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 Mmocemuli saxelmZRvanelo warmoadgens biostatistikis       

(http://gtu.ge/books/biostatistika . pdf)  saleqcio kursis gagrZelebas, sadac 
biostatistikidan gansxvavebiT, sadac ganixileba mxolod ori cvla-
dis statistikuri meTodebi, aq warmodgenilia mravali cvladis is 
statistikuri meTodebi, romlebic ufro xSirad gamoiyenebian biosa-
medicino informaciis damuSavebisaTvis. saxelmZRvanelo ZiriTadad 
gankuTvnilia saqarTvelos teqnikuri universitetis biosamedicino in-
Jineriis departamentis magistrantebis da doqtorantebisaTvis. 

 

 

 

 

 

1. SemTxveviT sidideTa sistema da ganawilebis kanoni 

 
 

 

1.1 SemTxveviT sidideTa sistema 

 

 SemTxveviTi movlenebis Seswavlisas saqme gvaqvs ara erT, aramed 
ramdenime SemTxveviT sididesTan, romlebic qmnian SemTxveviT 
sidideTa sistemas. SemTxveviT sidideTa sistemis ganxilvisas 
xelsayrelia geometriuli interpretaciis gamoyeneba. ase magaliTad, 
ori SemTxveviTi sidide SeiZleba ganvixiloT, rogorc SemTxveviTi 

wertili sibrtyeze  x  da y  koordinatebiT, sami SemTxveviTi sidide, 

rogorc wertili samganzomilebian sivrceSi da a.S. zogadad, n-

raodenobis SemTxveviT sidideTa sistema SeiZleba ganvixiloT, 

rogorc wertili  n - ganzomilebian sivrceSi an rogorc n -

ganzomilebiani  veqtori. 
 SemTxveviT sidideTa sistemis ganxilvisas SemovifargloT ori 
sididiT, radgan yvela is Sedegi, romelic miiReba ori sididis Sem-
TxvevaSi, advilad vrceldeba nebismieri raodenobis SemTxveviT 
sidideebze. ganvixiloT ori SemTxveviTi sididis ganawilebis funqcia 
da ganawilebis simkvrivis funqcia. 
 ganawilebis funqcia. ori SemTxveviTi  X  da  Y  sididis 
ganawilebis funqcia ewodeba orargumentian   F(x, y)  funqcias, rome-
lic tolia ori  X < x da Y < y utolobis erTdroulad Sesrulebis 
albaTobisa. e.i. 

F(x, y) = P(X < x,Y < y) 
da mas erToblivi ganawilebis funqcia ewodeba. daumtkiceblad movi-
yvanoT erToblivi ganawilebis funqciis ZiriTadi Tvisebebi. 
 1. F(x, y) funqcia orive argumentisaTvis zrdadi funqciaa, e.i. 
roca   x2 > x1, maSin  ).,(),( 12 yxFyxF   aseve,  roca  y2 > y1, maSin  

).,(),( 12 yxFyxF   

 2. Tu  F(x, y)  funqciis erT-erTi argumenti miiswrafvis plius 
usasrulobisken, maSin erToblivi ganawilebis funqcia miiswrafvis 

http://gtu.ge/books/%20biostatistika%20.pdf
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meore argumentis Sesabamisi SemTxveviTi sididis ganawilebis funqcii-
saken: 

),(lim yxF
y

=F(x, ) = Fx(x),  
x
lim F(x, y) = F(, y) = Fy(y), 

sadac  Fx(x) da FFy(y)  uwodeben kerZo ganawilebis funqciebs. 
3. Tu orive argumenti miiswrafvis plius usasrulobisken, maSin 

erToblivi ganawilebis funqcia miiswrafvis erTisken. 

yx,
lim F(x, y) = 1  an  F(, ) = 1. 

      4. Tu romelime erTi an orive argumenti miiswrafvis minus 
usasrulobisken, maSin erToblivi ganawilebis funqcia miiswrafvis 
nulisken. 

x
lim F(x, y) =

y
lim F(x, y) =

yx,
lim F(x, y) = 0, 

an     F(, y) = F(x, ) = F( ) = 0. 

 5. koordinatTa RerZebis paralelurgverdebian nebismier oT-
kuTxedSi wertilis moxvedris albaToba ganisazRvreba formuliT: 
 

 
 

simkvrivis funqcia.  zemoT ganxiluli ganawilebis funqcia war-
moadgens SemTxveviT sidideTa sistemis universalur maxasiaTebels, 
romelic gamoiyeneba rogorc diskretuli, aseve uwyveti SemTxveviTi 
sidideebisTvis. unda aRiniSnos, rom praqtikuli gamoyeneba ufro gaaC-
nia uwyvet SemTxveviT sistemas, romlis ganawileba xasiaTdeba ara 
ganawilebis funqciiT, aramed ganawilebis simkvriviT. ganawilebis sim-
kvrivis funqcia warmoadgens sistemis amomwurav maxasiaTebels, rom-
lis saSualebiTac sistemis ganawilebis kanonis aRwera gacilebiT 
TvalsaCinoa, vidre ganawilebis funqciiT. 

organzomilebiani sistemis ganawilebis simkvrivis funqcia gan-
isazRvreba iseve, rogorc erTi SemTxveviTi sididis dros. kerZod, Tu 
erToblivi ganawilebis funqcia uwyvetia da orjer diferencirebadi, 
maSin erToblivi ganawilebis simkvrivis funqcia ganisazRvreba 
Semdegnairad: 

).,(
),(

),(
2

yxF
yx

yxF
yxf 




  

ganvixiloT erToblivi ganawilebis simkvrivis funqciis ZiriTadi 
Tvisebebi: 

 1. erToblivi ganawilebis simkvrive dadebiTi funqciaa  f (x, y)  0. 

 2. ormagi integrali usasrulo zRvrebiT erToblivi ganawilebis 
simkvrivis funqciidan erTis tolia. 

 








1),( dxdyyxf . 
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 3. Tu cnobilia erToblivi ganawilebis simkvrivis funqcia  f (x, 

y), maSin SemTxveviTi wertilis  (X, Y) nebismier  D areSi moxvedris 
albaToba ganisazRvreba formuliT: 

.),(]),[( 

D

dxdyyxfDYXP  

 erToblivi ganawilebis funqcia SeiZleba gamovsaxoT 
ganawilebis simkvrivis funqciiT Semdegnairad: 

 
 



x y

dxdyyxfyxF .),(),(  

geometriulad f (x, y) funqcia SeiZleba warmovadginoT rogorc raime 
zedapiri, romelsac ganawilebis zedapiri ewodeba. 
 magaliTi. mocemulia organzomilebiani sistemis ganawilebis 
simkvrivis funqcia 

.
1

),(
2222 yyxx

a
yxf


  

vipovoT  a, erToblivi ganawilebis funqcia f (x, y) da R kvadratSi Sem-
TxveviTi wertilis moxvedris albaToba. 
 erToblivi ganawilebis simkvrivis meore Tvisebidan gamomdinare 
gveqneba: 





   
















)1)(1(1 222222 yx

dxdy
adxdy

yyxx

a
 

.1arctgarctg
11

2

22






















ayxa
y

dy

x

dx
a  

aqedan  


 2
1a erToblivi ganawilebis funqcia tolia: 




  
 

x y

yx

dxdy
yxF

)1)(1(

1
),(

222
.

2

1
arctg

1

2

1
arctg

1






















yx  

                        
SemTxveviTi wertilis R kvadratSi moxvedris al-
baToba tolia: 
    

     


  
1

0

1

0

222 )1)(1(

1
,

yx

dxdy
DYXP   

                       .
16

1

44

1
arctgarctg

1

11

1
22

1

0

2

1

0

22 0

1

0

1











  yx

y

dy

x

dx
 

 
    
 
 
 
 
 

 

R 

1 

1 

y 

x 
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1.2  pirobiTi ganawilebis simkvrivis funqcia 

 
 SemTxveviT  sidideTa sistemis daxasiaTebisTvis ar aris 
sakmarisi vicodeT TiToeuli SemTxveviTi sididis ganawilebis kanoni, 
saWiroa vicodeT maT Soris damokidebulebac. es damokidebuleba 
SeiZleba daxasiaTdes e.w. pirobiTi ganawilebis kanoniT. 
 sistemis erTi X SemTxveviTi sididis ganawilebis kanons, gamoT-
vlils im pirobiT, rom meore, Y SemTxveviTma sididem miiRo garkveuli 
Y = y  mniSvneloba, ewodeba pirobiTi ganawilebis kanoni. igi SeiZleba 

warmovadginoT, rogorc pirobiTi ganawilebis simkvrivis funqcia  f(x  

y), an rogorc pirobiTi ganawilebis funqcia F(x  y). erToblivi 

ganawilebis funqciis Tvisebidan gamomdinare, F1(x) = F(x, )  da  F2(y) = 

F(, y).  aqedan gamomdinare, kerZo ganawilebis simkvrivis funqciebi 
tolia: 






 ,),()()( 1 dyyxfxFxfx  






 .),()()( 2 dxyxfyFyf y  

advilad mtkicdeba, rom sistemis erToblivi ganawilebis sim-
kvrivis funqcia f (x, y) miiReba sistemaSi Semavali erTi SemTxveviTi 
sididis kerZo ganawilebis simkvrivisa  fx(x) da meore SemTxveviTi 

sididis pirobiTi ganawilebis simkvrivis f (y  x) erTmaneTze gadamrav-
lebiT. e.i. 

)|()(),( xyfxfyxf x   da  ).|()(),( yxfyfyxf y  

am tolobebs xSirad ganawilebis kanonebis gamravlebis Teoremas 
uwodeben. pirobiTi ganawilebis simkvrivis funqciebi ase gan-
isazRvreba: 
 

f (x  y) = ,

),(

),(

)(

),(








dxyxf

yxf

yf

yxf

y

 

f (y  x) = .

),(

),(

)(

),(








dyyxf

yxf

xf

yxf

x

 

pirobiTi ganawilebis simkvrives axasiaTebs igive Tvisebebi, rac 
Cveulebrivi ganawilebis simkvrivis funqcias, kerZod: 

 








 .1)|()|( dyxyfdxyxf  

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

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



 

 

ე.ყუბანეიშვილი. მრავალგანზომილებიანი სტატისტიკური მეთოდები მედიცინაში 

6 

Tu SemTxveviTi sidide  X  damokidebulia Y-ze, maSin: 

f (x | y)  fx(x). 
Tu X sidide ar aris damokidebuli Y-ze, maSin arc Y sididea 
damokidebuli  X-ze. 
 amrigad, uwyvet X da Y SemTxveviT sidideebs ewodebaT 
damoukidebeli, Tu TiToeuli maTganis ganawilebis kanoni ar aris 
damokidebuli imaze, Tu ra mniSvneloba miiRo meore SemTxveviTma 
sididem. winaaRmdeg SemTxvevaSi, SemTxveviTi sidideebi damokide-
blebulni arian. damoukidebuli X da Y SemTxveviTi sidideTa erTo-
blivi ganawilebis simkvrivis funqcia tolia: 

f (x, y) = fx (x)  fy (y). 
 magaliTi. vTqvaT, mocemulia erToblivi ganawilebis simkvrivis 
funqcia: 

 
.

1

1
),(

22222 


yyxx
yxf  

es toloba warmovadginoT Semdegnairad: 

   
.

1

1
.

1

1
),(

22 


yx
yxf  

aqedan Cans, rom SemTxveviTi sidideebi X da Y damoukidebeli arian, 
radgan f(x,y) gamosaxulebis pirveli mamravli damokidebulia mxolod 
X-ze, xolo meore mamravli – Y-ze.   e.i.   f (x, y) = fx (x)  fy (y). 

. 
 

 

 

1.3  organzomilebiani SemTxveviTi sistemis 

ricxviTi  maxasiaTeblebi 

 

 ori  X  da  Y  SemTxveviT veqtorTa (k, s)  rigis sawyisi momenti 

ewodeba skYX  sidideTa namravlis maTematikur lodins da aRiniSneba  
ak,s  simboloTi. 

                          .sk
ks YXMa   

diskretul SemTxveviT sidideTa sistemisaTvis gveqneba: 

,ij

i j

s
j

k
iks pyxa   

sadac,   ., iiij yYxXPp   

uwyvet SemTxveviT sidideTa sistemisTvis gveqneba: 

 








 .),( dxdyyxfyxa sk
ks  

praqtikaSi xSirad gamoiyeneba pirveli rigis sawyisi momentebi, rom-
lebic X da Y SemTxveviTi sidideebis maTematikur lodinebs war-
moadgenen. 

    ,01
10 xmXMYXMa   

    .10
01 ymYMYXMa   
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(k, s) rigis centraluri momenti ewodeba  (X – mx)
k
(Y – my)

s namravlis ma-

Tematikur lodins da aRiniSneba ks simboloTi. 

ks = M[(X – mx)
k
(Y – my)]. 

diskretuli SemTxveviTi sidideebisaTvis gveqneba: 

    ,ij

s

yj

k

i j

xiks pmymx    

xolo uwyveti SemTxveviTi sidideebisaTvis: 

    








 .),( dxdyyxfmymx
s

y

k

xks  

praqtikaSi yvelaze xSirad gamoiyeneba meore rigis centraluri mo-
menti, romelic dispersias warmoadgens. 

D(x) = 20 = M[(X – mx)
2
(Y – my)

0
]=M[(X – mx)

2
]. 

D(y) = 02 = M[(X – mx)
0
(Y – my)

2
]=M[(Y – my)

2
]. 

praqtikul kvlevebSi gansakuTrebul rols TamaSobs meore rigis 

Sereuli centraluri momenti  11 , romelsac X  da  Y  SemTxveviTi 
sidideTa  korelaciur moments an kavSiris moments uwodeben da mas  
kxy simboloTi aRniSnaven. 

kxy = 11 = M[(X – mx)(Y – my)]. 

diskretuli SemTxveviTi sidideebisaTvis gveqneba: 

   ,ijyj

i j

xixy pmymxk   

xolo uwyveti SemTxveviTi sidideebisaTvis: 

   .),( dxdyyxfmymxk yxxy  








  

korelaciuri momenti axasiaTebs ori SemTxveviTi sididis 
kavSirs. kavSiris xarisxis SefasebisTvis gamoiyeneba ara TviT korel-
aciuri momenti, aramed uganzomilebo sidide 

,
yx

xy

xy
ss

k
r   

romelsac korelaciis koeficienti ewodeba. sx da sy  warmoadgenen 
saSualo kvadratul gadaxrebs. 
 advilad mtkicdeba, rom damoukidebel SemTxveviT sidideTa ko-
relaciuri momenti da korelaciis koeficienti nulis tolia. 
winaaRmdeg SemTxvevaSi, SemTxveviTi sidideebi damokidebulni anu ko-
relirebulni arian. 
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1.4  normaluri ganawileba sibrtyeze 

 

 radgan ori SemTxveviTi sididisgan Semdgari sistema warmodge-
nilia SemTxveviTi wertiliT sibrtyeze, amitom organzomilebiani sis-
temis normaluri ganawilebis kanons xSirad uwodeben normalur 
ganawilebas sibrtyeze. 
 davuSvaT, X da YY damoukidebeli SemTxveviTi sidideebia, ro-
melTa normaluri ganawilebis simkvrivis funqciebia: 

 
 

,
2

exp
2

1
2

2







 


x

x

x

x
s

mx

s
xf


 

 

 
 

.
2

exp
2

1
2

2










 


y

y

y

y
s

my

s
yf


 

maSin maTi erToblivi ganawilebis simkvrivis funqcia ganisazRvreba 
Semdegi gamosaxulebiT: 

                  
   

.
2

1
exp

2

1
,

2

2

2

2























 





y

y

x

x

yx

yx
s

my

s

mx

ss
yfxfyxf


          (1.1) 

Tu organzomilebiani sistemis gafantvis centri emTxveva 
koordinantTa saTaves, maSin  mx = my = 0. Sesabamisad gveqneba: 

 
































2

2

2

2

2

1
exp

2

1
,

yxyx s

y

s

x

ss
yxf  

da mas erToblivi normaluri ganawilebis kanonikuri forma  ewodeba. 
 Tu X da Y SemTxveviTi sidideebi damokidebulni arian, maSin 
erToblivi normaluri ganawilebis simkvrivis funqcias aqvs Semdegi 
saxe: 
 

            
 

 






 













2

2

22 12

1
exp

12

1
),(

x

x

xyxyyx
s

mx

rrss
yxf


 

                 
    



















2

2

2
y

y

yx

yx

xy
s

my

ss

mymx
r                           (1.2) 

da igi damokidebulia xuT parametrze: yxyx mm  ,,, da xyr . 

 pirobiTi normaluri ganawilebis simkvrivis funqcia 
ganisazRvreba Semdegi formuliT:     
 

 
  ,

12

1
exp

1.2

1
)|(

2

222




























 x

x

y

xyy

xyyxyy

mx
s

s
rmy

rsrs
xyf


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 Tu  X da Y  sidideebi arakorelirebulia (rxy = 0), maSin (1.2) gamo-
saxulebidan miviRebT (1.1) formulas, romelic warmoadgens 
damoukidebeli SemTxveviTi sidideebis erToblivi ganawilebis sim-
kvrivis funqcias. aqedan gamomdinare, Tu normalurad ganawilebuli 
SemTxveviTi sidideebi arakorelirebulni  arian, maSin isini 
damoukidebelni arian. 
 

 

 

 

1.5  mravalganzomilebiani sistemis  

  normaluri ganawilebis kanoni 

 
 biosamedicino kvlevebSi, rogorc wesi, saqme gvaqvs ara erT an 
or, aramed sakmaod bevr parametrTan. vTqvaT mocemulia mraval-
ganzomilebiani sistema, romelic aRiwereba X1,X2,...,Xn normalurad 
ganawilebuli SemTxveviTi sidideebiT. maSin ganawilebis simkvrivis 
funqcias aqvs Semdegi saxe: 

 
 

   














  XXSXX
S

XXXf
nn

1
21

2

1
exp

2

1
,...,,

2
1

2

,     (1.3) 

sadac, X  sawyisi monacemebis matricaa 

 X X X X

x x x

x x x

x x x

n

n

n

m m mn























1 2

11 12 1

21 22 2

1 2

, , ... ,

...

...

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

...

, 

X  – saSualo sidideTa veqtoria   nxxxX ,...,, 21 , 

 S – kovariaciuli matricaa, romelic ganisazRvreba Semdegnairad: 

  











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XXXX
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1

1

21

22221

11211

1

 

da romlis mTavar diagonalze (s11,s22,...,snn) imyofeba dispersiebis mniS-
vnelobebi. miRebuli matrica simetriulia, e.i.  sij  = sji. 
 Tu movaxdenT mocemuli sistemis X1,X2,...,Xn SemTxveviTi 
sidideebis standartizirebas (normirebas)  

ii

ii
i

s

XX
Z


 , 

maSin miviRebT korelaciur matricas 

R

r r

r r

r r

n

n

n n


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


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




1

1

1

12 1

21 2

1 2

...
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... ... ... ...
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xolo ganawilebis simkvrivis funqcias eqneba Semdegi saxe: 

 
  











  ZRZ
R

ZZZf
nn

1
21

2

1
exp

2

1
,...,,

2
1

2

. 

zogadad, mravalganzomilebiani sistemis normalur ganawilebas 

),( SXNn  simboloTi aRniSnaven. unda SevniSnoT, rom Tu n = 1, maSin (1.3) 

gamosaxuleba gardaiqmneba erTganzomilebian normalurad 
ganawilebul SemTxveviTi sididis ganawilebis simkvrivis gamosax-
ulebad. amrigad, (1.3) aris normaluri ganawilebis ganzogadebuli 
formula. 

 

 

 

 

 

 

2. hipoTezebis statistikuri Semowmeba 

 

 

 

2.1  orze meti amonarCevis erTdrouli Sedareba 

 

dispersiebis tolobis hipoTeza. Tu mocemulia k raodenobis 
normalurad ganawilebuli amonarCevi kjnix jij ,...,2,1 ,,...,2,1 ,   da saWiroa 

22
2

2
10 ...: kH   nulovani hipoTezis Semowmeba, maSin SegviZlia gam-

oviyenoT bartletis kriteriumi: 

  







 
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
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 
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i

i xx
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1 1

1
;     
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x
jn

i
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j

j ,...,2,1,
1

1

 


   . 

2 _ gaerTianebuli anu saSualo dispersiaa, romelic ase gan-
isazRvreba: 

   
 


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
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xx
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1

22 1
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. 

Tu amonarCevebi erTnairi ganzomilebisaa, e.i. 021 nnnn k  , 

maSin 2  statistikis gamosaxuleba gamartivdeba da miiRebs Semdeg 
saxes: 

 








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sadac, 

  








k

i

i
knk

k
C

1

22

0

1
;1

13

1
    . 

 2  statistikas gaaCnia 2  ganawileba 1 k  Tavisuflebis 

xarisxiT.  mniSvnelovnebis doniTa da  sididiT 2  ganawilebis 

cxrilidan moiZebneba 2
;  kritikuli wertili. Tu 2

;
2

 , maSin nu-

lovani hipoTeza uaryofilia alternatiulis sasargeblod. roca 
2

;
2

 , maSin nulovani hipoTeza miiReba. e.i. dispersiebi ar gansxvav-

debian erTmaneTisgan. 
magaliTi. mocemulia n1 = 9, n2 = 6 da n3 = 5 ganzomilebiani amonar-

Cevebi 00,82
1  , 67,42

2  , 00,42
3   dispersiebiT. SevamowmoT dispersiebis 

tolobis nulovani hipoTeza 2

3

2

2

2

10 :  H . aviRoT  = 0,05. 

  


 


k

j

jjn
kN 1

22 1
1

   079,64467,4588
320

1



;  7838,0lg 2  ; 

    ;20569
1




k

i

inN  

1
1

1

1

)1(3
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
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


 
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
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
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
  

  

 

   .99,5;731,06021,046693,059031,087838,017
086,1
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lg1lg)(
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2

2;05,0

1

222
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radgan 0,731 < 5,99, amitom nulovani hipoTeza miiReba, e.i. dispersiebi 
ar gansxvavdebian erTmaneTisagan. 

 
saSualoebis tolobis hipoTeza. Tu amonarCevebis raodenoba k > 

2, maSin saSualoebis tolobis hipoTeza efuZneba dispersiul analizs, 
kerZod, erTfaqtoriani dispersiuli analizis Sedegebs. idea 
mdgomareobs saerTo dispersiis or damoukidebel mdgenelad: 
faqtorul (jgufTaSoriso) da narCen (Sigajgufuri) dispersiebad 

warmodgenaSi. amrigad, 222
narf  . fiSeris kriteriumis 

2

2

nar

f




F  gam-

oyenebiT midian daskvnamde, aris Tu ara saSualoebs Soris gansxvaveba. 
vTqvaT, mocemulia k raodenobis ni ganzomilebiani amonarCevebi 

kjnix jij ,...,2,1,,...,2,1,    , romlebic normalurad arian ganawilebuli N(ai, 

si), sadac, ai da si parametrebi ucnobia, magram gulisxmoben, rom 
22

2
2
1 ksss  . am tolobis hipoTeza SeiZleba SevamowmoT bartletis 

kriteriumiT. 
saSualoebis tolobis kxxxH  210 :  nulovani hipoTezis Sesa-

mowmeblad ganvixiloT statistika: 
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1
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Tu amonarCevebis ganzomilebebi erTmaneTis tolia, e.i. 

