CrtaTucTtnyeckmm aHanms JdKCNnepumMeHTalibHbIX AaHHbIX

[Mpy BLINONMHEHUM W3MEPEHUI 3IKCMEPUMEHTATOP MbiTAaeTcs onpeaenuTb 3HavyeHue
TOW UMM MHOW BENUYMHbI. M Kak TOMbKO Ha4YMHAKTCS M3MEPEHUs1, OH CTarkMBaeTcs
C MHTEPECHON CuTyaumen. ecnu UCNonb3oBaTb [OOCTATOMHO TO4YHble npubopbl, TO
MOXHO YBWAETb, YTO MOBTOPHOE W3MEPEHME OOHOW W TOW e BEeNUYUHbI MPUBOAUT
NHOraa K pesynsrataM, crlierka OT/INYalLWMMCs OT pe3yrbTaToB NepBOHAaYarnbHOro
N3MEpPEHNS.

ITO sdABrfeHne XapakKTepHO KaK A5A MNpocCTbiX, TaK U AJ1A CITOXHbIX I/I3MepeHI/II7I.



[Mouyemy cyuwiecTByeT pasbpoc, oTkyaa beperca nameHeHmne?

OTBEeT Ha aTOoT BOMNpPOC o4YeBUaAEeH: yCnoBu4a ripoBeaeHuna 3KCnepmMMeHTa BCE BpeMA
MEHAKTCA, N B YCIIOBUAX peaJibHOIro 3KCrnepmMMeHTa OT HUX n36aBUTbLCS
HEBO3MOXHO.

Mbl «o6pequb|» BbIMNOJTHATb U3MEPEHUA BEJTUHNH, KOTOPblE HNKOIda HE OCTaloTCA
NMOCTOAHHbBLIMMN. I'I03T0|\/|y NMNOCTaHOBKa BOMpoca O 3HaA4YeHUu HeKOTOpOﬁ
BeJfINMUHbI MOXeT ObITb HeKOppeKTHOﬁ, HY>XHa NOCTAHOBKa TaKOro BOIMPOCa,
KOTOprI7I oTpaxars Obl 3TO CBOUCTBO U3MEH4YUBOCTH.



PeweHne coctouT B TOM, 4YTOObl XapakTepunsoBaTb PU3NYECKYHO
BENWYMHY HE OAHUM 3HA4YeHUEeM, a BePOATHOCTbLIO HAUTU B IKCNEepPUMEHTe

TO UIIN NHOE 3Ha4YeHue.

Ona aTtoro BBOAMTCA (PYHKLMS, HasbiBaeMas pacnpenerieHMeM BepOSTHOCTU
oOHapyXeHust pU3n4eckom BEeNMYMHbI, KOTOpasi MOKa3biBaET, Kakme 3HayYeHust 4valle

BCTPEYalOTCA B 9KCMEPUMEHTE.



Lanee mbl yBMAUM, 4TO (DYHKUMSA pacnpeneneHns B OONbLUMHCTBE
9KCNEePUMEHTOB SABMSAETCA [OCTAaTOMHO MPOCTON U MMeeT [OBe
XapaKTePUCTUKMN.

[lepBass — cpepHee 3Ha4YeHue (pPU3NYECKOU BeENUYUHDI,

BTOpasi — MNokasblBaeT 00facTb BOKPYr 3TOU cpeadHen BeSfIMYUHLI, B
KOTOPOW COCpeaoTo4eHO 6OMNbLUNMHCTBO pe3ynbraToB akcrnepumeHTa. OHa
XapakTepmsyeT WUPUHY ITOro pacnpeneneHnss U HasblBaeTcd
NOrPELUHOCTbIO.

JTa WuMpMHa MMeeT CTPOrylo MHTeprnpeTauuio B TePpMUHAX TEOPUN BEPOSITHOCTEW,
T.6. MOXHO YyKa3aTb, C KaKoOW BEpPOSITHOCTbIO Mbl JOMKHbI OOHAPY>KUTb UCTUHHOE
3Ha4yeHue B 3aaHHOM obnacTu BOKPYr WU3MEpPEHHOro cpeaHero 3HadveHusi. HasoBem
9TY NOrPELLIHOCTb ECTECTBEHHON.



[na akcnepumeHTaTopa MNOCTPOEHMe YHKUMW pacrpenerneHud

TpebyeT npoBedeHNA MHOroKpaTHbIX (DECKOHEYHOro 4ucria) u3mepeHum,
4YTO ObLIBAET OOPOro M HUKOMY He HYXHO. [loaTomy npmuxoguTtcs
OrpaHMYnNBaTbCA KOHEYHbIM YUCIIOM U3MEpPEeHUMn, YTO MPUBHOCUT
AOMOSTHUTENbHYHO MOrPeLHOCTb.

