrTa raodenobas
ewodeba am generaluri erTobliobis moculoba anu
ganzomileba.

praqgtikulad, generaluri erTobliobis miReba TiT -
gmis SeuZlebel ia sxvadasxva mizezis gamo, garda gamonaklis
SemTxvevaSi, roca generaluri erToblioba Sedgeba wevrTa
sasruli raodenobisgan. agedan gamomdinare, rogorc wesi,
Cven sagme gvaqvs sasruli raodenobis dakvirvebebTan, ro m-
lebsac amonarCevi ewodebaT.

amonarCevi erTo blioba an ubralod amonarCevi
(SerCeva, amokrefa) ewodeba im dakvirvebebis (obieqtebis)
erTobliobas, romlebic amoRebulia generaluri erTobl i-

obidan. dakvirvebaTa mwkrivi X, X5,.,%,  ganixileba,

rogorc N moculobis amonarCevi sasruli an usasrulo
generaluri erTobliobidan. amonarCevi yovelTvis sasruli
raoden obisaa.

maTematikuri statistikis kvlevis erT -erT ZiriTad
meTods warmoadgens e.w. SerCeviTi meTodi . meTods, ro -
melic akeTebs daskvnas amonarCevis maxasiaTeblebisa da
Tvisebebis safuzZvelze, general uri erTobliobis ricxviT
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maxasiaTeblebze da ganawilebis kanonis Sesaxeb, ewodeba
SerCeviTi m eTodi.

imisaTvis, rom X SemTxveviTi sididis ganawilebis ka -
noni an misi ricxviTi maxasiaTeblebis Sesaxeb msjeloba iyos
efeqturi, aucilebelia, rom amonarCevi iyos wa r-
momadgenlobiTi (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 Tana bari
albaToba imisa, rom moxvdes amonarCevSi. amonarCevis rep -
rezentatiuloba miiRweva randomizaciiT (inglisuri sity -

vidan randomSemTxveviTi) anu, sxvanairad rom vTqvaT, ge ne-
raluri erTobliobidan elementebis SemTxveviTi amokr e-
fiT. amonarCevis SemTxveviToba miiReba an meaqganikuri
meTodebiT, romlebic efuZneba generaluri erTobliobis
nawil -nawil dayofas, anda maTematikuri meTodebiT,
magaliTad, monte -karlosm eTodiT.

iyenebs ra albaTobis Teoriis meTodebs, maTematik u-
ri statistikis mizania, amonarCevis saSualebiT S eafasos
generaluri erTobliobis maxasiaTeblebi. albaTobis Teo -
riidan viciT, rom SemTxveviT sidides gaaCnia garkveuli
saxis ganawilebis fungcia misi Sesabamisi ricxviTi maxasia -

TeblebiT (mag. maTematikuri lodini an sxva sawyisi da ce n-
traluri  momentebi), roml ebsac SemdgomSi Teoriuls
vuwodebT, xolo amonarCevis saSualebiT miRebul mni S-

vnelobebs - SerCeviTs anu empiriuls.

maTematikur statistikaSi Zalian xSirad gamoiyeneba
“Tavisuflebis xarisxis~ cneba. Tavisuflebis xarisxi aris
gamonaTqgvami, romelic nasesxebia f izikidan, sadac igi axa -
siaTebs obieqtis moZraobas. Tu obieqts aqvs SesaZlebloba

imoZraos mxolod sworxazovnad, maSin mas aqvs erTi Tavis u-
flebis xarisxi. obieqts, romelsac SeuZlia sibrtyeze mo Z-
raoba, gaaCnia ori Tavisuflebis xarisxi da a.S. Tu g amovalT

Tavi suflebis xarisxis aseTi geometriuli interpretac i-
idan, maSin igi SeiZleba ase ganisazRvros:

n=n-k,
sadac, n _ Tavisuflebis xarisxia;
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n _ amonarCevis ganzomileba, romliTac ganisaz Rv-
reba Sesafasebeli parametri;

k__ damatebiTi parametrebis raodenoba, romlebic
ganisazRvrebian igive amonarCeviT da Sedian
Sesafasebeli parametris gamosaxulebaSi.

n
magaliTad, dispersiisTvis s2 :il A (% - X7, k=1,
n-1i,
radgan dispersiis formulaSi aris erTi damatebi Ticvl a-
di - saSualo ariTmetikuli X, romelic gani sazRvreba

igive amonarCeviT. agedan gamomdinare, n = ni 1.

6. monacemebis klasifikacia da maTi
warmodgenis meTodebi. sixSiruli ana | izi

obieqtis Seswavlisas saWiroa misi mTeli rigi
maCveneblebis gazomva da dafigsireba. dakvirvebisa Tu
fizikuri gazomvebis Sedegad miRebul informacias

uwodeben Sesaswavli obieqtis pirvelad (nedl, daumuSav e-
bel) monacemebs, xolo am monacemTa erTobliobas - stati s-
tikur erT  obliobas. sazogadod, monacemebi aris obieqtTa

raime simr avlis maxasiaTebelTa dakvirvebuli mniSvnel o-

bebis erToblioba. am erTobliobis yovel wevrs dakvirveba,
monacemi anu moacemi wertili ewodeba.

Tavdapirveli monacemebis dalagebis, dajgufebisa da
erTiani mimoxilvis meTodologia Seadgens deskrifciul
anu aRweriT statistikas . unda gvaxsovdes, rom monacemTa
gaerTianeba SesaZlebelia maTi erTgvarovani 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 SeiZ leba
davyoT Tvisebriv da raodenobriv monacem ebad.
Tvisebrivi monacemebi fizikurad ar izomeba, isi ni

mxolod aRiricxeba ama Tu im niSnis yofna -aryofnis saS ua-
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lebiT. 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 egqvemdebareba uSudod
gazomvebs. isini pirobiTad SeiZleba davyoT or klasad: di s-
kretulad da uwyvetad. gavixsenoT, rom uwyvetia iseTi
sidide, romelsac SeuZlia miiRos yvela SesaZlo mniSvnel o-
ba raRac garkveuli intervalis farglebSi. mag. mags i maluri
arteriuli wnevis mniSvneloba, pulsis sixSire, sisxISi
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 ewod ebaT.
cvalebad Tviseb riv da raodenobriv monacemebs maTe -
matikur statistikaSi ewodeba cvladi SemTxveviTi sidide -

ebi, romlebic laTinuri alfavitis didi asoebiT aRiniSn e-
ba X,Y,Z,..., xolo maTi ricxviTi monacemebi Sesabamisad
mcire laTinuri asoebiT - XX en Xy Vi Yo Yy daalS.

monacemebis zemoT moyvanili klasifikaciis gaTva -
liswinebiT arsebobs gazomvis sami skala: nominaluri, rig i-
Ti da ricxviTi.

nominaluri skala warmoadgens gazomvis umartives
dones da gamoiyeneba Tvisebrivi (kategoriuli, binaruli)
monacemebis gasazomad. rodesac kategoriebs  Soris
arsebobs garkveuli mimarTeba an rigi, maSin Tvisebrivi
monacemebi izomeba rigis skalis gamoyenebiT. dakvirvebebi
agac Kklasificirebulia, magram maT Soris arsebobs
‘metobis~ an “naklebobis~ mimarTeba. mag. sa xsrebiT da a-
vadebuli avadmyo febi klasificirdebian avadmyofobis si m-
Zimis mixedviT oTx klasad, sadac pirveli klasi Seesabameba
normalur aqtivobas, xolo meoTxe klasi - invalidis etliT
moZrao bas.

raodenobrivi monacemebi izomebian ricxviT skala -
ze, romelic iyo  fa intervalur anu uwyvet skalad da dis -
kretul skalad. uwyvet skalaze izomeba uwyveti SemTxve -
viTi sidideebi, xolo diskretul skalaze - diskretuli
SemTxveviTi sidideebi.
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Tvisebrivi maCveneblebis warmodgena vTqvaT,

amonarCevis n elementebi xasiaTdeba erTi T visebrivi
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 gv eg-

neba:

var i anti

A

sixSire

my

A
Ma

cxadia, rom sixSireTa jami

a m =n. sixSire esaa ricxvi,

i
romelic gvi  Cvenebs, Tu ramdenjer gvxvdeba mocemuli var i-
anti (mniSvneloba) amonarCevSi. ganvixiloT erToblioba,

romlis elementebi xasiaTdeba ori alternatiuli niSniT
da B. maSin monacemebis dajgufebis Sedegad viRebT Semdeg

A

cxrils, romelsac oTxujrediani anu (2x2) tipi s cxrili
ewodeba.
8 B ‘B sul
A Mg Myg My
A Mg Mzg My
sul mg mg n
raodenobrivi maCveneblebis warmodgena . davuSvarT,

rom unda SeviswavloT raime diskretuli SemTxveviTi si -

dide

kanonis SefasebisaTvis an statistikuri
gamoTvlisaTvis tardeba damoukide

X Xoyeen X,

movadginoT cxrilis saxiT:

o

-
R I I

L

TOT T TTTTITITITRTITIvET 0
e m . u< .

a

gazomvebis Sedegad miRebuli

X, romlis ganawilebis kanoni ucnobia. ganawilebis
maxasiaTeblebis
beli gazomvebis seria

masala wa r-
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i 1 2 n
X; X1 Xo Xn

am cxrils ewodeba  statistikuri mwkrivi . igi warmoadgens
statistikuri masalis warmodgenis pirvelad fo r mas.

didir aodenobiT gazomvis SemTxvevasSi statist i kuri
masalis cxrilis saxiT warmodgena mouxerxebelia da misi

saSualebiT pragtikulad SeuZlebelia gamosakvlevi X Sem-
TxveviTi sididis ganawilebis kanonis dadgena. amitom, m i-
zanSewonilia monacemebis dajgufeba. kerZod, gazo mvis Se
degad miRebuli mniSvnelobebiT gamovTvaloT m sixSi -
reebi an fardobiTi sixSireebi
p|* = ﬂv 1= 1121 k
n

amis Semdeg ViRebT sixSirul cxrils
Semdegi saxe:

, romelsac aqvs

X X1 X2 X
m, m, my
P P, P P
cxrili sworadaa Sedgenili, Tu sruldeba Semdegi p i robebi:
Am=n @ ApcL
i=1 i=1

aseTi sixSiruli  cx riliT  warmodgenil  statistikur
mwkrivs ewodeba variaciuli mwkrivi
TvalsaCinoebisaTvis sixSiruli cxrilis magivrad
iyeneben mis grafikul gamosaxulebas, sadac abscisaTa RerZ -
ze gadazomilia variaciuli mwkrivis mniSvnelobebi, xolo

ordinatTa RerZze - maTi Sesalamisi fardobiTi si xSireebi.
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X1 X2 o X, X

miRebul mruds uwodeben ganawilebis mraval kuTxeds
an ganawilebis sixSiris pol igons.

Tu Seiswavleba uwyveti SemTxveviTi sidide, masSin
dajgufeba mdgomareobs SemTxveviTi sididis cvalebadobis

intervalis Tanabari sigrZi s k raodenobis kerZo inte r-
valebad dayofaSi da am intervalebisTvis m sixSireebisa
da P’ fardobiTi sixSireebis g amoTvlaSi.

intervalebis raodenoba airCeva nebismierad, Cveu -
lebriv,  5-dan 15-mde. intervalis optimaluri sigrzZis ga n-

sazRvris Tvis iyeneben sterj  esis formulas:

Ximax = Xmin

- 1+3320gn’

sadac, X, da X.,, amonarCevis minimaluri da maqgs i maluri

mniSvnelobebia, N7 amonarCevis ganzomileba. miR ebuli  hsi -
dide, umjobesia, davamrgvaloT. magaliTad, Tu h< 1 maSin
davamrgvaloT meaTedamde, sxva SemTxvevaSi - mTelamde.

pirveli intervalis sawyisad rekomendebulia m i-
VviRoT Semdegi mniSvneloba:

X(O) = Xumin =

NS

meore intervalis dasawyisad, romelic emTxveva pirveli

intervalis bolos - xV=xO+h da a.S. manam, sanam ak m

viRebT intervals, romelSic moxvdeba Xmax MNiSvneloba. am

0ziT miviRebT intervalur variaciul mwkrivs, romelic
SeiZleba warmovadginoT Semdegi sixSiruli cxrilis saxiT:
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inter - Six - far - - dagr ovili
, val ebis Si- dobi - i??(rSicr’evéltl)i fard obiTi
inte - saS.mni | reebi Ti = si xSireebi

valebi Svreloba SiXS . am s

. * . a pi
Xii m b, i i
DO [ [ m [ | m S

1). 2 . * * *
[X®; X Xj m, D, my+ My pi + P,
[xtD . x(®] ) R o
' X mk Px my+@ my p, +@ p,

dagrovili sixSireebi miiReba sixSireebis Tanamimdevruli
ajamviT, dawyebuli pirveli intervalidan.

TvalsaCinoebisaTvis umjobesia, intervaluri vari a-
ci uli mwkrivi warmovadg  inoT grafikulad e.w. histogramis
saSualebiT. histograma aigeba Semdegnairad: abscisaTa
RerZze gadaizomeba kerZo intervalebi da TiToeul maTga n-
ze aigeba oTxkuTxedi, romlis farTobi udris mocemuli
intervalis  sixSires. ordinatTa RerZze gadazomili
maCveneblis mixedviT histograma iyofa or tipad: 1) fard o-
biTi sixSireebis histograma, anu, rogorc mas zogjer
uwodeben, normirebuli histograma da 2) procentebSi gam o-
saxuli sixSireebis histograma (procentuli histograma). am
RerZze P A00

SemTxveraSi, ordinatTa

sidideebi

am ori tipis histogramis gamoyenebis upiratesoba
isaa, rom isini gvaZleven erTi da igive intervalebze ageb u-
li sxvadasxva hi stogramebis Sedarebis saSualebas.

magaliTi mocemulia 5 wlamde bavSvebis sisxlis
nakadis siCgare (wm-S) 7 10 9 6 7 9 10 7 9 6 12 8 9 10 9 8 10
812 11 8 9 7 10 6 119 11 10 11 9 11 10 8 9 7 8 9 &40 (
40). avagoT GQGPOhistograma, empiriuli ganawilebis sikvrivisa
da ganawilebis fungciebis grafikebi.

SevadginiT six Siruli cxrili. amisaTvis ganvsa
roT kerZo inte  r valis sigrZe:

gadaizomeba

ZRv -

"
1,07 JH” 7 e 64
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12-6 _ 6

= = =0,95° 1.
1+332Ig40 1+5312

x0 =6- % =5,5. sixSirul cxrils eqneba Semdegi saxe:

i nter - . far - 4 dagr ovili
_ val ebis | S~ | dobi - | 929LOVIL | farg obiTi
inter - saS. mni Slb_' Ti si xSireebi
valebi Svreloba | reebi sixS. - o
: m . am ah
Xii P ! i
[5,5;6,5] 6 3 0,075 3 0,075
[6,5;7,5] 7 5 0,125 8 0,200
[7,5;8,5] 8 7 0,175 15 0,375
[8,5;9,5] 9 10 0,25 25 0,625
[9,5;105] 10 8 0,20 33 0,825
[10,5;11,5] 11 5 0,125 38 0,95
[11,5;12,5] 12 2 0,05 40 1,00
7
cxrili sworadaa Sedgenili, radgan a m =40 da
i=1
7
a pi* =1. avagoT normirebuli hist ograma.
i=1
P*
0,3}
P x
N
01f ﬁ\
_A

55 657585 95 10,511,512,5 x
Tu mravalkuTxedis zeda gverdebis Sua wertilebs
SevaerTebT mrudiT, maSin es mrudi miaxloeb iT gvaZlevs
warmodgenas empiriuli ganawilebis simkvrivis f'(x) funq ci -
is saxeze. Cveni magaliTis empiriuli ganawilebis simkvr i vis
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grafikuli gamosaxulebidan Cans, rom bavSvebis sisxlis
nakadis siCgaris mniSvnelobebi daaxloebiT normaluradaa

ganawil ebuli.
Tu abscisaTa RerZze gadaizomeba kerZo inte r valebi,
xolo ordinatTa RerZze - dagrovili fardobiTi sixSire e-
bi da miRebul wertilebs SevaerTebT, maSin miviRebT gra f-
iks, romelsac  kumulatiuri grafiki ewodeba. pirveli i n-
tervalis qveda zRvris mniSvnelobas iReben nu lis tolad.
Cveni magaliTisaTvis gveqgneba:
ap

1, T

07 F ()

o, 7T

g T

0’ 1 1 1 1 1 1 1 1

0 55 6575 85 9,510511512,5x

am gziT miRebuli grafiki warmoadgens SemTxve ViTi
sididis empiriuli ganawilebis F'(x) funqgciis miaxlo ebiT
mniSvnelobas.

monacemebis TvalsaCino warmodgenisaTvis, hist o-
gramis garda, zogjer gamoiyeneba foTlebiani Reroebis
msgavsi diagrama . aseTi diagramis asagebad, gavataroT
vertikaluri wrfe da mis marjvniv CavweroT cifrebis
umci resi Tanrigebi, romlebsac foTlebi ewodebaT, xolo
marcxena mxares - cifrebis zeda Tanrigebi, romlebsac R e-
roebi ewo debaT. dakvirvebaTa Reroebad dayofa xdeba
cifrebis Tanrigebis raodenobis gaTvaliswinebiT.
magaliTad, Tu Reroebi warmodgenilia erTTanrigiani
ci frebiT, maSin dayofa xdeba erTeulebiT, orTanrigiani
cifrebis dros - aTeul ebiT da a.S. agve unda SevniSnoT, rom
aseTi dayofa pirobiTia da SesaZlebelia dayofis sxva
kriter i umis gamoyeneba.

magaliTi. vTqvaT, mocemulia 32 pacientis asaki
(wl.): 60, 72, 25, 8132, 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,avagoT foTleb -
ani Reroebis msgavsi diagrama.
CT T T T TR i
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Reroebi foTlebi

2|5

3| 241

4 | 5892

5| 427891

6 | 0156325197

7 | 23452

8| 102

foTlebiani Reroebis msga vsi diagrama histogramis

msgavsia, magram aq SenarCunebulia indivindualuri mni S-
vnelobebi. garda amisa, misi saSualebiT advilad dgindeba
amonarCevis minimaluri da magsimaluri mniSvnelobebi; r o-

meli monacemi gvxdeba yvelaze xSirad; romeli yvelaze iSv i-
aTad da sxva. nakli is aris, rom misi gamoyeneba didi moc u-
lobis amonarCevisaTvis haklebad mosaxerx ebelia.

Tu monacemebi mocemulia procentebSi an fardobiTi
sixSireebis saxiT, maSin maTi TvalsaCino warmodgenisTvis
iyeneben wriul diagramas. wriuli diagramis asageba d sa-
Wiroa vipovoT centruli kuTxeebi Semdegnairad :

j =3600p" an j =36002

100
sadac pﬂ 1 fardobiTi sixSirea, a’i procenti. zogjer wr i-
ul diagramebs moculobiT saxes aZleven.
magaliTi . dizenteriiT daavadebul pacientTa rao -

denoba 90-ia. agedan, 47 pacients (52%) aReniSneba msubug;i,

22-s (24%) saSualo, 14-s (16%) mZime da/-s (8%) sakmaod mZime
forma. monacemebi warmovadginoT wriuli diagramis saxiT.
amisaTvis gamovTvaloT centruli kuTxeebi.

j 1= 36000,52 = 187, j;=360,16 =58,
j »=360(,24 =86, j,=360,08 =29.

wriul diagramas eqgneba Semdegi saxe:
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sak.mZime

saSualo

msubugqi

7. maTematikur statistikaSi gamoyenebuli
ZiriTadi ganawilebis kanonebi

stiudentis ganawileba . vTgvaT, X SemTxveviTi si -
dide ganawilebulia normalurad. ganawilebis simkvrivis
formulaSi, rogorc viciT, argumentad Sedian generaluri
erTobliobis maTematikuri lodini a da saSualo kvad -
ratuli gadaxra s, romlebic, rogorc wesi, ucnobebi arian.
amonarCevis dros Cven vsargeblobT maTi SefasebebiT, ke r-
Zod, saSualo ariTmetikuliT X da saSualo kvad ratuli
gadaxriT s,. agedan gamomdinare, ingliselma maTematiko  s-
ma k. gosetma ipova

-a
t= Jn
SX
sididis ganawilebis kanoni, sadac generaluri parametri s
Secvlilia misi SefasebiT S,. aRmoCnda, rom amonarCevis

«
saSualosa da generalur saSualos Soris sxvaobis gana -
wilebis si  nkvrivis mrudsa da funqcias aqvs Semdegi saxe:

flt)

F 2 o 0 1 7 3t
T T T T rrrvrrrerererernenn
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o

n"'lg n+l
T4 t?Q 2
f(t):—_J—§+_ o a<t<n
2= ¢ "
G

I OOOz

I OOz

sadac, G(Q warmoadgens gama funqcias. f (t) fungcias uwo -
deben stiudentis ganawilebas ( t-ganawileba) n=nil Tavis u-
flebis xarisxiT.
stiudentis ganawilebis simkvrive a da s para-
metrebze araa damokidebuli. is ganisazRvreba mxolod amo -
narCevis N moculobiT. es Tavisebureba warmoadgens stiu -
dentis ganawilebis Rirsebas. t-ganawilebis maTematikuri
lodini da dispersia tolia:
n
M({t)=0, D(t)=——,
®)=0. of)=-"
xolo mediana da moda nulis tolia. Tavisuflebis xarisxis
zrdasTan erTad, stiuden tis ganawileba swrafad uaxlov -

deba normalurs. kerZod, roca n = 50, stiudentisg  anawile -
ba TiTgmis ar gansxvavdeba normalurisgan. agedan gamomd i-
nare, stiudentis ganawileba farTod gamoiyeneba mcire

amona Cevebis dros (cxrili mocemulia danarTSi).

c? (xi -kvadrati) ganawileba . ganvixiloT n damouki -
debeli SemTxveviTi sidideebi X1 Xy5,..., X,,, romlebic no  r-

malurad arian ganawilebulni a,,a,,.

nl
.,&, maTematikuri

lodinebiTa da $,S,..., S, saSualo kvadratuli gadaxrebiT.

yoveli am SemTxveviTi sididisTvis Semovi ta noT stan -
dartizirebuli SemTxveviTi sidide

z=5"3 i=12..n
S

standartizirebuli cvladebis kvadratebis jams
2=Z72472+.422
ewodeba c? SemTxveviTi sidide N = n Tavisuflebis xaris -

xiT. ¢ SemTxveviTi sididis ganawilebis simkvrivis fu  nqcias
agvs Semdegi saxe:

TT T 7T 0700 7 T rTiriranrvororenT b
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e 1 ny e
% n—(CZ)Z e 2,roca c220
2\_1 n on~
16)=1 228
\ G2+
1 0 , roca €?<0
#(¥)
a5t
g4 t
a3 y=7
oy y=4
: V=10
U,/' [04

0 7 4 6 8 Wiu #i

!
4
Xor,v
rogorc ganawilebis simkvrivis funqciidan Cans, c?
ganawileba ar aris damokidebuli arc X SemTxveviTi sidi  d-

is maTematikur lodinze da arc dispersiaze, is
damokidebulia mxolod amonarCevis mo culobaze. vipovoT
maTematikuri|  odini da dispersia:

M(c2)= M% zfgzé M(Ziz)znzn,

Gist T =t

DDD(cz)z 2n=2n.

c? ganawilebis simkvrive rTuli fungciaa da misi i n-
tegrireba sakmaod rTulia, amitom Sedgenilia c?
ganawilebis specialuri cxrilebi (ix. danarTi).

fiSeris ganawileba . vTgvaT, mocemulia damouki -
debeli SemTxveviTi sidideebi X X Xy Y Yo, Y,

CE T T
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rom lebic normalurad arian ganawilebuli N(0,1) para-
metrebiT. uganz o milebo SemTxveviT sidides

n
ma X/
— i=1
P
naYy,
j=1
gaaCnia fiSeris ganawileba (F-ganawileba ) n; = n mricxveli -

sa da n, = m mniSvnelis Tavisuflebis xarisxiT. ganawilebis
fungcias aqvs Semdegi saxe:

(F)

1/

—
—~
T
~—-
I}
— =) =) ———> = (D
>
iy

0 . ,roca F¢O

rogorc vxedavT, F SemTxveviTi sididis ganawilebis
simkvrive rTuli gamosaxulebaa da igi damokidebulia mx o-
lod n; da n, Tavisuflebis xarisxebze. Ees gvaZlevs sa -
Sualebas, raTa SevadginoT  F-ganawilebis specialuri cxri -
lebi (ix. danarTi).

F-ganawilebas gaaCnia dadebiTi asimetria da, amona r
Cevis moculobis zrdasTan erTa d, uaxlovdeba normalur
ganawilebas.
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8. ZiriTadi statistikuri maxasiaT eblebi

cnobilia, rom ganawilebis kanoni SemTxveviT sidides
srulad axasiaTebs, magram Zalian xSirad ganawilebis kanoni
ucnobia. amitom, zogjer gacilebiT ufro mosaxerxebelia
zogierTi rao denobrivi maCveneblebis (statistikuri ma X-
asiaTeblebis) codna, romlebic mogvawvdian informacias
SeriitxveviTi sididis Sesa  xeb. garda amisa, SedarebiTi am o-
canebis gadawyvetisas, SesaZ lebelia, rom ori SemTxveviTi
sid i dis ganawilebis simkvrivis funqciebi iyos erTnairi,
magram isini SeiZleba gansxvavdebodnen erTmaneTisgan
statistikuri  maxasiaTeblebiT, romlebic pirobiTad
SeiZleba dav yoT sam jgufad: ganawilebis mdebareobis,
cvalebadobisa da formis maxas iaTeblebad.

8.1. ganawilebis mdebareobis maxasiaTeblebi

ganawilebis mdebareobis anu centraluri tendeciis
sazom maxasiaTeblebs miekuTvneba saSualo sidide ebi, moda,
mediana da kvantili. arsebobs saSualo sidideTa ramdenime

saxe: saSualo ariTmetikuli, saSualo geometriuli, saS ua-
lo kvadra tuli, saSualo kuburi da s xv. AmaTgan yvelaze uf-
ro gavrcelebulia saSualo ariTmet i kuli.

vTgvaT, mocemulia X SemTxveviTi sididis Xiy Xpyeeey X,

amonarCevi. maSin saSualo ariTmetikuli ganisazRvreba
formuliT:

X = ==q x .
n nia:‘1 '
amrigad, saSualo ariTmetikuli aris amon arCevis Ti -

Toeul monacemze mosuli jamur dakvirvebaTa wili, anu sa -
Sualo raodenoba. Tu monacemebi mocemulia variaciuli
1.k
mwkrivis saxiT, maSin X=—gq mXi da mas awonil (Sewonil)
i=1
saSualo sidides uwodeben. aq, m - variantebis sixSireebia,

T T
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Xj- intervalebis saSualo mniSv neloba, Kk - intervalebis

raodenoba. Tu gvaqvs ramdenime jgufis saSua lo sidideebi
da gvinda gamovTvaloT maTi saerTo saSualo, m aSin gveqgneba:
k

% i _ anx
7 = X T NpX, Q@ N Xy _ im
n, +n, + @ n, K

an

i=1
saSualo ariTmetikulis miaxloebiTi mniSvneloba
SeiZleba ase ganisazRvros:

%0 Xmin + Xmax
2

sadac, Xmin da Xmax amonarCevis minimaluri da magsimaluri
mniSvnelobebia.

saSualo ariTmetikuli gviCvenebs erTobliobis ga n-
la gebas Cveulebriv ricxviT RerZze, xolo saSualo g e-
ometriuli - logariTmul RerZze. saSualo geometriuli

gamoiTvleba Semdegi formuliT:

saSualo geometriuls iyeneben im SemTxvevasSi, roca

dakvirvebaTa raodenoba xasiaTdeba geometriuli propo r-
ciebiT. rogorc saSualo geometriulis formulidan C ans,
misi gamoyeneba SesaZlebelia, Tu sruldeba piroba X > 0,
i=1,2,...n.

saSualo mniSvneloba aris erT -erTi  ZiriTadi

statistikuri maxasiaTebeli, romelic gamoiTvleba yvela
monacemebis meSveobiT da Seicavs met informacias, vidre
mdebareobis sxva maxasiaTeblebi. saSualos gaaCnia mTel
rigi mniSvnel ovani Tvisebebi.

1. Tu amonarCevis mniSvnelobebs SevamcirebT an
gavzrdiT raime C mudmiviT, maSin saSualo mniSvnelobac

mcirdeba an izrdeba igive csididiT. marTlac,
R 1.0 1.0 _ 1 -
x==3 (x +c)==g x +=§ c=X+=nc=x+c.
n.; n.; o n
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2. Tu amonarCevis yo vel mniSvnelobas gavamraviebT
an gavyofT raime C mudmivze, maSin saSualo mniSvnelobac
C-jer icvleba. marTlac,

I C -
X:Ea CXi:Ea Xi:CX.
i=1 i=1
108 x 1.0 X
X:_a_lz_a Xi:_'

niZ, ¢ onz c

3. amonarCevis TiToeuli mniSvnelobis saSualo
sididesTan sxvaobis jami nulis tolia. marTlac,

n

al-0=ax-8x=ax-m=8x--4x=

i=1 i=1 i=1 i=1 i=1 i=1
n n
=8 x-8x=0
i=1 i=1
miuxedavad imisa, rom saSualo ariTmetikuli wa r-

moadgens erT -erT umniSvnelovanes maxasiaTebels, mas gaa C-
nia nakli. kerZod, igi Zalze mgrZnobiarea iseTi monacemebis
gazrdaze an Semcirebaze, romlebic mkveTrad gansxvavdebian
ZiriTadi monace mebisagan. amrigad, ranJirebuli variaci u-
li mwkrivis kidura maCveneblebi saSualo ariTmetikulze

axdenen Zlier zegavlenas, rac metad araxelsayrelia imis

gamo, rom es maCveneblebi ar warmoadgens tipiurs am SemTx -
veviTi sididisTvis. magaliTad, Tu amonarCevis r omelime
mniSvneloba icvleba ¢ erTeuliT, maSin saSualo mniSvnel o-

. C .
ba icvleba A erTeuliT.
agedan gamomdinare, bevr SemTxvevaSi erTobliobis

ganzogadebul maxasiaTeblad mizanSewonilia struqtur u-
li saSualoebis , kerZod medianisa da modas gamoye neba.
mediana M. aris saSualo mniSvneloba, romlis m i marT

statistikuri mwkrivi iyofa or Tanabar nawilad da igi
dakvirvebaTa randirebuli (dalagebuli zrdadobiT an
klebadobiT) mwkrivis SuaSi mdgari elementis mniSvnelobis

tolia. kerZod, Tu N kentia, maSin medi ana tolia ranJireb u-
li mwkrivis SuaSi myofi elementisa, Tu N luwia, maSin - ra n-
CT T T T TR i
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Jirebuli mwkrivis SuaSi myofi ori mniSvnelobis saSualo
ariTmetikulisa. e.i. gv eqneba:

[ , roca nkenti a

I &0

el

A_ﬁ( (0] .

1 ang T Xan gear 10CQ nluwia

T 22%8 £+180

i g ¢2+ g2 ==+

intervaluri anu dajgufebuli monacemebisTvis m e-

diana gamoiTvleba Sem degnairad: pirvel rogSi pouloben im
intervals, sadac mediana imyofeba. amisTvis saWiroa ga m-

ovTvaloT intervalebis dagrovili saxSireebi im mniSv -

nelobamde, sanam igi %—s gautoldeba an meti gaxdeba. is

pirveli intervali, romlis dagrovil i SixSire % -ze metia,

aris medianuri intervali anu intervali, sadac mediana im -
yofeba. am SemTxvevaSi mediana gamoiTvleba Semdegi form u-
IiT:

h g’tn 0
Me:a0+_$"am01
m (;2 i -
sadac, ag- medianuri intervalis sawyisi (Qveda zRvris) mni S-
vnelobaa, h - intervalis sigrZe, Me - medianuri intervalis

sixSire, am - medianuri intervalis win (marcxniv) mdebare
inte r valis dagrovili sixSire.

mdebareobis maCveneblebs Soris mediana warmoadgens
erT -erT mdgrad maxasiaTebels. masze ar mogmedebs mon a-
cemebis “didi ~ da “mcire~ mniSvnelobebi. magaliTad, mediana
ar Seicvleba amonarCevis magsimaluri  mniSvnelobis
gasamkeebiTac ki.

moda M, ewodeba statistikuri mwkrivis im mni S-
vnelobas, romelic yvelaze ufro xSirad gvxvdeba amona r-
CevSi. dajgufebuli (sixSiruli) monacemebi saTvis moda

gamoiTvleba Semdegnairad: jer saWiroa ganisazGRvros
modaluri intervali. intervals, romelsac gaaCnia yvelaze

didi sixSire, ewodeba modaluri intervali anu iseTi i n-
tervali, sadac modaa moTavsebuli. moda gamoiTvleba
Semdegi form uliT:
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h(my - m)

2m, - m - m,
sadac, ag- modaluri intervalis sawyisi (qveda zRvris) mni -
Svnelobaa , h - intervalis sigrZe, My - modaluri interv a-
lis sixSire, M, - modaluri intervalis win mdebare
(marcxniv myofi) intervalis sixSire, m, - modaluri inte r-
valis Se. mdgomi (marjvn iv myofi) intervalis sixSire.

mcire amonarCevebisTvis moda SeiZleba iyos arast a-
biluri. samagierod, didi amonarCevis dros igi mdgradi ma -
xasiaTebelia da reagirebs amonarCevis elementebis mxolod
zogierT cvlilebaze da ara yovelgvarze, rogorc saSualo
ariTmet ikuli.

My =a, +

mdebareobis struqgturul maCveneblebs miekuTv neba
kvantili. kvantili zogadi cnebaa da sawyis monacemebs
ricxviTi Rerzis mimarT yofs garkveuli proporciebiT.
kvantilis Semadgeneli nawilebia kvartili, decili da pr o-
centili (percentili).

kvartili aris s ami Q;, Q, da Q3 mniSvneloba, ro m-
lebic ranJirebul mwkrivs yofen oTx Tanabar nawilad
(kvartebad).  kvintili (kvinta -xuTi) aris oTxi K1,KoKs da Ky
mniSvnelobebi, romlebic mocemul erTobliobas yofen xuT
Tanabar nawilad. cxra D4,D,,...,Dy decili mwkrivs yofs aT
Tanabar nawilad, xolo 99 percentili P1,Ps,...,Pye mwkrivs

yofen 100Tanabar nawi lad.
pragtikaSi, ZiriTadad, gamoiyeneba P3,P10,P25, P50, P75,

Pgo da Pg7 percentilebi. magaliTad, P,s da P75 percentili
Seesabameb®), da Qs kvartilebs da maT Soris moTavsebu lia
amonarCevis wevrTa 50% Pg, percentili, romelic Q2
kvartils Seesabameba, medianas tolia, e.i. Pso = Me. gar da

amisa, percentili Zalze mosaxerxebelia monacemebis
ganzogad ebisTvis. mag. Tu Ps= 10,7 xolo P.;5= 16,8 SeiZleba
iTgvas, rom monacemebis 5% naklebia 10,7sidideze, xolo 10%

imyofeba 10,7sa da 16,8 s Soris.
radgan sxvadasxva kvantilebs Soris arsebobs
garkveuli urTierTkavSirebi,

Di = P]_(j ’ I :l2!91 KJ = F)ZO] H J :l21314! Qk = PZS(! k :l2731
T TOT T TTTTITITITRTITIvET 0
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amitom sakmarisia vicodeT percentilis mniSvneloba, ro -
melic gamoiTvleba Semdegi formuliT:

h o
P. =x +—%_
J qv
m, &

sadac, X,,- intervalis gqveda zRvruli mniSvnelobaa, ro -

. 0
amg

melic Seicavs  P; percentils; h - intervalis sigrZea;

L.n
k= 1;00 n - dakvirvebaTa saerTo raodenobaa; L; - per cen-

tilis rigi (magaliTad, P,s da P75 percentilebis rigi t olia
Sesabamisad25%da 75%); m, - intervalis sixSire, r omelic
percentils Seicavs; a m - dagrovili sixSire.
i
magaliTi . vTqgvaT, mocemulia sixSiruli cxrili
X 5 6 7 8 9 10 11 12
m 4 7 13 15 7 9 6 3
am 4 11 24 39 46 55 61 64

saWiroa vipovoT Pso. gamovTvaloT k.

k:@:'gz_
100

naklebia & m =39-ze. amitom X,, veZeboT me7 da me8inte r-

50%iani percentili

es mniSvneloba metia J m =24-ze da
i

valis (klasis) mniSvnelobebis Sua, e.i.
1 32- 24
Xq :§(7+8) =75 m, =15 P,y =75+ =8,03.
analogiurad gamoiTvleba intervaluri mwkrivisTvisac.
X [2500;2600][ [2600;2700[ [2700;2800][ [2800;3000[
m 2 5 13 20
am 2 7 20 40
X [3000;3100[ [3100;3200[ [3200;3300][ [3300;3400]
m 16 17 4 3
am 56 73 77 80
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5080

k= W =40, es Seesabameba mantervals, e.i. Xqo= 2800;
. L ) _ 40- 20 _
m,= 20; h=100; Ps,= 2800 + 10@7 = 2900.
bolo  wlebSi gansakuTrebuli popularobiT

sargeblobs monacemTa simravlis grafikuli daxasiaTeba -
bog sploti, romelic mdgradi sazomebis @, Qs;, IQOR, med-
anas meSveobiT saSualebas iZleva, gamoikveTos monacemTa
simravlis zogierTi Taviseburebani, kerZod, ganlagebis

centri, gafantulobis gavrcoba da simetriulobidan gad a-
xra. da bolos, moxdes amovardnili dakvirvebebis identi f-

ikacia. I1QR sidide ganisazRvreba formuliT: IQR =Q:71 Q
da mas kvartilTaSoriso gabnevis diapazoni ewodeba (IQR -

Interquartil range.

8.2. ganawilebis cvalebadobis maxasiaTeblebi

dakvirvebaTa mwkrivis erT  -erT ZiriTad maCvenebels
warmoadgens misi cvalebadobis done. erTi da igive saS u-
aloebis mgone SemTxveviTi sidideebi erTmaneTisagan SeiZ -
leba gansxvavdebodnen cvalebadobis anu variaciis doniT.
amitom saSualo maCveneblebTan erTad, statistikuri
mwekrivis sruli daxasiaTebisaTvis unda ganisazRvr os vari -
aciis maxasiaTeblebic.

statistikuri mwkrivis cvalebadobis martiv maCven e-
bels warmoadgens gabnevis diapazoni R, romelic gani saz-

Rvreba mocemuli X3, Xp, ... X, amonarCevis magsimaluri da mi n-

imaluri mniSvnelobebis sxvaobiT, e.i. R = Xnax- Xmin- ig i gviC -
venebs, Tu ra diapazonSi icvleba SemTxveviTi sidide X. gab-
nevis diapazonis sidideze did gavlenas axdens art e-
fagturi mniSvnelobebi. garda amisa, is ar Seicavs inform a-

cias, Tu rogoraa gabneuli danarCeni monacemebi magsimalur
da mini malur mniSvnelobebs  Soris.

statistikuri mwkrivis cvalebadobis mniSvnelovan
maxasiaTebels warmoadgens dispersia (laTinuri sityva
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dispersicgafantva) an variansa (inglisuri sityva -variance
variacia). dispersia aRiniSneba s2 anVar(X) simboloebiT da

warmoadgens saSualodan gadaxrebis kvadratebis saSualo
ariTmetikuls

2_ 1 %)
T (x - %),
an
, 18", 18" §9 18", o
si= X - g xgu=——eax - Xu.
©on-lel n?ﬁi 8H n-la a
variaciuli mwkrivisTvis gvegneba:
1 X
2 .o\
S, =—— i- X)°.
Thad m (xi- x)
imisaTvis, rom dispersiis Sefaseba iyos gadauadgi -
lebadi, igi iyofa ara n-ze, ar amed (1-1) sidideze (ix. § 9.1).

dispersia SemTxveviTi sididea, romelic Tavisive
saSualo mniSvnelobis irgvliv gafantvis maxasiaTebels
warmoadgens da misi ganzomileba SemTxveviTi sididis
ganzomilebis kvadratis tolia. iseve rogorc saSualo a r-
iTmetikuls, disp ersiasac gaaCnia Semdegi ZiriTadi
Tvisebebi:

1. Tu amonarCevis yovel mniSvnelobas SevamcirebT an

gavzrdiT raime € mudmiviT, amiT dispersiis mniSvneloba ar
icvleba. marTlac,

N o ~ 2
1.0 w1 Me ai .n 0%}
A +0)- (+oF =—& dx +o)- F A (x +o)fp =
n-17 n-12 ¢ chix 8d
:ian.g(_+c_%éxg_m:gzzian.(x +C-X-C)2=
n-176 ¢hi= 2 ng n-150
I NP Nt
—n_lia_.l(x| X)

analogiu rad mtkicdeba sxvaobis dros.
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2. Tu amonarCevis TiToeul mniSvnelobas gavyofT an
gavamravlebT erTi da igive Cc mudmivze, maSin dispersia Ses a-
bamisad mcirdeba an izrdeba  ¢?sididiT. mar  Tlac,

S P 3 B N
o 1i:1§6 3 Cz(n'l)iazl(xi ¥ c’
52 :ian (Xic' )_(C)Z :ian_ ()(I - )_()2C2 =s2c? .
X n'li:]_ n-lizi ’

dispersiis garda variaciis mniSvnelovan maxas ia-
Tebels warmoadgens saSualo kvadratuli gadaxra

S, = ,/si . es maxasiaTebeli, romelsac zogjer standartul

gadaxras uwodeben, gamoisaxeba imave fizikur erTeulSi,
romliTac amonarCevis elementebia gamosaxuli. amitom i s
ufro mosaxerxebelia, vidre dispersia. rac ufro metad
ganicdis parametri cvlilebas, miT ufro didia standa r-
tuli gadaxra da piriqiT, rac ufro sustia es cvlileba,
miT ufro mcirea saSualo kvadra tuli gadaxra.

saSualo kvadratuli gadaxris miaxloebiTi mni S-
vnel oba ganisaz Rvreba Semdegi formuliT:

sadac, K koeficientia, romlis mniSvneloba damo kidebulia
amonarCevis n moculobaze ise, rogorc es Semdeg cxrilSia
warmodgenili.

n 2-5 6-15 1649 50-200 | 201-1000 | >1000
k 2 3 4 5 6 7
dispersia d a saSualo kvadratuli gadaxra absol u-

turi sidideebia da izomeba igive fizikuri erTeuliT,

riTac amonarCevis elementebia gazomili. amitom, rodesac
saWiroa sxvadasxva erTeulebSi gamosaxuli cvladebis
Sedareba, umjobesia gamoviyenoT variaciis fardobiTi
maCvenebel. erT -erTi aseTi maCvenebelia variaciis koef i-
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cienti , romelic pirsonma Semoitana da ganisazRvreba
Semdegi fo r muliT:

S
:TX].O@A'J,
X
sadac, Sy- saSualo kvadratuli gadaxraa, X- saSualo a r-
iTmetikuli. variaciis koeficienti uganzo milebo sidi  dea,

romelic gamosaxulia procentebSi. misi gamoyenebis dros
saWiroa mxedvelobaSi gvgondes Semdegi garemoebani: jer
erTi, igi mkveTrad izrdeba asimetriuli ganawilebis dros;

amis garda, Tu mocemul parametrs aqvs mcire an ubralod
uaryofiTi mniSvne lobebi, maSin variaciis koeficientma

SeiZleba 100%s gadaaWarbos. es yvelaferi ramdenadme
amcirebs am maCveneblis fass da garkveulad zRudavs mis
gamoyenebas praqgtikaSi.

