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Tavi |

monacemTa warmodgena

monacemehbsuwodeben obieqtTa raime simravlis raodenobriv an Tvi sebr -
iv maxasi aTebelTa dakvirvebuli mniSvnelobebis erTobliobas. am er Tobli o-
bis yovel wevrs dakvirveba, monacemi an monacemi wertili ewodeba. igi SeiZ -
le ba iyos fizikuri gazomvis Sedegi (magaliTad, wona an sima Rle), pasuxi ki -
Txvaze (ki an ara) an raime niSnis mixedviT Klasifikaciis Sedegi. yvela Sesa -
Zlo dakvirvebaTa simravle Sead gens statistikur po pula cias: stati stikuri
populacia  aris konkretuli maxasiaT eblis yve la SesaZlo mniSvnelobis er T-
o blioba. populaciis sapirispirod SerCeva an amokrefa mxolod zogierT da -
kvirvebul mniSvnelobas moicavs: SerCeva anu amdrefa aris dakvirvebaTa er T-
oblioba, romelic Seadgens popula ci is mxo lod raime nawils. statistikuri
kvlevis saboloo mizani populaciis Seswavlaa. im Se nT xvevaSi, roca popula -
cia sruladaa mocemuli, amboben, rom xelTa gvaqvs sru li aRweris Se  degebi.
magram problema swored isaa, rom XSi r ad sruli aRwe ra SeuZlebeli an m iz -
anSeuwonelia da mkvlevaris gankar gulebaSi mxolod Se rCevaa.

Tavdapirvel monacemebs raime azriT dalagebis, dajgufebisa da kre bsi -
Ti (er Tiani) mimoxilvis gareSe nedli (daumuSavebeli) monacemebi ew odeba. ne -
dli monace mébis dalagebis, dajgufebisa da krebsiTi mimoxi | vis meTodolo -
gia Seadgens deskri f ciul anu aRweriT statistikas. ned li monacemebi xSi r -
ad ricxvebia, romlebic Ca werilia ise rogorc isini cdis (eqgsperimentis, da -
kvirvebis) Sedegad miiRebian. ufro moxerxebulia es monacemebi cxrilis sax-
iT Caiweros.

magaliTi 1.  aTi abiturienti gadis testirebas maTematikaSi. nebismi er
m& gans SeuZlia daagrovos nulidan 5 qulamde CaTvliT. X, -- iyos qu laTa
is raodenoba, romelic daagrova i -ma abiturientma, i=12,...,1C

maSin mniSvnelobebi 0, 1, 2, 3, 4, 5 b erTi abiturientis mier dagrovil
gulaTa SesaZlo raodenoba -- gmnis populacias. SerCeva Xy Xypen Xy - aTiab -
i turientis testirebis Sedegia. SerCevis relizaciebi SeiZleba iy os ricxveb -
is Semdegi erTobliobebi (aTeulebi): {5,3,0,1,4,2,5,4,1,5} an {4,4,5,3,3,1,5,5,2,5} an {3,4,
5,0,1,2,3,4,5,4} da a. S. advili dasanaxia, rom sazoga d od SesaZlo realizaciebis
raodenoba e. w. gamravlebis principis Tanax mad igneba 10° (cxadia, rom es igi -
vea rac dabrunebiT dalagebuli amorCe vis SemTxvevaSi gansxvavebul SedegTa

raodenoba ).
SerCeva 5,3,0,1,4,2,5,4,1,5 CavweroT c¢cxril

gvxvdeba 3-j er , 3 adsi sxSire5cnal ogi ur ascki, x 84oe aris 2,
is £1, -@201, -2 da -isif@ & SevadginoT cxrili, romlis pirvel
strigonSi Cawerila qulebi, xolo meore strigonSi ki L sixSi re ebi:
qula 0 1 2 3 4 5
sixSire 1 2 1 1 2 3
cxadia, rom es cxrili Seicavs igive informacias, rasac nedli mona  ce-
méi, oR ond is ufro TvalsaCino da moxerxebulia.
nedli monacemebis Caweris uZveles formas warmoadgens e. w. pigto grama,
romel sac adamianebi iyenebdnen jer kidev damwerlobis Segmnamde (ufro zus -
t ad, pigtograma SeiZleba CaiTvalos damwerlobis pirvel fo rmad). pigtogra -
ma warmoadgens monacemebis warmodgenis (Cvenebis) mimzidv el saSualebas
(xerxs). pigtograma aris sxvadasxva sagnebisa da movlene bis sgematuri warmo -
d gena. saxelwodeba pigtograma warmodgeba laTinuri pictus romelic niSnavs
xatvas da berzZnuli w4 ¢ 4 ,4ovhelic niSnavs Caw  eras. pigtograma gamoiyeneb 0-
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da adreul damwerlobiT sistemebSi, magali T ad, ieroglifebSi. am SemTxveva

Si naxazebs gamoiyenebdnen fonetikuri as o ebis aRsaniSnavad. ieroglifi war m
odgeba berzZnuli sityvebisagan: &) 9 p dmelic niSnavs wmindas da wha20F D
ro melic niSnavs naWdev werils. nacvlad imisa, rom gamoviyenoT mesrebi an

diagr amebi, viyenebT suraTebs (simboloebs). Tanamedrove gagebiT, pigtograma

aris cxrilis forma, romelSic sagneb i an maTi raodenobebi gamosaxu liara -
i me niSnelT (simboloebiT).
magaliTi 2. gamokiTxul igna 50 skolis moswavle, Tu ra transpor tiT
midi odnen isini skolaSi. P18 moswavlis pasuxi iyo avtobusi, 7 mos wavlis L
matare beli, 8 moswavlis £ avtomobili, 14 moswavlis L fexiT, xolo 3 mos wa-
vlis ki b velosipediT. warmovadginoT es monacemebi piqgt ogramis saxiT. gavi -
TvaliswinoT, rom nebismier pi qgasaRebidma sa mu Be&anT K
aSi simboloTi LJ -- avRniSnoT ori adamiani, xolo dAsimboloTi -- erTiada -
n ani. maSin pigtogramas egn eba saxe:
transportis saxeoba gasaRebi: dz-- 1 adamiani, LJ-- 2 adamiani
avtobusi LW L L WL
matarebeli LJLJ LI dz
avtomobili LJLJ L) LI
fexiT mosiarule LJJ LJ LJ LJ L) L
velosipedi LJdz
amJamadpiqtogramebi  gamoiyeneba sagzao niSnebze, kompiuterul teq nika-

Si, rogorc sasoflo  -sameurneo, ise samrewvelo produqciaze  sxvadasxva mai-
acemebisa da moxmarebis wesebis gamosaxatavad (magaliTad , ra te nperaturis
mqgoneuToTi SeiZleba tansacmlis dauToeba ).

wertilvani  , xazovani , svetovani , wriuli da
foTlebiani Reroebis msgavsi diagramebi
Tvisebriv.  monacemTaganawilebis  grafikuli warmodgenisaTvis ori  Ziri-

Tadi saSualeba arsebobs : marTkuTxedebiani (anu svetovani ) dia gramebi da
wri uli  (anu seqtorebiani ) diagramebi .

magaliTi 1. gvemoT moyvanilia skolis damamTavrebeli klasebis mo swawv
leTa akademiu r i moswreba ni Snebis mixedvi TlLi dnikate
21 moswavl e, | | tk8a tbeagloirh Aai moswarle, lllka tegor i &+t 6
ba i ani 82 moswavle.
aviRoT abscisTa RerZze mdebare toli fuZeebis mgone sami maTkuT xedi,
ro melTa simaRleebi proporciulia moswavleTa raodenobebis da isini erT -
maneTisagan toli daSorebiT ganvalagoT. ordinatTa RerZze ga daizomeba six -
Sireebi. ase miRebul naxats marTkuTxedebiani diagrama ewo deba. cxadia, rom
vertikalur RerZze SeiZleboda gadagvezoma fard obi Ti sixSire.
marTkuTxedebiani diagrama horizontaluri marTkuTxedebiani diagrama
50 i | | |
3 |
L S5 | | |
28 % 3% 2
E 8 10 £ = 1 |
0 . . | |
1 2 3 0 10 20 30 40 50
moswavleTa kategoriebi moswavleTa raodenobebi
wriuli diagrama gankuTvnilia drois mocemul momentSi an moce nul
SualedSi obiegtTa mocemuli raodenobis komponentebad dayofis anu am obi e-
giTa klasifikaciis aRsaniSnavad, igi ufro moxerxebulia procen t ebSi gamo-
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T gmuli nawilebis an fardobiTi sixSireebis gamosaxatad. Cvens magaliTSiva -
gebT seqtorebs, romlebic Seadgenen sruli kuTxis b 360-is Sesabamisad
21/106s, anu 21%-s, 47/100s anu 47% -s, 32/100s anu 32% -s.

wriuli diagrama

47%

statistikaSi intensiurad gamoiyeneba wriuli diagrama. wriuli dia gram
is gamoyenebis mizania vaCvenoT mTelis nawilebs Soris urTierT mima Teba seq-
torebis zomebis vizualuri Sedarebis gziT. ¢ amoiyeneba rogorc pro centebi,
ise proporciebi. sidideebi SeiZleba iyos rogorc ricxobr I vi, ise kategori -
uli bunebis.

wriuli diagrama es aris seqtorebad dayofili wre, sadac TiToeu lise -
gtori Seesabameba nebismieri kategoriis ganawilebaSi monawile sixS i reebis
pro centul gamosaxulebebs an fardobiT sixSireebs.

magaliTi 2. gvemoT moyvanilia 1998 wlis ganmavlobaSi msubug sauzme ze
daxarjuli funtebis raodenobis ganawileba sakvebis saxeobebis mixed ViT. ava -
goT wriuli diagrama.

msubugi sauzme funtebi  (sixSire)
kartofilis #fCi 11.2 milioni
simindis AC 8.2 milioni
funTuSa 4.3 milioni
simindis burbuSela 3.8 milioni
kegsi 2.5 milioni
jami  N=30.0 milioni

amoxsna.

nabiji 1.  vinaidan wre Sedgeba 360 gradusisagan, TiToeuli klasis sixSi -
re unda gadaviyvanoT wris proporciul nawilSi. es gadayvana unda moxdes Se m
degi formulis gamoyenebiT l

111" .20 ¥h

sadac f -- aris TiToeuli klasis Sesabamisi sixSire, xolo n --arissi xSir -
eTa jami. amitom gvegneba Semdegi Tanafardobebi (cxadia, rom yvela gra dusis
jami undaiyos 360):
kartofilis fACi %53 oY 3
simindis ACif<pbo "’
funTuSa Lo J
simindis burbuSela Lo J
kegsi Lo J
jami J

nabiji 2.  TiToeuli sixSire unda gadaviyvanoT agreTve procentebSi, ris -
Tvisac unda visargebloT formuliT:

p I .



Sesabamisad, Cven miviRebT Semdeg procentebs (cxadia maTi jami unda iyos
100%):

kartofilis 1
simindis ACIif
funTuSa
simindis burbuSela
keqsi 2 b 8 b
jami p.
SeniSvna: damrgvalebis gamo gradusebis jami SeiZleba yovel Tvis ar iyos
360 gradusi, iseve rogorc procentebis jami £ 100%.
nabiji 3.  visargebloT transportiriT , davxazoT wriuli diagra ma da ma

sze mivuTiToT TiToeuli seqtoris dasaxeleba da Sesabamisi erT euli, rog -
orc es naxazzea naCvenebi.

o kegsi
simindis keqsi,30 kartofilis simindis 8%
burbuSela, Y. 'Cifsi,134 burbuSela —-—"

46 13%

kartofilis
"Cifsi"
38%

200 =
. : N
~ funTusa -

14% L
simindis S|m|nd|s
"Cifsi", 08 Cifsi
27%

funTuSa,52

magaliTi 3. avagoT wriuli diagrama armiis axalwveulTa sisxlis jgu f -

ebis sixSireTa ganawilebis gvemoT moyvanili  cxrilis mixedviT :
klasi sixSire
A 5
BB 7
0 9
AB 4

jami 25

amoxsna.
nabiji 1.  vipovoT TiToeuli klasis Sesabamisi gradusuli zoma Semdegi

formulis gamoyenebiT:
1,117 B 7
advilad davrwmundebiT, rom miviRebT gradusebis Semdeg ricxvebs:
A Y B 830 _ 8¥ aAB_ 8"
nabiji 2.  vipovoT TiToeuli klasis Sesabamisi procenti, Semdegi fo r nu-
| is mixedviT:

p Iy b,
miviRebT Sesabamisad procentebis Semdeg ricxvebs:
A b,B_ bP,O0__ bpP? AB__ p.
nabiji 3.  visargebloT transportiriT, avagoT wriuli diagrama da masze
movniSnoT TiToeuli seqgtoris saxeli. gveqgneba:



wriuli diagrama wriuli diagrama

AB, 57.6 A 72 AB A

16% 20%

0, 129.6 BB, 100.8
36% 28%

am diagramidan Cans, rom yvelaze metad gavrcelebuli sisxlis jgu fia O
(36%).misaTvis, rom  gavaanalizoT wriul diagramaze warmodgenili monacemebi,
unda SevadaroT seqtorebi. magaliTad, aris Tu ara romelime se gtori Sedare  b-
iT didi yvela danarCenTan SedarebiT? es diagram a gviCvenebs, rom yvela dana -
r Cen sisxlis tips Soris yvelaze metad gavrcelebu lia  Otipis sisxli. adami -
anebi, romelTac aqvT ABtipis sisxli, arian um ciresobaSi. adamianebis orjer
ufro met raodenobas aqvs Otipis sisxli, ABtipis sisxITan SedarebiT.

nagaliTi 4. msxvili kompaniis kadrebis ganyofilebis ufross daeva la Ca -
etarebina TanamSromelTa samsaxurSi ar gamocxadebis analizi. gvev iT mocemu -
lia ukanaskneli 21 samuSao dRis ganmavlobaSi samsaxurSi ar ga mocxadebul

TanamSromelTa raodenobebi.
1,1,2,2,1,0,2,3,2,2,1,1,4,3,1,0,2,1,4,1, 3.

pirvel rigSi monacemebi davalagoT zrdadobis mixedviT (gavake ToT va
r i aciuli mwkrivi ). miviRebT Semdeg mwkrivs:
0,01,1,1,1,1,1,1,1,2,2,2,2,2,2,3,3,3,4,4.
variaciuli mwkrividan Cven advilad SegviZlia amovweroT masSi Se nava-
li gansxvavebuli ricxviTi mniSvnelobebi, anu variantebi da am mniSwnelo ba-
Ta sixSireebi , anu variantebis gameorebaTa raodenobebi. mo cemul variaciul
mwkrivSi 5 gansxvavebuli mniSvnelobaa: 0, 1, 2, 3, 4. am asTanave, ukanaskneli 21
samuSao dRis ganmavlobaSi mxolod orjer iyo sruli ga no cxadeba, rvajer
ar gamocxadda marto erTi TanamSro melida a. S. yve la am informacias Seg Vi -
Zlia Tavi movuyaroT erT cxri ISi, romelic gva Zlevs samsaxurSi ar gamoc X-
adebul T anamSromelTa sixSiruli ganawi lebis suraTs:
ar gamocxadebulTa 0 1 2 3 4 dakvirvebuli dReebis
raodenoba (varianti) raodenoba
gacdenili dReebis 2 8 6 3 2 21
raodenoba (sixSire)
fardobiT sixSire Ta ganawilebis cxrili igneba:
variantebi 0 1 2 3 4 jami
fardobiTi 2 8 6 3 2 1
sixSire 21|21 21| 21| 21
es cxrilebi SeiZleba wertilovani an meseruli  diagramebis saSual -
ebiT gamoisaxos:
AN Ahi
, | 4,
— — ] " - - (i)
sixSireTa ganawilebis x  sixSireTa ganawi lebis X
wertilovani diagrama meseruli diagrama



garda amisa, monacemTa warmosadgenad gamoiyeneba sixSireTa poli goni .
igi miiReba wertilovani diagramis wertilebis mimdevrobiTi Seer TebiT. mas
Semdegi saxe agvs:

An
N0)
gadavideT dagrovil fardobiT sixSireebze . variantis mocemuli mni Swn-
elobisaTvis dagrovili fardobiTi sixSire ganisazRvreba rog orc im varian -
tebis fardobiTi sixSireebis jami, romlebic ar aRema te ba vari antis mocem -

ul m niSvnelobas. mocemul magaliTSi dagrovili fardobiTi sixSireebis
cxri Is egneba Semdegi saxe:

variantebi 0 1 2 3 4
?agfol;/i" 2 2+8 2+8+6 2 8 6 3 1
ardobiTi 3| 5atoa 5it5:t 57 | Sttt on
sixSire 21 21 21 21 21 21 21 21 21 21
sabolood es cxrili miiRebs Semdeg saxes:
variantebi 0 1| 2 3 | 4
dagrovili 2 11016 (19| 1
fardobiTi sixSire 211 21| 21| 21
amasTanave dagrovil fardobiT sixSireTa poligons (anu ogivas ) egneba
Serdegi sa xe:
dagrovilfardobiTsixSireTapoligoni
1.2
1 /
o 0.8
|_._
5% 0.6 /
E‘Q 0.4
=3 0.2
S ol
g 0 1 2 3 4
©
variantebi
sixSireTa ganawileba grafikulad SeiZleba gamoisaxos agreTve e. w.

fo Tlebiani Reroebis msgavsi diagramiT , rac gulisxmobs  mocemuli ricxve -
bidan aTobiTi niSnis gamoyofas (foTlebi ) da danarCeni niSnebis Sesabamisi
ricxvebis  zrdis  mixedviT Camoweras TiTojer zevidan gvemoT vertikalurad
(vertikaluri Rero ). Semdeg vertikalur Reroze datani li  figsirebuli pir -
veli ramodenime saerTo aTobiTi niSnis gverdiT , amricxvebis bolo aTobiTi
niSnebis (foTlebis ) amoweras rigrigobiT hor i zontalurad (horizontaluri
Rero ). foTlebiani Reroebis msgavsi dia grama aris monacemTaorganizebis me
Todi , romelic Sedgeba monacemTa daxarisxebis  da grafikulad gamosaxvis
ko nbbinaciisagan . dagrovil six SireTa ganawilebasTan SedarebiT misi upirate -
soba imaSia, rom igi ukeT inaxavs faqtiur monacemebsgrafikul warmodgenas-
Tan SedarebiT .

foTlebiani Reroebis msgavsi dagrama warmoadgens monacemebis ganl age-
bis sgemas(gegma$, romelSic dakvirvebuli TiToeuli monacemis er Ti nawili



gamoiyeneba rogorc vertikaluri Rero , xolo  meore nawili ki rogorc foT -

oli , raTa moxdes jgufebisa  da kla sebis formireba

magaliTi 5. qvemoT moyvanilia im pacientebis raodenoba , romlebmac anb-
ulatoriuli mkurnalobis centrs mimarTes kardiogramis gadasaRebad 20
dRi ani SerCevis ganmavlobaSi . avagoT am monacemebisaTvis foTlebiani Rero -

ebis msgavsi diagrama .
25 31 20 32 13
14 43 02 57 23
36 32 33 32 44
32 52 44 51 45
amoxsna.
nabiji 1. davalagoT monacemebi zrdadobis mixedviT:
02, 13, 14, 20, 23, 25, 31, 32, 32, 32,
32, 33, 36, 43, 44, 44, 45, 51, 52, 57.
nabiji 2.  ganvacalkevoT (davajgufoT) monacemebi pirveli cifris mixed -
ViT, ise rogorc qvemoTaa naCvenebi:

02 13, 14 20, 23, 25 31, 32, 32, 32, 32, 33, 36
43, 44, 44, 45 51, 52, 57.
nabiji 3. avagoT diagrama, risTvisac monacemis pirveli cifri ga no Vviy -
enoT vertikalur Rerod, xolo momdevno cifri ki t foTlad. maga | iTad,
monacemisaTvis 32, pirveli cifri 3, aris Rero, xolo meore ci fri2 aris

foToli. monacemisaTvis 14, 1 aris Rero, xolo 4 ki foToli da a. S. sabo -
lood, miviRebT qvemoT moyvanil diagramas:

0 2

1 34

2 035

31222236

4 3445

5 127

agebuli foTlebiani Reroebis msgavsi diagrama gviCvenebs, rom mo naceme

bis am ganawilebas piki aqvs centrSi da monacemebSi ar aris wyveta. 20 dRid -
an 7 dRis ganm avlobaSi im pacientebis raodenoba, romlebmac ga daiRes kardi -
ograma moTavsebulia 31 -dan 36-mde. diagrama agreTve gviCve nebs, rom ambulat -
oriul centrSi pacientebis raodenoba dRis ganmavlo baSi meryeobda minimum

2 pacientidan magsimum 57 pacien tamde.

histograma, poligoni, ogiva

mas Semdeg rac monacemebi organizebulia sixSireTa ganawilebis sa XiT,
is ini SesaZlebelia warmodgenil ignes grafikuli formiT. statis ti kaSi, gra -
fikebisa da diagramebis mizania mkiTxvelsa da mayurebels mi awodos monace -
méi TvalsaCino formiT. umetesoba adamianebisaTvis uf ro advilia Cawvdes
(gaiazros) grafikulad warmodgenili monacemebis Si naarss, vidre ricxobrivi
cxrilebis an sixSireTa ganawilebebis for miT warmodgenil monacemebs. es
gansakuTrebiT arsebiTia im momxmare bli saTvis, romelsac agvs mcire an saer -
T od ara aqvs statistikuri ganaTle ba.

mkvlevarebis mier sami yvelaze xSirad gamoyenebadi grafikebia:
1. histograma.
2. sixSireTa poligoni.

3. dagrovil sixSireTa poligoni anu ogiva.
gvemoT Cven mogvyavs grafikebis  samive tipi, sadac monacemebi samive gra -
fi kSi warmoadgens kviris ganmavlobaSi SemTxveviT SerCeuli 20 mor benalis

mier garbenili manZzili gamosaxuli milebSi.



histograma sixSireTapoligoni
6 6
5 5 A
o 4 4 /v\‘
&9 e, z .,
X2 ¢ ) _ \
01 )
0 ! /
5,5-10,5 10,5-15,515,5-20,520,5-25,525,5-30,530,5-35,535,5-40,5 0 T T T T T T
) ) 8 13 18 23 28 33 38
klasissazRvrebi klasis Suawertilebi
dagrovilsixSireTagrafiki
25
20 g
o /
2 10 —
R
g RS N . R . ﬁ)@
& o s
klasissazRvrebi
histograma warmoadgens diagramis saxeobas, romelic gamosaxavs mo nace -
mebs sxvadasxva simaRlis mosazRvre vertikaluri marTkuTxedebis gamoyenebiT
(garda im SemTxvevisa, roca sixSire nulia), romelTa simaR leebi monacemebis

sixSires Seesabameba.
magaliTi 1. avagoT histograma im monacemebis warmosadgenad, rom le bic

moyvanilia gvemo T da Seesabameba amerikis 50 -ive Statis rekordu lad maRal
temperaturebs:
klasis sazRvrebi sixSire
99.5-104.5 2
104.5-109.5 8
109.5-114.5 18
114.5-119.5 13
119.5-124.5 7
124.5-129.5 1
129.5-134.5 1
amoxsna.
nabiji 1. davxazoT sakoordinato sibrtye da movniSnoT masze ma sze X
da y RerZebi. x RerZi yovelTvis horizontal luri RerZia, xolo y Rerzi
yovelTvis vertikaluri RerZia.
nabiji 2. gadavzomoT sixSireebi y RerZze, xolo klasis sazRvre bi ki
-- X Rerzze.
nabiji 3. gamoviyenoT sixSireebi simaRleeba d da yoveli klasis ze noT

davxazoT Sesabamisi marTkuTxedi. miviRebT histogramas:
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histograma

sixSire

PREREREN
ONPROWONADOO

99.5- 104.5- 109.5- 114.5- 119.5- 124.5- 129.5-
104.5 109.5 114.5 119.5 124.5 129.5 134.5

klasissazRvrebi

rogorc es histograma gviCvenebs, monacemTa mniSvnelobebis yve la ze di -
di raodenobis (18) mqgone klasia 109.5 0 114.5, Semdeg modis 13 monaceniT klasi
sazRvrebiT  114.5119.5. am diagramas aqvs erTi piki, romlis irg vlivac gro vd e-
ba monacemebi.
igive monacemTa simravlis warmosadgenad SeiZleba gamoyenebul iq nas
gansxvavebuli saxis diagrama (grafiki) b e. w. sixSireTa poligoni.
sixSireTa poligoni warmoadgens d iagramis saxeobas, romelic ga maosax-
avs monacemebs texilis saSualebiT, romlis wveroebs warmoadgenen klasebis
Suawertilebisa da sixSireebis wyvili. amasTa nave, sixSireebi Se esabameba Sua
wer tilebis simaRleebs.
magaliTi 2.  wina magaliTSi moyvanili sixSireTa ganawilebisaTvis av ag-
oT sixSireTa poligoni.
amoxsna.
nabiji 1.  vipovoT TiToeuli klasis Suawertili. gavixsenoT, rom Su ane-
r tilis sapovnelad saWiroa klasis qveda da zeda sazRvrebi Seik ribos da
gai yos 2 -ze:
99.5+ 104.5:1021 104.5; 109.5: 107,
da a. S. sabolood gvegn eba Semdegi cxrili:
klasis sazRvrebi Suawertilebi sixSire
99.5-104.5 102 2
104.5-109.5 107 8
109.5-114.5 112 18
114.5-119.5 117 13
119.5-124.5 122 7
124.5-129.5 127 1
129.5-134.5 132 1
nabiji 2. davxazoT x da y RerZebi. x RerZze movniSnoT TiToeu i
kla sis Suawertili , da Semdeg SevarCioT moxerxebuli masStabi y RerZze
SixSiris gadasazomad.
nabiji 3. gamoviyenoT Suawertilebi X-is mniSvnelobebad , xolo  si xSi-
re ebi rogorc y-is mniSvnelobebi da movniSnoT Sesabamisi wertilebi sakoo-
r dinato  sibrtyeze
nabiji 4. SevaerToT mezobeli wertilebi swori xazebiT (monakveTdIT ).
grafiki daviwyoT da davamTavroT X RerZze: pirveli wertilidan davbru n-
deT ukan X RerZze da ukanaskneli wertilidan agreTve mivideT x RerZamde
imave manZilze , rogorc  es naCvenebianaxazze:
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sixSireTapoligoni
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99 102 107 112 117 122 127 132 135

temperatura

sixSireTa poligoni da histograma aris monacemTa warmoadgenis ori
gansxvavebuli gza. am ori gzidan mkvlevari Tavisi Sexeduebisamebr irCevs

ro meli gamoiyenos. diagramebis (grafikebis) mesame tipi gamoiye neba klasebis
dagrovili sixS ireebis warmosadgenad. am tipis diagramas ewodeba dagrovil
sixSireTa diagrama an ogiva. dagrovili sixSire aris jami mocemuli klasis
Sesabamisi sixSirisa  da manamdersebuli yvela sixSiris . ogiva aris diagram -
mis saxeoba romelic gamoiyeneba sixSireTa  ganawilebis  klasebis  dagrovili
sixSireebis  warmosadgenad grafikuli formiT
magaliTi3. magaliT1 -Si moyvanili ganawilebisaTvis avagoT og iva.
amoxsna.

nabiji 1.  vipovoT dagrovili sixSire TiToeuli klasisaTvis:

klasis sazRvrebi dagrovili sixSire

99.5-104.5 2

104.5-109.5 10

109.5-114.5 28

114.5-119.5 41

119.5-124.5 48

124.5-129.5 49

129.5-134.5 50

nabiji 2. davxazoT x da y RerZebi. Xx RerZze movniSnoT TiToeu i

kla sis sazRvrebi , da Semdeg SevarCioT moxerxebuli masStabi y Rer Zze dag-
r ovili SixSiris gadasazomad. (imis mixedviT Tu ra ricxvebi we ria dagrovi -
li sixSireebis svetSi, SeiZleba gamoyenebuli ignes iseTi gra duireba (skal -

reba) rogoricaa 0,1, 2,3,...,an0,5, 10, 15, 20, ..., an 0, 1000, 2000, 3000, . ...
y RerZze ar unda moiniSnos ricxvebi dagro vili sixSireebis svetidan). am
magaliTSi gamoyenebuli igneba skala 0, 5, 10, 15, . . ..

nabiji 3.  movniSnoT dagrovili sixSireebi yoveli klasis zeda saz Rvr -
is Tavze: movniSnoT sakoordinato sibrtyeze wertilebi, romelTa ko ordin a-
t ebia klasebis zeda sazRvrebi (abscisa) da dagrovili sixSi re ebi (ordinata).
zeda sazRvrebi imitom aiReba, rom dagrovili sixSireebi warmoadgenen klas -
is zeda sazRvramde moTavsebuli monacemTa mniSvne | obebis Sesabamisi six Sir -
eebis jams.

nabiji 4. daviwyoT pirveli klasis zeda sazRvridan, 104.5 -dan da Se vaer -
T oT mezobeli wertilebi swori xazebiT, rogorc es naxazzea naC venebi. bol -
os grafiki gavagrZeloT pirveli klasis gveda sazRvramde, 99.5 -mde X RerZze:
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dagrovil sixSireTa d lagrama gamoiyeneba imis sailustraciod, Tu mo n-
acemTa ramdeni mniSvneloba ar aRemateba garkveuli klasis zeda saz Rvars.
maaliTad, imis gasagebad, Tu ramdeni rekordulad maRali tempe ra tura aris
naklebi vidre 114.5, movZebnoT X RerZze 114.5 daamwer t il ze avRmarToT ver -
t ikaluri xazi grafikis gadakveTamde. gadakveTis wer t i ISi gavavloT horiz -
o ntaluri xazi y RerZis gada kveTamde. y RerZze vRebulobT 28 -s.

rogorc zemoT vnaxeT. histograma , sixSireTa  poligoni , da ogiva igeba
nedli  (daumuSavebeli ) monacemebis sixSireebis  gamoyenebiT. es ganawilebebi Se-

saZlebelia gadaviyvanoT ganawilebebSi , romlebic gamoiyeneben proporciebs

(Sefardebebs ) nacvlad nedli  monacemebis sixSireebisa . amti pis diagramebs uw-
odeben fardobiT sixSireTa  diagramebs . diagramebi , rom| ebic iyeneben fardob -
iT sixSireebs , nacvlad sixSireebisa , gamoiyeneba m&in rodesac proporcia mo
nacemTa im mniSvnelobebis , romlebic Sedian macemul klasSi  ufro  mniSvnelo -

vania, vidre faqtiuri raodenoba monacemTaim mniSvnelobebis , romlebic Sedi -
an imave klasSi
imisaTvis rom sixSireebi  gadaviyvanoT proporciebSi an fardobiT si XSi -
r eebSi, TiToeuli klasis  sixSire unda gavyoT erTobliv sixSireze . fardobiT
sixSireTa jami yovelTvis  erTis toli igneba. es diagramebi ig neba analogiuri
(msgavsi) sixSireebis Sesabamisi diagramebis , im gansxvavebiT , rom ordinatTa
RerZze aqg gadaizomeba fardobiTi sixSireebi  nacvlad sixSireebisa . moviyvanoT
amdiagramebis Sesabamisi magaliTi
magaliTi 4. avagoT histograma , sixSireTa  poligoni da ogiva fardo biTi
si xSireebis gamoyenebiT 20 SemTxveviT SerCeuli morbenalis  mier kviris ganmav
lobaSi  garbenili manZilebis ganawilebis  mixedviT :
klasis sazRvrebi sixSire dagrovili sixSire
5.5 10.5 1 1
10.% 15.5 2 3
15.% 20.5 3 6
20.% 255 5 11
25.% 30.5 4 15
30.% 355 3 18
35.% 40.5 2 20
jami 20
amoxsna.
nabiji 1. gadaviyvanoT sixSireebi  proporciebSi anu fardobiT Si XSir eeb-
Si TiToeuli klasis  sixSiris gayofiT  dakvirvebaTa saerTo raodeno baze. 5.9
10.5 klasisaTvis fardobiTi sixSire igneba 1/20=0.05, 10& 15.5 kla sisaTvis far  d-

obiTi sixSire igneba 2/20=0.10, 15.5 & 20.5 kla sisaTvis fardo bi Ti sixSire aris
3/20=0.15,da a. S.

nabiji 2. igive proceduris gamoyenebiT vipovoT fardobiTi sixSiree bi
dagrovili sixSireebis svetisaTvis. sabolood, miviRebT fardobiTi si xSire -
ebis Semdeg cxrils:
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klasis Suawertilebi fardobiTi dagrovili
sazRvrebi sixSire fardobiTi
sixSire
55 10.5 8 0.05 0.05
10.% 15.5 13 0.10 0.15
15.8 20.5 18 0.15 0.30
20.9 25.5 23 0.25 0.55
25.% 30.5 28 0.20 0.75
30.% 35.5 33 0.15 0.90
35.% 40.5 38 0.10 1.00
jami 1.00
nabiji 3. davxazoT samive tipis diagrama . histogramisa da ogivis SenT xv-
evebSi abscisTa RerZze gadavzomoT klasis sazRvrebi , xolo  six SireTa poli -
gonis SemTxvevaSi abscsisTa RerZze gadavzomoT Kklasis  Suawertile bi. ordi -
natTa RerZze ki gadavzomoT fardobiTi sixSirebi
histograma fardobiTsixSireTapoligoni
0.25 .
0.15 !
E 0.1 E 0.15 / \
E oo0s E o1 - N
§ 0 % 8 0<;5 — N
2 © © e b o o 5 O
“‘E \Q. \(.,. ‘19 'f’ ’bQ‘ ";” Q° E 0 / : : : : : '\
o .9?’/ .@?’/ o ,f;;:/ n,e?’/ n;f’) . 3 8 13 18 23 28 33 38 33
milebi milebi
ogiva
1.2
1 /
= 0.8
2L o6 "
=9 e
5% 04 —
3 0.2
<) 0 e—/’/./ ' ' ' '
% 5.5 10.5 15.5 20.5 25.5 30.5 35.5 40.5
milebi
magaliTi 5. gvemoTmoyvanil cxrilSi mocemulia didi zomis avto nangan-
ebis sawvavis danaxarjis dasadgenad Catarebuli 100 dakvirvebis mo nac emebi.
cxrili gviCvenebs 1 galoni (=3.78 litri) sawvaviT avtomanganis gavlil man Z-

ils milebSi (1 mili = 1.609 km):

mili/galonze
19.0 | 20.8 | 22.0 | 22.7 | 20.0 | 189 | 16.6 | 16.8 | 20.8 | 14.7
151 | 218 | 211 | 215 | 211 | 155 | 193 | 151 | 206 | 16.8
182 | 205 | 153 | 16.2 | 163 | 228 | 22.7 | 219 | 225 | 171
191 | 216 | 19.0 | 18.3 186 | 221 175 | 229 | 21.7 18.7
219 | 20.2 | 145 | 141 | 229 | 20.2 17.3 | 226 | 193 | 21.7
215 | 226 | 18.7 19.2 | 228 | 216 | 21.7 | 205 | 22.7 | 204
188 | 151 | 165 | 205 | 19.1 | 174 | 19.7 19.2 | 164 | 21.9
143 | 192 | 19.7 | 171 | 214 | 219 | 21.7 | 19.2 | 239 | 196
209 | 185 | 20.2 | 182 | 202 | 224 | 204 | 216 | 213 | 224
205 | 181 | 20.7 | 21.3 | 169 | 20.3 | 239 | 188 | 21.1 | 21.9

am monacemebis damuSaveba mdgomareobs SemdegSi:
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I. dakvirvebul monacemebs Soris unda moiZebnos minimaluri da maq

| uri mniSvnelobebi. warmodgenil monacemebSi

baa x,,=14.1, xolo udidesi

gafantulobis umartives maxasiaTebels

- X =23.9. es ori ricxvi gansaz
. gabnevis diapaz ons, romelic aris

umciresi ricxviTi mni

si ma

Svndo -

sxvaoba monacemTa magsimalur da minimalur ricxviT mniSvnelobebs Soris.
Sesabamisad, monacemTa gabnevis diapazoni tolia 23.9
[I. Semdegi nabijia

aTvis umartives SemTxvevaSi gabnevi

daaxloebiT 5

14)/5=2. Sesabamisad, dajgufebis intervalebi igne

-14.1=9.8.

t monacemTa dajgufebis intervalebis gamoyofa. amis

t 20 gveintervalad. mocemul SemTxvevaSi avirCioT 5 toli sig
rZis intervali. simartivisaTvis minimaluri da magsimaluri mni

davamrgvaloT uaxloes mTel ricxvebamde: kerZod, minimu
magsimumadt 24. maSin TiToeuli qveintervalis sigr

nad aviRoT 14

s diapazons yofen erTi da igive sigrZis

Rvr avs monacemTa

Svnelobebi

Zed unda aviRoT

(22,+ 8). gamovTvaloT am gveintervalebSi moxvedrili monacemebis sixSireebi
da CavweroT isini cxrili

s saxiT:

intervali sixSireTa gamoTvla sixSire
(- gl6] i 9
(16,18] I 13
(18,20] N i i 25
(20,22] NN o o o - i 38
(22,+ o) I 15
sul 100

am cxrilis mixedviT

agebul histogramas eqneba Semdegi saxe:

sSixSire

Sintervalianihistograma

16 18 20 22
intervalissazRvrebi

>22

Tu igive monacemebs davajgufebT 10 an 20 gveintervalSi, maSin histog
amebs eaqebaT Sesabamisad Semdegi saxeebi:

10intervalianihistograma

, Xolo

D=(24

ba: (- 516], (16,18], (18,20], (20,22],

20intervalianihistograma
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intervalissazRvrebi

rogorc vxedavT, monacemTa dajgufebis qveintervalebis raode

zrdasTan erTad

histograma sul ufro da ufro dakbiluli xdeba. am

ve, am SemTxvevaSi dajgufebis 5 da 10 intervali iZleva ufro mkaf

atul kanonzomierebas, maSin rodesac 20 inter

movlenis Sinaarsidan gamomdinare, azrs mokleb ul

iy x @,

no his

asTana-
i od gamox -

rac

valis SemTxveva Si gaCnda bevri,

gamowyv
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monacemTa mocemuli rao denobisaTvis dajgu fe bis intervalTa didi raodeno -
biT.

amocanebi
1. qvemoT moyvanilia avtostradaze radaris  mier dafigsirebuli 200 sat virTo
manganis siCqareebis (mili /sT-Si) dajgufebuli sixSireebis  cxri i
siCqaris
intervali 30_39 4049 5059 6069 70_79 80_89
sixSire 12 32 56 72 20 8

a) aageT monacemTa sixSireebis histograma.
b) aageT dagrovil sixSireTa diagrama.

g) SeafaseT procentuli raodenoba im avtomobilebis, romlebic mo Zra -
oben 65 mili/sT -ze meti siCqgariT.

d) SeafaseT siCgare, romelze naklebi siCgariT moZraobs avto mabilebis
25%.

2. gvemoT moyvanilia sanapiroze mogrovili 60 niJaris masebis (gramebSi) da ] -
gufe buli sixSireebis cxrili:

masis

intervali 5_9 10_14 1519 2024 25 29 30_34 35 39

sixSire 2 5 8 14 17 11 3
aageT sixSireTa histograma.

3. davuSvaT agebulia monacemebis sixSireTa histogra ma.

a) pirveli ori intervaluri klasis sazRvrebia 2.0 da 2.25 da 2.25 da 2.5
Sesabamisad, 5-isa da 12 -is toli sixSireebiT. histogramis pirveli mar TKuTx -
edis simaRlea 2.5 sm. risi tolia meore marTkuTxedis simaRle?

b) mesame intervaluri klasis sazRvrebi a 2.5 da 2.75. risi tolia am kla -
sis sixSire, Tu Sesabamisi marTkuxedis simaRlea 3.5 sm?
4. qvemoTmoyvanili dajgufebuli sixSireebis cxrili gviCvenebs 275 stu dent -
is mier statistikis gamocdaze miRebul qulas:

qua 09 1019 20_29 30_39 40_49 50_59

sixSire 6 21 51 84 82 31

a) klasebis sazRvrebad aiReT arsebul sazRvrebs °0.5 da aageT mo na

cemTa si xSireebis his tograma.

b) aageT dagrovil sixSireTa diagrama.

g) cnobilia, rom Tu studenti romelic miiRebs sul cota 44 qulas,

maSin misi Sefasebaa A. ipoveT procentuli raodenoba im studentebis,
romlTa Sefasebaa  A.

d) cnobilia, rom studentTa 81.8% -ma miiRo Sefaseba Ean ufro uke Tesi
Sefaseba. ipoveT im qulebis gveda sazRvari, roca studenti mi iRebas
Sefasebas E.

5. gvemoT moyvanilia klinikis 45 pacientis sisxISi decimilebSi gaz o mili

(moxerxebuli formiT dalagebuli) hemoglobinis done:
9.1 10.1 10.7 10.7 109 11.3 11.3 114 114 11.4 11.6 11.8 12.0 12.1 12.3
124 12.7 129 13.1 13.2 13.4 13.5 13.5 13.6 13.7 13.8 13.8 14.0 14.2 14.2
14.2 14.6 14.6 14.8 14.8 15.0 15.0 15.0 15.1 154 15.6 15.7 16.2 16.3 16.9
a) SeadgineT dajgufebuli sixSireebis cxrili intervalTa 8 k la sisaT-
Vis.
b) aageT monacemTa sixSireebis histograma.
6. gvemoT moyvanilia 34 moswavlis mier amocanis amoxsnaze daxarjuli dro
wuTebSi:
4 3755 625 7 3 7 525 75 875 75 45
6.5 45 8 7.25 6.75 5.75 4.75 825 7 35 55 7.25
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85 65 5 725 6.75 7.75 575 6 7.75 6.5

a) daiwyeT 3_3.75-iT da SeadgineT dajgufebuli sixSireebis cxri liin -
ter valTa6 kla  sisaTuvis.

b) ra igneba pirveli klasis sazRvrebi.

g) aageT monacemTa sixSireebis  histograma.
7. qvemoTmoyvanili cxrili gviCvenebs golfis klubis 200 wevris asakTa ga na-
wilebas:

asaki 10_19 20 29 30_39 40 49 50_59 60_69 70_79

wevrTaricxvi 12 40 44 47 32 15 10
a) SeadgineT cx rili, romelic gviCvenebs klasTa sazRvrebs.
b) aageT monacemTa sixSireebis histograma.

8. 2010 wilis evropuli gveynebis mosaxleobis asakis ganawilebis Sefa sebaa:
asaki 16 -mde 16 39 40 64 65 79 80 99
procenti 143 331 3 53 119 54

a) aageT procentul dagrovil sixSireTa diagrama.

b) Tu adamianma 2010 wels miaRwia 60 wels, mas eniSneba saxelmwifo pen -
sia. SeafaseT adamianTa ricxvi, romelic miiRebs saxelmwifo pensias,

gveyanaSi, romlis mosaxleoba 42.5 milionia.

9. 2006 wlis 360 dRis ganmavlobaSi momuSave supermarketis dRiuri nava Wis
Canawerebi (gazomili 10 000 larebSi) ase gamoiyureba:
navaWri, X X<2 2¢x 3 3tx <4 4¢x 5
dReTa ricxvi 15 27 64 72
navaWri, X 5¢x 6 6¢Cx < 7¢x 8 8¢x 9
dReTa ricxvi 86 70 16 10
dRe, roca navaWri ecema 32 500 | aris qvemoT,
dRe, roca navaWri aRemateba 77 500 | aribsi 4 Tvl
xSireTa diagramis saSual ebi T Siekaafragsi e0T dfiRceuedbii os
2006 wels.
10. kompaniis 132 TanamSromeli cxovrobs galaqgareT. uaxloes kilomet ramde
damrgvalebuli manZilebi, xkm, rasac TanamSromlebi gadian samsa  xuramde, Ta -
vmoyrilia gvemoTmoyvanil dajgufebul sixSireTa cxrilSi:
X 5mde 59 10 14 15 19 20 24 25 29
sixSire 12 29 63 13 12 3
aageT dagrovil sixSireTa diagrama da misi saSualebiT ipoveT kilome t re b-
is ricxvi, romelze naklebis gavlac uwevs TanamSromelTa: a) erT me o Txeds,
b) sam meoTxeds.
11. sadazRvevo kompaniis xelmZRvanelobas ainteres ebs gamoikvlios gasuli
zaf xulis 30 dRis ganmavlobaSi did gala gS moparul av t omanganaTa ganawi
le ba. dakvirvebuli nedli monace mebi moyvanilia  gqvemoT:

52 62 51 50 69
58 77 66 53 57
75 56 55 67 73
79 59 68 65 72
57 51 63 69 75
65 53 78 66 55
avageT foTlebiani Reroebis msgavsi diagrama Semdegi klasebis ga moye-
nebiT: 500 54, 555 59, 608 64, 650 69, 708 74, 750 79 da gaakeTeT Sesaba misi daskv -
nebi.
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Tavi ll

centraluri tendenciis sazomebi

Cven ukve ganvixileT Tu rogor SeiZleba nedli monacemebidan sa sarge b-
lo informaciis mopoveba (miReba) pirvel etapze maTi SixSi ruliga  nawilebis
saxiT organizebiT, xolo Semdgom ki monacemebis warmodgeniT saxadasxva di -
agramebis gamoyenebiT. axla Cven viwyebT im statistiku ri meTodebis Seswav | -
as, romlebic monacemebis dajamebi sa da Sesabamisi daskvnebis gakeTebis saSu -
alebas mogvcemen. am meTodebs Soris yvelaze cnobilia saSualos  moZebnis
mé&odi. popularul enaze, saSualo niSnavs gana wilebis centrs an ufro tip -
i ur SemTxvevas. saSualos sazomebs agre Tve uwodeben centraluri tendenciis
sazomebs da maT miekuTvneba saSualo, mediana da moda.

monacemTa simravlis saSualos codna ar aris sakmar isi monace mTa simr -
avlis srulad aRsawerad. damatebiT, saSualos codnasTan erTad, sa Wiroa vi -
codeT Tu rogoraa monacemTa mniSvnelobebi gabneuli. ufro zu stad, aris
Tu ara monacemTa mniSvnelobebi dajgufebuli (Tavmoyrili) sa Sualos irgv = -
| iv, Tu isini uf ro Tanabrad arian gabneuli mTeli gana wilebis gaswvriv?
sazomebs, romlebic gansazRvraven monacemTa mniSvne | obebis gafantulobas
(gabnevas) uwodeben gadaxris sazomebs an gafantu | obis (gabnevis) sazomebs . am
tipis sazomebia:  gabnevis diapazoni, stan  d artuli gadaxra da saSualo kvadr -
atuli gadaxra . garda amisa, gamoiyen eba e.w. monacemTa poziciis maxasiaTeb le -
bi . isini gviCveneben specifiuri mniSvnelobebis mdebareobas momacemTa simrav -
leSi an maTs fardobiT mde bareobas monacemTa sxva mniSvnelobebTan  mimarTe-
baSi. yvelaze gavrcele buli poziciis maxasiaTeblebia: procen tilebi da ran -
gebi . es maxasiaT eblebi intensiurad gamo i yeneba fsiqologiaSi da ganaTleba -
Si.

sazomebs (maxasiaTeblebs), romelTa sapovnelad gamoiyeneba popula ciis
yvela monacemis mniSvnelobebi, ewodeba parametrebi . xolo sazomebs (maxasia -
Teblebs), romelTa misaRebad gamoiyeneba SerCevis monacemebis mni Svnelobebi,
ewodeba statistikebi

damrgvalebis zogadi wesi: statistikaSi damrgvalebis ZiriTadi we Si
mdgomareobs imaSi, rom sanam gamoTvlebi grZeldeba, damrgvaleba ar unda mo -
xdes, vidre ar igneba miRebuli saboloo pasuxi. rodesac damrg valeba xdeba
Sualedur etapze, maSin izrdeba gansxvaveba pasuxsa da zust Sedegs Soris.

saSualo , romelic agreTve cnobilia rogorc ariTmetikuli saSua lo,
milReba Tu SevkribavT monacemebis mniSvnelobebs da gavyofT mniSv nelobebis
saerTo raodenobaze. magaliTad, 3,2,6,5 da 4-is saSualo mi i Reba SekrebiT
3+2+6+5+4 = 20 da 5-ze gayofiT. Sesabamisad, am monacemebis saSualoa 20/5=4.

monacemebis mniSvnelobebi gamoisaxeba  x-ebiT. monace mTa am simravleSi  x =3,
X, =2, X%=6, X,=5 da x=4. X-is yvela mniSvne lo baTa jamis aRsaniSnavad
gamoiyeneba g simbolo (berznuli didi sig ma aso), da § x aRniSnavs monace-

mTa simravlis X -is yvela mniSvnelo baTa jams.
saSualo ( mean) aris mniSvnelobaTa jami gayofili mniSvnelobaTa saer -

To raodenobaze. SerCevis saSualos aRniSnaven X simboloTi:
B N + 0D O
R=%te * OROmL
n nin

sadac n gviCvenebs mniSvnelobaTa saerTo raodenobas SerCevasSi.
Tu SerCevaSi x, monacemis sixSirea  f,, X, maacemis sixSirea f,, da a.

S. X, monacemis sixSirea  f,, maSin saSualo gamoiTvleba Semdegnairad:
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fox + fx, +@> f x, X X
A f, G 1, (a1 f.>§)/(§l:1 fi).

magaliTi 1.  firmis wliuri saprocento Semosavali bolo aTi wlis gan -
naviobasSi iyo: 8.1,-6.2, 20.9,-2.7, 33.6, 42.9, 24.4,5.2, 3.1, 30.B0 goriafi  r mis sa Su-
alo wliuri Semosavali am aTi wlis ganmavlobaSi?

cxadia, rom

x=(8.1+ 6.2) 20.9 (R.7) 33.6 42.9 244+52 3.1 3I0H 6.

e. I. saSualo wliuri Semosavali aris 16%.

ariTmeti kul saSualos SeiZleba mieces Semdegi martivi interp re ta cia:
ariTmetikuli saSualo aris SerCevis erT individze an obi eqtze mo suli
ja mur dakvirvebaTa wili (saSualo raodenoba).

magaliTi 2. 10 ojaxSi bavSvTa raodenobebia:

3,2,1,1,2,3,3,1, 2, 2.
masSin erT ojaxze mosuli bavSvebis saSualo raodenoba igneba
(3+2 4 ¥ 2+ 3+3 1 2+ 2)/10+ .

amrigad, Tu 10 ojaxs jamSi yavs 20 bavSvi, maSin ariTmetikuli saSua loudr -
is bavSvTa im raodenobas, romelic movidoda erT ojaxze im SemTxve vaSi rom
bavSvebi Tanabrad gaenawilebinaT.

saSualos d amrgvalebis wesi:  saSualo unda damrgvaldes erTi aTobiTi
niSniT metze vidre nedli monacemebia warmodgenili. am wesis axsha imaSi
mdgomareobs, rom ganasxvavos saSualo nedli monacemebisagan.

dajgufebuli monacemebis SemTxvevaSi saSualos povnis procedu rai yen-
ebs klasebis Suawertilebs. am proceduras Cven qvemoT moviy vanT.

magaliTi 3. mocemulia kviris ganmavlobaSi SemTxveviT SerCeuli 20
morbenalis mier garbenili manZilebis sixSiruli ganawilebis cxri li

X =

klasis sazRvrebi sixSire
5.5 10.5 1
10.% 15.5 2
15.8 20.5 3
20.9 25.5 5
25.% 30.5 4
30.% 355 3
35.% 40.5 2
n=20
vipovoT saSualo.
amoxsna.
nabiji 1.  cxrils davamatoT Suawertilebisa da Suawertilebis sixSi re -
ebze namravlis svetebi.
nabiji 2.  vipovoT TiToeuli klasis Suawertili da SevitanoT C svet -
Si:
_55+105 3 10.5+ 15.5:13’ daa S,
2 2
nabiji 3.  yoveli klasis Sesabamisi sixSire gavamravloT klasis Suawe r-
tilze, rogorc qvemoTaa naCvenebi da Sedegebi SevitanoT D svetSi: 18 8§,
23 =2€, da a. S. dasrulebul cxrils egneba Semdegi saxe:
A B C D
klasebi sixSire ( f) Suawertili ( Xm) f Xm
55 10.5 1 8 8
10.% 15.5 2 13 26
15.8 20.5 3 18 54
20.9 25.5 5 23 115
25.% 30.5 4 28 112
30.% 355 3 33 99
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35.% 40.5 2 38 76
n=20 a f &, 490
nabiji4. vipovoT D svetis mniSvnelobaTa jami.
nabiji 5. saSualos misaRebad miRebuli jami gavyoT n-ze:
oA g
x=a 1% 490 o o il
n 20
magaliTi4. mel0 klaseli 204 moswav lis Zmebisa da debis ricxvis qve

T moyvanili sixSiruli cxrilis mixedviT gamoTvaleT saSualo.

Zmebisa da debis
raodenoba, X sixSire, T,
0 36
1 94
2 48
3 15
4 7
5 3
6 1
sul: 204
amoxsna. davamatoT sixSiruli ganawilebis cxrils mesame sveti, romel
Sic moxdeba monacemebisa da maTi sixSireebis gadamravleba fx:
Zmebisa da debis
raodenoba, X sixSire, T, f, %
0 36 0
1 94 94
2 48 96
3 15 45
4 7 28
5 3 15
6 1 6
X X
jami a fi =204 a fix, =284
i=1 i=1

Sesabamisad, saSualo igneba

i=1

i=1

_ 7 7
x=(8 f,x)I(Z f)=284/204=1.39.

SeniSvna. zogierT SemTxvevaSi Cven SeiZleba dagvWirdes saSualos Se
seba dagrovil sixSireTa diagramis mixedviT. am SemTxvevaSi dagro
reTa diagramidan winaswar SevadginoT sixSireTa cxri
ogmedoT Cveulebrivi gziT. sixSiruli cxrilis misaRebad sa

Ta RerzZe movniSnoT monace mTa umciresi da udi
X s D) MaT Soris moTavsebuli intervali dav
ul raodenoba) intervalebad da movniS

g) TiToeuli moniSnuli werti li
gadakveTamde da movZebnoT Sesabamisi dagrovili sixSireebi (grafikTan ga

kveTis wertilebidan gavav

gadakveTamde) _

dan gavavloT

[oT horizontal

luri xaz

vil sixSi
li, xolo Semdgom vi
Wiroa: a) abscis
desi mni Svnelo bebi _
yoT Ta nabari sig
noT maTisazRv rebi_ x, X,,...
ver tikaluri xazebi grafikis

ebi ordinatTa RerZis

Y, Yoex: d) SevadginoT cxri li:

ymn = Ol y11 y2 LI |
monacemebi, dagrovili
romlebic SixSire
< Xm'n 0
<X Y1
<X Y,
< X Y

fa -

m

Xmin d@
r Zis (moxerxeb -

X s

da-
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< Xirex Y max
e) avagoT sixSiruli ganawilebis cxrili:

klasis Sua-intervaluri sixSire,
sazRvrebi mniSvneloba fi
Xm'n ¢X<X1 (an+x1)/2 yl
X € X<X, (X, +%,)/2 Yo- Y,
X, ¢ X< X, (X, +x%3)/2 Y- Y,
Xy-1 ¢X<Xk (Xk-1+Xk)/2 Ye = Vi1
Xk¢X<Xmax (Xk+xmax)/2 Yrex = Yk

moviyvanoT saSualos Tvisebebi:
1. monacemTa dakvirvebuli mniSvnelobebis saSualodan gadaxrebis jami

nulis tolia: ax-x 9

n n

2. nebi smeri  a ricxvisaTvis: ax-x° calx 8°,
i=1 i 4
3. Tu arsebuli X, ..., X monacemebidan gadavalT axal y,=ax ,...,
y, =ax, # monacemebze (sadac a da b namdvil ricxvTa nebism i eri wyvilia),

maSin 92%3 y =ax b
i=1
4, Tu X%, ..., X da vy, ..., Yy, toli moculobis ori SerCevaa da
gadavalT axal SerCevaze z=ax °by,..., z =ax °by,maSin z=ax °by.
5.Tu x,..., X, da vy,..., VY, oriSerCevaa, ma Sin X,..., X, Y,...,
y,, gaerTianebuli SerCevis saSualo moicema formu liT:

n — m

X + y.
n+m n+m

miuxedavad imisa, rom saSualo advili gamosaTvlelia, gaaCnia ma rtivi
in terpretacia, monacemTa axali masivis gaCenisas inarCunebs ari Tmetikul op -
eraciebs da warmoadgens momacemTa centris erTerT yve laze gavrcelebul
ri cxviT maxasiaTebels, aRsaniSnavia, rom saS ualos gaaCnia erTi s eriozuli
nakli, igi zedmetad reagirebs eqstre maluri dakvirvebebis umniSvnelo rao d-
enobazec ki. aseTi dakvirvebebi SeiZleba iyos ori tipis. pirvel tips miekuT -
vineba e. w. Aamovardnili o dakvirvebebi anu i s
bic mkveTradaa gansxvavebuli monacemTa ZiriTadi masivisagan. am SemTxvevaSi
saSual o mkveTrad igneba wanacvl ebul i Afamovard
| ebiT. egstremalur dakvirvebebTan sagme gvaqgvs im SemTxvevaSic, roca monac -
emebiT agebuli (gagluvebuli) histograma Zlie r asimetriulia romelime mima -
r TulebiT, anu mas gaaCnia romelime mimarTulebiT gawe (I gr Zel i ik u
xolo sawinaaRmdego mimarTulebiT ki tAimoblko kudi . am SemTxve\
ao wanacvlebulia grzZel/ Akudi so mimar Tul ebi T
sa mis erT mxares aRmoCndeba. aseTi monacemebisaTvis saSualo ar warmoad g-
ens centraluri tenden ciis saimedo sazoms.
magaliTi 5. vTgvaT, musikalur nawarmoebTa katalogidan amovarCieT xu -

Ti nawarmoebi, romelTa xangrZlivobebia (wuTebSi): 37, 46, 40, 57 da 50. maSin

X=46. Tu axla mexuTe nawarmoebs, romlis xangrZlivoba iyo 50 wuTi, Sevcv -
| iT sxva nawarmoebiT, romlis xangrZlivobaa 200 wuTi, maSin saSualo igneba

Z=
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X=76. anu saSualom gadainacvla egstremaluri mniSvnelobisaken, yvela dana -

r Ceni monacemi sagrZnoblad naklebia masze. am SemTxvevaSi X ar aris ganlag -
ebis (lokalizaciis) mdgradi maxasiaTebeli. Tu mexuTe monacems SevcviiT

400iT, maSin  x=116.
mkveTrad asime

triuli (marjvniv) forma aqvs mosaxleobis Semosavlebis

si xSirul ganawilebebs, amitom x mkveTrad wanacvlebuli aRmoCndeba marjv n-
iv (egstremalurad didi Semosavlebis mimarT -ulebiT) da gasaSualoebuli Se -
masavlebis gamoyeneba cxovrebis donis aRsawerad azrs moklebulia.

magaliTi 6. qveviT moyvanilia avstraliis erT -erTi universitetis Tan a-
nSromelTa wliuri Semosavlebi (1000 dolarebsSi): 28, 109, 26, 32, 30, 26, 29. ma S-

in saSualo igneba

x=40. rogorc vxedavT, yvela monacemi garda erTisa (109)

40-ze naklebia da amdenad, saSualo ar aRwers tipobriv Semosavals.

1. 8 studentis testirebis

ipoveT saSualo qula.

_ 20
2.a)ipoveT x,Tu §

i=1

amocanebi

gulebia:
18 2 5 0 17 15 16

X = 226.

— 12
b) ipoveT y, Tu cnobilia rom a (y, - 100 =66.

3. 182 gverdiani wignis
Semdegi cxrilis saxiT:

Secdomebis

i=1

TiToeul gverdze Secdomebis raodenoba moce mdia

raodenoba 0 1 2 3 4

gverdebis

raodenoba 144 24 10 2 2
ipoveT gverdze Secdomebis raodenobis saSualo.

4. gvemoT moyvanilia

sportul Sejibrebaze pauzebis xangrZlivobis (wa mel$i)

sixSiruli ganawilebis cxrili:

pauzis
xangrZlivoba
sixSire
gamoTvaleT saSualo.
5. gvemoTmoyvaili cxri
baSi leqciaze arasapat
dagvianebebis
raodenoba 0 4
sixSire 11
gamoTvaleT dagvianeb

1 2 3 45 6 7 8
2 20 15 12 10 5 3 1

li gviCvenebs Tsu 50 studentis mier wlis ganmav lo -
io mizeziT dagvianebebis raodenobas:

5910 14 15 19 20 24 25 29 30 _34 35 39 40 44
1 6 17 16 4 2 2
aTa saSualo ricxvi.

6. avtostradaze radaris mier dafigsirebuli 200 sat virTo manganis siC qa
reebis (mili/sT -Si) dajgufebuli sixSireebis gvemoTmoyvanili cxri lis
mixedviT SeafaseT siCgareebis saSual 0.

siCqaris

intervali 30.39 40 49 5059 6069 70_79 80_89

sixSire 12 32 56 72 20 8
7. gamyidveli gqalis mier ganxorcielebuli 30 satelefono saubris xang r-
Zlivoba (wuTebSi) Tavmoyrilia gvemoTmoyvanil cxrilSi:

saubris
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xangrZlivoba 02 35 68 911 12 14
saubrebis
raodenoba 17 6 4 2 1
a) amowereT klasebis sazRvrebi.
b) SeafaseT satelefono saubrebis xangrZlivobis saSualo.
8. 8 sports menis saSualo wona Seadgens 100kg -s. maT SeuerTda mecxre spo r -

tsmeni, romelic iwonis 55kg -s. gamoTvale 9 sportsmenis saSualo wona.
9. roca 6 mezRvaurisagan Semdgar ekipalJs SeuerTda me -7 mezRvauri maTi
saSualo wona gaizarda 110 kg -dan 111lkgmde. ipoveT me-7 mezRvauris wona.
10. CDdiskebis Canaweris xangrZlivobis (wuTebSi) sixSi ru liga nawilebis qve -
moTmoyvanili cxrilis mixedviT SeafaseT Canaweris xangrZ| i vo bis saSua lo:
Canaweris klasis
xangrZlivoba, sazRvrebi sixSire
X (WT)
40-44 39.5¢ x <44t 1
45_49 44.5¢ x <49.f 7
50_54 49.5¢ x <H54.° 12
55_59 54.5¢ x <569.f 24
60_64 59.5¢ x <64.t 29
6569 64.5¢ x <69.t 14
70_74 69.5¢ x <74.t 5
7579 74.5¢ x <79.f 3
sul: 95
11. sxvadasxva maRaziaSi SeZenili 60 CD diskis fasebis jami aRmoCnda
60
a x =7734. gamoTvaleT CDdiskebis saSualo fasi. garda amisa, gamoT vales
i=1
sxva 40 CDdiskis saSualo fasi da igi aRmoCnda 11.64. ipoveT 100 -ive CDdiskis
saSualo fasi.
mediana (median) ganekuTvneba monacemTa mdebareobis centraluri tenden -
ciis mdgradi sazomebis jgufs (gansxvavebiT saSualosagan). mo nacemTa raime
ri cxviTi maxasiaTeblis mdgradoba niSnavs, rom dakvi r vebaTa mcire raode no-
bis cvlilebas SezRuduli gavlena aqvs aRniSn ul maxasiaTebelze, miuxeda V-
ad imisa, Tu rogoria am cvlilebis si dide. swored am Tvisebis gamo mediana,
saSualos Semdeg, warmoadgens centraluri tendenciis yve laze gavrcelebul
sazoms.
rogorc cnobilia, geometriaSi mediana aris samkuTxedis wveros mopir -
dapire gverdis SuawertilTan SemaerTebeli monakveTi, xolo far Te gagebiT
medi ana ar-$snonimg staisiikaSic, mediana ga ni marteba, rogorc mo -
nacemTa vari aciuli mwkrivis SuaSi mdgomi mni Svneloba im azriT, rom masze
naklebi ricxviTi mniSvnelobis mona cenTa raodenoba masze didi ricxviTi

mniSvnelobis monacemTa raodeno  bis tolia. gasagebia, rom Tu dakvirvebul
maacemTa raodenoba ken tia, maSin mediana marTl  ac aris variaciuli mwkrivis
Sua elementi.  Tu dakvirvebaTa raodenoba luwia n=2k, maSin medianis ganmar -
tebas daakmayofilebs nebismieri ricxvi (X» Xq) ricxviTi Sualedidan. e. i. am
SemTxvevaSi mediana calsaxad ar ganimarteba. Sesabamisad, am gaugeb robis Tav -
i dan ac ilebis mizniT miRebulia Semdegi SeTanxmeba: roca n=2k, maSin media-
nas uwodeben variaciuli mwkrivis SuaSi mdgomi ori elementis saSualo ari -
T metikuls.

davuSvaT, rom x, ..., X SerCevis elementebia, xolo Xayr »++1 Xn K &

Sesabamisi variaciuli mwkrivia. mediana aRiniSneba X (an m,) simboloTi da
igi aigeba Semdegi wesiT:
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X = X(n/2) + X((n/2)+1)

X = X412y » FOCA n kentia, da .roca n luwia.

amrigad, medianis mosaZebnad saWiroa Semdegi nabijebi: I. davalagoT ne -
dli monacemebi zrdadobis mixedviT (avagoT variaciuli mwkrivi) da Il. Sevar -
GoT (an avagoT) Suawertili. rogorc vxedavT, medianis mosaZebnad saWiroa
variaciuli mwkrivis ageba (gansxvavebiT saSualos moZebnis SemTxvevisagan),
rac dakvirvebaTa didi raodenobis dros garkveul siZneleebTanaa dakavSi re -
buli.

magaliTi 7. gvemoT moyvanilia Svidi samxedro axalwveulis wona (funt -
ebSi, 1 funti = 453,6 grami):

180, 201, 220, 191, 219, 209, 186.

ipoveT mediana.

amoxsna.

nabiji 1. davalagoT monacemebi zrdadobis mixedviT:

180, 186, 191, 201, 209, 219, 220.
nabiji 2.  SevarCioT Suawertili. vinaidan n=7, amitom mediana igneba

X=Xz Kay 201
magaliTi 8. aSSSi rva wlis ganmavlobaSi momxdari tornadoebis raod -
enobebia:
684, 764, 656, 702, 856, 1133, 1132, 1303.
ipoveT mediana.
amoxsna. variaciuli mwkrivi igneba:
656, 684,702, 764, 856, 1132, 1133, 1303.

vinaidan Suawertili mdebareobs 764 -sa da 856 -s Soris, amitom medianas vpou -
| obT am ori mniSvnelobis SekrebiTa da 2 -ze gayofiT:
+ Xy X +
¥ = er2) 2X«8/2)+1) _ (4)2 (5) 1642856 810,

e. i. tornadoebis raodenobis medianaa 810.
moviyvanoT medianis Tvisebebi:
I. SerCevis media na warmoadgens Semdegi gantolebis amoxsnas:

a sign(x- ¥ 9,
i=1
sadac signx=1, Tu x>0; sign0=0 da signx= 4, Tu x<O0.
Il. nebismieri a ri cxvisaTvis adgili agvs utolobas:
alx-x/ealx al
i=1 i3
lll. Tu arsebuli X, ..., % monacemei dan gadavalT axal z=ax H, ...
, Z, = ax, b monacemebze (sadac a da b namdvil ricxvTa nebis mieri wyvilia),

masin: z=ax +h.
magaliTi 9. davubrundeT saSualoze me -5 magaliTis monacemebs dawar m
ovadginoT isini variaciuli mwkrivis saxiT:

X =26, X2y = 26, X3) =28, X4y =29, Xs) =30, X6) =32, X7) =109.
masin, vinaidan n=8 kentia, mediana igneba X=Xy, X, 29. gavixsenoT, rom

saSualo iyo x=40. saidanac Cans, rom mediana am magaliTSi ukeT aRwers ti -
po briv Semosavals, vidre saSualo.
movaxdinT axla dakvirvebaTa cvlileba da SevxedoT rogor iqceva saS -

ualo da mediana. vTqvaT, dakvirveba X7 =109 SevcvaleT 200 -iT. maSin Secvli -

li monacemebisaTvis mediana darCeba igive x =29, xolo saSualo wainacvlebs
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didi dakvirvebi s (200-is) mimarTulebiT x=53. amdenad, mediana mdebareobis
uf ro mdgradi maxasiaTebelia, vidre saSualo.
vTqvaT, axla dakvirveba X2 =26 SevcvaleT 300 -iT. maSin axali monace me
bis variaciuli mwkrivi igneba:
Xy =26, X5 =28, X5 =29, X4 =30, Xg =32, X4 =109, X, =300.

am SemTxvevaSi mediana icvleba mxolod erTi erTeuliT X=X, =30, maSinro -

d esac saSualo kvlav mkveTrad izrdeba X =78.85. rac isev metyvelebs media n-
is, rogorc centris maxasiaTeblis mdgradobaze.
medianas gaaCnia kidev erTi sasargeblo Tviseba: medianis gamosaTvle | -

ad saWiroa variaciuli mwkrivis mxolod SuaSi moqceuli individis (Tu n
kentia) an ori Sua individis (Tu n luwia) gazomva.

mediana gansakuTrebiT mniSvnelovan informacias iZleva maSin, roca mo -
c emul SerCevaSi dakvirvebebis SedarebiT mcire raodenoba mniSvnelovnad ga-
nsxvavdeba danarCeni simravlisagan. magaliTad, mosaxleobis garkveuli jgu f-

is Semosavlebis ganawilebis monacemebSi mediana mosaxleobis am jgufis cxo -
vrebis donis ufro azrian suraTs iZleva, vidre saSualo (romelzedac did
gavlenas axdens erTi individis Semosavali).

