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Paspen 1. OueHKN napameTpos

IMNMpUYEcKue HayasibHbIM U LEHTPaNbHbIA MOMEHTbI NOPAAKa
k(k = 0,1,2,...) — 3TO CTaTUCTUKMU

1 n
Uy = Xk = EZ X
=1
n
1 n
e = X = X)F=— 3 (¥ = B)F,
=1
cooTBeTCcTBEeHHO.

CBoiCTBA SMMUPUYECKUX MOMEHTOB aHa/IOTMYHbl CBOMCTBAM
COOTBETCTBYIOLWMX TEOPETUUECKMX MOMEHTOB.



Paspen 1. OueHKN napameTpos

YnpakHeHue. [loKasaTb, 4YTO

p3(X)
>

1) pz3X) =

X 3 1
2) [14(X) — H4( )_I_ (n3 ) Z(X)



Paspen 1. OueHKN napameTpos

IMnupudecknim KoappuumeHT acummeTpum -

N

A _:u3
X = ~3
0)

Ona  cMMMETPUYHbLIX  pacnpeaeneHun  (BKA.  HOPMaANbHOE

pacnpegeneHuve) BapuaHTbl (X;), paBHOyOaneHHble OT X, UMeELoT
OJMHAKOBYIO YACTOTY, NOTOMY



Paspen 2. CTaTUCTMKA KOHEYHOMU COBOKYMHOCTH

[na BblYMUCAEHUA SIMNUPUYECKUX KOIDPULNEHTOB aCUMMETPUN
MW 3KCUecca NO KOHKpemHoU 8bibOpKe reHepanbHOU
coBoKynHocTtu B Microsoft Excel ncnono3ytorca pyHKUMM

Ay =CKOC.I(uncnol;[umcno2];...) Ay = %
L — : i & _ (n=D[(n +1)éx +6].
Ex =3KCUECC(uncnol;[uncno?j;...) ¢ T

B Python Bbluucnaer smnuMpuyeckmx  KodadPULMEHTOB
aCMMMETPUN U 3KcUecca PYHKLUUMU

skew( ) u kurtosis( )
n3 bubnnotekmn SciPy.



Paspen 2. CTaTUCTMKA KOHEYHOMU COBOKYMHOCTH

import pandas as pd

pd.DataFrame([-14, -8, -4, &,1,2,3,5])[@]
pd.DataFrame{[-3, -2, -1, @,1,5,18,14])[@]

®i
yi

xi.mean(), yi.mean()
(-1.875, 3.@)
xi.median(), yi.median()
(6.5, 8.5)

xi.skew(), yi.skew()

(-1.8836532081173458, 1.8214178945965833)

&) © s : o|lo0O® O
I
o000 I O O O
14 -12 -10 8 6 4 -2 0 2 4 5 @8 10 12 14



Paspen 2. CTaTUCTMKA KOHEYHOMU COBOKYMHOCTH

Mpumep 1. No gaHHOM peanm3aumm BbIOOPKM
X:10,20,30,40,50 onpeaenntb amnupuyeckmnin KoapduumeHt
aCMMMeETPUUN U ncnpasneHHbin KoapPuuMeHT aKcuecca

~ _ U3 . (n=D[(n+1E, +6] A My
Ax = 63’ %= (n-2)(n-3) (Bx = G4 3)
A E C D E F G

X: | 10| 20| 30| 40 50|

# MS Excel:

1

2

3 [ ImMmnupHueckuid Ho3pPUUMEHT acHMMeTp 0,00]=CHOC.T(B1:F1)
4 Boibopounbii koadPuUMeHT IKCYecca X: -1,2|=3KCUECC({B1:F1)

import scipy.stats as sts

X = [18,28,30,48,50]

# Python: print('Isnupryeckiil K03DPULMEHT 3

CHMMETpHK: ' ,sts.skew (X))
print('EefopodHbd Ko3$OMUMEHT 3KCUE

cca:',sts.kurtosis{X,bias= False)})

IMMUPHYECKKA KO3DDWUWEHT ACHMMETPHM: 8.8
BeiGOopoYHail Ko30dMUMEHT SKCUuecca: -1.2e@88g8e



Paspen 1. OueHKN napameTpos

P

IMNUpPHUYECKUA KBaHTUNb X, nNopaaKa o onpegenaercA
dbopmynon

P X ([na]+1), €CM na ApobHoe,
“ | X ecan na uenoe

3pech [x] —uenana yactb umcna x.



Paspen 1. OueHKN napameTpos

Imnupuuyeckue Keaptuam (Q, quartile) — sto TaKkue
ynucna, KoTtopble pas3busaioT (OoenAar) ynopAaoYeHHoe OT
MUHUMYMA K MAKCMMYMY MHOXECTBO /[aHHbIX Ha 4eTbipe
PaBHble MO YNCAEHHOCTM YacTu, TO ECTb PpaBHOBE/IMKUE MeXKaY
coboun no 06vEMy HabnoageHum.

BapunauMoHHbIN pAg aenutca Tpema keaptunamum Q,, Q,, Q; Ha 4
PaBHble YacTu.

Q, — meaunaHa.

B uenom, NnOHATNA KBAHTU/Ib U NPOUEHTU/Ib B3aMMO3aMeHAEMDbI,
TadK e, KaK U WKaJibl "CHUCNEHUNA BepOFITHOCTeVI — abcontoTHas
U NPOUEHTHAA.

npOLI,EHTMﬂM TaKXe Ha3blBAOTCA nepueHTnaiamu
UIN LEHTUNIAMM.



Paspen 1. OueHKN napameTpos

Bcé ynopsgoyYeHHOE MHOXeCcTBO OObBEKTOB BbIOOPKM
MOXHO pPa3buTb Ha yeTblpe PaBHOBE/IMKME YacTu, npuberaa K
MCNO/ZIb3OBAHUIO TPEX 3SMNUPUYECKUX KBaptuneun. I[lostomy

BbIAENAOT HUMKHIOW (nepsyto), cpeadHioo (BTOpYHO) U BepPXHIOH
(TpeTblo KBapTUAIb).

75 % BCex 3HAYEHHIH
- A

50 % Bcex 3HAYCHWH

. - '

|
¥YnopsinoyeHusli psan HabmoneHui

1
. ) == "
25 % Beex Q Q; Q; 25 % Beex
sHaueHHit HuxHas Cpennss BepxHas sxadeHHil
(nepsas) (rTOpAas, UEeHTPATLHAN) (TpeThs)
KBAPTHIIb KBAPTHWIL KBAPTHJIb
. (oHa xe Mennana Me) y

100 % Bcex 3HaA4YEHWIH



Paspen 1. OueHKN napameTpos

IMNUPUYECKMA nepBbii KBapTuab (@4 ecTb BbIOOPOYHbLIN
1
KBaHTU/b NOpAAKA @ = -

( n

X my. .,ecam — apobHoe,
~ A~ ([—]+1) 4
Q1 = X1/4 = 9 * n

& X n), ecnm ) uenoe

IMNUpPUYECKUN TPEeTUU KBapTUNIb Q3 onpeaensetTca GoOpmy/on:
Q3 = Xn—i+1)

rae i — NopAAKOBbIN HOMEP BbIDOPOYHOro NepBOro KBapTu/iA B

BapMaLMOHHOM pAaae.

BbibOpoYHble nepBblt M TPETUM KBAPTUAM  PACMOJIOXHKEHDI
CUMMETPUYHO OTHOCUTENbHO KpamHUux 31€EMEHTOB
BapWaLMOHHOro paaa.



