I'maBa 3. DJeMeHThl MATEMATHYECKOH CTATHCTUKH

Brenenue

Mamemamuueckass cmamucmuxka — 3TO pasfell MaTeMaTHKH, TTOCBSIICHHBIH MaTeMaTHYECKMM METOJaM
CHCTEMATH3aIi1, 00PabOTKH U UCTIOIb30BAHUS CTATHCTUYCCKUX JIAHHBIX [T HAYYHBIX M IIPAKTHYECKHX BBIBOJIOB.

OcHo8HOU YeNblo MATEMATHYECKOH CTATHCTUKH SIBJSIETCSl pa3pabOTKa HAydHO OOOCHOBAHHBIX BBIBOJIOB O
MAaCCOBBIX CTyYalHBIX SBJICHHSX U MTPOIECCaX HA OCHOBE CTATUCTUUECKUX TAHHBIX.

OCHOBHBIE 33]]a4i MATEMAaTHIECKOM CTATUCTHKH:

1. Mydenune GONBIIOTro Ynciia 0OBEKTOB MO CPABHUTEIBHO MaJIOMY YHCITY BBHIOPAHHBIX CIIy4allHO OOBEKTOB
(8b160pounbILL MemoO).

2. HaxoxneHne npubImMKeHHBIX 3HAYCHUH MApaMeTPOB 3aKOHA pacipeseseHus (cmamucmuieckas oyeHKka
napamempos pacnpeoeseHsl).

3. IlpoBepka rumoTe3 O 3aKOHE PACIPEACNICHUS (CMAmucmuieckas OYeHKa Sunomes Cmamucmuieckoeo
pacnpeoenenus).

4. YcranoBieHue (GOPMbI M CHJBI CBSI3H MEXKAY CIYYalHBIMHA BEJIHYHHAMU (KOPPEIAYUOHHBIL U
PESPECCUOHHDBIL AHATU3).

81 I'eHepasibHAA M BLIOOPOYHASI COBOKYIIHOCTH. CraTucTHYECKOE pacnpeaejieHne BbIOOPKH

[IycTe U3 OONBIIOrO YHCIAa COBOKYIMHOCTH KAaKHX-TO OOBEKTOB CIIy4ailHO OTOMpaeTcss HeOONbIIOE YHCIIO
O00BEKTOB Ul TOTO, YTOOBI OXapaKT€pPU30BaTh JAHHYIO COBOKYIHOCTH OOBEKTOB IO HEKOTOPOMY HpPHU3HAKY
(KOMMUYECTBEHHOMY WJIM KauyecTBEHHOMY). Takoil MeTon oOCiemoBaHMsI COBOKYITHOCTH OOBEKTOB HAa3bIBAETCS
8b100POYHBIM MEMOOOM.

Omnpenenenue. [ enepanvHoli cOBOKYNHOCHbIO Ha3bIBAETCS BCSA OOIMMPHAas COBOKYMHOCTh HM3Y4aeMBIX
00BEKTOB.

Umrcno 00beKTOB TeHEepaTbHOW COBOKYITHOCTH Ha3bIBaeTcs ee 00beMoM, obo3Hauaercs N.

Omnpenenenue. BblOOpOUHOU COBOKYNHOCMbIO WM  6blOOPKOU HA3BIBACTCS COBOKYITHOCTH CIIydaifHO
OTOOpaHHBIX OOHEKTOB.

Umncno 00beKTOB BEIOOPKH Ha3bIBaeTcs ee 00beMOM, 0003HaUaeTcs N.

Onpenenenune. BriOopka HasbBaeTcs penpesenmamugHol (MPEICTaBUTENBHOM), €CJIM OHAa HaWIyYILUM
00pa3oM OTpakaeT reHepaTbHYI0 COBOKYITHOCTb.

[lycTe U3 reHepanbHOM COBOKYMHOCTHM 0O0beMa N ¢ KONMYECTBEHHBIM NMpHU3HAKOM X M3BJICUYEHa BHIOOpKA
o0bema N.

Onpenesnenue. Habmonaemple YMCIOBBIE 3HAUCHHSI TPU3HAKA X HA3BIBAIOTCS 8APUAHMAMU.