BosHukaer un gpyraa npobrnema: B KaXXOoM 3KCNEPUMEHTE NMPUCYTCTBYET
U3MepuTesibHbIN MPUOOP, KOTOPbIN BHOCUT M3MEHEHUS B Ha4darbHY QYHKUUIO
pacnpegeneHna, npueBoas K AOMNOSIHUTEeNbHON (MPMOOPHOMN) NOrpeLlHOCTM.

PasgeneHne norpelHoCcT Ha eCTECTBEHHYH M MpPUOOPHYI0 AOCTAaTOMHO YCIOBHOE,
OHO MO3BONMSIET Nyylle MOHATb MPUPOAY NOrPELLHOCTM.



JkcnepumeHTaTop OOMMKeH Bcerga 3agaBaTb cebe ABa Bonpoca:
Kak nameputb usandeckyo BENUYMHY, T.e. Kak onpeaennTb ee
XapaKTePUCTUKN— CPEOHIO W LUMPUHY, U OO0 KaKOW CTeneHu ypacTcs
Pa3yMHO YMEHbLUUTb MOrpeLIHOCTb JKCnepumMeHTa?

I'IoaTomy Ba>XHO NMOHMMaATb B3aNMOCBA3b MeXy TpeMA COCTaBIIAKLWLNMN NMOrPeLLHOCTA.

- €CTECTBEHHYH MOrpeLIHOCTb MOXXHO YMEHbLUNTb, NU3MEHSIS YCIOBUS
NpoBeaEeHNS SKCNEePUMEHTA,

- MOrPELLUHOCTb, CBAA3AHHYKD C KOHEYHOCTbHO YMCNa M3MEPEHUn —
yBENUYMBasi Nx Yncro,

- NPpUBOPHYID — Mcnonb3ysa 6oree ToOYHble MeTodbl U UHCTPYMEHTHI
N3MEPEHUN.



BmecTe ¢ TeM HEBO3MOXHO YMEHbLUUTb NOrPeLHOCTb A0 HynA. [1ns
Hee CyLWEeCTBYET HUXKHUN npeaer, OLEHKA KOTOPOro — MPUHUMNUanbHbIN
domaunyeckui Bornpoc.

I'I03T0|\/|y HalleWn 3aJaven ABnsieTcs ornpegennTtb Te SKCNnepnmMmeHTaribHble MeTo/bl,
KOTOpPbIE afEKBaTHbI Xenaemou m AOCTXKUMOW TOYHOCTMW.

B 3aBMCMMOCTW OT Xenaemow TOYHOCTU MOTYyT BOSHUKHYTb pa3iinyHble CUTYyaUNn.

- €CJIN Mbl XOTUM MNONy4YnTb MNOpPAOOK |/|3meps|eM0|Z BEJIMYUHbLI, TO WU
norpewHoOCTb AOJTKHA OLUEHNBATLCA pr60;

- €CJIIN Mbl XOTUM MNONy4YnTb TOYHOCTb MMopAdKa HECKOJIbKNX
npoueHToB, TOoraa Heobxoaumo n 6onee dKKYypaTHO oripeaesiaTb
NOrpeLHOCTN,

- €Cnn HeobXOoAMMO MNOMNYYUTb TOYHOCTb, CPaBHUMYKD C TOYHOCTbIO
9TaNoHHbIX U3MEpPEHUn, TO Npobema onpeaeneHns NorpeLlHOCTN MOXET
cTaTb Ooree Ba)XHOW M CIOXHOW, YyeM npobnemMa U3MepeHust camoMn
BEMNUNYUHbI.



Kpome YKa3aHHbIX B J3KCrepumMmeHte Moryt mmetTb MeCto 1 Apyrmne
UCTOYHUKN OLLII/I6OK, KOTOPblE€ BbI3bIBAlOT TaK Ha3biBa€MblE
CUCTEMATUYECKUE OLUUOKMW.

BoisBneHne mx m aHanm3 HaMHOro CrioXHee, YeMm CﬂyanIHbIX.
MOoHO YKa3aTb TPU OCHOBHbIX WNCTOYHUKaA CUCTEMATUHECKUNX OLLNOBOK:
* MEeTOAUKa, Bbl6paHHaF| Aanda npoeegeHund sKkCrnepnMeHTa,

. nroxas pabota uaMepuTenbHbIX NPUOOPOB, U, HaKOHeL,
. OoLMBKM camMoro aKkcnepmumMmeHTarTopa.