Tumca es ar unda gavigoT ise, rom medianas yovelTvis unda mie ni Wos
upi ratesoba saSualosTan SedarebiT. saSualo gamoiTvleba yve la monacemis
meSveobiT (yvela monacemis sididis gaTvaliswinebiT) da Seicavs met informa -
ci as, vidre mediana, m isi mgrZnobiaroba ki xSir Sem TxvevaSi mas mocemuli Se -
r Cevis karg maxasiaTeblad aqcevs. saSu alo SeiZleba gamoyenebul ignas rog -
orc sazomi, romelic asaxavs, Tu saSualod ra sididisaa SerCevis elemente -

bi. ori sxvadasxva jgufis elementebis Sedarebis mizni T Cveulebriv, pirvel
rigSi, adareben maT ariTmetikul saSualoebs.
magaliTi 10. mocemulia ori A da B firmis Semosavlianoba (pro cente -

bSi) bolo 10 wlis ganmavlobaSi:
frma A: 8.3, -6.2,20.9,-2.7, 33.6, 42.9, 24.4, 5.2, 3.1, 30.5;
frma B 12.1, 6.4,12.2, 27.8, 25.7, 18.2, 10.71.3, 11.4;2.8.

Tu gamovTVIiT saSualoebs A da B firmebis SemosavlianobebisaTvis, mivi R-
ebT:
Xa=16% da xs =12%.
am ori saSualos Sedareba gvaZlevs safuZvels davaskvnaT, rom A firm -
is Semosavlianoba saSualod ufro maRalia, vidre B firmisa (Semdgomi ana -
| izi ki warmoebs sxva maxasiaTeblebis saSualebiT).
xSirad monacemTa simravle sakmaod didia da is mocemulia six Sire Ta

cxri lis saSualebiT.

magaliTi 11. gamovTvaloT mediana melO klaseli 204 moswav lis Zmebisa
da debis ricxvis z emoTmoyvanili sixSiruli cxrilis mixedviT.

amoxsna. medianis moZebnis tradiciuli meTodi gulisxmobs variaciuli
mwekrivis Sedgenas da misi Sua monacemis povnas. am SemTxvevaSi unda gavamwk -

rivoT erT stri gonSi 36 cali 0, Semdgom 94 cali 1 da a. S. bolos 1 cali 6,
mowZebnoT boloebidan Tanabrad daSorebuli %3 204 =102-e da 103-e mniSvnelo -
bebi da gamovTvaloT maTi saSualo ariT metikuli. gacilebiT martivi meTodi

mdgomareobs imasSi, rom sixSiruli ganawilebis cxrils davamatoT dagrovi -
li sixSireebis sveti, rogorc es qvemoTaa gakeTebuli:
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Zmebisa da debis sixSire dagrovili
raodenoba sixSire
0 36 36
1 94 130
2 48 178
3 15 193
4 7 200
5 3 203
6 1 204
sul: 204
am cxrilidan Cven SegviZlia advilad davinaxoT, rom roca Cven Ca valT
0-ebis boloSi, Cven jer kidev ara varT miRweuli 102 -e mniSvndo basTan, mag -
am Zianebis boloSi Cven ukve mivaRwieT 130 -e mniSvnelobasTan, rac imas niSn -

avs, rom rogorc 102  -e, ise 103 -e mniSvneloba 1 -iania da Sesa bamisad, mediana is -
ev l-iania.
uwyveti tipis monacemTa didi masivebis SemTxvevaSi, rogorc wesi, Cven

xSi rad mocemuli gvaqvs ara konkretuli monacemebi, aramed erT maeTl Tan ax | -
os myofi dajgufebuli monacemebi (Sesabamisad, konkretuli mni Svnelobebi
dakargulia). am SemTxvevaSi Cven a r SegviZlia zustad da vadginoT mediana,
mag am SegviZlia SefasoT igi.
magaliTi 12. ganvixiloT CDdiskebis sakmaod didi rao denobis Cana weris
xangrZlivobis (wuTebSi) sixSiruli ganawilebis zemoTmoyva nili cxrili da
SevafasoT Canaweris xangrZli vo bis mediana.
amoxsna. sixSiruli gana wilebis cxrils davamatoT dagrovili sixSire -
ebis sveti, rogorc es gvemo Taa gakeTebuli:
Canaweris intervalis dagrovili
xangrZlivoba, sazRvrebi sixSire sixSire
X (WT)
40-44 39.5¢ x <44.f 1 1
45_49 44.5¢ x <49.f 7 8
50_54 49.5¢ x <54.F 12 20
55_59 54.5¢ x <K69.! 24 44
60_64 59.5¢ x <64.t 29 73
6569 64.5¢ X <69.t 14 87
70_74 69.5¢ x <74.t 5 92
75_79 74.5¢ x <79.t 3 95
sul: 95
medianis Sefaseba SesaZlebelia dagrovil sixSireTa diagramis (og i vas)
saSualebiT _ abscisTa RerZze gadavzomoT Canaweris xangr Zli voba, ordi nat -
Ta RerZze ki dagrovili sixSireebi (dagrovili sixSi ris mniSv neloba gadai -
z omeba intervalis zeda sazRvris gaswvriv), avagoT ogiva da movZebnoT dagr -
ovili sixSireTa RerZze iseTi wertili, romelic Suaze yofs erTobliv si X-
Sires. am SemTxvevaSi es aris %3 95 =47.5. am wertil is Sesabamisi abscisa ki
ig neba medianis Sefaseba (ordinatTa RerZis 47.5 -is Se sabamisi wertilidan vav -
lebT horizontalur xazs grafikis gadakveTa mde da vpoulobT am ga  dakveTis
wertilis Sesabamis abscisas _ vuSvebT marTobs abscisTa RerZze), vinaidan
Canaweris xangrZlivobis daaxlo ebiT naxevari igneba masze naklebi da daaxl -

0 ebiT naxevari ki masze meti. Cvens SemTxvevaSi medianis Sefaseba gamova 60.
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dagrovili

sixSire
100 +
80 —+
60 T
40 T
20 T
0 +\A i T i i >
40 50 60 70 80  xangrZlivoba (WT)

amrigad, imisaTvis rom vipovoT dajgufebuli monacemebis mediana, da gr -

o vili sixSireebis grafikis saSualebiT, unda movzebnoT dakvir vebul monace -

nia diapazonSi iseTi mniSvneloba, romelic Seesabameba im dag rovil sixSi r-

es, romelic erToblivi sixSiris naxevris tolia.
amocanebi

1. ipoveT mediana gvemoTmoyvanili 20 studentis masi saTvis (funtebSi):
118 147 146 138 175 118 155 146 135 127
136 122 114 140 106 159 127 143 153 139
2. ipoveT Semdeg masebis mediana:
6.6kg 3.2kg 4.8kg 7.6kg 5.4kg 7.1kg 2.0kg 6.3kg 4.3kg
masebis am simravles daumates 6.0kg. ra igneba 10 masis mediana?
3. gamoTvaleT monacemTa Semdegi simravleebis medianebi.
a) qalgis quCaze gazomili 20 avtomobilis siCqare km/sT -ebSi:
41 15 4 27 21 32 43 37 18 25
29 34 28 30 25 52 12 36 6 25
b) tegnikuri momsaxurebis sadgurSi 17 avtomobilis SekeTebaze da xar -
juli dro sT -ebSi
09 10 21 42 0.7 11 09 18
0912 23 16 2.1 03 08 27 04
4. ipoveT Kklinikis 45 pacientis sisxISi hemog lo binis donis mediana, Tu ga -
zomvis Sedegebia:
9.1 10.1 10.7 10.7 109 11.3 11.3 114 114 114 11.6 11.8 12.0 12.1 123
12.4 12.7 129 13.1 13.2 13.4 13.5 13.5 13.6 13.7 13.8 13.8 14.0 14.2 14.2
14.2 14.6 14.6 14.8 14.8 15.0 15.0 15.0 15.1 154 15.6 15.7 16.2 16.3 16.9

5. 2006 wlis 360 dRis ganmavlobaSi momuSave supermarketis dRiuri nava Wis
Canawerebi (gazomilil 0 000 larebSi) ase gamoiyureba:
navaWri, X X<2 2¢x 3 3¢x 4 4¢x 5
dReTa ricxvi 15 27 64 72
navaWri, X 5¢x 6 6¢x < 7¢x 8 8¢x 9
dReTa ricxvi 86 70 16 10
SeafaseT dRiuri navaWris mediana.
6. qvemoT moyvanilia 80 aalebadi nivTierebis dalagebuli aal ebis dro (wa -
mebSi):
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121414 151516 17 18 1.8 19 21 22 23 25 25 25

25 26 2.7 2.8 3.1 3.2 35 3.6 3.7 3.8 3.8 3.9 3.9 40 4.1 4.2

43 45 45 46 47 47 48 4. 951 51515252535455

56 5.8 59 59 6.0 6.3 64 64 64 6.4 6.7 6.8 6.8 69 7.3 7.4

74 76 79 80 86 88 88 9.2 94 96 9.7 9.8 106 11.2 11.8 124

a) daajgufeT monacemebi 8 Tanabari s igrZis klasad (daiwyeT 1.0_2.4 -dan)

da SeadgineT dajgufebuli sixSireebis cxrili. aageT sixSir eTa
histograma. ras gviCvenebs histograma?
b) dajgufebuli sixSireebis cxrilis mixedviT aageT dagrovili si X-

Sireebis diagrama da SeafaseT mediana.
d) pirdapiri gziT moZebneT monacemebis zusti mediana da ipoveT
gansxvaveba masa da medianis Sefasebas Soris.

7. qvemoT moyvanilia  CDdiskebis mwarmoebel kompaniaSi 100 dRis ganmav | obaSi
dakvirvebuli defeqturi diskebis dajgufebuli sixSiruli gana wile bis
cxrili:

defeqturi diskebis
raodenoba 0.9 10_19 20_29 30_39 40_49 50_59
dReebis ricxvi 5 8 19 37 22 9
SeafaseT defeqturi diskebis mediana.

centraluri tendenciis mesame sazoms warmoadgens moda (mode).
moda warmoadgens im mniSvnelobas SerCevidan, romelic yvelaze xSirad
gvxvdeba. zogjer amboben, rom moda aris yvelaze tipiuri SemTxveva. monace m
Ta simravles SeiZleba hgondes erTi moda, erTze meti moda an saerTod ar
hgondes moda. vnaxoT magaliTebis mixedviT.
magaliTi 12. qvemoT moyvanilia aSS -is mravaljeradi gamoyene bis kosmo s-
uri xomaldis frenis xangrZlivoba (dReebSi) 1992 94 wlebSi:
8,90914,8,8,10,7,6,9, 7, 8, 10, 14, 11, 8, 14, 11.
vipovoT moda.
amoxsna. modis mosaZebnad sasargebloa (moxerxebulia) monacemebis dal -
ageba zrdis mixedviT, Tumca es ar aris aucilebeli:
6,7,7,8,8,8,8,8,9,9,9, 10, 10, 11, 11, 14, 14, 14.

vinaidan 8 -dRiani frena moxda 5  -jer (8 -is sixSire ufro didia vidre nebismi e-
r sxva ricx vis), amitom am monacemebis moda aris 8.
magaliTi 13. ipoveT samxreT -dasavleT pensilvaniis 10 SerCe ul sagrafo -

Si qvanaxSiris mopovebaSi dasagmebuli muSaTa ricxvis moda. es monacemebia:
110, 731, 1031, 84, 20, 118, 1162, 1977, 103, 752.

amoxsna. vinaidan yvela mniSvneloba gvxvdeba mxolod erTxel, ag moda
ar arsebobs.

SeniSvna: ar unda vTqgvaT, rom moda aris nuli. es igneba arakoreqtuli,
vi naidan monacemTa zogierTi simravlisaTvis (magaliTad, rogoricaa tem pera-
tu ra) nuli SeiZleba aRmoCndes faqtiuri (realuri) mniSvneloba.

magaliTi 14. Semowmebul (gazomil) igna 11 sxvadasxva avtomob ilis samu -
xruWe manZilis sidide, roca isini moZraobdnen 15 mili/ saaTSisiCqgariT.vip o0-
voT moda, Tu miRebuli iyo Semdegi monace méi:

15, 18, 18, 18, 20, 22, 24, 24, 24 26, 26.

amoxsna. vinaidan 18 da 24 orive gvxvdeba magsimalur ricxvjer L 3jer,
amitom moda aris 18 da 24. am SemTxvevaSi amboben, rom monacemTa simravile
aris  bimodaluri

SeiZleba ise moxdes, rom SerCevasSi iseTi mniSvneloba, romelic yvela -
ze xSirad gvxv  deba ar aRmoCndes. am SemTxvevaSi SeiZleba vilaparakoT e. w.
modalur intervalze , romelic ase ganimarteba: Tu agebuli gvaqvs ase Tu ise
misaRebi histograma (anu histograma, romelic adekvaturad aRwers monacemTa
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sixSirul ganawilebas), maSin modaluri intervali ewodeba im intervals,
ro melsac Seesabameba histogramis magsimaluri mniSvneloba, anu modaluri
in tervali aris is intervali, romelSic moxvda monacemTa yvelaze didi ra 0-
d enoba. garkveulobisaTvis, modas uwodeben modaluri intervalis Suawert -
ilIs. Tu SerCevis moculoba didia, maSin swored monacemTa dajgufebas da
madaluri intervalis moZebnas amjobineben.

gasagebia, rom modis (modaluri intervalis) moZebna sakmaod rTulia.
im intervalis miTiTeba, sadac moxvda monacemTa magsimaluri raodenoba, dam -
okidebulia imaz e, Tu rogor davajgufebT monacemebs, kerZod, imaze Tu ra

si grZis intervalebad davyofT intervals ( X Xnax ) S€Sabamisad, modaluri
intervalis dadgenas Tan axlavs yve la is siZnele, rac dakavSirebulia his t-
ogramis agebasTan.
magaliTi 15. vipovoT modaluri klasi kviris ganmavlobaSi SemTxveviT
SerCeuli 20 morbenalis mier garbenili manZilebis six Siruli ganawilebis
cxrilis mixedviT:
klasis sazRvrebi sixSire

5.5 10.5 1

10.% 15.5 2

15.% 20.5 3

20.% 25.5 5

25.% 30.5 4

30.% 35.5 3

35.% 405 2

n=20

amoxsna. modaluri klasi igneba klasi 20.5_25.5, vinaidan mas aqvs yvela -
ze didi sixSire. rogorc zemoT iyo aRniSnuli, zogjer modas uwodeben mo -
daluri klasis Suawertils. Sesabamisad, modad SeiZleba miCneul ignes
(20.5+25.5)/2=23 milis garbena kviraSi.

moda aris erTaderTi centraluri tendenciis sazomebidan, romlis gam -
oyenebac SeiZleba saxeldebiTi an kategoriuli monacemebisaTvis, vinaidan,

cxadia rom kategorizebuli monacemebisaTvis saSualosa da medianis gamo ye-
neba uazrobaa, xolo moda ki iZleva sasargeblo infor macias yvelaze tipi u-
r SemTxvevis gamosavlenad.
magaliTi 16. studentebSi Catarebul igna gamokiTxva imis Ses axeb Tu ra
sfe roSi apirebdnen isini moRvaweobas swavlis dasrul ebis Semdeg. miRebul
iq na sixSireTa ganawilebis Semdegi cxrili:
moRvaweobis sfer o sixSire
biznesi 1425
humanitaruli mecnierebebi 878
kompiuteruli mecnierebebi 632
ganaTleba 471
saxelmwifo struqturebi 95
amoxsna. vinaidan yvelaze maRali sixSiris mgone kategoriaa biznesi, am -
it om yvelaze tipiuri dasagmebis sferoa biznesSi dasagmeba.

monacemTa ganlagebis centris samive maxasiaTebeli: saSualo, mediana
da moda warmoadgens populaciis Sesabamisi maxasiaTeblebis: saSualos, medi -
anisa da modis SerCeviT analogebs. albaTobis TeoriaSi mtkicdeba, rom SerC -
evis moculobis zrdisas Ser Cevis ricxviTi maxasiaTeblebi ikribeba (uaxlo V-
deba) populaciis analogiur maxasiaTeblebs. agedan gamomdinare, SerCeviTi
maasiaTeblebi SeiZleba CaiTvalos populaciis maxasiaTeblebis Sefasebad

da gamoyenebul ignas am ukanasknelis Sesaxeb statistikuri daskv nebis misaRe -
bad.

cxadia, rom saSualo, mediana da moda xSirad sxvadasxva infor maias
iZleva. roca mocemulia centris maxasiaTebeli, mniSvnelovania vi co deT is
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saSualoa, mediana Tu moda. roca Cven viTVIiIT centris maxa siaTebels, mniSv -
nelovania  SevarCioT is maxasiaTebeli, romelic yvelaze ufro tipiuria mo C-
emul SemTxvevaSi.

magaliTi 17. qalaggareT mcxovreb adamians samsaxurSi wasasvlelad Se -

uZlia isargeblos ori marSrutiT: marSruti X da marSruti Y . man gadaww-
ita Seadaros mgzavrobaze daxarjuli droebi TiToeuli marSru ti saTvis. man
daalaga 10 momdevno samuSao dRisaTvis mgzavrobaze daxar ju li droebi (wu -
T ebSi) TiToeuli marSrutisaTvis da miiRo Semdegi su ra Ti:

marSruti X 53 52 48 51 49 47 42 48 57 53
marSruti Y 43 41 39 108 52 42 38 45 39 51

gamoTvaleT saSualo da mediana TiToeuli marSrutisaTvis. romeli maxa siar-
ebelia ufro moxerxebuli am marSrutebze mgzavrobis droebis Sesa darebl -
ad?

amoxsna. X da Y marSrutebis saSualo igneba Sesabamisad:

10 10
x=(4 x)/10=500/10=50 da y=(g y,)/10=498/10=498.
i=1 i=1
medianebis mosaZebnad davalagoT monacemebi zrdadobis mixedviT:
marSruti X 42 47 48 48 49 51 52 53 53 57
marSruti Y 38 39 39 41 42 43 45 51 52 108
vinaidan monacemTa raodenoba 10 -is tolia, mediana igneba me -5 da me-6 mo-
nacemebis saSualo ariTmetikuli. amitom X da Y marSrutebis mediana igneba
Sesabamisad:
(49+51)/2=50da (42+43)/2=425.

rogorc vxedavT, X marSrutis mediana da saSualo erTidaigivea, xo lo
Y marSrutis SemTxvevaSi saSualo metia medianaze, rac gamowve ulia erTi uC -
veulod didi monacemiT (kerZod 108 wuTis toli mgzavro bis droiT). es araC -
veulebrivi (amovardnili) mgzavrobis dro savaraudod gan pirobebulia cu di
amindiT an avtosagzao SemTxveviT da araa tipiuri. amitom mgzavrob is drois
Sefasebisas ukeTesia visargebloT medianiT, ra mdenadac igi ar ganicdis am
ti pis amovardnebis zemogmedebas. Sesabami sad, Y marSruti 42.5 wuTis toli me -
dianiT ufro swrafia, vidre X marSruti 50 wuTis toli medianiT.

amocanebi

1. miuTiTeT romel ganawilebas agvs moda an modaluri klasi:
ayx 0 1 2 3 4 b) x, 70 75 80 85 90

ff. 7 4 2 5 1 f, 7 7 7 7 7
g x 234567891011
ff. 7 4 2 5 1
d) Tvalis
feri cisferi Taflis feri mwvane
f 23 39 3
2. centraluri tendenciis romeli maxasiaTebeliT sargebloba igneba uf ro
mizanSewonili gvemoTmoyvanil situaciebSi:
a) fexsacmlebis maRaziis menejers surs SeukveTos sxvadasxva zom is
fexsacmeli.
b) qalaqis sakrebulos surs dagegmos axali skolis mSenebloba.
imisaTvis, rom Seafasos moswavleTa raodenoba, is ikvlevs erTna iri

moculobisa da mdgomareobis ojaxebs.
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g) ivane regularulad mgzavrobs Thilisidan gorSi da aR r i cxavs

mgzavrobis dros. mas surs Seafasos momavali mgzavrobis dro.
3. uZravi gonebis agentma gaakeTa Semdegi gancxadeba: mimdinare TveSi sax -
lebis daaxloe biT 60% gaiyida ufro Zvirad, vidre saSualao gasayidi fa sia.
ganixileT am mtkicebulebis SesaZlo marTebuloba da ra igulis xmeba
AsaSual 0Si 0.
4. miuTiTeT gvemoTCamoTvlilTagan romel sidides egneba asimetriuli an da -
axloebiT simetriuli ganawileba

a) mdedrobiTi sgesis unlver5|tet|s studentebis simaRle.

b) maraTonul SejibrebaSi monawileTa sirbilis dro.

g) advil gamocdaze studentebis mier miRebuli qulebi.

d) biblioTekis wignebis gverdebis raodenoba.
5. gvemoT moyvanilia 32 moswavlis mier 8 kiTxvian maTematikur testSi mi R-
ebuli qulebi:
swori pasuxebis

raodenoba 0 1 2 3 45 6 7 8
moswavleTa
raodenoba 1 2 1 4 4 6 7 4 3

a) ipoveT swori pasuxebis raodenobis saSualo, mediana da moda.

gaakeTeT medianisa da modis interpretacia maTematikuri testis

konteqstSi.

b) daaxasiaTeT ganawilebis moxazuloba.

Tavi lll
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monacemTa gafantulobis sazomebi

statistikaSi, imisaTvis rom zustad (adeqvaturad) aRvweroT monacemTa

simravle, statistikosma unda icodes ufro meti, vidre centraluri tenden C-
i is sazomebia. Cven SeviswavleT monacemTa centraluri tendenciis (anu mona C-
emTa centris mdebareobis) sami ricxviTi maxasiaTebeli: SerCeviTi saSualo,

SerCeviTi mediana da SerCeviTi moda. gasagebia, rom es sami maxasiaTebeli

sru lad ver warmoadgens monacemTa simravlis Tvisebebs. meore etapze, buneb -
r ivad ibadeba kiTxva ramdenad tipiuria monacemTa centris maxasiaTebeli ke -
r Zod, saSualo, monacemTa mTeli simravlisaTvis? rogoria monac emTa gafan-
tu loba saerTod da konkretulad ki saSualos mimarT? rogoria monacemTa
cvalebadobis xarisxi da ra sidideebiT SeiZleba misi daxasiaTeba?
magaliTi 1. davuSvaT, rom mocemulia monacemTa ori mwkrivi:

A 8 9 10 10 13

B 1 5 10 16 18.
gamovTvaloT TiToeulis saSualo. gvaqvs:

Xa=(8 9 %0 16 13)/5 lida xs=(1L 5 0 16 18)/5 1.

aRmoCnda, rom orive monacems aqvs erTi da igive saSualo, mag ram cxa -
dia, rom B mwkrivis elementTa cvalebadoba ufro Zlieria, vidre A mwkri-
vis elementebis. A mwkrivis elementebi ufro mWidrod arian Tavmoyrili (ko -
ncentrirebuli) saSualos irgvliv, vidre B mwkrivis elementebi.

xSir SemTxvevaSi, TvaliT SemCneva imisa, Tu romeli mwkrivis cva leba -
do ba ufro didia, sakmaod Znelia (magaliTad, monacemTa di di raodenobis
dros). amitom aucilebelia cvalebadobis anu gafantulo bis sazomebis Semo -
Reba, e. i. iseTi ricxviTi maxasiaTeble bis SemoReba, romelic saSualebas mo -
gvcems SevafasoT monacemTa ga bnevis xarisxi.

monacemTa gafantulobis erT -erTi umartivesi ricxvi Ti maxasi aTebelia
gabnevis diapazoni ( range), romelic warmoadgens SerCevis maqgsimaluri (udide -
si) da minimaluri (umciresi) mniSvnelobebis sxvaobas. sxva sityvebiT t gabne

vis diapazoni warmoadgens variaciuli mwkrivis ukanaskneli da pirveli wevr -
ebis sxv aobas, Tumca gabnevis diapazonis dasadgenad ar aris aucilebeli (ub -
r alod moxerxebulia) variaciuli mwkrivis Segmna (monacemebis dalageba

zrda dobis mixedviT). gabnevis diapazoni aRiniSneba R asoTi. Sesabamisad, Tu

X,...,X, mocemuli n moculobis mgone SerCevaa (xolo Xays-1Xn Ki £ Sesabamisi

variaciuli mwkrivi), maSin:

R=maxx -minx 6
1¢i¢1)§ TG KO

sadac xn; Taxx (0 :miﬂnx) -- magsimaluri (Sesabamisad, minimaluri) sididis
minacemia.

zemoT moyvanil magaliTSi monacemTa A mwkrivis gabnevis diapazoni
aris R,=13 £ 5=8, xolo B mwkriviski t R;=18 £ 1=17.

monacemTa gabnevis diapazoni gamoTvlisa da interpretaciis simartivis
gamo farTod gamoiyeneba iseTi amocanebis gadawyvetisas, sadac gamoTvlis
si swrafesa da martiv Sinaars gadamwyveti mniSvneloba eniWeba. magaliTad, xa -
r is xis kontrolis sferoSi. sxva SemTxvevebSi ki am maxasiaTeblis mimarT wa -
r moiSoba seriozuli problemebi. gabnevis diapazonze did gavlenas axdens
iSviaTi an e. w. amovardnili dakvirvebebi. magaliTad, davuSvaT, rom Cven ro -
nelime regionSi vawarmoebT SerCev as mamakacTa simaRlis ganawilebis SerCev
IS mizniT. vTgvaT, am regionSi cxovrobs mamakaci, romlis simaRlea 210 sm.
cxadia, rom Tu SerCevaSi SemTxveviT aRmoCndeba es mamakaci (rac iSviaTi
xdo milebaa), gabnevis diapazoni ufro didi igneba, vidre im SemTxv evasSi, roca

32



mis nacvlad SerCevaSi moxvdeba sxva tipiuri simaRlis mgone mamakaci. analo -
gi uri suraTi SeiZleba gvgondes mosaxleobis Semosavlebis ganawilebis Sesw -
avlisas, rodesac gansakuTrebiT didi Semosavlebis mgone adamiani aRmoCnde ba
(iSviaTi xdomile ba) Cvens SerCevasSi.

Semdegi magaliTi gviCvenebs, rom erT eqstremalurad maRal (sxva SemTx -
vevaSi SeiZleba egstremalurad dabal) monacemis mniSvnelobas SeuZlia mniSv -
nelovani gavlena moaxdinos gabnevis diapazonze.

magaliTi 2. gvemoT moyvanilia erT  -erTi w armoebis muSakTa wli  uri Sem -
o savali dolarebSi.

Tanamdeboba Semosavali
mepatrone 100 000
menejeri 40 000
gayidvebis agenti 30 000
| Tanrigis muSa 25 000
Il Tanrigis muSa 18 000
[l Tanrigis muSa 15 000

ipoveT gabnevis diapazoni.

amoxsna. Gabnevis diapazoni  R=100000 - 15000 =850(.

SerCevis gabnevis diapazonis, rogorc monacemTa gafantulobis sazomis
mTavari nakli isaa, rom is ar Seicavs informacias imis Sesaxeb, Tu rogoraa
gabneuli danarCeni (saSualedo) monacemebi magsimalur da minimalur mniSvne -
| obebs Soris. SesaZloa es monacemebi grovdebodnen saSualo mniSvnelob asT -
an, an eqstremaluri mniSv -nelobebis maxloblobaSi, an Tanabrad iyvnen ganaw -
i lebuli maT Soris da sxva. saSualedo monacemebis ganlagebisa da Sesabam i -
sad, maTi gafantulobis Sesaxeb informacias iZ| eva e. w. procentilebi ( per-
certtiles).

procentilebi erTdroulad warmoadgens monacemTa ganlagebisa da maTi
gafantulobis sazoms. vTgvaT, P raime ricxvia, moTavsebuli O -sa da 100 -s So -
ris 0<p <00. monacemTa simravlis P rigis procentili (ubralod P -proc -

ertili. ) ewodeba iseT  xp, mniSvnelobas (sidides), romelsac gaaCnia Semdegi
Tvi seba: manacemTa araumetes P %-isa naklebia Xp-ze da araumetes (100 -P)%-
isa metia  Xxp-ze.

miRebulia P ricxvis warmodgena P=100 & saxiT, sadac 0<a <. magal -
iTad, Tu P=10s, maSin g=0.1, Tu P=25s, maSin a=0.25. Am SemTxvevaSi P -

pro centilis gansazRvreba ase gamoiTgmis: X, iseTi ricxvia, rom erTdrou I -
ad unda sruldebodes Semdegi ori utoloba:

N{x: x<>x¢ @&n, N{x:x>x} @ & n,
sadac N{x: O} simboloTi aRniSnulia im dakvirvebebis raodenoba, romelTa T-
visac sruldeba ori wertilis Semdeg moTavsebuli Tviseba. P =100 & procen -
tili aris a -kvantilis ( F ganawilebis  a -kvantili X, ganimarteba Semdegna-
irad: x, =min{x: (X 2a} ) SerCeviTian alogi.

simartivisaTvis, gvemoT Cven vigulisxmebT, rom variaciuli mwkri Vi mka-
crad zrdadi mimd  evrobaa: X, <X, < O&/(.

SeniSvna. Tu variaciul mwkrivSi monacemebi meordeba, nacv lad raode -
nobisa N{x :Xx < xp } (Sesabamisad, N{x :x > X, }) unda daviTvaloT ra odenoba
im poziciebis, romelic moTav sebulia Xp-IS poziciix mar cxniv (Sesabamisad,
marjvniv)). am SeTanxmebis gaTvalis  winebiT, procen tilis cneba advilad gavr -

celdeba dajgufebuli mo nacemeis SemTxve vaSi.
advili misaxvedria, rom mediana warmoadgens 50 -procentils.
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Tu P=100 &, maSin medianis analogiurad P -procentilis ( Xp-S) ga-
mosaTvleli gamosaxuleba igneba:

Xp = Xy » FOCA  NA ar aris mTeli ricxvi, da

+
Xp :M, roca na mTelirricxvia

(ukanasknel SemTxvevasSi, iseve rogorc medianis dros, P -procenti li calsa X-
ad ar ganimarteba. mis rolSi SesaZlebelia aviRoT ne bi smieri ricxvi
(Xnay» Xnays)  INtervalidan. amitom Tanxmdebian, rom P-pro centi li  vuwodoT
am intervalis Suawertils).

magaliTi 3. Tu mocemulia n=15 moculobis mgone SerCeva, da P =10, ma

Sin  a =0.1. Sesabamisad, na =1.5 davinaidan na ar aris mTeli ricxvi, xolo
misi mTeli nawilia [1.5] = 1, amitom zemoT moyvanili formulis Tanaxmad:

X10 = X5, anu 10 -procentili var iaciuli mwkrivis meore wevris tolia. marT -
lac,
N{x:x<x) & & 15 da N{x:x>x} 8 4 a 135,

magaliTi 4. Tuki n=20, P=10, maSin a=0.1, na=2 -- mTeliric xvia
da isev zemoT moyvanili formulis Tanaxmad:

+
w0 = 21 X ,
2
anu 10-procentili aris [X2) Xs] intervalis Sua wertili. am SemTxve vasSic

N{x: x<x¢d 2 wm da N{x:x>x¢ ¥ € a).
amocanebi

1. ipoveT gabnevis diapazoni da25  -procentili (I kvartili) Semdegi simrav -
le ebisaTvis:
a 7 9 12 13 8 11
by 7 8 22 20 15 18 19 13 11
2. ipoveT gabnevis diapazoni da 75 -procentili (Il kvartili) 20 studentis
maebisaT vis:
106 114 118 118 122 127 127 135 136 138
139 140 143 146 146 147 153 155 159 175

3. SeafaseT 25 -procentili da 75 -procentili CDdiskebis Canaweris xangrZli -
vobis (wuTebSi) zemoTmoyvanili sixSiruli ganawilebis cxrilidan.

3. ipoveT gabnevis diapazoni da 45 -procentili mona cemTa Semdegi erToblio -
bebisaTvis:

a7 4 14 9 12 2 19 6 15

b) 76 48 12 69 48 7.2 81 103 48 6.7
5. 50 kviris manZilze akvirdebodnen garkveuli danadgaris muSaobas da af -
igsirebdnen mis kviraSi dazianebaTa raodenobas. miRebul igna Semdegi
monacemebi:

dazianebaTaricxvi 0 1 2 3 4 5 6

kviraTa ricxvi 2 12 14 8 8 4 2
a) ipoveT gabne vis diapazoni da 35 -procentili
b) ipoveT kviraSi danadgaris dazianebaTa ricxvis 95 -procentili.

rangebi da procentuli rangebi
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davuSvaT, rom mocemulia n moculobis gansxvavebuli mniSvne lo bebis
mgme SerCeva x,...,%,,sadac  x, x,Tu i, j,e.i arcerTimni Svneloba ar me -

ordeba. SevadginoT variaciuli mwkrivi (davalagoT monacemebi zrdis mixedv -
iT):

Xy <Xz < OQf.
x dakvirvebis  rangi ( rank) ewodeba am dakvirvebis nomers variaciul
mwkrivSi (igi warmoadgens monacemTa poziciis erT -erT maxasiaTebels). sxva
si t yvebiT rom vTqvaT, x-S rangi ewodeba iseT mTel ricxvs r., romlisTvisac
sruldeba toloba:
Xy =% -
sinamdvileSi X dakvirvebis rangi r. aris im dakvirvebebis ra o d enoba,
romlebic ar aRematebian x dakvirvebas:
n=N{x:x ®¢,
amasTanave gasagebia, rom magsimaluri dakvirvebis r angi daemTx veva Ser -

Cevis moculobas.

magaliTi 5.  ganvixiloT Semdegi monacemebi: 56,2,7,9,8,10 daTi Toe
ul maTgans mivuweroT Tavisi rangi.

amoxsna. variaciuli mwkrivi aris: 2, 5, 6, 7, 8, 9, 10. amitom X, =5-is rangi
igneba r, =2 (dakvirvebas 5 ar aRemateba ori dakvirveba: 2 da 5); X, =6-isran -

gia r,=3 (dakvirvebas 6 ar aRemateba sami dakvirveba: 2, 5 da 6) da a. S. sabo -

| ood monacemTa mocemuli simravle qveS miwerili rangebiT ase gamoiyureba:
56 27 9 8 10

T T T 7T T 7

2314657
magaliTi 6. monacemebia: 18, 13, 15, 12, 16, 20. mivuweroT rangebi. gvaqvs:
18 13 15 12 16 20
523146
aRsaniSnavia, rom rangebi invariantulia (ar icvieba) monacemTa nebis mi-

eri gadalagebis mimarT. Tu am magaliTis monacemebs davalagebT sxva Tanmim -
devrobiT, magaliTad, Semdegnairad: 15, 20, 12, 18, 13, 16, maSin rangebi igneba

15 20 12 18 13 16

361425
anu yovel wevrs igive rangi miewera rac adre.

bunebrivad ibadeba kiTxva: Tu mocemulia SerCeva X, %, , iS€Ti, rom pi -
roba x, x,Tu i, arsruldeba, anu zogierTi wevri SerCevaSi meordeba,

m&in rogori wesiT moxdeba rangebis miwera?
vTqvaT, Cveni monacemebia: 18, 28, 23, 29, 32, 18, 21, 14, 18, 14. rangis ganmair
ebis Tanaxmad Zveli wesis Tanaxmad variaciuli mwkrivis saxiT gadaweril am
maacemebs rangebi ase unda mieweros:
14 14 18 18 18 21 23 28 29 32
123456789 10
rogorc vxedavT, 14  -is toli dakvirveba Segvxvda orj er da Zveli wesiT
pirvels mivawereT rangi 1, xolo meores ki b rangi 2 (analogiurad, 18 Segvx
vda samjer da Sesabamisad, mas dakavebuli poziciis mixedviT miewera rangebi:
3, 4 da 5). gamodis, rom erT -erT maTgans mivaniWeT upiratesoba. umjobesia gan -
meorebadi dakvirvebebisaTvis migvewera erTi da igive rangi Semdegi wesiT:
toli dakvirvebebidan TiToeuls mivaniwoT maTze mosuli rangebis saSualo
ar iTmetikuli. magaliTad, dakvirvebebs, romelTa mniSvnelobebia 14, unda mie -
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ni Wos rangi 1.5 (radganac (1+2)/2=1.5), 18is tol dakvirvebebs L rangi 4 (vinai d-
an (3+4+5)/3=4).

meores mxriv, im SemTxvevaSic ki, rodesac SerCevaSi arcerTi elementi
ar meordeba, elementis rangis miTiTeba ar iZleva amomwurav informacias mis
mdebareobaze, Tu amave dros CvenTvis cnobili ar ar is SerCevis moculobac.
magaliTad, Tu viciT, rom x" elements n moculobis SerCevidan da y' ele m
ents meore, m moculobis SerCe vidan gaaCniaT erTi da igive rangi, Cven jer
kidev ver davaskvniT, rom maTi poziciebi identuria, Tu ar gvegneba damateb -
iTi informacia imis Sesaxeb, rom m=n.

saz ogadod, rogor SevadaroT erTmaneTs im ori monacemis poziciebi,
ro mlebic gansxvavebuli moculobis sxvadasxva SerCevas ekuTvnis da rangeb -
ic gansxvavebulebi aqvs? (am tipis kiTxvebi warmoiSoba, magaliTad, garTuli
erovn uli gamocdebis dros, roca Sefasebis centrma unda Seadaros sxvada S-
Xva abiturientebis poziciebi (reitingebi) sxvadasxva disciplinebSi an maSi n-
ac ki, roca erTi disciplinis farglebSi maT Seasrules sxvadasxva sagamoc -
do vari anti). am kiTxvaze pasuxs iZle va e. w. procentuli rangis ( percentile
rank) cneba.

Tu n SerCevis moculobaa, xolo dakvirvebis rangia r, maSin am dakvir -
vebis procentuli rangi moicema Semdegi formuliT:

" Laoow £ 1dpe 22
n n 2n
mocemuli dakvirvebis procentuli rangi warmoadgens am dakvirvebis

gveviT mdgom monacemebze mosuli procentebisa ( r-1 Q00%) da Tavad da kvir ve-
n

100¢€.

baze mosuli procentebis naxeuvris ( 075 Q00%) jams.

amrigad, mocemuli dakvirvebis procentuli rangi migviTiTebs dakvirv e-
bul mniSvnelobaTa ra procents (minus am dakvirvebaze mosuli procentebis
naxevari) aRe mateba es monacemi. cxadia, rom rac ufro maRalia dakvirvebis
pro centuli rangi, miT ufro ukeTesia misi pozicia (Tu niSnebi ganlagebu -
lia aRmavlobis mixedviT).

fagtiurad, procentuli rangi gviCvenebs, ama Tu im SerCevis konkretu -

li monacemi, monacemebis ramd eni procentis winaa. Sesabamisad, Tu vigulis XM
ebT, rom monacemebs sxvadasxva SerCevebSi moxvedris Tanabari Sansebi aqvT,
m&in bunebrivi igneba erT SerCevaSi ukeTes poziciaze mdgom monacems mieni W
0S upiratesoba sxva SerCevaSi uares poziciaze mdgom mo nacemTan SedarebiT.

magaliTad, erovnhul gamocdebze zogadi unarebis gamocdis pirvel variantSi
37 procentuli rangis mgone abiturients upiratesoba eniWeba mesame variant -
Si 36 procentuli rangis mgone abiturientTan SedarebiT, an inglisur enaSi
43 procentuli ran gis mqgone abiturients upiratesoba eniWeba germanul enaSi
42.9 procentuli rangis mgone abiturientTan SedarebiT.
magaliTi 7. vTqvaT, klasSi aris 10 moswavle da giorgis niSnebi ufro
naRalia, vidre xuTi moswavlis. kote swavlobs 50 moswavlisagan Semdgar
kla sSi da misi niSnebi ufro maRalia, vidre 17 moswavlis. romels ukavia uk -
eTesi pozicia Tavis klasSi, kotes Tu giorgia?
amoxsna. upirveles yovlisa SevniSnoT, rom moswavleebi dalagebulia

ni Snebis zrdis mixedviT da giorgis rangia 6, xolo kotes rangia 18. C avatar -
oT TiToeulis poziciis procentuli analizi. giorgi ukeTesia 5 moswav le -
ze, romlebic Seadgenen klasis 50% -s, TviTon giorgize modis 10%, xolo 40% -

s aqvs giorgize ukeTesi niSnebi. am monacemebiT giorgis procentuli rangia:
50%+5%=55%.
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kotes niSnebi ukeTesia 17 moswavlis niSnebze, romelic Seadgens klasis
34%s, koteze modis 2%, amitom misi procentuli rangia:
34%+1%=35%.

vinaidan, giorgis procentuli rangi (55) ufro maRalia, vidre ko tesi
(35), amitom giorgis pozicia Tavis klasSi ukeTesi a, vidre kotesi sakuTar
kla sSi.

es magaliTi amave dros gviCvenebs, rom rangis cnebis SemosaRebad ar
ar is aucilebeli gagvaCndes ricxviTi monacemebi, sakmarisia mxolod obieq t e

bis an individebis simravlis raime Tvisebis an niSnis (magaliTad, niwWiereba,
si maRle, popularoba da a. S.) gaZlierebis an zrdis mixedviT dalageba da
yoveli maTganisaTvis rigobrivi nomris miwera.

procentilebsa da procentul rangebs Soris Semdegi kavSiria: Tu Se r G
evis elementis procentuli rangia P, maSin es elementi warmoadgens SerCev-
is P -procentils (Tumca ar aris savaldebulo, rom P -s nebismieri mniSvne -

lo bisaTvis P -procentili warmoadgendes SerCevis elements).
dispersia da standartuli gadaxra

isev davubrundeT adre ganxilul magaliTs. davuSvaT, rom moce mdia
maacemTa ori mwkrivi:
A 8 9 10 10 13
B 1 5 10 16 18.

rogorc Cven vnaxeT, Xa=Xs #A0. garda amisa, davaskveniT, rom B mwkriv-
is elementebis cvalebadoba ufro maRalia, vidre A mwkrivis elementebisa.
Cven am SemTxvevasSi vizualurad davinaxeT, rom A mwkrivis wevrebi ufro nak -
lebad arian gadaxrili saSualosagan, vidre B mwkrivisa. gasagebia, rom Tu
monacemTa simravle didi moculobisaa, aseTi faqtebis vizualurad aRmoCena
SeuZlebelia . Sesabamisad, bunebrivad Cndeba saWiroeba iseTi sazomis SemoRe -

bisa, romelic gagviad vilebda monacemebis Tavisi saSualos mimarT gafantu -
| obis Sesaxeb daskvnis gakeTebas. swored aseT sazoms warmoadgens SerCeviTi
dis persia (sample variance)

gamovTvaloT  saSualodan gadaxrebi zemoT moyvanili mwkri vebi saTvis

(TiToeul monacems gamovakloT saSualo):
A- Xa-%: -2 -100 3
B- xs-%: -9 -506 8
pirveli rac SeiZleba azrad mogvivides: SeiZleba gvefigra, rom gafan -
tulobis sazomad SeiZleboda agveRo am gadaxrebis ariTmetikuli saSualo,
magram orive SemTxvevaSi es igneboda nuli. Sesabamisad, es sidide aranair in -

formacias ar mogvcems. amitom SemoagvT e. w. Ser CeiTi dispersia , romelic
wamoadgens saSualodan gadaxrebis kvad ra tebis saSualo ari Tmetikuls da

aRiniSneba s* simboloTi. Cvens SemT xvevaSi gvaqvs:
s;=(4 4 6 0+ 945 2t da
S$$=(B81+5 © 36 64)/5 4I,
anu s;<¢<.
sazogadod, Tu mocemulia n moculobis X,..,% SerCeva, maSin SerCevi-
Tidis persiis analizuri gamosaxuleba Semdegia:

$=110x ¥+ AHOM A(x =K,
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SerCeviTi dispersia SeiZleba gadaiweros gamoTvlebisaTvis mox er xebu-
li ufro martivi formiT:

1.0 -
szﬁq X2 X%

SevniSnavT, rom SerCeviTi dispersia warmoadgens populaciis di spersi -
is empiriul analogs, romelic dakvirvebaTa ricxvis usasrul od zrdisas mi -
i swrafis populaciis dispersiisaken.

mosaxerxebelia gafantulobis odnav modificirebuli sazomis gan xilva,
ro melsac Sesworebul SerCeviT dispersias uwodeben:

1 " -
$ = i _1§11(>$ R 1[3)'(2 0-x7.

SeniSvna. aRsamSnawa, rom SerCeviTi saSualo warmoadgens popula ciis
saSualos saukeTeso Sefasebas (kerZod, igi warmoadgens e.w. Caunacv lebel Se -
f asebas), maSin rodesac SerCeviTi dispersia ar warmoadgens po pulaciis dis -
persiis saukeTeso Sefasebas, is e.w. Canacvlebuli Sefasebaa. imisaTvis, rom
miiRon Caunacvlebeli Sefaseba n-s cvlian n- 1-iT (Cauna c vliebloba gulis XM
obs Semdegs: miuxedavad imisa, rom sxvadasxva SerCe vis mixedviT gamoTvlili
parametris Sefaseba sazogadod sxvadasxva Sed egs iZleva, is saSualod emTx -
veva parametris WeSmarit mniSvnelobas).

SevniSnoT, rom Tu populaciis m saSualo cnobilia, maSin Ser CeviTi

di spersia ganisazRvreba formuliT
1.0
s=-a(x -m*,
Nz
ucnobi saSualos SemTxvevasSi ki m-s nacvlad unda visargebloT Ser Ce
ViTi x saSualoTi, magram rogorc cnobilia (saSualos meore Tvi seba):

8.0c- 0" CAG A,
anu x -ebi ufro axlosaa x-Tan, vidre  m-sTan. amis sakompensaciod s?-isfo -
r mulaSi  n-is nacvlad gamoiyeneba n-1.
moviyvanoT SerCeviTi dispersiis Tvisebebi:
I. Tu arsebuli X,...,% Mmonacemebidan SevgmniT axal monacemebs y =ax +b
, i=1,..n,maSin s =4&¢ da s’=ag.
II. Tu x,...x, da vy,..Y, ori SerCevaa, maSin gaerTianebuli SerCe visa Tv-

IS X, X, Y,y Y, SerCeviTi dispersia da Sesworebuli SerCeviTi dispersiebi
gadaiTvleba Semdegnairad:

mn - - 2
+ + X da
m+n§ m+n§ (m 4312( y
S-2=n-1§-(2+ _1§'/2 + mn g:x_y.
m+ n m +n (mvxD{m h
(im kerZo SemTxvevaSi, roca m=n da x=y, gaerTianebuli SerCevis SerCeviTi
dispersia igneba Tavidan aRebuli SerCevebis SerCeviTi dispersiebis saSualo
ariTmetikuli: s =(5 +3)/2).
rogorc vxedavT, SerCeviTi dispersiis ganzomileba udris dakvirvebaTa
ganzomilebis kvadrats. statistikoss xSirad esaWiroeba gafantulobis iseTi
sazomi, romelic imave erTeulebSi izomeba, rac sawyisi monacemebi. aseTi sa -
z omi miiReba SerCeviTi dispersiidan kva dratuli fesvis amoRebiT da mas sta -
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ndartuli gadaxra (standard deviation)an saSualo kvadratuli gadaxra (mean
square deviation)ewodeba.

standartuli gadaxra (Sesabamisad, Sesworebuli standartu ligadaxra )
warmoadgens ariTmetikul kvadratul fesvs SerCeviTi disper siidan (Sesabami -
sad, Sesworebuli SerCeviTi dispersiidan )

S= 49/? (Sesabamisad, s = -IJ?).

SeniSvna: Sesworebuli standartuli gadaxris nacvlad ixmar eba agreT -
ve termini SerCeviTi (SerCevis) standartuli gadaxra.

SemdgomSi SerCeviTi dispersiisa da standartuli gadaxris ga mosaTvl e-
| ad gamoiyeneba SedarebiT moxerxebuli formulebi, ro mlebic maTematiku r -
ad eqvivalenturia zemoTmoyvanili formule bis, magram ar saWiroebs saSual -
0S winaswar gamoTvlas. am formu le bs uwodeben SerCeviTi dispersiisa da
sta ndar tul igadaxris Se moHKe bul formulebs da maT agvT Semdegi saxe:

-[cax)?n

g? =12 ni 41 -- SerCeVviTi dispersia,
-[Cax)’/n

s ={i2 ni ? -- SerCeviTi standartuli gadaxra.

k
sazogadod, Tu x. monacemis sixSirea  f. (i=12,...k)da § f, =n, maSin
i=1

1.k - 1.k -
== fi(x-x* an st == fx’-
n i i=1
sz2=_N g :—Qif(x—x) an s'zzic"z';_fxz—iiz
h T " n-135 " n-1" 7
magaliTi 8.  vipovoT dlsperS|a da standartuli gadaxra evro paSi eqvs
wdiwadSi gayiduli avtomanganebis erToblivi Rire bule bis SerCevis mixed -

viT (monacemebi moyvanilia milion dolarebSi):
11.2 119 12.0 12.8 134 14.3.
amoxsna.
nabiji 1.  vipovoT mniSvnelobaTa jami:

6
a x=11.2+11.9+12.0+12.8+13.4+14.3=75.6;
i=1
nabiji 2. TiToeulimniSv  neloba aviyvanoT kvadratSi da vipovoT maTi

jami:
6
4 x*=11.2+11.8+12.6+12.8+13.4+14.3-958.94;
i=1
nabiji 3.  SevitanoT Sesabamis formulaSi da gamovTvaloT:
6
- [( ax) 6]
g2 = ,_1 958.94- [(75.6) /6] £28:
6 1 5
e. i. SerCevis dispersiaa 1.28. standartuli gadaxra ki igneba s =+/1.28 °1.3..
cnobilia, rom mcire investorisaTvis, rogorc sainvesticio al t er nat -
iva, didi popularobiT sargeblobs investiciebis Cadeba sainv esticio fonde -
bSi L trestebSi. imisaTvis, rom investors gauadvildes gadawyvetilebis miR -
eba, Tu romel konkretul trestSi moaxdinos in vestir  eba, finansur Jurnale -
bSi regularulad gveyndeba yoveli calke uli trestis wliuri saprocento

Semosavlis monacemebi bolo aTi wlis ganmavlobaSi. publikaciebSi amasTan
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er Tad miTiTebulia yoveli trestis riskis done: maRali, saSualo da daba -
li. riskis doneebis klasifikacia ki xdeba saSualo wliuri saprocento Se -
masavlis ist oriuli cvalebadobis mixedviT. rac ufro maRalia wlieri sap -
rocento Semosavlis cvalebadoba, miT ufro maRalia riskis done.
magaliTi9. mocemulia ori trestis wliuri saprocento Se no savlis mo -
nacemebi bolo 10 wlis ganmavlobaSi:
tresti A | 83] -6.2 ] 209] -2.7] 33.6] 428 244 | 5.2 ] 3.1] 305
tresti B | 12.1] -28 | 6.4 | 122] 27.8| 25.3| 182 | 10.7| -1.3] 114
romeli tresti miekuTvneba riskis ufro maRal dones, ATu B?
amoxsna. radgan dispersia monacemTa cvalebadobis yvelaze TvalsaCino
sazomia, yoveli trestis monacemebis mixedviT unda gamovTvaloT TiToeuli

maTganis Sesworebuli SerCeviTi dispersia, s/ da s’ da SevadaroT isini er -

TmaneTs. winaswar gamovTvaloT SerCe viTi saSualoebi. g vaqvs:
Xa=(8.3 -6.2 £0.9 2.7 38.6 428 244 5.2+ 3.1+30.51 1B %,

xs=(12.1-2.8 6.4 1.2 27.8 253 1812 10¥ 1.3-1114)/ 12%.
Sesabamisad,
s2=(8.3 + OB +10 16-)/9 O(5083.36 2560)/9 280(%)?,
=012 + O01@ +10 12-)/9 O(2334.36 1440)/9- 99(%)%
rogorc vxedavT, S, > s,. s imas niSnavs, rom A tresti miekuTvneba ris k-

is ufro maRal dones (ufro riskiania), vidre Btresti, imavdroulad, Xa > Xg,
anu Atrestis amonagebi saSualod ufro maRalia, vidre B trestisa. es faq ti
savsebiT eTanxmeba Cvens intuicias: investicia, romelic dakavSirebulia ri -
skis ufro maRal donesTan, unda iZleodes ufro maRal saSualo amonage b-
sac.

magaliTi 10. davuSvaT, rom 10 wlis win Tqven moaxdineT toli Tanxebis
investireba Ada BtrestebSi, e. i. SegmeniT sainvesticio portfeli, romelSic
A da BtrestebSi investiciaTa wonebi tolia da udris 1/2 -s. axali portfeli
aRvniSnoT GTi. SevadaroT A, Bda Cportfelebis riskianoba.

amoxsna. winaswar SemoviRoT Semosavlianobis  cneba: davuSvaT, rom sain -

vesticio Tanxa wlis dasawyisSi udris P,-s da am Tanxis inv estirebam Ada B
trestebSi wlis bolos mogvca, Sesabamisad, P, da P, Tanxebi. maSin Ada B
tre stebis amonagebi R, da R, Semdegiformu le biT moicema (% -Si):
R =2 mpose, R =T 1o
0 R
vTqgvaT, axla A da Btrestebidan TiToeulSi investirebulia %Po-is to -
li Tanxa. maSin wlis bolos Cportfelisagan miRebuli Tanxaa %PA +% P, . ami-
t om misi amonagebi igneba:
1 1 1 1
GRtoR) R (R R R B
R =-2" 2 _2 2 1 R, 1 R,
R, R 2 2
gasagebia, rom wina magaliTSi moyvanili monacemebi warmoadgenen bolo
10 wlis dakvirvebebs R,-sada R;-ze, amitom Cv en SegviZlia Sev gmaT Cportf -

elis amonagebTa mwkrivi. is igneba:
10.2 -4.5 13.65 4.75 30.7 34.1 21.3 7.95 0.9 20.95.
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standartuli gadaxris meSveobiT SevadaroT C portfelis riski anoba A
da BtrestebSi investiciaTa riskianobas. saSualos me -3 da me-4 Tvisebebis sa -
f uZvelze SegviZlia davweroT, rom:

Xa :%(;(A 4;(3) H%.
amitom, Sesworebuli SerCeviTi dispersia igneba:
$2=(10.2 + O P0A% 10 1%-)/9 0159.45(%,

Sesabamisad, s. =12.63%.

rogorc vxedavT, riskianobis mixedviT A , B da Cinvesticiebi da lagda
Semdegi mimdevrobiT:

$<% <S,
xolo maTi amonagebi ki Semdegi m imdevrobiT:
R.>R >R.
dispersiisa da standartuli gadaxris moZebnis procedura dajgufe bu-

li monacemebisaTvis analogiuria dajgufebuli monacemebisaTvis saSualos
moZebnis proceduris da is iyenebs TiToeuli klasis Suawertils.
magaliTi 11.  kviris ganmavlobaSi SemTxveviT SerCeuli 20 mo r benalis
mier garbenili manZilebis zemoTmoyvanili sixSiruli ganawilebis cxrilis
mixedviT gamovTvaloT dispersia da standartuli gadaxra.

amoxsna.
nabiji 1. gavakeToT Semdegi saxis cxrili, vipovoT TiToeuli klasis
Suawertili d a SevitanoT  CsvetSi:
_ 5.5+210.5 8 10.5; 15.5=13’ daa s
nabiji 2.  gavamravloT TiToeuli klasis sixSire amave klasis Sua wer -
ti 1ze da namravli CavweroT D svetSi:

13 8, 2Q3 =2€¢,daa.S. 238 FE.
nabiji 3. gavamravloT TiToeuli klasis sixSire amave klasis Suawer -

tilis kvadratze da namravli CavweroT EsvetSi:
1& 64, 2QF B3¢ daa.S. 238 =288¢.
nabiji 4. vipovoT B, Dda Esvetebis jami. B svetis jamia n, D svetisja mia
q f &, , xolo  Esvetis jamia 4 f G¢ . sabolood cxrils egneba aseTi sa Xe:
AA B C D E
klasebi sixSire Suawertili f X f3Cm
® (Xm)
5.9 10.5 1 8 8 64
10.% 15.5 2 13 26 338
15.8 20.5 3 18 54 972
20.% 25.5 5 23 115 2645
25.% 30.5 4 28 112 3136
30.% 35.5 3 33 99 3267
35.% 40.5 2 38 76 2888
n=20 af&, 490 | 4 fG¢ £331C
nabiji 5.  SevitanoT miRebuli monacemebis Sesabamis formulaSi da ga mo-

vTvaloT dispersia:

P

a0 Kafl x@/ o514 1406 /20]
n-1 20 -1

s?=

68.7.
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nabiji 6.  standartuli gadaxris gamosaTvlelad amoviRoT kvad ratuli
fesvi dispersiidan:

s =4/68.7 °8.%
cxadia, rom s' =0, maSin da mxolod maSin, rodesac SerCevis yvela mniS -
vneloba tolia. saWiroa aRiniSnos, rom standartuli gadaxra ar warmoad -
ens gafantulobis mdgrad sazoms, is gacilebiT ufro mgrZnobiarea eqstre ma

luri dakvirvebebis mimarT, vidre saSualo. marTlac, ganvixiloT monacemebi:
34 46 40 57 50. maSin maTTvis saSualo igneba X=46. gamovTvaloT standar -

tu li gadaxra s. jer gamovTvaloT saSualodan gadaxrebi, gvegneba: -9 0 6
11 4. Sesabamisad, s?=(81 #0 36 121 16)/4 63. amitom s =+63.5 °8.2

axla monacemTa moyvanil simravleSi monacemi 50 SevcvaloT 200 -IT, anu
ganvixiloT axali monacemebi: 34 46 40 57 200 .am SemTxvevaSisaSualoiq ne

ba x=76, xolo standartuli gadaxra ki:

s=|J(B3% B8F 86 18 124)/4 43835 |

r ogorc vxedavT, SedarebiT Tanabrad ganawilebuli monacemebidan erT -
erTi monacemis mkveTr cvlilebaze standartuli gadaxris reagireba ufro
Zli eri aRmoCnda, vidre saSualosi. am cvlilebiT monacemebi gaxda marjvniv
asimetriuli. mkveTrad asimetriuli, magaliTad, ma rjvniv asimetriuli ganawi -
| ebebisaTvis, marjvena mxares grZeli kudiT, SerCeviTi dispersia didia da
ar iZleva sasargeblo informacias gafantulobis Sesaxeb.

amocanebi

1. ipoveT monacemebis saSualo:
a)l 2 3456 7, b)4 12 2 7 0 9.
gamoTvaleT TiToeuli simravlis standartuli gadaxra da gaerTianebu li
maacemebis standartuli gadaxra.
2. melO0 klaseli 204 moswav  lis Zmebisa da debis ricxvis zemoTmoyvanili six -
Sir uli cxrilis mixedviT gamoTvaleT SerCeviTi di spersia.
3. gamoTvdeT standartuli gadaxra monacemTa TiToeuli simravlisaT Vis:
a)2 1 53 -4.2 6.7 3.1,
b)15.2 123 5.7 43 11.2 25 8.7
4. gramebSi gazomili 25 xizilalis gilis masebis jami da masebis kvadra te b-
is jami aRmoCnda Sesabamisad:

25 25
a4 x =1268.2 da § x* =64585.1¢.
i=1 i=1
ipoveT masebis saSualo da dispersia. romeli erTeuliT izomeba disper sia?
5. gvemoT moyvanilia, kriketis 12 TamaSis ganmavlobaSi, tomisa da vilis mier
tafeliT mogeriebuli berTebis raodenoba:
tomi 23 83 40 0 89 98 71 31 102 48 15 18
vii 43 32 61 75 68 92 17 15 25 43 86 12
Tqveni azriT, romeli moTamaSea: a) ukeTesi; b) ufro stabiluri.

6. klasis 12 biWis simaRleebis saSualo da standartuli gadaxra Sesabamisad
tolia 148.8 sm da 5.4 sm. maT daemata erTi biWi, romlis simaRlea 153.4 sm.
gamoTvaleT 13 biWis simaRleebis saSualo da standartuli gada xra.

7. didi populaciidan aRebuli SemTxveviTi SerCeva Sedgeba Semdegi mona ce-
mebsagan: 13.2 5.7 83 6.7 92 114 97 81 6.3 gamoTvdeT
populaciis saSualosa da standartuli gadaxris Caunacv le beli Sefasebebi.

8. klasSi 25 moswavlea, romelTagan 12 valdia da 13 ga li . maTematikaSit estire -
bis Sedegad 12 vaJis saSualo qulam Seadgena 31, xolo standartuli gadaxra
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iyo 6.2. gogonebis saSualo qula iyo 36, sta ndar tuli gadaxra ki 4. vipovoT
maTematikaSi testirebis qulebis saSualo da standartuli gadaxra mTeli
klasis 25 moswavlisaTvis.