021 nnnn k  , maSin gveqneba:  
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1

20
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 . 

F  sidides gaaCnia fiSeris ganawileba 11  k  da kN2  

Tavisuflebis xarisxebiT. 1,  da 2  sidideebiT fiSeris ganawilebis 

cxrilidan SeirCeva 
21; F  kritikuli wertili. Tu 

21;  FF , maSin nu-

lovani hipoTeza uaryofilia, xolo roca 
21;  FF , maSin nulovani 

hipoTeza miiReba. 
magaliTi. mocemulia n0 = 26 ganzomilebiani sami amonarCevi 

.76,5  41,4 ;69,1 2

3

2

2

2

1 ;    dispersiebisa da 1,91,10;5,11 321  xxx    da  

saSualo ariTmetikulebis SefasebebiT. 
unda SevamowmoT 3210 : xxxH   nulovani hipoTeza. aviRoT 05,0 . 

  ;2,101,91,105,11
3
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16 222




  

15,3;753263;213 75;2;05,021  F . 

radgan 9,58 > 3,15, amitom nulovani hipoTeza uaryofilia, e.i. 
saSualo sidideebi gansxvavdeba erTmaneTisgan. 
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SevamowmoT 3210 : xxxH   nulovani hipoTeza P-mniSvnelobiT. 

standartizirebuli normaluri ganawilebis funqciis cxrilidan (ix. 

danarTi) .9992,0)15,3( F   0008,09992,01215,31)(1  FzFP  radgan 

0,0008 < 0,05,  amitom nulovani hipoTeza uaryofilia.     
unda aRvniSnoT, rom Tu Sesadarebeli amonarCevebis raodenoba k 

= 2, maSin advilad mtkicdeba, rom stiudentis kriteriumi warmoadgens 
dispersiuli analizis kerZo SemTxvevas da samarTliania F = t

2 tolo-
ba. marTlac, Tu ganvixilavT erTnairi ganzomilebis or amonarCevs 
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amrigad, ori amonarCevis Sedarebis dros, stiudentis kriteriu-
mi da dispersiuli analizi warmoadgens erTi da igive kriteriums. Tu 
amonarCevebis raodenoba k > 2, maSin es ase ar aris. 

 

 

 

 

 

2.2  saSualoebis mravlobiTi Sedareba 

 

parametruli meTodebi. Tu dispersiuli analizis gamoyenebis 
Semdeg aRmoCndeba, rom saSualo sidideebi gansxvavdebian erTmaneTis-
gan, maSin SeuZlebelia davadginoT, kerZod romeli amonarCevebi gan-
sxvavdebian. aseT SemTxvevaSi, saWiroa saSualoebi wyvil-wyvilad Se-
vadaroT erTmaneTs. unda gvaxsovdes, rom stiudentis kriteriumi gam-
oiyeneba mxolod ori amonarCevis SedarebisTvis. Tu mas gamoviyenebT 
mravlobiTi SedarebisTvis, maSin adgili eqneba mravlobiTi Sedarebis 
efeqts, romelic iwvevs pirveli gvaris Secdomis moxdenis albaTobis 
zrdas, radgan izrdeba mniSvnelovnebis donis sidide, romelic gani-
sazRvreba Semdegi formuliT: 

 k 11 , 
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sadac, k – SedarebaTa raodenobaa. Tu k sidide arc ise didia, maSin 
SeiZleba gamoviyenoT miaxloebiTi formula k . magaliTad, Tu  k = 

3 da aviRebT 5% mniSvnelovnebis dones, e.i.  = 0,05, maSin 15,0  da 
pirveli gvaris Secdomis moxdenis albaToba SeiZleba 15%-mde 
gaizardos. roca k = 6, maSin igi 30%-is tolia da a.S. 
 am efeqtis Sesusteba SegviZlia bonferonis SesworebiT, romlis 

Tanaxmad, TiToeuli Sedarebis mniSvnelovnebis doned unda aviRoT 
k


 

sidide. magaliTad, samjeradi Sedarebisas, mniSvnelovnebis done unda 

iyos %7,1
3

05,0
 . bonferonis Sesworeba SedarebiT kargad muSaobs mcire 

raodenobis Sedarebisas (k < 8). ufro didi raodenobis SedarebisaTvis, 
umjobesia, gamoviyenoT niumen-keilsis kriteriumi, romelsac aqvs 
Semdegi saxe: 
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2

, 

sadac, 2  – Sesadarebeli amonarCevebis saSualo dispersiaa, jn ,ni – 

amonarCevebis ganzomileba. miRebuli q mniSvneloba unda SevadaroT 

cxrilidan aRebul lq ,; kritikul mniSvnelobas  mniSvnelovnebis do-

niT, mN   Tavisuflebis xarisxiTa da l Sedarebis intervaliT (ix. 

danarTi). aq 



m

i

inN
1

, m – amonarCevebis raodenobaa. Tu aRmoCndeba, rom 

lij qq ,; , maSin nulovani hipoTeza miiReba, e.i. saSualoebi ar gan-

sxvavdebian erTmaneTisgan, winaaRmdeg SemTxvevaSi, roca lij qq ,;  – 

saSualoebi gansxvavdebian. 
 Sedarebis intervali l ganisazRvreba Semdegnairad: saSualo 

sidideebi mixi ,...,2,1  ,   unda davalagoT zrdadobis mixedviT. magaliT-

ad, Tu vadarebT )( jx  da )(ix  saSualoebs, romlebsac ranJirebul 

mwkrivSi ukaviaT j-uri da i-uri adgili, maSin l = j – i + 1. magaliTad, Tu 
vadarebT )4(x  da )1(x , maSin   l = 4 – 1 + 1 = 4; )2(x  da )1(x  Sedarebisas: l = 2 – 

1 + 1 = 2  da a.S. 
 niumen-keilsis kriteriumis gamoyenebis Sedegi damokidebulia 
Sedarebis garkveul rigze. kerZod, Tu saSualo sidideebs davalagebT 

zrdadobiT 1,2,,m, maSin jer unda SevadaroT mwkrivis kidura 
(maqsimaluri da minimaluri) sidideebi, e.i. m-uri da 1-li saSualo 
sidideebi, Semdeg m-uri da me-2 da a.S. magaliTad oTxi saSualo 
sididisaTvis gveqneba Sedarebis aseTi Tanmimdevroba: 4 – 1; 4 – 2; 4 – 3; 3 – 

1; 3 – 2 da 2 – 1. aqve unda SevniSnoT, rom Sedareba yvela wyvilisTvis 
araa saWiro. im SemTxvevaSi, roca romelime saSualoebis wyvili ar 
gansxvavdeba erTmaneTisgan, maSin Sedarebis amocana wydeba, radgan 
danarCenebi miT ufro ar iqneba gansxvavebuli. magaliTad, Tu aRmoC-
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ndeba, rom 3–1 wyvili ar gansxvavdeba erTmaneTisgan, maSin aRaraa 
saWiro  3 – 2 da 2 – 1 wyvilebis Sedareba. 
  

magaliTi. §2.1-Si moyvanili magaliTisTvis, sadac miviReT, rom 
saSualoebi gansxvavdebian, CavataroT wyvil-wyvilad Sedareba. da-

valagoT saSualoebi zrdadobiT. 5,11 ;1,10 ;1,9 )3()2()1(  xxx . Se-

vamowmoT )1()3(0 : xxH   nulovani hipoTeza 

   
















13

2

13

31

11

2 nn

xx
q


16,6

26

1

26

1

2

95,3

1,95,11













 . 

am SemTxvevaSi, l = j – i + 1 = 3 – 1 + 1 = 3. q ganawilebis cxrilidan 
753263;05,0   ; vRebulobT 39,33;75;05,0 q . radgan 6,16 > 3,39, amitom 

nulovani hipoTeza uaryofilia, e.i. gansxvaveba sarwmunoa. SevamowmoT 

)2()3(0 : xxH   nulovani hipoTeza 

59,3

26

1

26

1

2

95,3

1,105,11
32 












q . 

aq, l = 3 – 2 + 1 = 2,  82,22;75;05,0 q . radgan 3,59 > 2,82, amitom nulovani hipoTeza 

uaryofilia, e.i. gansxvaveba sarwmunoa. 
 120 : xxH   hipoTezis SemowmebisTvis gveqneba: 

57,2

26

1

26

1

2

95,3

1,91,10
21 












q . 

aq, l = 2 – 1 + 1 = 2, 82,22;75;05,0 q . radgan 2,57 < 2,82, amitom nulovani hipo-

Teza miiReba, e.i. saSualoebi ar gansxvavdeba erTmaneTisgan. 
 

araparametruli meTodebi.  mravlobiTi Sedarebis parametruli 
meTodebi advilad adaptirdeba araparametrul meTodebSi. kerZod, 
rodesac amonarCevebis ganzomileba erTnairia, maSin SegviZlia gamovi-
yenoT niumen-keilsis araparametruli (ranguli) kriteriumi, xolo 
rodesac gvaqvs sxvadasxva ganzomilebiani amonarCevebi – danas krite-
riumi. 

vTqvaT, mocemulia m raodenobis n-ganzomilebiani amonarCevi. 
movaxdinoT amonarCevebis erTdrouli ranJireba da yovel maTgans 
mivaniWoT rangi. maSin niumen-keilsis rangul kriteriums aqvs Semdegi 
saxe: 

12

)1(2 




nlln

RR
q

ji
, 

sadac, iR  da jR  Sesadarebeli i-uri da j-uri amonarCevebis rangebis ja-

mia. l – Sedarebis intervali, romelic ganisazRvreba iseve, rogorc 

parametruli meTodis dros.  mniSvnelovnebis doniT,    da l 
sidideebiT cxrilidan SeirCeva lq ;;  kritikuli mniSvneloba. Tu 
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lqq ;; , maSin nulovani hipoTeza uaryofilia, e.i. gansxvaveba amonar-

Cevebs Soris sarwmunoa. winaaRmdeg SemTxvevaSi, roca lqq ;; , nulo-

vani hipoTeza miiReba da amonarCevebi erTmaneTisgan ar gansxvavdeba. 
 Tu amonarCevebi sxvadasxva ganzomilebisaa, maSin maTi wyvil-
wyvilad SedarebisaTvis unda gamoviyenoT danas kriteriumi (Q krite-
riumi): 





















ji

ji

ij

nn

NN

RR
Q

11

12

)1(

, 

sadac, iR  da jR  i-uri da j-uri amonarCevebis saSualo rangebia, ji nn ,  – 

amonarCevebis ganzomilebebi, N _ yvela amonarCevis jamuri ganzomile-

ba, e.i. 



m

i

inN
1

. Q kritikuli mniSvnelobebi mocemulia specialur 

cxrilSi (ix. danarTi).  mniSvnelovnebis doniTa da m sididiT cxri-

lidan SeirCeva mQ  kritikuli mniSvneloba. Tu mij QQ ; , maSin amonar-

Cevebi gansxvavdeba erTmaneTisgan, winaaRmdeg SemTxvevaSi, roca 

mij QQ ; , isini ar gansxvavdebian erTmaneTisgan. unda aRiniSnos, rom 

danas kriteriumi SeiZleba gamoviyenoT maSinac, roca amonarCevebs 
gaaCniaT erTnairi ganzomileba. 
 magaliTi. cxrilSi mocemulia pulsis sixSiris mniSvnelobebi 5 
wlamde bavSvebis sami jgufisTvis (x,y,z). davadginoT, aris Tu ara gan-
sxvaveba jgufebs Soris. 
 

# x y z Rx Ry Rz 

1 112 90 110 2,5 2,5 9,5 

2 116 78 117 16 1 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 90 115 117 2,5 14,5 17,5 

7 110  125 9,5  20 

8 111   11   

    84,0 34,5 110,5 

 

N = 8 + 6 + 7 = 21; saSualo rangebia xR  = 10,5; yR  = 5,75; zR = =15,79. 

kritikuli mniSvneloba Q0,05;3 =2,39. danas kriteriumiT movaxdinoT 
jgufebis wyvil-wyvilad Sedareba. miviRebT: 





















yx

yx

xy

nn

NN

RR
Q

11

12

)1(

  ;42,1

6

1

8

1

12

2221

75,55,10















  
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. ;65,1

7

1

8

1

12

2221

79,155,10















xzQ      91,2

7

1

6

1

12

2221

79,1575,5















yzQ  

 rogorc vxedavT, mxolod y da z jgufebi gansxvavdebian erTma-
neTisgan, radgan 2,91 > 2,39. danarCen or SemTxvevaSi jgufebs Soris 
gansxvaveba ar SeimCneva. 

 

 

     
 

 

 

 2.3  mravalganzomilebiani sistemis zogierTi  hipoTezebis 

Semowmeba 

 
ori veqtoris tolobis hipoTeza. vTqvaT, mocemulia saSu-

aloebis ori veqtori iX  da jX , romlebic miRebulia ori normalurad 

ganawilebuli n-ganzomilebiani sistemidan. saWiroa SevamowmoT iX  da 

jX  veqtorebis tolobis nulovani hipoTeza, e.i. ji XXH :0 . aseTi nu-

lovani hipoTezis Sesamowmeblad ganvixiloT hotelingis kriteriumi: 

   jiji

ji

ji
XXSXX

mm

mm
T 





 12 , 

sadac, mi,mj Sesabamisad Xi da Xj veqtorebis ganzomilebaa; S – gaer-
Tianebuli kovariaciis matricaa, romelic gamoiTvleba Semdegnairad: 

 jjii

ji

SmSm
mm

S )1()1(
2

1



 . 

Tu nulovani hipoTeza samarTliania, maSin ganvixiloT statistika 

2

)2(

1
T

nmm

nmm
F

ji

ji




 , 

Romelsac gaaCnia fiSeris ganawileba 1 = n da 2 = mi + mj – n –1 Tavisu-
flebis xarisxebiT. Tu 

21;  FF , maSin nulovani hipoTeza miiReba, 

winaaRmdeg SemTxvevaSi, roca 
21;  FF , nulovani hipoTeza uaryofilia, 

e.i. gansxvaveba or veqtors Soria sarwmunoa. 
  

kovariaciuli matricebis tolobis hipoTeza.  ganvixiloT ori 
kovariaciuli matricis tolobis hipoTeza .: 210 SSH   amisaTvis unda 
gamovTvaloT Semdegi statistika: 

 
W = b( –2 ln V1 ) , 

sadac, 
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,         1;1

.)ln(lnln2

,
)1(6

13211
1

2211

2

1

2

1

1

22

1
2

1











































































mm

SSV

n

nn
b

j

jj

j

j

j

j

j
j

 

romelsac gaaCnia 2 ganawileba 
2

)1( 


nn
 Tavisuflebis xarisxiT. 

 Tu 2
;W , maSin nulovani hipoTeza miiReba da kovariaciuli 

matricebi erTmaneTis tolia, winaaRmdeg SemTxvevaSi, roca 2
;W , 

maSin kovariaciuli matricebi gansxvavdeba erTmaneTisgan. 
  

artefaqturi veqtoris gamovlena. vTqvaT, mocemulia normalu-
rad ganawilebuli  X1,X2,...,Xn SemTxveviT veqtorTa sistema, romlis 
striqonebi dakvirvebaTa veqtorebia:    .,....,2,1,,....,, 21 mixxxX iniii   

 artefaqturi veqtoris gamovlenis procedura Semdegia: ToTo-
euli Xi, i=1,2,...,m dakvirvebis veqtorisTvis gamoiTvleba saSualo ar-
iTmetikulis veqtori  

mix
n

X
n

k

iki ,....,2,1,
1

1

 


 

da kovariaciuli matrica S yvela (m – 1) dakvirvebis veqtoriT, garda 

Xi veqtorisa. Semdeg gamoiTvleba maxalanobisis manZili Xi da iX  

veqtorebs Soris S kovariaciuli matricis saSualebiT: 

   iii XXSXXD 


 12 . 

amis Semdeg ganisazRvreba Fi   mniSvneloba  k = m – 1 sididisTvis. 
 
 

,
1

2

2 ii D
nm

mnm
F




  

romelsac gaaCnia fiSeris ganawileba 1 = n da 2 = m – n Tavisuflebis 
xarisxebiT. 
 Tu 

21;  FFi ,  maSin Xi veqtori iTvleba artefaqtad da igi unda 

gamoiricxos amonarCevidan. procedura grZeldeba darCenil (n – 1) 

dakvirvebisTvis. 
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2.4 konkordaciis koeficienti 

 

 praqtikaSi xSirad iqmneba iseTi situacia, rodesac saWiro xdeba 
eqspertTa jgufis gamoyeneba ama Tu im sakiTxis gadasaWrelad (kon-
siliumis mowveva samedicino diagnozis dasasmelad, sxvadasxva norma-
tivebis dadgena, preparatebis Sefaseba da sxv.). aqedan gamomdinare, 
sasurvelia davadginoT, ramdenad emTxveva eqspertTa azri erTi da 
imave sakiTxis ganxilvas. Tu gvyavs mxolod ori eqsperti, maSin Tanx-
mobis zomad SegviZlia miviRoT spirmenis rangobrivi korelaciis 
koeficientis sidide. magram rodesac eqspertTa raodenoba didia, 
maSin spirmenis rangobrivi korelaciis koeficientis gamoyeneba mi-
zanSewonili ar aris. 
 davuSvaT, gvaqvs obieqtebis n raodenoba da gvyavs m eqsperti, 
romlebic afaseben am obieqtebs da axdenen maT ranJirebas (ukeTesidan 
uaresisken). ranJirebis Sedegad viRebT aseT cxrils: 

 

obieqti 
 

eqsper-
ti  

 

1 

 

2 

 

3 
... 

 

n 

1 x11  x12  x13  ... x n1  

2 x21  x22  x23  ... x n2  

            

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

            

m xm1  xm2  xm3  ... xmn  

 
 eqspertTa YTanxmobis zomis dasadgenad, SegviZlia gamoviyenoT 
kendelis mier SemoTavazebuli Tanxmobis anu konkordaciis koefi-
cienti W, romelic ase ganisazRvreba: 

)(

12

32

1

2

nnm

S

W

n

i

i





 , 

sadac S aris sxvaoba obieqtebis rangebis jamsa da rangebis saerTo 
saSualo ariTmetikuls Soris, e.i.  
 

nixRRRS
m

k

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

 


   . 

Tu eqspertebis ranJirebul mwkrivSi gvxvdeba erTi da igive 
rangis mniSvneloba (es is SemTxvevaa, roca eqsperti ver aniWebs upi-
ratesobas), maSin konkordaciis koeficienti gamoiTvleba Semdegi 
formuliT: 
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  










m

j

j

n

i

i

Tmnnm

S

W

1

32

1

2

12

1
, 

sadac,  T t tj j j

j

 
1

12

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

zogadad, 0  W  1. Tu eqspertTa Sefasebebi erTmaneTs mTlianad 
emTxveva, maSin W = 1, xolo Tu maTi azrebi mkveTrad gansxvavdebian 
erTmaneTisgan, maSin W = 0. 

 konkordaciis koeficientis sarwmunoebis dasadgenad unda Se-
vamowmoT H W0 0:   nulovani hipoTeza. aseTi nulovani hipoTezis Sesa-

mowmeblad unda gamovTvaloT Semdegi statistika: )1(2  nWm , ro-

melsac gaaCnia 2 ganawileba  = n – 1 Tavisuflebis xarisxiT. 

 Tu 2 
< 2

; , maSin nulovani hipoTeza miiReba, e.i. eqspertTa azrebi 

gansxvavdebian erTmaneTisagan, xolo roca 2 
 2

; , maSin eqspertTa az-

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

 

firmebi 
 

eqsper-
tebi  

 

1 

 

2 

 

3 

 

4 

 
sul 

1 1 3 2 4  

2 2 1 4 3  

3 1 3 2 4  

4 3 2 1 4  

5 1 2 4 3  

6 2 3 1 4  

R 10 14 14 22 60 

S –5 –1 1 7  

S 
2
 25 1 1 49 76 

 
  07,11 ;56,73642,01

 ;42,0
)44(36

7612
12

 ;15
4

60

2

5;05,0

2

332

1

2















 nWm

nnm

S

WR

n

i

i

.     

radgan 7,56 < 11,07, amitom nulovani hipoTeza miiReba, e.i. eqspertTa az-
rebi gansxvavdeba erTmaneTisgan. 
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3.  mravlobiTi regresiuli analizi 

 

 

3.1.  mravlobiTi regresiis modeli 

 

wrfivi modeli. orcvladiani regresiis dros y mniSvneloba 
damokidebulia mxolod erT x cvladze. sazogadod, y SeiZleba iyos 
mravali cvladis funqcia. ganvixiloT es SemTxveva. vTqvaT, 
damokidebul Y-sa da damoukidebel X1,X2,...,Xn cvladebs Soris arsebobs 
aseTi wrfivi damokidebuleba: 

Y = a1X1 + a2X2 + ... + an Xn, 
sadac, Y, X1, X2, ... , Xn veqtorebia. warmovadginoT es damokidebuleba ma-
triculi saxiT Y = AX, sadac, A = [ai], i = 1,2,...,n saZiebeli koeficientebis 
veqtoria, Y = [yi], i = 1,2,...,m damokidebuli cvladis veqtoria, xolo  X = 

[xij],  i = 1,2,...,m, j = =1,2,...,n  damoukidebeli cvladebis matricaa. 
 ai koeficientebi movZebnoT umcires kvadratTa meTodiT, romlis 

Tanaxmad         minˆ
1

2




m

i

ii yyQ . 