Paspen 1. OueHKN napameTpos

KBaHTUAb B mMaTemMaTM4eCcKoM CTaTUCTUKE — 3Ha4dyeHwue,
KOTopoe 3a/laHHaA C/lydalHaA Be/InYMHA He npeBblllaeT ¢
bUKCMPOBAHHOM BEPOATHOCTbIO.

Echn BepoATHOCTb 3aJaHa B MPOLEHTaX, TO KBaHTU/b
Ha3blBaeTCA NPOLEHTUAEM UN NepueHTUIEM.

e 0,25-KBaHTW/Ib Ha3biBaeTca nepBbiM (MU HUXKHUM)
KBapTuaem (OT naT. quarta — 4yeTBepTb);

e 0,5-kBaHTMANb Ha3biBaeTcas meamaHon (ot nat. Mediana —
cepeguHa) Un BTOPbIM KBapTUNEM;

e 0,75-KBaHTW/Ib Ha3biBaeTcA TpeTbuM (MU BepXHUM)
KBapTUaeMm.


https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

Paspen 1. OueHKN napameTpos

KBapTuab — 3HayeHne npusHaKa, genauiee COBOKYMHOCTb Ha
YyeTbipe paBHble YacTu,

KBAaHTWU/Ib — Ha MATb PaBHbIX YacTew,
Aeunnb — Ha AecATb PaBHbIX YacTew,

nepueHTUIb — Ha CTO PaBHbIX YacTei.

Mpwu BblYMCNEHUN KBApPTUAbHOTO, KBAHTUNbHOTO,
NeunNbHOro, WAM NEPUEHTUNbHOINO 3Ha4YeHMA MPM3HaKa
Ba*KHO He 3abbiBaTb cobnt0AaTh YC/I0OBUE PAHIKUPOBAHHOCTU
(ynopssgo4eHHOCTM NO BO3pPaCTaHUIO WAN  YObIBaHMUIO)
3/1eMEHTOB M3y4aeMOW COBOKYMHOCTMW.



Paspen 1. OueHKN napameTpos

PasHOCTb MeXKay TPeTbMM W MNEePBbIM KBAPTUAAMWU Ha3biBaeTcA
MEXKBAapPTU/IbHbIM  pasmaxom (MM  UHTEPKBapPTU/IbHOM
LUMPOTOM) BbIOOPKMU:



Paspen 1. OueHKM napameTpos

dMNUpUYECcKaa meauaHa (IMNUpPUYECKUiA BTOPOI KBapTU/b
Q, ) onpeaensaetca bopmynon:

(X(n+1), ecnm n HeuyéTHoe,
2

X(n), ecam n 4YétHoe
Y




Paspen 1. OueHKN napameTpos

Npumep. na ctaTuctnmyeckoro paga

n; | 1| 23] 1|2]|3]1

BbIYUCANTb  SMMUPUYECKUMN  KBaHTUAb nopAagka a = 0,2,
SMMNUPUYECKYIO MeauaHy, nepBbik WU TPEeTUM KBaAPTUAMN W
MEXKBapPTUNbHbIN pa3max.

PeweHue.

P X ([nal+1), €M na apobHoe,
“ | X ecan na uenoe



1
2
3
4
2
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g

10
11
12
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14

Paspen 1. OueHKM napameTpos
PeweHune (npopgonxkeHune).

A
X

L W R =« R = VR = R = R W R )

h o 5 6

B

C D

x_0,2= 5,4
Ql= 6
Q2=Me= 8
Q3= 10
R= 4

=NPOLEHTUNb.BKN(A2:A14;0,2)
—KBAPTW/b.BKN(A2:A14;1)
—KBAPTWU/Ib.BKN(A2:A14;2)
—KBAPTW/Ib.BKN(A2:A14;3)
=D5-D3

BapuaumonHbit pag: 1;5;5;6;6;6;8;9;9; 10; 10; 10; 15
0, =6; Me =Q, =8;0; = 10; RQ = 4; %y, =5.




Paspen 1. OueHKM napameTpos

PeweHune (npopgonxkeHune).

Bsog [1]: import numpy as np
X = [1,5,5,6,6,6,8,9,9,10,18,108,10,15]

print(f'Bubopouynwid nepewit keapTune (Q1l): {np.quantile(X,@.25)}n")
print(f 'NepusHTune 25%: {np.percentile(X,25)}\n")

print(f'Bubopounwid BTOpod keapTune (Q2): {np.quantile(X,8.5)}\n")
print(f'Bubopouynan megwana: {np.median(X)}in")

print(f'Bobopodnuid TpeTui keapTune (Q3): {np.quantile(X,@.75)}n")
print(f'BubopodyHwid KBaHTWUNE nopAgka 8.2: {np.quantile(X,®.2)}\n")
Bobopourbii nepewid ksapTune (Ql): £.8

NepusHTHNe 25%: 6.8

Bobopourbii BTOpol ksapTune (Q2): 8.5

Buibopounan meguana: 3.5

Boibopourbii TpeTud ksapTune (Q3): 18.8

Bolbopounbili KBaHTHNE nNopAgka @.2: 5.6

BapuauunoHHbin paa: 1;5;5;6;6;6;8;9;9; 10; 10; 10; 15



Paspen 1. OueHKN napameTpos

IMNUPUYECKOA MOAOM BaAPUALMOHHOIO psiga HasblBaeTcA
BapMaHTa, KOTOPOM COOTBETCTBYET Hanbo blaa 4acToTa.

Echv  uHTEepBanbHbIN  pPAa  MMeEeT OAMHAKOBYIO LUMPUHY
MHTEPBANOB, TO 33 NPUBAUKEHHOE 3HavyeHue moabl bepyT
cepeguHy MOOANbHOrO MWHTEpPBana, T.e. WHTEpBana C
HanbonbLLEN YACTOTOMN.

ToyHOE 3Ha4yeHMe MOoAbl MOMKHO MNOJYyYUTb MO

dopmyne:

~ n —Hn
. M M—1
Mo=x,6+h-

(HM - HM_]) T (”M - HMH)




Paspen 1. OueHKN napameTpos

B MS Excel dopmyna MOAA.OAH BbIBOAUT B AMENKY TO
4yncno n3 Habopa, KOTopoe BCTPEYaEeTCA Yallle BCero.

B crapbix Bepcusax Excel cyuwectBoBana ¢yHKUMA
MOAOA, HOo B 6onee no3gHuMXx OHa Oblna pa3buta Ha ABe:
MOAOA.OOH (ona otoenbHbix 4yucen) n MOAA.HCK(aona
MaCCHBOB).

Bnpouem, cTapbli BapUaHT TOXKEe OCTaNCA B OTAE/IbHOM
roynne, B KOTOPOW COOpaHbl 3N1€MEHTbl M3 MPOLUAbIX BEPCUN
nporpammsbl ana obecneyeHma COBMEeCTUMOCTUN AOKYMEHTOB.



Paspen 1. OueHKN napameTpos

Mpumep. Mo aaHHoM BbIbOpKe X: 4,1, 2,2, 3,5,4 onpeaenuntb
Bbl6OpPOUYHYIO moay.

A B C D E F G H

1 X 4 1 2 2 3 3 4
# MS Excel: 5

3 Mopa X: 4 {=MOOA.HCK(B1:H1)}

4 2

Becg [1]: import statistics as sts
# Python: X=[4, 1, 2, 2, 3, 5, 4]

sts.multimode(X)

out[1]: [4, 2]




Paspen 1. OueHKN napameTpos

dMnupuyeckKue
UHTEepPBa/ibHble XapaKTePUCTUKU



Paspen 1. OueHKN napameTpos

PaccmoTpum, Tabnuuy MHTEpPBaNAbHbIX YacTOT

a; b, nq
ar b, n,;
aS bS nS

B KOTOpOW N; (Y;-1 N; = n) — 4yactoTa uHTepsana (a;, b;) ,i =
1,2,...,s.

