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BBEJAEHUE

N3MepeHusiMU B XUMHYECKOM DSKCIEPUMEHTE 3aHUMAETCAd XUMHUYECKas
MeTpoJiorusi. MeTposiorudeckue MpoOJeMbl CYIIECTBYIOT U TpeOyIOT CBOEro
pemieHuss B OONBIIMHCTBE oOOsacTeil mpodecCUOHATbHON — JeSTEIbHOCTH
XUMHUKOB. Jl7si MX pelIeHusT TOCTOSHHO pa3BUBAIOTCSA JEHUCTBYIOIIHME U
CO3/Ial0TCSl HOBBIE CUCTEMbI OOECIIEUCHHSI M KOHTPOJISI KAUeCTBa KaK U3MEPEHUI
bu3nYecKuX BEJIUYUH, TaK U XMMUUYECKOTO aHan3a. B pe3ynbTaTte METpOIoTHs
MPOHUKAET MPAKTUUYECKH BO BCE C(Pepbl AEATENBHOCTH XMMHUKOB U XUMHUKOB-
TE€XHOJO0r0B. D (PEKTUBHOCTh UX JEATEIBHOCTH BO MHOTOM 3aBUCUT OT YMEHUS
pemarb METpOJOTHYEeCKHe 3ajauu. HemocTtaroyHoe 3HAHWE CHEHHAINCTaMU
COBPEMEHHBIX METOJOB MaTeMaTHUYeCKOM OO0pabOTKM W aHadu3a pe3yJIbTaTOB
HKCIIEPUMEHTA BBI3BIBAET OOBIYHO CEpPbE3HBIE 3aTPYJHEHHUS U MPUBOJIUT K
OPUMEHEHUIO YHOPOUIEHHBIX M HEJAOCTaTOYHO OOOCHOBAHHBIX IMPUEMOB.
CripaBe/yIMBOCTH pajd HEOOXOJIUMO OTMETHUTh, YTO KPYT BOIIPOCOB, HamOosee
YETKO BCTPEUAIONINXCS B MOJOOHBIX 3ajja4aX, HE TaK YK BEIUK. DTO — BOMPOCHI
noadOpa AMMUPUUYECKUX (POPMYJI U OLIEHKH U MapaMeTpPOB, BOIMPOCHI OILEHKHU
UCTUHHBIX BEJIMYMH U TOYHOCTHM U3MEPEHUN, BOMPOCHl HCCIIEIOBAHUS
KOPPEJISLIUOHHBIX 3aBUCUMOCTEM, a TaKKE€ HEKOTOphIE BOIMPOCHI aHAIN3a
(uaTerpUpOBaHue, IUdepeHIUpPOBaHNE, HHTEPIONAIUSA). DTUM BOMpPOCaM
yJEJIEHO JOCTaTOYHOE BHUMAHUE B HACTOAILIEM ITOCOOUH.

Marematuueckue MeTOAbl OOpadOTKH pe3yJbTAaTOB OSKCIEPUMEHTA B
3HAUUTEILHON CTENEHU OMNUPAIOTCS HAa BEPOATHOCTHBIE IPEJCTABIICHUS.
[losTOMy HEKOTOpBIE CBEACHUS O CIy4YallHBIX OIMMOKaX (MOTPEHIHOCTSX)
MNPEAIIECTBYIOT M3J0KEHUIO OCHOBHBIX BONPOCOB. BaXHO HE TOJBKO
pacCMOTPEHHUE pe3yJIbTaTOB M3MEPEHUsT KaK CIy4YallHbIX BEJIWYMH, HO H
NOHUMaHWE TOro (akTa, YTO BCE TMOJYYEHHBIE BBIBOJABI JAIOTCS JIMIIb C
OTIpeICTICHHON BEPOSITHOCTHIO.

Hacrosiiee mocoOue mMeeT cBOeW LIENbIO aTh CTyJEHTaM HEOOXOIUMBIE
CBEJICHUS TI0 OCHOBHBIM MeToAaM oOOpaOOTKM ¢ aHaiu3a pe3yJbTaToB
HKCIIEPUMEHTA.



1. IPEAMET METPOJIOI'MHA

Mertposiorus 3aHMMaeTCsi BONPOCAMU TEOPUM W MPAKTUKH HU3MEPEHHM.
TepMUH METpPOJOTHS MPOUCXOJUT OT TPEUYECKUX CIIOB «METPOH» — Mepa u
«1oroc» — yueHue. [1oaToMy MoKeT ObITh IEPEBEACHO KaK «yUYCHHE O MEpax».

Metposiorusi — 3TO Hayka 00 M3MEpPEHHSX, METOJIaXx M CpPeACTBax
obOecrnieyeHus UX €IMHCTBA U CIOCO0ax JOCTHXEHUs TpeOyeMOoi TOYHOCTH.

B sToM ompeneneHun HCHONB3YIOTCS MOHSATHUS «EIMHCTBO W3MEPEHUW» M
«TOYHOCTH U3MEPEHUI.

EnuHcTBO M3MepeHMHd — COCTOSHUE HW3MEPEHUW, MPU KOTOPOM HX
pEe3yJIbTaThl BBIPAKEHBI B Y3aKOHEHHBIX €IMHUIAX W MOTPEIIHOCTH M3MEPEHUM
HE BBIXOJSAT 32 YCTAHOBJIEHHBIE TPAHUIIBI C 33JITAHHOW BEPOSITHOCTHIO.

TodHOCTh M3MEPEHUN — KaueCTBO M3MEPEHHH, OTpa)karoliee OJM30CTh UX
pe3yIbTaTOB K ICTUHHOMY 3HAYEHHIO U3MEPSEMOUN BEIIMYNHBI.

MeTpoJIorruio MOKHO pa3feInuTh HA TEOPETUUYECKYIO U IPUKIAAHYIO.

TeopeTrnueckass METPOJIOTUA PEIIAET CIACTYIONIUE 3aa4Uu:

- CO3IaHME U PAa3BUTHUE TEOPUU HU3MEPEHHM M TEOPETHUYECKUX OCHOB
M3MEPUTEIIbLHON TEXHUKH;

- CO3/IaHME U COBEPUICHCTBOBAHME TEOPETUYECKUX OCHOB IIOCTPOCHUSA
CUCTEM €JIMHUIL U 3TAJIOHOB;

- pa3paboTKa TEOpHM IOTPEITHOCTEH, OCHOBAaHHOW Ha MaTEeMaTHUYECKOMN
CTaTUCTUKE U TEOPUU BEPOSITHOCTH;

- pa3paboTka  OOIIMX  MPUHIMIIOB IOCTAHOBKA U  TPOBEACHUS
M3MEPUTEIBLHOTO SKCIIEPUMEHTA;

- pa3paboTKa TEOPETUUECKHUX OCHOB BHOBb BO3HUKAIOIIUX U HECTAHIAPTHO
pa3BUBAIOIIMXCS BHUJIOB M 00JIacTEed HM3MEpEeHHl (Hampumep, UOHUZHPYIOIMINX
W3JIy4YECHUN, HEPAaBHOBECHBIX MPOLIECCOB;

- CO3/IaHME HAyYHBIX OCHOB KOJIMYECTBEHHOM OLIEHKH IapaMeTpOB
O0OBEKTOB M TEXHOJOTUUYECKUX IPOIIECCOB, pa3pabOTKa HaAy4YHO OOOCHOBAHHBIX
KPUTEPUEB OIICHKU CTENEHU HAJIE)KHOCTHU, JOJITOBEUHOCTH U 0OE€30MacHOCTH
U3 eI

[IpuknaaHas METPOJIOTUS BKIIFOYAET BOMPOCHI MPAKTUYECKOTO MPUMEHEHUS
B pa3IuyHbIX cdepax AesITEIbHOCTH Pe3yJbTaTOB MCCIEAOBAHUNA B paMKax
TEOPETUYECKOM METPOJIOTUM U TMOJIOKECHUH 3aKOHOJATEIbHOM MeETposoruu. B
3a7a4¥ IPUKIIAJHON METPOJIOTUH BXOJIHT:

- CO3/IaHUE€ U COBEPILICHCTBOBAHHE METOJIOB U3MEPECHUN;

- TIOBBIIICHUE TOYHOCTH U3MEPECHUMN;

- TEePEeCMOTP NPUHIUITUAILHBIX OCHOB CO3/IaHUS STAJIOHOB;

- pa3paboTka METOJ0B M CPEJCTB Iepelaun pa3Mepa €IMHUIIBI OT dTajJoHa
paboyrM CPEACTBOM M3MEPEHUN ¢ MUHUMAJIbHOM OTepel TOUHOCTH;

- o0ecredyeHue MoTHOM aBTOMATU3AIMU BCEX MOBEPOUYHBIX paldoT;



- Ppa3BUTHE U COBEPIICHCTBOBaHMUE ['0CY1apCTBEHHBIX CITY>KO CTaHAAPTHBIX
CIIPaBOYHBIX JIAaHHBIX W CTAHJAPTHHIX 0Opa3I0OB CBOMCTB M COCTaBa BEIIECTBA U
MAaTEePHUaJOB.

3akoHOAATENbHASS ~ METPOJIOTHUS o0ecrieynBaeT  METPOJIOTUUYECKYIO
NEeSTEILHOCTh Ha YPOBHE 3aKOHOB. PerimamMeHTHUpyIOT paboTy MeETpOJIOTOB
JIOKYMEHTBI, UMEIOIIME KaK 00513aTeNbHBIN XapakTep (3aKOHBI, TOCYapCTBEHHBIC
crtaugaptel — ['OCThI), Tak ¥ peKOMEHIaTEIbHBIN.

Paznmenbsl MeTpOJIOTMH YacTO Ha3bIBAlOT MO OTPACid, KOTOPYKO OHH
oOciykuBatoT. MeETpoJIoTUI0 B MEIMIIMHE HA3bIBAIOT  «MEIMUIIMHCKOM
METPOJIOTHEWN», B XUMHU — «XUMHYECKOW MeTpojoruer» u T.40. Hacrosiee
MocOoOMe MOCBAIICHO MU3MEPEHUSIM B XUMHUHU, KOTOPHIE UMEIOT CYHIECTBEHHBIE
OCOOEHHOCTH.

XumMHu4yecKkass METPOJIOrMsl — pa3lesl METPOJOTHHM, 3aHUMAIOUIUKCS
U3MEPEHUSIMU B XHMMHH, TJIaBHBIM 00pa3oM B XMMHUYECKOM KOJWYECTBEHHOM
aHaJu3e.

B npuniune HeEOOXOAMMOCT, B M3MEPEHMHM BbI3BaHa JeduiuTomMm
KOJIMYECTBEHHON HMH(pOpMAaIMK 00 HM3ydyaeMOM OOBEKTE, B TOM YHUCJIE 00 €ro
XUMHUYECKOM cOcCTaBe. EJMHCTBEHHBIM CMOCOOOM MOJdy4YeHUss WHGOpPMALUHU O
KaKUX-TM00 pa3mepax (KOJIMYECTBAX) SIBISETCS CPABHEHHE HX MEXKIY COOOM.
[ToaToMy HEOOXOIMMO BBEACHHUE ATAJTOHOB (PU3MUECKUX BEITUYMH U CO3/IaHUE
CHUCTEMBI Tepelayd pa3Mepa ITHUX OTAJOHOB K OOpaslloBbIM U paboyum
CpeACTBaM H3MEpeHHs. Pe3ynprar m3MepeHHsl BCerja 3aBHCUT OT MHOYKECTBA
(dbakTopoB, B TOM 4YHCJIE M CIy4YallHBIX, TOYHBIM YYeT KOTOpPBIX BechbMa
3atpyaHutelieH. [loaToMmy He0OX0UMO UCTIOJIb30BaTh aliapaT MaTeMaTUUYEeCKON
CTaTUCTHUKH.

[IpakTHuecku BCe pemiaeMble B paMKax METPOJIOTUH 3a/1a4d HAIPABJICHBI HA
o0OecrieueHre €IMHCTBA U3MEpeHH mpu Tpedyemou TouHocTU. C 3TOM IEIBIO
pa3pabaThIBAIOTCS U YTBEPXKAAIOTCS €AMHBIC JJISI CTPAHbl €IUHULIBI (PU3MUECKUX
BEJINYMH, B COOTBETCTBUHM C KOTOPBIMH T'PagyHPYKOTCS CpPEICTBAa HU3MEPEHUM,
CO3JAIOTC TOCYNAPCTBEHHBIE JTaJOHbl i1 BOCHPOMU3BEACHUS  €IMHUIL
KOHKPETHBIX (DU3WUYECKUX BEJIIMYMH W TMEpeladyd UX pa3Mmepa MPUMEHSIEMbIM B
CTpaHE€ CpeACTBaM W3MEPEHHUM JOTUX BEIUYMH. [pagyupoBKON CpEACTB
U3MEPEHUN B Y3aKOHCHHBIX €JIUHUIAX, PAa3MEPhl KOTOPBIX COOTBETCTBYIOT
rOCyJapCTBEHHBIM 3TAJIOHAM, 3aKJIAJIbIBAIOTCS OCHOBBI €IMHCTBA U3MEPECHUMN TOU
YT MTHOW (PU3NYECKOM BEJIMYUHBI.

KpomMe »5TamoHOB, CymiecTByeT AOCTaTOYHO OOJBIIONW MapK 0O0pa3IlOBBIX
CPEIICTB HM3MEpEHHUs, CBSI3aHHBIX C ATajoHamu. [lo 0Opa3LoOBBIM cpeacTBam
U3MEPEHUM MOBEPSIOTCS paboune CpecTBA UBMEPEHUI.

JTAJIOH  eIUHMIbI BeJIMYUHBI — 3TO  CPEICTBO  HM3MEPEHUM,
MPEIHA3HAYEHHOE JJIsI BOCHPOU3BEICHUS W XPAaHCHUS €IUHUIIbI BEIUYHUHBI C
LEJIbIO TIEpEe/laun €€ pa3Mepa IPYruM CpeICTBAM W3MEPEHUN JAaHHOW BEJIMYWHBL.
OTalnoHbl €OWHWI], NPU3HAHHBIE PEIICHUEM YMNOJHOMOYEHHOTO Ha TO
rOCyJapCTBEHHOTO OpraHa B KAauye€CTBE MCXOAHBIX Ha Teppuropuu Poccuiickon
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denepaniy, Ha3bIBAIOTCS TOCYJAPCTBEHHBIMU ATAIOHAMU E€IWHUI] BEJIUYMH.
Ecnmu »3TanoH BOCOPOU3BOAUT C HAWUBBICHIEHW B CTpaHE TOYHOCTBIO, OH
HAa3bIBACTCS NMEPBUYHBIM. Ha KaXIblil rOCYIapCTBEHHBIN JTAJIOH YTBEPKIACTCS
FOCYJIapCTBEHHbBIN CTAHAAPT.

OOpa3uoBble cpeacTBa M3MeEpPEeHHIl TIPEACTABISAIOT COOOM  MeEpHI,
U3MEpPUTEIIbHBIE  YCTPOMCTBA  WJIM  HU3MEpPUTENbHBIE  TpeoOpa3oBaTenu,
[IPEIHA3HAYEHHbIE I IIOBEPKHM W TPAAYUPOBKU II0 HUM JPYIUX CPEICTB
u3Mmepenuii. Ha o0pa3iioBoe cpecTBO M3MEPEHUM BBIIACTCS CBUJIIETEIIHCTBO, B
KOTOPOM YKa3bIBalOTCS €ro METPOJIOTHYECKHUE IapaMeTpbl W pa3psan  I10
HaIlMOHAJIbHOM TIOoBepouHOM cxeme. IIpuMeHstoTcs o00pas3loBbie CpeacTBa
U3MEepeHuid opraHamMu ['oCy1apCTBEHHOW METPOJIOTUYECKOUN CIykKOBbI, a TaKke
opraHaMy BEIOMCTBEHHBIX METPOJIOTHUUECKHUX CITYXKO.

MeTtponoruueckue CiayKObl 3aHHUMAIOTCS HE TOJIBKO 0OecTieueHHEM
€IUHCTBA W3MEPEHUH, HO U METPOJOIMYECKOM IOATOTOBKOW IIPOU3BOJICTBA,
aTrecTaluueun HECEPUNHBIX CPELCTB IIPOU3BO/ICTBA, DKCIIEPTU30U
KOHCTPYKTOPCKOW, TEXHOJIOTUYECKON U IPYTrOW JOKYMEHTALINH.

2. KTIACCU®UKAIIUA U3MEPEHUI

N3mepenust MOXKHO KJIaCCU(PUITUPOBAThH Pa3IUYHBIMU CIIOCOOaMHU.

Ilo xapaxmepy mounocmu BBIIETSIOT PABHOTOYHBIE W HEPABHOTOYHBIC
u3MepeHusi. PaBHOTOYHBIMM CUMTAIOT HU3MEPEHHS KaKOW-THOO BEIUYUHBI,
BBITIOJTHEHHbBIEC OJIMHAKOBBIMU IO TOYHOCTH CPEJCTBAMU U3MEPEHUI U B OJHUX U
TeX XK€ ycioBUAX. HepaBHOTOUHBIE H3MEPEHUS MPEJCTABISAIOT COOOW psll
U3MEPEHUN KaKON-IMOO BEJIWYUHBI, BBINOJHEHHBIX PA3JIUYHBIMU MO TOYHOCTHU
CpE/JICTBAMH U3MEPEHUMN U B Pa3HBIX YCIOBUSIX.

Ilo uucay uzmepenuit 00HOU U MO HHce 6eAUYUHBL X TIOJIPA3JCISIOT Ha
OJIHOKpATHbIE M MHOTOKpaTHble. OJHOKpaTHbIE W3MEPEHUS! BBIMOJHAIOT OJUH
pa3, HampuMmep HU3MEpEeHHWE MOMEHTa BPEMEHHM [0 4YacaM WU TeMIepaTyphbl
pacTBOpa B YCIIOBUSIX €€ MOCTOSHCTBA. [Ipy MHOTOKpaTHOM U3MEPEHUU OJIHOTO
U TOTO XK€ pa3zMepa (PuU3NUeCcCKON BEJIUUYHHBI PE3yJIbTaT MOJy4al0oT Ha OCHOBAHUU
HECKOJIBKHUX CIEIYIOMIMX JIPYT 32 IPYrOM U3MEPEHHU, T.€. U3 PsAJia OJJHOKPATHBIX
U3MEpPEHU. 3a pe3yabTaT MHOTOKPATHOTO H3MEPEHHS OOBIYHO MNPUHUMAIOT
cpenHee apu(METHUUECKOE W3 CYMMBI PE3yJIbTaTOB OTACIBbHBIX H3MEPEHUH.
Y CI0BHO MPUHATO CYUTATh U3MEPEHHE MHOTOKPATHBIM, €CJIM YHUCIIO OTAEIIbHBIX
u3MepeHuit Oosbllie Wiau paBHO 4. B 3TOM ciyuyae AaHHBIE psiga M3MEpPEHUU
MOTYT OBITb 00pa0OTaHbl METOJIAMU MAaTEMAaTUYECKON CTATUCTUKH.

Ilo xapaxmepy 3aeucumocmu uzmepaemoil GeIUYUHBL OM GpPEeMEeHU
U3MEPEHUSI MOTYT OBITh CTAaTUUECKUMH (M3MepsieMas BEJIWYMHA IOCTOSHHA B
TEUEHHE BCETrO MEepuoja U3MEPEHH) U TUHAMUYECKUMU (M3MepsieMasi BETMUMHA
U3MEHSAETCST BO BpemeHH). K CTaTUCTHUYECKUM HW3MEPEHMSIM OTHOCSTCS
U3MEPEHUS JUIMHBI WA MAacChl TBEPJOTo Tena. J[MHAMUYeCKUMU U3MEPEHUSIMU
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ABJISIFOTCS. U3MEPEHHST TEMIEPATyphl WIM JABICHUS B XMUMHUYECKOM pPAaCTBOPE.
XUMUYECKUHN aHaIU3 MOJIy4aeMOro MPOIyKTa peakiui B OOJIHIIIMHCTBE CIy4acB
NpEACTABISIET COOOW CTAaTUYECKOE W3MEPEHHE, TOCKOJIbKY KOHIIEHTpAIUS
OTpeeIsIeMbIX BEIIECTB B IPOOE B XOJI€ aHAIM3a OCTACTCS IMTOCTOSTHHOM.

Ilo cnocoby noayuenus pe3yibmamog W3MEPEHUS IOJPA3ICISIIOT Ha
NpsIMbIE M KOCBEHHbIE. B ciydae mNpsIMbIX HM3MEPEHUHA HMCKOMOE 3HAYEHHUE
U3MEPSEMOM BEJIMUYMHBI HAXOMSAT HEMOCPEACTBEHHO W3 ONBITHBIX JaHHBIX.
KOoCBEHHBIMU CUMTAIOT TaKHME U3MEPEHMS, KOTJa 3HAUYCHHE BEIWYUHBI HAXOJST
HAa OCHOBAHUHU M3BECTHOM 3aBUCUMOCTH MEXKIY 3TOM BEIIMYMHOW U BEJIMYMHAMU,
KOTOPBIE MOJYYAOT B XOJI€ MPSIMBbIX U3MEPECHUI.

[IpoBOIAT TakK€ COBMECTHBIC U3MEPEHMUS, T.€. OJHOBPEMEHHBIE U3MEPCHUS
JIBYX WX 0ojiee pa3IMYHBIX BEIWYUH C IEJBI0 HAXOXXJICHHUS 3aBHCUMOCTH
MEXIy HHUMH. B ciayyae OJHOBPEMEHHBIX M3MEPEHUN  HECKOJbKHUX
OJHOMMEHHBIX BEJIMYMH MX HA3bIBAIOT COBOKYNHBIMHU. B 3TOM Cilydae HCKOMYO
BEJIMUMHY HAXOJST, pellass CUCTEMY YPaBHEHUM, MOJYYEHHBIX IOCPEICTBOM
MPSAMBIX U3MEPEHUIN PA3JIMYHBIX COUETAHWUN TAHHBIX BEJIMYMH.

Ilo ycnoeuam, onpedenawowyum mMoOYHOCHMb UIMEPEHUN, WX IEIAT HA
METpOJIOTHYeCKHEe (MaKCMMaJlbHO BO3MOXKHOW TOYHOCTH M KOHTPOJIBHO-
MIOBEPOYHbIE) M TEXHUYECKHE. METpOJIOTHYECKUE H3MEPEHHUS BBITIOJHSIIOT C
IIOMOIIBID  CPEACTB M3MEPEHWM W T1I0 METOJMKaM, TapaHTUPYIOUIUM
MOTPEIIHOCTh Pe3yJbTaTa C 3aJJaHHOW BEPOSITHOCTHIO. B cllydae TeXHUYECKUX
M3MEPEHUN TOTPEIIHOCTh Pe3yjbTaTa OIPEACISAECTCA IMOTPEIIHOCTBIO CPEICTB
W3MEPEHUM.

Ilo cnocody eviparicenus pe3yarpvmamoé W3MEPEHUS JIEIATCA Ha
a0COJIFOTHBIE U OTHOCUTEJbHBIC. AOCOTIOTHBIE U3BMEPEHUSI OCHOBAHBI HA MIPSIMbBIX
U3MEPEHUSX OJIHOM WM HECKOJbKUX (PU3MYECKUX BeNWYuH. B Tom ciyuae,
KOT/1a U3MEPSETCSI OTHOIICHUE BETUYMHBI K OJHOMMEHHOW BEJIMYMHE, UTPAFOIIECH
pOJb  €AWHMIBI, W3MEPEHHUS HA3BIBAIOT OTHOCHUTEIILHBIMU. Pe3ylbTarsl
OTHOCHUTEIBHBIX M3MEPEHHI BBIpAXKAIOTCS JHUO0 B J0sax (Oe3pa3sMepHbIe
BEJINYMHBI), TUOO B MPOIICHTAX.

KauectBo wu3MepeHUl OMNpenessieT COBOKYIMHOCTh CBOMCTB COCTOSIHUS
U3MEpPEHUN, OOYCIOBIMBAIOIIMX IMOJY4YEHUE PpE3yJIbTaTOB H3MEPEHHN C
TpeOyeMbIMA  TOYHOCTHBIMH  xapakTepuctukamu. (OCHOBHBIE  CBOMCTBa
COCTOSIHMSI W3MEPEHHIl MOXHO XapaKTepHU30BaTh C TIOMOIIBIO CIEAYIOIINX
TTOHSITUH.

TounocTb (accuracy) - cTeneHb ONMM30CTH pe3yjibTaTa H3MEPEHUU K
UCTUHHOMY (TMIPUHATOMY OTIOPHOMY ) 3HAUEHUIO U3MEPSIEMOI BETUUYHHBI.

IIpaBuiabHOCTL (frueness) - cTeneHb OJW30CTH CpPEIHETO 3HAYCHUS,
MOJTYYEHHOTO Ha OCHOBAaHWHU OOJBIION CEpUM PE3YyJbTaTOB HU3MEpPEHHU (Wiu
PE3yIBTATOB UCIIBITAHU ), K TPUHATOMY OMTOPHOMY 3HAYCHHUIO.



Ipenu3snoHHocTh (precision) - CTENEHb OJIU30CTH JPyr K JPYyry
HE3aBUCHUMBIX  PE3yJbTaTOB  HW3MEPEHHWH, TIOJYYEHHBIX B  KOHKPETHBIX
pErIaMeHTHUPOBAHHBIX yCIIOBHUSIX.

