
 1 

Tavi V 

SemTxveviT sidideTa maxasiaTeblebi 

 

rogorc ukve vnaxeT, bevri SemTxveviTi movlena AdaA eq-

sperimenti sruldeba ama Tu im ricxviTi SedegiT. maSinac 

ki, roca Sedegi (elementaruli xdomileba) ar aris ricxvi, 

Cven xSirad vixilavT xdomilebebs, romelTa aRwera SesaZ-

lebelia ricxvebis terminebSi (magaliTad, monetis orjer 

agdebisas – mosul gerbTa ricxvia 1). Sesabamisad, Zalian 

moxerxebuli iqneboda gvqonoda garkveuli maTematikuri 

cneba, romelic Tavidan agvacilebda xdomilebebis sityve-

biT gamosaxvis aucileblobas. magaliTad, nacvlad imisa, 

rom dagvewera {gerbTa ricxvia 1} da {gerbTa ricxvia 2}, 

Cven SegviZlia gerbebis ricxvi aRvniSnoT   asoTi da gan-

vixiloT xdomilebebi }1{  da }2{  .   aris sidide, rom-

lis mniSvneloba ucnobia eqsperimentis Catarebamde, mag-

ram cnobili xdeba eqsperimentis Catarebis Semdeg. 

elementarul xdomilebaTa sivrceze gansazRrul 

ricxviT funqcias SemTxveviTi sidide ewodeba. SemTxveviT 

sidides ewodeba diskretuli tipis sidide Tu is Rebu-

lobs calkeul, izolirebul SesaZlo mniSvnelobebs. Sem-

TxveviT sidides ewodeba uwyveti tipis sidide Tu misi Se-

saZlo mniSvnelobebis simravle mTlianad avsebs raime 

ricxviT Sualeds.  

cxrils, romelSic CamoTvlilia diskretuli tipis Sem-

TxveviTi sididis SesaZlo mniSvnelobebi da maTi Sesabamisi 

albaTobebi, ganawilebis kanoni (an mwkrivi) ewodeba:  

 xi  x1  x2       xn      

 pi  p1  p2       pn      
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aq 1ii
p  . albaTobis statistikuri ganmartebidan 

gamomdinare: 

Teoriuli sixSire   erToblivi sixSire   albaToba. 

,
( , ) ( )

x a b
P a b P x 

 
    . Tu mocemulia diskretuli 

tipis SemTxveviTi sidide   da raime ricxviTi g  funqcia, 

maSin ( )g   isev iqneba diskretuli tipis SemTxveviTi sidi-

de ganawilebis kanoniT: 

( )ig x

 
1( )g x

 
2( )g x

 

     ( )ng x

 

     

 
ip   

1p   
2p        

np       

hipergeometriuli ganawileba. davuSvaT, rom yuTSi N  

burTia da maT Soris M  TeTria. SemTxveviT, dabrunebis 

gareSe yuTidan viRebT n  burTs. albaToba imisa, rom amo-

Rebul n  burTs Soris zustad m cali iqneba TeTri gamo-
iTvleba formuliT: 

( ; ; ; ) : ( )
m n m

M N M
n n

N

C C
P N M n m P m

C





   , 0,1,...,min( , )m M n . 

ricxvTa am mimdevrobas hipergeometriuli ganawileba 

ewodeba da gamoiyeneba aRniSvna HG(N,M,n). 

geometriuli ganawileba (Geo(p)): 1( ) kP k pq    (q = 1–p), 

1,2,...k  . 

puasonis ganawileba parametriT  (Po()): 

{ } ,
!

k

P k e
k

  
  0,1,2,...k  . 

simetriuli monetis orjer agdebisas mosul gerbTa 
 raodenobis ganawilebis kanoni 
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SemTxveviTi sididis ganawilebis funqcia:  

( ) : ( )F x P x   ( Sesabamisad, ( ) : ( )F x P x  ) 

( ) ( ) ( )P a b F b F a     (Sesabamisad, 

( ) ( 0) ( 0)P a b F b F a      ). 

ganawlebis funqciis Tvisebebi: 

1) nebismieri x -saTvis 0 ( ) 1F x  ; 

2) ganawilebis funqcia araklebadia; 

3) ganawilebis funqcia uwyvetia marcxnidan (Tu gana-

wilebis funqcias ganvmartavT rogorc: ( ) : ( )F x P x  , ma-

Sin is iqneba marjvnidan uwyveti); 

4) ( ) { }
k

k

x x

F x P x


   (Sesabamisad, ( ) { }
k

k

x x

F x P x


  ); 

5) { } ( 0) ( )k k kP x F x F x      (Sesabamisad,  

{ } ( ) ( 0)k k kP x F x F x     , roca ( ) : ( )F x P x  ). 

SemTxveviT sidides, romelsac aqvs uwyveti ganawile-

bis funqcia, uwodeben uwyvet SemTxveviT sidides. Tu uwy-

veti SemTxveviTi sididis ganawilebis funqcia ( )F x  war-

moebadia, maSin mis warmoebuls SemTxveviTi sididis gana-

wilebis simkvrive ewodeba da aRiniSneba ( )f x -iT: 

'( ) ( )f x F x . 

( ) 0f x  ; ( ) 1f x dx



 ; ( , ) ( )

b

a
P a b f x dx     ; ( ) ( )

x

F x f y dy


   

uwyveti ganawilebis funqciis p  rigis kvantili ewo-

deba iseT px  ricxvs, romlisTvisac ( )pF x p . sazogadod, 

min{ : ( ) }px x F x p  . diskretuli ganawilebis SemTxvevaSi, Tu  

1 2 1 2 1i i ip p p p p p p p        , maSin 1p ix x  . 1/ 2p   

rigis kvantils SemTxveviTi sididis an misi ganawilebis 

funqciis mediana ewodeba da aRiniSneba Mo , e. i. 
1/2Mo x . 

moda ewodeba SemTxveviTi sididis im mniSvnelobas (an mniS-

vnelobebs), romelic Seesabameba ganawilebis simkvrivis 
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lokalur maqsimums uwyveti SemTxveviTi sididis SemTxve-

vaSi an albaTobis lokalur maqsimums diskretuli Sem-

TxveviTi sididis SemTxvevaSi da aRiniSneba simboloTi Me . 

organzomilebiani SemTxveviTi sidide 

diskretuli organzomilebiani ( , )  SemTxveviTi sidi-

dis ganawilebis kanons (anu   da   SemTxveviTi sididee-

bis erTobliv ganawilebis kanons) aqvs organzomilebiani 

cxrilis saxe, romelic gvaZlevs SesaZlo mniSvnelobebis 

calkeuli komponentebis CamonaTvals da im p(xi, yj) alba-

Tobebs, ra albaTobebiTac miiReba mniSvneloba (xi, yj):  

    

 x1  x2  …  xi … xn 

y1 p(x1, y1) p(x2, y1)  …  p(xi, y1) … p(xn, y1) 

…  …  …  … … … … 

yj p(x1, yj) p(x2, yj)  …  p(xi, yj) … p(xn, yj) 

…  …  …  … … … … 

ym p(x1, ym) p(x2, ym)  …  p(xi, ym) … p(xn, ym) 

,
( , ) 1i ji j

p x y  ; ( ) ( , )i i jj
P x p x y   ; ( ) ( , )j i ji

P y p x y   . 

organzomilebiani ( , )  SemTxveviTi sididis ganawile-

bis funqcia (an   da   SemTxveviTi sidideebis erToblivi 

ganawilebis funqcia) ewodeba funqcias: F( х, у ) = P (   x, 

   y ).  

1) 0 ≤ F(x, y) ≤ 1; 

2) F(x, y) aris TiToeuli argumentis mimarT arakleba-

di, marjvnidan uwyveti funqcia; 

3) adgili aqvs zRvrul Tanafardobebs:  

F(-∞, y) = 0; F(x, - ∞) = 0; F(- ∞, -∞) = 0; F( ∞, ∞) = 1; 

4) F(x, ∞) = F1(x): = P(  x);  F(∞, y) = F2(y): = P( y). 

SemTxveviT sidideebs ewodeba damoukidebeli, Tu  
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F(x, y) = F1(x) F2(y). 

diskretuli SemTxveviTi sididebi damoukidebelia ma-

Sin da mxolod maSin, roca  

p(xi, yj)= p(xi) p( yj), ,i j . 

uwyveti organzomilebiani SemTxveviTi sididis er-

Toblivi ganawilebis simkvrive (anu organzomilebiani 

simkvrive) ewodeba erToblivi ganawilebis funqciis Sere-

ul meore rigis kerZo warmoebuls: 

yx

yxF
yxf






),(
),(

2

. 

1)  f(x, y) ≥ 0; 2) ( , ) ( , )

y x

F x y f u v dudv
 

   ; 

3)  








1),( dxdyyxf  ;        4) (( , ) ) ( , ) .
D

p X Y D f x y dxdy    

5) 1
1

( , )
( ) ( , )

( ) ( , )

x

d f u y dydu
dF x dF x

f x f x y dy
dx dx dx





 



 
 

     

 
 , 

analogiurad, 




 .),()(2 dxyxfyf  

6) uwyveti SemTxveviTi sidideebi damoukidebelia ma-

Sin da mxolod maSin, roca f(x, y)= f1(x) f2( y). 

diskretuli   SemTxveviTi sididis maTematikuri lo-

dini aRiniSneba E  simboloTi da ewodeba ricxvs: 

 ( ) ( )E P


   


 , anu { }i i i ii i
E x P x x p     .  

uwyveti tipis   SemTxveviTi sididis maTematikuri 

lodini ewodeba ricxvs 

( )E xf x dx




  , (Tu | | ( )x f x dx





  ). 

a) Ec c const  ;       b) ( )E E E      ;  
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g) ( )E c cE  ;         d) ( ) 0E E   ;  

e) 2 2 2( ) ( ) ( )E c E E c E        ; 

v) 2 2

( , )
min ( ) ( )

c
E c E E  

  
   ; 

z) Tu   da   damoukidebeli SemTxveviT sididebia, maSin  

( )E E E     (Sebrunebuli debuleba mcdaria). 

SemTxveviTi sididis funqciis maTematikuri lodini:  

( ) ( ) { } ( )i i i ii i
Eg g x P x g x p     .      (1) 

Tu   SemTxveviTi sididis SesaZlo mniSvnelobebia 

1 2, ,x x  ..., nx , xolo B  raime xdomilebaa ( ( ) 0P B  ), maSin   

SemTxveviTi sididis pirobiTi maTematikuri lodini B  

xdomilebis mimarT aRiniSneba ( | )E B  simboloTi da gani-

marteba Semdegnairad: 

1

( | ) ( | )
n

i i

i

E B x P x B 


  . 

cxadia, rom ( | )E E    da 
1

( | ) ( )
( )

BE B E I
P B

  . 

  SemTxveviTi sididis   SemTxveviT sidideze regre-

siis mrudi (funqcia) ewodeba funqcias ( ) ( | )R y E y   . 

SemTxveviTi sidides ( )R   (regresiis funqciaSi Casmu-

lia   SemTxveviTi sidide)   SemTxveviTi sididis piro-

biT maTematikur lodins uwodeben   pirobiT da ( | )E    

simboloTi aRniSnaven. 

SemTxveviTi sididis dispersia. 

   SemTxveviTi sididis dispersia D  ganimarteba Sem-

degnairad:  

2 2 2( ) ( )DX E E E E       . 

E -s ewodeba   SemTxveviTi sididis meore rigis mo-

menti (TviTon dispersias uwodeben agreTve – meore rigis 

centralur moments). 
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Tu diskretuli tipis   SemTxveviTi sididis ganawi-

lebis kanonia 

 xi  x1  x2      xn  

 pi   p1  p2       pn   

maSin 2

1 1

( )
n n

i j j i

i j

DX x x p p
 

   , anu 2 2

1 1

( )
n n

i i j j

i j

DX x p x p
 

   .  

I. mudmivis dispersia nulis tolia – 0Dc  ; 

II. 2( )D a b a D   .  

III. Tu   da   damoukidebeli SemTxveviTi sidideebia, 

maSin  

( )D D D      . 

  SemTxveviTi sididis pirobiTi dispersia B  xdomi-

lebis mimarT: 

2 2 2( | ) : {[ ( | )] | } ( | ) [ ( | )]D B E E B B E B E B        . 

bernulis ganawileba (anu bernulis SemTxveviT sidi-

de) aRiniSneba simboloTi Bern(P) da aqvs saxe:  

  1 0 

P  p  1 p  

aq E p  da (1 )D p p   . 

binomialuri ganawilebis SemTxvevaSi: E np  , 

(1 )D np p   , [( 1) ]Mo n p  , [ ]Me np .  

hipergeometriuli ganawilebis SemTxvevaSi: 

n M
E

N



  ,  

2

( ) ( )

( 1)

n M N M N n
D

N N


    


 
 da 

( 1)( 1)

2

M n
Mo

N


  
   

. 

puasonis ganawilebis SemTxvevaSi: E D    , 

[ ] 1Mo   , 
1 0.02

3
Me 



 
   
 

. 

geometriuli ganawilebis SemTxvevaSi: 1/E p  , 

2(1 ) /D p p   , 1Mo  , 
2

1

log (1 )
Me

p


 
  

 
. 



 8 

eqsponencialuri ganawileba.  SemTxveviT sidides 

ewodeba eqsponencialurad ganawilebuli parametriT   

( 0  ) da aRiniSneba simboloTi Exp(), Tu:  

0, 0,
( )

, 0,x

x
f x

e x 


 


    anu    

0, 0,
( )

1 , 0,x

x
F x

e x


 

 


 

am SemTxvevaSi: 1/E  , 21/D  , 0Mo  , 
ln 2

Me


  da 

ln(1 )
p

p
x




  . 

standartuli gadaxra. momentebi. 