[TOCKONbLKY OTKIWK M3-3a BIUSAHUA HEKOHTPOSIMPYEMBLIX (PaKTOpOB
ABNSIETCA CNyvYaMHOM BEeNIMYMHOWU, TO npu obpaboTke pes3ynsraTtos
9KCNEPUMEHTA LWMPOKO MUCMONb3yeTcsA annapart Teopuu BepPOATHOCTU WU
MaTeMaTU4YeCKOU CTaTUCTUKU, MNOITOMY HeObXOAMMO HaANMOMHUTb
HeobXxoaAuMbIE MOHATUA U oNpeaeneHnsa 3Toro pasaena MmateMaTuKkn.



KPATKUE CBEOEHUA U3 TEOPUN BEPOATHOCTEU U MATEMATUYECKOW
CTATUCTUKU

CnyyarHble BENMYMHbI 1 NapamMeTpbl UX pacrnpeaeneHnn

[MocKomnbKy 13-3a BNUSIHUS HEKOHTPONUPYEMbIX haKTOPOB OTKMMK — 3TO BCeraa
crny4YanHas BenuuuHa, npun obpadboTke pesynsTaToB 3KCNepuMeHTa LUMPOKO
MCMNONb3YeTCs annapaT TeopUn BEPOATHOCTEN U MaTeEMaTUYECKOM CTaTUCTUKKN, NOITOMY
HaNnOMHUM HEKOTOPbIE OCHOBHbIE NMOHATUSA N ONpedeneHns 3Toro pasaena MaTeMaTuku.

CnyuaiHoe cobbITue — coGbITMe, peanu3aLnio KOTOPOoro Npu onpeaeneHHoM
KOMMIIEKCE YCNOBMI HEBO3MOXHO 3apaHee npeackasathb.

Hanpumep, peanu3auuio Takoro cobbiTUs, Kak NATb aBapuii Ha LWaxTe B TeyeHue

Mecdua, HEBO3MOXHO TMMpecCKa3aTb 3apaHee, MOCKOJIbKY aBapMﬁ MOXET ObITb U Tun, n
CEMb, N YETbIPE, N T.A4.



Cny4yamHasa BenMYMHAa — BENMYMHA, KOTOpasi MOXET MNpuHUMaTb Kakoe-rmbo
3Ha4YeHME 13 yCTaHOBITIEHHOIO MHOXECTBA U C KOTOPOW CBA3aHO BEPOATHOCTHOE
pacrnpenenexHue.

CnyyanHas BenimunHa MOXeET OblTb AUCKPETHOW UNU HEMPEPbLIBHOMN.
OuckpeTHaa cny4vyamHas BeJIMYMHA — CllydyanHasa BenuYMHa, KoTopas MOXeT
NPUHUMATb 3HA4YeHNS TOSTbKO N3 KOHEYHOro NN CYEeTHOro MHOXeCTBa

AEeNCTBUTENbHbIX Yucen.

HenpepbiBHasa cnyyanHas BennMYnHa - CriydamHasi BeNUYnHa, KoTopasi MoXeT
NPUHUMAaTb NOObIe 3HAYEeHUs1 N3 KOHEYHOIO NN DEeCKOHEYHOro NHTepBana.



Ecnu npn gomkcmpoBaHHOM Habope YPOBHEN BCEX KOHTPONMMPYEMbIX DaKTOPOB
NPOBECTN N U3MEepPeHUn OTKNMKa X, TO B pesynbrare Oyader MnonyvyeH psag XoTta u

BNU3KnX, HO OTNNYAKLMXCA OPYr OT Apyra 3HaYeHUn: X;

I=(1, 2, ...,n,) (1)
roe X; — i - UsMepeHune BermyuHbl X;
X1, Xo,..., X, — PEANU3ALNA CNYYaNHOW BENUYUHBI X.



[Mpumep 2.1. B pesynsrate nsydeHns paboThl WaxTbl Ha NPOTAXEHUM NonyTopa et
ObINo 3aperncTpupoBaHoO criegytoLlee Kormm4ecTBO aBapuii B TeHeHNE KaXaoro mecaua
(tabn. 1).

Tabnuua 1

Uncno aBapuu Ha wwaxTte no mecdauam (obuiee ymcno HabnogeHun n = 18)
Mecay 112 314|567 (81910111 1213|114 |15(16 (17|18
Yncno 314/ 3|5|5|5|6|4 6|58 2|46 |75 6|7
aBapuu

B naHHOM npumepe 4yncro aBapun Ha LiaxTe B Te4eHne mecsua -

9TO AMUCKpeTHas criydanHas BenmyunHa.

B nepeom 13 n = 18 namepeHuin 3Ton BENUYNHLI ObINO NONYy4YeHO 3Ha4veHne X, = 3, BO
BTOPOM — X, =4 U T.A., OO X5 = 7

[MpuBegeHHbIE B Tabn. 1 3HaYEHUs — 3TO peanusaumsa Takon criyYyanHoM BENNYUHDI,
KaK YACI10 aBapui Ha LuaxTe B TeYEeHue mecsua.



