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1. O0uHMe OPraHN3aUuOHHO-METOANYCCKHE YKAZAHUS

PacuetHo-rpaduueckas pabota «Craructuyeckas o0paboTka
DKCIIEPUMEHTAJBHBIX  JTaHHBIX»  NPEIyCMOTpEHa  pabodeld  MporpaMMmon
TUCUUIUINHBL «CrenuanbHble pa3fenbl BBICIICH MaTEMaTHKW», BO BTOPOU 4acTu
KOTOPOM H3Yy4YarOTCSI OCHOBHBIE pa3feibl TECOPUU BEPOATHOCTEW W DJIEMEHTHI
MaTEMaTHYECKOM CTAaTUCTHUKHU.

IleneBass yCcTaHOBKA: MpPH BBINOJHEHUU PI'P CTyIeHT HOJDKEH OCBOUTH
METOJbI M CPOPMHUPOBATH IMPAKTHUYECKUE HABBIKM I10 IpoCTeiiieit oOpaboTke
BBIOOPOYHBIX JTAHHBIX, MPEJICTABIISIIONINX OJWH KOJWYSCTBEHHBIM MPHU3HAK WJIH
MPEJICTABISAIONIUX CUCTEMY JBYX KOJIMYECTBEHHBIX MTPHU3HAKOB.

2. 3aganuda PI'P n miaHpl NX BBINOJHEHUSA

PI'P copmepxuT 2 3agaud Ha CTaTUCTHYECKYI0 OOpabOOTKYy OJHOMEpPHOH U
IByMEpHOU BbIOOpKU. Humke mnpuBeneHbl yClIOBHS OO€UX 3ajad, IUIaHbl HUX
pelIeHus] 1 HeOOXOUMBII YUCITIOBOM MaTepura.

3AJJAYA Nel

B pesynbraTe sKcnepUMEHTa ObUIM IOJY4YE€Hbl 3HAYEHHsS] KOJUYECTBEHHOI'O
npusHaka X reHepajibHoil coBokynHocTH (Tabnuua 1). TpeOyercst cpopmupoBaTh
BbI0OpKY 100 3HaueHuii mpu3Haka X u3 Tabnuibl 1 (B COOTBETCTBUH € TaOIMIIEH 2)
U TIPOBECTH CTATUCTUYECKYI0 OOpaOOTKYy pe3ylbTaTOB H3MEPEHUN IO METOMY
MOMEHTOB B COOTBETCTBHH C MPUBEICHHBIM HIKE IJIAHOM.

Lens 00pabOTKH COCTOUT B CIEAYIOLIEM:

1) mpuBecTH OOOCHOBAHMSI CTATUCTHYECKOW  THIIOTE3BI O OJM30CTH 3aKOHA
pacrpeneneHus ciy4aiHoN BeIUYrHbl X K HOPMaJIbHOMY 3aKOHY;

2)cocTaBuTh  (YHKIMIO  TUIOTHOCTH  MPEIIOJIaracMoro  HOPMaJbHOTO
pacnpeneneHnss  CIy4YalHOM  BEJIMYMHBI X, UCIOJb3ySd  TOYEYHBIC
CTaTUCTHUYECKHUE OLICHKU NTapaAMETPOB ATOT0 paclpeAcIICHHUS;

3) yka3aTh MHTEPBAIbHBIC OIICHKU C PA3IMYHBIMH YPOBHSIMH HaJIEKHOCTH IS
MaTEMaTU4YECKOro 0KHJIaHUS IIPEAIOIaraeMoro HOPMAaJIbHOT'O
pacnpeneneHus;

4) IpoBepUThL 1O KpHUTEepHIO [lMpcoHa COrylacOBaHHWE C BBIOOPOYHBIMU
JAHHBIMU BBIJIBUHYTOM TMIIOTE3bI O HOPMAJILHOM pacIpe/iesieHuy MpU3HaKa
X.

Iitan BeIMOTHEHUSA:
1atan. Hauanvhas obpabomxa 6vlbopxu

CocTaBUTh BapUallMOHHBIA Psi; CHUCTEMATU3UPOBAaTh BHIOOPKY MO 8 pazpsaam

(JleBast TpaHMIa KaXXJAOTO paspsAlla BKJIIOYAETCS B JAaHHBIA Paspsd, Xmax

BKJIIOYAETCSI B TMOCJIEIHUNA pa3psii) U COCTABUTh TPYNIUPOBAHHBIA Psij

pacnpezneneHusi BbIOOpKH. COCTaBUTh CTaTHCTUYECKOE pacIpelieieHHne

BBIOOPKH, MIPUHSIB CEPEAMHBI Pa3psAa0B 3a BapuaHThl Xi. [loCTpOUTH monuron

4acTOT N, U IMOJMIOH OTHOCUTENBHBIX 4acTOT p* . IlocTpouTs rucrorpammy
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YacTOT U TUCTOIrpaMMy OTHOCHUTCIIbHBIX 9aCTOT.

2 atan. Imnupuieckas QyHKyus pacnpeoeieHus
Haiitu smnmpudeckyro ¢yHknuioo pacnpenenenus F (X), moctpouts ee

rpaduk.

3 sran. Yucnoevle xapakmepucmuxu 6b100pKu
HaiiTh d4ucCiIOBBIE XapaKTEPUCTUKU BBIOOPKH: HMIIMPUYECKUE HAYaJIbHBIC
MOMCECHTBI m,, m,, my, m, W LUCHTPAJIbHBIC MOMEHTBI 11, p,, 45, 41, » & TAKKE

BBEIOOPOYHYIO CPENHION X, , BEIOopounble CKO o, acummerpuro Ag, 3KcIecc
Es , Mmogy M, u menuany M_,. Caenatb BBIBOJ O BO3MOXXHOW OJIM30CTU
pacripeiesieHus npru3Haka X K HOpMaJbHOMY pacrpe/ieNICHHUIO.

4 stan. ' unomesa o meopemuueckom pacnpeoeneHuu npusHaxa X
CdopmynupoBaTh TUIIOTE3Y O pacHpeaesieHus npu3Haka X Mo HOpMaJIbHOMY
3aKOHY. 3amucarth BHJ IUIOTHOCTH HOpMaibHOro pacmpenenenus T (),
WCIOJIB3ySl TOYEYHBIE CTATUCTUYECKHE OLEHKU JUISI MareMaTU4eCKOro
OXKHUIAHUS a~X,, U CPEIHETO KBAAPATUUECKOIO0 OTKJIOHEHUS o ~S = /ni—l D, .
[Moctpouts rpaduk rwioTHocTH f(X), BBIUMCIUB €€ 3HAYCHUS B TPAHUYHBIX
TOYKaxX & pa3psioB; CPAaBHUTh THUCTOTPAMMY OTHOCUTEIBHBIX YacTOT C
rpadMKOM BBIPABHUBAIOIICH ee¢ HopMalbHOW KpuBoi f (X). Bwramciautsb
TeopeTudeckue yactoTel N;' momaganusi CB X B mpoMeXyTOK, COBIaIaroITUi
C I-TBIM pa3psIOM TPYNIHPOBAHHOTO CTATHCTUYCCKOTO psijaa: n' =n-p., TIe

p=P{x<X< XM}, N — 00beM BBIOOPKHU; COCTABUTH CPABHUTEIBHYIO TAOJIUILY
AMITUPUUYECKUX YACTOT n, U TEOPETUUECKUX YACTOT Ni' U CpaBHUTH rpadKu UX

ITIOJIMTOHOB.

S atan. Mumepesanvuvie oyenKu napamempa a
HaiiTu wHTepBajdbHBIE OLEHKH JJII MaTeMaTHYEeCKOTO OXUIAHUA (IS
napamMeTpa a) HOPMaJIbHO pACIpPECICHHOTO TMpu3Haka X TeHepalbHON
COBOKYITHOCTH, UCTIOJIb3YSI JIJIsl TOTO CIICAYIOIINE YPOBHU HAJCKHOCTH: a) Y =
0,95; 0)y=0,99; B)Y=0,999. ChopmynaupoBaTh CBSI3b MEKAY BEIUUNHOU
HAJIS)KHOCTHU U JJIMHOW JOBEPUTEITLHOTO HHTEPBAIA.

6 atan. /Iposepra cmamucmuyeckou 2unome3vl 0 HOPMAIbHOM pacnpeoesieHuu
npusHaxka X
[IpoBepUTh CTAaTUCTUYECKYIO TUIOTE3y O paclpeieseHun Mpu3Haka X To
HOpPMaJIbLHOMY 3aKOHY, MCIOJIb3Ysl KpuTepuid [lupcoHa ¢ 3agaHHBIM YpOBHEM
3HAYUMOCTH ¢ =0,05.

L0
PexomMeH1yemMas TOUHOCTh BbruuciaeHui: 107,



Tabmuma 1

Howmepa Bri6opounbie 3HaUeHHS pu3HaKa X
3Ha4eHU X
1-10 38 36 29 36 22 38 54 41 48 27
11-20 39 31 31 20 29 32 18 21 37 39
21-30 40 19 50 46 29 44 34 41 37 33
31-40 34 42 43 35 34 38 43 36 31 33
41 -50 45 40 19 45 46 34 13 37 37 31
51 -60 30 31 35 31 32 29 38 33 40 42
6170 36 44 35 42 29 25 44 36 34 46
71-80 39 25 42 29 28 45 34 41 38 29
81-90 23 23 35 35 26 33 26 36 41 24
91-100 42 34 40 32 40 23 39 37 21 35
101 -110 35 37 33 26 29 40 41 27 35 43
111 -120 37 38 39 28 38 35 28 29 27 41
121 -130 38 39 28 38 35 28 29 27 41 37
131140 33 29 29 45 40 33 36 46 39 37
141 — 150 43 42 39 27 35 53 46 47 34 28
Tab6numa 2
Howmep Howmepa Howmep Howmepa 3nauenuii
BapuaHTa 3Ha4eHUl X BapHUaHTa X
1 1-40, 51-110 11 41 — 140
2 11-50, 61— 12 51 -150
120
3 21-60, 71— 13 1-20, 31-110
130
4 31-70, 81— 14 11-30, 41-120
140
5 41-80, 91 - 15 21 -40, 51-130
150
6 1-100 16 31-50, 61-140
7 11-110 17 41 - 60, 71— 150
8 21 -120 18 1-30, 41-110
9 31-130 19 21 -50, 61-130
10 31-60, 71-140 20 41-70, 81-150
3apaua Ne2

CoOpaHbl CTaTUCTUYECKUE JaHHBIE O KOJMYECTBE YHUKAJIBHBIX IOCETUTENEH
HEKOTOPOT'0 CcaiiTa M KOJIMYECTBaX MEPEeXo0JI0B 1Mo OaHHEpYy Ha TJIaBHOW CTpPaHUILIE
caiita 3a CyTku. B pesynbraTe skcrepumeHTa Obuio mosydeHo 100 m3mepenuit
npu3HakoB X (KOJMYECTBO YHUKAIbHBIX MoceTutTened caiita) u Y (KOJIUYECTBO
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nepexofoB Mo OaHHepy). B koppensimonHON TabmWIle MpenCcTaBIeHbl YaCTOTHI
3HaueHu# napsl (X, Y), KOTOpbie HAOIIOAAINCH B ATUX U3MEPECHUSX.