8.3. ganawilebis formis maxasiaTeblebi

ganawilebis formis maxasiaTeblebidan ganvixi loT
egscesa da asimetria. vizualurad X SemTxveviTi sididis
ganawilebis asimetria SeiZleba dadgindes ganawilebis si m-

kvrivis funqciis an histogramis saSualebiT. yvela
ganawilebis wirs gaaCnia asimetriis sxvadasxva xarisxi. Tu
SemTxveviTi sidide Tavisi maTema tikuri lodinis mimarT
simetriuladaa ganawilebuli, maSin asimetria nulis tolia.

agedan gamomdinare, normaluri ganawilebis mruds as i-
metria ar gaaCnia. zogadad, asimetriis daxasiaTebisTvis
mesame rigis centraluri momentis saSualebiT gamoiTvleba

1.0 \3

ﬁa (x - %)
asimetriis ko eficienti: A=—=2— :
SX

sadac, si - saSualo kvadratuli gadaxraa ayvanili mesame
xarisxSi. Tu mocemulia variaciuli mwkrivi, maSin

T T
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1 k

s . —\3
—amx-x)
— i=l
A 52 ,
roca As = 0, ganawilebis wirs ar gaaCnia asimetria.
ganawilebas gaaCni a dadebiTi asimetria, roca A;> Oda uar -
yofiTi, roca A< O
& A>q 5=0 A<O

X
0!
ganawilebis mrudis wamaxvilebis xarisxis dasadgenad
ganoiyeneba eqgscesis koeficienti Ex, romelic gamoiTv -
leba meoTxe rigis centraluri momentis saSualebiT
1.0 \a
na (x - )
Semdegi formuliT:  E, = —=*——- 3.
SX
1% 4
na m (xi- X)
variaciuli mwkrivisaTvis gveqneba: E, =—"= 7 -3,
SX
sadac, S} - saSualo kvadratu  li gadaxraa ayvanili meoTxe
xarisxSi.

normaluri ganawilebis mrudisTvis egscesis koef i-
cienti Es = 0. igi miRebulia etalonad, romelTana o
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
eqgscesa.
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f (%) Ecso

E-o
{ E.<o
X
0
magaliTi 1. mocemulia kardiogenur SokSi myofi p a-
cientebis sistoluri wnevis mniSvnelobebi (X). ganovT -

valoT statistikuri maxasiaTeblebi. SevadginoT Semdegi
cxrili:

# 1 x -%X | (x-%x°] (x-%° | (x-x°
1 98 3,40 11,56 39,30 133,63
2 92 12,60 6,76 717,58 45,70
3 103 8,40 70,56 592,70 4978,71
4 85 1 9,60 92,16 1 884,74 8493,47
5 88 1 6,60 43,56 T 287,50 1897,47
6 94 1 0,60 0,36 10,22 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 T 4,60 21,16 197,34 447,75
a 946 T 356,40 472,28 27699,32

n
saSualo ariTmetikuli X = % ax-= ?LAOG: 94,60.

i=1
medianas gansazRvrisaTvis movaxdinoT monacemebis ra nJire -
ba:85 88 90 92 94 95 9689103 105radgan n= 10 antom

_1% 6_1
© 22345 3480 2

(; ¢2+ ¢2

M (%e +x(6))=%(94+ 95 =945,
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mocemul amonarCevs moda ar gaaCnia, radgan ra n-
Jirebul mwkrivSi erTnairi sididis monacemebi ar gvxvdeb i-

an. génevis diapazoni  R=X, - X,, =105 85=20;

dispersia sZ = —a ()(I )‘() = M— 3960;

saSualo kvadratuli gadaxra S, =4/S2 =4/396 =6,29;

variaciis koeficienti = S—_"lO(% = w= 6,65%;
X 946

1.0 _
= (x - x)P 47228
asimetriis koeficienti A=—= 5 -_10 5 =019;
sT (629

egscesis koeficienti
LA (. o) 276982
P - X
E :&- 3=— 10 _3-_123
" S (6.29*

magaliTi 2 . me6 TavSi moyvanili magaliTisTvis, sa -
dac monacemebi warmodgenilia sixSiruli cxrilis anu var i-
aciuli mwkrivis saxiT, gamovTvaloT ZiriTadi statistik u-
ri maxasiaTeblebi. amisaTvis SevadginoT Semdegi cxrili:

interv. Xi | mo| Xi- X | m(i- %) m(xi- X% mxi- %)
5565 | 6 | 3 | 205 | 2611 77.02 | 227.20
[6,5;7,5] 7 5 -1,95 19,01 -37,07 72,30
[7585] | 8| 7 | 095 | 632 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;722,)5] | 12| 2 3,05 18,61 56,75 173,07

a 99,91 11,00 576,30
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n =40, k=7. saSualo ariTmetikuli X = 1
n

k
a_. =

:4—1()(3C5+5C7+...+2d2):8,95. medianuri intervali aris

me4 intervali, radgan am =25>g=20. agedan gamomé
nare, mediana tolia:
ao"‘L am 85"'1(20 19
m ¢2 10

me4 intervali modaluri mtervallcaa, radgan mas gaaCnia
udidesi sixSire ( m= 10), amitom

My=a,+—b-M) _gg, 110-7) _q,

2m,-m-m,  20Q0-7-8
. . 1 X 2 9991
dispersia; s2=——— i- X =256;
p x= o pa m (- x)* = 39
saSualo kvadratuli gadaxra: S, = si =.,/256=160;
gabnevis diapazoni: R=Xj - xi =12- 6=6;
variaciis koeficienti: V= Sx 100’/ = M—l?,SS’/{);
1 -rJ ( _)3 llo
Ha X - X =Y
asimetriis koeficienti: A= = 3 = 403 =0,067
SX (16)
egscesis koeficienti'
tame-nt 576
E, =—= - 3= - 3=-080.
" sy (16)°
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8.4. Tvisebrivi maCveneblebis stat istikuri
maxasi aTeblebi

Tvisebrivi monacemebis dros saSualo mniSvnel o-
bebis gamoTvla uazrobaa. am SemTxvevaSi, mis magier iyeneben
fardobiT sixSires an procents. Tu amonarCevis moculobaa

n, xolo romelime p niSnis arsebobis raodenoba - m, maSin
misi fardob  iTisi xSire tolia:

«_m

p =—.

n

alternatiuli monacemebis dros, rodesac erTi
m-ganzomilebiani  p maCvenebeli dapirispirebulia meore q

maCvenebelTan, maSin fardobiTi sixSireebi tolia:
« . m « N-m .
p :F; q = =1- p.

xolo proc  entebSi:
p =2 %006 q =100- p %.
chn=+
cxadia, rom  p +q =lan p %+q %=10C.

cvalebadobis maCveneblebidan SeiZleba ganisazRv -
ros saSualo kvadratuli gadaxra

s,=ypL- p)=Vpd an s,=yp %100 p %)
es maCveneblebi cvalebadobis TvalsazrisiT

erTnairad axasiaTebs orive alternatiul maCvenebels. Tu
alternatiuli  jgufebi ~ warmodgenilia  absoluturi

ricxvebiT, maSin
s,={npq .

miRebuli standartuli gadaxra S, damokidebulia

p -ze da aRwevs magsimalur mniSvnelobas, roca p =05,

xolo nulis tolia, roca p =0 an p =1. Tu amonarCevis
moculoba sakmaod didia, maSin centraluri zRvariTi T e-

oremebidan gamomdinare , p Sefasebas gaaCnia normaluri
ganawileba, rasac ver vityviT mcire amonarCevis dros. m a-
CT T T T TR i
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Tematikur statistikaSi mtkicdeba, rom Tu np >5 da

n(l- p’)>5, maSin fardobiTi sixSire p daaxl oebiT no r-
maluradaa ganawilebuli.

9. ucnobi parametrebis statistikuri S efaseba

9.1. parametrebis Sefasebis cneba

amonarCevis maxasiaTeblebi - saSualo ariTmet i kuli,
saSualo kvadratuli gadaxra, dispersia da sxva - SemTxve
viTi sidideebia, rom lebic icvlebian TavianTi ge neraluri
parametrebis - generaluri saSualos, standartuli gad a-
xris an dispersiis garSemo. amonarCevis maxasiaTeblebi
ganixilebian, rogorc miaxloebiTi mniSvnelobebi, ris ga m-
oc aucil  ebelia maTi Sefaseba.

vTgvaT, q* aris ucnobi g parametris statistikuri

Sefaseba. davuSvaT, rom n-ganzomilebiani amonarCevidan na -

povnia qz Sefaseba. gavimeoroT cda, e.i. generaluri erT ob-
liobidan amoviRoT igive ganzomilebis sxva amonarCevi da

misi saSualebiT miviRoT q, Sefaseba. Tu cdas mravaljer

gavimeorebT, miviRebT  q,05,...0, Sefasebebs, romlebic
erTmaneTisagan gansxvavdebian. amrigad, q* Sefaseba SeiZleba

ganvixiloT, rogorc SemTxveviTi sidide, xolo q;,q*z,...,q*k
ricxvebi, rogorc misi SesaZlo mniSvnel o bebi.

CamovayaliboT is ZiriTadi Tvisebebi, romlebic unda
gaaCndes ucnobi parametris "karg~ Sefasebas. Sefasebis s i-
zustisa da imedianobis TvalsazrisiT, sasurvelia, rom

ucnobi parametris Sefaseba q* SeZlebisdagvarad mWidrod
iyos koncentrir ebuli Sesafasebeli g parametris irgvliv.
anu, sxva sityvebiT rom vTqgvaT, g-s garSemo q* gabneva

(gafantva) unda iyos umciresi. agedan gamomdinare, Sefaseba
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unda akmayofilebdes gadauadgilebadobis, s afuzvliano -
bisa da efeqturobis moTxovnilebebs.

gadauadgile badi ewodeba iseT statistikur q* Se-

fasebas, romlis maTematikuri lodini ucnobi parametris
tolia amonarCevis nebismieri ganzomilebis dros, e.i.

_ CM(@)=q. _

xSirad, gadauadgilebad SefasebasTan erTad, gamoi -
yeneba asimptotiurad gadauadgilebadi, e.i. iseTi Se faseba,
ro nisTvisac amonarCevis moculobis gazrdisas M(q)- q.

gadaadgilebadi ewodeba iseT Sefasebas, romlis m a-
Tematikuri lodini Sesafasebeli parametris toli ar aris,
ei. M(@), q.

efeqturi ewodeba iseT statistikur Sefasebas,

rodesac mocemul amonarCevs gaaCnia umciresi SesaZlo di  s-
persia.

safuzvliani ewodeba Sefasebas, Tu amonarCevis
ganzomilebis gazrdisas, Sefaseba raRac albaTobiT

uaxlov deba Sesafasebel parametrs, e.i. lim P(|q" - gl<e) =1.
n- o

magali Tad, Tu gadauadgilebadi Sefasebis dispersia, roca

n- @, miiswrafvis nulisaken, maSin aseTi Sefaseba s a-
fuZvliania.

amrigad, rodesac veZebT ucnobi parametris S e-
fasebas, unda gaviTvaliswinoT Sefasebis zemoT moyvanili
moTxovnebi. ganvixiloT maTematikuri lodinisa da di S-
persiis Sefasebebi.

maTematikuri lodinisa da dispersiis Sefas ebi -
saTvis ganvixiloT X generaluri erTobliobidan X1,%2,... Xn

amonarCevi, sadac, X warmoadgenen damoukidebel da
erTnairad ganawilebul SemTxveviT sidideebs. aRvniSnoT
maTematikuri lodini M[x] = a da dispersia D[x] = S°. ganvix-
iloT amonarC evidan miRebuli saSualo ariTmetikulis X
maTemat kuri lodini da dlsperS|a.

A na
M M y== —“=a.
(x)= ee_n%XH aMx)=""=a
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é'li=z
e.i. amonarCevis saSualo ariTmetikuli aris generaluri
erTobliobis maTematikuri lodinis gadauadgilebadi S e-
fa seba, xolo saSualo ariTmetikulis dispersia n-jer me i-
rea, vidre SemTxveviTi  Xsididis dispersia.
amrigad, Tu SemTxveviTi sidide normaluradaa

ganawilebuli N(a,9 parametrebiT, maSin maTematikuri
lodinis gadauad  gi lebad Sefasebas gaaCnia minimaluri di S-
persi a. agedan gamomdinare, saSualo ariTmetikuli wa r-

moadgens generaluri erTobliobis maTematikuri lodinis
efeqtur Sefas  ebas.

ganvixiloT dispersiis Sefaseba. kerZod, d avad-
ginoT, aris Tu ara amonarCeviT miRebuli dispersia si gen-
era luri & dispersiis gadauadgilebadi Sefas eba.amisaTvis
ganvsazRvroT dispersiis maTematikuli lo dini:

M(s?)= M%ax - X gzM%axg M2(x)=M (XZ) M 2(%).

Tu gamoviyenebT dispersiis gansazRvris formulas
D(X)=M (XZ)- M2(X), maSin gvegneba:
2

D(X?)=D(X)+M2(%)=* +a?, M(x2)=D(%)+M2(%)=> +a?
n
2
n-1
e.i. miviReT: M(S ) s? +a’ 2.5 _ a’?=s’——.
n n
agedan gamomdinareobs, rom SerCeviTi dispersia Si
aris generaluri & dispersiis gadaadgilebadi Sefaseba.
gadauadgilebad Sefasebas miviRebT, Tu ganvixilavT si Ses-
worebul mniSvnelobas. amisaTvis, igi unda gavamravloT
o n ~
Zae—la sidideze, romelsac beselis  Sesworebas uwodeben,

masin gveqgneba:
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gstizié(xi g

n-1 n-175
mcire amonarCevis dros beselis Sesworeba s a-
grZnoblad gansxvavdeba erTisagan, xolo roca amonarCevis
N no culoba izrdeba, igi sw rafad miiswrafvis erTisken da

roca N> 50pragtikulad gansxvaveba Eﬁ da S)Z( Soris umni S-
vneloa.

arsebobs parametrTa Sefasebis ori meTodi: we r-
tilovani da intervaluri. parametris wertilovani Sefas e-
ba ganisazRvreba erTi mniSvnelobiT, xolo intervaluri -
ori ricxviT. ganvixiloT es Sefasebebi.

9.2. parametrTa Sefasebis wertilovani meTodebi

ganvixiloT ucnobi parametrebis wertilovani S e-
fasebis ZiriTadi meTodebi. esenia momentTa meTodi da
magsimaluri dasajerobis meTod i. agedan yvelaze martivi

Sefasebis meTodia - momentTa meTodi, romelic Semoitana
ingliselma statistikosma pirsonma. am meTodis Teoriu li
safuzZveli emyareba did ricxvTa kanons, romlis Tanaxmad
didi moculobis mgone amonarCevisTvis amonarCevis mome  n-
tebi gener aluri erTobliobis momentebis t olia.

momentTa meTodis arsi SemdegSi mdgomareobs: xdeba
ganawilebis  Teoriuli m da empiriuli M momentebis
gatoleba. Teoriuls vuwodebT generaluri erTobliobis
momentebs, xolo empiriuls - amonarCevis safuZvelze
miRebul momentebs. vTqvaT, saSualoebiT unda Sefasdes ara

erTi, aramed ramdenime Kk ucnobi parametri q;,q;,...,q;.
saWiroa vipovoT generaluri erTobliobis pirveli, meore
da a.S. k-uri rigis Teoriuli momentebi:
My (., Goe- D)+ M2 (0, G- i) v M (Dl G- )

da Semdeg Sesabamisi empiriuli momentebi:

My( X1, Xaeees X )Mo (Xps Xy X s M (X X, X ) -
Tu am momentebs erTmaneTs gavutolebT,
CT T T T TR i
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M (O, G- ) =M (Xa, Xoy oo X, J= 1,200k,

miviRebT sistemas, romlis amonaxsni ®;,05,...0, igneba
ucnobi param etrebis statistikuri Sefaseba.

momentTa meTodi gamoirCeva simartiviT, magram misi
saSualebiT miRebuli Sefasebebi xSirad gadaadgilebadia da
naklebad efeqturi. gamonakliss warmoadgens mxolod no r-
maluri ganawilebis S  emTxveva, romlis drosac momentTa
meTodi iZleva efeqtur da s afuZvlian Sefasebebs.

momentTa meTodiT miRebuli Sefasebebis Tvisebebis
Seswavlisas, ingliselma maTematikosma fiSerma SemogvTav a-

za parametrTa Sefasebis ufro saimedo meTodi - magsima-
luri dasajerobis meTodi . am meTodis ZiriTadi arsi
mdgomareobs SemdegSi: vTqvaT, mocemulia X SemTxveviTi
sidide da misi ganawilebis simkvrive f (X,q), romelic

damokidebulia Ses afasebel qucnob parametrze.

Tu X, X,,...,%, damoukidebeli SemTxveviTi sidideebia,
masSindasajer obis funqcia ewodeba Semdeg gamosaxulebas:

L =f (Xuq)®(X,0)» f(Xu0) - (9.1)
ucnobi ( parametris Sesafaseblad SevarCioT iseTi q mnk
Svneloba, romlis (9.1) tolobasSi g-s magivrad Casmisas ni
viRebT L funqciis magsimalur mniSvnelobas. aseT q* Se-

fasebas uwodeben magsimaluri dasajerobis Sefasebas.

L fungciis magsimizaciisas igulisxmeba, rom
X1, %2,...,% mniSvnelobebi dafigsirebulia, xolo cvlad si -
dides warmoadgens ( parametri. Tu L funqcia diferen -

cirebadia q parametris mimarT, maSin misi magsimumis mosa -
Zebnad saWiroa, rom

W =0. (9.2)

Hq
Tu L fungcia aradiferencirebadia g-s mimarT, maSin maq
simumis mosaZebnad gamoiyeneba maTematikis sxva meTodebi,
rac xSirad did gamoTvlebTanaa dakavSirebuli. xSirad (9.2)
tolobis nacvlad gamoiyeneba Semdegi toloba:

pinL 9.3)
uaq
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radgan cnobilia, rom L da InL fungciebis egstremumebi
erTmaneTs emTxveva, e.i. erTi da igive mniSvnelobis we r-
tilebSi miiRebian.

magsimaluri dasajerobis meTodis saSualebiT S e-
vafasoT normalurad ganawilebuli X SemTyeviTi sididis a
da s parametrebi. vTqvaT, gvaqvs amonarCevi Xy s Xpyeey Xy o
rogorc VviciT, normalurad ganawilebuli SemTxveviTi
sididis g anawilebis simkvrivis funqcias aqvs Semdegi saxe:

1
(x-af
f(x,a,s)zLe22 .
2p
Sesabamisad, magqgsimaluri dasajerobis funqcias eqgneba
Semdegi saxe:
1 é -4
L= exp - za(x-a)u=
sv2p) i 2 y
,a
s"(2p) s expy- a(& a)fi
i 2s* ] y
CavweroT magsimaluri dasajerobis Iogarleuh fu nqcia

InL=-nins- gln(Zp)— Z—izla:_l(xI - a).

gavawarmooT es funqcia ada SparametrebiT, maSin gv egneba:
pinL _ 1 .%
MinL _ n 1.0 2
L= Dy 28 (- o).
Hs S 8 4
amrigad, mivi ReT gantolebaTa Semdegi sistema:

(x - a)

(9.4)
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1
s
gvegneba:

radgan 0, amitom (9.4) sistemis pirveli gantoleb idan

n

. 1.0
a (xi - a)=0 , agedan a=—Q X =X.

=1 Nz

e.i. a parametri yofila saSualo ariTmetikulis Sefaseba.

(9.4) sistemis meore gantoleba gadavweroT Se ndegnairad:

n

1 . e 1.0 N}
radgan —, 0, amitom & n+—Q (xi - a) u=0, agedan
S é S i a

s? =%an‘ (x - x)*=s2.
i=1

e.i. miviReT dispersiis gadaadgilebadi Sefaseba.
gadauad gilebadi SefasebisaTvis, rogorc viciT, saWiroa
di spersiis formulaSi koreqtivis Setana. maSin miviRebT:

n- 1ia:1 . '

momentTa meTodTan SedarebiT, magsimaluri d a-
sajerobis meTods gaaCnia mTeli rigi upiratesobani, ke r-
Zod:

1.es meTodi iZleva safuZvlian Sefasebas;

2. Tu arsebobs efeqturi Sefaseba, maSin mas iZleva
magqsimaluri dasajerobis meTodi;

3. Sefasebebi asimptoturad efeqturia.

meTodis nakli mdgomareobs imaSi, rom zogjer am
meTodiT miRebuli Sefaseba gadaadgilebadia, rac moiTxovs
formulaSi Sesworebis Setanas. agve unda aRvniSnoT, rom
amonarCevis moculobis zrdisas, magsimaluri dasajerobis
meTodi iZleva asimptoturad gadaua dgilebad Sefa sebas.

statistikuri Secdomebi . Cven vnaxeT, rom among
Cevis saSualebiT miRebuli stastistikuri anu SerCeviTi
m&asiaTeblebi, rogorc wesi, Tavisi absoluturi mni -
CT T T T TR i
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SvnelobiT ar emTxvevian Sesabamisi generaluri erTobl i-

obis maxasi aTeblebs. stastistikuri maxasi aTeblis ga daxras
mis Sesdamis generalur maxasiaTeblebTan uwodeben
stastistikur Secdomas an reprezentatiulobis Se cdomas.

statistikuri Secdomebi gamowveulia amonarCevis
sasrulobiT. rac ufro didia amonarCevis moculoba, miT
ufro mcirea statistikuri Secdoma .

reprezentatiulobis Secdomis gamosaTvlelad i ye-
neben amonarCevis saSualebiT miRebul dispersias an sa -
Sualo kvadratul gadaxras, romelsac zogjer stastist i-
kur kvadratul Secdomas uwodeben.

Tu SemTxveviTi sididis X ganawilebis kanoni arc ise
Zlier gansxvavde ba normalurisgan da amonarCevis moc  u-

loba arc ise mcirea (n 2 30), maSin saSualo ariTmetikulis
stastistikuri Secdoma gamoiTvleba formuliT:

S

e ==
Jn
da saSualo ariTmetikuli ase Caiwereba X° eg.
xSirad sainteresoa vicodeT, Tu ra sizustiT aris
gamoTvlili esa Tu is saSualo ariTmetikuli (ga n-

sakuTrebiT masSin, rodesac saSualo sidideebi sxvadasxva
fizikur erTeulebSi arian warmodgenili), maSin sizuste
SeiZleba ganisazRvros fo r muliT:

ey \%
Cs=—-&10C(% an Cs=—,
X Jn
sadac, V - variaciis koeficientia procentebSi, n- amona-
Cevis ganzomilebaa. sizustis am maCvenebels gaaCnia Tavisi
cdomileba, romelic ganisazRvreba Semdegi formuliT:

c 2n  ¢100=
danarCeni statistikuri maxasiaTeblebis Secdomebi ase ga n-
is azRvreba:
2
. . S
- dispersiis: 8. =—=

T T
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- saSualo kvadratuli gadaxris: € =

- variaciis koeficientis:

o= V|18V 820 Vv

vn-1y2 ¢l00- J2n

. _ p_ Sx .

- medianis: ¢,,,=e-./— =12533%;
Me x\ 2 \/ﬁ

asimetriis koeficientis:

_|_6(n-1)
e =T =
AV (n+D(n+3)
egscesis koeficientis:

o = \/ 24n(n- 2)(n- 3

(n- D*(n+3)(n+5)
sadac, n_ amonarCevis ganzomilebaa.
- fardobiTi sixSiris:

. =\/p*(1- p) z\/p*q*
p
n n

Tu fardobiTi sixSire procentebSia gamosaxuli, maSin
_ [P %(100- p %)
€p05 = .

n
magaliTi.  88.3Si moyvanil pirvel magaliTSi mi Re-
buli statistikuri maxasiaTeblebisaTvis ganvsazRv roT
statist i kuri Secdomebi.
. I S 6,29
saSualo ariTmetikulis: e, =2 =—"—-=199;

saSualo ariTmetikulis gamoTvlis sizuste:

cs=100=222100=210%:
X
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dispersiis e,=—>=——=886;
T V20
S 6,29
saSualo kvadratuli ga daxris e.=—2="1"=141;
>~ n V20
variaciis koeficientis: = L = 6—65 =1409;

J2n V20

asimetriis koeficientis:

e:\/ 6(n- 1) :\/ 6(10-1) _ ..
A \V(+)(n+3) \|@0+1n(Lo+3)
egscesis koeficientis:
_ | 24Q0(10- 2)(10- 3
Ex _\/ (10- 1)%(10+3)(10+5)
amrigad, miviReT:

saSualo ariTmetikuli: X =9460° 199;

di spersia: s =3960° 886;

saSualo kvadratuli gadaxra: S, =6,29° 141,
variaciis koeficienti: V =6,65° 149;
asimetriis koeficienti: A, =019° 0,61,
egscesis koeficienti: E, =-123° 092

9.3. parametrTa Sefasebis intervaluri meTodi

mcire moculobis amonarCevebis dros parametrTa
Sefasebis wertilovani meTodebi iZleva mniSvnelovan
cdomilebebs. amitom maTi gamoyeneba praqtikaSi mizanS e-
wonili ar aris. aseT dros farTod iyeneben parametrTa S e-
fasebis i ntervalur meTods.

vTgvaT, mocemuli amonarCeviT miRebuli statist i-

kuri maxasiaTebeli q* warmoadgens ¢ parametris Sefasebas.

cxadia, rom rac ufro naklebia |q i q’| sxvaoba, miT ufro
ukeTesia Sefasebis xarisxi, anu miT ufro zustia Sefaseba.

TT 77770 7 rvrvrrrrrryrreneT 1
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sxva sityvebiT ro  m vTqvaT, Tu €>0 da| qi gl<e (9.5),

masSin rac ufro naklebi igneba €, miT ufro zusti igneba S e-
faseba. pragtikulad, statistikuri meTodebi ar gvaZlev S

imis saSualebas, rom kategoriulad davamtkicoT, rom q Se
faseba akmayofilebs (9.5 utolobas. Cve n SegviZlia mxolod
imis Tgma, rom (9.5 utoloba sruldeba raRac g=1-a a-
baTobiT (mniSvnelo vnebis done a ix. §10.J).

g parametris Sefasebis  ndobis albaToba ewodeba im
g=1- a albaTobas, rodesac sruldeba (9.5) utoloba. Cve u-
lebriv, ndobis albaToba winaswar aris xolme mocemuli da
sazogadod, mas iReben erTTan axlos, kerZod, 0,95; 0,99an
0,999sidideebis tolad.

vTqvaT, albaToba imisa, rom  (9.5)utoloba srul deba,

aris g

P(ai al<e)=g=1- a.
Tu SevevliT (9.5 utoloba s misi tolfasovani utolobiT
-e<qgig<e an qie<qg<(q +e maSin miviRebT:

P e<qg<q +e=g. (9.6)
am gamosaxulebis interpretacia SeiZleba Semdegnairad: a I-
baToba imisa, rom ]q i & q + 4 intervalSi moqceulia
ucnobi parametri g, tolia g g parametris ndobis inte  r-

vali ]9 i g q + d ewodeba iseT intervals, romlis mimarT
winaswar mocemuli g = 1- a ndobis albaTobiT Sei  Zeba imis

mtkiceba, rom is Seicavs ( ucnob parametrs. rogorc (9.6)
formulidan Cans, ndobis intervalis sigrZe damokidebulia
or sidideze: ndobis g albaTobaze da amonarCevis n mocu-
lobaze.

normalurad ganawilebuli SemTxveviTi sididisa Tvis
ndobis intervalis gansazRvris zogadi sqgema Semd egia:

1. F(x,g) ganawilebis funqciis generaluri erTobl i-

obidan amoRebuli amonarCeviT axdenen  q parametris we r-
tilovan Sefasebas.
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2. ganixilaven SemTxveviT sidides, magaliTad, Y(q),
romelic damokidebulia g-ze da cnobilia misi ganawilebis
simkvr ivis fungcia  f (y,9).

3.dauSveben ndobis albaTobis  g=1- a mniSvnel obas.

4. gamoiyeneben ra f (y,q) ganawilebis simkvrivis fu n-

gcias, pouloben C; da G, ricxviT mniSvnelobebs ise, rom
sruldebodes Semdegi piroba:
C

P(c, <y(a)<c,)=fjf (v.a)dy=1-a.
<

f(y.q)

a a
2 2

C1 C2 y

rogorc wesi, C;da C, mniSvnelobebs pouloben Semdegi pir  o-
bebidan:

P(y(q)<cl)=% da P(y(q)>cz)=%
e.i. naxazze daStrixuli farTobebis jami unda

udrides a-s. am sgemis gamoyenebiT ganvixiloT normaluri
ganawilebis kanonis ada sparametrebis ndobis  interv alebi.

generaluri saSualo ariTmetikulis ndobis i n-
tervali . vTgvaT, mocemulia normalurad ganawilebuli
SemTxveviTi sidide X - N(a, 9, sadac, a da S ucnobia. ge ne-
raluri erTobliobidan amoRebuli amonarCevis saSualebiT
movaxdinoT X saSualo ariTmetikulisa da S saSudo
kvadratuli gadaxris wertilovani Sefasebebi. ga nvixiloT
SemTxveviTi sidide

Xl

_%-a

t=——=

Ny

S
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romelsac gaaCnia stiudentis ganawileba n = ni 1 Tavis uf -

lebis xarisxiT. albaToba imisa, rom SemTxve viTi sidide t
moxvdeba ]-t, ;t, [ intervalSi, gamoiTvleba Semdegi
—,n —n
20 2
formuliT:
a 0
. _X-a__ o_.
% B 0_ ~
Paé t%;n < <t%:n ('5_2 nf (tHdt (9.7)
Fo <] —= 6 0
;s o2
f(t)
a a
2 2
I t%;n t%:n

Tu davuSvebT, rom es albaToba  1i a sididis tolia, maSin
ta

>

2 fif ()dt=1- a

0
da stiudentis ganawilebis cxrilidan a mniSvnelovnebis
donisa da n Tavisuflebis xarisxis mixedviT SeirCeva t,
—n
2
kritikuli wertili. amrigad, gv egneba:
Pt S <x-a<t, S8t
—<X-a< 0=1- a,
@ 20 20 Jn¢
Pt S cacx+t S8e1 9.8)
an - —<a<X —0=1-a. .
? %zn n %:n \/ﬁg
amrigad, ndobis intervali (17 a) albaTobiT Seicavs
generaluri erTobliobis saSualo ariTmetikulis mni S-
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vnelobas. saSualo ariTmetikulis Sefasebis sizuste t o-
lia:
S
e t%:n n (9.9

(9.8) formulidan gamomdinareobs, rom Tu amona r-
Cevis N moculobas gavzrdiT, maSin ndobis intervalis
sigrZe da, Sesabamisad, saSualo ariTmetikulis Sefasebis
cdomilebac mcirdeba. Tu ndobis albaTobas gavzrdi T,
maSin gaizrdeba ndobis intervalis sigrZe da, Sesabamisad, e
sizus te Semcirdeba. Tu e da g mniSvnelobebs winaswar d a-
vuSvebT, maSin SegviZlia vipovoT amonarCevis is minimaluri
mniSvneloba, romelic uzrunvelyofs Sefasebis saWiro s i-
zustes. amisa Tvis (9.9)f ormulidan gvaqgvs:

t? s?
n= 2e2

magaliTi . §88.3Si ganxilul pirvel magaliTSi gamo T-
viili saSualo ariTmetikuliTa X =946 da standartuli
gadaxriT s =6,29 ganvsazRvroT generaluri erT o bliobis
saSualo ariTmetikulis a ndo bis intervali. ndobis a I-
baToba aviRoT g= 0,95to li. maSin a =17 g= 0,05.stiude n-
tis ganawilebis cxrilidan adan=ni 1sidideebiT Seva r-

CioT t, =226, maSin saSualo ariTmetikuli Sefasebis s i-
2"
zuste tolia:
s _ 226029
> =2t Y- 450
e dn V10

generalu ri saSualo ariTmetikulis ndobis intervali
igneba:

e=t

946- 45<a<946+45,

anu 90,1 <a < 99,1e.i. generaluri saSualo ariTmet i kuli
0,95 albaTobiT moTavsebulia 190,1; 99,1[intervalSi. im -
saTvis, rom gavzardoT saSualo ariTmetikulis Sefas ebis
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sizuste, romel ic ar aRemateba, magaliTad, e = 2 sidi des,
saWiroa amonarCevis Semdegi minimaluri raod enoba:

2,26° (396
n=226896, 54
4

generaluri saSualo kvadratuli gadaxris ndobis
intervali. vTgvaT, mocemulia normalurad ganawilebuli
SemTxveviTi sidide X - N(a, 9, romlis a da s parametre bi
ucnobia. nN-ganzomilebiani amonarCeviT movaxdinoT a maTe
matikuri lodinisa da S saSualo kvadratuli gadaxris we r-

tilovani Sefasebebi, e.i.
a=X da s=s.
saSualo kvadratuli gadaxris ndobis intervalis asagebad
ganvixiloT sidide
n-1)s?
oo (0-1s?

SZ

romelsac gaaCnia c® ganawileba n=nil Tavisuflebis xa
risxiT.

f(c?

a a
2 2

C2

< <
albaToba imisa, rom c¢? SemTxveviTi sidide moxvdeba ] C3; ¢
inte r valSi tolia:

C2
P(c1 <c2<cz): ﬁf(cz)d(cz). (9.10)

a
davuSvaT, rom es albaTobebi (17 a) sididis tolia, maSin C
da c, wertilebi ganisazRvrebian Semdegi pirobebis ga T-

valis winebiT:
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P(c2 2 cz)z%; P(c2 ¢q)=—

Tu am gariolebebs amovxshniT, miviRebT C, da ¢, kvantilebis
mniSvnelobebs

-7 . 2
Cl_c(l_%);n: C, _C%;n’ n=ni 1.

(9.10) warmovadginoT Semdegnairad:

& n-1s Q
Pl 2o < %<c;n8=1- a, anP
(; -
a 2 0 4 o]
P;IZL <_S < 21 gng n21<S<S rzl 132
¢ g (n-1s* cf,),8 Y\ Can Cloghn @
=1lia.
amrigad, P(s g<s<s g)=1- a,
sadac,
g = n-1 g = n-1
N PR :
Cen Clrghn
zogierT maTematikuri statistikis saxelmZRvaneloSi mo -
cemulia ¢ da @ koeficientebis mniSvnelobebi a da n si-
dideebis gaTvaliswinebiT (ix. danarTi).
maaliTi . 88.3 Si ganxilul pirvel magaliTSi gamo T-
vlili saSualo kvadratuli gadaxriT s, =629 garnv-
sazRvroT generaluri erTobliobis saSualo kvadra tuli

gadaxris sndobis intervali:

Sx%h <S<S,0,.
sndobis intervalis cxrilebidan (ix. da narTi) a =0,05da
n=nT1 1= 9mniSvnelobebiT viRebT ¢ = 0,69da g = 1,83e.i.
6,2900,69< s<6,290,83 anu 4,34<s<1151.
amrigad, generaluri saSualo kvadra tuli gadaxra
0,95albaTobiT moTavsebulia 14,34; 11,51 intervalSi.
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10. hipo Tezeb is statistikuri Semowmebis
par ametruli meTodebi

10.1. statistikuri hipoTezis cneba

parametrebis wertilovani da intervaluri S e-
fasebebi warmoadgenen statistikuri kvlevis erT -erT
sawyis etaps. kvlevis saboloo mizans SeiZleba wa r-

moadgendes sxvadasxva tegnol ogiuri procesebis Sedareb i-
Ti Sefa seba, gamzomi xelsawyoebis maxasiaTeblebis Sedareba
da a.S. aseTi tipis amocanebs SedarebiT amocanebs uwod  eben.

maTematikurad, Sedarebis amocanebs uwodeben hip o-
Tezebis statistikur Semowmebas. statistikuri hipoTeza es
aris  nebismieri gamonaTqvami generalur erTobliobaze,
romlis Semowmeba SeiZleba amonarCevis mixedviT.