Kaxxgomy 3Ha4yeHWI0 OUCKPETHOW CIlydanHOM BeSMYnHbl X (J1lobomy 13 cobbitum A,
Korga cnyvanHas BennyumHa X npuHMMaeT Kakoe-nnmbdo CTporo onpenerieHHoe
3Ha4YeHMe X), MOXHO MOCTaBUTb B COOTBETCTBME Crieaylollee OTHOLIEHNE:

W=m/n (2)
rae m — 4yncno HabngeHnn, B KOTOPbIX AUCKPETHAA criydanHasi BenuymHa X okasanachb
paBHa X;

n — obLuee KonmyecTso HabNAEHUN.
BennuunHy W HasbiBalOT YacToTon peanusaummn cobbitma A.

B npumepe 1, B wectn Habnogenusx: i =4, 5, 6, 10, 11 n 16, konn4yecTso

aBapun Ha LWaxTe B TedeHne Mecsua X okasarnocb paBHbIM NATU (X = 5),
criegoBaTeribHO, YacToTa peanu3auum Takoro codbITUS, Kak NATb OCTAHOBOK, paBHa
6/18 = 0,33. YacToTbl peanuaauum gns apyrux cobbltmn (aBe, TpK, YETbIpPE N T.A4.
aBapun) npueeaeHbl B Tabn. 2.

Tabnuua 2

Yucno aBapuii X 2 3 4 5 5] 7

HonuyecTeo HabnwoaeHuia m, B KOTO- . 2 9 6 4 o
pPhiX PEANWIOBANOCE COBLITHE X = X

YactoTa peanvaagun, W=m/n 006 | 011 017 | 033 | 022 | 0,11




Ecnu npogomkntb HabnogeHns 3a paboTon WwaxTbl B TEHEHNE eLle nonyTopa neT, To,
KOHEYHO e, COBEPLUEHHO He 065s3aTeNbLHO, YTO Ha MPOTSKEHNN CreayoLLnX
BOCEMHaALATU MecsiueB NATb aBapun OyaeT CHoBa 3aperncTpmMpoBaHO POBHO B 6
cny4vasx u3 18 HabniogeHnn, a YacToTa peanumsaunm 3Toro codbITUS ONATb OKaXXeTcH
paBHou 0,33.

OpgHako npu Bo3pacTaHnn Yncna NoBTOPEHMIN OOQHOIO U TOro e KOMMsiekca yCnoBun
YyacToTa peanusaunm Takoro cobbITUsi, Kak, HanpuMep, NATb aBapuin B TEYEHNE MecsaLa,
OyneTt npuHuMaTh Bce bonee n bonee ycTtoM4ynBoe 3HaAYEHME.



Tak, ecnn nogcyuTaTb 4acToTy peanu3aumm gaHHOro cobblTusa 3a 36 mecsiueB, TO
OHa yXe MnpakTU4Yeckn He OyaeT oTnmyaTbCsl OT TOro 3HaYEHUHA, KOTOPOE 3aTem
MOXHO OyaeT nornyyniTb 3a 4YeTbipe C MOoSIOBMHOW roga (Mpu ycrioBun, 4TO 3a BCe
9TO BpeMs HabnogeHun B paboTe waxTbl He Mpou3onaeT HUKaKMX CYLLEeCTBEHHbIX
N3MEHEHNN).

[Mpenen, K KOTOPOMY CTPEMUTCA OTHOLLIEHME M/N NPU HEOIPAHNYEHHOM BO3paCcTaHUM
Yyncna onbIiTOB N, HA3bIBAETCH BEPOSATHOCTbLIO CITy4alHOro coobITuS.

BepositTHOoCTb P(A) cobbiTnst A — 4ncro oT Hynda 40 eAuHULbBI, KOTopoe npeacTasndeT
cobon npegen 4vacTtoTbl peanusauum cobbiTns A npum HeorpaHUYEHHOM
4yucrie NoBTOPEHNU OLHOIO U TOro Xe KOMMJS1eKca yCIroBUNA.



[na gucKpeTHOW crny4yanHon BeNMYMHBLI MOXKHO yKasaTb BEPOATHOCTb, C KOTOPOW OHa
NPUHUMAET Kaxgoe N3 CBOUX BO3MOXHbIX 3HAYE€HUIN KOHEYHOIrO UITN CHETHOIO
MHOXeCTBa OeNCTBUTESbHbIX 4YuCen.

[Ons HenpepbiBHOW CryYamHOW BEeNMYMHbI 3a4al0T BEPOATHOCTbL €e NonaaaHus B OAWH
N3 3aJaHHbIX UHTEpBanoB obnacTu ee onpeaeneHns (MOCKoNbKy BEPOSITHOCTb TOr0, YTO
OHa NPUMET KaKoe-nnmbo KOHKPETHOE CBOE 3HAYEHUEe, CTPEMUTCS K HYIHO).