Tpebyercs mpOBECTH CTATUCTUYECKYIO 00pabOTKY pe3yabTaTOB U3MEPEHUH 110
METOY MOMEHTOB B COOTBETCTBHUHU C IPUBEICHHBIM HUXE INIAHOM.
[{enb 00pabOTKH COCTOUT B CIAEAYIOLIEM:
1) ycTaHOBUTb, SBJISIOTCS JTM KOPPEISIIMOHHO 3aBUcUMBIME CB X1 Y;
2) BBISBUTH CTETICHb OJM30CTH KOPPEISIIIUOHHOMN CBSI3M K JTMHEHHOU;
3) BBIMOJHUTH JHHEHHYIO alIIIPOKCUMAIINIO perpeccur Y Ha X U OLICHUTH €&
TOYHOCTB;
4) TOyYMB MHTEPBAIBHYIO OLICHKY LIS YTIIOBOTO KOA((UITMCHTA JINHEHHON
KOPpEJISILUHU, IOCTPOUTH MPEACTBHBIE MOJIOKEHUS PSIMOU JIMHEMHON
perpeccun.

[1nan BeIMOTHEHUS:

1 stan. Beibopounsie pacnpedeneHus Kaxcoo2o u3 npusnaxkos X u Y
CocTaBUTh CTATUCTUYECKUE PSBI pACIPEICTICHUS U TIOCTPOUTH MOJTUTOHBI
4acTOT BBIOOPOUHBIX JIAHHBIX IS KaX0T0 KOJIMYECTBEHHOTO Mpu3Haka X u
Y.

2 otan. OcHo8Hble YUCTI08ble XaAPAKMEPUCIUKY 8blOOPKU
HaiiTy 9nciioBbie XapaKTepUCTUKH BBIOOPKHU: BBIOOPOYHBIC CPETHUE X, 7,

BBIOOpOYHBIE D,, D, u ,, 0,, BHIOOPOYHYIO KOBAPUALMIO K, M BHIOOPOYHBIN
k03 duureHT koppenauuu r . CocTaBUTh TOUEUHBIE OLIEHKHU AJIS1 YUCIOBBIX

xapakrepucTuk cucrembl CB (X,Y): m, m, 6,, 6,, K, F,. ClenaTb BEIBOJ O

HaJIMYUU KOPPEISIIMOHHOM cBs3U Mexny CB X u Y u o 0au30CcTH 3TOM CBSA3U
K JINHEWHOM.

3 aran. Omnupuueckue JuHUU pecpeccuu
Boruucnuth  BBHIOOPOYHBIE — YCIIOBHBIE CpeIHUC y, X, U MOCTPOHTH

AIMIIUPHUYECKHUE JIMHUK perpeccun Y HAa X U X Ha 'Y,

4 sran. Jluneunas pecpeccus
Haiitu ypaBHeHue nuHeiiHOM perpeccur Y Ha X . CocTaBUTh TaOIMILy
CPaBHEHHUSI YCIIOBHBIX CPEIHUX y, U 3HAUEHUI (YHKIMH JIMHEHHOW PErpeccuu
Ypesp- 1IOCTPOUTH DMIIMPUYECKYIO JIOMAHYIO M NPSMYIO JIMHUIO PETrpecCUy Ha
onHoM Tpaduke. OLEHUTh TOYHOCTH JIMHEHHOW anmpOKCUMAIH, BBIUYUCIIHB

BEJINYNHY %Z (V= Ype) +

S aran. UumepsanvHas oyenka 0715 Kodpuyuenma TuHeUHoU Koppersiyuu
HaiiTu uHTEpBaNbHYIO OLEHKY /Jisi YIJIOBOro Kod(duiueHta JIHWHEHHON
Koppemsinuu  k (aist perpeccun Y Ha X) ¢ HagexxHocThio ¥ = 0,99. TlocTpouts
IIPEAEIbHBIE MOJIOKEHUS NPSAMOU JINHUU PETPECCUMN.



o1
PexomeHryemas TOUHOCTh BbruuciaeHui: 107,

B npunoxxennn A K JaHHOW METOJIMYECKON pa3paboTke mpuBeaeHbl 30 BapuaHTOB
KOPPEISLUOHHBIX TAOJIMII C YUCIOBBIMU JAHHBIMHU JIJISl 33]1a4U 2.

3. CnucoK peKoOMeHayeMbIX Y4eOHbIX pecypcoB

1. Koncnekt nekiuii « Teopust BEpOSATHOCTEN U 3JIEMEHTHI MaTeMaTHYECKOM
CTAaTUCTUKW» BEAYIIETO MPENoaaBaTesl TUCIUTINHBI, B TOM YUCJIC B
AIIEKTPOHHOM (opMe.

2. Bentuens, E. C. Teopus BeposITHOCTEH 1 €€ MHKEHEPHBIE IPUIIOKEHUS :
yue0. mocobue aiisa By3oB / E. C. Benrtnens, JI. A. OBuapos. - 2-e u3., cTep. -
Mockaa : Beicur. mik., 2000. - 480 c. (ab6. 44).

3. I'mypman, B. E. PykoBoACTBO K pelieHuo 3a/1a4 10 TEOPUH BEPOSITHOCTEN U
MaTeMaTUYECKON CTATUCTHUKE : yueO. mocodue Jjisi OakaiaBpoB : [0a30BbIi
kypc] / B. E. I'mypman. - 11-e u3a., nepepa0. u non. - Mocksa : FOpaiir,
2013. -403 c. (ab. 5, uz. 2+npedviOyuue uz0anus).

4. T'mypman, B. E. Teopus BeposTHOCTE 1 MaTeMaTUYECKasi CTATUCTUKA : y4eO.
nocobue / B. E. 'mypmasn. - 12-e uzn., nepepad. - Mocksa : FOpaiit : Beic.
oOpazoBanue, 2009. - 478c. (ab. 19, u3. [+npedvidywue uzoanus,).

5. Hanko, I1. E. Briciias Marematuka B ynpaxHeHUsX U 3a7avyax. B 2 4. Y. 2 /
I1. E. Janxko, A. I'. ITomios, T. fI. KoskeBHHKOBA. - 6-¢ u31. - MockBa : OHHKC
21 Bek : Mup u O6pazoBanue, 2005, 2003. - 415 ¢c. (ab. 6, u3.

1 +npeovioywue uzoarus).

4.00pa3umbl BbInoJHeHNs1 3aganuii PI'P

Ilpumep pewenusn 3a0auu 1 ons évio6opku 06vémom 50

B pesynbrate skcnepumenTta Obuty nosydeHsl 50 3HAYeHHMH KOJMYECTBEHHOIO MpH3HaKa X .
[IpoBenem cratucTuueckyro 00pabOTKy 3TON BBHIOOPKH MO METOAY MOMEHTOB B COOTBETCTBUU C
IpeUI0KEeHHBIM I1aHoM. L{enb 00paboTKH COCTOUT B CIEAYIOIIEM:

1) npuBecTn 0OOCHOBaHHUS CTATUCTUYECKOW THIOTE3bl O OJIM30CTU 3aKOHa pacrpeieseHus
CIy4yallHOM BeIU4MHBl X K HOPMAJIIBHOMY 3aKOHY;

2) coctaBUTh (YHKIHIO TIJIOTHOCTH MPEANOIaraéMoro HOPMAJIBHOTO — paclpeieIeHUs
CIIy4ailHOM BENMUYMHBI X, UCIOJB3Yysl TOYEYHBIE CTATUCTUYECKHE OLIEHKH MapaMETPOB 3TOTO
pacnpeneneHus;

3) yKa3aTh HHTEpBAJbHbIE OIIEHKU C pAa3IUYHBIMU YPOBHSMU HaA&KHOCTH IS
MaTEMaTUYECKOT0 OKUAAHUS IIPEATIONATaEMOT0 HOPMaIbHOTO PaclpeaeICHuUs;



4) nmpoBepuTh N0 KpuTepuio IInpcona cornacoBanue ¢ BHIOOPOUYHBIMU JTAHHBIMH BBIIIBUHYTOMH
TUIIOTE3bl O HOPMAJIBHOM PACIPENEICHUH NTPpU3HaKa X.

Tabmuua 1. Beibopounble 3HaUeHNS TpU3HAKA X (nepsuunas cmamuyeckas coO80KYRHOCHb)

40 19 50 46 29 44 34 41 37 33

34 42 43 35 34 38 43 36 31 33

45 40 19 45 46 34 13 37 37 31

36 44 35 42 29 25 44 36 34 46

39 25 42 29 28 45 34 41 38 29

13ran. HayaabHasi 00padoTKa BbIOOPKH

Bapuayuonnwiii psio - 3T0 COBOKYITHOCTh BRIOOPOYHBIX 3HAYEHUH Mpu3Haka X B MOPSAKE X
BO3pacTaHus

Tabnmua 2. BapuarioHHBIN psiJ] BEIOOPOYHBIX 3HAUYCHUH MpHU3HaKa X

13 19 19 25 25 28 29 29 29 29

31 31 33 33 34 34 34 34 34 34

35 35 36 36 36 36 37 37 38 38

39 40 40 41 41 42 42 42 43 43

44 44 44 45 45 45 46 46 46 50

UroObl ynpoCTUTh JaTbHEHIYI0 00pabOTKY BBIOOPKH OONBIIOrO 00beMa, CHCTEMaTH3HUpyeM
BBIOOPKY I10 S pa3psiliaM U COCTaBUM 2PYHAUPOBAHHBIN cmamucmudeckuil pso. J{ns 3Toro Bech
yuactok ocu OX, Ha KOTOpPOM pacrojioKeHbl Habmromaemble B BbIOOpKe 3HaueHuss CB X,
pa3zenuM Ha IPOMEKYTKH [ X ; Xi+1 ) Win “pa3psiasl”. JITHHBI pa3psoB BhIOEPEM OJHHAKOBBIMH
U 1EeNbIMA (MOYKHO YETHBIMH), KOHIIBI MMPOMEXKYTKOB TAaK)K€ HA3HAYMM IEIBIMH YHCTaMHU (JJIs
y100CcTBa JaIbHEHIINX BBIYUCIICHU).

[TycTs uncno paspsaaos S =5. [To o6padaTsiBaeMoii BEIOOpKE HUKCUPYEM:

00BeM BBIOOPKH n=50
HauMeEHbIIIee BEIOOPOYHOE Xmin = 13
3HauYeHHe npu3Haka X

HauOoJbIIIee BEIOOPOUHOE Xmax = 50
3HaYeHHe npu3Haka X

pa3Max BeIOOpKH X R = Xmax - Xmin = 37

JUIMHY paspsaaa h okpyrium a0 menoro yerHoro uncia: h=R/s=7,4=>h=8.
[Tonyyaem 5 mpoMexyTKOB (pa3psaoB):
[13;21),[21;29),[29;37),[37;45), [45; 53).

I'pynnuposannviii cmamuveckuii psi0 BKIIOYAET CTPOKY MOJYYUBIIUXCSA PaspsmoB [X; Xit1),
CTPOKY 4YacToT N U CTPOKY OTHOCHTEIbHBIX HacTOT P, = Nj / N; TpM 3TOM YacTOTHI N
OTIPEICTISIFOTCS KaK KOJMYIECTBO BHIOOPOUHBIX 3HaueHuid CB X, momaBimx B I-ThIi pa3psi.