PaznnuaroT Takke MOHATHS «BOCHPOU3BOAMMOCTB» U «CXOAHUMOCTH». B
coorBerctBUM  co  crangaprom  ('OCT P HCO  5725-1-2002)
«BOCTIPOM3BOJIUMOCTDY CIIEYET MCIOJb30BaTh VISl XapaKTEPUCTUKU PACCESTHUS
PE3yJIbTATOB B YCJIOBHUSX MEXIJIa00pATOPHOTO IKCIEPUMEHTA, & «CXOJUMOCTHY
(W1 «TTOBTOPSIEMOCTBY») — JUIA XapaKTEPUCTHKH PACCESHHS B YCIOBUSIX
MUHHAMAJIBHOTO BaphbUPOBAHUS BIUSIOMMX (PAKTOPOB BHYTpH Jlaboparopuu ( Ta
xe Tpoba, TOT Ke OmepaTrop, TO XK€ O00OpyJAOBaHWUE W PEAKTUBBI, KOPOTKHMA
IPOMEXKYTOK BpeMeHM). BBeieHHE TepMHHA «IIPEIU3UOHHOCTH» CBS3aHO C
HEOOXOJAMMOCTHIO  OJAHO3HAYHOTO BBIPAKEHMSI JBYX YAaCTHBIX IOHSATUN
«BOCTIPOM3BOJIUMOCTBY M «CXOIUMOCTBY», KOTOpBIE TMPEJACTABISAIOT COOOH
KpallHUE Clly4au «IPEIU3HMOHHOCTH» W OTBEYAIOT MaKCUMaJbHOU U
MUHUMAJIBHOW M3MEHYUBOCTH SKCHEPUMEHTAIBHBIX YCJIOBHN NPHU MOBTOPEHUU
MIPOIIETYPHl XUMHUYECKOTO aHaIM3a WIIA UCTIBITAHUH.

IlpuHsiTOE OMOpPHOE 3HAYeHHEe — 3HAYCHHE, KOTOPOE CIYKUT B KadeCTBE
COTJIaCOBAaHHOTO I CpaBHEHHWsA. B kauecTBe OMOPHOTO 3HAYEHUS MOTYT OBITh
TIPUHSITHI:

a) TEOPETUIECKOE WIIM HAYYHO YCTaHOBIIEHHOE 3HAYCHUE;

0) aTTecTOBaHHOE 3HAUYCHHME CTaH/IapTHOTO 00pasIia;

B) aTTECTOBAHHOE 3HAYEHUE aTTECTOBAHHOW CMECH;

I') MaTeMaTUYECKOEe OKUAAHUE U3MEPSIEMON XapaKTEpPUCTHUKH, T.€. CPEIAHEE
3HaYEHUE 33JJaHHOW COBOKYITHOCTH PE3yJbTaTOB aHAIIM3a; UCTIOIb3YETCS JIHUIIb B
TOM CJIydae, Korjaa a), 0) u B) HeJIOCTYITHBI.

3. MIOTPEINIHOCTHY U3MEPEHUI

IHorpemiHOCT, HM3MepeHMsi — OTKIOHEHHE pEe3yJIbTaTOB HM3MEPEHUS OT
MCTUHHOT'O 3HAYEHUS U3MEPSEeMOM BeIUYMHBI. [I0CKOJIIbKY MCTUHHOE 3HAYECHUE
U3MEPSIEMON BEJIUYMHBI OCTACTCS HEM3BECTHBIM, HA MPAKTUKE MOKHO MOJYUYUTh
JUIIb NPUOTU3UTENBHYIO OLIEHKY MOTPEIIHOCTH U3MEPEHHUSL.

[IpyunHBl W XapakTep NPOSIBICHHS MOTPEHIHOCTEW pasHooOpa3Hbl. HMx
KJIACCU(DHUITUPYIOT IO MHOTUM KPUTEPHUSIM.

Ilo cnocooby evipasxcenusn - aOCOMIOTHBIE M OTHOCHUTEJIbHBIC
MOTPEITHOCTH.
AOCOIOTHAST TOTPEIIHOCTH HM3MEpPeHHs] — IMOTPEIIHOCTh H3MEpPEHUs,

BBIPAXEHHAs B €IMHULIAX U3MEPSIEMOMN BEJINYHHBI.

OTHocHuTeIbHASI MOTPEIIHOCTh M3MEpPeHMsl — OTHOLIEHHE a0COJIFOTHOM
IOTPEIIHOCTH U3MEPEHUSA K ICTUHHOMY 3HAYEHUIO U3MEPSEMON BEJIMYHMHBI.

Ilo xapaxkmepy nposaenenus - CUCTEMAaTHYECKUE U  CIly4alHbIE
IIOTPEIIHOCTH.
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B 3asucumocmu om mozo 3anudicarom unu 3a6blULar0m NOZPEUIHOCHU
pe3ynvbmama - NOJ0KUTEIBHBIE U OTPULATEIbHBIE.

Ilo muny ceéasu meixcoy nozpeuwiHoCmbvio U U3IMeEPAEMOU GECIUHUHOU -
MOCTOSIHHBIE U MPOIOPIIMOHATILHBIE.

Ilo ucmounuxam npoucxorcoenus - AHCTPYMEHTAJIbHBIC, PEAKTUBHBIC,
METOJUYECKHE.

Ilo muny ceéasu meixncoy noZpeuwiHoOCmbI0 U UIMEPAEMOIl GECIUUUHOU -
MIOCTOSIHHBIE U MPOIOPIIMOHATILHBIC.

JleneHnue mOrpemHocTel Mo BUAY MNPUYUH HauboJiee MNPUHIIUITHUAIBHO.
OOmrasi crparerds YMEHBIIEHUSI MOTPEHIHOCTH COCTOUT B IOCIEI0BATEIIBHOM
BBISIBJICHUHU, Y4Y€T€ WM YCTPAHEHUU CHCTEMATUUYECKON MOTPEIIHOCTH, a YXKe
3aTEM OLICHKU U CHUKEHUS CIIyYalHOU MOTPEITHOCTH.

3.1. CucremMaTn4ecKue NOrpelIHOCTH U3MEPEHM

Cucremaruyeckasi norpemHoctsb (bias, recovery) - 3T0 pa3HOCTb MEXIY
MaTEMaTHYECKUM OKUJAHUEM PE3YJIbTATOB U3MEPEHUN U UCTHUHHBIM (WJIH B €r0
OTCYTCTBME€ — TPUHATBIM  OMNOpPHBIM)  3HadeHueM. Cucremaruueckas
MOTPEIIHOCTh U3MEPEHUS OCTAETCA MOCTOSIHHOM WJIM 3aKOHOMEPHO U3MEHSAETCS
OpU TOBTOPHBIX HM3MEPEHUAX OJHOW M TOW ke (PU3NYEeCKOM BeIU4YuHbI. B
3aBUCUMOCTH OT XapakTepa HW3MEHEHUS CHCTEMATHYECKHE TOTPEIIHOCTH
NOAPA3IAEIAIOT HA  NOCTOSIHHBIE,  NPOIOPLUHAOHAIBHBIE, IEPUOIUYECKUE
MOTPEIIHOCTH U IIOTPEIIHOCTH, U3MEHSIOIMECS 10 CI0KHOMY 3aKOHY.

[IocTOsIHHBIE OTPEMIHOCTH JUIMTENBHOE BPEMS COXPAHSAIOT CBOE 3HAYCHUE
(B TeueHHWE BCEro IMepuoAa BBIMOIHEHUS H3MepeHuil). OHU BCTpEYarOTCs
HaumbOosiee yacTto. [IpumMepoMm Takoro BHUAA CHCTEMATHYECKON MOTPEIIHOCTU
ABJISIETCA MIOCTOSTHHOE, OTIIMYHOE OT HYJIS, 3HAYEHHUE XOJOCTOTO OITBITA.

[IponopuuoHanbHBIE  MOTPEIIHOCTH  U3MEHSIOTCA  MPONOPLUHOHAIBHO
3HAYEHUIO U3MEPSIEMON BEITMYUHBI.

[lepnonnueckue NOTPENTHOCTH SIBISIOTCS MNEPUOAUYECKOM  (DYyHKIMEH
BpeMeHH WK (yHKUIMEN epeMeILeHUs yKa3aTemss U3MEPUTEIbHOro mproopa.

[lorpemHOCTH, H3MEHSAIONIMECS IO CIOXHOMY 3aKOHY, IIPEIACTaBIISIOT
coOOl pe3ylbTaT COBMECTHOIO JEHUCTBHUSI HECKOJBKUX CHUCTEMATUYECKHUX
MOTPEIIHOCTEM.

B  3aBucuMocTM  OT TOpPUYMH  BO3HHUKHOBEHMS  CHCTEMATHYECKHE
NOTPEIIHOCTH  NOAPA3AENISAIOT HAa  HMHCTPYMEHTAIbHBIE, METOIUYECKHE,
CyOBEKTUBHBIE M  TOTPEIIHOCTH, BO3HUKAIOIIME NPH  HECOOIIOJECHUN
YCTAHOBJICHHBIX YCJIOBUN DKCIIEPUMEHTA.

HNHcTpyMeHTaNbHBIE (anmapatypHsIe) IIOIPEIIHOCTH U3MEPEHNN
OOyCJIOBJIEHBl MOTPELIHOCTAMH NPUMEHSIEMOro CcpeacTtBa u3MepeHus. B
MOCJIEAHEE BPEMS B O3TOM BHJI NOTPEIIHOCTH CTalld BKJIKOYATh HE TOJIBKO
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BO3HMKAIOIIME BCIEJACTBUE HM3HOCA JeTaled wid npudopa B LEIOM, HO U
CIIy4alHYI0 COCTaBIISIOLIYIO MIOTPENTHOCTH CPEACTBA U3MEPEHUSL.

MeTtoanueckue nOrpeuHoCTH 00YCIOBIEHB HECOBEPIIEHCTBOM MPHHSITOTO
METOo/Ja H3MepeHuil u Haubosee TpyAHO mojaaroTcs ydery. [Ilpumepamu
HOTPEIIHOCTH 3TOT0 THMAa MOTYT OBITh HEAOOCAXKJEHUE WIM COOCAKICHHUE B
TrpaBUMETPHUH, OTKJIOHEHHS OT 3akoHa byrepa — Jlambepta — bepa B hoTomeTpun
U3-332 MOJIMMEPHU3AIMU OKPAUIEHHBIX YaCTHUI], a TaKXE IMOJUXPOMATUYHOCTh U
BHYTPEHHEE OTPAKECHUE.

CyObeKTUBHBIE TOTPEIIHOCTH  HU3MEPEHH  (JIMYHBbIE) OO0YCIOBJIEHBI
WHIUBUTyalIbHBIMU OCOOEHHOCTSIMU ONIEPATOPA.

[TorpemHOCT  HU3MEPEHUNM W3-3a U3MEHEHHUS YCIOBHUM  HM3MEPEHUMU
BO3HUKAIOT  BCJEACTBHE HEYYTECHHOIO WJIM  HEJOCTATOYHO  YYTEHHOTO
BO3JICMCTBHSI TOW WJIM WHOW BIIMSIONIEW BEIMYHMHBI (TEMIIEPATYpPHI, JABIICHUS,
BJIQXHOCTH BO3]lyXa, BUOpallMd W JIp.), HENPABUWIHLHOM YCTAHOBKU CPEJCTB
U3MEPEHHUs U IPYTUX (HPaKTOPOB, CBSI3AHHBIX C YCIOBUSMU U3MEPEHUH.

B npuHnnne Bce CUCTEMATHYECKHUE TTOIPEIIHOCTH MOXKHO Pa3/IeiInTh HA TPU
tuna. K mepBoMy THIy OTHOCAT CHCTEMAaTUYECKUE MOTPEIIHOCTA W3BECTHOM
IPUPOJBL, 3HAYEHUSI KOTOPBIX MOTYT OBITh PACCUMTAaHBI allpUOPU. ITO OMIKMOKHU B
YCTAHOBJICHUM KOHLEHTPALlMM pPacTBOPOB, KOTOPBIE IIPUTOJHBI B OJHHX
YCIOBHSIX, a MCIIOJNb30BaHbl B Jpyrux. DBoO3HUKHOBEHME mNOTEHIMANA
MeXK(Pa3HOTO COEIUHEHUS NPHU BJICKTPOXUMHUUYECKUX H3MEPEHUAX B BOJHO-
OpraHMYeCKUX  paCTBOPUTENSAX, a  TaKKEe  HMHIAUKATOPHbIE  OLIMOKHU.
CucreMaTnyecKkre NOTPEIHOCTA BTOPOTO THUIIA — 3TO MOTPENIHOCTU M3BECTHOMN
OPUPOJIbI, 3HAYECHUS KOTOPBIX HEM3BECTHBI, HO MOTYT OBITh OLIEHEHBI B XOJI€
skcnepuMeHTa. Croa MOXKHO OTHECTH WHCTPYMEHTAIbHBIE, pPEAKTHUBHBIE
(peareHTHbIE) M METOJWYECKHE norpemHoctd. K TpeTbeMy THIy OTHOCAT
MOTPEITHOCTH HEBBISICHEHHOM MPHUPOJIBI, 3HAYECHUS KOTOPBIX HEU3BECTHBI. X
MOXHO OOHapY>XWUTh JIMIIb MOCJIE YCTPAHEHUS] BCEX JIPYTHMX CUCTEMATHUYECKUX
MOTPEIIHOCTEN M MOCIEAYIOMIETO TIIATEIBHOTO HMCCIEAOBAaHMS BCEX CTaAuM,
onepanui U yCIOBUN MPOBENCHUS SKCIIEPUMEHTA.

3.2. CayyaiiHble MOTPELIHOCTH U3MEPEHU S

Ciay4yaiiHasi NOrpemIHOCTh, HW3MEPEHHsl — COCTABJISIONIAs MOTPEIIHOCTH
U3MEPEHHUs], U3MEHSIOMIAsACS ClydyalHbIM 00pa3oM (M0 3HAKy W 3HAYEHUIO) MpU
MOBTOPHBIX M3MEPEHUSIX OAHOUN U TOM ke BeluuuHbl. CirydaliHble MOTPENTHOCTH
HEn30€KHbI U HEYCTPAHUMBI U BCET1a MPUCYTCTBYIOT B pE3yJIbTaTax U3MEPEHHUIA.
OHU BBI3BIBAIOT PACCESHUE YMCIIOBBIX 3HAUYECHHUN HM3MEPSIEMOIl BEJIMYMHBI NpPU
MHOTOKPAaTHOM M JOCTaTOYHO TOYHOM €€ H3MEpPEHWH NPU HEHU3MEHHBIX
YCIIOBHSIX.

['panb MeXay CHUCTEMaTHYECKUMU U CIyYaWHbBIMHA MOTPEIIHOCTIMU
ycioBHa. [lorpemHocTty, KBalu(pUIMpyeMble KaK CHUCTEMAaTHYECKHUE B OIHOU
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BBIOOpKE, B JpPYrod OOJbIIEH MOIIHOCTH CTAHOBSATCS CIy4allHbIMH. MOKHO
YMEHBIIUTh U CIy4YalHbIE MOTPEIIHOCTH 3a CYET MOJCPHU3ALNUH OTACIBHBIX
y3JI0B prbOpa Uitk nepexojia K 0ojiee CTaOMIBHBIM YCIOBUAM dKCEpUMEHTa. B
IIPUHLNIE TPaHb MEXIY CUCTEMATHYECKUMU U CIyYaWHBIMH IOTPELIHOCTSIMU B
ONPENEIEHHON CTeneHu YyciaoBHA. OAHAKO NPAKTUYECKas I0JIb3a OT TAKOTO
NOJIX0Jla  OYEBMJIHA, IIOCKOJBKY IMpEACTaBisieT CcOo00H  METOJOJIOTHIO
[IOCJIEI0BATEILHOTO OOHAPYKEHUSI, YCTPAaHEHUSI WM CHUKEHUS MOTPEIIHOCTEN
Pa3IMYHOM IIPUPOJIBL.

4. DJIEMEHTBI MATEMATUYECKOMN CTATUCTUKH

CnyyaliHple TIOTPEIIHOCTH H3MEPEHHS] XapaKTEPU3YIOTCA ONpPEIEIECHHBIM
3aKOHOM uX pacnpeneneHusi. CylllecTBOBaHUWE TaKOro 3aKOHa MOXKHO
OOHapy>XHTh, TOBTOPSIE MHOTO pa3 B HEHU3MEHHBIX YCJIOBHUSX H3MEpEHUe
HEKOTOPOM BEJIIMUMHBI U TOJICUUTHIBAS YUCIO M TEX Pe3yJIbTaTOB U3MEPEHUS,
KOTOpPBIEC MOMAAat0T B 000N BbIJICTICHHBIM UHTEpBaI. OTHOIIEHHE ATOTO YUCa
K OOlIeMy 4YHCIy N TPOU3BEACHHBIX H3MEPEHUN (OTHOCUTENbHAs YacToTa
MONaJaHusl B OTMEUEHHBI HWHTEpBal) MOpPH JOCTATOUYHO OOJBIIOM YHUCIE
U3MEPEHHUM OKa3bIBACTCSl OJU3KUM K MOCTOSSHHOMY YHCITY (CBOEMY ISl KaXKI0TO
UHTEpBajga). OTO OOCTOSTEIHCTBO IO3BOJIIET MPUMEHUTh K HU3YUYCHUIO
CIIy4alHBIX TMOTPEIIHOCTEN U3MEPEeHHs] METOJbl TEOpUU BeposiTHOCTEH. B
TEOPETUKO-BEPOSITHOCTHOM MOJIENN CIIy4yalHbIE MOTPEIIHOCTH, a 3HAYUT U CaMHU
pe3yIbTaThl U3MEPEHUM pacCMaTPUBAIOTCS KaK CIydailHble BEJTUYUHBI, KOTOPHIC
MOTYT TPUHUMATh JIOObIC JIEUCTBUTENIbHBIE 3HAUYCHUS, MPUUEM KaKIOMY
UHTEpBaNy (X;, X;) COOTBETCTBYET BIIOJHE OIPEACIICHHOE YHWCII0, Ha3bIBAEMOE
BEPOSTHOCTBHIO MOMNAaJaHUs CIIy4YallHOW BEJIWYMHBI X B OTOT HHTEPBAI U
o0o3HauaeMort dyepe3d P(x;< x < Xxy). OTa BEpPOATHOCTb BBICTYNaeT Kak
ujcaN3upoBaHHas OTHOCUTENbHASI YaCTOTa MONaJaHus B MHTEPBAI (X, X»), T.C.
Ha TMPaKTUKE HMEHHO K OJTOM BEPOSTHOCTU OJU3KKM YIOMSHYTBIE BBIIIE
OTHOCHUTEIbHBIE YaCTOTHI:

m/n = P(x;<x <Xx;).

[TpaBuno, mno3Bossioliee A JIFOOBIX MHTEPBAJIOB (X;, X;) HAXOIUTh
BEPOATHOCTH P, Ha3bIBa€TCsl 3aKOHOM pACIIPEACIICHUS CIy4yallHOM BEJIMYUHBI (X).
JIns MOJIHOW XapaKTepUCTUKHU CIy4YalHOW BEIWYHMHBI HApsAAy C BO3MOXKHBIMHU
3HAUEHUSIMU CJIEIYyeT YKa3aTb BEPOATHOCTh OTAEJIbHBIX 3HAYEHUW (i
JUCKPETHBIX BEJIWYWH) WM BEPOSTHOCTh MPUHSATH 3HAUYCHHE, JIEKAILIEE BHYTPH
TOTO WJIM MHOTO UHTEpBaa (151 HEIPEPBIBHBIX U TUCKPETHBIX BEJTUYMH ).

Takum oOpazom, ciyyallHONH BEJIMYMHOW Ha3bIBa€TCS IEepPEMEHHAs
BEJIMYMHA, NPUHUMAIONIAs 3HAYEHUS B 3aBUCUMOCTH OT ciy4yas. CiyvailHas
BEJIMYMHA CKOpee He 4ucio, a QyHkius ciydas. CiydailHas BeJMYMHA
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onpenensieTcss o0JacThi0 M3MEHEHUS U BEPOATHOCTBIO, C KOTOPOM cilydailHas
BEJIMYMHA MONAJAET B TOT WM UHOM MHTEPBAIL.

CilydailHple TOTPEIIHOCTA OTIMYAKOTCA OT CHUCTEMATHYECKUX TEM, YTO
YBEJIIMYEHUEM YHCJIAa U3MEPEHUN MOXHO YMEHBIIUTh WX BEIMYUHY, MOCKOJIBKY
3HAYCHUS CIIyYaWHBIX IMOTPEIIHOCTEW C OJMHAKOBOM CTEIEHBK) BEPOSTHOCTHU
MOTYT OBITH MOJOKUTEIBHBIMU U OTPUIIATEIILHBIMU.

4.1. 'eHepasbHasi COBOKYIIHOCTh U BbIOOpPKA

[Ipu u3mMepeHusx Bceraa mojaydaeTcss COBOKYMHOCTh pe3ybTaToB. s Bcex
BUJIOB CTAaTHUCTHUYECKUX H3MEpPEHUN (KpOME COBMECTHBIX) 3TO PE3yJbTaThl
HECKOJBKHUX MapaJljIeIbHbIX U3MEPEHUN OJTHON U TOU K€ BETUYUHBI X (X, X, ...
, X,). B MareMatuueckoil CTaTUCTUKE 3TY COBOKYMHOCTh HA3bIBAIOT BBIOOPKOIA,
roJiarasi, YTo CyIIeCTBYET reHepajibHasi COBOKYITHOCTb, U3 KOTOPOM 3Ta BHIOOpKA
MOJIy4YeHa.

['eHepanbHas COBOKYIMHOCTh  MPEACTABISIET COOOM  BOOOpakaemyto
COBOKYITHOCTb, COCTOSIIIYI0 K3 OECKOHEYHO OOJBIIOr0 YHCIa pPe3yJIbTaTOB
U3MEPEeHUH (X), OMUCHIBAEMBIX (DYHKIUEH pacpeeIeHus:

1 (x—p)

= 202
Py O_\/ﬂe . (1)

Bompoc 0 mnpencTaBUTENbHOCTH BBIOOPKM TOrO WM HHOrO o0beMa U
OJIN30CTU MapaMeTPOB BHIOOPOYHON COBOKYIMHOCTH K MapaMeTpaM BbIOOPOYHOI
COBOKYITHOCTH K IMapaMeTpaM TreHEepaIbHOW COBOKYIMHOCTH HEMOCPEACTBEHHBIM
oOpa3oM CBsi3aH HE TOJBKO C OOBEMOM BBIOOPKHM, HO W C (yHKIHEH
pacmpeielieHds]  M3Y4YaeMbIX  CIyYalWHbIX  BEIWMYMH.  OJTa  QyHKIHS
XapakTepu3yeTcs TmapaMeTpaMH paclpeeieHus, K KOTOPbIM OTHOCSTCS,
HalpuMep, MaTeMaTUYeCcKoe OXXuaaHue W aucnepcus. HeoOXoIuMo OTMETUT,
YTO B XMMWH, B YACTHOCTH, AHAJTUTUYECKOMN, YACTO MPUXOJAUTCSI OTPAHUYUBATHCS
CPaBHUTEJILHO HEOOJIBIIIUM YUCIOM ONpeeaeHUu (MabiM 00BEMOM BBIOOPKH).
DT pe3ylnbTaThl MOXKHO pacCMaTpuBaTh KakK CIy4allHyl0 BBIOOpDKY U3
HEKOTOPOTO THUIOTETUYECKOT0 MHOXKECTBA — TE€HEPATIbHOM COBOKYIHOCTH.
3amaya mpeiCTaBICHUs Pe3yJbTaTOB aHAJIM3a B KOMIIAKTHOM BHJE CBOJUTCA B
ATOM CiIy4ae K TOMY, YTO Ha OCHOBE 3aKOHOB MaT€MaTHYE€CKOW CTATUCTUKH TIO
BBIOOpPKE KOHEUYHOrO OO0BheMa OIpEeNesitoT HEKOTOPhIE BEIMYUHBI, KOTOPHIE
NPUHUMAIOT B KAueCTBE OIICHOK HEW3BECTHBIX IapaMeTpOB Te€HEpajIbHOU
COBOKYITHOCTH, @ C NMOMOIIBIO 3THUX OLEHOK MPEACTAaBISAIOT PEe3yJbTaT U €ro
JIOBEPUTEIIbHBIM HHTEPBAI.
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4.2. TlapameTpnbl pacnpenesieHust

BaxueimumMu  mapamerpamMu  pacupeneneHus — saBisores M(x) —
MaTeMaTU4YeCKoe OXuJaaHue u D(x) — nucrepcus CIlydalHOM BEJIWYUHBI X.
[TapameTpsl HaXOJAT MO BBIOOpPKE o0bEMaA M. X;, X2, ..., X,, KOTOPbIE M CIy>KaT
OpUOJIMKEHUEM K TEOPETUYECKUM TeHepalibHbIM mapamerpam. [lpubnuxenue
OyJZleT TeM Jiydlie, 4em 00Jibllie 00beM BBIOOPKH.