O603HauYMM cepeanHy i-ro WUHTepBasna rPynnMpPOBKU
yepes

N ai+bi
xi — 2 .




Pa3ﬂen 1. OHEHKM napameTpos

K IMNMUPNYECKMM HUHTEPBAJ/IbHbIM  XdPaAKTEPUCTUKAM
OTHOCATCA.

* WUHTepBasibHOE CpeaHee

° WHTepBanbHaA Aucnepcusa
S
A 2Nk _ l *_—* 2 .
(O-X) — (xi X ) n;;
n 1
=

* MHTEpBa/ibHOE CTaHAAPTHOE OTKNOHEHMe Gy = / (6%)*

. a;tDb a, by ny




Paspen 1. OueHKN napameTpos

OTMEeTUM, YTO 3TM U APYrnue SMNUPUYECKne WUHTEepBabHble
XapaKTEPUCTUKU BbIYMCNAOTCA KaK XapPaKTEPUCTUKU
3SMMNUPUYECKOTO pacnpeaeneHus

X X1 X5 X
Wi e’ i’ s
n n n




Pasﬂen 1. OHEHKM napameTpos

B TMnNuMYHOM cnyvae, Korga KOHUbl  MHTEpPBanoB
rPYyNMnMpPOBKU A; = (a;, b;) (i = 1,2,...,5) obpa3sytoT
apUPMeTUYECKYHO NPOrPECCUIO C LArom h,

A = (aq,a; + h),A, = (a; + h,a; + 2h), ...

ONA NPUBANNKEHHOTO BbIYUCNEHUA SMNMPUYECKON ancnepcun 67
No WHTEPBANbHOMY pacnpeseneHuto NPUMEHAETCA MNonpaBKa

Lennapaa:

YA - YAN R
O-X—O-X _12h




Paspen 1. OueHKN napameTpos

OnucarenbHasa CTaTUCTUKA



Paspen 1. OueHKN napameTpos

B nakete Microsoft Excel ectb HaacTporka «[llakKeT aHanusa»,
KOTOpaA no3BOAAET aBTOMATU3MPOBATb MHOrMe U3 3aaad
CTAaTUCTUYECKOro aHa/IN3a AAHHbIX.

Ecav B npaBow YyacTu BKAAAKM «[laHHble» eCcTb KHOMKa «AHanus3
AAHHbIX», TO 3TO O3HAYaeT, YTO AaHHaA HaacTporka B Microsoft
Excel yctaHOBNEHa.



Paspen 1. OueHKN napameTpos

Echn e KHonKa «AHanus
AAHHbIX» OTCYTCTBYET, TO HYXHO
BbiIOpaTb B OKHe YynpaBaeHus
napametpamm  Excel (meHto
«Parn» —  «MNapameTpbi»)
NyHKT «HaaCcTpouKn», ganee B
HUXXHEN CTpoKe «YnpasneHue»
BbIbpaTh «HapcTtpoikn Excely,
HaXaTb KHOMNKy «lMepenTun...», B
NOABMBLUEMCA OKHE OTMEeTUTb
dnaxok «[lakKer aHanusza» u
HaxaTb «OK» — nocne 3TOro
KHOMKA  «AHanm3s  AaHHbIX»
NO/IKHA MOABUTBCA Ha BKAAAKe
«JaHHbIe».

Haactpoikn ? >

AocTynHBIE HAACTP OMKN:

E[.‘r{lwings Ok
MHCTpYyMeHTE 408 eEpO

OTMmeHa
MakeT aHanwuza — VBA

[+] Nowck pewerna OBz0p...

ABTOMATHIALMA...

MakeT aHanMsa

COAep*UT MHCTPYMEHTEI 4N8 aHAAW3a HaYyYHBIX W
HMHAHCOEBIX 4aHHBIX




Paspen 1. OueHKN napameTpos

HagctponKka [MakeT aHanm3a Bbi3blBaeTCA KOMAaHAOM [NaBHOIO
MmeHio [aHHble - AHanu3 pAaHHbIX. B noAsBuBWEMCA OKHe
AHanus gaHHbIX BbIbMpaem NyHKT OnucatenbHana CTaTUCTUKA.

AHanw3 JaHHbIX ? A
HWHCTpyMEeHTE aHaNKMza
OK
CaHodakTOpHEW AWCNepCHOHHEIM 3aHANKU3 A
NEyedakTOpHBIA AMCNEPCMOHHBIA AHAAW3 C NOBTOPEHUAMM OTMEeHE
NEyidakTopHBIA AMCNepoMoHHBIA 3HANW3 B3 NOBTOPEHMA
Koppenauna
Cnpaeka

HGEEEHEHHH

JKCNOHEHUKWANEHOE CrAaXHEIHWE
JEVXBERIGOPOYHBIA F-TECT 4nA AUCnepouu
AHanns Mypee

[WcTorpamma




Paspen 1. OueHKN napameTpos

[anee oTkpoeTca okHO OnucatenbHaa CTaTUCTUKA, B KOTOPOM
HeobxoAMMO cAeNaTb HYKHbIE YCTAHOBKM.

JnwucarteneHan cTaTMCTMKE ? Fdt
BxoaHBIE JaHHBIE =
ExoaHON MHTepEan: PR

OTtmeHa
lpynnupoEaHwe: @ no cronbuam
':::' no (TPpOKaM Cnpaeka
[] MeTkun & nepeoii crpoke
MapameTpel EBIE0A3
- ==
I:::l BelxogHOW MHTEpEaN: e

(®) HoEwli patounil AWCT:

I:::l Hoeaa paGodaa KHWra

[ ] Mroroeas craTucruea

LE3
L
&

[ ] ¥poEeHb HagexHoCTH:
[ ] K-bifi HEMMEHBLWKI: 1

[ ] K-wiit HaWMBonbLwwKiE: 1




Paspen 1. OueHKN napameTpos

OnucaTtenbHylo CcTaTUCTUKY B Python MOXHO BbIBECTU C
MOMOLLIbIO

scipy.stats.describe( )
nnn c nomouwbto metoaa .describe() 6ubmnotekn Pandas.

e nobs — Konn4yecTBo HabNOAEHNIN UNN SNEMEHTOB B BalLEM
Habope AaHHbIX;

* minMmax — KOpTeX C MMHUMabHbIMU N MaKCUMAJIbHbIMU
3HAYEeHUAMMU;

* mean — cpejHee 3HayYeHMue,;

e variance — gucnepcus;

e skewness — acummeTpus;

e kurtosis — skcuecc Bawero Habopa AaHHbIX.

AprymeHTbl ddof (npwu pacuete aucnepcumn), bias - (npu pacuére
aCMMMETPUMU 1 IKCL,eCca) MOXKHO ONyCKaTb.



Paspen 1. OueHKN napameTpos

Mpumep. Mo aaHHom BbibopkKe X: 10, 20,30,40,50 onpepenntb
OCHOBHbIE CTaTUCTUYECKME XaPAKTEPUCTUKMN BOCMOb30BaABLLNCH
NHCTPYMeHTOM «OnucatenibHaA CTaTUCTUKAY.