CavweroT es gamosaxuleba matriculi saxiT 

Q = (Y – XA) (Y – XA) = Y Y – AX Y – Y XA + AX XA. 

radgan AX Y = Y XA , amitom gveqneba: 

Q = YY – 2AX Y + AX XA. 
gavawarmooT es gamosaxuleba 

0)(22 



AXXYX

a

Q
, 

maSin normalur gantolebaTa sistemas eqneba Semdegi saxe: 

X Y = X XA , 
saidanac, A = (X X)

–1
X Y . 

 radgan X matrica Seicavs n wrfivad damoukidebel veqtor-
svetebs, amitom, rogorc cnobilia, X matricis rangi (m–1)-is tolia. es 

Tavis mxriv, migvaniSnebs imaze, rom XX0,  e.i. matricas gaaCnia 

Sebrunebuli matrica (X X)
–1

. 

 xSirad regresiis gantoleba Seicavs Tavisufal wevrs  

Ŷ = a0 + a1X1 + a2X2 +...+an Xn . 
maSin a0 parametris SefasebisTvis saWiroa X matricas daematos er-
Teulovani veqtor-sveti 



















mnmm

n

n

xxx

xxx

xxx

X

...1
...............

...1

...1

21

22221

11211

, 

maSin gveqneba: 
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narCeni dispersia gamoiTvleba Semdegi formuliT: 

 






m

i

ii yy
nm 1

22

e
ˆ

1

1
 , 

sadac, n – cvladebis raodenobaa, m – dakvirvebaTa raodenoba. 
 regresiis gantolebis adekvaturobis Sesamowmeblad saWiroa 
gamoiTvalos Semdegi statistika: 

 



m

i

i yy
n

Q
Q

F
1

2

2

e

ˆ
1

  , 


. 

 mniSvnelovnebis doniTa da 1 = n,  2 = m–n–1 Tavisuflebis xarisxebiT 
fiSeris ganawilebis cxrilidan SeirCeva 

21; F  kritikuli mniSvneloba. 

roca 
21;  FF , maSin regresiis gantoleba adekvaturia, winaaRmdeg 

SemTxvevaSi, roca 
21;  FF , gantoleba araadekvaturia. 

 regresiis gantolebis koeficientebis Semowmeba sarwmunoebaze 
xdeba Semdegi H0 : ai = 0 nulovani hipoTezis saSualebiT. amisaTvis 
saWiroa gamoiTvalos statistika: 

nis
a

t iii

i

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

e   


, 

sadac  sii warmoadgens (X X)
–1 matricis mTavar diagonalze myofi ele-

mentis mniSvnelobas.   mniSvnelovnebis doniTa da  = m – n – 1 Tavisu-

flebis xarisxiT stiudentis ganawilebis cxrilidan moiZebneba t; 

kritikuli mniSvneloba. Tu it <t;  maSin nulovani hipoTeza miiReba, 

e.i. i-uri koeficientis mniSvneloba axlosaa nulTan da SesaZlebelia 

misi gamoricxva regresiis gantolebidan. Tu it  t;, maSin ai koefi-

cienti sarwmunoa. 

 magaliTi. cxrilSi mocemulia y damokidebuli da 1x , 2x  
damoukidebeli cvladebis mniSvnelobebi. 
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 y 1x

 

2x

 
y   y y   ( )y y 2  )ˆ( yy   2)ˆ( yy   

1 10 2 1 10,256 –0,256 0,066 –3,444 11,861 

2 12 2 2 10,868 1,132 1,281 –2,832 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 –1,609 2,589 

5 15 6 8 15,052 –0,052 0,003 1,352 1,828 

6 10 3 4 12,22 –2,22 4,928 –1,480 2,190 

7 14 5 7 14,312 –0,312 0,098 0,612 0,375 

8 12 3 3 11,608 0,392 0,154 –2,092 4,377 

9 16 9 10 16,661 –0,661 0,437 2,961 8,768 

10 18 10 11 17,401 0,599 0,359 3,701 13,697 

 137 50 60   8,371  61,725 

. 0,6 ; 0,5  ;7,13 21  xxy  

SevarCioT regresiis gantoleba 22110
ˆ xaxaay  .    

amrigad gvaqvs:  

; 
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        . 

6174,0

1285,0

3872,9

                                     

















      

amrigad, regresiis gantolebas Rebulobs Semdeg saxes: 

21 6174,01285,03872,9ˆ xxy   

Tu x1 da x2 sidideebi izomeba erTi da igive fizikuri erTeuliT, maSin 

advili SesamCnevia, rom x2-is zegavlena y-ze x1-Tan SedarebiT, 

daaxloebiT xuTjer ufro Zlieria. Tu x1 da x2 sxvadasxva fizikur er-
TeulebSia warmodgenili, aseTi Sedareba uazrobaa. 
 gamovTvaloT narCeni dispersia 

 






m

i

ii yy
nm 1

22

e
ˆ

1

1
   863,30

2

725,61
ˆ

1
 ; 1959,1

1210

371,8

1

2



 



m

i

i yy
n

Q . 

SevamowmoT regresiis gantolebis adekvaturoba 

74,4 ; 807,25
1959,1

863,30
7;2;05,02
 F

Q
F

e
.     

radgan 25,807 > 4,74, regresiis gantoleba adekvaturia. koeficientebis 
Sesamowmeblad ganvixiloT statistika: 

2,1,0  ;  i
a

t
i

i

i


; 6931,00,401681,1959  11

2

e0  s  

4477,01676,01959,11  ; 0; 379,012011,01959,12   

; 629,1
379,0

6174,0
 ; 287,0

4477,0

1285,0
 ; 54,13

6931,0

3872,9
210  ttt  

37,27;05,0 t . rogorc vxedavT, garda a0-sa, danarCeni a1 da a2 koeficien-

tebi sarwmunoni ar arian. 
  

arawrfivi modeli. praqtikul kvlevebSi, zogjer, SeuZlebeli 
xdeba mravlobiTi wrfivi regresiis gantolebis gamoyeneba misi 
araadekvaturobis gamo. am SemTxvevaSi, unda gamoviyenoT iseTi ara-
wrfivi modeli, romelic arawrfivia cvladebis mimarT, magram 
wrfivia regresiis koeficientebis mimarT. am SemTxvevaSi, koeficien-
tebis Sefaseba xdeba sakmaod advilad. kerZod, damokidebuli 
cvladebi Seicvleba axali pirveli xarisxis cvladebiT da mis mimarT 
gamoiyeneba wrfivi umcires kvadratTa meTodi. magaliTisTvis ganvixi-
loT Semdegi arawrfivi regresiis gantoleba: 

.2
24

2
1322110 xaxaxaxaay   

SemovitanoT axali cvladebi ,,,, 2
24

2
132211 xzxzxzxz   maSin gveqneba: 

.443322110 zazazazaay   
umcires kvadratTa meTodis gamoyenebiT miviRebT Semdeg normalur 
gantolebaTa sistemas: 

ZAZYZ  , saidanac  YZZZA  1)( . 
miRebuli regresiis gantolebisa da koeficientebis Sefasebebi xdeba 
iseve, rogorc mravlobiTi wrfivi regresiis dros. 
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3.2. mravlobiTi wrfivi regresiis gantolebis 

ndobis intervali 

 

 ganvsazRvroTY mravalganzomilebiani wrfivi regresiis gan-
tolebis ndobis intervali. amisaTvis gamovTvaloT y = a0 + a1x1 + a2x2 +...+ 

anxn   gamosaxulebis dispersia 
D y D( )  (a0 + a1x1 + a2x2 +...+ anxn) . 

Tu gavixsenebT damokidebuli cvladebis jamis dispersiis Tvisebas, 
miviRebT: 

          
)cov(2...)cov(2)cov(2

)(...)()()()ˆ(

112121101

2
2

2
21

2
10

2
ˆ

nnnn

nny

aaxxaaxxaax

aDxaDxaDxaDyD




          (3.1) 

gavixsenoT, rom cov(ai,aj) = M(ai,aj). CavweroT (3.1) gamosaxuleba matricu-
li saxiT 

                        D Y X a Xp p( ) cov( )  ,                           (3.2) 

sadac, X X X Xp p p pn
 ( , , ,..., )1

1 2
 mocemuli damoukidebeli cvladis veqto-

ria. cov(a) – a Sefasebis kovariaciuli matricaa. vipovoT a parametris 
dispersia 

. 

, 





 XXXXXXXYXXXa

aaMa

111 )()()()(

]))([()cov(
 

aqedan, 

                         
111

1

))((])()[()cov(

)(









XXMXXXXXXMa

XXXa , 
                      (3.3) 

M(') warmoadgens matricas, romlis yvela elementi, garda 
mTavar diagonalze myofisa, nulis tolia, radgan Cveni daSvebiT, Sem-

TxveviTi cdomilebebi erTmaneTTan ar arian korelirebuli, e.i. M(') = 

0. rac Seexeba mTavar diagonalze myof elementebs, isini warmoadgenen 
dispersiebs da radgan Cvenive  daSvebiT, SemTxveviT cdomilebebs 
gaaCniaT erTi da igive dispersia, amitom 

IM 2)( nar , 

sadac, I – erTeulovani matricaa. miRebuli Sedegi CavsvaT (3.3)-Si: 
12 )()cov(  XXa nar , 

xolo es ukanaskneli ki – (3.2)-Si: 

pp XXXXyD 12 )()ˆ(  nar . 

amrigad, y  mniSvnelobisTvis gveqneba Semdegi ndobis intervali: 

pp XXXXty 1
; )(ˆ 


 nar . 
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3.3.  cvladebis SerCeva 

 

 regresiuli  analizi saSualebas gvaZlevs mocemul nXXX ,....,, 21  
damoukidebel cvladebidan, romlebsac zogjer kovariantebs 
uwodeben, SevarCioT is cvladebi, romlebic kavSirSia damokidebul Y 
cvladTan da gamovricxoT regresiis gantolebidan arainformatiuli 
anu is cvladebi, romlebic naklebad an sulac ar arian kavSirSi  Y 

cvladTan. ganvixiloT ramdenime meTodi. 
  
 yvela SesaZlo regresiaTa meTodi. Tu damoukidebel cvladTa 

raodenoba  n  arc ise didia, maSin rekomendebulia,  moisinjos yve-
lanairi kombinacia regresiis wrfivi modelis asagebad da raime 
kriteriumiT arCeul iqnes maT Soris saukeTeso. magaliTad, Tu  n = 4, 

maSin unda moisinjos 1624   modeli. kerZod, 4 – erTcvladiani, 6 – 
orcvladiani, 4 – samcvladiani, 1 – oTxcvladiani, da bolos erTi, 
romelic ar Seicavs arc erT cvlads, garda Tavisufali wevrisa. sau-
keTesod iTvleba is adekvaturi modeli, romelsac aqvs umciresi nar-
Ceni dispersia an, rac igivea, udidesi determinaciis koeficienti. 
  
 gamoricxvis meTodi. Tu damoukidebel cvladTa raodenoba 
sakmaod didia, maSin yvela SesaZlo regresiaTa meTodis gamoyeneba 
SeuZlebelia. arsebobs ramdenime alternatiuli meTodi, maT Soris 
cvladebis gamoricxvis anu cvladebis SerCevis mimdevrobiTi meTodi, 
romlis arsi SemdegSi mdgomareobs: dasawyisSi ganixileba modeli, 
romelic Seicavs yvela gansaxilvel cvladebs. regresiis gantolebis 
koeficientebis Semowmeba sarwmunoebaze xdeba 0:0 iaH  nulovani 
hipoTezis saSualebiT. amisaTvis, TiToeuli koeficientisaTvis unda 
ganisazRvros Semdegi statistika: 

,
i

i
i

a
t


 ni ,....,2,1 , 

sadac  ,  2

e iii s  iis  warmoadgens   1XX  matricis mTavar diagonalze 

myofi elementis mniSvnelobas. Tu gamoTvlil statistikebs Soris 

minimaluri it  fardobis absoluturi sidide   ;tti , sadac  ;t  

sidide aRebulia stiudentis ganawilebis cxrilidan  mniSvnelov-
nebis doniTa da 1 nm  Tavisuflebis xarisxiT, maSin nulovani 
hipoTeza miiReba, e.i. i-uri koeficientis mniSvneloba axlosaa nulTan 
da SesaZlebelia misi gamoricxva regresiis gantolebidan. Semdeg bi-
jze ganixileba modeli darCenili (n – 1) cvladiT da mowmdeba re-
gresiis gantolebis adekvaturoba. Tu aRmoCndeba, rom regresiis gan-
toleba araadekvaturia, maSin gamoricxuli i-uri koeficienti, anu iX  

parametri unda davabrunoT regresiis gantolebaSi. 
 procedura gagrZeldeba manam, sanam yvela gamoTvlili it  far-

dobis absoluturi sidide ar aRmoCndeba  ;t . sabolood, regresiis 

gantolebaSi rCeba is cvladebi, romlebic ar gamoiricxa proceduris 
Catarebisas. 
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 CarTvis meTodi. gamoricxvis meTodis alternativaa CarTvis 
meTodi, romelsac bijur regresias uwodeben. pirvel bijze ganix-
ileba erTcvladiani modelebi. TiToeul modelSi xdeba 0a  da 

ia  

koeficientebis Sefaseba da 
i

i
i

a
t


  statistikis gansazRvra ise, rogorc 

CarTvis meTodis dros. is cvladi, romelsac Seesabameba it  sididis 

maqsimaluri mniSvneloba, CairTveba modelSi mxolod im pirobiT, rom 
es maqsimaluri mniSvneloba aRemateba ;t  kritikul mniSvnelobas. 

dauSvaT, aseTi cvladia X1. amis Semdeg ganixileba orcvladiani 
modeli X1 cvladis danarCen cvladebTan:  (X1,X2), (X1,X3),…,(X1,Xn). xdeba 
TiToeuli modelis Sefaseba da darCenil X2,X3,…,Xn cvladebidan mod-

elSi CairTveba is cvladi, romlisTvisac  it  sidide maqsimaluria da 

aRemateba ;t . dauSvaT aseTi cvladia X2. Semdeg ganixileba (X1,X2,X3), 

(X1,X2,X4), … ,(X1,X2,Xn) samcvladiani modelebi, sadac tardeba igive pro-
cedura da a.S. procedura grZeldeba manam, sanam romelime biGjze ar 
aRmoCndeba, rom yvela ti fardobis absoluturi sidide   ;t  mniS-

vnelobaze. 
  arsebobs CarTvis sxva meTodebic. magaliTad, korelaciis kerZo 
koeficientebis gamoyenebis meTodi. am SemTxvevaSi ganisazRvreba Y 

cvladis yvela damoukidebul  X1,X2,…,Xn cvladebs Soris korelaciis 
kerZo koeficientebi. is damoukidebuli cvladi, romelsac gaaCnia  Y-

Tan udidesi kerZo korelaciis koeficienti, CairTveba regresiis mo-
delSi da regresiis gantoleba mowmdeba  adekvaturobaze. Tu aRmoC-
ndeba, rom gantoleba araadekvaturia, maSin modelSi CairTveba 
Semdegi cvladi, romelsac damokidebul Y cvladTan gaaCnia udidesi 
korelaciis kerZo koeficienti, kvlav mowmdeba gantolebis adekva-
turoba da a.S. manam, sanam ar miviRebT regresiis adekvatur gan-
tolebas. 
   
 kombinirebuli meTodi. igi warmoadgens CarTvisa da gamoricxvis 
meTodebis kombinacias. procedura iwyeba iseve, 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, vTqvaT, 
modelSi CarTulia  X3, X5, X6 da X7 cvladebi, romelTagan X7  war-
moadgens  am bijze damatebul cvlads, maSin mowmdeba X3, X5 da X6 
cvladebi iseve, rogorc gamoricxvis meTodSia aRwerili. Tu am 

cvladebidan romelime aRmoCnda iseTi, rom sruldeba   ;tti  piroba, 

maSin es cvladi modelidan gamoiricxeba da a.S. 
 miuxedavad cvladebis SerCevis mravalferovnebisa, unda 
gvaxsovdes, rom ar arsebobs imis garantia, rom yovel calkeul Sem-
TxvevaSi miiReba CvenTvis sasurveli adekvaturi modeli. aqedan gam-
omdinare, sasurvelia Tavidan gamoiricxos is damoukidebuli 
cvladebi, romelTa CarTva regresiis modelSi, ama Tu im mosazrebiT, 
azrs moklebulia.  
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3.4  naSTTa analizi 

 

 regresiis gantolebis adekvaturobisa da koeficientebis 
Semowmebis garda, xSirad mimarTaven naSTTa analizs. rogorc viciT, 
mocemul yi mniSvnelobebis regresiis gantolebiT gamoTvlil  iŷ  mniS-
vnelobebTan gadaxras 

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

 

 

 
 

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

multikolinearnobis problemebi 

 

 regresiul analizSi, umcires kvadratTa meTodis gamoyenebisas, 
Cven davuSviT, rom i  cdomilebebi SemTxveviTi damoukidebeli (arako-
relirebuli) sidideebia nulovani saSualoTi. praqtikaSi am moTx-
ovnilebis Sesruleba Znelia, gansakuTrebiT droiTi mwkrivebisaTvis. 
 aRmoCnda, rom Tu ei narCenebi erTmaneTSi korelireben, maSin am-
boben, rom adgili aqvs cdomilebis avtokorelacias. miuxedavad imisa, 
rom umcires kvadratTa meTodi am SemTxvevis drosac gvaZlevs gada-
uadgilebad da safuZvlian Sefasebebs, regresiis parametrebis gan-
sazRvrisas 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 gam-
ovTvaloT Semdegi statistika: 
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sadac, R warmoadgens pirveli rigis avtokorelaciis koeficients da 
Tu igi nulis tolia, maSin avtokorelacia ar arsebobs. Tu avtoko-

relacia mTlianad arsebobs, maSin R =  1. aqedan gamomdinare, Tu 
avtokorelacia ar arsebobs, maSin d sididis mniSvneloba miaxloebiT 
2-is tolia da mTliani avtokorelaciis arsebobis dros igi 0-is an 4-
is tolia. 
 avtokorelaciis sarwmunoebis dasadgenad specialuri cxri-
lidan damokidebuli n parametrebis raodenobisa da m dakvirvebaTa 
raodenobis saSualebiT moiZebneba d kriteriumis qveda de da zeda du 
zRvrebis mniSvnelobebi. Tu gamoTvlili d statistika moTavsebulia du 
da (4 – du) sazRvrebSi, maSin hipoTeza avtokorelaciis ararsebobis 
Sesaxeb miiReba. Tu d moTavsebulia de da du Soris an (4 – du) da (4 – de) 
Soris, maSin Cven ara gvaqvs safuZveli hipoTezis uarsayofad da arc 
misaRebad, e.i. saqme gvaqvs ganusazRvrelobasTan. Tu d < de, saqme gvaqvs 
dadebiT avtokorelaciasTan, xolo roca d > (4 – de) – uaryofiT 
avtokorelaciasTan. 
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 regresiis gantolebis formirebisas, xSirad vawydebiT multik-
olinearnobis problemas. rogorc aRvniSneT, damoukidebeli cvladebi 
X X X n1 2, ,...,  regresiis gantolebaSi unda iyvnen urTierTdamoukidebeli, 
magram am pirobis Sesruleba praqtikulad sakmaod rTulia, gan-
sakuTrebiT, biosamedicino kvlevebSi. am movlenas multikolinearnoba 
ewodeba. Tu cvladebs Soris damokidebuleba funqcionaluria, maSin 
saqme gvaqvs mkacr multikolinearnobasTan, xolo Tu damokidebuleba 
arc ise mkacria da gamovlindeba miaxloebiT, maSin multikolinear-
noba ar aris mkacri. 
 umcires kvadratTa meTodis erT-erTi moTxovna isaa, rom 
damoukidebel cvladebs Soris ar unda arsebobdes wrfivi kavSiri. 
multikolinearnobis arseboba iwvevs am moTxovnis darRvevas. forma-
lurad 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 SegviZlia ganvix-
iloT korelaciuri matricis meTodi. korelaciis koeficientebi, 

romlebic axlos arian 1 sididesTan, migvaniSneben multikolinear-
nobis arsebobaze. ufro saimedo meTodia X X  matricis determinatis 
gansazRvra. Tu es sidide nulTan axlosaa, maSin saqme gvaqvs multik-
olinearnobasTan. multikolinearnobis aRmosaCenad SegviZliagamovi-
yenoT Semdegi statistika: 

  XXnm
~~

detlg)52(
6
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12 
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romelsac gaaCnia 2  ganawileba 
2

)1( 


nn
 Tavisuflebis xarisxiT. aq, 

m_dakvirvebaTa raodenobaa, n_ damoukidebeli cvladebis raodenoba. 

 XX
~~
  matricis elementebi ganisazRvreba sawyisi  XX   matricidan 

Semdegnairad: 

m

xx
x

k

kik
ik




~ , 

sadac, ix ,  – Sesabamisad i-uri cvladis saSualo ariTmetikuli da 
saSualo kvadratuli gadaxraa. 

 Tu 2
;

2
 , maSin multikolinearnoba ar arsebobs, winaaRmdeg 

SemTxvevaSi, misi arseboba sarwmunoa. 
 multikolinearnobis gamoricxva SesaZlebelia regresiis gan-
tolebis struqturis gadasinjviT, kerZod, ori damokidebuli cvla-
didan unda gamoiricxos erTi. meore gzaa cvladebis gardaqmna ise, 
rom isini gaxdnen urTierTdamoukidebeli, magaliTad, mTavari kompo-
nentebis meTodis gamoyenebiT. 
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4. mravalfaqtoriani dispersiuli analizi 

 

 

4.1.  dispersiuli analizis arsi 

 
 saSualoebis wyvil-wyvili Sedareba, Tu amonarCevebis (jgufebis) 
raodenoba didia, mizanSeuwonelia ara marto meTodologiuri 
Secdomebis, aramed didi gamoTvliTi samuSaos gamo. magaliTad, Tu 

gvaqvs 7 amonarCevi, maSin Casatarebeli iqneba 212
7 C  saSualoebis 

Sedareba. cxadia, rom jgufebis raodenobis zrdisas, Sesadarebel wy-
vilTa raodenoba Zalze swrafad izrdeba. ase magaliTad, 14 jgu-
fisaTvis gveqneba 91 Sedareba. 

gaiTvaliswina ra es problema, r. fiSerma SemogvTavaza saSu-
aloebis kompleqsuri Sedarebis meTodi, romelsac dispersiuli ana-
lizi (ANOVA – Analysis of Variance) ewodeba. dispersiuli analizis 
meTodi efuZneba saerTo dispersiis daSlaSi damoukidebel 
mdgenelebad, romlebic gamowveulia rogorc regulirebadi, ise ara-
regulirebadi faqtorebiT. SemovitanoT ramdenime ganmarteba. 

parametrebs, romlebic raime mizeziT icvlebian, ewodebaT 
Sedegobrivi. mizezebs, romlebic iwveven Sedegobrivi parametrebis 
cvlilebas, ewodebaT faqtorebi. magaliTad, sxeulis masa, mo-
savlianoba, moswavleTa moswreba da a.S. warmoadgens Sedegobriv para-
metrebs, romlebzedac sxvadasxva faqtorebi axdenen zemoqmedebas: 
wamlis an toqsikuri nivTierebaTa dozebi, sasuqis raodenoba, kvebis 
reJimi, fizikuri da gonebrivi savarjiSoebi da sxva. arsebobs erTi da 
imave parametrze moqmedi mravali faqtori, romelTagan cdaSi (eqsper-
imentSi) regulirebadia mxolod zogierTi maTgani da maT reguli-
rebadi faqtorebi ewodebaT. iseT faqtorebs, romlebic ar 
eqvemdebarebian regulirebas, ewodebaT araregulirebadi, Tumca maTac 
gaaCniaT garkveuli zemoqmedeba Sedegobriv parametrebze. arareguli-
rebad faqtorebs miekuTvnebian agreTve sxva daufiqsirebadi anu gau-
Tvaliswinebeli faqtorebi. Cveulebriv, yoveli regulirebadi faqtori 
warmodgenilia damoukidebel gradaciebad   (jgufebad), romelTa 
raodenoba damokidebulia cdis (eqsperimentis) pirobebze. 