  SemTxveviTi sididis saSualo kvadratuli gadaxra 

(an standartuli gadaxra): D   . 

SemTxveviTi sididis standartizacia: 
E 





  

( 0E  , 1D  ).  

momentebi, asimetria da eqscesi.  

  SemTxveviTi sididis n  rigis sawyisi momenti ewode-

ba sidides : n

n E   (
1:a E   ).  

  SemTxveviTi sididis n  rigis centraluri momenti 

ewodeba sidides : ( )n

n E a    ( 2

2: D    ).  

eqscesis koeficienti ewodeba sidides:  

4

4

4 2 4

( )
3 3

[ ( ) ]

E E
e

E E

  

  


   

 
. 

asimetriis koeficienti ewodeba sidides:  

3

3

3 2 3

( )

[ ( ) ]

E E

E E

  


  


 

 
. 

kovariacia. korelaciis koeficienti. 

kovariaciis koeficienti an ubralod kovariacia ewo-

deba sidides:  

cov( , ) [( )( )] ( )E E E E E E             . 
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1) Tu   da   damoukidebelia, maSin cov( , ) 0    (Sebrune-

buli debuleba araa samarTliani); 

2) cov( , ) D   ; 

3) cov( , ) cov( , )    ; 

4) cov( , ) cov( , )c c      ; 

5) cov( , ) cov( , ) cov( , )         ; 

6) ( ) 2cov( , )D D D         ; 

7) | cov( , ) | D D     . 

korelaciis koeficienti ewodeba sidides: 

 cov ,
( , ) :

E E
E

D D

     
  

  

  
   

 
. 

a) –1(,)1. 

b) Tu (,)=1, maSin =k+b, sadac k da b – mudmivebia, k>0. 

g) Tu (,)= –1, maSin =k+b, sadac k da b – mudmivebia, k<0. 

d) Tu =k1+b1, (k10) an =k2+b2 (k20), maSin (,)=1 roca 

ki>0; (,)= – 1 roca ki<0 (i = 1,2). 

magaliTi 1. SemTxveviTi sidide iyos monetis samjer 

agdebisas mosul gerbTa ricxvi. am SemTxvevaSi elementa-

rul xdomilebaTa sivrce rva elementiani simravlea:  

}{ sssssg,sgs,gss,sgg,gsg,ggs,ggg,  

da, Sesabamisad, saZiebeli SemTxveviTi sidide iqneba  -ze 

gansazRruli Semdegi ricxviTi funqcia: 

( ggg) 3 ;     (ggs) (gsg) (sgg) 2 ;  

     (gss) (sgs) (ssg) 1    da   (sss) 0 . 

cxadia es SemTxveviTi sidide diskretuli tipisaa, is 

Rebulobs izolirebul mniSvnelobebs, magaliTad, 1-sa da 

2-s Soris is ar Rebulobs arc erT mniSvnelobas. 
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magaliTi 2. SemTxveviTi sidide iyos ori saTamaSo ka-

maTlis gagorebisas mosul qulaTa jami. am SemTxvevaSi 

elementarul xdomilebaTa sivrce Sedgeba 36 elementa-

ruli xdomilebisagan:  

}6,...,2,1,:),{(  jiji , 

xolo SemTxveviTi sidide calkeul elementarul xdomi-

lebas ),( ji  (sadac i  – pirvel kamaTelze mosuli qulaa, xo-

lo j  – meore kamaTelze mosuli qula) Seusabamebs: 

( , )i j i j    (pirvel da meore kamaTelze mosuli qulebis 

jami). magaliTad, (1,3) (2,2) (3,1) 4     . aRniSnuli Sem-

TxveviTi sididis SesaZlo mniSvnelobebia: 2, 3, . . . , 12. is 

dikretuli tipisaa. advili dasanaxia, rom ganawilebis ka-

nons eqneba Semdegi saxe: 

  2 3 4 5 6 7 8 9 10 11 12 

P P  1/36 2/36 3/36 4/36 5/36 6/36 5/36 4/36 3/36 2/36 1/36 

magaliTad, 36/3)}1,3();2,2();3,1{()4(  PP  . 

magaliTi 3. ori msroleli TiTojer esvris samiznes. maT 

mier samiznis dazianebis (mizanSi moxvedris) albaTobebia Se-

sabmisad 0.6 da 0.7. SemTxveviTi sidide   iyos samiznis dazia-

nebaTa raodenoba. SevadginoT misi ganawilebis mwkrivi.  

amoxsna. cxadia, rom   SemTxveviTma sididem SeiZleba 

miiRos Semdegi mniSvnelobebi: 0 (verc erTma msrolelma 

ver daaziana samizne), 1 (mxolod erTma msrolelma daazi-

ana samizne) da 2 (orive msrolelma daaziana samizne). vipo-

voT Sesabamisi albaTobebi.  

SegvZlia vigulisxmoT rom pirveli da meore msrolelis 

srolis Sedegebi erTmaneTisagan damoukidebelia. Semovi-

RoT xdomilebebi: A  – pirvelma msrolelma daaziana samizne 

da B  – meore msrolelma daaziana samizne. mocemulia, rom 

( ) 0.6P A   da ( ) 0.7P B  . Sesabamisad, ( ) 0.4P A   da ( ) 0.3P B  . 

garda amisa, A  da B  damoukidebeli xdomilebebia. damouki-

debeli xdomilebebia agreTve: A  da B , A  da B , A  da B .  
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advili dasanaxia, rom xdomileba – verc erTma msro-

lelma ver daaziana samizne iqneba BA , xdomileba – mxo-

lod erTma msrolelma daaziana samizne iqneba 

)()( BABA   da xdomileba – orive msrolelma daazia-

na samizne iqneba BA . gasagebia, rom )( BA  da )( BA  

uTavsebadi xdomilebebia  )()( BABA Ø. 

amitom, damoukidebel xdomilebaTa namravlis alba-

Tobisa da uTavsebad xdomilebaTa jamis albaTobis for-

mulebis Tanaxmad gveqneba: 

( 0) ( ) ( ) ( ) 0.4 0.3 0.12P P A B P A P B         ; 

( 1) {( ) ( )} ( ) ( )P P A B A B P A B P A B           

( ) ( ) ( ) ( ) 0.6 0.3 0.4 0.7 0.46P A P B P A P B       ; 

( 2) ( ) ( ) ( ) 0.6 0.7 0.42P P A B P A P B         

Sesabamisad,   SemTxveviTi sididis ganawilebis mwkri-

vi iqneba: 

ix  0 1 2 

ip  0.12 0.46 0.42 

magaliTi 4. vipovoT wesieri monetis oTxjer agdebi-

sas mosul gerbTa raodenobis ganawilebis kanoni. 

amoxsna. elementarul xdomilebaTa sivrce Sedgeba 

1624   tolSesaZlebeli oTxeulisagan, xolo gansaxilve-

li   SemTxveviTi sididis SesaZlo mniSvnelobebia k  = 0, 1, 

2, 3 an 4. gasagebia, rom saqme gvaqvs bernulis sqemasTan, sa-

dac warmatebaa gerbis mosvla da radgan moneta wesieria, 

warmatebis albaTobaa 1/2. SemTxveviTi sidide am SemTxve-

vaSi warmoadgens monetis oTxjer agdebisas warmatebaTa 

raodenobas da Sesabamisi albaTobebi gamoiTvleba bernu-

lis formuliT:  

16/)
2

1
1()

2

1
()()( 4

4

44

kkkk

k CCkPkPp   , 4,3,2,1,0k . 

amitom 16/10 p , 4/11 p , 8/32 p , 4/13 p , 16/14 p . 
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magaliTi 5. vipovoT wesieri monetis oTxjer agdebi-

sas mosul gerbTa raodenobis ganawilebis funqcia. 

amoxsna. rogorc zemoT vnaxeT aRniSnuli SemTxveviTi 

sididis ganawilebis kanonia:  

  0 1 2 3 4 

P  1/16 1/4 3/8 1/4 1/16 

Sesabamisad, ganmartebis Tanaxmad ( 



kxx

kpxF )( ) gvaqvs: 

16/1)0( 0  pF ,  

16/5)1( 10  ppF , 

16/11)2( 210  pppF ,  

16/15)3( 3210  ppppF , 

1)4( 43210  pppppF . 

amitom sabolood vwerT: 

  






























.4,1

,43,16/15

,32,16/11

,21,16/5

,10,16/1

,0,0

)(

x

x

x

x

x

x

xF

Tu

Tu

Tu

Tu

Tu

Tu


 

magaliTi 6. cnobilia, rom 3/1}3{ P . ipoveT )3(F .  

amoxsna. ganawilebis funqciis ganmartebis Tanaxmad 

gvaqvs 

3/2}3{1}3{)3(   PPF . 

magaliTi 7. mocemulia  da   SemTxveviTi sidideebis 

ganawilebis kanonebi: 

  -1 0    0 1 

P  0.5 0.5  P  0.5 0.5 

SeadareT erTmaneTs ))5.0((  FF da ))5.0((  FF . 
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amoxsna. ganawilebis funqciis ganmartebis Tanaxmad 

gvaqvs 

5.0}0{}5.0{)5.0(   PPF , 

Sesabamisad,  

1}0{}1{}5.0{))5.0((   PPPFF . 

analogiurad davrwmundebiT, rom 1))5.0((  FF . 

magaliTi 8. cnobilia, rom   SemTxveviTi sidide Rebu-

lobs or mniSvnelobas 21 x  da 32 x , xolo misi maTemati-

kuri lodinia 2.2E . ipoveT   SemTxveviTi sididis ga-

nawilebis kanoni, ganawilebis funqcia da dispersia. 

amoxsna. aRvniSnoT pP  }2{ , maSin pP  1}3{ . ma-

Tematikuri lodinis ganmartebis Tanaxmad gvaqvs  

)1(322.2 pp  , 

saidanac 8.0p . Sesabamisad, ganawilebis kanons aqvs saxe: 

  2 3 

P  0.8 0.2 

aqedan gamomdinare, ganawilebis funqcia iqneba: 

0, 2, 0, 2,

( ) 0.8, 2 3, 0.8, 2 3,

0.8 0.2, 3. 1, 3.

x x

F x x x

x x



  
 

      
    

Tu Tu

Tu Tu

Tu Tu
 

 gamovTvaloT dispersia: 

16.02.0)2.23(8.0)2.22( 22 D . 

magaliTi 9. A  kompania investorebs pirdeba wliur 

40%-s, magram SesaZlebelia gakotrdes albaTobiT 0.3, xo-

lo B  kompania investorebs pirdeba wliur 30%-s, magram 

SesaZlebelia gakotrdes albaTobiT 0.2. igulisxmeba, rom 

kompaniebis gakotreba erTmaneTisagan damoukidebelia. 

investorma A  kompaniaSi Cado 20 milioni lari, xolo B  
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kompaniaSi ki 18 milioni lari. SeadgineT orive kompanii-

dan investoris erToblivi Semosavlebis   SemTxveviTi 

sididis ganawilebis kanoni, gamoTvaleT misi maTematiku-

ri lodini da dispersia. 

amoxsna. cxadia, rom   SemTxveviTi sididis SesaZlo 

mniSvnelobebia: 

01 x , Tu orive kompania gakotrda; 

28204.0202 x , Tu gakotrda mxolod B  kompania; 

4.23183.0183 x , Tu gakotrda mxolod A  kompania; 

4.514.23284 x , Tu arcerTi kompania ar gakotrda. 

  SemTxveviTi sididis ganawilebis kanonis asagebad 

saWiroa gamovTvaloT albaTobebi: 4,3,2,1},{  ixP i . am 

mizniT SemoviRoT xdomilobebi: C ={ A  kompania gakot-

rdeba}, D ={ B  kompania gakotrdeba}. maSin cxadia, rom 

}{}{ 1 CDPxP  da vinaidan amocanis pirobebSi es xdomi-

lobebi damoukidebelia, amitom damoukideblobis ganmar-

tebis Tanaxmad: 06.02.03.0}{}{}{}{ 1  DPCPCDPxP  . 

garda amisa, gasagebia, rom }{}{ 2 DCPxP  , 

}{}{ 3 DCPxP   da }{}{ 4 DCPxP  . rogorc cnobilia, 

roca ori xdomiloeba damoukidebelia, maSin agreTve da-

moukidebelia erT-erTi meoris sawinaaRmdegosgan . saida-

nac vRebulobT, rom damoukideblebia C  da D , C  da D , C  

da D . amitom gvaqvs: 

14.02.07.0}{}{}{}{ 2  DPCPDCPxP  ; 

24.08.03.0}{}{}{}{ 3  DPCPDCPxP  ; 

56.08.07.0}{}{}{}{ 4  DPCPDCPxP  .  