Metoapl MaTeMaTHYECKOM CTAaTUCTUKU HCXOIAT W3 HUACATU3UPOBAHHOIO
MPENONIOKEHUSI O CYIIECTBOBAaHUU OECKOHEYHO OOJIBIIIOr0 4YKCiia U3MEPEHUM.
[lo MHEHHMIO MaTeMaTUKOB- TEOPETUKOB JUisi (hOPMUPOBAHUS BBIBOJOB
HeoOoxomumo 1000 — 3000 pesynbpraToB mM3MepeHnit. CrieruaaucTbl B 00J1acTH
NPUKIIATHOW MAaTEMAaTUKU CUYUTAIOT, 4yTo mo 50-100 u3MepeHusiM ¢ XOpOouIuM
OpUOJIMKEHUEM MOXKHO CJeNaThb BBIBOJA O TMPUCYTCTBUU TE€HEPAIbHOU
COBOKYITHOCTH.

4.2.1. MaremaTu4ecKoe 0:KUJIaHUE CJAYYallHON BeJTMYHHBI

[lepBoHauanpbHO OOpaTHMCS K TIOHSITHIO CpPEAHET0 apupMETHIECKOTO
3HaueHus. PaccMOTpUM CHEeIyronIMii MpuUMep: HMEETCS COBOKYMHOCTh /N
DJIEMEHTOB, Pa3IMYAIONINXCS BEIMYMHOM HEKOTOpOro mpu3Haka x. CpemHum
apu(pMETUYECKNM 3HAYCHHEM TMpHU3HAKa X B COBOKYITHOCTH Ha3bIBACTCS
OTHOIIIEHWE CYMMBI 3HAUYCHHWH TMPU3HAKA X y BCEX DJIEMEHTOB COBOKYITHOCTH K
00IIIeMy YHCITy ATUX DJIEMEHTOB.

O6o3HaYUM uepe3 X;, Xz, ..., X, Pa3IUYHBIC 3HAYCHHUS PACCMATPHUBAEMOTO
NpU3HAKa y AJIEMEHTOB COBOKYITHOCTH; uepe3 M, — KOJIMYECTBO 3JIEMEHTOB, y
KOTOPBIX 3HAUCHHE MpU3HAKa paBHO X (k = 1, 2, ..., n); uepes N = M; + M, +

+ M, - o0mee 4YKCIO 3JIEMEHTOB COBOKYMHOCTH. Torga cpenaHee
apu(pMETHIECKOE 3HAYCHUE X MPECTaBIICTCS POPMYIIOM:

- x M, +x,M,+..+x M,

X
n
3anumiem 3Ty GpopMyIly B BUIE
- M, M, M,
x:x1—+x2—+...+xn (2)
n n n -

N3 mocneaneit GopMyiabl BHUIHO, YTO CpEHEE 3HAUCHHE 3aBUCUT HE OT
a0COJIOTHBIX KonndecTB M, M, ..., M,, a TOJIbKO OT OTHOCHUTEILHBIX KOJIMUECTB
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PaccMoTpum Teneps AUCKPETHYIO CIy4YaWHYH BenU4YuHy. M3 mpuBeaeHHON
BBIIIIE COBOKYITHOCTH BBIOEPEM OJWH DJEMEHT. BenuumHa Tmpu3HaKa Yy
BBIOMPAEMOTr0 d3JIEMEHTa SIBIIAETCS JMCKPETHOW CIIy4yalHOW BEIMYMHOM X CO
CJIEAYIOLIUM PaCIPEIETIEHUEM BEPOSTHOCTEM:

X7 X oo | X e | Xpy
M, | M, M, ... | M,
n n n n

Cpennee apudmeTnueckoe 3HAYEHUWE IPU3HAKA B COBOKYMHOCTH HWIPAaET
31€Ch POJb CPEIHEr0 «OKUIAAEMOI0» 3HAUYCHUS CIIYYaWHOW BEJIWYMHBI X. ITO
CpElIHEEC 3HAUYCHHUE HA3bIBACTCS «MATEMAaTHYECKUM OXHUIAAHUEM)» CIIy4auHOU
BEIIMYMHBI X W oOo3Hauvaercs M(x). MaremaTudeckoe OXHJAaHUE CIy4alHOU
BEJIMYMHBI X PABHO

M(x) :x1%+x2%+...+xn M, ;
n n n

T.€. MATEMaTUYECKOE OKHUJIaHUE MPEJICTABIISIET COOOM CyMMY TTPOU3BEACHUN
3HAYCHUN BEJIWYHMHBI X HA HX BEPOATHOCTU. [IOHATHME MaTeMaTH4ECKOrO
OKHMJIAHUSI PACIIPOCTPAHSAETCS Ha JI00YI0 TUCKPETHYIO CIIYyYailHYI0 BEJIMUUHY.

Maremarnueckum oxuaanuem M(X) AUCKPETHOW CIIy4YalHOM BEJIMYUHBI
HA3bIBACTC CyMMa IMPOU3BEICHUM BCEX BO3MOXKHBIX 3HAYCHUM (Xj) HaA UX
BEPOSITHOCTH (Py):

M(x) = xp; + xp2 + ...,
U M(x) = ZXIJ?k, s (3)

rae cymma 0epercst o BCeM BO3MOXHBIM 3HAUCHUSIM CIIy4YallHOW BEJIMYMHBI
X.

PacnipocTpaHuM MOHSATHE MAaTEMaTHMYECKOIO OKUJAHUS Ha HENpPEPHIBHBIC
Clly4ailHble BEJIMYUHBI, YUYUTHIBas, YTO A HUX POJb BEPOSTHOCTU pj OyIeT
urpath nuddepenuman BeposTHoCTU dP, = ¢ (x)dx.

Takum 00pa3om, 1MOA BEPOSATHOCTHIO MOSIBJICHUS HEKOTOPOTO COOBITHS
N0/Ipa3yMEBaOT OTHOUIEHUE YUCa MOSBIECHUN 3TOr0 COOBITHS K OOLIEMY YUCITY
ucnbiTannii (u3mepenuid). [IpubnvkeHHasi OllEHKAa BEPOSITHOCTH OKa3bIBACTCS
TeM OoJiee TOUHOM, ueM OoJibliie 00I1ee YUCIO UCTIBITaHui (u3mMepeHuit). Takoe
OIpe/iesIeHnEe BEPOSATHOCTH HA3bIBAETCS CTATHCTHYECKHM. BeposaTHOCTH Becerja
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BBIPAKAETCA YMCIIOM, 3aKJIIOUYCHHBIM MexXay 0 v | uiay npuHUMAKOIIUM OJIHO U3
ATUX 3HAYEHUM.

MareMaTn4eckuMm oxxuaanueM M(x) HENIPEPHIBHON CITyYaWHOW BEIIMYUHBI
X Ha3bIBACTCS HWHTETPAI OT NPOU3BEICHUS €€ 3HAYCHUM  Ha IUIOTHOCTH
pacrpe/iesieHus] BEpOSTHOCTEN ¢(x):

M(x) = ngo(x)dx, @)

npudyeM uHTerpan (4) Oepercs Mo BCeMy HMHTEPBAILY BO3MOXHBIX 3HAYEHUU
BEJIMYMHBI X. DTOT MHTErPaJl YaCTO 3aIUCHIBAIOT B BUJE:

+00

jx¢(x) dx

i 5
Jaxe B TOM Clly4ae, KOrJa BO3MOXKHBIE 3HAQUEHUS BEJIIMYMHBI X 3aIIOIHSAIOT
KOHEYHbI MHTEpBaJ. B aTOM ciyyae mnonararor ¢(x)=(0 BHE YKa3aHHOIO
UHTEpBaJA.

B ciiyyae paBeHCTBa BEpOATHOCTEN €IMHUYHBIX 3HAUEHUH (p; = p; = ...= p,

= [/n) nomy4um

& -
M, :;Z’Ci =X (5)

Takum  oOpazoM, MaTeMaTHYECKOE  OXHJaHHE  PABHOBEPOSTHBIX
pEe3yJIbTaTOB UBMEPEHUN PABHO CPEIHEMY apU(PMETHUUECKOMY.

Korpma ycnoBue p; + p, = ... = p, HE BBINOJHAECTCI, MaTEMaTUYECKOE
OXUJIAHWE€ PABHO TaK HA3bIBAEMOMY CPEIHEB3BEIICHHOMY  3HAYEHMIO
JTVWCKPETHOW CJIy4ailHOM BEJIWYUHBI, B KOTOPOM IIpU YCPEIHEHUHM YUYTE€Ha
Pa3HOBEPOSITHOCTh OTACIBHBIX 3HAUCHHUIA.

MaremaTu4yeckoe OXHMJAAHUE CIAYYAUHOW  BEJMYUHBbI X, WJIH
reHepajibHOe cpelHee — 3TO TO YHCICHHOE 3HAYCHHE, K KOTOPOMY B OOBIUHBIX
YCIOBUSAX CTPEMUTCA CpeaHee apuPpMEeTHUUECKOEe pe3yJIbTaTOB U3MEPEHUH, eCclu
AKCIIEPUMEHT MOBTOPSATHh OCCUUCIICHHOE YUCIIO Pas3.

BaxxHO OTMETUTH, UTO BCE€ CBOMCTBA MATEMAaTHYECKOTO OXHWAAHUS (WM,
TOYHEE, CBOMCTBA caMOW OIEepallMid OCPEIHEHMS) COBEPIICHHO OJIMHAKOBBI KaK
JJ1s1 TUCKPETHBIX, TaK U JIJIs1 HEMPEPBIBHBIX CIIy4YalHbBIX BEJIMYHH.

CBoiicTBa MAaTEMAaTUYECKOTO OKUIAHUS
1. MaremaTtuueckoe OXHUJIAaHWE TOCTOSSHHOM  (HECIydyalHOW — Wiu

JIeTepMUHUPOBaHHOM ) BennunuHbl C paBHO camoit 3toi BennuuHe C: M(C) = C.
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JIeUCTBUTENBHO, MOCTOSIHHYIO C MOXHO paccMaTpuBaTh KaK CIYyYalHYIO
BEJIMYMHY C €IUHCTBEHHO BO3MOKHBIM 3HaueHHEM C, BEPOSATHOCTb KOTOPOTO
paBna 1. [Toatomy M(C) = C-1 = C.

2. MareMaTtuueckoe OXKHJAaHUE CYMMBI CIIyYailHOW M MOCTOSHHOW BEJIWYUH
PAaBHO CyMME MOCTOSSHHOW BEJIMYUHBI 1 MATEMATHYECKOTO OKHUIAHUS CITyYalHOU
BEJIMYUHBI;

Mix+C) = C + M)

3. IToctoguubI MHOKUTENE C MOKHO BBIHOCUTH 34 3HAK MAaTEMATHUIECKOTO
OKUJAHU:

M(Cx) = CM(x).

4. MaremaTH4ecKoe OXMIAHWE CYMMBI JIBYX CIIyYaWHBIX BEJIMYHMH PABHO
CyMME UX MAaTEMaTUYECKUX OKHUIAHUM:

Mx +y) = M(x) + M(y).

5. MaremaTrnueckoe OXHAAHUE NPOU3BEICHUS HE3aBUCUMBIX CIIyYaWHBIX
BEJIMYMH PABHO IIPOU3BEICHUIO UX MATEMATUYECKUX OKUJAHUM:

M(xy) = M(x)M(y).

MaremMatnueckoe OXHIaHWE CIy9alHOW BEIWYWHBI JaeT YI0OHYIO
YUCJIOBYIO XapaKTEPUCTUKY €€ pacmoiokeHus. imest Ty e pasMepHOCTb, 4TO U
3HAYEHUs CIIy4allHOW BEJIWYMHBI, MaTEMaTHYEeCKOe OKHJIaHWE HaXOIUTCS
BHYTPU HMHTEpBaja BO3MOXXHBIX ee¢ 3HaueHuil. Hampumep, ecnm Bce 3HaYCHUS
CIIy4yaiiHOM BEJIMYUHBI X JISKAT B UHTEpBaJe (a, b), To

Pla(x(b} = [ p(x)dx =1 |

N U3 HCPABCHCTBA

b

Jap(x) dx(j‘xg/)(x)dx(ibgo(x) dx

a
CIEIyeT, YTO

a < Mkx) < b.
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OK0JI0O MaTeMaTUYECKOr0 OKHUJAHUS CIIyHYallHOM BEJIMYUHBI TPYIITUPYIOTCS
B CpeqHUE apu(pMETHUECKHE M3 €€ ONBITHhIX 3HaueHuil. Maremartuueckoe
OXXUJAHHUE SBISIETCS OCHOBHOW XApPAKTEPHUCTUKOM PACIIOJIOKEHUS CIyYalHOU
BEJIMUUHBL. [leHTpoM pacrnpeneineHus BEPOSITHOCTEN CIIy4YalHOM BEJIWYMHBI X
Ha3bIBAa€TCS €€ MaTeMarhdeckoe oxuaanue M(x). Jliasg HOpMaIbHOTO
pacrpeeNeHns 3Ta BEJIUYMHA ABISETCA apaMeTPOM PaCIpENCIEHUS L

4.2.2. Iucnepcus cay4ailHOU BeJUYHHBI

BTopoil 1LeHTpadbHBII MOMEHT pAacCHpEleCHUs] Ha3bIBACTCSA IAUCIEPCUEU
CllyuaifHOl BenMuMHBI X M 06o3Hauaercs D(x) mmn o°. Bemmuuna /D(x)=o
Ha3bIBACTCS CTAHAAPTHBIM OTKJIOHEHHEM WIH CPeJHUM KBaJApPaTHYHbIM
OTKJIOHEHMEM BeJUYUHBbI X. /{111 HOpMaIbHOrO pacupenesneHus 3Ta BEIUYMHA

ABJISICTCA [IAPAMETPOM PACIIPEACIICHUS O.
Hucnepcueit D(x) ciiydailHOW BeJIMYMHBI HA3BIBAETCS MATEMAaTHYECKOE

) ) 2 ) 9 9
OXKHMJIAHUE CIy4dallHOW BenuuuHbl /X — M(x)/ . Jlisi HempephIBHON CIydalHOM
BEJIMYMHBI X:

D(x) = [[x=M @) p(x)dx (6)

—00

{1 TUCKPETHOW CITy4ailHOW BEJIMYHUHBI, UMEIOIIEH N 3HAYCHUM, TUCIIEPCUS
ONPENEISAETCS CICAYIOIIUM BBIPA)KCHUEM:

D(x) = Zn:pk (x, —x)" 7)

Jlucniepcrio BBIOOPOYHOM COBOKYIMHOCTH, COCTOSIIEH W3 7 3HAYECHUM
CITy4YaHOM BEJIWYMHBI BEIYUCIISIOT IO (hOpMYyJIe:

i(xi _x_)z

n—1

2
S

(8)

KBaI[paTHBIﬁ KOPCHb M3 JOTOI'0 BBIPAXKCHHUSA HA3BIBACTCA CTaHAAPTHBIM
BBI60pO‘-IHBIM OTKJIOHCHUCM:
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)

CBOMCTBA TUCTIEPCUU

1. Jlucnepcust NOCTOSIHHOM (HECTy4ailHOM BETMYMHbBI) PaBHA HYJIIO:
D) = 0.

2. Jluctiepcust CyMMBbI ~ TIOCTOSIHHOM  (Hecly4allHOM)  BEIWYMHBI U
[IEPEMEHHON CIIy4YailHOW BEJIWYMHBI paBHA JUCIIEPCUM CIyYalHOW BEJIWYHUHBI:

D(C +x) =D(x).

3. Jlucnepcus mNpoW3BEICHUS TOCTOSHHOW BEJIMYMHBI Ha NEPEMEHHYIO
CIIy4alHYI0 BEJIMYMHY pPaBHA MPOU3BEICHUIO KBAJIPATHOTO KOPHS MOCTOSHHOMN
BEJIMYUHBI HA TUCIIEPCUIO CIIyYaliHON BEJIMYUHBL:

D(Cx) = C°D(x).

4. luciepcust CyMMBI ABYX MEPEMEHHBIX CIIYYANHBIX BEJIMYMH PABHA CyMME
JTHACTIEPCUN 3TUX BEJIWYMH:

Dx+y) = D(x) + D().

5. Jlucniepcusi Mpou3BeICHNS ABYX CIIyYalHbIX IEPEMEHHBIX BEJIMYMH pPaBHA
IIPOU3BEIAECHUIO UX BEPOSITHOCTEN:

D(xy) = D(x)D(y).

Teneps Halizem, MOJB3YSACh CBONCTBAMH MAaTEMATHYECKOTO OXHUIAHHS |
nucriepcuu, mapameTpsl M(x), D(x) u s(x) cpeaHero pesyJjbraTa X:

M(;):M(x1+x2+...+xn):”A/;(x)=M(x),
D(x):D()q + X, +...+xn): n2 D(x):D(x) _ Sz(x)
n n n
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@)= =20 10

3HaHWE 3aKOHA W IMApAMETPOB PACHPENEIICHUS PE3yJNbTATOB H3MEPEHUS,
OTIpeIeIeHUsI WM aHAJIW3a HE MO3BOJISIET CYIUTh O HAJIMYUU WK 00 OTCYTCTBUU
JNETEPMHUHUPOBAHHBIX (Heciy4ailHbIX) ITOCTOSTHHBIX COCTaBIIIOIINX
CUCTEMATUYECKOW NOTPEIIHOCTA U3MEPEHUS, ONPEACICHNUS WA aHaIu3a, T.€. O
HAJIMYUU WIK OTCYTCTBUU CMEUICHUS CPETHUX 3HAUEHUH OY€Hb OOJIBILIOTO Yncia
TaKUX PE3yJbTATOB OT UCTUHHBIX 3HAYCHUN HU3MEPSIEMbBIX WM OIPEAEISIEMBIX
BeJIMUUH. [Ipu OTCyTCTBUM AE€TEPMUHUPOBAHHBIX MOCTOSHHBIX COCTABIISIOILIUX
CUCTEMATUYECKOU IMOTPEIIHOCTH CIIyYalHbIe IMOIPEIIHOCTHA CIIYyXKAT IMPUYUHON
paccesiHusl pe3yJIbTaTOB OMNpeJeNieHU (M3MEpeHUil) OTHOCUTEIBLHO UCTUHHOTO
3HAQYEHUs OIpeleiasieMOd BenuuuHbl. [Ipy HamMuMM JEeTEpMUHUPOBAHHBIX
IIOCTOSTHHBIX ~COCTABJISIIOIIMX CUCTEMAaTHYECKOW ITOTPEIIHOCTH PE3YJIbTATHI
onpezaeneHui (M3MepeHuil) OyayT paccessHbl HE€ OTHOCUTENIBHO HCTUHHOTO
3HAYEHUsA, 3 OTHOCUTEJIBHO CMEIICHHOIO 3HAYEHHUsI ONPEAEIIIEMBIX BEJIMYMH.

HeobxoammMo oTMETUTH, UTO CITyYailHbIe MOTPEIIHOCTH MOXHO OOHAPYKUTh
U OIICHUTh IyTeM O0OpaOOTKU BBIOOPKM H3 paccMaTpUBAEMON T'e€HEpalbHOU
COBOKYITHOCTH PE3YyJbTaTOB HU3MepeHuil (ompeaeneHui, ananuza). llpu
yBEIMYEHUH OObEeMa TaKOMl BBIOOPKM MOKHO TOJYYUTh TaKO€ 3HAUYECHHE
CPEOHEr0, KOTOPOE B OTCYTCTBHUM JIETEPMUHUPOBAHHBIX COCTABIIIOIINAX
CUCTEMATUYECKOM TNOTPEHIHOCTH OyAeT aCHUMNOTOTHUYECKH CTPEMUTHCS K
VUCTUHHOMY 3HAQUEHHIO H3MEpseMOil BeaudyuHbl. OJHAKO YBEIMYEHHE YHCIIA
U3MepeHuil B BHIOOPKE HE MO3BOJISIET OOHAPYXUTh U YCTPAHUTh HMEIOIIHECS
NETEPMUHUPOBAHHBIE COCTABIAIOIINE CUCTEMAaTUYECKOW IIOTrPELIHOCTH, A,
CJIEOBATENBHO, HE MO3BOJISIET YCTAHOBUTHh MCTUHHOE 3HAYEHHUE HU3MEPSIEMOU
BeJM4YnHBL. [103TOMYy crcTeMaTHYECKUE MTOTPEIIHOCTH ONAaCHEE CITyYalHbIX.

JInsg  BBISIBIEHHST W ydeTra  JETEPMHUHUPOBAHHBIX  COCTAaBJISIIOLIAX
CUCTEMATUYECKON MOTPEIIHOCTH HEOOXOANUMO MPOBOJIUTH CIIEHUAIBHBIE OIBITHI,
KOTOpPBIE B COYETAHMM C METOJAMH MATEMAaTHYECKOW CTATUCTUKHU IO3BOJIIOT
OLICHUTh WM WCKIIOYUTh JETEPMUHUPOBAHHBIE U HEACTCPMUHHUPOBAHHBIC
Clly4allHble COCTaBJISIIOIIME CHUCTEMATUYECKOW MOTPENTHOCTH H3MEPEHUS (CM.
pazzaen 6).

4.3. I'mcrorpaMMbl U pacnpene/ieHre
PaccMoTpum n 3Ha4YEHUM X;, X7, ... , X, CIIYUYallHON BEJIMYMHBI X. 31€Ch N —

o0beM BBIOOPKH, TpHUHAIJICKAIIEH HEKOTOPOM TeHEepaJbHON COBOKYIMHOCTH.
CpenHee 3HaU€HHE X BBIPA3UM CIEAYIOIIUM 00pa3omM
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k
_ Zxknk
1
X =
- (11

II€ n; TOKa3bIBAET CKOJBKO pa3 JaHHOE YHUCIO X, PEalIn30BajoCh B
BBIOOpKE (BECOBOM MHOXKUTEIb MJIU TPYMIIIOBAs YacTOTA).

YacroTa, ¢ KOTOpOIl peanu3yercs B JaHHOM CITydae 4YHCIIO X, OyJleT paBHa
F; = ny/n. 3aBUCUMOCTb 3TOTO MOKa3aTessl OT BEJIMUUH U3MEPEHHOTO 3HAYCHUS
X, paclpeleNieHHbIX M0 KjaccaM, Ha3bIBalOT THCTOIPAMMOM JTUCKPETHOMN
BEJIUYUHBI (puc.l).

. N

Puc.1. 'ucrorpamma nuckpeTHOlM BenmuuuHbl: k = 9.

CpCI[HGC 3HA4YCHHUC BCIIMYHUHLI X B 3TOM CJIy4aC MOKCT OBITH IIpeaACTaBJICHO

TaK Ha3bIBAEMOU B3BEILIEHHON CyMMOU: X = Z R

I HEenpephIBHOW Cly4alHOW BEJIMYMHBI YUUTBHIBACTCS YUCIIO 3HAYEHUM X
B KaXJIOM k-oM uHTepBaie (A;). [Ipu mocTpoeHnr rucTorpaMmel B 3TOM CIIy4ae
HaJ KaXIbIM Kk-bIM HWHTEPBAJIOM YEPTAT MPSMOYTOJIBHUK, BBICOTA KOTOPOTO
paBHAa COOTBETCTBYIOILIEH TPYNIOBOW YacTOTE 7y, JEJIEHHOM Ha oOllee 4Yucio
u3mepenuii n. [Ipumep Takoit cTo0uaTol rUCTOrpaMMBbI TTIOKa3aH Ha puc.2.
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X
Puc 2. I'ucrorpamma (1) u kpuBas pacupenenenus (2)

Ecnu mnpencraBuTh, 4To 00BEM BBIOOPKHM OUYCHBH OOJNIBINON (B mpenene
CTPEMUTCSI K OECKOHEUHOCTH), a MHTepBal Ax; COOTBETCTBEHHO OYEHb Mall
(cTpeMHTCS K OCCKOHEYHO Majloi BEIWYHHE dX), TO THCTOTpaMMa IIpeBpaIiaeTcs
B IUIABHYIO KPUBYIO, KOTOPYIO Ha3bIBAKOT KPUBOM pactnpenenenus (puc.2). Takoe
pacrpezielieHle XapaKTepHu3yroT HEPEPhIBHON (QYyHKIMEH ¢(X), TaKk Ha3bIBAaEMO
IJIOTHOCTBIO pacIpe/iesIiCeHUs] BEPOATHOCTEH, CMBICI KOTOPOM 3aKitodaeTcs B
TOM, UYTO TMPOU3BEIICHUE @(X)dX PABHO BEPOSTHOCTH MOMAJAHUS OTIACIHHOIO
3HAYEHMS X B UHTEPBAJI 3HAYEHHM OT X 70 X + dlx.

OyHKIUS @(X) HOPMUPOBAHA, T.€. YIOBJIETBOPSIET YCIOBUIO

j p(x)dx=1 12)

beckoHeuHble TIpeenbl ’TOr0 UHTETpaia 0003HAYAIOT, YTO BCE BO3ZMOKHBIE
3HAUEHUSI BEJIMYMHBI X PACIOJIOKEHBI MEXIY - M +oo . [Ipu nccnenoBanuu
peanbHBIX pacipeiesieHuid 3TU Mpeesibl YaCTO MOXKHO CyKaTh. Ecnu, Hampumep,
U3BECTHO, YTO B F'€HEPAJIbHOW COBOKYITHOCTU B MHTEpPBAJIaX OT — 10 @ W OT b
0 +oo HE MOXET HAaXOJUTHCSI HU OJIHO 3HAYEHUE CIIy4ailHON BEJIMYMHBI X, TO
npejenaMyd UHTErpupoBaHust Oynyr a u b, Tak, ecim B TeHepaIbHOU
COBOKYITHOCTH pEe3yabTaTOB U3MEPEHUM HEBO3MOXHO MOJTyYEHHE
OTPULIATEIBHBIX 3HAYCHUIN X, TO 3a 3HAYECHHE @ MOXXHO NPUHATH HYJIb.