Tu regulirebadi faqtori iwvevs mniSvnelovan zegavlenas 
Sedegobriv parametrze, maSin es zegavlena aisaxeba jgufur saSu-
aloebze, romlebic statistikurad erTmaneTisgan gansxvavebuli 
iqnebian. TiToeuli jgufis SigniTac aRiniSneba cvalebadoba, rome-
lic gamowveulia araregulirebadi faqtoriT an faqtorebiT. 
cvalebadobis es damokidebuleba SeiZleba ase warmovadginoT: 

222
ef  , 

sadac, 2 – mTeli kompleqsis saerTo dispersiis Sefasebaa; 2
f  – 

jgufTaSoriso (doneTaSoriso) dispersiis Sefasebaa, romelic 

gamowveulia regulirebadi faqtoris zegavleniT; 2
e – Sigajgufuri 

(narCeni) dispersiis Sefasebaa, romelic gamowveulia gauT-
valiswinebeli anu araregulirebadi faqtorebiT. 
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regulirebadi faqtoris zegavlenis dasadgenad saWiroa fiSeris 

kriteriumiT Semowmdes  22: efH   nulovani hipoTeza. Tu nulovani 

hipoTeza uaryofilia  mniSvnelovnebis doniT, maSin regulirebadi 
faqtoris zegavlena Sedegobriv parametrze sarwmunoa, winaaRmdeg 
SemTxvevaSi regulirebadi faqtoris zegavlena Sedegobriv parametrze 
ar SeimCneva an umniSvneloa. 

amrigad, dispersiuli analizi, garda saSualoebis erTdrouli 
Sedarebisa, Seiswavlis dakvirvebebze (eqsperimentze) moqmedi 
sxvadasxva faqtorebis zegavlenas, mniSvnelovani faqtorebis amorCe-
vasa da maTi moqmedebebis Sefasebas. 
 dispersiuli analizis Casatareblad saWiroa, rom dakvirvebebi 
iyos SemTxveviTi sidideebi, romelTac gaaCniaT normaluri ganawileba 
da erTnairi dispersia. mxolod am SemTxvevaSia SesaZlebeli dis-
persiisa da maTematikuri lodinis sarwmunoebis Sefaseba da ndobis 
intervalebis dadgena da saerTod, dispersiuli analizis Catareba. 
ganvixiloT orfaqtoriani dispersiuli analizi 

 

 

 

 

 

4.2  orfaqtoriani dispersiuli analizi  

 

 vTqvaT, eqsperimentalur Sedegebze moqmedebs ori A da B 

faqtori, romelTac gaaCniaT Sesabamisad r da v doneebi. dakvirvebaTa 
matrica SeiZleba ase warmovadginoT: 
 

B 

A 
B1 B2 . . . Bj . . . Bv saS. 

A1 x11 x12 . . . x1j . . . x1v 1x  

A2 x21 x22 . . . x2j . . . x2v 2x  

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

Ai xi1 xi2 . . . xij . . . xiv ix  

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

Ar xr1 xr2 . . . xrj  . . . xrv rx  

jx  1x  2x  . . . jx  . . . vx  x  

 

i-uri donis A faqtoris gadakveTa j-uri donis B faqtorTan qmnis 
ij-ur ujreds, sadac Cawerilia dakvirvebis Sedegi xij, miRebuli A da B 

faqtorebis erTdrouli moqmedebis dros. simartivisTvis davuSvaT, 
rom ujredSi gvaqvs mxolod erTi dakvirveba da faqtorebi ur-
TierTdamoukideblebi arian, e.i. urTierTqmedeba gamoricxulia. maSin 
orfaqtoriani dispersiuli analizis modeli SeiZleba ase war-
movadginoT: 

vjriegx ijjiij ,....,2,1,...,2,1,   ,  

sadac   – saerTo saSualoa;  

         – efeqti, gamowveuli i-uri donis A faqtoris mier; 
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        gj – efeqti, gamowveuli j-uri donis B faqtoris mier; 
        eij – ij-uri ujredSi Sedegebis variacia. 

Tu ujredSi erTi mniSvnelobaa, maSin eij = 0. ganvixiloT ,  da g Se-
fasebebi. ganvsazRvroT Semdegi sidideebi: 

saerTo saSualo:       
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dispersiebis SefasebisaTvis ganvixiloT Semdegi gamosaxuleba: 
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e.i. 

Q = QA + QB + Qe,   

sadac, QA axasiaTebs parametris cvlilebas, gamowveuls A faqtoris 
mier, QB – B faqtoris mier da Qe – sxva gauTvaliswinebeli faqto-
rebis mier. Tu cnobilia Q, QA, QB da Qe, maSin dispersiebis Sefasebebi 
iqneba: 
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 A da B faqtorebis zegavlenis dasadgenad saWiroa dispersiebis 
Sedareba fiSeris kriteriumis gamoyenebiT. amisaTvis unda ganisazRv-
ros 
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Sidide, romelsac gaaCnia,  1 = r – 1  da 3 = (r – 1)(v – 1) Tavieuflebis 
xarisxebi. Ees sidide   unda Sedardes 

31; F  kritikul mniSvnelobas. Tu 

31;  FFA , maSin A faqtoris zegavlena sarwmunoa. winaaRmdeg SemTxveva-

Si A faqtoris zegavlena umniSvneloa. analogiurad tardeba B 

faqtoris zegavlenis dadgena. 
 dispersiuli analizi umjobesia warmovadginoT Semdegi 
cxrilebis saxiT: 
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ispersia kvadratebis jami 
Tavisuflebis 

xarisxi 

A 
faqtori 

 
2

v  

i

iA xxQ  1 = r – 1 

B 
faqtori 

 2  

i

jB xxrQ  2 = v – 1 

naSTi    

ji

jiije xxxxQ
,

 )1)(v1(3  r  

saerTo   
ji

ij xxQ
,

2
 

 = r v – 1 

 

 
                                                                                     cxrilis gagrZeleba 
 

dispersia 
dis-

persiebis 
Sefaseba 

F  fard. F krit. 

A 
faqtori 1

2


 A

A

Q
 

2

2

e

A
AF




  

21; F  

B 
faqtori 

2

2


 B

B

Q
 

2

2

e

B
BF




  

32; F  

naSTi 
3

2


 e

e

Q
   

saerTo 



Q2    

 Cven ganvixileT kerZo SemTxveva, roca ujredSi iyo erTi mona-
cemi da faqtorebs Soris urTierTqmedeba gamoricxuli iyo. zogadad, 
ujredSi SeiZleba iyos ramdenime, rogorc Tanabari, ise araTanabari 
raodenobis monacemebi da faqtorebs Soris SeiZleba adgili hqondes 
urTierTzemoqmedebas. sasurvelia, rom ujredebSi monacemebi iyvnen 
erTi da igive raodenobis. 
 amrigad, zogadi SemTxvevisTvis – orfaqtoriani dispersiuli an-
alizis dros – erTi dakvirveba SeiZleba warmovadginoT Semdegnairad 

ijkijjiijk egx  ,   

sadac,  – saerTo saSualoa;  

i – efeqti, gamowveuli i-uri donis A faqtoris   zegavleniT; 
gj – efeqti, gamowveuli j-uri donis B faqtoris          

zegavleniT; 

ij – efeqti, gamowveuli A da B faqtorebis urTierTqmedebis 
Sedegad miRebuli zegavleniT; 

eij –  ujredSiga variacia. 
Tu ujredebSi erTnairi raodenobis monacemebia, maSin dakvirvebis 
matrica SeiZleba ase warmovadginoT: 
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B 

A 
B1 B2 . . . Bv 

ix

 

 11x  12x   v1x   

A1 x111, x112,..,x11n x121,x122,..,x12n . . . x1v1,x1v2,..,x1vn 
1x

 

 21x  22x   v2x   

A2 x211, x212,..,x21n x221,x222,..,x22n . . . x2v1,x2v2,..,x2vn 
2x

 

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

 1rx  2rx   vrx   

Ar xr11,xr12,...,xr1n xr21,xr22,...,xr2n . . . xrv1,xrv2,...,xrvn 
rx

 

 jx  
1x  2x  . . . vx  x  

 
aq x111,x112,...,xrvn gamosakvlevi parametris dakvirvebebia. dis-

persiuli analizis CatarebisaTvis saWiroa gamovTvaloT Semdegi mniS-
vnelobebi: 
 – ujredis saSualo mniSvneloba 




 
n

k

ijkij x
n

x
1

1
; 

 – striqonebis (A faqtori) saSualo mniSvnelobebi 




 
v

j

iji xx
1v

1
; 

 – svetebis (B faqtori) saSualo mniSvnelobebi 




 
r

i

ijj x
r

x
1

1
; 

 – saerTo saSualo 


 


r

i

n

j

ijx
r

x
1 1v

1
, 

sadac, r, v – Sesabamisad A da B faqtorebis doneebis raodenobebia. gar-
da amisa, ganisazRvreba Semdegi kvadratebis jami, anu deviatebi: 

         ;;;v
1 1 1

2

1

2

1

2


  









 
r

i

v

j

n

k

ijijke

v

j

jB

r

i

iA xxQxxrnQxxnQ

    ;;
1 1 1

2

1 1

2


   

 
r

i

v

j

n

k

ijk

n

i

v

j

jiijAB xxQxxxxnQ    

e.i.                          ,eABBA QQQQQ   

sadac, QA-sa da QB-s gaaCnia igive mniSvnelobebi, rac wina SemTxvevis 
dros. QAB – aris kvadratebis jami, romelic afasebs A da B faqto-
rebis urTierTqmedebas, Qe – kvadratebis jami, romelic afasebs uj-
redSiga variacias. 
 amis Semdeg unda ganisazRvros dispersiebis Sefasebebi: 
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)1v(
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)1)(1(v

  ;
1v

  ;
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  ;
1v
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
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da saTanado fiSeris kriteriumebi: 

2

2

2

2

2

2

;
e

AB
AB

e

B
B

e

A
A FFF












       ; . 

Sesabamisi nulovani hipoTezebis SemowmebiT dgindeba A, B da AB faqto-
rebis zegavlenis an umniSvnelo zegavlenis faqtebi. 
 orfaqtoriani dispersiuli analizi umjobesia warmovadginoT 
Semdegi cxrilebis saxiT: 
 

disper-
sia 

kvadratebis jami 
Tavisuflebis 

xarisxi 

A 
faqtori 

 
2

v   

i

iA xxnQ  1  = r – 1 

B 
faqtori 

 2  

j

jB xxrnQ  2  = v – 1 

AB 
faqto-
rebi 

   

ji

jiijAB xxxxnQ
,

2
 
3  = (v – 1)(r – 1) 

naSTi   
kji

ijijke xxQ
,,

2
 

4  = r v(n – 1) 

saerTo   
kji

ijk xxQ
,,

2
 

 = r v n – 1 

 
                                                                                   cxrilis gagrZeleba 

 

dispersia 
dis-

persiebis 
Sefaseba 

F  fardo-
ba 

F kritik. 

A 
faqtori 

1

2


 A

A

Q
 

2

2

e

A
AF




  
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Sedegobriv parametrze ama Tu im faqtoris an faqtorebis erTo-
blivi zemoqmedebis siZliere SeiZleba ganisazRvros Semdegi formu-
lebiT: 

,;;
2

2
2

2

2
2

2

2
2

y

AB
AB

y

B
B

y

A
A hhh

















 

sadac, 

;;;
v

22
2

22
2

22
2

nrnn

eAB
AB

eB
B

eA
A











 

,22222

eABBAy  


 
2
e – narCeni disperiaa. 

Tu romelime regulirebadi faqtoris an faqtorTa erToblivi 
zegavlena Sedegobriv parametrze ar dasturdeba, maSin misi Sesabamisi 

komponenti 2
y  gamosaxulebaSi unda gamoiricxos. 

magaliTi. gamokvleul iqna sami tipis mikroelementis zegavlena 
Zroxis rZis cximianobaze. eqsperimenti Catarda erTnairi asakis oTxi 
sxvadasxva jiSis cxovelTa jgufze. monacemebi moyvanilia Semdeg 
cxrilSi: 

 

Zrox. 
jiSi 

rZis cximianoba %-Si 

A1 A2 A3 

B1 2,1 2,0 3,4 2,8 2,6 3,0 2,4 2,1 2,8 

B2 4,0 3,2 4,1 3,9 4,1 4,5 3,0 3,9 4,2 

B3 3,0 2,8 2,7 3,5 4,0 2,8 4,8 3,1 2,9 

B4 3,4 3,0 2,9 3,0 2,9 3,0 3,3 2,8 3,0 

 
aq A-Ti aRniSnulia mikroelementebi, xolo B-Ti – sxvadasxva 

jiSis Zroxebi. A faqtoris gradaciebis raodenobaa r = 3, xolo B 
faqtoris – v = 4. Adispersiuli analizis Sedegebi moyvanilia Semdeg 
cxrilSi: 

disper- 
sia 

kvadrat
ebis ja-

mi 

Tavisu
flebi

s 
xarisx

i 

disper-
siebis 
Sefase-

ba 

F  far-
doba 

F kritik. 

A faq-
tori 

QA = 0,51 1 = 2 26,02 A  FA = 1,0 F0,05;2,24=3,4 

B faq-
tori 

QB = 7,94 2 = 3 65,22 B  FB = 10,2 F0,05;3,24=3,0 

AB faq-
torebi 

QAB = 1,10 3 = 6 18,02 AB  FAB = 1,4 F0,05;6,24=3,8 

naSTi Qe = 6,23 4 = 24 26,02 e     

saerTo Q = 15,78  = 35    
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rogorc am cxrilidan Cans, mxolod B faqtoris dros xdeba 
hipoTezis uaryofa. es imas niSnavs, rom am jiSis cxovelebs gaaCniaT 
rZis cximianobaze midrekileba, romelic albaT STamomavlobiT unda 
aixsnas da amitom mikroelementebis zegavlenas igi ar eqvemdebareba. 
albaT, amitomaa, rom A da B faqtorebis urTierTqmedebac ver axdens 
rZis cximianobaze zegavlenas. 
 radgan ganxiluli ori faqtoridan mxolod B faqtori (Zroxis 
jiSi) moqmedebs rZis cximianobaze, amitom SegviZlia rZis cximianobaze 
Zroxis jiSis zemoqmedebis siZlieris gansazRvra. amisaTvis gvaqvs: 

26,0;65,2 22  eB ; n = 3;  r = 3. Tu gamoviyenebT zemoT moyvanil formu-
lebs, maSin miviRebT: 

;266,0
33

26,065,2
22

2 








rn

eB

B





 

            50,0
26,0266,0

266,0

ˆ

ˆ
22

2

2

2
2 







eB

B

y

B
Bh










    anu  50%. 

amrigad, rZis cximianobaze Zroxis jiSis zemoqmedebis siZliere 
50%-is tolia. 

analogiurad tardeba sami, oTxi da zogadad, mravalfaqtoriani 
dispersiuli analizi. 
        

 

 

 

 

5. mTavari komponentebis meTodi 

 

 
 praqtikaSi Zalian xSirad gvxvdeba iseTi situacia, roca para-
metrebis raodenoba Zalze didia da, miuxedavad amisa, saWiroa sawyisi 
monacemebis statistikuri damuSaveba da garkveuli gadawyvetilebis 
miReba. aqedan gamomdinare, saWiroa sawyisi informaciis SekumSuli 
saxiT warmodgena, anu Sesaswavli obieqtis aRwera mcire raodenobis 
ganzogadebuli maCveneblebiT, magaliTad, mTavari komponentebiT an 
faqtorebiT. mTavari komponentebi warmoadgenen metad mosaxerxebel 
gamsxvilebul maCveneblebs, romlebic asaxaven obieqtis (procesis) im 
Sinagan kanonzomierebis aRweras, rac SeuZlebelia dakvirvebebis saSu-
alebiT. 
 mTavari komponentebis meTodiT SesaZlebelia Semdegi amocanebis 
gadawyveta. 
 1. Sesaswavl movlenaSi obieqturad arsebuli faruli kanonzom-
ierebis gamovlena; 
 2. Sesaswavli procesis aRwera mcire raodenobis mTavari kompo-
nentebiT, romelTa ricxvi gacilebiT naklebia sawyisi cvladebis 
raodenobaze. am SemTxvevaSi, mTavari komponentebi process ad-
ekvaturad asaxaven ufro kompaqturi formiT da Seicaven saSualod 
ufro met informacias, vidre uSualod gazomvadi cvladebi; 
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 3. cvladebis mTavar komponentebTan statistikuri kavSiris gam-
ovlena da Seswavla, rac saSualebas iZleva ufro aqtiurad 
vimoqmedoT procesze misi efeqturi funqcionirebisTvis; 
 4. procesis ganviTarebis tendenciis prognozireba regresiis 
gantolebiT, romelic agebulia mTavari komponentebis saSualebiT. 
prognozirebis aseT meTods gaaCnia garkveuli upiratesoba klasikur 
regresiul analizTan SedarebiT, gansakuTrebiT im SemTxvevis dros, 
roca saqme gvaqvs multikolinearnobis problemasTan. 
  

mTavari komponentebis modeli.  vTqvaT, mocemulia n SemTxveviTi 
cvladebi X1,X2,...,Xn, romlebsac gaaCniaT ),...,,( 21

 n saSualoebis 

veqtori da kovariaciuli matrica Sn,n . saWiroa, ganisazRvros am 
cvladebis urTierTkavSiri, anu struqturuli damokidebuleba. 
struqturuli damokidebulebis erT-erT meTods warmoadgens mTavari 
komponentebis meTodi, romlis ZiriTadi amocana SeiZleba ase 
CamovayaliboT: unda moiZebnos sawyisi X1,X2,...,Xn cvladebis iseTi 
wrfivi kombinacia 

                    miXaxaY
n

j

jij

n

j

ijiji ,...,2,1
11

 


     ,                     (5.1) 

sadac, ija  – warmoadgens woniT koeficientebs, roca sruldeba Semdegi 

pirobebi: 

. 