A B C D E F

1 |x: | 10| 20 30| 40| 50

MS Excel:

OnucaTensHan cTaTUCTHER ? >
ExogHEIE gaHHEIE oK
ExogHOW MHTEpEAM: SA571:5F51 2.5

OTMeHa
lpynnupoEaHune: I:::I no cronéuam
(®) no cTpokam Cnpaeka
MeTEKW E NepEOM CTOABLE

MapameTpel BEIEDIE

(@) BuxoAHOI WHTEpEan: 5A53 s

() HoBRIA paBoynii ancT:

I:::I Hogas pabodad KHWra

[“]iltToroeas cratucrueal

LOY
Ln
5"

[ ] ¥poseHe HagexHoCTM:

[ ] K-eiit HaMMeHBLWWI: 1

—

[ ] K-wiii HanGonswwii




Paspen 1. OueHKN napameTpos

# MS Excel:

T T R T SR TE T R

e I O e O e I T T = 1
I R S FE R K B

A B C D E F
X: 10 20 30 40 50
X

CpenHee 30

CTaHgapTHaA owmbKa 7,071067812

NMeaouwaHa 30

Mona #H/0

CTaHOapTHOS OTKNOHEHKWE 15,8113883

Oucnepcua BolboprK 250

JKCLeCC -1,2

ACHMMETDHYHOCTE 0

HMuTepBan 40

MUHHMYM 10

Makcumym 50

Cymma 150

CueTt 5

Mpumep. Mo gaHHoM BbIGOpKe X: 10,20,30,40,50 onpeaennutb OCHOBHbIE

CTaTUuctn4yecrkue

«OnucartenbHasa CTaTUCTUKA Y.

XapPaKTEPUCTUKN

BOCMNO/Z1b30BaBLWUCDL

NHCTPYMEHTOM



Paspen 1. OueHKN napameTpos

# Python:

Bscg [1]: import scipy.stats as sts
X = [1@,20,308,40,50]

#Bodxka onucamensHOU CMamuCmuKL
sts.describe(X,ddot=8,bias=False)

Out[1l]: DescribeResult(nobs=5, minmax={18, 58), mean=30.0,
variance=288.8, skewness=8.8, kurtosis=-1.20000000
2000064 )

Mpumep. Mo aaHHoM BbIGOPKe X: 10, 20,30,40,50 onpeaenntb oCHOBHbIe
CTAaTUCTUYECKUE XapPaKTEPUCTUKM BOCMNO/Ib30BABLLUNCH MHCTPYMEHTOM
«OnucatenbHaa CTaTUCTUKA Y.



Paspen 1. OueHKN napameTpos

Apyrue Bnabl SMNUPUUYECKUX CpeaHUX



Paspen 1. OueHKN napameTpos

CpegHAa BenUUYMHA — 3TO 0606LIatoWasa XapaKTeEPUCTUKA
eANHUL, COBOKYMHOCTU MO Kakomy—1nbo Bapbupylowemy
NPU3HaKY.

CpeaHve BeNUYMHbl MNO3BONAKOT CPABHMBATL YPOBHM
OAHOIMO W TOFO e NpPU3HAKa B PA3/INYHbIX COBOKYMHOCTAX WU
HaXoAUTb MPUYUHbBI 3TUX PACXOXKAEHUN.

AGCONIOTHAA Be/IMYMHA, XapaKTepusylollas YPOBEHb
NPU3HaKa OTAe/IbHOM eAWHULbI COBOKYMHOCTM, HE MNO3BOASET
CPaBHMBATb 3HayYe€HUA NpPU3HAKa Yy eAUHUL, OTHOCALMXCA K
Pa3HbIM COBOKYMHOCTAM.

CpaBHMBaTb MOXHO INWDb CpeaAHUnEe NOoKa3aTe/Nun.



Paspen 1. OueHKN napameTpos

CpeaHsas,  paccymTbiBaemas AN COBOKYMHOCTEN,
COCTOALLMNX n3 KayecTBEeHHO OAHOPOAHLIX  eAuHuUU,
Ha3blBaeTCA TUNUYECKOM cpeaHen.

CpeaHWe  Be/IMYMHbLI, UCMNOAb3yemMble B  KayecTse
XapaKTepPUCTUK ans HeoAHOPOAHbIX COBOKYMHOCTEH,
Ha3bIBalOTCA CUCTEMHbIMU CPEeAHUMM.

CpeaHAA [0/KHA BbIMUCAATLCA AN COBOKYMHOCTEMN,
COCTOALWMX N3 AOCTAaTOYHO BONLLIOro YNCNA EANHMULL.

CobntopeHne 3TOro ycnosmA HeobxoauMmo Ana TOro,
4yToObl BOWENn B CUAY 3aKOH 6oAblUMX 4Yyucen, B pes3yabrate
NENCTBMA KOTOPOro CAy4alHble OTKNOHEHUA WHAUBUAYANbHbIX
BE/INYMH OT 06LLEen TeHAEHUMN B3aUMHO NoratlaroTcs.



Paspen 1. OueHKN napameTpos

CpepgHue

CteneHHble

CTPYKTYpHbIE

NpocTble B3BelwleHHble




Paspen 1. OueHKN napameTpos

Ba*KHOM XapaKTEPUCTUKOW LEHTPa pacnpeaeneHus,
ABNAIOTCA, TaK Ha3blBaemble CTPYKTYpPHble cpegHue — mopaa
(Mo) n megunaHa (Me).

B otanume ot cpeaHen apuPmeTmyeckon, Ha KOTOPYHO
B/INAIOT BCE 3HAYeHMA M3y4aemoro Npu3Haka X;, CTPYKTYpHble
cpeaHune He 3aBUCAT OT KPaMHUX 3Ha4YeHUM NpU3HaKa.

[TloToMy OHM ABAAKOTCA Aydller, 4Yem cpegHee
apndMeTMYeckoe, XapaKTEPUCTUKOM UEeHTpa pacnpegeneHms
ONA PAAoB C HeonpeaeneHHbIMU rpaHnuamm (Hanpumep, ANA
PAA0B C OTKPbITbIMW KPaHMMM rPaHNLLAMWN MHTEPBANOB)



Paspen 1. OueHKN napameTpos

Mo onpeaeneHnto moaa 3TO 3HayYeHMe TMPM3HaKa
Hanbonee yacTo BCTpeyatoLeecs B BapnaLMOHHOM paay.

A MeaMaHON Ha3bIBAlOT 3HAaYeHMe MpU3HaKa, KoTopoe
AeNNT yNnopsaaovYeHHYI0 NOCNef0BaTeNbHOCTb X; HA ABE paBHble
MO YMCNEHHOCTU 4YacTu. B mntore y oaHOM MONOBUHbLI €AUHUL,
COBOKYMHOCTU 3HaYeHUe NpM3HaKa He NpeBblllaeT MeAnaHHbIN,
ay Apyroro — npesblllaeT MeAMaHHbIN YPOBEHb.

Ons AUCKpeTHoOro pAga moda M MeamaHa HaxoasaTcs
HenocpeacTBEHHO Mo onpeaeneHuto.



Paspen 1. OueHKN napameTpos

Mpumep. B T1abnuue npeacraBneHo — pacnpeneneHuve
dyTOONBHBLIX MaT4YEN NO YMcay 3abnTbIX 38 MaTy maden obenmm
KomaHaamu (YemnmnoHat mumpa 2018):

Yucio 3adUTeIX MAYel B MaTye Uueno marueit

0

21

67 (= 21 + 46)
1 46
2 34
3 14
4 9

Onpegenum, 4To TUNMUYHbIM ncxogom ¢yTbo/NIbHOrO matya BO
BpemAa YemnumoHata mupa 2018 r. 6611 oamnH 3abutbin ron, T.€.
mopa paBHa 1 (Hanbonbliee yncno matyem — 46, aTo MmaTum C
OAHUM 3abuTtbim 21 ronom, 1 — 3HAYEHME MPU3HAKa KOTOPOE
BCTPEYaEeTCa Yalle BCEero, 3To U eCTb MoAaA).