[Io Buay ruUCTOTpaMMBI MOXHO CYAUTH O MHOTHX XapaKTEPUCTHUK
OMIIUPUYECKOTO pachpesesieHuss (KOJIMYEeCTBO MAaKCUMyMOB, aCHMMETpHS,
JKCLIECC U T.A.). OMIMpUYEcKas (QYHKUUS paclpeiesieHus] U TUCTOorpaMma
HarjJsJHbl TPH JOCTATOYHO OoiblIOM uuciae uaMmepeHuit (n > 50). Menee
HATJISIIHBIM, HO 3aTO KOJIMYECTBEHHBIM CIIOCOOOM XapaKTEPUCTUKH BBHIOOPOK
ABJISIIOTCSL CTATUCTHYECKUE TMOKazarenu. HekoTopele mokazarenu (cpeaHee
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apupMeTH4YEeCKoe, JIUCIEPCUI0, CTaHJAPTHOE  OTKJIOHEHHE) MBI  YyXKe
paccMaTpUBalId B MPEIbIAYIINX pa3aenax. Kpome HUX UCMOIB3YIOTCS U IPYTHE.

Menuana, uiu CpeIMHHOE 3HAYEHHUE JJIsI YIOPSJOUYCHHOM 110 BO3PACTAHUIO
X; BBIOOpKHU (X; <X, <... <X,), - TO IPH HEUETHBIX M CPEIWHHBIN YJIEH pAJa,
T.€. TAKO€ 3HAYEHUE X;, YHCIO UICHOB psAlla CIpaBa U clieBa OT KOTOPOTO
onuHakoBo. [Ipu yeTHBIX n - 3TO cpefHee apuMETHIECKOE ABYX CPEIUHHBIX
YJICHOB psifia. 3HAUYCHUE MEJUaHbl MaJOUYBCTBUTEIILHO K HAJIUYUIO BHIOPOCOB.
Meauany 4acTo UCHOJIB3YIOT BMECTO CPEAHEro apu(pMETUYeCKOro s
XapaKTEePUCTUK MaJIbIX BEIOOPOK (77 < 10).

Yuciao cremeHeil ¢BOOOABI — OJHO U3 OCHOBHBIX IIOHATHU B
MaTeMaTUYECKOM CTaTUCTUKE. OJTO TOHATHE TPYAHO TMOMAJAETCS CTPOrOMY
onpeneneHuo. B  MpocThIX ciyyasx 4YHCIO CTENeHed CBOOOJBI MOXKET
OPEACTABISITh YUCIO TEPEMEHHBIX, KOTOpPbIE MOTYT OBITh IPOU3BOJIHLHO
IPUCBOEHBI BbIOOpKE. [[nsi mpocTeiiiieil BBIOOPKH 4YMCIO CTENeHeld CBOOOIbI
paBHO Pa3HOCTH MEXJYy YHUCIOM U3MEPEHUW M YHUCIOM HCCIEIYEeMbIX
napaMmetTpoB. B panHom ciywae (x;, X ..., X,) YHCJIO U3MEPEHUN paBHO 7,
UCCJEAyEeMbIl TapaMmeTp OJHMH (CpelHee 3HAYEHHE), CIIEIOBATEIbHO, YHUCIO
CTeneHel CcBOOOJBI paBHO 7 — [, TIOCKOJBKY paccMaTpUBAECTCS pacCesHUe
JAHHBIX OTHOCHUTEIIBHO CPEHEr0, T.€. Ha PEe3yJbTaThl HAJIIOXKEHA OJHA CBSA3b.
Uucio creneHeld CcBOOOABI — OTO YHUCIO HE3aBUCHUMBIX TEPEMEHHBIX B
BBIOOPOYHOM COBOKYITHOCTH 32 BBIUETOM UHCJIA CBSI3EH MEXKTy HUMHU

Pasmax nis psina, ynopsijoueHHOro 0 BO3PAaCTaHUIO X;, paBeH R = X, — X,
T.e. pa3Max TPeJCTaBIsIeT COO0OM Pa3sHOCTh MAKCUMAJIbHOTO (Xuu) |
MUHUMAJIBHOTO  (X,;) pPE3yJIbTaTOB u3MepeHuid B BhIOOpKe. Pa3zmax
UCIIOJB3YETCS. BMECTO CTaHJAPTHOTO OTKJIOHEHHUS ISl XapaKTEPUCTUKHU
pazbpoca pe3yabTaToB U3MEPEHUM MPU MajbiX BhiOopkax (n < 8-10). Jlnsa Takux
BBIOOPOK MCIIOIb30BAHUE CTAHAAPTHOTO OTKIOHEHUS HEA()(PEKTUBHO.

AcummMmetpus (A) paccuuTbiBaeTcs 1o hopmyie

> -

3
ns

A (13)

OTa XapakTEpUCTUKA OTPAKAET ACUMMETPHIO pacrpeneneHus. Juns
CUMMETPUYHBIX paclpeleiecHnii OHa paBHa Hymo. J1g pacnpenerneHui,
BBITSHYTBIX B CTOpPOHY OOJpIIMX 3HaueHUH («xBocT»), A>0. s
pacrpeeNieHnii, UMEIOMNX «XBOCT» B CTOPOHY MEHbIIMX 3HaueHui, A<0.
[TonoxutenpHas acummetrpusi (4 > 0) Bcrpeuaercst yanie. [1aBHbIM 00pa3zom
MpU KOHIIEHTpaIUAX, OJU3KUX K MpeJieTy OOHApyKEHHUS.

Jlucriepcuio aCMMMETPUH MOYKHO PacCUMTATh 110 CIICAYIONIeH hopmyie
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_ 6(n-1)
D)= (n+1)(n-3) - (14)

Ikcuece E, paccuuteiBaeTcs mo Gpopmye

> (x=x)’
EZFIT_S . (15)

Dkcuecc OJU30K K HYIIO I BBIOOPOK W3 T€HEPaIbHONM COBOKYMHOCTH C
HOPMAJIBHBIM ~ pacnpeaeneHueM. [Ion0KUTENbHBIM 3KCUECC COOTBETCTBYET
pacrpeiefieHnio 60jiee OCTPOBEPIIMHHOMY, Y€M HOPMATbHOMY, OTPHUIIATCIIbHBIN
- HA000pOT. 3HAYMTEILHBIN (OTPUIATEIBHBIA WIIM TIOJIOKUTEIBHBIN) JKCIIECC
OOBIYHO BO3HHMKAET JTUOO MPU HAPYIIEHUU MPEIIOI0KEHUS O YUCTO CIydaitHOM
XapakTepe pacnpeneseHus, JuO0 B CHUTyalMsX, KOTJla pacCMaTpUBaEMOE
pacmpeieieHue Ha CaMoOM Jelie SIBIAETCS CYMMOM JIByX WM HECKOJbKHX
pacrpeneaecHu.

Jlucrniepcuio sKcIiecca pacCUMThIBAIOT 1O (popMyIie

24(n - 2)(n-3)

D = i3S (16)

OOBIYHO BBIOOPKY OIIEHMBAIOT C TOUKH 3pEHUS OJU30CTU paclpeaesieHUs
COOTBETCTBYIOIIEH €l COBOKYNMHOCTH TOMY WM HMHOMY TEOPETUYECKOMY
pacnpeneneHno. BaxHeWIIMM HeNpepbIBHBIM — paclpeieIEHUEM  SIBISETCS
HOPMAJIBHOE pacipeiesieHue.

4.4. HopmajbHoe pacnpeaelieHue
4.4.1. PyHKUIUA HOPMAJILHOTO pacnpe/eJieHust
B kauecTBe 3akoHa pacrmpeaelieHus] CIydalHbIX OMIMOOK M3MEPEHHS Yalle

BCEr0 NPUHUMAETCA  HOPMAaJbHBIA 3aKOH pacrpenencHus (3akoH [‘aycca).
[110THOCTH HOPMABLHOTO pacHpe/IeTICHUsI paBHA

1 (-p)’

R NCr an

r7e X — Jif000e 3HaUC€HHE BEPOSTHOCTHOM MEPEMEHHON B MHTEPBAJIE MEXIY
—o H +oo,

820'
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[ WM O - TapaMeTpsl PaclpeleNICHHs: L - MAaTEMAaTHYECKOE OXUIAHWE
BEPOSITHOCTHOW TNEPEMEHHOW, O - TEHEpPaJbHOE CTAHAAPTHOE OTKJIOHEHUE
BEPOSTHOCTHOM TTIEPEMEHHOM.

[Tonoxenune u (opma KpUBOW HOPMAIBHOTO PACTPEEICHUS MOJHOCTHIO
OMPENEIISIFOTCS 3HAUCHUSIMU 000UX TapaMeTPOB L U O.

['paduueckoe wuzo0pakeHHEe HOPMAIBHOTO pAaCHpeeNeHUs CIy4yalHON
BEJIMYMHBI X TIOKa3aHO Ha pucC.3.

c=0

p-36 p-26 p-o p pto pt2c pt3o
Puc.3 KpuBast HOpMaJIbHOTO pacrpeaeaeHus

Buag  koiokoi000pa3HOW  KpUBOM, CUMMETPUYHOM  OTHOCUTEIBHO
BEPTUKAJIbHOW JINHUU, POXOISIIEN Yepe3 4, 3aBUCUT OT BEJIWYUHBI TUCIEPCUU
W, CIENOBATEIbHO, OT OTKJIOHEHWS. 3HAYCHUE IIapaMeTpa O  ONpEHenseT
CTETNIEHb «Pa3MBITOCTH» KpUBOM. Uem O0JIbIle CTaHAAPTHOE OTKIOHEHHE (O > O
> 03), TeM 00Jiee MoJI0roi CTaHOBUTCA JIUHUS (puc.4).

61:1

Puc. 4. KpuBas HOpMaJIbHOTO pacrpeaeiaeHus NPy pa3IndHbIX 3HAYECHUSIX
CTaHJAAPTHOT'O OTKJIOHECHUS
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4.4.2. IlpuHUOMIIBI, JIeKANIME B OCHOBE 3aKOHA HOPMAJILHOTO
pacnpenegeHust

HopmanibHOE pacrpenesieHue IEPEMEHHOM CIIy4allHOM BEJIWYUHBI X
OCHOBAHO Ha CIJIEAYIOLIUX NMPUHIUTAX:

1) [IpyHIMI CUMMETpPHUM: BEPOSTHOCTH p; U p,; OJMHAKOBBIX IO
BEJIMUYUHE, HO OOPaTHBIX MO 3HAKY CIIyYalHbBIX MOTPEIIHOCTEH, paBHBI.
2) 3aKOH HOPMAJIBHOTO pAacHpeAesieHUsl MPEINoaaracT BEpPOATHOCTb

CIy4allHBIX TIOTPEITHOCTEM TEM MEHBIIyI0, 4YeM OoJblie HuXx abCoIITHOE
3HaueHue (do(x)/dx = 0 npu x = ). CnenoBarebHO, UMEETCS MAKCUMYM JIJIsI
pE3yJbTaTOB U3MEPEHUM, PAaBHBIX CPEIHEMY apU(PMETHUECKOMY.

3) 3aKOH HOPMAJIBHOTO pacupeieaeHUs] BKIOYAET B Ce0s MPUHIIUIM
MUHUMAJIbHOM CYMMBbI KBaJpaTOB OTKIOHEHHH HIIM, KaK €r0 4acTO HAa3bIBAIOT,
MPUHLINI HAUMEHBIIUX KBaJApaTOB.

4) Venosuto dg(x)’/dx’ = () OTBEHaIOT PAaBEHCTBA X; = 4+ 0 U X; =
Ll - O, T.€. KpUBas ((X) UMEET JIB€ CUMMETPUUYHBIE OTHOCUTEIIBHO BEPTUKATIHLHOU
OCH X = (/ TOUKH Tleperuda Ha pacCTOSIHUIX OT LIEHTpa /4, PABHBIX O.

B npenenax ¢purypsl, orpaHU4€HHOM KPUBON HOPMAJIBHOT'O paclpeeieHus,
OCBhI0 a0CHHCC U OPAMHATOM X = g, MOXHO BBIJIEIUTh OCOOBbIe TOYKH. Jljst

HarISIIHOCTU BbIOepeM pacnpenenenue ¢ x4 = 0. Touke meperuba, kak ObLIO
OTMEYEHO BBINlIE, OTBEYAET 3HAYCHHE aOCHMCChl, PaBHOE CTaHIAPTHOMY

OTKJIOHEHHUIO 70 (puc.5).

¢ (x)

34% | 34%

Puc.5. KpuBas HOpManbHOTO pacupeacaeHust
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[Inomank, orpaHUYeHHAs] KPUBOM, OChIO aOCIUCC U IpsIMbIMU X =0 U X =
o, ISl BCEX CIy4aeB HOPMAJILHOTO pacmpeneneHus coctaBisieT 34 % ot obmeit
IUIOMIAAN TI0JT BCeW KpuBOW. [loaTOMY BEpPOSITHOCTH TOrO, YTO CIly4dalHas
MNOTPEITHOCTh OTAEIBHOIO H3MEPEHUsI HE TMPEBBIIAET M0 aOCOJIOTHOMY
3HAYEHUIO CTaHJapTHOE OTKJIOHEHUE, paBHa 68 % (puc.6).

99.7
100/ 95,4 ;

68,0

P %

501

Puc.6. 3aBucuMOCTD BCPOATHOCTHU OT O

4.5. Hexotopsle cnienuajibHble pacipenejieHus
4.5.1. t- Pacuipenenenue (pacnpeneienue CTbIIeHTA)

Ecnu u3BecTHO, YTO TeHepaibHas COBOKYMHOCTH SIBISIETCS HOPMAJIbHO
pacrpe/eNeHHOM, TO s OUEHKH 4 ¥ O° JOCTATOYHBl JIMIIb CIydaiHbIe
BBIOOpKH Majioro oobema (n < 20). Jlina oOpabOTKM TaKMX COBOKYIHOCTEH B
XUMHYECKOM 3KCIEPUMEHTE HCIMONb3YIOT pacnpenesneHue CTbloJIeHTa, KOTOpOe
CBSI3bIBAET MEXIy CO0OM TpH OCHOBHBIE XapaKTEPUCTUKU: MIMPUHY
JIOBEPUTEIBHOTO MaTepHalia, COOTBETCTBYIOILYID €My BEPOATHOCTbh U OOBEM
BbIOOpOYHOW  coBOoKynHocTu. Pacmpenenenne CThloJieHTa IpeICTaBISET
pacrpeiefieHie HOPMUPOBAHHOM CITyYaifHON BEJIMYHMHBI t.

Pacnpenenenue mepeMeHHBIX ¢ WM3BECTHO Kak f-pacmpeneneHue. Jlis
OIpeNieieHuss ¢ HeoOXOAMMO TMPEeIBAPUTENLHO pPACCUMTATh CpelHee X U
CTaHJAPTHOE OTKJIOHEHHE S:
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t=(x;—mﬁ . (18)

Kak u HoOpManbHOE paclpenelieHue, (-pacnpeacicHue CUMMETPUYHO U
MMEEeT MaKCMMyM TIpM TOM K€ 3HaueHuu abcuucchl. OJHAKO Takue
XapaKTePUCTUKH KPUBOM f-pacmpeiesieHus, KaKk BhICOTA M IITMPHUHA, 3aBUCAT OT
Yyucia crerneHeit cBoooasl f(puc.7).

Puc.7. Kpusas t-pacupenenenus: f=1 (1), 2 (2), « (3).

Kak BumHO U3 puC.7, 4eM MEHbIIIE YUCIIO CTENeHel CBOOObI, TEM MEHBIIE
KpyTH3Ha KpPUBOM M T€M MEJICHHEE OHa COJIMKAaeTcs C OChbi0 alcCIHCC TpHU
OJTHOM M TOM >K€ CTaHAApTHOM OTKIoHeHuH. [Ipu f — oo  f-pacmpenencHue
NepexXoUT B HOpMalbHOE pacnpenenenue. [lpaktudyecku »3Ta pasHULA
CTaHOBUTCSI MaJl03aMeTHOM yxe npu f > 20.

Ecnu B ciyyae HOpMaJIbHOTO pacHpeiesieHUs] JOBEPUTENbHBIA HMHTEpBal
1 t 20 peamuzoBaics ¢ 95%-HOW BEpPOSTHOCTBIO, TO MPHU MAJIOM YHUCIE
U3MEPEHUN JaHHas BeJIWYMHA JIOBEPUTEIBHON BEPOSTHOCTU peanu3yercs B
JIOBEPUTEIILHOM MHTEpBaJIe

— -t S
P,
x—Ax = x+-20°
/ , (19)
n
rae tpy — Kodh¢uuueHT CTBIOJEHTA, YYMTBHIBAIOIIUI pa3HULY B

HOPDMAJIBHOM H  f{-pacupeiesieHUsIX IpU JaHHOM P, 3aBHUCAILIEN OT 4ucia
crereHedl cBoOOAbl  f. YUuciieHHble 3HadYeHHA KOd(pQUIMEHTAa fpy IpH
paznuuHbiX P u f npusenensl B [Ipunoxenun 1.

Haubonee cyimiecTBeHHOE BIUSHUE Ha BEIUYUHY f-Kod(dduimeHTa
OKa3bIBAET YBEJIMYEHUE YUCIIA ONPENEICHUI 10 4-5 napauienbHbIX, TajJbHenIIee
YBEJIMYEHUE 3TOr0 YHUCJIa CKa3bIBAETCS YK€ 3HAYMTEIBbHO MeHble. Tem He
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MeHee, 4eM OoJibllle 00beM BBIOOPKH, TEM YXK€ JOBEPUTEIbHBIA HHTEpBAN U
BBIIIIE TOYHOCT.

JloBepHUTENbHBIE MHTEPBAJ C BEPOATHOCTBIO P maer B OOLIENPUHATON
(dopMe OIHO3HAYHBIE CBEACHUS O IMOTIPEIIHOCTH PE3ybTaTOB H3MepeHuil. OH
YKa3bIBa€T C KakOW BEPOATHOCTBIO HAAO OXHUAATh IOTPEIIHOCTH JIAHHOIO
3Ha4YeHus =+ Ax.

B0O3MOXXHOCTh MOJYyYWUTHh OTIEIBHOE 3Hauye€HHWEe C 0ojiee BBICOKOM
MOTPEITHOCThIO, ueM Ax, ocTtaeTcsi ¢ puckom f = 1 — P. [losTomy TpaHHIIbI
JNOBEPUTEIIBHOTO HMHTEpBalla, paccuuTaHHble 10 ypaBHeHuto (19), Bcerma
CJIEAYET JIOMOIHATh YKa3aHUEM BEPOSITHOCTH.

Br16op ee — npeameT B3auMOIIPUEMIIEMOTO corlaiieHus. B ananuTudyeckoi
xumun 00b619HO OepyT P = 0.95, nHoraa ObIBaeT JOCTATOYHO U BETUYHHBI P
= (0.90. OTBeTCTBEHHbIE PEIICHUS, HAIPUMEP B (papMakoIorvu, Korja ommuoka
JOJDKHA OBITh MPAKTUYECKH MOJIHOCTBHIO HUCKIIIOUEHA, TPeOyIoT Oosiee BBICOKOU
HagexxHoctd P = 0.99 n naxe P = 0.999.

JloBepUTENbHBIA ~ MHTEpBAJl  MOXKHO  3a/laBaTh  Kak  aOCOJIFOTHOM
MOTPEIIHOCThI0 B TEX K€ EIUWHHIAX, YTO M PE3YJbTaT U3MEPEHUS, TaK U
OTHOCHUTEIBHOM MOTPEIIHOCTBIO B IOJISAX €UHHUILIbI, BBIYUCICHHON KaK

Ax LpySy

+ = = P
x . (20)

HeobxogumMo MOMHHTBH, YTO pe3yJbTaTbl M3MEPEHUM U BeIWYUHA
IIOrPEIIHOCTA  JOJDKHBI  BBIPAXKATHCS YUCIAMH C OJMHAKOBOW TOYHOCTBIO,
II0ATOMY UX OKPYTJISAIOT 10 OAMHAKOBOTO KOJIMYECTBA 3HAKOB.

4.5.2. F-Pacnpenesienne (pacnpenenenue @umiepa)

Paccmotpum 1Be He3aBucuMble BBIOOPKH X; (i=1, ...,n)u y, (=1, ..., ny)
M3 OJHOWM MW TOW K€ HOPMAIbHO PACHPENCICHHOW COBOKYIHOCTH. F-
PacnpenenenueM co creneHsiMu cBoOObI f; =n; — 1 u f> =n, — 1 Ha3bBaeTcs
pacnpeeieHue BeITUYUHBI

2
O
2 21)

2

Sy
2 2

TIe Sy U, - AUCIEPCHH BBEIOOPOK.

OtHouieHnue (21) oOBIYHO CTPOUTCS TaKUM OOpa3oM, YTOOBI BBHIMTOIHSIOCH

cooTHomieHue F > 1, T.e. YUCIAUTENb JOJDKEH OBITh OOJbIIE 3HAMEHATEIIS.
Nuorna  BcTpewaercs  oOpatHas — curyauus.  Hanpumep,  HEKOTOpbIe
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KOMITBIOTEPHBIC TIPOTPAMMBI PACCUHUTHIBAIOT BenMuuuHy F < 1 — OTHOIIEHue
MEHBIIIEH AUCTIepCHH K OOJbIIeH. AHAIOTHYHO TOMY, a 3TO MMEET MECTO s
pacnpenenennss  CThIOJIGHTa, MOXHO  CKa3aTh, 4YTO F-pacrmpejeicHue
IPEACTABISIET COOOM COBOKYITHOCTH PpACIHpPEACIICHUHN, KaXKJI0€ H3 KOTOPBIX
COOTBETCTBYET OJHOMY M3 COUETAHUU YUCEN CTETICHEH CBOOOIHI (17, /7).

F-Pacnipenenenne mpuMeHsIeTCS TIPU MPOBEPKE TUIIOTE3BI O PABEHCTBE ABYX
nucnepeuit (paza. 4.7.1).

4.6. IIpoBepka HOPMAJILHOCTH pacnpeaeJeHust

Bce npuBeneHHbIEC BbIIIE JOBEPUTEIbHBIE OLECHKA KaK CPEIHUX 3HAYCHUH,
TaK U JACTEPCHUN OCHOBAHbI HA TMIIOTE3€ HOPMAIBLHOCTH 3aKOHA PACIPEACICHUS
CIIy4alHbIX MOTPEITHOCTEN U3MEPEHHUS] U TMO3TOMY MOTYT MPUMEHSITHCS JIUIIh
110 TEX TOP, ITOKA PE3YJIbTAThl IKCIIEPUMEHTA HE TPOTUBOPEUAT ITON THUITOTE3E.

Ecnu pe3ynbrarbel SKCIEPUMEHTa BBI3BIBAIOT COMHEHHWE B HOPMAaJIbHOCTH
3aKOHA PaCIpEeIeNICHUs CIIyYalHbIX MMOTPEIIHOCTEN, TO JUISl PELIEHUs] BOIpoca O
IMPUTOJHOCTH WJIM HEMPUTOJHOCTH HOPMAJbHOTO 3aKOHA PACHPENEIICHUS HAaJl0
UCIOJIb30BaTh OJMH U3 ONMUCAHHBIX HIKE CIIOCOOOB.

4.6.1. Kputepuii COOTBETCTBUS ,1/ («xu-kBagpar»)

B 3TOM ciydae pe3ynbTaThl U3MEPEHUM TPYIIIUPYIOT TI0 HHTEpBAJIaM TaKuM
00pa3om, 4TOOBI 3TH UHTEPBAIBI TOKPHIBAIU BCIO OCh (-00, +00) u 9TOOBI
KOJMYECTBO JAHHBIX B KaXKJIOM HMHTEpBajie OBLIO JOCTATOYHO OOJbIINM (HE
MeHee TATH). [[ng kaxkngoro uHTEepBaia (X.;, X;) MOJCUMTHIBAIOT YHUCIO mM;
pe3yJbTaTOB HW3MEPEHHUs, TMOMAaBIIMX B 3TOT HMHTEPBaJ. 3aTE€M BBIYMCIISIIOT
BEPOSTHOCTh p; TIOMAJaHUsl B OTOT HMHTEPBAI MPU HOPMAJIHLHOM 3aKOHE
pacrpe/iesieHus] BEpOSTHOCTEH:

(22)

IZle X — CpelHee apu(PMETHUECKOE 3HAUCHUE PE3yJIbTATOB U3MEPEHUS, § —
CTaHJIaPTHOE OTKJIOHEHHE (CpefHssl KBajpaThyHas omuOka), @ - MHTErpan
BeposiTHOCcTel (pynkuus Jlamnaca). 3nauenust ¢pyHkuuu Jlamnaca npuBeneHbl B
[Ipunoxenuu 2. Jlanee BEIYUCISAIOT CYMMY

Zz _ Zk: (m,
i=1

31

np;)’
T (23)

np;



rae k — 4uciio BCeX MHTEPBAJIOB (KJIACCOB), BHYTPH KOTOPBIX MPOBOAUTCS
TPYNIUPOBKA Pe3yJIbTATOB U3MEPEHUM, 7 — YUCIIO BCEX PE3YJIbTATOB U3MEPEHUM.