[TonHOCTLIO CBOUCTBA Crlly4YauHOW BESIMYMHbI ONMUCLIBAIOTCA 3aKOHOM ee

pacnpeneneHua, rnog KotopbiM NOHMMaKOT CBA3b MeXy BO3MOXHbIMU 3HAYeHUAMMU
CﬂyqaﬁHOﬁ BeJINYNHbI N COOTBETCTBYHOLLUMMUN UM BEPOATHOCTAMM.



PacnpeneneHne cnydanHon BenUYnHbl — (hyHKLUSA, KOTOpasa O4HO3HA4YHO
onpeaensieT BEPOATHOCTb TOro, YTo CllyYamMHasa BefilMYMHa NpUHUMaeT 3agaHHoe
3Ha4YeHne NN NPUHALNIEXUT K HEKOTOPOMY 3aAaHHOMY UHTepBany.

B matemartuke ncnonb3ytoT ABa cnocoba onncaHua pacnpengeneHnn cnyvyamHbix
BENUYNH:

NHTerpanbHbin (PYHKUMA pacnpenernieHns)
n anddepeHunansbHbin (NMTOTHOCTb pacnpeanenenms).

PyHKUMA pacnpegenenuns F(x)— dyHKUus, onpegenstowas ang Bcex AeNCTBUTENBbHbIX X
BEPOSATHOCTb TOrO, YTO CryyYanHasi BenndmHa X NnpuHMMaEeT 3Ha4YeHne He
oonblue, Yem X.

F(x)=P(X=<x). (3)



dyHKumMA pacnpeneneHus F(x) nmeet criegyrolime cBomcTea:
1. Ee opanHaTa, cCOOTBETCTBYIOLAA NPONU3BOSIbHOM TOYKe X,, MpeacraBnsaer
cobon BEpPOSATHOCTb TOro, YTO CriydanHasa BenmumHa X byaet MeHbLle, YeM
X, T.€. F(X,) = P(X = x,).
2. PyHKUMSA pacnpeneneHna npuHMMaeT 3Ha4yeHue, 3aKkntoyYeHHoe MeXay Hynem u
eauHnUen:

0 sF(x)<1 (4)

3. OyHKUMA pacnpeerneHna CTPEMUTCA K Hym Npyv HeorpaHU4YeHHOM
YMEHbLUEHUN X N CTPEMUTCA K eanHuLe nNpu HeorpaHM4YeHHOM BO3pacTaHnK X, TO eCTb
lim F(x) =0, limF (x)= 1. (5)
X—=00 X—+o
4. OyHKUMA pacrnpeneneHns npeactasnsier codboM MOHOTOHHO BO3pacTalo-
LLIYIO KPUBYHO, TO €CTb
F(x,)>F(x,), ecnun x,>x,.  (5a)
5. Ee npupalleHne Ha npou3BONbLHOM OTpeske (X;; X,) PaBHO BEPOATHOCTU
TOro, YTO cryvyanHas BenmdmHa X nonaget B AaHHbIN MHTepBan:
F (X5)=F (x; )=P (X=x,)-P (X=x, )=P (x;<X= x, ). (6)



PaccmMmoTpum, Kakme OCODEHHOCTU UMEKT AT/
dyHKUMN pacnpeneneHna OUCKPETHbIX F (l)

Cny4YanHbIX BESTUYUH. [ SEEEEERRRRN——— P
[TycTb X — ONUCKpPETHAA criydyanHasa BenmynHa, T i
NPUHUMALOLLLAS BO3MOXHbIE 3HAYEHUS Xy, Xy,. .-, | Am—

X, C BEPOATHOCTAMMW Py, Py, ..., Py, - 0,77 fl—

PyHKUMA pacnpeneneHns BepOATHOCTEN 3TOM
cny4yanHou BeNuU4YnHbl X paBHa

|
|
F(X)=P(X <X)=2p —— |
X B P |
—r-=+01 |
roe Npou3BoaMTCA CYMMUPOBAHUE ] =TT i
BEPOATHOCTEN BCEX BO3MOXHbIX 3HAYEHNU D 0 1 234567 X

CllydanHON BENUYUHBLI X, MEHLLLMX YeM X.

Takasa pyHKUMA Bcerga paspbiBHas, cTyneHyaras (puc.): oT —« [0 X; BKNIOYUTENbHO
pyHKUMA paBHa HyIO, B TOYKE X, MPOUCXOANT CKa4OK Ha BENUYUHY P, N PYHKLNA
OCTaeTCs MNOCTOAHHOM OO0 X, BKMNIOYNTENBbHO U T.4., TO €CTb BO3MOXHbIM 3HaYEeHUAM
CIlydamHOW BENUYNHbBI COOTBETCTBYIOT CKauku (PYHKLUMKN, paBHbIE BEPOSATHOCTAM 3TUX
3Ha4YeHUNn.