9. cnobilia, rom n=10, § x =410 da s’ =12.ipoveT & X°.
i=1 i=1

10. 80 studenti gogonas simaRleebis jami da simaRleebis kvadrate bis ja mia

80 80
Sesabamisad: § x, =13040 da & x* =213352(. ipoveT simaRleebis saSualo da
i=1 i=1
stan dartuli gadaxra.
11. gvemoT moyvanilia 96 dRis ganmavlobaSi akademiuri personalis mier ga -
cdenili leqciebis raodenoba universitetSi:
gacdenili leqciebis
raodenoba 01 2 3 45
dReebisraodenoba 54 24 11 4 2 1
gamoTvaleT gacdenili leqciebis raodenobis saSualo da standartuli ga -

daxra.
12. menejeri samuSao dRis bolos amowmebs mxatvris mier dRis ganmavlo baSi
moxatuli TefSebis xarisxs da maT nawils iwunebs. gvemoT moyvani lia 30
dRis ganmavlobaSi menejeris mier d awunebuli TefSebis ricxvi:

dawunebuli TefSebis

ricxvi 0 1 2 3 45 6
dReebisricxvi 18 5 3 1 1 1 1
SeamowmeT, rom wundebuli TefSebis raodenobis standartuli gadaxra da -

axloebiT tolia gabnevis diapazo nis meTxedis.
13. gvemoT moyvanilia 80 morbenalis mier 20 kilometrian maraTonul dis t an
ciaze daxarjuli droebis (wuTebSi) dajgufebuli sixSiruli ganawi le bis
cxri i

sirbilis

dro 60_80 80_100 100_120 120_140 140_160 160_180 180_200
morbenalTa

ricxvi 1 4 26 24 10 7 8
SeafaseT sirbilis drois SerCeviTi dispersia. Tu es 80 morbenali SemT X-
veviT igna SerCeuli maraTonSi monawile 2000 morbenalidan, ra igneba 2000
morbenalis dispersiis ukeTesi Sefaseba.
14. SearCies yavis 80 paketi da maTi masebi (gramebSi) ganawilebuli aRmoCn da

Semdegnairad:
paketis masa 244 246 247 249 250 252 253 255 256_258
paketis ricxvi 10 20 24 18 8
SeafaseT masebis saSualo da standartuli gadaxra. rogor SeiZleba Se f-
asebis sizustis gazrda?
15. sawarmos 104 muSis asaki ganawilebulia Semdegnairad:
asaki 16_20 21 _25 26 _30 31 35 36_40 41_50 51 _60 61_70

sixSire 5 12 18 14 25 16 8 6
SeafaseT muSebis asakis saSualo da standartuli gadaxra.
sxva sawarmoSi, sadac muSaTa ricxvi isev 104 -ia, asakis saSualo Seadgens 28.4
wels, xolo standartuli gadaxra ki 9.9 welia. SeadareT am sawarmo ebis

muSaTa asakis ganawilebeb .
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Tavi IV

dawyvilebuli monacemebi, korelacia

xSir SemTxvevaSi mkvlevari dainteresebulia daadginos or sidides Sor -
is kavSiri arsebobs Tu ara. am miznis misaRwevad, mkvlevarma unda Seagrovos
maacemebi orive maxasiaTeblebze erTdrouli dakvirvebebis Sedegad da miReb -
uli monacemebi daawyvilos erTmaneTTan (ufro zustad, ori damkvirvebeli er -
Tdroulad atarebs dakvirvebebs da miRebul monacemebs awyvilebs erTmaneT -

Tan). magaliTad, Tu Cven gvainteresebs kavSiri haeris temperaturasa da atmos f-
erul wnevas Soris, maSin drois erTi da imave momentSi pirveli damkvirve buli
zomavs haeris temperaturas, xolo meore £ atmosferul wnevas. pirveli da -
kvirvebis an gazomvis obieqts (am SemTxvevasSi bt temperatu ras) uwodeben dano-
ukidebel sidides , da aRniSna ven 1-iT, xolo me ore dakvirvebis an gazomvis
obieqts (am SemTxvevaSi -- atmosferul wnevas) uwodeben damokidebul sidides

da aRniSnaven RA-iT. ama Tu im or maxasiaTebels (an or maCvenebels) Soris

kavSiris Seswavlis mizniT am maxasiaTeblebis dakvirvebuli mniSvnelobebis
simravle warmovadginoT wyvilebis Semdegi simravlis saxiT: (X, V), (%, ¥n), - -

,(X,, ¥,). am monacemebis mixedviT ageben e. w. gabnevis diagramas Semdegi wesiT:
sibrtyeze, koordinatTa marTkuTxa sistemaSi, moniSnaven wertilebs, romelTa
koordinatebia (x,y), i=4,2,..n.

gabnevis grafiki an gabnevis diagrama warmoadgens monacemTa mniSvnelo -
bebis dalagebuli wyvilebis grafiks (diagramas), romelic gamoiyeneba or sid -
I des Soris arsebuli kavSiris dasadgenad.

magaliTi 1. mkvlevars ainteresebs daadginos arsebobs Tu ara kavSiri
velosipediT wvimian amindSi momxdar msubuq avariaTa ricxvsa da sikvdiliT
(fa taluri SedegiT) damTavrebul avariaTa ricxvs Soris. gvemoT moyvanilia 10
wlis ganmavlobaSi wvimian amindSi velosipediT momxdari avariebis ricxvis
cxrili orive SemTxvev aSi:

msub. avarieb - 376 |650 |884 |1162 | 1513 | 1650 | 2236 | 3002 | 4028 | 4010
is ricxvi, X
fat. avarieb  -is 5 20 |20 | 28 26 34 35 56 68 55
ricxvi, vy
avagoT gabnevis diagrama am monacemebisaTvis.
amoxsna.
nabiji 1.  sibrtyeze avagoT marTkuTxa koordinatTa sistema da movniSnoT

X da y RerZebi.
nabiji 2. avagoT wertilTa wyvilebi sakoordinato sibrtyeze ise rog -
orc es qvemoTaa naCvenebi:

gabnevisdiagrama

80
70 £ 3
60
50
40
30 o
20
10
0 T T T T
0 1000 2000 3000 4000 5000

msubuqavariaTaricxvi

ricxvi
°
*

*
*

fataluravariaTa
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A da 1 sidideebs Soris SesaZlebelia arsebobdes ramodenime gans

vebuli tipis damokidebuleba. am damokidebulebis garkveva (identificireba)
SesaZlebelia sakoordinato sibrtyeze wertilebis ganlagebis strugturaze
dayrdnobiT. qvemoT moyvanili igneba wertilebis struqturuli ganlagebis

sxvavdasxva tipebi da Sesabamisi damokideb

1. dadebiTi wrfivi kavSiri

lobebi zrdad
ad iz rdeba 1 sididec.
2. uvaryofiTi wrfivi kavSiri

swori xazis irgvliv. aseTi kavSiri gvaqvs maSin, rodesac
sidide da piriqiT

erTad klebulobs n
ba 1| sidide.

ulebis saxeebi.

arsebobs (gvaqvs) im SemTxvevaSi, rodesac we
r tilebi daaxloebiT lagdeba (Tavmoyrilia, koncentri
ri xazis irgvliv (midamoSi) da erTdroulad orive

ia . aseTi kavSiri gvaqvs masSin, rodesac

re bulia) aRmavali swo
n da 1 sididis mniSvne
N si didis zrdasTan er

arsebobs (gvaqvs) im SemTxvevaSi, rodesac
we tilebi daaxloebiT lagdeba (Tavmoyrilia, koncentrirebulia) daRmavali

N sididis zrdas

-- ] sididis klebasTan erTad izr

XVa-

T-

Tan
de-

dadebiTiwrfivikavSiri

400

400

300

300

200 +

200

L 2
100 T—F—**

100

100

0
150

uaryofiTiwrfivikavSiri

—

* e

o
v

* 0

0

50 100

150

3. arawrf ivi kavSiri

arsebobs (gvagvs) im SemTxvevaSi, rodesac wertilebi

daaxloebiT lagdeba (Tavmoyrilia, koncentrirebulia) arawrfivi (mrudi) xa
is (wiris) irgvliv. es damokidebuleba aRiwereba Sesabamisi wiris bunebiT.

4. ar aris kavSiri

gvaqvs im SemTxvevaSi, rodesac wertilebi uwesrigo

daa mimofantuli, ar Cans rom isini raime wiris irgvlivaa koncentrirebuli.

arawrfivikav Siri

400

300 T vt

600
500

400

200 >~ *

300
200

100

100

100

150

ar ariskavsSiri

2

150

zemoT moyvanil magaliTSi

N (msubuq avariaTa ricxvi) da
avariaTa ricxvi) sidideebs Soris adgili aqvs wrfiv dadebiT

N (fatalur
kavSirs (damoki

debulebas). sxva sityvebiT, rogorc ki svel asfaltze velosipediT msubuq av
ariaTa ricxvi iwyebs zrdas, maSin im avariebis ricxvi, sadac dadga sasik

dilo Sedegi, agreTve matulobs.

wirs, romelic aRwers kavSirs (damokidebulebas)
misadagebis wiri

Svnelobebs Soris

eba. aq mxolod SevniSnavT, rom wiris mosaZebnad iyeneben e. w.
romlis Tanaxmadac iZebneba iseTi wiri

tTa meTods ,
sruldeba piroba:

A da n sidideebis mni

ewodeba. am wiris povnis sakiTxebs swav
lobs maTematikuri statistikis nawili, romelsac

regresiuli analizi
umcires kvadra
y= f(X), romlisTvisac

gamosaxuleba Z [y - f(%)]*> aRwevs Tavis minimums,

i=1

ewod -
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anu wiri, romlidanac damoukidebeli N sididis dakvirvebuli X mniSvnelo be-

bis Sesabamisi dakvirvebuli y, mniSvnelobebis Teoriuli f(x) mniSvnelobe bi -

sagan vertikaluri gadaxrebis kvadratebis jami minimaluria.
Tu magaliTad, sidideebs Soris gvaqvs wrfivi kavSiri, maSin bunebrivia

misadagebis wiri veZeboT wrfiv funqciebs Soris, anu f(x) = ax +b. wrfivi funq -
ciis moZebna niSnavs a da b koeficientebis povnas. umcires kvadratTa meTod -
Is Tanaxmad unda vipovoT iseTi a da b koeficientebi, rom gamosaxulebam --

a (v - ax -B*miiRos Tavisi minimaluri mniSvneloba. funqciis egstremumis pov -
i=1

nis wesis Tanaxmad, aRniSnuli gamosaxuleba unda gavawarmooT rogorc a-s,
ise  b-s mimarT, miRebuli warmoebulebi gavutoloT nuls da amovxsnaT miRe -
buli gantolebaTa sistema a da b-s mimarT. sabolood, miviRebT, rom:
n@xy)-(ax O a) @)@ ax) ¢ & (Oay
a=_i n i;n i E da b=_= i;:1 iﬁ i 1= ]
n@ x)- ( ax)’ n@ x)- (ax?’
i=1 iz i=1 i %
magaliTi2. avagoT gabnevis diagrama monacemebisaTvis, rome | ic miiReba
6 SemTxveviT SerCeuli pirovnebis asaksa da arteriu  li wnevas Soris damokid -
ebulebis Seswavlisas. monacemebis cxri lia:
persona | asaki, x wneva,y
A 43 128
B 48 120
C 56 135
D 61 143
E 67 141
F 70 152
amoxsna.
nabiji 1. davxazoT sakoordinato sibrtye da movniSnoT X da y RerZebi.
nabiji 2.  movniSnoT TiToeuli wertili grafikze rogorc es gvemoTaa ha
Grenebi:
gabnevisdiagrama
150 .
g it —
e
120 <
115
110 T T T T
30 40 50 60 70 80
asaki
korelaciis koeficienti, gamoTvlili monacemTa SerCevis mixedviT, warm -
oadgens or sidides Soris wrfivi damokidebulebis xarisxisa da mimarTule b-
is sazoms. SerCeviTi korelaciis koeficienti aRiniSneba r asoTi, xolo popu -
laciis mixedviT gamoTvlili korelaciis koeficienti aRiniSneba berZnuli r
(ro) asoTi.
Tavdapirvelad ganvmartoT SerCeviTi kovariaciis koeficien ti. or n da
N sidides Soris kovariaciis koeficienti aRiniSneba "Hi fjif simboloTi da
ganimarteba Semdegi TanafardobiT:
"Hi M T_B% 0 0 ¢ O,
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sadac x da y aris Sesabamisad 1 da 1 sidideebis SerCeviTi saSualo (

0 7-BE o, 0 7-BE ).
SerCeviTi korelaciis koeficienti moicema Semdegi TanafardobiT:

N “HU Tif

B
i

0 0 0 O

.
Bl 0 0 ¢ 0

N7 1R

~Bl & 6 B o0 Bl
kovariaciis koeficientis gamosaTvlelad
Semdegi eqvivalenturi da gamartivebuli formuliT:

-Bl 00 00D,
|

"Hi Tim

Tu mocemulia monacemTa ori simravle

6 0 Bl ¢ o

moxerxebulia visargebloT

X, ... % da y,..Y,, maSin monacem
Ta axali z =x °y (i=1,...n) simravlisaTvis SerCeviTi dispersia ase gamoiTv
leba: sf=¢ +§ 2cov(x Y (Tu cov(x,y)=0, maSin s =g +g). analogiurad,

s;=s’ +5 2cov(x}), sadac

cov (x,Y)= =8 (5 RNy 3 —-cov(x ).

magaliTi 3.  mocemulia ori trestis wliuri saprocento Sem o savlis mo
nacemebi bolo 10 wlis ganmavlobaSi:
tresti A |83 |-6.2 209 |-2.7 [33.6 |42.8 |24.4 |5.2 |3.1 [30.5
tresti B |12.1|-2.8 |6.4 |12.2 (27.8|25.3 | 18.2 [10.7|-1.3 |11.4
avagoT gabnevis diagrama da gamovTvaloT korelaciis koeficienti.
amoxsna. A trestis monacemebi gadavzomoT X RerZze, B trestisa ki

RerZze.

gabnevisdiagrama

an
ouU

o
yae)

*

50
ZU

15

T

20 40

B trestismonacemebi

a Q@ O C.

A trestismonacemebi

am SemTxvevaSi x=16, y=12, 5 =17.65 da s, =10.51 amitom gvaqvs:

1.0 —
COV(x,y)=ﬁa Xy -Xy

i=1

=% 0.3 121 ( 6.2f( 2.8) - 306501APB6 12 T1.,

Sesabamisad,

magaliTi 4.

L _covix,y) _

71.48

0.39.

s.;§  17.6520.51

korelaciis koeficientis es mniSvneloba
t ad gamoxatuli pozitiuri wrfivi kavSiri
rasac gabnevis diagramac adasturebs.
axali produqciis fasis dasadgenad kompaniam Se
| aqi, romelTac arsebiTad erTi da igive

gvaewmunebs, rom arsebobs sus -
A da Btrestebis amonagebs Soris,

yidvis potenc

iali gaaCnia

arCia 10 ga -

da gamoi
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tana produqgcia bazarze yovel maTganSi sxva dasxva fasad. kompaniis mier miRe -
buli Sedegebi moyvanilia cxril Si:

galagis 1 2 3 4 5 6 7 8 9 10
nomeri
fasi, x 15.0 | 155 |16.0 |16.5 |17.0 |17.5 |18.0 |18.5 |19.0 |19.5
gayidvis 15 | 14 | 16 9 12 | 10 8 9 6 5
moculoba, vy

davadginoT gayidvis moculobis fasze damokidebulebis saxe.
amoxsna. avagoT gabnevis diagrama

gabnevisdiagrama

[N
o
<

i
IN
L 2

[N
N
*

=
o
*

@
*

L 3

gayidvismoculoba

12 17 22
fasi

rogorc diagrama gviCvenebs, Cvens winaSea uaryofiTi wrfivi kavSiris te -
ndencia: monacemebi Tavmoyrili arian uaryofiTi daxrilobis wrfis midamoSi.
radganac korelaciis koeficienti zomavs or sidides Soris arsebuli wrfivi
kavSiris siZlieres, unda movelodeT, rom korelaciis koeficienti sakmaod ax -
losigneba  -1-TTan. gamovTvaloT korelaciis koeficienti. gvaqvs:

x=17.25, s =144, y=104, s, =356, cov(x,y)= -4.7¢ da
[ = cov(x,y) _-4.75
S S 5.13
korelaciis koeficientis es mniSvneloba adasturebs gabnevis diagramis
daxmarebiT miRebul daskvnas. magram es mniSvneloba arafers gveubneba im

wrfis Sesaxeb, romlis midamoSiac Tavmoyrilia dakvirvebuli wyvilebi. am
wrfis mosaZebnad iyeneben umcires kvadratTa meTods, romlis Tanaxmadac

eZeben iseT wrfes y = ax b, romlis koeficientebisTvisac sruldeba piroba:

°0.9:.

min & (v-ax -b* Ay ax b,

ab (-8 9, P2

anu, wrfe romlidanac y,-ebis vertikaluri gadaxrebis kvadratebis jami mi -

nimaluria. am wrfis koeficientebis mosaZebnad unda vipovoT ori cvladis

J(ab)=3 (y -ax H* fungciis minimumi s wertilebi, risTvisac, Tavis mxriv, un -
i=1

da amoixsnas gantolebaTa sistema:

Hi@ab=0da 2/(ab=0,
lla/(a) a lJb/(a)

sadac H—Z/ (a,b) da i/ (a,b) simboloebiT aRniSnulia / (a,b) funqgci is kerZo

warmoebulebi Sesabamisad a-sada b-s mimarT .
Zneli dasanaxi ar aris, rom ukanaskneli sistemis amonaxsnia:

a:%x’y) da b=y -ax.
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ammagaliTSi moyvanili monacemebisaTvis gveqneba:

a=%> 2 415 959 ga =104 4229 13.25 49.¢,
1.44 2.07
amitom saZebni wrfis gantoleba igneba: y= 2.29x 49.¢

es gantoleba kompanias saSualebas aZlevs axali produqciis ama Tu im
fasis SemTxvevaSi gaakeTos prognozi gayidvis SesaZlo moculobis Sesaxeb.

korelaciis koefici entis mniSvneloba moTavsebulia -l-sa da 1 -s Soris.
Tu or sidides Soris adgili aqvs mkacrad dadebiT wrfiv damokidebulebas ,
m&in r -is mniSvneloba axlosaa +1 -Tan. Tuorsi  di des Soris adgili aqvs mka
crad uaryofiT wrfiv damokide bulebas , maSin r-is mniSvneloba axlosaa -1-
Tan. rodesac or sidid es Soris ara gvaqvs wrfivi damokidebuleba, an am sidi -
deebs Soris susti kav Siria, maSin  r -is mniSvneloba axlosaa 0 -Tan. gvemoT mo-

yvanilia ko  re laciis xarisxis sityvieri daxasiaTebisaTvis miRebuli termino -
| ogia da Sesabamisi diagramebi:

srulyofili saSualo ar aris saSualo srulyofili
uaryofiTi uaryofiTi korelacia dadebiTi dadebiTi
korelacia korelacia korelacia korelacia
Zlieri susti susti Zlieri
uaryofiTi uaryofiTi dadebiTi dadebiTi
korelacia korelacia korelacia korelacia
-1 c0.5 0 0.5 1
uaryofiTi korelacia | dadebiTi korelacia
AY A Y

r=1
X X
srulyofili uaryofiTi srulyofili dadebiTi
korelacia korelacia

v
>

ar aris korelacia
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Zlieri uaryofiTi Zlieri dadebiTi
korelacia korelacia

korelaciis koeficientis pirdapiri gamoTvlisaTvis (roca winaswar ar
aris gamoTVlili sidideebis saSualo da standartuli gadaxra) iyeneben Sem -
deg formulas:
n@ xy)-(ax O a
r= i=1 i3 i

@) - (a7 &) (- 8

i 1=

sadac n monacemTa wyvilebis raodenobaa.
es formula sakmaod rTulad gamoiyureba. gamoTvlebis gamartivebis miz -
niT Cven vixelmZRvanelebT qvemoT moyvanili cxriliT.

magaliTi 5. gamovTvaloT korelaciis koeficientis mniSvnel oba im mona-
cemebisaTvis, romelic miiRebuli iyo 6 SemTxveviT SerC euli pirovnebis asaksa
da arteriuli wnevas Soris damokidebuleb is Seswavlisas.
amoxsna.
nabiji 1. gavakeToT cxrili ise rogor " es qvemoTaa naCvenebi:
nabiji 2. gamovTvaloT xy, x* da y* gamosaxulebaTa mniSvnelobebi da
SevitanoT cxrilis Sesabamis svetebSi. SevkriboT svetebSi moTavsebuli mniSv n-
elobebi. das rulebul cxrils egneba Semdegi saxe:
persona asaki, x wneva,y Xy X 2 y 2
A 43 128 5.504 1.849 16.384
B 48 120 5.760 2.304 14.400
C 56 135 7.560 3.136 18.225
D 61 143 8.723 3.721 20.449
E 67 141 9.447 4.489 19.881
F 70 152 10.640 4.900 23.104
A x=345 | 3 y=819 |{ xy=47.634 |3 x*=20.39¢ | § y* =112.44:

nabiji 3. miRebuli mniSvnelobebi SevitanoT korelaciis koeficientis
fo rmulaSi da gamovTvaloT r:
6Q17.634 -345 829 0.897.

r =
J(6¢20.399 348 ) (6110443 819)

daskvna. korelaciis koeficientis miRebuli mniSvneloba gveubneba, rom
adamianis asaksa da arteriul wnevas Soris arsebobs mkacrad dadebiTi wrfivi
damokidebuleba.

amocanebi
1. wamlis mogmedebis efeqturobis Sesamowmeblad Catarda 20 cda ( X wamlis
do zaa, xolo Y avadmyofobis maxasiaTebeli):

X 8 6 5 1 0 2 4 3 8 10 9 9 5 1 3 2 6 4 8 5
Y 13 15 16 21 23 19 17 17 14 12 13 12 18 20 18 17 14 16 13 18
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aageT gabnevis diagrama, ipoveT korelaciis koeficienti, misi saSualebiT da
ad gineT rogor kavSirSi imyofebian es cvladebi. SeadgineT regresiis wrfe
da misi saSualebiT gaakeTeT prognozi: risi toli igneba avadmyo

i aTebeli Tu wamlis doza igneba 7 -s toli.
2. leqciebze agtiurobasa da sagnis warmatebiT aTvisebis Sesamowm
rda20cda( X aqtiurobaa, xolo Y warmatebuleba):

X 2 16 18 10 8 6 9 13 15 12 17 16 6 4 11 14
Y 4 17 17 11 7 5 11 12 13 13 16 17 4 5 10 12
aageT gabnevis diagrama, ipoveT korelaciis koeficienti, misi saSualebiT da
adgineT rogor kavSirSi imyofebian es cvladebi. SeadgineT regresiis wrfe
da misi saSualebiT gaakeTeT prognozi: risi toli igneba warmatebu
agtivoba igneba 20 -s toli.

f obis maxas -

eblad Cata

9 17 14
11 15 15

leba Tu

12
13
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Tavi V

albaTobis elementebi . geometriuli albaToba

SemTxveviTi movlenis cal keul Se sado Se degs ele metaru lixdo mie ba ew
odeba, maT er Tobli obas t ele metarulxdo mie baTasiv rce daaRi niSneba W as-
oTi: W=w, w..}. Tuele meta rul xdo mile baTa siv rce sas ru li a, Cven SeqiZ-
lia Ca movivaloT mi siele mete bi. im SemTxvevaSi, ro ca ele meta rul xdo mile -
baTasiv rcedi diaanusas ru lo a, m&in mo xer xebulia mi  siele mete bi aRi weaos
raime TvisebiT (we siT). magali Tad, Tueq spei mefis (dak vir vebis) Se sado Se de-
gebiamsof li osisqga la qgebi,ro mel Ta mosaxle oba mili ons aRe m#& ba, m&in Se a-
sabamisi ele  meta rul xdo mile baTa siv rce Ca i wae ba Sendegna rad:

WE{x : xaris galaqgi, romlis mosaxleoba 1000000 -ze metia}.

ando giurad, Tu Cven Sem TxveviT vir CevT wertils 3 ra di usis mqo ne wri -
dancentriTko or di nat Ta sa TaveSi, maSin: W={(x,y):x*+y* ¢ 9.

aRsaniSnavia, rom er Ti da igive eqgsperi mehti Se iZle ba aRi weos sxva daxva
ele meta rul xdo mie baTa siv rciT imis mi xedviT, Turi  Tiin tres deba eqgsperi -
meta to ri. ma gali Tad, ka maTis ga gore bisas, Tu Cven gva inte re sebs ro mé ri -
cXxvi ga mo@deba mis ze da wax nagze, maSin W, ={1,234,5,6}, xo lo Tu Cven gva inte -
re sebs es ricx vi ken tia Tu lu wi, maSin W, ={kenti, luwi }. am SerfixvevaSi W,
Seicavs metin for mai as vid re W,. mag.: Tu Cven viciT W-isro méele met
maxda, maSin Seg viZlia vTgvaT W,-is ro mel ele meta rul xdo mie bas hgonda
adgili, mag ram, piri qiT, es Se uZle beli a. sasur velia, sa zo gadod, vi sar gebloT
egperi mefTan da kavSire buli mag simé& riin  for mai is Semcveli ele meta rul
xdo mile baTasiv rciT.

ma@ali Til. davuSvaT, rom Cven SenTxveviT var CevT gar xnis mi er ga moSveb-
ul sam na warms da va mownebT Ti To eul maT gans stan dar tu lia (s) Tu wun de-
buli (w). ma Sinmagsi mdu riin for mai is Semcveli ele meia rul xdo mile baTa
sivrce iqg neba: W, ={Sss, SSW,SWS, WSS, SWW,WSW \WWS WY .

uf ronak le biin for mai is Semcveli ele meta rul xdo mile baTa sivrceiq -
neba: W, ={012,3, ro méc gviC venebs, Tu ar Cali sa mi nawarmidan ram denia
stan dar tu li (an wun debuli).

magaliTebi: I. metiser Txelag debisas £ W={g, s}, Il. mmetisor jerag -
debisas, an orimo netiser Tdro ulad agde bisas £ W={gg, gs, sg, ss}; lll. mme
tis sam jerag debisas, ansa mi monetiser Tdro ulad agdebisas £tW={ggg, ggs,
0sg, Sgg, gss, Sgs, SSg, SSS}; IV. mmetis n-jer ag debisas W={w:w=(a,...,.a,),

a =g an s} da Sedegebis sa er To ra odenoba to lia  2"-is; V. erTi sa Tam&o
kamaTis ga gorebisas £ W={1, 2, 3, 4, 5, 6}; VI vTqvaT, Ta vidan vagdebT mo net -
as. Tu mo va ger bi, maSin va gorebT sa Tam&o ka mdels; xo lo Tu mo va safa su-
ri, ma Sin ki dev er Tjer vag debT mo netas. am SemTxvevaSi W={gl, g2, g3 g4,95,96,
sg,ss}; VII. orisa Tam&o kamaTisga gore bisas £ W={(1,1); (1,2); .. (1,6);
(2,2); (2,2); ...:;(2,6);...;(6,1);...;(6,6)}anu wW={(i, j):i,j=12,...6; VII. pro dug-
ci isvar gisinobisdad genisas £ W={var gisi~, 'u vargisi~}; IX. satele fo no sa -
dgur Si ga maZaebaTa ra odenoba £ W={0, 1, 2, ...}, X. Zalva gsel Si £ W={[0,
2501}

ele meta rul xdo mile baTa siv rcis ne bis mier qve simrav les xdo mie ba ew
odeba. Tu eq speri metis kon kretu li Se degi ekuT vnis ra ime xdomie bas, mein
anboben rom es xdo mie ba moxda, xoloro  mel sac ar ekuT vnis L isxdo mie -
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ba ar mox da. xdo mile bebi aRi niSnebadi dila Ti nuriaso ebiT: AB,C,D,.... xdo -

mile bas A=W uwodeben auci le belxdo mie bas, xolo @s t SeuZle belxdo -
mie bas. A da B xdo mie bis gaer Ti aneba (an ja mi) ewodeba iseT xdo mie bas,
ro méc xde ba m&in, ro ca am xdo mie bebidan er Ti mainc xde ba da aRi niSne
ba simbolo Ti ACB (an A+B). A da B xdo mie bis TanakveTa (an namavli )
ewodebaiseT xdo mie bas,ro méc xde ba main,ro caesxdo mie bebier Tdr -
oulad xde ba da aRi niSneba simbolo Ti AAB (an AB). A xdo mie bis sawina
aRmdego xdo mile ba ewodeba iseT xdo mie bas, ro méc xde ba m&in, ro ca A
ar xde ba da aRi niSneba simbolo Ti A. A da B xdo mie bis sxvaoba ewodeba
iseT xdo mie bas, ro méc xde ba ma&in, ro ca xde ba A, magam ar xde ba B da
aRiniSneba simbolo Ti A\B. A da B xdo mie bas ewodeba uTavsebadi Tu
A/ZEB=@.

Tu W-s nebis mier ele meta rul xdo mie bas w Seesabaméa gar kveuli ri -

cxvebi p =P(w), rom le bic ak mgofi le bspiro bebs: 0¢ p ¢1 da g p =1, mein

am ricx vebs ewodebaT w, ele metaru li xdo mie bebis al baTo bebi. A xdo mi

| ebis albaToba ki ewodeba sidides P(A:=a i P). Tu  P(w)=const da
|[W|< mm&in vRe bulobT  al baTo bis kla si kur gan marte bas: P(A) = A|l/| W _ Tu
elem entarul xdomilebaTa raodenoba sasrulia da yvela maTgani erTnairad

mosd odnelia (tol SesaZlebelia), maSin nebismieri xdomilebis albaToba
to lia xdomilebaSi Semavali elementaruli xdomilebebis raodenoba
gayofili yvela SesaZlo elementaruli xdomilebis raodenobaze.

xd omile bis sta tis ti kur alba To bad iT vle ba am xdo mie bis far do bi Ti
six Sire W, (A=M/N (sadac N £ cdaTasaerToricx via, - ki £ A xdo mie bis
moxdenaTla ricx vi) an mas Tan ax los myo fi ricx vi (maTema kurad zus ti for -
mdi re ba aseTi a: P(A) = le W, (A).

geometriuli albaToba. Tu L monakveTidan SemTxveviT irCeven wer tils,
m&in albaToba imisa, rom wertili aRmoCndeba | EL monakeTidan ganimarteba
rogorc: P=|l|/|L| (sigrZeebis Sefardeba). analogiuri ganmarteba gvaqvs sib -
r tyeze (farTobebis Se far deba) da sivrceSi (moculobebis Sefardeba).

maali Ti2. mrgvalisa miznisfar To biaris 143 kv.in Ci. sa miznis cen trSi
mdebare wri  ul are s, rom lis far To bia 1 kv.in Ci uwo deben “xaris Tvals~. da n-
ar Cani are da yofi lia20 seqo rad, rom le bic ga danonri lial -dan 20-mde. "xaris
Tvalis~ gareT arisag reT ve sanje ra di rgoli far To biT 10 kv. in Cidaor je -
ra di rgoli far To biT 15 kv. in Ci. vi gulis xmoT, rom samiznes SenTxveviT es vr -
ianisarsdavi povoT al baTo baimi sa, rom da zi andeba: a) or je ra di rgoli me -
14 seqtor Si; b) me-14 seqto ri, mag ram ara or je ra di rgoli; g) sam jeradirgo -
lian 'xa ris Tva li~; d) luw nonri aniseqto rianor je radirgoli.

amoxsna. SemoviRoT xdomilebebi: A ={daziandame-14seqtori },

B ={dazianda "xaris Tvali" } , D ={dazianda orjeradirgoli },
T ={dazianda samjeradi rgoli } . E={daziandaluwnomriani seqtori }.

cxadi a,romTi Toeuliseq to risfar Tobiig neba (143- 1)/20=7.1kv.inCi, x0 -
lo or je rad rgols Ti To eul seq tor Tan saer To eq neba 15/20=0.75 kv. in Ci
fa r Ti. Aamitom, al baTo bis ge ometri uli gan marte bis Ta naxmad, saZiebeli al -
baTo bebi igneba Sesabamisad:

a) P(D Z£A) =0.75/143° 0.005;

b) P(A\D)=P(A)- P(A/ZAD) = 7.1/143- 0.75/143° 0.044;

g) P(BCT)=P(B)+P(T)=1/143+10/143° 0.077;

d) P(ECD)=P(E)+P(D)- P(E/£D)=10(7.1/143+15/143- 10(.75/143° 0.55.
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ber tra nis pa ra doqsi . SerixveviT iRe ben (avle ben) gor daswre Si.rasud r -
isal baTo baimisa, rom qor dissig rZe aRe m& ba wre Si Caxazu liwe si eri sam -
kuTx edis gverds?

amoxsna 1. si metri is mo sazre bi dan gamordi nare wi naswar Se iZle ba mocem
ulig nesqor dismi marTule ba.gavavoT qor  dis per perdi kula ru lidi  ametri.
m&in mxo lod is qor da aRe m&e ba Caxazu liwe si eri sam kuTx edis gverds, ro m
elic kveTs di ametrs mi sisig rZis 1/4 -dan 3/4-mde. Sesabamisad, al baTo bis ge om
et ri uligan marte bis Ta naxmad, saZiebeli al baTo ba iq neba:

[(3/4-1/4)2r]/2r =1/2.

amoxsna 2. zo gado bis Se uzR udavad SegviZliaqor diser Tibo loda vafi-
gsi roT wre wir ze. am wertil  Sigav le bulimxe bida Ca xazuliwe sieri sam kuT -
xedis ori gver di, rom lis wve ro am wer til Sia, gnmis sam 60 gra du sis tol
kuTx es. amacanis pi ro bas akmgofi le bs mxolod is qor debi, rom le bic xvde ba
SuaTana 60 gra du si ani kuTx is Sig niT. ami tom am gziT ga moTvli lisa Ziebeli

al baTo baiq neba: 60%/180"=1/3.

amosna 3. qor dis mde bare obis da sadgenad sak ma sia da vasaxeloT mi si
Suawerti li. gor da ak mgofi lebs amo canis pi ro bas maSin da mxo lod ma Sin,
ro camisi Su awerti limo Tavsebuliamo cemdiwre wiriskon centru liwre wi-
ris Sig niT, rom lisra di usi pir vandelis na xevari a. amitom sa Ziebeli al ba-
Tobato li a: p(r/2?/m?=1/4.

para dog sis ax sha. sagme im&ia, rom amo canis pi ro baSi araa da zus te buli
ra igu lis xmda qor dis Sem TxveviT gav le baSi. pir vel Sem TxvevaSi, di ametris
gaswvriv vas ri alebT RerZs, is Se iZle ba gaCerdes di ametris ne bis mier wer ti -
| ze.to lal baTuradiT vle ba Rer Zis ga Cee ba di ametristo lisig rZisin te -
r valeb Si, maTi m debare obis gan damauki deblad di  ametris Sig niT. meore SemT -
xvevaSi, wre wiris erT wer  til Sida mage buli Rer Ziasru lebs 180 gra dusi an
rxe vas da iT vle ba, rom Rer Zis ga Cee ba mocemui sig rZisrka lisSig niT da -
mdki debulia mxo lod rka lissig rZeze da ara mis mde bare obaze, anuto lal -
baTurad iT vle ba Rer Zis ga Cee ba wre wiristo lisig rZisrka leb Si.rac Se e
xeba mesame amoxsnas, aq wer tilsvag debT r radi usianiwrisSi  gniT dave ZebT
al baTo bas imi sa, rom is mox vdeba r/2 radi usis mgo ne koncentru li wris Sig -
niT. Se sabamisad, sxva dasxva pasuxi aix sneba amocanis sxva dasxvanai ridas miT.

) S

a) b) 8)

maali Ti4. vipuvuT al baTo baimisa, romsi metri ulimo netis ori da mau k-
idebeliag debisaser Tjerma inc mo va ger bi.

amoxsna. am SeffixvevaSi W={gg, gs, sg, ss}; P{gg} = P{gs} = = P{sg} = P{ss} =1/4;
A={gg, gs,sg}da P(A) =3/4.

magali Ti 5. ras ud ris al baTo ba imi sa, rom we si er sa Tam&o ka maTis
sanjerga gore bisasmosuliqu le bier Tida igivea?

amoxsna. ele meia rul xdo mile baTa siv rce ig neba iseTi  dala gebul
@i,j,k) sameile bis er Tobli oba, sadac Ti To euli kom poneni Re bulobs mniS -
vnedo bebs 1,2,...6 er TmaneTi sagan da mauki deblad. nam rav lis prin ci pis Ta naxmad
(ix. Tavi ll), aseTisa mele bisra odenoba iq neba: |W|=6@@® = 216. vi nai dan sa Ta-
m&o ka mdeliwe sieri a,yvelaele memrulixdo mie baer Tnairad mo salod -
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neli a. Cvedvis sa inte re so xdo mie ba aRvniSnoT A simbolo Ti. cxa di a, rom
A={(111);(2,2,2);(3,3,3);(4,4,4);(555);(6,6,6)} da al baTo bis kla sikuri gan marte bis
Tanaxmad vpoulebT, rom sa  Ziebeli al baTo ba iq neba P(A) =6/216=1/36.

magali Ti 6. ganvixiloT Sem TxveviT Ser Cali gogona, ro mel sac hyavs
orided maniSvili. ras ud risal  baTo baimi sa, rom mas ar hyavs da?

amoysna. ele meta rul xdo mile baTasiv rceiq neba (a,b,c) samele biser Tob -
li oba,sadaclad gilaswe riasam Svili anioja xispir veiSvi lissge si,llad g-
ilas L meore Svilissge sidalllad gilas +t mesame S¥is sge si. bi WiaRvniSnoT
b asoTi,go gonat g asoTi,xo loSer Celligo gonat g° simbolo Ti,maSinel -
emeta rul xdo mile baTasiv rceiq neba:

W={g°99 99’9 99d d gb ggd.b § by gbiy Bg g bdg °g bb by b B.
Sesabamisad, sa Ziebeli al baTobato li a:
Rar hyavs da }=3/2=1/4.

maali Ti7. 20 stu denti dan naxevariqga liadana xevariva Ji. maTgan SenTx -
veviT ir Ceen stu dentTa sab Wos pre zi dentsa da vi ce-prezi dents. ras ud ris
al baTo baimi sa, rom pre zi dentigax debagqali,xo lovi ce-prezi denti +t vali?

amoxsna. cxadi a, rom saq me gvagvs gamme re bis ga re Se 20 obi eqi dan 2 obi -
egtis Ser CeasTandaro gorcvi ciT es Se saZe belia 20Q9=380 sxvadasxvana-
irad. ele meta rul xdo mile baTa siv rce Sed geba swored am 380 er Tnairad Se-
sade beliele meia ru lixdo mie bisagan. xel Sermwyob ele meta rul xdo mile -
baTa ra odenoba ki, namrav lis prin ci pis Ta naxmad, iqgneba 10A0=100. Sesabamis-
ad, sa Ziebeli al baTo ba iq neba 100/380=5/19.

maali Ti8 .texasurlo to SiTqvenir CevT xuT ricxvs da ki deverTbo n-
us ricxvs 1,...44 ricx vebi dan. mongebi ani ricx  vebi ir Cea SenixveviT (gvaqvs 5
morgebi ani da 39 wam gebi aniricx vi).ra uf romo salod ndi a: Tgven moi gebT pi -
rvelixu Tiricx VviTbo nusricx visga re Se, Tu mo igebT pir velixu Ti dan oT -
xiricx viTadabo nusricx VviT?

amoxsna. 44 obi eg¢i dan 5 obi eqtsvir CevT dabru nebis ga re Se da da la gebas
ar eqceva yuradR eba. Sesabamisad, gvaqvs C;, konbi nacia (ix. Tavi Il) da Ti To e
ulimaT ganisaTvis bo nusricx visar Ceis 44 Se sadeb lo ba. andenad, sul Cven
gvagvs Cf4 @4=4778435. ele meta ru li xdo mie ba. Semovi RoT xdo mile bebi:
A={mogeba pirveli xuTi ricxvebiT, bonus ricxvis gareSe} da B={mogeba xuT -
i dan oTxi ricxviTa da bonus ricxvis ricxviT}. cxa di a, rom pir veli xu Ti
ricx viigebs er TaderT Sem TxvevaSi, xo lobo nusricx visga ma icx va xde ba 43
SeriixvevaSi, amitom A xdo mie bis xel Serwyob ele meta rul xdo mile baTara -

odenoba aris 1@3=43. Sesabamisad, P(A)=43/47784352 9Q0 .
morgebi ani 5 ricx  vidan 4 -is amo Cea SeiZle ba C/ =5 sxvadasxvanai rad, xo -

lo me xuTe monyebianis ga maicx va ki C;, =39 sxvadasxvanai rad. amas Tanave, B
xdo mile bas xels uwy obs bo nus ricx vis er Tader Ti va ri anti da  sabolo od
gvaqvs: | B|=5@90 =195. Sesabamisad, P(B)=195/47484352 4Q0°.

e.i. B xdo mie ba 4Q0°/(9Q07)° 4.44-jeruf romo salo dndiavid re A.

magali Ti 9. 52 kar ti dan dab ru nebis ga re Se iRe ben 5 karts. a) ras ud ris
al baTo ba imi sa, rom maT Si ar ig neba ‘guli~; b) ras ud ris al baTo ba imi sa,
rom maTSi ig neba k “guli~ (k=0....5); g) ‘gule bis~rara odenobaa yvela ze
uf romo sal od ndi?

amoxsna. ele meta ru lixdo mie bebisra odenobaiqneba C., (dala gebebs yu -
r adRebas ar vaq cevT). a) SerixvevaSi xel Semwyobi ele metaru li xdo  mie bis
misaRebad 5 kar tis ar Cea unda moxdes 52-13=39 ara gu li dan~darad ganes
SesaZe belia Cj, sxvadasxvanai rad, ami tom vRe bulobT:
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P{ara "guli" }=C/CJ° 0.22;

SeniSvna saZiebdli al baTo ba ar Se ic vle ba Tuda la gebas gaviT valis win-
ebT, magam unda gaviT valis winoTro gorcele memru lixdo mie bebis sa er -
Tora odenobaSi, ise xel Senwyobi ele metaru lixdo mie bebis ra odenobaSic.
es aix sneba im gare mcebiT, romsa marTli ania Ta nafar do ba:

AX [ A =CK/Ck,
b) SerixvevaSi k ‘guli~un da air Ces gule bis sa er To ra odenobidan anu
13dan. es Se saZe belia C/, sxvadasxvanairad. da narCeai 5- k kartiun da air -

Ces dar Cenili 39 kar ti dan, rac Se saZe belia C,“ sxvadasxvana rad. Nnamrav -
lis prin ci pis Ta naxmad xel Serwyob ele meta rul xdo mile baTara odenobaiq -
neba Cf (C2“ dasaZiebelial baTobato lia:
P{k "guli" }=CSQx“/C:,, k=01..5.
g) wina punqtSi mi Rebuliga maosaxule bis ga moyenebiT dav rwmundebiT, rom
yvela zeuf romo salod ndial gu li~al baTo biT 0.41.

maali Ti 10 (‘bednier~ bi le Tebze). 25 sagamocdo bi le Ti dan 5 "bed nie-
ria~,xo loda narCei20 t "arabed nieri~.ro melstu dentsaqvs bed nieri~bi -

le Tis aRe bis metial baTo ba: vinc pir veli iRebs bi leTs, Tuvinc me oreiR -
ebs bi leTs?

amoxsna. aRwiS noT pir veli stu dentis mi er aRe buli bi le Tis no me i
asoTi,xo lome orestu dentismi eraRebulibi le Tisno mei | asoTi.da vuS-
vaT, rom 'bed nieri~ bi le Tebis nomrebia: 1, 2, 3, 4, 5. maSin cxa di a, rom
W={(i,j):i,j=12..25i, j}, |[WF25@4=600 da, bu nelri via, CavTvaloT, rom yve -

laele memrulixdo mile bato lal baTuri a: P(i,j)=1/600.
Semovi RoT xdo mile bebi:
A={pirvelma studentmaaiRokargi bileTi }.
B={meore studentma aiRo kargi bileTi },
m&in am xdo mile bebs aqvs Sendegi sa xe:
A={(i.j):i=21..5]=1..25i, j} da B={(i,j):i=1...25]j=1..5i, j}.
advilida sanaxia,rom |AE5® ®( |[BE5® 205 Q2. amitom al baTo bis
kla si kurigan marte bis Ta naxmad:
120 1

P(A=MB 600 &

e.i. ori vestudentsaqvskar gibi le TisaRe biser Tidaigi veal baTo ba.

maali Ti 11.vipovoT al baTo ba imi sa, rom wre Si SemTxveviT Cag debuli
wa ti liarCa var deba am wreSi Caxazul we si er eq vskuTx edSi.

amoxsna. davuSvaT, r om wris ra di usia R, m&in masSi Caxazu li we si eri

equskuTx edis gver diciq neba R.amadanave, wris far  To bia |S|=pR?, xo loeq v-

skuTx edisfar To bia t |s|z§R2. amtom sa Ziebeli al baTo ba iq neba:
3J3
) pR? -°R
F,:ISI Is|_ 22 2p 93 ®174
|S| PR

maali Ti 14 (Sexvedris amo cana). ori pi ri Se Tanxmda gar kveul ad gil ze
Sexvdes er TmaneTs 6-dan 7 sa aTande. Ti To euli maT gani SemTxveviT mo meitSi
midis daT gmul adgilas da me oreselo deba 20 wuTis manZil ze (Semdeg ki mi -
dis). vi povoT al baTo baimi sa, rom es pi re bi Sex vdebi an er TmaneTs.

amoxsna. avkRniSnoT, er T-er Tipi risdaT gmulad gil ze mis vlis dro 6+ X-
iT,xo lome orepi ris L 6+y-iT(sa dac X da y gamcsaxuliasa aTebSi).ele ne-
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nta rul xdo mile baTa siv rcis rol Si Seg viZlia avi RoT im (x,y) wertil Ta
simmav le, rom le bic er Teulo van kvadrats ekuT vnis. am SenixvevaSi CvenTvis
sainte re so wer til  Ta (xel Sernwyob ele meta rul xdo mile baTa) simravleig ne
ba er Teulo vanikvad ratisimwer til Tasimravle,ro melTako or di nate bier -
TmaneTi sagan da Sore bulia ara umeées 20/60=1/3-IT: A={(xVy);|x- y|¢1/3 AW.

vinadan |x- y[¢1/3U -1/3¢y- x¢1/3U x-1/3¢y¢ x+1/3. amtom advili gasa-
gebia, rom A simravle igneba er Teulo vani kvadratis SigniT y=x-1/3 da
y=x+1/3 wrfe ebs Soris mogeuli gaferadebuli are (ro ca 0¢x¢1/3, m&in
y=x-1/3 wrfis nacvlad qveda sazRvris rol Si igneba X RerZi: 0¢y¢ x+1/3,
xolo roca 2/3¢x¢l, m&in zeda sazRvari y=x+1/3 wrfis nacvlad igneba
y=1 wrfe : x-1/3¢yc¢1).

N---- e ecccccee=-

\ 4

0 1/3 /3 1 X

amiom saZiebeli al baTo ba igneba:

p(a) = Al 1 2/32/3 5

|W| 1 9

amocanebi

1. CanoTvaleT elen  mein rul xdo mile baTasiv rcisele  mete bi:

a) 1-dan 50-mde maravsebuli 7 -isje ra dimTe liricx vebi;

b) W={x:x*+x- 6=0};

g)er Tdro uladag debensaTam&oka mdelsdamo ndas;

d) W={x:xaris kontinenti };

e) W={x:2x- 4=0da x>5}.
2. aRweeT ele mein rul xdo mile baTa siv rce, Tu Sem TxveviT vir CevT wert -
iIs pir veli me oTx edi dan, ro méc mo Tavsebulia 2 ra  di usis mgo ne wre Si
centriT  koor di nat Ta sa TaveSi.
3.ro méato ligve moT CamoTvli lixdo mie bebidan?

a) A={13;

b) B={x:xaris kamaTelze mosuli qula };

g) C={x:x*-4x+3=0};

d) D={x:xaris gerbTa ricxvi monetis 6-jer agdebisas }.
4. agdeben or ka md3els, ro mel Tagan er Tiyvi Teli a, xolo me ore wi Teli da
iweren mosul qu lebs. a) Ca moTvaleT elen meta rul xdo mie baTa siv rcis
ele mete bi; b) CamorvaleT A xdo mie bis ele mete bi £ moul qu la Taja mi
nake bia 5-ze; g) CamoTvaeT B xdo mie bis ele mete bi £ erT ka m3el ze ma
incmo va6 qula;d) Ca moTvaleT C xdo mie bisele mete bi £ yviTelka m3el -
ze movida 2 qu la; e) ga maosaxeT venis di agra méis sa Suale biT A, B da C
xdo mile bebs Soris kav Siri; v) Ca moTvaeT AAC xdo mile bisele mete bi.
5. Tu mo netis ag debis Se degad movi da ger bi, maSin mas agdeben xel mered, xo -
lo Tu pir vela di ag debi sas movida sa fa suri, ma Sin ago re ben saTam&o ka ma
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Tels. a) Ca morlvaleT elen  meia rul xdo mile baTa siv rcis ele  mete bi; b) Ca mo
TvaleT A xdo mile bis ele mete bi £ saTam&o ka mdel ze movida 4 -ze nakle bi

qula; g) Ca moTvdeT B xdo mile bisele mete bi £ movidaorisa fa suri.

6. SenxveviT Ser Ceal sam di asaxliss ekiTx  ebian: iyeneben Tu ara isi  ni Wur W
lissa recx adli mamis Semcvel Je les? da debiTi pa suxi aRi niSneba simbolo Ti

Y,xo louar yofi Tipa suxiki + N.a)CamoTvaleT elen meta rul xdo mile baTa
sivrcis ele  mete bi; b) CamoTvaeT A xdo mie bis ele mete bi £ sulco taori

di asaxli si mainc iye nebs li mamis Semcvel Je les; g) gan sazRvreT xdo mie ba,
ro més ele mete bis sim raviea {YYY,NYY,YYN,NYN}.

7. aRweaeT ele mela rul xdo mile baTa siv rce: a) ago re ben sam salTam&o ka md -

elsdaiT vli anmosulqu la Tajams; b)ir Ceen or nam dvil ricxvs 0 -sadal -
s So ris; g) Sem TxveviT ir Ce&en ame kels da ax denen kla sifi ci re bas sqgesi sa
da asa kis mi xedviT; d) o r gan sxvavebul mTel ricxvs ir Ceen 1-sa da 10 -s So -

risdaala  gebenzrdismi xedviT; e) Sem TxveviT ir Ceen or wer tils 20 sm sig -
rZis sa xazavze dazo maen maT Soris man Zils.

8. mocemudia xdo mie bebi A, B da C. gamcsaxeT am xdo mie bebis sa Suale -
biT Semdegi xdo mie bebi: a) mox da zus tad er Ti am xdo mie bebidan; b) ar c
er Ti am xdo mie bebidan ar mox da; g) sul co ta er Ti mainc mox da; d) yve la
xdo mile ba moxda.

9. di namos saTam&o aqvs 7 mat Ci. B, iyos xdo mie ba, romdi namom mogo Kk-u-

rimat Cida ga mowaxoT B,-ster minebSi xdo mie bebi: a) di namom mogo | mat -
Ci; b) di namom wago | da mo igo Il da lll Sex vedre bi; g) di namom mogo yve la
Sexvedra; d) di namom bdo sa mi Sexvedri dan moigo ori Sex vedra da wa ago
er Ti; e) di  namom mogo pir velisa miSexvedradada narCeai waago.

10. aggeT ele meia rul xdo mile baTa siv rce sa Tam&o ka maTis or jerga go-
re bi sas. gamoyaviT xdo mile bebi: A £ mosul qu la Ta ja mi mdia 5 -ze, magram
nake bia 9-ze; B £ mosulqu la Taja minakle bia 6 -ze an metia 8 -ze; C £ mo
sulqu leb Sier Timainc oTx iania; D £ mosul qula Taja mikenti a; E £ mo
sulqu la Tasxvaobato lia4 -is. miuTi TeT Tav sebad da uTav sebad xdo mie ba-
Ta yvela wyvi i

11. daantki ceT,romTu ACB =A €, m&Sin B=C araa mar Tebuli.

12. daantki ceT,romTu A/AEB=A & da A, A m&in B=C araa mar Tebuli.
13.iwvevs Tuaraxdo mie ba AC(B AC) xdo mie bas AC(BCC)?

14. samarTli aniaTuaraCar Tva [[BAC)CH CC §C & 6 (& E?

15. daantki ceT Semdegi Ta nafar do bebi:

a) BC(AAA =A (B ©;

b) (ACA) AA CW A (£ B

9) BC(AAB) B ® C A4

d) (ACA G(A EA EA G WA

e) [BAHACB] CA €B BE (@& K

v) (AZEB) CA =A @;
z) (ACB)G(AA A QAE

T) [AABGCAl {AB @ A E

16. yuTSi 10 wi Teli, 5 TeT ri da 4 lur j bur  Ti a. SenTxveviT iRe ben erT
burTs. vi povoT al baTo ba imi sa, rom: a) amo Rebulia lur j bur Ti. b) araa
amdRebuliwi  Telibur  Ti.g) araaamo Rebuli TeT rib ur Ti.d)amo Rebuliawi -
Telian TeT  ribur Ti.

17. rva ada miani sagan, ro mel Ta So ris 3doq to riada5kan di dati, un da Sevad-
gi noT samkaci ani ko misi a. ko misi is wev re bi Se ir Cea SenixveviT. ro goria al -
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baTo ba imi sa, rom komisi aSi mox vdeba: a) sami doq to ri? b) ori doq to ri da
er Tikan di dati? g)er Tidog to rida orikan di dati? d) sa mikandi dati?

18. 9 wignidan, ro mel Ta So ris 4 xe lov nebazea da 5 de teqti via, SenTxveviT
ir Ceensams.rogoriaal baTo baimi sa, rom: a) sa mive wig ni iq neba xelov nebaze?
b) samive iq neba deteqti vi? g) er Ti an ori wig ni ig neba xelov nebaze? d) zus -
tad ori iq neba deteqti vi?

19. mmetas ag deben sanjer. ro goria al baTo ba imi sa, rom ger bi mo va: a) kent

ricx vjer? b) luw ricx vjer? g) arc er Txel?d)or  jerma inc?
20. mnetas ag deben 4-jer. ro goria al baTo ba imi sa, rom ger bi mova: a) kent
ricx vjer? b) luw ricx vier? g)ara nakebor jer?d)er Tjerma inc ?

21. mmetas ag deben oTx jer. ro goria ala baTo ba imi sa, rom sa fa suri mo va: a)
aranakeb sam jer? b) ara nakeb or jer? g) ara nakeb er Tjer? d) arc er -
Txel?

22. saTam&o ka mdels ago re ben or jer. ra uf roal baTuria & jamSi mova: a) 6
qulaTu8qu Ila?b)5qu laTu9qu Ila?g)5qu laTu6qu Ila?d)5qu laTu8
qula?e)6qu laTu7qu la?v)7qu laTu5qu la?

23. ro goria al baTo ba imisa, rom ori sa Tam&o ka maTis ga gore bisas mova
ise Tiqu le bi,rom le bicor jergan sxvavdebianer TmaeTi sagan?

24. ro méa me ti da ram deniT: al baTo ba imi sa, rom sa Tam&o ka maTis er -
Tjerga gore bisas mova6 qulaTuor jerga gore bisasjam Simova6 qu la?

25. cnobili a, rom Tev zis gar kveuli sa xeoba iwo nis 10 fun tze mets al  balo biT
0.01. davuSvaT,romda iWres 10 ase TiTev zidaawo nes.aGeneT:al balo baimi sa, rom
10 Tevzisja mui wona gadaaWarbebs 100 funtsaraRe  mé ba 0.1s.

26. saTam&o ru le ti~ Sedgeba 38to lifar To bis mgo ne seqto ri sagan, ro mel Ta-
gan 18 Savia, 18 wi Teliada 2 ki mwva ne. agdeben burTs,ro mécsa bolo od Cer -
deba er T-erT seq tor Si.ipo veT al baTo ba imi sa, rom bur Ti: a) ga Cerdeba wi Tel
seqior Si; b)arga Cerdeba Sav seqtor Si.

27. ipo veT al baTo ba imi sa, rom SemTxveviT Ser Calisa micif ri dan: a) sa mive
gansxvavebuli a; b) sa mive daenTxveva er TmaneTs; g) ori ma inc da enixveva er Tma
neTs; d) mxo lod ori da enmfxveva er TmaeTs.

28. CaffaSidevs 6 wi Telida4 mwva nekal kula to ri. iRe benorkal kula tors
dabru nebis ga re Se. ipo veT al baTo ba imi sa, rom: a) ori ve kal kula to riwi Te-
li a;b)ori ve mwvaea; g) zus tad er Tikal kula to riwi Teli a;d)er Tikal ku-
la to rimaincwi Teli a;e)meorekal kula to riwi Teli a.

29. 52 kar ti dan iRe ben or karts dab ru nebis ga re Se. ipo veT al baTo ba imi sa,
rom: a) ori ve kar tisu raTebiania (K Q,J; b)ar cer Tiar aris su ra Tebi ani; g)
er Timaincsu ra Tebiania;d)er Timaincwi Teli a.

30.ipo veT al baTo ba imi sa, rom er Teulo van gver di an kvadrat Si SemTxveviT Ser -
Celliwer ti liamkvad ratisuax lo esigver di danda Sore buliig neba ara umées
0.15T.

31. orisig nai mim Reb mowybilo baze T dro is manZil ze SemTxveviT mo metSi
mii Reba. mowy bilo ba maT ganasxvavebs, Tuisi ni t dro iT mainc ari an daci le -
bulier TmaeTs.ipo veT al baTo baimi sa,romori vesigndimi Rebuliig neba?
32.yuT Sidevs 10 bur Tiga danonri lil -dan 10-mde ricx vebiT.ipo veT al baTo ba
imisa, rom SemTxveviT amo Rebul 6 bur  TSi aR mo@deba: a) bur Ti # 9; b) bur Ti
# 9 da #10.

33.sibrtye ze,ro mécda farulia a gverdis mgo ne kvadr tTa ba diT, Sem Txve-
viT ag deben monetas ra di usiT r<a/2.ipo veT al baTo ba imi sa, rom mo neta ar
gadakveTs ar cer Tikvad ra tis gverds.