CpaBHEHUE SKCIEPUMEHTAIBHBIX U TECOPETHUYECKUX YacCTOT IMO3BOJSET Ha
3aJJaHHOM YpPOBHE BEPOSITHOCTH P pelUTh BOMPOC O XapakTepe
pacnpenenenus. s 3TOro y° CpPaBHHBAIOT C TEOPETHYECKUM (TaGIMUHBIM)
3HaYeHueM Tpu 3agaHHoM 3HadeHuu P (0.95 wim 0.99) nnsg yucna creneHen
CBOOO/IbI CTATUCTUYECKOU CUCTEMBI f= k — 3.

B cucteMe u3 k nepeMeHHBIX UMEETCS TPU CBSI3U:

_ n xi
x=2,=

-1 N’

2
S

i(x,. it

Ecii  cymMMa 4 OKakercss OOJblle KPHTHYECKOrO 3HAYCHHS )
(ITpunoxxenne 3) mpu HEKOTOPOM JOBEPUTEIBHON BEPOATHOCTH P W ducIie
CTereHe cBoOOnbl f = k-3, TO ¢ HaJEKHOCTbIO P MOXHO CYUTaTh, YTO
pacnpenesieHre BEpOSITHOCTEN ClIydalHbIX OIIMOOK B pacCMaTpUBAEMOM CEpHUH
U3MEPEHUN OTIWYAECTCA OT HOPMAJbHOrO. B MPOTHBHOM ciy4yae sl TaKOTO
BBIBOJIA HET JIOCTATOYHBIX OCHOBAHUM.

[Ipu OTCYTCTBMU HOCTATOYHBIX OCHOBAaHUM MJII TOTO, YTOOBI OTBEPTHYTH
TUTIOTE3y O HOPMAJIbHOM PACIPEACICHUH CIyYalHBIX OIIMOOK M3MEpEHUs, 3Ta
TUIO0TE3a MPUHUMAETCS, TaK KaK B OOBIYHBIX CUTYaIlMAX OHA YaCTO MOXKET OBITh
o0ocHOBaHa TeopeTnyecku. OJHAKO cleayeT UMETh B BHUAY, UYTO Ja)Ke Majas
BEJIMUMHA CyMMBI (23) HE MOXET CIYXHUTh J0Ka3aTeJIhCTBOM HOPMaJIbHOCTH
3aKOHA PacCIpeeICHNUs.

Heob6xoaumMo OTMETUTH €Ille OJHO Ba)XHOE CBOWMCTBO KPUTEPHS ;(2. Ecnn
pacrpezielieHle OTJIMYHO OT HOPMAJIbHOTO, TO MPHU JIOCTATOYHO OOJIBIIIOM YHUCIIE
M3MepeHHit cyMMa (23) IPEBBICUT COOTBETCTBYIONIEE KPHTHIECKOE 3HAYCHHE ¥ .
T1o9TOMY, eclii IPH IPOU3BEACHHOM YHCIIC U3MEPEHHUIT KPUTEPHi 7 Jall Mayio
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HA/IGKHOCTh, HO COMHEHHE B HOPMAJIBbHOCTH PACIpPEAENIEHUs OCTalIOCh, TO
CJIEAYET YBEJIMYUTH YUCIIO U3MEPEHUH (B HECKOJIBKO pa3).

[TpuBeaeHHOE BBIIIE YUCIO CTENEeHEeN cBOOOAbI f=k —3 OTHOCHUTCS TOIBKO
K TOMY Cily4aio, Korma o0a mapamMerpa HOPMaJbHOTO 3aKOHa pacrpeneicHus
ONpEAEIAIOTCST O pe3yjbTaTaM HW3MEpPEHUM, T.€. KOIJa BMECTO TOYHBIX
3HaYEHUN (4 U O TPUMEHSIOTCS UX SMIIMPUYECKHE 3HA4eHWs X u s. Ecmum
3HAYEHUE 4 TOYHO M3BECTHO (HANpHUMeEp, MPU U3MEPEHUU 3TAJOHBI), TO YUCIO
CTereHeu cBo0o bl OyneT paBHO f = k — 2. Ecniv u3BecTHBI 00a mapamMeTpa 4 |
0, TO YHCIIO CTEIeHEe CcBOOOIbI paBHO f = k — /. Ha nmpakTuke Takas cuTyauus
BCTPEUAETCSl PEAKO, U MOATOMY JJIsl MOJIyYCHMsI YMCiia CTETEeHEeW CBOOOIbI He
MeHee MATH HaJl0 OpaTh YKUCIIO UHTEPBAJIOB HE MEHEE BOCHMH.

DGeKTUBHOCTh KPUTEpHS 4  TOBBIACTCS, €CIH B KAKABIH U3
BBIJICTICHHBIX HMHTEPBAJIOB IMOMAJaeT NPUMEPHO OJMHAKOBOE KOJIMYECTBO
JaHHBIX. DTO CIEAYEeT YUYUTHIBATD NP IPYNIUPOBKE MEPBUYHOTO MaTEpHaa.

4.6.2. IIpudankeHHbIEe METObI IPOBEPKU HOPMAJIBHOCTH
pacnpeaeeHus

IIpuMeHeHHe KpUTEpHs COOTBETCTBHS y TpebGyeT JOBOIBHO CIOMKHBIX
pacueToB. B KaudecTBe MNPHUOIMKEHHOT0 METOJA MPOBEPKHM HOPMAIHHOCTH
pacmpeniesieHuss TPUMEHSIOT METOJ, CBS3aHHBIM C OLEHKOW Oe3pa3MepHBIX
XapaKTEPUCTUK aCUMMETPHH U 3Kcuecca (cM. pazzaen 4.3.).

O6e »TH XapaKTepUCTUKU AOJHKHBI OBITh JOCTAaTOYHO Malibl. B ciydae
HOPMAaJIBHOT'O pacipeesieH!s] BBIIOJIHSIIOTCS CIAEAYIOLINE YCIOBUS:

4]l <3ypy w  |E| <spE) . (24)

B npoTuBHOM cilydae HOPMaJIbHOCTh 3aKOHA paCIpEACNICHHs CleayeT
NOJIBEPTHYTh COMHEHHUIO M MPOBECTU 0oJiee TUIATENbHBIM aHAINU3 Pe3yJIbTaTOB
2
IKCIIEPUMEHTA (HaIpuMep, C MOMOLIBI0 KpUTEpHsI cooTBeTCTBUS [Iupcona y°).

4.6.3. Jlorapu(pMu4ecKy HOPMAJIbHOE pacnpeae/ieHue

B ToMm cnydae, Korja rurnore3a 0 HOpMaJdbHOM PaclpeeIeHUN OKa3bIBAeTCs
B IPOTUBOPEYUU C DSKCIECPUMEHTAJIbHBIMH JIAHHBIMH, MNPUMEHEHHE OILICHOK,
U3JIOKEHHBIX BBIIIE, MOXKET OKa3aThCsl HECOCTOSATENbHBIM. B Tex ciyyasx,
KOT/Ia yJaeTcsi HaWTHU Takoe MpeoOpa3oBaHUE pE3yJbTaTOB HM3MEPEHHUs, YTO
MOJIydEeHHBIE B PE3yJbTaTe ATOTO BEIWYUHBI CIEAYIOT HOPMAJIbHOMY 3aKOHY
pacripeqiesieHusl, PacCMOTPEHHBbIE B MPEIBIAYIIMX pa3jieliaXx OIEHKH MOXKHO
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MPUMEHSTh K TTPeoOpa30BaHHBIM BEJIMUMHAM, a 3aTE€M YK€ MepecuuTaTh X Ha
WCXOJ/HBIC 3HAUYCHUS BEJIUYUUH.

YacTo BcTpedaeTcs cirydan, KOraa HOpMaJIbHOMY PacIpeneeHUI0 CIEIyIOT
HE CaMM PE3YJbTaThl U3MEPEHUs, a UX Jorapudmbl. ITO MPOUCXOJUT B TOM
ciy4yae, korjga (akTOphl, HCKaKAIONIUE pe3yJbTaT HU3MEPEHHs, BBI3BIBAIOT
3¢ (deKT, NPOMOPILHOHATBHBIA CcaMOMy pe3yJbTary u3MepeHus (T.e. Korna
YCTOMUYMBBIMA B CPEJAHEM OKAa3bIBAIOTCS HE aOCOJIIOTHBIC, @ OTHOCUTEJIbHBIC
ommbOku wu3MmepeHus). Cam pe3ynbTaT H3MEPEHUsT CIEAYeT TMpU ITOM
aorapu(pMUUECKH HOPMATILHOMY PacCTpeIEIeHUIO.

4.7. CpaBHeHHe qucHepPCH
4.7.1.CpaBHeHue ABYX QUCHEPCHit

B skcnepumeHTanpHOM  paboTe€ YacTO BO3HHUKAET HEOOXOAUMOCTH
IPOBEPUTH TUIIOTE3Yy 00 OJHOPOJAHOCTH BHIOOPOYHBIX JUCIIEPCHIl SZIJ' " SZZJ' ,
T.e. O PAaBEHCTBE TeHEPaIbHBIX JUCIIEPCHil 0, U 0, . DTa 3aJada pelaercs ¢
NOMOILIBIO pacnpeneneHuss Ouiiepa Win Tak Ha3bIBaeMOro F-pacnpeiesieHusl.

[locne BeunCIEHUS s21,f u s + COCTaBJISIOT OTHOLICHHE

2
F=2b

S (25)

NpUYEeM, B UYHCIUTEIb TOJICTABISIOT Bcerga OONBIIYIO M3 BBIYHCICHHBIX
BBIOOpPOUYHBIX Aucnepcuit (£ > 1).

[InotHoCcTh BepositHocTe ¢F, f;, f>) pactpenenenus duiiepa 3aBUCUT
TOJIKO OT 4YHCeN cTemneHed cBoOonwl f; u f,. B Ilpunoxkenun 4 mpuBeIeHBI
KPUTUYECKME 3HAYeHus F r 7 Ul PasIUYHBIX COUETaHud f; U f. 'mmoresa o

PaBEHCTBE o’ = oy OyJileT OTBEprHyTa B TOM Cilydae, €ClIi pacCUUTaHHOE TI0
HKCIEPUMEHTAIILHBIM TaHHBIM 3HAYEHUE [0, OyIET IPEBOCXOAUTH TAOINYHYIO
BEJIUYUHY Fy6,-

Ecmu paccuntanHoe 3Ha4€HUE [,,., MEHBIIE TAOJUYHOE 3HAYECHUS [45, ,
TO MOXHO CYUTATh, YTO PE3yJbTaThl JKCIIEPUMEHTA, IPEIACTABICHHBIC
COOTBETCTBYIOIITUMH BBIOOPKAMU, PABHOTOYHBI, @ UX TUCTICPCUU OTHOPOTHEI.
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4.7.2.CpaBHeHNEe HECKOJIBbKUX AUCIIEPCHH

HNHorna BO3HHMKAeT HEOOXOIUMOCTh OIICHUTh OJHOPOIAHOCTH PE3YIhTAaTOB
HECKOJBKUX BBIOOPOYHBIX COBOKYMHOCTEW pe3yJbTaTOB M3MEPEHUNH U HX
IPUTOJHOCTH JJII COBMECTHOM cratucTudeckoi odopabotku. Ilycte nmeem £k
HE3aBUCUMBIX HOPMAJbHO PACHPEACIICHHBIX BBIOOPOUHBIX COBOKYITHOCTEU C
4UCJIOM CcTeneHeu cBodonwl f; =n; — 1, for=mn—1;, ..., fi=m —1 nu
BBIGOPOYHBIMU THCIICPCHAMHU S , 75 .., S 4 .

Br16opounbie Auiciepcry MOKHO CUYHMTATh OJHOPOIHBIMHU (MM HE3HAYUMO
OTJIMYAIONIMMHUCS JIPYT OT JIpyra), a BCE pe3yJbTaThbl PaBHOTOYHBIMH, €CIIU
paccuuTaHHbIe 3HA4YeHHS Kputepus baptiera (B) MeHbIle BEIMYUHBI «XU-
KBagpaT» - Kputepus (y°) Ha 3aIaHHOM ypoBHe 3Haunmoctd B ( f=1— P) mus
yuciaa cTeneHel cBoOojabl, paBHOro k — 1 (k — 4ucino cepuil aHanu3a WU
00pa3IoB, YUCIO Ja0OpaTOpUi MpU MEXIa00paTOPHOM SKCIIEPUMEHTE), 1; —
YHUCJIO aHAJIM30B B KAXKIOW CepUn Uin J1abopaToOpHHu.

s pacyera KpUTepus baptnera HEOOXOAUMBI 3HA4YECHUs
CPEIHEB3BEIICHHON TUCIIEPCUU

k k
—1)s? 52
2 (n, —=1)s] +(ny, —=1)s; +...+(n, —1)s; B ZZ::‘(”’ )s; B ;fls’
wk no+n,+..+n, —k fok fok (26)

2 .
rjae S - BBIOOPOYHBIE NUCIEPCHUH, f; - UUCIA CTENEeHEH CBOOOIBI s
OTJIEJIbHBIX BBIOOPOK, f,,x - YHUCIIO CTENEHEW CBOOObI /i1 COBOKYITHOW BHIOOPKHU

(fn,k - Zfi )

3arem HaXOoIAT BEIIMYNHY B:

NS}

2.3
B = foilgs,, _szz lgs; (27)
i=1

e
1 ko 1

+—
3k=D\T S Sus

EC/i BHIYHCIEHHOE 3HAYEHHs B PEBOCXOUT KPUTHUECKOE 3HAYEHUE § p
HalJICHHOE, HAalIpUMep, MpHU 3aJaHHON IOBEpUTENIbHOU BepositHocTh p = 0.95 (B
> ;(Zp /), TO THIIOTE3a 00 OJHOPOJHOCTH Aucnepcuil orsepraercs. Ilpu B < ;(Zp s
JUCTIEPCUN MOYKHO CUUTATh OJTHOPOIHBIMH.
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4.7.3. Bplaenenue 00JbLIeH AMCIIEPCHH U3 MHOTHX

Ecimu cpenu HECKONBKUX NPUOOPOB (HECKOJIBKO CEpUll H3MEpPEHUH)
oOHapy»XuBaeTcss mTpubop (cepusi H3MEPEHH), AMIUPHUYECKAs TUCIIEPCHS
KOTOPOTO s, 3aMETHO GOJIBIIE OCTAaTbHBIX, TO HEOOXOMUMO BBISICHHTB, MOXKHO
JIM CYMTATH OTJIHYHE BBLICICHHON JUCIEPCHH S,° OT OCTAIBHBIX CIIy4aiHBIM
WM 3TO OTJIWYWE CIIeAyeT CUYMUTATh 3HAYMMBIM. JIJIsI pemieHus 3TOM 3amadu
MOCTYIAIOT ClIeAyomuM 00pa3oM. [Ipou3BOAAT KaKIbIM U3 m HCIBITYEMBIX
npuUOOPOB OJAMHAKOBOE YHUCIO 7 U3MEPEHUH, MOJACUUTHIBAIOT AIMITUPUYECKUE
JUCIICPCHU S5 S5 <.y Sy (/7 > s Tpu i > 1) U cpaBHHBAIOT HAUGOIBIIYIO
JIACIIEPCUIO § Fc CyMMOMH Bcex nucnepcuit mo hopmyiie

2
G=—5—

S. +So+..+ S (28)

Ecnu 3TO OTHOIIEHHE OKa3bIBaeTCs OOJIbIIE KPUTHYECKOTO 3HAYEHUS,
IIPUBENCHHOTO B [Ipuitoxkenuu 5 , TO OTJIMYKE TIEPBOU AUCIIEPCUU OT OCTAJIbHBIX
CUMTAETCSl CYIIECTBEHHBIM, T.€. CUMTAIOT NEpPBBIA MpUOOp (IEPBYIO CEPUIO
U3MEPEHHI) MEHEE TOYHBIM, YEM OCTajlbHble. B POTUBHOM citydae JUIsl TAaKOIro
YTBEPKICHHS HET JOCTATOYHBIX OCHOBAHUM.

B IlpwioxxeHnn 5 KpUTHYECKHE 3HAYEHHSI OTHOWIEHUS (G MPUBEACHBI IS
IBYX JNOBepUTENbHBIX BeposiTHOCTEM P = 095 m P = 0.99 u mnsa pa3snuusHbIxX
coueTaHui ynucen m (uucia npuOoOpoB, cepuid uamMepeHuil) u k=n—1 (uucna
CTEINEHEeN cBOOOIbI).

DTOT cnocod NMPUMEHSIETCS TaKXke W Uil MPOBEPKH OAHOPOAHOCTH psiAa
JCIIEPCHii, T.e. Il IPOBEPKH TOTO, YTO BCE SMIMPHUUECKUE IUCTIEPCHH s,
S5, ..., S,  OTHOCATCA K BHIOOPKAM M3 COBOKYITHOCTEH C OJHOW M TOM e
TeopeTHueckoil aucnepcueii o°. Eciu otHomenue (28) okasbiBaeTcst GOIbIIe
KPUTUYECKOrO0 3HAYEHUs, TO HAJN0 CUUTAaTh, YTO THUNOTE3a 00 OJHOPOJHOCTHU
psa AUCIEPCHI HE COTacyeTcs C SMIMPUUECKUMU JaHHBIMH.

4.8. Tlogo3puTeibHO BbIACJASIOIIAECH 3HAYCHUS
( rpyOnie mpomaxm)

B psiny HECKOMBKUX MapajuieIbHBIX OMPEISICHUN HHOTIa OOHAPY KHUBACTCSI
PE3YNBTAT IKCIIEPUMEHTA, PE3KO OTIMYAIOIIUNCA O T APYTUX PE3yJIbTaTOB M OT
cpeaHero apupMeTudecKkoro Bce cepuu. B 3Tux ciyyasx mepen oopaboTkoit
MOJIYYCHHBIX JaHHBIX C TIOMOINBI0 METOJ0B MaTeMaTHYECKONW CTaTHUCTHKU
HEOOXOAMMO YCTAaHOBUTH, HE SBIAETCS JIM TaKOW pe3yibTaT Tpyoon
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MOTPEIIHOCTHIO (IIPOMAaxoM) U HE CIeIyeT JU HCKIIOYUTh €r0 U3 BBIOOPKHU.
BriOop kputepus s UCKIIOYEHUS COMHUTEIBHOrO pe3yjbTaTa MMEET CBOU
TPYJAHOCTH. YHHUBEPCAIBLHOIO MpaBUJIa, KOTOPHIM MOXKHO OBLIO OBl IIPH 3TOM
PYKOBOJICTBOBATbHCS, K COXKAJIEHUIO, HE CYIIECTBYET.

N3 MHOTOYHCIICHHBIX CTaTUCTUYECKUX KPUTEPHUEB, MNPEIJIOKEHHBIX IS
TOM 1EIU, MOXHO OTAAaTh mpeanoureHue Q-kputepuro. Bce wnmerommecs
pe3yJIbTaThl M3MEPEHUN pacrojiaraloT B PsJi B TOPSIKE BO3pacTaHUs (WM
YOBIBAHUSA): X/, X2, ... Xy 1, Xn.

3aTeM BBIUYUCISIOT

| R e
R WJIn - R , (29)
rie x; W X, - TIOJO3PUTEIBHO BBIACISIONIMECS (COMHUTEIbHBIC)

pe3ynbTaThl, X; U X,; - OJMKaWIIKEe K HAM IO 3HAYEHUSIM Pe3yJIbTaThl; R -
JMara3oH BHIOOPKU (pa3mMax BapbUPOBAHUS), ’TO PA3HOCTh MEXTY HAUOOIBIITUM
¥ HAUMEHBIIIUM pe3yJIbTaTaMH BHIOOPKH:

R = Xmax = Xmin-

Paccuntannas mo ypaBHeHuro (29) BenuuuHa Oumasn. TPU  TaHHBIX
BEpOSITHOCTH U umcie onpeneneHui (IIpunoxenue 6).

Ecmu QO < Quusn. , TO pe3ylbTaT HE sBiseTcs mpomaxom. Eciam ke
QO > O, TONO3PEBAEMBIN pe3yJIbTaT ABISETCA Tpy0O ONIMOOYHBIM
(npomMaxoM) W  €ro  CIHeayeT HWCKIIUYUTh TMPU  pacueTe  CPETHEro
apu(PpMETUIECKOTO.

B comMHuUTENBHBIX CHy4asX TPUMEHSIOT OoJiee TOYHBIE KPUTEPHH,
TpeOyIolIKe pacyeTa CTaHAAPTHOTO OTKJIOHEHHS.

COMHUTEIBHBIN PE3YJbTAT X; SBJISIETCS MPOMAXOM, €CIU

‘x—x‘ >3

S
N (30)

WM ‘xl_;‘ g t(Paf)%\/E. (31)

Kosdpdumuent 3 B ypaBHenuu (30) mHorna 3aMeHstoT Ha 4, kak Oosee
TOYHO yJOBJIETBOPSIOIINIA TPEOOBAHUSM CTATUCTHUKHU.
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PexoMeHTyeTcsl Takke HCIOJIb30BaTh CIOCOO BBIOPAKOBKH PE3YJIbTATOB
XMMHYECKOIO0 aHajau3a, OCHOBAHHBIM HA pacyere 7,. BbIpakeHUe N OLICHKU
KPUTUYECKNX 3HAYCHUH PE3yJIbTaTOB aHAJIN3a UMEET BU/L:

T = = . (32)

[Tapamerp 7, Mnentnden napamerpy ¢ B pacupenencHun CTbIOJEHTa, HO
BBIDQKEHHBIH HE 4epe3 JOBEPUTEIbHYIO BEpOSTHOCTH P, a depe3
JIOTIOJITHUTEIBHBIN K HeW ypoBeHb 3HauuMoct S = (1 — P) u 00beM BBIOOPKHU
n. MaKCHMaJIbHO JOIyCTHMbIE OTHOCUTEIbHBIE OTKIIOHEHUS 7, IPUBENEHBI B
[Ipunoxenun 7. 3aaBIIMCh YPOBHEM 3HAUUMOCTH [3, MO TaONMIE HAXOASAT
3HAYCHUE T, A ONPEICIICHHOIO 3HAYCHHsA 7, 3aT€M IO ypaBHEHHUIO (32)
paccunTsBarOT tAx,, IIpomMaxoM cuuraercs nr000€ 3HaAUYEHUE X; , JEKallee 3a
uHTEepBAIOM (X + Ax,, ).

Huxorna He cineayeT orOpackiBaTh COMHUTEIBHBIA PE3YJIbTAT TOJBKO «IIO
UHTYULIN», 0€3 HCMOJb30BaHHUS KaKOro-IMOO KPUTEpHs. IDTO HUMEET 0co0oe
3HAQYCHHE TIPH MaJOM 4YHCIE HW3MEPEHHH, KOrja oTOpachlBAaHHUE BBI3BHIBACT
CYIIECTBEHHOE U3MEHEHUE CPEIHEN BEITUUNHBI.

4.9. PacnpenesieHne IMCKPETHBIX CJAYYallHbIX BeJIMYHH.
Pacnpenenenue Ilyaccona

CymecTByeT HEMAJIO CIIy4aeB, KOT/Ia 3HAYEHHS BEPOSATHOCTEW U3MEHSIOTCS
OTHOCUTEJIBHO CaMHUX 3HAYECHHM CIIy4allHOM BETUYMHBI 3aKOHOMEPHBIM 00pa3oM,
T.€. CYIIECTBYET HEKOTOpas 3aBUCUMOCTb MEXAY BEPOATHOCTBIO CIIy4YalHOU
BEJIIMYUHBI MPUHATh TO WJIHA WHOE 3HAYECHHE M CAMOM CIYYalHOW BEJIIMYUHOM.
[IpumepoM Takoro HEPABHOMEPHOI'O IHUCKPETHOTO PACIpPENEIICHUs SIBISETCS
pacupenenenue Ilyaccona.

Ecmn ciydaiiHasgs BenWYMHA HE SBISIETCS HENPEPBIBHOM, a MOXKET
IPUHUMATh TOJIBKO HEKOTOpbIE (PUKCUPOBAHHBIE 3HAYEHUSA, TO TakKas BEJIMYMHA
Ha3bIBACTCS Ouckpemuoil. PacripeneneHue B 3TOM Cily4yae Takxke Oyler
TUCKPETHBIM. B mpuHOHIE BO BCEX CiIydasX NPHU U3MEPEHUAX HMEIOT JENO C
JUCKPETHBIMU  CIIy4YaWHBIMH BEJIWYMHAMM, ITOCKOJBKY YHMCIO BO3MOKHBIX
pE3yNbTATOB OrPAaHUYEHO. DTO OOYCIOBJIEHO TEM, YTO B XOJ€ H3MEpPEHUU
CUMTBIBAHME  pPE3yJIbTaTa  OCYIIECTBISIETCS €  KOHEYHOM  TOYHOCTHIO,
oTpeesieMOl IEHON NeIeHUs MIKAJIbl U3BMEPUTEILHOTO MpUOopa (OKpyIJIeHHE).
OnHAaKoO €ClM YMCIIO0 BO3MOXKHBIX PE3YIbTaTOB U3MEPEHUS TOCTATOYHO BEJHKO,
3TUM OOCTOSITEILCTBOM NPEHEOPEraloT U CUYUTAIOT HU3MEPSIEMYI0 BEIUUYHHY
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HETIPEPHIBHOM. Hcnonb3oBaHre  Takoro  MPUOJMKEHUS  CTAHOBUTCS
HEKOPPEKTHBIM, KOTJA YKCJIO BO3MOXHBIX PE3YJbTaTOB HU3MEPECHUN HE
npesbimaet 15-20. Pacnipenenenue IlyaccoHa BBIBEIEHO B NPEAIIOTIO0KEHUH O
MOCTOSTHCTBE BEPOSTHOCTH KaXJIOTO COOBITUSI U UMEET BU/T

_ue’
=T (33)

rac P— BCPOATHOCTD INOABJICHUS 3HAYCHUA X; 4 - CPCAHCC 3HAUCHUC.