[TlocnegHWU ckavyok Ha p, MNPOUCXOAUT B TOYUKE X, U PYHKUNA paBHa eauHuLe oT X, OO
+o, Taknm obpasom, cymma BCEX CKa4yKOB paBHa eanHuLE.



[TnoTHOCTb pacnpeaernenus f(x) — nepeas nponsBoaHasi (ECnNu OHa CyLWECTBYET)

(PYHKLMM pacrnpeneneHus
f () = dF (x)
dx

(7).

[1NOTHOCTL PyHKUMK
pacnpegenenua f(x) nmeer
cregyowine ceBoucTea fi{x)

i

1 INnoTHOCTL pacnpegeneHus

BEPOATHOCTEN SABNSETCSH

HeoTpuLUaTEeNbHON

doyHKUMEN, T.€. fix)
f( x)=0. (8)

OTO CBOMUCTBO crpaBeasinBo, Tak

kak F(x) ecTb HeybbIBaloLlas / :

doyHKLMS.

-]

O C——r o
xiq dx I'-,"L M:u M.: Al



2. OyHKUMA pacnpeneneHns criydamHon BenmynHbl X paBHa onpenesieHHOMY
NMHTerpany oT NSIOTHOCTU pacnpeneneHns BeposaTHOCTEN B npeaenax

X
F(X) = | f(x)dx
(9)
—00
3. BeposaTHOCTb cobbITUA, cocTosAWast B TOM, YTO CliydanHasi BenuimHa X
NPUMET 3Ha4YeHne, 3aktyYeHHoe B nonynHTepsane [x1 ,x2 ], paBHa ornpe-

OENEHHOMY MHTerpany oT NMOTHOCTU pacnpedeneHnsi BepOossTHOCTEN Ha
39TOM MONyMHTEpPBane:

P(x, < X <%,)= F()~F(x) = [ F0d o

4. WHTerpan nNfoTHOCTU pacnpeaeneHnsa B 6ecKoHeYHO DOSbLLIOM MHTEepBane
(-0, + ) paBeH eanHULE:

P(—o0 < X < +00) =Tf (x)dx =1, (11)

TaK Kak nonagaHuve criydanHon BenMYnHbI B MHTEpBarn —~ < X< + « eCTb JOCTOBEPHOE
coObITne



B 6onblunHCTBE cny4vaes nNpu 06paboTke akcnepuMeHTanbHbIX AaHHbIX, OCHOBbLIBAsICb
Ha TeX UMK NHbIX NPeAnoriIoXXeHUsX (rmnoTte3ax) OTHOCUTESTIbHO CBOUCTB UCCIieayemMomn
CllydanHOM BENUYUHBI, yOaeTca 3anmcaTb PyHKUUIO ee pacnpeneneHms

(a cnepoBaTenbHO, N MJIOTHOCTb pacnpeneneHusl Kak rnepeytd NPOU3BOAHYIO OT
doyHKUMM pacnpeneneHnst) C TOYHOCTbIO 40 HEKOTOPbLIX HEM3BECTHbLIX NapaMeTPOoB.

Hanpumep, Oonst cnyyanHon BenW4YMHbI, KOTOpas yOOBMNETBOPSIET TakK Ha3blBAEMOMY
HOpMarnbHOMY 3aKOHY pacnpedeneHus (3akoHy pacnpegeneHust aycca),
byHKUMIO pacnpeaeneHnss MOXHO 3anucaTb B Buae

(%= My)?
je 20 dx

F(Xx) =

(12)

W



Onga criydanMHoW BENUUYMHLI, UMELOLEN, Hanpumep, pacnpeaerneHne Bendyna
(ncnonb3yemoe Anst onncaHmns pesynbraToB MHOMMX 3KCMEPUMEHTOB), (PyHKLUMS
pacnpegeneHna onpeaensieTcs cregyrowmnm BolpaXXeHNeM:

b
_((X—XH)j
F(X)=1-e* ° 7 npuX>Xxy,,
F(x) =0, npu X < X,. (13

B cdyHkumax (12) n (2.13) koHcTaHTbl MX, 0,2 1 C, b, X, ABRAIOTCA NapaMmeTpamm
pacnpefeneHuin, npuyem rnepsoe 13 3TX ABYX BblpaXXeHNW OTHOCUTCS K OBYX-
napameTpuMyeckoMy BMOY 3aKOHa pacnpeferneHud, a BTOpoe, COOTBETCTBEHHO, — K
TpexnapameTpuyeckomy



[TapameTp pacnpeneneHns — noCTosiHHasA, OT KOTOPOW 3aBUCUT PYHKLMA
pacripeaerieHms.