34. SernixveviT iRe ben or da debiT ricxvs, ro mel Tagan Ti To euli ar aRe  maée -
ba 2-s.ipo veT al baTo baimi sa,rom maTinamrav liaraRe m#& bal-s,xo loga na
yofi ki ar aRe mae ba 2-s.
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35. ori ada miani Se Tanxmda, rom er TmaneTs Sex vdes 19°-dan 19*°-mde. ro goria
Sexvedris al baTo ba, Tua) er Tiad gilze mos vlis Sem degic dis 30 wuTs, xo -
lome oresa erTodaric dis?b)er Tiic dis10wuTs,x0o lome ore5wuTs?

albaTobis gamoTvla kombinatorikis gamoyenebiT

albaTobis amocanebis amoxsnis pirvel etapze, ume tes Sem TxvevaSi, au Ci -
| ebelia ga nisazRvros ro gorc ele  meta rul xdo mile baTa siv rcis ele  meh-
Ta saerTo ra odenoba, ise ama Tu im xdo mie bis xel Serwyob ele meta rul
xdo mile baTara odenoba. el emema rul xdo mile baTara odenobis ga maosaT vlel
Ziri Tad prin cips war maadgens e.w. namav lis prin ci pi, rom lis ker  Zo Senixve-
vaSi ase for mdir deba:

namav lis prin ci pi: Tuer Tiobi edisSer Ca&aSesade belia n sxvadasxva
gziTdaTi Toeuliam Se sadeb lo bisaTvis meore obi edis Ser Ce&a Sesade be-
lia m sxvadasxva gziT, ma Sin obi edTa wyvi lis Ser Ce&a Sesade belia nm
sxvadas xva gziT.

maali Tad, Tu ma m&acs aqvs 4 pe rangida 2 pi ja ki, maSin am mam&acs aqvs
peran gi sada pi ja kis Ser Ceis 43 2 =8 Sesadeb lo ba (vari anti).

namav lis prin cip Tan da kavSire biT xSi rad sa sar gebloa xis ms  gavsi ( xi seb-
ri ) di agra mis anu dendrog ra mis gamoyenéda. mgali Tad, den drog ra miT ga mcsa-
xulimo netisor jerag debis Se sabamisi Se degebis sim ravleig neba:

magali Til . ramdeniele metaru lixdo mie bisagan Sedgeba ele meta rul
xdo mile baTa siv rce Tu or ka mdelsva gorebTer Tjer?

amoxsna. pir veli ka mdeli Se iZle ba daeces 6 wax nagi dan nebis mier ze (ka -
mdelis ze dawaxnagze SeiZle ba gamo@des ne bis mieri 6 ricx vi dan). am 6 SesazZ
leb lo bidan Ti Toeuli saTvis meore ka mieli Se iZle ba daeces 6 wax nagi dan
nebis mier ze. amitom namrav lis prin cepis Ta naxmad ori ka mdeli Se iZle ba dae-
ces 6@ =36 sxvadasxvanai rad.

maali Ti 2 . vagdebT erT mo netas da va gorebT erT sa Tam&o ka mdels.
mmeta Se iZle ba daeces 2 sxva dasxva mxae ze.amori Se sadeb lo bidanTi To e
uli saTvis ka m3eli Se iZle ba daeces 6 waxnagi dan nebis mier ze. Sesabamisad,
SesaZlo Se degTara odenoba, namav lis prin ci pis Ta naxmad, iqneba 2B =12. es
Sedegebia: g1, 92, ...,96,sl1,s2,...,s6.

maali Ti 3. vagdebT mo netas er Tjer, Tu movi da ger bi meore jer vag debT
maetas, xo lo wi naaRmdeg SenixvevaSi va gorebT sa Tam&o ka mdels. mo neta
isev Se iZle ba daeces 2 sxva dasxva mxae ze da ka mdeli ase ve SeiZle ba daeces
6 waxnagi dan nebis mier ze, magram aq dar Rveulia nam ravis prin ci pis Zi ri Tadi
moTxovna, rom pir velipro ceduris Ti Toeuli Se degisaTvis meore pro cedu -
ris Se degTara odenobaiyosuc vle li(ag kime ore SemTxvevaSi gvagvs an 2 an
6 Sesadeb lo ba). amtom Se saZdo Se degTa ra odenobis namrav lis prin ci piT
gamoTvla ar iq neba marTebuli. si  namdvi le Si aqg mo salod nelia 8 sxva dasxva
Sedegi. es Se degebi a: gg, gs, s1,s2, ... ,s6.

namav lis prin  ci pizo gadad aseya lib deba: Tuer Tiobi edisSer Cea Se-
sade belia n, sxvadasxva gziT, Ti To euliam Se sadeb lo bisaTvis meore obi -
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eqis Ser Ce&a Sesade belia n, sxvadasxva gziT, Ti Toeuli saTvis pir veli
or i Se sadeb lo bidan mesame obiedis Ser Ce&a Sesade belia  n, sxvadasxva
gziT daa. S.,, ma Sinobi eqTa m-eulis(ampro ceduris m-erga mere bis Se -

degad) Ser Cea SesaZe belia n, O, @ sxvadasxva gziT.

maali Ti 4 . wvnianis, bu ter bro dis, de serti sa da wve nisagan Senugari sa -
uz mis ramdeni sxvad sxva kombi naci is Se Tavazeba SeiZle ba mommaeb li saTvis,
Tu Ser Cera Sesade belia 4 sa xeobis wvnianisa, 3 sa xeobis bu ter bro di sa, 5 sa -
xeobis de ser ti sada4 sa xeobis wve nisagan?

amoxsna. sauz mis yvela Se sado va ri ante bis ra odenoba, namav lis prin -
ci pis Ta naxmad, iqgneba: 433G @ = 240.

maali Ti5 . ramdenilu wi samniSna ricx vis Sed gena SeiZle ba cif re bis 1,
2,5,6da9sa Suale biT, TuTi Toeuliga moyenebuliigq neba mxoloder Tjer?

amosna. vinai dan ricx vi un da iyos lu wi, Cven gvaqvs er Teulis ar Ceis
mxodod ori Se sadeb lo ba. Ti Toeuli ar Ceali er Teuli saTvis Cven SegviZ-
lia ase wule biscif ri Se var CioT 4 sxvad sxva gziT daer Teuli sa da ase ulis
ar Cevis Semdeg aTa seule biscif ri Seg viZlia Se var CioT 3 sxva dasxva gziT. Se -
sabamisad, nanrav lis prin ci pis Ta naxmad, Cven SegiZlia Se vadginoT 2@3=24
sxvad sxva lu  wi samniS na ricx V.

gadanacvle bebi L es aris kom binaci ebi,rom le bic Sed geniliamo cemudi ¢
ele meti anisimravlisyve la ¢ ele meti sagan daer TamaeTi sagan ganxsvavdeba
mxadod ele mete bis gan la gebisri giT. . =cl

wyobebi L esaris t ele meti ani kom binaci ebi ¢ gansxvavebuli ele metis
mgae simra vli dan, ro mée bic er TmaeTi sagan gansxvavdeba an ele mete bis Se -
madjenio biT anele mete bisgan la gebisri giT. ¢, = W( n ).

juf debebi £ esaris ¢ ele meti anisimravlisda ula gebeli t ele meti a
ni qve simrav le ebi. ;= f/( % 4§ ))k cxadi a,rom CI'On A"

ma@ali Ti 6. ramdeni gan sxvavebuli sia Se iZle ba Sedgenil ig nes 7 sxva -
dasxva gvari sagan?

amosna. R ! E2 043G 607 (04

magali Ti7. Segib re baSi mo nawile 10 spor tsmenidan pir vel sam ad gil ze
gasulisa migamarjve buliram den sxva dasxvana rad Se iZle ba ganTavsdes da sa-
jil do ebel kvar cxl bekze?

amoxsna. ¢, =10@ =720

maali Ti 8 . Sesar Cev Sgib re baSi mo nawile obs 10 ada miani, ro mel Tagan
fi nal Si ga dis sa mi. fi nalis te bis ram deni gan sxvavebuli sa maeli Se iZle ba
gamouin des?

amoxsna. wina maali Ti sagan gansxvavebiT, aq fi ndis te bis rigs (da la ge-
bas) mniSvndo ba ara aqv s. amitom vi yenebT juf debis for mudas:

uy =20 899045

magali Ti9 .20la tari isbi le Ti daniRe ben ors | da Il pri zis mo sagebad.
ramdeni ele meti sagan Sedgeba ele meta rul xdo mile baTa siv rce?

amoxsna. ele mem rul  xdo mile baTara odenoba iq neba

maali Ti 10. ipo veT 6 gansxvavebulcif ri anite le fo nis nomre bis ric  xvi,
Tu ne bis mier ad gilas Se sade belia ewe ros ne bis mieri cif .

amoxsna. A, =10080 ®® =15120C.
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maali Ti1l. ramdenigziT Se iZle bamaemd kurisa zo gado ebis pre zi di u-
mis 5 wevri dan sa mi sxvadasxva monxsenehlis Ser Ce&a ma&ema& kuri sa zo gado e-
bis sa mi sxvadasxva Sexvedri saT vis?

amoxsna. konbi naci aTa ra odenoba ig neba

G-3) 2
maali Ti 12. vipovoT 4 stu denti sada 3 pro fe sori sagan Sedgenil Se saz
lode le gaci aTara odenoba, ro méic Sed geba 2 stu denti sadalpro fesori -
sagan.

amoxsna. 4 stu denti sagan 2 stu dentis Ser Cea SeiZle ba C; :i =6 sxva-

2Q
dasaxva gziT, xo lo 3 pro fesori sagan 1 pro fe soris Ser Ce&a SeiZle ba
(o :%=3 sxvadas xvana rad. Se sabamisad, nanrav lis prin ci pis Ta naxmad, yvda

SesaZode le gaci aTara odenobaiq neba C; (i =63=18.

maali Ti 13. ramdenna rad Se iZle ba 6 sa xeobis asa feT gebeliniv  Ti ere ba da -
vala goT grZelTa ro ze,Tucno bili a romorimaT ganiarSe iZle baer TmaeTis
gver diT da idos?

amoxsna. am ori asa feT gebeli niv  Ti ere bidan erT -erTi ga davdoT cal ke da

danar Cai 5 da vala goT Ta ro ze.5 niv Ti ere bis Ta ro ze da la geba Sesade belia
5 sxvadasxvanai rad. mas Semdeg rac Ta ro ze da la gebulia 5 niv  Ti ere ba me6
nivTi ere ba ver da ideba erT -erTi maT ganis gver dze (arc mar jvniv da arc mar -
cxniv), Se sabamisad, me-6 niv Ti ere ba Sesade belia da idos 6-2=4 adgilas.
amitom, na nmav lis prin ci pis Ta naxmad, saZiebelira odenoba iq neba: 584 =480.

maali Ti 14. ganvixiloT mar TkuTx ovani m3 n bade, ro mdéc Sed geba 131
kvadra te bi sagan. vi povoT im umok le si gze bisra odenoba, ro mel sac miv yavarT

marcxe na gveda kuTx idan £ werti li dan (0,0) marjve na zeda kuTx eSi t wertil -
Si (m,n).
amoysna. umokle si gza (0,0) wer ti li dan (m,n) wertil Si Sed geba m+n mo

nakveTi sagan, ro mel Ta Soris m hori zontalu riada n kiver ti kalu ri. sxva -
dasxva gza gan sxvavdeba mxolod ho ri zontalu ridaver ti kau ri mo nakveTebis
maacvle obis ri giT. ami tom gze bis sa er To ra odenoba enTxveva im Sesadeb lo -
bebis ra odenobas ramdennai ra dac m+n maakveTi sagan Sesade belia Se ir Ces m
hori zontalu rimo nakveTi,anu C, (SeiZle bodagangvexilaim Se sadeb lo bebis

ra odenoba ramdennai ra dac Se sade beia Se ir Cesara m hori zontalu ri mo nak

veTi, ara med n vertikaluri mo nakveTi da, maSin, pasuxiiq neboda C.,, .amiT,faq -
tobrivad, ge ometri ulad Se vamowneT,rom CI. =C" ).
samarTli ania Semdegi zo gadi de bule ba: im n obi eg¢is gan sxvavebul ga -
danacvle baTara odenoba, ro mel Ta So ris n, pir veli ti pisaa, n, meret pi-
saa,daa.S. n_ t k-uriti pisaa, Seadgens:
%(1,..,1
nl . "
Pt = (cxadi a,rom PB™ =PB,).
n,!n,!c@mn,!
maali Ti 15. ramdenairad Se iZle ba 3 wi Teli, 4 yvi  Telida 2 lur jina Tu-

ra gan vaTavsoT sa axal wlo naZ vis xis gam nalebel mowy obilo baSi,ro mel sac na -
Turis9Qbu degaaQia?
amoxsna. gansxvavebul gan la gebaTara odenoba iq neba
|
3@
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samarTli ania Semdegi zo gadi de bule ba: n obi eqi sagan Sendgari sim rav -
lis m nawilad Se saZoda yofa Tara odenoba, sadac pir velina wiliSe icavs

n, ele ments, meore nawili £ n, ele mentsdaa.S. m-urina wili & n, ele -
ments aRi niSneba simbolo Ti C/*™" dato li a
CpfMm=— —_—— 'sadac n +n,+@>n, =n.
n!n,!@m !

maali Ti 16. ramden sxva dasxvanai rad Se iZle ba gadanawil des 7 mec ni eri
sastumroserT3ad gili ansadaor2ad gili annonreb Si?
amoxsna. SesaZo ga danawile baTara odenoba iq neba

3,22 _ 7! —

! 30&

magaliTebi: I.  kur sze,ro mel zecsa mijgu fi a,jguf xele bisar Ceisyve la
SesaZlo va ri ante bis ricx via n O, Oy, sadac n t i-urjguf  Sistu dente bis
ra odenobaa (vi yenebT nanrav lis prin cips); Il. raodenoba yvela Se saZo kom bi -
naci ebis, ram denna ra dac Se sadebe lia m mgzavi gan valavsoT n vagonSi,
to lia n™ (dala gebuliamor Ceva dalru nebiT,sa dac M =n da n=m); lll. m ad-
amianis da badebis dRe ebis yve la Se sado kom binacia (im piro  biT, rom Ti  Teu-
lida badebisdRe arisro mé me 365 dRidan)to lia 365" (sagme gvagvs amor-
CerasTan dab ru nebiT, amasTanave amor Ceebi iT vle ba dala gebulad, sa dac
M =365 da n=m); IV. raodenoba yvela Se sado ko nbinaci ebis, ram dennai ra dac
Sesade belia5bur  Tigan vaTavsoT 5yuT Si, ise rom erT yuT Siiyoser Tibu -
r Ti, to lia 5! (nam rav lis prin ci pis Ta naxmad); V. parti ebis ra odenoba, ro me
licun da Sed ges n mmawili sagan Sendgar wri ul sa Wadako tur nir Sito -
lia C?=n(n-1)/2 (daula gebeliamor Ceaa dabru nebis ga re Se).

maali Til7 . rasud risal baTlo ba imi sa, rom mo netis 6 -jer agedbisas er -
Tjer ma inc mo va ger bi?

amoxsna. aRvniSnoT A-Tixdo mie ba, rom mo netis6 -jerag debisaser Tjer
mac mo va ger bi. vi naidan monetis yo veli ag deba SeiZle ba dasrul des ori
sxvadasxva SedegiT da mauki deblad sxva ag debebis Se degebi sagan. amitom, nam-
rav lis prin ci pis Ta naxmad, ele meta rul xdo mile baTa siv rce Sed geba 2° =64
ele memru li xdo mie bisagan. am SemxvevaSi uf ro mo xer xebulia sa winaaR-

mdego A xdo mie baze gadasvla, ro méc niS  navs, rom mo netis 6 -jer ag debi-
sasar cer Tjerarmo vida ger bi.es Se iZle ba moxdes mxo lod erT Sem  Txveva
Si £ Tueqvsivelermo vidasafa suri. Se sabamisad, P(A) =1/64. amitom
P(A) =1- P(A) =1- 1/64=63/64.

maali Ti 18 . 15 detali sagan Sendgari par ti is Se samownekad, ro mel Ta
Soris 5uvar gisia, SenTxveviT ar Ceen sam detals. de tale bis par tiaiT vle ba
uvar gi sad Tuuvar gisiaR mo@debaer Tide talima inc.vi povoT al baTo baimi -
sa, rom par tiaig neba uvar gisi.

amoxsna. pir velide talis Ser Cea Sesade belia 15 sxva dasxvana rad, meo-
re de talis Ser Ca&a Sesade belia 14 sxva dasxvana rad da me same deta lis Ser -
Cera Sesade belia 13 sxva dasxvana rad. Se sabamisad, nanmrav lis prin ci pis Ta -
naxmad, yvda Se saZlo sa mal Tara odenoba iq nebal5Q4Q3. gadavi deT CvenTvis

sainte reso A xdo mile bis sa winaaRmdeyo xdo mie baze: A t amorCel sam de -
tal Sisa mive ig neba var gisi. ase Tisa malisar Ce&aundamoxdes 10 var giside -

ta li dan da, wina msjelobis ana lo giurad, A-isxel Senwyobsamel Tara ode-
noba iq neba 10@. amitom sa Ziebelial  baTo ba iq neba:
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1008 67
150443 91

maali Ti 19. konfe renci is 20 mo nawili saTvis, ro mel Ta So ris 12 Thi i -
seli a, sastumro Si da jav Snulia 20 no me&. am nom re bidan 12 gadahyurebs
zRvas. ad minis tra to ri Sem TxveviT aw vdis kon fe renci is mo nawile ebs nomre bis
gasaRebebs. vi povoT al baTo ba imi sa, rom 12 Thi |i sels Sex vdeba is nom re bi,
romle bic zRvas ga dahyurebs.

amoxsna. konfe renci is 20 mo nawili saTvis 20 sxva dasxva nomris mi cema im
dennai rad Se iZle ba, ramdennai ra dac 20 obi eqdi Se iZle ba ganTavsdes 20 ad gi -
las, anu |W|=20. analo giurad, 12no merSi 12 Thi li selisgan Tavseba Sesade -

belia 12 sxvadasxvanarad, xo lodar Ceil8no merSikon fe renci isda nar Ceai
8 monawilis gan Tavseba SesaZe belia 8 sxvadasxvana rad, da mauki deblad
imisagan Turo mé Thili selizRva ze xe dis mgo ne ro mel no merSi mox vdeba.
amtom, namrav lis prin ci pis Ta naxmad, xel Semwyob ele meta rul xdo mile baTa
ra odenobaig neba | A|=12@ . Sesabamisad, sa Ziebeli al baTo ba iq neba:

P(A) -128 _ 897@? °©79040°.
20 20Q9(mM3
maali Ti 20. agdeben n cal sa Tam&o ka mdels. ipo veT al baTo ba imi sa,
rommosulqu la Taja miiqg neba:a) n;b) n+1.
amoxsna. saTam&o ka maTis yo veli ag deba SeiZle ba dasrul des 6 sxva -
dasxva SedegiT er TmaeTi sagan da mauki deblad. ami tom, namrav lis prin ci pis

Tanaxmad, ele meta rul xdo  mile baTa siv rce Sed geba @C’B@B:G” sxvadasxva n-
n- jer

euli sagan. amaTlan, er Tader Tiig nebaise Tisa dacmosulqu la Taja miaris n

(ker Zod, ( &1, .)(,1)). mere SemTxvevaSi ki xel  Serwyobi n-eule bia isi ni, sa dac

n-jer

P(A) =1- P(A) =1-

erT ad gilas dgas 2 -iani, yvela da nar Cei ki 1 -i anebi a. Sesabamisad, aseT n-e-
ul Tara odenoba enixveva n adgili dan er Tiad gilis Ser Ce&aTa ra odenobas
anu n-s. amitom sa Ziebeli al baTo bebiig neba:a) 1/6";b) n/6".

maali Ti21. iv. ja vaxiSvilis sax. universitetis 3 stu denti, ilias uni -
versite tis 2 stu denti da we re Telis uni  versitetis 4 stu denti Sem TxveviT
jde ba 3 vagonSi. Ti Teuli mgzav ris ne bis mier va gonSi mox vedris al  baTo bebi
er Ti da igi vea. ipo veT al baTo ba imi sa, rom: a) ja vaxiSvilis  uni ver si te tis 3
stu denti mox vdeba sxvadaxva vagonSi (xdo mie ba A); b) ilias uni ver si te tis
2 stu denti mox vdeba sxvadasxva vagonSi (xdo mie ba B).

amoysna. a) namav lis prin ci pis Ta naxmad |W|= &CB(}@IS:SQ. aviRoT sxva dasxva
9- jer
vagonis ne bismieri 3 bi le Ti da ga vunawiloT ja  vaxiS vilis uni ver si te tis 3
stu dents, amis ga keTeba Sesade belia 3 sxvadasxvanairad. Ti Toeuliamva ri -
anti saTvis ar sebobs da nar Cei 6 stu dentis 3 va gonSi ga danawile bis 3° Sesaz
leb lo ba.amiom |AJ=3@° da, maSasadame,
P(A) =3@°/3°=3/3°=2/9.

b) ilias uni  versitetis|stu dents Se uZlia air Cios ne bis mieri 3 va goni-
dan, meore stu dents ki ne bis mieridar Caili2va gonidandayo veliamkom bi-
naci i saTvis ar sebobs da nar Cai 7 stu dentis 3 va gonSi ga danawile bis 3’ Se-
sadeb lo ba. Sesabamisad, nanrav lis prin ci pis Ta naxmad |B|-3@@&’ da, angva-
rad, P(B)=3Q&'/3°=2/3.

magali Ti 22. la tari is 100 bi le Ti dan 25 mongebiania. ipo veT al baTo ba
imisa, rom 3 bi le Tis Se Zeisas Tqven dar CéiT mo gebis ga re Se (xdo mie ba A).

64



amoxsna. ganvi xi loT am amo canis amox snis ori gza, rom le bic er TmaeTi -
sagan gansxvavdeba ele meta rul xdo mile baTa siv rcis gan marte biT.

| ele meta rul xdo mile baTa siv rce gan vmaroT, ro gorc nayidi bi le Te-
bis nom re bis mimdevro ba. am SefixvevaSi cxadia, rom |W|=A},xolo |Al= A% da
saZiebeli al baTo ba iq neba:
A, _ 750403
A, 1000908

Il ele mera rul xdo mile baTa siv rce gan vmartoT ro gorc na yidi bi le Te-
bis er Tobli oba, simravle (sa meali). es Sesade belia rad gan Cven gvante re -
sebsararo goriri  giTobiTiqg na SeZeilibi le Tebi, ara med maTSi momgebi ane-

bis ra odenoba. am SerffixvevaSi ga sagebia, rom |W|=C2, da |A]=C3,x0 losa Zie-

Cl _ 750403
C’, 100®9Q(8

maali Ti 23. davuSvaT, rom la ta re aSi Ta ma8leba 6 mongebi ani no mei 49 -
dan. mongebi ani nom re bis amo Rebis rigs mniS vndo ba ara agvs. la ta re aSi mo na
wile ir  Cevs 6 nomers 49-dan. vi povoT 4 momgebi ani nomris ga mocnhobis al baTo -
ba (xdo mie ba A).

amoxsna. ele metaru li xdo mie ba iqneba 6 nomris er Tobli oba 49-dan.
aseTi 6 nom ri ani er Tobli obebis ra odenoba eniTxveva 49 ele met ani sim rav -

lis 6 ele meti an gvesimrav le Tara odenobas, anu |W[|=Cg,.la tareis ga Tam&e-

bis Semdeg ga Tam&ebaSi monawile 49 no mei iyo fa or jgu fad: 6 mom gebi ani
nome da 43 ara morgebi ani no me&. 6 mom gebi ani nomri dan 4 momgebi ani nom ris

Ser Coa SesaZe belia  C; sxvadasxvanairad da Ti Toeuli am va ri anti saTvis

P(A) = 0.418.

beli al baTo ba iq neba: P(A) = 0.418.

ar sebobs da nar Ceni 2 ara morgebi ani nomris ar Ceis C2, SesaZeb lo ba. Sesaba-
misad, nanrav lis prin ci pis Ta naxmad, xel Semwvyob ele meta rul xdo mile baTa
ra odenoba iq neba | A|=C; Q7. amitom sa Ziebelial  baTo bato lia
P(A) =C2arZ/CE° 9700,
maali Ti 24 (danTxvevebze). vipovoT al baTo ba imi sa, rom: a) m Serixve-
viT ar Caliada mianis da badebis dRe ebiarda enTxvevaer TmaneTs (im pi ro biT,
romyveladReto lal baTuria); b) m SentxveviT ar Ceal ada mianSi moiZemeba

orima incise Ti,ro mel Ta da badebis dRe ebida enTxvevaer TmaeTs.
amoysna. a) ele meta rul xdo mie baTa siv rce Se esabaméa dala gebul amor Ce

vebs dab ru nebiT, sa dac M =365 da n=m, anu |W|=365"; xo lo xel Semvyobi ele -
meta ru li xdo mie bebi ki da la gebul amor Ceebs dabru nebis ga re Se, sadac ag -
reT ve M =365 da n=m, amitom maTi ra odenobaa t Ay,. Sesabamisad, al baTo bis
kla si kurigan marte bis Ta naxmad, gvaqvs:

P(m) = 238 = (1. Ly 2 T3,

365" 365 365
b) sawinaaRmdego xdo mie bis al baTo bis ga moTvlis we sis Ta naxmad Kki
Asss
vagvs, rom m)=1- —=.
gvaq Q(m) 365"
moviy vanoT am al baTo bis mniS vndo bebis cxri  lizo gier Ti m-is SemTxve-
vaSi:
m 4 16 22 23 40 64 70

Q(m) 0.01636 0.28360 0.47569 0.50730 0.89123 0.99711 0.99916
sain te re soa aRi niSnos, rom (mo lo di nis sa winaaRmdegod!) kla sis mos wave Ta
ra odenoba, ro mel Sic 1/2 -isto i al baTo biT mo i Zelmeba ori mos wave ma incer -
Tidaigi ve dabadebis dRe ebiT, arc ise di di aigito liamxo lod23 -is.
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magali Ti25 (or tuz ze~). garvixiloT prefe ransis Ta m&i, ro desac kar -
tis Sek vris ma Rali 32 kar ti Sem TxveviT na wil deba (rig deba) sam mdram&es
Soris, ise rom Ti Teuli Re bulobs 10 karts da ori kar tiina xeba ‘sayid leb -
Si~.ro goriaal baTo baimi sa, rom sa yid leb Si~aR mo@deba ori 'tu zi~?

amoxsna. ori kar tis sxva dasxva kombinaci ebis ra odenoba, ro méc Se iZ-

le ba aRmo@des ‘sa yid leb Si~, to lia CZ =496. kar tis Sek vra SioTxi ‘tu  zi a~
Dda sxvadas xva kombi naci ebis ra odenoba, ro méic mog vcenda or tuz S~A, to -

lia C2 = 6. Sesabamisad, sa Ziebedli al baTo bato lia
%52 A%_ 0,012.
amocanebi

1. ramdennai rad Se iZle ba sakla so Jur nal Si 9 baS vis gva ri sa da sa xelis Se
ta na?

2. ramdennai rad SiZ le ba 20 sagamocdo sa kiTx idan 3 sa kiTx is Ser Cea?
3.ramdennairad SiZ le ba6ad gili anmerxze 4 stu dentis gan Tavseba?

4. ramdennai rad Se iZle ba 3 sapri zoad gilisga nawile basimReri sfes ti val ze
manawile 20 kon kur sants So ris?

5. ramdeni 5 aso iani sa avto mddilo nom ris dam zadeba SeiZle ba gar Tulian ba
nis ga moyenebiT?

6. stu dentissa boloo Se fa seba aRi niSneba simbolo ebiT AB,C,D,E. ramdenna -
rad Se iZle ba Sefas des 10 stu denti?

7. ramdeni eq vsniS na sate le fo no nomris Sed gena SeiZle ba, ro méc ar iwy eba
nuliT da ar mTav rde ba kenti cif nT?

8. 2010 wels sa Sualo sko lada anTavra 35938 saqar Tvelos mo gda gem. S&le ba
Tu ara imis mtki ~ ceba, rom, sul cota, ori maT ganis sa xelis, gva ri sa da mamis
saxelis pir veliaso ebier TmaneTs da enTxva?

9. naZvis xeze 9 na Tura a. ramdennai rad Se iZle ba magze 4 na Turisan Teba?

10. naZis xeze gab mul sa denze 12 naTuris bu dea. ramdennai rad Se iZle ba magze

6 wi Teli, 4 lur jida2 mwva ne naTuris Ca mdki deba?
11. wrewir ze 10 wer ti li a.ramdeniqor dagaivle baamwerti leb ze?
12. wrewir ze 10 werti li a. ramdeni samkuTx edi Ca i xazeba wre wir Si wve ro ebiT

am werti leb ze?

13.gar nizon Si 50 ja ris kaci da 10 ofi ceri a. ramdeni sa patru lo jgu fis Sed -
gena SeiZle ba,ro mel Sic Se dis2ofi cerida5ja ris kaci?

14. ramdennai rad Se iZle ba 10 wig nis Ta ro ze da la geba, ise rom gar kveuli ori
wigni er TmaneTis gver diT araR mo@des?

15.ramdennai rad Se iZle ba Taigulis Sek vra 7 ya yaCos, 6 yo Civar dasa da 10 var -
di sagan,iseromTa igul SiiyosTi Toeuliyva vilissam -samisaxeoba?
16.ramden ele ments un da Seicavdes sim rav le, rommi siele mete bi sagan Sedge-
niliyve laga danacvle baTaricx viiyos:a) araumetes 100C-i sa; b) ara nak leb
500-i sa.

17.ramdeni gan sxvavebuli bi  le Tis Sed gena SeiZle ba 10 al gebru li da 6 geo-
metri uliamo canis ga moyenebiT, TuTi Toeulbi leT SiSedis3al gebru lida

2 geometri uliamo cana?

18. maganaSi 5 ad gili a.ramdennairad Se iZle ba ganTavsdes manganaSi 5 ada miani,
ro mel Tagan erTs ara aqvs uf le badaikavosad gilisa We3an?

19.maganaSi5 ad gili a.ramdennairad Se iZle ba ganTavsdes manganaSi 4 ada miani,
Tusa WeJan ad gilisda kaveba SeuZlia or maT  gans?
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20. a) ramdennairad Se iZle ba 5 ada miani gamwkriv des av to busSi asas vle lad? b)
Tu ori ada miani vars ity  vis er TmaeTs miyves, m&in ram deni Se sadeb lo ba
dar Céa avto busSiasas vle lad?

21. ramdeni gan sxvavebuli kom binaci iT Se iZle ba ganTavsdes ka laT bur Tis 5
sawyis po zi ci aze 9 mo Tam&e, ro mel Tagan Ti To euls Se uZliayve lapo zi ci a
ze Ta m&i?

22. develo peul kom panias surs aa Senos 5 gan sxvavebuli di  zai nis mgo ne sax-
li. ram deni ga nsxvavebuli gziT Se uZlia kom panias saxle bis gan la geba quCa
ze, Tu qu Cis erT mxa res un da aSendes 3, xo lo mo pir dapire mxares ki 2  sax-
li?

23.ramdennairad Se iZle ba 13 kar tisda ri geba 36 kar ti dan (yo veliwar mamadye-
neli cxra  -cxra ca li a), ro mel Sic Se va 5 ~aguri~, 3 'gu li~, 3 jva ri~da 2
‘yvavi~?

24. sami adamiani kenWs iy risga la gismeriserTad gil ze. A da B kandi datebs
gaaQiiaT mogebis er Ti da igive Sansi, xo lo C kandi datis mo gebis San si or -
jerme ti a, vid re cal ke aRebul A an B kandi datis. ipo veT al baTo ba imi sa,
rom: a) moi gebs C kandi dati; b)armo igebs A kandi dati.

25. yuT Si mo Tavsebulia 500 er  Tnairikon verti,ro mel Tagan 50-Si devs 100 la -
r; 100 -Si £ 251a rida350 -Si £ 10la ri. yu Ti dan SemTxveviT iRe ben konverts,
romlis yid va SeiZle ba 25 la rad. raig neba SenTxveviT amo Rebul kon ver tSi
fu lis ra odenobis Se sabamisi ele meia rul xdo mile baTa siv rce? ra iq neba
Ti To euli ele mema ru li xdo mie bis al baTo ba? ras ud ris al baTo ba imi sa,
rom SemTxveviT amo Rebul kon ver tSi devs 100 lar ze nakle bi?ipo veT al baTo -
ba imi sa, romer Tikon vertis Se ZeiT Tqvenariza ralebT.

26. oT x kon ver tSi mo Tavsebulia 4 gan sxvavebuli Tan xa. Tqven SegiZli aT er -
Ti meris mo yole biT gax snaT Ti To kon verti. yo vel etap ze Tqven Se giZli aT
ai RoT kon ver tSi mo Tavsebuli Tan xa an ua ri TqvaT mas ze da gax snaT Sendeqi
konver ti. Tu mom devno Tan xa uf ro nak le bi aR mo@da Tgven uf le ba ara gaqvT
ukan dab run deT. ipo veT al baTo ba imi sa, rom Tgven ai RebT udi des Tan xas Sem
degi gan sxvavebuli stra te gi ebiT: a) Tqven IR ebT pir vel kon verts; b) Tgven
xsni T pir vel kon verts, na xulobT, romis Se icavs X Tanxas, uars am bobT mas-
ze da iRebT Sem deg kon verts, rom lis Tan xa mdia X-ze (Tu ase Ti Tan xa ar
aRmo@deba, Tgven unda ai RoT uka naskndi kon vertis Tan xa); g) Tqven un da
gaxsnaT pir veli ori kon ver ti, na xoT maT Simo Tavsebuli Tan xebi x da y,ua-
ri TqvaT ori veze daai RoT Semdegi Tan xa,ro méc me tiaori veze.

27. 83 8 ganzomilebis sa Wada ko da fa ze (TeT ri da Sa vi fe re biT) SemTxveviT
ir Ceen 3 uj ras. ras ud ris al baTo ba imi sa, rom yve la es uj ra: a) pir vel
stri gonSia; b) Savia;g)er Ti da igivestri qonSia;d)er Ti da igivestri qon-
Siadaer Ti da igivefe ri saa.

28. sakoor di nato sib rtyis sa Tavidan (0,0) iwy eben monetis ga daadgile bas Ti -
To -Ti Touj riT gver dze ((1,0)-sken) an ze viT ((0,1) -sken) da n-je ra di ga daadgi -
le bis Semdeg aR weven wer tils (j,k),sadac j+k=n.rasud risal baTlTo baimi -
sa,rom: a)jerga keTdayvela | gadaadgile ba gver dze da Sem deg k gadaadgi -
le bazeviT;Db)jerg akeTdayvela | gadaadgile ba gver dze da Sem deg k gada-
adgile bazeviTanjerga keTdayvela k gadaadgile ba zeviT da Sem deg | ga-
daadgile bagver dze;g)yve la | gadaadgile ba gver dze mox da erT stri gonsSi.
29. ur naSi mo Tavsebulia n wiTel, n TeTrida n Savi bur Ti.ur nidan Sem
TxveviT iRe ben k burTs ( k¢n) dabru nebis ga re Se. ipo veT al baTo ba imi sa,
romarig nebaamoRebuliyve lafe ri.
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30. ur naSi mo Tavsebulia n TeTrida m Savi bur Ti. Tqven S enixveviT iR ebT
bur Tebs dab ru nebis ga re Se. ras ud ris al baTo ba imi sa, rom pir velad Sa vi
bur Tiamo Rebuliiq neba k-uriamo Rebisas, k=12,...,n+1.

31l.er Tdro ulad ago re ben or sa Tam&o kamdels. rasud risal balo ba imi sa,
romja muiqu laig neba:a)5?b)ara umées4 -is?

32. 52 kar ti dan SenilxveviT iRe ben 5 karts dab ru nebis ga re Se. ipo veT al baTo -
ba imi sa, rom maT Si aris: a) 2 ‘tu zi~da2 me fe~;b)5 'gu li~.

33. sakre di to ba raTis mflo  bels da aviwyda uka naskndi sa mi cif ri da Sem -
TxveviT ak ri faisi ni.ro goriaal baTo ba imisa, romisisar geblebs ba raTiT,
Tucno bili a,romescif re bigan sxvavebuli a.

34. 10 sagamocdo bi le Ti dan SenixveviT ir Ceen 8-s da uri geben 8 stu dents,
romle bic sxe danerTrig Si.ipo veT al baTo ba imi sa, rom: a) me-3 da me-7 bi le -
Tiga mauyenebelidar Cda; b) me3 da me-7 bi le Ti Sex vdeba er TmaneTis gver diT
msxdom stu dentebs; g) g amoyenebuli bi  le Tebis nom re bis da la geba SesaZe be-
lia zrda do biT, sa dac ariq nebagamado vebulino mei.

35. 52 kar ti Sem TxveviT iyo fa or tol na wilad. ipo veT al baTo ba imi sa, rom:
a) Ti Toeulna wil Sior -oritu zia b)yvelatu zierTna wil Sia;g)erTna -
wil Siig nebaltu zi,xo lome oreSiki3tu zi.

36. igu lis xmeT, rom ne bis mieri ada mianis da badebis dRe to i al baTo bebiT
SeiZle ba iyos wlis ne bis mieri dRe da ga moTvaleT al baTo ba imi sa, rom n
moswvaui sagan Sentdgar klas  Siyve lada badebis dRe iq neba gansxavavebuli.
37.52 kar ti dan SenirxveviT iRe ben 5 karts dab ru nebis ga re Se. ipo veT al baTo -
ba imi sa, rom maT Si aris: a) 2 'tu zi~ da?2 mefe~;b)5 gu li~.

38. A da B araTavsebadi xdo mie bebia, PA)=0.4 da P(B)=0.5. ipo veT: a)
P(ACB);b) P(A);g) P(AZAB);d) P(A\B).

39. fa rav nis tba ze mowyobilia er Tnairi mim zid velo bis mqone 30 TevzsaWe
adgili. 5 me Tevzes er TmaneTi sagan da mauki deblad Ta vazo ben amadr Cion Tev -
zsaWe ad gili. vi povoT al baTo baimisa, r omisi niamoir Ceen sxvadasxva ad -
gi lebs.

40. sastumro Si6er Tadgili anino m& a.sastumro SiSemTxveviT mi dis 6 ka ci da
4 galidaTi To euls mis vlis Tanave aZe vennomers, Tu kiro mé& menome Ta Vi-
sufa lia. ipo  veT al baTo ba imi sa, rom nom rebs mi i Rebs: a) eqvsi ve kaci; b) 4 ka ci
da2gali;g)er Timaincga li.
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Tavi VI

Sedgenili xdomilebebis albaTobebi

jamis albaTobis formula: Tu AZAB=A, maSin P(A+B)=P(A)+P(B).
sawinaaRmdego xdo mie bisal baTo ba: P(A) =1- P(A).

sxvaobis al baTobisfor mua: Tu BE A, m&Sin P(A\B)=P(A)- P(B).
sazo gadod: P(A\B)=P(A)- P(A/B)

Tu AAEA =@, roca i, j,main: P _A)= §,PA).

ro caxdo mie bebi Tav sebadi a: P(AC B)=P(A)+P(B)- P(AZAB).

P(ACBCO =RA RB RG ©BA BEPA CAPB )C BA+B)
sazo gadod:

PCA) =A RA) -ARA B +ERA MEAE (DOE+A

i ik,

piro biTial baTo bisfor mua
A xdo mie bispi ro biTial baTo ba piro baSi,romad gilihqgon da B xdo -
mile bas aRi niSneba P(A|B) (an B;(A))simbolo Ti da
P(A|B)= P(AAB/ RB,Tu P(B), O.
Tvi sebebi:
0¢ P(A|B) ¢1;
AZEB=@Y P(A|B)=0;
BEA Y P(A|B)=1;
Tu AZ/&A =@ o ca i, j, msin: P& AIB=§,RA B;
P(A|B) =1- P(A|B);
P(AC B)=1- P(A/&B);
P(AZB)=1- P(ACB);
PI(AC B) [C] = P(A|C)+P(B|C)- P[(AAB)|C];
P[(A\B)|C] = P(A|C)- P[(AZ&£B)|C].
namav lis al baTo bis for mua
P(AZB) =R A BB A RB PQ L
P(AEBAC) =R A ®H A PG( A B.
sazo gadod:

P(AEA EOO) AHA=-RAI & RA AOCO A)
SeniSvna sazo gadod P(A|B)+P(A|B) . 1.

damdki debulidada maukidebelixdo mie bebi

A xdo mile bas ewodeba B xdo mie bisagan damaukidebdi, Tu
P(A|B)=P(A) anracigi vea P(AZB)=P(A)P(B). Tu P(A|B), P(A), m&in gvagvs
damdi debuli  xdo mie bebi.

Tu A da B xdo mile bebi da maukidebeli a, ma&in xdo mile bebi A da B
agreT ve damauki debeli a.

or A da B xdo mie basewodeba piro bi Tadda maikidebdi maemdi C xdo -
mile bis mi marT, Tu P(AAB|C)=P(A|C)P(B|C).
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xdo mile baTa er Tobli obas A,A,,....A, ewodeba wyvil -wyvilad da makide-
beli  Tu: P(A £A)=PA)PA), "i, j.

xdo mie baTaer Tobli obas A,A,,...,A, ewodeba er To blivad da mauki debe-
i Tu " keén, i, i, , O P(A A£A AEGIEA )=P(A)PA)TPA ).

maali Til. al baTo baimi sa, rom mos wave ga dala xavs minimé& ri kom pe
ten ci is zRvars ma Temd kaSi aris 2/3, xo  lo fi zi kaSi ki 4/9. al  baTo ba imi sa,
rom mos wave ga dala xavs minimé& ri kom peen ci is zRvars erT sa ganSi mainc
Seadgens 4/5-s. ras ud ris al  baTlo ba imi sa, rom mos waue ori  ve saganSi ga da-
la xavs minimdéu ri kom peen ci is zRvars?

amoxsna. Semovi RoT xdo mile bebi: A £ moswave ga dala xavs minimdu ri
konpeen ci is zRvars ma Temd kaSi, B t moswave ga dala xavs minim& ri kom -
peten ci is zRvars fi zi kaSi. maSin Cven gvaqvs, rom: P(A)=2/3, P(B)=4/9 da
P(AC B)=4/5. sapovndia t P(AZAB).xdo mie baTaja misal baTobisfor mui -
dan SegviZliadav weaoT, rom

P(AZLB) =P(A) +P(B)- P(AC B).
Sesabamisad, gvagvs:
P(A/EB) =2/3+4/9- 4/5=14/45.

maali Ti 2. rasud risal baToba imisa, romori ka maTis ga gore bisas
jamSimova 7 an 11 qula?

amoxsna. Semovi RoT xdo mile bebi: A £ orika maTisga gore bisasjam Simo va
7 qula, B Lt ori ka maTis gagore bisas ja nsi mova 11 qula. cxa di a, rom
A={(16),(6,),(25),(52)(34),(43} da B={(56),(65}. ro gorc aR niSnuli iyo, am
SerixvevaSi ele meta rul xdo mile baTa siv rce Sed geba tol Sesade beli 36
ele metmaru lixdo mie bisagan, amitom al baTo bis kla si kuri ganmarte bis Ta nax-
mad: P(A)=6/36=1/6 da P(B)=2/36=1/18. gar da amisa, gasagebia, rom A da B
xdo mile bebi uTav sebadia da, Se sabamisad, gvaqvs:

P(AC B) = P(A)+P(B) =1/6+1/18=2/9.

magali Ti3 (méeoro lo giuripa radogsi). er Timeteoro lo giurisad gu-
rn 10 -dan 9 SemTxvevaSi swo rad ic nobs aminds, xo lo me ore ki 10 -dan 8 Sem-
TxvevaSi. 1 ag vis to saTvis pir vel ma sadgur ma iwi naswar metyvela "sve li~ amin -
di, meore sad gur ma ki ‘mSra li~ amin di. vi nai dan sxva Se saZeb lo ba ar ar se-
bobs, am ori xdo mie bis ga er Ti aneba war mcadgens auci le bel xdo mie bas:
{"svel" }C{'mSrali"* }=W. amadanave, es xdo mie bebi ur Ti er Tgamomicx avia.
Sesabamisad,

P{"svel" }C{'mSral" }) =PF{"svel" }+P"mSral" } =1
Semovi RoT xdo mile bebi:
A={l sadguri sworad icnobs aminds},

B={ll sadguri sworad icnobs aminds}.

m&in, pi ro bis Ta naxmad P(A) =09 da P(B)=0.8. agedan gamordi nare, 1 ag vis tos
‘sveli~ aminds un da velo deT al baTobiT P{"svel" }=0.9, xolo 'mSra I~
aminds al baTo biT P{"mSral" } =0.8. Sesabamisad,

1=P(W #{'sveli"} {'mSrali" }'svigh'}  {"mSrddi+ }

=09 0.8 %.7.

sad da vuSviT Sec do ma?ar Se iZle ba CdT valos, rom P{"svel" }= P(A

da P{"mSral" } =P(B), Tun dacimisga mo,rom A da B ararisuTav sebadi(si -

nardvi le Si 0.9 aris pi ro biTial baTo ba imisa, rom 1 ag vistos ig neba sveli~
amirdi, pi ro baSirom prog nozs ake Tebs|sad guri).
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maali Ti 4. Tqgven mois mineT axal am bebSi, rom 50% -ia San si imi sa, rom
SabaTs iw vimebs da 50%-ia San si imi sa, rom kvi ras iw vimebs. aris Tu ara swo -
ri: 100% -ia San si imisa, rom das venebis dRe ebis gan malo baSiiw vi mebs.

amoxsna. es das kvna ar aris swo ri. Tu Se moiRebT xdo mie bebs:
A={SabaTs iwvimebg da B={kviras iwvimebg, xdo mie ba t dasvenebis dRe e-
bis gan malo baSiiw vimebs aris AC B. gvaqvs: P(A) = P(B) =0.5. amitom

P(AC B)=P(A) +P(B)- P(AZA£B) =1- P(AAB),

rac nak le bia 1-ze, anu San si imi sa, rom das venebis dRe ebSi iw vi mebs nalke bia
100%ze. Sec do ma mdganae obs ima Si, rom Cven Seg viZlia al baTo bebis pir dapi-
r Sek re ba mxolod ma Sin, ro ca xdo mie bebi uTav sebadi a m&in, ro desac, sa -
zo gadod, al baTo bebis jams un da ga movakioT Ta nakveTis al baTo ba, ro méc
am SemfixvevaSi niS navs, rom iw vi mebs ro gorc Sa baTs, ise kvi ras.

magali Ti5. rasud risal baTo baimisa, romricx vebidan 1,...100 Serixve-
viT amor Caeli ricx viga iyofaan 2 -ze,an 3 -ze, an 5 -ze.

amo»sna. Semovi RoT xdo mie bebi: A ={ricxviiyofa ze&k - }, k=12,.... m&in sa -

Ziebelia P(A,CA,CA).cxadi a rom: A EA=A, AEA=A, AEA=A; da
A A FEA =A,. advilimi saxvedri a, rom:
P(A,) =50/100=0.5, P(A,)=33/100=0.33; P(A,)=20/100=0.2;
P(A;) =16/100=0.16; P(A,) =10/100=0.1; P(A;) =6/100=0.06;
P(A,,) =3/100=0.03.

amitom sa mi xdo mile bisaTvis ja mis al baTo bis for muis mi xedviT vRe -
bulobT, rom: P(A,CA CA)=05+033+0.2- 0.16- 0.1- 0.06+0.03=0.74.

magali Ti6 . yuTSiaris10TeT ri,10Sa vidalOwi Telibu r Ti.yu Ti dan Sem
TxveviTiRe ben5burTsdab ru nebisga re Se.rasud risal baTo baimi sa, rom malSi

arig nebayvelafe ri?
amoxsna. Semovi RoT xdo mile bebi:

W={ar aris TeTri }, B={ar aris Savi}da R={ar aris wiTeli }.
m&in CvenTvis sa intereso xdo mie ba igneéba WCBCR. cxadia, rom
WABAR=A .advilida sanaxi a, rom:

P(W) =P(B) =P(R)=C;,/C3,; P(W &B)=P(BAR) =P(RAW)=C,,/C3,.

Sesabamisad, sa mi xdo mile bisaTvisja misal baTo bisfor mdagvaZ levs:

P{ar aris yvela feri }=3C,/CS - 3C,,/C3 +0° 0.32.

maali Ti 7. al baTo ba imi sa, rom iw vimebs SéaTs igi vea rac al baTo ba
imi sa, rom iw vi mebs kviras da aris 0.5. aseve cno bi lia, rom wvi  mian dRes mos -
devs wvi amiani dRe al baTo biT 0.7.rasud risal baTlTo ba imi sa, rom das venebis
dReebis gan mailo baSiiw vi mebs.

amoxsna. Semovi RoT xdo mie bebi: A={SabaTs iwvimebg da B={kviras
iwvimebg , m&in xdo mile ba t dasvenebis dRe ebis gan malo baSi iw vi mebs aris
ACB.gvaqvs: P(A)=P(B)=0.5 da P(B|A) =0.7. Sesabamisad,

P(AC B) = P(A) + P(B) - P(A/B) =1- P(AAB),
xolo nam rav lis al baTo bis for muagvaZ levs, rom
P(AZB) =Bl AR A 6.7 06 0.3.

amiom gvaqvs: P(AC B) =1- 0.35=0.65.

maali Ti8. 52 karti dan SemTxveviT iRe ben 4 karts dab ru nebis ga re Se. Tu
maTSi aR mo@da k 'tu zi~, maSin meore 52 kar ti dan iReben k Kkarts. ras ud ris
al baTo baimisa,romori vedasti danaRebuliig nebazus tador -ori'tu zi~?

amoxsna. Semovi RoT xdo mie bebi: A={ori"tuzi" | dastidan } da

B={ori "tuzi" Il dastdan }. Cveivis sa intereso xdo mie ba iqneba AZAB,
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romlis al baTo bis pir dapiri gziT ga  moTvla ar aris mar ti vi, magram sagme
sakmad ga martiv deba Tu ga movi yenebT pi ro biT al baTo bis cne bas da vi sar geb-

lebT nam rav lis al baTo bisfor mdiT.ad vilida sanaxi a, rom:
2 A2 2
pay =T 4o pEiay= s
C52 52

da, Se sabamisad, P(AZB)=P(B|A)P(A) ° 0.0001.

maali Ti 9 . ganvixiloT oja xebi, sa dac or -ori bav Svia. ro goriaal ba
To ba imi sa, rom ojax Siori ve bavSvivaJia Tucno bili a, rom:a)uf ro sibav -
Svi L valia;b)er Tibav Svimainc t valia?

amoxsna. ag ele metn rul xdo mile baTa siv rce ase Tia

W =w, vq, qv, de,

sadac v~ aR niSnavs vals, xo lo ‘g~ L gals. Cav TvaloT, rom oTx ive Sedegi to -
lal  baTuri a. Semovi RoT xdo mie bebi: A L iyos xdo mie ba, rom uf ro si bav Svi
L valia,xolo B L iyos xdo mie ba, romumcro sibav Svi £ valia. m&in AZAZB L
igneba xdo mie ba, rom ori ve bavSvi va Jia, xolo ACB t kiig neba xdo mie ba,
rom er Ti bav Svi mainc va Jia. Sesabamisad, sa Ziebeli al baTo bebi ig neba: a)
P(AAB|A) dab) P(AAB|ACB).advilida sanaxi a, rom:
P[(AAB) Z£A] _P(AZEB) 1/4 1

PAEBIA=="50) P(A) 12 2
P(A/EB| AC B) = P(AAB) A(AC B)] _ P(AZB) _1/4 _1
P(AC B) P(ACB) 3/4 3

magali Ti10. Tu A da B damaukidebelixdo mie bebia, mé&in da mauki de-
belia ag reT ve xdo mile bebi: A da B, A da B, A da B.advilimi saxvedri a,
rom sak mai sia Se mowndes A da B xdo mie bebis da mauki deblo ba. Sesamowne
beli a, rom P(AZB)=P(AP(B).G gvaqvs:

PA=PAEW RA (B B R=A BA AC)B /
=P(AMB AA B

amiom, A da B xdo mie bebis da mauki deblo bis sa fuZ vel ze vRe bulobT
Sesamownéel Ta nafar do bas:
P(A/EB) = P(A) - P(A/B) = P(A) - P(A)P(B) = P(A)P(B).
maali Till. orka mdelsag debenor jer.ipo veT al baTo baimi sa rom am
agdebebi sas mosulqu la Taja méiiq neba 7 da 11.

amoxsna. Semovi RoT xdo mile bebi: A t orika maTis i-uri (i =212)gagore -
bi sas mosul qulaTa jami 7 qu la, B, £ orika maTis i-uri( i=12)gagore bi-
sas mosul qulaTa jami igneba 11 qu la. cxa di a, romxdo mie baTawyvile bi A

da B, da A, da B, damaukidebeli a,ro gorcda maukidebeliag debebis Se dege-

bi, xo lo xdo mie bebi A /AB, da B, /A, uTavsebadi a. amitom sa Ziebeli al ba-
To baig neba

Pl(A AB,) C (B, A = P(A AB,) + P(B, /EA)) =

- P(AI)P(BZ)+P(Bl)P(A2):é%Jrl%sc%:S_i_

magali Ti 12. A da B damakidebeli xdo mie bebia da P(A|B) +
P(A|B) =1.ipo veT P(A).
amoxsna. vinadan A da B damaukidebeli a, amitom da mauki debeliig neba
agreT ve A da B.Sesabamisad, SegviZliadav weoT:
1= P(A|B)+ P(A|B) = P(A) + P(A) = 2P(A).
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amiom P(A)=1/2.
maali Ti 13. Tu uTav sebad A da B xdo mie bebs gaaQiaT ara nulo vani
al baTo bebi, maSin isi ni ara damaukidebeli a. marTlac, vi nadan AZB=A, ami-
tomTu A da B igneboda da mauki debeli, ma Sinun daSesru ldesto lo ba
P(A)P(B) = P(AZ£B) =P(A) =0,
rac ewi naaRmdegeba pi ro bas, rom P(A), 0, P(B), O.
maali Ti 14. 36 karti sagan Sendgari das ti dan SenixveviT iRe ben erT
karts. aris Tu ara da mauki debeli xdo  mile bebi: A t es kar timefea, B L es
kar titagu ri saa?
amoxsna. cxadi a, rom A/B igneba xdo mie ba, rom es Kkar tiagu ris mefea.
al baTo bis kla si kurigan marte bi dan gvagvs:
P(AZAB) =1/36, P(A) =4/36, P(B)=9/36.
ramdenadac am SemTxvevaSi srul  deba to lo ba P(AZB)=P(A)P(B), amiom
aRniSnulixdo  mie bebida mauki debdi a.
maali Ti15. 52 kar ti dan SenilxveviT iRe ben karts. gan vixi loT ~ xdo mie be-
bi: A={karti ‘tuzia~} da B={karti 'gu li saa~}. aris Tu ara A da B damaukide-
beli?
amoxsna. intu ici urad ga sagebia, romes xdo mie bebiariZ le vainfor ma
ci as menris Se saxeb. tu zis~ amo Rebis al baTo baa 4/52=1/13 da Tu Tqven gaqvT
infor mai a, rom amo Rebuli kar ti 'gu [li saa~, m&in ‘tu zis~ al baTlo ba isev
1/13a. tu zis~ pro por cia mTli an dasta Siigi vea rac cal ke ganxi lul "gu -
leb Si~. A
axla for mdu rad Se vamownoT, rom es xdo mie bebi da maukidebeli a.
gvaqvs:
P(A) =4/52, P(B)=13/52=1/4, P(A/AB)=F{"tuzi" "gulisaa" } =1/52
da, Se sabamisad, P(A/B)=P(A)P(B). mé&asadame, A da B damauki debeli a.
maali Ti 16. Tu magaliT 15 -Si kar tis das ti dan wi naswar ga davagdebT
‘aguris~2 -iansdar Cda Tuara A da B damauki debeli?
amoxsna. er Ti Se xedviT un da vi fig roT, rom pa suxi da debiTi a, vi na dan
‘aguris~ 2 -ians ara fe ri sa er To ara aqvs arc ‘gu leb Tan~ da arc 'tu  zebTan~.
magam si namdvi le Si es ase ar aris. kar tis ga dagdebam Secvala 'tu  zis~ pro -
por ciadas ta Si(4/51-is nac vlad gax da 4/51), méSinro caar Sec vli lapro por -
cia 'gu leb Si~ (isisevdar Ca 1/13).for mé&u rad upi ro boal baToba P(A)=4/51,
xolo pi ro biTikiaris P(A|B)=1/13 daesenito liar aris.
magali Ti 17 (de meres amo cana) azar tu li Ta m&ebis moy varu li fran gi
Sevalie de me re sTa vazob da par tni orebs Ta m&is Semdeg pi ro bebs: is ga ago-
rebs or ka mdels 24 -jer da mo gebuliig neba Tuer Tjer ma inc mo va orieq -
vsi ani. mi si mo winaaRmdege gaagorebs oTx ka mdel ser Tjerdamo igebsTuer -
Ti eg vsi ani mainc mo va. er Ti Se xedviT de me re eS m&obs, magram si namdvi le Si
isuf roxSi rad ageb da, vid reigeb dadagak vir vebul ma mmarTacno bil mde-
m#é koss b. pas kals. ga var kvioT raupa suxa mas paskal ma.
amoxsna. Semovi RoT xdo mile bebi:
A={orikamaTlis -j@dgagorebisaserTjer
mainc movaorieqvsiani  };
A ={orikamaTlis -uriigagorebisas ar mova
orieqvsiani }, 1=12,...24;
B ={oTxi kamaTlis erTjer gagorebisas mova
erTieqvsianimainc  };
B ={eqvsiani ar movai-ur kamaTelze}, i =1234.
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— 24
cxadi a, rom A xdo mie bebi er TmaneTi sagan da mauki debelia  da A:@lEA.

gar da amisa, P(A)=P(A,) =03 P(A,,) =35/36. Sesabamisad,

amtom Se valie de me res mo gebis al baTo ba ig neba:
P(A) =1- P(A) =1- (2—2)24 ° 0.491404.
ando giurad ga sagebia, rom B, xdo mie bebi er TmaeTi sagan damauki debe-

i a B= éllEBi . P(B)=P(B,)=P(B,) =P(B,) =5/6 da

_ 4 .. .. . 5
P(B) = P(i’illEBi) = P(B,) GP(B,) (P(B,) BP(B,) = (6)4-
Sesabamisad, Se valie de me res mo winaaRmdegis mo gebis al baTo ba iq neba:
P(B) =1- P(B) =1- (g)4 © 0.517747.

ro gorc vxe davT, P(A)<P(B), rac war madgens de meres dak vir vebis mec -
nierulax snas.

maali Ti 18. gonebagafantu limo qda qeuadgiload gilas quCae gadas-
vli saTvis 12 -jer ig na daja ri méuli. cno bili a, rom es yo vel Tvis xde boda
sanbabaTlo biT an xuT SabaTlo biT. aix sneba es SemTxvevi To biT, Tu am dRe ebSi
patru liaZ |i erebs sag zao moZra obis kon trols?

amoxsna. Semovi RoT xdo mile bebi:

A={12-jerdaajarimes samSabaTobiT an

xuTSabaTobiT SemTxveviT } ’
A, ={k-uridajarimeba samSabaTobiT an

xuTSabaTobiT SemTxveviT}, k=12,..12
B ={12 - jer daajarimes kviris erTsa da imave

ordRes SemTxveviT}.
cxadi a,rom A=A AA AWIEA,; P(A)=2/7, k=12,..12 da

P(A) = P(A) QP(A,) @IP(A,,) = (2/7)* ° 0.000000:.

meres mxriv, kvi riser Tsada imae or dRes 12 -jer Sem TxveviTda jari -
méa iq neba gaer Ti aneba Ta naukveTi xdo mile bebis: 12 -jer Sem TxveviT da ja ri me
ba or SabaTo biT an sam SabaTo biT, 12 -jer Sem TxveviT da ja ri méa or SabaTo biT
an oTx SabaTo biT da a.S. 12 -jer Sem TxveviT da ja ri méa SabaTlo biT an kvi rao-
biT. Ti Toeuliam xdo mie bis al baTo ba to lia 0.0000003 -is, xo lo ma Tira o-
denoba Seadgens C? =21-s. Sesabamisad,

P(B) = 21M.0000003= 0.000006%.

ori veesal baTobaZai anmcireaanuro gorcerT,ise me ore SemTxveva-
Sida ja ri méisal baTo bamizeru lad mci re a,rac mi uTi Tebs imaze, rom aR niS -
nul dRe ebSipat ru li uf ro me tad mom Txov ni a.

maali Ti 19. sis te ma Sedgeba da mauki deblad fun  qci onire badi ori kom -
ponerti sagan, ro mel Tagan Ti Toeuli fun qcionirebs al baTobiT p. ipo veT
al baTo ba imi sa, rom sis te ma ifun qci onirebs kom ponerte bis: a) mimdevro bi Ti
Seer Tebi sas; b) parale lu ri Se er Tebisas.

amoxsna. Semovi RoT xdo mile bebi:

A={sistema fungcionir ebs},

A ={I komponenti funqgcionir  ebs},
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A, ={Il komponenti funqcionir  ebs}.

m&in a) SemTxvevaSi A=A /AA,, xo lob) Sem TxvevaSiki t A=A CA, dada ma-
ki deblo bis ga mo Sesabamisad gvaqvs:

a) P(A) =P(A EA)=P(A)P(A)=plp=p*
b) P(A)=P(ACA)=1- P(ACA,)=1- P(A)P(A,) =
=1- (1- p- p)=1- @- p)*.
maali Ti 2 0 (bednier~ bi le Tebze). 25 sagamocdo bi le Ti dan 5 "bed nie-
ria~,xo loda narCei20 t "arabed nieri~.ro melstu dentsaqvs bed nieri~bi -

le Tis aRebis metial baTlo ba: vinc pir veli iRebs bi leTs, Tuvincme oreiR -
ebs bi leTs?

amoxsna. Cven es magali Ti uk ve amowseniT al baTo bis kla si kuri gan mar-
te bis ga moyenebiT. amov xsnaT ax la igi ele merta rul xdo mie baTa siv rcis ax-

le buri Se mada ni Ta da namrav lis al baTo bis for mudis ga moyenebiT. wi naswar
Semovi ROT Semdegi xdo mie bebi: A iyos xdo mie ba, rom pir vel ma stu dentma
aiRo bed nieribi le Ti,xo lo B iyos xdo mie ba, rom meore stu dentma ai Ro
bednieri bi le Ti. maSin cxa di a, rom urTierTgamomricxav xdo mie baTa
simravle Sed geba oTxixdo mie bisagan AALB, AAB A AR A AE.

al baTo bis kla sikuri gan marte bis Ta naxmad P(A)=5/25=1/5, xo lo

P(A) =20/25 =4/E. mere mxriv, amo canis Si naar si dan gamordi nare, Tucno bili -
a, rom pir vel ma stu dentma ai Ro bed nieri bi le Ti, maSin al baTo ba imi sa rom
mere stu dentiai Rebs bednier bi leTsi sev SeiZle ba gamoviT vaoT al baTo -
bis kla si kuri gan marte biT: am SemTxvevaSi yve la Se saZo Se degTa ra odeno-
baa 24, xo lo xel Semwvyob ele meta rul xdo mile baTa ra odenoba ki mxo lod 4
(rad ganer Tibed nieribi le Tiuk veaRebuli a)da, Se sabamisad,
P(B|A)=4/24=1/6.

ando giurad, P(B|A) =20/24=5/6, P(B|A)=5/24=5/24 da P(B|A) =19/24.

amitom ori xdo mile bis namrav lis al baTo bis for mdis Ta naxmad gvagvs:
P(AZEB)=P(A) P(B|A) =1/504/6=1/30; P(AAB)=1/50%/6=1/6;
P(AZEB)=4/50/24=1/6 da P(A/EB)=4/50A9/24=19/30

(SewiS navT, rom Cven ag mxo lod sis  ru li saTvis ga movivaleT yve la Se saz
lopi ro bi Tidanam rav lis al baTo bebi).

cxadi a, rom B=(A/AB)+(A/B). amitom al baTo baTa Sekreb is ka nonis Ta -
naxmad

P(B) = P(A/EB) + P(A/AB) =1/30+1/6 =1/5 (= P(A)).

maali Ti 21. Kar te bis nak re bidan (ro mel Sic 36 kar ti a) SenTxveviT iRe -
ben erT karts. gan  vixi loT xdo  mie bebi: A iyos xdo mie ba, rom amo Rebuli
karti 'a guri saa~, xolo B iyos xdo mie ba, rom amo Rebuli kar ti "suraTia -
nia~ wiTeli feriT. ari an Tuaraesxdo mie bebida mauki debeli?

cxadi a, rom am SemTxvevaSi

|[W[=36, P(A)=9/36=1/4, P(B)=8/36=2/9 da
P(A/EB)=4/36=1/9, 1/4&/9=P(A) G(B).

e.i.esxdo mie bebiaraa da mauki debeli

maali Ti 22. davuSvaT, rom va gorebT or sa Tam&o kamdels. gan Vvixi -
IoT xdo  mile bebi: A L pir velka mdel ze movidakentiqu la, B L mere ka ma
Tel ze movida kentiqu la, C Lt ori ve kamdel ze mosulqu la Taja mikenti a.
gavar kvi oT am xdo mile bebis da mauki deblo bis sa kiTx i.

cxadi a, rom P(A)=P(B)=3/6=1/2, xo lo  P(A&AB)=3@3/36=1/4. amtom A da B
xdo mile bebi da mauki debli a. garda amisa, rom P(C)=1/2 (SeamowneT).
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SewiSnoT,rom A da B xdo mie bidan er T-er Tis mox denis pi ro baSi C
xdo mile ba xde ba m&in da mxo lod ma Sin,ro ca an pir vel,an me ore ka m3el ze,
Sesabamisad, movidalu wiqula anugvaqvs Ta nafar do bebi:

A/EC = A/AB da B/EC=A/ALB.
A da B xdo mie bebis da mauki deblo bidan gamordi nare xdo mie bebi A

da B da A da B agreT ve damaukideble bia, amitom
P(A/B) = P(A)P(B)=1/4 da P(AAB)=1/4.
Sesabamisad, P(A/C)=P(A/&B)=1/4 da P(BAC)=P(A/&B)=1/4.
es Ta nafar do bebi ki, P(C)=1/2 al baTo bis gaT valis winebiT niS navs, rom

damauki deble bia A da C da B da C xdo mie baTawyvi le bic. magram es xdo -
milebebi ar aris er Tob li vad da mauki debeli  (SeamowneT).

amocanebi

1. saTam&o ka m3els ag deben or jer. ga moTvaleT P(AC B) da P(AAB) al ba
To bebi A da B xdo mie baTa Sendegi wyvi le bisaTvis:

a) A L moesulqu la Taja mikenti a, B L movidaer Tidaigi vequla;

b) A Lt mesulqu la Taja milu wia, B £ movidaer Tidaigi vequla;

g) AL moulqu la Taja mi7-zemeti a, B £ mosulqu la Taja mi7-ze nakle bia;
d A L moesulqu la Taja mil0ze nakle bia, B £ messulqu la Taja mi5-ze me
ti a;

e) AL mosulqu la Taja milu wia, B £ messulqu la Taja mi8-ze nakle bia;

v) A L messulqu la Taja mikenti a, B £ mosulqu la Taja mi 3ze nakle bia.

2. saTam&o kamdels ag deben or jer. ga moTvaeT pi ro biTi al baToba B, (A

A da B xdo mile baTa Sendegi wyvi le bisaTvis da mi uTi TeT da mauki deble bia
Tuaraisi  ni:

a) A L movidaer Tidaigi vequla, B £ mosulqu la Taja milu wia;

b) A L pir veiag debisasmovida3qula, B t mereag debisas movida3qu la;
g A L moulqu la Tasxvaobaal, B £t mesulqu la Taja miab5;

d) A L moulqu la Tasxvaobaa2, B £ mesulqu la Taja mia8§;

e) AL mosulqu la Taja mia7, B £ mere ag debisas movida 1l qu la;

V) A L mesulqu la Taja minakle bia6-ze, B £ mosulqu la Ta ja mi nakle bia
10ze.

3. mnetas ag deben 4-jer. da anki ceT,rom A, B da C xdo mile baTa Semdegi
samelle bier Tobli vad da mauki debeliadaga moTvaeT al baTo bebi ga dakveTe-
bis: AZAB, AAC, BAC, A/AB AC:

a) A L pir vdiag debisas movidager bi, B £ mesame aglebi sas movidager bi, C Lt
meTxe ag debi sas movida ger bi;

b) A L pir vdiag debisas movidager bi, B £ mere ag debi sas movida ger bi, C
t meame aglebi sas movi da ger bi;

g) A L pir velioriag debi sas movida ger bi, B £ msame aglebi sas movida ger -
bi, C £ meTxe ag debi sas movi da ger bi;

d) A L pir veiag debisasmovidager bi, B £ mere ag debisas movidager bi, C
b ukanasknédi ori ag debi sas movi da ger bi.

4. saTam&o ka mdels ag debensanmer.ro goriaal baTo baimisa, rommo sulqu -
la Taja miiqg neba; a) 4;b) 5;g) 6;d) 7;e) 8;v) 9, z) 10?

5. equsi mo nadi re er Tdro ulad es vris ga danfren ixvs. sa mi maTganisaTvis mi -
zanSi mox vedris al baTo baa 0.4, xoloda nar Cani sa misaTvis £ 0.6.ro goriaal -
baTo ba imi sa, rom mi zanSi mo axvedrebs er Ti mo nadi re mainc?
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6. A da B araTavsebadixdo mie bebia, P(A)=04 da P(B)=05. ipo veT:a) P(AC B);

b) P(A);g) P(AZAB);d) P(A\B).

7. ra ionul centrs ga aQia er TmaneTi sagan damauki deblad mo muSave ori sa xan-
Zro mangana. al baTo ba imi sa, rom kon kre tu li man qana Tavisufa lia sa Wio ebis
SenixvevaSi aris 0.99. a) ras ud risal  baTo baimi sa, rom sa Wiro ebis SemTxvevaSi
arcer Timangana ariq neba Tavisufa li? b) ras ud risal baTo ba imi sa, rom sa -
Wiro ebis SemTxvevaSi T avisufali ig neba er Ti mainc sa xanZro mangana?
g) ras ud ris al baTo ba imi sa, rom sa Wiro ebis SemTxvevaSi Ta visufa liig neba
zus tad er Tisa xanZro mangana? d) ras ud risal  baTo baimi sa, rom sa -
Wiro ebis SemTxvevaSi Ta visufaliig nebaara uméeser Tisa xanZro mangana?

8. al baTo ba imi sa, rom iva ne (Sesabamisad, pavle) cocx aliig neba 20 wlis Sem -
deg aris 0.6 (Se sabamisad, 0.9). ras ud risal baTo ba imi sa, rom 20 wlis Serdeg:
a)ar cer Tiig nebacocx ali?b)er Timaincig nebacocx ali?g)mxo loder Ti
iq neba cocx ali?

9. al baTo ba imi sa, rom da oja xebuli ma m&aci (Se sabamisad, qali) uyu rebs se -
ri als aris 0.4 (Se  sabamisad, 0.5). al baTo ba imi sa, rom mamé&aci uyu rebs se ri -
alspi ro baSi,rommi sico liuyu rebsmasto lia0.7 -is.ipo veT al baTo ba imi -
sa, rom: a) da oja xebuliwyvi liuyu rebs se ri als;b)co liuyu rebs se ri als
piro baSi, rom mi si gmari uyu rebs mas; g) sul co ta er Ti meuRle Tagani uyu -
rebs se ri als.

10. danzadebulia mo neta, ro mel zec ger bis mos vlis al baTo baa p. es moneta
avagdoT 3 -jer da gan vixiloT xdo  mie bebi: A={er Txer mainc movida sa fa su-
ri} da  B={yovel ag debaze movida er Ti da igive mxae}. p-sramniS vndo bi-
saTvisiq neba A da B xdo mie bebida mauki debeli?

11. al baTo ba imi sa, rom ada miani da badebulia wlis | na xevar Si aris p.ras
udris al  baTo ba imi sa, rom SemTxveviT Ser Cali ori ada miani da badebulia
wliser Ti da igive naxevar Si. p-sramniS vndo bisaTvisiq neba es al baTo ba
min méu  ri?

12. garkveuliteq stis 1/3na wilixmo vania, xolo 2/3na wili £ Tanxmovani. Sem
TxveviT ir Ceen 5 asos da gTa vazo ben CanoTvaloT es aso  ebi. ipo veT al baTo -
ba imi sa, rom yve la aso ig neba gamocnobili, Tu Tgven: a) xmo  varsa da Tan xmo
vans asaxelebT Ta nabari al baTo bebiT; b) xmo vans asaxelebT al  baTo biT 1/3,
xolo Tan xmovans £ al baTo biT 2/3; g) yo vel Tvisasa xelebT Tan xmovans.