O003HauaIOTCS BAPUAHTHI X1, X3, ..., Xk WU Xj, | = 1,k.

Onpez[e.nelme. LII/ICJIO, ITOKa3bIBAIOIICC CKOJIBKO pa3 BapUaHTa X; BCTPEUYACTCS B Ha6J'II-OIIeHI/II/I, Ha3bIBACTCA

o« nj o )
yacmomoti u 0003HaYaercs N; | a OTHOIHeHI/IeT—ll — OTHOCHTEJIFHOW 4acTOTOW BapHaHThI M oOo3Havaercs w;. [lpu
k - k -
3TOM i i =n u i w; =1
Onpenenenne. IlocnenoBarenbHOCTh BapuaHT, 3allMCaHHBIX B BO3PACTAIONIEM IIOPAAKE, Ha3bIBAECTCA
8apUAYUOHHBIM PAOOM.

BapuaninoHHbI# psiji MOXKET OBITH OUCKpemHbIM, €CIHA WCCIeyeMbId Mpu3Hak X SIBISIETCS JWCKPETHON
CIy4aliHOM BEIMYUHON U UHMEPBATbHBIM, ECITA — HEMPEPBIBHOU.

Onpenesenne. COBOKYIMHOCTh BAPUAIIMOHHOTO Psijfia ¢ COOTBETCTBYIOIIMMH YacTOTAMH (OTHOCHUTEILHBIMH
4aCcTOTaMM ) Ha3bIBACTCS CIAMUCTMUYECKUM PACHPeOeNeHUeM YACOom (OMHOCUMENbHBIX 4acnmont) BEIOOPKH.

CraTucTrueckoe pacrnpeeieHue MOXKET OBbITh IPEICTaBICHO TPEMsI CIOCO0aMU: mMadIUUHbIM, SpaPuyecKum
U AHATUMUYECKUM.



Tabruynvui cnoco6. CTaTUCTUYECKOE paclpelielieHie BhIOOPKH MMEeT BHJ TaOJUIIbI, TEPBON CTPOKOM
KOTOpO#1 SIBIISIETCS BAPHAILIOHHBIN PsJl, @ BTOPOH COOTBETCTBYIOIIHE YaCTOTHI (OTHOCHTEIILHBIC YaCTOTHI).

Xi X1 X2 s Xk
n; N, N, .es Nk
k —

=1 =n

[Ipu Gonpmom o0beme BBHIOOPKH (WM B Cly4ae HENPEPHIBHOM CIIy4ailHOM BEIMYHMHBI) CTATUCTHYECKOE
pacnpeaciiCHUEC MOoJIy4aroT B BUJAC MEPCUHA MHTEPBAJIOB U COOTBETCTBYIOIIUX YaCTOT UJIM OTHOCUTCIIBHBIX 4aCTOT
(6yner moxpobHO paccmorpero nosaHee B §4 ). Ilpu 3TOM MOACYMTHIBAIOT CYMMY YacTOT BApPUAHT, MOMABIIMX B
KaXX/Iblii MHTEepBaJl. 3HAUCHMS], TIONIABIIME HA TPAHUILy HHTEPBaa, OTHOCAT MO0 K JIEBOMY, THOO K TIpaBoOMY, MO0
JenAT (MoIoJiaM MPY YeTHOM YHCIIe, TP HEYETHOM Ha €IMHUIY OOJIbIIE K OTHOW U3 TPaHHMLL).

§2. I'padbuyecKkue XapaKTePUCTHKH BLIOOPKU

I'paguueckuii cnocob. J{ns HarmsIHOT0 N300paskeHUsT JUCKPETHOTO PacTIpeIeTICH s UCTIONb3YETCS NOIUSOH,
a UHTEPBAJIBHOIO — 2UCHOZPAMMA.

Onpenenenne. [lonueonom 9acTor (WM OTHOCHUTENIBHBIX YaCTOT) HA3BIBACTCS JIOMAHAs JIMHHS,
coemuusromnias Touku M; (X;,n;) (wmm N; (Xi, Wi)), MOCTPOEHHBIE B MPSIMOYTOJIBHON CHCTEME KOOPIUHAT.