CnepoBarternbHO, ecnun n3BecTeH Bua yHKUMKM pacnpegeneHma (Kakmm-nmbo
0bpa3omM yCTaHOBIIEHO, YTO CryYyamnHasa BefMyYnHa He NPOTUBOPEYNT TOMY UITN UHOMY
3aKOHY pacnpenenexHust), To ans Toro, YTodbl OAHO3HAYHO OXapaKkTepu3oBaTb
CnyvanHyo BENMUYKMHY, 4OCTATOYHO 3a4aTb TOSMbKO NULLb NapamMeTpbl ee
pacrnpenenenmns.

BaxHenwmnmun napametpamun pacnpeneneHms, sagarowmmm cnyydamHyo BefmumHy X,
ABNAIOTCA ee MmaTtemaTundeckoe oxupaHuve M, (xapaktepudyeT UeHTp pacceuBaHus)
n ancnepcus 0,2 (XxapakTepusyeT CTeneHb paccemBaHns).



MaTtemaTuyeckoe oxupgaHue M, —cpeoHee B3BeELUEHHOE MO BEPOATHOCTAM
3HadeHne cny4amHon BennYmHbLI.

[na guckpeTHoW cnyvYanHoM BeNUYMHbLI MaTteMaTnyeckoe oXXnagaHve onpenensercs

Bblpa>XEeHUeM
M X — Z XI pi ,

roe X; — 3Ha4eHns OUCKPETHOWN CrlydanHoW BernuyuHbl, a p; = P(X= x)).

(14)



Ecnu B ycnosuax npumepa 1 npegnonoxuts, 4to p; = W, (cm. Tabn. 2), To onga
MaTeMaTUYEeCKOro OXXnaaHNsa Takom ANCKPETHOM CIry4YanHOW BENMMYUHDBI, KaK

4YMCNO OCTAHOBOK JOMEHHOWN MeYn B TEYEHME MECcHL A, MOXHO MOSy4YnUTb criegyroulee
3Ha4deHue:

M, =2-0,06 + 3-:0,11 + 4-0,17 + 5:0,33 + 6-:0,22 + 7-0,11 = 4,87.

[1ns HenpepbIBHOW CriydYanHON BENUYUHLI MaTteMaTu4eckoe oXungaHue onpenensercs

NHTErpanom o
M, = [ xF (x)dx,

(15)

roe f(x) — NNoTHOCTb pacnpeneneHns HenpepbIBHOW CIy4YaiHOW BEMUYUHBI.



MOXHO OTMETUTb, YTO FEOMETPUYECKNIN CMbICIT MATEMATUYECKOrO OXMUaaHNs
HernpepbIBHOW Cny4YanHOW BENUYMHLI — 3TO abcuucca LueHTpa TAKeCTn ourypbl noa
KpuBon NnoTHOCTU pacnpeaernerus f(x). CkazaHHOe NpountocTpupyemM Ha puc. 2,

roe BMOHO, 4To npousBegeHue f(x)dx ecTb nnowagb 3fIEMEHTAPHOro yvactka nog
Kpuson f(x), a x — abcumcca aToro yvyacTtka, T.e. paccTosiHMe OT Hayana KoopauHar.

i

flx)

CnepoBatenbHo, uWHTerpan (15) naer
abcuncey LeHTpa TAXKeCTU Beeil fiCx)

nrowanun purypbl nog kpmusown f(x).
/ §

Xy dx I'-,"L M:u M.: X3 x




Kpome maTeMaTn4ecKoro oXXuaaHus LeHTP paccenBaHnAa CrydYanHOW BENUYUHBI MOXHO
elle oxapakTepu3oBaTb TakKMMW napameTpaMmn ee pacnpeneneHusi, Kak Mmoaa u
MeanaHa

Moga M, — 3HauyeHne cny4yaiHoW Benu4ynHbl, COOTBETCTBYIOLLIEE JTOKalIbHOMY
MaKCMMYyMY MIOTHOCTU BEPOATHOCTEN AN HENMpPepbIBHOW CNy4YanHOW BENUYUHbLI U
nokasibHOMY MakCUMyMy BEPOSATHOCTU ONS OUCKPETHOM CNyYanHOW BENUYUHDI.

Ona npumepa 1 (cm. Tabn. 2), npu ycnosun, yto pi = Wi, moga Mo uncna aBsapum Ha
LaxTe paBHa 5, NOCKONbKY MMEHHO 3TOMY 3HaYeHWt0 OaHHOW OAUCKPETHOW CryvyanHOU
BENMMYNHbBI COOTBETCTBYET NTOKaNbHbIN MAKCUMYM BEPOATHOCTU, paBHbin 0,33.