13. sam isars er TmaeTi sagan da miki deblad da Sem TxveviT es vri an mizans. er Ti
isris mi zanSi mox vedris al baTo baa 1/3. ipoveT al baTo ba imi sa, rom: a) ar
moxvdeba ar ¢ er Ti; b) mox vdeba er Ti mainc; g) mox vdeba kentira odenoba; d)
moxvdeba zus tad ori.

14.yuTSiaris 10 TeT ri, 10 Sa vida1l0wi Telibur Ti.yu Ti dan SemTxveviT iRe -
ben 5 burTs dab ru nebiT.rasud risal baTo baimisa, rom maTSi ariq neba yve-
lafe ris burTi?

15. gamoTvaleT qve moT moyanili ori sis te mis saimelo oba, Tu cno bili a,
rommaTi Ti To eulikom ponerifun qci onirebs da mauki deblad al  baTo biT p:

{1 =H=F

16. Tam&i mdgo mae obs SemdegSi: Tgqven debT 1 lars, ago re ben wesi er sa Tama
So ka m3els da Tu ka m&el ze movida 6 qu la Tgven igebT 4 lars, wi naaRmdeg
SeriixvevaSi kar gavT Tgvens 1 lars. Tu Tgven geZ le vaT uf le ba daasaxeloT
kamaTis ga gore baTaricx vi,rom lis Sem degac Tqven wyvitavT Ta masSs, ro gor
unda Sear CioT isise rom maq simdu riiyos Tque ni Sansidar CeT magebaSi da
rasud risamisal baTo ba?
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17. P(A=3/4, P(B| A=1/5 P(B|A=4/7.ipo veT:a) P(ANB); b) P(B):g) P(A|B).
18. stu dentma unda gaiarostes ti rebala borato ri aSi muSaobis da sawyebad.
tes ti re bis gav lis Sem deg stu denti tests ukan ar ab ru nebs. al baTo ba imi sa,
rom SemTxveviT Ser Cali stu dentites ti re bas gaiv lis pir vel cda ze aris 1/3.
ganmere bi Ti tes ti re bis SemTxvevaSi CaWis al baTo ba ar is wi na cda ze CaWis
al baTo bis na xevari. ipo veT al baTo baimi sa, rom stu denti:a)ga ivlstes ti re-
bas ara umées 3 mcde lo bis Se degad; b) ga ivlistes ti re bas pir vel mcde lo ba
ze,Tucno bili a,rommantes ti re bagaiaraara umées 3 mcde lo biT.

19. moyaru li si  nopti kosis Te ori is Ta naxmad Tu erT wels iyo wyal di do ba,
m&in al baTo ba imi sa, rom igi gan mer deba mondevno wels aris 0.7, X0 lo Tu

erT wels ar iyo wyal di do ba, m&in al baTo ba imi sa, rom igi ar iq neba mom
devno wels aris 0.6. ga sul wels wyal di doba ar yo fi la. ipo veT al baTo ba

imisa, rom wyal di do ba iq neba: a) mondevno sam weli wads ze di zed; b) zus tad

er Tjer mom devno sa miwlisgan mailo baSi.

20. CafaSi devs 25 dis ki, ro mel Tagan nawili TeT ria da da nar Ceni Sa vi. Can-
Ti dan er Tdro ulad Sem TxveviT iRe ben or disks. al baTo ba imi sa, rom amo Re-
bulidis kebier Tidaigi vefe ri saaenTxvevaal baTo basimi sa, romesdis kebi
sxvadasxva fe ri saa. ramdeni TeT ridis kia CanTaSi?
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Tavi VII

sru li al baTo bis for mua. ganmere bi Ti cde bi

xdo mile baTa er Tobli obas A,A,,.., A ewodeba xdo mie baTa sru lisis -
tema,Tu A AEA =@,roca i, j da (r;j:lA =W (magali Tad, A da A).

Tu A,A,,...,A xdo mie baTa sru li sis te maa (P(A)>0, i=12,..n), mé&éin
adgiliagvs sru lial baTo bis for mudas:

P(B) =& P(AP(BIA).

Tu A A,,...,A, xdo mile baTa sru li sis tema, P(A)>0, i=12...,n, ma&in
adgiliagvs  bai esis for muas:

P(AIB)= o L ELAY

& ,P(A)P(B| A)

garnvixi loT er Tidaigi ve egspei mete bis se ri a, romle bic tar deba er -
Tidaigi ve piro bebSi er TmaneTi sagan da mauki deblad. amas Tanave, yovel kon -
kre tul eq speri metSi Cven gan vasxvavebT mxolod or Se degs: gar kveuli A
xdo mile bis mox dena (ro mel sac pi ro bi Tad “war mée bas~ uwodeben) da misi ar

moxdena £ A (ro mel sac ‘marcxs~ uwodeben). A xdo mile bis mox denis al baTo -
ba nebis mieri eq speri meti saTvis mud mivia da to lia P(A) = p, sadac 0<p<l1.
Sesabamisad, P(A)=1- P(A)=1- p:=q (p+q=1).

al baTo bas imi sa, rom n egperi metSi A xdo mie ba moxda k-jerga ma -
Tvle bae.w. ber nulis for muliT:

RI9=Cp Tt o Hd

al baTo bebis er Tobli obas P/(k), ro ca k=0,1,..n ewodeba al baTo bebis
binomialu riga nawile ba.

iseT k, ricxvs, rom lis Se sabamisi al baTo ba P,(k,) udi desia P,(0), P,(2)
..., (n) al baTo bebs Soris ual baTesiricx vi ewodeba. ual baTesiricx vigviC -

venebs n damauki debel cda Siwar mé&e baTarara odenobaayvela ze uf ro mo sa-
lod ndi. ual baTesi ricx vi war maadgens Sendegi uto lo bis mTel amo naxsns:
np-q ¢ @p [

maali Til. sity vidan 'samSoblo~ Sem TxveviT vi RebT or asos da Sem deg
SeriixveviT vdebT ukan am aso ebscari elad gileb ze.rasud risal baTlo baimi-
sa, rom isev mi vi RebT sity vas 'samSoblo~.

amoxsna. ganvi xi loT ori gan sxvavebuli Sem Txveva: 1) amadRebulia ori ve
‘0~, ro mel SemTxvevaSic ne bis mieri dab ru nebi sas mii Reba sity va ‘samSoblo~
da 2) amoRebulia sxva dasxva aso, ro mel SemTxvevaSic sity va samSoblo~mi i-
Reba Tu aso ebis dab ru neba moxdeba maT sawyis mde bare obaze. cxa di a, rom es
ori Sem Txveva gamaicx avs er TmaweTs da amo wuravs yve la Se sadeb lo bebs.
Sesabamisad, sru i al baTo bis for mudis ga moyeneba Sesade beli a. ele merta -
rul xdo mile baTa siv r ciszus tad aR weais ga re Se Cven SegiiZlia gan vmartoT
xdo mile bebi:

A={miiReba sityva "samSoblo" } da B={orive asoa "0"}.
cxadi a, rom P(A|B)=1. Tu aso ebi gan sxvavebuli a, m&in isi ni Ta vianT

mdébare o bas da ubrun deba al baTo biT 1/2, anu P(A|§) =1/2. ori asos Ser Cea 8-
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dan SesaZe belia CZ =28 sxvadasxvanairad,ro mel Ta So ris mxo lod erT (fo -
rmalurad CZ =1) SenTxvevaSi Seg vxvdeba ori ‘o~. Se sabamisad, P(B)=1/28 da
P(B) = 27/28 (Sedegi ar Seicvleba, Tu asoeb is amoRebisa da dabrunebis rigs
gaviTvalis winebT: P(B) = AJ/AZ =1/28). amitom, sa bolo od gveq neba:
p(a) = Lo 272129
28 28 2 56

msjelo bis es gza xSi  rad sak ma sia amo canis amos xsnelad da imav  dro -
ulad igi Ta vidan gvaci lebs ele  meta rul xdo  mie baTla siv rcis zus tad age -
bis pro cedu ras.

maali Ti 2. fil tve bis ki bos gan vi Tare bis ris ki sa zo gadod da axlo e-
biT 0.1% -i a, xo lo mwe velebs So ris ki 0.4%. cno  bili a, rom mo saxle obis 20%
mweeli a. ras ud ris al baTo ba imi sa, rom aram wevels ga nuvi Tar deba fil  tve -
bis ki bo?

amoxsna. Semovi RoT xdo milo bebi: A={ganuviTardeba kibo} da B={mwevelia} .
saziebelia pi ro biTial baToba £ PP(A|B). amocanis pi ro bis Ta naxmad gvaqvs,
rom:

P(A) = 0.1%:100% = 0.001, P(B) =20%:100% =0.2,
P(B) =1- 0.2=0.8, P(A|B) =0.4%:100% = 0.004.

Sevita noT es mo naceméi sru i al baTo bis for mda Si daigi dan amov-
xsnaT sa Ziebeli pi  ro biTial baTo ba. gvaqvs: 0.001=0.23 0.004+0.83 P(A|B), said-
anac P(A|B) =0.00025.

gvenoT Cven moviy vanT martiv ma galiTs ka maTeb ze, ro mé Sic er Ti Se -
xedviT Tqven arun daggon deT upi ra te soba, magam si nardvi le Sies ase a.

maali Ti 3. ganvixiloT sa mi saTam&o ka mJeli A, B da C,ro melTa
waxnagebze Se sabamisad weri a:
kamdeli A:1,1,5,5/5,5
kamdeli B:3,33 444

kamdeli C:2,2,2,2,6,6
Tam&i mimdi nare obs Semdegnai rad: Tqven da Tgve ni mo winaaRmdege debT

Ti To -Ti To lars da Tqven Ta vazobT mo winaaRmdeyes air Cios sa Tam&o ka mie-
lidaga agoros igi. Semdgom Tqvenir CevT er T-erTsdar Cailika maTe bidan
da ago rebT mas. mo gebulia is vi sac mouva uf roma Raliqu la. TiT qos Tqvens
mawvinaaRmdeges gaaQia upi rate soba, vi naidan igi pir vei ir Cevs kandels.
magam, r andenadac Tqven Tvis cno bilia mi si ar Ceani, yo vel Tvis Se giZli aT
ise Se ar CioT mo gebis al baTo ba, rom is me tiiyos 1/2 -ze. es aix sneba Sendegi
gare maebiT: sa Tam&o ka maTe biise Ti a, rom A kamdel ze sa Sualod me tiqu -
lamo disvid re B kamdel ze; B kamdel ze sa Sualod me tiqu lamo disvid -
re C kamdel zeME da C kamdel ze sa Sualod me tiqu lamo disvid re A kama
Tel ze. marTlac, TuaR vniSnavT agreT ve saTam&o ka maTeb ze mosul qu lebs
Sesabamisad A, B da C asoebiT, maSincxa di a, rom

P(A>B)=P(A=5)=4/6=2/3,

P(B>C)=P(C=2)=4/6=2/3,

X0 lo me same Seffixvevi saTvis vi sar gebloT sru li al baTo bis for muiT:
P(C>A) =P(C>A|A=1)P(A=1)+P(C>A|A=5)P(A=5)=
=13 %+P(C:6)3 ﬂ:1+}3 g:§

6 3 3 3 9
ro gorc vxe davT, yvelaesal  balo ba naxevar ze meti a. gasagebiaraiq neba
mere gamgoreb lis stra tegia: a) Tu pir vei alr Cevs A kamdels, ma Sin meo -
remundaar Cios C kamdeli; b) Tu pir veliair  Cevs B kamdels, ma Sin meorem
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unda ar Cios A kamdeli; g) Tu pir veliair  Cevs C kamarTels, ma Sin meorem un -
da ar Cios B kamdell. mar Tali a, TiT qos TqvenZali an gulux vixarT Tqve ni
opo nertis mi marT aZlevT ra mas uf  le bas gaakeTos pir vei ar  Ceani, magram
swored mi siar Ceaanis cod nagadevT upi ra te sobas.E

xi sebri di agra ma warmaadgens sru i al baTo bis for mudis ilus tri re -
bis sa ukeTeso sa Suale bas. ag yo veli gan sxvavebuli Sem Txveva war madd gi neba
xisto tissa xiT da grZel deba manam sanam ar dad geba CverTvis sa inte re so da -
debi Ti an uar yofi Tipa suxi. Ti Toeul gan Sto ebis al baTo ba gamdT vle ba mi-
sito te bis Se sabamsial baTo bebis ga danravle biT,xo losa Ziebelial baTo ba
mii Reba ganSto ebebis al baTo bebis Sek re biT. gqve moT moyvanilia a) Sem Txvevis
Sesabamisi xi sebridi agra ma (derdrog ra ma):

wageba

u Tidan er TSi mo Tavsebulia a TeTrida b
Savi bur Ti, xo 16 mogeba d Savibur Ti. Ti Toeuliyu Tidan
SeriixveviT iRe | urTs da arav  oeden maame yuTSi. ipo veT al baTo ba
imi sa, rom amis Sciii ucy men?éagb‘g“" dan amoRebulier  Tibur Tiig neba TeT ri.

amoxsna. Semovi RoT bebi: A (i=12) £ i-uriyu Ti dan amoRebuli
bur Ti TeT ri a; B £ meame yuTi dan amoRebuli bur ~ Ti TeT ri a. msame yuTSi Se -
sade beliaaR moQ@des: ori TeT ribur Ti t xdo mile ba A AA,;er TiTeT rida

erTiSa vibur Ti t xdo mie ba (A Z£A)C(A AA,) anoriSa vibur Ti t xdo mi
le ba A /A,. gasagebia, rom xdo mie bebi A EA, AEA,, AEA da A EA
gmns xdo mie baTa srul sis te mas. aRniSnoT es xdo mile bebi Se sabamisad H,,
H,, H, da H,-T. cxadi a rom xdo mie baTa wyvilebi ~ A,A; A,A; A,A da
A, A, damaukidebeli a.amitom gvaqvs:

maali Ti 4.

] ’ e e a .d
p(Hl)_P(AlﬁEAz)—P(Ai)P(Az)—a+bGC+d’ P(Hz)_a+b c+d’
P(Hs):—b 0=, P(H2)=L©d—-
a+b c+d a+b c+d

gar da amisa, cxa di a, rom: P(B|H,)=1;, P(B|H,)=P(B|H,)=1/2; P(B|H,)=0. Sesa-
bamisad, sru i al baTo bis for mudis Ta naxmad, vRebulobT:
P(B) = a & c A+ a . d C&+ b 4 C C&+0: 2ac+ad+bc _
a+b c+d a+tb c+d 2 a+b c+d 2 2(a+b)(c+d)
SeniSvna igi ve iq neba al baTo ba imi sa, rom SemTxveviT Ser Ceailiyu Ti dan
SermxveviT amo Rebuli bur TiTeT ri a.marTlac,vi na dan am SenTxvevaSi xdo mi-

le baTa sru lisis te maigneba: Seir CalyuTi(av RniSnoTis C;-iT) an Se ir Calll
yuTi (av RniSnoTis C,-iT,cxa di a, rom P(C)=P(C,)=1/2), amitom sru li al ba-
To bis for mua gvaZ levs:

PE) = PIGIPEIGI+ PGIPEIC) :%d}aib ' cfd] ) 22(:10++b??cikiic) '

TeTri

Savi

TeTri

AN

Savi 81



axla gan vixiloT si  tu aci a, ro ca cno bilia pi ro biTial baTlo bebi er Ti
mimarTu le biT daga masaTvile lia Seb ru nebuli~pi ro biTial baTo bebi. Se saba-
mis Sed ges war maadgens bai esis for muda, ro méc mi | Reba namav lis al ba-
To bisadasru lial balobis for muis ga moenebiT d aro mel sac ker Zo Sem
TxvevaSi aqvs sa xe:
P(BAA) _ P(B)P(A|B)

P(A) P(B)P(A|B) + P(B)P(A|B)

m@gali Ti 5. sic ruis de teqto ri (po lig rafi) 95 % Sem TxvevaSi iZ le va
zust pa suxs. cno bilia, rom sa Sualod yo veli aTa si ada mianidan er Ti cru -
obs. ganvixi loT SeriixveviT Ser Ceali ada miani, ro méc ga dis tes ti re bas
deteqtor ze da ro mel sac ga dawyveti li agvs ic ru os. ras ud ris al baTo ba
imi sa, rom de teqto riaR maCens, rom is cruobs?

amoxsna. Semovi RoT xdo mie bebi: L=fadamian cru obs}, Ls={detegtorma
daadgina rom adamiani cruobs}. amo canis pi ro bis Ta naxmad P(L)=1/1000=0.001
da P(L,|L)=P(L |L) = =95/100 =0.9. saZiebelia pi ro biTial baToba P(L|L,), ro -
mécba iesisfo rmdisTa naxmad igneba:

P(L)P(Ly L) _ 0.953 0.001
P(L)P(L, | L)+ P(L)P(L, |L) 0.953 0.001+0.05% 0.999

al baTo bis Te oriagan sakuT re biT xSi rad ga mad yeneba samarTal war mceba-
Si,ro camtki cebule bebSifi guri rebs ada mianis ‘'dnm~. ganvixi loT e. w. kun  Zu-
lisamo cana.

maali Ti 6 . (kunZulis amo cana) kunZul ze mokles ada miani da mkvle i
unda iyos kun Zulis dar  Caili n mcxovre bidan erT -erTi. da naSaulis ad gi-
lis Ses waui sas gakeTebul ma ‘dnm-s analiz ma a@ena, rom mkvle Is gaaQia
gansakuT re bulige noti pi,ro méccno bili adamTelmo saxle obaSigvxvde ba
p pro por ci iT. vi gulis xmoT, rom kun Zulis mcxov reb Ta ge noti pebi da mauki -
debeli a. gamordiebel ma dawyo ku nZulis mcxov reb Ta genoti pebis Se mownéa.
pir velivinc Se  amownes iyo ba to ni zez va da mas aR mocaGida mkvle lis ge noti -
pi.rasud risal baTo baimi sa, romba to nizez va damnaSavea?

amoxsna. SemoviROT xdo mio bebi: C={batoni zezva damnaSavea} da
D={batoni zezvas genotipi aRmoCenilia mkvle lo bis adgilze}. sa Ziebelia pi -
ro biTial balToba P(C|D), romlisga macaTvle lad un davi sar gebloT ba iesis
for muiT, sa dac dag vWirdeba ro gorc P(C)-s, ise 'pir dapiri~pi ro biTial -
baTo bebis cod na. P(C) arisal baTo ba imisa, rom ba to ni zez va dannaSavea ma
nam sanam geoti pebis Se mownéa dawyebula da, Tu Cven da  vuSvebT, rom ara nai -
rmi zezi ar ar sebobs imi sa, rom ro mdé me personaSi meti eW vi Se vita noT
vid resxvaro mé mé&i, maSin bu nelri via CavTvaloT, rom P(C)=1/n. Tu ba to ni
zez va damnaSavea, m&in mi si ge noti piau ci leb lad aR mo@deba danaSaulis ad -
gil ze da, Se sabamisad, P(D|C)=1. Tu ki ba to ni zez va uda naSaulo a, m&in mi si
genoti piisev Se iZle baaRmo@des da naSaulisad gil zeimal baTobiTrapro -
por ci i Tac gvxvde ba aRniSnuli ge noti pi sa zo gadod ada mianTa po pula ci aSi,

anu P(D|C) = p. amitom:

P(B|A) =

(o]

P(LILp) =

P(C|D) = 13 (1/n) _ 1 .
13@/n)+p3(1-1/n) 1+(n-Dp
mgali Ti7. m&azi aSi Se masulite le vizo re bis Se sabamisad 2, 5da 3 na -
wili dam zadebulia I, Il da Il fir mis mier. sagarantio dro is gan malo baSil,
Il da Il fir mis mier Se mada nilite le vizori mo iTx ovs re monts Se sabamisad
15%, 8% da 6% SemTxvevebSi. vi povoT al baTo ba imi sa, rom maRazi is mi er ga yi-
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dulite le vizorisa garantiod ro isgan malo baSi moiTx ovs re monts (xdo mi
le ba B).

amoxsna. Semovi RoT xdo mile baTasru lisis tema:A t gayidulite le vi-
zo ri dam zadebulia  i-uri fir mis mier (i=12,3). pi ro bis Ta naxmad m&azi aSi
ar sebulite le vizo re bidan I, Il da lll fir mis mier dam zadebulia Se sabamisad
2X, 5x da 3x tele vizori. Sesabamisad, al baTo bis kla si kuri gan marte bis Ta -
naxmad:

P(A) =2x/10x=1/5, P(A,) =5x/10x=1/2, P(A;) =3x/10x=23/10.
gar da amisa, amocanis pi ro bis Ta naxmad gvaqvs:
P(B| A) =15/100=0.15, P(B|A,) =8/100=0.08, P(B|A,) =6/100=0.06.
sabolo od,sru lial baTo bis for miuis Ta naxmad, vRebulobT:

3
P(B)=8 P(A)P(B|A) = %@.15+%®.08+%@).06= 0.088.

i=1

maali Ti 8. paci entis nax vis Semdeg eqgims mi aQia, rom Ta nalrad Sesade -
belia ori avad mydo bidan erT -erTi: X an Y.di agnozis da sazus teblad pa ci -
ents ag zavnian analiz ze, rom lis Se degi X avadmydo bis dros da debiT re ag
ci as iZle va 30% SenixvevaSi, xo lo Y avadmydo bis dros ki 2 0% SenTxvevaSi.
andiz ma mogca da debi Tire accia (xdo mie ba B).ro mé& avad mydo baa uf ro
al baTuri?

amoxsna. xdo mile baTa srul sis te mas gmns xdo mile bebi: A= {paci ents
aqvs X avadmydo ba}, A,={paci ents aqvs Y avadmydo ba}. amadanave,

P(A)=P(A,))=05. gar da amisa, P(B|A)=30/100=0.3 da P(B|A,)=20/100=0.2 ami
tom ba iesis for muagvaZ levs:

P(A |B) = P(A)P(B|A) _ 0.15 _
P(A)P(B|A)+P(A)P(B|A,) 025

o gy PDPEIA)  _01_,
P(A)P(B|A)+P(A)P(B|A,) 025

vinaidan P(A |B)>P(A, |B), amitom X avadmydo bauf roal baTuri a.
magali Ti9. klu biswevreb maundaair Cionklu bis pre zi denti.al baTo ba
imisa,romar Calliig nebabeqa, nikaanlu ka Sesabamisad aris 0.3, 0.5da 0.2. Tu
air Ceren beqas, ni kas an lu kas, m&in al baTo ba imi sa, rom ga iz rde ba klu bis
sawevo ga dasaxadi Se sabamisad ar is 0.8, 0.1 da 0.4. vi povoT al baTo ba imisa,
rom klu bis pre zi dentad ar Ceilliq nalu ka, Tucno bili a, romsa wevo ga da-
saxadi ga izar da.

amoxsna. garnvixi loT xdo  mie bebi: A,A,,A, £ klu bis pre zi dentad ar Ce

ul ig na bega, nika, lu ka, B L sawevo ga dasaxadi ga izar da. cxa di a, rom B
A,A,, A, xdo mile bebi gmnis xdo mie baTa srul sis te mas da bai esis for  muis
Tanaxmad saZiebeli al baTo ba gamdT vle bafor muiT

P(A, [B) = P(A)P(B|A) |
P(A)P(B|A)+P(A)P(B|A,) +P(A)P(B|A)
amaanis pi ro bi dan ga mordi nare gvaqvs:

P(A) =03, P(A,) =05 P(A)=0.2;
P(B|A)=08, P(B|A)=01, P(B|A;)=04.

amiom
0.2M.4 0.08 8

P(A, |B) = —— - = =
0.3M.8+05M®.1+0.2.4 0.24+0.05+0.08 37
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magali Ti 10. mayda gem ipova sxvi si sak redi to ba raTi, rom lis ko di
oTx cif ri ania. ipo veT al baTo ba imi sa, rom mo gda ges eyofa ori mcde lo ba
kodis ga mosacnobad (met Se sadeb lo bas bankomdi ariZ le va).

amoxsna. Semovi RoT xdo mile bebi: A (i=12) £ magda gem pir velad ko di
gamdc no i-uri mcde lo bisas. m&in sa Ziebeli xdo mie ba iq neba
A=A C(A /&A).vinadan A da A xdo mie bebiara Tavsebadi a, miTumees ara -

Tavsebadi iq neba xdo mie bebi A da K_lﬁEAz. amitom xdo mile baTa ja misa da
namav lis al baTo bebis for mue bis Ta naxmad gvagvs:
P(A) = P(A) + P(A /A, = P(A) + P(A)P(A, | A),
sadac
P(A)=1/10*, P(A)=1- P(A)=1- 1/10*, P(A,|A)=1/(10*- 1),
amiom sa Ziebeli al baTo ba iq neba
P(A) =1/10" + (1- 1/10") /(10" - 1)] = 2/10*.

maali Ti11l. rasud risal baTo ba imisa, rom we si eri mo netis 10 -jerag -
debisas 2-jermo va ger bi?

amoxsna. visar gebloT ber  nulis for muiT. am Sem TxvevaSi: n=10, k=2
da p=q=1/2. Sesabamisad,

— 2 12"1102_ 45 o
Po(2) —Clo(z) 022) = 1024 0.044.

maali Ti 12. erTigas ro IiT mi zanSi mox vedris al baTo baa 1/8. ras ud -
risal baTo baimisa, rom12gasro li danar cer Timox vdeba mizans?

amoxsna. am SeffixvevaSi gvaqvs: n=12, k=0, p=1/8 da gq=7/8. amitom ber -
nulis for mudis Ta naxmad:

PL(0) = CL()° Q) = ()" ° 025,

magali Ti13. yuTSi 3 TeT rida5 Sa vibur Tia. yuTi dan SemIxveviT iRe -
ben 4 burTs dab ru nebiT. ipo veT al baTo ba imi sa, rom amo Rebuli bur  Tebidan
TeTribur Tebisra odenoba mdiig neba Savibur Tebisra odenobaze?

amoxsna. Tu war mge bad CavTvliT TeT  ribur Tis amo Rebas, m&in pi ro bis
Tanaxmad erT cda Si war ma&e bis al baTo ba iqneba p=3/8. saZiebeli xdo mie -
bis xel Sermwyob uTav sebad SeniTxvevebs war maadgens oTx cda Si 3 an 4 TeT ri
bur Tis amo Reba, ro mel Ta al baTo bebi, ber nulis for mdis Ta naxmad, Sesaba-
misadto i a:

P,(3) = C2 (§3/8)% (f1- 3/8)** =135/1024 da P, (4) =CZ (3/8)* (5/8)° =81/ 4096.

Sesabamisad, sa Ziebeli al baTo ba, al baTo baTa Sekre bis ka nonis Ta nax-

mad, iqneba:
135/1024+ 81/ 4096= 621/ 409€.

maali Ti 14. saSualod ban kis mi er ga cemdui kre  di te bis 5% ar brun  de-
ba. vi povoT al baTo ba imi sa, rom ban kis mi er ga cemul 100 kre di ti dan dab ru ne-
bis prob le ma Seqmnéa ara nakeb or Sem TxvevaSi. igu lis xmda, rom kre di te bi
gai cema da brun deba er TmaeTi sagan da mauki deblad.

amoxsna. kre di tis ar dab  ru nebas da var qvaT ‘'war mé& ba~ da vi sar gebloT
ber nulis sqe  miT, sadac ‘'war mé&e bis~ al baToba p=0.05. er Ti da igive cda,
ro médc mdgo mae obs kre di tisga cem&i, meor deba n=100-jer. mo saZelnia al -
baTo ba xdo mile bis £ A={kre di tiardab run deba 2 SenmlxvevaSi mainc}. ga davi -

deT sa winaaRmdeyo xdo mie baze t A={kre di ti ar dab run deba or ze nakleb
SeriixvevaSi}. es uka naskndi Se iZle ba war movadgi noT Semdegi ori xdo mile bis
gaer Ti anebis sa xiT: B=f{kre di tiar dabrun deba 0 SemrlxvevaSi} da C={kre di ti
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ar dab run deba 1 SenTxvevaSi}. Sesabamisad, ber nulis for mdis Ta naxmad gveg
neba:

P(B) = P(B) + P(C) = Cp,, §0.05)° (§0.95)"* + C},,, (§0.05)" (90.95)*° =
=(0.99'° +5(0.95%.
amitom sa Ziebeli al baTo ba iq neba:
P(B) =1- P(B) =1- (0.95)'®- 5(§0.95)° ° 0.96.

amocanebi

1. garvi Tare bul qvey nebSi sa zo gadod axal Sobilisga dar Cais San si Se adgens
99.3%s. axal Sobil Ta 15% iba deba sakeis ro kve Tis ga moyenebiT da ma Ti ga dar -
Cais Sarsia 98.7%. ras ud ris axal Sobilis ga dar Cenis Sansi, Tu cho bili a,
romis arda badebulasa keisrokve Tisga moyenebiT.

2. naxmai av to maile bis da axlo ebiT 5% ad re da zi anebuli iyo wyal di do bis
gamo da spe ci alis te bis Se fa sebiT ase Tiav to madile bis 80% -s momaal Sieq ne
ba Zravis se ri ozuli prob le méi, xo lo Tu nax ma av to mdile bi ad re ar
iyo da zi anebuli wyal di do bis ga mo, m&in am avto maile bis mxo lod 10% -s
SeiZle ba Seegmnas ando giuri prob le méi. Tu Tquens av to maiils Se egmna Zra-
vis prob le méi, maSin ras ud risal baTo ba imi sa, rom Tgve n Sei ZineT avto mo
bili,ro mdécda zi anebuliiyo wyal di do bis ga mo.

3. yuT Sidevs ori Cve uleb ri vi mo neta mxare ebze ger bisadano mindisga maosa-
xule bebiT daer Timo netaori ve mxae ze ger bis ga mosaxule biT.a)rasud ris
al baTo ba imi sa, rom SemTxveviT amo Rebuli mo neta or ger biania; b) SenirxveviT
ama Res er Ti mo neta da da uxedavad ag debis Semdeg masze movida ger bi. ras
udrisal baTo baimi sa, romisor ger biania.

4. 52 kar ti dan dab ru nebis ga re Se SenixveviT iRe ben or karts da de ben sxva
52 kar tSi. ase mi Rebul 54 karts ure ven er TmaneTSi da mis gan iRe ben erT
karts. Tuamo Rebulikar ti'tu zi a~,rasud risal baTo ba imi sa, rom pir veli
dasti dan meore Si 'tu zi~arga dauta niaT.

5. erT ur naSi mo Tavsebulia 1 -dan 10-mde gadanonri li 10 bur  Ti, xo lo me ore -
Siki t 1-dan 100-mde gadanonri li 100 bur  Ti. SerixveviT Se ar Ciesyu Tidaiqi -
dan SenixveviT amo Rebuli bur  Tis no mea 5. a) ras ud ris al  baTo ba imi sa,
rom es bur Tiamo Rebulia pir  veliyu Ti dan;b)raiqg nebaa)pungtsal baTo ba,
Tu bur Ti SemTxveviT ig neba amoRebuliyve la 110 bur Ti dan.

6. gar kveuli da avadeba gvxvde ba adamianTa po pula ci is 0.1%-Si. di agnosti kis
mdo di ko reqtul pa suxs iZ le va al baTo biT 0.99. paci entma gai ara Se mownéa
da ga mokvle vam a@ena dadebi Ti Se degi. ras ud risal baTo ba imi sa, rom pa ci -
entida avadebuli a?

7. | bri gada awar mcebs deta le bis 30% -s, ro mel Ta So ris 1% wun debuli a. Il
bri gada awar mcebs imave deta le bis 20% -s, ro mel Ta So ris 3% wun debuli a. lll
bri gada awar moebs detale bis 50% -s, ro mel Ta So ris 2% wun debuli a. erT
sawyobSimog ro viliam de tale bidan SenixveviT ai Reser Tide talidaisaR -
mo@da wundebuli. ro goria al baTo ba imisa, rom es de tali da amada: a) |
bri gadam; b) Il bri gadam; g) Ill bri gadam?

8. avadmydis ga mokvle vis Se degad ga keTda das kvna, rom mas aqvs er T-er Ti ori
daavadebidan £ an A (hipoTeza A), an A, (hipoTeza A,). P(A)=0.4 da P(A)=0.4.
egimma gadawyvita di agnozis da zus te ba da da niSna anai zis Ca ta re ba, rom lis
Sedegs war maadgens da debi Ti an uar yofi Tire aqci a. Tu pa ci ents agvs A avad-
mydo ba, anaiz ma unda mogvces da debi Tire acciaal baTo biT 0.9 dauar yofi Ti
reacqcia t al baTo biT 0.1. Tukipa ci entsaqvs A, avadmydo ba, m&in da debi Tida

uar yofi Tire acci ebito lal baTuri a.andi ziCa tar dadaman mogvcauar yofi Ti
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re acci a. ro goria al  baTlo ba imi sa, rom es Se degi gan piro bebuli a:a) A avadmyc
fo biT;b) A, avadmydo biT?

9. erT Can TaSidevs 4 TeT rida3Sa vibur Ti,meore CanTaSiki 3 TeT rida5
Savi bur Ti. pir veli Can Ti dan SenirxveviT iRe ben erT burTs da de ben mere Si.
a) ipo veT al baTo ba imi sa, rom amis Sem deg meore CanTi dan amoRebuli bur  Ti
igneba Savi. b) ipo veT al baTo ba imi sa, rom pir veli Can Ti dan meore Si ga data -
nili bur  Tiiyo TeT ri, T ucno bili a, rom ga data nis Semdeg meore CanTi dan
amdrebulibur  TiTeT ri a.

10. yuTi dan, ro mel Sic devs 5 Sa vida 3 wi Teli bur  Ti mimdevro biT iRe ben 3
burTs dab ru nebiT (a fig sire ben amdrebuli bur  Tis fers, ab  ru neben yuT Si da
Serdeg iRe ben mormdevno burTs). ipo veT al baTo ba imi sa, rom: a) sa mive bur Ti
TeTri a;b)samive bur Tier Ti da igivefe ri saa;g)er TiTeT riada?2 Sa vi;d)
ori vefe riig neba war modgeni li.

11. ro goria al baTo ba imi sa, rom sa Tam&o ka maTis oTx jerga gore bisas er -
Ti animo va: a) zus tad or jer? b) ara umées or jer?g)ara nalkeb erT jer?

12.ro goriaal baTo ba imi sa, rom sa Tam&o ka maTis oTx jerga gore bisasor -
jermo vawaxnagi3 -isaraje radiqu liT?

13. al baTo ba imi sa, rom mo cemul sawarmdSieleq tro energiisdRi urida naxar -
jlarga daaWarbebs dad genil nor mas, to lia 0.8 -is.ro goria al baTo ba imi sa,
rom kvi ris gan malo baSi eleq tro energiis da naxar ji ar ga va nor midan oTxi
dRis gan malo baSi?

14 al baTo ba imi sa, rom na Tura ar ga daiwveba 1000 saaTis mu Saobis Se degad,
to ia0.95 -is.ri sito lia500na Tura Siimna Ture bisual baTesiricx vi,rom -
le bicarga daiwva 1000 saaTis mu Saobis Se degad?

15. wurdebuli pr  oduqci is ga moSyebis ala baTo baa p=0.04. ramdenjer un da Se-
varnai roT wun debuli pro  dugci is pro centi imi saTvis, rom 20 -jer ga izar dos
al baTo ba imi sa, rom 1000 er Teulpro duqci aSiaraR mo@des ar cer Tiw unde-
buli?

16. moneta isea dam zadebuli, rom ger bis mos vlis al baTo ba or jer me tia sa -
fa suris mos vlis al baTo baze. ras ud risal baTo ba imi sa, rom mo netis 3 -jer
agdebi sas safa surimo va 2-jer?

17. wyal qveSa navi es vris kreisers4 -jer Ti  ToTi Totor pedos. Ti Toeuligas -
ro li sastor pedos mox vedris al baTo baa 3/4. yovel tor pedos er Tnairial ba
To biT Se uZliagax vri tos kre iseris 10 gan yofi le bidanro mé& me garyofi le ba,
ro méc da zi anebis Se degad wyliT iv  seba. kre i seri iZi re ba, Tu wyliT aiv SO
origan yofi le bamanc.ga movivaloT kre iseris Ca Zir visal baTo ba.

18. te le vizori Sed geba 10 ele met sagan. Ti To euli ele meti wlis gan maio -
baSi mu Saobs al baTo biT p.rasud risal baToba imisa, rom wlis gan malo -
baSi mwyobri dan gamova: a) er Ti ele  meti ma inc; b) zus tad er Tiele met; Q)
oriele  met.

19 al baTo ba imi sa, rom mo maali wlis iv nisis pir veli dRe iq neba msSrali
aris 0.4. Tuiv nisisro mé& me kornkretu lidRemSra |i a, m&in al baTo ba imi sa,
rom momdevno dRe iqg neba mSrali aris 0.6. sxva Sem TxvevaSial baTo baimi sa, rom
mordevno dRe iq neba mSrali aris 0.3. ip oveT al baTo ba imi sa, rom: a) iv nisis
pir veli ori dRe iq neba mSrali; b) iv  nisis meore dRe ig neba mSralig) iv  nisis
pir velisa midRi dan,sulco ta,er Tiigq neba msSrali.

20. P(A)=0.3. B xdo mile ba damauki debelia A xdo mile bisagan. P(B)=0.4. C

arisxdo mie baromarc A moxda da arc B.ipo veT:a) P(A\B);b) P(AUB); g)

P(C|A).
21 al baTo ba imi sa, rom kon kre tu li dRe mSra lia aris 3/10. al baTo ba imi sa,
rom “di namo~ ma gebs mSral dRes aris 3/8, xo lo t sveldRes 3/11.a) di na

mom-~ Sedegi matCi or SabaTs un da Caata ros. ras ud ris al baTo ba imi sa, rom
86



“di namo~ mo gebs; b) gasul oTx  SabaTs 'di namom~ mati moigo.rasud risal ba
To baimi sa, rom 0Tx SabaTs mSraliamin diiyo;g)ga sulSa baTs di namom~ mat
Ciwaago.rasud risal baTo baimi sa, rom Sa baTs sve liamin di iyo.

22. kazi noSidgas sa misaTam&omagida A da A ti pis,rom le bicsru li ader -
Tnairad ga md yure ba. amaJanave, A ti pismagidaorica li a. A ti pis magidaze
magebis al baTo baaris 1/3,x0 lo A ti pis magidaze t 1/4. a) ipo veT SerfixveviT
ar Call ma gidaze mogebisal baTo ba; b) Tqven SentxveviT air CieT magi dada mo i-

geT.rasud risal baTo baimi sa, rom Tgven air CieT A magida; g) Tquen SemTxve-
viT air CieT magi da da wa ageT. ras ud risal baTlo ba imi sa, rom Tqven air CieT
A mai da.

23. erT yuT Si aris 3 TeT rida 2 lur ji bur  Ti, meore Si ki 4 TeT rida4
lur jibur Ti.lyu Tidan SenirxveviT ga daita nes 2 bur Ti meore Si. ipo veT al -
baTo ba imi sa, rom amis Semdeg Il yu Ti dan amoRebuli  bur Tiiqg neba TeT ri.
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Tavi VI

diskretuli SemTxveviTi sidide da misi ricxviTi maxasiaTeblebi

albaTobis TeoriaSi SemTxveviTi xdomilebis cnebasTan erTad gamoiye -
neba garkveuli azriT ufro moxerxebuli SemTxveviTi sididis cheba. cvlad
sidides, romlis mniSvnelobebi damokidebulia SemTxveviTi egsperimentis an
movlenis SesaZlo Sedegebze, SemTxveviT sidides uwodeben. SemTxveviTi sidi -
dis magaliTebia: saTamaSo kamaTlis gagorebisas mosul qulaTa ricxvi; mone -
tis ganmeorebiTi agdebisas monetis romelime mxaris gamoCenaTa ricxvi; gas -
rolaTa raodenoba mizanSi pirvelad moxvedramde; manZili samiznis centri -
dan dazianebis wertilamde; sxvadasxva dros garkveul produgciaze moTxov -

naTa raodenoba; siTxeSi CaZiruli mtvris mci re nawilakis (romelsac vakvir -
debiT mikroskopSi) mdebareoba da a. S.

ganmarteba 1. SemTxveviTi eqsperimentis elementarul xdomi le baTa sivr -
ceze gansazRrul ricxviT fungcias SemTxveviTi si di de ewodeba. SemTxveviT
sidides ewodeba  diskretuli tipis Tu is Re bulobs calkeul, izolirebul
SesaZlo mniSvnelobebs. SemTx veviT sidides ewodeba uwyveti tipis Tu misi
SesaZlo mniSvnelobe  bis simravle mTlianad avsebs raime sasrul an usasr u-
lo ricxviT Sua leds.

SEdom9YYM0 25bs>§oangdgdo
" dgdmbgggomo Lowowyg
= a30hg39bgol dgdmbgggomo gdl3g®odgb@ols
‘dgbodenm Moibgom 3dbodgbgeomdgdls

‘dgdmbgggomo
Lboowpggdo
I
| |
ngd@aé‘asmo aV43060 Fgdobzggomo
‘dgdmbgggomo Lowogwyg ooy
ey
diskretuli tipis SemTxveviTi sidide Rebulobs sasru | an Tvlad rao -
denoba gansxvavebul mniSvnelobebs, xolo uwyveti tipis Sem TxveviTi sididis

mniSvnelobaTa raodenoba kontiniumis simZlavrisaa.
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©ob3MgG Yo
‘dgdombgggomo Lowoggdo
" 0969@mdl mgems MomEgbmds 360dgbgermdgdls

353500 gdo: -- O | I .

= 30350 geol gogm@gdo Mm@ ge.
X ogmlL 4 Jyeool dmlgmsms Goibgo
(35306 X Fgodengds ogmlL 0, 1, 56 2)

" 3mbgBol goggdm bymxge.
X 0gml dmobyger ag9@dms Goibgo
(35906 X =0,1, 2, 3, 4, 565)

SemTxveviT sidideebs aRniSnaven didi laTinuri asoebiT: X,Y,Z,... (an
paara berZnuli asoebiT x,h,V,...), xolo SemTxveviTi sididis SesaZlo mniSv
nelobebs aRniSnaven patara laTinuri asoebiT: XY Zcsees

9JL39®03gbGo: IMbgBol 2-xg® sSa©gds. X—a9MHdms
®oi3bgo. godmgmgosgmma P(X = X) gggems X -mgob.

4 Ygbodmme gwgyo SEndsM @0 a5bsYoan gds

X 36-45] sgndsommds

0 1/4 = 0.25

> 1 2/4 =0.50

\
/ 2 1/4 = 0.25

o

S ESMMES
© ©°

N O

3]
—
—

0 1 2 X
magaliTi 1. SemTxveviTi sidide iyos monetis samjer agdebisas mos ul
gerbTa ricxvi. am SemTxvevaSi elementarul xdomilebaTa siv  rce rva ele men

tiani simravlea:
W={ggg,99s, gsg, sgg, gss, sgs, ssg, Sss}
da, Sesabamisad, saZiebeli SemTxveviTi sidide igneba W-ze gansazRruli Sem
degi ricxviTi funqcia:
X(999) =3; X(ggs) =X(gsg) =X(sgg) =2;
X(gss) =X(sgs) =X(ssg) =1 da X(sss) =0.
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cxadia es SemTxveviTi sidide diskretuli tipisaa, is Rebulobs izoli -
rebul mniSvnelobebs, magaliTad, 1 -sa da 2 -s Soris is ar Rebulobs arcerT
mniSvnelobas.

magaliTi 2. SemTxveviTi sidide iyos ori saTamaSo kam aTlis gagorebi -
sas mosul qulaTa jami. am SemTxvevaSi elementarul xdomilebaTa sivrce
Sedgeba 36 elementaruli xdomilebisagan:

W={(i,j):i,j=12..6},
xolo SemTxveviTi sidide calkeul elementarul xdomilebas @i,j) (sadac i --
pirvel kamaTelze mosuli qulaa, xolo j -- meore kamaTelze mos uli qula)
Seusabamebs: X (i, j) =i+ ] (pirvel da meore kamaTelze mosuli qulebis jami).
magaliTad, X(@3) = X(2,2) = X(31) =4. aRniSnuli SemTxveviTi sididis SesaZlo
mniSvnelobebia: 2, 3, . . ., 12. is aseve dikretuli tipi saa.

zemoT CamoTvlili magaliTebidan uwyveti tipis SemTxveviTi sididea
matili samiznis centridan dazianebis wertilamde da mtvris nawilakis mde -
bareoba siTxeSi. TiToeuli maTgan nebismier or miRebul mniSvnelobas Soris
ar gamotovebs arcerT mniSvnelobas.

SemTxveviTi sidide mocemulia Tu Cven viciT egsperimentis ama Tu im Se -
degs ra ricxvi Seesabameba. magram, imisaTvis rom albaTurad davaxasiaToT
SemTxveviTi sidide, Cven kidev unda vicodeT Tu ramdenad x Sirad anu ra al -
baTobebiT Rebulobs es SemTxveviTi sidide Tavis ama Tu im mniSvnelobas.
Sesabamisobas, SemTxveviTi sididis SesaZlo mniSvnelobebsa da maT Sesabamis
albaTobebs Soris, diskretuli tipis SemTxveviTi sididis ganawilebis kano -
ni ewodeba. SemTxveviTi sididis ganawilebis kanoni SeiZleba mocemuli iyos
cxrilis, formulis an grafikis saxiT.

cxrils, romelSic CamoTvlilia SemTxveviTi sididis SesaZlo mniSvne -
lo bebi da maTi Sesabamisi albaTobebi, diskretuli tipis SemTxveviTi sidi -

dis ganawilebis mwkrivi ewodeba:
X, X1 X2 > Xn >
P P1 P2 b Pn Y
SevniSnoT, rom xdomileba, rom SemTxveviTi sidide miiRebs erT -erT mni -
Svnelobas Tavisi SesaZlo mniSvnelobebidan, warmoadgens aucilebel xdomi -
le bas daamitom: & pj =1 (Cven ar vuTiTebT SesakrebTa raodenobas, is SeiZ le -
[
ba iyos rogorc sasruli, ise usasrulo).
magaliTi 3.  ori msroleli TiTojer esvris samiznes. maT mier sami znis
dazianebis (mizanSi moxvedris) albaTobebia Sesabmisad 0.6 da 0.7. Sem TxveviTi

sidide X iyos dazianebul samizneTa raodenoba. SevadginoT misi ganawile -
bis mwkrivi.

amoxsna. cxadia, rom X SemTxveviTma sididem SeiZleba miiRos Semdegi
mniSvnelobebi: 0 (verc erTma msrolelma ver daaziana samizne), 1 (mxolod
erTma msrolelma daaziana samizne) da 2 (orive msrolelma daaziana samizne).
vipovoT Sesabamisi albaTobebi.

bunebrivia SegvZlia vigulisxmoT rom pirveli da meore msrolelis
sro lis Sedegebi erTmaneTisagan damoukidebelia. SemoviRoT xdomilebebi: A--
pirvelma msrolelma daaziana samizne da B -- meore msrolelma daaziana

samizne. mocemulia, rom P(A)=0.6 da P(B)=0.7. Sesabamisad, P(A)=04 da
P(B) =0.3. garda amisa, A da B damoukidebeli xdomilebebia. damoukidebeli

xdomilebebia agreTve: A da B, A da B, Ada B.
advili dasanaxia, rom xdomileba t verc erTma msrolelma ver daaziana

samizne igneba A/B, xdomileba  -- mxolod erTma  msrolelma daaziana samizne
igneba (AZB)C (AZ&£B) da xdomileba  -- orive msrolelma daaziana samizne ign -
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eba A/EB. gasagebia, rom (AZB) da (A/Z&B) uTavsebadi xdomilebebia
(A/EB) £(A/EB) = @.
amitom, damoukidebel xdomilebaTa namravlis albaTobisa da uTavsebad

xdomilebaTa jamis albaTobis formulebis Tanaxmad gveqgneba:

P(X =0) = P(A/B) = P(A) °(B) = 0.4{®.3=.12;

P(X =1) = P{( A/EB) C (A/£B)} = P(A/B) + P(A/&B) =
= P(A) G°(B) + P(A) P(B) = 0.6 .3+ 0.4D.7 = 0.46;
P(X =2) = P(A/EB) = P(A) (P(B) =0.6 .7 = 0.42

Sesabamisad, X SemTxveviTi sididis ganawilebis mwkrivi igneba:

Xi 0 1 2
pi 0.12 0.46 0.42
grafikulad diskretuli SemTxveviTi sididis ganawilebis  kanoni SeiZ-
leba warmovadginoT ganawilebis  mravalkuTxedis saxiT , romelic warmoad -
gens texils sibrtyeze , romelic miiReba sakoordinato sibrtyeze  im werti -
lebis  SeerTebiT , romelTa koordinatebia (%, pj)-
A
X1 X2 X3 Xz Xs
Tu mocemulia diskretuli tipis SemTxveviTi sidide X daraimeric  Xxvi-
Ti g funqcia, maSin  g(X) isev igneba diskretuli tipis SemTxveviTi sidide,
romlis ganawilebis mwkrivis pirvel strigonSi igneba g(x;) ricxvebi ( g(X)

SemTxveviTi sididis SesaZlo mniSvnelobebi), xolo meore stri

albaTobebi, rac gvqonda
dan:

gonSiigive  p;
X SemTxveviTi sididis ganawilebis mwkrivSi, vinai -

P{g(X) =9(x)} =P{X =x}=p;,
anu gvegneba ganawilebis mwkrivi:

g(x) | gx) 9(x2) o | 9x0) o
Pi P1 P2 Pn
SevniSnoT , rom SesaZlebelia X -is romelime ori gansxvavebuli X , X;
mniSvnelobisaTvis g(x) =g(xj), maSin g(X)-is ganawilebis mxolod
erT adgilas davwerT g(x)-s da qveS mivuwerT Sesabamisi albaTobis rolSi
(pi +pj) sidides . magaliTad , Tu X SemTxveviTi sididis  ganawilebis —mwkrivia :
Xi -3 -1 0 1 2
Pi 0.15 0.12 0.2 0.18 0.35
masSin X 2-is (am SemTxvevaSi g(x) =x2) ganawilebis mwkrivi igneba:
Xio 0 1 4 9
pi 0.2 0.3 0.35 0.15

aq

P(XZ2=3=P{(X=-0)G(X=)}=P{X=-3+P{X =1 =012+0.18=0.3,
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bernulis ganawileba. davuSvaT, rom vatarebT orSedegian cdas (eqspe -

ments) . cdis erTerT Sedegs pirobiTad vuwodoT
Amar cxi 0. catSe bifsv@a moxdeni s ol bamda&ha iAynas c xi
baToba ig neba 1- p:=q. SemTxveviTi sididis mniSvneloba iyos 1 Tu moxda
Awanmatebaod da iyos O Tu moxda fAmar cxihemulisaseT
SemTxveviT sidid es uwodeben, xolo Sesabamis ganawilebas ki bernulis gana -
wilebas :

Xj 1 0

pi p 1-p

39Mbagol aobsfoengds

= asbobogngds dbmgome m@o Jgogao : “Fo@dodgds”
ob “dod(3bo”

* P-mo 50b0dbygemos [o@3do@gdol sendosmmds

= 1-P >@0b dodO3bol sgmdsmmds

= a5bglobmg@mon dgdmbgggomo Lowowg X:
x=1 {50353 gd0l @OmL,x=0 do®3bol O™

= 35906 690bygemol gobsfoemgdols 3obmbo s@ols:

P(0)=(1-P) and P(1)=P

binomialuri ganawileba . davuSvaT, rom damoukideblad da erTidaigive
piobebSi n-jer vatarebT orSedegian cdebs (eqspei mentebs). calkeuli cdis
erTerT  Sedegs pirobiTad vuwodoT  fwarmatebaod , xolo meores _  nfarcxi O .
calkeul cdaSi fAwa matebis 0 moxdenis albaToba iyos p, maSin fimarcxis 0 al -
baToba igneba 1- p:=q. SemTxveviTi sididis mniSvneloba iyos p damoukidebel
cdaSi fwarmatebaTao ricxvi . aseT SemTxveviT sidides  binomialuri SemTwe-
VviTi sidide ewodeba. manSeiZleba miiRos mniSvnelobebi 01...,n, albaTobebiT

P{X =k} =CXpX@- p)" K, k=01....n.
ricxvTa am mimdevrobas  binomialuri ganawileba ewodeba.

92



d0bmdosgm®o
3obsFoamgdoll gm@Iyens

P() = — (nn_x)! PX (1- Py~ X

P(x) = n gosdo X (50358900l semdsmmds,

qmgger oo Fodds@godol P sgmdosmmdom dsporzomo: Jmbybob 4-xg6

530905, X = # 290398001

X = “foddo@gdgdol” Goibgo dgmhggsdo L
(x=0,1,2,..,n) P=0.5
n = Jg@ahggol dmzyemds (GEosms o6 1-P=(1-0.5)=0.5
©53M3905m> x=0,1,2,3,4
Oomgbmds)
P = “Fo@®35900l” sgndommds

d0bmdosgn@o gobsfomgds

" 30bm3dooga@o aobsfomgdol gm®Is odm owgdy-
Px) n=5 P=0.1
0.6

@os P-bg ©s n-by

'bd,n=5QOP=0.1 0.4
(3o gbog-sbodg@®oyeno) | 0.2
0

" 5J,n=50sP=05
(LodgB®oyao) 0.2

0 1 2 3 4 5

maali Ti4. vipovoT we si eri mo netis oTx jer ag debisas mosul ger bTara -
odenobis ga nawile bis ka noni.

amoxsna. ele meta rul xdo mile baTa siv rce Sed geba 2*=16 tol SesaZe be-
lioTx euli sagan, xolo gan saxil veli X SerixveviTisi di dis Se saZo mniS -
vhdo bebia k =0, 1, 2,3 an 4. ga sagebi a, rom saqg me gvaqvs bernulis sge  magan,
sadac war mae baa ger bis mos vladarad gan moneta we si eri a, war mée bis al ba-
To baa 1/2. Sentxvevi Ti si di de am SenTxvevaSi war maad gens monetis oTx jerag -
debi sas war mée baTa ra odenobas da Se sabamisi al baTo bebi ga mdT vle ba ber -
nulis for muiT:
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Pk = P(x =K) = Py(K) =cj§(%)k(1- %)4* =Ck /16, k=01234.
amiom p, =1/16, p,=1/4, p,=3/8, p,=1/4, p,=1/16.

hipergeometriuli ganawileba. davuSvaT, rom yuTSi N burTia da maT
Soris M TeTria. SemTxveviT, dabrunebis gareSe yuTidan viRebT n burTs.
vipovoT albaToba imisa, rom amoRebul n burTs Soris zustad k caliigne -
ba TeTri?

aRvniSnoT mp,-iT amoRebul  n burTs Soris TeTri burTebis rao denoba.
Cven gvainteresebs  P{m, =k} albaToba. visargebloT albaTobis kla sikuri
ganmartebiT. gasag ebia, rom yvela SesaZlo SedegTa raodenoba daemTxveva N
elementiani simravlis n elementian qvesimravieTa raode nobas, anu P(W) =CQ

CvenTvis saintereso n elementiani qvesimravleebi unda Sedge bod nen
zustad k cali TeTrida n- k cali Savi burTebi sagan. k cali TeTri bu rTi
SeiZleba SeirCes C,'\‘A sxvadasxva gziT, xolo n- k cali Savi burTi ki -
C,r\‘llf\,, sxvadasxvanairad. namravlis wesis Tan axmad xelSemwyob elementa r ul
xdomilebTa raodenoba igneba C,'\‘/, C"Eﬁ'_kM . Sesabamisad, klasikuri ganmar t ebis
safuZvelze gvaqvs:
k A~n-k
P(N:M:n:K) := P{ 7, =k} =C'V'@%, k=02L...,min(n,M).
CN

ricxvTa am mimdevrobas  hipergeometriuli ganawileba ewodeba.

magaliTi 5.  auditoriaSi myofi 15 studentidan 5 vadia. vipovoT al baTo -
ba imisa, rom SemTxveviT SerCeul 6 students Soris 3 vaJia?

amoxsna. Tu mivusadagebT zemoT ganxilul sqemas, gasagebia, r om: N =15,
M =5, n=6 da k=3.amitom saZiebeli albaToba igneba:

c3¢r6-3 -.
P5563) = > 155 - 10020, (559
c8 5005
15
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303962 9mdgB M 01eno
aobojoemgdol m E;]%Qo

st (N-S)!
P(x)= CngE“f _ XSt (n-UN-S-n-+x)!

Lows3, N = 3m3geos@ool dm@Egemds
S = 3m3ge0 530590 Fo®353909d0L (wgm@o dy@mgdol) Goibgo
N - S = 3m39gms3osTo Jodibol (dogo dymmgdol) Goibgo
n = dg@hgzolL ImEeomds
X = dg@dhggodo [o@ds@gogdol (mgmdo dyg@dmgdol) Goibgo
n —X = 9g@hggoTdo do@ibol (dogo dy@mgdol) @oibgo

B dopo0m0: ©935MF>dgbGol 10 3md3oy@g@owsb 4-do ho@g-
0P s SA>e0396D0Mgdamo 3O MmaMsds. ®sl  Y@ol
Seodommds 0dobs, ™3 Jgdmbgggom dgdhgneo 3 3md3oy-
BJHowsb 2-o 0dbgds s@ s 03gbbo@gdamo 3O Mm@ >ds?

N =10 3

I >

N
x
NI

S

GG, _GC _66_, .
CY C 120

n

P(x=2)=

>endommds 0dobs, @md dgdmbgggom dgahgneo 3 3md30y@g@osb
2-3o 0d630> >O>m0396DoMgdyero 3O madsds s@ol 0.30 564 30%.

davuSvaT, rom vatarebT damoukidebeli orSedegiani cdebis serias erT -
erTi  Sedegis (pirobiTad mas vuwodoT fwarmatebao ) pirvelad moxdenamde
cal keul cdaSi fwarmatebis 0 albaToba iyos p (meore Sedegis albaToba iq-
neba 1- p:=q). SemTxveviTi sidide iyos Catarebuli cdebis raodenoba . maSin

cxadia , rom es SemTxveviTi sidide miiRebs mniSvnelobas k albaTobiT qu'l,

k=12,....

geometriuli ganawileba. diskretul X SemTxveviT sidides, romelic
Rebulobs naturalur k mniSvnelobebs albaTobebiT
P(X =Kk} = pg %,
sadac 0<p<1l (q=1- p), geometriuli kanoniT ganawilebuli SemTxveviTi si -

di de ewodeba.
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usasrulod klebadi geometriuli progresiis wevrTa jamis for mulis
gamoyenebiT advili Sesamowmebelia, rom am albaTobebis jami 1 -is tolia:
o] o]
A pg<l=pOagdl=poi=pot=1.
k=1 k=1 1-q p
puasonis ganawileba. ganvixiloT diskretuli SemTxveviTi sidide X,
romelic Rebulobs mxolod mTel arauaryofiT mniSvnelobebs ( 012,...). aseT
SemTxveviT sidides ewodeba puasonis kanoniT  ganawilebuli , Tu albaToba

imisa, rom is miiRebs mniSvnelobas k, gamoisaxeba formuliT:
k
P{X =k} = /k—'e' I k=012,...,

sadac / -- garkveuli dadebiTi sididea, romelsac puasonis kanonis (ganawi -

le bis) parametri ewodeba. Tu visargeblebT e* funqciis gaSIiT xarisxovan
o]

mwkrivad ( €= & xk/k!), advilad davinaxavT, rom am albaTobebis jami 1 -isto -
k=0

lia. marTlac,

%(;D{X:k}:e'/ C?Eo%:e_l &/ -1
395bmbols 2obsfoamgdol gm@dgas
—-A) X
px)= N
X!

Loos:
X = (5030 gdoms Mompgbmds @Amols gemgye o
A = (o@358gd0ms Jmbogmmebgmmo dompgbmds @mol gHom gy do
€ = bogygMomy@o mmys®omndol g9dg — bgdg@ol @obgo
(2.71828...)

= 390Lmbols aobsFogmgdol gm®3s ©odmowgdey-
@0 A 3505d93M by :

A =0.50 A =3.00

0.70 025

P(x)
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ganvixiloT tipiuri amocana, romelsac mivyavarT puasonis ganawile bam
de. davuSvaT, rom abscisTa RerZze SemTxveviT ganawildebian wertilebi, ama S-
Tanave maTi ganawileba akmayofilebs Semdeg pirobebs:

1) albaToba imisa, rom garkveuli raodenobis wertilebi moxv deba | si-
grZis intervalSi damokidebulia mxolod intervalis sigrZeze da araa damo -
kidebuli abscisTa RerZze mis mdebareobaze (e. i. wer ti lebi ganawilebulia
er Tnairi saSualo simkvriviT);

2) wertilebi nawildebian erTmaneTisagan damoukideblad: albaToba im -
isa, rom wertilTa raime raodenoba moxvdeba mocemul intervalSi ar aris
damokidebuli wertilTa raodenobaze, romlebic moxvdnen nebismier sxva in -
tervalSi;

3) praqtikulad SeuZlebelia ori an meti wertilis damTxveva.
maSin SemTxveviTi sidide X -- | sigrZis intervalSi moxvedril wertilTa
raodenoba t ganawilebulia puasonis kanoniT, sadac / --aris | sigrZisin -
terv alze mosul wertilTa saSualo ricxvi.

SeniSvna. puasonis formula gamosaxavs binomialur ganawile bas cda Ta
didi ricxvisa da xdomilebis mcire albaTobis SemTxvevaSi, ami tom puasonis

kanons xSirad uwodeben iSviaT movienaTa kanons.

puasonis ganawileba  warmoadgens karg maTematikur models iSviaT xdo -
milebaTa aRsawerad: drois figsirebul SualedSi momxdar xdomi le baTara o-
denoba xSirad emorCileba puasonis ganawilebas. magaliTad Sei Zleba gamo dg-
es radiaqgtiuri daSlis Sedegad geigeris mTvlelis mier t droSiregis tri -
re buli a nawilakebis raodenoba; satelefono sadgurSi t drois ganmavl o0-
baSi registrirebul gamoZaxebaTa raodenoba. rogorc cnobilia, warma tebebis
mcire albaTobisa da cdaTa ricxvis sa kmaod di di raodenobis SemTx  vevaSi
puasonis ganawileba gvevlineba binomuri ga nawilebis miaxloebad.

SemTxveviTi sididis ganawileba _es aris funqcia, romelic ca Isa xad
gansazRvravs albaTobas imisa, rom: SemTxveviTma sididem miiRo moce muli mni -
Svnelob a an SemTxveviTi sidide ekuTvnis garkv eul mocemul in tervals. Tu
SerixveviTi sidide Rebulobs sasrul raodenoba mniSvne lo bebs, maSin ganawi-
leba moicema funqciiT P{X =x}, romelic X SemTveviTi sididis yvela Sesa -
Zlo x mniSvrel obas Seusabamebs albaTobas imisa, rom X =X.

Tu SemTxveviTi sidide Rebulobs usasrulod bevr mniSvnelo bas (rac
SesaZlebelia mxolod maSin, roca elementarul xdomile baTa siv rce, rome | -
zec ganmartebulia SemTxveviTi sidide Sedgeba usasrulo raodenoba elemen -
taruli xdomilebebisagan), maSin ganaw ileba moicema  P{a< X ¢ b} albaTobebis
erTobliobiT ricxvTa nebi smieri a,b wyvili saTvis, a<b. ganawileba SesaZ -
le belia mocemul iq nes e. w. ganawilebis funqciiT:

F(X)=P{X ¢ x},
romelic nebismieri namdvili X ricxvisTvis gansazRvravs al baTo bas imi sa,
rom X Sent xveviTi sidide miiRebs Xx-ze nakleb an tol mniSvne lo bebs. advi-
lidasana xia, rom:
Pla<X ¢h =F(b)- F(a).

ganawlebis funqciis Tvisebebi:

1). nebismieri x-saTvis 0¢ F(x) ¢1;

2).ganawilebis funqcia araklebadia;

3). ganawilebis funqcia uwyvetia marjvnidan;
4). F(x)= aP{X =xy};
Xk ¢ X

5). P{X :Xk} = F(Xk)- F(Xk - 0).
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ganawilebis  fungcia SeiZleba iyos an diskretuli , an uwyveti , an mdi
kombinacia . diskretuli ganawilebis funqcia Seesabameba diskretul SemTxve -

viT sidides, romelic Rebulobs sasrul raode noba mniSvnelo bebs an mniSwe-
lobebs iseTi simravlidan, romlis el ementebis gadanomvrac SeiZleba natu -
ra luri ricxvebiT M(aseT si mmavleebs, maTematikaSi, Tviad simravieebs uwo -

deben).Adiskretul ganawilebis funqgcias aqvs safexura kibis saxe.

maali T/ 6. vipovoT we si eri mo netis oTx jer ag debisas mosul ger bTa
ra odenobis ga nawile bis fun qci a.

amoxsna. ro gorc ze moT vnaxeT aRniSnuli Sem TxveviTi si di dis ga nam -
le bis ka nonia:

X 0 1 2 3 4
P 1/16 1/4 3/8 1/4 1/16
Sesabamisad, ganmartebis Tanaxmad ( Fyx (X) = & pg ) gvagvs:
X Ex

Fx (0) = pg =1/186,
Fx (1) = po + pp =5/16,
Fx (2) = po + p1 + p2 =11/16,
Fx (3 = po+ py+ P2+ p3g =15/16,
Fx(4)=po+pL+pz+p3+pg=1.
amitom sabolood gvaqvs
€0, Tu x<0,
11/16, Tu 0¢x<l,
§5/16, Tu 1¢x<2,
Fx (X) =1
11116, Tu 2¢x<3,
g15/16, Tu 3¢x<4,
[ Tu x2 4.
m@gali Ti7. cnobili a,rom P{X>3=1/3.ipo veT Fx (3.
amoxsna. ganawile bis fun qci is gan marte bis Ta naxmad gvaqvs
Fx @ =P{X¢3=1- P[X >3 =2/3.
mgali Ti8 . mecemdia xda h SerixveviTi sidi deebis ganawile bis kano-
nebi :

X -1 0 Y 0 1
P 0.5 0.5 P 0.5 0.5
SeadareT er TmaneTs Fyx (FR/(0.5)da R/ (Fx(0.5).

amoxsna. ganawile bis fun (qci is gan marte bis Ta naxmad gvaqvs
Fy(0.5) =P{Y ¢ 0.5 =P{Y =0} =0.5,

Sesabamisad,
Fx (R (05))=PX¢05 =PX=-3+P{X =0 =1.
ando giurad dav rwmundebiT, rom K,/ (Fx (0.5) =1.
magaliTi 9.  saqgonlis partiaSi defeqtur nawarmTa ricxvi X Rebulobs
mniSvneloba 0 -s albaTobiT £ 0.3; mniSvneloba 1 -s albaT obiT t0.4; mniSvneloba
2-s albaTobiT £ 0.2 da mniSvneloba 3 -s alb aTobiT t 0.1 anu X -is ganawile -
bis mwkrivs aqvs saxe:

Xi 0 1 2 3
pi 0.3 0.4 0.2 0.1
gamovTvaloT X -is ganawilebis funqcia da avagoT misi grafiki.
Tu x<0,maSin F(x)=P{X ¢ x} =P{A} =0;
Tu 0¢x<1,maSin F(X)=P{X ¢ x} =P{X =0} =0.3;
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Tu 1¢x<2,maSin F(X)=P{X ¢ x} =P{(X =0)C (X =1} =
=P{X=0}+P{X =11 =0.3+0.4=0.7;

Tu 2¢x<3, maSin F(X)=P{(X¢x} =P{(X=0C(X=)C(X=2)}=
=P{X=0+P{X =1 +P{X =2} =0.3+0.4+0.2=09;

da bolos, Tu x2 3, maSin F(x)=P{X ¢ x} = P{W =1.