Tabnuua 3. 'pynnupoBaHHBINA CTATHYECKUHN P

i 1 2 3 4 5

[Xi;Xis1) | [13;21) |[21;29) |[29;37) |[37;:45) | [45;53)

ni 3 3 19 18 7 2n =n,
p; 0,06 0,06 0,38 0,36 0,14 le p =1

I[J'IH IMOCTPOCHUA cmamucmu4ecKkozo pacnpeaeﬂeyuﬂ 6bl60pKu IIpUHUMAcM CCPEAVHEI

IIPOMEKYTKOB [Xi ; Xi+1) 3@ BAPHAHTHI Xi C 4aCTOTAMH Nj ¥ OTHOCHUTEIBHBIMH YaCTOTAMU [ .
1

Tabmuna 4. CTaTUCTHYECKUI psijl pactipeesieHus BRIOOPKH

Xi 17 25 33 41 49
n; 3 3 19 18 7 xn=n,
P 0,06 0,06 0,38 0,36 0,14 p =1

I[J'ISI INOCTPOCHUA noJUcOHA Yacmom N NoJaucOHad OMHOCUMENIbHbIX Yacmom Ha KOOpHHHaTHOﬁ
IUIOCKOCTH U300pakaloT JIOMaHYIO JIMHHIO ¢ BEPIIUHAMH B TOUKax ( Xi; Nj) wmu (Xi; p, ). opma

JMHHUH TOJMIOHA XapaKTepU3yeT YaCTOTHOCTh 3HAUCHUN HA0II01aeMOro MpU3HaKa X: 4eM BhIIlIe
ouepe/Has BEpIIMHA IOJIMIOHA, TEM udalle HaOJIIJaloch COOTBETCTBYIOLEE €W 3HAuEHUE
BapHaHTHI B paMKax MPOBEACHHOI0 IKCIIepuMenTa (puc.l).

NONUIroH 4YacToT p* NOJIMFOH OTHOCUT €1bHbIX 4acToT
I

20 0,4
0,35 1
0,3 1
0,25 1
0,2 1
0,15 1
0,1 1
0,05 1

15 A

10 1

17 25 33 41 49 17 25 33 41 49
Puc.1

T'ucmoepamma - 3T0 cryneH4aras (QuUrypa, COCTAaBICHHas U3 S =
OcHOBaHMSIMU NIPSAMOYTOJIBHUKOB CITY’KaT IPOMEKYTKH

S NOpSAMOYTOJIBHUKOB.
[Xi ; Xi+1), a BBICOTAMH - OTpPE3KH
IUIOTHOCTEN 4acToT Nj / h MM INIOTHOCTEW OTHOCUTENIBHBIX YaCTOT pi* /h.

Jns mocTpoeHus TUCTOTpaMMbl YAOOHO COCTaBUTh PACHUIMPEHHBIM CTaTHUCTUYECKUH psij,
BKJTIOYAONIUI B ce0s IpyNIUpOBaHHBIN cTaTUCTUYECKUN paf (Tabnuua 3), a Takke IUIOTHOCTH
YacTOT U IJIOTHOCTH OTHOCUTEIbHBIX YaCTOT.

Tabnuua 5. PacimmpeHHbIil craTHUeCKUi psijt

[xi; xi«1) | [13;21) | [21;29) | [29;37) | [37;45) | [45;53)

n; 3 3 19 18 7

A 0,06 0,06 0,38 0,36 0,14

ni/h= n/8 0,375| 0375| 2,375 225| 0,875
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p/h=p; /8| 00075 | 00075 | 00475 | o045 | 00175

ni/ h rmcrtorpaMmma 4actot pl* / h rMcTorpaMmmMma OTHOCUT €fbHbIX YacTOoT
25 0,05
2 0,04
15 1 0,03
11 0,02
05 1 0,01 -
I 29 37 45 53Xi 03— 1 29 37 45 53X
Puc.2

[lnomans, orpaHuueHHas THCTOIPAMMOM YacTOT, paBHa oObeMy BbIOOpku N. Iliomans,
OTpaHMYEHHAsT THCTOTPAMMOM OTHOCHUTENIbHBIX 4acToT, paBHa l. IlosTomy rucrorpamma
OTHOCUTCIIHBIX  YacTOT SBJIICTCS  CTAaTHCTHYECKAM  aHAJIOTOM Tpaduka  IUIOTHOCTH
pacupenenenus BepositHocTeil HCB X B reHepanbHOI COBOKYITHOCTH

2 stan. [locTpoenne aMnupuYecKoil GyHKIUMN pacnpeieieHust

Omnupuueckas ynkyus pacnpedenenus ClydaiHon Bennauubl X - 3170 dyHkims F*(x), paBHast
o * * n
OTHOCHTENBHOI YacToTe cobbiTst X <X:  F (X)=P {X <x}=-%,
n

n - oobeM BI)I60pKI/I, Ny - KOJIMYECTBO BI)I60pO‘~IHI)IX BapUaHT, 3HAYCHUS KOTOPBIX MCHBIIIEC X.

CocTaBUTh 3HAYEHUS] DTOW (PYHKIMH MOXKHO TIO JUCKPETHOMY CTATUCTHUUYECKOMY PSIy
pactpeneneHus BBIOOpKH (Tabnuua 4) Wik N0  TPYNNHPOBAHHOMY pSAY pachpeesieHus
BeIOOpKH (Tabsmia 3). B nepBom ciyuae F* (X) mpencraBiiser co0oi pa3pbIBHYIO CTYIIEHYATYIO

q)YHKI_II/IIO CO CKa4yKaMHM B TOYKaX Xi , paBHbIMH OTHOCUTCIbHBIM 4aCTOTaM pl* (pI/IC3)

Fo(x) 3MMNMPUHECKAA QYHELMA PACNPEAENEHNA
[0, x<17 12
0,06 mpu 17 <x<25 i T
E () = 0,12 mpu 25<x<33 %] | :
0,5 mpu 33<x<41 0.6 1 PR —
0,86 mpu 41<x<49 0.4 1 i
|1 opu 49 < X< +00 0.2 1 , 4_ i
0 17 25 33 A 9

Puc.3

Bo BTOpOM ciydyae B KauecTBe Te€X 3HAUYEHHWH X, B KOTOPBIX BBIUUCISIOTCSA 3HaueHus F* (x),
HY)KHO OpaTh TpaHMIBl pPa3psIoB, U IMOJIyY€HHbIE TOYKH COEAUHHUTH JIOMaHON JHMHHEH; B
pe3yJbTare MoJyYuTCsl CTAaTUCTHYECKUi aHanor GpyHkuuu pacrpenenenus HCB X (puc.4).
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F*(x)

Xi | F*(x)

13[0
21| 0,06
29 10,12
37105
450,86
5311

Puc.4

33ran.Ync/jioBble XapaKTePUCTUKH BbIOOPKH

BbruuciieHre YiCI0BBIX XapaKTEPUCTHK BEIOOPKH TPOBOJUTCS MO YKOPOUCHHOMY
CTaTUCTUYECKOMY psy €€ pactipeaesienus (Tadmuna 4).

3.1. 9jwnuputte01<ue HauanbHble MoMeHmbl  k-moeo nop;zdka mk u omnupudeckue

yeHmpanoHvie MoMenmvl K-moco nopsoka (i, BBMUCIAIOTCA 1O (GOpMysaM, aHAIOTMYHBIM

q)OpMy.]'IaM 51 3TUX MOMCHTOB ,I[PICKpGTHOfI CB c 3ameHnoit BepOHTHOCTeﬁ Ha OTHOCHUTCIIBHBIC
HaCTOTHI:

:Z(xi)k.p::%i(xi)k.ni, Z(x—xg) pI r]Z:(x—xg) n, k=1234,..

R 1
=m ==Y x-n =36,68; > ==>(x) -n, =1409,96;
ey N3
B R _ 13
m; ==Y"(x)’-n, =56170,76 ; = *.n =2303445.
ey N |:1
Ta6n1/1ua 6 BBI‘{I/ICJ'IGHI/IC 3MHI/IpI/I‘ICCKI/IX Ha4dYaJIbHbBIX MOMCHTOB
Xi 17 25 33 41 49 m,
N; 3 3 19 18 7
X; . N 51 75 627 738 343 m, =36,68
(x)? . nj 867 1875 20691 30258 16807 m, =1409,96
(x) °.ni | 14739 46875 | 682803 | 1240578 | 823543 m, =56170,76
(x) ‘. ni | 250563 | 1171875 | 22532499 | 50863698 | 40353607 m, =2303445

B TECOpHUHn BGpOSITHOCTCffI HN3BCCTHBI BBIPAXKCHUSA LCHTPAJIBbHBIX MOMCHTOB 4YC€PE3 HaAYaJIbHBIC
MOMCHTBI, a TaKKC JICTKO BBIBOJAUTCA 3HAYCHUC IEPBOro HCHTPAJILHOTO MOMCHTA, paBHOC 0 JJIs

mro6oit CB:
W =0, K=m—(m)> H=m-3mm,+2(m)>, p, =m,—4mm,+6(m)°m,—3(m)"*.
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Ananornynsle  (GopMynbl HUMEIOT MECTO W B CTaTUCTHKe. Mcmonb3ys HX, oOIpenenseM
SMITUPUYECKHE IIEHTPATbHBIE MOMEHTHI 00pabaThiBaeMON BEIOOPKH:

4 =0; 1 =m; —(m)? =64,5376; 4 =m; —3-m; -m; +2-(m)’ =-281,051;
4= — 4. +6-(m)2-m; —3(m’)* =13537,23.

3.2. Buibopounas cpeoussi X, (BbIOOPOYHOE MATEMATUYECKOE OXKUIAHUE) OMPEAEISIETCS Kak

CpE€AHEC B3BCIICHHOC Ha6J'IIO,I[aeMBIX 3HA4YCHHI IIpHU3HAKa )(, Koraa Kaxao€ 3Ha4CHUC 6CpeTCH C
YUYC€TOM 4aCTOThI €ro MOSIBJICHUM:

_ _ 5 -
xgziz“xini - X=X xn =  [X =36,68]
n= 50 i=1

Buibopounas oucnepcus: D, = x2-p; — (x)=m-(m)=x = |D =645376|

Buwibopounoe cpednee keadpamuueckoe ominonenue. o, = /D, = |o, =8,0335|

Bri6opounbIe qucTiepcus U cpeliHee KBaIpaTHIeCKOe OTKIIOHCHHE SIBJISIFOTCSI XapaKTEPUCTUKAMU
pacceuBaHus (pa3OpPOCAaHHOCTH) HAOIOMAEMBIX B BBIOOPKE 3HAUCGHHWHM IpU3HAKa X OKOJIO

BbIOOPOYHOM CpeHEN X, .

3.3. Acummempus AS u sxcyecc ES 1isi BBIOOPKM BBIYHCISIIOTCS TOYHO TaK K€, KaK JUis
ciy4vaiinoi Benunuunsl (CB) B Teopun BeposiTHOCTEH:

* *

Hs . Hy
_th _ 05421 : E, =4 _3-0,2502.
Aoy @)

8 6
CwMblIc 3THX XapakTepucTUK onucal 11 CB B Teopun BEpOSTHOCTEN.

AcuMMeTpusi  XapakTepu3yeT  "CKOUIEHHOCTh" — paclpenesieHHus; €eCciad  paclpejesieHe
CUMMETPUYHO OTHOCUTEIIBHO MAaTEMaTU4YECKOr0 OXHJIaHUS, TO €r0 BCE LIEHTPAJIbHBIE MOMEHTBI
HEYETHOTO Tmopsaka paBHbI 0, B yacTHOCTH 13 = 0, moatomy As = 0 .

Hanpumep, 11 HopmansHoro pacnpenenesust 4s =0 .