Paspen 1. OueHKN napameTpos

Ha NPaKTUKE BCTPEe4YaloTCA MHOTroBepLlmnHHbIE
pacnpegeneHnd, T1.e. pacnpegeneHna B KOTOPbIX HECKOJ/IbKO
MaKCMMYMOB 4aCTOT, HECKOJIbKO MOA. Hannyme HeCKONbKUX
BepLwnH (HeCKOl'IbKVIX MO,EI,) ABNAETCA MNPU3HAKOM TOTO, 4YTO
N3yd4aemMad COBOKYMNHOCTb COCTOUT N3 HEOAHOPOAHbLIX, C TOYUKU
3PEHNUA N3YyHaEMOTIO NPU3HaAKa, eduHNU.



Paspen 1. OueHKN napameTpos

Mpumep. N3yyaa cnpoc Ha MeponpusaTUA, NPOBOAUMbIE HA
NEeTCKUX npasgHuKkax, 6bino

noay4yeHo MHOlIFropepLlmnHHOE

pacnpeaeneHue, pacnpeaesnieHme ¢ AByma Moaamu.

Haubonee npeanounraemas onuus

Konnuecrso PEEI IOHASHTORB, 4ell.

Dokyckl

Knoyusl

Tearp kykon

KocTioMupoBaHHbii Oan

Keect no MmotueaM MynsTdwisma / guiasma
KoHkypesl 1 My3bIKaIEHAA porpaMMa
Macrep Knaccs! (pUCOBAHHE, KYJIHHAPHA)

YyacTue B AHE POKISHHUA CIIOHA

57
26
19
22
21
14
34
57




Paspen 1. OueHKM napameTpos

Mpumep. nna CMUCKa 6aHKOB CaHkT-lNeTepbypra,
YNOPAAOYEHHbIX MO pa3smepy COOCTBEHHOro KanwuTana,
meAanaHHbIM DaHKoOM byaeT 6aHK «[1eTpoBCKMIM», a MeAnaHOM
— 268 MnH pyb6., MMEHHO 3TO 3Ha4YeHue npPu3HaKa AenuT
ynopsaaoyeHHyto (B AaHHOM c/ay4ae no  BO3PaCTaHMUIO)
nocnegoBaTenbHOCTb 3HaYeHU (169, 237, 268, 290, 1 007) Ha
[Be paBHble NO YncneHHocTtn Yyactu (169, 237) n (290, 1 007)

Hassanue CobcTBeHHBI KanuTal, MIH. pyo.
banronskcumbaHk 169
bauk «Caunkr — [lerepbypr» 237
[Merposcruii 268
banruiickuii 290
[Tpomerpoiibank 1 007




Paspen 1. OueHKn napameTpos

CreneHHble cpegHue
[yctb X4,...,X, - BCE 3HAa4YeHUA TnMPU3HaKa B COBOKYMHOCTU
ob6bEMa n.

B onucatenbHoM CTaTUCTMKE ANA  BbIYUC/IEHUA CpeaHero
3HaYeHMs MONOMKUTENbHOrO npu3Haka X  NOMMMO  YiKe
PAaCCMOTPEHHOTO cpeHero apndMeTMHeCcKoro n meamnaHbl TakKe
NMPMMEHAIOTCA cAeayiomne SMNUPUYECKNE XapPaKTEPUCTUKN:

cpegHee reomeTpUYecKoe
G(X) =R"/x1 " X,

cpeAHee rapMOHUYECKoe
n
H(X) — T T

X1 Xn

a —
cpenHee creneHHoe \ X2 c nokasatenem a + 0

W _ (xi‘+~-~+x,€{)1/a.

n




Paspen 1. OueHKM napameTpos

[Mpn UCNONb30BAHMM OAHUX U TEX XKE UCXOAHbIX AAHHbIX,
yem 6Oonblue MoOKasaTesb CTeneHn a B BbllenpuBeaeHHOMU
dopmyne, Tem 6onblue 3HaYEeHUe cpeHEN BEINYUHDI:

)_(rap = )_(r = )_(ap = )_(KB = )_(Ky6
3TO CBOWMCTBO CTEeNeHHbIX cpegHnxX BO3pPacCTaTtb C
noBbilLeHMEM T[MOKa3aTesid CTeneHu OI'IpG,EI,EI'IﬂI-OLLI,EVI GYHKUUN
Ha3blBaeTCA
NPaBUJIOM MaXXOPAHTHOCTU CpeagHUX.



Paspen 1. OueHKM napameTpos

N3 CBOMUCTB MAXXOPAHTHOCTU cCaeayeT, 4YTo BblbOp
dopmynbl  AnAa  pacyeta cpeaHeM  He  MmoXeT  bbiTb
NMPOWU3BOJ/IbHbIM.

OH pon*KeH OCHOBbLIBATbLCA HA CMbICIOBOM COAEPHKAHMM
NCXOAHbIX AQHHbIX U Ha YCAOBMAX NMPUMEHEHUA KOHKPETHOW
dopmybl ANA BbIYNCNEHUA CPeaHEN.



Paspen 1. OueHKM napameTpos

Mpumep. CTyaeHT Nosiyumn B Ted4eHMe cemecTpa ABe oueHKu: 3
n 2. Tpebyetca paccymTaTb CTEMEHHbIE CpeJHUE BCEX BUAOB U C
MX NOMOLLIbIO MPOBEPUTL AENCTBUE NPABUIA MAXKOPAHTHOCTMN.

PeweHue:

342
Xap = —— = 2,5
— x2-|-x2 1/2 32_|_22
X, =vX =(12 2) = — =255;
N
_ 2 2
Xrap = HX) = 57— = 7—= = 2,41;
X x; 273

Xreomy = G(X) =+/x1 - x, =V3:2=245.

2,55 > 250> 245> 2,41
BbiBoA.



Paspen 1. OueHKN napameTpos

Ona BblMUCNEHMA CTENEeHHbIX CPeaHUX NO KOHKpemHolu
sblbopKe B Microsoft Excel ncnonosyrorca ¢pyHKumm

G(X) = R/x1 - ... X, = CPFTEOM(<BbI6OpPKA X1, Xy, ... , X, >)

- cpeaHee reomeTpuyeckoe

n

HX) == — = CPTAPM(<BbI6OPKA Xy, X5, ...y X, >)

- cpegHee rapMmoHuUecKoe .



Paspen 1. OueHKN napameTpos

B Python BbluMCAET cpepHee reomerpuyecKoe
(GX) =Y/x1 " X) 3HAYEeHUN 3I1EeMEHTOB  MaCCMBA

byHKUMA n3 bubamotekun scipy.stats

gmean( )

n v

cpegHee rapmoHuueckoe (H(X) = 5 —) 3HayeHuM
+ ..+_
X1 Xn

3N1eMeHTOB MaccmBa PyHKUUA U3 bubanotekn scipy.stats

hmean()



Paspen 1. OueHKM napameTpos

Cnyqau NCNnos1b3oBaHUA Pa3/INYHbIX CpeaAHUX BeJINYnH

1. CpepHAaa apudmeTUyecKaa NpPoOCTaa MCNOAb3yeTCA B TOM
c/ly4ae, eCciv YUCAUTENb U 3HAMEHATe/lb UCCaesyeMon CUCTEMBI
npuseaeH B UCXOAHbIX AAHHbIX.