; 

        , 

 
 







n

i

n

i

iii

m

ji

sY

YYY

jinjiYY

1 1

21

)var(

)var(...)var()var(

,,...,2,1,0)corr(

 

rogorc am formulidan Cans, axali cvladebi Y1,Y2,...,Ym, rom-
lebsac mTavar komponentebs uwodeben, erTmaneTis mimarT arian arako-
relirebuli da ranJirebuli –  dispersiis klebadobis mixedviT. unda 
aRiniSnos, rom jamuri dispersia gardaqmnis Semdeg ar icvleba. aqedan 
gamomdinare, Yi cvladebis pirvel q qvesimravleze modis saerTo dis-
persiis ZiriTadi nawili da amitom SesaZlebeli xdeba sawyisi 
cvladebis damokidebulebis struqturis Sekvecili aRwera. 
 imisaTvis, rom ukeT gaverkveT mTavari komponentebis meTodis 
arsSi, ganvixiloT misi geometriuli interpretacia. davuSvaT, rom 

ori X1 da X2 SemTxveviTi cvladi normalurad aris ganawilebuli  = 

(1,2) saSualoebis veqtoriTa da S kovariaciuli matriciT. am 
ganawilebis simkvrivis elifsoidi, romlis centri moTavsebulia 

(1,2) wertilSi, warmodgenilia Semdeg naxazze: 
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pirvel mTavar komponents 2121111 xxY    Seesabameba elifsoidis 

I RerZi, romlis sigrZis naxevari tolia 1  sididisa, sadac, 1 aris 

kovariaciuli matricis maqsimaluri sakuTrivi mniSvneloba. radgan X 

gaaCnia organzomilebiani normaluri ganawileba, amitom mas gaaCnia 
agreTve II patara RerZi, romelic I RerZis perpendikularulia da igi 

Seesabameba meore mTavar komponents 2221212 xxY   , romlis sigrZe 

proporciulia 2  sididisa. amrigad, elifsoidis, rogorc I, aseve II 

RerZi, ganisazRvreba X1 da X2 sidideebiT, sadac, 1 da 2 sakuTrivi 

veqtorebia, romlebic Seesabameba S matricis 1 da 2 sakuTriv mniS-
vnelobebs. 
 Tu X1 da X2 erTmaneTis mimarT dadebiT korelaciur 
damokidebulebaSia, maSin rac ufro izrdeba korelacia cvladebs So-
ris, miT ufro uaxlovdeba elifsoidi I wrfes da Tu X1 da X2 Soris 
damokidebuleba funqcionaluria, maSin elifsoidi gardaiqmneba 
wrfed. 
 mTavari komponentebis gansazRvra. mTavari komponentis meTodi 

mdgomareobs ij koeficientebis moZebnaSi. (5.1) gamosaxuleba matriculi 

saxiT ase Caiwereba: Y = X. mocemuli -s dros am gamosaxulebis dis-
persia tolia: 

var(Y) = var(X) = var(X) = S , 
sadac, S mocemuli sawyisi cvladebis kovariaciuli matricaa. Tu 
sawyisi monacemebi normirebulia, maSin gveqneba korelaciuri matrica 

XX
n

R 



1

1
. 

mTavari komponentebis meTodis pirveli amocana mdgomareobs Y1 kompo-
nentis moZebnaSi, romelsac gaaCnia udidesi dispersia. zogadad, am am-
ocanis gadawyveta saTanado SezRudvebis Semotanis gareSe SeuZlebe-

lia. magaliTad, Tu fiqsirebul -Tvis raRac c mudmivis dros mi-

viRebT * 
= c sidides, sadac c -s zrdasTan erTad usasrulod izrdeba 

dispersiac. es movlena Tavidan rom aviciloT, saWiroa  veqtoris 
normireba ise, rom  

1... 22

2

2

1 
n . 

maSin amocana Camoyalibdeba Semdegnairad: movaxdinoT S  gamosax-

ulebis maqsimizacia, roca  = 1.  davuSvaT 
)1(   S , 

sadac,  – lagranJis mamravlia. -is kerZo warmoebulis nulTan 
gatolebis Semdeg 



 

 

ე.ყუბანეიშვილი. მრავალგანზომილებიანი სტატისტიკური მეთოდები მედიცინაში 

41 

022  



S  

miviRebT Semdeg gantolebas: 

(S– ) = 0, 
romelic warmoadgens klasikuri tipis gantolebas da mas gaaCnia 
amonaxsni mxolod im SemTxvevaSi, roca 

detS– = 0. 
amrigad, miRebuli gantolebis amoxsnisTvis saWiroa moiZebnos S 

matricis 1  2  ...  n  maxasiaTebeli fesvebi. 
 imisaTvis, rom ganvsazRvroT, am fesvebidan romeli gamoviyenoT 

maxasiaTebeli (sakuTrivi) veqtoris SesarCevad, romelic moaxdens S 

gamosaxulebis maqsimizacias, saWiroa, gantolebis marcxena mxare ga-

vamravloT -ze,  maSin, Tu mxedvelobaSi miviRebT S = 1,  gveqneba: 

(S –  ) = S –  = 0,      e.i.    S = , 

magram Cven viciT, rom S = var(Y).  e.i.   warmoadgens dispersias. 
 amrigad, imisaTvis, rom movaxdinoT Y komponentis dispersiis 
maqsimizacia, unda aviRoT maxasiaTebeli fesvebidan udidesi mniS-

vnelobis fesvi, kerZod 1 da misi Sesabamisi sakuTrivi veqtori 1. 
maSin pirveli mTavari komponenti miiRebs Semdeg saxes: 

,11 XY   

romlis dispersia iqneba 1. 
 zogadad, roca saqme gvaqvs n cvladTan, pirveli mTavari kompo-
nenti Y1 warmoadgens n cvladebis wrfiv kombinacias, romelTa koefi-
cientebi tolia normirebuli sakuTrivi veqtoris komponentebisa, ro-
melic, Tavis mxriv, Seesabameba R  an S  matricis udides sakuTriv mniS-
vnelobas. 
 meore mTavari komponenti Y2 warmoadgens sawyisi n cvladebis 
wrfiv kombinacias koeficientebiT, romlebic normirebuli sakuTrivi 

veqtoris komponentebis tolia da igi Seesabameba 2  maxasiaTebel mniS-

vnelobas, romelic warmoadgens 1-is Semdeg udides mniSvnelobas. 
analogiurad ganisazRvreba mesame mTavari komponenti da a.S. n-uri 
komponentis CaTvliT. TiToeuli komponentis dispersia Sesabamisad 

tolia maxasiaTebeli nii ,....,2,1,   fesvebisa da ToToeuli komponenti 

ar aris erTmaneTis mimarT damokidebuli. vaCvenoT es bolo 
damokidebuleba. 
 cnobilia Teorema, romlis Tanaxmad, nebismieri simetriuli S 

matricisTvis arsebobs iseTi orTogonaluri matrica , romlisTvi-
sac sruldeba Semdegi toloba: 

                                          S=























n...000
...............

0...00

0...00

2

1

 .                                            (5.2) 

amasTan, Tu S dadebiTad gansazRvruli matricaa, maSin yvela i > 

0 da S> 0. radgan  warmoadgens S matricis sakuTriv veqtorebs da 

rogorc miRebuli (5.2) gamosaxulebidan Cans, cov(ij) = 0,  i = 1,2,...,n, j = 

1,2,...,n, i   j, amitom komponentebi urTierTdamoukidebeli arian. 
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 TiToeuli komponentis jamuri dispersiis fardobiTi wili gan-
isazRvreba Semdegi gamosaxulebiT: 

                          niq
n

i

i

i

i ,...,2,1       ,

1









.                      (5.3) 

praqtikulad, Tu jamuri dispersiis 80-85% modis pirveli k 

raodenobis komponentebze, maSin danarCeni komponentebi k + 1, k + 2, ... ,n  

SeiZleba mxedvelobaSi ar miviRoT da amiT movaxdinoT sivrcis 
ganzomilebis Semcireba. aqedan gamomdinare, saWiroa CamovayaliboT 
iseTi kriteriumi, romelic naklebdispersiani komponentebis analiz-
idan gamoricxvis saSualebas mogvcems. 
 mTavari komponentis meTodis gamoyeneba mizanSewonilia im Sem-
TxvevaSi, roca sawyis cvladebs gaaCniaT saerTo fizikuri buneba da 
izomebian erTi da imave fizikur erTeulebSi. Tu cvladebi sxvadasxva 
fizikuri bunebisaa, maSin aucilebelia maTi normireba, magaliTad, 
Semdegnairad: 

njmi
xx

z
j

jij

ij ,...,2,1    ,,...,2,1    , 





, 

sadac, ix  saSualo mniSvnelobebia, xolo i – saSualo kvadratuli 

gadaxrebi. aseTi normirebis Semdeg kovariaciuli matrica gardaiqmne-
ba korelaciur matricad. 
 korelacia Xi cvladsa da Yj mTavar komponents Soris gan-
isazRvreba Semdegnairad: 

                      
j

iij

ji XY



)corr( ,                                                        (5.4) 

sadac, i – standartuli gadaxraa. amrigad, Tu gvinda SevadaroT Ti-
Toeuli Xj cvladis wili Yi komponentis formirebaSi, saWiroa Sevada-

roT 
j

ij




 mniSvnelobebi. Tu korelaciuri matrica cnobilia, maSin 

sakmarisia ij koeficientebis Sedareba. kerZod, im Xj cvlads, romelsac 

gaaCnia udidesi ij koeficienti, miuZRvis udidesi wili Yi mTavari kom-
ponentis formirebaSi. 

mTavari komponentebis interpretaciisTvis, kerZod, masSi 
arsebuli informaciis gamosavlenad, xSirad (5.1) gamosaxulebaSi  aij 

woniTi koeficientebis magivrad iyeneben korelaciis koeficientebs, 
romlebic ganisazRvreba (5.4) formuliT. 

 
hipoTezebis Semowmeba.  davuSvaT, rom kovariaciuli (korela-

ciuri) matricis maxasiaTebeli ricxvebi erTmaneTis tolia, anu (5.3) 

gamosaxulebidan miRebuli qi  mniSvnelobebi erTmaneTis tolia. ori X1 

da X2 cvladebis dros es niSnavs elifsoidis gardaqmnas wred, e.i. 
orive I da II RerZebi erTmaneTis tolia. mravalganzomilebiani sistemis 
dros saqme gvaqvs sferosTan. amrigad, Tu nulovani hipoTeza 

H0 : 1 = 2 =  = n 
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samarTliania, maSin mudmivi simkvrivis elifsoidi gardiqmneba mudmivi 
simkvrivis sferod da maSin nulovani hipoTezis Semowmeba SeiZleba 
gavixiloT rogorc sferoze Semowmebis hipoTezad. aseTi hipoTezis 
Sesamowmeblad ganvixiloT Semdegi statistika: 

                    















  

 

n

i

n

i

ii
n

nm
1 1

2 1
lnln)1(  ,                (5.5) 

romelsac gaaCnia 2
 ganawileba =0,5n(n+1)–1 Tavisuflebis xarisxiT. 

Tu 2
;

2
 , maSin nulovani hipoTeza miiReba. 

 davuSvaT, rom pirvel k mTavar komponentze modis jamuri dis-
persiis udidesi nawili. Cven gvainteresebs, darCenili komponentebi 
gansxvavdebian Tu ara erTmaneTisgan. Tu isini ar gansxvavdebian, maSin 
maTi gamoricxva Semdgomi analizidan mizanSewonilia. amrigad, 
CamovayaliboT Semdegi nulovani hipoTeza: 

H0 : k+1 = k+2 =  = n , 

maSin (5.5)  statistikas aqvs Semdegi saxe: 


























 



n

Kj

j

n

kj

j
q

qm
11

2 1
lnln)1(  , 

sadac, q = n – k . Tu 2
;

2
 ,  maSin nulovani hipoTeza miiReba da bolo q 

raodenobis mTavari komponentebi SeiZleba gamovricxoT analizidan. 
 unda gvaxsovdes, rom am hipoTezebis Semowmebis kriteriumebi 
metad mgrZnobiarea normaluri ganawilebis mimarT. gansakuTrebiT 
saeWvoa maTi gamoyeneba droiTi mwkrivebis (magaliTad, biosignalebis) 
mimarT, radgan monacemebis damoukidebloba am SemTxvevaSi iSviaTobas 
warmoadgens. 

mTavari komponentebis meTodi gamoiyeneba im SemTxvevaSi, 
rodesac sawyisi cvladebi urTierTdamokidebuli arian. roca 
cvladebi urTierTdamoukidebelia, maSin am meTodis gamoyenebas azri 
ara aqvs, radgan am dros faqtiurad xdeba sawyisi cvladebis ranJire-
ba dispersiebis klebis mixedviT. aqedan gamomdinare, sasurvelia Se-
vamowmoT parametrebis damoukideblobis hipoTeza. amisaTvis ganvix-
iloT statistika: 

R
n

m ln
6

12







 
 ,  

sadac, R  _ korelaciuri matricis determinantia, romelic SeiZleba 

ase ganisazRvros: 



n

i

iR
1

, sadac, i korelaciuri matricis sakuTrivi 

mniSvnelobebia. 

  statistikas gaaCnia 
2 ganawileba 

2

)1( 


mm
  Tavisuflebis 

xarisxiT. Tu aRmoCndeba, rom 2
; , maSin parametrebi damoukidebe-

lia, winaaRmdeg SemTxvevaSi, roca 2
; , isini damokidebuli arian. 
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magaliTi. Seswavlili iqna meqanikuri travmis 2300 SemTxvevis 
avadmyofobis istoria [8]. statistikuri damuSavebisTvis gamoyenebul 
iqna Semdegi 11 maCvenebeli: 
1. mdgomareobis simZimis subieqturi Sefaseba (damakmayofilebeli, 

saSualo simZimis, mZime da ukiduresad mZime); 
2. cnobierebis mdgomareoba (naTeli, areuli, ar hqonda); 
3. arteriuli wnevis sidide; 
4. hipertoniis xangrZlivoba (arteriuli wnevis sidide 100mm vercxlis 

svetis simaRleze naklebia); 
5. pulsis sixSire; 
6. sisxlkargvis sidide; 
7. sicocxlisTvis mniSvnelovani dazianebuli organoebis raodenoba; 
8. gadasxmuli sisxlis raodenoba; 
9. gadasxmuli sisxlis Semcvelis raodenoba; 
10. operatiuli Carevis xangrZlivoba; 
11. operatiuli Carevis raodenoba. 

Cven SemTxvevaSi korelaciur matricas aqvs Semdegi saxe: 

11

10

9

8

7

6

5

4

3

2

1

605,0

556,0421,0

515,0430,0737,0

553,0368,0617,0529,0

539,0419,0747,0691,0750,0

293,0273,0341,0351,0406,0482,0

387,0364,0436,0510,0378,0467,0304,0

386,0296,0601,0538,0674,0706,0382,0600,0

428,0265,0454,0315,0672,0533,0326,0354,0558,0

507,0434,0588,0503,0741,0748,0525,0426,0624,0714,01

1110987654321








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
































1

1

1

1

1

1

1

1

1

1

                                               

R

                             

 

 
 miRebuli korelaciuri matricisaTvis ganisazRvra sakuTrivi mniS-
vnelobebi da sakuTrivi veqtorebi, romelTa saSualebiT miviReT mTa-
vari komponentebis koeficientebis mniSvnelobebi, romlebic miRebulia 
(5.4) formuliT. pirveli oTxi mTavari komponentis sakuTrivi mniS-
vnelobebi da koeficientebi mocemulia Semdeg cxrilSi: 
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cvladebi 
mTavari komponentebi 

1 2 3 4 

1 0,84 –0,27 0,21 0,08 

2 0,69 –0,44 0,24 –0,30 

3 –0,79 0,23 0,32 0,09 

4 0,62 0,15 –0,44 0,04 

5 0,57 –0,20 0,20 0,76 

6 0,86 0,06 –0,09 0,04 

7 0,84 –0,25 0,12 –0,17 

8 0,76 0,30 –0,13 0,11 

9 0,81 0,15 –0,19 –0,04 

10 0,59 0,58 0,36 –0,02 

11 0,72 0,40 0,32 –0,16 

dispersiis 
absoluturi 
mniSvneloba 

() 

6,087 1,058 0,849 0,754 

komponentis 
wili mTel 
dispersiaSi 

(%) 

55,3 9,6 7,7 6,9 

jamuri wili 
(%) 

55,3 64,3 72,0 78,9 

  
rogorc am cxrilidan Cans, pirvel oTx mTavar komponentze modis 
mTeli dispersiis daaxloebiT 80% da aqedan mxolod pirvel kompo-
nentze modis 55%. 

 ganvixiloT ufro detalurad pirveli mTavari komponentis 
Z X X X X1 1 2 3 110 84 0 69 0 79 0 72    , , , ... ,  koeficientebi, romlebic  war-
moadgenen korelaciur koeficientebs sawyis maCveneblebTan. 

1. pirveli mTavari komponentis dadebiTi korelacia 
mdgomareobis simZimis subieqtur SefasebasTan gasagebia, radgan rac 
ufro mZimea travma, miT ufro maRalia subieqturi Sefaseba. 

2. rac ufro mZimea travma, miT ufro gamokveTilia cnobierebis 
darRveva, romelic baluri sistemiT aris Sefasebuli. amasTan, udide-
si qula eniWeboda im SemTxvevaSi, roca pacients cnobiereba ar gaaC-
nda. swored  aqedan gamomdinareobs meore maCveneblis dadebiTi ko-
relacia pirvel komponentTan. 

3. rac ufro mZimea travma, miT ufro mcirea arteriuli wneva, 
rac obieqturad dasturdeba uaryofiTi korelaciiT mesame 
maCvenebelisa pirvel komponentTan. 

4. xangrZlivi hipotonia mZime travmebis damaxasiaTebeli 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–5 da me–6 
maCveneblebTan. 
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7. rac ufro meti sicocxlisTvis mniSvnelovani organoebia 
dazianebuli, miT ufro didia travmis simZimis xarisxi. aqedan gam-
omdinareobs dadebiTi korelacia me–7 da pirvel mTavar komponentebs 
Soris. 

8–11. travmis simZimis zrdasTan erTad izrdeba Carevis raodeno-
bebic. amitomaa am maCveneblebis dadebiTi korelacia pirvel mTavar 
komponentTan. 

 

 

 

 

 
6. faqtoruli analizi 

 
faqtoruli analizis mizania martivi struqturis dadgena, ro-

melic gamoavlens Sesaswavl movlenaSi obieqturad arsebul farul 
kanonzomierebebs. garda amisa, faqtoruli analizi saSualebas iZleva 
ganisazRvros axali cvladebi anu faqtorebi da moaxdinos iseTi 
sidideebis Sefaseba, romelTa uSualo gazomva SeuZlebelia. faqto-
ruli analiziT SegviZlia sawyisi monacemebis gardaqmna, ganzomilebis 
Semcireba da sxva specifikuri amocanebis gadawyveta. 

faqtoruli analizis ZiriTadi modeli. vTqvaT gvaqvs m obieqti, 
romlebic aRwerili arian X1,X2,...,Xn parametrebiT. faqtoruli ana-

lizis Casatareblad informacia warmodgenili unda iyos mn 

ganzomilebiani matricis saxiT. imisaTvis, rom gamoiricxos sxvadasxva 
fizikur erTeulebSi gazomili parametrebis efeqti, saWiroa sawyisi 
monacemebi warmovadginoT standartizirebuli saxiT, e.i. gadavideT 
uganzomilebo cvladebze 

njmi
xx

Z
i

iij

ij ,...,2,1,...,2,1, 



  ,   . 

maSin faqtoruli analizis ZiriTadi modeli SeiZleba ase war-
movadginoT: 

                       ,   mieFZ
n

j

ijiji ,...,2,1,
1




                     (6.1) 

sadac, Zi – i-uri SemTxveviTi cvladia, F1,F2,...,Fn – zogadi faqtorebia, 
romlebic SemTxveviT sidideebs warmoadgenen da gaaCniaT normaluri 
ganawileba; ei – specifiuri anu maxasiaTebeli faqtorebia, romliTac 
xasiaTdebian TiToeuli sawyisi Zi cvladebi (igulisxmeba, rom maxasi-

aTebeli faqtorebi arakorelirebuli arian);  ij – faqtoruli dat-
virTvebia, romliTac xasiaTdeba TiToeuli faqtori da romlebic un-
da iyvnen gansazRvrulni. 
 amrigad, faqtoruli analizis ZiriTadi amocanaa ganisazRvros 
faqtoruli datvirTvebi. Tu zogadi da maxasiaTebeli faqtorebi ur-
TierTarakorelirebuli arian, maSin i-uri faqtoris dispersia SeiZle-
ba ase warmovadginoT: 

miiiniii ,...,2,1...1 22
2

2
1

2    , , 
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sadac, 2
i  – Zi parametris dispersiis wilia, romelic modis i-ur 

faqtorze, xolo maxasiaTebeli veqtorisaTvis nie ii ,...,2,1)var(    , , sa-

dac, i-s uwodeben specifiur dispersias. SemoviRoT aRniSvna 
22

2
2
1

2 ... iniiih   , 
romelic warmoadgens saerTo dispersiis wils, gamowveuls zog-

adi faqtorebiT da mas uwodeben i-uri sawyisi parametris erTianobas. 
k-uri faqtoris sruli wili saerTo dispersiaSi iqneba: 

nkV
m

j

jkk ,...,2,1
1

2 


   , . 

faqtorebis  damoukideblobis SemTxvevaSi, advilia parametrebs Soris 
korelaciis koeficientis gansazRvra 

nkkir kninkikiik ,...,2,1 ,    ,...2211   . 

SemovitanoT narCeni korelaciisa da narCeni korelaciuri 
matricis cnebebi. (6.1) modelis CawerisaTvis sawyis infirmacias war-
moadgens spirmenis korelaciuri matrica. Tu gamoviyenebT faqtorul 
models da xelaxla gamovTvliT korelaciur matricas, maSin maT So-
ris sxvaoba iqneba narCeni korelaciis koeficienti, e.i. 

jkjkjk rrr  , 

xolo narCeni korelaciis koeficientebisgan Sedgenili matrica 

RRR  . 

faqtoruli analizis amocanaa, Seafasos ij faqtoruli datvirTvebis i 
specifiuri dispersiebi da faqtoruli mniSvnelobebi. rodesac 
faqtoruli datvirTvebi cnobili iqneba, Semdeg rCeba kidev erTi amo-
cana, kerZod, faqtorebis interpretaciis problema. amisaTvis gam-
oiyeneba faqtoruli brunva. 
 mTavari faqtorebis gansazRvra. faqtoruli analizis pirveli 
amocanaa R korelaciuri (an S kovariaciuli) matricis saSualebiT gan-

isazRvros ij faqtoruli datvirTvebis lij Sefasebebi da i specifiur 
dispersiis ti Sefasebebi. amisaTvis arsebobs mravali meTodi, magram 
Cven ganvixilavT mTavari veqtoris gansazRvris meTods, romelic 
mdgomareobs n mTavari komponentis gansazRvraSi: 

niXaY
n

j

jiji ,...,2,1
1




  , . 

gavixsenoT, rom n mTavari komponentebi erTmaneTis mimarT arakore-
lirebuli arian da i-uri komponentis dispersia var(Yi) tolia korela-

ciuri matricis i-uri sakuTrivi mniSvnelobisa, e.i. var(Yi) = i. 
 mTavari faqtorebis meTodidan gamomdinare, zogad faqtorebad 
miiReba m pirveli mTavari komponenti, romlebic ganisazRvreba Semdeg-
nairad: 

mj
Y

Y
F

j

j

j ,...,2,1
)var(

    , , 

xolo faqtoruli datvirTvebis Sefasebebi tolia: 

mjniYal ijiij ,...,2,1,...,2,1)var(   ,  , . 
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rac Seexeba maxasiaTebeli faqtorebis Sefasebebs, isini ase gan-
isazRvreba: 

niYae
n

mj

jjii ,...,2,1
1

 


   , . 

amrigad, miviRebT faqtoruli modelis Semdeg Sefasebas: 

nieFeZ
m

j

ijiji ,...,2,1
1




  , . 

aq yvela faqtori erTmaneTis mimarT arakorelirebulia da dis-
persiebi erTis tolia. specifiuri dispersiebisa da erTianobebis Se-
fasebebi iqneba: 

.)var(

;)var(

1

1

2

1

22













n

mi

jjii

m

j

ji

n

j

jjii

Yat

eYah

 

faqtorebis brunva. faqtoruli datvirTvebis gansazRvris Semdeg 
saWiroa TiToeuli faqtoris interpretacia. amisaTvis saWiroa faqto-
rebis brunva axali orTogonaluri faqtorebis misaRebad, romlebic 
erTmaneTis mimarT arakorelirebulia da gaaCniaT erTeulovani dis-
persia. brunvis Semdeg faqtoruli modeli ase Caiwereba: 

nieFCZ
m

j

i
R

iji ,...,2,1
1

)( 


  , , 

sadac, Cij warmoadgens axali faqtorebis datvirTvebs. aqve unda 
aRvniSnoT, rom orTogonaluri brunvis Sedegad, TiToeuli sawyisi Zi  

cvladis erTianoba ucvleli rCeba, e.i. 

nilCh
m

j

m

j

ijiji ,...,2,1
1 1

222  
 

  , . 