Tu mocemuli amonarCevebi normaluradaa ganawi -
lebuli, maSin unda gamoviyenoT hipoTezebis Semowmebis
parametruli meTodebi, xolo roca ganawilebis kanoni
ucnobia an gansxvavdeba normalurisgan - arapara metruli
neTodebi.

statistikuri hipoTezebi iyofa hipoTezebad, ro m-
lebic exeba ganawilebis kanonebs da hipoTezebad, romlebic
exeba ganawilebis parametrebs. magaliTad, Tu ganawilebis
kanoni ucnobia, maSin aris imis safu  Zveli, rom mas gaaCnia

garkveuli saxe, magaliTad, A. Camoyalibdeba hipoTeza: ge -

neraluri erToblioba ganawilebulia Akanonis saxiT.
SesaZlebelia iseTi SemTxveva, roca ganawilebis k a-

noni cnobilia, xolo misi parametrebi - ucnobi. Tu gvaqgvs

imis safuzveli, rom gparametri tolia raime Jo niSvnelobisa,

maSin dauSveben hipoTezas: = SesaZlebelia sxva hipoTez e-
bic, 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,
pragtikulad, sxvadasxva mizezebis gamo, aseTi kvlevis

Catareba SeuZlebelia. amrigad, msjeloba generaluri erT o-
bliobis ganawilebis funqciis saxeze an ganawil ebis fu n-
gciis parametrebis Sesaxeb statistikuri hipoTezis WeSm a-
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ritebasa an mcdarobaze, tardeba mxolod amonarCevis erT o-
bli obisTvis.

amonarCevis gamoyenebas statistikuri hipoTezebis
Sesamowmeblad, ewodeba daSvebuli hipoTezis WeSmaritebis
an mcdarobis st atis tikuri damtkiceba.

zogadad, daSvebul hipoTezasTan erTad, ganixi leba
alternatiuli (konkurirebuli) hipoTeza. Tu daSvebuli
hipoTeza uaryofili igneba, maSin mis adgils daikavebs a I-
ternatiuli hipoTeza. am TvalsazriiT, statistikuri hip o-
Tezebi iyofa nulovan da alternatiul hip 0 Tezebad.

nulovani ewodeba daSvebul (ZiriTad) hipoTezas da

aRiniSneba Hy: simboloTi. sazogadod, nulovani hipoTeziT
mtkicdeba, rom Sesadarebel sidideebs Soris gan sxvaveba ar
aris, xolo arsebuli gadaxrebi aixsneba mxo lod da mxolod
amonarCevs SemTxveviTi cvalebad obiT.

alternatiuli ewodeba Hy: hipoTezas, romelic nu -
lovani hipoTezis konkurentia im TvalsazrisiT, rom Tu
nulovani hipoTeza uaryofili igneba, maSin miiReba alte r-
nat i uli.

daSvebuli hipoTeza SeiZleba iyos WeSmariti an
mcdari, amitom saWiroa misi Semowmeba. amonarCevis man
cemebiT statistikuri hipoTezis Semowmebisas, yovelTvis
ar sebobs mcdari gadawyvetilebis miRebis riski. es aixsneba
amonarCevis moculobis sasrulobiT, ris gamoc Znelia
zustad dadgindes ganawilebis funqciis saxe an misi par a-
metrebis mniSvnelobebi. agedan gamomdinare, statistikuri
hipoTezis Semowmebisas, SesaZlebelia, daSvebul ignes ori
tipis Secdoma, anu, rogorc maT uwodeben, pirveli da meore
gvaris Secdoma.

pirveli gvaris Secdoma ewodeba iseT Secdomas,
rodesac xdeba We Smariti nulovani hipoTezebis uaryofa.
pirveli gvaris Secdomis moxdenis albaTobas, romelic

aRini Sneba a simboloTi, ewodeba mniSvnelovnebis done
umetes SemTxvevaSi, @ mniSvnelobas iReben 0,05 an 0,0%is
tolad. m agaliTad, Tu  a = 0,05 es imas niSnavs, rom 100-dan 5

SemTxveaSi SesaZlebelia davuSvaT pirveli gvaris Secdoma,
e.i. vuaryoT swori hipoTeza.
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meore gvaris Secdoma ewodeba iseT Secdomas,
rodesac xdeba mcdari nulovani hipoTezis miReba. meore
gvaris Secdomis moxdenis albaToba aRiniSneba b simbo loTi.

st atistikuri kriteriumebis a mniSvnelovnebis d o-
nis SerCeva damokidebulia Sedegis simZimeze, romelsac
iwvevs pirveli da meore gvaris Secdomebi. magaliTad, Tu
pirveli gvaris Secdomis moxdena iwvevs met danakargebs,
vi dre meore gvaris Secdomis moxdena, maSin  a-s mniSvneloba
unda miviRoT rac SeiZleba naklebi. raRa Tgma unda, ar
SeiZleba, rom a =0, radgan am SemTxvevaSi miRbuli igneba
yvela nulova ni hipoTeza, maT Soris mcdaric. unda

gvaxsovdes, rom rac ufro mcirea a-s mniSvneloba, miT
ufro naklebad xdeba nulov ani hip o Tezis uaryofa.
statistikuri hipoTezebis Semowmeba xdeba moc emuli

amonarCeviT miRebuli monacemebis safuZvelze statist i-
kuri kriteriumebis gamoyenebiT.

statistikuri kriteriumi (testi, statistika) ewo -
deba raime K SemTxveviT sidides, romlis saSualebi Tac
xdeba daSvebuli nulovani hipoTezis miReba an uaryofa.
nulovani hipoTezis Sesamowmeblad, amonarCevis mon a-
cemebiT gamoiTvleba kriteriumSi Semavali sidideebis ke r-
Zo mniSwelobebi da miiReba TviT statistikuri krit e-
riumis kerZo mniSvneloba.

vTgvaT, raime nulovani hipoTezis Sesamowmeblad,
romelic exeba ganawilebis parametrebs, gvaqvs K statist -

ka, romlis ganawilebis simkvrivis fungcia f (K) cnobilia.

f(K)
<l kitiku i =
are

<— Hy miRebis are — krit ikuli s
are

a a
2 2

K

Km K% K

-5
aq, Ky, aris  K-s maTematikuri lodini. JK(l_i);Kéll intervals
ewodeba K SemTxveviTi sididi s dasaSveb mniSvnelobaTa are,
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romlisTvisac nulovani hipoTeza miiReba. J D;K(l-é)l, da
2

JKE;QI. intervalebs ewodebaT nulovani hipoTezis gada Xris
2

areebi anu K kriteriumis kritikuli areebi, sadac xdeba

nulovani hipoTezis uaryofa. Tu kritikuli areebi m o-
Tavsebulia maTematikuri lodinis marjvniv da marcxniv,

maSin kritikul areebs ewodebaT ormxrivi, xolo K krit e-
riumis mniSvnelobas - ormxrivi kriteriumi. winaaRmdeg

SemTxveraSi, sagme gvaqvs calmxriv, kerZod marcxena (roca K
< Kmp), an majvena (roca K > Kp) kritikuli areebTan.

kritikuli wertilebi (sazRvrebi) K(l_é);Ké ewodebaT im
2 2

wertilebs, romlebic gamoyofen kritikul areebs dasaSveb
mniSvnelobaTa ari  sgan.

nulovani hipoTezis Semowmeba statistikuri K kri -
teriumiT xdeba Sem degnairad: Tu gvagqvs ormxrivi

kritikuli are, maSin raime nulovani hipoTezis Ho: Ky = Ky
alte r natiuli hipoTeza igneba: Hi: K;, K, am SemTxvevaSi,

kritikuli (sasazRvro) wertili Kg,n moiZebneba — mniSvre-
;

lovnebis doni  sa da n Tavisuflebis xarisxis mixedviT. Tu
Cvens mier gamoTvlili statistika K <K..,, maSin ara gvaqvs
g;

safuZveli nulovani hipoTezis uarsayofad, winaaRmdeg
SemTxvevaSi, roca K?2 Ka.,, nulovani hipoTeza uaryofili
g,

igneba alternat  iulis sasarg  eblod.
Tu gvagvs mxolod marcxena kritikuli are, maSin n u-
lovani da alternatiuli hipoTezebi ase Camoyalibdeba:

Ho: K]_: Kz, H]_: K1< Kz.
f(K)

e KlaKO . K
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kritikuli wertili K,., SeirCeva a mniSvnelovnebis

donisa da n Tavisufleb is xarisxis saSualebiT. Tu
K>K.ayns maSin nulovani hipoTeza miiReba, winaaRmdeg

SemTxvevaSi, roca K €K ,y,, nulovani hipoTeza ua r-

yofili igneba alternatiuli hipoTezis sasargeblod.

analogiurad, roca gvaqvs marjvena Kkritikuli are,
masSin nulovani da alternatiuli hipoTezebi ase Camoya I-
ibdeba: Hp: Ki=K,, Hi Ki>Ko.

f(K)
; "7
Ko Ka K
kritikuli wertili Kan SeirCeva a mniSvnelovnebis
doniTa da n Tavisuflebis xarisxiT. Tu K2 K,.,, maSin n-
lovani h ipoTeza uaryofili igneba H; hipoTezis sasa r-

geblod, winaaRmdeg SemTxvevaSi, roca K <K, , ara gvaqvs
safuZveli nulovani hipoTezis uarsayofad.

sazogadod, rac ufro didia K kriteriumis mni  S-
vheloba, miT ufro didia gansxvaveba Sesadarebel sidide ebs
Soris.

kriteriumis simZlavre damokidebulia meore gva -

ris Secdomis moxdenis b albaTobaze. igi aRiniSneba M si m-
boloTi M = 171 b. Tu simZlavre izrdeba, maSin Se sabamisad
mcirdeba b albaToba. Tu a sidides SevamcirebT, maSin Se m-
cirdeba pirveli gvaris Se cdoma da izrdeba meore gvaris

Secdoma, rac, Tavis mxriv, iwvevs Kriteriumis simZlavris
Semcirebas.

generaluri erTobliobisaTvis a =0da b = 0. agedan
gamomdinare, pirveli da meore gvaris Secdomebis moxdenis
albaTobebis erTdrouli Semcireba SesaZlebelia amo nar-

Cevis ganzomilebis gazrdiT.
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amrigad, kriteriumis simZlavris gazrda SeiZleba
amonarCevis moculobis gazrdiT. magram, Tu amonarCevis

moculoba mci rea, maSin a mniSvneloba unda aviRoT arc ise

mcire, radgan mcire N da a iwvevs kriteriumis simZlavris
Semcir ebas.

calmxrivi da ormxrivi kritikuli areebis Sedar e-
bisas unda aRiniSnos, rom calmxriv kriteriums gaaCnia
ufro didi simZlavre, vidre ormxrivs, radgan ormxrivi

kritikuli aris dros viRebT a/z mniSvnelobas, rac iwvevs

rogorc kritikuli wertil is mniSvnelobis gazrdas, aseve b
sididis gazrdasac da sabolood, simZlavris Semcirebas.

amitom, umjobesia calmxrivi kritikuli aris gamoyeneba, Tu

nulovani hipoTeza amis saSualebas iZleva. ase magal i Tad,
Tu gvinda davadginoT, ramdenad efeqturia axali
prepara tiT mkurnaloba ZvelTan SedarebiT, unda aviRoT

calmx rivi kriteriumi. magram, Tu gvinda erTmaneTs Sevad a-
roT ori axali meTodi, maSin saWiroa gamoviyenoT mxolod
ormxrivi  kriteriumi, radgan calmxrivi  kriteriumi

TiTgmis ar aris mgrZnobiare meore meTodTan mimarT ebasSi.

agve unda SevniSnoT, rom araparametrul Kkrit e-
riumebs, parametrul kriteriumebTan SedarebiT, gaaCniaT
mcire simZlavre. magram, Tu gvagvs mcire ganzomilebis
amonarCevi, masSin araparametruli kriteriumis gamoyeneba
ufro efeqturia para metrulTan SedarebiT.

P-mniSvneloba . zogjer, ufro mosaxerxebelia, hip o-
Tezebis Sesamowmeblad gamoviyenoT sxva procedura, ro -
melic warmoadgens zemoT ganxiluli meTodis Sebrunebul
meTods. kerZod, imis magivrad, rom vimuSavod figsirebuli

a mniSvnelovnebis doniT, SegviZlia vipovoT a-s zusti

mniSvneloba, romlis drosac uaryofilia (miRebulia) n u-
lovani hipoTeza. a-s aseT mniSvnelobas aRniSnaven P sim-
boloTi da mas P-mniSvneloba ewodeba. amrigad, P-

mniSvneloba aris is minimaluri mniSvnelovnebis done,
rodesac xdeba nulovani hip oTezis uary ofa.

Tu Z aris raime K statistikis gamoTvlis Sedegad
miRebuli kritikuli wertili, maSin P=PK ¢ 2Z). radgan K
kriteriums gaaCnia  t, F, ¢?an N(0,1) ganawilebis kanonebidan
N T
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erT -erTi maTgani, amitom P-mniSvneloba ganisazRvreba
Semdegnairad:

P-mniS. =1- F(2) calmxrivi kritikuli aris dros,

P-mniS. =2[1- FF{)] ormxrivi kritikuli aris dros.
F(z2) warmoadgens normalizebuli normaluri ganawilebis
fungciis mniSvnelobas, romelic aRebulia Sesabamisi cxri -
lidan (ix. danarTi) an ganisazRvre ba laplasis funqciis sa -
SualebiT ( 3.2) formuliT.

Tu P ¢ a, maSin nulovani hipoTeza uaryofilia a
mniSvnelovnebis doniT. Tu P > a, maSin nulovani hipoTezis
uaryofis safuZveli ar gagvaCnia.

10.2. SemTxveviTi sididis saSualosa da dispersiaze
statistikuri h i poTezis Semowmeba

vTgvaT, mocemulia X generaluri erToblioba, ro -
melsac gaaCnia normaluri ganawileba N(a,s), Tanac par a-
metrebi a da Sucnobia. amonarCevis saSualebiT SeiZleba m  i-
viRoT maTi wertilovani Sefasebebi X da s,. saWiroa Se-
vamowmoT nulovani hipoTeza Ho: X =a, alternatiulis

Hi: X, ap sawinaaRmdegod. a; warmoadgens raime winaswar cno -
bil h i poTetiur saSualo mniSvnelobas.

nulovani hipoTezi s Sesamowmeblad saWiroa gamowv
TvaloT statistika:

t=X"% /1.
SX

Tu nulovani hipoTeza samarTliania, maSin t gamosa
xulebas gaaCnia stiudentis ganawileba n =ni 1 Tavis uflebis
xarisxiT. stiudentis ganawilebis cxrilidan a mniSvnelo v-
nebis doniTa da n Tavisuflebis xarisxiT moiZebneba
kritikuli wertili t,,. Tu t2t,,,, maSin nulovani hipoTeza
uaryofilia alternatiulis sasargeblod, winaaRmdeg Se m-
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TxvevaSi, roca t<t
Tezis uarsayofad.

Tu alternatiul hipoTezas aqvs Hi: a > ap saxe, maSin
gamoiyenebat kriteriumi marjvena kritikuli ariT da am i-

tom kritikuli wertili igneba tan, Xolo roca Hy a < a
maSin gvaqvs marcxena kritikuli are da Sesaba  misad, gvegneba

an» ara gvagvs safuZveli nulovani hip o-

= ta;n.
H,:s?=s> nulovani hipoTezis Sesamowmeblad,

H,:s?, s3 alternatiulis sawinaaRmdegod, saWiroa gamov -

TvaloT statistika:

2
L

cC =——
S5

da Tu nulovani hipoTeza samarTliania, maSin mas gaaCnia c?

ganawileba n = nT 1 Tavisuflebis xarisxiT. c? ganawile bis
cxrilidan a da n parametrebis saSualebiT moi  Zebneba
kritikuli wertili ¢z, Tu c’2 ¢

2+ MaSinHg uaryofilia

Hi-is sasargeblod, xolo roca c*< Caps
safuzveli nulovani hipoTezis uarsay ofad.

masSin ara gvaqvs

Tu alternatiul hipoTezas aqvs H,:s?<sZ saxe,
maSin gamoiyeneba? kriteriumi marcxena kritikuli ariT da
kritikuli wertili igneba C(zl-a);n' xolo roca Hl:s2 >S(2),
maSin sagme gvaqws’ kriteriumTan marjvena kritikuli ariT

da saTanadod, gvegneba Ci;n :

magaliTi. avtomaturi Carxis sizuste mowmdeba d a-
muSavebuli detalebis zomis dispersiis saSualebiT, ro m-

lis sidide ar unda aRemateb ~ odes s =0,04 sidides. Carxis

saSualebiT damuSavebul igna  10detali da miRebul igna s?=

= 0,09 saWiroa SevamowmoT, akmayofilebs Tu ara Carxi moT -
xovnil sizustes. mniSvnelovnebis done aviRoT

a =0,05t olad.
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rogorc mocemuli pirobidan Cans, unda SevamowmoT
hipoTeza H,:s?=0,04. am SemTxvevaSi alternatiuli hip o-

Tezaigneba H,:s?>0,04. gamoviTvaloT statistika:

o2 :1003,09:225.
0,04
c® ganawilebis cxrilidan 0(2)’05.9 =1692. radgan
22,5>16,92 amitom nulovani h ipoTeza uaryofilia alte r-
natiulis sasargeblod, e.i. Carxi ver uzrunvelyofs d e-

talis damuSav ebis moTxovnil sizustes.

10.3. dispersiebis tolobis hipoTezis Semowmeba.
fiSeris kriteriumi

vTgvaT, mocemulia ori X da Y normalurad
ganawilebuli N(ay, S0, N(ay, ;) SemTxveviTi sidide, romelTa
parametrebi ucnobia. ganvixiloT amonarCevebi X, %5.., X, da

Yi:Y2,..0 Y, romelTa saSualebiTac Sevafasod X,y saSualo
ariTmetikulebi da si,si dispersiebi. dispersieb is tol  o-

bis Hy:s%=s2 nulovani hipoTezis Sesamowmeblad, unda

gamoviyenoT fiSeris kriteriumi. amisaTvis ganvixiloT
statistika:

_max6%,s?)
mins?,s2)’
romelsac gaaCnia fiSeris ganawileba ni;=nTt 1(mricxve lisa)

da n,=m- 1(mniSvnelis) Tavi suflebis xarisxebiT.
Tu mocemulia a mniSvnelovnebis done, maSin F gana

wilebis cxrilidan Nn; da n, Tavisuflebis xarisxebis saS ua-
lebiT moiZebneba kritikuli wertili Fanon,- Tu aRmoCn
deba, rom F?2 F maSin nulovani hipoTez a uaryofilia

a;ng,n,
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alternatiulis sasargeblod, e.i. dispersiebi statistik u-

rad gansxvavdeba erTmaneTisgan. Tu F<F,nn, maSin

iTvleba, rom ara gvaqvs safuZveli nulovani hipoTezis ua r-

sayofad, e.i. dispersiebi ar gansxvavdeba erTmaneTi sgan.
magaliTi . mocemulia bavSvebSi sisxlis nakadis si C-

gare (wmSi), gazomili ori sxvadasxva meTodiT

X 95612 875 9 118115 6

y: 11 411 9138412149107 9
unda SevamowmoT, gaaCnia Tu ara orive meTods erTnairi
gazomvis sizuste. mniSvnelovnebis done aviRoT a=0,05t0 -
lad. CavTvaloT, rom amonarCevebi normalurad aris
ganawilebuli.

SevamowmoT dispersiebis tolobis nulovani hip o-

Teza Hy:s2=s2?. mocemuli amonarCevebisTvis gvaqys
2=597da s?=940.

9,4
k= 597 =157, Foomz12=269.

radgan 1,57 < 2,69 amitom nulovani hipoTeza miiReba, e.i.
orive meTodi erTnairi sizustiT gansazRvravs sisxlis
nakadis siCgares.

igive nulovani hipoTeza SevamowmoT  P-mmiSvnelobiT.
standartizirebuli normaluri ganawilebis funqciis cxri

lidan F(157) =0941¢ P=1-F(1,57) =1 0,9418 = 0,0582 0,058

radgan 0,058 > 0,05amitom nulovani hip o Teza miiReba, e.i.
dispersiebi ar gansx vavdeba erTmaneTi sgan.

10.4. saSualoebis tolobis hipoTezis Semowmeba.
stiudentis kriteriumi

vTgvaT, mocemulia ori X da Y normalurad
ganawilebuli N(ax, SJ, N(a,, ) SemTxveviTi sidide, sadac,  a,
S, &, § parametrebi ucnobia. ganvixiloT amonarCevebi
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X, X..0X, da Y, Y,,...,Y, da ganvsazRvroT X,y sau-

aloebisa da Si,si dispersiebis wertilovani Sefasebebi.
saSualoebis tolobis H, :X =¥ nulovani hipoTezis

Sesamowmeblad iyeneben stiudentis kriteriums, romelsac

zo gadad agvs Semdegi saxe:

saSualoebis sxvaoba

saSualoebis sxvaobis standartuli Secdoma

ganvixiloT ori SemTxveva:
1. roca Si =s2. SeizZleba gvgondes ori SemTxveva:

a)n = m = n ganvixiloT statistika

<

-
t= 2 2 '
syt

n

(72}

y

romelsac gaaCnia stiudentis ganawileba

suflebis xarisxiT.
b) Tu n, m, maSin gvegneba:

t= Xy , h=n+mi 2
(n- DsZ+(m- 1s2 an+mg
n+m- 2 c nmg

2. roca Si s Si. agac ganvixiloT ori SemTxveva:

a)Tu Nn=m=n masSin:

T 7T 7T 7 TTrrrrrrarrrrnnT v
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Xl
1
<
N
=}
1
N

t=—= , n=n-1+ ———
Sx+sy 87;(+S%
n Sy S«

b) Tu n, m, maSin:

N
R
N

+

7]

B 3 |

< N | ]-O: 00
-0:00%

Xl
1
<

—
1

=]
1
1

N

_
(2]
5[5
+
2]
3|9
o
S 108 B
1000y, | 2 |x

¢ +
n+1 m+1
mocemuli @ mniSvnelovnebis doniTa da n Tavis u-
flebis xarisxiT stiudentis ganawilebis cxrilidan vpo u-
lobT t,. = kritikul mniSvnelobas ormxrivi kritikuli aris
2;
dros.

Tu aRmoCndeba, rom t2t, , maSin nulovani hipoTeza
g,

uaryofilia alternatiulis H,:X, y sasargeblod. Tu
t<t,.,, maSin nulovani hipoTeza miiReba, e.i. gansxvaveba or
%

saSualos Soris SemTxveviTia.
magaliTi. wina paragrafSi moyvanili magaliTisTvis
SevamowmoT saSualoebis tolobis hipoTeza Ho:X=Y. mni
Svnelovnebis done aviRoT  a = 0,05tolad.
mocemuli amonarCevebisTvis gvagvs: X =7,85; y=931
radgan Si = Sf, da amonarCevebis ganzomileba er T nairia, ami -
tom
(= |7,85- 9,3][
597+94
13

=134, n=2Q3- 2=24.
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stiudentis ganawilebis cxrilidan to0524 =2,06. radgan

1,34<2,06 amitom nulovani hipoTeza mii Reba, e.i. gansxvaveba
saSualo sidideebs Soris ar SeimCneva.

SevamowmoT nulovani hipoTeza P-mniSvnelobiT.
F(1,34 =09099 P=2(1- 0,9099=01802 radgan 0,18 > 0,05
amitom nulovani hipoTeza miiReba, e.i. saSualo sidideebi ar
gansxvavdeba erTmaneTisgan.

unda gvaxsovdes , rom stiudentis kriteriumis gamo -
yeneba iTvaliswinebs SemTxveviTi sidideebis normalur
ganawilebasa da generaluri dispersiebis tolobas. Tu es

pirobebi ar sruldeba, masSin t-kriteriumis gamoyeneba m i-
zanSewonili ar aris. am SemTxvevaSi, ufro efeqturia ar a-
para metruli kriteriumebis gamoyeneba, magaliTad U-krite -
riumis.

10.5. saSualoebis mravlobiTi Sedareba

Tu dispersiuli analizis gamoyenebis Semdeg aRmo C-
ndeba, rom saSualo sidideebi gansxvavdeb i an erTmaneTi sgan,
maSin SeuZlebelia davadginoT, kerZod romeli a mona Cevebi

gansxvavdebi an. aseT SemTxvevaSi, saWiroa saSualoebi wyvil -
wyvilad SevadaroT erTmaneTs. unda gvaxsovdes, rom
stiudentis kriteriumi gamoiyeneba mxolod ori amona r-
Cevis SedarebisTvis. Tu mas gamoviyenebT mravlobiTi
SedarebisTvis, maSin adgili eqgne  ba mravlobiTi Sedarebis
efeqts, romelic iwvevs pirveli gvaris Secdomis moxdenis

albaT obis zrdas, radgan izrdeba mniSvnelovnebis donis

sidide, romelic gani sazRvreba Semdegi form uliT:

ai=1- (L- a),
sadac, k- SedarebaTa raodenobaa. Tu ksidide ar c ise didia,
maSin SeiZleba gamoviyenoT miaxloebiTi formula aic ak.

magaliTad, Tu Kk = 3 da aviRebT 5% mniSvnelovnebis dones,
e.i. a = 0,05 maSin ai=015 da pirveli gvaris Secdomis
moxdenis albaToba SeiZleba  15%-mde gaizar dos. roca k= 6,
maSin igi  30%-is tolia da a.S.
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am efeqtis Sesusteba SegviZlia bonferonis Ses -
worebiT , romlis Tanaxmad, TiToeuli Sedarebis mniSvne -

lovnebis doned unda aviRoT % sidide. magaliTad, samj e-
radi Sedarebisas, mniSvnelovnebis done unda iyos
O’—SSO 17%. bonferonis Sesworeba SedarebiT kargad m u-
Saobs mcire raodenobis Sedarebisas (k < 8. ufro didi
raodenobis SedarebisaTvis, umjobesia, gamoviyenoT ni umer:
keilsis kriteriumi , romelsac aqvs Semdegi saxe:

sadac, 52 - Sesadarebeli amonarCevebis saSualo dispe r siaa,
n;.n - amonarCevebis ganzomileba. miRebuli g mniSvneloba
unda SevadaroT cxrilidan aRebul kritikul mniSvnelobas

a mniSvnelovnebis doniT, n=N - m Tavis uflebis xarisxiTa

m
da | Sedarebis intervaliT (ix. danarTi). aq, N :é n, mi
i=1
amonarCevebis raodenobaa. Tu aRmoCndeba, rom Q<d,,,,

maSin nulovani hipoTeza miiReba, e.i. saS wualoebi ar gan -
sxvavdebi an erTmaneTisgan, winaaRmdeg SermxvevaSi, roca

g2 O, - saSualoebi gansxvavdebian.

Sedarebis intervali | ganisazRvreba Semdegnairad:
saSualo sidideebi X, 1 =12,...,m unda davalagoT zrdad o bis
mixedviT. magaliTad, Tu vadarebT Xy da X,y saSualoebs,
romlebsac ranJdirebul mwkrivSi ukaviaT j-uri da  i-uri
adgili, maSin | =7 i+ 1 magaliTad, Tu vadarebT = Xy, da X,
maSin | =47 1+ 1 =4 X, da X, Sedarebisas :1 =27 1+1=2
da a.S.
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niumen-keilsis  kriteriumis  gamoyenebis  Sedegi
damokidebulia Sedarebis garkveul rigze. kerZod, Tu saS u-
alo sidideebs davalagebT zrdadobiT 1,2» ,m, maSin jer u n-
da SevadaroT mwkrivis kidura (magsimaluri da minimaluri)
si dideebi, e.i. mrurida 1-li saSualo sidideebi, Semdeg m-uri
da me2 da a.S. magaliTad oTxi saSualo sididisaTvis gveqneba
Sedarebis aseTi Tanmimdevroba: 471 1; 47 2; 47 3; 37 1; 37 2da
2717 1. agve unda SevniSnoT, rom Sed areba yvela wyvilisTvis
araa saWiro. im SemTxvevaSi, roca romelime saSualoebis wyvi -
li ar gansxvavdeba erTmaneTisgan, maSin Sedarebis amocana
wydeba, radgan danarCenebi miT ufro ar igneba gansxvavebuli.

magaliTad, Tu aRmoCndeba, rom 3i 1l wyvili ar gansx vavdeba

erTmaneTisgan, maSin aRaraa saWiro 31 2da 21 1 wyvilebis
Sedareba.

magaliTi . 810.4Si moyvanili magaliTisTvis, sadac
miviReT, rom saSualoebi gansxvavdebian, CavataroT wyuvil -
wyvilad Sedareba. davalagoT saSualoebi zrdadobiT.

X1y = 9L X5 =101 X5 =115. SevamowmoT H, : X3 =X, nul o-
vani hipoTeza
115- 91

/395a 1 L1 1 o

2 926 26—

am SemTxvevaSil = 37 1 + 1 = 3.g ganawilebis cxr i-

lidan ~ a=005n=3Q@6- 3=75; VRebulobT  Qgo5755 =339.
radgan 6,16 > 3,39amitom nulovani hipoTeza uaryofilia, e.i.

gansxvaveba sarwmunoa. SevamowmoTH : X3 = X, nulovani

=6,16.

hipo Teza
115- 101

3952817 1 o
2 26 26—
aq,| =37 2+ 1=2 0ypg75, =282. radgan 3,59 > 2,82amitom

nul ovani hipoTeza uaryofilia, e.i. gansxvaveba sarwmunoa.
Hy : X, =X, hipoTezis SemowmebisTvis gveqneba:

=359.

TT T 7T 0700 7 T rTiriranrvororenT b _
TR N R L AL 117

o



101- 91

39531 1 o
2 26 262
ag, | =27 1+ 1 =2 gygg75, =282. radgan 2,57 < 2,82 amitom

nulovani hipoTeza miiReba, e.i. saSualoebi ar gansxvavdeba
erTmaneTisgan.

=257.

10.6. ori damokidebuli amonarCev is Sedareba

praqgtikaSi xSirad gvxdeba amonarCevebi, romlebic ar
SeiZleba ganvixiloT rogorc damoukidebeli, isini erTm a-
neTis mimarT damokidebuli arian (magaliTad, monacemebi
mkurnalobamde da mkurnalobis Semdeg). vTqvaT, mocemulia

ori aseTi damokidebuli amo narCevi X, X,,....X, da y;,¥s,....Y,.
ganvixiloT maT Soris sxvaobebi d=x-vy,i=12..n, ro m-

lebic normalurad arian ganawi lebuli. ganvsazRvroT
sxvaobebis saSualo ariTmet i kuli

dz—ad

=1

rac ufro mcirea d sidide, miT ufro naklebia gansxvaveba am
or amonarCevs Soris. agedan gamomdinare, saWiroa Semowmdes

H, :d =0 nulovani hipoTeza. amisaTvis ganvixiloT stati s-
| El N
tika t=-—, sadac, e; sxvaobaTa saSualo ariTmetikulis
e,
d
Secdomaa, romelic ganisazRvreba Semdegnairad:

Y ° ~2
1 .0 1 &n 147 0

e = d-d e- = d2 — d
d \/n(n 1)a_‘1( ) an & n(n—l)gia;1 n? '§

cc C* (O]
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t statistikas gaaCnia stiudentis ganawileba n=n- 1 Tavis u-

flebis xarisxiT. Tu t <t,.,, maSin nulovani hipoTeza miiReba,

e.i. amonarCevebi ar gansxvavdeba erTmaneTisgan. roca  t2t,,,

maSin nulovani hipoTeza uaryofilia da amona r Cevebi gansx
vavdebian erTmaneTisgan.

magaliTi . erTi da igive pacientze gamocades ori Zi -
lis wamali (X, y). Sedegebi warmodgenilia cxrilSi dama -
teb iTi Zilis xangrZlivobiT saaTebSi. gvainteresebs, aris Tu
ara gansxvaveba am wamlebs Soris? SevadginoT Semdegi cxrili:

# X y d d?

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 55 2,1 3.4 11,56
5 4,6 4,9 10,3 0,09
6 6,0 5,3 0,7 0,49
7 51 3,1 2,0 4,00
8 4,3 2,7 1,6 2,56
a 9,2 20,04

=280 a=0,05 N=7; tyos, = 2365

radgan 2,80 > 2,365 amitom nulovani hipoTeza ua r-
yofilia, e.i. gansxvaveba Zilis wamlebs Soris sarwmunoa. S e-
vamowmoT nulovani hipoTeza P-mniSvnelobiT. F(2,80) =0,9974
P=2(17 0,9974) = 0,0052adgan 0,0052 < 0,05amitom nul o-
vani hipoTeza uaryofilia.
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Tu gvinda ori damokidebuli amonarCevis di S-

persiebis tolobis Ho:s2 =s% nulovani hipoTezis Semowm e-
ba, maSin unda ganisazRvros Semdegi statistika:
‘(Qx - Qy)“ n- 2‘
= =,
2\/ Qny - (Qxy)
sadac,
° 2
S 1a." @
Qx:a X?_ _g X|8 ,» an Qx:(n' 1)Si’
i=1 Ngia =+
o 2
. 1a.7 Q@
Q=avi- -g Vg, anQ =(n-sj,
i=1 Ngi =
. 18" 7 @
Qxy:a %Y - _$. Xa y|8
i=1 Ngim i +
t sidides gaaCnia stiudentis ganawileba n=n-2
Tavisufleabis xarisxiT. a mniSvnelovnebis doniTa da n
sididiT stiudentis ganawilebis cxrilidan moiZebneba ton
kr i tikuli mniSvneloba. Tu t<t,.,, maSin nulovani hipoTeza

miiReba, e.i. dispersiebi ar gansxvavdeba erTmaneTisgan. roca
t2 t,.,, maSinnulovani hipoTeza uaryofilia da dispersiebi
gansxvavdebian erTmaneTisgan.

10.7. amonarCevSi uxeSi Secdomebis gamovlenis
meTodebi

gazomvebis Catarebis dros daculi unda iyos gark -
veuli pirobebi. kerZod, gazomvebi unda Catardes erTnair
pirobebSi, erTna iri klasis xelsawyoebiT. miuxedavad amisa,
gazomvis Sedegad miRebul erTobliobaSi zogjer gvxvdeba
uxeSi Secdomebi, amitom is monacem i, rom el ic mkveTrad ga n-
sxvavdeba sxvebisgan, unda ignes Sefasebuli da Tu is aRmo C-
ndeba uxeSi Secdoma (artefaqti), maSin igi u nda gamoiric xos
CT T T T TR i
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erTobliobidan. uxeSi Secdomis Tavidan acilebis erT -erT
umartives meTods warmoadgens e.w. “sami sigmas~ wesi, rom lis
arsi SemdegSi mdgomareobs: albaTobis Teoriidan cnobilia,
rom Tu X SemTxveviT sidides gaaCnia f (X) ganawilebis si m-
kvrive, masSin raime]a; b[ intervalSi misi moxvedris albaToba
gamoiTvlebafo r muliT:

b

P(a < X <b) = fjff (x)dx.

Tu SemTxveviTi sidide normaluradaa ganawilebuli, maSin

b (x a)
Pla<X<b)=——= 2 dx.
\/— 13
. . X-a
SemoviRoT aRniSvna z= . agedan,

X- a=27s, X=a+zs, dx=sdz.

vipovoT integrirebis axali zRvrebi. Tu X=a, masSin
Z:a- a.Tu x=b,maSinz=b- a.e.i.gveqneba:
S
b-a b-a
1S, -z 1 %2 1S, 2—2
Pl@a<X<b)=—— e 2sdz=—— % 2dz+—— fe 2d
V20 ) V2 ¥ T °
S S
b-a a-a
s s 7
e 2dz- —— fe 2dz
\/ 2p n VZp n
2 x t?
Tu gamoviyenebT laplasis fungcias F(X)=— 2dt, maSin
V2! 13
miviRebT:
P(a<x<b)-—gFab aa aglj

e C S + (‘,‘ S )
laplasis funqciis anu albaTobis integralis mniS -
vnelobebi mocemulia specialur cxrilebSi (ix. danarTi). X-is
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uaryofiTi mniSvnelobebisTvis F (- X) fungciis mniSvnel o-
baTa mosaZelmad unda visargebloT am funqciis kentobiT:
F(-x)=-F(x).

normalurad ganawilebuli mrudis maTematikuri
lodinidan rogorc marcxniv, ise marjvniv, gadavzomoT

standartuli gadaxra S, 2s da 3s. radgan normaluri
ganawileba albaTuri ganawilebaa, amitom farTobi f(x)
mrudis qveS er Tis tolia da s-s saSualebiT miRebuli m o-

nakveTebis farTobebi procentebSi saTanadod naCvenebia
Semdeg naxazzze:

34,1%

34,1%

0,15% 13,6%| 13, 2% 0,15%
ai 3s ai 2s ais a as at2s a+3s
gamovTvaloT JaTi 3s; a+ 3s[ intervalSi X SemTxvei Ti
sididis moxvedris albaToba
A o + - ~ o - - ~
P[a_3s<x<a+3s]:lg:gea 3s 3.8_ Fgea 3s a%:
2 e ¢ S = (o} S U

:%[p(a)- F(-3)]=F(3=09973

amrigad, 0,9973albaTobiT SegviZlia CavTvaloT, rom

normalurad ganawilebuli SemTxveviTi sidide mi iRebs mniS-
vnelobebs [a- 35;a+35] Sualedidan, xolo al baToba imisa,
rom SemTxveviTi sidide moxvdes am Sualedis gareT, Zalian
mcirea da igi 0,002%is tolia, e.i. es xdomi loba SegviZlia

CavTvaloT pragtikulad SeuZlebel xdomilobad. am faqts
emyareba e.w.sami sigmas wesi, romelic SeiZleba ase Camo -
vayaliboT: Tu SemTxveviTi sidide normaluradaa ganawi -
lebuli, maSin misi gadaxra maTematikuri lodinidan (saS u-
alo ariTmetikulidan) absoluturi sididiT praqtik ulad
ar aRemateba gasamkecebul saSualo kvadratul ga d axras.
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agedan gamomdinare, Tu amonarCevSi gvxvdeba iseTi,
vTqvaT, X sidide, romelic akmayofilebs ‘)‘(° xj‘>33 uto -

lobas, maSin es sidide SeiZleba CaiTvalos artefagtad da
gamoiricxos amonarCevidan.

arseboben sxva, ufro zusti testebi uxeSi gazomvebis
gamosavlenad. ganvixiloT erT -erTi maTgani, romelsac
tompsonis wess uwodeben. am SemTxvevasSi, nulovani hipoTeza
Camoyalibdeba Semdegnairad: "amonarCevSi ar aris uxeSi ga -
zomvebi~. am hipoTezis Sesamowmeblad, saWiroa gamoiTvalos
Semdegi statistika:

X - X .
t = Is , 1=12,...n,

sadac, X - saSualo ariTmetikulis, xolo S - saSualo kvad -
ratuli gadaxris Sefasebebia.

tompsoni s wesiT, amonarCevis yvela is X mniSvneloba,

romlisTvisac sruldeba utoloba | t]2 z,,,, unda CaiT-
valos artefagtad da gamoiricxos amonarCevidan. Z,.,
kritikuli mniSvneloba a mniSvnelovnebis doniTada n=ni 2

Tavisuflebis x  arisxiT moiZebneba specialur cxrilSi (ix.
danarTi).

magaliTi. mocemul amonarCevSi x: 23 40 9 25 38 32
37 26 28 Xx3= 9 mniSvneloba Zlier gansxvavdeba sxva mniS v-
nelo bebisgan. SevamowmoT nulovani hipoTeza Hg: ~ X3 mniSrne-
lo ba ekuTvnis mocemul amonarCevs~. amisaTvis gamovTv aloT:

9- 2867 _

X=2867da s, =959 [t|==""_

2,07 2405, =189E.

radgan 2,07 > 1,896 amitom Hj hipoTeza uaryofilia,
e.i. X3 = 9 warmoadgens artefaqts da igi unda gamoiricxos
amona Cevidan.

roca amonarCevis moculoba didia da n- @, masSin
SeiZleba visargebloT Semdegi aprogsimaciiT:
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a 3-1% , +5l %0
za.n°|q6§+3 | 3 322 +54 a§
' ge 4n 96n2 0

sadac, |4 aris normali  zirebuli normaluri ganawilebis

kvantili. amasTan, q=1- %. magaliTad, roca n=100,a =0,05

e.i. = 0,975 maSinz,, = 1,956,rac zustad emTx veva cxrilis
mniSvnelobas.

10.8. orze meti amonarCevis erTdrouli Sedareba

dispersiebis tolobis hipo Teza. Tu mocemulia K
raodenobis normalurad ganawil ebuli amonarCevi
%,i=12..n,,j=12..k da saWiroa H,:si=s5=..=s

nulovani hipoTezis Semowm eba, maSin SegviZlia gamoviyenoT
bartletis krit eriumi

2303e X @
cz——e(N k)lgs a(ni-l)lgsizu,
c i=1 a
sadac,
1 ek 1 1 @ o1
3(k 1)ean—l N - kﬂ
o 1 0 _\
N = n; 52: -
o o nj_lg(xj )
o =1 ¥ _
_n_a ij » J 12

§2_ gaerTianebuli anu saSualo dispersiaa, romelic ase
ganisazRvreba:

1 X kKD
=2 _ 2
st= A -gi= T aak- s

i=1 j=1i=1
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Tu amonarCevebi erTnairi ganzomilebisaa, e.i.

n,=n, =@ n, =n,, maSin c? statistikis gamosaxuleba
gamartivdeba da miiRebs Semdeg saxes:

2,303¢ ,02
Cz——ek(no ) -Ea|93.uu,
i=1 yu
sadac,
k+1 L, 1k
C=—7—=+] 52=—a Siz.
3K(ny - 1) ki
c? statistikas gaaCnia  ¢? ganawileba n=k- 1 Tavi-
suflebis xarisxiT. a mniSvnelovnebis doniTa da  n sididiT
c® ganawilebis cxrilidan moiZebneba cl., kritikuli we -
tili. Tu c’2 Can, masSin nulovani hipoTeza uaryofilia
alternatiulis sasargeblod. roca c? <can, masin nul o-
vani hipoTeza miiReba. e.i. dispersiebi ar gansxvavdeb ian
erTmaneTisgan.

magaliTi. mocemulia n; = 9, np = 6 da ng = 5
ganzomilebian i amonarCevebi sf:8,00, S§=4,67, S§=4,00
dispersiebiT. SevamowmoT dispersiebis tolobis nulovani
hi poTeza. aviRoT a =0,05.

5?2 =_20l L BB +5067+40)=607¢: lgs*=0783¢
C= 1+}a1 1, 10 15
68 S 4+ 17y

c _—12_32617@ 7838 (89031 5(,6693+ 4,602)|=0,731

=1086

Chos2 =5.99.
radgan 0,73l < 5,99 amitom nulovani hipoTeza miiReba, e.i.
dispersiebi  ar gansxvavdebian er TmaneTisagan

saSualoebis tolobis hipoTeza. Tu amonarCevebhis
raodenoba k> 2, maSin saSualoebis tolobis hipoTeza efu Z-
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neba dispersiul analizs, kerZod, erTfaqtoriani di S-

persiuli analizis Sedegebs. idea mdgomareobs saerTo di S-
persiis or  damoukidebel mdgenelad:  faqgtorul
(jgufTaSoriso) da narCen (Sigajgufuri) dispersiebad wa r-

modgenaSi. amrigad, s®=s? +s?2, . fiSeris kriteriumis

sf

2
nar

aloebs Soris gansxvaveba.
vTgvaT, mocemulia k raodenobis n; ganzomilebiani

F=

gamoyenebiT midian da skvhamde, aris Tu ara saS u-

amonarCevebi X; , i=],2,...,nj, j=12,...k, romlebic norm a-
lurad arian ganawilebuli N(a;, s), sadac, & da § parametre bi
ucnobia, magram gulisxmoben, rom  §7 =s5 =@D=G7. am tol o-
bis hipoTeza SeiZleba SevamowmoT bartletis krit eriumiT.
saSualoebis tolobis Ho 1% =X, =@ X, nulovani
hipoTezis Sesamowmeblad ganvixiloT statistika:
1 5  _v
an (Xi - X)
_ k-15
F= : :
LA al-x)
N- Kk j=1 i=1 : :
an
1 K — =\2
an (Xi - X)
— k -1 i=1
F=""T"5 ,
3 2
N a (nj B 1)51
-k
sadac,
N
Xj:_a X|J1 J:]'IZ! ak
N iz
-1k K
X:Na X . N :a n
i=1 i=1
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Tu amonarCevebis ganzomilebebi erTmaneTis tolia,
ei. n =n, =@>n_=n,, maSin gveqneba'

Ny
3 (% - X
_k-15
F= —~2
S
sadac,
- _ 1k
X=1 ax, =1 a s’
i=1 =1
F sidides gaaCnia fiSeris ganawﬂeba n,=k-1 da
n, = N- k Tavisuflebis xarisxebiT. a,n; da n, sidideebiT
fiSeris ganawilebis cxrilidan SeirCeva Fann, Kritikuli
wertili. Tu F2 F,nn, » maSin nulo vani hipoTeza uaryofi l-
ia, xolo roca F <F,.n,n, » maSin nulovani hipoTeza miiReba.
magaliTi . mocemulia ng = 26 ganzomilebiani sami

amonarCevi s2=169s5=4,41das5 =576 dispersiebisa da
X, =115, X, =101 da X; =91 saSualo ariTmetikulebis S e-
fasebebiT.

unda SevamowmoTH,, : X; =X, =X; nulovani hipoTeza.
aviRoT a =0,05.