2. CpepHAaa apudmetTnyeckaa B3BeLIEHHAA WUCNONb3yeTcA B
TOM C/y4ae, ec/n 3HamMeHaTenb Wuccaeayemom CUCTEMbI
(nornyeckom cxembl) U3BECTEH, @ YNCIUTEb — HET.

3. CpegHAA rapmMmoHMYecKasa UCMo/b3yeTcAa B TOM C/y4dae, ecam
YUCIUTENb UCCNEeayeMOM CXeMbl NpuMBEeAEeH B  UCXOAHbIX
AaHHbIX, @ 3HaMeHaTe/1b — HeT.

4. CpepgHAA KBagpaTtuyeckaa MCMNoab3yeTca TONbKO NWb Npu
onpeaeneHnn NoKasaTesnen Bapuaumnm.

5. CpegHAA reomeTtpuyecKaa UCNONb3yeTCA TONIbKO /INWb Npu
pacyeTe cpedeHerogoBOro Temna pocrTa.

6. CTPYKTYpHble cpeAHUe WMCNO/b3YHTCA, NPenMmyLlecTBeHHO
npun onpegeneHnn cnpoca n npeanoxKeHuma.



Paspen 1. OueHKM napameTpos

CnepayeT y4ecTb, YTO pPa3Hble BUAbI CPeAHUX BEANYUH HA
OHOM U TOM e UCXOAHOM MaTepuane MMET HEOANHAKOBbIE
3HaYyeHwus.



Paspen 1. OueHKM napameTpos

Mpumep (cpegHana apudmeTnyeckaa npocran). M1amepus pocT
BCEeX CTYAEHTOB B rpynne, noay4dnam cneaywouwme gaHHole: 1,64
m, 1,86 m, 1,72 m, 1,95 m, 1,76 m, 1,65 m, 1,79 m, 1,82 m, 1,92
M. HanTtu cpegHunin pocT CTyAeHTOB B rpynne.

PeweHue. [1na onpepeneHna cpeaHero pocCrta CTyAeHTOB B
rpynne HeobxoamMmo CyMMapPHbIN POCT BCEX CTYAEHTOB B rpynne
pas3gennTb Ha KONNYEeCTBO CTYAEHTOB.

Bcero B rpynne 9 crtyaeHToB, 0003Ha4YMM POCT KaxKaoro
CTyAeHTa X; , rae | npuHMMaeT 3HavyeHuA oT 1-ro ao 9-w.

Torpa, cpeaHWM pocT onpegenserca no dopmyne cpeaHewn
apndmeTnyecKkom NpocTom:

v Yo,x 164+186+172+195+1,76+1,65+1,79+ 1,82+ 1,92
9 9
16,11

9

= 1,79 m




Paspen 1. OueHKn napameTtpos

Mpumep (cpegHana apudmeTnyecKkan B3BelweHHasn). B TeuerHmne
y4yebHOro roga nepsblie 4YeTbipe MecAuad CTYAEHT He Moay4vyan
CTUMEHAUIO, Caedylolue WecTb MecAueB pa3mep CTUNeHamnu
coctasun 2,5 tbic. pyb., B octaBwuneca ABa mecsaua — 3,3 Tbic.
pyo. Hantu CpeaHIoo CTUMEHAMNIO CTyAeHTa B
PACCMaTPMBAEMOM Foay.

PeweHue. 3annwem aaHHble O pa3mepe CTUNeHAUU CTYAEeHTa B
Buae tabnuubl:

Hucno Mecsles, B TEYEHHE KOTOPLIX CTHITEH 11
PasMep cTHNEHIMH B MECHLL,
COCTAB/MANA JAHHVYHD CYMMY
ThIC. pyo.
(fi - yacToTa, NOKAILIBAIOILEAN CKONBKO pas B
(x; — 3HAYEHHA OCPEAHAEMOID NPH3IHAKA )
paccmarpuBaeMoM repaoje (roj) BCTpedaeTcs

[-€ JHA4YEeHHE OCPeHAEMOr0 NPHIHAKE )

0 4
2.5 6
33 2




Paspen 1. OueHKM napameTpos

PeweHune (npoaonkeHune).

Yxf 0-4+25-6+33-2 216

X =

= = 1,8 TeIC. pYb.

F 446+2 12

Paimep cTHnEHIMH B MeCsll,

ThIC. py0.

(x; = 3HAYEHHA OCPEIHAEMOID MPH3IHAKA)

Uncno MECHUEZE, B TEYEeHHE Hﬂ'l'ﬂpb[.‘-’i CTHITEHIWA
COCTaBJIA1a JaHHYH) CYMMY
m - HACTOTA, MOKA3LIBAKIEAA C KON KD pﬂ'.l' B
paccMaTpHBaEMoM fepuoe (roj) Berpedaercs

[-€ JHAYEHHE OCPEHASMOIO NPH3HAKA)

4
6
2




Paspen 1. OueHKM napameTpos

Mpumep (cpeaHAasa  KBagpaTuuecKaa  npocrasa). bbiaun
npoBeAeHbl MCMbITAaHNMA TOYHOCTU CMNOPTMBHOM BUHTOBKMU, a

MUMEeHHO, NMPON3BELOEHDI 5 BbICTpPe/Z10B, B KaXKAOM U3 HUX NYNA
OTK/ZIOHN1aCb OT UEJIN Ha:

HﬂME‘P HCILITAHHUA 11O lll".'lPH..'J.bC}’ OrrnoHedHe o1 HEemH, B MM

| 0 (To4HO B LENk)

2 20
3 -16
4 0 (TouHO B UENL)

L

4

HanTtu cpeaHto0 BENUYUHY OTKNOHEHUSA OT Uenu npu ctpenbbe
N3 CMNOPTUBHOU BUHTOBKM.



Paspen 1. OueHKM napameTpos

PeweHne. B pgaHHOM cAay4ae CymMmmupya BCe 3Ha4vyeHuA
ocpefHAeMOro mnpu3Haka (Xi — OTKAOHeHWe OT uenan npu
cTpenbbe) nonyyaem Hy/lEBYIO CYMMY:

>, xi=0+20+(-16)+0-4=0.

B 3TOM C/yyae, NCNONb3YS NPOCTYIO CpeaHIo
apuPmeTUUYeCcKyro  AnA  pacyeta  cpedHero  3HayeHwus
OTK/IOHEeHMUA OT Uesn, Mbl NoNy4Ynunmn bbl HyneBow pesynbTaT. YTo
HEBEepPHO, TaK KakK Mo AaHHbIM WUCMbITalk Henb3A CKas3aTb, YTO
BMHTOBKa bbeT 6e3 npomaxa.

[MoTomy, AnA pacyeTa cpegHen BeanYMHbl OTKNIOHEHUA OT LEn
Bocnonb3lyemca  ¢GopmMynon  cpegHen  KBaapaTUUECKOM
npocTon:

. 02 4+ 202+ (—16)2 + 02 + (-4)?
= ( 5) ( )xll,SQMM

_ x°
X = Z =
n




Paspen 1. OueHKN napameTpos

XapaKTepucTUKu cBA3U ABYX NPU3HAKOB



Paspen 1. OueHKN napameTpos

Mycte x; = X(wj)) n y; = Y (w;), w; € 1 — 3Ha4YeHUA
npusHakos X n Y Ha coBokynHoctn ) = {wq, ..., Wy }.