MeguaHa Me — 3HadyeHne cny4yanHon BENUYMHbI, AN KOTOPOro oyHKUuU4
pacnpegeneHnsa nNpuHMMaeT 3Ha4YeHue S, UM MMEET MECTO «CKa4vyoK» CO 3Ha4YeHus,
MEeHbLUEero 4yem S, Ao 3Ha4yeHus, bonbLuero Yem S.

B npumepe 1, ecnn npeanonoXuTtb, YTO PYHKUKUSA pacnpeneneHns oT YeTblipex
aBapui F(4) (BepoATHOCTb TOro, YTO YNCNO aBapuin Ha LaxTe B Te4eHne mecsua
bynet He bornee yeTbipex) pasHa 0,06 + 0,11 + 0,17 = 0,34 , a pyHKUMA
pacnpegeneHuna F(5) = 0,34 + 0,33 = 0,67, To megmnaHon M, Takon ANCKPETHOM
CllydaHOW BeSNIMYUHbI, KaK KONMYeCTBO aBapui Ha LuaxTe B TeyeHue mMmecdua,
byoet 3HayeHue M, = 5.



Oucnepcua criydanHom BeNUYUHbI 0,° — MaTeMaTuyeckoe oXxXungaHue cryvyanHon
BENUYMHBbI (X - M,)2.

[na OUCKPEeTHOU CriydaHOW BeSiMYMHBbI OUCrepcua onpenenseTcs criegyrowmm
MaTreMaTuyeCKkMuM BblpaXkeHneM:

03=i(>§—|\/|x)2° P(X ). (16)

1=1

B npumepe 1 (onaTb e, ecnu npeanonoXxntb, 4to pi = Wi) 3HavyeHne gucnepcun
4yucra OCTaHOBOK JOMEHHOM NeYun paBHO:

0,° =(2-4,87)2-0,06 +(3-4,87)2:0,11 + (4 -4,87)2-0,17 + + (5—-4,87)2:0,33 + (6
—4,87)2:0,22 + (7 —4,87)2:0,11 = 1,7931.

[1ns HenpepbIBHOW CriydYanHON BENUYUHLI MCNepcUs onpenenseTcya BblpaXXeHnem

2

oy = [(x=M,) - f(x)dx, (17)

roe X — 3Ha4eHUst HenpepbIBHOM CllydYanHOW BENMUYUHDBI X;
f(x) — NNOTHOCTL pacnpeneneHus;
M, — maTtemaTnyeckoe oxunaaHue.



Oduncnepcus MMeeT pasmMepHOCTb KBadpaTa eauHULbl U3MEPEHUSI CryYanHOM
BEIMYMHbI, a NOMNOXUTENbHOE 3HAa4YEeHWEe KBAApaTHOrO KOPHA 13 AMCcnepcun Ha3biBaeTCs
CpeaHNM KBaapaTU4YHbIM OTKITOHEHUNEM.

CpengHee kBagpaTUYHOE OTKIIOHEHME O, — HEOTpULATENbHBIN KBaAPaTHbIN KOPEHb U3
ANCMEepPCUn.

X * (18)

Onsa npumepa 1 cpeaHee KBagpaTUYHOE OTKIOHEHME KONMYECTBA aBapuil Ha LLaxTe B
TedeHne mecsila paBHo O , = + (1,7931)"\Y2) =1,34.



Oanum onpeneneHve elle oAHOro napamMeTpa pacnpeaeneHust cnyv4aHom BennymHbl,
KOTOPbIN HOCUT Ha3BaHWe KBaHTUIb.

KBaHTUNb nopsiaka P, x, — 3HayeHne crny4yanmHon BenuYUHbI, Arsi KOTOpOro
dyHKUMA pacnpeneneHns npuHMMaeT 3Ha4vyeHue P unm Mmeetr MecCcTO «CKadok» CO
3Ha4yeHus, MeHbLuero Yyem P, 0o 3HadeHunsa, bonbluero yem P:

F(xp) = P. (19)

3 aToro onpegeneHnsa KBaHTUNA criegyeT, YTo megmaHa M, — a1o KBaHTUINb
nopsgka S, T.e. M, = Xg 5.
BeposaTHoCTb nonagaHusa criydamHon senuynHbl X B uHTepsan [ xP1, xP2 ] paBsHa

P(Xpl < X< sz) = P(X < sz) B P(X < Xpl) = F(XDZ) B F(Xpl) - P2 B Pl
(2.20)

B npumepe 1 kBaHTUNb nopsigka 0,95 konnyecTtBa aBapuun Ha WaxTe
CKOopee BCero paBeH CeMun X o5 = 7, nockonbeky F(6) = 0,06 + 0,11 + 0,17 + 0,33 +
0,22 =0,89,aF(7)=0,89 + 0,11 = 1,00.