IIpumep. ITocTpoUTh NOJIUTOH OTHOCUTEIBHBIX YACTOT

Xi 2 5 7 8
n; 1 3 2 4
Pewenue. O6wéM Bo1OOpKH N =1+ 3+ 2 +4 =10.
JloGaBuM B TaOJIMILy OTHOCUTEIBbHBIC YaCTOTHI
Xi 2 5 7 8
n; 1 3 2 4
W 0,1 0,3 0,2 04

IlommroH OTHOCUTENBHBIX YaCTOT

An:/n
0,4
0,3t
0,2
0 2 5 7 8 :':

31ech z; 03HA4YaeT X;

Onpenenenne. [ucmozpammori 9acToT (MM OTHOCHUTEIBHBIX YaCTOT) HA3bIBACTCSA IUIOCKAs CTyIEHJATas
Hrypa, COCTOSIAS M3 MPSIMOYTOIBHIKOB, OCHOBAHUSIMU KOTOPBIX SIBISIFOTCS YacTHUHBbIC HHTEpBaibl (x'i, X iv1)

nj wij
JUTMHBL h, a BBICOTHI BBIYHCISIFOTCS 1O (hopmyrie ;‘ (nm Tl), rae h — JUIMHA MHTEpBaja, N; - CymMMa 4acToT
1



o ni wi
BapHaHT, NOIMAaBIINX B AAaHHBIM WHTCPBAJ. Bemunna ; (I/IJII/I i_l)’ Ha3bIBACTCA ITIJIOTHOCTBIO YaCTOTHI (I/IJ'H/I
1

OTHOCHTEIILHOH YacTOTHI).

3amedanue . B rucrorpaMme romany npsMoyroJIbHUKOB paBHbI 4aCTOTaM COOTBETCTBYIOILMX MHTEPBAJIOB

5; = h% = M;, a cyMMa IIomanei & = E:‘=15g = 1. — 00beMy BBEIOOPKH.

IIpumep. ITocTpouTh rECTOrpaMMy OTHOCHUTENIBHBIX YACTOT

WurepBansl | (62,67) (67,72) (72,77) (77,82) (82,87) (87,92) (92,97)
n; 3 7 17 10 6 6 1
Wi 0,06 0,14 0,34 0,20 0,12 0,12 0,02
Wi 0,012 0,028 0,068 0,040 0,024 0,024 0,004
h
OO6bem BoiOOpKH N=50.
n,
nh,
0,08+
0,06+
0,041
0,021
1
X 62 67 72 77 82 87 92 97X

Ananumuyecxuti cnocod. IlycTh 1aHO CTATHCTUYECKOE PACIIPEISIICHUE YaCTOT BHIOOPKHU B BUIC TaOJIHIIBL:

Xij X1 X2 Xij voe Xk

n; N, Ny n; ves Nk

PaccmoTrpuM BapuaHTy XiU COBOKYIHOCTb BCEX BapHUAHT MEHBIIUX, YEM Xj. JTa COBOKYIIHOCTb €CTh CyMMa
x

OTHOCHUTCIIBHBIX YaCTOT ; C u3MeHeHUEM Xi 6y,Z[€T U3MCHATBCA H I[p06l>, CJICO0BAaTCIIbHO, OaHHasdA ):[pO6I:

aBisieTcs (PyHKUHUEH OT X; .

Onpenenenne. Iunupuueckoli Qyuxyueli pactipeielcHNs BHIOOPKH HasbiBaeTcsa GpyHKums F (X) , koropas

My Ny
KaXXIOMY YMCIIy X, CTaBUT B COOTBETCTBHEC OTHOCUTCIIBHYIO YAaCTOTY : coOBITHs  X<X: F 3(1-'} = : )

rae Ny — 4ucjio BapuaHT, MEHbIIMX X; N — 00BeM BI)IGOpKI/I.

3ameuanme. Ommmpuueckas (yHkuus F (X) caykur aHamoroM (yHKIMH paclpeieieHHs ClydaiHoi
BemunHbl F(X), moaTomMy MMeeT Takue e CBOWCTBA.