Cij mudmivebi ise unda SeirCes, rom datvirTvebi iyvnen martivi 
struqturis. zogadad, faqtoruli datvirTvebis struqtura iTvleba 
martivad, roca Cij koeficientebis umravlesoba axlosaa nulTan da 
mxolod erT an ramdenime maTgans gaaCnia nulisgan SedarebiT didi 
mniSvnelobebi. amrigad, brunvis mizania, TiToeuli sawyisi cvladi 
warmoadginos erTi an mcire raodenobis faqtorebiT, xolo sxva da-
narCeni faqtorebis datvirTva nulTan unda iyos axlos. 
 arsebobs faqtorebis brunvis mravali meTodi, rogorc grafi-
kuli, aseve analizuri. analizuri meTodebidan gamoirCeva e.w. mizno-
brivi funqciis minimizaciis meTodi, romelic damokidebulia Cij 
sidideebze. orTogonaluri brunvisTvis, ZiriTadad, iyeneben Semdeg 
funqcias: 

                        
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
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














m

k

m

kj
j

n

i

n

i

ik

n

i

ijikij CC
n

CCG
1 1 1 1

2

1

222 ,              (6.2) 

sadac, 0    1. 

roca  = 0,  brunvas, romelic miiReba G funqciis minimizaciiT, 
ewodeba `kvartimaqsis~ meTodi. am SemTxvevaSi, G funqciis minimizacia 
eqvivalenturia 
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                            
 


m

j

n

i

ij CC
nm

1 1

2221
                           (6.3) 

gamosaxulebis maqsimizaciisa. aq,   
 

 
m

j

n

i

ijC
nm

C
1 1

22 1
. 

 rogorc (6.3) gamosaxulebidan Cans, `kvartimaqsis~ meTodiT xdeba 
faqtoruli datvirTvebis kvadratebis dispersiis maqsimizacia. am Sem-
TxvevaSi, is faqtorebi, romlebTac aqvT didi datvirTvis mniSvnelo-
bebi, kidev ufro izrdebian, xolo mcire mniSvnelobebi kidev ufro 
mcireni xdebian. 

 roca  = 1,  brunvis meTods `varimaqs~ uwodeben. es meTodi 
yvelaze ufro xSirad gamoiyeneba praqtikaSi. am SemTxvevaSi G funqci-
is minimizacia eqvivalenturia 

                              
 

 





 

m

j

n

i

jij CC
n 1 1
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                       (6.4) 

gamosaxulebis maqsimizaciisa. aq,   

mjC
n

C
n

i

ijj ,...,2,1
1

1

22

 


  , . 

(6.4) gamosaxuleba warmoadgens faqtoruli datvirTvebis 
kvadratebis dispersiebis jams svetebis mixedviT da igi iwvevs Ti-
Toeuli faqtoris datvirTvebis kvadratebis dispersiis maqsimizacias. 
es ukanaskneli, Tavis mxriv, datvirTvebis did mniSvnelobebs kidev 
ufro zrdis, xolo datvirTvebis mcire mniSvnelobebs ufro amcirebs. 
amrigad, am SemTxvevaSi ubralo struqtura miiReba TiToeuli faq-
torisaTvis cal-calke, xolo wina `kvartimaqsis~ meTodSi ubralo 
struqtura ganisazRvreboda yvela faqtorisaTvis erTdroulad. 
 aqamde Cven ganvixileT faqtorebis brunvis mxolod orTogo-
naluri meTodebi. arsebobs mosazreba, rom mniSvnelovania miviRoT 
faqtoruli datvirTvebis ubralo struqtura, vidre SevinarCunoT ma-
Ti orTogonaluroba. aseTi faqtorebis miRebis meTods iribkuTxa 
brunva ewodeba. aRvniSnoT R = (rik) faqtorebis meoradi `ubralo~ 
struqtura   i = 1,2,...,n,  k = 1,2,...,m, sadac, rik  aris korelaciis koefi-
cienti i-uri sawyisi cvladis k-ur meorad faqtorTan. iribkuTxa brun-
vis dros xdeba 
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miznobrivi funqciis minimizacia, sadac, rik = corr(Xi,Gj) da igi icvleba 0-
dan 1-mde. analitikur meTodebs, sadac iZebneba ubralo meoradi 

struqtura, ewodeba arapirdapiri meTodi `oblimini~. aq, 0    1. roca 

 = 0, maSin saqme gvaqvs mZlavr iribkuTxa brunvasTan, roca  = 0,5 – 

naklebad iribkuTxa brunvasTan, xolo roca  = 1 – yvelaze mcire iri-
bkuTxa brunvasTan. 
  

magaliTi. 113 pacientze Catarebuli gamokvlevebis Sedegad gazo-
mil iqna Semdegi parametrebi: 1) sistoluri wneva; 2) diastoluri 
wneva; 3) saSualo arteriuli wneva; 4) gulis SekumSvis sixSire; 5) 
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saSualo venozuri wneva;  6) gulis indeqsi; 7) gamovlenis dro; 8) 
cirkulirebis saSualo dro; 9) diurezi; 10) plazmis moculobis in-
deqsi; 11) eriTrocituli indeqsi; 12) hemoglobini da 13) hemotokriti.  
 mocemuli 13 maCveneblis korelaciuri R matricas aqvs Semdegi 
saxe: 
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R matricis sakuTrivi ricxvebisa da jamuri dispersiebis wils aqvT 
Semdegi mniSvnelobebi: 

 

faqtori sak. mniSvneloba 
jamuri dispersi-

is wili (%) 
1 3,875 30 

2 2,980 53 

3 1,269 62 

4 1,233 72 

5 1,095 80 

6 0,766 86 

7 0,711 92 

8 0,507 96 

9 0,290 98 

10 0,150 99 

11 0,084 99 

12 0,023 100 

13 0,019 100 

 
rogorc am cxrilidan Cans, pirvel xuT faqtorze modis mTeli 

dispersiis 80%, amitom SevCerdeT am xuT faqtorze, romelTa 
faqtoruli datvirTvebis Sefasebebi mocemulia Semdeg cxrilSi: 
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cvla-
debi 

faqtorebi 
1 2 3 4 5 

1 0,21 0,88 – 0,22 0,15 – 0,09 

2 0,33 0,90 – 0,13 0,14 – 0,09 

3 0,05 – 0,08 0,59 0,48 0,33 

4 0,47   0,83 – 0,04 0,13 – 0,07 

5 – 0,07 – 0,18 – 0,35 0,71 – 0,03 

6 – 0,70 0,33 – 0,10 – 0,06 0,34 

7 0,61 – 0,44 – 0,42 – 0,12 – 0,20 

8 0,71 – 0,48 – 0,26 0,05 – 0,21 

9 – 0,13 0,31 0,18 – 0,59 – 0,22 

10 – 0,61 – 0,03 – 0,52 – 0,07 0,31 

11 0,40 0,03 – 0,32 – 0,23 0,69 

12 0,87 – 0,00 0,15 – 0,09 0,26 

13 0,88 – 0,01 0,13 – 0,08 0,26 

 
rogorc aRvniSneT, faqtoruli datvirTvebi – esaa korelacia 

sawyis cvladsa da faqtors Soris. mag. l11 = 0,21 es aris korelaciis 
koeficienti sistolur wnevasa da pirvel faqtors Soris; l12 = 0,88 ki 
aris igive cvladisa da meore faqtors Soris da a.S. 

faqtorebis interpretaciisTvis ganvixiloT is datvirTvebi, ro-
melTa sidide metia raime zRvrul mniSvnelobaze, mag. r = 0,4. cxrilSi 
mocemuli pirveli faqtorisaTvis aseTi maCveneblebia rva, e.i. pirveli 
faqtori, ZiriTadad, damokidebulia am rva maCvenebelze, meore 
faqtori ki mxolod xuT cvladze da a.S. rogorc vxedavT, faqtorebis 
interpretacia Zneldeba. amitom mizanSewonilia CavataroT faqtorebis 
brunva `varimaqsis~ meTodis gamoyenebiT. miRebuli Sedegebi moyvanilia 
cxrilSi: 

 

cvla-
debi 

f a q t o r e b i 

1 2 3 4 5 

1 – 0,11 0,94 – 0,99 0,02 0,03 

2 – 0,01 0,98 – 0,00 – 0,04 0,04 

3 – 0,08 – 0,10 0,81 0,17 0,04 

4 0,10 0,95 0,09 – 0,08 0,09 

5 0,03 – 0,00 – 0,00 0,81 – 0,14 

6 – 0,85 0,02 – 0,14 0,01 0,07 

7 0,78 – 0,13 – 0,36 0,14 0,19 

8 0,88 – 0,12 – 0,14 0,21 0,14 

9 – 0,15 0,14 – 0,19 – 0,67 – 0,14 

10 – 0,61 – 0,21 – 0,49 0,27 0,18 

11 0,08 0,07 – 0,09 0,02 0,88 

12 0,64 0,21 0,32 – 0,16 0,54 

13 0,65 0,21 0,30 – 0,15 0,54 

 
miRebuli faqtoruli datvirTvebiT ukve SesaZlebelia faqto-

rebis interpretacia. kerZod, F1 faqtori warmoadgens sisxldenis 
faqtors, F2 – arteriuli wnevis, F3 – gulis SekumSvis sixSirisa da 
plazmis, F4 – diurezis da F5 – sisxlis Sedgenilobis. 
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 amrigad, sawyisi 13 cvladis magivrad Cven SevCerdiT xuT Zi-
riTad faqtorze, romlebic erTmaneTis mimarT arakorelirebuli ari-
an da SesaZlebelia maTi interpretacia. 
 
 
 
 
 

7. gadarCenis analizi 

 

 

7.1 meTodis arsi 

  
gadarCenis analizis ( Survival Analysis ) meTodebi pirvelad gam-

oyenebuli iyo samedicino-biologiur kvlevebSi da sadazRvevo saqme-
Si. Semdgom misi gamoyenebis sfero gaizarda da dReisaTvis gam-
oiyeneba rogorc sociologiur da ekonomikur kclevebSi, agreTve 
warmoebaSi sxvadasxva sainJinero amocanebis gadasawyvetad. 
 dauSvaT, Seiswavleba mkurnalobis axali meTodi an romelime 
samkurnalo preparatis efeqtianoba. cxadia, rom yvelaze mniSvnelovan 
da obieqturi maxasiaTebels warmoadgens pacientis sicocxlis saSu-
alo xangrZlivoba dawyebuli klinikaSi Semosvlidan an daavadebis 
remisiis saSualo xangrZlivoba. sicocxlis saSualo xangrZlivobis 
aRwerisaTvis SegviZlia gamoviyenoT maTematikuri statistikis 
standartuli parametruli an araparametruli meTodebi. magram, 
Sesaswavl monacemebSi arsebobs mniSvnelobani Taviseburebebi. kerZod, 
SeiZleba moiZebnon iseTi pacientebi, romlebic dakvirvebis periodSi 
gamojamrTelden. xolo zogierTi maTganisaTvis daavadeba kvlav rCeba 
remisiis stadiaSi. aseve SeiZleba Seiqmnas pacientebis iseTi jgufi, 
romlebTanac eqsperimentis damTavrebamde garkveuli mizezebis gamo 
kontaqti daikarga, magaliTad, maTi sxvadasxva klinikebSi gadayvanis 
gamo.  amasTan erTad dakvirvebis periodSi am pacientTa umravlesoba  
gamojamrTelda, riTac dasturdeba mkurnaalobis axali meTodis an 
samkurnalo preparatis efeqtianoba. 
 iseT informacias, roca CvenTvis saintereso movlenis (xdomi-
lobis) dadgomis Sesaxeb ar arsebobs, ewodeba arasruli. moviyvanoT 
arasruli informaciis magaliTi: `A pacienti cocxali iyo 4 Tvis 
ganmavlobaSi, anu im momentamde, roca is gadaiyvanes sxva klinikaSi 
da amis gamo masTan kontaqti daikarga~, an `dRemde  A pacienti cocx-
alia~. 

Tu arsebobs monacemebi CvenTvis sasurveli movlenis dadgomis 
Sesaxeb, maSin aseT informacias ewodeba sruli. magaliTad: 
`Catarebuli mkurnalobis Semdeg A pacientma icocxla 5 weli~, an 
`mkurnalobis Semdeg A pacienti 3 TveSi kvlav daavadda~. 
 dakvirvebebi, romlebic Seicaven arasrul informacias ewodebaT 
cenzurirebuli. cenzurirebuli dakvirvebebi tipiuria roca 
dakvirvebul sidides warmoadgens dro raime kritikuli movlenis 
dadgomamde, xolo dakvirvebis xangrZlivoba droiT SezRudulia. 
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 cenzurirebuli dakvirvebebi, garda medicinisa, gvxdeba sxva 
sferoebSic. magaliTad, socialur mecnierebaSi Cven SegviZlia Se-
viswavloT qorwinebis `xargrZlivoba~, studentebis umaRles 
saswavleblidan garicxvis intensioba, zogierTi dawesebulis 
TanamSromlebis raodenobis dinamika da sxva. ekonomikaSi SegviZlia 
SeviswavloT axali dawesebulebis gadarCenis anu misi funqcionerebis 
xargrZlivoba, an warmoebis prodeuqtis `sicocxlis~ xangrZlivoba. 
xarisxis kontrolis amocanebSi tipiuri produqciis elementebis dat-
virTvis dros gadarCenis (xargrZlivobis) Seswavla (mtyunebis drois 
analizi) da sxva. 

cenzurirebuli dakvirvebebis gamoyeneba warmoadgens gadarCenis 
analizis specifikas, sadac xdeba kritikuli movlenebis waemoqmnis 
droiTi intervalebis albaTuri maxasiaTeblebis Seswavla. 
 amrigad gadarCenis analizis meTodebi ZiriTadad gamoiyeneba 
cenzurirebuli dakvirvebebis statistikuri amocanebis gadasawyvetad. 
 
 
 

7.2 gadarCenis funqcia 
 

 ganawilebis F(t) funqciis da ganawilebis simkvrivis f(t) fun-
qciebis magivrad gadarCenis analizSi gamoiyeneba e.w. gadarCenis S(t) 

funqcia, romelic warmoadgens imis albaTobas, rom obieqti 

icocxlebs mocemul t droze metad, anu mtyuneba dadgeba t drois 
momentis Semdeg: 

   tXPtS  . 
gadarCenis funqcia gamoiyeneba sicocxlis xangrZlivobis Sesa-
faseblad. garda amisa, igi gamoiyeneba sxva arasasurveli 
movlenebisTvisac. ase magaliTad, SeiZleba SeviswavloT romelime 
daavadebis mkurnalobis xangrZlivoba (Sedegi _ remisia), protezis 
xandrZlivoba (Sedegi _ damtvreva) da bevri sxva. 
 tipiuri gadarCenis funqcia warmodgenilia Semdeg naxazze: 
  

 

dasawyisSi gadarCenis funqcia  S(t) = 1. Semdgom is klebulobs da 
TandaTanobiT uaxlovdeba nuls. drois im moments, roca S(t) = 0,5 

ewodeba gadarCenis mediana.    
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Tu  dt  aRvniSnavT  t  drois momentis dros mtyunebis raodenobas, 

rt - im obieqta raodenobas, romelTa mtyuneba dadgeba t drois momentis 

Semdeg, xolo n - iT monacemebis raodenobas da Tu CavTvaloT, rom r1 = 
n , maSin diskretuli SemTxveviTi sidideebisaTvis gadarCenis funqcia  
ganisazRvreba Semdegi gamosaxulebiT: 
 

                       
n

r

n

dr
tS ttt 1


                          (7.1) 

 magaliTi. vTqvaT mocemulia sawyisi monacemebi, romlebic war-
moadgenen TiToeuli individumisaTvis mtyunebis dadgenis momentebs: 
 

𝜏𝑖 : 1 1 1 2 2 3 4 4 5 5 8 8 8 8 11 11 12 12 15 17 22 23 
 
ganvsazRvroT gadarCenis funqciis mniSvnelobebi  da avagoT Sesabami-
si grafikuli gamosaxuleba. 

 
 

 
  riskis  funqcia. gadarCenis S(t) funqciis warmoebuls, aRebuli 
Sebrunebuli niSniT, ewodeba gadarCenis simkvrivis f(t) funqcia: 

 tStf )( . azrobrivad gadarCenis simkvrive tolia t drois momentSi 

daRupvis albaTobisa. 
t drois momentSi daRupvis pirobiTi albaToba gamoisaxeba h(t) 

intensivobis funqciiT, romelic ganisazRvreba Semdegnairad: 
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 
 
 

  


 tS
tS

tS
tH ln  

romelsac riskis  H(t)  funqcia ewodeba. 

       tHetStStH  ln . 

radgan   10 S , amitom   00 H . rogorc miRebuli gamosaxulebidan 

Cans, Tu riskis  H(t)  funqcia warmoadgens mudmiv sidides, maSin gad-
arCenis S(t) funqcia warmoadgens eqsponencialurad klebad funqcias. 
 gadarCenis cxrilebi. gadarCenis S(t)  funqciis warmodgenis 
(aRweris) erT-erT bunebriv meTods warmoadgens gadarCenis cxrilebi. 
cxrili SeiZleba ganvixiloT, rogorc statistikaSi arsebuli 
sixSiruli cxrilis `gafarToeba~. kritikuli xdmilebis (mtyuneba, 
daRupva) SesaZlo dadgomis dros are iyofa garkveuli raodenobis 
intervalebad. TiToeuli intervalisaTvis ganisazRvreba: intervalis 
dasawyisi, intervalis saSualo sidide, intervalis sigrZe, im 
obieqtebis raodenoba da fardibiTi sixSire, romlebic `cocxlebi~ 
iyvnen gansaxilveli drois intervalis dasawyisSi, obieqtebis raode-
noba da fardobiTi sixSire, romlebic `daiRupnen~ am drois inter-
valSi da sxva maCveneblebi. 

 
 
 

 

7.3 kaplan - meieris mamravlebis Sefasebis meTodi 

 

 gadarCenis ganawilebis cxrilebi warmoadgenen Zvel, magram 
yvelaze ufro gamoyenebad gadarCenis funqciis Sefasebis meTods. ma-
gram cxrilisaTvis zusti Sefaseba damokidebulia gadarCenis inter-
valebis raodenobaze da sigrZeze. kaplan-meieris meTodiT gadarCenis 
funqciis Sefaseba saSualebas iZleva Sefasebuli iyos cenzurirebuli 
monacemebis gadarCenis funqcia, gadarCenis drois gamoyenebiT da 
monacemebis dajgufebis gareSe. 

 Tu  cenzurirebul monacemebSi ci-iT aRvniSnavT cenzurirebis 
momentebs, maSin sawyisi monacemebi SeiZleba ase warmovadginoT: 

 ii VX , , sadac   nicX iii ,...,2,1,,min    

                    0iV  , roca ii c  (daRupva), 

1iV  , roca ii c  (cenzurireba). 

cenzurirebuli monacemebisaTvis gadarCenis funqciis Sefaseba gan-
isazRvreba formuliT: 

                   






















 


t

i

t

i i

i
t

i i

ii th
r

d

r

dr
tS

111

11
~

,              (7.2) 

sadac  ri - ti  momentamde `cocxali~obieqtebis raodenoba, gamoklebuli     
           obieqtebis gaTvaliswinebiT, 

        di -  ti  momentSi daRupul obieqta raodenoba.  
miRebul (7.2) gamosaxulebas kaplan - meieris mamravlebis Sefasebis 
formula ewodeba. am formulaSi mniSvnelobebis gadamravleba Sesa-
Zlebelia mxolod drois im momentamde, rodesac moxda Tundac erTi 
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obieqtis daRupva imitom, rom Tu di=0, maSin  1


i

ii

r

dr
 da erTze 

gamravleba Sedegs ar cvlis. 

 ……………aracenzurirebuli monacemebisaTvis ti+1 momentSi ri+1 = ri - di , ami-
tom (7.2) formulaSi mosazRvre elementebi ikvecebian da vRebulobT: 

 
1

1

1

~

r

r

r

dr
tS ttt 


  

rac Seesabameba (7.1) Sefasebas. 
kaplan - meieris funqciis gansazRvrisaTvis ganvixiloT magali-

Ti. vTqvaT mocemulia cenzurirebuli monacemebi: 
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gadarCenis funqciis ndobis intervali. gadarCenis funqciis 
standartuli cdomileba SeiZleba ganisazRvros grinvuldis formu-
liT: 

 
 

 


t

i iii

i

S drr

d
tS

1

~
~

 . 

t drois momentSi ndobis intervali 1  ndobis albaTobiT gan-
isazRvreba Semdegnairad: 

        
SS

tStStS ~~
~~

, 

sadac  - normaluri ganawilebis kvantilia. sazogadod iReben 

05,0 . 

  
naxazidan Cans, rom t drois zrdasTan erTad izrdeba ndobis inter-
valic. es damokidebulia imaze, rom rac ufro naklebia eqsperimentis 
bolos obieqtebi, miT ufro didia cdomileba. amitom arsebobs 
SezRudva xangrZlivobis funqciis ndobis intervalis gansazRvraze.     