X=>(115+101+91)=102,

s2= %(1,69+ 4,41+576)=3,95

16 [115 102) +(101- 102)* +(9.1- 102)2]
Fedd 395 =958

=3-1=2n,=3@6- 3=75 Fypes,5=315

radgan 9,58 > 3,15 amitom nulovani hipoTeza uar -
yofilia, e.i. saSualo sidideebi gansxvavdeba erTmaneTi sgan.
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Sevamownib nulovani hipoTeza P-mniSvnelobiT.
F(3195=0,9992 P=1- 09992=0,0008 radgan 0,0008 < 0,05

amitom nulovani hipoTeza uary ofilia.
unda aRvniSnoT, rom Tu Sesadarebeli amonarCevebis

raodenoba Kk = 2, maSin advilad mtkicdeba, rom stiudentis

kriteriumi warmoadgens disper siuli analizis kerZo Se m-
Txvevas da samarTliania F = t? toloba. marTlac, Tu ganvi X-
ilavT erTnairi ganzomilebis or amonarCevs X, X, saSu-

aloebiTada s?,s3 dispersiebiT, maSin

— =\2 — =\2
ol %P+ (- %F)
Jliesd)
2
-1 _
sadac, X =§()_<1 + >_(2). F-is gamosaxulebidan gamovricxoT X.
2_e, 1 g & 1 g
— —\2 — = — — — —
X - X) +I1X, - X) =X - =\X+X)y + X - =X, + X, )y =
(1 ) (2 ) 1 2(1 2)H 8X2 2(1 Z)H
2 2
al_ 1_q al_ 1_qg _1. _v
= -—X0 + Xo = =X 0 =—\X - X)),
@122_ @221_ 2(1 2)
2 2
81_ 1_9o &l_ 1_9§
radgan ge—xz- —x18 =S‘e ) - —x28 .
c2 2 "+ ¢2 2 "=
e g
n 7 <
— - X _ > € _ u
F:2(X1 2) _ (%~ %) 6 X% U -4
1 s2 g2 é/.2 2 U
E(Sf+S§) Ly>2 g IS1, 8oy
n n g\ n n g
amrigad, ori amonarCevis Sedarebis dros, stiude n-
tis kriteriumi da dispersiuli analizi warmoadgens erTi
da i give kriteriums. Tu amonarCevebis raodenoba k > 2, maSin

es ase ar aris.
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10.9. mravalganzomilebiani sistemis zogierTi
hipoTezebis S emowmeba

ori veqtoris tolobis hipoTeza . vTgvaT, moce-
mulia saSualoebis ori veqtori )?i da >?j, romlebic
miRebulia ori normalurad ganawilebuli n-ganzomilebiani

sistemidan. saWiroa SevamowmoT )?i da )?j veqtorebis

tolobis nulovani hipoTeza, e.i. Ho: X; =X, . aseTi nul  o-

vani hipoTezis Sesa mowmeblad ganvixiloT hotelingis
kriter i umi:

mm, (
m +m,
sadac, m,m SesabamisadX; da X; veqtorebis ganzomilebaa,; S-

gaerTianebuli kovariaciis matrica, romelic gamoiTv leba
Semdegnairad:

X; - >zj)is_l(%i - ij)'

T?=

1
S_mT]-Z[(m - 1)3 +(mj - 1)81]

Tu nulovani hipoTeza samarTlian ia, maSin

:mi+mj-n-1 )

(M +m; - 2)n

sidides gaaCnia fiSeris ganawileba n=ndan=m+minil

Tavisuflebis xarisxebiT. Tu F <F.nn,,» maSin nulovani

hipo Teza miiReba, winaaRmdeg SemTxvevaSi, roca F2 F

a;nn, !
nulovani hipoTeza u  aryofilia, e.i. gansxvaveba or veqtors
Soria sarwmunoa.

kovariaciuli matricebis tolobis hipoTeza .
ganvixiloT ori kovariaciuli matricebis tolobis hip o-
Teza Hy:S =S,. amisaTvis unda gamovTvaloT Semdegi

statistika:
W=Db(i2InV;),
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sadac,

a Q
& o 3
&’ & - 10
b=1-aq L. 21 : n6(+fri) :
*n, 2 A n 0
= any
C j=1 =

- 2InV, = % n, 0In|S| a (n, In‘S ‘)

ci=l 9
=m, -1 n,=m, - 1,
romelsac gaaCnia c?ganawileba n= w Tavisuflebis xa -
risxiT.
Tu W< Can, masSin nulovani hipoTeza miiReba da k o-
variaciuli matricebi erTmaneTis tolia, winaaRmdeg Se m-
TxvevaSi, roca W2 can, masSin kovariaciuli matricebi ga n-

sxvavdeba erTmaneTisgan.

artefaqgturi veqtoris gamovlena . vTqvaT, moce-
mulia normalurad ganawilebuli X1, Xo,...X, SemTxveviT
veqtorTa sistema, romlis striqonebi dakvirvebaTa veqt o-
rebia: (x,l,x,2, ) =12,..

artefaqtun veqtons gamovlenis procedura
Semdegia: ToToeuli Xi, i=1,2,...m dakvirvebis veqtorisTvis

gamoiTvleba saSualo ariTmetikulis veqtori

i :—aX i:LZ,....,m

Nz
da kovariaciuli matrica S yvela (m T 1) dakvirvebis
veqtoriT, garda X; veqtorisa. Semdeg gamoiTvleba max-
lanobisis manZili X da >?i veqtorebs Soris Skovariaciuli

matricis saSualebiT:
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D2=(x- X Jsi(x- X).

amis Semdeg ganisazRvreba F; mniSvneloba k= m7 1 sididis -

Tvis.
m- njm
F =15 ) D?,
m< - 1Jn
romelsac gaaCnia fiSeris ganawileba n=ndan=mi nTa-
visuflebis xarisxebiT.
Tu F>F,,,, . maSinX veqtori iTvleba artefaqtad

da igi unda gamoiricxos amonarCevidan. procedura grZel
deba darCenil (nT 1) dakvirvebisTvis.

11. hipoTezebis statistikuri Semowmebis
ar aparamet ruli meTodebi

11.1. ganawilebis kanonis Sesaxeb hipoTezis
Semowneba

Cven ganvixileT hipoTezebis Semowmebis parametru li
meTodebi, romlebic 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 statist i kur
Semowmebas.

vTqgvaT, saWiroa Semowmdes hipoTeza imis Sesaxeb, rom
X SemTxveviTi sidide emorCileba F(X) ganawilebi s kanons. am
hipoTezis Sesamowmeblad aviRoT amonarCevi X153 X5 yeees X s
romelic miiReba X SemTxveviT sidideze n damoukidebeli
dakvirvebiT. amonarCeviT SeiZleba aigos empi riui g ana
wilebis fungcia F *(x), magaliTad, histogramis saSualebiT.
main nulovan hipoTezas eqneba Semdegi saxe: Hg: F(x) = F "(x).
empiriuli F '(xX) da Teoriuli F(X) ganawilebebis Sedareba
CT T T T TR i
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xdeba pirsonis  ¢? Tanxmobis kriteriumiT, kolmogorovisa
da smirnovis Tanxmobis kriteriumiT da sxv.

pirsonis Tanxmobis kriteriumi . igi Zalian  xSirad
gamoiyeneba pragtikaSi. amisaTvis, X SemTxveviTi sididis
cvalebadobis mTeli diapazoni davyoT k raodenobis inte -

valebad igive wesiT, rogorc histogramis agebis dros.
Semdeg TiToeuli intervalisTvis gamovTvaloT empiriuli
sixSireebi da SevitanoT es mniS  vnelobebi cxrilSi.

interv  alebi [x®:x@| | [x@;x®| . [xd; x|
empiriuli

sixSireebi m My M T Mk
Teoriuli

sixSireebi P, Py NP2 e P

Teoriuli  sixSireebi gamoiTvleba Semdegnairad:
cnobilia, rom X SemTxveviTi sididis [x(”;x(“l)] intervalSi
maxvedris P; albaToba ganisazereba formuliT:

(i+1)

Pi:P(x<i>¢x¢x<”l>) %g #O@ =12,...K,

sadac, F( ) - laplasis funqC|aa. Tu mlRebuI Pi albaTobebs
gavamravlebT amonarCevis n ganzomilebaze, maSin miviR ebT

TiToeuli intervalisaTvis Teoriuli NP, sixSireebis mni  S-
vnelobebs.

Tu empiriuli sixSireebi mkveTrad gansxvavdeba T €o -
riulisgan, masSin nulovani hipoTeza uaryofili igneba,
winaaRmdeg SemTxvevaSi, igi miiReba. nulovani hipoTezis Se  s-
amowmeblad gamovTvaloT s tatistika

szé (m - nFi’)Z’
=1 np
romelsac gaaCnia c?ganawileba n=Kki ri 1Tavisuflebis xa -
risxiT. aq, I aris Teoriuli F(x) ganawilebis parametrebis

raodenoba, romelic amonarCevidan gamoiTvleba.
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nulovani hipoTezis Sesamowmeblad saWiroa c

ganawilebis  cxrilidan a mniSvnelovnebis doniTa da n
Tavisuflebis xarisxiT vipovoT ci;n kritikuli mniSvnel o-
ba. Tu aRmoCnda, rom ¢? 2 Ca .n» maSin nulovani hipoTeza ua r-
yofilia alternatiulis sasargeblod, e.i. iTvleba, rom e m-
piriuli ganawi lebis funqcia ar emTxveva

T eoriuls. roca c’< Ca .n» maSin ara gvaqvs safuzveli nul  o-

vani hipoTezis uarsayofad.
magaliTi. mocemuli n=200ganzomilebianid ajgufe -
buli statistikuri X mwekrivisaTvis

inter -\ 19:20[ | [20;21] | [21;22[ | [22:23[ | [23;24] | [24;25]
valebi

SIXSi -

e m 10 26 56 64 30 14

SevamowmoT nulovani hipoTeza normaluri ganawilebis
kanonis Sesaxeb.

nulovani hipoTezis Sesamowmeblad ganvsazRvroT a
da sparametrebis wertilovani Sefasebebi

x=221, s°=s2=152 s,=123%

gamovTvaloT X SemTxveiTi sididis intervalebSi mo X-

vedris P, albaTobebi.
pirveli intervalisTvis gveqneba:

1é&_420- 2210 a19- 22169 _
P =P(19< X <20 F =
1 ( ) = eFo:: 1.233 1233 Ou

- %[F (-170) - F(-253)]= E[F (251) - F(170)] =
= % (0,9879- 0,9109 =0,0385
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analogiurad miviRebT: P,= 0,142, P;= 0,281,P,= 0,299,Ps =

0,171,Ps = 0,052.c? statistikis gamosaTvlelad Sevadg inoT
Semdegi cxrili:
. . . nP)2
aN | x(0+D 0 m P nP (m - nR)? (m - nR)”
nR
1 [19- 20] 10 | 0,039 7,8 4,84 0,62
2 [20- 21] 26 | 0,142 | 284 5,76 0,20
3 [21- 22] 56 | 0,281 | 56,2 0,04 0,00
4 [22- 23] 64 | 0,299 | 59,8 17,64 0,29
5 [23- 24] 30 | 0,271 | 34,2 17,64 0,52
6 [24- 25] 14 | 0,052 | 10,4 12,96 1,25
a 200 | 0,913 | 197,3 c?=288

a=0,05 n=kiri1=6i2i1=23; ¢, =7815.
r adgan 2,88 < 7,815,amitom nulovani hipoTeza miiReba, e.i.
mocemuli amonarCevi normaluradaa ganawilebuli.

kolmogorov ~ -smirnovis Tanxmobis kriteriumi . Tu
ammarCevis moculoba mcirea, maSin spirmenis Tanxmobis
krit eriumis gamoyeneba SeuZlebeli xdeba. am SemTxvevasSi,
und a gamoviyenoT kolmogorov  -smirnovis Tanxmobis krit e-
riumi. amisaTvis, iseve rogorc spirmenis kriteriumis dros,
unda movaxdinoT mocemuli amonarCevis intervaluri d a-
jgufeba. Semdeg unda ganisazRvros TiToeuli interva I-

isTvis sixSire m;, dagro vili sixSire a m , intervalSi
moxvedris P; albaToba da dagrovili albaToba a P, ro-
melTa saSualebiT xdeba empiriuli F'(x)= anm da Teor i-
uli  ganawilebis F(X)=8 P funqciebis  dadgena.

Ho:F (X)=F(X) hipoTezis Sesamowmeblad unda ganisazRv -
ros kolmogorovis | statistikis mniSvneloba

S T
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| =DJn=majfF (x)- F()|v/n.
a mniSvnelovnebis doniT moiZebneba | , kritikuli mni Sv-
neloba, romelic mocemulia Semdeg cxrilSi:

a 0,20 | 0,10 | 0,05 | 0,02 0,01 | 0,001
a 1,073 | 1,224 | 1,358 | 1,520 | 1,627 | 1,950

Tu aRmoCndeba, rom | 21 _, maSin nulovani hipoTeza ua r-
yofilia, xolo winaaRmdeg SemTxvevaSi, ar gvaqvs safuzZveli
nulovani hipoTezis uarsayofad.

magaliTi . zemoT mowanili magaliTis mon  acemebis-
Tvis gamoviyenoT kolmogorov -smirnovis  kriteriumi.
amisaTvis SevadginoT Se nuegi cxrili:

dagrovi al dagr.
. SiXSi i ) . F(x)-
inte r- re e baTo- | &b a . F&)
aleni | % | St | g | Toba | 0 | gy
am P ak
[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

I =0,019/200=0,269 Tu a=0,05 maSin | ;,5=1,358radgan

0,269< 1,358 amitom nu lovani hipoteza miiReba, e.i. amona  r-
Cevi normaluradaa g anawilebuli.

normaluri ganawilebis kanonis mia xloebiTi dad -
gena SesaZlebelia rogorc vizualurad, aseve statistik u-
ri maxasiaTeblebiT. vizualuri SefasebisTvis gamo i yeneba

empiriuli  ganawilebis simkvrivis funqciis grafikuli
gamosxuleba (ix. 86), xolo statistikuri maxasiaTebleb i-
dan - asimetriisa da eqsc esis koeficientebi. amisaTvis,
R R S E T I III
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amonarCevidan, garda asimetriis A, da eqgscesis E, koef i-

cientebisa, unda ganisazRvros maTi statistikuri Secdom e-
bi e,da ez (x. §9.2). Tu |A|<3e, da |E|<3eg, maSin mocem
li amonarCevi daaxloebiT normalurad aris ganawil ebuli.
normaluri ganawilebis kanonis miaxloebiTi S efaseba
SesaZlebelia agreTve normaluri albaTobis grafikiT, ro -
melic isea dagraduirebuli, rom Tu m asze davitanT norm a-

lurad ganawilebuli amonarCevis dagrovil sixSireebs, ga -
mosaxuls procentebSi, miviRebT swor xazs.

11.2. ori amonarCevis Sedarebis hipoTezis Semowmeba

U-kriteriumi (uilkoksoni -manauitnis Kriteri u-
mi). vTgvaT mocemulia X da Y damoukidebeli SemTxveviTi
sidideebis amonarCevebi X1, Xo5 X, 0a Y, Yy, .Yy, 10 melTa
ganawilebis kanoni ucnobia. saWiroa Semowmdes hipoTeza,
aris Tu ara gansxvaveba am or amonarCevs Soris. aseTi nul o-
vani hipoTeza SeiZleba SevamowmoT uilkoksonis ra nguli
kriterium  is saSualebiT. zogadad, U-kriteriumiT mowm deba
Semdegi nulovani hipoTeza: ori damoukidebeli amonarCevi
miekuTvneba erTi da igive generalur erT o bliobas da maTi
ganawilebis funqciebi erTnairia. es hipoTeza moicavs
agreTve ganawilebis mdebareobis maxasiaT ebl ebis, kerZod
medianebisa da saSualo mniSvnel o bebis tolobas.

U-kriteriumis gamosaTvlelad saWiroa amonarCevebi
gavaerTianoT da davalagoT zrdadobiT erT mwkrivSi da
Semdeg gadavnomroT. amonarCevis TiToeuli mniSvneloba
miiRebs rigiT nomers, romelsac rangi ewode ba. Tu amona-
CevSi gvxvdeba erTnairi sididis ramdenime maCvenebeli, m asin
TiToeul maTgans unda mivaniWoT saSualo rangi. Semdeg
gamoiTvleba sidideebi

n(n+1 m+1
U=R MYy, g M),
sadac, R, aris pirveli amonarCevis rangebis jami
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Rx:.ar:. r(xi)v

xolo R, - meore amonarCevis rangebis jami

n
Ry = é_ r.(yi) .
i=1
Tu viyenebT ormxriv U-kriteriums, maSin a, nda m
mniSvnelobebiT, sadac, N2 m, specialuri cxrilidan m oi -
Zebneba U, kritikuli mniSvneloba. Tu n<m, masSinn-iT

aRniSnaven didi moculobis amonarCevs. nulovani hipoTeza

miiReba, Tu U=minU,;,U,)2U,, ,, ei gansxvaveba or
amonarCevs Soris ar arsebobs. winaaRmdeg SemTxvevaSi, r o-
ca U<U,.,,, nulovani hipoTeza uaryofilia alternat i-

ulis sasargeblod, e.i. gansxvaveba or amonarCevs Soris
sarwm noa.

Tu amonarCevis moculobebi m- ©,n- ©, maSinU
statistika asimptoturad normalurad aris ganawilebuli

1
%1 saSualoTi da SZ=1—2nn(n+m+1) dispersiiT. masSin

sidides
U - 1nm
z= 2
\/liznr‘r(n +m+1)
gaaCnia normalizirebuli normaluri ganawileba N(0,1).r o-

ca Nn,m2 20, maSin kritikuli  wertilis gamosaTvlelad
SeiZleba gamoviyenoT misi miaxloebiTi mniSvneloba, ro -
melic ganis azRvreba Semdegnairad:

Uanm © %nm- | gyiznmn+m+1),

sadac, | q Wwarmoadgens normalizirebuli  normaluri
ganawilebis kvantils da igi ganisazRvreba a mniSvnelo v-
nebis doniT:

T T _
TR N R L AL 137

o > —



a» OIMXIiVi
2

1, calmxrivi
a

kriteriumi

kriteriumi

saTvis,

saTvis.

| ¢ mniSvnelobebi sxvadasxva a-Tvis mocemulia Sem deg

cxrilSi:
a 0,1 0,05 | 0,025| 0,01 | 0,005| 0,001| 0,0001
I, | 1,282| 1,645| 1,960| 2,326 | 2,576 | 3,090 | 3,719
Ii 1,645| 1,960 1,241 2,576 | 2,807 | 3,291 | 3,891
2
magaliTi.  cxrilSi mocemulia realuri sistemisa da
misi imitaci uri modelis muSaobis maCveneblis Sedegebi.
saWiroa davadginoT, aris Tu ara gansxvaveba realuri si S-

temis muSaobasa da mis models Soris.

# realuri si stema 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 90 295
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

—
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20 76 9
21 88 27
22 77 13,5
a 1413 251,3 1921 568,5
e.i. gvagvs:
n=18, m=22; R, =2513 R, =5685
18Q29 2223

U1:2513-——E——=8Q3;LJ2=5685-——§——:3155;
U =min(80,33155) =80,3;
uoyozszélsc"zz- 196‘/%;22@,1:191- 1,96V1353=11891.

radgan BO,3 < 118,91lamitom gansxvaveba realur da imitac i-
uri modelebis muSaobaSi sarwmunoa.

c¢? kriterium i. Tu Tvisebrivi monacemebi mocemulia
oTxujrediani anu (2x2) cxrilis saxiT, maSin or amonarCevs

Soris gansxvavebis hipoTeza SeiZleba Semowmdes c? krit e-
riumis saSualebiT.

xdomiloba
sul
+ -
pirveli amonar. a b a+b
meore amonar. c d c+d
sul a+c b+d n

ganvixiloT statistika

»_  n(lad- bc|-0,5n)?
“(a+b)(c+d)(a+c)b+d)’
romelsac gaaCnia nganawileba n = 1 Tavisuflebis xaris -
XiT. a, b, ¢, d - ujredebSi monacemebis moxvedris raoden o-
bebia (sixSireebi); n=a+b+c+d; Tu c?2 c?

an?

masSin nul o-
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vani hipoTeza uaryofilia, e.i. gansxvaveba or amonarCevs

Soris sarwmunoa. winaaRmdeg SemTxvevaSi, roca c?<c?

an?’
masSin i lovani hipoTeza miiReba.

magaliTi. oTxujredian cxrilSi mocemulia axali da
Zveli preparatebis ¢ amoyenebis Sedegad miRebuli mon a-
cemebi. gvainteresebs, axali preparatis gamoyenebiT mku r-
naloba ef eqturia Tu ara.

mkurn aloba gar daicvala gano janmrT. sul
axali 15 85 100
Zveli 4 77 81
sul 19 162 181

o2 _18115Q7- 485- 905)* _
10081090162
c? ganawilebis cxrilidan C5os1 =384

381

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

11.3. amonarCevebis mravlobiTi Sedareba

mravlobiTi Sedarebis parametruli meTodebi a d-
vila d adaptirdeba araparametrul meTodebSi. kerZod,
rodesac amonarCevebis ganzomileba erTnairia, maSin
SegviZlia gamoviyenoT niumen -keilsis araparametruli
(ranguli) kri teriumi, xolo rodesac gvaqvs sxvadasxva

ganzomilebiani amonarCevebi - danas kriteriumi.
vTgvaT, mocemulia m raodenobis nN-ganzomilebiani
amonarCevi. movaxdinoT amonarCevebis erTdrouli ranJir e-

ba da yovel maTgans mivaniWoT rangi. maSin niumen -keilsis
ra ngul kriteriums agvs Semdegi saxe:
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_ [R-R|
n?l(nl +1)
12
sadac, R da R, Sesadarebeli i-uri da j-uri amonarCevebis

rangebis jamia. | - Sedarebis intervali, romelic ga n-
isazRvreba iseve, rogorc parametruli meTodis dros. a
mniSy/nelovnebis doniT, n==a da | sidideebiT cxrilidan Sei -
rCeva d,.,, kritikuli mniSvneloba. Tu g2 Q,.» masin nul o-
vani hipoTeza uaryofilia, e.i. gansxvaveba amonarCevebs S o-
ris sarwmunoa. winaaRmdeg SemTxvevasSi, roca (<0,.,, hul o-

vani hipoTeza miiReba da amonarCevebi erTmaneTisgan ar ga n-
sxvavdeba.
Tu amonarCevebi sxvadasxva ganzomilebisaa, maSin m a-

Ti wyvil -wyvilad SedarebisaTvis unda gamoviyenoT danas
kriteriumi (Q kriteriumi):
R-R
oo RRL
1)a
N(N+D&1 18
12 n; 0

“":?3

1
sadac, R da R, i-uri da j-uri amonarCevebis sa Sualo

rangebia, n;,n; - amonarCevebis ganzomilebebi, N _ yvela

amona Cevis jamuri ganzomileba, e.i. N = a N, . Q kritikuli
mniS/nelobebi mocemulia specialur cxrilSi (ix. IdémarTi).

a mniSvnelovnebis doniTa da  msididiT cxril idan SeirCeva
Q,.m kritikuli mniSvneloba. Tu Q2 Q,.,,» maSin amonarCevebi
gansxvavdeba erTmaneTisgan, winaaRmdeg SemTxveaSi, roca
Q<Q,.,, isini ar gan sxvavdebian erTmaneTisgan. unda aRi n-

iSnos, rom danas kriteriumi SeiZleba gamoviyenoT maSinac,
roca amonarCevebs gaaCniaT erTnairi ganzomileba.

T T T TTrrvrreTirTrrrneT v
1 N P L ST A 141

L L

o > —



magaliTi . cxrilSi mocemulia pulsis sixSiris mni S-

vnelobebi 5 wlamde bavSvebis sami jgufisTvis (xy,2). da-
vadginoT, aris Tu ara gansxvaveba jgufebs Soris.

# X y z R, R, R,
1 112 90 110 2,5 2,5 9,5
2 116 78 117 16 17,5
3 108 109 112 6 7,5 12,5
4 120 92 115 19 4 14,5
5 109 100 118 7,5 5 19
6 a0 115 117 2,5 14,5 17,5
7 110 125 9,5 20
8 111 11

S 84,0 34,5 110,5

N =8+ 6 + 7 = 21saSualo rangebia R, =10,5; R, = 5,75, R, =

=15,79.kritikuli mniSvneloba Qo,05:3=2,39.danas kriteriumiT
movaxdinoT jgufebis wyvil -wyvilad Sedareba. miv i RebT:
105- 57 105- 157
21C22al lo 21C22a1 lo
12 98 6— 12 (;8 7—
575- 157
Qy, = | 3 q =291
21C22a1 10
12 96 7—
r ogorc vxedavT, mxolod y da z jgufebi gansxva v-

debian erTmaneTisgan, radgan 2,91 > 2,39 danarCen or Se m-
TxvevaSijg ufebs Soris gansxvaveba ar SeimCneva.

11.4. ori damokidebuli amonarCevis Sedareba

Tu amonarCevebi X;, X,,....X, da ¥;,Y,,...,y, erTmaneTis
mimarT damokidebulia da maTi ganawilebis kanoni ucn o bia,
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masSin umjobesia gamoviyenoT uilkoksonis T-kri teriumi

amisaTvis mocemuli amonarCevebidan ganv sazRvroT
d; =% - y;,i =12,...n sxvaobebi. miRebuli sxvaobebidan unda
gamovri cxoT nulovani mniSvnelobebi da darCenilebis a b-

soluturi sididiT ranJirebis Semdeg, maT mivaniWwoT ran -
gebi. Semdeg unda moiZebnos calke dadebiTi R. da calke

uaryofiTi R; sxvaobebis rangebis jami, romlebic unda
akmayofilebdes Semdeg pir obas:

R++R_ :M_

nulovani hipoTeza uaryofilia, Tu R=min(R+,F\’_ )¢Ta;n,
sadac, T, kritikuli mniSvneloba moiZebneba specialuri

cxrilidan (ix. danarTi) an is SegviZlia ganvsazRvroT (roca

n > 25 Semdegi aprogsimaciis gamoyenebiT:

T MO \/—n<n+1)<2n+1)

sadac, | q normalizirebuh normaluri ganawilebis kva nti -
lia, romelic ganisazRvreba a mniSvnelovnebis doniT (ix.
8112

magaliTi.  cxrilSi mocemulia gerisa (X) da Svriis  (y)
mosavali (centn/h) Svidi wlis ganmavlobaSi. gvain teresebs,
aris Tu ara gansxvaveba saSualo mosavlebs Soris.

mosavali

# - y d Ry
1 7,7 8,26 10,56 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 11,13 4
a 59,8 52,96 6,84

saS. 8,54 7,56 0,98
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R, =(5+2+6+3+7)=23; R =1+4=5.

a = 0,05da n= 7mniSvnelobebiT T-kriteriumis cxri -
lidan viRebT = Tpgs7= 3.radgan T = min (5; 23) = 5 > 3amitom
nulovani hipoTeza miiReba, e.i. gansxvaveba saSualo m o-
savlebs Soris ar dasturdeba.

11.5. fardobiTi sixSireebis tolobis hipoTezis
Semowmeba

Tu mocemulia n; da n, ganzomilebiani amonarCevebis

* * m
fardobiTi sixSireebi P =" ga P, =—2 da gvinda Se-
N N,
vamowmoTH,: P, =P, nulovani hipoTeza, maSin unda ganvi  x-
iloT Semdegi stati stika:

P - P

pr(l- R), PR

n, n,

Z =

Tu P’ da P, warmoadgenen erTi da igive P’ fardobiTi

sixSiris Sefasebebs, maSin saSualo k  vadratuli gadaxra Seg -
viZlia ganvsazRvroT Semdegi formuliT:

*

* * +
s =P l-P ,sadac,F’ZM

n +n,
da Z kriteriums eqneba Semdegi saxe:

P - P
S
C'1 2~
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Z kriteriums gaaCnia normalizebuli normaluri
ganawileba. amitom misi kritikul i mniSvnelobis moZebna
SeiZleba standartizirebuli normaluri ganawilebis saS u-
alebiT. radgan stiudentis ganawileba, roca Tavisuflebis
xarisxi izrdeba, swrafad gadadis normalur ganawilebaSi,

amitom Z-is kritikuli mniSvnelobis mosaZebnad, SeiZleba

gamoviyenoT stiudentis ganawilebis cxrili a mniSvnelo v-
nebis doniTa da n = © Tavisuflebis xarisxiT. Tu Z <ty
masSin nulovani hipoTeza miiReba. winaaRmdeg SemTxvevasi, igi
uaryofilia alternatiulis sasarg eblod.

radgan Z-s gaaCnia miaxloebiT normaluri g anawileba,
amtom P~ Sefasebis sidide Semcirebulia, rac iwvevs nul o-
vani hipoTezis Zalze xSirad uaryofas. es g amowveulia imiT,

rom Z iRebs mxolod diskretul mniSvnelobebs maSin, roca
normaluri ganawileba uwyvetia. am faqtis kompensacia Sesaz -
lebelia,  Tu gamoviyenebT iei t sis Sesworebas . maSinZ gamo
saxulebas egneba Sendegi saxe:

* ., 1lal1 19
e g 1
z= ULNEUES
. 81 148
\/ PP %\T+78
¢ Ny =
ieitsis Sesworeba mcireodenad amcirebs Z-is mniSvne-
lobas, rac, Tavis mxriv, iwvevs normalur ganawil ebasTan
gansxvawebis Semcirebas.
magaliTi . hemodial izze myofi pacientebis Suntis
Trombozis gamokvleva. miRebul igna ori jgufi: pirvel
jogufSi pacientebi iRebdnen placebos, meoreSi - aspirins

(aspirini Trombozis warmoSobas xels uSlis). pirvel jguf -
Si 25 pacientidan  18-s ganuviTarda Suntis Trombozi, meore

jgu fSi - 19dan 6-s. davadginoT, ramdenad efeqturia a s-
pirinis gamoyeneba.
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gamovTvaloT fardobiTi sixSireebi P —2—5— 0,72;
Pz* = 1—69 =0,38. gaerTianebuli fardobiTi sixSire t olia:
. 6+18 . .
P = =0,55. d nP =18>5, 1- P, |=7>5,
19+ 25 radgan b n(i- F)

n,P, =6>5 da nz(l- PZ*)=13>5, amitom Z kriteriumis ga -
moyeneba SesaZlebelia (ix. §8.4).

|Q72-Q34-0@5

Z= =233
L1 0
0541- 05
\/ % 5 5 19—
stiudentis  ganawilebis  cxrilidan ty 052 =196.

radgan 2,33 > 1,96 amitom nulovani hipoT  eza uaryofilia,
e.i. aspiri nis gamoyeneba Trombis warmoSobis winaaRmdeg
efeq turia.

12. korelaciuri analizi

12.1. korelaciuri analizis arsi

praqgtikul kvlevebSi Zalian xSirad saWiro xdeba or

SemTxveviT sidides Soris damokidebulebis gamokvle va da
Semdeg misi Sefaseba. ori sidide erTmaneTis mimarT SeiZ| e-
ba iyos fungcionalur an sxva saxis damokidebulebaSi, r o-

melsac statistikurs uwodeben, an kidev erTmaneTis mimarT
iyvnen damoukid ebelni.
tegnikasa da sabunebismetyvelo mecnierebaSi sagme

exeba X da Y cvl adebs Soris fungcionalur damoki -
debulebas, roca  X-is yovel SesaZlo mniSvnelobas calsaxad
Seesabameba Y-is mniSvneloba. realur samya roSi bunebis
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mravali movlena mimdinareobs mravalricxovani faqtorebis
garemocvaSi, amitom kavSiri calsaxa aRar gamodis. aq
SeiZleba laparaki mxolod statistikur kavSirze.

statistikuri kavSiri mdgomareobs imaSi, rom erTi
SemTxveviTi sidide reagirebs meore SemTxveviTi sididis
cvllebaze. SemTxveviT sidideTa Soris amgvar damoki -
debulebas ewodeba korelacia (laTinuri sityva correlatio-
dan, rac niSnavs Tanafardobas, kavSirs).

korelaciuri analizis ZiriTadi amocanaa SemTxveviT

sidideTa Soris kavSiris gamovlena. korelac i uri analizis
moTxovnebia: cvladebi unda iyvnen SemTxveviTi sidideebi da
SemTxveviT sidideebs unda hqo ndeT erTobliv i normaluri
ganawileba.

or cvlads Soris wrfivi kavSiris dasadgenad
saWiroa, gamovTvaloT korelaciis koeficienti, xolo ar a-
wrfivi kavSirisaTvis - korelaciuri fardoba h (ix. 8135).
korelaciis koeficienti, romelic ry an Corr(X, Y) sim-
boloebiT aRini  Sneba, garyenebuli ricxvia da icvleba il¢
ry®¢ 1farg lebSi . Tu ry,= 0, maSin kavSiri X da Y Sem&veviT
sidideebs Soris ar arsebobs. rac ufro Zlieria kavSiri Se m-
TxveviT sidideebs Soris, miT ufro didia korelaciis
koeficienti. Tu rvy=°1, maSin cvladebs Soris  arsebobs fu n-

gcionalurika  vSiri.
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 cvla -

dis zrdisas meore mcirdeba, korelaciis koeficients gaa C-
nia uaryofiTi niSani da igi icvieba O-sa da- 1 Soris.

korelaciis koeficienti ar aris damokidebuli aTv -
lis wertilsa da gazomvis erTeulze, e.i. X da Y sidideebi
SeiZleba ramdenjerme gavzardoT an SevamciroT, agreTve

mivumatoT an gamovakloT raime ricxvi, amiT korelaciis
koef i cientis sidide ar Seicvleba.

roca ry,= 0, maSinX da Y SemTxveviTi sidideebi ar  a-

korelirebulia. arakorelirebis cneba ar unda avu rioT
damoukideblobis cnebaSi. damoukidebeli sidideebi yove -
Tvis arakorelirebulia, magram Sebrune buli mtkiceba
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arasworia. arakorelirebuli sidideebi Se iZleba damokide -
buli iyvnen, Tanac fungcionalurad, Tumca es kavSiri ara -
wrfivia.

12.2. korelaciis koeficientis gansazRvris
parametruli meTodebi

pirsonis korela ciis koeficienti. vTgvaT, X da Y
SemTxveviTi sidideebia, romlebsac gaaCniaT erToblivi
normaluri ganawileba da mocemulia maTi amonarCevebi
X1y Xo,0 X, da Yy, Y5,..., Y, maSin maT Soris wrfivi kavSiri

SeiZleba aRiweros korelaciis koefic ientiT, romelic
gamoiTvleba Semdegi eqvivalenturi formulebiT:

a b - )y - v)
rxy — =1 :
ns,s,
.
a(x -y -y
My = ——= ; (12.1)
. =\2 . —\2
Vb DE 09
=1 i=1
n 14" @7 0
a Xy *@ X; y|8
ro= i=1 n(;)i:l ~Ci=1 -
Yo . 2 or . 25
er nogen 14" ¢ 9
ax - —gmxgday - g@mvgu
%-1 nGI=l - H8I=l nGI=l - H
sadac, X,y - saSualo ariTmetikulebi a, SySy I saSualo
kvadratuli gadaxrebi, n i amonarCevebis ganzomileba. 1,

koeficients ewodeba korelaciis empiriuli koeficienti an
pirsonis korelaciis koeficienti.
pragtikulad, korelaciis koeficienti Cveulebriv
ucnobia. amonarCevebis mixedviT Cven SegviZ lia vipovoT misi
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wertilovani Sefaseba, romlis statistikuri Secdoma gamo -
iTvleba Semdegi formuliT:

2
e = ! By
n-2
imisaTvis, rom gamovarkvioT, imyofebian Tu ara SemT -
xveviTi sidideebi korelaciur damokidebulobaSi, unda
SemowmdedHg: Iy, = O nulovan i hipoTeza. amisaTvis saWiroa

. .. r'xy n-2
gamovTvaloT Semdegi statistika: t=— ant= Xy >
e 1- My
romelsac gaaCnia stiudentis ganawileba n=ni 2 Tavis u-
flebis xaris XiT. stiudentis ganawilebis cxrilidan a mnis

vhelovnebis doniTa da n Tavisufle  bis xarisxiT moiZebneba
t,., kritikuli mniSvneloba. Tu t2t masin nulovani hip o-
Teza uaryofilia, e.i. kavSiri X da Y cvladebs Soris sarwm  u-

noa. Tu t<t,,, maSin ara gvaqvs safuZveli nulovani hip o-

a;n

Tezis u arsayofad, e.i. kavSiri X da Y cvladebs Soris ar
arsebobs.
aRmoCnda, rom roca amonarCevis ganzomileba mcirea

(n < 30, korelaciis koeficientis sidide, gamoTv lili (12.1)
formulebiT, iZleva generaluri erTobliobis k orelaciis
koeficientis Semcirebul mniSvne lobas. am SemTxvevaSi,

. . . e 1-r; @8
sasurvelia Iy sididis koregtireba él+ ——=—( sididiT,
g 2An-3Iy
romelzedac unda gamravides gamoTvlili korelaciis
koeficienti, e.i.

é, 1- rxy g
My = Moy €l+ ———
g 2n- 3)g
magaliTi.  cxrilSi mocemulia 15studentiss i maRle

(X) smSi da wona (y) kg-Si. pirsonis korelaciis koeficie n-
tiT davadginoT, arsebobs Tu ara kavSiri am or sidides S o-
ris.
TT T 7707770 Tirrerrrrrreneeses o
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# X yi X7 y? X Vi
1 1,65 72,9 2,72 5314,41 120,29
2 1,71 48,4 2,92 23425 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
S 26,0 945,0 45,14 60685,25 | 1640,83
korelaciis koeficienti tolia:
2645
164(83-
fy = 15 =032.
& 948 §
514- 0683 -
J? e
Sesworebuli korelaciis koef|C|ent| tolia:
e 103?
=0 32él =0,33.
2C12 u
SevamowmoTH, :0,33=0 nquvam hipoTeza.
1- 03% 0,33
= ——— =026 t=——=127.
13 0,26

n=ni2=13 da
too513=177.radgan

stiudentis ganawilebis cxrilidan
a =0,05mniSvnelobebisaTvis vRebulobT

1,27 < 177, amitom nulovani hipoTeza miiReba, e.i. kavSiri
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simaRlesa da wonas Soris ar SeimCneva. korelaciis koef i-
cientis mniSvneloba Caiwereba Semdegnairad: ry =0,33° 0,26.

rogorc aRvniSneT, korelaciuri analizi gamo i-
yeneba im SemTxvevaSi, rodesac amorarCevebi normalurad

arian ganawilebuli. maTematikuri statistikidan cn o bilia,
rom or cvlads Soris Zlieri statistikuri kavSiris dros
(ry > 0,9 korelaciis koeficientis ganawile ba mcire
amonarCevebis dros mniSvnelovnad gansxvavdeba norm a-
lurisgan, rogorc es Semdeg naxazzea naCvenebi:

F= w2 &

a5 7 +~a5 -7

naxazze warmodgenilia N = 12 ganzomilebiani amo nar -
Cevebis empiriuli korelaciis koeficientebis g anawilebis
mrudeebi generaluri parametris r = 0; 0,4da 0,8 mniSvne
lobebisTvis. rogorc naxazidan Cans, korelaciis koefici -
entis ganawilebas, rodesac misi sidide erTTan axloa, gaa C-
nia Zlieri asimetria. amitom SerCeviTi korelaciis koef i-
cienti, romlis sidide 0,5-ze metia da g amoTvlilia mcire
amonarCeviT, ar igneba generaluri erTobliobis korelaci -
is koeficientis zusti Sefaseba. ga i Tvaliswina ra es, r. fi -

Sermar,y sididis magivrad SemogvTavaza Z sidide, romelic
ase gamoiTvleba:

4 =£In 141y an Z=11512% L+ 0y .
2 1-r, 1-r,

Z sididis ganawileba TiTgmis ar icvleba, radgan igi
naklebadaa damokidebuli amonarCevis moculobaze. agve u n-
da aRvniSnoT, rom Tu kor elaciis koeficienti icvlieba -
1-dan +1-mde, Z sidide icvleba -o-dan +o-mde da misi
ganawileba swrafad uaxlovdeba normalurs.