Sesabamisad, ganawilebis fung  ci is grafiki igneba Semdegi sa Xis:

F(X) A

1.0

0.9 -

0.7 —_—

0.3 >

"0 1 2 3 5>

uwyvet ganawilebis  funqcias naxtomebi ara agvs. is monotonu rad izr -
deba argumentis zrdasTan erTad O -dan (roca  x- - ) 1-mde (roca Xx- + k).
SemTxveviT sidides, romelsac aqvs uwyveti ganawil ebis funqgcia, uwodeben

uwyvet SemTxveviT sidides
SenmxveviTisi di disma Tema kurilo di ni.

xSirad Sem Txvevi Tisi di disda saxasi aTeblad uf ro mo xer xebulia ricx -
vi Ti ma xasi aTeble bi, nac vlad fun qci onau ri sa (ro gori caa ganawile bis kan -
oni, ga nawile bis fun gcia). SemTxvevi Ti si di dis ricx  viT maxasi aTeblebs Sor -
is pir velrig Siga mojofenise Tebs,ro melTa fgviri v o (Sengoacro ) dedba g
(jguf deba) SenTxveviTi si di dis Se sado mniS vnelo bebi. er TerT aseT ricxv -
iT maxasi aTebls war maadgens SemixveviTi si di dis mdem#& kurilo  di ni, ro -
mel sac mi si ar si dan gamordi nare (ra sac Cven gvemoT da vi naxavT) SemTx vevi Ti
sidi dis saSualo mniS vnelo basac eZxi an.

al baTo bis Te ori is Zali an bevr sa kiTx Si mo saxer xebelia Se movita noT
mdema kuri lo di nis cne ba.ro ca moTam&em urda mii Ros gan sazRru li Tan xa,
Tu mox deba gar kveuli Sem Txvevi Ti xdo mie ba, romlis al baTo ba cno bilia,
m&in mi si maTema kuri lo di ni aris is Tan xa, ro méc sa marTli anad un da
Semauta nos mas iman, vinc iyi  dis mis gan mogebis San sebs. mayali Tad, mo Tam&em
unda gaagoros er Txel sa Tam&o kamdelidami iRos mogeba6la ri, Tumo va
cif rid4.ad vilida sanaxia, rom mi si maTema kuri lo dinito lialla ris, e.
i.im Tan xis (6 la ris), rom lic Se iZle ba mii Ros mo Tam&em, namav li sa sur ve-
liSe degisal baTo baze (1/6ze).

marTlac, da vuSvaT, rom ban kom#éi gvTavazobs ga vagoroT ka mdeli da
yovel msur vels aZ levs Se saZeb lo bas dados sa nadeo mis mi er Ser Cell
waxnagze (qu la ze), ra Ta mogebis SemTxvevaSi miiRos 6 la ri. Tu 6 sxva dasxva
molram&e da debs fsons Se sabamisad 6 sxva dasxva waxnagze, maSin ban ko matma ne
bis mier SemTx vevaSi un da gadaixados 6 la ri, vi na dan iq neba er Ti da mxol -
od er Ti mo gebuli. imi  saTvis rom Ta m&i iyos sa marTli ani, sa Wiroa rom 6
molam&idan Ti To eul ma Seta nos bankomatSi 1 la ri, rad ganac ar ar sebobs
aranarisa fuzZ veliimi saTvis,romro mé me maganma galai xados sxva ze meti
an nakle bi, vi na dan sa Tam&o ka maTis eq vsi ve waxnagito lal baTuria. age dan
Cven vakvniT, rom ma Tema& kurilo diniTi Toeulimo Tam&isaTvis Se adgens 1
lars.
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ganmarte ba 2. X :W- RY dis kretu li Sem TxveviTi si di dis mdemd kuri
lo di ni aRi niSneba EX simbolo Ti( E aris pir veli aso in gli surisity visa
Expectation ro mécniS navs £ lo di ni,mosalod nelo ba)daewo deba ricxvs:

EX= aX(WPW), (1)
wm W

e.i. SemTxveviTisi di dis mdema kurilo di niwar maadgens SenTxveviTisi di -
dis mniS vnelo bebis Se wonil jams wo  nebiT, rom le bicto lia Se sabamisiele m
entaru lixdo mie bebisal baTo bebis.

SewiS navT, rom maTema kuri lo di nis aR saniSnavad aseve gamd yeneba
simbolo MX (M aris pir veli aso ru suli sity visa -t a”t o m””
e

).

maali Ti 10. gamovlvaloT sa Tam&o ka mdel ze mosuliqu la Ta ricx vis

mdemd kurilo  di ni. (1) Ta nafar do bi dan ga mordi nare gvaqvs:

Ex =10 +28 +3d +4G +53 +6¢L =35
6 6 6 6 6 6

maTematikuri lodinis zemoTmoyvanili ganmarteba tolfasia Semdegi
ganmartebis:

gammarte ba 3. Tu SemTxveviTi sidide Rebulobs mniSvnelobebs X1, X2, s X s
xolo am mniSvnelobebis miRebis albaTobebia P{X=x}=p , i=12...,n, m&in
mdematikuri lodini ewodeba sidides:

~

0

n
EX'= & X pj =X P+ Xz + @3 X, Py - 2)

1=
mdema kurilo  di niscne baal baTur -statis ti kur Te ori aSi Se esabaméa
simZimis cent ris cne bas meganikaSi. ricx VviTi RerZ is Xq,Xp,....X, werti leb Si

ganvaTavsoT Se sabamisad py, p2,...., P Maebi. maSin (2) Ta nafar do ba gviCve-

nebs, rom mate ri alu riwer ti le bisam sis te mis simZimis cent riem Txveva mde-
ma kurlo  dins.

imisaTvis, rom ga sagebi gax des maTema kuri lo di nis Si naar si, davuS-
vaT, rom Cavata reT n dakvir veba (eqspeai meti) X SenixveviT si di deze da
vTgvaT, rom man mn-jer mi i RomniSvnelo ba x;, no-jer + mniSvneo ba Xx,, da a.

S. npjer t mniSvnedo ba xy. cxadia m+n, +@3> n,=n, xo lo Sem TxveviTisi -

di dis mi er mi Rebuli mniS vndo bebis sa Sualo ariT mé kuli X gamdT vle ba
for muiT
= Xam + XN + 0> XNy,
n H
anu,
- No e n
x:xlﬂ+x2—2+(m}xm—m. (3)
n n n
m . . . . R R 1)) . .
aq — aris Xx-is ganxor ci ele bisfar dobiTisi xiSire, —= aris Xy-isSgan xor -
n n

ci ele bisfar dobiTisi xiSiredaa.S. "M ars Xm-iS gan xor ci ele bisfar do -
n

biTisi xi Sire. T u da vuSvebT, rom dak vir vebaTa ra odenoba sakma sad di dia,
m&infar dobiTisix Sireax lo saaxdo mie bhisal baTo basTan

o P1, . P2,..., N Pm-
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Tu ax la (2) Ta nafar do baSi far do biT six Sire ebs SevcvliiT Se sabamisi

al baTo bebiT daga viT valis winebT (3) Ta nafar do bas, mivi RebT, rom
X = Xq Py + X Pp + @ X, pmy = EX.

e. i. SemTxveviTi si di dis maTema kuri lo di ni da axlo €ebiT to lia am
Serixvevi Ti si  di disdak vir vebulimniS vnelo bebissa Sualo ariT mé  kulis.

cxadia, rom araa auci le beli Sem TxveviTisi di dis ma Temati kuri lo di ni
to liiyos mi siro mé me Sesado mniS vndo bis.

Tu dis kre tu li ti pis SemTxveviTi si di de Ta nabari ka noni Taa ganawile -
buli anu is yve la Ta vis mniS vnelo bas Xq,Xp,....X, Rebulobs Ta nabari (er Ti
daigi ve) al baTo bebiT ( p; = pp =@ p, =1/n), mé&Bin maTema kurilo  di ni zus -
tad em Tx veva misi mniS vnelo bebis sa Sualo ariT mé  kuls:

+ Xo + (@
EX = x4 xp & 4 (@i x, © = X T X
n n n n

ganmarte ba 4. Tu dis kre tu i ti pis SemTx vevi Ti si di dis Se saZo mniS v-
neo baTasimravle Tvla  dia, maSin

EX = xqpy + Xp P + @ Xy, Py +@'3:_§1xi Pi \
| =
Tucno bilia,rom Se sabamisi mwkri viab solu tu rad kre badia t
o]
ax |pi<a,
i=1
sadac p;=P{X=x},i=12.. da p;+p,+@>1.
maTematikuri lodinis Tvisebebi:
Tu X da Y erTidaigi veele mem rul xdo mile baTa siv r ceze gan nar -
te buliSem TxveviTisi di debia,x0o lo c=const rai me mudnivia, maSin:
a) Ec=c;
b) E(X+Y)=EX+EY da E(X-Y)=EX- EY;
g) E(cX)=cEX;
d) E(X- EX)=0;

e) E(X- )% =E(X - EX)? +(c- EX)?;

V) Tu X da Y damoukidebeli Sem TxveviTi si di debia (anu nebis mieri a
da b namdvili ricxvebisaTvis damoukidebelia xdomilebebi {X=a da {Y=hb}
), maSin E(X &) =EXCEY.

Sedegi 1. b) da g) pun qte bis ga er Ti aneba gvaZevs, rom Sem TxveviT si di -
deTa wrfi  vi kom bi naci is maTema Kkuri lo dinito liama TimaTema kurilo -
di nebis wrfi  vi kom bi naci is:

E(aX +bY) = aEX +bEY,
sadac a da b mudmivebia.

Sedegi 2. vina dan e) pun gtis Ta nafar do bis mar j vena mxae Si meore Se -
sakre bi yo vel Tvis ara uar yofi Tiada nu liamxo lod ma Sin,ro ca c=EX, ami-

tom ga mosaxule ba E(X - c)2 Tavis mi nimumsc-s mimarT aRwevsro ca c=EX:
mn  E(X - ¢)? = E(X - EX)?.

c (- 9+ 9
SeniSvna: sazogadod, b) punqtis analogiuri Sedegi namrav | isaTvis
aramarTebulia. moviyvanoT martivi maga liTi. aviRoT SemTxveviTi sidide X
ganawilebis kanoniT: P(X=0=P{X =1 =1/2, xolo Y iyos Y=1- X. m&in Y

igive kano niT igneba ganawilebuli:
PlY =3 =P{X=0=1/2, PlY=0=P{X =1 =1/2
da cxadia, rom
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EX:EY=l("§1:+O("§11:l.
2 2 2

garda amisa, gasagebia, rom XY =0 da Sesabamisad, E(XY)=EO=0. magam,
vinaidan EXCEY =1/4, amitom E(XY), EXCEY.

SeniSvna: sazogadod, e) pundgtis Sebrunebuli debuleba arasworia.
moviyvanoT Semdegi magaliTi: davuSvaT, rom ele meia rul xdo mile baTa siv -

rce Sed geba sami to lal baTuriele memrulixdo mie bisagan W{w, w WY,
Pw)=P(w) = ¥ HS3.ganvmartoT X da Y SenixveviTisi di deebi Semdegnai -
rad: X(m) =1, X(wn)=0, X(mg)=-1; Y(m)=LY(w,)=0, Y(ug)=1. m&in ga sagebia,

rom XY =X, E(XY)=EX :1('%+0(%+(- 1)('%3 =0. Sesabamisad,

E(XY) = EXCEY.
me res mxriv,
P(X=0=P{Y=0 =P{X =0Y =0} = P(ws) =1/3,
m&in ro desac X da Y SenixveviTi si di deebi da maukidebeli rom iy oS

{X=0,Y=0 xdo mile bis al baToba unda yo fi li yo %G}% % (X =0 da {Y=0}
xdomilebebis albaTobebis namravli) ,e. i X da Y SerxveviTi si di deebi
araa damoukidebeli.

magaliTi 11. davuSvaT, g(x)=x°- 4x da mocemulia X SemTweviTi si -
didis ganawilebis kanoni:

-2 -1 0 2
0.1 0.3 0.4 0.2
davadginoT Y =g(X) SemTxveviTi sididis ganawilebis kanoni da gamov TvaloT

misi maTematikuri lodini.

cxadia, rom g(-2=g(0)=9g(2=0 da g(-1)=3. amitom Y SemTveviTi
sididis SesaZlo mniSvnelobebia 0 da 3. davadginoT misi ganawile bis ka noni.
amisaTvis gamovTvaloT albaTobebi: P{Y =0} da P{Y =3 . radgan xdomilebebi
{X=-2, {X=0 da {X =2 uTavsebadia, amitom albaTobaTa Sekrebis wesis
Tanaxmad gvegneba:

PlY=0=P{(X=-2C(X=0C(X=2)}=
=P{X=-2+P{X=0+P{X =2 =0.1+0.4+02=0.7.

garda amisa, P{Y=3 =P{X =-1=03. amitom Y =g(X) SemTxveiTisi di dis

ganawilebis kanons aqvs saxe:

0 3
0.7 0.3
amitom, ganmartebis Tanaxmad EY=0®.7+3®.3=0.9.
Y =g(X) SemTxveviTi sididis maTematik uri lodinis gamoTvla Se saz-

lebelia meorenairadac. kerZod,
EY=9g(-2 @.1+g(- ) @.3+g(0) .4+ g(2) @.2=
=0M.1+3M.3+0W.4+0®d.2=0.9.

sazogadod, samarTliania SemTxveviTi sididis funqciebi dan maTema -
kuri lodinis gamosaTvleli Semdegi formula _Tu P{X=x}=p , i=12..,n,
maSin Y =g(X) SemTxveviTi sididis maTematikuri lodini gamo iTvleba
formuliT:

Eg(X) = g(x) p1+ 9(X2) P2 + Q¥ g(xq) P =_§1g(xi>pi .
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magaliTi 12 . gamovTvaloT puasonis ganawilebis maTematikuri lo di ni(
k
P{X =K} :/k—le' ! k=012,..).

a
Tu visargebloT warmodgeniT eX = a xX/kl, maSin gvegneba:
k=0
o k o k o k-1
EX= a k/—e'/ =e/ a k/—:/e'/ a / =/e’e =1/,
e. i. puasonis ganawilebis / parametri warmoadgens am ganawilebis maTe ma

tikur lodins (saSualo mniSvnelobas).
magali Ti1 3 wri ulsa miznes SeuZlia it r aloscen trisgar Semo.isda -
yofi lia Ta nabari zo mis rva seq to rad, rom le bic ga danomri lia 1 -dan 8-mde.

samiznis sak ma sad swra fi tri alis Sem TxvevaSimsro le liveras  xvavebs seq-
to ris nonrebs da iZu le bulia isrolos Sem TxveviT. Tu tyvia mox  vdeba i-ur
seqtors msro  le li igebs i lars ( i=212,...8). mizanSewonilia Tu ara msro -

lel maego lossa miznes, TuamaSi man unda gadaixados5la ri?

amoxsna. rad ganac sa mizne swra fad tri alebs, msro le lis Se sadeb lo -
bebs ara nairiaz riarga aQia: mizanSi mox vedra t wmirda wylis Sem Txvevi To -
baa. SenTxveviTi si di de X iyos Se saZo mo gebebi. man SeiZle ba mii Ros mniS -
vndo bebil, 2,..,8,davi nadanyvelaseq to rier Tnairi a, Ti Toeul am mniS -
vndo bas SenTxveiTi si di de miiRebs er Ti da imave al baTobiT 1/8. Se sabami-
sad, maTema kurilo  di niig neba:

m&asadame, sé&Bualo mo geba Seadgens 4.5 lars da ami  tom ar Rirs sro -
lis uf le baSi5la risga daxda.

Tama&is maTem#& kuri lo  di ni. moTam&e debs 1 lars, asa  xelebs ra ime
ricxvs 1 -dan 6 -mde, agore ben wesi er ka mdels da Tumo  va moTam&is mi er da sa-
xele buli  ricx vi, is igebs 4 lars da, amas Tanave, ukan ub ru neben 1 lars. wi -
naaRmdeg SeriixvevaSi mo Tam&e kar gavs 1 lars. vi povoT mo gebis maTema Kkuri
lo di ni.

amoxsna. Tu mo gebas aRvniSnavT X simbolo Ti, mi si ga nawile bis ka noni
iq neba:

X 4 -1
P 1/6 5/6

Sesabamisad, EX =4@/6)+(-1){5/6)=-1/6° -0.1667. es imas niS navs, rom Ta -
m&i ar aris sa marTli ani £ Tam&iise Ti a, rom mo Tam&e saSualod ag ebs. ad-
vilida sanaxi a, rom Tu amo canis pi ro baSi 4 lars Sev  cvliT 5 la rnT, ma Sin
Tam&i gax deba 'samarTli ani~ £ EX=0. TamaSs ewaleba samarTli ani, Tu mo ge-
bis maTemd& kuri lo  di ni nu lis to i a, anu grzel se ri aSi mo Tam&e arc
lgebs da arc agebs.

mdemd kurilo  di nida dazR veva davuSvaT, rom Tqven gsurT da  azRuvi-
oT Tqve ni 2000 la ris Ri re bule bis vi deosis te ma mgar vi sagan. sadazR vevo
kormpania weli wadSi Tqven gan iTx ovs pre mias (Senatans) 225 lars. kom  paniam em
piri ulad da adgina, rom wlis gan malo baSi vi deosis te mis moparvis al baTo -
baa 0.1. raig neba Tgveni mosalod ndida nakar gidazR vevis SemTxvevaSi?

amoxsna. es faq tobrivad aris Ta m&i, sa dac Tqven debT 225 lars da 0.1 -
isto lial baTo biT igebT 200 0tL22%=1775lars,x0 100.9 -isto lial baTo biT
agebT 225 lars. am 'Ta m&is~ maTema kuri lo  di ni wi na maali Tis mi xedviT
iq neba:

EX =1775M.1+ (- 225 .9 = - 25.
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es imas niS navs, rom Tu Tqven m ra vali wlis gan malo baSi da azRvevT
Tgvens vi deosis te mas erTi da igive piro bebSi, maSin s aSualod we |i wadSi
Tgven dakar gavT 25 lars sa  dazR vevo kom paniis sa sar geblod.

SewedoT am amo canas sadazR vevo kompaniis Tval TaxedviT: kom pania igebs
225 lars 0.9 al baTo biT da agebs 1775 lars 0.1 al baTo biT. Se sabamisad, mi si
"Tam&is~ maTema kurilo  di niig neba:

EY =225M.9+ (- 1775 M.1= 25.

e. i. Tu kom paniaSi Tqven nair pi ro bebSi re gula ru lad da ezRveva beuvri
kli enti, kom paniaweli wadSiTi To eulis gansaSualod mo igebs 25 lars.

mdemd kuri lo di ni da ga dawweti le bis mi Reba. kul tu ris de parta -
ments surs po pula ru limu sikalu rijgu fiskon cer tiCa ataros Riasta di on-
ze da Si Sobs, rom Se sade belia iyos wvi ma. sinopti koebis prog noziT wvi mis
al baTo ba Seadgens 0.24-s. de parta metis Se fa sebiT, Tu ar iw  vimebs koncer ti -
sagan Semova 100000 la ri, xo lo wvi mis SenTxvevaSi mxo lod 10000 la  ri. sa -
dazR vevo kompania Ta naxmaa es koncer ti da azRvios wvi misagan 1000®@ la riT
20000 la ri ani pre mis sa nacvlod. un da iyi dos Tu ara de parta metma aseTi
dazR veva?

amoxsna. kul tu ris de parta ments aqvs oriar Ceani: A £ daazRvios kon -
certian B L arda azRvios kon cer ti. sa nam departa meti ga dawyveti le bas mi-
i Rebs man unda ga moTvalos ori ve gmelebis Se degad mosalod ndi sa Sualo.
X da Y asoebiT aR vniSnoT, Se sabamisad, Turas mi i Rebs departanentiTi To e
ul Sem TxvevSi. maSin ga sagebi a, rom maT eq nebaT Sendegi ga nawile bebi:

gmedeba iwvima ar iwvima
A X 90000 80000
B Y 10000 100000
P 0.24 0.76

SewiS noT, rom aq 90000 mi Rebulia Sem degnai rad: de parta metma da azRvia
koncer ti(ra Sicga daixada 20000 la ri)damo vidawvi mat koncer ti dan Semo
vida 10000 la ri,xo losadazR vevo kom paniam depar tments ga dauxada 100000
la ri( £200® +100@ +10000 =90000). TiTo euligme debi sagan mosalod neisa Sua-
lo ebiiq neba:

EX =90000M.24+ 80000M.76 = 8240C,
EY =10000M.24+1000000.76 = 7840C.
agedan ga mordi nare, departa metma kon cer tiun dada azRvi os.

SemTxveviTi sididis dispersia

maTematikuri lodini gviCvenebs Tu romeli wertilis (mni Svnelo bis)
irgvliv jgufdeba (lagdeba) SemTxveviTi sididis mni Svnelobebi. xSir
SemTxvevaSi saWiroa SegveZlos SemTxveviTi si didis mniSvnelobebis cvli -
lebis (cvalebadobis) gazomva maTematikuri lodinis mimarT. ganvi Xi 10T ori
dis kre tuli tipis SemTxveviTi sidide ganawilebis Semdegi ka nonebiT:
X -3 1 o't -90 45
P 1/4 | 3/4 AP 1/3 2/3
gamovTvaloT TiToeulis maTematikuri lodini:
EX=(-3)Q/4+1@/4=0 da EY=(-90)Q/3+45@2/3=0.
rogorc vxedavT orive SemTxveviT sidides aqvs erTi da ig i ve maTana
tikuri lodini, magram maTi ganawilebebi gansxvavde bian imiT, rom X Se
mTxveviTi sididis SesaZlo mniSvnelobebi ga  cilebiT axlosaa maTema ti kur
lodinTan (am SemTxvevaSi nul Tan), vidre Y  SemTxveviTi sididis

mniSvnelobebi.
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SemTxveviTi sididis mniSvnelobebis maTematikuri lodinis mimarT ga -

fantulobis erT -erT mniSvne lovan sazoms warmoadgens SemTxveviTi si di dis
dispersia. Cven ukve vnaxeT, rom gamosaxu le ba E(X- c)2 aRwevs minimums c-s
mimarT  roca c=EX. amitom SemTxveviTi sididis mniSvnelobebis
gafantulobis sazomad bunebri via aviRoT  E(X- EX)Z.

ganmarteba 5. X SemTxveviTi sididis dispersia (aRiniSneba DX -iT, D
aris pirveli aso inglisuri sityvisa -- Dispersio) ewodeba (X - EX)2 Se-
mTxveviTi sididis maTematikur lodins

DX = E(X - EX)?. (4)
maTematikuri lodinis Tvisebebis gamoyenebiT dispersia Se sade belia

gadaiweros sxva formiT:
DX = E(X - EX)? = E[X 2 - 2X (EX + (EX)?] =

= EX? - 2EX (EX +(EX)? = EX? - (EX)?. (5)
Tu diskretuli tipis X SemTxveviTi sididis ganawilebis ka nonia
. @)
X X1 X2 Xn
pi P1 p | Y P
maSin maTematikuri lodinisa da SemTxveviTi sididis fungciebi dan maTema
tikuri lodinis gamosaTveleli formulebis Tanaxmad dispersiis gamo -
saTvlel formulebs (4) da (5) formul ebis mix edviT egneba Sesabamisad
Semdegi saxe:
n n 2
DX = a(x - &% PP, (6)
|: l:
n2 n 2
DXZ'aXi pi-('a XJpJ) . (7)
i=1 j=1
magaliTi 14.  diskretuli tipis X SemTxveviTi sididis gana  wilebis ka -
nonia
X -1 0 1 2 3
o 0.1 0.15 0.3 0.25 0.2

gamovTvaloT nisi dispersia
vinaidan dispersiis gamosaTvlelad gvaqvs ori  (6) da (7) fo rmule bi,
Sesabamisad, gvegnebadispersiis gamoTvlis ori xer xi . moxerxebulia es

gamoTvlebi Caiweros cxrilebis saxiT .
dispersiis gamoTvlis pirveli xerxi:
i Xi Pi Xi Pi (xi- EX° (xi- EX° pi
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 5
EX=3 xp 4.3 DX:é_(x -EX)Zp ES1
i=1 i=1

dispersiis gamoTvlis meore xerxi:

l X pi X P X X ” P
1 1 | 010 0.1 1 0.1
2 0 0.15 0 0 0

3 1 0.30 0.3 1 0.3
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4 2 0.25 0.5 4 1
5 3 0.20 0.6 9 1.8
5 5
EX=3 xp 4.3 EX?=3 x°p 3.2
i=1 i=1
DX =EX* {EX? E51
dispersiis Tvisebebi:
I. mudmivis dispersia nulis tolia -- Dc =0. marTlac,
Dc = E(c- Ec)2 =E(c- c)2 =0;
Il. D(aX +b)= a’DX . marTlac, maTematikuri lodinis cno bili Tvise  bebis

gamoyenebiT gvagvs:
D(aX +b) = E[(aX +b) - E(aX +b)]? = E[aX +b- aEX- b]? =
= E[a(X - EX)]? = E[a®(X - EX)?] =a’E(X - EX)? =a’DX .
lll. Tu X da Y damoukidebeli Sem TxveviTisi di debia, maSin maTija mis

(da agreTve sxvaobis) dispersia TiToeulis dispersiebis jamia:
D(X °Y)=DX +DY.

SeniSvna. rac Seexeba jamis maTematikur lodins is yovel Tvis Sesa k-
rebTa maTematikuri lodinebis jamis tolia, miuxeda vad imisa damou ki de-
belia Tu damokidebuli SemTxveviTi sidid eebi.

es ori Tanafardoba arsebiT rols TamaSobs maTematikur statis ti kaSi
monacemTa SerCeviTi maxasiaTeblebis Seswavlis dros, vinaidan Ser CeaSi
monawile dakvirvebebisa da gazomvebis Sedegebi, maTematikur sta tistikaSi,
gadawyvetilebebis miRebis TeoriaSi da ekon ometrikaSi, ro gorc wesi
ganixileba rogorc damoukidebeli SemTxveviTi sidideebis rea lizaciebi.

m@gali Til15.cnobili a rom X SenixveviTisi di de Rebulobsormni  S-
vndo bas x =2 da X, =3, xolomi simaTemd kurilo di nia EX=22.ipo veT
X SenixveviTisi di disga nawile bis ka noni, ga nawile bis fun qciadadis persi -
a.

amoxsna. aRvniSnoT P{X =2} = p, m&Sin P{X =3 =1- p. malema kuri lo di -
nis gan marte bis Ta naxmad gvaqvs

22=2p+3(1- p),

sai danac p=0.8. Sesabamisad, ga nawile bis ka nons agvs sa xe:
X 2 3
P 0.8 0.2
agedan ga mordi nare, ga nawile bis fun qciaiq neba:

€0, Tu x<2 €0, Tu x<2
Fyx (X) =10.8, Tu 2¢x<3 =108 Tu 2¢x<3,
l08+02, Tu x2 3. t,  Tu x2 3.

gamovlvaloT dis per si a:
DX =(2- 2.2 @.8+(3- 2.2)2 ®.2=0.16.

mgali Ti 16 . A konpania in vesto rebs pir deba wli ur 40% -s, magam SesazZ-
le belia ga kot rdes al baTo biT 0.3, xo lo B konpania in vesto rebs pir deba
wli ur 30% -s, magam Sesade belia ga kot rdes al baTo biT 0.2. ig ulis xmdda,
rom kom pani ebis ga kot re ba er TmaneTi sagan da mauki debeli a. investor ma A kom
paniaSi Cado 20 mi li onila ri,xo lo B konmpaniaSiki18 mi li onila ri. Se ad-
gineT ori ve kompaniidan in vesto ris er Tobli vi Se masavle bis X SenixveviTi
si di dis ga nawile bis ka noni, ga moTvaleT mi si maTema& kuri lo  di ni da dis -
persi a.
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amoxsna. cxadi a, rom X SenixveviTisi di dis Se saZo mniS vndo bebia:

X, =0, Tuori ve kompania ga kot rda;

X, =20+0.4(20=28, Tuga kot rdamxo lod B konpania;

X, =18+0.308=234, Tuga kot rdamxo lod A konpania;

X, =28+234=514, Tuar cer Tikom pania arga kot rda.

X Serixvevi Ti si di dis ga nawile bis ka nonis asa gebad sa Wiroa ga movlva-
loT al baTo bebi: P{X =x}, i =1234. am mizniT Se movi RoT xdo milo bebi: C={A
kompania ga kot rd eba}, D={B konpania ga kot rde ba}. m&in cxa di a, rom

P{X =x}=P{CD}da vi na dan amocanis pi ro bebSi es xdo mio bebi da mauki de-
belia, ami tom da mauki deblo bis gan marte bis Ta naxmad:

P{X =x} = P{CD} = P{C}P{D} = 0.3®.2 =0.06.
garda amisa, gasagebia, rom P{X =x,} =P{CD}, P{X= X3} = P{CD} da
P{X =x4} = P{CD}. ro gorc cno bili a, ro ca ori xdo milo eba da mauki debeli a,
m&in ag reT ve damauki debelia er T-er Ti meris sa winaaRmdeyos gan . sai danac
VRebulobT, romda  maukideble bia C da D, C da D, C da D.amitom gvaqvs:
P{X = x5} = P{CD} = P{C}P{D} = 0.7®.2 = 0.14;
P{X = x3} = P{CD} = P{C}P{D} = 0.3.8 = 0.24;
P{X = x,} = P{CD} = P{C}P{D} = 0.7(®.8 = 0.56.
Sesabamisad, X SenixveviTisi di disga nawile bis ka noniiq neba:
X 0 234 | 28 51.4

P 0.06 | 0.24 | 0.14 | 0.56
ganmartebis Tanaxmad:

4
EX=3a Xpi = 38.32;
i=1

4
DX = & (x - EX)?p; = 25225.
i=1

magaliTi 17 . ganvixiloT raime A xdomileba da X SemTxvevlisi di de,
iseTi, rom X)) =1,Tu wi A da XwW)=0,Tu wi A (aseT SemTxveviT sidides
A xdomilebis maxasiaTebeli funqcia an indikatori ewodeba). SevamowmoT,

rom
EX=P(A), DX =P(A)(1- P(A),
kerZod, Tu P(A) = p, maSin EX=p, DX =pl- p).

E gasagebia, romam X SemTxveviTi sididis ganawilebis kanoni igneba
Xi 1 0
P P(A) 1- P(A)
aseTi kanoniT ganawilebul SemTxveviT sidides bernulis SemT xveviT

sidides  uwodeben.
maTematikuri lodinis ganmartebis Tanaxmad gvegneba
EX =1GP(A) +0L- P(A) = P(A).

Sesabamisad, Y =(X - EX)2 =(X- P(A))2 SemTxveviTi sididis ganawi le bis
kanoni igneba:

Yi (1-PAY (P(A))°
pi P(A) 1-P(A)

amitom,
DX =EY =(X - P(A)? = (1- P(A)? G(A) + (P(A)% @L- P(A) =
=P(A) @L- P(A) @L- P(A) +P(A)] = P(A@L- P(A). Y
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b960bageol aobsfoemgdols Lodygoem
> olidg®mbos

" LboTygogom: p=P
|J:E(X):ZXP(X):(O)(1—P)+(1)P:P

" ol3g@boo: 02=P(1-P)
0% =E[(X-p)*]= Y (x—K)*P(X)
X

=(0-P)*(1-P)+(1-P)*P =P(1-P)

magaliTi 18. gamovTvaloT binomialuri ganawilebis ricxviTi maxas i-

aTeblebi.

advili dasanaxia, rom binomialuri kanoniT ganawilebuli SemTxve viTi
sidide ( P{X=k}= Cr'f pk(l- p)" k, k=01...,n) warmoidgineba n cali
damoukidebeli bernulis SemTxveviTi sididis jamis saxiT:
X=X +X5,+@> X,,sadac X;=1Tu i-ur cdaSi moxda HAwaX+lateb
Tu i-ur cdaSi moxda Amarcxi 0. Sesabamisad,

EX = EX; + EX, + @i EX,, =np da DX = DX, + DX, + @3 DX, = np(1- p).
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* bodgome n=E(X)=nP

" 0oli3gabos o LESbEsOEYmo aosbMs
o2 =nP(1-P)
0 =/nP(1-P)

bosi N = dg@dbggol ImEgemds
P =“f5®3539b0L” sandsmmds
(1= P) =“dsd3bols” sgmdommds

d0bmdoseyg®o dobsbosmgden gdo

355800960
u=nP=(5)(0.1)=0.5 P00 n=5P=0.1

0 =/nP(1-P) = /(5)(0.1)(1-0.1) ggh
= 0.6708 0 >

o 1 2 3 4 5

u=nP =(5)(0.5)=2.5 P n=5P=0.5

o = nP(1-P) = /(5)(0.5)(1-0.5) g:gm
-1.118 0 g

K As~n-k
Cm @N-'M

hipergeometriuli ganawilebis SemTxvevaSi (P{X =k} =

N
k=04...mn(n,M)) gvaqvs:
nM nOM @GN - M)@N - n)

EX = da DX = 5
N N< @GN - 1)
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k
gamovTvaloT puasonis  ganawilebis (P{X =k} = /k—|e' / ,k=012,..) dis-

persia. rogorc Cven ukve vnaxeT puasonis ganawilebis maTema t ikuri lo dini
emTxveva mis / parametrs. winaswar vipovoT puasonis SemTxveviTi sSi di dis
kvadratis maTematikuri lodini. Tu vi sargebloT warmod  geniT:

X2 = X(X -1+ X, gvegneba:

EX? = E[X(X - D]+ EX = E[X(X - D] +/ .
SemTxveviTi sididis funqciidan ma Tematikuri lodinis gamoTvlis wesis
gamoyenebiT advilad miviRebT, rom:

o A /*
E[X(X-D]= a k(k-D)—e/ =e/ & k(k-D-—=
= /%! ; /e =/%e e =2,

k=2(k- 2)!

sabolood, gvagvs:
DX =EX?- (EX)%2=/2+/-/%=].
e. i. puasonis ganawilebis rogorc maTematikuri lodini, ise disp ersia
tolia am ganawilebis / parametris.

= 0oli3g@los o LESbs@@Ymo asob®s
0’ =E[(X-u)’1=A| |o=+A

Lbopsi A = Fodds@goosms dmbognmebgano Gomogbmds

Mmool gOHmgyedo

geometriuli ganawilebis SemTxvevaSi (P{X =k} = qu' 1k =12,..):
EX=1/p da DX =q/ p2.

standartuli gadaxra

ganmarteba 7. X SemTxveviTi sididis saSualo kvadratuli gadaxra
ewodeba ariTmetikul kvadratul fesvs am SenixveviTi  sididis dispersi idan
da aRiniSneba sX simboloTi

sX =+J/DX .

sX-s xSirad standartul gadaxrasac uwodeben. gadaxris am maxasi a-
Teblis SemoReba ganpirobebulia imiT, rom gansxvavebiT dispersiisagan, igi
zomis igive erTeulebSi gamoisaxeba, rac X SemTxveviTi sidide.

SemTxveviTi sididis saSualo kvadratuli gadaxra daaxl oebiT mi u-

TiTebs imaze, Tu ramdenad gansxva vdeba SemTxveviTi si didis dakvirve buli
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mniSvneloba maTematikuri lodinisagan. kom erciuli moRvaweobis xSir

SemTxvevaSi standartuli gadaxra ar Is riskis maxasiaTebeli, miu TiuTebs ra,
Tu ramdenad ganusaz Rvrelia situacia.

SemTxveviTi sididis standartiza cia. davuSvaT, rom X SemTxveviTi
sididis maTematikuri lodinia EX, xolo saSualo kvadartuli gadaxraa --
sX . ganvixiloT axali SemTxveviTi sidide

X-EX
= o (8)
da gamovTvaloT misi maTematikuri lodini da dispersia.

maTematikuri lodinisa da dispersiis Tvisebebidan gamomdinare ad vili
dasanaxia,rom EY=0 da DY =1. marTlac, gvaqvs:

X-EX 1 . 1 .
EY = E( )= E[—@X - EX)]=—E[(X - EX)] =0
sX sX sX
da
DY = D(X - EX) = D[ic"px - EX)] :LC'D[(X - EX)] - L x -1
sX sX (sX)? DX

(8) gardagmnas ewodeba X SemTxveviTi sididis centrireba (maTenakuri
lodinis gamokleba) da normireba (saSualo kvadr atul gadax ra ze gayofa) an
ufro mokled -- X SemTxveviTisid idis standartizacia.

sxva sityvebiT, rom vTgvaT standartizacia aris SemTxvevi Ti sidi  dis
iseTi wrfivi gardagmna, romelsac garkveuli maTema tikuri lodinisa da
dispersiis mgone SemTxveviTi sidide dayavs nolovani maTematikuri lodinisa
da erTeulovani dispers iis mgone (anu standartul) SemTxveviT sidideze.

amaanebi

1. Seriixvevi Ti si di de iyos ori ka maTis ag debisas mosulqu la Ta:a)ja mi;b)
namav li; g) ga nayofi; d) sxva oba; e) sxva obis mo duli. aa geT ganawile bis ka -
no ni.

2. kamdels ag deben er Txel. 6 qu lis mos vlis Sem TxvevaSi ka mdels ag deben
mere d. SemixveviTisi dideiyosqu la Taja mi(Tulag debisasarmo vida6qu -
la, ma Sin Il Se sakre bad CavTvaloT 0). aa geT ganawile bis ka noni.

3. CafaSidevs 2wi Telida 3 lur jifan gari. Can Ti dan SemIxveviT iRe ben or
fan gars dab ru nebis ga re Se. Seriixvevi Ti si di de iy os maTSi lur ji fan qgre bis
ricx vi.aa geT ganawile bis ka noni.

5. wesi er mo netas ag deben or jer. aageT mosul ger bTa ricx vis ga nawile bis
kanoni.

6. or we sier ka mdels ag debener Tdro ulad. SerixveviTisi di deiy os mi Rebu-
liqu le bidan udi dessa da umci ress So ris sxva oba (ro ca dak vir vebebi to -
lia Lt sxvaobaaris0). aageT ganawile bis ka noni.

7. wesi er ka mdels ag deben er Txel. Sem TxveviTi si di de iyos mo suli qu lis
naxevari, ro caqulalu wia, xolowi naaRmdeg SenixvevaSi Lt misi ga or mgebu-
li.aa geT ganawile bis ka noni.

8. CafaSidevs 6 wi Telida3 mwva nekal kula to ri. Can Ti dan dab ru nebis ga re Se
iReben 2 kal kula tors. aa geT maTSi mwvane kal kula tor Taricx vis ga nawile bis
kanoni.

9. gvemoT mocemdia x SenixveviTisi di disga nawile bis ka noni

x| 12| 3|4]5
P | d]|29]| 39| 49 | 59
ipoveT:a) q,b) P{x¢3},qg) P{x>2}.
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1Q konpiute ri dap rog ra méulia 0 -dan 9-is CaT vliT er  TniS na ricx vebis mi sa-
Rebad ( x SerixveviTisi di de)ise,romken ti cif rebis(1,3,5,7,9)mi Rebisal -
baTo ba aris lu wi cif  re bis (0, 2, 4, 6, 8) mi Rebis al baTo bis na xevari. ipo veT
ganawile bis ka noni.

11ipo veT p Tu x SerixveviTisi di disga nawile biska nonia:

X -2 -1 0 3 4

P P 0.3 0.12 0.34 p
12 ku bis for mis saTam&o ka mdeli mowy obilia ise, rom mas ze lu wi qu lis
mosvlis  al baTo ba 3-jer me tia ken tiqu lis mos vlis al baTo baze. am kamdels

agdeben 420jer.ga moTvaleT mo salod néliricx vi (six Sire)imi sa, rom mo va: a)
1 qula; b) lu wiqu la; g) mar ti viricx Vi

13. gvemoT moyvanilia  x SenixveviTisi di disdag ro vilialba  Turiga nawile -
bis ka noni(anu P{x¢RK nacvlad P{x=RK -si):

X 0 1 2 3 4 5
P{x¢ K | 0.116| 0.428| 0.765| 0.946| 0.995| 1.000
gakeTda 100 dak vir veba x SerixveviT si di deze. gamoTvaleT uax lo es mTel
ricx vamle damrgvale buliyve la Se degis mo salod ndisix Sire.

14 x SenixveviTisi di dis ganawile bis ka nons agvs sa xe:

€0.300.7f , Tu k 4,2,3,4;
Plx=§ :ip Tu k=5
10, yvela danarCeni  Wvis

ipoveT p da {x=3} xdo mie bis mo salod ndisix Sire,ro ca x SerixveviTi
si di deze tar deba 1000 dakvir veba.

15 x SerixveviTisi di disga nawile biskanonia:

x| 12| 3] 4
P |01 a |03 b
cnobili a,rom Ex=3.ipo veT a da b.

16 cnobili a, rom ar c er Tiso ko ar cocx Ilobs mo maal wlam de. nebis mieri

so ko mondevno wels iZ le va x raodenobis axal so  kos. da vuSvaT, rom mimdi na
re wels  xarobs ori so ko. vi povoT mo maal wels so koTa ~ raodenobis ga na
wile bis ka noni, ga movlivaloT  A-s malema& kurilo  di nidadis persia, TuSem-
TxveviTisi di disga nawile bis ka nonia:

X 0 1 2

P 02| 06 | 0.2
miTiTeb a: Seadgi neT da mauki debeli  x, x wyviliser Tobli viga nawile -
biska noni £ A= x+ .

17 gamoTvaleT qve moT moyvanili ga nawile bis ka nonebis mi xedviT Se sabamisi
Seriixvevi Tisi di deebismaTema kurilo di nidadis persia:

X 0 1 2 3 4
=] 1/8 | 3/8 | 1/8 | 1/4 | 1/8

X -2 -1 0 1 2 3
P 0.15| 0.25| 0.3 | 0.05| 0.2 | 0.05
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| p | 1/18] 5/18] 7/18] 1/18] 4/18]
18 wesi eri sa Tam&o ka maTis wax nagebze da wai lia cif rebi 1,2, 2, 3,3das3.
avRniSnoT x asoTika maTiser Txelga gore bisas mosuliqu Ila.vi povoT x-s
mdema kurilo di nidastan dar tu liga daxra.
19 wesi eri sa Tam&o ka maTis wax nagebze da weai lia cif rebil, 22 3 3da 3.
avRniSnoT x asoTi ka maTis or jer ga gore bisas mosul qu la Taja mi. aageT
x-s ganawile bis ka nonidaga moTvaleT mi silo dinidadis persia.
20. sanBenedo kom panias sTavazo benor A da B pro eqts dafi namsur ma di-
reqt or ma unda ur Cios kom panias am pro eqe bidan ro mé un da air Cios. mi si
Sefa sebiT A pro egiiZ le va 150000 la ri an mogebas al baTo biT 0.5, 250000 la -
ri an mogebas al baTo biT 0.2 da 100000 la ri an wagebas al baTo biT 0.3. B pro e
tiiZz le va 100000 la ri an mogebas al baTo biT 0.6, 200000 la ri an mogebas al ba-
To biT 0.3 da 50000 la ri an wagebas al baTo biT 0.1. da adgi neT ro mel pro eqts
unda da uWiros mxa ri fi  narsur ma direqtor ma.miTiTeba : SeadareT er TmaeTs
E(A da E(B).
21 supermarket Sikver cxebiiyi debayuTebiT,ro mel Sicdevs6 Lt 6 kver cxi.ga -
te xi likver cxebis x ra odenobis ga nawile bis ka nonia:
X 0 1 2 3 4 5 6
p | 0.8 ] 0.14| 0.03| 0.02| 0.01| O 0
ipo veT: a) x-smalema kurilo di nidadis persia; b)gaute xavi kver cxebisra -
odenobis maTema kurilo di nidadis persia.
22 x SenixveviTisi di disga nawile bis ka nonia:

X 1 2 3 4 5
P a 0.3 0.2 0.1 0.2
ipoveT: a da x SemTxveviTi sididis maTematikuri lodini da stan dartu i

gadaxra.

23 x SemTxveviTi sididis ganawilebis kanonia:

X 2 3 4 5 6 7
P 005 0.25| a b 01| 03
cnobilia, rom Ex =4.9. vaCvenoT, rom a=b da gamovTvaoT x SemTveviTi
sididis standartuli gadaxra.

24. wesier saTamaSo kamaTels agdeben manam sanam ar gamoCndeba 6 qu la an ar

Catardeba 4 agdeba. x iyos Catarebul agdebaTa raodeno ba, xolo A~ Lt ki
mosuli 6 qulebis raodenoba am TamaSSi. ipoveT: a) x-S ganawi lebis kanoni; b)

x -s standartuli gadaxra; g) Eh.

25. komiteti, romlis SemadgenlobaSi Sedis 6 mamakaci da 4 qali, ir Cevs Tavis
2 warmomadgenels. vigulisxmoT, rom komitetis neb ismeri we vris arCeva
Tanabarad SesaZle belia da avagoT arCeuli ga | ebis raod enobis ganawilebis
kanoni. vipovoT ar  Ceuli galebis mo salodneli ricx Vi.

26. agdeben wesier oTxwaxnaga piramidas, romelzec aRniS nulia cif rebil, 2,3
da 4. Semdeg agdeben wesier monetas imdenjer ra cifric mova piramidis

fuZeze. x iyos piramidis fuZeze mosuli qula, xolo h £ kimosulig erbeb-

is raodenoba: a) aCveneT, rom P{h=2} =1/4; b) aageT A-s ganawilebis kanoni; g)
aCveneT, rom EA :% E »;d) ga molvaleT Dx.

27. monadires aqvs 4 tyvia. is esvris kurdRels manam sanam ar moartyams an

tyvia ar gauTavdeba. gamoTvaleT sro laTa raodenobis maTematikuri | odini,
Tu cnobilia, rom moxvedris albaTobaa 0.25.

28. zeinkali em saxure ba 4 Carxs. al baTo ba imi sa, rom es Car xebi 1 sa aTis gan -
malo baSiar mo iTx ovs ko reqti re bas Sesabamisad aris 0.9, 0.8, 0.75 da 0.7. ipo -
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veT im Car xebis r aodenobis maTema kuri lo di ni, rom le bic 1 sa aTis gan mav
lo baSiarmo iTx ovs ko reqti re bas.

29. samiznes esvri an m@re mox vedramde. ipo veT sro la Taricx vismaTemd kuri
lo dini,Tuer Tisro IiTmox vedrisal baTo baaO0.2.

30 mZRolma un da gaiaros 4 Suq niSani. Ti To euli Sug niSani mas ga ata rebs 0.5
al baTo biT. ipo veT SuqniSanTa ricx vis maTema kuri lo di ni mZRols pir  vel
gaCee bande.

31 samiznes esvri an pir vel mox vedramde. tyvi ebis ra odenoba SeuzR udavia. er Ti
sro liT mox vedrisal baTobaa p.gamoTvaeT, Turam denityviada ixar je ba sa-
Sualod.

32 kalaT bur Tels sa ja ri mos Cagleba SeuZlia al baTo biT 0.5. ze di zed sa Sua-
lodram denisa | ari mos Cagleba SeuZliaka laT bur Tels.

33 maemdia x da A/ SenixveviTisi di deebis ga nawile bis ka nonebi:

X 1 2 3 4 5 6 7 8
p | 0.15| 0.2 | 0.15| 0.1 | 0.15| 0.05| 0.15| 0.05

h 9 8 7 6 5 4 3 2
p| 015 0.1 0.15| 0.1 | 0.15] 0.1 | 0.15| 0.1
gamoTvaeT:a) Dx;b) DAh;g) D(x+h), Tucno bili a rom x da A damakidebe
i a

34 mizanSi mox vedris al  baTo baa 1/3. ipo veT mizanSi mox vedrTa ricx  vis dis -
persi a.

35 samiznes esvri an 3-jer. mi zanSi mox vedris al baTo baa 0.4. ipo veT mi zanSi
moxvedra Taricx vismaTemd kurilo  di nidadis persia.

36 kalaT bur Teli burTs is vris ka laT Sipir vel Cag debande. bur Tis ka laT Si
Caglebis al baTo baa 0.6. ipo veT sro la Ta ricx vis maTema Kkuri lo di ni da
dis persi a.

37 ipo veT dis persia x SerixveviTi si di dis, ro mdéc war maodgens A xdo mi
le bis mox denaTa ra odenobas or da maukidebel eq speri metSi Tu cno  bili a,
rom A xdo mile bis mox denisal baTo bebiam eqsperi meteb Sier Ti da igiveada
Ex=12.

38. x SernixveviTisi di de Rebulobs mxo lod ormniS vndo bas: x da x,, amas

Tanave X,>X; P(x=x)=06. aageT x-s ganawile bis ka noni, Tu cno bili a, rom

Ex=14 da Dx=0.24.

39.cnobili a,rom Ex=a da Dx=b.ipo veT malema& kurilo di nida dis persia
Seriixvevi Tisi di deebis:a) h=-x;b) g=x+2h-1;9) d=3x-h+2q- 3.

40. wli urisa dazR vevo Se sata nisu ra Tis5000la ri anisa dazR vevopo li sisaT-
vis Se adgens 650 lars. Tuem piri uli al baTo ba imi sa, rom su raTs mo i paa ven
wlis gan maVl obaSi aris 0.1, ra iq neba Tgveni mo salod nelida nakar gi sura Tis

dazR vevis SemTxvevaSi?

114



Tavi IX

uwyvetiti  pis SemTxveviTi sidide

x SenixveviT si di des ewo deba uwyvetiti  pis, Tu mi si ga nawile bis fun qcia
E F(X)=Px ¢ uwyveti a. Tuga nawile bisfun qciawar mad gi neba

F.(X) = ;"]fx(u)du

saxiT, ma Sin f (x) fun qci as ewodeba uwyveti x SenixveviTisi di dis ganawile -

bis sim kvri ve. simkvri ves aqvs Sendegi Tvi sebebi:
a) f(x)20 yovei x-saTvis;

b) Af.(x)dx=1;

b

g) P{xi ab}dFeD H - N f(zx &, sadac aa,b arisne bis mieri (a,b), (ab],

[ab), [a b inter vale bidan.
uwyveti Sem TxveviTi si di dis mei ana Me aris is mniS vndo ba, ro méc sim -
kvri vis gra fi kis qveS mo Tavsebul far  To bs yofs or tol na wil ad. marema ku-

rad isasega nhi marte ba:
Me

Pix¢M§ =F( Mp # f X dx %

uwyveti Sem TxveviTi si di dis p-kvarti i  ewodeba iseT  x, mniSvnel obas,

ro mel mniS vndo bamdec sim kvri vis gra fi kis qveS mo Tavsebuli farTo bi p-s
to li a:

X

P{x¢ x} =H(X) %fgxdx E

gasagebi a, rom X, = Me.
uwyveti Sem TxveviTisi di dis qveda kvar ti | i Q (Sesabamisad, zeda kvar ti -

i, Q) ewodeba %-kvartils (Se  sabamisad, %-kvartils).

sxvaobas Q,- Q kvartil TSori sigab nevisdi apazo ni ewodeba.

ganawile bis (1- a)-kvartils zeda a-kri ti kuliwer ti li ewodeba.

uwyveti Sem TxveviTi si di dis mada Mo ewodeba ar gumetis im mniS vne
lo bas, sadac sim kvri ve aRwevs magi mums:fX(Mo):mxafo(x).

uwyveti Sem TxveviTi si di dis mdemd kurilo dini (a nu saSualo) gani-
marte ba Sendegnal rad:

Ex= m=pxf (%) dx.
uwyveti Sem Txvevi Tisi di dis dis pér sia gamoiTvlebafo r mdiT:
Dx= & =f*f,(XQdx -7

asimetri isko efi ci enti a gamdT vle bafor muiT:
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a:S—l3 A(x -m° £,(X) dx.

egpcesisko efi cieni e to li a:

e:5—14 5(x -m)* £.(% dx 3.

ma@ali Tebis amox snis ni musebi:

maall Ti1. uwyveti x SerixveviTisi di disga nawile bis sim kvri vea:

a2
—X, Tu 1¢ x ¢2;
f.()=13

o, sxvagan.
a) SeamowneT, rom f (x) akmgofi lebs sim kvri vis a da b Tvi sebas;
b) gamoTvaleT P{.5¢x @}.

amoxsna. a) f(x)2 0 yoveli x-saTvis, vi nai dan §x>o, ro ca x>0; gar da

amsa,
o 2 2
2 2 X 1 .
AT (X)dx= dx = ZOP =+42° @) 1.
n +(X) 1§ﬁ< 3 2L 336 )
2 2 X2
b) PL5¢x @ #Hf(Xdx 5:3@

15
:% @ 1.58) %:1.75') 0.58.
maali Ti2. uwyveti x SenixveviTisi di disga nawile bissim kvri vea:
Bk@+x%), Tu -1 & 1
g =ft )
10, sxvagan,

sadac k mudmivia.ipo veT:a) k; b) P{0.3¢x ®.6};g) P{| x|¢0.2}.
amoxsna. a) visar gebloT sim  kvri vis b Tvi sebiT:

1= }']fx(x)dx :1 el ¥) dx I(:x% ®) [,

_ 1 s 1 N 4 4. &
=k(1 *3 o K¢ 1) 3 (4)]10k 3 k% 3§) 3
e.i. 8—?lle.saidanac k=3/8;
°°3 <
b) P0.3¢x ©.68 FHA xHdx =(x = B3
Ik 8 3
3064 o8) 303 L 03P 01z
—8(0.6 43 o5 ) 8(0.3 2 03P 0.13;
9) P{| x|<0.2} =X 02 x0.% ﬁ%(l X) dx —g(x % X) %%

302 4 o) 3poal o -
—8(0.2 -IE o?) 8[ 0.2 3 (+0.29)] -0.15.

magali Ti3. savaWwb cen tris gam vyid vel Tawli urixel fasi x,gazo mk
li1000la  reb Si,modelir debaal baTuriga nawile bis sim kvri viT:
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€cx "2, Tu x2 16;
f.(¥)=]
10, sxvagan.
ipo veT: a) c-s mniSvndo ba; b) al baTo ba imi sa, rom SemTxveviT Ser Ceai-
li gam vyid velis wli uri xel fa si mo Tavsebulia 20 000 lar sa da 30 000
lars So ris.
amoxsha.
° ° 2 2 . Cu
a 1= ff (X)dx = g}"?dx ==- cXT | ( OF (—~ €16~?) 00,
) _rzx() lGOﬁ 5 ke ( OF ( E ) SE2n

sai danac c=256C;
30

b) P20 ¢ x B0} @R560x *dx 2560 (%3) x*? 35

20
— 2560 @%) 3067 2560 (é K262 3¢

m@ali Ti4. 100000 lit reb Siga zo miliben zi nisyo vel kvireuliga vyid -
vebi x aRiweaebaori A da B maeliT. A malelismi xedviT:

é2x, Tu 0¢ x ¢1,;
f () =1
{0, sxvagan,

xo lo B madelis Ta naxmad:

g123(1- xX*), Tu 0 ¢x ¢
f,(¥) =] )
10, sxvagan.

a) ipo veT pir veli mo delis me di ana M,; b) aCveneT, rom meore mo del -
sacigi ve mali anaaqvs, My =M,.
amoxsna. a) ganmarte bis Ta naxmad:

1 Ma Ma XZ.
== Af0dx = Fyox zEcMA (MeY.
- a 0

amiom M, =+1/2;

b) analo gi urad:
Mg M

%: fi f, (X)dx :B1ﬁx’>(1 X)dx (3R 2R)J"

=3 GMB)4 2- (MQ)G (M B:)4 [3 ZQMB)Z]-
. 2_1 _ 124 1.1 _](
gavix senoT, rom (M,) = 5" mere mxriv, rad ganac (2) Q@ 2 2]0 2 2 s
amtom cxa di @, rom Mg,=M, =/1/2.
magali T/ 5. me3 magaliTSi ga moTvaleT wili uri xel fa sis: a) medi ana;
b) qveda da ze da kvar ti le bi; g) mo da; dma Temad kurilo dini.
amoxsha. a) gvagvs:

M M
== Rif.(0dx = 260X dx 2560% O 102

16
amtom medi ani saTvis VRe bulobT gan to le bas:

-1024v1°%2 1 #/z.

sai danac ad vilad da vaskvniT, rom M®>?=2048 anu Me=21.1. Sesabamisad,
wli urixel fa sis medi anaiq neba 21.13000 =2110 la ri;
b) ganmarte bis Ta naxmad:
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Q Q
%: ff.(0dx = 2ppox"'? dx 2560—2 PG 1024°7
- o 16
Sesabamisad, qveda kvar ti li saTvis gvaqvs gan to le ba: -1024Q %% + %/¢,

sai danac gvagvs: Q =(1024 é)z’s . analo giurad dav rwmundebiT, rom ze da

kvarti li  Q,=27.9;
g) vi nai dan sim kvri ve kle badi fun (qciaa in ter val ze [16,+ 9, amitom mo -

daiq neba Mo=16. Sesabamisad, wli urixel fa sis mo daa 161000 4600la ri.
d) gan marte bis Ta naxmad:

m=E x =fjxf. (Y dx =p500x""? dx 259x'* dx

16 16
_ L2 e 23 62 F el
=2560 O ) x*Of 0 2560 (7 ) 06" . Cef.

e.i.gamyid vel Taxel fa sissa Sualoa 26%(’1000 26700 la ri.
SewiS navT, rom sa Sualo me tia me di anaze, vi na dan ganawile ba dadebi -
Tad asi metri uli a.
maali Ti6. gamoTvaleT mo da me4 magaliTis B madel Si.
amoxsna. gavawar maT sim kvri ve da ga vuto |oT nuls:
M2x°(1- x*)] [6x* 60X 12¢ (3 5¢) |

am gano le bis fes vebia: 0, -+/3/5 da +3/5, ro mel Tagan 0¢x @ Sua-

led Sivar debamxolod +/3/5 daag 12x(1- x*) fun qcia aR wevs magi mums. Se

sabamisad, moda aris  /3/5= 0.77%. amitom gayi duliben zi nis mo daa:
0.7750100 000 =77 5C lit  ri.
ma@ali Ti 7. berzin gasamarTisad gurisyo vel kvire ulimoTx ovna benzin -
ze x gazo mili 1000 lit reb Si mo delir deba simkvri vis fun qci iT:

£120° (I- x), 7u 0 ¢x ¢
f)((x) =1
10, sxvagan.

gamoTvaleT sa Sualok vire ulimoTx ovnabenzin ze.

amoxsna. ganmarte bis Ta naxmad:
1 1

m=E x :uﬁxfx(x) dx =§20% (@ X edx 120= (X k) dx-

=(30x* -24¢)] 80 24 «

Sesabamisad, ben zin gasamarTi sad guris sa Sualo moTx ovna benzin ze kvi ra -

Si Se adgens: 6000 600! litrs.
magali Ti8 uwyveti x SerixveviTisi di disga nawile bissim kvri vea:

a3 .
-&X(2 x), Tu 0 ¢ 2
f=ia ¥
fo, sxvagan.
ipo veT: a) sa Sualo; b) dis persia;g) P{m s < x< mi.
amoxsha.
° 2 23 . 3
a) m=E x =fjxf, (%) dx :>ﬁ3;l o2 Oy dx (5 ﬁz R dx
- o 0 0
x> 3x'
=(— — £ 3- 1
(S )b
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o 2
b) 52=Dx=ﬁx2fx(x)dx -m :;ﬁ% 2 & dx4?

2 4 5
_~§x3 x)dx (EX— 3)|0 1 (6 _) 012 0.c
0 2 5
9) P{ms<x<n}+si?1:@_- 1x\02} +
1+\io_.23 ) 1402
= f > &2 »dx :fgx—i)dx (—_—)”_2
1-JT24 1402

_ 3% {o2f ak02) 3 (1W2) (1\/_02}
4 4 ‘

3 cco 552) (. 553%) 0.69€

3(§1.447F (1.4473)

== (
magali T7i9. maemdiaga nawile b|s sim kvri ve:
€0, x¢O0,
f(x)=]cosx,0 < 8 /2
to, x>pl2.

ipo veT ganawile bisfun qci a.

amoxsna. vi sar gebloT for muiT: F(X) = nff(u)du.