 

 
 

7.4 or jgufs Soris gadarCenis funqciebis Sedareba 

 

 gadarCenis statistikuri maxasiaTeblebis Sefasebis Semdeg ka-
nonzomierad ismeba or da ufro met jgufebs Soris gadarCenis fun-
qciebis Sedareba. or da ufro met jgufs Soris gadarCenis funqciebis 
Sedareba xdeba statistikuri kriteriumis gamoyenebiT anu unda Se-
vadaroT jgufebis gadarCenis funqciis tolobis Hnulovani hipoTeza 

   tStSH 210 :  .  

 radgan, rogorc wesi, gadarCenis funqcia normalurad ar aris 
ganawilebuli, amitom unda gamoviyenoT araparametruli kriteriumebi. 
ganvixiloT zogierTi maTgani. 
  

gexanis kriteriumi. gexanis kriteriumi warmoadgens uilkoksonis 
ganzogadoebul kriteriums, romelic gexmanma warmoadgina 1967w. 

vTqvaT mocemulia ori amonarCevi (jgufi):   1

1111 ,...,2,1,,, nirdtX iii   da 

  2

2222 ,...,2,1,,, nirdtX iii  ,  sadac 21 , ii tt _ drois momentebia, 21 , ii dd _ 

it drois momentSi daRupul obieqtTa raodenobaa da 21 , ii rr  _ it drois 

momentamde `cocxali~ obieqtebis raodenobaa. 
dauSvaT, rom orive amonarCevi damoukidebelni arian. nulovani 

hipoTezis Sesamowmeblad 1-li jgufis TiToeuli obieqti unda Se-

vadaroT 2-re jgufis TiToeul obieqts. Sedarebis ij Sedegi tolia: 
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













0

,1

,1

ji

ji

ij tt

tt

  

0ij SesaZlebelia im SemTxvevaSi, roca orive obieqti gamoiricxa 

amonarCevidan an i-uri obieqti gamoiricxa jt  drois momentamde, an j-

uri obieqti gamoiricxa it  drois momentamde, an ji tt  .  TiToeuli 

obieqtis Sedegebi aijameba 


 


1 2

1 1

n

i

n

j

ijU  . 

standartuli gadaxra ganisazRvreba Semdegi formuliT: 

   
 


















1 2

1

2

12121

21

1

n

i

n

j

ij
nnnn

nn
 . 

ganvixiloT statistika 




U
Z   , romelsac miaxloebiT gaaCnia norma-

luri ganawileba. Tu  Z , sadac   aris normaluri ganawilebis 

kvantili, maSin nulobani hipoTeza uaryofilia. e.i. gadarCenis fun-
qciebi gansxvavdebian erTmaneTisagan. 
  

logariTmuli ranguli (logranguli) kriteriumi. LOlogranguli 
kriteriumis gamoyeneba efuZneba Semdeg sam daSvebas: 

_ ori Sesadarebeli amonarCevi (jgufebi) SemTxveviTi da 
damoukidebelni arian; 

_ orive jgufisaTvis obieqtebis gamoTiSvis raodenoba erTnair-
ia; 

_ gadarCenis funqciebi dakavSirebulni arian Semdegi gamosax-

ulebiT:      tStS 12  .  

 sidides obieqtis daRupvis fardoba ewodeba. Tu 1 , maSin 

gadarCenis funqciebi erTmaneTs emTxvevian. Tu 1 , maSin obieqtebi 

me-2 jgufSi iRupebian mogvianebiT, vidre pirvel jgufSi. roca 1 , 

maSin mogvianebiT iRupebian pirvel jgufSi. 

pirveli jgufisaTvi it  drois momentisaTvis obieqtis daRupvis 

raodenoba ganisazRvreba formuliT: 

 21

21

1

1

ii

ii

i

t dd
rr

r
E 


  , 

sadac 21 , ii dd _ it  drois momentSi daRupul obieqtTa raodenobaa, 

       21 , ii rr _ it  drois momentamde `cocxali~ obieqtebis raodenobaa,  

              gamoklebuli obieqtebis gaTvaliswinebiT. 
analogiurad ganisazRvreba meore jgufisaTvis: 

 21

21

2

2

ii

ii

i

t dd
rr

r
E 


  , 

xolo dispersia it  drois momentisaTvis ganisazRvreba Semdegi gamo-

saxulebiT: 



 

 

ე.ყუბანეიშვილი. მრავალგანზომილებიანი სტატისტიკური მეთოდები მედიცინაში 

59 

  
   121221

21212121






iiii

iiiiiiii
i

rrrr

ddrrddrr
D  . 

ganvixiloT statistika 



 











i

i

i

k

i

i

k

i
k

V

Ed

LR

2

max

 , 

 
romelsac miaxloebiT gaaCnia xi-kvadrat ganawileba 1 Tavisuflebis 

xarisxiT. Tu 2

,1LR , maSin nulovani hipoTeza uaryofilia. 

 Tu ganvixilavT statistikas 

 



 



i

i

i

ii

D

Ed

Z

11

 , 

maSin mas gaaCnia miaxloebiT normaluri ganawileba. Tu orive jgufs 
gaaCniaT erTnairi gadarCenis funqciebi, maSin Z sidides gaaCnia 

standartuli normaluri ganawileba. roca Z , sadac  norma-

luri ganawilebis kvantilia, maSin nulovani hipoTeza uaryofilia. 
 unda aRiniSnos, rom sulerTia romel jgufisaTvis gan-
isazRvreba Z statistika, radgan meore jgufis Z absoluturi sididiT 
pirveli jgufis Z absoluturi sididis tolia, magram gaaCnia 
sawinaaRmdego niSani. 
 ieitsis Sesworeba. radgan Z mniSvnelobas miaxloebiT gaaCnia 
normaluri ganawileba, amitom es iwvevs kriteriumis e.w. `darbilebas~, 
anu Cven ufro xSirad, vidre es saWiroa, vuaryofT nulovan hipoTezas. 
am movlenis kompesirebisaTvis iyeneben ieitsis Sesworebas. maSin 
gveqneba: 

 



 



i

i

i

ii

D

Ed

Z

5,011

 . 

 
 

 

7.5 regresiuli modelebi 

 

 gadarCenis analizis sakmaod rTul amocanas warmoadgens myis-
ieri riskis funqciis Sefaseba, romelic warmoadgens mcire drois mo-
nakveTSi obieqtis daRupvis albaTobas, imis gaTvaliswinebiT, rom gan-
saxilveli drois intervalis dasawyisSi pacienti cocxali iyo. es 
warmoadgens davadebis ganviTarebis mniSvneloban maxasiaTebels. 
 myisieri riskis funqciis Sefasebis uSualo gansazRvra moiTxovs 
dakvirvebaTa did raodenobas, amitom gamoiyeneba specialuri re-
gresiuli modelebi, romelTa Soris koksis proporciuli intesiobis 
models gansakuTrebuli adgili ukavia. 
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 biosamedicino kvlevebSi yvelaze didi problema mdgomareobs 
imis dadgena arsebobs Tu ara kavSiri zogierT cvladebsa da 
sicocxlis xangrZlivobas Soris da Tu arseboibs, maSin saWiroa maTi 
ricxobrivi Sefaseba. am amocanis gadawyveta SesaZlebelia regresiis 
modelis agebiT. 
 arsebobs ori mTavari mizezi ris gamoc ar SeiZleba klasikuri 
mravlobiTi regresiuli analizis gamoyeneba: 1) Cveulebriv gadarCenis 
funqcia ar warmoadgens normalurad ganawilebul funqcias, ris gam-
oc klasikuri mravlobiTi regresiuli analizis gamoyeneba ar 
SeiZleba, radgan aman SeiZleba migviyvanos mcdar Sedegebamde. 
magaliTad, ar iqnes aRmoCenili mniSvnelovani regresorebi, romlebic  
xangrZlivobis drosTan wrfivad ar arian damokidebulni. 2) garkveu-
li problemebi iqmneba cenzurirebuli monacemebis dros. 
 gadarCenis analizSi cenzurirebuli monacemebisaTvis gam-
oiyeneba xuTi regresiuli modeli: 

 koksis proporciuli intesiobis modeli; 

 kovariantebis droze damokidebuli koksis modeli; 

 eqsponencialuri regresiuli modeli; 

 normaluri wrfivi regresiuli modeli; 

 lognormaluri wrfivi regresiuli modeli. 
 
koksis modeli. 1972w koksma SemogvTavaza regresiis modeli,  

romelic farTod gamoiyeneba medicinaSi da sadazRvevo saqmeSi. 
modeli gamoiyeneba teqnikur kvlevebSic, magaliTad, xelsawyoebis 
mtyunebois intesiurobis SefasebisaTvis.  

koksis proporciuli intesiurobis anu riskis modeli war-
moadgens yvelaze zogad regresiul models, sadac riskis funqcia 
warmodgenilia ori funqciis namravlis saxiT: 

     mzzzthth ,....,, 210  , 

sadac  th0 _ intensivobis sabaziso funqciaa, romelic damokidebulia 

pacientis asakze an gamokvlevis Semdeg gasul droze.  mzzz ,....,, 21 _ 

Sesaswavli parametrebis funqcia, magaliTad, pacientis sqesi, ojaxuri 
mdgomareoba an weliwadis dro, sastumros klasi, gamgzavrebis qveyana 
da sxva. teqnikuri sistemebisaTvis es SeiZleba iyos magaliTad, 
garemos temperatura, sezoni, tenianoba da sxva. xSirad koksis modi-
eli SeiZleba ase warmovadginoT: 

        mmm zbzbthzzzth  11021 exp,....,,, . 

intensivobis  th0  sabaziso funqcia SeiZleba ganvixiloT, rogorc in-

tesivobis funqcia, rodesac yvela prediqtorebi nulis tolia. e.i. am-

ocana mdgimareobs Sevafasod h0  da ucnobi  b1, b2 …bm koeficientebi.  
 moviyvanoT aseTi magaliTi: dauSvaT Seiswavleba pacientze 

garkveuli axali preparatis zemoqmedeba. z warmoadgens binarul 
cvlads mniSvnelobiT 1, roca pacienti Rebulobs axal preparats da 
0, roca pacienti ar Rebulobs am preparats. MmaSin riskis funqcia 
SegviZlia ase CavweroT: 

       100logexp, 2110  tzbzbthzth . 
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drois logariTmze kovariantebis namravli saSualebas iZleva gaviT-
valiawinoT magaliTad, axali preparatis miRebis drois faqtori. kon-
stanta 100 gamoiyeneba mxolod normirebisaTvis, radgan am sim-
ravlisaTvis gadarCenis analizis monacemebis saSualo logariTmi 100-

s tolia. Tu cnobilia b1, b2 koeficientebi da h0 intesiobis funqciis 

Sefaseba, maSin operaciis Semdgomi t drois gasvlis Semdeg Sesa-
Zlebelia myisieri riskis funqciis Sefaseba. 
 amrigad, myisieri riskis funqcia koksis modelSi warmodgenilia 
rogorc ori funqciis namravli, sadac erTi funqcia axasiaTebs 
obieqts, xolo meore _ myisieri riskis bazur funqcias. modelis 
damokidebuli cvladebi anu prediqtorebi ganisazRvrebian amocanidan 
gamomdinare,  magaliTad, pacientis sqesi, asaki, arsebuli daavadeba an 
axali wamlis miReba da sxva.  prediqtorebis SerCeva xdeba mkvlevaris 
intuiciis doneze. 
 koksis modeli SegviZlia gavawrfivoT Tuki mis orive nawils 

gavyofT  th0  sidideze da gavalogariTmebT: 

    
  mm zbzbzb
th

zzth










2211

0

21 ,...,,
log  . 

aseTi modelis upiratesoba imaSi mdgomareobs, rom modelis para-
metrebis SefasebisaTvis saWiroa ufro mcire monacemebi, vidre ara-
wrfivi modelis dros. 
 amrigad, koksis modeli efuZneba or mosazrebas: 1) intesivobis 
kovariantebis logwrfivi funqciebis mimarT warmoadgens mul-
tiplikatiurs. am mosazrebas ewodeba proporciulobios funqciis 
damokidebuleba hipoTeza. realurad es imas niSnavs, rom 
damoukidebeli cvladebis ori sxvadasxva mniSvnelobis dakvirvebis 
intesivobis funqciebis Sefardeba droze damokidebuli ar aris. 2) 
meore mosazreba mdgomareobs intesivobis funqciis regresorebTan 
logwrfiv damokidebulebaSi. 
 mosazreba riskebis proporciulobaze xSirad saeWvo xdeba. 
SeiZleba moviyvanoT mravali magaliTi sadac  riskebis propor-
ciulobis hipoTeza miuRebelia. ase magaliTad, fizikuri jamrTelo-
bis Seswavlisas asaki TamaSobs mniSvneloban rols qirurgiuli 
operaciis Semdgom pacientis gadarCenaSi. cxadia, rom asaki ufro 
mniSvnelobani prediqtoria operaciis Semdeg riskis ganviTarebaSi, 
vidre operaciis Semdeg gasuli drois garkveuli intervalis Semdeg. 
aqedan gamomdinare, realuria sxva modeli, roca operaciis Semdgom 
maSinve pacientis riski maRalia, magram operaciis warmatebis Sem-
TxvevaSi droTa ganmavlobaSi riski mcirdeba. am SemTxvevaSi gam-
oiyeneba kovariantebis droze damokidebuli koksis modeli. 
 
 eqsponencialuri regresia. eqsponencialuri regresiis modeli 
SeiZleba ase warmovadginoT: 

   mm zbzbzbazS  2211exp  

sadac S(z) warmoadgens sicocxlis xangrZlivobas, a _ damoukidebeli 

konstantaa, bi  _ regresiis parametrebi. 
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 modelis adekvaturobis dasadgenad gamoiyeneba 2  kriteriumi. 

statistika 2  SeiZleba ganisazRvros rogorc modelis yvela Se-

fasebuli parametrebis dasajerobis funqciis logariTmi  1L  da mod-

elis dasajerobis logariTmi  0L , sadac kovarianta nulis tolia. Tu 
2 mniSvneloba sarwmunoa, maSin nulovani hipoTeza uaryofilia da 

gamogvaqvs daskvna: damoukidebeli cvladebi mniSvnelovnad moqmedeben 
sicocxlis xangrZlivobaze. 
  

normaluri da lognormaluri regresia. aq igulisxmeba, rom 
xangrZliviobis funqcia (an misi logariTmi) normalurad aris 
ganawilebuli. am SemTxvevaSi modeli emTxveva mravlobiTi regresiis 
models da SesaZlebelia misi Cawera Semdegnairad: 

  mm zbzbzbazS  2211 , 

Tu saqme gvaqvs lognormalur regresiasTan, maSin  zS  icvleba  zSln -
iT. normaluri regresiis modeli gansakuTrebiT sasargebloa, radgan 
monacemTa nawili SeiZleba gardavqmnaT miaxloebiT normalur 
ganawilebaze. aqedan gamomdinare, garkveuli mosazrebiT es modeli 
warmoadgens parametruls koksis modelTan gansxvavebiT, romelic 
araparametrul models warmoadgens. 
 lognormaluri ganawilebis regresiis dros riskis funqcia 
dsawyisSi izrdeba, xolo Semdeg ecema nulamde. SeiZleba vigulisx-
mod, rom es modeli adekvaturi iqneba kerZod, tramvebis Sedegad sik-
vdili dadgomis droisTvis. marTlac, Tu kritikuli periodis 
gasvlis Semdeg pacienti gadarCa, maSin tramvis Sedegad gamowveuli 
misi sikvdilis Sansi drois ganmavlobaSi sul ufro da ufro 
mcirdeba. 
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                   d a n a r T i 

standartizirebuli normaluri ganawilebis 

funqciis dtezF

tz

2

2

2

1
)(






  mniSvnelobebi 

z 0 1 2 3 4 5 6 7 8 9 

0,0 0,5000 5040 5080 5120 5160 5199 5239 5279 5319 5359 

0,1           5398  5438 5478 5517 5557 5596 5636 5675 5714 5754 

0,2    5793 5832 5871 5910 5948 5987 6026 6064 6103 6141 

0,3    6179 6217 6255 6293 6331 6368 6406 6443 6480 6517 

0,4    6554 6591 6628 6664 6700 6736 6772 6808 6844 6879 

0,5    6915 6950 6985 7020 7054 7088 7123 7157 7190 7224 

0,6    7258 7291 7324 7357 7389 7422 7454 7486 7518 7549 

0,7    7580 7612 7642 7673 7704 7734 7764 7794 7823 7852 

0,8    7881 7910 7939 7967 7996 8023 8051 8079 8106 8133 

0,9    8159 8186 8212 8238 8264 8289 8315 8340 8365 8389 

1,0 0,8413 8438 8461 8485 8508 8531 8554 8577 8599 8621 

1,1    8643 8665 8686 8708 8729 8749 8770 8790 8810 8830 

1,2    8849 8869 8888 8907 8925 8944 8962 8980 8997 9015 

1,3    9032 9049 9066 9082 9099 9115 9131 9147 9162 9177 

1,4    9192 9207 9222 9236 9251 9265 9279 9292 9306 9319 

1,5    9332 9345 9357 9370 9382 9394 9407 9418 9430 9441 

1,6    9452 9463 9474 9485 9495 9505 9515 9525 9535 9545 

1,7    9554 9564 9573 9582 9591 9599 9608 9616 9625 9633 

1,8    9641 9649 9656 9664 9671 9678 9686 9693 9700 9706 

1,9    9713 9720 9726 9732 9738 9744 9750 9756 9762 9767 

2,0 0,9773 9778 9783 9788 9793 9798 9803 9808 9812 9817 

2,1    9821 9826 9830 9834 9838 9842 9846 9850 9854 9857 

2,2    9861 9865 9868 9871 9875 9878 9881 9984 9887 9890 

2,3    9893 9896 9898 9901 9904 9906 9909 9911 9913 9916 

2,4    9918 9920 9922 9925 9927 9929 9931 9932 9934 9936 

2,5    9938 9940 9941 9943 9945 9946 9948 9949 9951 9952 

2,6    9953 9955 9956 9957 9959 9960 9961 9962 9963 9964 

2,7    9965 9966 9967 9968 9969 9970 9971 9972 9973 9974 

2,8    9974 9975 9976 9977 9977 9978 9979 9980 9980 9981 

2,9    9981 9982 9983 9983 9984 9984 9985 9985 9986 9986 

3,0 0,9987 9987 9987 9988 9988 9989 9989 9989 9990 9990 

3,1    9990 9991 9991 9991 9992 9992 9992 9992 9993 9993 

3,2    9993 9993 9994 9994 9994 9994 9994 9995 9995 9995 

3,3    9995 9995 9996 9996 9996 9996 9996 9996 9996 9997 

3,4    9997 9997 9997 9997 9997 9997 9997 9997 9998 9998 

3,5    9998 9998 9998 9998 9998 9998 9998 9998 9998 9998 

3,6    9998 9999 9999 9999 9999 9999 9999 9999 9999 9999 
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standartizirebuli normaluri ganawilebis 

simkvrivis funqciis 2

2

2

1
)(

z

ezf



  mniSvnelobebi 

z 0 1 2 3 4 5 6 7 8 9 

0,0 0,3989 3989 3989 3988 3986 3984 3982 3980 3977 3973 

0,1 3970 3965 3961 3956 3951 3945 3939 3932 3925 3918 

0,2 3910 3902 3894 3885 3876 3867 3857 3847 3836 3825 

0,3 3814 3802 3790 3778 3765 3752 3739 3726 3712 3697 

0,4 3683 3668 3653 3637 3621 3605 3589 3572 3555 3538 

0,5 3521 3503 3485 3467 3448 3429 3410 3391 3372 3352 

0,6 3332 3312 3292 3271 3251 3230 3209 3187 3166 3144 

0,7 3123 3101 3079 3056 3034 3011 2989 2966 2943 2920 

0,8 2897 2874 2850 2827 2803 2780 2756 2732 2709 2685 

0,9 2661 2637 2613 2589 2565 2541 2516 2492 2468 2444 

1,0 0,2420 2396 2371 2347 2323 2299 2275 2251 2227 2203 

1,1 2179 2155 2131 2107 2083 2059 2036 2012 1989 1965 

1,2 1942 1919 1895 1872 1849 1826 1804 1781 1758 1736 

1,3 1714 1691 1669 1647 1626 1604 1582 1561 1539 1518 

1,4 1497 1476 1456 1435 1415 1694 1374 1354 1334 1315 

1,5 1295 1276 1257 1238 1219 1200 1182 1163 1145 1127 

1,6 1109 1092 1074 1057 1040 1023 1006 0989 0973 0957 

1,7 0904 0925 0909 0893 0878 0863 0848 0833 0818 0804 

1,8 0790 0775 0761 0748 0734 0721 0707 0694 0681 0669 

1,9 0656 0644 0632 0620 0608 0596 0584 0573 0562 0551 

2,0 0,0540 0529 0519 0508 0498 0488 0478 0468 0459 0449 

2,1 0440 0431 0422 0413 0404 0396 0387 0379 0371 0363 

2,2 0355 0347 0339 0332 0325 0317 0310 0303 0297 0290 

2,3 0283 0277 0270 0264 0258 0252 0246 0241 0235 0229 

2,4 0224 0219 0213 0208 0203 0198 0194 0189 0184 0180 

2,5 0175 0171 0167 0163 0158 0154 0151 0147 0143 0139 

2,6 0136 0132 0129 0126 0122 0119 0116 0113 0110 0107 

2,7 0104 0101 0099 0096 0093 0091 0088 0086 0084 0081 

2,8 0079 0077 0075 0073 0071 0069 0067 0065 0063 0061 

2,9 0060 0058 0056 0055 0053 0051 0050 0048 0047 0046 

3,0 0,0044 0043 0042 0040 0039 0038 0037 0036 0035 0034 

3,1 0033 0032 0031 0030 0029 0028 0027 0026 0025 0025 

3,2 0024 0023 0022 0022 0021 0020 0020 0019 0018 0018 

3,3 0017 0017 0016 0016 0015 0015 0014 0014 0013 0013 

3,4 0012 0012 0012 0011 0011 0010 0010 0010 0009 0009 

3,5 0009 0008 0008 0008 0008 0007 0007 0007 0007 0006 

3,6 0006 0006 0006 0005 0005 0005 0005 0005 0005 0004 

3,7 0004 0004 0004 0004 0004 0004 0003 0003 0003 0003 

3,8 0003 0003 0003 0003 0003 0002 0002 0002 0002 0002 

3,9 0002 0002 0002 0002 0002 0002 0002 0002 0001 0001 
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laplasis 





i
2u x

i dxe)(U

0

2

2

2
 funqciis mniSvnelobebi 

Ui 0 1 2 3 4 5 6 7 8 9 

0,0 0,0000 0080 0160 0239 0319 3999 0478 0558 0638 0717 

0,1   0797 0878 0955 1034 1113 1192 1271 1350 1428 1507 

0,2   1585 1663 1741 1819 1897 1974 2051 2128 2205 2282 

0,3   2358 2434 2510 2586 2661 2737 2812 2886 2960 3035 

0,4   3108 3182 3255 3328 3401 3473 3545 3616 3688 3759 

0,5   3829 3899 3969 4039 4108 4177 4245 4313 4381 4448 

0,6   4515 4581 4647 4713 1778 4843 4907 4971 5035 5098 

0,7   5161 5223 5285 5346 5407 5467 5527 5587 5646 5705 

0,8   5763 5821 5878 5935 5991 6047 6102 6157 6211 6265 

0,9   6319 6372 6424 6476 6528 6579 6629 6679 6729 6778 

1,0 0,6827 6875 6923 6970 7017 7063 7109 7154 7199 7243 

1,1   7287 7330 7373 7415 7457 7499 7540 7580 7620 7660 

1,2   7699 7737 7775 7813 7850 7887 7923 7959 7994 8029 

1,3   8064 8098 8132 8165 8198 8230 8262 8293 8324 8355 

1,4   8358 8415 8444 8473 8501 8529 8557 8584 8611 8638 

1,5   8664 8690 8715 8740 8764 8789 8812 8836 8859 8882 

1,6   8904 8926 8948 8969 8990 9011 9031 9051 9070 9090 

1,7   9109 9127 9146 9164 9181 9199 9216 9233 9249 9265 

1,8   9281 9297 9312 9327 9342 9357 9371 9385 9399 9412 

1,9   9421 9439 9451 9464 9476 9488 9500 9512 9523 9534 

2,0 0,9545 9556 9566 9576 9586 9596 9606 9616 9625 9634 

2,1   9643 9651 9660 9668 9676 9684 9692 9700 9707 9715 

2,2   9722 9729 9736 9743 9849 9756 9762 9768 9774 9780 

2,3   9786 9791 9797 9802 9807 9812 9817 9822 9827 9832 

2,4   9836 9841 9845 9849 9853 9857 9861 9865 9869 9872 

2,5   9876 9879 9883 9886 9889 9892 9895 9898 9901 9904 

2,6   9907 9910 9912 9915 9917 9920 9922 9924 9926 9928 

2,7   9931 9933 9935 9937 9939 9940 9942 9944 9946 9947 

2,8   9949 9951 9952 9953 9955 9956 9958 9959 9960 9961 

2,9   9963 9964 9965 9966 9967 9968 9969 9970 9971 9972 

3,0 0,9973 9974 9975 9976 9976 9977 9978 9979 9979 9980 

3,1   9981 9981 9982 9983 9983 9984 9984 9985 9985 9986 

3,2   9986 9987 9987 9988 9988 9989 9989 9989 9990 9990 

3,3   9990 9991 9991 9991 9992 9992 9992 9992 9993 9993 

3,4   9993 9994 9994 9994 9994 9994 9995 9995 9995 9995 

3,5   9995 9996 9996 9996 9996 9996 9996 9996 9997 9997 

3,6   9997 9997 9997 9997 9997 9997 9997 9998 9998 9998 

3,7   9998 9998 9998 9998 9998 9998 9998 9998 9998 9998 

3,8   9999 9999 9999 9999 9999 9999 9999 9999 9999 9999 

3,9   9999 9999 9999 9999 9999 9999 9999 9999 9999 9999 
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stiudentis ganawileba 

 calmxrivi  kriteriumi 

 0,30 0,20 0,10 0,05 0,025 0,01 0,005 0,001 

         