Pacnpenenenue IlyaccoHa uMeEET TOJBKO OJIMH MapameTp - CpeaHee
3HayeHue. CTaHIApTHOE OTKJIOHEHUE pacupeaeneHus llyaccona co cpeaHum

3HaueHueM 4 paBHO o= + H . Pacnpenenenue [lyaccona aciMMETpUYHO TEM

oonee, uem MeHblie 4. C pocTOM 3HAYEHUSI 4 ACUMMETpHsi yMeHbinaercs. [Ipu
L >15—-20 pacnpenenenue [lyaccona mpakTUYECKH COBIIAJIA€T C HOPMAIbHBIM

pacripeieiecHHeM ¢ mapaMeTpaMu u u M .

[InotHocTh  pacmpenenenuss U camo  pacnpenenenue  I[lyaccona
Ta0yJMpoBaHbl. Ero UCHONB3YyIOT aHANOru4HO pacrnpeaesnennto CTbrofeHTa npu
pacyeTe J1OBEpUTEIbHBIX HHTEPBAJIOB U MTPOBEPKE TMIIOTES.

5. OHIEHKA CJYYAWHOM NOI'PEIITHOCTH

Jist  Toro, YTOOBI OIIGHUTH CIyYallHYI0 TIOTPENTHOCTh HEOOXOIUMO
paccuuTarth cpenHee (x), CTAaHIAPTHOE OTKJIOHEHHE (S) U OTHOCHUTEIHHOE
CTaHAAPTHOE OTKJIOHCHUE:!

(34)

[Ipy mpoBeICHUH PA3IMYHBIX CTATUCTHYECKUX PACUETOB HCIIOIL3YIOT TaK
e CTaHJIAPTHOE OTKJIOHEHUE CPETHETO pPe3yJIbTaTa:

5 :ﬁ . (35)

Bce 5Tu BenMUYMHBI XapaKTEPU3YIOT CXOAUMOCTH (IIOBTOPSEMOCThH) U
BOCIIPOM3BOAUMOCTD PE3YJITATOB XMMUYECKOT0 DKCIIEPUMEHTA.

JlononHUTENbHYI0 MH(OPMALMIO O CIYyYalHBIX MOTPEIIHOCTAX METOJIUKHU
U3MEPEHNs MOXKHO TIOJIYYUTh U3 3aBUCUMOCTH HUX OT KOHIIEHTpauuu
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oIpeensseMoro BemecTBa. JlJis MOCTPOEHUs] TaKOW 3aBHUCHUMOCTH HCIIOJIB3YIOT
HECKOJIBKO KOHTPOJIBHBIX 00Pa3I[OB C Pa3HON KOHIIEHTpallueld 3TOTO BEUIECTBA.
[To pesynpTaTam HM3MEpEeHUN CTPOST TpaduK B KOOPAMHATAX «OTHOCHUTEIHHOE
CTaHJIAPTHOE OTKIJIOHEHHUE () — KOHIIEHTPALIUSI.

OTU 3aBUCUMOCTH dyaie Bcero umeror U-o0pas3Hblii BUII C JOCTaTOYHO
OOJBIITUM MHTEPBAJIOM KOHIIEHTpAIIUid, B KOTOPOM OTHOCHUTEIBHOE CTaHJAapTHOE
OTKJIOHEHHME OCTaeTCsl MOCTOSIHHBIM. B TOoXe Bpemsi BellMuMHA §, BO3pacTaeT
BOJIM3M TIpejiesia OOHAPYKEHUs U B 00J1aCTH OOJIBIINX KOHIIEHTPAIIHA

6. OIEHKA CHCTEMATHYECKOM IOIPEIITHOCTH

[Ipu 0o6paboTke pe3yslbTaTOB XMMHUYECKOIO aHajlu3a CUCTEMaTHYECKHE
MOTPEIIHOCTH JIOJKHBI OBITh BBISBJICHBI U YCTPaHEHbl WJIM, MO KpailHeH mepe,
OLICHEHBI.

Hanbonee pacnpocTpaHEHHBIMM TPAKTUYECKUMHU TpPUEMaMU  OLIEHKHU
CUCTEMATUYECKOW MOTPENTHOCTH SIBIISIFOTCSL:

-aHaJIM3 CTaHJIAPTHBIX 00Pa3IIOB;

-aHaJIM3 HE3aBUCUMBIM METOIOM;

-BapbUPOBAHUE BEJIMUUHBI MPOOKI (HAIPUMED, YIBOCHUEM MACCHI MPOOHI ).

6.1. OueHka cucTeMaTHYECKOM MOTIPEIIHOCTH
10 CTAHJIAPTHOMY 00pa3iLy

DTO caMBIi  HAJEKHBIA  CIIOCOO  BBIIBIEHUS  CHCTEMaTHYECKOU
norpemHocTd. CTaHgapTHbIE 0O0OpasIbl MPEACTABISAIOT CO00M HMCKYCCTBEHHO
MIPUTOTOBJICHHBIE O0Opa3Ilbl, COCTAaB KOTOPBIX HM3BECTCH C BBICOKOW CTETICHBIO
HAJI)KHOCTH M OJIM30K K COCTaBY MCCIIEyeMOro MaTepuaa.

OOBIYHO CTaHIApTHBIE OOpa3lbl AHAIU3UPYIOT MHOTHMH METOJaMH B
HECKOJBKHUX J1Ta00paTOpUsX, MOITOMY COJIEp’)KaHUE KOMIIOHEHTOB, YKa3aHHOE B
CBUJIETEJILCTBE O COCTaBe 00Opasiia, MOKHO NMPUHUMATh 32 UCTUHHOE 3HAYCHHUE.
[Ipu ucmoib30BaHUHU CTaHAAPTHOTO 0Opa3iia Jjisl OLICHKH MPaBUJILHOCTH METOAa
WM METOJWKH MPOBOIAT MHOTOKPATHBIM XMMHUYECKHIN aHAJIM3 3TOro oOpasia u
CpaBHUBAIOT HANJEHHOE COJIEp’)KaHUE C HMCTUHHBIM  (aTTECTOBAHHBIM)
COZECPKAHUEM OIPEAECTIEMOr0 KOMIIOHEHTA.

Ecan wu3BeCTHO MaTeMaTUYECKOE OXHIOaHHC, MCpOfI KOTOpPOro MOKCT
CIIY’)KUTb, HAIIpUMEP, TCOPCTHUUYCCKH PACCUUTAHHOC COACPIKAHHC KOMIIOHCHTA B

Hpo6e, MOXHO OLCHHTH 3HAYMMOCTb OTIIMYHA MATCMATHYCCKOI'O OXHAAHUA [ U

BbIOOpOYHOTO cpenHero X . Jlnis pemeHus mogo0HbIX 3a/1a4 OOBIMHO TTPUMEHSIOT
t-kputepuii  CThrozieHTa. PacxokleHue  OSKCIEPUMEHTATbHO  HAIEHHOTO
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pe3ynbTata X W TOCTYJIMPOBAHHOTO (OIMOPHOTO) 3HAYCHHWH, MPUHUMAEMOTO 3a
WCTHHHOE 3HAYCHHWE [/, OIICHWBAIOT COIMOCTABIICHHEM C TaOJWYHBIM 3HAYCHHEM
kodpdurmentra Cteronenta ([Ipunoskenue 1.) paccuMTaHHON BETMYMHBI /KPUTEPHS
( l}iacq. HJIn t;C,,U):

el et

M s S-

X

[Ipu yCIOBUH fyyeq. < tragn. MOXKHO CUUTATh, YTO CUCTEMATHUYECKas TIOIPEIIHOCTD
B DKCIIEPUMEHTE HE 3HAYMMa U €10 MOKHO MpeHeOpeyb.

6.2. CpaBHeHHe pe3yJbTAaTOB JABYX He3aBUCUMBIX METOA0B

Ecmu  orcyTrcTByrOT  CcTaHmapTHble 00pasiibl, TO JIJII  BBISBJICHUS
CHUCTEMATUYECKON MOrPEIIHOCTH MapaJUIeIbHO ¢ U3MEPEHHEM JTaHHBIM METOJ0M
MPOBOJST MCCJIECIOBAHUE HE3aBUCUMBIM METOAOM C HU3BECTHOM TOYHOCTBIO.
HezaBucuMbliii MeTO HE JOJDKEH OBITh IMOXO0KUM Ha HCIOJIb3yEeMbI, YTOOBI
BEpPOSITHOCTh OJIMHAKOBOI'O BIIMSHUS Kakoro-inbo (akropa Ha o0a MeToja Oblia
HauMeHbIed. Hanpumep, T1ipu TpoBEpKe MNPABUIBHOCTH  OMNPEACIICHUS
KOMITOHEHTa CHEKTPOPOTOMETPUUCCKUM METOAOM KEJIaTeIbHO HCIIOIh30BaTh
UL CpaBHEHHMS  XpomaTorpaduueckuii, BOJBTMICPOMETPUUYCCKHA WU
MOTEHIIMOMETPUYECKUN METO/I, HO HE CIEKTPOHOTOMETPUUECKHUM C IPUMEHEHHEM
JIPYTroro peareHTa, TAakKe JAIOIIETr0 OKPAIIEHHOE COSIMHEHNE.

ComocraBiieHue  pe3ysibTaTOB  ABYX  METOJOB  KpallHE BaXKHO B
UCCIIeI0OBATENhCKON paboTe. HacTo BOZHUKAET HEOOXOAUMOCTh CPABHUTH JAHHBIE,
MOJIYYEHHBIE OJTHUM METOJIOM, C JaHHBIMU APYroro Metona. OQHAKO 3TO MOYKHO
cAenarth TOJIBKO B TOM CiIydae, €CIM METOAbl PaBHOTOYHBI. [l »TOrO
OILICHUBAETCS OJTHOPOTHOCTH BRIOOPOYHBIX TUCIIEPCHIA JBYX METOIOB.

[IpuromHocTh pe3ynbTaToB JUii HX COBMECTHOM OOpabOTKH OOBIYHO
IOPOBEPSIIOT C TMOMOIIBIO Kputepusi @uiiepa (F-kputepusi). ITOT KpUTEpU
MO3BOJISIET Ha 3aJaHHOW JIOBEPUTENIBHOM BeposATHOCTH (00bruHO 0,95 mmm 0,99)
OTIPEICIIUTD, SIBJISIETCS JIM PA3JIMYUE JIBYX JTUCHIEPCUN CITyYalHBIM WJIA 3HAYUMBIM.

Kputnueckue 3HaueHus F-kputepusi TaOyIHpoBaHbl B BUJIE (DYHKIIMH OT JBYX
MEPEMEHHBIX - YHCJa CTeleHel CBOOOJBI BBHIOOPOYHBIX COBOKYITHOCTEU
pe3yNbTaTOB JABYX METOJNOB: f; = n; - 1 u f> = n, -1. PaccuntanHoe 3HaueHue F-
KpUTEpHUsl IJIsl IBYX CPaBHHMBAEMBIX BBIOOPOK 1O (opmyre (25) COMoCTaBisioT ¢
TabnuuHbIM 3HaueHueMm F- kputepusi ( Ilpunoxenue 4.). Ecnu paccuntanHoe
3HAYEHUE Flucq. MEHBINIE TAOJUYHOTO 3HAYCHUS Fpu6,., TO MOXKHO CUUTATh, UYTO
'pe3yJIbTaThl IKCIIEPUMEHTA, MPEACTABICHHBIE COOTBETCTBYIOIIUMHU BHIOOPKAMH,
PaBHOTOYHBI, @ UX AUCIEPCUU OJHOPOTHBI.
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Tonbko mOCHE 3TOrO MOXKHO MEPEXOAUTh K MPOBEPKE 3HAYMMOCTH
Pa3HOCTH MEXAY CPEAHUMHU 3HAUYCHUSIMU PE3YJIbTATOB JIBYX HE3aBUCUMBIX
METO/IOB.

[Ipn comocTaBiaeHUM PE3YyIBTATOB, IOJIYYEHHBIX JABYMS HE3aBUCHMBIMU
Meroaamu A u B, HCIIONB3YIOT ClIeyronMe COOTHOLIEHUS:

rac¢ Sy p- CPpCAHCB3BCIICHHOC CTAHAAPTHOC OTKIIOHCHHUC.

. 2 2
[Ipu ycimoBUM OAHOPOJHOCTH BBIOOPOUHBIX JUCHEPCUU S4° U Sp

CPEIHEB3BEIICHHOE CTAHAAPTHOE OTKIOHEHHE PACCUUTHIBAIOT 1O (hopmyIie:

(n, _I)Sj + (1 _1)52

S =
o8 n,+ny,—2 ' (37)

HpOBOI[I/ITCH COIIOCTABJICHUEC PACCUUTAHHBIX H TaOJIUYHBIX 3HAYEHHH [-

kputepus. Eciau paccuntaHHoe 3HA4Y€HUE f4p < lpug, TO CHUCTEMaTHYECKas
MOTPEIIHOCTh HE3HAUKMMA.

6.3. OuneHka cHCTEeMATHYECKOI MOTPEIIHOCTH MO COCO0Yy
BAPbLUPOBAHMS MACCHI MPOOBI

YaBauBas (croco® yABOCHHS) WM yBEIHMYMBAS pa3Mep MPoObl B KPaTHOE
YHUCJIO pa3, MOKHO OOHAPYKHUTh MOCTOSHHYIO CUCTEMATUYECKYIO MOTPEIIHOCTh
[0 W3MEHEHUIO HAWJAEHHOIO COAEPKaHUS ONPEAEIIEMOro KoMITOHeHTa. Jlns
OLIEHKM MPONOPLMOHAIBHON TMOTPEIIHOCTH MOXHO HCIOJIb30BATh METOJ
N00aBKHU.

JInsi OUEHKH MOCMOAHHOU cucmemamuyeckoi nozpewnocmu (a)
NPOBOJAST MHOTOKpAaTHOE (n;) ONpEJeIeHUE COJepkKaHUus Macchl  (x;)
KOMIIOHEHTa W MapajuieJbHOE MHOTOKpaTHOE (7,) ONpEeNesieHHE COJepKaHUs
Macchl (X;) TOTO K€ KOMIIOHEHTa YJBOECHHOTO pa3mepa. PemieHne cucteMsl
YPaBHEHUM JOaeT ISl CPEAHEr0 3HA4YEHUsI IOCTOSIHHOW CHCTEMATHYECKOMN
MOTPEIIHOCTH

X, =a+bx

X, =a+2bx
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a=2x-x,.

CTaHI[apTHOG OTKJIOHCHHUC S, BCINMYHUHBI ¢ , BBIYHMCJICHHOC Ha OCHOBAHUH
3aKOHa aJJUTHUBHOCTHU nncnepcm‘/i qepe3 CTAaHAAPTHBIC OTKIIOHCHHA BCIIMYUH X,

M x, , BRIPQKAETCS KaK:

(38)

s cnyyast n; = n, = n:

2

2
4s; +s5

ST, (39)

3HAYUMOCTh ITOCTOSSHHON CHUCTEMaTHUYECKOM MMOTrpCIIHOCTU OLCHHUBACTCA

1o ¢ - kputeputo. CHCTeMaTHYecKas! IOIPELIHOCTb 3HAYUMA, €CIU a > Sql, 4 2.

I OueHKU nponopuuonanvHou nozpewitnocmu (b) npoBOIAT CEpHUIO
napajuieTbHBIX U3MEpEHui (n3 ) MpoObI, coaeprKaliei 700aBKy OmpenensieMoro
KOMIOHEHTa (c¢), W CpaBHUBAIOT CPEAHUN pe3yiabTaT x, CO CPEIHUM

pe3yJIbTaTOM, TMOJYYEHHBIM B TEPBOM CEpUM HU3MEPEHHI Il TMpPOObI, HE
cozepxaniei 700aBKHU x, :

X, =a+bx
X;=a+b(x+c)
poXa TN
c

CragmapTHOe OTKIOHEHHE OIeHKH Kod(dduimenta b ompeaemseTcs
COOTHOIIICHHUEM:

(40)

s ciyvas ny = n; = n:
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2 2
S3 S
_ n
Sb_
C

[IponopunonanbHas cucTeMaTnueckas norpemHocts (b -1) 3Haunma

nipu ycioBu (b-1) > Spl, 0 .

6.4. Cioco0Obl ycTpaHeHHsI CUCTEMATHYeCKOM MOTrPEeIHOCTH

DKcnepuMeHTaToOpa, Kak MpaBUJI0O MHTEpECcyeT He cama Mo cebe OleHKa
CUCTEMATUYECKOU MOTPENTHOCTH, a B OOJIbIIIEH Mepe CrOoCcOObl €€ YCTpaHEeHUS U
yMeHbleHus. K HUM OTHOCATCS penamueusayus u panooMu3ayusi.

[Ipu pensiTUBU3ALMU aHATUTUYECKOE OmpejiesieHne ( U3MEPEHHE) MPOBOJISAT
OTHOCUTEIBFHO APYroro o0heKTa, a pe3yabTaT ONPENesaiOT M0 Pa3HOCTH, TaK YTO
CUCTEMATUYECKHE MOTPEIIHOCTH B3aUMHO UCKItovatorcs. [Ipu aTom, koraa Bce
omnepanuy TPOBOAIT B HJACHTUYHBIX YCIOBHUSX, MPOUCXOAUT HUBEIUPOBAHUE
CUCTEMATUYECKUX MorpemHocTeil. Tak, B TUTPUMETPUU OTOUPAIOT ATUKBOTHI
CTaHJAPTHOT'O U AaHAJIM3UPYEMOI'O PACTBOPOB OJHHUMH U TEMHU K€ MUIETKAMHU, B
rpaBUMETPUN — B3BEIIMBAIOT IMYCTOW TUTEIb M TUT€JIb C OCAJKOM Ha OJIHUX U
TEX K€ Becax, C OJIHUMHU U TEMHU k€ pa3HoBecaMu U T.J. OJHUM U3 TPUEMOB
pENSATUBU3AIMU TIOTPEIIHOCTEN SIBIISIETCSl TaKXKE MPOBEJECHUE XOJOCTOTO OIbITA
U WCIOJIb30BAaHHE €ro pe3ysbTaTOB KaK OTHPABHOM TOYKH NPHU JaTbHEWUIIHX
pacuerax. Ilpm 3TOM  TPOUCXOAUT  HHUBEIUPOBAHUE  IMOTPEUIHOCTEH,
OOYCJIOBJICHHBIX 3arpsi3HEHUSIMU M3 PEAKTHUBOB, BOJbI, UCIIOJIB3YEMOUN MOCYbI,
MOTPEUTHOCTEN cTaauK MPOOOMOATOTOBKH U T.1I.

PangomMuzanusi — 3T0 MEPeBOJ CUCTEMATUUECKUX MOTPEITHOCTENH B pa3psl
CllydyailHbIX. BO3MOXHOCTh  paHIOMHU3AIlMM OCHOBaHA HAa TOM, 4YTO
CHCTeMaTH4ecKasi MOrpelIHOCTh €AMHUYHOTO sBJAeHMs (mpubopa, Ipoliecca,
METOJIa, UCIIOJIHUTENSA) MPU PACCMOTPEHUM €€ B 00Jie MIHUPOKOM Kiacce
OJTHOTHUIIHBIX SIBIEHUN (cepusi MpUOOPOB), TPYIIa MPOIECCOB HIM METOJMOB,
KOJUIEKTUB HCIOJHUTENIECH) CTAHOBUTHCS BEJIMYMHON MEPEMEHHON, TO €CTh
pUOOpETaET CBOMCTBA CIyYaltHOM MOTPEITHOCTH.

[IpencrapisieT UHTEPEC MOCTAHOBKA AHAIMTHUYECKOW 3aJaud, TIPU KOTOPOU
OIMH W TOT € DKCIEPHUMEHT BBIMOJHSIETCS Pa3HBIMU METOJAaMM, B Pa3HbBIX
7abopatopusax, Ha pa3HbIX NOpuOOpax, pa3HbIMU SKCIIEPUMEHTATOPAMHU.
[logpoOHast MHoOrogakTopHas paHAOMHU3AIUS JaeT CpPEIHUM pe3yybTarT,
SBJISIOMMICSA HanOoiee OOBEKTUBHOM OIIEHKOW COJEpP)KaHHUS OMPEaeIIsIeMOTO
KOMIIOHEHTa. MMEHHO Tak TPOBOJAT aTTECTAlMI0 CTaHIApPTHBIX OOpa3IloB.
CrpaTerusi paHIoMHU3alMU HEOOs3aTENbHO COMPSHKEHA C YBEIMYEHHEM 00bema
aHaJTUTUYeCKor  paboTel  (umcna  ombiToB). HaobGopoT, panumoHaNIbHO
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NOJATOTOBJIICHHBIA  PaHIOMHU3UPOBAHHBIA IJIAaH 3KCHEPUMEHTA  IO3BOJIAET
NOJIYYUTh UHPOPMALIMIO O BIUSHUM OJHOBPEMEHHO HECKOJbKUX (hakTopoB (pH,
MOHHOM CHJIBI, TEMIIEpATypbl W T.[.) Ha pPe3yJbTaT XUMUYECKOIO aHalIu3a W3
HEOOJIBIIOrO YKCIIA ONBITOB.

['panp MeXAy CHUCTEMATHYECKHUMH MW CIyYalHBIMH IOTPEIIHOCTIIMHU
ycnoBHa. [lorpemnocTtu, kBaiuduuupyemble Kak CUCTEMaTUYECKUE MPU OJHON
BbIOOpKE, B JPYroi, OOJbIIEH MOIIHOCTH, CTAHOBATCS ciaydyalHbIMH. OJIHAKO,
Kak Obl HE ObLIa MaJia rpaHb MEePExXo0/ia CUCTEMATUYECKUX OIIMOOK B CIy4ailHbIE,
IpaKTUYECKasl MOJb3a TAKOr0 MOJX0/4a HECOMHEHHA, TTOCKOJIBKY OH JIaeT B PyKH
UCCJIE0BATeNs METOAOJIOTHIO TIOCIIEI0BATEILHOTO OOHAPYKEHUSI U YCTPaHEHUs
NOTPEUTHOCTEN pa3IMYHON TPUPOIBI.

7. CTATHUCTHUKA NPAMBIX JUHUH

7.1. PerpeccMOHHBbIN aHAJIN3

OnHoil W3 3aay CTAaTUCTUKU SIBJISIETCS  XapaKTEPUCTUKA JIMHEHHOU
3aBUCUMOCTH y=a+bx, ee pemaer peepeccuonnsviit aumanuz. lIlycte 1pu
U3MEPEHUU TOoNayuuiu m (m>2) map 3HaA4YeHUW X; W ); , TEOEPhb CIlEIyeT
BBIYHCIIUTH MAPAMETPHI @ U b TMHEWHOU (PYHKITHH.

[Ipu »TOoM TpelyeTcs, dYTOOBI PA3HOCTh MEXIY HU3MEPEHUSIMH J; U
BBIYUCJICHHBIMA TI0 YpaBHEHUIO Y; OblJla BO3MOXHO MEHbINE, T.€. HaJ0 HAWTH
«HAWJIYUIYI0 BO3MOXHYIO» (GYHKIUIO. [[s pemieHuss 3Toro Bompoca ecTh
rpaduuecKue U aHATUTUYECKUE METO/IbI.

[Ipu rpaduyeckoM MOCTPOCHUU PE3YJAbTAThl H3MEPEHUN HAHOCAT Ha
rpa¢uk. C MOMOIIbIO TPO3PAYHON JTUHEUKH TMTPOBOAST B 3TOM MHOKECTBE TOYEK
npsAMYI0, IPUYEM TaK, YTOOBI OTJIETbHbIE TOUYKH OOJee WM MEHEe PaBHOMEPHO
paCIpeeNsIIUCh BBIIIE U HUXKE 3TOM NpsAMOM. [I0CTOSTHHBIN WIEH @ HaXOAAT Kak
OTpe30K Ha opauHaTe y npu x=0, a BeIMUUHA b MpeACTaBIsIeT COO0N TaHTEHC
yrIJjia HaKJIOHa MPSIMOM.