Sesabamisad,   SemTxveviTi sididis ganawilebis kanoni 

iqneba: 

  0 23.4 28 51.4 

P  0.06 0.24 0.14 0.56 
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ganmartebis Tanaxmad: 

32.38
4

1


i

ii pxE ; 

25.252)(
4

1

2 
i

ii pExD  . 

magaliTi 10. wriul samiznes SeuZlia itrialos cen-

tris garSemo. is dayofilia Tanabari zomis rva seqtorad, 

romlebic gadanomrilia 1-dan 8-mde. samiznis sakmarisad 

swrafi trialis SemTxvevaSi msroleli ver asxvavebs seq-

toris nomrebs da iZulebulia isrolos SemTxveviT. Tu 

tyvia moxvdeba i -ur seqtors msroleli igebs i  lars 

( 8,...,2,1i ). mizanSewonilia Tu ara msrolelma esrolos 

samiznes, Tu amaSi man unda gadaixados 5 lari?  

amoxsna. radganac samizne swarafad trialebs, msrole-

lis SesaZleblobebs aranairi azri ar gaaCnia: mizanSi mox-

vedra – wminda wylis SemTxveviTobaa. SemTxveviTi sidide 

  iyos SesaZlo mogebebi. man SeiZleba miiRos mniSvnelo-

bebi 1, 2, ... , 8, da vinaidan yvela seqtori erTnairia, TiTo-

eul am mniSvnelobas SemTxveiTi sidide miiRebs erTi da 

imave albaTobiT 1/8. Sesabamisad, maTematikuri lodini 

iqneba:  

5.4
8

1
8

8

1
2

8

1
1 E lari. 

maSasadame, saSualo mogeba Seadgens 4.5 lars da ami-

tom ar Rirs srolis uflebaSi 5 laris gadaxda. 

TamaSis maTematikuri lodini. moTamaSe debs 1 lars, 

asaxelebs raime ricxvs 1-dan 6-mde, agoreben wesier kama-

Tels da Tu mova moTamaSis mier dasaxelebuli ricxvi, is 

igebs 4 lars da, amasTanave, ukan ubruneben 1 lars. winaaR-

mdeg SemTxvevaSi moTamaSe kargavs 1 lars. vipovoT moge-

bis maTematikuri lodini. 

amoxsna. Tu mogebas aRvniSnavT   simboloTi, misi gana-

wilebis kanoni iqneba: 

  4 -1 

P  1/6 5/6 
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Sesabamisad, 1667.06/1)6/5()1()6/1(4 E . es 

imas niSnavs, rom TamaSi ar aris samarTliani – TamaSi ise-

Tia, rom moTamaSe saSualod agebs. advili dasanaxia, rom 

Tu amocanis pirobaSi 4 lars SevcvliT 5 lariT, maSin Ta-

maSi gaxdeba `samarTliani~ – 0E . TamaSs ewodeba samar-

Tliani, Tu mogebis maTematikuri lodini nulis tolia, 

anu grZel seriaSi moTamaSe arc igebs da arc agebs.  

maTematikuri lodini da dazRveva. davuSvaT, rom 

Tqven gsurT daazRvioT Tqveni 2000 laris Rirebulebis 

videosistema moparvisagan. sadazRvevo kompania weliwad-

Si Tqvengan iTxovs premias (Senatans) 225 lars. kompaniam 

empiriulad daadgina, rom wlis ganmavlobaSi videosiste-

mis moparvis albaTobaa 0.1. ra iqneba Tqveni mosalodneli 

danakargi dazRvevis SemTxvevaSi? 

amoxsna. es faqtobrivad aris TamaSi, sadac Tqven debT 

225 lars da 0.1-is toli albaTobiT igebT 2000 – 225 = 1775 

lars, xolo 0.9-is toli albaTobiT agebT 225 lars. am 

`TamaSis~ maTematikuri lodini wina magaliTis mixedviT 

iqneba: 

259.0)225(1.01775 E . 

es imas niSnavs, rom Tu Tqven maravali wlis ganmavlo-

baSi daazRvevT Tqvens videosistemas erTi da igive piro-

bebSi, maSin saSualod weliwadSi Tqven dakargavT 25 lars 

sadazRvevo kompaniis sasargeblod. 

SevxedoT am amocanas sadazRvevo kompaniis TvalTa-

xedviT: kompania igebs 225 lars 0.9 albaTobiT da agebs 

1775 lars 0.1 albaTobiT. Sesabamisad, misi `TamaSis~ maTe-

matikuri lodini iqneba:  

251.0)1775(9.0225 E . 

e. i. Tu kompaniaSi Tqvennair pirobebSi regularulad 

daezRveva bevri klienti, kompania weliwadSi TiToeulis-

gan saSualod moigebs 25 lars.  
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maTematikuri lodini da gadawyvetilebis miReba. 

kulturis departaments surs popularuli musikaluri 

jgufis koncerti Caataros Ria stadionze da SiSobs, rom 

SesaZlebelia iyos wvima. sinoptikoebis prognoziT wvimis 

albaToba Seadgens 0.24-s. departamentis SefasebiT, Tu ar 

iwvimebs koncertisagan Semova 100000 lari, xolo wvimis 

SemTxvevaSi mxolod 10000 lari. sadazRvevo kompania Ta-

naxmaa es koncerti daazRvios wvimisagan 100000 lariT 

20000 lariani premiis sanacvlod. unda iyidos Tu ara de-

partamentma aseTi dazRveva? 

amoxsna. kulturis departaments aqvs ori arCevani: A  
– daazRvios koncerti an B  – ar daazRvios koncerti. sa-

nam departamenti gadawyvetilebas miiRebs man unda ga-

moTvalos orive qmedebis Sedegad mosalodneli saSualo. 

  da   asoebiT aRvniSnoT, Sesabamisad, Tu ras miiRebs de-

partanenti TiToeul SemTxvevSi. maSin gasagebia, rom maT 

eqnebaT Semdegi ganawilebebi: 

qmedeba  iwvima ar iwvima 

A  
  90000 80000 

B  
  10000 100000 

 P  0.24 0.76 

SevniSnoT, rom aq 90000 miRebulia Semdegnairad: de-

partamentma daazRvia koncerti (raSic gadaixada 20000 

lari) da movida wvima – koncertidan Semovida 10000 lari, 

xolo sadazRvevo kompaniam departments gadauxada 

100000 lari (–20000 + 10000 + 100000 = 90000). TiToeuli qme-

debisagan mosalodneli saSualoebi iqneba: 

8240076.08000024.090000 E , 

7840076.010000024.010000 E . 

aqedan gamomdinare, departamentma koncerti unda da-

azRvios. 

magaliTi 11. auditoriaSi myofi 15 studentidan 5 va-

Jia. vipovoT albaToba imisa, rom SemTxveviT SerCeul 6 

students Soris 3 vaJia? 
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amoxsna. Tu mivusadagebT hipergeometriul ganawile-

bas, gasagebia, rom: 15, 5, 6N M n    da 3k  . amitom sa-

Ziebeli albaToba iqneba: 
3 6 3 3 3

10 15 10 10 5

6 6

15 15

120 10
(15;5;6;3) 0.239

5005

C C C C
P

C C



 
    . 

magaliTi 12. saqonlis partiaSi defeqtur nawarmTa 

ricxvi   Rebulobs mniSvneloba 0-s albaTobiT – 0.3; mniS-

vneloba 1-s albaTobiT – 0.4; mniSvneloba 2-s albaTobiT – 

0.2 da mniSvneloba 3-s albaTobiT – 0.1 anu  -s ganawilebis 

mwkrivs aqvs saxe: 

ix  0 1 2 3 

ip  0.3 0.4 0.2 0.1 

gamovTvaloT  -s ganawilebis funqcia da avagoT misi 

grafiki. 

Tu 0x  , maSin ( ) ( ) ( ) 0F x P x P     ; 

Tu 0 1x  , maSin ( ) ( ) ( 0) 0.3F x P x P      ; 

Tu 1 2x  , maSin ( ) ( ) {( 0) ( 1)}F x P x P          

( 0) ( 1) 0.3 0.4 0.7P P        ; 

Tu 32  x , maSin ( ) ( ) {( 0) ( 1) ( 2)}F x P x P             

( 0) ( 1) ( 2) 0.3 0.4 0.2 0.9P P P            ; 

da bolos, Tu 3x  , maSin ( ) ( ) ( ) 1F x P x P     . 

Sesabamisad, ganawilebis funqciis grafiks eqneba Sem-

degi saxe: 

  

   

 

 

 

 

 

 

F(x) 

1.0 
0.9 

0.7 

0.3 

0 1 2 3 x 
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magaliTi 13. mocemulia SemTxveviTi sididis ganawile-

bis funqcia: 
























.,1

,,

,,0

)(

bx

bxa
ab

ax

ax

xF  

(sadac a  da b  ( a b ) nebismieri namdvili ricxvebia). vipo-

voT Sesabamisi ganawilebis simkvrive. cxadia, rom ganmar-

tebis Tanaxmad: 

0, ,

1
( ) , ,

0, .

x a

f x a x b
b a

x b

 



  


 

 

rac Seexeba x a  da x b  wertilebs, aq ( )F x  funqcias 

warmoebuli ara aqvs da iq SegviZlia ( )f x  ganvmartoT nebis-

mierad, vTqvaT, ( ) ( ) 0f a f b  . SemTxveviT sidides, romel-

sac aqvs aRniSnuli ganawilebis simkvrive, ewodeba Tanabarad 

ganawilebuli [ , ]a b  monakveTze da aRiniSneba simboloTi 

([ , ])U a b . 

([ , ]) ([ , ])
2

a b
EU a b MeU a b


    da  

2( )
([ , ])

12

a b
DU a b


 . 

magaliTi 14. davuSvaT, rom naTuris muSaobis dro aris 

SemTxveviTi sidide ganawilebis funqciiT ( )F t , xolo na-

Turis gamocda grZeldeba naTuris mwyobridan gamosvlam-

de (gadawvamde), Tu es moxdeba gamocdis dawyebidan araume-

tes 100 saaTis ganmavlobaSi, anu 
0 100t  sT momentamde.  

vTqvaT, ( )G t  – aris am gamocdis dros naTuris norma-

lurad muSaobis drois ganawilebis funqcia. maSin cxadia, 

rom:  












.100,1

100),(
)(

t

ttF
tG
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( )G t  funqcias aqvs naxtomi 
0t  wertilSi, vinaidan Sesa-

bamisi SemTxveviTi sidide Rebulobs 
0t  mniSvnelobas al-

baTobiT 
01 ( ) 0F t  . 

magaliTi 15. vipovoT p  rigis px  kvantili Tanabari ga-

nawilebis funqciisaTvis. 

p  ( 0 1p  ) rigis px  kvantili unda veZeboT rogorc 

( )F x p  gantolebis amonaxsni. Tanabari ganawilebis fun-

qciis SemTxvevaSi es gantoleba miiRebs saxes: 

x a
p

b a





, 

saidanac cxadia, rom: 

( ) (1 )px a p b a a p bp      . 

roca 0p  , maSin nebismieri x a  warmoadgens 0p   ri-

gis kvantils, xolo 1p   rigis kvantili iqneba nebismieri 

x b  ricxvi.  

magaliTi 16. mocemulia organzomilebiani SemTxvevi-

Ti sididis ganawilebis kanoni: 

     

-2 3 6 

-0.8 0.1 0.3 0.1 

-0.5 0.15 0.25 0.1 

vipovoT caklkeuli SemTxveviTi sididis ganawilebis 

kanoni. 

amoxsna. cxrilSi moyvanili albaTobebis svetebis mi-

xedviT SekrebiT miviRebT  –s ganawilebis mwkrivs: 

  -2 3 6 

р 0.25 0.55 0.2 

albaTobebis SekrebiT striqonebis mixedviT miviRebT 

 -s ganawilebis mwkrivs: 

  -0.8 -0.5 

p 0.5 0.5 
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magaliTi 17. mocemulia   da   damoukidebeli Sem-

TxveviTi sidideebis ganawilebis kanoni: 

  -2 3 6    -0.8 -0.5 

р 0.2 0.5 0.3  p 0.4 0.6 

vipovoT max{ , }Z    SemTxveviTi sididis ganawilebis 

kanoni. 

amoxsna. Z  SemTxveviTi sididis SesaZlo mniSvnelobe-

bia: -0.8; -0.5; 3 da 6. gamovTvaloT Sesabamisi albaTobebi. 

gvaqvs: 

( 0.8) {( 2) ( 0.8)} ( 2) ( 0.8) 0.2 0.4 0.08P Z P P P                    ; 

( 0.5) {( 2) ( 0.5)} ( 2) ( 0.5) 0.2 0.6 0.12P Z P P P                    ; 

( 3) {[( 3) ( 0.8)] [( 3) ( 0.5)]}P Z P                 

[( 3) ( 0.8)] [( 3) ( 0.5)] 0.5 0.4 0.5 0.6 0.5P P                  ; 

( 6) {[( 6) ( 0.8)] [( 6) ( 0.5)]}P Z P                 

[( 6) ( 0.8)] [( 6) ( 0.5)] 0.3 0.4 0.3 0.6 0.3P P                  . 

magaliTi 18. gamovTvaloT saTamaSo kamaTelze mosuli 

qulaTa ricxvis maTematikuri lodini. gvaqvs: 

1 1 1 1 1 1
1 2 3 4 5 6 3.5

6 6 6 6 6 6
E              . 

magaliTi 19. davuSvaT, 3( ) 4g x x x   da mocemulia   

SemTxveviTi sididis ganawilebis kanoni: 

 -2  -1  0  2 

 0.1  0.3  0.4  0.2 

davadginoT ( )g   SemTxveviTi sididis ganawilebis 

kanoni da gamovTvaloT misi maTematikuri lodini.  

cxadia, rom ( 2) (0) (2) 0g g g     da ( 1) 3g   . amitom   

SemTxveviTi sididis SesaZlo mniSvnelobebia 0 da 3. da-

vadginoT misi ganawilebis kanoni. amisaTvis gamovTvaloT 

albaTobebi: { 0}P    da { 3}P   . radgan xdomilebebi 

{ 2}   , { 0}   da { 2}   uTavsebadia, amitom albaTobaTa 

Sekrebis wesis Tanaxmad gveqneba: 
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{ 0} {{ 2} { 0} { 2}}P P             

{ 2} { 0} { 2} 0.1 0.4 0.2 0.7P P P             . 

garda amisa, { 3} { 1} 0.3P P      . amitom ( )g   Sem-

TxveviTi sididis ganawilebis kanons aqvs saxe: 

0 3 

0.7 0.3 

garda amisa, 0 0.7 3 0.3 0.9E      . 

axla gamovTvaloT ( )g   SemTxveviTi sididis maTe-

matikuri lodini (1) Tanafardobis saSualebiT. gveqneba: 

( 2) 0.1 ( 1) 0.3 (0) 0.4 (2) 0.2E g g g g             

0 0.1 3 0.3 0 0.4 0 0.2 0.9         . 

magaliTi 20. gamovTvaloT puasonis ganawilebis maTe-

matikuri lodini.  