DKCIECC MCMONB3YeTCs Il XAPAKTEPUCTUKH OCTPOBEPIIMHHOCTH WM IJIOCKOBEPIIMHHOCTHU
rpaduka motHocTH pacnpeaenenus HCB. Jlns HOopmaiibHOTO pacnpenencaus Es= O; xpuBbie
Ooyee OCTpOBEpIIMHHBIE, YeM KpuBas [aycca HOpManabHOrO pacmpeieseHus, o0IanarT
MOJIOKUTETHHBIM IKCIIECCOM, 00JIe€ TITOCKOBEPITMHHBIE — OTPUIIATETHLHBIM.

B oOpabaTteiBaeMoil BBIOOpKE HAOMIOMAETCA CYIIECTBEHHAs ACHMMETpPHS, T.€. CKOIICHHOCTh

pacrpeziefieHus: OTHOCUTEIbHO BBIOOPOUYHOM CpeqHeil X, ; MOJOXKHUTENbHOE 3HAaYeHHE JKCIecca
YKa3bIBaeT Ha "OCTPOBEPIIMHHOCTH'" TUCTOTPAMMBI OTHOCUTEIBHBIX YacTOT.

34. Mooa CB X - e wnaubonee BeposTHOE 3HaueHHE (TO 3HA4YEHHUE, ST KOTOPOTO
BEPOSTHOCTh pi WM IUIOTHOCTH f(X) pacmpemeneHuss HMMEIOT HauOoOJbIIee 3HAYCHUE).
OKcrepUMeHTalbHble (CTaTUCTUYECKHE) aHAJIOTW MOJBL: IS JUCKPETHOIO pacipeeseHus
BBIOOPKM - TO 3HAU€HHE, KOTOpOE B JIAHHOW CEPUH OIBITOB BCTPEUAIOCH Yalle BCETO; IS
IPYNIMPOBAHHOIO (MHTEPBAJIBHOIO) paclpeneieHns BbIOOpKHM - IIEHTp TOTO paspsnua, JUls
KOTOpOTO IMJIOTHOCTh YacTOTHl MMeeT HauOosbllee 3HaueHue. [ oOpabaTbiBaeMoil BHIOOPKHU
MOy ompesessieM 1o Tabaunam 3 u 4: Mo=33.
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3ameuanue. Hanuune Gonee ueM OHHOﬁ MOIbI 00BIYHO YKa3bIBaCT HA Pa3HOPOAHOCTb CTATUCTUICCKOI'O0 MaTepuraa.

Meouana CB X - 3TO Takas XxapaKTEepUCTHKa, KOTOpas IpUMEHseTcs, Kak npasuio, s HCB
U OIIpeeNnsieTcs Kak 3HaueHue x=~Me, 1Ji1 KOTOPOTro BBINOJIHAETCSI PABEHCTBO:

P{X < Me}=P{X > Me}= % ,

TO €CTh OJIMHAKOBO BEPOSITHO, okaxercs in CB X MeHbIie 3HaUeHUs1 x=Me WM 0OJIbIIE 3TOTO
3HAYCHUSI.

B cimyyae cumMMeTrpuuyHOTrO pacmpeneicHus (MMEIONIEr0 MOJY) 3HAYeHHsS MOJbl, MEIAHaHbI U
MaTEMATHYECKOTO OXKUIAHUS COBMAIAOT.

Jns oOpabarpiBaeMoii BBIOOPKM 3HAaYCHHWE MEIMAHBI OIPEIENsieM [0 TPYIITUPOBAHHOMY
CTaTUCTHUYECKOMY psiay (Tabmura 3):

| Me=37| rtak kak P {X <37}=P {x > 37}=0,5.

3.5. lnst toro, 4roOBl cHeNaTh MPEIIOIOKEHHE O BO3MOXHOW OJIM30CTH pacIpeneiacHus
npu3Haka X K HOpMaJIbHOMY paclpeieleHNI0, HYKHO IPOBECTH CIIEAYIOIINE CPAaBHEHMUS

1) bopma rucTorpaMmMbl OTHOCUTENBHBIX YaCTOT 00padaThiBae€MOi BEIOOPKH UMEET aHAJIOTHIO C
dbopmoii rpaduka MIOTHOCTH HOPMAJIBHOTO pacipeiesieHus (C raycCOBOM KpUBOH);

2) rpaduk sMnupuueckod (yHKIMU pacmpenencHus F*(x) mmeer aHAIOTUYHO C TrpapUKOM
byukrr HopManbHoro pacnpenencaus F(X) = 0,5 + @(x) , rae @(x) - pyukius Jlamaca;

3) acumMmeTpHsi U 3KCLecC s BBHIOOPKM MMEIOT HeOOJbIIME 3HAYCHMs - Ul HOPMajbHOI'O
pacnpeseneHus 3TH 3HaueHus pasHsl 0;

4) nns HOPMaJbHOTO pacHpeleleHus MoJa W MeJuaHa COBMAJal0T C MaTeMaTUYECKUM
O’KUJIaHUEM - JIJIs1 BBIOOPKH MOJTyYMIIUCh OJM3KHE JPYT K APYTy 3HAUEHUS:

M, = 33, Me =37, Xs = 36,68.
Ha ocHOBaHMM 53THX CpaBHEHHM MOJHO CJelaTh NPEANOJIOKEHHE O TOM, YTO 3aKOH
pacripefiesieHusl  ciay4daiHoOM BennduHbl X B T€HEpaJIbHOM COBOKYITHOCTH SBISIETCS OJIM3KUM K
OJIHOMY M3 CHElIMalbHBIX 3aKOHOB HempepbiBHBIX CB, KOTOpBI Ha3bIBaeTCs HOPMAJIbHBIM
3aKOHOM.

4 3tan. 'nnore3a o TeopeTHYECKOM pacnpeaeleHHH NpU3HaKa X

BoiBuraem  rumotedy Hp: KonmuecTBeHHBIM mpu3Hak X B TeHEpalIbHOM COBOKYIMHOCTH

paCHpeI{eﬂeH 10 HOpMaﬂLHOMy 3aKOHy C HapaMeTpaMI/I a "u o. CHCHOBaTeHBHO,
meopemuueckas NIOMHOCMb pacnpedeieHus Ipu3Haka X UMeeT CIIEAYIOIINA BU/I:
(x-a)?

1 2
f()=—r—€ 2° |
(X) ol2n

a — 3TO MATEMATUYCCKOC OXKUAAHUC, O - OTO C.K.O. [IpU3HAKa X.

I/ICHOHBSyCM TOYECYHBIC CTATUCTUYCCKUEC OLICHKH JJI1 MATEMAaTHYCCKOro OKMJAAaHUA U C.K.O..

14



N_ n ~ . ~ 50 ~ —_
asx o= o = B=368 o= [D a0 -sus1 = [o-815y

Jnst moctpoeHust epaguxa nromuocmu pacnpedenerus: f{X) MOXKHO BBIYMCINTH €€ 3HAYCHUS B
TPaHUYHBIX TOYKaX S5 pa3psanoB (Tabmuma 3); [UIs BBIYUCICHHNA YJOOHO MCIIOJIB30BATh
U3BECTHYIO TaOIUIly 3HAYCHUH (PyHKLIIUU

1 x 1 X, —a _ X —36,68
— ’ f(x)=—=— ), A =i
o(X) \Ee torma f(x) O_q)(zl) e z, - 51151

YToOBI COMOCTaBUTH TPaPUK TEOPETHUECKON TUNIOTHOCTH pactpezaencuus f(X) ¢ mocTpoeHHOM
paHee TMCTOrPaMMOi OTHOCHTENbHBIX YacTOT, CIIE/lyeT CpaBHUBaTh 3Hauenus f(x) u p; /h.
[ToaTOMY 110JIE3HO 3TH 3HAYEHHUSI IOMECTUTh B OJIHY TaOMILy (Tabimma 7).

Tabnuna 7. 3uavenus mwiotHoctu f(X) pacrpenenenuss CB X: N(a, o)

Xi 13 21 29 37 45 53
, %2 -2,92 -1,93 -0,95 0,04 1,03 2,01
I O
o(z) | 00056 | 0,0617 | 0,2549 | 0,3986 0,2359 0,0528
f(xi) 0,0007 | 0,0074 | 0,0314 | 0,0496 0,0290 0,0063
p;/h | 00075 | 0,0075 | 0,0475 0,045 0,0175 0
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X | f(x)

13 | 0,0006
15 | 0,0013
17 | 0,0025 .

! F A(PUK TCOPECTUYCCKOU IIJIOTHOCTHU PaACIIPEC CHCHI/IHfX
19 | 0,0044 pad P pactipeA ®)
21 | 0,0074 0,0600

23| 0,0117 0,0500

25 | 0,0173 0,0400 N\

27 | 0,0240 2050 / \

29 | 0,0314 / \
0,0200

31 | 0,0387

33 | 0,0447 0,0100

35 | 0,0486 o,oooo-—“%. ————————— \
37 | 0,0496 13 23 33 43 53 63
39 | 0,0476
41 | 0,0430
43 | 0,0364 Puc.5
45 | 0,0290

47 | 0,0218 5 1 _<x—a232
49 | 0,0153 Ora Tabmiua 3HaYCHUH QYHKIMA  f (x) =— —__ @ 20° ,B

/2
51 | 0,0101 5 R dd
53 | 0.0063 xotopoit & =36,68 u 0 =8,1151, ueé rpadux nmocrpoeHsr B
55 0’0037 nporpamme MS Excel. IIpomexyTok 3Ha4eHHI apryMeHTa X BHIOpaH
5 O, 0020 CHMMETPHYHBIM OTHOCHTEJIBHO MATEMAaTHYCCKOTO OXKUAAHUS a .

59 | 0,0010
61 | 0,0005
63 | 0,0002

Cpasnenne rpaduka f(X) ¢ THCTOrpaMMOi OTHOCHTEIBHBIX YaCTOT
0,08

0,05 1

T
<
- // N

13 21 29 37 45 53 X

Puc.6

Ha ocHOBaHuM npeanongaraéMoro HOpMajJbHOTO 3aKOHA pAacIpeIeIeHus Nnpu3Haka X HalJaem
meopemuyeckue yacmomut N, nonaganuss HCB X B mpoMexyTOK, COBIAIAIONINN C

I-TBIM pa3psI0M TPYIIIMPOBAHHOTO Psi/ia PaCHpeaeICHHs BHIOOPKH: n=n-pl,
rae pPi= P{Xi < X <Xj+1}, N -00beM BBIOOPKH.

BeposiTHOCTH Pi HY)XKHO HaxOJHTh, UCMOJIBL3YsS HOpMaibHbIA 3akoH N(a, o) pacnpeneneHus
npu3Haka X B Te€HEpaJlbHOW COBOKYIHOCTH. J[s1 HOpPMaJbHOTO 3aKOHAa M3BECTHBI (HOPMYJIbI
BBIYMCIICHHSI BEPOATHOCTU nonaaanus CB B 3aJaHHBIN IPOMEXKYTOK !
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P{a<X<ﬁ}:cD(ﬂ_a)—@(aT_a),rne

=> P{x; < X <xis1} = D(Z172) _ ap(
(el

O

o

X, —a

D(x)=

).