1 0,727 1,376 3,078 6,314 12,71 31,82 63,66 318,3 

2 0,617 1,061 1,886 2,920 4,303 6,965 9,925 22,33 

3 0,584 0,978 1,638 2,353 3,182 4,541 5,841 10,22 

4 0,569 0,941 1,533 2,132 2,776 3,747 4,604 7,173 

         

5 0,559 0,906 1,440 1,943 2,447 3,143 3,707 5,208 

6 0,553 0,920 1,476 2,015 2,571 3,365 5,032 5,893 

7 0,549 0,896 1,415 1,895 2,365 2,998 3,499 4,785 

8 0,546 0,889 1,397 1,860 2,306 2,896 3,355 4,501 

9 0,543 0,883 1,383 1,833 2,262 2,821 3,250 4,297 

         

10 0,542 0,879 1,372 1,812 2,228 2,764 3,169 4,144 

11 0,540 0,876 1,363 1,796 2,201 2,718 3,106 4,025 

12 0,539 0,873 1,356 1,782 2,179 2,681 3,055 3,930 

13 0,538 0,870 1,350 1,771 2,160 2,650 3,012 3,852 

14 0,537 0,868 1,345 1,761 2,145 2,624 3,977 3,787 

         

15 0,536 0,866 1,341 1,753 2,131 2,602 2,947 3,733 

16 0,535 0,865 1,337 1,746 2,120 2,583 2,921 3,686 

17 0,534 0,863 1,333 1,740 2,110 2,567 2,898 3,646 

18 0,534 0,862 1,330 1,734 2,101 2,552 2,878 3,611 

19 0,533 0,861 1,328 1,729 2,093 2,539 2,861 3,579 

         

20 0,533 0,860 1,325 1,725 2,086 2,528 2,845 3,552 

21 0,532 0,859 1,323 1,721 2,080 2,518 2,831 3,527 

22 0,532 0,858 1,321 1,717 2,074 2,508 2,819 3,505 

23 0,532 0,858 1,319 1,714 2,069 2,500 2,807 3,485 

24 0,531 0,857 1,318 1,711 2,064 2,492 2,797 3,467 

         

 0,60 0,40 0,20 0,10 0,05 0,02 0,01 0,002 

 ormxrivi  kriteriumi 
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stiudentis ganawileba (gagrZeleba) 
 

 calmxrivi  kriteriumi 

 0,30 0,20 0,10 0,05 0,025 0,01 0,005 0,001 

         

25 0,531 0,856 1,316 1,708 2,060 2,485 2,787 3,450 

26 0,531 0,856 1,315 1,706 2,056 2,479 2,779 3,435 

27 0,531 0,855 1,314 1,703 2,052 2,473 2,771 3,421 

28 0,530 0,855 1,313 1,701 2,048 2,467 2,763 3,408 

29 0,530 0,854 1,311 1,699 2,045 2,462 2,756 3,398 

         

30 0,530 0,854 1,310 1,697 2,042 2,457 2,750 3,385 

40 0,529 0,851 1,303 1,684 2,021 2,423 2,704 3,307 

50 0,528 0,849 1,298 1,676 2,009 2,403 2,678 3,262 

60 0,527 0,848 1,296 1,671 2,000 2,390 2,660 3,232 

         

80 0,527 0,846 1,292 1,664 1,990 2,374 2,639 3,195 

100 0,526 0,845 1,290 1,660 1,984 2,365 2,626 3,174 

200 0,525 0,843 1,286 1,653 1,972 2,345 2,601 3,131 

500 0,525 0,842 1,283 1,648 1,965 2,334 2,586 3,106 

 0,524 0,842 1,282 1,645 1,960 2,326 2,576 3,090 

         

 

 

0,60 0,40 0,20 0,10 0,05 0,02 0,01 0,002 

ormxrivi  kriteriumi 
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
2
 ganawileba 

 

  
 

0,50  0,30 0,20 0,10 0,05 0,025 0,01 0,001 

1 0,455 1,07 1,64 2,71 3,84 5,02 6,63 10,83 

2 1,39 2,41 3,22 4,61 5,99 7,38 9,21 13,82 

3 2,37 3,66 4,64 6,25 7,81 9,35 11,34 16,27 

4 3,36 4,88 5,99 7,78 9,49 11,14 13,28 18,47 

5 4,35 6,06 7,29 9,24 11,07 12,83 15,09 20,52 

6 5,35 7,23 8,56 10,64 12,59 14,45 16,81 22,46 

7 6,35 8,38 9,80 12,02 14,07 16,01 18,48 24,32 

8 7,34 9,52 11,0 13,36 15,51 17,53 20,09 26,12 

9 8,34 10,7 12,2 14,68 16,92 19,02 21,67 27,88 

10 9,34 11,8 13,4 15,99 18,31 20,48 23,21 29,59 

11 10,3 12,9 14,6 17,28 19,68 21,92 24,73 31,26 

12 11,3 14,0 15,8 18,55 21,03 23,34 26,22 32,91 

13 12,3 15,1 17,0 19,81 22,36 24,74 27,69 34,53 

14 13,3 16,2 18,2 21,06 23,68 26,12 29,14 36,12 

15 14,3 17,3 19,3 22,31 25,00 27,49 30,58 37,70 

16 15,3 18,4 20,5 23,54 26,30 28,85 32,00 39,25 

17 16,3 19,5 21,6 24,77 27,59 30,19 33,41 40,79 

18 17,3 20,6 22,8 25,99 28,87 31,53 34,81 42,31 

19 18,3 21,7 23,9 27,20 30,14 32,85 36,19 43,82 

20 19,3 22,8 25,0 28,41 31,41 34,17 37,57 45,32 

22 21,3 24,9 27,3 30,81 33,92 36,78 40,29 48,27 

24 23,3 27,1 29,6 33,20 36,42 39,36 42,98 51,18 

26 25,3 29,2 31,8 35,56 38,88 41,92 45,64 54,05 

28 27,3 31,4 34,0 37,92 41,34 44,46 48,28 56,89 

30 29,3 33,5 36,2 40,26 43,77 46,98 50,89 59,70 

35 34,3 38,9 41,8 46,06 49,80 53,20 57,34 66,62 

40 39,3 44,2 47,3 51,81 55,76 59,34 63,69 73,40 

50 49,3 54,7 58,2 63,17 67,50 71,42 76,15 86,66 

60 59,3 65,2 69,0 74,40 79,08 83,30 88,38 99,61 

80 79,3 86,1 90,4 96,58 101,88 106,63 112,33 124,84 

100 99,3 106,9 111,7 118,50 124,34 129,56 135,81 149,45 

120 119,3 127,6 132,8 140,23 146,57 152,21 158,95 173,62 

150 149,3 158,6 164,6 172,6 179,6 185,8 193,2 209,3 

200 199,3 210,0 216,6 226,0 234,0 241,1 249,4 267,5 
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fiSeris ganawileba (F ganawileba)  = 0,05 

1 

2 

1 2 3 4 5 6 8 12 20 24  

1 161 200 216 225 230 234 239 244 248 249 254 

2 18,51 19,00 19,16 19,25 19,30 19,33 19,37 19,41 19,44 19,45 19,50 

3 10,13 9,55 9,28 9,12 9,01 8,94 8,84 8,74 8,66 8,64 8,53 

4 7,71 6,95 6,59 6,39 6,26 6,16 6,04 5,91 5,80 5,77 5,63 

5 6,61 5,79 5,41 5.19 5,05 4,95 4,82 4,68 4,56 4,53 4,37 

            

6 5,99 5,14 4,76 4,53 4,39 4,28 4,15 4,00 3,87 3,84 3,67 

7 5,59 4,74 4,35 4,12 3,97 3,87 3,73 3,57 3,44 3,41 3,23 

8 5,32 4,46 4,07 3,84 3,69 3,58 3,44 3,28 3,15 3,12 2,93 

9 5,12 4,26 3,86 3,63 3,48 3,37 3,23 3,07 2,93 2,90 2,71 

10 4,97 4,10 3,71 3,48 3,33 3,22 3,07 2,91 2,77 2,74 2,54 

            

11 4,84 3,98 3,59 3,36 3,20 3,09 2,95 2,79 2,65 2,61 2,41 

12 4,75 3,89 3,49 3,26 3,11 3,00 2,85 2,69 2,54 2,51 2,30 

13 4,67 3,81 3,41 3,18 3,03 2,92 2,77 2,60 2,46 2,42 2,21 

14 4,60 3,74 3,34 3,11 2,96 2,85 2,70 2,53 2,39 2,35 2,13 

15 4,54 3,68 3,29 3,06 2,90 2,79 2,64 2,48 2,33 2,29 2,07 

            

16 4,49 3,63 3,24 3,01 2,85 2,74 2,59 2,42 2,28 2,24 2,01 

17 4,45 3,59 3,20 2,97 2,81 2,70 2,55 2,38 2,23 2,19 1,96 

18 4,41 3,56 3,16 2,93 2,77 2,66 2,51 2,34 2,19 2,15 1,92 

19 4,38 3,52 3,13 2,90 2,74 2,63 2,48 2,31 2,15 2,11 1,88 

20 4,35 3,49 3,10 2,87 2,71 2,60 2,45 2,28 2,12 2,08 1,84 

            

21 4,33 3,47 3,07 2,84 2,69 2,57 2,42 2,25 2,09 2,05 1,81 

22 4,30 3,44 3,05 2,82 2,66 2,55 2,40 2,23 2,07 2,03 1,78 

23 4,28 3,42 3,03 2,80 2,64 2,53 2,38 2,20 2,04 2,00 1,76 

24 4,26 3,40 3,01 2,78 2,62 2,51 2,36 2,18 2,02 1,98 1,73 

25 4,24 3,39 2,99 2,76 2,60 2,49 2,34 2,17 2,00 1,97 1,71 

            

26 4,23 3,37 2,98 2,74 2,59 2,47 2,32 2,15 1,99 1,95 1,69 

27 4,21 3,35 2,96 2,73 2,57 2,46 2,31 2,13 1,97 1,93 1,67 

28 4,20 3,34 2,95 2,71 2,56 2,45 2,29 2,12 1,96 1,92 1,65 

29 4,18 3,33 2,93 2,70 2,55 2,43 2,28 2,10 1,94 1,90 1,64 

30 4,17 3,32 2,92 2,69 2,53 2,42 2,27 2,09 1,93 1,89 1,62 

            

40 4,09 3,23 2,84 2,61 2,45 2,34 2,18 2,00 1,84 1,79 1,51 

60 4,00 3,15 2,76 2,52 2,37 2,25 2,10 1,92 1,75 1,70 1,39 

120 3,92 3,07 2,68 2,45 2,29 2,18 2,02 1,83 1,66 1,61 1,25 

 3,84 3,00 2,61 2,37 2,21 2,10 1,94 1,75 1,57 1,52 1,00 
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fiSeris ganawileba (F ganawileba)  = 0,01 

1 

2 
1 2 3 4 5 6 8 12 20 24  

1 4052 4999 5403 5625 5764 5859 5981 6106 6208 6234 6366 

2 98,49 99,00 99,17 99,25 99,30 99,33 99,37 99,42 99,45 99,46 99,50 

3 34,12 30,82 29,46 28,71 28,24 27,91 27,49 27,05 26,69 26,60 26,12 

4 21,20 18,00 16,69 15,98 15,52 15,21 14,80 14,37 14,02 13,93 13,42 

5 16,26 13,27 12,06 11,39 10,97 10,67 10,29 9,89 9,55 9,47 9,02 

            

6 13,74 10,92 9,78 9,15 8,75 8,47 8,10 7,72 7,39 7,31 6,88 

7 12,25 9,55 8,45 7,85 7,46 7,19 6,84 6,47 6,15 6,07 5,65 

8 11,26 8,65 7,59 7,01 6,63 6,37 6,03 5,67 5,36 5,28 4,86 

9 10,56 8,02 6,99 6,42 6,06 5,80 5,47 5,11 4,80 4,73 4,31 

10 10,04 7,56 6,55 5,99 5,64 5,39 5,06 4,71 4,41 4,33 3,91 

            

11 9,65 7,20 6,22 5,67 5,32 5,07 4,74 4,40 4,10 4,02 3,60 

12 9,33 6,93 5,95 5,41 5,06 4,82 4,50 4,16 3,86 3,78 3,36 

13 9,07 6,70 5,74 5,20 4,86 4,62 4,30 3,96 3,67 3,59 3,16 

14 8,86 6,51 5,56 5,03 4,69 4,46 4,14 3,80 3,51 3,43 3,00 

15 8,68 6,36 5,42 4,89 4,56 4,32 4,00 3,67 3,36 3,29 2,87 

            

16 8,53 6,23 5,29 4,77 4,44 4,20 3,89 3,55 3,25 3,18 2,75 

17 8,40 6,11 5,18 4,67 4,34 4,10 3,79 3,45 3,16 3,08 2,65 

18 8,28 6,01 5,09 4,58 4,25 4,01 3,71 3,37 3,07 3,00 2,57 

19 8,18 5,93 5,01 4,50 4,17 3,94 3,63 3,30 3,00 2,92 2,49 

20 8,10 5,85 4,94 4,43 4,10 3,87 3,56 3,23 2,94 2,86 2,42 

            

21 8,02 5,78 4,87 4,37 4,04 3,81 3,51 3,17 2,88 2,80 2,36 

22 7,94 5,72 4,82 4,31 3,99 3,76 3,45 3,12 2,83 2,75 2,31 

23 7,88 5,66 4,76 4,26 3,94 3,71 3,41 3,07 2,78 2,70 2,26 

24 7,82 5,61 4,72 4,22 3,90 3,67 3,36 3,03 2,74 2,66 2,21 

25 7,77 5,57 4,68 4,18 3,86 3,63 3,32 2,99 2,70 2,62 2,17 

            

26 7,72 5,53 4,64 4,14 3,82 3,59 3,29 2,96 2,66 2,58 2,13 

27 7,68 5,49 4,60 4,11 3,79 3,56 3,26 2,93 2,63 2,55 2,10 

28 7,64 5,45 4,57 4,07 3,76 3,53 3,23 2,90 2,60 2,52 2,06 

29 7,60 5,42 4,54 4,04 3,73 3,50 3,20 2,87 2,57 2,49 2,03 

30 7,56 5,39 4,51 4,02 2,70 3,47 3,17 2,84 2,55 2,47 2,01 

            

40 7,31 5,18 4,31 3,83 3,51 3,29 2,99 2,66 2,37 2,29 1,61 

60 7,08 4,98 4,13 3,65 3,34 3,12 2,82 2,36 2,20 2,12 1,60 

120 6,85 4,79 3,95 3,48 3,17 2,96 2,66 2,34 2,03 1,95 1,38 

 6,63 4,60 3,78 3,32 3,02 2,80 2,51 2,18 1,87 1,79 1,00 
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q kritikuli mniSvnelobebi ( 

= 0,05) 

 

l 

 2 3 4 5 6 7 8 9 10 

1 17,97 26,98 32,82 37,08 40,41 43,40 45,40 47,36 49,07 

2 6,09 8,33 9,80 10,88 11,74 12,44 13,03 13,54 13,99 

3 4,50 5,91 6,83 7,50 8,04 8,48 8,85 9,18 9,46 

4 3,93 5,04 5,76 6,29 6,71 7,05 7,35 7,60 7,83 

5 3,64 4,60 5,22 5,67 6,03 6,33 6,58 6,80 7,00 

          

6 3,46 4,34 4,90 5,31 5,63 5,90 6,12 6,32 6,49 

7 3,34 4,17 4,68 5,06 5,36 5,61 5,82 6,00 6,16 

8 3,26 4,04 4,53 4,89 5,17 5,40 5,60 5,77 5,92 

9 3,20 3,95 4,42 4,76 5,02 5,24 5,43 5,60 5,74 

10 3,15 3,88 3,33 4,65 4,91 5,12 5,31 5,46 5,60 

          

11 3,11 3,82 4,26 4,57 4,82 5,03 5,20 5,35 5,49 

12 3,08 3,77 4,20 4,51 4,75 4,95 5,12 5,27 5,40 

13 3,06 3,74 4,15 4,46 4,69 4,89 5,05 5,19 5,32 

14 3,03 3,70 4,11 4,41 4,64 4,83 5,00 5,13 5,25 

15 3,01 3,67 4,08 4,37 4,60 4,78 4,94 5,08 5,20 

          

16 3,00 3,65 4,05 4,33 4,56 4,74 4,90 5,03 5,15 

17 2,98 3,63 4,02 4,30 4,52 4,71 4,86 4,99 5,11 

18 2,97 3,61 4,00 4,28 4,50 4,67 4,82 4,96 5,07 

19 2,96 3,59 3,98 4,25 4,47 4,65 4,79 4,92 5,04 

20 2,95 3,58 3,96 4,23 4,45 4,62 4,77 4,90 5,01 

          

24 2,92 3,53 3,90 4,17 4,37 4,54 4,68 4,81 4,92 

30 2,89 3,49 3,85 4,10 4,30 4,46 4,60 4,72 4,82 

40 2,86 3,44 3,79 4,04 4,23 4,39 4,52 4,64 4,74 

60 2,83 3,40 3,74 3,98 4,16 4,31 4,44 4,55 4,65 

120 2,80 3,36 3,69 3,92 4,10 4,24 4,36 4,47 4,57 

          

 2,77 3,31 3,63 3,86 4,03 4,17 4,29 4,39 4,47 
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q kritikuli mniSvnelobebi ( 

= 0,01) 

 

l 

 
2 3 4 5 6 7 8 9 10 

1 90,03 135,0 164,3 185,6 202,2 215,8 227,2 237,0 245,5 

2 14,04 90,02 22,29 24,72 26,63 28,20 29,53 30,68 31,69 

3 8,26 10,62 12,17 13,33 14,24 15,00 15,64 16,20 16,69 

4 6,51 8,12 9,17 9,96 10,58 11,10 11,55 11,93 12,27 

5 5,70 6,98 7,80 8,42 8,91 9,32 9,70 9,97 10,24 

          

6 5,24 6,33 7,03 7,56 7,97 8,32 8,61 8,87 9,10 

7 4,95 5,92 6,54 7,01 7,37 7,68 7,94 8,17 8,37 

8 4,75 5,64 6,20 6,63 6,96 7,24 7,47 7,68 7,86 

9 4,60 5,43 5,96 6,35 6,66 6,92 7,13 7,33 7,50 

10 4,48 5,27 5,77 6,14 6,43 6,67 6,88 7,06 7,21 

          

11 4,39 5,15 5,62 5,97 6,25 6,48 6,67 6,84 6,99 

12 4,32 5,05 5,50 5,84 6,10 6,32 6,51 6,67 6,81 

13 4,26 4,96 5,40 5,73 5,98 6,19 6,37 6,53 6,67 

14 4,21 4,90 5,32 5,63 5,88 6,09 6,26 6,41 6,54 

15 4,17 4,84 5,25 5,56 5,80 5,99 6,16 6,31 6,44 

          

16 4,13 4,79 5,19 5,49 5,72 5,92 6,08 6,22 6,35 

17 4,10 4,74 5,14 5,43 5,66 5,85 6,01 6,15 6,27 

18 4,07 4,70 5,09 5,38 5,60 5,79 5,94 6,08 6,20 

19 4,05 4,67 5,05 5,33 5,55 5,74 5,89 6,02 6,14 

20 4,02 4,64 5,02 5,29 5,51 5,69 5,84 5,97 6,09 

          

24 3,96 4,55 4,91 5,17 5,37 5,54 5,69 5,81 5,92 

30 3,89 4,46 4,80 5,05 5,24 5,40 5,54 5,65 5,76 

40 3,83 4,37 4,70 4,93 5,11 5,27 5,39 5,50 5,56 

60 3,76 4,28 4,60 4,82 4,99 5,13 5,25 5,36 5,45 

120 3,70 4,20 4,50 4,71 4,87 5,01 5,12 5,21 5,30 

          

 3,64 4,12 4,40 4,60 4,76 4,88 4,99 5,08 5,16 

 

 
 

Q kritikuli mniSvnelobebi 
 

m 2 3 4 5 6 7 8 9 

 = 0,05 1,96 2,39 2,64 2,81 2,94 3,04 3,12 3,20 

 = 0,01 2,58 2,94 3,14 3,29 3,40 3,49 3,57 3,64 

 
m 10 11 12 13 14 15 16 17 

 = 0,05 3,26 3,32 3,37 3,41 3,46 3,49 3,53 3,56 

 = 0,01 3,69 3,74 3,79 3,83 3,87 3,90 3,94 3,97 

 
m 18 19 20 21 22 23 24 25 

 = 0,05 3,59 3,62 3,65 3,68 3,70 3,72 3,74 3,77 

 = 0,01 3,99 4,02 4,04 4,07 4,09 4,11 4,13 4,15 
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