Ho: Z = Onulovani hipoTezis Sesamowmeblad, unda ga -
movTvaloT t=Z+n- 3 sidide, romelsac gaaCnia stiude n-
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tis ganawil eban=nT 2 Tavisuflebis xarisxiT. roca t<t,..,

maSin nulovani hipoTeza miiReba, winaaRmdeg Sem TxvevaSi igi
uaryofili igneba.
korelaciis koeficientis zusti SefasebisTvis anu

statistikuri kavSiri rom iyos sarwmuno, Seg viZlia ga m-
ovTvalo T amonarCevis minimaluri ganzomileba formuliT:

t2

n=— +3,

22
sadac, t sidide aiReba stiudentis ganawilebis cxrilidan
a = 0,01da n = = sidideebisTvis.

korelaciis kerZo koeficienti . mravalganzomileb i-

ani X;, X,,....X,, sist emis dros, or parametrs Soris

damokidebuleba SeiZleba warmoiSvas im mizeziTac, rom
orive es parametri cotad Tu bevrad imyofebian sxva par a-
metrTan an parametrebTan iseT Zlier damokidebulebaSi,
rom es damokidebuleba iwvevdes mocemul parametrebs S o-
ris 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 korelaciis kerZo koeficientis cneba,
romlis gansazRvrisaTvis winaswar unda gani sazRvros k o-
relaciuri matrica:

el rn, .. n,e
e u
R:ér21 1 .. erLl
, .U
e u
g e - 10

romlis elementebs pirsonis korelaciis koeficientebi
warmoadgenen. zogadi saxiT korelaciis kerZo koeficienti
gamoiTvleba formuliT:

i

liqu2,..p) =" RR
Vi © ]
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TR N R L AL 152

o > —



sadac, R;i korelaciuri matricis r; element is algebruli

damatebaa; R, R; 1 Sesabamisadrj, rj elementebis algebruli
damatebebia.

kerZod, Tu mocemulia sami X, Y da Z SemTxveviTi

sididis amonarCevebi, maSin korelaciis kerZo koeficie n-
tebi gamoiTvleba Semdegi formulebiT:
I - Ir

Xy xz'yz

Ny(z) = ;
J@-r2)a-rl)

_ Iz - rxyr.zy
Maay) = > =
(1' rxy)(l' rzy)
_ Fyz = Tyxlax
Moy = e
(1_ ryx)(l_ rzx)
korelaciis kerZo koeficienti icvleba - 1-dan

+1-mde da misi sarwmunoeba fasdeba iseve, rogorc pirsonis
korel aciis koeficientis dros.

magaliTi. mocemuli korelaciuri matricisaTvis (n
=10)
R 1 0950
€ 1y
gamovTvaloT korelaciis kerZo koeficientebi. e.i. gvagvs:
ry= 0,865, ry,= 0,853da ry,= 0,950 maSin miviRebT:
_ 0865 0853M95 _ 0,055
May(z) = N
Ja- 0853)1- 095) /0027
0,853 0,865D,95 _ 0,032 _
Ja- 0863)(- 095) /0024
; _ 0,95- 0,865M,853 _ 0,212 _
0 Ja- 086%)(1- 0853) /006886
CT T T T TR i
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&l 0865 0853
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€

=0,335

0,20

Meaty) =




yvelaze maRali korelaciis koeficienti aRmoCnda Myax. Se-

vamowmoT nulovani hipoTeza Hg: 0,809 = 0 amisaTvis gam-
ovTva loT stastistika

t=0,809 /% =0,809/2315=389a =0,05n=10- 2=8.

stiudentis ganawilebis cxrilidan too58 =186. radgan

3,89>1,86 amitom nulovani hipoTeza uaryofilia, e.i.
kavSiri yda zcvladebs Soris sarwmunoa, xolo Xda yda Xda
zcvladebs S oris - naklebad sarwmuno. marTlac,

t=0335|— > =101<186.
1- 0,335

mravlobiTi korelaciis koeficienti. praqgtikaSi
xSirad sainteresoa Sefasdes erTi parametris kavSiri sxva
danarCen parametrebTan. es SeiZleba gakeTdes korela ciis
mravlobiTi koeficientis saSualebiT, rome lic gamoiT -
vleba Semdegi formuliT:

[ _ hh- IR
j@z2,...p) Rﬂ- J

sadac, |R| - korelaciuri matricis determinantia, Rj - ko-
relaciuri matricis rj elementis algebru li damateba.
korelaciis mravlobiTi koeficienti dadebi Ti si -
didea da icvleba nulsa da erTs Soris. misi sarwmunoebis
SefasebisTvis ganvixiloT Hoi ri@2, .. p= O nulovani hipoTe  za.

amisaTvis saWiroa gamoiTvalos Semdegi st  atistika:
2
— erD1,2 ..... p)(n' p- 1)
2
(1' rj('m,z ..... p))p
sadac namonarCevis danzomilebaa. F sidides g aaCnia fi Seris
ganawileba 72, =p da 77, =n- p- 1 Tavisuflebis xarisxe -

biT. Tu F2 F,, ., maSin, nulovani hipoTeza ua r yofilia

alternatiulis sasargeblod, xolo Tu F <Fann,» masSin
nulovani hipoTeza miiR  eba.
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mravlobiTi korelaciis kerZo martiv SemTxvevas
warmoadgens damokidebuleba sam X,Y,Zcvlads Soris. maSin

kavSiri, mag. X-sa da danarCen or Y da Z cvladebs Soris ga  n-
isaz Rvreba formuliT:

2 2
r — r‘xy I, - 2r><yrxzryz
x(y2) 1-r1 yzz

sadac, r,, I, da ry, pirsonis korelaciis koeficientebia.
magaliTi. zemoT ganxiluli magaliTisTvis gv egneba:
_ |086% +0,853% - 2(,865D,863M,95  [0,0739_
My = > = =0871
1- 095 0,0975

_087f(10-2-1) _531
1(1- 087F%)2 048

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

=1106 Fygsr7 =4739

12.3. korelaciis koeficientis gansazRvris
araparametruli meTodebi

praqgtikaSi xSirad amonarCevis ganawilebis kanoni uc -
nobia an gansxvavdeba normalurisgan. am SemTxvevaSi para -
metruli meTodebis gamoyeneba SeuZlebelia. garda amisa, Tu
monacemei Tvisebrivi xasiaTisaa, maSin maT Soris kavSiris
dadgena parametruli meTodebiT SeuZlebelia. ganvixiloT
or cvlads Soris kavSiris dadgenis is araparametruli

meTodebi, romlebic ufro xSirad gamo i yeneba praqtikul
kvlevebSi.

spirmenis ranguli korelaciis koefi cienti.  zog -
jer gvxvdeba iseTi SemTxvevebi, roca parametrebi raoden o-
briv. Sefasebebs ar eqvemdebareba. magaliTad, vTqvaT,
saWiroa SevafasoT Tanafardoba moswavleTa joufis
musikalur da maTematikur niws Soris. am SemTxvevaSi "niWis
done~ aris cvladi sidide im azriT, rom igi icvleba erTi
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individumidan meoremde. misi gazomva SesaZlebelia, Tu
yovel moswavles davuwerT niSans. magram aseT meTods gaa C-

nia araobieqturoba, radgan sxvadasxva gamomcdels e r Ti da
igive moswavle SeuZlia  sxvadasxvanairad  Seafasos.
subieqturo  bis elementi SeiZleba gamoiricxos, Tu mo s-

wavleebi ranJirebulni ignebian niWis donis mixedviT da
yovel maTgans mivaniWebT rangs.

rangebs Soris korelacia ufro zustad asaxavs
Tanafardobas musikalur da maTematikur niws Soris. erT -

erT yvelaze ufro gavrcelebu I maCvenebels warmoadgens
spirmenis ranguli korelaciis koeficienti, romelic
amonarCevebis damoukidleblad randirebis Semdeg ga n-
isazRvreba Semdegnairad:
n
63 d;’
rg=1- =1 —,
® n®-n

sadac, daris X da Y SeuRlebul mniSvnelobaTa rangebs S  o-
ris sxvaoba, e.i. d; =R, - R .n- amonarCevis moculobaa. Tu
rangebs Soris sxvaoba d;=0, i=1,2,..n, maSinrs=1

rodesac rangul mwkrivSi gvxvdeba erTnairi sididis

rangebi, maSin spirmenis ranguli korelaciis koeficienti,
mizanSewonilia, gamoiTvalos Semdegi fo r muliT:

68 d°

rg=1- —— = :
(n*-n)- (T, +T)
sadac,
_1l 3 . _1l s .
Tx _Ea (tx - tx)1 Ty _Ea (ty - ty)1
ty da t, warmoadgenen erTnairi rangebis wevrTa raoden o bebs.
spirmenis ranguli korelaciis sarwmunoeba mowmdeba
iseve, rogorc pirsonis korelaciis koeficientisa. rang u-
li korelaciis koeficient iicvlieba -1¢ rs¢ 1dais Ziri -
Tadad gamoiyeneba im SemTxvevebSi, roca saWiroa swrafad
Sefasdes parametrebs Soris kavSiri, Tu parametrebis ra n-
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Jireba SesaZlebelia da am parametrebs ar gaaCniaT norm a-
lurig anawileba.

magaliTi. mocemulia 8 studentis Sefasebeb i maTe-
matikasa (X) da ucxo enaSi (Y). gvainteresebs, arsebobs Tu ara
kavSiri maTematikasa da ucxo enas moswrebas Soris. S e-
vadginoT Semdegi cxrili:

# X y R, R d d?
1 5 4 1 2 il 1
2 4 2 3 7 i 4 16
3 4 5 3 1 2 4
4 4 3 3 4 il 1
5 3 2 55 7 i15 | 2,5
6 3 3 55 4 1,5 2,25
7 2 2 75 7 0,5 0,25
8 2 3 7,5 4 3,5 12,25

ad2=39 T, =%[(33- 3+ (2°- 2+(2°- 2)]=18;

i=1

_1 3 3 — .
T, =519+ - 3=24

re=1- — 6G9 =049 t=049 Lzzj,ss.
(8% - 8)- (18+24) 1- (0,49

toos.6 = 2,015 radgan t < tpos6 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 tetragonuli kavSiris

maCvenebliT. Tu mocemulia  (2x2) rigis cxrili, romelic
Sevsebulia A da B maCveneblebis arsebobis an ararsebobi s
(K,E) safuZvelze, maSin asociaciis koeficienti ga n-
isazRvreba form  uliT:
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_ |ad- bq- 0,5n
A J@+b)crdya+ob+d)

B B
A a b a+b
A c d c+d
a+c b+d n
sadac, a, b, ¢, d T (2x2) cxrilis ujredebSi moxvedri s
raoden o bebia (sixSireebia), n=a+ b+ c+d.
asociaciis ra koeficientsi icvleba -1 ¢rp¢ 1

SualedSi da c? kriteriumTan arsebobs Semdegi d amoki-
debuleba:

o
asociaciis koeficientis sarwmunoeba ganisazRvreba
Ho: ra= O nulovani hipo Tezis SemowmebiT. nulovani hip oTe-

za uaryofili igneba, roca nry 2 c;,,. winaaRmdeg Sem#
vevasSi, igi miiReba. Cg;n kritikuli wertili a mniSvnelo v-
nebis doniTa da n = 1 Tavisuflebis xarisxiT aiReba c?

ganawilebis cxrilidan.

rn 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 da a-
vadebas Soris. monacemebi moyvanilia Semdeg cxrilSi:

ar daavadnen | daavad nen sul
acriT 276 3 279
acrisg areSe 473 86 559
jami 749 89 838
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_ 276(86- 3(473- 05B38 21898
V27935974939 10196331
C2osn =384

radgan 838 (0,215% = 38,74 >3,84 amitom kavSiri
goleris sawinaaRmdego acrasa da qoleriT daavadebas Soris
sarwnunoa.

urTierTSeuRlebulobis koeficienti. Tu Tvis eb-
riv parametrTa raodenoba orze metia, maSin gamoiyeneba
urTierTSeuRlebulobis koeficienti anu, rogorc mas
uwodeben, poligoriuli kavSiris maCvenebeli, romelic pi r-
sonma SemogvTavaza da Cprovma gaukeTa modernizacia:

=0,215.

Fa

_ it j?
k'\/j 2+1'JJ(nX-1)(ny-1)’

o rr] 6
sadac, j?2 =® My 8- 1 ewodeba pirsonis kontingenciis

(; =1 rT’lxrny

koeficienti; m,, - cxrilis ujredebis sixSirea; m,,m, -
cxrilis striqo nebisa da svetebis sixSireebis ja mi; n,,n,, -
cxrilis strigonebsa da svetebSi jgufebis raod enoba.

urTierTSeuRlebulobis koeficienti icvleba n uli -
dan erTamde. nulovani hipoTeza H,:k =0 uaryofili igneba,
Tu

02 :nj 22 Cg;n'

sadac , namonarCevis moculobaa, n= (nx - 1)(ny - 1).

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

Tvalis Tmis feri
feri gera | wabli sferi W Turi sul
cisferi 170 80 5 255
nacri sferi 70 152 8 230
Tafli  sferi 68 340 7 415
sul 308 572 20 900
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2_17(f+802 +52 +702 +152’-+82 N

255308 2558372 25520 230308 230372 23020

2

63.2 + 34.G P -1=1,205 1=0,205%;
415308 415308 41520

c2=900(D,205=1845.

radgan 184,5 > 13,28amitom nulovani hipoTeza uar -
yofilia, e.i. damokidebuleba Tm is fersa da Tvalis fers
Soris sarwmunoa.

j

12.4. konkordaciis koeficienti

praqgtikaSi xSirad igmneba iseTi situacia, rodesac
saWiro xdeba eqspertTa jgufis gamoyeneba ama Tu im s  a-
kiTxis gadasaWrelad (konsiliumis mowveva diagnozis d a-
sasmelad, sxvadasxva no rmativebis dadgena, preparatebis
Sefaseba da sxv.). agedan gamomdinare, sasurvelia d a-
vadginoT, ramdenad emTxveva eqspertTa azri erTi da imave
sakiTxis ganxilvas. Tu gvyavs mxolod ori eqsperti, maSin
Tanxmobis zomad SegviZlia miviRoT spirmenis ranguli k o-
rel aciis koeficie ntis sidide. magram rodesac egspertTa
raodenoba didia, maSin spirmenis ranguli korelaciis
koeficientis gamoye  neba mizanSewonili ar aris.

davuSvaT, gvaqvs obieqtebis n raodenoba da gvyavs m
eqgsperti, romlebic afaseben am obieqtebs da axdenen maT
ranJirebas (ukeTesidan uaresisken). ranJirebis Sedegad
ViRebT aseT cxrils:
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obieqti
1 2 3 n
egsperti
1 X1 X2 X3 Xin
2 X1 X252 X53 Xon
4 4 4 4 4 4
j Xj; Xj» Xja X
4 4 4 4 4 4
m X X2 X3 Xinn

egspertTa YTanxmobis zomis dasadgenad, SegviZlia
gamoviyenoT kendelis mier SemoTavazebuli Tanxmobis anu

ko nkordaciis koeficienti W, romelic ase ganisazRvreba:
.
129 S°
— i=1
m?(n® - n)

sadac, Saris sxvaoba obieqtebis rangebis jamsa da rangebis
saerTo saSualo ariTmetikuls Soris, e.i.

_ m
S:Ri- R, Rlza in,i=1,2,...,n.
k=1
Tu eqgspertebis ranJirebul mwkrivSi gvxvdeba erTi
da igive rangis mniSvneloba (es is SemTxvevaa, roca eqsperti
ver aniWebs upiratesobas), maSin konkordaciis koeficienti
gamoiTvleba Semdegi formuliT:
n
N
a s

— i=1
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sadac, szl—lzé(tjs-tj), t - j-ur mwkrivSi erTnairi
i

rangebis raodenobaa.
zogadad, 0 ¢ W ¢ 1. Tu egspertTa Sefasebebi er Tma
neTs mTlianad emTxveva, maSin W = 1, xolo Tu  maTi azrebi

mkveTrad gansxvavdebian erTmaneTisgan, maSin W= 0.
konkordaciis koeficientis sarwmunoebis dasad -
genad unda SevamowmoT H,:W =0 nulovani hipoTeza. aseTi
nulovani hipoTezis Sesamowmeblad unda gamovTvaloT
Semdegi statistika: c? =Wm(n- 1), romelsac gaaCnia c’ gana
wileba n=nT 1Tavisuflebis xarisxiT.
Tu ¢ <C§;n, maSin nulovani hipoTeza miiReba, e.i.

egspertTa azrebi gansxvavdebian erTmaneTisagan, xolo roca
C22 Ci;n ’

magaliTi. 6 eqsperti afasebs 4 farmacevtuli fi r mis
mier gamoSvebul preparats. Sedegebi moyvanilia Semdeg
cxrilSi:

masSin eqspeTa azrebi erTmaneTs emTxveva.

firmebi

\ 1 2 3 4 sul
eqgspe tebi

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 Tl 1 7

S° 25 1 49 76

R= @ =15 12306 =042 c*=042BB=7,56
4 36(4° - 4) )
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radgan 7,56 < 11,07amitom nulovani hipoTeza miiReba, e.i.
egspertTa azrebi gansxvavdeba erTmaneTisgan.

13. regresiuli analizis safuZvlebi

13.1. regresiuli analizis arsi

regresiul analizSi ganixileba kavSiri erT d amo-
kidebul y cvladsa da erT an ramdenime damoukidebel
X1,Xo,...%n cVladebs Soris, romlebic urTierTdamoukideb e-
li unda iyvnen. es kavSiri, korelaciuri analizisagan ga n-
sxvavebiT, warmodgenilia regresiis gantoleb is

E: f (X, %5,...,X,) saxiT, romelic akavSirebs damokidebul

cvlads damoukidebel cvladebTan. damoukidebel cvladebs
zogjer predigtorebs anregresorebs  uwodeben.

regresiis gantoleba warmoadgens yvelaze ufro
gavrcelebul  statistikur models, radgan, garda
damokidebulebis aRwerisa, igi SeiZleba gamoviyenoT i n-
formatiuli parametrebis SesarCevad da prognozirebis a m-
ocanis gad asawyvetad.

regresiis gantolebis Sedgena gulisxmobs ori Z i-
riTadi amocanis gadawyvetas. pirveli mdgomareobs iseTi
damoukidebeli cvladebis Se rCevasi, romlebic mniSvnelo V-
nad mogmedeben damokidebul cvladze da meore - regresiis
gantolebis saxis SerCevasi.

ganvixiloT yvelaze martivi SemTxveva, rodesac Cven

gvinda aRvweroT or X da Y cvladebs Soris damokide -
bulebis funqcia. davuSvaT, rom Teoriulad a m cvladebs
Soris ars  ebobs martivi wrfivi damokidebuleba

y=a+bx, (13.1)
sadac, a da b ucnobi mudmivi parametrebia (koeficie n-
tebia), X -damoukidebeli, xol o Yy - damokidebuli
cvladebia. praqgtikulad, y da X Soris damokidebuleba
calsaxad araa mkacri, radgan y-ze mogmedebs sxvadasxva
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gauTvalis winebeli fagtorebi, SeSfoTebebi, xmauri da sxva.
amitom (13.1)gantoleba SeiZleba ase warmovadginoT:
y=a+bx+e (13.2)

sadac, e cvladi sididea, romelic axasiaTebs Teoriuli
wiridan gadaxras.

imisaTvis, rom regresiis (13.2) gantoleba SerCeuli
iyos sworad, ecdomleba unda a kmayofilebdes Semdeg pir o-
bebs:

1. e sidide unda iyos SemTxveviTi;

2. ecdomlebis maTematikuri lodini unda iyos nu lis
toli;

3. ecdomlebis dispersia unda iyos mudmivi sidide;

4. ecdomlebis SesaZlo mniSvnelobebi unda iyvnen er -
TmaneTis mimarT damoukid ebeli (arakorelirebulebi).

amrigad, regresiis gantolebis Sedgenisas, miiReba
hipoTeza imis Sesaxeb, rom yoveli i-uri dakvirvebisTvis
sruldeba Semdegi damokidebuleba:

yi=a+bx+eg, i=1,2,.n.

SemTxveviTi e cdomlebis maTematikuri lodini, disper sia
da kovariacia tolia:

_é0,roca i, j

M(e)=0; M(qej)— i,j=12...n.

{S°,roca i=]j
agedan gamomdinare, M(g, €) aris SemTxveviTi cd o mi-
lebis dispersia, xolo M(e, g) - kovariacia.
amrigad, Tu mocemulia damoukidebeli cvladis X da
misi Sesabamisi damokidebuli yi cvladebis mniSvnelobebi,
maSin amocana mdgomareobsa da b parametrebis moZebnaSi. am
parametrebis realuri mniSvnelobebis gansazRvra Se u-

Zlebelia, radgan Cven sagme gvaqvs sasruli raodenobis

amonarCevTan. amitom saWiroa moiZebnos am parametrebis S e-

fasebebi. Tu Sefasebebs aRvniSnavT a da b simboloebiT,

masSin gvegneba Semdegi saxis wrfivi regresiis ga  ntoleba:
y=a+bx,

xolo zogadad, Tu sagme gvaqvs mravalganzomilebian r e-

gresiul analizTan, maSin
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Y=a, X, +a,X,+...4a,X,.
amrigad, regresiuli analizis meTodi zogadad
mdgomaeobs damokidebul y cvladsa da damoukidebel
X1,X5,.... X, cvladebs Soris kavSiris formis dadgenaSi. es
kavSiri aRiwereba

y= (X, X500 X i 80,8008, ) HE

maTematikuri modelis saxiT, sadac, 8 ucnobi (saZiebeli)
parametrebia, €- SemTxveviTi cdomleba.

Tu regresiis f fungcia wrfivia g, i=1,2,...n para-
metrebis mimarT (magram ar aris aucilebeli X1,X5,...Xn
damoukidebeli cvladebis mimarT), maSin aseT regresiul
andizs wrfivi ewodeba. Tu regresiis funqgcia arawrfivia a

parametrebis mimarT, maSin sagme gvaqvs arawrfi v regresiul
and izTan.

wrfivi regresiis gantolebis geometriuli inte r-
pretaciisTvis ganvixiloT or cvlads Soris damokid ebu-
leba

y=a+bx,
sadac, a Tavisufali wevria da gviCvenebs regresiis ga n-
tolebis y RerZTan gadakveTis wertils. b parametri
gviCvenebs regresiis wiris daxrilobas X RerZis mimarT da
igi tolia b=tga. analizur geometriaSi am parametrs
uwodeben kuTxis koeficients, xolo biometriaSi - regres i-
is koef icients.Y B
y M
X X
grafikze warmodgenili regresiis wiri AB, romelic
gaivlis M()‘(, )7) wertilSi, Seesabameba X da Y cvla debis
fungcionalur damokidebulebas, rodesac ry= 1 rac ufro
Zlieria kavsSiri X da Y cvladebs Soris, miT ufro
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uaxlovdeba regresiis wiri AB wirs da pirigiT, rac ufro

sustia es kavSiri, miT ufr 0 Sordeba AB wirs. Tu kavSiri
cvladebs Soris ar arsebobs, maSin regresiis gantolebis

wiri X RerZTan adgens 90 kuTxes.

radgan regresia ganapirobebs cvladebis ormxriv
korelaciur kavSirs, amitom regresiis gantoleba SeiZ leba
ase CavweroT:

Yo =a, +h,x da X, =a, +b,y.
agve unda SevniSnoT, rom arsebobs kavSiri regresiis koef i-
cientsa da korelaciis koeficients Soris

My = \/byx dbxy '

sadac, regresiis koeficienti SeiZleba gamovTvaloT
Semdegnairad:

a (yi - y)(xi - )_() a (Yi - y)(xi - )_()
byx — i=1 - an bxy — i=1 -
a (x - x)° aly-vyr
i=1 i=1
Tu korelaciis koeficienti cnobilia, maS in regresiis

koeficienti SegviZlia ase ganvsazRvroT:

an

sadac, Sy da Sy saSualo kvadratuli gadaxrebia.

praqgtikulad, y: cvladis realuri mniSvnelobebi ar
daemTxveva regresiis gantolebiT gamoTvlil ﬁ mniSwe-
lobebs, radgan TviT regresiis gantoleba aRwers am d amoki-
debulebis saSualo mniSvnelobebs.
CT T T T TR i
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13.2. umcires kvadratTa meTodi

Tu Y damokidebuli da X1, X5, ... Xy urTierTdamo  uki -
debeli cvladebi normalurad arian ganawilebulni, maSin
ucn obi ay, a,, ... A, parametrebis Sefasebebi SeiZleba moi Zeb
nos umcires kvadratTa meTodiT, romelic, sxva meTodebTan
SedarebiT, iZleva albaTuri azriT saukeTeso Sedegebs.

umcires kvadratTa meTodis arsi mdgomareobs SemdegSi: r e-
gresiis  f funqcia ise unda Seva rCioT, rom mocemuli Y, mniS
vnelobebis regresiis gantolebiT gamoTuvlili Y, mnis-

vnelobebTan gadaxris  (y- Er) kvadratebis jami iyos min -
maluri, e.i.
n

Q=a [yi - f()ﬁvaiaam---ran)]z =a (Yi - Fr)z =Q ¢ =min (133

i=1 i=1 i=1
sadac, € =Y, - ﬁ_; uwodeben narCen nmiSvnelobebs, anu naSTebs.
movZebnoT ay,a,,...Aa, ucnobi koeficientebi, roml ebic

(13.3) gamosaxulebis marcxena mxares gadaaqceven min i mumad.

amisaTvis es gamosaxuleba gavawarmooT  &83,a,...8,-iT da
gavutoloT nuls, maSin gvegneba:

1 _ yf o _ 0
=aly- 1lsaa gl <o
My g My 7
Q _ .t auf @ 1
—=a [y' - f(xi,al,az, ] =0l
~=aly %@ﬁ. |u (13.4)
...... o N ’I‘
pQ .t auf Q_ 9
_—a[Yi - f(xi’al’aZ' ] e 8~ OlL
Han o C 5 y
Mt 8 )
sadac, %?8 =1, (x.,a,,a,,...a,) - f funqciis kerzo wa r-
¢ 5
moebulebia & parametriT X wertilSi. (13.4) sistema, r o-
melsac normalur gantolebaTa sistemas uwodeben, Seicavs
imdenive gantolebas, ramdeni ucnobicaa. aqve unda aRi n-

iSnos, rom (13.4) sistemis amoxsna @ parametrebis ga n-
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sazRvrisaTvis zogadi saxiT ar SeiZleba, amisaTvis
aucilebelia r egresiis fungciis konkretuli saxe.

umcires kvadratTa meTods gaaCnia Semdegi dadebiTi
Tvis ebebi:

1. am meTodiT Sefasebuli parametrebi gadauadgi le -
badia;

2. parametrTa Sefasebebi safuZvliania;

3. parametrTa Sefasebebi efeqturia im gagebiT, rom
maT gaaCniaT SesaZlo minimaluri dispersia, sxva meTodiT
gamoTvlil dispe r siasTan SedarebiT.

13.3. wrfivi regresia

davuSvaT, rom cdis Sedegad miviReT eqgsp eri-

mentalur wertilTa erToblioba da avageT y-is X-Tan
damokid ebulebis grafiki (nax. 13.1).

y e 4

1 s 0 X
0 nax.13.1 X nax.13.2
cnobilia, rom nebismier (X, ¥:) koordinatebian nwea-

tilze SesaZlebelia gavavloT mrudi, romelic analizurad
gamoisaxeba(ni 1) xarisxis polinomiT ise, rom zustad gai a-
ros TiToeul wertilze. sakiTxis aseTi gadawyveta,
Cveul ebriv, ar iTvleba damakmayofileblad, radgan r e-

gresiis gantoleba gamodis maRali rigis da, rac mTavaria,
aseTi regresiis gantoleba process aRwers damaxinjebiT
(nax. 13.2. amitom, mizanSewonilia, rom eqs perimentaluri
wertilebi ise davamuSavod, rom rac SeiZ| eba zustad aR i-
weros X-sa da y-s Soris damokidebulebis tendencia.

nax. 13.1-ze warmodgenili wertilebi migvaniSnebs,
rom Yy-sa da X-s Soris damokidebuleba SeiZleba gamov ~ saxoT
wrfivi gantolebis saxiT. maSin regresiis gantolebas eqneba
Semdegi saxe:
CT T T T TR i
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y=a+bx.

umcires kvadratTa meTodis saSualebiT SevafasoT adab
parametrebi. rogorc ViciT,

n n
— 2 e 2 i
Q=a (yi - %) =a [yi - (a+bxi)] =min.

i=1 i=1
gavawarmooT es gamosaxuleba a-Tida b-Ti, maSin gvegneba:

~

uQ‘-2a (v - a- bx)=07

i=1 -
@_-2 a- bx)x =0l
b al(y. X )% g

Tu movaxdenT elementarul gardagmnebs, maSin miviRebT
Semdegi saxis normalur gantolebaTa sistemas:

q v =an+b3 x
i=1 i=1
a XY, -aa X +ba x?

i=1

k<r) bl et i N e

romlis amoxsnis Semdeg m|V|RebT.

. 1.0 .0
axy--axay
nll |1

b= i=1 ’

ax»;&gxg

1.0
=LA b= a % =y-bx.
i Niz
mas Semdeg, rac regresiis gantoleba SerCeulia, sa -

Wiroa SevafasoT rogorc regresiis gantoleba, aseve r e-
gresiis gantolebis koefic ientebic. yvelaze mniSvnelovan
moments regresiul analizSi warmoadgens regresiis ga n-
tolebis vargisianobis Sefaseba, anu dadgena, Seesabameba Tu
ara SerCeuli gantoleba egsperimentalur monacemebs. ga n-

tolebis vargisianoba, anu adekvaturoba mowmdeba fiSeris
kri teri umiT
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: 1 0= v
sias;  sZ=——8 (%- ).
; n_zg( )

a mniSvnelovnebis doniTada n;=1, n,=ni 2 Tavis u-
flebis xarisxebiT fiSeris ganawilebis cxrilidan moizZe b-
neba F,., . kritikuli wertili. Tu F2F,.n.n,, masSin re-
gresiis gantoleba iTvleba adekvaturad, anu is kargad
aRwers or cvlads Soris damokidebulebas. Tu F<Fann,
masin regresiis gantoleba araadekvaturia da saWiroa misi
Secvla.

regres iis a da b koeficientebis nulTan tolobis
hipoTezis Sesamowmeblad ganvixiloT statistika:

a b
ta =—, tb =—,
Sa Sb
sadac
€n 3 Y]
S S 1 Zs o 1la: 0°
s. = nar , Sy = nar ,Szz ea - X u
* Jn-2 s,Jn-2" n-lgi:1 n$ 85
t, statistikas gaaCnia stiudentis ganawileba n=ni 2
Tavisuf lebis xarisxiT. a mniSvnelovnebis do niTa da nsidi -
diT stiudentis ganawilebis cxrilidan moiZebneba tan
kritikuli wertili. Tu |t,|2 t.,,, maSin nulovani hipoTeza
uaryofilia da regresiis a koeficienti sarwmunoa. Tu
|ta|<ta;n, maSin nulovani hipoTeza miiReba, e.i. regresiis
koeficientis sidide unda CaiTvalos umniSvnelod, r omelic

SemTxveviT gansxvavdeba nulisagan mcire amonarCevis an sxva
mizezis gamo. analogiurad mowmdeba b koef i cientic.
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magaliTi. X da y cvladebi s gazomvebis Sedegebi mo-
cemulia gvemoT moyvanil cxrilSi. SevarCioT Y=a+bx sa
Xis regresiis gantoleba.
# X Y X7 y? % Yi 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
3 724 492 40134 | 18138 | 26907
cxrilis gagrZeleba
# V-%) | (v-87] B-9 | (B-9y)
1 14,43 18,84 110,71 114,70
2 i 0,66 0,44 711,80 739,24
3 1,4 1,96 i 8,54 72,93
4 1,22 1,49 i 6,36 40,45
5 1,68 2,82 i 5,82 33,87
6 0,42 0,18 i 2,56 6,55
7 T 3,47 12,04 2,33 5,43
8 0,62 0,38 1,24 1,54
9 T 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 T 0,45 0,20 8,31 69,06
13 0,46 0,21 9,40 88,36
14 i 0,34 0,12 13,20 154,24
a 51,41 1375,27
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X=5171 y=3514;

26907 i492C"724

b= 114 =0,5435a=3514- 055385171=7,0356
40134 El724("724

E: 7,0356+0543%. SexamowmoT regresiis gantoleba:

2 5141 5, 137527 11464
Siy =——=4,28 s, = =114,64;F =———— =267
12 8 sy 12 4,28 678
Foosi12 =4 7.
radgan F >F;5,4,, regresiis gantoleba adekvat u-
ria. Sev amowmoT regresiis koeficientebi:
b:2’—0__7=(),042 Sa=2’—07=O,598
1439@3,46 3,46
0,5435 7,0356
t,=———=1294; t, =- =177 tyos,=178.
0042 : ® 0598 ! oosiz =1

radgan t, da t, metia 1,78ze, amitom regresiis a da b koef i-
cientebi sarwmunoa.

13.4. wrfivi regresiis gantolebis ndobis intervali

ganvixiloT E mniSvnelobisTvis ndobis interva lis
gansazRvris sakiTxi, anu iseTi in tervalisa, sadac mocem  u-
li albaTobiT damokidebuli y parametris realuri mni S-
vneloba imyofeba.

ndobis intervalis gansazRvrisTvis vipovoT Y mni
Svnelobis dispersia, romelic Sedgeba a da b parametrebis
dispersiebis jamisgan. normalur gant olebaTa sistemidan

gvagvs a=Yy- bXx. CavsvaT es mniSvneloba regresiis ga n-
tolebaSi, maSin
¥=a+bx=y- bx +bx=y+b(x- X)
da dispersia tolia:
CT T T T TR i
T R A I I | 172

o



& Q
s? s? ; (X - >_<)2 g
2 G —c2 p
Sg= f;;” + 5 e 2(xp - x) —snar§+ B qu (13.5)
a(x-x) £ albk-xg
i=1 (o i=1 -
sadac, X, - X cvladis is mniSvnelobaa, romlis Se a-

bamisi y parametrisTvis gvainteresebs ndobis intervalis
sidide. (13.5)gamosaxulebidan gamomdinareobs, rom SZE mini-

malur mniSvnelobas iRebs, roca (X, - X)=0. am SemTxvevaSi
S2
s2=20"  amrigad, Tu viciT ¥ maCveeblis dispersia, maSin
advilia ganisazRvros ndobis i ntervali
ﬁo ta,nSE7
sadac, t,., sidide ganisazRvreba stiudentis ganawilebis
cxrilidan a mniSvnelovnebis doniTada n=n7i 2 Tavis uf -
lebis xarisxiT.
agve unda aRvniSnoT, rom ndobis es inte rvali ga n-
sazRvravs regresiis wiris (e.i. Y saSualo mniSvnelobis)
mdebareobas da ar aris damokidebuli cvladis TiToeuli
SesaZlo mniSvnelobebis mdebareobaze, romlebic raRac ma n-
ZIiliT gadaxrilni arian regresiis wiridan. amitom, Tu Cven
gvinda Yy damokidebuli cvladis calkeuli mniSvnel o-
bisaTvis ganisazRvros ndobis intervali, maSin (13.5) fo r-
mulas unda daematos kidev erTi narCeni dispersiis mni S-
vneloba, e.i. y;=a + bx+ g gantolebas Seesabameba:
a Q
s2 s? o 1 (X - >_<)2 8
2 _ S |2 2 —a? p
Sp= -+ n = 2(Xp'x) *Sha Snari"'_+ n o
n o _ e N a ) )_()2 5
a (x - x) & a \X o}
i=1 ¢ i= -
wrfivi regresiis ndob is intervali grafikulad ase SeiZ| e-

ba warmovadgi noT:
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13.5. arawrfivi regresia

movlenaTa Soris yovelTvis ar arsebobs wrfivi da -
mokidebuleba da amitom am SemTxvevaSi wrfivi r  egresiuli
modelis gamoyeneba SeuZlebelia. arawrfivi damokidebu -
leb is SemTxvevaSi, regresiis gantolebis Sesadgenad unda
gamoviyenoT arawrfivi funqciebi.

ansxvaveben arawrfivi regresiis or saxes. pirvels

miekuTvneba iseTi regresiis gantolebebi, romlebic ar a-
wrfivia cvladebis mimarT, magram wrfivia Sesafasebeli pa r-
ametreb is (koeficientebis) mimarT. zogjer, aseT araw r fiv

regresiis gantolebebs kvaziwrfiv regresias uwodeben.
aseTi tipis regresiis gantolebis koeficientebi moiZebneba
uncires kvadratTa meTodiT.

meore tipis arawrfiv regresias miekuTvnebian iseTi
gantolebebi, rom lebTac axasiaTebT arawrfivoba Ses a-
fasebeli parametrebis anu koeficientebis mimarT. am Sem TX-
vevaSi umcires kvadratTa meTodis gamoyeneba ar SeiZ leba,
e.i. unda gamoviyenoT arawrfivi umcires kvadratTa meTodi.
Cven ganvixilavT mxolod pirveli tipis regresiis gantol e-
bebs, radgan isini ufro xSirad gvxvdeba praqgtikul kvle -
vebSi.

davuSvaT, rom miviReT eqgsperimentalur wertilTa

erToblioba  (x,Y), i=1,2,...nda avageT damokidebuleba y=f(x).

T T LT LT T —
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0' t 0
nax.13.3 nax.13.4
13.3 naxazze warmodgenili wertilebi migvaniSnebs,
rom Yy da X Soris damokideb uleba SeiZleba gamovsaxoT meore
rigis polinomis (parabolis) saxiT
y=a+bx+cx?,

xolo  13.4 naxazze warmodgenili - f_:: ae "* maCvenebliani an

}/=a+E pirveli rigis hiperbolis saxiT. garda amisa,
X

damokidebuleba SeiZle ba iyos logariTmuli, xarisxovani,
trigonometriuli funqciebi da sxva. magaliTisTvis ganvi X-
iloT paraboluri, maCvenebliani da hiperboluri damo -
kidebul ebebi.

meore rigis parabolis a, b da c koeficientebi ga n-
isazRvrebian Semdegi normalur gantolebaTa sistemis
amoxsniT:

a vy =an+bd x +cq ¥ Tu
avix =ad x +bq ¥’ +cd X,?’L (13.6)
i i i i 1
a ini2=aé. Xi2+bé. Xf‘+0é. X'
i i i i ¥

(13.6) sistema advilad amoixsneba, Tu movaxdenT

damoukidebeli cvladis centrirebas, anu Tu ganvixilavT X;
cvladebis sxvaobas maT saSualo ariTmetikulTan, e.i.

X =X - X.maSin gvegneba:
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avx

14, . Q
a_B?yiai(Xi) a(X)aY.(X)Sb—a(Xl)z,

c=Z @A ()P & )A V.8
C i i [ =

sadac, D= na(x) @(x)g

Tu gavalogarleebT manenebllanl damokld ebulebis

gantolebas y= ae™, igi gadaigceva swori xazis gantolebad

da SesaZlebeli xdeba umc ires kvadratTa meTodis gamo  ye-
neba, Cven SemTxvevaSi gveqneba:

Iny = Ina + bx
da normalur gantolebaTa sisitemas aqvs Semdegi saxe:

é Iny. :nlna+bé x U
I
5 U-
a InyI i —Inaa X; +ba X7 i1
y
am sistemis amoxshis Semdeg miviRebT:
1 e g _ 4lna
Ina= Bgalnyla X7 - a X; Iny,a XQ, a=e’,
€i a
sadac,
i, O
i ci -
. . . : . b
hipe rboluri damokidebulebis SemTxvevasSi y=a+—,
X

gvegneba Semdegi normalur gantolebaTa sis tema:
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. !
& v =an+bd <

1
2

&<v) il et o )

Yi
'a—+b
8=ad ol

romlis amoxsnis Semdeg miviRebT:

sadac,

maaliTi . dakvirvebebma gviCvena, rom Zroxis wve -
ladoba laqgtaciis periodis cvlilebisas icvleba ise,
rogorc es naxazzea warmodgenili;

29 1
27 T
25 +
23 T
21 +
19 +
17 +
15

01 2 3 4 5 6 7 8 9
SevadginoT Semdegi cxrili:
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lagtacia wvel adoba 2 3
# (TVG) X (C) Y XYi X X|2y| Xi
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 15552 729
a 45 203,3 1030,0 [ 285 | 6439,6| 2025

cxrilis gagrZeleba

# X: ¥i (yi - y|) (yi - yi)2 (Er - 37) (Er - )_/)2
1 1 17,6 0,60 0,36 74,99 249
2 16 20,9 10,8 0,64 71,69 2,86
3 81 23,3 0,1 0,01 0,71 0,504
4 256 24.8 70,2 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 i 0,6 0,36 1,61 2,592
8 4096 22,2 0,5 0,25 70,39 0,152
9 6561 19,4 0,2 0,04 i 3,19 10,176
a | 15333 | 203,3 2,07 61,88

SevarCioT Semdegi saxis regresiis gantoleba:
y=a+bx+cX.
cxrilis daxmarebiT SevadginoT normalur gantol
baTa sistema

amrigad,

i
L

o

S
I

9a+4H+285=2033

45a+28%H+2025%=10300
285:+202H+15332=64396
romlis amoxsnis Semdeg miviRebT:

a=13,466 ,

|

—

o

<& oo

b=4,587 da c=1 0,436.
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¥=13466+4,587% - 0,436¢.
CavsvaT am gantolebaSi x-is mniSvnelobebi
x=1 vy, =13466+4587Q- 0,436Q=17,6;

X=2 Yy, =13466+4,587Q2 - 0436 =209
da a.S. es mniSvnelobebi mocemulia zemoT moyvanil cxrilSi
da grafikze naCvenebia wyvetili mrudis saxiT.
SevamowmoT regresiis gantolebis adekvaturoba:

— o2 =17 2 —Laioa_can.
y=2259; s/, —7C2,07—0,296,Sy —7C5188—8,84,

884
F=———-=2987; F,,:.-=5591.

0,296 0,087

radgan 29,87 > 5,59 Iregresiis gantoleba adekvaturia
regresiis gantolebis adekvaturobis zomad SeiZ -
leba gamoviyenoT determinaciis koeficienti, romelic
gamoiTvleba Semdegi formuliT:
n n

s =3 —\2 s =~ \2
a(%-v aly- %)
2 _ i1 2 _ i1
aly-v aly-v
i=1 i=1
rac ufro didia R mniSvneloba, miT ufro Zlieria

adekvaturobis zoma. kerZod, Tu R’ > 0,95 maSin iTvl eba,
rom regresiis modeli kargad aRwers movlenas. Tu 0,8< RP<
0,95, maSin regresiis modeli damakmayofilebad aRwers mo v-

lenas da Tu R?< 0,6, MmaSin iTvleba, rom modeli araadekv a-
turia da saWiroa misi Secvla.
gvaxsovdes, rom R-s gaaCnia nakli, romel ic imaSi
mdgomareobs, rom determinaciis koeficientis maRali mni S-
vneloba SeiZleba miviRoT mcire amonarCevis wyalobiT. am i-
tom saWiroa R? sididis kor eqtireba
~ n-1
R?=1-————(1- R,
n- (m+1)
sadac, n- amonarCevis ganzomilebaa, m- Sesafasebe-
li parametrebis (koefici entebis) ra odenoba.
CT T T T TR i
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dadebiTi fesvi determinaciis koeficientidan gvaz -

levs korelaciur fardobas hda Tu Xda Ycvladebs S oris
damokidebuleba wrfivia, maSin igi daemTxveva k orelaciis
koeficients, e.i. h = ry. winaaRmdeg SemTxvevaSi, damoki

debuleba arawrfi via.