Lfe
Var g

2dz - ¢pynkuus Jlamnacca =>

Ecnu 3amenuts zi=(Xj- @)/ o, rne a=36,68 u o =8,1151, To moysiyuum pacueTHyro GOpMyiTy

JUIs1 BEPOSITHOCTEH P,

P, =P(zi+1) — P(z)

Tabmuua 8. BeruuciieHyne 3Hau€HUN TEOPETUYECKUX YaCTOT N,

! X X1 Z; Ziy cI)(Zi) (I)(ZM) P; n=p-n
1 13 21 -2,9476 | -1,9518 | -0,4984 | -0,4745 0,0239 1,1939
2 21 29| -19518 | -0,9560 | -0,4745| -0,3305 0,1441 7,2029
3 29 37| -0,9560 0,0398 | -0,3305 0,0159 0,3463 17,3175
4 37 45 0,0398 1,0357 0,0159 0,3498 0,3339 16,6966
5 45 53 1,0357 2,0315 0,3498 0,4789 0,1291 6,4539

Kontpoms: ) n, =48,8648 - 6imsko k n=50; Y p; =0,9773 - Gimsko x 1.

CpaBHeHI/Ie OMIIMPHUYCCKUX YaCTOT ni U TCOPETUYCCKUX HACTOT n; MOKHO CACJIaTh AJId BapHWaHT

Xi (cepenuHbI MPOMEKYTKOB [X; X..,)), @ TAKXKE C IOMOIIBIO ITOJIMTOHOB 3THX 4acToT (Tabyuima 9

u puc.7).

Ta6n1/1ua 9. CpaBHCHI/Ie OMIIUPUYICCKHUX U TECOPETHUCCKUX YaCTOT

Xi 17 25 33 41 49

N; 3 3 19 18 7

n 1,1939 | 7,2029 | 17,3175 | 16,6966 | 6,4539

1
20 1
18 ?\\
16 //.'\3
14 : ! \\ ==& MOJINroH
12 Yy r N TeopeT MIecknx
10 Y/ ! yacTor N,
8 /] ! : N\ =—— OMNroH
6 /.‘ / X | ‘ 3MMMPUYECKMX
4 / :/ : ! | yacTtort I;
S d— 5 : i
O T IXI
17 25 33 41 49
Puc.7

['paduiku Ha puc.7 MOKA3BIBAIOT CXOJCTBO (POPMBI MOJIUTOHA TEOPETHUECKUX YACTOT, KOTOPBIC
MOJTYYEHBI Ha OCHOBE MPEIOJIaracMoOro HOPMaJIbHOTO pacipeieneHus, ¢ GOpMoi MOJUroHa
OIMITUPHUYUECKUX YaCTOT, PACCUUTAHHBIX 10 BBIOOPKE. DTO CXOJICTBO Ha KAYECTBEHHOM YPOBHE

MOJITBEPIKJIaeT MPABOMEPHOCTh TMIIOTE3bI O HOPMAJIbHOM 3aKoHe pacnpeaenenuss HCB X.

5 sran. UuTepBajibHBIC OLICHKH TapaMeTpa a
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WutepBanbHoii omenkoi mapamerpa a = M(X) sBisieTcss HOBEPUTENbHBIA WHTEPBaN, KOTOPBIH
orpezensercs 3aJJaHHbIM YPOBHEM HaJICKHOCTU ¥ TOYEYHOM OlEHKHU mapamerpa a. Mi3BecTHO U3

TEOPHH, YTO Ka4eCTBEHHOM TOYEUHOW OLIEHKOH mapaMmerpa a sBISETCS BHIOOPOYHAS CPEHHS
X, , TO €CTb A~ X .

HO onpeneneHH}o YPOBH:A HAaACKXHOCTU }/ HUMCCM, 4UTO
P{1 a— X

Ecnmu w3 sTtoro ompeaeneHus 1o (UKCHPOBAHHOMY 3HAYCHHIO ) BBIUUCIUTH YHCIO & H

<e}=y,rne y=0,95 wu y=0,99 wim y=0,999.

pPacKpbITh HEPABEHCTBO:

‘a—x(, <& S Xe—e<a<Xe+teac(Xe—&E X +E),

TO TIOJIyYUM JOBEPUTEIBHBIH HHTEPBAIT (X, —&; Xo + &) UL TOUYCYHON CTAaTUCTUYECKON OLIEHKU

X, WIHM, IPYTMMH CJIOBaMH, MHTEpPBaJbHYIO OLEHKY mnapamerpa a. CMbICi HHTEpBaIbHOU

6

OLICHKH JIF0OOT0 MapamMeTpa COCTOMT B TOM, YTO HaWJEHHBIA JOBEPUTEIbHBIM HWHTEpBaJl C
Hanepé 3alaHHOM HAJEKHOCTBIO 7 HAKpBIBACT 3HAYCHHME OLIEHMBAEMOro napamerpa. /mHa
JIOBEPUTEIBHOIO MHTEpPBaa OINpPENENIAETCS YUCIOM &, KOTOPOE JOJKHO OBITh BBIYMCIIEHO IO
3a1aHHOW HAJIEKHOCTH J .

B ciyuae oneHuBaHus MaTEMAaTUYECKOTO OXHUAAHUS @ HOPMAIbHO PACIPENEICHHOrO MpH3HaKa
X HYKHO IIPOBECTH CIIEAYIOIINE PACCYKICHUS:

1) BLI6OpOLIHy1-O CPCAHIOIO Xg paccMaTpruBaACM KaK OAHY U3 p€ajin3alluu CJIy4anHOU BCIINIUHDBI

— 1 . .
X==—(X;+X,+..+X,), rme X, - 3T0 ciyuailiHas BeJWYMHA, paBHAs BapuUaHTE, MOIAaBLIEH
n

10JI HOMEPOM | B MEPBOHAYAIBHYIO CTaTHCTUYECKYIO COBOKYIMHOCTH; Bce CB X He3aBUCHMBI
JpYT OT Ipyra U UMEIOT OJUHAKOBbIE PaCcIpeIeiCHUs C UCCIEAYEMBIM IPU3HAKOM X, TIOATOMY B
JTAHHOW 3ajade SIBJSIFOTCS HOPMAJIBHO paclpeseNieHHbIMH ¢ mnapametpamu a=M(X) wu

o=0o(X);

2) Jerko BBIYMCIAIOTCA MaTemMaTHueckoe okunanue u aucrnepcus CB X, ecnm
UCTIOJIF30BaTh CBOMCTBA ATHX XapaKTEPHCTHUK:

M(X)=M Ein :EZM(Xi):l-a-n:a,
L) N n

2
o (o2

— 1 1 1 —
D(X)=D| =) X [==)YD(X)==-0°n=— = o(X)=—:

(X) n;'nzé(')nz - ()Jﬁ

3) nns BBIOOPKHM O0JIBIIOTO 00BEMA N €CTECTBEHHO MPEAINOoNIOKUTh, uTo CB X uMeer TaKxke
O
Jn

UCIIOJIb30BaTh U3BECTHYIO ()OPMYITY AJIsl BEPOSITHOCTH OTKJIIOHEHUSI HOPMAJIBHO PACIPENCICHHON

HOpPMAaJILHOE pacmpeielicHHe, apaMmeTpaMyu KOTOPOTo SIBJISTIOTCS uncia (@, —=) ; TOrJa MOXKHO
" &\,
CB ot e€ MareMaTH4eCcKOro 0KHIaHUS: P{] X - a| <g}=20(—);
o

— o
IpU yCIOBUM, UTO X =X, H O = T , IOJTy4aeM cieyrouyo Gopmymny i BEpOSITHOCTH
n

OTKJIOHCHUA BLI60pO‘-IHOI\/'I CpC,[[HGfI Xg OT €€ MaTeMaTHUUYECKOTO OKHMIaHUS & MEHEe YyeM Ha

g\/ﬁ;

9HCIIO0 £ . P{1)_(6 - a‘ <&}= 2(1')(T
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3Ta BEPOSITHOCTH JOJKHA ObITh paBHA 3aJJaHHOM HAJCKHOCTH V¥ ;
4) Tenepb MeEM JIBa PaBEHCTBA, U3 KOTOPBIX MOXKHO HAalTH YUCIO & :

P{j;(g —a‘<g}:y
en |
B edn =>d(t) = et =—-;
qug — a‘ <g}= Z(D(—
3HA4YCHUC ty HaxXoAgUTCA MO U3BECTHOMY 3HAUCHUIO ¥ C IIOMOLIBIO Ta6J'II/II_II)I 3HAYECHUI (bYHKHI/II/I
Jlamnaca @(x), wuCHoONb3ys OOpaTHYIO WHTEPIOJANNIO;, [0 HAWJCHHOMY 3HAYCHUIO t,
t-o
Jn

(X¢ —&; X + £€) IUIA OLIGHUBAEMOTO TTapaMeTpa a.

onpeacisieM 4YMCIIO &. &= n gajcc 3almcbiBacM I[OBGpHTGJIBHLIfI HUHTCpBAJI

B o6pabarteiBaeMoii BEIOOPKE UMEEM:

X =36,68 m 0=81151, n=50, nostomy &=t - 9 -t wzl,148-ty,IIOBGpPITCJII:HI:IfI

4 \/_ 4 9\/_
untepBai (36,68—¢;36,68+¢) nim 36,68—& <a<36,68+ ¢, ero mmHa paBHa 2& . Kaxmpiid
TaKOW HMHTEpBaJl, PACCUMTAHHBINA MO 33J]aHHON HAAEKHOCTU ¥ C BEPOSITHOCTBHIO, PABHOM YUCITY
¥, HakKpbhIBaeT OIlCHWBaeMbld mapamerp a. B Ttabmume 10 mpencraBiieHbl HECKOJIBKO
WHTEPBANIBHBIX OIICHOK JUISI TapaMerpa &, IMOJYyYEHHBIX IMPH Pa3IUYHBIX 3HAYCHHSIX
HAJIEKHOCTH ¥ .
Tabnuua 10. UHTepBasibHBIC OLICHKU TTapamMeTpa a

4 y t & JIOBEPUTENBHBIN UHTEPBAN | JUIMHA JOBEPUTEILHOTO
5 r MHTEpBAJIa

0,95 0475 |1,96 2,25 | 34,43<a<38,93 4,5

0,99 | 0,495 |2,58 | 2,96 | 33,72<a<39,61 5,92

0,999 | 0,4995 | 3,29 | 3,78 | 32,9<a<40,46 7,56

CHeHaHHHe pacyeThbl MOKA3BIBAOT, YTO C YBCIMYCHHUEM HAACKHOCTU y HJIMHA HJOBCPUTCIIBHOT'O
HWHTCPBAJIa TAKKC YBCIIMNINBACTCA.