Tu visargeblebT warmodgeniT 
0 !

m
x

m

x
e

m





 , maSin gveqneba: 

1

0 1 1! ! ( 1)!

k k k

k k k

EX k e e k e e e
k k k

      
  

  
   

  

    


   . 

e. i. puasonis ganawilebis   parametri warmoadgens am 

ganawilebis maTematikur lodins (saSualo mniSvnelobas).  

magaliTi 21. davuSvaT, rom elementarul xdomilebaTa 

sivrce Sedgeba sami tolalbaTuri elementaruli xdomi-

lebisagan 
1 2 3{ , , }   , 

1 2 3( ) ( ) ( ) 1/3P P P     . ganvmar-

toT   da   SemTxveviTi sidideebi Semdegnairad: 

1 2( ) 1, ( ) 0,      
3( ) 1   ; 

1 2 3( ) 1, ( ) 0, ( ) 1        . 

maSin gasagebia, rom   , 
1 1 1

( ) 1 0 ( 1) 0
3 3 3

E E          . 

Sesabamisad, ( )E E E    . meores mxriv,  

2{ 0} { 0} { 0, 0} ( ) 1/3P P P P            , 
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maSin rodesac   da   SemTxveviTi sidideebi damoukideb-

eli rom iyos { 0, 0}    xdomilebis albaToba unda yofi-

liyo 
1 1 1

3 3 9
  , e. i   da   araa damoukidebeli. 

magaliTi 22.   SemTxveviTi sididis ganawilebis kanonia 

ix  -1 0 1 2 3 

ip  0.1 0.15 0.3 0.25 0.2 

gamovTvaloT misi dispersia. 

vinaidan dispersiis gamosaTvlelad gvaqvs ori gansxvave-

buli formula, Sesabamisad, gveqneba dispersiis gamoTvlis 

ori xerxi. moxerxebulia es gamoTvlebi Caiweros cxrilebis 

saxiT. 

dispersiis gamoTvlis pirveli xerxi: 

i  ix  
ip  

i ix p  2( )ix E  2( )i ix E p  

1 -1 0.10 -0.1 5.29 0.5290 

2 0 0.15 0 1.69 0.2535 

3 1 0.30 0.3 0.09 0.0270 

4 2 0.25 0.5 0.49 0.1225 

5 3 0.20 0.6 2.89 0.5780 

   
5

1

1.3i i

i

E x p


    
5

2

1

( ) 1.51i i

i

D x E p 


    

 

 dispersiis gamoTvlis meore xerxi: 

i  ix  
ip  

i ix p  2

ix  2

i ix p  

1 -1 0.10 -0.1 1 0.1 

2 0 0.15 0 0 0 

3 1 0.30 0.3 1 0.3 

4 2 0.25 0.5 4 1 

5 3 0.20 0.6 9 1.8 

   
5

1

1.3i i

i

E x p


    
5

2 2

1

3.2i i

i

E x p


   

   2 2( ) 1.51D E E        
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 magaliTi 23. davuSvaT, rom  SemTxveviTi sidide si-

metriuladaa ganawilebuli nulis irgvliv, e. i. E=0. 

vTqvaT, =2. maSin E()=E(3)=0, vinaidan 3 agreTve, simet-

riuladaa ganawilebuli nulis irgvliv. meores mxriv, 

EE=0, vinaidan E=0. amitom: 

 
( , ) 0

E E E  
  




  . 

e. i. korelacia (da, maSasadame, kovariacia) SeiZleba 

iyos nuli, maSinac ki roca SemTxveviTi sidideebi damoki-

debulia. 

magaliTi 24. davuSvaT, rom  da  SemTxveviTi sididee-

bis erToblivi ganawilebis kanoni mocemulia Semdegi 

cxriliT: 

  

 

1 2  

1 1/5 0 1/5 

2 0 3/5 3/5 

3 1/5 0 1/5 

 2/5 3/5  

cxadia, rom: 

1 1/5 2 3/5 3 1/5 2E        ; 1 2/5 2 3/5 8/5E      ; 

  1 1 1/ 5 2 2 3/ 5 3 1 1/ 5 16 / 5E            ;   0E E E    . 

aqedan gamomdinare, korelaciis koeficienti nulia, 

maSin rodesac (iseve rogorc wina magaliTSi) naTelia, 

rom adgili aqvs  SemTxveviTi sididis funqcionalur da-

mokidebulebas  SemTxveviT sidideze. 

magaliTi 25.  da  SemTxveviTi sidideebis qvemoT moy-

vanili erToblivi ganawilebis kanonis mixedviT gamov-

TvaloT korelaciis koeficienti (,). 
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1 2 3  

10 1/36 0 0 1/36 

20 2/36 1/36 0 3/36 

30 2/36 2/36 2/36 6/36 

40 1/36 9/36 16/36 26/36 

 6/36 12/36 18/36  

 

10 1/36 20 3/36 30 6/36 40 26/36 35.83E          ; 

1 6/36 2 12/36 3 18/36 2.3E        ; 

     
2 2 2

10 35,83 1/ 36 20 35.83 3/ 36 30 35.83 6 / 36D            

 
2

40 35,83 26 / 36 57.64    ; 7.6  ; 

     
2 2 21 2,3 6 / 36 2 2.3 12 / 36 3 2.3 1 18/ 36 0.556D           ; 

0.746  ; 

  10 1 1/ 36 20 1 2 / 36 20 2 1/ 36 30 1 2 / 36 30 2 2 / 36E                   

30 3 2/36 40 1 1/36 40 2 9/36 40 3 16/36 86.94             ; 

   ( , ) 6.94 2.3 35.83 / 7.6 0.746 0.8        . 

 

 

 

Tavi VI 

diskretul ganawilebaTa gamoyenebebi 

binomialuri ganawileba 

 PTu yovel konkretul cdas gaaCnia ori SesaZlo Sedegi 

(warmateba da marcxi) da isini urTierTgamomricxavia; 

  tardeba cdaTa sasruli raodenoba – n ; 
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  yoveli cdis Sedegi damoukidebelia yvela danarCeni 

cdis Sedegisagan; 

 calkeul cdaSi warmatebis p  albaToba mudmivia; 

maSin SemTxveviT sidides, romelic warmoadgens warma-

tebaTa raodenobas n  cdaSi uwodeben binomialur Sem-

TxveviT sidides, aRniSnaven ( , )Bi n p  simboloTi da mas aqvs 

Semdegi ganawilebis kanoni: 

{ ( , ) } ( ) (1 )k k n k

n nP Bi n p k P k C p p     , 0,1, . . . ,k n . 

amasTanave, [ ( , )]E Bi n p np ; [ ( , )] (1 )D Bi n p np p  . 

puasonis ganawileba 

{ ( ) }
!

k

P Po k e
k


   , 0,1, 2, . . .k  ; [ ( )]E Po   ; [ ( )]D Po   . 

puasonis ganawileba adekvaturi modelia im xdomile-

bebisaTvis, romlebic: 

 xdebian SemTxveviT sivrceSi an droSi; 

 xdebian cal-calke (erTdroulad moxdena ar SeiZleba); 

 xdebian damoukideblad, da 

 xdebian mudmivi intensivobiT (xdomilebaTa raodeno-

ba mocemul drois intervalSi am intervalis sigrZis 

proporciulia). 

magaliTi 1. mocemulia 
1

(8, )
4

Bi  . ipoveT: a) { 6}P   ; b) 

{ 2}P   ; g) { 0}P   . 

amoxsna. 

a) visargebloT bernulis formuliT, sadac 8n   da 
1

4
p  . 

gvaqvs: 6 6 2 6 2

8

1 3 1 3
{ 6} ( ) ( ) 28 ( ) ( ) 0.00385 0.004

4 4 4 4
P C          ; 

b) 0 0 8 1 1 7

8 8

1 3 1 3
{ 2} { 0} { 1} { 2} ( ) ( ) ( ) ( )

4 4 4 4
P P P P C C                  
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2 2 6

8

1 3
( ) ( ) 0.1001 0.2669 0.3114 0.6785 0.679
4 4

C        ; 

g) gadavideT sawinaaRmdego xdomilebaze: 

0 0 8

8

1 3
{ 0} 1 { 0} 1 ( ) ( ) 1 0.1001 0.8998 0.9

4 4
P P C             . 

magaliTi 2. mocemulia 
1

(3, )
4

Bi  . ipoveT E  da D . 

amoxsna. 
1 3

3
4 4

E np     . 
1 3 9

(1 ) 3
4 4 16

D np p       . 

magaliTi 3. mocemulia (10, 0.3)Bi  . ipoveT:  

a) E  da D ; b) { }P E E        . 

amoxsna.  

a) 10 0.3 3E np     , (1 ) 10 0.3 0.7 2.1D np p       ; 

b) { } {3 2.1 3 2.1}P E E P                

{3 1.44 3 1.44} {1.55 4.44}

{ 2} { 3} { 4} { 4} { 1}

0.8497 0.1493 0.7004 0.7.

P P

P P P P

        

          

   

 

      

magaliTi 4. mocemulia (10, 0.3)Bi  . ipoveT: a) { 2}P   ;     

b) { 2}P   ; g) { 2}P   ; d) { 2}  xdomilebis albaToba, Tu 

cnobilia, rom { 2}  . 

amoxsna. a) 2 2 8

10{ 2} (0.2) (0.8) 0.302P C      ; 

b) { 2} { 0} { 1} { 2} 0.6778P P P P           ; 

g) { 2} 1 { 2} 1 0.6778 0.3222P P        ; 

d) unda moiZebnos { 2 | 2}P    . pirobiTi albaTobis 

ganmartebis Tanaxmad gvaqvs: 

{( 2) ( 2}
{ 2 | 2}

{ 2}

{( 2) [( 0) ( 1) ( 2)]} { 2} 0.302
0.4456.

{ 2} { 2} 0.6778

P
P

P

P P

P P
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magaliTi 5. cnobilia, rom ( , )Bi n p  , 24E   da 8D  . 

ipoveT n  da p . 

amoxsna. vinaidan [ ( , )]E Bi n p np  da [ ( , )] (1 )D Bi n p np p  , 

amitom 24 np  da 8 (1 ) 24(1 )np p p    . saidanac 1 1/3p   

anu 2/ 3p  . Sesabamisad, 24/ 24 3/ 2 36n p    . 

magaliTi 6. cnobilia, rom ( ,0.6)Bi n  . vipovoT cdaTa 

is minimaluri raodenoba, romlisTvisac { 1} 0.9P    . 

amoxsna. 0 0{ 1} 1 { 0} 1 (0.6) (0.4) 1 (0.4) 0.9n n

nP P C            . 

amitom gvaqvs: (0.4) 0.1n  , anu ln(0.4) ln(0.1)n  . aqedan, imis 

gaTvaliswinebiT, rom ln(0.4)  uaryofiTia, davaskvniT, rom 

ln(0.4)
2.51

ln(0.1)
n   . Sesabamisad, cdaTa saZiebeli minimaluri 

ricxvi iqneba 3n  . 

magaliTi 7 (banaxis amocana). ori yuTidan TiToeulSi 

moTavsebulia  asanTi. agdeben wesier monetas da masze 

gerbis mosvlis SemTxvevaSi erT asanTs iReben I yuTidan, 

winaaRmdeg SemTxvevaSi ki II yuTidan. rogoria albaToba 

imisa, rom I yuTis dacarielebis SemTxvevaSi II yuTSi dar-

Ceba m asanTi. 

amoxsna. SemoviRoT xdomilebebi: A = {I yuTis dacarie-

lebis SemTxvevaSi II yuTSi darCeba m asanTi}, Bi = {asanTi 

amoRebulia i-uri yuTidan},  i = 1,2. 

monetis simetriulobis gamo  P(B1) =  P(B2) =  1/2. Tu I yu-

Tis dacarielebis SemTxvevaSi II yuTSi darCa m asanTi, es 

imas niSnavs, rom monetis 2n – m agdebisas n-jer movida 

gerbi, xolo (n – m)-jer ki safasuri, anu cdis (2n – m)-jer 

Catarebisas xdomileba  B1 moxda n-jer. Sesabamisad, ber-

nulis formulis Tanaxmad:  

2 2 2

1 1 1
( ) .