13.6. naSTTa analizi

regresiis gantolebis adekvaturobisa da koef ici-
entebis Semowmebis garda, xSirad mimarTaven naSTTa ana lizs.
rogorc ViciT, mocemul Vi mniSvnelobebis regresiis ga  n-
tolebiT gamoTvlil ﬁ mniSvnelobebTan gadaxras

e=vy-¥% i=12..n
ewodeba narCeni mniSvnelobebi anu naSTebi.
naSTTa analiziT SesaZlebelia Semowmdes is Zir i Tadi
daSvebebi gadaxrebis (Secdomebis) mimarT, romlebsac efuzZ -
neba wrfivi regresia. Cven davuSviT, rom regresiis mrudi

wrfivia, gadax rebi g arian damoukidebel ni, gaaCniaT nul o-
vani saSualo, erTnairi (mudmivi) dispersia da ganawi -
lebulni arian normalurad. Tu SerCeuli regresiis modeli
adekvaturia, maSin igi met -naklebad unda akmayofilebdes
daSvebis pirobebs. swored es idea udevs s  afuZvlad naSTTa
analizs.

naSTTa analizi xorcieldeba grafikulad. aigeba

e= f(x) grafikuli gamosaxuleba da Tu miRebul wertilTa

erToblioba daaxloebiT erTnairadaa ganlagebuli X RerZis
mimarT (Tanabrad RerZis zemoT da qvemoT), maSin r egresiis
gantoleb a adekvaturia da yvela daSveba daaxloebiT
Sesrulebulia (nax. a).

€ e
ce®e o o‘.
e® e o0 % o ®a o
e ®e0 ®eg0 000, X .o..: ° .'.o.o. X
[} ® e oo oo
0e0%"° . % ®
oo .
a b
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Tu darRveulia regresiis mrudis wrfivobis daSveba, maSin
naSTTa grafiks daaxloebiT eqneba iseTi saxe, rogorc es
naCvenebiab naxazze. Tu darRveulia di spersiis mudmivoba,
maSin daaxloebiT gveqgneba g naxazze warmodgenili suraTi.

Tu gadaxrebi damokidebulia Xi-ze, maSin gveqneba daaxloe -
biT d naxazze warmodgenili suraTi.

14. mravlobiTi regresiuli analizi

14.1. mravlobiTi regresiis modeli

wrfivi model i. orcvladiani regresiis dros Y mni
Svneloba damokidebulia mxolod erT X cvladze. sazog a-
dod, Yy SeiZleba iyos mravali cvladis funqgcia. ganvixiloT
es SemTxveva. vTqvaT, damokidebul Y-sa da damoukidebel

X1, X5,...X, cvladebs Soris arsebobs aseTi  wrfivi
damokid ebuleba:

Y = a.1X]_+ a2X2+ +aan,

sadac, Y, X3, Xy, ... , X, veqtorebia. warmovadginoT es damoki -
debuleba matriculi saxiT Y =AX sadac, A=[a],i=12,.n
saZiebeli koeficientebis veqtoria, Y =1[yl, i = 12,..m
damokidebuli cvladis veqtoria, xolo X=[x], i=1.2,.m,

j ==1,2,...n damoukidebeli cvladebis matricaa.
8, koeficientebi movZebnoT umcires kvadratTa

m
meTodiT, romlis Tanaxmad Q= [y, - %]* =min.
i=1
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CavweroT es gamosaxuleba matriculi saxiT
Q=(YT XA (YT XA =Y YT AXiYT Y XA+ AX XA
radgan AjXiY =Y XA, amitom gvegneba:
Q =YjYT 2AIXiY + AX XA
gavawarmooT es gamosaxuleba
W =-2X¥ +2(XX)A=0,

masSin normalur gantolebaTa sistemas eqneba Semdegi saxe:
XiY = XiXA,

saidanac , A = (X iX)' X Y.

radgan X matrica Seicavs n wrfivad damoukidebel
veqgtor -svetebs, amitom, rogorc cnobilia, X matricis
rangi ( mi' 1)-is tolia. es, Tavis mxriv, migvaniSnebs imaze, rom
YXiX¥, 0, e.i. matricas gaaCnia Sebrunebuli matrica XX

xSirad regresiis gantoleba Seicavs Tavi sufal
Wevrs

\E: agt aX;+ aXo+...tan X,

maSinag parametris SefasebisTvis saWiroa X matricas daem a-
tos erTeulovani veqtor -sveti
el X, X, . X,@
_C€1 Xy Xy ... X U
X = é 21 722 20,

&l Xm Xmp o Xnll
masSin gvegneba:

el 1 ... 1g8l X X, .. X,0
XP(:gXll X1 o Xmlﬂgl X1 X2 e XZnH:

@(m X2n anggl Xml Xm2 anH

en ax - AXm?

¢ i o

fax ax A

é 1 1 1 l:,l

e Xm A XXm - A Xm

ei i i u
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narCeni dispersia gamoiTvleba Semdegi f ormuliT:

sz, =——3 (- %)
nar m-n-1 < i !
sadac, N - cvladebis raodenobaa, m - dakvirvebaTa raod e-

noba.
regresiis gantolebis adekvaturobis Sesamowmeblad
saWiroa gamoiTvalos Semdegi statistika:

_ Q 10
F=—— Q="a(%k-v).
nar n i=1
a mniSvnelovnebis doniTada n;=n, ny=mini 1 Tavis uflebis
xarisxebiT fiSeris ganawilebis cxrilidan SeirCeva Fann,
kritikuli mniSvneloba. roca F2 F,..n, . maSin regr esiis

gantoleba adekvaturia, winaaRmdeg SemTxvevaSi, roca
F <F,.nn, » 9antoleba araadekvaturia.

regresiis gantolebis koeficientebis Semowmeba sar

wmunoebaze xdeba SemdegH,: @ = O nulovani hipoTezis saSu -
alebiT. amisaTvis saWiroa gamoiTvalos statistika:

t, =3 sadac, S, =482, &, i=12..n.
s

Si warmoadgens (X iX)A"1 matricis mTavar diagonalze
myofi elementis m niSvnelobas . a mniSvnelovnebis doniTa da

n=mi ni 1Tavisuflebis xarisxiT stiudentis ganawi lebis
cxrilidan moiZebneba ta.n kritikuli mniSvneloba. Tu |ti|<ta;n
maSin nulovani hipoTeza miiReba, e.i. i-uri koeficientis
mniSvneloba axlos aa nulTan da SesaZlebelia misi gamo -
ricxva regresiis gantolebidan. Tu |'[i|2 ta:n, maSing; koef i-
cienti sarwmunoa.

magaliTi.  cxrilSi mocemulia y damokidebuli da

X1,X; damoukidebeli cvladebis mniSvnelobebi.
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iy | x| X y (y-9) | (y-9? | (&9 | (& 9)?
1 10 2 1 10,256 | 10,256 0,066 13,444 | 11,861
2 12 2 2 10,868 1,132 1,281 12,832 8,020
3 17 8 [ 10| 16,532 | 0,468 0,219 2,832 8,020
4 13 2 4 12,091 | 0,909 0,826 11,609 2,589
5 15 6 8 15,052 | 10,052 0,003 1,352 1,828
6 10 3 4 12,22 12,22 4,928 11,480 2,190
7 14 5 7 14,312 | 10,312 0,098 0,612 0,375
8 12 3 3 11,608 0,392 0,154 12,092 4,377
9 16 9 10 | 16,661 | 710,661 0,437 2,961 8,768
10( 18 | 10| 11| 17,401 | 0,599 0,359 3,701 13,697
a 137 | 50 | 60 8,371 61,725

y=137; X, =50; X, =6,0.
SevarCioT regresiis gantoleba
amrigad gvaqvs:

205 el 2 lp
Y=6l7u X =¢é1 8 10};

éu é U
g g1 10 1
el
el 1 1 1ogl
XK= 2 8 .. 1¢é1
p e
€ 2 10 .. 1.
g1

Y = a + aXs + aXe

2 1lg

2 2Y &0 50 60g
u - N

8 10u=50 336 39§,
.y €0 398 48(

10 1

&0,40168 - 001676 - 0,0363%
(xx)* :g- 0,01676 016760 - 0,1368’6' ;
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A=(XK) XY =2 001676 016760 - 0136875756 =
g 003631 - 013687 01201108
09,3872
:ngZB%.
0,6174
amrigad , regresiis gantolebas aqvs Semdegi saxe:
y=9,3872+ 0,128%; + 0,6174,.

X

=

1l
o

Tu X;da X;sidideebi izomeba erTi da igive fizikuri erTe u-
IiT, maSin advili SesamCnevia, rom Xo-iS zegavlena Yy-ze X;-
Tan SedarebiT, daaxloebiT xuTjer ufro ZI| ieria. Tu X da

X, sxvadasxva fizikur erTeulebSia warmodgenili, aseTi
Sedareba uazrobaa.
gamovTvaloT narCeni dispersia
8371 61725
2 y 2
=———=11959 s =—"—"=3086%

"10-2-1 11959 sy 2 a

SevamowmoT regresiis gantolebis adekvaturoba
30863 X _
F= 1’1—959= 25807, F0,052;7 - 4,74

radgan 25,807 > 4,74regresiis gantoleba adekvaturia. koe -
ficientebis Sesamowmeblad ganvixiloT statistika:

t; =:‘;; i=012; s,=4/11959D,40168=0,698
i
S; =4/1,195901676=0,447¢ s, =4/1195901201% 0,379

CE T T
R I T B 18¢

o



93872 .0, 01285 o0 06174 o0
0,6931 0,4477 0,379

ty 057 = 2,37. rogorc vxedavT, garda ap-sa, danarCeni a; da a,
koeficientebi sarwmunoni ar arian.

arawrfivi modeli . praqgtikul kvlevebSi, zogjer,
SeuZlebeli xdeba mravlobiTi wrfivi regresiis ga ntolebis
gamoyeneba misi araadekvaturobis gamo. am SemTxvevaSi, unda
gamoviyenoT iseTi arawrfivi modeli, r onelic arawrfivia
cvladebis mimarT, magram wrfivia regr esiis koeficientebis
mimarT. am SemTxvevaSi, koeficientebis Sefaseba xdeba
sakmaod advilad. kerZod, damokidebuli cvladebi
Seicvleba axali pirveli xarisxis cvladebiT da mis mimarT
gamoiyeneba wrfivi umcir es kvadratTa meTodi. magal i-
TisTvis ganvixi loT Semdegi arawrfivi regresiis gantol e-
ba:

Y =8+ +aX, + 8 +a,%.
SemovitanoT axali cvladebi 2 =X,2 =%, 2 =X, 2, = %5, ma
Sin gvegneba:

Yy=8 taz +a,z, + 832, + 3,7,
umcires kvadratTa meTodis gamoyenebiT miviRebT Semdeg
nor malur gantolebaTa sistemas:

ZY =Z{ZA, saidanac A= (ZiZ)'ZiY.

miRebuli regresiis gantolebisa da koeficientebis S e-

fasebebi xdeba iseve, rogorc mravlobiTi wrfivi regresiis
dros.

14.2. mravlobiTi wrfivi regresiis gantolebis
ndobisi ntervali

ganvsazRvroTY mravalganzomilebiani wrfivi reg re -
siis gantolebis ndobis intervali . amisaTvis gamovTvaloT

y=ag+ aXg + X +...+ aX, gamosaxulebis dispersia
D(¥) = D(ap+ aXy + @Xz+...+ apX,) -
PP PP T TTTRTTTTTI T i
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Tu gavi xsenebT damokidebuli cvladebis jamis dispersiis
Tvisebas, miviRebT:

s&=D(¥ = D(a) + X'D(&) + X;D(&,) +...+ x;D(a,) +

+2x, cov@ya) + 2x.X, cova,) +...+ 2x X, cov@, ,a,)
gavixsenoT, rom cov(a,a) = M(a,a). CavweroT (17.1) gamosau -
leba matriculi saxiT

(14.1)

D(\!’) = Xjcov@) X, (14.2)
sadac, X,=(LX,,X, ,....,X,) mocemuli damoukidebeli
cvla dis veqtoria.  cov(@) i a Sefasebis kovariaciuli matri -
caa. vipovoT a parametris dispersia

cov@) =MJ(a- a)(a- a)i,

a=(XX)XY = (XKX)Xi(Xa +e) =a +(XX) ' Xe.
agedan,

a- a=(XX)*Xg,

cov@) = M[(XX) X eeiX (XX) ] = M (eei) (X X)*

M(e€') warmoadgens matricas, romlis yvela elementi,
garda mTavar diagonalze myofisa, nulis tolia, radgan Cv e-
ni daSvebiT, SemTxveviTi cdomilebebi erTmaneTTan ar arian

korelirebuli, e.i. M(e€) = 0. rac Seexeba mTavar dia gonalze
myof elementebs, isini warmoa  dgenen dispersiebs da radgan
Cvenive daSvebiT, SemTxveviT cdomilebebs gaaCniaT erTi da
igive dispersia, amitom

(14.3)

M(ee) =spy |,
sadac, | i erTeulovani matricaa. miRebuli Sedegi Cav svaT
(14.3)Si:

cov@) =s7, (XX),
xolo es ukanaskneli ki - (17.2)-Si:
D3 = Spar Xp(XK) ' X,
amrigad, ¥ mniSvnelobisTvis gveqneba Semdegi ndobis inte r-

vali:
¥ tanSnar | XH(XX) X, .
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14.3. cvladebis SerCeva

regresiuli analizi saSualebas gvaZlevs mocemul
X1, X5,....,X,, damoukidebel cvlad ebidan SevarCioT iscvla -

debi, romlebic kavSirSia damokidebul Y cvladTan da ga -
movricxoT regresiis gantolebidan arainformatiuli anu
is cvladebi, romlebic naklebad an sulac ar arian kavSirSi
Y cvladTan. ganvixiloT ramdenime meTodi.

yvela SesaZlo regresiaT a meTodi. Tu damoukid e-
bel cvladTa raodenoba n arc ise didia, maSin re k-
omendebulia, moisinjos yvelanairi kombinacia regresiis
wrfivi modelis asagebad da raime kriteriumiT arCeul

ignes maT Soris saukeTeso. magaliTad, Tu n = 4, maSin unda
moisinjos 2% =16 modeli. kerZod, 4 - erTcvladiani, 6 -
orcvladiani, 4 - samcvladiani, 1- oTxcvladiani, da bolos

erTi, rome lic ar Seicavs arc erT cvlads, garda
Tavisufali wevrisa. saukeTesod iTvleba is adekvaturi
modeli, romelsac agvs u ntiresi narCeni disp  ersia an, rac
igivea, udidesi determ i naciis koeficienti.

gamoricxvis meTodi . Tu damoukidebel cvladTa
rao denoba sakmaod didia, maSin yvela SesaZlo regresiaTa
meTodis gamoyeneba SeuZlebelia. arsebobs ramdenime a |-
ternatiuli meTodi, maT Soris cvladebis gamor icxvis anu
cvladebis SerCevis mimdevrobiTi meTodi, romlis arsi
SemdegSi mdgomareobs: dasawyisSi ganixileba modeli, rom e-
lic Seicavs yvela gansaxilvel cvladebs. regresiis ga n-
tolebis koeficientebis Semowmeba sarwmunoebaze xdeba

Hy:a =0 nulovani  hipoTezis saSualebiT. amisaTvis, T i-
Toeuli koeficientisaTvis unda ganisazRvros Semdegi

statistika: t; =i, i=12...n, sadac s;=4s2, &, S
s

warmoadgens (XI)()'1 matricis mTavar diagonalze myofi e |-
ementis mniSvnelobas. Tu gamoTvlil statistikebs Soris

mini maluri  t; fardobis absoluturi sidide |t;| <t,.,. sadac
t,., sidide aRebulia stiudentis ganawilebis cxrilidan a
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mniSvnelovnebis doniTa da n=m- n- 1 Tavisuflebis xa -
risxiT, maSin nulovani hipoTeza miiReba, e.i. i-uri koef -
cientis mniSvneloba axlosaa nulTan da SesaZlebelia misi

gamoricxva regresiis gantolebidan. Semdeg bijze ganixi -

leba modeli darCenili (n 7 1) cvladiT da mowmdeba r e-
gresiis gantolebis adekvaturoba. Tu aRmoCndeba, rom r e-
gresiis gantoleba araadekvaturia, maSin gamoricxuli i-uri
koeficienti, anu X, parametri unda davabrunoT r egresiis
gantolebasSi.

procedura gagrZeldeba manam, sanam yvela gamoTv -
lil i t fardobis absoluturi sidide ar aRmoCndeba 2t
sabolood, regresiis gantolebaSi rCeba is cvladebi, ro m-

lebic ar gamoiricxa proceduris Catarebisas.

CarTvis meTodi . gamoricxvis meTodis alternativaa
CarTvis meTodi, ro melsac bijur regresias uwodeben.
pirvel bijze ganixileba erTcvladiani modelebi. T i Toeul

modelSi xdeba a, da @, koeficientebis Sefaseba da t; =&
S.

I
statistikis gansazRvra ise, rogorc CarTvis meT odis dros
is cvladi, romelsac Seesabameba |ti| sididis magsimaluri
mniSvneloba, CairTveba modelSi mxolod im p i robiT, rom es
magsimaluri mniSvneloba aRemateba  t,., kritikul mni S-
vnelobas. dauSvaT, aseTi cvladia X;. amis Semdeg garileba
orcvladiani modeli X; cvladis danarCen cvladebTan:
(X1, X2), (X1, X3) , &,XQ. xdeba TiToeuli modelis Sefaseba
da darCenil  X5,X;, € , Hladebidan modelSi CairTveba is

cvladi, romlisTvisac |t;| sidide magsimaluria da aRemat  e-
ba t,,. dauSvaT aseTi cvladia X,. Semdeg ganixileba
(X1, X2, %3), (X, X2, Xs) %1, %2,X,] samcevladiani modelebi, sa -
dac tardeba igive procedura da a.S. proc edura grZeldeba
manam, sanam romelime biGjze ar aRmoCndeba, rom yvelat; fa r-
dobis abso luturi sidide ¢t,., mniSvnel obaze.
arsebobs CarTvis sxva meTodebic. magaliTad, ko -

relaciis kerZo koeficientebis gamoyenebis meTodi. am Se m-
R R S E T I III
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TxvevaSi ganisazRvreba Y cvladis yvela damoukidebul

X1,X5,6 X, cvladebs Soris korelaciis kerZo k oeficie n-
tebi. is damoukidebuli cvladi, romelsac gaaCnia Y-Tan
udidesi kerZo korelaciis koeficienti, CairTveba regres i-
is modelSi da regresiis gantoleba mowmdeba adekvatur o-
baze. Tu aRmoCndeba, rom gantoleba araadekvaturia, maSin
maodelSi CairTveba Semdegi  cvladi, romelsac d amokidebul

Y cvladTan gaaCnia udidesi korelaciis kerZo koeficienti,
kvlav mowmdeba gantolebis adekvaturoba da a.S. manam, sanam

ar miviRebT regresiis adekvatur gantol ebas.
kombinirebuli meTodi . igi warmoadgens CarTvisa da
gamoricxvis me Todebis kombinacias. procedura iwyeba i seve,

rogorc CarTvis meTodi, e.i. cvladebis mimdevrobiT

CarTviT modelSi, oRond yoveli axali cvladis damatebis

Semdeg mowmdeba adre CarTuli cvladebi, kerZod, xom ar
moiZebna maT Soris gamosaricxi. magaliTad, vTgqvaT, mo d-
elSi CarTulia X3, X5, Xg da X7 cvladebi, romelTagan X7
warmoadgens am bijze damatebul cvlads, maSin mowmdeba X,
Xs da Xg cvla debi iseve, rogorc gamoricxvis meTodSia
aRwerili. Tu am cvladebidan romelime aRmoCnda iseTi, rom
sruldeba |t <t,., piroba, maSin es cvladi modelidan ga ~ m-

oiricxeba da a.S.
miuxedavad cvladebis SerCevis mravalferovnebisa,
unda gvaxsovdes, rom ar arsebobs imis garantia, rom yovel

calkeul SemTxvevaSi miiReba CvenTvis sasurveli adekv a-
turi modeli. agedan gamomdinare, s asurvelia Tavidan ga m-
oiricxos is damoukidebuli cvladebi, romelTa CarTva r e-

gresiis modelSi, ama Tu im mosazrebiT, azrs moklebulia.

14.4. narCenebis avtokorelaciisa da
multikolinearnobis problemebi

regresiul analizSi, umcires kvadratTa meTodis
gamoyerebisas, Cven davuSviT, rom €; cdomilebebi Sem Txve-
viTi damoukidebeli (arakorelirebuli) sidideebia nul o-
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vani saSualoTi. praqtikaSi am moTxovnilebis Sesruleba
Znelia, gansakuTrebiT droiTi mwkrivebisaTvis.

aRmoCnda, rom Tu e narCenebi er TmaneTSi koreli -
reben, maSin amboben, rom adgili agvs cdomilebis avtokore -
lacias. miuxedavad imisa, rom umcires kvad ratTa meTodi am
SemTxvevis drosac gvaZlevs gada uadgilebad da safuzvlian
Sefasebebs, regresiis parametrebis gansazRvrisas ndobis
intervalis gansazRvra kargavs azrs misi arasaimedobis
gamo. amitom, Tu aRmoCndeba narCenebis avtokorelaciis
efeqti, saWiroa gadaisinjos regresiis gantolebis modeli.

arsebobs avtokorelaciis aRmoCenis mTeli rigi
meTodebi. Cven ganvixilavT pirveli rigis avtokorelaciis
arsebobis hipoTezis Semowmebis SedarebiT martiv da
sakmaod saimedo meTods, romelic SemogvTavazes darbinma
da uitsonma. am hipoTezis Sesamowmeblad gamovTvaloT
Semdegi statistika:

n

é. (q - Q+1)2
d=it
ae’
i=1
n-is didi raodenobis dros ae°qe., mad
i=1 i=1
oo, & 1 b
2a€-2a66, & aQQ-lg
do iz = =2§_ =2 8=2(1- R),
ae 2 ae §
i=1 ¢ i T

sadac, R warmoadgens pirveli rigis avtokorelaciis
koeficients da Tu igi nulis tolia, maSin avtokorelacia
ar arsebobs. Tu avtokorelacia mTlianad arsebobs, maSin

R =° 1. agedan gamomdinare, Tu avtokorelacia ar arsebobs,

masSin d sididis mniSvneloba miaxloebiT 2-is tolia da
mTliani avtokorelaciis arsebobis dros igi O-is an 4-is
tolia.
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avtokorelaciis sarwmunoebis dasadgenad specialu -
ri cxrilidan damokidebuli n parametrebis raodenobisa da
m dakvirvebaTa raodenobis saSualebiT moiZebn ebad krit e-
riumis qveda d. da zeda d, zRvrebis mniSvnelobebi. Tu ga  m-

oTvlili d statistika moTavsebulia d,da (47 d,) sazRvre b-
Si, maSin hipoTeza avtokorelaciis ararsebobis Sesaxeb

miiReba. Tu d moTavsebulia d.da d, Sorisan (471 d))da (47 d)
Soris, maSi n Cven ara gvaqvs safuZveli hipoTezis ua r-
sayofad da arc misaRebad, e.i. sagme gvagvs ganusazRvrel  o-

basTan. Tu d < d, sagme gvaqvs dadebiT avtokorelaciasTan,

xoloroca  d> (47 dg) - uaryofiT avtokorelaciasTan.
regresiis  gantolebis  formirebisas, xSirad
vawydebiT ~ multikolinearnobis  problemas.  rogorc

aRvniSneT, damoukidebeli cvladebi X1, Xy,.n, X, regresiis

gantol ebaSi unda iyvnen urTierTdamoukidebeli, magram am
pirobis Sesruleba pragtikulad sakmaod rTulia, ga n-
sakuTrebiT, biosamedicino kvlevebSi. am movlenas multi k-
olinearnoba ewodeba. Tu cvladebs Soris damokidebuleba
funqciona luria, maSin sagme gvaqvs mkacr multikolinea r-
nobasTan, xolo Tu damokidebuleba arc ise mkacria da ga m-
ovlindeba miaxloebiT, maSin multikolinearnoba ar aris
mkacri.

umcires kvadra tTa meTodis erT  -erTi moTxovna isaa,
rom damoukidebel cvladebs Soris ar unda arsebobdes
wrfivi  kavSiri. multikolinearnobis arseboba iwvevs am
moTxovnis darRvevas. formalurad regresiis gantoleba am
SemTxvevaSi miiReba, magram igi ar aris saimedo im gagebiT,
rom sawyisi monacemebis umniSvnelo cvlilebam SeiZleba
gamoiwvios parametrTa Sefasebis mkveTri cvlilebebi.

multikolinearnobis aRmoCenis meTodebidan Seg ViZ -
lia ganvixiloT korelaciuri matricis meTodi. k orelaciis
koeficientebi, romlebic axlos arian °1 sidid esTan, migva-

niSneben multikolinearnobis arsebobaze. ufro saimedo me -

Todia XX matricis determinatis gansazRvra. Tu es sidi -
de nulTan axlosaa, maSin sagme gvaqvs multikolinea r-
nobasTan. multikoli nearnobis aRmosaCenad SegviZlia ga-
moviyenoT Semdegi statistika:
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2_ €

c°=- gm- 1- %(2n+5)glg(del{)z&']).

n(n- 1
romelsac gaaCnia c? ganawileba n= (2 ) Tavisuflebis
xarisxiT. aq, m_dakvirvebaTa raodenobaa, n_
damoukidebeli cvladebis raodenoba. [XP( matricis el  e-

mentebi ganisazRvreba sawyisi [XP(] matricidan Semde g-
nairad:

Xk =S X
svm’
sadac, X,S; - Sesabamisad i-uri cvladis saSualo ariTme -
tikuli da saSualo kvadratuli gadaxraa.

Tu c?2 can, maSin multikolinearnoba a r arsebobs,

winaaRmdeg SemTxvevasSi, misi arseboba sarwmunoa.
multikolinearnobis gamoricxva SesaZlebelia reg -

re siis gantolebis struqturis gadasinjviT, kerZod, ori

damokidebuli cvladidan unda gamoiricxos erTi. meore

gzaa cvladebis gardagmna ise, rom isini gaxdnen ur-

TierTdamoukidebeli, magaliTad, mTavari komponentebis

meTodis gamoyenebiT.

15. dispersiuli analizis safuZvlebi

15.1. meTodis arsi

ori amonarCevis Sedarebis martivi meTodisgan ga n-
sxvavebiT, praqtikaSi xSirad gvxvdeba iseTi SemTxvevebi, s a-
dac saGWiroa erTmaneTs erTdroulad SevadaroT ramde nime
amonarCevi, romlebic gaerTianebulia erTian statist i kur

komplegsSi. am SemTxvevaSi saSualoebis wyvil -wyvili
Sedareba, Tu amonarCevebis (jgufebis) raodenoba didia, m i-

TT T 7T 0700 7 T rTiriranrvororenT b
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zanSeuwonelia ara marto meTodologiuri S ecdom ebis (ix.
§10.5, aramed didi gamoTvliTi samuSaos gamo. m agaliTad,

Tu gvaqvs 7 amonarCevi, maSin Casatarebeli igneba C72 =21

saSualoebis Sedareba. cxadia, rom jgufebis raodenobis

zrdisas, Sesadarebel wyvilTa raodenoba Zalze swrafad

izr deba. ase magaliTad, 14jgufisaTvis gveqneba 91 Sedareba.
gaiTvaliswina ra es problema, r. fiSerma Semo g-

vTavaza saSualoebis kompleqgsuri Sedarebis meTodi, r o-

melsac dispersiuli analizi (ANOVA 1 Analysis of Variance
ewodeba. dispersiuli analizis meTodi efuzn eba saerTo
dispersiis daSlas damoukidebel mdgenelebad, romlebic
gamowveulia rogorc regulirebadi, ise araregulirebadi

fagtorebiT. Semovit anoT ramdenime ganmarteba.

parametrebs, romlebic raime mizeziT icvlebian,
ewodebaT Sedegobrivi. mizezebs, romlebic iwvev en Sede-
brivi parametrebis cvlilebas, ewodebaT faqtorebi.
magali Tad, sxeulis masa, mosavlianoba, moswavleTa moswr  e-
ba da a.S. warmoadgens Sedegobriv parametrebs, romlebze d-
ac sxvadasxva fagtorebi axdenen zemogmedebas: wamlis an
togs ikuri nivTierebaTa doze bi, sasugis raodenoba, kvebis
reJimi, fizikuri da gonebrivi savarjiSoebi da sxva.
arsebobs erTi da imave parametrze mogmedi mravali
fagtori, romelTagan cdaSi (eqsperimentSi) regulirebadia
mxolod zogierTi maTgani da maT regulirebadi faqtorebi
ewodebaT. iseT faqtorebs, romlebic ar eqvemdebarebian
regulirebas, ewo debaT araregulirebadi, Tumca, maTac
gaaCniaT garkveuli zemogmedeba Sedegobriv parametrebze.
araregulirebad faq torebs miekuTvnebian agreTve sxva
daufigsirebadi anu gau Tvaliswinebeli fagtorebi.

Cveul ebriv, yoveli regulir ebadi fagtori warmodgenilia
damoukidebel gradaciebad (jgufebad), romelTa raoden o-
ba damokidebulia cdis (e gsperimentis) pirobebze.

Tu regulirebadi fagtori iwvevs mniSvnelovan ze -
gavlenas Sedegobriv parametrze, maSin es zegavlena aisaxe ba
jogufur saSualoebze, romlebic statistikurad er T mane
Tisgan gansxvavebuli ignebian. TiToeuli jgufis SigniTac
aRiniSneba cvalebadoba, romelic gamowveulia araregul i-
rebadi faqtoriT an faqgtorebiT. cvalebadobis es
damokidebuleba SeiZleba ase warmovadginoT:

i
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s?=s% +sZ,

sadac, s2- mTeli komplegsis saerTo dispersiis S e-
fasebaa; s% - jgufTaSoriso (doneTaSoriso) dispersiis S e-
fasebaa, romelic gamowveulia regulirebadi faqtoris

zegavleniT; si- Sigajgufuri (narCeni) dispersiis S e-
fasebaa, romelic gamowveulia gauTvaliswinebeli anu ar a-

regulir  ebadi faqtorebiT.
regulirebadi faqtoris zegavlenis dasadgenad

saWiroa fiSeris kriteriumiT Semowmdes H:s?=s2 nulo

vani hipoTeza. Tu nulovani hipoT eza uaryofilia a mniSvne
lovnebis doniT, maSin regulirebadi faqtoris zegavlena
Sedegobriv parametrze sarwmunoa, winaaRmdeg SemTxvevaSi
regulirebadi faqtoris zegavlena Sedegobriv parametrze
ar SeimCneva an umniSvneloa.

amrigad, dispersiuli analizi, garda sa Sualoebis
erTdrouli Sedarebisa (ix. § 10.4), Seiswavlis dakvirvebebze
(egsperimentze) mogmedi sxvadasxva faqtorebis zegavlenas,
mniSvnelovani faqtorebis amorCevasa da maTi mogmedebebis
Sefasebas.

analizSi CarTuli fagtorebis raodenobis mixedviT
dispersiuli analizi iyofa erTfagtorian, orfaqtorian da
mravalfaqtorian analizebad. dispersiuli analizis Cas a-
tareblad saWiroa, rom dakvirvebebi iyos SemTxveviTi sidi -
deebi, romelTac gaaCniaT normaluri ganawileba da
erTnairi dispersia. mxolod am SemTx vevaSia SesaZlebe li
dispersiisa da maTematikuri lodinis sar wmunoebis Sefas e-
ba da ndobis intervalebis dadgena da saerTod, di s-
persiuli analizis Catareba.

15.2. erTfaqtoriani dispersiuli analizi

vTgvaT, gvaqvs mxolod erTi A faqgtori, romelic
iyo fa m doned (gradaciad). mocemulia agreTve yoveli
donisaTvis dakvirvebaTa n, rodenoba. davuSvaT, rom n;=n, =
CT T T T TR i
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=--+ =Ny = N, maSin yvela dakvirveba SeiZleba warmovadginoT
Sentlegi cxrilis saxiT:

dakvirvebebi
done sas.
1 2 C j C n
X11 X12 R X R X1n )_(lﬂ
Xo1 X22 R Xz R Xon )_(Zﬂ
m [ % | X | oo | Xm0 | Xm o | X

erTfaqtoriani dispersiuli analizis Sedegebis warmod
genis models a qvs Semdegi saxe:

X =m+g+ey,
sadac, X;- idonis jdakvirvebis Sedegia;

m - saerTo saSualo;

g- efeqti, romelic gamowveulia i-uri donis A
faqgtoris mier;

g - cdomileba, gamowveuli donis SigniT Sedegebis

variaciiT, romelic gamowveulia sxva da u-
figsirebeli (gauTvaliswinebeli) faqtorebis
zegavleniT.
saWiroa ganisazRvros A faqgtoris zegavlena X
cvladze. amrigad,  X; cvladis saerTo dispersia SeiZleba
davyoT or nawilad: erTi, romelic xasiaTdeba A fagtoris
zegavleniT da meore - daufigsirebeli faqtore bis
zegavleniT. amisaTvis saWiroa ganisazRvros saerTo saS u-
alos X Sefaseba da ToToeuli donisTvis Sesaba misi saSu-
aloebis X4 Sefasebebi:
1.0 1.7 _
X=— L = — : o
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1.0 .
Xi'":ﬁ.a X s 1=12,...m

j=1

ganvsazRvroTY X; da X Soris sxvaobis kvadratebis jami

nglé()ﬁj - )_()Zzgé(xij - Xg + Xq - )-()zzgé(xﬂ - )_(i'ﬂ)2+

izl j=1 iz j=1 iz j=1
+8 A (%y- x?+238 & (% - %e)%q- %) (15.1)
i=1 j=1 i=1 j=1

radgan § (Xij - )'(i.”)=0, amitom

j=1

E;.anl (Xij - )_ﬁ'n)()_ﬁ'n' R):é (Xij - )_(iﬂ)g. ()_ﬁ'n' )_()ZO-
i=1 j=1 j=1 i=1

garda amisa, (15.1) gamosaxulebis meore wevri SeiZ -
leba a se warmovadginoT:

aé(Xﬂ' )—()Z:né ()_(i'ﬂ' )_()2-
i=1 j=1 i=1

maSin(15.1) SeiZleba ase warmovadginoT:

a a (xij - )‘()2 :né (% - X)? + a a (xij - )‘(i.ﬂ)2 ,
871)171'(?) YO &P &P ) )X

Q. Q
e.i.
Q = QA+ Qea
sadac , Qu aris doneebs Soris gadaxrebis kvadratebis
jami, romelsac zogjer deviatas (laT. sityva  Devio- gada-

xra) uwodeben da a xasiaTebs gansxvavebas doneebs Soris. mas
xSirad uwodeben gafantvas faqtorebis mimarT anu

gafantvas, gamowveuls A faqtoris zegavleniT. Qe aris T i-
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Toeul dakvirvebebsa da i-ur dones Soris sxvaobebis
kvadratebis jami. am jams uwodeben doneebs SigniT gad a-
xrebis kvadrat ebis jams da igi axasiaTebs gansxvavebas i-ur
donis dakvirvebebs Soris. Qes agreTve uwodeben narCen
dispersias anu gafantvas, gamowveuls gauTvaliswinebeli
fagtorebis zega  vleniT. dabolos Q-s uwodeben saerTo, anu
TiToeuli monacemebis saerTo saSualos Tan gadaxris
kvadratebis jams.

amrigad, Tu cnobilia Q, Q. da Q. deviatebi, maSin
SeiZleba Sevafasod Sesabamisi daspersiebi: saerTo, done -
TaSoriso (jgufTaSoriso) da doneTaSigniTi:

s2=_< , 84 = QA,S§= ®
mn- 1 m-1 m(n- 1)
Tu Afaqtoris zegavlena yvela donisaTvis erTnai r-

ia, maSins3 da s aris saerTo dispersiis Sefasebebi. im i-
saTvis, rom SevamowmoT A faqtoris zegavlenis sarwmunoeba,

saWiroa Semowmdes Semdegi nulovani hipoTeza H,:s3 =s2.

rogorc viciT, aseTi hipoTezis SemowmebisTvis saWiroa ga n-
isaz Rvros fiSeris kriteriumi

2
F :S_A
S2
e
n=mi 1 da n,=m(nT1) Tavisuflebis xarisxebiT. Tu a R-
moCndeba, rom F2 F,.., , maSin nulovani hipoTeza ua r-
yofilia da vakeTebT daskvnas A faqtoris mniSvnelovani
zegavlenis Sesaxeb. winaaRmde g SemTxvevaSi, roca F <F

a;nn, ?
A fagtoris zegavlena dakvirvebebze metad umniSvneloa an
saerTod adgili ara agvs.

erTfaqtoriani dispersiuli analizi umjobesia wa r-
movadginoT Semdegi cxrilis saxiT:

T T
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dis - kvadratebis T?Vt').S‘Uf ) d'?*’gr ) ; F F
ersia jami el s SIEDIS ar =l kit
P xarisxi Sefas eba| doba
faqto -
ria - m 2= 52
luri Q.= na (Xﬂl - )_()2 ng=mil A n, F= _g I:a;nlnz
(doneebs i=1 Se
Soris)
narCeni , Q
(doneebs =3 (x - x.P | n=m(n-1) | Se=="
SignT) | & ?%(&, Xi) n,
,_Q
saerTo Q=Q,+Q, n=mn 1 s°= o

mas Semdeg, roca dadgindeba Sedegobriv parametrze
fagtoris zegavlena, SegviZlia am zegavlenis siZlieris gan-
sazRvra, magaliTad snedekoris meTodis gamoyenebiT. maSin
gvegneba:

=2
he=_ A
§2 +32 !
A e
~ 1
sadac, §% :—(si sg) an
n
2 2
SaSe .
h? = n __ SaA~Se
2 2 2 2"
Sa- Se 2 SA+(n'1)Se
—5—f% +s¢
n
interpretaciisaTvis h? sidide umjobesia procentebSi ga -
novsaxoT.
magaliTi.  Seswavlil igna xorblis eqvsi jiSis m o-
savlianoba. cdebi Catarebul igna oTxjer. gvain teresebs,

no gmedebs Tu ara mosavlianobaze xorblis sxvadasxva jiSi?
monacemebi mocemulia Semdeg cxrilSi:
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xorblis mosavlianoba (cent./heqt) saSualo
jiSi 1 2 3 4 mosavali
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
gamoTvlebis Sedegi warmodgenilia Semdeg dispersiul
cxrilSi:
kvadra - | Tavisu - | disper - F =
dispersia tebis flebis siebis far - Krit
jami xarisxi Sefaseba | doba '
faqtoria -
Soris) '
narCeni
(doneebs | Qe=796 | n,=18 | s2=44
SigniT)
saerTo Q=2196| n=25 | s*=87,8
radgan F > Fgs:5.18 amitom nulovani hipoTeza uaryo filia,
e.i. xorblis jiSebs Soris mosavlianobis gansxvaveba sarwm u-

noa. ganvsazRvroT mosavlianobaze xorblis jiSis gavlenis

siZliere:

2 _

28- 4,4
28+ (4- 4,4

=0,573

anu 57,3%.

amrigad, xorblis jiSis zegavlena mosavlianobaze
Seadgens57,3%s.
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15.3. orfaqgtoriani dispersiuli analizi

vTqgvaT, eqgsperimentalur Sedegebze mogmedebs ori A
da B faqtori, romelTac gaaCniaT Sesabamisad I da v do neebi.
dakvirvebaTa matrica SeiZleba ase wa  rmovadg i noT:

B s
A B: B, Ce B] e B, sa.
A X11 X12 e X e X1y Xig
A Xo1 Xoo . X . Xoy >_(211
A Xi1 Xi2 ce X ce Xiy Xig
Ar X1 Xr2 ce Xi e Xrv Xiq
Xy X Xy2 s Xy T Xy X

i-uri donis A faqtoris gadakveTa j-uri donis B
fagtorTan gmnis  ij-ur ujreds, sadac Cawerilia dakvirvebis
Sedegi Xj, miRebuli A da B faqtorebis erTdrouli
mogmedebis dros. simartivisTvis davuSvaT, rom ujredSi
gvaqvs mxolod erTi dakvirveba da faqtorebi wu r-
TierTdamoukideblebi arian, e.i. urTierTgmedeba gamor i-
cxulia. maSin o r faqtoriani dispersiuli analizis modeli
SeiZleba ase warmovad ginoT:

X =mtg +g; +§,
sadac , m- saerTo saSualoa;
g- efeqti, gamowveuli i-uridonis  Afaqgtori s mier;
g - efeqti, gamowveuli j-uridonis  Bfaqtorismi er;
€;j - ij-uri ujredSi Sedegebis variacia.
Tu ujredSi erTi mniSvnelobaa, maSin g; = 0. ganvixiloT mag
da g Sefasebebi. ganvsazRvroT Semdegi sidideebi:
1 h
saerfosaSualo:  X=—ag a %
rvizj=
T 77777 T TrrirerrrrrrrrennT 1
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saSualoebi doneebis mixedviT:

o1, I
Xg=yad %o X =oad %
i=1

Vi
dispersiebis SefasebisaTvis ganvixiloT Semdegi gamosa XU -
leba:
o A P )
Q=aa (Xij - X) —aa (Xij - Xig - Xgj X+ Xjg - X+ Xy - x) =
i=1 j=1 i=1 j=1

=va (s - X)° tra (% - X *aa (- %y - %, + %P
&) 30 &) )0 BTN ))) )N

QA QB Qe
e.i.
Q=Qa+ Qg+ Qe
sadac, Qa axasiaTebs parametris cvlilebas, gamowveuls A
fagtoris mier, Qg - B faqtoris mier da Q. - sxva gauTva-
liswinebeli fagtorebis mier. Tu cnobilia Q, Qa, Qg da Qe,

masSin dispersiebis Sefasebebi igneba:

2 Q 2=QA. 2:&. 2 Q.

s°= 7S 7S ;1 Sem—m—m——.
rv-1" "% r-17% v-1' T (r-D(w- 1))
A da B fagtorebis zegavlenis dasadgenad saWiroa di S-
persiebis Sedareba fiSeris kriteriumis gamoyenebi T.
amisaTvis unda ganisazRvros
SZ
Fo=—2
Se
sidide da igi Sedardes Fainn, kritikul mniSvnelobas, s a-
dac, ny=r1 1 dang= (T 1)(vi 1. Tu Fa2F,.,, A maSinA

faqgtoris zegavlena sarwmunoa. winaaRmdeg SemTxveva Si A
fagtoris zegavlena umniSvneloa. analogiurad tardeba B
faqgtoris zegavlenis dadgena.
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dispersiuli analizi umjobesia warmovadginoT
Semdegi cxrilebis saxiT:

dispersia kvadratebis jami Tav;(s:rfiI;le
_ A _\2
A fagtori Qx=va (% - %) n=ril
i
. (_ _)2
Bf agtori Qg =ra (X - X n=vi 1
i
narCeni Q.=a (Xu - Xigm Xy * X) ng =(r - (- 1)
i
o —\2
saerTo Q=a (Xij - X) n=rvii
ij
. . dispersiebis .
dispersia Sefaseba F fard. F krit.
2
s
Afagqtori sa= u Fa=—2 Fann,
n, s
e
2
B faqtori 523 = % FB = S_g Fa;nzn3
n, s2
narCeni s2= Q
Ny
saerTo s?= Q
n

Cven ganvixileT kerZo SemTxveva, roca ujredSi iyo
erTi monacemi da faqtorebs Sori s urTierTqmedeba ga no-
ricxuli iyo. zogadad, ujredSi SeiZleba iyos ramdenime,
rogorc Tanabari, ise araTanabari raodenobis monacemebi da

fagtorebs  Soris  SeiZleba adgili hqondes u r-
TierTgmedebas. sasurvelia, rom ujredebSi monacemebi iy V-
nen erTi da igive raoden  obis.

amrigad, zogadi SemTxvevisTvis - orfaqtoriani di S-
persiuli analizis dros - erTi dakvirveba SeiZleba wa r-

movadginoT Semdegnairad
R R S E T I III
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Xjk =g +g; +n; +6,
sadac, m- saerTo saSualoa;

g- efeqgti, gamowveuli i-uri donis A faqtoris
zegavleniT;

g - efeqgti, gamowveuli j-uri donis B faqtoris
zegavleniT;

n; - efeqti, gamowveuli A da B faqtorebis u rTi-
erTgmedebis Sedegad miRebuli zegavleniT;
€j- ujredSiga variacia.
Tu ujredebSi erTnairi raodenobis monacemebia, maSin
dakvirvebis matrica SeiZle ba ase warmovadginoT:

B -

A B, B, B, Xiqq
)_(1 B )_(1 ball )_(lvﬂ

A X111, X112+ X11n X121X122;-- X12n X1y X1v2s+ - Xivn )_(l‘ﬂ'ﬂ
Xox Xo 2 Xovy

Ay X211, X2121-+ X21n X221 X222, Xo2n Xov1:X2v2 -« Xovn )_(Z'ﬂﬂ
Xe1q X;2q Xc vy

A Xr12:Xr12; -+ Xrin Xr21: %22, -+ Xr2n Xrv1: X2y -+« Xivn X qq

Xqiq Xqiq Xq2q Xqvy X

aq, X11uX112---Xwvn gamosakvlevi pa rametris dakvir -
vebebia. dispersiuli analizis CatarebisaTvis saWiroa ga m-
ovTvaloT Semdegi mniSvnelobebi:

- ujredis saSualo mniSvneloba

1 n
Xjg =—a Xk
Ny

- strigonebis (A fagtori) saSualo mniSvnelobebi

1 \"
Xigg =—a Xjq
vV

T T o
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- svetebis ( Bfagtori ) saSualo mniSvnelobebi

1..
Xppg =~ a Xjq
iz
- saerTo saSualo
1. .0
X=—a a X
Vg j=
sadac, r, V- SesabamisadA da B faqtorebis doneebis raod
nobebia. garda amisa, ganisazRvreba Semdegi kvadratebis j

mi, anu deviatebi:
r \" r \ n

[ _\2 [ _\2 TR
Qu=vng [xim - s Qo =m [xan - s Q=8 & & by -
i=1 j=1 i=1 j=1 k=1
n A" r \" n
_oa Ay v % +_)2. _A A A (x-- i )_()2.
QAB na a. (Xu‘ﬂ Xl'ﬂﬂ Xﬂjﬂ X) s Q a. a a ijk '
i=l j=1 i=l j=1 k=1
e.i. Q=Q,+Q +Qus +Q,,
sadac, Qa-sa da Qg-s gaaCnia igive mniSvnelobebi, rac wina
SemTxvevis dros. Qag - aris kvadratebis jami, romelic afa

sebs A da B fagtorebis urTierTgmedebas, Qe - kvadra tebis

jami, rom elic afasebs ujredSiga variacias.
amis Semdeg unda ganisazRvros dispersiebis S

fasebebi:
= Q9 1o Q2-Q
rvn-1 r-1 v-1
SZ - QAB . SZ — Qe
Bowv-Dr-D" ¢ rv(n-2)
da saTanado fi Seris kriteriumebi:
2 2 2
S S S
FA:_A; FB:_B da FAB:ﬂ-
s; s :
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Sesabamisi nulovani hipoTezebis SemowmebiT dgindeba A B

da AB fagtorebis zegavleni s an umniSvnelo zegavlenis
fagtebi.
orfaqtoriani dispersiuli analizi umjobesia wa r-
movadginoT Se nudegi cxrilebis saxiT:
. . L Tavisuflebis
di spersia kvadratebis jami warisxi
_ Ty _\2
Afagtori Qu =VNQ (g - X) n=ril
i
. (_ _)2
B faqtori Qs =ma (Xgjq- X n,=vil
j
ABI:git 0- Q= na ()_(ijﬂ " Xgr - Xqjq +)_()2 ng=(vi 1)i 1)
i
_n _ 2
narCeni Q=a (Xijk B Xijﬂ) ng=rv(ni 1)
ik
_ s —\2
saerTo Q=a (Xiik B X) n=rvni 1
i,j.k
dispersia dispersiebis F fardoba F kritik
Sefaseba '
2
. S
Afagqtori sa = u Fa= —2 Fann,
n, s
. 2 _ Qg SZB
B faqtori Sg=— Fe=— Fain,n,
n, s
ABfagt o- g2 = Qns E = SiB F
rebi AB T N, AB ? aingn,
e
narCeni sZ= Q
n,
saerTo s?= Q
n
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Sedegobriv parametrze ama Tu im faqtoris an faq -
torebis erToblivi zemogmedebis siZliere SeiZleba gani -
sazRvros Semdegi formulebiT:

Jo 7o Jo
h2=3A. n2-5S8. 2 _Sns
A SZ, B Sz’ AB 2 !
y y y
sadac,
2 2 2 2 2 2
g/Q_SA-Se. g/Q_SB-Se. g/Q _Sm~ Se.
AT ’ B~ ! AB — ’
vin n n
Y% Y% Ye
2 _ 1% 9 ol
Sy =SA+Sp+S,s,
sZ- narCeni disperiaa.

Tu romelime regulirebadi faqtoris an fagtorTa
erToblivi zegavlena Sedegobriv parametrze ar dasturd e-

ba, maSin misi Sesabamisi komponenti sf, gamosaxulebaSi unda

gamoiricxos.

magaliTi.  gamokvleul igna sami tipis m  ikroeleme n-
tis zegavlena Zroxis rZis cximianobaze. egsperimenti Ca -
tarda erTnairi asakis oTxi sxvadasxva jiSis cxovelTa
jgufze. monacemebi moyvanilia Semdeg cxrilSi:

ZIox. rZis cximianoba % -Si
JiSi A A, A
B; 211201 34|28 26|30 24| 21| 28

B. 401 32| 41| 39|41 |45| 30| 39| 4.2
Bs 30| 28| 27|35|40|28(48]| 31|29
B, 34|130(29|30(29|30(33]| 28| 3,0

ag A-Ti aRniSnulia mikroelementebi, xolo B-Ti -
sxvadasxva jiSis Zroxebi. A faqtoris gradaciebis raoden o-
baar = 3, xolo B faqtoris - v = 4. dispersiuli analizis

Sedegebi moyvanilia Se nudeg cxrilSi:

R, _
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disper - | kvadrate - Tavis u- | disper - | oo -
sia bis iami flebis siebis doba F kritik.
J xarisxi Sefaseba
Afaq -
o | Q=051 | m=2 | $2=026| Fa=10 | Foosz073.4
Bfaq -
toreilq Q=794 | n,=3 SZB =2,65| Fg=10,2| Fg0s5:3243,0
ABfaq -
torebiq Que=1,10 | ng=6 | S%; =018| Fag=14| Foo56253,8
narCeni | Q.=6,23 | n,=24 | s2=0,26
saerTo Q=1578 | n=35
rogorc am cxrilidan Cans, mxolod Bfaqt oris dros
xdeba hipoTezis uaryofa. es imas niSnavs, rom am jiSis cxo -
velebs gaaCniaT rZis cximianobaze midrekileba, r omelic
albaT STamomavlobiT unda aixsnas da amitom mikroeleme n-

tebis zegavlenas igi ar eqvemdebareba. albaT, amitomaa, rom
A da B fagtorebis urTierTgmedebac ver axdens rZis cximia -
nobaze zegavlenas.

radgan ganxiluli ori fagtoridan mxolod B faq -
tori (Zroxis jiSi) mogmedebs rZis cximianobaze, amitom Seg -
viZlia rZis cximianobaze Zroxis jiSis zemogmedebis siZ -

lieris gansazRvra. amisaTvis gvaqvs: s3 =265 s2=0,26;

n = 3; r = 3. Tu gamoviyenebT zemoT moyvanil formulebs,
masSin mivRebT:

% _2,65- 0,26

B

=0,266, hgzﬂzo,so, anu 50%
33 0,266+ 0,26

amrigad, rZis cximianobaze Zroxis jiSis zemogmedebis siZ -
liere  50%is tolia.

analogiurad tardeba sami, oTxi da zoga dad,
mravalfaqtoriani dispersiuli ana | izi.
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15.4. dispersiuli analizis araparametruli
meT o debi

Tu sawyis monacemebs ar gaaCniaT normaluri g  anawi-
leba, maSin dispersiuli analizis Casatareblad, saWiroa

gamoviyenoT araparametruli meTodebi. Tu don eebis dak -
virvebaTa raodenobebi tolia, maSin SeiZleba gamoviyenoT
fridmanis ranguli dispersiuli analizi . amisaTvis

saWiroa yoveli donisaTvis dakvirvebebis ranJdireba da
rangebis dadgena. maSin fridmanis kriteriums gaaCnia
Semdegi saxe:

, 12 ngm J
cr=———a R 3n(m+1),
* mrm & ? 8 -
sadac, m- doneebis (strigonebis) raodenobaa, n - dakvirv e-
baTa (svetebis) raodenoba, a R - i-uri svetis rangebis j ami.

I
unda SevamowmoT hipoTeza: aris Tu ara doneebs S o-

ris gansxvaveba. radgan C2R sidides gaaCnia c? ganawileba, a m-

2
a;n

cxrilidan a da n=m-1 sidideebis saSualebiT. Tu

itom kritikuli  wertili cZ.. moiZebneba c? ganawilebis

CR Ca n» MaSin mlovani hipoTeza uaryofilia, e.i. gansxva -

veba doneebs Soris sarwmunoa, winaaRmdeg SemTxvevaSt igi
ar aris sarwmuno.

magaliTi. janmrTeli kbilebis mgone bavSvTa sam as  a-
kobriv jgufSi ganisazRvra higienuri indeqsi, romelic
pirobiT erTeulebSia warmodgenili

dong 3 wlis 4 wlis 5 wlis

% A R, A, R A Rs
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
a 8,5 12,0 15,5

TT T 1T 7770 7T TI0rrirreerreenonT b

L B L7

SR 20¢

oL

r
T,



m=3; n=6 cx= 12 (852+12,02+1552) 3®@=4,08a=
3BA

=0,05n=mi 1=2;¢cfos,=599.radgan 4,08 < 5,99amiom

bavSvTa asakobriv jgufebs Soris higienuri indegsiT gan -
sxvaveba ar SeimCneva.

rodesac doneebSi dakvirvebaTa raodenoba sxvada -
sxvaa, maSin SegviZlia gamoviyenoT kraskel -uolisis
kriteriumi

2
12

- 3(N+1
N(N+1)‘3_‘1r\2."’-‘1R'3 ANTD.

sadac, N - dakvirvebaTa saerTo raodenoba a,n - i-uri donis
dakvirvebaTa raodenoba. a R - i-uri svetis rangebis ja mi,
i
romlebic miiReba gaerTianebuli mwkrivis ranJir ebisas.
H sidides gaaCnia c?ganawileba n = mi 1 Tavis uflebis

xarisxiT. ~ m aris doneebis raodenoba. roca H <Ca s NASIn
nulovani hipoTeza miiReba, e.i. doneebs Soris gan sxvaveba ar

SeimCneva, winaaRmdeg SemTxvevaSi, rocaH 2 c2., - gansxvae-
ba sarwmunoa.

magaliTi. mocemulia bavSvebis 5 jgufisaTvis
sisxlis nakadis siCgare. jgufebi d ayofilia avadmyofobis

simZimis mixedviT (umZimesi - Aq jgufi).

done Ay A, A A As
dakwy X R, X R, X R; X R, X Rs
1 30 22 [ 36| 25 [ 25| 18 [14] 25| 19 | 10
2 17| 75 | 32| 235 17| 75 | 17| 75| 16 | 45
3 22| 125| 42| 26 | 24 | 16,5 27 | 19
4 32| 235| 22| 125 11 1 23 | 145
5 24 | 16,5 14 | 25 28 | 205
6 28 | 20,5 23 | 145
7 17| 75 20 | 11
8 44 | 27 16 | 45
] 82,0 87,0 100,5 10,0 98,5
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AqnH2 2 2 2 A
-_12 oz 87 100 4107, 985 8- 3(28=7,47.
27Q@8¢ 5 4 8 2 8 =+

a=005n=511=4 Cg;n = 9,49.radgan 7,47 < 9,49amitom
do neebsSoris gansxvaveba ar SeimCneva.

16. mTavari komponentebis meTodi

praqtikaSi Zalian xSirad gvxvdeba iseTi situacia,
roca parametrebis raodenoba Zalze didia da, miuxedavad
amisa, saWiroa sawyisi monacemebis statistikuri damuSaveba
da garkveuli gadawy vetilebis miReba. agedan gamomdinare,
saWiroa sawyisi informaciis SekumSuli saxiT warmodgena,
anu Sesaswavli obiegtis aRwera mcire raodenobis
ganzogadebuli maCveneblebiT, magaliTad, mTavari komp o-
nentebiT an faqtorebiT. mTavari komponentebi wa r-
moadgenen metd mosaxerxebel gamsxvilebul maCveneblebs,
romlebic asaxaven obieqtis (procesis) im Sinagan kanonzom i-
erebis aRweras, rac SeuZlebelia dakvirvebebis saSualebiT.

mTavari  komponentebis meTodiT  SesaZlebelia
Semdegi amocanebis gadawyveta.

1. Sesaswavl movlenaS i obieqturad arsebuli f aruli
kanonzomierebis gamovlena;

2. Sesaswavli procesis aRwera mcire raodenobis mT a-
vari komponentebiT, romelTa ricxvi gacilebiT naklebia
sawyisi cvladebis raodenobaze. am SemTxvevaSi, mTavari ko m-
ponentebi process adekvaturad asaxave n ufro kompagqturi
formiT da Seicaven saSualod ufro met informacias, vidre
uSualod gazomvadi cvladebi;

3. cvladebis mTavar komponentebTan statistikuri
kavSiris gamovlena da Seswavla, rac saSualebas iZleva
ufro agtiurad vimogmedoT procesze misi efeqturi fu n-
gcionir  ebisTvis;
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4. procesis ganviTarebis tendenciis prognozireba
regresiis gantolebiT, romelic agebulia mTavari komp o-
nentebis saSualebiT. prognozirebis aseT meTods gaaCnia
garkveuli upiratesoba klasikur regresiul analizTan
SedarebiT, gansakuTrebiT im Sem Txvevis dros, roca sagme
gvagvs multik o linearnobis problemasTan.

mTavari komponentebis modeli . vTgvaT, mocemulia
n SemTxveviTi cvladebi X1, X5,... %0, romlebsac gaaCniaT
m=(m,m,... 1,)isaSualoebis veqtori da kova riaciuli ma  t-

rica Sin . saWiroa, ganisazRvros am cvladebis u r-
TierTkavSiri, anu strugturuli damokidebuleba.

struqturuli  damokidebulebis erT -erT meTods war-
moadgens mTavari komponentebis meTodi, romlis ZiriTadi
amocana SeiZleba ase CamovayaliboT: unda moiZebnos sawyisi

X, X,... X, cvladebis  iseTi wrfivi kombinacia

n n
Y=aax =aaX; i=12..m (16.1)
j=1 j=1
sadac, &; - warmoadgens woniT koeficientebs, roca srul -
deba Semdegi pir o bebi:
corr(Yin)zo, i,j=12,...n, i, ]

var{y;) 2 var(y,)? ...2 var{Y,,);

n n

Avart) =4 s .

i=1 i=1

rogorc am formulidan Cans, axal cvladebi

Y1,Y>,....Ym, romlebsac mTavar komponentebs uwodeben, erTm  a-
neTis mimarT arian arakorelirebuli da ranJirebuli -
dispersiis klebadobis mixedviT. unda aRiniSnos, rom
jamuri dispersia gardagmnis Semdeg ar icvleba. agedan ga m-

omdinare, Y; cvladebis pi rvel ( gvesimravleze modis sae r-
To dispersiis ZiriTadi nawili da amitom SesaZlebeli xdeba
sawyisi cvladebis damokidebulebis struq turis Sekvecili
aRwera.

imisaTvis, rom ukeT gaverkveT mTavari komponent ebis
meTodis arsSi, ganvixiloT misi geometriuli interpr et a-

cia. davuSvaT, rom ori  X;da X, SemTxveviTi cvladi norm  a-
T I,
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lurad aris ganawilebuli m= (m,n}) saSualoebis veqtor -
Ta da S kovariaciuli matriciT. am ganawilebis simkvrivis

elifsoidi, romlis centri moTavsebulia (m,m) wertilSi,
warmodgenilia Semdeg naxazze:

X2

X1

pirvel mTavar komponents  Y;=a, X +a,,X, Seesabameba

elifsoidis | RerZi, romlis sigrZis naxevari tolia VI

sididisa, sadac, | ;aris kovariaciuli matricis maqs i maluri
sakuTrivi mniSvneloba. radgan X gaaCniaorga nzomilebiani
normaluri ganawileba, amitom mas gaaCnia agreTve Il patara
Rerzi, romelic | Rerzis perpendikularulia da igi
Seesabameba meore mTavar komponentsY, = a,.% +a,,%X,, 0 m-

lis sigrZze proporciulia JI, sididisa. amr igad,
elifsoidis, rogorc I, aseve Il RerZi, ganisa zRvreba Xa; da

Xa, sidideebiT, sadac, a; da a, sakuTrivi veqtorebia, ro m-

lebic Seesabameba S matricis |, da | » sakuTriv mniSvnel o-
bebs.

Tu X;da X, erTmaneTis mimarT dadebiT korelaciur
damokidebulebaSia, maS in rac ufro izrdeba korelacia

cvladebs Soris, miT ufro uaxlovdeba elifsoidi | wrfes
da Tu X;da X, Soris damokidebuleba fungcionaluria, m asin
elifsoidi gardaigmneba wrfed.

mTavari komponentebis gansazRvra . mTavari kompo-
nentis meTodi mdgomareobs  a; koefic ientebis moZebnaSi.
(16.1) gamosaxuleba matriculi saxiT ase Caiwereba Y = Xa.

mocemuli a-s dros am gamosaxu lebis dispersia tolia:
var(Y) = varXa) = ajvar(X)a = ajSa ,
T T TTTRTTTTI I i
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sadac, S mocemuli sawyisi cvladebis kovariaciuli matr i-
caa. Tu sawyisi monacemebi normir ebulia, maSin gveqgneba k o-
rel aciuri matrica

1
R=——-XXij.
n-1
mTavari komponentebis meTodis  pirveli  amocana
mdgomareobs Y; komponentis moZebnaSi, romelsac gaaCnia
udidesi di  spersia. saTanado SezRudvebis Semotanis gareSe,
zogadad, am amocanis gadawyveta SeuZlebelia. magaliTad,
Tu figsir  ebul a-Tvis raRac ¢ mudmivis dros miviRebT a =
ca sidides, sadac  c-s zrdasTan erTad usasrulod izrdeba
dispersiac. es movlena Tavidan rom aviciloT, saWiroa a
veqtoris no  r mireba ise, rom
aja=aj+as+..+a’=1.
maSin aocana Camoyalibdeba Semdegnairad: movaxdinoT ajSa
gamosaxulebis maqgsimizacia, roca aja = 1 davuSvaT
j =aisa- 1 (aia-1),
sadac, | - lagrandis mamravlia. j -is kerZo warmoebulis
nulTan gatolebis Semdeg
Blo2s- 21 a=0
M a
miviRebT Semdeg gantoleba s:
(S1/)a=0,
romelic warmoadgens klasikuri tipis gantolebas da mas
gaaCnia amonaxsni mxolod im SemTxvevasSi, roca

de¥/S| /M= 0.
amrigad, miRebuli gantolebis amoxsnisTvis saWiroa m oi -

Zebnos Smatricis 112 1,2 ...2 | , maxasiaTebeli fesvebi.
imisaTvi s, rom ganvsazRvroT, am fesvebidan romeli

gamoviyenoT maxasiaTebeli (sakuTrivi) veqtoris SesarC e-
vad, romelic moaxdens ajSa gamosaxulebis magsimizacias,
saWiroa, gantolebis marcxena mxare gavamravioT aj-ze,

masSin, Tu mxedvelobaSi miviRebT ajSa = 1, gvegneba:
ai(Sil/)a=ajsail =0, ei. ajsa=I,

T T
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magram Cven viciT, rom ajSa = var(Y). e.i. | warmoadgens di s-
persias.

amrigad, imisaTvis, rom movaxdinoT Y komponentis
dispersiis magsimizacia, unda aviRoT maxasiaTebeli

fesvebidan udidesi mniSvnelo bis fesvi, kerZod | 1 da misi
Sesébamisi sakuTrivi veqtori a;. maSin pirveli mTavari ko m-
ponenti miiRebs Semdeg saxes:
Y1=Xay,

romlis dispersia igneba | 4.

zogadad, roca sagme gvagvs hcvladTan, pirveli mT a-
vari komponenti Y: warmoadgens n cvladebis wrfiv kom
binacias, romelTa koeficientebi tolia normirebuli s a-
kuTrivi veqtoris komponentebisa, romelic, Tavis mxriv,
SeesabamebR anS matricis udides sakuTriv mniSvnel obas.

meore mTavari komponenti Y, warmoadgens sawyisi n
cvladebis wrfiv kombinacias koefi cientebiT, romlebic

normirebuli sakuTrivi veqtoris komponentebis tolia da
igi Seesabamebal ; maxasiaTebel mniSvnelobas, romelic wa  r-
moadgens | 1-is Semdeg udides mniSvnelobas. analogiurad

ganisazRvreba mesame mTavari komponenti da a.S. n-uri komp o-
nentis CaTv IiT. TiToeuli komponentis dispersia Sesa -

bamisad tolia maxasiaTebeli |, i=1,2,...n fesvebisa da T o-
Toeuli  komponenti ar aris erTmaneTis mimarT
damokidebuli. vaCvenoT es bolo damokidebuleba.

cnobilia Teorema, romlis Tanaxmad, nebismieri

simetriuli Smatri cisTvis arsebobs iseTi orTogo naluri
natrica  a, romlisTvisac sruldeba Semdegi to loba:
d, 0 0 .. Og
e u
ajSa= é0 l, 0 ... O 0 (16.2)
T
g0 0 0 .. I,

amasTan, Tu S dadebiTad gansazRvruli mat ricaa,

masSin yvela | ;> 0da ¥£/2 0.radgan a warmoadgens Smatricis
sakuTriv veqtorebs da rogorc miRebuli (18.2) gamosa-
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ulebidan Cans, cov(@;) =0,i=1,2,...n,j=1,2,.0i, j, amitom
komponentebi urTierTdamoukidebeli a rian.
TiToeuli komponentis jamuri dispersiis fardob i-
Ti wili ganisazRvreba Semdegi gamosaxulebiT:
q; =n|—‘, i=12,...n. (16.3)
ali
i=1
pragtikulad, Tu jamuri dispersiis 80-85% modis
pirveli  kraodenobis komponentebze, maSin danarCeni komp o-

nentebi k+ 1,k+ 2, ... n SeiZleba mxedvelobaSi ar miviRoT
da amiT movaxdinoT sivrcis ganzomilebis Semcireba. agedan
gamomdinare, saWiroa CamovayaliboT iseTi kriteriumi, ro -
melic naklebdispersiani komponentebis analizidan ga no -
ricxvis saSualebas mogvcems.

mTa\ari komponentis meTodis gamoyeneba mizanS ewoni -
lia im SemTxvevaSi, roca sawyis cvladebs gaaCniaT saerTo
fizikuri buneba da izomebian erTi da imave fizikur erTe -
ulebSi. Tu cvladebi sxvadasxva fizikuri bunebisaa, maSin

aucilebelia maTi normireba, magaliTad, Semdgnairad:
i X .
z, = %7 % , i=12,..m j=12..n,
j
sadac, X, saSualo mniSvnelobebia, xolo S; - saSualo kva -
dratuli gadaxrebi. aseTi normirebis Semdeg ko variaciuli
matrica gardaigmneba korelaciur matr i cad.

korelacia X cvladsa da Y; mTavar komponents Soris
ganisazRvreba Semdegnairad:
ajyl

corrf; X,) =————, (16.4)
S

sadac, S;- standartuli gadaxraa. amrigad, Tu gvinda Seva -

daroT TiToeuli X cvladis wili Y; komponentis fo r mi-
a.

r ebaSi, saWiroa SevadaroT —Y mniSvnelobebi. Tu korel a-
S .
j

ciuri matrica cnobilia, maSin sakmarisia a; koeficientebis
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Sedareba. kerZod, im X cvlads, romelsac gaaCnia udi desi aj;
koeficienti, miuZRvis udidesi wili Y; mTavari komponentis
for mirebaSi.

mTavari komponentebis interpretaciisTvis, kerZod,

masSi arsebuli informaciis gamosavlenad, xSirad (16.1) ga-
mosaxulebaSi  @; woniTi koeficientebis magivrad iyeneben
korelaciis koeficientebs, romlebic ganisazRvreba (16.4)
formuliT.

hipoTezebis Semowmeba . davuSvaT, rom kovariaci u-
li (korelaciuri) matricis maxasiaTebeli ricxvebi erTm a-
neTis tolia, anu (16.3) gamosaxulebidan miRebuli g mniS-
vnel obebi erTmaneTis tolia. ori X; da X, cvladebis dros
es niSnavs elifsoidis gardagmnas wred, e. i. orive | da Il
RerZebi erTmaneTis tolia. mravalganzomilebiani sistemis
dros sagme gvaqvs sferosTan. amrigad, Tu nulovani hip o-
Teza

Ho:llzlzz@:ln

samarTliania, maSin  mudmivi  simkvrivis  elifsoidi
gardigmneba mudmivi simkvrivis sferod da maSin nulo vani
hipoTezis Semowmeba SeiZleba gavixiloT rogorc sferoze
Semowmebis hipoTezad. aseTi hipoTezis Sesamowmeblad
ganvixiloT Se nuegi statistika:

e a1, o
c’=-(m-1eq Inl; - nln%a I Qu, (16.5)
Biz1 cNia %

romelsac gaaCnia c? ganawileba n=0,5n(n+1)i 1 Tavisuf lebis

xarisxiT. Tu ~ ¢?<c2._, maSin nulovani hipoTeza miiReba.

a;n?
davuSvaT, rom pirvel k mTavar komponentze modis
jamuri dispersiis udidesi nawili. Cven gvainteresebs, da r-

Cenili komponentebi gansxvavdebian Tu ara erTmaneTisgan.
Tu isini ar gansxvavdebian, maSin maTi gamoricxva Semdgomi
analizidan mizanSewonilia. amrigad, CamovayaliboT Semdegi
nulovani hipoTeza:

HO:Ik+l:|k+2:GnD:| ns
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masSin(16.5) statistikas aqvs Semdegi saxe:

e n 1o
c?=-(m-DéZ Inl - qin&t al;q,
gj:kﬂ C 1=K+l

sadac, g =ni k.Tu c®<cZ,,,
Reba da bolo  raodenobis mTavari komponentebi Seiz  leba
gamovricxoT analizidan.

unda gvaxsovdes, rom am hipoTezebis Semowmebis kri -
teriumebi metad mgrZnobiarea normaluri ganawilebis

mimarT. gansakuTr ebiT saeWvoa maTi gamoyeneba droiTi

masin nulovani hipoTeza mii -

mwekrivebis (magaliTad, biosignalebis) mimarT, radgan mon a-
cemebis damoukidebloba am SemTxvevaSi iSviaTobas wa r-
moadgens.

mTavari komponentebis meTodi gamoiyeneba im SemTx -
vevaSi, rodesac sawyisi cvladebi urTierTdamokidebu li
arian. roca cvladebi urTierTdamoukidebelia, maSin am
meTodis gamoyenebas azri ara aqvs, radgan am dros faqti u-
rad xdeba sawyisi cvladebis ranJireba dispersiebis klebis
mixedviT. agedan gamomdinare, sasurvelia SevamowmoT para -
metrebis damoukideblobis hipo Teza. amisaTvis ganvixiloT
statistika:

a 2n+15H

e - c_)ln|R|,

9 =

sadac, |R| _ korelaciuri matricis determinantia, rome -

lic SeiZleba ase ganisazRvros: |R| =6I i, sadac, | kore I-
aciuri matricis s akuTrivi mniSvneIobebii:a}L

g statistikas gaaCnia ¢’ ganawileba n =w
Tavisuflebis xarisxiT. Tu aRmoCndeba, rom g<c§;n, masin

parametrebi damoukidebelia, winaaRmdeg Sem TxvevasSi, roca

g2 Ci;n' isini damokid  ebuli arian.
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magaliTi. Seswavlil igna meganikuri travmis 2300
SemTxvevis avadmyofobis istoria [7]. statistikuri d a-
muSavebisTvis gamoyenebul igna Semdegi 11 maCvenebeli:

1. mdgomareobis simZimis subieqturi Sefaseba (damakmayo -
filebeli, saSualo simZimis, mZime da ukiduresad mZime);

2. cnobiere bis mdgomareoba (naTeli, areuli, ar hgonda);

3. arteriuli wnevis sidide;

4. hipertoniis xangrZlivoba (arteriuli wnevis sidide
100mm vercxlis svetis simaRleze naklebia);

5. pulsis sixSire;

6. sisxlkargyvis sidide;

7. sicocxlisTvis mniSvnelovani dazianebuli organoebis
raode noba;

8. gadasxmuli sisxlis raodenoba,;

9. gadasxmuli sisxlis Semcvelis raodenoba,;
10. operatiuli Carevis xangrZlivoba;

11. operatiuli Carevis raodenoba.

Cven SemTxvevasSi korelaciur matricas agqvs Se ndegi saxe:

1 2 3 4 5 6 7 8 9 10 11
él 0714 - 0,624 0426 0525 0,748 0,741 0,503 0,588 0,434 050731

€ 1 -0558 0354 0326 0533 0672 0,315 0454 0265 0,428 2
g 1 -0600 -0382 0,706 0,674 0,538 0,601 0,296 0,38%3
é 1 0,304 0,467 0,378 0510 0,436 0,364 0,387 4
é 1 0482 0406 0351 0341 0,273 0,29315
Rzg 1 0750 0,691 0,747 0,419 o,53dJue
é 1 0529 0617 0368 0553,7
é 1 0,737 0430 051518
é 1 0421 055619
g 1 060810
é 1 g1
miRebuli korelaciuri matricisaTvis ga nisazRvra
sakuTrivi mniSvnelobebi da sakuTrivi veqtorebi, romel Ta
saSualebiT miviReT mTavari komponentebis koeficientebis
mniSvnelobebi, romlebic miRebulia (16.4) formuliT.
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pirveli oTxi mTavari komponentis sakuTrivi mniSvnelobebi
da koeficientebi mocemuli a Semleg cxrilSi:

cvladebi mTavari komponentebi
1 2 3 4
1 0,84 10,27 0,21 0,08
2 0,69 10,44 0,24 70,30
3 10,79 0,23 0,32 0,09
4 0,62 0,15 10,44 0,04
5 0,57 710,20 0,20 0,76
6 0,86 0,06 710,09 0,04
7 0,84 70,25 0,12 0,17
8 0,76 0,30 710,13 0,11
9 0,81 0,15 710,19 0,04
10 0,59 0,58 0,36 10,02
11 0,72 0,40 0,32 i0,16
dispersiis
absoluturi 6,087 1,058 0,849 0,754
mniSvneloba ( |)
komponentis
wili mTel 55,3 9,6 7,7 6,9
dispersiaSi (%)
jamuri wili (%) 55,3 64,3 72,0 78,9
rogorc am cxrilidan Cans, pirvel oTx mTavar ko  nponentze

modis mTeli dispersiis daaxloebiT
pirvel komponentze modis
ganvixiloT ufro detalurad pirveli mTavari ko

ponentis

55%.

entebi, romlebic warmoadgenen korelaciur koeficie
sawyis maCveneblebTan.

80% da agedan mxolod

m_
Z, =084X, +0,69X, - 0,79X,+..+0,72X,, koefici

nte bs

1. pirveli mTavari komponentis dadebiTi korelacia
mdgomareobis simZimis subieqtur SefasebasTan gasagebia,
radgan rac ufro mZimea travma, miT ufro maRalia subieq -
turiS efaseba.

2. rac ufro mZimea travma, miT ufro gamokveTilia
cnobi erebis darRveva, romelic baluri sistemiT aris S e-
fasebuli. amasTan, udidesi qula eniWeboda im SemT xvevasi,

i
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roca pacients cnobiereba ar gaaCnda. swo red age dan gamo
mdinareobs meore maCveneblis dadebiTi korelacia pirvel
komponentTan.

3. rac ufro mZimea t ravma, miT ufro mcirea arter i-
uli wneva, rac obieqturad dasturdeba uaryofiTi korel a-
ciiT mesame maCveebelisa pirvel komponentTan.

4. xangrZlivi hipotonia mZime travmebis damaxas ia
Tebeli niSania, rasac miuTiTebs meoTxe maCveneblis
dadebiTi korelacia pirvel mTavar komponentTan.

5- 6. mZime travmis dros pulsis sixSire matulobs,
xolo sisxlkargva xels uwyobs organizmis mdgomareobis
garTulebas. amiT aixsneba pirveli komponentis dadebiTi
korelacia me -5da me 6 maCveneblebTan.

7. rac ufro meti sicocxlisTvis mniSvn elovani 0 r-
ganoebia dazianebuli, miT ufro didia travmis simZimis
xarisxi. agedan gamomdinareobs dadebiTi korelacia me -7da
pirvel mTavar komponentebs Soris.

8- 11. travmis simZimis zrdasTan erTad izrdeba Ca r-
evis raodenobebic. amitomaa am maCveneblebis dadebi Ti k o-
relacia pirvel mT avar komponentTan.

17. fagtoruli analizi

fagtoruli analizis mizania martivi struqturis

dadgena, romelic gamoavlens Sesaswavl movlenaSi obi eg-
turad arsebul farul kanonzomierebas. garda amisa,

fagtoruli analizi saSualebas iZleva ga nisazRvros axali
cvladebi anu faqtorebi da iseTi sidideebis Sefaseba, r o-
melTa uSualo gazomva SeuZlebelia. faqto ruli ana liziT

SegviZlia sawyisi monacemebis gardagmna, ganzomilebis Se  m-
cireba da sxva specifikuri amocanebis gadawyveta.

fagtoruli analizis Zir iTadi modeli . vTqvaT
gvaqvs m obieqti, romlebic aRwerili arian X1,X,... X, par a-
metrebiT. faqtoruli analizis Casatareblad informacia
warmodgenili unda iyos m? n ganzomilebiani matricis saxiT.
imisaTvis, rom gamoiricxos sxvadasxva fizikur erTeulebSi
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gazomili  parametrebis efeqti, saWiroa sawyisi monacemebi
warmovadginoT standartizirebuli saxiT, e.i. gadavideT
uganzomilebo cvladebze
_% - %

Si
masSin faqtoruli analizis ZiriTadi modeli SeiZleba ase
warmovadginoT:

,1=12,..m,j=12,...n.

ij

n
Z=q!;F +e, i=12...m, (17.1)
=
sadac, Z; - i-uri SemTxveviTi cvladia, FiF5,...Fn - zogadi
fagtorebia, romlebic SemTxveviT sidideebs warmoadgenen

da gaaCniaT normaluri ganawileba; € - specifiuri anu ma -
xasiaTebeli fagtorebia, romliTac xasiaTdebian T i Toeuli

sawyisi Z; cvladebi (igulisxmeba, rom maxasiaT ebeli faq -

torebi arakorelirebuli arian); | j - fagtoruli datvi r-
Tvebia, romliTac xasiaTdeba TiToeuli fagtori da ro m-
lebic unda iyvnen gansaz  Rvrulni.

amrigad, faqgtoruli analizis ZiriTadi a mocanaa,
ganisazRvros faqtoruli datvirTvebi. Tu zogadi da ma X-
asiaTebeli faqtorebi urTierTarakorelirebuli arian,
masSini-uri fagtoris dispersia SeiZleba ase warmovadg i noT:

sZ=1=1% +1%, +...+12 +t,, i=12,...m,

sadac, I? - Z; parametris dispersiis wi lia, rome lic
modis i-ur faqgtorze, xolo maxasiaTebeli veqtorisaTvis
var@) =t;, i =12,...n, sadac, ti-s uwodeben specifiur di s-
persias. SemoviRoT aRniSvna

2 12 2 2
=15+l +

romelic warmoadgens saerTo dispersiis wils,

gamowveuls zogadi fagtorebiT da mas uwodebeni-uri sawyi -

si parametris erTianobas . k-uri fagtoris sruli wili saer -
To di spersiaSi igneba:

m
Vi=ali, k=12..n.
j=1
T

[
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fagtorebis damoukideblobis SemTxvevaSi, advilia para -
metrebs Soris korelaciis koeficientis gansaz Rvra

T =il il o+t e 1, Kok=12,..00.

SemovitanoT narCeni korelaciisa da narCeni kore I-
aciuri matricis cnebebi. (17.1) modelis CawerisaTvis sawyis
infirmacias warmoadgens spirmenis korelaciuri matrica.
Tu gamoviyenebT faqtorul models da xelaxla g amovTviiT
korelaciur matricas, maSin maT Soris sxvaoba igneba nar-
Ceni korelaciis koeficienti, e.i.

ik =Tk~ T

xolo narCeni korelaciis koeficientebisgan Sedgenili
matrica

R=R- Ri.
fagtoruli analizis amocanaa, Seafasos | j fagtoruli da t-
virTvebis  t; specifiuri dispersiebi d a fagtoruli mniSv ne-
lobebi. rodesac fagtoruli datvirTvebi cnobili igneba,
Semdeg rCeba kidev erTi amocana, kerZod, fagtorebis inte r-

pretaciis problema. amisaTvis gamoiyeneba faqtoru li
brunva.

mTavari fagtorebis gansazRvra . fagtoruli ana I i-
zis pirveli amo canaa R korelaciuri (an S kovariaciuli)
matricis saSualebiT ganisazRvros | j fagtoruli datvi r-
Tvebis Iij Sefasebebi da t; specifiur dispersiis t; Sefas ebebi.
amisaTvis arsebobs mravali meTodi, magram Cven ga nvixilavT
mTavari  veqtoris  gansazRvris meTods, rom elic

mdgomareobs N mTavari komponentis gansaz RvraSi:

n
Y=a ainj ,1=12,...n.