IIpumep. VMcnone3yeT craTucTHYECKOE pacrpeiesicHue U3 puMepa s HOJIUTOHa

x| 2 | 5 | 7 [ 8 ]




n;

2 |

[ToctpouM smnupudeckyro GyHKIHUIO pacipeeaeHus

Flin==2
2 n=10
-00<x<2 F*()():lo_0 =0
2<x<5 FX)===01
5<x<7 F)="=
7<x<8 = (X )_1+3+2 0,6
8<x<o0 F(x )_1+3+2+4 1
Hmoeo
(0, x<2
0,1, 2<x<3j
F, (x)=40,4, 5<x<7
0,6, <x<8
1, x>8
. 31ech
AF,(x)
1,0 <
0,6 <
0,4 <
0,1} ----- —
0 2 5 7 8  x

§3. HekoTopble NpocTeHlIie XapaAKTEPUCTHKHY BAPHMAIIMOHHOIO psija

F'(z)

Fa(X)=F(x)

Onpez[e.nelme. Paszmax eapuayuu — pasHOCTb MEXKIAY MaKCHUMaJIbHbIM 1 MUHUMAJIbHBIM 3HaUYCHUEM

npu3HaKa: R=Xmax-Xmin

Onpenenenue. Monoit My HaspIBaeTcs BeIMUYMHA MTPU3HAKA (BapHAHTA), KOTOpAast Yallie BCEro

BCTpEYaeTCs B JTaHHOW COBOKYIMHOCTH. B BaprarmoHHOM psijty 3T0 OyzeT BapraHTa, IMEIoIIas HanOObIIyIO

4acToTy.

Omnpenesienne. Meanana M, — 9TO BapUaHTa, PACIIONOKEHHAS B CEPEIMHE YIIOPSIOYCHHOTO

BapHUAIMOHHOTO psifa. Meauana AeuT psifl MOMoIaM, 0 00e CTOPOHBI OT Hee HAXOIUTCS OJUHAKOBOE KOJTMIECTBO

€JIMHUI] COBOKYITHO

Ipumep.

CTH.



Xi 0 1 2 3 4 5
n; 10 30 75 35 20 15

n=185
Mona My=2 - BapuaHTa ¢ HAUOOJIBIIEH YaCTOTOM.

Pasmax R=5-0 =5

UToBblI HamTM MeauaHy B AWCKPETHOM BapuaLMOHHOM psge C HeYeTHbIM OBBbEeMOM, HYXHO n
pasgenuTb Nornoram 1 K nofyvYeHHoMy pesynbTaty AobasuTb Vz:

185/2 + /2 = 93, T.e. 93-9 BapunaHTa, KOTOpas AenuT ynopsaodeHHbIn psg nononam. Cymma 4actot
1-n n 2-n BapmaHT paBHa 40. AcHo, 4To 3gecb 93 BapuaHTbl HeT. Ecnu npubasutb k 40 4actoTy 3-1
BapuaHTbl, TO Nofny4yum cymmy, paeHyto 40 + 75 = 115. CnegoBatenbHo, 93-9 BapuaHTa COOTBETCTBYET
TpeTbeMy 3HaYEHUIO BapbUPYIOLLLEro Npu3Haka, u MeguaHa m,=2.

Moga v meguaHa B daHHOM npumepe cosranu. Ecnn 6bl y Hac Gbina 4eTHas cymma 4acTtor
(Hanpumep, 184), TO, NPUMEHASA yKa3aHHYIO Bbille POpMyIry, MONy4YMM HOMEp MeOWaHHOW BapuaHThbl,
184/2 + V2 =92,5. ockonbKy BapuMaHTbl ¢ APOOHLIM HOMEPOM HE CYLLECTBYET, NOMYYEHHbIN pe3ynbTart
yKasblBaeT, YTO MenaHa HaxoguTca nocepeanHe mexay 92 n 93 sapuaHTamu.