2 2 2

n n

n m n mn n m n m
P A C C  
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magaliTi 8. qvemoT moyvanil situaciebSi miuTiTeT 

rodisaa puasonis ganawileba adekvaturi modeli: 

a) im avtomobilebis ricxvi, romlebic gadakveTaven 

erTzolian xids Tavisufali moZraobis dros 10 saaTidan 

11 saaTamde; 

am SemTxvevaSi puasonis ganawileba iqneba kargi mode-

li, radganac SeiZleba CavTvaloT, rom manqanebi xids ga-

dakveTaven erTmaneTisagan damoukideblad da drois 

SemTxveviT momentebSi (moZraoba Tavisufalia), ori man-

qana erTdroulad ver gadakveTs xids (xidi erTzoliania) 

da saSualod drois mocemul intervalSi xidze gavlili 

manqanebis raodenoba drois intervalis proporciuli 

iqneba; 

b) im avtomobilebis ricxvi, romlebic 9 saaTidan 10 sa-

aTamde Sedian qalaqis centris avtosadgomze. 

gasagebia, rom am SemTxvevaSi puasonis ganawileba ver 

iqneba kargi modeli, gansakuTrebiT Tu es samuSao dRea – 

avtosadgomze iqneba rigebi da manqanebi ver imoZraveben 

Tavisuflad da erTmaneTisagan damoukideblad;  

g) radiaoqtiuri wyaros mier wamSi gamosxivebuli nawi-

lakebis raodenoba. 

puasonis ganawileba iqneba kargi modeli mxolod im 

SemTxvevaSi, Tu gamosxiveba xdeba damoukideblad da Sem-

TxveviT momentebSi, aseve yoveli konkretuli gamosxive-

ba erTnawilakiania. 

magaliTi 9. radioaqtiuri wyaros mier wamSi gamosxive-

buli nawilakebis raodenoba emorCileba puasonis ganawi-

lebas saSualoTi 5. gamoTvaleT albaToba imisa, rom wamSi 

gamosxivebuli iqneba: a) 0; b) 1; g) 2; d) 3 an meti nawilaki.  

amoxsna.   iyos SemTxveviTi sidide: `radiaqtiuri wya-

ros mier wamSi gamosxivebuli nawilakebis raodenoba~, 

maSin pirobis Tanaxmad (5)Po  . visargebloT puasonis 

ganawilebis kanoniTa da Sesabamisi cxrilebiT, maSin: 

a) 
0

55
{ 0} 0.0067

0!
P e    ;  
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b) 
1

55
{ 1} 0.0337

1!
P e    ;  

g) 
2

55
{ 2} 0.0842

2!
P e    ; 

d) gadavideT sawinaaRmdego xdomilebaze: 

{ 3} 1 { 3} 1 { 0} { 1} { 2}P P P P P                 

1 0.0067 0.0337 0.0842 0.875     . 

magaliTi 10. taqsebis firmaSi taqsebze Semosuli gamo-

Zaxebebis raodenoba puasonis kanoniTaa ganawilebuli, sa-

Sualod 4 gamoZaxeba yovel 30 wuTSi. ipoveT albaToba 

imisa, rom: a) arc erTi gamoZaxeba ar Semova 30 wuTSi; b) er-

Ti gamoZaxeba Semova 1 saaTSi; g) orze naklebi gamoZaxeba 

Semova 15 wuTSi. 

amoxsna. a)   iyos SemTxveviTi sidide: `taqsebis firma-

Si 30 wuTis ganmavlobaSi Semosuli gamoZaxebebis raode-

noba~. maSin cxadia, rom (4)Po  . Sesabamisad, gvaqvs:  

0
44

{ 0} 0.0183
0!

P e    ; 

b)   iyos SemTxveviTi sidide: `taqsebis firmaSi 1 saa-

Tis ganmavlobaSi Semosuli gamoZaxebebis raodenoba~. vi-

naidan, pirobidan gamomdinare, 1 saaTSi saSualod 8 gamo-

Zaxeba Semova, amitom (8)Po  . Sesabamisad, 

1
88

{ 1} 0.0027
1!

P e    ; 

g) analogiurad, Tu   aris SemTxveviTi sidide: `taqse-

bis firmaSi 15 wuTis ganmavlobaSi Semosuli gamoZaxebe-

bis raodenoba~, maSin (2)Po  . amitom 

0 1
2 22 2

{ 2} { 0} { 1} 0.406
0! 1!

P P P e e            . 

magaliTi 11. V ml tbis wyalSi organuli nawilakebis 

raodenoba emorCileba puasonis ganawilebis kanons saSua-

loTi 0.2V . gamoTvaleT albaToba imisa, rom: a) 50 ml tbis 
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wyali Seicavs 8-ze nakleb organul nawilaks; b) 30 ml tbis 

wyali Seicavs 2-ze met organul nawilaks; g) 10 ml tbis 

wyali Seicavs zustad 3 organul nawilaks. 

amoxsna. a) 50V  , 0.2 50 10    , e. i. (10)Po  . visargeb-

loT puasonis dagrovili (kumulatiuri) albaTobebis 

cxriliT: 

{ 8} { 7} 0.2202P P     ; 

b) 30V  , 0.2 30 6    , e. i. (6)Po  . gadavideT sawina-

aRmdego xdomilebaze: 

{ 2} 1 { 2} 1 0.0619 0.938P P        ; 

g) 10V  , 0.2 10 2    , anu (2)Po  . amitom 

{ 3} 0.1804P    . 

magaliTi 12. satelefono sadgurSi saSualod saaTSi 

Semodis 540 gamoZaxeba. rogoria albaToba imisa, rom wuT-

Si Semova zustad 20 gamoZaxeba? 

amoxsna. bunebrivia vigulisxmoT, rom sadgurSi gamo-

Zaxebebi Semodis erTmaneTisagan damoukideblad da isini 

erTdroulad ar Semodian. amasTanave gamoZaxebaTa rao-

denoba drois intervalis sigrZis proporciulia. amoca-

nis pirobis Tanaxmad sadgurSi wuTSi saSualod Semodis 

540/60 = 9 gamoZaxeba. Sesabamisad, saqme gvaqvs puasonis ga-

nawilebasTan parametriT 9. amitom saZiebeli albaToba 

puasonis formuliT:  

20
20

!20

9
}20)9({  ePoP , 

romelic puasonis ganawilebis cxrilis gamoyenebiT mogv-

cems, rom 

0006.0}20)9({ PoP . 

magaliTi 13. aeroportSi wuTSi saSualod jdeba 3 

TviTmfrinavi. rogoria albaToba imisa, rom 2 wuTSi aero-

portSi dajdeba aranakleb 4 TviTmfrinavi? 

amoxsna. amocanis pirobis Tanaxmad 2 wuTSi aeropor-

tSi saSualod dajdeba 6 TviTmfrinavi. Sesabamisad, Cven 
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SegviZlia vigulisxmoT, rom saqme gvaqvs puasonis ganawi-

lebasTan parametriT 6. SemoviRoT xdomilebebi: A ={dajda 

aranakleb 4}; }{ iAi  dajda , 3,2,1,0i . cxadia, rom 
iA xdomi-

lebebi uTavsebadebia da i
i

AA
3

0
 . amitom 




3

0

)()(
i

iAPAP . 

TiToeuli )( iAP
 
albaTobis gamosaTvlelad visargebloT 

puasonis formuliT:  

6

!

6
})6({)(  e

i
iPoPAP

i

i , 3,2,1,0i . 

puasonis ganawilebis cxrilis gamoyenebiT advilad 

davinaxavT, rom: 0025.0)( 0 AP , 0149.0)( 1 AP , 

0446.0)( 2 AP da 0892.0)( 3 AP . Sesabamisad, 1512.0)( AP . 

amitom saZiebeli albaToba iqneba 8488.0)(1)(  APAP . 

magaliTi 14. 5-ma adamianma gaZarcva bankomati. TviT-

mxilvelma SeniSna, rom mZarcvelebi Casxdnen avtobusSi, 

romelic midioda mezobel qalaqSi. rogorc ki avtobusi 

Cavida mezobel qalaqSi, mis karebTan gaCnda patruli da 

aukrZala mZRols karebis gaReba. mZRolma Tqva, rom avto-

busSi 40 mgzavria da yvelas Semowmeba bevr dros moiTxov-

da. patrulma igi daamSvida: `CemTvis sakmarisia mxolod 6 

mgzavris Semowmeba da mere Tqven SegiZliaT gaagrZeloT 

gza~. man SemTxveviT SearCia 6 mgzavri da waiyvana Sesamow-

meblad. riTi xelmZRvanelobda patruli? 

amoxsna. SemoviRoT xdomilebebi:  

A = {SemTxveviT SerCeul 6 mgzavrs Soris erTi mainc 

mZarcvelia}, 

Ai ={SemTxveviT SerCeul 6 mgzavrs Soris i mZarcvelia},  

i = 1,..,5. 

cxadia, rom  
1 2 3 4 5A A A A A A      da  

1 2 3 4 5( ) ( ) ( ) ( ) ( ) ( )P A P A P A P A P A P A     , 
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sadac TiToeuli  ( )iP A  unda gamovTvaloT hipegeometri-

uli ganawilebis mixedviT: 
5

5 35

6

40

( )
i i

i

c c
P A

c


 . 

martivi gamoTvlebis Sedegad miviRebT, rom: 
1( ) 0.4192P A  , 

2( ) 0.1364P A  , 
3( ) 0.017P A  , 

4( ) 0.0008P A  , 
5( ) 0.00001P A  . 

Sesabamisad, ( ) 0.5734P A  . anu albaToba imisa, rom 6 

mgzavrs Soris aRmoCndeba erTi mainc mZarcveli 1/2-ze me-

tia da etyoba, rom patruli erkveoda albaTobis TeoriaSi. 

 

 

Tavi VII 

uwyveti tipis ganawilebebi 

 

  SemTxveviT sidides ewodeba uwyveti tipis, Tu misi 

ganawilebis funqcia – ( ) : { }F x P x    uwyvetia. Tu ganawi-

lebis funqcia warmoidgineba ( ) ( )

x

F x f u du 



   saxiT, maSin 

( )f x  funqcias ewodeba uwyveti   SemTxveviTi sididis ga-

nawilebis simkvrive. simkvrives aqvs Semdegi Tvisebebi: 

a) ( ) 0f x   yoveli x -saTvis; 

b) ( ) 1f x dx





 ; 
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g) { , } ( ) ( ) ( )

b

a

P a b F b F a f x dx         , sadac ,a b   aris ne-

bismieri ( , )a b , ( , ]a b , [ , )a b , [ , ]a b  intervalebidan. 

uwyveti SemTxveviTi sididis mediana Me aris is mniSvne-

loba, romelic simkvrivis grafikis qveS moTavsebul far-

Tobs yofs or tol nawilad. maTematikurad is ase ganimar-

teba: 

1
{ } ( ) ( )

2

Me

P Me F Me f x dx 


    . 

uwyveti SemTxveviTi sididis p -kvantili ewodeba iseT 

px  mniSvnelobas, romel mniSvnelobamdec simkvrivis gra-

fikis qveS moTavsebuli farTobi p -s tolia: 

{ } ( ) ( )

px

p pP x F x f x dx p 


    . 

gasagebia, rom 
0.5x Me .  

uwyveti SemTxveviTi sididis qveda kvartili 
1Q  (Sesa-

bamisad, zeda kvartili, 
3Q ) ewodeba 

1

4
-kvantils (Sesabami-

sad, 
3

4
-kvantils). 

sxvaobas 
3 1Q Q  kvartilTSorisi gabnevis diapazoni 

ewodeba. 

ganawilebis (1 ) -kvantils zeda  -kritikuli werti-

li ewodeba. 

uwyveti SemTxveviTi sididis moda Mo  ewodeba argu-

mentis im mniSvnelobas, sadac simkvrive aRwevs maqsimums: 

( ) max ( )
x

f Mo f x  . 

uwyveti SemTxveviTi sididis maTematikuri lodini (a-

nu saSualo) ganimarteba Semdegnairad: 
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( )E xf x dx 




   . 

uwyveti SemTxveviTi sididis dispersia gamoiTvleba 

formuliT: 

2 2 2( )D x f x dx  




   . 

asimetriis koeficienti a  gamoiTvleba formuliT:  

3

3

1
( ) ( )a x f x dx







  . 

eqscesis koeficienti e  tolia: 

4

4

1
( ) ( ) 3e x f x dx







   . 

magaliTebis amoxsnis nimuSebi: 

magaliTi 1. uwyveti   SemTxveviTi sididis ganawile-

bis simkvrivea: 

2
, 1 2;

( ) 3

0,

x x
f x


 

 



Tu

sxvagan.