=
gavixsenoT, rom N mTavari komponentebi erTmaneTis mimarT
arakorelirebuli arian da i-uri komponentis dispersia
var(Y;) tolia korelaciuri matricis i-uri sakuTrivi mni  S-
vnelobisa, e .i. var(Y;) =1 ..

mTavari fagtorebis meTodidan gamomdinare, zogad

fagtorebad miiReba m pirveli mTavari komponenti, ro m-
lebic ganisazRvreba Semdegnairad:

i
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Y.
F=——, j=12...m,
: yvart;)
xolo faqtoruli datvirTvebis Sefasebebi tolia:
l; =a;Jvarl;), i=12..n j=12..m.

rac See xeba maxasiaTebeli fagtorebis Sefasebebs, isini ase
ganisazRvreba:

n
e= a4 a;Y,, 1=12...n.
j=m+1
amrigad, miviRebT faqgtoruli modelis Semdeg Sefasebas:

Z=a gF, +e, i1=12,..n.

j=1
aq yvela fagtori erTmaneTis mimarT arakorelirebulia da
dispersiebi erTis tolia. speci fiuri dispersiebisa da e r-

Tianobebis Sefas ebebi igneba:

n m
2_-- 2 _ - 2.
h"=a a; var(Yj)—a €
ji=1 j=1

t = é a; var(,).

i=m+1
faqtorebis brunva. faqtoruli datvirTvebis ga n-
sazRvris Semdeg saWiroa TiToeuli fagtoris interpret a-
cia. amisaTvis saWiroa faqtorebis brunva axali orTog o-
naluri faqtorebis misaRebad , romlebic erTmaneTis mimarT

arakorelirebulia da gaaCniaT erTeulovani dispersia.
brunvis Semdeg faqgtoruli modeli ase Caiwereba:

m
Z =3 o F®+e, i=12..n,

i=1
sadac, Cj warmoadgens axali faqtorebis datvirTvebs. aqve
unda aRvniSnoT, rom orTogonaluri brunvis Sede gad, Ti-

Toeuli sawyisi Z; cvladis erTianoba ucvleli rCeba, e.i.
m m
2 _ - 2 _ L) 2 P
hi —a CIJ _alij ] I_:|-121--'1n'
j=1 j=1
T T i
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Cj mudmivebi ise unda SeirCes, rom datvirTvebi iy V-

nen martivi struqturis. zogadad, faqtoruli datvi r-
Tvebis strugtura iTvleba martivad, roca Cj koeficie n-
tebis umravles oba axlosaa nulTan da mxolod erT an ra m-

denime maTgans gaaCnia nulisgan SedarebiT didi mniSvnel o-
bebi. amrigad, brunvis mizania, TiToeuli sawyisi cvladi
warmoadginos erTi an mcire raodenobis faqtorebiT, xolo
sxva danarCeni faqgtorebis datvirTva nulTan unda i yos ax-
los.

arsebobs faqtorebis brunvis mravali meTodi,
rogorc grafikuli, aseve analizuri. analizuri meTodeb i-
dan gamoirCeva e.w. miznobrivi funqciis minimizaciis

meTodi, rome lic damokidebulia Cj sidideebze. orTog o-
naluri brunvisTvis, ZiriTadad, iyeneben S emdeg fu nqcias:
m m en ’ ’ "‘ ("‘ﬁ
G=aaeacCi- @ % Ci Q. (17.2)
k=1 | 1@| Ql =1 Ci=l =

Ik
sadac, 0¢g¢ 1.
roca g = 0, brunvas, romelic miiReba G funqciis
minimizaciiT, ewodeba “kvartimaqgsis~ meTodi. am SemT  xvevaSi,
G funqciis minim i zacia eqvivalenturia

L34 (c-caf (17.3
nm-.
j=1i=1
. Lo =2 S P
gamosaxulebis magsimizaciisa. aq, Cn=—aat-
j=1i=1
rogorc (17.3) gamosaxulebidan Cans, “kvartimaqsis~
meTodiT xdeba fagtoruli datvirTvebis kva dratebis di  s-
persiis magsimizacia. am SemTxvevaSi, is fagtorebi, ro m-

lebTac aqvT didi datvirTvis mniSvnelobebi, kidev ufro
izr debian, xolo mcire mniSvnelobebi kidev ufro mcireni
xd ebian.

roca g = 1, brunvis meTods ‘varimags~ uwodeben. es
meTodi yvelaze uf  ro xSirad gamoiyeneba praqtikaSi. am Se m-

TxvevaSi G fungciis minimizacia eqvivalenturia

T T T TTrrvrreTirTrrrneT v
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—a 3 42 C1, 8 (17.4)
J =1i=1 -
gamosaxulebis maqsimlzacusa aq,

—2 i
Cq=— a ],J—LZ,...,m.

(17.4) gamosaxuleba warmoadgens fagtoruli datvi r-
Tvebis kvadratebis dispersiebis jams svetebis mixedviT da
igi iwvevs TiToeuli fagtoris datvirTvebis kvadrat ebis
dispersiis magsimizacias. es ukanaskneli, Tavis mxriv, da t-
virTvebis did mniSvnelobebs kidev uf ro zrdis, xolo da t-

virTvebis mcire mniSvnelobebs ufro amcirebs. amrigad, am
SemTxvevaSi ubralo strugtura miiReba TiToeuli faq -
torisaTvis cal -calke, xolo wina “kvartimagsis~ meTodSi
ubralo struqgtura ganisazRvreboda yvela faqgtorisaTvis
er Tdroulad.

agamde Cwue ganvixileT faqtorebis brunvis mxolod
orTogonaluri meTodebi. arsebobs mosazreba, rom mniSvn e-
lovania miviRoT faqtoruli datvirTvebis ubralo struq -
tura, vidre SevinarCunoT maTi orTogonaluroba. aseTi
faqtorebis miRebis meTods iribkuTxa brunva ewodeba.

aRvniSnoT R = (r;) faqgtorebis meoradi “ubralo~ strugtu -
ra i=1,2,..n k=1,2,.m, sadac, ry aris korelaciis koef i
cienti  i-uri sawyisi cvladis k-ur meorad fagtorTan. ir i-
bkuTxa brunvis dros xdeba

e gd.! ,@." 2&
G= aaearurlk —$ @ k8-)»|
k= 11'—%<@| =1 Ngia i=1 A
I,
miznobrivi funqciis minimizacia, sadac, ri= corr(X,Gj) da igi

icvieba 0-dan 1-mde. analitikur meTodebs, sadac iZebneba
ubralo meoradi strugtura, ewodeba arapirdapiri meTodi

“oblimini~. aq, 0¢ g¢ 1.roca g= 0 maSin sagme gvaqgvs mZlavr

iribkuTxa brunvasTan, roca g = 0,57 naklebad ir ibkuTxa
brunvasTan, xolo roca g= 11 yvelaze mcire iribkuTxa
brunvasTan.
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@D~ (D~ (D~ (D (D~ (D (P (D~ (D; (Dy, (D~ (D (D~ (D

magaliTi . 113 pacientze Catarebuli gamokvlevebis

Sedegad gazomil igna Semdegi parametrebi: 1) sistoluri

wneva;?2) diastoluri wneva, 3) saSualo arteriuli wneva, 4)

gulis SekumSvis si  xSire; 5) saSualo venozuri wneva,; 6) gu-

lis indeqsi; 7) gamovlenis dro;  8) cirkulirebis saSualo

dro; 9) diurezi; 10) plazmis moculobis indegsi; 11)eriT-

rocituli indeqsi; 12)hemoglobinida  13)hemotokriti [3].
mocemuli 13 maCveneblis korelaciuri R matric as

agvs Semdegi saxe:

1,00 2
0,90 1,00 u
010- 0,07 100 u
081 095 000 100 3
0,03- 007 005 - 013 1,00 0
012 0,03 - 0,05 - 0,07 - 0,05 1,00 N
016- 011 - 015 - 0,04 - 0,01 - 0,49 100 u
017- 011 002 - 000 014 - 0,68 084 1,00 u
013 015 - 012 012 - 023 0,09 - 021 - 018 1,00 u
0,08- 017 - 013 - 027 013 054 - 016 - 028 004 1,00 3
0,09 011 - 0,02 014 - 006 - 011 020 021 - 005 0,04 1,00 J
009 021 009 033-009 - 048 039 047 - 007 - 049038 1,00
009 021 006 032-008-048 040 049 - 0,09 - 050039 097 1}

R matricis sakuTrivi ricxvebisa da jamuri dispersiebis
wils aqvT Semdegi mniSvnelobebi:

faqtori sak. mniSvneloba Jamunv\(/ji:isz)zr)sus
1 3,875 30
2 2,980 53
3 1,269 62
4 1,233 72
S 1,095 30
6 0,766 36
’ 0,711 92
8 0,507 %
9 0,290 08
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10 0,150 99
11 0,084 99
12 0,023 100
13 0,019 100

rogorc am cxrilidan Cans, pirvel xuT fagtorze
80%, amitom SevCerdeT am xuT
fagtorze, romelTa faqtoruli datvirTvebis Sefasebebi
mocemulia S emdeg cxrilSi:

modis mTeli dispersiis

cvla - fagtorebi
debi 1 2 3 4 5
1 0,21 0,88 i 0,22 0,15 i 0,09
2 0,33 0,90 i 0,13 0,14 i 0,09
3 0,05 i 0,08 0,59 0,48 0,33
4 0,47 0,83 i 0,04 0,13 i 0,07
5 i 0,07 70,18 10,35 0,71 10,03
6 10,70 0,33 10,10 1 0,06 0,34
7 0,61 i 0,44 10,42 10,12 10,20
8 0,71 70,48 70,26 0,05 10,21
9 i 0,13 0,31 0,18 1 0,59 10,22
10 i 0,61 i 0,03 i 0,52 i 0,07 0,31
11 0,40 0,03 i 0,32 70,23 0,69
12 0,87 i 0,00 0,15 i 0,09 0,26
13 0,88 i 0,01 0,13 i 0,08 0,26
rogorc aRvniSneT, faqgtor uli datvirTvebi - esaa
korelacia sawyis cvladsa da fagtors Soris. mag .l11=0,21es
aris korelaciis koeficienti sistolur wnevasa da pirvel
faqtors Soris ; 11, = 0,88ki aris igive cvladisa da meore
fagtors Soris da a.S.
fagtorebis interpretaciisTvis ganvix iloT is da  t-
virTvebi, romelTa sidide metia raime zRvrul mniSvnel o-
baze, magr = 0,4.cxrilSi mocemuli pirveli faqtorisaTvis
aseTi maCveneblebia rva, e.i. pirveli faqtori, ZiriTadad,
damokidebulia am rva maCvenebelze, meore faqtori ki mxo -
lod xuT cvladze da a.S. rogorc vxedavT, faqtorebis i n-

terpretacia Zneldeba. amitom mizanSewonilia CavataroT
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fagtorebis

brunva

‘varimagsis~

miRebuli Sedegebi moyvanilia cxrilSi.

meTodis

gamoyenebiT.

cvla - fagtorebi
debi 1 2 3 4 5
1 i 0,11 0,94 i 0,99 0,02 0,03
2 i 0,01 0,98 i 0,00 i 0,04 0,04
3 i 0,08 i 0,10 0,81 0,17 0,04
4 0,10 0,95 0,09 7 0,08 0,09
5 0,03 7 0,00 i 0,00 0,81 70,14
6 i 0,85 0,02 1014 0,01 0,07
7 0,78 i 0,13 i 0,36 0,14 0,19
8 0,88 i 0,12 10,14 0,21 0,14
9 i 0,15 0,14 70,19 i 0,67 70,14
10 i 0,61 i 0,21 i 0,49 0,27 0,18
11 0,08 0,07 i 0,09 0,02 0,88
12 0,64 0,21 0,32 i 0,16 0,54
13 0,65 0,21 0,30 i 0,15 0,54
miRebuli fagtoruli datvirTvebiT ukve Ses a-
Zlebelia faqgtorebis interpretacia. kerZod, F, faqgtori
wa moadgens sisxldenis faqgtors , F> - arteriuli wnevis, F5
- gulis SekumSuvis sixSirisa da plazmis, F, - diurezisda Fs
- sisxlis Sedgenilobis.
amrigad, sawyisi 13 cvladis magivrad Cven SevCerdiT
XuT ZiriTad faqtorze, romlebic erTmaneTis mimarT ar a-
korelirebuli arian da SesaZlebelia maTi interpretacia.
CT T T T TR i
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standartizirebuli normaluri ganawilebis

danarTi

z t2
funqciis F(2) = 1 fe 2dt mniSvnel obebi
Vap |,

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
11 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
29 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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standartizire

simkvrivis funqciis

buli normaluri ganawilebis

ZZ

f(2) =ie7 mniSvnel o bebi

V2p
z 0 1 2 3 4 5 6 7 8 9
0,0 | 0,3989| 3989 | 3989 | 3988 | 3986 | 3984 | 3982 | 3980 | 3977 | 3973
01 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 | 307 | 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
11 2179| 2155| 2131 | 2107 | 2083 | 2059 | 2036 | 2012 | 1989 | 1965
1.2 1942| 1919| 1895| 1872 | 1849 | 1826 | 1804 | 1781 | 1758 | 1736
13 1714| 1691 | 1669 | 1647 | 1626 | 1604 | 1582 | 1561 | 1539 | 1518
14 1497 | 1476 | 1456 | 1435| 1415| 1694 | 1374 | 1354 | 1334 | 1315
15 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
18 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
25 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
31 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
34 0012 | 0012| 0012 | 0011 | 0011 | 0010 | 0010| 0010 | 0009 | 0009
3,5 000® | 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
Ign | 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
Ign 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
Ign | 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
Ign | 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
Ign | 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
Ign 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
Ign 1,771 ( 1,778| 1,813| 1,845| 1,875| 1,903 | 1,929 1,954 | 1,978

n 100
Ilgn | 2,000
Q kritikuli mniSvnelobebi
m 2 3 4 5 6 7 8 9
a=0,05 196 | 2,39 | 264 | 281 | 2,HA4 3,04 | 3,12 | 3,20
a=0,01 258 | 294 | 3,14 | 329 | 3,40 | 3,49 | 3,57 | 3,64
m 10 11 12 13 14 15 16 17
a =0,05 3,26 | 3,32 | 3,37 | 3,41 | 3,46 | 3,49 | 3,63 | 3,56
a=0,01 369 | 3,74 | 3,79 | 3,83 | 3,87 | 3,90 | 3,94 | 3,97
m 18 19 20 21 22 23 24 25
a =0,05 3,59 | 3,62 | 3,65 | 3,68 | 3,70 3,72 | 3,74 | 3,77
a=0,01 3,99 | 402 | 404 | 407 | 4,09 | 4,11 | 4,13 | 4,15
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y

2

X2

laplasis F(U;)=—— ¥ 2 dx funqciis mniSvnelobebi
J2p

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 | 719 | 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

0,727

1,376

3,078 | 6,314

12,71

31,82

63,66

318,3

0,617

1,061

1,886 | 2,920

4,303

6,965

9,925

22,33

0,584

0,978

1,638 | 2,353

3,182

4,541

5,841

10,22

AN

0,569

0,941

1,533 | 2,132

2,776

3,747

4,604

7,173

0,559

0,906

1,440 | 1,943

2,447

3,143

3,707

5,208

0,553

0,920

1476 | 2,015

2,571

3,365

5,032

5,893

0,549

0,896

1,415 | 1,895

2,365

2,998

3,499

4,785

0,546

0,889

1,397 | 1,860

2,306

2,896

3,355

4,501

O[O (N[O

0,543

0,883

1,383 | 1,833

2,262

2,821

3,250

4,297

0,542

0,879

1,372 |1 1,812

2,228

2,764

3,169

4,144

0,540

0,876

1,363 | 1,796

2,201

2,718

3,106

4,025

0,539

0,873

1,356 | 1,782

2,179

2,681

3,055

3,930

0,538

0,870

1,350 | 1,771

2,160

2,650

3,012

3,852

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

0,2 0,10

0,05

0,02

0,01

0,002

ormxrivi Kriteriumi
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stiudentis ganawileba (gagrZeleba)

a calmxrivi kriteriumi
n 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
o 0,524 | 0,842 1,282 1,645| 1,960 | 2,326 | 2,576 | 3,090
n 0,60 ( 040 | 0,20 | 0,10 | 0,05 | 0,02 | 0,01 | 0,002

a ormxrivi kriteriumi
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kritikuli mniSvn elobebi  Zyn
(tompsonis wesi)

al 0,01 | 005 | 0,10 al 001 | 005 | 010

m m
1 Y 1,414 | 1,410 | 1,397 31 Y 2,501 | 1,046 | 1,648
2 | 1,715 | 1,645 | 1,559 32 | 2,503 | 1,046 | 1,648
3 | 1,017 | 1,757 | 1,611 33 | 2,505 | 1,047 | 1,648
4 | 2,051 | 1,814 | 1,631 34 | 2,507 | 1,047 | 1,648
5 | 2,142 | 1,848 | 1,640 35 | 2,509 | 1,047 | 1,648
6 | 2,207 | 1,870 | 1,644 36 | 2,511 | 1,048 | 1,648
7 | 2,256 | 1,885 | 1,647 37 | 2,513 | 1,048 | 1,648
8 | 2,294 | 1,896 | 1,648 38 | 2,514 | 1,048 | 1,648
9 | 2,324 | 1,004 | 1,649 39 | 2,516 | 1,049 | 1,647
10 | 2,348 | 1,910 | 1,649 40 | 2,518 | 1,049 | 1,647
11 | 2,368 | 1,915 | 1,649 41 | 2,519 | 1,049 | 1,647
12 | 2,385 | 1,920 | 1,650 42 | 2,520 | 1,050 | 1,647
13 | 2,399 | 1,923 | 1,650 43 | 2,522 | 1,050 | 1,647
14 | 2,411 | 1,926 | 1,650 44 | 2,523 | 1,050 | 1,647
15 | 2,422 | 1,929 | 1,649 45 | 2,524 | 1,050 | 1,647
16 | 2,431 | 1,931 | 1,649 46 | 2,525 | 1,05 | 1,647
17 | 2,440 | 1,933 | 1,649 47 | 2,526 | 1,051 | 1,647
18 | 2,447 | 1,934 | 1,649 48 | 2,527 | 1,051 | 1,647
19 | 2,454 | 1,936 | 1,649 49 | 2,528 | 1,051 | 1,647
20 | 2,460 | 1,937 | 1,649 50 | 2,529 | 1,051 | 1,647
21 | 2,465 | 1,938 | 1,649 55 | 2,533 | 1,052 | 1,647
22 | 2,470 | 1,939 | 1,649 60 | 2537 | 1,953 | 1,647
23 | 2,475 | 1,940 | 1,649 65 | 2,540 | 1,953 | 1,646
24 | 2,479 | 1,041 | 1,649 70 | 2,542 | 1,954 | 1,646
25 | 2,483 | 1,042 | 1,648 75 | 2,545 | 1,054 | 1,646
26 | 2,486 | 1,043 | 1,648 80 | 2,547 | 1,955 | 1,646
27 | 2,490 | 1,043 | 1,648 85 | 2,548 | 1,055 | 1,646
28 | 2,493 | 1,044 | 1,68 90 | 2,550 | 1,055 | 1,646
29 | 2,496 | 1,045 | 1,648 95 | 2,551 | 1,055 | 1,646
30 | 2,498 | 1,045 | 1,648 100 | 2,553 | 1,956 | 1,646
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c? ganawileba

n 0,50 [ 0,30 0,20 0,10 0,05 0,025 0,01 0,001
1 70455| 1,07 1,64 2,71 3,84 5,02 6,63 10,83
2 1,39 [ 241 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
6 535 | 7,23 8,56 | 10,64 | 1259 | 14,45 | 16,81 | 22,46
7 635 | 8,38 9,80 | 12,02 | 14,07 | 16,01 | 18,48 | 24,32
8 7,34 | 9,52 11,0 | 13,36 | 1551 17,53 | 20,09 | 26,12
9 8,34 | 10,7 12,2 | 1468 | 16,92 [ 19,02 | 21,67 | 27,88
10 | 934 | 118 13,4 | 1599 | 18,31 | 20,48 | 23,21 | 29,59
11 | 10,3 | 129 146 | 17,28 | 19,68 [ 21,92 | 24,73 | 31,26
12 | 11,3 | 140 158 | 18,55 | 21,03 [ 23,34 | 26,22 | 32,91
13 | 123 | 151 17,0 | 19,81 | 22,36 | 24,74 | 27,69 | 34,53
14 | 133 | 16,2 18,2 | 21,06 | 23,68 | 26,12 | 29,14 | 36,12
15 | 143 | 173 19,3 | 22,31 | 25,00 [ 27,49 | 30,58 | 37,70
16 | 153 | 184 20,5 | 23,54 [ 26,30 | 28,85 | 32,00 | 39,25
17 | 16,3 | 195 216 | 24,77 | 2759 [ 30,19 [ 33,41 [ 40,79
18 | 17,3 | 20,6 22,8 | 2599 | 28,87 [ 31,53 | 34,81 [ 42,31
19 | 183 | 21,7 23,9 | 27,20 [ 30,24 | 32,85 | 36,19 | 43,82
20 [ 193 | 228 25,0 | 28,41 | 31,41 | 34,17 | 37,57 | 4532
22 | 213 | 249 27,3 | 30,81 | 3392 | 36,78 | 40,29 [ 48,27
24 | 233 | 271 29,6 | 3320 | 36,42 | 39,36 | 42,98 [ 51,18
26 | 253 | 29,2 31,8 | 3556 | 38,88 | 41,2 | 4564 | 54,05
28 | 273 | 314 340 | 37,92 | 41,34 | 44,46 | 48,28 | 56,89
30 | 29,3 | 335 36,2 | 40,26 | 43,77 | 46,98 | 50,89 | 59,70
35 | 343 | 389 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 [ 493 | 54,7 58,2 | 63,17 | 6750 | 71,42 | 76,15 | 8666
60 | 59,3 | 65,2 69,0 | 74,40 | 79,08 [ 83,30 | 88,38 [ 99,61
80 | 793 | 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 | 1646 | 1726 [ 179,6 | 1858 | 193,2 | 209,3
200 | 199,3] 210,0 | 216,6 [ 226,0 | 234,0 | 241,1 | 2494 | 267,5
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uilkoksoni -mannauitnis U- kriteriumi
(calmxrivi kriteriumi a=0,0)

A\ Msle| 78| 910111213 14| 15|16]| 17| 18] 19| 20
3No|{of[o|o| 11122233 al]a 4 5
4 lofl1lal2 3| 345|567 ]7] 81029 9 10
5 (123|456 | 78] 910]11]12]13]14] 15 | 16
6 346 7] 8] 9f11|12] 1415|1618 19] 20 | 22
7 6|7 9 |11|12]14]16] 18|19 21| 23|24 26 | 28
8 9l 11| 13|15 17[20] 222426 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| 343741 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
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uilkoksoni -mannauitnis U- kriteriumi
(ormxrivi kriteriumi a=20,0)

A\ M 5| 6| 7| 8|9 10]11]12|13|14|15]| 16| 17| 18| 19 | 20
5N\ 0
6 | 1] 2
7 134
g8 | 24|67
9 [ 3|57 9|11
10 46| 9]11]13]16
11| 5| 7 [10]13]16] 19] 21
12 6 | 9 1215|1821 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 1116|2126 31|37 42| 4753|5964 70 | 75 | 77 | 81
19 1217|2228 34| 3945|5157 63][69] 75| 81 | 87 | 93
20 (13| 18| 24 30| 36| 42| 4854|6067 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 273440 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| 4552|6068 76|83 91| 99 | 107 ] 115] 123 131
25 17| 2432 39| 47| 55|63 71| 79| 88| 96| 104 113 121 | 129 | 135
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fiSeris ganawileba (

F ganawileba) a =0,05

Ny

n 1 2 3 4 5 6 8 12 20 24 o
2
1 161 | 200 | 216 | 225 | 230 | 234 | 239 | 244 | 248 | 249 | 254
2 118,51|19,00| 19,16| 19,25| 19,30| 19,33| 19,37| 19,41| 19,44| 19,45| 19,50
3 10,13 | 955 | 9,28 | 9,12 | 9,01 | 894 | 884 | 8,74 | 8,66 | 8,64 | 8,53
4 | 771 69| 659 639 6,26 | 6,16 | 6,04 | 591 | 580 | 5,77 | 5,63
5 [ 661] 579|541 | 519 | 505 | 495 | 482 | 468 | 456 | 453 | 437
6 | 599|514 | 476 | 453 | 439 | 428 | 415 | 400 | 3,87 | 3,84 | 3,67
7 | 559|474 | 435| 412 | 397 | 387 | 3,73 | 3,57 | 3,44 | 3,41 | 3,23
8 | 532|446 | 407 | 384 | 369 | 358 | 344 | 3,28 | 3,15 | 3,12 | 2,93
9 [ 512] 426 | 386 | 3,63 | 348 | 337 | 3,23 | 3,07 | 293 | 290 | 2,71
10 | 497 ]| 410 | 3,71 | 348 | 3,33 | 322 | 3,07 | 291 | 2,77 | 2,74 | 2,54
11 | 484 398 | 3,59 | 336 | 3,20 | 3,09 | 295 | 2,79 | 2,65 | 2,61 | 2,41
12 | 475|389 | 349|326 | 3,11 | 3,00 | 2,85 | 269 | 254 | 2,51 | 2,30
13 | 467 | 381 | 3,41 | 318 | 303 | 292 | 2,77 | 260 | 246 | 242 | 2,21
14 | 460 | 3,74 | 334 | 311 | 296 | 285| 2,70 | 258 | 239 | 2,35 | 2,13
15| 454 | 368 | 329 | 3,06 | 290 | 2,79 | 2,64 | 248 | 2,33 | 2,29 | 2,07
16 | 449 | 363 | 324 | 301 | 285 | 2,74 | 259 | 242 | 2,28 | 2,24 | 2,01
17 | 445|359 | 320| 297|281 | 270 255|238 | 223 | 2,19 | 1,96
18 | 441 | 356 | 3,16 | 293 | 2,77 | 266 | 251 | 234 | 2,19 | 2,15 | 1,92
19 | 438 | 352 | 313 | 290 | 2,74 | 2,63 | 248 | 231 | 2,15| 2,11 | 1,88
20 | 435|349 | 3,10 | 2,87 | 2,71 | 260 | 245 | 2,28 | 2,12 | 2,08 | 1,84
21 | 433 | 347 | 307 | 284 | 269 | 257 | 242 | 225]| 209 | 205]| 181
22 | 430 | 3444 | 305 | 2,82 | 2,66 | 255 | 2,40 | 223 | 2,07 | 2,03 | 1,78
23 | 428 | 342 | 3,03 | 280 | 2,64 | 253 | 238 | 220 | 2,04 | 2,00 | 1,76
24 | 426 | 340 | 301 | 2,78 | 2,62 | 251 | 2,36 | 2,18 | 2,02 | 1,98 | 1,73
25 | 4241 339|299 | 276 | 260 | 249 | 234 | 2,17 | 200 | 197 | 1,71
26 | 423 | 337|298 | 274|259 | 247|232 ] 215|199 | 195]| 1,69
27 | 421 335|296 | 273 | 257 | 246|231 | 213|197 | 193 | 1,67
28 | 420 | 334 | 295 | 2,71 | 256 | 245| 2,29 | 2,12 | 196 | 192 ] 1,65
29 | 418 | 333|293 | 270 | 255|243 | 228 | 210|194 | 190 | 1,64
30 | 417 | 332 | 292 | 269 | 253 | 242 | 227 | 209] 193 | 189 ]| 1,62
40 | 409 | 323 | 284 | 261 | 245|234 | 2118 | 200 | 184 | 1,79 | 1,51
60 | 400 | 315 | 2,76 | 252 | 2,37 | 225]| 210|192 | 1,75 | 1,70 | 1,39
120 | 3,92 | 307 | 268 | 245| 2,29 | 2,18 | 2,02 | 1,83 | 166 | 1,61 | 1,25
a 384 | 300| 261|237 221|210 194 | 1,75 | 157 | 1,52 | 1,00
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fiSeris ganawileba (

F ganawileba) a =0,01

n 1 2 3 4 5 6 8 12 20 24 o

2
1 405214999 | 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| 1393 | 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 |13,74/1092| 9,78 | 9,15| 8,75 | 847 | 810 | 7,72 | 739| 7,31 | 6,88
7 | 1225 955 | 845| 785| 746 | 7,19 | 6,84 | 6,47 | 6,15]| 6,07 | 5,65
8 |11,26| 865| 759| 701| 663 | 6,37 | 6,03 | 567 | 536 | 528 | 486
9 |1056| 802 | 699 | 642 | 6,06 | 580 | 547|511 | 480 473 | 431
10 | 10,04| 7,56 | 6,55| 599 | 5,64 | 539 | 506 | 471 | 441 | 433 | 391
11 | 965| 7,20 | 6,22 | 567 | 532 | 507 | 474 | 440 | 410| 402 | 3,60
12 | 9,33| 693 | 595| 541 | 506 | 482 | 450 | 416 | 3,86 | 3,78 | 3,36
13 | 9,07 6,70 | 5,74 | 5,20 | 486 | 462 | 430 | 3,96 | 3,67 | 359 | 3,16
14 | 886 | 6,51 | 556 | 503 | 469 | 446 | 414 | 380 | 3551 | 3,43 | 3,00
15 | 868 6,36 | 542 | 489 | 456 | 432 | 400 | 367 | 3,36 | 3,29 | 2,87
16 | 853 | 6,23 | 529 | 4,77 | 444 | 420 | 389 | 355 | 3,25| 3,18 | 2,75
17 | 840 6,11 | 518 | 467 | 434 | 410 | 3,79 | 345 | 3,16 | 3,08 | 2,65
18 | 8,28 | 6,01 | 509 | 458 | 425| 401 | 3,71 | 3,37 | 3,07 | 3,00 | 2,57
19 | 8,18 | 593 | 501 | 450 | 417 | 394 | 363 | 3,30 | 3,00]| 292 | 2,49
20 | 8,10 | 585 | 494 | 443| 410 | 3,87 | 3,56 | 3,23 | 294 | 2,86 | 2,42
21 | 802 | 578 | 487 | 437| 404 | 3,81 | 351 | 3,17 | 2,88 | 2,80 | 2,36
22 | 794|572 | 482| 431| 399 | 3,76 | 345 | 3,12 | 283 | 2,75 | 2,31
23 | 788| 566 | 476 | 426 | 394 | 3,71 | 3,41 | 3,07 | 2,78 | 2,70 | 2,26
24 | 782 | 561 | 4,72 | 422| 390 | 3,67 | 3,36 | 3,03 | 2,74 | 2,66 | 2,21
25 | 7,77 557 | 468 | 418 | 3,86 | 363 | 3,32 | 299 | 2,70 | 262 | 2,17
26 | 7,72 | 553 | 464 | 414 | 3,82 | 359 | 329 | 2,96 | 2,66 | 258 | 2,13
27 | 768 | 549 | 460 | 411| 3,79 | 3,56 | 3,26 | 293 | 2,63 | 2,55 | 2,10
28 | 7,64 | 545 | 457 | 407| 3,76 | 3,53 | 3,23 | 290 | 2,60 2,52 | 2,06
29 | 760 | 542 | 454 | 404 | 3,73 3,50 320 | 287 | 257 | 249 | 2,03
30 | 756 | 539 | 451 | 402| 270 | 3,47 | 3,17 | 284 | 255|247 | 2,01
40 | 731|518 | 431 | 3,83 | 351 | 329 | 2,99 | 266 | 237 | 2,29 | 161
60 | 7,08| 498 | 413 | 365| 334 | 312 | 2,82 | 2,36 | 2,20 | 2,12 | 1,60
120 | 6,85| 479 | 395| 348 | 3,17 | 296 | 2,66 | 2,34 | 2,03 | 1,95 | 1,38
o 6,63 | 460 | 3,78 | 332| 3,02 | 280 | 251|218 | 187 | 1,79 | 1,00
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uilkoksonis T-kriteriumi
a | ormxrivi calmxrivi a | ormxrivi calmxrivi
kriter  iumi [ kriter iumi kriter  iumi| kriter i umi
n 0,05 0,01| 0,05 0,01 |n 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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s T is ndobis intervalebi
ndobis intervalis a1 gveda da @1 zeda sazRvrebi

N I
GS <S<QS 2= miazl(Xi-X) 6

a 0,01 0,02 0,05 0,10
=n1 % % % % & % % %

1 0,36 | 159 | 039 | 798 | 045 | 31,9 | 051 | 159
2 043 | 141 | 047 | 997 | 052 | 6,28 | 058 | 440
3 048 | 647 | 051 | 511 | 057 | 3,73 | 062 | 292
4 052 | 439 | 055 | 367 | 060 | 287 | 065 | 237
5 055 | 348 | 058 | 300 | 062 | 245 | 067 | 209
6 057 | 298 | 060 | 262 | 064 | 220 | 068 | 192
7 059 | 2,66 | 062 | 2,38 | 066 | 2,04 | 071 | 1,80
8 060 | 244 | 063 | 221 | 068 | 1,92 | 072 | 1,71
9 062 | 228 | 064 | 208 | 069 | 1,83 | 073 | 165
10 063 | 215 | 066 | 1,98 | 0,70 | 1,76 | 0,74 | 159
11 0,64 | 206 | 067 | 1,90 | 071 | 1,90 | 0,75 | 155
12 065 | 1,98 | 068 | 1,83 | 072 | 1,65 | 0,76 | 152
13 066 | 191 | 069 | 1,78 | 073 | 1,61 | 076 | 149
14 067 | 185 | 069 | 1,73 | 0,73 | 1,58 | 077 | 146
15 068 | 181 | 070 | 1,69 | 0,74 | 1,55 | 0,78 | 144
16 068 | 1,78 | 071 | 166 | 0,75 | 1,52 | 0,78 | 142
17 069 | 1,73 | 071 | 1,63 | 0,75 | 1,50 | 0,79 | 1,40
18 0,70 | 1,70 | 072 | 160 | 0,76 | 1,48 | 0,79 | 1,39
19 0,70 | 167 | 073 | 158 | 0,76 | 1,46 | 0,79 | 1,37
20 071 | 164 | 073 | 156 | 0,77 | 1,44 | 080 | 1,36
21 071 | 162 | 073 | 154 | 0,77 | 1,43 | 080 | 1,35
22 072 | 160 | 074 | 152 | 0,77 | 142 | 081 | 1,34
23 072 | 158 | 074 | 150 | 0,78 | 1,40 | 081 | 1,33
24 0,73 | 156 | 0,75 | 1,49 | 0,78 | 1,39 | 081 | 1,32
25 073 | 154 | 075 | 147 | 078 | 1,38 | 082 | 131
26 073 | 153 | 076 | 146 | 0,79 | 1,37 | 082 | 1,30
27 074 | 151 | 0,6 | 145 | 0,79 | 1,36 | 082 | 1,29
28 074 | 150 | 076 | 144 | 0,79 | 1,35 | 083 | 1,29
29 0,74 | 1,49 | 0,77 | 143 | 080 | 1,34 | 083 | 1,728
30 0,75 | 148 | 077 | 142 | 080 | 1,34 | 083 | 127
40 077 | 1,39 | 079 | 134 | 082 | 1,28 | 085 | 1,23
50 079 | 1,3 | 081 | 1,30 | 084 | 1,24 | 086 | 120
60 081 | 130 | 082 | 1,27 | 085 | 1,22 | 087 | 118
70 082 | 127 | 084 | 1,24 | 086 | 1,20 | 088 | 1,16
80 083 | 125 | 084 | 122 | 087 | 1,18 | 089 | 1,15
90 084 | 1,23 | 085 | 1,21 | 087 | 1,17 | 089 | 1,14
100 085 | 122 | 086 | 1,20 | 088 | 1,106 | 090 | 113
200 089 | 115 | 090 | 1,43 | 091 | 1,11 | 093 | 1,09
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g kritikuli mniSvnelobebi (a=0,05)

N 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 | 833 | 9,80 | 10,88| 11,74| 12,44 | 13,03 | 13,54 | 13,99
3 450 | 591 | 683 | 750 | 804 | 848 | 885 | 9,18 | 9,46
4 393 | 504 | 576 | 629 | 6,71 | 705| 735 | 7,60 | 7,83
5 3,64 | 460 | 522 | 567 | 6,03 | 6,33 | 658 | 6,80 | 7,00
6 346 | 434 | 490 | 531 | 563 | 590 | 6,12 | 6,32 | 6,49
7 334 | 417 | 468 | 506 | 536 | 561 | 582 | 6,00 | 6,16
8 3,26 | 404 | 453 | 489 | 5,17 | 540 | 560 | 577 | 592
9 3,20 | 395 | 442 | 4,76 | 502 | 524 | 543 | 560 | 574
10 315 | 388 | 333 | 465 | 491 | 512 | 531 | 546 | 5,60

11 3,11 | 382 | 426 | 457 | 482 | 503 | 520 | 535 | 549

12 3,08 | 3,77 | 420 | 451 | 475 | 495 | 512 | 527 | 5,40

13 306 | 3,74 | 415 | 446 | 469 | 489 | 505 | 519 | 532

14 303 | 3,70 | 411 | 441 | 464 | 483 | 500 | 513 | 525

15 301 | 367 | 408 | 437 460 | 478 | 494 | 508 | 520

16 3,00 | 365 | 405 | 433 | 456 | 474 | 490 | 503 | 515

17 298 | 363 | 402 | 430 | 452 | 471 | 486 | 499 | 511

18 297 | 361 | 400 | 428 | 450 | 467 | 482 | 4,96 | 507

19 296 | 359 | 398 | 425 | 447 | 465 | 4,79 | 492 | 504

20 295 | 3,58 | 396 | 423 | 445 | 4,62 4,77 | 4,90 | 5,01

24 292 | 353 | 390 | 417 | 437 | 454 | 468 | 481 | 492

30 289 | 349 | 385 | 410 | 430 | 446 | 460 | 4,72 | 482

40 286 | 344 | 3,79 | 404 | 423 | 439 | 452 | 464 | 474

60 283 | 340 | 3,74 | 398 | 416 | 431 | 444 | 455 | 4,65

120 | 2,80 | 3,36 | 3,69 | 3,92 | 4,10 | 4,24 | 436 | 4,47 | 4,57

o 2,77 | 331 | 363 | 386 | 403 | 4,17 | 4,29 | 4,39 | 4,47
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g kritikuli mniSvnelobebi (a=0,01)

90,03 | 135,0| 164,3| 185,6 | 202,2| 215,8| 227,2| 237,0| 2455

14,04 | 90,02 | 22,29 | 24,72 | 26,63 | 28,20 | 29,53 | 30,68 | 31,69

651 | 812 | 9,17 | 9,96 | 10,58| 11,10| 11,55| 11,93 | 12,27

1
2
3 8,26 | 10,62 | 12,17 | 13,33 | 14,24 | 15,00| 15,64 | 16,20 | 16,69
4
5

570 | 698 | 780 | 842 | 891 | 932 | 9,70 | 9,97 | 10,24

524 1 633 | 703 | 75 | 797 | 832 | 861 | 887 | 9,10

495 | 592 | 654 | 701 | 737 | 768 | 794 | 817 | 8,37

6
7
8 4,75 | 564 | 6,20 | 6,63 | 6,96 | 7,24 | 7,47 | 7,68 | 7,86
9

4,60 | 543 | 596 | 635 | 666 | 6,92 | 7,13 | 7,33 | 7,50

10 4,48 | 527 | 577 | 6,14 | 643 | 667 | 688 | 7,06 | 7,21

11 439 | 515 | 562 | 597 | 6,25 | 648 | 6,67 | 6,84 | 6,99

12 4,32 | 505 | 550 | 584 | 6,10 | 6,32 | 6,51 | 6,67 | 6,81

13 4,26 | 496 | 540 | 573 | 598 | 6,19 | 6,37 | 6,53 | 6,67

14 4,21 | 490 | 532 | 563 | 588 | 6,09 | 6,26 | 6,41 | 6,54

15 4,17 | 484 | 525 | 5,56 | 5,80 599 | 616 | 6,31 | 6,44

16 4,13 | 4,79 | 5,19 | 549 |572 592 | 608 | 6,22 | 6,35

17 4,10 | 4,74 | 514 | 543 | 566 | 585 | 601 | 615 | 6,27

18 4,07 | 470 | 509 | 538 | 560 | 579 | 594 | 6,08 | 6,20

19 4,05 | 467 | 505 | 533 | 555 | 574 | 589 | 602 | 614

20 4,02 | 464 | 502 | 529 | 551 | 5,69 584 | 597 | 6,09

24 396 | 455 | 491 | 517 | 537 | 554 | 569 | 581 | 592

30 389 | 446 | 480 | 505 | 524 | 540 | 554 | 565 | 576

40 383 | 437 | 470 | 493 | 5,11 | 527 | 539 | 550 | 556

60 3,76 | 428 | 460 | 482 | 499 | 513 | 525 | 536 | 545

120 | 3,70 | 4,20 | 450 | 4,71 | 487 | 501 | 512 | 521 | 5,30

o 364 | 412 | 440 | 460 | 4,76 | 488 | 499 | 508 | 5,16
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