IMnupurUYeckaa KoBapuauua onpeaensetca Gopmynomn

1Y
covix,¥) ==Y (%~ )i — ).
=1



Paspen 1. OueHKN napameTpos

Tabnuuen conpsAXXeHHOoCTU iy COBMECTHbIM
4YaCcTOTHbIM pacnpeaeneHmem npusHakos X n Y HasbiBaeTcs
cnepytoulaa Tabauvua:

X\Y | Y=y, | Y=y, | ... Y=y, cee | Y,
X=X; | Ny Ny5 Ny; Ny
X=Xy | Ny N, Ny; N,
X=X Ny i, n;; N,
X=X, | N, N, il N

rAae m;; — vactota napbl (X, X; ), T.€. YNCNO dNeMeHTOB WEL,
ana kotopbix X(w) = x;, a Y(w) =y;.



Paspen 1. OueHKN napameTpos

X\Y | Y=y, | Y=y, Y=y, Y=y,

X=X | Ny | Ny Ny; Mis | Mix

X=Xp | Ny | Ny Ny; Nys | Mo

X=X | N | Ny N;; Nis Nix

X:Xr r]rl r-|r2 nri rIrs nrx
nyl ny2 nyj nyS n




Paspen 1. OueHKN napameTpos

X X1 Xy X X,
Nix Ny M)y Nix Ny
Y Y1 Y2 Yj Ys
Ny, Ny1 Ny2 Ny ys




Paspen 1. OueHKN napameTpos

Ha ocHoBe Tabnuubl CONPAXXEHHOCTU 3MNUpPUYECKan
KoBapuauma Haxoamutcs no dopmyne:

L 1 r S
oV, Y) =3 N (=D i — Ny

i=1j=1

XAY | Y=y, [ Y=Y, | Y e Y2

X=X | Ny | Ny Ny N1s
X=Xo | Ny | Ny Ny; Nos
X=X | Ny Ni, N;; Nis




Paspen 1. OueHKN napameTpos

Teopema. [lna smnupuyeckon KoBapuauum cnpasBeanmnBa

dopmyna
cov(X,Y) =XY-X-Y,

S _1 X=X j
XY = I= ,
n
r S
S 1150
n : IX“*1 n . yj-©i
1=1 =1
1 Tr S
— = = X\NY | Y=y, | Y=Y, [ Y=Y Lo Y=
COU(X, Y) = Ez E(Xi—X)(yi —_ Y)nij yl y2 yj ys
X Xl X2 s XI ves Xr X:X2 n21 n22 nzj 000 nzs
Ny | Ny | Mo | o [0 | oo | N [N X-x : n : n
N il i2 ij IS
Y Yo | Yo | oo | Y | oo | Vs )




Paspen 1. OueHKN napameTpos

IMNUPUYECKUMN KoapPuumeHT Koppenauyuu
BblYMcnaeTca no popmyne:

~cov(X,Y)

pXY - A A .
Ox Oy




Paspen 1. OueHKN napameTpos

NMpumep. B coBokynHoCTM 16 CTyaeHTOB onpedeneHbl ABa
npu3Haka: X — OUeHKa No maTemaTuke U Y — oOueHKa no
MHOCTPaHHOMY A3blky. CoBMeCTHOe 4acCTOTHOe pacnpegeneHue
OUEeHOK 3a4aHo Tabanuewn:

X\Y | X=2 = = =
Y=3 1
Y=4 2
Y=5 0

TpebyeTca HANTU IMNUPUYECKMUN KOIDPULMNEHT KOPPENALUUN Dyy.
PeweHue.




Paspen 1. OueHKN napameTpos

leHepasbHaA COBOKYNHOCTb, BbIOOPKa m
OCHOBHble cnNocobbl opraHnsauumn BblI6opKM.



Paspen 1. OueHKN napameTpos

[Mpeanonoxmm, 4YTO M3 reHepanbHOM COBOKynHoOCTU ()
obbema N nssnekaetca sbibopKa () obbema n.

[ycTtb X — HEKoTOopbIM NPU3HAK Ha ().

P

[ToCKONbKY BCe 3nemeHTbl (), He3aBMcMmo OT BMAA
BbIOOPKMK, ABNAIOTCA TaKXKe anemeHTamu (), npusHaKk X onpeaenenH

M HA COBOKYMHOCTM ().

O60o3HauUnMM Xy, Xg2, -.., Xgny 3HAYEHMA nNpu3HaAKa X B
reHepanbHOM coBoKynHoctM u X, X,,..,X,, — 3HayeHma X B
BbIOOpPKe.

[anee 3HayeHMAa Xgq,Xg2,..., Xony PACCMATPUBAIOTCA KaK
yncna, a Xy, X5,...,X;;, — KaK cayyYarHble BeANYUHBI (C.B.).



Paspen 1. OueHKN napameTpos

HanomHum, 4yTo eHepanbHbIMMU (cooTBeTcTBEHHO
BblIOOPOUHbIMM) XapaKTepucTuKamm npusHaka X HasbIBaloT
3MMNUPUYECKNE XapaKTEPUCTUKM npu3Haka X B reHepanbHoOM
(cooTBETCTBEHHO BbIOOPOYHOWM) COBOKYMHOCTW.

Hanpumep:
Xg = %(xm + X9z + ... + Xgn)— reHepanbHoe cpegHee (4ncno);

X = 1 (X1 + X, + ... + X,,)— BblbOpouHOe cpegHee (C.B.);

Var(X) = o2 Z 1(xpi — Xy)* — reHepanbHaa aucnepcua
(uncno);
Var(X) = 62 = 1 * . (X; — X)* — Bbl6bOpouHan gucnepcus

(c.8.). ’



Paspen 1. OueHKN napameTpos

Teopema 1. Myctb X4, X5,...,X;;, — 3HayeHuA npusHaka X B
BbIGOpPKe, X, — reHepanbHoe cpeaHee, a oz = Var(X)—
reHepanbHaa amucnepcua. Torga Ana BbiIBopoyHoro cpeaHero X
NMEEM:

® B C/ly4ae NOBTOPHOU nnu 6ecnosTopHOIN BbI6OPKU

E(X) = Xo;
® B C/ly4ae NOBTOPHOM BbIBOpPKMU
— . Var(X) o
o5 =Var(X) = ( )= =;
n n

® B C/ly4ae 6ecnoBTOPHON BbIGOPKMU

— _ VarX) N—n o¢2 N—n
o =Var®) =— "— 3= "y_T

rne N — obbem reHepasibHOW COBOKYMHOCTMW.




Paspen 1. OueHKN napameTpos

Cneacteune 1. Tllyctb X, X5, ..., Xy; Y1, Y5, ..., Y, — 3HauveHus
npusHakoB X n Y B BbIODOPOYHOM COBOKYMHOCTM obbema n,
Cov(X,Y) — KoBapuauma npusHakos X u Y B reHepanbHOI
COBOKYNHOCTM obbema N. Toraa AnAa KoBapuaumu BblOOPOYHbIX
CpeaHnX cnpaBeasiMBbl COOTHOLEHUA:

® B C/ly4ae NOBTOPHOM BblIOOpPKMU
. _ _ Cov(XY
Cov(X,Y) = El );

* B C/ly4ae 6ecnoBTOPHOMN BbI6OPKMU

Cov(X,Y) N—n
n ‘N-1’

rae N — obbem reHepanbHOW COBOKYMHOCTM.

Cov(X,Y) =




Paspen 1. OueHKN napameTpos

lOKa3aTenbCTBO CNEeACTBUA.

NencTBUTENbHO, C yyeTom paBeHcTBa X + Y = X 1+ Y B cayyae
NOBTOPHOMU BbIOOPKU MMeem

I
Cov(X,Y)=Z(Var(X+Y)—Var(X—Y) =
Cov(X,Y)

!