 

a) SeamowmeT, rom ( )f x  akmayofilebs simkvrivis a da b 

Tvisebas; 

b) gamoTvaleT {1.5 2}P   . 

amoxsna. a) ( ) 0f x   yoveli x -saTvis, vinaidan 
2

0
3

x  , 

roca 0x  ; garda amisa,  

2 2
2 2 2

1

1

2 2 1
( ) | (2 1 ) 1

3 3 2 3

x
f x dx xdx





        . 
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b) 
2 2

2

1.5

1.5

2
{1.5 2} ( ) |

3 2

x
P f x dx       

2 21 1
(2 1.5 ) 1.75 0.583

3 3
      . 

magaliTi 2. uwyveti   SemTxveviTi sididis ganawile-

bis simkvrivea: 

2(1 ), 1 1;
( )

0,

k x x
f x

    
 


Tu

sxvagan,
 

sadac k  mudmivia. ipoveT: a) k ;  b) {0.3 0.6}P   ; g) {| | 0.2}P   . 

amoxsna. a) visargebloT simkvrivis b TvisebiT: 

 
1

2 3 1

1

1

1
1 ( ) (1 ) ( ) |

3
f x dx k x dx k x x





 

        

3 31 1 4 4 8
(1 1 ) [( 1) ( 1) ] ( )

3 3 3 3 3

k
k k k k              , 

e. i. 
8

1
3

k
 . saidanac 3/8k  ; 

b) 
0.6

2 3 0.6

0.3

0.3

3 3 1
{0.3 0.6} (1 ) ( ) |

8 8 3
P x dx x x        

3 33 1 3 1
(0.6 0.6 ) (0.3 0.3 ) 0.136

8 3 8 3
       ; 

g) 
0.2

2 3 0.2

0.2

0.2

3 3 1
{| | 0.2} { 0.2 0.2} (1 ) ( ) |

8 8 3
P P x dx x x  



           

3 33 1 3 1
(0.2 0.2 ) [ 0.2 ( 0.2) ] 0.152

8 3 8 3
         . 

magaliTi 3. savaWro centris gamyidvelTa wliuri xel-

fasi  , gazomili 1000 larebSi, modelirdeba albaTuri 

ganawilebis simkvriviT: 

7 / 2 , 16;
( )

0,

cx x
f x

 
 


Tu

sxvagan.
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ipoveT: a) c -s mniSvneloba; b) albaToba imisa, rom Sem-

TxveviT SerCeuli gamyidvelis wliuri xelfasi moTavse-

bulia 20 000 larsa da 30 000 lars Soris.  

amoxsna. 

a)  7/ 2 5/ 2 5/ 2

16

16

2 2
1 ( ) | ( 0) ( 16 )

5 5 2560

c
f x dx cx dx cx c

 

   



             , 

saidanac 2560c  ; 

b) 
30

7/ 2 5/ 2 30

20

20

2
{20 30} 2560 2560 ( ) |

5
P x dx x           

5/ 2 5/ 22 2
2560 ( ) 30 2560 ( ) 20 0.365

5 5

          . 

magaliTi 4. 100 000 litrebSi gazomili benzinis yo-

velkvireuli gayidvebi   aRiwereba ori A  da B  modeliT. 

A  modelis mixedviT: 

2 , 0 1;
( )

0,

x x
f x

 
 


Tu

sxvagan,
 

xolo B  modelis Tanaxmad: 

3 212 (1 ), 0 1;
( )

0,

x x x
f x

   
 


Tu

sxvagan.
 

a) ipoveT pirveli modelis mediana 
AM ; b) aCveneT, rom 

meore modelsac igive mediana aqvs, 
B AM M . 

amoxsna. a) ganmartebis Tanaxmad: 

2
2

0

0

1
( ) 2 2 | ( )

2 2

A A

A

M M

M

A

x
f x dx xdx M



      . 

amitom 1/ 2AM  ; 

b) analogiurad:  

3 2 4 6

0

0

1
( ) 12 (1 ) (3 2 ) |

2

B B

B

M M

Mf x dx x x dx x x
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4 6 4 23 ( ) 2 ( ) ( ) [3 2 ( ) ]B B B BM M M M        . 

gavixsenoT, rom 2 1
( )

2
AM  . meore mxriv, radganac 

21 1 1 1
( ) [3 2 ] 2
2 2 4 2

      , amitom cxadia, rom 1/ 2B AM M  . 

magaliTi 5. me-3 magaliTSi gamoTvaleT wliuri xelfa-

sis: a) mediana; b) qveda da zeda kvartilebi; g) moda;       d) 

maTematikuri lodini.  

amoxsna. a) gvaqvs: 

7/ 2 5/ 2 5/ 2

16

16

1 2
( ) 2560 2560 | 1024 1

2 5

M M

Mf x dx x dx x M

  



         . 

amitom medianisaTvis vRebulobT gantolebas: 

5/ 21024 1 1/ 2M    . 

saidanac advilad davaskvniT, rom 5/ 2 2048M  , anu 

21.1Me  . Sesabamisad, wliuri xelfasis mediana iqneba 

21.1 1000 21100   lari;  

b) ganmartebis Tanaxmad:  

1 1

17 / 2 5/ 2 5/ 2

16 1

16

1 2
( ) 2560 2560 | 1024 1

4 5

Q Q

Qf x dx x dx x Q

  



         . 

Sesabamisad, qveda kvartilisaTvis gvaqvs gantoleba: 

5/ 2

11024 1 1/ 4Q    , saidanac gvaqvs: 2/5

1

4
(1024 ) 18

3
Q    . ana-

logiurad davrwmundebiT, rom zeda kvartili 
3 27.9Q  ; 

g) vinaidan simkvrive klebadi funqciaa intervalze 

[16, ) , amitom moda iqneba 16Mo  . Sesabamisad, wliuri 

xelfasis modaa 16 1000 16000  lari. 

d) ganmartebis Tanaxmad: 

7/ 2 5/ 2

16 16

( ) 2560 2560E xf x dx x x dx x dx 
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3/ 2 3/ 2

16 16

2 2 2
2560 ( ) | 0 2560 ( ) 16 | 26

3 3 3
x             . 

e. i. gamyidvelTa xelfasis saSualoa 
2

26 1000 26700
3
   

lari. 

SevniSnavT, rom saSualo metia medianaze, vinaidan ga-

nawileba dadebiTad asimetriulia. 

magaliTi 6. gamoTvaleT moda me-4 magaliTis B  model-

Si. 

amoxsna. gavawarmooT simkvrive da gavutoloT nuls: 

3 2 ' 2 4 2 2[12 (1 )] 36 60 12 (3 5 ) 0x x x x x x      . 

am gantolebis fesvebia: 0, 3/5  da 3/5 , romelTagan 

0 1x   SualedSi vardeba mxolod 3/5  da aq 3 212 (1 )x x  

funqcia aRwevs maqsimums. Sesabamisad, moda aris 

3/5 0.775 . amitom gayiduli benzinis modaa: 

0.775 100 000 77 500   litri. 

magaliTi 7. benzingasamarTi sadguris yovelkvireuli 

moTxovna benzinze   gazomili 1000 litrebSi modelir-

deba simkvrivis funqciiT: 

2120 (1 ), 0 1;
( )

0,

x x x
f x

   
 


Tu

sxvagan.
 

gamoTvaleT saSualokvireuli moTxovna benzinze.  

amoxsna. ganmartebis Tanaxmad: 

1 1

2 3 4

0 0

( ) 120 (1 ) 120 ( )E xf x dx x x x dx x x dx 




            

4 5 1

0(30 24 ) | 30 24 6x x     . 

Sesabamisad, benzingasamarTi sadguris saSualo moTx-

ovna benzinze kviraSi Seadgens: 6 1000 6000   litrs. 
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magaliTi 8. uwyveti   SemTxveviTi sididis ganawile-

bis simkvrivea: 

3
(2 ), 0 2;

( ) 4

0,

x x x
f x


   

 



Tu

sxvagan.

 

ipoveT: a) saSualo; b) dispersia; g) { }P         . 

amoxsna.  

a) 
2 2

2 3

0 0

3 3 3
( ) (2 ) ( )

4 2 4
E xf x dx x x x dx x x dx 





            

3 4
2

0

3
( ) | 4 3 1

2 16

x x
     ; 

b) 
2

2 2 2 2 2

0

3
( ) (2 ) 1

4
D x f x dx x x x dx





             

2 4 5
3 4 2

0

0

3 3 3 3 24 1
( ) 1 ( ) | 1 (6 ) 0 1 0.2
2 4 8 20 5 5

x x
x x dx            ; 

g) { } {1 0.2 1 0.2}P P                

1 0.2 1 0.2 2 3
2 1 0.2

1 0.2

1 0.2 1 0.2

3 3 3 3
(2 ) ( ) ( ) |

4 2 4 4 4

x x
x x dx x x dx

 





 

          

2 3 2 33 (1 0.2) (1 0.2) 3 (1 0.2) (1 0.2)
( ) ( )

4 4 4 4

     
      

 
2 3 2 33 (1.447) (1.447) 3 (0.552) (0.552)

( ) ( ) 0.626
4 4 4 4

 
     . 

magaliTi 9. mocemulia ganawilebis simkvrive: 

0, 0,

( ) cos , 0 / 2,

0, / 2.

x

f x x x

x








  
 

 

ipoveT ganawilebis funqcia. 
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amoxsna. visargebloT formuliT: ( ) ( )

x

F x f u du


  . 

Tu 0x  , maSin ( ) 0f x  . Sesabamisad, ( ) 0 0

x

F x du


  ; 

Tu 0 / 2x  , maSin 
0

0

( ) 0 cos sin

x

F x du udu x


    ; 

Tu / 2x  , maSin 
0 / 2

/ 2

0

0 / 2

( ) 0 cos 0 sin | 1

x

F x du udu du x







       .  

sabolood gvaqvs: 

0, 0,

( ) sin , 0 / 2,

1, / 2.

x

F x x x

x
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Tavi VIII 

normaluri ganawileba 

SemTxveviT sidides ewodeba normaluri da aRiniSneba 

simboloTi 2( , )N a  , Tu mis ganawilebis simkvrives (Sesaba-

misad, ganawilebis funqcias) aqvs saxe:  

2

2

2

( )

2

( , )

1
( )

2

x a

N a
f x e 

 




 (Sesabamisad, 

2

2

2

( )

2

( , )

1
( )

2

t ax

N a
F x e dt

 






  ). 

2 2 2( , ) ( , ) ( , )EN MoN MeN a         da 2 2( , )DN    . 

standartuli normaluri ganawilebis ( (0,1)N ) simkvrive 

(Sesabamisad, ganawilebis funqcia) aRiniSneba simboloTi: 

2

2
(0,1)

1
( ) : ( )

2

x

Nx f x e




   (Sesabamisad, 

2

2
(0,1)

1
( ) : ( )

2

x t

Nx F x e dt






    ;  

garda amisa, ixmareba aRniSvna: 

2

2
0

0

1
( ) :

2

x t

x e dt




   ).  

cxadia, rom:  ( ) ( )x x   ; ( ) 1 ( )x x    ;  
0( ) 0.5 ( )x x   , 

0x  ;   
2( , )

(0,1)
N a a

N





 ;    { (0,1) , } ( ) ( )P N c d d c    ;  

2{ ( , ) , } ( ) ( )
d a c a

P N a c d
 

 
     ;    

2, 0.1a

p px x a    ;  

2,

0.1

a

p

p

x a
x






 , sadac 

2,a

px  aris 2( , )N a  -is p -kvantili; 

BZ mniSvneloba: 2( ( , ) ) /Z N a a    . 
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magaliTebis amoxsnis nimuSebi: 

magaliTi 1. vipovoT albaToba imisa, rom standar-

tuli normaluri SemTxveviTi sidide naklebia 1.18-ze, 

( (0,1) 1.18)P N  ? 

amoxsna. davxazoT standartuli normaluri ganawile-

bis simkvrivis wiri da abscisTa RerZze avRniSnoT 1.18-is 

Sesabamisi wertili (am SemTxvevaSi 1.18z  ).  

 

normaluri ganawilebis cxrilis pirvel svetSi mov-

ZebnoT ricxvi 1.1, xolo pirvel striqonSi ki – ricxvi .08.  

1.1-is Sesabamisi striqonisa da .08-is Sesabamisi svetis 

gadakveTaze vpoulobT ricxvs – 0.8810. amitom saZiebeli 

albaToba iqneba 

( (0,1) 1.18) 0.8810P N    anu 88.10%. 

magaliTi 2. vipovoT albaToba imisa, rom standartu-

li normaluri SemTxveviTi sidide naklebia -0.63-ze, 

( (0,1) 0.63)P N   ? 

amoxsna. am SemTxvevaSi 0.63z    da saZiebeli albaToba 

iqneba  

( (0,1) 0.63) ( (0,1) 0.63) 1 (0.63) 1 0.7357 0.2643P N P N          

anu 26.43%. 
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magaliTi 3. vipovoT albaToba imisa, rom standartu-

li normaluri SemTxveviTi sidide metia -1.48-ze, 

( (0,1) 1.48)P N   ? 

amoxsna. am SemTxvevaSi 1.48z    da gamosaTvlelia 

normaluri ganawilebis wiris qveS -1.48-is marjvniv mo-

Tavsebuli aris farTobi.  

 

Tu visargeblebT normaluri ganawilebis simetriu-

lobiTa da ( )z  funqciis cxrilebiT, miviRebT: 

( (0,1) 1.48) ( (0,1) 1.48) (1.48) 0.9306P N P N      . 

SeniSvna. SegviZlia visargebloT sawinaaRmdego xdomi-

lebis albaTobis gamosaTvleli formuliT da maSin maga-

liTi daiyvneba wina magaliTze: 

( (0,1) 1.48) 1 ( (0,1) 1.48) 1 ( (0,1) 1.48)

1 0.0694 0.9306.

P N P N P N          

  
 

 

magaliTi 4. vipovoT albaToba imisa, rom standartu-

li normaluri SemTxveviTi sidide moTavsebulia Sualed-

Si -1.65-sa da 1.65-s Soris, ( 1.65 (0,1) 1.65)P N   ? 
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amoxsna. am SemTxvevaSi saZiebeli albaToba iqneba; 

( 1.65 (0,1) 1.65) (1.65) ( 1.65)P N        

(1.65) [1 (1.65)] 2 (1.65) 1 2 0.9505 1 0.9010          . 