[Ipu cuibHOM pa3zOpoce pe3yJbTaTOB M3MEPEHUM Trpaduyeckoe onucaHue
perpeccud 4acTo HEBO3MOXHO IPOBECTH OJIHO3HA4YHO. Torga »To JAeNaroT
aHAJTUTUYECKUM METOJ0M. PacyeT KOHCTaHT a U b ¢ OJHOBPEMEHHOM OIIEHKOM
WX JIOBEPUTEJILHOTO MHTEpBajia MO3BOJSET CAEIaTh aJrOPUTM, MPEITIOKEHHBIN
['ayccoM u Ha3bIBa€MbId Memooom HaumeHvuiux keaopamos (MHK).
OcHoBHOe mnonoxenne MHK yTBepxkgaer, 4ro eciaum mid KaxAol W3 m
AKCIIEPUMEHTAIBHBIX TOYEK MPOBECTH HAa ONTUMAJbHYI0 KPHUBYIO IIPSAMBIE,
napajyieJibHbIE OCHM OpJAMHAT, TO CyMMa KBaJpaTOB OTKJIOHEHHM TOYEK OT
KpUBOH O; TOJKHA OBITh MUHUMAJIbHA:
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57 =min . (41)

1M

NHabIMU crioBamMu, pasHULy MEXAY HW3MEPCHHBIMUA 3HAYCHUSIMH ); , U
BBIYHCIICHHBIMA W3 YpaBHEHMsI Y/=a+bx HyXHO clelaTb MUHUMaJbHOU. B
TaKoOM CJIy4ae

Z(yi _Yi)2 :Z(yi _a_bxi)2 — min (42)

[IpupaBHsIB niepBble MPOU3BOJHBIE TIO @ U b K HYJIO, NOTYy4YUM (HOPMYJIbI
IUIsl pacyera:

Zyzzx Z'xizxiyi
an (Z:xl.)2 ’ (42)

ReRD. W

[lockonbky mapameTpbl a@ #W b SBHSIOTCS CIy4YalHBIMU BEJIUYMHAMHU,
CIeyeT OIICHUTh MX TOYHOCTh TaK J>K€, KaK ATO JAENalT IJisg OTJEIbHOIrO
U3MEPEHUS.

CHauana  ompenenstoT  JUCIEPCUI0,  XapaKTEepU3yIIlyr  paz0poc
U3MEPEHHBIX 3HAY€HUM ();) OTHOCUTEIIBHO BBIYECIEHHBIX [0 YPaBHEHUIO
npsimoii (Y;)

20 =Yy

m-—2

(44)

Yucno creneHeir cBoOOAbl f/ B KOPPEISIIMOHHOM aHAJIN3€ MPUHUMAETCS
paBHBIM m-2 , TIOCKOJILKY B 3TOM CiIy4ae NIPOBOJUTCS CpaBHEeHHE m-1 map
M3MEpEeHUM ¢ mepBoi nmapoit ( x; u y;).

CymMy KBaJpaToB B ypaBHCHUU

Ax:;—,u:iintP’f-S; _ (45)

yA00HEee ONpeneNnsiTh, MONb3YSACh CIEAYIONIUM BBIPAXKEHUEM:
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Y=Y =Sm-2)=Y y-a) y,-b> xy, . (46)

Pacuersl mo ypaBHeHuto (46) cienyer NPOBOAUTH MPH JOCTATOYHO
OOJIBIIIOM YHCJI€ 3HAKOB TOCJIE 3aISITON, MOCKOJIBbKY UCKOMYIO CYMMY KBaJIpaTOB
4acTO HAaXOJST JIJIsl BeCbMa OJIM3KUX 3HAYCHUU.

Jucnepcun mjigs mapaMeTpoB a W b HaXOIAT, MOJIb3YSCh 3aKOHOM
CJIOEHUS MOTPEIIHOCTEN IO PopMyam

s myy
-0 myx-(yx) (*7)

2 _
Sb_

2 2 2
2 _ Syzxi _ Sy 2
Sa Z(xx _;)2 m Z‘xi . (48)

Jlucniepcust A7is BEIMYMHBI b TeM MEHbIIE, YeM JaNbIle 3HAUCHUE X JICKUT
OT €ro CpegHero 3HaueHWs x, T.€. 4YeM MIMpe Oblla BHIOpaHa 00JACTh
skcepumenTa. C nomMoinplo ypaBHeHu# (47) u (48) HaXomdT JOBEPUTEIbHBIE
WHTEPBAJIBI JIJIS TApaMETPOB b U a :

btAb=b+1(P,0)s, | (49)

atAa=a=xt(P,f)s, . (50)

7.2. KoppeJssuOHHbIN aHAIN3

OCHOBHOW 3afavyell KOppeNAuUOHHO20 AaHAIU3a SBISETCS TPOBEpPKA
HaJIM4Ms B3aUMO3aBUCUMOCTH JBYX nepeMeHHbIX. Koppensius (nat. correlatio,
COOTHOIIIEHUE) B MAaTEMATUYECKOW CTATUCTUKE O3HAYAET BEPOATHOCTHYIO (WU
CTATUCTUYECKYI0) 3aBUCUMOCTh. B OTIMYMU OT PyHKIMOHAIBHON 3aBUCUMOCTH
KOppEJAIsa BOSHUKAET TOTJa, KOT/1a 3aBUCUMOCTh OCJIOKHSETCS HAIMYUEM pPsifa
CIIy4aiiHBIX (DAKTOPOB.

3aBUCUMOCTh MEXIY JIBYMsI BEJIMYMHAMH X M ) BCEr/a JErKO YCTAaHOBUTb,
KOrja ciiydaiHasl MOTPEIIHOCTh JIOCTaToyHO Mauia. Ilpu Oombiioi ciydaiHOU
NOTPEIIHOCTH CBSA3b MEXKIYy JABYMs BEIMYMHAMHM CMAa3bIBacTCA, TaK Kak
pe3ynbTaThl PACCEMBAIOTCS BHYTpHU Oosiee WM MeHee Mupokoil oonactu. Torna
TOBOPAT O CTOXACTUYECKOM ( BEPOSITHOCTHOW) 3aBUCUMOCTH, a 3TOM cllydyae 00e
BEJIMYUHBI CBSI3aHBI KOPPEISIIUOHHO.

UucnoBble 3HAYCHUSI HE3aBUCHUMOM MEPEMEHHOM X YK€ MU3BECTHBI MEPEN
ONBITOM, & COOTBETCTBYIOIIME 3HAUCHUS ) MOIYYAlOT B XOAE€ U3MepeHus. Yaiue
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BCET0 3aBUCUMOCTh y=f(X) MMeeT JTUHEWHBIA XapakTep U MOKET ObITh ONMUCaHa
ypaBHEHUE y=a+bx.

BelBOg 0 TOM, CylIECTBYET JIM JIMHEWHAs 3aBUCUMOCTb MEXKIY JABYMs
BEJIMYMHAMU, TIO3BOJIIET cleliath Kodhuiuuent koppenanuu r. Kospduiment
KOPPEJSALUU PaCCUYUTHIBAIOT 1O (OpMYyIIE:

2w =00, -Y)
N T o ¢ T

Ecnu r Oau3ko K HyJII0, TO MEXIY BEJIMYMHAMU X U ) OTCYTCTBYET
JuHeWHas 3aBUCUMOCTh. Ecnu r Onmm3ko k +1, ciaeayer cyuTaTh, YTO TOYKHU
JIEXKAT OKOJIO MPSMOM, IPUYEM OTPHUIATENIbHAS BEJIMYNHA 7 YKA3bIBAECT HA TO, YTO
C pOCTOM X BEJIHYMHA ) YMEHbIIACTCS. PacCuMTaHHBIN 1O YPABHECHUIO
KOO PUITMEHT KOppesIMKd » CpaBHUBAETCI C TaOMWYHBIM 3HA4YeHHEM (
[Ipunoxxenne 8) mpH COOTBETCTBYIOIIEH HAIEKHOCTU P W yuciae cTerneHein
CBOOO/IBI f=m-2, TJIe M-YUCJIO0 Map 3HAYCHUH X; U V.

Ecnmu B pesynbTare mpOBEpKH OKa3ajaoCh, UYTO JIMHEHWHAs 3aBUCUMOCTH HE
UMEET MEeCTa, TO MOXKHO MOMBITAThCS MPeoOpazoBaTh pe3yJibTaThl B YI0OHYIO
dbopmy U TMHEaApU30BaTh UHOW THUI 3aBUCUMOCTU. B IIpunoxkennn 9 npuBeaeHsbI
npuMepbl HauboJIee YaCTO BCTPEYAIOIINXCSI B XUMUH 3aBUCUMOCTEH.

(1)

IIpencrasienue pe3yabTaToB aHaJIM3a. IIpu IIOCTPOEHUU
rpagyupoBoyHoro rpagpuka c¢ nomompo MHK HeoOxoaumMo mnpaBHIBHO
IPEJICTABIATh PE3yibTaThl, YUUTHIBASL KaK 3HaUYE€HUE KOA(PPUIIMEHTOB JIMHEWHON
GyHKIMM, TaK U CTAaTUCTUYECKUE IMAapaMEeTphbl: CTAaHIAPTHOE OTKJIOHEHHUE,
ko3 uiment koppensuuu. B Tabnuue npuBeAeH OpuMep MpeACTaBICHUS
PE3yIBTATOB PETPECCUOHHOTO U KOPPEIALIMOHHOIO aHAIN3a.

Pe3ynbTaThl perpecCHOHHOrO U KOPPEISIUOHHOTO aHanu3a (n=5; P=0.95)

y=a+bx, 5,=0.0005

atAa Sq b+Ab Sh r

3.4+0.2 0.06 0.75+0.06 0.01 0.9996
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8. 3HAYALIME LHUPPHI U ITIPABUJIA OKPYIJIEHUSA

Pe3ynbTaTel 3KCiepuMeHTa CIEAYyEeT BhIpaXaTh TOJIBKO 3HAYAITUMH ITUPPAMHU.
3HayalMMu SIBIISIIOTCS BCE JOCTOBEPHO HM3BECTHBIE IUGPHI TAHHOTO YMCIA TUIIOC
nepBas HeIOCTOBEpHast Idpa.

[Ipu onieHKE TOCTOBEPHOCTU PE3YJIbTATOB CIEAYET YUYUTHIBATh BOZMOKHOCTH
UCMOJB3yEMOr0  METOJa WJIM METOJUKM  JKclepuMeHTa. B kadectse
CTaTUCTUYECKUX KPUTEPUEB MJIsi STOM LEIM MOXXHO HCHOJb30BaTh, HANpPUMED,
CTaH/JAPTHOE OTKJIOHEHHE WM JOBEPUTENIbHBIN HHTepBa. OOHMM MpaBUIOM
Takxe sBisiercss OKpyIJIeHHEe IKCIEPUMEHTAILHOTO pe3ysbTaTa TaKuM 00pa3om,
YTO OCTAKOTCS JIUIIb TOYHO U3BECTHBIE 3HAYEHUS IUTFOC OJTHO COMHUTENBHOE. Mo
NPAGUI0 U366CMHO KAK YC106UEe 3HAYUMOCHIU UUPDP.

Hanpumep, cpennee u3 s3xcnepuMeHTanbHbIX BeauuuH 61,60; 61,46; 61,55;
61,61 paBHo 61,555. /loBepurenpHbiii nHTEpBan cocrasisieT £ 0,069. OueBuaHoO,
4yTO BTOpas 1udpa Nocie 3amiaroil B JECIATUUHBIX JIPOOSX COMHUTENbHA. B TakoM
cllydae 3alMChblBaTh BCE TNOCIeAyromme LUu(ppbl HE HMEET CMBICIA, U Mbl
BBIHY>KJICHbl COOTBETCTBEHHO OKPYIJIATh cpenHee. TakuM o0pa3oM, C y4eToM
MpaBWJIa OKPYIJIEHUS YKCEI MOXXHO JIaTh 3aKIHOYUTENbHBIA pe3ynbrar: 61,56 +
0,07.

Ecnu ke KOHKpETHBIE JaHHBIE OTCYTCTBYIOT, HEJOCTOBEPHOCTH IOCIEAHEU
1uphl YUCiia IPUHUMAIOT paBHOM *1.

[losichum moHaTHe 3Havammx uudp Ha npumepe. Bo3bmeMm psin yucen,
Ka)KJI0€ U3 KOTOPBIX CONEPKUT 3 3HaYaIye uuQpsbl:

0,.402; 4,02; 402; 4,02x10°

Hudpset 4 u 0, cTosimuii B cepe/iiHe, TOCTOBEPHBI, a Iudpa 2 HEIOCTOBEPHA,
HO B KaXJOM 4HWCIIE€ OHa siBsiercs 3Hadanie. CTENeHHON 4IeH He OKa3bIBaeT
BJIMSTHUSI HA KOJIMYECTBO 3HAYAIUX HUADP.

EcTh uncna, KoTopblie SBISIOTCA a0COMIOTHO JOCTOBEPHBIMH. JTO, HAIIPUMED,
YHUCIIO OMNBITOB, KOJMYECTBO MMPOAHATM3UPOBAHHBIX MPOO, YHUCIO DSJIEKTPOHOB
YYaCTBYIOIIMX B PEAKLIMH U T.11.

Oopawenue ¢ nyaamu. Hynb B yniciie MOKET ObITh 3HAYAILlEH M HE3HAYaIIeH
nudpoil. Hynu, crosiiue B Havajie yucia, HE SBJSIOTCS 3HAYaIlUMU IudpamMu 1
ClIy’KaT JIMIIb JJIs yKa3aHusi MEecTa 3amsiTol B JIeCATUYHOM Apobu. Hampumep,
yuciio 0,03 coaepxkuT oAHy 3Haualryto uudpy. Hymu, crosime Mexay IpyruMu
mudpamu, Bcerna 3HauuMmbl. Hampumep, B uncie 0,105 Tpu 3Hauamime udpsl.
Hynu B xoHIle 4uncia MOTYT ObITh 3HAUYUMBI U He3HaunMbl. Ecin B uncie 280000
BCe MUQPHI 3HAYUMBI, TO €ro CIEAYeT 3anuchiBaTh UMEeHHO Tak - 280000. Ecnu xe
3HAYaIllMMU SIBJISIFOTCS] TOJIBKO TIEPBBIE JIBE€ IUGPHI, a HYJIU HE3HAYUMBI, TO YHUCIIO
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ClieyeT MPEACTAaBUTh B HOPMAJIbHOM BHUJIE, T.€. B BHJE MNPOU3BEIACHUS YHWCIIA,
5
coJiepKaIrero ToJbKo 3Havarue 1udpsel, Ha 10". B namem npumepe - 2,8x107.

Oxkpyznenue uucen. Pe3ynbTaT BBIYMCICHHUN JOJHKEH COAEPX aThb TOJIBKO
3Hayalue IUQpbl, HE3aBUCUMO OT TOrO, CKOJbKO IU(GpP BXOAWIO B 4YHCIA,
UCMOJb30BaHHbIE mpu pacuerax. [loaTomy He3Havamme UUQPBl Cleayer
UCKJTIOUMTH U3 KOHEUHBIX PE3YJIbTaTOB.

OObIUHO He3Hayalme HUQPPbl UCKIIOYAIOT, OKPYTJsis YKCIO, MPU 3TOM
NOCJIEIHIOKD COXpaHseMyl0 LU(ppy yBeIuuuBalOT Ha 1 (ecim otOpackiBaemas
mudpa > 5) UM OCTaBISIIOT HEM3MEHHOW (ecnu otOpachiBacMmas Imdpa < 5).
Hanpumep, ecin HeoOX0IuMO OKpyTIuTh uncia 3,245 u 81,22 1o Tpex 3Havaimx
1udp, To B pe3yabTaTe noayuum 3,25 u 81,2.

Abconromnas u omHocumenbHas HeoocmosepHocmu. AOCOTOTHAS
HEJIOCTOBEPHOCTh OMpEJEsieTCs] MO TocieaHel 3Havamed mudpe yucia u
BBIpQ)XACTCS HEIMOCPEJCTBEHHO B €IMHMIAX H3MEPEHHsS CaMOW H3MepsieMoi
BenurHbl. Hanpumep, abCcoioTHasE HETOCTOBEPHOCTh MACChl, BBIPAKEHHON Kak
8,8 r, Oyner paBHa +0,1 r. AOGCOIOTHAsI HETOCTOBEPHOCTh 00bEMa, 3alMCaHHOTO
kak 17,36 mi, Oyaer paBHa = 0,01 mi. AGCor0THAS HEOCTOBEPHOCTD BBIPayKaeTCs
B T€X K€ €IMHMIIAX, UTO U U3MEpseMasl BEJIMYMHA - B T, MJT U T.II.

OTtHocuTeNbHasT HEAOCTOBEpHOCTh Macchl 8,8 T paBHa 0,1/8,8 = 1/88.
OTtHocuTeNnbHAs HEAOCTOBEpHOCTh oObema 17,36 min cocrasisier 0,01/17,36 =
1/1736. NHor1a OTHOCUTENIbHYIO HEJJOCTOBEPHOCTh BBHIPAXKAIOT B 0.

OTHOCHUTEIbHAS HEJIOCTOBEPHOCTh HE MMEET Pa3MEpPHOCTH, T.K. OHAa paBHa
OTHOIIEHHIO JIBYX BEJIMYHMH OJMHAKOBON Pa3MEpPHOCTH.

Yrto0OsI MoKa3aTh OTIMYKME a0COIIOTHOM U OTHOCHUTEIHLHOW HEIOCTOBEPHOCTH,
pUBEAeM MpuMep. B3BemmBaoT Ha aHATMTHYECKHUX Becax 2 oOpasia. OJIMH BECUT
0,0013 r, BTOpoit - 0,7822 1. AOCOIOTHBIE HEIOCTOBEPHOCTH OOEHX BEIMYWH
oquHakoBHI - + 0,0001 1, a otHOCcUTENLHBIE 0,0001/0.0013=1/13 1 0,0001/0,7822 =
1/7822 3Ha4UTENHHO Pa3TUYALOTCS.

Choorcenue u  eviuumanue. 3HAYUMOCTH CYMMBblI WA  Pa3HOCTH
ONpEeNeIISIETCS 3HAYUMOCTBIO YHCJIAa C HAUMEHBIIMM KOJUYECTBOM JIECATHUYHBIX
3HAKOB (MJIU C HAHOOJIbIIIEH aOCOMIOTHON HETOCTOBEPHOCTHIO).

Ilpumep:

15,6 +3+0,21 =18,81.

3HAYMMOCTh  CyMMBI  OINPENENACTCS  HEINOCTOBEPHOCTHIO  yuCiaa 3,
CJIEIOBATEIILHO, PE3YJIBTAT HAJIO OKPYIIIUTH 10 19.

Yucna, coaepkaliue CTeneHu, npeoopa3yroT, IPUBO/IS MTOKA3aTEIN CTEICHEH
K HauOOoJIbIlIEMY .

Ilpumep:
5%107°+1,00x10%+4,8x107 =0,005x107+1,00x10+0,48%107=1,485x10%= 1,49x10™
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-5
3HAYMMOCTh CYMMBI  ONpeAeNsieTcss 3HauuMOCThro yucna 1,00x107,
MMEIOIIET0 HAauMEHBbIIIee KOJIMYECTBO JCCATUYHBIX 3HAKOB.

Ymnuoorcenue u oenenue. OObIYHO Ui OLEHKU 3HAYMMOCTH MPOU3BEICHUS
WIA YaCTHOTO MOJIb3YIOTCS CIICAYIOIIMM MPAaBUJIOM: 3HAYUMOCTH ITPOU3BEICHMUS
WJIA YaCTHOTO ONPEENAETCS 3HAUMMOCTBIO COMHOKUTENSI ¢ HAUMEHBIIINM YHCIIOM
3Havanumx udp. Hanpumep, nepemuoxenue urcen 2,5 u 3,75 naet npou3Be/IcHUE,
cojieprkaliiee Be 3Havaiue uudpsel, T.€. 9,4, a He 9,375, Kak moyiy4aeTrcsi npu
NEPEMHOXKEHUHU BPYUHYIO WU C TOMOIIBIO KAJIBKYJISITOPA.

bonee crpormii mNOAXOX OCHOBAaH HAa CPAaBHEHUWM  OTHOCHUTEIBHBIX
HEJIOCTOBEPHOCTEN  COMHOXKHTENEH W  MpOU3BEACHHS (WM  YacTHOIO).
OTHOcUTENbHAs HEIOCTOBEPHOCTh INMPOU3BEACHUS (WM YaCTHOIO) paBHA CyMMeE
OTHOCHUTEJIbHBIX HEIOCTOBEPHOCTENW COMHOXUTENEH. Harpumep, HYyKHO HaUTH
gacTHOE 92:41,63. OTHOCUTENIBHBIE HEAOCTOBEPHOCTH COCTABIISIOT

1:92=0,0109=0,01 n 0,01:41,63 =0,00024 = 0,0002 .
CrnenoBarenbHO, OTHOCUTENBbHAS HEJIOCTOBEPHOCTh YaCTHOI'O paBHA
0,01+0,0002 = 0,0102 = 0,01 .

[Ipn nenenum 92:41,63 ¢ NOMOMIBIO KAIBKYJISATOpPA IOJIYYaeTCS YHCIO
2,2099... AbcontoTHas HEIOCTOBEPHOCTh YaCTHOT'O paBHA

2,2099...x 0,01 = 0,02 .
CrnenoBarenbHO, HEJIOCTOBEpHA BTOpas mudpa Mocie 3amsaTol U pe3yJsibTar
JENEHUs CIEAYET OKPYTIIUTH 10 2,21.

Boszeedenue 6 cmenens. 11pu BO3BENEHNM YKCIIa B CTEIIEHb OTHOCUTENbHAS
HEJIOCTOBEPHOCTh PE3YJIbTaTa YBEIWYMBACTCA B YKCIIO Pa3, PABHOE MOKA3ATEIIO
cTerneHu. Tak, Mpu BO3BEACHUM B KBAJApaT OHA Y/IBAUBACTCA.

H3eneuenue KeaOpamHozo KopHA. OTtHOcUTEIbHAS HEOAOCTOBCPHOCTD
pe3yJibTaTa M3BJICUYCHHA KBAJAPATHOI'O KOPHA BABOC MCHBIIC OTHOCHUTEILHOU
HCAOCTOBCPHOCTH IIOAKOPCHHOI'O 4YMCJid, IIO3TOMY B HCKOTOPBIX CIy4dasdx IIOCIIC
H3BJICUCHMA KOPHS YHUCJIO 3HAYAIlIUX I_II/I(l)p YBCIIMIUBACTCA.

Harpumep, +/1,00=1.000 | Tx. oTHOCHTENbHAS HETOCTOBEPHOCTH HHCITA
1,00 pama 0,01:1,00=0,01, a pesynprara wu3BneueHuss kopHa 0,005.

CrnenoBatenbHO, aOCOMIOTHAS HEJIOCTOBEPHOCTh pe3yibTara paBHa 1,00x0,005.
Takum 00pa3om, MepBOi HEIOCTOBEPHOU IM(PPOI B pe3ysibTaTe SIBISETCS TPEThA
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nudpa mocne 3amaTod, a He BTOpas, KaKk B IOJKOPEHHOM 4YHUCJE. 3HAYMT,
pe3yJIbTaT JOJKEH COJIEPKaTh TPU LU(PHI MOCIIE 3aITOM.

Jozapugpmuposanue. I1pn norapupMupoBaHUH KOJIMYECTBO 3HAYAIIMX LUDP
B MAaHTHUCCE pPAaBHO KOJMYECTBY 3HaJaluxX IU(pP, KOTOPOE COMAEPKAIOCH B
HECTETIEHHOM YJIeHE 4urcia. XapaKTepUCTUKa Jiorapudma HE BXOJUT B YHCIIO
3HaYaIux IUdp, OHA OINpeAessieTcsl MOoKa3aTeJleM CTEeNEeHU CTENEHHOro YJeHa
JorapupMupyeMoro 4mucia.

Harpumep,

lgl><10'3 =-3,0;

Ig1,0x10™ = -3,0.

[Ipy HaXOXJEHUM aHTWIOTAPU(PMOB YHUCENl KOJIMYECTBO 3HAYAIIUX PP
YMEHBIIIACTCA:

antilg 8,45=2,8x1 0°.

9. KOHUEIIIHUA HEOITPEAEJIEHHOCTHU B XUMHNYECKHUX
N3MEPEHUAX

B nocnennue ronpl TpeOOBaHUS K OOECHEUYEHUIO KAayeCTBA M3MEPEHUU B
HKOJOTMYECKOM MOHUTOPUHIE, TP AaHaJIW3€ MHIIEBbIX MPOAYKTOB U
KJIIMHUYECKOW IMArHOCTHKE CTUMYJIMPOBAIN PAa3BUTUE XUMHUYECKOW METPOJIOTUU
Y UHUIIMUPOBAIINA pa3pabOTKy MEXAYHAPOIHBIX U HAIMOHAIBHBIX PYKOBOJCTB U
ctanaapToB. DyHIaMEHTaIbHBIMU TOHATUSMHU XHMHUYECKOM METPOJIOTHUU
SBJISIIOTCSL  TaKU€ KOJMUUYECTBEHHBIC XAPAKTEPUCTUKH, KaK «U3Mepsemas
BeJIMUUHAY («measurandy), «HEONPEACICHHOCTh» («uncertainty»), a TaKKe
«MIPOCIEKUBAEMOCTEY («traceability», «€IUHCTBO U3MEPEHUN»). DTU MOHATHUS
SBJSIFOTCSL  KJIFOYEBBIMU UM B 00mied  merposiorud. B coBpemeHHOU
METPOJIOTHYECKON JUTepaType yAenseTcs: OOJbIIoe BHUMAHUE BBISICHEHHUIO UX
CXOJCTBa M pa3INyUsi, BO3MOXXHOCTEM WCIOJb30BaHUSA [JII 00pabOTKU
PE3YIBTATOB XMMUYECKOTO IKCIIEPUMEHTA.