Tu x¢0, maSin f(x)=0. Sesabamisad, F(x)= fj0du =0;

0 X
Tu 0<x /2, m&Sin F(x)= ﬁOdu + cfpudu  siny,
o 0
0 pl2
Tu x>p/2, ma&Sin F(x)= nOdu + @§sudu + Odﬁ sin xJ'?
o 0 pl2
€0, x¢Q,
sabolo od gvaqvs: F(x):!.sinx,o X B/2,
t, x>pl/2.
amaanebi

1. x SeriixveviTisi di disga nawile bis sim kvri vea:
|c(1-—x) Tu 0 ¢x 8,
() =1
o, sxvagan.
ipo veT:a) ¢ mudmivis mniSvndo ba;b) P{x26};
g P4cx &} .
2. x SerixveviTisi di disga nawile bissim kvri vea:
f (0= gacx2 Tu 0¢ x @3
TO sxvagan.

ipo veT: a) ¢ mudmivis mniS vndo ba; b) P{x¢2};
g) P5¢x ®.5};d) x-ismniSvndo ba, Tucno bili a,rom P{x¢® 6.2.
3. x SerixveviTisi di disga nawile bissim kvri vea:
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éc(x*+2), Tu 0¢x¢3
f, () =i
i0, sxvagan
ipo veT:a) ¢ mudmivis mniS vndo ba; b) P{x ¢1.5} .
4. x SerixveviTisi di disga nawile bissim kvri vea:
gc(4- X), Tu -2 % 2
f.(¥)=]
10, sxvagan.
ipo veT:a) ¢ mudmivis mniS vndo ba; b) P{x20}; g) P{x21};
d P{x]?1};e) P{-05 & @.5}.
5. kompiute ris ‘kar tri jis~ mu Saobis xan grZli vobaa x saaTi. x Serixvevi-
Tisi di disga nawile bissim kvri vea:
gox?, Tu x2 400;
f.(x) =1
10,  sxvagan.
gamoTvaeT ¢ mudmivis mniS vndo ba. ipo veT al baTo ba imi sa, rom: a) ‘kar tri ji~
imuSavebs sul co ta 500 sa aTi; b) kar tri ji~ Se sacvle ligax deba maxam sanam
is imu Savebs 600 saaTi; g) ori kar tri ji~Se sacvle liig neba manam sanam TiTo e
uli imu Savebs 600-600 saaTi; d) oTxi kar tri ji dan~ ori imu Savebs 600 saaTze
mets, xo lo ori 600 sa aTze nak lebs.
6. x SerixveviTisi di disga nawile bis simkvri vea:

Bc(x- &%, Tu 0 ¢x &
fog=fo d
10, sxvagan.
ipo veT:a) a da ¢ mudmivis mniS vndo bebi, Tu a’*c=1;
b) P{x2 a/2} .
7. x SeriixveviTisi di disga nawile bis sim kvri vea:

el ,
—x°, Tu 0¢ x (3;
£.00=19

o, sxvagan.
ipo veT x SenixveviTisi di dis: a) me di ana; b) gveda da ze dakvar ti le bi.
8. kompiute ris ‘ka rtri jis~ sa Rebavis mu Saobis xan grZli voba x, gazo miisa -
aTebSi, modelir debaal baTuriga nawile bissim kvri viT:

B400x >, Tu x2 400
(=]
10, sxvagan.
ipo veT “kar tri jis~mu Saobis xan grZli vobis medi ana.
9. x SerixveviTisi di disga nawile bissim kvri vea:

e2x- 4, Tu 2 &x G
f.(x) =i
{0, sxvagan.
a) daxazeT sim kvri vis gra fi ki; b)ipo veT x SerixveviTisi di dis medi ana da
mada; g) ipo veT kvar til TSori sigab nevisdi apazo ni.
10. x Serixvevi Tisi di disga nawile bis sim kvri vea:
£20. 10, w0 & B
f.(x)=15 5
[0, sxvagan.
a) daxazeT sim kvri vis gra fi ki; b)ipo veT x SerixveviTisi di dis medi ana da
madalu ri mniS vneo ba.
11. x SerixveviTisi di disga nawile bissim kvri vea:
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63
—X(2- X), Tu 0 ¢x B;
=14

o, sxvagan.
ipo veT x SenixveviTisi di dismo dalu rimniS vndo ba.
12. x SerixveviTisi di dis ganawile bis sim kvri vea:
go(l- %), Tu 0 ¢x &

fX(X) =1
10, sxvagan.

a) ipo veT c; b) ga moTvaleT mo da; g) da weeT gan to le ba, ro mel sac ak mgo-
fi lebs me di ana M.
13. x SerixveviTisi di disga nawile bissim kvri vea:
gl » :
fX(x):{QX’ Tu 0¢ x ¢3;
o, sxvagan.
ipo veT sa Sualo da dis per si a.
14. x SentxveviTisi di disga nawile bis sim kvri vea:
e2x- 4, Tu 2 &x G
f. () =1
{0, sxvagan.

ipo veT sa Sualo da dis per si a.
15. x SerixveviTisi di disga nawile bis sim kvri vea:

£l éx), Tu 0 &x 8

f.(x) =14
o, sxvagan.
a) da xazeT sim kvri visgra fi ki;b)ipo veT sa Sualo da dis persi a.
16. sawar mos mier ga moSvebuli si i konis masa x, gazo mili ki log ra melsi,

madelir deba ganawile bis sim kvri viT:

g3

—(4x- ), Tu 0 ¢x &

f9=jaz )

[0, sxvagan.
a) daxazeT sim kvri vis gra fi ki; b)ipo veT si li konis masis sa Sualo da dis -
per si a.
17. ele mete bis mu Saobis xan grZli voba x, gazo miisa aTebSi, modelir deba
ganawile bis sim kvri viT:

£3000¢*, 7w x2 10
Lo0=]
10, sxvagan.
a) daxazeT simkvri vis gra fi ki; b)ipo veT ele mete bis mu Saobis xan grZli vo-
bis sa Sualo da dis persi a.
18. konpiute ris 'kar tri jis~ mu Saobis xan grZli voba x, gazo mii sa aTebSi,

madelir debaal baTuriga nawile bissim kvri viT:
gcx 2, Tu 400¢ x ¢900
L0=]
10, sxvagan.

a) gamoTvaleT c-s mniSvndo ba; b) da xazeT sim kvri vis gra fi ki; g) ipo veT
kar tri  jis~mu Saobis xan grZli vobis sa Sualo da dis per si a.
19. x SenixveviTisi di disga nawile bisfun qci aa:
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€0, x¢ 2,
F(X)=105x -1, 2 x 4
}1, X> 4,
ipo veT al baTo ba imi sa, rom x SerixveviTisi di de mii Rebs mniSvndo bas, ro -
méc: a) nak le bia 0.2-ze; b) nak le bia 3 -ze; g) ararisnak  le bi 3 -ze; d) ar aris

nake bi5 -ze.
20. x SenixveviTisi di disga nawile bisfun qci aa:

§O, x¢ 0,
F(X)=1%, 0 <« %
11, x>1.

ipo veT al baTo ba imi sa, rom 4 da mouki debeli dak vir vebis Se degad x Sem
TxveviTisi di de 3-jer mi i Rebs mniSvndo bas (0.25, 0.75) Suale di dan.
21. ipo veT ganawile bis sim kvri ve, Tuga nawile bisfun qci aa:

€0, x¢O,
F(x)=]sinx,0 < 8/2
t1 x>pi2.
22. ipo veT ganawile bis sim kvri ve, Tuga nawile bisfun qci aa:
€0, x¢0,
F(X)=1sin2x,0 < g /4
1 x>pia

23.ipo veT ganawile bisfun qci a, Tuga nawile bis sim kvri vea:

ésinx,0<x (o /2,
FO)=1
i 0, sxvagan.

24.ipo veT ganawile bisfun qci a, Tuga nawile bis sim kvri vea:
éx-1/2,1 «x @
F(x) =1
i 0, sxvagan.
25. ipo veT [2, 8] mo nakveTze Ta nalrad ga nawile buli Sem TxveviTisi di disga -
nawile bis sim kvri ve da stan dar tu liga daxra.
26. x SenixveviTisi di disga nawile bisfun qci aa:
€0, Tu x<-1,
f1
FX(x):ié(x+1), Tu -1¢x<2
i
L Tu x2 2.
gamoTvaleT al  baTo ba imi sa, rom egsperi metis Se degad x SenixveviTisi -
di de mii Rebs mniSvndo bas (0]] inter vali dan.
27. x SenixveviTisi di disga nawile bisfun qci aa:

€0, Tu x<-pl2
1
FX(X)=‘:%(sinx+1), Tu -pl2¢x<pl2
i
TL Tu x2pl2

gamoTvaleT al baTo ba imi sa, rom eq speri metis Se degad x SenixveviTisi -
di de mii Rebs mniSvndo bas (0,p/4] inter vai dan.
28 xSenixvevi Ti sidi disga nawile bis sim kvri vea:
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@
o

Tu x<-pl2,

—> M:

f,(x)=1=cosx, Tu -pl2¢x<pl2,

N~

o

Tu x2pl2

gamoTvaleT al baTo baimisa,rom x¢p/6.
29. x Senixvevi Tisi di disga nawile bis sim kvri vea:

€0, Tu x<0,

—_—) =) —.

1
fX(x):%%sinx, Tu 0¢x<p,
i
io, Tu x2p.
gamoTvaleT al  baTo ba imi sa, rom eq speri meftis Se degad x SenixveviTisi di de
mii Rebs mniSvndo bas [p/4,p/2] inter vali dan.
30. x SenixveviTisi di disga nawile bis sim kvri vea:

§0, Tu x<0,
f (=123, Tu 0¢x<l,
}O, Tu x21.

gamoTvaleT dis  persi a.

31. eleqtro mowybilo bis ga marTuli mu Saobis dro ga nawile bulia ka noniT
f(x) =0.0%=%°*, sadac x arisdrosa  aTebSi.ipo veT al baTo ba imi sa, rom eleq -
tro mowwbilo bagamarTulad imu Savebs ara nakeb 100 sa aTs.

32.trag to ris saw vavis tum bos 98% mwyobri dan ga madis 3000 sa aTi mu Sao bis Sem-
deg. ro goria al baTo ba imi sa, rom tum bo mwyobri dan gamova dro is in ter val Si
[2000 sT, 2500 sT]?

miTiTeba:  igulisxmeT, rom tumbos muSaobis dro ga nawile bulia
egsponencialurad.
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Tavi X
nor méu riga nawile ba

SeriixveviT si di des ewo deba nor méu ri daaRi niSnebasimbolo Ti N(as?)
, Tumis ga nawile bis sim kvri ves (Sesabamisad, ga nawile bis fun qci as) aqvs sa xe:

(x-a)?
1 e 2s?

fN(a,sz)(X):\/Zs
1 X e
que dt)
EN(a, §)=MoN( a ’¥ =MeN , 4) s= da DN(a, &)= 5.
standar tu linor m& riga nawile bis (N(0,1)) simkvri ve (Sesabamisad, ga nawi-
le bisfun qci a)aRi niS neba simbolo Ti:

(Sesabamisad, F (85%) (xX)=

l\)‘x,\,

J (= (¥ %e

tZ

(Sesabamisad, F (X):=Fy,(X) %_}jézdt;
gar da amisa, ix mae ba aRniS vna: Fo(x):—\/;? E’}é;dt).
cxadi a,rom: j(-x) =AX); F(-X) & -OF, F(x) =05 +,fx), x>0;
N@sI-2-Noy;  PINODT &d}3 €9F (3
P{N(as?)i & d}d (———Fii)d; (0—3; @ =s @ & x‘;'l=xp's' i3

sadac x‘;"szaris N(a,s?%)-is p-kvarti i
ZmniSvneloba: Z=(N(a $) a/

ma@ali Tebis amox snis ni muSebi:

maali Ti 1. vipovoT al baTo ba imi sa, rom stan dar tuli no rméu ri Sem -
TxveviTisi di de nakle bia 1.18-ze, P(N(0,1)<1.18?

amoysna. davxazoT stan dar tu linor mdu ri ga nawile bis sim kvri vis wi ri
da abscis Ta Rer Zze avRniSnoT 1.18-is Se sabamisi wer ti li (am Sem TxvevaSi
z=1.18).
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nor mé&u ri  ganawile bis cxri lis pir vel svet Si mov ZemoT ricx vi 1.1, X0 -
lo pir  velstri gonSi ki & ricx vi.08.

1.1is Se sabamisi stri  qonisa da .08 -is Se sabamisi sve tis ga dakveTaze vpo u-
lobT ricxvs £ 0.8810. antom sa Ziebeli al baTo ba iq neba

P(N(0,1)< 1.18) =0.881! anu 88.10%.

maali Ti 2. vipovoT al baTo ba imisa, rom stan dar tu linor mé& ri Sem -
TxveviTisi di de nakle bia -0.63ze, P(N(0,1)< -0.637?

amoxsna. am SeffixvevaSi z= 0.63 da sa Ziebeli al baTo ba iq neba

P(N(0O,1)< 0.63) P(N(0,1) ©63) 1= (0.63) 1 6.7357 04X
anu 26.43%.

-3 -2 -1 0 1 2 3 zZ-#
-0.63

maali Ti 3. vipovoT al baTo ba imisa, rom stan dar tu li  nor méu ri Sem -
TxveviTisi di de metia -1.4&e, P(N(0,1)> -1.48)7

amoxsna. am SeifixvevaSi z= 1.48 da gamasaTvle lianor m&u riga nawile -
bis wi risgveS -1.48is mar jvniv mo Tavsebuli aris far To bi.

-1.48

Tu vi sar geblebT nor méu riga nawile bis si metri ulo biTada F(z) fun -
gci iscxri  le biT, mi vi RebT:
P(N(0,1)> -1.48) B(N(0,1) k48) =1R8) 0.83.
SeniSvna. SegviZlia vi sar gebloT sa winaaRmdego xdo mile bis al baTo bis
gamasaTvle i for muiT dama Sinmagali Tida iyvneba wi na maaliT ze:
P(N(0,1)> -1.48) 2 P(N(0,1) ¢.48) 1P=N {0,1) 1.48)
=1 -0.0694 9.9306.
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-3 -2 -1 ] 1 2 3 -
-1.48

-1.48

maali Ti 4. vipovoT al baTo ba imisa, rom stan dar tu linor md ri Sem -
TxveviTi si di de moTavsebulia Su aled Si -1.65sa da 1.65-s So ris,
P(-1.65 <N (0,1) 4.65?
amoxsna. am SeffixvevaSi sa Ziebeli al baTo ba iq neba;
P(-1.65 <N (0,1) 4.65) =(F65) < E.65)
= F1.65) {1 -(F65)] 2=(1.65) 1 2 9585 1 0.9C.

SewiS navT, rom amox shis pro cedure bi sqe mau rad ga mosaxulia que moT -
mowanil sam na xaz ze:

0.0495 0.0495

0.9505
- 0.0495

0.9010

(0.0495 0.9505

maali Ti 5. vipovoT z-isise Ti mniS vndo ba, romlis mar jvniv stan dar -
tu linor mé&u riga nawile bis wi ris gveS mo Tavsebuli aris far To bi to lia
0.2006is?

amoxsha. cxadi a, rom es amo canatol fasia z-isise TimniS vndo bis mo Zeb
nis, rom lis mar cxniv nor m& ri ga nawile bis wi ris gqveS mo Tavsebuli aris
far Tobito lial -0.2000=0.8001. nor méu riga nawile bis cxril Si vpo ulobT
0.8006sTan yvela ze ax los mdgom ricxvs b 0.7995s. es ricx vi dgas 0.8 -is Se sa-
bamisi stri  gonisa da 0.4 -is Se sabamisi sve tis ga dakveTaze. amitom ga sagebi a,
rom z-issa ZiebelimniS vndo baa z=0.84.
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1 2 3 2z~

2=0.84

maali Ti 6. davuSvaT, rom avio madilis da zi anebis SemTxvevaSi ava ri ul
gamaZaebaze re agi re bis sa Sualo dro aris 25 wu Ti. CavvaloT, rom es si di -
de ganawile bulia da axlo ebiT nor mdu rad da mi si stan dar tu li ga daxra
to lia 4.5 wu Tis. SemTxveviT Ser Cal ig na 80 gamaZaeba. daaxlo ebiT ram den
maTlganze mox deba re agire ba 15 wuT ze nakleb dro  Si?

amoxsna. am ameoanis amo saxsnelad vi  povoT nor m& ri wi ris qveS 15 -is
marcxniv mde bare aris far To bi.

nabijil. davxazoT gra fi kidamov niSnoT sa Ziebeliare.

nabiji 2. vipovoT 15-is z mniSvndo ba:

,oX-EX X -m 15 25 10

= 2.22.
s X S 4.5 4.5

N
\

N\
N

15 25
ZIE il

nabiji 3. vipovoT z= 2.22-sada z=0-s So ris mde bare aris far To bi. is
to lia 0.4868 -is.

nabi ji4. gamovakoT 0.5000 -s 0.4868. mvi RebT 0.0132s.

nabiji 5. imisaTvis, rom ga vigoT ram den ga maZaebaze mox da re agire ba 15
wuTze nakleb dro  Si, ga vamav loT  Ser Ceis mo cu lo ba (80) miRebul far Tob -
ze (0.0132). m&in mi vi RebT 1.056s. meéSasadame, 1.056 anu daaxlo ebiT erT ga mdZa
xebaze mox deba re agire ba 15 wuT ze naklebdro  Si.

maali Ti7. cnobili a, rom abitu ri ente bis mxo!| od 10% Se iZle ba gaxdes
stu denti. Cav TvaloT, rom abi tu ri ente bis mi er mog ro vili qu le bis mniS vne
lo bebi nor méu radaa ganawile bulisa Sualo Ti 200 da stan dar tu liga dax-
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rnT20.vi povoTismi niméu riqu la,ro mécsa Wiroara Taabi tu ri entigax -
des stu denti.

amoxsna. vina dan abi tu ri ente bis mi er mog ro viliqu le bis mniS vndo bebi
nor méu ra daaganawile buli,ami tomimqu lismniS wvndo ba( X),romlisze vi-
Tac abi tu ri entigax deba stu denti, aris ise Tiricx  vi,rom lismar jvnivnor -
m&u riwi risqveS mo Tavsebuli aris far To bito lia10% -is anu 0.1000 -is:

106 oBT 01000

200 X

nabijil. imisaTvis,romvi povoT nor méu riwi risqveS 200 -sada X-s So -
ris mde bare aris far To bi 0.5000-s ga movakloT 0.1000, mi vi RebT 0.4000-s.

nabiji 2. vipovoT z mniS/ndo ba, ro méc Se esabaméa nor méu riga nawi-
le bis cxril Si 0.4000-s. im SemTxvevaSi, ro ca cxril Si ar iZeb neba zus tad es
mniSvndo ba vi RebT masTan yvela ze ax los myofs, am Sem TxvevaSi 0.3997-s. Sesa-
bamisi z=1.28.

nabi ji 3. SevitanoT 1.28 =z mniSyndo bis ga masaTvlel for mua Si
z=(X -ml s daamovxsnaT X.

X-m
s
1.28 20 +200 x
X =25.60 +200 225.6
X =226.

e.i. Imi saTvis, rom abi tu ri enti gax des stu denti, man un da moagro vos 226
qula.

SeniSvna im SenTxvevaSi, ro ca far To bis mniS vndo ba var deba cxri lis
ori mniS vndo bis zus tad Su aSi, maSin vi RebT mali Se sabamisi z mniSyndo be-
bidan uf ro dids. ma gali Tad, Tu far To bis mniS vndo baa 0.4500, is im yofe ba
0.4495 sa da 0.4505-is Su aSida z mniSvndo bad vi RebT 1.65s da ara 1.64 -s.

sawyi si mniS vndo bis ga moTvla z mniS/ndo bis mi xedviT:

X=z8 &

maali Ti 8. samei ci no ga moKkve lis miz niT mkvle vars surs Se ar Cios ar -
te ri uli wne vis sa fuZ vel ze Sed genili po pula ciis Su aSi mdgo mi ada mianebis
60%. vigulis xmoT,romar teri uliwne vaganawile bulianor mé& radsa Suao -
Til20dastan dar tu liga daxriT 8.da vadginoT Se sar Cei ada mianebis arteri u-
liwne visze dadaqve dasazR vari.

amoxsna. gasagebia, rom Sesar C&i ada mianebis ar teri uli wne vis ze da da
gveda sazR variig nebaisorimo pir dapirericx vi,ro mel TagareT nor méu ri
wirisqveS moq ceuliTi  Toeuliku disfar To bia 20%.

1.28=
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X5 120 X1
cxadi a, rom z mniSvndo ba, ro méc Se esabaméa nor méu riga nawile bis
cxril  Si 0.5000-0.2000=0.3000 farTobs to lia 0.84 -is. Se vita noT igi X=z28 #
for mua Si. mi vi RebT, rom

X,=z8& mO0.84 8 120+ 126.%
meres mxriv, stan dar tu linor m& riga nawile bis sa Sualos mi marT si -
metri ulo bis ga mo X,-is ga masaTvle | ad unda avi RoT z= 0.84. Sesabamisad
gveqeba:
X,=z8& m 084 8 120 #13.2,
e. . mkvle var ma unda Se ar Cios ise Ti ada mianebi, ro mel Ta ar teri uliwne -
va meryeobs 113.8sa da 126.72-s So ris,
113.28 X <126.7.
maali Ti9. momemulia x@N(23, $) da P{x<27} 9©.83.ipo veT s.

amoxsna. cxadi a, rom Z—XTZ?’ @I(0,1). gar da amisa, xdo mie bebi {x<27}

da {X's23< 27;2? ekvivalen tu ri a. amitom
Px<27} X223 27°% o7 4os3-
s s S

anu F(si) =0.83. saidanac, magali Ti 5isanalo giurad: §:O.9542 da, Sesa-

. 4
bamisad, s = =.19.

0.9542

maali Ti 10. mas Semeg rac ni ka Camosvams ekas maganidan gala qis cen -

tra lur fos tas Tan, is moZ ra obs galag Si da gar kveuli dro is Semdeg brun -

deba ekas wasayvanad. ni kas vara udi T ekas mi er fos ta Si ga ta re buli dro da -
axlo ebiT nor m#& radaa ganawile bulisa Sualo Ti 6 wu Ti da stan dar tu li
gadaxriT 1.3 wu Ti.ram deniwu Tis Sem deg un da dab run des ni ka fos tas Tan, rom
armo uwioslo di nisulco ta 95% -ianiga ranti iT.

amoxsna. T iyos ekas mi er fos ta Sigatarebulidro. ma Sin T @N(,1.3). t
iyos fos tas Tan ekas Camosmidan ni kas ukan dab ru nebande ga suli dro. mo saZeb
nia ise Ti , romlis Tvisac: P{T¢} ©.95. es Ta nafar doba tol fasia:

¢% 9.95, anu F(

adV| Iad mi vi RebT, rom t2 8.138508.11. mé&Sasadame, nika ar un da dab run des 8.14
wuTze ad re.

maali Till. biolo giag ro vebs monacemebs konkre tu lisa xeobis kaq tu sis
si maHs Se saxeb. misi dak vir vebiT kadqu sebis 34.25%e-is sig rZe 12 sm-ze nakle -
bia, xo lo 18.4% -is sig rZe 16 sm-ze meti a. bi olog ma dauSva, rom si maRke ga na
wile bulia nor m&u rad. vi povoT am ganawile bis sa Sualo da stan dar tu li
gadaxra.

) 20.95 = ®.645, saidanac gvagvs: %2 1.645. agedan
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amoxsna. kagu sis s imaRe av RniSnoT H-T, H° N(as?).mosaZemia a da
S . bi olo gis dak vir vebis Ta naxmad: P{H <12} 6.342 da P{H >16} ©.184. Sesaba-
misad,

F2228) —0.342 da F(lGS' 4 =1 0184 e.81L
amtom 125: 4_ 0.407 da 165_ 4 - 0.900. saidanac vas kvniT, rom: a=13.2 da
s =3.06.

maali Ti 12. supermarket Si dRis gan malo baSi ga yidu li cit ru sebis ra -
odenoba modelir deba nor m& ri ga nawile biT. aR mo@da, rom xan grZli vi pe -
ri odis man Zil ze dRe Si sa Sualod iyi deboda 35 kg. cit ru si, xo lo 15 kg -ze
nake biga yidulig nasaSuaodyo veli20 dRi dan erT dRe Si. a) ga moTvaleT
gayid vebis stan dar tu liga daxra s;b)cno bili a, romkon kretuldResga ivyi-
da 53 kg -ze meti cit  ru si. ipo veT al baTo ba imi sa, rom am dRes ga iyida 56 kg -
ze meticit  ru si.

amoxsna. dReSi ga yiduli cit ru sebis ra odenoba aRvniSnoT x-Ti. maSin:

X @N(35, ) da P{x<15} =2% G=05.

a) P{x <15} 9.05 Y&i—‘? 005
Y 15- 35_ 1.6448 ¥ %2.:
S
b) P{x >56| x53} Pi(x>56)1( x53)} H 58}
P{x >53} R x53}
56- 3
EaliaTrs 25> 1- 0.9574
= - @.608.
1- F(53- 35) 1- 0.9299
12.2
amaanebi

l.cnobili a, rom Z @N(0,1). nor méu riga nawile bisfun qciiscxri lisga moye
nebiT ipo veT al baTo bebi:

a) P{Z2<1.23}:b) P{Z¢2.47};9) P{Z2<0.16};d) P{Z21.24};

e) P{Z2>2.38}; v) P{Z20.59;z) P{z> 1.83};T) P{Z¢ 2.06};

i) P{Zz> 0.07};k) P{Zz¢ 1.83};I) P{Z< 2.76}; m) P{Z¢ 0.21}.
2.cnobili a,rom Z @N(0,1). ipo veT al baTo bebi:

a) P{l.15<Z 4.35;b) P{L.11¢Z ¢2.22};g) P{0.39<Z <.42}:;

d P0¢Z 455;e) P{-182 & 233}; v) P{-0.85 < 2.03}

z) P{-251 < Xk09};T) P{-055 ¢z @};

) P{-2.82 < <1.82}:;k) P{-1.75 ¢Z ¢1.00};

) P{-2.57 < <042};m) P{-1.96 ¢Z Xk96}.

3.cnobili a rom Z @N(0,1).ipo veT Sesabamisad s, ¢, v an v, Tu:
a) P{Zz<$§ ©.67;b) P{Z<} ©.88;g) P{Z<y ©.98;

d P{Z<¥} ©6.85;e) P{Zz>3% ©41;vVv) P{Z>} 6.12;

z) P{Zz>¢ 6.01;T) P{zZz>y 6.22;i) P{Z>3% 6.99;

ky P{z>% ©.97;) P{Z>3 6.85;m) P{Z>¥} ©.5.

4. macemdia x @N(20,16). ipo veT Sendegi al baTo bebi:
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a) P{x¢26};b) P{x>30};9) P{x217};d) P{x<13}.

5. macemdia  x @N(24,9). ipo veT Sendegi al baTo bebi:

a) P{x¢29};b) P{x>31};9) P{x222};d) P{x<16}.

6. macemdia x @N(50,16). ipo veT Sendegi al baTo bebi:

a) Pb4c¢tx ®8};b) Pl40<x ®™4};qg) P{47<x &7},

d) P{39¢x &3};e) P44t x ®6}.

7. x SerixveviTisi di de ganawile bulianor méu radsa Sualo Ti3dadis per-
siiT4.ipo veTal baTo baimisa, rom x mi Rebsuar yofiT mniS vndo bas.

8. x SenixveviTisi di de ganawile bulianor m& radsa Sualo Ti a (a>0) da
dis persiiT a’/4.a)ipo veT P{x>1.5a;b)ipo veT al baTo baimi sa, rom x uar yo-
fi Tia.

9. macemudia  x @N(44,25). ipo veT Sesabamisad s,t,u anv, Tu:

a) P[x¢g§ ©98; b) Px2{ 6.77;

g P{x24¢ 6.05; d P{x¢y 6.33.

10. macemdia x @N(15,4). ipo veT Sesabamisad s, t,u,v anw Tu:

a) P[x¢§ ©91; b) P{x2% 657; g) Px¢y 6.10;

d P{x¢ty 6.39; e) P{5-w <xx ¥ w 0.9

11.maemdia x @N(35.4,12.5.ipo veT Sesabamisad s t,u anv, Tu:

a) P(x<§ 6.96; b) P{x>% 6.94;

g Px>g¢ 6.29; d Px<y 6.15.

12x SerixveviTi si di de ganawile bulia nor mdu rad sa Sualo Ti 32 da dis -
persiiT s?.al baTo baimisa, rom x nake bia33-ze ar is 0.64.ipo veT s?Z.

13. x SerixveviTi si di de ganawile bulia nor md rad dis persiiT 18 da
P{x>73} 9.03.Iipo veT sa Sualo.

14. x SenixveviTi si di de ganawile buli a nor m&u rad, P{x259} €.02 da
P{x229} 9€.93. ipo veT x SerixveviTi si di dis sa Sualo da stan dar tu liga -
daxra.

15.macemdia  x @N(a, $), P{x29.81} 9©.16 da P{x¢8.82} 9.01.ipo veT a da s.

16. af Ti agSi wamlis dam zadebaze da xar ju li dro ga nawile bulia nor m& -
rad sa Sualo Ti15wu Tidastan dar tu liga daxriT 2.8 wu Ti.ipo veT al baTo -
ba imi sa, rom wamlis dam zadebaze da xar ju li dro: a) 20 wuT ze meti a; b) 8
wuT ze nak le bia; g) moTavsebulia 10 wuT sada 18 wuTs So ris.

17.jguf Sil6éwlisgo gonebissi maRe ganawile bulianor mé& radsa Sualo Ti
161.2 sm da standar tu liga daxriT 4.7 sm.ipo veT al baTo ba imi sa, rom am jgu -
fi daner Tigo gonassi maHe: a) 165 sm -ze meti a; b) 150 smze nakle bia; g) mo Tav-
sebulia 165 sm -sa da 170 sm-s So ris; d) mo Tavsebulia 150 sm -sa da 163 sm-s So -
ris. 16 wlis 500 Ser Cailligo gonasaTvis Se afa seT ra odenobaim go gonebis, ro -
mel Tasi mafe ga vaze moT moyvanili 4 di apazo nidan.

18. avto mavilis Su Sis saw medi re zi nis sig rZe ga nawile bulia nor m& rad
saSualoT 25 sm da stan dar tu liga daxriT 0.2 sm. Se afa seT 200 ca li Su Sis
sawmedi dan ramdenis sig rZes un da movelo deT, rom iq neba: a) 25.3 sm an mé;
b) moTavsebuli 24.89 sm -sa da 25 .11 sms So ris; g) mo Tavsebuli 24.89 sm -sa da
25.25 smrs So ris.

19. avto mdoilis gac  veTi li sa muxu We xundis Sec vlis dro ga nawile bulia
nor méu rad sa Sualo Ti90 wu Tidastan dar tu liga daxrT 5.8 wu Ti. ipo veT
al baTo baimi sa, rom xun dis Sec vlas das Wirdeba: a) 105 wuT ze meti; b) 85 wuT -
ze nakle bi. da adgi neT saSualos mi marT si metri uli (a,b) inter vali, ro mel -
Sic mox vdeba xun dis Sec vlis dro 90% -i ani sa i melo o biT.
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20. konpaniis mi er war mcebuli dRis ga nalebis mu Sao bis xan grZli voba ganawi-
le bulia nor mé&u rad sa Sualo Ti 2010 sa aTi da stan dar tu liga daxrT 20.1
saafTi. kom pani am gadawyvi ta ga zar dos ga yid vebisricx vi, ris Tvi sac man val de-
bule ba ai Ro sa garan tio dro is gas vlam de gafu Wéuli ne bis mieri dRis ga  na
Teba ufa sod Sec valosax |iT.vi povoTissa garan tio dro, rom lisda wesebis
SeriixvevaSi kom pani as mouwevs ufa sod Sec valos dRis ga naTebis mxo lod 3%.

21. yvavi lis fo Tolis sig rZe ga nawile bulia nor méu rad sa Sualo Ti 18.2 sm

da stan dar tu | i ga daxriT 2.3 sm. a) ipo veT al baTo ba imi sa, rom yva vilis
foT lis sig rZe moTavsebulia 16 sm -sa da 20 sm -s So ris; b) yva vilis foT le -
bis 12% h smze grZe li a, xolo 20% | smze mokle a.ipo veT h da |;g) Se afa -
seT yvavi lis 500 foT li danramdeniiq neba 14 smze mokle.

22. boTls, ro mel Sic as xia ual koholo sas mé, awe ria 330 ml. si  nardvi le Si
Canosxmdi ual koholosas mésmo culo baganawile bulianor méu radstan -
dar tu li ga daxriT 2.5 ml. ram deni un da iyos Ca mosxmui ual koholo sas me

lismo culo bissa Sualo,ra Tadar wmuebulivi yoT, romboT le bis sul co ta
99%Sisas mé me tiiq neba 330 ml -ze.

23.fu Tas, ro mel Siciyi deba Saqai, aqvs war weaa t 1kg. Saqai. faq tobrivad,

fu TaSi mo Tavsebuli Saq riswo naganawile bulianor mdu radsa Sualo Ti1l.08
kg. fu Tebis Se mownéam a@ena, rom fu Tebis 2.5% naklu | ia (Seicavs miTi Te-
bul 1 kg -ze nakleb Sa qars). a) ipo veT am ganawile bis stan dar tu li ga daxra;
b) Tu mo cemdi fu Ta naklu li a, m&in ga moTvaleT al  baTo ba imi sa, rom mi si
wona saSualo ze 3stan dar tu liga daxriT nak le bia

24. genera to ris mu Saobis xan grZli voba ganawile bulianor méu radsa Suao -
Ti 210 sT. aR mo@da, rom ge nera to re bis 4% mu Saobs 222 sa aTze mets. ipo veT
am ganawile bis dis persi a.

25. al baTo bis ga mocdaze stu dente bis 15% Re bulobs 63 qu la ze mets, xo lo
10% £ 32 qula ze naklebs. vi gulis xmoT, rom qu le biga nawile bulia nor m& -
rad davi povoT qu le bis sa Sualo da stan dar tu liga daxra.

26. mziani sa aTebis ra odenoba TveSi, H gar kveul kuror tze, ga nawile bulia
nor méu rad sa Sualo Ti 130 sT. cno bili a, rom P{H<179} $€.975. a) gamoTva-

leT H-isstan dar tu liga daxra;b)ga moTvaleT P{100<H <50}
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Tavi Xl
organzomilebiani SemTxveviTi sidide

dis kretu li or  ganzo mile biani (x, hSerixveviTi si di dis ganawile bis ka -
nons (anu x da h SerixveviTisi di deebis erToblivga nawile bis ka nons) aqvs
or ganzo mile biani cxri lis sa xe, ro méc gvaZ levs Se saZo mniS vndo bebis
cal keuli kom ponente bis CammaTvals da im p(x, y;) al baTo bebs, ra al baTo be-
bi Tac mi i Reba mniSvnelo ba (x;, ¥j):

h X

X1 Xo é X; e Xn
yi | P(X1, y1) | p(x2, y1) | € px, y1) | € P(Xn, Y1)
é é é é é é é
Yi | p(X,Y) | P, Y) | € pix, y) | é PO, W)
é é é é é é é
Ym | P(XL Ym) | P(X2, Ym) | € P, ym) | € P(Xn, Ym)

a, p(x,y)=1 P(x=x) 8 Kx y); Phr=y) A, rx Y).

or ganzo mile biani (x, #SenixveviTi si di dis ganawile bis fun gcia (an x da
h SerixveviTisi di deebis erTobli viga nawile bis fun qci a) ewodeba funqgcias:
F(rE)=P(x¢tx,hty).

)0 Rxy O 1;

2) F(x,y) aris Ti Toeuliar gumetis mi marT arak le badi, mar jvni dan uwy ve-

tifun qci a;
3) adgi li aqvs zRvrul Ta nafar do bebs:
F(-Dy =0Fx,-b) #(-®:p) £ 0D, bH) = 1;

4) F(x,B) Fi&): =P(x¢x); F( By) =Fux(y): =P(hCy).
SenmxveviT si di deebs ewodeba damauki debdi, Tu

F(x, y) = F1(x) Fa(y).
dis kretu li Sem TxveviTisi di debi da mauki debelia ma Sin da mxo lod ma Sin,
ro ca

P, Y)=P(x) pPCY), "1, .

uwyveti or ganzo mie biani SemTxveviTi si di dis erTobli vi ga nawile bis
simkvri ve (anu or ganzo mie biani sim kvri ve) ewodeba er Tobli vi ga nawile bis
fun qci is Se reulme oreri gis ker Zo war mecebuls:
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F(xy)= FEXY)
by

1) fx,y O D F(xy)= ;“]X fju. v dud;

+ o+ o

3) ARf(x y)dxdy=1;  4) PAX, NI D = fjx ) dxdy

2 x ©

a
dan  fiju, y) dydu
O grlxe) = R

dx dx

- O: Ot

5 f.(¥)= rff(x, y) dy,

ando giurad, f,(y)= ff(x y)dx

6) uwyveti Sem Txvevi Ti si di deebi da mauki debelia ma Sin da mxo lod ma Sin,

ro ca f(x, y)="fi(X) f2( y).

o

kovari aci a. korela ci is ko €fi ci ernti.

kovari aci isko efi ci eni anubralod kovari acia ewodeba si di des:
covix, h=E[( ¥E )(x B)] B ) EKE-£E .
1) Tu x da h damaukidebeli a, m&in cov(x, =0 (Sebru nebuli  debuleba araa
samarTliani);

2) covix, ¥=D .
3) covx, A=cov( f1).
4) covc&x, h ® cay( x ).
5) cov(x° 4 )v=cov( , ¥ ®OV( ,
6) D(x° § D x2cov( , ¥ DB+
7) lcovix, AE\D XD
korelaciis koeficienti ewodeba sidides:

cov(x, & Eax Exr.(qE

r()\/_\/_hgsx s h

a) tl¢r(x,h)cl.
b) Tu r(x,h)=1, maSin h=kx+b, sadac k da b £ mudmivebia, k>0.
g) Tu r(x,h)= £1, maSin h=kx+b, sadac kda b £ mudmivebia, k<O.
d) Tu h=kix+bs, (k;, 0) an x=kxh+b, (ko, 0), maSin r (x,h)=1 roca k>0; r(x,h)= £ 1 roca
k<O (i = 1,2).
maali Til. macemdia or ganzo mile biani SemTxveviTisi di disga nawile bis
kanoni:
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vi povoT cak |ke uli Sem TxveviTi si
Si moy vani i al

amoxsna. cxril

h | x

-2 3 6
-0.8 0.1 0.3 0.1
-0.5 0.15 0.25 0.1

RebT xts ganawile bis mwkrivs:

di dis ga nawile bis ka noni.
baTo bebis sve te bis mi xedviT Sek re biT mi vi-

X -2 3 6
tc 0.25 | 0.55 0.2
al baTo bebis Sek re biT stri  gonebis mi xedviT mi viRebT A-s ganawile bis
MWKrivs:
h -0.8 -0.5
0.5 0.5
maali Ti 2 macemdia x da h damaukidebeli SentxveviTisi di deebis ga -
nawile bis ka noni:
X -2 3 6 h -0.8 -0.5
tc 0.2 0.5 0.3 p 04 0.6

vipovoT Z=max{x, k SenixveviTi si
di dis Se saZo mniS vndo bebia:

amoxsna. Z SerixveviTi si

gamovlvaloT Se

sabamisi al

P(Z= 0.8)
P(Z= 0.5) B{(x

B{(x

baTo bebi. gvaqvs:
2)-(hE08}- A x=2) (= h0.8) 0.2=0.4 0.0;

di disga nawile bis ka noni.
-0.8; -0.5; 3 da 6.

2) - (ME0S) - A x=2) A= A0.5) 0206 0.k

P(z=3) =H[(x 3 (A& 03] [( £3) & HAES)F
=P[(x 3) (& 9.8)] P[(+x3) £ MB5)E 0.504=050.6 0.

P(Z=6) Hl(x & (A& 0B8] [( &) € AIE)F
=P[(x 6) Eh 9.8)] P[(+x6) £ HMD5)E 0.304=030.6 0.
mile baTa siv rce Sed geba sami
WHw, W,
di deebi Semdegnai -

meia rul xdo
xdo

3. davuSvaT, rom ele
ele memaru li

maali Ti
to lal baTuri
P(w)=P(w) =P @ ¥ 3. ganvmartoT
rad: x( w=1 &, w0, x( Y= 4;

mile bi sagan

X da h SermixveviTi si

h(@=1 b,w0, (A4) s
. . 1. 1 ... 1 _
m&in ga sagebia, rom xhk , EKXH=E 4 50 0 =§ ©1 45 0. Sesabamisad,

E(x }=E 8 . meres mxriv,

Plx=0} R A0F £ 8 =00 = )=W3 ,
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m&in ro desac x da #h SenixveviTi si

di deebi da mauki debeli rom iy 0s

1 )
e.i X da h araa

{x=0, h#9} xdo mile bis al baToba unda yo fi li yo %G}% —5

damoukidebeli.
magali Ti 4. davuSvaT, rom x SerixveviTi si di de si metri ula daa ganawile -
buli nulisir gvliv, e.i.  Ex=0. vTgvaT, h=x2 main E(xh)=E(x*)=0, vi nai dan x* ag-

reT ve,si metri ula daa ganawile buli nu lis ir gvliv. me ores mxriv, EXEh=0, vi -
na dan Ex=0. amitom:
E(x - E & A
r( x )= )
Sxsh

e.l. ko rela cia (da, maSasadame, kovari aci a) SeiZle ba iyos nu I, ma Sinac ki
ro ca SemTxvevi Ti s/ di deebi da maki debulia.

E(x p=101/6 2 23/6 ®11/3 16/ E(x »-E & B,

agedan gamordi nare, ko rela ci is ko efi ci enti nu

maali Ti 5 davuSvaT,rom x da h SerixveviTisi di deebiser Tobli viga na
wile bis ka noni mo cemuia Sem degicxri |iT:
h 1 2
X
1 1/5 0 1/5
2 0 3/5 3/5
3 1/5 0 1/5
2/5 3/5
cxadi a, rom:
Ex=105 23/® 31+5 C; Enh=10/5 23/B 8/5;

a, m&in ro desac (i seve

ro gorc wi na magaliT Si) naTeli a, rom ad gili aqvs h SentxveviTi si di dis
fun gci onaurda mdkidebule bas x SernixveviT si di deze.

Ti 6 . x da h SenixveviTi si di deebis qve moT moyvanili er Tobli vi
ganawile bis ka nonis mi xedviT ga movlvaloT ko rela ci isko efi ci enti r(x,h).

h 1 2 3
X
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
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Ex=10 ©¥36 20 3/G6 30+/3® 40 26/360 35.
Eh=16©/36 212(8B6 3 18/3b 2.

Dx=(10 -35,83" 1936 ( 20 35.93 3/34 30+35)83 6/¢
+(40 -35,8Y° #B/36 37.6. 5 X 7.6.
Dh=(1-2,3" 6936 (2 2.§ 12/86( 3 BF1- 18/3600.E s /# 0.746.

E(x §=10 D1/36 20+1 2436 020 2 ¥/36 (BOG 2/36- 302 £Y!
+30 ©2(36 40+1 1/86 (IO 2 9/36 MOCB 16/36 8.

r( x ) (6.94-23 35.88( 7.6 03¥6 C

amocanebi

1 wesier saTamaSo kamaTels agdeben manam sanam ar gamoCndeba 6 qula an ar

Catardeba 4 agdeba. x iyos Catarebul agdebaTa raodeno ba, xolo A Lt ki
mosuli 6 qulebis raodenoba am TamaSSi. ipoveT: a) X -s ganawi lebis kanoni; b)

X -s standartuli gadaxra; g) Eh.

2. wina amocanis pirobebSi, Tu moTamaSes TamaSis gan malo baSi mouvida 6
gula, masSin is igebs 100 lars, xolo Tu TamaSis ganmav lo baSi ar mova 6

gula, maSin moTamaSe agebs 150 lars. vipovoT moTam aSis mier mo gebuli
Tanxis maTematikuri lodini.

3. komiteti, romlis SemadgenlobaSi Sedis 6 mamakaci da 4 qali, ir Cevs Tavis
2 warmomadgenels. vigulisxmoT, rom komitetis neb ismeri w evris arCeva
Tanabarad SesaZle belia da avagoT arCeuli ga | ebis raod enobis ganawilebis
kanoni. vipovoT arCeuli galebis mo salodneli ricx Vi.

4. agdeben wesier oTxwaxnaga piramidas, romelzec aRniS nulia cif rebil, 2, 3
da 4. Semdeg agdeben wesier m onetas imdenjer ra cifric mova piramidis

fuZeze. x iyos piramidis fuZeze mosuli qula, xolo h £ ki mo suli gerbe b-

is raodenoba: a) aCveneT, rom P{h=2} =1/4; b) aageT #4-s ga nawilebis kanoni; g)

aCveneT, rom EA :% E »;d) ga morvaleT Dx.

5. monetas agdeben 5 -er. X SemTxveviTi sidide iyos mos ul gerbTa ric XVi,
xolo " SemTxveviTi sidide ki bolo or agdebaSi mo sul gerbTa ricxvi.
avagoT am SemTxveviTi sidideebis erToblivi gan awilebis kanoni da vipovoT
kovariacia.

6 32 kartidan SemTxveviT iReben 2 -s. X SemTxveviTi sidi de iyos am oRebuli
tuzebis ricxvi, xolo " semTveviTi sidide ki amoR ebuli mefe  ebis ricxvi.
avagoT am SemTxveviTi sidideebis erTob | ivi ganaw il ebis ka noni da vipo voT

korelaciis koeficienti.
7. macemdia x, h da z SerixveviTisi di deebis ga nawile bis ka nonebi:
-1 2| -3)|-10}| 12| -20 | -30 | -40
p| 01| 01| 0.1]0.09/ 0.3 |0.009/ 0.3 | 0.001
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1 2 3 4 5 6 7 8
0.001] 0.2 | 0.001| 0.3 | 0.008| O 0.09| 04

20 | 10 5 2 1 -2 -5 -10
p | 0.001| 0.2 | 0.009| 0.29| 0.001| 0.009| 0.2 | 0.29

gamoTvaleT: a) E(x*);b) E(2h);9) E(z/2) b) D(x+h-2z),Tu cnobili a rom x,
h da z damaukidebeli a.

8. cnobili a,rom Ex=a da Dx=b.ipo veT malema& kurilo di nidadis persia
SeriixveviTisi di deebis:a) A=-x;b) g=x+2h-1,9) d=3x-h+2q9- 3.

9. A iyos xdo mie ba: 3 wesi eri mo netis ag debisas origer bis mos vla. 3 mo ne
tas ag deben n-jer.ipo veT malema& kurilo di nidadis persia SemTxveviTisi -
di deebis x da h,sadac x aris n cdaSi A xdo mie bis mox denaTa ricx vi,
xolo A=x/n ki A xdo mie bissix Sire.

1Q navlob momovebeli kom pania ganixi lavs ori mi marTule biT bur Rvis SesaZ -
leb lo bas. Sefa sebis mi xedviT | mi marTule biT war mé&e bis al baTo baa 0.2 da es
iZle va 30 mili onian mogebas, xo lo mar cxis al baTo ba Seadgens 0.8-s da es iw -
vevs 3 mili onian danakargs. Il mi marTule bis SemTxvevaSi ki 0.1 al baTo biT mi i-
Rebs 70 mili onian mayebas da 0.9 al baTo biT da kar gavs 4 mili ons. ro mel mi -
marTu le baze un da ga akeTos ar Ceaani kom pani am?

11 ra Se ic vle ba wina amacanaSi, Tu ll mi marTule biT war mé&e bis al baTo baiq -
neba 0.1-is nac vlad 0.117?

12 saar Cewio kampanii saTvis Tan xis Seg ro vebisorime Todiga nixile ba:l)weri -
le bis mi weaa da Il) kar dakar si aru li. wi na wle bis ga mocdi le bis mi xedviT
Sedgenili sa Sualo Se mowiru lo bebi da Se sabamisi al baTo bebi Se fa sebulia
Serdegnai rad:

[) meTodi [I) meTodi
Xi 10 5 0 Xi 15 3 0
pi 0.3 0.2 0.5 pi 0.3 0.1 0.6

ro goriasa Sualo Se masavle bi?ro mégme debajo bia?

13 ipoveT E(d+qg) da D(d- g),sadac d=2x- 3, q:%V- 13, Tu cnobilia, rom:

Ex=-2, Dx=05, EAn=3, Dh=2, EV=4, DV=1,E(x h=-1, covix, =5, rh, V=05
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Tavi Xl

wertilovani da intervaluri Sefasebebi.
ndobis intervali saSualosaTvis

Sefa sebis amo cana: n macu lo bis X =(X.,.... X)) Ser Ceiis safuZ vel ze ga vake-
ToT das kvnebige nealu rier Toblio bisuc nobi 4 paa metris Se saxeb. Ser Ceis

nebis mier T.(X)=T,(X,... X)) fun qci as sta tis ti ka (Sefa seba) ewodeba. werti lo va-
ni Se fa sebis amo canaa md Zemos ise Tista tis ti ka (X, X,), rom lis Ser Ce

vi Ti mniS vndo ba T.(X.--X), gar kveuliaz 1T, Se iZle ba CdT valos uc nobi ¢
paa metris WeS mai ti (re alu ri) mniS vndo bis mi axlo ebad (Sefa sebad) da ga -
moyenebul iq nes mis nac vlad. aseT sta tis ti kas (Sefa sebas) werti lo vani sta -
tis ti ka (Sefa seba) ewodeba.

T.(X)=T.(X..... X)) Sefa sebas ewodeba Cainacvie beli (a nugadauadgile badi),
Tu EqT(X):q
T.(X)=T(X,... X)) Sefa sebas ewodeba Zal mesili (a nu Zzal debul), Tu

K
T.- @ (T, al baTo biT kre badia ¢-sken),ro ca N- 2.
Cainacvle bel Se fa sebas ewodeba opti mdu ri (& nu efeq tu ri)), Tu mas sxva
Cainacvle bel Se fa sebebs Soriga aQiaumci re sidis persi a.
Tu N moulo bis Ser Cea war modgenilia va ri aci uli  mwkrivis sa xiT, ma Sin
SerCeiTisa Sualo ewodebasi di des:
g XNt Xxn . ¥n n n, R
X = . :x1n )Ezn o+ 44;
Tu Ser Ceidan miRebulimniS vndo bebiaraadaj gufe buli, ma Sin Ser CeiTi
saSualo

n
X="8 %,
Ni=1
Ser Cei Ti sa Sualo war maadgens uc nobi maTema kurilo  di nis Caunacvle -
bel da Zal masil Se fa sebas.
Ser CeiTidis persia ewodeba si di des:

K e 10 ~
s =a(x N2> =a(x ¥,
i=1 n njs
Seswore buli Ser CeiTidis persia ewodeba si di des:
2 n 1 .0 2
s =—-¢ =4 (x 3
n_ 1 n '1|a::.|_( | 9() .

Seswore buli Ser CeiTidis persiawar maadgens uc nobidis persiis Caunac-
vle bel da Zal masil Se fa sebas.

SerCeiTistan dar tu liga daxra (Sesabamisad, Seswore buli Ser CeiTi
stan dar tu liga daxra) ewodebaariT mé kulkvad rat ul fesvs Ser CeiTidis -

per si i dan S:\/g(S&sabamisad, Seswore buliSer CeiTidis persiidan s :\/E).
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SerCeviTi asimetriis SerCeviTi egscesis
koeficienti koeficienti

—a (% - %’ fa (% - X
=1 Nz 3

aSer = _ %E'f = _
(Jng(x- %°) (\/n?}l(" %)

SerCeiTiko rela ciisko efi ci erti ewodeba si di des:

B =y,
st/ , SadacC ni:]_ |,

SENER =%é(>.< ER SENES :%é(y

Ser Cei Ti pa ra metre bis ga nawile banor mau ripo pula ciisaTvis.

My

davuSvaT, rom X, X,,...,X ~warmadgens Ser Ceas nor méu ri ge nealu ri
erTobli obidan, X @N(as?) (i=12..n), m&in: X da S* (S°) damaukidebel
Seriixvevi Tisi di deebia; X @N(as2/1);

W n- 1S2
A (x-als? @(n; LD @ 1),
i=1
X-a X-a X -a
Z= @(0,1)- T= 1
s/Jn ©.D; siym1 Sidn @ 1.
magi m& rida saje ro bis meTodi: vTqvaT, p(x,q) arisal baTo baimi sa, rom
egsperi metis Se degad dis kretu i x SerixveviTi si di de mii Rebs =, mniSvne-

lo bas. magi mé&u ri da saje ro bis fun qcia ewodeba g ar gumetis fun qci as: L
o B, g) = pXy, @)BX2 q) Bx, q) (InL fun gqci as magi mdu ri  dasaje ro -
bislo gariT mdifun qcia ewodeba). magi mdu rida saje ro bis Se fa sebas uwo-
deben g-s im mniSvndo bas, sadac magsi m&u ri da saje ro bis fun (qcia (an rac

igi vea InL) aRwevs Tavis magsi mums. mis mgaZemad sa Wiro a: 1. vi povoT war mae-
buli pinL/ g, 2. gavuto loT war  macebuli nuls (mi vi RebT e. w. magi méu ri

dasaje ro bislo gariT mul gan to le bas) da vi povoT kri ti kuli wer ti le bi; 3.

vipovoT meore war mecebuli  p?InL/ g?; Tuisuar vyofi Tiakri ti kulwer til Si
m&ineswer ti li £ magi muniswerti i a.

uwyveti Sem Txvevi Ti si di dis Sem TxvevaSi, rom lis f(x, g) ganawile bis sim -
kvri vis sa xe cno bili a, magam igi Se icavs uc nob ¢ paa metrs, maqsi mdu ri
dasaje ro bis fun qci as agvs Sendegi sa xe:

L(X, %, %9)= T(X, g B(x, g O(9.,0),
uc nobi pa ra metris maq si méu ri da saje ro bis Se fa sebis sa povndad un da
Caata roTigi ve pro cedure bi,racdis  kre tul Sem TxvevaSi.
manmefifa me To di : manetilfa me To di da fuZ nebuliaim ga re moebaze, rom sawy -
isidacen tra lu ri em piri uli mo mete bi war maadgenen Sesabamisi sawy i si da
centra lu riTe ori ulimo mete bis Zal maosil Se fa sebebs. amitom ama Tu im Se -
fa sebis mi saRebad Te ori ulimo mete bi unda gavuto IoT ima veri gis Se sabamis
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empiri ul mo metebs da amov xsnaT mi Rebuligan to le ba an ganto le baTa sis te -
ma.
g ucnobi parametris g (an 1- a) saimeéo obis mqone anu 100g%-iani (an

100(1- @ )%-i ani) ndo bis in ter vali ewodeba. inter vals (T,T,), rom lis Tvi sac:P
P{T,<g <} = (an 1- a),sadac T, da T, g paa metrisgar kveuliwer ti lo vani

Sefa sebebia, gl (0,1) (al (0,1)); a-s mniS/ndov nebis do ne ewodeba; ndo bis in -
ter valissig rZisna xevars Sefa sebissi zuste ewodeba.
a mniSvnd ovnebis do nis mgone ndo bisin ter vainor md&u ripo pula ciis

mdemd kurilo di nisaTviscno bili s?dis persiis SemTxvevaSi aris:
a< e, = Z .
s B2 X 3%
gex In o

sadac z,, standar tu linor m&u riga nawile bis ze da a/2-kri ti kuliwer ti -

li a.aq Sefa sebissi zustea |=s é\/’_—z
n
Sefa sebis wi naswar da fig sire buli | sizustis uz run vel sayofad sa Wio
Ser Ceismi nim& rimo culo baa:

n :[(f— 2,1t

95%:1i ani ndo bis in ter vali

— 1-a=095. a=0.05 +—

g= 0.025 g=o.025
sz - '1 ..96 ﬂ Za/z - ﬁfugg

a mniSvndov nebis do nis mgqone ndo bisin ter valsno rmau ri popula ciis
mdemd kurilo di nisaTvisuc nobidis persiis SemTxvevaSi aqgvs Sendegi sa xe:

— S — S .
.
tn1,/2 n 1;11,/2\/6,
sadac t,_,,, aris Ta visuf le bis n-1 xaris xis mgo ne sti udentis ga nawile bis

zeda a/2-kri ti kuliwer ti I

a mniSvndov nebis do nis mgme asimpto tu ri ndo bis inter vai (a ranor ma
lu r) po pula ciis sa Sualo saTvis Ser Ceais di di mo culo bis SemTxvevaSi (
n2 30),ro cadis persiacno bilia, aris:

— s — S..
(Xn' Z,12 %’ Xa Zla'/z \/—ﬁ(ﬁ,

xolouc nobidis persiis SemTxvevasSi ki:
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n
a mniS/ndov nebis do nis mgone ndo bis inter vali(a ranor mau ri)po pula -
ci issa Sualo saTvis,ro ca s ucnobiada n<30:

— S — S .
(Xn- 7, %’X” Z, Tq:

— S S
(X - tn-1,a/2 %' X tn"fl,alz ﬁ(x

ro disga mdyeneba Z an T ganawile ba

36mdamns ong os 07 | Q7% | 398moygBy 2.2 ByFRggels

an';gbggogbg*
l 3610

©nsb a35dmnyabg z.2 > gme-
3ol oy s> 1>307 - dmmsdn 0393359 S'-0m

l 56>

a23maygbg i1, a2 0o
S amEBEdnemoda’

* sidi deundaiyosnor méu radga nawile buliro ca n<30.
* sidi deun da iyos mi axlo ebiTnor mdu ri.

maali Til. universitetisreq torssurs Se afa sos wels Ca ricx ulistu den-
te bis sa Sualo asa ki. war suli ga mokvle vebidan cno bili a, rom stan dar tu li

gadaxra aris 2 we li. aRe bulia 50 stu denti sagan Sendgari Ser Cea da mis Tvis
gamoTvli lisa Sualoto lia 23.2 wlis. ipo veT 95%-i ani ndo bis in ter vali po -
pula ciis sa Sualo saTvis. igulis xmda, rom asa ki da axlo ebiT nor méu ra daa
ganawile buli.

amoxsna. 95%i anindo bisin ter valiniS navs,romndo bis inter valissa imeo -
_ __950/ — . . . . . “ _

oba 1-a /Q{OO% €95, anu a =0.0E5. amitom nor mdu ri ga nawile bis cxri i
danvpo ulobTz _,=7,,5=1.96. Ssabamisad, sa Ziebelindo bisin ter valiiq neba:

2 2. ,
(23.2- 1.96?: ,23.2 1.96\/—_9 (22.6,23.8
50 50 ’ !

anu 23.2° 0.6. amri gad, 50 stu dentis asa ki dan gamordi nare, 95% -i ani sa i m&lo o-
biT, uni versite tis req tors Se uZlia Tgvas, rom stu dente bis sa Sualo asa ki
moravsebulia 22.6 wel  sa da 23.8 wels So ris.

maali Ti 2. cnobili a, rom gar kveuli me di kamatis ga moyenebis Se degad
pul sis ricx vi matu lobs. cno bili a, rom pul sis ricx vis stan dar tu li ga -
daxra aris 5 dar tyma wuT Si. Ser Cailig naam mdi kametis 30 mom xmae beli da
maTlvis pul sisricx vissa Sualo aR mo@da 104 da r tyma wuT Si. vi povoT 99% -i -
anindo bisin ter vali pul sisricx visWeSma tisa Sualo saTvis.igu lis xméa,
rom Se sabamisi ga nawile badaaxlo ebiTnor méu ri a.

amoxsna. agq 1- a 9.9S, anu a=0.01. amitom z,,=7%,, 2.58. Sesabamisad, ndo bis

inter valiig neba:
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104- 2.58?2:0 a< le4 2.5si,anu 102<a <10€,

J30

m&asadame, 30 mommaeb li sagan Sedgenili Ser Ceis sa fuZ vel ze, 99%-i ani
sai melo o biT, Cven Seg viZlia da vaskvnaT, rom am medi kametis yve la mom xmaeb -
lis pul sisricx vis sa Sualo mo Tavsebulia (cvale badobs) 102 -sa da 106 -s So -
ris.

maali Ti 3. kole jis pre zi dentma da avala sta tis ti kis maswaue bels Se a-
fa sos ko le jis stu  dente bis sa Sualo asa ki. ra mo culo bis Ser Ceaa auci le -
beli? sta tis ti kis maswave beli T vlis,romsa imeo obaundaiyos 99%, ra Ta

Sefa seba iyos swo ri er Ti wlis si zus tiT. wi  na gamolkv/le vebidan cno bili a,
rom asak Ta stan dar tu liga daxra aris3we li.igu lis xméa, rom asa ki da ax-
lo ebiTnor méur daaganawile buli

amoysna. am SeffixvevaSi |=1; s=3; a=1-0.99 6.0. amitom 2z, =7, 2.58.
Sesabamisad, Ser Cevismi nim& rimo culo baig neba:

n :[(%3 ®°] 1+[589] 1 60

ami gad, imi saTvis, rom mas waJe bel ma Seafa sos stu dentTa asa kis sa Sua-

los WeS mai ti mniS vndo ba er Ti wlis si zu stiT 99% -iani sa i melo obiT, mas

sWir debasulco ta60stu denti sagan Sendgari Ser Cea.

maali Ti 4. SerixveviT Se ar Cies 10 avto mdiili da ga zo mes majve na wina
sabura vis pro teqto rissiR rme.saSualoaR mo@da0.32 di umi(1di umiaris 2.54
sm.), xolo Ses wore buli stan dar tu li ga daxra & 0.08 di umi. ipo veT 95%-i ani
sai melo obis ndo bis in ter valipro teqto rissiR rmis sa Sualo saTvis.igu lis -
xmeT, rom si di de miaxlo ebiT nor mdu ra daaganawile buli.

amoxsna. am SeffixvevaSi n=10, X =0.32, s 9.0. vi nai dan po pula ci is stan -
dar tu li ga daxra S wucnobia, is un da SevcvaloT Ser Ceis Ses wore buli

standar tu li ga daxriT $=0.08. Tavisuf le bis xa ris xia n-140 1 ¢
a=1-09 860, a/2=0.05/2 =0.02. Sesabamisad t ganawile bis ze da kri ti kuli
werti le bis cxril Sime-9stri gonisada0.025-is Se sabamisi sve tis ga dakveTaze

vpoulobT  t_,,,-is mniS vndo bas: t _,, ,=t,,4,s 2.262. amiom sa Ziebeli ndo  bis
inter valiig neba:

08 0. .
0.32- 2.262 ,0.32 £.26 0.26,0.38
( %1:0 2\/—1(? anu ( .

ami gad, 10 moculo bis mgo ne Ser Ceis sa fuZ vel ze SeiZle ba davaskvnaT,
rom av to mdiile bis wi na marjve na sabura vebis pro teqto re bis siR rmis po pu-
la ciis sa Sualo 95% -i ani sa i méo biT mo Tavsebulia 0.26 di  unsa da 0.38 di ums
Soris(1di  umi=2.54 sm).

maali Ti 5. maemudia ge nealu ri er Tobli oba gar kveuli ma xasi aTebliT,
ro méc ga nawile bulia nor méu rad 6.25-s to i dis persiiT. Cata re bulia
n=27 mau lo bis Ser Cea da mi Rebulia ma xasi aTeblissa Sualo Ser Cei Ti mniS -

vndo ba x=12.vi povoT ndo bisin ter vali, ro méc fa ravs ge neralu rier Tob -
li obis ga mosakvle vi maxasi aTeblis uc nob maTem#& kur lo dins sa imeo obiT
g=0.99.

amoysna. gvaqvs: s =v6.25 =25 n=27; x=12; a=1-0.99 8.0; z,,= 2., 2.57. age-
dan vRebulobT sa Zebn ndobis in ter vals: (10.76, 13.24).

maali Ti 6. 20 eleq tro naluris sa kontro lo Se mownéi sas mali mu Sao bis
saSualo xan grZli voba aRmo@da 2000 saaTisto li, xo lo Ses wore buli stan -
dar tu li ga daxra ki 11 sa aTisto |[li. cnobili a, rom na Turis mu Saobis xan -
grZli voba war maadgens nor méu ri ka noniT ga nawile bul Sem TxveviT si di des.
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ganvsazRvroT am Sem Txvevi Ti si  di dis ma Tema& kuri lo di nis ndo bisin ter va
lisa imeo obiT 0.95.

amoxsna. am SeffixvevaSi a =1 -0.95 6.0. sti udentisga nawile biscxri li dan
(Tavisuf le bis 19-is to li xa ris xiT) vpo ulobT, rom t 122 =lgo0rs 2.093. ami-

tom sa Ziebelindo bisin ter valiiq neba (1994.8, 2005.2).
amaanedi (s cnobiliaan n2 30)

1. ipoveT =z,, (standar tu li nor m& ri ga nawile bis a/2-zeda kri ti kuli
werti li): a) 99% -i ani; b) 98% -i ani; g) 95% -i ani; d) 90% -i ani da e) 94% -i ani ndo bis
inter vale bisaTuvis.
2. gamoTvaleT Ser CeiTisa Sualo, Ses wore bulistan dar tu liga daxra, aa geT
95%i ani ndo bis in ter vali po pula ciis sa Sualo saTvis da ipo veT Sefa sebis
Si zus te. po pula ci isstan dar tu liga daxraall.isar gebleT Sem degi Ser CeiT:
43 52 18 20 25 45 43 21 42 32
24 32 19 25 26 44 42 41 41 53
22 25 23 21 27 33 36 47 19 20
3. gvanoT moyvanili Ser Ceais mo naceméis mi xedviT ga moTvaleT Ser CeiTi sa -
Sualo, Ses wore bulistan dar tu liga daxradaaa geT 95%-i anindo bisin ter va
lipo pula ciissa Sualo saTvis:
47.596 68.751 5.838 69.831 28.843 53.107 31.391 48.829 50.706 32.785
62.892 55.105 63.974 56.674 38.362 51.549 31.938 31.851 56.088 48.321
34.906 38.359 72.086 34.009 50.850 43.801 46.127 49.926 54.960 49.671
4. 35 meuTe kla selis kiTx  vis qu le bis sa Sualo aris 82, xo lo Ses wore buli
stan dar tu liga daxral5.a)ipo veT 95%-ianindo bisin ter vaime xuTekla sele bis
kiTx vis qu le bis sa Sualo saTvis; b) ipo veT 99%-i ani ndo bis in ter vali meu Te
kla sele bis kiTx visqu le bissa Sualo saTvis;g) ro méin ter vaiauf roga ni-
eri? ax seniTra tom.
5. gamoTvaleT Ser CeiTisa Sualo, Ses wore bulistan dar tu liga daxradaaa geT
90%i ani ndo bis in ter vali ev ro pdi mo qda qis wlii uri Semcsavlis sa Sualo -
saTvis, Tuqve moT moyvanilia Sem TxveviT Ser Caili50ev ro pdimo qda gis Se mo
savie biga zo miliaTa sobiTev ro ebSi:
84 14 31 72 26 49 252 104 31 8
3 18 72 23 55 133 16 29 225 138
85 24 391 72 158 4340 346 19 5 846
461 254 125 61 123 60 29 10 366 47
28 254 6 77 21 97 6 17 8 82
6. 40 pedagog ze dak vir vebam a@ena, romisi nisa Sualod 12.6 wuTs an do méen er -
Ti na wais gas wore bas. a) aageT 90%-i ani ndo bis in ter vali gas wore bis dro is
saSualo saTvis, Tu cno bili a, rom stan dar tu li ga daxra to lia 2.5 wu Tis;
b) ramdenad mosalod ndi a, romro mé& me pelagogma Tqvas, romis sa Suaod 30
wuTs an do mebs naveis gas wore bas?
7. SerniixveviT Ser Cali 40 Tav dansxmdis sa Sualo qu la aris 186, xo lo Tav -
danmsxmel Ta po pula ci isstan dar tu liga daxraa6.a)aa geT 95%-i ani ndo bisin -
ter vali Tav dansxmel Ta po pula ciis sa Sualo qu li saTvis; b) aa geT 95%-i ani
ndo bis in ter vali Tav dansxmel Ta po pula ci is sa Sualo qu I|i saTvis im Sem -
TxvevaSi, ro ca 40 Tav dansxmdis nac vlad ga nixile ba 100 Tandansxméi sagan
Sedgenili Ser Ceaimave saSualo qu |iT; g) ro mé in ter vaiauf ropa tara
(zus tydara tom?
8. SenixveviT Ser Cal 49 bav Svze dak vir vebam (ro mel Ta asa ki mer yeobda 8 -dan
12 wlamde) aCvena, rom isi ni sa vaWwb cen trSi sa Sualod xar ja ven 18.5 lars,
xolo Ses wore buli stan dar tu li ga daxraa 1.56 la ri. aa geT 90%-i ani ndo bis
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inter vali 8 -dan 12 wlam de asa kis bav Svebis mi er sa vaWwb cen trSida xar ju li
Tanxis sa Sualo saTvis.
9. gamokvle vebma a@ena, rom aSS -s moqgda ges saSualod Wir deba 5.9 Tve axalli
samuBaos mo saZead. aageT 95%-i ani ndo bisin ter valisa muBaos mo Zemis sa Su-
alo saTvis, Tu ga mdiTx uli 36 sa muwBaos mZendi saTvis Ses wore buli stan -
dar tu liga daxraaR mo@da 0.8 Tve.
10. gvemoT moyvanilia aSS -s SenilxveviT Ser Ceal 40 kom paniaSi dro ebi Ti sa mu
Sao ad gile bisra odenoba:

7685 3100 725 850 117787300 3472 540 11370 5400

1570 160 9953 3114 2600 2821 6200 3483 8954 8

1000 1650 1200 390 1999 400 3473 600 1270 873

400 713 11960 1195 2290 175 887 1703 4236 1400
gamoTvaleT SerCeiTisa Sualo, Ses wore bulistan dar tu liga daxradaaa geT
90%i ani ndo bisin ter vali dro ebi Ti sa muSao ad gile bis sa Sualo saTvis.
11.48 SenixveviT Ser Caili dRis mo nace mbis mi xedviT did hos pital Si dRis
ganmalo baSi Se masuli pa ci ente bis sa Sualod 38% sa Wiro ebs gadaudebel sas -
wrafo dax mae bas. popula ci is stan dar tu li ga daxraa 4. a) aa geT 99%-i ani
ndo bis in ter valiim pa ci ente bis ra odenobis sa Sualo saTvis, vinc saWiro ebs
gadaudebel sas wrafo dax mae bas; b) aageT 99%-i ani ndo bisin ter valiimpa ci -
ente bis ra odenobis sa Sualo saTvis, vinc sa Wio ebs gadaudebel sas wrafo
daxmae bas, Tupo pula ciisstan dar tu liga daxraa8n acvlad4 -sa;g)ra to maa
mere SemTxvevaSindo bisin ter valiuf roga nieri?
12.centra lu rires publi kuri sa avadmydos 84 sxva dasxva ad gilas ga zo mili
xmairis do nis sa Sualo iyo 61.2 de ci bali, xo lo Ses wore buli stan dar tu li
gadaxra 7.9 de ci bali. aa geT 95%-i ani ndo bis in ter vali sa avadmydo Si xmau-
risdo nisre alu risa Sualo saTvis.
13. mkvle vars surs Se afa sos de dagda qiis po li ciis ofic ris sa Sualo xel -
fa si. mi si mi zania, rom Se fa sebis sa i méo oba iyos 95%. cno bili a, rom po li -
ci is ofic ris xel fasis stan dar tu li ga daxraa 1050 la ri. ra mo culo bis
Ser Ceva das Wir deba mkvle vars imi saTvis, rom Se fa sebis si zus te iyos 200 la -
r?
14.fa kul te tis dekanats surs Se afa sos mowveulipe dagogebissa Sualo kvi re -
ulidat vir Tva. wi na gamolvle vis mi xedviT stan dar tu liga daxraiyo 2.6 sT.
ramdenad di di mo culo bis Ser Ceis aRe ba iq neba saWiro, Tu de kanats surs
99%+i ani sa i melo obiT WeSmait sa Sualo sa da Ser Ceis sa Sualos So ris gan -
sxvaveba ar aRe mé&e bodes 1 sa aTs.
15.centra lu ri sam xedro hos pita lis 117 sxva dasxva oTax Si xmauris sa Sualo
do ne iyo 58 de ci bali, xo lo Ses wore buli stan dar tu liga daxra 4.8 de ci ba
li.aa geT 90%-i anindo bisin ter valihos pital Sixmaurisdo nisWeSma tisa -
Sualo saTvis.
16. sadazR vevo kom pania cdi lobs Se afa sos avad mydo bis dRe ebis sa Sualora -
odenoba maldonal dsis gsel Si momuBave per sonai saTvis. sa pilo te Se mowne
biT dad ginda, rom Se sabamisi stan dar tu liga daxraa 2.5 dRe. ra mo culo bis
Ser Coaa saWiro, rom kom paniam 95% ani sa i melo obiT da adgi nos in ter vali,
ro méc Se icavs avad mydo bis dRe ebis re alur sa Sualos maq sim&u ricdo -
mie biT 1 dRe?
17.res tor nis mepatro nes sursda adgi nos 99%-i anindo bisin ter vali Sam paniu-
risfa sisre alu risa Sualo saTvis.ramo culo bisun daiyos Ser Cea, rom Se -
fa sebis si zus te iyos 0.1 la ri, Tuwi na gamolkvle vis Ta naxmad fa sis stan dar -
tu liga daxraiyo0.12la ri.
18.sanfobi aro sax lisper sonalssursSe afa sosaxal Sobil Tawo na.ramo cu -
lo bis Ser Cea iq neba saWiro, rom 90% -i ani sa i meélo obiT wo nisre alu risa Sua-
lo mo Tavsebuli iyos Ser Ceris sa Sualo sagan 6 unciis (1 un cia = 28.3 gr)
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far gleb Si, Tucno bili a, rom axal Sobil Ta wo nis stan dar tu li ga daxraa 8
unci a.

amaanebi (5 wcnobiada N<30)

19. ipo veT t _,,,, (Tavisuf le bis ( n-1) xaris Xis mgo ne st udentis ga nawile bis

al2-zedakri ti kuliwer ti li):a)99% -iani ndobisin ter vali saTvis,ro ca n=18
: b) 95%-i ani ndo bis in ter vali saTvis,ro ca n=23;g) 98%iani ndo bisin ter va-
li saTvis, ro ca n=15; d) 90% -i ani ndo bis in ter vali saTvis, ro ca n=10; e)
95%i ani ndo bisin ter vali saTvis,ro ca n=20.
gvanoT moyvanilamo canelSiigu lis xmeT,romyvelasi di deganawile buliada -
axlo ebiTnor mau rad:
20. gvemoT moyvanili mo naceméi saTvis ga moTvaleT Ser CeiTi sa Sualo, Ses wo-
re buli stan dar tu li ga daxra, aa geT 95%-i ani ndo bis in ter vali po pula ciis
saSualo saTvisdaipo veT Sefa sebissi zus te:
625 675 535 406 512 680 483 522619 575.