SevniSnavT, rom amoxsnis procedurebi sqematurad ga-

mosaxulia qvemoT moyvanil sam naxazze: 

 

magaliTi 5. vipovoT z -is iseTi mniSvneloba, romlis 

marjvniv standartuli normaluri ganawilebis wiris qveS 

moTavsebuli aris farTobi tolia 0.2000-is? 

amoxsna. cxadia, rom es amocana tolfasia z -is iseTi 

mniSvnelobis moZebnis, romlis marcxniv normaluri gana-

wilebis wiris qveS moTavsebuli aris farTobi tolia 1-

0.2000=0.8000-is. normaluri ganawilebis cxrilSi vpou-

lobT 0.8000-sTan yvelaze axlos mdgom ricxvs – 0.7995-s. 

es ricxvi dgas 0.8-is Sesabamisi striqonisa da 0.4-is Sesa-

bamisi svetis gadakveTaze. amitom gasagebia, rom z -is sa-

Ziebeli mniSvnelobaa 0.84z  . 
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magaliTi 6. davuSvaT, rom avtomobilis dazianebis 

SemTxvevaSi avariul gamoZaxebaze reagirebis saSualo 

dro aris 25 wuTi. CavTvaloT, rom es sidide ganawilebu-

lia daaxloebiT normalurad da misi standartuli gadax-

ra tolia 4.5 wuTis. SemTxveviT SerCeul iqna 80 gamoZa-

xeba. daaxloebiT ramden maTganze moxdeba reagireba 15 

wuTze nakleb droSi? 

amoxsna. am amocanis amosaxsnelad vipovoT normaluri 

wiris qveS 15-is marcxniv mdebare aris farTobi. 

nabiji 1. davxazoT grafiki da movniSnoT saZiebeli are. 

nabiji 2. vipovoT 15-is z  mniSvneloba: 

15 25 10
2.22

4.5 4.5

X EX X
z

X

  
      



 
. 

 

nabiji 3. vipovoT 2.22z   -sa da 0z  -s Soris mdebare 

aris farTobi. is tolia 0.4868-is. 
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nabiji 4. gamovakloT 0.5000-s 0.4868. miviRebT 0.0132-s. 

nabiji 5. imisaTvis, rom gavigoT ramden gamoZaxebaze 

moxda reagireba 15 wuTze nakleb droSi, gavamravloT 

SerCevis moculoba (80) miRebul farTobze (0.0132). maSin 

miviRebT 1.056-s. maSasadame, 1.056 anu daaxloebiT erT ga-

moZaxebaze moxdeba reagireba 15 wuTze nakleb droSi. 

magaliTi 7. cnobilia, rom abiturientebis mxolod 

10% SeiZleba gaxdes studenti. CavTvaloT, rom abituri-

entebis mier mogrovili qulebis mniSvnelobebi normalu-

radaa ganawilebuli saSualoTi 200 da standartuli ga-

daxriT 20. vipovoT is minimaluri qula, romelic saWiroa 

raTa abiturienti gaxdes studenti.  

amoxsna. vinaidan abiturientebis mier mogrovili qu-

lebis mniSvnelobebi normaluradaa ganawilebuli, amitom 

im qulis mniSvneloba ( X ), romlis zeviTac abiturienti 

gaxdeba studenti, aris iseTi ricxvi, romlis marjvniv 

normaluri wiris qveS moTavsebuli aris farTobi tolia 

10%-is anu 0.1000-is:  

 

nabiji 1. imisaTvis, rom vipovoT normaluri wiris qveS 

200-sa da X -s Soris mdebare aris farTobi 0.5000-s gamo-

vakloT 0.1000, miviRebT 0.4000-s. 

nabiji 2. vipovoT z  mniSvneloba, romelic Seesabameba 

normaluri ganawilebis cxrilSi 0.4000-s. im SemTxvevaSi, 

roca cxrilSi ar iZebneba zustad es mniSvneloba viRebT 

masTan yvelaze axlos myofs, am SemTxvevaSi 0.3997-s. Sesa-

bamisi 1.28z  .  



 48 

nabiji 3. SevitanoT 1.28  z  mniSvnelobis gamosaTvlel 

formulaSi ( ) /z X     da amovxsnaT X . 

1.28
X 




  

1.28 20 200 X    

25.60 200 225.60X     

226X  . 

e.i. imisaTvis, rom abiturienti gaxdes studenti, man 

unda moagrovos 226 qula. 

SeniSvna. im SemTxvevaSi, roca farTobis mniSvneloba 

vardeba cxrilis ori mniSvnelobis zustad SuaSi, maSin 

viRebT maTi Sesabamisi z mniSvnelobebidan ufro dids. ma-

galiTad, Tu farTobis mniSvnelobaa 0.4500, is imyofeba 

0.4495-isa da 0.4505-is SuaSi da z mniSvnelobad viRebT 1.65-s 

da ara 1.64-s. 

sawyisi mniSvnelobis gamoTvla z  mniSvnelobis mixed-

viT: 

X z     . 

magaliTi 8. samedicino gamoklvelis mizniT mkvlevars 

surs SearCios arteriuli wnevis safuZvelze Sedgenili 

populaciis SuaSi mdgomi adamianebis 60%. vigulisxmoT, 

rom arteriuli wneva ganawilebulia normalurad saSua-

loTi 120 da standartuli gadaxriT 8. davadginoT Sesar-

Cevi adamianebis arteriuli wnevis zeda da qveda sazRvari. 

amoxsna. gasagebia, rom SesarCevi adamianebis arteriu-

li wnevis zeda da qveda sazRvari iqneba is ori mopirdapi-

re ricxvi, romelTa gareT normaluri wiris qveS moqceu-

li TiToeuli kudis farTobia 20%.  

 
X2         120        X1 
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cxadia, rom z  mniSvneloba, romelic Seesabameba nor-

maluri ganawilebis cxrilSi 0.5000-0.2000=0.3000 farTobs 

tolia 0.84-is. SevitanoT igi X z      formulaSi. mivi-

RebT, rom  

1 0.84 8 120 126.72X z         . 

meores mxriv, standartuli normaluri ganawilebis 

saSualos mimarT simetriulobis gamo 
2X -is gamosaTvle-

lad unda aviRoT 0.84z   . Sesabamisad gveqneba: 

2 0.84 8 120 113.28X z          . 

e. i. mkvlevarma unda SearCios iseTi adamianebi, romel-

Ta arteriuli wneva meryeobs 113.8-sa da 126.72-s Soris,  

113.28 126.72X  . 

magaliTi 9. mocemulia 2(23, )N   da { 27} 0.83P    . 

ipoveT  . 

amoxsna. cxadia, rom 
23

(0,1)Z N





  . garda amisa, xdo-

milebebi { 27}   da 
23 27 23

{ }


 

 
  ekvivalenturia. ami-

tom 

23 27 23 4
{ 27} { } { } 0.83P P P Z




  

 
      , 

anu 
4

( ) 0.83


  . saidanac, magaliTi 5-is analogiurad: 

4
0.9542


  da, Sesabamisad, 

4
4.19

0.9542
   . 

magaliTi 10. mas Semdeg rac nika Camosvams ekas manqani-

dan qalaqis centralur fostasTan, is moZraobs qalaqSi 

da garkveuli drois Semdeg brundeba ekas wasayvanad. ni-

kas varaudiT ekas mier fostaSi gatarebuli dro daaxlo-

ebiT normaluradaa ganawilebuli saSualoTi 6 wuTi da 

standartuli gadaxriT 1.3 wuTi. ramdeni wuTis Semdeg 
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unda dabrundes nika fostasTan, rom ar mouwios lodini 

sul cota 95%-iani garantiiT.  

amoxsna. T  iyos ekas mier fostaSi gatarebuli dro. ma-

Sin 2(6,1.3 )T N . t  iyos fostasTan ekas Camosmidan nikas 

ukan dabrunebamde gasuli dro. mosaZebnia iseTi t , rom-

lisTvisac: { } 0.95P T t  . es Tanafardoba tolfasia: 

6 6
{ } 0.95

1.3 1.3

T t
P

 
  , anu 

6
( ) 0.95 (1.645)

1.3

t 
    , saidanac 

gvaqvs: 
6

1.645
1.3

t 
 . aqedan advilad miviRebT, rom 8.1385 8.14t   . 

maSasadame, nika ar unda dabrundes 8.14 wuTze adre. 

magaliTi 11. biologi agrovebs monacemebs konkretu-

li saxeobis kaqtusis simaRlis Sesaxeb. misi dakvirvebiT 

kaqtusebis 34.25%-is sigrZe 12 sm-ze naklebia, xolo 

18.4%-is sigrZe 16 sm-ze metia. biologma dauSva, rom si-

maRle ganawilebulia normalurad. vipovoT am ganawile-

bis saSualo da standartuli gadaxra. 

amoxsna. kaqtusis simaRle avRniSnoT H -iT, 
2( , )H N a  . mosaZebnia a  da  . biologis dakvirvebis Ta-

naxmad: { 12} 0.342P H    da { 16} 0.184P H   . Sesabamisad,  

12
( ) 0.342

a




   da 

16
( ) 1 0.184 0.816

a




    . 

amitom 
12

0.407
a




   da 

16
0.900

a




 . saidanac vaskvniT, 

rom: 13.2a   da 3.06  . 

magaliTi 12. supermarketSi dRis ganmavlobaSi gayidu-

li citrusebis raodenoba modelirdeba normaluri gana-

wilebiT. aRmoCnda, rom xangrZlivi periodis manZilze 

dReSi saSualod iyideboda 35 kg. citrusi, xolo 15 kg-ze 

naklebi gayidul iqna saSualod yoveli 20 dRidan erT 

dReSi. a) gamoTvaleT gayidvebis standartuli gadaxra  ; 

b) cnobilia, rom konkretul dRes gaiyida 53 kg-ze meti 

citrusi. ipoveT albaToba imisa, rom am dRes gaiyida 56 

kg-ze meti citrusi. 
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amoxsna. dReSi gayiduli citrusebis raodenoba aR-

vniSnoT  -Ti. maSin: 2(35, )N   da 
1

{ 15} 0.05
20

P     .  

a) 
15 35

{ 15} 0.05 ( ) 0.05P 



      

15 35
1.6448 12.2




     ; 

b) 
{( 56) ( 53)} { 56}

{ 56 | 53}
{ 53} { 53}

P P
P

P P

  
    

 

  
 

 
 

56 35
1 ( )

1 0.957412.2 0.608
53 35 1 0.9299

1 ( )
12.2





  

 


. 

 

Tavi IX 

albaTobis Teoriis zRvariTi Teoremebi 

CebiSevis utoloba 

CebiSevis utoloba afasebs SemTxveviTi sididis gadax-

ras Tavisi maTematikuri lodinidan. Tu   raime SemTxve-

viTi sididea, maSin nebismieri 0   ricxvisaTvis samar-

Tliania utoloba: 
2(| | ) 1 /P E D        . 

did ricxvTa kanoni.  

CebiSevis Teorema. vTqvaT, SemTxveviTi sidideebi 

1 2, ,...   wyvil-wyvilad damoukidebelia (
iE  ) da arse-

bobs iseTi ricxvi C , rom 
iD C  , 1,2,...i  . maSin nebismieri 

dadebiTi   ricxvisaTvis sruldeba Tanafardoba: 



 52 

1 2 1 2lim {| | } 1n n

n

E E E
P

n n

     




     
   . 

am mtkicebulebas did ricxvTa kanons uwodeben.  

bernulis Teorema. davuSvaT, m  aris n  damoukidebel 

eqsperimentSi A  xdomilebis moxdenaTa ricxvi, xolo p  

aris A  xdomilebis moxdenis albaToba calkeul eqsperi-

mentSi. maSin nebismieri 0   ricxvisaTvis samarTliania 

utoloba 

2

(1 )
{| | }

m p p
P p

n n





    ( 0 , roca n). 

erTTan ragind axlos myofi albaTobiT SeiZleba vam-

tkicoT, rom damoukidebel cdaTa sakmaod didi ricxvi-

saTvis dakvirvebadi xdomilebis moxdenaTa sixSire ra-

gind umniSvnelod gansxvavdeba misi moxdenis albaTobisa-

gan calkeul cdaSi. 
centraluri zRvariTi Teorema. 

did ricxvTa kanoni ar ikvlevs SemTxveviT sidideTa 

jamis ganawilebis kanonis saxes. es sakiTxi Seiswavleba 

Teoremebis jgufSi, romlebsac centraluri zRvariTi 

Teorema ewodeba. es Teorema amtkicebs, rom SemTxveviT 

sidideTa jamis ganawilebis kanoni, romelTagan calkeul 

Sesakrebs SeiZleba hqondes gansxvavebuli ganawileba, 

uaxlovdeba normalurs SesakrebTa sakmaod didi ricxvis 

SemTxvevaSi. amiT aixsneba normaluri ganawilebis kanonis 

uaRresad didi mniSvneloba praqtikul gamoyenebebSi. 

Teorema 1. Tu 
1 2, ,...   – damoukidebeli SemTxveviTi si-

dideebis mimdevrobaa, erTi da imave ganawilebis kanoniT, 

maTematikuri lodiniT a  da dispersiiT σ2, maSin п –is 

usasrulod zrdisas standartizebli 
1

n

n k

k

S 


 jamis gana-

wilebis kanoni uaxlovdeba standartul normalur gana-

wilebis kanons: 

lim { } ( )n

n

S na
P x x

n


   . 
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Teorema 2 (liapunovis Teorema). Tu   SemTxveviTi si-

dide warmoadgens damoukidebel SemTxveviT sidideTa Za-

lian didi ricxvis jams, romelTaTvisac Sesrulebulia 

piroba: 
3/ 2

1 1

lim( ) /[ ] 0
n n

k k
n

k k

b D


 

 
 

 
  , 

sadac bk – mesame rigis absoluturi centraluri momentia 

k  SemTxveviTi sididis , xolo Dk – misi dispersia, maSin   

SemTxveviT sidides gaaCnia ganawileba, romelic axlosaa 

normalur ganawilebasTan. 