§4. I'pynnupoBaHHBII CTATHCTHYECKUN P

IIpu GonemoM o0BEMe BEIOOPKH peKOMeHIyeTcsd MPOH3BOAHTE IPYIIHPOBKY J1aH-
HEIX. IPeICTaBIAA Pe3yIbTAaTEl HAOMKISHH B BHIE cpYHHUPOBAHHO20 CHIGTNUCTNIYECKO-
20 pada. JI71A 3TOro MpoOMeXVTOK [I7, Tx]. COMEpIKAIIHI BCe 3IIEMEHTEI BEIOOPKH, pa3du-
BAEeTCS HA ' YACTHYHBIX HeTlepeceKarolXcsa HHTePBAloB [¢; 1, ;). i =1, 2, ..., r. BH-
YHCJIEHHS VIPOIIAKTCS, eClId YaCTHYHbBle HHTepPBalbl HMEHT OJHHAKOBYKO JTHHY (uia

- -

G T o .
i S B i .Toraa g =35, ;= ;g + I, (3’ = 1, 2, aeey f'). B name-
r r

HefilleM paccMaTpHBaeTCs HMeHHO 3TOT CITyJaii.
PexoMeHIyeMOe YHCIIO / HHTEPBAIOB 3aBHCHT OT 00BEMA BBIOOPKH M H MOJKET
OBITE OmpeneneHo Mo (popMyie

pazbuenuzn) h=

r =+/n B mpocreiimem cnydae. EcTh u apyrue GopMyIsl 1l HAXOXKIEHHS KOIMYECTBA HHTEPBAJIOB.

3ameuanue. JIA TOro 4roOBl mar pasdHeHHs ObBLT Oollee YIOOHBIM, TOITYCKAeTCH
ero HeGOIBINOe VBenHueHne. Hampumep. myctek Z; = 3,1, R = 15,1, r = 8. Torma
= E _ 15,1

r
POMeKYTKa pazouenns coctaput it — R=2-8 — 15,1 = 0,9.

[Tpu ompejieTIeHHH TPAHHI] HHTEPBATIOB [d;_;, d;) PEKOMEHIyeTCs CIBHTATh JIEBVIO
TPaHHILY dp IEPBOT0 HHTEPRAIA BIEBO MPHMEDPHO Ha TOIOBHHY PACHIHPEHHS, HAIPHME].
B Touky Z; — 0,4 = 3,1 — 0,4 = 2,7. Toraa npasas TpaHHIIA @g MTOCTETHETO, BOCEMOTO.
HHTepBaIa oKaxkeTciBTouke Iy + R+ 0,5=3,1 + 15,1 +0,5=18,7.

B 1aHHOM IpHMepe MOTYIAIOTCA CIeIVIONIHE HHTEPBATEL:

[2,7; 4,7). [4,7; 6,7). [6,7; 8,7). [8,7;10,7). [10,7; 12,7). [12,7; 14,7).

= 1,8875 . Ecu B3aTh Gonee ynoGHOe 3HauUeHHe /i = 2, TO pacIIHpeHHe



[14,7; 16,7). [16,7; 18,7).

[Tocne Toro Kak YacTHBIe HHTepPBATEHL [d;_;, d;) BEIOPAHEL, ONpeleTi0oT YacTOTHl —
KOTHYECTBO 71; 3TEMEHTOB BEIGOPKH, TOMNABIINX B i-if HHTEpBAT (3IeMEeHT BEIGOPKIL
COBITANAIOIIHAI ¢ IIPABOI IPaHHIel HHTepBala. OTHOCHTCA K IIOCIeNyIONmeMy HHTepBa-

)
my). OueBHIHO, UTO » 1] =1
i=1

3ameuanue. Pe3ynbTaThl TpyNNUpOBKH yI00HO 3aMKChIBaTh B BUAE Tabiuibl. B utore momyudaem
CTaTHUCTUYECKOE PACIPENEIICHUE B BUJIE NTOCIEJ0BATEIBHOCTH HHTEPBAJIOB U COOTBETCTBYIOLIUX YaCTOT.

21.]'[5[ MMOCTPOCHHA IIOJIMI'OHA U BMHHqueCKOﬁ (bYHKHI/II/I pacupeacicHus HCIOJb3YIOT CCPCAUHBI

WHTEPBAJOB.