21. gvemoT moyvanili mo nacemdis mi xedviT ga moTvaleT Ser CeiTi sa Sualo,
Seswore buli stan  dar tu li ga daxra da aa geT 95%-i ani ndo bis in ter vali po -
pula ci issa Sualo saTvis:

62 8186 79 73 88 9098 78 93 87 82 78 59 63 97 93 84.
22. SemixveviT Ser Cali 20 pa ci enti s 100 mili litr sis xISihe modo binissa -
Sualo Sem cvle lo ba aRmo®@da 16 gra mi, xo lo Ses wore buli stan dar tu liga -
daxraki2gr.aa geT 99%-iani ndo bisin ter valiWeS ma tisa Sualo saTvis.
23. mée oro log ma 15 civi haeris ma siv ze dak vir vebis Se degad da adgi na, rom
mdi gav rce le bis sa Sualo siC qaea 18 mi li/sT, xo lo stan dar tu liga daxra
ki2 mi li/sT.aa geT 95%iani ndo bisin ter vaire alu risa SualosiC gai saT-
vis.
24. Statis war manadyenels surs Se  afa sos Sta tis sa kanonmdeblo or  ganoSi
gde bis sa Sualo ricx vi. man SenTxveviT Se ar Cia 17 Sta ti da mi i Ro Semdegi
maace méi: 5, 33, 35, 37, 24, 31, 16, 45, 19, 13, 18, 29, 15, 39, 18, 58, 132. gaoTvaeT sa -
Sualos wer ti lo vani Se fa seba, Seswore buli stan dar tu liga daxra da aa geT
90%i ani ndo bis in ter vali po pula ciis sa Sualo saTvis. ra to maa ndobis in -
ter valiasega nieri?
25. 20 Ti nusze dak vir vebam a@ena, rom isi nisa Sualod cu raven 8.6 mils sa aT-
Si. Ser Ceais Ses wore buli stan dar tu li ga daxraa 1.6. aageT 90%-i ani ndo bis
inter vaiWeS ma tisa Sualo saTvis.
26. SenixveviT ar Ceaili 6 spi lossa Sualowo naa 12200 funti (1 fun ti = 453.6
gr), xo lo Ses wore bulistan dar tu liga daxra 200 fun ti.aa geT 95%-i ani ndo -
bisin ter vaiWeS ma tisa Sualo saTvis.
27. regionis 8 skolis sa Tadari go maswaveb lis yo vel dRi uri xel fa sebia:
60I, 56l, 60I, 55I, 70I, 55I, 60I, 55I. ipo veT wer ti lo vani Se fa sebebi da aa -
geT 90%-i anindo bisin ter valire gionSisa Tadari go maswaveb lisyo vel dRi -
urixel f asebis WeSmai tisa Sualo saTvis.
28. 28 mogda qgis ga mdkiTx vis mi xedviT maTi am Jamindel mi samarTze cxov re bis
saSualo xan grZli vobam Sadgina 9.3 wdi, xo lo Ser Ceis Ses wore buli stan -
dar tu liga daxraaris2we Ili .aageT 90%-iani ndo bisin ter vali po pula ciis
saSualo saTvis.
29. avto mdrazi is menger ma daadgi na, rom mis 6 Ta nansro mels av to mailis
wylis tum  bos Sec vla Se uZlia sa Sualod 18 wuT Si, xo0 lo Ser Ceis Ses wore -
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buli s tandar tu li ga daxra aris 3 wu Ti. aa geT 99%-i ani ndo bis in ter vali
Wesa tisa Sualo saTvis.
30. SeriixveviT Ser Caili 25 av to mdili ani stu denti kvi ra Si sa Sualod xar -
javs 18.53 la ris ben zins. Ser Ceis Ses wore bulis tandar tu liga daxraa3la -
ri. aa geT 95%-i anindo bisin ter valire alu risa Sualo saTvis.
31l.stre sulsi tu aci aSimyofi 10 ka ci anijgu fisgu lis cemis saSualo ricx Vi
wuT Si Se adgens 126, xo lo Ses wore bulistan dar tu | iga daxraaris4.aa geT
95%i ani ndo bis in ter vali stre sul si tu aci aSi myofi ka cebis gu lis cemis
realu risa Sualo saTvis.
32.stre sulsi tu aci aSimyofi6qga ligu lis cemis saSualo ricx vi wuT Si Se -
adgens 115s, xo lo S eswore bulistan dar tu liga daxraaris 6. aa geT 95%-i ani
ndo bis in ter vali stre sul si  tu aci aSi myofi gqa le bis gu lis cemis re au ri
saSualo saTvis.
33. hospitlis 24 sa  opera cio oTax Si xmauris do nis sa Sualo iyo 41.6 de  ci ba
li,xo loSer CeisSes wore bulistan dar tu liga daxraki7.5de ci bai.aa geT
95%i ani ndo bis in ter vali sa opeacio oTa xebSi xmaurisdo nisre au risa -
Sualo saTVvis.
34. aageT 98%-iani ndo bis in ter vali po pula ciis sa Sualo saTvis, Tu mis gan
aRebuli Ser Ceaa:

22 24 120 382 50 38 297

29 23 70 56 17 51 38
35. erov nul ga mocdaze maTema kaSi 20 abi tu ri entis gu lis cemis saSualo
iyo 96 dar tyma wuT Si, xo lo Ser Ceis Ses wore buli  stan dar tu liga daxra ki
5. aageT 95%e-i anindo bisin ter valigu lis cemisre alu risa Sualo saTvis.
36. dedaqgda gis 28 axal daqor winebulis sa Sualo wili uri Se mesavali Se ad-
gens 58219 lars, xo lo Ser Ceis Ses wore buli  stan dar tu liga daxraa56la ri.
aageT 95%-i anindo bisin ter valiSe maosavie bisre alu risa Sualo saTvis.
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Tavi XIlI

hipoTezaTa Semowmeba saSualosaTvis

ganawile bis pa ra metre bis mniS vndo bebis Se saxeb an origa nawile bis para -
metre bis si di deebis Se dare bis hi poTezebs paa metru li hi poTezebi ewodeba.
hipoTezebs ga nawile bis sa xis Se saxeb ki ara para metru li hi poTezebi ewodeba.
hipoTezas,ro mécwa moyenebulia Ser Ce&iT mo nacemellan misi Tan xmabis Se sa-

mownekad, nulo vani hi poTeza ewodeba da aRi niSneba H,-iT ( H, anki cebs,
rom ar ar sebobs gan sxvaveba para metrsa da mis kon kre tul mniS vndo bas So -
ris an ar ar sebobs ga nsxvaveba or pa ra metrs So ris). H, hipoTezasTan er Tad
ixi la ven (wamaayeneben) al ter nati ul anu sawinaaRmdego hipoTezasac, ro mel -
sac H,-iIT aR niSnaven (H, antki cebs, rom ar sebobs gan sxvaveba para metrsa da

mis kon kre t ul mniS vndo bas Soris anar sebobs gan sxvaveba or pa ra metrs So -
ris). nu lo vanihi poTezamoicavsto lo bisni Sans:

kri te ri umi:
or mxri vi marjve na marcxe na
cal mxri vi cal mxri vi
Ho:g= g Ho:q¢ g Ho:g? ¢
H.:g. ¢ H.:g> g H.:g< g

or mxri vi hi poTeza

Hy:p=3
Hy:p=3

3 —%

d“"“(?)"d'ﬂﬂ'“ M‘)a: ; Hg do 3mogbols domgdols 56 g =;ﬁ0(§ndmn :mf)a
Lt 0 +Zap
danes gooGogase bgws d’lﬂé’)"d‘flﬁﬁ’“
dbodghgmmdo aboBgbgeombds
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marcxe na cal mxri vihi poTeza

Hy:- 423
Hi:-p<3

"Zg( N {1 “tu U E

I : X
Jedngneno
abodabauminds

samarTli ani hi poTezis ukug debas pir veli gva ris Sec do maewodeba. pir ve-
ligva ris Sec do mis daS vebisal baTo bas mniSyndov nebis do ne ewodebada a-
Ti aRi niSneba. ara samarTli ani hi poTezis mi Rebas mere gva ris Sec do maewo-
deba. misi al baTo ba aRi niSneba b6 asoTi. ricxvs 1- b,ro mécto lia al ba-
To bisimi sa, rom ariqg neba daSvebulime ore gva ris Sec do makri te ri umis sim-
Zlav re ewodeba.

statis ti kurihi poTezis Se mownéanor médu riga nawile bis maTem# kuri
lo di nis Se saxeb cno bilidis persiis SemTxvevaSi:

x@N(,&8); Dx= & cnobili a; Ex ucnobia.
hipoTeza: H,:Ex=a,
mniSvndov nebisdo ne: a

ki teri umissta tis ti ka: Z=2—3 @(0,1)
s/«/ﬁ

kri te ri umis mniSvndo ba T.V.: z=>_%
s/Jﬁ
al ter nati va kri ti kuliare C.R.
(H,-is uar yofis are)

H:Ex=a >g z2 7,

H :Ex=a <g z¢ -z,

Hl:EX> =) z¢ “Z,, an z2 Z2
(sadac z, aris N(0,1)-is ze da a-kri ti kuliwer ti li anu kri ti kuli mniS vne
lo ba C.V.).
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gadawyveti le ba: Tu zI C.R, m&in H, hipoTezas ukuvag debT, wi naaRmdeg
SerixvevaSi amis sa fuZ veli ara gvaqvs.

Ser C&vis mi niméu rira odenoba n',rom lis Tvi sac | gva ris Sec do mis al ba-
Tobaa a,xo loligva risSec do misal baTo banakle bia b -ze:

n'=[s*(z, +z)*/(a 97 1

SeniSvna: Tu Ser Ceis moculo bamdiaanto 1i30 -isdastan dartuliga -
daxra s ucnobia, kri teri umissta tis ti kad ganixile ba:
z=2" EX_
s/Jn

or mxri vihi poTezis Se mownéa (s chobili a)

a=0.05mniSvyneov nebis do niT Se vamownoT hi poTeza imis Se saxeb,romte le -
Vi o re bis sa Sualo ricx vi aSS -s mosaxle obis oja xebSi aris 3 -isto i, Tu

cnobili a, rom s=0.8da SemIxveviT Ser Cal 100 ojax Site le vizo re bis sa Su-
alo ricx viaR mo@da 2.84.

gvagvs: a=0.05; s=0.8 n=100; X=2.84. amitom °z, =196 da
X-m _2.84-3 0.16

TV.= = 2.0. Sesabamisad, gvegneba Senmuegi su ra Ti:
s/Jn 0.8/J100 0.08 gveq g

-

30000 Ao 56y | Hy dodmagbob domgdol sy ‘ Jﬁ"f)“d'ﬂl‘\':“ o6y

aobonwsb TV, = <20 < 1,98, 390590

2byg ba gdsdiobo bagyadaamo ?)*;.:;;] li g@ﬁfiél#gﬁﬁhm,ﬂ?a ﬁgﬁg@*}@«»
%méﬁgﬁ(ﬁs Iﬁa'ﬁ?]m{ggm Goghge o6 dab Job oo

maali Ti 1. sameqiero an gari Sis Ta naxmad sru li pro fe soris sa Sualo
wli uri Se mosavali aRe méa&e ba 42000 lars. Sem TxveviT Ser Cali 30 sru li
pro fe soris wili uri Se mosavlis sa Sualo aR mo@da 43260 la ri. 0.05 mniS vne
lov nebis do nisaTvis Se amownd hi poTeza imis Se saxeb, rom sru li pro fe so-
ris sa Sualo xel fa simetia 42000 lar ze, Tupo pula ciisstan dar tu liga dax-
raa 5230 la ri.

amoxsna. vinai dan Ser Ce/is mo cu lo ban 2 30, amitom Seg viZliavi gulis xmoT,
rom saq me gvaqvs daaxlo ebiT nor méur po pula ci asTan N(a523G ). Canovaya-

li boT Zi ri Tadidaal ter nati ulihi poTezebi: H,:a¢42000 da H,:a>4200C. vi -
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nai dan, & =0.05 da kri teri umi marjve na cal mxrivia, kri ti kuli mniS vndo ba
igneba z, =1.65. gamovTvaloT kri te ri umis mniSvndo ba:

_ x- Ex 43260 - 42000

Z=
s/dn 5230430

rad ganac 1.32 <1.65 (awu kri te ri umis mniSvndo ba arvar debakri ti kul are -
Si), amitom ara gvaqvs sa fuZ velinu lo vani hi poTezisuar yofis.
maali Ti2. mkvlevrisaz riT spor tulifex sacmlissa Sualofa sinakle -
bia 80 lar ze. man kata lo gebi dan SemTxveviT Se ar Cia 36 wyvi lispor  tu lifex -
sacmé daamo weaa Se sabamisifa sebi:
60 70 75 55 80 55 50 40 80
70 50 95 120 65 80 85 85 45
75 60 90 90 60 95 110 85 45
90 70 70 90 75 8 80 60 110
aris Tu ara sak  ma si sa fuZ veli, rom 0.1 mniS vndov nebis do niT ga vizi a-
roT mkvle vrisaz ri?

amoysna. Canovayali boT Zi ri Tadidaal ter nati ulihi poTezebi: H,:Ex?2 80,
H,:Ex<80. rad ganac, & =0.1 da kri teri umi marcxena cal mxrivia, kri ti kuli

mniSvnelo ba igneba -z, =1.28. piro baSi moyvanili ned |i mo naceméis mixedviT
gamovivaloT Ser CeiTi sa Sualo da Ses wore buli Se r CeiTi dis persia, gvaqvs:

i:%ax F5 da s= /nilé(x -)? 19.2. Sesabamisad, kri te ri umis mniS/ndo ba iq neba:
i=1 " 4=

x- Ex _ 75 -80
z== = =1.56
s/Jn 19.2/1/36
vinai dan kri te ri umis mniSvndo ba var deba kri ti kulare Si, nulo vanihi po-
Teza un da uku vagdoT. Sesabamisad, Cven gvaqvs sakma si sa fuZ veli, romga vi-
zi aroT mkvle vris mo sazre ba.
magali Ti 3. jan dacvis sa ministros  angari Sis mi xedviT insul tis mkur na
lo bis sa Sualo Ri re bule ba Seadgens 24672 lars. im is ga sar kvevad, kon kre -
tul sa avadmydo Siin sul tis mkur nalo bis sa Sualo Ri re bule ba aris Tu ar
gansxvavebuli, mkvle varma SemxveviT Se ar Cia am saavadmydo Si in sul tis
mkurnao bis 35 SemTxveva da mkur nao bis sa Sualo Ri re bule ba gamovida
25226 la ri. po pula ciis stan dar tu li ga daxraa 3251 la ri. Se uZlia Tu ara
mkvle vars 0.01 mniS vndov nebis do niT amtki cos, rom am hos pital Siin sul tis
mkurnalo bis Ri re bule ba gansxvavebulia 24672 1a  ri sagan?
amoxsna. H,:Ex=2467z, H,:Ex, 2467z kri ti kuli mniSvnelo  bebia: 2.58 da
-2.58. kri te ri umis mniSvndo ba iq neba:
_x- Ex 25226 - 24672

Z =
s/dn  32514/35

ramdenadac 1.01 < 2.58 (anu kri teri umis mniSvndo ba ar var deba kri ti kul
are Si), amitom ar ar sebobs sak mai si sa fuZ veliimi  sa, rom kon kre tul sa avad-
mydo Simkur nalo bis Ri re bule ba gansxvavebuli a.

maali Ti 4. mkvlevars surs Se amownos hipoTeza, rom maSele bis sa Sualo
asaki 24 wel ze meti a. man SeifxveviT Se ar Cia 36 maSs/eli da da  adgi na, rom maTi
saSualo asa kiiyo 24.7we li,xo loSes worebulistan dar tu liga daxra2we I
gvagvs Tu arasak ma sisa fuZ velihi poTezis mi saRebad a =0.05 mniSvndov nebis
do niT?ipo veT P-mniSyndo ba.

amoxsna. H,:Ex¢ 24, H,:Ex>24. kri teri umis mniSvndo ba iq neba:

32,

01
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Z_24.7- 24 51

2136

gamovlvaloT P-mniSyndo ba: P=1- &) 1=0.9821 0.817. vinadan P¢a, ami-
tom H, unda uku vagdoT, anu sakmai si sa fuZ veli ar sebobs imi sa, rom maSve-
lissa Sualoasa kimetia24 wel ze.

SewiSnavT, rom Tu & =0.01, m&in ar gveq neboda H,-is uar yofis sa fuZ ve-
li.

maali Ti 5. dakvir vebebis ra mi nim& rira odenobaa saWiro imi saTvis, rom
miRweul iq nes 0.05is to |i mniS vndov nebis do ne da 0.9-is to i sim Zlav re
X @N(,@9) nor méu ripo pula ciissa Sualos Se saxebZiri Tadi H,:Ex=8 hipoTe-

zis Se mownéisas H,:Ex=11 al ter nati viswi naaRmdeg.

amoxsna. am SeffixvevaSi a=0.05; 6=1-09 6.} a =8; a=11; s°>=49. nor ma
lu riga nawile biscxri |i dan vpo ulobT, rom z, =1.64 da z,=1.29. amitom Se -
sabamisi for mdisZa IiT  n"=48.

amaanebi

1.isar gebleT stan dar tu linor m& riga nawile biscxri |iT da ipo veT kri -
ti kuli mniS vndo ba (an mniSvneo bebi) ro ca: a) a=0.01, krit. or mxri vi a; b)

a =0.0g, krit. marj. cal mxri via; g) a =0.0&, krit. marc. cal mxri via; d) a=0.1,
krit. marc. cal mxri via; e) a =0.0&, krit. or mxri via; v) a =0.04, krit. marj.

cal mxrivia;, z) a=0.01, krit. marc. cal mxri via; T) a=0.1, krit . or mxri via,; i)
a =0.02, krit. marj. cal mxri via; k) a =0.02, krit. or mxri vi a.

2. Cancayali beT Ziri Tadidaal ter nati ulihi poTezebi Semdegi wi nadadebebi -
saTvis: a) av to busis mZRo le bis sa Sualo asa ki 39 weli a; b) eqgi mis saSualo
wli uri Se mosavali Se adgens 25000 lars; g) te le wamvanis sa Sualo asa ki 25
wel ze meti a; d) mor benais sa Sualo gu lis cema nake bia 85 dar tymaze wuT -
Si; e) stu dentis sa Sualo qu lasta tis ti kaSi nakle bia 56 -ze; v) aq ci is sa Sua-
lofa si250lar ze mé a; z) maméacis sa Sualo pen sia aRe m#e ba 75 lars Tve -
Si; T) 1000 gra mian brin jisfu  TaSi devs sul co ta 950 gra mi brin ji.
3. mkvle vari fiq  robs, rom sof lis sa Sualo bi uje ti Se adgens 25000 lar s.
a =0.05 mniSvndov nebis do niT gvaqvs Tu ara sak ma si sa fuZ veli uar  vyoT
mkvle vris mo sazre ba, Tu SemTxveviT Ser Cali 40 sof lis bi uje tiaTa sobiT
la reb Si Semdegi a:

16.7 176 265 6.3 165 11.9 23.7 143 94 4.7

116 265 56 586 32 142 35 109 11.8 15.2

30.1 19.7 11.7 38.8 363 48 7.9 142 18 245

69.2 85 192 5 153 41 27.1 103 3.7 136
4. sta tis ti kis de parta metis mo nacem®iT de daqgdaq Si sas tumros er Ti nom -
ris sa Sualo Ri rebule ba Seadgens 69.21 lars. am hi poTezis Se samownelad
mkvle var ma SeffixveviT Se ar Cia sastumros 30 no me dada adgina, rom maTisa -
Sualo Ri  re bule baa 68.43 la ri, xo lo Ses wore buli stan dar tu liga daxra ki
3.72 la ri. a=0.0t5 mniSvndov nebis do niT gvaqvs Tu ara sak ma si sa fuZ veli
uar vyoT hi poTeza?
5. gar xnis menge risaz riT mu Sebis sa Sualo sa afTobri vianazR aure ba 9.78 lar -
ze nakle bia. SenTxveviT Ser Cali 18 mu Sis sa Sualo sa aTobri vi xel fasiaR -
mo@da 9.6la ri,xo loSes wore bulistan dar tu liga daxrakil42la ri.CaT va
leT, rom xel fa sinor m&u radaaganawile buli. a=0.1 mniSyndov nebisdo niT
gvaqvs Tuarasak ma sisa fuZ velida vadastu roT me nge rismo sazre ba?
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6. mkvle vris Se fa sebiT di dibiz nesissa Sualo Se mosavali24 mi li onze meti a.
a =0.0t mniSvndov nebis do niT gvaqvs Tu arasak ma sisa fuZ velida vadastu -
roT mkvle vris Se fa seba, Tu SemTxveviT Ser Cali 50 kom paniis Se masavle bi
(gazo milimi li onebSi) Semdegi a:

178 122 91 44 35 61 56 46 20 32

30 28 28 20 27 29 16 16 19 15

41 38 36 15 25 31 30 19 19 19

24 16 15 15 19 25 25 18 14 15

24 23 17 17 22 22 21 20 17 20
7. gayi nuli ker  Zis mwar maebeli fir mis di reqto ri acx adebs, rom ker Zis sa Sua-
loka lo ri ulo baaris 800, xo0 lostan dar tu liga daxraki25. mkvkle varma Se
amowna 12 kerZi da da adgi na, rom maTi sa Sualo ka lo ri ulo ba iyo 873. gvaqvs
Tuarasak ma sisa fuZveli a=0.02 mniSyndov nebis do niT uar vyoT di reqto -
ris mtki cebulo ba? CavvaloT, rom ka lo ri ulo ba ker ZSi ganawile bulia nor -
méu rad.
8. sangzavro TviT mfri navebis sa Sualo asa ki Se adgens 14 wels. di diavi akonpa
niis SemTxveviT Ser Celi 36 TviT mfri navis sa Sualo asa ki aR mo@da 11.8 w. ,
xolo Ses wore buli stan dar tu li ga daxra ki 2.7 w. a=0.01 mniSvndov nebis
do niT Seg viZlia Tu ara da vaskvnaT, rom am kompaniis TviT mfri navebis sa Sua-
loasa kinakle biavid repo pula ciissa Sualo?
9. di eto lo gis gan cxadebiT mi sidi etiT pa ci ente bi 20 kvi ris man Zil ze sa Sua-
lod ik le ben 24 funts. Se sabamisi stan dar tu li ga daxraa 5 fun ti. di eto -

logs surs mi i Ros uke Tesi Se degida anai rebs mari lis mox mae bas. axali me -
To dis ga moyenebiT 40 Sem TxveviT Ser Calipa ci enti 20 kvi ra Si sa Sualod ik -
lebs 16.3 funts. a =0.0t mniSvndov nebis do niT Se iZle ba Tu araiT  gvas, rom

di eta Se ic vaa?
10. statis ti kosis mtki cebiT la tareis myid veli ada mianebis sa Sualo asa ki
aris 70 we li. a=0.05 mniSvndov nebis do niT gvaqvs Tu ara sak ma si sa fuZ ve-
li uar vyoT es mtki cebule ba, Tu SemTxveviT Ser Calli la tareis bi le Tebis
myidveli 30 ada  mianis asa kis mo nace méi a:

49 80 24 61 79 68 63 72 46 65

76 71 90 56 70 71 71 67 52 82

74 39 49 69 22 56 70 74 62 45
11.gamdiTx vis Ta naxmad 55 wel ze meti asa kis ga le bi dRe Sisa Sualod xar ja -
ven 1660 kdo ri as. imis Se samownelad, jan dac vis sfe ro Si mo muSave qale bi
xar ja ven Tu ara ima ve ra odenobis ka lo ri as, SenTxveviT Ser Cel ig na jan -
dac vis sfe ro Si mo muSave 55 w. mdi asa kis 43 gqa lidaaR mo@da, rom maT mi er
dReSida xar ju lika lo ri ebis sa Sualoa 1446, x0 lostan dar tu liga daxra ki
56 kal. a=0.05 mniSyndov nebis do niT Se iZle ba Tu ara imis mtki ceba, rom
jan dac vis sfe ro Si da sagméuli ga le bis mi er da xar ju lika lo ri ebis sa Sua-
lo gans xvavdeba popula ci issaSuao sagan?
12. fir mis menge ris mtki cebiT ga nalebis mu Saobis sa Sualo xan grZli vobaa 36
Tve. stan dar tu li ga daxra Se adgens 8 Tves. SemTxveviT Ser Ceali 50 ga naTebis
muBao bis sa Sualo xan grZli voba aRmo@da 32 Tve. SeiZle ba Tu ara am mtki cebis
uar yofa a =0.01 mniSyndov nebisdo niT?
13.uZra vi go nebis agen tis mtki cebiT de daqgdaq Sisax le bis sa Sualo ga sayidi
fa sia 60000 la ri. a=0.05 mniSvndov nebis do niT gvaqvs Tu ara sak ma sisa -
fuz veli uar  vyoT agentis mtki ceba, Tu de dagdaqg Si SemTxveviT Ser Ceaili 36
gayidulisax lisfa sebia(a TasobiTla reb Si):

9.5 54 9 94 80 29 1215 184.75 15

164.45 6 13 188.4 121 308 42 7.5 32.9

126.9 25.225 95 92 38 60 211 15 28
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53.5 27 21 76 85 25.225 40 97 284

14. paci ente bis gar kveuli jgu fissis xISiqgo les teri nissa Sualodo ne Sead-
gens ara nakdeb 240 mi lig rams, xo lo stan dar tu li ga daxraa 18 milig ra mi.
SeriixveviT Ser Cal 40 pa ci ents mis ces axali pre paati, ro mdéc gan kuTvni-
liasis xISiqgo les teri nisdo nisda sawevad. am pre paa tis mi Rebis Semdeg aR -
niSnuli pa ci ente bis sis xISi go les teri nis sa Sualo do ne aRmo@da 229 mi-
lig rami. a=0.01 mniSyndov nebis do niT gvaqvs Tu ara sak ma si sa fuZ veli
garvacxadoT,romaxa lipre paatiam ci rebsqgo les teri nisdo nes?
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statistikuri cxrilebi

puasonis ganawilebis cxrilebi

p(0)
p(1)
p(2)
P(3)
p(4)
p(5)
p(6)
p(7)
p(8)
P(9)
p(10)
p(11)
p(12)
p(13)
p(14)
p(15)

[=1.0

0.3679
0.3679
0.1839
0.0613
0.0153
0.0031
0.0005

0.0001

| =1.5

0.2231
0.3347
0.2510
0.1255
0.0471
0.0141
0.0035
0.0008

0.0001

[ =2.0

0.1353
0.2707
0.2707
0.1804
0.0902
0.0361
0.0120
0.0034
0.0009

0.0002

[=2.5

0.0821
0.2052
0.2565
0.2138
0.1336
0.0668
0.0278
0.0099
0.0031
0.0009

0.0002

1 =3.0

0.0498
0.1494
0.2240
0.2240
0.1680
0.1008
0.0504
0.0216
0.0081
0.0027
0.0008
0.0002
0.0001

standartuli normaluri ganawilebis zeda
wertilebi (

| =3.5

0.0302
0.1057
0.1850
0.2158
0.1888
0.1322
0.0771
0.0385
0.0169
0.0066
0.0023
0.0007
0.0002
0.0001

z,)

(P(K)=—

1 =4.0

0.0183
0.0733
0.1465
0.1954
0.1954
0.1563
0.1042
0.0595
0.0298
0.0132
0.0053
0.0019
0.0006
0.0002

0.0001

Za

/k
k!

| =4.5

0.0111
0.0500
0.1125
0.1687
0.1898
0.1708
0.1281
0.0824
0.0463
0.0232
0.0104
0.0043
0.0016
0.0006
0.0002

0.0001

e’)

I =5.0

0.0067
0.0337
0.0842
0.1404
0.1755
0.1755
0.1462
0.1044
0.0653
0.0363
0.0181
0.0082
0.0034
0.0013
0.0005

0.0002

a -kritikuli

D

0.1

0.05

0.025

0.125

0.01

0.005

0.0025

0.001

1.28

1.64

1.96

2.24

2.33

2.57

2.81

3.08
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N(0.1)-is simkvrivis ( /(2 :% &7/2) mniSvnelobebi

il

i

Z 0 1 2 & 4 5 6 7 8 9
0.0 | .398942 .398922 .398862 | .398763 | .398623 | .398444 | .398225 .397966 .397668 | .397330
0.1 | .396953 .396536 .396080 | .395585 | .395052 [ .394479 | .393868 .393219 .392531 |.391806
0.2 | .391043 .390242 .389404 | .388529 | .387617 [ .386668 | .385683 .384663 .383606 |.382515
0.3 | .381388 .380226 379031 | .377801 | .376537 | .375240 | .373911 .372548 .371154 |.369728
0.4 | .368270 .366782 .365263 | .363714 | .362135 | .360527 | .358890 .357225 .355533 |.353812
0.5 | .352065 .350292 .348493 | .346668 | .344818 | .342944 | .341046 .339124 .337180 |.335213
0.6 | .333225 .331215 329184 | .327133 | .325062 | .322972 | .320864 .318737 .316593 | .314432
0.7 | .312254 .310060 .307851 | .305627 | .303389 | .301137 [ .298872 .296595 .294305 |.292004
0.8 | .289692 .287369 .285036 | .282694 | .280344 [ .277985 | .275618 .273244 .270864 | .268477
0.9 | .266085 .263688 .261286 | .258881 | .256471 [ .254059 | .251644 .249228 .246809 | .244390

Z 0 1 2 3 4 5 6 7 8 9
1.0 | .241971 .239551 237132 | .234714 | .232297 | .229882 | .227470 .225060 .222653 | .220251
1.1 | .217852 .215458 213069 |.210686 | .208308 | .205936 | .203571 .201214 .198863 | .196520
1.2 | .194186 .191860 189543 |.187235 | .184937 | .182649 | .180371 .178104 .175847 |.173602
1.3 | .171369 169147 166937 | .164740 | .162555 | .160383 | .158225 .156080 .153948 |.151831
1.4 | .149727 147639 145564 | .143505 | .141460 | .139431 | .137417 .135418 .133435 |.131468
1.5 | .129518 127583 125665 |.123763 |.121878 [ .120009 | .118157 .116323 .114505 |.112704
1.6 | .110921 .109155 .107406 | .105675 |.103961 [ .102265 | .100586 .098925 .097282 | .095657
1.7 | .094049 .092459 .090887 | .089333 | .087796 [ .086277 | .084776 .083293 .081828 |.080380
1.8 | .078950 .077538 .076143 | .074766 | .073407 [ .072065 | .070740 .069433 .068144 |.066871
1.9 | .065616 .064378 .063157 |.061952 | .060765 | .059595 | .058441 .057304 .056183 | .055079

Z 0 1 2 3 4 5 6 7 8 9
2.0 | .053991 .052919 .051864 |.050824 | .049800 | .048792 | .047800 .046823 .045861 | .044915
2.1 | .043984 .043067 .042166 | .041280 | .040408 | .039550 [ .038707 .037878 .037063 | .036262
2.2 | .035475 .034701 .033941 |.033194 | .032460 | .031740 [ .031032 .030337 .029655 | .028985
2.3 | .028327 .027682 .027048 | .026426 | .025817 [ .025218 [ .024631 .024056 .023491 |.022937
2.4 | .022395 .021862 .021341 | .020829 | .020328 [ .019837 | .019356 .018885 .018423 |.017971
2.5 | .017528 .017095 .016670 |.016254 |.015848 [ .015449 [ .015060 .014678 .014305 |.013940
2.6 | .013583 .013234 .012892 | .012558 |.012232 | .011912 | .011600 .011295 .010997 |.010706
2.7 | .010421 .010143 3298712 | 3296058 | 3293466 | 3290936 | 3288465 3286052 [3z83697 |3z81398
2.8 | 3279155 3276965 3274829 | 3z72744 |3z70711 | 3z68728 | 3266793 3264907 [3z63067 |3z61274
2.9 | 3259525 3257821 3256160 |3z54541 | 3252963 | 3251426 | 3249929 3248470 [3z47050 |3z45666
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N(0.1)-is ganawilebis funqciis (

& (x)

F(x)=

1

2p

t2
fe 2dt) mniSvnelobebi

F®

F®

F ®

F ®

F®

F®

0.00

0.500

0.33

0.629

0.66

0.745

0.99

0.838

1.32

0.906

1.65

0.950

0.01

0.503

0.34

0.633

0.67

0.748

1.00

0.841

1.33

0.908

1.66

0.951

0.02

0.507

0.35

0.636

0.68

0.751

1.01

0.843

1.34

0.909

1.67

0.952

0.03

0.511

0.36

0.640

0.69

0.754

1.02

0.846

1.35

0.911

1.68

0.953

0.04

0.515

0.37

0.644

0.70

0.758

1.03

0.848

1.36

0.913

1.69

0.954

0.05

0.519

0.38

0.648

0.71

0.761

1.04

0.850

1.37

0.914

1.70

0.955

0.06

0.523

0.39

0.651

0.72

0.764

1.05

0.853

1.38

0.916

1.71

0.956

0.07

0.527

0.40

0.655

0.73

0.767

1.06

0.855

1.39

0.917

1.72

0.957

0.08

0.531

0.41

0.659

0.74

0.770

1.07

0.857

1.40

0.919

1.73

0.958

0.09

0.535

0.42

0.662

0.75

0.773

1.08

0.859

1.41

0.920

1.74

0.959

0.10

0.539

0.43

0.666

0.76

0.776

1.09

0.862

1.42

0.922

1.75

0.959

0.11

0.543

0.44

0.670

0.77

0.779

1.10

0.864

1.43

0.923

1.76

0.960

0.12

0.547

0.45

0.673

0.78

0.782

1.11

0.866

1.44

0.925

1.77

0.961

0.13

0.551

0.46

0.677

0.79

0.785

1.12

0.868

1.45

0.926

1.78

0.962

0.14

0.555

0.47

0.680

0.80

0.788

1.13

0.870

1.46

0.927

1.79

0.963

0.15

0.559

0.48

0.684

0.81

0.791

1.14

0.872

1.47

0.929

1.80

0.964

0.16

0.563

0.49

0.687

0.82

0.793

1.15

0.874

1.48

0.930

1.81

0.964

0.17

0.567

0.50

0.691

0.83

0.796

1.16

0.876

1.49

0.931

1.82

0.965

0.18

0.571

0.51

0.694

0.84

0.799

1.17

0.879

1.50

0.933

1.83

0.966

0.19

0.575

0.52

0.698

0.85

0.802

1.18

0.881

1.51

0.934

1.84

0.967

0.20

0.579

0.53

0.701

0.86

0.805

1.19

0.882

1.52

0.935

1.85

0.967

0.21

0.583

0.54

0.705

0.87

0.807

1.20

0.884

1.53

0.936

1.86

0.968

0.22

0.587

0.55

0.708

0.88

0.810

1.21

0.886

1.54

0.938

1.87

0.969

0.23

0.590

0.56

0.712

0.89

0.813

1.22

0.888

1.55

0.939

1.88

0.969

0.24

0.594

0.57

0.715

0.90

0.815

1.23

0.890

1.56

0.940

1.89

0.970

0.25

0.598

0.58

0.719

0.91

0.818

1.24

0.892

1.57

0.941

1.90

0.971

0.26

0.602

0.59

0.722

0.92

0.821

1.25

0.894

1.58

0.942

1.91

0.971

0.27

0.606

0.60

0.725

0.93

0.823

1.26

0.896

1.59

0.944

1.92

0.972

0.28

0.610

0.61

0.729

0.94

0.826

1.27

0.897

1.60

0.945

1.93

0.973

0.29

0.614

0.62

0.732

0.95

0.828

1.28

0.899

1.61

0.946

1.94

0.973

0.30

0.617

0.63

0.735

0.96

0.831

1.29

0.901

1.62

0.947

1.95

0.974

0.31

0.621

0.64

0.738

0.97

0.833

1.30

0.903

1.63

0.948

1.96

0.975

0.32

0.625

0.65

0.742

0.98

0.836

1.31

0.904

1.64

0.949

1.97

0.975
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0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
13
1.4
15
1.6
1.7
1.8
1.9
2.0
21
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9

3.0

0.00
0.0000
0.0398
0.0793
0.1179
0.1554
0.1915
0.2257
0.2580
0.2881
0.3159
0.3413
0.3643
0.3849
0.4032
0.4192
0.4332
0.4452
0.4554
0.4641
0.4713
0.4772
0.4821
0.4861
0.4893
0.4918
0.4938
0.4953
0.4965
0.4974
0.4981

0.4987

0.01
0.0040
0.0438
0.0832
0.1217
0.1591
0.1950
0.2291
0.2611
0.2910
0.3186
0.3438
0.3665
0.3869
0.4049
0.4207
0.4345
0.4463
0.4564
0.4649
0.4719
0.4778
0.4826
0.4864
0.4896
0.4920
0.4940
0.4955
0.4966
0.4975
0.4982

0.4987

0.02
0.0080
0.0478
0.0871
0.1255
0.1628
0.1985
0.2324
0.2642
0.2939
0.3212
0.3461
0.3686
0.3888
0.4066
0.4222
0.4357
0.4474
0.4573
0.4656
0.4726
0.4783
0.4830
0.4868
0.4898
0.4922
0.4941
0.4956
0.4967
0.4976
0.4982

0.4987

Fo(2)

funqciis cxrilebi

0.03
0.0120
0.0517
0.0910
0.1293
0.1664
0.2019
0.2357
0.2673
0.2967
0.3238
0.3485
0.3708
0.3907
0.4082
0.4236
0.4370
0.4484
0.4582
0.4664
0.4732
0.4788
0.4834
0.4871
0.4901
0.4925
0.4943
0.4957
0.4968
0.4977
0.4983

0.4988

0.04
0.0160
0.0557
0.0948
0.1331
0.1700
0.2054
0.2389
0.2704
0.2995
0.3264
0.3508
0.3729
0.3925
0.4099
0.4251
0.4382
0.4495
0.4591
0.4671
0.4738
0.4793
0.4838
0.4875
0.4904
0.4927
0.4945
0.4959
0.4969
0.4977
0.4984

0.4988

0.05
0.0199
0.0596
0.0987
0.1368
0.1736
0.2088
0.2422
0.2734
0.3023
0.3289
0.3531
0.3749
0.3944
0.4115
0.4265
0.4394
0.4505
0.4599
0.4678
0.4744
0.4798
0.4842
0.4878
0.4906
0.4929
0.4946
0.4960
0.4970
0.4978
0.4984

0.4989

0.06
0.0239
0.0636
0.1026
0.1406
0.1772
0.2123
0.2454
0.2764
0.3051
0.3315
0.3554
0.3770
0.3962
0.4131
0.4279
0.4406
0.4515
0.4608
0.4686
0.4750
0.4803
0.4846
0.4881
0.4909
0.4931
0.4948
0.4961
0.4971
0.4979
0.4985

0.4989

2 IF

0.07
0.0279
0.0675
0.1064
0.1443
0.1808
0.2157
0.2486
0.2794
0.3078
0.3340
0.3577
0.3790
0.3980
0.4147
0.4292
0.4418
0.4525
0.4616
0.4693
0.4756
0.4808
0.4850
0.4884
0.4911
0.4932
0.4949
0.4962
0.4972
0.4979
0.4985

0.4989

0.08
0.0319
0.0714
0.1103
0.1480
0.1844
0.2190
0.2517
0.2823
0.3106
0.3365
0.3599
0.3810
0.3997
0.4162
0.4306
0.4429
0.4535
0.4625
0.4699
0.4761
0.4812
0.4854
0.4887
0.4913
0.4934
0.4951
0.4963
0.4973
0.4980
0.4986

0.4990

0.09
0.0359
0.0753
0.1141
0.1517
0.1879
0.2224
0.2549
0.2852
0.3133
0.3389
0.3621
0.3830
0.4015
0.4177
0.4319
0.4441
0.4545
0.4633
0.4706
0.4767
0.4817
0.4857
0.4890
0.4916
0.4936
0.4952
0.4964
0.4974
0.4981
0.4986

0.4990
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t (stiudentis) ganawilebis zeda
a -kritikuli wertilebi ( t.,)
o
f,,,a
a
n| 0.1 | 0.05]|0.025| 0.01 | 0.005| 0.0025| 0.001
1 | 3.078] 6.314(12.70631.82163.656 127.321 318.289
2 | 1.886]2.920[ 4.303] 6.965| 9.925| 14.089| 22.328
3 [ 1.638] 2.353[ 3.182[ 4.541| 5.841| 7.453 | 10.214
4 [1.533]2.132] 2.776| 3.747| 4.604| 5.598 | 7.173
5 [1.476] 2.015| 2.571] 3.365| 4.032| 4.773 | 5.894
6 | 1.440] 1.943[ 2.447] 3.143] 3.707| 4.317 | 5.208
7 | 1.415] 1.895] 2.365] 2.998] 3.499] 4.029 | 4.785
8 [1.397] 1.860[ 2.306| 2.896| 3.355| 3.833 | 4.501
9 [1.383] 1.833 2.262[ 2.821| 3.250| 3.690 | 4.297
10| 1.372] 1.812[ 2.228] 2.764| 3.169| 3.581 | 4.144
11| 1.363] 1.796[ 2.201| 2.718| 3.106| 3.497 | 4.025
12| 1.356] 1.782[ 2.179| 2.681| 3.055| 3.428 | 3.930
13| 1.350[ 1.771] 2.160[ 2.650( 3.012| 3.372 | 3.852
14| 1.345]| 1.761] 2.145| 2.624| 2.977| 3.326 | 3.787
15[ 1.341] 1.753 2.131| 2.602| 2.947| 3.286 | 3.733
16 [ 1.337] 1.746| 2.120| 2.583| 2.921| 3.252 | 3.686
17| 1.333] 1.740[ 2.110| 2.567| 2.898| 3.222 | 3.646
18 1.330[ 1.734| 2.101| 2.552| 2.878| 3.197 | 3.610
19| 1.328] 1.729] 2.093| 2.539| 2.861| 3.174 | 3.579
20| 1.325| 1.725] 2.086| 2.528] 2.845| 3.153 | 3.552
21| 1.323| 1.721] 2.080] 2.518] 2.831| 3.135 | 3.527
22| 1.321| 1.717] 2.074] 2.508] 2.819] 3.119 | 3.505
23| 1.319| 1.714] 2.069] 2.500] 2.807| 3.104 | 3.485
24| 1.318| 1.711] 2.064] 2.492] 2.797] 3.001 | 3.467
25| 1.316( 1.708] 2.060] 2.485] 2.787| 3.078 | 3.450
26| 1.315| 1.706] 2.056 2.479] 2.779] 3.067 | 3.435
27| 1.314| 1.703] 2.052] 2.473] 2.771] 3.057 | 3.421
28| 1.313| 1.701] 2.048] 2.467] 2.763] 3.047 | 3.408
29| 1.311 1.699] 2.045] 2.462] 2.756] 3.038 | 3.396
30| 1.310( 1.697] 2.042] 2.457] 2.750] 3.030 | 3.385
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pasuxebi

Tavi V
1. a) {714,21,28354249; {-3,2;b) {gl,..96,s1,..56}; g) {Crdi loeT amerika, samxreT
amerika, evropa, azia, avstralia, antarq tida}; d) A.
2. {(xy):x>0,y>0,x*+y*¢ 4. 3. A=C.
4, a)
wiTeli
yviTeli 1 2 3 4 5 6

@1 1,2 (1,3 | (1,4 | (1,5 (1,6)
210 | 22| 23) | (2,4 | (2,5 (2,6)
31| 32| (3,3 | (34 | (3,5 (3,6)
41) | 42| 43)| 44| 45 | @4,6)
GL | 5,2 63| (5,4 | (55 (5,6)
(6,1) | (6,2) | (6,3) | (6,4) | (6,5 (6,6)
b) A={(11);(12);(2):(@3);(31);(22)};

g) B={(16);(2.6);(36);(4.,6); (56);(6,6); (6.);(6,2);(6,3);(6,4);(65)} ;

d) C={(21);(22):(23);(24),(25);(26)};

e)
V) AZEC ={(21);(2,2)}.

5.a) W={gg, gs, sl, s2, s3, s4, s5, s6}; b) A={sl,s2,s3};g9) W=A.
6. a) W={YYY,YYN,YNY, NYY,YNN, NYN, NNY, NNN} ;
b) A={YY,YNY,NYY,YYV};
g) magaliTad: ‘'meore diasaxlisi iyenebs limonis Semc vel Jeles~.
7. a) {34,...18;b) [013[01; g) {q.,k3{0L2..};d) {(i,j):1¢i<j¢1G;e) [0,20]. 8. a)

(ABC) G (ABC)C (ABC); b) ABC;g) ACBCC. 9.a) B;b) BB,B,;g) A& B,;d)

BB, B, C B;B;B, C B,B;B,; €) B,B,B,B,B;B;B,.

10. A={(15);(51);(2,4);(4,2);(33); (1.6); (6.1); (25); (5,2); (34); (4,3); (2,6); (6,2); (35); (53); (44)} ;

B ={(11);12);(21); (1,3); (31);(2,2); (1,4); (41); (23); (3,2); (36); (6:3); (4,5); (54); (4,6); (6,4); (5,5);
(56);(69)}; C={(14);(4D;(24);(4,2);(34);(43);(44};

D ={(12);(21); (1.4); (4); (2,3); (3,2); (1,6); (6.1); (2,5); (5.2); (3:4); (4,3); (3,6); (6,3); (4,5); (5,4);
(56);(6,5)}; E={(15);(51);(2,6);(6,2)}; Tavsebadebia: Ada C, Ada D, Ada E, Bda
C, Bda D,Cda D;uTavsebadia: Ada B, Bda E, Cda E, Dda E. 13 ki.
14 ara. 16 a) 4/19; b) 9/19; g) 14/19: d) 15/19.17. a) 1/56; b) 15/56; g) 15/28; d) 5/28. 18. a)
1/21; b) 5/42: g) 5/6 d) 10/21. 19. a) 1/2; b) 3/8; g) 1/8; d) 1/2. 20. a) 1/2; b) 7/16; g) 11/16;
d) 15/16. 21. a) 5/16; b) 11/16; g) 15/16; d) 1/16.22. a) tolia; b) tolia; g) 6 qula; d)

8qula ;e) 7qula ;v) 7qula .23 1/6.24 metia pirvel SemT  xvevaSi 1/36-iT. 26. 9/19;
10/19.27. 18/25; 1/100; 14/50; 27/10028 1/3; 2/15; 8/15; 13/15; 3/529. 11/221; 10/17; 7/17;

OO W N =
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77/102.30. 0.51.31. (T - t)%/T2. 32 0.6; 1/3.33 (a- 2r)?/a?. 34 (1+3In2)/8 ©0.3¢. 35. a)
1/2; b) 31/72.

albaTobis amocanebi kombinatorikiT

1.9!=362880.2. CJ,=1140. 3. A’ =360. 4. A}, =6840. 5, 33° =39135393. 6.

5'° =9765625. 7. 900% B =45000C. 8. diax, 33° =35937<3593¢. 9. C2 =126 . 1Q
12/(642) =1386C. 11 A% /2=C; =45. 12 C2 =120. 13 CZ (2, =9534420C.

14 9@0- 2) =2903040. 15 C’ (@’ {2 =8400C. 16 a)n¢ 6, b) n2 6.

17 C2 Gr2 =135. 18. 96. 19. 48. 20. a) 120, b) 72. 21 93 83 73 63 5=1512022. 120.
23 C @@ arddr? =3200601¢ 24 a) 1/2%; b) 3/4.25 W={10, 25,100 ; 7/10, 1/5, 1/10; 9/10;
3/10.26. a) 1/4; b) 11/24; g) 10/24.27. a) CJ / CZ2, =1/ 744;

b) C2/C3, =5/42;g) 83CZ/CZ, =1/93;d) 8323CZ/CZ =1/651.

28 a) 1/C);b) 2/C);g) (n- j+1)/C). 29. 3(CL - CF)ICX.

30 mA“t/AY... 31 a) 1/9; b) 1/6. 32 a) C2(C? C;,/CS, = 33/54145;

b) C2/CZ, =33/66640. 33 1/720.34 1/45; 7/45; 1/1535 C? (CZ/CZ° 0.39:
(C2+C22)/C¥0 0.11; (C:A2+CiA@Z)/C2e 0.499.36 363/[(365- n)!365"].

37 a) C2@?2{r;,/CS, =33/54145, b) CZ/CZ, = 33/6664Q.

38 a) 0.9;b) 0.6; g) 0.5;d) 0.4. 39 A>/30°° 0.7037.

40. C¢/CE =1/210; C/@C?/CL =3/7; 1-1/210=209/210.

TaviV |
1 a) 2/3,0;b)1/2, 1/6; g) 5/6, 0; d) 1, 5/9; e) 5/6, 1/4; v) 3/4, 1/3. 2.a) 1/3, ara; b) 1/6, ki;
g) 1/2, ara; d) 2/5, ara; e) 1/6, ki; v) 1, ara. 3.a) 1/4,1/4,1/4,1/8; b) 1/4, 1/4, 1/4, 1/8;

g) 1/8, 1/8, 1/4, 1/16; d) 1/4, 1/8, 1/8, 1/16.4. a) 1/72; b) 1/36; g) 5/108; d) 5/72; €) 7/72; v)
25/216; z) 1/8. 5. 0.986.6. a) 0.9; b) 0.6; g) 0.5; d) 0.4. 7. a) 0.0001; b) 0.9999; g) 0.198; d)
0.19818. a) 0.04; b) 0.96; g) 0.42. 9. a) 0.35; b) 0.875;g) 0.55.1Q 0; 1/2; 1. 11 p®+(1- p)?,
p=1/2. 12 a) (1/2°;b) (5/9°;9) (2/3)°. 13 a) (1- 1/3)*=8/27; b) 1-8/27=19/27; g)
33 (4/27)+1/27=13/27;d) 33 (2/27)=6/27. 14 3{(2/3)°- (1/3)°) =0.38. 15 1- (1- p?)*;
(1- (- p??*. 16 4, 1- (5/6)* ° 0.52. 17. 3/20; 9/35; 7/12.18. 26/27; 9/26.19 0.196; 0.28820. 10
an 15.

Tavi VII

1. 99.4%.2. 0.8° 0.05/0.135=0.296. 3. a) 1/3; b) 1/2. 4. 0.82275. a) 10/11; b) 1/2.

6. 0.99(0.001/(0.99(D.001+ 0.01(D.999) = 0.09. 7. a) 0.158; b) 0.316; g) 0.5268. a) 1/6; b) 1/12.
9. a) 38/63; b) 16/25.1Q a) 125/512; b) 19/64; g) 135/512; d) 45/6411 a) 0.116; b) 0.984 g)
0.518.12 8/27.13 0.11514 475.15 4jer. 16 2/9.17 0.92.18 a) 1- (1- p)*°; b) 10p(l- p)°

©g) 45p2(1- p)°. 19 0.24: 0.42; 0.70620. 0.18; 0.58; 0.621 a) 267/880; b) 33/89; g) 448/613
22 a) 5/18; b) 2/5; g) 9/13. 23 0.52.

Tavi VII |
l.a) 2,3,4,5,6,7
2.1,2,3,4,5,7, 8
1,2t 1/10, 3/5, 3/
12; 31; 34; 18; 5; 0.

, 8,9, 10, 11,12 + 1/36, 1/18, 1/12, 1/9, 5/361/6, 5/36, 1/9, 1/12, 1/18, 1/36.
9,10,11,12+ 1/6, 1/6, 1/6, 1/6, 1/6, 1/36, 1/36, 1/36, 1/36, 1/36, 1/38. O,
09. 1/15, 2/5, 4/5.11 0.2. 25. 130; 40; 120; 160; 36012 105; 105; 24513
14 0.468; 10315 0.2;0.4.16 0,1, 2, 3, 4 £ 0.04, 0.24, 0.44, 0.24, 0.04; 2;
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0.8.17 15/8,.0.05, . ; 4, 3.6; 46/9, 116/8118 7/3; 0.745.19 2, 3,4,5,6 t 1/36, 1/9, 5/18,
1/3, 1/4; 10/9.20. E(A) =9500C, E(B)=11500C; B. 21 0.3,0.51; 5.7, 0.5122 0.2; 2.8, 1.4.23
a=bh 9.15,1.7.24 1, 2,3,4 t 1/6,5/36, 25/216, 125/216; 1.172; 0.5128%. 0, 1, 2 t 1/3, 8/15,
2/15; 0.8.26. 0, 1, 2, 3 t 11/48, 7/16, 13/48, 1/16EAh=7/6, Ex=7/3; 13/18.27. 2.734.28.
3.15.29. 10. 30. 0.938.31 k/p. 32 2. 33 a) 4.79; b) 5.24; g) 10.03.34 2/9. 35 1.2; 0.72.36

5/3; 10/9.37. 0.48.38 x, =1; x,=2; p,=06; p,=04. 39 a) -a, b;b) -a-1, b;Q)

2a-5, 4b. 40. Ex=-100.

Tavi IX
1. 1/4; 1/16; 3/162. 1/9; 8/27; 147/324; 1.758. 1/15; 11/404. 3/32;1/2; 5/32; 5/16; 47/1285. 400;

4/5; 1/3; 1/9; 8/27.6. 3; 1/9; 1/8.7. 2.38; 2.73; 1.898. 800. 9. --; 2+%\/§, 2; %(\/5 1). 10. -

5- g\@ 0.11.1.12.12;2/3; 6M*- 8V° 4 6. 13.9/4, 27/80.14.8/3, 1/18.15.--; 8/3, 32/9. 16.

- 2,4/5. 17.-- 15, 75. 18.720; --; 584, 19100. 19.0; 0.5; 0.5; 0.
20. 0.25 (Bi(4,0.5) P, ()= 0.2)). 21. cosxc, 5 X). 22. 2C0SXC g, ;4 K.

23. F(x)=0,x 00;1 eosx,0 x<xp ¢z Lx>p/2 24, F(X)=0,x @; 1/2(x- x), 1<x @2; 1,x> 2.

25, %c[Z,SI(x); 3. 26.1/3.27. \2/4. 28.3/4.29. J2/4. 31.0.0498.32. 0.0033.

Tavi X

1. 0.8907; 0.9932; 0.5636; 0.1075; 0.0087; 0.2776; 0.9664; 0.0197; 0.5279; 0.0336; 0.0029; 0.4168.
2. 0.0366; 0.1203; 0.3405; 0.4394; 0.9557; 0.7816; 0.8561; 0.2088; 0.0320; 0.1186; 0.4472; 0.9500.
3.0.4399; 1.1750; 2.0537; 1.0364; 0.2275; 1.1750; 2.3263; 0-2/2263;-1.8808-1.0364; 0.

4, 0.9332; 0.0062; 0.7734:; 0.04(4..0.9522:0.0098:; 0.7475; 0.003&. 0.1359; 0.0606; 0.7333;

0.7704; 0.86647. 0.0668.8. 0.1587; 0.02289. 54.27; 40.31; 52.22; 41.8M0. 17.68; 14.65; 12.44;
14.44; 3.2911.41.6; 29.9; 37.4; 31.712. 7.78.13.65.0.14. 41.5; 8.5015.9.51; 0.29816. 0.031Z;
0.0062; 0.820917.0.2094; 0.0086; 0.1788; 0.6405; 105; 4; 89; 3218. 13; 84: 121.19. 0.0049;

0.1943; (80, 100)20. 1972 sT. 21.0.614; 20.9, 16.3; 1722. 336 ml. 23.0.041 kg; 0.054.24.
47.25.49.1; 13.426. 25; 0.673.

Tavi X

1.1,2,3,4 t 1/6,5/36, 25/216, 125/216; 1.172; 0.5127-20.56.3. 0, 1, 2 t 1/3, 8/15, 2/15; 0.8.
4.0,1,2,3 t 11/48, 7/16, 13/48, 1/16Eh =7/6, Ex=7/3;13/18.8.a) - a, b;b) -a-1, b
©g) 2a-5, 4b. 9. 3n/8; 15n/64; 3/8; 15/64n. 1Q I. 12 1) 4, 1) 4.8; 1I).

Tavi XI |

1.2.58; 2.33; 1.96; 1.65; 1.88. 32.03; 11.01; (28.1, 35.97); 2.3146.9709; 14.3582; (41.8329,
52.1089)4. (77, 87); (75, 89); Il, vi na dan saimedooba ufro didia. 5. 196; 617.3; (52, 340).

6. (11.9,13.3gs Zalian mcire albaTobis mqonea, ra dgan 30 bevrjer aRema te ba 13.%.

7. (184, 188); (185, 187); II, vina dan 100 > 40. 8. (18.13, 18.87%. (5.6, 6.2).10. 3222.4; 3480.1,
(2341.5, 4130.3)1.(37, 39); (35, 41);vinaidan 8> 4. 12.(59.5, 62.9)13.106.14.45. 15.(57.4,
58.6).16.25.17.10.18.5. 19.2.898; 2.624; 2.093; 2.074; 1.8340. 563.2; 87.9; (500.4, 626); 62.8.
21.81.72; 11.58; (75.96, 87.48R. (15, 17).23. (17, 19).24. 33.4; 28.7; (21.2, 45.6); monacemi
132 araCvede brivad di dia (‘famovardnili~ £ “outlier~ monace mia) 25. (8, 9.2). 26.
(11990, 12410R7.58.9; 5.1; (5.5, 62.328. (8.7, 9.9).29. (13, 23).30. (17.29, 19.77)31. (123, 129).
32. (109, 121).33.(38.4, 44.8).34. (7.9, 165.9)35. (94, 98). 36. (58197, 58241).
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Tavi Xl

1. °2.58; 1.65; -1.65;-1.28; ° 1.96; 1.75; -2.33; °1.65; 2.05; °2.33. 2. H,:Ex=39,
H,:Ex, 39; H,:Ex=2500C, H,:Ex,k 2500C; H,:Ex¢25, H,:Ex>25; H,:Ex285, H,:Ex<85
, Hy:Ex256, H:Ex<56; H;:Ex¢250, H,:Ex>250; H,;:Ex¢75, H :Ex>75;
H,:Ex2 950, H,:Ex<950. 3. H, : Ex =2500C, H,:Ex, 2500C CV.= 1.96
TV.1 z =15% H,. 4. H,:Ex=69.2], H,:Ex, 69.2;, CV.= 1.9¢ TV.! z = L1% H,.5.
H,:Ex?2 9.78, H,:Ex<9.78, CV.= 128 TV.t z=054;, H,. 6. H,:Ex¢24,
H :Ex>24; CV.=165 TV.* z 4.85 H,.7. H,:Ex=800, H,:Ex, 800; CV.= 2.3
TV.! z 40.17; H,. 8. H,:Ex214, H,:Ex<14; CV.= 23 TV.! z =489, H,. 9.
H,: Ex =24, H,:Ex, 24, CV.= 19¢ TV.' z =975 H,. 10. H,:Ex=70,
H,:Ex, 70; CV.= 196 TV.tz=259 H,. 11 H,:Ex=1660, H,:Ex, 1660;
CV.= 1.9¢, TV.1 z=2506 H,. 12. H,:Ex=36, H,:Ex, 36, CV.= 25§
TV.1 z =354 H,. 13. H;:Ex=6000C, H,:Ex,6 6000C; CV.= 1.9¢ TV.! z 4.78, H,. 14.
H,:Ex2 240, H,:Ex<240; CV.= 235 TV.! z =3.87; H,.
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