1, _
= (Var(x +Y) —Var(x - v)) =

[Ons 6ecnoBTOPHOM BbIBOPKUN NOKA3aTENBLCTBO aHANOMMYHO.
L]

dopmyna ana gucnepcmn cymmbi NPOU3BO/IbHBIX C.B.
Avcnepcmna cymmbl NPOU3BOMbHbLIX (3aBUCUMBIX WM He3aBucUMbIx) €.B. X n Y
paccunTbiBaeTca no dopmyne
Var(X + Y) = Var(X) + Var(Y) + 2cov(X,Y).



Paspen 1. OueHKN napameTpos

YTBEpXKAeHMe Teopembl MOXHO PacnpoCTPaHUTb U Ha
HeKoTopble Apyrme MOMeHTbl Bbibopo4vHoro cpeaHero X.

Cnegyloulaa Teopema aHanor 3TOM Teopembl ANs
TPeTbero LeHTPaIbHOro MOMEHTA.



Paspen 1. OueHKN napameTpos

Teopema 2. lyctb X4, X5,...,X;; — 3HayeHUA Npu3Haka X Ha
CNy4aHoOM BblboOpKe 06bEMA 1, NOIY4EHHOU U3 FrEeHEPaAsIbHOM
COBOKYNHOCTM o06béma N = 2n; u3(X) — reHepanbHbIn
LEeHTPaNbHbIK MOMEHT TpeTbero nopaaka. Toraa AnA
BbIBOpPOYHOro cpeaHero X umeem:

® B C/ly4ae NOBTOPHOM BbIOBOPKMU

(X) _ .U3( )

® B C/ly4ae 6ecnoBTOPHOM Bb|60p|<u
U3 (X) N — n. N —2n
us(X) =
n2 N—-1 N-2'
rne N — obbem reHepasibHOM COBOKYMHOCTMW.




Paspen 1. OueHKN napameTpos

Mpumep. MpusHak X (k) 3agaH Ha MHOXKecCTBe
Q={12,...,10}
cnepyouwen Tabanuen:

k (123 |4 ,5|6|7]|8]|9]10
Xk) 143 221 |4]2]|4]|2

N3 () n3Bnekaetca cay4yamHana 6ecnoBTopHan BbiIbopKa obbema
5. Hangute maTemaTMyecKoe OXKuaaHue W AUCNEPCUIO
cpefHero 3HayeHua X npusHaka X B BbibopKe.

PeweHue.



Paspen 1. OueHKN napameTpos

Mpumep. MpusHak X (k) 3agaH Ha MHOXKecCTBe
Q={12,...,10}
cnepyouwen Tabanuen:

k |1|2|3|4|5|6|7|8]|9]10
X(k)| 333|313 [3]2]1]2

N3 () u3BnekaerTca cnyvyamHaa NoBTOpHaA BblbOpKa obbema 5.
Hanaute matemaTtnyeckoe OXKMaaHue U AUCMEPCUID CPEeaHEro
3Ha4yeHusa X npu3HaKka X B BblbOpKe.

PeweHue.



Paspen 1. OueHKN napameTpos

Mpumep. NTorosoe pacnpepeneHme 6annoB Ha HEKOTOPOM
NMUCbMEHHOM 3K3amMeHe 3a4aH0 Tabaunuen

OueHkapabotbl | 2 | 3 | 4 | 5
Yucno pabor | 10 |18 | 23| 39

PaboTbl npoBepann 6 npenogasatesiel, KOTOpble pPasaenvau
BCe paboTbl mexay coboir NOpoOBHY caydYarHbim obpasom.
[Mpegnonaraa  HE3aBUCMMOCTb  OUEHKM  OT  JINYHOCTM
NPOBEPAIOWEro, HaMaMTe MaATEMATUYECKOE OXKUAaHue U
aucnepcuto  cpegHero 6anna no  pesynbratTam  OAHOrO
npenoaasaTens.

PeweHue.



Paspen 1. OueHKN napameTpos

NMpumep. [lBe wUrpanbHble KOCTW, KpacHaAa WU  CUHAA,
noabpacbIBatOTCA A0 TeX Nop, NOoKa He BbinaaeT 19 pa3nnyHbIX C
y4eTom UBeTa KOMOMHauMM o4KoB. [lycTb S— cymma OYKOB Ha
KpacHOM W CWMHelM KOCTU B i-TOM KOMBMHauuu, S— cpefdHee
apunpmeTtmnyeckoe Bcex atux cymm, [ = 1,...,19. Hanaute
MaTemaTMUecKoe OKMaaHue U AUCNepCUto cpeHero 3HayeHus S.

PeweHue.



Paspen 1. OueHKN napameTpos

NMpumep. [lBe wUrpanbHble KOCTW, KpacHaAa WU  CUHAA,
noabpacbiBalOTCA A0 TexX Nop, NOKa He BbinaaeT 10 pa3nmnyHbIx (c
y4eTom LBeTa) KoMBbMHaunM o4koB. MNycTb R; — YMCNO OYKOB Ha

KPAaCHOM KOCTWM, a B; — umcno OYKOB Ha CMHEN KoCTU B
KOMBMHauMmn ¢ Homepom i. CnyyaHble BeNNYMUHBI Xi 3aaatoTca
cooTHoweHunamun: X; =7R; —5B;,i =1,...,10 . CpegHee

= 1
apuPpmeTmyeckoe 3STUX BEIUYMH OOO3HaAYUM X=1—02Xi.

Tpebyetca HanTw:
1) maTtemaTtnyeckoe oxumganue E(X);
2) cTaHA@pTHOE OTKNoHeHue g (X).

PeweHue.



Paspen 1. OueHKN napameTpos

NMpumep. Nmeetca 10 npoHymepoBaHHbLIX MoHeT. MOoHeTb!
noabpacbiBalOTCA A0 TeX Nop, NOKa He BbinaaeT 20 pa3nnyHbIX (C
YY4ETOM HOMEpPA MOHETbI) KOMBUHauMK open-pewka. lMyctb X; —

. = 1
4YMC/IO OPJIOB B KOMOMHaUMWM C HOMEpPOM I; a X=%ZXL- -

CpefiHEe 4YMWCNO OpNoB B MOAYYEHHbIX TakMm 0bBpasom
KombunHauuax. Tpebyetca HanTu:

1) maTemaTnueckoe oxungaHue E(X);

2) amcnepcuro Var(X).

PeweHue.



Paspen 1. OueHKN napameTpos

Mpumep. 3HaueHMA npmn3HakoB X M Y 334aHbl HA MHOXECTBe
QO ={1,2,...,115} Tabnamuen yactoT

X =250 23 20 15
X =460 15 17 25

U3 () 6e3 Bo3BpaLlLeHUA M3BneKaloTca 9 anemeHToB. MycTb X
Y — cpeaHue 3HayeHMs NPU3HAKOB B  BbIOOPOYHOM

coBokynHocTu. Hataute Cov(X,Y).

PeweHue.



Paspen 1. OueHKN napameTpos

Mpumep. 3HaueHMA npmn3HakoB X M Y 334aHbl HA MHOXECTBe
Q ={1,2,...,2000} Tabauien 4acToT

X=7 100 400 200
X=10 300 100 900

U3 () c BosepaweHrmem nssnekatorca 800 snemeHToB. Myctb X
mn Y — cpegHne 3HA4YeHUs TMPU3HAKOB B BbIBOpPOYHOMU

coBokynHocTu. Hataute Cov(X,Y).

PeweHue.



Teopuna BepoOATHOCTEU U
MaTemaTnyeckasa CTaTUCTUKA

KoHel nekuun