6 >Tan. IIpoBepka cTaTMCTHYECKON TMNOTE3bI 0 HOPMAJIBLHOM pacnpeejJeHMH NpU3HaKa X

CHpaBC,I[J'H/IBOCTB BBIZ[BHHYTOﬁ TUITIOTE3bI HO O 3aKOHC pacClpeaciiCHus IIpHU3HaKa X B

FeHepaﬂLHOﬁ COBOKYITHOCTH 4Yall€ BCCro IPOBCPAIOT IO KPUTCPUIO COrJIaCus HI/IpCOHa, B
COOTBETCTBUH C KOTOPBIM CTAaTUCTHUKA KpI/ITepI/IS[ HMMEECT paclpeaciICHUC «XU-KBaaApaT».

zZ np. i(—')

i=1

31eCh Nj— 3TO YMIUPUUECKHUE YaCTOTHI BAPUAHT BHIOOPKH,
N, =N-p, —3TO TeopeTHYecKHe YacToThl nonaganus CB X B mpomexyTok [ XX, ),
BBIYUCIICHHBIE ¢ TOMOIIBIO TUIOTHOCTH f (X) pacmpenenenus, mpeamnosaraeMoro mo

runorese H,
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Pacnpenenenue y” 3aBUCHT elé OT MapameTpa I, Ha3bIBAEMOTO «4UCIOM CTereHeil cBoGOIbI»,
3Ha4YeHHE KOTOPOro HaxoauTcs o ¢popmyne r=s-l,
II€ S — YUCIIO pa:sp;mms[xi ; Xm), | — 4uncio HEe3aBUCUMBIX YCIIOBHH (CBsi3€il), HAKJIaJbIBACMbIX

Ha OTHOCHUTCJIbHBIC YaCTOTbI pi*; AJI1 HOPMAJIBHOT'O paciupCACJICHUA KOJIUYCCTBO 3THUX CBsI3EH

paBHO 3 U UX COJAEpPNKAHUE ONPEIEIISIETCS CIEIYIOIUMMH PaBEHCTBAMMU

Zpi*:]" inpi*:mx’ Z(Xi _;(“)z'pi*:Dx'

Jlns pacnpenenenus y° cocTaBlieHa TabIMIA, B KOTOPOi BXOJAMH SABJISAIOTCS BEPOSTHOCTH P U
YHCIIO CTeNeHed CcBOOONMBI I; 4YHWCla, CTOSANIME B Ta0iMIe, NPEACTaBISIOT Cco0oi
COOTBETCTBYIOIIME 3HAdeHHs (yHKImM y°. Mcrmonp3oBaTh TaGNMIly HYXKHO —CIETYIOIIMM
o0pazoM:

1) ecnu BEIYMCIEHHOMY 3HAUEHHIO BEIMUYMHBI y° COOTBETCTBYET OYEHb MalleHbKas
BeposTHOCTh P (P< @, rIe @ - YpPOBCHb 3HAYMMOCTH), TO 3TO O3HAYaeT, YTO 3HAYCHUC
CTaTUCTHKA ° TMONaNo B KPUTHYECKYH obnacth V.. B aTom ciydae runoresy H, o 3akoHe
pacrpenenenusi Hy>)KHO NPHU3HATh HEBEPHOW, Tak KaK B PE3YNIbTaTe JIHMIIb OJHOTO HCIBITAHHS
(T.e. 06pabOTKU OJIHOM BHIGOPKHM) HabmonaeM cobbiTue y° €V, BEPOATHOCTH KOTOPOTO OYEHb

mama: P{y? eVK‘HO}Sa, T.e. HaOJOgaeM  CcOOBITHE, KOTOPOE CYHMTAETCA MPaKTUYECKU

HEBO3MOXKHBIM;
2) eciti 3HAUCHHE BEPOSITHOCTU P He MajeHbkoe (P > ¢ ), To rumore3dy H, HyXHO NpU3HATH

NpaBIONOIO0HOM, TaK KaK OHAa HE MPOTUBOPEYUT BHIOOPOUYHBIM JAHHBIM.

JIy1st BEIYMCIICHNS 3HAUEHHS y° B 00pabaThiBaeMoll BHIOOPKE HYKHO MCIOIH30BaTh TAOIMILy 9

OSMITUPUICCKUX ni N TCOPCTUUICCKHUX n; 49acCTOT, JOIMMOJIHCHHYIO BCIIOMOTaTeIbHOM CTpOKOfI.

Ta6numa 11. Beruucienue 3HaueHus  y°

% 17 25 33 41 49

n, 3 3 19 18 7

n 1,1939 7,2029 17,3175 16,6966 6,4539

(N —n)? 2,7320 2,4524 0,1635 0,1017 0,0462
r‘|i

3nauenne y° =5,4958.
Beruncisiem uncio creneHel cBo00 kI 1715t 00pabarbiBaeMoit BeIOOpKH: I = S-| = 5-3 = 2,
Io Tabnuie 3Hauenuii y° 06paTHOI MHTEPIONAIIEH HAXOAUM, 9TO TIpH =2 3HAYEHHE

7°=5,4958 cootercTByeT p < 0,05, Tak kak mpu P=0,05 B TabmmIe ecTh x> =5,99.
JlenaeM BEIBOJ: TIpH ypoBHE 3HaumMocTH ¢ = 0,05 BBIYMCIIEHHOE 3HAYEHNE y° HE MONajaeT B
KPUTHYECKYIO 0071aCTh (T.e. P> @ ), ClleIoBaTeNbHO, THIOTE3a 0 HOPMAITBHOM PACTIpe/IeICHHH

coryiacyercsi ¢ 00padaTbIBaeMOI BIOOPKOH.

Omeem no 3aoaue 1:
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[TpoBenena craructuyeckas o0OpabOTKa MO METOy MOMEHTOB OJJHOMEPHON BBIOOPKH 00bEMOM
N=50 3HaYeHUH KOJMYECTBEHHOTO MpHU3HaKa X B COOTBETCTBUHU C 3aJaHHBIM ILIaHOM. B
pe3ysbTaTe 3T0i 00padOTKH MOTYICHBI CIEAYIONUE Pe3yIbTaThI:

1) mpuBeneHbl 000CHOBAHHS TMIIOTE3bI O HOPMAJIBHOM 3aKOHE paclpeieieHus mpu3Haka X B
TeHEepaJIbHOW COBOKYITHOCTH €r0 3HaYCHUH:
- (hopma rucTorpaMMbl OTHOCHTEIBHBIX YAaCTOT 00padaThiBacMON BEIOOPKU MMEET aHAIOTHIO
¢ ¢opmoii rpaduka TUIOTHOCTH HOPMAJIBHOTO paclpeieieHus (C TaycCOBOM KPUBOM);
- rpaduK SMIUpHYECKO QyHKIMU pacnpexneneHus F*(x) umeer aHanorundHo ¢ rpadukom
byukuun HopMmaiabHOro pacnpeaeienus F(X) = 0,5 + @(x) , rae @(x) - pyukus Jlamnaca;
- aCUMMETpHS U JKCLECC JJs BEIOOPKM MMEIOT HEOONbIINE 3HAUYEHUS - Ui HOPMAJIbHOTO
pacripeniesieHus 3Ty 3HaueHus paBHbI 0
- U1 HOPMAaJbHOTO pACIpeieiCHUs MOJa W MeJIuaHa COBMAJAI0T C MaTeMaTHYeCKHM
OXKUJIAHUEM - JIJISl BBIOOPKH MOJTyYMIIMCh OJIM3KHE APYT K IPYTY 3HAUCHUS:

M, =33, Me =37, X,= 36,68,

2) COCTaBJICHA (bYHKLII/IH IUIOTHOCTH IIPCAIIOIaracMoro HOpMajJbHOI0 3aKOHa paCIpCacICHUs C
HCIIOJIb30BAHUEM TOYCUHBIX CTATUCTUYCCKUX OLUCHOK IJId €€ IMapaMCTPOB - MATCMATHYCCKOI'O
OXUJaHUA 1 CPCAHCTO KBAAPATHYIHOI'O OTKJIIOHCHUA:

_(x-a)?

1 2 o n
f(x)=——@€ 20°  a~X=36,68, c~,/]— 0 =81151;
9 o2 n-1 °

3) HaliJIcHbI MHTEPBAJIbHBIC OIICHKH TapamMeTpa a Ui HECKOJIbKUX YPOBHEH HAJIE)KHOCTHU: Y =
0,95; v=10,99; y=0,999; BbIsIBIECHO, YTO JUIMHA JOBEPUTEILHOTO HHTEPBAIa YBEIMUYUBACTCS C
MOBBIIICHHEM HaIe:)KHOCTH Y (Tabnuma 10);

4) mpoBeJieHa MPOBEPKa CTATUCTUYECKOM TMIOTE3bl O HOPMAJIBHOM paclpeie/iCHUH pU3HaKa X
Ha OoCHOBaHMU kpurepus Ilupcona ¢ 3amaHHBIM YPOBHEM 3HAUMMOCTH « =0,05; MOIY4EHHOE

3HAYEHHE CTATMCTUKH KPUTEPHs «XH-KBaApaT». y° =5,4958 ykasbiBaeT Ha TO, UTO

Ha 3aJ]aHHOM YPOBHE 3HAYMMOCTH THIIOTE3a O HOPMaJIbHOM PACHPEICICHUU HCCIEAYEMOTO
npu3Haka X coryiacyercsi ¢ 00paboTaHHON BHIOOPKOM.

Ilpumep pewenusn 3a0auu Ne2 ona evtoopku 06vémom 40

CoOpaHbl CTaTUCTUYECKHE JaHHBIE O KONMYECTBE YHUKAIBHBIX MOCETUTENECH HEKOTOPOTo caifTa
M KOJHMYECTBAaX IMEPEX0J0B MO OaHHEpY Ha TJAaBHOW CTpaHMIIE caiiTa 3a CyTkH. B pesynbrare
sKcriepuMenTa  Obuto monydeHo 40 w3MmepeHuii mpu3HAKOB X (KOMMYECTBO YHUKAIBHBIX
noceTuTesel caira) u Y (KOJIMYECTBO MEPEXO0B MO OaHHEepy). B koppensunonHo# Tabiwiie
MPEJICTaBJICHBI YaCTOTHI 3HAYeHU mapsl (X, Y), KOTOpble HAOMIOAATUCh B 3TUX H3MEPEHUSX.
[IpoBenem craTucTHYECKyl0 0O0pabOTKY pe3yJlbTaTOB H3MEPEHHH MO METOAY MOMEHTOB B
COOTBETCTBUU C IAHHBIM IIJIAHOM.
[{eas 00pabOTKH COCTOUT B CIEAYIOIIEM:

1) ycTaHOBUTB, SIBISIOTCS JTU KOPPENAIUOHHO 3aBrucuMbiMi CB X1 Y,

2) BBISIBUTH CTETIEHb OJIM30CTU KOPPENSAIIMOHHON CBSA3H K JTMHEIHOM;

3) BBIMOJTHUTH JUHEHHYIO alllIPOKCUMAIIUIO perpeccud Y Ha X M OI[EHUTh €€ TOYHOCTB;

4) mosy4uB MHTEPBAIBHYIO OLIEHKY Ul YIJI0BOro Kod(duiMeHTa JIMHEHHOW KOppemsiui,

MOCTPOUTH MPEAEIIbHbBIE TTOJIOKEHUS IPSIMOM TMHEHHON perpeccuu.
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B pesynbrare skcniepuMenta Obu10 moaydeHo 40 uamMepeHuil mpu3HakoB X U Y, 4acTOTHI
KOTOPBIX MPECTABICHbI B Ta0M. 1.

Ta6mmma 1. Koppensiiimonnast Tabymira HaOIr01aeMbIX YaCTOT NMPU3HAKOB X U Y

i 2 3 5 6 8
Xi
1 1 2 1 0 0
2 0 8 4 1 0
4 1 7 5 1 0
7 0 0 4 4 1

quciIo u3Mepenui: N =40
n; - yacrora mapst (X;;y;) B BBHIOODKE, Znii =40

ij
[TpoBeaeM CTaTHCTHUECKYIO 00pabOTKY Pe3ysIbTaTOB, UCIOJIB3Ys METOI MOMEHTOB. B mpoiiecce
peteHus OyeM MOMOJIHATh KOPPEISIIMOHHYIO Ta0IUIy SMIUPHUUECKUX YaCTOT
BCIIOMOTaTSIIbHBIMH CTPOKAMH U CTOJIOIIAMH.