Mexaynapoanast opranu3anus no cragaaptusanuu (MCO) B 1993 roay
u3naia «PyKOBOJCTBO MO BBIPAXKEHUIO HEOMNPEACICHHOCTH H3MepeHui». B
Hallle CTpaHe TMOSIBUINCh HOPMATHUBHBIE JIOKYMEHTBI, COIJIACHO KOTOPBHIM
HEOMPEJEIEHHOCTh PEKOMEHYETCSI B KAaU€CTBE XapaKTEPUCTUKHU Pe3yJIbTaTOB
T00bIX M3MepeHuil. [loHsATHE «HEeONmPeAeIeHHOCThY MPeIaraloT BBECTH BMECTO
TEPMHUHA IIOTPEIIHOCTHY C LENbI0 YCTPAHEHHUS Pa3eIICHUs] MOTPEIIHOCTEN Ha
ciayyaiiHple M cuctematuyeckue. C TMO3MIMM paccMaTpUBaeMOM KOHUEMIIUU
«HEOIPEEICHHOCTh) BKIIOYAET B c€0s KaK T€, TaK U APYTrUe MOTPEIIHOCTH.

CrangapTHOE€ OTKJIOHEHHME pe3yjbTara MPSIMOT0 U3MEPEHUS IpeiiararoT
3aMEHUTDH MOHSITUEM «CTaHJapTHAasI HEONPEIEIEHHOCThY, KOTOPYIO HaXOAT KaK
KBaJ[paTHbI KOPEHb W3 BBIOOPOUYHOW JUCIEPCUH E€AUHUYHOTO WM CPEIHETO
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3HAUEHUS U3MEPSIEMON CITydyailHOW BeIW4YMHBL. BMecTo BRIOOpOUHON nucniepcun
PEKOMEHIYIOT UCIIOJIB30BaTh TEPMUH «IKCIEPUMEHTAIIbHAS TUCTICPCHS».

«CTaHmapTHYH0  HEOIPENEIICHHOCTh)  CHUCTEMATHYECKOrO0  XapakTepa
OLICHUBAIOT W3 AaNpPHOPHBIX WIM COPABOYHBIX JaHHBIX. [Ipu 3TOM moOIHOE
UCKJIIFOYEHUE CUCTEMATHYECKOW TMOTPENIHOCTH U3 PE3yIbTaTOB HM3MEPEHUN
CUMTAIOT HEBO3MOXXHBIM. B KOHUENIHMM HEONPENEIICHHOCTH H3MEPEHUN
OTCYTCTBYIOT TOHSTUSA «IPSAMBbIE HU3MEPEHUSD» U «KOCBEHHBIE H3MEPEHUS.
KpoMe Toro, TepMHH JIOBEpUTEIIbHBIM HMHTEPBAl 3aMEHEH «PaCIIUPEHHOMN
HEOIPEICIICHHOCThIO», KOTOPYK) MOXHO OIIEHUTh, YMHOXas «CTaHAAPTHYIO
HEOIPEICICHHOCThY Ha «KO3(pUIIMEHT oxBaTa» (k). DTO €CTh HE YTO MHOE, KaK
KBaHTWIb pacnpenencHne CTplOJeHTa ¢ TPU 33aJaHHOM YPOBHE JOBEpHS
(moBepuTEIHHON BepOSATHOCTH) P U 3(p(hHEeKTUBHOM UMCIie CTeNeHeH CBOOOIbI
Ve IIpu ompeneneHun «CTaHJApTHOM HEOINPEACIIEHHOCTH» W3 Pe3yJIbTaTOB
MHOTOKPAaTHBIX U3MEPEHUH (X;) 3HAaUCHUE V,; OyIeT Ha €AVHHIlY MEHBIIE YUCIIA
napasuieNibHbIX 7.

[71aBHBIM B KOHUEMIMU  HEONPEJEICHHOCTH HM3MEPEHUN  SIBIISIETCS
OTpULIAHWE  MPUHLUNUAIBHOW  pa3sHULBl  MEXIy  CIy4YallHbIMH U
CUCTEMATUYECKUMHU TOTPEIIHOCTSIMHU, a TAaKXE OTPHUI[AHUE BO3MOKXHOCTH
VICKJTIOUEHUs CUCTEMAaTUYECKUX MOTPEIUIHOCTEN U3 pe3yJIbTaTOB u3Mepenuil. Ho
npu  JIIOOBIX KOHKPETHBIX HW3MEPEHUsIX CllydyallHble W CHUCTEMaTH4YeCKue
COCTaBJISIFOIIME  MOTPEIIHOCTA  MO-Pa3HOMY  BIMSIOT Ha  IOJy4YaeMbIe
pe3yJibTaThl. CydailHbIX MOTPEIIHOCTEN HENb3sl U30exaTh, HO 00YCIOBIEHHOE
MMH UCKaXXEHUE Pe3yIbTaTa U3MEPEHUSI MOKHO YMEHBIIINTh, YBEJIUUMUBAsT YUCIIO
napauienbHbiX. CHUCTEeMaTHYECKHE TOTPEIIHOCTH HE 3aBUCAT OT YHUCia
NapajuiebHbIX, HO KX MOKHO BBISIBUTh U UCKIIFOUHUTh U3 PE3YJIbTAaTa U3MEPEHUS,
B TOM YHCJIE€ U TOT/A, KOT/1a HCTOYHUKH 3THX MOTPEMTHOCTEN HEU3BECTHBI.

C 3TUX NO3UIMI BHEIPEHUE KOHIIEMIIUKM HEOINPEICTICHHOCTH 3aTpyAHSIET
obOecriedyeHrne JOCTOBEPHOCTH TOJy4a€MbIX Ppe3yJIbTaTOB (T.€. MUHUMU3AIUIO
CIIy4YailHbIX U UCKITIOUCHUE CUCTEMATUYECKUX MOTPEITHOCTEN).

B To ke BpeMs HEOOXOJAMMO  YYUTHIBaTh, UYTO  KOHLEMIUSA
HEOIPEICIICHHOCTH COBMECTUMA C KJIACCUYECKOW TEOpPUEHM TOYHOCTH. Teopust
CIy4alHBIX TIOTPEIIHOCTeH W3MEpPEeHU JOIMOJHEeHAa WX Haubosiee oOIuM
ONKMCAaHUEM Ha OCHOBE OOOOIIEHHOTO HOPMAJIBHOIO  pacHpe/eTCHus.
NHCTpyMEHTaIbHBIE  CHUCTEMATHYECKUE  TOTPEIIHOCTH  M3JIOKEHBI  BO
B3aMOCBSI3M C METOJIOJIOTUEH HOPMHUPOBAHUS XApaKTEPUCTUK CPEICTB
U3MEpPECHUM.
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KPATKHI CJI0BAPh TEPMUHOB

Accumempusa - OTpaXaer CTENEHb CUMMETPUYHOCTH pacnpenesieHus. s
CUMMETPHUYHBIX paclpeaesICHU paBHA HYJITIO

Bepoamnuocmp - 4ucinoBasi XapaKTepUCTHKAa CTETIEHHM BO3MOXHOCTH KaKOTO-JIMOO
CITy4aifHOrO COOBITHSI.

Bocnpouszeooumocme - crenieHb OJM30CTU JIPYT K JPYTy Pe3yIbTATOB €AMHUYHBIX
U3MEPEHUN B YCIOBUSX MEXKIIA00OPATOPHOTO SKCIIEPUMEHTA.

Buioopxa - cOBOKYITHOCTh 3HAYEHHUI CITYy4YallHOM BEIMYWHBI, pacCMaTpyBacMasi Kak
cllyyaifHasi BBIOOpKa U3 reHepaibHOM COBOKYITHOCTH 3HAUYEHHUM 3TOM BEITMYHMHBI.
Jlucnepcus — mMepa paccenBaHusl (OTKJIOHEHUST) CPETHETO.

Jlosepumenvuviit unmepean — VHTEPBA, B KOTOPOM MPHU 3aJaHHOW BEPOSITHOCTH
JIEXKUT UCTUHHOE 3HAYEHUE U3MEPSIEMOMN BEIIMYMHBI.

I'enepanvnas co60KynHoCmb - TUNIOTETUYECKAsT COBOKYIHOCTb BCEX 3HAYCHHM
OJIHOM M TOU K€ CIIyYalHOU BEJIMYHHBI

T'ucmozpamma - onvH W3 BUJIOB TPaPUUECKOr0 HM300pAXKEHHSI CTATUCTUYECKUX
pacrpeaeneHnii Kakor-JIMO00 BETMYUHBI 110 KOJMYECTBEHHOMY MPU3HAKY.
Koppenayusa - BEepOSATHOCTHAs WIM CTaTUCTHYECKAs 3aBHUCHMOCTb; B OTJIIMYME OT
(YHKIIMOHAIBHOM 3aBHCUMOCTH BO3HHKAET TOTJa, KOTJa 3aBHCUMOCTH OJTHOTO W3
MPU3HAKOB OT APYTOTrO OCIIOKHSETCS PAIAOM CITyYalHBIX (PaKTOPOB.

Oovem 6b16opKU — YNCIIO TAPAIIIEIBHBIX U3MEPEHNI OJTHOM U TOW KE BEJIMYMHBI.
Ilpasunvnocms - creneHb OJM30CTU CPETHETO 3HAYEHUS, TOJYYEHHOrO Ha
OCHOBaHMU OOJBIION CEpUU PE3YIBTATOB H3MEPEHUM K MPUHITOMY OJIHOMY
3HAYCHUIO.

Ilpeyuzuonnocms — creneHb OIU30CTH JPYr K JAPYTY HE3aBUCHUMBIX PE3YJIbTATOB
WU3MEPEHUN, TTOJIYYEHHBIX B KOHKPETHBIX PETIAMEHTUPOBAHHBIX YCIIOBUSIX.
Panoomuzauus - nepeBo/i CUCTEMATUUECKHUX MOTPEIIHOCTEN B PA3psi]l CITyYANHBIX .
Pezpeccus - 3aBUCUMOCTh CPEJTHETO 3HAUEHHUST KAaKOW-THO0 BEJTMYMHBI OT HEKOTOPOM

JIPYrOv BEJINYMHBI.
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Penamuesuzayus - crioco0, B KOTOPOM U3MEPEHUE TPOBOAST OTHOCUTENILHO JPYTOro
O0bEKTa, a pe3yJbTaT OIPEACNSOT IO PA3HOCTH TaK, YTO CHUCTEMaTHYECKHE
HOIPEIIHOCTH B3aMMHO HUCKIIFOUAOTCHL.

Pobacmnocme - HEUYBCTBUTEIBHOCTH TOTPEIIHOCTH HM3MEPEHUs K HEOOIBIINM
U3MEHEHUSIM YCIIOBUM MPOBEJCHHUS SKCIIEPUMEHTA.

Cpeonessseuwiennoe cmanoapmuoe OmKIOHEeHUe - BEIUYMHA, B KOTOPOH IIpu
YCPEAHEHUH YUTEHA PA3HOBEPOSTHOCTh OT/IEbHBIX 3HAYECHHUH.

Cxo0umocme (nosmopsemocms) — CTENIEHb OJIU30CTU JIPYT K APYTY PE3yIbTaTOB
CIMHUYHBIX HM3MEPEHUH B YCJIOBUSIX MHUHUMAJIBHOTO BapbUPOBAHUS BIIMSIOIINX
(hakTOpOB BHYTPH JIAOOPATOPHH.

Tounocms - «TOpUI» MPABUIBHOCTU U BOCIIPOU3BOIMMOCTH.

Yyecmeumenvnocms - CIOCOOHOCTH METO/A pEarpoBaTh Ha HM3MEHEHUE
COZAEPKaHMsI ONPENENAEMOro KOMIIOHEHTA.

IKcuecc - paBeH HYJIO U BLIOOPOK C HOPMAITLHBIM PACTIPE/ICIICHUEM.
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Ipunoorcenue 1.

IMPUJIO’KEHUE

Koaddurmentsr ¢~ pacrpenenenns CTbioieHTa
Yucno JloBepurenbHas BEpOSITHOCTD P
CTerneHen 0,80 0,90 0,95 0,98 0,99 0,995 0,999
CBOOO/IBI

1 3,0 6,31 12,7 31,8 63,6 12,7 63,6
2 1,89 292 4,30 6,97 9,93 14,1 31,6
3 1,64 2,35 3,18 4,54 5,84 7,45 12,9
4 1,53 2,13 2,78 3,75 4,60 5,69 8,61
5 1,48 2,02 2,57 3,37 4,03 4,77 6,86
6 1,44 1,94 2,45 3,14 3,71 4,32 5,96
7 1,42 1,90 2,37 3,00 3,50 4,03 541
8 1,40 1,86 2,31 2,90 3,36 3,83 5,04
9 1,38 1,83 226 2,82 3,25 3,69 4,78
10 1,37 1,81 223 2,76 3,17 3,58 4,44
11 1,36 1,80 2,20 2,72 3,11 3,50 4,32
12 1,36 1,78 2,18 2,68 3,06 3,43 4,22
13 1,35 1,77 2,16 2,65 3,01 3,37 4,14
14 1,34 1,76 2,15 2,62 2,98 3,33 4,07
15 1,34 1,75 2,13 2,60 2,95 3,29 4,02
16 1,34 1,75 2,12 2,58 2,92 3,25 3,97
17 1,33 1,74 2,11 2,57 2,90 3,22 3,92
18 1,33 1,73 2,10 2,55 2,88 3,20 3,88
19 1,33 1,73 2,09 2,54 2,86 3,17 3,85
20 1,33 1,73 2,09 2,53 2,85 3,15 3,82
21 1,32 1,72 2,08 2,52 2,83 3,14 3,79
22 1,32 1,72 2,07 2,51 2,82 3,12 3,77
23 1,32 1,71 2,07 2,50 2,81 3,10 3,75
24 1,32 1,71 2,06 2,49 2,80 3,09 3,73
25 1,32 1,71 2,06 2,48 2,79 3,08 3,71
26 1,32 1,71 2,06 2,48 2,78 3,07 3,69
27 1,32 1,70 2,05 2,47 2,77 3,06 3,67
28 1,31 1,70 2,05 2,47 2,76 3,05 3,66
29 1,31 1,70 2,04 2,46 2,76 3,04 3,65
30 1,31 1,70 2,04 2,46 2,75 3,03 3,55
40 1,31 1,68 2,02 2,42 2,70 2,97 3,46
60 1,30 1,67 2,00 2,39 2,66 391 3,37
120 1,30 1,66 1,98 2,36 2,62 2,86 3,29
0 1,29 1,66 1,96 2,33 2,58 2,81 3,29
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Lpunoorcenue 2.

3nauenus ¢pyHkunu Jlamnaca

2
— 2
e 2dz

D(2) =

ﬁ —
S
O ey

z D(z) z D(z) z D(z)

0,01 0,0040 0,90 0,3159 1,90 0,4713
0,03 0,0120 0,95 0,3289 1,95 0,4744
0,05 0,0199 1,00 0,3413 2,00 0,4772
0,07 0,0279 0,05 0,3531 2,10 0,4821
0,10 0,0398 0,10 0,3643 2,20 0,4861
0,15 0,0596 1,15 0,3749 2,30 0,4893
0,20 0,0793 0,20 0,3849 2,40 0,4918
0,25 0,0987 1,25 0,3944 2,50 0,4938
0,30 0,1179 1,30 0,4032 2,60 0,4953
0,35 0,1368 1,35 0,4115 2,70 0,4965
0,40 0,1554 1,40 0,4192 2,80 0,4974
0,45 0,1736 1,45 0,4265 2,90 0,4981
0,50 0,1915 1,50 0,4332 3,00 0,49865
0,55 0,2088 1,55 0,4394 3,20 0,49931
0,60 0,2257 1,60 0,4452 3,40 0,499966
0,65 0,2422 1,65 0,4505 3,60 0,49984
0,70 0,2580 1,70 0,4554 3,80 0,499928
0,75 0,2734 1,75 0,4599 4,00 0,499968
0,80 0,2881 1,80 0,4641 5,00 0,499997
0,85 0,3023 1,85 0,4678
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Ipunoowcenue 3.

Kpurepwnii [lupcona ZzKp IU1st foBepuTenbHON BeposTHOCTH P;=0.99 u P,=0.95 u
gyucya crerneneit ceodoanl f ot 1 g0 30

f P12099 P22095 f P1:O99 P22095
| 0,00015 0,0039 16 5,8 7,9
2 0,02 0,10 17 6,4 8,6
3 0,11 0,35 18 7,01 9,4
4 0,29 0,7 19 7,6 10,1
5 0,55 1,1 20 8,2 10,8
6 0,87 1,6 21 8,9 11,6
7 1,23 2,1 22 9,5 12,3
8 1,64 2,7 23 10,2 13,1
9 2,08 3,3 24 10,8 13,8
10 2,55 3,9 25 11,5 146
11 3,0 4,6 26 12,2 15,4
12 3,6 5,2 27 12,9 16,1
13 4,1 5,9 28 13,5 16,9
14 4,1 6,5 29 14,2 17,7
15 5,2 7,3 30 14,9 18,5
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IIpunoocenue 4.

F,, — Kpurepuit ®umepa s yposHeil 3Haunmoctu 3;=0.05 u 3,= 0.01
[1- BepxHHE CTPOKH, [3,- HIKHHE CTPOKH, f7- IUCIIO CTEIIeHEH CBOOOIBI OOJBITICH AUCTIEPCHH, f>- THCITO

CTereHel CBOOO/IbI MEHBIIICH JAUCTIEPCUN

£ /i 2 4 6 8 12 24 40 100
1 200 225 230 240 245 250 250 250
5000 | 5600 | 5900 | 6000 | 6100 | 6200 | 6300 | 6300
2 19 19 19,3 19,4 19,4 19,7 19,5 19,5
99 99 99 99 99 99 99,5 99,5
3 9,5 9,1 8,6 88 8,7 8,6 8,6 8,6
31 29 28 27 27 26,6 26,4 26,2
4 7,0 6,4 6,2 6,0 5,9 5,8 5,7 5,7
18 16 15,2 14,8 14,4 13,9 13,7 13,6
5 5,8 5,2 5,0 4,8 4,7 4,5 4,5 4,4
13,3 11,4 10,7 10,3 9,9 9,5 9,3 9,1
6 5,1 4,5 4,3 4,1 4,0 3,8 3,8 3,7
10,9 9,1 8,5 8,1 7,7 7,3 7,1 7,0
7 4,7 4,1 3,9 3,7 3,6 3.4 3,3 33
9,5 7,8 7,2 6,8 6,5 6,1 5,9 5,7
8 4,5 3,8 3,6 3,4 3,3 3,1 3,1 3,0
8,6 7,0 6,4 6,0 5,7 5,3 5,1 5,0
9 4,3 3,6 3.4 3,2 3,1 2,96 2,8 2,8
8,0 6,4 5,8 5,5 5,1 4,7 4,6 4,4
10 4,1 3,5 3,2 3,1 2,9 2,7 2,7 2,6
7,6 6,0 5,4 5,0 4,7 4,3 4,2 4,0
12 3,9 3,3 3,0 2,8 2,7 2,5 2,4 2,3
6,9 5,4 4,8 4,5 4,2 3,8 3,6 3,5
14 3,7 3,1 2,8 2,7 2,5 2,3 2,3 2,2
6,5 5,0 4,5 4,1 3,8 3,4 3,3 3,1
16 3,6 3,0 2,7 2,6 2,4 2,2 2,2 2,1
6,2 4,8 4,2 3,9 3,5 3,2 3,0 2,9
18 3,55 2,9 2,65 2,5 2,3 2,1 2,1 2,0
6,0 4,6 4,0 3,7 3,4 3,0 2,8 2,7
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Lpunoowcenue 3.

Kputnueckue 3HaueHus oTHoleHUsT G MpU JOBEPUTEIBLHON BEPOSITHOCTH
0.95 (oObrunsbIi ipudT) 1 0.99 (Kypcun)

- k 4 5 6 8 10 16 36 144 o0

5 0,544 | 0,507 | 0,478 | 0,439 | 0,412 | 0,365 | 0,307 | 0,251 | 0,200
0,633 | 0,588 | 0,553 | 0,504 | 0,470 | 0,409 | 0,335 | 0,264 | 0,200

6 0,480 | 0,445 | 0,418 | 0,382 | 0,357 | 0,314 | 0,261 | 0,212 | 0,167
0,564 | 0,520 | 0,487 | 0,440 | 0,408 | 0,353 | 0,286 | 0,223 | 0,167

7 0,431 | 0,397 | 0,373 | 0,338 | 0,315 | 0,276 | 0,228 | 0,183 | 0,143
0,508 | 0,466 | 0,435 | 0,391 | 0,362 | 0,311 | 0,249 | 0,193 | 0143

3 0,391 | 0,360 | 0,336 | 0,304 | 0,283 | 0,246 | 0,202 | 0,162 | 0,125
0,463 | 0,427 | 0,393 | 0,352 | 0,325 | 0,278 | 0,221 | 0,170 | 0,125

9 0,358 | 0,329 | 0,307 | 0,277 | 0,257 | 0,223 | 0,182 | 0,145 | 0,111
0,425 | 0,387 | 0,59 | 0,321 | 0,295 | 0,251 | 0,199 | 0,152 | 0,111

10 0,331 | 0,303 | 0,282 | 0,254 | 0,235 | 0,203 | 0,166 | 0,131 | 0,100
0,393 | 0,357 | 0,331 | 0,295 | 0,270 | 0,230 | 0,181 | 0,138 | 0,100

15 0,242 | 0,220 | 0,203 | 0,182 | 0,167 | 0,143 | 0,114 | 0,089 | 0,067
0,288 | 0,259 | 0,239 | 0,210 | 0,192 | 0,161 | 0,125 | 0,093 | 0,067

20 0,192 | 0,174 | 0,160 | 0,142 | 0,130 | 0,111 | 0,088 | 0,068 | 0,050
0,229 | 0,205 | 0,188 | 0,165 | 0,150 | 0,125 | 0,096 | 0,071 | 0,050

30 0,138 | 0,124 | 0,114 | 0,100 | 0,092 | 0,077 | 0,060 | 0,046 | 0,033
0,164 | 0,145 | 0,133 | 0,116 | 0,105 | 0,087 | 0,066 | 0,048 | 0,033

40 0,108 | 0,097 | 0,089 | 0,078 | 0,071 | 0,060 | 0,046 | 0,035 | 0,025
0,128 | 0,114 | 0,103 | 0,090 | 0,082 | 0,067 | 0,050 | 0,036 | 0,025

60 0,077 | 0,068 | 0,062 | 0,055 | 0,050 | 0,041 | 0,032 | 0,023 | 0,017
0,090 | 0,080 | 0,072 | 0,063 | 0,057 | 0,046 | 0,034 | 0,025 | 0,017

120 0,042 | 0,037 | 0,034 | 0,029 | 0,027 | 0,022 | 0,017 | 0,012 | 0,008
0,049 | 0,043 | 0,039 | 0,033 | 0,030 | 0,024 | 0,018 | 0,013 | 0,008
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Lpunoowcenue 6.

Yucnennsie 3HaueHue kpurepus Q (P,n)

n P=0.90 P=0.95 P=0.99
3 0,94 0,98 0,99
4 0,76 0,85 0,93
5 0,64 0,73 0,82
6 0,56 0,64 0,74
7 0,51 0,59 0,68
8 0,47 0,54 0,65
9 0,44 0,51 0,60
10 0,41 0,48 0,57
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Ilpunoscenue 7.

KpI/ITI/I‘ICCKI/IC 3HAa4YCHHUA MAKCUMAJIbHOT'O OTHOCHUTCIIBHOI'O OTKJIOHCHU A

T =f(Bn)

. YpoBeHb 3HAYUMOCTHU [

0,10 0,05 0,025 0,01
3 1,41 1,41 1,41 1,41
4 1,65 1,69 1,71 1,72
5 1,79 1,87 1,92 1,96
6 1,89 2,00 2,07 2,13
7 1,97 2,09 2,18 2,27
8 2,04 2,17 2,27 2,37
9 2,10 2,24 2,35 2,46
10 2,15 2,29 2,41 2,54
11 2,19 2,34 2,47 2,61
12 2,23 2,39 2,52 2,66
13 2,26 2,43 2,56 2,71
14 2,30 2,46 2,60 2,76
15 2,33 2,49 2,64 2,80
16 2,35 2,52 2,67 2,84
17 2,38 2,55 2,70 2,87
18 2,40 2,58 2,73 2,90
19 2,43 2,60 2,75 2,93
20 2,45 2,62 2,78 2,96
21 2,47 2,64 2,80 2,98
22 2,49 2,66 2,82 3,01
23 2,50 2,68 2,84 3,03
24 2,52 2,70 2,86 3,05
25 2,54 2,72 2,88 3,07
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Ipunooicenue 8.

I'panuner 7 (P, f) aist npoBepku KOA(PHUIIMEHTOB KOPEIUISIIUN

f P=0,95 P=0,99
1 1,00 1,00
2 0,95 0,99
3 0,88 0,96
4 0,81 0,92
5 0,75 0,87
6 0,71 0,83
7 0,67 0,80
8 0,63 0,77
9 0,60 0,74
10 0,58 0,71
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Ipunooicenue 9.

HpI/IMepI)I HanOoJIee YacTo BCTpCHAOIINUXCA B XUMHUHU 3aBUCUMOCTEH

Bug 3aBucumoctu

JInHeapu3anoHHbBIN BUT

y=a+ bx
y=ax’+b
v=alnx+b
y = exp(a + bx)
y = bx"
y=1/(ax +b)

y =f()62)
y =fx)
y =fllnx)
Iny = fx)
Iny = fx)
1y = f(x)
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