Tu SemTxveviTi sidide warmoadgens urTierTdamouki-
debel SemTxveviT sidideTa Zalian didi raodenobis jams, 
romelTagan TiToeulis gavlena jamze mizerulad mci-
rea, maSin SemTxveviT sidides gaaCnia ganawileba, romelic 
axlosaa normalurTan.  

Teorema 3 (muavr-laplasis Teorema). Tu tardeba п damo-

ukidebeli cda, romelTagan TiToeulSi А xdomileba xdeba 

albaTobiT р, 15np  , maSin samarTliania Tanafardoba: 

( ) ( ),nS np
p

npq
   
 

      
   

sadac 
nS  – А xdomilebis moxdenaTa ricxvia п cdaSi, q = 1 – p, 

xolo 
2

2
1

( )
2

x t

x e dt






   . 

Sedegi (muavr-laplasis lokaluri Teorema). muavr-

laplasis Teoremis pirobebSi )(kрn  – albaToba imisa, rom 

А xdomileba п cdaSi moxdeba zustad k –jer, cdaTa didi 

ricxvis SemTxvevaSi, Tu 15np  , SeiZleba gamoiTvalos 

Semdegi formuliT: 

),(
1

)( x
npq

kpn   
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sadac 
npq

npk
x


 , xolo 2

2

2

1
)(

x

ex





  . 

magaliTi 1. dadgenilia, rom im adamianebis 94%-s, ro-

melTac gakeTebuli aqvT tuberkuliozis sawinaaRmdego 

acrebi, gamoumuSavdeba Sesabamisi imuniteti. rogoria 

albaToba imisa, rom 100000 tuberkuliozze acrili ada-

mianidan 5800 araa daculi am daavadebisagan? 

amoxsna. am amocanis amoxsna marTalia Teoriulad Se-

saZlebelia bernulis formuliT, sadac n = 100000, k = 5800, 

p = 0.06, q = 0.94 da, Sesabamisad, 

9420058005800

100000100000 )94.0()06.0()5800(  CP , 

magram praqtikulad amis gakeTeba Zalian Znelia. am Sem-

TxvevaSi unda visargebloT muavr-laplasis lokaluri 

formuliT, romelic gvaZlevs: 

75/)7.2(94.006.0100000/)
94.006.0100000

06.01000005800
()5800(100000 




 P . 

Tu axla gavixsenebT, rom )()( xx    da visargeblebT 

standartuli normaluri ganawilebis simkvrivis cxrile-

biT (romlidanac 0104.0)7.2(  ), advilad gamoviTvliT, rom 

000139.0)5800(100000 P . 

magaliTi 2. vipovoT albaToba imisa, rom monetis 100-

jer agdebisas gerbTa mosvlis ricxvi aRmoCndeba sazR-

vrebSi 40-dan 60-mde. 

amoxsna. visargebloT muavr-laplasis integraluri 

TeoremiT. Cvens SemTxvevaSi 0.5p  , пр = 100·0.5 = 50. amitom 

Tu 40 60,nS   maSin  

50
2 2

5

nS 
   . 

Sesabamisad, gvaqvs: 
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50

40 60 2 2 (2) ( 2) 0.9772 0.0228 0.9544.
5

n
n

S
p S p

 
             

 

 

magaliTi 3. magaliTi 2-is pirobebSi vipovoT albaToba 

imisa, rom gerbi mova 45-jer. 

amoxsna. am SemTxvevaSi 
45 50

1
5

k np
x

npq

 
    , amitom  

100

1 1 1
(45) ( 1) (1) 0.2420 0.0484.

5 5 5
p           

SemoviRoT ganawilebis funqciebisaTvis Semdegi 

aRniSvnebi: 

 hipergeometriuli ganawilebis funqcia –  

( ; , , )
k s k

t n t

s
k x n

C C
H x t s n

C








 ; 

 binomuri ganawilebis funqcia –  

 ( ; , ) k k n k

n

k x

Bi x p n C p q 



 ; 

puasonis ganawilebis funqcia –  

0

( ; )
!

k

k x

x e
k


 

 

   ; 

standartuli normaluri ganawilebis funqcia – 

2

2
1

( )
2

x t

x e dt






   ; 

xi kvadrat ganawilebis funqcia – 2( ; )x k ; 

stiudentis ganawilebis funqcia – ( ; )T x k ; 

fiSeris ganawilebis funqcia – 
1 2( ; , )F x k k . 

aRsaniSnavia, rom zemoT moyvanili ganawilebebis fun-

qciebs Soris adgili aqvs qvemoT moyvanil sqemaze gamosa-

xul zRvrul Tanafardobebs: 
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qvemoT moyvanil naxazze Sedarebulia normaluri da 

puasonis ganawilebebi 7  -is SemTxvevaSi:  

 

magaliTi 4. studenti quCaSi Tavis leqtors SeiZleba 

Sexvdes albaTobiT 0.002. ras udris albaToba imisa, rom 

      

(x  +;) 

 k1 

 k  

 n , p0, np 

 t/s  p  
H(x;t,s,n) 

Bi(x;n,p) (x;) 

(x) 

 

T(x;k)  

2(x; k) 

F(x; k1,k) 

 n, p=const  

Bi(x npq +np;n,p) 

     k 

2(x k2 +k;x) 
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1200 SemTxveviT gamvlels Soris studenti Sexvdeba Tavis 

ara umetes 3 leqtors? 

amoxsna. SemoviRoT xdomilebebi: {iA  studenti Sexvda , 

i } leqtors  3,2,1,0i . maSin CvenTvis saintereso xdomile-

ba iqneba i
i

AA
3

0
 . cxadia, rom  

iA  xdomilebebi wyvil-wyvilad uTavsebadia da Sesaba-

misad 



3

0

)()(
i

iAPAP . amasTanave, TiToeuli 
iA  xdomilebis 

albaTobis gamosaTvlelad unda visargebloT muavr-lap-

lasis lokaluri formuliT. gvaqvs: 

0775.0998.0002.01200/)
998.0002.01200

002.012000
()0()( 12000 




 PAP ; 

1719.0998.0002.01200/)
998.0002.01200

002.012001
()1()( 12001 




 PAP ; 

2505.0998.0002.01200/)
998.0002.01200

002.012002
()2()( 12002 




 PAP ; 

2389.0998.0002.01200/)
998.0002.01200

002.012003
()3()( 12003 




 PAP . 

amitom saZiebeli albaToba iqneba 

7388.02389.02505.01719.00775.0)( AP . 

magaliTi 5. rogoria albaToba imisa, rom wesieri mone-

tis 200-jer agdebisas gerbi mova aranakleb 95-jer da ara 

umetes 105-jer? 

amoxsna. unda visargebloT muavr-laplasis integralu-

ri formuliT, sadac 2/1,105,95,200  qpban . gvaqvs: 

200

105 200 0.5 95 200 0.5
(95 105) ( ) ( )

200 0.5 0.5 200 0.5 0.5

(0.707) ( 0.707) 2 (0.707) 1 2 0.76 1 0.52

P S
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magaliTi 6. qarxnis nawarmis 4% mdare xarisxisaa. ram-

deni nawarmi unda SeirCes produqciis xarisxis Sesamow-

meblad, rom albaTobiT 0.9 SegveZlos imis mtkiceba, rom 

qarxnis nawarmis SemTxveviT SerCeul partiaSi mdare xa-

risxis produqciis wilis gansxvaveba 4%-dan absoluturi 

sididiT ar aRemateba 1%-s? 

amoxsna. amocanis pirobis Tanaxmad 
4

0.04
100

p   , 

 = 0.01.  iyos qarxnis nawarmis SemTxveviT SerCeul parti-

aSi mdare xarisxis produqciis wili. liapunovis Teore-

mis Tanaxmad SegviZlia vigulisxmoT, rom   SemTxveviTi 

sididis ganawileba axlosaa normalurTan da amitom 

9.01)/01.0(2}01.0|04.0{|  P . 

aqedan 95.0)/01.0(   da normaluri ganawilebis cxri-

lidan vpoulobT, rom 65.1/01.0  .  

meores mxriv, nnpp /96.004.0/)1(2   anu n/96.004.0  . 

Sesabamisad, SegviZlia davweroT gantoleba 

65.1/96.004.0/01.0  n , 

saidanac advilad vipoviT, rom 1045n  . 

magaliTi 7. mowyobileba Sedgeba 10 damoukideblad 

momuSave elementisagan, romelTagan TiToeulis mwyobri-

dan gamosvlis albaToba T  droSi aris 0.05. SeafaseT al-

baToba imisa, rom T  droSi mwyobridan gamosul elemen-

tTa raodenobisa da elementebis mwyobridan gamosvlaTa 

saSualo ricxvs Soris gansxvavebis moduli aRmoCndeba: a) 

2-ze naklebi; b) 2-ze aranaklebi. 

amoxsna. a) aRvniSnoT 
nS  simboloTi T  droSi mwyobri-

dan gamosul elementTa raodenoba. cxadia, rom am Sem-

TxveviT sidides aqvs binomialuri ganawileba da amitom: 

10 0.05 0.5nES np     da 10 0.05 0.95 0.475nDS npq     . 
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visargebloT CebiSevis utolobiT. gvaqvs: 

2(| | ) 1 /n n nP S ES DS     , 

(| 0.5 | 2) 1 0.475/ 4 0.88nP S      . 

b) ramdenadac | 0.5 | 2nS    da | 0.5 | 2nS    sawinaaRmdego 

xdomilebebia, amitom SegviZlia davweroT, rom: 

(| 0.5 | 2) 1 0.88 0.12nP S      . 

magaliTi 8. A  xdomilebis moxdenis albaToba TiToe-

ul eqsperimentSi aris 0.5. SevafasoT albaToba imisa, rom 

100 damoukidebel eqsperimentSi A  xdomilebis moxdenaTa 

nS  ricxvi moTavsebulia 40-dan 60-mde. 

amoxsna. am SemTxvevaSi:  

100 0.5 50nES np     da 100 0.5 0.5 25nDS npq     . 

gasagebia, rom xdomileba 40 60nS   ekvivalenturia 

xdomilebis:  

40 50 50 60 50nS      10 50 10nS     | 50 | 10nS   . 

Sesabamisad, CebiSevis utolobis Tanaxmad SegviZlia 

davweroT, rom: 

(40 60) (| 50 | 10) 1 25/100 0.75n nP S P S        . 

magaliTi 9. rogor davadginoT albaToba imisa, rom 

SemTxveviT SeCeuli adamiani agrovebs markebs? SeiZleba 

gamovkiTxoT garkveuli raodenoba SemTxveviT SerCeuli 

adamianebis. Tu n  gamokiTxulSi nS  filatelistia, maSin 

saZiebeli albaToba nSp n / . ramdeni adamiani unda gamo-

ikiTxos, rom cdomileba ar aRematebodes 0.005-s, Tu Cven 

gvinda, rom swori Sedegi miviRoT albaTobiT 0.95?  
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amoxsna. amocanis pirobis Tanaxmad (| / | 0.005)
n

P S n p    

0.95 . amitom muavr-laplasis integraluri formula 

gvaZlevs:  

0.95 (| / | 0.005) ( 0.005 ( ) / 0.005)

( 0.005 ( ) / 0.005 )

(0.005 ) ( 0.005 ).

n n

n

P S n p P S np n

n n
P S np npq

pq pq

n n

pq pq

        

     

   

 

amitom, Tu visargeblebT TanafardobiT )(1)( xx  , 

miviRebT, rom  

95.01)005.0(2 
pq

n
, anu 975.0)005.0( 

pq

n
. 

saidanac standartuli normaluri ganawilebis fun-

qciis cxrilis gamoyenebiT vRebulobT, rom  

96.1005.0 
pq

n
. 

Tuki axla gaviTvaliswinebT, rom 4/1pq , advilad da-

vaskvniT, rom  

38416n  . 

magaliTi 10. mocemulia, rom (| | ) 0.8P E      da 

0.018D  . ipoveT  . 

amoxsna. CebiSevis utolobis Tanaxmad 2(| | ) 1 /P E D        . 

maSasadame, SegviZlia davweroT, rom 

21 / 0.8D   . 

SevitanoT am gantolebaSi dispersiis mniSvneloba da 

amovxsnaT  . gvaqvs: 
21 0.018/ 0.8  , 

aqedan, cxadia, rom 0.3  . 
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magaliTi 11. damoukidebel SemTxveviT sidideTa mim-

devroba 
1 2, ,...   mocemulia ganawilebis kanoniT: 

n  n   0 n  

P  21/ 2n   
21 1/ n  

21/ 2n  

akmayofilebs Tu ara es mimdevroba did ricxvTa ka-

nons? 

amoxsna. SevamowmoT CebiSevis Teoremis pirobebi. gasa-

gebia, rom SemTxveviTi sidideebi wyvil-wyvilad damouki-

debelia. gamovTvaloT 
n -is maTematikuri lodini da dis-

persia. gvaqvs: 

2 2 2(1/ 2 ) 0 (1 1/ ) (1/ 2 ) 0nE n n n n n         ; 

2 2 2 2 2 2 2 2 2 2 2 2(1/ 2 ) 0 (1 1/ ) (1/ 2 ) (1/ )nE n n n n n n n           ; 

2 2 2( )n n nD E E      . 

amrigad, maTematikuri lodinebi sasrulia da disper-

siebi Tanabrad SemosazRruli. amitom CebiSevis Teoremis 

Tanaxmad aRniSnuli mimdevroba akmayofilebs did ricx-

vTa kanons.  

 