1 3ran. Bei0opouHbIe pacnpenejeHus1 KaxKI0ro U3 Npu3HakoB X u Y.
BbI4MCINM 4acTOTBI M OTHOCHTENbHBIE YacToThl 3Hadenui X (i=14)u y;(]j=15) kaxaoro u3

npu3HakoB X U Y B OTAEIBHOCTH, COCTABIIAA AJIs 3TOr0 (OpMYJIbl, aHAIOTUYHbIE (hopMyIiam,
KOTOPBIE UCIOJIb30BAIKCH NPU pabOTE C KOPPENIALMOHHON MaTpULIEH CUCTEMBI JIBYX
JMCKPETHBIX CITy4alHbIX BEJIHYUH:

5 n — 4 n _
* X - * y . .
N,=> Ny Py=—- i=L4, In =>n;, p, =—>, j=15, n=40;
j=1 n = n
Bcnomorarenbnas tabmumna 1.1.
Y;
2 3 5 6 8 n,
X; i
1 1 2 1 0 0 4
2 0 8 4 1 0 13
4 1 7 5 1 0 14
7 0 0 4 4 1 9
nyj 2 17 14 6 1 40

CocTaBUM CTaTUCTUYECKHE PSIIIbI paclipeesieHUs] BBIOOPOUHBIX JaHHBIX KaXKJ0r0 U3 MPU3HAKOB
Xu Y (tabnune! 2 1 3) 1 HOCTPOUM MOJIUTOHBI YACTOT 3TUX MPU3HAKOB:
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[Tonuron yacror npusHaka X
nx 1e
14 4
12 {
10 1
8 4
6 -
44
24
0 d
1 2 4 7 X
[Monuron yactor npusHaka Y
ny 18
16 -
14 1
12 -
10 -
8 -
6 -
4 -
2 4
0
2 3 5 6 8 y
Pucynok 1.
Tabnuua 2. CtaTucTHUECKUH psij pacrpesieieHus Ipu3Haka X.
X; 1 2 4 7
n, 4 13 14 9 2.n, =40
1
p; 0,01 0,325 0,35 0,225 Z P, =1

Tabmuua 3. CratucTiuecKuil psja pacnpeaeseHus npusHaka Y.

Yi 2 3 5 6 8

ny, 2 17 14 6 1

o 0,005 | 0425 | 0,125 0,15 0,00375
Yj
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2 3ran. HaiiieM 0CHOBHbIE YHCJ/IOBbIE XAaPAKTEPUCTHKH BHIOOPKH.
Bribopounsie umcioBble xapakTepucTHkd kKaxiaod CB X wm Y Haxomum, wucnonb3ys uX
CTaTHCTUYECKUE psAAbl pacnpeneneHus (Tabaumsl 2 ¥ 3) U GOpMyIbl, U3BECTHBIE W3 PELICHUS
3azauu 1.
Bcrnomorarenpaas tadmuna 1.2.

. | 2 3 5 6 8 n, | xon, | x| X,
1 1 2 1 0 0 4 4 1 4
2 0 8 4 1 0 13 26 4 52
4 1 7 5 1 0 14 56 16 224
7 0 0 4 4 1 9 63 49 441
n,, 2 17 14 6 1 3,725 18,025
y;-n, 4 51 70 36 8 4995
yj? 4 9 25 36 64
y? Il 8 153 350 216 64 19 775
- 1 13
Cpennue BEIOOPOYHBIE: X=—- Z X -n, =3,725; —- Z y;-n, = 4,225:
n s n )

CpeIHUE M0 KBaJpaTaMm: X =

BLI6OpOLIHLIe AUCTICPCUHN:

BLI6OpOIIHLIe C.K.O0.:

=X = (x[ =18,025- (3,725)" ~ 4,149,
L=y —(yf =19,775- (4,225)" ~1924;

o, =D, ~2037, o,=/D, ~1387.

Bri6opounast koBapuanuss K, 1 BBIOOpOUHBIH KOAPPUIUEHT KOPPENALMU I, BBIUUCISIOTCSA 10

AHAJIOTUH C OTUMHU XAPAKTCPUCTUKAMU B TCOPUHN BepOHTHOCTeﬁI

Ky =M(X-Y)-m,-m, tne M(X-Y)=> > %y p
i

=

K8=x~y—>_<~§/

,THe X-y =

2

S|

K
r=——|
x Oy \/FX\/Hy

in B ARLT
j

JUTSL BBIYUCTIEHUS X - Y YI0OHO MPOBECTH CIAEAYIOIINE MPEe0Opa3OBaHMS:




U Jlajiee MPOMEXKYTOUHBIC PE3YJIbTAThl BEIYUCICHUH 0()OPMHUTH BCITIOMOTaTeILHOM Tabmumen 1.3.

BcnomorarensHas tabauna 1.3.

il 3 5 6 8 s, X, -5,
X;

1 1 2 1 0 0 13 13
2 0 8 4 1 0 50 100
4 1 7 5 1 0 54 216
7 0 0 4 4 1 52 364

693

— 693
=X-y=" > ~17.325 K, =17,325-3725:4225~1587; 1, ~0562=>

K, =1587 r =0,562]

CocraBiisieM TOYCYHBIC OLICHKH ISl YMCIIOBBIX XapakTepuctuk cuctembsl CB (X,Y):

m, =X, =3,725, m, =y, =4,225;

, = \/DX RELLENS \/4,1494-4—0 ~2063 o, = \/D LI \/1,9244-4—0 ~1,405:
n-1 39 y Y 'n-1 39

y n 40 ) -

Ky =K, =15869-° ~1628;  rwy=r =05616~0562.
n-1 39

HpI/I BBIYHUCJICHUHN 3TUX TOYCYHBIX OICHOK YYTCHO, UTO

1) cratucTuyeckas OLlEHKa JJIl MaTeMaTHYeCKOro okuaanus uccienyemoit CB coBmnanaer c ee
BBIOOPOYHOM CpeHeil;

2) A7 IOJTy4eHUs! CTAaTUCTUYECKUX OLICHOK AUCIIEPCUIl ¥ KOBapUaIMM HYKHO BBOJIUTh

. n .
MONPaBOYHbIN KO3PPUIMEHT ;

3) craTucTHYecKas oleHKa s K03 uImenTa Koppessiiiuy COBNAAAaeT C BHIOOPOUHBIM
K03(ppHULIHEHTOM KOoppesuuu I,, Tak KaKk

- n

Ky Koo K

rxy= - = n = g =r3.
0,0, \/Dx n D " ¥bBeyby

n-1\ " n-1

~

[o 3uavennmio K, #0 u K, >0 szakmowaem, uro wmexnay mnpusHakamu X u Y eCTh

KOppClIiIUOHHAs CBA3b, HNPUYCM IIOJOXUTCIIbHASA, KOTOpad XapaKTCPU3YCTCA TEM, 4YTO C
YBCIIUUCHUEM 3HAYCHUH OAHOI'0 M3 MPHU3HAKOB X mm Y 3HaueHus APYyroro MMET TCHACHIIUIO

TaKXe yBeJn4uBaThes. [10 3HaUeHUIO Iy, Onu3koMy K unciy 0,5, nenaeM BbIBOA, UTO JIMHEHHAS
CBSI3b MEXIY X U Y TPOSIBIIETCS KaK yMEpeHHasl.

3 3Tan. IMNUpPUYECKHe JUHUHN Perpeccuu
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& CJIOBHBIC C e,I[HI/Ie . BBIYUCIIAOTCA IO CTATUCTUYCCKUM ﬂHaM acCII eﬂeHeHI/IH qacToT
X
1

npu3Haka Y npu pUKCHPOBAaHHBIX 3HAUCHUAX MpU3HaKa X (aHAJIOTHYHO CUCTEME JUCKPETHBIX
CB B Teopun BEpOATHOCTEN):

n.
. i
pfy — ol Py — v _ VR - n;
=y X=x}=—p="="oy =y P =y [ X=x}=Dy, —=
pxi nxi nxi j=1 j=1 nxi
n

_ 1 5

Y, =——-S,Tae S =2 YN

n "
X =t

JUis 3TUX BBIYMCIIEHUH UCHIOIb3yeM TaOauIly 2 v yicaa S; U3 Tabmauisl 1.3, pe3ynbraTsl

BBIUKCIIEHUI B Ta0ule 4.

OMnupudeckas JMHUSA perpeccur Y Ha X WUIIOCTPUPYET 3aBUCUMOCTb YCIOBHBIX CPEHUX Y,
1

OT 3HaY€HUN X; !

_ 3MI'II/1pI/1‘-IeCKaﬂ JIMHNA perpeccin Y Ha x
Tabnuua 4. YcIoBHBIE CpeJHIE 3HAYCHUS 7yx
yxi 6
5 /'
e 2 4 4 — ¥
n, 4| 13| 14 ’
2
Si 13 50 54 52 1
Y« | 3,253,846 | 3,857 | 5,778 0
1 2 4 7 X
Pucynok 2.
AHaJ'IOFI/I‘-IHO HaxXoauM YCJIIOBHBIC CPCAHUC E .
n;
* P n Ny — 3 * SV
P*{X =x|Y = yj}=—*:n—:—:>xyj =D X PHX =x Y=y 3= x-—=
i v, Ny, =1 it Ny,
n

1 ) . 4
Xy, = Sin TAE S =D %Ny,
y: i=1

]

Jliist cueTa ncnonb3yeM TabnuIly 3 U 4uciaa S; BBIUUCIISAEM JIONOJIHUTENBHO 0 Tabmuue 1;
pe3yJbTaThl TOMENIAeM B TaOIuILy 5.
OMIUpHYecKast TNHUS PEerpecchn X Ha Y HIUTFOCTPUPYET 3aBUCHMOCTD YCIOBHBIX CPEIHHX X,

OT 3HA4YCHUH Y .

Tabmuia 5. YcioBHBIE CpeTHIE 3HAYCHUS X,
J

Yi 2 3 5 6| 8
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ny, 2 17 14 6
S, 5 46 57 34

Xy, | 252,706 | 4,071 | 5667 | 7

5 >
4 /

2 3 5 6 8 y

Pucynok 3.
4 sran. JIuHeiinasi perpeccusi

VYpaBHeHue nuHEHHO# perpeccun Y Ha X (apyroe obo3Hadenue Y (X)) UMeeT Takoil ke BUJI, KaK B
TEOpUH BeposTHOCTH /s cucteMbl 1Byx CB (X,Y):

r, o — —
y-m, = 22 .(x—m, )= 3ameHseM m, =Yy, M, =X, I, =T, 1 no1y4aeM BbIOOPOYHOE
X

YpaBHEHUE JTMHENHOMN PErpecCuH:

— o —
y—y=r-—-(x=x)|

Oy

IUTSL IOCTPOEHHUS ATOH npsiMoit B ocsix XOY e€ ypaBHEHHe MOXKHO 3amucarth B Buae Y =kx+b,
o, — -

rnek=r,-—, b=y-k-x
o

X
Haiinem ko3 uirienTs1 ypaBHeHUsI TUHEIHON perpeccun Y Ha X, 3alMCAHHOTO B BUE
y=kx+b:

k=r 7Y -0382437~0382, b=y—k-x=2800422~ 2,800.

Oy

CnenoBaTenbHO, ypaBHEHHE JIMHEMHON PErpecCHM B pEIIaeMOi 3aJja4e UMEET CIICTYIOIINI BUI:
=0,382x +2,800.

Ypeep

Tabmuua 6. CpaBHEHHE YCIOBHBIX CPEAHUX Y, W 3HAYCHHH Y,

Y - - -
X, yxi ypezp ypezp - yxi (ypezp — yxi )2
1 325| 3,183 -0,067 0,0045
2 3,846 | 3,565 -0,281 0,07896
4 3,857 4,33 0,473 0,22373
7 5,778 | 5478 -0,3 0,09000
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| 0,3973 |

[Toctpoum rpaduk IuHENRHOM perpeccun Y HAJIOXKHB €r0 Ha YMIUPUUYECKYIO JIOMAHYIO

peep?

perpeccuu ¢ y3namu (X;, y_xi) :

7
6 A —&— JmMnupuyeckas
5 rioMaHas perpeccum
4 4
3 ] —8— ["padwik NMHENHON
perpeccuu
2 1 y=382x+2,800
1 u
0 T T T
1 2 4 7
Pucynoxk 4.

OI_IeHI/IM TOYHOCTH JIMHEHHOMN allIpoKCHuMalun BLI60pO‘IHLIX JaHHBIX:

_ 03973
" Z(( pezp 40 ~0,010

S aran. UHTepBaibHas OLEHKA IS YIVIOBOI0 KO3(PpuumeHTa TMHEHHONH KOppeIsiliuM ¢
HaaexHoctoio y = 0,99

WuTepBanpHas OlIeHKa YTII0OBOTO Koaq)(bnuneHTa JTUHEHHON KOPPENALNU ONpPEAeIIseTCs

npomexytkom : (K—&;k+¢), rne kK =r, - — =0,382.
o

Yucno & HaAXOIUM M3 YCIIOBUA:

1-r? o
« .2 rne t - 9T0 Takoe 3Ha4YeHHE aprymenTa QpyHkiuu Jlamnaca, ipu KOTOpoM

4 ) \/ﬁ O:

D(X) ==

c=t

X

1-(0,562)° 1,974
J40 2,063

Taxum 06pa30M, HCKOMasi UHTCPBAJIbHAas OLCHKA IMOJIYIHJIaCh CJ'ICIIYIOH_ICI/I.
K, €(0,193; 0,572).

~0,267.

Hns y =0,99 monyyaem t, = 2575829~ 2576 = £ =2,576-

[IpenenbHbie MOI0KEHMs IPSIMON PETPECCHH ONPEACIAITCS yPABHEHHEM

y—y=k-(x— X) < y =kx+b, B koTropom GepyTcst npeensHble 3HaueHus Koddummenta K,
¢buKcHpyeMble KOHLIaMU JOBEPUTEILHOTO HHTEPBAa:

ecmn k =0193, To b=y—k-x~3,508=y, =0,193x+3,508;

ecmn k=0572, To b=y—k-x~2,093=y, =0,572x+2,093.

Bce Tpu npsiMple TPOXOIAT YEPE3 TOUKY (>_<,§/) =(3,725; 4,225) u cTposTcs Mo KpaitHUM
3HAYECHUSIM OTPE3KOB ITHX TPSMBIX.
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Ta6mmma 7. KoopauHaTel KpailHUX TOYEK HA MIPSMBIX JTUHUSX PETPECCHH.

X Y1 Y pecp Y2
1 3,7 3,183 2,665
3,725 | 4225 4,225 4,225
7| 4,856 5,477 6,099

—o— [peaenbHoe NonoxeHue npu
k=0,193

—B— [Mpsmas perpeccumn
—aA— [peaenbHoe nonoxeHve

NpsIMON perpeccum npu
k=0,572

1 3725 7 X

Pucynoxk 5.
3aaya peleHa noJHOCThIO.

Omeem no 3aoaue 2:
[IpoBenena cratucTudeckas oOpabOTKa MO METOAY MOMEHTOB JIBYMEpHOH BBIOOpKH (00BeM
BBIOOpKH N=40 3HaueHM) Hapbl KOJIMYECTBEHHBIX Mpu3HAKoB (X, Y), rme X — 3TO KOJMYECTBO
YHHUKAJIBbHBIX TTOCETUTENEH HEKOTOPOro caifita 1 Y — 3TO KOJIMYECTBO MEPEX0/I0B M0 OaHHEpY Ha
TJIaBHOM CTpaHuUIle caiiTa 3a CyTKU. [lomydeHsl cleayronre pe3yabTaTbl 00paboTKH:

1) mo 3HaYeHWIO  KOBapHaIMU ny #0 u ny >0 coemaHo 3akIIOYEHHE, UYTO MEXIY

npuzHakaMd X U Y ecTh KOppENAlMOHHAs CBs3b, MPUYEM KOPPEJSIUS SIBISETCS
MOJIOKUTENBHOM, KOTOpasi XapaKTEepPU3yeTcsd TEM, YTO C YBEJIWYEHHEM 3HAYEHUW OJHOI0 W3
npu3HaKkoB X wid Y 3HaUEHUS APYroro Mpu3HaKa UMEIOT TEHACHIINIO TaK)Ke YBETHYUBATHCS,

2) 1o 3Ha4eHHI0 Kor(hduImeHTa KOppesiuu Iy, 6im3komy K yuciy 0,5 cnenan BBIBOA, UTO

JMHEMHAs COCTABIIAONIAs CBA3M MEKAY IpU3HaKaMu X U Y MpOSBIISETCS KaK yMEpEeHHas;

3) cocTaBieHO ypaBHEHHWE JMHEHHON CpeqHeKBaApaTUIECKON perpeccuu Y Ha X:
Y e = 0,382x+2,800;

TOYHOCTH JIMHEHHON anmpOKCUMAIIMK BEIOOPOYHBIX JaHHBIX onpenenena urciaom 0,010;
4) malineHa MHTEpBAJIbHAS OIIEHKA /I YIJI0BOro KoddQuimeHnTa JUHEWHONW Koppemsiuu K

(mnst perpeccun Y Ha X) ¢ HaIe)KHOCTRIO Y = 0,99; MOCTpOEHBI MTpeACIbHBIC TTOJIOKEHHUS MTPSIMON
JTUHEWHOMN perpeccuu (pUCYHOK ).
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IIpuioxkenue A. BapuaHTbl KOPPeJIANMOHHBIX TA0 UL JJI5 3a1a4H 2

Bapuanr 1 Bapuanr 2
23|45 | 67 | 89| 111|133 711421 |28|35|42
NY N Y
18 2 13 ]2 16 1/11]3
33 1|/5|6] 1 30 3 13
48 2 149141 44 3 138|145
63 4 12| 4 1 58 3 10| 3
78 13| 5 4 72 2 |47
Bapuant 3 Bapuanr 4
2548 | 71 | 94 | 117 | 140 10|17 | 24 |31 38|45
Py Py
21 2 1411 21 315
36 4 | 2 35 6|7 4|5
51 10 |59 | 3 49 2 |32]15| 7
66 4 | 7 63 416
81 2 2 77 311
Bapuant 5 BapuanTt 6
51|66 | 81|96 111|126 20| 25|30 | 35|40 |45
Sy Sy
43 3|4 24 4 151
56 5|15 |4 35 6 | 5
69 3 152 1 46 2 [41]12
82 1 10| 5 57 7113 2
95 1| 4 2 68 2
Bapuant 7 BapuanT 8
41 |52 |63 |74 |85|96 3513943 |47 |51|55
NY NY
35 3141 79 1132
43 7115 90 71813
51 4 145] 1 101 4 [51] 3
59 317 18]2 112 51412
67 4 14 1|1 123 5|2
Bapuant 9 Bapuant 10
1322 |31 |40 | 49| 58 19124129 |34 |39|44
Oy Py
22 14| 3 48 9111
37 1418 |1 58 2 |14
52 397 |6 68 3142 2
67 1|4 78 15
82 5161 80 4 | 7
Bapuanr 11 BapwuanT 12
2127133 |39(45|51 25|30 |35|40|45|50
NY NY
15 3|4 50 2 |3
18 5|7 60 71 3
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21 1|/6[148]5 70 2 |50 2
24 2 | 414 80 1 (10| 6
27 111234 90 4 1713
BapuanT 13 Bapuant 14
34 50| 64 |80|114 | 115 5459|162 |67|73|76
Sy Sy
30 111 2 74 4 | 3
35 31415 96 2| 5|6
39 9 |59 2 118 6 [30(14] 6
44 1] 3 140 2 15195
49 711 2 162 1|2
Bapuanr 15 BapuanT 16
23 | 45| 67 | 89| 111 | 133 7114121 (28 |35|42
NY N Y
18 2 11| 4 16 1113
33 1|/5|6] 1 30 4 | 2
48 1140|510 44 6 |35]/14| 5
63 4 12| 3 2 58 8 5]3
78 1 (1|7 4 72 2 1 3|8
Bapuant 17 Bapuanrt 18
2548 | 71 | 94 | 117 | 140 10|17 | 24 |31 38|45
KOSy Py
21 3121 21 315
36 5 |1 35 5| 863
51 20 |49 | 3 49 12 122 15| 7
66 5| 6 63 416
81 1 3 77 2 | 2
Bapuanr 19 Bapuant 20
51 |66 | 81|96 | 111 | 126 20| 25|30 |35 (40|45
Oy Sy
43 3|4 24 3161
56 812 |4 35 6 | 5
69 23 132 1 46 22 |21 |12
82 1 10| 5 57 7 113] 3
95 2 | 3 2 68 1
Bapuanr 21 BapuanT 22
41152 | 63 | 74|85 |96 35|39 |43 |47 |51 |55
NY NY
35 31411 79 113] 2
43 8 |14 90 5 |10 3
51 4 13511 101 4 151|383
59 317191 112 4 1512
67 4 14 |1 123 315
Bapuanr 23 Bapuant 24
1322 | 31 |40 | 49| 58 19124129 |34 |39|44
Oy Sy
22 14| 3 48 7131
37 8 141 58 5 |11
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52 39| 6|7 68 3142 2
67 1|4 78 15
82 3181 80 3| 8
Bapuanr 25 Bapuant 26
2112733394551 25 (30| 35|40|45|50
Sy S
15 314 50 2 |3
18 5 | 7 60 8| 2
21 1|6]38]|15 70 2 |50 2
24 2 12|6 80 1 12| 4
27 111|324 90 4 15]|5
Bapuanr 27 Bapuanr 28
3450|6480 |114 | 115 5415962 |67 |73|76
NY NY
30 111 2 74 3| 4
35 116 |5 96 1|6 |6
39 19 (49| 2 118 16 |20 14| 6
44 1| 3 140 2 15[19]5
49 711 2 162 1|2
Bapuant 29 Bapuant 30
51|66 | 81|96 |111 | 126 201 25|30 | 35|40 |45
Sy Py
43 3|4 24 3143
56 416 |4 35 2 |9
69 13 32| 11 46 22 | 21|12
82 1 [5]10 o7 5 15| 3
95 1] 3 3 68 1
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IIpunoxenne b. O0pa3en opopmiieHUsI TUTYJIBHOIO JHUCTA

MHHHUCTEPCTBO HAYKU 1 BBICILIEI'O OBPA3OBAHUA PO
OI'AOY BO «<MYPMAHCKHNHU I'OCYIAPCTBEHHBIM TEXHUYECKHUHN
YHUBEPCUTET»

Kadenpa nmudpoBbix TexHomoTHiA,
MaTEMaTHKU ¥ SKOHOMHKH

PacuerHo-rpaguuyeckas padora
«CraTncrnyeckas 00padoTKa IKCIEPUMEHTATbHBIX JAHHBIX)

10 AN CHOUIIIINHC «CHGI_II/IaJ'II:HI)IG Pa3acCiIbl BBICIICH MaTCMAaTHUKN», 4aCTb 2

Bapwuant 10

Beimonuaun: Iletpos H.K.,
ctynent rpynnsl UBT-210

[TpoBepun: Kaiyoa B.C.,
noneHT kadenpel [ITMud

OneHka:

Jara:

Mypmanck, 2022
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